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HANPSAMHU POBOTHU
KOH®EPEHIIII

CEKLIA 1.
fAKicTh B NPOMHUC/IOBOCTi

pe3yJbTaTH TeOpeTHUYHHUX | NPUKIaJAHUX
HAYKOBUX JOCJiIKEHD, iHHOBaIilHi
PO3POOKH i TeXHOJIOTII A/ 6a30BUX rayy3ei
MPOMMCJI0BOCTI;

cy4acHi TexHosiorii Ta o06JIagHAHHA [AJIs
HMiAIPUEMCTB MeTaJyprii,
MaIIMHOOYAyBaHHS, €HEPreTUKH Ta iHIINX
rajayseu;

MepCrneKTHMBHI KOHCTPYKLIiNHI MaTepiann i
NepCreKTHUBHI TeXHoJIoril 06po6KHU
MarepiaJis;

TpaAuLiiiHI Ta aJlbTepHAaTHUBHI [pKepesa
eHeprii /iy MPOMHUCJIOBOCTI Ta MOOGYTOBHX
noTpeo;

eHepro36epiratoui TexXHOJIOTil y
MPOMMCJI0BOCTI;
€KOoJIOTiA 1 OXOpOHa HaBKOJIMIIHBOTO
cepeJlOBUIILG;

MMATAHHA CTaHAapTHU3alii, OLIiIHKU
BIiJMOBIAHOCTI u aKpeguTanii B
MPOMMCJI0BOCTI;

TeXHoJIOTiuHi  ¢dakTopu 3abe3neyeHHs

KOHKYPEHTOCIIPOMO>KHOCTI Ha JIOKAJIbHUX 1
rJ106a/1bHUX PUHKAX.

CEKLIA 2.
AKicTb B OoCBiTi

Mi>KHapo/JiHe CIiBpOoGITHULTBO Ta iHTerparnis
B cdepi ocBiTH;

iHHOBAaIiliHI TEXHOJIOTIi B OCBITi, pO3BHUTOK
HayKOBOI Ta iHHOBaLiMHOI AislJIbHOCTI;

Cy4yacHi niAXoAH L0 MOJepHi3aLil CcTpyKTypu
i 3MicTy OCBiTH;

MiZrOTOBKA, IepeniAroTOBKa Ta MigBULEeHHSA
kBastidikauii kajpiB [ OPOMHUCIOBUX
HNiATPUEMCTB B Cy4aCHUX YMOBax,
3abe3MneyeHHs JOCTYIHOCTI Ta
Ge3repepBHOCTI OCBiTH;

nigBuIneHHsd epeKTHUBHOCTI  B3aeMopil
BUILUX HaBYaJIbHUX 3aK/1aiB 3
po60TOIaBIsAMU U Gi3HEcOM;

- yIpaBJIiHHA AKICTIO OCBITHIX IIOCJAYT;

MUATAHHA CTaHAapTHU3arii,
BiZIMOBIAHOCTI ¥ akpeuTallil B OCBITi.

OLIiIHKH

SUBJECTS OF CONFERENCE
WORK

SECTION 1.
Quality in Industry

- results of theoretical and applied scientific
researches, innovations and technologies for
basic industries;

- modern technologies and equipment for
metallurgy, machine-building, energy and
other industries;

- promising structural materials and advanced
technologies of materials processing;

- traditional and alternative energy sources for
industry and household needs;

energy-saving technologies in industry;

ecology and protection of the surrounding
environment;

- issues of standardization, conformity
assessment and accreditation in industry;

technological factors of competitiveness in
local and global markets.

SECTION 2.
Quality in Education

international cooperation and integration
in the field of education;

- innovative technologies in education,
development of scientific and innovative
activity;

modern approaches to the modernization
of the structure and content of education;

training, retraining and improvement of
professional skills for industrial enterprises
in modern conditions, ensuring accessibility
and continuity of education;

- increasing the effectiveness of cooperation
between higher education institutions and
employer and business;

- quality management of educational
services;

- issues of standardization, conformity
assessment and accreditation in
education.
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CEKILIA 3.
Indopmaniiini TexHosorii
B IPOMHUCJIOBOCTI i OCBITi

npo6JjieMu  MiAroToBKM  ¢daxiBLUiB 3
iHpopMaLilHUX TEXHOJIOTIH;

- iHdopmanifiHi cucTeMu B MPOMHCJIOBOCTI,
inpopmariiiHa 6e3neka Ta 3axXMUCT
inpopmatii;

- aBTOMaTH30BaHe yIpaBJliHHA
TEeXHOJIOTIYHUMM NIpoLecaMU Ta iHTerpoBaHi
BUPOOGHHUYI CUCTEMU;

- indopmaTuzamia ¥  KOMII'IOTepH3allis
HaBYaJIbHOI'O IPOIeCy, NPOrpaMHO-TEeXHIYHI
KOMIIJIEKCH 1 TEeXHOJIOoTii HaBYaHHS;

- IpOrpaMHO-TeXHiuHe 3abe3nedyeHHsT Pi3HUX
¢$opM HaBYaHHS, B T.4. JUCTAHLiHOrO;

- CAD/CAM/PDM-cuctemu i KoMmm'toTepHa
rpadika B HaBYJIBHUX 3aKJaZax 1 B
MPOMMCJI0BOCTI;

- TexXHoJIoTii PO3pPOOKH, eKCImepTHh3a SKOCTi
[IPOrPaMHUX NIPOAYKTIB;

- mpo6JieMHd OXOPOHU NpaB iHTeNeKTyaJabHOI
BJIACHOCTI HA IPOTPaMHi IPOAYKTH;

- mnpo6JieMH ONPWIOJHEHHS pe3y/bTaTiB

HayKOBHUX JIOCJTiIPKEHD, TpaHchepy
HAYKOBHUX PO3POOOK i TEXHOJIOTIH.
CEKILIA 4.

TeopeTH4Hi ¥ NPpUKJIaAHI ACIEKTH PO3BUTKY
€KOHOMIi4YHOI Teopii Ta ii iHHOBaLiHO-
iHBecTML{iHHMI NOTEeHLiaa B cpepax TeXHiKH,
TeXHOJIOTii, TeXHiYHOro pery/jloBaHHA i
3a6e3ne4yeHHd AKOCTi

- cydacHi mpo6sieMH eKOHOMiuHOi Teopii i
aKTyaJIbHi TPO6JIeMH Cy9acHOI eKOHOMIiKH;

- mnpob6JjieMd 3ajiyueHHs iHBecTULid B
PO3BUTOK Gi3Hecy i IPOMUCI0BOCTI;

- QAHTUKpPHU30BI INporpaMuM B peaJbHOMY
CEKTOpPi EKOHOMIKHY;

- iHaHCOBUY MeHEeKMEHT i ONTOJaTKyBaHHS;

- NOpUKJaAHI iHCTpyMeHTH OGepexauBOro
yIpaBJiHHA BUPOOHHUYO-TOCIIOAPChKOI0
JIAJIBHICTIO NiANIPUEMCTBA;

- €KOHOMiKa nipali i ynpaBJliHHA IepCOHAJIOM;

- EKOHOMIYHI acleKTH BIPOBAKEHHA CUCTEM
yIIpaBJIiHHA AKICTIO;

- iHHOBalilHi aCIeKTH MOJepHi3aril
€KOHOMIKM | KOHKYpeHTHa IIOJIiTHKa B
CydyaCHUX YMOBax - Mi>)KHapOAHMUM [OCBifA i
BiTYM3HSAHA NPAKTHUKA;

- TEOPETUYHHHN 6a3uc KOHKYPEHTOCHPOMOXK-
HOCTI NiANPUEMCTB.

SECTION 3.

Information Technologies
in Industry and Education

- problems of information technology

specialists training;

information systems in industry, information

security and information protection;

automated control of technological processes

and integrated production systems;

informatization and computerization of the
initial process, software and technical
complexes and technologies of training;
software and technical support of various
forms of training, including remote;

- CAD / CAM / PDM systems and computer
graphics in educational institutions and in
industry;

- technologies of development, examination
of software products quality;

- problems of software products intellectual
property rights protection;

- problems of publishing the results of
scientific research, transfer of research and
development and technologies.

SECTION 4.

Theoretical and applied aspects of the
economic theory development and its
innovation and investment potential in the
fields of technology, technology, technical
regulation and quality assurance

- modern problems of economic theory and
actual problems of the modern economy;

- problems of investments attraction for the
business and industry development;

- anti-crisis programs in the real sector of the
economy;

- issues of financial management and
taxation;

- applied tools of thrifty management of
industrial and economic activity of the
enterprise;

- labor economics and personnel management;

- economic aspects of implementation of
quality management systems;

- innovative aspects of modernization of the
economy and competitive policy in the
modern  conditions -  international
experience and domestic practice;

- the theoretical basis of competitiveness of
enterprises.
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HIaHoe8HI Kosaez2u!

MixHaponHa  koHgepeHuis — «CrpaTerii  SKOCTI B
MIPOMHMCIIOBOCTI 1 OCBITI», MONpPH CKJIAJHI YMOBH, IO CKJIATHCH,
3aBJSKU 3YCHJUISIM OPTKOMITETY Ta il yyacHHKaM BiiOyaeThes!

Hamionanpna metamypriiiHa akajemis YKpaiHH 3aBxIH
OpUaUIAiIa oprasizauii i MpoBeIeHHIO KOH(epeHIil 0coOInBy
yBary. 3amopykolo YCHilHOI poOoTH TYyT € OaratopiyHa
crniBopans 3 TexHIYHUM yHIBepcuTeTOM y M. BapHa Ta iHmmmu
yHIBepcUTEeTaMH Y KpaiHu Ta Kpain €Bpomnelicekoro Coro3sy.

3a 3micToM KOH(QepeHIis mupokonpodiibHa. Bueni Ta
BI/IpO6HI/I‘-IHI/IKI/I IPONOHYIOTh IO PO3MJIAY OCTaHHI JOCSTHEHHS
B METalyprii, MeXaHilll, eHepreTulll, eKOHOMIIll Ta Oararbox
CYMDKHI/IX 00JIaCTSAX HAyKH U TEXHIKU.

€BponeicbKUi NIIAX PO3BUTKY YKpaiHW BH3HAYAE TOJOBHI OPIEHTUPH HAIIOHAIBHOL
CUCTEMHM OCBITM Ha HaHOMWK4y MEpCIeKTUBY, CTaBISYM HOBI 3aBJaHHSA 1 BHUMOIW IIOJIO
OpraHizaiii HaBUaJbHOTO MPOLIECY, 3MICTY 1 IKOCTI HaBYaJIbHUX MPOrpam, piBHS NpodecioHaTizMy
po¢ecOPChKO-BUKIIAAAIBKOTO CKJIaay 1 MOro TOTOBHOCTI 0 pOOOTH B YMOBAax, IO TOCTIHHO
3MIHIOIOTBCS. OTKe 3aBJaHHAMM Halol KOH(epeHLiT € po3Iiisi aKTyaJIbHUX MTUTaHb HABYAIBHOT 1
METOJMYHOI pOOOTH, BIOCKOHAJIEHHS M1E€1AarOrYHOi MaiiCTEPHOCTI.

Cepen 3axoniB KOH(EpEHIi € 1 HayKOBO-NEJAroriyHe CTaXyBaHHS, B XOJl SKOTO
YY4aCHUKH MOXYTh TEPEWHATH IIHHWHA JOCBIJ IIO0 OpTraHi3amii OCBITHROTO MPOIECY B
Texuiunomy yHiBepcuTeTi M. BapHa Ta IHIIMX NpPOBIAHUX YHIBEpCUTETaxX, akpeIuTalii
OCBITHIX Iporpam i 3a0e3MedyeHHsl SKOCTI OCBITHHOT'O IMPOLECY, 3all0YaTKyBaHHS CIUIBHUX
OCBITHIX MpOrpaM Ta TMpPOEKTiB. BaXIMBUMH KOMIOHEHTaMU (MOAYJISMH) B TIpOrpami
CTOXKYBaHHS € TICMXOJIOTO-TIEIaroridyHi AacrleKTH Opradi3amii HaBYaJIBHOTO IMpoLecy 3
ypaxyBaHHIM PO3IMIUPEHHS MDXHAPOIHOTO OOMiHY BUKJIaJa4aMu 1 CTYIEHTaMH, 0COOIMBOCTI
¢iHaHCYBaHHS OCBITM 1 HAyKOBHUX JOCHI[KEHb, MiJBUIIEHHS €()EKTUBHOCTI HAyKOBOI
TisTBHOCTI BUKJIa1a4iB, METOIU OL[IHIOBAHHS IXHBOI HAYKOBO1 aKTUBHOCTI Ta 6arato iHIIUX.

B yeproBuii pa3 BUCIOBIIOK IUPY BASYHICTD TUM, XTO CTOSIB Y BUTOKIB KOH(epeHIIil
Ta JIOKJIaB 4YMMajo 3ycuib Uit (opMmyBaHHA ii iMimKy B Ykpaini, boarapii ta Cxinniit
€pponi — mpo¢p C. Bapynos, npod. O. dapxi, npo¢. P. Bacusies, npod. B. Baaues,
npod. L. Isanos Ta in. (Texniunuii ynisepcuter M. Bapna), npod.|C.T. ILiickanoscbkuiil,
npo¢. T.C. Xoxaosa, pou. |B.O. XoxsoB|, mon. }0.0. Crymak Tta in. (HamionansHa
MeTalypriiiHa akajeMis YKpaiHn).

BrnieBHeHuii, 110 KepiBHULUTBOM TeXHIYHOTO yHiBepcUTeTy B M. BapHa i oprkomiteTrom
OynyTb cTBOpeHi Bci ymoBU ais nposeneHHs B 2021 poui yeproBoi XVI kondepenuii Ha
HAJIEKHOMY DiBHI, a BCIM 1i y4acHHKaM Oy/ie Ha/JaHO MOKJIMBICTh BUCTYNHTU 3 I[IKABUMHU
JOTIOBIIMU, OOMIHATHUCA JYMKaMU 3 KOJIETaMH-OJHOIYMISIMH 1 HAJIAaroJAWTH TICHI
MapTHEPCHKI Ta B3a€EMOBUT1/IHI CTOCYHKH.

baxaro yuacHukam KoHpepeHuii 3aromkeHoi i miiaHoi podbotu !

3 nomBaroio,

CHiBroJioBa OprKkomirery,

yjieH-KopecnonaeHT HanionaabHol akanemii Hayk Y kpainm,
JAOKTOP TeXHIYHUX HAYK, Npodecop,

pexTop HauionajabHoi Metanypriiinoi
akaaemii Ykpainu O.TI'. BEJIMYKO
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Dear colleagues!

Thanks to the efforts of the organizing committee and its participants, the
International Conference "Quality Strategy in Industry and Education" will take place!

The National Metallurgical Academy of Ukraine has always paid special attention
to the organization and holding of the conference. The key to successful work here is
long-term cooperation with the Technical University of Varna and other universities in
Ukraine and the European Union.

The content of the conference is broadly specialized. Scientists and manufacturers
offer the latest advances in metallurgy, mechanics, energy, economics and many related
fields of science and technology.

The European way of development of Ukraine determines the main guidelines of the
national education system for the near future, setting new tasks and requirements for the
organization of the educational process, content and quality of educational programs, the
level of professionalism of teaching staff and its readiness to work in a constantly change.
Therefore, the objectives of our conference are to consider topical issues of educational and
methodological work, improving pedagogical skills.

Among the events of the conference is a scientific and pedagogical internship, during
which participants can learn valuable experience in organizing the educational process at the
Technical University of Varna and other leading universities, accrediting educational
programs and ensuring the quality of the educational process, launching joint educational
programs and projects. Important components (modules) in the internship program are
psychological and pedagogical aspects of the educational process, taking into account the
expansion of international exchange of teachers and students, features of funding education
and research, improving the effectiveness of scientific activities of teachers, methods of
evaluating their scientific activity and many others.

Once again I express my sincere gratitude to those who stood at the origins of the
conference and made a lot of efforts to shape its image in Ukraine, Bulgaria and Eastern
Europe - Prof. S. Barudov, Prof. O. Farhi, prof. R. Vasilev, Prof. V. Valchev, Prof. I. Ivanov
and others (Technical University of Varna)Prof. S.T. Pliskanovskii|, Prof. T.S. Khokhlova,
Assoc. Prof. [V.0. Khokhlov|, Assoc. Prof. Yu.0. Stupak and others (National
Metallurgical Academy of Ukraine).

[ am confident that the management of the Technical University of Varna and the
organizing committee will create all the conditions for holding the next XVI conference
in 2021 at the appropriate level, and all its participants will have the opportunity to
make interesting reports, exchange views with like-minded colleagues. and establish
close partnerships and mutually beneficial relationships.

[ wish the participants of the conference coordinated and fruitful work!

Yours faithfully,

Co-chairman of Organizing Committee,

Corresponding Member of National Academy of Sciences of Ukraine,
Doctor of Engineering Science, Professor,

Rector of National Metallurgical
Academy of Ukraine OLEXANDR VELYCHKO
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CTPATETIA AKOCTI.
KOHUENUIA HA AECATUNITTA

. . . 1
MNam’aTi CraHichaBa TuxoHoBuua MaickaHOBCbKOro

27 BepecHAa 2020 p. Ha 92-my poui ¥UTTA NiWoOB 3
XKUTTA BigOMNUIM meTanypr, akagemik AH BLU YKpaiHu,
OAMH 3 3aCHOBHMUKIB KOHbepeHu,ii «CTpaTeria AKOCTi B
NPOMMCNOBOCTI i OCBITI», cniBronosa
opraHisauinHoro kKomitety KoHdepeHuii (2005-2013
pp.), AOKTOP TEeXHiIYHMX Hayk, npodecop CraHicnas
Tuxonosuy NIICKAHOBCbKUM.

CraHicnas  TWXOHOBMY  MPOWLIOB  BE/INKMUM
KUTTEBUM LUANAX - BiZ, NPOCTOro pobiTHMKA AOMEHHOMO
uexy MakiiBcbkoro metanyprivHoro 3asogy Ao [lepworo 3actynHuMKa MiHicTpa 4opHoi
meTanyprii Ykpaitu i MNeporo 3actynHuka MiHictpa YopHoi meTanyprii CPCP (1980-1991),
3pO6MBLUM CYTTEBMIA BHECOK Yy PO3BMTOK MeTa/ypriiHoi NpomucnoBocTi Ta Hayku. Moro
0cobucTi 3006YyTKN, 3000YTKN KONEKTUBIB, AKI BiH 040N10BaB, HEOAHOPA30BO Oy/M BigMiyeHi
BMCOKMMM AEpX¥KaBHUMKU Haropogamu, Lep:kasHumu npemismu CPCP Ta YKpainm (1984,
1987, 1993, 2002). CraHichas TUXOHOBWY € aBTOPOM Ta CMNiBaBTOPOM mnoHazd 200 HayKoBMX
npaup, B T.4. 8 MoHorpagdin i noHaa 120 aBTOPCbKUX CBIAOLTB.

3 1991 poKy noro AianbHicTb 6yna TicHO NoB’A3aHa 3 OCBITOK i HayKolo, NepL 3a
Bce — y HauioHanbHin meTanypriiHin akagemii YKkpaiHm. Y 1996 p. 3 inHigyiatueu C.T.
MnickaHOBCbKOro, AKY NiaATpMMaB akagemik HAH YkpaiHu KO.M. TapaH-KoBHip, TOAiWHIN
PEeKTOp aKagemii, 6yB 3acCHOBaHWUI [leprKaBHUIM IHCTUTYT NiArOTOBKM Ta NepeniaAroToBKM
Kagpie npomucnosocti (AIMNOnpom), AKWUIM HeBAOB3i YBIAWOB A0 MiXKBIAOMYOro
HaBYaNbHO-HayKoBoro Komnnekcy «HMeTAY-AINOnpom». Bci pokM ¢PyHKUiOHYBaHHA
AINO0MNpomy (1996-2013 pp.) CtaHicnas TuxoHoBUY BYB MOro PeKTOpom. 3aBASKM MOro
iHHOBALLIMHOMY MMWCNEHHIO Ta NpPArHeHHK BiAMNOBIAHOCTI BMMOram 4acy, Be/JIM4e3HOMY
BUMPOOHMYOMY Ta ynpaBAiHCbKOMY A0CBigy, 3a/y4eHHO A0 HaBYa/AbHOro npouecy i
HAYKOBOI AiANbHOCTI BMCOKOKNAcHMX ¢axiBuie HMeTAY Ta [eAKux iHWUX BULLIB,
AINOnpom we 3 noyatky 2000-x HeoaHOPa30BO 6yB YAOCTOEHWIA BMCOKUX Haropog, i
BiAMIYEHWUI BiA3HAKAMMN NPECTUKHUX MiXKHAPOAHUX BUCTABOK, POPYMiB Ta PEUTUHTIB.

B panekomy 2005 poui CraHichas TUXOHOBMY, AAK PEKTOP IHCTUTYTY, NiATPMMAB
ifel0 foueHTa B’AavecnaBa Xoxnoea’ 3acHyBaTM pasom i3 Koseramu 3 TexXHiYHOro
yHiBepcuTeTy y M. BapHa wWopivyHy MiXKHAapoAHy KoHdepeHUuito «CTpaTeria AKOCTi B
NPOMMCNOBOCTI i ocBiTi». OCHOBHI HaNpsAMK (TemaTuKa) KoHdepeHL,ii, 3anponoHoBaHi B.
Xoxnosum i cxganeHi C.T. MAiCKAHOBCbKMM Pa3oMm 3 iHWMMU KePIBHUKAMKU OPrKOMITETY
TUX YaciB, 3aNMLWAOTLCA HE3MIHHMMU | goTenep.

'~ Binbw petanbHo 3 BGiorpadieto C.T. MNiCKAHOBCLKOTO MOMHa O3HAMOMWUTMCA Ha BiAMOBIAHIN CTOPIHL
Bikineaji (https://ru.wikipedia.org/wiki/NanckaHosckmii, CtaHucnas_TUXOHOBWY)

? - jHiujiaTop, iAeonor, OAMH 3 rONIOBHUX 3aCHOBHUKIB KOHpEpeHLLi, BUKOHaBYMIA AMPEKTOP OPrKoMiTeTy
(2005-2016 pp.) poueHT B.O. XoxnoB niwoB 3 kutra 01.02.2017 p. Hekposor, NpucBAYEHUI Moro nam’saTi
AuB. B 36ipHUKY XIll KoHpepeHu;ji 3a 2017 pik (c. 9-12)
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MneHapHe 3acigaHHA, npucBayeHe BigKpUTTIO || miXkHapoaHOI KOHpepeHUii
«Crpareria akocTi B npomucaoBocTi i ocsiti» (2006 p.)

3aBAAKKN NpPaBUAbHO OOpPaHiIl i
NPOAYMaHIN KOHUeNLUii, akTyaNbHOCTi
NUTaHb, WO  BMHOCATbCA  AAA
obroBopeHHAa, 3 2005 poKy Ha
KOHpepeHLUii nobysanu
npeacraBHUKK noHapg, 200
yHiBepcuTeTIB, 3 AIKMX 61n3bko 100 —
yHiBepcuteTn bonrapii, Yexii, J1aTsii,
Nnten, binopyci, AsepbaiigrKaHy,
KasaxcTtaHy Ta iHWuKX Aepkas. OnA
6araTboX Y4aCHWUKIB  KOHdepeHLuin
cTana eQPeKkTMBHUM MaNOAHYMKOM
AnA 0bMiHy AYMKamu, NepeaoBMM A0CBIA0M, HaNaroAKeHHA B3aEMOBUTiAHOI cniBnpau,i.
| B upbomy € ymmana 3acnyra i C.T. MNiCKAHOBCbKOro, AKWUM A0 OCTAHHbOrO XBaBO
LiKaBMBCA MOAIAMM B Hayui Ta OCBiTi, B TOMY 4YMCAi TUM, AK NPOXOAWNA Yeprosa
KOHdepeHLUia B TexHiYyHOMY yHiBepcuTeTi BapHu.

MpUeAHYIOUYMCb A0 YMCENBHUX CMIBYYTTIB, WO HAAIMWAM 3 YCiX KYTOYKIB YKpaiHu
Ha agpecy cim’i CraHicnaBa TuxoHoBMYa Ta HauioHanbHOI MeTanyprinHoi akagemii
YKpaiHu, Oprkomitetr KoHdpepeHLii rMBOoKo cymye y 3B’A3KY 3 HENOMPABHOW BTPATOLO,
LLIMPO BMCNOBAOKOYM CBOI CNiBYYTTA CMiBroa10Bi oprkomitety npodecopy TeTaHi Xoxn10Bin,
pigHMM i 6an3bkmMm C.T. MNnickaHOBCbKOro. BiH Ha3aBKAM 3aNMLWMTLCA B HaLWi nam’aTi, a

TAKOX B Nam’ATi BENIMKOT KiNbKOCTI y4acHUKIB KoHdepeHUii, 6araTo 3 skux byam ocobucrto
3Haromi 3i CTaHicnaBom TUXOHOBUYEM.

OPTKOMITET
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CTPATEINA 3A KAHECTBO.
KOHUENMUUATA 3A AECATNETUE

3
B namet Ha CtaHucnas TuxoHoBud NMANCKaHOBCKU

Ha 27 centemspu 2020 r., Ha 92-rogMwHa Bb3pacT,
M3BeCTeH MeTanypr, akagemuk Ha AKagemuaAta Ha
HayKMTe Ha YKpaWMHa, eguMH OT OCHOBAaTenuTe Ha
KoHpepeHumata ,Crpaterma 3a  KayectBO B
WMHAYCTpMATa M 0b6pa3oBaHMeTO”, cbnpeacenaTen Ha
opraHusaTtopa Ha KoHdepeHuumaTta kKomucua (2005-
2013), AOKTOP HA TEXHUYECKUTEe Hayku, npodecop
CraHucnas TuxoHosu4 NJIMCKAHOBCKMU.

CraHncnas TUXOHOBMY NpemuHa npe3 AbAbr
KMBOT - OT OOMKHOBEH [OMEHHa nel, Ha
MEeTaNypruyHna KombumHaT B MaKeeBKa A0 NbpBUA 3aMECTHUK-MUHUCTBbP Ha YepHaTa
MeTanyprua Ha YKpanHa M NbpBMA 3aMECTHUK-MWUHUCTBP HA YepHaTa MeTanyprua Ha
CCCP (1980-1991 r.), KaTo HanpaBKX 3HAYUTENIEH MPUHOC KbM METaNypruyHaTa MHAYCTPUA
M HaykaTa. HeroBute /AMYHU MNOCTUIKEHUA, MOCTUMKEHMATA Ha OTOOPUTE, KOUTO TOM
pbKoBOZeLWe, 6AXa MHOTOKPATHO 6enA3aHn C BUCOKU AbPrKABHWU Harpagu, [bprKaBHUTe
Harpagm Ha CCCP u YkpaiHa (1984, 1987, 1993, 2002). CtaHucnaB TMXOHOBMY € aBTOP U
CbaBTOp Ha noseye OT 200 Hay4yHM TpyaoBe, BKAOUMUTENHO 8 MOHOrpadum n noseye ot
120 aBTOpPCKM Npas.a.

Ot 1991 r. geMHOCTTa My € TACHO CBbp3aHa ¢ 06pPa3oBaHMETO M HayKaTa, MMaBHO B
HaupoHanHaTta metanypruyHa akagemusa Ha YKpaiHa. Mpe3 1996 r. no nHmupatnea Ha CB
MAnCKaHOBCKK, KoeTo belue noAKpeneHo oT akageMuk Ha HAH Ha YKpainHa KO.M. Tapan-
’KOBHMpP, TOraBalWHMAT pPEKTOP HA aKademuATa, OCHoBaBa [bprKaBHWA WHCTUTYT 3a
MHOYCTPUanHO obydyeHMe UM NpeKkBanMdMKaUMA, KOWTO CKOpO CTaBa 4acT oOT
MeXKAyBeAOMCTBEHNA 0bpa3oBaTesieH M HayyeH Komnnekc. lpe3 BCUYKUTE TOAMHM Ha
paboTa Ha MHCTUTYT (1996-2013) CtaHucnas TUXOHOBMY € HeroB pekTop. bnarogapeHue Ha
HEeroBoTO MHOBATMBHO MUC/IEHE M CTPEMEK [a OTTOBOPU HA M3UCKBAHUATA Ha BpemeTo, borat
NPOW3BOACTBEH M YNPABAEHCKMN ONUT, y4acTne B 06pa3oBaTe/IHUA NPOLLEC U U3CNeA0BaTENCKA
AEVHOCT Ha BMCOKOK/IACHW crneuuanuctm HauuoHanHata MmeTanypryyHa akagemma Ha
YKpaliHa U HAKOW APYrn YHUBEPCUTETU, MHCTUTYT OT HayanoTto Ha 2000-Te MHOroOKpaTHO e
Harpa*k4aBaH Harpaam U MeXXayHapoaHW OTAnYMA. GOPYMU U PEUTUHTH.

Owe npe3 2005 r. CraHncnas TUXOHOBMY, KaTO PEKTOP Ha MHCTUTYTA, NOAKPENU uaeAta
Ha JoLeHT Bauyecnas Xoxnos® fa cb3gane 3aefHo € Koneru oT TexHUUeckus YHUBEPCUTET BbB
BapHa roguwHata mexayHapoaHa KoHdepeHums ,,CTpaTerysa 3a KayecTBO B MHAYCTPUATA U
06pazoBaHMeTO”. OCHOBHUTE HACOKM (TeMU) Ha KoHdepeHUMATa, NPeaioKeHn oT B. Xoxnos 1
0006peHn ot C.T. NANCKaHOBCKK, 3ae4HO C APYrM PbKOBOAUTENIM HA OPraHM3aALMOHHMA KOMUTET
Mo ToBa Bpeme, OCTaBaT HENPOMEHeHW 1 40 AHeC.

* - No-nogpobHo ¢ 6uorpadpuata Ha C.T. MAMCKAHOBCKM MOxe fJa 6bie HamepeH Ha CbOTBETHaTa
ctpaHuua B Yukuneama (https://ru.wikipedia.org/wiki/ManckaHosckumit, CtaHncnas TMXOHOBMY)

* - MHMUMaTOP, NAEONOT, €ANH OT OCHOBHUTE OCHOBATeNM Ha KOHPepeHUMATa, U3MbIHUTENEH ANPEKTOP
Ha opraHM3aumoHHus KomwuteT (2005-2016), aoueHT B.O. XoxnoB nounHa Ha 1 desBpyapu 2017 r.
HeKkponor, nocBeTeH Ha NameTTa My, BX B cbopHUKa Ha XlII KoHdepeHuma 3a 2017 r. (cTp. 9-12)
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NneHapHa cecuna, nocBeTeHa Ha OTKpuBaHeTo Ha Il mexxayHapoaHa KOHpepeHUMA
"CTpaTerusa 3a KauecTBo B MHAYCTpUATa U obpasosBaHueto" (2006)

BnharogapeHune Ha nobpe noabpaHa
n  pobpe obmucneHa  KoHuenuuA,
CMNeLWHOCT Ha AUCKYTUPAHUTE BbNPOCK, OT
2005 r. Ha KOHpepeHUMATa NPUCHCTBAXA
npeacrasutenn Ha Hag 200 yHuBepcuTeTa,
oT Kouto okono 100 ca yHuBepcuTeTn B
bbnrapua, Yexua, latema Jiutea, benapyc,
AsepbangykaH, KazaxctaH 1 apyru cTpaHu.
3a MHOrO y4YacTHUUM KOoHdepeHUMATa ce
npeBbpHa B edeKkTnBHa nnatpopma 3a
06MeH Ha MHeHWs, Han-Jo6pPU NPAKTUKK
M YCTAaHOBABAHE Ha B3aMMHOMU3IOAHO
CcbTpyaHuyectBo. M B TOBa Mma MHOro 3acnyrm u CraHucnas [MAMCKAHOBCKM, KOUTO
AOCKOPO Ce MHTepecyBalle OT CbbMUTMA B HaykaTa M 0OpPA3OBAHMETO, BKAOYUTENHO
Ha4YMHa, NO KOMTO ce npoBeae cnepBawata KoHbepeHuMa B TeXHUYECKUA yHUBEpCUTET
BbB BapHa.

MpucbeANHABANKM Ce€ KbM MHOTo6poiHUTE Cbb60Ee3HOBAHMA, U3NPATEHM OT UANa
YKpanHa o cemenctBoTo Ha CTaHucnae TMXOHOBMY M HauuoHanHata meTanypruyHa
akagemmsa Ha YKpaiHa, OpraHM3auMOHHMAT KOMMUTET Ha KoHbepeHuuaTa AbNOOKO
CKbpbM 33 HenonpaBMmaTa 3aryba, KaTo UCKPEHO M3Ka3Ba CBOMTE CbOONE3HOBAHMA Ha
cbnpeacefatens  Ha  OpPraHM3auMoOHHMA  KomuteT, npodecop TataHa Xox .T.
MnnMCcKaHOBCKM. TOM 3aBMHArM We OCTaHe B HAllaTa MaMeT, KaKTO M B NAaMeTTa Ha ronam
6poii y4yacTHUUM B KOHpepeHuMATa, MHOFO OT KOMTO 6AXa /AIMYHO 3ano3HaATU CbC
CraHucnas TuxoHOBMY.

OPTAHU3ALUUNOHEH KOMUTET
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HIOJ0 HAYKOBO-IIEJAT'OI'TYHHOT'O CTA’KYBAHHSA BUKJIA/TAYIB
BULINX HABYHAJIBHUX 3AKJIAAIB B CYUACHUX YMOBAX
(Ha mpukiIaai craxxyBaHHs Ha 0a3i TexniuHoro yniBepcurery M. Bapna)

IIpog., kano. mexn. nayk T.C. Xoxnosa
(CniBrosioBa oprkomitrety KoHdepeHnii 3 2005 p.)

Hauyionanvna memanypeiiina akademia Ykpainu, m. /[ninpo, Ykpaina

loy., 0-p unoic. 1.B. Isanos
(uneH oprkomitety KoHQepeHnii 3 2005 p.)
Texniunuii ynieepcumem m. Bapua, bonzapia

oy., kano. mexu. nayx 10.0. Cmynaxk
(CekpeTap oprkomiteTy KoHgepeHnii 3 2005 p.)
Hauyionanvna memanypeiiina akademia Ykpainu, m. /[ninpo, Ykpaina

Xmo xoue Hag4uMuUCA Naasamu, nosuHHUl nizmu y 800y
KutaicbKa myapicTb

3rigHo 3 «llopsiikoM MPHCBOEHHS BUEHUX 3BaHb HAYKOBHM 1 HAYKOBO-TIEIArOTYHUM
MpaliBHUKaM», 3aTBEpPKEHUM BianoBiqHUM HakazoM MOH Vkpainu B 2016 pomi [1],
PIIICHHS TIPO TPUCBOEHHS BYCHUX 3BaHb Mpodecopa, ToIeHTa Ta CTapIIoro AOCIiIHUKA (JIami
— BYEHI 3BaHHJ) HAYKOBUM 1 HAYKOBO-TIEJArOTYHUM MPALIBHUKAM BHUIIMX HaBUAJbHUX
3aKJIa[iB Ta HAYKOBMX YCTAaHOB TMPUHMAIOThCS BINOBIIHUMU BUEHHMHM paJaMH Ta
3aTBEpKYIOThCs arecratiiiHoro konerieto MOH. OpHi€ero 3 0CHOBHMX BUMOT LIOJI0 HAYKOBO-
neaaroriyHoi abo HAyKOBOi AISITBHOCTI 3700yBadyiB TEpeTiueHUX BUINE BUCHHUX 3BaHb €
HaBYaHHS, CTAXKyBaHHA a00 po0oTa y BUIIIOMY HaBUAILHOMY 3aKJIa/li, HAyKOBiil (a00 HayKOBO-
TEXHI4HiI1) yCTaHOBI B KpaiHi, fika BXOAUTh A0 Opranizailii eKOHOMIYHOTO CIIBPOOITHULITBA Ta
po3utky (nam — OECP) Ta/abo €Bponeticbkoro Corosy (nam — €C), 1o miarBepaKy€eThCs
BIJIOBITHUMHU cepTH]iKaTaMu, CBIIOITBAaMU a00 THIIIMMHU IOKYMEHTAMHU.

BpaxoBytoun mnoOakaHHs YYacHHMKIB KOH(EpeHIli Ta 3 ypaxyBaHHSM BUMOT
YUHHOTO 3aKOoHOJaBcTBa [1, 2], oprkomiteTom B 2017 poii 3a cnpusHHS KEpIBHUIITBA
Texniuynoro yHiBepcuteTy M. Baphua Oyiio po3po0iieHO 1 3alporoOHOBAaHO YYaCHUKaM
mporpaMy HayKOBO-TIEJJaroriyHOTO cTaXkyBaHHS «CywacHi TEHACHINT y BUIIIN OCBITI B
Kkpainax €Bporneticbkoro corwsy. Jlocsin Texniunoro YHiBepcuteTy Bapumy». IIporpama
CKJamanacs 3 4-X MOJYJIiB:

1) OcBiTHI cucteMu KpaiH €Bpocoro3y 1 0COOJIMBOCTI OpraHizaiii HaBYaJIbHOTO
MpoLecy B €BPONEHCHKUX YHIBEpcUTETaxX. AKpeIuTalliss OCBITHIX IporpaM 1 0a3oBi
MIIX0IM y 3a0e3MedeHH1 IKOCTi B ocBITI (Ha mpukianl TY-Bapha);

2) Ilcuxonoro-nenaroriyii aceKTH opraHizallli HaBYaJIbLHOTO MPOIECY B yMOBaX
PO3IIMPEHHSI MIXXKHAPOAHOTO OOMIHY BHKJIa/ladaMu Ta CTYJCHTaMH;

3) MixHapoaHe cHiBpoOITHHUTBO B Taiy3l Hayku Ta ocBiTH. JlocBin peasni3zarii
HayKOBHUX Ta OCBITHIX mporpam (Ha npukiaai TY-Bapha);

4) Tlomituka €C moa0 I1HHOBAIIA Ta HAYKOBUX JOCHIIKEHb 1 (DiHAHCYBaHHS
ocBiTu. Opranizailisi B3a€MOJli BHUIIOT0 HABYAIBHOTO 3aKjiaay 3 IMPOMHUCIOBICTIO Ta
613aecoM. Jlocsin TY-BapHha.

B sKocTi Kmo4oBHX crikepiB (TpeHepiB) y 2017-2019*%° pp. 3a BKa3aHOIO
MIPOrPaMoI0 3aJIy4aliucsl KEPIBHUKU CTPYKTYpHUX Mipo3autiB TY-BapHa BiimoBigHO 110

3y 3B'SI3KY 31 CKJIHOIO €ITiIeMiOIOTi9HOI0 06cTaHOBKOIO B YipaiHi Ta €C y 2020 p. KOHMDEPEHIIito He TPOBOIMIH
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3MICTY TOTO YM 1HIIIOTO MOJYJIsI, SIKI MPOBOJUIIMN JJIsI YYACHUKIB CTaXKyBaHHS BIAMOBIAHI
JIEKIIi1 Ta MalCTep-KJIacH, 3HAHOMUIIH iX 31 3100yTKaMU YHIBEPCUTETY B TOMY YH 1HIIOMY
HarpsiMi (I4B. GOTO).

)

Jlekuii kepiBHUKIB cTPpyKTYpHHMX miapo3aiinis TY-Bapua
(TeopeTHYHA YACTHMHA NPOrPAMM CTAKYBAHHS)

’M o

HaBYaAJIBLHOI'0 Ipouecy (npaRanHa YacTHHA IporpamMmm CTa)KyBaHHﬂ)

Ha npeBenukuii xanp y 2020 pori yepe3 maHAeMil0 KOPOHaBIpYyCy Ta BBEJICHI
KapaHTHHHI OOMEXEHHsI 4eproBy KoH(epeHIo (1 HayKOBO-TIEJAAaroriuHe CTa)KyBaHHS)
OPTKOMITET HE TMPOBOJUB, XO0Y OPTKOMITETOM B TMOPSIKY, IO BCTAaHOBJIEHUH, OyI0
MOJaHO BIATOBIAHY 3asBY 1 KoH(epeHIis Oyna BKIIOUEHA 10 IUIaHy KOH(EpeHId B
cucreMi MOH na 2020 pik. Pazom 3 1uum 3aranpHuii oOCST MporpamMu HayKOBO-
MeJarorYHoro ctaxyBanHs OyB 30utbieHu 31 120 go 180 rogun (abo 6 kpenutie ECTS)
3a pPaxXyHOK BKJTIOYCHHS JI0 HEl IBOX HOBUX MOJYJIiB:
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YyacHuku koHpepeHuii micas Bpyyenns ceprudikaris (2019 pik)

- HaykoBa akTHBHICTh BUKJIAJaviB 1 HAyKOBHUX MpPAIliBHUKIB Ta 1i BUMIPIOBAHHS.
HaykoBa nepioauka 1 omyOaikyBaHHSI pe3yIbTaTiB HAYKOBUX JOCIIKeHb. Bukopuctanus
6a3 Scopus 1 WoS nipu npoBeieHHI HAyKOBUX JTOCI1KCHB;

- SIkicTh B OCBITI Ta SIKICTh OCBITU. J[OCBiA IMIIJIEMEHTAIlll BUMOT €BPOMEUCHKUX
CTaHJapTIB SIKOCTI y BHINUX HaBYAIbHHUX 3akianax. [IpakTuka BIpoOBaKEHHS CHUCTEM
YIpaBJIiHHS SIKICTIO B YHIBEPCUTETI.

B mumui 2020 poky udepe3 oOCTaBUHHM, IO CKJIAIUCS (HEMOXJIMBICTH BUKOHAHHS
BHMOTH IIIOJI0 CTaXyBaHHs, pornucaniii B «llopsaky mpucBOEHHSI BYSHUX 3BaHb...» [1]),
MiHICTEpCTBOM OCBITH 1 HayKH BiAMOBITHUM JUCTOM [3] OyJiOo J03BOJICHO MPOBEICHHS
CTaXXyBaHHSA 3a JUCTAHIIHHOIO (opmoro. «/le rope» MiHICTEpCTBOM OyJi0 HaJgaHO JT03BiI
Ha MPOBEJICHHS CTa)XyBaHHS B «OH-JIaliH» (popmati Ha 6a3l yHiBepcuTeTiB B KpaiHax €C 1
UM JI03BOJIOM OJpa3y * CKOPUCTAIHUCA JEKUTbKa YKPATHCHKUX YHIBEPCUTETIB, SIKI MAIOTh
MapTHEPChKI CTOCYHKH 3 OKPEMHMH HaBYAIBHUMHU I1HCTUTYIHissMUA B [lomeiil Ta iHIIHX
€BpoNechkUX KpaiHax. [Iporpamu cTaXxyBaHHsS 3a JUCTaHIINHOIO (QopMoro, 110
MPOMOHYIOTHCS IIMMH  YHIBEPCUTETaMH, peali3yloThCsl 3a JIONOMOIOI Cy4YacHHUX
nmporpaMHux 3aco6iB Ha kKmtanT Zoom, Google Classroom Ta iHmmx. TpuBamicTh TaKOToO
CTaXXyBaHHS CKJIaJa€ 5-6 THKHIB.

Sk cmpaBeTMBO 3ayBa)KylOTh aBTOPH CYYacCHHUX JOCHIDKeHb [4-5], mis momiOHoi
dbopMu HaBuaHHsA (CTa)XyBaHHsS) Ma€ 3HAUEHHS HE TUIBKK MpodecioHali3M BHKIIa/1a4a
(«rosioBa, 110 PO3MOBIISEY), ajie ¥ AKICTh JOJAATKOBUX MaTepiaiiB (BiJ€o, LTFOCTpaIlii TOIIIO),
BUTOTOBJICHHS SIKUX € HE TAaKOIO JIETKOIO CIPABOIO, K MOKE 3/1aBaTUCS Ha MEPIIUM MO,
OpHuM 3 HAWrOJOBHINMX (DaKTOpIB € BHUCOKA MOTHBAIA 1 CAaMOJWCIMIUIIHA CIyXadiB
(cTaxwucTiB), sKI MOBUHHI (popMyBaTucs HE Juine 3 OakaHHS OTPUMATH KOHYE MOTPIOHUMN
ceptudikar, ajie i MPaKTUYHOI IIHHOCTI HABYAILHOTO KOHTEHTY JJIsl TIOJAITBIIIOT TIpodeciiHol
JSUTHHOCTI. BUKITMKAIOTh MUTAaHHS TAKOXK 11010 €(heKTUBHOCTI MPAKTUYHOI YaCTMHN HABYaHHS
(craxxyBaHHsI), SIKy HE TaK MPOCTO 3a0€3MEYUTH HaBITh 3a JIOMOMOTOI0 HAWCy4YacHIIIOrO
MIporpamMHoOro 3a0e3neueHHs! Ta TEXHIYHUX 3aC001B.

3 MO3UTHBHUX MOMEHTIB, sIKi 0€3 CyMHIBY 3aCIyroBYIOTh Ha yBary, € BUKOHAHHS
ciyxadamu (CTaXHCTaMH) TBOpPYOi poOOTH 3a MIACYMKaMH CTaXyBaHHS, B sIKii Ou
3HAMIUIA B1IOOpa)KEHHsI KJIIOYOB1 aCMEKTH MPOTpaMH CTaXyBaHHsI, alieé 3 ypaxyBaHHSIM
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cnenudiki HaBYaJIbHOTO 3akiagy (abo cdepu IisIbHOCTI), SKUM MPEACTaBI€ TOH, XTO
MPOXOJUTh CTaKyBaHHA. JledKo0 MIpOIO TaKHil MiAXil BUKOPHUCTOBYETHCS 1 MpH
oprai3zanii ctaxxyBanss Ha 0a3i TY-BapHha, ane cayxadi (cTaXXUCTH) BUIbHI cami 00MpaTu
TEMaTUKy cTaTedl (JomoBifeil), sKi MOTIM MyOJiKylOTbcsl B 30IpHHUKY MaTepialiB
KOH(epeHIii.

Ha nymky aBTOpiB, AMCTaHLIMHY (OpMYy CTa)KyBaHHS CI1J PO3IJIAJATH JUIIE SK
THMYacOBHH 3axiJ B yMOBaX MaHJeMIi Ta KapaHTUHHUX oOMexkeHb. CyyacH1 mporpamHi
3acobu, O€3yMOBHO, JIO3BOJISIIOTH  OpraHi3yBaTH HaBYaHHS  (CTaKyBaHHS) 3a
JUCTAHIIIIHOIO (POPMOIO HA TOCTATHHO BUCOKOMY TUJAKTUYHOMY PIBHI, ajie K HaBPs 4U
B 3M031 MOBHOIIHHO 3aMIHUTH >KUBE CHIKYBaHHS, JUCKYCIl Ta KOJEKTUBHI 0OrOBOpPEHHS,
SK 1 MOXJIMBICTh BJIACHOPYY HE TIJIbKU JOTOPKHYTHUCS 10 TpeHa)kepy ab0 HaBuYaJIbHOTO
CTEH/y, ajie i BUKOHATHU HA HUX T1 4M iHII BrpaBu. CroaiBaeMocs, 0 1 B IbOMY pOIIi, 1
TUM Oulbllle, - B MaWOyTHI pOKHM, CTakyBaHHs Ha 06a31 TY-Bapna Oyze i Hanmami
3aTpeOdyBaHUM Cepe/l OCBITSAH YKPAiHCHhKHMX BHILIB Ta CIIBPOOITHUKIB HAyKOBUX YCTaHOB
yepe3 TI1 OYEBUJHI MepeBaru, siKi Mae TpaauliiHE >KHBE CIUIKYBAHHS MOPIBHSHO 3
HOBITHIMHU [HTEpHET-TEXHONOTISIMU.

Hocunanns

1. TTopsiiok MPUCBOEHHS BUSHUX 3BaHb HAYKOBUM 1 HAyKOBO-TICIArOTIYHUM ITpaIliBHUKAM
(I3 3minamu, BHeceHUMU 3rigHO 3 HakazoM MOH Vkpainu Ne 174 Big 06.02.2017) /
Hakaz MOH Vkpainm Nel3 Bim 14.01.2016 // Tlopram HOpMaTHBHO-IIPaBOBOI
iHpopmanii BepxoBnoi Pagu VYkpainu: https://zakon.rada.gov.ua/laws/show/z0183-
16#n30

2. Tllopsmox miABUIEHHA KBamipikaimii TNeJarorivHUX 1 HAyKOBO-TIEAAroridHUX
npamiBHukiB (I3 3minamu, BHecenumu 3rigHo 3 IloctanoBoro KM Ne 1133 Bix
27.12.2019) / IloctanoBa KM VYkpainu Ne800 Bix 21.08.2019 // [lopran HOpMaTUBHO-
MPaBoOBOi iHdopmarrii BepxoBHoi Panu VYkpainu:
https://zakon.rada.gov.ua/laws/show/800-2019-n#Text

3. Ilpo 3a0e3nedeHHs (YHKIIOHYBaHHS CHUCTEMH arecTaiii HAayKOBHUX 1 HayKOBO-
negaroriyHux kaapiB / Jlucr MOH VYkpainu Ne 1/9-696 Bin 24.07.20 poky. ITopran
Oceita.ua: http://ru.osvita.ua/legislation/Vishya osvita/75277/ (mata OCTaHHBOTO
3BepHeHHA 16.05.2021).

4. Philip J. Guo, Juho Kim, Rob Rubin. How video production affects student
engagement: an empirical study of MOOC videos. Enexrponna 6i61ioteka ACM DL:
https://doi.org/10.1145/2556325.2566239

5. 7 XapaKkTepUCTHK y4eOHOTO BHJI€O, KOTOpPbIE JOJKEH 3HATHh Ka)IbI MpernogaBaTeip /
ITopran EduNeo: https://www.eduneo.ru/7-xarakteristik-uchebnogo-video-kotoryj-
dolzhen-znat-kazhdyj-prepodavatel/
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Cekmnin 1
SAKICTDH B ITPOMUCJIOBOCTI

FO/10OBA - XOX/TOBA TETAHA CTAHIC/TABIBHA

K.T.H., npodecop
HauioHanbHa meTanypriiHa akagemis YKpaiHu

Section 1

QUALITY IN INDUSTRY
CHAIRMAN — TATYANA KHOKHLOVA

Dr. Eng., Prof.
National Metallurgical Academy of Ukraine

Cexkuus# 1

KAYECTBO B ITPOMBIIIVIEHHOCTHA
NPEACEAATE/b - XOX/IOBA TATbAHA CTAHUC/TABOBHA

K.T.H., npodeccop
HaunoHanbHaa meTannypruyeckan akagemmsa YKpauHbl
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JOCJILJI)KEHHS BIIJIMBY OPIEHTAIIT
IHPU APYKY 3A SLM-TEXHOJIOT'IEIO 3PA3KIB 3 INCONEL 718
HA MEXAHIYHI BJIACTUBOCTI

C.B. Adocamcoruii’, kand. mexu. nayk I'A. Kononenxo?, P.B. I[Todonscoxui’”’
'LLC «Additive Laser Technology of Ukraine», Ininpo, Ykpaina
Incmumym wopnoi memanypaii in. 3. I. Hexpacosa HAH Ykpainu
m. [Ininpo, Ykpaina

AJUTUBHE BUPOOHUIITBO - 1€ MEPCHEKTUBHUNA CY4YaCHUN HampsiM, SKUN
BIIKpMBA€ HOBI MOXJIMBOCTI ISl CTBOPEHHS METaJOBHPOOIB CKIagHOI (popmu
HalpI3HOMaHITHIIIOrO pu3HadeHHs [1-3].

HaiiGinpiie nomupeHHs B OCTaHHI POKM OTpuMana TexHojoris Metal
Powder Laser Melting (SLM, DMLS 1 1H.) - TexHoJIOTisl Ja3epHOi IUIABKH
METaJeBOro MOPOIIKY, sSKa J03BOJISE€ MIBUIKO 1 3 BHCOKOIO TOYHICTIO MOLIAPOBO
BUTOTOBJISITA CKJIAJHONPO(DUIbHI BUPOOU MO KOMI'IOTEPHIA MOJEN] MPAaKTHUYHO 3
OyIb-sSIKMX METaleBUX MOpoKiB [1-5].

AUTUBHE BUPOOHUIITBO - II€ MEPCHEKTUBHMM Cy4YaCHUW HampsiM, SIKUAN
BIIKpMBA€ HOBI MOXJIMBOCTI ISl CTBOPEHHS METaJOBHPOOIB CKIagHOI (popmu
HalpI3HOMAHITHIIIOrO pu3HayeHHs [1-3].

HaiiGinpiie nomupeHHs B OCTaHHI POKM OTpuMana TexHojoris Metal
Powder Laser Melting (SLM, DMLS 1 iH) - TexXHOJIOTiS Jla3epHOi IUIABKU
METaJeBOro MOPOIIKY, sSKa J03BOJISE€ MIBUIKO 1 3 BHCOKOI TOYHICTIO MOLIAPOBO
BUTOTOBJISITA CKJIAJHONPO(DUIbHI BUPOOU MO KOMII'IOTEPHIA MOENI MPAaKTHYHO 3
OyIb-SKMX MeTajeBUX Mopowkis [1 - 5].

Jlana po6oTa mpucBsiY€Ha JOCIIIKEHHIO BIUIMBY OpIEHTAIlll MpU APYKY Ha
MEXaHI4YH1 BIaCTUBOCTI 3pa3KiB 3 xapoMinHoro Hikesnesoro cruiasy INCONEL 718,
BurortosieHnx 3a SLM-texuomnoriecro Ha oOmagHanai LLC «Additive Laser
Technology of Ukrainey.

Bci 3pa3ku Oynu apykoBaHi MO 1IACHTHYHHM PEKHUMAaM, PO3TAIIOBYBAIUCS
3pa3ku Ha MIaTGopMi B TOPU3OHTAIBHOMY 1 BEpPTUKAJIBHOMY TOJIOKEeHH] (puc. 1).
Jlani 3pa3ku miagaBaiy TepMiuHii o0podii. B pamkax mocnikeHb TepMiyHa 00poOka
BUIPI3HSUIACS  YMOBaMH  OXOJIOJKEHHS  MICIIA |
BHUCOKOTEMIIEPAaTYpHOTO HarpiBy: Ha TOBITPI |
(pexxum 1) 1y Boai (pexxum 2) (Tabmurg 1).

BunpobyBanus LTSt BHU3HAYCHHS
MEXaHIYHUX BJIACTUBOCTEMN MPOBOIAITN
BianoBigHO 10 ISO 6892 Ha BUNpoOOyBaIbHIN
mamuHi INSTRON.

VY crani micns TepMiduHOi 0OpOOKH TIO
pexuMy 1 (3 OXOJOIKEHHSIM Ha TOBITP1) IS
3pa3ka B BEPTUKAJIbHOMY MOJIOKEHH! TpaHUIIA
MirtHOCTI Tpoxu Buie (1o 9%) B mopiBHsAHHI 3  PucyHok 1 - Po3ramyBanus
TOPU3OHTAIBHUM  3pa3koM. Ilpu  1upomy 3pa3kiB Ha miaTdgopmi
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IJIACTUYHICTh JUISL  3pa3ka, pPO3TAIIOBAHOTO TNpPH  JAPYKY TOPHU3OHTAIBHO
macTUyHICTh Bulle (Ha 16% 1 28% a1s1 BIIHOCHOTO TMOJIOBXKEHHS 1 BIIIHOCHOTO
3BY>KEHHS BIIMOBIJTHO).

Tadauus 1 - PedyabraTtn BUNIpoOyBaHb HA PO3THAT JO0CJHIKYBAHUX 3Pa3KiB

MapkyBaHHS Pexum IEI)E;IGOHE?:;; o, MIla | 692, Mlla 0s, % Y, %
1 bes T\o I'op. 90° 1066,3 755,0 25,6 34,9

2 1 T'op. 90° 1394,4 1121,4 18,8 34,9

3 2 I'op. 90° 1404,7 1153,9 14,0 18,6

4 2 Bepr. 0° 14149 1185,6 12,6 13,7

5 1 Bepr. 0° 1517,2 1181,9 15,7 25,1
ASTM B637 ITicns T\o >1275 >1043 >12 >15

VY craHi micas TepMivHOT 0OpOOKU 1O pekUMY 2 (3 OXOJIOIKEHHAM Y BOI1)
MOKAa3HUKHU MIITHOCTI BEPTUKAJIBHO 1 TOPU30HTAILHO MOOYAOBAHOTO 3pa3KiB JyKe
Onu3bKi  (pi3HULA  cTaHOBUTH 10 3%). [IlokasHUKM MIACTUYHOCTI ISt
TOPU3OHTAILHOTO TIOJIOKEHHS 3pa3ka mnpu apyky Bume (10% 1 30% mus
B1JIHOCHOT'O MOJIOBXKEHHSI 1 BIITHOCHOT'O 3BYKE€HHSI BIJIIIOBITHO).

Taxkum yuHOM, TpU AOCIIPKEHH] BIUTUBY IMMOJIOKEHHS 3pa3Ka MpH APYKYy Ha
MEXaHIYH1 BJIACTHBOCTI MICAS TEepMIuHOI OOpOOKM OyJ0 BCTAaHOBJIEHO, IO
MOKAa3HUKU MIIHOCTI HE3HAYHO BHWINE Ui BEpPTUKaIbHMX 3pa3kiB (10 9%), a
IJIACTUYHICTh HIKYE B cepeiHboMy Ha 20%.

BucnoBku:

1. ADUTUBHI TEXHOJOT € MEePCHEKTMBHUM HAMPSAMKOM IS 0araThox
rajxyseil BUpOOHUIITBA.

2. BcraHoBieHO, 10 3aCTOCYBaHHA TEPMIYHOI OOPOOKHM J103BOJISIE
MIJBUIIUTH KOMILJIEKC MEXaHIYHUX BiacTuBocTedl Inconel 718, BupoOieHUX 1O
SLM-TexHoorii.

3. BcraHoBIIeHO, 110 OpleHTallisl 3pa3kiB BupoOieHux mo SLM-texHonorii
YUHATh MCHIIMM BIUIMB Ha BJacTHBOCTI MimHOCTI (0 9%). IlokasHuku
MJIACTUYHOCTI JJIs 3pa3KiB, HAAPYKOBAHUX B FOPU3OHTAILHOMY 1 BEPTUKAIHLHOMY
MOJIOKEHH1 MOXKYTh BiIpi3HATHCS 110 28%.

TIlocunanunsa

I. Apxamckuit C. B. CuMynsiuusi BIMSHHUS OCTAaTOYHBIX HANPSOKEHUH W
napaMmeTpoB SLM-TexHomoruu Ha GopMUpOBaHUE 00JACTH TPAHUIL U3ACTHUS U3
xkapornpouyHoro HukeneBoro craBa INCONEL 718 / C. B. Amxkamckuii, A. A.
Kononenko, P. B. Ilomonbckuii. // Ministry of Education and Science of Ukraine
The National Metallurgical Academy of Ukraine, Dnipro, 17 — 19 March, 2020.
— 2020. — Nel. — C. 4-6 - Pexxum nocrymy no pecypcy: DOI: 10.34185/1991-
7848.1tmm.2020.01.00.

2. Amxamckuii C. B. Hcnonbs3oBanue SLM-TeXHONIOTHMH B JACTAlSIX U y3JIax
aBUaIlMOHHO-KOocMHYecKkoro HasHaueHus / C. B. Amkamckuii, A. A. KoHoHEHKO,
P. B. Ilomonbckuit. // 11 Bceykpaincbka KOH(pEpEHIIss MOJOJUX BUYEHHUX
"Momnoai BueHi - 2020". — 2020. — Nel. — C. 6-9.
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3. Amxamckuit C. B. HccrnegoBanue BiusiHUSA pexuMoB SLM-npornecca Ha
Ka4ecTBO B oOnactu KoHTypa wm3fenuii [Enextponnuii pecypce]/ C. B.
Amxamckuii, A. A. Kononenko, P. B. Ilomonbckuii. / MixkHapoiHa KOH(pEpEHITis
«YHiBepcurerchka Hayka - 2020». — 2020. — Nel. — C. 157-158. Pexum noctyny
10 pecypcy:
http://eir.pstu.edu/bitstream/handle/123456789/17421/%D0%A3_%D0%BA%D0%B0%D
1%8F%20%D0%BD%D0%B0%D1%83%D0%BA%D0%B0_2020_%D0%A2_1.pdf

5. Adzhamskii S. V. Investigation of deep penetration conditions when making
samples from high-temperature alloy Inconel 718 by the method of selective
laser melting [Enexrponnuii pecypc] / S. V. Adzhamskii, A. A. Kononenko //
Avtomaticheskaya Svarka (Automatic Welding), #6, 2019, pp.65-70. — 2019. —
Pexxum moctymy mo pecypcey: https://doi.org/10.15407/as2019.06.11.

6. Amxamckuii C. B. Peanuzanms SLM - TexHOIOTHH 11 U3TOTOBIICHUS 00pa3iioB
nu3 sxaporpouHoro cmiaBa INCONEL 718, npumensemMoro B aBHAllMOHHO-
KocMuueckor TexHuke [Enextponnuit pecype] / C. B. Amxamckmit //
ABUAIIMOHHO-KOCMMNYECKAA TEXHUKA W TEXHOJIOI'MA, 2019, Neo
2(154). — 2019. — Pexxum goctymy g0 pecypcey: doi: 10.32620/aktt.2019.2.09.

JOCIZKEHHA CKJIAAY MTPOAYKTIB CIIIVIBHOT'O OCA/ZKEHHSA
I'TIPATOBAHUX ®OCPATIB KOBAJIBTY I KAJIBIIIO

IIpog., ooxm. xim. nayk H-M. Aumpanyeea, cmyoenmka T.B. Kozauyx
Hauyionanvnuii ynisepcumem oiopecypcie i npupoooxopucmyeanns Ykpainu,
Kuie, Ykpaina
oy., kano. xim. nayx I'.M. Bina
Hauyionanvnuii ynisepcumem xapuoeux mexnonozii, Kuie, Ykpaina

CydacHa XIMIYHa MPOMHCIOBICTh cCHONyK @Qocdopy 3aiiMae omHO 3
MPOBIIHUX MICIIb 32 MacmTabaMu MPOAYKIIli, 10 BUMTyCKaeTbesa. OcobnBe Micie
cepel HUX 3alMarOTh TBEPHAl PO3UYMHM abo MOABIMHI ¢docdaTy HBOBAJIECHTHUX
MeTajliB, M0 € OCHOBOIO JJI CTBOPEHHS HOBUX HEOpPraHIYHUX MaTepialliB s
PI3HUX Tally3el HayKu 1 MPOMUCIOBOCTI [1].

OpnuMm 13 cnoco6iB onep:kaHHs rigpaToBaHux ¢ocdaris, M0 BIAPIZHAIOTHCS
3a XIMIYHOIO MPHUPOJIOIO 1 BIACTUBOCTSIMU — TBEP/A1 PO3UMHU, MOBINHI a00 MPOCTI
COJI1 — € B3a€EMO/I11 BOAHUX PO3YHMHIB COJICH, 1110 MICTSITh JIBa JIBOBAJICHTHI KaTIOHU,
3 rigporendocdarom HaTpiro (Kanito abo aMoHiw0) [2-4].

[Ipuknagom nepmux € TBepaui po3uuH (ocdarie kobansTy(Il) 1 Maruiro
3aranbHOi Gopmynmu Cos; Mg (PO4),'8H,O (0<x<1.00), oTpuMaHHii B3aEMOIIEIO
BoAHUX po3unHiB cynbdariB 3 (NHy),HPO, [3]. OcamkeHHsiM 3 cyMilli po34rHIB
IMHK 1 KaJbIIH XJIOpUIiB HATpii rimporeHdocdaTom onepxkyroTh docdar ckiaxy
Zn,Ca(POy4),2H,0. 3a XiMIi4HOIO MPUPOAOI0 BIH € MOJBIHHOIO CULIIO MOCTIHHOTO
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xiMiyHOro ckiaay [4]. BimomocTi mpo rigpaToBaHi TBEpAl PO3UMHM abO MOJBIHHI
koOanbTy(Il)-kanpuito GpocdaTu B iTepaTypi BIICYTHI.

Mera maHoi poOOTH — AOCHIAMTH CKJIaa Ta XIMIYHY HPUPOAY MPOIYKTIB
CIUILHOTO OCAXKEHHS rijpaToBaHuX (pocdaTiB KOOAIBTY 1 KaJIbIIIO.

CrninbHe ocaJKeHHs TipaToBaHuX GocdaTiB KOOATBTY 1 KAJIBIIIO Y BOTHUX
pO3YMHAX JOCIDKYBAIM METOJOM 3aJMIIKOBUX KOHIEHTpamin mnpu 25+1°C,
3actocoByroun B3aemopito B cucteMi Co(NOj),-Ca(NOs),-(NH,),HPO4-H,O. B
AKOCT1 BUXIIHMX BHKOpucTOBYBaiu (.05 moinb/m BogHi po3unHH cojed Ta 0.2
MOJIB/JI PO3YMH OcCaJ)KyBaya — aMoHii riaporenocdar. KonkperHi ymoBu
criinbHOro ocamkenns #onis Co’' i Ca®" Ta 0COGIMBOCTI yTBOPEHHS riApaTOBaHMX
docdariB BCTAHOBIIOBAIW 3a pE3yJlbTaTaMd BHU3HAUYECHHS B OKPEMHX Cepisix
JOCITIIIB 3aJIEKHOCTI CKJIaay TBepAoi (a3u BiJl OCHOBHMX IapaMeTpiB IPOIIECY.
CriBBiZHONICHHS B CKIai BUXiZHHX po3unHiB n = P/Y Co>", Ca®" migrpumysamn
piBHuM 0.67 — cTexiOMETpUYHO HEOOXiIHE IJIsi YTBOpPEHHS cepenHix ¢ocdaris
IBOBANCHTHUX MeraniB. CriBBinHomenus karionis K=Co’/Ca®" (MoBHE)
BapiroBamu B Mexkax 0.0-100.0, Temneparypy dikcysamu B inTeppani 5075 C.

XiIMIYHAM aHadi30M y ckiaal TBepnaoi (asm Bu3Ha4yaiaum BMICT docdopy
(BaroBuii  XIHOJNIHMOMIOJATHUH  METOJ),  KOOAIbTy 1  Kaublilo  —
KOMIUICKCOHOMETPUYHUM TUTPYBaHHsIM. [nenTudikamito ¢ocdariB BUKOHYBaIU 3a
nonomoroi peHrrerHodaszosoro (JJPOH-4M, Cu Ka) Tta 4 cnekTpocKomiuHOro
(crextpomerp Nexus-470, miamaszon uactor 400-4000 cm™, mpecysanus 0.05%
Mac. GiKkCOBaHOT HAaBa)KKM B MAaTPUIIIO KaJlito OpOMily) METOiB aHAIIi3y.

Pe3ynpTaTi ananizy piBHOBaXKHOT TBepHOi (a3u, 110 YTBOPIOETHCS IiJ Yac
Baemonii B cucteMi Co(NOs;),-Ca(NO;),-(NH4),HPO4,-H,O 1pu  pizHOMY
CIIBBIHOIICHHI KaTIOHIB y BUXiAHUX po3unHax (K= Co/Ca, MoibHE), HABEJICHO B
Ta0IHIII.

BigmoBigHo 10 OTpEMaHMX AaHHX, B3aemoxmis y pasi K=0 (Co”  y ckmaxi
BUXIJHUX PO3YMHIB BIICYTHINA) CYNPOBOIXYETHbCS YTBOPEHHSAM TBEpAOi ¢asu,
11eHTH(IKOBAHOI K Kanblii rigporendocdar cknany CaHPO,-2H,0 3 He3nauHO10
KUIbKicTIO cepeaboro pocdarty Caz(PO,4), nH,O (Tadm.).

Ocamxenns ¢ocdariB 13 cymilli pO3YMHIB HITPATIB, IO MICTATh HaBITh
HE3HAYHy KUIbKICTh K0OanbTy (K=0.04) npu3BOAUTH 10 3MIHM XIMIYHOTO 1
(da3zoBoro ckiany ocaay. YTBOPEHHsS CEPEAHBOrO Kaibllito GocdaTy 3a LUX YyMOB
He BinOyBaeTbest. Ocan siBisie cOO0I0 MEXaHIUHY CYMIII IBOX KpUCTaliuHUX (a3 —
CaHPO4-2H,0 1 Co3(POy4),-8H,0, pentrrenomerpuuni 1 [Y chnekTpockomivuHi
XapaKTEPUCTUKU SAKUX BIAMOBIAAIOTH BitoMuM i iHauBinyanbaux CaHPO,4-2H,0
1 CO3(PO4)2'8H20 [5]

Kinekicte Co3(POy4),-8H,0, mo yrBoproetbes mnpu K=0.04 B skocti
JOMIIIKOBOI1 (pa3H, 3aKOHOMIPHO 30UIBIIYETHCS 31 3pOCTaHHAM BMICTY KoOanbTy(Il)
B ckiaal BuxigHux po3uuHIB (0.04<K<0.50), CaHPO,2H,O — 3MeHIIyeThCS.
BceranoBneHi y cknafi rerepoda3Horo ocaay 3MiHHM YIiTKO (PIKCYETHCS 3a BMICTOM
KaJblli10, K00anbTy, Gocdopy, BiIMOBIIHO A0 skoro BinHomeHHs n; = P/Y Ca, Co
3meHmyeTbes 3 0.94 o 0.80, XxapakTepU3yrOUH 3MEHILIEHHS YaCTKH IPOTOHOBAHOIO
dbochary — CaHPO,4-2H,0 (T1abin.). 3a ymoB K=1.0 Co3(PO,),-8H,0 peectpyeThes
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SK OCHOBHa ckJagoBa JnBodasznoro ocany. CaHPO,2H,O, BiamoBimHO A0
pe3yNbTaTIB XIMIYHOTO Ta PEHTreHo(a3oBOro aHai3iB, MPUCYTHIA B ocajl B
He3HayHux KutbkocTax (0.51 % wmac. Ca). 3HadeHHS 7; MPAKTUYHO JOCSTAE
BEJIMYMHM, 10 BIANOBIAE€ PO3PaAXyHKOBHM 3HAYEHHSIM Uil cepelHix QocdaTiB
(Tabu.).

Tadauust — XapakTepucTHKa PiBHOBAKHOI TBepaol (pa3u B cUCTEMI
C0(NO3)2-Ca(NO3)2-(NH4)2HPO4-H20 (25 :|:1°C, n= 0.67)

XIMIYHMH CKJIaJ, 5
K = Co/Ca, 0 Mac. ¥* da3oBuil CKJIa]
— (3a pesynpraTamu POA Ta
MOJIBHE n=P/}.
Ca Co P Y ciexTpockorii)
Ca, Co
0.00 24,44 - 16.90 0.89 | CaHPO,-2H,0 + Ca3(POy), nH,0
0.04 23,42 1.58 17.72 0.94 Mexaniuna cymimn
0.20 7.98 | 880 | 1645 | 0.89 CatPO, 2H;0 +
CO3(PO4)2 : 8H20
0.50 10.53 | 18.93 | 14.55 0.80
1.00 0.51 | 3293 | 12.44 0.68 | Co3(PO4),'8H,0 + CaHPO,-2H,0
2.00 0.00 | 3449 | 1221 | 067 |)
5.00 0.00 | 34.51 | 12.18 0.67
> CO3(PO4)2‘8H20
15.00 0.00 34.57 | 12.14 0.67
100.00* 0.00 34.60 | 12.15 0.67 |)

* pimnmoBizae BuxigHOMY po3uuny ckiany Co(NO;s),
** s Cos(PO4)28H,0 pospaxosano, % mac.: Co —34.61, P — 12.14, H,O — 28.19.

XIMIYHUHN aHami3 ocaay, oaep:xkanoro 3a ymoB 1.00<K<100.00, cBiguuTh npo
T€, 110 HE3aJEKHO BiJl BMICTY KaJbI[I0 1 KOOAIBTY B CyMIlIl BUXITHUX PO3YUHIB,
KaJIBIiN y ckiaai TBepAoi (asu BincyTHiM. CHiBBIAHOMICHHS #; B HI CTAaHOBUTH
0.67, xapakTepu3yroun ocajkeHHs nuiie cepeaaboro kobanst(Il) docdary, Bmict
IHTpeaieHTiB B sikoMy BifnoBigae ¢ocdary ckiany Cos;(POy4),-8H,0O (Tabdm.).

Jlani  XiMI4HOrO  aHajmizy JoOpe  KOpeIITh 3  pe3yibTaTaMu
pentrenogaszoBoro ananizy ¢ocdaris, mo ocamxyThes 3a ymMoB 1.00<K<100.00
Ananiz Habopy aAudpakuiiHUX BiIOOpaKeHb, IHTEHCUBHOCTI Ta 3HA4Y€Hb
MDKIUIOIIMHHUX BIJCTaHEH Ha PEHTreHOrpaMax CBIIYUTH MPO iX IMEHTUYHICTH 3
pEHTIreHOMETpUYHUMHU XapakTepuctukamu Bigomumu s Cosz(PO4),8H,0. Ileit
BHCHOBOK LIUTKOM MIATBEPKYIOThCS M aHanizom Y criekTpiB, BIAMOBIAHO 10 SIKOTO
XapakTep TOIJIMHAHHSA B LUIOMYy, Ha0lp CMyr NOIJIMHAHHSA, IX YacTOTH Ta
IHTEHCUBHICTh Y BChOMY CHEKTpPaJIbHOMY [1ala30H1 aHAJOrIYHI BIIOMUM JJIst
iauBinyansHoro Cos(POy4),'8H,0 [5].
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Jlani, oTpuMaHl Mia Yac aHali3y TBepauX (Qa3, JONOBHIOIOTH PE3YJbTaTh
JOCHIPKEHb PIBHOBXKHUX MATOYHMX po3uuHiB (puc.l, 2). Bonu mnpexacraBieHi y
BUIJISI 3AJICKHOCTI 3aJIMIIKOBUX KOHIEHTpalii Kanblito (Ce,™ ), kob6ansTy (Ceo ),
dochopy (Cp™) 1 TaKMX XapaKTEPUCTHK MAaTOYHHMX po3uMHiB, sk pH i
€JICKTPOIIPOBIHICTD BiJI CIIBBIAHOIICHHS BUXinHUX peareHTiB (K=Co/Ca, MobHe).

[nTepniperaniss ofep:kaHUX Pe3yabTaTIB Y CYKYIHOCTI 3 JaHUMH PO CKJaja
TBepAOi a3y pO3KpUBAE B3aEMO/IIi, 110 CYMPOBOKYIOTh YTBOPEHHS (ocdaTiB y
cucteMi Co(NOs3),-Ca(NOs),-(NH4),HPO4-H,0. Tak, ekcTpeMyM BCTaHOBJICHUH Y
xoa1 Bcix kpuBux npu K = 0.04, cBiIuuTh Npo Te, IO HOPST 3 OCAIKEHHAM
CaHPO,4-2H,0 mouanock yrBopeHHst cepeanboro ¢ocdary Cos(POy), 8H,0, ske
crpusie mosiBi B po3unHi Houis PO,”". KOHIEHTpaLlis OCTAHHIX JOCATa€ BETHUHH,
JOCTAaTHBOI JJIs MPUTHIYEHHS TpoLecy T1Apoi3y Kaiblii rigporeHdocdary, mo
BiOyBaeThes 3 yrBopeHHsIM Cas(POy4), nH,O Ta BuUBUIBbHEHHAM HOHIB ['i1poreny.
Ile npusBoguTh A0 migBUIEeHHS PH po3unMHy 1 3aKOHOMIPHOTO 3MEHILIEHHS
po3uuHHOCTI TpucyTHROro B ocaai CaHPO42H,O, a omke, 1 3adulIKOBUX
KOHIEHTpalliil Kajbplilo 1 ¢ochopy B MATOYHOMY pO34YMHI. 31 3MEHLICHHSIM
KOHIIEHTpAI[li OCTaHHIX 3MIHIOETbCA 1 €JEKTPONPOBIIHICTH PO3UHHIB.

Bzaemonis B cuctemi Co(NOj),-(Ca(NOs),-NH,),HPO4,-H,O 3a ymoB
0.04<K<1.0 cynpoBOMKYETHCS 30UTbLIICHHSAM KOHIIEHTpALli BCiX HOHIB MPHUCYTHIX
B PIBHOB&KHMX MaTOYHHX PO3YMHAX; 3HaueHHs Cp Takox 3pocrae (puc. 1).

144 pH
6.0

5.0

40r

0 _1 1 1 1
01020 05 10 20 50 100 0 02 05 10 20 50

K=Co/Ca, morbHe K= Co/Ca
Puc.1 — 3aaumkosi konuenrpauii Ca  Puc.2 — pH (1) Ta ejekTponpoBigHicTh (2)
(1), P (2),Co (3) y cucremi Ca(NO;),- MaTtouHux po34yuHiB cuctremun Ca(NOj),-
Co(NO;),-(NH,),HPO,-H,0 (25°C, C"  Co(NO;),-(NH,);HPO,-H,0 (25°C, C’=
= 0.025 moJb/0) 0.025 moub/)

3MiHH, BCTaHOBIECHI B XOIi KPUBHX 3aJIMIIKOBUX KoHUeHTpamin Cc, o,
Cco ™", Cp™, pH 1 enekTpOompoBiAHOCTI, CBimT4aTh PO 3OLIBIIEHHS Yy CKIasi
TBepa0i ¢azu BimHOCHOT KUTbKOCTI Co3(POy4),-8H,0O. BHaciigok mporo B po3uuHi
BiI0yBaeThcsl HakonuueHHs HoHIB ['igporeny (pH 3menmyeTses Bin 6.30 no 5.16),
0 BUBUIBHAIOTBCA Tij yac B3aemonii (NHy),HPO, 3 po3umnamu HiTpaTiB 3
YTBOpPEHHSAM cepelHboro (ocdary. HasgBHicTh y MaTOuHHX po3uMHax Qocdat-
HOHIB, KUTBKICTh SIKMX 3pOCTa€ 31 30UIbLICHHSIM 3Ha4€Hb K, BKa3ye€ Ha YaCTKOBY

22



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBepcuTeT M. BapHa (Boarapis)

po3unHHICTH Pocdatis, mo yrBoprotoThest — CaHPO4 2H,0 1 Cos(PO4),-8H,0, B
c1abKo KUCIUX po3yrHax. 30UIBIICHHS 3aJIMIIKOBOT KOHIICHTpAIlli HOHIB KaJbIIiI0
y pa3i 3MeHIIeHHS Horo BMICTY B ckiali BuxigHux po3uuHiB (0.04<K<1.00)
CBIIUUTH Mpo nepeBaxkHe ocakeHHs: Co3(POy),-8H,0 (puc.1,2, Tabmn.).

Y pasi ognakooro Bumicty Ca® i Co®” B ckmafi cyMimi BHXiTHHX PO3UYMHIB
(K=1.00) CaHPO4 2H,0 npucyTHiit B ocai JMiIe B KOCTI IOMIIIKOBOI (pa3u, a 3a
ymoB K>1.00 Bech Kanblliii mepeOyBae y po3uuHi. 3MiHM B CKJIaJl ocanay, IO
BiOyBatoThesa npu K=1.00, Ha KpUBHX, 10 XapaKTePU3YIOTh CKJIaJ PIBHOBAXKHUX
13 TBEpAOIO (Pa30i0 MATOYHHUX PO3UMHIB, (PIKCYIOTHCS HASBHICTIO JOCHTH PI3KOTO
neperuny. Iloganbimie 30utbiieHHss K> 1.00 mpakTUYHO HE MO3HAYAETHCS HA
3HAYCHHI 3aMMIIKOBOI KOHIeHTpawii Gocdopy, sfKke CTaHOBHTH BequumHy 8.5-107
MOJIB/JI, XapaKTepHYy s po3uuHiB, piBHOBAXKHUX 13 C03(PO4), 8H,0 mpu n=0.67.
3aJIMIIKOBI  KOHUEHTpalii Kaublito 1 Kkobanbry mnpu K>1.00 3MiHIOIOTHCA
BIIMOBIIHO J10 CKJIAY CyMIIlll BUXITHUX po34uHiB. KoHIIeHTpallist HOHIB TiIpOTeHY
B po3unHi 30utbyerbest (pH 3MminoeTses Bin 5.16 mpu K=1.00 go 4.40 npu
K=100.00) y wMexax, eKCIepUMEHTAIbHO BCTAHOBIEHUX JUISI OCAJPKCHHS
Co3(PO4),-8H,0. KinpkicHOTO oOcagXeHHs KOOaldbTy Y BChOMY JOCIHIPKEHOMY
iaTepBaini 3HaueHb K (0.04<K<100.00) He BinOyBa€TbCs, OCKUIbKH KHUCJIOTA, IO
BUBUIbHSAEThCS Ti 4Yac ocamkeHHs Coz(POy4),:8H,O, chpuse mnocriiiHOMY
3MeHIeHHo pH po3unny.

Omxe, yTBOpeHHs mnoABiMHMX cepeaHix koOanpTy(Il)-kanbiito docdaris,
aHAJOTTYHUX IIUHKY-KaJbliio GocdaTy, onepkaHOMY i Yyac B3a€MOJIi B CUCTEMI
ZnCl,-CaCl,-Na,HPO4-H,0O, B ymMoBax MaHOTO €KCIEPUMEHTY HE BITOYBAETHCS.
3miHa B mupokux Mexax (0<K<100.00) BmicTy y BuximHux pozunHax ko6anbty(Il)
1 KaJbI[II0 TO3HAYAETHCS HA KUIbKICHOMY CHIBBIHOIICHH] Y reTepoda3zHoMy ocal
dbocdatie CaHPO4-2H,0 1 Co3(PO4),-8H,0. 3a ymoB 1.00<K<100.00 ocamxyeThcs
iauBinyansauit cepenniii kobanbT(Il) hocdar ckinamy Cos;(PO4),-8H,0.

Bucnoexku

1. BuzHaueHo ckiaj Ta XiMIi4YHY IPHPOIY MPOAYKTIB CIUTFHOTO OCAKEHHS
rigparoBanux ¢ocdatiB kobaneTy 1 Kambiito B cucteMi Ca(NO;),-Co(NOs3),-
(NH4),HPO4-H,O0.

2. TlokazaHo, 110 3MiHa BMICTY KAaTIOHIB y BHUXIJIHUX PO34YMHAaX B 001acTi
0<K=Co/Ca<1.00 BrmuBae Ha KkinbkicHe crmiBBinHomeHHs dpocdatie CaHPO4-2H,0
1 Co3(PO4),-8H,0 y rerepodaznomy ocazai. 3a ymoB 1.00<K<100.00 ocamxyeThcs
iauBinyansauit Cos(POy4),-8H,0.

3. TBepauit po3unn abo noasiHuM cepeaniit kodanpT(Il)-kanpuiit pocdar B
YMOBaXx JJAHOTO €KCIIEPUMEHTY HE YTBOPIOIOTHCS.
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CTATUCTUYHUIA AHAJI3 MEXAHIYHUX BJACTUBOCTEHR
SAVIIBHNYHUX KOJIIC MAPKU ER7 3A EN 13262 TA MAPKU 2
3A ICTY I'OCT 10791:2016 TIAT «IHTEPITAWII HT3»

Lupexmop incmumymy, cm. Hayk. cnigp., 0okm. mexH. Hayk O.1. babauenko,
cm. HayK. cnigp., kano. mexH. Hayk I'.A. Kononenxo,
mon. Hayk. cnigp. P.B. Ilodoavcokuii, mon. nayk. cnigp. O.A. Caghponosa
Incmumym uopnoi memanypeii im. 3. 1. Hexkpacosea HAH Ykpainu
m. [ninpo, Ykpaina
Cmyoeum B.B. Mapyuriwiun
Hauyionanvna memanypeiiina akademia Yxkpainu, m. /[ninpo, Ykpaina

OpHuM 3 HaOLTBII BIAMOBIJAILHUX €IEMEHTIB PYXOMOIO CKJIaly 3aJII3HUYHOTO
TPAHCHIOPTY € 3aII3HUYHE KOJIECO, SKE MPAIIO€ B CKIAJHUX EKCIUTyaTallliHUX YMOBAaX.
KpiM craTMyHMX HaBaHTa)K€Hb, KOJECO MIUIATA€ BIUIMBY IUHAMIYHUX, LUKIIYHHX
HABaHTA)XEHb 1 TEPMIYHUX HANpyX eHb, 1[0 BUHUKAIOTh MPHU TajbMyBaHHI. ToMy Bif
3aJII3HUYHUX KOJIIC TOTpiOHA Maibke abcomoTHa HalMHICTh. MIIHICTh € Ba)KIIMBOIO
XapaKTePUCTUKOIO HAJIMHOCTI 3alli3HUYHUX KOJIIC, OJHAK HAa TEpPMIH IX CIyXO0Hu
BIUIMBAIOTh 1 TaKl XapaKTEPUCTUKU SIK 3HOCOCTIMKICTh, CTIMKICTh JO YTBOPEHHS
TEPMIYHUX TPIIIKH, OMIp KPUXKOMY PYHHYBAHHIO Ta 1H.

Tak sk Koneco mpaie B mapi TepTs 3 peHKolo, TO BiH, B MEpIIy 4Yepry,
MOBUHEH MAaTH BHUCOKY 3HOCOCTIMKICTb, IIO BHM3HAYAETHCS MHOro TBEPIICTIO. 3
HIIOro OO0Ky, JJi 3a0e3MeueHHs eKCIUTyaTallitHoi HaJiiHOCT1 Kojeca HeOOX1IHO
1100 oro Meran MaB HEOOXIIHUIN 3amac B'SI3KOCTI, 110, B JESKUX BUIAJKAX, MOXKE
OyTH NOB'I3aHO 3 HEOOXITHICTIO 3HMXKEHHS MIITHOCT1 (TBepaocti). Lli cynepeunusi
BUMOI'M 332 MEXaHIYHHMH BJIACTHUBOCTSIMHU 1 BU3HAUAIOTh CKJIAIHICTH MpoOieMu
M1ABULIEHHS HAJIHHOCTI KoJieca.

TexHosnoriss BUPOOHUIITBA 3aTI3HUYHUX KOJIIC BKJIIOYA€ 3 OCHOBHUX ETaIlu:
BUTOTOBJICHHS CTaji, rapsya IUlacTUYHa Aedopmallisi KOJICHOI 3aroTOBKH, TEpMIYHA
00pobOka kosneca. HailOutbln mmpoke 3acTOCyBaHHS MPU BUPOOHUITBI 3aTI3HUYHUX
KOJIIC OTPUMAJIO BHUKOPHUCTaHHS IITaMITyBaHHS 1 mnpokatku. [lpu mpomy cxema
neOopMyBaHHSI 3arOTOBOK BKJIIOYAE TONEPEIHIO OCAIKY JUIsl BUIAIECHHS OKaJIMHU 3
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O1YHOI TOBEPXHI; OCaJKy B KUIblIl; PO3TOHKY METaly ITyaHCOHOM JUIi HEOOXIIHOTO
PO3MOJLTY Oro MK OKPEMHUMH €JIEMEHTaMH KOJIeca; OCTaTOuHY (POPMOBKY MAaTOUMHU
1 IpUJIerol 0 Hei YaCTHHU JAMCKa, MOonepeaHio GOopMOBKY 0001a 1 APYroi 4yacTUHI
JIMCKa, TIPOKAaTKy 000/a 1 MpUJIETJIol O HhOTO YaCTHHU JMCKA Ha MPOKATHOMY CTaHi;
BUTIOKY JMCKA 1 KamOpyBaHHSI pO3MIpIB KoJieca; MPOIIKMBKY OTBOPY B MaTouuHi. J[is
3MIMCHEHHS I[OTO TIPOLIECY 3aCTOCOBYIOTH KUTbKa TIAPABIIYHUX TPECiB 1
KOJIECOITPOKATHUM CTaH. YMCIIO TiIpaBIuHUX MPECIB 3aJICKUTh Bl 3yCUilb, 110 HUMHU
PO3BUBAIOTKCS, 1 HEOOXIAHOT MPOAYKTUBHOCTI 1IeXy. BuTbIll OTYXHI Iipeca 103BOSIOTh
MOEHYBATH JISSKI 3 TIEPEPaXOBAHUX OIEPAIIi.

Po3risiHyTI TeXHOIOTIYHI 0COOIMBOCTI BUPOOHMIITBA 3aTI3HUYHUX KOJIIC MOXKHA
Ha npukiazi 3aBoxy IIAT «IHTEPITAMIT HT3». Tumosa cxemMa KOMILIEKCY Ipeco-
npokatHux arperatis ITAT «IHTEPITAWIT HT3» mokasana Ha puc. 1: momepeHs
OCajika 3aroTOBKM Ha TIJaJKUX IUIMTaX MPOBOJAUTHCS HA OKPEMOMY arperarti - mpeci
sycwsim 20 MH. Oxanuna, onana 3 OIYHMX TOBEPXOHb, 3/IyBA€ThCS, a 3arOTOBKA
nepenaeTscss Ha mpec 3ycwusim S0 MH, ae 11 ocamkyroTh INIaJKUMHU IUIMTaMU B
IUTaBalOuoOMy KamiOpyBaJbHOMY KUIbIl, MOTIM KaiaiOpoBaHE KUIbIE CIEIIaTbHUM
MEXaH13MOM LEHTPYIOTb.

MexaHiuH1 BJIaCTUBOCTI METaly, B KIHIIEBOMY pPaxyHKY, BU3HA4alOThCS MOro
CTPYKTYPOIO. Haii6inbi e(eKTUBHUM

ot o W
CrocoOOM MIJBUIIICHHS BJIACTUBOCTEH METaITy )
3aJII3HUYHUX KOJIC € TepMiuHa 00poOka. Bona
BKJTIOUA€ Taki TapaMeTpi SK TemIiepaTypa +
HarpiBy Ii TNPUCKOPEHE  OXOJIOKEHHS, ¥
TPUBAIICTh BUTPUMKH, TeMIlepaTypa Ha ( )
BEPTUKAIBHIH rapTyBaJIbHIM MallIHHi, 3
TPUBAITICTH OXOJIOJIKCHHS, BUTpaTa X /
OXOIIOJKyBa4a Ta  MOro0  TEMIeparypa, -

TPUBATICTH MIJICTYKYBaHHSI TIEpe/1 BIIITYCKOM,
TeMmreparypa Ta TpPUBAIICTh BIAMYycKy. B
pe3ynbTaTi TepMiuyHOi 00poOKu (opMyeThes
KIHIIEBA CTPYKTypa, SKa XapaKTepU3yeTbCs
OpIOHKM  PO3MIPOM 3€pHa Ta BHUCOKOIO
JMCTIEPCHICTIO HepIITYy. [onpibHeHHs

TIMCHOTO 3€epHa MPaKTHYHO HE BIUIMBAE Ha M
XapaKTEPUCTUKKA  MIITHOCTI  CEPEAHBO 1

BHUCOKOBYTJICIICBOI ~ CTajl, ajge  YUHHUTH

MO3UTUBHUNA BIUIMB Ha 1i IUIACTUYHICTb. w
Haiibinpin 4yTiavBOIO /10 3MIHH BEJIHMYHHU
3epHa € yJapHa B'SI3KICTb, 110 MiATBEPIKYIOTh
pe3ysbTaTu JOCTIIKEHD, OTPUMAaHUX

aropamu [1]. Bimomo, 110 yaapHa B'I3KICTb )
P [1]. Bin » IO yAap 1 - 3aroToBKa; 2 - BUIbHA OCaKa; 3 - OCAIKa B

XapakTepusye OMip Marepiany JOKANBHHM i 4 - posromka, S - LITaMITyBAHHS;
TUTACTUYHUM JeopMarlisam, sSiKi 30CepeKeH1 B 6 - mpokartka; 7 - BUrnOKa Jucka i
HEBEIMKMX 00’eMax Ouls KOHIEHTpaTopa KanibpyBaHHS; 8 - IPOIIMBKA OTBOPY.

)

LaR

Pucynok 1 - Cxema nepopmanii
3arOTOBKH HA NMPeECO-NPOKATHIM
Jdinii [IAT «IHTEPITAUII HT3»:
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HaTpyXeHb (Haapizy). JpiOHe 3epHO 3MEHIITye HEOTHOPIIHICT PO3MOALTY AeopMartiii
B MIKpOOO'eMax CTPYKTYPHUX CKJIQJIOBHX, IO 1 MPU3BOAUTH 0 MiBUILEHHS YAapHOI
B'si3K0CTI. B po6o0Ti [2] CTBEPIKYETHCS, 110 ICTOTHOTO 1 TPOrHO30BAHOTO MOAPIOHEHHS
3epHa MO>KHA JIOMOT'THCSI TUTbKU JiehopMalli€ro.

Takox rapsua nedopmaris 3MEHIIYE CTIMKICTh ayCTEHITY B NEpJITHIN
o0nacTi 1 30UIbIIY€E MIBUIKICTh MEPIITHOTO MEPETBOPEHHS, B PE3yJbTaTl 4YOTO
YTBOPIOETHCS APiOHE peKpUCTaTi30BaHe MepiiTHe 3epHO. IHTeHCH(iIKyIOUni BILINB
raps4oi gegopMmaliii Ha IEpIITHE EPETBOPEHHS MPOSBIAETHCS TUM CHIIbHIIIE, YAM
BHUIIIE CTYIIHb OOTUCKY [3].

Hagiinicte komic B ekcIulyartamii B 3HA4HIM Mipl BH3HAYa€ThCS
HOPMATHUBHOIO JOKYMEHTAIlI€l0, B SIKId BIIOOpa)K€HI BUMOTH /10 MEXaHIYHUX
BJIACTUBOCTEH CTasl KOJIC, OCHOBHI METOAM BUIPOOYBaHb 1 KOHTPOIIO SIKOCTI
KOJIC 1 IOMYCTUMI NP 1[bOMY HOpMH. YKpaiHchkuM ctanaaptom JCTY T'OCT
10791:2016, eBponeiicekum MibkHapoaHuM EN 13262 Ta iHmMMH 3apyO0iKHUMU
craugaptamu (IRS R-34, BS 5892) nepenbaueHo niiuidi KOMIUIEKC MEXaHIYHUX
BUIPOOYBaHb 3AJII3HUYHUX KOJIIC.

OCKUTbKM TEXHOJIOT1sl BUTOTOBJICHHS CYHLIbHOKATAHUX 3QJII3HUYHUX KOJIC €
CKJIQJHO0, BKJIIOYA€E Oarato TEXHOJOTIYHUX MapaMeTpiB, TO JAESIKE BIIXUICHHS
MOKA3HUKIB B IMPOIECI BUPOOHHUIITBA MOKE MPHUBECTH O 3MIHM PIBHS KIHIEBHX
MEXaHIYHUX BJIACTUBOCTEH. TOMy CTaTUCTHUYHA OIIHKA CTaOUILHOCTI BUPOOHUIITBA
€ BaXJIUBOIO.

B xoxi BukoHaHHS poOOTM OyB BUKOHAaHUW CTATHCTHUYHHUNA aHaIi3
pE3yNbTATIB MEXaHIYHUX BUNPOOYBAHb KOJIC MOTOYHUX TUIaBok cTtasied ER7 mo
EN 13262, mapku 2 mo JCTY T'OCT 10791:2016. OcHOBHiI CTaTHCTHYHI
MOKa3HUKK, 10 OyJaM B3STI O yBaru: CEpelHE 3HAUYCHHsS, MeJlaHa, Moja,
JUcTiepcis BUOIPKM, CTaHIApTHE BIAXWICHHS, €KCIEC, IHTEpBajl, MIHIMYM,
MaKCUMyM, oOcAar BuOipku. PiBeHb HaJIHHOCTI aHani3y OyB MPUNUHATUN Ha PIBHI
0,95%. ¥V tabnunsgx 1-2 HaBeneH1 NaHi CTaTUCTUYHOTO aHalli3y HOPMOBAHUX
MEXaHIYHUX BIACTHUBOCTEH 3a BKa3aHUMHM MOKa3HUKaMU AJia ctanei mapku ER7,
MapKH 2.

Tadauns 1 - CtTaTHCTHYHI NOKA3HUKHY BUOIPKY HOPMOBAHUX MEXaHIYHHMX
BJIACTHBOCTEH 3ai3HUYHUX KoJic Mapkn ER7 mo EN 13262 noro4ynoro
BUPOOHUITBA (00°eM BUOIpKHN — 87 MJIaBOK)

O0in HCK
[Tapamerp ReH, Rm, AS, le,l AS, KUep., | KVep,, HB cep
H/mm? H/mm? % H/mm? % Jox Jox
1 2 3 4 5 6 7 8 9

Cepenne 583,0 875,0 16,0 712,9 19,7 | 26,2 14,5 252,9
Memiana 579.6 873,2 15,8 712.,4 19,8 26,2 14,1 253
Moga 565,0 856,8 16 714,0 204 | 274 12,2 253
Crasn, 26,4 22,4 1,2 13,0 14 | 32 30 | 62
BiIXHMJIEHHS
Hucnepcis 695.0 502,6 1,5 167,7 1,8 10,2 8,8 37,9
Excnec 0,8 -0,2 0,2 1,6 0,1 -0,1 0,2 0.4
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IIponoB:kenns Tadaumi 1

1 2 3 4 5 6 7 8 9
Jliana3on 181,1 118,8 7 115,7 8 19,2 14,8 37,3
MiHimym 527,7 820,6 14 645,7 16 19 9,6 239
Makcumym 708,8 939,4 21 761,4 24 38,2 | 244 276,3

Tabaunnsa 2 - CTaTHCTHYHI NOKA3HUKHY BUOIPKY HOPMOBAHUX MEXaHIYHMX
BJIACTHBOCTEH 3a1i3HUYHNX KoJic mapku 2 o ICTY I'OCT 10791 : 2016
MOTOYHOI0 BUPOOHMUTBA (00’eM BHOIPpKH — 93 mu1aBkM)

O6in Huck
Mapaverp | o KCU, KCU, KCU, HB
Him | 8% | w.% | (120 °C), (120 C), (-60 °C), riy0.30 Mm
JIx/cm JIx/cm JIx/cm

Cepenne 995,2 | 13,1 | 353 43.4 33,5 66,3 294.0
Meziana 995 13 36 43,9 33,5 73,5 293
Moza 1000 13 36 45 34,5 85,5 298
Cranpapmae | g0 | 1 | o4 3,0 42 21,1 8,1
BIIXUJICHHS
Jlucmepeis | 391,7 | 1.1 5,8 9,0 17,8 443.6 66,2
Excriec 3,4 0,9 0,6 -0,3 0,5 -0,99 0,4
Jlianazon 147 6,1 13 12 28,5 60,1 46
MiniMym 919 | 10,5 30 37,5 21 30,7 269
Makcumym | 1066 | 16,6 43 49,5 49,5 90,8 315

B  pe3ynpraTi  CTaTUCTUYHOrO  aHANI3y HOPMOBAHMX  MEXaHIYHUX
BJIACTUBOCTEH BCTAHOBJIEHO, M0 TMOTOYHA TEXHOJOTIS 3a0e3reyye BHUCOKY
CTaOUIbHICTh SKOCTI, @ PIBEHb BJIACTUBOCTEH TEPEBUINYE 3aJaHUN pIBEHb
(BiAMIOBIIa€ 3a]aHOMY J11alla30HY) 3 BUCOKHUM CTYIIEHEM HaJIHHOCTI.

Bucnoerku

1. B xoni BUKOHAaHHS pPOOOTHM OyB BHUKOHaHUN CTAaTUCTUYHUN aHami3
PE3yNIbTATIB MEXaHIYHUX BUNPOOYBaHb KOJIIC MOTOYHUX M1aBok craneit ER7 mo EN
13262, mapku 2 nmo JACTY T'OCT 10791: 2016. ¥V pe3ynbrari CTaTUCTUYHOTO
aHaii3y HOPMOBAHMX MEXAHIYHMX BJIACTUBOCTEH BCTAHOBJIEHO, LI0 MOTOYHA
TEXHOJIOTIsI 3abe3leuye BUCOKY CTaOUIBHICTh SKOCTI, a pIBEHb BJIACTHBOCTEH
NEepeBully€e 3aJaHuil piBeHb (BIAMOBiJAa€ 3aJaHOMY [lalla30HYy) 3 BUCOKUM
CTyNEHEM HaJIIMHOCTI.

Iocunanna

1. VzmoB WN.I'., babauenko A.U., JlementneBa JK.A. HccimemoBaHue BIHSHHS
NEUCTBUTEIIBHOTO 3€pHAa HAa HM3HOCOCTOMKOCTh W COIPOTUBIICHHE XPYNKOMY
paspylIeHuI0  yraepoaucTtol cramum //  Meramnypruyeckas W TOpHas
MpOMBIIIIEHHOCTh. — 2002. - Ne5. — C. 52 — 54.

2. Bepuep B. U3menbuenue 3epHa nipu ropsiued regopmanuu // UepHble MeTaIbI.
- 1969. - Ne7. - C. 34 - 44.

3. B.W. bonpmakos, N.E. Jlomxenkor, B.U. JlomkenkoB Tepmudeckas oOpadoTka
CTaJIM ¥ MeTajulonpokara. - J{nenponerposck: Gaudeamus, 2002. -271 c.
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BUKOPUCTAHHA BIOAKTUBOBAHOI'O HYTY
I 3BBATAYEHHSA M'SICO-POCJIMHHUX KOHCEPBIB

loy., kano. mexu. nayx C.A. bascaii-)Keocepyn, acucmenm O.M. Cokonosa
Hauyionanvnuii ynisepcumem xapuogux mexnonociii, Kuie, Ykpaina

Hapa3i y M™’siconepepoOHiil Traiy3i XapyoBOi MNPOMHCIOBOCTI YKpaiHU
0COONIMBY yBary NHpHBEPTA€ HAMpsIM PO3POOJIEHHA M’ SACHHX 1 M’SICO-POCIMHHMX
MPOAYKTIB 03/I0POBYOTO CHPSIMYBaHHS SIK JJI HIMPOKOTO KOJia CIIOKUBauiB, TaK 1
JUIsL  CHeliajdbHOTO TPU3HAYEHHS: XapuyBaHHS [iTeH, MarepiB-roayBajbHULlb,
CIIOPTCMEHIB, BIIICBKOBOCITY>KOO0BIIIB TOILIO.

BukopuctanHs pOCIMHHOI CUPOBHHHM IIPU BUPOOHHUIITBI M'SCHUX MPOJIYKTiB
J03BOJISIE HE TUIbKM 30araTuTH iX (yHKUIOHATBHUMU IHTPEAIEHTAMU, MiJBUIIUTU
3aCBOIOBAHICTh, a W OTpUMAaTH NPOAYKTH, SIKI BIANOBIAAIOTH OCHOBHUM
¢i3iom0riyHUM HOpMaMm. B maHuil yac icHye HEOOXIIHICTh Y PO3POOJICHHI HOBHX 1
BJIOCKOHAQJICHH1 HAasBHUX pPElEeNTyp Ta TEXHOJOTrid M'SICHUX MPOAYKTIB, 30KpeMa,
M’SICO-POCIIMHHUX KOHCEPBIB, K1 KOPUCTYIOTHCS BEJIMKUM MMOMUTOM Y HACEJICHHS.

M’sicHI IPOAYKTH JAOCUTH A€PIIUTHI 32 BMICTOM Xap4OBUX BOJIOKOH, TOMY
JOLJIBHO JOAAaTKOBO BHOCUTH Y iX pEUENnTypd POCIWHHI KOMIIOHEHTH, SIK1 €
JDKEPEJIOM MPUPOAHUX MoJlicaxapuiB. JlOCHKEHO, 1[0 MOEIHAHHS TPATUIIIHHIX
BU/IIB M sica, 30KpeMa CBUHUHU, 3 POCIMHHOIO CHPOBUHOIO — MPOTETHOM 13 HACIHHS
KOHOIUII Ta COEBUM I130JIITOM, y CKJIaJl M’SICOMICTKOI BapeHO-KOMUEHOi KoBOacH,
J1a€ MOXJIUBICTh BUPOOJIATH MOBHOIIHHI Xap4YOB1 MPOIYKTH 3 BUCOKUMH SKICHUMHU
nokasHukamu [1].

BinMiueHo mo3utrBHI e(heKTH KOMOIHYBaHHS M’ sICHOT Ta 6000BOT CHPOBHHH,
30KkpeMa HyTy. JlochipkeHo, 0 aJbOyMiHU HYTY BOJIOAIIOTH TiAPO(UIBHUMH Ta
aJCOpOIIMHUMHU  BJIACTUBOCTSMU MPUOIM3HO HA PIBHI M S30BOI TKAHUHHU.
Oco0nuBoCTI XIMIYHOT OynOBM OUIKIB HYTY CHPHUSIOTH MHiABUIIECHHIO KUIbKOCTI
PO3UMHHMX OLIKIB, IKMX Opakye y TBapuHHIN cupoBuHi. HaykoBisMu po3po0iaeHo
peuentypy koOacu BapeHoi "JloHempka" 3 mo6GaBkoio HyTy. BcTaHoBieHo, 110
BEJIMYMHA BOJIOTO3B’SI3yBaIbHOI Ta BOJIOTOYTPUMYBAJIbHOI 3JATHOCTI B MOJEJIBHUX
(apiieBux cucTeMax 3 BUKOPUCTAHHAM OOpOITHA HYTY MiABUILYEThCA [2].

Mertoro Hamioi poOOTH € po3pOoOJICHHS HAyKOBO OOTPYHTOBAHOTO CIIOCOOY
BUPOOHHUIITBA M’SICO-POCIIMHHMX KOHCEpBIB, 3 TIABUIIEHUM BMICTOM O1IKY,
Oaratux  Ha  Kajblid, JUIsI  XapyyBaHHS  3[0pOBOrO  HACEJCHHS,
B1ICBKOBOCITYKOO0BIIIB, CHOPTCMEHIB Ta MPU JAIETUYHOMY XapuyBaHHI.

OCHOBHOIO CHUPOBHMHOIO JIJIi BUPOOHHUIITBA M’SICO-POCIMHHUX KOHCEPBIB 3
010aKTHBOBaHUM HYTOM € M'SCO SUIOBUYMHU. HaMu AOCIHiPKEHO Ba 3pa3ku M’sca:
M'sico octuriie (24 rop micis 3a0010) Ta M'ICO 3aMOPOKEHE.

VY Tabn.1 HaBeneHO pe3yibTAaTH JOCIIIKEHb OPraHOJIENTHUYHUX TOKA3HUKIB
M’sica SUTOBUYHMHHU, $KE BUKOPHUCTOBYBAJIOCS JJIsi BHUPOOHUITBA KOHCEPBIB. 3a
pe3yabTaTaMy JIOCIKEHb OPraHOJCNTUYHUX TOKA3HUKIB BIIMIYEHO, IO TEPIIHA
3pa30K, SJIOBMUMHA OCTUIJIA, BIAHECEHO JO CBDKOrOo M’sica. SlnoBuumHa, sika Oyna
3aMOpO’KEHa, XapaKTepu3yBaiacs JAEHIO MpIIMMHA OPraHOJICNTHYHUMH MOKa3HUKAMU.
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Taoauus 1 — OpranojienTHYHI NOKA3HUKH M’ICa SNIOBUYMHHU

3pa3Ku CUPOBUHU
No [Tokazauku
SlnmoBuumHa octuria SlnoBuyMHa pO3MOpPOKEHA
1 | 3oBHIHIN M'sco Ha po3pi3i uepBoHOro | M’sico Ha po3pi3l TEMHO
BUIJISIAL, KOJIP | KOJIBOPY 3 XapaKTepHUM | pOKEBOTO KOJIbOPY
BIJITIHKOM
2 | Cran M’sco minbHEe, sAMKa Ticas | M'sico cepeaHboi IMIUIBHOCTI,
MOBEPXHi HAaTUCKAaHHA TalblleM IIBUIKO | HE JOCUTH MPYXKHE.
BHUPIBHIOETHCS
3 | 3amax XapaktepHuii njs cBikoro m’sica | Criabo BUpaxeHUM
4 | M’scuuii cik | [Ipo3opuit MyTHYyBaTui
5 | Cran Kup Onuckyuuit, TBepAUid, XKup TBEpIUN,
AKUPOBUX Ol1yBaTOrO KOJIbOPY, mpu | OLTyBaTOr0-KpeMOBOTO
BKpaIruieHb HATUCKaHHI KPUITUTHCS. KOJIbOPY.
6 | Xapakrepuct | [Ipo3opuii, apoMaTHui [Ipo3opwuii, apoMar HE AOCHUTH
uKa OyJIbHOHY BUPAKECHUN

VY Tabn. 2 HaBeAeHO pe3yJIbTaTH JOCIIKeHb O10XIMIYHUX MOKA3HUKIB M’sca
SUTOBUYMHH, SIKE BUKOPUCTOBYBAJIOCS ISl BUPOOHUIITBA KOHCEPBIB.
Taoauus 2 — bioxiMiuHi MOKa3HUKHM M’sica SNIOBUYMHHU

M’sico M’sico
Hopmartusue
Ne [TokazHuku SITOBUYMHU SITOBUYMHU
3HaYeHHS
OCTHUIJIE PO3MOpPOKEHE
1 Peak1ist 3 cipuaHOKHCIIO0 Byneiion Byneiion Byneiion
MIJUTIO IIPO30pHN IIPO30pHN IIPO30pHN
2 KinbKicTh JIETKUX KUPHUX 4,0 2,9 5.8
3 Peakiiis Ha mepokcumgazy 0,5-1,5 xB 0,52 xB 1 xB
4 pH 5,7-6,2 5,6 6,4
5 BwmicT aMiHO-aM1a4yHOTO a30Ty 1,26 1,20 1,28
y 10 ™’ dinbrpary mr

JlocmipkeHHsT O10XIMIYHUX TOKAa3HHUKIB SUIOBUYMHU ITOKA3aJiM, IO M'SCO
octuriie, 24 rogMHU BUTPUMKH BIATOBIAATIO O3HAKaM CBIXKOTO, a cCaMe — HeTaTHUBHA
peaxiist 3 CIpYaHOKUCIOK MiAai0 (OyIbiOH MpPO30pHUi), YMICT JIETKUX >KUPHUX
KuCJIOT B Mexkax 2,9 mr KOH/r, o BinoBijgae HOpMaTUBHUM BUMOTaM, KUTbKICTh
aMIHO-aM1a4yHOT'0 a30Ty CTaHOBWJa 1,2 Mr, IO TaKOX XapaKTepU3ye€ CBILKICTH
JOCJIJDKEHOTO0 3pa3ka M'sca. Peakiis Ha mnepokcumasy TpuBaia 0,52 XB, 110
BKJIalaeThesl y BeranosiieHi Bumoru (0,5-1,5 xB), pH M’sca cknagano 5,6, 1mo € y
JTOMYCTUMHUX MEXKaX.

JlocmipkeHuit  3pa3ok  M’sica  SJIOBUYMHHU, sika Oyna 3aMOpOIKEeHa,
XapaKTepu3yBaBcsl JEHio TIpIMHUMH O10XIMIYHUMHU MOKa3HUKAMH SIKOCTI. 30Kpema
KUIBKICTB JIETKUX KUPHUX KUCIOT cTaHoBmiIa 5,8 mr KOH/r, TpuBamicTs peakiiii Ha
MEePOKCUIa3y TakoX Oyna BHUIOI 1 ckianana 1 xB. OngHak, JaHl MOKa3HUKH
BKJIQIAJIMCS Y MEXI, sIKI IpUTaMaHH1 IS CBDKOI sUIOBHYMHHU. BigMiuyeHO TakoX
30uIBIIeHHS 10 1,28 011 KUTBKOCTI aMIHO-aMI1aqHOro a30Ty Ta 3pocTtanHs pH no 6,4
OJl. Y PO3MOPOKEHIN SJTOBHYMHI, IO BKa3y€ Ha MPOXOJKEHHsS aBTOJITUYHUX
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mporieciB, SKki BiAOYBalOThCS Yepe3 BIUIUB IMPOIECY 3aMOPOXKYBaHHS Ta
po3MopokyBaHHs. ToMy 3a gaHUMU OIOXIMIYHMMH TOKa3HUKaMH M'SICO
nepedyBajgo Ha MEXi MK CBIXKMM 1 CyMHIBHUM.

O6uaBa 3pa3ku M’sica 3a BCTAHOBJICHMMHU TIOKa3HUKaMU BIIHECEHO [0
CBDKHX, iX OyJ0 BHKOPUCTAHO Yy TpOLECi BUPOOHHUITBA M’ SCO-POCITHMHHUX
KOHCEPBIB 3 HyTOM.

Hamu Bu3HaYeHO OCHOBHI (DI3MKO-XIMIYHI BIIACTUBOCTI KIJIbKOX BITUM3HSIHUX
coptiB HyTy: Tpiymd, Pozanna i1 [lam'site. BcTanosneno, mo BMicT Oika y 6006ax
HyTy ckimanae 22...25,7 %, xupy — 3,3...3,6 %, xmitkoBunu — 3,5...4,3 %,
3aJleHO Bin copTy. BcraHoBieno, mo 3epHO HyTy copty Tpiymd MICTUTh
HaWBUINY KUIBKICTh Ouka — 25,7 %, a Takox mae HaiOueiry macy 1000 3epen —
368,8 T, XapaKTepu3yeTbCsl BHCOKOIO SIKICTIO, TOMY 3€pHO IBOTO COPTY
BUKOPUCTOBYBAJIH Y TIOJATBIINX JTOCHTIIKEHHSX.

bioakTuBYBaHHS HYTYy 3A1MCHIOBAJIM LUISXOM TPOPOIIYBAHHS CHUPOBHHH.
TexHomoriuHuii mporec MIATOTOBKM 0001B HYTY BKIIOYAaB Taki omeparfii:
1HCTIEKTYBaHHSI CUPOBHUHM, MUTTS, ouuiieHHs, ae3iHdekuito 0,1-3,0% po3zunHom
H,0O,, 3amouyBaHHS MOBITPSHO-BOJISHUM CIHOCOOOM mpoTsroM 12 rox. 3a
temneparypu 20-22 °C, BugajieHHs BOAW, MPOMHUBAHHSA, IPOPOLIYBAaHHS MIPOTITOM
48 rox. 3a temrneparypu 20-22°C, npoMuUBaHHS Ta 30epiraHHs.

BinMiueHno, mo O10aKTHBYBaHHS CIIpUsS€ MiJBUILIEHHIO BMICTY BITaMIHIB Y
000ax HyTy, 110 MOB’S3aHO 3 AKTUBHUMHU IPOLIECAMH CHUHTE3Y B CIM’ SIOJAX, AKI
npopoctatoTh. CHHTE3 BiTaMmiHIB BiAOyBaeTbca 3a ydacTio (EpMEeHTIB 3
BUKOPHUCTAaHHSM PE3EpPBHUX PEUOBUH Ta KOMIIOHEHTIB T1IpOIIi3y, 30KpeMa IYKpIB —
TJIIOKO3H.

Hamu po3pobiieHO psig  peuentyp M'SICO-pOCIMHHUX  KOHCEPBIB, 3
BUKOPUCTAaHHSM SUJIOBUYMHM TEpIIOi Kareropii Ta O010aKTUBOBAHOIO HYTY;
CKJIQAHUKAMHU PEUENTYPU TAKOXK € KYHXKYT, IIUOYIIsl, TOIUICHUH KUp, CUTb, CHEIi.

Tepmiune 00poOJeHHS KOHCEPBIB 3MIMCHIOBAIM METOJOM CTepuiizallii y
CKJISIHIN Tapl y BOA1 3 BOASHUM MPOTUTHUCKOM.

@Di3UKO-XIMIYHI 1 OPraHOJENTUYHI MOKA3HUKU SKOCTI M'ACO-POCITUHHUX
KOHCEpBIB BHU3HAYAJIM 32 3arajJbHONPUUHATUMU METOJUKAMM Ta MiJ 4Yac Orjiny i
KyLITYBaHHS 3pa3ka 3rifiHo 3 Bumoramu crangaptry ACTY 4607:2006 [3].

[IpoBeneHo  OpraHOJIENITUYHY  OLIHKY IU'SITM  3pa3KiB  KOHCEPBIB,
BUTOTOBJIEHUX 3a PI3HUMU peuentypamu. BwicT 0i0aKTHUBOBAaHOTO HYTY Y
npoaykrax cknaaas 20-25 %.

3a BHU3HAUYEHHMH OPTraHOJENTUYHUMHU TOKa3HUWKAMH: 30BHIIIHINA BUIJIS,
3amax, cMak, KoJip M’sca, KOHCUCTEHIIIsI — yCl 3pa3Ku  BIANOBIAAIA HOPMATHBHO-
TEeXHIYHIM gokymeHTalli. CMak 1 3amax MPOAYKTIB — BJIACTHBI BapEHOMY HYTY,
MOETHAHOMY 3 M’SICHUM KOMIIOHEHTOM, NpPHEMHHMI apoMar TMpsHONIIB, 0e3
CTOPOHHBOTO TpHCMaKy Ta 3amaxy. Komip BapeHOro HyTy BiJ CBITJIO CIPOro /0
KOPUYHEBOT0, HYT J0Ope MPOBapeHUid, pO3CUIMYACTHI; IIMATOUKHU M’sica, pO3MIpOM
12-15 MM, ciporo KoJIbOpy 3 KOPUUHEBUM BIATIHKaMH P13HOI IHTEHCUBHOCTI. M’sc0
HEXOPCTKE, MiJl Yac O0OepeKHOro BHIIMaHHA 3 OaHKM IIMaTOYKUM M’sica He
po3nanatoTbesa. KoHcepBu 31 30UIBIIEHMM BMICTOM HYTY Majd OUIbLI CHIIKY
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KOHCHUCTEHI[I}0, M’ KUH CMaK Ta JaBajiy IIUIKOM IIBHUJKE HacuueHHs. JloJaBaHHS
KYHXYTY JI0 PELENTYpHOIO CKJIaAy CHPHSUIO MOJINIICHHIO OPraHOJENTUYHHX
MOKA3HUKIB MPOAYKTY Ta MIABUIICHHIO BMICTY (DYHKIIIOHAJbHUX 1HIPEIIEHTIB.

BcranoBneno, mo 3a (PBUKO-XIMIYHUMH TOKAa3HUKAMU M’ SCO-POCIHHHI
KOHCEPBH 3 010aKTHBOBAHUM HYTOM MOBHICTIO BIIMOBIAIOTh BCTAHOBIIEHUM HOPMAaM.

Po3paxoBaHo xapuyoBy IIHHICTh KOHCEpPBIB. BMICT OCHOBHUX €HEProreHHUX
PEUYOBHUH MSICO-POCITMHHUX KOHCEPBIB CKiajae: OukiB — 18-22 %, ByrieBoaiB - 9-
12 %, xupiB — 13-16 %, eHepreTHyHa HIHHICTD — 252-255 KKa.

Bucnoeku

1. BuxopuctanHs 010aKTUBOBAaHOTO HYTY Yy TEXHOJOT1i M’SICO-POCITUHHUX
KOHCEpBIB CHpUAE€ OTPUMAHHIO MPOAYKTY 3 XOPOUIMMHU OpPraHOJIENTUYHUMHU
MOKa3HUKAaMU Ta BUCOKOIO XapuOBOIO I[IHHICTIO.

2. Po3pobieHi M’SCO-pOCIIMHHI KOHCEPBU € MPOJYKTOM 030pOBYOTO
CIpsIMyBaHHSI.

Iocunanna

1. boxxko H. B., Tumenko B. 1., Ilaciuauit B. M., Pepenko P. C., bimokBmicHa
CUPOBMHA PETiOHAIBHOIO BUPOOHUIITBA B TexHosOrii M’SICOMICTKOI BapeHO-
KormueHoi koBoacu TexHiuH1 Hayku Ta TexHojorii. Ne2(16). 2019

2. Marsuen B. I'. HoBble BeicOkonponykTtuBHbie copTa HyTa /B. I'. MatBuen //
3emnenenue. —2001. — Ne 6. — C. 42.

3. KoHcepBu M’scopociuHHi Karmri 3 M’ scoM. 3arainbHi TexHiuHi ymoBu JICTY
4607:2006. — KuiB: HepxxcnoxuBctangapt Ykpainu. —2007. - 12 c.

35ATAYEHHA XJUIIBA ITPOAYKTAMM INEPEPOBJIEHHA KOHOIIEJIb

loy., kano. mexn. nayk C.A. bascaii->KeocepyH,
0oy., kano. xim. Hayk JI. B. bepesa-Kinosepcoka, ooy., kauo. c.-e. nayk O.B. Toeauuncvka
Hauyionanvnuii ynisepcumem xapuogux mexnonociii, Kuis, Ykpaina

AKTyaJqbHUM 3aBJIaHHSIM Xap4yOBOi MPOMHUCIOBOCTI YKpaiHU € BUPOOHUIITBO
(GyHKIIOHATBHUX XapYOBHUX MPOAYKTIB, K1 CIIPABISIOTH MIEBHY PETYIIOBAIBHY 110
Ha KUTTEBO BAXJIMBI OPraHU Ta CUCTEMH OpPraHi3My, MalOTh TO3UTUBHUI BILJIMB Ha
CTaH 37I0pOB s, MPale3/1aTHICTh AKTUBHE JOBIOJITTS JTIOAUHHU.

Xmi6 Ta xmi000y70YHI BHPOOM € OAHUMH 13 HAaWOUIBII CIOXHUBAHUX
MPOJYKTIB, a TAaKOXX HAN3pPY4YHINIO CKIJIAJ0BOIO [JIsi KOPEKIii Xap4yoBOi Ta
010J10T1YHOT LIIHHOCTI PaliOHy JIIOJIUHU.

[linBUIIEeHHST BMICTY BaXKJIMBUX HYTPIEHTIB y X101, HaJaHHI HOMY
037I0POBUMX  BJIACTUBOCTEH  3MIMCHIOEThCS  NUISIXOM  30aradyeHHss  HoOro
HaTypajJbHUMHU BHUJAMH CUPOBHHH, y TOMY YHCI HETPAIULUIAHUMH, IO MICTATDH
3HAYHY KUIbKICTh HYTPIEHTIB, Ha sIKI 3011HEHI OCHOBHI COPTH OOpOIIIHA, 30KpeMa,
010JI0T1YHO AKTUBHUX CIOJYK.
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[lepcieKTUBHOIO CUPOBHHOIO i 30aradyeHHs XJi000yJIOYHUX BUPOOIB €
NpOayKTH TepepobsienHs koHonenb. Konomni (Cdnnabis sativa) — oaHa 3
HaWJaBHIIIUX KYyJIbTYp, HACIHHA SKOI IIMPOKO BUKOPHUCTOBYETHCS B 1KYy Ta pi3Hi
chepu IITIBHOCTI BiJ JIIKIB Ta OJASTY 10 MajuBa. Y XapyoBid MPOMUCIOBOCTI SIK
LIHHUN 1HPEIIEHT BUKOPUCTOBYIOTH OOpYIIEHE HACIHHS KOHOMENb, OKPIM TOTO
HOro po3MeNiolTh 3 METOI OTPUMAHHsS OOpOIIHA, SIKE Ma€ BHUCOKY OI0JIOTTYHY
IIHHICTH 1 HE MICTUTh Y CBOEMY CKJIaJ(1 TJIFOTEH.

Konomisine HaciHHS Ta OOpOIIHO — JIKepena  JIerKo3aCBOIOBAHOTO
POCIMHHOTO OLKa, 3arajibHUM BMICT sikoro ckiagae 20-35 %, ug cupoBuHa Oarara
HEHACUYCHUMU KUPHUMH KUCJIOTaMH: oMera-3, omera -6 i omera-9; BiTamiHaMu
rpynu B, kapoTuHoinamu, TokodeposamMH, MIHEpaIbHUMHU CIOJYKAMH TOUIO.
Xap4doBi BOJIOKHA MPOAYKTIB MepepoOJIeHHS KOHOIENb, MPEACTABICH] JITHIHOM,
reMIIEeNI0N03010, LENI003010 1 MEKTUHOM, HaJaloTh KOMILIEKCHUM 0310pOBUMiA
BIUIMB Ha OpraHi3M JIitouHu [1].

HaykoBii paasTh BHUKOPUCTOBYBAaTHM KOHOIUISHE OOpOIIHO B CyMilll 3
OOpOIIHOM UTHIM 1 MIIEHUYHUM y BUPOOHMITBI XJ1i0a JJIsi MOJIMIICHHS HOTO
CIIOKMBYHMX TTOKa3HHKIB [2, 3].

BigMiueHO NO3UTHUBHUM BIUIMB KOHOIUISHOI OJIIi HAa SKICTh MIIEHWYHOI'O
xj1i0a 13 OOpoIlIHAa BHUIIOTO COPTY, 30KpeMa IMJBHUIICHHS IUTOMOrO 00’eMy
BUPOOIB, MOPUCTOCTI M’ AKYILIKH, KOJIbOPY CKOPUHKH [4].

JloCHiXKEeHHSIMU  IOBEJIEHO, 110 BUKOPHUCTAHHS CHPOTO Ta CMa)KEHOIO
KOHOIUIIHOTO OOpOIIHA MIJBUIIYE BMICT MIHEpPAJIbHUX PEUYOBMH, OUIKa, XUPY,
(GeHONbHUX CHOJYK, a TakKoX 3HAYeHHS AaHTHUOKCHJIAHTHOI AaKTHUBHOCTI
KOHJIUTEPCHKUX BUPOOIB [5].

JloBeieHo, 110 KOHOIUISIHE OOPOIITHO, SIKE MICTUTh 3HaUYHY KUIBKICTh O11Ka, €
MEPCHEKTUBHOIO I00aBKOIO0 Y MAaKapOHHOMY BUPOOHHIITBI [6].

Omxe, 30aradeHHsM XJ110a, MakKapOHHUX Ta KOHJIUTEPCHKUX BUPOOIB
MPOAYKTaMU TepepoOJIeHHs] KOHOMEIh 3aliMarThCs SAK BITUM3HSAHI Tak 1
3aKOpPJIOHH1 HAYKOBI[l, OJIHAK Yy JIiTepaTypl BIICYTHI JaHl HIOJ0 BUKOPUCTAHHS
3a3Ha4Y€HOI CHPOBUHM Y BUPOOHUIITBI XJ110a HA OCHOBI IIUILHO3EPHOBOT'O OOPOIIIHA.

Mertoro Hamoi poOOTH € HayKOBEe OOIPYHTYBaHHS Ta MPaKTUYHE JOBEICHHS
JOLIBHOCTI 3aCTOCYBaHHS KOHOIUISITHOrO OOpOIIHA Ta HACiHHA Il 30aradyeHHs
[IJTEHO3EPHOBOTO MIIIEHUYHOTO XJTi0Aa.

Hapaszi oguuM 13 HalOUIBII IIUPOKO BUKOPUCTOBYBAHMX IMPOJYKTIB
nepepoOJIeHHs] KOHOTIEb € OOPOIIHO. Y CKJajl KOHOIUISHOTO HaCIHHS mpHUCyTHI 20
aMIHOKHUCJIOT, 9 3 IKMX - HE3aMiHHI, HE CUHTE3YIOThCSl OPraHi3MOM JIOAUHHU.

[IpoMHCIIOBICTh BHUITyCKa€ JBa THUIM KOHOIUIIHOTO OopolnHa: rpyde Ta
noABiHOrO momeny. [ 30araueHHs MUIBHO3EPHOBOTO XJIiba HaMu Oyii0 0OpaHo
OopomrHO TpyOO TMOMENy, OCKUIBKH TMpU MPOBEACHI MOMEPEeaHIX JOCHIIKEHb
BILJIUBY CTYTICHIO TTOMEJTy KOHOIUITHOTO OOpOIIHa Ha SIKICTh HamiBhaOpukaTiB 0yIiio
BCTAHOBJICHO, 1[0 BUKOPUCTaHHI OOpOIIHA MOJBIMHOIO MOMENY JEII0 MOJIOBXKYE
gac OpOJIIHHS TICTOBUX 3arOTOBOK.

3aBasSKU JOJAATKOBOMY O3700JICHHIO MPOJYKTY MOXHA HAJIaTU HE TUIBKH
MpUBAOJIUBIIIOTO BUAY, @ M MONIMIIUTH HOTO SKICTh. J{Jis MiABUIIEHHS Xap4yOBOi
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I[IHHOCT1 Ta OPraHOJENTUYHUX TOKAa3HUKIB Xj10a HamiBpaOpUKaTH IMOCHUITAIH
OOpyIIEHUM HACIHHAM KOHOIIEIb, BMICT AKOT0 Yy penentypi ckiagas 1,0 %.

Hamu pgocnimkeHo  (i3uko-xiMiyHI Ta OPraHoOJENTHUYHI MOKAa3HUKHU
KOHOIUISHOTO OOpOIlHa TpyOOro MoOMeNly, TOPriBeNbHOI Mapku «JlecHameHmy.
pe3yiabTaT HaBeACHO y TabmuIsx 1, 2.

Taoauus 1 — @izuKo-XiMivHI MOKAZHUKN KOHOILUISHOT0 0OpOIIHA

[Toxa3zHuk HopmaTuBH1 moka3Huku | BopoirHo KOHOIUIsSIHE
Bomoricts, % <15% 10,5 %
Kucnotnicts, pan <7 rpan 3,7 rpan
bimoxk, % >25% 39,6 %
Bwmict kniTkoBuHHA, % >14 % 14,0 %
3aymIIok Ha cuTi1,% o Ne067 < 5% 3%
[Ipoxizg uepes curo, % o No38 abo 41/43 > 35% 42 %

3rigfH0 3 OTPUMaHUMM pE3yJIbTaTaMM, KOHOIUIIHE OOPOIIHO MOBHICTIO
BIJIMOBIZJa€ HOPMATHUBHUM BHMOTaM, € LIHHUM JDKEpeloM OiIka Ta Xap4yoBOi
KJIITKOBHHH.

Taoauus 2 — OpranojienTHYHI NOKA3HUKH KOHOIISTHOT0 0OpOIIHa

[Toka3uuk Konomusine 6oponiHo
Komip TemHui, 3eJ1€HyBaTO-KOPUYHEBUI
Cryninp nomeiny ['pyOuit
Apomart [IpuTamanHuil aHH1A CUPOBHHI, TPABIHUCTUN
Cwmak [IpuTamanHuil naHH1 CHPOBHHI, MPUCYTHIM TOPIXOBHM MpUCMAaK

OLIHMBIIM OPTraHOJENTUYHI TOKa3HUKH KOHOIUISTHOTO OOpOIITHA MOKHA
CTBEPKYBaTH, IO IISI CHPOBHMHA Ma€ cHeHM(IUHMN, HE MPpUTAMaHHUM OLIBIIOCTI
CUPOBUHHU CMakK, 3aBISIKU 3€JE€HYBAaTO-KOPUYHEBOMY KOJILOPY JCIIO0 HE3BUYHUU
BUTJISI.

JlocikeHo, 1o BMICT OiTka y HaciHH1 KoHormenb ckiaagae 30,6 %, mimigaiB —
42 %, xmTtkoBUHHU — 14,5 %.

Takum 4rHOM, TIPOAYKTH TEpPEpPOOIECHHSI KOHOIEIh MalOTh BUCOKY Xap4OBY
Ta G10JI0T1YHY IIHHICTb.

Hamu pocnipkeHO BIUIMB KOHOIUISHOTO OOpOITHA Ha I1HTEHCUBHICTH
OponinHsa Ticta. TicTO 3aminryBaiun Oe30MapHUM CIOCOOOM 3 IUIBHO3EPHOBOTO
OOpoIITHa 3 YaCTKOBOIO HOT0 3aMIHOI0 Ha KOHOTUISTHE OOPOITHO y KUIBKOCTI 5, 7, 10
%. Hpixmki momaBanu y KuibkocTi 2,5 %, cutb — 1,5 % Big macu OGopolnHa.
BiamideHo MO3UTHBHUI BIUTUB J0/1aBaHHS 30aradyyBauda Ha MPOIEC Fa30yTBOPEHHS
y TicTi. HaiiBuIIll MOKa3HUKHA CYMapHOTO Ta30yTBOPEHHS MaJIM 3pa3Kd 3 BMICTOM
30arauyBaua 7 ta 10 %. Lle mosicHIO€TbCSA MOMIMIIEHHSIM MOKUBHOTO CEPEOBHILA
TiCTa 3a paxyHOK 30araueHHs OUIKOBUMHU pPEYOBHMHAMHM Ta MIKPOHYTPi€EHTaMH
KOHOIUISTHOTO OOPOIITHA.
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BiamideHo, 1o KHCIOTHICTH TICTa 1 BIAMOBIAHO TOTOBUX  BUPOOIB 13
100aBKOI0 KOHOIUIIHOTO OOpOIITHa 3MiHIOBaJIach He3Ha4uHO — y Mexax 0,1-0,5 rpaa.
BceranoBneHo, mo mnpu J0AaBaHHI KOHOIUISTHOrO OOpolIHAa J0 pelenTypu
[IJTbHO3EPHOBOT0 MIIEHUYHOTO XJ110a MUTOMHUN 00’€M BUPOOIB JICIIO 3HIKYETHCS
Ha 2,5 — 3,6 %, 3anexxHO BiJ BHECEHHs 30aradyBada; IMOPHCTICTh XJi0a TaKOX
3MEHIINUJIACh, HAUCYTTEBINIE y 3pa3Ky 3 MAaKCUMaJIbHOIO KUIBKICTIO KOHOIUISHOTO
OoporirHa.

JlocaimKeHo OpraHoJeNTHYHI MOKA3HUKH XjI10a 30aradeHoro KOHOIUISHUM
OOpOIIHOM Ta HACIHHAM. BigMiueHo, 1110 32 YMOBH BHECEHHsI OOpOIITHA KOHOMEINb Y
kibkocTi 5-10 %, Ta HaciHHA y KiibkocTi 1 %, cMak Ta apoMar 3aluIIaloThCs He
TUIbKM TOPUAHATHUMHU, ajle ¥ HaOyBalOThb NPUEMHOrO JIETKOrO BIJITIHKY
30arauyBaya.

PospaxoBano  xapuoBy Ta  OIOJIOT1YHY  IIHHICTh  TPAAMIIIAHOTO
IIJTLHO3EPHOBOrO XJi0a 1 HOBOTO BHUIY Xiiba, 30aradueHoro KOHOIUISSHUM
OOopolIHOM Ta HaciHHSIM. BcTaHoBIEHO, 10 CTyHiHb 3abe3nedyeHHs J000BOi
noTpedu B MakKpo- Ta MIKPOHYTPIEHTAaX, JOPOCIIOr0 HAceJIeHHS Mepuioi rpynu
IHTEHCUBHOCTI, 3a paxyHok cnoxkuBaHHs 100 r xmiba, 30arayeHoro mpoayKTamu
nepepoOJieHHsT KoHomedb ckianae: Oinku — 18...21,8 %, xupu — 4,4...5,4 %,
ByriieBoau — 10...11 %, xap4oBi BojokHa — 10,5...13,5 %, MakcumManbHUM CTYIIHb
3a0e3nedenHs y BitamiHax: E — na 20 %, PB-kapotuni — na 12%, B; — Ha 19 %.
Po3paxyHok 3abe3nedeHHs] J000BUX MOTPEd y XapyOBHX PEUOBHHAX 332 PAXYHOK
CIIO’KMBAaHHS XJ110a, 30araueHoro mpoayKTaMH MepepoOIeHHs] KOHOMENb HaBeIeHO
y Tabnui 3.

Tadaunns 3 — PospaxyHok 3a0e3nedyeHHs J000BHX OTPed Yy Xap40BHX
PEY0BHHAX 32 PAXYHOK CIIOKUBAHHA 30ara4eHoro xJjida

) JloGosi 3a0e3reueHHs
X6 HOpMU ..
[TokazHuk . n1000B0O1 HOpMH, Yo
30araueHHi CITO)KMBAHHS
Youm. Kin. Youm. Kin.
binku, r 11,1-13,1 67 55 18,0 21,8
Kupwu, r 2,5-3,6 68 56 4.4 5,4
Kpoxmann 37,5-38,8 392 320 10 11,6
ByrneBonu,r | Xapuosi
BOTOKHA 2,1-2,7 20 10,5 13,5
Enepreririna 22492508 | 2450 | 2000 | 9.8 12
[liHHICTB, KKaJ

Bucnoeku

1. IlponykTu mnepepoOJICHHS KOHOMENb € JHKEpesioM psiay O10J0T14HO
AKTUBHMX HYTPIEHTIB: TOBHOILIHHOIO OUIKa Ta HE3aMIHHUX aMIHOKHUCIIOT,
HEHACUYEHUX >KUPHUX KHUCIOT, BITaMIHIB, MIHEPaJbHUX CIOIYK, HPUPOIHHUX
xapuoBux copOeHrtiB. Hamu 3anmpornoHOBaHO BUKOPHUCTAHHS KOHOIUISHOI'O
OopolllHa Ta HACIHHA JUIsl MIJBUILEHHS XapyoBOi IIHHOCTI XJii0a Ha OCHOBI
H1JIbHO3E€PHOBOIO MIIEHUYHOTO OOPOIIHA.
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2. JloBeneHo, 1o 30aradeHHs xji0a MpOIyKTaMH MEpepoOJICHHSI KOHOIEb
CIpHsi€ MiIBUILIEHHIO BMICTY O1J1Ka, XapuOBUX BOJIOKOH, BiTaMmiHiB rpynu B, E ta 3-
KapOTHUHY Y TOTOBOMY MPOJIYKTi.
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TEXHOJIOI'MYECKHUE OCOBEHHOCTHU ITPOU3BOACTBA
OEPPOCUINKOXPOMA

Hoy., kano. mexu. nayx U.1. Booun

Ka(be,upa TCOPHH, TCXHOJIOTUN U aBTOMATU3alIUU METAILNTYPIrUiCCKHUX IPOLECCOB
Hayuonanvnaa memannypeuueckana akaoemus Ykpaunwl, 2. /[nenp, Ykpauna
A.C. Janunox, E.C. Jluxaues, B.B. Manviu
AO «Huxononavckuit 3a600 gpeppocnnaeoe», 2. Huxononv, Ykpauna
O.B. 300pux

AO «Mapzaneykuit ' OK», 2. Hukonoas, Ykpauna

[Ipomiecc TmoOMydeHHS CHUIMKOXpOMa O08YXCMAOUUHbIM  (Decullakosvim)
cnocobom OCHOBaH Ha BOCCTaHOBJICHHMH KpemHHS u3 SiO; B cOoCTaBe KBaplWTa
yIJIepOIOM KOKCHMKAa B TPHCYTCTBHH TiepeneipbHoro Qeppoxpoma. B ocHoBe
mporecca  JISKHT — Peakius  paspymieHuss KapOugoB XpomMa U JKenesa
BBICOKOYTJIEPOAUCTOTO  (eppoxpoMa JUOO UapK-XpOMa BOCCTAHOBICHHBIM
KpemHuewm [1].

[Tporecc MOXeET OBITH ONMKCAH CIACAYIOIMUMH PEaAKIUAMHU:
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Si0, +2C =Si+2CO
(Cr, Fe);,C; + 7S1=7(Cr, Fe)S1 + 3C (1)
2(Cr, Fe);C; + 13Si = 7(Cr, Fe),Si + 6SiC (2)
BoccraHoBieHre KpeMHHUS W3 KpeMHE3eMa KBapIWTa YIIIEPOJOM HACT C
y4acTHEM MPOMEKYTOYHOTo coenuneHust SiC, o0pa3yromerocs o peakiuu:
Si0, + 2C = SiC + CO
r7ie yriaepoJ IMOPUCTOTO KOKCAa aKTUBHO Y4YacTBYeT B PEAKIUSAX C €IIe OJHUM
HEOTHEMJIEMBIM KOMITOHEHTOM CHUCTEMBI, B KOTOPOI MPOMCXOIUT BOCCTAHOBIICHUE
KpEeMHHUS — Ta3000pa3HbIM MOHOOKCHI0M Si0, 00pa3yIomMUMCs 10 PEaKIIHUIM
S10, + C = Si0 + CO Si0, + Si = 2810

B mnporecce BBIJIABKA CHJIMKOXPOMA OOHOCMAOUUHBIM  (ULIAKOBBIM)
CnocoOoM COBMECTHO BOCCTAaHABIMBAIOTCS KEJIE€30 U XPOM U3 OKCHIOB B COCTaBe
XPOMHTOBOU PyABl U KPEMHUN W3 KBapIUTa YTIIEPOJUCTHIM BOCCTAHOBHTEJIEM IO
MIPUBEACHHBIM PEAKIIUSIM:

2/3(Cr,03) + 18/7C = 4/21[Cr,C5] + 2CO
2FeO + 8/3C = 2/3[FesC] + 2CO SiO, + 2C = [Si] +2CO
1/3[(Cr, Fe);C5] + 10/3[S1] = 7/3[Cr, Fe]Si + SiC

Oco0eHHOCTRIO TIpOIecca SBISETCS HEOOXOAMMOCTh NMPOTEKAHHUS PEAKIHH
BOCCTaHOBJICHHS KpeMHusi u3 SiO, B cocTaBe KBapIUTa YriepoaoM KOKCHKA.
MexaHu3M BOCCTaHOBIICHUSI KPEMHHSI YTIIEPOJIOM JTOCTATOYHO CIIOKEH U CBSI3aH C
obpazoanueM CO, SiO u TyromnaBkoro kapouaa kpemuus SiC [3].

Takum o0OpazomM, B 30HE BBICOKHX TEMIEpaTyp, B pe3ylbTare
B3aUMOJICUCTBUS XHIKOTO0 SiO, ¢ KUAKUM KPEMHHEM, B MPUCYTCTBHUU TBEPIOTO
yriepona oOpa3yeTcs ra3000pa3Hblii MOHOOKCH] KpEMHHS, KOTOPBIA 3aTeM
B3aMMOJCHCTBYET C  KapOugoM KpeMHHA. B BepxXxHHX CJlOAX TeYd
HernpopearupoBaBmiii  Si0  B3auMOJAEMCTBYeT C  yriaepoAoM KOKCHKa C
obopazoBanneM SiC. Ha paBHOBecwe MaHHBIX pEaKIHUW BIUSACT TPHUCYTCTBUE
nepenenbHoro (heppoxpoma B cocTaBe MUXTHL. [lo Mepe omyckaHWs MIUXTHI BHU3
npoucxonut obe3yriaepoxuBanue peppoxpoma mno peakuusm (1) u (2).

[Tonyuenue ¢eppocuIukoxpomMa OeCHUIaKOBBEIM CIIOCOO0OM MOXKET OBITh
OMMCAaHO CYMMapHOU peakuueit [4]:

2/3(Cr,Fe);C; + SiO, + 2C = 14/3[Cr,Fe]Si + 2CO

B mporecce BBIJIABKA CHJIMKOXPOMA OOHOCMAOUUHBIM — (ULIAKOBBIM)
CnocoOOM COBMECTHO BOCCTAaHABIMBAIOTCS KEJIE€30 U XPOM U3 OKCHIOB B COCTaBe
XPOMHTOBOU PyABl U KPEMHUH W3 KBapIUTa YTIIEPOJUCTHIM BOCCTAHOBHTEJIEM IO
MIPUBEACHHBIM PEAKIIUSIM:

2/3(Cr,03) + 18/7C = 4/21[Cr,C5] + 2CO
2FeO + 8/3C = 2/3[FesC] + 2CO SiO, + 2C = [Si] +2CO
1/3[(Cr, Fe);C5] + 10/3[S1] = 7/3[Cr, Fe]Si + SiC

Oco0eHHOCTRIO TIpOIecca SBISETCS HEOOXOAUMOCTh NMPOTEKAHHUS PEAKIUH
BOCCTaHOBJICHHS KpeMHusi u3 SiO, B cocTaBe KBapIUTa YriepoAaoM KOKCHKA.
MexaHu3M BOCCTaHOBIICHUSI KPEMHHSI YTIIEPOJIOM JTOCTATOYHO CIIOKEH U CBSI3aH C
obpazoanuem CO, SiO u TyromnaBkoro kapounaa kpemuus SiC.
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[To cpaBHeHHIO ¢ OECHUIAKOBBIM METOJOM IMOJYUYEHHUS] CUIMKOXpOMA, MPH
IIUTAKOBOM CTMO0CO0€ MEXaHW3M BOCCTAHOBJICHHS KOMIIOHEHTOB M (hOPMHUPOBAHUS
cruiaBa 0oJiee CIOKEH. 3HauMTeNIbHAs 4YacTh 3aJaBaéMOT0 B IIUXTY KBapIuTa
pacxonyercs Ha (GOpPMUPOBAHUE IIIAKOBOTO paciljiaBa, CIIOCOOHOTO O0ECIEeUUTh
JIOCTAaTOYHYIO JIJIs TEXHOJIOTUU CTETICHb U3BJICUCHUSI KpEeMHHUS B cIUiaB [4].

BoccranoBneHue KpemMHUST MU Xpoma IPOTEKaeT uepe3 oOpa3oBaHUE
pacriaBa, coJepiKalero KapOuabl Xpoma, jKejie3a M TYroIlylaBKud KapOoua
kpemHusi. IMeHHO cocTaB (opMUPYIOIIErocsl B MpoIecce IUIaKka 00ecTeunBaeT
s dexkTBHOE paduHUpOBaHME paciulaBa OT yrjepoaa ¢ oOpa3oBaHUEM
cunmkoxpoma [5].

TexHom0rn4ecKon 0COOEHHOCTBIO MIPOU3BOJICTBA CUJIUKOXpOMa
OJTHOCTAJIMMHBIM CIIOCOOOM SIBJISIETCS HEOOXOAMMOCTh 3HAYMTEIHLHOIO IEperpeBa
HIDKHUX TOPU30HTOB €YU JIJIsl TIOHUIKEHUSI COJICP)KaHMs XpOMa B KOHEUHOM IIIJIaKe
C UETbI0 TIOHUXKEHUS €ro BS3KOCTH U OOECIEUCHHS HOPMAJLHOTO BBIMYCKa
pacraBa. IleperpeB MOXXET TPUBOAWUTH KaK K IIOBBIIIIEHHOMY pacxXxoay
yIIAEPOIUCTOTO BOCCTAHOBUTEISI, TAK U K YBEJIIMUYCHHUIO yJIeTa BOCCTAHOBIEHHOTO
KpeMHUS, U KakK CJICJCTBHE, K TOHWKEHHIO W3BJICUYCHUS XpoMa MU YXYAIICHUIO
CTOMKOCTH (YTEPOBKH I€UM M3-3a POCTa COJIEPKAHUS XpoMa B IIUIAKE, YTO
MIOBBIIIAET €r0 TEMIEPATYPY TUIABICHUS U BI3KOCTH [5].

JInst ycHemHoW opraHu3alMi TEXHOJIOTHHM OJHOCTAIUHHOTO CHIMKOXpOMa
HEOOXOUMO TMOJIJIEpKAHNUE ONTHUMAIBLHOTO COOTHOIIEHUSI OKCHUJIOB AJTIOMHUHUS U
MarHdss B [UIaKe, a TakXKe JOCTaTOYHBIH €ro HarpeB, UYTO CBS3aHO C
ANEKTPUYECKUMU W TEOMETPUYECKUMH TlapaMeTpaMu Ie€uH, T. €. YJEIbHOU
MomIHOCThIO. [IpoTekanue mporecca 1enecooOpa3HO OpPraHU30BaTh TAKUM
oOpa3oMm, 4YTOOBI TemIepaTypa IUIaBJICHUS NUIaka ObUla BBIINIE TeMIIEpaTyphl
Hayajga BOCCTaHOBJeHUs] KpeMHHs u3 Si0O,, a Takke uToObl KaK MOXHO Ooiee
MOJITHO€ BOCCTAaHOBJIEHHE XpOMa W3 OKCHJAA NPOXOAWIO 10 JOCTIKCHUS UM
BBICOKOTEMIIEPATYpHBIX 30H meuu, uHaue peaknus Cr,O; ¢ BOCCTaHOBICHHBIM
KpeMHHEM WJIM €r0 MOHOOKCHAOM OyAeT MNpHUBOAMTH K oOpaszoBanHuio Si0,, a
cle10BaTeNbHO, K (HOPMUPOBAHUIO OOJIee BI3KOTO M KHCJIOTO mijiaka [3].

BsizkocTh naka 3aBucut ot coaepxkanus Si0, u cootnomenus MgO/Al O3,
KOTOpPO€ B CBOIO OYE€pedb 3aBUCUT OT MPHUPOJBI PYIbI, MOITOMY TOBOPUTH O
palMoHaJIbHOM €ro 3Ha4eHUH HEOoOXOAMMO B TECHOM B3aMMOCBSI3U C TUIIOM
XpPOMOPYIHOTO CBHIPhS. YTPOIIEHHO MOHO TOBOPUTH O BapHaHTaX COCTAaBOB
nutaka ¢ MgO/AlLO; = 1,0-1,2 u Si0, = 45-50 %. Conepxanue SiO; c
yBenuueHueMm cootHomenuss MgO/Al,O5 pacter. JloGaBka OKCHIOB KalbLus JUO0
MJJABUKOBOTO IIMAaTa CHIXKAET BA3KOCTh HIIAKOB (HO OOBIYHO HE MPUMEHSETCS).
VBenuueHue copepkaHrs OKCHUJIOB XpOMa B IIJIaKaxX BA3KOCTh MOBBIIIAET [3].

N3-3a cokparmeHust 3amacoB OOraThIX XPOMHUTOBBIX PyA M BOBJICYCHUS
OCIHBIX XPOMHUTOBBIX PYJA B TEXHOJOTHIO TMPOU3ZBOACTBA  YIIIEPOJAUCTOTO
dbeppoxpomMa BO3HHKJIA TEXHOJIOTHS Yap/K-Xpoma , 4TO TOBJIEKIO 3a cO00# psin
HEU30CKHBIX HM3MEHEHUHW B padore mneun. OnHO u3 Haubojee BaXKHBIX —
HEBO3MOXXHOCTh MOJY4YUTh OoraTeiii xpomoMm (> 60 % Cr) deppocruiaB u3-3a
HU3KOTO OTHOUICHHS XpoMa K >Kese3y B pynae [2].
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B cBsi3u ¢ 3TUM Ha pBIHKE B HACTOSIIEE BPEMS JIOCTATOYHO IITUPOKO
MPEACTaBIE€H, HAapANYy C BBICOKOYIJIEPOIUCTHIM (EppoOXpoMOM, YapmaK-XpoM
(charge- chrome), win MIUXTOBBIM XpoM, ¢ coaepxkaHueM xpoma 45-55 % (Tabu.
4.2). Eme onHOM OCOOEHHOCTBIO JAaHHOTO Marepuaia sBIsSeTCS HEOOXOIUMOCTb
MMETh B COCTaBE CIUIaBa MOBBIIMICHHOE COJIEp)KaHUE KPEMHUSI — HA YpoBHE 5—6 %
BMecTO 1-2 %, — XapaKTepHOM i CTaHJAPTHOTO YIJIEPOIAUCTOTO (heppoxpoma,
MMOCKOJIBKY IPOOMMOCTH CIUIaBa MOHMKEHHAs, a TPOYHOCTh MOBBIIICHHAs [5].

Tadaunal. Xumunueckuii coctas, %, peppocuankoxpoma (I'OCT 11861-77)

Mapka cruiaBa Si Cr, He MeHee ¢ ‘ HeP 6onel: 5
OCX13 10-16 55 6,0 0,04 0,03
OCX20 16-23 48 4,5 0,04 0,02
DCX26 23-30 45 3,0 0,03 0,02
dCX33 30-37 40 0,9 0,03 0,02
OCX40 37-45 35 0,2 0,03 0,02
OCX48 Cabiie 45 28 0,1 0,03 0,02

Tabauuna 2. YaeabHbId PacxXoj MaTePHAJIOB M 3JICEKTPOIHEPIruM NPHU BbIIJIABKE
(eppocuinkoxpoma IBYyXCTAAUNHBIM 0eCHITIAKOBBIM (YMCJIUTENb) H
OTHOCTAIMIHBIM IIJIAKOBbIM (3HAMEHAaTeJIb) cnmocodaMu Ha 1 0a3.T cnjiaBa ¢
PA3JIHYHBIM COAEpP:KaHHEM KPEeMHUSA

1 0
IToxazarenu 33 3 Conepmggne S1, % 3 50

Pacxon wmarepuana,

KI/T: 298 520 742 965 1121
KBapLuTa 634 881 1134 1323 1464
XPOMOBOH PyJIbl 1908 1600 1420 1145 923
KOKCHKA 117 220 312 424 308

543 575 625 678 712

nepeeIbHOIO 1089 911 803 648 525
dbeppoxpoma - - - - -

. 8 41 62 93 115

CTPYIRIG CTAIILHOH 30 82 84 105 116

f;g;“’ﬂome . 1500 2450 3390 4350 5110

TPOSHEPTIH, 4770 5660 7040 7770 8870
kB1'4/0.T
[TnaBky qapK-Xpoma BEAYT AHAJIOTUYHO TE€XHOJIOTUH

BBICOKOYTIIepoaucToro deppoxpoma [6]. OcOOEHHOCTHIO TEXHOJOTUM BBIILIABKH
JapK-XpoMa SBISIETCS OOJBIINI MO CPABHEHUIO CO CTAHJAAPTHBIM YTIEPOIUCTHIM
beppoXpoMOM YACIBHBIN Pacxo]l MIMXTOBBIX MAaTEpUANIOB, 3JICKTPOIHEPrUH, a
TaKke HEOOXOJUMOCTh MUMETh IMOBBIIIEHHOE COJIEp)KaHUE KPEMHUS B CIUIaBE, YTO
peryaupyeTcsi HaBecKod KBapiuta janoo mnuiaka @XC.
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['oBOpst 0 MOTPEOUTENBCKUX CBOMCTBAX YapK-XpOMa, CIEAyeT YIOMSHYTh,
YTO TIOHIDKEHHME COJAEp>KaHUsS XpOMa, [0 CPAaBHEHHMIO CO CTaHJapTHBIM
(beppoxpoMOM, HECKOJIBKO CHUKAET €ro TeMIIepaTypy IJIaBICHUS.

CHIKEHUIO  TeMmIeparypbl  IUIaBleHHMs  ¢eppociuiaBa eme  Oolee
CIIOCOOCTBYET MOBBILLIEHUE COAEPKaHUS KpEeMHUs B "apk-xpome (1o 10 %) B 2—
3 paza mo cpaBHEHUIO C (QEpPpOXpPOMOM MPU HE3HAYUTEIHHOM YMEHBIIECHUU
IJIOTHOCTH CIUIaBa OTHOCUTEIBHO CTAJIbHOW BaHHBI, YTO YBEJIWYUBAET CTEIEHb
YCBOEHUS XpoMma U3 GeppociiiaBa npu JIETUPOBAHUU cTanu [3].

B coctaB muxThl Ui TPOM3BOJCTBA CHJIMKOXPOMA JIBYXCTaJAMMHBIM
CIIOCOOOM BXOIUT BBICOKOYTJIEPOAUCTHIN (TIEpeleNbHBIN) (peppoXpomM ITruOO0 YapaxK-
XpOM, KBapLMT, YIJIEPOJIUCTHII BOCCTAHOBUTEND (KOKCHK, MOJIYKOKC, yroib). [lpu
MPOU3BOJICTBE CHJIMKOXPOMa OJHOCTAIUNHBIM (IIJJAKOBBIM) CIIOCOOOM B COCTaB
IIMXThl BXOJUT KBapLUT, XPOMHUTOBas pyda, YIJIEPOAMUCTHI BOCCTAHOBHUTEIb,a
TaKke MOTYT 100aBIsAThCs (Itockl, coneprkaie MgO mbo Al,Os3, 1 TIIaBUKOBBIM
mmar [1,6].

Bui6oowni

CymectBytoT JBa crnocoba moiaydeHus (HeppocUIIMKOXpoMa:  OJHO-
(uTakoBBIM) W ABYyXCTaauwiiHbIN (OecuuiakoBeiii). B KaszaxcTtaHe mnpuMeHSIOT
JIBYXCTAUHHBIN CHocO0, KOTOpPbIA OCHOBaH Ha BOCCTAHOBJICHUM KpPEMHHUS U3
KpeMHe3ema (KBapluTa) yriiepoJioM B MPUCYCTBUM MEPENEIbHOTO YIIIEPOIUCTOTO
beppoxpoma, noaydyaeMoro Ha nepBoi ctaauu. [Ipu ogHocTaanitHOM (IILJTAKOBOM )
croco0e B HIMXTY UCTIOIb3YIOT XPOMUTOBYIO DYy, KBAPIUT U KOKCHUK.

OpHocTaguiiHbI (IUTAKOBBIM) CHOCOO BBIUIABKU (EPPOCUIMKOXpOMa Ha
dbeppocruaBubix 3aBojgax Kazaxcrana He npumensiercs. [IpoBelneHHbBIE OIBITHO-
MPOMBIIIICHHBIE MJIABKKM B MOIIHOM MEYM HE JalH IMOJIOKHUTEIbHBIX PE3yJbTaTOB
(Tabnuia 2)[6].
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BIIVINB ®PEPMEHTHUX TIPEITAPATIB HA PEOJIOI'TYHI
BJIACTUBOCTI TICTA 3 IIINIEHNYHOI'O BOPOIIIHA

Hoy., kano. mexu. nayk O.C. Borowenko, ooy., kano. mexu. nayk H.B. Xopenorcuii
Oodecvka Hayionanvha akademisa xapuosux mexnonozii, m. Qdeca, Yxkpaina

Peosnoriuni BIacTUBOCTI TiCTa - 1€ KOMIUIEKCHUM TOKAa3HHK, SKUH OMHUCYE
CTaH 1 MOBEJIHKY TICTa MPHU 3aMiCl 1 Ha MPOTA31 BChOTO TEXHOJOTTYHOTO MPOLECY
MPUTOTYBaHHS XJI1000yJI0OYHOTO APLKIKOBOro BUpoOy. Bononitoun iHdopmaiieio
PO PO3TSKHICTH TICTA, HOTO MPYXKHICTh, BOAOINOIIMHAIBHY 3AaTHICTh, MOKHA
MPOTHO3yBaTH XapaKTEPUCTHKY Ta SIKICTh TOTOBOI'O MPOAYKTY Ta B pasl moTpedu
BXKUTU HEOOXIHUX 3aXOMAIB JJis iX KOPUTYBaHHS Ha €Talli 3aMicy TicTa HUIIXOM
BUKOPUCTAaHHS HEOOXIIHMX TEXHOJIOTTYHUX J00aBoK. ToMy aKTyalbHUM €
JOCJIIJDKEHHSI BIUIMBY PI3HUX BHJAIB TEXHOJOTTYHUX J00ABOK HA PEOJIOTivyHI
BJIACTUBOCTI TICTa, BUTOTOBJICHOTO 3 MIIIEHUYHOTO XJ1100MeKapchKoro OOpoIiHa.

Pomni xmibonexkapchbkux J00aBOK-KOPEKTOPIB B TEXHOJIOTIT XJ1i0a, BU3HAUYECHHIO iX
(YHKILIOHATBHUX 1 TEXHOJOTIYHUX BJIACTUBOCTEH MPUCBAYEHI POOOTH BITYM3HSHUX 1
3apyoixHuX BueHuX pobot B. 1., loprauesoi K. I'., Ayepmana JI. 5., Kperosuua B. JL,
[Tonanposoii P. 1., MartBeeBoi L. B., Tokapesoi P. ®@., Duran E., Brummer J. -M., Too.
Ha BiTYM3HSHOMY pPHMHKY 3aCTOCOBYIOTH BITUM3HSHI (DEpMEHTHI mpemnapatu
«Emum»(Jlanmxun), ane 6utbi HiK Ha 90 % 3a70BOSIBHIOTHCS 32 PAXyHOK IMIIOPTY —
Jleccadp, Mronenxemi, Hoo3zaiim, Tomo [1, 3, 4].

Metoto poOOTH € AOCHIIPKEHHS BIUIMBY (DEPMEHTHUX MpernapariB pPi3HOTO
MIPUHIIMITY 111 HA PEOJIOT1YH1 BJIACTUBOCTI MIIEHUYHOT0 OopotrHa. [ qocsrHeHHs
MOCTaBJIEHOI METH HEOOXITHO BUPIIIIUTH TaKl 3a/1a4i:

-BU3HAYUTU OCHOBHI MOKA3HMKHU AKOCT1 OOpOIIHA XJ100MEKapChKOr0 BHUILOTO
raTyHKy TM «XyTopok»;

- BCTAaHOBUTH HAIPaBJICHICTh A1 (DepMEHTHUX IpenapariB B 3aJI€KHOCTI Bl
MOYAaTKOBHUX BJIACTUBOCTEN MIIIEHUYHOT'O OOPOIIIHA.

-miaidpaTd  ONTUMaJibHE  JO03yBaHHA  (PEpMEHTHMX NpemapariB s
CIPSIMOBAHOI 3MIHU SIKOCT1 TOTOBOT POYKIIIi OOPOIIHOMENBHUX 3aBOIB Y KpaiHU.

O0G’exkTH JOCHIPKCHHS: TEXHOJIOT1YHI BJIACTUBOCTI CHPOBHMHH; IIPOIIECU
TICTOYTBOpPEHHS, ((I3UKO-XIMIYHI) Ta PEOJIOTIUHI BIACTUBOCTI APLKIKOBUX
3aroTOBOK.

[Ipenmeramu HOCHIIKEHb € OOPOUIHO MIIEHUYHE XJI100MEeKapChKe BHUIIOIO
TaTyHKY TOPTiBEJIbHOI MapKku «XYyTOPOK», MOKAa3HUKHU SKOCTI SIKOIO HaBEJIEHI B
Tabmn. 1;

- (¢epmeHTHI mnpenapatd aMmulomiTHUHOI nii: ¢ipmu  «Mroaenximil MOX»
(Himeyuuna)-(, Alphamalt 6003, Alphamalt HCC), ¢pipmu «HoBozaiime»(DyHramin
Cynep AX akTUBHICTb a-amisiazu 7001/T);

-mporeoniTuuHoi aii -He#tpazal, SMI' ¢ipmu «HoBozaiiMc» (aKTUBHICTB
npoteazu HeiTpanbHoi 90 on/r), [lenronan S500bI" aktuBHICTH: Kcunanaza 1100 ox/r,
nemroasa 60 on/r );
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- aMIHOKHCJIOTa- IMCTEIH TIAPOXJIOPHU[, aCKOpOIHOBAa KHUCIOTa - (IipMH
«Novozymesy;

JloCTiAHUIIEKY YacTUHY POOOTH TIPOBOAMIN B JIJAOOpAaTOPHUX yMOBax Ha kKadenpi
texHosorii mepepooku 3epHa B OHAXT BusHadueHHS BCIX TMOKa3HUKIB MPOBOIMIH
3rHO 31 CTAaHJAPTHUMU METOAMKAMU. JOCTIIKEHHST PEeoSIOTUHMX BIACTUBOCTEH TiCTa
npoBowi Ha npwiaal Mixolab (pipmu «Chopiny @panis). [Ipunang Mixolab [2]
NPU3HAYECHUH JJIs1 KOHTPOJIIO TUHAMIKU PEOJIOTTYHOT MOBEIIHKY TiCTa B MPOLEC 3aMicy
M0 XapakTepy 3MIHM BEJIMYMHU OOEPTAIOYOr0 MOMEHTY Ha TPHUBOJI TICTOMICHIIBHOT
€MHOCTI 1 BU3HAUEHHS HACTYITHUX IMOKa3HUKIB: BOIOMOIIMHAIBHA 3/IaTHICTh OOpPOIITHA
(BII3), yac yTBOpeHHs TicTa, WOrO CTAOUTBHICTH 1 3HAYEHHS PO3PULKEHHSA, a TaKOXK
KOHCHCTEHIIIS TICTA B MPOIIEC] HArpiBYy.

Tadamuns 1 - IllokazHukHM AKOCTI 3pa3KiB 00pOIIHA B/T NIIEHUYHOI 0

XJ1i001MeKapCHhKOro
Opranonentuyni | BonoricTs, | Kneiikopuna, Awice Hucno
3pa3ku ) o o KIICHKOBUHY, | MaiHHs,
BJIACTUBOCTI Z /0 ox .
binnii, 6e3
™ . .. 6510, 5
CTOpoHHIX cMakiB1 | 11, 840,2 | 26, 6£0, 2 290+10
«XyTOpPOK» . (I rpyna)
3amnaxiB
bimai, Ges He nmxue He
Bumoru I'CTY | cTopoHHIX CMaKiB 1 He =15 He =24
. Il rpynu =160
3amaxiB

JlJisi KOpUryBaHHsS MOKAa3HHMKIB SKOCTI OOpOIHA AOCTIIKYBaHUX 3pa3KiB 1
rOTOBUX BUPOOIB 3 HUX BUKOPUCTOBYBAJIM Taki (EpMEHTH B JO3yBaHHI, IO
pexoMeHytoThcsi BUpoOHUKamu: «Muhlenchemie» (Himeuuuna); «Novozymes»
(Hanis) (tadm. 2, 3).

3 METOI0 JOCHIKEHHS BIUIMBY TEXHOJOTTYHUX J100aBOK PI3HOIO CIIEKTPY Aii Ta 3
METOI0 BU3HAYEHHS iX ONTUMAJIBHOTO JI03YBaHHS 3a 3MIHOIO PEOJIOTIYHHUX BIACTUBOCTEN
MIIIEHUYHOT0 TICTa BUKOPUCTOBYBAIX 1HHOBaiiHUA nipunaa Mixolab («Chopiny), sikuit
BUMIpsi€ KPYTS4Mii MOMEHT, 1110 BUHMKA€E MPH 3aMmici Ticta B iHTepBaii Bix 28 o 90° C.
Ticto roryBanu 13 meHnYHOro 6opoiiHa B/r TM «XyTopok» 13 KieiikoBuHoto | rpynu
SKOCT1. BU3HaYMIM Taki MOKA3HUKH SKOCTI SIK BOJONIONIMHANIbHA 34aTHICTD TicTa (BII3)
KOHTPOJIBHOTO 3pa3Ka Ta MOJICJIbHUX CyMIlIeH, iX TMOBEHIHKY IpHU 3aMici, MILIHICTh
KJICMKOBUHH, MaKCHUMAaJIbHY B’SI3KICTb, aMUIOJITUYHY aKTHBHICTh Ta PETPOrPaIAIlilo.
Pe3ynbratu HaBenieHo y Taom. 4.

[lin vac mepmoi ¢a3u 3amimyBaHHa (Touka Cl - OCBITY TecTy) mpuiIaj
3abe3neuye yTBOpeHHs TicTa 3 KoHcucreHuiero 1, 1 + 0, 05 H-m mpu temnepatypi
30°C. TpuaiicTs 1i€l ¢pazu 8 xB. OnTHManbHa KOHCUCTEHIS] YTBOPIOETHCS LUISIXOM
ni0opy KUIBKOCTI BOAM, IO Jojaerbes. Ha apyridt 1 Tpertiit ¢azax 3amimlryBaHHS
PEECTPYETHCS 3MIHA KOHCUCTEHITIT TecTy Tipu Horo HarpiBanHi 10 90 °© C (Touka C2 -
po3piIKeHHs TicTa; Touka C3 - MakcuMaibHa MIBUIKICTH KJleHcTepu3allii KpoxXmalio).
3aranibHa TPUBAIICTH APYyroi (a3 ctaHoBUTH 15 xB (luBUAKICTH HarpiBy 4 ° C / xB),
Tpethoi ¢asu - 7 xB. Ilig yac mux ¢a3 B TICTOMICWILI MATPUMYETHCS IMOCTIHHA
temriepatypa 90 ° C.
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Tadianus 2 - PekxomeHn1oBane 103yBaHHS TEXHOJIOTIYHUX 100aBOK Gipmu

«Muhlenchemie
TexHonoriyHa Pexomenmamii, Kimpiicts npenapary
no0aBka r/100r 60?)OIEHH3 (.Ha 100 % bopourna)
min max
Porit L 0, 005-0, 015 0, 005 0, 015
Alphamalt A 6003 0, 008-0, 015 0, 008 0, 015
Alphamalt HCC 0, 002-0, 012 0, 002 0,012

Tadauus 3 — PexomenoBane 103yBaHHS TEXHOJIOTIYHUX 100aBOK Gipmu

depMeHT

«Novozymes»
Pexomenpmarii r Beenenns npenapaty Ha 100%
npenapaty/100 T OoporrHa
boporuHa min mid max 2max

®ynramin2500 SG

0, 0002-0, 001

0, 0002 | 0,0005 | 0,001 | 0,002

Hosamin 1500 0, 001-0,005 | 0,001 | 0,003 | 0,005 | 0,01
Hetitpaza 1, 5 MI' 0, 88(1)2_0’ 0, 0003 | 0, 0008 | 0,0015 | 0,003
ITenronan SO0BI 0, 002-0, 01 0,002 | 0,006 0, 01 0, 02

Hucreinriapoxmnopuyn | 0, 005-0, 015 0, 005 0, 01 0,015 0, 03
AckopOiHOBa K-Ta 0, 005-0, 02 0, 005 0, 01 0, 02 0, 04

Tadoauus 4 - IlokasHuKH peoJiorivHol KpuBoi Mikco1a0a dopomna TM «XyTopok» 3

Ta 0e3 10AaBAHHA 100aBOK

Ne 3pasok Josysanns Yac,xs. Kp. MomeHT H*m C3-C2 | C3-C4| C5-C4
Cl [Cs[ C2 Cc3 (o] C5 C1l Cs Cc2 Cc3 ca4 C5 H*m [ H*m [ H*m
1 Kownrpomns 0 1,87| 8| 16,9 | 24,37 | 32,87 | 45,02 | 1,067 | 0,98 | 0,469 | 1,781 | 1,382 | 2,001 | 1,312 | 0,399 | 0,619
2 DyHramin min 1,321 8| 17,65 | 27,18 | 31,72 | 45,02 | 1,056 | 0,814 | 0,257 | 1,714 | 1,664 | 2,484 | 1,457 | 0,05 | 0,82
3 mid 1 (817,721 27,15] 30,73 | 45,02 | 1,141 | 0,783 | 0,211 | 1,663 | 1,62 | 2,435 1,452 | 0,043 | 0,815
4 max 1,05 | 8| 17,92 | 28,47 | 31,68 | 45,02 | 1,083 | 0,766 | 0,227 | 1,756 | 1,533 | 2,275 | 1,529 | 0,223 | 0,742
5 2max 1,321 8| 17,65 | 27,18 | 31,72 | 45,02 | 1,056 | 0,814 | 0,257 | 1,714 | 1,669 | 2,494 | 1,457 | 0,045 | 0,825
6 Hosamin min 1,22| 8| 17,05 | 24,28 | 34,82 | 45 | 1,008 |0,969 | 4,44 | 1,724 | 1,145 | 1,672 | -2,716| 0,579 | 0,527
7 mid 1,65| 8| 17,15 | 24,1 | 34,97 | 45,02 | 1,059 | 0,946 | 0,428 | 1,696 | 1,054 | 1,581 | 1,268 | 0,642 | 0,527
8 max 1578|1692 | 24 |33,78|4502|1,076| 0916 | 0,436 | 1,704 | 1,035 | 1,568 | 1,268 | 0,669 | 0,533
9 2max 1,321 8| 17,65 | 27,18 | 31,72 | 45,02 | 1,056 | 0,814 | 0,257 | 1,714 | 1,669 | 2,494 | 1,457 | 0,045 | 0,825
10 Heiirpasa min 1,53| 8| 17,32 2885|3163 | 45 | 1,108 | 0,882 | 0,307 | 1,486 | 1,406 | 2,189 | 1,179 | 0,08 | 0,783
11 max 1,2 18| 17,3 | 26,15 32,25 | 45 1,123 | 0,684 | 0,215 | 1,277 ] 1,138 | 1,731 | 1,062 | 0,139 | 0,593
12 2max 3,88 (8| 17,18 | 30,28 | 31,53 | 45,02 | 1,065 | 0,637 | 0,163 | 1,354 | 1,296 | 2,001 | 1,191 | 0,058 | 0,705
13 INenronan min 1,32| 8| 17,02 | 24,88 | 29,15 | 45,02 | 1,09 | 0,945 | 0,375 | 1,927 | 1,647 | 2,913 | 1,552 | 0,28 | 1,266
14 mid 3,42 8| 17,02 | 24,12 | 33,22 | 45,02 | 1,101 | 0,919 | 0,348 [ 1,609 | 0,992 | 1,485 | 1,261 | 0,617 | 0,493
15 max 3,18 (8 17,1 | 24,12 | 34,87 | 45,02 | 1,083 | 0,902 | 0,337 | 1,595 | 0,936 | 1,357 | 1,258 | 0,659 | 0,421
16 2max 3,1 8] 17,25 24,17 | 34,13 | 45,02 | 1,094 | 1,005 | 0,436 | 1,638 1 1,456 | 1,202 | 0,638 | 0,456
17 Iucrein min 2,92| 8| 16,87 | 24,75 | 30,97 | 45,02 | 1,129 | 0,748 | 0,386 1,69 | 1,274 | 2,419 | 1,304 | 0,416 | 1,145
18 mid 2,7 | 8| 16,6 | 24,72 30,52 | 45 1,133 0,782 | 0,42 | 1,752 1,423 2,501 | 1,332 | 0,329 | 1,078
19 2max 1,8 | 8| 16,97 | 25,47 | 30,93 | 45,02 | 1,091 | 0,645 | 0,365 | 1,752 | 1,352 | 2,578 | 1,387 04 | 1,226
20 Ack. K-Ta min 1,2 | 8|1653]24,33| 308 | 45 | 1,123 | 1,007 | 0,489 | 1,939 | 1,444 |2,635| 1,45 [0,495] 1,191
21 2max | 1,05 8| 16,58 | 24,73 | 30,45 | 45,02 | 1,114 | 0,963 | 0,443 | 1,916 | 1,522 | 2,549 | 1,473 | 0,394 | 1,027
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Ha dertBepriii 1 n'saTiii (a3ax BUMIPIOIOTH KOHCUCTEHI[IIO TECTy MHpU HOTo
oxoJyiomkenHi 10 50 ° C 1 BUTpUMLI NpU LIHA TeMmepaTypl NPOTIAroM 5 XB (TOYKHU
C4, C5 - moyarok 1 3aKiHYE€HHs peTporpajaiii kpoxmainio). Tpusanicts nux a3
BianmoBigHo 101 5 xB. IlIBUIKICTE OX0JOKEHHS Ha YeTBepTiit a3 - 4 ° C / xs.

BoponornunanbHa 34aTHICTh MIIEHUYHOTO OOpOIIHA  3aJIEKUTh  BiJ
CHIBBIIHOUIEHHS Y HbOMY HE3pYWHOBAaHUX Ta 3pyWHOBAHUX KPOXMaJIbHUX 3€pEH, a
TaKOX BiJ KPYHHOCTI YaCTMHOK OOpOINHA, SKI BU3HAYAIOTh HIBUAKICTH Ta CUITY
OCMOTMYHOTO 3B’S3yBaHHS BOJMU 13 BUIBHUM MPOMDKHUM OUIKOM Ta OLIKOM
NPUKPIIUIEHHS, IO OTOYYy€ IOOJMHOKI KpOXMalibHI 3epHa. BBaxkaerbcs, 1o
NIIEHUYHEe OOpOIIHO X/M BHILOTO TaTyHKy NoBMHHO Matu 60-62% BII3. V

KoHTposibHOMY3pa3ky BII3 59, 5%, maiixe Ha piBHi 60 %.

60

60

‘//_"\\‘\ y=-0,20+2x+55,3
. I 59,5 Ri-1 yﬂlsx +0,3x7- 1,8x+ 60,78
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R?=0,9935 585
57 58 L2
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+ GyHramin ® Hosamin 1500 # Helitpasza 1,5MI M MeHTonaH 5006l
a 0
Puc. 1. 3anexnicts BII3 6opomna mmenunynoro B/r TM "Xyrtopok" Bix
03YBAHHS:
@ - TEXHOJIOTIYHUX A00ABOK aMUIOJITUYHOT [Iif; 6 - TpoTeas 1 eItoJI03.
61
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Puc. 2. 3anexnicts BII3 6opomrna mmennynoro B/r TM "Xyropok' Bix n1o3yBaHHs:
a - aMIHOKHCIJIOTH Ta BitaMiHy C; 6 - yCiX BUKOPUCTAHUX JOOABOK.
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Sx BUAHO 3 HaBelIECHHMX 3aynexHocTeil (puc. 1) BBeaeHHs y OopomHO TM
«XyTopok» (GepMeHTHUX mpenapaTiB amuiojaituyHoi nii (Pynramin2500 SG i
Hosamin 1500) npu Oynb-sikoMy 103yBaHHI HEraTUBHO BIUIMBaoTh Ha BII3 y Oik
3MEHBILECHHS y TOPIBHIHHI 3 KOHTPOJIBHUM 3pa3koM. [Ipu yomy OUIbII IHTEHCUBHO
3menblnyeThesi BII3 y 3pasky 13 BBeneHHsaMm ¢ynraminy Ha 5, 9%. Ilpu yomy He
3anexHo Bia % ioro BkiaroyeHHs. Jlo6aBka Hosaminy 1500 mpu qo3yBaHHI 2max
yacTkoBO 3MmeHInye BII3, ame He Ha Tomy piBHI sik @yHramin. Ilpu MeHmomy
no3yBanHi Hosaminy 1500 BII3 3meHmyerbcs Ha piBHI KOHTPOJIBHOTO 3paska(3
ypaxyBaHHSM NoxuOku nociuiny) 59, 3-59, 5%, Tobto maiixke He BmiuBae Ha BII3
OoporirHa.

Ile npoTupiunTh rapaHTIIM BUPOOHWKA, SKUM 3a3Havyae 1o wnei OII
BIJTMBAIOYM Ha KPOXMaJib OOPOIIHA, YIOBUIBHIOE HOTO peTporpaiailio, HaKOMUYye
LYKpPU Ta JAEKCTPUHH, SIKI 30UIbIIYI0OTH B cBOto uepry BII3 ticta. Opnak ue He
MIATBEPIKYETHCS HA IPAKTHUIIL.

He nuBnauuch, mo obuaBa mnpemnapatu — @Dynrami 1 HoBamin marwoTh
OJIHAaKOBY aMUIOJIITUYHY /110, OJIHAK 0 pi3HOMY BIUMBatoTh Ha BII3 Gopomina, mo
TaKOX MPOTUPEUUTh PEKOMEHIallIIM BUPOOHUKA.

BxirouenHss mpotea3 Takok HeratuBHo BiuimBae Ha BII3  Oopomina,
3MeHIyo4n oro Ha 1, 7%. Ileatonan Ha BII3 mae nBoOIYHY Ait0 : MiHIMajabHA
KUIBKICTB pi3ko 3MeHurye BII3 6opomina Ha 3, 7 %, noganbliiie 5 J0AaBaHHS LBOTO
npenapaty noctynoo 30inbinye BII3 OoporiHa 1 mpu 703yBaHHI 2max csrae piBHs
KOHTPOJBLHOTO 3pa3Ky.

BrnnuB He3aMiHHOI aMIHOKHMCIOTH UUCTEiHY, [0 BHUKOPUCTOBYIOTH JIJISI
MoM’ SIKIIIEHHS TICTa, TAaKOX AB0OOIYHO BruinBae Ha BII3 Ticta : mpu MiHIMAJIBHOMY
no3yBaHH1 3MmeHiyetrbes BII3 na 1, 5%, a mpum MakcumaiabHOMY J103yBaHHI
30ubIIy€e Hal, 5%, 110 TOBMHHO MO3UTHUBHO BIUIMHYTH HAa BUXiA X/ BUPOOIB Ta
YMOBUIbHIOE YE€PCTBIHHS.

AckopOiHOBa KHCIIOTa TakoX HeratuBHO BruMBae Ha BII3 Ticra,
3MEHIIYIoun Horo Ha 5, 7%, 110 He MOCTylae HEraTUBHOMY BIUIMBY (yHTraMily.
[lopiBHsIBHUEM aHai3 BIUIMBY TEXHOJOTIYHUX pJo0aBok Ha BII3 OGopomina
J03BOJISIE  3pOOMTH  HACTYIHI  BUCHOBKH:IIUCTCIHTIAPOXJIOPU  IOKpAILy€e
BII3;pynramin2500 SG, Heittpaza 1, 5 MI" Ta Ackop6iHOBa KHUCI0Ta — 3MEHIIYE, a
Hosamin 1500, Ilentonan 500BI" Ta [ucteinriapoxnopun — 36unbmyoTs BII3, ane
IpY Max J103yBaHHI.

Max po3yBanHsi [lucteiny, Ilenromany Tta HoBaminy npu3BOAUTH 10
OUTbIIOMY MiTHOMI TPHU BUIIYIl, MOKPAIIEHHIO M’SIKOCTI M’SIKyllla Y TOTOBOMY
BHUpOO1 Ta OTPUMAHHIO OUIBIIOT KUTBKOCTI TICTa MPU MEHIIIN BUTpaTi OOpOIIHA.

I{i BucHOBKM Takox miaTBep/kye aHam3 iHgekcy BII3 (Cl) y Bcix
nocinigHuX 3paskax. [Haexc 3amimyBanHs(C2) 3a/eKUTh BiJl MOBEAIHKH TiCTa MpU
3aMiIlyBaHHI Ta 0COOJIMBO BiJ CTaOLILHOCTI. BBaXkaeThCs, 1110 UMM BUIIUHN 1HIEKC,
TUM CTilikima Oy/e TicToBa 3aroToBKa Iij 4yac 3amimyBaHHs. Llell iHIekc omucye
CWJIy TICTa MiJ Yac 3aMmicy.

AHani3 pe3yiabTaTiB €KCIIEPUMEHTAIBHUX JOCTIIKEHDb J103BOJISIE€ 3a3HAYUTH,
o0 Maibke ycl mpemapatd HeraTuBHO BIUMBalOTh Ha C2 y MOpIBHSAHHI 13
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KOHTPOJbHUM 3pa3koM. BUKITIOUEHHS! CTaHOBIATH TEXHOIOTYH1 f00aBku: HoBamin
ta lucrein y makcumanbHOMY J103yBaHHI, [leHTonaH-y Oyab-sSKOMY J103yBaHHI1
OKpiM, MiHIManbHOTO, MiHiManbHe pno03yBaHHA DyHramury Ta AckopOiHOBa
KHCIIOTa Y MAaKCUMaJIbHOMY J03yBaHHI.

Beenennst TtexHonoriunux pgo06aBok HoBaminy (y min Jgo3yBaHHI),
Oynraminy (y cepeAHbOMY Ta MaKCUMaJbHOMY 103yBaHH1), Heittpasu Ti Hucreiny
(y MIHIMaJIbHOMY ) 3 CHJIBHOT'O OOpoOIIHa poOUTh cialdke, 10 TOLUILHO MpUiiMaTH
710 yBaru Mpy BUTOTOBJIEHHI HE JPLKIKOBUX BUPOOIB :KpEeKepiB, OICKBITIB Ta 1H.

C3-rmoTeH 1HAEKC T[OKa3ye OImip MpPOTETHOBUX CHOJYK IiJIBUILIEHHS
temriepatypu 30-60 °C 1 maiixke He 3a1€KUTh B/l BIACTUBOCTEN KPOXMAIIO.

KoHTponbHuil 3pa3ok Mae BHUCOKHMH TJIIOTEH I1HAEKC, L0 BIAMNOBIIAaE HOro
BKa3aHil SKOCT1 OOpOIIHA, 30KpeMa KUIBKOCTI Ta SKOCT1 KJIEWKOBUHU. BHeceHHs
n00aBOK aMUIONITUYHOI Ali mMpu3BOAUTH A0 3MeHmleHHs C3, abo 3amuinae Horo
He3MIHHUM(mindyHramin Ta midHoBamin ).

[lenTonan y Oynb-IKOMY J03yBaHHI 3MEHIIye Takox 3HaueHHs C3 vy
HallOuIbIIoMy cTymneHto. Heiltpasa takoxk 3MeHmye 3HadueHHs C3, npu yomy
MaKCUMaJIbHO-IIPY MIHIMQJIBHOMY J03yBaHHI mnpemnapaty. | mume Iluctein Ta
ackopOiHOBa KHMCIJIOTa COPUSIIOTH MIJBUILIEHHIO PIBHS IIIOTEH-1HIEKCY.

Bimomo, 110 4yuM OUIBIIHHI IITIOTEH —1HIEKC, TUM OLIbII €JIACTHYHE TICTO, aJie
11 TIEPEIIKO/KAE XOPOIIOMY MITHOMY TicTa IMija 4ac BUMIYKU. ToOTO JBa OCTaHHIX
npenapatyd 3MILNHIOIOTh KIEWKOBUHY, a 1HII HAaBMNAKU MOCIA0MIOIOTH, 10 TaKOX
HEOOXITHO BpaxoBYBaTH IMpPHU KOPUTYBaHHI X/I BiacTUBOCTEW Ticta. C4-iHAekc
B’A3KOCTI omnucye ¢a3zy, npu sKid max KUIbKICTh (GIBUKO — XIMIYHUX Ta
010XIMIYHUX TMpernapaTiB BCTynae y B3aeMofito. Ha wmid cranii ponab mpoTeiHiB
NEepPeXoIUTh Ha JAPYre Micle 1 MOCTyNaeTbesl Kpoxmanto. OTxe, HA 3MIHY 1HJIEKCY
B’S3KOCT1 MIOBUHHI BIUIUBATH aMia3u. Y KOHTPOJBHOMY 3pa3Ky IHJEKC JOPIBHIOE
5. JlonaBanHs X o-amuiazu (DyHraminy) 3MeHINye 1HAEKC B’SI3KOCTi, OCKUIbKHU
MIBUIIEHA  KUIBKICTh  €K30TeHHOro  (epMeHTY(IIABUIICHHS  O-aM1Ia3HOI
aKTUBHOCT1) 3MEHIINye B’s3KicTh Ticta. ®depmentHuit mnpenapar Hoamin
HE3aJIeKHO B1Jl Oro M03yBaHHS HE3HAYHO 3MEHIIMB 1HAEKC B’si3kocTi Ticta. Illo
MO>KJIMBO TIOB’SI3aHO 13 HecHpusTIMBOIO cepenoto Ali ( optpH 4, 5-6, 5). Hapitb
MPOTEONITUUHUNA (PEePMEHT Ma€e OUIBIIMKI CTYMiHb BIUIMBY Ha I1HAEKC B’SI3KOCTI
TiCTa, HDK amila3u :HaBITh MOro MiHIMalIbHE JO3yBaHHS 3MEHIIY€E 1€l MOKa3HUK
Maiike BIBIYl, a JI0AaBaHHS HOro y J03yBaHHI MOHAJ max-He 3MIHIOE 3HAYEHHS
IbOro MokasHuka. [lpemapaT reminentona3HO-KCUIaHA3HOI Jii y MiHIMaJIbHOMY
JI03yBaHH1 30UIBIIYE CYTTEBO 1HJEKC B’SI3KOCTI, a MPU 30UTBIIEHHI J103yBaHHSA —
HABIAaKU 3MEHINYE Ied TMOKAa3HUK NpPU YOMYy HE 3alieHO BiJ] HOTO J03yBaHHI
3QJIMIIATHCST HA OJHAKOBOMY piBHI. ACKOpOiHOBa KHCJIOTa HE3aJIeKHO Bij
J03yBaHHS TaKOX 3/1aTHa 30UTbIIYBATH 1HJEKC B’SI3KOCTI TicTa (Ha OJHAKOBOMY
piBHi ). C5 1HOEKC aMUIONITUYHOI aKTUBHOCTI (KOPEJIO€ 3 YUCIOM MaJiHHA) Y
KOHTPOJILHOTO 3pa3ka JopiBHIOE 4 (3amoBiibHe 3HaueHHs YII). lomaBaHHs
PI3HUX TEXHOJOrIYHUX J00aBok BruiMBae Ha C5 HacTymHuUM 4YuHOM. Bruius
HoBaminy Ha 3HaueHHs iHaekcy C5 0JlHO3HAYHUH :BiJl BHECEHHS MOro /10 OOpOIlHa
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y min J03yBaHHI 1HIEKC 3MEHIIYEThCSA BIBIYl 1 3aJUIIAETHCS CTAJIUM HABITH MPU
MaKCHUMaJIbHOMY J103yBaHHI.

OcTaHHE CBITYUTH, 110 IO MEepIlie HeMae HeOOXIHOCTI 10jaBaTu mpenapar y
3aHAJITO BUCOKUX KOHIIEHTpALisIX, MO JIPyre caMe Ha LbOMY €Talll TICTOBEIEHHS
JUISl TIpenapary MposBISIETbCS Y TOBHOMY CTYIEHIO, SIK Mepe0daueHO TEOPETUUHO:
3MeHIeHHs C5-CBITYUTh MPO BUCOKY aKTUBHICTh O-aMiJIa3d, SIKY JOAAJIU IITYYHO.
His x QyHraminy Ha 3HadeHHs iHAekcy C5 mpu MiHIMaIbHOMY J03yBaHHI HE
MPOSABIIETHCS, a MpU 30UIBIIEHHI HOro KUIBKOCTI MPOSBISIETHCS HABMAKH Y
30uTbIIeHH] 3HauyeHHs C5, 1o BeTynmae y MpPOTUPIYYS 13  TEOPETUYHUM
npunymeHHsaM :3HayeHHss C5 moBuUHHO Oyno 3MeHIIUTU. BrumB mnporeiHa3 Ha
bOMY eTami JOCHIKeHb CBiguuTh mpo 30uibmeHHs YII (3meHmieHHS
aMUTOJIITUYHOT aKTUBHOCTI). [leHTOomaH mNpu HEBEIUKOMY J03YBaHHI 30UIBIIYE
iaexc C5 (tobto 3meninye YII), onHak Ouiblne 103yBaHHSA HOTO HE Ma€ KOJHOTO
BIUTMBY Ha 3HayeHHs! C5-BOHO 3aJIMILIAETHCS HA PIBHI KOHTPOJIBHOTO 3pa3Ka.

C6-petporpanariis (3arycanus) kpoxmamo (y dasi oxonomkenns Bix 90-50 °C)
MOB’SI3aHUM 13 3AATHICTIO KIHLEBOTO MPOAYKTY HPOTUCTOSITH UYEPCTBIHHIO Ta
30epiraTu TOoBapHUM BUIIILA. MiHIMaIbHE A03yBaHHS OyIb-sKOTO 3 JOCIIIKEHUX
npenapariB 30uiblye iHACKC CO(1HOA1 Mailke B/IBIU1) HE3AJIEKHO B MOTO CIIEKTPY
i Ta TOXOJXKEHHSI, a 13 30UTBIICHHSIM JJO3YBaHHS BUSBIISIOTH C€0E MO PI3HOMY.

Bucnoexku

Takum uywmHOM, nocmimxkenHs BII3 Tta peosoriuHoi moBeAiHKH TicTa 3
neHnyHoro 6opoirHa TM «XyTopok» 3aI0BOJIBHSE SIKOCTI MPU JI0JaBaHH1 PI3HUX
TEXHOJIOTIYHUX J00aBOK 13 3aCTOCYBaHHAM Tnpwiaay Mikcosnad g03BOJUIIO
BUSBUTH HEOJIHO3HAYHUU BIUIMB MIX JO3yBaHHSM Ta MOKa3HUKAMH BJIACTHBOCTEH
ticta. ToMy Aisi TEXHOJIOTTYHUX J100aBOK MOTpeOye JOTATKOBUX JAOCIIIKEHb.
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TPAHC®OPMAIINUA TETEPO®A3HBIX BKJIIOYEHUN « 3 BTEKTUKHN»
TP OBPABOTKE CTAJIEM JIABJEHUEM

Jloxm. mexu. nayx, npog. C.U. ['yoenxo
Hayuonanvnan memannypzuueckasn axademus Yxkpaunot, 2. /[nenp

Beenenue. Hemeraminueckue BKIIOYEHHSI HEPEIKO SIBISIOTCS MECTaMU
3apOXKJIEHUS pa3pylleHUs CTalbHBIX CIWTKOB W 3aroTOBOK B Ipolecce
MPOU3BOJICTBA MeTainueckux uzgenuii [1 - 4]. B pabGoTtax mpoaHanu3upoBaHbl
OCHOBHBIC BUJIBI U CTPYKTypa rerepodazHbix BriodeHui [5 - 6]. Llenbro paboTh
ObLJIO M3YyYE€HHE YPOBHS IIACTUYHOCTU TeTepo(a3zHbIX BKIIOUYECHUNU «IBTEKTUKU
npu 06paboTKe cTajeil JaBICHUEM.

Marepuaabl m MeToAMKH HcciaenoBanmidl. IloBenenue retepodazHbix
BKJIIOUEHHI TIpU 00paboTKe CTaiu JaBiI€HUEM H3ydajd MpU TOpsiuei MpoKaTKe
craneir 0810, 08T, 08kn, O8X18HIOT, 12I'C, R7, 08X, Hb-57, 08I'CIOT®,
IX15 B wunatepBane temmneparyp 1200...800 °C u XOJoAHOW HPOKATKE CO
creneHsimMu nedopmaruu 35...75 %. Da30Bblii cocTaB BKIIOUECHUN OMpenessiin
Metaiorpadpuueckum (Neophot-21) u merporpaduueckuM METOJIOM, a TakKXKe
IIyTEM MUKPOPEHTT€HOCIIEKTPAIBHOTO aHalin3a Ha yctaHoBKe MC—46 «Camecay.

Pe3yabTathl nceieqoBanusi M ux odcyxaenme. [losenenue rerepodasHbix
BKJIFOUEHHI TIpr 00pabOTKe CTaIM JABICHUEM OMNpeeseTcss MHOTUMU (pakTopaMu
[l - 4, 7]. CkIOHHOCTh K IJIACTUYECKOMY (DOPMOM3MEHEHHIO OTAENbHBbIX (a3
rerepoda3HbIX BKJIIOYEHUH Takas Ke, Kak W Yy OJIHO(pAa3HBIX BKIIOUECHUN
COOTBETCTBYIOILETO THUIIA U COCTaBa. B To ke BpeMsi COBMECTHOE 1e(pOpMUPOBAHUE
(da3 BKIIIOYEHHUS, OTICICHHBIX BHYTPEHHUMHU MEXK(a3HBIMU T'paHULIAMH, TOJKHO
BHOCUTBH OINpEJIEJICHHbIE OCOOCHHOCTH B TOBEACHHE rerepodaszHbIX BKIIOUEHUN
«@BTEKTUKMW» TIPH 00pabOTKe cTajneil 1aBIeHUEM.

BxitoueHus:  «OBTEKTUKH»  HMMEIOT  IBTEKTHUECKYIO  CTPYKTYpy U
MPEeACTaBIAIOT co00l KoioHuu (a3 31 U 32 — KOMIO3UTHBIE (POPMUPOBAHUS
pa3Horo Buja. Mexay HUMU HaxoAsTcss Mex(asHble TpaHUlbl 31«>32, KOTOpbIe
MPEICTABIAIOT COOON CIIOKHYIO Pa3BETBICHHYIO CETh IMOBEPXHOCTHBHIX AE(PEKTOB,
KOTOpas MPOHU3bIBAET IBTEKTUUECKOE BKIIIOUEHHUE. [[1s1 TaHHOTO THUIa BKIIOUEHUM
0o0e (a3l 31 U 32 KOHTAKTUPYIOT CO CTajbHOM MaTpuued u oOpaszyloT ¢ HeH
Mex(pa3Hyl0 TpaHUIy BKIIOYEHUE-MATPHUIA, KOTOpass COCTOMT U3 MHOXECTBa
MUKpPOYYaCTKOB 31>M U 32>M, IpUyYeM B OTJIMUKE OT BKIIOUYEHUN BTOPOTO THUIIA,
II€  Y4YacTKOB BCEro JBa, 3TH YYaCTKH HMMEIOT MEHBIIYI0 MPOTSHKEHHOCTh U
PETYISIPHO YepenyroTcs BAOJIb BCEH rpaHullbl BKItOUeHHe-MaTpula. [lnactudeckoe
MOBEJACHUE TAKUX BKJIIOYEHUN 3aBUCHUT OT YPOBHS IJIACTUYHOCTU Kaxaou u3 a3
BKJIIOUEHHMS 31 U 32, a TakKe OT TeMIlepaTyphl AePpOopMalnu.

CrerneHpb TIACTUYHOCTH HEMETAJUTMUECKHUX (ha3 CYIIECTBEHHO 3aBUCHUT OT UX
cocTaBa, MPUYEM M3MEHEHHE KOHILIEHTPALlUU 3JIEMEHTOB MPHUBOJIUT K U3MEHEHHIO
NOBEACHUST TpU Topsiuel u  xonogHod gedopmaruu. O4UeBUAHO, YpPOBEHD
MJIACTUYHOCTH BKJIIOYEHUN «IBTEKTUKU» TpPHU Topsiuei jaedopManud B MEPBYIO
ouepelb 3aBUCHUT OT XapakTepa IIJJaCTUYECKOTro IMoBeaeHuss 0a30Boi  (asbl
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ABTEKTUKHU. B mpouecce nedpopmanuu B MIaCTUUHBIX SBTEKTUUYECKUX BKIIOUECHUSX
HapYUIAETCsl PETYISPHOCTh CTPYKTYPBI, XapaKTepHast IJIsl TUTOr'0 COCTOSIHUS [§].

[Ipu ropsueii npokatke cranu B uHTepBaie temmeparyp 1100...850 °C ob6e
(ba3bl IBTEKTUYECKUX CYJb(HIOB MIACTUYHBI M PACKATHIBAIOTCA B HaIpaBiICHUU
nedopmaruu (puc. 1, a, 6), mpuyemM CTENeHb MX IJIACTUYHOCTU ONpEIeNseTcs
XUMHYECKUM COCTABOM. DBTEKTUUYECKHE CYIb(QUIbl TUIA BKIOYEHUE—MATpHULIA
cTayi 1e(OpMUPYIOTCSI COBMECTHO CO CTAJIbHOW MaTpUIEH U B MpoIlecce MPOKaTKU
BO3MOXHO pas[ieJieHue HeNnpepbiBHOW Cynb@uaHod ¢a3pl Ha OTAENbHbIE
BKJIIOUEHUS, KOTOPbhIE YIJIMHIIOTCS W MPUOOPETAIOT JUH3000pa3Hyo dhopmy (puc.
1, B). Cynbuanble 3BTEKTUKHA MOTYT COYETAThCA C OKCUJIAMU WJIM HUTPHUIHBIMU
(xapOOHUTPUAHBIMU) (a3aMH, TOTJA BKIIOUEHHUS MPOABISIIOT HEOJHOPOIHYIO
neopMUPYEMOCTb.

CunukaTHbIe 3BTEKTHYECKUE BKIItOUEHUS npu Temneparypax 1100...1000 °C
mwiactuunbl (puc. 1, r, x). O6e (a3l BKIIOUEHUNH COBMECTHO AehHOPMHUPYIOTCS,
MOBOPAYUBAIOTCS U MOJ JIEUCTBUEM CHUJI TPEHUs, BO3HUKAIOMIMX Ha MOBEPXHOCTU
pazmena C MaTpuled W BOOJNb MeX(a3HbIX TpaHUI] BO BKIIOYECHUSX,
packaTbhIBalOTCS B HampaBieHUM NpokaTku [erepodazHas cTpyKTypa BKIIOUEHHI
npuoOpeTaeT OpUEHTUPOBaHHBIM  xapaktep. K KOHIy TpokaTku, Korja
temrneparypa mnoHmwkaeTcss 10 900 °C u HuXKe, MIACTUYHOCTh CWIMKATHBIX (a3
PE3KO MajaeT, OHU CTAHOBSTCS XPYNKUMU M HAYMHAETCS pa3pylleHHe BKIIOUEHUMH,
MpeTepIeBIINX IPU 00JIee BHICOKUX TEMIIEpaTypax MIaCTUYECKOe YUTHHEHHE.

m’“&.‘ ‘1'—'! B/ e

L
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Puc. 1. I'erepodasHbie BKIOUYECHHA «IBTEKTHKI» M10CJIe TOpsiYeil NPOKATKU:
a, 6 - FeS-(Mn, Fe)S; 6 - FeS-(Mn, Fe)S-matpua; 2, 0 - 2FeO-S10,-MnO-Si0»;
e - FeS—FeO-Si0;; orc - MnS—MnO; 3 - MnO-Al,O3-2-MnO- Al O3; x500.

CynbhocuivKaTHbIE 3BTEKTHYECKHUE BKJIIOUCHMSI TMPU TOpSUYCH MPOKATKE
rmiacTuuHbl (puc. 1, €). Bo3aMoxxHO pa3pylieHue BKIIOYEHHH M0 TpaHUIaM paszelna
¢da3. OxcucynbuaHbIC IBTEKTUKHU MPOSBIISIOT HEOTHOPOIHYIO 1e(DOPMUPYEMOCTD
B 3aBUCHUMOCTH OT npuposl a3 (puc. 1, x). [Ipu sToM HapymaeTcs peryaspHOCTb
HUCXOJIHOM CTPYKTYpbl 3BTEKTHK. OKCHAHBIE M HUTPUIHBIE SBTCKTUKU TPH
temneparypax 1100...850 °C mmactuuecku He nedopmupyrorcs (puc. 1, 3),
MMOBOPAYMBAIOTCS B HAIIPaBJIECHUM TEUYCHHUSI CTAIIBHOW MaTPHIILI, 00pa3ys CTPOUYKH.
Korna wamnpspbkeHus, JIEMCTBYIONIME HA BKJIIOUEHHE TMPEBBICSIT TPEAEN ero
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MIPOYHOCTH, IPOUCXOIUT pazpylieHue (a3 IBTEKTUKHU U pa3eieHUE BIOJIb TPAHMII
WX pazzena.

B nponecce tpanchopmarun Mexny hazaMmu BKIIOUECHHS 31 ¥ 32 U CTabHOU
MaTpulled pa3BUBAETCs KOHTAKTHOE TPEHHE, YTO 0OYCIOBIEHO B3aMMOJICHCTBUEM
WX TIOBEPXHOCTEH, TMPEHSATCTBYIOIIMM HMX OTHOCUTEIBHOMY TE€PEMEIICHUIO.
Crnenyer OTMETHTb, YTO  XapaKTep KOHTAKTHOTO TPEHUA HAa MHMKpPOyYacTKax
rpaHulbl BKJIIOYEHUE-MaTpulla 3l<M U 32+>M  pa3iauyeH, 4YTO CO3JaeT
JOTOJTHUTENIBHYI0 HEOAHOPOJHOCTh B PACHPEACICHUM CUJI TPEHUS BIOJIb
Mexk(azHOW TpaHUIBI ¢ Marpuied (Hapsay ¢ dakTopaMu, H3JI0KEHHBIMU B
pabotax[6, 9-14]). B To xe BpeMms, Ha Mexda3sHOM TpaHHUIE C BKIIOYCHUSIMHU
ABTEKTUK HAOJIOMACTCs 4YepeOBaHHE MHOXKECTBA MHUKPOYYACTKOB C Pa3TMYHBIM
YPOBHEM KOHTAaKTHBIX HampspkeHuil.  Kpome Toro, B CThIKaX MHOXECTBa
MUKPOYYaCTKOB MeX(a3HbIX TPAHUI] C MATPULIEH 3 1>M, 324>M U Pa3BETBICHHBIX
MeX(]a3HBIX TpaHUIl BO BKIIOYEHUU 31<>32 NOHKHBI BOZHUKATH KOHIICHTPAILIMH
KOHTaKTHBIX HAaNpsOKEHUH, UYTO MOJXKET BBI3BaTh OOpa30BaHHE MHMKPOTPEIIMH B
MaTpulle BOJW3U BKIIIOYEHUN U BIOJIb YKa3aHHBIX MexdasHbix rpanuil. Kak u B
ciy4yae oJHO(A3HBIX BKJIIOUEHHM, CHUJIbI TPEHUS HA MHKPOYUYACTKaX IMOBEPXHOCTU
BKIIIoueHHs (31 u 32)-maTpuiia npu oOpabOTKe CTadu JABICHHEM HMEIOT TaKKe
COCTaBJISIONINE, OOYCJIOBJICHHBIE THUIIOM M CTPOEHHEM Y4YacCTKOB MEX(a3HbIX
IrpaHull W CBA3aHHBIE C OMNPEJACICHHOM IMOBEPXHOCTHOM JHEpPruei, a TakkKe C
TPEHUEM, BOZHUKAIOIIUM MPU MEPEMEIIEHUN (CKOIbKEHNN) MeX(Pa3HbIX 1ePEKTOB
KpucTtaumyeckoro crpoenus [9-14]. Cuiibl TpeHUS CHEPXKUBAIOT TEUCHUE
MATpUIBl BOKPYI BKJIIOUCHUH W paclpeAeseHbl Ha Pa3HbIX MHKPOyYacTKax
Mex(a3HOW TpaHUIIBl BKIIOYEHHE-MATpulla 31<>M U 32+>M HEPaBHOMEPHO, YTO
CBSI3aHO C HEPABHOMEPHBIM PACHPEACICHUEM HOPMAJIbHBIX HAMPSKECHUM,
JEUCTBYIOIINX HA BKIIOUYCHUE.

Hanuuue BHyTpeHHHX Mex(da3HbIX TrpaHull 3l<> 32 BO BKJIOYECHUH
MpejmoiaraeT B3aUMOJCUCTBUE MEXKIY TMOBEPXHOCTSIMU (a3 BKIIOYEHUS W
BO3HMKHOBEHHE Ha OTUX TpaHUIAX KOHTAKTHOTO TPEHHUS, CIOCOOCTBYIOIIETO
CACPKHUBAIO TJIACTHYECKOr0 TedeHus: (a3 BKIoYeHUs 31 u 32 (ecliu oJHa U3 HHUX
60 obe muactuuHbl [5, 7]. MakcuMasnbHas BeIMYMHA KaCaTEeIbHOT'O HANPSIKEHUS
Ha MeX(a3HbIX TpaHuiax 31« ¢2 Mo ycJIOBHIO MJIACTUYHOCTH OTPAHUYMBACTCS
BEJIMYMHON TIpeJeIoB TeKydecTu (a3 BKIOYeHHUS 31 U 32, MOAITOMY KOHTAaKTHOE
TPEHHE MOXKET BO30YyAUTh Ha MeX(}a3HbIX TpaHHIAX KacaTeJIbHbIC HAIPSIKESHUS,
BEJIMYMHA KOTOPBIX orpaHuyeHa. CieayeT yYuThIBaTh HE TOJbKO B3aMMOJICHCTBHUE
MUKPOYYaCTKOB MOBEPXHOCTEH (a3 31 u 32 BKIIOUCHHS M CTAIBHON MaTPHIIbI, HO
TaKke B3aUMOJICHCTBUE TMOBEpXHOCTEH (a3 31 W 32 B YCJIOBHUSAX KOHTAKTHOTO
TPEHUs, IPUBOJSIICE K CTIAXKUBAHUIO IIEPOXOBATOCTEN HA MeXK(a3HBIX TPaHUIAX
31 <> 32, 4TO crocOOCTBYET MPHUPaOATHIBAEMOCTH PACCMATPUBAEMBIX Tap TPEHUS
31-32, 5l-cranbHag Marpuiia U 32—ctanbHag Matpuina. OueBUIHO, 151 TIACTUYHBIX
(a3 BKIIOYEHUN ATOTO THUIA ITOT MPOIECC BBIPAXKEH CUJIbHEE, YeM B CiIydasX
HezedhopMupyeMbIX (a3 BKIIOUEHUN.

[Ipu xononHoi nedopmManmu, KOoTopas Kak MPaBUIO MPOUCXOAUT IOCTE
ropsuein aedopmanuu GOpMOU3MEHEHUE BKIIOUYCHUN MPOJOJKAETCS B HOBBIX
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YCIIOBUSX, CBSI3aHHBIX C U3BMEHEHHEM TeMIepaTyphl U JehOpPMUPYIOLIUX YCUIIUH, a
TaKXKE€ YacTO C H3MEHEHHeM crnocoba nepopmanuu. [lpu >TOM uU3MeHsIOTCA
(bu3NKO-MEeXaHWYEeCKHe CBOMCTBa (a3 rerepodazHbIX BKIIOYEHHH W CTalbHOU
Matpuibl. [Ipu xomonHol mpokarke ctanu o0e (a3bl IBTEKTUYECKHUX CYIb(UIOB
IUIACTUYHBI, MMO3TOMY TaKWE€ BKJIIOYEHUS IeHOPMHUPYIOTCS U PACKATHIBAIOTCA B
HampaBieHuu aepopmauuud (puc. 2, a), NpUYEeM CTENEeHb MX I[UJIACTUYHOCTU
OTpeeNsIeTCs] XUMUYECKUM COCTaBOM.

CunukatHble M1 OKCUCHJIMKATHBIE IBTEKTHUECKUE BKIIOUYEHUS TIPU XOJOAHOU
nedopmali He MIacTU4HbI (puc. 2, 6). Mmes mocne npeaBapUTeNIbHON ropsiueit
MPOKATKU BBITSHYTYIO (OpPMY, OHU XPYNKO paspymarorcs. Kak npaBuio TpemuHb
3apOXKJIAIOTCST U PACHpPOCTPAHSIOTCS BAOJL MeX(pa3HbIX TpaHUI] BO BKIIOUYEHUU
3l32.  CynbdocuiIMKaTHbIE  HBTEKTUYECKHUE  BKJIIOYEHHUS  MPOSIBISIOT
HEOJTHOpOoIHYI0 AedopmupyeMocts. CynbpuaHas (asza miacTuyHa, CUIMKaTHAs —
Xpynko pazpymaercs (puc. 2, B). Bo3MOXHO pa3spylieHue BKIIOUEHHH Mpu
rpanuiiam paszaena ga3. Oxcucynb(huaHbIe SBTEKTUKH MPOSIBISAIOT HEOJAHOPOIHYIO
nedhopMHPYEMOCTh B 3aBUCUMOCTHU OT MpUpobl a3 (puc. 2, r). [lepeunciennsie
BUJIbl OBTEKTUYECKUX BKIIOUEHHUH, colepKalllie IJIACTUUHbIE CylbpuaHbie (a3bl
5] MpOSIBISIOT PAa3NMYHYI0 J1e()OpMUPYEMOCTh, KOTOpask 3aBUCUT HE TOJBKO OT
XUMHYECKOT0 COCTaBa Cyib(puia, HO U OT YPOBHS IJIACTUYHOCTH BTOPOMl (ha3bl
ABTEKTHUKH 32. V3 Bcex BUIOB (a3bl 32 IUIACTUYHBI JUIIb CYIb(UIbI, OCTAIbHbIE -
He paepopmupyerca. OueBUIHO, MpUCYTCTBUE Henepopmupyemor ¢aszbl 32
CHI)KAeT YpOBEHb IUIACTUYHOCTU cCyiabhuaHoil ¢aspl 31 mnpu  XomoaHOU
nedopmaru. Kpome TOro, miacTuyeckue IOBEJEHUE SBTEKTHK, COAEpIKAIINX
iacTUUHy0 (WM JBe) CcylbQuaHyto @a3y, CIEepKUBAIOT KOHTAKTHBIE CHIIBI
TpeHUsI, BO3HUKAIOIINE BAOJIb Pa3BETBICHHBIX MEK(Pa3HbIX IpaHull 31 «>32.

Puc. 2. I'erepodasHbie BKIKYECHUA TPEThEro TUIA <IBTEKTUKW» MOCJIe
XO0JIOAHOM MPOKATKHU:
a, 0 - FeS-(Mn, Fe)S; 6 - 2FeO-S10,-MnO-Si0,; 6 - FeS—FeO-Si0,; 2 - MnO-(Mn, Fe)S; x500
OKkcuaHble M1 HUTPUIHBIE PBTEKTUKHU IIPU XOJOAHOM MPOKATKE IIACTUYECKHU
He JedOopMHUPYIOTCSA, MPOUCXOAUT pa3pylleHue (a3 SBTEKTUKH U pas3jelieHue
BJIOJIb I'paHHUll UX pasneina. [Ipu XomomHoOW NpoKaTKe HapyllaeTcs PeryJspHOCTh
HUCXOIHOM CTPYKTYpPBI 3BTEKTHUK. BciencrBue pasnuuus IUIACTUYHOCTH CTAIBHOM
MATpPULBl U BKJIKOYECHUN 3BTEKTUK IPOUCXOIUT PACCIOCHHUE BJOJb ITOBEPXHOCTHU
pasznena ¢ matpuiei (puc. 2, r). Yacto Habmromaercs pasaeneHue a3 IBTEKTHUKH
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10 TPaHMIIAM UX pa3fena Kak CIEJCTBUE PA3IMYHOM IJIACTUYHOCTU (puc. 2, n). B
XOJOJIHOKaTaHOM CTalld C YBEIMYEHUEM CTeleHW Jedopmanuu yBeJIWYUBaETCA
JUCIIEPCHOCTD BKJIIOUEHHM «OBTEKTUKM) B PE3YIBTATE UX XPYIKOTO pa3pylIEHUSI.

BoiBoabl. M3yueHo noBegeHue rerepodazHbiX BKIIOUYEHUN «IBTEKTUKU» B
npouecce ropsiued U XoJoIHON AedopManuu Ipu oOpaboTKe cTajnel JaBICHHUEM.
[TokazaHo B3aMMHOE BIMsSIHME (a3 BKIIOUEHMH HAa MX COBMECTHYIO Je(hOpMalHIO.
Hcnonp30BaHWE TMONYYEHHBIX PE3YJNBTATOB IO3BOJUT CYIIECTBEHHO ITOBBICUTH
TEXHOJIOTUYECKYIO IUIACTUYHOCTh CTalei, a Takke MNpeaylnpeauTb 00pa3oBaHHUE
pa3IM4YHOro poja AePEKTOB MpU 00pabOTKE CTAIECH 1aBICHUEM.
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BOTAHIYHA MMAM'SITKA IPUPOJU «JTICOBUIA JTEH/IPAPIii»
(ICTOPISI ®OPMYBAHHSI, TAKCOHOMIYHUIA CKJIA )

loy., kano.c.-e. H. Hayk, ooyenm A.A. /[3uba
Hauyionanvnuii ynisepcumem oiopecypcie i npupoooxopucmyeanus Ykpainu,
M. Kuie, Ykpaina

30epexeHHst (ITOPI3SHOMAHITTS, a caMe TeHO(QOHAY POCIMHHOIO CBITY B
YMOBax 3pOCTal0u0ro aHTPOIIYHOTO HaBaHTaKEHHsI HUHI € akTyainbHuM ([lonmoBuuy,
CaBocbkina, Illlepcriox, Muxainosuu & [I3uba, 2017). 3 metoro 30epexeHHs
GITOpI3HOMAHITTS, a came JEeHIPOPIZHOMAHITTS MPOBOJATH IHBEHTapi3alilo Ha
3aMOBIIHUX TEPUTOPISAX cepell SKUX — MaMm ATk npuponau. [lam’sTku mpupoau
BIJIIFPAIOTh POJIb CTAIMX CUMBOIIB SIKi (POPMYIOTh Y CBIAOMOCTI JIFOAMHHU LUTICHI
oOpasu pigHoi mpuponu ta Janamadty (Mantok & Mantok, 2012). 3a ocraHHE
JecATUpIuYsl OyJIO MPOBEJAEHO IHBEHTapHU3aIlilo JIEeHIPOCco30(hI0pu Ha MPHUPOIHO-
3anoBigHUX Teputopisx Jlicococreny, Creny, [lomicca (Crenanenko & IlomoBuy,
2015, Brnacenko & Ilomosuu, 2015, [llepctiok & IlomoBuu, 2018, CaBocbkiHa &
ITortoBuy, 2018).

JlicoBuit nennpapiii crBopeHo B ypouuill baszapuuna bBop3HsHCbKOTO
micaunrTia (kBaprain 88, Buaul 29, keaptan 90, Buain 33) (UepHiriBchbka 001acTh) y
1949 poui na miomi 1,5 ra. Ha #ioro tepuropii Oyno BucamkeHo O0au3bko 150
BU/IIB JIGPEBHUX POCIHMH 3 METOI BHUBYEHHS POCTY Ta PO3BUTKY 1HTPOJYKOBAHHX
BUJIIB JIPEBHUX POCIMH B TIPYHTOBO-KIIMATHYHHUX YMOBax YepHIrIBIIMHU Ta
MOJANBIIOT0 BIOPOBAIKEHHA Yy JICOBI HacaJkeHHsAX YepHIriBcbkoi o006JacTi.
Henpapapiit 0yB Takoxx 0a3010 st NPOBEJAEHHS €KCKYpPCii ISl IIKOISAPiB, 30UpaHHs
repOapito 3 HaBYaJIbHOIO MeTO10. 3 1972 p. BiINOBIAHO A0 pilieHHS YepHIriBChKOTro
obnBukoHkoMy Bif 10.06.1972 poky Ne 303, i3 3mMiHaM#, BHECEHUMHU 3TiJTHO 13
pimienHsiM YepHiriBcbkoro oOJIBUKOHKOMY Bin 27.12.1984 poky, Ne 454 Ta Bix
28.08.1989 poky Ne 164 «JlicoBuit neHapapiii» Mae cTaTyc OOTaHIYHOI Mam’SITKH
npupoau (BIIII) micueBoro 3nauenns ([lacnopt, 1972, Oxopounne, 1996).

Y 90-x pokax XX cTomiTTs aupektop bBop3HSHCBKOrO AepKiIicrocmy
Craxopcbkuit JI.O. mpuaiisie 3HayHy yBary BUIPOOOBYBAHHIO IHTPOIYIIEHTIB Ha
TEPUTOPIi JIICOBOTO JIEHIPAPII0, 3 METOIO BUKOPUCTAHHS MEPCIEKTUBHUX JEPEBHUX
POCIIMH y JIICOBOMY TOCIIOJIAapCTBI Ta B O3€JIeHEHHI. bylno cTBOpeHO KoJeKIiiHy
OUISHKY (pucyHOK 1), A€ BUCaIKEHO TaKl PIAKICHI JEPEeBHI BUIU POCIUH SIK:
Liriodendron tulipifera L. (pucyHok 2), Betula nigra L. (pucynok 3), Catalpa
bignonioides Walter., Abies alba Mill., Pseudotsuga menziesii (Mirb.) Franco.,
Gymnocladus dioicus (L.) K.Koch. Ta 1am11. CtaH S5KMX HUH1 — JOOpHIA.

[Ipotsarom 2010-2011 pp. Ha teputopii BIIII JlicoBuit nenapapiii mpoBenreHO
PEKOHCTPYKIII0 HacagxkeHb. Y 2011 pomi — BCTAaHOBJIEHO Majl apXITEKTYpHI
dbopmu Ta po3po0IIEHO MapIIPYT HABYAJIbHO-I3HABAIBHOI €KOJIOTTUHOT CTEXKKH.
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Pucynok 1 — Konekuiitna ninsinka BIIII «JlicoBuii nenapapiin»

Pucynoxk 2 — Liriodendron tulipifera L Pucynok 3 — Betula nigra L

Cranom Ha 2020 pix Ha tepurtopii BIIII JlicoBuit menmpapiit 3poctae 77
BUJIIB JIEPEBHUX POCIHH (PUCYHOK 4), 3 SKUX 68 BHIIB HajiexaTh 10 UepBoHOTO
Cnucky Mixnaponnoro Corosy Oxoponu Ilpupoau (UC MCOII, IUCN Red List).
Ha Teputopii € Takoxx Tpu riOpuau Ta pi3HOBUIU: Spiraea * vanhouttei (Briot)
Zabel., Salix babylonica var. matsudana (Koidz.) H.Ohashi &  Yonek.,
Populus nigra var. italica Miinchh.

Cepen pocmipkeHux BUmiB Aesculus hippocastanum L., Gymnocladus
dioicus (L.) K.Koch. nanexars no xkarteropii BpazmuBux (VU). Buam, mro
3HAXOATHCS I 3arpo30i0 3HUKHEHHS — Abies koreana E.H.Wilson., Juglans
cinerea L. matoth kateropito EN. Tpu Buau, mo OJmM3bK1 10 3arpo3JMBOro CTaHy i
Taki, 110 MOXYTh OYyTH BIiJHECEHI a0 Karteropii BpaziauBux (kateropis NT)
npeactasineni Chamaecyparis lawsoniana (A.Murray bis) Parl., Abies holophylla
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Maxim., Fraxinus excelsior L. Y BIIII JlicoBuii nenapapiii mepeBa>katoTh BUAHN 3
Kateropiero Hu3bkoro pusuky (LC) (pucyHok 4).

Number of plants
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Pucynok 4 — Kinbkictb pocann 3anecennx 10 YC MCOII (2020 p.) Ta
3arajibHa KiJIbKICTh POCJMH cTaHoM Ha 1949 p. i 2020 p.

Takconomiuynuit ckian  BIIIl JlicoBuii nenapapiii [OCUTH pPI3HOMAHITHHIA,
npeacraBieHui 23 poaunamu, 45 pogamu, 77 BUAAMU JEPEBHUX POCIIHH, NEPEBAKAIOTh
JUCTSAHI BUAM JAepeBHUX pociuH — 81,9 % (tabnuus 1). Haitbinemoro mnommupeHHs
HaOynmu pomuuu cepen xBoitnux — Pinaceae Lindl. (11,3 % ponis, 14,3 % Bumuin),
cepen MCTSIHUX — Rosaceae Juss. (15,7 % ponis, 13,0 % Buni) ta Betulaceae S.F.
Gray. (9,0 % ponis, 10,4% BuniB).

Tabamus 1 — Takconomiunmii ckiian gepesHux pociiud BIIII JlicoBuii nenapapii

Pig Bun
Pomura KIJIBKICTD % KIJIBKICTD %
1 2 3 4 5

Cupresaceae Rich. Ex Bartl 3 0,8 4 5,2
Pinaceae Lindl. 5 11,3 11 14,3
Fabaceae Lindl 2 4.4 2 2,6
Fagaceae A.B.R. 2 4,4 3 3,9
Juglandaceae A.Rich. ex Kunt. 1 2,2 4 5,2
Betulaceae S.F. Gray 4 9,0 8 10,4
Oleaceae Lindl. 1 2,2 2 2,6
Celastraceae Lindl. 1 2,2 1 1,3
Adoxaceae E.Mey. 2 4,4 2 2,6
Hydrangeaceae Dumort. 1 2,2 1 1,3
Cercidiphyllaceae Engl. 1 2,2 1 1,3
Rosaceae Juss. 7 15,7 10 13,0
Ulmaceae Mirb 1 2,2 3 3.9
Moraceae Lindl. 1 2,2 1 1,3
Salicaceae Mirb. 2 4.4 5 0,5
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IIponos:xennsi Tadaumi 1.

1 2 3 4 5
Sapindaceae Juss. 2 4.4 7 9,0
Anacardiaceae Lindl 1 2,2 1 1,3
Rutaceae Juss. 2 4.4 2 2,6
Malvaceae Juss. 2 4.4 5 0,5
Platanaceae Lindl 1 2,2 1 1,3
Vitaceae Lindl 1 2,2 1 1,3
Magnoliaceae Juss. 1 2,2 1 1,3
Bignoniaceae Juss. 1 2,2 1 1,3
Pazom 45 100 77 100

Bucnoeku

1. BIIII «JlicoBuii aenapapiit» € MIHHUM OCEPEAKOM PIAKICHOI aeHapodiopu
Ha CxigHomy Ilomicci. Huni na teputopii BIIII «JlicoBuii nenapapiii»
3poctae 77 BUIIB, TpU TIOpUIW Ta PI3HOBUAM JEPEBHUX POCIUH, 68 BUAIB
nepeBHUX pociinH Hanexatsh 10 YCMCOIL.

2. Jlenapapiii 6yn0 CTBOPEHO 3 METOIO BUBYEHHS POCTY Ta PO3BUTKY LIIHHUX
JEPEBHUX POCIMH JJIs JIICOBOIO Ta CaJ0BO-NIAPKOBOrO TOCHOJApPCTBA 3
METOI0 MOJIAIBIIOr0 BIPOBAIXKEHHS Y JIICOB1 HACAJKEHHS 1 03€JICHEHHS.
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AJITOPUTM MNEPEBIPKU AKTYAJIBHOCTI TA PIBHSI TAPMOHI3AIIT
HAIIIOHAJIbHUX CTAHJAPTIB SIK IHIUKATOP PO3BUTKY
CUCTEMU CTAHJAPTU3ALII YKPATHA

Joxm. mexn. nayk A.M. [lonxcancokuti, kand. mexn. nayk O.C. Maxkcakosa
Hauyionanvna memanypeiina akademia Ykpainu, /[ninpo, Ykpaina

HamionanbHa crangaptuzaunis YKpaiHu Oepe CBiif MOYATOK 3 MOMEHTY
OTPUMAHHS HE3AJIEKHOCTI HAIIoOK KpaiHoto. Taka [JisSUIBHICTE 3yMOBHIJIA
3aMpoOBa/KCHHS HAIllOHAIBHUX (Ha TOW 4dac — nepkaBHux) cranmaptie JICTVY 3
OrJISiAy HA HAsBHICTH B ICHYIOYIM 0a31 HopMatuBHUX HoKymeHTIB (HJI) Oinbiie
120000 noxymentiB 6yBioro CPCP (I'OCT, I'CTY, TV Tomo) [1].

Ha mouatky 2000-Xx pokiB, CHpPSMOBYIOUM CBOIO 30BHIIIHIO TMOJITHKY Ha
30JMKEHHS 3 TPOBIIHOIO CBITOBOIO CMUIBHOTOIO Ta MparHeHHs yBiiTH 10 CBITOBOI
opranizauii topriBii (COT), nama kpaiHa posmnoyana po30yAOBYBATH BIIACHY
CUCTEMY CTaHAapTuU3alli NpUUHATTSIM MDbKHapoAaHuX ctanaaptiB [SO B sKocTi
HalllIOHATbHUX.

3a geskuMHu chepaMyd E€KOHOMIYHOI MISJIBHOCTI PIBEHb TaKOl MPaKTUKH
nocsaruyB 80%.

[Tounnaroun 3 2012 p., y Mexax MIATOTOBKU MIANUCAaHHS YKpaiHOWO Yroau
npo acouianito 3 kpainamu €C, OyB y34THil Kypc 1 AOTENep BUAUIAETHCS IepKaBHE
(biHaHCYBaHHS JMILE HA 3alPOBAXKEHHSI TUX CTAHAAPTIB, K1 MIANATAIOTh i A0
€Bponeiicbkux JIMpekTUB Ta BIAMOBIIHUX TEXHIYHUX pErIaMeHTIB YKpaiHu
(HampuKiIaa, MO0 €JEKTPOMArHiTHOI CYMICHOCTI BHUpPOOIB, E€HEPreTUYHOTO
MapKyBaHHs, IrPaIlIoOK Ta iH.).

VY 3B’43Ky 3 HEOOXIIHICTIO TEPMIHOBOTO NPUUHATTI Ta JAePiUTOM
(biHAHCOBUX pecypciB, OUIBIIICTh TAKMX HOPMATMBHHMX JOKYMEHTIB IMpHUAMaiach
«METOJIOM TIiATBEp/KEHHs» (MOBO0 opwuriHany) sik crtanpapta JCTY ISO, mo
YTPYAHIOBAJIO X BUKOPUCTAHHS B YKpaiHi.

KpiMm Toro, HegoctatHe (iHAHCYBaHHS MJIA aKTyallizalii BKe MPUIHHATUX
JNCTY ISO crnpuuvHWIO BTpATy JAESIKHUMH 3 HUX CBO€i aKTyaJIbHOCT1 y 3B’SI3KY 3
BUJIAaHHSIM HOBUX PEAaKIlii BIIMOBIIHUX MI>KHAPOIHUX CTaHIAPTIB.

Opniero 3 OCHOBHHX 3aJ1ay TeXHIYHUX KOMITETIB CTaHAapTU3alil YKpaiHu €
nepeBipKa Ta MOCTIHHE OHOBIIEHHS 1H(QOpMaIii HI0/I0 AKTyaJIbHOCTI HAI[IOHAIBHUX
CTaHJApTIB 3a cdepaMu OISUTBHOCTI, 0 3aTpeOyBajio PO3pOOKH CHeIlaIbHUX
MAXO/I1B.

Po3poOnena Ta BUKOpUCTaHA aBTOpPAMU METOJMKA MEPEBIPKH aKTYaJIbHOCTI
CTaHJApTIB Ta, BIAMOBIIHO, PIBHS rapMOHI3allli Ta NEPCIEKTUB PO3BUTKY CUCTEMU
CTaHAapTu3allii YKpaiHu, sika MOoJIIrae y HaCTyITHOMY:

— BHU3HAYCHHsI KOJIB CTAHAAPTIB 3TiIHO 3 YKpaiHChKUM KiacudikaTopom
HopMatuBHOi fokymeHnTali (YKH/), 3a skumMu npoBOAUTHCS NEpEBIpKa;

— BHM3HAUCHHS TEXHIYHUX KOMITETIB CTaHAapTu3aiii (Ha MDKHApOIHOMY
piBai — ISO/TC [2], y cknaai €Bponericbkoro komitety cranaaptuzaiii — CEN/TC
[3], B Ykpaini — TK [4] 31 cBoiMu HOMepamu), 10 chepu IISUIBHOCTI IKUX BXOJATh
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BIJIMOBI/IH1 CTaHJAPTH;

— OTPUMAaHHS JAaHUX IIOAO0 MPUHUHATTA MIKHAPOJHUX CTaHAAPTIB YKpPaiHOIO
Ta €BpONEHCHKOI0 CMUIBHOTOIO (3 000B’A3KOBOIO BKAa3IBKOIO METOAA MPUUHATTA,
CTYIEHS BIAMOBIIHOCTI, aKTyaJIbHOCT1);

— y pa3i OTpUMaHHA CYNEpPEeWIMBUX JAAHUX IIOAO0 MPUUHATTS MIDKHAPOIHUX
CTaHJApPTIB, OKPEMO TMPOBOAMTHCS aHAMI3 NPUUHATTI  YKpaiHOO  CYTO
eBporneiicbkux cranaaptiB (EN) B aK0oCT1 HalllOHATBHUX;

— aHaji3 OTPUMAHUX JAaHUX Ta BU3HAYEHHS LUISXIB PO3BUTKY CcQepH, 110
PO3TJISIHYTA.

B saxocTi npukiany 3a IpeicTaBlI€HUM aJTOPUTMOM i pO3IIIIHYTO KUTbKa
pi3HOpiAHKUX cep: 3 AKOCTI MOBITPS; MO0 3ac00IB 1HAMBIAYATBHOTO 3aXUCTY; HA
HIKeJb Ta HOro CIIaBH.

Cranmapram 3 OIIIHKH SIKOCT1 MOBITPs BiAnoBinaroTh koau Y KH/:

07.060 — I'eonoris. Metreopodorig. ['iaponoris; 13.040.01— SxicTh nmoBiTps B
uimomy; 13.040.20 — Atmocdepa gokiuis; 13.040.30 — HaBkosuiiiHe cepeioBHILE
pobouoro wmicus; 13.040.40 — Bukunu cramionapuux jokepen;13.040.99 — Iumni
CTaH/JAPTH, 1110 CTOCYIOThCS SIKOCT1 TOBITPSL.

Ile cdepa mismpbHOCTI Takux TexHIYHUX KoMmiteTiB: ISO/TC 146 «SkicTh
noBiTps»; CEN/TC 264 «Skicts noBitps»; TK 82 «Oxopona JOBKULISA». 3araioM,
ISO/TC 146 npuitnss 163 crangaptu, e 42 3HaXOIATbCS B CTaiii pO3pOOKH.

AHari3 BiIMOBIIHUX JIaHUX BUSBHUB HACTyIHE (puc. 1):

— 3a kojoM 07.060 €Bponelcbkuil KOMITET cTaHAapTHU3alii Ta YKpaiHa He
MIPUAHSAIN )KOAHUN MidkHapoauuid H/;

— 3a xkoaoM 13.040.01€Bponelicbkuii KOMITET CTaHAapTU3alii NpUUHAB 6
mikHapoauux HJI (37,5 %), Ykpaina — 9 HJL (56 %);

— 3a kogoMm 13.040.20 €Bpornelcbkuii KOMITET CTaHAAapTU3allil NpuiHAB 14
mikHapoauux HJ[ (21 %), Ykpaina — 9 HJI (13 %), 3 wux 2 HJI npuitHsaTi
«METOJIOM MiJITBEPKCHHS»;

— 3a xkoznoM 13.040.30 €Bponelicbkuii KOMITET CTaHAapTU3alli NPUIHAB 5
mikHapoguux HJ[ (12 %), Vkpaima — 1 HI (2 %), npuitHatuii «MeToA0oM
M TBEPKEHHSI»;

— 3a xkonoM 13.040.40 €Bponelicbkuii KOMITET CTaHAApTU3alli MPUIHAB &
mikHapoguux HJI (25 %), Ykpaina — 5 HJ{ (15,6 %), 3 skux 3 HJI (60 %)
NPUIHATI «KMETOJIOM MIATBEPIKEHHS».

3aramoMm, 3 KUIBKOCTI MDKHAapOJHHUX CTaHAApPTIB 3 SKOCTI MOBITPS,
€BpoNEeHCHKUM KOMITETOM cTaHiapTtuszauii npuiinato 0musbko 20% HJI, piBeHb
rapMoHizailii cTaHaapriB B YkpaiHi — O6mmu3pko 15% (3 Hux — 25% mnpuitHsaTo
«METOJIOM IITBEPIKCHHS» ).

CranpgapTtuzaiis 3aco0iB 1HIUBIIYaJIbHOIO 3aXHUCTYy MO3HAYAETHCS KOJAMU
YKH/:

13.340.10 — 3axucHuii onxsr (OXOIUTIOE TaKOX BOTHETPUBKUU OJISIT);
13.340.20 — 3axmcHi 3aco0u I TOJIOBH (OXOIUIIOE TaKOXK IIMOJOMHM, 3aXHCHI
3acobu JIJIs oYeil, 3aXMCHI 3aco0M ISl ByX, OpPraHiB CIyXy, HaBYIIHUKH, 3aXUCHI
3acobu nyist 3y0iB); 13.340.30 — Pecnipatopni 3axucHi 3acoou; 13.340.40 — 3axucHi

57



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

3aco0u g pyK (OXOIUIIOE TaKOXK 3aXMCHI Malb4YaTKH, PYKaBH Ta PYKaBUIll);
13.340.50 — 3axucHi 3aco0m g HIr (OXOIUIIOE TaKOXX 3aXHCHI Y000TH Ta
yepeBuku); 13.340.60 — 3axucHi 3aco0M MPOTH TAIIHHSI Ta KOB3aHHS (OXOILTIOE
TAKOX 3aXHWCHI MOTY3KH, CTpaxyBaJlbHI TacW Ta JIMHBH TPOTH TMAJiHHSA Ta

KOB3aHH).
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Pucynok 1 — Y3arajgpHeHuii cTaH NPpUHATTA MizKHApoAHUX cTanaapTis ISO 3
SIKOCTI MOBIiTPS

Ile chepa misuibHOCTI Takux TexHiuHMX KomiTeTiB: ISO/TC 94 «Ocobucta
Oe3rneka — 3aco0u IHAMBIAYAIBHOTO 3aXUCTY», IKUM NPUAHATO 168 HOpMATUBHUX
nokymenTiB; CEN/TC 161«3axuct Hir i crom», CEN/TC 85 «3acobu 3axucry
oueit», CEN/TC 160 «3axuct BiJ majiHHSI 3 BUCOTH, BKIIOYAIOUN pOOOYl PEMEHI»,
CEN/TC 79 «3acobu 3axucty opranip auxanas» ta CEN/TC 162 «3axucuuii omsr,
BKJIIOYAIOYH 3aXUCT PYK Ta MEpeIuiiy, Ta paTyBaibHl xuiaeT»; TK 135 «be3neka
MIPOMHUCIIOBOT MPOAYKIIi Ta 3aCO0M 1HIAUBIAYaTBbHOTO 3aXUCTY MPAILIOIOUUX.

AHai3 1aHuX BUSBUB HacTyIHe (puc. 2):

— 3a kogoMm 13.340.10 €Bpornelicbkuii KOMITET CTaHAapTU3allii npuiHaB 34
mikHapoauux HJI (49,3%), Ykpaina — 35 HJL (50,7 %), 3 sxkux 26 HJL (74,3 %)
maroTh iHaekc JICTY EN ISO;

— 3a kogoMm 13.340.20 €Bpornelicbkuii KOMITET cTaHAapTU3allli npuiHsis 12
mibxHapoguux HJL (50 %), Ykpaina — 3 HJL (12 %), Bci Bonu matoth iHAeke JJCTY
EN ISO;

— 3a xkonoM 13.340.30 €Bponelicbkuii KOMITET cTaHAapTU3alii NpuiiHsiB 1
mibxHapoauuit HII (3 %), Ykpaina He npuiiHsiia sxoaHuit MmibkHapoaauit HJJ;

— 3a xkonoM 13.340.40 €Bponelicbkuii KOMITET CTaHAapTHU3allli NPUHHSAB 6
MikHapoauux HJI (46 %), Ykpaina — 5 HJI (38,5 %), 3 axux 4 HJI (80 %) maioTh
mgexc JICTY EN ISO;

— 3a kogoMm 13.340.50 €Bponelicbkuii KOMITET cTaHAapTu3alii npuitHsas 10
MikHapoauux HJI (62,5 %), Ykpaina — 11 HJ (68,8 %), 3 sxux 9 HI (82 %)
maroth iHaekc JICTY EN ISO;

—3a kogoM 13.340.60 €BponeicbKuil KOMITET CTaHAapTU3aIlll Ta YKpaiHa He
NPUNHSIIM KOaHUN MbkHapoaHuit H/I.
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Kon YKH/],
PucyHnok 2 — Y3arajbHeHuil cTaH NPUIHATTH MIKHAPOAHUX cTanaapTis ISO
HA 32C00HM IHAUBITYAJbHOI0 3aXHUCTY

3arasioM €BponedCchKUM KOMITETOM CTaHJIapTH3allli 3a BKa3aHOK cheporo
npuitasaTo 37,5 % miknapoauux H/I; piBens rapmoHizanii ctTaHAapTiB B YKpaiHi —
32,2% HJ, 3 vux 77,8 % crangaptiB MatoTh iHAeke JCTY EN ISO. OnnouacHo
BcTaHoByeHo, mo 31 ctangaptiB JCTY ISO — 16,7% noTpeOyroTh meperisiay y
3B’s13Ky 3 BuXoja0M HoBuX pepakuiit ISO; 31 crangaprie JJCTY EN ISO — 28,5%
OPUMHATO «METOJAOM MmiATBep/KeHHs». [Ipn 1mbOMy po30ir piBHS NPUHHATTA
MDKHApPOJHUX CTaHAAPTIB YKpaiHOIO Ta €BPONEHChKUM KOMITETOM CTaHJapTH3aLlii
ckianae Bix 3% 1o 70% 3a pi3HUMU KOJIaMHU.

Taka HeonHO3HauHAa KapTHUHA NPUUHATTS MIKHAPOJHUX CTAHIAPTIB Ha
3aco0M 1HAUBIAYAJIBHOTO 3aXUCTy Ta YWHHUKA TexHiyHuUM permameHt [5],
BUKOHAHHSI BUMOT SIKOTO € IPIOPUTETHUM 3aBJAaHHSIM ISl YKpaiHHU, CIOHYKaJIH A0
aHai3y CTaHy IPUUHSATTS €BPONEUCHKUX CTaHAPTIB 32 BKA3aHOIO ceporo.

OTpumaHi AaHi CBiIYaTh MPO Te, IO 3arajioM E€BPONEUCHKUM KOMITETOM
cTaHaaprtuzauii npuiHaATo 189 BIANOBIAHMX HOPMATHBHUX JTOKYMEHTIB (OKpIM
rapMOHI30BAHUX 3 MDKHApPOJHUMHU CTaHJapTaMu). YKpaiHOIO 3 HUX NPUUHATO B
SIKOCT1 HalllOHAJIbHUX 166 ctanmaptu (Maitxe 88%), mpuuomy 3a kogamu 13.340.30
ta 13.340.50 piBenp npuiHATTS craHoBUTH 100%. Cnig 3a3HauuTH, M0 BEIUKA
KUIBKICTh 3 TOPUUHATUX  €BPONEHCHKUX CTaHAApTIB MNPUMHITO METOAO0M
«miaTBepmkeHus» — 74 HJ (44,6%), a 23 HJ (13,8%) noTpeOyroTh niepersigy y
3B’SI3KYy 3 BUXOJIOM HOBO1 penakiiii cranaaptiB EN.

CraHgapTH Ha HIKEJIb Ta HOTO CIJIaBU MO3HAYAIOTHCS KOJIAMHU:

77.100 — ®epocmiau; 77.120.40 — Hikenb, XpoM Ta iX CIUIaBY;
77.150.40 — [Ipoaykiris 3 HIKEJIIO Ta XPOMY.

VYV Mexax MDKHapOAHOI CHCTeMM CTaHjapTu3auii QyHKIioOHye TexHIYHMi
komiteT ISO/TC 155 «Hikenb Ta HikeNneBl CIUIaBW», Yy CKiIajai €BpOINEHCHKOTo
koMitery ctanaaptuzaiii — i€ CEN/SS M 14 «Hikenby, Ha HallilOHaTbHOMY PIBHI —
TK 11 «KonbopoBi meranu 1 cminaBu». 3aragom ISO/TC 155 npuitasto 30
CTaHJapTIB.

3a i€ cdeporo IiUIBHOCTI €BPOMEHCHKUM KOMITETOM CTaHIapTU3allii
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npuitHsaTo 8 wmbkHapoguux HJI (26,7%), mpu usomy 5 3 Hux (62,5%) —
MO (IKOBaHI M0 BIJHOIICHHIO /10 BIAMOBIIHUX MDKHAPOAHUX CTaHJAPTIB (puc. 3).
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Kon YKH/]
Pucynok 3 — Y3arajpHeHuil cTaH NPUIHATTS MIKHAPOAHMX CTAHAAPTIB HA
HIKeJIb Ta HOr0 CIVIABH

Crning 3ayBaKuTH, 110 €BpONEHCHKUNM KOMITET CTaHJAapTH3allli B3araii 3a
i€ cheporo AIIIBHOCTI HE Ma€e BJIAaCHUX PoO3po0O0K, a Bci ctaHmaptd EN Ha
HIKeJIb Ta WOro CIUIaBU — 1€ aHAJOTIYHI MDKHApOJHI JOKYMEHTH, MPUUHATI 3
pizauM crynenem BianosigHocTi (IDT, MOD, NEQ).

[Ilo cTocyetrhcst YKpaiHu, BUSABUIIACH Bpakaroya CUTYaIlisd: 3a 1i€r cheporo
y Hamiid KpaiHi 3 PO3BHUHYTOK METaNypriiHOI0 MPOMHUCIOBICTIO Ta MacOBUM
BUTOTOBJICHHSIM BHUPOOIB 3 JIETOBAHMX CTaJed B SAKOCTI HAI[lOHAJIBHUX HE
NPUMHATUHN KOAEH MDKHAPOAHHWM CTaHAapT, a MiNPUEMCTBA 0 HASBHOTO Yacy
kopuctytoThcsi ['OCT abo TV (abo moHaiiduUIbiIe — HAIIOHATLHUMH TEXHIYHUMHU
ymoBamu TY V).

Bucnoexku

TakuM 4MHOM, BUKOPUCTAHHS MPEICTaBICHUX MIJIXO0/IB I03BOJISIE BUSBISATU
NEPCHEeKTUBHI IUISAXU JUIsi po30yJO0BM HALlIOHAIBHOI CUCTEMH CTaHAapTHU3alli Ta
e(EeKTUBHOrO MOAANBIIOr0 (YHKIIIOHYBaHHsS YKpaiHW B OpraHi3ailisix CBITOBOI Ta
€BPOMEHCHKOT CIIUTLHOTH.

Iocunanna

1. Jomxauncekuit A.M. Cucremu MeHeKMEHTY sKocTi/ A. JlomKaHCHKUH,
H. Mocsnas, 1. Jlomos, O. Maxkcakona. — JIninpo: «Cimiep A.JL», 2017. — 563 c.

2. Od¢iumiiiHuil callT MDKHApPOAHOT opraHizaumli cranaaprtuzaiii. [EnexTponHui
pecypc]. — Pexxum nocryny: http://www.iso.org.

3. Odiuilinuit cailt €Bponeiicbkoro KOMITETy cTaHaaptuzaiii. [EnekTpoHHUM
pecypc]. — Pexxum noctyny: http://www.cen.eu.

4.  Odimiinuil  callT HAIIOHAIBHOIO OpraHy cTraHiapTu3alli  YKpaiHu.
[Enextponnuii pecypc]. — Pexxum noctymy: http://uas.org/ua.

5. Peectp TexHiuHux periameHTiB. [Enexktponnmii pecypc]. — Pexxum nocrtymy:
http://csm.kiev.ua/index.php?option=com_content&view=article&id=111&Itemi
d=66&lang=ru.
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DEVELOPMENT OF AN INNOVATIVE IDEA FOR A NEW PRODUCT -
SEMI-FINISHED RESTRUCTURED FROZEN MEAT PRODUCTS

Assoc. Prof., Cand. Tech. Sc. O.B. Dromenko, Prof., Doc. Tech. Sc. M.O. Yancheva,
Assoc. Prof., Cand. Tech. Sc. V.A. Bolshakova,

Assoc. Prof., Cand. Tech. Sc. V.M. Onishchenko, Postgraduate A.T. Inzhiyants

Kharkiv State University of Food Technology and Trade, Kharkiv, Ukraine

As a result of improving the nutrition structure for the population in the food
market of Ukraine, there is a pronounced trend of increasing demand for new
products [1]. In addition, solving the issues of rational use of raw meat, creation of
resource-saving technologies, development of mass consumption products and
expansion of its range is an important national task.

Global trends in the food industry development demonstrate that meat
products, including frozen ones, are presented in a wide range and are in stable
demand in the food market of Ukraine. Expansion of the trade network and
restaurant enterprises, due to the ease of use and reduction of labor intensity of
technological processes, is an additional factor in the formation of demand for
semi-finished meat products within the business processes "Business to Consumer"
(B2C) and "Business to Business", in particular in the segment of HoReCa (as a
necessity to improve functional efficiency) [2].

Scientific and practical interest in the problem of structure formation in food
systems is rather high. The world is conducting research in this area, resulting in
the development of the structured food market. One of the promising areas of meat
production, which has certain advantages over traditional ones, is the creation of
restructured products’ technologies, the advantage of which is the ability to
reproduce the structure of whole raw materials, organoleptic properties of which
are close to whole muscle meat products. The process of restructuring is the
combination of separate pieces of meat of relatively small size (often
depersonalized) into one monolithic, which when cut into slices will have a
uniform shape and size [3].

The application of restructuring in the production of meat semi-finished
products allows to regulate organoleptic and structural-mechanical properties of
products, to involve in the production of low-grade raw materials with low
functional and technological properties, to expand the range, increase the yield and
profitability [4].

It is known that concentration and condition of muscle proteins, surface area
and condition, pressure, duration of contact, ambient temperature, ratio of muscle,
fat and connective tissue, moisture content, the presence of additives influence the
value of adhesive-cohesive interaction.

According to the generally accepted classification of adhesive interactions, meat
products are classified as elastic-viscous-plastic bodies, in which the amount of
adhesion depends mainly on the area of contact between the objects and characteristics
of the connections between them (chemical and electrical connections, capillary force,
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wedging pressure of a thin layer of liquid). The main component that ensures the
adhesive-cohesive interaction of pieces of meat is muscle proteins [5].

The use of intensive methods of processing raw materials during salination
(tendering, massaging, tumbling), causes partial destruction of cellular structures of
muscle fibers, promotes the release of exudate on the surface of a piece of raw
material. The intermolecular interaction of muscle proteins containing in the
exudate, makes it possible to increase the amount of adhesion and ensure the
"gluing" of small pieces of meat into a product possessing the texture of a
monolithic product while increasing the contact surface of the pieces.

The process of restructure can be carried out due to excessive pressure of
different levels, pressing pieces of meat regardless of their size into a compact mass
in a limited amount and, thus, destroying natural structure of meat thus releasing
exudate [6, 7].

In addition, it is possible to use other technological techniques aimed at
obtaining a monolithic product (using vacuum, low temperatures, ultrasound, etc.).

It is possible to use food ingredients and additives modifying the properties
of raw meat, in particular salts [8, 9], enzyme preparations [10, 11], binders (wheat
flour, wheat gluten, methylcellulose, egg albumin, finely ground raw materials after
heat treatment or protein fibers) [12, 13, 14].

However, the existing production technologies for restructured semi-finished
products require additional specialized equipment; do not solve all the existing problems
to the full. There is no comprehensive research concerning the creation of scientifically
substantiated resource-saving technologies for their production. Therefore, there is a
necessity to create new scientifically sound technological solutions.

It is determined that during the development of new products, it is necessary
to consider the following requirements:

— satisfaction of the needs of broad layers of population with the account
of their psycho-geographical, behavioral and other characteristics;

— creation of a wide range of meat products with high nutritional and
biological value;

— ensuring the stability of quality and safety indicators during the
regulatory period of storage;

— high consumer properties of products, their naturalness and safety;

— use of low-grade raw materials with low functional and technological
properties;

— use of traditional technological equipment that will ensure stability of
the technological process;

— introduction of organizational and technological principles of
production according to the assigned tasks.

The conducted analytical investigations became a precondition for
determining the innovative idea of a new product — semi-finished restructured
frozen meat products, the characteristics of which are presented in individual
indicators in Table. 1.
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Table 1 An innovative idea for a new product - semi-finished
restructured frozen meat products

Parameters Characteristics

Concept  of | Technological process of production is resource saving, and allows

the product involving in production low-grade raw materials with low functional
and technological properties. Semi-finished products differ in high
stability during storage (not less than 30 days), constant indicators of
quality and safety of finished goods are provided, have reasonable price
for consumers.

Organoleptic | Semi-finished products are characterized by a preset geometric shape

qualities and size, color - red of varying intensity, taste and smell - typical of
good quality meat, in the finished form - juicy

Assortment It is formed by giving semi-finished products certain shapes and sizes,
use of spices, condiments, breading

Users B2B (HoReCa, food outlets in educational institutions, industrial

segment enterprises, concentrated contingents, including the military), B2C
(broad sections of the population through wholesale and retail business)

Competitive | New consumer properties, increase of the competitiveness of finished

preferences products and profitability of meat industry enterprises, deepening of
intersectoral cooperation “meat industry — restaurants”, reducing the
duration of cooking, and complexity of the technological process
(especially relevant in the HoReCa segment with a reduced
technological cycle)

The received meat product through the restructuring process will increase the
profitability of meat products and expand their range by manufacturing products
identical to whole muscle pieces of meat and meat products.

According to the analytical review of information sources and innovative
design, it is predicted that the manufacture of new products can be achieved
through the combined use of complex additives and low temperatures, which will
form the required impermeability, affect the adhesion properties of muscle proteins.
If the behavior of these influences in the meat systems is predicted, the
restructuring process can be controlled, and the newly formed system will be
adjusted according to their influence on the formation of functional and
technological properties and the composition of individual elements.

According to the analysis of the transformations that occur in meat systems
during the restructuring, it is determined that food ingredients and mixtures
primarily meet technological requirements based on them, which modify adhesive-
cohesive properties of lump meat to create an integrated product, which can be cut
into slices followed by heat treatment. Therefore, the criteria for their selection
were developed, namely:

— influence on muscle tissue proteins (partial destruction of cellular
structures of muscle fibers, the presence of exudate or "gluing" layers on the
surface of the piece of raw material);
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— ease of use - insignificant duration of the preparatory stage, low
content regulations during their use due to the implementation of functional and
technological properties and synergistic effect, the possibility of homogeneous
distribution in the system using traditional equipment, neutral odor, taste and
color);

— economic indicators - low production cost, reduction of the
technological cycle and reduction of labor intensity of the technological process.

Based on the above, scientific and technological tasks that need to be solved,
are formulated:

— study of the course of physical, physicochemical, thermo-physical
processes during the process of restructuring;

— substantiation of the composition and technological parameters of
getting mixtures that affect the adhesion and cohesion processes of raw meat;

— determination of regularities concerning the change of functional-
technological, structural-mechanical, thermo-physical, microstructural
characteristics, state of moisture of meat systems with use of the developed mixes
and during freezing or thawing;

— substantiation of the parameters of the technological process of
obtaining the final (target) product - semi-finished restructured frozen meat;

— formation of the new product key technical and technological
characteristics;

— qualitative and quantitative assessment of innovations implemented in
a new product technology.
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HOJYYEHMUE I'A3APOB
13 AJTIOMUHHUEBBIX N3HOCOCTOUKHNX BPOH3

Acnupanm B.C. JKoanoe, npogh., ooxm. mexu. nayxk B.1O. Kapnos
Hayuonanvnan memanuypzuueckasn axaoemus YKpaunuvl
2. [uenp, Yxkpauna

Bce OGonee Bbicokue TpeOoBaHUS K OOOPYAOBaHUIO B MPOMBINIJIEHHOCTH
MPEAbIBISECT MOBBIIICHHbIE TPEOOBaHMUS KO MHOTUM y3iaM u Jeraism. K Takum
y3J7aM OTHOCSITCSA MOJIIUITHUKN CKOJIb)KECHUSI.

[IpeumyniecTBa NOAIINUITHUKOB CKOJIbKEHUS:

. MaJjble pagualibHble Ta0apUThI;
. CTOMKOCTD K yJapam, BUOpaLIUsM;
. MOBBIILIEHHAs pa00TOCIIOCOOHOCTH Ha OOJBIINX CKOPOCTSX;
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. BO3MOKHOCTh BBIJICP)KUBATh 3HAUUTEIILHBIC HATPY3KH;
. MIPOCTOTA U3TOTOBJICHUS;

. TOYHOCTh YCTAHOBKH BaJla;

. JUIsl HEKOTOpBIX Tap TpeHus (KampoJioH, 3enamuj, (TOpOIuiacT co

CTaJIbl0) BO3MOKHA paboTa 6e3 cMa3Ku;

[IpakTnueckn Bce TpeOOBaHHMS K ITHM IOAIIMITHUKAM JIOCTATOYHO TOYHO
COOJTIONAIOTCS W PETYJIUPYIOTCS, HO BOIMPOC O €Tr0 KAYSCTBECHHOW CMasKe s
CHIKCHHUS KO3(PQUIIMCHTa TPECHHS MPAKTHYCCKH BCETa OCTACTCS OTKPBITHIM.
[To3TOMYy WHTEHCHMBHBI OTBOJ TEIUIa OT JIOKAJIBHBIX 30H, KOTOPBIX MPOUCXOIUT
IPaHUYHOE WM TIOJYCYXO€ TPEHHE C BBIJCICHUEM TeIUIa, SBISCTCS OXHUM U3
OCHOBHBIX TpeOOBaHUIA IUTS paboThI MIOAIIUITHUKOB CKOJIBKEHUS.
MHOTOYHCIICHHBIE BHJIBI KOHCTPYKIIUKA BHYTPEHHEH TOBEPXHOCTH MOAIIUITHUKOB C
pPa3IUYHBIMUA TTOABOISIIMMHM KaHAaBKAMHU W TPOTOYKAMHU YIIYYIIAIOT Ka4eCTBO
CMa3Kd, HO BO3HHKHOBCHHE «CYXHX» 30H HE WCKJIIOYACTCs, OCOOCHHO IpHU
JUTMTEILHBIX CPOKaX SKCIUTyaTalli, CTYIIICHUH U 3arpsi3HeHnH Macia (puc. 1).

Puc. 1. Buag BHyTpeHHel NOBEPXHOCTH MOJIIMITHUKA CKOJIbKEHM I

OpnHYM U3 BapUaHTOB CHU3UTh BEPOSITHOCTh MX BO3HUKHOBEHHUS, & B HEKOTOPBIX
CllyyasiX M TOJIHOCTBIO HCKIIIOYUTH SIBJSIETCS HCHOJIb30BaHME HOBBIX TIOPUCTBIX
MatepuaioB — ra3apos [1, 2]. ['azapsl 00pa3yroTcsi B pe3ysibTaTe MPOXOKIACHHS 0CO00M
ra30’BTEKTUYECKON peakiuu. llepechlllieHHbII ra3oM paciiaB  MeTajula  Mpu
KpUCTAIUTM3AIMK PACTIaIaeTCcs Ha METaJUl U a3, KOTOPbI 00pa3zyeT yrnopsa0YeHHYIO
crpykrypy. Kak mpaBuno oOpasyrommecss mopbl HampaBieHbl BAOJb HAINpPaBICHUS
TernooTBoAa. [lOCKONbKY ra3 Jerko U3MEeHseT
CBOM 00BEM MOJ JEHCTBUEM MAABICHUS, TO 3THUM
MO>KHO TOJIb30BaThCsl Uil M3MEHEHHsI pa3MepoB
nop. Pazmep mop MOKHO U3MEHSTh OT HECKOJIbKUX
MUKpPOH JI0 CaHTUMeTpoB. Panee mmpoko
MIPOBEICHHBIE UCCIIeIOBAHUS MOKa3aIu
BO3MOXHOCTb ~ TMOJYYEHHUS 3TUX MaTepuasoB
MPAKTUYECKH W3 BCEX YHCTHIX IMPOMBIILICHHBIX
METaUIOB U psAga ux cmiaBoB [3, 4]. Ecmu
paccMaTpuBaTh ~ CTPYKTYpYy raszapa, KoTopas
NpPEACTaBIAeT CO0O0M MpaKTUYECKH CHUTO U3
MeTajljia, TO SICHO, YTO 30H, JIMIIIEHHBIX CMa3KH B
¢ mopamu JuamMeTpoM S0 MKM  moqmmmHEEKaX, CyIecTBOBATh He JOIDKHO (PHC. 2).
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B nacTosiiee BpeMs 1Uisi U3rOTOBJICHHUST OCHOBBI MOJUIMITHUKA CKOJIBKEHUS
HEOOXOIUMBI CIElUaIbHble HM3HOCOCTOMKHME CIJIaBbl — OpOH3BI ONpPENETCHHBIX
Mapok. 3a4acTylo 3TO CIUIaBbl, B KOTOPBIX, BO3MOXHO, HE OyneT (popMUpPOBATHCS
HeoOXonuMasl MOpHUCTasi CTPYKTypa - MpsSMble KaHajibl JOCTATOYHOM HJIUHBI U
nuametpa. B Hacrosiiee BpeMs, Kak MpaBUiIO, JJIS MOAIIMITHUKOB HCIIOJIb3YIOTCS
amomuHueBbie Oponssl THNa bpA7, BpAX 9-4 u nogoOubie M. [losTomy npexae
BCEr0 HEOOXOJAMMO BBISICHUTh BO3MOXHOCTH MOJYYEHUsI HEOOXOIUMON CTPYKTYpPHI
ra3apoB M3 3THX CIUIaBOB.

Jlisi mepBOHAYANIbHBIX HCClIeOBaHUN ObLT BbIOpaH criaB OpoH3bl BpA9,
KOTOpbIN coriacHo auarpammbl Cu-Al uMeeT mnpakTHueckd (UKCHPOBAHHYIO
TeMIlepaTypy IJIaBJICHUS.

OKCHEepUMEHThl ~ MOKa3ajdd  BO3MOXKHOCTb  IOJYyYEHHUS  HEO0OXOAUMOM
CTPYKTYpPBbI, HO OCTajach HEOOXOAMMOCTb OIpPEACIICHUS OCHOBHBIX MapaMeTpOB
npolecca JIsl yrpaBieHUsl TapaMeTpaMyu rOTOBOIO raszapa 3To: JUIMHA, JUAMETp U
dhopma mop.

OKCIepUMEHThl  TOKa3aju, 4YTO KOHHMYeckas ¢opma mop Oosee
MPEANOYTUTENIbHA JI1 U3TOTOBJIEHUS TOIIIUITHUKOB CKOJIBXEHHs. DTa opMa mop
oOpa3zyeTcsi pU OMpPENEIEHHOM paclpe/lesIeHUH YYacTKOB OXJIXKIEHUS paciijiaBa
(puc. 3).

JloGaBneHue OMOJHUTEIbHBIX KOMIIOHEHTOB CIUlaBa (3Kene30, MapraHel U
T.J.) YCIOXHSIOT €r0 JUarpaMMy COCTOSIHUSI U IPOTHO3UPOBATH MOBEJICHUE CIIJIaBa
B Mpouecce GOpMUPOBAHUS €T0 JIUTON MOPUCTON CTPYKTYPhI JOCTATOUHO CIIOXKHO.
IToaTOMy OCHOBHOM 3azayell HUCCIEAOBAHUS CTOUT BBIICHEHHE 3aKOHOMEPHOCTEM
(dbopMHpoBaHUE 3aIaHHON CTPYKTYPBI B OJJTHOM U3 U3HOCOCTOMKHUX CIIAaBOB OPOH3bI
BpAXK 9-4 xak namOosiee OJIM3KOrO MO XMMHYECKOMY COCTaBy K Oponze BpA9.
[IpoGHBIe SKCIEPUMEHTHI TOKA3aJIM BO3MOKHOCTB 3TOT0 Ipoiiecca (puc. 3).

Puc. 3. Cxema (popMHupoOBaHNsI KOHMYECKOM MOPHI B OTJIMBKEe 00pa3ua u3
oponssl BpAK 9-4:
1 — XOJIOAWIIBHUK, 2 U 3 — TIOJIOKEHUE CTEHKH MOIINITHUKA, 4 — BUJ PACTYIIEH KOHUYECKON
IIOPBI
Bui6oown
1. PaccMoTpeHBl KOHCTPYKIIMU M MPEUMYIIECTBA IKCIUTyaTalluu Hanbosee
MEPCIIEKTUBHBIX COBPEMEHHBIX MOAIIUITHUKOB CKOJIbKECHUS.
2. BbIsicHEHa TNpUHIMIIMATIBHAS BO3MOXKHOCTh TIOJIYyY€HHUsS Ta3apoB U3
n3HocoyctonunBoir OpoH3sl bpA9 u BbpAXK 9-4 ¢ OauskuMu K 3aJlaHHBIM
rnapamMeTpaM CTPYKTYPOU.
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3. BelsicHeHa He0OX0AUMOCTh (POPMHUPOBAHUS KOHUYECKOW (POPMBI MOp 15t
oOecreyeHus KaYeCTBEHHOM CMa3Kd B 30HE TPEHMsI, TOCKOJIbKY LIMJIMHIPUYECKUE
4yacTo He 00Jaal0T He0OX0IMMOM JJIMHON U TPOHUIIAEMOCTHIO.
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ONTUMI3ALlISA PEXKUMIB TEPMIYHOI OBPOBKHA
MAPTEHCHUTHO-CTAPIIOUOI CTAJIi H13K11M6B6THOC
3 BUKOPUCTAHHSIM JJAHUX PEHTTEHOI' PA®IYHUX JOCJIIKEHD

Cm. suxn. T.O. 3atiyesa
Hauyionanvna memanypeiiina akademia Yxkpainu, m. /[ninpo, Ykpaina

BinHocHO HOBUW Kkiac crajged 3 IHTEpPMETATIAHUM 3MIIHEHHSIM —
BHUCOKOMIIIHI MapTeHcuTHO-cTapitoul ctan (MCC) — 3100y1u MIUPOKY BIIOMICTb
TOJIOBHUM YMHOM 3aBJSKH YHIKaJbHOMY CIIOJIYYEHHIO MEXaHIUHHUX BJIACTHUBOCTEU
Ta TexHosioriunocti. OJIHaK, He3Bakaloyu Ha BCl nepesaru, Bukopuctanus MCC y
PI3HUX Tally3s1X MPOMUCIOBOCTI Ha CHOTOAHI JiMiToBaHO. OOYMOBJIEHO i€ THUM, 110
J0C1 HEJOCTaTHbO BHBYEHI NUTAHHS, MOB’SI3aHI 3 PO3POOKOI0 ONTHUMAJIBHOL
TEXHOJIOT1i MPOMMCIIOBOI BUIUIABKHM, KYBAaHHS, MPOKATKH Ta TEPMIUHOI OOpOOKH
[LOTO KJIacy cTajieil.

He po3p’s3aHO Takoxk HU3KY MpoOieM MetanorpadiyHOro XapaxkTepy, Lo
BUHHUKJIIM 3 TIOSIBOIO IIMX BUCOKOMIIIHUX KOHCTPYKIIMHUX MaTepiajiB: y IesKii
CTyNHeHl ‘“Y4OpHUM SIIUKOM™ [JIsl JOCHIJHUKIB 3ajUIIAETHCS Oe3BYIJICLEBUI
MapTeHCUT (BUXIJHUN MaTepiall), a TaKOX MPOLECH, IO BiAOYyBalOThCS NpHU
crapinai MCC — cBoepigHMX 3a CBOIM XIMIYHUM ckiagoM cmiasiB 3 OLK
rpatkoro. B 1iux HanpsiMax HeoOX1HO HAKOTTMYEHHS €KCIIEPUMEHTANbHUX JAHUX.

Kpim TOro, amamiz JmiTepaTypHHUX JKEped TOKa3ye, IO pPe3yJabTaTh
JOCHpKeHb OaraThoX ekciutyaTaliinux BiactuBocted MCC 'y mnepeBaxHIl
OuTbIIOCTI OynM OTpPUMAaHI 3a JIONOMOTOK0 METOJIB EJIEKTPOHHOT MIKpPOCKOMIi,
MeTajaorpagpiqyHoro aHaizy, MEXaHIYHUX BUMPOOYBaHb.
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HaykoBux mpaiib, IpucBsYeHUX peHTreHorpadiynomy nocaimkenHo MCC,
HE Tak Be W Oarato. 3 IMX MPUYMH B 3ajadi 1i€i poOOTH BXOJWIO JOCIIIUTH
npouecy, 1o BinOyBaloTbes npu TepMmiuHiii o0pobui MCC, 3 BUKOpPHCTaHHSIM
METO/[IB PEHTTC€HOCTPYKTYPHOTO aHami3y. AJKe 111 CydacHl METOJIU JOCIIIKEHHS
JO3BOJIIIOTh BU3HAYUTH CTPYKTYpHO-()a30BUM CKJIaJ MarepilaiiB Micis PI3HUX
TEXHOJIOT1# X OTpUMaHHA Ta 0OPOOKHU; BUBUUTH 3MIHU B MapaMeTpax KpUCTATIYHOL
IpaTK TBEPJAOrO pPO3YMHY, OOYMOBJIEHI MOro po3majoM; BHU3HAUUTH PIBEHb
MIKpPOBUKPHUBJIEHb KPUCTATIYHOI T'PAaTKU Ta IIUIBHICTh JUCIOKALIA MICHS PI3HUX
BUJIIB TEPMIYHOI Ta nedopmaliiiinoi 00poOoK, a TAaKOXK CXEM iX CIOIYyYEHHS 1 T. 1.

Mamepian i memoouxka 0ocnioxycenns. 3a 00’ €KT AOCIIDKCHHs Oyna
oOpaHa eKCIIepUMEHTaIbHA Mapka MapTEeHCUTHO-CTAPII0YOi cTanl
HI3K11M6B6THOC, TepMiuny 00poOKy sIKOi MPOBOJMIIM 32 CXEMOIO: TapTyBaHHS
(marpiB 1o 1100 °C, Butpumka 20 — 25 XBUIUH, OXOJIOJPKEHHS B Maciii), 00poOka
xonoaoM (piakuit azot, — 73 °C), ctapinus (400...700 °C, BuUTpuMKa — JAB1 TOJIUHH).

3itomky 3paszkiB ctani HI3K11M6B6THOC mnpoBoaunu Ha JudpakToMeTpi
JJPOH-2,0 'y BumpoMiHIOBaHHI 3aJi3HOrO aHojAa. BusHauanu napameTp
KPUCTAIIYHOI TPAaTKM MApPTEHCUTY, €JIEMEHTH TOHKOI CTPYKTYpU Ta ILIUIbHICTD
JIUCIIOKAIIH.

[lapanenbHO 3 MM BpPaxOBYBAJM TaKOX 3MIHY TBEPAOCTI SIK MOKa3HHUKA
MminHOCcTi ctanmi HI3K11M6B6THOC nicns crapiHss.

Pe3ynomamu oocnioxncenna. Pe3ynbTaTu HOCHIIKEHb HABEJCH1 y BUTJISIL
rpagikiB 3ajexHOCTEM MikpoaedopMaliil (€), MUIBHOCTI JAuciaoKauit (p),
napaMeTrpa KpucTamdiuHoi Tpatku (@) wmapteHcuty Ta TtBepmaocti (HRC) Big
TEeMIIepaTypH CTapiHHSL.

3MmiHa QI3UYHOTO PO3MUPEHHS TUMPAKITITHUX JTIHIH ,3110 1 ,3220 B Mpoleci

ctapinns crani HI3K11M6B6THOC noka3ana Ha puc. 1.

' ﬁllo ] ! ﬁzzo
T a4 "%
E q — (220)
sl | ""\ 22
g % i >\
¥ E e 14
hY
2 2 — 10
-] L

400 500 600 700

Temnepartypa crapiHns, °C

Pucynok 1 — 3mina ¢iznunoro posmupenns jainii (110) Ta (220)
crajgi HI3K11M6B6TIOC npu crapinni

Hus minid (110) ta (220) xapakrepHuM € 30UIBIICHHS IIUPUHU JIIHIHN
TBEPAOr0 PO3UYMHY B pe3yJbTaTl BUAUICHHS 3MIIHIOBAIbHUX (a3 npu crapinHi. Lle
MO>KHA TOSICHUTH THUM, 110 MakKCUMyM JIU(]Y31ifHOTO po3CitOBaHHS Bl KpUCTAJIB,
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0 MICTSITh KOPEreHTHI YaCTHUHKH, MPAKTUYHO BU3HAYAE MIMPUHY BUMIPIOBAHOI
JIHIA.
[IpumiTHO, 110 MakcUMalbHI 3Ha4YeHHS po3mupenHs jdiHikd (110) 1 (220) —
3 -3 . . . .
23,60-10 ° pag Ta 3,24:10 ° pan, BIANOBIIHO — CIOCTEPIratOThCs MPHU TEMIEPATYpi
crapinas npubau3Ho 550 °C. 3i 30iIbIICHHAM TeMIIEpaTypy CTapiHHS 3HAYEHHS
postupens aiHii (110) ta (220) 3MeHIIYIOThCS, JOCSATAIOUN MIHIMAJIbHUX 3HAYEHbD:
_3 23 . . . . .
13,60-10° pang Ta 2,65-10 7 pan, BiamoBigHo. s onepkaHHsS OLIBII YITKUX 1
KOHKPETHUX PE3yJbTaTiB JAOCIIKEHHS AOIUIHLHO OYyJI0 O BUBYUTH 3MIHY ,3110 Ta

,3220 Ta IHIIKUX XapaKTEPUCTHUK 3pa3KiB, SIK y BUXIIHOMY (3arapTOBaHOMY) CTaHi,

TaK i micis crapinas B inTepsaini remneparyp 100...400 °C (3 kpokom 50 °C).

Panime B poGorax [1,2] Oyno moka3zaHo, IO KPHUCTAJIIYHI TPaTKH
3arapToBaHoro  OE3BYIJEUEBOr0  MAapTEHCUTY  NPAaKTUYHO  HE  MaloTh
terparoHanbHocTi  (c/a < 1,004), Tomy mmpura miHii MCC Bu3HaYaeTHCA
CTPYKTYpHUMHU  €JIEMEHTAaMH —  BEJIMYMHOIO  MIKPOBUKPUBIICHb, HIUIBHICTIO
JUCIIOKAIIIM Ta po3MipoM OJIOKIB.

Binomo, 110 KiHeTHKa 3MiHU MexaH14HuX 1 (pi3nuHux Biaactuocteit MCC y
MpoIieCcl CTapiHHS XapaKTepusyeThcsi OaratocrtasiinicTio [3]. Ha mepmniéi cramii
crapinas (300 — 420 °C) y OimpimocTi craneil BiA3HAYae€ThCS BUCOKA LIBHIKICTEH
3MIHM BIACTHUBOCTEH.

Cnig 3a3HayuTH, IO Teplla CTaais MPOTIKae B HAA3BMYAWHO KOPOTKI
MPOMDKKH Yacy, BUMIpIoBaH1 cekyHaaMmu. [Ipu 30UIbLIEHH] TPUBAJIOCTI BUTPUMKHU
crocrepiraerbes apyra crafis crapinas (520 — 500 °C), Tako HOPiBHAHO KOPOTKA
(BUMipIOBaHa XBWJIMHAMHM), Ha sIKii 3MiIHEHHs TaibMmyeThcsi. Ha Tpetiit cramii
crapinas (500 — 550 °C) 3HOBY 3pOCTa€ MIBHIKICTH 3MIHU MEXaHIYHUX 1 QI3MYHHUX
BJIACTUBOCTEHN (TBEpJOCTI, TPaHMIIl MPYKHOCTI, MIMHHOCTI Ta 1iH.). Ha nymky
aBTopa [3], 3MiHa BIACTUBOCTEW Ha MEpUIid Ta APYrik cTajisix CTapiHHS B 3HAYHIN
MIpi KOHTPOJIOETHhCS MpOlLECaMU Mepepo3noaily atomiB. Bucoka MBUAKICTDH
3MIIIHEHHS Ha mnepuid crafaii moxe OyTu oOymoBieHa 1 JedopmaniiHum
CTapiHHSM, 1 CaMOCTIfHUM BIUIMBOM Cerperamii aTtoMiB 3amilieHHs. Pizke
3HIKEHHS MIBUIKOCTI 3MIIHEHHS Ha Jpyrid ctaaii aBTop [3] MOSICHIOE 3MIHOIO
MEXaHI13MYy 3MIITHEHHSI.

Sx Bigomo, 3MminHeHHs MCC pocsAraeTsCs B JIBa €Talu: OJEp KaHHS
MapTEHCUTHOI CTPYKTYpPHU B PE3yJIbTaTi 3CYBHOI'O MEXaHI3MY Y — O TIEPETBOPEHHS
Ta HACTYMHOI'O BIAMYCKY (CTapiHHS) MAPTEHCHUTY.

Martpunis MCC micnsg rapTyBaHHS 3 y—00J1acTi SIBJIss€ COOOI0 O—TBEpPaUi
pO3UMH, TEpEeCHYCHUN eJeMEeHTaMu 3aMillleHHsS (TaKk 3BaHUM MapTEHCHUT
3aMilllEeHHs ), OTPUMAHUN B PE3yJIbTaTl MPOTIKAHHS MOJIMOP(PHOr0 MEepeTBOPEHHS
3a 6e3au@y3iiHUM MexaHi3MoM. Po3maj Takoro TBEPIOro pO3YMHY IMPH CTapiHHI
MPUBOAUTH JO BUJUICHHsS 1HTepMeTaniaHux (a3, mo po3Bossie Ha 50 — 100 %
MIJBUIIMTH XapaKTEPUCTUKHU MIIHOCTI cTasnew [4, 5].

JlirepaTypHi Jxepena HaBOAATH Pi3HI JIaH1 PO CKJIAJA 3MIIHIOBAJIBHUX (a3, sKi
BuAULIIOThCA Tipu ctapinHi MCC. Tlpu npoMy X nmoauistoTs Ha ABi rpymnu [6 — 8]:
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— YaCTUHKH, 10 BHUAUIAIOTBCA 3 ayCTEeHITY, — KapOiau, HITpUIUA Ta
iHTepmertaniau tuny NizTi, NiAl ado Niz(Ti, Al);

— YaCTUHKH, 110 BUJUISIOTHCS 3 MApPTEHCUTY, — iHTepMeTaniau tuny 6—FeTi,
(N1, Fe)Al, (Ni, Fe)Ti, Ni3T1, Ni3(Ti, Al), dazu JlaBeca piznoro ckiany (Fe,Mo ta
inmi), cnonyku tuny FesSi, 0-NiMn, e-¢asa.

Buninenuss iHTtepmeTtaniiHux ¢a3 pi3HOro ckiany (B 3aleXHOCTI Bij
cuctemu JeryBanss) npu ctapinai MCC npuBOIUTH 10 BUHMKHEHHS HANpPyXeHb
BHACJIIIOK HEBIAMOBIIHOCTI KPUCTAIIYHMX TPATOK MATPHIl Ta 3MIMHIOBAIIBHUX
¢a3. OcraHHi 3a0e3MeUylOTh HANPYXCHHS PI3HOTO PIBHS, IO BU3HAYAETHCS
BIIMIHHICTIO B PO3Mipax aTOMIB €JIEMEHTIB, SIKI BXOASTH /10 CKJIAJy IHTepMETamiiB.
YyacTh B yTBOPEHHI YaCTUHOK 3MILHIOBAJBHUX (a3 Moxke Opatu Oyab-sSKuii
eneMeHT, npucytHii B MCC.

AHani3 CTPYKTYpPHHX XapaKTEpUCTUK OCHOBHMX JIETYIOUMX €JIEMEHTIB, SIKi
BXoaaTh A0 ckiaay crani H13K11M6B6THOC, nokasye, 1o ais OUTBIIOCT! 3 HUX
(KpiM aJIfOMiHII0) XapaKTepHa BHCOKa TeMmIeparypa IuiaBieHHs — Buine 1400 °C
(Fe — 1535 °C; Ni — 1455 °C; Co — 1480 °C; Mo — 2620 °C; W — 3370 °C; Ti —
1668 °C).

[cToTHO pO3pI3HAIOTBCA TaKOkK aTOMHI pajiycH eJeMEHTiB. IX uMceNbHi
3Ha4YeHHS MOKHa po3aiuuTu Ha Tpu rpymu: Fe, Ni, Co — (1,24 — 1,26)-10710 M;
Mo, W — (1,32 -1,37)-10 " m; Al Ti— (1,43 - 1,47)10 """ m.

OTxe HalOUIbII BUCOKUN PIBEHb MIKPOBHUKPHUBIICHb KPUCTATIYHUX I'PATOK
npu crapinHi ctami HI3K11M6B6THOC OyayTh BUKIMKATH 3MILHIOBaIbHI (a3,
710 cknaay Skux Bxoauts Al Ta Ti. Intepmeraninni ¢pasu, mo mictats aTomu Mo, Si
ta W, OyIyTh CTBOPIOBATM MEHIII MIKPOBHUKPHBICHHS, TOMY IO iXHI OCHOBHI
€JIEMEHTH MaroTh MeHII1 pajiycH, Hixk paaiycu Ni, Co, Ti ta Al.

CkazaHe BHUIIE Y3TOJKYETHCA 3 XapaKTepOM 3MIHM IIUTBHOCTI JUCIOKAIIli Ta
Mmikpoaedopmariit crani HI3K11M6B6THOC (puc. 2).

CrapinHs 3pa3kiB B IHTepBai

TEMIIEPATYP 400-550 °C ¢ A e |
CYIPOBOIKY€ETHCS 30UIBIIEHHIM 4 / \ —_—p 4 ‘.‘3
IMIUIBHOCTI  AMCIOKalii p  Ta n'::, — 5
Mikponedopmarliii e, 1o CBiTYUTH ‘;< 3 | \ 3 T<
PO 3MIIHEHHs cTaii. MakcuMasbHi ’g ] \ %
sHauenns p (4,46110" cmM’) Ta e § af 2
(1,81-107°) y nocnmimkysaniii cram =~ § 29 //\ 2 &
BIAITIOBIIAIOTh TEMIIEPATypl CTApIHHS é‘ — b
550 °C. Ilpm  momaibImomy . o T 71 é_
I IBMILICHH1 TEMITepaTypH L
(bIKCYeTbCS ~ 3HIDKCHHS ~ 3HAYCHb 400 00 600 700
MIUTBHOCTI JIUCIIOKAIIN Ta Te.M"'ePaTyr.!a cTapinns, °C N
Mikpoedopmarriit. Pucynok 2 — 3mina mikpoaedopmanii ta
Jlani mpo 3MiHY TBepaoCTi IMUTBHOCTI TUCT0OKAILi Mpy cTapiHHi
cram HI3K11M6B6TIOC naBeneHi craai HI3K11M6B6THOC
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HRC — — a Ha puc.3. Ilicna cTapinus
0 s XN 3pasKiB B iHTEpBali TeMIEpaTyp
- | : 400 -550°C 3  BHUTPHMKOIO

£ . N 288 g MPOTATOM JIBOX TOJHH TBEPAICTH
g N £ MapTeHcHuTy 361JIBI_Hy€TBCSI.,.
& >¢ 5 2 JOCATar04Yu MaKCHMAaJIbHO1
T 50— " T287 £2  Benuumnm (64 HRC) npu 550 °C.
| \/ ':‘% X HarpiBanus 10 OUIbII BHCOKHX

‘o k3 TEMIIepaTyp CTapiHHS TPUBOIUTH
40 2.86 JI0 3HUKEHHSI TBEPIOCTI: MTCIIs
400 500 600 700 crapinns npu 600, 650 Ta 700 °C
Temnepatypa cTapikis, °C il 3HAYEHHSA BIZAMOBIAHO

PucyHnok 3 — 3mina TBepaoCTi T2 mapameTpa  cxnamarote 60, 59 ta 52 HRC.
KPHUCTAJTIYHOI IPATKH NPH CTAPiHHI cTaMdI Takum YUHOM, edexT
H13K11M6B6TIOC migBuiieHHss TtBepaocti AHRC

MICHsL CTapiHHA B 3a3HAYCHOMY
IHTEpBaJll TEMIIEpaTyp y NOpiBHAHHI 3 3araproBaHuM ctaHoM (43 HRC) cknanae 21
OJIMHHULIIO.

BpaxoByroun cka3aHe BHILE, MOXKHA BIAMITUTH, IO B IHTEPBaJl TEMIEPATYP
crapinni 400 — 550 °C 3HaxX0AAThCS MaKCUMaJIbHI 3HAUEHHS TAaKUX XapaKTEPUCTHUK
MIIHOCTI, K Mikpoaedopmanii e, tBepaicte HRC Ta miuibHICT quciokauii p.
Takum unHOM, Temrepatypa crapiaas (550 + 10) °C € HaWOIIBII ONTHMAIBHOO
JUISL OJiep KaHHS B PE3yJIbTaTi rapTyBaHHS Ta HACTYIMHOI'O CTapiHHS 3aJI0BUIBHOTO
smiraeHHs craial H13K11M6B6THOC.

Haxanb, MeTogamMu peHTTeHOCTPYKTYPHOTO aHalli3y HE 3aBXKIH BIAE€THCS
BUSIBUTH MPUCYTHICTb APYroi (a3u, OCKUIbKH IHTEPMETAIIIH, 1110 BUALISIOTHCS MPU
CTapiHHi, 1yxe aucnepcHi. [ToMiTUTH OUIBII paHHI cTaii po3naay NepPecuueHOro
TBEPAOTO0 PO3YMHY JO3BOJIAIOTH CIIOCTEPEKEHHS 3a 3MIHOIO IapameTpa
KpUCTaIiyHOi rpatku (a) mapreHcuty. Llg xapakrepucTrka, Ha AYMKY aBTOpIB
[9,10], € Oumbm iHGOpMATHBHOIO, HIXK 3BHYAWHI METOAM PEHTIC€HIBCHKOTO
(dazoBoro aHamizy, OCKUIBKM O€3MOCEepeHbO MOB’s3aHa 3 BMICTOM Yy TBEPAOMY
po3urHI TOro abo IHIIOTO JIErylo4oro ejaemMeHTa. Pe3ynbraTé po3paxyHKy
napamerpa rpatku maptercuty craii HI3K11M6B6THOC (nus. puc. 3) cBimuath
po Te, 110 3HWKEHHS 3Ha4€Hb d BIJOYBAETHCS B IHTEpBAIl TEMIIEPATyp CTApIHHSA
500 — 600 °C. MinimaibHe 3HaYEHHsI TIapaMeTpa KpucTaiaigHoi rpatku (2,8659-10°
' u) BigmoBimae Temmepatypi crapinms 600 °C. Hamami, mo Mmipi 36iibireHHs
temrneparypu Bix 600 mo 700 °C BinOyBaeThcs 3pocTaHHs 3HayeHb . Takwmil

XapakTep 3MIHU d TOSCHIOIOTH MOSiIBOIO Y—(ha3u (IOoYaTOK 3BOPOTHOIO O — Y
MIEPETBOPEHHS) Ta, 3 YpaxyBaHHAM OUIbIIOI PO3YMHHOCTI JIETYIOUHX €JIEMEHTIB B
'K rpaTui, pO3YMHEHHSM JESIKUX IHTEPMETaNiqiB, UL[0 BHUAUIMIUCS B
nepecuueHomy poszunHi 3 OLIK rpaTkoro.

3a HaBEJEHUMHU BHILNE pe3yJbTaTaMU JOCIKEHb TMPONECIB, IO
BiIOyBatoTbcd Npu  TepMmiuHid o0pobui crami HI13K11M6B6TIOC, wmoxHa
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TOBOPHUTH IPO TE, 10 HAWKpaIll XapaKTepUCTUKU 3MIITHEHHS TOCII)KYBaHOI cTali
3a0e3neuye crapinns npu remmeparypi (550 = 10) °C.

Bucnoexku. 3 BHUKOPHUCTaHHSM METO/IB PEHTICHOCTPYKTYPHOTO aHaNli3y
BU3HAUYEHO ONTUMAIBHUM peXuM TepMiuHOi OOpOOKHM, M0 3a0e3neuye BUCOKI
xapakrepuctuku MinHocTi ctam H13K11M6B6TIOC: rapryBanHst Bia Temreparypu
1100 °C 3 oxoomKeHHsIM B Maciti + 00pobKa X0JI010M IpH TeMIeparypi minyc 73 °C +
crapiaus npu 550 °C 3 BUTPUMKOFO TIPOTSTOM JIBOX TOJIHH.

Jlns migBuineHHs xapaktepuctuk mirHocti crani H13K11M6B6THOC micns
rapTyBaHHs MPOBOAUTHCS OOpoOKa XOJOJAOM (JI0 CTapiHHS), IO MPUBOIAUTH 0O
MOHOBJIEHHS PO3MaAy 3aJUIIKOBOTO ayCTEHITYy B CTajl Ta, K HACIIJIOK, 10
NIABUIIEHHS TBEPIOCTI BHpPOOIB, craburi3amii iX poO3MIpiB, TO3UTUBHOMY
00’emHomMy edekty. Ockinbku s ctani HI3K11M6B6THOC temnepatypa Touku
KIHIISI MapTEHCUTHOTO MEPETBOPEHHSI € HIKYE KIMHATHOI, TO 0O0poOKa X0JI0J0M
JUTSI 1i€1 cTajl 1o CyTl € MPOJIOBKEHHAM rapTyBaHHS.

OTtpumani pe3yiabTaTH MOXYTh OyTH BUKOPUCTaHI IIPU aHaN131 CTPYKTYPHUX
MEPETBOPEHb, 1110 BiI0YBAIOTHCS B JIETOBAHUX CTAJISAX MPU TapTyBaHHI Ta BIAMYCKY
(ctapinHi), BUOOpI palliOHAIBHUX PEKUMIB TEPMIUHOiI 00pOOKH, a TakoK 00poOKHU
XOJIOZIOM.
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The baseline design of a Willy A. Bachofen (WAB) machine with complex
spatial motion of the working barrel for mixing free-flowing fine substances was
for the first time presented in Moscow in 1966 [1].

Structurally, the machine with complex motion of the working barrel of the
baseline design is a six-link mechanism [2] with turning kinematic pairs. During
operation of the mechanism, even insignificant deformation of one link can cause
its seizure and thus, failure. Moreover, parts need to be manufactured with extra
accuracy. Because of this, the cost price of such equipment increases substantially
and its service life reduces. There are many examples [3] of elimination of
redundancies in various linkage mechanisms, this problem being still relevant
nowadays.

Consider the baseline design of the machine with complex spatial motion of
the working barrel [4]. Its model and the kinematic chain of the spatial mechanism
of the machine is shown in Fig. 1.

Figure 1. Model and the kinematic chain of the spatial mechanism of the
machine

The machine has bed /, driving shaft 2 and driven shaft 6 that are installed in
parallel in one plane in the bed and joined with a double spatial hinge. It has
driving yoke 3, driven yoke 5, and working barrel 4 fixed between the yokes on
diametrically mutually perpendicular geometrical axes 7 and 8, respectively. The
moving links of the machine form a spatial six-link mechanism with turning
kinematic pairs, which is a closed kinematic chain AYCDEF, the axes A and F
being parallel, and the axes 4 and ¥, Y and C, C and D, D and E, E and F being
perpendicular. Owing to this arrangement of kinematic pairs, the working body
(link 4) undergoes complex spatial motion.

74



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

According to the of Somov—Malyshev formula [5] used to determine the
degree of freedom of a mechanism without passive (redundant) constraints, the
degree of freedom of the mechanism is equal to zero:

W:6n—32(6—s)ps=0, (1)

s=1

where n is the number of moving links (five links: driving shaft / and driven shaft
6, driving yoke 3 and driven yoke 5, working barrel 4); ps is the number of moving
kinematic pairs of s-class (six kinematic pairs of the 5th class: 4, Y, C, D, E, F).

The shortcomings of spatial mechanisms with redundant constraints are listed
in the introduction. The redundant constraint can be removed by two methods: by
introducing an additional movable link into the kinematic chain of the mechanism
or by replacing one of the turning kinematic pairs with one degree of freedom with
a kinematic pair with two degrees of freedom.

Let us consider the first method. We developed two mechanisms of a
machine with an additional movable link [6] that represents the second working
barrel. A model of the machine with two working barrels connected by a sliding

kinematic pair and the kinematic chain of this spatial mechanism is shown in Fig. 2.
5 3 1 D1 6 4 2 s 4 6 g8 2 ]

e

Figure 2. A model of the machine with two working barrels connected by a
sliding kinematic pair and the kinematic chain of this spatial mechanism

The machine have bed 1, driving shaft 2 and driven shaft 3 installed in
parallel in one plane in the bed. Driving shaft 2 and driven shaft 3 shaft are pin-
joined by the second ends with driving yoke 4 and driven yoke 5, respectively,
whose diametrically mutually perpendicular geometrical axes 6 and 7 are the axes
of attachment of working barrels 8 and 9, respectively. Thus, unlike conventional
spatial hinges, yokes 4 and 5 are perpendicularly to each other. Working barrels 8
and 9 are connected by a sliding kinematic pair D1.

During the operation of this mechanism where the distance between the
geometrical axes of attachment of the yokes to the working barrels /pp is much
greater than the center distance of the driving (driven) yokes Iy, the center distance
10 between the driving and driven shafts being fixed, due to the sliding kinematic
pair D1, the distance /5 cyclically changes from the minimum /,,;, to the maximum
lnayr. The minimum distance /,;, is achieved when the position of the moving links
(Fig. 3) 1s such that one of the axes of attachment of the driving or driven yoke is
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horizontal, while the other is vertical. The maximum distance /,,,, 1s achieved when
(Fig. 3) the longitudinal axis of the working barrels is in a vertical plane.
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Figure 3. A model of the machine with two working barrels connected by a
sliding kinematic pair and the kinematic chain of this spatial mechanism

In designing such a mechanism, the need arises to calculate the reciprocation
amplitude of one working barrel relative to the other and to calculate the minimum
and maximum distance between the geometrical axes of attachment of the yokes to
the working barrels. In this connection, it is necessary to derive expressions for the
basic geometrical parameters of the mechanism.

The analytic study and design of this mechanism should be started specifying
initial data, namely, certain geometrical parameters selected depending on the size
and number of processed parts and the type of operations performed with the
equipment. Such initial data include the center distance /y between the driving and
driven yokes, the lengths /yp; and [y, of the working barrels from the axis of
attachment with the yoke to the opposite end and the spacing /r between the
working barrels at /,,;,.

Consider the positions of the moving links corresponding to the minimum,
Lyin, and maximum, /,,,, distances between the geometrical axes of attachment of
the yokes to the working barrels shown in Fig. 3, respectively (the notation of the
links in Fig. 3 coincide with the notation of the links in Fig. 5).

The distance /,;, can be determined from the right-angled triangle in the
horizontal projection of the machine (Fig. 7):

[ =3l;+1 —1,. (2)
Considering the output geometrical parameters, we have
Liin = Ly + Ly 3)
Let /wg1 = lwsz; then expression (3) take the form
Lnin = 21 4)

To prevent collisions of the working barrels in the position of the moving
links at the minimum distance /,;, between the geometrical axes of the yokes, it is
necessary to provide a spacing /r between the ends of these barrels. It is rational to
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set /1 on the order of 10% of the length /wg;. Let us write expression (4) with
allowance for /1:

Liin = 2Ly, + 17 (%)
Considering the right-angled triangle in the horizontal projection of the

machine (Fig. 3), we write the expression for the center distance /, between the
driving and driven shafts:

lO :'\/(lmin +IY)2_I)%' (6)
Let us substitute Eq. (5) into (6):
ly =y, +1; +1,) =12, (7)

Considering the straight-angled triangle in the vertical projection of the
machine (Fig. 8), we can write the expression for /.y:

lmax = \)l()2 - 41)2( ’ (8)

where /x is the distance in the projection onto the vertical plane between the axis of
rotation of the driving (driven) shaft and the axis of the working barrel.

To derive the expression for the distance /x, in the position of the moving
links shown in Fig. 3, we project the machine structure onto a plane parallel to the
upper end of the working barrel.

The geometrical axes of attachment of the yokes are mutually perpendicular;
the axis of the working barrel continued from the upper projection halves the right
angle between the axes of the yokes. Thus, there is an isosceles straight-angled
triangle with a hypotenuse /y and two legs /x in the lower projection. The length /x
is defined by

[, =1,cos45". 9)
Let us substitute expression (9) into (8):
Lo =12 =41, cos457). (10)
Let us substitute Eq. (7) into (10):
Lo = Qlygy + 1 +1,)* =12 = 4(1, cos45°)? 1)

Let us write the expression for the reciprocation amplitude /5 of the working
barrels relative to each other:

Uy = L = L (12)
Let us substitute expressions (11) and (5) into (12):
[, = \/(2IWB1 +1,+1,)" =1 —4(l, cos45°)* =21, —1L,. (13)
With (2) and (10), expression (13) becomes
1, =12 —4(l, cosd5)> =12 +12 +1,. (14)

Thus, we have derived the expressions for the basic geometrical parameters
of the mechanism of the machine with two working barrels connected by a sliding
kinematic pair. Based on Egs. (13) and (14), depending on the initial data, it is
possible to determine the reciprocation amplitude of the working barrels.
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Conclusions. One option of removing the redundant constraint in the spatial
mechanism of the part-processing machine have been presented. Seven-link spatial
mechanism without redundant constraint have been designed and studied
analytically. The expressions for the basic link length ratios ensuring failure-free
functioning of the machines have been derived.

The developed machines with two working barrels allow substantial
improvement of the efficiency of part processing because one machine is capable to
perform two different tumble finishing operations simultaneously or to process two
batches of different parts simultaneously. The results obtained provide a basis for
further studies of hinged spatial mechanisms with redundant constraints.
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B nanmii uyac Bce OUIbII IIMPOKE 3aCTOCYBaHHA B PI3HUX Taly3ax
MIPOMUCIIOBOCTI 3HAXOATh CIJIaBU Ha OCHOBI Mifl. lle MosiICHIOETbCA MO€THAHHAM
BUCOKOi KOPO31MHOT CTIMKOCTI TaKMX CIUIaBIB B PI3HUX CEPEIOBUINAX 3 BUCOKHUMHU
JUBAPHUMH BJIACTUBOCTAMM, 3JATHICTIO JI0 IUIACTUYHOI Aedopmailii, BHCOKOI
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€JIEKTPO- 1 TEIUIOMPOBIIHOCTI, TOIIO. Y 3B'I3Ky 3 UMM I[E€BHUN HAyKOBUH 1
NpPaKTUYHUI  1HTEpec TMpeACTaBlis€e BHU3HAUCHHS 0a30BUX IOJIOKEHb  SIKi
3a0e3neuyoTh OpoH3aM MOTPIOHMM piBEHb KOPO31MHOI CTIMKOCTI B CepeoBUIIAX
PI3HUX CKIaAIB (IpH PI3HUX YMOBaX €KCIUTyaTallii).

Haii61b11 nommpeHuM BUOM pyHHYBaHHS METAJIIB 1 CIUIaBiB € aTMOcdepHa
KOpO3isl, MIBUAKICTh SIKOI 3QJICKHUTH BIJ XIMIYHOI AKTMBHOCTI JOMIIIOK, $KI €
MPUCYTHIMH B MOBITP1. 30KpemMa, MBUAKICTh KOPO3ii OpoH3 3 BMicTOM Sn 10 8 % B
MOBITP1 CUIbChKOi MicueBocTi mgopiBHIOe 0,00015 ... 0,0008 MM / pik, B MOPCBHKIii
atmocdepi — 0,0001 ... 0,0002 mm / pik, Micbkuii aTMoOc(epl NPOMHUCIOBHUX
pationis — 0,0015 ... 0,0018 mm / pix [1,2].

Ha BigmiHy Bix 0JIOB'SHUX OpOH3, aJIFOMIHIEBI OPOH3M MarOTh OUIbII BUCOKY
CTIKICTh 10 aTMOc(epHOoi kKopo3ii. Hanpukiana, mBuakicTh kopo3ii Oponsu bpA7 B
MPOMHUCIIOBIN aTMocdepi cTaHOBUTH 4,4 MKM / piK, B MOPCBKiil — 3,6 MKM / piK 1 B
atMocdepi ciibcbkoi MmicueBocti — 2,1 mkm / pik [3]. JlomaBaHHsS B altOMIHIEBI
Opon3u Ni a6o Mn zaemio niABUILY€e KOPO31HHY CTIMKICTh amtOMiHIEBUX OpOH3.

KpeM'sHucti OpoH3M Kpalle YHUHATH OMip KOPO3IMHOMY PO3TPICKYBaHHIO B
3a0pyaHeHux aTtMocdepax, HDK 4ucTa Miap Ta JatyHb [4,5]. Bucoky koposiiHy
CTIMKICTh B MPUPOJHUX YMOBaX MalOTh TAKOXX MIJHO-HIKEJIEBI CIUIaBU A0 YHUCIA
SIKUX BITHOCUTBHCSI MEIbX10p, HEU3UIKOEp Ta KyHialb.

VY XiMiuHii 1 Ha@TOBIA MPOMMCIOBOCTI MIJHI CIUIABU 3aCTOCOBYIOTH IS
BUTOTOBJICHHS JIeTaliel amapaTypu, 10 Mpalloe B Ta30BUX CEPEOBUIIAX PI3ZHOTO
CKJIaJly, @ TAKO B KOHTAKTI 3 pO3YMHAMU KHUCJIOT 1 JIYT1B.

3a BiACYTHOCTI 3a0pyAHEHb, SK CyXa TaK 1 BOJora BOJISHa Mapa Majo
BIJIMBAa€ Ha KOpo3ito Opon3u. Koposis onoB'stHux OpoH3 y Ccyxiil Ta BOJOTid mapi
ctaHoBUTh Om3bko 0,0025 mm / pik. [Ipu HasiBHOCTI 3a0pynHEHb B mapi abo mpu
BHCOKIM HIBUAKOCTI i pyXy Kopo3ist 3poctae 1 gocsrae 0,9 mwm / pik. Y neperpitiii
1o 250 °C napi o10B'stH1 OpoH3HU CTiMK1 TUIbKK 70 TUcKy 2MI]a. [6].

AJtoMiHi€B1 OpOH3U MO KOPO31iiHIM CTIHKOCTI y BOJSIHIN Mapi NEepeBepIIyIOTh
OJIOB'SIH1, a JIETYBAaHHSA HIKEJIEM 1 MaHTaHOM JOJIaTKOBO MIJBUIIYE KOPO31MHY
CTIHKICTb aJTIOMiHIEBUX OPOH3.

MigHo-HIKeNeBl CIUIaBM TaKOX MAalTh BUCOKY KOpPO3iiHY CTIMKICTH B
BOJIsIHIM mapi. 3a ganuMu [6], HanpukIaa, MBUAKICTE Kopo3ii 6ponzn MHXMu30-
1-1 y cepenoBuiii BOASHOT Hapu cTaHOBUTH Osu3bko 0,0025 MM / pik.

Cyxuil Ta BOJOTid KHCEHb IPH HOPMAJbHIA TeMmIepaTrypl HEe € XIMIYHO
arpecMBHUM CEpPEOBUIIEM JJIsi MIJIHUX CIJIaBiB. BHaCiIOK IbOro OPOH3HU HIMPOKO
3aCTOCOBYIOTHCS, HAIPUKJIAd, B SKOCTI Marepiany apMmaTypu Mg KUCHIO Ta
CTUCHEHOTO MOBITPA.

B ranorenax i y 6e3BogHOMY (TOPUCTOMY BOJIH1, OPOH3H XapaKTEPU3YIOThCS
BHCOKOIO KOpO31HOIO0 CTiiiKicTIo. B Toil ke uac, Bosoruii ¢propuctuil BOJEHDb
BUKJIUKA€E TIOCUJIEHY KOPO31l0 OpOH3, 0COOJMBO B MPUCYTHOCTI KucHIO. [Ipore,
OpOH3U HIUPOKO 3aCTOCOBYIOTH IPU poOOTaX 3 (PTOPUCTUM BOJTHEM.

VY Bonorux atmocdepax, mo MicTaTh SO,, 1 B €JIeKTPOJIITaX, HACHYCHUX ITUM
ra3zoM, OpPOH3U KOPOIYIOTh JIYX€ CHUJIBHO 3 YTBOPEHHSM 1HOJI BEJIIBMHU TJIHOOKHX
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MITIHTOBUX MOPaKeHb. 3a AaHUMU [7] raubOuHa KOPO3IMHOTO YpakeHHsS y TaKHX
BUIQ/IKAX MOKE 1HOJ1 JOCSTTH 3a PIK 2,5 MM.

MizfHi crlaBU MOraHO NMPYyYaroThbes KOpo3ii Bjke P HE3HAYHIM BOJIOTOCTI B
cipkoBojiHi. [Iporiec kopo3ii y Takux BUIAJKaX MPUCKOPIOETHCS 3 TEMIIEPATYPOIO.
Hanpuxman, mBuakicte kKopo3sii oyioB'sstHoi OpoH3u (92% Cu + 8% Sn) y Bosioromy
cipkoBojHi ripu 100 °C cknagae 1200 ... 1600 mm / pik [8].

Cyxuil amiak 1 OKMC BYTJEIIO NMPU KIMHATHIN TeMmmepaTypi HE pearymoTh 3
MIJAIO 1 11 crutaBamu. OJHAK, IPU HassBHOCTI B aTMoc(epi Mapu BOJU, CYXUW amiak
BUKJIMKA€ 3HAaYHYy KOPO3110 Mijl 1 11 CIJIaBiB.

O:oB'ssH1 OPOH3U XapaKTEPU3YIOThCSI HEBUCOKOIO KOPO3IHHOI CTIMKICTIO 1 B
MIHEpaJIbHUX KHUCJIOTaX, 30KpeMa B COJIAHIM Ta a3oTHii kucinorax. CipyaHa
KHCJIOTAa B IIbOMY BIIHOIIICHHI1 € MEHII XIMIYHO aKkTuBHOIO. IIIBUAKICTH KOpO3ii B
¢dbocdopHiif 1 OLTOBIM KUCIOTaX MPU KIMHATHIA TeMIlepaTypi 1 B 3aJ€XKHOCTI BiJ
cTyneHto aepaiiii, ckiaagae 0,026 ... 0,6 mm / pik.

VYV nyrax npu KIMHaTHIM TeMmiepaTypi OJIOB'sSsHI OpOH3U KOPOIYIOTH 31
mBuAkictTio 0,21 MM /pik, 'y Ppo3uMHaX amiaky — 31  MIBHJKICTIO
1,27 ... 2,54 mm / pik [9]. XiMiuHa CTIMKICTh aJIOMIHIEBUX OpPOH3 B OpraHIuHUX
kuciorax, pozoasnenunx HCI tpoxu Buiie Hix onoB'sHuX [10]. ¥V po3unnax cosne,
iTKuX JyriB 1 BUHHOKaM'SHOI COJII OUTBII CTIMKMMHU € OJaHO(Aa3HI aTtoMIHIEBI
OpOH3U 31 3HMKEHUM BMICTOM aitoMiHito. KoHIIEeHTpoBaH1 MiHEpasibHI KHUCIOTH
3HAYHO aKTUBHIIIE BIUIMBAIOTh HA KOPO31l0 IIUX CIJIABiB.

HaiiOu1pil nmomMpeHuM JIETyIOYMM KOMIIOHEHTOM, IO 3HAYHO IiJIBUILYE
KOpO3iiiHy CTIHKICTh OpoH3U, € antoMiHid. [lpu nomaBaHHI alOMIHIIO B MiJlb
3HMKYETHCS 1 €JIEKTPONPOBIAHICT 1 TEIIONPOBIIHICTD, A€ MpPU I[IbOMY IOMITHO
3pOCTAa€ KAPOCTINKICTh Ta yAapHAa B'A3KICTh aMIOMIHIEBUX OPOH3, MiIBUILYIOTHCS il
JMBApHI Ta TEXHOJIOT1YH1 BIACTUBOCTI, TOIIO.

Hocnimxkennasmu [11] BriuuBy JieryBaHHS MiJ1 aJIOMIHIEM Ha KOPO31H0 TaKUX
opons (3, 5, 10, 15 mac.% Al) B xJI0OpugHOMY PO34YMHI BCTAHOBJIEHO, 1110, B 3B'A3KY
3 (popmyBanasM macuBHoro mapy CuCl, yucta migs 1 okpemo a-daza Cu-Al-
craBiB ¢popmye BimHOCHO TOBCTY TUIiBKY CuCl, sika 6JIM3bKO aKTHBHO-ITACUBHUX
noteHianiB neperBoproerbesi B CuO a6o B Cu(OH),. OnHak, cruiaB 3 BEIUMKUM
BmicToM amoMiHilo Cu-10%Al macuByethcst 10 Al1(OH);, mo mnepemkomxkae
neperBopeHHi0 ToBctoro mapy CuCl B CuO a6o Cu(OH),. Ilpu anomHOMY
noteHmiani ¢opmyerbes ($aza Cuy(OH);Cl1 Ha moripmieHid MacuBHIM TUTIBI
Al(OH)s.

Kopo3ito 1 enekTpoxiMiyHy MOBEJIHKY aJIIOMIHIEBUX OpOH3 B XJIOPUJIHUX 1
JTY>)KHUX pO34MHAX BUBYAIH B poOoTax [12-14]. V poGoti [12] Bim3HaUYeHO, 11O AJIs
nBodazHoro cmiaBy bpAMi9-2 xapakTepHHUM € CEJICKTHUBHE PO3YMHEHHS
ANIOMIHIIO, sIKe BIIOYBA€ThCA SK 32 pPaxyHOK BHUOIPKOBOTO PO3YMHEHHS MEHII
CTiiiKO1 B-(a3u (CTPYKTYpHO-BUOIPKOBE PO3UMHEHHS ), TAK 1 BHACII1JIOK BTOPUHHOTO
CEJICKTUBHOTO PO3YMHEHHS, OOYMOBJICHOTO 3BOPOTHIM OCAQKEHHSM  MIJI].
Opnodazuuii xe craB (BpAMu7-2) po3uunsieTbes piBHOMipHO. B poOoTi [14]
BIJ[3HAYAIOTh CEJEKTUBHUM XapaKTep PpO3YMHEHHS 0-aJIOMIHIEBOT OpOH3M B
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JY>)KHOMY €JIEKTPOJIITI, a TaKOXK aHaJI3yI0Th 3aKOHOMIPHOCT1 YTBOPEHHSI CKJIaAHOL
MAaCUBHOI TUTIBKY Ha noBepxHi Cu-Al-criaBy.

VY 3B'I3Ky 3 LMIMPOKUM 3aCTOCYBAHHSIM OpOH3 JJIsi BUTOTOBJIEHHS BUPOOIB 1
JeTajel, 1110 MPaIoloTh B MOPCHhKIN BOJ1 (rpeOH1 TBUHTH, KOHIEHCATOPU, KOHTPOJIbH1
puiIaau, Ta iH.) 0€3CyMHIBHHM 1HTEpeC MpeACTaBisie BUBUSHHS KOPO31MHOI CTIHKOCTI
JTAaHUX CIUIABIB IMPHU B3aEMOJII1 caMe 3 ITUM CEPEIOBUILIEM.

Pe3ynpTaTi AOCHIIPKEHHS KOPO31MHOI CTIMKOCTI AESKUX OpOH3, OTpUMaHi
npu 16-piunoi excno3uii B Tuxomy okeaHi noo6nusy Ilanamcekoro xanany [15],
MOKa3yITh XOPOIIy CTIHKICTh ayitoMiHieBO1 Opon3u (1,27 MM / pik). [Ipu npomy,
HIBUAKOCTI KOpo3ili kpeMeHHcToi 1 ¢ochopucToi OpOH3 MPAKTHUYHO OJHAKOBI 1
CKJIaAaloTh ~ 5 MKM /pik. MakcumanbHa TJIMOMHA TMITIHTY Ha TOBEpPXHI
nocipKyBaHux 0pon3 — Bix 0,9 no 1,5 mm.

3BefieHl JaHl MO KOPO3IMHINA CTIMKOCTI KpeMEHUCTOI OpOH3M Ha PI3HUX
rIIMOMHAX MOPs MOKa3alu, 0 MBUAKICTh KOPO3il Y MOPCHKIM BOJ1 3HAXOUTHCS B
Mexkax 10 ... 50 mxwm / pik. Hani s 5% 1 7% antomiHieBOi OpoH3U MOKa3aju, 1110
HIBUAKOCTI KOpo3ii 5% -Boro ciuiaBy He nepeBulyoTh 20 MkM / pik. B Toif ke dac
7% -BUl CIUIaB HA MaJii TJIMOWHI BiJ MOBEPXHI MOPSI KOPOAYE 31 MIBUAKICTIO, 1110
nocsirae 74 Mkm / pik, a Ha TimOuHi 1830 M MBHUIKICTE KOpO3ii Mamae 10
36 MxM / pik. [Ipu npomy, oruisia 3pa3kiB 7% -Boi antoMiHIEBOI OPOH3U MOKa3aB, 1110
Maike TOJIOBUHA 3pasKiB Tijjanacs 3HeamtoMmiHitoBaHHIO [16]. Kopozits 5%
aNIOMIHIEBOI OpoH3M Oyna piBHOMIpHOIO. TakuM 4YMHOM, B yMOBax 3aHypEeHHS
Kpallle BAKOPUCTOBYBAaTH 5% -HHI1 CIUIaB.

AJtoMiHiI€B1 OPOH3M HE CXUJIBHI 10 KOPO31MHOTO pO3TPICKYBAaHHS, 10 A00pe
MIATBEPAXKYETHCS TOCBIIOM €KCIulyaTalli BUpoOiB 3 HUX. [cToTHUM (hakTOpOM, IO
BHU3HAYa€ KOPO3iWHY CTIMKICTh altOMiIHIEBUX OpOH3, € iX cTpykTypa. CrjiaBu, 110
MICTATh MeHIe 8,5% Al, ckinanaioThes TUIBKY 3 0-()a3u 1 MalOTh BUCOKY KOPO31MHY
CTIMKICTh. BUTbIINIA BMICT aJIOMIHIIO BUKIMKAE YTBOpeHHs nBodaszHoi (o + ;)
CTPYKTYPH 1 JEII0 3HUKYE KOPO3IHHY CTIMKICTh. AJIFOMIHIEBI OPOH3H, 110 MICTSTh
9 ... 10% Al nmomatkoBO jeromani HikeJaeM 1 3amizom (mo 4 ... 6%), MamTh
CTPYKTYPY LIO CKJIaJA€ThCS 3 IPIOHOUCTIEPCHUX BUAUICHD X -(ha3u, BKpAIJICHUX B
OCHOBHY a-(a3y, a B JAESIKUX BHUIAJAKaX MPUCYTHS Takox P-¢aza. Taki cruiaBu
MalTh JIeII0 MEHIIY KOPO3iMHY CTIMKICTh NPU HUZBKUX HIBUAKOCTAX PYyXY
MOPCHKOT BOAM 1 BEJIUKY CTIMKICTh MPU BUCOKUX HMIBUAKOCTSIX BOAM B MOPIBHSHHI 3
oJHO(a3HUMU 0-OpOH3aMHU.

Kopo3siiiHa CTIHKICTh alllOMIHIEBUX OpOH3 B MOPCBKHX 1 OKEaHCHKUX
cepeZoBUIIaX MEPEBEPIIyE B PsAJil BUMAJAKIB CTIMKICTh BCIX 1HIIMX MIJHUX CILJIaBiB.
VY rapsuiii abo KUIUIAYi MOPCBHKIM BOJA1 CTIMKICTh alllOMiHIEBUX OpOH3, SK
MpaBWJIO, 3MIHIOETHCS HE3HAyHO. 3a JNaHUMH [5] KOpo3ifiHa CTIHKICTh JESKHX
JIMBAapHUX GPOH3 B MOpCHKiil Bomi ckimamae: BpAl0XK3Mm2 — 1,0 v/ (M - 1o6a),
BpA10XK4H4JT - 0,18 v / (M - 106a), BpA9XK4 — 0,25 r /(M” - 106a). Bin3HadaeTbes
TaKOoX, 110 BeJeHHS B MiJlb 2% Be (OepuiieBa OpoH3a) ACIIO 3HMKYE HIBUIKICTD
KOpPO3ii B MOPCHKIN BOJII.

3 yciX CIUIaBiB Ha OCHOBI MiJll IIUPOKE 3aCTOCYBAHHS B KOHCTPYKIIISX,
MOB'I3aHUX 13 3aHYPEHHSIM B MOPCHKY BOJIy 3HaXOJATh MIJHO-HIKEJIEB1 CIUIaBH, TaK
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caMO Il CIUIaBH 3HAXOJSATh IIMPOKE 3aCTOCYBAHHS B SIKOCTI KOHCTPYKLIMHHMX
MarepiaiiB sl TeII00OMIHHUKIB, MIAITPiBaydiB, YCTAHOBOK OINMPICHEHHS MOPCHKOI
Bomu. IIIBMAKOCTI KOpO3ii TakuxX CIUIaBIB HE TMEPEBUINYIOTh 33 MKM / piK Ha
MOYaTKy eKcrno3ullii 1 20 MKM / pik MICJsl BATPUMKHU MPOTATOM JEKUIbKOX POKIB.

Y XiMIUHI NPOMHUCIOBOCTI 3HAXOMASATh 3aCTOCYBAaHHS MIJIHO-HIKEJIEBI
cruaBy, mo MicTaTh 10, 30 1 63 ... 70% Ni, a TakoX 1HII METaIH, 30KpeMa 3aJ1i30 1
MaHra. 3a nanumu [17] HaliMeHII CXWIBbHUMH 10 Kopo3ii € crutaBu Cu(90) -
Ni(10) 1 Cu(70) - N1 (30). 3okpeMa, mpu HMBUAKOCTIX PYyXy MOPCHKOI BOAU
1,5...4M/c, mo BiANOBiZae ymMoBaM poOOTH OpOH30BHX JeTajed B Hacocax i
terooOminHukax, criaBu Cu(70) - Ni(30) 1 Cu(90) - Ni (10) mimmaroTbes JuiIie
HE3HAuHId Kopo3ii B 30HaX 3 TYpOYJIEHTHUM peXUMOM pyxy. [IpoTukopo3siiiHi
BJIACTUBOCTI ITUX CIUIaBIB MOXYTh OYTH TMOJIMNIIEHI BBEACHHSIM B iX CKJIaj
1...3% Fe. Tlpucytnicts B crmmaBi Cu(70)-Ni (30) o6uteme 1% Fe 30utbmnye
WMOBIPHICTh YTBOPEHHSI Ha MOBEPXHI TaKUX JeTaneit miTiHry. Jlocuts eheKTUBHUM
3aXHMCTOM Bij] KOpo3ii € BBeAeHHs 110 ckiany cruiaBy Cu(70) - Ni(30) antomiHiro.

Bucnoseku.

3a pe3ylnbTaTaMH aHali3y BCTAHOBIIEHO, L0 3aBJASIKUM CYKYITHOCTI BHCOKOT
KOPO31iHOT CTIMKOCTI, KOHCTPYKIIIIHOI MIIIHOCTI Ta €KCIUTyaTaliifHoi HaalitHOCTI,
HAWOUIBII IIUPOKE 3aCTOCYBaHHS B MPOMUCIOBOCTI 3HAMIILIM aJlOMIHIEBI OPOH3H.
[{i crmaBu HaivacTilie 3acTOCOBYIOTh B OOJaJHAHHI, 1€ 3aBASIKU CTIMKOCTI 0
KOpo3ii, BOHM MalOTh IepeBary B TMOPIBHSHHI, HANpHUKIaA, 3 OJOB'SHUMH 1
KpeM'SsHUCTUMH OpOH3aMHU.

IctoTHUM akTOpoM, 110 BH3HAYa€ KOPO3IMHY CTIMKICTh aJIOMIHIEBUX
OpoH3, € ix cTpykrypa. Ilpu npoMy cruiaBu, SiKi CKJIAJarOThCs TUIBKU 3 0O-(asu,
MalTh OUIBII BHCOKY KOpO3iiHY CTIMKICTh, B TMOPIBHAHHI 3 JBO(a3HUMU
CIUTaBaMH.

3 BUKJIQJICHOTO BUTIKA€E, MO0 MOJAJIBIII JOCIIIKEHHS B YaCTHHI PO3pOOKHU
HOBUX MapoK KOpPO31MHOCTIMKUX OpOH3 MOTPIOHO BECTH HA OCHOBI OIHAPHOIO
crutaBy Cu-Al, sxuii TpeOa JieryBaTH TaKUMHU €JIEMEHTaMU 5Kl O JTO3BOJWIM MPU
MO3UTUBHUX Ta HETaTUBHUX TEMIIEpaTypax HABKOJUIIHBOTO CEPEAOBHILA
MIJBUIIUTH 1X MEXaHI4H1 BJIACTUBOCTI 0e3 3MiHM abo 0e3 CyTTEBOI 3MIHM iX
0J1HO(a3HOI CTPYKTYpH.
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SMEHIIEHHSA OB'€EMIB HAKOIIMYEHHSA BIIXO/A1IB
HIJIAXOM NOBTOPHOI'O BUKOPUCTAHHA
B KOKCOBOMY BUPOBHULTBI B YMOBAX ITPAT «AKX3»

loy., kano. xim. nayk M.B. Kopmep, cm. euxnadau I.b. Kosanvosa
Haguanvno-naykosuit Texnonoziunuit incmumym
Jepycasnuii ynieepcumem eKoHOMIiKU i mexnonozii, m. Kpusuii Pic, Ykpaina

AsniiBcbkuii kokcoximiyauit 3aBos (IIPAT «AKX3») Bupobase 30 Bumiis
MPOAYKI[li, OCHOBHMM 3 SIKUX € KOKC. 3aBOJ[ BHIIYCKa€ IIUPOKUA CHEKTP
KOKCOXIMIYHOT MPOAYKIi 3 KaM'SHOBYTUIBHOI CMOJIM 1 KOKCOBOTO Ta3zy, IO
BUJIUIAIOTHCS M1 Yac KOKCYBaHHS BYTiUIs. TEXHOJIOT1YHI POIIECH MiJATOTOBKU Ta
KOKCYBaHHS BYTUJLJIsl, YJIOBJIIOBAHHS Ta MEPEepOOKH XIMIYHUX MPOJIYKTIB HEMOKIIUBI
0e3 yTBOpEHHs BIAXOJIIB BUPOOHUIITBA. Benuka yBara mpuaUISIETBCS Ha 3aBO/II
yTHITI3a1111 TPOMKCIIOBUX BiIXO/IIB.

Ha croronnimniii yac Ha AKX3 3 Takux BiIX0JlIB BUPOOHUIITBA, SIK (ycHU
KaM'SSHOBYT'1JIbH1, HEKOHAUIIMHUN KaM'SHOBYTUIbHUN IE€K, OpakoBaHUU cCynb(ar
aMOHII0, BaKKa KaM'SHOBYTUIbHA CMOJIa, MOTJIMHAJIBHE MAcjo 1 KOKCOBUM IIJIaM,
caMe pycH BUKIIMKAIOTh MIABUIIECHY yBary.
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Haiipo3noBCIoKEHIIINM HaNpsIMKOM yTHIII3alli pyciB € mojiaya iX B SIKOCT1
NPUCAJKU y BYTUIbHY IIMXTY JJi1 KOKCyBaHHA. [IpoTe, BpaxoByrOUM CHUPOBHUHHY
0a3y kokcyBanHs AKX3, Ttakuii MmeToa yTuiizaiii BIAXOAIB HE € €(EKTUBHUM Ta
HaBITh MOTIPIIYE SIKICTh BUXITHOTO KOKCY.

Takuit edekT mnop'a3aHuil, mepm 3a Bce, 31 B3aemMojicl0 (QyciB Ta
KaM'sSTHOBYTIJIbHOT IIMXTH HA MOJIEKYJIIPHOMY PiBHI.

He6e3neyHicTh Ta CKIAAHICT NEpepoOKd (PyciB  3aKIIOYAETHCS B
HETMOCTIMHOCTI CKJIaay TBepAoi ¢as3u, M0 3MIHIOETBCS B 3alIeKHOCTI BIiJ
IHTEHCUBHOCTI TIAPOIHXKEKIlI Ha KOKCOBUX I€dYaX, y CKJIAJHOMY CTPYKTYpPHO-
($a30BOMy cTaH1 Ta BETUKIM KUIBKOCTI PEUYOBUH, 30CEPEIKEHUX B OJAMHUIIl Macu
BiIxoay BupoOHUITBA. Lli ¢pakTopu 1 00YMOBIIIOIOTH YaCO- Ta PECypco3aTPaTHICTh
ix mepepoOKwu.

3pocTarodi BUMOTHM Ta HOBUM MiAXiA 0 €KOJOT14HOi Oe3neku KpaiHu Ta
CBITY 3arajoM, BUMOT'H CaHITapHUX HOPM JIO CTaHy IMOBITPSHOIO CepeloBUIlA Ha
poOoYMX MICIIX BUPOOHMIITBA, CTaBIATH 3aJladyy PO3POOKHM HOBOIO MIAXOAY A0
nepepoOku (ycis.

B po6oTi 3anmponoHoBaHi panioHaibHI METOAM yTUII3allll KaM’ STHOBYT1JIbHUX
¢yciB, Kl HE MaTUMYTh HETaTUBHOTO BIUIMBY Ha SIKICTh KOKCY Ta 3a0e3medarh iX
HaWMOBHIITY yTHIII3a1lii0 0€3 MIKOIU JIsl HABKOJIMIIHBOTO CEPEAOBHILIA.

Ha cphoroanimHiii yac BXe € MeBHI pO3pOoOKH, MO0 Oe3rneyHol yTuii3amii
BHUCOKOB'A3KMX MOOIYHUX MPOAYKTIB KOKCYBAaHHSI, aj€ BCl BOHM HaJIJIEHI IEBHUMU
HEIO0JIIKaMH, IK EKOHOMIYHUMH, TaK 1 TCXHIYHUMH.

OgnuMm 3 HaleeKTUBHIIIMX HA JaHUKW Yac METOMIB  yTHIII3alii
KaM'sSTHOBYTIJIbHUX (YyCIB SIBISIEThCS OpUKETYBaHHS KaM'SHOBYT'UIbBHUX (YCIB,
BYriIbHUX HUIamiB Ta ApiOHux knaciB Byruuig ([latent P® 2350645, omyo6u.
27.03.2009) [1].

Inest OpuxeTyBaHHS BYTUIBHUX BIIXOJIIB HE HOBA, SIK MIHIMYM ICTOpIsi 3HAE
e TpU 3amaTEeHTOBAaHUX PO3POOKH, aje BOHU HE 3HAXOJIWIM PO3MOBCIOJKEHHS
JIMIIIE TOMY, 1110 3alPONIOHOBAHI cXeMH OpuKeTyBaHHA Oyiu a00 HAATO CKJIAIHUMH,
abo X MicTWIM B €001 BEJIMKY KUIBKICTh MPOIECIB, L0 3HAYHO MiABUIIYBAJIO
co01BapTICTh LIUX OPUKETIB.

["onoBHOMO 3a/1a4€10 PO3POOKHU, 10 PO3TIATAETHCS, € CTBOPEHHS MPOCTOTO Ta
JIEIIEBOr0 Croco0y OpUKETYBaHHS KaM'SHOBYT'UIbHMX (DyCIB 31 30UIBILIEHHSM iX
MEXaHIYHOi MILHOCTI, JJIi BUKOPUCTaHHS B SKOCTI NajuBa B MOOYTOBUX abo
MPOMUCIOBUX TOMKAX, JJII KOKCYBaHHS Ha KOKCOXIMIYHMX 1 METalypriiHuX
MIIIPUEMCTBAX.

Peanizamis Bka3aHoi 3a1a41 311MCHIOETHCS HACTYITHUM YHHOM.

Kam’stHOBYruibHI  (pycH 3aBaHTaXyIOTbCSI B (opMHU TpaHcmoprepa 1
MOJIAIOThCS B MY, JI€ IX MIAAAI0Th TepMIuHiid 00poO11i. bpukeTyBaHHS Bi1OyBa€eThCS
npu Ttemmnepatypi 330-390 °C, yac mnepeOyBanHsi ¢yciB B meul 120-40 xB.
JlocnimpkeHo, Mo MiABUIIEHHS TeMIlepaTypu OOpoOKM OpUKETIB 3MEHIIYE Yac iX
nepeOyBaHHS B TI€4l, OTXKE 3HIKYE iX COOIBApPTICTh, aje MpU I[bOMY
XapaKTePUCTUKHU MIITHOCTI Ma/1al0Th.
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B miu mocTymnarTh IUMOBI ra3u 3 BUXOJY KOKCOBOIO BUPOOHMIITBA 3a7Is
JOCSITHEHHS MIYYI0 TeMIepaTypHu rasiB, a MOTIM BX€ B MIAICPITY MHiY MOAAIOTH
¢dbopmu 3 Opukeramu. Ha BUxoal TpaHCIIOpTepa BUBAHTAXKYIOTh TOTOB1 OPUKETH.

Jlopedi, BUKOpUCTAaHHSA AMMOBHUX Ta3iB B 3asBICHOMY CIOCO01 03BOJISIE
YTWII3yBaTH TEIUIO, OCKUIBKM Ha CHOTOJHIIIHIA 4Yac Il ra3u 3 TeMIEepaTypolo
npu6m3Ho 350 °C BUKUIAIOTRCA B aTMOcdepy uepes Tpyoy.

BukopucranHs 3anponoOHOBAaHOIO0 METOy OpUKETYBaHHS KaM’ sSTHOBYTLUTBHUX
(byciB 103BOJISIE OCSTHYTH CIIPOIIECHHS TEXHOJOTii OpUKETYBaHHS 3a paxyHOK
BUKJIFOUEHHS orepallii nepeMimryBaHHs QyciB 31 3B’ I3yIOUUM, BUKOPUCTAHHS TeIlJia
JUMOBHX Tra3iB a0o X MOBITPA 1, IK HACIIJIOK, 3MEHIIUTH COOIBAPTICTh MATMBHUX
OpUKETIB.

Takoxx MoOXHa BUIYy4YUTH 3 (QyciB MIHHI pPEYOBUHU (HadTamiH, -
MeTwiHadTamid, p-mMetunHadTadiH 1 aHTpPaALEeH), 110 BUKOPUCTOBYIOTHCS B
nako¢apOoBii Ta XIMIYHINA TPOMUCTOBOCTSIX [2].

B nmaHmii  yac  HalNepCHEKTHBHINIOW  PO3pOOKOI0  yTWii3amii
KaM'ssHOBYTUIbHUX (yciB € meron rasudikamii ([larenr UA 136361, omyo6u.
12.08.2019) [3].

Croci6 oTpUMaHHS TE€HEPATOPHOTO Tra3y BKJIIOYAE HU3BKOTEMIIEPATypHY
razu@ikaito cymilil BiIX011B KOKCOXIMIYHMX BUPOOHUITB 3 TBEPAUM HOCIEM MpHU
temmneparypi 400-500 °C 1 HacTyNHY €JIeKTPOKOHBEPCIIO MaporazoBoi CyMilli.

BpaxoByroun  BHCOKY B’A3KICTb  KaM'SsHOBYT'UIbHMX  (yciB,  OyJo
3alpONOHOBAHO MiAAaTy Tasu@ikamii i NPOAYKTH pa3oM 3 TBEPAUM MOPUCTUM
HocleM (Oype BYruuis abo ropixoBa MmIKapiIyma).

Bubip tBepaoro teminoHocis OyB BUMNpaBAaHUil TuUM, 10 Oype Byruuis ado
ropixoBa IIKapiymna BOJOAIIOTh BHCOKOIO TMOPHUCTICTIO, iX TEPMOIAECTPYKIis
MOYMHAETHCA MPU HU3BKUX TEMIIEpaTypax, CXOXKUX 3 TEMIIEPATypoOr0 NECTPYKIIi
¢yciB, 1 10 TOTO K TakKi HOCII € TIOCTYTHUMH Ta JICIICBUMU.

3a 3amMpoNOHOBAaHOK TEXHOJOTIE€I0 CHOYaTKy Ha TBEpAl YAaCTUHKHU

PIBHOMIPHO HaHOCSTH (DyCH 3a IOTIOMOT'0OI0 YCTAaHOBKH, 300pa)kKeHOT Ha pUCYHKY 1.
Peaktop
3E|BaHTﬂH{}_"'Ba\'II>HIIfI IHOK 3
TE€PMETII"THOK KPIIMIKOK

Tepmomapa TXK .
i JocIlnKyBaHa CIIpOBIIHA

iml]
Enekro 4
|Pesyxtop TPHBLT |

MexaHizM )
PO3BAHTAKEHHA t H

E-Jleix{p;l)H;ill'-[j)l:B i
| IInex

EK

|6I10K yTIpaBmiHES i
|pETyIHOBAHHS TEMIEPATYPIT |

Pucynok 1 — Cxema 1a00paTopHOI YCTAHOBKH /IJISl 3MiLIIyBAHHSI BUXITHUX
KOMIIOHEHTIB
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TBepnuii TeroHoCIH 3 pycamMu yepe3 3aBaHTAXyBaJIbHUHN JIOK HaIXOJATh B
peakrop, posirpituii 10 50-70 °C, 1 repMeTHYHO 3aKPUBAETHCS KPUILIKOIO.
PerenpHe 1 piBHOMIpHE NepeMilllyBaHHs 3a0e3MeuyeThcs 3a JOMOMOIOI0 IITHEKY
crenianbHOi KOHCTPYKIii. B ganuii peakTop MOXKIMBO 3aBaHTAXUTH KOMIIOHEHTH B
Oynp-sikii mponopuii Ta Oyab-sikoi B's3kocti. [Ipore micns psay NpoOBEeASHHUX
EKCTIIEPUMEHTIB OyJIO BUSBJICHO, IO HaWKpallUM CIIBBiIHOMIEHHSIM € 9:1,
BIIMOBIAHO TBepAoro Hocis 1 ¢yci. Ilicas Takoi MNIArOTOBKH, OTpHUMaHa
KOMIIO3HUIIisl HE BTpaya€e PO3CUIMYACTOCTI, LIO0 MO3BOJSE ii TPAaHCHOPTYBAaHHS 1
3aBaHTAKECHHS.

Jlani oTpuMaHa CyMIIl HalpaBis€TbCS HA JABOXCTYIIHYATY YCTAHOBKY IO
nepepooOIll B'I3KUX BIAXOA1B, IO MPEACTABICHA HA PUCYHKY 2.

B miu 3 Temmneparyporo 400-500 °C, 3HM3y, 3a q0moMoror mnepopoBaHoi
CKJISIHKM BBOJUTHCA HaBaXKKa. Tyad X KOMIPECOPOM IMOAAETbCSI OKUCHUK —
noBiTps. [IpoaykTH, 110 yTBOPIOIOTHCS, SBISIOTH COOOI0 Mapora3oBy CyMIll, siKa
JlaJl IOCTYTIa€ Ha KOHBEPCIIO B PEaKTOP-KOHBEKTOP.

HwxHst 30Ha peakTopa-KOHBEKTOpa — I1€ 30Ha BUCOKUX TemmepaTyp (800 i
1000 °C), B aKy 3 mipoJi3HOT Ieyl MOAAI0ThCS Mapora3oBi NPOIYKTH Ha KOHBEPCIIO.
B sKkocTi Hacagkd BUKOPUCTOBYIOTH KaM SHOBYTUIbHMM KOkc. Enextponarpis
BIIOYBA€ETHCS MPHU MOJAYl €JIEKTPUUYHOIO CTPYyMYy 10 TIpadiTOBUX eleKTpoAiB. B
nporieci poboTu nependavyeHe aBTOHOMHE OXOJIO/KEHHS €JICKTPOJIB. Y BEpXHii
YJacTUHI peakTopa Bii0yBaeThCs B11OIp MPoO YTBOPEHOTO ra3y.

1

Tepmonapa TXA
Koxe
Bomne ~~
Oﬁgmﬂmeﬂm _@_ PeakTop-KOHBEKTOD,
T‘ H’\WHB HATPiB MIKpOAYTO -
p ” : [BIIM PO3PAIOM,
SIeKIpomE o TeMIIepaTypa
YIRPT 1 00-1000°C
I'padirori enekrpomn
] ? I - -
Tepmonapa TXK

A=A

Y

d / A BI0K
Hep?ljopOBaHa '/// VIIpaBIiHHS
CKJLIHKA 3 HABAKKPED. N/ /77 -
3aBaHTa’KeHH] / ;s
BinOyBaeThCA —‘ I— E;:pi;;‘iupo'
uepe3 HI3 ITeui  / s

= TemIepatypa - 450°C
Kp
Kommpecop

Pucynok 2 — biiok-cxema IBOCTyIIeHEeBOI J1a00PATOPHOI YCTAHOBKH
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Pe3ynpTaT BUKOHAHMX EKCIIEPUMEHTIB Yy MIPOJII3HINA MMeyl MpeicTaBieHl B
tabmuui 1, ge I — mkapayna, @ — pycu, bB — 6ype Byris.
Taoauus 1 — Ckiag OoTpUMMAHOI0 reHePATOPHOI0 ra3y

Burpara Temmnepartypa, °C O0’eMHa JacTKa
Ne | Caposura no;;g)s{, [Tiponizep K]f)iit;ic;p CO | ByrneBoani | H»S
1 I+ 1 400 800 243 2,55 0,09
2 I+ 2 400 800 14,0 0,75 0,06
3 HI+d 3 400 800 25,4 4,12 0,09
4 I+ 1 400 1000 15,7 1,4 0,09
5 HI+d 2 400 1000 13,4 1,38 0,04
6 bB+® 2 500 800 2,6 0,48 0,01
7 bB+® 3 500 800 10,5 2,13 0,05
8 bB+® 4 500 800 16,4 2,02 0,1
9 bB+® 3 500 1000 23,0 1,17 0,09
10 | BB+® 4 500 1000 16,9 1,23 0,08

Harnsinno 6aunMo, 1110 00’€eMHa yacTka 4aJHOTrO ra3zy B MPOAYKTax razudikariii
nocsirae 15-25 %, 1m0 J0MyCTUMO JUIsl TEHEPATOPHOrO Ta3y, a KOHILIEHTpALls BOJIHIO
cTaHoBuTh 7-9 %. BrumB TemmepaTypu B €IEKTPOKOHBEPTOpi, MEpIIl 3a BCE,
BUPAXKAETHCS B 3HW)KEHH1 KOHIIEHTpAIlii BYTJIEBOJIHIB.

OTtxe, MOCTIIHO 3pOcCTaryvy KUTBbKICTh BHCOKOHEO0E3MEeUHNX
KaM’ STHOBYT'UIbHMX (YCIB MOKHa HEWTpasi3yBaTh 3a JOMNOMOTOI0 IPOIECy
JBOXCTYIMIiHYAaTO1 Tazudikailii 3 HAaMOBHIOBAYEM, 3 OJEpPKaHHSM T€HEPATOPHOIO
rasy 3 Bmictom CO 15-25 % Tta 7-9 % H..

Jlana TexHOJOrig JO03BOJISE OTPUMATH EKOHOMIYHHUNA e(peKT mpH
BUKOPHUCTAHHI JACIIEBOI CHPOBUHU ISl OTPUMAaHHS LIHHUX MPOAYKTIB [4].

Bucnoeku

[IpencraBieni MeToau, Takl SK I1HAMBIAyaJdbHE OpUKETYBaHHS abo XK
razudikamis ¢yciB 3 OTPUMAHHSIM TE€HEPATOPHOrO Ta3y - € Cy4acCHUMHU Ta
palioHalbHO BUIIpaBAaHUMU JUisi yMOB BUpoOHUITBA [TPAT «AKX3».

B dac, xonu ykpaiHChbKI MajquBHI PECypcH TOCUTh OOMEXEH1, BTOpPUHHE
MaJIUBO JIMIIEe HAOyBa€ MOMYJSPHOCTI.

['eneparopHuii ra3, OTpUMYBAHHMM 3 BIIXO/1B KOKCOXIMIYHOTO BUPOOHMIITBA,
cipusie He JMIIe YyTHiIi3auii BHCOKOHeOe3neyHuX (¢yciB, a MOXe 1 B LUIOMY
MOKPAIIUTH €KOJIOTTYHY CUTYallll0 YKpaiHu Ta CBITY.

3pocTaHHs 1[IH Ha ONaJeHHsS MPUMYIIYE CKYNOBYBATHU JIIOAEH Pi3HI KOTENbH1
YCTaHOBKH, 110 MPOAYKYE BUPYOKY JTICHUX MAacUBIB 200 K BUKOPHUCTAHHS B SIKOCTI
najgruBa MOOYTOBUX BIIXOJIB, 110 HECYTh XOU SIKECh TEIJIO 1 3a4acTy SBIISIIOTHCS
HEeOE3NEeYHNMU.

["apHOI0 MaIMBHOIO albTEPHATUBOIO CIYTyBaB Ou reHeparopHuii ras. IIpote
BiH MO€ BUKOPUCTOBYBATHUCH HE JIUIIE SIK MOOYTOBE MaJINBO, TaHUW ra3 MiX0IUTh
JUISL CTIAJIIOBAHHS B OYJIb-IKMX €HEPreTUYHUX YCTAaHOBKAX, a TAKOX JIJISI XIMIYHOTO
CUHTE3Y.
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A oTpuMyBaHI 3a HPEICTaBICHOI0 CXEMOK OpHUKETH 3aJ0BOJIBHSIOTH
BUMOraM, IIOJ0 iX BUKOPUCTAHHSA B AKOCTI €KOJOTIYHOrO MajvBa Yy COLIaJIbHIN
cdepi, a TaKOXK 1 JIsl BUTUIABKU CTall Ta YaBYHY.
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Beryn

[Ipouec XIITP OGyB cTBOpeHuHii Ta BUKOPUCTOBYETHCS JJIi BUPOOHMIITBA
0COOOTOHKOCTIHHUX TpyO miaBumieHoi skocti. Ha ctanax XIITP nedpopmyrouum
THCTPYMEHTOM CIIy»aTh POJUKH, SIKi CHUPAIOTHCS HA OMIOPHI IUIAHKY 1 OTIPaBKa.
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Pucynok 1 - 3oBHimHii Burasjg incrpymenty crany XIITP [2]

ITocTanoBKka nmpodJemMH i 3a1a4i JOCTiTKEHHSI

BuBdenHss yMOB poOOTH 1 MPUYMH BUXOJY POJHUKIB, OMPABOK 1 OMOPHUX
IJIAHOK CTaHIB XOJIOJIHOI MPOKATKH KOPO3IMHOCTIMKUX OCOOOTOHKOCTIHHUX TPYO
[0Ka3aj0, 0 YMOBOIO HOPMAaJBHOTO TMpoLECy IIaCTUYHOI nedopmaiii Ha
POJIMKOBHX CTaHax € Oe3lepepBHE MEPEKOYYBaHHS POJMKA MO MOBEPXHI IJIAHKU
mig  Ji€0  cuil  TepTs KOTiHHA. PoOoua mnoBepxHs IUTAaHKKA  CHEIIaTbHO
onpodIbOBaHa, BIAMOBIIHO 33JaHOMY XapakTepy 3MiHM jAedopMallii 0 JTIOBXKHUHI
X0y poyMKiB. B mpoleci mMpokaTku pOJUK CTa€ 3aTUCHEHUM MK OIOPHOIO
MOBEPXHICTIO IJIAHKA 1 poOOYMM KOHYCOM 3aroTiBii, MpU LbOMY Jedopmartis
MeTaly CYIpPOBOKYETbCS PO3BUTKOM 3HAYHUX NMHUTOMUX THUCKIB Ha MOBEPXHI
KOHTaKTy Iang pojuka 3 OMOPHOIO IJIAHKOIO [3].

OcHoBHUM Je(eKTOM, 10 MPUBOAMUTH JO BUXOAY 3 CTPOIO BCIX AeTaliel
MPOKATHOTO 1HCTPYMEHTA, € BUKPUIIYBAaHHSA MeTaly Ha poOOYid MOBEPXHI.
[IpyunHa — HeOCTaTHS KOHTAaKTHA 3HOCIMUBICTb, IO B CBOIO YEPry € HACHIIKOM
3HM)KEHOT TBepAOCTi [4].

Pucynok 2 - 3HoC poiMKiB i OMOPHUX IVIAHOK

Inctpyment craniB XIITP BuroroBnsietscss 3 crami 60C2XDA abo
jJeroBaHoi mraMnoBoi ctaii 4X5SM®D1C.

[linBuieHHsT CTIAKOCTI OMOPHHUX IUTAHOK MPHUBOAUTH JI0 EKOHOMIL
BUPOOHHUIITBA. 3aMiHA OMOPHHUX IUIAHOK, MO MIp1 BUXO0Ja iX 3 CTpPOIO, MOB’sA3aHa 3
3yIMUHKOIO cTany Ha 10-20 xBumnuH [5].

CriiikicTh onopHHX TUIaHOK 31 cTaii 60C2X DA cknanae Ha ctaHl «15-30» —
920 m; 31 ctani 4XSM®1C — 1340 M; cTiiikicTh posukiB 31 ctani 60C2XDA 1023-
1030 M, 31 ctami 4X5SMD1C 1540 -2060 M [6].
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Marepiajin Ta METOAMKA JOCTiKEHb

3 MEeTOI0 3MEHUIEHHS! OCIIOBUIHOTO 3HOCY POJIMKIB 1 OMOPHUX TUIAHOK CTaHy
XITP, 3amictes ctami 60C2X®DA Oyna 3anporoHOBaHa TEIUIOCTIHKA CTallb
4X5SMODIC, saxa migaaBanachk 3araptyBanHHio 3 1070-1080 ° C B mMmacmi i
nBoKpaTtHOMY Biamycky mpu 570-550° C ta 530-550° C st oTpuMaHHsS TBEPIOCTI
587-649 HV 1 cnigyrounx mexaHiyHux BiactuBocTei: OB= 1960 MIla; 61=1720
MIla; 6=9,3%; £=43%; KCU=460 Kx/m" [7].

Bracniok HeZoCTaTHBOI CTIHKOCTI I1HCTPYMEHTy Oyra 3amponoHOBaHA
yIIOCKOHAJ€Ha TEXHOJOTis TEPMO3MIIHEHHSI — IHCTPYMEHT MNiAJAI0Th Micis
3arapTyBaHHs 3 BIIMYCKOM XIMIKO-T€pMIYHIA 00poOI1il ( 10HHOMY a30TYBAaHHIO B
ma3mi 1yroBoro po3psiay npu 530-550°C mpoTsaroM ABOX TOAWH) JJIsE OTPUMaHHS
mapy 50-70 MKM 1 OJaIBIIOMY IJIa3MOBOMY HAaHECEHHIO 3HOCOCTIMKOTO MTOKPUTTS
TiN ToBHIMHOIO 6-7 MKM JUIsl OTpUMaHHS BUCOKOI oBepxHEeBOi TBepaocTi ( HV os
1021-1220) [8].

B po6ori 3 (tpu) ponuka 3 crani 4X5SM®1C mupuHoo 65 MM mia giaMeTp
Tpyou 16 MM 1 3 (tpu) omopHi tiaHku 3 ctaiai 4XSM®D1C poxunoro 210 mwm,
mpuHoo 80 MM 1 Bucorow 47,42 mm Oynu mifjaHi 10HHOMY a30TyBaHHIO B
1a3Mi JIBOCTYIIEHEBOTO TYTOBOTO pO3psAy B Moai(ikoBaHiil ycTaHoBI «bynat-6»
B JJabopatopii mazMorexHosorii Inctutyty ¢izuku Bepaoro tina HHI XDTI (m.
XapkiB).

BakyyMHO-1yroBuii  po3psii =~ BUKOPUCTOBYETHCS B IPOMHUCIOBUX
TEXHOJOT1AX  MOAU(DIKYyBaHHA  TOBEPXHI s  OTPUMAHHS  YHIKQJIbHHUX
XapaKTepUCTUK MOKPUTTIB. Po3psim B mapax Marepiainy kKaroaa (MeTal, CIUIaB,
KpeMHii, rpadir 1 1H.) CTBOPIOE MOTOKU IIJIA3MU 3 MOYATKOBOIO €HEPri€ro 10HIB B
JECATKU 1 COTHI ([JIs1 TYrOIUIaBKMX METalliB) €JEKTPOHBOJIBT. B moTokax riazmu
TAaKOK MICTATBCA Kparull po3IJIaBIEHOT0 Marepiany Kartojga abo ioro TBepni
OCKOJIKH [9].

OntuManbHuil 4Yac a30TyBaHHS 1 Yac HAHECEHHS IOKPUTTIB OJIM3bKI 3a
BermunHOO (30 ... 60 xB). HeBenuka KUIbKICTh HITPUIIB (Y€pe3 HU3BKUM THCK a30Ty),
MOJKJTUBICTb OCaJIXKEHHS TOKPUTTIB MpH Temnepatypi Humx4de 400 ° C 1 30epexeHHs
MopdoItorii TOBEpXHi MiCas a30TyBaHHS JO03BOJISIIOTH 3IMCHUTH OE3MEPEePBHUMN UK
KOMOIHOBaHOi 0OpOOKH B €JMHOMY Te€XHOJIOTTYHOMY Tiporiect [10].

Cxema MopepHi3oBaHO1 ycTaHOBKM «bynaTt» mokazana Ha puc. 3. Kamepy
BiIKQ4yBaJIu 10 1*10° [Ta, Hanyckaimm B Hei azor ao tucky 0,1 ... 0,5 Ila,
BKJIIOYAJIM BUNAPHUK 2 1 MOJIaBaJid HAa KAaTOJ BUMApHUKA 4 TTO3UTUBHY HAIPYTy Bil
mxepena 7 (monoxkenss Il mepemukaua 9). [Ipu 11poMy Mik KOPIycoM BaKyyMHOI
KaMepu 1 KaTojoM BUIApHUKA 4, B JaHOMY BHUIAJKYy aHOAOM, 3alajlO€ThCA
IYrOBUM Ta30BUN PO3pAl, AKUN HIATPUMYEThCA xepesnom 7. CTpyM ra3oBOro
po3psany 200 A.

JIBocTyneHeBuit BakyyMHoO-1yroBuii po3psn (ABIP) siBisie cob6oro po3psn, B
SAKOMY TO3WTUBHHMM CTOBN Jyrd PO3AUICHUN HAa JBa CTyNEHI, Mepiia 3 SKUX
MpeCTaBIIsi€ COO0I0 BaKyyMHY YTy 3 XOJIOJHUM KaToaoM (2), a Ipyruii CTyMiHb -
MO3UTUBHUM CTOBI AyroBoro pospsanay (7, 8) B camiil kamepi B Iu1azMi poOOYOro
razy a3otry Hu3bkoro Tucky. JIB/IP cTBOpioe Ha MOBEPXHSX, 110 3HAXOASITHCS Mij
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M1aBalOyYuM MOTEHI[1AJIOM,
MO3UTUBHUN HaBEACHUI MOTEHIA.
[IIBuakicTe 1 IJIMOMHA a30TOBAHOI'O
mapy  Oyae  3MIHIOBaTuCcsS  BiA
TeMIlepaTypH JIeTalli, I0HHOTO CTPyMY
Ha JeTaJl, 1110 3aJeKUTh BIJI IIIJIBHOCTI y
ra3oBoi mrasmu JIBJIP, 1 Big camoro
Marepiairy. Temneparypa
IHCTPYMEHTY, 11O  HarpiBaeThbcs,
3aNIeKUTh BIJ MPUIOKEHOTO
notenmiany (Puc. 3). B panomy
BUIAJKY cTpyM katonma = -80 A (2),
ctpym Ha aunomi = -100A (7, 8).
Hanpyra Ha moBOpOTHOMY MeXaHI3Mi
=-1100B (9). Tuck a3oty B BaKyyMHO-
ayropiii  kamepi  mpu  nporeci PucyHok 3 - Cxema BaKyyMHO-AyI0BOI

[$ + &1

azoryBanHs p = 0,6 IIa. Temneparypa YCTAHOBKH VISl MOAU(IKYBaHHSHA

Ha 3paskax Oyma 500 ... 560 ° C. Yac nosepxHi Bupoois [11]:

azoryBaHHs | roguna [12]. 1 - xopmryc BakyymHOT kamepn; 2, 3, 4 —
Haii6inpin  HagiliHy  OLIHKY BAKYYMHO- JIyroBi BUNApHHUKH; 5, 6, 7 - Jukepena

pEe3yIIbTaTiB XiMIKO-TEpMI4HOi ~ KHBJICHHS BUIIAPHUKIB; 8 - JKEPENO KUBJIECHHS

00poOku  jmaroTh  MeTanorpadiuni migknanky; 9, 10 - nepemukayi; 11 -

JOCII/DKEHHS, SIKi JAlOTh BiZOMOCTI MMOBOPOTHHI MPUCTPI; 12 - IHCTpYMEHTH ISt
TIpO TOBIIHMHY i OYJ0BY Iapy 3'eHAHb 00poOienHs; 13 - expaH, Ipo30opuil I rasy i

i mudysiiiHoro mapy. 3a3zsuyail s €JIEKTPOHIB; 14 - cucTeMa aBTOMaTUYHOT
MeTaorpadgiyHoro JOCITKCHHS MIATPUMKH THCKY Ta3y; 15 - renepatop
HJJIi(I)I/I prTJII/I HiTameM - 2 - 4% -HuM BHCOKOBOJIbTHHX IMITYJIbCIB; 16 - G110K
CIIUPTOBUM PO3YMHOM a30THOT ABTOMATHYHOI'O YIIPABIIIHHA 0Ca/KECHHAM

KUCIOTH. JIJIst CyKEHHs Ipo (Hha3oBUi OararomapoBHX NOKPHTTIS.

CKJaJ 1Iapy BHKOPHUCTOBYBAaJM METOAM KOJBOPOBOIO 1 E€IEKTPOIITHYHOTO
TpaBJICHHs B pO34MHi inkoro Hatpy [13].

= . ﬁ

Pucynok 4 - JIabopartopis miiazmoBux rexnosiorii HHI XPTI
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Takox Oyiu MpoBeJIeH] eJIEKTPOHHI JOCIIIKeHHS MeTanorpadiyHux nuiidis
(BuxiaH1 mutipu Oynu mopizaHi Ha TOHKI 3pa3KH MO 5 MM), IPUTOTOBIICHI 1 MiAaH1
BUBYCHHIO Ha PacTpOBOMY eJIeKTpoHHOMY Mikpockoni (PEM), Bucoka mo3BosieHa
3natHICTh (10 60 A) 1 BUHATKOBA INIMOWHA PI3KOCTI SAKOTO POOJSATH WOro Maiike
HE3aMIHHMM JUIsi  MeTrajorpadiuyHux  gociijpkeHb [14], Oynau  mpoBeneHi
TihpakKTOMETPUYHI JOCTIIKEHHS 3pa3KiB Ha PEHTTEeHIBCBKOMY JipakToMeTpi
JIPOH-2.0 B xob6anpToBoMy Co-Ko BumnpomiHoBaHHI 13 3actocyBaHHsM Fe
CEJICKTUBHO MOTJIMHAIYOro (uIbTpa.

3amip TBepHOCTI TOBepxHI 3paskiB micas XTO OyB BHKOHAaHMM 3a
JIOTIOMOT0I0 MiKpoTBepaoMipa (Mikpockomna) - tumy [IMT-3 npu HaBaHTa)KeHHI1
100rc HV;

MIKpOCTPpYKTYpH  €KCIIEpUMEHTAIBHUX  3pa3kiB  cTtami  4X5SMOIC
(MOBepXHEBU Iap) IMMICJsI 10HHOTO a30TyBaHHS 1 HaHeceHHs MOKpUTTS TiN

HaBeJICH1 Ha pucC. 5

a *200 0 *800
PucyHnok 5 - MikpOCTPYKTYpPH eKCIIepUMEHTAJIbHUX 3pa3kiB cTani 4XSMP1C
(moBepxXHeBMi IIAP) MICJIs1 iIOHHOT0 a30TYBaHHA | HaHeceHHsI MOKPUTTHA TiN:
nokputTs, E-¢aza (Fe,3N), »'-dasa (FesN), a -daza (asoTucruii pepur)

HibpakTorpamMmu 3pa3KiB HaBeIEeHI Ha pPHUC.6, pe3yJbTaTH PO3PaXyHKIB

3BezeHl B Ta0u. 1.

8000 - ey
*-Fe-a

*-Fe-y

(110)

I, a.u.

4000

. Lﬁﬂ
l+ (200)
=+ (211)
’)*(220)

T T T T T

T T ¥ 1
40 50 60 70 80 90 100 110 1 130
?9, deg

Pucynoxk 6 - Jlippaxkrorpamu 3paskis crauai 4XSM®P1C micJist iOHHOT0
a30TyBaHHS
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Tadauus 1. @a3oBuil CKIAA JOCTIAKEHUX 3PA3KIB

Ne 3pasky daza Bwmicrt, Yowt Mapamerpu
peliTKy a,
Fe-o 97,6 2,868
1,2,3 FC-Y 2.4 3,595

Teopis Ta anaJi3 OTPUMAHUX pe3y.m,TaTiB

PesynbpTaT 3amipy 3aMipy MikpotrBepaocTi Ha mpudopi [IMT-3 3pa3kiB crani
4X5SM®1C micns 10HHOTO a30TyBaHHsS 1 HaHeceHHs MOKpuUTTs TiIN HaBeleHI B
TabJ1. 2, a aHaJli3 pe3ynbTaTiB 3BEACHUM Ha JiarpamMax MiKpoTBepAocTi (puc. 7).

Tabiauus 2. PesyabraTu 3amipy MmikporsepaocTti Ha npudopi IIMT-3 3paskis
craji 4XSM®P1C nicsast ioHHOro a30TyBaHHs i HaHeceHHs1 mokputTsa TiN

Cepenniit 3HaveHHs MIKPOTBEPOCTI
3p{a\f:Ky 3oma ﬁ;%“;if; Bli[;[%h:l:(r; Hapanrmasc..l MIIa epotue
’ Mlla Kr/mm®?
MKM
1 30 44 13,552 100 9910
2 30 43 13,244 100 10376
3 30 44 13,552 100 9910
4 30 41 12,628 100 11413 10402 1061
5 50 48 14,784 100 8327
6 50 45 13,86 100 9474
7 50 48 14,784 100 8327
8 50 46 14,168 100 9067 8799 898
9 150 56 17,248 100 6118
10 150 58 17,864 100 5703
11 150 59 18,172 100 5511
12 150 59 18,172 100 5511 5711 583
13 250 70 21,56 100 3915
14 250 65 20,02 100 4541
15 250 66 20,328 100 4404
16 250 66 20,328 100 4404 4316 440
17 | mentp 68 20,944 100 4149
18 | mentp 69 21,252 100 4030
19 | mentp 63 19,404 100 4834
20 | meHTp 64 19,712 100 4684 4424 451

B 3aBoiChKHX yMOBaxX TpaAulliiiHa TEXHOJIOT1A TEPMO3MIITHEHHS TPOKATHOTO
IHCTpyMeHTY (posiukiB, omopHuX IMaHok craHiB XIITP) 3 cram 4XSM®1C
MpeACTaBligi€e COOOI 3arapTyBaHHA 3 HACTYHUM TPUKPATHUM BIAIYCKOM JJisi
oTpuMaHHs1 TBepaocTi 587-649HV. 3anponoHoBaHa TEXHOJOTIS TEPMO3MILIHEHHS
BUKJIIOYA€E TPETIM BIAMYCK 1 JOJAATKOBO BUKOPUCTOBYE 10HHE a30TyBaHHS B IUIa3Mi
JABJIP 3 nHaneceHHsiM NOKpUTTS TiN 3 METOIO0 3MIHM CTPYKTYpU M BIIaCTMBOCTEU
MOBEPXHEBOr'0 IIapy, MIABUIIEHHS MILHOCTI, 3HOCO- 1 TEIUIOCTIMKOCTI CTali
IUIIXOM YTBOPEHHS CTIMKMX Yy TIpolieci HarpiBaHHA KapOiliB, HITPUIIB,
kapOoHitpuais [14]. JlochmijpkeHHs — TOKa3ajau, 1[I0  BIAMIHHOK  PHCOIO
MIKPOCTPYKTYpPH a30TOBAHOrO MIapy MICIAS 10HHO-IUIA3MEHOTO Aa30TyBaHHS €
HasIBHICTh MUIKOJUCIIEPCHOT Ayxe MIIHOT E-(ha3u . 3aBAsSKM HAABHOCTI B IIapi Li€l
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(da3u moBepxHEBa TBEPAICTh CTajlel, skl a30TyIOThCs, BUIE Maibke Ha HV 160 -
180, uuM mpu ra30BOMY a30TyBaHHI.

850
750
650
550
450
350

250

150

. . 2 . . .
Pucynok 7 — Mikporepaicts (kI'/MM”) 3pa3kiB ctani 4XSM®P1C micas
iI0HHOrO0 a30TyBaHHs | HaHeceHHs MOKPUTTH TiN

B pesynbrati crans 3100yBa€ BUCOKY TBEpIICTh Ha moBepxHl HV(os 1021-
1220, mo He 3MiHI0ETbcS npu HarpiBaHHi Jo0 600-650°C, Bucokuii ormip
3HOUIYBAHHIO, BUCOKY MEXY BUTPUBAJIOCT1, KOPO31MHY CTIHKICTb.

BucHoBkHu

1. Y nockoHalleHHsI TEXHOIOT1i TEPMIYHOT 0OPOOKH MPOKATHOTO IHCTPYMEHTY
JUIsl BUPOOHMIITBA KOPO3IMHOCTIMKUX TpyO (pOJMKIB, OMOPHUX IJIAHOK) 3 CTalli
4XSM®1C (3arapTyBaHHS 3 BIAIYCKOM 1 MOCHIIAYIOYMM 10HHUM a30TYBaHHSM B
mia3Mi JYroBoro po3psay 3 HaHeceHHsSM Nokputtsa TiN ) 3aMmicTh 3BHYANHOI
TEXHOJIOT1l — 3arapTyBaHHS 3 BIAMYCKOM) JO03BOJUTh 30UIBIIUTH CTIMKICTH
iHcTpyMeHTy Ha 30-35% Ta 3HU3UTH BUTPATH IO MEepepoOIl BUTOTOBICHHS TPYO, a
TAaKOX TOKPALIUTH SKICTh BHYTPIIIHBbOI TNOBEpXHI TPyO (BIACYTHICTH IIIIBOK,
MOpi3iB Ta IHIIMUX Je()EKTIB KOPO3IHHOCTIMKUX TPYO).

2.3aMiHa MmaTepiany JJisi BUTOTOBJEHHS POJIMKIB 1 OMOPHUX IUIAHOK —
3amicth ctaii 60C2XDA Ha BTOopuHHOTBepAitouy crainb 4XSM®1C 3HauHO
MIABULIYE CTIAKICTh IHCTpyMEHTY B 1,7-1.8 pa3u (1110 NiATBEPIKYIOTh PEe3yJbTaTu
BUIIPOOYBaHb) 1 MOKpAILYE SKICTh BHYTPIIIHBOT HOBEPXHI TPYO.
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EKCIEPTU3A HAIIOIB BE3AJIKOI'OJIbHUX CUJIbHOI'A3OBAHUX
TA AHAJII3 HEBE3NNEYHUX YMHHUKIB IX BUPOFHUIITBA

loy., kano. xim. nayk O.B. Manunka, mazicmp K.P. Myopuyvka
Oodecvka HayionanbHa aKademisa xXxapuoeux mexnonozii, Ykpaina

Ananiz HeOe3NeYHUX YUHHUKIB TMpOIleCy BUPOOHUITBA Ma€ KIIOYOBE
3HAQYCHHS JUISI PEe3YJbTAaTUBHOI CHCTEMU YHOPABIIHHA SKICTIO 1 OE3MEYHICTIO
xapuoBux mnpoaykti. Crangapt ISO 22000 [1] npomonye ang mux Il
BU3HAYUTH KpuTtnuHi Touku kepyBaHHs (KTK) i oneparriiini nporpamu nepeaymoB
(OIIII). KputnuHa Touka KepyBaHHS — €Tall TEXHOJOTTYHOTO MpOIleCy, Ha SAKOMY
MO>KJIMBE 3IMCHEHHSI KOHTPOJIIO, a TAKOXK 3armo0iraHHs, yCyHeHHs a00 3MEHIIEHHS
10 TpuiiHATOro piBHA pu3uky. Omnepaiiiina mnporpama MNepeayMOB —
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IICHTHU(IKOBaHA aHAJ30M HEOE3NEYHUX YWHHUKIB SIK CYTTEBO Ba)XJIUBa, 100
KepyBaTH WMOBIPHICTIO TNPHUBHECEHHS HEOE3MeYHUX YMHHUKIB JO XapdyoBOTO
MPOAYKTY, Ta/uu 3a0pyAHEHHS MNPOAYKTY, a00 PO3MOBCIOXKEHHS HEOE3MEYHMX
YUHHUKIB Y POJYKTI [2].

bezankorosipH1 Hamoi MOBUHHI OyTH BUTOTOBIIEHI BianoBinHo BumMor JICTY
4069-2002 «Hamoi 0Oe3ankoroibpHi. 3arajbHi TEXHIYHI yMOBH». TEXHOJIOTIUHA
cXxeMa BUPOOHUIITBA, sIKa 3A1MCHIOIOTHCS 3a JOIMOMOIOI0 aBTOMAaTH30BaHOI JIiHII,
BKJIIOYA€ HACTYIHI eTaru:

- OYMILIEHHS BOJIH;

- IPUTOTYBaHHS cUpOITy (I[yKpOBOIr0 a00 iIHBEPTHOI0);

- OTpUMaHHS BIATIHKY;

- BUTOTOBJICHHSI KyTIQ)KHOT'O CUPOILY;

- ¢uIBTpAILlist CUPOTIIB;

- ra3yBaHHS HAIOIO 3 BUKOPUCTAHHAM JIOKCUY BYTJICIIIO;

- ¢hacyBaHHs Haroro B Tapy [3].

[IpoananizyBaB T€XHOJOTIYHY CXEMY BUPOOHHUIITBA HAIOIB 0€3aKOTOJIbHUX
cuibHOra3zoBaHux «Fanta» oOpaHi cainyroul KpUTUYHI TOYKH KEpyBaHHS:

KTK 1 (Ximiyauii 1 Ol0JOriYHMIA YMHHUKK) — HEAOCTATHbO MIATrOTOBIICHA 1
OYMILIEHA BOJIA, KEPEIIOM 3apa’KeHHsI MOXKE CTaTH BOAOIPOBIIHA Meperka (HeOe3neuH1
(akTOopy — MaTOreHHI MIKPOOPraHi3MH, B T.Y. CAJIbMOHENM, TOKCHYHI €JIEeMEHTH,
panionykinian). KopuryBanbhi nii - mpu (uUIBTpYBaHHI BOAU — KOHTPOJb (DUIBTPIB,
NEPIOJUYHUN  BI3yambHUM oOrJIsiA  (PUIbTpiB, 3amiHa QuUIbTpa 32 HEOOXIIHICTIO.
JlaGopaTopHuii KOHTPOJIb BOJIU 3a OKA3HUKAMU >KOPCTKOCTI, KUCJIOTHOCTI.

KTK 2 (Ximiyauii 1 ¢GI3UUHUA YUHHUKHA) - TOPUTOTYBaHHS KyHa)XHOTO
cuporny (HeOe3meuHi (GakTopyu — JOJaBaHHS XapyoBUX J00aBOK, MEPEBUIIEHA iX
KOHIEHTpalii a00 BHUKOPUCTAHHA  HEJO3BOJEHUX  XapyoOBUX  J00OABOK).
KopuryBanbHi 1ii - peTeiabHO MEpeMilllyBaTH KyNaXHUH CHUpPOI, TOMY MIO
HasBHICTh X04Ya O OJHOTO HEPO3YMHEHOr0o KpHUCTala MpHU3Bele O KpHUCTasli3aiii
BCHOT'O KYMa)KHOT'O CHPOINY MICH OXOJIOJXKCHHsI Ta 311HCHIOBATH JabopaTOpHUU
KOHTPOJIb 32 TUIIOM Ta KUTBKICTIO Xap4OBUX JOOABOK.

KTK 3 (XiMiuHuii 1 610JOTTYHUI YMHHUKH) - MIATOTOBKA Tapu: Tapa MOXKeE
CTaTU JDKEPEJIOM 3apaKeHHs TOKCHYHUMHU eJIeMeHTaMu abo O10JOTTYHMMH 1
XIMIYHUMH  (DaKTOpaMu, 3YMOBJIEHUMH IX TOTPAIUIIHHSIM 4Yepe3 HEHaJIeXKHY
ca”iTapHy 00poOKy Tapu. KopuryBanbHi [1i - BHUKOPUCTAHHS TPHUCTPOIO ISt
aBTOMAaTU30BaHOI'O OMOJICKYBAHHS BOJIOIO 1 €TaHOJIOM ILISIIIOK

KTK 4 (®iB3uyHMiI YMHHUK) - TMPOLEC pPO3JIMBY, Ha SKOMY HEOe3NeYHHUMU
(dakTopamMHu € CKOJM IUIIIOK, MeTajeBi netani. KopuryBasnbHi nii - JOTpUMaHHS
IHCTPYKIIM 1I0JI0 MONEpeIKeHHs NOTPAIUIIHHS CTOPOHHIX MPEIMETIB B MPOIYKIIIIO,
MOCWJICHUH BXIJTHUI KOHTPOJIb CUPOBUHHU, MIEPIOAMYHA 3aMiHa CUT y IPOCitOBaYi.

B sKkocti omnepauiiiHii nporpamMu TnepeayMoBH oOpaHa MOKIIUBICTb
YTBOPEHHSI TOKCMYHOI PEYOBUHHM - OCH30Jy Yy CKJIaAl Oe3aJIKOTOJIbHOTO HAIOoIo.
Binomo, 1o B 0€3aJKOTrOJIBHUX HAIOSX, SIKI B SIKOCTI KOMIIOHEHTIB OJHOYAaCHO
MICTATh COJIi OCH30MHOI KHUCIOTH Ta acKOpPOIHOBY KHCJIOTY ab0 130aCKOpOIHOBY
KHUCIIOTY, MOKE YTBOPIOBATUCS OEH30JI BHACIIOK JE€KapOOKCUITIOBAHHS OCH30MHOT
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KHUCJIOTH T1IPOKCUJIBHUMHU paJUKaNIaMH, SKI YTBOPIOIOTbCS MPU OKHUCIEHHI
ackopOiHoBoi kuciotu [4]. Cmix 3a3HaudTd, 1O BiamoBigHo np0 CaHiTapHO-
XIMIYHUX TIOKa3HUKIB O€3MEUYHOCTI Ta SIKOCT1 MUTHOI BOJH, SIK1 HAOYJIM YUHHOCTI B
VYkpaini B 2020 poti, BMicT O€H30J1y Y MUTHINA BOJI1 Ma€ CTAHOBUTHU HE OUIbIIE HIXK
1 mxr/am’ [5]. KopuryBaibHi i - KOHTPOJIb 1010 HEAOMYIICHHS BUKOPHUCTAHHS
CUPOBHUHHM, fKa MOXE€ OJHOYAaCHO MICTUTU COJII OEH30HHOT KHUCJIOTH Ta
aCKOpOIHOBOT KHCJIOTH.

Jlisi mpoBelleHHS eKCHepTu3u BiniOpaHo 5 KOMeEpUIMHMX 3pa3KiB HAmoiB
OezankoronbHUX cuibHorazoBanux «Fanta» y IIET-mmsamkax 0,5 n, 1 n: Fanta 3
aneJxbCUHOBUM COKOM (3pa3ok 1); Fanta 3 numonnum cokom (3pasok 2); Fanta cmax
Mangapud (3pazok 3); Fanta What the Fanta, 6e3 nmomaBanus nykpy (3pa3ok 4);
Fanta Shokata (3pazox 5). Ckian, skuii BKa3aHWW Ha €THKETKax: BOJa IUTHA,
ykop (OkpiM 3paska 4), T1I0KCHI BYTJIEI0, BIAMOBIIHUM Ha3B1 KOHIEHTPOBAHUIA
cik (1-3 %), peryasTopu KHUCIOTHOCTI, apoOMaTU3aTOpPU  HATypajbHI,
AHTUOKCUJIAHTH: aCKOpO1HOBA KUCIIOTA, CTabUII3aTOPH, OAPBHUKHU.

[IpoBenena ekcrnepTr3a JOCHIIKYBAaHUX 3pa3KiB aHAJTITUYHUMHU (PI3UKO-
XIMIYHUMH METOJIaMH: BMICT cyxux pedoBuH 3rinHo JACTY 4855:2007 (HopMoBaHa
KinbKicTh 0-20 %), KHCIOTHICTD B M 1 H. po3unHy nyry Ha 100 cM HAIOIO 3TiXHO
JNCTY 7102:2009, KiIbKICTh PO3UMHEHOT BYTJIEKUCIIOTH 32 JI0MIOMOT0I0 ahpomMeTpy
o JICTY 7138:2009 (HopmoBaHa KUIbKICTh - He MeHie 0,42 % B Hamosx BUILOL
kareropii 1 0,4 % B HamosgXx mepuioi kaTeropii), IpupoAy OapBHUKIB BU3HAYAIU
MeTonoM Y D-criekTpockomnii, 0eH30MHOT (MOBUHHO OyTH He OubI stk 150 mr/i [5])
Ta copOiHOBOi KUCIOT (He Outbml sik 500 Mr/m [5]) MeTOIOM JIFOMIHECIIEHTHOTO
aHamizy [6].

Bcranosnena OionoriuHa aktuBHICTH (BA) gocuimkyBaHUX — HAIOiB.
ABTopamu [7] moka3zaHo, IO KPUTEPIEM OI[IHKHU O10JIOTTYHOI IHHOCTI POCIMHHOI
CUPOBHUHH MOe OyTH KaTali3 NMepeHEeCeHHs €JEKTPOHA MPOIYKTOM B €JIEKTPOHO -
TPAHCIIOPTHOT  CUCTEM1  «BIIHOBJICHUW  HIKOTHHAMITQJACHIHAUHYKICOTHT -
dbepporianin kanaio». OCHOBOIO METOY OIIHKK 010JI0T1YHOI aKTUBHOCTI IIPOYKTY
MpUAHATA eleKTpoHHO-TpaHcnopTHa MozAenb - NAD-H, - Kj3[Fe(CN)y]. Cnoci6
BU3HAUYCHHs O10JIOT1YHOT AKTUBHOCTI O00'€KTIB MPUPOJHOrO TOXOJKCHHS,
nepeadavyae BU3HAYCHHS 3MIHM ONTHUYHOI T'YCTUHU KOHTPOJBHOTO 1 JTOCHITHOTO
3pa3KkiB, sK€ BIIOYBA€ThCS 3a PaXyHOK 3MIHM IIBUAKOCTI OKHCIIOBAaHHS
NAD-H,/NAD B KOHTpOJBHOMY Ta JOCHIJHOMY 3pa3kaxXx 13 YypaxyBaHHSAM
pPO3BElICHHS, a IIBHJAKICTb OKHCHEHHS BH3HAuyalOTh, BUMIPIOIOYH ONTHYHY
T'YCTUHY PO3YMHIB JOCIIAHOI'O Ta KOHTPOJIBHOTO 3pa3KiB 3a JOBXHWHOIO XBWII 325
HM 1 TOBIIMHHM NorJinHarovoro mapy 10 mm (3a t=120 ¢) (Tadmn. 1).

Sk BUOHO 3 TaOMUI, TUTPOBaHA KHUCIOTHICTh JOCTIKYBAaHMX 3pa3KiB
3Minfo€eThCs Bix 3,5 10 7,1 eM® 1 Monb/av’ posunay NaOH Ha 100 cM’ Hamoro, Macosa
JacTKa JIOKCHAY KapOoHY y 3pa3kax ckianae Big 0,40 mo 0,46 %, OeH30MHA KUCIOTA B
JOCTIPKYBaHUX 3pa3Kax HE 3HajeHa, cOpOIHOBa 3HAiieHa TUIbKU B 3pa3kax 4 1 5,
010JI0T1YHA aKTUBHICTh JOCIIKYBAaHUX 3pa3KiB MakcuMaibHa y 3pa3ka 4 (Fanta What
the Fanta), 3a paxyHOK IpUCYTHOCTI HaTypaJIbHUX THTPEIIEHTIB, TAKUX SIK COKHU JiaiiMa,
MaJIMHHA, OBOYEBUI KOHIIEHTpAT (0aTaT, MOPKBA).

97



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

Tadannsa 1 — Dizuko-xiMivyHi MOKa3HUKH 3pa3KiB HanoiB «Fantay

No | KucnotHicTts, | BMicT cyxux Bwmict Bwmict cop6inoBoi | BA y.o.
3pa3ka oM’ peuoBuH, % CO,, % KUCJIOTH, MI/MJI
1 5,0+0,3 8,0+0,2 0,45 He 3naiigeno 5,1
2 7,1£0,3 11,0£0,2 0,40 He 3naitneno 6.4
3 4,0+0,3 12,2+0,2 0,46 He 3naiigeno 12,2
4 3,5+0,3 0,7+0,2 0,40 0,165+0,008 32,65
5 3,9+0,3 6,7+0,2 0,41 0,178+0,010 7,14

Metogom Y@ — CHEKTPOCKOIi BCTAaHOBJICHA MPHUpPOJa OapBHUKA B 3Pa3Ky
Haroro Fanta What the Fanta (puc. 1).
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Puc. 1 — MoJiekyJasipHuii crieKTp norsinHanHs Hanow «Fanta What the Fantay

MakcuMyM CMYTd TOTJIMHAHHS B MOJEKYJISIPHOMY CHEKTpI IMOTJIMHAHHS
Hanoto Fanta What the Fanta nopiBHioe 526 HM, 10 BIJIOBIZAE MaKCUMyMY
MOTJIMHAHHS ISl aHTOLMAHIB — HATypajbHUX Xap4yoBux OapBHUKIB E163 [8].

Jlns BuzHaueHHs ackopOiHoBoi kuciotu (AK) B Hamosix 0€3aIKOroJIbHUX
cuibHOrazopanux «Fanta» 3ampomoHoBaHM XIMIYHMI CEHCOp — KOMILJIEKCHA
cniostyka 10H1B TepOis Tb(II]) 3 anTub6ioTHKOM — 1tutnipodaokcanuaom (D) [9].

Busnauennss AK npoBoawiu 3a MeToloM rpaayrooBaibHoro rpadika. Ipu
noOyA0Bi rpaayroBaibHOrO rpadika s Bu3HayeHHs: AK poOuian TakuM 4MHOM: B
MipHi koysiOu oO'emom 5 mn momimanu 0,05; 0,1; 0,2; 0,3; 0,4; 0,5 mn
ctanaaptHoro pozunny AK (2 mr/min). B koxHy npoOipky aogaBanu no 0,2 mi
po3unny xmopuay Tepois 1107 moms /1, 0,2 M posuury LId (1 <107 moms/i), 0,2
MJI PO3YHMHY YPOTPOIIIHY 3 MacoBOIO 4acTkoo 40 % 1 IUCTUIBOBaHY BOAY 110 5 MII.
InTencuBHIcTh MroMiHectieHIiT komIuiekey Tb(IIl) BuMiproBanu mpu Ay, = 545 HM
(A6 = 365HM). Jliama3oH JHIMHOCTI TpaayioBaibHOTO Trpadika crtaHOoBUTH 0,02 -
0,50 mr/mi. IlpaBUIbHICTH pe3yabTaTIB aHANIZY MEPEBIPSINM METOJOM '"BBEACHO-

3HaiieHo. BennunHa BiTHOCHOTO CTaHAAPTHOTO BIAXWICHHS HE mepeBuiye 7,5 %
(Tabmx. 2).
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Tadauus 2 - Pe3yabTraTu BU3HAYEHHS ACKOPOIHOBOI KMCJIOTH B HATIOSIX
«Fanta» meToaom '"'BBeieHo-3Haiaeno" (n=5; P = 0,95)

p—

W

OO6'exT aHanizy Bseneno, mr/mi | 3HalieHO, MI/MI S., %
Fanta 3 ane1bCHHOBHUM COKOM 0,10 0,45+0,03 7,3
- 0,20 0,51+0,04 6,9
Fanta 3 TMMOHHUM COKOM 0,10 0,39+0,03 6,7
- 0,20 0,49+0,03 6,8
Fanta cMak Mangapux 0,10 0,38+0,03 7,5
- 0,20 0,53+0,04 7.4
Fanta Shokata 0,10 0,33+0,02 6.9
- 0,20 0,43+0,03 7,5
Bucnoexku

[IpoBenenuii aHami3 NOTEHIIMHO HeOe3nmeuyHux (¢GakToOpiB  TEXHOJOTi
BUPOOHUIITBA HANIOTB CUJILHOTA30BaHUX Oe3aikoroyibHUX «Fantay.

[IpoBenena ekcmepTuza 5 KOMEPIIMHUX 3pa3KiB HAMOIB CHJILHOTA30BaHHUX
OezankoronpbHUX «Fanta» aHamITUYHUMU METOJAaMHM aHali3y: BHU3HAuYCHA
TUTPOBAHAa KHCJIOTHICTh, BMICT CYXUX pPEYOBHH, MacoBa 4YacTKa JI10KCHIY
KapOoHy, 010J10T19YHA aKTHBHICTH, BMICT Xap4OBUX J00aBOK.

. BctanoBnena npupoaa 6apBHUKIB MeTOA0M Y D-CIIEKTPOCKOTIi.
. TlokazaHa MOXJIMBICTh MPSIMOTO JIFOMIHECIICHTHOTO BH3HAY€HHSI aCKOPOIHOBOI

KHCJIOTH B Hamosix «Fantay 3a paxyHok racinHs gromiHecteHilii iona Tb(IIl) B
KOMILIEKC1 3 HUIPO(IOKCALUHOM.

MetogoM (GOTOMETPUYHOTO aHaII3y BCTAHOBJICHA O10JOTIYHA AaKTHUBHICTH
JOCJIJDKYBaHUX 3pa3KiB, sKa MakcuMalibHa y 3pa3ka 4 (Fanta What the Fanta), 3a
pPaxyHOK TMPHUCYTHOCTI HATypaJIbHUX IHTPEAIEHTIB, TaKUX SK COKH Jiaiima,
MaJIMHU, OBOYEBUM KOHIIEHTpAT (O6aTaT, MOpKBa).
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METHOD FOR THE SEALING ELEMENTS
OF POWERFUL ELECTRICAL MACHINES (TURBOGENERATORS)
GEOMETRIC PARAMETERS DETERMINING

Head of the design department, Ph.D A. Minko
GC «Ecopolymer», Kharkov, Ukraine

One of the main indicators of the reliability and efficiency of turbine
generators (TG) with hydrogen cooling of the internal volume of the machine is the
design of the sealing unit of the protective shield at the points of the rotor shaft exit
[1]. In modern TGs with a closed ventilation system, i.e. with overpressure inside
the generator housing, the choice of the sealing system at the shaft exit points is
carried out for two different options: a gas-gas system, for example, hydrogen-air,
and a gas-liquid system, for example, oil-air. The main elements of the seal
assemblies are, Fig. 1:

— when separating hydrogen and air — an oil seal holder 1 (containing a seal
insert);

— when separating oil and air — internal 2 and external 3 oil catcher.

Analysis of major achievements and literature. In the modern technical
literature [2, 3], standard issues of calculation, construction and design of oil supply
schemes for sealing units are considered, which are reduced to the choice of some
geometric parameters, for example, the size of the radial slot (%), i.e. the gap
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between the TG rotor and the working surface of
the sealing device. As a rule, this selection is —\
made taking into account only such parameters N
as the amount of leakage (Q) through the seal L\
and the level of oil pressure drop in the seal (Py). y W

However, the issue of choosing the "f?@\ 3 —

geometry of the working zone of the oil catcher, r/%i e
1 reliable operation of large ﬂ*

EEI T T T TTTTTZ ZZ
g

%

which ensures
el.ectrical machines, has not been sufficiently Flgure 1 S eallng units in TG
disclosed. ) , , with overpressure inside the

The purpose of this study is to determine body:
the criteria for choosing the geometric
parameters of the sealing unit of the protective jjcert: 2. 3 — internal and external oil
shield of hydrogen-cooled TG with optimal traps, respectively
performance.

Research materials. Calculations were carried out for TG with power 200—
500 MW, in which the diameter of the rotor shaft journal in the seal area is in the
range of 350-600 mm. Among the required geometrical dimensions of the working
area of the oil catcher, we highlight the following (Fig. 2): /4 — the gap between the
rotor and the working surface of the oil catcher, mm; /; — the width of the oil dump
groove, mm; /; — the depth of the oil dump groove, mm; /, — distance between
grooves, mm; [ — the total length of the working surface of the oil catcher, mm; z —
the number of oil discharge grooves, pcs.

1 — a yoke of an oil seal with a seal

[
| I I

L

-— - —

Figure 2 - Group of main geometrical dimensions of the oil catcher

I
~—

The main requirement for oil traps is to minimize the volume of leaks, the
magnitude of which is determined as follows:

Q=—E'D'ho'A”(l+i-82], (1)
20, 2

where, D — diameter of the rotor shaft neck, mm; 7, =/->"1, — effective
length of the working surface of the oil catcher, mm; A, = p; - p, — pressure drop
in the gap, MPa; p,- pressure up to the sealing element, MPa; p, - pressure after

the sealing element, MPa; u — dynamic viscosity of the medium, MPa-s; ¢ —
coefficient of eccentricity (for a concentric slot € = 0, for an eccentric slot € = 1).
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Provided that the value of O is minimized, it is necessary to determine the
main dimensions of the working area of the oil catcher: / and z. For this we use the
expression given in [4]

=t 42 )
60-h, 3
whence
/
S E— 3
*60-z+40 (3)

Let us take the parameter of the slot (%) as the main indicator, and using the
experimental data [4], we obtain some dependences of the calculation of the
geometry of the working zone of the oil catcher. These dependencies can be
described by a system of equations that have a certain range of "scatter" of possible
values:

(I, +1,)/h, =15..25;
(h/1,)=3...10;
I/l +1)=0,5..1,0;
[, =40-h,.

4

The presented system of equations makes it possible to determine the
possible geometry of the working zone of the oil catcher, however, the range of
results is determined by rather wide boundaries (15 ... 25); (3 ... 10); (0,5 ... 1.0),
which allows us to speak of a significant inaccuracy of the results obtained.

Research results. Based on condition (1) and taking into account (3), as well
as the fact that the number of grooves cannot be a fractional number, i.e. z=1, 2, 3,
4 ... n; let us build graphs of dependence = f(k,) for the first five values of z (i.e. n
= 1-5), Fig. 3.
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Figure 3 — The area of optimal values of the geometry of the oil catcher

Analyzing the resulting dependence, we highlight the boundaries of the
values of geometric dimensions we recommend:

* lower limit: A-D (z=1) corresponds to the minimum number of grooves
required for normal operation of the sealing element (according to the permissible
amount of oil leakage);
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* as the upper limit, we take B—C (z = 3), which is determined taking into
account all other parameters: with a larger number of grooves, for example, z =5,
to ensure the optimal value /., according to the requirements for minimizing the
volume of leaks (1), the total length increases significantly the working surface of
the oil catcher /;

* the position of the left and right boundaries: 4—B and C—D, — we limited it
to the range of 4,=0.3-0.65 mm in order to minimize the level of pressure losses

P,, according to the recommendations, which follows from the expression:

-l 1
Pe(Ehnp] Lo, )

where y — coefficient of resistance to friction in the sections [ , p.u .; f —

coefficient of local losses, p.u .; p — density of the oil on the seal, kg/m’; v — speed
of o1l flow on the seal, m/s.

The ABCD area highlighted in Fig. 3, is the recommended area for choosing
the geometric parameters of the oil catcher for high-power TG (taking into account
the accepted assumptions).

Conclusions

1) The proposed method for determining the geometric dimensions of sealing
units (oil traps) for powerful electric machines (turbo generators) makes it possible
to effectively design these units in a TG with excessive hydrogen (or air) pressure
inside the machine, while maintaining the requirements for minimizing the amount
of leakage through the seal and levels of oil pressure drop in the seal units.

2) The obtained method for refining the recommended values of the
geometry of the sealing unit can be applied for the case of using any technical oil
and the excess pressure of hydrogen inside the TG up to 0.3 MPa.
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BJIMAHUE TEPMOLIUK/IMPOBAHUA HA POPMUPOBAHUE
KOMIO3UIINOHHBIX CTPYKTYP IIPU HAYIJIEPO’KUBAHUN

Kano. mexn. nayx A.B. Moeuan, ooy., kauno. mexu. nayk E.A. Yepnousanenko
Hayuonanvnaa memannypeuueckas akaoemus Ykpaunwl, 2. /[nunpo, Ykpauna

Pucynok 1 —
MuxkpocTpykTypa
AP Ppy3noHHOrO cJ10
oOpasua craau X20,
HAYTJIEPOKEHHOI' 0 B
BaKyyMe IpH
TEPMOLUKJIMPOBAHHUH C
amnMTyaoi or 950 °C
10 1050 °C (4 unkJa),
o01iee BpeMst
HayrJiepo:kuBanusi — 70
MuHyT; X400

[Tpenpraymmmu WCCJICTOBAHUSIMU OBLIO
YCTaHOBJICHO, YTO HAyTJICPOKUBAHNE JKEIC3HBIX CILIABOB
c KapOu1000pa3yonuMu AJIeMEHTaMHU npu
OTIPEICIICHHBIX TEeMITepaTypPHO-KOHIICHTPAITMOHHBIX
mapamMeTpax — OpUBOAUT K  (opMupoBaHHWIO B
i Py3nOHHOM CII0€ ayCTCHUTHO-KapOUIHBIX KOJIOHHM,
MPEACTABISAIONIMX COOOM  €CTECTBEHHBIM  KOMITO3HUT
[1...3]. KapOuaHble KOJOHMM KOMIIO3UIIUOHHOIO CJIOS
UMEIOT CTEP)KHEBYIO WIIH TUIACTUHYATYIO0 MOP(OJIOTHIO U
HaIpaBJICHBl HOPMAJIBHO K MTOBEPXHOCTH U3JICIIH.

B pabote mpuBeneHbl MpsAMBIC HAOMIOACHHS POCTa
ayCTEHUTHO-KapOUIHBIX KOJOHHH, YTO JTACT BO3MOXKHOCTh
OOBSCHUTh  OCOOCHHOCTH  CTPOCHHS  KOJIOHHAJIbHBIX
CTPYKTYp, B YaCTHOCTH, OOpa30BaHUC ayCTCHUTHBIX
MPOCIIOCK TPH  KOJNEOAHWSX TEeMIlCparypbl, H3MCHCHHE
i hepeHIPOBKI KOJIOHUATIBHBIX CTPYKTYp (puc. 1).

TepMonMKIMpOBaHUE TPUBOIUT K HAPYIICHUIO
PETYJISIPHOCTH ~ KOMITO3MITMOHHOW  CTPYKTYphl B
MOBEPXHOCTHOM  CJIO€.  YBEJIHMYCHHE  aAMIUIATYIbBI
TEPMOIMKIMPOBAHUS TIPUBOJUT HA CTAJIUHM OXJIAXKICHUS
CHavajla K YTOHCHHIO AU(PHEPESHIIMPOBKA ayCTCHUTHO-
KapOUIHBIX KOJIOHUH, a 3aTeM K pa3pacTaHUIO KapOHI0B
BJIOJIb (DPOHTA POCTA W TMPEKPAIICHUIO €r0 TPOIBHKCHUS
(puc. 2). Ha craguu HarpeBa Bcien 3a 0Opa3oOBaHUEM
AyCTEHUTHOM TMPOCIOWKA TMPOMCXOJIUT BO30OHOBJICHUE
pOCTa KOJIOHWH, TpUYeM, KaK U Ha HAYaJIbHOH CTaauH MX

(bopMHpOBaHUs, CHayajla KapOWHAsl COCTABIAIOUIAs pacTeT OECHOPAIOYHO U TOJBKO
4yepe3 HEKOTOPOE BpeMsI yCTaHaBHI/IBaeTCH peryJI;IpHmﬁ POCT KoJoHMH (puc. 3).
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PucyHnok 2 — CprKTyprle U3MEHEHUs HA (ppOHTe pocta ayCTeHI/ITHO-KapﬁPl}]Hle
KOJIOHHH IPH NMOHWKEHUH TeMIIepaTypbl B pouecce HayrJiepoKUuBaHUA:
a—x1000, 6 —x1250, 6 —x2000

104



XVI MixkHapoaHa KoHdepeHuia «CtpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»

2 - 54epsHsa 2021 p., TexHiuYHUI yHiBepcuTeT M. BapHa (Boarapin)
OObeMHOE TMpEACTaBICHUE O CTPOCHUU ll‘}'\gyg\#l:{:“r\'_\\‘wi.‘\\} ‘.\\e\\\\\@\ ‘Q‘r‘“‘?
ayCTEHUTHO-KapOUIHBIX KOJIOHUI aer | \S“%«“J' \-‘,’-,.3.“’\ WL ‘.‘l ¥

HUCCJIICAOBAHNUC Ha CKAHUPYHOIICM 3JICKTPOHHOM £ \

AR

mukpockone PEM-1061 rnmy0oko mpoTpaBieHHBIX
B peakTuBe "mapckas Boaka" nuidos (puc. 4).
MoxHO BUJICTD, qTO yTOHECHHE
¢ GEepeHIUPOBKH MTPH OXITAKICHUH TPOUCXOIUT
KaK TyTeM pacHIeIUIeHus KapOWIHBIX BOJOKOH
(puc. 4 a), Tak W TyTeM 3apOXKICHHUS HOBBIX
KapOunHbx vactull (puc. 4 6). Bo3oOHOBIeHME asia
pocTa ayCTCHHTHO-KapOWIHBIX KOJOHUK TIOCTe IR, 4
AyCTCHUTHOW TMPOCIOWKH MPOUCXOAUT TmyTeM (i T
3apOXKIACHHUSI HOBBIX UM TIPOpAacTaHUsl CTapbIX ,.M N \ . M‘ LRI
KapOMIHBIX YacCTHL, KOTOpbIC B IPOLECCE POCTA  PycyHok 3 — CTPYKTYpPHBbIE

TpaHC(bOpMI/IPYIOTCH IIyTeM pacICIUICHUA, U3MEHEHHUuS HAa (l)pOHTe pocra
CpacTaHus, 1/131“1/1621, nmoBopora u Jap., 4YTO ayCTeHI/ITHO-KapﬁPII[Hle
IIPUBOAUT K q)OpMI/IpOBaHI/IIO PETYIAPHBIX KOJIOHU IpH
KOJIOHUH (pHc. 4 B, T). TEPMOLMKJINPOBAHNH; X630
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PucyHnok 4 — CkaHupyomas 3JIeKTPOHHAS MUKPOCKonus 1udpdy3uonHoro ciios
o0pa3ua cragu X20, HayIJ1epoKEeHHOr 0 B pe:KUMe TePMOLUKJIMPOBAHUS
(1100...1000 ° C): a, 6, 6 —x1500, 2 —x4000

MOXHO CUuTaTh CIPABEIJIUBLIM IOJIOKEHHOE B OCHOBY TEOPETHYECKOTO
aHanM3a yTBEP)KICHHE, YTO MEKIJIACTUHOYHOE (MEXCTEP)KHEBOE) pacCTOSHUE B
KOJIOHUSAX YCTaHaBIMBAETCA TaKUM, KOTOpoe 00ECIeurBaeT B JAaHHBIX YCIOBUAX
(mpu KaHHOM TEpechIIEHUU (eppuTa yriepoaoM Brepean ppoHTa MpeBpaleHus)
MaKCUMaJIbHYI0 CKOpPOCTh TNepemelnenus aByxdaznoro ¢ponrta [4]. CkopocTb
nepeMeneHus: GpoHTa ONPENEIAETCs CKOPOCThIO JOCTABKH YIIepoa, KOTopas TeM
BbIILIE, YEM OOJbIIE 3HAYEHUE YIJIEPOJHOTO MOTEHIMala B HAayTrJepOKHUBAIOIIEH
Cpelie M YMEHBILAETCs 10 Mepe pocTa AUPPY3HOHHOTO CIIOSL.

Ecin MexminacTuHOYHOE (MEXCTEP)KHEBOE) PACCTOSIHME OOJblle, YeM
o0ecneunBalee MAaKCUMAJIbHYI0 CKOPOCTh POCTAa, JaHHBIM Y4acTOK OTCTaeT U
MOCTENEHHO TOMaJaeT B YCJIOBHS JIy4ylIEro CHaOXXEHUS YTIIepoAOM, YEM
HAJBUHYBIIMECS BIEpea ydacTku (GpoHTa, TNepeMelnaromuecs ObICTpee.
OtcTaBaHuE MPOUCXOJUT TMOTOMY, YTO TpU OOJBIIOM MEXKIIACTUHOYHOM
(MEeXCTEepKHEBOM) PAcCTOSHMM HE YCIEBAeT NPOUCXOIUTH HEOOXOJIHUMOe
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nepepacrnpezieieHie npuMecu (B JaHHOM ciydae Xpoma). MarepuHckas ¢aza
(bepput) BHepeau aycteHuTa oOoramjaeTcs XpoMOM, BIEpeau Kapouaa —
obexnsiercs. Heobxomumast 71s1 IpeBpalieHusi KOHIICHTpaIus yriepoaa B ¢heppute
y ¢poHTa  TpeBpamIeHUS  MOBBIIIACTCS, TOCKOJBKY  3aTpyJHEHHUS  C
nepepacnpeieieHieM NpUMECH CTaOMIM3UpYyeT MaTepuHCKyro ¢a3zy. B stom
cilydae, TOCKOIBbKY nup@dy3noHHAs TOABMKHOCTH XpOMa IO CPaBHEHHUIO C
yriaepoaoM Majia u oOeaHeHue (oOoramieHue) XpoMoM (eppuTa IPOUCXOIUT B
y3KOH MpOCTIOiKe, TEPMOJNHAMHYECKH HEYCTOHYMBOCTh (eppuTa MpHU yIAICHUU
oT (¢poHTa TNpPEBpAIlEHUsS BO3pPACTaeT, T.€. TMOSABIAETCA CHUTyalMs MOA00Has
KOHIICHTPAIIMOHHOMY TEepEOXJIaKICHUIO, KOT1a BIepean AByxda3zHoro ¢Gponra (Ha
HEKOTOpOM  yjajeHuu) (GeppuT CUJIbHEE TIEPECHIIEH  YIJIEpOJIOM, YeM
HEMOCPEJICTBEHHO Ha (poHTe mnpeBpaileHus. HemocpeAacTBEHHO ke Ha (poOHTE
NpEeBpaIlCHUsT BIEPEAW ayCTEHUTHOTO ydYacTKa OOOramieHue MpPUMECHIO
CTUMYJIUpYeT KapOugooOpa3zoBaHue, a BIepeau KapOMJIHOTO ydacTKa OOeJHEHUe
MPUMECHI0 CTUMYIIMPYET NePEeKpUCTAILTU3AINIO (heppuTa B ayCTEHUT.

B naHHBIX YCITOBUSX MPOUCXOIUT TOSBICHHE U POCT HOBBIX KapOWIHBIX
BOJIOKOH U, CIIEJIOBATE€IbHO, YMEHBIICHIE MEKIUIACTUHOYHOTO (MEXKCTEPIKHEBOTO)
paccrosiHus. Kak crnemyer m3 mpsMbIX HAOJIOEHWH, MOSBICHHE HOBBIX BOJOKOH
MPOUCXOANT KaK IMyTeM BETBJICHHUS CTAPBIX, TaK W IyTeM 3apOXKICHHUS HOBBIX
KapOMIHBIX KpucTawioB. IIpolecc dYeTKO TPOSBISETCS, €CIU  yBEIHUYCHHE
nepechinenHus: Gpeppura yriaepoaoM TOCTUTASTCS TMOHKEHHEM TeMIIepaTyphl MpU
HayTJIEPOKNBAaHUU.

WNnasi oOcTaHOBKA CKJIAIBIBACTCS, €CIU CKOPOCTh IMEpPEMEUICHUS MEHBIIe
HanOOIbIIEH BO3MOKHOM B CBSI3U C MAJIBIM MEXKIJIACTHHOYHBIM (MEKCTEP>KHEBBIM )
pacctossHueM. B 3ToM ciyyae yMeHbIIEHHME CKOPOCTH pOCTa OO0YCIOBIEHO
ACHCTBHEM KaNMWULIPHBIX CHJ  Ha MeX(a3HOW TMMOBEPXHOCTH KapOuma ¢
ayCTEHUTOM, KOTOpBIC TMOBBIIIAIOT PABHOBECHYIO KOHIICHTPAIMIO YIJIepoJa B
deppute, Tak 4TO B Tpeneie PPOHT MPEBPAIICHUS MOXET OCTAaHOBHTHCA. B 3TOM
cilydae, ToJ ACHCTBHEM MEPEMEIIAIOIINXCS U BBIIBUTAIOIINXCS BIIEPE] COCEIHHUX
y4aCTKOB, BO3MOXXHO, IIyTeM CIyYallHBIX TIPOIIECCOB, B3aWMOJCUCTBUS
KalUIIPHBIX CHJI, OTACNIbHBIC KapOUIHBIE BOJOKHA MPEKpaIIaloT pocT, Kapoumo-
deppuTHas dYacTb (QpPOHTA CMEHSIETCS ayCTEHUTHO-(QEPPUTHOM, UYTO B HTOTE
NPUBOAUT K YBEITUUCHHIO MEXKIUIACTUHOYHOTO (MEXKCTEP:KHEBOTO) PACCTOSHUS H,
CJIeI0BaTEIbHO, YBEIMUYEHUIO CKOPOCTH POCTA.

[Iporiecc 4YeTko MPOSIBISETCS, €CIM YMEHBIICHHWE Tepechilmenus deppura
yrJIepoaoM  Brepean  (pOHTAa MPEBpAIICHUsS  BBI3BIBACTCS  TOBBIIICHUEM
TEMIEPATyphl IPU HAYTIICPOKUBAHUH.

Boi600w1. TlpoBeneHbl MCCIEOBaHNS BIUSHUE TEPMOIMKINPOBAHMS BOIU3H
TEMIEpaTypbl  HAyTJIepOXWBaHUS  HA  3aKOHOMEPHOCTH  (OPMHUPOBAHUS
KOMIO3UIIMOHHBIX CTPYKTYp B TOBEPXHOCTHOM CJIO€. YCTaHOBIEHO, HYTO
TEPMOIUKIUPOBAHUE TPUBOAUT K HAPYIICHUIO PETYISIPHOCTH KOMIO3HIIMOHHOM
CTPYKTYpPHI B IOBEPXHOCTHOM CJIO€. Y BETMUCHHUE aMIUTUTYAbI TEPMOIIUKINPOBAHUS
OPUBOAUT HA CTAgUM OXJAXKICHHUS CHadana K YTOHCHHIO U epeHIMpPOBKH
ayCTCHUTHO-KapOUIHBIX KOJOHMIA, a 3aTeM K pa3pacTaHHi0 KapOWIOB BIOJb
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(dbpoHTa pocTa W MPEKPAIICHUIO €ro NpoJBkeHuss. Ha cTtagum HarpeBa Bcien 3a
oOpa3oBaHWEM ayCTEHUTHOW TMPOCIOWKU TIPOUCXOAUT BO30OHOBJICHUE POCTa
ayCTEHUTHO-KapOUIHBIX KOJOHUM.
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EKCIHHEPUMEHTAJIBHE JOCJLKEHHSA
E®EKTUBHOCTI BUKOPUCTAHHSA TEIIJIOBUX EKPAHIB
Y IIPOKATHOMY BUPOBHUIITBI

loy., kano. mexu. nayx B.A. Ilepepsa, ooy., kano. mexu. nayk C.M. @opucy,
ooy., kano. mexu. nayk A.fO. Ycenko, mazicmp A.B. Cmapuenxo
Hauyionanvna memanypeiiina akademia Yxkpainu, m. /[ninpo, Ykpaina

[Ipouiec HarpiBy MeTally B Meul Mepes] MPOKATKOIO € HalOUIbIl €eHEPrOEMHUM
B TEXHOJIOT1I rapsidoi miuactuyHoi gedopmarii. [lpu rapsuiii oOpoOui meTamnis
TUCKOM BHOIp TemrepaTypud Harpisy poOWUTh BHUpIIAIbHUI BIUIUB Ha SKICTh
npoAykmii. Y 3B'3ky 3 UM BuOIp Temmeparypu jAedopmailii MOBUHEH
3a0e3neuyBaT OTPUMAHHSA SKICHUX MMOKa3HUKIB METAJIONPOAYKIIIi 3 MIHIMAJIbHUMHU
BUTpaTaMu NajuBa Ta eJIEKTPUYHOT €Heprii.

TeMmnepaTypa NpoKaTK1 BU3HAYATHCA K MTOYATKOBOIO TEMIIEPATYpPOIO HArpiBy
3aroTOBOK, TaK 1 TEMJIOBTPAaTaMU BiJl PO3KaTiB O€3MOCEepeAHBO B MPOKATHUX KITITSX 1
IpU TPAHCHOPTYBaHHI MO MDKKIITHOBUX pOJIbraHrax. TakuM YUHOM, 3HHKEHHS
BTpar TeIula TMpU TPAHCIOPTYBaHHI 3a0e3neyye MOMJIMBICTh  3HHMIKEHHS
TEeMIIepaTypH HarpiBy, 10 3a0e3Meuye eKOHOMIIO MajiuBa B TEYi.
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OpHuM 13 NUISIXIB BUPIMIEHHS 1€l MPOOJIEeMH € €KpaHyBaHHS PO3KAaTHOTO
nonsi. lle mo3BoJisie 3MEHIIMTH TEIUIOBTPard Bl PO3KATy B HABKOJIUIIHE
cepenoBulle. Meta gaHoi pobOTH moJyiArajia B OLIHII €(PEKTUBHOCTI eKpaHyBaHHS
CTOCOBHO 10 yYMOB  BHUpPOOHMIITBA  COPTOBOTO  TPOKATy,  BU3HAYCHHS
3aKOHOMIpHOCTEH (OpMYyBaHHS TEeMIEparypHOro IO B PO3KATI HUIIXOM
MaTeMaTUYHOTO MOJICIIFOBAHHS MPOIIECY TEIIOOOMIHY.

Po3poOui  maremMatmyHoi  MOJENl  MepeayBalid  €KCIIEPUMEHTaJbHI
JOCIIIJIKEHHS MPOLIECY OXOJIOIKEHHSI COPTOBOIO MPOKATy B J1a0OPaTOPHUX yMOBAX,
METOI0 SIKMX Oyia MPUHILMIOBA OI[IHKA MOXJIMBOCTEM €KpaHyBaHHS pO3KaTy, a
TakoX OTpUMaHHA 1HdopMalii s  ajanTtamii  MaTeMaTU4HOi  MOJENI.
ExcniepumenTanabHa ycTaHOBKA HaBeI€HA HA PUCYHKY 1.

3

Pucynok 1 — Cxema eKCniepuMeHTAJIbHOI YCTAHOBKH:
1 - enmexkTpuyHa Mi4; 2 - MOJIETb POJILTAHTY; 3 - €KpaHHA 130JIA1Lis; 4 - eKCIIEPUMEHTAIbHHUI
3pa3okK; S - cuctemMa BUMIPIOBaHHS TEMIIEPATYPH.

VYcraHoBka ckiaganacs 3 eleKkTpuyHoi MydensHoi mneur MII-2VYM
(motyxHictio 2,6 kBt1, makcumanbHa poboua Temmeparypi 1200 °C), cucremu
BUMIpDIOBaHHSl TeMIEpaTryp, MOJEIl pOJIbraHry, Ha SKiid JOCHIIKyBaBcs
OXOJIO/IPKEHHS PO3KaTYy.

B nmporeci excrnepuMeHTy JOCHIIXKYBajJOCh OXOJIOMKEHHS KyTOo4dkKa 3
po3mipamu nonuib 90x80. Temmneparypu BuMIiproBajacsi TEPMOEIEKTPUUHUMHU
tepmoMeTpamu Tuny XA. CxemMa yCTaHOBKH TepMOIIap MpeiCTaBleHa PUCYHKY 2.

7e .

50

Pucynok 2 — Cxema po3TanryBaHHsSI TePMONap:
1-6 - ToukH BUMIpPY TEMIEPATYPHU.
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[Ticns narpiBy B neui 7o 1100 °C 3pa3ok nmomimaBcsi HA MOJEIb POJIbTAHTY,
ne BigOyBajiocs HWOTro OXOJNOMKEeHHS. B mporeci ekcnepuMeHTy (iKcyBalu
IUHAMIKY MaaiHHS Temmeparypu 3arotoBku go 650 - 700 °C. YV mepmiil cepii
€KCIIEPUMEHTIB OXOJIOKEHHS 3arOTOBKHM MPOXOAWIO Ha BIAKPUTOMY IMOBITPi, a B
Apyriil  3aroToBKY HAKpUBaJM €KpaHHOi i3omsiieto. Temmeparypa ekpaHy
BH3HAyajach TEPMOIAPOI0 BCTAHOBJIEHOIO 3 BHYTPIINIHBOI CTOPOHHM B ILEHTPI
exkpany. OTpuMaHi pe3yibTaTi HaBeeH1 B Tabauii 1.

Taonuus 1 - 3miHa TeMnepaTypu 3aroTOBKHM HA POJIbIaHIy

Touku BUMipy TeMIiepaTypH
Yac 1 3 4
OXOJIOMK., C 0e3 0e3 3 0e3
3 eKpaHOM 3 eKpaHOM
eKpaHy eKpaHy | eKpaHOM | eKpaHy

30 1070 1050 1115 1110 1090 1090
60 810 830 1060 1060 910 940
90 710 740 945 940 800 810
120 650 695 860 850 720 740
150 610 660 790 780 680 700

Pe3ynbTaTi eKCiepuMEHTaIbHUX JTOCHIIKEHb MOKa3alid, 1110 BUKOPUCTAHHS
METaJIeBOr0 €KpaHa BIUIMBA€ Ha 3HIDKEHHS BTpar Terwla. lemmeparypa
BEPTHKAJIBLHO PO3TalIOBAaHOI MOJIKU KyTouka 30uibimiacs Ha 10-30 °C nopiBHSAHO 3
MIPUPOAHUM OXOJIOKEHHSIM, a TOpPU30HTaNIbHOI nosiku Ha - 20-50 °C. BogHouac
TeMreparypa ekpaHy He3dHauHo mepeBuiyBaja 400 °C. Ilpu crtalinbHii poOoOTI,
TeMIieparypa €KkpaHy Oyae 3pocTaTd, IO BHMAara€ CTBOPEHHS KOHCTPYKLII 3
BHYTPIIIHBOI TETIJIOBOIO 130JISIIIETO.

OTpumaHi pe3ylbTaTH €KCHEPUMEHTANIbHUX JOCHIIKEHb BUKOPHUCTAH1 IS
MOPIBHSIHHS 3 YHCEJIBHUM MOJEIIIOBAHHSM IPOLIECY OXOJOMKEeHHsS. MaremarnyHa
MOJIeSIb  TMpOLIECy TEIIOOOMIHY TMpW TMPOKATI[l BpaxoBye BTpATH TeIuia
TEIUIOBUIPOMIHIOBAaHHS 1  KOHBEKIIEl0 B HABKOJMIIHE  CEPEIOBUIIIE,
TETUIONPOBIAHICTIO IO BAISIHHAM, POJIMKAM POJIbraHra 1 iHIIKUX JAeTaneil cTaHy.

KpiM 1poro BpaxoByBaJOCS TEIJIOBUAUICHHS €K30TEPMIUYHUX pEaKIii
OKHUCJIEHHS MeTany 1 Teruiota pgedopmarii. TemneparypHe mone B po3Kari
BH3HAYaJOCs Ha OCHOBI METOAY MUTTEBOTO peryisipHoro pexumy [2]. [Ipu npomy
nepeadavanocs, IO MPH TPOKATIl BIAOYBAETHCS YCEPEIHEHHS TEMIIEpaTypu
MeTally, TOOTO TeMIlepaTypa po3KaTy Micis KT HpuiiManacs pIBHOMIPHOIO 3a
MEPETHHOM PO3KATy 1 PIBHOIO CEPEeIHbOMACOBIN TeMiiepaTypi. Po3paxyHKoBi cxemu
BTpar TerJjia B Ipoleci TPaHCIIOPTYBaHHS PO3KaTiB HaBEJIEHI HA PUCYHKY 3.

VY po3paxyHkax BTpaT TeIla BHUIIPOMIHIOBAHHSIM BpaxOBYBAJIOCS B3a€MHE
BUIIPOMIHIOBaHHS MK PI3HUMHU YaCTUHAMU pPO3KaTy (MOJIKM KyTOYKa, IIBEJepa Ta
iHIL.). BTpatu Temnotu 10 BaJIKiB NPOBOAMIM 3 BHUKOPUCTaHHSIM EMITIPUYHHUX
3aJIeKHOCTEN [2], sIKI BpaxoBYIOTh TemIO(I3WYHI BIACTHBOCTI METaly 1 Hac
KOHTAKTy TypKOTY 3 BajkoM. IIOpiBHSIHHS pe3ylbTaTiB EKCIEPUMEHTAIbHUX
JOCIIKEHb 1 PO3paxyHKIB OXOJIOMKEHHSI PO3KaTiB IMOKa3aiu, L0 po3podiieHa
MOJIETIb aJIeKBATHO OMNHUCY€ MPOIECH TEIIOOOMIHY MpH MPOKATIi COPTOBOTO
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npokaTy. Pi3uuns B oOuucieHHi Temneparyp He nepeBulye 4-5%. lle mosBorsie
BUKOPHCTOBYBAaTH  3alpONOHOBaHY  MOJENb i1 po3poO0KH  e(EeKTUBHUX
KOHCTPYKLIHA €KpPaHHOI 130151111

a3

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ﬁ;

=

[

¢Qz ] o / *Qz —

a 7

Pucynok 3 — Po3paxyHkoBa cxema BTpar TemJja:

a — 6e3 eKpaHHOI 130JIA111{; 6 — 3 BUKOPUCTAHHIM €KpaHHOI 130JiA111{; Q; — BTpaTH Tera B
HaBKOJIMIIHINA MPOCTip; Q, — BTpaTH TeIuIa 10 posibranry; Q3 — BTpaTH TeIUIa Yepe3 OTOPOKY
poJIbranry; q; — e(peKTUBHUN TEIUIOBUI MOTIK B/l €KpaHy; 2 — €PEeKTUBHUN TEIIOBUH MOTIK BiJ
POJIbraHry; q; - €(peKTUBHHUM TEIIOBUN MOTIK B1 OTOPOXK.

Bucnoexku

[IpoBeneHo excnepuMeHTaldbHI JOCHIIKEHHS  TEMIEpPaTypHUX  YMOB
BUPOOHHUIITBA COPTOBOTO TMPOKAaTy 3 BHUKOPUCTAHHSM €KPAaHHUX YCTAHOBOK.
[IpoananizoBano  e(eKTUBHICTL  BUKOpUCTaHHS  ekpaHiB.  [IpeacraBieHo
MaTeMaTUYHy MOJIeb TEIJIO00OMIHY MPHU MPOKATIII.

[lopiBHSIHHSL pe3yNbTaTiB €KCIIEPUMEHTAIbHUX JOCIIIKEHb 1 PO3PaXyHKIB
OXOJIO/PKEHHSI PO3KAaTIB IOKa3aliM, L0 po3poljeHa MoJeib aJeKBaTHO OMHUCYE
MPOIIECH TEIJIO00OMIHY MPH MPOKATI[l COPTOBOTO MpoKary. Pi3HuUIL B 00UYMCIIEHHI
Temriepatyp He nepeBuinye 4-5%. Lle 103BossiEe BUKOPUCTOBYBATH 3allPOIIOHOBAHY
MOJIENb JJI pO3pPOOKH €(PEeKTUBHUX KOHCTPYKIINA €KPaHHOI 13011111
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BIIVIUB HUKJTYHOI JTE®OPMAIIIL
HA BJIACTHUBOCTI XOJIOJHOJAE®OPMOBAHOI 3ArOTOBKH
3 HU3BKOBYTJIEHIEBUX HEJIETOBAHUX CTAJIEA

loy., kano. mexn. nayk I'.1. [lepuyn, cm. nayx. cniep., kano. mext. nayk O.B. lguenxo,
ooy., kano. mexu. nayk B.C. Umenvosa
Hauyionanvna memanypeiiina akademia Yxkpainu, m. /[ninpo

VY naniil cTaTTi OCHOBHY yBary NMpHAUICHO JOCIIIHKEHHSIM AedopMaliiiiHoro
BIUTUBY - LuKiIiuHOi nedopmartii (L/I) - Ha KoMIIeKC MEXaHIYHMX BJIACTUBOCTEN
X0J10/1HOAe(hOPMOBAHOT HU3BKOBYTJIEIIEBOI HEJIETOBAHOT CTal.

Ha cboroguimHiii AeHb BiIOMO NP0 3HAYHHUMA BIUIMB IUKIIYHOI AedopMarii
Ha MEXaHI4Hi1 BJIACTHUBOCTI XOJOJHOAE(POPMOBAHUX METAJTIB Ta CILJIABIB, OJJHAK 1€
SBUILE HE 3HAMIIO HIMPOKOrO0 IPOMHUCIOBOTO BHUKOPUCTAHHS. Y psai poOir
3alpOINOHOBAaHI  HETEPMIUHI  3aXOAu  IIOJA0  IMIJBHINCHHS  TEXHOJOT14HOI
IJIACTUYHOCTI XOJoaHoaedopMoBaHoro MeTany [1-3], omHaK BioMuil MaTepiail
MICTUTh HEJOCTaTHHO CHUCTEMATHMYHUX JaHUX TMPO 3aKOHOMIPHOCTI 3MiHHU
MEXaHIYHUX BJIACTUBOCTEH XOJOJHOAEC(POPMOBAHOTO METaly TiJ BIUIMBOM
UKJIIYHOT 1edopmaliii, 110 3A1HCHIOETHCS 3a CXEMOIO 3HAKO3MIHHOT'O 3THHY.

He 3Baxkatoun Ha Oe3nepeyHy IIHHICTb MPOBEIECHUX PO3POOOK, ICHYIOU1
CrocoOu OTpUMaHHs XoJIoAHOoIe(opMoBaHUX BUPOOIB (CTPIUKH, IPOTY, apMaTypH,
KPIMWIBHUX BHUPOOIB) 3 BUKOPUCTAHHSM LHUKIIYHOI Jedopmalii 3HAKO3MIHHUM
3TMHOM MalOTh Psii HEJOJIKIB, 10 SKUX CJIJI BIIHECTH BIJICYTHICTh OOIPYHTOBAHO1
perjaMeHTanii CTYNeHI0 akTUBHOI jedopmarlii 10 BUKOPUCTAHHS MMKJIIYHOL
nedopmMaiiii Ta periameHTaiii aMmrunTyaHoi aedopmariiii nukiy. Tomy po3poOxa
e(eKTUBHUX cnoco0iB 30BHIIIHBOTO BILIBY Ha BJIACTUBOCTI
X0JI0AHO1€(hOPMOBAHOTO METaly, OCOOJIMBO Ha TUIACTUYHICTb, 1 CTBOPEHHS Ha IIiif
OCHOB1 BHUCOKOIPOJYKTUBHUX TEXHOJOrA BUPOOHULTBA MPOIAYKIII MacoBOTO
BUKOPHUCTAHHS € aKTyaJIbHUM 3aBJIaHHSM.

3aranpHUM IS BCIX 3alpoOINOHOBaHUX 10 BukopucTaHHs Tunie L/ e
KOJIMBAIBHUY (LIMKIIYHUI) XapaKkTep HaBaHTaXEHHSI, 1110 3aCTOCOBYIOTh 10 00’ €KTY
Ta, BIAMOBIAHO, IMKJIIYHI HANIPYTH, K1 BUHUKAIOTh Y HaBaHTaxkeHOMY 00’ ekTl. [Ipu
IbOMY IHUKJIIYHI HAMPYTH 3MIHIOIOTh CBOIO BEJIMYUHY B Gpmin 10 Gpmax, 3MIHIOIOUH
ab0 He 3MIHIOIYH CBIM 3HAK, aje 3aJIMILIAI0YUCh MTPAKTUYHO MOCTIHHUMHU B MeXax
naHoro 1wkiy. Jns manoro tunmy LI 11 medopmyrounii BruiMB Ha 00 €KT
BU3HAYAETbCS EHEPreTUYHOIO0 TMOTYKHICTIO MMKIYy Ta iX YHCIOM 3a 4ac
HABaHTAXXEHHSA, TOOTO BUKOPUCTAHUM THUMIOM Ta pexkumom LJI, siki HEe MOBMHHI
OPU3BOAUTH 1O 3alUIIKOBOI Jedopmanii 1, TUM Oulblie, A0 pyHHYBaHHS
HaBaHTaXxeHOTro 00’exkTy. Tomy, MakcumanpHa BenuuuHa amruiitya /] e mae
nepeBUINyBaTH (ITOMITHO) 3HAY€Hb MEXH IUIMHHOCTI MaTepiany 00’€KTy, a YhCIIO
nukiiB (mogomxeHicTs /1) — mogomkeHOCTI 1HKYOAlIMHOrO mepiofy 3’ sBICHHS
BTOMJICHUX TPIIIHH.

PesynpTaT Takoro aedopMaiiitHoro BIUIMBY MPUHIMUIIOBO BIAPI3HAETHCA Bij
TEPMIYHOI'O BIUIMBY, TOMY 1110 HE MIPU3BOAUTH /10 CYTTEBOI'O 3MEHIIEHHS HIUIBHOCTI
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JTUCIIOKAIM, a MPU3BOAUTH J10 iX NMEPEepO3NOAULLY 3 OTPUMAHHSM HOBOTO THITY
CTPYKTYpH 1, BIAMOBIAHO, BiacTHBOCTeH. lle mo3BoJisse, HE 3HWKYIOUH PIBHSA
3MILIHEHHS, MOJIMNIIYBATH PiBHI CIYKOOBUX XapaKTEPUCTHK: omopy Aedopmarii i
pYHHYBaHHIO, Majoi CXHJBHOCTI 70 JAe(pOpMaliifHOrO CTapiHHA, pejaKcaliiHoi
CTIKOCTI, OMOPY BTOMHOMY pPYWHYBaHHIO, BOTHECTIMKOCTI, omopy koposii. [Ipu
bOMY €(EeKTHUBHE BUKOPUCTAHHS LIUKIIYHOI 1edopmallii nepegdadyae onTuMizaliio
CXeMH 1 CTymneHio akTuBHOI nedopmanii. Ilapamerpamu LJ] € Tun nuxmy
HABaHTAXXEHHs, Oro aMILIITY/1a, YUCIO BUKOPUCTAHUX IIUKIIIB Ta iX yactota. [lpu
bOMY €(EeKTHUBHE BUKOPUCTAHHS LUKIIYHOI nedopMallii nepeadadyae onTuMizaliio
CXEMH 1 CTYNEHIO aKTUBHOT 1eopMallii, Ka nepeaye HUKITUHOMY HaBaHTaXEHHIO.
JlocmipKeHHS BILUIUBY mUKIiYHOT  gedopMaiiii  POBOAMIH Ha
X0JI0AHO1e(OPMOBAaHOMY APOTi, OTPUMAHOMY B MPOIECI XOJOIHOI aedopmartii
BOJIOUIHHSIM KaTaHKH 31 cTajied, XIMIYHUM CKJIaJ] IKUX HaBeJeHO y Tabmuili 1.

Taoauus 1 - XiMiyHU# CKJIAX JOCTIIKYBAHUX CTAJIeH

. Hiamertp, XiMiuHUH ckiazg, % 1mo Maci

Martepian MM C Mn Si Ti P S
BCt0 6,5 0,10 0,42 0,023 - 0,03 0,028
07T 6,5 0,06 0,28 0,1 0,03 0,029 0,023
bCt0 6,5 0,13 0,58 0,01 - 0,022 0,048
BCt0 2,95 0,10 1,52 0,042 He xonTpontoBanu
bCt0 2,95 0,19 0,33 0,08 He xonTpontoBanu
Cm3kn | 6,5 0,11 0,43 0,01 - 10,024 |0,044

[Hukniyny pegopMmaliiio 3HAKO3MIHHMM 3TMHOM  3aroTOBKH  KPYTJIOTO
nepepizy 3A1MCHIOBaIM 3a JOMOMOTOI0 TPHUCTPOI0, 3MOHTOBAaHOro Ha 0asi
KpyTwibHOi MamuHu K-5, 3a 10omomoroio ABOX POJUKIB OJHOTO AlaMeTpy 3i
3MIHOIO Hampsmy pyxy. iameTrp ponukiB 80MM, KUTbKICTh HUKJIIB 3HAKO3MIHHHUX
3ruHIB cTaHOBWJIO 1...30 mukiiB. YMOBHY CyMapHy CTyIiHb aedopmallii ApoToBOi
3arOTOBKH, IO MiJisirajia 3HAKO3MIHHINA IUMKIIYHIN Jaedopmarliii 3ruHoM (&)
BUPAXOBYBaJIU 10 (HopMyIIi:

&r = 2(dyp/ dp) X N, (1)

ne d,, , d, — miameTp OpoTy Ta 3rMHAIOYMX POJIMKIB BIANOBIIHO, MM; N — 4ncIIO
IUKJIIB 3TUHY.

MexaHiuHi BUNPOOYBAaHHS 3pa3KiB Ha PO3TATHEHHS MICIS BUKOPUCTAHHS
HUKITIYHOT Jepopmariii 3 METOI0 BHU3HAYEHHS PIBHS MINHOCTI 1 TUIACTUYHHUX
BJIACTUBOCTEH MPOBOAMIIM 3TIHO 3 BUMOTamMu HopMaTuBHOT nokymenTanii (HJI) 13
3aMMCcOM JlarpaM po3TSATyBaHHS.

JlocmipkeHHST 3MIH MEXaHIYHHMX BJIACTUBOCTEH B 3aJI€)KHOCTI BIJ KILIBKOCTI
IUKJIIB 3HAKO3MIHHOTO 3TMHY TOKa3ajo0, 110 MPHU 301IbIIEHH] KUIBKOCTI IUKJIIB (70
10...15) cnocrepiraerbcsi 3MEHILEHHS XapakTepucTuk MinHocTi (Op, Op,) Ta
MIABULIEHHS XapaKTePUCTUKU TUIACTHYHOCTI (0,%). BcTaHoBiEHO, 110 Bxke npu 3-
5 mukiax pedopmariiii BiIOyBa€ThCs 3HUKEHHS MEXH TIMHHOCTI Ha 90-100MIla,
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Mexku MinHocTi Ha 40-50MIla Tta 3pocTaHHs BIIHOCHOTO MOJOBXKEHHS 110 7-8 %.
Haii6inpimii 3pict piBHA macTUYHOCTI (10 8,7%) cnocTepiraeThesi MpU KUTbKOCTI
nukiiB 6-10 1 meil piBeHb 30epiraeTbcsi MpH 3pOCTaHHI KIIBKOCTI MUKIIB A0 15, a
JaJi MOYMHA€E 3MEHITYBATHUCh.

B uinomy, 3anexHicth Op 1 O, Bil KUIBKOCTI LHUKIIB 3HAKO3MIHHOTO 3TUHY
(N) xapaxkTepu3yeTbcs rinepooaiyHo0 GyHKIIE:

65 =91/N + 777 )
6oz = 131/N +616,8 3)

Cnig Bim3HAYMTH, 110 KoedilieHT Kopensuii i GyHkiii (3) Buile, HK A
(2), 1 cranoButs 0,850 Ta 0,659 BiAMOBIAHO.

B saxocTi QyHkuii BiAryka BUKOpUCTOBYBaiu moka3zHuk (Op - O©¢2) / Ops ,
AKUW IS HU3BKOBYTJICLEBUX CTalled MOXE BHKOPHUCTOBYBATHUCH SIK KPHUTEPii
BOJIOUiHHSA [4]. Byno excrepuMeHTalbHO BCTAHOBIICHO, IO LEW MOKa3HUK Micis
MPOBEJICHHS LHUKIIYHOI JaedopMallii 3pocTae, IO CBIAYUTH NPO MPUHIIHUIOBY
MO>KJIMBICTh BUKOPUCTAHHS LIUKJITYHOI 0OPOOKH XOJIOJHOAE(POPMOBAHOT 3arOTOBKU
3 METOIO ITIABUIIEHHS 11 TEXHOJIOTIYHOI IJIACTUYHOCTI.

Y BuUmanKy BUKOpPUCTaHHS LUKIIYHOI jAedopmanii s oOpoOku
XO0JI0AHO1€(OPMOBAHOTO JIPOTYy (MpPyTKa) 3 METOH MIJABUIIEHHS TUIACTUYHUX
BJIACTUBOCTEH 70 HEOOXIIHOro PiBHS MapaMeTrpamMu OOpOOKH € CTYMHiHb XOJIOAHOI
nedopmMariii mpu BOJIOYIHHI (€), KUIBKICTh HUKIIB 3ruHy (N) Ta aMmIuniTyaHa
nedopmaiiist 3ruHy (A) (BIJHOIICHHS laMETpy APOTY 1O JiaMeTpy 3THHAI0UYMX
ponukiB). BapitoBaHHs X (akTopiB MpU MOCTIHHOMY XIMIYHOMY CKJIaJl CTali
J03BOJIIE  3MIHIOBATM MEXaHIYHI BIJIACTUBOCTI HArapTOBaHOTO  XOJIOJHOIO
nedopmailielo  Metany B IIMPOKOMY Jiana3oHi. ToMy BHHHUKae 3aBJaHHs
H1JIECIPSIMOBAHOTO BUBUEHHS €()EKTYy 3MIHM BIACTUBOCTEHN X0J0IHOAEPHOPMOBAHOT
CTaJl B 3JISKHOCTI BiJl BKA3aHUX MapaMeTPiB Ta iX MaTeMaTUYHA ONTUMI3aIlisl.

JlJist BU3HAaUEHHA BIUIMBY MapaMeTpiB HUKIIYHOI Jedopmalii Ha BIaCTUBOCTI
X0J0/IHOAC(OPMOBAHOI 3arOTOBKM BUKOPUCTOBYBAJIM METOJUKY IJIaHYyBaHHS
eKCIIepUMEHTY. [HTepBanu BapitOBaHHS MapaMeTpiB OyJn Taki:

36% < &£<94%; 0,025 <A <0,115; 3 <N < 30.
OOpobOKy pe3ysbTaTiB EKCIEPUMEHTIB MPOBOJWIM 3 BUKOPUCTAHHSIM METOAY
opToroHasi3amii Matpuii (HakTopiB, MO TO3BOJUIO OTPUMATH HE3AJICKHY OILIHKY
Koe(illieHTiB perpecii.

CratucTUYHUN aHaji3 BUKOHYBAJIM BIAOMHUMH METOJAMH Ta OTpPUMAIU
PIBHSIHHSI MOJIEJI1 TAKOTO BUIY:

Y =0,192 +0,0104X; — 0,027X; + 0,0028 X3 - 0,0036 X;X;- 0,0013 X;X;
+0,0012 X,X5+ 0,012 X, - 0,023 X, - 0,0037 X5, 4)
ne X; - cTymiHb XxoJiogHOi1 aedopmaliii npu BojodiHHI (g); X, - aMIUTITyaHA
nedopmairist 3runy (A); X3 - KUTbKICTh ITUKITIB 3rURY (N).

PiBusiHHS (4) po3paxoBaHO MO MaTpHIll (PakTOpiB, HOPMOBAHOI B IHTEPBAJI |-
1; +1], Tak K TPOBENEHI MOCIIIKEHHS pOoOOTH MporpamMu onTuMmizaiii QyHKIii
MOoKa3aju, 0 B TAKOMY BHUIIaJIKy BoHa Jo0pe npairoe. Sk 6aunmo 3 hopmynu (4),
piBeHb Koe(ilieHTy perpecii 11 HOpMOBaHO1 MaTpulll pakTopiB y X; 1 X, OAHOTO
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MOPAJZIKY, 110 CBIIYUTH MPO MPUOIHU3HO PIBHOI[IHHUN BHECOK KOXKHOTO B CTYHIHb

3MIHM MEXaHIYHUX BJIACTUBOCTEH XOJIOAHOAEPOPMOBAHOI CTadi, OJHAK OUIbII

YyTIMBOIO € (QYHKIIIS BIATYKY J0 3MIHM aMIUTITYAHOI aedopmanii 3ruHom. Briius

KUTbKOCT1 LIMKJIIB 3TUHY HA MOPSAOK HIKYE, HDK € Ta A.

JlaHi, oTprMaHi B pe3yJibTaTi MaTEMAaTUYHOI ONMTHMI3allii, CIIBBIAHOCATHCS 3
€KCIIEPUMEHTAILHO OTPUMAHUMHU MMapaMeTpaMu LUKIIYHOI Aedopmarliii, Ipu SKUX
CIOCTEpIraeTbcsl HAWOUIBIIMKA ePEeKT 3HEMIIHEHHS XOJIOJHOJe()OPMOBAHOTO
MeTaly Ta MIABUIIEHHS HOro TEXHOJIOTTYHOT MJIACTUYHOCTI.

OnTumanbHl 3HAYEHHS OCHOBHUX TEXHOJOTIYHUX MapaMeTpiB MUKITYHOI
nedopmariii it XoJIoAHOJAEe(OpPMOBAaHOI  3aroTOBKM 3 HEJIETrOBaHOI
HU3BbKOBYTJIEIEBOI CTajl 3 (EeppUTO-NEPIITHOIO CTPYKTYpOIO 3 ypaxyBaHHSIM
KOJIMBaHb B XIMIYHOMY CKJIaJ[1 3HAXOJAThCSl B IHTEpBaIl 3HAUEHb: € ~46...60%; A
~0,07...0,09; N ~3...10. OtpumaHi B pe3yibTaTl E€KCHEPUMEHTIB NapameTpu
nUKIiYHOI  aedopmalii € TEXHOJOTTYHUMHU, OCKUIBKM ICHYE MOXIIMBICTH
BUKOPUCTAaHHS I[MX [apaMeTpiB B TEXHOJOTYHOMY UHUKII BUPOOHHUITBA
X0JI0AHO1e(OPMOBAHUX BUPOOIB.

Bucnoeku
1. B pe3ynbpTaTi mpoBEeIEHMX EKCIIEPUMEHTIB OTpUMaH1 JaHi, 10 CBIIYaTh MPO

3HAYHUN BIUIMB IUKJIYHOT Aedopmallii Ha BJIACTUBOCTI XOJIOAHOe(POpMOBaHOT
3arOoTOBKM 3 HU3BKOBYIJICLIEBOI HEJIErOBAHOI CTajll 1 MPUHIIMIIOBY MOXIIUBICTh
BUKOPUCTaHHS LMKIIYHOI Aedopmariii Juisl NABUIIEHHS PIBHA 1 TEXHOJIOTIYHOT
MJIACTUYHOCTI.

2. 1lpy BUKOpPHUCTAHHI HETEPMIYHUX CHOCOOIB MIABUIIEHHS TEXHOJOT1YHOI
IUIACTUYHOCTI XOJIOAHOJIE(OPMOBAHOTO METally CYTTEBUM BIUIUB Ha pIiBEHBb
MEXaHIYHUX XapaKTePUCTUK MAIOTh TaKi TEXHOJOT1YHI MapameTpu, SIK CTYHiHb
aKTUBHOI XOJIOHOI Aedopmallii, KUTbKICTh Ta aMILTITYAa 3HAKO3MIHHUX 3TUHIB.

3. PosrasiHyro BIUIMB MapamMeTpiB  LMKIIYHOI jAedopmalii Ha MeXaHIYHI
BJIACTUBOCTI XOJIOAHOJIe(OPMOBAHOT 3aroTOBKM 1 JaHl PEKOMEHJalli 1010
IHTEpBaJIiB BapilOBaHHS IIUX MapaMeTpiB.
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NEW TECHNOLOGY TO IMPROVE SERVICE DURABILITY
OF DUCKFOOT SWEEP CULTIVATOR BLADES

PhD (Eng.), Senior Lecturer Ivan Rybalko
Kharkiv Petro Vasylenko National Technical University of Agriculture
Kharkiv, Ukraine

The analysis of the literature revealed that about 60% of duckfoot sweep
cultivator blades of agricultural machinery lose their working capacity due to the
point tip and wings wear. In this case, the point tip wears out by 30 mm, wings - by
15 mm in width. It is observed metal deformation in the working area of wings.
Sufficiently a big number of methods for their reinforcing and repair were revealed.
All of them are labor-consuming and after their use the resource of working bodies
does not exceed ~ 70% comparing to the new ones. Over time, while operating, the
metal loses its original properties; its degradation takes place [1]. Worn parts
restoration is not considered to be expedient since it is impossible to provide
necessary properties simultaneously for all zones of the cultivator blade, taking into
account its damage rate.

The aim of the study was to develop a method of hardening of thin-walled
cultivator blades by applying a programmed coating by hardfacing with a high-
carbon alloyed electrode with modification of secondary raw materials for crushing
the carbide phase, minimizing the transition zone and the tendency to form defects.

The goal of increasing consumer properties of the cultivator blades can be
achieved by changing the reinforcing scheme and stable operation based on a
statistical analysis of wear and deformation of such a product, with the subsequent
possibility of reinforcing by surfacing with modifying and carbide-containing
components of the electrode.

The use of such technology in production requires an innovative approach to
obtain reinforcing stripes by electrode surfacing with minimization of stresses, as
well as the formation of a metal structure without defects.

Earlier it was carried out some works on modifying by detonation charge
from ammunition disposal when restoring parts of sufficient thickness [2, 3], when
welding cracks in cast-iron body parts [4, 5]. It was found out that the introduction
of secondary raw materials into a liquid bath while surfacing reduces heat input and
creates favorable conditions for crystallization of various even non-technological
high-carbon alloys. In this work, there was an equally challenging task of ensuring
the application of high-quality reinforcing coatings on the thin cultivator blade,
taking into account the nature of their wear and damage.

Having studied the nature of cultivator blades wear [6], a new method of
their reinforcing along the working surface perimeter was proposed [7]. The
method consists in surfacing wear-resistant stripes on the blade surface with the
introduction of modifying agents with nano- and dispersed diamonds. Stripes on
duckfoot sweep cultivator blade were formed according to Fig. 1, taking into
account intensity and nature of its wear. According to the nature of wear, into point
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tip stripes with the size of 20 mm, and
wings with the thickness of 12-15 mm
with the distance of at least 10 mm
between them will be formed by the
reinforcing coating in order to prevent
the length overlapping of heat-affected
zones.

The optimal stripe sizes are
determined from the conditions of the
stress state formation during electrode

Figure 1 — The scheme of reinforcing  Surfacing, as well as by the coating
stripes surfacing on a duckfoot sweep quality and the tendency of the metal to

cultivator blade surface: damage during reinforcing. It s
a - point tip; b — wings. important to take into account, stresses

appearing in the cutting edges and the
transition zone of the blade base, wings while operating. Taking into account the
maximum wear and wings deformation, reinforcing stripes in these zones were
applied from the opposite surface relatively to the point tip (see Fig. 1).

The possibility of using reinforcing surfacing to create stripes with T-620
carbide-containing electrode, which contains, %: 3,0 C, 2,2 Si, 1,2 Mn, 22,5 Cr, 0,7
Ti, 0,8 B, 0,03 S was studied. Such an electrode provides maximum penetration of
the cultivator blade with the thickness of 6 mm to its depth up to 3 mm without
defects when modifying it with a coating of non-magnetic component of the
detonation charge obtained from the ammunition disposal. Such a charge,
according to the chemical analysis, includes nano- and dispersed diamonds, and
graphite (a small fraction) 3.37-3.43% C, as well as copper (up to 3.14%) and iron
(up to 2.9%) [8].

Previous studies [7] showed that the optimal share of the modifying additive
is 6-8%. For uniform entry into a liquid bath, it was used as an electrode coating.
Current strength 160A and voltage 28V were used as the hardening parameters.

Application of the reinforcing technology to a small depth by stripes
surfacing provides a high-quality reinforcing coating and fusion zone with minimal
heat input due to the micro-refrigerators creation - inclusions of dispersed
diamonds that do not dissolve in the liquid bath, but significantly reduce its
temperature (by 250-300 °C). This reduces the grain size by 20%, the heat-affected
zone by 40% and stress, and also increases the anisotropy of the structure in the
applied reinforcing stripes not only on the cutting edge, but also in the base metal.
The anisotropy of the structure in such a built-up metal is 0.95-0.97. These
properties provide the operational durability increase due to the absence of the
tendency of the metal to crack formation in the heat-affected zone of surfacing
when stripes are applied.

Fig.2 comparatively shows the formed structures during surfacing without
modifying by secondary charge (a), which were accompanied by crack formation in
the varying thickness blade-base area, as well as in another blade part, and (b) using
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a modifying agent, which was previously applied on the surface of electrodes &4,0
mm with charge proportion of 6.0-8.0% [7]. When forming stripes, a current of

a .. _ \; b 2. 5
Figure 2 — Microstructure over the section of samples:
a - surfacing with T-620 electrode; b - surfacing with T-620 electrode with non-magnetic fraction
modification of the detonation charge, x200.

Besides identified defects (pores, cavities and cracks), it should be noted that
in the area of reinforcing stripes application a more heterogeneous structure is
formed with the formation of zones of coarse, thin, and extended carbide sockets
near the fusion boundary, which is characterized by increased microhardness.

When modifying, such carbide sockets are more evenly distributed in the
metal matrix, and they differ in structure. Instead of extended thin inclusions, they
are fragmented, what contributes to the formation of a more homogeneous
structure, less stress state of the transition zone, as well as its length decrease. In
this transition layer, there are no defects at all.

Distribution of chemical components along the depth of the surfaced stripe in
accordance with two options - without and with the use of a modifying agent was
locally estimated by X-ray electron probe analysis (XREPA).

When modifying metal surfacing in the stripe, the temperature of the liquid
bath decreases (the presence of micro-refrigerators - diamonds) and the
crystallization conditions change [9]. This is accompanied by increase in the
average share of the carbide phase by 27% in the upper zone, in the middle by -
32% and transitional - 70%. Besides that, the homogeneity of the distribution of
carbon-bearing phases in surfaced stripes is more uniform across the section during
the modification with the secondary charge. Thus, during conventional surfacing,
carbon concentration in the upper zone varies within 2.8%, the middle is 1.83%,
and the transition one is 1.64%. In the case of modification, there is a large
homogeneity in the distribution of this component in various zones. This
corresponds to the achieved microhardness level. With the conventional method of
surfacing there is a significant proportion of oxygen in all zones of analysis up to
1.6-3.39%. When modifying with the secondary charge, this component was singly
detected only in the upper zone of the stripe (2.28%).

As for the distribution of Mn, Si, Mo components, they are close in
concentration in comparable variants. Regarding the proportion of iron, its average
value is 8.4% more when modifying, and in the upper and middle zones it differs
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even more significantly - by 14.5%. The observed can be explained by the
formation in these zones of a larger amount of cementite-type carbides.

Chromium distribution over the three analyzed zones is 2.2 times more
uniform when using modifying with stripes application by surfacing, which is
achieved by carbide phases crushing during crystallization.

Insignificant tendency of Al increase during the modification can be
explained by the fact that this component is part of the detonation charge. It was
revealed that its share in different surfacing zones (upper, middle) varies within
0.17-0.51% at conventional stripes surfacing and - within 0.22-0.59% in the case of
modifying with a secondary charge.

The absence of difference in the content of Al and Si components can be
related to the concentration change of these components, taking into account that
with conventional application of stripes by surfacing, base metal inclusions emerge
to the coverage area, and when modifying, they are a part of the modifier and their
share in it is not stable.

Wearing tests were carried out on SMT-1 friction machine at State Enterprise
V.A. Malyshev Plant.

The relative wear resistance of various reinforcing methods of parts surfaces
was carried out and evaluated according to three variants [10]:

1 - source material of a cultivator blade steel 65G;

2 - surfacing with T-620 electrode with modification by a non-magnetic
fraction of the detonation charge;

3 - surfacing with T-620 electrode.

Tests were carried out according to “disc-block” scheme. Tests of samples in
the abrasive medium of quartz sand without lubrication were carried out according
to Brinell scheme. Samples 10x10 mm in size, cut from the surfacing zone and
processed on a surface grinder with a load of 5 kg, were subjected to testing.
Counterbody - PTFE-4 — Fluoroplastic. In this test, fluoroplastic was used as a
body to hold abrasive in the friction area. The sand from the Staroverovsky deposit
(Ukraine) with a fraction of 0.25-0.4 mm was used as an abrasive. Before testing,
the prepared samples (blocks, discs) were washed, marked, weighed on a WA-200
scales. Test results are shown in Table 1. The friction path was 100m.

Table 1 — Abrasion tests

No./no. Reinforcing option Wear, g
1 Source material of cultivator blade steel 65G 0.0145
2 Surfacing with T-620 electrode 0.0090

3 Surfacing with T-620 electrode with modification by a non- | 0.0044
magnetic fraction of the detonation charge

The proposed reinforcing method of cultivator blades is recommended for stable
operation of equipment by minimizing the creation of local stresses, which ensures the
absence of defects, as well as while operating - improvement of the working tool stability
(excludes the deformation of the wings) and in 3 times increases wear resistance
comparing to the product source material or reinforcing without modification.

118




XVI MixkHapoaHa KoHdepeHuia «CtpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

Conclusion

1. A new solution is presented for a constructive approach to reinforcing
cultivator blades without deformation and with the use of secondary raw material
modification from the ammunition disposal with a non-magnetic fraction of the
detonation charge, which makes it possible to use a high-carbon alloyed electrode metal.

2. As a result of the carried out research, a new reinforcing method of
cultivator blades was developed and proposed. The method consists in applying
reinforcing stripes on the point tip from the front side of the blade and on its wings
from the back. According to the analysis of wear processes, it is optimal to apply
reinforcing stripes on the point tip of 20 mm in size and 12 to 15 mm on the wings
with a distance of at least 10 mm between them to prevent overlapping of the heat-
affected zones.

3. When reinforcing stripes are surfaced with carbide-containing T-620
electrode, research were carried out on the possibility of using for modification
non-magnetic fraction of the detonation charge from the ammunition disposal in the
form of electrode coating. To control liquid bath temperature, the proportion of
introduced modifier was optimized. It was found out that this combination of blade
materials and reinforcing stripes allows to reduce heat input, improve surfacing
quality (ensure coarse carbides crushing), increase hardness and wear resistance by
2 and 3 times comparing to the initial state and reinforcing without modifying
additions, respectively, and also to eliminate defects formation when reinforcing
quite a thin working tool.
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EKCIHHEPUMEHTAJIBHI JOCJIZKEHHSA /KOPCTKICHUX
IHAPAMETPIB I'VM IIPU BUTTPOBYBAHHAX HA CTUCKAHHA
B IINPOKOMY ATAITA3OHI JE®@OPMALIN

IIpog., ookmop mexu. nayk B.A. Ponati
JIninpoecovKkuit 0eprcagnuii mexuiunuil ynigepcumem, m. Kam’ancoke, Yxpaina
oy., kano. mexn. nayx H.B. Kapsuenxo
Hauyionanvna memanypeiiina akademia Yxkpainu, m. /[ninpo, Ykpaina

['yma sk KOHCTPYKIIMHUI MaTtepian Halyia HaWUIIKUPIIOTO PO3MOBCIOKEHHS B
PI3HHX TaTy35X MPOMHUCIIOBOCTI, 30KPEMa, B TIPHUYO-METAYPriiiHilA TPOMHUCIOBOCTI, B
aBTOMOOUTFHOMY Ta pelKoBOoMY TpaHcmopTi: rymoTpocoBi kaHatu (I'TK) 1 cTpiuku
(I'TC), xoHBeepH1 CTPIUKHM, 3aXUCHI (PyTepOBKH i Jemrdepu, T'yMOKOpAHI 000IIOHKH,
IIMHY, YIIUTbHEHHS, BIOPOI3OJIATOPH — 1€ JAJeKO He MOBHUM MepesiK AeTayiei, Mo
MPALIOIOTh MPU IMKIIYHUX HaBaHTaXKEHHSX. ['yma 3aBIsKU BUCOKIN TMOTJIMHAIbHIN
3JIaTHOCTI, JIOBFOBIYHOCTI, HAJIAHOCTI (TYMOBI €JIE€MEHTH BOJIOMIIOTH BIJICYTHICTIO
panToBOCTI BIIMOBM) MPAKTUYHO HE Ma€ PIBHUX CEpel IHIIMX MarepiaiiB (METajH,
JIEpeBO, TUTACTUKY Ta 1H.).

['yMOTpOCOBI KaHaTH 1 CTPIYKU B 30HAX KOHTAKTIB 3 TBEPAUMHU MOBEPXHIMU
MPUYIMHUX TPUCTPOIB BIIUYBAIOTh MICIEB] KOHTAKTHI HABAaHTaXXEHHS, SIKI MOXYTb
JocsiTaTH PYWHIBHUX 3HAYE€Hb IS TYMOBOi OOOJIOHKM (TYMOBOi MAaTpHIIi)
3a3HayeHuXx BUpoOiB. ToMy 3amaya BU3HAUEHHS SKOPCTKICHMX IapaMeTpiB
TYMOTEXHIYHUX BHUPOOIB B 30HAaX BEJIMKUX NUTOMHX THCKIB IpPH KOHTAaKTI 3
TBEPAUMU MOBEPXHIMU MPOBIIHUX OapabaHiB 1 MIKIBIB MiIHOMHO-TPAHCIIOPTHOTO
YCTaTKyBaHHS € aKTyaJIbHOIO.
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[Ipu pospaxynky HamnpyxeHo-nedopmoBanoro crany (HIAC) rymorpocoBux
TATOBUX OpraHiB HEOOXIAHO BpaxoByBaTH ABI 0co0iuBOCTI. [lo-nepiie — dizuuny
HEJTIHIAHICT, TapamMeTpiB TyMU 1, MO-Apyre — Ty OOCTaBUHY, LIO BiJHOCHA
nedopmailisi T'yMOBO1 MaTpHIll MPY HABAHTAKEHH1 3MIHIOEThCS HE B Mexkax 3-4% sk
JUTSL METaJIiB 1 TIPChKUX Mopif, a gocsrae 75-80%.

VY mux ymoBax >xopcTkicHi mapametpu rymoBux Matpuis ['TK 1 I'TC
3a3HAIOTh 3HAYHUX 3MIH, 1[0 OOOB'I3KOBO TOBMHHO OyTH BpaxoBaHO MpHU
nocmimkenni ix HJC.

Memow onucysanux Hudicue eKCHEPUMEHMANbHUX O0CTIOINCEHb €
BUSBIICHHSI XapakTepy HENIHIMHUX 3aJie)KHOCTeW HampyXeHb Bl BIJHOCHHUX
nedopmalliii Ipyu CTUCKaHH1 ISl OCHOBHUX MAapOK I'yM, sIKI BAKOPUCTOBYIOTHCS JJIs
BUTOTOBJIEHHSI TYMOTPOCOBHUX 1 rymMoTkaHMHHUX cTpiyok 1 I'TK jis ripaudoi
MIPOMHUCIIOBOCTI.

BunpoOyBaHHs NMpoBOAMIUCS BIAMNOBIAHO O BUMOT JEP>KaBHUX CTaHAAPTIB.
BunpoOyBanusm miggaBanucs 3pa3ku 5 tumiB rym: 4 — ykpaiHcekux (P-25, 16-02,
PM3-1, PM3-2) ta 1 — monbcbkuii (RTT). bByno BurotossiaeHo i BunpodyBaHo mo 3
3pa3ka KOXHOTO 3 5 TUIIIB T'yM.

BunpoOyBanbna mamuna YM-5 103BoJisie BUITpoOyBaTH 3pa3Ky MaTepialiB Ha
PO3TATYBAaHHS 1 CTUCKAHHA 3 MPUKIAJICHHSIM HaBaHTaXeHb B JIBOX J1ara3oHax: 10
201 go 50 xH.

Jlep>kaBHMI CTaHAApPT MPONOHYE HABAHTAXyBAaTH 3pa3Kd T'YMH B Mexax ix
BiIHOCHOI jAedopmanii 0<&<05. B peanpHux yMoOBax HaBaHTaXEHHS
IYMOTEXHIYHUX BHUPOOIB Tryma BinuyBae naedopmalii CTUCKAHHS B OLIBIIOMY
nianazoHi. Tomy, Bmoepile, y BHUOPOOYBaHHSX 3pa3KiB T'yM HaBaHTaKEHHS
3niicHIoBaMCS 10 ¢ <0,7. IlpoBomunucs omaHe 1 OaraTopa3oBi HaBaHTAXKEHHS
3pa3kiB. DIKcyBamucs JlarpaMd HaBaHTAXKCHHS 1 PO3BAHTAXKEHHS 3pa3KiB s
MO>KJIMBOI OI[IHKH MapaMeTpiB TiCTEPE3UCy B T'yMi.

Hiarpamuuii npuctpiii BumpoOyBaipHOT MamuHu YM-5 ¢dikcye npiarpamy
pPO3TATYBaHHS (CTUCKAHHS) 3pa3KiB, (DIKCYIOUH MO OC1 OpJMHAT 3YCUIUISA B KT, a 1O
oci abcuuc — abconoTHy nedopmarito 3pazka B MM. Ilpu oOpoOIi pe3ynbTariB
€KCIIEpUMEHTIB OyJl0 BHKOHAaHO TIEpepaxyHOK abcomioTHOl Aedopmarii Ha
BITHOCHY &, 3YCWJUIA MEpepaxoBaHl B HANPYXEHHS ©, K BIJHOIICHHS 3YyCHILIA
CTUCKaHHS 3pa3Ka J0 IJIOI1 HOro MonepevyHoro nepepizy.

BinmoBimHO A0 Jep)KaBHOTO CTaHAAPTY PO3PAXyHOK HaNpyXeHb CHiA
BUKOHYBATHU 3a (hOPMYJIOIO:

P
AO
e P — 3yCHJUIs, IO CTHCKae (pO3TATrye), A, — MOYATKOBA IUIONIA MOMNEPEYHOTO

O = 5

nepepizy 3paska.

Ha puc.] mpeacraBieHi 3aiexHOCTi of¢) 0P TPhOX  IOCTIIOBHO
HaBaHTa)XEHUX Ta PO3BaHTaXEHUX 3pa3kiB rym PM3-2. Jlinii 1, 2, 3 BiAnoBigaoTh
nepiumoMy, JApyroMy 1 TpeTbOMY HaBaHTAXKEHHIO, JiHII 4  BiANOBizae
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0, M PO3BaHTAKEHHIO 3pa3KiB. 3anexHocTi o(s) npu
| ' pPO3BaHTaXXE€HHI B  TPbOX  BHUIPOOYBaHHSIX
301ratoThCs.

Hns 3paskiB rymu PM3-2 B npiana3oHi
N nedopMaliiif CTUCKaHHSA 10 & <0,7 3aJeKHICTh
— 3aJI0BUIBHO ONUCYETHCSA HACTyTHUMU

]\

o]

T F
A

3T

4

25

20

15

o N MOJIIHOMAMU

a) IpyU HaBaHTaXXEHH1
s § o =0158—21134¢ + 234,45 — 699,82 + 677,65¢*,
7 / 31 CTaHaPTHOIO TOMUJIKOIO S = 0,695 1
e . . )
KOpeJLiHUM KoedilieHToM 7 =0,998;
0,1 02 03 04 05 06 07 0) npu po3BaHTAKEHHI
Puc. 1. Tiarpama cruckanms O = 0005 -29.265 + 637,75 — 4582,65°14893 75" -

€

3pa3ka rymu tuny PM3-2 B ~22328¢° +12576,4¢°,
Aiana3oHi nedopmaniit npu S=0312, r=0,9998.
0<e<0,7 3a3HaueHl pe3yibTaTh MIATBEPIKYIOTh

oOymoBieni B  pobori [1] momepenHi

«TpEHyBaHHS» MaTepiany nepeja BUIIPOOYBAHHIM, TOOTO MONEPEIHE HEOTHOPA3ZOBE
HABaHTAXXEHHSA 1 pO3BaHTAXXEHHA 3pa3kiB. g 1HmMX 3pa3kiB Ha puc. 2-5
IpeNCTaBIeH] 3aleKHOCTI o(g) TMICHA HEOAHOPA30BOrO HABAHTAKEHHS —
PO3BaHTAXEHHS.

Jlns 3paska rymu tuny P-25 B gianazoni aedopmaiiiii CTUCKaHHS 10 ¢ <0,7
(puc.2) 3a1exHicTh o(e) 3aJ0BILILHO OMMCYETHCS TAKUMH TIOJIHOMAMHU:

o =-0297+16,743¢ —84,927¢ +142,103¢°,
opu $=0,529 1 r=09989, ajge TOUHILIE I 3aJEKHICTh OMUCYETHCS IMOJITHOMOM
YEeTBEPTOIO CTYHEHS:
o =0,028 —2,636¢ +48,644¢> —146,204” +193,1065*,

npu S=0221 r=0,9999.

Jlns 3paska rymu tuny 16-02 B aianaszoni gedopmariiiii CTUCKaHHS 10 ¢ <0,7
(puc. 3) 3anexHicTh o(g) 3a10BUILHO ONUCYETHCS TOJIHOMAMHU:
a) IpU HaBaHTaXEHH1

o =0,036—7,005¢ +117,924¢> —365,549¢> +424,929¢*,
npu S=037, r=09995;
MPAKTUYHO TOYHO 115 3AJIEKHICTh OMUCYETHCS MOJTHOMOM 7 CTYIEHS
o =12,717¢ —234,02&* +2329,025° —10907,01&* +26537,54¢ —31779,17¢° +15008,60¢ ",
npu S=0,r=10;
0) pu pO3BaHTAXKEHH1 — MPAKTUYHO TOYHO (S =0,7 =1,0 ) ONUCYETHCS TOJIHOMOM 7
CTYTICHS
o =55,557¢ —1313,33¢* +12069,63¢” —54144,29¢" +127290,05¢° —150561,06¢° +70767,17¢” .
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o,Mla o,Mla
25 25
20 ] 20
Ne3
IS % 15 L 1
S/ e 2
10 Z /]
o, 10 - 1
S, 4 2 /
” ‘ "‘(// /
0,1 0,2 03040506 0,7 € 0,1 0,2 0,3 0.4 0,5 0,6 0,7 €
Puc. 2. liarpama ctuckanns 3pazka  Puc. 3. [liarpama cTuCKaHHS 3pa3Ka
rymu tuny P-25 B nianazoni rymu tumy 16-02 B niana3oni
nedgopmaniii 0<¢<0,7 nedopmaniii 0<¢<0,7

Jns 3pa3ka rymu Tuny PM3-1 B nianaszoni neopmariif CTUCKaHHs 10 ¢ <0,7
(puc. 4) 3anexHicTh o(g) 3a10BUILHO ONMUCYETHCS HACTYHUMH TIOJiHOMAMHU:

a) IpU HaBaHTaXEHH1
o =0,003+4,365¢ +8389¢° —2,056¢° +105,051&*,

npu S =0,122, r=0,9999;
0) npu po3BaHTAKEHH1 — TPAKTUYHO TOYHO (S =0,7 =1,0) OMUCYETHCS TTOJIHOMOM 7

CTYIICHS
o =75344c —1806,77&* +16579,85¢° — 74946,69¢* +
+178872,72¢° — 215975,49¢° +144001,56¢’ '
oc,Mla o,MMa

25 25

20 — 20 - a

S| /] g, |

\@ \@

Vi /1

4 ”L' / f‘

10 10 '

O, / / i (o / / |

/ / £ // ;

5 Vi / 5 <
7 i ad a
— 7 = -
: /’:i'i-—j—,ﬁ _ ,(.’/1-’1’T’ﬁ
0,1 0,2 0,3 0,4 0,506 0,7 £ 0,1 0,2 0,3 0,4 0,506 0,7 €
Puc. 4. liarpama cTUCKaHHSA 3pa3Ka Puc. 5. liarpama cTHCKaHHSA 3pa3Kka
rymu tuny PM3-1 B nianazoni rymu tuny RTT B gianazoni
negopmaniii 0<e<0,7 negopmaniii 0<e<0,7
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Jns 3paska rymu tuny RTT B gianazoni aedopmariii cTUCKaHHA A0 ¢ <0,7
(puc. 5) 3aexHICTh o(¢) 3a0BUILHO OMUCYETHCS TAKUMH TTOJIHOMAMH:
a) MPU HABAaHTAXEHHI — MOJIHOMOM 4 CTYIIEHS
o =-0,005+7,283¢ +5,009¢* —12,801¢” +118,837¢*,
npu S =0,140 1 »=09999.
0) nmpu po3BaHTaXKEHH1 — MPAKTUYHO TOYHO (S =0,7 =1,0) — MOJIHOMOM 7 CTYICHS
o =93,275¢ —2199,13¢” + 2002392 —89677,25¢* +

+211863,24&° —253053,67£° +120446,86¢’

. MIla [Ipu BupimeHHi O6araTbox
25 ; HETIHIMHUX  KpalloBHX  3aJa4y
/ Teopii mpyxHocTi (¢phizuuHa ado
- / reoMeTpUYHA HEJIIHIMHOCTI)
/ BBAYKAETHCS 3a JOIIiTbHE
MPUBEACHHS 1X 10 MOCIIJOBHOCTI
I piIlIeHb JIHIHHUX 3a7a4.
// Ao, OcHOBHA 17€1  Takoro
/ MIAXOAY /10 BUPIIIEHHS MPY>KHO-
IUIACTUYHOTO J1€(OPMYBaHHS Tid
/ N 1 Teyli B'A3KOi PIIUHU HAJICKUTH
/ A.A.Inptomuny [2]. ¥V HacTynHi
S POKM IIeH MiAXi HEOTHOPA30BO
/ 3aCTOCOBYBABCS B PI3HHUX
// MomudiKalisiX JJs BUPIMICHHS
3ajlay  Teopii MPYKHOCTI 1
IUIACTUYHOCTI 3  (Pi3UyHOI0 Ta
TCOMETPUYHOI HETIHINHICTIO 1
HA3HMBaBCS «METOJIOM TPYNKHUX
pIIEHbY», OCKUIBKA  YHUCENbHI
METO/IM BUPIIICHHS 3a3HAUYE€HUX 3a/1a4 BUMaratoTh KyCKOBO-JIIHIHHOT alipoKCUMaIlii
3QIIEKHOCTEN o(g), MPEACTABICHUX Ha puc. 1-5.

10

01 02 03 04 05 06 07 ©
Puc.6. Jliniiina anpokcuManisi (MyHKTHPHA
JiHis1) eKCIePUMEHTAIBLHOI 3AJIeKHOCTI o(¢)
NPU CTUCKAHHI T'yMH Mapku P-25

[Tpouenypa niHiIMHOI allpOKCUMAaIlli IpeJCTaBIeHa Ha pUC.6 sl TyMU MapKu
P-25.

ExcriepuMeHTabHa  3aEKHICTh o) (cyminbHa  JMiHisE)  3aMiHIOETHCS
JaMaHOW TMpsMOK0 (TyHKTHpHA JiHiA). JIJIsI KOXKHOI JUISHKW JIamMaHOil JIiHi{
NOKa3aHl MPUPOCTH HANpPYXEHb Aoc,, 110 BIANOBIIAIOTH IPUPOCTAM BIIHOCHHUX
nedopmariiii cruckanHs Ag,. Ha KOXHIM IinsHIl j1amaHol 3aiexHoCTi o(e)
004MCITIOBABCSI MOAYJIb MPYKHOCTI T'YMU IIPU CTHCKaHHI
— Ao-l'
arve

OTpuMaHi TaKMM YHHOM 3HAYEHHS MOJYJIIB MPY>KHOCTI T'YyMH IIPU CTUCKAHHI1
B KOXKHOMY Jl1ana3oHi fnedopmanii 1ist 5-Tu Mapok BUIIPOOOBYBAaHUX T'yM HaBeJIEHI
B Tabm. 1.

E
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Tadauns 1 — 3HavyeHHs MOaYJIIB NPYKHOCTI BUIPOOOBYBAHMX I'yM NPH
CTHCKAaHHI B Pi3HUX Jiana3oHax gegopmanii

Hiana3zon Monynb npy>XHOCTI r'yM nipu ctuckanHi, MIla
BiIHOCHOI nedopmairii P-25 16-02 PM3-1 PM3-2 RTT
0<e<0,2 2,7 5,1 7,1 2,6 8,8
0,2<e<0,3 7,1 8,8 12,81 5,1 14,9
0,3<e<0,4 9,8 17,06 31,1 9,5 27,7
0,4<e€<0,5 25,0 36,5 47,3 16,5 45,3
0,5<e<0,6 48,6 66,2 82,4 41,9 84,5
0,6 <€ <0,7 83,2 148,0 116 152 110
Bucnoeku.

1. Bnepme mnpoBeneHi BUIPOOYyBaHHS TyM, LIO 3aCTOCOBYIOTBHCS IS
BUTOTOBJIEHHSI TYMOTPOCOBHX KaHaTIB 1 CTPIYOK HA CTUCKAHHS B Jlala3oHi
BITHOCHOI Jlepopmaltii ryMOBUX MaTpHIlb A0 & <0,7.

2. B pe3ynbTaTi NpoBeEHUX €KCIEPUMEHTAIBHUX JAOCTIIPKEHb BCTAHOBJICH]
HENIHIMHI 3aIe)KHOCTI HalpyXKeHb Bix BimHocHOI medopmanii o(e) 1 3HaYeHHs
MOJAYIIB MPYKHOCTI E m'ITH TUMIB T'yM NpU KYCKOBO-JIHIHHIA ampokcuMarii
orpuMaHux kpuBux. Lli pe3ynbratu OyTH MOXYTh BUKOPUCTaHI MPHU PO3PAXyHKY
HarpyXeHo-1e(pOpMOBaHUX  CTaHIB  TYMOTEXHIYHMX  BHUpPOOIB  TIPCHKOI
MPOMUCIOBOCTI B 30HaX BEJIUMKHUX MUTOMHUX THCKIB, NMPU KOHTAKTI 3 TBEPAUMU
MOBEPXHSAMH MPUYITHUX HPUCTPOIB, MPOBIAHUX OapabaHiB 1 MIKIBIB MiTAHOMHO-
TPaHCHIOPTHOTO yCTaTKyBaHHS.

Iocunanna
1. JlaBannen E.E PospaxyHok rymotexHiuHux BupooOiB/JlaBangen E.E.-M.:
MamunoOynysanss, 1976. — 232 c.
2. Inprommn A.A. TInactuunicts / Inprommn A.A. — M.: I'octexusnar, 1948. — 376 c.

MOPIBHSHHS TEXHOJIOI'TH HU3bKOTEMIIEPATYPHOI'O
HATPIBAHHS ATJIOMEPAIIIMHOI NINXTH

loy., kano. mexu. nayk M.P. Pyoenxo, ooy., kano. mexu. Hayk M.A. Kawees,
mazicmpaum P.M. Pyoenko, suxn. ximii ma 6ionozcii* O.B. Copoka
JIninpoecovKuit 0eprrcagnuii mexHiuHuil yHigepcumem
M. Kam’ancoke, Ykpaina
* Buwe npogeciiine 2ipnuuo-oyoisenvne yuunuuye,
M. I'opiwni nnaeni, Yxpaina

3pocraroya noTpeda B 3a1130pYy/IHIN CUPOBUHI 3aJOBUILHIETHCS 32 PaXyHOK
PO3pOOKHK POAOBHII OITHUX 3aTI3HUX pyA. | mepcrieKTuBU BMICTY 3ajli3a He OUIbIe
35 %. 3pocTaHHs SKICHO-KUIBKICHMX TMOKAa3HMKIB 30aradyeHHs 3alli3HUX pyn Oyne
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BIIOyBaTHCS 3a PAaxyHOK PEKOHCTPYKIIli, Ta BBEJIECHHA B JAil0 HOBHX TipHHUYO-
30arauyBajgbHUX KOMOIHATIB.

B nanmii yac BMICT TOHKOMOAPIOHEHHX KOHLIEHTPATIB B arjOMEpallidiHIA IIMXTI
iIpueMCTB  YKpaiHM cTraHoBUTh ToHan 65...70% [1]. Lle 3HayHO 3HWKYE
MIPOTYKTUBHICTH arjioMepalifiHuX MalllvH 1 sKICTh aryioMepaTy. KpiM Toro, BUKOpUCTaHHS
TOHKOMNOJAPIOHEHUX BIIXOAIB (KOJOIIHUKOBHUM MUJI, IIJTAMH Ta 1HIIL.) MOCUITIOE 3HHKEHHS
TEXHIKO-€KOHOMIYHMX TIOKa3HUKIB Tipouecy crikanHs. Lle BinOyBaetbcss yepes
HEJIOCTATHIO YBary 10 TEXHOJIOT 11 BAPOOHUIITBA 1 3aCTapLIICTh YCTATKyBaHHS.

Sk BiIOMO, OMHUM 3 €()EKTUBHUX CIOCOOIB 1HTEHCHUGIKAIlll arjoMepariiHoro
MIPOIIECY, € MOTEePEIHIN MAIPIB arJIOMEPAIIHOI IIIUXTU TIEPE]T MTPOIIECOM CITIKaHHS [2,
3]. HluxTy HarpiBaroTh 3a paxyHOK I0/adi rapsuux 3BOPOTY 1 BalHa, CHATIOBAHHAM
NPUPOAHOTO ra3zy B OpyAKOBYBaui OapabaHHOro Tuiy. Terio 3BOpOTy He 3a0e3mneuye
HIAITPIB 10 TOYKHM, MPH sKIM HE BIIOYBAETHhCS KOHJIEHCALlS BOJOIM B IIAP] IIMXTH.
BukopucTaHHs raps4oro BarHa TakoX He BHUpIIIYe B MOBHIM Mipi miairpiB. Kpim toro,
Taki CrocoOu 3MYLIYIOTh YCTaHOBKHM IMPUTOYHO-BUTSHKHOI BEHTWIALII B rajiepesx
TPaHCHIOPTYBAHHS HArPITOI arjIoMepalifHol UXTH. A TOYKU BUKHIY € JTOJJATKOBUMU
JDKepenaMu  3a0pyIHEHHS  HABKOJMIIHBOIO  cepepoBuina.  IlpaktmuHo — He
BUKOPUCTOBYETBCS TEXHOJOTISl MIAINPIBAHHA arjIOUIMXTH  [apOJUMOIIOBITPSHOO
cymimmo. OQuH 13 BaplaHTIB TaKOi TEXHOJIOTIT po3po0JieHHil B yMOBaX HayKOBOT
naboparopii kadeapu MeTalyprii YOpHUX MeTaliB JIHIMPOBCHKOTO JAEp>KaBHOTO
TEXHIYHOTO yHiBepcuTeTy (M. Kam'sHcbke).

Mema pob6omu: TOPIBHSHHS TEXHOJIOT1 HU3BKOTEMIIEPATYPHOTO HArpiBy
arJioMepaliHol MKUXTU TapOJUMONOBITPIHUMHU CyMIIIaMU OTPUMAHUMU OKPEMO 1
3a paxyHOK CIaJIOBaHHS MPUPOJHOIO razy B 6apabaHHOMY OrpyAKOBYBayl.

Ha puc. 1 HaBeneHo pe3ynbTaTH BHUMIPIOBAaHHSA TEMIIEpaTypu KOPILYCY
O0apabaHHOTO OTpyIKOBYBaua, Ta XapaKTepy 3MiHM, NMPU 3BUYANHIN TE€XHOJIOTII MO
HOro JOBXKHHI, Ta IPU HArpiBaHH1 Ta30BUMU NajbHUKaMU. [Ipyu HarpiBaHHi MKUXTH,
3a JIOMIOMOIOI0 CHAJIOBaHHS TPUPOJHOTO Ta3y B NpocTopi OGapabaHHOTO
OrpyJKOBYBaua, BiIOyBa€eThCs meperpiBaHHs koprnycy. Lle HeraTuBHO BIUIMBaE Ha
foro po6oTy, Ta YMOBH IIparil.
300

)
o
« ©. 3——— 1 [l
=T
Z 2200 ‘
o o &YV Z
o &
-
g 2
2
L O
=
— ~ A
= 100 -
R et
5SS RSSIRRSS

0 1020 30 40 50 60 70 80 90 100
JorxiHa OapadaHHOTO OTPYAKOBY Baua, %o
Pucynok 1 — Xapaxkrep 3MiHH TeMnepaTypH Kopiycy 0apadaHHOro orpyiKkoByBada
110 HOro XOBKUHI NPU 3BUYAIHINA TEXHOJIONI], Ta IPH HATPiBi ra30BMMH NaJIbHUKAMHU

1 — obnacTh 3BHYAHHOI TEXHOIIOTIi; 2 — 00JIaCTh HATPiBY ra30BHMH TaJbHUKaMH 3 BUTpaToto ra3y 150-220
M /rof.; 3 — 00J1aCTh YCTAHOBKHU T'a30BUX MaJbHHUKIB
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3 MeTO0 YTOYHEHHS TepeBar HarpiBaHHsA  arjioMepailifHOi  IIUXTH
NapOIMMOIIOBITPSHOIO CYMIIIIIIO, B MOPIBHSAHHI 3 MIIIPIBOM IUISXOM CIHATIOBAHHS
MPUPOAHOTO ra3y Mpu OrpyAKyBaHH1, OyJiu MpoBeeHI MOPIBHIBHI fociau. Ha puc. 2
NPEACTABICHO BIUIMB BUTpAaTu rasy 1 crnocoOy MOro CHajiroBaHHs Ha TeMIEparypy
HIUXTH Tiepes mporecoM aryiomepariii. [luxTa Harpita mapoAMMONOBITPSHOIO CYMIIIIIIIO,
Ma€ TeMmIeparypy BUILY, HDK TpU HarpiBaHHI Ta30BUMHU NajbHUKaMu. [Ipu BUTpati
PUPORHOro rasy 140 M/roj., IO CHATIOETHCS PI3HAMH CIIOCOGAMH, TeMIepaTypa
IIMXTU TPY HarpiBaHHI MapOAUMONOBITPSHUMHU cyMiliaMu Outkiie Ha 8...10 °C.
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——Harpie i mapoanMoIoBITPHOIO CY MIIIIO 3 TeMIIepaTy poio 140-
180 rpan.C
=8-Harpie razoRIMI TaTEHIKAMI

Harpip mimrir napoAnmMoIoBITPAHOK CY MILIEO 3 TeMIlepaTy poro 140-
180 rpan.C
==Harpie razoBIMII IaNbHIIKaMII

PucyHnok 2 — BruiuB BUTpaTH rasy i crnocodiB iioro cnaJJloBaHHsl HA TeMIlepPaTypy
arJioMepaniifHol INXTH

Bucnosxku. JlocnmigxeHo OCOOJIMBOCTI HarpiBy arjoMepauidHUX —I[IUXT
NapoJMMONOBITPSIHUMHU ~ CyMilllaMM  pI3HOI ~ Temmeparypu. buibln  BHCOKY
TeMIlepaTypy HarpiBy IIMXTU 3a0e3neuye cymim 3 Temiepartyporo 140...180°C.
Ipu Butpati 140 M>/rof1. MPUPOIHOrO rasy, Ha OTPUMAHHS MAPOXMMO-IIOBITPSIHOI
CyMillli 3aJaHUX T[apaMeTpiB, HArpiBaHHSA IUUXTH JIOCATAE MAKCHUMAJIbHOTO
(20...22 °C) rpanienty temmneparyp. CTyIiHb JJ03BOJIOKEHHS NpPU LILOMY HeE
nepesuiye 10 % BigH.

TIlocunanunsa

1. TeopeTnyHi OCHOBM BHUPOOHMIITBA OKYCKOBaHOI cupoBuUHU: HaBuanbHuit
nocionuk (MOH) /I.A. KopanwsoB, H.Jl. Bantokosa, B.II. IBamenko ta iH. —
HMetAY. —lninponerpoBcbk: IMA-nipec. 2011. 476 c.

2. Koporuu B. U., ITy3anoB B. II. ['a30quHaMuka arnmoMepanmoHHOTO MpoLecca. —
Mocksa: Mertamnyprus, 1969. — 208 c.

3. Kopornu B. U., ®pono 10. A., Kamnyn JI. U. Teopernueckue OCHOBBI
TEXHOJIOTUI OKYCKOBaHUS METAJUTypPTUYECKOIo ChIpbs. ArjoMmepanus: yueOHOe
nocobue. — EkarepunOypr: 'OY BIIO YI'TY-VIIN, 2005. —417 c.
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MATEMATHYECKAS MOJAEJIb JJJIAA OIIMCAHUSA ITOJI3BYUYHECTH
CTAPEIOHIEI'O TEJIA (ITOJIMMEPA)

LIpogh., ooxm. mexn. nayk E.A. Cosudickosa, 0oy., kano. guz.-wam. nayx O.B. Byepum,
ooy., kano. mexu. nayk C.E.Tumuenko, ooy., kano. mexu. nayx J[.B. Knumenxo
HayuonanvHulit mexHuuecKuil yHugepcumem

«/Inenpoeckasn nonumexuuxay, 2. /[nenp, Ykpauna
Dnipro Univercity of Technolodgy, Department of High mathematics, Dnipro, Ukraine

B MammHOCTpOGHMHM U  CTPOMTENIBCTBE IIMPOKOE PACHPOCTPAHECHUE
MOJIYYUJIM MaTepualbl, J1e(OpPMOTUBHASI CIIOCOOHOCTh KOTOPBIX CO BpPEMEHEM
n3Mmensercs. [lporiecchl ToMBydecTH B TakKUX MaTepuajgax Haubojiee IOJTHO
ONUCHIBAIOTCS HA OCHOBE TEOPUU HACJIEACTBEHHOTO cTapeHus [1,2]. YueT cBoiicTBa
MOJI3YYECTH M CTApECHUS UMEeT OOJIbIIIOe 3HAUCHUE JJIsl 00eCleueHus] HaAeKHOCTH
U JIOJITOBEYHOCTH MAIlMH U COOPYKCHHH MPU MaKCHUMaJIbHOM OOJIETUEHHWM Beca
KOHCTPYKLIUH.

B npuknagHeix 3agayax TEOPUM BSI3KOYIPYTOCTH BaXHBIM BOIIPOCOM
SIBJISIETCSL BHIOOD siJIpa OMPEEIIAIONIETO YPaBHEHHS, KOTOpOoe 0a3upyeTcs Ha CBSI3U
MEXJy COCTABISIONIMMHU HamNpsoKeHUss W jaedopMalid B BUIE HHTETPATIBHOTO
ypaBHeHus Bonbreppa. IIpu BeIOOpe siagpa ¢ OJHOM CTOPOHBI CIENYyET YUYUTHIBATH
OCHOBHBIE OCOOEHHOCTH Tpoliecca MOA3YyuecTH, a ¢ Apyroi 3¢(eKTUBHO periaTh
TrpaHUYHbIC 3a]]a4U.

[Ipu  BbIOOpE  MaTEeMaTHUUYECKOM  MOJEIM  OMHCAHUSA  TOJ3Y4YeCTH
HECTaOUJIBHBIX CPEJl UCTOJB3yeTCs MOJEIh CO CJIA0OCHUHTYJSIPHBIMU () YHKITUSIMHU
BIIUSHUS, YTO TMIO3BOJISIET OTPa3uTh TaKOW OKCHEPUMEHTAIbHBIA (akT Kak
OECKOHEUHO OOJbIINe CKOPOCTH AedopMamvi M pejlakcallid HanpsHKeHUH B
MOMEHT MPUJIOKEHUSI Harpy3Ku. SIpo UCXOMAHOTO ypaBHEHHUS BHIOUpAETCS] B BHUJIE
MPOU3BEACHUS NIBYX (YHKIMM, OAHA U3 KOTOPBIX OTpakaeT CBOMCTBO CTapeHUs
Marepuaia, a Jpyras XapaKTepu3yeT €ro HacJeICTBEHHOE IIOBEJACHUE U
0COOEHHOCTh B MOMEHT Harpy»xenus [3].

3aBUCUMOCTh MEXY Aedopmaliuell U HanpsHsKeHUEM MIPUMEM B BUTIC

e(t) = %+ j n(s)H(t —s)o(s)ds (1.1)

OnHUM W3 OCHOBHBIX MPEISITCTBUA K HMCIOJB30BAHUIO YTOUHEHHBIX SIEP
HACJIeICTBEHHOCTHU SIBJISIETCSL OTCYTCTBUE B 001IEM ciiydae 3Pp(HEeKTUBHBIX METOJI0B
pelIeHus ONPENEAOIIEero YpaBHEHUS MOIEIU HACIEACTBEHHO CTAPEIOIIETO Tea.

CymecTBYyIOT pa3/IMuHbIe NOAXOAbl K PEMIEHUIO TPAHUYHBIX 337134 yIpyro-
IoJI3ydero tena. Eciiv Ha rpaHule Tena AeUCTBYIOT YIPYTro-IIOAATIMBBIC CBSI3H, TO
pellieHue 3aJauu 1LeJeco00pa3HO HAauMHATh C HUCKIIOYEHHS NMPOCTPAaHCTBEHHBIX
KOOPAMHAT, UCIIOJB3Yys I 3TOT0 Pa3iOXEHHUE 110 OPTOHOPMUPOBAHHOM CUCTEME
KOOpJIMHATHBIX (yHKIUN uiu MetogoMm byOHoBa - ["anepkuna. Ecnu ke ympyro-
IIOJATIMBBIE CBA3U OTCYTCTBYIOT, TO peEILIarollee 3HAYCHUE HMMEET AaHaJOoTus,
KOTOpas MO3BOJISIET 3a7ady MOJI3y4ecTH NpuBecTH 1o ¢opme k ynpyroi. CyTb
METO/Ia CBOAMUTCS K OTBICKAHHUIO YIPYroro peuieHus, GopMalbHON 3aMeHE B HEM

128



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

YOPYTrUX BEJIUYUH COOTBETCTBYIONIUMU OOOOIICHHBIMU BEIUYMHAMH M 3aT€M K
nepexoAy K MCTUHHBIM BSI3KO-YIPYTUM 3HAYEHUSIM B PE3yJbTAaTe PpPEIICHUS
HMCXOAHOTO MHTETPAJIbHOTO YpPaBHEHHMS, KOTOPOE pEIU3YyeTCsl € MOMOIIbIO
YUCJICHHOM Tmpoleaypbl. B KkadecTBe Takoro mpHOJMKEHHOTO METOJa MOYKHO
npuMeHuTh MeToj Jlanmoma st pemeHust guHeHoro aud@epeHIuaIbHOro
ypaBHEHUS C MEePEeMEHHBIMU Kod(pduUilMeHTaMu, MpaBas 4acTh KOTOPOro (pyHKIIUS
MOJIMHOMUAJILHOTO BUa [4].

Merton JlaHioma MOXHO MCIIOJIB30BaTh TAKXKE I PEIICHUSI MHTETPAIbHBIX
1 uHerpoaud hepeHIaIbHBIX YPaBHEHUM.

B ypaBuenuu (1.1) monoxum B KadecTBe (YHKIMH H(1-s) DKCIOHEHTY

IpoOHOTro mopsiaka [5-6].

e B S ﬂ)x(t_s)rx(l+a)+a
AL Iy e W

31ech 1(0)- ramma QYHKIUS, o, - PEOJIOTHUYECKUE MapaMeTpHhI.
[IpuHuMas MOAyb YIPYrocTy B popme
E(t)=Eg ' (t)=E,(1-7(1)), 0<y<l, y(w)=0, IOJyYNUM

B<0, -1<a<0. (1.2)

(OO +ED,(Bn)y(6) = (1) (1.3)

3II6CB 0003HaY€EHO
Es()= (1), o(t)=y(10), 3,(B)(0)=[9,(B.1-5)p(s)ds (1.4)
IIpuyem omnepaTtop 2)(B) - HEHUCTBYET HA BCE CIEAYIOIIME 32 HUM

MHOXXUTEISIMUA (PYHKIIUU BpeMeHU. DYHKIUSA 3, (B,1—s) - ABIAECTCA PE30JIbBEHTOM MO
OTHONICHUIO K s11py AOenst p1,(i-s), Tl

_ (="
Ia(t—s)——r(1+a), 1<a<0 (1.5)
CBs13b MEXly HUMH B OllepaTOpHOI opMe mpecTaBisieTcs Tak [5]
. I
9a(ﬂ)=1_ﬂ[; (1.6)

HeiictBue omnepatopa AOens [, Ha (QYHKIMIO BpPEMEHM OIpeaeseTcs
bopmynoi

14(0)= [ 1,(t=5)¢(s)ds (1.7)

C yuerom (1.5) ypaBuenue (1.3) npunumaet popmy
(1= BL)s O+ IEn©)y(0) = (1= P1)f (1) (1.8)
OyHKIUU  ¢() W n(), XapaKTEpU3YIOUIUME CTapeHUe YIpPYyrod u
HACJICICTBEHHONW peaKIMh MaTepuaja MOHOTOHHO YOBIBAIOT CO BPEMEHEM,
OpUOIKAsACh ACHMIITOTHYECKH K HEKOTOPBHIM TMOCTOSHHBIM. J[7s  BCSKOTO

MaTepuaga MOXHO yKa3aTb MOMEHT BPEMEHHM ¢, MOCJIE KOTOporo obe (yHkuuu
MIPAKTUYECKU COBIIAIAIOT CO CBOMMH MPEIEIbHBIMUA 3HAYEHUSAMMU.
bynem uckate pemenue ypaBHeHus (1.8) Ha uHTepBane [4,14]. Ilpu >

MaTtepHall BeJleT ce0sl Kak HacJleICTBEHHO YNPYTUH.
Beenem o0o3HaueHue, npeodpasyroliee HHTEpBa [z,1] kK uHTepBaiy [0,1]

129



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

o=""1 o<o<i (1.9)
tl_tO

[Ipennonoxxkum, dYto wu3BecTHas GyHKUMUS f(f) UMEEeT OrpaHUYCHHYIO
MPOU3BOJIHYI0.  ODTOTO  JIOCTATOYHO  JUIsl  CYIIECTBOBAHMS  PaBHOMEPHOU
annpoKcUMaluy Buaa

fO=>.10", (r=1+a) (1.10)
m=0

EcTecTBeHHO cUMTaTh, UTO OMNpEETCHHbIE U3 ONbITa PYHKIMH ¢(r) U n() C

IIOCT&TO‘IHOfI TOYHOCTBIO MOXXHO aHAJIOTNYHBIM 06pa30M AIIIPOKCUMUPOBATH
IIOJIMHOMaMu

c(t)= igmt?"m, n() = inmé’""’ (1.11)
Ilonaras y(t) = Z y,0™ (1.12)

[TogctaBum Beipaxkenust (1.10), (1.11) u (1.12) B ypaBHenue (1.8).
Boimounnss ¢ yuetom (1.5) u (1.11) uarerpuponanue (1.7) Haxonum

n+l+1 1+1 n+l

Y 0" e + AT (Em, ~ B Iy, = 20" (f, ~ PACQ S ) (1.13)

m=0 k=0 ot
3mech Q" _LGm+1)
TR
| - HAaUOOJIbIIIEE U3 YUCEN [ U I, At =1, —1,.
ITpupaBHuBaHue K0>()(ULIHEHTOB IPU OJMHAKOBBIX CTENEHAX BEITMUYMHBI 6

B ypaBHeHuu (1.13) nuimp mepeornpeaenser CUCTEMY HEU3BECTHBIX y,, MPUYEM

f_k =V = fn+k = Vosk =S4k = Mysk =0, (k>0),

CTENEHb IIEPEOIPENEICHHOCTH paBHa [+1. [lepeonpeneneHue ucyesaer, €ciaud B
npaByto yacThb (1.13) BBeCTH HEBA3KY
7.0, +1,0" +..+7,0") (1.14)

3necy  T(x)=Y.C’'x", (C' - u3BeCTHbIE KOI(P(UIUECHTBI) CMEIICHHBIC
m=0

nmoauHoMbI YeOnIena [5].

MetonaM HeomnpeaeneHHbIX KOd(DPUIIMEHTOB MOJIydYaeM n+/+2 YpPaBHEHWS,
U3 KOTOPBIX OMPEAENSIIOTCS BCE y, (m=0,1,..,n) WU 7, (k=0,1,..,0).

KonuuectBo r-4JICHOB ~ TeM  MEHbIIE, YeM  HUXE  CTEleHb
annpokcuMupyromux noiauHoMoB (1.11). Kak mpaBuio, 3T cTeneHu A0CTaTOYHO
HU3KUE U B HeBs3ke (1.14) mocTtaTodHO yaep)KaTh BCETO TPU ¢ - YJICHA.

Hcnonb3oBaHue B 3a/1auax BSI3KOYIPYTOCTH SKCIIOHEHTHI APOOHOTO MOpsiKa
(1.2) yacto mpUBOIUT K HEOOXOAUMOCTU BBIYMUCIATD CBEPTKY 3.(B)f(1) (1,=0). s
OONBIIMX 3HAYEHUW ¢ TAKOE BBIYMCICHHE OCYIIECTBISAECTCA C IOMOILBIO
acumnroruueckux ¢popmyi. [Ipu HeGONBIINX 3HAUCHUSX ¢ MOXKHO MPEANOI0KHUTD,
YTO Ha OTpe3kKe [0;4,] pyHKuMs f(r) momyckaeT npencrasienue (1.10).

Nmeem
Y0 =2,(B)f(t) MM (1-BI,)y=1,f(2) (1.15)

CrerneHp nepeonpeneIeHHOCTH MPU MCMOJb30BaHUM ¢ - MeToa JlaHiormia
OyZeT paBHA €IUHUIIE U B MIPaBYIO YaCTh YPaBHEHUS IOCTATOYHO BBECTH OJIUH 7 -
yiieH - «7,,(¢") . [lpunumas y(r) B popme (1.12) nomydaem
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W=ty =t O+ B S (B OL (f4T BCE) (1.16)

S Byl

L= —l'nfTo— (1.17)

BSpoyc .o
B wacTHOCTH, TIpU f(r)=1 HAXOIUM

Po=1Cls v =T (B CEL QN+ BB QL m=1,2,.n (1.18)
k=0

n+l
o =—p3 (B CL (ke ) (1.19)

k=0
Beluucnenus misa cioydas  f()=1, r=03, Bt =-25 60=1 HNPU n=9 JAIOT
3HaYEHUsA O,-1=030199 C IOIPEIHOCTBIO [r|<10”°. Ilpu HemocpeacTBEHHOM

MHTErpupoBaHuu psjaa (1.2) Takas ke TOYHOCTh JOCTUTAaeTCsl y4eToM He MeHee 215
YJIEHOB Pa3JIOKEHUSI.

Ecniu B kauecTtBe H(r—s) MOJOKUTh (yHkiuio A.P. Pxanunmna [7]
I (t—s)"

Tre) B<0; —1<a<0, TO ypaBHeHuUe (1) mpuHUMaET BUJ
+a

Pa(ﬂ:t_s)z

SO0+ LEn®)y(©) = f (1), (1.20)
rze 0003HAYECHO y(t)=e"o(r), f()=Ee"e(?).
Pemenue 3Toro ypaBHeHHsI MOKHO OCYHIECTBUTH TEM K€ MPUEMOM, 4YTO U Bbilie. C
yuerom npencrasienuit (1.10), (1.11) u (1.12), nonyqaem

n+l+1 1+1 n+l

20" (6, + A En Dy, =2 0™, (1.21)

m=0 k=0

BBons B mpaBylo dYacThb 3TOrO paBeHCTBa HEBs3Ky B ¢opme (1.14) wu
npUpaBHUBAs KO3PGULIHMEHTHI MPU OJUHAKOBBIX CTETICHIX BEIMUYHMHBI 6, TIOTYYUM
CUCTEMY n+/+2 YPaBHEHMI, M3 KOTOPBIX ONPENENIIEM 3HAYEHHUS y,(m=0,1,..n) H
r,(k=0,1,..1).

Buoieoowt

1. IlpuBeneHHOE€  pelIEHHME  3aJa4d  PEOJOTHYECKOTO  IOBEACHUS
cTaperoero Tena (MoJauMepa) YYUThIBaeT, Kak 3(PQEeKTbl HacIeACTBEHHOTO
XapakTepa U U3MEHEHUE BO BPEMEHU MOAYJIS YIPYTOCTH, TaK U BIUSHUE BO3pacTa
Marepuajia K MOMEHTY HarpyXeHusi Ha IpelelsibHble Je(popMaluu MOJI3y4yecTu ¢
IIOMOIIIbI0 KAHOHUYECKUX ITOJJMHOMOB U 7 - MeToza Jlannoma.

2. ITlocTpoeHHBIE AaHHBIM METOJIOM TMOJMHOMBI, MNPUOIMKAIOT HCKOMOE
pelieHne npuMepHo B 2" pa3 nydirie, 4eM TUIepreoMeTpruIecKue QyHKINM.

Ccovinku

1. O.B. byrpum, C.E Tumuenko, JI.B. KapmanoBa KaHoHHYeckue MOJUHOMBI B
3aaue 00 u3rube Kpyrion MIacTUHbBI NepeMeHHou Toimuubl / Marepianu XII
MexayHapoHOM KoH(pepeHuu «CTpaterus KayecTBa B MPOMBIIUIEHHOCTH U
oOpaszoBanumny», Bapna, 2016, C. 57-61.

2. O.B. byrpum, C.E Tumuenko, JL.I. lenect O pemeHnn 3agay Moia3y4ecTH U
penakcanuu craperoniero Tena (monumepa) / Maremathka B Cy4acHOMY
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AHAJII3 OKPEMHUX JAHHUX IIOJ10 BIVIMBY OKUCHO-BIJTHOBHOI'O
MHNOTEHHIAJY HA IHTEHCU®IKAIIIO ITPOIECY AHAEPOBHOI'O
36PO/I’KYBAHHS CTOKIB TA OCAJIB CTIYHUX BO/JI
Acnipanmra Ilonina Cxeopyosa', doy., dokm. mexn. nayx €nisasema Yepruu'™,
deKan indicenepHo2o paxyrementy, Ookm. mext. Hayk Borooumup [lmena™,
cmyoenm JImumpo ﬂaHuﬂoel
' Cymcvruit oeparcasnuii ynisepcumem, m. Cymu, Yxpaina
’[Monicokuii depacasnuii ynisepcumem, m. Ilincwk, Binopycs
* Miscnapoonuii innosayiiino-npuxnadnuii yenmp «Boona Apmepin»

M. Cymu, Yxpaina

Email: e.chernish@ssu.edu.ua

Ha cporoauinHiii 7eHb 0COOIMBO aKTyaJIbHUM € MUTaHHS, 1010 0OpOOKH Ta
yTHIII3a1ii ocaaiB CTIYHUX BoJ. OgHUM 3 HAHOUTBIT e(DEKTUBHUX METO[IB 0OpOOKH
0CaJliB CTIYHMX BOJI, @ TAKOX OYMIICHHS MOOYTOBUX Ta MPOMUCIOBUX CTIYHUX BOI,
€ aHaepoOHe 30pokyBaHHs cyocTpary [1]. Bukopuctanus ocany, mo O0aratuii Ha
azoT, ¢ocdop, Kaiii, MIKPOECIEMEHTH, SK KOMIUIEKCHOTO J00puBa, I03BOJISE
BUPIIIUTH MpoOJeMy 3BUIBHEHHS BEJIMKUX TEPUTOPINA, /€ BiAOYBA€ThCS MOTO
HAKOMTUYEHHS.

[Iporiec anaepoOHOro 30pOJKYBaHHS OiloMacu TOJSITa€ B PO3KJIaJaHHI
BHCOKOMOJIEKYJIIPHUX OPTraHIYHUX CHOJIYK O OUIBII MPOCTUX MPOAYKTIB Mif TIEI0
pizHOMaHITHUX OakTepid. [lopyd 3 Takumu pakropamMu BIUIMBY Ha JaHUMN MpoILIEC
AK TeMIepaTrypa, BMICT TOXHBHHUX pPEUYOBHUH, TOKCUYHUX PEUYOBHH, BAXKKUX
METaliB, JIETKUX J>KUPHUX KHUCIOT, BYIJIEBOJIB, piBeHb pH CTOiTh MOKa3HUK
KOHTPOJIFO OKUCHO-BITHOBHOTO MOTEHIIIATY cepeaoBuina [2].

PerymtoBaHHST OKHCHO-BITHOBHOTO TMOTEHIIANY J03BOJSE KOHTPOJIIOBATH
XIMIYHUM cKJlaJ cyOcTpary [isi 30epeKeHHs pIBHOBarM MDK OKHCHUMH Ta
BITHOBHUMH IpoiiecamMu. 30kpema y po0oTi [3] Oynu gociimkeHHi nokazHuku Eh
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(OKUCHO-BITHOBHMI ToTeHIian) ta rH, criunux Boa. sl COPUSTIMBUX OKHUCHO-
JECTPYKTUBHUX MIKPOOIOJOTIYHUX MPOIIECIB, 1[0 B CBOIO YEPry MOIMEpeKatoTh
THUTTS BOJM Ta MOTPAIUIAHHS i1 HEOE3MEUHOro CKIaay JO0 aKTUBHOTO MYy,
xapakTepHi Bucoki 3HaueHHs Eh Ta rH, HuU3bKI X 3HauYeHHS JaHUX TMOKa3HUKIB
CBIIUaTh MPO MIABUIIECHHS BIJHOBHUX BJIACTUBOCTEW CTIYHUX BoJ. HeouwurieHi
CTIYH1 BOJIM MAIOTh HU3bKI 3HAUCHHSI OKMCHO-BITHOBHUX MOKA3HUKIB, TaK K B HUX
NPUCYTHI HEOpPraHiyHl BiJHOBJIOBAaYl, OCOOJMBO HEOE3MEUYHHM 13 SKHUX €
CIPKOBOJIEHbB, 1110 TPOBOKY€E HAOYXaHHS aKTUBHOTO MYITY.

VY OGioyOrIYHUX Mpollecax OUMIICHHS CTIYHUX BOJ Ta IXHIX OCAaJIB Ba)KIIUBE
3HAYCHHSI OKHUCIIIOBAJILHO-BIITHOBHOTO TOTEHITIAy CTOCYETHCS JOHOPIB €JIEKTPOHIB
(yacTo OpraHiYHUX CIOJIYK, 10 BUMIpIOIOThCs sIK BCKs) 1 akienTopiB eneKkTpoHiB.
Came pyX eJIEKTPOHIB T€HEPYE CHEPTII0, 110 BUKOPUCTOBYETHCSI MIKPOOPTaHi3MaMH, SIKi
OepyTh y4acTh B 010JIOTIYHOMY OYMILIEHHI CTIYHUX BOJ SIK B aepOOHUX IPOIecax TaK 1
aHaepoOHux (puc. 1 Ta 2). OKUCITIOBAIBHO-BIAHOBHUN TOTEHINIAT Y BOl
0e3mocepeIHkO MOB'I3aHUH 3 TOCTYITHUMHU aKIIENTOPaMH €JIeKTPOHIB.

EneKTpom{a BeXKa:
IpiopureTHicTh y BHOOpI aKLENTOPIB EJIEKTPOHIB PIZHUMH
€KOJIOro-TpOo(iYHUMH TPYNaMu MiKPOOPraHi3MiB:

0, Aepo0OHi ymoBH
e emeii2s
N03 d
AHOKCHI€eHHi YMOBH
SO,
_________ Fext3+ 77
CO, Amnaepo0Hi yMOBH

Pucynok 1 — JloMiHaHTHI aKIeNTOPH eJIEKTPOHIB y Oionpouecax [4].

OKHCHO-BITHOBHUIT roTeHIian [mV]

+81(0 === aepobHe NHXAHHA 0, + 4H* + 4e" = 2H,0

+75(0 === nemiTpugikaris (BigHOBIeHHS HiTparie)  NO; + 6H* + 6e” - 1/2N, + 3H,0

+510 === nanraH {IV} BiTHOBICHHA MnO, + 4H* + 2e” - Mn?* + 2H,0

+200 === 3aimizo {III} BiAHOBIEHHS Fe(OH), + 3H* + & - Fe?* + 3H,0

-220 === cynpdar {IV} BigHOBICHHS SO, + 10H* + 8e” = H,S + 4H,0

-240 === CO, BiJIHOBJICHHS JI0 METAHY €O, + 8H* + 8e" = CH, + 2H,0
(MeTaHOTEHE3)

Pucynok 2 — OkMCHO-BiTHOBHUI1 MOTEHIIAJ ISl Pi3HUX THIIB KiHIEBUX
aKLENTOPiB eJIEKTPOHIB PHU aHAEePOOHOMY IMXAHHI | OTPMMaHHI eHepril
MIKpPOOHUMM KJIiTHHAMH [5].
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Bucnoeku
O4eBUAHUM € Te, 1110 OKUCHO-BIIHOBHI NMOKAa3HUKH I'PalOTh BAXJIHMBY POJIb B
npoleci KOHTPOJIIO Ta IHTEHCHdIKallli aHaepoOHOro 30pOoJKyBaHHS CTOKIB Ta
OCaJliB CTIYHUX BOJA JJisi OTPUMAHHS OPraHIYHUX AOOPHUB 13 KOHTPOJIHOBAHUMU
BJIACTUBOCTSIMHU Ta MOMJIUBICTIO €(EKTUBHOIO iXHBOTO BUKOPUCTaHHS B
CUIBCHKOMY T'OCIIOJIaPCTBI.
Iocunanna
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OIIHKA 3HEMIIIHEHHSA TBEPJIUX TIJI
IIPU BUKOPUCTAHHI AACOPBIHIMHO-AKTUBHUX CEPETOBUII]

oy., kano. mexu. nayk B.Il. Cokonosa
Haguanvno-naykoeuit mexnoao2ivHuil incmumym
Jlepycasnuii ynigepcumem eKOHOMIKU i MEXHON021U
M. Kpusuii Pi2, Ykpaina

SIBunie 3HWKEHHS MIIHOCTI TBEPAOrO TUIa B pe3yibTaTl (i3MKO-XIMIYHOI
B3a€EMOJII1 3 CEPEIOBUINEM, 110 OTpUMalo Ha3By edekrta Pebinaepa, yHiBepcalbHO,
OCKUIbKU JJI1 OyJb-KOTO TBEPJOrO Tila MOXKe OyTH 3HailieHe cepeAoBHILE, 110
BUKJIUKA€E 3MIHY MIIHOCTI. 3HM>KEHHS MILIHOCTI, 1[0 3YMOBJIIOETHCS [IUM aKTUBHUM
CEpEIOBUIIEM, BU3HAYAETHCS 3HMKEHHSIM MOBEPXHEBOI €HEprii TBEpAOro Tiia B
pe3yNbTaTi 3MOUYBaHHS Ta PI3HUX BHUIIB copOuii. [Tpu 3HauHIN MINHOCTI TiIa B
OMY CEpEJIOBHILI yMOBa MOro pyWHYBaHHS MPU PO3XUTYBAHHI CTPYKTYpPH IO
Ca0KUX MICHSIX OMUCY€EThCS PIBHSHHAM [1]:

BPmSZG > (1)

ne P, - MIIHICTB; G- NUTOMa BUIbHA IIOBEPXHEBA €Heprii; 3 - 0e3po3MipHUIA
Koe(irtieHT; O - cepeHiil po3Mip YacTok, 1o OepyTh ydacTh y OpOYHIBCHKOMY pPyCi.

BcraHoBneHo, 1110 HaBiTh HE YK€ BEJIMKUX 3HUKEHb MOBEPXHEBOI €HEprii
rIpCbKUX TOPIJ, 0 00YMOBIIIOIOTHCA a/ICOPOIIIE€I0 MOBEPXHEBO-aKTUBHUX PEUOBUH
(ITAP) 3 BOgHMX pO3YMHIB, AOCHUTH JJIsI TOMITHOTO 3HIKEHHS €(EeKTUBHOI
MOBEPXHEBOI €Heprii 1 BIAMOBIIHO eHeprii abo poOoTu pyhHyBaHHA. [IpaBUibHUIMA
BuOip IIAP moxe 3abe3neuntu 10-20 % 3pocTaHHS MOKA3HUKIB 3a BUTPATaMU
€Heprii Ta yacy, a npu ontumizauii napametpis - 10 20-50 %, B nesKUX BUIMATKAX
32 OKpEMHUMH XapaKTEPUCTUKAMU - yIBIU1 [2].

[Ipu BubGOpi1 edextuBHux [TAP 115 pi3HUX TEXHOJIOTTYHHMX MPOIIECIB MaHYE
emnipuunuii minxig. Ha nymky aBTopa po6otu [3], moTpiOHMI TeOpEeTUUHMMA M1AX1]T
st anpiopHoro Bubopy ITAP npu pylinyBanHi MartepianiB. JlOCTaTHbO BEIMKUN
EKCIIEpUMEHTAIBbHUN MaTepian MoKa3ye, 10 y pasl, SKIIO0 E€HTaJbIis XIMIYHHX
peakIlii TBepAOoro TiTa 3 JOBKUUISAM CKJIaJa€ JEKUIbKa JECATKIB KUIOMKOYJIB Ha
MOJIb, TaKl CepeIOBUIIAa MOKYTh BUKJIMKATH 3HWKEHHS MIIHOCTI TBepaux Tul. Lle
J03BOJISIE BUKOPUCTATH TEPMOXIMIUHI JaHl Uil Min0opy aKTUBHUX CEPEJIOBHILL.
[Ipore Ha UbOMY HUISIXY € pAx TpyAHoIIiB. BoHM moisraioTe B TOMY, WIO
TEPMOXIMIYHI JaHi BiJOMI, SIK MPABWJIO, TUIBKU ISl TUX BUIIAJIKIB, KOJU PEAKIIis
Wae M0 KIHIS - 0 YTBOPEHHS I1HAMBINYalbHOI CIOJYKH, TOAl SIK MOBEPXHEBI
B3a€MO/Ii1 JOCIKEHI HEI0CTaTHRO [3].

PosrasiHemMo nesiki eMIipuyHi METOJAM OI[IHKHM 3HMO)KEHHS MIITHOCTI TBEPAMX
T IPU BUKOPUCTAHHI aJICOPOLIHHO-aKTUBHUX CEPEOBHILL.

VY ripHu4iii MPOMUCIOBOCTI BIiepIie aacopOliiiHe 3HUKEHHS MILHOCTI 0yi0
BUKOpHUCTaHe sl iHTeHcuikarmii mpormecy OypiHHsA. Pe3ynbTaT A0CiIKEHb
BIUIMBY po3uuHiB [IAP 1 ejexkTpomdiTiB Ha MIIHICHI BJIACTUBOCTI TINIAHUKIB
MOKa3aliv, 110 Yac CEeJUMEHTAllli YaCTOK MOpPOJU B CYCHEH3Ii, 10 CKIAJaEThCs 3
HAaBAXXKHM TOPOILIKY MOpoau TmeBHOi ¢pakuii 1 pozuuny IIAP, xapakrtepusye

135



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

HEMPSMUM YHUHOM MIIHICTE Topoau [4]. IIBuaKicTh ceauMEHTaIlli 4YacTKU B
CycIieH3l1i MMoB'A3aHa 3 TOBIIMHOIO COJbBATHBIX IIAPIB, 1110 YTBOPUIIUCS Ha KOHTAKTI
PO34YUHY 3 MOPOJIOI0: YUM TOBUIBHIIIE OCIJIa€ YacTKa, TUM TOBII COJIbBATHI IIapH,
TUM CTIMKIIIE 3B'I30K PO3UYHMHY 3 MOPOJAOI0, OTXke, epekruBHime nisi [IAP -
MOHI)KYBaya MINHOCTI. MakCMMajJbHOMY Yacy CeJIMMEHTAllll 4acTOK B pPO3YMHI
BIJIMOBIZIa€ HAWOUIbIIE 3HMKEHHS KOHTAKTHOI MIIHOCTI Ta 3YyCHJUIS pi3aHHsA
MOPOAN Y MPUCYTHOCTI LBOTO po3uuHy. Tak, mms kaTioHakTuBHUX [IAP wyac
ceIMMEHTAIlll ckiagae 3-17 XBUJIMH MpU 3HUKEHHI TOKa3HUKIB Ha 13-23 %, mus
HeloHoreHHUX - 40-53 xBunuH 132-37 %, mis aHioHaKTHBHUX - 60-95 xBrmmH 1 38-
55 % B1AIOBIAHO.

VY wmiii ke poOOTiI AOCHIIHKEHHIMHU 32 BU3HAYEHHSIM 4yacy BOMpaHHS PO3UMHY
[TAP B HeoOpoOieHy MOBEpXHIO 3pa3ka MOPOJM BCTAHOBJICHO, 10 Yac BOMpaHHS
PO3UMHY XapaKTepU3ye€ IHTEHCHBHICTh B3a€EMOJIi pO3YMHY 3  IOPOJOIO.
MiniManpHuid yac BOMpaHHS pO3UYMHY B TMOPOJY BIANOBIIAE HAWOLIBIIOMY
3HIKEHHIO MOKAa3HUKIB KOHTAKTHOT MIIIHOCTI 1 3yCHJIJISL pi3aHHS B NMPUCYTHOCTI
po3uuny. Tak, 3 npudHATHX 10 gociimxeHHs [IAP aHioHakTHBHI € HaWOUIBII
e(peKTUBHUMHU TOHI)KYBayaMH MINHOCTI. BenuunHa 3HWKEHHS KOHTAKTHOI
MIIIHOCT1 1 3ycwuis pizaHHs gocsirae 47-50 % y OpUCYTHOCTI PO3YMHIB, 4ac
BOupanHs sikux ckianae 30-70 cex. Heionorenni IIAP 3HWXKYIOTH MIIHICHI
nokazHuku Ha 30-38 % mpu yaci BOupanHus, piBHOMY 90-150 cex, KaTIOHaKTHBHI -
B1INOBIIHO 10 15-25 % 1 150-240 cek.

Ha nymky aBTopiB po6otu [5], 3 TOUKH 30py XIMI3MYy Ipoliecy €(heKTUBHICTb
3aCTOCYBaHHS PEareHTIB JJIsl 3MEHILIEHHS MIITHOCT1 MiHEpaJliB TOBUHHA 3aJIeKaTH B
3arajJbHOMY BHUIMAJIKy BiJ 1X 3/@THOCTI 3HMKYBaTH €HEPTil0 aTOMi3allli KpucTasia 3a
paxyHOK ajcopOilii peareHTy Ha MOro MoBepxHI. ANCOPOIlis peareHTy, KU He
IZICHTUYHUNW aHIOHY KPUCTAJIYHOI PEIIITKH, 3aBXKIAU 3MEHIIYBaTUME CHMETPIIO
cuctemu. lle nmpu3BOAUTH 10 YTBOPEHHS METACTaOUIbHOI I'PATKH, HA PyHHYBaHHS
K01 MOTPIOHO MeHIIe eHeprii. Ha migcTaBi 1[bOro Mo)kHa BBa)KaTH, IO B SIKOCTI
MOHI)KYBauiB MIIHOCTI MIiHEpaliB HaWOUIbII NOPUIATHUMH € HYKJICO(DUIbHI
peareHTu 3 MOJIEKYJIaMU HEBEJIMKHUX PO3MIpIB, Kl MOXKYTh 3aKpIILUIIOBATHCS Ha
MOBEPXHI B HeWTpanpHil popmi. Li TeopeTnuHi npunyiieHHs Oyiu nepeBipeHi npu
JIOCHIDKEHH] — MOAPIOHIOBAHOCTI  BamHsKy, HeQeaiHOBOI Ta IHIIUX PYI.
3anponoHOBaHO B SKOCTI IHTEHCU(IKaTopa MOApPIOHEHHS BuUKopuctath N -
noHopHbld peareHT HJ/IP-1, sikuil mpu HEBENMKUX BUTpATaX J103BOJSIE 30UIBIIUTH
BUXI1J] OCHOBHOTO Kjacy KpynHocTi (- 0,071 mm) Ha 8-12 BigH.%.

[Ipu onTumizamii mnpouecy NOAPIOHEHHS Pyl 3  BUKOPUCTAHHSIM
3HEMIIHIOBAJIbHUX JOMIIIOK B po0OTI [6] 3ampornoHOBaHO, BUKOPHUCTOBYIOUU
piBHSHHS TepMoauHaMiku ['100ca, a TakoXX eKCIIepUMEHTaIbHI J1aHl PO MUTOMY
€HEPrito, 0 BUTPAYAETHCS Ha MOAPIOHEHHS B KYJIbOBUX MIIMHAX, 1 3MIHY MUTOMO]
MOBEPXHI MaTepially MpH MOAPIOHEHHI, OLIHIOBAaTH 3MiHY MOBEPXHEBOI'O HATITY
MarepialliB B JOCIIPKYBAaHUX CEPEIOBUIIAX 32 (OPMYJIOO:

E

G:A_S) (2)
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1€ G - Koe(ileHT IMOBEPXHEBOTO HATATy MaTepiany; £E - nuroma eHeprid,
BUTpaveHa Ha MOoApiOHEeHHs; AS - 3MiHa MUTOMOI MOBEPXHI MaTepiaiy.

Po3paxyHkoBe 3HA4YEHHS G MOXE CIYXHUTH [apaMeTpoM KOHTPOJIIO
€(hEeKTUBHOCT1 3HEMIITHIOBAIBHOT JOMIIITKH.

Jliss BUBYEHHS 3HEMilHIOBaNbHOI 1ii po3uuHiB [IAP Ha Byruum Tta
BMIIIYIOUUX MoOpojax gociixyBanacs aacopOuis I[TAP wa ix moBepxHi [7].
Kinbkicte ancopOoBanoi [TAP Bu3Hauamocss 3a pi3HULICIO KOHUEHTpamil ii y
BUXITHOMY Ta BiA(UIbTPOBAHOMY pPIBHOBAXXHOMY PO3YHMHI, OTPUMAHOMY MICIs
BHECEHHS MOPOIIKY BYTruUUIs y BUXiIHUNA po3uuH. KinbkicTe agcop6oBanoi ITAP
BITHOCWJIOCSL /10 BEJIMYMHM TOBEPXHI aJCOpOEHTY, BUMIPIOBAHOI 3a METOJ0M
MOBITPONIPOHUKHOCTI. Ha migcTaBi 3KCHEpMEHTANbHBIX JaHUX MMOOYI0BaHi
13otepmu ancopOuii ITAP na Byruuii ta mimanuky. Ilo i3oTepmax aacopOuii
BCTAHOBJIEHA ajcopOIiiiHa 3natHicTh pi3HUX [IAP. Tak, Hampukian, 3a
a7IcopOLiiHO0 31aTHICTIO 10 Oyporo Byruuisa [TAP po3TamoByroTbesi B HACTYIHUN
pSAN: KaTIOHAaKTMBHI > HEIOHOT€HHI > aHIOHAKTHUBHI. AHaJOriyHa KapTUHA
CrocTepiraeTbcs 1 JJiA MIMAHUKY, TpoTe BeauuyuHa ajacopo6uii [TAP nHa moponi
3HaYHO MEHINA, HUK Ha Byruum. g xkam'sHoro Byruwia (mapku ') agcopOuiiina
3natHicTh [IAP po3TamoByeThCsi B psAJl: aHIOHAKTHBHI > HEIOHOTeHHI >
KaTiOHAaKTHBHI. J{Js BHU3HAYE€HHS MIIHOCTI BYrUUIsl 1 MOpPOAM TpHU [ii 10HIB
pPO3UMHY, IO aJIcOpOYIOTbCSA BHUKOPHUCTAHO METOJ| BH3HAYEHHS MIIHOCTI Ha
OJIHOBICHE pO3TATYBaHHS 3pa3KiB HenpaBwibHOI (opmu. BrumB cepenouina
BUBYABCS IUIIXOM BUMIPY MIIIHOCTI 3pa3KiB, M0 PYWHYIOThCA O€3MocepeaHbO B
PO34uHI, AKUH MICTUTh IIEBHY KOHIIEHTpaIlil0 BioMux 10H1B [TAP [7].

Po3rnsiHyTi METOIM OIIHKK 3HEMIIHIOBAJIBHOT JA1i aKTUBHHUX CEPEIOBHIILL
MarTh TEBHI HEAOJIKW: TPOMI3JIKI, MOB'SA3aHI 3 BUKOHAHHSIM BEJIUKOIO 00'eMy
€KCIIEpPUMEHTATBHUX JOCHIKEHb, 3 HEOOXIIHICTIO 3aCTOCYBAaHHS PI3HOMaHITHOTO
yCTaTKyBaHHS 1 anapaTypd, METOJIIB BU3HAUYEHHA THUX a00 IHIIUX BIACTHUBOCTEH,
3HAYHOI KITBKOCTI P00 JOCIIPKYBAaHOTO MaTepiany.

[IpononyeTbcsi METOJl OLIHKKA 3HEMIIHEHHS MpHU i Ha TBEpAy MOBEPXHIO
a7IcOpOLIifHO-aKTUBHHUX CEPEIOBUIIL 3a 3MiHOIO eHeprii ['160ca.

[IpoananizyeMo 3HM>KEHHSI MOBEPXHEBOI €HEprii TBEPAOro Tija B Pe3yJbTari
3MouyBaHHS. OHUM 3 KpUTEPIiB OLIHKM 3MOYYBAHHS Ta PO3TIKAHHS PIAMHH IO
TBEpil MOBEPXHI € KpaloBH KyT 3MOUyBaHHS 0 , KOCHHYC SIKOTO TIOB'SI3aHUH 3

INOBCPXHCBUM HATATOM TBEPIOTO Tina G-, HOBCPXHCBUM HATIATOM 3MO‘1YB3J]BHOT

piIMHI G, 1 MDK(QA3HUM HAaTArOM MDK TBEPAUM TUIOM 1 PIIMHOK G, BIIOMHM

pe
piBHsAHHSM FOHra:

Gy =Opmp + 0, €080 . (3)

Jist Toro, mo0 OTpUMAaTH 3aJIeKHICTh KyTa 3MOUYYBaHHS BiJ KOHIIEHTpAIlii
[TAP (3amxyBaua mitnHocti) C, npoaudepenuitoemo piBusuns FOunra 3a C [8, 9]:

ds,. 4o, do,, d cosO
= + cosf+0,, ———
dC dC dC

, (4)
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3BiIKH doy, _ 4Omp = 4 pe cos®+ o M. (5)
dC dC dC Pedc

3 piBHsAHHA (5) BUAHO, 110 3MiHA KOCHHYCa KyTa 3MOYYBaHHS 13 BHECEHHSIM

[TIAP B cucremy OOYMOBIIOETHCS TpbOMa UYMHHHUKAMHU: 3MIHOIO TOBEPXHEBUX

HaTATIB Ha MDK(a3HUX MeXax piauHa - ras3, TBEpJAe - raz 1 TBepAE - piIHHA.

3aneXHOCTI MOBEPXHEBOTO HATATY pimmHM G ,, 1 cosO Big konmentpamii [TAP

pe
(IMB. MpaBy YaCTHUHY PIBHSHHS) BU3HAYAIOTHCS €KCIEPUMEHTAIbHUMH METOJIAMHU.
JliBa yacTuHaA PIBHSAHHA MICTUTh HE BHU3HAUYBaHY EKCIEPUMEHTAJIbHO PI3HULIO
3MIH T[OBEPXHEBOIO HATATY TBEpAe-ra3 1 TBEpAE-pIAMHA, TMOB'A3aHYOro 3
ancopOuiero [TAP Ha TBepaomy Tedi.

C

[loMHOXUBIIM JIIBY 1 MpaBy YacTUHU piBHSAHHA (5) Ha BeanHHyﬁ ,

OoTpUMaAEMO

Cds,, Cdo,, Cdo,, Cd cos0
- =00 050+, 20T (©6)
RTdC  RTdC  RTdC RTdC
Cdo

RTdC

3 ypaxyBaHHsiM eHeprii ['i66ca [ =-— , piBHsSHHs (6) HaOyBae

BUTJISIAY:

1 d cos9 0 dc ,

= G e +cos0——— (7)
RT dInC dInC
[lepetBopene piBHsiHHA HOHra 3 ypaxyBaHHsSM piBHsHHA [1060ca MokHa
BUKOPHUCTATH JJIsSI KUTbKICHOT OLIIHKY 3HWKEHHS BUIBHOI €Heprii Ha MexXi TBepJe -
pinuHa Al .

EKCHepI/IMCHTaJIBHO HC BH3HAYyBaHa BCJIMYMHA AI' m PO3PaAXOBYETHC,

BUXOISIUM 13 3aJIeKHOCTEH G e i cosO BiI KOHIEHTpaIii pO3YHHIB —

3"HeminHoBauiB C. [loBepxHeBUi HATAT Ha MEX1 po3ALTYy (a3 pilvHA - ra3 MOXKHA
BU3HAUUTH, HANPUKIAA, METOJOM BiIpuUBY KuIblsl Ha TeH3ioMeTpl [ro-Hyi;
KpallOBUH KYT 3MOYYBaHHS - 3a JONOMOIOK MIKPOCKONA 3 KyTOMIpoM. 3a
€KCIIEpPUMEHTATbHUMHU JaHUMU OYAYyIOThCSl 130TEPMH MOBEPXHEBOI'O HATATY 1 KyTa
3MOYYBaHHs B HAIBIOrapuMIYHUX KOOpAMHATAX, BIANOBIAHO, G ,, —InCrta

cosO—InC. TaHreHcu KyTiB HaxXuiay IOTHYHUX, TPOBEIACHUX IO 130TEpM s
dc ,,

KOXHOI'O 3HAa4YCHHA KOHHCHTpaHi.l. pOS‘H/IHyc, IIOpiBHIOIOTB 3HAYCHHAM mT
n

a

dcos9
dInC

JTOMIIIIKY.

.MakcumaiabHa BEJIMYMHA AFm BH3HAYa€ OIITUMAJIbHY 3HeMiI_IHIOBaJIBHy

3anponoHOBaHa METOAMKA OI[IHKA Oyja BUIpOOyBaHAa MpH JIOCHIIKEHHI
3HEMILIHEHHSI MapraHieBoi pyIu MpH ii TiipoMeTanypriiniil nepepooui [10].
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Bucnoeku
1.IlpoananizoBaHO METOAM OIIHKM 3HMKEHHS MIIHOCTI TBEPAUX T MpHU

BUKOPHUCTaHHI aJCOPOLIHHO-aKTUBHUX CEPEIOBHIL, L0 3aCTOCOBYETHCS B PIZHHUX
TEXHOJIOTUYHUX Tpoliecax.

2.3ampornoHOBaHO Ta TEOPETUYHO OOTPYHTOBAHO METOJI OLIIHKK €(EKTUBHOCTI

3HEMIIHIOBAJIbHUX JIOMIIMIOK (a7cOpOIiifHO-aKTUBHUX CEPEOBHUII]) 3a 3MIHOIO
eneprii ['160ca npwu ix 1ii Ha TBEPAY MOBEPXHIO.
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AHAJII3 TA JOCJIIIKEHHS TOYHOCTI TA SIKOCTI
XOJIOTHOAE®OPMOBAHUX
HEPKABIIOUMX TA TUTAHOBUX TPYB

Joy., kano. mexu. nayk 1.A. Conosiiosa, cm. euxi. FO.M. Hukonaecnko
Hauyionanvna memanypeiiina akademia Yxkpainu, m. /[ninpo, Ykpaina

Beryn. JlocnimkeHHIO BIOCKOHAJIEHHSI TEXHOJOTII Ta BU3HAYEHHIO BIUIMBY
napameTpiB nedopmanii Ha TOYHICTb HEpPXKABIIOUMX Ta TUTAHOBUX TpYyO
MpUCBSYEHO Oarato HayKoBUX poOiT cydacHux BueHux: M.®d Cronernesa., ILI
Oppo 1 A.E. Ocana, I'.I. XayctoBa, B.Y. I'puropenko Ta iH. Bim TO4YHOCTI
TCOMETPUYHMX MapaMeTpiB TpyO 3aJie’kaTh HAIIMHICTE 1 Maca 00JIaIHAHHS, TUTOMA
BUTpaTa MeTaily, co0iBapTicTh 1 iH. TOYHICTH TPYO - 1€ CTYMiHb BIANOBILAHOCTI iX
dbopmu 1 po3MipiB BCTAHOBIIEHUM CTaHAapTaMm [1], BOHa BU3HAYAETHCSI OBAJBHICTIO
Ta PI3HOCTIHHICTIO. JIsl SKICHOT OIIIHKA BEJIMYMHHM MOMEPEYHOI PI3HOCTIHHICTI
MO>KHA BUKOPHCTOBYBATH 3JIEKHICTD [2]:

D
AS7 =AS,| 01+0,9—= |+AS,,,
Dr
ne AS, — HaBeleHa B CTaHl PI3HOCTIHHICTBH (2-5% B 3aJeKHOCTI Bif
KOHCTPYKIIi 1 cTaHa 00JaaHaHHA); AST — PI3HOCTIHHICTb 3aTrOTOBKHU B %.

ILI. Oppo 1 S.E. Ocanma [3] mig nOporHo3yBaHHS 3MIHM BIJHOCHOT
PI3HOCTIHHOCTI B XO/I1 IIPOLIECY 3aMPONOHYBAIN HACTYIIHY 3aJI€KHICTh:
AS7 = AS,(0,27S7 +0,13)—(3,7-0,44S7 M +(0,68 —0,03S7 )AS,n— Sy +121,
ae M — Ap1oHICTh nedopmanii; AS, — pI3HOCTIHHICTb 3aTOTOBKH B%.

Binomo, 1m0 1715 JOCATHEHHS BUCOKOiI TOYHOCTI TPYO JOLUIBHO 3HUKYBATH
BEJIMUYMHY T0J1ayl 1 30UIbIIYBATH BUTSIKKY (MPU OJHAKOBIM KIIBKOCTI JIIHIMHHMX
3cyBiB) [1].

MeTtor0 1aHoi podOTH € JOCTIIKEHHS BIUIMBY TEXHOJIOTTYHHX MapaMeTpiB
NpOKaTKW TpyOd 3 TUTAHy Ta CIUIaBIB HA TOYHICTh Ta SAKICTh, OTPUMAaHHS
CTaTUCTUYHHUX PIBHSAHD BIUIMBY MapaMeTPiB HA PI3HOCTIHHICTh Ta OBAJIBHICTH TPYO.

PesyabTatn pobotru. IIpoGnema miIBUIIEHHS TOYHOCTI TPYyO, OAHOTO 3
HaliMacoBIIUX BHJIB MPOKATy, Ma€ Ba)XJIMBE 3HAUeHHS B YKpaiHi. Big TouyHOCTI
TpyO 3aj1exaTb MUTOMA BUTpaTa METally, COOIBApPTICTh, HAJIMHICTh YCTAaTKYBaHHS 1
T.I1.

Jns orpumanHs TpyO MOTpIOHOI TOYHOCTI 3 MIHIMAJIBHUMH BUTpaTaMu
HEOOXITHO TPABMIBHO PO3PaxXyBaTH TOYHICTh TEXHOJIOITYHOTO TIpOLECy, IO
MOXHA 3IIMCHUTH 3a JONOMOIOI0 aBTOMATHMYHUX 3ac001B ab0 NUIAXOM 3MIHU
TE€XHOJIOTTYHUX YHNHHHKIB.

B nanuii yac BIIMBAaTU HAa TOYHICTH MPOKATaHUX TPYO MOXHA HACTYIHUMHU
CrIoco0aMu:

1. 3miHot0 npi6HOCTI Nedopmaltii, 32 IHIIUX PIBHUX YMOB IMPOKATKU:

3MEHILICHHS BEJIMYMHU M0/1a41;
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30UIBIIICHHS CTYNEHIO e opmariii.

2. 3MEHIIEHHSIM OBAJIBHOCTI piBUaKa KadiOpiB B KalniOpyrouid AUISHII, L0
3HIKYE MPOAYKTHUBHICTh MPOKATHUX CTaHIB, IPHU LIbOMY HEOOXIJHO 3MEHIIYBaTH
JHIAHE 3MIIIEHHS.

3. 30UIbIIYBAaTH KOPCTKICTh JeTajei 1 By3iiB poOOdYOi KIIiTI MPOKATHOTO
CTaHa, MOXKJIMBO KOHCTPYKTHMBHOIO 3aMIHOIO KJITI 1 T.m. Takuit cmnocid BUMarae
3HAYHUX KaIliTaJbHUX BUTPAT.

TakuM yrHOM, 3aBAaHHS MIJIBUILEHHS TOYHOCTI JlaMeTpy IMpOKaTaHUX TpyoO,
IIPU OJJHOYACHOMY 30UIbIIIEHH] MPOAYKTUBHOCTI MPOKATHOTO CTaHa € aKTyaJbHOIO.

[IpoananizoBaHi YMHHHUKHU, II0 BIUIMBAIOTh HAa TOYHICTh TPYO 3a3HAYEHOTO
COpPTaMEHTy Ta pPOo3poO0JieH1 perpeciiHi MoJemi, SKi CIPHUAIOTh MPOTrHO3YBAHHIO
TOYHOCTI Ta BHU3HAUEHHIO OINTHUMAJIBHUX TMapaMeTpiB MpPOILECYy NPOKATKU IS
OTPUMAaHHS MPOTHO30BAHOT TOYHOCTI.

[lo maHMM eKcCrepuMEHTAIBHUX JOCHIKEeHb [1-3] mpoaHai3oBaHO BIUIMB
nojayl, BUTSXKKA Ta BIAHOCHOI PI3HOCTIHHOCTI 3aroTOBKM Ha PI3HOCTIHHICTD
roroBoi Tpyou. OTpumaHOo 3arajbHe pIBHSAHHS BIUIMBY UIUX (AKTOpPIB Ha
pi3HOCTIHHICTh TpyO (piBHAHHS (1, 2), pucyHok 1) Ta perpeciiiHi pPiBHSHHSA
BKa3aHUX 3ajJexHOCTEH (Tabmuis 1, 2).

3aranbHUM BUTIIS PIBHSHHS:

O; =a+bdy+cp. (1)

KombiHOBaHe pIBHSHHSA  3alle)KHOCTI  BIAHOCHOI  PI3HOCTIHHOCTI  BiJ
napameTpiB MPOLECY MA€E BUTIIS:

8, =(~35351m+337,97)+(1,365m —12,838)5 + (5,016m — 47,026 )u, (2)

ne Op — BIIHOCHA PI3HOCTIHHICTB 3arOTOBKH; I — KOE(IIEHT BUTSIKKHY;
m — 1ojaya.

kcp

0,62
0,61
kcp=0,0181m+0,3742
0,6 RZ=0,9899
0,59
0,58

<
0,57

0,56
0,55
0,54
0,53
9 10 11 12 13 14

m

Pucynok 1 — 3anexunicts koediunieHra kcp 3MiHM BiTHOCHOI PI3HOCTIHHOCTI BiJ

noaavi m
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Tabuuus 1 — Bniius mapamerpiB Aedopmalii Ha BITHOCHY Pi3HOCTIHHICTH TPYOH

Ilogaua, m PiBHsiHHS perpecii, R-koedillieHT MHOXKMHHOT perpecii
9 R=1 8, =-3,669+0,1686( +1,924p
11 R=1 8, =-3943+0,7298 + 0,539
13 R=1 8, =-145,073+5,6275( + 21,988
Tabauus 2 — Perpeciiini Mmojeti 3as1exkHocTi KoedinieHTiB piBHsHHA (1) Big mogayi
Koedimientu piBusiaas (1) Perpeciiina moJiens
a -35,351m+337,97
b 1,365m-12,838
c 5,016m-47,026

[Ipo BIIMB BEJMYMHU TOJ@4l Ha TOYHICTh TPYO TAaKOX MOXHA CYIUTH 3
JOCIIPKEHHsI BIUTMBY BEJIMUMHU 110/1a4l HAa OBAIBHICTB TPpYO (pucyHok 2) [4, 5].

1,4
(0] y=0,061m+0,2733
B 1,2 R =0,9978
a
PR y =0,05m+ 0,39
2 =
b 0,8 R4 =0,9952
H
i 0,6 y=0,038m—+0,3467
c R? =0,9854
0,4
T
® 0,2
% 0
5 10 m-nogaua 15
¢ 22x0,95 W 57x2,5 32x1.5

NuHeiinan (22x0,95)

NuHeiiHana (57x2,5) NuHeitnaa (32x1,5)

PucyHnok 2 — BiiiuB mojadi Ha 0BaJIbHICTD

JucnepciiiHo-perpeciiiuii aHani3 BIUIMBY (akTopiB Dsr (cepenHiid giamerp
TpyO) Ta m (nmonaya) Ha oBasibHICTH O% (AUB. pUC. 2) BUSABISIE JIHINHUI XapakTep

Ta JOCTATHO BUCOKHUH 3B’SI30K ITUX MapameTpiB. PiBHsSHHS perpecii:
O, um=-0,104+0,017m+ 0,006 Dsr

0% =0,5203+0,0499m — 0,005 Dsr
ne O% — BiTHOCHA OBaJIbHICTD,%;
O, mm — aBCOJIIOTHA OBAIBHICTb.
Dsr — cepenHiii 1iamMmeTp Tpyo;
m — nojavya, MM.
[IpoBenenuii perpeciiinuii aHainiz (pUCYHOK 3, @, 6) MOKa3aB aJCKBATHICTh
OTPUMAHUX PIBHSIHB 31 3HAUMMHUMU KOE(illIEHTAMHU.

)
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BLIBO/, MTOTOB 0BAAbHICTL, MM
PezpeccuonHan cmamucmua
MHo#ecTBeHHbIA R 0,978997 PezpeccucHHaA crnamucmura
Rovsapar osssaz (0% =0,5203 10,0499 — 0,005Ds7 | Momecrsersn R 087908

HopmuposanHeiii R 0,944579 R-reagpar 0,958597
CranaapTHas ownb 0,054996 HopmuposanHsiii R 0,944797 O, mm =-0,104+0,017m + 0,006 Dsr

HaBnopeHua 9 CraHgapTtHas owunb 0,029252

FrpuT= 5,14325285 Habmoperma 9

[OwncnepcuonHblit ananus

- — — = S - [vcnepeuonHbiit aHanus
if HauumMocmes dof s5 Ms F Srasumocms F

Perpeccus 2 0418452 0,209226226 69,1750376 7,181298-05 Perpeccus 2 0118866 005943304 6945925789 7,09712E-05
Ocratok 6 0018148 0,003024591 Octatok 6 0,005134 0,000855653

Wroro 8 0,4366 Wtoro 8 0,124

Kos@ P oLt-cmamucmuka__P-3; HuitHue 95% _ Bepxrue 95% Koaghepuyueniapmnas oit-cmamucmuka  P-3Havenue Huwctue 95%  Bepxwue 95%
Y-nepeceuerue 0,520342 0,066777 7,79224359 0,000235382 0,356944737  0,683739162 Y-nepeceyeHue -0,10402 0,035517 -2,928642281  0,026333528 -0,190926013  -0,01710984
m 0,049866 0,004491 11,10424997  3,17812E-05 0,038877542  0,060854255 m 0,017424 0,002389 7,294739706  0,000338285 0,011579163  0,023268188
Dsr -0,00498 0,001245 -4,001748694 0,007104813 -0,008026362 -0,001935237 Dsr 0,006075 0,000662 9,176272923 9,43558E-05 0,004454907 0,007694669

a 0
Pucynok 3 — Perpeciiinunii anaJii3 BILIMBY M0J1a4i Ta CepeIHLOTO AiamMmeTpa
TPYO Ha BiTHOCHY (a) Ta a0COJIOTHY (0) OBAJILHICTH

OTtpumaHni piBHSHHS HaJaJayTh JOMOMOI'Y B MPOTHO3YBAaHHI OBAJIbHICTI TPYO
M0 BX1IHUM JJaHUM PO3MIpIB TPYOH Ta mapaMeTpaM MpoLecy MIPOKATKH.

Bucnoeok

OTpumMaHi 3a71€XKHOCTI TapaMeTPiB TOYHOCTI BiJ] TApaMETPiB TEXHOJIOTTYHOTO
Mpolecy BUKOPHUCTaHI MPU PO3paxyHKaX MapLIPyTiB BUPOOHUIITBA HEPKABIFOUMX
Ta TUTAHOBUX TPYO XOJOJHOIO MPOKATKOIO, IPHU MPOEKTYBaHHI AUISTHOK Ta MiHI-
3aBOJIIB 1O BHPOOHMIITBY HEpP)KaBIIOYMX Ta TUTAHOBUX TPYO XOJIOJHOIO
MIPOKATKOIO.
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THE USE OF X-RAY RESEARCH METHODS
TO CLARIFY THE DEGREE OF PULVERIZED COAL PARTICLES
THERMAL DESTRUCTION DURING COMBUSTION
UNDER CONDITIONS OF IT IJECTION INTO A BLAST FURNACE

PhD (in Eng. Sc.), Assoc. Prof. Yurii Stupak
National Metallurgical Academy of Ukraine
Dnipro, Ukraine

1. Problem statement

It is known that due to the growing shortage of coal for pulverized coal
preparation, as well as the shortage and high cost of high-quality blast-furnace coke
[1], further development of blast-furnace smelting technology with solid fuel
injection - a substitute for coke into the hearth requires innovative and non-standard
solutions. The main task is to replace the maximum possible amount of coke with
cheaper fuel - non-coking coal, mixtures of coals, including those with carbon-
containing materials of various origins (peat, agricultural waste, wood chips, waste
polymers, plastics, etc.). At the same time, it is very important to ensure complete
gasification of the injected fuel within the tuyere’s raceway and hearths, while
maintaining the smooth operating of the blast furnace.

2. Analysis of recent studies and publications

According to the studies of the combustion of coal dust particles in an air-
oxygen flow, V. Babiy and colleagues [2, 3, etc.], in this process several successive
stages can be distinguished: heating; release and ignition of volatile matters;
heating of the coke residue, combustion of the coke residue carbon.

The practice of blast furnaces with PCI has shown that the greatest effect
from this technology is achieved when the release of volatiles ends before the fuel
particles enter the zones of tuyere’s raceway with a low oxygen content in the gas
phase.

The author and colleagues have developed [4, 5] and further improved [6] a
laboratory setup of the "drop tube furnace" (DTF) type for simulating of the
pulverized fuel combustion in a tuyere and a tuyere’s raceway. With its help,
several series of experiments were carried out to study the combustion of
pulverized coal and fuel mixtures of various compositions. An original method was
developed for assessing the completeness of combustion of fuels and fuel mixtures,
with the help of which the influence of various factors on the process was
investigated.

In experiments on simulating of the pulverized coal combustion in a tuyere
of a blast furnace, it was established:

- when entering into the flow of an air blast heated to 1000 ° C and more,
fuel particles undergo significant changes associated with their thermal destruction;
- with the same particle size, the total time until the end of the devolatilization,
depended, first of all, on the type (chemical composition) and nature of the fuel, as
well as the ambient temperature;
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- the completeness of the initial stages of fuel particles combustion
determines of the coke residue combustion (gasification) completeness in the
tuyere’s raceway.

3. The purpose of the study

The experimental data on the coke residue combustion (gasification) completeness
required clarification. It was necessary to clarify the degree of the fuel organic mass
conversion, first of all, the degree of thermal destruction of the carbon base.

4. The substantive material of the study

4.1. Method

Taking into account these features, as well as numerous studies, including
recent years [7-10, etc.], it was decided to use the widely used X-ray structural
analysis or X-ray diffraction (XRD) method. This method allows researchers to
calculate the structural parameters (interplanar spacing and crystallite size) of
carbon materials directly from their diffraction patterns, which determine their
structure. The diffractogram for pure graphite is used as a reference for comparison,
comparing the reflections for the main planes (4k/) - 002, 100, 101 and 004.

When choosing a research method, the following was taken into account.
Carbon in the structure of coal has an intermediate structure between graphite and
an amorphous state, the so-called turbostratic structure (J. Biscoe and V.E. Warren,
1942) or the structure of a random layered lattice. Coal also contains a significant
amount of highly disordered material, amorphous carbon, composed of many
irregular polymerized aromatic hydrocarbon units, such as angstrom or nanometer
crystalline carbon domains, which are weakly cross-linked.

The X-ray diffraction analysis was carried out on the initial sample of lean
coal (LC) grade and the residue from the combustion of this coal in experiments on
the DTF described in [6], as well as the residue from the combustion of a mixture
of this coal with gas coal and peat. The proximate analysis and fractional
composition of the initial coals and peat are given in the table.

Table. Proximate analysis and fractional composition of coal, peat and lignin

Proximate analysis, % Distribution by size, % (by weight)

Type offuel 10 T a1 S0 [ 14 | 250-100 um | 100-71 um | < 70 pm
COALS:
Leancoal | 10.0| 95| 1.82| 10.6 29.8 40.8 29.4
Coal G| 11.6] 11.4]| 1.66] 35.6 13.7 45.7 40.6
Peat 55.0 | 30.6| 028 62.8 10.2 22.6 67.2

X-ray analysis was carried out on a DRON-3m installation using filtered Fe-
Ko - radiation with a wavelength A=1,93728 A. The voltage across the tube during
the shooting was 35 KV, the current passing through the tube was 29 mA. X-ray
photographs were taken at a speed of 1 deg / min. Samples for recording were
crushed to an analytical size and placed in a quartz cell with an alcohol bond. The
survey was carried out after the evaporation of alcohol.
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To exclude the influence of ash impurities on the diffraction pattern, similar
to [7, 9, 11, 12], samples of burnt pulverized coal were enriched using a specially
developed method, the essence of which is as follows. A sample of the material was
loaded into a container with a 10% HF solution at a temperature of 60-65 ° C
("water bath"). The ash removal was carried out under a hood for 2 hours. At the
end of the treatment, the material was filtered on a paper filter and washed with
toluene heated to 60 ° C at the rate of 40-50 ml per 1 g of the treated material. After
washing, the residue was dried at a temperature of 80-85 ° C. In the samples of lean
coals processed in this way (A = 9.6%), the ash content in the dry mass decreased
to 2.3-2.5%. This ash content in coal had practically no effect on the diffraction
pattern, which was confirmed by the results of X-ray studies (figure).
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Figure. X-ray diffraction patterns of coals
/untreated samples (1-4) and ash-free (1'-4")/:

1 — the original lean coal (LC); 2 — residue from the LC combustion; 3 — the residue of the mixture LC +
25% G combustion; 4 — the residue of the mixture LC + 25% peat combustion;
(002), (100), (101) and (004) are the angular positions of the characteristic maxima for pure graphite.

4.2. Results and their discussion

The X-ray diffraction patterns of the untreated coal samples (top) differed
significantly from the X-ray patterns of the same coals from which the ash was
removed (bottom). As can be seen from the above X-ray diffraction patterns for
untreated samples, the presence of an amorphous component in the small angles
region and many clearly distinguishable maxima located in the region of angles of
20-35 degrees do not allow any conclusions to be drawn regarding the effect of
additives to coals without removing ash from coal.
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As already indicated, the analysis of the obtained X-ray diffraction patterns
was carried out according to the methodology adopted for X-ray studies of
amorphous carbonaceous substances with a network structure. In accordance with
this methodology, the observed diffraction patterns of carbonaceous substances are
compared with the data on X-ray scattering by graphite crystals. The diffraction
patterns of carbon with a reticulated structure and graphite are different: in the X-
ray diffraction patterns of reticulated carbon, there are no lines (/k/) of graphite
with /%0, except for lines (002) and (004); diffraction maxima (/k0) arising from
carbon with a network structure are asymmetric and shifted towards larger angles
as compared to the corresponding graphite lines [12].

The obtained results processing showed that all the investigated samples of
burned pulverized coal had a structure typical for amorphous carbon, which is
characterized by the presence of a powerful maximum. It should be noted that it is
practically impossible to estimate the outline of this maximum and its size on the
X-ray diffraction patterns of untreated pulverized coal samples.

The interplanar distances d corresponding to the positions of the
characteristic maxima with intensity (/) were determined by the formula

A
2sin @’
where A - is the wavelength of X-ray radiation, A; 6 - the corresponding angle
according to the marks on the radiographs, deg.

There is a known formula by which it is possible to estimate the sizes of

blocks of graphite-like grids in the direction of the ¢ axis:
1,844
Bcosh’
where [ is the width of the maximum (002) or (004) at half maximum.

In accordance with this formula, a decrease in the half-width of the maxima
indicates the growth of graphite-like grids blocks. However, according to the authors
[12], "... for a whole series of low-temperature amorphous carbons, the interference
maxima on the intensity curves are so blurred that it is not possible to attribute them to
any specific reflections of the graphite lattice ...". For this reason, for amorphous
carbons, which include coals, cokes, etc., X-ray data processing should be carried out
using the method of atomic distribution functions. This method undoubtedly possesses a
number of advantages that make it possible to avoid some errors in the X-ray study of
amorphous carbons. However, the data obtained in the experiments turned out to be
insufficient for a correct quantitative analysis.

A qualitative comparison of the obtained X-ray diffraction patterns showed that
additives to pulverized coal from lean coals of gaseous coal and peat have an effect on
the combustion process, but the nature of the effect of these additives is somewhat
different. So, for burned lean coal and burned mixture of lean coal with gas coal, form
(width at half maximum) and the location of characteristic maxima on the X-ray
diffraction pattern practically coincide. For the sample burned with the addition of peat,
the half-width of the main maximum and the intensity of the maxima in the region of far
angles differ from those for coals burned with and without gas coal addition.

L =
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5. Conclusions and prospects for further studies

1. The X-ray diffraction (XRD) method can be used in combination with
other research methods in the assessment (selection) of pulverized coal and
additives to it for injection into a blast furnace in order to achieve the best results in
terms of the combustion degree and equivalent replacement of coke.

2. The carried out studies have confirmed the hypothesis that the combustion
of the coal’s coke residue is occurs in the tuyere’s raceway zone in the blast
furnace. In the tuyeres have time to go through only the initial stages of
combustion, without the carbonaceous residue destruction noticeable.
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HIIBUIIEHHSA JOBIOBIYHOCTI JETAJEN MAIIIAH
OOPMYBAHHAM I'PAJAIEHTIB METACTABIVIBHUX MOJINUPIKALIIN
HEMEHTALICIO TA TEPMIYHOIO OBPOBKOIO

Joxm. mexu. nayx, npog. O.11. Yetinsax, kano. mexu. nayx H.O. Max-Mak,
kano. mexH. Hayk A.0. Yeiinsax
Ilpuaszoecvkuit Oeprcagnuii mexHiunuil ynigeepcumem, m. Mapiynons, Ykpaina

[TligBUIIEHHS 3HOCOCTIMKOCTI Ta JOBIOBIYHOCTI O0araTthboxX JAeTajeii MallnuH Ta
OJIHOYACHE pecypco30epekeHHsI JOPOTUX JIETOBaHUX cTajied (ki MicTsaTh Ni, Mo,
Nb) 3anumaeThbcst 1yke akTyaldbHOIO 33/1a4€l0 CYy4acHOro maTepiajio3HaBcTBa. Jlis
3MIIIHEHHS! BaKKO HaBAaHTAXEHUX JAeTalled MalluH (1IecTepeHb, 3y0UacThX KOJIiC,
BaJliB TOILO) BUKOPHCTOBYIOTH XIMIKO-TepMIdHy 00poOKky (XTO), nHanpuxman
IIEMEHTAI[I}0 Ta KIHIIEBY TepMiuHy oOpoOKy. Ilpu mpomy 3a3Buyail joMararoThCs
OTPUMAaHHS MEPEBAKHO MAPTEHCUTHO-IIEMEHTUTHOI CTPYKTYPH HaBYTJIEIOBAHOTO
mapy 3 MIHIMaJbHOI KUIBKICTIO 3aJMIIKOBOTO ayCTEHITY A,y [1, 2]. V meskux
poborax [3-6] mMoOKazaHO HEOJHO3HAYHUW BIUIUB A,,; Ha BIACTUBOCTI
LEMEHTOBAaHUX CTajeil, a s Jerajneil, 10 MpalioTh B YMOBaX IHTEHCHUBHOI'O
3HOUIYBaHHS, CTPYKTypa IOBMHHA OyTH MapTeHCUTHO-KapOiaHow (M+K) 3
MIABULIEHOIO KUIBKICTIO Ay, B IboMy BUMAnKy As,; BBAXKAETHCS KOPUCHUM, SKIIO
BIH 3a3HAE Yo, —0' Hedopmaliiine MapTeHCUTHE NMEPETBOPEHHS MPHU 3HOILIYBaHHI
(IMII3), nomaTkoBO 3MiIHIOWYM HacuueHuil map [5, 7-9]. OgHak, npuaiIsSeThCs
HEJIOCTaTHbO yBAaru BUKOPUCTAHHIO LHUX TEXHOJIOTii OOpoOKH cTaneil njis yMoB
IHTEHCUBHOT'O 3HOIIYBAaHHS 3 ypaxyBaHHSM CTBOPEHHS B HHUX METacTaOUIbHHUX
CTaHIB ayCTEHITY 1 IPaJIIEHTHUX CTPYKTYP.

Metoro poOOTH € NIABUIIEHHS EKCIUTyaTaliiHOi JOBrOBIYHOCTI BUPOOIB 3
KOHCTPYKI[IMHUX JIETOBAaHUX CTaJleld, 10 TpalioloTh B PI3HUX yMOBaX
IHTEHCUBHOT'O 3HOIIYBaHHSA, MUJISXOM pPO3pOOKH Ta BIPOBAHKEHHS KOMILIEKCHHX
TEXHOJIOT1M 00’ €MHO-IIOBEPXHEBOT0 3MII[HEHHS, fAKI 3a0e3Me4yloTh OTPUMAHHS
MeTacTaOUIbHUX (Da30BO-CTPYKTYPHUX TpaJIEHTHUX MoOAUdIKaLii 3 edekToM
CaMO3MILHEHHS NP eKCIUTyaTalii.

Jlist ouuuieHHsT MOBEpXH1 ApiOHMX BHJIMBKIB 1 IHIIMX JeTajedl MaliuH
IITUPOKO 3aCTOCOBYIOTH APOOEMETHI anapaTu nepiogudHoi aii. [Ipane3gaTHICTb [UX
MallluH BU3HAYA€THCSI B OCHOBHOMY 3HOCOCTIMKICTIO pOOOUYMX OpraHiB (JOMacTew,
iMrieniepiB, OpoHEedYTEPOBOUHMX ILIUT), IO MPAIOOTh B CKJIAJHUX YMOBax 1
3a3HAIOTh IHTEHCUBHOI yAapHO-a0Opa3uBHOI /il 1 3HOLIYBaHHA (puc. 1 a).

YacTtku n1poly 1 abpa3uBy, MepeMilarourch Mo poOoUiil MTOBEPXHI METAIbHOI
JonacTi MiJ JI€l0 BIILEHTPOBUX CHJ 1 31TKHEHb, MPOXOASATh CKIAIHUNA pPyX 1
cxondaTh 3 Hel 31 mBuakoctamMu 80-100 m/c. BeanumHM KOHTAKTHHUX BIUIMBIB
nocsiraiotb 6-7 kH nnst npoOy paniycom ~3 MM npu npykHomy yaapi 1 1-2 kH —
npu wiactuyHomy yaapi [10]. JlomacTi Takoxx MiagarOThCs yAapHO-aOpa3uBHIN il
1po0y, 110 PO3TITAETHCA 1 BIIOMBAETHCS BiJl 3aXUCHUX IUTAT IPOOOMETY.
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6
Pucynok 1 - Jlonati npo6emernoro anapary 3i craJji 20I'JI 1o ekcniyarauii (a)
Ta MiCJs eKcIIyaTauii: 0 - 00po0JieHi 3a po3p00J1eHOI0 TEXHOJIOTIEI; 6 - 0e3
00po0OKkm (cepiiiHi)

VYV TIAT «A3zoBmam» ajis BUTOTOBJICHHS JiomacTed JpoOOMETHUX MaIllvuH
3acTocoByBanacs cranb 20IJ1 B HOpMali3oBaHOMY CTaHi. IX TepMmiH cIyx0u
(moBHOorO 3HOCY) cTaHoBUMB 24-30 roja., IO HEraTMBHO BiIOUBAJIOCS Ha
MPOJYKTUBHOCTI JPOOOMETHUX amapaTiB, TaK SIK BUMarajio MOCTIHHOI 3yNMHHKH
oOJlaTHaHHS JJIs 3aMIHM 3HOIIEHUX JIeTallel, a TAKOXK BUKIIMKAJIO BEJIUKY BHUTPATY
3MIHHHX JETaJIEH.

[IpobGnemy migBUIIEHHS HAAIMHOCTI 1 JOBTOBIYHOCTI BKa3aHUX JeTajiel
BUPIIIYIOTh, B OCHOBHOMY, BUKOPUCTaHHSAM 3HOCOCTIHKHX MapoK
BUCOKOoXpomMoBoro yaByHy UX16H2I'MOT («KJIIYy»), UX28H2, «HIXAP» 1 iH.
[10]. OnHak, ckiagHe JeryBaHHs, B T.4. TocTpoAedimUTHUMU KoMnoHeHTaMu (N1,
Mo, V), oOyMOBIIOIOTh TONIYK HEAOPOTHX 1 HeAehIIUMTHUX BapiaHTIB 3aMIHH
IIBUJIKO3HOIIYBAaHUX JeTajedd. J[0 OoCcTaHHBOTO Yacy HE BAaBajoCh MimiOpatu
e(eKTUBHUI MaTepiall, SKUW B JaHUX yMOBaxX HaBaHTaKEHHS MOBHICTIO BIAMOBiIaB
Ou BUMOTraM €KCIUTyaTallii, a B APYTy 4epry, 3aJl0BOJLHSAB 3a CBOIMHU BapTICHUMU
IMOKa3HUKAMHU.

3 METOW MIJABUILCHHS JIOBFOBIYHOCTI JiomacTed ApOoOOMETHHX MalluH
ITAT «A3zoBmain» Oynu po3poOJeHI PEXKUMH iX TOBEPXHEBOIO 3MIITHEHHS 3
BUKOPHUCTAHHSM TJTUOOKOT IIeMeHTallil 1 TepMidHOT 00poOKH. [ mocaipkeHs Oynu
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BurorosneHi 3pasku 31 crami 20IJ1 posmipom 10x10x25 mMm. Tak camo B
BupoOHHUnXx ymoBax ITAT «AzoBmainy Oyia BUTOTOBJIEHA JOCTIAHO-IIPOMHCIIOBA
napTisi JIomacTe 3a 3aBOJICBKOIO0 TEXHOJIOTIEI 1 TepMooOpoOsieHa B yMOBax
ITAT «A3zoBmainy» 3a po3pobieHoro B JIBH3 «IIJITY» TexHOIOTi€EI0 KOMIUIEKCHOT
TepMIYHOi 00poOKH, 110 3abe3neuye (GopMyBaHHS METACTAOUIBLHOI MAapTEHCUTHO-
LEMEHTUTHO-ayCTEHITHOI CTPYKTYPH TIOBEPXHEBOTO Iapy.

Ha ocHoBi mpoBeneHnX B poOOTI JOCHIIKEHb OyJia BU3HAUCHA MiJABUIICHA
temriepatypa rapryBanHs (900 °C) uemenToBanoi crani 20I'J1, sika 3abe3neuyBana
HaWOLIBITY yOapHO-aOpa3uBHY B3HOCOCTIMKICTh. JlOCTiAHO-IIPOMHKCIIOBA MAapTis
jomactei, BigIMTa B ymoBax JuBapHoro 1exy IIAT «A3zoBmam» Oyna
npoueMmentoBana npu temmnepatypi 930 °C+10 °C npotsirom 14 roguH Ha TIMOUHY
1,4-1,5 wmm. IlpoBemeno ix rapryBanHga Big 900°C+20 °C B wMacio 1
Hu3bkoTemneparypuuil Biamyck npu 200 °C, 1 u. IlomepenHbo JUTI Jomacti
niggaBanucs IpoOEMETHOMY OYMIIEHHIO MOBEpPXHI, 110 OJHOYACHO HaJaBajo i
MEBHY IMIOPCTKICTh Ta MOKpALlyBajo aJcOopOIil0 aTOMIB BYTJIELI0, TUM CaMHUM
3a0e3nedyBano OUIbLI SIKICHE Hacu4eHHs ByrieneMm. IopcTKicTh MOBEpXHI,
CTBOPEHHSIM MIJIBUILIEHOI HIUIBHOCTI AMCIOKAIN 1 HAampyr CTUCHEHHS, CHPHIIO
MIPOIIECY HABYTJICIIOBAHHS 1 MIIABUIIEHHIO Mpale31aTHOCT1 1 HAAIHHOCTI poOOTH,
30UTBIICHHS TEPMIHY €KCIUTyaTallii JeTanei.

Bci 1i TexHONOT1uHI onepallii He BUKIUKAIOTh TEXHOJIOTTYHUX TPYIHOIIIB,
TaK SIK MOXYTb MPOBOJUTUCA B TEPMIYHOMY LieXy a00 B TEPMIYHOMY BIAJAUICHHI
JUBApHOTO I1I€Xy Ha ICHYHOUOMY OOJaJHaHHI 1 HE BHMAaralwTh JOJAaTKOBUX
KaIiTaJbHUX BUTpAT.

KoHTponb SKOCTI TOBIIMHM HABYIJICLIEBAHOTO IIapy MPOBOAMBCS 3a
ICHYIOUOI0 METOJMKOIO Ha 3pa3kax-CcBiakax. TBepaiCTh JAeTajiel Mmicis [eMeHTarlli 1
rapTyBaHHs, BIJl 3alpoONOHOBaHOi JociikeHHsMu Ttemneparypu 900 °C,
ctaHoBusio 52-56 HRC, mo Tpoxu Hukye, HK MICHIsS CTaHAAPTHOTO TapTyBaHHS,
PEKOMEHIOBAaHOTO JIOBIIKOBOIO JiiTepaTyporo [11], OCKUIBKM B 3arapToBaHOMY
mapi mictwiocss 20-25% A, OcrtanHit € gedopmariiiiHo mMetacTabUIbHUM 1
NEPETBOPIOETbCSI B MapTeHCUT Jedopmamii  Opu Vs, —o IAMII3, o
3a0e3neuyBano eQeKT J0JaTKOBOI0 CaMO3MIITHEHHS IIPH €KCILTyaTallii.

BupoOuuui  BunpoOyBaHHS B JApoOoMeTax TepMOOOpyOHOro  uexy
ITAT «A3oBMai» JOCHITHO-MPOMUCIOBOI MapTii JionacTeil, o0O0poOJeHUX 3a
3aMpOIIOHOBAHOK0 TEXHOJIOTIEN, TTOKA3aJIu MIBUIIICHHS JOBrOBIYHOCTI B 1,7-2 pa3u
B TOpiBHSAHHI 3 cepidiHumu. Ha puc. 10, B mpencraBneHi ¢oTorpadii
BiAnpanboBaHux jomacted 31 crami 200JI micns oOpoOku 3a 3amponoOHOBAHOIO
TEXHOJIOTIEI0 1 6€3 TepMOOOpPOOKHU (B TUTOMY CTaHI1, 110 3aCTOCOBYBAJIOCS paHIiIIe).

Bonu Hao4yHO cCBiq4aTh NPO MEHIIMHA CTYMiHb 3HOCY, SIKMM HOCHUTH
PIBHOMIpHUH XapakTep, 1 Mpo MIABUIIEHHS JOBFOBIYHOCTI 1 HaAIMHOCTI
eKCIUTyaTallii Jonacred, TepMoOOpOOIeHUX 3a 3aMpONOHOBAHOIO TEXHOJOTIEIO.
Po3poOnena TexHonoris BrpoBamkeHa y BUpoOHUUTBO B IIAT «AzoBmam» 3
BaroMHMM PiYHUM €KOHOMIYHUM €(EeKTOM.

VY nepepobHOMyY 00agHAHHI KOMOIKOPMOBOT'O BUPOOHUIITBA aKTYyaJIbHOIO €
npoOiemMa MiABUIIEHHS JOBFOBIYHOCTI PUKYYMX pPOOOYHMX OpraHiB - MOJIOTKIB
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3epHOpo0apoK (puc. 2a), Kl IeMOHCTPYIOTh HM3bKI MOKAa3HUKH 3HOCOCTIMKOCTI,
110 3HUXKY€E MPOAYKTUBHICTb O0JaJIHAHHS, IOTIPIIYE SKICTh KOPMOBUX MPOAYKTIB 1
NIABUIIY€E iX BapTicTb. MOJOTKOBI JIpoOapku BHKOPUCTOBYIOTHCS B 90% Bcix
TEXHOJIOT1YHUX JIIHII MO MPUTOTYBAHHIO KOHIEHTPOBAHUX 1 KOMOIHOBaHUX KOPMIB.
TepMin ciy»0u MOJOTKIB 3 BHUKOPHCTOBYBAaHOI cTaji 25 Micias HOpMaii3alii, B
3QJIEKHOCT1 BiJ TEPEepoOJIeHOTr0 MPOAYKTYy, cTaHOBUTH Bim 72 mo 300 rojauH.
Kinbkicts MOJOTKIB B apoOapiii ckiagae 80 mt. Jlo mux mip He OyB 3HaWICHMI
ONTUMAJIbHUNA METOJ OBEPXHEBOTO 3MII[THEHHS MOJIOTKIB.

a

PucyHnok 2 - Moy10TKH 3epHOAPOOAPOK 3i cTaJi 25:
a — 3arajlbHAM BUTJISA; O — PO3TAIIyBaHHS MOJIOTKIB, 0OpOOJICHHX 32 HOBOIO TEXHOJIOTIEIO B
3epHOIpoOapIri

3 METor0 MiJBHUILEHHS JOBrOBIYHOCTI MOJIOTKIB JIpOOMIBHOT KOPMOBOT
YCTAaHOBKM CUIBIOCIMAIIMHOOYAIBHOTO TiAnpueMcTBa «BikTop» Ha OCHOBI
MPOBEICHUX CHUCTEeMHHMX JOCIIKeHb Ha Kkadenpi Marepiasio3HaBcTBa Ta
nepcriektuBHuX  TexHonorii  JIBH3  «IIATY» 3ampomoHoBaHa TEXHOJOTIS
MOBEPXHEBOI'O0 11X 3MIIHEHHS. 3 OISy Ha TOBIIMHY MOJOTKIB (3-4 MM)
MpPOBOJMIACS HACKpi3HA IIeMEeHTalis Jerajged 31 crami 25 B TBEpAOMY
kapOropuzaropi npu temneparypi 930 °C npotsirom 14-15 roawd 3 moaanblIuM
rapryBaHHsAM BiJ minBuieHoi temneparypu 1000 °C 1 Bianmyckom nipu 200 °C (1
roJl) AJis 3HATTS HanpykeHb. Taka TemrepaTypa rapTyBaHHs 00yMOBJIEHA 3HAYHOIO
yJIapHOIO CKJIa/J0BOI0 yAapHO-aOpa3HMBHOTO 3HOIIYBAaHHS B YMOBax €KCIUTyaTalii,
10 BUMArae MiBUIIEHOr0 BMICTY OUIBII IUIACTUYHOTO 1 B'A3KOTO A,y B CTPYKTYPL.

[IpoMucioBa mapTis MOJOTKIB 31 cTami 25 B kiibkocti 80 mT. Oyna
tepmoodbpobsieHa B ymoBax JIBH3 «IIITY» 3a 3anmpomoHOBaHOIO TEXHOJIOTIEIO.
[IpoMuciioBi BUNpoOYBaHHS Ha CUIbCHKOTOCMOAAPCHKOMY MIANPUEMCTBI «BIKTOP»
(Yxpaina, 3anopizbka 00J1.) MOKa3aiM MiJBUIIECHHS JOBrOBIYHOCTI JeTajei B 2,6-3
pa3u B MOPIBHSAHHI 3 CEPIMHUMM 31 CTal 25 micisi HopMati3allii.

[linBUIIEHHST 3HOCOCTIMKOCTI MOJIOTKIB  TOSICHIOETHCS  (POPMYBaHHAM
ONTUMAJIBHOI CTPYKTYPH, IIO MICTUTh MAapTEHCHUT, LIEMEHTHUT 1 MeTacTaOuUIbHUU
saymmkoBuid  aycteHIiT (30-40%). JlochmimKeHHS 3HOIIEHUX MOJIOTKIB (TicCIIs
eKCIUTyaTallii) moKaszaiu, mo As,; B CTPYKTYpl OBEPXHEBOIO MIAPY 3a3HAE Yz, —0
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JIMII3 1 B mporeci ekcrutyaTallii B TOHKOMY poOodomy mmapi. Ile mepeTrBopeHHs
BUKJIMKA€E JOJATKOBE CAMO3MIIHEHHS TMOBEPXHEBOro poOOYOro Imapy BHACIIIOK
YTBOPEHHsI OUIBII JUCIIEPCHOrO 1 TBEpAOro mapreHcuty aedopmarnii. [lo mipi
3HOIYBAaHHS (3 MEHIIUMH IHTEHCHUBHICTIO HDK B CEpiiHUX MOJOTKax 0e3
[IEMEHTAIlli) TOBEPXHEBHM IIap MOJOTKIB JIOJATKOBO CaMO3MIITHIOEThCS 3a
PaxXyHOK Vs, —0a  JMII3, mocTymoBo mporec CaMO3MIIHEHHS TEPEMIlYyEThCS
BriuO nertanmi. KpiMm Toro, 3HayHa 4YacTWHA €HEPrii, 3€pHOBOI CyMilli, IO
nepepoosiieTbcs Ta BIUIMBAE HA IMOBEPXHIO JeTalleld, BHUTPAYA€ThCS HaA 1€
MEPETBOPEHHS 1 MOB'I3aH1 3 HUM NPOLECU MIABUILCHHS IIUTBHOCTI JUCIOKAIlIH
(makremny) 1 penakcarii MikpoHanpyr [7]. BiamoBimHO, 3HaYHO MEHIIA YacTKa
eHeprii sKa MiABOAUTHCA 30BHI 3aJHUINAETHCA HA 3apPOJKCHHS MIKPOTPIMIMH 1
pyHHYBaHHS, OT)KE, LIEH MPOIEC CIOBUILHIOETHCA. SIK pe3yNbTaT - MIABUILYETHCS
JIOBrOBIYHICTb poOOTH MOJOTKIB. Po3po0ieHa TeXHOJIOTiSE TOBEPXHEBOTO
3MIIHEHHs] BIOPOBA/PKEHA Y BHPOOHUITBO B  CUIBTOCIIMAIIHMHOOYIIBHOMY
mianpueMcTBl «BikTop» Ta Moxke OyTH peKOMEHAOBaHA JIJIsi 3MIITHEHHS 0araThox
THIINX JeTaNe MalliH I10 IBUIKO 3HOITYIOThCS.

3 MeETOK TIABUILICHHS TEPMIHY CIY>KOM psIy BaXKO HABaHTAKCHUX
mectepeHb (puc. 3) peaykrtopiB 31 cram 20X2H4MA Ha onHOMy 3
MAaIIMHOOYAIBHUX  MIANPUEMCTB M. Mapiynosns, po3poOJieHa  TEeXHOJOTis
rapTyBaHHs iX TMICJIS IIEMEHTAllli, Ta CKOpEeroBaHa TEXHOJIOTIS IOIMEpeIHIM
TEPMIYHOI Ta MeXaH14HO1 (1utidhyBaHHs ) 00pOOOK.

e — -

g .—-. g e — *'

Pucynok 3 — IllecrepHi koco3yo0i (a) Ta Baja-mecrepHs (0) 3i crauai 20X2H4A,
1[0 MPOIIIA MOBHUI IIUKJ LleMEeHTANil i TepMiuHOi 00pOOKHU 32 HOBOI
TEXHOJIOTI€10

CkoperoBaHo 1 BIANpaIlbOBAHO PEXKHUMH TOMEPEAHBOT 1 OCTATOYHOL
TepMiuHOi 00poOKH. B 3B’s3Ky 3 mepexo0M TEXHOJIOT1i Ha Tra30BYy LIEMEHTAIIIIO B
KOMIUIEKC1 00JIaTHAaHHS 3 XIMIKO-TepMIUHOT 00poOku «Uttis» KoperoBaHe MpoLEeHT
3MICTY BYTJEl0 B moBepxHeBoMy miapi a0 0,8%, 110 103BOJUIO CKOPOTUTH Hac
HACIYEHHS! Ta 3arajlbHUM LUK TEXHOJOrIYyHOro mnpouecy o0pobok Ha 35-40%.
[IpoBeneni BupoOHWYI BUNPOOYBaHHS TIOKA3aIM IMIJBUIICHHS KOMILUIEKCY
MEXaHIYHUX BJIACTUBOCTEH, BIMHOCHOI 3HOCOCTIMKOCTI cTanmi 20X2H4A B 1,5 pasu,
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110 3a0e3Meynio MiJBUILIEHHS SIKOCTI BUPOOHMIITBA Ta JOBTOBIYHOCTI IIECTEPEHb.
CkoperoBaHa TEXHOJIOTISl BIPOBAKEHA B BUPOOHUITBO, J103BOJIMIA CKOPOTUTH
coOIBapTICTh BHUPOOHMIITBA, 3HU3UTU PEMOHTHO-EKCIUTyaTalliiHl BUTpaTH Ta
M1ABALIUTH TPOAYKTUBHICTb.

IHma iHHOBaliiHA TNOBEpPXHEBA 3MIIHIOBAJIbHA TEXHOJOTIS IOB’s3aHa 3
MJJa3MOBUM BIUIMBAaHHSM Ha 1ieMeHToBaHi aetanmi [12]. 3pa3ku 31 crani 20X2H4MA
nijjaBaiucs LEeMeHTalii B cTaHl Bianmaixy a0o HopMmaii3auii B TBEpAOMY
kapOwopuzatopi npu 930 °C£10°C  nporsarom  16-18 rogun, rimOuHa
neMeHnroBaHoro mapy 1,2-1,5 mm. Ilicas nemenTanii 3anpornoHOBaHO MPOBOJUTH
3aMiCTh 00'€eMHOr0 rapTyBaHHs - TuiazMoBe raptyBaHHs npu ~1300 °C (BUAKICTD
NepeMIllIeHHs T1a3MOTPOHA 3 TUIa3MOYTBOPIOIOYHUM Ta30M - aproHOM 63 cM/XB.) 1O
3amajiuHax 3y0iB Ha IUIa3MOTPOHI HempsiMoro BIUMBY (koHcTpykuii JIBH3
«(IATY»), mo 3abe3neuye GopmMyBaHHS CTPYKTYPH MApPTEHCUTY, METACTA0LILHOTO
aycTeHITy 1 KapOiaiB. TBepaicTh micias TepMooOpoOku craHoBuia 52-54 HRC.

[IpoBeneni cteHaoBl BunpoOyBaHHS 3pa3kiB 31 ctami 20X2H4MA,
3MIITHEHUX 32 HOBOK PO3POOJICHOI TEXHOJOTIEI, TOKA3aJIM IT1ABUIICHHS
3HOCOCTIMKOCTI B 1,5 pa3u B TOpIBHSAHHI 3 HE3MINHEHUMH, SKI paHile
3aCTOCOBYBaIMCS Ha mianpueMctBi. Ll TexHosoris mMoxke OyTH pEKOMEH]I0BaHA
JUISL pSITy LIECTEPEHb 1 J03BOJIUTH 30UTBIIUTH MDKPEMOHTHUHM pecypc B ~1,5 pasu,
3HU3UTH PEMOHTHO-EKCIUTyaTallliiHl BUTpaTH, MIABUIIUTH NPOAYKTUBHICTH. BoHa
Oyra peKOMEHI0BaHa JI0 BIPOBAKEHHS B BUPOOHUIITBO.

Bucnoexu:

1. Po3po6iieHO Ta 3ampOINOHOBAHO MEPCHEKTHBHI TEXHOJOT1T KOMIUIEKCHOT
00'€eMHO-TTIOBEpXHEBOT OOpOOKH HU3BKOJIETOBAHUX IleMeHTOBaHUX ctanei (200J1,
20X2H4A, 18X2H4MA, 18XI'T, 1 1H.), Kl 103BOJSIOTH PETYJIIOBATH TI'PaI€HTHI
MeTacTabuIbH1 (Da30BO-CTPYKTYpHI CTaHW B TOBEPXHEBUX 3MIIHEHUX IIapax
BUPOOIB, BUKIMKAIOTh €PeKT AedopMalliifHOro caMO3MIITHEHHSI Ta 3a0e3MeuyroTh
JIOIATKOBE TIJBUILIEHH] 3HOCOCTIMKOCTI Ta eKCIUTyaTalliifHOi JIOBTrOBIYHOCTI
BUPOOIB.

2. Jlns migBUIIEHHS 3HOCOCTIMKOCTI B KOHKPETHHUX yMOBaX 3HOIIYBaHHS
HEOOX1AHI TMeBHI (PA30BO-CTPYKTYpHI TpPaJI€HTHI CHIBBIJHOIIEHHS BMICTY
MapTeHCUTY rapTy, KapOifiB 1 3aJMIIKOBOTO0 ayCTEHITY MO TOBIIKHI 3MILHEHOT'O
mapy ONTUMAJIbHOTO CTYMNEHs MeTacTaOUIbHOCTI, IO 3a0e3neuye peanizaliio
edexty aedopmaliifiHOro CaMO3MIIHEHHS 3aBIsku po3BUTKY y—a' JIMII3 Ta
y3TOKEHOCTI 3 IMHAMIKOIO MTPOLIeCY 3HOITYBaHHS.

3. Po3pobiieHi crocoOu TOBEPXHEBOIO 3MIITHEHHS, 3 BUKOPUCTAHHSIM
3BMYAHOI Ta TAMOOKOI IEeMEeHTalii 1 TepMIdYHOI OOpOOKM MpH ONTHUMATIbHHUX
TeMIiepaTypax BIpoBa/ykeHl y BUpoOHMITBO B IIAT «A3zoBMmau», mpomMucioBe
MIAIPUEMCTBO «BikTOp» 1 mMOKazanu MiABUINEHHS JIOBTOBIYHOCTI OOpPOOJICHUX
JeTayieii: jonacted podeMeTHUx anapariB B 1,7-2 pa3u, MOJIOTKIB 3€pHOIPOOAPOK
B 2,6-3 pa3iB, a TaKOX PEKOMEHIOBaH1 J0 BIPOBAKEHHS B MAIIUHOOYIBHOMY
MIAIPUEMCTBI JIs1 3MIIIHEHHS LIEMEHTOBAHMX Ba)KKO HAaBAHTAXEHUX IIECTEPEHb Ta
3y04acTUX KOJIiC.
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4. Po3pobiieHi TexHOoIorii 00’ €MHO-TIOBEPXHEBOTO 3MIITHEHHSI MOXYTh OyTH
PEKOMEHI0BaH1 JyUIsl TIABUILNECHHS JOBrOBIYHOCTI I1HIIMX JAeTaJedl MalluH 110
HIBUAKO 3HOIIYIOTBCS, JUIsi 4oro Tpeda miAOMpaTh ONTUMAJbHI Tpali€HTHI
CHIBBIIHOUIEHHS MApTEHCUTY rapTry, KapOWIIB Ta METacTaOUILHOIO ayCTEHITY B
MOBEPXHEBHUX HABYTIJICIIbOBAHUX IIapax BUPOOIB.
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O HEKOTOPBIX ACIIEKTAX BHOJIOTUYECKOT'O BO3JIEMCTBUSA
SJEKTPOMATHUTHBIX ITOJIEA IIENEN SJIEKTPOIIUTAHUSI
MOCTOSTHHOT'O TOKA ¥ TOKOB TPOMBIINIJIEHHOM YACTOTHI

Hoy., kano. mexu. nayk B.11. Illynos
T'ocyoapcmeennbwlit ynugepcumem IKOHOMUKU U MEXHOJI02UTL
2. Kpueou Poe, Ykpauna

Bo3gelictBue anexkTpoMarHuTHBRIX moiedt  (OMII) mnpupomHoro wmm
TEXHOTEHHOTO TIPOMCXOXKJACHHS Ha pa3IMYHble OHOJOTHYCCKHE OOBEKTHI
YCTAHOBJICHHBIN (haKT. YK€ B MEPBBIX UCCICAOBAHUAX HA 3TY TEMY BBISBICHO, YTO
OMII  oxka3plBafOT Ha  OHOJOTHYECKHE  CTPYKTYpPhl  TEPMHYECKOE M
MH(GOPMALIMOHHOE BO3JAcHCTBHE. BBIICHEHO, YTO Ha OHOJOTHYECKYIO PEaKIIUIO
BIUSIET UENbIA psAx mapamerpoB OMII: HMHTEHCHBHOCTb, YacTOTa M3JIYUYCHHS,
MPOAOJDKUTENBHOCTh BO3ICHCTBUSA, HATMYUE U XapaKTep MOIYISLIUU U T.1.

TermioBoe  BO3JCHCTBHE  MOJAPA3yMEBAET MHTETPAIbHOE  IOBBLIIICHUE
TeMIepaTypbl B pe3ylbTaTe OOJYYEHHS, OHO CBS3BIBACTCS C CHJIBHBIMU
IIEPEMEHHBIMH TIOJISIMH, OCOOCHHO B 00JIACTH BBICOKHX U CBEPXBBICOKHX YacCTOT.
YcraHoBieHO, 4yTO npH BenumuuHe nornomieaus OMII go 10 MBt/M u30bsITouHOE
TEIUIO B BBICOKOOPTaHM30BAaHHBIX OMOCTPYKTYypaxX OTBOJHUTCS 3a CUET MEXaHH3Ma
TEPMOPETYJISUUA, HO MPHU OOJBIIEM TMOTJONIEHUH MEXaHW3M TEPMOPETYJISAINU HE
cripaBiisiercd [1].

Nudopmanmonnoe Bo3aeiicTeue ciradbix DMII He BhI3BIBA€T COMHEHHS, HO
€ro ME€XaHW3M OKOHYATEeJIbHO HE BbIABJICH. CUHMTAETCS, YTO B €TI0 OCHOBE JIEXKaT
M3MCHEHHE IPOHUIIAEMOCTH KJIETOYHBIX MEMOpaH, M3MEHCHHE HOHHOTO COCTaBa
KJICTKH, aKTHBAIUs MEPEKUCHOI0 OKHCJCHHUS HEHACHIIIECHHBIX YXUPHBIX KUCIOT M
pa3o0IIeHre MPOLEeCCOB OKHUCIACHUS U (DOCHOPHUINPOBAHUS B MHUTOXOHIPHUSX.
Oco0oe BHUMaHHE YIEIICTCS M3MEHEHHIO MYyJbCAllMii KOPKOBBIX HEHMPOHOB, YTO
HapymaeT uHGOpMalMOHHBIE CBa3uM. B [2] 1okasaHo, dYro HauOoJjee
YyBCTBUTEIBHBIMU K OMII sABISIIOTCS MEXYpPOBHEBBIC CBS3HM, MPUYEM, CTCIICHB
OMOYYBCTBUTEIHLHOCTH YBEIUYUBACTCS C MTOBBIIICHUEM YPOBHS HUEePaAPXUU 00BEKTA.

DKCIIEpUMEHTAIBHO MOATBEP)KICHO, UTO Jaxke cinadpie OMII BIMstoT Ha Takue
CBOMCTBA OHOJIOTHYECKUX KHIKOCTEH KaK BSI3KOCTh, IIOBEPXHOCTHOE HATSKEHHE,
JIEra3alio, OCMOTUYECKOE HABICHUE W YPOBEHb OKHUCIIMTEIIBHO-BOCCTAHOBUTEIBLHOTO
MoTeHITrana. Bompockl BIUSHUS ClIa0bIX MOCTOSHHBIX M HU3KOYACTOTHBIX IOJICH HavaIn
pa3pabaThIBaThCSl OTHOCHTEIBHO HEAABHO; O 3TOr0 HMCCICAOBAIM TIJIaBHBIM 00pa3om
BpeaHoe BiausiHue OMII BBHICOKHMX M CBEPXBBICOKUX YaCTOT, a TAKKE€ MOIHBIX IOJIEH
MpoMBIIIIEHHON YacToThl 50 I'll OT BO3MYIIHBIX JUHHM 3JIeKTponepenad. CUuTajioch,
YTO HM3IIyYEHHE IMPOBOAOB 3JICKTPONMUTAHUS OBITOBOTO, O(PHCHOIO, U MPOMBIILICHHOTO
AIIEKTPOOOOPYAOBAHUS HHUYTOXKHO Majo IO CPaBHCHHIO C JPYIHMMH HCTOYHHKAMHM
W3Iy4YeHHMs, KaKk TO: MOOWIBHBIC TelneOHBI, KOMITBIOTEPHI,  TCIICBHU30PHI,
MHKPOBOJIHOBBIE TI€YH, HE TOBOPS YKE O CIIEIHAIBFHOM 000PYA0BaHNH Ha ITPOM3BOJICTBE,
B ME/IMIIMHE, B HCCIICA0BATEIbCKHX JJabopaTopusx. B HacTosiee Bpems Onopu3ndecKue
BiusiHMe crnabbix DMIT HyneBoi U MPOMBIIIUIEHHON YaCcTOT Ha BBICOKOOPTaHU30BaHHBIC
OpraHu3MBbl YK€ HE BbI3bIBACT COMHEHU [ 1,2].
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Cmamuueckue noss yeneu nNUMaHus NOCMOAHHO20 MOKA.

IIpy npoTekaHuu MOCTOSHHOTO TOKa Yepe3 MPOBOJA BOKPYT MOCIEIHETO
0o0pa3yroTCcsi CTallMOHApHBIE JJIEKTpUYECKOe MW MarHuTHoe mojs. CuiioBoi
XapaKTEePUCTUKON AJIEKTPUYECKOTO TOJISl ABJISETCS €ro Hampsi>keHHocTh E. B
o0l1ieM BUJIe HAMPSHKEHHOCTH TMOJIS BHE MPOBOJAHUKA COJEPIKUT KaK KacaTebHYIO
E; (o OTHOIIEHUIO K HAMPABICHUIO TOKA), TAK U HOPMAIbHYIO E, COCTaBISIOIINE
[3]. KacarenbHasi cocTaBisitolias BO3HUKACT M3-3a MAaJCHUS HAIPSHKEHHUS BJOJIb
MPOBOJHUKA, YTO IMPUBOJAUT K HEMOCTOSHCTBY 3apsna. Ilpum mimoTHOCTH ToKa B
MEIHOM ITPOBOJIE j = 5-10° A/M* YAEIBbHOM CONPOTUBIIEHUH MEIH p = 1,72:10°
OM'M 3Ta COCTaBIAOIIAsl OLICHUBACTCS MPEHEOPEKUMO MaJIOW BEIWYMHON Ej =
0,086 B/m. IlosTomy npu onpenesieHnH MapaMmeTpoB AIEKTPUUECKOTO MO BOKPYT
MPOBOJHUKA C TIOCTOSSHHBIM TOKOM MOYKHO MCIOJb30BaTh 3aKOHOMEPHOCTH
AJIEKTPOCTATUYECKOTO TMOJs C MOCTOSHHBIM 3apsiioM WU CYUTaTh, YTO BEKTOP
HanpsH>KEHHOCTH HOPMAJIEH HAIIPaBICHUIO TOKA.

N3 kypca »anektpoctaTukd [3] HM3BECTHO, UTO  HAINPSKEHHOCTH
AJIEKTPUYECKOTO MOJISI HA PacCTOSIHUU R [M] OT LIEHTpa OJAMHOYHOTO TPOBOJHUKA C
MOCTOSIHHBIM TOKOM OII€HMBAETCSI BEJIMYMHON

E = q/4n-R-¢¢y[B/M].

3necs g — JuWHEWHas TIUIOTHOCTh 3apsjna B MpoBoaHuke, Ki/M; ¢ -
12

OTHOCHUTEJIbHAS JTUAJIEKTPUUECKasl MPOHUIIAEMOCTh Cpefbl; & = 8,85-107° d/m —

aleKTpuYeckas TocTosiHHas. [l Bo3ayxa MOXKHO TpuHATH & = 1. B cBomw

ouepesib, TOK B IMPOBOJHUKE - ATO €CTh BEJIMYMHA IMOJHOIO 3apsaa, IPOXOISIIeTro
yepe3 CeyYeHWe TMPOBOJHMKA 3a EAUHUIY BpeMeHU. Takum o00Opaszom,
HaMpPsHKEHHOCTD 3JIEKTPUUYECKOTO OIS YOBIBACT 10 Mepe yIajJeHus: OT MPOBOJHUKA
10 JINHEWHOMY 3aKOHY.

YuciieHHOE 3HA4Y€HHE HOPMAJbHOM  COCTAaBJISIONMIEH  HANpPSXKEHHOCTH
AIEKTPUUECKOTO MO 3aBUCUT OT AJIEKTpUUecKoro Hanpsbkenus U u paccrosiuus D
Mexay pazHonoitocHsiMU npoBogamu. [Ipu U= 100 Bu D =1 M E, = 100 B/m.
JlJist cpaBHEHUS yKa)Ke€M, UYTO HANPsHKEHHOCTh CTATUYECKOTO AJIEKTPUYECKOTO TOJIs
Ha MOBEpXHOCTU 3emiin cocTasisier npumepHo (100 — 150) B/M, a ipu rpo3oBoii
oOcranoBke aocturaetr 3 kB/M. Kak mpaBuio, snekrponuTaHue notpedurenei
OCYIIECTBIISIETCSl  IIHYPOM, JBa MPOBOJHUKA KOTOPOTO IMPOCTPAHCTBEHHO
COBMEIIECHBI; B 3TOM CJIy4yae CO3/1aBAEMOE IIETbI0 MUTAHUS DJIEKTPOCTATUYECKOE
MoJie BOKPYr IIHypa MpakTHUYECKH OTCYTCTBYyeT. TemM He MeHee, camo
ANEKTPOOOOPYIOBAaHWE  MOXKET  CO3/1aBaTh  JJEKTPOCTAaTHUYECKHE  MOJIA,
HaMpPsHKEHHOCTh KOTOPOTO B OTAENBHBIX JIOKAIBHBIX 00bEMaX MOXKET JOCTUraTh
3Hauenusa 20 kB/M u naxe Oonee. Takue monst XxapakTepHbI JJ1s1 BBICOKOBOJIBTHBIX
npuOOpoB (KUHECKOIBI, JIEKTPOHHO-TyUYeBble TPYOKHM M Tp.) U Uil MPOLIECCOB,
COIMPOBOXKIAIOIIUXCS TPEHUEM TUAJIEKTPUKOB.

B Vxkpaune neiictBytor Canutapusie Hopbl u npasuia JCHill 3.3.6.096-
2002 npu paboTe ¢ UCTOYHHKAMHU DJIEKTPOMArHUTHBIX IMOJIEH Ha MPOU3BOACTBE U
Canutapubie HOpMbl M mnpaBwia JICH 239-96 no 3ammure HaceleHus OT
BO3JICUCTBUSI AJEKTPOMATHUTHBIX ToJieH. J[OMyCTUMBI ypOBEHb CTAallMOHAPHOTO
AIEKTPUYECKOTO MO ITUMU HOPMaMU HE perjlaMeHTUPYeTCH,
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CyniecTByIOIIME CAaHUTAPHO-3MUAEMUOIOTHYECKUE TIPaBUJIa U HOPMAaTUBBI
CanlluH 2.2.4.1191-03 pernaMeHTHpPYIOT IOIYCTUMBIA YpPOBEHb HANPSIKEHHOCTH
ANEKTPOCTATUYECKOTO MO Il NPOW3BOJACTBEHHBIX MOMEMIEHUN BEIUYMHON 20
kB/M. B TakoM moisie BpeMs HaxoOKJEHHUs 4eloBeKa He orpanuuuBaercs. Hopmbi
CanlluH 2.1.2645-10 ycTraHaBIMBAaIOT NPEAEIbHOE 3HAYECHHE HANPSKEHHOCTU
AIEKTPOCTATUUECKOTO MOJIS B KUJIBIX OMEIIEHHIX Ha ypoBHE 15 KB/M.

B TI'epmanun nHaumonanbHbli crangapT DIN orpanuuuBaer nomyCTUMBIN
YPOBEHB AJIEKTPOCTATHYECKOTO MOJIs BemmunHOM 40 kB/M.

Takum o0pa3zom, MOYHO KOHCTaTUPOBATh, YTO BEJINYMHA
ANEKTPOCTATUYECKOTO TOJISI LENEW NUTAaHHUS NOCTOSHHOTO TOKA HUYTOXKHA IIO
OTHOIICHUIO K JOMYCTUMBIM HOpPMaM M ONAcHOCTH Juisi OHOCHUCTEM He
MIPEACTABIISET.

[IpoBOJHUK C TOCTOSIHHBIM TOKOM CO3/1a€T TaKXe BOKpPYr cebs
MAarHUTOCTaTUYECKOE IMI0JE, KOTOPOE XapaKTEpU3YETCsS HAINPSKEHHOCTbIO H
uHAyKIMen B. M3  Kypca DIIEKTPOTEXHUKH H3BECTHO, YTO  BEIUYHHY
HaIpsOKEHHOCTH MArHUTHOTO TMOJs B TOYKE NPOCTPAHCTBA, YIAJEHHOW OT
MIPOBOJIHUKA B IUIOCKOCTH, NEPHEHAUKYJISAPHONM INPOBOAHUKY, Ha PACCTOSHUE R
MO>KHO BBIYHCIIUTH 110 opMyIIe

H =127R [A/M],
rae [ — ToK B IpoBOAHUKE, A; R — pacCTOSHUE, M.

dopmyna crnpaBeivBa JUis Cilydash NPOBOJAHMKA OECKOHEYHOM anmuHbL [lis

ClTy4asi POBOJTHUKA KOHEYHOM JITMHBI TIOCJIEAHEE BHIPAKEHUE TPeodpa3yeTcst B BUL:
H =[(c0S®—<0s ) /47-R.

3nech 0 U ff — 3HAYEHUSI YIJIOB MEXIY MPOAOJIBHON OChIO MPOBOJHUKA U
HaIpaBJICHUSIMU HAa TOYKY M3MEpPEHHUs C KOHIIOB NpOBOAHUKA. i1 OECKOHEYHO
JUTMHHOTO MpoBoHUKa o = 0, f = 7.

CuitoBast XapaKTEPUCTUKA MAarHUTHOTO IO BBIPAXKAETCS €r0 MHAYKIHUEH

B = puoH [Tr],
I/ 4 - OTHOCHTEIbHAS MAarHHTHAS MPOHMIAEMOCTb Cpembl; iy = 4m-107 Ta-M/A —
MAarHATHAasi TOCTOSIHHAS.

Jns Bo3zayxa MoxHO cuutatb u=1. Ilostomy 3Hauenue B B TOuYKe
MIPOCTPAHCTBA, YIAJICHHOW OT JJIMHHOTO MPOBOJHHUKA C TOKOM / Ha pacCTOSHUE R,
OLICHUBAECTCS BEJIMYMHOMN

B =1Tuy2nR.

HampaBiieHne BEKTOpa MarHUTHOM HMHIYKIUMU OIPENEISETCS H3BECTHBIM
MpaBUWJIOM OypaBuHMKa.

IToctosHubIi TOK BenuuuHoW 10 A, mpoTeKaromUil MO OJAUHAPHOMY
MIPOBOZY, CO3/IA€T MAarHUTHOE MOJIE€ HANPSIKEHHOCTh KOTOPOIO HA PacCTOSHUU 1M
cocrapiser 0,8 A/M, a unaykuus 2 MkTn. J{ns cpaBHEHUS yKaXeM, 4TO 3HaYCHUE
HaIpsHKEHHOCTH MArHUTHOTO MOJs 3€MJIM B CPEIHMX IIMPOTAX COCTAaBIISAET
npumepHo 40 A/M.

VYkazannsle Bbiie HopMbl YKpauHbl OrpaHUYMBAIOT YPOBEHb IOCTOSIHHOTO
MarHUTHOTO TOJIA Ha MPOTSXKEHUHM padoyvero JHS Ha MPOU3BOJICTBE BEIUYMHOU 8
KA/M.
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Hopwmer Poccuiickori denepanuyn peraaMeHTUPYIOT MPEACIIbHbIE 3HAYCHUS
MapaMeTpPOB MOCTOSIHHOIO MAarHUTHOTO TOJISl B MIPOU3BOACTBEHHBIX YCIOBUSX MPHU
oOIeM BO3JCHCTBUM Ha uYeloBeka BennunHamu 24 kA/M u 30 mTn npu
KpatkoBpeMeHHOM (1o 10 muH.) Bo3aeictBuu uiau 8 kA/M u 10mMTn npu
JTUTUTETILHOM (J10 8 Jac.) BO3JACHCTBUM.

B T'epmanun B COOTBETCTBMH C HAlMOHAIBHBIM cTaHgaptom DIN
npodeccruoHabHas SKCIIO3UIUS HE TobKHA TpeBbImaTh 60 kA/M (okoio 75 mTn).

Kak BuauM, peanbHble OIS OT MOCTOSHHBIX TOKOB LIETIEH NMUTAaHUS, a TEM
OoJiee NBYXITPOBOAHBIX IIETIEH C pa3sHOHAIPABICHHBIMH TOKaMH, HECOTOCTaBUMO
MEHBIIE JTUX HOPMATUBHBIX 3HAUYCHUW. BBICOKOMHTEHCHUBHBIE TOCTOSHHBIE
MarHuTHbBIE TIOJISI MOTYT MHAYIHPOBATHCSA TOJIBKO CIEIUAIbHBIM 000pYAOBaHUEM
Ha TPOU3BOJACTBE WIM B CHCHUATM3UPOBAHHBIX JIA0OPATOPHUAX, HAMPUMED,
WCIIOIB3YIOIIEM  JJICKTPOMAarHuTbl Ha 0a3e SBJICHHS  CBEPXMPOBOJUMOCTH
MIPOBOJHUKOB TOKA MPU HU3KUX TEMIIEpaTypax.

InekmpomazHummubsle noJisl Yyene NUMaHus nPOMbIULIEHHOU Yacmomabl.

l'opazmo  wame, dYeM  Ha  NOCTOSHHOM  TOKE,  DJIEKTPOIIMTAaHUE
AJIEKTPOOOOPYAOBAHUS  OCYIIECTBIISCTCS TEPEMEHHBIM TOKOM  MPOMBIIUICHHON
gactoThl 50 (60) I'u. Beskuii mpoBOAHMK, 1O KOTOPOMY MPOXOIUT MEPEMEHHBIN TOK,
SBJISIETCS. M3JTydaTesieM JJIEKTPOMArHUTHOW BOJHBI B OKPYXAIOIIEE IMPOCTPAHCTBO,
PACIIPOCTPAHSIIOLIEUCS CO CKOPOCTBIO V = 3-10° wmre. [TpoBon nnuHOM [ C TOKOM i
KPYTOBOM YacTOTHI (@ B TOYKE ITPOCTPAHCTBA, YIAJIEHHOM Ha PacCTOSHUME R, co3maer
OMII, napameTrppl  KOTOPOrO  ONPEACNAIOTCS  METOAAMHM  KJIACCUYECKOU
JNEKTPOAVMHAMUKHA  JUIA  JJEMEHTAPHBIX  JJEKTpUYeCKHX  m3iydarenen. [lox
AJIEMEHTAPHBIM M3JTydaTesieM MOHUMAIOT KOPOTKH 10 CPaBHEHUIO C JIJTMHON BOJIHBI (/
» 1) NPOBOJHHUK, MO KOTOPOMY TE€UET TapMOHUYECKHA (CHHYCOMJAIbHBIN) TOK,
aMIUIUTyJia U (pa3za KOTOPOro OJMHAKOBBI B JIFOOOM Touke mpoBoaHMKa. [[1st pacyera
XapAKTEPUCTUK TIOJIA MCIIOJIB3YETCSl TIPUHLMIT  CYNEPIIO3ULIMM, T.€. IMPOBOJAHHUK
paccMaTpUBaeTCs Kak CyMMa 3JIeMEHTapHbIX u3nydareneil. B chepudeckoit cucreme
KOOPAWHAT TIOJE€ COACPKUT TPU COCTABISIIOIIMX: PAIAAIBHYIO JJIEKTPUYECKYIO
HaIpsHKEHHOCTh  E,, MEpPUIMAHAIBHYIO SJIEKTPUYECKYIO0 HANpsHKEHHOCTh FEy U
napajuie/bHyl0 MarHUTHYIO HaNpsiKEHHOCTL F,. Xapakrep paclpoCTpaHEHHsI 3TOU
chepruecKoil BOJHBI 3aBUCUT OT YJAJICHHOCTH OT HW3JIydaress. 30Ha, Uil KOTOPOH
BBITIOJIHSIETCS yCiioBUe R « A/2mw, HazbIBaeTcs OMVO>KHEW WM 30HOM MHIYKIMH. JIJist
gactoThl 50 I'11 3TO ycoBUE BBIMOIHSAETCS ¢ M30BITKOM. CUMTAETCS, YTO B 3TOM 30HE
AJICKTPOMArHUTHAsI BOJIHA HE C(hOPMUPOBAHA M HA OMOJIOTHUECKUN OOBEKT JCHCTBYIOT
HE3aBUCHUMO Jpyr OT Jpyra HalpsHKEHHOCTH DSJIEKTPUYECKOM W MarHUTHOU
cocTaBsomMX. [IOHATHE TUIOTHOCTH TMOTOKA 3JEKTPOMArHUTHOW 3HEPrUU 371ECh HE
ucnosb3yercs. Benuunubl coctapisiommx OMII  sneMeHTapHOro u3mydaTens B
OJIMKHEH 30HE OMMCHIBAIOTCS U3BECTHBIMU B DJIEKTPOAMHAMUKE BBIPAKCHUSAMU [4]:

E,_il-cos igr/27['&)'8-80-R3,

Ey_i-1-SIn 8 /47 weerR,
H,_ilsn8 /47-R.
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3necb 6 — yroi MexAy HalpaBiI€HHEM MPOBOJHUKA W HAIpaBICHUEM
paauyc-BeKTOpa R, IPOBEAEHHOTO B IAHHYIO TOUKY IPOCTPAHCTBA.

B OnmxHeld 30HE HaNpPsHKEHHOCTh AJICKTPUUYECKOTO TOJIs CMajaeT 1o
KyOM4eCKOMY, a MarHUTHOE — MO KBaJApaTUYHOMY 3aKkoHy. Jyi paguoyactoT npu R
» A/27 mosst ocinabeBalOT C PaCCTOSTHUEM JWMHEWHO. BikHss 30Ha COCTaBISECT
NpUOIU3UTENBHO OJHY HIECTYI0 YacTh JJIMHBI BOJIHBI, YTO IS TAPMOHUYECKOTO
toka yactorod 50 I'm cocrtaBmser npumepHo 1 km. Takum oOpazom, Ha
MPOMBIIIIEHHBIX YacToTax OMII no mepe ynaneHus oT mpoBojJa pe3Ko YObIBAET U
TOJIbKO Ha METarepiioBbIX YaCTOTaX ocjiabeBaeT ropaso ciadee.

VYKka3zaHHbIE CaHMTapHbIE HOPMBlI YKpaWHbl YCTAaHAaBIMBAIOT MNPEIEIBHO
JOMYCTHUMBIN YPOBEHb HANPSKEHHOCTH 3JIEKTPHUYECKOT0 noJisg yactotou 50 ' s
HAXOXJEHUS B HEM 4YeJOBeKa B TEUEHHUH paboueil cMeHbl 8 4yacoB 0e3 CpelCTB
3amuThl BenuuuHOM S5 kB/M. Ilpu yBenmuenun wyactorel mons ao 1 kI
JOMYCTHUMBIM ypPOBEHb HANPS)KEHHOCTH I 8-4aCOBOM OSKCHO3HULMHU PE3KO
ymensIaercs 10 0.12 kB/m.

Jns  KunplX TNOMEIIEHWH  MpEeNeiabHbId  YPOBEHb  HAIPSKEHHOCTU
AIEKTPUUECKOr0 TO0JI MPOMBIIIEHHON yacToThl coctaBisier 0,5 kB/M Ha BeicoTe
1,8 M OT ypoBH# moJna.

YpoBEHb HaNpsIKEHHOCTH MAarHuTHOro mnojsa yactorod 50 I'm npwm
MOCTOSSHHOM BO3/ICMCTBMM Ha 4ejoBeKa B TE€YEHHH paboyeil cMeHbl 8 4acoB Ha
MPOU3BOJICTBE HE JIOJKEH MpeBbIaTh 1.4 KA/M, a ypOBeHb MarHUTHON MHIYKUUU
1.75 mTn. YBennuenne yactoTsl monis 10 1 k'l cCHUXkaeT AOMYCTUMBIA yPOBEHB
HanpsbkeHHocTH 10 BenrurHbl 0.009 kA/M.

IIpenenbHbIl ypOBEHb MArHUTHBIX MOJEW IMPOMBIIUIEHHOW YacTOTHI MJIS
KUIBIX TOMEIEHU HOPMaMH HE PETJIAMEHTUPYETCS.

Hopwmer Poccuiickoit ®@enepaunn CanlluH 2.2.4.1191-03 yctaHaBiuBaroT
MPEAEIbHO JOMYCTHUMBI YPOBEHb HAIPS)KEHHOCTH IOCTOSIHHO JEWCTBYIOILIETO
AIEKTPUYECKOTO0 TOJII TPOMBIIUIEHHOM YacToThl Ha pabodyuMx MecTax B
MIPOU3BOJICTBEHHBIX YCIOBUAX BeIMUnHON 5 KB/M, a MaruutHoro nosst 80 A/m (100
MKTn). Hopmber CaulluH 2.1.2.2645-10 ycTaHaBIMBAaIOT HOPMBI JJIS SKHUJIBIX
nomenieHut coorBeTcTBeHHO Ha ypoBHe 500 B/mMm u 5 mxTn. Hopmer CanlluH
2.2.2/2.4.1340-03 ycTaHaBIMBaIOT AOMYCTUMbIE YpOBHU mosiei yactotoit 50 I'n B
oducax npu pabore Ha [IDOBM Benuuunoit 25 B/M nns snekTpuyeckoro mnosis u
250 HTn nns marauTtHOro nons. Ho nmst wactoTel 2 K[ 3TH HOPMBI yKECTOYAOTCS
10 2.5 B/m miis anextpudeckoit 1 1o 25 HT 111 MarHUTHON COCTaBIISIOIIUX.

CornacHO COBPEMEHHBIM CAHUTAPHBIM NPEACTABICHUSIM MarHUTHOE II0JIE
MPOMBIIIIEHHONM YacTOTBhl MOXET OBbITh OMAacHBIM JJisi 370pPOBBSI YEJOBEKa, €Clu
MPOUCXOJIUT MPOAOHKUTENIBHOE 00IyYeHUE B TEYEHUH HECKOJBKHX JIET C YPOBHEM
Bbie 0,2 MxTn. Takoit ypoBeHb B OBITY MOXET (PMKCHUPOBATHCS HA PACCTOSHUIX
(0,1-0.4) M OT OBITOBOTO 3JIEKTPOOOOPY/IOBaHMS. 3aMETHOE U3JIyYEHHE HaroT
CWIOBbIE Kabenu syekTponuTaHus. Tak, OAHOXKWIBHBIA KaOeab MOUIHOCTHIO
nopsiaka 2 kBt ¢ Tokom 10 A Ha paccrosHuu 0,5 M cO31a€T MarHUTHOE MOJIE
uHaykuen 2 MxThn, a IBYXoKUJIbHBIN (IPpsMOIl U 0OpaTHBIN MPOBOJ) MPH TEX KE
ycinoBusix — 0,008 mkTn. Ilpu 3ToOM ypoBEeHb MarHMTHOrO MOJIsI 3€MJIM PaBEH
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npumepHo 50 MxTn. Cuuraercs, 4To OHOJOTHYECKH OOJiee aKTUBHOW SIBISETCA
MarHuTHas kKoMnoHeHta OMIL.

Takoe yxXecToueHHE JIOMYCTUMBIX YpPOBHEW OOBSCHSETCS MOBBIILICHHEM
YyBCTBUTEIbHOCTH uesoBeka kK OMII ¢ poctoM yactotsl. B [5] mokazano, uto ocolyio
OIAacCHOCTb JUIsl OpraHu3Ma YeJoBeKa MPEACTaBIAIOT Mo B Auana3zone yactot (300-
1500) T, Tak kak B OJTOM JMana3oHE HAXOASATCS YaCTOThl BHYTPEHHHX
HHEPreTUYECKUX [IEHTPOB Pa3IMYHBIX OPraHOB.

B pabGore [6] npuBeaeHa 3aBUCUMOCTb TMOBBIIIEHUS YYBCTBUTEIBHOCTH
CUCTEM YeJIOBEKa K DJIEKTPOMArHUTHBIM IMOJISIM IO MEpEe POCTa YaCTOThI MOJIS.

B cBeTe 3Toro npeacrasisgeTcss HEOOXOIUMbIM 00pAaTUTh BHUMAHKUE HA TaKOM
aCIeKT CETEeBBIX LIETIeH MUTaHuUs, KaK HAJIMUKE B MUTAIOIIEM HANPSHKEHUH BBICIINX
rapMOHUK. [ TaBHON NMPUYMHON MCKa)XKEHUs CUHYCOUAAIBHON (DOPMBI MUTAIOLIETO
TOKa SIBJSIETCS NPOTEKAHHE ITIOOBIX TEPEXOJHBIX MPOIECCOB B AIEKTPUUECKOM
uenu. [lodToMy ¥ aKTHBHBIE U PEAaKTHBHBIE CONPOTUBJICHUS B CETU
AIEKTPONUTAHUSI MOTYT CIOCOOCTBOBAaThH TIeHEepalMu rapMoHuK Toka. Ho ectb
OTJEIbHBIE BUABI BJIEKTPOOOOPYAOBAHMS, KOTOpbIE BBI3BIBAIOT CYIECTBEHHOE
UCKa)KEHHE TapMoHWYeckod ¢opmbl Toka. K HHM OTHOCSTCS 53JIEKTpUYECKHE
anmapatbl C MAarHUTONPOBOAAMH, palOOTAIONIMMU B PEXUME HACHIIICHHUS;
yCTpOICTBa IyroBOil CBapKH; MpeoOpa3oBaTeIy YacTOThl MPUBOJIOB MEPEMEHHOTO
TOKA; BBIIPSIMUTENN TMEPEMEHHOIO TOKa, OCOOCHHO pEryjJupyemble U T.II.
['apMOHUKHM, TeHepUpyeMble HCTOYHMKAMHU, PACHPOCTPAHSIOTCS IO  BCEM
CBSI3aHHBIM AJIEKTpoceTsM. JIJisi MX MOJaBIEHUSI MOTYT NPUMEHATHCS (QUIBTPHI;
OHM CHMKAIOT YPOBEHbB BBICILIMX TAPMOHUK, HO HE YCTPAHSIOT UX MOJTHOCTHIO.

TpaaguumoHHO B AHEPreTUKE OIPAaHUUYMBAIOTCS YYETOM TapMOHHUK HE BBIIIE
13-i1, yemy cootrBetcTBYeT 650 I'1y [7]. Poccuiickuii crangapt P54149-2010 npu
OLICHKE KAyecTBa  JJIGKTPUUECKOW HHEPrUM  CUCTEM  DJIEKTPOCHAOKEHUS
MpeanojgaraeT y4eT rapMOHMYECKUX cocTaBistomux A0 40-ro mopsiaka, T.e. 10 2
k['u. Ilpu »>TOM 3HayeHwe CymMMmapHOro Kod3(QQUIHUEHTa TapMOHUYECKUX
coctapisomux A ceret 0,4 kB TpeOyeT orpannuuth BenuuuHoit 8,0 %o.

B pabore [8] mokazaHo, 4TO HCCIEJOBaHHUE MUTAIOIICH CETH MPOKATHOIO
CTaHa METALTYPru4ecKoro 3aBojia BbisiBWIO Hanuuue 100-ii rapMOHUKH ¢ 4aCTOTOM
5 kl'u, a rapmonuku ¢ KpatHocThto 60-80 mmenn ammuryny no 15 % or
HOMUHAJIBHOTO HAIpPSKEHUS. YCPEIHEHHBIN JT0JIEBOW BKJIAJl BBICIIUX TapMOHUK
KpaTHOCTBIO Oosiee 40 B aToM citydae coctaBisii 18,2 %.

B [9] BbIgBIEHO, 4YTO MNpH NUTAaHUU OBITOBOM Harpy3ku (OCBElICHHE,
CTAllMOHAPHBIN KOMIBIOTEp, NpUHTEp) HampskeHueM 220 B oT kopuaopHOro
0JIHO(a3HOr0 paCHpeAeNIUTEIbHOr0 MKUTKa MoIIHOCThI0 50 kBA koadduuueHt
HCKa)KCHUSI KPUBOM TOKA JIMHUU MUTaHus gocturai 29,54 % ¢ 1oMUHUPOBaHUEM 3,
5, 7 u B Menb1el crenenn 9, 11 u 13 rapMoHuK.

Takum oOpa3om, B LEMsAX MUTAHUS TPOMBIIUICHHONW YaCTOThl HE UCKIIIOYEHO
HaJM4he BBICOKOYACTOTHBIX TapMOHHUK TOKa, CTENEHb YYBCTBUTEIBHOCTH K
KOTOpPbIM OHOJIOTMYECKUX CTPYKTYp Ooisiee BbicOKas. B KakIoM KOHKPETHOM
cilydae JJis OLIEHKH YPOBHS TApMOHUK HEOOXOJUMO MPOBECTH 3aMEPHI C MOMOIIbIO
aHanuzaTopa crektpa. [Ipy HEBO3MOXXHOCTH MPOBEACHUS 3aMEpPOB [JIsl OLICHKHU
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ouosornueckoro ngectBus OMII  nOpoOMBIIIIIEHHONW YacTOThI  CIEAYyeT IO
YMOJYaHUIO MPEANoJIaraTh HAIMYUME TAPMOHUK KpaTHOCTHIO 10 40 U ypoBHEM 110
20 % OT HOMMHAJILHOTO HAIPSKEHUS.

Buoiéoowt

1. B caydyae ncnonb30BaHUs MENEi IEKTPONUTAHUS TTOCTOSIHHOTO TOKa WX
HJeaIbHO CHHYCOMAAILHOW (DOPMBI IHUTAIOMIETO HampspkeHUs dacTtorod 50 I'iy
HaNPSDKEHHOCTU DJICKTPUYECKOM M MAarHUTHOM COCTaBJISIOIIMX IIOJS, a TaKKe
WHIYKIMS MAarHUTHOM COCTaBIISIIOIIEN HaXOJATCS B JIONMYCTHUMBIX IMpelesiax C
OOJIBIIIMM 3aI1acoM.

2. CnenyeT yYHUTHIBaTh BO3MOXKHOCTh MCKKCHUS CHHYCOUIAIbHONU (HOPMBI
HanpsDKEHUS TTATAIONMIEH CEeTH, YTO IPHUBOJUT K IOSBICHUIO BBICIIMX T'apMOHHUK,
KpPaTHOCTh KOTOPBIX MOXKET Joxoauth g0 100, a wyacrora ao 5 kIl
Bro4yBCTBUTENBHOCTH BBICOKOOPTaHU30BaHHBIX OpTraHUu3MOB K
MHPOPMALIMOHHOMY BO3JEHCTBUIO D3JICKTPOMArHUTHBIX TIOJCH TaKHX YacTOT
3HAYUTEIBHO BBIILIE, Y€EM K OCHOBHOW TapMOHMKE MPOMBIIIJIEHHOW 4acToThl. [Ipu
HEBO3MOXXHOCTH TPOBEACHUS 3aMEpPOB JJIsI OLICHKU OWOJOTHYECKOro JEeHCTBUS
OMII npOMBIIIIEHHOW YacTOTHI CIAEAYET MO YMOJYAHUIO IpeAroiaraTh Hajauudue
rapMOHHMK KpaTHOCThIO 10 40 1 ypoBHEM 10 20 % OT HOMHUHAJIBHOTO HANPSIKEHUSL.
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JIOKT. TIe/. HayK, Tpodecop, 3acTyKEHHI NpaIiBHUK OCBITH YKpaiHu,
3aBigyBad Kadeapu MeAaroriky 1 CUXoJIorii mpodeciiiHoT OcBIiTH
HanionaneHoro aBianiiiHoro yHiBepcuteTy (M. KuiB)
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KAYECTBO B ObPA3OBAHHUU

IMPEACEOATEJIb — JIV3UK DJIbBUPA BACUJIBEBHA

JOKT. TIeJl. HayK, mpodeccop, 3aciayKeHHbIH pabOTHUK 00pa3oBaHus Y KpauHHlI,
3aB. Kadeapoil neJjaroruky 1 MCUX0JOTHHU NPOPecCuoHaIbHOr0 00pa3oBaHus
HanuonansHoro aBuannoHHoro ynusepcurera (r. Kues)
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JINCTAHIIIMHA ®OPMA OCBITH TA Ii BIIJIUB B IIEPCIIEKTHUBI
HA PE3YJIbTATU HABYAHHSA MAUBYTHBOI'O ®AXIBLHA-I'EOI'PA®A

Cm. suknaoau, kano. neo. Hayk M.B. Adoboscvka
Ooecvkuii nayionanvnuii ynisepcumem imeni I. 1. Meunukoea
M. Ooeca, Ykpaina

[Mangemis kopoHaBupycHoi iHGekuii COVID-19 TopkHynacs icHyroul
CUCTEMH OCBITH B ychoMmy cBiTl. Jlo ekcTpeManbHOI Ta MPaAKTHYHO
0e3aJIbTEepPHATUBHOIO CUTYAIlli TOBHOTO MEPEX0y OLIBIIOCTI 3BUUHUX CPEpP KUTTS
B OHJIAMH JIOACTBO BUSIBWIOCS He rotoBe. OCOOJMBO TOCTPO BHUKIMKU CTOSIThH
nepe]] CUCTEMOI0 OCBITH B IIJIOMY 1 BUIIOT OCBITH 30KpeMa. 3a nanumu FOHECKO,
Omm3bko 1,5 mupa. M. B CBITI  BUSBWIMCS T030aBJIICHUMH  MOXJIMBOCTI
BIJIBIlyBaTH 3aHATTS B 3BUYHOMY TpaauiliiiHomy ¢opmati. Bci ocBiTHI cuctemu
3MylieHi Oynu mNpuiMaTd HENpoCTI PpIIEHHS 1 B E€KCTPEHOMY HOPAIKY
3MIMCHIOBATH TIEPEKJIa] CBO€I MISVIBHOCTI B OHJIAMH, (AaKTMYHO HE MAlO4yd Hi
BUOOpY albTEepPHATUBHUX BapiaHTIB POOOTH, HI MOKIIMBOCTI BIIKJIaJIEHOT peaizallii
IUX KPOKIB. Y 3B'SI3KYy 3 MEPEX0JIOM Ha JUCTAHLIMHY OCBITY BaXKJIMBUM € OIIHKA
OCHOBHHUX MOKJIMBOCTEH, IEPCTIEKTUB 1 POOIIEM.

[IpoGnema opranizamii poOOTH B AMCTaHLIHHOMY (opMaTi JOCHTH TOBHO
BHCBITJICHA B TEOPETUYHOI 1 MpUKIaaHOI JiTepaTypi [1-5]. 3okpema, Bimoma poboTa
JI. Illeppi [1] po3risinae mpoGieMaTuKy BiIaJIieHOT0 HaBYaHHS Hi 3 TEXHIYHOI, a came 3
COLIIAJTLHOT TOYKH 30pY, 1 ii BUCHOBKH, c(opMyJiboBaHi B 1995 p, BUSBIAIOTHCS LIUTKOM
aktyabHuMu s nomi 2020 p Omnucyroud HMHINIHIO CHUTYalil0 B OCBITI,
C. KpimnamypTi 3a3Havae, 10 «HIKOJIM B ICTOPIi LTl CTYAEHTChKI CIUIBHOTU HE OYyJIH
pantoBO TEpeMIllleH] BiJl OYHOTO IO JUCTAHIIMHOTO HABYaHHS 32 JIOMOMOI'OIO
IUPPOBUX TEXHOJIOTIH» [6, . 2]. Sk cepilo3HUI BUKIMK CUCTEMI OCBITH PO3IJISIAI0Th
nepexi B ownaiiH T. Cypma 1 1. Kipuinep, siki BBaaroTb, 1110 «ChOT'O/IHI YHIBEPCUTETH
3MYyILIEH] B MPHUCKOPEHOMY TEMIIl MEPETBOPUTH CBOE TPAIMIIIAHE OCBITY Ha OCHOBI
TEXHOJIOTIA JMCTAHIIHOrO HaBYaHHS 13 3aCTOCYBAHHSM CYYaCHHMX HaBYAJIbHUX
TeXHoJjIori» [7, ¢. 2].

He3Bakatoum Ha moOMIMpEHYy OYMKY MpO Te, IO AUCTAHIlIIiHE HaBYaHHS
CTpIMKO HaOupae 0OepTiB 1 MOCTYIOBO BUTICHSE TpaaulidHuii gopmar, abo, sk
MIHIMYM, CTaHOBUTb WHOMY CEpHO3HY KOHKYpEHIIIO, OUIBLIICTh CTYJEHTIB
Bi/3HAyae, mo g0 OepesHs 2020 poky BOHM HE Mald OCOOMCTOrO JOCBITY
OTPUMAaHHS OCBITH B IUCTaHLIHHOMY opmaTi. DaKTUYHO TIABKU OJIU3BKO TPETUHU
CTYJIEHTIB MaJIi JOCB1/I HABYAHHS B AUCTaHIIITHOMY (hopmarti.

3a cinoBamu  pekropa  Pociiicbkoro  €KOHOMIYHOTO  YHIBEPCUTETY
im. I'. B. [Inexanosa B. I. I'puinmnna, «sKio y Bac HeMae npooJieM, 3Ha4YUTh, Y Bac
HeMae auctaHTay. CTpyKTypu3alis HpoOsieM mepexoay Ha JUCTAaHT 3HAYHOIO
Mipoto xapakrtepHa s Bcix 3BO, ski BuMymieHi OynM TEpeXOoAUTH Ha
JTUCTAHIITHY MOJIENIb OCBITHHOTO MPOIIECY.

[lepmnii 610k mpoOiemM — iHCTpyMeHTadbHul. Bukiamadi npoBenu peBi3ito
HasBHUX y HHUX TEXHIYHUX 3aco0iB, 1 Mepill JBa THUXKHI Oyld MPUCBAYEHI
OBOJIOJIIHHIO HOBUM 1HCTPYMEHTApPIEM.
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Hpyruii 010k mpoGiem — MeToauuHuil. Bukinanadi 31TKHYJIUCS 3 THM, IO
HEOOX1THO METOJIMYHO NepeopMaTyBaT HaBYAJIbHI MaTepialiv, 3aBaHTAXUTH iX B
HOBUU TUCTAHIIHHUN Popmar.

I Tperiii Gmok mpoGiem, MOXIWBO, HAMCKIAMHIIMIUNA — TMCHUXOJOTTYHUIA.
Buknanauam noBenocst mepeiTy NeBHUN MCUXOJIOTIYHUEN Oap'ep mpu mepexoji Ha
auctaHT. IIpodecis Bukinagauya € caMme akTOpcbkor. Bukmamauy 6e3 CTyIeHTCHKOI
ayaAMTOpIi MOYYBAETHCS, SIK APTUCT MEPE MOPOKHIM 3aJI0M I TisiiadiB. YacTkoBO 1110
HecTavy >KMBOIO CIUIKYBaHHS KOMIIEHCYIOTb 3aHATTS B (popMaTi BeOiHaAPIB.

Opniero 3 yMOB €(EKTUBHOrO 3/1MCHEHHS OCBITHBOTO TIpPOLECY B
BIIJTAJICHOMY pEeXHMI € HasBHICTh Yy BHKJIaJada 1 cTyAeHTa Komm'torepa (abo
aHAJOTIYHOIO TaJ’KeTa) BIANOBIAHOTO pIBHS, JOCTYI JO I1HTEPHETY, pIBEHb
TE€XHOJIOT14HOT OCHAILIEHOCTI HaBYAJIBHOTO 3aKIany (indopmariitna
1HpacTpyKTypa), HasBHICTh €(PEKTUBHUX OHJIAWH-IIATGOPM JJIsi HABUAHHS 1
OpOCTUH JOCTYN JO HUM, a TakOoX MIJATOTOBKAa BHMKJIAJayiB Ta CTYAEHTIB 10
JTUCTAHI[IHHOTO HAaBYaHHSI.

Inma mpoGnema mojsirae B TOMY, IO NEAarord 3MyIIE€HI BHUKJIAJaTH B
CUCTEMI, fKa /10 IIbOro He MiAroroBieHa. Ha maHuii MOMEHT Mallo BUKIAJadiB
po3yMie, sKi 3 0e3J1iuil pillieHb € HalOUIbII e(EKTUBHUMU 1 IKOMOTa iX HalKpaium
YUHOM peani3yBaTu. B pe3ynbTaTi BUKOPUCTOBYIOTHCS HE HaWBANIIIl MPaKTHUKU
OHJIalH-HAaBYaHHS 1 IUCTaHIIII{HE HABYAHHS MAa€ CKOpIIIE «EKCTPEHUN» XapakTep.
B nanomy BUMajKy 10AaTKOBUM 0ap’€poM BUCTYIHAE TOM (pakT, U0 HA CHOTOJHI HE
LIJIKOM ICHO, SIK1 TEXHOJIOT1i 1 (hopMaTH HAWKpaIUM YMHOM MiTIHyTh KOHKPETHIN
BIKOBOI IpYIU CTY/ICHTIB.

Tpynuomi, moB'sI3aHi 3 AUCTAHIIMHUM HaBYaHHSM, BUHHKAIOTh 1 y CaMUX
CTYJI€HTIB, OCOOJHMBO y THUX, XTO HE BOJIOJI€ JOCTAaTHIM pPIBHEM BHYTPILIHBOT
MOTHBAIli 1 MOTpeOye MOCTIHHOIO 30BHINIHBOMY KOHTpPOJI, SIKMM B JIaHUM yac
ociiabjieHuii. 3rooM IIe¢ MOXK€ MPU3BECTH JO CYTTEBOrO BIJICTaBaHHS Bij
HAaBYAJIBHOI MpOrpaMu Bpa3JIUBUX TPYN CTYACHTIB. Y 3B'SI3Ky 3 KPHU30BOIO
CUTYyalli€lo 06arato MIKOJIAPIB 1 CTYJEHTIB BIAYYBAIOTh TaK0X €MOI[IIHI TPYHOIII],
JUTSI TIOJIOJIAHHS SIKUX TaKOK HEOOX1H1 IEBHI 3yCUJIIJIS 1 pECYPCH.

VYV HalickiagHImINA cUTyalli ONMHWIKCS TpPEeIMETH, 30pIEHTOBaHI Ha
nabopaTopHy 0a3y, Ky JOCUTh CKJIaaHO ouuppyBaTu. CuMyIsITOpIB Jab0paTOpiit
y BIIKpUTOMY JOCTYIl HE ICHYE, a Ti, IO €, YacTO HE BIANOBIAAIOTH PIBHIO
CKJIQAHOCT1 OCBITHIX IIPOrpaM 1 MOJIETIOBaHHI pealbHUX MPOIIECIB.

JleTanizyroun oprasizaiito poOOTH B JUCTAHTI 3a BHJAMHU HaBYAJIbHOL
TISTTBHOCTI, XOT1I0CS O OKpEeMO OMUCcaTH OpraHi3alliio JeKI[ii 1 ceMiHapiB.

Opeanizayis JIeKYI. Buknanaui B 3BO, BUKOPUCTOBYIOTh
Halipi3HOMaHITHImI ¢opMu opranizamii 3aHATh. JIeKIli BUKIATAIOTBCA B PEXKUMI
peaNbHOro 4acy, AOCTYIHI B 3alKCy Ha MOPTaji, BUKOPHUCTOBYIOTHCS 1 T'OTOBI
JeKIii Ha BIIKpUTUX pecypcax. OgHaK HAWMOMMPEHIUMHA (HOpMaMH 3aMIIEeHHSI
3BUYHOTIO JIEKIIIHOrO (hopMaTy CTadu pO3CHIIKA TEKCTY JICKIIi Ta Mpe3eHTalll 10
Hei Ha €JeKTPOHHY MOIITY CTYAEHTIB, a TaKOX PO3CHIJIKA IUIAHY JIEKIIl 1 CIUCKY
BUKOPUCTAHUX JIKEpeN JUIsl CAMOCTIMHOTO MOIIYyKY iHGopMali Ta OCBOEHHS
Marepiany.
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Anani3z pi3HUX cmoco0iB opraHizamii JeKIiifHOoi poOdoTH B JUCTaHUIHHOMY
dbopmaTi mokazye (aKTUUHY HETOTOBHICTh BHIIIB OpraHizyBaTH i1i B aKTHUBHIN
dbopmi 3 go0Ope TMIATOTOBJICHUM KOHTEHTOM. HaWOuIbll HENpOAyKTUBHUM
BaplaHTOM 3 Ha3BaHMX € pO3CUJIKAa IUIaHy JIeKUii 1 JITepaTypd Ha IMOIITY
ctyneHTam. Ane 1 1 ¢opma, 1 Po3CHUIKAa TEKCTy JIeKI[Id BUKOPUCTOBYIOTHCS B
HaBYaHHI B MOTOYHOMY CEMECTpi JIOCUTh aKTUBHO. MOKHAa NPUNYCTUTH, IO B
caMuil HalOMKYUi yac y BukiagadiB 1 agMinictpauii 3BO cknageTsecst po3yMiHHS
HEOOXITHOCTI MaTh B CBOEMY AaKTHUBI JIEKIIMHUN MaTepiaql B TOMY 4YHUCII 1 B
aynioBi3yalbHOMY (hopMmaTi, a TaKoXX HampalbOBAaHUN 3MICTOBHHUM KOHTEHT JJISt
pOOOTH B TOMY YHCIII 1 Y BIAIAIEHOMY PEXKUMI.

Opeanizayis ceminapis. llpoBeneHHsT ceMIHaApChKUX 3aHSATh Mae Habarato
MeHIIe MpoOjieM, HDK opraHizamis JIeKImid. Y pexumi pealbHOro yacy, sK
3a3BUYall, TUIbKU B (hopmaTi BiI€OKOH(EpPEHLIN Mpalio0Th OUIBIIICTh BUKIA/IaviB.
Takox BUKIamaui Juisi oprasizanii OuUTbil €(eKTUBHOT B3a€MO/I11 BUKOPUCTOBYIOTh
bopmy pobOTH B MaJCHbKUX TIpylax, po30MBalOuMd HaBYalIbHI TPyNHd Ha OUIBII
apioHi miarpynu. i a1 dopmu poGoTH HAWOUIBII 3pY4HI IS JUCTaHTA 1 JAIOTh
MOXJIMBICTb CTyJE€HTaM OpaTh aKTUBHY ydacTb B CEMiHapi, a BHKJaJayeBi
MaKCUMaJlbHO MPUAUIMTA yBary KoxkHomy. I[Ipu 1upomy cemiHapcbka poOoTa
(dakTMUHO OpraHizoBaHa oQuiaitH B ¢opMi BIAMOBIAEH Ha 3alUTaHHS BUKJIagaya 1
BIJIMIPaBKH iX 1O €JEKTPOHHIN MOIITI B EBHI TepMIHU. TakoX BUKOPUCTOBYIOTHCS
npoekTHi ¢GopMu podoTu 1 Tectu. lle roBopuTh mpo Te M0 aKTUBHI (QopMu
B3a€EMOJIil BUKJIajJada Ta CTYACHTIB B OpraHizailli ceMiHapchKoi poOOTH 3HAYHO
MEHII TMOMYJSPHI, HIX MAaCHUBHI METOJIM KOHTPOJIO 3HAHb 1 BUKOPUCTAHHS BKE
rOTOBUX HAMNPALIOBaHb 3 MEXaHIYHUM HAOOpPOM OLIIHIOBaHHS Pe3yJbTaTy (TECTH).

OuiHka nepcneKTHB AUCTAHLIMHOrO ¢opmMary HaB4YaHHA. Po3BUTOK
JUCTAHI[IMHOTO HaBYaHHS B CHUCTEMI1 BHUIOI OCBITM B YKpaiHi TpuUBaTUME 1
BJIOCKOHAJIIOBATUCA B MIPYy pPO3BUTKY IHTEpHET TEXHOJIOTI 1 BJOCKOHAJIEHHS
METO/IIB JMCTaHIiiHOro HaBuyaHHs. OJIHAaK MepexiJ CBOro HaBYAHHS TOBHICTIO B
OHJIaliH-pOpMAT TMOJIOBHHA CTYACHTIB HE TOTOBa HABITh pPO3rsigaTH. TpeTuHa
CTYJEHTIB BIJ3HA4YalOTh, II0 peaji3yBaTh TaKUH Mepexili MOKHAa YaCTKOBO B
3QJIKHOCTI Bl cienudiku TOCTIKYBaHUX JUCIUTLIIH.

i mani HiTKOM MIATBEPAKYIOTh CydacHY TEHJCHIIIO Ha MOCTYMOBHH Mepexin
ocBiTH 10 Mozeni blended learning, B sikiii KOMOIHYIOThCSI TpaJuIliiiHE HaBUAHHS 3
JUCTAHLIMHUMHM Ta OHJIaMH-MeTomaMu. 3okpema, 1. J[xosci, [[x. Doctep Ta iH.
BII3HAYAIOTH, 1110 «3MIlIaHEe HABYAHHS MOYKE TO3UTUBHO BILIMBATH 1 A1MCHO BIUIMBA€E HA
JOCSTHEHHS YYHIB, OCOOJMBO KOJM BOHO BHUKOPHUCTOBYETbCA IS YIPABIIHHS 1
MATPUMKH AUCTAHIIITHOTO HaBYaHHA. Ha MibkHapoHOMY piBHI MU CIIOCTEPIrAEMO PyX
710 3MIIIAHOTO HABYAHHS B BEJIMKHX 3aKJIaJaX BUIIOT OCBITH ».

3 ypaxyBaHHSIM BHKJIaJI€HOIO0 HEOOXIIHO MOEAHYBATH IUIIOCH PEAJbHOIO 1
BIPTYaJIbHOTO OCBITH. BipTyalbHHM, AMCTAHIIMHUM €TaloM HaBYaHHA MOXYTb
OyTH NeKIlii, cCeMiHapH, BIpTyalabH1 JaOOpaTOPHI pOOOTH B EKCTPEMAIbHIUX YMOBAX
(mpukiag naHAeMis, TPOKUBAHHSA BUKJIaJaya 1 CTyACHTAa HA BIAJAJCHUX OJUH BiJ
OJIHOTO TepUTOpLAX 1 T.11.). [IpoTe, 61nbLIICT TaOOpaTOPHUX POOIT, 3aTIKH, ICTIUTH,
3aXUCT KBaJi(pikamifHUX poOiT 6akaHO MPOBOJUTH OYHO.
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BucnoBku. Ilepexiny Ha auctaniiiHuii dopmar poOOTH BUIIOT HIKOIH
VYkpainu, 3a OIIHKaMH CTYJEHTIB, OyB 3A1MCHEHUH MJOCHUTH OINEpPaTUBHO 1
edextuBHO. OnHAaK TpobiieMa BIPOBAIKEHHS 1 aKTUBHOTO BUKOpUcTaHHS LMS-
CUCTEeMHM (CHUCTeMU JAUCTaHIitHOT ocBiTH) 3BO 3HaX0auThCS Ha TOYATKOBOMY €Talli
1 notpedye I0MAaTKOBOTO CTHMYJIIOBaHHS BCiX CYO'€KTIB OCBITHBOI'O MpPOIIECY.
AHani3 OIIHKM OpraHi3alii OCBITHHOI'O IMPOIECY MiJl YaC BUMYIIEHOTO JIUCTAHTa
J03BOJIsSIE 3pOOUTH BUCHOBOK MPO T€, 110 1 JIEKIli, 1 cCEMIHAapU OyJid OpraHi3oBaHi B
OCHOBHOMY B TIacCMBHOMY (opmaTi - €JIeKTpOHHA TMOIITa 1 CHUIKYBaHHS B
MeceHpkepax. OCHOBHUH yriop OYB 3p00JIeHUI Ha CAMOCTIMHY pOOOTY CTYJICHTIB 1
3BIT TIPO 1110 pOOOTY BUKJIAIA4ECBI.

Ananiz 3apyODKHOTO JOCBiAy TIEpexoJy Ha JUCTaHT B YMOBaX MaHAeMIi
JI03BOJIIE BUSIBUTU Psifl IPOOJIEM, 3 SIKUMHU CTUKAEThCS 1 YKpaiHChKa ocBiTa. YacThHa
Mas03a0e3MevyeHruX CTY/ICHTIB BIJIMOBJISATHCS Bl BUINOI OCBITM Ha KOPHUCTb OUIBII
HarajgbHUX NoTped. B mepury depry e crocyerhcsi KpaiH 3 BHCOKOIO ILUIATOIO 3a
HaBuanHs (CIIA, BenukoOputanisi, ABcTpais Ta iH.). AKTUBHUM Niepexil Ha OHJIaiH-
OCBITY MOKE€ BIIKMHYTH IIi KpaiHM Ha KUTbKa POKIB Ha3aJ B MHUTAHHIX PIBHOCTI MK
CTYZIEHTaMH 3 PI3HUX COL1aJIbHO-€KOHOMIYHHX T'PYII.

3MiHM TOBUHHI BiAOyTUCS B JISUIBHOCTI CHIBPOOITHUKIB 1 BHKJIaJayiB
yHiBepcuTeTiB. 1[o6 OyTH KOHKYpPEHTOCIIPOMOKHUMH, IM JOBENETHCS OCBOIOBATU
TEXHOJIOT1i BOJOIHHA 1H(QOpMaALIHHUMU pecypcaMu, THCTPYMEHTaMHU, B3a€MOJIII 31
CTyJIeHTaMU B OHJIaiiH-popmaTi. Toil, XTO 3MOKe 1€ Kpaiie 3poOuTH, Toi 1 Oyae
KOHKYPEHTOCTIPOMOKHUM B HOBIW akaJeMIYHOMY CEpeloBHUIll. AJie TPU LIbOMY HE
CIiJl TMepeOUIbIIyBaTH 3HAYMMICTh IHCTPYMEHTIB, B TOMY YHCIl LHUPPOBUX
texHosorid. HaiBaxknupimuM (pakTopoM e(EeKTUBHOCTI OCBITHBOTO MPOLECY
3QJIMIIAETHCS MpodecioHami3M caMoro BUKIaJada K HOCIS Cy4acHUX 3HaHb 1
HABHYOK, 5Kl BiH MIepeJiae CTyICHTaM.

baraTtboMm, HaBITH XOPOIIUM «TPAJAMIIMHUM» BUKJIaJadyaM Opakye HaBUYOK
pobotu B udpoBomy cepenonuiii. HaityacTimme y HuX He OyJio JOCTaTHRO Yacy i
MOTHBAIIIl HA OCBOEHHS HOBHX IHCTPYMEHTIB, NEPEOYIOBY OCBITHBOI'O MPOIIECY,
HIATPUMKH 3 OOKY TEXHIYHUX CIY>KO YHIBEPCHUTETY, K1 BIAIIPAlOTh BaXKIUBY POJIb
MpU BOPOBA)KCHHI HOBUX TEXHOJIOri. HaBuaHHs BuUKIama4yiB B Taki CTHUCII
TEPMIHH, K MPABUIO, 3BEIOCS 1O IHCTPYKTUBHUX BHYTPILUIHIM Hapaj, KOPOTKUM
BeOIHApIB BiJl €KCHEPTHOIO CIIBTOBAPUCTBA, PEKOMEHJAAIIN Ta IHCTPYKLIM IO
poOOTI 3 PpI3HUMH cepBicamMu 1 IuIaTpopMaMM, pPO3MIIMIEHUMH Ha calTax
oprasizauiid. [IuTaHHs NeAaroriyHOTO AW3aiiHy 1 OMpPALIOBaHHSA MPOEKTIB KypCiB
HaBIThb HE CTAaBWJIMCS B MOPSAKY MEpexoay Ha JucTaHiliiiHe HaB4yaHHs. Lle Oyno
BUIMPABAAHO BHACTIIOK (OPC-MAKOPHUX OOCTaBHMH, SKI 3MYCHJIM BHIII
MOOUTI3yBaTH BC1 HasBHI pecypcu 1 3pOOUTH PUBOK B MAacCOBOMY EKCTPEHOMY
BIPOBA/PKCHH]1 JUCTAHIIIMHUX OCBITHIX TEXHOJIOTIM, ajge HE MOXE BBaXKaTHUCS
3aJI0BUTbHUM B IJIJAHOMIPHOMY BUKOPHMCTAaHH1 IHCTPYMEHTIB OHJIaitH-HABYaHHS, 110
BHUMarae Habarato TpUBAJILIOTO Yacy.

EnexTpoHHUI KOHTEHT, CTBOPEHHWM Ui BHUPIIICHHS BUKJIMKAHUX MaHIEMIEIO
KPU30BUX CBHOTOXBWJIMHHUX MpoOJeM, CIiJl BIAPI3HATH Bl TMOBHOLIHHMX OHJIAIH-
KYypCIB, K1 nepen0ayvaroTh CTBOPEHHS THYYKOT'O IHTEPAKTUBHOT'O
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«CTYACHTOLIEHTPUYHOT0» OHJIaH-CEPEIOBUILA /Ui KOHTPOJIHOBAHOIO OCBOEHHS 3HAHb
1 HABUYOK YUYHSIMH. [, SIK HACTIIOK, - HEMAE M1ICTaB CYAUTH MPO €PEKTUBHICTb OHJIANH-
HaBYaHHS B LUIOMY JIMINE 32 TUMH pe3yjbTaTaMH, Ki OyIyTh OTPUMaHI B I[bOMY
«rJ100aTbHOMY €KCIIEPUMEHTI» €KCTPEHOT'0 MEPEX0/1y Ha TUCTAHI[IHE HABYaHHSI.

[Ipu nepexoai B OHIaiH, IPUPOJAHO, BUHUKAIOTH HOB1 POJI1 Y CHIBPOOITHUKIB
YHIBEPCUTETIB, MOB'I3aHUX 3 MEHEI)KMEHTOM 1 CYIPOBOJOM OCBITHBOTO IMPOIIECY.
Ownnaiin — ne He a”apxiga. Komu xodem — Tomi 1 nuBuiics Jiekiii. Bona Bumarae
MNIATPUMKH €JIEKTPOHHOTO PO3KJIaay, PO3IMOAUT OCBITHBOI ISJIBHOCTI, 3aBIaHb.
Benuka uactmHa 3 mporo Oyae mepeBeieHa B eleKTpoHHUM ¢dopmat. byne
BIIPOBAXKYBATHUCS €JIEKTPOHHUN LU(POBUI MiANUC BUKIAAA4YiB, BIAMOBIIATBHUX
aJMIHICTPATOPiB 1 MEHEIKEpIB OCBITHBOro mpouecy. | 1me Tex NpPUHLIUIIOBO
3MIHUTH HABYAJIbHUI MPOIIEC.

Uu o3Hayae mepexij Ha AUCTAHIIMHI OCBITHI TEXHOJOT1i, SIKMH BinOyBCS
3HAYHOI0 MIpPOI0 BHUMYIIEHO, 3axiJ KiacuyHoi ocBiTM? Ha Hame rimboke
NEepeKoHaHHs, e JajeKo He Tak. Sk 1 B OyJb-sKill CKIaJHIN CIIpaBi, U0 BUMAarae
CUCTEMHOr0 TMIAXOJMy 1 BpaxyBaHHS IJIOTO KOMIUIEKCY B3a€MOMOB'SI3aHUX
(haxTopiB, TAKOT'0 POAY KpaiHOII1 MIKIJJTMBI 1 HABITh HEOE3IEUHI.

Hiski  BigmajgeHi  TeXHOJOrii  HE  3aMiHSITh  BHHSATKOBY  POJb
«YHIBEPCUTETCHKOI'O CEPEIOBUIIA», CaME€ OYHE 3aHYPEHHS B SIKY Ja€ HE TUIbKHU
POMaHTHYHI CHIOTaJH MPO Kpallll CTYJEHTChKI POKH, ajie 1 popmye sapo MailOyTHIX
npodeciitnux cmiBToBapucTB. OCOOMCTI KOHTAaKTH 3 MpodecopoM, eKCHepTOoM,
HAyKOBUM KEpPIBHUKOM HIYMM MOBHOIIIHHO HE 3aMIHUTH. A HaBUYKHU JIIOACHKOIO
CHUIKYBaHHS B aKaJeMIYHOMY CEpeJOBMIII B 3HAYHIA Mipl BU3HAYAIOTh
KyJIbTYpHUHN PIBEHB JIOJUHU 1 JIIOICTBA B MalilOyTHHOMY.

ToMy, Ha HalI MOTJISAZ, MOBA MMOBUHHA UTH HE MIPO NPUIYIICHHS a00 3aMIHU
OJIHIET OCBITHBOT TEXHOJIOT1] Ha 1HIY, a IPO PO3YMHE iX MO€IHAHHI, 1OMaraloyuch
MTOCUJICHHS MepeBar 1 ocaabIeHHs HeIOIIKIB KOXKHO1 3 HUX OKPEMO.
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3 IOCBIJY 3AJYYEHHS POBOTOJABIIIB
JIO OPTAHI3ZALT TA PEAJIBALIIL OCBITHLOI'O MPOLECY

IIpog., ooxm. gpinon. nayxk H. @. bananoina,
ooy., kano. ¢inoc. nayk B.Il. Kyoxo
OoecvKuil HayioHaIbHULL noIimexHiYHui yHisepcumem, m. Qdeca, Ykpaina

[TinroToBKa 3100yBauiB BUINOI OCBITH 3a criemiaibHIicTIO 061 XypHanicTuka
B O1eChKOMY HAI[IOHAJIBHOMY MOJITEXHIYHOMY YHIBEPCUTET1 MpoBoaUThC 3 2017
POKY, MICJII TOTO, KOJIM HOro OyJio BKIIOYEHO B peecTp Acoriallli eBponenchKux
yuiBepcuteTiB (1999 p.), Biakputo rymaniTapHuit @akynsrer (2001 p.) 1
HAaKOMMYEHO HEOOXIAHUH JOCBiA B IAPHUHI T'yMaHITapu3alii BUINOT TEXHIYHOI
OCBITM Ta JOCATHEHHI OajaHCy MDK TyMaHITapHUM 1 TEXHIYHUM MNpOQUIIMU
npodeciiftHoi MIAroTOBKU. JIOIIIBHICTH MPOBAKEHHS OCBITHBOI ISTIBHOCTI
MNIATBEPIKYEThCS ~ 3apyODKHUM  JIOCBIIOM,  HAIlpPUKIAJ,  CIELIaJbHICTb
npeactaBieHa y 512 waBuanbHux 3akiangax CIIIA, 3HayHa KIUIBKICTH SIKUX
TEXHIYHOI'O CIIPSIMYBaHHS.

I3 npuennanusm VYkpainu 10 bBollOHCBKOro mpouecy, MNOCTYIIOBORO
IHTETpalie€l0 B €BPONEUCHKUNA OCBITHIM MPOCTIp, MPUUHATTSAM HOBOTO 3aKOHY
VYkpaian «[Ipo Buiy ocCBiTY» 00JMYYs KYPHAJIICTCHKOI BHIOI OCBITH 1 ii
KJIFOYOBUHM CKJIAJIHUK — OCBITHSI MpoOrpaMa — IMOCTYNOBO 3MIHIO€ThCs. BogHouac
Opakye mpanb, y SKUX OM Ha KOHKPETHHMX IMpHUKIagax OyJ0 MOKa3aHO JIOCBIJ
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yKJIaJaHHs HOBITHIX OCBITHIX MpPOrpaM, TEXHOJOT1YHI MOMEHTHU NPOEKTYBaHHS,
CrocoOM BU3HAYEHHS KIHIIEBUX IIIeH, eEeKTUBHICTh 3B S3KIB 13 3al[IKABICHUMU
CTOPOHAMH TOUIO.

MeTo10 pO3BiIKM € BUCBITIEHHS JOCBIAY Oprasizauii i po3poOKH OCBITHBOT
nporpaMu 13 KypHalIiCTUKH B OJeChKOMY HAI[IOHATBLHOMY TOJITEXHIYHOMY
YHIBEPCUTETI1 3 aKIICHTOM Ha 3ajlydeHH1 poOOTOaBIIIB /10 OpraHi3ailii Ta peanizaii
OCBITHBOT'O MPOIIECY.

Peanizamnis Metu nependavae oriisii TEHACHIN PO3BUTKY CHEIIaIbHOCTI Ha
PUHKY Mpalli, ypaxyBaHHs rajdy3eBOT0 Ta PEriOHaJIbHOTO KOHTEKCTIB, 3’ sCyBaHHS
1HTepeciB poOOTONABIIIB Ta iX 3aJ1y4Y€HHs J0 Oprasizaiii Ta peanizalii OCBITHBOTO
npoLecy.

MeTo100TTYHOI0 Ta METOJAMYHOI0 OCHOBOIO B POOOTI HajJ MIPOrpamoro
ciyryBajia Hu3ka 1H(GopMmaniiHux mkepen. KpiM HOpMAaTUBHHUX JOKYMEHTIB
JEP>KaBHOTO 1 BHYTPIIIHbOYHIBEPCUTETCHKOTO PIBHS, SKUMU KEpPYEThCs Oyab-sika
OCBITHS TmpodeciiiHa Tmporpama, HaJIIMHUM OpIEHTUPOM Oyld METOJIUYHI
peKkoMeHaarii B. M. 3axapuenka, B. L. JIyrosoro, FO. M. PamikeBuua,
K. B. TananoBoi [5], po3po6iieHi Ha ocHOBI HOBOro 3akoHy Ykpainu «IIpo Buiry
OCBITY» 1 JOKYMEHTIB €Bponeicbkoro npocropy Bumioi ocBith; «HamionansHui
OCBITHIM riocapiit», yknaaenuit B. M. 3axapuenxom, C. A. KanamHikoBoio,
B. I. JIyroBum, A. B. CtaBunibkum, FO. M. PamkeBuuewm, K. B. Tananosoro 3a pex.
B.T'. Kpemens [4]; MeToauuHuii TOCIOHUK «AKpeauTallisi OCBITHIX TporpamM (3a
marepianamu npoekty QUAERE)» [1], TiymaueHHs uMClIeHHI BeOiHApH, IO
npoBosAThca HalioHanbHOIO areHii€ero 3a0e3MedeHHs] SKOCTI OCBITHM Ta 1H.
@dopMyl04M KOHLENTyaldbHYy OCHOBY OCBITHBOI Mporpamu, poboya rpyrma
ypaxoByBaJia, 3 OJHOr0 OOKY, MOIJISAM BITYM3HSIHOI aKaJeMIYHOI CIUIBHOTH,
3okpema C. M. Kgita, B. B. JIuzanuyka, B. B. Pizyna, €. M. ®denuenka FO. B.
denopuenka;, a 3 Jpyroro, 3Baxkajga Ha JUCKyCli moao pedopMyBaHHS
KYPHAJIICTCHKOI OCBITH, III0 TOYaThCI B MacMeiiHOMYy cepenoBulli (Oris auB.:
[2, c. 1]). LlinHuM BusIBHCS 3apyODKHUM JOCBIJ, MpEACTaBICHHI B poOOTax
b. [lesic, M. Benan, I.Jlepuep Ta iH. I XO04 BHCIOBICHI HAyKOBISIMH,
MeJlaeKcrepTaMu Ta )KypHaIICTaMHU JYMKHU JIEUI0 PI3HATHCSA, B OKPEMUX MOMEHTAX
BOHU HaBiTh OMO3MIIIIHI, BAXJIUBO, 10 OUIBIIICTh 3 HUX 3aCBiAUy€ HEOOXITHICTH
YHIBEPCUTETChKOI (OpMH HaBUaHHS, fKa HE 3aMUKAE€TbCS BHUKIIOYHO HA
TEXHOJIOTTYHUX BMIHHSX, NPUTAMAHHUX IIKOJAM >KYPHAJIICTUKH, a (QopMye y
CTYJIEHTIB IIKUpoKe OaueHHs mpodecii, ypaxoByrouu 3anuTi podoronasuis. [Ilono
3aJIydeHHsT POOOTOJABIIB JIO TMpPOIECIB 3a0E3MEeUeHHs] SKOCTI, TO «MOKHA
KOHCTaTyBaTH, 110 POOOTONABIIl Ta MPEICTABHUKU MPOMHCIOBOCTI, O€3yMOBHO,
3alllKaBJICH] B MIJBUIICHHI IKOCTI BHIIOI OCBITH, OCKIJIBKM BOHA BIIJIMBA€ Ha SIKICTh
BUITYCKHHKIB, K1 € IXHIMM MailOyTHIM MpaiiBHUKaM» [6].

[IpoBamkeHHs OCBITHBOI NisNIBHOCTI 31 cnenianbHocTi 061 JKypHanicTuka B
OpnecbkoMy HaI[lOHAJIIBHOMY YHIBEPCUTETI MPOJMKTOBAHO YCTAJICHOIO TEHACHIIIEI0
a0 1HTeHcudikamii 1HQOpMaAUIMHUX TMOTOKIB, PO3LIUPEHHS 1H(OpPMAIIHHOTO
MPOCTOPY, 3pPOCTAaHHA MOMUTY Ha (axiBIUIB, 3JaTHUX PO3B’A3yBATH CKIIAJHI
cHeljani3oBaHl 3aBJaHHsA B Mefiacdepi, a TaKoXK OO0'€KTUBHMMH TOoTpedamMu
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perioHy, y sikomy (QyHkuionye 35 TtenepaniokoMmmaHii. Biarak mpu po3poOiri
POrpamu:

Mo-mepie, ypaxoBaHO  NOTpe0y  perioHaJbHUX  pOOOTOMABIIIB B
VHIBEpPCAIIBHUX KYpHAJICTaX, 3JaTHUX BHUKOHYBaTH OOOB’SI3KM HOBHUHAapa,
CTBOpIOBaTH ¥ 00poOasATH (OTOKOHTEHT, PO3POOJSATH AU3aiiH; MaTu 0a30Bi
HAaBUYKH BiJI€O- Ta ayJIOMOHTaXy Touo. Came 1el YUHHUK 3yMOBHUB OCOOJIMBOCTI
MPOrpaMH i, BIATIOBIIHO, 1001p OCBITHIX KOMIIOHEHTIB Ta PE3Y/IbTAaTiB HABYAHHS;

no-pyre, 3 mepexojoM TpaauliiiHux 3MI Ha MynbTHMeRiiH1 mIaThopmu
3’gBUIIacsT HEOOXIAHICTh 3HATHUCA Ha OCOOJMBOCTSIX POOOTH OHJIAMH-peAaKiii,
MepeKeBoi KOMYHIKallii, mpaitoBaTu 3 big data ta 3miicHioBaTH (dakTdyekidr. Ls
TEHJICHI[IS1 3yMOBHJIA BKJIIOUEHHS TaKUX JUCHUIUIIH, K «HTepHET-)KypHATICTUKAY,
«OcHoBu  rpadiuHoro auzanHy», «OOpoOka iHdopmalii 06a3  AaHUX»,
«Komipantunry, «@akTyeKiHI»;

MO-TPETE, 13 MOCWICHHIM KOMEPUIMHUX 1MIEPATUBIB CTAIM 3aTpeOyBaHUMHU
€KOHOMIYHI 3HaHHS, 110 CIIOHYKAaJO J10 BNPOBAHKeHHS 000B’3k0BUX («OCHOBU
MEHE/KMEHTY  MeNiaiHaycTpii») Ta BuOipkoBUX («MeniaekoHOMIKa»  Ta
«BugaBHUYMI MEHEIPKMEHT)) OCBITHIX KOMIIOHEHTIB,;

MO-YETBEPTE, 31 3pOCTAHHAM BIUIMBY ayJUTOPii HA Mac-Mellia, aKTUBI3aLI€l0
IpOMAJICHKOI AYMKH HEOOXITHUM € BUBUEHHS KOHCYINIIMHUX MepeBar CroXuBayiB
MeIanpOayKTy, HAJIAroJKeHHsI 3B'S3KIB 13 PI3HUMH COI[IAJIBHUMHU TPYIMaMH, 110
3yMOBWJIO BBEIECHHS MAUCHUILUIIH «MeToau BHBYEHHS TIPOMAJICBKOI JTYMKH»,
«IIcuxonorist Mmac-mezia.

[Ipu migroroBui OIl OpaBcst A0 yBaru ramy3eBuil 1 periOHaJIbHUM KOHTEKCT,
30KpeMa 3JaTHICTb BUITYCKHHKA IO pealIbHUX MPAKTUK Y JIOKAJIbHUX MacMesia, sikli B
Opneci MaroTh copMoBaHy Bxke 3 Tou. 19 cr. Tpaauiito [3]. Tak, CBoi mpomno3uiiii o10
pEriOHAJIbHUX MEPCIEKTUB PO3BUTKY MPOrpaMu BUCIOBIIOBaIM B. Mopo3oB, rooBHMiA
CHEIaIiCT YIpaBIiHHS MpeACcTaBHUKIB HarlioHanbHOT paay 3 nMuTaHbh Tesle0avyeHHs 1
paniomoBiieHHs B Oniechkiii o0nacri, 1. JliopaieBa, miap-menemxep TOB «Crap Taiim»;
O. l'asisic, 3actynHuk penakropa razetu «llopro-hpankoy Ta iH.

HaBuanbHuil KOHTEHT C(OKYCOBAHO Ha EKOHOMIYHUX, KYJIbTYpHUX,
MDKETHIYHUX MPoOJieMax Periony, a BiATaK CTBOPEHHI IPAMOTHOT'O MEII1aPOAYKTY
Ha 3a/JaHy TeMy. 3 II€I0 METOI0 BIPOBAIHKEHO IUCHUILTIHU «PerioHanbHui
MEHEKMEHT» 3 pe3yJbTaTOM HaBYaHHS — 3HATU OCOOIMBOCTI MPOLECY YIPABIIHHS
perioHaIbHOI €KOHOMIKOI0, Horo (Gopmu Ta opraxizaiito, «CoriaabHa podorta 3
€THIYHUMHU MEHIIWHAMMW» 3 Pe3yJbTaTOM HABUYAHHS — JIEMOHCTPYBATH PO3YMIHHS
€THOKYJIBTYPHUX OCOOJMBOCTEH, YMIHHS OL[IHUTH PiBEHb ajamnTaiii, nepeadaunTu
MOXJIMBI TTPOOJIEMHU B MDKETHIUHIN B3aEMO/III.

VYpaxoByloun perioHalbHUI KOHTEKCT, 30kpeMa Onecu K TOProBeIbHOrO,
KyJIbTYpHOTO 1 pEKpealiiHOro HEHTPY, 3 BHUPAXKEHOIO MOTpebor y ¢axiBuix 3
pekiamu 1 miapy, BBeeHo qucuuiuiinu «Teopis 1 mpakTuka pexiamuy», «Teopis i
npaktuka PR», «KpeatuBni texHonorii B pekinami ta PR», «IMmimxkonoris» 3
BIJIMOBITHUMU Pe3yJIbTaTaMU HABYAHHSI.

PerionanbHuii acnekT po3poOisieTbes 3400yBauaMHM OCBITU B HAayKOBIM
po0OTi, a TAKOXK y TBOPUOMY JIOPOOKY, 30KpeMa B MPOeKTi «MoJIOiPKHA MOTITHKA
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st OTT' OpemmHuy», ydwacTi y Tpe3eHTalli perioHajgbHOl TPaHCKOPIOHHOL
noJiituku JlyHalicbkoro 0aceifHy Ta iH.

VYpaxoByloun JAWHAMIKY MEAIapUHKY, YIPOBAJKEHHS Tally3eBOoro 1
PErioHaJIbHOTO KOHTEKCTIB MAa€ 3HAYHY MEPCIIEKTUBY.

I[Ipu po3pobui OIl ypaxoByBamucsi 1HTepecH poOOTOAABIIB, SIKi
O3BYUYyBaJIUCSA Ha 3aciiaHHsAX kadeapu, Kpyrmx cronax 1 T.1H. KpiMm Toro,
poOoTonaBui Opaidu ydyacTh B EKCHEPTHIM OIIHI[I HPOrpamu, BHUCIOBIIOBAIH
noOakaHHd TMiJ Yac BUPOOHUYOI 1 NEPeAJUITIOMHOI MpakTHK. bulbmiicTh
mpomno3uilii  O0ys0 BpaxoBaHO, 30kpema, mnpomnosuiii HO. A. PaGoTiHa, royioBH
npaBimiHHs  Opechkoi  perioHanbHOi opranizamii  HCXKY, O. O. Xopomioro,
renepanbHoro nupekropa TOB «CTAP TAUM», mO3HAYMINCS HA BH3HAYCHHI
(dhoKycy Ta YHIKaJIbHOCTI MPOTrpaMH, 30KpeMa HEOOX1JHOCTI MIATOTOBKHA HE BY3HKO
OpIEHTOBAaHOIO, a YHIBepcalbHOTO  (axiBls, 34aTHOrO MpaliOBaTH Ha
MYJIBTUMEIIHHUX TIaTdopMax B ayAioBizyanbHuX Ta IHTepHeT 3MI Ha mocagax
KypHaAIiCTa, peaakTopa, (POTOKOPECTIOHJIEHTa, MeJlaMeHeKepa, a TaKoX
pekiamicTa, GaxiBi 13 3B’SI3KIB 3 TPOMAJICHKICTIO T4 BHJIaBHUYO-MOJIrpap1yHOTO
BUpOOHULITBA; pedrekcii npeactaBHukiB Tenekananmy CTh B 0oco0i reHepaabHOTO
pexucepa O. —P. flkoBenuyk; FOxxHeHChKOT MichKO1 cTynii Tenebauenus «MUI —
mupexktopku  O. B. 'onoenko; Ttenexkanany TAK TV (M. MukonaiB) —
reHepanbHoro mnpoatocepa I'. O.['onoBueHka Ta 1H. 3yMOBUJIM BIPOBAJKEHHS
JUCIUIUTIH  T€XHOJOTTYHO-NIPAKTUYHOIO chpsiMyBaHHS: «DOTOXKYpHAIICTUKAY,
«MeTtoau BUBYEHHS TPOMAJICHKOT JYMKW», IEPEHECEHHS 3 BUOIPKOBUX KOMIIOHEHT
B 000B’s3k0BI  «OcHOBU TpadiyHoro auzaiiHy», «lHTEpHET-)KypHAIICTUKA,
3aro4YaTKOBaHO BUOIPKOBUHM Kypc « ToJIepaHTHICTh Ta AUCKPUMIHALIIS Ta 1H.

CrpusiTIMBUM MalIaHYMKOM I Aiajiory OyJio OmUTyBaHHS poOOTOAABIIIB
yepe3 odimiinuii web-caiit OHITY, o06roBopenHss mpoOiemM KypHaJiCTChKOI
OCBITH B Mejia.

[lonpu Te, 110 IeAK1 IPYNU CTEUKXOIAEpiB HEe Opanu 6e3MmocepeIHbOi yyacTi
B po3poOui OIl, ixHi iHTEepecH 3’sCOBYBaJIUCS 1 MOYACTH BpaxoByBaluca. [neTscs
HacaMmIiepesi Mpo BUNYCKHUKIB YHIBEPCUTETY 3a IHUIUMHU CIEUIaJbHOCTIMHU, SKi
MpaloTh y 3aco0ax MacoBOl KOMYHIKAI[ll Ha TOcaiax >KypHallicTa TejaebadyeHHs,
med-penakropa, Iiap-MeHeIKepa, MEHEe/DKepa pEeKJIaMHO1 areHIlli, MeHeIKepa
doTocTyaiil 1 sAKi y mpUBaTHUX Oecigax 3 poOOUYOI0 TPYMOI0 PajWiv MOCHUIUTH
NPUKIAAHUA CKJIAJHUK JKYpPHAIICTCHKOI OCBITH, a TaKOX MPUAUINTH yBary
MeaiaMeHKMEHTy; Menia-TpeHepiB (B. I'onyOeBa, koHcynbTanTa Paau €Bpomnu,
3aCHOBHMKA UIKOJIM YHIBEPCAIBHOIO >KypHaiicta; B. MocToOBOro, KOJHIIIHBOTO
TOJIOBHOTO peJaKkTopa THXHEBUKa «J[3epkasio TwxkHs», ronoBu Kowmicii i3
KypHanicTchkoi etuku; [. CrnaBiHCHKOI, TPOMAACHKOT AISTYKU, MPOJIIOCEPKHU Paaio
«Kynbrypa», n.nen. H.; mpodecopa T. B. [BaHoBOi, (axiBIisg 3 MeaiarpaMOTHOCTI,
Ta 1H.), TOpaau SKUX MPUCTYXKUJAcs B A00OpI OCBITHIX KOMIIOHEHTIB, IO
3a0e3neuyloTh Takl pe3ylbTaTH HaBYaHHS, SK HEOOXIIHICTh JOTPUMAaHHS
npodeciitHoi eTUKH 1 JOOPOYECHOCTI, YMIHHS KPUTUYHO MUCIIHUTHU Ta 1H.

3 MmeToro 3abe3nedyeHHsl SKOCT1 OCBITHM BHMIYCKOBa Kadeapa CHIBOpPAIIOE 3
JEp>)KaBHUMHM Ta NPUBATHUMHU IHCTUTYIIIMM HAa OCHOBI YKJIAJEHUX JIOrOBOPIB
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(Onecpka perioHalbHa opraHizamis HaiioHanpHOI  CHUIKH — KYPHATICTIB,
HamionanbHa panga 3 nutaHb TenebaueHHs 1 pagioMoBieHHs B Onecbkiii obacTi,
TOB «CTAP TAWM» Ta iH.), a TaKoX) Yroj IpPO INPOXOKEHHS NPAKTUKH.
3BOPOTHUI 3B’SI30K MIIATPUMYETHCS 4Yepe3 €JIEKTPOHHE AHKETYyBaHHS Ha CauTi
yHiBepcuteTy. Tak, 3a OCTaHHIMHU OIlIHKaMH POOOTOMABIIIB, 3HAHHS Ta HABUYKH
3100yBaviB € BUCOKUMH (55,68%) 1 noctatHiMu (46,59%).

[lopagu poOOTONABIIB YpaxOBYIOTbCS B YKJIAJaHHI TEpPeNiKy OCBITHIX
KOMIIOHEHTIB, HEOOXIJHOCTI BK/IIOYEHHS HOBUX 1/a00 BJIOCKOHAJICHHS 4YH
BUJIyYEHHS HasBHUX KOMIIETEHTHOCTEH Ta pe3yJbTaTiB HaBYaHHS, MPH PO3TJIIAI
OKpPEMHUX MPONEAYp MPAKTUYHOI MIATOTOBKU, TEMapi0 HAYKOBO-TOCIIIHUX POOIT.
[Ipono3uiiii po60TOAABIIB € AKTYaIbHUMH P po3po011i HABYAIbHUX JUCUUIUIIH B
nijioMy abo OKpeMux iX TeM. Y rpoiieci OOrOBOPEHHS aHaNI3yeTbCsl PIBEHb
chopmoBaHOCTI TpoeciiHUX KOMIIETEHTHOCTEH 1 pe3yibTaTiB HaBYaHHS
CTYJI€HTIB, BiJ[3HAYalOThCS 3400YTKH Ta MpPoOJIeMH1 30HHM OCBITH. Taki 3ycTpiui
BIIKpUBAIOTh TAaKOX TIEPCIEKTUBU [JIsl CHIBIpall, 30KpeMa IMpu MPOBEJCHHI
TpaauLiHuX i Kadenapu MiKHApOAHMX HAYyKOBO-TIPAKTHUUHUX KOH(EPEHIIIH,
yIlIaHYBaHHI [aM’AT1 3arMOJIUX KYPHAIICTIB.

Opranizamiss Ta peajnizailisi OCBITHROTO MPOIECY TaKOX BiAOYBA€ThCSA 13
3allydeHHsIM poOoTonaBiiB. Tak, y pO3LMIMpPEeHHX 3acimaHHsAX kKadeapu Opaiu
yuacTh mnpodeciitnuii koydu M. PesnikoBa; Menemxepka 3 PR «CycninbHoro
moBHUKa UA: Opeca» 0. MykoHiHa, $Ki HarojiomyBajd Ha (opMyBaHHI
3/IaTHOCTI BUITYCKHHMKA JI0 MOCTIHHOTO NMPo¢eCcIiHOr0 CaMOBIOCKOHATIEHHS, YMIHHI
MpairoBaTd B KOMaHJi, MPOMOHYBaJIM TEMaTHUKy KypCOBHX 1 KBali(ikamiiHUX
pobOIT 3 ypaxyBaHHSM IHTEpPECIB Macmendia; OOTroBOPIOBAIM  MOKIIMBOCTI
npareBiamTyBadia. PoOoTonaBii € HacTaBHMKaMu 3700yBayiB OCBITH TIpU
MPOXOJPKEHHI BUPOOHMYOI MPAKTUKH; OepyTh y4yacTh Yy IIOPIYHOMY 3axo/li
«Ipmapok kap’epu», OpraHi3oBaHOMY YHiBepcuTeTchbkuM Kap’epa-mieHTpoMm;
3anpolnyoTbes sk rojgoBu EK mpu 3axucTi kBanidikauiiHuX pooiT.

3anyueHHSIM poOOTOABIIIB J0 OpraHi3ailii Ta peanizaiii OCBITHHOTO MPOIECy
BIIOYBA€ThCS HAa OCHOBI JOTOBOPIB MPO CIIBIPAII0 Ta IHIIIATUBHUX MPAKTHUK.
VHIBepcUTET 3ampoirye 0 TMPOBEACHHS  ayJUTOPHUX 3aHATh  Kpallux
npodecioHaniB-nmpakTUKiB, EKCIEPTIB, MEI1aTPEHEPIB.

Jlesiki 3 HUX MpaIIOOTh K BUKJIAJayl, 1HIII — Ha Oe3orniaTHid ocHoBi. Ha
0e301uI1aTHIA OCHOB1 MPOBOAATHCS OIHAPHI 3aHATTS MPOBOJAATHCS SK HA TEXHIYHO-
TeXHOJIOT1YHIA 0a31 oaechbkux macMmenia («CycnutbHuii MoBHUK UA: Opecay,
«Tperiit nudposuity, pamioctanuis «lllapk», TPK «Kpyr» Ta iH.), Tak 1 B
ayIUTOpIAX YyHIBepcUTeTy. 30Kpema, Ha 3aHATTI 3 Kypcy «Teopis 1 mpakTuka
pekiIamMu» MTpo CBIA JOCBiA po3MoBiB omeparop «7 kanamny» /[l. bBongapenko;
3actynHuk ronoBu KomiteTy mo pob6oTi 3 Monogumu anBokaramu l. ['po3za Ha
3aHATTI 13 JKYPHAJIICTCHKOT €TUKH PO3KPHUB ICHUXOJIOTTUHO-IOPUANYHHUIA acHeKT
MacMeIiiHO1 AisIbHOCTI; Ha 3aHATT1 «Betyn g0 dgaxy» peaakrop razeru «Ilopto-
®panko» O. amsic BUCBITIIMB  OCOOJUBOCTI APYKOBAHUX BHAaHb OJENIUHU.
3100yBadi € aKTUBHUMHU Y4YacHUKaMM O(QUIaiiH Ta OHJIaiH CEMiHapiB, TPEHIHTIB,
MaicTep-KiaciB BiJ mpodecioHaniB-MpaKkTHKIB.
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Bucnoeku

1. Anroput™m po3poOKH OCBITHBOI MPOTpamMu 13 3a1y4EHHSIM pOoOOTOAABIIIB
MOJIATAa€ y BHU3HAYEHHI MOTpeOM B OCBITHIA Mporpami BIAMOBIAHO 10 BHUMOT 1
3aMUTIB PUHKY TIpaili, (OpMYJIFOBaHHI YITKUX IIJIEH Ta 0COOJMBOCTEH HaBYaHHS,
BIJICJIIIKOBYBaHH1 TEHJICHIIIM PO3BUTKY CIIELIaIbHOCTI Ha PUHKY TIpalli, 3’ CyBaHHI
cnenu@iky rajgy3eBoro Ta perioHaIbHOr0 KOHTEKCTIB.

2. 3a TakuX YMOB BBEJEHHS THYYKHUX OCBITHIX TMporpam, sKi He
HaB’A3YIOThCS, a MPOEKTYIOTHCA 3 YpaxyBaHHSIM peKOMeHAaliil poOOTOoAaBIIB,
0e3yMOBHO Ma€ TO3UTUBHUI BIUIMB Ha OCBITHIM MpoIlec, T03BOJISIE PealbHO
MPOJIEMOHCTPYBATHU 3B’ 30K 3 BUPOOHUIITBOM 1 TAKMM YMHOM CHPUATH BXOKEHHIO
B €BpoInenchKuil OCBITHIN POCTIp.
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ACIIEKTHU EKOJIOTTYHOI'O BUXOBAHHA I YAC BUKJIATAHHA
XIMIYHUX JUCHUILIIH Y 3AKJIAJIAX BUIIIOI OCBITH

Acucm.* FO.B. Botixo, cmyo. ep. A-1-20 €.10. binuk
*Kadenpa ximii
JIninpoecovKuit 0eprcasnuil azpapno-eKoHOMIYHU YHIgepCcUmem
M. [Ininpo, Ykpaina

[louarok XX  CTOMITTS  O3HAMEHOBAaHUN  CTPUMKHUM  PO3BUTKOM
MIPOMHUCIIOBOCTI, a, OTKE, AKTUBHO NTOUYUHAE PYHUHYBATHUCS MPUPOAHE cepenoBuie. |
CBOT'O/IH1 JIIOJICTBO Y€ FOBOPUTH MPO TII0OANBbHY €KOJIOTTYHY KpHU3y. YKpaiHa Mae
MDKHApOJHUN CTAaTyc 30HM €KoJjoriyHoro juxa. s 3oHa oxoruttoe 6au3bko 10
BIJICOTKIB 3arajibHOi IUIONII TepUuTopii Hamoi kpainu. [Ipuponni pecypcu, 30kpema
POCIMHHUN 1 TBapUHHUN CBIT, 3HAXOASTHCA HA MEX1 MOBHOTO BUCHa)XeHHs. B
yMOBaXx Takoi KpU30BOi CUTYallil BAXKJIMBO aKTHUBI3yBAaTH MOIIMPEHHS €KOJOTTYHUX
3HaHb, MIJHATA HA BUCOKHUI PIBEHb E€KOJIOTIYHY OCBITY Ta €KOJOT14HY KYJbTYPY
HACEJICHHsI 1 30KpeMa CTYJEHTChKOT Mool [1].

AHani3 HayKoBOi JITepaTypud JaB 3MOTY BHSIBUTH, II0 caMe€ TJI00aJIbHI
mpoOJieMH CY4YacHOCTi, SIKI HECYTh 3arpo3y >KHUTTIO 1 JIOJCHKIM IUBUII3AIlI],
BUKJIUKAIM HEOOXIJIHICTh €KOJOTIYHOI OCBITH, MOKJIMKAaHOI peani3yBaTH inei
1HGOpPMAIIITHOTO CYCHUIBCTBA, IO CTa€ aKTyaJdbHUM. [lomyK NUIAXIB rapMOHIAHOT
B3a€EMOJIIi CYCNUIbCTBA 1 NPUPOAM TPU3BOAUTH JI0 IHTEHCHBHOI'O IMPOLECY
€KoJIOTi3allii 3arajibHOi KYJbTYpU JIIOJCTBA, 1, K HACIIIOK, — A0 (opmMyBaHHS
Teopii 1 MPaAKTUKU €KOJIOTTYHOT OCBITH.

[lomanpme pochimkeHHs i€l npoOnemu, mnpoBeaeHe @uiocopamu 1
nejaroramMu, J03BOJIMJIO BUIUTUTH HOBUHM aclieKT BUXOBAHHS — €KOJIOTTYHUM [2].

OCHOBHOIO METOI0 €KOJIOTTYHOI OCBITH € (hOPMYBaHHS €KOJIOTTYHOI KYJIbTYPH
MaiOyTHIX ¢axiBUIB 1 CycnuibcTBa B LUIOMY, (OPMYBaHHS HaBHYOK,
(byHIaMEHTAbHUX €KOJIOT'TYHUX 3HaHb, €KOJOTTYHOTO MHUCIEHHS 1 CBIJOMOCTI, 1110
IPYHTYIOTbCA Ha CTaBJICHHI O NPUPOAM K YHIBEPCaJbHOI, YHIKAJIbHOI IIIHHOCTI.
Came TOMy e€KOJIOTiYHA OCBITa, 3 OJHOTO OOKYy, MOBMHHa OYTHM CaMOCTIMHUM
€JIEeMEHTOM 3arajlbHoi CHUCTEMH OCBITH, a 3 I1HIIOro OOKYy, — BHKOHYBaTHU
IHTErpaTUBHY POJIb y BC1 CUCTEM1 OCBITH.

Buknamaui Ha CBOiX 3aHATTAX MEPEKOHYIOTH CTYJEHTIB, II0O B OCHOBY
€KOJIOTTYHOI OCBITH MOKJIAJeH1 MPUHIUIINA TYMaHI3My, HAYKOBOCTI1, HEMEPEPBHOCTI,
HAaCKpI3HOCTI Ta CHUCTeMAaTHYHOCTl. EKojoriyHa ocBiTa CHpSIMOBYETHCS Ha
MOEHAHHA PAILIOHAJBLHOTO W €MOLIMHOrO0 Yy B3a€EMOBITHOCHHAX JIIOAMHU 3
NpUPOAOI0 Ha 0a3l MPUHLHUIIB J00pa i KpacH, po3ymMy M CBIAOMOCTI, MaTPIOTU3MY
1 yHiBepcalli3My, HAyKOBHUX 3HaHb 1 JOTPUMaHHS €KOJIOTTYHOro npasa [3].

Exonoriyna ocBiTa — 1€ CYKYINHICTh HACTYIMHHUX KOMIIOHEHTIB: €KOJIOTT4HI1
3HAHHS — €KOJIOT1YHE MUCIEHHS — €KOJIOTIYHHUM CBITOIUIS — €KOJIOT1YHA €TUKa —
exosioriyHa Kynbtypa [4]. Kos)kHOMy KOMIIOHEHTY BIANOBIAA€ BIATIOBIAHUI pIBEHB
(CTyIiHB) €KOJOTIYHOI 3PLIOCTI: BiJl €JIEMEHTAPHUX EKOJOTIYHUX 3HaHb, YSIBJICHb
HIKIJTBHOTO PIBHSA 10 iX TVIMOOKOTO YCBIJIOMJIEHHS 1 MPaKTUYHOI peaizalii Ha
BUIIUX PIBHSIX.
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Ha mamy nymKy, MOXHa BUIUIMTH TaKl y3araJlbHEHI PIBHI €KOJOTTYHOT

MMATOTOBKH:
o IudopmaniiiHo-miAroTOBYMIA;
o ba3zoBuii, cipsmoBanuil Ha GOpPMYBaHHS CBITOTIISAY;
o Bumwmii, npoduibHO-paxoBuii.

[lin wvac BUKJIaAaHHS JUCHUIUIIHU «XIMIis» Cepell CTYIEHTIB pPI3HUX
cnemianbHocTe y JIHIMPOBCHKOMY arpapHo-€KOHOMIYHOMY YHIBEPCUTETI MU
3ITKHYJIUCSA 3 TUM, IO y CTYJEHTIB BHHHUKAE 0araTo MUTaHb IIOJ0 OE3MEYHOCTI
BUKOPHUCTaHHS TUX a00 IHIIMX PEareHTIB MpHU aHaji3l 'PYHTIB, JOOPHUB, XapuOBHUX
MNPOAYKTIB, BOHM TaKOX 3aHEMOKOEH! 3arajbHUM EKOJIOTIYHMM CTaHOM
HAaBKOJUIIHBOTO CepeloBUIlAa. TakuM YHWHOM, MU JIHNUIM BUCHOBKY, IO
HEOOXITHO MPUAUIITH 4Yac Ha (OpPMYBaHHS EKOJOTTYHUX KOMIMETEHI[N miJ yac
BUKJIQJIaHHS XIMIYHUX JUCHMIUIIH. BUSBUIIOCKH, 110 11€ TOULIBHO POOUTH Y JEKUIbKa
eTamiB IJs MiJABUIIECHHS 3aI[IKaBJICHOCTI Y CTYJICHTIB, 5IKi Opajii aKTUBHY y4acTh Y
pPO3pOOIII aKTUBHOCTEH, aki JOMOMOXKYTh iM IIPU BUKOHAHHI JIAOOPATOPHUX POOIT
chopMyBaTH €KOJIOT1YHY CBIJJOMICTb.

Etan nepmuii: mnpu npoBeneHHI JabOpaTOpHHX pPOOIT 3a TEMOIO
«KoMMmiieKCOHOMETpUYHUI ~ aHaji3», MM, 3a IHIIATUBOIO CTYJEHTIB Tpyl
arpOHOMIYHUX CIEHIAIbHOCTEH, JOCHIIKYBadd BOJOMPOBIAHY BOAY 3 METOIO
BU3HAYEHHS TBEPJOCTI Ta TPYHTU Ha BMICT y HUX cnoiyk Kampiio tTa Marsito.
Boga ta rpyntu Oynu BimiOpaHi y pi3HHX paiioHax [[HImpomeTpoBChKOi 00JACTI.
[loTiM cTyneHTH poOWIM BHCHOBKM IOJO CTaHy JIOCHIIKYBaHUX OO’€KTIB Ta
MO>KJIMBOCTI 3aCTOCYBaHHS X 3 CUILCHKOTOCIIOIAPCHKOI0 METOIO.

Hactynuum etanom Oyio 3aHATTS 3 €J€MEHTaMU MPOEKTHOTO HAaBYAHHS.
['pyna cTyaeHTIB arpOHOMIYHHMX CIHEHIaJbHOCTEH BUCYHYJA MPUITYILICHHS, 110 3a
JOTIOMOTOI0  POCJIIMH ~ MOKHa  MPOBOJAMTH  MOHITOPMHI  3a0pyIHEHOCTI
HABKOJIMIIHBOTO Cepe/loBUIla, 30Kpema, TrpyHTiB. Ilin yac nociiikeHb BOHU
CKJIAJIM TMEePEJIiK POCIIHH, K1 MOXKYTh OyTH 3aCTOCOBaHI1 SIK IHAUKATOPU 3a0pyAHEHB
NEeBHUMM XIMIYHUMH PEUYOBUHAMM, a TaKOX 3alpONOHYBalW JIOCHIIUTH
MOXJIMBICTb 3MEHILIEHHS 3a0pyIHEHOCTI TPYHTIB BaXKUMU MeETaJlaMH 32
JIOTIOMOTOI0 BHMCAJKEHHSI NEBHUX BUAIB pociauH. Lle n03BonmIIO iM MpOsIBUTH
CaMOCTIMHICTb, TBOPYMM MIAX1J 10 BUPIMICHHS MpoOJeMHu, a Takox chopmyBaTu
BIIMOBITAJIBHICTD 32 IPUNHATTSA PillIeHb Ta HABUYKH KOMaHIHO1 pOOOTH.

Tperim eramom craja rypTkoBa poOota 31 cryaeHTamu. byno
3alpONOHOBAHO 3 METOIO 3HIKEHHS KUIBKOCT1 3a0pYyTHIOIOYMX PEUYOBUH Y CTIUHHX
BOJIaX Ta TPYHTI CTBOPUTH EKOJIOTIYHO HeOe3Me4yHi MUIOYi 3aco0U 3 XIMIYHHX
PEUYOBUH TPHUPOJHOTO TOXOJKEHHS Ta JOCHIIUTH IX BIUIMB Ha 30BHIIIHE
CEpelloBUIIE 3a JOMOMOTOI0 POCIUH-IHAUKATOPIB 3a0pyAHEeHb. TakoXk IHIIOHO
TPYIOI0 CTYIEHTIB Oyna JOCHIIKEHAa MOXIIMBICTh CTBOPEHHS Ta 3aCTOCYBaHHS
pE4YOBHUH, fAKI O MOIVIM 3B’S3yBaTH €KOJOTIYHO HeOe3MeuHl pPEYOBHMHHU Ta
3MEHIIYBaTH iX BIUIMB Ha 30BHILIHE CEPEOBUIIIE.

Bucnoeku:

1. V Tiif KpU30BIN €KOJOTIYHINA cuTyallii, B Kl nepedyBae CBIT y LIJIOMY,
Ha ©0a31 BUBYEHHS XIMIYHUX JUCIHUIUIIH MOXHa CGOPMYBATHU MOCTYIOBE

176



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

PO3IIUPEHHS 1 TOTJIUOJEHHS EKOJIOTIYHUX 3HaHb CTYACHTIB, CIIOHYKAaTH IX 0
JOCJITHUIIBKOT JISUIBHOCTI, PO3BUTH €KOJOTTYHMM THI MUCJIEHHS, 3JaTHICTH 0
CaMOCTIMHMX BHCHOBKIB. Lle po3mupuTh MmIKaly I[IHHICHUX Opl€HTAIlil
MaiOyTHbOrO (axiBIl, B SKIM YUIbHE MICHE HAJEKHUTh BY3bKOYTHIIITAPHUM,
MparMaTUYHUM MOTHUBAM CTaBJICHHS 710 TIPUPOIH.

2. TeopetnuHa OCHOBa €KOJIOT1YHOTO BUXOBAHHS TPYHTYEThCS Ha PIIICHHI
3a7a4 Yy IXHIM €IHOCTI: HaBYaHHS, BHUXOBaHHSA, pO3BUTKY. IlpaBHiIBHO
BHKOPHCTOBYIOUH PI3HI METOJAM HaBYaHHS MIPH BUKIAAaHHI XIMIYHUX JUCIUILIIH,
BUKJIa1a4 MOKe CpOpMYBaTH €KOJOTTUHO IPAMOTHY 1 BAXOBaHY OCOOHUCTICT.
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OBOBIIEH AHAJIN3 HA TEMHOCTTA U IIEPCIIEKTUBUTE
1O ITPOEKTH 3A KPEAUTHA MOBUJIHOCT,
OUHAHCHUPAHU OT NIPOI'PAMA ,,EPA3BM+*

Eng., MSc Sergey Dimitrov
Erasmus Operational Coordinator Expert "Student and Staff Mobility"
Technical University of Varna, Bulgaria

IIpe3 mocnennute noseue oT 15 rogunu TY-BapHa akTMBHO BCsika rOAWHA
ydacTBa B IPOEKTH 3a MpernojaBaTeiicka W CTYJEHTCKa MOOWIHOCT IO KJIIHOYOBa
nerinoct KA131 HAD /moceramna KA103/ mexay yHUBEpPCUTETH OT T. Hap.
MporpaMHM JIbpkaBu OT EBpomeiickus cbio3, (UHAHCUpPAHU OT Mporpama
»Epazpm+-,

B nacrosgmmss MomMeHT umame ckitroueHu 133 Mexay-MHCTUTYLHMOHAHU
CIIOpa3yMEHUs 3a CTYJEHTCKH MOOMITHOCTH C 11eJ1 00yUeHUe, WK C 1IeJ1 MPaKTUKa U
MOOMJIHOCT Ha IMepcoHala C I1ed IMpernojaBaHe, WIM C 1el o00ydeHue ¢
YHUBEPCUTETH U OCHOBHU KOMITAaHUU OT 00110 28 eBponeicku Abp>KaBu.

HNHTepechT Ha cTyAeHTUTE W mpenoaaBarenuTe Ha TY-BapHa kbM TakuBa
MOOMIJIHOCTH OeJieKellle TPaeH U 3HaUMTEeJIeH PBhCT 10 HacTbnBaHeTo HAa KoBuna 19
MaHJAEMUsITA.
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Taka nanpumep npe3 akanemuunara 2018/2019 0Osixa peanusupanu, Wid
JIOTOBOPUPAHHU:

- 0o6mo 143 crynentcku MoOuiaHOCTH (10 ¢ menm oOyuenue u 133 ¢ men
npaktuka) copsimo 114 crtynentcku MoOmnHoctd (8 3a oOyuenue u 106 3a
npakTtuka) rnpe3 2018/2019 yueOna ronuna;

- 06110 81 mpenomaBarencku moomtHOcTH (10 ¢ 11en npenogaBane u 71 ¢ men
oOydyenue). 3a cpaHenue npe3 2018/2019 yueOna romuHa cme umanu 71
npenoaaBareiacku MmoowiHoctH (20 ¢ men npenojaBane u 51 ¢ 1en ooyueHue).

Bp3xonsia 6e ¥ TeHJEeHIMATa N0 OTHOIIEHHWE Ha BXojsmara B TY-Bapna
CTYJIEHTCKAa M MperojaBaTeicka MOOWIHOCT OT MAapTHUpAIIMTE HU IO Mporpama
,»Epazpm+* yauBepcuretu ot EC.

[lpe3 axamemuunara 2019/2020 romuna B TY-Bapua ca mnpuetm 15
Yy)KJIECTPaHHU CTYAEHTH: ChOTBETHO 7 OT JiBa ()pEHCKU YHHUBEPCUTETA, 3 OT IOJICKU
YHUBEPCUTET, 3 OT JBa TYPCKHM YHUBEPCUTETH MO €IUH OT YalIKd U TEePMAHCKU
YHUBEPCUTET, CIIPIMO IpueTute 26 crynenTu npe3 akagemuynara 2018/2019 r.

[Ipe3 axkamemuunata 2019/2020 roguna B TY-Bapna ca npuetu o6mio 21
Yy>XJECTPaHHU TPENoAaBaTeNIn U CIYKUTeNU oT yHuBepcutetute B Tapry Kuy u
Anb6a lOnus - Pymbuus, Kaynac u Knaunena — Jlutsa, Pomok u [lImankangen -
I'epmanus, [Ipxxemucsn — Iomma u fnosa — Typuus.

3a cpaBHEHME TMpe3 NPEIXOJHUS TNepuoj cMe npuenu obmo 71
Yy>XJECTPaHHU MIPENOIaBaTeNId U EPCOHAIL.

CepuiecTBeHAa NpUYMHA 3a TO3W CHAJ MpPU BXOJAIIUTE CTYJEHTCKH U
MPErnoJaBaTeJICKu MOOMITHOCTH C€ ABJIKU Ha MaHAeMUYHaTa 00CTaHOBKA.

Cw3naneHure HOBU ChIIbP)KaHUE U JU3aiiH Ha yeO cTpaHuuara ,,Epazpm+ B
caiiTa Ha yHUBEpPCUTETa B MHTEPHET JaBaT JIECEH U Obp3 JOCTHII HA CTYJECHTUTE U
MpernojaBaTeauTe 10 aAMUHUCTpAaTUBHATA MPOLENypa 32 MOOMIHOCTUTE, KAKTO U
710 COTBETHUTE JOKYMEHTH B €JIeKTpOoHEH Bul. CTpaHuIaTa ChAbpikKa €IEKTPOHEH
apXuB Ha BCUYKH BUJOBE OChIecTBeHM MoOunHocTH cnef 2010 roguHa., KakTo u
3a KOHTAKTUTE Ha (akynrerHure U KareApenutre EpazbM koopauHatopu. To3u
apXuB yJECHsBA JOCThIIA 10 UH(POPMAIMS OTHOCHO aKTUBHOCTTA HA KaTEIPUTE IO
nporpama ,,Epaszbpm+, Heo0xouMa 3a OTYMTAHE MPU U3BbPIIBAHE HA ATECTAIUU.

[Ipunaranero Ha W3roTBeHUss U npueT HOB [IpaBUNHUK 3a akajeMU4yHa
MOOMJIHOCT Ha CTYAEHTH, TOKTOPAaHTH, MpenoaaBarenu u ciayxurtenu B TY-Bapha
3HAYUTEIHO TOJN00psABa OpraHu3alusaTa U aJMUHUCTPUPAHETO Ha JAEHMHOCTTA IO
nporpamara.

[Nomsima vact oT (MHAHCOBUTE CpeACTBAa OT HACTOsAIIMS HU MpoekT mo KA131
HED no nepara 3a MOOMJIHOCT Ha CTYJIEHTH U MEepcoHall He O M3pa3XxojBaHa, 3apajiu
oOCTOsITENCTBATa, CBbP3aHM C MaHAeMUYHaTa 00CcTaHOBKa. B Taszu Bpb3ka Oe yabikeH
NEpHO/Ia Ha M3ITbIIHEHUE Ha npoekTa ¢ 1 roauna 1o 30 centemBpu 2022 r.

[IpoektHOTO mpemnoxkenue Ha TY-Bapna 0O NO3UTUBHO OIIEHEHO W
nonyunxme EPA3BM XAPTA 3A BUCIHIE OBPA3OBAHUE 3a cnenBauus 7
roauiieH nporpamen nepuona Ha EC no 2027 roguna.

Ha 14.05.2021 r. n3npatuxme Hanieto npoektHo npeanoxenue no KA131 HAD
3a MOOWJTHOCT TIpe3 mepHoj oT 26 mecenia cien centemBpu 2021 . /ousiia KA103/.

178



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

TY-Bapna Beue e peructpupaH Ha HOBaTa IUTHTalHAaTa TjaTdopma 3a
YOPABIEHUE HA MEXAY-HHCTUTYIIMOHATHUTE CIOpPa3yMEHHs [0 Iporpama
Epa3zpM+, KOATO € 3a1bJDKUTENHA 32 IPUIaraHe Mpe3 HOBUS MPOTPaMEH MEPHO/I.

LleHTbpBbT 3a pa3BUTHUE HA YOBEUIKUTE pECYpCH YAOCTOH TeXHUYeCKH
yHUBEpcUTET — BapHa cbC cepTHMKAT 32 KaYECTBEHO H3I'BIHEHUE HA IPOEKT
2018-1-BGO1-KA103-47100, cBbp3aH CbC CTYACHTCKUTE W MPENOJABATEICKUTE
MOOMJIHOCTH MEXIYy BHUCIIM YYMUJIUIIA OT MPOTPaMHU W MApPTHUPALIU CTPAHHU IO
nporpama ,,Epazsm+”. B cboTBeTHaTa kaTeropusi Ha cektop Buciie o6pa3zoBanue
TakaBa Harpaja Iojlyudxa camo JBa OT 00mo 48 OBJIrapckd yHHUBEPCHUTETH,
paboTUIIN MO MOJA00HU MPOEKTH 3a KpeAUTHA MOOUITHOCT.

Cnen 2018 romuna exunu Ha TY-BapHa ce WU3roTBIT W MNPOEKTHU
MPEIJIOKEHHsI 3a KpeAUTHAa MOOMIHOCT, (pUHAHCHUpaHU OT mporpama ,,Epazpm+*,
no kmoudoBa aeiHoct KA171 /moceramna KA107/ ¢ yHuBepcuTeTH OT T. Hap.
MapTHUPAIIU AbpPKaBU U3BbH EBpONENCKUS CHIO3.

[Ipe3 muHanata roauHa Oe O0JOOPEHO NPOEKTHOTO HU MPEAJIOKEHHE 3a
MOOMTHOCT C JiBa aJ10aHCKH YHUBEPCUTETH.

NmamMe HamMepeHHeTo U aMOUIIMATa, U3MOI3BANKY ONTUTA CH, J1a IPOABIIKUM
Jla U3TOTBAME MPOEKTHHU MPEAJIOKEHHUS 3a KpeIUTHA MOOUIHOCT C YHUBEPCUTETU
OT IbPKaBU, U3BbH EBPOIIEHCKHUS CBIO3.

Axo te Obaar mpuern ot Hammonannata arenimsi LleHThp 3a pas3Butue Ha
YOBEILKUTE pecypcu 1 oT EBpornelickata KoMHcHsl, TOraga Iie noxydaT MHaHCHPaHE.

Peanu3anuara Ha NPOEKTUTE 1€ MOCIYX MU, KaTO OCHOBA 3a pPa3BUTHE HA
MEXKIYHAPOJHOTO ChTPYAHUYECTBO C MOTEHIHAIHUTE HHM HOBH NMAapTHHOPH HU3BBH
EBporneinckus cpro3.

3ACTOCYBAHHS 3A1IAY 3 ITAPAMETPAMHU
ITPU BUKJIAJJAHHI BUILIOI MATEMATUKHA

loy., kano. ¢iz.-mam. nayx O.10. [[roocenkosa,
npogh., ooxm. ¢hiz.-mam. nayk M.€. [[yoxin
HTYY «Kuiecvkuit nonimexuiunuit incmumym imeni 12opa Cikopcbkozo»
M. Kuie, Ykpaina

Buma wMarematuka € (QyHIAMEHTAIBHOIO JUCIUIUIIHOW JIJIS MIATOTOBKU
CTYIEHTIB 1HXEHEPHUX creliaabHocTed. MalOyTHiM (axiBusgM — I1HXEHepam
HeOoOXIHa SKICHA MaTeMaTH4YHa OCBITA, KA ITOYMHAECTHCS 31 IIKOIU. PIBEHb HMIKUIHLHOI
OCBITH a0ITypi€HTa BU3HAYAETHCS PIBHEM BUKOHAHHS TECTOBUX 3aBJaHb 30BHIIIHBOTO
HE3aJIEKHOTO OI[IHIOBAHHS, sIKe Mepeadavyae 3aBJaHHs 3 PI3HUX TEM Ta PI3HOrO PIBHS
ckinanHocti. CeprudikaliiiiHa poO0Ta MICTHTh SK THIIOBI 3aBJIaHHS, IO OIIHIOIOTH
3aCBOEHHSI OCHOBHHUX MAaT€MAaTHYHUX TIIOHSTh, iX BJIACTUBOCTEH Ta BUKOPUCTAHHS
OCHOBHHMX QJITOPUTMIB, TaK 1 OUTBIN CKJIAIHI 3ajadi, 110 MependadaroTh MOrInoIeHe
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BUBYCHHS MAaTEMAaTUKU B IIKOML. 3aBJaHHA BIAKPUTOI (OPMU 3 PO3FOPHYTOIO
BIATIOBIIIO JAaf0Th MOXJIMBICTh OLIHUTH PIBEHb BOJIOJIHHS MaTeplajyioM, YMIHHS
OOIPYHTYBATH BC1 €TaIlM PO3B’s3aHHS Ta 3pOOWTH MPaBUIIbHI BUCHOBKU. HalckiaaHimmm
3aBIaHHsIM cepTU(IKaIifHOT POOOTH € 3a/1a4a 3 MapaMeTpoM, sika TIOBHOIO MIPOIO Ja€
3MOI'y TIPOSIBUTH aHANITUYHI 310HOCTI aliTypieHTa. 3ajgayl 3 mapaMerpamu JIOLLIBHO
BUKOPUCTOBYBaTH 1 B TMIPOLIECI BMBYEHHS MAaTEMAaTHKM, 1 I8 OIIHIOBaHHA HOro
pe3ynabTariB. Taki 3aBI1aHHS BU3HAYAIOTh PIBEHB 3aCBOEHHS MaTepialy 3 BIIMOBIIHOI TEMH,
MOKa3yl0Th YMIHHS BUAUIATH OCHOBHE, aHAI3yBaTW 1 BCTAHOBIIOBATU 3B SI3KM MK
PIBHUMH TIOHSATTSMH. BUIBIIICTh 3a/1a4 3 MapaMeTpamMu Tepeadadyac BMIHHS MPABUIBHO
3HaXOIUTU O0JIaCTh BU3HAUYEHHs (DYHKIII, BpaXxoBYBaTW ii BJIACTHUBOCTI, 30KpeMa, IpU
PO3B’s13yBaHH1 CHCTEM OKa3HUKOBHUX, JIOTAPU(DMIYHUX, TPUTOHOMETPUYHUX PIBHSHb Ta
HepiBHOCTel. Jlesiki 3aBAaHHA HeoOXimHO (abo AOLUIBHO) pPO3B’SI3yBaTH TrpadiyHUM
Croco0oM, 110 MOTpedye AOCTaTHIX HABUYOK MOOYI0BM rpadikiB (PyHKIIIHN Ta BIAITYKaHHS
X TOUOK MEPETHUHY B 3AJISKHOCTI BiJl 3HAYECHb ITApaMeTpy.

3a3HayMMo, 110 MPY BUKJIA/IaHH] BUIIOI MATEMATUKHU CTYJIEHTaM 1H>KEHEPHUX
CHEIIaIbHOCTEeH TEX MOIUIBHO BHKOPHCTOBYBATH 3ajJadl 3 MapaMeTpamu, IIo
CHOpUSITUME TMOIJIMOJICHOMY BHUBUEHHIO Martepiany 1 (OpMYBaHHIO JOCTIAHUIIBKUX
HaBUYOK ManOyTHIX (axiBiiB. Po3risigatoun OUIBIIICTE MAaTeMATHYHUX TOHATH,
MO>KHA 3allpONOHYBaTH 3aBAaHHS 3 TapaMeTpaMH PI3HOTO PIBHS CKIJIAJHOCTI B
3QJIEKHOCT1 BiJl TpOrpaMu JAUCIHUILUIIHM, Bl 0OCATY TOJWH HAa BUBUYCHHS MEBHOTO
po3Ally, BiJ piBHS NIATOTOBKU CTYACHTCHKOI ayIUTOPii TOMIO.

Busuaroun po3nin «EneMeHTH NiHIHHOT anredpuy», A Kpaloro 3aCBOEHHS
OCHOBHHUX TMOHSTH Ta AJITOPUTMIB MOKHA PO3IIISIHYTH Taki 3a7adi 3 mapaMeTpaMu.
Hanpuknaa, BU3HAUMTH, TMpU SKOMY 3HAYEHHI T@lapaMmeTpa a  MaTpuusd

a 2 1
A=|3 2 -1| mae o0epHEHY; BUBHAUUTH, MIPU SKUX 3HAUEHHSIX MapaMeTpiB a 1 b
0 a 1
3x=2y+z=b

cuUcTeMa {2x+y+az=-1 Mae OMH PO3B’SA30K; 0€3114 PO3B’A3KIB; HE MA€E >KOTHOTO
5x-8y+9z=3

po3B’si3Ky. [Ipu BUBUEHHI BEKTOpPHOI anreOpu Ta aHAJITUYHOI TreoMeTpli 3a7adl 3
napamMeTpaMH 3pYYHO PO3IJISIAATH NP 3aCTOCYBAaHHI CKaJsipHOr0, BEKTOPHOTO Ta
MilaHoro A0OyTKIB BekTOpiB. Hampukinan, mepeBiputd, Mpu SKOMY 3HAYEHHI
napameTpa JIBa BEKTOPU YTBOPIOIOTh TOCTPUH KYT, TPU BEKTOPH YTBOPIOIOTH Oa3uC.

Y BcTymi 10 MareMaTHYHOTO aHaji3y 3ajJadl 3 IapamMerpaMud BapTo
BUKOPUCTOBYBaTU TMpU OOYMCIEHHI TpaHullb. PO3KpHBaIOYM HEBU3HAYEHOCTI
PI3HUX THUIIB 3aJie’)KHO B 3HAUCHb MapaMeTpa, MOXKHA BapilOBaTH BiJ MPOCTUX
BIIpaB 70 OUIBII CKJIAJAHUX 3aBaaHb. Hampukian, 1) oOYMCAUTH TpaHUIO

. lI—cosx : .
lim———— mnpu pI3HUX 3HAYCHHAX «; 2) BU3HAYMTH, IIPU SAKOMY 3HAYCHHI
X—>a X
x? 2
. a —a
napamerpa a rpaHuud lim ————=4In2.

x—a tg(ln(x/a))
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barato pi3HuX 3a7a4 3 mapamMeTpaMH MOKHA 3alpONOHYBATH MPU BUBYECHHI
nudepeHIianbHOro ynciaeHHs QyHkiii onniei 3MiHHOI. Llelt po3ain € BakIMBOIO
CKJIaJIOBOIO TpodeciiiHOT CIpsIMOBAHOCT1 BHIINOI MAaTeMaTHUKH, OCKIIBKH MOXITHI
HIMPOKO 3aCTOCOBYIOTHCS JIsi AOCHIIKEHHS (PYHKI[IH, 1110 ONMUCYIOTh PI3HOMAHITHI
npouecu. 30KpemMa, MOXHa PO3INIAHYTH 3a7adyy Ha BU3HAUEHHS ONTHMAJIBHOTO
3HaueHHA (MakcuMyMmy abo MiHIMyMy) (yHKIII, Ha $Ky HAaKJIaJIeHO TNeBHI
O0OME>KEHHS, 3aJIe’KH1 BiJ] TapaMeTpiB.

[Ticas BUBYEHHS KUIBKOX PO3JUIIB MAaTEMAaTUKH MOXHA BUKOPHUCTOBYBATH
KOMOIHOBaHI 3a/1ayi 3 MapaMeTpamu, siKi JaloTh 3MOTY OLIIHUTH 3HAHHS CTYACHTIB
Ta BMIHHS OPIEHTYBATHUCh Y PI3HUX po3aiIax maremaTuku. Hampukian, 3HaiiTh,
MpU SIKOMY 3HA4Y€HHI MapaMmeTpa ¢ Ha BekTopax d=(3;2;¢) 1 b =(1;2;4) moxHa
noOyAyBaTH TPUKYTHUK 3 HAHMEHIIOO TUIOLIEI0 (BEKTOPHUM JOOYTOK, MOXiAHA).

Bucnoexu. Ilpu BuBYeHH1 0araTb0X MaTeMaTUYHHUX MOHSTH B KypCl BHILOi
MaTeMaTUKH JOLUIBHO BUKOPUCTOBYBATH 3a/laul 3 MapaMeTpaMu, siKi CHpPUSIIOTH
AKICHOMY 3aCBOEHHIO MaTepially 1 1at0Th 3MOT'Y Kpallle OLIIHUTH 3HAHHS CTYJICHTIB.
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CONIAJIBHE MAPTHEPCTBO BH3 1 HITNIPHEMCTB
SAK PET'YJSITOP IPO®ECIMHOI AJJATITALII CTYJEHTIB

3asioysau HBM ', acnipanm® A.JI. 3inuenxo, oupexmop yenmpy’ C.M. 3inuenko
"Hikomonbcrkui (daxowuit konemx HMeTtAY
2Ka(benpa MeIaroriK| Ta METOJAUKHU TeXHOJoryHo1 ocBitr KITY
*HiKOIMOMBCHKMI PerioHaTBHIIT [IEHTP MOHITOPHUHIY OCBITH Ta COLIaIBHOTO MAPTHEPCTBA
HMerAY

Hauyionanvna memanypeiiina akaoemia Yxpainu (HMemAY), m. Hikononw
Kpueopizvkuit oeprcasnuii neoazociunuii ynieepcumem (K/[I1Y), m. Kpueuii Piz

IlocTanoBka mpo6aemu. ['00BHA MeTa CTATTI — HAJAroJKCHHS 3B’ S3KIB
COLIIAJIbHOTO MapTHEPCTBA MDK MIANPUEMCTBAMHM 1 BHUIIMMH HaBYAIbHUMU
3aKknanamMu, (QOpMyBaHHS BHMCOKOKBaTi(hIKOBAHOTO  KaJapOBOr0  IMOTEHIIANY,
3a0€3MeUeHHs] Cy4yacHOro piBHA MNpo(deciiiHO-NIPAKTUYHOI MiATOTOBKUA CTYACHTIB
BUIIMX HABYAJIbHUX 3aKJIaJIB Ta MpaleBJIallITyBaHH BUITYCKHUKIB.
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3apa3 0COOJIMBO BaXXJIMBO 3BEPHYTHCS HAa T€ HOBE 1 IIO3UTHUBHE Y
COLIIAJIBHOMY TAapTHEPCTBI, IO JO3BOJSE YCHIIIHO PETyIoBaTH Mpodeciiny
aJanTalliio CTYACHTIB, MIJHATU SKICTh 1 €(EKTUBHICTh peajizallii 3MICTY OCBITHIX
TEXHOJIOT1M, 3a0e3me4yuTH  Cy4acHUl  piBeHb  MIATOTOBKM  BUITYCKHHKIB
METaTyprifHuX crelialbHOCTeH, MaKCUMAaJIbHO 33J0BOJBHUTH NMOTpeOy 0a30BHX
MIATPUEMCTB Y BUCOKOKBaTI(h1KOBAaHUX KaJpax.

[TutanHs npodeciiHol NIATOTOBKH CTYAEHTIB BUIIIIB, HA OCHOBI COL1aJIbHOTO
NapTHEPCTBA, € BAXJIMBOIO MEAArorivyHoOI0 MpoOJIEMOI0, 1110 MOTpeOye AETaabHOTO
TEOPETUYHOT0 aHaNli3y Ta MPAKTUYHOTO AOCIIIKESHHS.

AHaJi3 OCTaHHIX AOCHiKeHb Ta myOJikaumii. 3a miACyMKaMu aHamizy
pobit HaykoBuiB (H.I'. dinenko, A.O. MomyanoBoi, A.l. Kyapsdenka Ta iH.), siki
PO3KPUBAIOTh CYTHICTh TMOHSTTS  «COLaJibHE MApPTHEPCTBO», IO CIPHSE
€KOHOMIYHIM CTaOUIbHOCTI Ta PO3BUTKY, CTBOPEHHIO KOHKYPEHTOCIPOMOKHOI
CUCTEMHU OCBITH KOXXHOi KpaiHH, € BaXKJIMBOIO IMEPEAyMOBOIO 1Jisi (hopMyBaHHS
KOHKYpeHTOoCcTpoMOXkHUX (axiBiiB[1, 2, 3]. CTOCOBHO /10 CUCTEMH BHIIO1 OCBITH,
32 OLIHKOIO 0araTtb0X OCHIIHMKIB, SKICTh MPOQeEciiHOl MIATOTOBKU CTYJEHTIB
BUIIIB HE 3aBXIU BIANOBIIae cydacHUM mnorpebdam podotonasiiiB (C.B. be3yxa,
K. Yyraepoi, H.JI. Binorpanosoi Ta iH.)[4, 5, 6]. OkpeMi acmnekTu COIiaTbLHOTO
napTHepcTBa 3aknaaiB BUIIOi ocBiTH | — II piBHS akpeauTallii BUCBITIIOIOTHCS Y
HaykoBux poborax (C. Ykpainug, B.1. )Kykosoi ta in.)[7, 8].

AHaniz TeopeTMYHUX poOIT TMoKazaB, W0 NpobiemMa COLaJIbHOIO
NapTHEPCTBA HABYAJBHUX 3aKiaaiB 1 0a30BUX MIANPUEMCTB SIK Ba)KJIUBOTO
perynsitopa mnpodeciiiHol ananTaiii CTyAEHTIB J0 MNPOAYKTUBHOI IISIIBHOCTI, Yy
3a0€e3MeUeHHI AIKOCT1 MATOTOBKU BUITYCKHHKIB, € JJOCUTh FOCTPOIO.

Meta crarrti. HaykoBe nocnipkeHHS MUTaHHS COLIAJIBHOTO MapTHEPCTBA
BH3 1 mignpuemcTB sK peryndaropa mnpodeciiiHoi ajanTamii  CTYIEHTIB,
eKCIIepUMEHTaIbHa TEepeBIpKa YIpaBIiHHA cHCTeMH NpodeciiHOl MiArOTOBKU
CTYJICHTIB BIITIOBIHO 10 CY4aCHUX BUMOT POOOTO/IABIIIB.

Buxnaa ocHoBHOro Mmarepiany aocJaimkenns. Ha Hamry qymky, coriajabHe
naptHepcTBo BH3 Ta 6a30BUX MiANpueMCTB sIK perynsarop npodeciitHoi aganraiii
MO>KHA MOJUIMTH Ha 4 eTanu:

1. O3snaitomuo-npoexTyBaibHui etan (1-2 kypc):

1.1 HaByanbHUM 3aKiaja: oO3HAWOMJIEHHS 3 HOBMUMHM yMOBAaMHM HaBYaHHA,
MpaBWIaMH Ta OOOB’SI3KAMHU CTYJIEHTIB, MPOBEACHHS [OAATKOBUX 3aHATH Ta
dakynpTaTUBIB 3 (yHIAMEHTAJbHUX JTUCUMIUIIH, BHUBUYEHHS CYy4YaCHHUX
KOMIT'IOTEPHUX TEXHOJIOT1, BHU3HAYEHHS OCTAaTOYHUX 3HAaHb, MPOBEACHHS
aHKETYBaHHS Ta TECTYBaHHS;

1.2 6a30B1 MIANPUEMCTBA: y4YacTh y MaTepialibHO-TEXHIYHOMY 3a0e3leyeHH1
HAaBYAJIBHOTO 3aKJaay, TMPOBEJACHHI TEMAaTUYHUX EKCKypcii Ha 0a30Bi
HIANPUEMCTBA, 3yCTpiyax 3 BETEpaHAMU MPall.

2. OcHoBHUM eTan (KoperyBasibHUI) (2-3 KypC):

2.1 HaBUajNbHUM 3aKiaj: BHBYCHHS CHEUIAJIBHUX JUCUHUIUIIH, 3A1MCHIOETHCA
oprasizaiis npodeciiiHoi AiSNIBHOCTI CTYIAEHTIB Y (opMi NPOXOKEHHS
CIIIOCAPHO-MEXAHIYHOI MpPaKTUKH, Yy4acTb B HAYyKOBO-AOCHIAHIN poOOTI,
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OJIIMITIaJIaX, HAyKOBO-NPAKTUYHUX KOH(EpeHLiAX, KOpeKlid HaBYaJIbHO-
BUPOOHUYOTO TIPOLECY, 3’ ICYBAaHHS MIPUYUH MOMUJIOK 1 IIJIAXH X YCYHEHHS;

2.2 6a30Bi MIANPUEMCTBA: YYaCTh Y HAYKOBO-MPAKTUYHUX CEMIHapax, 3ycTpiuax 3
KEepIBHUKAMU 1 MPOBITHUMU (PaxXiBISIMU MiANPUEMCTB, TPOBEICHHI TEMATHYHUX
€KCKypcCii Ha 6a30B1 MIANPUEMCTBA.

3. IlincymkoBuit (KOHTpOJIBHUN) eTan (4 Kypc):

HaBYAJIbHUI 3aKjiaja: KOHTPOJb AMHAMIKM PO3BUTKY MpodeciiiHol aganTarlii

CTYJEHTIB, BHUKOHAHHS pealbHUX KYypCOBUX Ta JAUIUIOMHUX IIPOEKTIB,

npoBelieHHs MaiicTep-kiaciB, HalmMCaHHA HAYKOBUX pOOIT, MPOXOKEHHS

BUPOOHHUYOT TMPAKTUKHM Ha 0a30BUX MIAOPUEMCTBAX 3  MOJAJBIINM

IpaleBlallTyBaHHAM, Y4acTh Y CIUIBHUX 3aX0/1aX 3 NIANPUEMCTBAMU;

3.2 6a30Bl MIANPUEMCTBA: MPOBEACHHS KBadidiKalifHUX ICIUTIB 3 HaJaHHS
pPOOITHUYOTO pPO3psALy, yYacTh y TMPOBEACHHI KBamiiKamiiHUX KOMICIH,
HaJaHHS pEKOMEHJallld HaWKpalluM CTYyAEHTaM IM0J0 HABYAHHS Y BUIIOMY
HaByanbHOMY 3aknani III — IV p.a. 3a paxyHok mignpueMcTBa.

Cepen BUITyCKHUKIB OyB MpoBeAeHUN MOHITOpUHT «Bari npodeciitii miaHu
MIC/IS 3aKIHYEHHSI HaBYaHHS y (paxoBOMy Koiemki?». 3a MIACYyMKaMU aHKETYBaHHS
y 2019-2020 H.p.: 63% BuNyCKHUKIB OyJIM MpaleBiIallTOBaHl Ha MiMPUEMCTBAX, 3
HUX OfHOYacHO HaBuaroTbcst Ha HO® HMetAY — 27%; He OyayTh mpaloBaTu 3a
OTpUMaHOI0 OCBITOI0 — 19%; moinyTh mnpamoBaTd B 1HILY Kpainy — 7%; He
Bu3Hauniucsa — 11% (tab.1, puc. 1).

Tadoauus 1 — Ipodgeciiini nianun Bunyckaukis HOK

SAxki y Bac npogeciiiHi nJiaHu micJiA 3aKiHYeHHSA 2017- | 2018- | 2019-
(paxoBoro koaemKy? 2018 2019 2020
S 3Hato0, 1o Oyay NMpaloBaTy Ha MPAKTHUIL 3a GaxoM 3 70 62 63
MOJAJIBIITUM NPALIEBIAIITYBAaHHSIM Ha MiNPUEMCTBI.

A 3Haro, 10 He OyAy MpaloBaTH 32 OTPUMAHOIO 18 18 19
OCBITOIO

[loiny mpaiftoBaTu B iHIIE MICTO / KpaiHy 7 6 7
Ille He BU3HAUYUBCA 5 14 11

Taoauus 2 — [lnanu BunycHukiB HOK moxo nogaabmoro HaB4anus, %

2018/2019 | 2019/2020
[IponosxxenHs HaBuaHHs y HMeTAY 32 27
[IponoBxkeHHS! HAaBYaHHS B 1HIIUX BUIIaX YKpaiHu 14 25
IIponoBkeHHsI HABYAaHHS Yy 3aKOPAOHHUX BUIIAX 10 15
Baxko BiamoBicTH 24 23
BianoBiae BicyTHS 20 10
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MpaIfoBaTH 3a Gaxom MpaIfoBaTH 32 iHIIe MiCTO / KpaiHy
OTPUMAHOIO OCBITOIO
H2017-2018 ®2018-2019 ®2019-2020
Puc. 1. — IIpogeciiini niiann Bunyckunkis HOK
35 32
30
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1
13 m2018/2019
5 m2019/2020
0
ITIponosxenna Ilpogos:xenHa IIpoJoBixeHHA Baxko Bignosine
HaBYaHHA Y HaBYaHHA HaBYaHHA Y BIIMOBICTH BiZICYTHA
HMetAY BHINAX YKpaiHH BHIIAX HIIOT
KpaiHH
Puc.2. — IInann BunyckuukiB HOK moao noxaabmoro Hap4anus, %
Taoauus 3 — [HopiBHAJIbHA TA0JHIA NPALEBJANITYBAHHS BUIIYCKHUKIB
HoKasmuK Jani3a 2011-2020 pp.
2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
KinmpkicTb

BunyckHukisB HOK 230 | 197 | 141 | 210 | 170 | 170 | 191 | 123 | 123 | 104
(HT HMetAY), ocib

KinbkicTb
MpaIeBIaITOBAHUX
BuIyckHUKiB HOK
(HT HMetAY), ocib

123 | 125 | 110 | 120 | 97 | 110 | 120 | 110 | 108 | 95
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Puc. 3. — IIpaueBaamryBanns BunyckHukis HOK

BignoBigHo 10 BukOHaHHA JIOroBOpiB Mpo coliajibHE MapTHEPCTBO MIXK
Hixomnonscbkum akynsretom HMeTtAY Ta 14 6a30BUMM HiAIPHUEMCTBAMH, Y HAILIOMY
JOCIIPKEHH] MIOPIYHO TMPOBOJAUMO MOHITOPUHI BU3HAUCHHS OIHKW 3a/I0BOJICHHS
poOOTONABIIIB OCBITHROIO JisTbHICTIO Hikononbcekoro ¢axynsrety HMeTAY. Mera
JIAHOTO MOHITOPHHIY € HETEpPEepBHE BUMIPIOBAHHS Cy4aCHUX BUMOI POOOTOJABIIIB ISt
KEpyBaHHs SIKICTIO HaBYaJIbHO-BUpOOHMYOro mporecy. Ha Qakynpreri hopmyeThes
MEXaHi3M KoperyBaHHs TNpodeciiHOi amanTarii CTyIeHTIB-BICHKOBOCTY>KOOBIIIB,
BpPaxXOBYIOUM BIATYKH POOOTOABIIIB, BUITYCKHHKIB, CTYICHTIB-BIHCHKOBOCIYKOOBIIIB
(yuacHuKiB O0OMOBUX J1ii), a0ITYpi€HTIB, OATHKIB Ta 1H. Pe3ynbTaT MOHITOPUHTY «SIKICTh
npodeciitHoi  amanTamii CTyAEHTIB-BINCHKOBOCTY>KOOBIIIB» MOXHA PO3IJIIHYTH Y
mHaMiI 3 77% no 82% 3a 4 poku (Tab. 4).

Tadanus 4 — MOHITOPUHT MeXaHi3My KOperyBaHHs npodeciiiHol
aganrauii 10 nmpogeciiiHOI MPOXYKTUBHOI AilJIBHOCTI

CouianbHi napTaepn 2016-2017 | 2017-2018 | 2018-2019 | 2019-2020
basosi nmianpuemcTBa 80 82 86 88
Cninku yyacHukiBs ATO 79 81 83 84
Bunyckuuku mkin, [ITY 75 80 82 83
[Ipodecopcbro-BUKIaAALBKUIN CKIad 82 81 82 82
CryaeHTH-BIMCHKOBOCITYK00BII 73 77 79 83
I])Beu:icoﬁc;m yacTUHU HIKOIOIBCHKOTO 73 7 74 75
BunyckHUKN MUHYJIUX POKIB 80 82 84 85
TepuropianbHi HUEHTPH KOMIUIEKTYBAHHS 75 76 78 79
['pomanchki opranizanii 74 77 79 80
CepenHe 3HaueHHS SKOCTI podeciitHoi 77 79 ’1 37

amanrarii

HeoOxinHO BIig3HAUWTH, IO JaHa NOOyJO0BaHA CHUCTEMa MOHITOPUHTY
MaKCHMaJIbHO HallpaBJieHa Ha pPO3B 30K OCHOBHMX 3ajad HikomoJbCchbKOTo
¢bakynprety HMeTAY — 3a0e3mnedeHHs 1 TOKpAIEHHS SKOCTI HaBYaJIbHO-
BUPOOHUYOT pOOOTH, PETYITIOBAHHS 3yCWIb YYaCHUKIB COIIaIbHOTO MapTHEPCTBA Y
3a0e3MeueHHl TapaHTii sSKocTl mpodeciiiHoi ananTailii KOHKYPEHTOCIPOMOKHHUX
CTYJICHTIB-Y4aCHUKIB O0MOBUX JI1i1 BIAMOBIHO JI0 Cy4aCHUX BUMOT pOOOTO/IaBIIiB.
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Basosi mimmpuemcTBa

Cepenre 3HaYeHHS AKOCTI MpodeciitHoi . .
Cniky yyacHuKIB aTo
ajanTarii

['pomajchki oprauizaiii Bunyckrnxu mkin, [ITY 2016-2017
—0—2017-2018
2018-2019
2019-2020
bHI IEHTPH KOMILIEKTYBAHHS [Tpodecopcrko-BUKIANATBKHIL CKIAT

BrimyckHnKu-BifCEKOBOBCTYKOOBLI . .
oy Y Crynentu-BiiicbkoBocyx00BL
(yuacHuKi OOFOBHX JIii)

Biiicekosi yactuay Hikomoschkoro

Puc. 4 — Pe3yJbTaTn MOHITOPMHI'Y MeXaHi3My KOperyBaHHs npogeciiinoi
aganrauii 10 nmpogeciiHOI MPOXYKTUBHOI AilJIbHOCTI

BucHoBkwu.

1. byma ekcrnepuMeHTadbHO NIATBEPIKEHA HEOOXIAHICTh peanizaii
COLIIAJIbHOTO TMAapTHEPCTBA BHILIB 3 0a30BUMHU MIANPUEMCTBAMHU K PETYIsTOpa
ajanTarii CTYJICHTIB hi (o) MPOAYKTUBHOL TISIIBHOCTI, MIATOTOBKHU
KOHKYPEHTOCTIPOMOKHHUX (haxiBIIiB.

2. Hocsix poboru Hikononbebkoro ¢akynbreTy 1 Hikomoascbkoro
daxoBoro konemky HMeTAY 3 6azoBumu migmpuemcrBamu HiKOMoOabChbKOTO
perioHy moao peanizaiii npodeciiiHoi MArOTOBKM CTYACHTIB BHUIIIB, HA OCHOBI
COLIIAJIBHOTO MAapTHEPCTBA, CBIAYUTD, 10 3 POOOTOAABISMHA MOKHA CIIBIPALIOBATH
peanbHO Ta e(hEeKTUBHO.
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SOME ASPECTS OF THE DISTANCE LEARNING MODEL

Prof., Dr. V.P. Ivashchenko, Prof., Dr. G.G. Shvachych,
Assoc. Prof., Cand. of Tech. Sc. O.V. Ivashchenko,
Assoc. Prof., Cand. of Tech. Sc. O.P. Bilyi
National Metallurgical Academy of Ukraine, Dnipro, Ukraine
Assoc. Prof., Dr. N.Y. Vozna
West Ukrainian National University, Ternopil, Ukraine

Introduction. Currently, many areas of human activity, including education,
are rapidly developing through the various innovations introduction, in particular,
through pedagogical innovations. Pedagogical innovation is understood as the
teaching on the pedagogical innovations’ creation, their assessment and
development by the pedagogical community, their use and application in practice,
and seriously increasing the current education system efficiency [1, 2]. As many
researchers rightly point out [3 — 5], the pedagogical innovations’ creation is
primarily due to the need to improve the content and form of education following
the changing requirements of society to the individual. The pedagogical innovation
main principle, in our opinion, is to create conditions for students to have the
opportunity to freely choose ways to obtain information to achieve the main result -
to become a highly qualified specialist necessary for the country’s national
economy and find a worthy application for themselves. In our opinion, all
pedagogical innovations are based on the ability to apply modern pedagogical
strategies, methods, and models, which is especially essential when the COVID-19
has spread through entire humanity. The teacher’s task is to clear and present the
educational material, which is essential in this case, and influence the students with
their erudition, good manners, and intellect. The high level of pedagogical skill of
the teaching staff of universities is the basis for the high-level specialists training
quality. At the same time, at present, one of the main types of educational work of
universities 1s conducting training sessions in a remote work format. It is pretty
evident that one of the primary consumers of this format is the educational sector.
This circumstance is explained by the fact that modern Internet resources quite
successfully provide interactivity and multimedia support for the educational
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process [2]. Today, Internet technologies allow the teacher to conduct training in a
remote format while using the distance learning software resources. Due to the
noted, conditions are created for the effective assimilation of the material.

Aspects of distance and mobile learning formats. At the first stage, we
would like to reveal the main problem of modern pedagogy, which consists of the
inseparability of the concepts of distance and mobile learning technologies. 1t is
evident that such concepts are very similar in their content, but they cannot be
called identical. Distance learning should be understood as the form of learning
itself and mobile - technical training aids.

Distance learning format. Usually, specialists in educational services try to
compare it with the traditional form of education regarding distance learning. At
this stage of the material presented, we would like to reflect the obvious, from our
point of view, the distance learning format advantages cover:

— stimulating self-education of students;

— increasing learning process individualization;

— process intensification of students’ independent work;

— increase in the studied material;

— increasing motivation and cognitive activity due to a variety of work forms,
the possibility of including a game approach;

— the possibility of obtaining educational services, considering the student’s
inclinations;

— the opportunity to receive educational services at a time convenient for the
student and regardless of the educational institution territorial location;

— the ability to combine educational services and work;

— widespread use of information and telecommunication technologies;

— the possibility of increasing the level of IT competence of students in the
context of the constant growth of technical and intellectual innovations.

Separately, it should be emphasized that in the pedagogical educational
space, discussions about the distance education system effectiveness are underway.
Without touching upon this critical aspect of the pedagogical debate, we would like
to note that the education system effectiveness depends not only on the modern
educational technologies but on the following factors related to improving the
teachers’ professional quality:

— enhance motivation for cognitive activity due to the variety of teaching
forms, the possibility of including a game approach;

— try to make the learning process more enjoyable, varied and intense;

— reflect the author's style of presenting information, which cannot be
conveyed in paper format.

Mobile learning format differs by application of digital technology and
telecommunication systems. In this case, the student, as a rule, carries out the
learning process via various virtual environments. The active use of mobile
communications and various electronic devices has become a characteristic feature
of the last decade. Modern smartphones and personal communicators have
functionality that is not inferior to personal computers of the mid-90s, which can
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still be used in the educational process. At the beginning of 2020, there were
several billion mobile phones and communicators globally - almost three times as
many as computers. The prevalence of smartphones and personal communicators
among mobile users, according to experts, has a clear upward trend. The mobile
technologies application reveals new learning opportunities. The ability to learn
anywhere, anytime, inherent in mobile learning, is a general trend of intensifying
life in the information space.

In connection with the above, we provide some mobile learning features:

— ensuring access equality to information and communication technologies;

— improving the education quality;

— the best practices implementation for integrating information and
communication technologies into education;

— introduction into the educational process of such educational technologies
that form differentiated learning;

— formation of students' abilities for lifelong learning;

— preparing students for independent work in the modern world.

— allows students to move freely;

— enables people with disabilities to learn;

— does not require the purchase of a personal computer and paper educational
literature, 1.e., this approach is economically viable;

— educational materials are easily shared between users owing to modern
wireless technologies;

— multimedia content, i.e., information is presented in various forms: text,
graphics, and sound;

— the material is better understood and remembered, the interest in learning
increases.

In our opinion, the need for a mobile learning format will increase.

Distance learning model software resources. A good many software tools
and Internet resources are currently distributed that allow establishing remote
communication with students. Those allow relaying students a variety of
information in lecture and methodological material and the form of video lectures,
presentations, photos, videos, and audio recordings.

According to our observations, social networks have recently begun to be
actively used to organize the educational process. Note that this is a separate topic
for highlighting the learning process organization features. Nevertheless, we would
like to point out the main advantages of this approach, which covers:

— a large number of listeners;

— the ability to connect photos, video materials in the process of presenting
new material.

Separately, we note that at present, many educational institutions use a
virtual learning environment based on the Moodle platform [6]. The Moodle system
is a free software service with open access to code (open source). Thanks to open
source, such a software environment is easily adaptable to a variety of educational
goals. Such a resource allows creating a wide range of different courses.
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Simultaneously, it allows forming lecture material, laboratory practice, tests to
check the material mastering level by students, etc.

Experts note that the noted services are essential in organizing distance
learning. However, without a doubt, the most outstanding efficiency in organizing
the learning process is achieved under the condition of direct contact between the
teacher and the students. For this purpose, the software for video conferencing is
oriented. In these conditions, the teacher communicates directly with the students,
sees them, asks questions, receives answers to them, organizes appropriate
dialogues with students. These software tools include Zoom, DingTalk Lite, Google
Meet, TrueConf, Microsoft Teams, Skype, etc.

Among the noted software tools, Zoom has gained the most popularity
recently. The service has become widespread not only for organizing distance
learning but also for video conferencing and online meetings.

The practice of the Zoom environment shows that its developers are
constantly improving this software while eliminating the discovered shortcomings.

Let us note the main changes related to video communication security.

1. The conference administrator can now mute and unmute the participants'
microphones. Besides, the conference administrator can turn on video and request
that all other participants turn on video. This approach allows not only optimizing
the work process but also to constantly monitor it.

2. To ensure video communication security, the conference is configured by
a unique identifier and password.

3. The conference administrator can manage the so-called "waiting room."
The administrator can configure the conference so that when connecting to the
conference, the participant does not immediately enter the virtual room, but only
after the administrator's confirmation. Also, during the conference course, the
administrator can, if necessary, transfer any participant to the "Waiting room" and
then return him/her to the shared virtual room.

Experience with the Zoom environment allows us to note some advanced
screen sharing capabilities, which are essential for distance learning. For instance,
the conference administrator can use various commenting functions while sharing
the admin screen or the screens of the conference participants. That provides the
ability to write or draw over the demo screen. For example, when using the
extension .docx, .pdf, etc., using the Zoom toolkit, one can add additional text while
highlighting words or sentences, draw, draw, etc., which allows students to
understand better the material being presented. Besides, the advantage of such a
comment function is the ability to instantly delete all additional explanatory entries
or save the discussion as an image along with these entries. Conference participants
can also use this function if it is enabled in the appropriate settings.

Furthermore, it is necessary to pay attention to one more option that is quite
important for the educational process, which is included in the paid version of the
Zoom environment - polls. This option allows the instructor to create and edit
appropriate polls. This approach is focused on identifying the students’ academic
achievement degree.
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When organizing remote video communication with students, one cannot
ignore the possibility of video recording of the performed lessons. If necessary, the
video can be paused and then continued. The video recording is saved after it is
turned off or the conference ends. Zoom videos take up a small amount of disk
space, allowing downloading such files to students' mobile devices or even placing
them in the cloud.

The experience of the Zoom environment application in the educational
process allows noting some practical recommendations. Let us note those related to
the advent of the safest and most efficient virtual classrooms.

1. Setting a password for a conference. A password is created for the
conference, which is provided to students. That allows only participants with access
to the password to join the virtual audience.

2. Request for conference participants’ registration. With the registration set up
for the conference, the administrator can view those who plan to join the intended
audience. Meanwhile, the administrator can independently confirm each registered
user to determine future participants in the event.

3. The waiting room. Waiting rooms do not automatically allow users to join
classes. One can accept participants one by one or as a list.

4. Turn off screen sharing. This option should only be available to the board
administrator. Under these circumstances, students cannot share distracting
information in the classroom. If necessary, the administrator can allow users to
share content. To do this, one needs to change the settings of such a function.

5. Disable private chat. The administrator can block the chat and prohibit
students from exchanging messages with each other. At the same time, the chat
with the administrator remains available.

6. Managing conference participants. The administrator can remove
unwanted participants who have joined the conference altogether using the
"Security" menu controls.

7. Blocking a conference. The administrator can block the conference
through the "Security" menu so that after the start of the lesson, no additional
participants were joining. Thanks to this function, one can protect oneself from
unwanted guests and wean students to be late.

Conclusions. The experience of the distance learning model implementation
indicates promising areas of its development: testing, educational research,
contextual learning, mobile educational, social networks development, the mobile
educational games application, the introduction of mobile voice content with
interactive assessment.

Also, analyzing the conducting a distance learning model experience, we can
note some advantages, including:

— the possibility of attracting high-quality lecturers to lecturing, who, for any
reason, are difficult to invite to lecture at remote faculties;

— significant time savings for teachers;

— an increase in the amount of material presented within the budget allocated
for regular classroom activities in the curriculum.
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Finally, it can be noted that digital technologies are constantly evolving and
improving. They acquire particular relevance along with the complex
epidemiological situation in the world. The resources we noted allow increasing the
educational process efficiency, make it attractive and exciting for students and
motivate them to an active learning process always and everywhere. The noted, in
turn, allows students to receive a quality education.
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POJISITA HA YHUBEPCUTETHUTE
B CbBPEMEHHTATA NHOBAIIMOHHA CUCTEMA

Acnupanm 3yxpan Kaouesa
Meswcoynapooen excnepm no mapKemume u pekiama

Texnuuecku ynugepcumem - Bapna, bvncapus

Bede He paboTuM B MKOHOMHUKA, XapaKTepu3upaiia ce ¢ OCKbIUIA, a ¢ U300uue,
KbJIETO 3a OrpPaHUYEHO TIPOCTPAHCTBO C€ CONBCKBAT MHOXKECTBO JIOCTABUMIIU.
CrnenoBaTenHO yCIEXbT B JAHEIIHATa rio0Oalu3upaHa W MHOTOJIOAHA MKOHOMHYECKA
cpena ce CbCTOU B J00aBSHE HA CTOMHOCT W mMpejjiarane Ha AudepeHIupaH MPOIyKT,
KOETO HaJlara MHOBAIIUUTE KaTO KIOUOB (hakTop Ha HameTo BpeMme. CBETHT € U3NpaBeHa
MpeJl OTPOMHHU COIMAIHM M MKOHOMMYECKH MPEIN3BUKATEIICTBA U €AUHCTBEHHO YpE3
WHOBAaTHBHU PEIICHUS] BCUYKH TE€3W MPEIU3BUKATECTBAa OMXa MOTJHU YCIICNIHO Ja Obaat
IIPEOIONISHU.

Ocb3HaBaHETO Ha POJIsATa HA 3HAHUETO 3a pa3BUTHE Ha OM3HEca U Ha OOIIECTBOTO
KaTo ISJI0 CTaHa NMPUYMHA 3a BH3HUKBAHE Ha KOHIIEMIUATA ,,MKOHOMHKA, Oa3upaHa Ha
3HaHueTo”. Wnedra ce naHcupa 3a ObpBU NOBT B JoKiaga Ha OpraHu3anusara 3a
WKOHOMHUYECKO ChTPYJIHHMYECTBO U pa3BuTue OT 1996r. KbM HacTosmus MOMEHT Ta3H
ujies € 3aJierHaja B OCHOBHHS JOKyYMEHT Ha EBpomeiickus cbro3: Crparerus ,,EBpona
2020”. OyakBaHUsTa ca MOCTUTHE HA MHTEJIUIECHTEH, YCTOMYMB W MPUOOIIABAIll PACTEeX,
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T.€. 32 ISUIOCTHA MPOMSIHA B KOHILIETILIMA 32 PAcTeX, MPU KOATO CTaHIAAPTHUTE pEeCypcH Ja
Cce JIOI'bJIBAT BCE MOBEYE C ,,HeU3ueprnaemMu’ .

JIBaTa OCHOBHM acCIleKTa, B KOUTO YHHMBEPCUTETUTE CJI€/IBa Ja HacoyaT CBOETO
BHUMAHHE U KaMalUTET ca:

- ajanTanus KbM ChbBpEMEHHAaTa MHOBALlMOHHA CUCTEMA;

- UHTEepaHaI[MOHATIU3aL 1.

[IpoMsHaTta B cOLMATHUTE WU MKOHOMHUYECKH YCIOBUSA BOJM U 10 IPOMSHA Ha
€CTECTBOTO Ha B3aUMOJACHCTBUE MEXAY BCUUKU CEKTOPH U HUBA, BKIIOUYUTEIHO U MEKIY
YHUBEPCUTETH, KOMITAHUHU, TPABUTEIICTBEHH areHIIUU U IpYTH OOIIECTBEHU OpraHU3aIliH.
OpranuzanronHata ¢opMa Ha MHOBALIMOHHUTE MPOLECH ce TpaHchopMupa B MYJITH-
aKThOpCcKaTa KOMIIO3UIUS, KOSITO BOJAU M JIO MPOMsAHA Ha (JOpPMUTE U IPOCTpAHCTBATA 32
CHTPYJAHUYECTBO MEXKIY OTIEIHHUTE 3BEHA, KAaKTO U TpaHcopmalusaTa Ha POJUTE Ha
KJIFOYOBUTE aKThbOpHUTE. TpaaullMOHHATA POJIsl HA YHUBEPCUTETA - 00yUeHHE Ha CTYACHTH
1 pa3pabOTBaHETO HAa HAYYHU U3CIEABaHUs, Bb3MOKHO Hal-Obp30 Clie/lBa J1a ce alanTupa
Y HaMepH CBOETO MSCTOTO B HOBHTE (JOPMU 3a Ch3JaBaHE U CIOJENISIHE Ha 3HAHUA, KAaKTO
U IIpU OpraHu3HupaHe Ha Te3u MPOLECH.

[IpoBenennTe MHOTOOPOITHN MPOYYBAHUS YCTAHOBSBAT, Y€ POJIMTE U B3aUMHUTE
OYaKBaHMS HAa YYaCTHUIUTE ce TpaHC(HOpMHUpAT Mpe3 MOCIETHUTE FOJIMHU, KOETO BOJIU U
710 IPOMEHHU B KOHIIETIIUATA 32 OPraHU3alMsITa HA MHOBALMUTE, @ UMEHHO:

- OT JHMHeHHH KbM IOBTOPHM HWHOBALUMHU: YHUBEPCUTETUTE M KOMIIAHUHUTE BeYe
MPU3HABAT U y4acTBAT B MHOBALMUTE KAaTO MOBTOPSEM IPOIIEC, IPU KONTO U3CIeABaHUATA
U pa3pabOTBAHETO HA MPOTOTHUIINA CE OPraHU3UPAT B3aMMHO M MHOTOKPAaTHO B ChbBMECTHHU
IIPOLIECH.

- OT 3aTBOPeHa KbM OTBOpeHa HMHoBamusi: [IpenBuj HapacTBamiaTa CJIOXHOCT Ha
TEXHOJIOTUYHOTO PAa3BUTHE U YCKOPSIBAHETO HA WHOBAIMOHHUTE LMKIH, KOMIIAHUHTE
nprexa HOBU MOJIETTM Ha OTKPUTA MHOBAIMS, KOUTO BKJIIOYBAT BHHIIHU MAPTHHOPU JOPU
B OCHOBHUTE MPOIIECH HA Pa3BUTHE.

- OT TEeXHOJOrHYHH KbM CHCTEMHH HWHOBALMU: HWHOBAIMOHHHUTE TMOJXOJIU C€
pasummMpsiBaT, 3a Ja BKIIOYBAT TEXHOJOTWYHH, COLMATHM U UKOHOMHYECKH MHOBAIMHU B
00IIUTE MPOTPAMH.

- OT MHAWBHMAYAJHM KBbM CHBMECTHH W HHTePAUCHUILIMHAPHU HHoBauuu: C
HapacTBallaTa cCheuuaan3alus, JUTHTaIu3alus W TEXHOJOTMYHa XuOpuau3anus,
CbBMECTHUTE HWHTEPAMCUUIUIMHAPHUA W3CIEABAHUS M pPa3pabOTKuM ce MpeBphIIaT B
HEOOXOAUMOCT.

- OT CNHOHTAaHHM KbM CHCTEeMHH HHOBamuu: bBu3HECHT TBPCH CTpaTErnyecKko
MapTHHOPCTBO C BHUMATEIHO MOJOpAaHUM YHHMBEPCUTETH, KOUTO pasloyiaraT C BHUCOK
MOTEHIIMAJ B KJIFOYOBU HAYYHU U TEXHOJIOTHMYHU O0JACTH.

- OT MHOBAIMH, 0a3MPaHM HA 00MeHa KbM Ch3/1aBaHe HA CbBMECTHM MHOBALIMOHHH
npocrpancrBa: Cera HHOBallMUTE CE MPEBPHINAT B B3aUMO3aBHUCHMa ChbBMECTHA paboTa
MEX/1y YYaCTHUIM OT Pa3INYHU CEKTOPH U UHCTUTYIIUH.

- OT HHOBAUMOHHM TMPOEKTHM KbM HHOBALUMOHHM KyJaTypu: B Tbpcene Ha
BB3MOXKHOCTH 3a IPEBpBIIaHE HAa IPOCTPAHCTBATA B KYJITYPHH LIEHTPOBE HA MHOBAIUUTE.
B TO3u KOHTEKCT TEPMUHBT ,,AHOBALIMOHHO MPOCTPAHCTBO* WM ,,AHOBALIMOHEH XBO
OOMKHOBEHO C€ OTHAacs 10 KyJATypHa cpena, KOSTO, HapylllaBa COLMAIHUTE HABULU U
TEXHOJIOTUYHOTO pa3BUTHE, OTBaps HOBHU Ma3apy WIM PelllaBa HaJexKalll COIMAICH WIH
€KOJIOTMUYEH IPOo0IIeM.
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Bcuuko ToBa BOAM A0 paauMKaiHM TpaHchoOpMalmMd W B pOJsATa  Ha
yHHUBepcuTeTuTe. Bce mo-mmpoka moakpena IMoOJdydaBa KOHUENIUATa 3a ,,TpOilHA
cnupana“ Ha ETIOBUII, KOATO pasriexia HEOOXOAMMOCTTa OT H3rPaKIaHEe Ha MPEXH,
KOUTO ChYETaBaT aKaJeMHYHATa MEPCIEKTHBA C MHOBAIMOHHUTE HYXIW Ha OW3HEca U
MyOJIMYHUTE areHIIUN.

Cnopen IlaBioBckH ,,yHUBEPCUTETHT, KOMTO € MPU3BAH Ja B3aUMOJICHCTBA, Ja
Ch3/IaBa U JIa IOCTUTa BCEOOXBATHO BB3ICUCTBUE BHPXY PErHOHAIIHOTO, HAIIMOHATHOTO U
TJI00ATHOTO Pa3BUTHE HAPEUEH OT HETO ,,Y HUBEPCUTET OT YETBBPTO MOKOJICHHUE .

Ha ynuBepcureTtutre € OTpeleHa pojsiTa Ja M3Tpaxkia M IpeJaBa HE caMo
,,KYJITYypeH KanuTaia B CMUCHJ Ha OOIIY [IEHHOCTU U HOPMHU, HO H ,,COLIMAJICH KaluTal" B
CMHUCHJI Ha KAYECTBOTO HA MPEXKHUTE, KOUTO MO3BOJISIBAT LUPKYJIALMATA U HATPYIIBAHETO
Ha PECYPCH.

Ome npe3 1993 r. OHECKO npencrass nporpama UNISPAR 3a mapTHHOpCTBO
MEXK]ly YHUBEPCUTETUTE M HHAYCTpPHUSTA, C €I HAChPUYaBAHE HAa YHHBEPCUTETUTE 3a
Y4acTHETO MM B Mpolleca Ha WHAyCTpUanu3amusa. BaXHOCTTa Ha CHTPYAHUYECTBOTO
MEXK]ly YHUBEPCUTETUTE U MHAYCTPHUATA CE€ JOKazaxa M OT M3CJIECABAHUATA U JAOKJIAIUTE,
nyonukyBanu OT CBeToBHara OaHKa.3a ChXkajleHHE B bbiarapus Bpb3KaTa MEXIy
BHUCIINTE Y4eOHU 3aBEJCHUS U MPOMUIIJICHUTE MPEANPUITHS OCTaBaT B TPAHUILIUTE HA
KETaHusTa, KOETO o0adye HE O3HAayaBa HEOCh3HABaHE Ha HEWHaTa Ba)XXHOCT,
HEOOXOAMMOCT U JIMIICa HAa EHTYyCHa3bM 32 HETOBOTO YCTaHOBSIBAHE.

JlokaTo 3a HEOOXOIUMOCTTa OT B3aMMOICUCTBHE MEXKy YHUBEPCUTETA U OM3HEeca
¥MMa JI0CTa U3MMCAaHO B HAyYHATa JINTEPATypa, TPETUAT BaXKEH CTHJIO JIUIICBA WU CaMO Ce
ciomeHaBa. JlumncaBa o0adye Ha aJieKBaTHA TMOJIMTHKA HA JbPXKABHO M PETHOHAIHO HUBO
MTAaKTUYECKU Bpb3Ba pbleTe Ha yHUBepcuteTute. Criopen ui. 21, an. 1, 1. 15 ot 3akona 3a
BHCIIIETO 00pa3oBaHUE BUCIIN YYHWIIUINA UMAT MPaBO Ja Ch3/1aBaT ThPrOBCKH JIPYKECTBA
3a [EJIUTE Ha CTOMAHCKaTa peaju3aius Ha pe3yiTaTH OT HAyYHH H3CJICABAHUS U OOCKTH
Ha WHTEJEKTyallHa COOCTBEHOCT. 3aKOHOJATENAT € OTPaHUYMII Ta3H MPaBHA BH3MOKHOCT
3a Ch3/IaBaHE HA THPrOBCKH JAPYKECTBA, KaTO € MPEIBUAWI ChIIaTa Ja MOXKE Ja Ce
peanu3upa OT BUCIHIUTE YUWUIIHUIIA caMO ChC coOCTBeHU cpenacta mo wi. 90, an. 3, 1. 4 u
an. 9 or 3BO nipu ycnoBus U 10 pei, ONPEESIeHd ¢ akT Ha MUHHCTEPCKUS ChBET.

B usnbeiHeHue Ha ropenocoyeHara 3aKOHOBA JeJerainus, e€1Ba TpU TOAWHU IO-
kbcHO € npuero IIOCTAHOBJIEHUE Ne 61 na MC ot 02.04.2020 r. 3a ycioBusita u
pena 3a cp3aaBane Ha T/[ ot appxaBHuTe BY 3a nenure Ha CTONMaHCKaTa peain3anus Ha
pe3yaTaTUTe OT HayYHHU W3CJIeIBaHUS U OOEKTH Ha MHTEJIEKTyaJlHaTa COOCTBEHOCT, KOETO
obaue e ¢ penuiia ciaboCTH U MPOIYCKHU KaTO HAapUMep TO3M B 4. 8, ail. 3, T. 3, B KOSATO
ce MOCo0YBa, 4€ ,,[IOCTHIIUIUTE CPEICTBA OT OTUUCICHUATA MO . 2 MOraT Jia C€ pa3XxoBaT
OT BHUCIIATE YYWIMIIA 32 OIEHKAa Ha Ma3apHHUs MOTEHUIHAJ Ha WHTEJIEKTyajaHaTa
COOCTBEHOCT, KOATO € pErucTpUpaHa WIM TMOJIeKH Ha peructpamus’.  TexkcTbT
orpaHM4yaBa OOCKTH Ha HWHTEJEKTyaJlHa COOCTBEHOCT caMO JO Te3M, I[IOJI3BallH
PETUCTPAIIMOHEH PEKUM, KaTO C€ U3KII0UBAT BCHUKU OOCKTH, KOUTO Cca MPOU3BEJCHUS Ha
auTepaTypara, HaykaTa M M3KyCTBaTa, KaKTO U OOEKTHT ,,HOy-Xay‘, MpH KOUTO TaKbB
PEKUM JIMIICBA.

Cb3naBaHe Ha YHMBEPCHUTETCKU LIEHTPOBE 3a yIPaBJICHUE HAa MHTEIEKTyalHaTa
coOCTBEHOCT, KOMTO OOXBaIllaT MPOILIECH OT MPEeABAPUTEIHU MPOyYBAHUS HA TMA3apHUTE
MOTPeOHOCTH A0 3alllUTa Ha TIpaBaTa BBPXY HHTENEKTyajdHaTa COOCTBEHOCT — IIIe
ONTUMU3HPA JIPACTUYHO OMIMUTE 3a CHTPYIHUUYECTBO, KOOPAUHAIMS U KOMYHHUKAIUS
MEX1y pa3jNdyHd YHUBEPCUTETH, Ou3Heca M myOnuuHute arenuuu. B TY-Bapha Beue e
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U3rpaJieH TakbB LIEHTHP M J0L. BacuieBa Ie mpeacTtaBu JOKJIaa 3a OpraHu3alnusTa U
(GbyHKIMUTE Ha [IEHTHpa.

B ycnoBusitTa Ha rino0anu3anusi HE MO-MajKO 3HAYUM 3a YHUBEPCUTETUTE € U
MpoLEChT HAa MHTEpHaMOHanu3anus. KakBu cnenBa 1a ca CThIKUATE B Ta3u Hacoka? (BUXK
Tabmuma 1.)

Tadauna 1. Mepku 3a HHTEPHANMOHAJTU3MPAHE HA COIMATHATA H
o0pa3oBaTeiHATA cpeJla BbB BUCIHINTE YYHJIHIIA

Mepku 32 HHTEPHALMOHAIU3NPAHE

1. IloBuIIaBaHe Ha MOJArOTBEHOCTTA HA aKaIEMUYHUS CbCTAB, HA CIIYKUTEINUTE B
aJIMMUHHUCTpAIUATA U Ha CTYJEHTHUTE 3a paboTa B MyJITUKYJITYpHa 1 MHOTO€3MKOBA Cpefia
ype3 kBanudukanus, ocooeno no UKT u gyxkaoe3nkoBo odydyeHue.

2. CTumynupaHe Ha U3rOTBSIHE U M3JaBaHe Ha y4eOHUIM, yUeOHH moMaraia u
MOHOTpa(UUHU TPYJOBE HA UYKJU €3ULIH.

3. Pa3kpuBaHe Ha CHEMAIHOCTH U MPOTPaMH Ha Yy>KJ €3UK BbB BCUUKH 00pa30BaTeNIHU
CTETeHH 3a MPUBJIMYAHE HA MO-TOJISIM Opol Uy>KAECTPAHHU CTYJIEHTH.

4. OchuiecTBsBaHE HA KOHTAKTHU ¢ ObJrapckara Auacrnopa v ¢ ObJIrapcKUTe yUuinia B
qyKOMHA C LIeJ1 MPUBJIMYaHE Ha CTYACHTH OT OBJIrapCKUTE OOIIHOCTH.

5. [lonarane Ha TPUXKHU 32 YYKIECTPAHHUTE CTYJEHTH U HAa CTYACHTUTE OT OBJITapCKU
IIPOU3XO0JI, KOUTO Ca YYWUJIU U KUBEIIX B Ipyra AbprKaBa MNpean Ja Ce 3alullaT B
Opnrapcko BY, oT TAXHOTO nocpelaHe, 3alucBaHe U HACTaHsABaHE, IIPe3 00yYEHUETO,
710 3aBBbPLIBAHETO U U31aBAHETO HA AUILIOMA.

6. XapMoHM3UpaHe HA yUeOHUTE MJIAHOBE U MPOTpaMu € TE€3HW Ha BOACIIH
Yy>KJI€CTpaHHU YHUBEPCUTETH, O0yUaBaIli B CXOJHU MTPOPECUOHATHN HATIPABICHUS.

7. CTuMynupaHe Ha Ch3JaBAHETO U MOANIOMAarane Ha PyHKIIMOHUPAHETO Ha ChBMECTHU
00pa3oBaTeIHA MPOrPaMK MEXIy OBJITaPCKU U Uy KJACCTPAHHHU BUCIIN YUYUIIUINA, KAKTO
Y Ha HOBM (popMHU Ha 0Opa3oBaTeeH OOMEH B pAMKUTE Ha €BPOIECUCKOTO
CHTPYJIHUYECTBO KaTO TBOMHUTE U ChBMECTHU 00OpPa30BaTEIIHU CTETICHH, W JIPYTH.

8. CtumynupaHe Ha ABOMHOTO Hay4HO PHKOBOACTBO HAa JOKTOPAHTH C OBITapcKu U
qyXJAeCTpaHEH HayyeH PbKOBOAUTEI.

9. CTumynupaHe Ha MPUBJIMYAHETO HA YYXKACCTPAHHU MPENoJaBaTeNu B ObIrapcKuTe
BHCIIH YUYWJIHINA.

10. TTonkpena 3a BbBEXKIAHETO HA €IEKTPOHHATA EBponericka CTyIEHTCKa KapTa.

11. HopmaTuBHO 51a ce ypeau Bb3MOXHOCTTa BY 1a npr3HaBar IuIiomu 3a 3aBbPIICHO
BHCIIIE 00pa3oBaHuE B UykaecTpanHu BY, 6e3 HE0OX0IUMOCT OT MPEBOJI U
Jeragu3alus Ha JUILIOMUTE Ha OBJITapCcKu €3UK.

12. HopmaTuBHO 1a ce ypenu Bb3MOKHOCTTa BY 1a BbBeAaT U3IAIO0 €IEKTPOHHA
CHUCTeMa 3a KaHJIUJATCTBAHE OT UyKOWHA ChC CKAaHUPAHHU JTOKYMEHTH, KOUTO J1a Ce
MIPEACTABAT 3a IPOBEPKA B OPUTHUHAII IIPH 3alI0YBaHE HA O0yUECHHETO.

be3 na ce cnupam mogpoOHO Ha BCHMYKM MEPKH, MCKaM CaMoO Ja MapKupam
OCHOBHHMTE HAacOKH, a uMeHHO: [loBuinaBaHe Ha 4YyXJO€3UMKOBaTa IOATOTOBKA Ha
aKkaJeMHYHUS CbCTaB, HA CIYXHUTEJIUTE B aJMUHUCTpAaLMITAa U Ha CTYICHTHUTE, 4Ype3
CIMUMYIUPAHe HA Npenooasameny U CIyHCUmenu 3a yuacmuemo uUm 6 e3uUKO8U Kypcose,
gKII0UGAHE 8 yUeOHUmMe NIAH08e HA BCUYKU CREYUATHOCMU OUCYUNTUHA ,, YYIHCO e3UK *.
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MexayHapoaHa knacudukaums 3a ctaHgapti B obpasoaHueto (ISCED)

ISCED 0: OGpa3soBaHue B paHHa AeTcka Bb3pacT (,,Mno-
Marnko OT OCHOBHOTO" 3a NocTUraHe Ha o6pasoBaHue)

ISCED 1:
ISCED 2:
ISCED 3:
ISCED 4:
ISCED 5:
ISCED 6:
ISCED 7:
ISCED 8:

HauyanHo o6pa3oBaHvie
MporumHasnanHo obpasoBaHune
CpepnHo obpasoBaHue

Crep cpefHo He-BUCLLe obpasoBaHue
Buclie obpasoBaHue € KpaTbk LKL
BakanaBbpcko Unu ekBUBaNEeHTHO HUBO
MarucTbpcko UMK eKBUBAMNEHTHO HUBO

J1OKTOpPCKO UNW eKBUBANEHTHO HUBO

00 - O6ww nporpamun 1 kBanudukaum

01 - O6pasoBaHue

02 - UskycTBa 1 XymMaHUTapHU Hayku

03 - CoumanHu Hayku, XypHanucTuka u nHgopmaums
04 - BusHec, agMUHUCTpaLUsA U NpaBo

05 - MNpupoaHu Hayku, mMaTtemaTtuka U cTaTUcTuka

06 - VHdopMaLMOHHW 1 KOMYHUKALIMOHHN TEXHOMOrn
07 - WHXeHepWHr, Npon3BOACTBO U CTPOUTENCTBO

08 - 3emepnenue, ropcko CTonaHCTBO, pubapcTeo U

BeTepuHapHa meguunHa

09 - 3gpaBe u GnarocbcTosiHME

10 - Yenyrn

ToBa 1mie goBene OO M3rOTBSHE W HW3JaBaHE Ha IMOBe4e Y4eOHUIHM, y4eOHU
roMarajga ¥ MOHOTpaUUHM TPYIOBE Ha YYKIU €3UIH, KaKTO U JI0 pa3KpuBaHE Ha
CHEIMAJIHOCTH M MPOrpaMH Ha YyXJ €3UK BbB BCHUKM OOpA30BaTENIHU CTEMEHH 3a
MPUBIMYAHE HA MO-TOJISIM Opoil uyxaecTpaHHU cTyaeHTU. Kvm momenma TY-Bapha
npeonaza 4yncooesuxoso ooyuenue no: 12 baxkanaevpcku u 14 macucmovpcku npoepamiu.

MpeanoxeHus

[a ce cmumynupa yyacmuemo Ha npenodasamesnu u Cryxumenu
noAroTBeHocTTa  Ha
8 €e3UKOBU Kypcoee upe3: [oemaHe Ha pasxodume [0 Kypca,

aB, Ha Ccnyxutenute B

8b3MOXHOCM 3a [oceweHue Ha Kypca 6 pabomHo epeme,
iTa U Ha CTyAeHTUTe 3a paboTa B

00MbAHUMENHU MOYKU NpU amecmupaxe u op.
KynTypHa M MHOroesvMkoBa cpepa upes

/Jla ce yBennyat yyebHUTE 4acoBe o Yyxa e3nK

MpeABUAEHU B yHEOHUTE /1aHOBE Ha BCUYKU CELUMaTHOCTHU

B kpumepuume npu amecmupaHe 0a 6b0am eKrYeHU onpedesieH
6poli moyku 3a u3leomesHe U u30aeaHe Ha y4ebHUuU, y4ebHU
nomazana u MoHoepaghuyHU mpydose Ha HyxOu e3uyu

c 6bnrapckara

wa B 4yyx6uHa
OT Gbnrapckure

Ha 6bdam opzaHu3upaHU Ha MECMHO/HaUUOHaNHO  HUBO
nepuoduUYHU cpewu ¢ pbkogodcmeama Ha me3u yqunuwa u
opymu ¢ uen oHnaliH npedcmaesHe Ha Obr2apckume sucwu

o6WwHoCTU. ydunuwa

4. PasKkpuBaHe Ha CMeuUasiHOCTM M MPOrpaMM Ha UYyXXA €3UK BbB BCUUKM O6pasoBaTesiHu
CTeneHn 3a NMpUB/IMYAHE Ha NO-rosiiM 6poi Uy>KAEeCTpaHHMU CTyAeHTU. KbM MomeHTa TY-BapHa
npeanara 4yxa0e3nkoso obyyeHue no:

12 6akanaBbpCcku NnporpamMmm 14 marucTbpcku nporpamu

CodTyepHU 1 UHTEPHET TEXHONOTUK CohTyepHO MHKEHEPCTBO
KOMMIOTbPU3MPaHN U MHTEPHET TEXHONOTUM KOMMIOTbPHU MPEXM 1 KOMYHMKaLM
MHbOPMaLMOHHN N KOMYHWUKALIMOHHM TEXHOMOTUN TenekoMyHVKaLMOHHN U MOBUIHU TEXHOMOTM

EnekTpoHuka EnekTpoHuka

EnekTpoTexHuka 1 Bb306HOBAEMU eHepruitHu Bb30GHOBAEMU EHEPTUIAHN U3TOUHULIN

N3TOYHULIM TonnoTexHnka 1 Bb30GHOBSEMN U3TOYHWULIM HA eHeprvsi
TonnoTexHKka 1 Bb306HOBSEMU U3TOUYHULM Ha eHeprus KopaGoBopaeHe

KopaboBoaeHe KopabGocTpoeHe 1 Mopcka TexHUKa

KopabHu MaluHu 1 MexaHnsmMm
KopabocTpoeHe 1 Mopcka TeXHUKa
ArpoHoMCTBO

TexXHONOrMYHO NpeAnpUeMayecTso U MHOBaLUK
WHaycTpUaneH MeHUMHKMBHT

CoumnaneH MEHUIKMBHT

CeMenpon3BoACTBO U pacTUTENHa 3alurta
Mpon3BoACTBO Ha MOCEBEH U NOcaabyeH maTepuan
TexHONornyHo NpeanpueMaYecTso 1 MHoBaLMN
KopnopaTneBeH MEeHUIXMBHT

WHpaycTpranes MeHnmKMbHT

CoumaneH MEHUIHKMBHT

5. NonaraHe Ha rpwxu 3a YyxaecTpaHHUTe CTYAEHTU U Ha CTyAeHTUTe oT 6bnrapcku npousxon, KOUTo ca
yuyunu v XxuBenu B apyra AbpXaBa npeau Aa ce sanuuiaTt B 6bnrapcko BY, ot TAXHOTO nocpelyaHe,
3anucBaHe U HacTaHsiBaHe, npes OGy‘-IeHVIeTO, A0 3aBbpLIBaHeTO U U3[aBaHeTO Ha Aunnoma.

»HasHnayaBaHe Ha nuUa 3a KOHTaKT, KOUTO FOBOPST POAHUAT €3UK Ha CTyAeHTUTe C uen nognomaraHe agantauusata
UM 1 Bpb3KaTa C pogurenunte
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6. XapMoHM3MpaHe Ha y4yeOHWTe NnaHoBe W NporpaMu C Te3u Ha Boaely
Yy)XAecTpaHHM YHUBepcuTeTH, ob6y4yaBawy B CXOA4HM npodecuoHanHu

ORLD HanpaBneHus.

NIVERSlTY »[a ce orpaHu3vpa OHMalH (OPYM Ha HaLMOHaNHO HMBO 3a obCbXOaHe Ha
ANKlNG npomeHuTe. Mepkute no T.6 We npemaxHaT OCHOBHWTE Mpeykn npen
OCbLLECTBABAaHETO Ha MHMUMATMBUTE MO AenHocTMTe no 1.7, 8 n 9.

8. CTuMynuMpaHe Ha NpPUBJAMYAHETO Ha UYy>XKAECTpPaHHM npenoAaBaTenn B 6bJrapckute BUCLUU
yunnuuwa.

8. Crumynupaue Ha ABONHOTO Hay4HO PBHKOBOACTBO Ha AOKTOPAaHTU C 6bnrapcku u qyxpaecTpaHeH Hay4eH
PBKOBOAUTEN.

9. CTumynMpaHe Ha Cb3gaBaHETO UM nognomMaraHe Ha d)yHKLIVIOHVIpaHeTO Ha CBLBMECTHU o6pasoBaTenHM
nporpamum mexapy 6bnrapcxu U 4vyXxxaecTpaHHM BUCLUM y4Yunuuia, KakKto U Ha HOBU d)OpMVI Ha oGpasoBaTeneH
obMeH B paMKuTe Ha eBpOHeﬁCKOTO CbTPYAHNYECTBO KaTo ABOﬁHMTe N CbBMECTHUN 06p830BaTenHVI cTeneHn, u
Apyru.

10. MNMoakpena 3a BbBeXAaHeTO Ha enekTpoHHaTa EBponeicka

11. HopmaTuBHO Aa ce ypeau Bb3MOXHOCTTa BY pa npusHaBaT aunnomu 3a 3aBbplueHO BUclie obGpa3oBaHue

ONLINE
ADLISSIDN

12. HopmatuBHO Aa ce ypeau Bb3MoxHocTTa BY na BbBepat
M3LUANO eNeKTPOHHA cucTeMa 3a KaHAWAATCTBaHe OT YyxX6uHa
CbC CKaHMpaHU [AOKYMEHTW, KOMTO p[a ce MpeacTaBAT 3a
npoBepKa B OPUrMHan Npu 3ano4sBaHe Ha oGy4eHUeTo.

MexxayHapoHuTe KiIacu(pUKaIMy 3a CTaHIAPTH B 00pa30BaHMETO BKIIFOYBAT CTEIIEH
Ha 00pa3oBaHue ¥ MpodecHoHATHN HamnpasyieHus. Criope; MeH XapMOHHU3UPAHETO HA YUCOHUTE
TUIAHOBE, HAIIPHMeEP C BbBEXKIAHE HA CTAHAAPTH 32 33ABJDKUTETHU TUCUUILIMHY 32 Pa3IUYHUTE
npo¢eCHOHATHY HarpaBJieHUe OW yIeCHUIO 3HAYUTEIHO Kako MOOMIIHOCTTa Ha TIPEToAaBaTein
U CTYJICHTH, TaKa U Ch3JJaBaHETO Ha ChBMECTHH 00Opa30BaTEIHU MPOTPaMH MEXY OBJITApCKH U
qy)KJIeCTpaHHU BUCHIM yuwuiia. Kem momenma TY-Bapna mooce oa ce noxsam ¢ 85
002060pa 3a CoMpPYOHUHECmME0 ¢ 8ucCUiy yyunuwa u uncmumymu om 24 cmpanu, 133 Epazvm
napmuvopu om 23 cmpanu, ouniomupanu Hao 1600 uyscoecmpannu cmyoenmu om Typyus,
Tvpyus, Pycus, Ykpavina, Monoosa, Kazaxcman, A3vpbetioscar u op.

KpaitHo Bpeme € HOpMaTHBHO Jia c€ ypeau Bb3MOKkHOCTTa BY na BbBeaaT M31ss10
€JIEKTPOHHA CHUCTEMA 3a KaHJUMJATCTBaHE OT Yy»KOMHA CbC CKaHUPAHU JOKYMEHTH, KOUTO
Jla ce MPEACTaBsT 3a IPOBEPKA B OPUTHMHAI MPH 3aII0YBAHE Ha OOYUEHHETO.

B 3akmiouenue nckam na o0oOuis, ye ycrnexbT Ha BCEKH YHHBEPCHUTET € MPSIKO
CBbp3aH C HMHerpanusTa My B CbBPEMEHHHUTE HWHOBAallMOHHM CHUCTEMU U
MHTEpHALIMOHAIN3UPAHETO Ha COLIMaHaTa U oOpa3oBaTeiIHaTa cpefia B YHUBEPCUTETA.
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STAGES OF THE TRANSFORMATION
OF THE QUALITY ASSURANCE SYSTEM
OF HIGHER EDUCATION IN UKRAINE

Chief of Department*,
Assoc. Prof., Cand. of Sc. (Pedagogical) Nataliia Komisarenko
*Department the Ukrainian and English languages
Uman National University of Horticulture, Ukraine

The stages of the transformation of the quality assurance system of higher
education in Ukraine were distinguished and substantiated: the first one (1991-
1999) of institutional structure of the national system of quality assurance of higher
education; the second (2000-2010) is declaring and agreeing, putting into force the
normative documents of Ukraine on the quality assurance of higher education with
the principles and basic ideas of the Bologna process. The third stage (2011-2014)
was the official-and-formative one which envisaged the organizational-and-
regulatory processing of Ukraine's accession to the Bologna Process. The fourth
integrative stage of the transformation of the quality assurance system of higher
education has been from 2015 until now and it envisages the advancing and
development of the systems of external and internal quality assurance of higher
education. It was emphasized on the necessity of methodological recommendations
developing on the mechanisms of internal quality assurance of higher education
based on the questionnaire performing of the scientific-and-pedagogical workers of
the higher education institutions of Ukraine.

It was proved within the framework of the previous directions of the
organization of our scientific search that the quality assurance system of higher
education in Ukraine passed through the transformational changes under the
influence of the current legislative and regulatory documents [1]; implementation
of foreign experience [2]; professional training of the future teachers of the higher
education institution [3].

A consistently functioning system of quality assurance of higher education is
the key to efficiency and success in quality assurance. Current legislative and
regulatory documents define the basic ideas of the state educational policy on the
higher education quality. The Law of Ukraine “On Education” (2017) states that
«the quality assurance system of education is aimed at guaranteeing the quality of
education; formation of public trust in the system and education institutions,
educational management bodies; continuous and consistent improvement of the
education quality; assistance to educational institutions and other educational
entities in improving the education quality» [4]. The Law also indicates that the
components of the quality assurance system of education in Ukraine are: «the
quality assurance system in educational institutions (internal quality assurance
system of education); the system of external quality assurance of education; the
quality assurance system in the activities of management bodies and institutions
providing external quality assurance of education» [4]. Therefore, the
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transformation of the quality assurance system of higher education in Ukraine will
mean structural and substantive, interdependent and interrelated changes in its
components in accordance with the regulatory framework.

The following groups of legislative and regulatory documents on the quality
assurance system of higher education in Ukraine on the basis of structural-and-
logical analysis and systematization of the current laws of Ukraine, subordinate
legislation according to the principle of the supremacy of the law and the
chronological principle were identified: statutory regulation of the measures of state
supervision in the field of higher education, state instruments for influencing the
content and quality of higher education, accreditation as one of the way of ensuring
the quality of higher education.

The analysis of the content of regulatory documents, the development of
mechanisms for quality assurance of higher education and own experience of
scientific-and-pedagogical and administrative-and-managerial activity in the higher
education institutions made it possible to identify and substantiate the four stages of
the transformation of the quality assurance system of higher education in Ukraine.

The first stage of institutional structuring of the national system of quality
assurance of higher education (1991-1999) is related to the «introduction of a
licensing-and-accreditation model of its evaluation which started on June 1, 1992».
The creation of the State accreditation commission (1995); the approval of the
Licensing regulations and the Accreditation regulations, a new version of the Law
of Ukraine “On Education” (1996) were the significant events of this period.

A number of innovations on the standardization of higher education was
approved at the highest government level. Thus, the Cabinet of Ministers of
Ukraine approved the requirements for the state higher education standards (CMU
Resolution No.1247 of August 7, 1998): the state higher education standards set
requirements for the content, volume and level of educational and professional
training. They are the basis for estimating the educational level of citizens
regardless of the forms of obtaining of higher education. The quality of educational
and scientific activity of the higher education institutions determined the
conformity of educational services with the state standards of higher education.
Therefore, the state establishes that educational standards are at the core of the
educational system and the standard of the activity of all higher education subjects,
and therefore they are obligatory to be performed by all subjects in the higher
education system.

Thus, a regulatory field was developed and a quality assurance system of
higher education in Ukraine was structured during 1991-1999.

The second stage (2000-2010) is declaring and agreeing, putting into force
the normative documents of Ukraine on the quality assurance of higher education
with the principles and basic ideas of the Bologna process.

During this stage, a new Regulation on accreditation (2001) was approved, a new
law «On higher education» (2002) was introduced, a resolution of the Cabinet of
Ministers of Ukraine «On State accreditation commission» (2003) was put into force.

199



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

During the mentioned period, the field of legislative and regulatory activity
of the Ministry of Education and Science of Ukraine was directed to the
implementation of the current acts of the Verkhovna Rada of Ukraine, the President
of Ukraine (On urgent measures on the functioning and development of education
in Ukraine, 2005; On measures to ensure the priority development of education in
Ukraine, 2010, etc.), the Cabinet of Ministers of Ukraine (On the list of directions
by which specialists are trained in the higher educational institutions according to
the bachelor's educational-and-qualification level, 2006; On approval the list of
specialities by which the specialists are trained in the higher education institutions
by educational-and-qualification level of specialist and master's degree, 2010) and
regulatory documents by Ministry of Education and Science of Ukraine that
determine education policy in Ukraine.

The third stage (2011-2014) was the official-and-formative one which
envisaged the organizational-and-regulatory processing of Ukraine's accession to
the Bologna Process.

Significant steps to ensure the quality of higher education were the formation
of the development and implementation of the National qualifications framework
(2011), the adoption of the Law of Ukraine "On Higher education" (2014) and
others.

It was significant that the results of a series of research projects on the
development of the quality assurance system of higher education in Ukraine were
published in 2014. The most important of them was the three-year Tempus project
«National system of quality assurance of mutual trust in the higher education
system (TRUST)». A positive achievement of the project during its implementation
was the fact that reference books [5; 6], which contained the conceptual basics of
quality assurance in higher education based on European experience and provided
practical reccomendations on reforming the quality assurance system of higher
education in Ukraine.

The fourth integrative stage of the transformation of the quality assurance
system of higher education has been from 2015 until now which envisages the
advancing and development of the systems of external and internal quality
assurance of higher education.

The next step in transforming the assurance system of the core of higher education
was the adoption of the Law of Ukraine «On Education» (2017) [4], where the issue of
quality assurance of higher education and educational activity is systematically regulated
in Section V. In accordance with Article 41 (Part 2), the following components of the
quality assurance system of education are defined: quality assurance system in the
educational institutions (internal quality assurance system of education); system of
external quality assurance of education; quality assurance system in the activities of
governing bodies and institutions providing external quality assurance of education.

Part 3 of Article 41 of the Law of Ukraine «On Education» details the
internal system of quality assurance of education and specifies its components,
namely: strategy (policy) and procedures for quality assurance of education; the
system and mechanisms for ensuring academic integrity; promulgation of criteria,
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rules and procedures for the evaluation of education applicants; promulgation of
criteria, rules and procedures of evaluation of scientific-and-pedagogical activity of
pedagogical and scientific-and-pedagogical workers; promulgation of criteria, rules
and procedures for the evaluation of the management activity of educational
institutions executives; ensuring the availability of the necessary resources for the
educational process organization, including for the independent work of education
applicants; ensuring the availability of information systems for effective
management of the educational institution; creation of inclusive educational
environment, universal design and reasonable accommodation in the educational
institution; other procedures and measures defined by special laws or documents of
the educational institution [4].

The Law of Ukraine «On Education» [4] also details the system of external
quality assurance of education, which may include: 1) instruments, procedures and
measures to ensure and improve the quality of education, in particular:
standardization; licensing of educational activity; accreditation of educational programs;
institutional accreditation; public accreditation of educational institutions; external
independent evaluation of studying results; institutional audit; monitoring the quality of
education; attestation of pedagogical staff; certification of pedagogical staff; public
monitoring; other instruments, procedures and measures as defined by special laws; 2)
bodies and institutions responsible for quality assurance of education designated by this
Law and special laws and institutions, which are specially authorized by the state, to
conduct external independent evaluation; 3) independent institutions for assessment and
quality assurance of education.

Therefore, the transformation of the quality assurance system of higher
education in Ukraine in 2015-2019 is in accordance with the current legislative and
regulatory documents. Effective practical tips on implementing a new system of
quality assurance of higher education are presented in a number of methodological
publications, etc. Thus, the methodological manual for accreditation of higher
education programs in Ukraine was developed based on the results of the study of
accreditation practices in the countries of the European Union during the
implementation of the project «Quality assurance system of education in Ukraine:
development on the basis of FEuropean standards and recommendations
(QUAERE)» by Erasmus+ «KA2: Capacity building higher education (CBHE)».
The authors propose procedures and templates of the documents that are adapted to
the legal field of Ukraine and the practice of the Ukrainian institutions of higher
education. The development testing was carried out at eight universities in Ukraine
with the participation of European accreditation agencies belonging to the Central
European network of quality assurance agencies (CEENQA) and the Ukrainian
student association [8].

The key role in building the system of quality assurance of higher education
belongs to the National agency for quality assurance of higher education, whose
intensive work began only in early 2019. The Agency managed to make a number of
significant steps in the short term of its activity, namely: to form a new mechanism of
accreditation of educational programs of higher education institutions, to hold a public
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competition and form the composition of field expert councils, to create a pool of
experts for accreditation of educational programs, etc. [9].

Therefore, at the present stage, it is very important for Ukraine to introduce
effective mechanisms of quality assurance system of higher education, and
completely new approaches to statutory regulation of state supervision in the field
of higher education, state instruments for influencing the content and quality of
higher education, accreditation as one of the way to ensure the quality of higher
education are the key steps in this direction.
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AJAIITAIIS HABUYUAJIBHOT'O MATEPIAJIY 3 HABYUAHHSA T'PAMOTH
J0 IHANBIAYAJBHUX OCOBJIUBOCTEHN YUHIB ITIEPIIOI'O KJIACY

Cm. nayk. cnigpo6., kano. neo. nayk I1.I". Konocos
JIHY «Incmumym mooepuizauii 3smicmy oceimu», m. Kuie, Ykpaina

VY Konneniii HoBoi ykpaiHChKOT IIKOJIM 3a3HAYAETHCS, 10 KOKHA JUTHHA —
HEMOBTOpPHA, HAJUICHA BiJ NPUPOAM YHIKAIbHUMH 3JI0HOCTSIMH, TaJIaHTaMHU Ta
MoxJIMBOCTAMHU. Micis HoBoi ykpaiHChKOI WIKOMM — JOMOMOITH PO3KPUTH Ta
PO3BUHYTH 3A10HOCTI, TaJaHTU 1 MOXJIMBOCTI KOXKHOI JWTHHU Ha OCHOBI
MapTHEPCTBA MK YUUTEJIEM, YUHEM 1 OaTbKaMH.

[IpoGnema iHaMBITyami3aiii BUHUKJIA Yy TIPOIECi MEPEeXoJy Ha KIACHO-
ypouHy cuctemy. Ha kanb, Kjlacu y MacoBUX IIKOJax y Pi3HI 4acu 1 B PI3HUX
KpaiHax Majii 3HAYHY KUIBKICTh Y4HIB (11 mpoOJjieMa 3ajauiuiaca ¥ y cydacHUX
YKpaiHChKUX IIKOJIaX), 0 OyJ0 1 € 3HAaYHOK TNEPEeHIKOJ0K JI0 peaizallii
IHAMBIAYaJTbHOTO MIAXOAYy B HaBUajdbHOMY mpoleci. Ha ne 3Bepranu yBary Taki
nenarororn gk K. VYmuucekuit, JI. Toncroir M. bynakos, II. Kanrepes,
B. bexrepos, C. Pycosa.

JI. Toncroit OyB mepeKOHaHHWM M0, BCl YYHI MOXYTh BUYUTHUCS YCIIIIIHO, a
HEYCIHIIIHICTh BUHMKAE YaCTIIE 4Yepe3 Te, II0 BUYMTENIb HE 3BEpPTA€ yBard Ha
IHAMBIAYaJbHI 0COOJMBOCTI Ta MOTPeOU Y4HS 1 HE NMpUNMAaE BIAMOBIIHUX 3aXO0J1B
JUIsL TIOKpAIlleHHd cuTyauii. BuxoBanHs Oyne yCHIIIHUM, Ha WOro JYMKY, SIKIIO
nejaroriuia pobora MPOIYCKAETbCsl 4depe3 (PUIBTP 1HIMBIAYaTbHOI AISUIBHOCTI
yuHs [1].

VY nopanbmioMy NUTAHHIO 1HAMBIAYaji3allii HaBYaHHS NPUIULUIM 3HAYHY
yBary Taki 3apyOikHi ¥ BiTuM3HAH1 HaykoBll siK (O. bynapuuii, T. Boxerosa,
B. Bononbko, A. I'panunbka, O. Kipcanos, B. Kpyreubkuit, I'. Kymapina, €.
PaGyncwkuid, I1. Cikopebkuii, I. YHT, A. XyTopcekoii, B. [llanpukos, L
SxuMaHCBHKa Ta 1HIII).

OCHOBHI acCIeKTH 1HAWBIIYyaIbHO 30PIEHTOBAHOT MOJEN1 MOYaTKOBOI OCBITU
NoJIATAl0Th y TOMY, IO MPOBIAHE Miclle B TPOLECI OpraHizaiii HaBYaJIbHO-
BUXOBHOI pPOOOTH BIJBECHO IHAWBIAyaJIbHUM, TMAapHUM Ta TPYyNoBuUM (opMam
3aHATh [5, ¢. 15]. Came iHauBimyanizallis HaBYaHHS Ja€ MOXKJIMBICTh CTBOPIOBATH
CUTyallll ycmiXy B HaBYaHHI g YYHIB 3 PI3HUMH PIBHAMH HaBYAJIbHHUX
MOXJIMBOCTEH. A ycHiX, Xall HaBITh HE3HAYHUH, BCEJSiE€ B YUHS BIPY B CBOI1 CHIIH,
[0 CTUMYJIOE Y4YHA [0 OpraHi30BaHOCTi, HAIOJEIJIMBOCTI, CMUIMBOCTI Ta
HECTaHJIapTHOCTI B MUCJEHHI [2, ¢. 201].

HaykoBii npuiiuid A0 BUCHOBKY, IO I1HAMBIAYyai3allisi HABYAHHA — II€
MaKCUMaJlbHe HAONMKEHHS MpOollecy HaBYaHHS 10 ONTUMAJIbHOI MOJEIN, KOJH
KOXEH Y4Y€Hb Mpalo€ y 3pyYHOMY JIJIi HBOTO TEMII, MaHepi, 110 BIANOBIAAIOTH
HOro 3arajibHiii MIArOTOBLI, 3710HOCTSIM, OOCSTY OINEpaTUBHOI Mam’sTi, pucam
XapakTepy Ta eMOLIMHOMY CTaHy.

Buxonsiuu 3 TOro, 1m0 BeJMKUN BIUIUB HA €(DEKTUBHICTH MPOILIECY HABUAHHS
MaloTh 1HIUBIyalbHI OCOOIMBOCTI B PO3YMIHHI TAKMX KOMIIOHEHTIB Mi3HABAJIbHOL
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JISUTBHOCTI, $IK CIpUWMaHHS, yBara, mam’siTb, MHUCJEHHS, a TaKOX CIeliajbHi
3M10HOCTI, B 3arajJbHOMY pO3YMIHHI TMOHATTA «IHAUBIAyani3alis HaBYAHHS»
PO3IJIAIA€ThCS AK MPUCTOCYBAHHA HABYAJIBHUX BIUIMBIB 0 1HIMUBIAYaJbHO-
MICUXOJIOTTYHUX OCOOJIMBOCTEH KOXKHOTO Y4YHs, 3 OJHOrO OOKYy ¥ CTBOpEHH:
CIPUSATIMBUX YMOB JIJII PO3BUTKY CIEIIaIbHUX 310HOCTEN 1 MOKIIMBOCTEH YUHIB,
3 apyroro [2, ¢. 201] (To6To amanTyBaHHs IMENAroriyHUX yYMOB 1 JUJAKTHUYHHUX
3aco01B 10 1HIUBIAYAJIBHUX MICUXOJOTTUHUX OCOOJIMBOCTEN YUHIB).

[loxa3HMKOM  aJanTOBAaHOCTI 3aBAaHb € BIUIMB Ha  €MOLIMHMIA
(3310BOJICHICTh, MO3UTUBHUN CTaH TCUXIKH), IIHHICHUN (3MIHA CHPSIMOBAHOCTI U
BIIHOCHH), KOTHITUBHUH (II3HaHHS HOBOTO), MISUIBHICHUN (aKTUBHICTH y MpOIEci
HaBYaJIbHO-IT13HABAJIBHOT IISUTBHOCT1) KOMIIOHEHTH OCOOUCTOCTI.

[Ipontec  imamBigyamizamii  mnependayae  TMOCTIMHE  CIIOCTEPEXKEHHS,
aJlanTyBaHHs MaTepialliB Ta 3aHATb, OTpPUMaHHA 1HQOpMallii BiJ ciMel, B3aEMOIIA 3
JIITBMHU, METOI0 SIKOi € MIATPUMKA IXHHOTO PO3BUTKY. BapTo He 3a0yBatu, 1o
BUMTHU BCIX OJJHAKOBO HE MOXXHa, 1 TOMY IHJMBIAyali3alio Ta AudEpeHIraiio
MO>XHA BIAHECTH /10 IHTEPAaKTUBHOI'O HABYAHHS (MpaKTHKa 4epe3 MAil0, HaBYaAHHS
HIITMX, TBOPYE 3aCTOCYBaHHS HaOyTUX 3HaHb) [3, c. 69].

HaBuanpHuii matepiayl MiApy4yHUKIB, MOCIOHMKIB, HAOUHHUX MaTepiasliB He
MOKe OyTH aJanTOBaHUM 10 KOKHOTO Y4YHS B Kiaci. Y JEAKUX BUIAJKaX I[bOTO
Marepiany OyBae HEAOCTAaTHbO IJisi peaizalii 1HAMBIAYaJbHOTO MIAXOIY, TOX
negaror Mae abo 3HAXOIWUTH, ab0 CcaMOCTIMHO pO3poOJIATH  BIAMOBIIHUN
neJaroriyHuii IHCTpyMeHTapiil.

3a 3BMYail y Kiaci BUIUISIOTBCS KUIbKa TPYI YYHIB, Kl BIAPI3HSAIOTHCS
pIBHEM PO3YMOBOI'O PO3BUTKY, 3[M10HOCTSIMHU, CTABJICHHSIM /0 HaBYaHHS, MIPOIO
aKTUBHOCTI Ta CTapaHHOCTI, TEMIIEPAMEHTOM 1 TMOBEIIHKOI. 3a IUMU
XapaKTepUCTUKaMU BOHH, K MPaBWIO, MOAUISIOTHCS HA TPU TPYIU: 3 BUCOKUM,
cepelHIM 1 HU3BKUM piBHEM pO3BUTKY. [4, c. 20]. IIpote cnenudika opranizamii
HaBYAJILHOTO Tpoliecy y 1 Kiaci Mae meBHI 0COOIMBOCTI. Y 3B’SI3KYy 3 THM, IO 1y
JOLIKUTBHUX HAaBUYAJIbHUX 3aKJajax, 13a 1HINIATHBOI 0aThKiB MalOyTHIX HIKOJSAPIB
3HAMOMJISITH 13 a3aMU TPaMOTH, TO BOHM MPUXOIATh Yy MEpPUIMH Kiac 13 pi3HUM
pIBHEM YMIHHS YMTATU 1 mucatd. ToMy Ha NepIIoMy eTarl yuuTeIb Ma€ BUSHAUUTH
el piBeHb Y KOXHOTO TMEPHIOKJIACHUKA: YyMI€ BHIUIATA 3BYKHM MOBJIIEHHS,
nudepeHIlioe iX, 3Ha€ OYKBU, YMTAE CKJIQJAM PI3HUX TUIIIB, YUTAE CJIOBA PI3HOI
CKJIQAHOCTI, YCBIAOMJIIOE IXHE 3HAYEHHS, YUTAE€ PEUCHHs, PO3yMi€ iXHIM 3MICT,
MIPaBUJILHO IHTOHYE, YUTAE Pi3HI 32 0OOCATOM TEKCTH, YCBIJOMITIOE iXHIN 3MICT.

VYuyurenb Ma€e yBaXKHO BUBYATH KOXHOTO 3 Y4HIB. J{JIi HUX Ba)KJIMBO 3HATH
IHAMBIAYaJbHI IHTEPECH Ta CXUIIBHOCTI MIKOJISIPIB. Tak HapuKiaj, CocTepiraloyu
32 HaBYAJIBHOIO JISJIBHICTIO KOKHOT'O YYHS, BUMTEIb MOXKE CBOE€YACHO MPUUTH Ha
JOTIOMOTY TOMY, KOMY BOHa TmOTpiOHa. TakuM YHMHOM MOXKHa 3amobiratu
NporajvHaM y 3HAHHSIX OKPEMUX YYHIB 1 yCyBaTU NPUUYMHHU HE3aJOBOJICHHS W
HeOakaHHs BUuTHC [3, ¢. 69-70].

S0 Ha MOYaTKy HAaBYAIBHOIO POKY MPOTECTYBAaTH MEPIIOKIACHUKIB, TO
3’SCYETHCS, IO € YUHI, K1 HE MaJIi *OJIHOTO JIOCBIY 3 HaBYAHHS I'PaMOTH, TOOTO
HE OPIEHTYIOThCS H1 y 3BYKax, Hl y OyKBaX, € Taki, sIKl 3HalOTh Kiibka OyKB, BCi
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OYKBH, XTOCh MOK€ YUTATH CKJIaJH, XTOCh CJIOBA, @ XTOCh PEYEHHS 1 TEKCTH. AJie
AKIIO B3STH KUIBKOX Y4YHIB, $SKi, HampUKIaJ, MOXYTb YUTaTH CKJIAaaH, TO
3’ACY€EThCS, IO y KOTOCh 116 BUXOJMUTH Kpaule, LIBUIIIE, 3 MEHIIOK KUIbKICTIO
NOMWIOK Tomo. Taky »k pi3HULIO MU OyAeMO CIOCTepiraTd Ha Pi3HUX PIBHSX
HAaBYaHHS TpamMOTH. Y TpolLeci HaBYaHHS Y4HI MOYHYTh HAKONUYYBATH 3HAHHA,
YMIHHS ¥ HaBUYKUA y PI3HOMY TEMIIl, 3 PI3HOIO SAKICTIO, 3 PI3HUMHU (PI3UUHUMH 1
MICUXOJIOTTYHUMHU €HEepro3aTparaMu K Y4HIB Tak 1 meaaroris. bo y KokHOro 3 nmux
Y4YHIB MOXYTh OYTH CBOi OCOOJIMBI TPYAHOILI Ta 3/110HOCTI.

Tox ApyruM KpOKOM yuuTenss Mae OyTH BHU3HAUEHHA caMme IUX
cnenuiyHUX, TPpUTAMaHHUX caMe IIbOMY Y4YHEB1 TpyAHOIIIB. € AITH, SIKI MalOTh
MEBHE TICUXOJIOT1YHE BIJCTABaHHA Y ICHXOJIOTIYHOMY PO3BUTKY, ajieé € e TOU
(dakTop, 1110 Tak 3BaHa TpaJuliiHa yn o(iliiiHa METOAMKA HABYAHHS IPaMOTH, a00
’ pIBEHb BOJIOAIHHS HEIO TMEBHUM IMEJaroroM He JalTh 3MOTM MaKCHUMAaJlbHO
aKTUBI3yBaTU HAaBYAJIbHO-II3HABAIbHI J1i OKpeMHUX y4yHIB. OTKe MU BUOKPEMUIIU
rpyly Y4YHIB, SIKI TOYMHAIOTh HABYATUCS YMTAHHIO 1 MUCbMY 3 HYJIHOBOI BIAMITKH.
Takux miTell yuMano y CUIbCHKMX IIIKOJIaX 1 He Tak Oarato y Mmicbkux. o x
3’siCyBajocs y Mpolieci HaBYaHHS LMX y4HIB? YacTWHA LIUX YYHIB y PI3HOMY TEMITI,
ajie TIOYMHAE 3aCBOIOBATH MpOrpamy. Ajie JeIKUX YUHIB 13 i€l HYJILOBOT MTO3HAYKHU
JOCUTh BaXKKO 3pymuTd. Hamii croctepeskeHHs Ta iHGopMallis, SKy HaJIaloTh
yU4UTEl TOYATKOBHUX KJIACIB MIIATBEPKYIOTh TOM (PaKT, 110 MUHAE KIIbKa MICSIIIB
HABYaHHS, a 1HOJI1 ¥ yBECh HaBYAIbHUH PiK, @ BOHU MPAKTUYHO HE YUTAIOTh.

Tox panga BupileHHs wi€1 JUAAKTUYHOI MpoOJeMU BHHHMKIA MOTpeda
BUHAXOJUTHU BIANOBIIHUNA TMENAroriyHUM IHCTPYMEHTapid, SKUM 11e He
BUKOPUCTOBYBAaBCA y TpaauliiHIi MeTonuil HaB4yaHHs rpamotu. o mpomonye
MeTO/IMKa B AOOYKBAapHUU MEpioJl HABUYAHHS IPaMOTH: Ha3UBaTH, a00 YyTU CJIOBO,
BUJUIATH 1 AUGEpeHIIIoBaTH 3BYKU 1 MO3HAYATH iX BIANOBIIHUMM 3HAKaMu. Alie
KOJM Y4YH1 3HaOMJISAThCA 13 OyKBamMH, TO 3HAKM MOTPIOHO NMEPETBOPUTH Yy MEBHI
3BYKHM, BAMOBUTH X 3JIMTO CKJIaJIaMH 1 B KIHII1 YII3HATH CIOBO. [I€SIKUM y4HSM IO
PO3YMOBY OIlepalliro 3A1IMCHUTH BaXKKO, aJ[Ke 3a KUJIbKa MICSI[IB HABUaHHS BOHHU 1€
MOYMHAIOTH poOuTH Briepiie. ToX MU NMPUNUIIUIM O BUCHOBKY, 1110 y J00YKBapHUN
nepioJl TakoX HEOOXITHO O3BYyUyBaTW 3HAKU. TakKMMM 3HAKAMH JJis MO3HAYEHHS
rOJIOCHUX 3BYKIB CTaJu 300pa>keHHs PopMHU r'y0 pO3KPUTOro poTa MPU BUMOBJIISIHHI
rOJIOCHUX 3BYKIB, @ JUIsl TO3HAYEHHS MPUTOJIOCHUX MH BUKOPUCTAIH 300pa’KEeHHS
TaKuX ICTOT SIK OJKOJa — 3BYK [3], )KyKa — [K,], By>ka — [11], 3mii — [c], Turpa — [p].
[Toennyroun 300pakeHHsI BINMOBIIHOT IEBHOMY 3BYKY (pOopMU poTa Ta 300pakeHHSs
TBapUHM y4YH1 Yy TOOYKBapHUM MEPioJ] y4aThCs YATATU CKIaaM 1 cioBa. L1 3aBnaHHs
MPOIMOHYIOTHCSA YUHSIM Y (DOPM1 Ka3KU-TPU Ta PIZBHOMAHITHUX JUJAKTUYHUX ITOP.

JUis migBuIIeHHS e(QEeKTUBHOCTI 3amaM’ STOBYBaHHS OYKB, CHpUWMAaHHS
CKJIQJy SIK IITICHOT MOBJIEHHEBOT OJIMHMIII MU pO3po0mIH cucteMy acoriamii. [1{o6
MOJIMIIUTU MPOUEC CNPUAMAHHA 3HAYEHHS MPOYUTAHUX CIIB MU BKIIOYWIH O
3aBjlaHb BIJMOBIIHI 300pakeHHs. JIGKCHUHE 3HaYeHHsI CJIiB, SIKI MaJld YUTATU y4HI,
CIOYATKY MPOTrOBOPIOIOTHCS, JIEMOHCTPYIOTHCS Ha 300Pa)KEHHAX 1 JIMIIE TMICHS
[HOTO YYHI YUTAIOTh CJIOBA 1 3’ €JHYIOTh iX 13 BIIMOBIAHUMHU 300pakeHHsIMU. Takuii
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caMuil MiIX14 MU BUKOPUCTAIM M y 3aBIaHHSIX HA YUTaHHS pEYeHb 1 TEKCTIB, KOJIHU
YUYHSAM MOTPIOHO BIAUITYKATH BIAMOBIIHUN CIOKETHUN MaJIIOHOK.

BaxxauMBUM TMOKa3HUKOM CBIIOMOTO YMTaHHsS, Ta 3aco00M  PO3BUTKY
MOBJICHHS € Tepeka3 NpOYUTaHUuX TEeKCTiB. MU po3poOuiiu KpUTepii OIIHKU SIKOCTI
nepeKasy Ta MoJajbIIOro CIIOCTEPEKEHHS 32 OKPAIICHHSIM IIMX MOKAa3HUKIB.

JleskuM y4HSIM TOTpIOHO HabaraTo OUIbIIe Yacy JJIsi 3aCBOEHHSI TEBHHUX
YUTAIbKUX HaBUYOK. HaBuuka (hopmyeTbes micias 6araTopa3oBOro BIPABISIHHS Y
MEBHUX JisX. baraTopa3oBe MOBTOPEHHS J1y>KE€ CTOMIIIOE, TOMY Ba>KJIMBOIO YMOBOIO
YCHIMHOCTI € e(EeKTUBHI CTUMYIU. Y 3B’S3Ky 3 THM, IO MH TOBOPHUMO PO
HIECTUPIYHUX JIITeH, TO HaillepeKTUBHIINM CTUMYJOM € IrpoBl (QopMu
BIIPABJISIHHS, K1 MM BUKOPUCTOBYEMO Ha BCIX €Tanax HaBYaHHS I'PaMOTH.

TpuBanuii yac MIKUIbHA OILIHKA YYHSIMHU CIpHUMasiacs HE SK OILIHKa iXHIX
00’ €KTUBHUX HABYaJbHUX MOXKJIMBOCTEH, a SIK OIlIHKA iX IK 0COOMCTOCTI. BucoKi
JIOCSTHEHHS — MOJIOJIellb, HU3bKI — TmoraHo. Ilcuxonoriunuii TsArap JAras
nepeBakKHO Ha y4yHsA. YuuTedab OyB sSIK OM HI mpu YoMmy. BaxknuBo 3a3HauuTH, 110
IHAMBIAYyai3allisl Ma€ BaXJIMBE 3HAYEHHS 1 MiJ 4Yac MEpPeBIPKA i OI[IHIOBAHHS
JOCSTHEHb Y4YHIB. Y IbOMY BHUMAJAKYy IHIMBIAyaji3allis Jae 3MOry 3a0e3neuuTd
BUOIp 3ac001B MEPEBIPKH, K1 MAlOTh HA METI 3HITH MCUXOJIOT1YHE HANPYKEHHS B
Ta JJ1s1 00’ EKTUBHOTO OIIHIOBAHHA yuuTeneM. [3, c. 69]. O6’ekTuBHA OIlIHKA (SIKOTO
piBHS 13 HEOOXIIHOTO Ha MEBHOMY €Tall HaBYaJIbHOI'O MPOLECY AOCAT YYEHb)
NoTpiOHA yYHUTENEeBl JJIg OLIHKKM e(EeKTUBHOCTI HaBUaJbHUX 3acO0IB, a YYHEBI
JUIIE AJI TATPUMAHHS MOro ONTUMICTUYHOIO CTABJICHHS A0 HaBYAHHS, MTOKA3aTH,
10 BIH Ma€ CBO1 BJAcHIi ycmixu. Tak 3BaHa «HU3bKA YCHINIHICTBY — 1€ Pe3yJbTaT
MPAKTUKKU TMOPIBHIOBATH 13 yCHIXaMH 1HIIMX y4YHIB, a00 3 BUMOTraMu HaBYAJIbHOI
nporpamu. KoxkHe po3poOiieHe HaMM 3aBJaHHs Iependadae sk OI[IHKY BUMTEIIEM
AKOCTI BUKOHAaHHA 3aBJlaHb YYHEM 3 METOI0 BHU3HAYEHHA €(QEeKTUBHOCTI
NEeJaroriyHoro IHCTPYMEHTapilo, Tak 1 JAJIs CAMOOLIIHKM YYHEM CBOIX HaBYAJIbHHUX
ail, mo6 OayuTH NPONUJAEHUN NUIAX 1 NOJANBIIY MEPCHEKTUBY, BCEIUTH
BIIEBHEHICTH 1 NOTPeOy pyXaTucs Jaii.

[Ipaktuka poOGoTH ToOKazye, MmO pobdoTa 3 po3pOOJECHUM  HAMHU
IHCTPYMEHTapieM Jla€ 3MOTy KOXHOMY YYHEBI MaKCHUMAaJIbHO peaii3yBaTh CBid
IHTEJNIEKTyaJIbHUI TIOTEHI1a)l, YHUKATH NMEPEeBTOMJICHHS, 3a0€3MEeUnUTH MO3UTUBHE
CTaBJICHHS /10 HAaBYaHHS TPAMOTH, 30€perTy MCUXOJIOTIYHY PIBHOBArY 1 MO3UTHUBHI
eMOLi.
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CBITOBI MOJIEJII JUCTAHIIIAHOI OCBITH
B TEXHIYHOMY 3AKJIAJII BULLIOT OCBITH: CYUYACHI BUKJIUKH

IIpog., ooxm. neo. nayk E.B. Jlysik, ooy., kano. ned. nayx H.B. Jladozybeyw,
acnipanm T.0. Muxecea
Hauyionanvnuii asiayininuit ynigepcumem, m. Kuie, Yxpaina

[linroroBKa  KOHKYPEHTOCHPOMOKHOT'O  JIIOACBKOrO  Kamitany — fK
NpIOPUTETHOTO HAMNPSAMKY MOOYIOBM  IHHOBAUIMHOI MOJENl OCOOUCTICHO-
npodeciitHoro 3poctaHHs (axiBls B OCBITHbO-IH(OpPMAILIHHOMY CcepeOBHIII
JUCTAHI[ITHOTO HABYaHHA JJis 1HHOBAIITHOTO PO3BUTKY KpaiHW; caMopeasizallis
ocobucTocTi Juisl 3abe3neyeHHsl MoTped CYCHIbCTBA, PUHKY Mpalil Ta JepKaBu
MPOTATOM KUTTS; IHTErpalisi CUCTEMH BUILOT OCBITU YKpaiHU y CBITOBHI OCBITHIN
MPOCTIp BHMArarTh CYTTEBOI MOJEpHI3alii BITYMU3HSIHOI OCBITHBOI CHCTEMH,
OOyMOBJICHOI OJIHIEI0 3 TOJIOBHUX IMBUII3AIIMHUX 3MIH — 1H(GOpMAIIHHOIO
PEBOJIIONIEI0, 0 aKTyali3ye MmpobjieMy MOJEpHi3allii OCBITH Yy BIINOBiAL Ha ii
BUKIIUKH.

[IpiopuTeTHICTh PO3BUTKY 1HPOPMALIMHUX CUCTEM OCBITHHOTO IMPOILIECY, 110
Opi€EHTOBaHa Ha MOOUIBHICTh THX, KOTO HABYAIOTh; pealizallisl KOHIIEMIIil HaBYaHHs
MPOTATOM KHUTTS; MDKHApOJIHA CHIBIpAllsd B Tajly3l pO3BUTKY BUIIOI IpodeciitHoi
OCBITH, BUKJIMKaHi, TIEpIl 3a BCE, MOIIYKOM IUISAXIB, MOB’sI3aHUX 3 MOOYJ0BOIO Ta
BIIPOBAPKEHHSIM B OCBITHIH mpoiiec 3akiaay Buioi ocBitd (3BO) iHauBiIyaibHOT
MaricTpajl YCHIIIHOCTI KOXKHOTO CYO’€KTa OCBITHHOI'O MPOLECY Y BIAKPUTOMY
JUHAMIYHO-CUHEpPreTUYHOMY 1H(opMaliitHo-ocBiTHBOMY cepenoBuull (I0C), sxki
3a0e3nedyBaiu 6 MPOCTOPOBY Ta YACOBY THYYKICTh OCBITHbOI CUCTEMHU HAaBYaHHS,
HaOJMMKarouMl 11 O CBITOBHUX OCBITHIX cHUcCTeM. Peaiii CbOTOAEHHS HO3BOJISIOTH
3pOOUTH BHCHOBOK, IO ICHYIOYa CBITOBAa TEJEKOMYHIKalliiiHa 1HPpacTpyKTypa
CIpHsIE MOXJIMBOCTSIM CTBOPEHHSI CHCTEM CaMOHAaBYaHHS MPOTATOM >KHUTTS 3a
YMOBOIO 3arajbHOro oOMiHYy iH(oOpMaIli€l0 HE3aJIeKHO BiJl 4aCOBO-IIPOCTOPOBUX
MOSICIB.
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31 3MiHOI0 TpaguuUidHUX (HOpM Mepenadi 3HaHb Ta YSABIECHb Y BIIKPUTOMY
JUHAMIYHOMY OCBITHbOMY cepenoBuini 3BO nenani yacriiie BUKOPUCTOBYIOTHCS
KOMITIETEHTICHO-OPIEHTOBAaH1 JUCTaHIIMHI (OpMU HaBUaHHS Ha OCHOBI Internet-
TEXHOJIOT1i, 0COOJIMBO Yy cHCTEeMi BUIIOI 1 JOAATKOBOI MpodeciiiHoi OCBITH, IO
CIIPOMOXKH1 3a0e3MeuyBaTu BHUIIEPEKYBalbHy O€3MepepBHY JIOTICTUKY 3HAHb Y
HaJIeXHHUX 00csTax, NoTpiOHOMY Micili 1 B moTpiOHuit yac. Kpim Toro, nucranuiine
HapuanHsa (JJH), sxe y XXI cronmitts BXxoauTh sIK HailedekTuBHIima (opma
HaBYaHHS, NMPUITYCKAE Mepexia BiJ KOHLENIi (I3MYHOro nepemilieHHsl cy0’ €KTIB
HaBYaHHS 13 KpaiHU B KpaiHy 10 KOHUENIii MOOUIbHUX 11eH, 3HaHb 1 popMyBaHHs
IHTETpOBAaHUX YMIHb 3 METOI0 iX PO3MOJALTY 3a JOMOMOrOI0 OOMIHY OCBITHIMU
pecypcamu  (ayaio-/Bimeo-TpaHCisii  Ta  ayaio-/Bimeo-koHdepenii;  E-
learning/online learning; Internet-kondepenuii i 1.14.). [Ipu ubomy, 3aTpedyBaHICTh
JIH na ocHoBi Internet-texnosioriii, mounnatouu 3 70-80-x pp. XX ct., Oyna
0o0OyMOBJI€HA, TIEPIII 32 BCE, EKOHOMIEIO PECYPCIB 1 YaCy; MOXKIIMBICTIO OTPUMYBaTH
OCBITY 0€3 BIAPUBY Bl BUPOOHUIITBA, OJHOYACHO, MPHU LBOMY, 13 IpodeciiiHuM
3pOCTaHHSIM; BHYTPINIHBOIO MOTHUBAIIEI0 OTPUMYBATH HE CTUIBKUA JAMUILUIOMH 1
cepTudiKaTH, CKUIbKM KOHKPETHI 3HAaHHS 1 KOMIIETEHTHOCTI, IO TOCTIHHO
3pOCTaIOTh.

[i Ta 1HII1 acTIeKTH (YUMHHUKH) JOBOJATH HEOOXITHICTh MTPOBEJICHHS aHAJI3y
BIUIMBY CBITOBUX TEHJIEHIIM PO3BUTKY aucraHiiiiHoi ocBith (JIO) B cBiTi Ta
VYkpaidi # BU3HAUCHHSI Cy4YaCHUX BUKIMKIB JJIS 3aKJIaJliB BUIIOI TEXHIYHOI OCBITH
(3BTO), BignoBiai Ha sKi NOTPeOyIOTh PO3BUTKY PI3HUX (GopM 1 3aBAaHb
JUCTaHIIfHOrO HaB4YaHHSA. /(s 1bOrO0 BHU3HAYMMO BIUIMB CBITOBUX TEHIEHIIN
PO3BUTKY JUCTAaHLIAHOI OCBITU Ha PO3BUTOK Ta YOPOBAKEHHS YCHIITHUX
MPOEKTIB online-0cBITH y cy4acHUI ocBITHRO-1HPOpMauiiuuii npoctip 3BTO.

Tak, pe3ynbTaToOM 3aciiaHHs KPYTJIOTro CTOJy, 110 BinOynocs y ciuni 2013 p.
B /JlaBoci 3a yuactio ekc-miHictpa ¢inanciB CIIA 1 mouecHOro mnpe3uaeHTa
I"apBapacekoro yuiBepcurery Jlappi Cammepca, npesugeHta MaccauyceTChbKOro
TexHoJoriuHoro iHcTutyTy Padaens Pelida, 3acHoBHuka Microsoft binna ['eittca
Ta 1H., CTaja Te3a, Io «MalOyTHE — 3a online-0CBITOIO», AKa OyJia MiATBEPAKEHA
pe3ynbTaTaMu AOCHIIKeHb Oaratbox 3aknaniB ocBitd y 2012-2014 pp., a came:
32% crynentiB CILIA (6,7 MaH. 4oJ1.) IpoHIIIM Xo4ya 6 OAMH KypC JUCTAHI[IHHOTO
HaByaHHs; y HU3L1 Kpain (Kuraii, Jlarsis, Hinepnannu, Amxup, Benuka bpurtanis,
Typeuunna Tta 1H.) 10-25 % CTyIZeHTIB OTPUMYIOTH OCBITY Yy 3akjiaaax
JMCTaHIIITHOTO HaBYaHHS; CEpe/l aMePUKAHChKUX 3aKJIa/IiB BUIOI OCBITU 65% yxke
BBEJIM JUCTAHIIHHE HAaBYAaHHS B CTPATErito CBOTO PO3BUTKY [2]. B pe3ynbrari
OoOroBOpeHb Ha 3aCilaHHI KPYTJIOro CTOJNY [0 HAWOUIbII YCIHIIIHUX MPOEKTIB
online-ocBiTH OynH BiIHECEH]1 MPOEKTH MPECTABHUKIB!

a) lapBapacekoro yHiBepcUTETy CHUIBHO 3 MacauyceTChbKUM TEXHOJIOTTYHUM
iHcTUTYyTOM-EdX 13 crarytHum dongom 60 muiH. monapiB 3a yuyactio 30 3aknaaiB
BUIOi ocBiTH (3 MJH. KopucTyBauiB) (2012 p.) [5];

0) Coursera — 1 000 000 cinyxaui (B Tomy uucii 13000 — ykpaini) (2012 p.) [3];
B) Udacity, mo HaB4ae COTHI THUCAY CTYJIEHTIB 1 CHIBIpAIlO€ 3 JECATKAMHU
KOMIIaHii [6].
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I xouwa ceprudikatu EdX, Coursera Ta Udacity He MaioThb TakKoro
(dbopmMai3oBaHOro0 3HAYEHHS SIK JIUILJIOM MPO OCBITY, OAHAK OUIBIIICTH CTYACHTIB,
o0 BXE MpalioloTh, BBaKa€ IiX BaroMUM apryMeHTOM Ha pPUHKY Mpali, a
CHIBpOOITHUKHM JECATKA KOMMAaHIA TrOTOBI NPUUHATH Ha poOOTy HalKpammx
CTYJICHTIB IICJIsl 3aKIHYEHHS IUX MPOEKTIB.

TakuMm urHOM, (hiHaHCYBaHHS MPOEKTIB online-HaBUaHHSA PI3HUMH KpaiHAMU
CBITY CSITA€ BXKE€ COTEHb MUIBHOHIB J0J1apiB, OHAK, PU ILOMY, KOXHA KpaiHa Mae
BJIACHY MPAKTUKY BUpIilIEeHHs 1iei npodnemu. Hanpuknan, B Ingonesii icHye Tpu
JoKkepena (iHAHCYBAaHHS JUCTAHIIMHOTO HAaBYaHHS, a caMe: BHECKHM CTYACHTIB 3a
HaBYaHHS ckianaroTh 33 %, a JepkaBHI T'paHTH Ta JIOMIOMOTa BiJl 1HO3EMHHX
are’HTcTB — BIANOBIAHO 66 %. Icmanis BHUKOpUCTOBYE Uil (DiHAHCYBaHHS
JTUCTaHIIITHOTO HaBYaHHS JBa JpKepesa, a came: MIHICTEpPCTBO OCBITH OILIauye
46% , BIINOBiNHO, cTyAeHTH — 47 %; npoaax HaBYaJbHUX MaTepialiB ckianae 7%.
Benuka bpurtaHis TakoXk BHUKOPUCTOBYE JBa Jukepena  (piHAaHCYBaHHS
JUCTAHI[IHHOTO HABYaHHs, MPU LbOMY IUIaTa CTYIEHTIB cKianae Bchoro 15%, a
BHECOK ypsay — 85 %. B Kanani icHye Tpu mxepena GpiHaHCYBaHHS JUCTAHI[IHHOTO
HABYaHHS, a caMe: ypsAJI0B1 BHECKH CKJIaatoTh 75-80% BiJ 3arajabHOT CyMH BUTpAT,
cTyneHTchbki komtu — 10%; Bce iHINE BKIIOYAE MIANPUEMHHUIIBKA Ta JIUJIOBA
misnbHIcT 3BO, a came 10-15%.

Kpim Toro, y mporpamax HaB4YaHHs Oe3 HajmaHHs BueHoro ctymneHs (PhD)
rJiaTa 3a HaBYaHHS CKiagae 2/3 Bij 3arajbHOi CyMM 3a CTalllOHApHE HAaBYaHHS, a
CHELIPaHTH, BIAMOBIAHO, — 1/3. SKIio >k MOpIBHIOBATH IJIaTy 3a HABYaHHS TOUHHUX
HayK, TO BoHa Ouibia Ha 25%, HIK 3a colialibHI 4 MUCTElbKI Kypcu [1]. B Toit
K€ 4Yac, pO3BMHEHI KpaiHM CBITY CIPSMOBYIOTH CBOIO MOJITHKY Ha 3HUKCHHS
BapTOCT1 JUCTAHIIMHOTO HaB4YaHHS. Tak, B cepeAHbOMY BapTICTh JUCTAHLIAHOIO
HaBYaHHS 3HAYHO HIXKYA BiJI CTALIOHAPHOTO: HaNpukiaj, TeXHIYHUN YHIBEpCUTET
B AtianTi (CIIIA) nmponoHye MaricTepchbkuil Kypc y Tajiy3i KOMI IOTEPHUX HayK 3a
$45000 mpu HaBYaHHI B KAaMITyCi; B TOH K€ Yac, K MPH IUCTAHI[ITHOMY HaBYaHHI —
$ 7000, Bumaroun, Mpu 1IbOMY OJTHAKOBI JUTLIIOMH.

[IpoBenenuii aHasi3 Cy4yacHUX CBITOBUX TEHACHIIN PO3BUTKY AUCTAHIIIHHOT
OCBITH aKTyaJsi3yBaB Jyulsl Y KpaiHu HU3KY BUKIIMKIB, 110 MOTPEOYIOTh BUPIIIECHHS K
y HanpsIMKy 3pOCTaHHS POJIi KOHKYPEHTOCIIPOMOXHOTO JIIOACHKOIO Kamitaiy, TaK 1
TICHO TOB’S3aHUX 3 HUM INPUCKOPEHHSM TEMIIIB OHOBJIEHHS NpodeciiiHuX 3HaHb,
oOyMOBJIGHHX YIOPOBa/PKEHHSM B OCBiTHIM mipouec 3BO  iHHOBaIiHUX
iHpOpMAaIITHUX TEXHOJOTId [Jisi YTBEpJKEHHS B OCBITHIA MOJITULI KpaiHU
KOHIEIIIi «OCBITa MIPOTATOM KUTTS.

Binomo, 1110 BUTOKHM JUCTaHIIIIHOT OCBITU B YKpaiHi BigHOCATHCA 10 80-90-x
pp. XX cromitta. Bxe y 2002 p. MiHicTepcTBO OCBITM Ta HayKd YKpaiHH
3arMmoYaTKyBajgo EKCHEPUMEHT 13 BUKOPUCTAHHSIM €JEMEHTIB JIUCTAHLIAHOTO
HaBYaHHS, SKUH HaOyB PO3BUTKY B HU3Ill TaKUX YHIBEPCHUTETIB, SIK: XapKiBChKHMA
yHiBepcuteT pagioenekTpoHiku; XIII (XapkiBChKHil MOMITEXHIYHUN YHIBEPCUTET);
KIII (KuiBchkuil momiTexHiYHUM 1HCTUTYT); CyMCBbKUHN JepKaBHUI YHIBEPCUTET;
[lonTaBchbKUii yHIBEpCUTET €KOHOMIKM 1 TOpriBimi; HamioHanbHMil yHIBepcHUTET
OlopecypciB 1 IPUPOJOKOPUCTYBaHHS; HalioHanbHHI aBialliiHUN YHIBEPCUTET;
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KuiBchkHil yHIBEPCUTET TEXHOJOrIM Ta OuU3aiiHy, PEryJjiol4Huch, NPHU ILOMY,
HU3KOI0 TAKMX HOPMATUBHUX JOKYMEHTIB, sIK «KOHIIeNIisi pO3BUTKY TUCTAHLIMHOT
ocBiTH B YKpaiHi», «HarionansHa nporpama indopmaTtuzamii» i T.1H. OgHaK 10
BOT0O Yacy B YKpaiHi BIACYTHIA €IMHUN KOOpPAMHALINHUN HEeHTp (HOpMYBaHHS i
peanizanii Aep>KaBHOI MOJITHUKU B Tally31 PO3BUTKY JUCTAHIIHHOI OCBITH, 1 X04a B
VYkpaiHi, npu A€o MEeHIIi BapTOCTI OTPUMaHHS IUCTAHLIMHOI OCBITH MOPIBHIHO
3 IEHHOIO (hOpPMOI0, BOHA 3aJIUIIAETHCS BITHOCHO BUCOKOM0. Tak, B HanionansHOMY
YHIBEPCUTETI BOJHOIO TOCMIOAapcTBa Ta MNPUPOJOKOPUCTYBAHHS MIATOTOBKA
OakanaBpa 3a HanpsAMKoM «EkoJoris, 0XOpoHa HaBKOJHMIIHBOIO CEpe/lOBUIIA Ta
30ajaHCOBaHE MPUPOJOKOPUCTYBAHHS» Ha AeHHIN (opmi komrye 9000 rpH., a B
nucTaHmiHid  ocBiti — 5000 TpH; miaroroBka OakamgaBpa CHCTEMHOIO
nporpamyBaHHs B KWIBCbKOMY HAaI[lOHAJIbBHOMY YHIBEPCUTETI TEXHOJIOTIH Ta
au3aiiHy Ha JeHHid (opmi komrye 7500 rpH., a HA AMCTAHLIMHOMY HaBYaHHI —
5700 rpH.

3 METOI BHSBJIEHHS piBHS OOI3HAHOCTI Ta BOJOJIHHA MOXIJIMBOCTIMU
IHHOBAI[IMHUX TEXHOJIOTIH; iX mepeBar 1 HEAOJIKIB, a TaKOX e()EeKTUBHUX (HopM
KOHTPOJIIO B IMpOIECi JUCTAHI[IMHOTO HaBUYaHHSA CEpell YYaCHUKIB OCBITHBOT'O
npolecy HaMu OyJo MPOBEJEHO ONMUTYBAHHS, Y IKOMY B3sUIM yyacTb 140 HaykoBoO-
MeJaroriyHuX MpaliBHUKIB PI3HUX 3aKiaaiB BUIIOI OcBITH Ykpainu Tta 141
31100yBay BHILOI OCBITH. Y pe3yJbTaTi MPOBEACHOTO OMUTYBAHHS OYyJO BUSABICHO
HACTYIIHE:

- JIOCBi 3aCTOCYBaHHs IHHOBAI[IMHMX TEXHOJIOTIA JO TMOYaTKy MaHaeMii
kopoHaBipycy Covid 19 manu 57% onuTaHux HAyKOBO-TIEJAroriyHUX MPaIiBHUKIB
(HIIIT), natoMicTh Bcboro 38% 37100yBaviB BUIIIOT OCBITH; HE MAJIM TAKOT'O JIOCBINY
17% onuranux HIIII i 28% 3100yBauis;

- Tuibku 34% ONUTAaHUX HAYKOBO-MENArOTTYHUX MpPAI[iBHUKIB MPOXOJUIU
CrieliajibHl TPEHIHTH, KYpCH IO OBOJIOAIHHIO MOJIHUBOCTSIMHU JUCTAHIIIHHOTO
HaBYaHHS, a 66% BIANOBUIN, 110 OTIAHOBYBAJIU iX CaMOCTiIMHO a00 OOMIHIOBAJIUCH
JIOCBIZOM 13 KOJICTaMU;

- 1I0JI0 HalBaroMilmuMX MepeBar 3acTOCYBaHHSA XMapHHUX TexHojorid, To 40%
onutanux HIIII 3a3HavaroTh, 110 HAWBaroMilKuM JIsl HUX € AOCTYN 70 1HdopMarlii
3 pizaux mnpuctpoiB (IIK, mianmer, tenedon tomo); mist 31% 1e MOKIMBICTD
OJIHOYACHOT'0 JIOCTyNy Oarathox Jrojaeit g0 iHdopmaii; 1t 17% 11e MOKIUBICTD
caMOCTIMHO BUOMpaTu Micie 1 yac, a 1 12% - 3amobiranns BTpaT 1HboOpMallii
(BoHa 30epiraeTbcs y xMapHuUX cxoBuimax). Hartomicte s 40% omuTaHux
3100yBayiB BMILOI OCBITM HaWBaromimiol IMEpeBaror € Te, 1o iH(opmalis He
3aryOUThCs, OCKUIBKM MICTHTBCS y XMapHUX CXOBHINAX; s 32% onuTtaHux
HaWBaroMmilMM € JIOCTYM N0 iHGopMaIlii 3 pI3HUX NPUCTPOIB; A 24% oNMUTaHUX
1€ MOXJIMBICTh CAMOCTIHHO BUOUpATH MICIIE 1 9ac; 1 TUTbKHU 111 4% 11e MOMKIIUBICTH
OJIHOYACHOT'O JIOCTYMY 110 1H(opMallii 6araTbox J0JICH;

- 1010 TPYAHOILIIB, fIKI HalyacTille BUHHUKAIM B TEpIOJA MPOBEACHHS OHJIANH-
3aHATh, TO 34% onurtanux HIIII 3a3Haunnm, MO0 y HUX HE BUHHUKAJIO HISKHX
TpyaHouiB; BoaHouyac 40% Haronocuiaum Ha BIACYTHOCTI MoOcCTiiiHOro Internet-
3B’SI3Ky; B TOM ke 4dac 14% Oynu HEAOCTaTHHO OOIBHAHUMH 3 MOXJIHMBOCTSMHU
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Classroom, Meet, Zoom Ta IHIIUX JO0AaTKIB, a 12% oOIHMTAaHUX BIJ3HAYMIU
BIICYTHICTh HeoOxigHoro oOnaaHanHsA. [lomo 3m00yBauiB Buioi ocBiTH, TO0 41%
OMUTAHUX 3a3HAUYWIM, 110 Y HHUX HE BHUHUKAIO HISKUX TpynHouliB; 35%
HAroJJOCWJIM Ha BIJICYTHOCTI mocTidHOro Internet-3B’si3ky; Tuibku 15% Oynu
HEJOCTaTHLO OO0I3HAaHUMHU 3 MOKJIMBOCTAIMHM Classroom, Meet, Zoom Ta IHIIUX
0/1aTKIB, a 9% HAroJ0CWIM Ha BIICYTHOCTI HEOOX1THOTO 00JIa{HAHHS.

[ndopmarniss momo HaOUIBI 3py4HOI (POpMH KOMYHIKaIlll Ta HANMOUIBII
eexkTuBHOI (POpMHU OHJIAWH-KOHTPOJIO IMiJI Yac AUCTAHIIMHOTO HaBYaHHS s
CTYJICHTIB Ta BUKJIaJa4iB NMPEJCTaBICHO Ha pucyHkKax 1, 2, 3, 4:

33 oMoMoror MeceHIxepiB (Messenger,

WhattsApp, Telegram, Viber)
H3a TOMIOMOT O €TeKTP OHHO1 TTONITH

m3a gortomorow Google Classroom,
Moodle ]
32 JOTIOMOT OO OHIAiTH-KOH(ep eHLIiIT
(Meet, Zoom, Skype, Facebook)

Puc. 1 — Haii0isibx 3py4yna popMa KOMYHiKaIii 1Jjisi CTYJAEHTIB i yac
AUCTAHUIHOTO HABYAHHS

W33 orIoMOT 00 MeceHKep 1B (Messenger,
WhattsApp, Telegram, Viber)

M 3a TOTIOMOT O €TeKTP OHHO1 [TONITH

m3a goromoror Google Classroom, Moodle

32 JOTIOMOT OO OHIAiTH-KOH(ep eHLIiiT

Puc. 2 — Haii6isib1x 3py4yHa ¢popMa KOMYyHiKalil il BUKJIAAA4iB i yac
AUCTAHUIHOTO HABYAHHS
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OHAANH-TECTYBaHHS (3a
aonomorolo Google forms)

35% - :
f ONUTYBAHHA Nig Yac Bigeo-

56% 3B'AZKY

9% IHAMBIAYANbHI 3aBAAHHA,

HaaicaaHi Ha e-mail

Puc. 3 — Haii0inbm epexTuBHA GOpMa OHIAHH-KOHTPOJIIO i Yac
AUCTAHUIHOTO0 HABYAHHS JJISl CTY/ICHTIB

OHNAWH-TECTYBAHHSA (3a
nonomorow Google forms)

29%
34% ONWTYBaHHA Nig Yac Bigeo-
3B'A3KY
37% IHAMBIAYANEHI 3aBAAHHS,

HagicnaHi Ha e-mail

Puc. 4 — Haii6inbm epexTuBHA GOpMa OHJIAHH-KOHTPOJIIO i Yac
JTUCTAHIIHHOr0 HABYAHHSA JIS1 BUKJIAIA4iB

B domy k mossraloTb OCHOBH1 BUKIIMKH 1 MPOOJIEMH AUCTAHIIIHOI OCBITH
U1l YKpainu, 1o oOyMOBJI€H1 BIATIOBITHUMU CBITOBUMU TE€HICHIIISIMU

- nepui 3a 6ce, 11€ 00YMOBIIEHO 3POCTaHHSM POJI1 JIIOACHKOIO KamiTaty, sIKAi
B HaIllOHAJILHOMY 0araTtcTBl CBITOBOTO CIIBTOBapucCTBa csirae 64%, B TOW 4ac y
TakuX po3BUHYTHX KpaiHax gk Dinnsaunis, Llseitnapis, Himeuunna, Snonis ta
CIIA BiH ctanoBuTh 80% iX HallOHAJILHOT'O OaraTcTBa, CTaBJISIYM, TUM CaMHUM, Ha
nepiie Miclie OJHIEI0 3 HAWBaXKIUBIIIUX YMOB PO3KPUTTS JIOJCHKOrO MOTEHIIATY —
OCBITY;

- no Opyze, TIPUCKOPEHHSM TEMIIIB OHOBJIEHHS MNPOQeCciiHUX 3HaHb, IO
MIATBEPIKYETHCS LIOPIYHUM OHOBJICHHSAM mnpuOmu3Ho 5% Tteopetnunux 1 20%
npodeciiiHuX 3HaHb, CTABISIYA B SIKOCTI OAWHUIIl BHUMIPY CTapiHHA 3HAaHb —
HamiBpo3mnaj komrereHuii. Ilpuknan naBuanbHux 3aknanis CLIA 3 mpuBony
nepiojly HaIiBpO3Maly KOMIIETEHTHOCTI, TOOTO 3HMXKEHHs oro Ha 50% BHaCIHIIOK
MOsIBU HOBOT 1H(OpMAIlii, MIATBEPIXKYE, 5K, 32 Oararbma npodeciiMu, el nepios
HACTa€ MEHIIe HIXK 3a 4-5 pokiB, TOOTO I1€ BIIOYBAETHCS paHillle, HIK 3aKIHUYETHCS
HaByaHHs B cuctemi 3BO. Taki 5k pe3yabTaTd MU OTPUMYEMO 1 MPU MEPEXoAl A0
OCBITH TIPOTATOM JKUTTA, 1€ 0a3oBa OCBITa NEPIOJUYHO Ma€ TOHOBIIOBATHUCS
nporpamMamMu J0JIaTKOBOi OCBITH (PO3LIMPEHUMH Ta MOTIUOJIIEHUMH Kypcamu) JJis
MOJAJILIIOT0 HAaBYaHHS. 3BIJICH peajbHOIO CTA€ 3aMoBiAb, 0 «HABYAaTU Tpeba He
TOMY, 11O TH 3HA€EII, a TOMY, OO TOM, KOTO TH HABYAEIl, BiIUyBaB cebe MmiJ Jac
TAaKOr'0 HaBYaHHS KOM(pOPTHO BCE KUTTS;
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- mpemiil GUKIUK TIONSATAE Yy 3aTBEP/KCHHI B OCBITHIM MOJITHIN YKpaiHU
koHueni(li «OcBiTa ONPOTATOM XHUTTSA», IO Iependayae, BIAMOBIIHO, 3POCTaHHS
IHBECTULIIA B JIOAE€H 1 3HAHHSA; HAOYTTA LU(GPOBOI I'PaMOTHOCTI Ta MOLIUPEHHS
IHHOBAI[IMHUX THYYKMX (OpM HaBYaHHsS, a 3aTBep/KeHHs Panoro €Bponu
HABYaHHS MPOTATOM >KHUTTS SIK OJHOTO 13 OCHOBHUX KOMIIOHEHTIB €BpomnenchbKoi
COLIIAJIbHOT MOJIEN1, Ja€ MOKJIMBICTh PO3IJISAATH Take HaBYAHHS SIK KPUTUUHUUN
dakTop y cdepax 3allHATOCTI W cCoOIlaJbHOTO 3a0€3MeUeHHs, €KOHOMIYHOTO
3pOCTaHHS 1 KOHKYPEHTOCITPOMOXKHOCTI [4].

B Toil e wac, mepexil CBITOBHX OCBITHIX CHCTEM [0 IIUPOKOTO
BUKOPHUCTaHHS 1HGOPMAIIHHUX TEXHOJIOT1H CIPUSAB K 3pOCTAHHIO KOHKYPEHIIT Ha
MDKHApOJIHOMY PUHKY TIpalll, TaK 1 BUTICHEHHIO 3 PUHKY OCBITH 3HAYHOI KUTBKOCTI
TPaAuIIMHUX 3aKJIaJiB OCBITH OaraTbox KpaiH. SIK HacHioK, caMe MPUHIUI
MaKCUMaJIbHOI JJOCTYMHOCTI OCBITHIX PECYPCIB CTa€ CTaHAAPTOM JUIsl AISUIBHOCTI
npoBinHuX cBiToBUX 3BO, KUl NPUBOIUTH 1O HABYAHHS B HUX HE COTE€Hb THUCAY
CTYJIEHTIB, a JIECATKIB MUIBHOHIB 3 yCiX KpaiH CBITY, a CTpIMKE 3pOCTaHHS POJi
1HpOpMAaIITHUX TEXHOJOrIH Ja€ 3MOry BHU3HAUYEHHUM JOCATAaTH BHUCOKOIO PIBHS
3HaHb Ta YMiHb SIK HEOOXIJIHOT YMOBH YCHIIIHOCTI i OJHOTO 13 MOKAa3HUKIB SKOCTI
xUTTS. Kpim TOro, ypaxyBanHs neMorpadiqHoro (pakropa, CyTHICTh SIKOTO IMOJISITae
y moTpebi CTBOPEHHS YMOB JJii HaBYaHHA JIIOJEW 3pLIOro i CTapuioro BIKY,
3YMOBJIIO€ aKTYaJIbHICTh PO3BUTKY P13HUX (OPM TUCTAHIIHHOT OCBITH.

TakuM YMHOM MM MOXEMO 3pOOMTH BHCHOBOK, IO 3BOJIKAHHS 3
BIJIMOBIJSIMUA Ha BKa3aH1 BUKIMKHU MPHU3BEJE, SIK HACTIOK, 10 aKTyaii3alii 3arpo3
HaIlIOHAJIBHUM 1HTEpecaM YKpaiHu, TOOTO 3HMKEHHIO SIKOCTI JIFOJCHKOTO KamliTany;
NaJIHHIO  KOHKYPEHTOCIIPOMOXXHOCTI  BITUM3HSHOI  CHUCTEMH  OCBITHU  Ta
€KOHOMIYHOMY BIJICTABaHHIO, 1, K Pe3yJbTaT, YNOBUIBHEHHS €BPOIHTErPallIiHUX
npoueciB. IcTOTHUM pecypcoM B TONEpeIXEHHI LHUX 3arpo3 € MOJepHi3allis
BITYM3HSIHOI CHCTEMU OCBITM B HANpPSIMKY PO3BUTKY JIMCTAHIIMHOI OCBITH, SKa,
J0JIal0YU TePUTOPIalIbHUN (PaKTOp, HEPIBHOCTI y AOCTYII IO SKICHOT BUILOT OCBITH
1 3aJIeKHICTh SIKICHOT OCBITU Bil MICUS MPOKUBaHHS, 3a0e3leuye 1HHOBALIHHUN
PO3BUTOK OCBITH M CYCHUIbCTBA 3arajiOM.
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NESIKI OCOBJUBOCTI CTYAEHIEHTPOBAHOIO MIJIXO1Y
B YMOBAX JIUCTAHIIHOI OCBITH

IIpog., oox. meo. nayk B.B. Ocopenko, acucmenm O.M. ['nenna
JIninpoecovKuit oeprcagnuii meouunuii ynieepcumem, m. /[ninpo, Ykpaina

OpHi€o 13 OCHOBHMX OCBITHIX LiJIeH, 1m0 c(hOpPMYIbOBaHI B CTaHAApTax
3akoHy YKpaiHM NOpo BHUILY OCBITY, € (OpMyBaHHS 3aJlaHUX KOMIIETEHLIH Y
MaiOyTHIX cneriamicTiB. Ilig KoMMeTeHLIsIMU pO3YMIIOTh 3HATHICTh CTYIEHTIB
YCIIIIHO COIliali3yBaTUCs, HaBYATHUCS, MPOBAIUTH TpodeciiiHy MisIbHICTD, sKa
BUHHMKAa€ HAa OCHOBI JMHAMIYHOI KOMOIHAIlli 3HaHb, YMiHb, HaBHUYOK, CIOCOOIB
MHCJICHHS, TIOTJISAIB, IIIHHOCTEH Ta 1HIITUX 0COOMCTHX sikocTei [1,2].

[Ipu upoMy BiIOyBa€TbCsl 3HAYHE 3MIIIEHHS AaKIEHTIB 3 TpagulliiHUX
3aKJ1a/lax BUIOT OCBITH Ha HASIBHICTb Y CTYACHTIB HEOOXITHUX OCOOUCTUX SIKOCTEH
1 BIAMOBIAHUX KOMIICTCHI[IH (IHTETpaliiHUX, TOBEIIHKOBUX 1 MISUIBHICHUX
Mojenel mpodeciiHol 1 coliabHOT aKTUBHOCTI 1 OCOOMCTICHUX SIKOCTEH), 110 Y
CBOIO uepry crpuse GOpMyBaHHIO Y HUX BIATIOBIIHMX HAaBUYOK Ta KOMIIETEHIIH,
K1 TapaHTyBaTUMYTh IM KOHKYPEHTOCIIPOMOKHICTh Y 0OpaHiii mpodecii.

VY 2020 poui ykpaiHChbKa CHCTE€Ma OCBITH Mifjajiacid CepiHO3HOMY BUKIIUKY
CBITOBOTO MaciuTtaly — MaHJeMii KOPOHAaBIPYCY, 3 SIKOIO 3ITKHYJIHCS MPOBIAHI
€KOHOMIKHU CBITY 1 Kpallll CUCTEMHU OXOPOHH 3710poB’si. OCOOIMBO TOCTPO MOCTAIIO
MUTaHHS IIOJ0 PO3BUTKY OHJIAWH-OCBITU B YKpaiHi, 30KpeMa, Yy po3poOJIeHHI
JIOBrOYacHOi MporpaMu BIOCKOHAJIECHHSI CEpeHbOI Ta BUIIOI OHJIAMH-OCBITH Ta
3a0e3MnedeHHi ii HOBOro sikicHoro piBHs [2]. 3 omHOro OOKy OH-JailH HAaBYaHHS Ja€
3MOTY CTYJEHTaM, sIKi >KMBYTh Y Ba)KKOJOCTYMHHMX JI0 3aKJaJy BHUIIOI OCBITU
HaceJIeHUX MyHKTaX, JIOJSM 3 IHBAJIIHICTIO, JUIs 3400yBaviB BUIIOI OCBITH, KOTpI
yepe3 CiMelHI OOCTaBUHHM HE MOXYTh BIJBIIYBATH 3aHATTS, a TaKOXX TPOMAJISH
VYkpainu, sKi IpOoXUBaIOTh 3a KOPJAOHOM OTPUMYBATH OCBITY Ta BIJBIyBaTH OH-
JaliH KJacu, OUTbIle Yacy MOXKYTh MPUCBSIUYBATH CAMOIIIITOTOBIII Ta CIUIKYBaHHIO
3 pOAMHOI. 3 1HIIOrO OOKYy ICHYE HH3Ka HEOJIKIB: MPOOJEeMH 3 MEpexKero
InTepner, mepeBanTaxkeHHs ocBiTHIX Mmiargopm (Moodle, Google Classroom,
Zoom, Skype, Google Suite/Docs To1110), 6pak >KMUBOTO CHIKYBaHHS.

[Ipu opranizamii CTyIEHT-OPIEHTOBAHOI'O OCBITHBOI'O IMPOLIECY BaXKIUBO
BpaxoByBaTH MOro OIHAPHICTh, IO TOJSTAE€ Y HAYKOBO-OCBITHIA MiSUTBHICTH
BUKJIaJa4a Ta Oe3MmocepeaHii HaBUaJbHO-II3HABAIBHINA MISJIBHICTh CTYJICHTA.
Came TOMYy B CHCTEMI JUCTAHIIMHOTO HABYaHHS MDKOCOOMCTICHA B3ae€MOJIIs
BUKJIaJlaya Ta CTYyJeHTa T[OBMHHAa 0a3yBaTHCs, HacaMIlepe], Ha 3acajax
kKonabopaiii Ta komyHikamii [3-5]. CniBpoOITHUITBO € OE3yMOBHUM Ta
(byHIaMEHTAJIbHUM  TPUHIMIIOM  OCBITHBOTO  MPOLIECY, OCKUIbKH  3[aTHE
3a0€3MeUnTH CIHUIBHY pedIeKCil0 Ta eMOIIMHUM 3BOPOTHIA 3B'A30K MIXK
BUKJIaJ]ayeM Ta CTyJEHTOM. B yMmoBax OH-JaiilH BUKJIaJaHHS BHKJaJad MOBUHEH
pPO3BUBATH OCOOJMBOCTI CTYAEHTAa 3 ypaxyBaHHSAM HOTo IIHHICHUX OpI€HTallii,
po3po0IATH 1 peanizyBaTH HEOOXITHI KOPUTYBaJIbHI Jli SK B MpoIeci CBOET
Oe3nocepeIHbOi ISUTBHOCTI, TaK 1 B MPOIECl HAaBYAHHS CTYACHTIB, OI[IHIOBATU
PE3yJIbTATUBHICTh BUKOHAHUX KOPUTYBAJIBHUX A1i.
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Takoxk Ba)KJIMBUM € Tporiec (acuiiTallii, o MoJArae y 3a0X04yBaHHI CTYACHTIB
JI0 HaBYAJILHOT'O TIPOLIECY Ta iX MOTUBYBaTH [3,5]. CTUMYNIOIOUMI Ta 320X0UYIOUU
BIUIMB HAa CAMOPO3BHUTOK, CAaMOBUXOBaHHsS 3700yBaua BHIIOi OCBITU € OCOOJIUBO
aKTyaJbHUM B TEPIOJ] JUCTAHIIIMHOTO HABYAHHS, OCKUIBKHM TOMEPEIKYE CHHIPOM
BUTOpPAHHS Ta 3/IaTHUH 1HIIIIOBaTH Oa)KaHHSA OTPUMYBATH HOB1 3HAHHSL.

Ha namry gymMky B yMOBaxX JUCTAHIIIHHOTO HABYAHHS CIIPUSHHIO OCOOHCTICHO-
OpIEHTOBAaHOMY HaBYaHHIO OyJe JIoroMaraTtd TIO€HAHHS KJIACUYHUX METOIUK
BHUXOBaHHS Ta 3aCTOCYBaHHS HECTAHAAPTHHX, MPOIPECUBHUX TEXHOJIOTIN Ta TBOPYOIO
MOIIYKY. 3aCTOCYBaHHS KpPEAaTHMBHOTO IMAXOAY JO TMPOIeCy HaBYaHHS JO3BOJIMTH
HAWOLIbIIE TOBHO PO3KPUTH I1HAMBIAYyaldbHI OCOOJIMBOCTI 1 KpeaTWBHI 3110HOCTI
KO)KHOTO CyO’€KTa OCBITHBOTO TIPOIECY, a KOJIEKTUBHA HaBYajdbHA JISUIBHICTH
30arauyeThCsl 3HAHHSAMHU 1 JOCBIIOM, IO TPHU3BOAWTH JI0 CTBOPEHHS KPEATHBHOTO
npoaykty. KpeaTuBHUM MiaxXin JoroMara€ HaBUYUTH OCOOMCTICTh TaKUM BayKIUBUM
npodeCciiHUM SKOCTSIM SIK YMIHHS aJalTyBaTHCh 10 3MiH, BUpIIIYBaTH NpoOiIeMu Ta
HABYaTUCh BIOPOIOBK KUTTS [6].

Bucnoexku

Takum 4MHOM, B YMOBaX JUCTAHIIHHOTO HABYaHHS, CJIJI MPUAUIITH OCOOIHUBY
yBary IIMPOKOMY 3alpOBaKEHHIO CTYJICHTUEHTPOBAHOTO HABYaHHS Yy 3aKiajax
BUIIIOI OCBITH, IO JAOMOMOXE CHOPMYBaTH KOHKYPEHTOCHPOMOXKHOTO (haxiBIis,
3JIaTHOTO JI0 JOCITITHUIIPKO-IHHOBAIIITHOTO THUITY MUCJICHHS 3 TOTPEOO0I0 Ta HABUYKaMU
6e3nepepBHOro MpoQeciifHOro po3BUTKY. JlaHOMY MIPOIIECY MOXKYTh CIIPHUSITA IHHOBAIII]
B HaBUAJIBHIN ISUTBHOCTI, 10 JO3BOJISITH CTBOPUTU Ta BIPOBAIUTH HOBI MEIarorivyHi
METO/T! JIUIsl BUPIIICHHS TUAAKTHUHUX 3aBJIaHb Y CTYJICHTIB.
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IOJIO PO3BUTKY MI3HABAJIBHUX 3AIBHOCTEM IIKOJISIPIB
NP BUBYEHHI EJJEKTPOMAT'HITHUX ABUII]

Buumenws T.C. Casxina
Kpueopizbkuit naykoeo-mexniunuii memanypivinuil aiyeit Ne 16,
M. Kpusuii Pie, Ykpaina
Hoy., kano. neo. nayx FO.B. €ykano
Kpueopizvkuit nayionanvuuil ynieepcumem, m. Kpusuit Pic, Ykpaina

[linBumieHHss SKOCTI HaBYaHHS (PI3MKU  HEPO3PUBHO IIOB’sI3aHE 3
IHTeHCU(]IKAIIEI0 PO3YMOBOI Mpalll IMIKOJSAPIB, aKTUBI3ALIE€ID iX TMI3HaBaJbHOL
JiSUTbHOCT1, (OPMYBAHHSM 3arajJilbHUX 1 CHEUIaIbHUX CIOCO0IB  JisNIBHOCTI.
[Ipuitomr 1 MeToAM aKTHUBI3Alil MI3HABAJIbHOI AISUIBHOCTI YYHIB y HaBUYaHHI
MOBUHHI TepeadayaTu MOCTYMOBHM, LUIECTPSIMOBAHUNA 1 TUIAHOMIPHUN PO3BUTOK
MUCJIEHHS! YYHIB 1 OJJHOYacHe (hOpMYyBaHHS B HUX MOTUBIB HaB4aHHS [1]. Pi3HUMU
aBTOpaMU BUAUISIETbCS 1 PAJl IHIIMX YMOB PO3BUTKY MI3HABAJIbHOI aKTUBHOCTI
YUHIB: MOE€JHAHHS 1HIUBIIYaIbHUX Ta KOJEKTUBHUX ()OPM HABUYAHHS, OCOOMCTICHO-
opieHTOBaHUH, nAudepeHiioBaHni MiaXi y HaB4aHHI [2]. Yci 111 yMOBU MOXHa
e(eKTUBHO peani3yBaTy Ha 3aHATTIX 3 BUBUYCHHS €JICKTPOMArHITHUX SIBUILL.

PosrnsiHemo 3aco0u axkTuBi3ailii HaBuyaHHs. Jly’ke Baromuii BIUIMUB Ha
PO3BUTOK MI3HABAJIBHOI AKTUBHOCTI MIKOJISPIB 3IMCHIOIOTH (PopMHU oOpraxizaii
HaByanbHOI AistnbHOCTI. Ha aymky T. I. [llamoBoi, moTy’HUM 3ac000M PO3BUTKY
Mi3HABAJILHOI aKTUBHOCTI1 € caMOCTIiiHa poOoTa.

3 METOI0 BHSBJIEHHS CYTHOCTI MOHSTTS «CaMocCTiiiHa pobOoTa» sk dopmu
oprasizaniii HaBYaJIbHOI MISJIBHOCTI BHOKPEMHMO O3HAKH, IO XapaKTepU3YIOTh
caMOCTIiiHy poOOTy caMe K oprasizauiiny ¢gopmy. Jlo HUX BIAHOCATD:

— HasIBHICTb METH CAMOCTIHHOI pOOOTH;

— HasIBHICTh KOHKPETHOTO 3aBJaHHS;

— YiTKE BU3HAUYCHHS (POPMU BUPAKEHHS PE3YJIbTATYy CaMOCTIIHOI poOoTH;

— BU3HAUYEHHA (POpPMU NEPEBIPKU PE3YNIHTATY CAMOCTINHOT poOOTH;

— 00OB’SI3KOBICTh BHMKOHAHHS POOOTH KOXHUM YYHEM, SIKUH OTpUMaB
3aBaaHHs. Ll 03Haka Bka3zye Ha 000B’3KOBE MPUIHATTS YUYHEM METHU Ta HAsABHICTh
yMiHb BJIAaCHUMHU cujamMu ii gocsartd. HasBHICTH yCIX 3a3HaA4€HUMX O3HAK B
oprasizaiii HaBYaJdbHOI JISUTBHOCTI Ja€ 3MOTy CTBEPIXKYBAaTH, IIO IIKOJSPI
BUKOHYIOTb CAMOCTIHHY pOOOTY.

MoxHa BHAUIMTH TPU OCHOBHI BHUMOTH JO 3MICTOBHO-JIOT14HOI
(BHYTPIIIHBOT) CTOPOHU CaMOCTIHHOT pOOOTHU:

1) 3mMicT 3aBiaHb MOBWUHEH BIJNOBIIATH KOHKPETHUM JUIAKTUYHUM ILISIM
HABYaHHS 1 BUXOBaHHS;

2) 3MICT 1 METOAMYHUI anapart 3aBJaHb NOBUHHI 3a0€3M€UYUTH CAMOCTIHHICTh
HaBYaJIbHO-ITI3HABAJIBHOI JISIBHOCTI;

3) NOBUHHI BUKOPUCTOBYBATUCh YCI MOKJIMBOCTI IIJIi BBEJIEHHA B POOOTH
BaplaTUBHUX 3aBllaHb, $KI 3a0€3MeYyl0Th MaKCHUMAJIbHO YCIIIIHE MPOTIKaHHS
CaMOCTIHHOT poOOTH KOKHOTO yuHS [2, c. 86—88].

[Ile oxHMM MPOBIAHUM 3aCOO0OM aKTHBI3allll HaBYaHHS € MPOOJIEMHUN

216



XVI MixkHapoaHa KoHdepeHuia «CtpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

niaxin. IlpoGnemHuil minxig BUKOHYE OCOOJMBY pOJb CEpell IHIIMX 3aco0iB
aKkTuBi3allli HaBYaHHS, fAKa I[OJsSITa€ B TOMY, IO BIH CIpUSE€ HE TUIbKU
IHTEJIEKTYyaJIbHOMY PO3BUTKOBI YYHIB, ane W ()OPMYBAHHIO IXHBOTO CBITOIJISNY,
EeMOIIMHUX Ta IHIIMX CTOPiH ocoOucTocTi. CydacHa TCUXOJIOTIS CTBEPIKYE, IO
MPOJYKTUBHE MUCIICHHS 3aBXK]IM OB’ si3aHE 3 BUPILICHHSAM npobiemu [2, c. 289].
TakuM uynMHOM, MOXHA CTBEp/KYBaTH, IO aKTHBI3allil HaBYaHHS € HacaMmIiepe]
oprasizailis AiSUIBHOCTI YYHIB, CIPSIMOBAaHOI HAa YCBIJOMJICHHS Ta BUPIIICHHS
KOHKPETHUX HaBYAJIbHUX MPOOJIEM.

OpgHuM 13 mepHIMX BITYU3HAHUX AaBTOPIB, SKUM PO3IJISIHYB MCHUXOJOTO-
MeJaroriyii acekTH YJOCKOHAJICHHS METOAMKMA HAaBYAHHS EJIEKTPOJMHAMIKK Ha
OCHOBI Cy4YaCHHX HAayKOBHUX YSBJIEHb B IIKUIbBHOMY Kypci (i3uku, €
C. €. Kameneupkuii. Y pocnimkenHi [3] aBTop, XapakTepU3ylOUd UIAKTUYHI
MO>KJIMBOCTI BBEACHHS y KypC €JIEKTPOMAarHeTHu3My €JIEMEHTIB CIeliaJbHO1 Teopii
BITHOCHOCTI, 3a3Hayae€, 110 BUBUEHHS OCHOB KJIACHMYHOI Ta €JE€MEHTIB CY4acHOI
¢b13uKK NOTPIOHO TaK MOEAHYBATH, I0O BECh Kypc OYyB OCHOBOIO Uil (hOpMyBaHHS
HaykoBoro cBitorsany. «HoBi i1ei 3a0€3ne4y0Th MOXKIUBICT OLIBIIT €KOHOMHOT'O
Ta TIMOOKOT0 BUBYEHHS (DI3UYHUX SIBUIL, aje OUIBII JTOCKOHAIMMHU METOoAaMu» |3,
c. 11]. Cepen HaWOUIBII TUTIIHUX 3aCTOCYBaHb PENSATUBICTCHBKUX €(EKTIB Y
HaByaHH1 C. €. KameHeubkuil BHOKPEMITIOE TaKi:

— MOJIEpHI3allisl MWKUIBHOTO Kypey (I3UKH;

— MOXJIMBICTh BKJIIOUATH B aKTHUBHY HaBYaJIbHY MAULUIBHICTH KOXHOTO
HIKOJISIPA;

— BEJIMKI MOJIMBOCTI B peajizallii mpoOJeMHOro HaBYaHHS;

— (hopMyBaHHS TBOPYOrO MHUCIEHHS IIKOJISIPIB, TOTOBHOCTI iX JO TBOPYOIi
mpaii B yMOBaX HayKOBO-TEXHIYHOTO MPOIpecy.

MeTo/1070TYHOI0 OCHOBOIO BHUBYEHHS €JIEMEHTIB CIELIaJbHOI Teopii
BITHOCHOCTI TNpU (POpMYyBaHHI TMOHATTSA «EJIEKTPOMATHITHE IIOJIE» 5K 3aco0y
PO3BUTKY II3HABAJIBHOI AKTHUBHOCTI € METOJ aHamizy (opmyn mnepeTBOPEHHS
KOMIIOHEHT €JICKTPOMArHiTHOTO MoJjs. AHali3 GopMyJsl BUCTYHAaE TYT OJHOYACHO
METOJIOM HAyKOBOTO Mi3HAHHSA, 3MICTOM HaBUYaJbHOTO MpOUECY Ta €(HEeKTUBHUM
HaBYaJIbHUM METOAOM [4].

Hocnigauku [5, 6 Ta iHIII]| BUAUIAIOTH Takl HaMOUIbII 3HAYYIl (aKTOPH
PO3BUTKY MI3HABAJIBHUX 3A10HOCTEH Y4HIB, €(QEKTUBHICTh SKUX MOXE OyTH
MOCHWJIEHA MPU BUKOPUCTAHHI NMPU BUBYEHHI €JEKTPOMArHITHUX SIBUILl €JIEMEHTIB
crieniajgbHO1 Teopii BIIHOCHOCTI:

— PO3BUTOK MOTHBAllli, MOCUJIEHHS IHTEpECy, B TOMY YHUCII JO CHOCOOIB
OTPUMAaHHS 3HaHb;

— PO3BUTOK MUCJIEHHS, pO3YMOBUX 3A10HOCTEN YUHIB;

— IHAUBIAYyani3alis 1 AudepeHIfianis HaBYaHHs, PO3BUTOK CAMOCTINHHOCTI,

— miepeBara akTUBHUX METO/[1B HABUaHHS;

— 30UTbIIIEHHST apceHally 3aco01B Mi3HABaJbHOI AKTUBHOCTI, OBOJIOJIHHS
Cy4yaCHMMHU METOJaMHU HayKOBOT'O Mi3HAHHS;

— pPO3IIMPEHHSI KoJia 3a7ady Ta MNPaKTUYHUX POOIT B Tpoleci HaBYaHHS
b13uKH.
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OTxe, BHUKOPUCTAaHHS €JEMEHTIB CHellaJbHOI Teopii BIAHOCHOCTI NpHU
BHBUYEHHI €JIEKTPOMArHITHUX SIBUI K 3aC00Y PO3BUTKY IMi3HABAJIbHUX 3A10HOCTEN
HIKOJISIPIB  MOKe OyTH e(peKTMBHUM 3a YMOBU IIUIECIIPSIMOBAHOI peanizalii
yUUTEIEM CUCTEMHU 3aCO0IB PO3BUTKY TBOPYOI'O MHUCIEHHS YUHIB 1 ()OpMYyBaHHS B
HUX MOTHMBIB HaBYaHHS 13 3aCTOCYBAHHSIM MPOOJIEMHOr0 MiAXOAY Ta Pi3HUX BUIB
CaMOCTIMHHUX POOIT.

Iocunanna

1. Temmumpkuid . O. Jlesdki HIUISIXM  yIOCKOHAJEHHS METOAUMKU HaBYaHHS
mkipHOrO Kypey ¢iduku / Termubkuit [. O., €ukano 10. B. // HaykoBuit
yaconuc  HamionaneHOro  meparoriuHoro  yHiBepcutety  imeni  M.IL
Hparomanoa. Cepist Ne 2. Komn’1oTepHO-Opi€eHTOBaH1 CUCTEMHU HaBYaHHSA : 30.
HaykoBux mpaib / Peaxon. — K. : HITY imeni M.II. JIparomanoBa. — Ne 4 (11). —
2006. — C. 144-147.

2. IllamoBa T. . AxrtuBuzanus yuyeHus mkoiapHukoB / T. W. IllamoBa. — M. :
Ilegaroruka, 1982. — 209 c.

3. Kameneukuit C. E. DnekrpoamHamuka B Kypce (HU3UMKH CpeAHEH HIKOJIBI.
[locobue nns yuurenedt / Kameneuxkuit C. E., Ilycteuibnuxk M .I'. — M.:
IIpocsemenue, 1978. — 127 c.

4. Konosan O. A. EBoutto1iisi morisiiB Ha METOJUKY (POPMYBaHHS B YUHIB YSBJICHb
npo enexkrpomaruitie noje / Onekcanap Konosan, FOniga €ukano // ®i3uka Ta
actpoHoMis B mikoil. — 2004, — Ne 1. — C. 28-30.

5. I'psznoB O. O. TexHonoris aktuBHOro HaBuaHHs ¢i3uku / ['psznos 0. O. //
®i3uka Ta actpoHoMis B mikodi. — 2002, — Ne 6. —C.11-14.

6. [Imurun A. Il. JIMYHOCTHOOPUEHTUPOBAHHBIN MOAXOA K 00yueHuio Qusuke /
ITnurun A. I1. // ®usuka B mxonae. — 2003. — Ne 4. — C. 21-25.

NCHOJIB30BAHUME 9BPUCTHYECKOI'O ITIOAXOJA
P MIOCTPOEHUU JTUHEWMHOT' O
JANODOEPEHIIMAJIBHOI'O YPABHEHHUA BTOPOI'O TIOPSAAKA
JJIAA AKTUBU3ALIMU ITPOLECCA OBYUYEHUSA MATEMATHUKE

IIpogh., ookm. mexn. nayx E.A. Cosudickosa, ooy., kano. mexw. Hayk [1.H. [1]epbaxos,
ooy., kano. mexu. Hayk C.E. Tumuenko, ooy., kano. mexu. nayx /[.B. babey
Hayuonanvhblit mexnuueckuil ynusepcumem «/[Henpoeckas noaiumexHuxkay,

Kageopa evicutent mamemamuxu, 2. /[nenp, Ykpauna
Dnipro Univercity of Technolodgy, Department of High mathematics, Dnipro, Ukraine

IloBbIICHHE KauecTBa npernogaBaHsd MATCMATHKU JOJDKHO OTBCHATH BBI3ZOBAM
TCKyHICTO BPCMCHHU, KOTrAad HMHTCPCC YYAIIUXCA K I/IH(I)OpMaL[I/IOHHBIM CpeacCTBaM U
TCXHOJIOTUAM  CTAHOBUTCA JOMHWHUPYIOIIHM. B cBa3u ¢ atuMm 34CIIy)KUBAKOT
0COOCHHOI'0 BHUMAaHUS MCTOIHKH, ITO3BOJIAOIIUC AKTUBHU3UPOBATH IIPOLICCC O6yIICHI/ISI
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CO3/IaHUEM MHTPHUTH JI0KA3aTeIbCTBA IPOTHO3UPYEMBIX pe3ybTaToB. Tak, Hampumep,
BeChMa IMOJIOKUTEIIBHO 3aPEKOMEH/I0BAJIO Ce€0sI MPABUIIO «IYUIIUNA CIIOCO0 U3YUYUTh
YTO-TH00 — 3TO OTKPHITH camomy» [1]. Takoro xe MHEHHUS TPUICPKUBAICS
T.JleitOnun: «S crapasics mucath Tak, 4TOOBl M3Yy4alOU[UMi BCErja MOT BUIETh
BHYTPEHHIOIO OCHOBY M3y4aeMbIX UM BelIe, YTOOBI OT MOT OOHAPY>KUTh UCTOUHHUK
OTKPBITHS U, CIIEIOBATEIIbHO, BO BCEM Pa300paThCs Tak, Kak Obl OH 3TO MpHUAyMal
camy» [2].

N3BectHa pabota [3], B KOTOPOM MpEICTABICHO HHTEPECHOE OTKPHITHE
TeTpajbl, a €ro J0Ka3aTeJIbCTBO BBIMOJHEHO B BHJEC MOJAPOOHBIX OOBSICHEHUM
BOXHEUIIMX IMOHATUN YHCIOBOM MOCJIEA0BATEIILHOCTH U €€ TIpeiea.

[lenpro HacTOSIIEH CTaTbM  SBISIETCS  JAJIBHEUINEE  MCHOJIb30BAHHUE
3aKOHOMEPHOCTEM, CYIIECTBYIOLINUX MEXITY npeaeIamMu YHCJIOBBIX
MOCJIEI0BATEILHOCTEHN, KaK MPOTrHO3UPYEMBbIX OTKPBITUN MPU U3JT0KEHUH METOJIOB
cocTaBieHus TudhepeHIAIbHBIX YPAaBHEHHUI TIEPBOTO U BTOPOTO MOPSIIKOB.

Ilycte a; u b; - &Ba NPOU3BOJBHBIX TMOJOKHUTEIBHBIX YHCIIA, MPUYEM
a, > b,. CoctaBuM U3 HHX JIBa OPYTUX 4yucla a, U b,, ABngomuxcs 1 a, U b,

COOTBCTCTBCHHO CPCIHUM apI/I(I)MeTI/ILIeCKI/IM U CPCIHUM I'COMCTPHUUCCKHUM:

a, +b
a,=—"—="u b, =./ab, (1.1)
2
Beimonnsis ¢ a, u b, Takue ke NeUCTBUA, Kak ¢ @, ¥ b, moIydum
a,+b,
a, == u b, =./a,b, (1.2)

B MNpOAOJIDKCHUN JTOI'0 IIpaBUJIa JJIA JI00BIX neN 6YI[CM HUMCTh JBC
CXOOAIMMUECCA YUCIIOBBIC ITOCJICI0BATCIIBHOCTH

{a,}= al,...an‘lTer"‘l,... {b,}=by,...\Ja, b, ... (1.3)

[Tpumep. C TOYHOCTHIO JO WIECTOTO 3HAKa TOCTE 3alsTOW OMPEACIUTH
Pa3sHOCTHh MEXy MpesiellaMy TUX MociieoBaTenbHocTel, ecnu a, =40 u b, =10.

I[JISI Ka)KHOﬁ N3 HUX 3alIMIICM IT1O HCCKOJIBKO ITCPBLIX YJICHOB.

{a,}=40, 25, 22.5, 22.430339, 22.430285,...
{b,}=10, 20, 22.360679, 22.430231, 22.430284...

[ToydeHHbIe pe3yabTaThl CBUICTEIBCTBYIOT O TOM, YTO 00€ ITOCIIEI0BATEIBHOCTH
TIPU 71 —> 00 CTPEMSATCS K OJTHOMY U TOMY K€ MPECITY, 3HAUUT
lima, - limb, =0 (1.4)
n—>00 n—>0
JlokazaTenbCTBO yTBEepKIeHHUS (4) niaa obmero ciydas 0e3yCJIOBHO
3aMHTEPECYET YYAIIUXCs, T.K. OTKPBITHE MPOTHO3UPYEMOH 3aKOHOMEPHOCTH Oy/IeT
CICIIaHO B COABTOPCTBE C HUMH. M3J0KMM TPHUHIIUI TMOCTPOCHHUS JTUHEHHOTO
muddepeHInaabLHOr0 ypaBHEHHS BTOPOTO TMOPSAKAa B BUAC PEIICHUS 3aa4d O
Pa3HOCTH TMPEJEIIOB YUCIIOBBIX MOCiea0BaTeIbHOCTEH (1.3) IO MEeToay HEMEIKOTOo
maremaruka K.B. bopxapra.
IIycts p - uckomas pazHocTb. O4EBUAHO, UTO p 3aBUCHT OT @, U b, T.e.
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p=flab) (1.5)

rae f - HekoTopas (QyHKIMA.

W3 onpenenenuss p Takxke CIEIYET, YTO
p=f(ay,b) (1.6)
YMHOXHUM @, U b, Ha OTHO M TOXKE YUCIIO f, TIPU ATOM Ka)kJI0€ U3 YHUCeN d,,
b,,a,, b,, ... BKIIOUas U p, NpHOOpeTeT MHOXUTENEM 3T0 umcio. IlocnenHee
O3HayaeT, 4T0 p ABIAETCA OIHOPOAHOM (YHKUMEHl TNEepBOro H3MEPEHUs
OTHOCHUTEINIBHO a, U b,.
Ompenenenne 1. Oynkius D(x,y) HazpiBaeTCs OJHOPOJHON (yHKIHMEH

M3MEPEHHs 71, ECIIU TIPM BCAKOM ¢ BhITONHseTcs yenosue D(tx,1y) =1"d(x, y).
Ha stom ocHoBanuu (1.5), (1.6), nmpeicTaBuM B BUJIE CIICTYIOIIETO BhIPAXKCHHS

b
p=af0 ) =a 1. 2) (17
q @
O003HauuB #bl yepes ), a ;b 4epes yy, ..., HAXOJMM, 4TO
S@,-%) f1,7%)
q @
a
Y=y e (1.8)
@
ITonaras ﬂ =X, b_2 = X{»--+» @ TAKXKC YUUTHIBAsI (1.1) u (1.8), momyaum
q @
_2h _2x (1.9)

Tl+x N 1ex
IIpomuddepennupyem Bropoe Bhlpaxkenue u3 (1.9), B kortopom x

paccmaTpuBaeTcs Kak GyHKUIUS OT X
dg __1-x (1.10)
dx  (1+x)°x
[IpaByto yacTh 3TOro ypaBHEHUs NMpeodOpa3zyeM claeayonM oopazoM
l-x (l—x)2 B (1+x)2—4x B
A+x)>°Vx  (+x)20-x)x  A+x)>1-x)x
2Jx } B

={ YMHOXKUM H pa3fejuM Ha
1+x

2\/; B 8x\/;

8x\/x 2
:(1+x)2\/;—lx+; _(“x) G (1+x)3)

2x(1—x?) 2x(1—x?)

1+ x)%(x — x3
={moxcTaBuM 3HaueHHE X| U3 (1.9)}=( X) (x13 xl).
2(x—x7)
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Taxum oOpazom
dq  (1+x)° (6 = x7)
dx 2(x— x3)
Onpenenenne 2. ubdepeHipanbHbiM ypaBHCHHEM HA3bIBACTCSI YpPaBHEHHE,
CBSI3BIBAIOLIICE HE3aBUCHMYIO IEPEMEHHYIO X, HCKOMYI0 dyHKIHMI0 y = f(X) 1 ee

(1.11)

n

IIPOU3BOJIHBIC T ( ) CHUMBOJINYECKHU An CPpCHIINAJIBHOC ABHCHHC
9 seees

MOZKHO HaIlMCaTb TakK

2 n
F(x,y,y',y”,...,y(n)) =0 wm F(x,y,@, d ;},..., d y) -0
dx dx dx"
Omnpenenenue 3. [lopsakom nuddepeHnrantbHOro ypaBHEHUs] Ha3bIBaeTCs
MOPSAJIOK HaWBBICIIEH MPOU3BOIHOM, BXOSIIEH B ypaBHEHHE.
Onpenenenune 4. PemieHueM WIM UHTErpajoM JIudpepeHIranibHOro
ypaBHCHUs Ha3bIBaeTCs Besikast pyHkuust y = f(x), KoTopas, OyaydH MocTaBieHa

B ypaBHEHHE, MPEBPAIIAET €r0 B TOXKIECTBO.

Omnpenenenne 5. [uddepeHunanbHoe ypaBHEHHE IIEpPBOIO MOpsAKa
Ha3bIBAETCA JIMHEWHBIM, €CJIM OHO JIMHEHHOE OTHOCUTENIbHO HEU3BECTHOM (PYyHKIUU
U €€ MPOU3BOIHOM.

Hcxonst w3 TpUBENEHHBIX OINpEAeNeHU cienyeT, 4to Beipakenue (1.11)
npejacTaBisgeT co0ol nuHelHoe nudepeHnnanbHoe ypaBHEHUE MEPBOTrO MOPSIKA,
B KOTOpPOM X = f(x).

Ha CJIEYIOIIEM JTamne peleHus MOCTABJICHHON 3a/lauu
npoauddepeHurpyeM nepBoe BelpaxeHue U3 (1.9), B KoTopoM )y mHpeacTaBisieT

co0OM MPOU3BEICHUE APOOU  y = li 1 CIIOXKHOU QyHKImu 1 (x(x)).

+x
y___ 2 _—_ 2 dy dx (1.12)
dx (1+x) l+x dxy dx
[ToactaBum B (12) BMecTO % ero 3HadyeHue u3 (11), Torna
X
3
@:_ 2 y +(1+x)(x1—x1).dy1. (1.13)
271 3
dx (1+x) X—X dx;
3

B pesynbTaTte nieMeHTapHBIX NMpeoOpa3oBaHuil (MOMHOXWIM HA X —X~ H

BhIHECH (—X)) MOTYYHM ClIeyIolIee YpaBHCHHE
33z 2x(x—-1) 3y
(x—x)—=—= yp + 1+ ) — X7 ) - —+. (1.14)
dx 1+x dx
[MpoauddepeHIupyeM JIEBYIO U PABYIO YACTH 3TOTO yPABHEHUS
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i((x_);)@j:zyl.i(x(x—l)j+2x(x—l).dy1 .dxl N
dx dx dx

1+x l+x dx; dx

(1.15)

dy 3y | dx
+(x = x7) =L+ (1+x)| (o —x7)-—L |- =L,
(1 —x7)- i ( )(( 1 =) i ) dx
C nomoIpio TOXASCTBEHHBIX MpeoOpa3zoBaHuii u ¢ yuyeroM ¢opmya (1.9)
ypaBHeHue (1.15) mpuBenem K BUIy

=) L - 1.16
dx((x dxj VT (1+x)\/_(dx1((1 1) )x1y1] (1.16)

Ecmu B 3TOM YPaBHCHUN X 3aMCHUTH Ha X1 TO X1 HepeI/meT B X9 II0TOM X

HCpCﬁIICT B X3, CCJIN Xq 3aMCHUTH Ha Xy nT.AO.

O06o3HaYUM
* d d
p (y)=—((x—x3)—yj—xy (1.17)
dx dx

[IpyHMMas BO BHUMaHUE MPUBEJICHHBIC BBIIIEC PACCYKIACHUS U 0003HAUCHHE
(1.17), npaByto yacth ypaBHeHus (16) 3anuiiem B o011eM BHjie
1-x 1-x 1-x, 1-x,

_ ) (118
P»= (1+x)\/_ (1+x1)J371 (I+x)\x  (1+x,) fp(y)

= () IPUXOTUM K TOMY, 9TO p ( y)=0.

Tak KaK |im

N300 (1+x )\/_

[lonctaBuM 3TO 3HaYEHUE B JIEBYIO YacTh BblpaxkeHus (1.17)

d
Y| 1.19
dx(( X ) j xy=0 ( )

[Iponuddepenunpyem ero BTopoi pas.

2
(x—x3)d—;/+(1—3x2)%—xy20

N (1.20)

(x—x3)y”+(1—3x2)y'—xy =0
MEI nonyuunu nuHeiHoe qudepeHInaIbHOe YPaBHEHUE BTOPOTO MOPSIKA,
KOTOPOMY yIOBJIETBOpPsieT ). Tak Kak ) JOKHO OBITH TOCTOSHHBIM PELIEHUEM

AV (1.20), To npu x # 0 BO3MOXEH €TUHCTBEHHBIN CITy4al, Koraa y=0.
[Ipeobpazyem (1.5), npuHuMas BoO BHUMaHHe 0003HaAUCHUE

L paf by =y ) (1.21)
£, ‘i
a

W3 storo Beipaxkenusd u (21) cienyet, uto p =0.

y:
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Takum 06pa30M J0Ka3ajiu, qTOo Pa3HOCTb IMpcacioB YUCJIOBBIX

nocieoBarenbHocTel {a,} u {b,} paBna Hymo, T.€. |im a, — limb, =0.
n—>0 n—»0
Bui6oowni

1. OGocHOBaHa 11€7€CO00PA3HOCTh NMPUMEHEHUS 3BPUCTHUYECKOIO MMOAXO0Ja IpHU
M3yYeHUH MaTeMaTUKU B YCJIOBHUSAX TOBBIIIEHHOTO HWHTEpEca Yydalluxcs K
MH(OPMAIIMOHHBIM CPEACTBAM U TEXHOJIOTUSIM.

2. Ha nmpocteiilieM mnpuMepe BBINOJHEH MPOTHO3 TOTO, YTO YHUCJIOBbBIE
II0CJIEI0BATENBHOCTH, COCTaBICHHBIE HAa OCHOBE IOIIArOBBIX IPEOOpa30BaHUMN
CpPEeHUX apu(PMETHUYECKUX U CPEAHUX T'€OMETPUYECKUX, UMEIOT OJMHAKOBBIC
peebl.

3. OTo0 npeanonoxeHue NpeacTaBiIeHoO B BUJIE OTKPBITHUS U JOKA3aTEIbCTBO €T0 IS
o011ero ciryyasi B COaBTOPCTBE € yYaIllUMUCS aKTUBU3UPYET Mpoliecc 00y4eHHUs.

4. Pemienue 3a1a4u 0 pasHOCTH MPEIENIOB JBYX YUCIOBBIX IIOCIEIO0BATEIBHOCTEH,
npuHajiexamniee HeMenkomy mareMatuky K.B. bopxapTy, ncnonb30BaHO B BUIE
MHCTPYMEHTAa Il OOBSICHEHUS  NPUHIUIOB  MOCTPOEHUS  JUHEHHOTO
muddepeHInanbHOr0  ypaBHEHUs BTOPOrO TOpsAJKa W OOOCHOBaHUS €ro
HYJIEBOT'O PEILICHMS.

5. Ha mpomexyTO4YHBIX JTalax [I0Ka3aTesIbCTBA IPOTHO3MPYEMOrO pe3yibTaTa
JaHbl OCHOBHBIE OIpejeneHus, Kacatomuecs /1Y, Takxke oOpalieHO BHUMaHUE
y4daliuxcsl Ha BaXKHOCTb BJIAJIEHUsI TEXHUKON AuddepeHunpoBanus GyHKIUMN.

Ccouiku

1. JI. Ioita «MartemaTuueckoe OTKpbITHEY», M3a-Bo «Hayka», M., 1975, 290 c.

2. N30paHHble OTPHIBKM W3 MaTeMaThyeckux counHeHudl Jleitonuma // Ycnexu
MarteMm. Hayk 3, Nel (1948), C. 165-204.

3. 0.0. Cnpwxxkona, IL.M. Illepbakos, C.€. Tumuenko MeToa MaTeMaTUYHOTO
BIIKpUTTA MNpHU BUBYEHHI YMCIOBUX MociimoBHocTed / HaykoBi 3amucku:
[30ipHUK cTateil] / M-Bo ocBiTH 1 Hayku Ykpainu, Han. nen. yu-t imeni M.IL
Hparomanosa, 2017. — Bunyck CXXXIV (134)- 284c. — (cepisa memarorivusi
Haykn)., C. 207-215.
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IOJIO MPOBJEMMU HNIAIOTOBKH KBAJII®PIKOBAHUX MAHCTPIB
TA IHHIIUX MEHE/IKEPIB CYYACHOI'O BUPOBHHUIITBA

Jlupexmop Incmumymy*, npog., kano. mexn. nayx T.C. Xoxnosa,
3a8. kag.**, doy., kano. mexH. Hayk 10.0. Cmynak,

oupexmop yenmpy***, cm. guxi. C.M. 3inuenko
* - [HcTuTyT 1HTerpoBaHux ¢popm HaBuaHHSI HMeTAY
** - xkadenpa Teopii, TEXHOJIOT1] Ta aBTOMAaTHU3aL(ll METAIypriifHOro BUpOOHUIITBA
4% - HikonoJIbChbKUM perioHaIbHUN HEHTP MOHITOPUHTY OCBITH Ta COL[IaJIbHOTO apTHEPCTBa

Hauyionanvna memanypeiiina akaoemia Yxkpainu (HMemAY), m. /[ninpo

[lonax 100 pokiB Tomy, y manexkomy 1911 pori, Bhepie BUMIIUIA JPYKOM
3HaMmeHuTa kHmxkka @.Y. Teitnopa, BIIOMOro aMepUKaHCHKOTO 1HXEHepa 1 OAHOTO 3
POZIOHAYAIBHUKIB CUCTEMU HayKOBOTO MEHEKMEHTY 31 CBITOBUM IM’sIM. Y BCTYMi A0
Hel aBTOpOoM Oyllo 3a3HayeHo, 30KpeMa, w0 «...Ilomrykn Kpammx, OuTbII
KOMIIETEHTHUX JIO/IeH JJIi BUKOHAHHS (YHKIIM — TMOYMHAIOYM BiJ] MPE3UICHTIB
BEJIMKUX KOMIIAHIM 1 0 JIOMAIllHbOI MPUCIYTH, BKIIOYHO — HIKOJIM HE Oy OUIbII
HaroJICNJIUBUMHM, HIK B Halll 4ac, 1 MOMUT Ha 3HAIOYMX, 100pe HAaBUEHUX JIFOJEH HIKOJIN
TaK He MEepeBUIILYBaB OOMEKEHOCTI mpono3uilii...» [1]. TaM xe  minkpecatoBanocs,
10 BC1 pOOOTOABIN IIYKAIOTh JIIOJIEH BXKE TOTOBUX JI0 POOOTH, SIKUX BUBYHUB XTOCh
HIIWHI, ane OulblIl MPaBWJIBHUM IUISIXOM € CTBOPEHHS YMOB, y SKHX TaKi JIIOOU
dbopMyroThesi, 00 «...HisKa BUJATHA JIIOJUHA HE MOXXE KOHKYPYBaTH 3 JIEKUIbKOMA
3BUYAMHUMH JIIOAbMHM, SIKI HACTUIBKM OpraHi3oBaHi, MO0 JIOMOITHCS TapHHUX
pe3yabTaTIB y CBOIM CHUIBHIM ASUTBHOCTI». 3 THUX YaciB B CBITOBIM EKOHOMIII
BiIOy/IMCS TpeTs ¥ dYeTBepTa IPOMUCIIOBI PEBOJIOINII, ajge MUTaHHS IMiATOTOBKU
e(pEeKTUBHUX MEHEIKEPIB HU30BOi JIAHKM BHUPOOHMIITBA (MaiicTpu, Opuraaupu,
HayYaJIbHUKHU JAUTBHULG Ta 1H.) 1 IOTENep 3alMIIaeThes BKpail akTyaibHUM. Oco0IMBO B
TUX Tally3sX 1 BUPOOHUIITBAX, € 1€ HE CKOpPO poOOTH M aBTOMAaTH, CTBOPEHI JIs
TexHojorii enoxu [uayctpii 4.0, 3aMiHATH KBaTI(PIKOBAHUX POOITHHKIB.

OnwuryBanus, siki 'y 2016-2018 pp. npoBonunucs cepen podoronasuiB (HR Ta
KaJpoBl CIYXOU MIANPUEMCTB TIPHUYO-METATYPrifHOTO KOMIUIEKCY Ta TPYOHOro
BUpoOHMITBa) M. Hikomons 1 Hikomonbcbkoro perioHy [2-3], mokazaiu, IO
BUITYCKHUKH BUIIIIB, MOTPAIUIAIOYM Ha MiANPUEMCTBA, BUSBIAIOTHCS 3HAYHOIO MIPOKO
HE TOTOBUMHU 10 eheKTUBHOI poOoTH. Cepell OCHOBHUX «IIPETEH31» poOOTOAABLAMU
Oyyu Ha3BaHI Taki (HABOJATHCS B TIOPSAKY 3MEHIIICHHS 3HAUyIIOCTi) [4]:

- HEJIOCTaTH1 HABMYKM KOMYHIKaIIll Ta poOOTH B KOMaH/I1;

- HU3bKUH PIBEHb HIIATUBHOCTI OO0 BJIACHOTO BJOCKOHAJICHHS;

- cnmabki 3a10HOCTI MpPOJAYKYyBaTM HOBI 11€i Ta MPOMO3MIIT 100
BJIOCKOHAJICHHSI TEXHOJIOT'1H Ta 00J1aIHaHHS;

- HEJIOCTaTHIM piBeHb NIPAKTUYHOI (PaXOBOT MIATOTOBKHU Ta AESKI 1HIIIL.

[loxa3oBUM TakoX BUSBWIHCS pe3yibTaTh omnuTyBaHHd HR-kepiBHUKIB
OJIHOTO 3 KpPYMHHUX poOoTOojaBLiB M. Hikomois moao nmpiopUTeTiB y MIATOTOBII
MalcTpiB BUPOOHUIITBA, TPOBEIEHOr0 aBTopamMu Ha nmoyatky 2021 poky. Tak, npu
y3rOJDKEHHI TporpaMH MiABUINEHHS KBamidikaiii MaWCcTpiB Ta HaydalbHHKIB
OKpPEMHX AUIbHMIIb, KJIFOUOBUMH MUTAHHAMM (T€MaMu) JJIsi HABYaHHS MEPCOHATY
Oynu BKaszaH1 HacTymH1 (Tabmui 1).
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Tadauuns 1. [IpioputeTn 1010 3MICTY NPOrpaMu BAOCKOHAJICHHSA MAaCTPiB
BHPOOHHMUTBA

O1iHKa BaXXJIMBOCTI

HaitOu1e1 3HayyIi po3alUId IporpaMu HaBuYaHHs
Y1 posa porp (3a 10-6apHOIO IIIKAJIOK0)

Opranizanis ynpasiaiHHS AUITHKOO, OpraHizaiis mpaii poOiTHUKIB 1 10
BUPOOHUIITBA HA JUISIHIIL

VYpaBiiHHSA SKICTIO MPOYKIIT 10
VYxBanieHHsI MalCTPOM pIlIeHb 3 YIPABIIHHA JUISTHKOIO 9

®opmu 1 MeToau poOOTH MalicTpa 3 IEPCOHATIOM 8

JlutoBa mOKyMeHTallisd MaicTpa 8

®opmyBaHHS poOOUOro NMEPCOHATY 1 0COOIMBOCTI YIPABIIHHS 3MIHOIO 7

Po6oue micue maiictpa 1361p ynpaBiiHChKOI iH(popMaii 7

Pana maiicTpiB mianmpuemMcTBa 5

He Ba)xKko MpOCTEXUTH 3B'I30K 3 pe3yJibTaTaMU MOMEPEAHIX TOCHIIKEHD [4],
y SIKHX cepell «IIPeTeH31i» A0 Mojoaux (axiBIiB HA MEPIIOMY MICII ONUHUIUCS
«HEOCTaTH1 HABUYKHM KOMYHIKallli Ta poOOTH B KOMaH[1»... TyT JopeyHO HaBeCTH
MPOPOIIBKI clIoBa 3rajaHoro Ha mouyatkax @.Teinopa, skui npuIyckas, 1O «...B
MaiOyTHOMY HAaWTOJIOBHIIIUM OyZie — CUCTEMA. ... IEPIIUM 3aBJIaHHAM OY/b-SKOI
ONTHUMAJIBHOI OpraHi3aliiHOl CUCTEMHU € 3aBJAaHHS BUPOOJEHHS MEPIIOKIACHUX
171e#, 1 Ipu cUCTeMaTU4HIN opraHizauii npaili, HaMKpamui MpaliBHUK BUCYBAETHCS
Bropy MIBHJIIE 1 OUIBII HAMIEBHO, HIXK KOJIA O, TO HE OYyJI0 paHIIIe.

Sk BUTIKae 3 HaBeAEHOro, IMpoljeMa MIATOTOBKU KBali()iKOBaHUX
MEHEKEPIB sl BUPOOHUITBA (1 HE TUIBKM BUPOOHMIITBA) Oyja 1 3aJIMILAETHCS
KIIFOUYOBOIO, HE3aJIEKHO BiJl €MOXHU Ta CYCHNUIbHUX BITHOCUH. OUEBUAHUM € TaKOX
Te, 110 CyYaCHUW MEHEeIXep — Iie He TUIbKM (axiBelb Y CBOiM Tanysi, aie i
JI0JIMHA, 37aTHa CTBOPIOBATH KOMaHIy 1 mpamioBaTd B KoMmauni. [Ipu npomy, Ha
IYMKY aBTOpIB, MEPIIOYEProBUMHU (HaKTOpaMu, IO CHPHUSIOTH (POPMYBaHHIO Ha
MIANPUEMCTBI BUCOKOKJIACHUX MEHE/IPKEPIB € HAABHICTh:

- KBali()iKOBAHOTO MEpPCOHANY, AKUN 3IaTHUMA 0 BIOCKOHAJEHHS, Mepul 3a
BCE — B YACTHHI JIIJIEPCTBA Ta pOOOTH B KOMAH/II;

- IOCKOHAJIO1 cucTeMu (MojIell) yIpaBiHHS BUPOOHUIITBOM;

- JIOCKOHAJO0i cHCTeMH (MOJeJil) YINpaBiIiHHSA T[EPCOHAJIOM B YaCTHHI
MOCTIMHOTO MiABUIIEHHS Horo kBanidikaiii sik O0e3nmocepeHh0 Ha BUPOOHUIITBI,
TakK 13 3aJ1y4EHHSIM CTOPOHHIX OpraHi3alliii;

- HasABHICTh JIOCBIIYEHMX MEHEKEpiB, W0 37aTHI 1 OaxaroTh OyTH
HACTaBHUKAaMU MOJIO/1, a TAKOX CUCTEMHU HACTAaBHUIITBA Ta HOTO MOTHUBAIIII;

- JI€BUX CTUMYNIIB (MOTHUBAIlli) I TpPaIliBHUKIB 1100 BJIOCKOHAJICHHS
BJIACHOT MaiCTEPHOCTI Ta MpodeciiHOTO 3pOCTaHHS.

Crig miaKpecIuTy, 10 B 3aJIEKHOCTI BiJl MOCaAN KEPIBHUKA Ta KOJia 3aB/laHb,
MOKJIaJICHUX HAa HbOTO, BITHOCHA BAXUIMBICTh TUX YW IHIIMX HOTO (PYHKIIHN Jemnio
3MIHIOETHCS, OCOOIMBO MOMITHO — Y TUIOHIMHI aJAMIHICTPATUBHO-ILJIOBUX SKOCTEH.
Ha upomy HaromomryBaJii Iie Ha TOYaTKYy MHUHYJOIO CTOJITTS, XO4a OKpeMi
MOMEHTH Ha ChOT'0JIHI, 3BICHO, MOTPEOYIOTh YTOUHEHHS (TaOIuIIs 2).
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Tadaunus 2. BizHoCHA BasKJIMBICTh PI3HMX YCTAHOBOK, IKI IOBUHEH MaTH
NEePCOHAJI BeJIMKMX IPOMHUCIOBUX MiANPUEMCTB (BiATBOpEeHO 3a [5])

YcTaHOBKH
i «
§ < = 3§ § 8 & IToBHa
Kareropii nepconaiy S z| = 5 S = g N
E @ z s = 53 ‘2 | xBanidikanis
2| &8 & | &5 |8
< 4
Benuxka ycmanoea
PoOiTHHK 5 85 — — 5 5 100 (a)
Maiicrep 15 60 5 — 10 10 100 (b)
HavanpHuk maiictepHi 25 45 5 — 10 15 100 (c)
HavanpHuk BigauieHHS 30 30 5 5 10 20 100 (d)
Havanpauk Texuianoi cnyxobu | 35 30 10 5 10 10 100 (e)
JupexTop 40 15 15 10 10 10 100 (f)
Kinvbka o6'eonanux ycmawnos
TeHepaIbHuil TUPEKTOP | so ] 10 ] 10 ] 10 | 10 | 10 | 100(g)
Hepocasena npomuciogicmo
MiHicTp 50 10 10 10 10 10 100 (h)
O4YUIbHHK Jep>KaBU 60 8 8 8 8 8 100 (1)

BpaxoByroun HaBeieHe, a TakoX Oe€3/1i4 IHIIMX AacHeKkTiB, aBTOPaMHU
MIATOTOBJIEHO CYy4YacHy MporpaMy MiABUIICHHS KBajii(ikalii, Opi€HTOBaHY Ha
MalcTpiB BUPOOHUIITBA 1 KEPIBHUKIB HU30BOI JaHKH, 10 3HAYHOIO MIPOIO BPAXOBYE
BUABIICH] 3aKOHOMIpHOCTI. [lincyMmoBytoun, MoxkHa HaBecTH cioBa ['enpi dopnaa,
AKUN TaK XapaKTepU3yBaB BAXKIUBICTh MPABWIHHOTO MiAOOPY MepcoHANTy Ta HOoro
0COOUCTUX SIKOCTEH: ...SIKIIO JIIoJMHA HE MIAXOAUTh, TO 1 MallMHa HE B 3MO31
BUKOHYBaTH poOOTY MPaBUILHO, 1 HABNAKHU [6].
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AUTOMATIC TELEMATIC DISTRIBUTED SYSTEMS

Prof., Dr. Tech. Science Oleg Aleksiev, grad. student Mykhailo Matsiy
Kharkiv National Automobile and Highway University, Kharkiv, Ukraine

Meeting the needs of residents of cities and regions, industrial organizations
in passenger and freight transport depends on the constant development of transport
infrastructure: roads, vehicles and technologies and many other subsystems and
parts of the transport complex that provide transport services to the population and
organizations. It should be noted that today the situation in road transport is ahead
of the development of the car fleet, respectively, increasing the mobility of
residents of cities and regions and limited capabilities of the existing transport
network. Transport communications are becoming a narrow link in the transport
systems of cities and regions. They need constant attention at all stages of creation
and existence — from scientific substantiation and design and survey work to
construction and maintenance. Of course, constant monitoring of their operational
condition is required. Its results are the basis for deciding on the allocation of
material, financial and human resources for the maintenance of transport
communications, their operation, repair and reconstruction. In the transport industry
there is a special system that provides control and diagnostics of transport
communications. Their quality is usually assessed using tools, instruments, devices
and systems. In the world practice of assessment of diagnostics and diagnostics of
transport communications powerful information and measuring systems with a high
level of automation of check of transport, communication are developed.

Modern transport infrastructure of cities and regions is a set of intelligent
systems for planning and modeling of transport networks, traffic management and
telematics systems that provide up-to-date information on the state of the road
environment and allow synergistic interaction with all user roads. The development
and operation of transport infrastructure requires powerful computing resources.
Opportunities for their improvement are hampered by a lack of funds, which is
typical for almost all local governments.

Distributed computer systems today allow to obtain such resources through
the use of the principle of distribution of hardware, software components of
networks, parallel operation of several users.

Cluster solutions, virtualization of LAN software and hardware, optimization
of network node load — directions of obtaining "additional" computer resources.

Consider a formal description of the architecture of such a system. It consists
of a generalized information space G, which is analogous to the global network.
This space includes N; — LAN. All networks are a set of logical (logically
indivisible L;) and physical (physically indivisible a;;) nodes.

In fig. 1 shows a diagram explaining this structure. Individual computers,
routers, and gateways correspond to the physical nodes of the system. Logical —
parts of the local network that can be evaluated by three variables: x(z) — node load,
y(t) — memory capacity, z(?) — bandwidth.
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In fig. 2 shows a diagram that explains the concepts expressed in relation to
the logical and physical nodes of computer networks.
The solution to the problem of providing computer resources is possible by
obtaining additional computer resources on the basis of existing large computer

systems, corporate networks through the use of the latest distributed telematics
systems (RTS).

Areasof
the netwark

PTC

Figure 1 — Diagram of the components of a distributed telematics system

N
7 Logical
Node > i
— Physical @
J
e R For the one-dimensional case
computer
router Z()=L[x(1), y(1), 1]
-
gateway
g J

Figure 2 — Block diagram of the RTS
where, x(t) — load of logical (physical) LAN nodes;
y(t) — the amount of memory nodes of the local network;
z(t) 1s the bandwidth of the LAN nodes

Historically, in large cities, computer networks of any stable enterprises,
organizations of various profiles were built as financing and improving the ability
to purchase computer equipment. The practice of introducing new technologies
preceded the scientific and technical substantiation, evaluation of the effectiveness
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of design solutions and generalization of the achieved results. Gradually, such
networks were transformed from simple computer systems into interconnected
systems at the enterprise level, which have relatively large reserves that provide
solutions to current transformation problems and provide users with the necessary
information. Consider the conceptual rationale for obtaining additional computer
resources for the development of transport infrastructure of a large city through
access to such computer systems.

For ordering it is important to effectively connect the hardware and software
components of the system, determine the network topology and software features,
operating systems, server applications, conceptual problems of software and
hardware connection and the logic of applied computing processes [1, 2]. This task
of organizing computer networks within one organization and generalized
computer space from the point of view of the authors should be based on the results
of previous research in the field of technology [3, 4]. In this sense, we consider the
problem of applying a synergetic approach based on basic research [4, 5], taking
into account the self-organization of such a complex system, rather than simply
obtaining an additional effect from the appropriate combination of heterogeneous
resource calculations. Based on the relevant research, we assume the formalization
of this problem, according to the example given in [5, 6].

Any computer resources of organizations and enterprises that are steadily
developing, have trends in the development of computer resources. In their
computing environment, the ability to coordinate the use of heterogeneous
distributed resources is based on the latest technologies. They provide opportunities
to use a variety of resources: computing, data collection and communication. It
should be noted that the reliability and performance of individual systems may be
relatively low, but the user of such a distributed system receives a single reliable
and productive platform for computing, accessing databases and knowledge, and
can store their data and use different communication technologies [7].

With the introduction of RTS, we get not just an information system, but a
kind of intelligent controller that combines the advantages of software control
systems with adaptive systems that work on the basis of a synthesis of control
effects. Such properties of the controller determine the provision of properties of
the analog of the intelligence of the software and hardware system to ensure the
functioning of the RTS components. It will be an integral part of intelligent land
transport management technology in large cities and regions.

The main requirement for the introduction of new technologies is to ensure the
integrity of the software package, which ensures the implementation of scientific
calculations, modeling and processing of experimental data. In this complex, the
computer network of the transport organization is a unified software and hardware
environment in which software modules work in parallel — office programs, Internet
software, design automation systems, simulations and special software packages.

However, after a more thorough analysis of many tasks solved in the
transport organization, it is necessary to make statements about the large volume of
computer downloads of channels, especially Internet connections.
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Y1poaoBxK OCTaHHIX JECATUIITH CIIOCTEPIrae€ThCsl CTPIMKHUI PO3BUTOK HOBUX
TEXHOJIOT1H, Kl MamTh OyTH 3a0e3mledcHi BHUCOKOKBATI()IKOBAHHM IMEPCOHAIOM,
3IaTHUM MPAIlOBATH B YMOBaX ChOrofeHHs. Lle crae MOXIUBUM y TOMY BUMAJIKY,
KOJIM MpaliBHUK OyAb-IKOTO CYy4acHOTO BUPOOHHIITBA Ma€ BiAMOBIAHI MPOodiIbHI

231



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

3HaHHS Ta TOTOBUU iX YJAOCKOHAJIIOBAaTH YIPOJAOBXK CBO€I kap epu. ToOTo, mns
32JI0BOJICHHSI 3allUTIB PI3HUX BUPOOHUIITB HEOOXigH1 (HaxiBIi HE TUIBKH
BY3bKOCHPSIMOBAHOrO Mpodinro, ajge ¥ Ti, AKI 3MOXKYTh BHPINIYBAaTH MOCTaBIICHI
3aBJaHHS 3a JOTMOMOIOI CyYacHUX KOMITHOTEPHUX Mporpam Ta iH(opMariliitHo-
KOMYHIKaIlifHUX TexHojorik [1-3]. B 3HauHili Mipi 1€ CTOCYEThCA PIZHUX
TEXHOJIOT1i XapuOBUX MPOJYKTIB, Kl MOCTIHHO OHOBIIOIOTHCS, YIOCKOHATIOIOTHCS,
PO3pOOJIAIOTHCS HOBI.

Metoro poOoTH € aHami3 JOCBIAY BHUKJIAJAaHHSA XIMIYHMX IHCIUILIIH 3
BUKOPUCTAaHHSM KOMIT IOTEPHUX TIporpaM Ta 1H(POpMaLiiHO-KOMYHIKAIIMHIX
TEXHOJIOT 1.

Came Takuii cydacHWM MifXij 3ampoBaKeHO B HallioHaIbHOMY YHIBEPCHUTETI
XapuOBUX TEXHOJOTIM JJIs MIATOTOBKUA OakaiaBpiB 3a MpodeciiHuM CIpsIMyBaHHSIM
“XiMiYyHA TEXHOJOTIS XapyOBUX JOOABOK Ta KOCMETUYHHX 3aCO01IB”.

3rifHO 3 BUMOTraMu OCBITHbO-TIpodeciiinoi mnporpamu (OIIIl) s
3a3HAYEHOro MpodeciitHOro CrpsMyBaHHs MepedadeHo BUBYEHHS 16 HaBYAIbHUX
XIMIYHUX ~AUCHUIUIIH, Cepel SKUX YOTUPU OOOB’SI3KOBUX Ta JBaHAJIUATH
BuOipkoBux. OcoOJMBY yBary BHUKJIaJaadl NPUAUISIOTH MIATOTOBI Ta HAIKMCAHHIO
HOBUX AaKTyaJbHUX TMporpaM JHUCHUIUIIH 13 BHUKOPUCTAHHAM CYYaCHHMX
KOMIT'FOTEPHUX TEXHOJIOT1. Y pe3ynbTari YCHIINIHONO BUKOHAHHS 3/100yBaueM
BUIIIOi OCBITH OCBITHBO-TIpOdeciitHOI mporpamMu, obcsr sikoi ctaHoBUTH 180-240
kpeautiB ECTS BoHU OTpUMYIOTH IUILIOM OakajaBpa.

JIJ1st MiATOTOBKY BUCOKOKJIACHUX (paxiBIIiB, III0 MAlOTh MIllH1 6a30B1 3HAHHS 3
TEXHIYHUX JAMCIUIUIIH 1 Cy4YaCHOTO MPOrpaMHOro 3ade3rnedyeHHs B 00JacTi XiMil Ta
XIMIYHOI TE€XHOJIOT1i, KaJeHJAapHUM HaBYaJbHUM ILIAHOM Mepen0ayeHO BHUBUYEHHS
muciuIutiay “Komm'toTepHi po3paxyHKU B XIMIYHINA TEXHOJOTIT .

Huciumutina “KoMi’oTepHi po3paxyHKU B XIMI4HIM TE€XHOJIOT1i” BUBYAETHCS
HICHsT KYpCIB XIMIYHHMX, 1HXXEHEPHO-TEXHIYHMX Ta MaTEMAaTUYHUX AUCIUIUIIH 1
3aBepIrye 6a30By OCBITY OakanaBpa. BuknamaHHs 1i€i JUCHUIIIIHA 0a3yeTbCs Ha
3HAHHSX, OJIEpKAHUX CTYACHTaMH, 3 KypCiB BHIIOI MaTeMaTUKH, (I3uKH,
KOMIT FOTEPHO1 XIMii Ta BChOTO IUKIY XIMIYHUX JMCUMIUIIH, SIKI BUBYAIOTHCS 3
BUKOPUCTAaHHSIM CYYaCHHUX JOCSITHEHb HAayKW, MAIOTh MPAKTUYHY HAMpPaBJICHICTH 1
MIATBEPIKYIOTbCS MPUKIAJAMU 13 PI3HOMAHITHUX TEXHOJIOTIYHUX MPOIIECIB
Xap4oBOi MMPOMHUCIOBOCTI.

OTpumaHi HaBUYKH KOMIT IOTEPHUX PO3PAXyHKIB 3 BHUKOPUCTAHHSIM
MPUKIAAHUX MaTEeMaTHUYHUX MPOrpaM CTYIEHTU BUKOPHUCTOBYIOTh NPU BUKOHAHHI
TEOPETUYHUX 3aBJaHb, JAOOPATOPHUX 1 KYpCOBUX POOIT, PI3HUX IHKEHEPHUX 1
HAyKOBUX PO3PaxyHKIB, a TAKOX 1]l 4aC HAyKOBO-IOCHIAHOI pOOOTH CTY/IEHTIB Ta
IIPU MIATOTOBII MariCTepChbKUX KBami(piKaiitHuX pooir.

MeToto BUBYEHHS AUCHUILUIIHK € (OpPMYBaHHS 3HaHb, YMIHb 1 HaBUYOK
po6otu 3 nporpamamu Excel, MathCad, MathLab [3-5], 10 Mozentoe KOMITIIEKCOM
ChemlLab, npu3HaueHUMH [1JI1 MaTeMaTUYHUX OOYHMCIICHB 1 Bi3yalli3allii YuCIOBUX
JaHUX, a TaKoX JUJI BHUpPINIEHHA 3aBJaHb aHajlidy Ta CHHTE3y XIMIKO-
TEXHOJIOTTYHUX CHCTEM TMpU NPOEKTYBaHHI 1 YINpaBIiHHI CKIAJHUMHU XIMIKO-
TE€XHOJIOTTYHUMHU KOMILJIEKCAMH.
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[IpenmeToM BuBYeHHsS aucuMIUTIHA “KoMmm'toTepH1 po3paxyHKH B XIMIYHIN
TEXHOJIOT1I” € pO3paxyHKOBI 3aBIaHHA XIMIYHOI TEXHOJIOTIi, 10 BUMAararwTh
3aCTOCYBaHHSl Cy4YaCHHUX KOMII'FOTEPHHUX 3aco0iB, KJIACH MPOrPAMHHUX CUCTEM, SIKi
MO>XHa BHUKOPUCTOBYBATH JJI PO3POOKM MOJENeil 1 po3paxyHKy PI3HHX XIMIKO-
TEXHOJIOTTYHUX TMPOLECIB 1 XIMIKO-TEXHOJIOTTYHUX CHUCTEM, B TOMY 4YHCII Yy
BUPOOHHUIITBI MPOAYKTIB XapyyBaHHSI.

OcHoBHUMU 3aBIIaHH$IMI/I BHUBUYEHHS AUCHUIUTIHY “KoMIT t0TepH1 po3paxyHKu
B XIMIYHIA TEXHOJOrii” € O3HAMOMJIEHHS CTYACHTIB 13 TPUHLUIAMH,
MO>KJIMBOCTSIMH, OCOOJIMBOCTSMHM CY4aCHHMX 3acC001B KOMIT IOTEPHOI MaTEeMaTHKH,
NOTJUOJICHHS 3HAaHb 3 OCHOBHHMX PO3/UIIB BUILOI MaTEMAaTUKH, 3700yTTS HaBUUYOK
pO3B’si3aHHS 3a7a4 JIIHIHHOI anreOpu, aHaJIITUYHOI TeoMeTpii, MaTeMaTUYHOIrO
aHaiizy 3 BUKOpPUCTaHHSAM mnpuknaanux nporpam Excel, MathCad, MathLab;
(dbopMyBaHHS ySBJIEHb MPO CYYACHI MOMIJIMBOCTI KOMIT FOTEPHOTO MOJICTIOBAHHS Ta
HAaBUYOK CAMOCTIMHOTO TIPOBEJICHHA TEOPETUYHUX 1 EKCHEePUMEHTAIbHUX
JIOCHIPKEHb 3 BHUKOPHUCTAHHSIM Cy4YacHHMX 1H(QOpMaliiHO-KOMYHIKaIMHUX Ta
KOMIT FOTEPHUX TEXHOJIOT1i.

Ha nouatky BuBuYeHHs aucuumiind “Komm'toTepHi po3paxyHKd B XIMIYHIH
TEXHOJIOT1i” BUKJaJay 3HAHOMHUTH CTYACHTIB 13 BUMOTaMH OCBITHBO-IIPO(DECIHOI
nporpamu (OIIII). 3rimHo mporpamMu Ha BUBUCHHS JaHOI JUCUUIUIIHU BIIBOAUTHCS
108 rogunu / 3 kpeautu ECTS. V nporueci ii BUBYEHHS CTYJIEHTH MOBUHHI 3HATU
ocHOBH1 (yHKIli MarematuyHux mnporpam Excel, MathCad, MathLab, ta ix
npaBWiia KOPUCTYBaHHS; MPUAOMU pPOOOTH 3 MPOTPAMHUM 3a0€3MEUCHHAM IS
MOJICJIIOBaHHSl  XIMIKO-T€XHOJIOTTYHUX TIPOLIECIB; METOJIM IOCTAaHOBKM 3ajad
ONTHUMI3allli Ta MPOrpaMHOTro 3a0e3MeUeHHs AJIs X BUPIIIECHHS; TEOPETUYHI OCHOBHU
HAOMIKEHUX OO0YMCIIeHb, MaTeMaTH4YHOi OOpOOKM pe3ynbTaTiB EKCHEPUMEHTY,
MOPIBHSHHS ~ PE3YJIbTATIB  E€KCIEPUMEHTY, MAaTeMaTH4YHOIO  MOJENIIOBaHHS;
METOI0JIOT1I0 PO3PaXyHKIB 1 MOOYA0BH MaTeMaTUYHUX MOJIEJICH TUIIOBUX MPOIIECIB
XIMIYHOT TEXHOJIOTii, iX 1AEHTU(IKAILII0 3 BUKOPUCTAHHSIM EKCIEPUMEHTAIbHHUX
JAaHUX 1 BUPIIICHHS 3a]1a4 ONTUMI3aIlii.

Takox MOBUHHI yMITH MPOBOJIUTH 0OUUCTIEHHS, OynyBaTh rpadiku OJIHI€T Ta
JIBOX 3MIHHMX; OyJyBaTH MapaMeTpUYHO 3aJaHl KPUBI HA IUIOLIMHI 1 JBOBUMIpHI
MOBEPXHI B TPUBUMIPHOMY TMPOCTOPI; ONEPYBATH 3 BEKTOpPAM, MATPHUISMH,
KOMIUJIEKCHUMHM YHUCJIAMH; 3HAXOJIUTH KOPEH1 pIBHAHb Ta CHUCTEM JIHIMHUX,
TudEepeHIifHuX  pIBHAHB;,  OOYMCIIOBATH  IHTErpald,  MOXIAHI, CYyMH;
IHTEPIONIOBATH,  KOPUCTYBAaTUCSA  CIHELIAJbHUMHU  (DYHKIIAMHU;  3HAXOJUTHU
ekcTpeMyMH (QYHKIIIM; BHUKOHYBAaTH CHMBOJIbHI OOYHCIICHHS; KOPUCTYBAaTHCS
omeparopaMu IUKIY, pO3rajlykeHHs Ha MoBiI MathlLab; mnporpamyBatu B
cepenoBumiax MathCad ta MathLab; BukopucToByBaTH METOOM MAaT€MAaTHUYHOI
CTaTUCTHUKU MpH OOpoOLl JaHUX EKCIIEPUMEHTY; 3aCTOCOBYBAaTH MOKIUBOCTI
cucteM Excel, MathCad, MathLab, nns BupilleHHS KOHKpPETHUX 3ajay
pO3paxyHKy, TIPOCKTYBaHHS, MOJICIIOBAaHHs, I1AeHTU(]iIKamii Ta omnmTuMizamii
MPOIIECIB XIMIYHOT TEXHOJIOT 1.

CucreMaTUyHICTh Ta CTAPaHHICTh Y OCBOEHHI OCHOBAMM JHMCLMIUTIHUA
“KoMm’toTepHl pO3paxyHKH B XIMIYHIM TEXHOJOTil” J03BOJUTH CTYJAEHTaM
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ollep)KaT HABUYKW Yy BUPIINICHHI KOHKPETHUX 3aBJaHb IPU MOJEIIOBaHHI Ta
ontuMizanii XiMmiko-texHosoriuaux mnporeciB (XTII); nmpakTHUHHX pO3paxyHKIB
IpU JOCTIKEHH] peaJbHUX XIMIYHUX MPOIECiB 1 00’€KTIB; poOOTH Ha Cy4acHUX
KOMIT'I0TE€pax; MPAaKTUYHOTO BUKOPUCTAHHS CY4YaCHUX [MPOrpaMHUX 3aco0iB,
odiCHUX 1 MPOrpaMHUX OOOJOHOK ISl 3MIMCHEHHS 1H)XXCHEPHO-TEXHOJOTTUHHUX
PO3PaXyHKIB.

PoGoua mporpama 11i€i ITUCHMIUTIHK CKJIajJeHa BIJAMOBIAHO JI0 OCBITHBO-
npo¢eCiifHOI0 MPOrpaMu MiATOTOBKU OakaiaBpiB HanpsMy “XiMidHI TE€XHOJOTII Ta
1HXeHepia”, 1€ Ha il BUBUCHHS BiIBOAUThCA 108 roauH, 3 akux 34 roguHu JEKIiH 1
74 nabopaTOpHUX 3aHSITh.

3 METOI0 Kpalloro 3aCBOEHHS TEOPETUYHUX OCHOB JIUCUHUIUIIHM HaMH
BUKOPHCTOBYIOTBCSI PI3HI HAOYHI TOCIOHWMKHM, TEXHIYHI 3aco0M HaBYaHHS,
KOMIT'IOTepHA TEXHIKa, a caMme Mpe3eHTallli, BAKOHAHI1 13 3aCTOCYBaHHSIM IPOrpaMu
PowerPoint, enekTpoHH1 OCBITHI pecypcu B Mepexi Internet Ta iH.

Opnnak cutyarisg, o ckianacs 3 npoonemoro nangaemii COVID-19, Buecna
CBO1 KOPEKTHBH B HaBUAJbHUH MpoIleC K B YKpaiHi, TaK 1 B yChbOMY CBITl. 3aHATTS
AK JIeKUiHHI, TaKk 1 JJabopaTOpHI MPOBOJMUIU, B OCHOBHOMY, 3a JIHUCTAaHLIMHOIO
dbopmoto y dopmarti BimeokoHdpepeHiii Ha 6a3i matdopm Cisco Webex, Zoom Ta
iH. [lpuuomMy, 3 mpe3eHTaliIMH Ta BIJICOPOJIMKAMH BUCTYMAIU HE TUIBKU
BUKJIaJlayl, @& ¥ CTYyIEHTH, NOMOBIAl SKUX OOTrOBOPIOBAJIM BCIEI0 TPYIOIO, NpU
HEOOXIIHOCTI  JOTIOBHIOBAJIM, BHOCHJIM KOPEKTUBH 1 B  MOJAIBIIOMY
BUKOPUCTOBYBAJIM  JJii  Kpalmoro 3acBOEHHS Marepiagy Ta  BHKOHAHHS
71a00paTOpPHUX POOIT.

B pamkax AuCHUIUIIHM TIpM BUBYEHHI BIAMOBIAHOT TEMH CTYICHTHU
BUKOHYIOTh JJAOOpaTOpHI POOOTH, IO CIPHUSE KPAIIOMY 3aCBOEHHIO TEOPETUUHOIO
Marepialy 1 Ja€ MOXIUBICTh CTyA€HTaM T[O3HAMOMUTHUCA 3 poOOOTOI0 B
MaTeMaTUYHUX, IH)KEHEPHUX MPOrPAMHUX CEPEOBUIIIAX T4 HABUUTUCA CAMOCTIMHO
BUKOHYBATH HEOOX1THI PO3PAXyHKH.

VYBech Kypc pO3/A1JIEHO Ha JBA 3MICTOBUX MOYJI1 KOXKEH 3 AKUX BKIIOUAE TPU
temu. [lepma tema “Beryn po aucummiind. OcoOIUBOCTI BUKOPUCTAHHS MAKETY
Microsoft Excel 2007” 3HalloMUTh CTyAEHTIB 13 0a30BUMHU (YHKIISIMU TMaKETy
Microsoft Excel 2007 y mopiBHSHHI 3 IHIIMMHU HOro BEpCisIMU IJisi TOro, 100
CTYJIEHT YMIB BUKOPHUCTOBYBATH ISl CBOET poOOTU sIK 0a30Bl MakeTH, TakK 1 HOTO
pi3H1 Bepcii. Takuil migxig € HEOOXITHUM JJii BUPOOHUYUX YMOB, Y SIKUX MOJXE
npairoBatd MaiOyTHiM crnenianict. Ilim vac BHUKOHAaHHS caMOi JIaOOpaTOPHOI
pOOOTH CTYIAEHT Ma€ MOXJIMBICTH PO3B’SA3aTH XIMIYHY 3a7ady, BUKOPHUCTOBYIOUU
HaWHEOOXITHIIIMI MPOrpaMHUIl MPOAYKT, Ta CAMOCTIHHO POOUTH BHCHOBKHU IPO
nepeBaru 1 HeJIodiKu pi3HUX Bepciit mporpamu Excel npu pimieHHi BaacHOi 3aaaui,
a TaKO MPO TOYHICTH 1 JOCTOBIPHICTh OJIEPKAHUX PE3YIbTATIB.

Hpyra nabopatopHa pobota “Po3B’sa3yBaHHs TUIOBUX 3a/1a4 XIMii Ta aHaJI3y
B cepenoBuili maketry Mathcad” 3a Temoro “OcoONMBOCTI BHKOPHCTaHHS
maremMatuyHoro makety MathCad ta #ioro ¢QyHKIIOHaNbHI MOXJIMBOCTI”
nependayae He MPOCTO BUBYEHHS i1 Ta BUKOPUCTAHHS JJisl PO3B’SI3KY 3ajayi, aje y
BHCHOBKaX CTYJIEHT Ma€ 3MOT'y TIOpIBHATH sIK nepeBaru camoi nporpamu MathCad
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y pBBHUX ii BepciiX, TaKk 1 3pOOUTH TOPIBHSUIBHUM aHami3 13 YK€ BUBUYECHUMU
Bepcisimu Excel.

TakuM yuHOM, OJlepKaHHMM pe3yiabTaT PO3B’SA3KY XIMIUHOI 3ajayl MpUBYAE
CTyJl€HTa HE€ TUIbKA MPOBOJUTU 3BUYANHI PO3pAXyHKH 3a JIONOMOTOIO
KOMIT'IOTEpPHOTO MpOrpaMHOro 3a0e3medyeHHs, ajie 1 CcaMOCTIHO poOuTu
MOPIBHSUIBHUIM aHaji3 Ta BUOIp HAMOUIBII KOPEKTHOTO MPOTPaMHOrO MaKeTy,
BPaxOBYIOUH TaKOX CYTh 1 (PI3UKO-XIMIYHI BIACTUBOCTI TEXHOJIOTIYHOTO MPOIIECY,
AK1 BIIOYBarOThCA Ha 0a3i XIMIYHUX peaKIlii.

Taxkuii TpakTUUYHMN JOCBIJ CTa€e y HaArojAl CTYACGHTOBI TIiJ 4ac
MPOXOJKEHHSIM HUM MEPEAJAMINIOMHOT Ta BHUPOOHMYOI NPAKTUKU HAa OJHOMY 13
HIANPUEMCTB XIMIYHOI, XapuyoBOi YW KOCMETUYHOI MPOMMCIOBOCTI. AJXKE SK
Jep’KaBHI, TaKk 1 MPUBAaTHI BUPOOHUKH XapyoBOi MPOAYKIT Ta KOCMETHYHHX
3aco0iB 3allikaBlieHI B OJiepKaHHI BHUCOKOKBAII(IKOBAHMX KaJapiB, Kl MICIs
3aBepiueHHs HaBuaHHs y BH3 3MoxyTh mpaiioBat Ha BUPOOHHUIITBI 13 Cy4YaCHUMU
TEXHOJIOT1IMH Ta YAOCKOHAIIOBATH iX.

Tpers Tema “O0poOka eKCHEepUMEHTANbHUX JAHUX B CEPEJOBHUII MAKETY
Excel 1 MathCad ta mo6ynoBa rpadikiB” € miCyMKOBOIO 1 JI03BOJIsI€ BUKIIaa4dy, B
3aJIEKHOCT1 BIJ LIOPIYHUX MPOMO3HULIA CTYIEHTIB, MPONOHYBATH HOBI 1 MIKaBi
3a/ayl, AKI MOXYTh OyTHM YacTHHOIO iXHBOI HAYyKOBOi pOOOTH, KypCOBOi YU
OakanaBpcbkoi poOOTH, ab0 YacTHMHOIO MaricTtepcbhkoi poOotu. Came y TpeTid
nabopatopHii poOOTI CTYAEHT Ma€ 3MOTY HE TUIbKH OJIEpXKAaTH YUCIOBUM
pe3ynbTar, aje 1 300pa3suTH MOro HAo4HO, y BUIIIAAl rpadika. besmocepenHe
rpadiuHe TpenCTaBlICHHS PE3yibTaTy AOCHTh YacTO € HArjsiJHUM 1 MOKa30BUM
pE3yNbTaTOM CaMoOi €KCHEPUMEHTAIBHOI YaCTUHU POOOTH, L0 JO3BOJISIE 3pOOUTH
BUCHOBKHM 1 MPO XiJI MPOXOJKEHHS XIMIYHOIO MpPOLECY YM XIMIYHOI pEeaKiii.
BucHoBku y TpeTiit 1abopaTopHiil poOOTi € OUTbII TOBHUMHU, IPOAHATI30BaHUMHU Ta
IPYHTOBHILIMMH, OCKUIbKM, 0a3ylOTbCS Ha 3HAHHAX Ta MPAKTUYHUX HABUYKaX
oJlep KaHUX MPU BUKOHAHHI MTONIEPEIHIX J1a00paTOpHUX POOIT.

OTxe, Takuid KOMIUIGKCHUW TIAXiA TNpU  BUBYCHHI JUCIUIUIIHU
“KoMm’toTepHl po3paxyHKH B XIMIUHIA TEXHOJ]OrIi” HaJa€ MEBHI MepeBaru sk
BUKJIaJIa4yeBl, TaK 1 CTYICHTOBI. AJKe, BUKJIa/ady Ma€ MOKIIUBICTh OXOMUTH OUIbII
HIMpIIe KOJIO XIMIYHUX 3a/lad 3a TEMATHKOIO SK 1HAMBIAYaJIbHO, JUISI OKPEMOTO
CTyJEHTa, TaK 1 Yy3arajlbHEHO /HJisi TpYNHU CTYIEHTIB. BpaxoByiouu 3MiHH,
MNPOJUMKTOBAHI  CY4acHHUM  PO3BUTKOM  XIMIYHOi  TEXHOJIOTii, = PO3BUTOK
KOMIT FOTEpHOTO 3a0€3MeYeHHs] 13 HOBMMH 1 OUIbII CYYaCHUMHU MPOTrpaMHUMU
MakeTaMH € HEeBiJ €MHOIO YaCTUHOIO OYyb-SKOi TEXHOJIOT1i XapuOBUX BUPOOHUIITB
Yyl KOCMeTHUYHUX 3aco0iB. Tomy ocBoenHs aucuuiuiinu “Komn’rotepHi
PO3paxXyHKH B XIMIYHIN TEXHOJOTI(  JJisl CTYy/J€HTa BIAKPUBAE HOBI MOXJIMBOCTI y
BHUBYEHHI Cy4acHOTO MPOTPaMHOro 3a0e3Me4YeHHs] Ta BMIHHI MPOBOJUTU aHAMI3 1
BUOIp HEOOXITHOTO MPOTPAMHOT0 MPOAYKTY JUIsl TPaBUIbHOT 0OpOOKHU pe3ynbTaTiB
€KCIIEpUMEHTATbHUX AOCTIIKeHb. BinkpuBatoThcs 3/110HOCTI CTYJEHTa BUYUTHCH,
aHaJI3yBaTH Ta POOUTH MPABWIHHI BUCHOBKHU I[0JI0 PO3YMHOTO 1 SIKICHOTO BHOOPY
TOTO YW IHIOIOTO KOMII IOTEPHOr0 MPOTpaMHOro 3ale3mnedeHHs, i1H(opmaliiHo-
KOMYHIKaIITHUX TEXHOJIOT 1.
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Bucnoeku

1. Ha npuknani aucuumniay “Komm'torepHi po3paxyHKH B XIMIYHINA TEXHOJIOTT”
BUKOHAHO aHaji3 JOCBIIYy BHMKJIQJAHHSA XIMIYHUX JUCHMIUIIH 3 BHUKOPUCTAHHSIM
KOMIT FOTEPHUX MpOorpam Ta iHGopMaIiiHO-KOMYHIKALIHHIX TEXHOJIOTIH.

2. Tloka3aHO MEPCHEKTUBHICTh BUKOHAHHS 1H(OPMAIIfHO-KOMYHIKALIIHHUX
TEXHOJIOTIA JJIsl YIOCKOHAJIEHHS HABYAJIBHOTO MPOLECY B yMOBax pi3HUX (popmu
HaBYaHHSI.
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ORGANIZATION AND STRUCTURE OF THE UNIVERSITY PATENT
INFORMATION CENTRES AND THEIR ROLE IN THE PROTECTION
OF THE INTELLECTUAL PROPERTY

Assoc. Prof., PhD Beaneta Vasileva
Head of the Centre of Intellectual Property at the Technical University of Varna,
and PATLIB Centre at the European Patent Office
Technical University of Varna, Bulgaria

Introduction

Knowledge and effective use of intellectual property in all spheres of the national
economy is a key factor for achieving technological renewal and sustainable economic
development to ensure higher competitiveness of any economic development, to occupy
good competitive position on the economic market. Today, any strategic management of
business entity is associated with the effective use, management and protection of
intellectual property. Companies have for a long time been considering how to keep and
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protect the rights on tangible assets as they are considered the most important asset
amongst the other in the company. Until some 20 years ago intangible assets compared to
tangible assets represented some 30% of the value of the enterprise in the manufacturing
sector. Today intangible assets value comprises much more of the value of any enterprise.
At the same time, however, there is lack of a conscious policy for teaching in this
direction in universities and secondary schools. Future engineers and other professional
are not trained on how to use, protect and manage the intellectual product they create in
the form of a computer programme, database, invention, utility models, new plant
varieties, how to start their own business or start-up or start-off formations. Another
worrying fact is that doctoral dissertations do not end with an application for patent or
registration of utility model. Most of the universities and higher education institutions in
Bulgaria do not fully use the intellectual property created by them and by the investments
made in research and development. In the common practice for the universities they
publish the research results and make them available to the public never mind there might
be substantial innovative value which might be an object for protection in the Patent
Office. Today it is considered to be quite incompatible with the modern market trends, to
protect the rights of inventions and to keep business confident that it has protected its
positions on the economic market and kept its positions on the competitive scale. It is also
worrying that the intellectual property in universities is not valued or capitalized, it does
not serve as a real tool for economic growth.

The Objective

The objective of the present paper is to discuss the necessity for the establishment of
patent information centres in the universities and to explain the basic functions and
organizations of these departments.

In the process of amendments and changes of the Bulgarian legislation in the field of
higher education, there have been several important dates of amendments, which are
supposed to mark the beginning of the new policy regarding the awareness and training in
rights of intellectual property.

Thus in 2016 for the first time the legal act which regulates the public relations in
science and higher education, accepted provisions which provided ability for creation and
protection of intellectual property, including regulations on the structure for realization of
the results of scientific research and other objects of intellectual property, as well as for
training of students and teachers on protection of intellectual property. With this the term
“intellectual property” was used for the first time in the Higher Education act. Even more,
the implementation of system for training and studies on the protection of intellectual
property, was stipulated as an obligatory criterion for the sake that any higher education
institution to be considered as such.

The abovementioned amendments in the Higher Education Act, have been
encouraged by a Recommendation of the European Commission from 2008
(2008/416/EC) on the protection of the intellectual property (IP) and on activities of
technology and knowledge transfer and a code of good practices for universities and other
public scientific organizations [4].

The newest act of the Bulgarian government is the published on 8" January and
promulgated in State Gazette Strategy for the development of higher education in the
Republic of Bulgaria, for the period of 2021 — 2030. (The Strategy) [3] The main
achievements of the Strategy [3] is that it makes a thorough critical analysis on the entire
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educational environment and the state of the higher education system, and on its base,
establishes guiding principles for the preparation and implementation of the new measures
of the Strategy [3]. It also defines concrete activities with the goal to achieve the set
targets in due period.

Set of Measures

Considering the main goal of the Strategy [3], and its implementation, quite a lot of
decisions towards improvement of the scientific and educational environment, have been
mapped out. This was done with the medium of different set of measures. Amongst the
most important one is strengthening the connection between business and state-funded
academic organizations. For a long period of time this connection has been disrupted and
universities were involved in creating persons with diplomas which do not make them
capable to occupy positions which correspond to the qualification characteristics the
specialty stated it provides. This is still an immense issue, and the pandemic situation did
not work in the direction of its improvement. The demographic problems themselves were
not in harmony with the idea of strengthening the quality of education. On the contrary —
the governmental policy of providing financing for the universities was for a long time,
more than a decade, based on the number of students or doctoral students which were
enrolled in the university. This disproportional and absolutely inadmissible strategy
provided for the creation and development of people with diplomas, but void of ability
and knowledge. This had as a resulted that business could not actually rely on universities
to prepare specialists and experts for their business activities. Thus the analysis in the
Strategy [3] which is very critical indemnifies for the future perspectives of the set of
measures which are to act for the next decade until 2030.

The new set of measures include effective use of the results of state-funded
research and scientific activities together which would educate eentrepreneurial culture
amongst students and teachers in the universities. The measures should incorporate
modern, flexible and effective forms of training (measure 2.1.3, of the Strategy) [3].

It is also imperative for updating the curricula and programs for independent creative
expression of students for critical analysis of a given problem (measure 2.1.4, of the Strategy
[3]). Students’ knowledge and skills assessing should not be on the basis of reproducing what is
memorized, but through skills for debating, conducting scientific experiments or theoretical
modelling or solving real problems (measure 2.1.5, of the Strategy [3]).

All about competitiveness amongst universities and scientific organization need to
introduce in the first year of post-secondary education of a compulsory course in scientific
ethics, which explains the problems of academic plagiarism and the fight against it, the
requirements for correct citation of sources of information, the basic principles in creating
and protecting intellectual property, and other related issues (measure 2.1.6, of the
Strategy [3]). All academic curricula should include education in innovation,
entrepreneurship and intellectual property (except for some specific professional fields
such as theology and philosophy) according to the specifics of the professional field and
the educational degree. (measure 7.3.3, of the Strategy [3])

Amongst the further measures is creation and providing resources in the Higher
Education of a system for creation and protection of intellectual property, including
regulations and structure for realization of the results of scientific research and other
objects of intellectual property, as well as for training of students and teachers on
protection of intellectual property (measure 7.3.7, of the Strategy [3]). That would be
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provided by establishment of technology transfer offices to support expertly and
methodically the activities related to the protection and economic realization of
intellectual property created as a result of research in universities and research
organizations (measure 7.3.8, of the Strategy [3]). As a result of several amendments in
the Bulgarian legislation a few changes have been made in the Higher Education Act [1],
which also gave way to a Regulation Ne 61/02.04.2020 [8]. The changes in Bulgarian
legislation gave way to changes in the internal normative acts of University which were in
the spirit of included training courses in innovation, intellectual property protection and
entrepreneurship in 80% of academic curricula; established and functioning of companies
at the university, which commercialize scientific ideas and innovations in practice.

Aricle 6 of the Higher Education Act [1] determines what is the legal definition of
a higher education institution: “The higher school can develop research and produce,
artistic, sports and health activities in accordance with its specifics, as well as and
economic activity related to the main activity of the higher school and the realization of
the research results and other objects of intellectual property”. Article 30 of the same
act assures the organs which would manage the established commercial companies in the
universities: “The Academic Council is a body for management of the educational and
scientific activity of the higher school which: takes take a decision to associate with other
persons, as well as for the establishment of commercial companies for the purposes of
economic realization of results from scientific research and objects of the intellectual
under conditions of art. 21, para 1, item 15 and art. 90, para 3, item 4 and para 9 of the
HEA and by order, determined by an act of the Council of Ministers.

But the most important of all the regulation comes the one which was issued on
the 2nr April 2020, Resolution Ne61 of the Council of Ministers. Its basic subject is to
establish rules for the conditions and the order the economic realization of the results of
scientific researches and objects of the intellectual property, for the establishment of
commercial legal entities in the form of commercial companies and the management
bodies of the commercial companies [8].

Legal Organization and Subject of Activity which could be established by the
universities are just two types of the regulated by the Commerce Act [2] in Bulgaria legal
entities: limited liability companies and joint stock companies. The subject of their
activity can be only sales of results of scientific researches, concluding licensing
transactions, marketing, advertising and information activities for intellectual property
(IP), IP consulting and legal protection services, research and creation of databases for
potential users, etc.

Regulation of the IP in the TU — Varna and the establishment of the Patent
Information Centre — Centre of the Management of the Intellectual Property of the
Technical University of Varna:

As part of the requirements of the Higher Education Act [1], each university to
establish a system of protection of IP, including an internal regulation, Technical
University of Varna which defines the rights and obligations of the University, professors,
students, doctoral students, postgraduates, employees, as well as relations with those
persons with whom the University has a contractual relationship in relation to intellectual
property created as a result of activities arising from labor or other legal relations, as well
as the procedure for protection and use of intellectual property objects over which rights
have been acquired in another way.
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Main Sections of the Regulation of IP of the Technical University of Varna:
a) General Provisions;

b) Basic goals and principles;

c) Range of Application;

d) Property Rights;

e) Trade secrets;

f) Procedure for notification of an official invention;

g) Procedure for acquisition and protection of IP;

h) Licensing activity.

1) Distribution of shares, profits and losses.

j) Copyright infringement;

k) Free use of copyright without the consent of the author;
1) Lectures, educational documentation, textbooks

m) Rights on dissertations;

n) Design rights;

o) Computer programs;

p) Assignment rights by external users;

q) Database rights created by teachers or students;

r) Rights on results from research projects.

The Centre of Management of the IP of the Technical University of Varna and
Member of the PATLIB Network of the European Patent Office

On the 31st May the TU — Varna Patent information Centre has been accepted as a
member of the EPO Network of Patlib Centres. The approving process started in
November 2020 with on line sessions for training and testing the readiness to be a
member of the big EPO family. The membership would build conditions for cooperation
with universities in the country and abroad in the field of intellectual property protection.
It will contribute not only to raise the popularity and reputation of the University, but also
to facilitate the connection between the university and business, with specialists and
experts in various fields of science, for dissemination of information for licensing
readiness of the creative achievements of science at TU-Varna, for advisory activity
regarding patentability, registration, commercialization and protection of infringed IP
rights. Another substantial and important role of the Centre is to provide services to
conclude remunerative contracts for management of patents and other intellectual
property rights for third parties for TU - Varna.

Services

The services which would be provided by the Centre of the Technical University is
as follows:

a) Information services on patent filing in the home country;

b) Information on patent procedure and patent searching;

c) Basic search services;

d) Information on trade marks, design or geographical indications;

e) Information on copyright;

f) Information on non-disclosure or confidentiality agreements;

g) Information for funding for innovation/IP protection;

h) Information on what to do in case of potential infringement;
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1) Information on EPO and PCT patent filing strategy;

j) Patent search services;

k) IP pre-diagnosis services;

1) Lecturing services;

m) Training on IP;

n) Advanced search services;

0) Technology and competitor watch services;

p) Guidance on patent policy and strategy creation for the entity;

q) License agreements and commercialization of IP and technology transfer;
r) Public IP events and seminars;

s) Patent clinic and mediation for settlements of disputes

t) Information and Services in a Business Context;

u) Services on the assessment of the economic potential of an innovation;
v) Patent valuation/patent evaluation;

w) Guidance on patent commercialization transfer of technology;

x) Identity search contract.

Within the aspect of the discussion and the reason that the academic institutions
need to provide the leading activity together with the business in the process of innovative
activities and research, recent statistics from sources of the World Intellectual Property
Organization illustrates the patent activity by origin.

Patent applications and grants by origin

A17. Equivalent patent applications by origin, 2019

1100,000-1,500,000
110,000-39,999
11,000-9,999

Source: World Intellectual Property Indicator, 2020, WIPO

The next figure indicates the patents in force, and it is of no surprise that China’s
growing economic expansion is illustrated by the patents which are registered and
protecting the competitiveness of its economy.

The patent activity of the countries is closely connected with their innovation
performance. On the territory of the European Union it is illustrated by the following
figure, which source of information is the European Innovation Scoreboard of 2020. [5]
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Patents in Force Worldwide
Patents in force

A39. Trend in patents in force worldwide, 2008-2019
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Source: World Intellectual Property Indicator, 2020, WIPO

Where is Bulgaria amongst the several active patent applicants is illustrated on the
next table.

Overview of Ranking IP Filing Activity

COUNTRY PATENTS TRADE MARKS DESIGNS
BULGARIA 59 43 36

ROMANIA 46 41 48

GREECE 47 80 47
TURKEY 22 11 7
GERMANY 5 4 2
JAPAN 3 3 8
USA 2 2 4
CHINA 1 1 1

Source: World Intellectual Property Indicator, 2020, WIPO

Innovation Performance of EU Member States

Figure 3: Performance of EU Member States’ innovation systems
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Source: European Innovation Scoreboard for 2020.
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And after the clear awareness where Bulgaria stands amongst the tiger economies in
the world and the EU, here is a figure to provide illustration of the activity of patent and
utility model application in Bulgarian Patent Office. The scheme is taken from the Annual
Report of the Bulgarian Patent Office for 2020. [6] The blue line characterizes the patent
applications, and the red line — the utility model applications. It is clear and obvious that
utility models prevail, probably for the shorter period for providing the registration and
the easier and accessible way for the registration.

Number of Application and Registered Utility Models 2012-2020
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Source: Annual Report BPO, 2020

The next figure shows the activity, both of patent application activity and utility
model activity for a period of about a decade, from 2012 until 2020. The source of the
diagram is the Annual report of the Bulgarian Patent Office for 2020 [6].

National Patents In Force for Inventions and Utility Models 2012-20
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Source: Annual Report BPO, 2020

Application by the nationality of the applicants is the next figure with source of the
AnnualRreport of the Bulgarian Patent office for 2020 [6]. It simply indicated that the
majority of the applicants is mainly Bulgarian companies or inventors.
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Applications by Nationality of the Applicant
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Source: Annual Report BPO, 2020

Regarding the patents in force which are active on the territory of Bulgaria and
registered by applicants from the EU, shows that the activity for the illustrated period
2006-2020 is definitely raising and now there are more than 14 000 patents in force
protecting intellectual property rights of applicants from the EU.

EU Patents on Bulgarian Territory
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Source: Annual Report BPO, 2020

The application for a patent is provided on the base of its position in the different
patent classifications, one of which is the World Patent Classification [9]. In the Annual
Report of the Bulgarian Patent office for 2020 [6] the diagram illustrates a simple picture
of what are the parts by most popular. In blue is machine engineering, which is 33 % of
all the applications; in red colour is electronics and electrical engineering which is 40 %
of all the applications for 2020 in the Bulgarian Patent Office. Finally in green is the field
of chemistry and biotechnology where the part is 27 % out of all the applications for
2020. The year 2020 was marked also by the Covid -19 pandemic situations and due to it
the percentage in the field of chemistry is substantial compared to previous years.
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Application by Technical
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Source: Annual Report BPO, 2020

The final illustration of this paper is the part which business, individuals ot academic
institution take according to the patent activity. The diagram shows the activity for over a
decade from 2006 until 2020.

Applications According to the Type Applicant
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Source: Annual Report BPO, 2020

Conclusion

The core in solving the problem in transforming the academic institutions and the
universities into attractive centres for innovation and research is on governmental level IP
to be iidentified as national priority, the adoption of relevant legal framework for
commercialization of university IP to be accepted and new curricular in all academic
organizations to be implemented. It is of huge importance that students, administrative
personnel and lecturers to raise their awareness of IP and the legal way of its protection.
There should be very close cooperation with business in the development of innovations
by universities, promotion entrepreneurship in universities among students and
researchers, creation of start-ups in the form of commercial companies for the realization,
and transfer of innovation and knowledge in practice.
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OB UHTEPIIPETAIIMH OTHOI'O CENCMOAKYCTHUYECKOI'O
KPUTEPUSA I'A30JUHAMHYECKHNX SIBJEHUI

Hovy., kano. ¢uz.-mam. nayx FO.H. ['onosxo, ooy., kano. mexu. nayx /[.B. Knumenko
Hayuonanvrulit mexnuueckuil yuugepcumem «/[Henpoeckas noniumexHuKa,
2. [uenp, Yxkpauna

JloOblya yriis MOJI3EMHBIM CIIOCOOOM XapaKTEepU3yeTCs BHICOKMM YPOBHEM
omacHocTd. Oco0yi0 OMacHOCTh MPEACTABIAIOT Ta30AMHAMUYECKUE SIBJICHUS
(I"151), BHE3aMHOCTH BHICOKOIHEPTETUYHBIX MPOSBICHUN KOTOPBIX YaCTO MPUBOIUT
K DJKOHOMHUYECKHM TIOTEpsIM, TpaBMaTU3My paOOTHHUKOB, a HWHOTAAa H K
yesnoBedeckuM xkepTBam. [Ipornos I'JIS, TouHee mporHo3upoBaHUE BO3ZMOKHOCTH
MPOJOHKEHUsT PabOThl B YCIOBUSIX TMOTEHIMAIBHOW omacHocTu [l1], KpaiiHe
KeJIaTeIbHO BBIMOJNHATL HEMpPEphIBHO. TakomMy TpeOOBaHHMIO B HauboJjee MOJHOU
Mepe OTBEUYAIOT CEMCMOAaKyCTUUECKHE METO/IbI.

OtpacneBoii cTaHmapT [2] onpenensieT CIEAYIOIMMEe TPU CEHCMOAKYCTUYECKUX
MeTOZa MPOrHO3a BHIOPOCOONACHOCTH: MO aKyCTHYECKOMW SMHUCCUM TOPHOTO MAcCHUBa,
Mo  mapamMeTpaM  aKyCTMYECKOr0  CHrHajla, TI0  aMIUTUTYAHO-4YaCTOTHBIM
XapaKTEPUCTUKAM aKyCTUYECKOro curHajia. KpurepuanabHble COOTHOIICHHUS TTOCTISTHUX
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AyX MCTOAOB BBIYMCIEIIOTCS IO CICKTPAJIBHBIM XapPAKTCPUCTUKAM PETUHCTPHUPYCMbBIX
curHajioB. Heckonbko yrpoiasa, MOKHO YTBCPKAATb, YTO o00a 3T MCTOAa B Ka4CCTBC
KOHTpOHpreMOﬁ BCJIIMYMHBI (K B ) HUCTIOJIL3YIOT  OTHOIICHMUA WHTCHCUBHOCTCH

BBICOKOYAaCTOTHBIX (AB) U HH3KOYAaCTOTHBIX (AH ) COCTAaBJHAIOIIUX AKYCTHUYCCKUX
CUTHAJIOB T'CHCPHUPOBAHHLIX IIOPOAOPAPYHIAONIMMU  MCEXAHU3MAMU: K = -

Cocrosnue BBIpa6OTKI/I CUMTAETCS OINACHBIM B CMBIC/IC ITOBBLIIICHHOM BCPOATHOCTH
BBI6pOC3, ecin K » IPEBLINIACT HCKOTOPOC KPUTHUICCKOC 3HAUCHUC.

Jlo HacTOSIIIEro BPEMEHU HET OOIICNPUHITOr0 MOHUMAHHS TPUPOIABI U
MeXaHHW3Ma OOJIBIIMHCTBA Ta3ouHaMHuecKux sBiaeHuil. [loaToMy OCHOBOI
dhopMuUpOBaHUS KPUTEPUAIHHBIX TTAPaAMETPOB SIBISIOTCS PE3YyIbTaThl HAOIMIOACHUN,
a TIOSICHEHHMS CMBICIA OTUX TMapaMeTpoB, KaK MPaBWIO, HOCAT BTOPUYHBIN
BCIIOMOTaTeIbHbIN XapakTep. B To ke BpeMsi 3(PpGheKTUBHOCTh HCIOIb30BAHUS
JAHHBIX METOJI0OB HE SBIACTCS YIOBJIETBOpUTEIbHOU. Hambosiee ywacto umeroT
Mecto omubOku [-ro poma («iIoXkHas TpeBora», NpU HYJIEBOM THUIOTE3E —
«0e30mMacHO»), 4YTO KOCBEHHO CBHUJCTEILCTBYET O HEJONOHUMAHUHM MPUYUH
W3MEHEHUs HaOJII0JaeMO BEJIMUMHBI.

N3MeHeHne CHEeKTPaIbHBIX XapaKTEPUCTHK AaKyCTHUECKUX CUTHAJIOB TPHU
W3MEHEHUU COCTOSIHMSL TMOpPOJI OKOJIO BbIpaOOTaHHOIO MPOCTPAHCTBA OTMEYAJIOCh
MHOTUMH HCCJIEIOBATEIISIMHU, HO HMCIIOJIb30BAHUE YKA3aHHOTO OTHOIIICHHUS B KaueCTBE
nmporHocTuueckoro mokazarenst 'Sl Obuto BHepBble TpeUIOKEHO B pabdote [3].
OObsicHeHre (HU3UYECKOr0 COAEp)KaHUsl TOKazaTelss ObUIo cieayroumM. Briopocy
MIPEIIIECTBYET MOBBIIIICHUE HATIPSHKEHUM B OKPECTHOCTH BhIPAOOTKHU. [Ipu moBbIIeHuN
HamnpsOKEHUH B TOPHBIX  IMOpPOJAaX  HaWOOJee  CYIIECTBEHHO  YMEHBIIAIOTCS
KOA((UITMEHTHI TIOTJIOMICHUST JJI1 BBICOKOYACTOTHBIX BOJIHOBBIX COCTABJIAIOIIUX M,
CJIEIOBATENbHO, yBeNWYeHHE K, CBUIETEIbCTBYET O POCTE HAIPSHKEHUH Ha IIyTH

paclpocTpaHeHusi Koje0aHWl OT HWCTOYHMKA (paboTalomiero MexXaHu3Ma) K
ceiicmorpuéMuuky  (reodony). IlpeBpimenne K,  HEKOTOPOTrO  3HAYCHUS

CUTHAJIM3UPYET O TAaKOM HW3MEHEHUM HANpsHKEHHOTO COCTOSIHUSI, MPU KOTOPOM
HanpspKEHHAST TIOPOJia B OKPECTHOCTU BBIPAOOTKU MOXKET TMEPEUTH B HEYCTOMYMBOE
cocTosinue. JlaHHasi TpakTOBKa MPOTHOCTMYECKOIO MOKa3aTelisi OcTaércs Haubolee
pacnpoctpanéHHoil. B oTnenbHBIX pabotax, Hampumep [4, 5], maxe NpuHUMAETCS
OJHO3HA4YHAsi MOHOTOHHAsl 3aBUCUMOCTb MEXIy K, U HalpsDKEHUSIMH B 30HE

JIENUCTBUS UCTOYHMKA KosieOaHu. XOTs 3aTyXaHUe B MOPOJIC NCUCTBUTEILHO PACTET C
POCTOM JIaBJICHHSI B OOJIbIIEH CTETIEHH 11 BHICOKOYACTOTHBIX COCTABIISIONTUX, MOYKHO
yKa3aTb UM HA HHbIC IIPUYMHBI W3MEHEHUs BenuuuHbsl K, [6]. B maHHOW craree

paccMaTpuBaeTCsl BIUSHHE Ha JIAHHBIA MPOTHOCTUYECKUH TOKa3aTelb W3MEHEHHN
yCJIOBUI Ha KOHTaKTe MEXIy Ieo()OHOM U TOPHOM IMOPOJIOW, TO €CTh JOKaJIbHBIX
YCJIOBUI B OKPECTHOCTH YCTaHOBJICHHOTO T'e0(OoHa.

bynem paccMaTtpuBaTh TOJNBKO MEXAHHMYECKYIO YacTh CEMCMOINPUEMHUKA,
rosarasi, 4YT0 OTHOCHUTENIbHbIE KUHEMATHUECKHE XapaKTePUCTUKN MHEPIMOHHON MacChl
YCTPOWCTBA HJIeaIbHO PEOOPA30BBIBAIOTCS B PETUCTPUPYEMBIHN AJIEKTPUUECKHUIA CUTHAIL.
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Cucrema ypaBHeHHﬁ, OIMChbIBaromiasa IMHAMUKY FCO(i)OHa, HUMCCT BUA:

d’ d dx d’
X om AL w2y —2un - px = ‘f (1)
t dt dt dt
d’y d’x dx ?
g; +——+2A—+x=- f : 2)
dt dt dt dt
rae x =x(t) — nepeMelieHre WHEPIMOHHOTO 3JIEMEHTa OTHOCUTEIBHO KOPMYCa;
y=y(t) — mnepeMelnieHHe KOpIyca OTHOCUTEIBHO Tmopoasl; & =&6(1) -
nepeMeIleHre oPoAbl OTHOCUTEILHO HHEPIIUATILHONW CUCTEMBI OTCUETA;
Q m a A k K
W'O:—O, u:—’ /1: , A: N g:_, Qéz_,
@, M 2ma, 2MQ, m M
M,m — wmaccel Kopmyca M HWHEpPIMOHHOro aneMeHTa; K, A — KodhdUIIMEHTHI

KECTKOCTH M BA3KOCTU KOHTaKTa KOPIYyC-TIOpoa; k, @ — KOXPPHUIIUECHTHI )KECTKOCTH U
BSI3KOCTH YIPYroro 3jeMeHTa reoona; x, y, & — 6e3pa3MepHbIe BeJIMUYMHbL, MacIlTad
— MakCUMyM TIepeMeIIeHHUs TTOPOIbI OTHOCUTEIIFHO WHEPIHATBHONW CUCTEMBI OTCUETa,;

1

t — Oe3pasMepHas BenuuMHa, MacmTad — —. HavanbpHble yCIIOBHS:
)
0

y0)=y,, Y (O0)=y,, x(0)=x, x'(0)=ux. [TapameTpsl, ONpEIESIONIIE
pemenue: u, A, A, W, u 3aBucumocts £(¢).

Pelienre MoCTaBICHHOM 3a1a4l B U300paKEHUSX:
_(WO2 + zAp)F +x,p’ + (x(') + ZbOxO)p2 + (W02a0 +2Aaq, )p +Wa,

X(p)= . (3)
P (W7 +p* +2Ap)(p* +2Ap +1)+(u+2udp)p®
rne X=X(p),Y=Y(p),F=F(p) — wu3obOpaxenus Jlamaca QyHKUIni
d’é
x(1), y(¢), T COOTBETCTBEHHO; p — KOMILJIEKCHAsI IEpEMEHHAs;
t
a,=Xy+ Yy, @ =Xg+yo+2Ax5 by=A+A(u+1).
d*¢
Hanee, npuHUMAasd o0,t), tne O,() — eAMHWYHAs MMITyJbCHAs

2
¢byukuusa [upaka, u ,monarasi, COOTBETCTBEHHO, F =1, HaudajgbHBIE YCJIOBHS
HyJleBbIMU, U3 (3) moiyyaeM mnepenaTouHylo ¢GyHKuuo X(p) s peakuuu
MEXaHMYECKOW CHUCTEeMbl reoOHa B BUJE CMEIICHHS X Ha BHEIIHEE YCKOPEHHE
d’¢

t2

(BXO4 — YCKOPEHHE, BBIXO] — IEPEMEILICHHUE):

—(w; +2Ap)
W)+ p* +2Ap)(p* +22p+1)+ (1 +2ulp) p’

X(p)= ( 4)

ITonaras B (4) p =il , noiy4aeM 4aCTOTHYIO XapaKTEPUCTHUKY:
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W +i2 AW
—W+ S =W, +i2W (S, W2 - S,)

X(W)=

)

rae S, =S, Wy, t, A=W, +4AA+u+1, S, =S,W,u,A,A)=A+(u+1)A,
S, =S,(Wy,u,A\,2)= AW, + A, W — Ge3pasmepHas uactora (Macrab — @, ).

AMIUTUTYTHO-4acTOTHas xapakTepuctuka (AUX) Oyzaer:
NN &

X)) = : : (6)
\/(W“ —SWE+W2) +4W? (S, w2 -8,)

HpI/I HCIIOJIB30BAHUU JJICKTPOAWMHAMUYCCKUX HATYUKOB (HOCHCpGSOHaHCHBIﬁ
peXKHM)  BBIXOJAHOW  CHTHaJd  MPOMOPIUOHAJIEH  CKOPOCTH  Aedhopmariuu

o X
MCXaHHYCCKON CHUCTCMbI FCO(i)OHa ?, Hn B KadycCTBC BXOJHOI'O CHI'HAJIa
t

I_ICJICCOO6p33HO paccMaTpuBaTh CKOPOCTH 3aJarOIICTO BOBHCﬁCTBHH 7 B stom
t

Cllydae 4acTOTHYIO XapakTepucTuky V(W )u eé moxyns |V (W)| (BXoad — CKOPOCTS,
BBIXOJI — CKOPOCTbH) mojydaeMm, ucnois3ysa (5) u (6), mponuddepeHunpoBaB u

d’é
npouHnterpupoBaB  dypre-uzobpaxkenus  x(t) U > COOTBETCTBEHHO:
t
WX
Vaw) :M =W XW);
iw

| =w?- | Xw)|.
NmnynbcHyto nepexoanyro (GyHKUu /A(f) MOXHO HalTH Kak oOpaTHOe
npeobpazoBanue mnepeaarouHord Qynkuuu H(p). B cooTBeTcTBUM CO BTOpPOM

TeOpCMOﬁ Pa3JI0KCHHUA U 3aMCyasi, 4YTO KOB(i)(i)HHI/ICHTBI MHOTI'OYJICHOB YHNCJIUTCIIA U
3HaAMCHAaTCIIsA (4) ABIIAKOTCA HCﬁCTBHTCHBHBIMH YuCJIIaMH:

h(f) Z H(pk) P/J ez H(qk) W

1\ Py i H(qk)
rae ZH(p):(VVOZ-Fp2+2Ap)(p +2zp+1)+(u+2u/1p)p
1 CH(P)=—(VI/02+ 2Ap) — 3HaMeHarenbs W uucautens H(p); p, — Bce
JNCUCTBUTENbHBIE KOpHU Z,(p), ¢, — BCE KOMIUIEKCHBIE KOpPHH Z,(p) C

IIOJIOKUTCIIBHBIMHU MHUMBIMH YaCTsIMH.
AHaJIOI‘I/ILIHO, I CJlara€MbIX H3 (3), 3aBHUCAIIINX OT HAYaJIbHBIX YCHOBHﬁ,

HaxouM ¢ YHKITUIO ho(f)zz Cro(py) P! Rez Cuo(q) e
Pk H k qx H(qk)

rie Cpyo(p)=x,p° +(x; +2b,x, ) p* +(Wia, + 2Aa, ) p + Wya,.
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Teneps, ucxonast u3 peueHus B n3oopaxeHusx (3), pemenne x(¢) CUCTEMBI

d’s .,
=E"(1),
o &"(1)
MOYKHO MpPEJACTaBUTb B BHJE CYMMBI /,(7) U CBEPTKM (QyHKuUuH A(r)n é"(t):

x(t)= jh(r)é"(t —7)dr +hy(t). Tlpu BO3ACHUCTBUM B BHIE a5 _ E'(t) mmu &E(F)

(1,2) ¢ yuéroM HayanbHBIX YCIOBUW MPU MPOU3BOJIBLHON (DPYHKIIMHU

dr

COOTBCTCTBCHHO.

x(t) = [ WD) (t —7)dr — h()E'(0) + Iy (1),

x(1) = [ W'(@)E(t = T)dT = h(t)E'(0) = K (£)E(0) + H (0)&(0) + Iy (1)

[Ipu mociiepe3oHaHCHOM peXrMe paboThl AaTUrKa, CBA3b MEKIY CKOPOCTHIO

dg

BO30YXK/IAIOIIETO BO3/ICHCTBUS i =&'(t) M CKOPOCTBIO MEPEMEIEHHS UHEPLMOHHOM
t

X
MacChl OTHOCUTENIBHO KOpIyca ” Oyner:
t

L) = 1= () = HOZ (0) + B (1) ™

BbinmosiHUM HEKOTOpble pacu€Thl MO MPUBEACHHBIM BBIPAKCHUSIM IS
ceiicMonpuéMHUKa, pabOTaIOIIET0 B IOCIEPE30HAHCHOM pexkume. MIMeHHO B TakoMm
pexxuMe  paboTaloT  AJIEKTpPOAUHAMUYECKHE TeoPOoHbl  (BEJIOCHUMETpBI) C
UCIOJIb30BAaHUEM KOTOPBIX U OBLJIO MOJYYEHO OOJIBIIMHCTBO IKCIIEPUMEHTAIbHBIX
JaHHBIX, 00OCHOBBIBAIOIINX IPUMEHEHNE IPOrHOCTUYECKOIO NoKa3atTens K, .

HpI/I HCOTPAHUYCHHOM YBCINYCHHUH )KECTKOCTH KOHTAKTa FCO(i)OH-HOpOIIa

(W0—>oo) 3 (6), (7) mnomydaem: ‘V(W)‘z ! . Jannoe

1 2247 -1)
I+—+ 5
w w
BBIpaKeHUE cOBMaaacT ¢ (OPMYJION JJIi OJJTHOMACCOBOIO OCHILIATOpa. Takoe ke
cooTHolieHne Oyner mojydeHo u3 (6), (7) mpu HEOTPAaHUUCHHOM YBEIUYCHUU
BA3KOCTH Ha KOHTakTe (A —>o0). lIpobnema, omgHaKo, COCTOMT B TOM, 4YTO

3Ha4yeHus W, n A paneku OT HEOrpaHUUYEHHO OOJBIINX 3HAYCHUH U, KK IIPABHIIO,
TPYJIHO MPEICKA3yEMBI.

Hanee nipu pacu€rax Beiopano p=0.1, A =0.7. [laHHble 3HaUCHUS] TUITUYHBI
Uil MAXTHBIX Teo(oHoB. CpaBHHUTENbHO Majoe 3HA4Ye€HHE 4 OOBsICHSAETCA
TpeOOBaHHEM OOECHEYUTh JOCTATOUYHYIO KECTKOCTh W HCKPOOE30MacHOCTh
KOHCTPYKIMHU. YpoBeHb nemidupoBanus A =0.7 sBIseTCS ONTUMAJIbHBIM U B
ANEKTPOAMHAMUYECKUX  BEJIOCUMETpax TMPaKTHYECKH  BCErja  JIOCTUTaeTCs
IIYHTUPOBAHUEM HHAYKIIMOHHOW KATYIIKU aKTUBHBIM COMpPOTHBJICHUEM. BepxHss
rpaHylla YaCTOTHOTO JMAara3oHa BEJIOCUMETPOB OOBIYHO He Oojee, ueM B 50 pa3
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MIPEBOCXOJIUT COOCTBEHHYIO YacTOTY
WHEPIIMOHHON CHUCTEMBbI JaT4YMKa, YTO
B CWIy TpPHUHATOrO  Macirada
OTpaHUYUBACT paccMaTpuBaeMbIe
nanee 3HaueHus dactoTel W <50. Ha
puc. 1 npuBemensl AUX miud 1
pasnnyHbIX 3HadeHudd  W,. Ilpu

o)

1.5

YBEIUYEHUN KECTKOCTH YCTAHOBKH 0.5
BTOPOM DKCTPEMYM IIEPEMEIIAETCS B
CTOPOHY YBEITUYEHUS YacTOTBHI,
MakcuMalibHOe 3HaueHue AYX mnpu
OTOM U3MEHSETCS  HE3HAYMTENBHO.
Ilpu W >W, nHabmromaercs pe3Kui

Pucynok 1 — AYX Besrocumerpa npu
Pa3HOi KECTKOCTH HA KOHTAKTE € IOPOA0il
Yucna Bo3je KpUBBIX — 3HaueHus W, .

u=01L41=07;A=0.3

cnag AUX, nmogoOubiii cnagy dopmupyeMomy (GUIBTPOM HHM3KOM 4YacTOThl. M3
MIPUBEJICHHBIX 3aBUCUMOCTEN CIIEYET, YTO MU3MEHEHUE KECTKOCTH HA KOHTAKTE
reo(poH-opoa MOXKET MPUBOAUTH K CYIIECTBEHHOMY MU3MEHEHHUIO CIIEKTPATIbHOTO
COCTaBa PErMCTPUPYEMOIr0 CHUTHalA MPU OJIHOM M TOM K€ KOJieOaHUHU MOPOJbI B
TOYKE YCTaHOBKU Ireo(oHa.

B kauecTBe nmpumepa Ha puc.2 MOKa3aHbl pacCYUTAHHbIE 1O (7) 3aBUCUMOCTH
OTHOCUTEJIBHOW CKOPOCTH MHEPLUHUOHHOM Macchl reodoHa MpU pa3HOM KECTKOCTHU
Ha KOHTaKTe ¢ mopojoil. Buemnee Bosneiictere &£'(f)3amaBaioch B BHIE CYMMBI

TPEX CUHYCOUJI C €AMHUYHBIMU aMIUTUTYIAMU: £'(¢) = cos(5t) + cos(12.5¢ + 7) + cos(20¢) .
g'(n 4

& 30

20

10

0

“TA :
2 40 K, =041
LA / 5 :

; Vi | |

K,=1

0 10 20 W
b)
X(0) 4
5 60 - Kz=19%
40
0 2 3 ! |
w 20
0
—4 0 10 20 w

¢)
PucyHnok 2 — YyacTku KPpUBBIX KOJIe0aHMHA M UX AMIUIUTYAHbIC CIIEKTPBI AJIA

BE€JIOCUMETPA:

a — KonebaHus Mopoibl; 6, B — OTHOCHTENBHEIE KONEOAHNs HHEPIIMOHHOI Macchl reodona mpu W, = 10

u W, =20 coorsercraeno.
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CrekTpbl UCXOAHOTO BO3JCUCTBUS U peakluu reo)oHa pacCUUTHIBAIHUCH C
IOMOIIbIO ObICTpOro mnpeodpasoBanuss dDypbe (Takke Kak 3TO JAENaeTcsl IpU
IPAKTHYECKON peaau3allud MEeToJa MpOorHos3a). 3HaueHus K, BBIYMCISUIMCH Kak

OTHOIICHHE SKCTPEMAJIbHBIX 3HAYEHUN aMIUTUTYIHOTO CIEKTpa Ha HAauOOJIbLIEH U
HauMeHbled dactore. [lpy OAHOM W TOM K€ COOTHOLIEHHM CIEKTPaJbHBIX
COCTaBJISIOIIMX B HCXOJHOM (MCTMHHOM) curHaie (K, =1), HO npu pa3HOU

YKECTKOCTH HAa KOHTAKTE ITOJIyYE€HBI CYIIECTBEHHO pasHble 3HayeHHsS K, =041 u
K, =1.97 npornoctuyeckoro napamerpa (Puc. 2).

Yactotel W Ha puc. 2. mpuBeAeHbl B 0Oe3pa3MmepHbIX enuHunax. Eciau
coOcTBeHHas yactoTa reodona pasHa 40 Hz (mpumepHoe 3HauUeHME JIJISl MIAXTHBIX
BEJIOCUMETPOB), TO YaCTOThI, HA KOTOPBIX MPOMJUIIOCTPUPOBAHBI U3MEHEHUS K, Ha

puc. 2, oyayt 200, 500 u 800 Hz. DTOo cOoOTBEeTCTBYeT HHTEpBaly CIEKTpa,
KOTOPBIM aHAIM3UPYETCS NMPHU pacy€Tax MPOrHOCTUYECKOrO MOKa3aTelIsl B IIaxTax.
Buvieéoowt
Hcnons3ys MaTeMaTUuecKyto MOJeb reo(poHa, YUUTHIBAIOIIYIO YCIOBUS HA
KOHTAaKTE€ C TOPHOW TMOPOJOH, IMOKa3aHO, YTO HW3MEHEHUS] IPOTHOCTUYECKOTO

nokaszaTtess BbIOpOcOONacHOCTH K, MOIyT ObITb OOYCJIOBIEHBI TOJIBKO

JOKaNbHBIMM W3MEHEHMSIMU B 30HE KOHTakTa. [laHHOE 00CTOSATEIBCTBO MOXKET
ABJIATHCSI ICTOYHUKOM OLIMOOK MIEPBOr0 pojia MpH MpOorHo3e 6e30nacHoi paboThl B
YCIIOBHUSIX BO3MOJKHBIX I'a30IMHAMUYECKUX SIBJICHUN.
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XMAPHI TEXHOJIOI'Il B HABYAJIBHOMY ITPOIIECI

loy., kano. ¢uz.-mam. nayx C.b. [lanunesuy
Xapxiecvkuii ymanimapnuii ynisepcumem ""Hapoona ykpaincoka akademin'
M. Xapkie, Ykpaina

Maii0yTHi €KOHOMICTH MMOBHHHI OyTH KOMIIETEHTHUMHU B MTUTAHHSX, MOB'SI3aHUX
3 XMapHUMH TEXHOJIOTISIMH, SIKI IIBHJIKO PO3BUBAIOTHCA Ta BMITH Ha MPAKTHUII
3aCTOCOBYBATH OTpPUMaHI 3HaHHs. [laHa poOoOTa MpUCBsYEHA 3aCTOCYBAHHIO XMapHUX
TEXHOJIOT1H Y OCBITHBOMY Ipolieci. B poOoTi po3risaaroTbesi CiibHE BUKOPUCTAHHS
xMapaux TtexHonorii Google Drive, Power BI, Colab Notebooks mis anamizy Ta
BI3yaizallii pealbHUX EKOHOMIYHMX SIBUII] B HABYAIILHOMY ITPOIIEC.

MeTtoto pobGOTH € pO3IJif]l BUKOPUCTAHHS XMapHUX TEXHOJIOTIH B MpoIlieci
npodeciitHoi MiAroTOBKM MalOyTHIX €KOHOMICTIB, a TaKOXK MPOJEMOHCTPOBAHA X
MpaKkTUYHA peasizailis.

JUist 1OCATHEHHS MOCTaBJIEHOT METH 3aCTOCOBYBAJIMCH TEOPETUYHI METOAU
JIOCHIDKEHHST B TO€JHAHHI 3 aHalI30M CydacHMX xmapHux cepsiciB, Colab
Notebooks, Google Drive, Power BI.

Google Colab € BUIbHUM OHJIAMH CEpPEOBHUILEM, SKE JI03BOJISE IMPaIOBATH
6e3nocepennbo y "xmapi". Cucrema npus'sazana 10 Google akkayHTa KopucTtyBaua
1 Jo3BoJisie 30epiraTu HampaifoBaHHs Oesnocepenubo Ha Google Drive. [ns
oTpuMaHHs noctyny 10 MoxiauBocted Colab Laboratory morpibHO cTBOpUTH
obmikoBuit 3anuc B Google — kimienta gmail.com. Jlani nmepelTH 1Mo MOCHIaHHIO
https://colab.research.google.com.

Google Drive — BeG-cepBic, JOCTYIHUHN JJIs1 KOKHOTO, Y KOTO € OOJIKOBUM
3anuc Google. Ile xmapHe cxoBuIlle Ja€ MOXIMUBICTH OHJAMH (B Opaysepi)
30epiratu Ta neperyiganatd BMIicT 0e3:114l TUMIB (aiiiiiB (B TOMY YHCII 1 rpadidyHUX).
[Ipononyetbest 15 I'6 BUIBHOTO MiCIS.

JUis  Bizyamizamii OTpUMaHUX peE3yibTaTiB 3pYYHO BUKOPUCTOBYBATH
anamituune cepenoruiie Power Bl. V Hporo € nBi Bepcii: 6e3komToBHa Power Bl
Desktop i uratna Power BI Pro 3a 10$/micsmb. [Iporpamue 3abe3neuenns Power
Bl nae moxnuBicTh OTpuMyBaTH 1H(OpPMALIIO 3 PI3HUX JKEpel, o0'eqHYBaTH 1
OPUBOIUTA L0 1HGOpMAII0 B €IUHY CTaHJIAPTU30BaHy MOJENb JaHUX,
00YHUCITIOBATH HEOOX1/IH1 MapaMeTpu Ha OCHOBI IIUX JAaHUX, IPOBOAUTH Bi3yaJlbHO-
aHAMITUYHUN aHaJl3 JaHuX, OyayBaTH Bi3yaibH1 rpadiku, 3BITH 1 JaIOOPAH.

Konneniriss xmMapHuX 00YMCIEHb Aa€ IHCTPYMEHT II0JI0 CTBOPEHHS, 00pOoOKHU
i 30epiranHs iHdopmanii B [HTepHeTi, 110 pO3BaHTaXye€ KOMIM'IOTEPH, JA03BOJISE
BUKOPUCTOBYBAaTH IMOTY>KHI KOMM'FOTEPHI CHUCTEMH, OJEpKaTh OE3KOIITOBHI
nporpaMu Jisi OOpOoOKH JTOKYMEHTIB PI3HUX THUIIIB, €EKOHOMHUTH Ha JIEH31MHUX
nporpamax. Lle 0co011MBO BaXKJIMBO B OCBITHBOMY MPOIIECI.

€ 1 HeoJiKu: MOTPiOHO cTabUTBbHE M MIBUAKICHE MIAKIIOUEHHS 10 [HTepHeT,
MO>KJIMBOCTI MpoOrpamM B XMapi iHOA1 OOMEXEHI, Y MOPIBHSIHHI 3 MOJIUBOCTSIMHU
BIIMOBITHUX JIIIEH31IMHUX TPOrpam.
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Po3rnsiHeMo BUKOpHCTaHHSI XMapHUX TeXHOJNOTi. Hanmpuknan, B iHTepHETI 3
PEUTHHT KpaiH Mo BapTOCTi ra3y ajis HaceneHHd [3]. 3aBanTaxumo 11 gaHi B Colab
Notebooks.

Komanam m1st ckaayBaHHS:

'wget -O "gas.html" "https://svspb.net/novosti/stoimosti-gaza/"
import pandas as pd

df = pd.read html('gas.html")

df[0].to_csv('gas.csv', index = False)

Hami tpeba miakmount Google Jluck m0 cepeioBuIlla BHUKOHAHHS 3a
JOTIOMOTOF0 KOJTy aBTOpHU3allii (MB. pUCyHOK 1):
from google.colab import drive
drive.mount('/content/drive")

X + Koag  + Tekcr

= Gannbl
[+] [ Al
Q . E o Iwget -0 "gas.html™ "https://svspb.net/novosti/stoimosti-gaza/"
+ import pandas as pd
&> dri df = pd.read html('gas.html")
8].to csv as.csv', index = False
~ [ drive of g i " ind 1
» [ MyDrive from google.colab import drive
= » [ sample_data drive.mount(’/content/drive')
B gas.csv
B gashiml

Pucynok 1 — Excnopr nanux Ha Google /luck.

[ToTpibHO mepeTsarayTH gas.csv B MyDrive. Lleii ¢aiin MoxHa BIAKPUTH Ha
CBOEMY JIMCKY 3a jomnomororo Tabnuibs Google, mnepeBIpUTH NpPaBUILHICTH
Bi10OpaxkeHHs naHux. [lepiuii psaoK 3arooBKiB CTOBIYMKIB TOTPIOHO BUIAIMTH.
Hatu komanny ®aiin — OnyOnikyBatu B iHTepHeT 1 orpumatu URL noctyny no

Gaiiy.
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Pucynok 2 — IIpuxknaa Bizyaaizauii B Power BI.

254



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

1106 orpumaru ui nani B Power BI (puc. 2), mnoTpiOHO Ha rooBHIN BKIaIi
Bubpatu "Otpumartu nani" 1 Bubparu "larepHer"”. Ilicig 1poro y BikHI MOTpiOHO
BctaButd URL noctyny no daiiny.

Bucnoeku

1. TakuM 4YWHOM, peanbHI JaHi 3 BIIKPUTUX JKepenl I[HTepHeT Oynu
oTpuMaHi, 00po0OJieHi 1 Bi3yali30BaHi Ha Cy4yacHOMY piBHI B "xmapi".

2. Iloxi6H1 TeXHOJNOT1T HO3BOJSAIOTH MPU MIHIMAJIBHUX MaTepialiIbHUX BUTPAT
(TUTbKM A JocTyny B [HTEpHeT) opraHizyBaTu 1HIMBiNYyaldbHY pOOOTY CTYIEHTA,
JOUCTaHI[IITHE HAaBYaHHSI.

Iocunanna

1. Golub T. Pros and cons in digitalization of higher education // The 8th
International scientific and practical conference “The world of science and
innovation” (March 10-12, 2021) Cognum Publishing House, London, United
Kingdom. 2021. P. 51-54.

2. Google Colab [Enexrponnuii pecypc] — Pexxum goctymy 10 pecypey:
https://colab.research.google.com/notebooks/welco e.ipynb/.

3. Peiftunr kpaiH mo BapToCTi razy s HaceneHHs [Enexktponnuii pecypc] —
Pexxum noctymy mo pecypey: https://svspb.net/novosti/stoimosti-gaza/

AUTOMATED SYSTEM OF DISTANCE LEARNING
AND NETWORK DIAGNOSTICS OF KNOWLEDGE

Prof., Doctor of science V.P. Ivashchenko,
Prof., Doctor of science G.G. Shvachych,
Assoc. Prof., Candidate of Technical Sciences O.V. Ivashchenko,
Assoc. Prof., Candidate of Technical Sciences O.P. Bilyi
National Metallurgical Academy of Ukraine, Dnipro, Ukraine

Introduction. This paper highlights issues related to the distance learning
problem, automated learning, and network diagnostics of students' knowledge.
They acquire particular relevance in connection with the world’s complex
epidemiological situation. The resources noted in the paper allow increasing the
educational process efficiency, make it attractive and interesting for students, and
motivate them to an active learning process at any time and in any place. That, in
turn, allows students to receive a quality education.

Note that a characteristic feature of modern education is the introduction of
computer technologies for teaching and quality control of knowledge [1]. However,
today the issues of network learning (NL, Web-based education (WBE)) and
network diagnostics of knowledge are an area of intensive research and
development [2 — 5]. The benefits of network learning of network knowledge
diagnostics are obvious: classroom independence and platform independence.
Networked teaching software, installed and maintained in one place, can be used
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throughout the university and even the region if students have access to a computer
connected to the university's local network or the Internet. The NL tools are of
particular relevance for distance learning students, who have the opportunity to
study at home. The Department of applied mathematics and computing of the
National Metallurgical Academy of Ukraine developed a networked universal
complex of applied programs for teaching and diagnosing students' knowledge,
which is covered in this paper.

Composition and system’s primary functions. The system is implemented
directly in the VBA for Excel environment, allowing the creation of "intelligent"
training and test programs. The system is in line with the approved curriculum plan.

The operation of the developed system is illustrated by the example of
studying the operation rules in the Excel environment and programming in the
VBA for Excel environment and includes electronic lecture notes and a set of
training and control programs.

The first and second tests (tutorials and tests) cover the operation basics in
the Excel environment, namely: data entry rules, expression rules, copy and paste
operations, the function wizard, and rules for operation with basic relational
operators and logical functions. Figures 1 and 2 depict the general view of the tests.

X Microsoft Excel - Excel_Test1 icrosoft Excel - Excel Test2
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Figure 1- Open ticket of "Test 1" Figure 2 — Solved ticket "Test 2"

Each test contains 30 options. Each test ticket contains problem conditions
and a marked problem-solving field. In these tests, a student can independently
check the correctness of their own decisions, for which, after solving a specific
problem, it is enough to click on the "Assessment" button. A correctly solved
problem turns green-highlighted, while an incorrect solution turns red-highlighted.

The control program automatically evaluates the solution correctness, while
the student can apply any methods for solving the problem. The solving problem
sequence is arbitrary.

After the test, the teacher can show the option of expressions’ correct entry.
Access to this operation is run by entering a password and then clicking on the
solution button.
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The study of the operation basics in the Excel environment ends with a control
(examination) work, which, unlike the above tests, covers the advanced knowledge
verification, namely the engineering methods (declaration of variable names and
constants for cells and ranges of cells).

The test includes 20 tickets, which are randomly unloaded from the shell (Fig. 3).
Access to the control tickets can be carried out only after the teacher entering the
password.

B CucTema 06YNEHHA W KOHTDONA SHAHWA CTYLEHTOE. |_ (O] x|
Eunet2 Euner3 Bunerd Bunetd
s s
Eunet? Eunetd Bunerd Euner10
=R =
Eunetl2 Buner13 Bunet14 Eunet1s
Eunetl? Buner1s Bunet1d Euner20
r~ Mpago goctyna | ~JocTyn sampewed—————— MogroToeka |
I Bribop frnema
IV Crnyaatinoe [1 2
Ofpasey,
ﬂacmyrxl Heavame TECT | I'IpHMepl

Figure 3 — A shell containing control (examination) tickets

To get acquainted with the sample tasks included in the test work, one can
access a demo ticket.

The control ticket's distinctive feature from these tests is such properties of
the ticket, where the student cannot check the correctness of their own decisions
before the control work accomplishment. Checking the problems’ solution is run
only after the teacher entering the password. Another property of the control ticket
is saving its hard copy containing the student's solution to problems (Fig. 4).
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Figure 4 — General view of the resolved saved ticket
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An introduction to programming with VBA for Excel begins with creating
macros. Test work on this topic is a semester work performed by the student
independently. The test work is a protected demo project containing a complete
description of the rules for performing the work, the features of building macros
and their optimization, and options for tasks. Figure 5 illustrates the general view of
this work.

™ Microsoft Excel - Excell_Macro
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Figure S — The template general view for an individual task on the "Macros"
topic

Laboratory work on the programming basics study in the VBA environment
is based on a tutorial principle. Each laboratory work contains questions and
different answers to the questions. A performance feature of these works is the
mandatory preparation by the student of the classes’ summary that is an addition to
the summary of lectures. In these works, in the software modules, procedures are
preliminarily created containing the exceptional situations solving that often arise
among inexperienced programmers, thereby eliminating the “ computer freezing ”
and losing the completed part of the work. Figures 6 and 7 demonstrate the
laboratory work's general view. Each topic ends with a test when the student must
independently solve the assigned task. Figure 8 shows the solved problem
fragment, and Figure 9 illustrates the program written by the student.

Similarly to control (examination) work, the system includes a shell
containing 30 tickets on the programming basics. The properties of the shell and
tickets embedded are similar to the properties of the above shell in Figure 3. Figure
10 depicts a ticket variant. The ticket's distinctive feature is the inability to protect
access to the program for checking the problem solution. In this regard, the
verification program is designed so that the possibility of using its codes is
excluded. Also, it is placed in the main module of the project and does not interfere
with the student's work in the blank module of the sheet (Fig. 6).
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Figure 6 — The laboratory work general view on studying the VBA controls
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Figure 7 — General view of the completed laboratory work on programming in

the VBA environment

259



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

AJBICIDJEJF[G[H[I[JTKILIM] N Jol P [ & [ R [ 8§ [ T [ U [¥]
Camvocmosmensnan paboma cimydenma apyans:

Beneid uget - vbWhite

1
2
i 3a0aHa MULWEHE, B KOTORYH NONS4EKT NYAW COySaRHBM Bapuant: 1. OnpedendTe 51 KENTEIX W CHHUY ANERK
i 0fpazomM, NPUYEM, BCOW NONOAAHKE NROMCKOONT 0E3HLE M1 Yes 23|12, Onpegenute S2 Genex Aueek
| 5 | B 04Hy M Ty ke AYefkY THAUKEME AYRAKM YEEIHUNEAETCA. C N2 |es 31]3. Belumcnute oTHowenwe 51/52
| 6 | HeofxoAumo camOCTOATENEHO PELLMTE NPHEESEHHEIR € N3 - 1347526
7 EELERITA © heg Pewerm | PesyneTaT ELIEECTH B Avedkn: 1 - [P4], 2 - [PS]. 3. - [FE].
i MNpoBepka peweHHa @ N5
E N flpuntevanue 1
|10 | 1 N7 S, 51, B2 - cyMMa HaYEHUA Aveek
11| 1z i Neg K. - KONMMYECTED AMEEK COMEPHALL MY ZHAYEHHE = 1
E 11 2 £ heg S0, 501, 502 - cymma 2Ha4EHHA AYNEEK MK
| 13 | 1 1 (el i] SHAYEHAM AYEikY = 1
14 1 [l B
| 15 | 1T 1 N2 fIipunevanue 2
16 1 N3 KpacHei UeeT - vbRed
E 2001  Ng SeneHudl UeeT - vhiGreen
| 18| 2 1 NG CHHHA ugeT - vbBlue
| 19 HenTell ueeT - vbellow
| 20
|21 ]

Figure 8 — General view of the problem solved by the student

' MrHOpMpOBSHME BOSMOMHEY OWHOOR
On Error RBesume Next

'SamnMce CTRHOR OPODparmE CTYOIEeHTSMHM [SananHxe N

Ip = 0: 3t =0

For i = 10 To 189

For j = 2 To 11

If Cell=s(i, j).Interior.Color = vb¥ellow Or

Cellsii, Jj).Interior.Color = wkhBlue Then 2p = 3p + Cellsii, 3J)

If Cell=s(i, 1J).Interior.Color = vhbWhite Then 2t = 2€ + Cellsii, 3J)
Next j

Next 1

Range ("P4™) = ZIp: Range ("P5™) = 3t: Range ("P&™) = 3t [/ 3p

End Zub

Figure 9 — The program developed by the student

To test the theoretical (general) knowledge of students, the system contains a
universal application (shell) “Module 12” wherein any tests in any discipline can be
loaded [5].

Figure 12 represents the shell’s general view with the loaded test "Elements
of object-oriented programming in the VBA environment." The shell maintains its
protocol of test results by students.
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0 Microsoft Excel - Buner 1

E Faiin Npaska Bua Beoraska Fopmar Cepeuc Oannee OkHo 7

Dmméaﬂx hé@|nvmv|%§>|z £ “l“l|ﬂ@.@|wo%v|@

Arial Cyr - |}I{K‘l|§§§ |§/ 3
315 =] =| NOHE
A B [ [ [ 5] [ E [ F [ G [ H [ | | J | K| L
1 PemeHue 3a0a9 CTYOeHTOM TPynnkI |
2 3adaHHE KomMaHAHBIE KHOMEM [poTokon
3 | McxofHEIE QaHHEE: | [Nepemerduie X v Y aenawtca nonauwn [vcta Excel Mporpam OTEET: | DueHka
4 fycmb 3303kbl HEKOMOPbLIE SHAYERNR RepeMeltbix X 8 Y.
| & |1. BeiMMecnuTe cymmMy KEaLPaTOE 3TMX NEREMEHHEIY W ELIEECTH DESYILTAT B P | Sanaqa Mol
5 Adeiky [A20] | =
| £ |2. Onpegenute Bonbllee M3 SHAYEHWA 3TMX NEpEMEHHEIX W BEIBECTH pesyneTar & Zagavaltl | Fanzug Mol
g B AYefky [D20] | 2
| 9 |3 CozpaTe oAHOMERHEIR MACCHE WS F - MH SNEMEHTOE, HAYANEHEIR MHLEKE Fanzya Mol
| 10 |koToporo = 1. 3anofHUTE MACCHE 3HAYeHHAMK Zi = | 47 - % |, rae i - Texywnife—  Saaaéa N3 | | 2
11 |unaeks MaccHea. 3HAYEHWA ANEMEHTOE MaCCHES BRIESCTH B AYeikd [AZ1:G21]
| 12 |4. HaliTi HaumeHelWES SHAYEHHE INEMEHTE YKIZAHHOMD MACCHES W . Sagaua Med | Sanada Moed
13 ELIEECTH PE3yNETaT B ANedky [G20] | 3
| 14 |5. BLinonHWTE COpTMPOEKY YK3ZEHHOMD MAcCHESR No yABIEaHMM. 4 Zanaus M5 | Zanada Meg
15 FeosyNeTaT CORTMROEKM BRIEECTA B ANEAKA [AZ2Z:G22] [ NoHb || 0
16
|17 |
18]
19 Omeemst : T —— | |Ouenka: 9 |
20 | 0 3054a88] | 0s01792] | 038515586
21 | 1775454 1543735 1312021 1,080305 0548589 0616572 035515586 OfHosuTo |
22| 0385156 0B16872| 0848589 1,080305 1312021 1543738 177545387
23
| 24

Figure 10 — The variant of the exam ticket solution

Pubilic Sulb Check()

Diw XX, ¥¥, i, a(7?), Min, £, SW, 35, 3T, FM, Axis, b(3)
¥ = NIncrl.Cells (1000, 8): YY¥ = Imorl.Cells (1000, 9)

43 = 0: 3T = 0: FM = XX ~ 2 + ¥¥ ~ 2: Axis = 1000

Lid) = False: hbhil) = True: bi2)] = 3: hi(3) = 4

Control X.3etR

Wich JMucTl

.ResBtn = True

CommandButtonl = True
CommandButton2 = True
CommandButtons = True
CommandButtond = True
CommandButtons = True

.Cells (1001, 1) = FH
If XX »>= Y¥¥ Then

.Cellsiixis + 2, 1) = XX
El=e

.Cellsiixis + 2, 1) = ¥Y
End If

For i = 1 To 7
Cellsiixis + 3, i)
HNext i

Lhs(4 * TY - i * XX

Hin = .Cellsi(ixis + 3, 1)
For i = 1 To 7

If .Cells(ixizs + 3, 1) < Min Then Min = .Cells(ixis + 3, 1)
HNext 1
.CellsiAxi=z + 4, 1) = Min

For i = 1 To 7

ali) = .Cells(Axis + 3, 1)
HNext 1
Do
£f =0

For 1 = 1 To &
If a(i) < ali + 1) Then

Figure 11 — Fragment of the solution verification program
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Of particular interest is the joint application of the "Module 12" application
to test theoretical knowledge and electronic control ("examination") tickets to test
practical knowledge. Such a complex allows running a full-fledged exam by saving
the exam passing protocol and the results of solving problems in the database.

UserForm_KeyDown (ByVal KeyCode
As MSFoms. RelumInteger, ByVal Shifl
- As Integer)

Tewma: ObpaboTduks cofemii

Kaky'o npoueaypy o6paGoTe User Form_Initialize()

coBBITHET HeoOXOTMIMO
HCTIOJIb30BATE JJIA TIOJTY YEHHA UserForm_KeyUp (ByVal KeyCode
KOORHHAT KYpCopa [PH HAKaTHH As MSForms.RelumInteger, ByVal Shifl
Ha JIEBY }0 KHOIKY MBIIIH AsTnteger)

{UserForm_MouseDown (ByVal Button
As Inleger, ByVal Shifl As Inleger,

ByVal X As Single, ByVal Y As Single)

Mpynna:
1
Parmunua User For Il‘l_C].i CkO

__l:']"'ﬂ UserForm_Add Comirol(ByVal
d Control As MSForms.Control)

Figure 12 — General view of the '""Module 12" shell

Besides the above programs and applications for an in-depth study of the
Visual Basic programming environment and the Delphi environment, the system
contains teaching materials and individual tasks in electronic form (Word
documents, HTML).

The system is installed on computers from one installation package, which
creates the "INFORMATICS" program group in the Windows program menu.

Conclusions. The network complex of applied programs focuses on
teaching and testing students' knowledge of a wide range of relevant disciplines.

The network complex introduction of applied programs for teaching and
diagnostics of knowledge in the educational process allowed increasing the
students’ academic achievements 1in assessing students' knowledge.
Simultaneously, the mastering of the material and the testing procedure can be
carried out after hours. The academic group, as it prepares, can order the testing
date and time; the presence of a teacher is not necessary.

The remote principle of organizing the educational process and the
introduction of a network complex of applied programs for the diagnosis of
knowledge ensures the educational activity consistency, increases satisfaction, and
reduces unreasonable difficulties during the examination session.

The proposed approach can be implemented for the functions of an
interactive tutor. A student at home in a dialogue with the environment can prepare
to deliver informative modules, tests, and exams.
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BJOCKOHAJIEHHSI MOJEJIEH IEPOTJI®IKU KUTAWCHLKOI MOBU
3 BUKOPUCTAHHSAM IHOOPMAIIAHUX TEXHOJOT T
(HA OCHOBI MALLIMHM THIOPIHTA)

oy., kano. ned. nayx P.M. Kanvko

Kadenpa nepexnany Ta iHO3eMHHX MOB
Hauyionanvna memanypeiiina akademia Yxkpainu, m. /[ninpo

[Ipaitoroun HaJ CTBOPEHHSM YHIBEpPCAIbHOI MAIIMHU JJIs1 OOYMCIIOBAHHS,
A. ToiopiHr rMOOKO aHali3ye MPOLECH, MOB’sA3aHl 3 MUCIEHHEBOIO AISUIHHICTIO
JIOJMHYU, 30KpeMa, SK BOHA MOKE€ IMITYBAaTHCS MAIIMHOK. Y HIBEpCaIbHICTh
uudpoBoi obuucioBanbHoi Mammuu Teropinra (MT) monsirae B HaclilyBaHHI
OyIb-SIKOTO MPOILIECY 3 AUCKPETHUMU CTaHAMU. Y YEHUH JOXOJIUTh BUCHOBKY: SIKIIIO
MallyuHl BJIACTMBAa O3HAaKa YHIBEpCAIbHOCTI, TO HE BapTO CTBOPIOBATH HOBI
MalluHU, 1100 BUKOHYBaTH pi3HI OOYMCIIOBAJIbHI omeparlii, yci oO4MCIeHHs
MOXXYTh OyTH BHUKOHaHI 32 JJOMIOMOI'OI0 OJIHI€T €UHOT HU(PPOBOI 0OUKCTIOBAIBHOT
MalluHU, AKII0 3a0e3MevyBaTH ii HaJIeKHOI MPOrpaMoro JJis KOXKHOTO BHITAJIKY.
Pansucekuit nocnigauk A. Koamoropos He noauisie ontuMizmy A. ThiopiHra momao
MaIIMHHOTO MUCJIEHHS SIK aJIbTE€pPHATUBU MPUPOTHOMY JIIOJICBKOMY MHCIIEHHIO. Bin
yBa)kae, II0 caM IIpoLleC OOYMCIIEHHA 3a JONOMOIrOI KOAYyBaHHA MamuHu
Mendinga, Mamunun ToeiopiHra ¥ BUKOPUCTaHHS HOPMaJIbHUX aJITOPUTMIB
MapkoBa BUIUIsIE MATEMAaTUYHHUM KJIaC allTOPUTMIYHO HEPO3B’ A3HUX 3a/a4.

JlocnmigHUKKM B TEpILy 4Yepry 3BepTaioTh yBary Ha BukopuctanHi MT 13
JHEApPHOIO0 MPOrPaMyIOUuO0I0 CTPIYKOIO, JJI MOJIETIOBAHHS MUCJIEHHEBUX MPOLIECIB,
10 MalOTh aiareOpaidyHuil xapakTep. ABTOp BBaXKa€ MEPCHEKTUBHUM 3BEPHEHHS 10
r€OMETPUYHMX BIAMOBIIHUKIB MOAIOHOTO MPOIECY Ha OCHOBI 1€POrITi(iB KIACUYHOT
kutaiicbkoi MoBH. Ockuibku ctpiuka MT 3 makpocom «PROGRAM)» mae yucio
BUMIpIB JiBa (PO3MIPHICTH R=2), JIOT1YHO YSIBUTH, IO Y 3B’A3KY 13 YCKIJIAJHEHHSIM
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3HAKIB PO3MIPHICTh KIHLIEBOI cTpiuku 3 MakpocoM «PRINT» Oyae minimym R*=2.
VYpaxoByroun KBagpaTUYHE yHIOBUILHEHHs ThIOpiHTra, peaqbHo 4>R*>2. Came ToMy
ctpiuka MT 3 makpocom «PRINT» yTBOproe TOMOJOriYHI BY3JIM Ta BU3HAYa€
TUIOLIUHY.

PosrasiHemo pi3HOMIpHI YTBOpPEHHsI 3HaKiB Ha Tpukianal paaukaniB Kanci
(#%) (OCKUIBKM ICHYIOTH KUIbKa TaOMWIb 3HA4Y€Hb paJUKaIIB TYT 1 Jdaii
BUKOPHUCTOBYETHCSI HAUOLIBIIT pO3MOBCIOKEeHA 13 214 3HakiB). [lepiia TeopeTHyHO
MOxJIMBa po3MipHicTh (R=0). ['eoMeTpu4HO 11e «TOUYKa», MPO SIKYy MOXKHA CKa3aTu
TUTBKH Te, 110 a00 «BOHA €», a00 «ii HeMae». OTke, TaKk YTBOpeHi pagukaiu 1 (—);
2(1);3(N);4())ado (\N),(\)5(2)abo (L), ( 7);6(]); musixom npsmMoro
3armo3ndeHHs rpademM kutaiicbkoi mucemuocti ((—), (1), (N), (J), (N), (), (2),
(L), ( 7), (1)). Caig Takox OKpeMO BUALIUTH MOXIJIMBICTh CaMOpEIUTIKallil 3HaKa
HEBHU3HAYCHOI KUIBKICTHIO pasiB (paaukanu (7: 1+1); (Z:—+ —) (59 : 4+4+4) (2:
J+)+)J)), Tak 1 B CKIaml IHIIOrO  3HaKa, Hampukiax (213
36F+205*+ 1 ¥+ 1 ¥+ 1 *+ [ *+[*+]*+4.2+29%), Ta iH. [{ng momaybpiioi po3BiIAKU
BapTO 3a3HAYMUTH, 110 MOAIOHA peruIikailis, BUXoAsuu 13 0-po3MipHOTO MPOCTOPY,
Oyle BBaXaTUCh OJHIEI0 TOYKOIO, HAaJ SKOI IOBTOPIOETHCS OJHA JOT1YHA
onepauig. Po3ymiHHs cxigHoro ieporiidga abo rpadeMu «Kparka» MOXKIHUBO,
BUXOJSYM i3 HOTrO €BKJIJIOBOrO BHM3HAYEHHS: «INUEIOV 0Ty, 00 UEPOC 0VOEVH
(Touka MOK€ BBa)KaTUCh TUM, YaCTHHA SIKOro € Himjo). HaBiTe y OuIbII Mi3HIN
rUILOEPTOBIN TeOMETpPii MOHSITTS «TOYKa», «IIHIS» Ta «IUIONIMHA» HAJeXKaTh 0
HEBU3HAUYEHUX TOHATH. TOOTO MaTeMaTH4YHO HE 3alepeuyeTbCcsl MOXIMBICTH Y
nepumomMy HaOMMKEHHI YSIBUTU JOCIIIKYBaHUN 3HAK «TOYKOIO». Bu3HauMBIIM
NOHATTS 0-pO3MIPHOTO MPOCTOPY, BIAMOBIIHUKOM SIKOrO OyJe TOYKa, MOKHa OyJe
YCKJIAIHIOBATU MPOCTIP, BUKOPUCTOBYIOYH MHOKHUHY TOYOK.

Oxpemuii ieporniiyHuil 3HaK y BUTJIS1I HEBU3HAUEHOT €BKIIIJJOBOT «TOUKHU
CTAaHOBUTH OCHOBY CXIJIHOI MUCEMHOCTI Y BUIJISIAI MIKTOIpaMH Ta ifeorpamu abo
00pa30TBOPUYMX Ta BKAa31BHUX 3HaKiB. KilacMuHUM MpUKIaA0M BKa31BHOTO 3HAKY €,

Hanpukiaazd, (mwad) 1 (csg), ne iX 3HaueHHA «Bepx» (L) 1 «Hu3» (F) no3HaueHi

BEPTUKAJUIIO HAJ[ Ta TiJ] TOPU30HTAIIHLHOIO JIIHIEI0, sIKA IMITY€E BKa31BHUHN KECT.

KonctpykTuBHUl omuc mpupoaHoi mMoBu MammnHow TropiHra 103Bossie
ySIBUTU OYIb-IKY MOBY SIK YAaCTKOBO PEKYPCUBHY (QYHKIIIO W omucaTd ii sK
3araJbHOMAaTeMaTHYHYy 3aJady 3 KOJAYBaHHS MallMHU TropiHra ta BUKOPUCTaHHS
HOpMaJIbHUX anroputMmiB MapkoBa. TpaauiiifHi anropuTMU OUCY MOBH 3aCHOBaH1
Ha BHpINICHHI MaTeMaTHYHOI 3ajadi onTuMizaiii (Ipo KoMiBospkepa abo Mpo
YVKJIAJKy paHIls), sika Tmepeadadae MPOCTUH mepedip TEOPETUYHO MOMKIHUBUX
BapiaHTIB. 3 ypaxXyBaHHSAM KBaJpPAaTUYHOTO YIMOBUILHEHHS TaKe 3aBAaHHS CTae
MPAKTUYHO HE3IMCHEHHUM, KOJM HACTYIA€ CUTyallls «1HPOPMAaIIHHOTO BUOYXY»
Ta TporpaMa TyOWThCS cepejl BEJIMKOi KUIBKOCTI PIBHO3HAYHUX BapiaHTIB. Tak,
3aJly4eHHS YHIBEPCAJTIbHUX TE€OPIi JO3BOJISIE CTBOPUTH AJITOPUTMHU, SIKI BIAKUIAIOTh
BEJUKY KUIbKICTb HErpaMaTUYHUX KOHCTPYKIIH 1 CTBOPIOIOTH aBTOMATHYHI
KpuTepii BUOOPY HAMOUIBII ONTUMAJIBHUX BapIaHTIB.
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NHOOPMAILIMOHHASA BE3OITACHOCTbD
B YCJIIOBUSAX YIAJIEHHOI'O OBYYEHUA

loy., kano. mexn. nayk C.U. Kosvipenxo
XapbKoecKuil HAYUOHANLHBLIL YHUGEPCUM Em PAOUOINEKMPOHUKU,
2. Xapvkos, Ykpauna
Joy., kano. mexu. nayk B.I1. Kozvipenko
Xapovroeckuii cymanumapusiii yuueepcumem «Hapoonaa ykpaunckasn
akademusn) , 2. Xapvkoe, YKpauna

OO1ecTBO HEMPEPHIBHO M3MEHSETCS, PA3BUBAIOTCS TEXHOJIOTHH, MEHSIIOTCS
MOJIXOBI K peasn3allii Pa3IMyHBIX MPOIIECCOB, B TOM YHCIIE U B 00pa30BaHUU.

MacmtabHOCTh W HCKIIIOUUTENHHO BBICOKHH YpPOBEHb TEXHOJIOTHUYECKHUX
peleHnit B ycIOBUAX LU(POBON TpaHC(HOpMAaIMK, B3PBHIBHOM pPOCT OOBEMOB
uHPOpMAIIMU, UCIOIB3YEMBIX B Y4eOHOM TIpOIECCe W IMPOU3BOJCTBEHHON
AESTebHOCTH, HEM30E€KHO OOOCTPSIIOT BOIPOCHI, CBsI3aHHBIE C (U3MUYECKON WU
uH(popMaIMoHHOK 6e3onacHoCThIO [1,2].

B 2020 romy oOpa3oBaTenbHas cpena CTOJKHYJIAch ¢ MpoOJieMoi
pacnpocTpaHeHuss KOPOHOBHPYCA U BO3HUKIIA HEOOXOAMMOCTh KapIMHAIBHO U3MEHSATh
TEXHOJIOTUH, (OPMBI M METOIBI OOYUYCHHsI, TIEPEXOJUTh HAa YAAICHHBIC PEIICHUS.
[TomrMO OuYEBHAHBIX TPOOJIEM U HEJOCTATKOB, KOTOpBIE BceOe HECET YymaJleHHOE
o0ydeHHe, CYIIECTBYIOT U Jpyrue, KOTOpble MEHEE OUEBHIHBI, OJIHAKO, HECYT Bcele
ropaszio 60JIbllIe YTPo3, a MUMEHHO YTpo3 HH(GOPMALIMOHHOMN 6€30MacHOCTH.

CHuxenne nH(HOpPMaMOHHON O€30MMaCHOCTH — €CTECTBEHHBIN MPOIIECC,
CBSI3aHHBIN CO CIIEAYIOMUMU (HaKTOpaMHU:

1. Pa3BuTHE BpEIOHOCHBIX TEXHOJIOTHH B3JIOMa 3aIIMIIEHHBIX PECYpCOB U
YHUUYTOXKEHUS TaHHBIX OIMEPEKaeT CPEACTBA M TEXHOJIOTUU 3alIUTHl HHPOPMAIIHH,
KOTOpPBIE JOCTYIHBI Y4EeOHBIM 3aBEICHHSIM.

2. Poct KonuvecTBa MpecTyIuieHui B cepe MHPOPMAIMOHHBIX TEXHOIOTHA.

3. AKTHBHOE BKJIIOUYCHHE B Y4YeOHBIH MpolecCc MOOWIBHBIX YCTPOHCTB W
TpaHchopmMalms croco0OB TOCTyna K MHPOPMALMM, KaK CIEICTBHE - CTUPaHHE
TpaHUI] JIOKATBHBIX CeTel y4eOHBIX 3aBE/ICHUN.
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4. OTcyTCcTBHE pElICHUH, HANpaBJIEHHbIX Ha oOecreueHre OajaHca MEXIy
OTKPBITBIM ~ JTIOCTYIIOM ¥  KOH(QUIEHIMAIBHOCTbIO y4yeOHOM W  Hay4yHOU
uHpopmarmeil.

5. [locTosiHHOE ~ yBeJNWYeHWE BbIBOJAA BO BHEIIHWME 0a3bl  JAHHBIX
uHpoOpMaIMM O TIEPCOHAJBHBIX JaHHBIX, YIpaBJICHUYECKOM U (puHAHCOBOU
JEeSTEIBbHOCTH Y4eOHOTO 3aBeACHHsS. YBEIMYEHHE OOBEMOB MPEJOCTABIIEMON
uHpopmaiuu B 1udpoBoil  (hopme, MNPEUMYIIECTBEHHO C BO3MO>KHOCTBIO
yIaJEHHOTO JO0CTymna. AKTYaJbHOCTh pPaccMaTpUBaeMOro BOIPOCa BO3pocia C
MOSIBJICHUEM €JMHOW TOCYJapCTBEHHOM HSJIEKTpOHHOM 0a3pl MO BOIpocam
obpazopanus (EJ1250).

6. OrpaHM4eHHOCTh  NpU  (UHAHCHUPOBAHMM  TEXHOJIOTMM  3allUThI
uH(popMaIu yueOHOro 3aBEICHUS.

7. OTcyTcTBUE B Y4eOHOM 3aBEI€HMHM MPO(ECCHOHANBHBIX CHEIUATHCTOB,
KOMIIETEHTHBIX B 00ecriedeHrH HHPOPMaLIMOHHOM 0€301MacHOCTH.

B ycnoBusix ynaneHHOTro o0y4eHus K yka3aHHbIM (akTopaM 100aBUIIHCH:

1. Bo3pocuias Harpy3ka Ha KaHallbl Tiepeadynd HHPOPMAIMU U HEYCTOMUMBAs
pabora UuTepHer.

2. OTCyTCTBHE €IMHBIX PEKOMEHJALMA 1O HCIOIb30BAHUIO MEIUINHBIX
m1aTGopM.

3. Pa3MbIBaHuE rpaHull JIOKAJIbHON ceTH y4eOHOTO 3aBeEeHUs PpU OOJIbIIOM
KOJIMYECTBE BHEIIHUX MOAKIIOYEHH.

4. OtcyrcTBHE CpeacTB  MHGOPMAIIMOHHOW 3allUThl Y CTYACHTOB U
IIKOJIbHUKOB.

5. Huzkas wuHpoOpMalMOHHAs KyJlbTypa I[OJb30BaTeNe, OCOOEHHO IO
BonpocaM  MHGOPMAIMOHHOM  Oe3omacHOCTU. ITOT  (GaKTOp  CTAaHOBUTCSA
MPAKTUYECKHA OCHOBHBIM.

6. Bo3pocmias akTMBHOCTb BpPEIOHOCHBIX PEIICHUH HU MOIIEHHUYECKUX
TEXHOJIOT U H.

Uckmounth UHPOPMALIMOHHBIE PUCKA M YIPO3bl HEBO3MOXKHO, HO €CTh
BO3MOXHOCTh MX MUHUMH3UPOBATh.

B nacrosiiee BpeMs HamOoJiee MOMYJISIPHBIMU IJIaTGOpMaMH 0OecTieueHUs
ynajieHHoro o0ydenus sBisitotcsi Zoom, Google Meet, Big Blue Botton, Edumeet,
Skype u np. YcinoBusi UCTIONB30BaHUS OTIEJbHBIX TUNIATPOPM UMEIOT OTPaHUYCHHUS
(BpeMsi, KOJMYECTBO YYACTHUKOB), KOH(MDJIUKTYIOT MpHU CMEHE IIaThOpM.
Pexomennanuu o 6e3onacHoil pabore ¢ miatdhopmMamMu OTCyTCTBYIOT. OTIenbHbIE
yuyeOHbIE 3aBEACHUS CO3/al0T CBOM MEJUHHBIE pelleHus, TpeOyrolue
COOTBETCTBYIOIIETO aMMapaTHOTO ¥ MPOrpaMMHOT0 00ecreyeHusl.

OgHuM U3 OCHOBHBIX DJIEMEHTOB o0ecreyeHus: HH(OpMauOHHON
0e30MacHOCTU  SIBJIAETCS COCTOSIHUE M Pa3BUTHE CETEBOM HMHQPPACTPYKTYpbI
yueOHoro 3aBeneHus. OOnavyHble PElIeHUs] U MOOMJIbHBIE TEXHOJOTUHU, PA3BUTHE
WuTtepner Bemieil, cocrosinue camoro MHTepHET NpenbsBIAIOT K CETH Y4eOHOro
3aBe/IeHUs Topa3o 0oJiee BHICOKUE TPEOOBAHUS, YEM T€, KOTOPbIE B HUX 3aJI0KEHBI
B Hactosmee Bpems. CereBble penieHus JOKHBI B TIEPBYIO  OYepellb
OOHapy’>KHUBAaTh U HEUTPATN30BATh BHEIIHUE YTPO3bI.
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CereBble cpencTBa B OONBIIMHCTBE Y4YEOHBIX 3aBEJICHUN pPa3BUBAIOTCS
«BPYYHYIO» M HaleJIeHbl B OCHOBHOM TOJIbKO Ha TMOIAEPKKY oOMeHa
uHpopmaimeil. bonblioe KOJIUYECTBO TOYEK JOCTyMa K pecypcaM CYIIECTBEHHO
YCIIOKHSIET PelIeHIE BOMPOCOB 3aIIUTHI HHPOPMAIIHH.

Oco0oe BHUMaHuE cieayeT oOpaTUTh Ha MCIHOJb30BAHUM B Yy4eOHOW WU
MIPOU3BOJICTBEHHON NESITEIHHOCTH 00Ja4uHbIX pecypcoB [3]. ObnauHble pecypcChl
CTaHOBSTCS Bce Oojiee BOCTpeOOBaHHBIMU. B oTHOIIEHNH 0€301MacHOCTH 00JIauHbIX
peIIeHrui BOMPOC OCTACTCS OTKPHITHIM, T.K. TMOJH30BATENSAIM OOJAYHBIX PECYPCOB
HEJI0CTYITHA peajin3yeMas B 001aKe MoJIMTHKa 0€301MacHOCTH.

CymecTBeHHBIM (PaKTOPOM, BIHSIONIMM Ha 0€30MacHOCTh MH(POPMAITMOHHO
cpensl, octaeTcs IU(pOBas KOMIIETEHIUs TpernoaaBarencii [4]. Pemenue 3Toi
3ajlayn  TpedyeT OT TpernojaBareiedl IIHMPOKOTO Kpyro3opa ¢ yMEHHUs
OpPUEHTUPOBATHCS B COBPEMEHHBIX IU(PPOBBIX MOTOKAX, MOTHBAIIUH H TOTOBHOCTH
K BbIOOPY O(ddeKkTuBHBIX u 0€30macHbIX HHPOPMAIMOHHO-TIEAArOTHYECKUX
CPEICTB, BIAACHUS MPOrPAaMMHBIMH CpPEICTBAMH KaK CHCTEMHOTO, TaK |
po0JIEeMHO-y4eOHOr0 Ha3HAYCHMUSI.

VYnaensss BHUMaHHE UQGPOBOH KOMIIETECHIIMU TMperojaBaTeNield, HeIb3s
3a0pBaTh W O 3HAYUTEIFHOM BO3pacTaHWM TpeOOBaHWH MO  YpPOBHIO
npo(heCCHOHATBHONW TOJATOTOBKMA K COTPYIHHUKAM WH(MOPMAIMOHHO-TEXHUIECKUX
nojApaseiaeHuil u ciayx0 B 001acTu nHGOpPMAITMOHHOM 0€30TaCHOCTH.
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ANALYSIS OF «GRAPHQL» AND «REST» ARCHITECTURES

Assoc. Prof., Cand. of Tech. Sciences Olga Matsyi, Grad. St. Anatoly Nizhnykov
Kharkiv National Automobile and Highway University, Kharkiv, Ukraine

Rapid development of computer technology immediately showed the need to
develop standardized approaches and protocols for data exchange. This need
became especially critical after the creation of the Internet and the spread of
personal computers. The concept of client - server interaction has become one of
the best and most common solutions today.

The base of such communication architecture become concept of API —
Application Programming Interface [1, 2]. Which is some sort of declaration of
available public endpoints, methods, fields and etc. When one program knows this
declaration of another program, it can access information and use functionality of
described program.

Main requirements to API were quickly integration and easily scaling. So, to
fit such criteria’s API should be based on the use of protocols and / or
specifications, those documents determine the semantics and syntax of API
messages. They impose restrictions and determine the future architecture of the
IPA.

Therefore, since 1991, many different variants of the API architecture have
been introduced. Each of them has its own template for standardized data exchange.
That is why there are still endless debates about which architecture is the most
optimal and deserves the title of best.

However, today it can be argued that one of the most common options is
REST [3] — representational state transfer, which was presented in 2000. But, in
2015, Facebook introduced its own implementation of the client-server API called
GraphQL [4], the audience of which is actively growing and further popularizing
this implementation.

Main point to remark is that both technologies use simple HTTP/HTTP2
requests, so both methodologies are high-level architecture approaches over HTTP
protocol. They can be used with another protocols, but it's separate topic out of this
article context. So GraphQL and REST have many similar elements in their
structure. But the main difference is that instead of working with hard-end
endpoints on the server, GraphQL allows you to get exactly the data you need
without downloading extra data in one request.

This article will perform a comparative analysis of REST and GraphQL to
determine the optimal API architecture of the storage server and data exchange of
three-dimensional models for use in the web environment. First to analysis will be
REST as much older approach and more fundamental, because GraphQL partially
based on REST ideas.

REST is a methodology. which describes the principles of building an
architecture for the interaction of components of a distributed application in the
network. It is an agreed set of constraints that are taken into account at the design
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stage of a distributed hypermedia system. The term was coined by Roy Fielding,
one of the authors of the HTTP protocol, in 2000. In his dissertation «Architecture
Styles and Design of Network based Software» [5], which was presented at the
University of California. He adapted the theoretical basis for the method of
interaction between clients and servers on the World Wide Web, abstracted it and
called it "Representational State Transfer". Fielding described the concept of
building a distributed application in which each client request to the server contains
the necessary information about the expected response of the server and the server
should not store information about the status of the client (client session). And the
data should be transmitted in a small number of standard formats, such as HTML,
XML or JSON.

Each REST implementation must meet the following properties: performance
— the interaction of system components should be the dominant factor of
productivity and efficiency of the network from the user's point of view; scalability
to support a large number of components and interactions between them; simplicity
and obviousness of the unified interface; openness of components to possible
changes to cover needs that change over time; transparency of connections between
system components for services; portability of system components, which allows
you to move program code with data; reliability is the resistance to errors at the
system level in the presence of errors at the level of individual components,
connections or data.

In order for the system to meet all the necessary properties, the following
restrictions are imposed on it: client — server architecture; Statelessness; Ability to
cache; Layered system; Uniform interface.

The main limitation is the client-server architecture. The limitation is based
on the principle of distribution of needs. The model requires the division of
responsibilities between the components involved in storing and updating data - the
server. And the components that display data on the user interface and respond to
actions with this interface — the client.

Separating the needs of the user interface from the needs of the server storing
the data increases the portability of the client interface code to other platforms, and
simplifying the server part improves scalability. Therefore, the main advantage of
such a distribution can be considered the ability for individual distributed parts to
develop independently of each other, which allows, if necessary, to quickly replace
one of the parts, or even have several versions of one of the parts.

In this case, the absence of status is important in the interaction between the
client and the server. This restriction requires the absence of any client status
information on the server between requests. That is, the interaction between the
server and the client should not have a state, and each request should contain all the
necessary information for its processing and should not rely on the fact that the
server knows something from previous requests.

Components in the REST architecture exchange information with each other
by transmitting a representation of the resource in a format to be selected from a set
of standard data formats. The required format is selected dynamically and depends
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on the wishes of the client component and the capabilities of the server. Note that
the submission may not have to be in the same format as the resource itself. The
presentation format can be the result of which data transformation is a part of the
implementation, which is usually hidden behind the interface.

A resource is a key data element in the REST architecture. The resource can
be any information that can have a name. To be more precise, the resource (R) is a
membership function MR (t) which reflects moments in time on a set of entities of
the same type. Note that REST allows references to objects that do not yet exist at
the time of the query, i.e., the set can be empty.

Resource identifiers are used to refer to resources. The component that
provided the resource with the identifier must be able to access it for this identifier,
1.e., the component is responsible for keeping the membership function unchanged.
When using REST with HTTP, URLs [6] are used as identifiers.

As described above, the resource in the REST architecture can be any, but
the list of available manipulations to interact with resources depends on the
protocol with which the architecture is used. In the context of a web application,
this protocol is HTTP [7]. The following is a list of HTTP methods [8] that allow
you to perform resource operations or explore APIs: GET - request for a resource;
DELETE - request to destroy the resource; POST — create a new resource in place
of the used URL using the submitted view; PUT — replace the state of the current
resource with the state described by the submitted representation in the requests.

Based on all of the above, we can identify the following advantages of using
the REST architecture: reliability due to the need to store information about the
client's condition, which may be lost; system performance due to the use of cache at
the HTTP level; transparency of the system of interaction; simplicity of interfaces;
portability of components; the ability to scale the system without completely
rewriting the existing code base.

However, the following disadvantages of using this architecture should also
be taken into account when choosing: lack of a single standard for the REST
structure. There is no clear way to build the REST API, because how exactly to
model resources and what they should be depends only on the specific usage
scenario, which makes REST simple enough in theory, but difficult in practice;
high payload in server responses. The server returns a lot of metadata so that the
client can understand everything necessary about the state of the program only from
its responses; overfilling or insufficient filling of answers. Both of these situations
often create the need for additional requests.

So, when we have base knowledges about REST, let’s look at GraphQL.
GraphQL allows clients to define the structure of the required data and the same
structure is returned by the server.

This prevents the transfer of redundant data, but it affects the effectiveness of
web caching of query results.

As a technology, GraphQL consists of a system of types, query languages
and execution semantics, as well as static validation and introspection.
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This functionality allows you to support reading, updating data and signing
up for changes in real time.

GraphQL 1s a conceptually simple solution to the problem of downloading
redundant data that is redundant at the time of the query.

For example, if you want to display a list of user data, where only the name
and photo are displayed. However, each user object contains a lot of fields, which
in this situation are conditionally redundant.

So, the main idea is that instead of creating a lot of duplicates with a
minimum of differences, you need to create one relatively "smart" resource that
will be able to work with complex queries and form answers in the form desired by
the client.

In fact, the GraphQL layer is between the client and the data sources.

This layer accepts requests from customers and returns the necessary data in
accordance with the received instructions.

For a better understanding, consider an example in the context of comparing
GraphQL with classical REST.

Now let's look at the structural elements that make up GraphQL. In short, the
Query command is used to retrieve the data, and the data manipulation command
group is combined into one Mutation data type. GraphQL also has a Subscription
type that is used to track data changes over a Socket connection. If we look in
detail, we have the following elements: schema - the collection of types to be used
in the API is a very important difference from REST, because instead of a group of
REST endpoints, you need to design parts of the API as a collection of types; type
— is an object and the collections of such objects describe the main functions of the
application; query - describes the data that needs to be obtained from the server,
and does so by describing the data elements in the schema type fields; mutation —
process all the user's actions that he can perform in the application; arguments —
allow you to specify data to receive or change. At its core, arguments are analogous
to URL query parameters in classic REST.

From all the above, we can highlight the following positive characteristics of
GraphQL as an architecture for the API: typed scheme. This architecture
immediately determines what actions are available to the client, which improves
and facilitates the learning of the API, and hence its use as well; optimal approach
to working with related data and complex relationships, which is a big problem for
ordinary queries; no versions. The best practice for controlling API versions is to
lack these versions. While REST offers multiple versions of the API in parallel,
GraphQL uses only one version. However, this version is evolving and provides
constant access to new features, which contributes to a cleaner and easier
maintenance of server code; detailed errors in the answer. The system provides
very detailed information about the error, so it is possible to immediately
understand which of the parts of the request caused the error; Flexible resolution
levels. GraphQL allows selective data output based on transferred access, while
REST does not partially disclose data.
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However, despite all the significant advantages of the new architecture, we
should not forget about the rather significant shortcomings that can be a decisive
factor in abandoning GraphQL in favor of REST: performance problems. Too
many nested fields in one query can overload the system. Although ideologically
GraphQL was created to avoid such queries, from time to time there is a need for
them and then an advantage on the side of REST; complexity of caching. Because
GraphQL does not use HTTP caching semantics, it requires extra effort to
implement; a fairly high entry threshold relative to REST [9].

Conclusions

Given all the described advantages and disadvantages of the two most
relevant, to date, technological and architectural solutions for building a server API,
we can identify several fundamentally important details for the implementation of
the server for data exchange three-dimensional models.

The driving force in favor of choosing GraphQL is the fact that this
architecture allows you to receive only the necessary data, and thus reduce the size
of responses from the server. Given that the bulk of client devices for my service
are mobile devices, which have quite strict limitations in their hardware and a
significant part of the time will access the service via the mobile Internet, such an
opportunity to clearly control the amount of data to download is high priority.

Of course, it is possible to achieve the same effect by creating a large number
of individual REST endpoints, but given the potential expansion of service
functionality, and hence the complexity of the API structure, in my opinion, more
convenient and logical is the choice in favor of GraphQL. Although it requires
more labor at the design and development stage, should provide the opportunity to
develop the service without the need to support different versions of the API.
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EXPANDING THE COMPUTATIONAL CAPABILITIES OF SOLVING
TIGHTLY COUPLED PROBLEMS IN MULTIPROCESSOR SYSTEMS

Master D.M. Moroz
Oles Honch Dnipro National University, Dnipro, Ukraine

Introduction. This paper considers the so-called "blade" server solutions for
multiprocessor computing systems, where several same-type mother modules are
installed in the same enclosure [1,2]. Practice shows that blade systems are more
compact and convenient to maintain, and their implementation is not much more
expensive than the multiprocessor computing systems. But thanks to the growing
demand and the offer of "blades" configurations in our market, this kind of cluster
computing system was designed. In the cluster configuration, six blades and a
modular principle for its implementation were selected. This provides, if necessary,
its expansion by installing additional modules. Each node operates under its own
copy of the operating system. The composition and power of nodes of such a
cluster can vary, which allows creating heterogeneous systems. The switching
network connects the blades of the multiprocessor computing system to each other.
The system contains a separate reconfigurable network for data exchange among
computing nodes, additional managed switches that work in parallel, intermediate
buffers of switch memory, and also provide network loading of nodes and a
mechanism for reserving key components.

There is a wide class of strongly coupled problems [3, 4] which solution by a
modular multiprocessor computing system, in its maximum efficiency mode,
requires more than six blades. At present, there has not been a proper development
or there are no papers devoted to the research of the procedure for pairing modular
multiprocessor computing systems. In this connection, this paper aims at solving
the problem of pairing of modular multiprocessor clustered computing systems.

Research problem statement, its relevance. Nowadays, there are many
different options for making modular clustered computing systems. However, one
of the main differences in their design is in the network technology used, which
choice is determined, first of all, by the class of problems being solved.

Thus, the topic of making cluster multiprocessor computing systems for
today is relevant, interesting and is experiencing a stage of its rapid development. It
is also clear that by high-performance clusters an effective method for solving a
wide class of strongly coupled problems has been found.

In our opinion, a new qualitative stage in the development of multiprocessor
clustered computing systems lies in the field of pairing several modules of
multiprocessor computing systems into a single computer system for solving these
problems. At present, the problem of pairing modular multiprocessor computing
systems has not been properly developed. In addition, there are practically no
papers devoted to the integration of modular multiprocessor computing systems
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into a single computer system. In this regard, the researches considered in this
paper are relevant and aimed at solving a wide range of applied problems.

Research object. The overwhelming majority of functioning supercomputers
are in fact multiprocessor parallel computing systems of the MPP (Massively
Parallel Processing) architecture. Multiprocessor computing systems, designed on
the basis of local networks, began to be called "cluster systems" or simply
"clusters". This is because the logically mentioned MPP system differs little from
the usual local network.

The research object is a modular multiprocessor computing system with six
blades configuration. Such an approach provides, if necessary, computing system
expansion by installing additional modules. This paper also considers the problem
of expanding the computational capabilities of a multiprocessor computing system
by interfacing several of its modules.

Research main material statement. Thus, there is considered the modules
pairing problem of multiprocessor computing systems. Fig. 1 shows the diagram of
interfaces between two modules (Module 1 and Module 2) of multiprocessor
computing systems. In this diagram, module 1 presents the master node
(MNode001) and five slave nodes (Node0OOl, Node002, Node003, Node004,
Node005). Such a module also contains a managed switch (MS1), which forms a
control network for loading and diagnostics of the cluster module. Data exchange
between computing nodes is carried out in a separate network using the channel
bonding and VPN mechanism, which allowed increasing the data interchange speed
and lowering the channel load among cluster nodes. The channels aggregation is
realized by switches MS2 and MS3 on the star network topology.

The use of energy-efficient computing units of the cluster system module
allowed to power all slave nodes from one power unit (ATX2), thereby reducing
power consumption and increasing the reliability of the system as a whole (less
power supply components). The master node is powered by an individual power
supply unit (ATX1). The multiprocessor computing system is started and initialized
using the control panel (PO1).

In the master and computing nodes, the same components are used
(motherboards, processors, external network cards, the master node is additionally
equipped with a hard disk, CD-ROM, disk drives). A similar configuration is used
to make the expansion module (module 2).

The module 1 network interfaces are organized according to the following
principle. The integrated network interface (inc001) of the MNode0O1 node, with
the network boot function, is connected to the port 06 of the managed switch 1 of
the MS1. The integrated network interface Node0O1 inc001 of node NNode0O01 is
connected by the input/output to port 01 of the managed switch MS1. Similarly, the
remaining nodes of the cluster system are connected to the managed switch 1.
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The cluster network architecture for implementing the channel bonding is
implemented as follows. Slave node NNode0O1 is connected by the input / output:
bidirectional external network interface N0O1,1 Gi 001,1 with 01 port of the
managed switch MS2. In addition, such a node is connected by a bi-directional
network interface N0O01,2 Gi_001,2 with 01 port of the managed switch MS3.

Similarly, the other slave nodes of the cluster system are connected to the
managed switches MS2 and MS3.

The pairing mode of module 1 and module 2 is implemented as follows. The
control networks’ pairing is performed on managed switches MS1 and MS4. Port
08 of MS1 is connected to port 07 of MS4. Switching mode of managed switches
MS1 and MS4 is realized by cross-connecting of those ports. This approach allows
uniting the control networks of the module 1 and module 2 to provide the mode of
loading, diagnostics and management of the multiprocessor clustered computing
system as a whole.

Pairing of network interfaces in the communication network of module 1 and
module 2 is implemented according to the following scheme.

The managed switch MS2 is connected by its ports to the managed switch
MSS5, and the managed switch MS3 is connected by its ports to the managed switch
MS6. The commutation of the ports of these switches is carried out as follows. The
port 06 of the managed switch MS2 (MS3) is connected to the port 06 of the
managed switch MS5 (MS6), similarly the same ports of these switches are
connected from port 07 to port 16. This approach allows combining data networks
of multiprocessor computing systems modules without loss of bandwidth.

The operation of the complex multiprocessor computing system starts with
the receipt of an external signal of the PUSK control panel PO1 of module 1 at the
master node MNode0O01. Download the OS master node from the hard disk or CD /
DVD device. Then, a configuration script is run, which configures the DHCP
server, in addition, the number of computing nodes of the system is specified,
access to the Internet or an external network is allowed, if necessary, basic settings
and its parameters are specified.

Master node MNode0O1 through the network of loading and management
(switches MS1 and MS4) initializes and loads the slaves NNode0O1 - NNode005,
NNode0O11 - NNode015 of the modules of the computing system. This approach
allows configuring and reconfiguring the cluster system in the optimal mode and in
a short time. Taking into account the fact that the OS is being downloaded over the
network, it became necessary to run five computing slaves, which required the
implementation of the Power on After Power Fail / Former-Sts mode. On the
control network, the slave nodes receive the appropriate settings, are downloaded
and wait for a response from the DHCP server. After the corresponding loading of
the commands, the work of the paired multiprocessor clustered computing system
begins. The switching mode of the managed switches MS2, MS3 and MSS5, MS6 is
implemented using a cross-panel.
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Conclusions

1. The pairing peculiarities of modular multiprocessor computing systems for
expanding the possibilities for solving strongly coupled problems are revealed.

2. The data interchange between computing nodes is carried out in a separate
network using the channel bonding and VPN mechanism, which increased the data
interchange rate and lowered the channel load among cluster nodes.

3. The implementation of the reconfigurable network allows increasing the
cluster system efficiency by adapting the system network structure to solve each
specific type of problems.

4. The introduction of subnets system loading, diagnostics and data
interchange allowed unloading the computing system network to increase its
availability and productivity.

5. Introduction of managed switches allows increasing the speed of
computing highly constrained problems due to the using VPN mode, which, in its
turn, allows dividing program sections into segments that are not related to each
other;

6. Implementing an intermediate memory buffer eliminates the need for a
data synchronization procedure for network communications, when the process of
sending and receiving packs is implemented, for tightly connected problems; it
becomes possible to reduce CPU utilization, which increases the efficiency and
productivity of the clustered system as a whole.
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OCOBJIMBOCTI BUKOPUCTAHHS BATATOAAEPHUX ITPOLECOPIB
B BATATOITPOINECOPHUX OBYUCJIIOBAJIBHUX CUCTEMAX

Mazicmp [I.M. Mopos
JIninpoecvKuil HayionanvbHUIl yHigepcUmem
im. Oneca I'onuapa, m. /[ninpo, Yxpaina.

Beryn. IlapanenbHi OOYMCIIEHHS BUKOPUCTOBYIOTHCS JOCHTH JaBHO, ajie
Tutbku micys 2004 poky, KOJM CTajo SICHO, IO MOJajbIIee MIBUJKEE 3apacTaHuUsI
takToBO1 yacTtoTu LIITY nmpobnemaTuyHee, moyaBcs MIBUIKUN PO3BUTOK TEXHOJOT11
OararosiiepHUX MpollecopiB. TexHIKa NapalelbHUX OOYMCIEHb CTana yKpail
aKTyaJlbHIM y 3B'I3Ky 3 IIMPOKMM BIPOBAPKCHHSIM BIpTyanizauii Ta cloud
computing.

Pecypc 30UtbIIeHHS MIUIBHOCTI aKTUBHHUX €JIEMEHTIB Ha 4iri I1e 30epiraBcs i
caMe 1e 3poOmsio OaraTosiiepHi MPOIECOPU MPUBAOIUBUMHU ISl I1IBUIICHHS
MPOAYKTUBHOCTI 004MCIIeHb. HUHI uyncIo siep MoABOIETHC KOXKHI 18 MicCsITiB.

[lepexin A0 BUKOpHUCTaHHS OaraTOsIGPHUX HPOLECOPIB B IMPOMMCIOBOCTI
CTa€ yce OUIbIl 1HTEHCUBHUM, 1 TOMY € Baromi MNpUYMHU. B TOpiBHSHHI 3
TPaJMIIIMHUMU  OJHOIPOIIECOPHUMHU  YimamMu  OaratosiiepHi  IPOLECOpH
3a0€e3MeuyoTh 3HAaYHO BEJUKY OOUYHMCIIOBAJIbHY MOTYKHICTh 3aBJSIKU NapajieabHIN
00poO11i, pOOIATH CHCTEMY KOMIIAKTHIIIE, a TaKOoX IMPaIlol0Th Ha MEHIINUX
TAKTOBUX YaCTOTaX, IO 3HIXKYE TEIUIOBUAUICHHS 1 €HEPrOCHOKHUBAHHS CHCTEMH.
baratosinepHi npouiecopu BxKe 3alHSIN LIEHTpajbHE MICIE B JIHIAKAX MPOAYKTIB
MPOBIIHUX TOCTAYaJbHUKIB HAMIBIPOBIIHUKOBUX NPHUCTPOiB, SKI CHOTOJIHI
MPOIOHYIOTh MIKPOCXEMHU 3 Oaratbma siipaMu.

IloctanoBka mnpodaemMu gociailzkeHb. OgHa 3 OCHOBHHX HpoOsieM
BUKOPHUCTaHHSI 0aratonpolecopHOi CUCTEMU A0 PO3B’SI3yBaHHS 3ajad TOrO THUIY,
IO PO3MJISAAETbCS B JAaHl poOoTi, Moxke OyTH chHOpMyJbOBaHA TAKUM YHUHOM:
Ma€eMO PI3HULIEBY CITKY pO3MIpHOCTI M, yac 0OUYUCIEeHHS 3a/1ayl, pOo3B’A3yBaHHOI 3
BUKOPUCTAaHHSM OJHONPOLECOPHOI CHCTEMH, Io3HayeHoi BenanuuHow 7 lle
KJII04oBHUI mapameTp. HeoOX11HO ICTOTHO 3MEHIIIUTH Yac OO0YMCIICHB, 30epiratouu
3HaueHHd BenuuuHu M. Ilpu  npomy oOnacTh o0OOYMCIEHb PIBHOMIPHO
PO3MOAUISETECS MK By3JaMu OaraTompoliecopHoi cucremu. B poborax [1, 2]
PO3KPUBAIOTHCS  OCOOJMBOCTI BUKOPHUCTaHHS OJHOSAEPHUX IpolecopiB [Intel
Pentium 4 3 GHz nns po3B’si3yBaHHS NMPUKIAIHUX 3a7a4 metanyprii. [Ipu upomy
OyJ0 moka3aHo, IO B yMOBax 3ajayi, sika JOCIIIKYETHCS, ONTUMAJIbHE YUCIIO JIe3
KJIacTepHOi cuctemMu Oyne BiamoBizatu N = 8. Sk mokazaiu po3paxyHKOBI JaHi,
3alpOINOHOBAHUM PEXUM pOOOTH KJacTepa JJO03BOJIMB HE TUIBKH TIJBUIIUTH
€()EeKTUBHICTh CUCTEMH, aJI€ i CYTTEBO CKOPOTHTH Yac o0uuciieHsb, 3 83,1 10 19,5 c.
Pa3zom 3 TuM, 3ayBakUMO, 110 SKIIO TaKa BEJIMYMHA MPUCKOPEHHS OOYUCIIEHb HE B
3M031 3a0€3MeYUTH KOHTPOIb HEOOXITHUX MapaMeTpiB TEXHOJOTTUHUX MPOLECIB, TO
B TaKOMY BHUIMAJIKy HEOOX1THO 3aCTOCOBYBATH OLTBII MOTYKHI MPOILIECOPHU, HATIPUKIIA,
OaratosiiepHi. 3 3a3HAUEHUX MPUYUH JOCTI/DKCHHS, K1 BHUCBITJIIOIOTBCS B JIaHIN
po0OTI i OyIyTh CIIPSIMOBAHO HA BUCBITJIEHHS TAKUX TUTAHb.
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BukiazeHHs: OCHOBHOIO Martepiajay aocaimkenns. /[ kimacy 3angad, siki
PO3B’S3YIOThCS B JaHiil poOOTi, yci 0OUMCIIEHHsT BUKOHYIOTH Ha 0a3i pi3HUIEBOI
citrku. Toxi mnpu aHamizli ePEeKTUBHOCTI  OAraTompoLEecOpPHOi  CUCTEMHU
HaWBXJIMBILIUM MapaMeTpOM BHUSBHUBCS 4Yac PO3paxXyHKy OAHI€l irepauii (7j)
CTOCOBHO o00iacTi oOumcieHb. B yMoBax 3acTocyBaHHsA 0araTonpoleCOpHOi
CUCTEMHU 11} TOKa3HUK BU3HAYAIM Ha M1ICTaBl TAKOTO CIIBBIAHOIIEHHS

T=T,+T,. ()

TYT Tn:ﬁ’ 15 BeJMYMHA O3HAYa€ 4Yac PO3paxyHKY OJHIEI iTepauii mpu
BUKOpPUCTaHHI N OOYHMCIIOBAaJIbHUX BY3MIIB, C, T, —YaC TPAHUYHOTO OOMIHY
JaHUMHU MDK By3JaMu CUCTEeMH, C. be3nocepenHbo yac po3paxyHKy OAHIET iTeparii
Py BUKOPUCTaHHI B cUcTeMl N OOYHUCIIOBAJIbHUX BY3JIIB MOXKHA YTOUHUTH 32
Takow (HopMyIoro:

_EE,-Kp

I =—. 2
N @)

VY Bupasi (2) E;—O0BXKHHA MacuUBYy TIpaHU4YHOI 00JacTi OOYHUCIIEHBD,
OZJTHOYACHO I BEJIMYMHA BU3HAYAE JJOBXKHUHY PI3HHUIIEBOI CITKH 110 ocl abcuumc; E, —
JIOBKMHA PIZHUIIEBOI CITKM MO0 oOcCi opauHat, Kz — oOcar ojHiei pi3HUIEBOT
KoMipku tuny Real*8 (64 61T); napamerp V. mnoka3zye WIBUIKICTb OOUUCIEHDb NPU
PO3B’s13yBaHHI 33/1a4 JIAHOTO KJIACY 3 BUKOPHUCTAHHIM MPOMNOHOBAHOIO MPOLIEcopa.
3ayBaxuMo, 110 JJIsl BIAMOBIAHUX JOCIIKEHB Oys10 00paHo nportecop Intel E8400
3 GHz.

3a3HauMMoO, WI0 OOYMCIIOBAJLHUMU METOJAMH pPO3B’SI3yBaHHS  3ajadil
TEIJIONPOBIAHOCTI CIYTyBajld YUCJIOBO-aHATITHYHI CXEMHU MIIBUIIEHOTO MOPSJIKY
TOYHOCTI, BHUCBITIEHI B poborax [3,4]. 3a OCHOBY Uil BHM3HAuUCHHsS Yacy
IPaHUYHOr0 OOMIHY JaHUMU B KJIAaCTEPHIN CUCTEMI MPU pOOOTI B pekuMi JeiluTy
ii mepexeBoro iHTepdericy [1] Oyno BHBEAEHO CIIBBIIHOIIEHHS, sIKe HAOYIO
TaKOI'0 BUIJTISIAY:

_m-(N-D-E; -Kp 3)

k-d-V, ’

Tex

VYV Bupasi (3) 3HaueHHS m MOXE JOPIBHIOBATH OJMHHUII B YMOBax
OJIHOCTOPOHHBOTO PEXHUMY TPAHUYHOTO OOMIHY JaHUMHU, ab0 JBOM, KOJHU BiH
JIBOCTOPOHHIN; V), — IpOITyCKHA 3[4aTHICTh MepeXi B cucteMi, I'0it/c; k — KUIBKICTB
KaHaJIIB 3B’S3KYy OOYMCIIIOBAIBHOI MEpEeXi, Kl MPalol0Th OJHOYACHO (KUIbKICTh
o0UHCITIOBATLHUX MEPEeXK), d — HamiBayIuiekcHul (d = 1), abo nyrmiexkcHuit (d = 2)
pexuUM poOOTH 0OUHCITIOBAIBHOT MEPEK] B OAraTompoIecCopHii cucTemi.

VY 3a3HaueHuX YMOBaX MOXHa OOUMCIIUTH 3arajbHUN Yac po3paxyHKy OJHIET
iTepallii, 10 CKJIaay sKoro Oyjae BXOJMTH, BJacHE, Yac pO3pPaxyHKY OJIHI€T iTepallii
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NP BHUKOPUCTAaHHI N By3JiB 0araTompolecOpHOi CHUCTEMH 1 4Yac TPaHUYHOTO
O0OMIHY JTaHMMU 3aJIC’KHO BiJl KUTBKOCT1 BY3J1iB N, TOOTO
Ei-Ey-KR  m-(N-1)-E;-Kp
T= . (4)
NV, k-d-V,

Ananiz cniBBiiHOWIEHHs (4) moka3dye, L0 TICAS PO3MOAULLY 00aacTi
oOUYrCIIeHb MDK BY3JaMH BJAJOCs 3MEHIIUTH OOCST PO3paxyHKIB, BUKOHYBaHHUX
KOXKHUM Horo jie3oM. st po3paxyHKy MPUCKOPEHHS W e(PEeKTUBHOCTI CUCTEMH 3a
OCHOBY OyJIM B34T1 3araJbHONPUNHATI B TEOP1i NapaieNbHUX 00UUCIEHb (POPMYIIH.
byno BuBeneHO aHaiTUYHE CIIBBIIHONICHHS [Jis OI[IHIOBAaHHS €(EeKTUBHOCTI
OaraTonpoiecopHoi CUCTEMHU uepes i mapameTpu, ToOTO

0= Tjt-k-d-Vy-N
Tyt -k-d-Vy,-N+N*-m-(N-1)-E; -Kp

)

[loka3Huku e(pEeKTUBHOCTI  0araTONMpoIECOPHOT CHUCTEMH  OJHOYACHO
BU3HAYaNUCh 3a TNoJaHuMHu Buiie Gopmynamu (3—5) 1 3a J0MOMOrOIO
€KCIIEpUMEHTAIBbHUX PO3paxyHKiB. bysio momiueHo 30ir OTpUMaHUX PE3yNbTaTiB,
10 MOSICHIOETHCS XapaKTEPOM O0O0UHCIIEHb.

VY npyriii 4yacTHMHI JAOCHIKEHb HAOyMW MOJANBIIOr0 PO3BUTKY METOIU
aHami3y e€(eKTUBHOCTI 0araTomporecOpHOi MOIYJIHHOT OOYMCITIOBAIBHOT CUCTEMU
st OaratosnepHux mpouecopiB. IlpudyoMy ocHOBHa yBara mNpUAUISIIACH
OCOOJIMBOCTAM BIUIMBY MEpEXEBOro iHTepdency po3poOsieHOT CUCTEMH Ha
MOKA3HUKHU ii €()eKTUBHOCTI.

Hauni, posrisaarour 6aratonpouecopHy CUCTEMY B YMOBaX BUKOHYBaHOTO
€KCIIEpUMEHTY, BCTAaHOBMMO B HIM KUIBKICTh BY3JIB, IO MOXE 3a0€3MeYuTH
sakHale(eKTUBHIIIE pO3B’sa3yBaHHs 3anadl. [lpu npomy B pobotax [1] mokaszaHo,
10 IBUJKICTh OOUYKMCIIEHb 3pOCTaTUME PUOIU3HO JO MOMEHTY, KOJIU

Teale = Tex - (6)

Takum ywHOM, Ha TIJACTaBl CIIBBIIHOIICHHS (6) MOXHa po3paxyBaTu
KUIBKICTh BY3JIIB Yy KIJIACTEpHIA OOUYMCIIOBAIBHIN cHUCTEM1, MOTPIOHY s
e(eKTUBHOrO pPO3B’sI3yBaHHS 3ajgadi. BpaxoBywouu chiBBiIHOIICHHS  (4),
OTPUMYIOTh AHAJTITUYHI BHpa3d [Js BU3HAUYEHHS ONTHUMAJIBHOTO YHUCIA BY3JIB
KJIACTEPHOI CUCTEMHU, TIPH i1 poOOTI B peskuMi ePIUTy MepexeBoro iHTepdeiicy,
TOOTO

Togle M- (N=D-E;-KR -K

N k-d-V,

Pr (7)

Kopucrytouncs Bupazom (7), MOKHA OTPUMATHU JBa PIBHAHHS BIZHOCHO N
JUIS. BUBHAUCHHS ONTHUMAJBHOTO YHCIa BY3JIIB KJIACTEPHOI CUCTEMU, MPU SIKOMY
3arajJlbHUil 4yac oOYHMClieHb, MOTPIOHWN IS PO3B’SI3yBaHHS  3ajaadi, Oyne
MIHIMQJIBHUM. Y 3B’S3KYy 3 UM piBHSHHS (7) 3BOAUTHCS A0 KBaJAPATUYHOTO
BUIJISILY, TOOTO
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Ey-kd-V
N2_N-X Py, (8)

m-Ve

Pe3ynpTaToM poO3B’sA3KYy I1OrO PIBHAHHS, 3a YMOBHM JOJIATHUX 3HAYEHb
3aIaHUX Y HHOMY KoOeQiIli€eHTIB, OyayTh JBa KOpPEHi, OAWH 3 HUX JOJATHUM, a
Apyruii — Bix eMHUM. 3 ypaxyBaHHSAM MNpUUHATUX GIBUYHUX YMOB 3ajadi
HEOOX1AHO OpaTH 1oAaTHE 3HAUCHHS KOPEHS.

BucnoBku. Otxe, MaeMO MEpPeAYMOBH IJisi KUIBKICHOTO OIIIHIOBAHHS
e(eKTUBHOCTI 0araTtonmporiecopHoi CcUCTEeMH. Y paMKax IbOro 3aBJaHHS
ONTUMAJIbHE YHUCJIO BY3JIB Yy KIACTEPHIA CHUCTEMI, TMPU SKOMY JIOCSATAETHCS
MakcuMmanbHa  e(eKTUBHICTh  posmapanentoBanHd, N=4. Sk  mnokazanmu
PO3paxXyHKOB1 JaHi, 3alpONOHOBAaHUN peXUM poOOTH KIacTepa ITO3BOJIUB HE
TUTBKM MIABUIIATH €(PEKTUBHICTh CHCTEMH, aj€ W CYTTEBO CKOPOTHUTH 4YacC
obumncieHs, 3 83,1 mo 8,3 c.

[IpoBeneni TeopeTUYH1 AOCHIIHPKEHHS  IMOBHICTIO  y3TOJUKYIOTBCS 3
pe3ysibTaTaMi  EKCHEPUMEHTANIbHUX PO3PAXyHKIB OCHOBHUX XapaKTEPUCTUK
e(eKTUBHOCT1 OararonpouecopHoi cucteMu. Po3pobieHuil y 1anomy J0CIiIKeHH1
MIAX1 10 BU3HAYEHHS MOKa3HUKIB €(DEeKTUBHOCTI 0araTonpouecopHoi KIacTepHOI
CUCTEMH JI03BOJIIE HE TUIBKM BHKOHYBATH MNPOLEAYPY Y3TOJKEHHS TEXHIYHOTO
YCTaTKyBaHHS TaKUX CHCTEM, a TAKOK BIH CTBOPIOE MOXKJIUBICTh MPOEKTYBATH iX 3
Hamepea 3aJlaHUMM XapaKTepUCTUKaMU, IO BIAICpae IyKe BaXJIMBY pPOJb Y
po3po0Ill HOBUX TEXHOJOTIYHHUX MPOLECIB, a TaKoX Yy pO3B’s3yBaHHI
0araToBUMIpHUX 3a/ad.
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BU3HAUEHHS TUITY AKYCTUUYHMX OPYKHUX XBWJIb
JUISI KOHTPOJIIO HAJIHHOCTI EKCILTY ATALTT
MOHOJITHHUX I BATATOIIAPOBUX BY AIBEJbHUX KOHCTPYKIII
HEPYWHIBHUM IMITYJIbCHUM METOJA0OM

IIpog., kano. mexn. nayx A.0. Cepikos
XapxiecbKuili HAWIOHALHUTL YHIGEPCUMEN MICbKO20 20CN00ApCmea
imeni O. M. bexemoea, m. Xapkie, Ykpaina

BukopucTtaHHs NMPYKHUX aKyCTUYHHUX XBHJIb JUISL JTOCHIJKEHHS HaA1HHOCTI
MOHOJIITHUX OETOHHUX 1 OaraTolmapoBUX KOHCTPYKLIA MpU iX eKCIuTyaTamii
HEpPYWHIBHUMHU METOJaMHU € aKTyaJbHUM HanpsMKoM. HeoOXigHICTh MOJanbIIoro
PO3BUTKY IIbOTO HAIpPSIMKY JOCHI)KEHb BH3HAY€HA IIUPOKHM 3aCTOCYBaHHSIM
TAKOro0 THUIYy KOHCTPYKUIM $K Yy Tainy3l >KUTJIOBOrO, TaK 1 MPOMHUCIOBOIO,
iHppacTykTypHOro  OyaiBHULTBa MicT. Bubip HanpsaMmky HepyWHIBHOTO
JTOCHIPKEHHS] OOYMOBJICHMM XapaKTepUCTUKaMHM TaKUX METOAIB — 30epexeHHs
Marepiany AOCHIIKYBaHUX KOHCTPYKI[IH, JOCTaTHbOIO TOYHICTIO i TOCTOBIPHICTIO
JaHUX BUMIpPIOBaHb, OINEPATUBHICTIO OJEpXKaHHS KIHLEBUX pe3ynbrariB [1, 2].
OcoOnuBICTIO TakMX KOHCTPYKILIM € Te, 1o s OararomapoBUX MaTepianiB
XapaKTepHUM € CIIOJYYeHHS JEKUIBKOX MIapiB, LI0 BIAPI3HAIOTHCA, (I3UKO-
MEXaHIYHUMH BIACTHUBOCTSIMH.

['eomeTpuuHi poO3MIpH Ta TEXHOJOTisI BUTOTOBJIEHHS KOHCTPYKIIH 3
MOHOJIITHOTO O€TOHY TaKOX BH3Hayae crneuu@iudi 0ocoOIMBOCTI (PopMyBaHHS
CTPYKTYpU TaKUX MatepiaiiB. JlocaikeHHs CBiA4aTh, [0 O3HAYCHI BIAMIHHOCTI Y
CTPYKTypi O6aratromapoBux 1 MOHOJITHUX OYyIIBEILHUX MaTepialliB BUCYBAIOTh HOBI
BUMOTM JI0O METPOJIOTIYHOTO IHCTPYMEHTapil0 aHamidy iX HaaidHOCTI 3
3aCTOCYBaHHSIM HEPYMHIBHUX METOJIB NpPH eKCIulyartalii B KOHCTpykuisx. lle
BU3HAUYEHO HACTyNHUM. BinXuieHHs B peXMMax TEXHOJOTTYHUX MPOLECIB MpH
BUTOTOBJIEHHI  0araTollapoBUX  KOHCTPYKIIMHUX  OyJiBEIbHUX  MarepiajiB
BUKJIUKAIOTh BUHUKHEHHS JUISHOK Yy 3'€HYIOYOMY IIapi, MO0 MPU3BOJUTH O
3HIKEHHS MIITHOCTI KOHCTPYKIII B LUIOMY, @ TMpPH CHOPYIKEHHI MOHOJITHHX
KOHCTPYKI[I — BUHUKAIOTh IUIONIMHHU PO3IIapyBaHHS MOHOIITHOro OeTony[3-5].
OdeBuaHO, 1O Taki AePEKTH NPU3BOIAATH JO 3HIKEHHSA (I3UKO-MEXaHIYHUX
XapaKTepUCTUKaX KOHCTPYKIINA y LUIOMY, a OT)KE€ ¥ /10 3HWKEHHS iX HAaJ1MHOCTI B
npoueci exkcruryaranii. Ilpu domy, ommcani Buau JeeKTiB, SK NpaBUiIO, HE
CIOCTEPIraloThCs B MaTepialiax 1 KOHCTPYKISAX, 1[0 BUTOTOBJIEHI 3 BAKOPUCTAHHIM
OJIHOIIAPOBUX OYIIBEIBLHUX MaTepiaib.

BusiBnenHss omnucaHux Bulle TUMIB  JAepeKTiB y OaraTomapoBUX
KOHCTPYKIIMHUX OyIIBEJIbHUX MaTepiajiax Ta B MOHOJITHUX O€TOHax Ta €
aKTyaJIbHUM 3aBJAHHSM, SIKE MPAKTUYHO HEMOKJIMBO BUPIIIUTH 3 BUKOPUCTAHHIM
BIIOMUX METO/IIB Ta ICHYIOUMX MPUJIAAIB, U0 J03BOJSIOTh BUMIPIOBATH MTapaMeTpu
1HpOpMAIIITHOTO CUTHATY MO3J0BXHBOI, MONepeyHoi abo MmoBepxHeBOi XBUIb [1,
2]. Buxoasuu 3 1pOro, BUPIIICHHS 3aBAaHHS PO3pOOKM HOBUX UM MOJEpHIi3allis
ICHYIOUMX METOAMK HEPYWHIBHOTO KOHTPOJIO W amapaTtypu s AOCHIIKEHHS

282



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

HAJIMHOCTI KOHCTPYKI[I, BHUIOTOBJIEHHX 3 PO3TJIANYBAaHUX OyIiBEIbHHUX
MarepianiB, TOOTO y MOHOJITHMX 1 OaraTollapoBUX KOHCTPYKIISIX Ha OCHOBI
BUKOPHUCTAHHS MPYXHUX XBUJIb € aKTyaJlbHUM. PeaqbHUM HampsiMKOM BHPILIECHHS
3aB/IaHHS € 3aCTOCYBaHHS IMIYJBCHOTO HEPYWHIBHOTO METOAY, SIKHU MOJSTrae y
BUIIPOMIHIOBaHH1 30HJYBaJbHOTO CHUTHAJTy TMPYXKHOI AaKyCTHYHOI XBWII B
JOCIIPKYBaHUM MaTepiall KOHCTPYKINT ¥ (iKCyBaHHI BIAMIOBIIHUX XapaKTEPUCTHUK
iHopmarliiinoro curnany [1].

O4eBUAHO, IO NEPIIMM €TAaroM BHUPIMICHHS MOCTABJICHOIO 3aBJIaHHA €
TEOpeTUYHe OOTPYHTYBaHHS BIIHOCHO THUIIB MPYKHUX XBWJb, 110 3a0e3Medarhb
BU3HAYEHHS PO3TIISYBAaHUX THUIIB Ae(PEKTiB. YMOBU MOLMIUPEHHS 30HYBaJIbHOTO 1
dbopMyBaHHS THIIB TPYXKHUX XBWJb, AMIUIITYIHO-4aCTOTHUX XapaKTEPUCTHK
iHpoOpMaIIIfHOrO  CUTHAJIy TpU  PO3IJISIIYBAHOMY  HAINpsIMKY  JOCIIIKEHBb
XapaKTEePU3YEThCS PAIOM ocoOiuBOcTe. Jl0 HMX BIAHOCSATHCS SIK OCOOJIMBOCTI
CTPYKTYpHHX 1 (P13UKO-MEXaHIYHHMX BIACTUBOCTEH TaKUX MaTepialliB, Tak 1 po3Mipu
i opma nedexTis, 10 3yCTpIUaOThCA HalOUIbIIE YacTo [2, 3, 5].

Ha erami moctaHOBKM 3aBJaHHS OOYMOBUMO, IO PO3MIPU CTPYKTYPHHUX
HEOJHOPIMHOCTEH Y JOCIIKYBAaHUX MaTepiajax € 3HauYHO OUTBIITUMU 3a JOBXHUHY
XBWJI1 30HAYBaJIbHOTO curHaiy. Lle mpu3BoauTh 10 TOro, 10 BUIIPOMIHIOBAJIbHUMA
nepeTBoproBay (HaKTUYHO MPECTABISETHCA JKEPEIOM T'€HEepyBaHHS CHEpUUHHX
XxBWIb (puc. 1). 3 ormsaay Ha e, OpU JOCTIKEHHI XapaKTePUCTUK aKyCTHUHHX
XBWJIb, 3 METOIO  BHSBJIEHHS  3aKOHOMIPDHOCTEH  3B’SI3Ky  «CTPYKTypa
JOCJIJDKYBAHOTO MaTepialy — MapaMeTpu 1HGOpPMAaIliHOrO CUTHalIYy», Oyiu
OPUMHATI TPUHIMON TEOMETPUYHOI aKyCTUKH, SKa pO3IJIA/a€ TUIbKA TOJIOBHI
HaIMpsIMKA TOLIMPEHHS MPYKHUX KOJHMBaHb 1 HE BPAaXOBYE 1X PO3CIIOBAHHS Yepe3
audpakuio i iHTepdepeHIiio XBUIb.

%o

Pucynok 1. Jliarpama cnpsiMOBaHOCTI TOYKOBOI'0 BUIIPOMIiHIOBAYa MPYKHOI

XBHJII:
B — ToukoBuit BunpomiHioBay; &) — HapsAM poO3MOBCIO/LKEHHS PPOHTY MPYKHOT XBUIIL; 3 — KyT
PO3KPUTTS llarpaMu CIPSMOBAHOCTI.

B reomerpuuHiii akycTHIll OCHOBHMMH € BIJOMI1 NpUHIUNMU ['tolireHca i
®epma. BianosinHo g0 npuHuuMy ['oiireHca KoKHY TOUKY (PpOHTY NMpy>KHOT XBUII1
B NOYATKOBHM MOMEHT 4acy fy MOXXHAa MPEACTaBUTH Yy BUIJIANI €JIEMEHTapHOIO
JpKepesia KOJMBaHb. AHAITUYHUM BUPA30M, IO MpeACTaBisie NpuHLMI [ 1oirexca,
€ nudepeHiianbae piBHAHHA [ aMUIbTOHA, SIKE € PIBHSHHSAM I0JISI YaciB ¢
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2 2 2
dt N dt N dt " 1 (0
dx dy dz v2(X, Y,Z)’
ne (X, Y, Z2) — 3aganuii po3noii MBUAKOCTI MPYKHOI XBUJIl B CEPEIOBHUIII
(n7st MO310BXKHBOT a00 MONEPEYHOT XBUIIL).

VY pe3ynbTari BUPIMIEHHS LIOTO PIBHSHHS OACPKYETbCS HACTYIHUU BHpa3
IUIsl XBUJILOBOTO (DPOHTY:

S-X,Y,Z,1)=0.

[Ipu upomy ciia 3a3HaA4YUTH, 11O JJIsI OAHOPIAHOTO 130TPOIHOIO CepeIoBUIIa

piBHsAHHS ['aMiIbTOHA MpUMae TaKU BUTIISAL:
= Xty 22, )
v

ne X, Y, Z — KOOpAuHATHh TOYKA BU3HAYEHHS 1.

Januii Bupa3 € (QyHKIIEO TMOJS 4YaciB, siKe sBisie co0oro chepuyuny
MOBEPXHIO.

VY mpoueci MOMUpPEHHs MPY>KHOI aKyCTUYHOT XBWIII, 30yIKEHOT TOUYKOBHUM
JoKepesioM, il (pOHT, 3aJIeKHO BIJ MPYXKHUX BIIACTUBOCTEH KOHTPOJIHbOBAHOIO
Marepiany, 3aiiMa€e B HbOMY B OJIHAKOBI MOMEHTH 4Yacy pi3Hi noyioxeHHs. [ToBepxHi
Marepiany, y pasl iHoro OararomapoBoi CTPYKTYpH, 3 SAKUMU (DpPOHT XBUII
CHIBIAJAa€ B Pi3HI MOMEHTH 4Yacy, € 130XpoHamu. B omHOpIAHOMY cepeloBHIII
JiarpamMa CIpsiMOBaHOCTI TOUKOBOIO JXKepesa 30yKeHHs PYKHO1 XBuUIi (&) ABIse
co0or0 cdepuuny mnoBepxHio. Llg xBung € mpsmoro. Y OarartomapoBomMy Ta
CepelloBUIIIl 3 1ePEeKTOM, 110 Ma€ 3HAYHI PO3MIPH, TaKa XBWJIS, JOCATIIN TPaHUI
po3auLly cepenoBuil, Oyae BimOuBaTucs ¥ mepenommtoBatucs (puc. 2, 3). Tax,
HaIMpUKIaA, IpU MaJiHHI TO3J0BXHBOI XBWI1 P; MiJl KyTOM 0 Ha IJIOCKY TJIaJKy
IPaHULIIO PO3JILUTY JABOX CEPEJOBUIL YTBOPSATHCS YOTUPU BTOPUHHI XBUI (puc. 2).
JIB1 3 HUX — MO3A0BXKHA Pj; 1 nonepeyHa P.S), NOmupIOI0THCS B NEPLIIOMY IIapi
JOCJIJPKYBAHOTO JIBOIIAPOBOTO MaTepiany, TOOTO B TOMY 3K CEpPEIOBHIII, IO H
najgaroda xBuwis. L1 xBumi € BigOutumu. [[B1 1HIIT — MO3A0BXKHS Pp; 1 monepedHa
P1S,, npoxoasTe dyepe3 rpaHullo po3aLly B APYyre CEpeOBHILE 1 € MPOXOASIIUMHU.
HeoOxigHot0 yMOBOIO /Jii YTBOPEHHS BIIOMTUX XBWJIb Ha MEXl pO3IALTY
CEpEllOBUI € JTIOCTATHE PO3XOJKEHHS y BEJIMYMHAX iX aKyCTHUYHHMX (XBHIJIBOBHX)
onopiB — 100yTKy (p - v). lle cminye 3 popmynu

AomP: PLViPrVo _ 4 3)
Ao PLVHPr vy

1€ Aorp, 1 Ayay — aMILITYIM BIJOUTOL ¥ MaJarouoi XBUIIB; Pj, Vi — BIATIOBIIHO
MUTOMa UIUTBHICTh cepeoBUIla (MaTepiany) 1 MIBUAKICTh MOLIMPEHHS B HHOMY
npyxHoi xBuii; (p; - vi) 1 (p2 *© v2) — BIANOBIIHO XBUJILOBI OMOPU MEPIIOTO U
JApPYroro mapy cepeoBHILA.

VY po3risHyTOMY BUNAAKY (p; * Vi) — XBHIBOBH OIip Mepiioro (BEpXHbOro)
miapy cepeloBHIlla, B SIKOMY MOIIMPIOIOTHCS TMO3J0BXKHS P 1 momepedHa P
xBuii; (p2 °© V2) — XBWIbOBUM OIIp Jpyroro (HMKHBOTO) IIAPy, B SKOMY
MIOIIUPIOIOTHCS XBUJI1 MO3/I0BXHS Py, 1 monepeuna P1S,. ®opmyna (3) cnpaeainBa
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st BUMAAKy, komu o = 0, TOOTO KOJIM (POHT MOMIMPEHHS NPYKHOI XBHIII
NEepPHeHAUKYIAPHUN 10 BiIOMBa040i moBepxHi. 3 popmynu (3) BUXOAUTH, 110 3CYB
4acTOK cepefoBHila (X CTUCKYBAHHS YW PO3TATYBAaHHSA), IO CIIOCTEPIra€ThCS MpPU
MOIIUPEHHI MPYKHUX KOJMBaHb, Ha (QPOHTI BIIOMTOT XBWJII Ma€ TaKUi Ke
XapakTep, AK 1 Ha (POHTI NaJar0vyoi B TOMY BUIAAKY, SIKIIO App > 0 (p1-vi < pavo) 1
Ma€ MPOTHIICKHUU — KOJIH App < ().

= P13

Lap a
CepeacBnLLa 1

PEACBALY Mesxa posainy cepeaosuLL
ZR1 = |:'1 ¥ 3 XApaKTERMCTHEIMN |:|'l v, i Paly

[

Wap

P P12
cepedcBuLLa 2
ZR 2: p2 L'rz

D

Pucynok 2. Cxema yrBopeHHsI BIIOMTHX i NIPOXOJSIIIMX XBHJIb IIPH
AOCJIIKeHHI IBOIIAPOBOro OyAiBeJIbLHOI0 MaTepiaay YM HASIBHOCTI INIOIMHHA

PO3IIAPYBAHHS Y MOHOJITHOMY 0€TOHi:

(p1 - v1) 1(p2 * v2) — XBIJIBOB1 OMIOPH MEPIIOTO i IPYroro mapy cepeaoBuina; P, — 30HIyBaIbHUN
curHai, Py — BinOuta xswist; P S) — BinOuTa 3cyBHa XBUWIIsA;, P;S, —T103/T0BXKHS 1 TOTIEpEeYHa
MPYXKH1 XBUJI1; Py — npoxofsiia XBuist; P1S, — mpuxo/asina 3cyBaHa XBWIS; By — KYT PO3KPHTTS
JiarpamMu CHpsIMOBAHOCTI IPYKHOT XBUIIL; O — (PPOHT MOLIMPEHHS (KyTH MaiHHS 1 BIAOUTTS)
MPYXKHOT XBWII1; ZR — XBUIILOBUH OIIp cepeloBulla; R — XapakTepucTUKU MEXK1 pO3JILTy
CEepeIOBUIIL

Posrnsimatoun ymoBu ¢GopMyBaHHS BIIOUTUX XBWJIb y 0OaratomapoBoMy
CEepEelOBUIINl, aHalli3 SKUX € HEOOXITHWUM, CJIJ BKazaTh, IO Ha JIOJATOK JIO
ICHyBaHHS HepiBHOCTI (p;'v; # p2Vv2), sKe (aKTUUYHO BiIOUBAE CTYIMiHb
PO3XOKEHHS Y (PI3MKO-MEXaHIYHUX BIACTUBOCTAX IIapiB, MOTPIOHO aHANI3YBaTH i
XapaKTePUCTUKHU MEX1 pO3/LTY CEPEAOBHIL.

B

Lap
cepegoeuLia 1
IR, = D1 ¥
3
Wexa pos3diny cepeaoBHLL
= =] j 3 XAPAKTEPHCTIMKAMK |:|,I vy Polg
1} LWap X
80
EW B 3 cepenocena 2
? IR =Pz
2
ZR

Pucynok 3. Cxema yTBOpeHHS NepPeIOMJICHUX XBIIb MPH JTOCTIIKeHHI
ABOLIAPOBOro 0yaiBeJIbHOr0 MaTepialy Y4 HasiBHOCTI IVIOIMHHA
PO3IIAPYBAHHS Y MOHOJITHOMY 0€TOHI:

(p1* v1) 1(p2 * v2) — BIATMIOBITHO XBUJILOBI OTIOPH MIEPIIIOTO M APYTOTO MIAPY CEPEAOBHUIIA; By —
KYT PO3KpUTTS AlarpaMu CIpsIMOBaHOCTI;
ox — GPOHT MOUIMPEHHS IPYKHOT XBUJI1; ZR — XBUIIOBUH OIIIp CEPEAOBUILA;

R — xapakTepucTUKu MEeX1 pO3ALUTY CEpeIOBHIII.
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YucrnoBe 3Ha4YeHHS p;'V; # pPz'V, BU3HAYa€, B OCHOBHOMY, aMIUIITYAHI
XapaKTePUCTUKHU TPYKHUX XBHJIb, TOOTO MapaMeTpu MexXl po3Nily (B SIKOCTI SKOI
MOXKE CIYTyBaTd Ae(EeKT BIANOBIAHOTO PO3MIPY), SIKI 3yMOBIIOIOTH 1 YaCTOTHUM
CHEKTp — y PO3IJIAlyBaHOMY BHIIAJIKy JIOBKUHY XBUJI1 30H1YBaJIbHOTO CUTHAMY [3,
5]. Cnig 3a3HauuTH, WO s 3a0e3nedYeHHs] HeOOXIHOT HAJIHHOCTI Pe3yibTaTiB
HEOOXIHO JOTPUMYBATHUCS MEBHOI'O CHIBBIIHOMIEHHS MDK JIOBXHHOIO XBUJl (M)
30H/yBaJIbHOT'O CUTHAJY i po3MipaMu HEOJAHOPIAHOCTI CTPYKTYpH (/), saxa Hi3udHO
MIPECTABIISE MEXKY PO3AUTY MaTepialy yu Martepiaiis (puc. 2, 3).

BucHoBkwu.

1. TlommpeHHs TpPYXHUX XBWIb, BIIOUTUX BiA TpaHUIp IIAPIB
OararolmapoBuxX MaTepialiB, SKI BIAPI3HAIOTHCS BeIWYMHOIO (p; * Vi) abo BifJ
JOUISHKYA OJHOLIAPOBOIO CEpEeFOBUINA Ha sIKIM mapamerp (p; © Vi) Ma€e AUCKPETHY
3MIHY B TMOpPIBHSHHI 3 AaKyCTHYHMM OIIOPOM Yy MAacCHBI, CYNPOBOIXKYETHCA
(GbopMyBaHHSIM DSy THUIIIB XBWIIb, MapaMeTpU SKUX JO3BOJISIIOTH BU3HAYUTHU
HaJIHHICTh JOCIIKYBaHO1 KOHCTPYKIITI.

2. Peectpanig yacy MHOIIMPEHHS MEPENTOMIIEHOT NPYXKHOT XBHWJII JIO3BOJISIE
BUPIIIYBaTH HACTYMHI 3aBJaHHS: - BU3HAYATU TJIMOMHY 3aJsiTaHHS Ta PO3MIpH
NEepeIOMIIIOI0U0T  TPaHMIl BIJHOCHO TIOBEpPXHI BHUpPOOY; - BCTAHOBIIOBATH
3anexHIicTh V (H) 3a romorpadamu pegparoBaHux XBWIb 1 OyJayBaTU poO3pi3u, L0
Ja€ MOJIMBICTh OI[IHIOBAaTHM 3MIHY MIIIHOCTI Marepialy B KOHCTPYKIII 3a
IJIMOMHOIO.
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NCCIEJOBAHHUE BO3SMOKHOCTH YJAYULIEHUA
KAYECTBEHHBIX TIAPAMETPOB UHTEI'PUPYIOHINX
IPEOBPA3OBATEJIEN AJIsI UBSMEPEHHUA CUJI 1 MOMEHTOB
B TOYHOM 3EMJIEAEJINA

Hoy. 0-p unoc. Cmosanos Ceunen Xpucmos,
obpyorcanckuii mexnonozuueckuil Koaneouc, 2. /[oopuu
Texnuueckuu ynusepcumem-Bapna, Bapna, boncapus
I'n.ac. 0-p unoc. 3axapuesa Cuexcunxa Jlrobomupoasa,
Kagpeopa Enexmponuxa, Pycenckuit ynueepcumem ""Anzen Kvnues', Pyce, bonzapus

BBenenue

WnTerpupytomue U3MepUTEIbHbIE npeodpazoBarenu
cHelnuaibHO pa3paboTaHbl JUIsl UCCIENOBAaHHUS CHJII U MOMEHTOB B
peXuMe pealbHOro BpeMeHU. B kadectBe mnpeoOpazoBaTelns
UCIOJIb3YETCSl MOJIHBIM TeH3oMmeTpudeckuii moct. Ilpu OGosbmimx
nepopManusax  JOMYCTUMO  HCIOJIb30BAaHUE TEH30METPUYECKOIO
moiaymocra.  XapakTepHOW  OCOOCHHOCTBIO  mpeoOpasoBarenei "
SBJIIETCS METOJ MpeoO0pa3oBaHMsI MEXaHUUECKHX HANpsyKeHUH B '

yacTtoTy uiu nepuoj. [IpeoOpa3oBaTeinb IByXCTOPOHHUH, TO €CTh, OH ; B |
MO3BOJISIET OTUMTHIBATh HANPABJICEHUE CUJI WIM MPUIIOKEHHbBIE R ™
MOMEHTBl M OTOOpaXKaTh HM3MEPEHHbIC 3HAYECHUS HA JHCILIEE C Puc.1.
TIOMOIIBIO CIIEHUAIBHO Pa3pabOTaHHOTO MPOrPAMMHOTO obecreueHuss | €H30MeTPHYeCKHii
nwin  koHtpojuiepa IIJIK.  OcHoBHBIM mMapaMeTpoM KauecTBa MocT

UHTErpUPYIOIINX  IpeoOpa3oBaTenell  sBISETCS  MpUBEJEHHAs
MOTPEIIHOCTh HETMHEHHOCTH, KOTOpas SBJSETCS KOMILJIEKCHBIM IMOKAa3aTeleM, ONpeAessioluM
paboTty Bcex OJI0KOB MpeoOpa3oBaTelisi B KAYECTBE U3MEPUTEILHOTO ITpUOopa.

[IpeoOpazoBaTennr MOXKeT paboTarh C JIIOOBIMH  TEH30JaTYMKAMU  3aBOJICKOTO
M3TrOTOBJIEHUS, TUIIA U300paKEHHOTO Ha puc. 1.

H3znoxenue

1. O0BeKT uccaenoBaHUA

Cxema MHTErpUpYIOUIETO M3MEPUTEIBHOIO MpeoOpa3zoBaTeisl MOKa3aHa Ha PUCYHKE 2.
[IpunnunuaneHas cxema mnpeoOpazoBarenst colepkuT IuddepeHunanbHplii yeunutenb DA ¢
ko3¢ unmentom ycuneHusi kpa, unrerparop | ¢ mocrosiHHOM Bpemenu t; u kommapatop C.
W3mepuTenbHast JuaroHajib MOCTa COEAMHEHA C
BXxoJaMu auddepennuanbaoro ycunurens. OH
YCUJIMBA€T  HalpssKeHue  Vp, KOTOpO€e
BO3HMKaeT, Korja MocT B paszbanancupyercs
pH M3MEHEHUHW HArpy3Kd TEH30/JaTYUKOB Rr.
VYpaBHeHue npeoOpa3oBaHUs:

1B .k
T 45,(-8) 85,(1-5) W

I'me B - xoddbdurmuent npemurens
HaIpsDKEHUs, 00pa30BaHHOIO pe3ucTopaMu R
u Ry, B =R;*([R; + Ry, adR usmenenue
OTHOCHUTEIIBHOTO CONPOTUBIICHUS Puc.2. IlpynnunuajibHas cxema
TEH30PE3UCTOPOB. npeodpasoBareJist
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W3 ¢popMysbl BBIXOAHOM 4acTOTHI 2 BUJIHO, YTO IPU YCIOBUU 2 IpeoOpa3oBaTesb ABISETCS
JMHENHBIM KaK JIIsl TOJIOXKUTEJIBHOTO, TaK U JUIl OTpULIATENbHOTO OR.
L7V |6R| < S ()
8z,(1- ) 4r,(1-B)

Ha 6a3e moiy4eHHBIX O 3TOr0 MOMEHTa OCHOBHBIX METPOJIOTMYECKUX XapaKTEPUCTHK
pa3BepThIBAEMOro IpeoOpa3oBaTess 4YacTOThl € MPSIMbIM IPEOOpa3OBaHUEM U YaCTOTHBIM
BBIXOJIOM, HEOOXOJIUM JalbHEHIINI aHalu3 OHmMOOK, KOTOpBIE OIpPEAEsiOT BO3HUKHOBEHHE
HEJIMHENHOCTH U U3MEHEHHUE BBIXOJHOW YaCTOTBHI.

2. OcHOBHBIE NOTPELIHOCTH HHTErPUPYIOLIEro nMpeodpa3oBares.

OCHOBHBIE MOTPEIIHOCTH, HAMPSAMYIO BIMSIOINIME HAa METPOJIOTMYECKUE XapAaKTEPUCTUKU
npeoOpas3oBaress, MOrPEIIHOCTH /IS aHalIu3a U ajbHEHIIero MoAeTupOBaHU:

2.1. IlorpemiHOCTL HEPABEHCTBA BHIXOIHBIX HANIPSIZKEHUI KOMIIapaTopa

HepaBeHCTBO BBIXOJHOIO HAIPSKEHUS IPUBOJUT K HM3MEHEHHIO BBIXOJAHOW YacTOTHI
npeoOpas3oBaressi, YTO MPUBOJAUT K CKOPPEKTHPOBAHHOW BBIXOJAHOW dYacToTe f* ypaBHEHHS
npeoOpas3oBanus. bbulo Moka3aHo, 4TO BBIXOJIHAS YACTOTa MpPeoOpazoBaTes 3aBUCUT TOJIBKO OT
OTHOCHUTEJIbHOM MOTPEIIHOCTH BBIXOJAHOTO HamnpspkeHust komnaparopa 6Uqy — popmyna 3 u To B
KBaJIpaTUYHOW 3aBUCUMOCTH.

- L _1(1-6U%u ) _ B,k
T 1 47,(1-B) 87,(1-pB)

- SR (1= 68U ) 3)

2.2. [lorpemHOCTb OT 3aJ€P:KKH MPH NMePeKJI0UYeHUN KoMIapaTropa

[Ipu anamuze mnpeoOpazoBaTeNsi CYUTACTCS, YTO, KOT/Ia BBIXOJHOE HAIPSHKEHUE
HMHTETrpaTopa JIOCTUraeT MOPOrOBOTO HANPSKEHUS MEPEKITIOYEHUS Vip KOMIIApATOPa, MOCIECTHUI
HEMEUICHHO MEPEKI0YaeT CBOM BBIXOJ M3 OJHOTO COCTOsIHMS B Jpyroe. Ha camom gerne,
M3MEHEHUE COCTOSIHUSI KOMIIapaTtopa 3aBUCHUT OT BPEMEHU CPAaBHEHHUS BXOJHOTO CHTHAJA C
onopHo#l  ((pUKCHpPOBAaHHOIW) BEIWYMHOM U BPEMEHEM TMIEPEKIIOUEHUS TIPH PABEHCTBE
MMOTEHIIMAJIOB JIBYX BXOJIOB, M 3TO JCWCTBUE TOBTOpsieTcs B obewx mosynepuomax T; u Th.
Brixonnast yacroTa onpenensiercs nepuoaom T*, Bkirrodas 3anaepkky AT kommaparopa:

D S 1 B 1 ~
/= T T+4AT  8t(1-5) LAAT ~ 8c(1-B)+2B+k,,0R, AAT ~
2ﬁ +kDA5RX 2ﬁ+kDA5RX (4)

2B +k,,0R,

8t(1-B)+2B +k,,0R, 4AT

2.3. [TorpemiHOCTH OT HHEPUMOHHOCTTH HHTErpaTopa

Opnum 13 Hanbosee MPOOJIIEMHBIX YCTPOMCTB B TIpeoOpa3oBarese SBISCTCS UHTETPaTop.
[Ipu pabote HEOOXOAUMO BHIOPATH PEKHUM C TOYHO OMPEACICHHBIMU BXOJHBIMH HAMPSKECHUSIMH,
WCIIOJIb30BaTh BBICOKOTOYHBIE KOHJIEHCATOPHI ¢ HU3KUM KOI(PPUIIMEHTOM MOTIIOIMICHHS, TOUHBIC
PE3UCTOPHI, OBICTPBIEC ONEPAITMOHHBIC YCUITUTEIN C BBICOKOW CKOPOCTHIO HAPACTAHUS BBIXOJHOTO
HanpspKeHUs U 60siee BHICOKUMU padOYUMH 4aCTOTaMHU.

UtoOBI wCClieoBaTh BIWSHUE HWHEPIUM OTMEPAIMOHHOTO YCHJIMTENs WHTErpaTopa Ha
npeoOpas3oBareb, HEOOX0AUMO MPOAHATU3UPOBATH MOTPELUIHOCTD €r0 BBIXOJHOIO HAIPSHKEHUS,
KOTOpasi BO3HUKAET, KOI'/1a KOMIapaTop MEepeKIvaeTcs U3 OJHOr0 COCTOSIHUS B apyroe. B stoT
MOMEHT MPOUCXOJUT Ha4YaJIbHBIM CKAYOK BBIXOJHOTO HANPSDKCHHUS, M IIOCJIE€ HEKOTOPOTO
BPEMEHH 3aJICpKKH ty, 3aBUCSIIETO OT WHEPIUU OIEPAMOHHOTO YCHUJIUTENS, BBIXOJHOE
HaIpsDKEHHUE TaKoe jKe, KaK Yy HAEaJbHOTO HMHTErpaTropa, WM MOCJIE€ BPEMEHHU 3aJepKku td
(akTHyeckas BbIXO/IHAs XapaKTePUCTHKA MapajieibHa U1ealbHOM.

UToOBI MUHUMH3UPOBATH OIIMOKH WHTEIPUPOBAHUS, HEOOXOAMMO OTPAaHUYUTDH JUATIA30H
BBIXOJIHOM YacTOThI CHHU3Y, YTOOBI o0ecreunTh cooTHomeHue: f << kR;C. C mpyroit cTOpoHBI,
€CTh JBE BEIIW, CBS3aHHBIC C YBEIMYCHHEM YaCTOThl BXOJTHOTO CHTHaja. Bo-TepBBIX, 3TO

288




XVI MixkHapoaHa KoHdepeHuia «CtpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

BIIMSIHUE WHEPLHOHHOCTH MHTErpaTtopa, a BO-BTOPBIX, yMEHbIIEHHE ero ko3dduunenra
YCUJIEHUSI H3-32 BBIXOJHOTO JENUTENs, COCTOSILEro M3 BbIXOAHOro pesucropa, OU wu
PEaKTUBHOTO CONPOTHUBIIEHUS UHTerpupytomero konaeHcatopa C. PeanbHbll OTKIMK
MHTErpaTopa u3-3a YUCTOM 3a/1€PKKH tg MPUBOJIUT K U3MEHEHUIO BHIXOJHON YaCTOTHI f*:

1 1

*= = 5
S T° T+4t, %)

BrIxoHOE HanpspKeHHE MHTErpaTopa Voyue B MOMEHT BPEMEHH t IPU HYJIEBBIX HAYAJIBHBIX
YCIOBHUSIX M TIPU CKayKe BXOJHOro HampsokeHuss or 0 1o Vin ompeaensieTcs Clenyrolei

dhopmymnoii:

t t

- T -
l—e 70/ k +I/[N Z—UT e 70/ k (6)

t
- +
Vour (t) =—kV,y|1—e = |+ V) fo T Four

rae: Vin - BXOJHOE HampsbkeHHe uHrerparopa; k - ycunenme OU; 7, - NMOCTOSHHAs BPEMEHH

BBIXOJHOTI'O 6G3I/IH€pHI/IOHHOFO O10Ka HHTErpaTopa MJIW IMOCTOAHHAA BPEMCHHU OJHOKPATHOTO
ycusienust OU.

B ¢opmyne 6 mepexomHas XapaKTEpUCTHKA WHTErpaTopa COCTOUT M3 TPEX YaCTEH.
[lepBast yacTh NMpaKTUYECKH MPEACTABISET COOOM XapaKTEpUCTHKY HICAIbHOTO HHTErparopa,
BTOpasi - HECOBEPUICHHOTO HWHTETPHUPYIOMIETO OJIOKa TIEpBOrO TOpPSIKa, a TPeThs -
HecoBepIIeHHOTO AuddepeHIupyomIero 0oka neporo nopsaka. OnpeneneHue ty BHITOTHIETCS
yTeM IpuUMeHeHus t = tg Vi, (t d):O U pELICHUs ypaBHEHMs [UIA OINPEIEICHHOIO Iepuoaa

BpEMEHHU, KOTOPBIH, B OCHOBHOM, 3aBUCHUT OT IPOJOJDKUTEIBHOCTH MEPEXOJHOro IMpoliecca,
COOTBETCTBEHHO 3HAUYEHUH MOCTOSIHHBIX BPEMEHHU.

3. UccaenoBanue BJMSHUSA OIPELIHOCTEN

Bnusinue norpemHocTeil MOKeT OBITh OIpPENEieHO IyTeM MOJEIHPOBAHUS YpaBHEHUS
npeoOpa3oBaHusl M BKJIIOYEHMS JIONOJHUTENIBHBIX MOJIYJEH, KOTOPbIE YYUTHIBAIOT BIIMSHHE
OLIMOOK COOTBETCTBEHHO BBIBEIEHHBIM (OpMyJiaM IIyTEeM HU3MEHEHHS BBIXOJHON YacTOTHI.
OpnHOBpeMEHHOE BJIMSHUE TPeX OLIMOOK TpeOyeT KOMILJIEKCHOTO aHajiu3a, T.€. BIUSHUE KAk
MOTPEIIHOCTH Ha M3MEHEHHEe 0a30BOI 4acTOThl M HUCCIIEOBaHHE IPUBEIEHHOW MOrpelIHOCTH
HEJIMHEWHOCTH Npu paboTe mpeoOpazoBaTesl B LIETIOM.

3.1. MoneqmpoBaHuie ypaBHeHusl Ipeo0pa3oBaHus npeodpazoBareJisi

VYpaBHeHue npeoOpa3zoBaHus MOJETUPYETCS B Moayie «Subsystem» - puc. 3. 3HaueHus
AJIEMEHTOB, BKJIIOUYEHHBIX B YypaBHEHHE IpeoOpa3oBaHMs: pe3ucTop HHTerparopa 10 xQ,
KOHJIeHcaTop wuHTerparopa 2nF, TeH30maT4Miku C oOMUYecKMM comnpoTtuBieHueMm 100€,
KO3 (ULMEHT AeauTeNs Haprl)KeHI/ISI [3 =0,115.

ﬂn_.
l F'r:}::lucx

InB Divide2
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- Out1
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Puc.3. MoaeaupoBaHue ypaBHeHHs NIpeodpa3oBaHus
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3.2. MogenupoBaHue MOrpPelIHOCTH M3-32 HEPABEHCTBA BBIXOJHBIX HAINPSKeHHI
KoMIapartopa.

MonenrpoBaHue NOTrPeIIHOCTH M3-3a2 HEPABEHCTBA BBIXOIHBIX HAIPSDKEHUN peain30BaHO
Ha puc. 4. 3agaHbpl HayvaJbHbIE  YCJIOBUS  JUI1  IPOBEIEHUS  MOJEIMPOBAHUS:
OounoJisipHOEe BBIXOJHOE HampspkeHue SV - 010k Uout u M3MEHEHHE BBIXOJHBIX HAIPSIKEHUN B
unreppane AU, , = 0 = 1 V-block deltaUout. JIBycropoHHEEe H3MEHEHHE CONPOTHBICHUS
TEeH304aTuuKOB 3anaercs ot -0,5 go + 0,5 Q ¢ marom 0,1 Q -6;ok deltaR u HavanbHBIE yCIOBUA

paboThel - puc. 4 - Bcero 11 3HaYeHMil: 5 MOJIOKUTENbHBIX, HOJIb U 5 OTpULIATENbHBIX. Mexay
IBYMsI COCEIHUMM LIaramMu (MHTEpBaJIOM) YCTAHOBIIEHO BbhluKciieHue 10 3HaueHui.

_/ N > p ]
o p U L
»
+ Ll
Wiath ' R =
1 o [
5
P
] 30 p| int
deltaR
» - I:I
[1x11] p| In2 P+ g
100 p{ In3  Outl » |:|

15

-C-

Puc. 4. MO)IeJ'II/IPOBaHI/Ie HOFpeIHHOCTeﬁ HEPaABCHCTBA BBIXOJHBIX Hal'lpﬂ)l(el—ll/lﬁ.

3.4. MogeaupoBanue TOrpPelIHOCTH W3-3a 3aJeP:KKH NPH TepeKJIIYeHUHU
KoMIapartopa

K monenun, moka3zannoit Ha puc. 4, ObuiM A00aBIEHBI JIOMOJHUTEIBHBIE MOIYIH, IS
ydera BIIMSHUSA MOrPEIIHOCTEeN 3a7epkKu BpeMeHu. [Ipu oOiiemM MojaenuMpoBaHUU YpaBHEHUS
npeoOpa3oBaHMsl U UCIPABICHUU HOTPELIHOCTEN M3-3a HEPABEHCTBA BBIXOJHBIX HANPSDKEHUN U
3aJIep’KeK KoMIlapaTopa M HHTerpatopa HEOOXOJHMMO COIVIaCOBBIBaTb MOJEIbHBIE BpeMeHa U
U3MEHEHUsI 3HaueHuM mnepeMeHHbIX. C y4eToM BO3MOXHOCTEH MOJIEIMPOBAHUS M BIMSHUA
pa3IM4uil BBIXOJHBIX HamnpsokeHud [1V,,, B HOBOM MOJENM 3aJaHO W3MEHEHUE 3HAYCHUH
BBIXOJTHOTO HampspkeHus: AV, B mHTepBasie -0,5 ~ + 0,5 V. JloGaBneHne MOMOJHHUTEIHLHOTO
nepuoJa 3aJep>KKU KoMIapaTopa OCYIIECTBIISIETCS IMyTeM NpeoOpa30BaHNsI OCHOBHOM YacTOTHI B
nepuof - 6mox Math Functionl - puc. 5. u nocne onepanuii npeodpasyercst 0OpaTHO B 4acTOTY -
6ok Math Function2.

3.5. MopeaupoBaHue NOrPEIHOCTH M3-32 3aJepP:KKM INPH MEpPeKJIIYeHUH
HHTerparopa

Bpewms 3aepKKu - 3TO BpEMEHHOW MHTEpPBaJ MEPEXOJHOTO MpoIecca - ty, peaiu3yroui
3aIepKKy MHTEerpupymomero Onoka. Ha pucynke 6 mokazaHo mopenupoBanue ¢Gopmyisl 6 B
MATLAB. IlepBas uyacTb ypaBHEeHUsS Mojenupyercss B Subsystem I, a BTopas u TpeThs - B
Subsystem II. [lna ompeneneHusi BIMSIHUS BXOJHBIX HAINpPSOKEHUM Ha BBIIEPKKY BPEMEHH
YCTaHABIIMBAIOTCS BXOAHbIE HanpshkeHus oT 1 10 5 mV, ¢ marom 0,1 V - G110k Vi,.
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To Workspace

r%r'?r% M

Puc. 5. MopaeupoBanue pa6oTsl npeodopa3osBareist

[lepBoe HanpsbkeHHE Voy MOJTy4aeTcs U3 MEpBOM YacTu ypaBHEHUA 6, VOun U3 BTOPOM
YaCTH ypaBHEHHS 6 U V3 U3 TPETheH YyacTu ypaBHEeHUs 6. BbIxoqHOe HanpspKeHHE HHTErpaTopa
Vout TpencTaBisieT coO0od CyMMY MTHOBEHHBIX 3HAUEHUM TpeX HaIpsHKeHHM Kak (yHKIUIO
BpeMeHH t. BusyanusupyroTcs Tpu KOMIIOHEHTa ypaBHEHUs HMHTerparopa - Vout; (Skopel); -
Vout, (Ckome2); - Vout; (Skope3) u BbIXo1HOE HAMPSHKEHHUE V gyt

I_y In1
c =
» 2 "
Out1 p—— ! Vin >
75 N P In3
1 ox | tau_outOutt » x
P In4 Lppf -
» K » ]
+
i t [ -
pf taud Out2p —
P tau »
1*10"5¢ » X
S S

pi

taul

Puc. 6. MoaeaupoBanue padoThl HHTErparopa

Jist MmonenupoBanust pabOThI MHTErparopa B mpeoOpa3oBarenie ObUIM BBEACHBI OJIOK
MathFunction3 u yctpoiictBa BeiBoa (f, f*) tq 1 (f~f *) ty. — puCyHOK 5.
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3.6. MoaenupoBanue BJIMAHUSI TMOrPelIHOCTeidl WHTerparopa W KoMmmaparopa B
cocTaBe Npeodpa3oBaTeJis.
Ha puc. 7 npeacraBieHa o0oOuieHHass rpaguka 4acTOT C YYE€TOM BIIMSHHS TpeX
HCCIIETYEeMbIX COCTABIISIOIINX.

3000

2500

2000

1500

Frequance, Hz

1000

500

Puc.7. O6061menHas rpaduka BIUsIHUSA OIINOOK BHIXOAHOMH YaCTOTHI

mf

W f*td
@ f*DT
mf*DU
M fout

Tab6umua 1. CBoanasi Tad/1una BJAMSHUSA MOTPEIHOCTel MO/IeJINPYyeMbIX YacTOT

R;i/R;3 Q

f

St

AT

frAV

Jout

fout_ lin

Yliny %

1

2

3

4

5

6

7

8

99,5/100,5

564,9718

564,1727

563,0631

559,3220

557,3334

557,3334

99,6/100,4

776,8362

775,3263

773,2321

771,8644

768,1092

762,84513

0,2561

99,7/100,3

988,7006

986,2562

982,8700

985,1412

979,0658

968,35686

0,5210

99,8/100,2

1200,5650

1196,9626

1191,9787

1198,6441

1189,6968

1173,8686

0,7701

99,9/100,1

1412,4294

1407,4461

1400,5602

1411,8644

1399,4957

1379,3803

0,9787

100,0/100,0

1624,2938

1617,7068

1608,6166

1624,2938

1607,9559

1584,8921

1,1222

100,1/99,9

1836,1582

1827,7453

1816,1498

1835,4237

1814,5711

1790,4038

1,1759

100,2/99,8

2048,0226

2037,5618

2023,1617

2044,7458

2018,8347

1995,9155

1,1152

100,3/99,7

2259,8870

2247,1567

2229,6544

2251,7514

2220,2402

2201,4273

0,9154

100,4/99,6

2471,7514

2456,5303

2435,6298

2455,9322

2418,2810

2406,939

0,5518

100,5/99,5

2683,6158

2665,6830

2641,0898

2656,7797

2612,4507

2612,4507

0

B Tabmmme 1 mokasaHbl 3HAYEHMsS] YACTOTHI C YYETOM BIMSHHS COOTBETCTBYIOIICH
MOTPEITHOCTH TI0 OTHOIIICHUIO K 0a30Bo# yacToTte f 1 BhIxoaHO# vacToTe fou mpeoOpazoBarens. B
CTOJIOIE 7 BBIUMCISIOTCS COOTBETCTBYIOLIME TOUYKH JIMHEAPU3UPYIOMIEH JUHUU foulin B kHz,
MPOXOJAIIEH MEXIy IMEePBOM W TMOCJIEIHEW TOYKAMH BBIXOJHOW YacTOTHl fou. B crosbie 8
BBIYUCIISIETCS IPUBEJCHHAS MTOTPEITHOCTh HEIMHEWHOCTH 110 hopmyiie 7.
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f;)ut - f;)ut_lin
f;)ut _ max - f;)ut _ min

[Ipu cpaBHEHMM TIONYUYEHHBIX pPE3yJIbTATOB MPOBEICHHBIX JKCIEPUMEHTOB
JI0OKa3aHO, YTO OTYET BIUSHHS OIIMOOK MPHUOIUXKAET Pe3yJbTaThl MOJACIUPOBAHUS K
(haKTUYECKH MOTYUYEHHBIM YKCIIEPUMEHTATHHBIM 3HAUYCHUSM.

BoiBOADBI
1. CMopenupoBaHbl ypaBHEHHE MPEOoOpa30oBaHUs, TMOTPEIIHOCTH H3-3a HEPaBEHCTBA
BBIXOJIHBIX ~HANpsDKEHUW KOMIIapatopa MW TMOTPEIIHOCTA H3-3a 3aJCPXKKH  TIPH
MEePEKIIIOUCHUH KOMIIapaTopa U HHTErpaTopa.

2. HccnemoBaHo BIMSHHE TMOTPEITIHOCTEH HWHTErpaTtopa W KOMIIapatopa B COCTaBe

npeoOpa3oBarersi.

3. Ha ocHOBe MOTy4YeHHBIX PE3yJIbTaTOB MOACTHUPOBAHUS PACCUYMTAHBI COOTBETCTBYIOIINE

TOYKHU JTUHEAPUUPYIOIEH TUHUU U OTpeeNieHa MPUBEACHHAS MTOTPEITHOCTb.

4. IlpuBeneHHas! OTPEITHOCTh UMEET OTHOCUTENILHO OOJIBIIIME 3HAUCHHUSI, YTO yKa3bIBACT

Ha HEOOXOIUMOCTH TIIATEIHLHOTO BHIOOpPA ONIEPAIIMOHHBIX YCHIIUTENCH BO BpeMs pabOTHI.
3akJjoueHue

Hacrosimas paspaborka mo3BossieT Oojiee TOYHO OMPEACNSITh MapaMmeTphl MpH
MIPOCKTUPOBAHUU M PeATU3AlMA MHTETPUPYIONIUX U3MEPUTENIBHBIX MpeoOpa3oBareneit ¢
MIPUMEHEHHUEM B TOYHOM 3EMJICICIIUU.
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Vin = 100% (7)
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N —

3ACTOCYBAHHSI EOEKTUBHUX METO/IIB IHOOPMAIIMHNUX
TEXHOJIOTTA Y MOHITOPHUHI'Y EKOJIOTTYHOI'O CTAHY
OB’€EKTIB HABKOJIMIIHBOT'O CEPEJOBHUIIA

3as. 6i0., doxm. mexu. nayk I.B. Cyposyes, nayk. cniep. T.M. Hazapenxo
MischapoOonuii HAyK080O-HABUAILHUIL UEHMD
iHopmayittnux mexnonozii ma cucmem, m. Kuis, Yxpaina

JIist IpoBe/IeHHST MOHITOPHHTY €KOJIOTIYHOTO CTaHy 00’ €KTIB HaBKOIHUIIIHBOTO
cepenoBHIla Oyau po3poOiieH! eheKTUBHI IHCTPYMEHTAJIbHI 3aCO0H, 110 TPYHTYIOThCS
Ha MPAKTUYHUX METOAaX HU(PPOBOro oopodieHHs qanux [1].
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[le#t nokyajg MPUCBSIYEHO NPOOJIEMI 3aCTOCYBAHHS HOBHUX pO3pOOJIECHUX
METO/IIB €JIEKTPOXIMIYHOIO aHaMI3y JUIsl 30UIbLIEHHS YYTIMBOCTI Ta PO3IIMPEHHS
(GyHKLIIOHATBHUX MOXIJIMBOCTEH BU3HAUEHHS KOHIIEHTPAIll TOKCUYHUX €JIEMEHTIB
IpU TPOBEJCHHI MOHITOPUHIY €KOJIOTIYHOTO CTaHy OO0’ €KTIB HaBKOJMIIHBOTO
cepenosuia [2, 3].

CrtBopeHHst iH(MOpMAaIIAHOT TEXHOJOrl BHUMIPIOBAaHHA KOHIICHTpALii
METO/IaMH XPOHOIOTEHIIIOMETPIi 0a3y€eThCs HA BUKOPUCTAHHI METOJIB LIMPPOBOTO
oOpoOJICHHST JaHMX Ta 3aCTOCYBaHHI HOBHUX CJIEKTPOXIMIYHUX METOJIB
nocaimkenns [4,5] :

yughposi memoou

o MEePETBOPEHHS CUCTEMU KOOPJIUHAT;

o METO/I TICTOTpamMHO1 (IbTpallii;

o cnoci0 yCyHEeHHs BUIIQJAKOBUX IMITYJIbCHUX 3aBaji Ta BUKUJIIB;
o METOJ1 YaCTOTHO-4aCcOBO1 (PIIbTpaIlii;

o METOJ1 aJJallTUBHOTO 3TJ1a/I)KyBaHHS JIaHUX;

o reHepaThBHA MOJIEb 0araTOKOMIIOHEHTHOT'O CUTHAIY;
eNeKMPOXIMIUHI Memoou

o 0a30BUI METOJ IHBEPCIMHOT XPOHOTIOTEHIIIOMETPII;

o METOJ1 IMITYJIbCHOT IHBEPCIITHOT XPOHOMOTEHI[IOMETPI];

o MeToa TudepeHtiiHol IMITYIBCHOT XpPOHOTIOTEHIIIOMETPIT;
o METO/1 OKUCITIOBAIBHOI IMITYJILCHOT XPOHOIIOTEHI[IOMETPIT;
o METOJ1 XpPOHOIOHOMETPIi.

3anpononoBana I'T Mae Tpu OCHOBHI eTamnu.

I. IlepeTBOpeHHs CTPYKTYPH JAHUX.

II. MopentoBaHHS! KOMIIOHEHTIB Ta BU3HAYEHHSI Yacy 1HBEpCIi.
I11. BusHaueHHsI KOHUEHTpAI[iil XIMIYHUX €JIEMEHTIB.

Briepiiie 3anmponoHoBaHO Ta BBEACHO y MPAKTUKY AHATITUYHUX BUMIPIOBAHb
HOBI €JIEKTPOXIMIUHI METOAU JOCHIKEHHS, 110 IPYHTYIOThCS HA 3aCTOCYBaHHI
IMITYJIbCHUX TIPOIECIB 1HBEPCIi y XPOHOMOTEHIIOMETPIi, Kl JO3BOJIWIH CYTTEBO
30UTBIINTH YyTJIMBICTh BUMIPIOBAHHS KOHLEHTpAI[li TOKCHYHUX €JIEMEHTIB:

— IMITyJIbCHA 1HBepciiiHa xpoHonoteHiiomerpisa (IIXII);

— nudepeHiliiiia iMmyabcHa xpoHonoteHiomerpist (AIXI);

— OKHCJIIOBaJIbHA IMITyJIbCHA XpoHomoTeHiomepist (OIXII).

JlocBin 3actocyBaHHs 0a30BOr0 METOAY IHBEpPCIMHOT XPOHOMOTEHIIIOMETPii
MOKa3ye, IO CYTTEBO MIJABUIIUTHA YYTIMBICTH BUMIPIOBAHHS KOHUEHTPALIA LM
METOOM TPAKTUYHO HEMOKJIMBO, TOMY JJisl BUPILICHHS IIi€i 3a/1a4i 3alpOrOHOBAaHO
3aCTOCYBATH MPUHIUI IMITYJIbCHUX €JIEKTPOXIMIYHUX METO/IIB aHAII3Y.

[IpyHIIMI METONY IMIYJIBCHOI 1HBEPCIMHOI XPOHOMOTEHIIIOMETPIi MOJISIrae y
TOMY, IO MICJS €JEKTPOXIMIYHOTO KOHIIEHTPYBaHHS IMpPU BUKOHAHHI 1HBEpCii Ha
NOTOYHUN CHUTHAJ HAKIAJAlOThCAd TMPSMOKYTHI IMIYJIbCH 3 OJHOCTOPOHHIM
OPUPOCTOM aMILIITYyId. MeToa Jae 3Mory 30UIBIIMTH YYTJIMBICTH BU3HAYEHHS
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KOHIIeHTpariii enemenTiB 10 0,05 mxr/nv’. HaitGinbmuit edekT Bix 3acToCyBaHHS
METO/y — BU3HAYEHHS CIIJOBUX 3HAUYEHb KOHLIEHTpAlId TOKCUYHHUX EJIEMEHTIB:
PTYTI, CBUHIIIO, KaJMit0, Maprauio (mat. 96375, Ykpaina).

[puHimn Metoay AUEpeHIIIHOI IMITYILCHOI XPOHOIIOTEHIIIOMETPIi BIAPI3HAETHCA
THM, IO TICJIS €JIEKTPOXIMIYHOTO KOHIIEHTPYBAHHS MPU BUKOHAHHI 1HBEPCIi HA OTOUHHI
CHUTHaJI HAaKJIaJal0ThCs TIPSIMOKYTH1 IMITYJIbCH 3 JBOCTOPOHHIM IMPUPOCTOM aMIutiTyiu. Lle
J1a€ 3MOTy 30UTBIINTH dyTIBicTh 10 0,1 MKI/IM® Ta 3aCTOCOBYETHCS JUIS BU3HAUCHHS
KOHIICHTPALII €J1eMEHTIB 31 CITA0KUMH €IEKTPOXIMIYHUMH BJIACTUBOCTSAMMU: MOy, OpoMy,
ceneny, 3aiiza (mat. 107412, Ykpaina).

[IpyHIIM METOAY OKHUCIIOBAJIIBHOI IMITYJIbCHOI ~ XPOHOIOTEHI[IOMETPil
MOJIATA€ B TOMY, IO MICIS €JIEKTPOXIMIYHOTO KOHLEHTPYBaHHS MpPU BUKOHAHHI
1HBEpCil BUKOHYETHCS «IIA3aps/IKa» BUMIPIOBAJIBHOTO EJIEKTPOJY 3a PaxXyHOK
LHUKJIIYHOT 3MIHM MOTEHLIaJIIB MiICTaBKU. MeToA Aae 3MOTy 30UTBIINTH Yy TIUBICTD
BU3HAYCHHS KOHIIGHTpAIiil emeMenTiB 10 0,3 MKI/IM® Ta 3aCTOCOBYEThCS
nepeBaKHUM YHHOM 3 BUMIPIOBAIBHUM €JIEKTPOJOM Ha 30JI0Tiil OCHOBI MpHU aHami31
€JIEMEHTIB; HIKeJ0, KoOanbTy, Munl’ sky (mat. 104062, Ykpaina) .

OcHoOBHa i71es1 3aCTOCYBaHHS IMITYJIbCHUX METOIB Y XPOHOIOTEHI[IOMETPIi —
30UTBIIEHHST 4Yacy 1HBEpCli 3a paxyHOK aKTUBHOI'O BTPYYaHHS B TPOLEC
EJIEKTPONITUYHOTO OKHcIeHHA. [lin yac iMmynbCcy BiIOYBA€ThCS «IIA3APSIAKAY»
BUMIPIOBAJIBHOTO €JIEKTPOAY, TOOTO €IEKTPOI KOPOTKOUYACHO MEPEXOIUTh Y PEKUM
KOHIEHTPYBaHHS, 10 NPHUBOJUTH JO 3MEHIICHHS EJEeKTPOPYIIIHHOT CHIH
OKHUCJICHHSI Ta CIOBUIBHEHHS MpOLECY IHBEpCii, a e Ja€ 3MOry 30UIbLIUTH
Yy TJIMBICTh BUMIPIOBAaHHS KOHIIEHTPALIIM.

3arajbHa CXeMa 3aCTOCYBAaHHS IMITYJIBCHOIO PEXKHUMY I1HBEpCIi, MPU MOCTIHHUX
3HAYEHHSX NapaMeTpiB IMIYJIbCY Ta MEPIOAUYHOCTI, HaBeAeHa Ha puc. 1.

Brnepiie po3pobisieno HOBUI MeTO xporoionomempii (XI) nis po3mupeHHs
Jiana3oHy B CTOPOHY BHUMIPIOBAHHS BEJIHUKHX 3HAYEHb KOHIIEHTpALli XiMIYHHX
€JIEMEHTIB 3 3aCTOCYBAaHHSM 10H-CENEKTUBHUX EJEKTPO/IB IUIIXOM BUKOPUCTAHHS
pexXuMy TMpsMoi moJsiporpadii Ha XpOHOMOTEHLIOMETpUYHOMY mnpuiagi. Llum
METOJIOM BH3HAYAaIOTh TaKl XIMIYHI €JIEMEHTH: Kayiid, HaTpii, Kanblii, ¢Top,
aMOHIH, HITPATH 3 KOHIIEHTPAIISIMHU 110 6 10’ MKF/IIM3 (mat. 111689, Ykpaina) [6].

_— =

Puc. 1. 3aranbHa cxeMa 3aCTOCYBAHHA iMITYJIbCHOIO PeKUMY iHBepCii:
1 — curnan iHBepcli, 2 — IMITYJIbC, i] — TPUBAIICTh MDK IMITYJIbCAMH, i7 — TPUBAIICTH IMITYJIbCY
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CyTp MeTony XpOHOIOHOMETpIi TMoJiArae y BUMIPIOBaHHI aKTHBHOCTI
(koHIEHTpallli) 10HIB 3a JOTMOMOIOK  10H-CEJIEKTHUBHOTO €JEKTPOAYy Ta
XJIOPCPIOHOTO €JIEKTPOYy 3 TMOJABIMHUM EIEKTPOJITUYHUM KIIOUEM Y PeXUMI
npsMoi noteHuiometpii. Ilim yac poOOTH 10H-CENEKTUBHHUM €JIEKTPOJ pearye Ha
MEBHUM THUII 10HY, a HOT0 MOTEHIIaJ 3aJ€KUTh BiJl BMICTY 10HIB Y po3uuHi. JIiHiliHa
3QJIEKHICTh PIZHUINl TOTECHIIATIB EJIEKTPOJHOT CHUCTEMHU BiJ aKTUBHOCTI 10HIB
€JIEMEHTY ONMUCYEThCs PiBHAHHIM HepHcTa. 3HaueHHSI KOHUEHTpaIlli BU3HAYAETHCS
3a TpaayroBaIbHUM rpadikoM abo 3a yJOCKOHAJIEHHUM CIOCOOOM Oaratopa3oBHX
100aBOK (710 1’ATH 10OABOK) CTAaHJAPTHOI'O PO3YMHY 10HIB €JIeMeHTy [7].

nsxomM npoBeneHHs Jlep:kaBHOI METPOJIOTIYHOI aTecTallii 3aTBEpKEHO
IIICTh METOJMK BUKOHAHHS BUMIPIOBaHHS KOHIEHTpalii 19 XiMIYHUX €JIEMEHTIB Y
BOJI1 Ta IPYHTaX HOBUMHU METOJAAMH JTOCHII>KEHHS

VY mpotieci AOCHIPKEHHST OTPUMaHO TaKi HAyKoBi pe3ynbTaTth. [lokazano, 1o
edeKTUBHE BUPILIECHHS I[i€1 MpoOIeMu MoTpedye, 3 0MHOTO OOKY, CTBOPEHHS HOBOi
1HpOpMaIIITHOT TeXHOJOT1T A AKICHOT OOpOOKH CIa0KUX CUTHAIIB, a 3 1HIIOIO —
PO3pOOKH YYTIMBOI KOMIT FOTEPHOT CUCTEMHU BUMIpIOBaHHs. 15l IbOro po3po0seHo
Ta JOCHIPKEHO HOBI IMIYJbCHI METOAM €JEKTPOXIMIYHOTO aHali3y B
XPOHOMOTEHUIOMETPIi, SIKI Jal0Th 3MOTY BU3HAYUTHU CJIAOBI 3HAYEHHS BMICTY
TOKCHUYHHMX €JIEMEHTIB y peajbHMX 00’€KTax Ha piBHI HaHOKOHIEHTpaliid (10 50
ppt a6o 0,05 MKr/aM’) i BU3HAYEHHS KOHIIEHTPAIiii TOKCHYHHX EIEMEHTIB MpH
MPOBEJICHHI MOHITOPUHTY €KOJIOTITYHOrO CTaHy OO0 ’€KTIB  HaBKOJHUIIHBOTO
cepenoBuiia PesynbTaTh, onep)kaHi B TMpPOIECl JOCIIPKEHHS, CBIAYaTh MPO
MEPCHEeKTUBHICTh 3aCTOCYBAaHHS HOBUX MIIXO/1B Ta MPUHLMITIB HU(PPOBOi 00poOKU
c1a0KMX 3a piBHEM CUTHAIIIB CKJIAAHOI (POPMU HA OCHOBI PO3B’sI3aHHS TaKUX 3a]1ay:
MEPETBOPEHHS CTPYKTYPH [TaHUX BUMIPIOBAHHS OaraTOKOMIIOHEHTHUX IPOIECIB,
3aCTOCYBaHHS BHYTPIIIHIX MAaTEMAaTUYHUX XapaKTePUCTUK CHUTHaJIy (TOUYOK
EeKCTpEMYMIB Ta NEPErvHIB) sl BUKOHAHHS (uIbTpamii Ta 3riajkKyBaHHS 0e3
CYTTEBUX CHOTBOpPEHb (OPMH Ta IHTErPATbHUX XapaKTEPUCTHK, MOJEITIOBAHHS
KOMITOHEHTIB JJIs MiJBUIIEHHS MOBTOPIOBAHOCTI T4 TOYHOCTI BU3HAYEHHS 3HAYEHb
KOHIICHTpAIIi}.

Po3poOneHi MeTOAMKM BHMIPIOBaHb MOXKYTh 3aCTOCOBYBAaTHCS ISt
BU3HAYEHHS KOHUEHTPALI TOKCMYHHX €JIEMEHTIB MPHU MPOBEJACHHI MOHITOPUHTY
€KOJIOTTYHOT'0 CTaHy 00’ €KTIB HAaBKOJHUIIHBOTO CEPEOBUINA Y cepax MOLIUPEHHS
Jlep>kaBHOrO ~ METpPOJIOTIYHOTO  KOHTPOJIIO  Ta  HAarsgay, B  CaHITapHO-
eMiJIeMIOJIOTITYHNX CTaHIIISIX Ta HAayKOBO-IOCHIIHUX YycTaHoBaX MiHICTEpCTBa
oxoponu 310poB’ss Ta HAH VYkpainu. A Takox y BeTepUHApHHX, arpOXIMIYHHX,
KOHTPOJBHO-TOKCHUKOJIOTTYHUX JIa00paTOpPIsiX arporpoOMHUCIOBOIO KOMIUIEKCY Ta
nabopaTopisiX IHIIUX rajgy3eH, M0 3aiiMaloThCsl BUBHAUYCHHSAM CII1IOBUX KUIBKOCTEH
XIMIYHUX Ta TOKCUYHUX E€JIEMEHTIB JJII MOHITOPUHTY OO0’ €KTIB HaBKOJMIIHBOTO
CEpEeOBUILA.
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3ACTOCYBAHHSI METOAY CKIHYEHHUX EJEMEHTIB
Y PO3PAXYHKAX HAINPYKEHO-TE®OPMOBAHOI'O CTAHY
JIOPOYKHIX OJISATIB

Acucm., kano. mexu. nayx C.M. Yposix
XapxiecbKuit HAUIOHATLHUTL ABMOMOOIILHO-00POIHCHIT YHIGEpCUmem
M. Xapxie, Ykpaina

[ndopmaniss mpo BuA MaTepialiB MIAPIB JOPOXKHBOT'O OMAATY, iX MOJIYJb
npyx)HocTi 1 koediuieHT Ilyaccona, HasBHICTh pyHHYBaHb LIAPIB JIOPOKHBOTO
OJIATY; KUIbKICTh TPIIIMH Ta X FT€OMETPUYHI MMapaMeTpH, BIAKPUBAIOTh MOKIUBOCTI
YHCEJIbHOTO MOJIEIOBaHHA HanpyxeHo-aedopmosanoro ctany (HAC) koncTpykiii
JOPOXKHBOT'O OJATY 3 TPIIMHAMH Yy TMOKPUTTI Ta IIapaXx OCHOBU 3 METOIO
BU3HAYCHHS HamNpyXeHb 1 AepopMalliid, M0 BUHUKAIOTH MiJ JI€I0 HABaHTAXEHHS
BiJl TPAHCTIIOPTHUX 3aCO01B Ta MOTOAHO-KIIMAaTHYHUX (AKTOPIB.

Pesynbratn umcenpHoro wmogzemoBaHHs HJIC  cTBOprOIOTH  OCHOBY
KUIbKICHOT OLIHKM CTaHy JOPOKHBOI'O OJSTY, Ha OCHOBI SIKOi PO3POOJISIOTH
MPOEKTH PEMOHTY, MOCUJICHHS 00 PEKOHCTPYKIIIi.

OcHoBy pospaxyHkiB HJIC m0opoXHBOTO OIATY CTBOPIOIOTH 0a30B1 PIBHSIHHS
TEOopii MPYKHOCTI, SIKI CKIaAaloThCs 3 TpboX rpym [1]. s oTpuMaHHS UX PIBHSHB
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noOIM3y JaHOI TOYKHM BHIULIETHCS CIEMCHTApHHI Mapayielienines 3 po3mipamu dx,
dy, dz 1 mepiia rpyna piBHsHb, SIKi HA3UBAIOThCS CTATHYHUMH, BU3HAYAE YMOBH
pIBHOBaru LpOro enemenra. Jlpyra rpyna — reoMeTpuyHi piBHSHHA, 110 OB’ SI3yIOTh
naedopmallii elreMeHTa 3 MepeMillieHHsIMA Horo To4ok. Tperst rpyna — piBHSHHS, IO
BUpPAXKa€ 3aJIEKHICTh MDK HANpyXKeHHAMU 1 AeopmartisiMu. OCKUTBKY B IUX PIBHIHHIX
BPAaXOBYIOThCS MEXaHIYHI BIACTHBOCTI Marepiaiy, iXx NpUHHATO Ha3UBaTU (PI3UUHUMH.
Ilo cyTi, BoHU BUpaxaroTh 3aKoH ['yka 1 MaroTh BUrJsn [1]:
a) cTaTU4H1 piBHAHHSA [1]:

AG+5=0, (1)
7€ G — BEKTOp HaINpPYXKEHb;
g — BEKTOp IHTEHCHBHOCTI 00'€MHOr0 HaBaHTa)KEHHs (HAIIPHUKIIAJ, Bara, CUia

HepIii 1 T.1.).
Matpuunnii onepatop audepeHiitoBanas Mae BUTIs [1]:

O

Ox oy 0z
A= 2 0 2 2o | )

oy ox Oz

0o 0o 2 o9 2 9

oz dy Ox

0) reomeTpuyHi piBHSAHHSA — piBHsAHHA Komi [1]:
e=A"d , €)

ne € i U — Bextopu aedopmarliii Ta mepeMilleHs;
A" — MaTpuIs, KA € TPAHCIIOHOBAHOIO MO BiHONIEHHIO 10 MaTpuli A (3);
B) (13U4HI PIBHSHHS Teopii Npy>kHOCTI [1]:
e=Co, 4

ne C— MaTpHulls NpyKHOI MAJATINBOCTI MaTepiay, npeAcTaBieHa y Burisial [1]:

1l =4 —=p 0 0 0
-u I —p O 0 0
o -p 1.0 0 0

c-| " 7* (5)
0 0 0 21+p) O 0

000 0 2(1+p) O

0 0 0 O 0 2(1+ )

PiBastHHS (5) 418t TIHIAHO-TIPYXHUX 130TPOIHUX TUT BUPAXa€ y3arajlbHEHUN
3aKkoH ['yKa 3 ypaxyBaHHSM 3B'I3Ky MK MOJIYJISIMU HPYKHOCTI IpU po3TATy ( E ),
3cyBi (G ) 1 koedinienTom Ilyaccona (u ) Buay [1]:
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6=t 6)

2(1+p)

3a ¢hopmyioro, 1m0 BUXOAUTH 3 popmyn Openens [2, 3]

I-R.
Ve = (7

JsJj+l

BU3HAYAE€ThCA /g, 1 Jall €, — JICJIEKTpUYHA NPOHUKHICTb BEPXHHOTO IIApY 1
KOCQILIEHT BITOUTTS Bi/l HHKHBOT IPAaHULI WApy y BepXHIO (R ,;);

PiBussuass  (7) nmoO3BONISIIOTH  BU3HAyaTh  jaedopmaiiii, SKIO0 BioMi
HaIpY>KEHHs 1 IpeacTaBIsIOTh 3aKoH ['yka B nipsimiit popmi. [HOI1, pu BUpilIEHH]
MPaKTUYHUX 3aBAaHb BUHUKAE HEOOXITHICTh 3BOPOTHOI MOCTAHOBKHU 3aJadi, TOOTO
BHU3HAYCHHS HANpPYXEeHb MO BIIOMUM JiepopMarism.

V rakiil cuTyarlii He0OX1IHO BUPIIIUTHU piBHAHHSA (7) 100 Hanpyx eHb. Js
BUPIIIEHHS 1[bOTO 3aBJIaHH BUKOPUCTOBYETHCS 3aKOH ['yka y 3BopoTHii dopwmi [1]:

G=DEg (8)
ne D — maTpuis xKOpCTKOCTI MaTepiaiy, 1mo Mae BUTIs [1]:
2G+ A A A 0 0 0
A 2G+A A 0 0 0
A A 2G+A O 0 0
D = > (9)
0 0 0 G 0 0
0 0 0 0 G 0
0 0 0 0 0 G
a mapametp A — koediient Jlsme [1]:

C1-2p (-2w)-(+p)

Ockinbku piBHsSHHS (1, 3) € audepeHmiaabHUMH, TO IS 3HAXOIKCHHS
€JIMHOTO PIIICHHS 3aJ]1a4l Y KOXKHOMY KOHKPETHOMY BHUITQJIKY J0 CHiBBiAHOIIEHS (1,
3, 4) HeoOX1IHO noaaTH JoAaTKOBI yMoBH. Ili yac po3risay cTaTUYHUX 3a/1a4 11e
MOBUHHI OyTM YMOBHM Ha TrpaHUIMX (IpaHMYHI YMOBHM) 1 YMOBH, IO 33Jal0Th
HaBaHTaKCHHS.

JInst  BUpIIIEHHST peajbHUX TPAKTUYHUX 3aBllaHb 3aCTOCOBYIOTH METOJ
CKIHUCHHHMX €JIeMEHTIB. Imes Meromy mossirae B ampoKCUMaIlli  IIyKaHOI
Oe3nepepBHOT  (QYHKIIT 3a JOMOMOrOK KyCOYHO-Oe3nepepBHOI (QYHKI, sKa
OyIyeThCcsl Ha 3HAYCHHSX JOCHTIKYBAHOI BEJIMYMHU B KIHIIEBOMY YHCII TOYOK
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PO3MIISIHYTUX eJIeMEHTIB. KOHCTPYKIliSt pPO3IIIATAEThCA K JIesIKa CYKYMHICTh
€JIEMEHTIB, fKI 3'€THAHI y KIHIIEBIH KUIBKOCTI BY3JIOBUX TOYOK. SIKIIO BigoMmi
XapaKTEPUCTUKU (CHIBBIIHOIIEHHS MDK TEPEeMIMICHHSIMU 1 CHJIaMH) KOXHOTO
eJIeMeHTa, TO MOXXHAa OOYMCIUTU 1 JOCTIAUTH MOBEIIHKY KOHCTPYKIIII 3a 3aJaHuX
IPaHUYHUX 1 HAYIbHUX yMOBax. Y METOJl CKIHYEHHHUX €JIEMEHTIB PIMICHHS
KpalloBOi 3a7aul IIYKA€TbCS y BUTIAAI HAOOpy (QYHKIIM, sKi BU3HA4YeHI Ha
CKIHYEHHUX eJleMeHTax. Bua QyHKIIii, 110 alpOKCUMYIOTb, BU3HAYAETHCS KIIBKICTIO
TOYOK 3’€aHaHHs. Hampukian, Ko Ha ogHOMY peOpi KpiM JBOX BEPIIUH € e U
MPOMDKHUN BY30J, TO alpOKCHUMYHOYOK (YHKIIEI0 € KBaIpaTHUYHHUHA TIOJIHOM.
Takuii eneMeHT € HalOUIbIIT €PEKTUBHUM JIJIs1 PO3PAXYHKY KOHCTPYKIIT JOPOKHBOTO
oJIAATY 1 0yJie 1aji 3aCTOCOBYBATHUCSA SIK OCHOBHHIA.

OcHoBOWO (opMyBaHHSI CHUCTEMH JIHIMHUX aireOpaiuHux piBHAHL s
CTATUYHUX 3aJ1a4 € 3aK0H ['yka B y3arajabHeHid Gpopmi:

K-u=F, (11)

1€ U — BEKTOp-CTOBOEIb BY3JIOBUX 3MILIEHb €JeMeHTa; F ,F — BEKTOpP-CTOBOEIb
cuit, K — MaTpuus KOpCTKOCTI.

AnbpTepHaTUBHUHN Miaxif (10 TPU3BOJUTH 10 AHAJIOTTYHUX CUCTEM) TOJIATAE
B 3allydeHHl1 npuHuuny Jlarpanka, 3rilHO 3 SKUM Y CTaHl pIBHOBaru IOBHA
MOTEeHII1iiHa eHepris [/ cucTeMu mpUiiMae cTalioHapHe 3HAYEHHS:

oIl
ou

=0, (12)

Taxkum urHOM, MPOBEACHUIN aHaJ13 TOBOJUTD JOILIbHICTh 3aCTOCYBAHHS
METOJly CKIHUCHHHX €JIEMEHTIB 1 BIIMOBITHUX MOJEJICH IS BUPIIIICHHS 327124
ananizy HJIC koHCTpyKIIii 1OPOKHBOTO OJISTY.
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PECULIARITIES OF DISTANCE (ONLINE) EDUCATION
AT THE CLINICAL DEPARTMENTS OF MEDICAL UNIVERSITY
DURING QUARANTINE

Prof., DMedS., M.I. Shved, Prof., DMedS. Lil. P. Martynyuk,
Prof., DMedS. S.M. Heryak, Assoc.Prof., PhD Lar.P. Martynyuk,
Assoc.Prof., PhD O.A. Prokopovych
1. Horbachevsky Ternopil National Medical University,
Ternopil, Ukraine

One of the priority areas of development of modern higher education is the
development and implementation of innovative technologies in pedagogical
activities [1]. Distance learning is becoming more widespread. This problem is
especially relevant in the context of general social progress, the onset and expansion of
the era of computer science and telecommunications. The problem is further
exacerbated in the conditions of quarantine coronavirus infection, when offline contact
is significantly limited, including teachers and students. In these conditions, the distance
form of online education today makes it possible to create a system of mass lifelong
learning, general exchange of information, regardless of the existing spatial and
temporal constraints, taking into account academic integrity [2].

Distance learning is defined as a set of educational services that provide
interaction between teachers and students at different stages of learning using modern
information and communication technologies. In the process of mastering the new form
of education, a number of positive and, unfortunately, negative qualities were revealed.
In particular, the positive features of this form of education are:

- manufacturability and standardization of the educational process requires the
use in the learning process not only the latest scientific advances and discoveries,
but also information and telecommunications technologies;

- the speed of communication and stimulation of the student to self-study
through the effective implementation of feedback between teacher and student, is
an integral part of the learning process;

- access to education and social equality provide equal opportunities for
education regardless of geographical and temporal location, health and place of
residence;

- individuality and flexibility of the educational process allows the student to
independently choose a certain course, calculate the time and duration of their
classes, as well as the speed of learning the material (depending on personal
circumstances and desires).

However, with this form of training there are obvious disadvantages:

- lack of real (face-to-face contact) communication between students and
teachers, which eliminates the individual approach to teaching and education; the
emotional component in the presentation of the teacher and the student's perception
of the educational material disappears;
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- the teacher's control over the educational process deteriorates, and with low
self-discipline of the student it can lead to a significant reduction in the assimilation
of the material;

- and most importantly, especially in the teaching of clinical disciplines is the
lack of practical training necessary for the development of practical skills and better
consolidation of theoretical knowledge.

Distance education expands and renews the role of the teacher, who must
coordinate the cognitive process, constantly improve the curriculum of the course
taught, and increase their creative activity and skills in accordance with innovations
in the educational process. An important role in the process of raising the
qualification level of teachers is played by the active position of the administration
and educational department of our university, which allocated budget funding for
the creation of a new educational complex, its computer software and information
support, as well as creation of conditions for continuous teacher training,
organization of appropriate training cycles and courses. It also remains an urgent
task for teachers of the department to create a new educational and methodological
support for distance learning online, preparation of textbooks (manuals) of a new
type: in electronic form, in the form of diagnostic algorithms and medical care at
the stages of medical evacuation.

In Ukraine, this form of education has only just begun to be widely
implemented, often facing great difficulties, namely, with relatively low computer
literacy of teaching staff, accustomed to traditional forms of teaching and testing
students, and finally, computer learning requires a different organization
educational process and teaching methods, development of regulatory and legal
support for this form of education, etc.

All these remarks also applied to the organization of distance learning online
at the departments of Internal Medicine, First Emergency Medical Aid and
Emergency Medical Treatment, Obstetrics and Gynaecology. We should pay
tribute to the Rector's Office and the Department of Education of Ternopil National
Medical University, which over the past 5 years has systematically developed the
principles of distance writing, improved the material security of departments with
computer equipment and virtual curricula. Thus, during this period, all teachers of
the departments were provided with personal computers with video systems and
Internet equipment, training and testing programs (including virtual training and
control program Body Interact with emergencies in the clinic of internal medicine),
a new adequate curriculum with redistribution of topics and time for full-time and
independent study and a modified method of monitoring students' knowledge. A
training base of clinical cases has been created according to a package of
international standards for conducting classes based on Case-based learning [3].

Electronic educational and methodical materials are used in the educational
process, including on the MOODLE distance learning server. During lectures and
seminars, the possibilities of electronic audio and video communications are widely
used, which provide the possibility of direct communication between all
participants of the educational process. At the same time and tables, which, in our
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opinion, will facilitate the independent perception of the material by the student and
increase the level of its assimilation
Conclusions:

1. Distance learning does not bring anything new to the purpose and objectives of
education, changing only the means, form and methods of learning, and
identifying the advantages and disadvantages of distance learning online opens
up prospects for the development of distance education and the need to develop
new, adequate to today's conditions ways to organize and support the learning
process.

2. It is important to assess the effectiveness of distance learning is the development
of methods of monitoring the educational process and learning the material (the
final knowledge control of the student).

3. Only such a comprehensive approach to the assessment and prospects for the
widespread introduction of distance learning will determine its role and place in
the structure of the educational process at the clinical department of medical
higher education.
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METOAUKA OIIHKU TEXHIKO-EKOHOMIYHHUX ITIOKA3HUKIB
JJIA OBI'PYHTYBAHHA TEXHIYHUX PIHIEHD ITPU TPOEKTYBAHHI
CUCTEM OTPUMAHHA BTOPUHHOI'O BYTJVIEHHEBOI'O ITAJIUBA
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Ykpaina

Y pobOTH pO3rIATAETHCI METOAMKA OOIPYHTYBaHHS CHCTEM OTPHMAaHHS
BTOpUHHOTO ByrJjeneBoro nanmuea (BBII) Ha ocHOBI cTabimizamii ocagiB CTIYHHX BOJ
Ta OpPraHiYHOI YACTUHH IMOOYTOBUX BITXO/IIB.

[TutanHs oTprMaHHS BTOPMHHOTO ByrIrerieBoro namisa (BBII) Ha ocHoOBI crabumizartii
OCaJIiB CTIYHUX BOJI Ta OPTraHIiYHOI YaCTMHH MOOYTOBHX BiIXOMIIB, IO OIOPO3KIIAIAETHCS, Y
CYJaCHMX yMOBaxX OTpUMAaJl aKTyaJbHICTh Ha OCHOBI HOBITHIX TEXHOJOTIA OYMILICHHS
CTIYHMX BOJ Ta CTaOLII3allii OCcaaiB Ta KaBITAlIHHOI OOPOOKH OpraHIYHOI CMPOBHHU PI3ZHOTO
noxopkeHHs [1]. TexHomoriuHa cxema aHaepoOHOI cTadimizallii ocaay y METaHTCHKaX Maia
HENOMIKK B ToMy 1110 otpuManHs BBII Oyio ekoHoMiuHO He edekTnBHIM. OOMIBa PEXKIMU
TepMOpUTbHHI Ta Me30(MUTHbHUA MATPUMYIOTBCSI 32 PaxXyHOK BHUTpaTd TEPBUHHOTO
BYIJICIICBOT'O TTAJICBa, IpUTOMY oTpuMaHi 00’ eM BBII ckiangae omHy TpeTrHY Bil HEOOXiTHOTO
U1 TIporiecy cTaOimizarii 00’emy. 30utbmmTH 00’eM Buxomy BBII MoxmBo B paszu
Mou(iKyBaHHS ~ OIOJIOTIYHOTO  CyOCTpary, IO HAAXOAWTh JO METAHTCHKIB, Ta
KOMOIHOBaHMIMH METOZaMH Ol0JIOTTYHOTO OYHITICHHS CTIYHUX BOJ Ta YIOCKOHAJICHHS METO/IIB
yTUTI3aIii OPraHiqHOi YaCTHHH MOOYTOBHX BIAXOMIB. be3mocepenHbo 3amiHa BYIJICIICBOTO
MajicBa Ha BHUKOPHCTAHHS COHSYHUX KOJICKTOPIB IS OTPUMAHHS TApy IS TIITPUMAaHHS
00paHOTO TEMITEPAaTYpPHOTO PEXUMY pPOOOTH METAHTCHKIB Ta (pepMeHTHO-KaBiTalliiiHa
00poOKa GioMacH TIepeT 3arpy3K0r0 B CIIOPYTY MOYKYTh 3HAYHO 3MIHUTH €KOJIOTO-SKOHOMIYH1
TOKA3HUKH TEXHOJIOTTYHMX cxeM oTpuMaHHs BBII 3Mmina xoHremIii 3BepTanHs mo0yTOBHX
BIJIXOJIIB Ta IHTETPYBaHHS TEXHOJOTIYHMX CXEM TiArOTOBKH BTOPHMHHOI CHPOBHUHH B CXEMHU
MOBHOTO O10JIOTTYHOTO OYMIIIEHHS MICTKUX CTIYHHMX BOJ JO3BOJISIE BUPIIIATH TPU OCHOBHI
CKOJIO-CKOHOMIYHHX TTUTAHHS:

- BUKOPHUCTAHHS OYHUIIICHOT BOJIU IMOBTOPHO y TEXHOJOTIYHMX CXEMaX IS
PO3I1JICHHS BTOPUHHOI CHPOBUHU (ITaIlepoBOi MacH, CKJIa, IMOJIIETHIICHY, TOIIIO);

- BUKOPHUCTAHHS COHSYHUX KOJIGKTOPIB IS OTPUMaHHSA Tapu JUIs
MiATPUMAaHHS TEMIIEPaTypHOTO PEXUMY Yy METaHTeHKaxX g cTabimizallii cymimry
0Ca/IiB Ta OpraHIYHOT YaCTUHH, OI0pO3KIATAETHCS, TOOYTOBUX BIIXO/IIB;

- OTpUMaHHS  BTOPMHHOTO  BYIUVICIICBOIO  IajguBa  JId  IOTPeO
MYHIIHITAIBHOTO TOCIIOAapCTRa.

JIns oTpuMaHHS TEXHIKO-€KOHOMIYHMX TOKa3HUKIB CTaHIlii MTOBHOTO OIlOJIOTIYHOrO
OYMIIICHHS CTIYHMX BOJI, CTaOLTi3amii ocaaiB Ta KOMIUICKCHOTO IepepoOKH BTOPHUHHOI
CHPOBHHH TIOOYTOBHX TBEPJIUX BIIXO/IB HEOOXIIHI: TEXHOJOTIYHHIIA pO3paxyHOK CKIIAAY Ta
KUTBKOCTI CHIOPY/I,, KUTbKICTh PeareHTIB, BUTPATH €JIEKTPOCHEPTii TEXHOIOTIYHI MMOKa3HUKU
SIKOCTI OUMIIICHHS BOJTH, CTAa0LTi3a1lii 0cay Ta OPraHIYHOI YaCTHHU TTOOYTOBUX BIIXO/IIB, 1110
010pO3KIIaTAETHCSL.

Metoavka BU3HaYa€ HACTYITHI TEXHIKO-€KOHOMIYHI MOKa3HUKHU:

- OyzaiBenbHA BapTICTh CIOPYH, OyIiBedh W OCHOBHOTO Ta JOMOMIKHOTO
oOnamHaHHA 1 Oy/IiBEIb;
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- BapTIiCTh OY/iBHUIITBA,

- BUPOOHWY1 BUTPATH;

- cobiBapticTe ouncTtku CB crabimizamii ocagy Ta OpraHidHOi YacTHHH
MoOyTOBHX BiIXOIiB, 10 010PO3KIaA€THCA.

Metonuka OOIpyHTYyBaHHS TEXHIYHHMX pIllleHh NpPHU TMPOCKTYBaHHI CTaHIi
IMOBHOT'O O10JIOTTYHOIO OYHMIIEHHS CTIYHUX BOJM, cTaOuIi3aLii ocagiB Ta KOMIUIEKCHOI'O
nepepoOKH BTOPUHHOI CHUPOBMHM TIOOYTOBHX TBEPAMX BIIXOJIB OCHOBaHAa Ha
PO3PaxXyHOK TEXHIKO-€KOHOMIYHUX TOKA3HUKIB OyAiBenbHOI (OamaHCOBOi BapTOCTI);
BUPOOHMYMX BHUTPAT Ha EKCIUTyaTallil0 OYHCHOI CTaHIlii; COOIBapTICTh OYUCTKH
CTIYHUX BOJ cTabumizamii ocamy Ta OpPraHidyHOI YaCTHMHM MOOYTOBHX BIJIXOJIB, IO
010pO3KJIaJAETHCA.

BaxnuBuM mpu npoeKkTyBaHHI € BUOIpP TEXHOJIOTIYHOT CXEMH Ta CKJIaly CIIOPYI.
Bin mpaBuibHOTO BHOOPY TEXHIUHUX PIllIEHBb 3aJIEKUTH COOIBApTICTh. BUKOpHCTaHHS
HOBITHIX pPO3pO0OOK Ja€ MOXIHMBICTh BHOOPY CKJIamy CHOpPYA Ais 3a0€3MedYeHHS
HEOOX1JHOTO CTYINEHSI OYUCTKH Ta MPOAYKTUBHOCTI CTaHIlii. B BUMajKy BUKOpHUCTaHHS
JCKiTbKa BapiaHTIB TEXHOJOTIYHMX CXEeM Ta CKJIaay CIOpyd, BHOIp BapiaHTy
3MIACHIOETHCS 32 TEXHIKO-€KOHOMIYHUM TIOPIBHSIHHSM ITUX BapiaHTiB.

Jlis TIOpiBHSHHS BapiaHTIB MOKJIMBO BHKOPUCTAHHS PO3PAXyHKY YHCTOTO

JUCKOHTHOI'O T0XOLY (N PV )

NPV pusnavaerses sx cyma e(]ekTiB 3a BeCh PO3PAXyHKOBHH IEpio,
MpUBEJICHa K IIOYaTKOBOMY KpOKYy, a00 fKa NEpPEBUINYE IHTETpajbHI pe3yJbTaTH
TISTBHOCTI IHBECTHUIIIMHOTO MIANPHEMCTBA HAJT IHTETPaAIbHUMH BUTPATH:

T
1
NPV = ) (Rt~ Zt)- e K
t=0 (1)

ne R, — pesynbratu (I1 — mpulyToK), HA t —M KPOKY pO3paxyHKy; Z; — BUTPATH, HA t —M
KpoKy po3paxyHKy (C — coGiBapTicTh a60 BUpoOHUYi BUTpaTH); E — HOpMa AUCKOHTY

(koedimieHT eeKTUBHOCTI KaIliTaJOBKIIaIeHb); T — TOPU30HT PO3paxyHKY, JOPIBHIOE
HOMEPY KPOKY PO3paxyHKY, Ha SKOMY MTPOBOIUTKLCS JiKBiAamis mpoekty; K — cyma

JUCKOHTOBaAHUX KaHiTaJ'IOBKJ'IaI[eHB:
T

KZZ K[ 1/(14+E)'] (2)
t=0

BiamoBimHo METOMWKHM OOIPYHTYBaHHS TEXHIYHHUX PIIICHh TPUOYTKOM IS
CHUCTEM BOJIOBIIBEJICHHS € HapaxyBaHHS OaHKIBCHKOIO BiJICOTKa Ha KOIITH
amopTu3amiiiHoro GoHAy, a Takoxk (QopMaibHMA TPUOYTOK Ha  PI3HMIII
KamiTaJlOBKIAACHbh y OYIIBHUIITBO Ta 3amOODKHMN 30MTOK BOJAHOMY OO’€KTYy Ta
OTpUMaHHS BTOPUHHOTO BYTJICIIEBOTO MAJTNBA.

Metonuka OOIpyHTYBaHHS TEXHIYHHMX PIlI€Hb CTAHIlI MOBHOTO Oi0JIOTIYHOTO
OYHMIIIEHHS CTIYHMX BOJ, cTabimi3allii ocajiB Ta KOMILUIEKCHOTO MEPepOOKH BTOPHHHOI
CUPOBHHM TMOOYTOBUX TBEPANX BIAXOMIB MOXXE BHUKOPHCTOBATHCS KYpCOBOMY
MPOEKTYBaHHI Ta KaamiikamiiHoi poOOTI MaricTpa MpH peaiizallii OCBITHBO-
npodeciiiHoi nmporpamu «BogomocTadaHHs Ta BOAOBIABEICHHS» CHEIiadIbHOCTI 192
ByniBHHIITBO Ta ITMBIIbHA THXXCHEPIS.
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IMPOLECHUM ITIIXIT
10 ®OPMYBAHHS KAJIPOBOI'O HOTEHIIAJTY HNIAIIPUEMCTBA

loy., kano. exon. nayx T.B. Anvowuna
Hauyionanvna memanypeiiina akademia Yxkpainu, m. /[ninpo, Ykpaina

KBamidikoBaHi Kaapu € HEB €MHOIO YaCTMHOIO Ta OJHMM 3 KIIFOUOBHX
(bakTopiB pO3BUTKY OYIb-SKOr0 MiANpUEMCTBA. Bia nmpaBMiIbHOCTI MiIOOPY NEpCoOHATY
Ha KOXXHOMY €Tarll Ta piBHS Horo kpaidikaiii 3ajexaTh MEePCHeKTHUBU PO3BUTKY,
KOHKYPEHTOCIPOMOXHICTh Ta MPUOYTKOBICTh Cy4aCHHUX MIATPHUEMCTBA.

Tomy cywyacHi TeHIEHIIi PO3BUTKY E€KOHOMIKM BHUMAararoTh Bl KEpPIBHHKIB
MJAMPUEMCTB KapAMHAJIBHUX 3MIH Ta HOBHMX MIAXOMIB J0 (HOpMyBaHHS MEPCOHATY
MIAMPUEMCTBA, SIK (PyHIaMEHTY PO3BUTKY €KOHOMIKH JIEPIKaBU.

OcTaHHIM YacoM Ha 3MIHy TpaJuliHUM MiAxXogaM (YHKIIOHYBaHHS
MIAMPUEMCTBA TPUXOIUTH MPOLIECHO-OPIEHTOBAHUH MIAX1JT, SKUW TO3BOJISIE YIPABIATH
BCIEIO TISTBHICTIO MIATPUEMCTBA 32 JOMIOMOT'0IO TIOJIUTY OCTaHHBO1 Ha G13HEC-TIPOIIECH.

HeoOxigHo 3a3Haunth, Mmoo Tia Oi3HEC-polecoM 3a3BUYail  PO3YMIIOTh
CTPYKTYpPOBaHY IMOCIIIOBHICTh /i IO BUKOHAHHIO BIAMOBITHOIO BUAY ALSUIBHOCTI Ha
BCIX eTarax >KUTTEBOr0 LUKy MpeaMeTa AisuibHOCTI [1].

BignoBigHo no mibkHapoaHoro cranaapty ISO 9000:2000, 6i3Hec-miporiec — 11e
CYKYIHICTb PI3HUX BHIIIB JISUTHOCTI, Y PaMKax SIKOi «Ha BXOJ1» BUKOPHUCTOBYIOTHCS
OMUH 4u OuIbLIE BHJIB PECYpCiB, a B pe3yJbTaTl Ii€i AISJIBHOCTI HA «BUXOI»
CTBOPIOETHCS MPOIYKT, 1110 CTAHOBUTD I[IHHICTb JJIS CIIO’KMBaya [2].

[lpomecHnit  minxiy TmiependOadae  yIpaBliHHS — OI3HEC-TIPOIeCAaMH  IIIISIXOM
(dbopMyBaHHS AISUTHHOCTI MIAMPUEMCTBA Yepe3 BUAUIEHHS, OMUC Ta YIPABIIHHSI CUCTEMOIO
B3aEMOTIOB’SI3aHUX 1 B3a€MOJIOTIOBHIOIOUMX MPOLIECIB Ta TX PECYpCHUM CepeIoBHILEM [3].
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HeoOxignumu atpubyramu Oi3HEC-TIPOLIECY € BU3HAYEH1 «BXOIU» IPOLECY,
HasIBHICTh PECYypCIB, BUKOHABI[IB, KEPIBHUKIB Ta CIIOXKMBAYIB IPOLECY, & TAKOX
BHU3HAUYE€HI HOPMATUBHI aKTH, SKUMU OOMEXKYETbCS ISl AISUIbHICTH, 3aTBEPIKEHI
JOKYMEHTH, B SKUX OMHCAHUU Lel Mpolec Ta BU3HAYEHI BUMOTH JI0 PE3YJIbTaTiB
O13Hec-TpoIecy ab0 «BUXOIW» MPOIIECY.

OckUIbKM  TIEpCOHAJ € HEBUI'€MHOK  YaCTHHOI  SKUTTEMISIIBHOCTI
HIANPUEMCTBA, TOMY (OPMYBaHHS KaJApPOBOIO MOTEHIIANY HEOOXITHO pO3IIISAATH,
K OJIMH 3 KJIIOYOBHUX OI3HEC-MPOIIECIB MIANPUEMCTBA 3 YpaxyBaHHIM HEOOXITHUX
aTpuOyTiB Ta CTAaHIAPTIB.

[loHsaTTs KampoBUM TMOTEHIIAT € «0araTOBUMIPDHUM» TMOHSTTAM, SKE
00’ €THy€E TaKi KaTeropii K «TPYJOBUM MOTEHITIANY, «IHOJCHKUN KaiTany, «KaJapu»
Ta IHII Ta BU3HAYAETHCSA SIK CYKYMHICTh SIKICHUX 1 KUIBKICHUX XapaKTEepPUCTHUK
NEepCOoHaNy MIAIPUEMCTBA, $AKI BpPaXOBYIOTh YHUCENBHICTb, CTPYKTYpPY, CKJIaj,
ncuxo(i3uyHi Ta TBOPYO-€MOUIMHI 3A10HOCTI MPAIIBHUKIB 31HCHIOBATH CBOIO
JISUTBHICTh, 3aCTOCOBYIOYM CBOi IHTEJIEKTyallbHI, KpeaTHBHI 3A10HOCTI Ta
npodeciitHi 3HaHHA 1 KBadidiKaliiiHI HABUYKH Y CBOiM podeciifHiil AiSIbHOCTI.

EnemenTamu kapoBOro moTeHIiany MiJIpueEMCTBA €:

— KUIBKICHI MOKAa3HUKM (CKJIaJl, CTPYKTYpa MEPCOHAITY, YUCEIbHICTh 3alHATUX Ha
MIIIPUEMCTBI, CEpeHIN BIK MNpAIliBHUKIB, CEPEIHIA CTak poOOTH Ha MiANPUEMCTBI,
JMHAMIKa TUIMHHOCTI KaJpiB, cepeAHs 3apo0iTHa IuiaTa pPOOITHUKIB, (haXiBIIB,
KEpIBHUKIB, i CITIBBIIHOIIEHHS 3 BIIMOBIIHUMU BHUIUIATAMU Ha IMANPHUEMCTBAX-
KOHKypeHTax). Jl0 KUIbKICHMX MOKa3HHMKIB KaJpOBOIO MOTEHIATy TaKOX BIJHOCATH
KUTBKICTh pOOOYOro 4acy, MOXJIMBOTIO JIO BIIMpalibOBYBaHHS B HOPMAaJIbHOMY pIBHI
IHTEHCUBHOCTI Tpalil (MEX1 MOJIMBOI y4acTi MpaliBHUKa B pOOOTI);

— SKICHI XapaKTepUCTUKH TMepcoHany (CTaH 3/0pOB’s, Mpale3JaTHICTb,
piBEeHb OCBITH, TPO(dECiiiH1 3HAHHS Ta HABUYKH, PIBEHb KBamiQikallii, MpaKTHYHUMI
JOCB1Jl, KOMIETEHTHICTh, IHTEJIEKTyalbHI W TBOpYl 3410HOCTI, MpodecioHami3M,
MPOSB TPYAOBOI Ta IHHOBAIIHHOT aKTUBHOCT1);

— HasBHI Ta MOTEHIIMHI MOXKJIMBOCTI MTPAI[IBHUKIB,;

— HAsBHICTb SKICHOI CUCTEMHU YIIPABIIIHHS IEPCOHATIOM — KaJIpOBOT OMITUKH [4].

3acTocyBaHHA MPOIECHOTO0 MIAXOAY TMependadyae MoOyaoBYy MPOLECY
dbopMyBaHHS KaJpOBOr0 TMOTEHIIATYy MIANPUEMCTBA 13 3aCTOCYBaHHSIM BCiX
HeoOxinHux atpudyTiB. KapTa mpouecy npencrapieHa B Tadbmuili 1.

Taoauus 1 - Kapra npouecy «popmMyBaHHS KaJpPOBOIro MOTEHLIATY
NiANPUEMCTBA» Ha 3aCafax pPeiHKMHIPUHTY

Ne Atpulytu CyrHicts
IIPOLIECY
1. | HaiimenyBanus | ®opmMyBaHHS KaJpOBOro NOTEHIANy MIAIPUEMCTBA
2. | Mera [ToerammHe  CTBOpPEHHsSI  SIKICHOTO  KaJpOBOTO  MOTEHIay
MPAIiBHUKIB IMIIIMTPUEMCTBA HEOOX1THOI KUTBKOCTI
3. | Pecypcu [IpamiBHUKH MANPUEMCTBA, IO 3HAXOIATHCS Ha OYAb-IKOMY
erani ()OpMyBaHHS NOTEHIIATY
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IIponos:xennst Tadu. 1

Ne Hasga CyTHICTB

4. | Ctpyktypa [Tonin Ha omepariii, SIKi BIAMOBINAIOTH eTarnaM (GopMyBaHHS KagpOBOTO
MOTEHIlaly, a came: IUIJaHyBaHHS TPYAOBUX peCcypciB;miadip
KaHIUAATIB 32 KUIBKICHUMHU Ta SIKICHUMHU XapaKTepUCTHKaMU; HaOip
NepcoHaly; NMPU3HAYEHHsS Ha MOcaay; OLIHKA MpoQeciiiHMX HaBUYOK;
HaB4YaHHs a00 MIABUIIIEHHS KBaTi(iKalii; MpoCyBaHHS MO CIy»KO01

5. | Bnacauk KepiBHuil cniBpoOITHUK O PoOOTI 3 MEPCOHAIOM, KM BU3HaYae
HaIpsIMKU PO3BUTKY KaJpOBOTO MOTEHIIAly B 3aJIEKHOCTI BiJl HOTPeO
camoro MiJIIpUeEMCTBA Ta MOTEHIIAJIy MPpaI[IBHUKA.

6. KepiBauk [TocamoBa ocoba, ska BIANOBINaTbHA 3a IOTOYHE IUIAHYBAHHS 1
BEJICHHSI MpoIecy Ha0opy, MiAO0PY, OLIHKH €PEKTHBHOCTI MEPCOHATY
Ta WOT0 MOJAIBIIOTO PO3BUTKY, 3 METOIO IOCATHEHHS 3aIllJIaHOBAHUX

pe3ynbTaTiB
7. | Hopmatusu JlokymeHTarlis, sika MICTUTh 1H(OPMAILIIO0 00 X0y MPOIieCy, eTaliB
peanizailii, HOpMaTHUBH Ta MOKA3HUKH €PEKTUBHOCTI.
8. | Bxin @dopmyBaHHS 3amUTy MIOJO0 NOTpeOM Yy TMpaliBHUKaX HEOOX1IHOT
KkBamidikarli, Kl MOTEHIIAHO 3aJ0BOJBHSAIOTH KaIpPOBUM IMOTpedOaM
HIANPUEMCTBA.
9. | Buxomu [IpauiBHUKK MIANPUEMCTBA, SKI OTPUMAIM JOAATKOBY I[IHHICTbH 1 €
HEOOXIMHMMH Xoua O y ogHOoMy a0 JAEKIIbKOX MiApo3/uIax
MIANPUEMCTBA.
10. | Busnauenus [IpamiBHUKKM OIANPUEMCTBA, SIKI HPEACTABICHI Ha BHYTPIIIHBO
MOCTayaJIbHUKIB | (IpMOBOMY PHHKY Ipalll 1 BIANOBIAI0Th OTpedaM MipueMCcTBa
11. | Busnauenuns [Tigpo3auy mignpueMcTBa, K1 HOTPeOYIOTh HOBUX IPAIliBHUKIB
CIIO’KMBAYIB
13. | Ouinka SIKicHI Ta KUIBbKICH1 XapaKTepUCTUKHU MPAL[IBHUKIB, SIK1 33JI0BOJIbHAIOTh
nOoTpeOH MiIIPUEMCTBA
15 | [loxa3Huku [Toka3uuku, sKi  BiJOOpa)kaloTb  3B'I30K MDK  YHCEJBHICTIO
€(EeKTUBHOCTI MpaliBHUKIB, $KI HAOylIM HEOOXIIHMX HABUYOK 3 MIABUILIECHHIM

pe3ynbTAaTUBHOCTI MIAMPUEMCTBA.

TakuM YuHOM, 3acCTOCYBaHHS MPOLIECHOIO MiAXoay A0 (opmMyBaHHS
KaJIpOBOT0 TMOTEHLIay 3a0e3MeYuTh BHCOKY PEe3YIbTATHUBHICTh 3aBISKH IMOJLTY
OCTaHHBOI'O Ha MIANPOIECH, KOHTPOJIIO 3 OOKY BIIACHUKA Ta KEPIBHUKA MPOILIECY Ta
3 ypaxyBaHHSIM HOPMATHBIB MPOLECY Ta MOTpeOd MOTEHIINHUX CHOXHBAYiB Ha
KOXXHOMY eTari (opMyBaHHS KaJpOBOI0 MOTEHIIANy MiAPUEMCTBA.

TIlocunanunsa

1. Penun B.B. busnec-npoueccel KOMIIAHUU: IIOCTPOCHUE, aHajm3,
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2. 1SO. The ISO 9000:2000 guidance modules — Guidance on the Terminology
used in ISO 9001:2000 [Enextpon. pecypc]. — Pexum nocrymy:
http://www.iso.org/.

3. Enudepor B.I'. busnec-mpomneccel: Permamentanus u ynpabienue / B. T.
Emudepos, B.B. Penun. — M.: UHOPA-M, 2013. - 319 c.
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CYYACHI METOJIH YIIPABJIIHHSA
(HA TPUKJIALI TOB «IHTEPITAUII HIKO TBIOb»)

Cm. euknaoau B.1. I'yyanosa
Hauyionanvna memanypeiiina akademia Yxkpainu, m. /[ninpo, Ykpaina

HeoOxigHiCTh 3amydeHHs MpaliBHUKIB 10 YMPaBIiHHS MiINPHEMCTBOM Halya
B CydYaCHHM TMepioJ OCOOIMBOTO 3HAuUeHHSA. Y4YacTh MpPAIiBHUKIB B YIpaBIiHHI
MiAMPUEMCTBOM CHpPABJISIE 3HAYHUN BIUIMB HA iX TMOBEIIHKY B MPOIECI BUKOHAHHS
TPYIOBUX O0O0OB’sI3KiB. BuHWKae HEOOXimHICT, OamaHCcy IHTEpeciB SK HalMaHHUX
MpaIiBHUKIB, TaK 1 poOoToaaBIiB. [lepini oTpUMYIOTh MOKIIMBICTh 33JJ0BOJILHUTH CBOT
COIIIaTbHO-€KOHOMIYHI MOTpeOu, a Apyri MOXYTh MIABUIIUTH €(QEKTUBHICTH
VIPaBIIHCHKUX PillleHb, Kpallle BUKOPUCTATH HASBHUN TPYIOBUN MOTEHIliaN. Y4acTh
MpAIiBHUKIB B YIPaBIiHHI CHPHIE HATATOKCHHIO Ha IMIANPUEMCTBI ONTUMAIBHUX
MIKOCOOMCTICHUX 3B’A3KiB, 3pPOCTaHHIO MPOAYKTHUBHOCTI TIpaii, ITiABUIICHHIO
e(eKTUBHOCTI BUPOOHHUIITBA Ta KOHKYPEHTOCIIPOMOXHOCTI MiJMPHEMCTBA Y ILIOMY.
BUHMKHEHHST Takoro poay BITHOCHMH € TIPOTPECHBHUM PO3BUTKOM CTOCYHKIB
YYaCHUKIB TPYIOBOTO MPOIIECY.

[lapTcumaTuBHE YHpaBIiHHS - 1I€ OJWH 13 Cy4YaCHUX METOJ/IB MEHEIKMEHTY,
o mependavyae WOTro JeMOKpaTHU3allilo, ydacTh HaMaHUX MPaIliBHUKIB B YIIPaBIiHHI
mignpuemMctBoM  (pipmoro). Tepmin  «participative management»  JTOCTIBHO
MIEPEKIANAEThCA SIK «YMPaBIiHHA, 3aCHOBaHE Ha ydacTi». KIIlouoBe CIOBO «ydacThb»
o3Havae pi3Hi (HOpMH y4yacTi MpaIiBHUKIB B YyMNpaBIiHHI MiAMPUEMCTBOM. TepMmiH
«MAapTUCUMATISH» 3alMO3WUEHO 13 3apyODKHOI Teopil 1 MpPaKTHKK YHOPaBIiHHS, BiH
O3HAYa€ 3aIy4CHHS HaWMaHUX MPAIiBHUKIB 10 MPUUHATTS YNPaBIIHCHKUX PIIICHb.
HaiiBaxyuBimia o3HaKa SBHINA MapTUCUIATII B YIpaBIiHHI OpraHi3aliclo - IIe
MapTHEPCHKI BITHOCHHU TMPAIliBHUKIB MIXK COOOFO Ta 3 KEPIBHUIITBOM.

[TapTrcunarist B »OIHOMY pa3i HE MPUMEHIIYE POJi, MpaB 1 BiIMOBIAIHHOCTI
KepiBHUKIB. B OCHOBI iX BIJIHOCHH 13 HAWMaHWMH MPAIliIBHUKAMU JICKHUTH JICJICTyBaHHS
MOBHOBa)XCHb, BUKOPUCTAHHS TOopaaynx MpuHIUMIB. [lnesga BUeHHX, HAyKOBIIB Ta
MPAKTUKIB MIMIUIM BUCHOBKY, IO TAPTHUCUIIATUBHE YIPABIIHHA € OJHUM 3
HAWUTIEPCTIEKTUBHINIUX HAMPSAMIB Y TEOPIi Ta MPAKTHUIlI YIPABIiHHS, OCKUTLKH T03BOJISE
MOBHIIIC PO3KPUTH TBOPYHMH Ta TPYMOBHH IOTEHIlAN NPAIliBHHUKIB, IiIBUIIUTH
MOTHBAIlif0, 30UTBIIUTH TPOAYKTHUBHICTH TMpalli, MOJIMIIATA SAKICTh TPOIYKIi Ta
TPYJAOBY IUCHUIUTIHY, 3SMEHIIUTHA KOHMIIKTHICTD.

Sx 3a3Hadae CimakoBa F0.C., cmoyaTKy mMapTUCUIIATUBHE YIPABIiHHA
OB’ A3yBaJIOCS TUIBKHU 13 3alpOBaPKCHHSAM HOBHX METOIB MOTHBarlii mpari. [Iporte
HUHI HOTO PO3TISAAOTh K €)EeKTUBHUM 3aci0 BUKOPUCTAHHS MOTEHINIATY JIFOJACHKUX
pecypciB opraHizailii, HOro po3BUTKY Ta yNpaBIiHHSI HUM [4].

besnepeunoro mpoOIEMOI0 CHOTONEHHS 3alUIIAETHCS 3aCTOCYBaHHS Ha
MiAMPUEMCTBAX CTapUX METOMIB YIIPaBIiHHS, a caMe aBTOPUTAPHUX 1 HEAOMYIICHHS
TUM CaMUM TIPAIiBHUKIB 10 Y4acTi B YIPaBIiHHSI BUPOOHHUIITBOM, IO CTAE HE TUTHKU
CWIBHUM JIEMOTHBYIOUHM (HaKTOpPOM Jii POOITHHKIB, ajie i HEraTUBHO BIIJIMBAE Ha
PO3BUTOK BHPOOHHIITBA. Y IIIOJWHUA € TPUPOJHE TparHeHHS OpaTH ydacTh Y
mporecax, SKi BiIOyBalOThCS B Opradizamii 1 MmoB's3adi 3 1i JISUTBHICTIO. Y4YacTb
NpAIiBHUKIB B YIPaBIiHHI € 00 €KTUBHOIO CKJIAJO0BOIO TisIbHOCTI mignmpueMcrsa. Ii
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HE MOXXHA ITHOPYBATH, SIKIIIO CTaBUTHCSA 3a METy 3a0e3leueHHs OanaHcy iHTEpeciB
MpariBHUKIB Ta poboTonasis [1].

byno mocmimkeHo cydacHu piBeHb ydacTi IpaiiBHUKIB B ympasiinHi B TOB
«IaTrepmaiinm Hiko Tpio0O», a TakoX MPOBEACHO aHaTI3 JOIIIBHOCTI ITiIBUIICHHS
JeMOKpaTH3allii ynpapiHHS Ha TiIIPUEMCTBI.

TOB «Iatepnaiin Hiko Tero0» cremnianizyeTbcss Ha BUPOOHUIITBI OE3MIOBHHUX
TpyO 3a BITYM3HSHMUMH 1 3apyODKHMMH CTaHAapTamMu JUis HadTomepepoOHOT,
Ha(dTOXIMIUHOI, aBialliiHOT Ta CyTHOOYAIBHOT MPOMHUCIOBOCTI, MAaIlIMHOOYIyBaHHS Ta
npuiago0yayBaHHs, Ha(TOTa30BOi Ta EHEPreTMYHOI ramy3i Ta TpyO 3arajibHOTO
MPU3HAYCHHS, 1[0 3aCTOCOBYIOTHCS B 1HIIIHUX TaTy35SX MPOMHUCIOBOCTI.

Ha Bcix miampuemMcTBax, $Ki BHUKOPHUCTOBYIOTh HaWMaHy TIpaIffo, MK
BJIaCHUKOM a00 YMOBHOBR)XCHHMM HHM OpPraHOM 1 TPYJOBUM KOJIEKTHBOM a0o
VIOBHOBOKEHUM HHUM OpPraHOM VKJIAJA€ThCsl KOJEKTHBHHHN  JIOTOBIp, SIKUM
PETYNIOI0THCS BUPOOHWY1, TPYIOBI Ta COIIAJIbHI BITHOCHHHU TPYJIOBOTO KOJEKTHUBY 3
aJMIHICTpalli€l0 MiAMPUEMCTBA. TUM CaMUM IiJKPECIIOEThCA POJb MPAIliBHUKIB B
VIOpaBIiHHI 1 BCTAaHOBIIOIOTHCS 3000B’s3aHHS BIACHUKA 3BaXKaTH Ha MOTpedu
TPYJIOBOTO KOJICKTHBY Ta MPUCITYXATHUCS 10 HOTO TyMKH.

JlomaTkoBa TpaBOBa OCHOBA Ta MOBHOBAYKEHHS MpAIliBHUKIB IIOJAO y4YacTi B
VOpaBIiHHI MOXYTh 3aKpIIUTIOBATUCA CTAaTyTOM a00 IHIIUMH yCTaHOBYUMU
JOKYMEHTaMH TMIIMPUEMCTBA Ta KOJEKTHBHUM JOTOBOPOM MIDK BIACHUKOM Ta
TPYJIOBHM KOJICKTHBOM. 3rigHO 31 cT. 245 Komekcy 3akoHiB mpo mpaifio YKpainu (mami
- K3nllY) npaniBHuky MaroTh TpaBo OpaTH y4acTh B YIPABIIHHI MiAMPHEMCTBAMH,
yCTaHOBAaMH, OpraHi3aimisiMd 4Yepe3 3araibHi 300pu (KoH]epeHIii), paau TpyAOBHX
KOJICKTHBIB, Mpo(eciiiHi CIIKH, SKi MiI0Th y TPYAOBHUX KOJEKTHUBAX, IHIII OpraHH,
YIOBHOBAKEHI TPYJIOBUM KOJIEKTUBOM Ha MPEICTABHUILITBO [2].

s Toro, MO0 BHU3HAYUTH TOHATTS Y4YacTi NpAIiBHUKIB B YIpaBIiHHI,
HEOOX1IHO 3’sICyBaTH KOJIO MHUTaHb, JO OOrOBOPEHHS 1 BUPIMICHHS SKHUX, 32 YHHHUM
3aKOHOJABCTBOM, 3aJy4alOThCs TMPAIIBHUKUA Ta iX MPEICTAaBHUKH, TOOTO BU3HAYUTHU
00CSAT TOHATTS «y4acTh MpPAI[iBHUKIB B YIpaBIiHHI miANpueMcTBOMY. Komo muTaHs,
70 SKHUX MOXYTb, a B JCSIKHUX BUMAJKaX MOBHHHI OyTH 3alyuyeHi MpPAIiBHUKHA Ta iX
MPEICTAaBHUKHU, MOXKE OyTU TaKHM:

- BHECCHHS TPOIIO3MININ IIOA0 IMONIMIICHHS POOOTH MiANMPUEMCTBA, a TaKOXK
[I0JI0 TIOKPAIIAHHS COLIaJbHO-KYJIBTYPHOTO 1 TOOyTOBOTO OOCIyroByBaHHs (CT. 245
K3nllY);

- 0OTOBOPEHHS 1 CXBaJICHHS KOMIUICKCHHX IIJIaHIB MOJIMIIEHHS YMOB OXOPOHU
mparli Ta CaHITapHO-03J0POBYMX 3aXOJiB 1 KOHTPOJIh BUKOHAHHS ITUX IJIaHiB (cT. 153
K3nllY);

- TIpaBWJIa BHYTPIIIHBEOTO TPYAOBOTO PO3MOPSAKY 3aTBEP/DKYIOTHCS TPYIOBUM
KOJICKTUBOM 32 MOJIaHHSIM BJIacHHUKA mianmpuemMctsa (cT. 142 K3nllY);

- pIIEHHS COIMAIPHO-CKOHOMIYHUX THUTaHb, IO CTOCYIOTHCS ISJIBHOCTI ITiJI-
MPUEMCTBA, BHUPOOJSAIOTHCS 1 MPUHUMAIOTBCS 3@ YYacTi TPYAOBOTO KOJEKTUBY
MpaIiBHUKIB Ta YIIOBHOBXECHUX HUM opraHiB (1. 9 cT. 65 ['KY);

- BUpINICHHS NHUTaHb IMOJO TOJIIMIICHHS YMOB IIpalli, JKHTTSI 1 340pOB’S,
rapanTii 000B’SI3KOBOTO MEIWYHOTO CTpaxyBaHHs MPAIliBHUKIB MIANPUEMCTBA Ta iX
ciMeH, a TaKOXK IHII MATAHHS COIliadbHOTO PO3BHTKY (1. 1 cT. 69 I'KY);
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- y4acThb y poOOTi paau akI[iOHEPHOTO TOBAapHCTBa (CHOCTEpEeXHIN pami) 3
nmpaBoM gopamdoro romocy (4. 1 cr. 55 3akony VYkpaiam «IIpo axmioHepHi
toBapuctBa» Big 17.09.2008 p. Ne 514-VYI);

- iHImI TMTaHHS TIOBHOBAaXEHb Y4YacTi TMpAIIBHUKIB B  yNpaBIiHHI
MiATPUEMCTBOM MOXYTh BCTaHOBIIIOBATUCH KOJEKTHBHUMH JOTOBOpPaMH, CTaTyTOM
MiATpUeMCTBA a00 THIIUMH YCTAHOBYMMH TOKYMEHTaMHU.

OTxe, 3aKOHOJIaBYO BU3HAHWMH 1IHTEpECAaMU MPAIIBHUKIB € BUPOOHUY1, TPYIOBI
Ta COIIAbHO-€KOHOMIYHI TIMTaHHS, $KI BHPIMIYIOTHCA OpraHaMy YIpaBIiHHS
MiAMPUEMCTBA 1 BU3HAYAIOTh 3arajlbHi MeEXi ydacTi MpalliBHUKIB B YIpaBJIiHHI.
BupoOHuYi 1HTEpecH peai3yloThCs y BHECCHHI MPOIMO3HWINN MO0 MOJIMIICHHS Ta
3MiH y poOoTi migmpueMcTBa, opradizamii mpami. TpyaoBi - y BCTaHOBJICHHI YMOB
mparli, CoIiaJbHO-KYJIbTYPHOTO i MOOYTOBOTO OOCIYyroBYyBaHHS, YMOB PEryTIOBaHHS
GoHMIB OIMJaTH Tpaili Ta BCTAHOBIEHHS MDKKBaTiQIKAIMHUX (MIDKIOCAJTOBHX)
CIIBBITHOIICHB B oruIaTi mpaili. ComialbHO - €KOHOMIYHI IHTEPECH JTal0Th MOXKJIMBICTD
mpariBHUKaM OpaTu ydacTh y (OpMYBaHHI, PO3MOILUTI i BUKOPUCTaHHI MPUOYTKY Ta
MaiHa I AMpUEMCTBA (SKIIO I1e TTepeI0aueHO CTaTyTOM).

OcHoBHUMH (QYHKIIISIMH MEHEDKMEHTY €: TUIAHYBaHHs, OpraHizallisi, MOTHBAILis
Ta KOHTPOJIb.

[InanyBanHs - mouaTkoBa (QYHKISA yMOPaBIiHHSA, BOHA TMEpPEAyE IHIIUM
VIOpPaBIiHCHKUM (YHKIISIM 1 BHU3Ha4yae iX CyTHICTh. llmaHyBaHHS 3alIeXKUTh Bill
e(heKTUBHOT'O aHaJi3y 30BHIIIHHOTO CEPEAOBHINA, 00'EKTUBHOTO OI[IHFOBAHHSI BIACHHX
MO3HUIIIH, TOTPeOye CITUTbHUX 3YCHJIb Ta YYacTi BCiX CKJIAJIOBUX opradizamiii. Takox
s GQyHKIiA niepeadadae BHOIp METH, pO3POOKY IIIAXY ii JOCATHEHHS Ta MPOCYBAHHS
HuM. CyTh MapTHCHUIIATUBHOIO MEHEDKMEHTY MpHU peamizamii QyHKIil MiaHyBaHHS
BUSBIIAETHCS y TOMY IO, IPAI[IBHUKH MOXKYTh 3a7y4aTHCS 10 MPUHHATTS PillleHb, K1
0e3mocepeTHbO CTOCYIOTBCS iX MOJANBIIOT PoOOTH (TIPOEKTH IJIAHOBUX 3aBIaHb,
BUKOPHUCTaHHS pecypciB, (JOpMH OMIIATH mpaili). Y [bOMY BUIAIKY KEPIBHHUK 3aTydae
MpAIiBHUKIB 70 TMOCTAHOBKM IIUJICH, AKI WOMY HAJEKUTh [OCITaTH, BHU3HAYCHHS
3aBJiaHb, SIKi HOMY JJOBEIETHCS BUPIIIYBATH.

BaxnuBoro (yHKIIi€ero ynpaBmiHHS € QYHKIIIS OpraHizaliii, o sSBisie co000 Mporiec
CTBOPEHHSI CTPYKTYPH MiANPHEMCTBA, 110 Ja€ 3MOTY JFOASIM €(EKTUBHO MPAIFOBATH Pa30M
JUI JTOCATHCHHS CITUIbHOI MeTH. «EKoHOMIKa ydwacTi» B Oprai3amiiHId TisUTbHOCTI
MATPUEMCTBA TIPOSIBIISIETECST Y TOMY, IO TMPALIBHUKK OTPUMYIOTh MPABO CaMOCTIHHHX
pillleHb Y TaKUX acIeKTaX IsUTBHOCTI: BHUOIp 3ac00iB 3MIHCHEHHS TPYIOBOTO IIPOIIECY,
PSKUM POOOTH 1 BIAIMOYMHKY, 3alpOBA/PKEHHA HOBUX METOMIB poO0TH. OCHOBHUMH
dopmaMu il TIpOsIBY Ha HH30BOMY Ta CEPEIHHOMY DiBHI YIPABIIHHA €: MPOBEIACHHS
npoOJeMHUX CEeMiHapiB, CTBOPEHHS CaMOKEpOBaHUX poOoumx rpym (Opuran),
MDK(YHKITIOHATTBHUX KOMICIH, TYPTKIB KOHTPOJIIO SIKOCTI Ta iH.

MortuBatiss € QyHKIIEI0O MEHEDKMEHTY, Bil SKOi B 3HA4YHIA Mipi 3aJIeXKHUTh
MiABHINEHHS ©()eKTUBHOCTI ISUTBHOCTI yciei opraHizarii. MoTuBaIsi II¢ TOTOBHICThb
TrofIed JOKJIACTH MaKCUMATBHUX 3YCHJIb 3 METOIO JOCSTHEHHS OpraHi3allifiHuX IJIeH, 110
3yMOBJIEHA 3JATHICTIO IIMX 3YCHJIb 3aJOBOJILHATH TEBHY IHIWBIAyalbHY TOTpeOy.
«ExoHOMIKA yyacTi» B CydacCHHX YMOBAaxX TrOCIIOJIApIOBaHHS 3/IMCHIOE CYTTEBUI BIUIMB Ha
MOTHBAIIIIO TEPCOHATY MiAnpueMcTBa. llo-miepiie, BBaKa€ThCs, MO MAPTHCUIIATUBHUMA
MEHE/DKMEHT, BiJIKPUBAIOYM TPAIBHUKY JOCTYN IO TPUNHATTS PIMICHHA 3 TMPHUBOIY
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MUTaHb, TOB'I3aHUX 3 HOro (PyHKIIOHYBaHHSM B OpraHizallii, MOTHUBYE HOTO J0 KpaIioro
BUKOHAHHS CBO€1 poboTu. [lo-npyre, BaXIMBUM € T€ 110 MAPTUCUIIATHBHAN MEHEHKMEHT
HE TUIBKH CIIPHUA€ TOMY, IO TMPALIBHUK KpaIle CIPaBIIEThCS 31 CBOEIO POOOTOIO, a i
MPU3BOAUTH A0 OUIBINOI Bimmayi, OUTHIIOMY BHECKY OKPEMOTO MpAIliBHUKA B >KUTTS
oprasisariii, TOOTO BiIOYBa€TbCs OLIBII TOBHE BHUKOPUCTAHHS ITOTCHINATY JIFOJICHKUX
pecypciB opraHizariii.

VYrpaBiiHHS MiANPUEMCTBOM B3arajai HEMOXKIIMBE 0e3 KOHTpomro. KoHTpons y
MapTUCUITATUBHOMY MEHEKMEHTI mependavae 3alydeHHS 10 IbOTO MPOIeCy BCiX
BUPOOHUYO-YIPABITIHCHKUX JIAHOK, YyCiX TMpAIiBHUKIB MiANPUEMCTBA. Y4YacTb
CHiBpOOITHUKIB OpraHi3aIliii y mporeaypi KOHTpoIo e(QeKTUBHUMN 3aci0 MOTIMIIeHHS
pE3yNbTaTIB MisIBHOCTI Ha Bcix piBHAX. [Ipu 3acTOoCyBaHHI «EKOHOMIKH YydacTi»
MpaIiBHUKaM HAJA€ThCSA IMPABO KOHTPOJIO 3a SIKICTIO Ta KUIBKICTIO 3IHCHIOBAHOL
HHUMH TIpalli 1 BiIMIOBITHO BCTAHOBIIFOETHCS BIAMOBIIANBHICTD 32 KIHIIEBHI Pe3yJIbTaT.
ToOTo, 1l MapTUCUNATHBHOTO MEHEKMEHTY MOJISITaloTh B TOMY, 1100, MO-TIepIIIe,
TOCSTTH TIABUINEHHS PpIBHSA 3aJ0BOJICHHS TMPAIIBHUKIB CBOEIO ISJIBHICTIO B
oprasizariii, a mo-apyre, 3abe3neunTr eQeKTruBHiNIe QYHKIIOHYBAaHHS BUPOOHHUIITBA.

Omxe, BpaxoByIOUH CHEHU(IKYy AAHOTO TIANPUEMCTBA TMAPTUCUIIATUBHUI
MEHE/DKMEHT TYT HeOoOXiTHO BHKOpHCTaTh. Ha miampuemMcTBI MPUCYTHS BHUCOKA YacTKa
TBOPYMX, MPALLOBUTUX, CTAPAHHUX TMPAIIBHUKIB, a TAKOK MO)XHAa BUBYATH MO>KJIMBICTh
JIOT1YHOTO 3B'I3KY MK CaMOBPSAyBaHHSM 1 MOTHBAIl€IO TpaliBHUKA. [lapTrcunatuBHmiA
MEHEDKMEHT MOXe OyTH peali3oBaHUi Y HACTYITHUX HalpsIMKax:

- MPAIiBHUKA OJIEPKYIOTh TMPAaBO CAMOCTIMHO MPUHUMATH PIIICHHS 010
TOTO, SIK iM 3[IICHIOBATH TPYAOBY AISUTHHICTH 3 BUKOHAHHS MJIAHOBOTO 3aBJIaHHS;

- Oe3mocepeHiil KEepiBHUK 3alydae iX A0 NPUUAHATTSA pIlIeHb 13 TUTaHb
BUPOOHMUIITBA;

- TIpaliBHUKAM HAJA€ThCS MPABO OMEPaliiHOTO KOHTPOIIO SKOCTI MPOAYKIIII,
YCTaHOBJIIOETHCS 0coOrcTa ab0 TpynoBa BiAMOBIAAIBHICTD 32 KIHIIEBUN PE3YiIbTaT;

- TpamiBHUKA OepyTh OCOOWCTY U TpYNOBY YydYacTh B iHHOBAIlilHIH,
BHHAX1THHUIIBKIH 1 paIlioHaIi3aTOPChKIN MISUTBHOCTI 3 PI3SHUMH CITOCOOaMH BUHATOPOIN
3a BIPOBAKCHHS 1HHOBAIIIH;

- BHUpPOOHWYI W (YHKIIOHAIBbHI MIAPO3IIIN CTBOPIOIOTHCA 3 ypaxyBaHHSIM
nobakaHb MpalliBHUKIB. [[uM gocaraeThcss MOXKIIMBICTh TIEPETBOPEHHS HEGHOPMATEHUX
rpyn Ha popMabHi MiapO3IiLTH.

Koomnepariiss i mo4yTTs CHITBHOCTI IHTEpPECIB aAMIHICTpalii 1 MpaliBHUKIB
KUTTEBO HEOOX1IHI 715 30epeKeHHSI KOHKYPEHTHUX TO3UIlIN MiAMPUEMCTBA B YMOBaX
IHHOBAIIMHUX TEXHOJOTIN 1 BUMOT pUHKY. ToMy 3aimydeHHs MpalliBHUKIB 10 y4acTi y
mpolieci MIaHyBaHHs, OpraHi3ailii, MOTHUBAIIil Ta KOHTPOJIO € 000B’A3KOBUM aCTIIEKTOM
e(heKTUBHOI JTIsITBHOCTI IAMPUEMCTBA.

Bucnoeku

1. TlpaBo mpaliBHUKIB Ha Yy4acThb B YMPaBIiHHI MiAIPUEMCTBOM — II€
HOPMAaTHBHO BU3HauYeHa, Cy0 €KTHMBHA MOXJIMBICTH MpalliBHUKIB Oe3mocepeHbo abo
yepe3 CBOIX TMPEJICTAaBHUKIB BIUIMBATH Ha MiSUTHHICTH MIANPHEMCTBA B MEXKax,
BHU3HAYCHHUX 3aKOHOJABCTBOM, JIOKAJTbHUMU Ta 1HAUBIAyaTbHUMHU aKTAMHU.

2. IapTucunaTBHE YMPABIIHHSA CTAJI0 OJHUM i3 CY4aCHHX €(EKTHBHHUX METO/IIB
MEHE/DKMEHTY, IO Tependadae IeMOKpaTH3allilo, ydacTh HaMaHMX TIPAI[iBHUKIB B

313



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

YIIpaBIIiHHI BUPOOHUIITBOM, €(PEKTUBHUM 3aCO00M BUKOPUCTAHHS MOTEHINIATY JIFOJCHKIX
pecypciB oprasizaiiii Ta po3BHTKY MiIpUEMCTBA. BUKOpHUCTaHHS 1/1ei TapTUCUTIATUBHOTO
VIIPaBIiHHA [1a€ MEHEKepaM KoY 10 MoOyaoBH e(EeKTHBHOI CHUCTEMH MOTHBAI]
MPaIliBHUKIB BUPOOHIYOTO i IPUEMCTBA.

3. 3 MeTor TMiABHWINCHHS 3aIliKaBICEHOCTI pOOITHHKIB y peami3alii
OpraHi3aiiiHO-yMpaBIiHCAKUX PIIICHh 3alpOTNOHOBAHO PSJA  HAMpSAMKIB,  sKi
CTUMYJIFOBATUMYTh TMPAIliBHUKIB 0 e(QEKTHBHOI TIpalli, a TaKOoX MOJIIIIAaTh
B3a€MOBIIHOCHHU Y TPYJIOBOMY KOJIEKTHBI 1 CHOPHITHMYTH MOJAIBIIOMY PO3BUTKY
JeMOKpAaTU3allii ynpapiHHA Ha T IIPUEMCTBI.
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BUXOBAHHSA MIDKHAIIIOHAJIBHOI TOJIEPAHTHOCTI
B IIUKJII T'YMAHITAPHUX JJUCLUILJIIH Y BH3 CYYACHOI YKPATHA

Joy., kano. icm. nayk O.A. Ky3ueyos
Hauyionanvna memanypeiiina akademia Yxkpainu, m. /[ninpo, Ykpaina

Beryn nmroacTBa B CTaalio mepexoAy Bil 1HIYCTPiaJIbHOTO CYCHUIBCTBA O
1HpOpPMAIIITHOTO PI3KO MIJBUIIYE POJIb TYXOBHOIO YMHHMKA, 110 BKIIOYA€E HAYKY,
OCBITY 1 KyabTypy. JyxoBHa cdepa, Oyayuu sIApOM COLIATBLHOTO TE€HOTHUITY
JIIOJICTBA, Ma€ BUpIIIAIbHE 3HAYECHHS B HOTO PYCl HUISXOM MOAAJBLIOTO MPOTPECY.
VY Oynab-Kiil coLiabHO-€KOHOMIUHIM CUCTEMI, Y TOMY YHUCIi 1 B YKpaiHi, BayKJIUBE
3HAUEHHS Mae€ SKICTb OCBITH, sfKa He Moxe (opmyBaTucs cruxiiiHo. Ilpu
YNPaBJliHHI SKICTIO OCBITH BaKJIMBUM YHHHUKOM BHUCTYIIa€ BUXOBHUH MpPOLIEC.

Ha cywyacHoOMy erami B CycnuibCTBI BiIOYBalOThCA PIi3HI  COIialbHI
MPOTUPIYYSA, AJI BUPIMICHHS KX HEOOX1THO 3HAUTHU LMUISIXH MUPHOI MDKETHIYHOT,
MDKKOH(ECIMHOT 1 MDKKYJIbTYpHOI B3aemopii. i BupilleHHs cUTyalli, Mo
cknanacs, me B 1995 poui FOHECKO Oyna npuitasaTta "Jlexknapalis NpUHLINIIB
TOJIEpaHTHOCT1", sika Oyja CIpsMOBaHA Ha 3aTBEPKCHHsSI OCHOB TOJIEPAHTHOCTI B
CYCHUILCTBI, MOBAry Mpas JIIOJUHA 1 OCHOBHUX CBOOO JIJIsl YCiX O€3 BIAMIHHOCTI 3a
O3HAKOI0 PacH, MiJJIOTH, MOBH, HAIlIOHAIbHOI MPUHAIEKHOCTI, peiirii adbo crany
3I0pOB'sl, 1 OOpPOTHOM 3 MpOsSIBAMHU IHTOJEPAHTHOCTI. 3 TOro yacy jara 16
JucTomnaja mporosyoieHa MikHapoJHUM JHEM TosiepaHTHocTi [1, ¢.131-137].
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3apnsku 3ycusuisim FOHECKO, B octanHI JECATUIITTS MOHATTS «TOJEPAHTHICTHY
CTaJI0 MDKHAPOJIHUM TEPMIHOM, HANBAXIIMBIIIUM KIIFOYOBUM CJIOBOM Yy MPOOIEMaTHII
cBiry. BoHa HamoBHeHa CBOIM OCOOJMBHM 3MICTOM, 3aCHOBAaHMM Ha 3arajbHIN
MOYaTKOBOI CYT1 IAHOT'O MOHSATTS B OY/Ib-IK1i MOBI 3€MUII.

IMocranoBka mpoOjemu. B VYkpaiHi nuTaHHS TOJIEPAHTHOCTI HEPO3PUBHO
MOB'I3aHE 31 BCTAHOBJICHHSAM JEp’KaBH, AK€ IPYHTYETbCS Ha MHPHIM B3aeMonii, i
BiIBEpTaHHS KOHMJIKTIB B TOJITHYHIN, COLIaNbHIN, MICHUIBKIA 1 pemiriiHii
chepax. TonepaHTHICTh MOBHONPABHO BBAXKAETHCS OJHUM 3 MOXJIMBUX HUISXIB
MOJIONaHHS COIIaIbHOI HAMNPYKEHOCT1 1 MPOSBIB HETEPIUMOCTI, KA € OJIHIEI0 3
HaHOUIBIINUX TI00aJBbHUX MPOOJEM Cy4yacHOTo CBITY. [l BUpIIIEHHS BKa3aHUX
npo0sIeM CiIii BUXOBYBATH TOJEPAHTHICTh TPOMAJISIH, OCKUIBKU HA CbOTOJIHI KOKHA
JIOJIMHA YCBIAOMIIIOE, LI0 B3a€EMOPO3YMIHHIO, TPYHTOBAHOMY Ha B3a€MOJIi 1
B3a€MOIPOHUKHEHHI KYJIBTYp y OararoHalioHaldbHIN JaepxkaBi, HEOOXITHO YUUTH.
CycniibCTBO pO3yMie€, 110 IS MIATPUMKHU CBITY HEOOXIHO MPOSBISATH JIOSIIBHICTh
M0 BIJHOIICHHIO /0 JIOJICH 3 IHIIUMH I[HHOCTAMH 1 Tpanuiisimu. OcoOiuBe
3HAYEHHS MPU BUXOBAHHI TOJEPAHTHOCTI BIIBOJIUTHCS OCBITI.

AKTyaJIbHICTh npoﬁ.ﬂeMu. Curyanisi, sika CKJIaJaeTbcs B OCBITHIN cdepi
VYkpaiHu, TakoX akTyalizye MOTITK HUISAXIB JIJISt BI/Ipll_HeHHH np06neM1/1 nposiBYy
HeTepHI/IMOCTl B CY4YaCHOMY CYCHUIbCTBI. Y NeAarorivxii Haym 1 HpaKTHqu
JISUTBHOCT1 BY31B 'y MpoOJIeMU BUXOBAaHHS TOJIEPAHTHOCTI CTYIEHTIB MEJAaroriyHux
BY31B 0COOJIMBO aKTyasbHI Ha Cy4aCHOMY €Talll, ajie, Ha JKaJjib, I1¢ IOPIBHIHO HOBA 1
HE JIOCUTh JOCHIKeHa TeMa. BuUxXoasuu iX BUIIECKAa3aHOTO, aKTYaJbHICTh I[bOTO
JTOCHIDKEHHST O0OYMOBJIEHA HACTYNMHUMH (DAaKTaMU: CY4aCHOMY CYCIHUIbCTBY
NOTPIOHO MIATOTOBKY BHCOKOKBaii(hiKOBaHUX (paxiBIiB, L0 MAIOTh TOJEPAHTHE
MUCJIEHHS; TPOLIEC BUXOBAHHS TOJEPAHTHOCTI CTYJEHTIB B TpOLECcl 1032
ayJIMTOPHOI POOOTH HETOCTATHHO JTOCIIIKEHUIA.

AKTyanbpHICTh MpOOJEMU BHUXOBAaHHS MDKHAIIOHAJIBHOI TOJIEPAHTHOCTI
OOYMOBIIOETBCSL HEOOXITHICTIO YTBEP/PKEHHS MDKHAIIOHAJIBHOI 371aroJu B
MOJIIETHIYHIN 3a CKJIaIOM HaCeJIEeHHS YKPAaTHChKOI JepKaBl.

AHaJi3 OCTaHHIX JocjilzkeHb i myOgaikaumii. Y mnenaroriyHidi Haymi 3a
OCTaHHI POKHM MOCHUJIMIIAcs yBara A0 NpoOJeMHu TOJIEPaHTHOCTI, 110 0araTo B YoMy
noB's3aHe 3 GOpMyBaHHAM KyJIbTYpPH CBITY 1 HEHacWJIbCTBa. TeopeTHUHUN aHami3
NeJaroriyHoi JiTepaTypu MOKa3as, 1110 BUXOBAHHS TOJEPAHTHOCTI PO3IIISIAETHCS B
JOCIIJDKEHHSIX ~ HacTynmHMX ydeHux: AcmonoB A.[2], Maxkcumoa K.[3],
Imenko 1O.[4], T'epmyncekuit b.[5], Paxmanin B.[7], Cronspenko O. [8],
KynzieBa H. [9]. Ha cydacHoMy eTami BifOyBaeTbCcsl BUBYEHHS! €TUMOJIOT1] MOHATH
"TosiepaHTHICTR" 1 "TepnumicTh". ToJIepaHTHICTD PO3TISAAETHCS SIK MPOSIB HUZBKOT
COITIATbHO-TICUXOJIOTTYHOT YYTJIMBOCTI 0coOU 70 "iHIIOCTI", axX A0 Oalmay>KOCTi,
TEPHIUMOCTI, 10 HE MICTUTh MUJIOCEPAs 1 CHIBUYTTS. 3TIAHO 3 IIEI0 TYMKOIO,
TOJIEPAHTHICTh € BTPATOIO HAILIOHAJIBHO1 KyJIbTYPHOI IHAUBIAYansHOCTI [10].

B VkpaiHi, A¢ HalioHaJbHI MEHIIIMHUA CTAHOBIISITH Maibke 22 BIICOTKU 3arajbHOi
KUIBKOCTI ~HAaceleHHS KpaiHW, HaA3BUYaHO BAXIMBY pojib Yy 3a0e3neyeHHi
MDKHAITIOHAJIGHOT 3/1arofy BIJIrpac BHXOBAHHS MDKHAIIIOHAJIBLHOI TOJIEPAHTHOCTI B
MOJIOIDKHOMY cepezioBuiil. Y Jlekmapariii mpaB HaIllOHAJIBHOCTEH YKpaiHH BKa3yeThCs,
110 "Ha TepuTOopii YKpaiHu MpoKHUBaIOTh rpoMaisiay noHa 100 HartioHaTbHOCTEH "
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Ha wHam mnormsia, TyMaHITapHUE IUKI  HAaBYAIBHUX JAUCIHUIUIIH, SKUN
BUKJIAJIA€TBCA Yy BYy3l, 3aiiMae MpOBIJHE MICIE Yy CIOpaBl BHUXOBaHHSA
MDKHAI[IOHAJIBHOT TOJIEPAHTHOCTI B MOJIOAKHOMY CEpPEIOBUII. 3aHATTS 3 icTOpii
VYkpaiau, ¢dinocodii, MOJITONOTIT BIIIrpaloTh HAWBAXIIMBIIIY pPOJIb B IBOMY
MpOIIeCi, OCKUIBKHA caMe Il HayKH BUCBITJIIOIOTH ICTOTHI 1CTOpHYHI, (h1I0COPCHKO-
€TUYH1 COIIAJIbHO-TIOMITUYHI MMIBAJIMHU 3a3HAYCHOTO HAMNPSIMKY BUXOBaHHSA —
JIOCBIJ] CMIBICHYBaHHS PI3HUX €THOCIB Ta HAPOJiB B perioHax YKpaiHu, 1 3a YMOBH
MaKCHUMaJIbHO1 00 ’€KTUBHOCTI 3/1aTHAa BHU3HAYAJbHUM YHWHOM HEUTpalizyroue
BIUIMHYTH Ha PI3HOMAHITHI COIIOKYJbTYPHI Ta 1€HHO-TIOJITUYHI YHHHHKH, SKI,
CIEKYJIIOI0YM Ha HENPOCTUX CTOPIHKAaX ICTOpii MiXKHAIIOHAJbHUX B3aEMUH B
VYkpaidi, NepemKoKaloTh YTBOPEHHIO MDKHAI[IOHAIBHOT 3J1arod B CYYacHIH
yKpaiHChKIN AepkaBl. Y 3B’A3KY 3 IUM JOCUTh JTUBHHUM, MPUCTYITHO HE3PO3YMLIUM
BUTJISIIAIOTh apryMEHTaIlli JOIUIBHOCTI CKOPOUYCHHSI BHUKJIAJAaHHS TyYMaHITapHUX
JUCHUILUIIH Y BUIIUX HABYAJIbHUX 3aKJIa1ax.

EdextuBHicTh, Hampukiaa, 3aHiaTh 3 1cTopii VYKpaiHM Yy BHUXOBaHHI
MDKHAI[IOHAIBHOT ~ TOJIPAHTHOCTI  3HAYHOK  MIPOK  3yYMOBIIFOBATHMETHCS
YTBEPXKCHHSM Y Tpoleci IiX TMPOBEACHHS BIJOMHUX 3arajbHO CBITOTJISIHUX
npuHIMITIB. MoBa iijie Hacamrepes MNpO BU3HAYAIBHUN CBITOTJSIIAHUM MIAXI1J,
3TiTHO 3 SKUM Hallid € CcaMOJOCTaTHhOIO IIIHHICTIO, a HallloHaJbHA
0araTOMaHITHICTh CBITY BHUCTYNAa€ HEOOXITHOI YMOBOIO CaMO30EpEeKECHHS 1
MOCTYNAJIBHOTO PO3BUTKY JIt0AcTBAa. CyTTEBE BUXOBHE HAIIOBHEHHS MICTUTHCS 11€s
PO BU3HAHHA HAPOJIB PIBHUMH 3a BCIMa CYTHICHUMU O3HaKamu, IIpo
HETMPUITYCTUMICTD iX MOAUTY Ha “Tipmux’ 1 “Kpamux’, TOCATHEHHS 1 BiJICTaBaHHS
SAKUX 3aJCKUTh HE B CYKYIMHOCTI MEBHMX ICTOPUYHMX OOCTaBUH, a BIJ iX
OpraHiYHMUX SKOCTEH, KOTP1 HIOMTO BUSHAYWIIM iX JOJIO Pa3 1 HA3aBXK/IH.

Buknangaroun rymaHiTapHi IUCHUIUTIHK, BaXJIMBO HAroJiomyBaTh i Ha
ICTOpUYHOMY XapakTepl MDKHAI[IOHAIBHOI BOpOXKHEYl, siKa Oyla HEeMHHYYOI B
MonepeaHl €noXH, 1 AKa MOCTYIMOBO TPAHC(HOPMYETHCS Y TPUNHSTI, IIUBUII30BaH1
dbopMH MDKHAI[IOHAIBHOIO CYNEPHULITBA Ta KOHKYpPEHIIl, W10 CHOPUSAIOThH
3arajbHOMY IMOCTYILY JIFOACTBA.

IToBHOIIIHHOMY BHWXOBaHHIO MDKHAI[IOHAJIBHOI TOJEPAHTHOCTI  CIIPHSE
aKIICHTYBaHHS yBaru CTYJEHTIB Ha MeplojaxX MHUPHOTO CHiBICHYBaHHS €THOCIB 1
Hapo/iB B YKpaiHi Ta Ha (pakTax MIKHAIIOHAJIIBHOI CIIBMpAIll Ta B3a€EMOJIOTTIOMOTH.
Jlo Takux (akTiB HAJIEKATh, HATIPUKJIIAJI, TPUBaAIA OOPOTHOA CIIOB’ IHCHKUX HAPOJIIB
MPOTH CTEMOBUX IJIEMEH, CTOPIHKHM CHUIbHOI 00poThOu mpotu Peui Ilocmonutoi
YKpaiHIliB Ta KPUMCBKUX Tarap miag 4yac BuszBonbHOi BiiHM mig mpoBoaoMm b.
XMEJBHUIIBKOTO, CIUJIbHA YKpaiHO-pociiickka 60poTh0a 3 TypedunHO MPOTITOM
XVIII cromitrsa, Bennka BiTum3nsgna BiiiHa. BaknuBe 3HaueHHS MarOTh SIBHIA
B3a€EMOINIPOHUKHEHHS KYJbTYp HapOJiB, IO IPOXKUBAIOTH B YKpaiHi, 30KpeMa
(dbakTu CIyXiHHS YKpPaiHChKOi KYJbTYpH B IIMPOKOMY CEHCI IOTO TMOHSTTS
JIOJIBMHU HEYKPATHCHKOTO, UM T 3MIIIAHOTO €THIYHOT'O MOXOI>KCHHS.

BaxnuBoio yMOBOIO BHUXOBaHHS ~MDKHAI[IOHAJIBHOT TOJIPAHTHOCTI €
00’€KTUBHE, HEYNEPEIKEHE BHCBITIECHHS BCIX CKIAJHUX, HEOJHO3HAUYHUX,
CyNepewWIMBUX CTOPIHOK ICTOPIi B3a€EMUH YKPATHCHKOTO HApOAY 3 HaIllOHAJIbHUMU
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MECHIIIMHAMH, BIAMOBa BiJl TEBHUX CTEPEOTHUIIB, I1JEOJIOTIYHUX, HABITH CYTO
MPOMAaraHAUCTCHKUX CXEM, sIK1 4aCTO CYIMPOBOKYIOTh T1 UM 1HIIT KOHIIETIIT icTOpii
MDKHAIIOHAJIBHUX B3a€EMHUH B YKpaiHi. Bimomo, mo aeski MoaiTHIHI CHIIM aKTUBHO
BUKOPUCTOBYIOTh HEMPOCTI CTOPIHKM 1CTOpii 3 TEBHOI JIE€CTPYKTHUBHOIO
MOJIITUYHOIO METOI0, aKIEHTYIOTh Ha HHUX CYCHUIbHY yBary, 10 TNEpeuIKoKae
MDKHAI1I0HATBHOMY MOPO3YMIHHIO B YKPaiHCBKOMY CYCIUTBCTBI.

3a3HauyMMO HEOJHO3HAYHICTh PO3YMIHHS TOJIEPAHTHOCTI B PI3HUX KYJIbTYypax,
sKe B OUTBIIOI0 MIPOIO 3aJIEKUTh BiJl ICTOPUYHOTO JOCBIY HapoiB. B aHrmiichKii
MOBI (B1AMOBITHO 10 OKC(HOPACHKOrO CIOBHUKA) TOJIEPAHTHICTS - 11€ “TOTOBHICTH 1
3/IaTHICTh 0€3 MPOTEeCTy CHpUMaTH OCOOHCTICTh abo0 piu”, y (GpaHIy3bKOMY —
“rioBara cBOOOJM IHIIOTO, MOr0 CHOCOOY MHCJICHHS, MOBEIIHKH, MOJITUYHUX 1
pENIriiHuX NOTJsiAIB”.

B ykpaiHCbKili MOB1 TOJIEPAHTHICTb PO3IJISIIAETbCA Y JABOX acrekTax: 1) sik
BIIHOIIEHHS 1 CIIBBIIHOCUTBCSA 31 CIIOBOM TEPIUMICTh, 2) SIK JiSUIbHICTD,
MOBE/IIHKY, 1 CIIBBIIHOCUTKLCSA 31 CJIOBOM HEHACUJILCTBO. B naHmii yac mae Belauke
3HAYCHHS YCBIIOMJIEHHS BaXXJIMBOCTI (PEHOMEHA TOJICPAaHTHOCTI JJIS CBITOBOL
cnulbHOTU. TonepaHTHICTh BUsBISE cebe SK OCOOIMBUN OpeHJ TpoMaChbKOro
PO3BUTKY, IHTEHIIS 3aTaJIbHOJIIOICBKUX THTEPECIB 1 MOTPED.

@deHOMEH  TOJEPAHTHOCTI  BJIACTMBUN  PI3HMM  HAyKOBUM  0O0NacTsX.
[legaroriuna mpoOiieMaThKa TOJEPAHTHOCTI OCOOMCTOCTI MOJSTa€E B PO3KPUTTI
croco0iB BUXOBaHHA 1IbOTO (PEHOMEHY, TaK K HOro CYTHICHI XapaKTEPUCTUKH SIK
I[IHHICHOTO CTaBJEHHS OCOOMCTOCTI JO I1HAKOBOCTI I1HIIOTO 3AaTHI MPOSBUTHUCS
JUIIE B TUHAMIYHOMY, MPOIECYabHO-/11€BOMY aCHEKTi.

Mera nenaroriki TOJEPAaHTHOCTI — 11€ BUXOBAHHS IMiIPOCTAI0YOr0 MOKOJIIHHS
HAa HEHACWIbHUIIBKIM OCHOBI B JAyCl TEpPIUMOCTI, MHPOIIOOHOCTI, CHIBMpalli,
MoBaru MpaB 1 CBOOOJ IHIIWX JIOJeH. 3amepeueHHs HACUJIbHULIBKUX METO/IB
BUPIIICHHSI  BHYTPIIIHHO-OCOOUCTICHUX, MIKOCOOUCTICHUX, MDKETHIYHUX 1
MDKKOH(pECIMHUX KOH(IIIKTIB — OJHa 13 BaXKIMBUX 3aBAaHb I€Iaroriku
TOJIEpAaHTHOCTI. BaxmuBUM 3aBAaHHSAM MENAroriKM TOJEPAHTHOCTI BU3HAETHCS
PO3BUTOK yMiHb HEHACWUJIBHO BUPINIYBAaTH KOH(IIKTH 3a JOMOMOIOI0 PO3BHUTKY
3IaTHOCTI J0 TEpIiHHS (BUTPUMKA, CAMOBIIA/IaHHS, CAMOKOHTPOJIb) Ta MPUHHATTSA
(po3yMiHHS, eMIIaTid,) Ipu B3aeMoii 3 “iHmumu” [11].

VY nmeparoriuHoMy KOHTEKCTI COLIajbHI ACMEKTH OCMHCIEHHS 1 PO3yMIHHS
(dbeHoMeHy TOJIEpPaHTHOCTI 0a3yIOThCS HA TAKUX MOJIOKEHHSX:

* CYCHUIbCTBO - CKJIaJHA CHUCTEMa, IO CaMOOPraHi3yeThCs, CTIMKICTh SIKOI
00YMOBITIOETHCSI MIKOCOOUCTICHUMU, MDKETHIYHUMH Ta THIIIUMU PI3HUMHU 3B'SI3KaAMU;

* TOJICPAHTHICTb CTAaHOBUTH OAHY 3 (PYHIAMEHTAJIbHUX OCHOB JOCSTHEHHS
COLIIAJIbHOT 371ar0JId B CYCHUIBCTBI;

*  3araJlbLHUM  METOJAOJIOTIYHUM  NPUHIMIOM  BHUBYEHHS  (eHOMEeHa
TOJIEPAHTHOCT1 MAa€ BUCTYIATU MPUHIUI TYMaHI3MY;

* KyJIbTypa BHCTYIA€ aKCIOJIOITYHOIO OCHOBOIO TOJEPaHTHOI cBimoMocTi. CydacHa
HayKa po3msgae TpoOJeMy TOJEPAaHTHOCTI B OHTOTeHE3l Yy  (itocodpchbkoMy,
TMICUXOJIOTTYHOMY, MeIaroriyHOMY Ta COLIOKYJIbTYPHOMY KOHTEKCTAX.
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®OPMYBAHHS CUCTEMHU AHTUKPU30BOI'O YIIPABJIIHHA
HIANPUEMCTBOM HA OCHOBI JIOTICTHYHOTI'O I AXOAY

Cm. suxnaoau H.JI. Onygpienko
Hauyionanvnuii ynisepcumem «3anopizvKa nojaimexHika»
M. 3anopixccsa, YKpaina

CkialHa €KOHOMIYHA CHUTYallis, 10 CTaja pe3yJbTaToM I00albHOI KPU3H,
npuunHoio sikoi € COVID-19, 6e3nocepeHbo BIUIMHYJA Ha JISUIBHICTH BCiX 0€3
BUHATKY MIANPUEMCTB. BOHM 3HaxoAsTbcss TiJ BIUIMBOM HECTaOLIBHOTO
30BHIIIHBOTO CEPEIOBUIIA, 10 MPOBOKYE BUHUKHEHHS KPHU3, a OTKE HEOOXITHUM
CTaJI0 BOPOBAKEHHSI HOBUX (hOPM Ta METO/IIB YIIPaBIIiHHS.

OCHOBHUMHU CKJIQJJOBUMH CHUCTEMH AHTUKPU30BOIO YIIPABIIHHA €: (hiHAHCOBA,
MapKEeTUHIOBa, 1HBECTHIII{HA, IHHOBAIlIiiHA, BUPOOHWYA, JIOTICTUYHA, TOILIO. 3aXOH,
METOJIM Ta IHCTPYMEHTH 3aIisIH1 JUIsl TIOAOJIAHHS KPU3U Ha IPOMUCIIOBOMY MIATIPUEMCTBI
3 BUKOPHUCTAHHSM JIOTICTUYHOTO MIAXOAY, 3aJ€XaTh B BUIY KPU3M Ta MOTPEOYyIOTh
3aIpOBAKEHHS PI3HOr0 HaOOpY 1i ckinagoBux (Tabdm. 1) [1].
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Taoauus 1 — BUKOPUCTAaHHS CKJIAJ0BUX CHCTEMH AHTUKPHU30BOI0
YHPABJiHHSA AJI1 NOJO0JAHHSA Pi3HUX BUIIB KPH3 HA IPOMUCJI0BOMY HiNIPHEMCTBI

Bun kpus Ck1a10B1 CUCTEMH aHTUKPU30BOTO YIIPABJIIHHS
1
= A z| 3 < =
2| 2 s | E 4 = | = el | s B8
o o p— [as] ! ! = T =~ M an) =) o
= = Q = E = < ~ an) e) E =~ =y
jas) < = g = = S =R = = £
Z 3 gz 8 5 | & ol & 2% E 5
o= Q o ] Q
S E | T|EE| 2| & g | FF g =
o p— 8—1 > o — .E E
Exonomiuna + | /-] + + | H- |+ |+ -+ |+
dinancoBa + | +- | + + -+ |+ ]+ +/- + | +
ComanpHa + - + + I N - -4
Indopmarriiina e o o B /T S I S B I - | +/-
raHizarfiiHo-
Opra SAIHHO + | +- |+ + A | |
yIpaBIiHChKa
BupooHuyo-
POOHH0 T e A I R R e
TEXHOJIOT1YHA
36yTy + 0 H- |+ |+ B A
IToctauanus + | +- |+ + |-+ -+ F

Ananiz Tabmuni 1 1mo3Bosisie 3pOOUTH BHCHOBOK, IO JESKI CKJIAI0Bi
3aCTOCOBYIOTBCS JUJII KOKHOTO BHUJY KpHU3M 1 MawTh cxoxuid 3mict. Lle
MOSICHIOETBCA TUM, 110 Oy/Ab-sIKa Kpu3a B MEpILy Yepry BIUIMBAE Ha (PiHAHCOBO-
€KOHOMIYHMM cTaH mianpuemctBa. [lepmnM, HaMOUIBII BUKOPUCTOBYBAHUM
THCTPYMEHTOM aHTHKPU30BOTO YIPaBIIHHSA, € CKOPOUYECHHS BUTpaT 3a BCiMa HOro
CKIagoBUMH. B  pesynapTaTi dYoro BiIOyBa€eTbCs MEPEPO3NOALT  PECypCiB,
CKOPOYYIOTHCSl 0OCSTH BUPOOHHUIITBA, MOPSAIOK 1 MACIITAa0M SKUX BU3HAYAIOTHCS
OpraHi3aliifHO-yNpaBliHCbKOIO JaHkoro. LI Aii MaloTh CympoBOIXKYBaTHCS
e(pEeKTUBHUMHU TIpOLlECAMH KOMYHIKAallii Ta NOPUUHATTS pillleHb Ha OCHOBI
noctoBipHoi iH(opmarii. OpHak, akUEHTH ISl TEBHOTO BHUAY KpU3M Ta
BUKOPUCTaHHSI HAa0Opy 1HCTPYMEHTIB aHTHUKPU30BOIO YIPABIIHHS 3aJIUIIAIOTHCS
PI3HUMH Ta € IHIUBITYATbHUMH.

[{ikaBuM € TOCBI Ta MpaKTHKa MPOMHUCTOBUX mianpueMctB Kuraro, siki, 3a
CBOEIO CYTTIO, € arpeCUBHUMHU Ta, 0€3 CYMHIBY, MOXE MEpPETBOPUTU KpHU3Y Ha
MOXJIMBICTb. OCHOBHI 3acaid pPoOOOTH MPOMMCIOBUX IMIJNPUEMCTB B YMOBAaX
Kpusu: ¢Gokyc Ha IUGPOBI MApPKETUHI Ta MPOJAXi; 3aJy4eHHS CHOXKHUBadiB 3a
JOTIOMOTOI0 JIOCBIJly Ta JIaHUX; MEpexiJ Ha PO3yMHHH JIAHIIOT MOCTaBOK; OanaHC
3aJIeKHOCT1 B TMpaul y BUPOOHUITBI; 3a0€3MEUEHHS/CTBOPEHHSI PO3YMHOL
opraizamii [2]. Omxe, OAHMM 3 TNIAXOJIB, Ha SKOMY O0a3yeTbCsi CHUCTEMaA
AHTUKPU30BOTO YIPABIIHHS — € JOTICTUYHHI.

OCHOBHUMHU TIIUJIIMU JIOTICTUYHOI CTpaTerii MiANPHUEMCTBA, SK IPAaBUIIO, €:
3MEHIIEHHS BUTpAT, MIHIMI3allil 1HBECTHUIA B JIOTICTUYHY CHUCTEMY, TOKpallaHHS
JIOTICTUYHOTO cepBicy. JIOTICTUYHUI OnepaTUBHUM TUIaH MPH IIbOMY 3a3BUYail HOCUTh
KOPOTKOCTPOKOBHI XapakTep 1 BHUKOPUCTOBYETHCS JJISi YHPABIIHHS TOBCSKICHHOIO
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nisutbHICTIO. OmepaTHBHUM IJIaH € MEXaHI3MOM JIOCSITHEHHSI CTpaTeriyHUX IIUIeH
oprasizaliii Ta po3po0JIS€ThCS B TIOBHIN BiAMOBIIHOCTI 31 CTPATErTYHUMHU TIJIaHAMM, Ha
PIBHI CepeHbOI JIaHKH; Ha TepioJl HE OUIbIIE OJHOTO POKY, TOMY Pe3yJbTaTh HOro
peanizallii MpOSBISAIOTECS TOPIBHSHO IIBUIKO 1 MOXIIMBE IIBUIKE 3aCTOCYBaHHS
3axXO0/11B IO KOPUTYBAHHIO BUSIBIIEHUX BIIXHJIEHb HA KOPOTKOCTPOKOBUI TIepiof. AJie e
HE J1a€ MOXJIMBOCTI 3a1o0iraT¥ KpU30BUM CUTYaIlisM [3].

VYropaBiiHHS JIOTICTUKOIO B aHTUKPU30BOMY YIPABIIHHI MIAIPUEMCTBOM
COpsIMOBaHO Ha e(QEeKTHBHE BHPILNICHHS HACTYMHUX 3aBAaHb: 00poOKa, 00K 1
30epiranns iHdopmalii npo 3amacu; po3poOKa MpaBUil MPUNUHATTSA pillIeHb, Ha
OCHOB1 SIKMX BCTaHOBJIOIOTHCS TEPMIHM 1 PO3MIpPU 3aMOBJIIE€Hb, HEOOXIAHI ISt
MOMOBHEHHST 3amaciB; po3poOka crpaTerii (iHAHCYBaHHS BHPOOHMIITBA Ha
MaiOyTHi nepioau. Lli 3aBaHHs € B3a€EMOIIOB’ I3aHUMU 1 X BUPIIICHHS MOXKe OyTH
MPEICTABICHO Y BUIJIS/I 1€PApXIYHOI CUCTEMHM: MEPIIN piBeHb — HasIBHI 3aIlacy 1
3amacu, 1o OyAyTb CTBOPEHI 32 paXyHOK PO3MIIIECHHS 3aMOBJIEHb, a TAKOXK 33111 32
3aMOBJICHHSIMHM CIIOKMBA4iB; JIPYTUU piBE€Hb — MpaBWiia MPUUHATTS PIllIEHb, 110
HallJIEH] Ha peajibHe BioOpa)X€HHS MOTOYHOI CUTYyallil; TPETi pIBE€Hb — MOJEINb
CUCTEMHU YIPaBIIHHA JOTICTUYHOIO AISUTBHICTIO MIANPUEMCTBA [4].

OCHOBHOIO METOIO JIOTICTHUKM € palllOHaJbHE KOOPAMHYBAaHHS (I3MYHOTO
po3nouTy 1 epeKTUBHE yNpaBIiHHSA MaTepialbHUMHU TOTOKAMH ¥ MOTOKaMHU, IO iX
CYNPOBOJIKYIOTh, 3a/Ji1 €KOHOMIi BHUTpAT, MIJBULIECHHS PIBHS OOCIYroBYBaHHS,
JOCSTHEHHS BU3HAUEHUX CTpaTeriyHUX LUIEH MIANPUEMCTBA Ta OTPUMAHHSA
KOHKYPEHTHUX IepeBar.

BusHayeHHs posi JIOTiICTMYHOI KOHUEMIIi B PO3BUTKY MIKPOEKOHOMIYHUX
cucteM (MIANPUEMCTB, OpraHizailiii, yCTaHOB) JI03BOJSE pO3MNISAATH 11 SK
nepeayMoBYy 3A1MCHEHHS €(EeKTUBHOI rOoCMOJapChbKOl AISUIBHOCTI, a ii MpakTU4YHE
BIIPOBA/DKCHHSI B  YIOPABIIHHSA MNIANPUEMCTBOM JIO3BOJIUTH JOCSITTH TaKHUX
pE3yNbTATIB: CKOPOUEHHS «IHMKIY OOCIYrOBYBaHHS CIIOKMBAdiB»; CKOPOUEHHS
BEJIMYMHM 3aMaciB; 3MIIIHEHHS i TOKPAILIEHHS 3B’ 3KIB Y CUCTEM1 «ITOCTAYaIbHUK —
CIOKMBau»; 3MEHILIEHHA BUTPAT BMOPOAOBX BChOTO JIOTICTUYHOIO JIAHI[IOTA;
3a0e3nedeHHs] OUTbII BUCOKOTO PiBHS OOCIYrOBYBAaHHS CHOKHMBAyiB; JOCATHEHHS
3HAYHOTO EKOHOMIYHOTro e(eKTy HUIAXOoM (OopMyBaHHS HOBHX NOTEHIlAIIB Ta
JKepesl CTBOPEHHS JI0IaHO1 BapTOCT1 Y JJOBIOCTPOKOBIH MEepCIeKTUBI TOILIO.

BianoBigHO, JOTICTUYHMM MiAXi[ € CIIOCOOOM YHIPaBIiHHSA PECypcaMu, IO
XapaKTEPU3YEThCS 3MIHOIO TPIOPUTETIB TOCHOJAAPCHKOT AISJIBHOCTI HA KOPUCTH
YIIPaBIiHHS MOTOKaMH (MaTepialbHUMU, 1H(GOpMaIIiHUMHU, (IHAHCOBUMU TOILIO) [S].

BuninsitoTh Tp OCHOBHI €Tanu PO3BUTKY KPU30BOI CUTYaIlli Ta OCOOJIMBOCTI
AHTUKPU30BOTO YIMPABIIHHS, IO XapaKTepH1 IS KOKHOIO eTamy: MEHEIKMEHT
nonepeHKeHHsT (JIOKpU30Ba CTajlis); MEHEDKMEHT MOPSATYHKY (Kpu3oBa CTaiis);
MEHE/KMEHT BIJHOBJICHHS (Mmicisakpu3oBa crafisi) [6]. « BUHUKHEHHS KpU3W» B
XPOHOJIOT1T KPU30BOi CUTYaIlli — L€ MepioJ MK MONepeKyBAIbHUMHU CUTHAJIAMH
Ta Mo4aTkoM Karactpodu. B meit nmepion Tpeda BXKHUTH 3aX01B 33151 YHUKHEHHS
MOTEHIIITHOT Kpu30BOi cutryanii. «MeHeHKMEeHT 3anobirants (monepepKeHHs )
ab0 «mepenKpU30BUI MEHEIHKMEHT» — CYKYIHICTh 3aXOMAiB, 3yCWJIb Ta i 3
nonepeKEHHsI KpU30BO1 cuTyallii. «BriuB Kpu3u» — MKOJa, 3aM0/iIHa KPU30BOIO
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CUTYyalli€l0, BIAMOBIAHO, All, CIPAMOBAaHI Ha YCYHEHHS I[I€l IIKOJM HAa3UBAIOTHCS
«MEHEJDKMEHTOM TMOPATYHKY». «MEHEeIKMEHT BIIHOBIEHHS», PO3MOYMHAETHCS
Maike MapaneylbHO 3 «MEHEIKMEHTOM MOPATYHKY» Ta MOXKE TpPUBATH JOCUTH
JIOBrO — B1Jl MOMEHTY JIIKBIallii OCHOBHOI 3arpo3W 4epe3 CYyAOBi IMpPOILECIB /10
MMOBHOTO BiTHOBJIEHHS (200 sikBimamii nignpuemctsa) [7, C. 152-153].

3anauyi, U0 BUpPITY€E e(PEeKTUBHUN aHTUKPU30BUN MEHEIKMEHT: 3ar00iraHHs
KpPU30BOI'0 CTaHy; BHUKOPHMCTAHHS MOXJIMBOCTEM KpHU30BOI CUTYyaIlil; 3MEHILIEHHS
a00 MOM’SIKILIEHHS BIUTMBY Ta PO3MIPY KpHU3H; IIBUJIKE Ta €(hEKTUBHE J1KBITYBaHHS
HachiakiB kpusu [7, C. 153].

Bupimenns ganux 3afay notpeOye NpUHSITTS aJeKBaTHOTO KPU30BIN CUTYyaIlii
pILLIEHHS, KOJIM MEHEKEPaM «...JIOBOAMTHCS MPAIFOBATH B yMOBaX 0OMEXKEHOI0 yacy
Ta HEBU3HAYEHOI 1H(OpPMAIi...», «...pecypcu Ta JIIOJU MIAIOThCS PU3HMKY uepes
KpH3y 1 CIPUYMHEHOT0 HEto BILIKBY (a0 BIumBIB)» [8, C. 362].

3a yMOB KpHU3H B MpOIeCi NPUUHATTS YIPaBIIHCHKOTO PIIIEHHS OCHOBHUMHU
oOMexyBalbHUMU (hakTOpamu € yac, iHdopmalis Ta BUTpaTu [6].

HaiiBa)xnuBilo0  yMOBOIO ~ €(DEKTHBHOIO  aHTHKPU30BOIO  YIIPABIIHHS
MPOMUCIIOBUMHU MIANPUEMCTBAMH Ha OCHOBI JIOTICTHYHOTO MIIXOLy Ma€e OyTH po3poOKa
AHTUKPHU30BOI CTpaTerii, Y3ro/PKEHOI 13 3arajbHO KOPIOPATHBHOIO CTpATEri€lo, sKa
OXOIUTIOE BCl (DYHKIIIOHAJbHI HAmNpsSMU HOro MISUTBHOCTI Ta BCl PIBHI JIOTICTHYHOL
iHTerpamii. B cBoro yepry, e(peKTHBHICTb aHTHKPU30BOI CTpaTerii 3aJIe)KUTh Bif
JOTPUMaHHA OCHOBHUX BHUMOT 110 ii ()OpMyBaHHS; BUBYEHHS (aKTOpiB, IIO0 Ha HEl
BIUIMBAIOTh Ta CTBOPEHHS BIANOBIAHMX YMOB Jis 11 peam3amii. Peamizaris
AHTUKPHU30BOI CTpaTerii BTUIIOETHCS HA MPAKTUII Yy BUIJISJI MPOLIECY CTPATErTyHOIrO
TUIAHYBaHHS HA OCHOBI JIOTICTUYHOTO migxony. s edeKTUBHOro BIIPOBaIKEHHS
AHTUKPHU30BOrO YIPABJIIHHS MOBUHHI BUKOPUCTOBYBATUCH 3aCO0M Ta IHCTPYMEHTH /ISt
ix 3iliCHEHHsA, a caMme: CHUCTeMa aHTUKPU30BOTO YIPABIIHHSA 1 JIOTICTUYHE
3abe3neueHHs. Jlorictuune 3a0e3neueHHs Mae OyAau BOYAOBaHHMM B CHCTEMY
AHTUKPHU30BOTO YMPABIIHHS Ta BUCTYNATH KOMIUIEKCHUM 3ac000M e(eKTUBHOI
peaiizailii aHTUKPU30BOTO MEHE[KMEHTY.

Posrnsiparoun rocnoaapchbky AisUTBHICTh OYyAb-sIKOTO MIANMPUEMCTBA Y MEXKax
JIOTICTUYHOTO MIiAXOAY, BUIUISIOTH HACTYIMHI (PYHKI[IOHAJIbHI CPEpH JIOTICTHKU:
3aKymiBebHa, BAPOOHUYA, PO3MOALIbYA, TPAHCIIOPTHA, 1H(OpMaliiiHa (puc. 1).

[lincucTemMa 3aKymiBeNbHOI JIOTICTUKM CHCTEMH AHTHUKPU30BOTO YIIPABIIHHS
CHpsIMOBaHA Ha YAOCKOHAIECHHS €(heKTUBHOCTI pOOOTH IIISIXOM BUOOPY KOMIIETEHTHUX
MOCTaYaIbHUKIB, ONTUMI3alll TMPOLECY 3aKyIiBIi, PO3POOKH MpOLECY YIpPaBIiHHS
3aKyMiBJISIMU, BUKOPHUCTaHHS CTaHIAPTHUX POOOYMX METOJUK, AOCHIIKEHHS pPUHKY,
dbopMyBaHHsI CTpaTerii Ta TaKTHUKU 3akymiBii. [limcucrtema BUpOOHUYOI JIOTICTUKH
CUCTEMH aHTHKPU30BOI'O YIPABIIHHS 3AIMCHIOE BIPOBAXKEHHS METOJIB YIPaBIIHHS
3aracamu, IUIAaHyBaHHS ~ BUpPOOHHMIITBA, 3a0€3MEUYEeHHS  BUPOOHMIITBA,  OOJIIK
MaTepiajibHOr0 TMOTOKY, JOTPUMAaHHS BHUPOOHWYOIO LMKy, MiJABUIICHHS SKOCTI
npoayKiii. 30yToBa miicucTeMa CUCTEMH aHTUKPHU30BOTO YIIPABIIHHS CHPSMOBaHA Ha
CUCTEMHE JOCTIKCHHS PUHKY, MIJABHUILEHHS IIBUIKOCTI O(QOPMJICHHS Ta OOpPOOKH
3aMOBJIEHb, MIJABHUILEHHA PIBHS JIOTICTUYHOIO CEPBICY, 3MEHIIEHHS KUIBKOCTI
pekamaliii, mrpadis TOIIO.
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CucreMa aHTUKPU30BOI0 YIIPABIIHHS

HIATIPHEMCTBOM
MenezxkMenT MenemxMeHT MenezxkMenT
ToTiepeKeHHS MOPATYHKY B1THOBIICHHS
(JTokpH30Ba CTaIisA) (xpu3oBa cTaIA) (TTCIAKPHU30BA CTATIA)

OyHKIIOHAIBHI cdepH JIOTICTUKU

3aKyIiBeIbHA BHpOOHHYA Ppo3II0ALIBYA TpaHCIIOpPTHA indopmarniiiaa

Pucynok 1 — Cucrema aHTHKPU30BOI'0 YIIPABJIIHHA MIANPUEMCTBOM, 3ACHOBAHA HA
JIOTICTHYHOMY Hiaxoai (y3araJbHeHO aBTOPOM Ha OCHOBI [7])

TpancnopTHa migcucTeMa CUCTEMH AaHTUKPU30BOIO YIIPABIIIHHS MIANTPHEMCTBOM
3abe3neuye po3poOKy pallOHATBHUX CXEM IOCTABOK, MapIIPYTHU3ALII0 TEepEBE3CHb,
ONTUMAJIbHE  3aBAHTAXKEHHS  TPAHCIOPTY, 3a0e3NeYeHHs  €THOCTI  MPOLECY
TPaHCHOPTYBAHHS 3 BUPOOHWYMM Ta CKJIAJICBKUM Tpoliecamu, 3a0e3MeYeHHs 00Ky Ha
Tpancropti. IHdopmariiiiHa macUCTeMa CHUCTEMH AHTHKPHU30BOTO  YIPABIIIHHS
MIAMPUEMCTBOM ~ PO3IJISAA€  OpraHizaliio  1HQOpPMalIdHUX TOTOKIB  BCEpEeIUHI
MIAMPUEMCTBA, a TaKOXK OOMIH 1H(OpPMAIIE€I0 MDK PI3HUMH YYaCHUKAMU JIOTICTUYHHUX
MPOIIECIB.

Bucnoerku

[IpencraBiieHHs MIANPUEMCTBA K CHUCTEMH AHTHKPU30BOTO YIPABIIHHA 3
MO3UIIT TOTICTUYHOTO MIAX0Y 3 BU3HAUYEHUMH SIK BHYTPIIIHIMU, TaK 1 30BHIITHIMU
3B’sI3KaMHU, € 3alOPYKOI0 TOCSATHEHHS 3HAYHOT'O CUHEPT1YHOr0 €(eKTy JIOTICTUYHOL
iHTerpanii BciX GyHKIIOHATBHUX c(ep JOTICTUKU, IO TPOSBISETHCS B OTPUMaHH1
BUrOJl  BUpPOOHMKAMH,  MOCTaYaJIbHUKAMH,  JIOTICTHYHUMHU  OIllepaTOpaMu
CIOKMBAavyaMHM, TOIIO, pallloHami3alii opraHi3aliifHOi CTPYKTYypU MiANPUEMCTBA,
3HIKEHH1 PIBHA BUTpaT, CUCTEMHOMY YIpaBiIiHHI MHiANPUEMCTBOM, 3HUKEHHI
3amaciB CHUPOBHUHHU, TOTOBOI MPOAYKIIi TOIIO, YCYHEHHI 3aWBHX JIOTICTUYHHX
(GyHKLIHA Ta TPOLECIB TOLIO.
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3AKOHOBHU U3NCKBAHUSA KbBbM PABOTOJAATEJIUTE
3A OCUT'YPABAHE HA BE30OITACHHU U 3IPABOCJIOBHU YCJIOBUSA
HA TPYJI HA HAIITMOHAJIHO U MEK1YHAPOJHO HUBO'

I'n. ac., 0-p /lanuena Mapunosa llemposa
Karenpa ,,Conmanuu v mpaBHU HAyKH

Texnuuecku ynugepcumem - Bapna, bvnzapusn

31paBOCIOBHUTE M O€30MAaCHU YCJIOBHS Ha TPYJ Ca €IHO OT OCHOBHHTE YOBEIIKH
npaBa, CBBP3aHO C OMA3BaHETO Ha JKUBOTA, 3[JPaBETO U TPYAOCIOCOOHOCTTA HA XOparTa B
mporieca Ha Tpynma. To ce mpokiamupa, 3alluTaBa W OCUTYpsSBa C MHOMKECTBO
MEXIYHApOTHN W HAIMOHATHH HOPMAaTHUBHU aKTOBE W JOKYMEHTH, CTAHIAPTH, HOPMH H
HOpPMAaTHBH.

B tpynoBoTo HE 3akoHOMaTENCTBO (10 cnenuanHo Komekca Ha Tpyna u 3akoHa 3a
3PaBOCIIOBHU M O€30TMacHM yCIOBUS Ha TPYHd) M peauiia TMOA3aKOHOBH HOPMAaTHUBHU
axtoBe (Hapenbara 3a pema, HauMHA ¥ IEPHOAMYHOCTTA HA M3BBPIIBAHE HA OICHKATa HA
pucka; Hapenbara 3a ¢yHKIUUTE U 3aJadyuTe Ha JUIHKHOCTHUTE JMLA U
CHCIHAIN3UPaHUTEe CIY)KOW B TPEANPUATHATA 32 OpraHU3UpaHe H3MBIHECHHETO Ha
JICWHOCTHUTE, CBHP3aHH ChC 3allUTaTa U MPOPHIAKTHKATa Ha MPO(HECHOHATHUTE PUCKOBE;
Hapenbara 3a ciayx0Oute 1o TpyJroBa MeIUMLMHA U JIp.) ca pa3MUCaHUu OTTOBOPHOCTHUTE,
pema, oOxBara, eTamuTe Ha paboOTa, YYaCTHUIUTE M KOHTPOJIA IO 3/PABETO U
0e30macHOCTTa Ha TpYy/a.

! LEGAL REQUIREMENTS FOR EMPLOYERS TO ENSURE SAFETY AND HEALTHY WORKING CONDITIONS
AT NATIONAL AND INTERNATIONAL LEVEL
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[IpunoxkeHneTro Ha HOpMaTHMBHATa 0a3a Ch3JaBa MPAKTHKU IO OLEHSBAHETO Ha
TpynoBus puck. OLEeHKaTa Ha pUCKAa € BHUMATEIHO M3CJICIBAHE HA BCUYKM aCIIEKTH Ha
paboTaTa, 32 Ja c€ YCTaHOBU KaKBO MOKE€ Ja IPUYMHU HapaHsABaHe, 3a00JIBaHE WIH
BpeAa, KaKTO M INpeleHKa Jald ONAacHOCTTa MOXe Ja ObjJe IpeMaxHaTa, a ako He —
KaKBU MpPEANa3Hu MEPKHU TpsiOBa a ObJaaT NpeAIpHeTH 3a OTCTpaHsIBaHe, HaMalliBaHe U
KOHTPOJIMPaHE Ha PHUCKA.

OrneHsBaHETO HAa pUCKA CE€ M3BBPIIBA OT paboronartens. Ilpu oneHsBaHeTo Ha
pHCKa ydacTBaT CIy»OM IO TpyJoBa MEAMIIMHA, OpraHUTE 3a 0€30MacHOCT U 3]paBe U
IPYrd CHELHUAIUCTH OT MNPENNpUATHUATA, KaTO NP HEOOXOAMMOCT paboTOAATENST
MIPUBJINYA U APYTY BHHIIHU OPTaHU3ALMU U CIICIIUATUCTH.

CreneHra Ha JneTalIu3MpaHe HAa OLEHKAaTa 3aBMCH OT BHJA M €CTECTBOTO Ha
OMACHOCTUTE, KAKTO U OT BB3MOKHUTE MOCIEIULN U OpOos Ha U3J0KEHUTE Ha OMAaCHOCT
muna. llenra Ha oleHkara € Ja ce MOCTUTHE CUTYPHOCT, Y€ HHKOM HsMa na Obje
HapaHeH WM Ja MOJy4Yd YBpEXKIaHe Ha 31paBeTo B pe3yarar Ha paborata C.
Heobxoqumo e T4 [a ce MHAUMBUyalIH3Mpa KbM KOHKPETHUTE paOOTHU MECTa U Jia ce
U3BBPIIBA ChC 3aABDKUTEIHOTO y4acTHE HAa paboTemuTe. Y4acTHETO Ha paboTenuTe B
IUDJAHUPAHETO Ha MEPKHUTE TapaHTHpa TAXHOTO Yy4acTHE B MOCIEABAIIOTO UM
m3nbiHeHue. Llenta  Ha aBTOpa € Ype3 aHAJWTUYHO H3CJIEABAHE HA MPABHUSAT
MHCTPYMEHTapUyM Ha HAlMOHAJIHO W MEXIYHapoAHO HUBO / B TOBa YHUCJIO B
n3roununute Ha EC/ na ce pemiar cieiHuTe 3aJa4u:

1.3axoHOBM M3MCKBaHHMA KbM padoroaarejqure 3a OCHIYpsiBaHe Ha
31paBOCJIOBHUTE U 0€30NaCHU YCJIOBUS HA TPy

Ycnosuama ma mpyo ca pocta WIMPOKO M YECTO YHOTPEOSIBAHO IOHSTHE B
MKOHOMHYECKaTa TeOpHs U COIaTHATa MPAaKTUKA. T0 BKIIOYBA KAKTO BCUYKHU €IEMEHTH,
KOUTO C€ JOroBapsT INpU HaeMaHETO Ha paboTHaTa CuiIa, Taka U CHCTOSHHETO Ha
(dakTopute, Kouto GopmupaT paboTHaTa Cpeaa, B KOSATO MPOTHUYA TPYIOBUST IMPOIIEC, a B
HSIKOU CIIyyau W pe3yJITaTuTe OT TpyAoBara JieiHocT. Te ca cBbp3aHM KaKTO C KUBOTA,
3IpaBETO U PabOTOCIIOCOOHOCTTA HAa PAOOTHUIIMTE W CIYKUTEJIHUTE, Taka M C TIXHATa
MOTHBAIUsl 3a TPYJ, NPUBIEKATETHOCTTa W €(EeKTUBHOCTTa Ha paldoTara, KOATO Te
m3BbpuiBaT. Korato craBa BBIpOC oOaue 3a 3ApaBOCIOBHU M 0O€30MACHM YCIIOBUS Ha
TPYJZ, HOHSTHETO ,yCIOBUS Ha Tpyad' ce CBeXJa OOMKHOBEHO JI0 CHCTOSHUETO Ha
paboTHaTa cpena, B KOSITO MpoTUYa TPYAOBUAT Mipouec| 1].

CepriacHo ompeAeneHueTo, NaJeHO B 3aKOHa 3a 3[paBOCIOBHU U O€30MacHU
ycnosust Ha TpyA (33BYT)[2]. ,,30pasocnosnu u 6ezonacru yciosus na mpyo” ca TaKuBa
YCJIOBUS Ha TPYJ, KOUTO HE BOJAT 10 MpodecroHamHu 3a00JsIBAaHUS U 3JOMOIYKH IPU
paboTa W cb3IaBaT MPEANOCTaBKa 3a MHBJIHO (PU3MYECKO, MCUXUYECKO M COLMAIHO
Onaromnonyune Ha padotemmuTe guma (&1,1.1 ot JIP na 33bVYT).

Ycnosuama na mpyo ca 30pagocnognu, KOraTo TMO3BOJSIBAT HOPMAaIHOTO
(GYHKIIMOHMpaHE HAa YOBEIIKWS OPTaHWU3bBM, CIIOPE] ECTECTBEHHUTE MYy OHOJOTHYHU
MOTPEeOHOCTH.

Ycnosuama na mpyo ca 6esonacnu, Korato mo3BOJISIBAT TPYJOBUS MpOIEC Aa Ce
OCBUIECTBSBA TaKa, Y€ Ja ce ona3Ba (pu3myeckaTa U NCUXMUYECKATa IAJIOCT Ha YOBEIIKUS
OpPTaHWU3bM M HETOBHUTE (DYHKIIMH OT BHHITHO HEOIArOMPHUITHO BH3ACHCTBHE BHPXY HETO.

W3uckBanusTa 3a 34paBOCIOBHM M 3a O€30MAacCHM YCJIOBHS Ha TPyJA Ca B3aUMHO
CcBbp3aHu. Te pelcTBaT €JHOBPEMEHHO M MMaT oOmla el - OIa3BaHe Ha KHUBOTA,
3/IpaBETO U pabOTOCIIOCOOHOCTTA HA PAOOTHUIIUTE U CITY)KUTEITUTE.
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[IpaBoTO Ha 3ApaBOCIOBHM M O€30MAaCHU YCIOBUSA Ha TPYyI € OCHOBHO
KOHCTUTYLIMOHHO MPaBO Ha rpaskJaHuTe.

3aovadicenue na pabomooamens e 0a ocucypu 30pasocio8HU U He30NaACHU YC10BUSL
Ha mMpyo 6 Npeonpusmuemo, maka uye ONACHOCMuUme 3d HCUBOMAa U 30pasemo Hd
pabomHuyume u ciyxcumenume oa Ovoam omcmpanenu, oeparudenu uiu Hamanenu. C
orjiel Ha TOBa TOM Cbh3JaBa CHUCTEMa 3a OCHTYpsBaHE Ha 3/PaBOCIOBHU M O€30IacHU
YCJIOBUS Ha TPYJ B CBOETO npeanpustue3].

Cucmemama 3a ocueypseane Ha 30paBOCIO6HU U OE30NACHU YCI08U HA MPYO 8
npeonpusmuemo € CbBKYIIHOCT OT OpraHH M BPB3KH MEXAY TAX, IpaBa U 3aJbIKECHUS,
NPUHIUIN, TpaBWiIa, MOAXOAW, HOPMH, METOJIH, CPEICTBA, MPOIEAypU H pel 3a
Ch37aBaHE U MOJIbpXKaHE HA OE30MacHU U 3[PABOCIOBHU yCIIOBUS HA TPY/ HA paOOTHUTE
MecTa ¥ O0IIO0 Ha TePUTOPUSITA HA IPeAnpusTueTo[4].

Upe3 cb3laBaHETO, MOJABPKAHETO W YCHBBPUICHCTBAHETO HA CHUCTEMara 3a
OCUTYpsIBAHE Ha 3[paBOCIOBHM M 0€30MacHU YCJIOBHS Ha TpPyJ B MPEANPUATHUETO
pabomodamensn nocmuea:

-Cna3BaHe Ha 3aKOHOBUTE M IOJI3aKOHOBM HOPMATHBHHM aKTOBE B oOjacTTa Ha
3/IpaBOCIOBHUTE U O€30IMaCHU yCIOBUS Ha TPYI;

-Pa3zpaboTBaneTo u peanu3upaHeTo Ha CTPATErusl U MOJUTUKA HA MPEANpPUATUETO
3a MoJI00OPSBAHETO Ha YCIOBUSATA HA TPYI;

-Peanuzanusata Ha yOeKIE€HUETO, Y€ XOpaTa ca OCHOBHHUAT (akTop 3a ycmexa Ha
MPEANPUATUETO;

-ITo-BHCOKO Ka4ecTBO U MO-BUCOKA MPOAYKTUBHOCT HA YOBEUIKUTE PECYPCH;

-Ch3HaTeNHO U 0€30MaCHO OBEICHNE HA BCUUKU YYaCTHUIU B TPYJIOBHS MPOLIEC;

-Y IOBIETBOPEHOCT OT TPyAad, Upe3 MpuoOlaBaHe Ha YYaCTHUIUMTE B Ipolieca Ha
TpyJla KbM LEJIUTE Ha MPEANPUATUETO;

-HamansBane Ha 3aryburte Ha pabOTHO BpeMe U TPYAOB MOTEHLMAT U MMOBUIIaBaHE
Ha  DOPOU3BOJUTENHOCTTA, Ype3 HaMalsiBaHE Ha  TPYAOBUTE  3JIOMOIYKH H
npodeCuoHATHUTE 3a00JISIBAHNUS;

-HamansBane Ha pa3xoauTe 3a KOMIIEHCUpaHE HA HEOJIAronpusTHUTE Bb3ACUCTBUS
Y TIOCJICJUIIN OT BPEAHU U OTIAaCHU YCJIOBHS HA TPY/I;

-OrpaHnyaBaHeTO0 Ha MaTepUAIHUTE 3aryOM OT BB3HUKHAJIUTE TPYAOBU
WHIUJICHTH U JIp.

Cybexmume, yuacmeawu 8 cucmemama 3a Ynpaeienue Ha 30paeoCcio8HUmME U
bezonacuu ycnoeusi Ha mMpyo 8 Hpeonpusmuemo  6kIo4Yeam: JUHEWHUTE W
(GYHKIMOHAIHUTE PBKOBOAMTENM M 3BEHA, CHEUUATM3UPAHUTE OpraHH, CIyxkOM U
JUTbKHOCTHU JIMIIA, KOMUTETUTE U TPYNHUTE MO YCIOBUSA HAa TPYyJ, BPEMEHHHUTE 3BEHa U
paboOTHH TPYyMH 3a peliaBaHe Ha KOHKpeTHH mpobsiemu cBbp3anu ¢ 3bY T, paboTHunmre u
CITyKHUTEIINTE.

OnTUManHOTO B3aMMOJEWCTBHE HA OTAETHUTE CYOeKTH Ha cucTemaTa 3a
OCUTYpsIBaHE Ha 3/IpaBOCIIOBHUTE U OE30MACHU YCIOBUS HA TPYJ € 3aJI0T 3a MOCTUTAHETO
Ha BHCOKA MPOM3BOAMTEHOCT Ha TPyJa U KOHKYPEHTHOCIIOCOOHOCT Ha MPEANpPHUSTHETO
IIpY 3ama3BaHe Ha KMBOTA, 3[JPaBETO U pabOTOCIOCOOHOCTTA HA YYACTHUIIUTE B TPYAOBUS
mpolec, KOeTo B KpallHa CMeTKa BOJAM /0 pealM3upaHe LeUTe Ha MPEeIIpUsITHETO U
MOBUIIIABAHE HA IOXOJUTE OT TPYI[S].

OCHOBHO MSICTO B TIpolLieca IO OLIEHsABaHE Ha MPOPECHOHATHUS PUCK 3aeMaT CITyKOuTe
o TpyJaoBa MeauiMHa. Te ca chnenuaaM3upaHuTe OpraHu3aly, KOUTO paboToaTelisT,
Ch3/laBa WJIM HaeMa 1 Ha KOMTO Bb3JIara Jja U3BbpPILBAT OLICHSIBAHETO HA PHUCKA.

325



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

IIpu oueHsBaHETO Ha MPO(PECHOHATHUS PUCK € HEOOXOAMMO Ja ce H3cieaBar
BCUYKHM CTpaHM Ha TpyJoBaTa ACHHOCT Taka, 4e Ja ObJe yCTaHOBEHAa BCSKa €IHa
BB3MOXHOCT OT OINACHOCTHM M PHUCKOBE 3a Xopara paboTemu WM NpeduBaBallyd B
peAnpUITHETO[6].

Upes HanpaBeHaTa OLIEHKAa Ha MPO(PECHOHAIHUS PUCK pabOTOIATENAT OpraHu3upa
JIEWHOCTTA 10 Ch3/1aBaHEe Ha OE€30IIaCHU U 37paBOCIOBHU YCIOBHS Ha TPYJl, KaTo IJIaHUpa
U Tpujara NOAXOMAIIM MEpPKH 3a MpeoJoJisiBaHE HAa pHUCKAa Ha pabOTHUTE MecTa,
CTEeNeHyBa 10 IPUOPUTET MEPKUTE 3a MPEeAOTBpaTsIBaHe, HaMaJIsiBaHEe U OTpaHMYaBaHE Ha
pPHUCKa, OCBIIECTBSIBA KOHTPOJIA 32 WU3MBIHEHUETO W €(PEKTUBHOCTTA OT MPEANPUETUTE
MEpPKHU.

2. HauuonajHaTta HOpMaTHBHA 0a3a cBbp3aHa C OCUI'ypsiBaHe Ha Oe3omacHa
padoTHA cpena M yCJI0BHS HA TPY/

Hanuonannara HopmaTuBHa 0a3a, CBbp3aHa C OCUTypsIBaHe Ha 3PaBOCIOBHU U
0€30MacHU yCJIOBHS Ha TPYJ CE€ ChIbPKa B MHOKECTBO 3aKOHHM M TOJI3aKOHOBU aKTOBE.
OCHOBHUTE 3aKOHH, OIpEAesalN (QYHKIMHUTE, 3aJbKEHUATa U OTTOBOPHOCTHTE Ha
OTJIEIHUTE CYOEKTH B 00JlacTTa Ha 3/IpaBOCIOBHUTE W O€30MacHU YCJIOBHUS Ha TPy B
Penybnuka bbarapus ca ciennure:

¢ Koncmumyyuama na Penyonuxka Bwvnzapus, KoATO yTBBbpPXKAaBa MPaBOTO Ha
3paBOCIOBHM M Oe€30macHU YCJIOBHSI Ha TpyJ, 3alllaljaHe, ChOTBETCTBAILO Ha
U3BbpLICHAaTa paboTa, KAKTO M HA TTOYMBKA U OTITYCK MPHU YCIOBUS U PEJ ONPEAETICHHU ChC
3aKOH;

¢ Kodexcvm na mpyoa, periaMeHTHpall OOIIWTEe TpaBa U 3aIbJDKEHUS Ha
CTpaHUTE B TPYAOBHUS MPOLEC, CBBP3aHU ChC Ch3/IaBAHETO, MOIBPKAHETO U CIIA3BAHETO
Ha IIpaBWJIaTa 1 HOPMUTE 3a OE30MaCHU U 3/IPaBOCIIOBHHU YCIIOBUS Ha TPY;

¢ Kooexcvm 3a coyuanno ocuzypsagane, KONTO periaMeHTUpPa OCUTYPSIBAHETO MPU
TPYyJIOBa 3JIONOJYKA, CUTHAIM3UPAHETO M JOKYMEHTHUPAHETO Ha Npo(ecHOHATHUTE
0onecTH, peIbT U HAUUHBT Ha OMPEENISIHE HA pa3MEpUTE Ha OCUTYPUTEIHUTE BHOCKU 32
TPy/A0Ba 3JI0MOIyKa U TpodecuoHanHa 00IecT;

4 3aKonvm 3a 30pasociioéHu U 0e30naAcHU YCl08Us HA mPyo, PETIIAMEHTHPAILL, ITPABATa,
3a/IbJDKEHUSATA U OTTOBOPHOCTUTE HAa CTPAHUTE B TPYA0BaTa JEWHOCT, KAKTO U (PMHAHCHUPAHETO
Ha paboTara Mo OCUTr'ypsiBaHE Ha 37paBOCIIOBHU U O€30MaCHHU YCIIOBHS Ha TPYI;

¢ 3aKonvm 3a mexHuyecKume U3UCKGAHUA KbM HPOOYKmume, KOUTO ypexia
pena 3a onpeensHe Ha ChUIECTBEHUTE U3UCKBAHUS KbM MPOIYKTUTE, MPEAHA3HAYCHH 3a
IyCKaHe Ha Ma3apa W/WiIM 3a MyCKaHe B JIEHCTBHE, pela 3a ONpejelisHe Ha IpaBaTa U
3aIbJDKEHUSITA Ha JIUMIAaTa, KOUTO M3BBLPIIBAT JEWHOCTUTE IO OLEHABaHE Ha
CBHOTBETCTBHETO Ha MPOJYKTUTE CHC CHIIECTBEHUTE W3WUCKBAHUS, KAKTO M TEXHUYCCKHUS
HAJ30p 3a Cla3BaHE Ha U3MCKBAHUATA, PAaBUJIaATa 1 HOPMUTE 32 YCTPOUCTBO U Oe30MacHa
EKCIUI0aTalus Ha ChOPBHKEHUSTA C TOBUIIEHA ONACHOCT.

OcCBeH MOCOYEHUTE 3aKOHHM, OTHOIIEHHE KbM IIpolleca Ha OCUTYpSIBaHE Ha
3/IpaBOCIIOBHU U O€30MACHU YCIOBUS HA TPYJ, UMAT U APYTU 3aKOHM, [0 OCHOBHU OT
KOWUTO ca: 3aKkOHBT 3[paBeTO; 3aKOHBT 3a YCTPOWCTBO HA TEPUTOPHATA; 3aKOHBT 3a
U3MOJI3BaHE Ha aTOMHAaTa €HEeprusi 3a MHUPHU LedM; 3aKOHBT 3a HalMOHaJIHaTa
CTaHAapTU3alus U JIp.

OOmuAT periaaMeHT HaMEpW MSICTO B TOCOYCHHUTE 3aKOHU, € JIeTAMIIHO
pa3paboTeH B MOJ3aKOHOBUTE HOPMATUBHU aKTOBE, PETJIAMEHTHUPAIIN OCUTYPSIBAHETO Ha
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0e30macHOCTTa U 3[IpaBeTo npu padoTa. Haif-o01110 moa3akOHOBUTE JOKYMEHTH MOraT Ja
ce Tpynupar yCJIOBHO B cleqHuTe rpynu|7]:

- [log3akoHOBM HOpPMATHBHH aKTOBE, CBBp3aHH C pETJIAMEHTHpaHE Ha
yIpaBJIE€HUETO Ha OE30MaCHOCTTA U 3/IpaBeTO NpH padoTa;

- [log3akoHOBM HOPMAaTHMBHM AaKTOBE, CBBpP3aHU ¢ oOmiara, mpodecruoHamHaTa
3200J1€Ba€MOCT U TPaBMaTH3Ma;

- [log3akoHOBM HOPMATHBHU aKTOBE, CBBP3aHU C TEXHWYECKaTa OE30MacHOCT Ha
paboTHOTO 000pY/IBaHE;

- [log3axkoHOBM HOpPMATHUBHU aKTOBE, CBBP3aHU C MUHHMAJTHHUTE HM3UCKBAHUS 32
0e30macHOCT | 37[paBe Mpu paboTa;

- [log3akoHOBY HOPMATHBHH aKTOBE, CBEP3aHH ChC COIIMATHOTO OCUTYPSIBAHE.

KbM HammonanmHata HopMaTuBHA 0a3a MO 3/PAaBOCIOBHHUTE W OE30MACHU YCIIOBHS
Ha TPYJ MOraT Ja c€ OTHecaT M XapMOHM3HMpaHHWTE OBITapCKH AbP)KaBHU CTaHIAPTH
(BAC), cBbp3anu ¢ 06e30macHOCTTa Ha MAIIMHUTE U CHOPBHKEHUATA, (PakTOpuUTe Ha
paboTHaTa cpefna, 3alIUTHUTE CPEACTBA, TMYHUTE MPENa3HU CPEACTBA U JIp.

MecTHaTa (J10KaJHA) HOPMATUBHA 0a3a 110 OCUTYPSIBAHETO HA 3PABOCIOBHU U
0e30macHH YCIIOBHUS Ha TPY, KOATO CHIIECTBYBA HAa PaBHUIIE MPEANPHUIATAE, OOMKHOBEHO
BKJIIOYBA:

* Cucrema 3a ympaBjieHHE Ha JCHHOCTH 10 OCHTypsSBaHE Ha 3paBOCIOBHU U
0e30macHM yCIIOBUS HA TPYI B MIPEANIPHITHETO;

* [IpaBuna 3a ocurypsBaHe Ha 37paBOCIOBHM U O€30MACHU YCIOBHUS Ha TPYA
(cprmacuo un. un. 277 u 281 ot KT);

* UacTpykiuu 3a 6e30macHOCT Tpu paboTa ¢ OMpeAesieHH MAaIluHU, arperartu,
amapaTH | Jp.;

* [Inan 3a meficTBUE MpU U3BBHPEIHU OOCTOSATEICTBA, HEMOCPEICTBEHA M CEPUO3HA
OTIaCHOCT 3a )KMBOTA ¥ 3/I[PaBETO Ha PAaOOTHHUIIUTE M CIYKUTEIUTE;

* [Iman 3a mpeAOTBpaTsSBaHE U JIMKBUIMPAHE HA aBAPUH;

* 3anoBeay, HAPEKIAHUSA U IPYTH.

3. MexayHapoaHa ¥ eBpoOIeiicka HOPMATHBHA ypea0a Ha 3APaBOCJIOBHUTE U
0e30MmacHM yCJIOBHUS HA TPYI

HopmaTtuBHaTa ocHOBa, Ha KOSITO C€ OCHIISCTBSIBAT JCUCTBUATA MO OCUTYpSIBAHE
Ha 3/IpaBOCIOBHM M O0€30MacHU YCJIOBUS Ha TpyAd HWMa TBBpAE IIUPOK OOXBarT,
Pa3HOCTpPAHEH XapakTep W pa3nuyHu M3TouHMIM. [lelictBamure B momeHTa Han 200
HOpMATHBHH aKTa B 00JIACTTa Ha 37PaBOCIOBHUTE M OE30TACHH YCIOBHUS HA TPY IO CBOS
0o0XBaT W 3HAYUMOCT 3aeMaT OCHOBHO MSCTO B TPYJIOBOTO 3aKOHOAATENCTBO. Te
CBIECTBYBAT W JIEHCTBAT Ha MEXIYHApOJHO, PETHOHAIHO, HAIIMOHAIHO, OTPACIOBO
(6paHIIOBO) ¥ MECTHO (JIOKAJTHO) PaBHHUIIIE.

MexnyHapoaHata HOpMaTMBHa ypeaba B oOnacTra Ha 3IpaBOCIOBHUTE U
0e30macHM YCJIOBHS HA TpyJa c€ ChABbPKA B peAdIla JOKYMEHTH Ha OpraHuzamusaTa Ha
obemuuenutre Haumu (OOH), Mexaynaponnata opranuzanuss Ha Tpyna (MOT),
CeeroBHara 3apaBHa opranuzauus (C30), MexayHaponHata OpraHudszainus 10
crangapruzanus (ISO) u mp. Kato crpana unenka Ha te3u opranuzanuu P bearapus ce e
3abJDKHJIA J1a CTIa3Ba MEXIAyHapoaHaTa HopMaTtuBHA 0a3a. [1o-BayKHUTE MEXKIyHAPOIHU
HOPMATHBHH aKTOBE, B KOUTO C€ CBIABPKAT paslmopedu TO OCHTYPSBAaHETO Ha
3IpaBOCJIOBHU W O€30MacHU YCJIOBUS Ha TPy ca[8]:

* BeeoOrara nexsapariyst 3a nipaBara Ha yoBeka Ha OOH ot 1948 1., ¢ KosITo ce Tpokiiamupa
MPaBOTO Ha BCEKH YOBEK J1a pabOTH MPH CIIPaBETMBY M OS30ITaCHH YCIIOBHSI HA TPY/T;
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» KonBennuute n npenopskure Ha MOT. Ot cBoeto cb3gaBane npe3 1919 r. no
cera Tasu opraHmzanusi, B KoATo bwarapus unenyBa ot 6 gexkemBpu 1920r., e mpuena
6mu3o 200 KOHBEHLIMM W OIIE TOJKOBAa MPENOpbKH B 00JacTTa HAa TPYIOBUTE H
ocuryputenanu otHomenus. Ot tax 24 kouseHuuu (12 patudunupanu ot buiarapus) u 22
MIPENOPbKU Ca MOCBETEHU Ha 3[IPaBOCIOBHUTE M O€30MacHU ycClIOBUSA Ha TpyA. Becuuku
T€31 HOPMAaTUBHHU aKTOBE, JOPHU U HAKOU OT HepaTU(UIUPAHUTE KOHBEHIIMU Ca OTPa3eHU
B HAILIETO ChBPEMEHHO TPYAOBO U OCHUTYpPUTEIHO 3aKOHOAATENCTBO. ToBa ce oTHacs
BrtounTeTHO U 3a KonBenmus Ne 155 u Ilpenopbka Ne 164 oTHOCHO Oe30macHOCTTA,
3/IpaBeoIla3BaHETO Ha TPYCUIUTE ce U paboTHaTa cpeaa oT 1981 r., KouTo ca U3MoJ3BaHU
Ipu pa3paboTKaTa Ha Hamusl 3aKOH 3a 3[PAaBOCIOBHU M O€30MaCHU YCIIOBUS Ha TPYI,
kakTo U 3a KouBenmus Ne 161 u Ilpenopbka Ne 171 oTHOCHO 3ApaBHUTE CIY>KOHM IO
Mectopabora ot 1985 r. u ap.;

* Pemenus, 31paBHM HOpMU 1 HOpMaTuBH, npenopbyanu oT C30 u MOT.

* MexyHapoJHHU CTaHAApTH, pa3paboTeHn oT MexayHapoHaTa OpraHu3anus 1o
CTaHJapTU3als, KOUTO MO MPHUHIMI UMAT MPENopPbUMTEIeH XapakTep, a U3MbJIHEHUETO
Ha TEXHUTE W3UCKBaHMUS ce JoKa3Ba upe3 cepruduxamus. OTHOUIEHHME KbM
OCUTYPSIBAHETO Ha 3/IPaBOCIOBHU M O€30MacHU YCIOBHS Ha TPy B MPEANPUITHITA UMAT
CJIETHUTE T0-BaYKHU MEXIyHAPOIHHU CTAHJIAPTH:

- Cepust cranmaptu 3a ynpaienue Ha kadecTBoTo ISO 9000 : 2000 (BxirouBaiia
yetupu ctangapra [SO 9000 : 2000, ISO 9001 : 2000, ISO 9004 : 2000 u ISO 19011).
Borpocure 3a uHbpacTpykTypara, paboTHaTa cpela M 3ApPaBOCIOBHHUTE U O€30MacHU
yCIoBHs Ha TpyA ce Tpetupar BT. 6.3 uT. 6.4 Ha [SO 9001 : 2000]

- Cranpapra OHSAS 18001: 2002 3a cb3gaBaHe U MOAAbpKaHEe Ha Oe30MacHU
yCIJIOBUSA Ha TPY;

- MexnyHapoaeH ctaHaapT 3a couuaiHa orroBopHocT ISO 26000 (B mpouec Ha
pazpaboTBaHe).

Permonannata HopmaTuBHa ©0a3a Ha EBpomelickus cbio3 B o0Onacrra Ha
3[IpaBOCIOBHUTE U O€30IaCHU YCIIOBUSA Ha TPYJI € OT 0coOeHa Ba)XXHOCT 3a CTpaHaTa HH.
[To-BasxxnuTe HOpMaTUBHU akToBE Ha EC, CBBbp3aHu ¢ ycnoBusTa Ha Tpyx ca[9]:

* IIbpBUYHOTO (OCHOBHOTO) NpaBo Ha EBponelickus ¢b103, BKIOYBAIIO YETUPH
YUpeAUTENHU JOrOBOpa M ChITbTCTBAIUTE TU MPUIIOKEHUS, TOMbIHEHUS U TIPOTOKOJIH:

- JloroBopsT 3a yupensBaHe Ha EBpomneiickaTa oOLIHOCT 3a BBIJIMIIA U CTOMaHa OT
16. 04. 1951 r. (ITapuxku 10rOBOP);

- JloroBOphT 3a yupeasBaHe Ha eBporneickaTa MKOHOMHYecka oOnrHocT oT 25. 03.
1957 r. (Pumcku norosop);

- JloroBopbT 3a yupensBaHe Ha EBpormelickaTta OOMIHOCT 3a aTOMHA EHEPIHUs
EBPATOM ot 02. 03. 1957 5

- HoroBopsT 3a EBponeiickust cbio3 oT 07. 02. 1992 r. (MaacTpuxTCKH T10TOBOD).

OcHoBara Ha T. H. O6m EBpomeiicku 3akoH € PUMCKHAT J0TOBOp, AOMBIHEH C
Enunnus EBpomneiicku akT ot 1986 T. 3a ch3gaBaHETO HA BHTPEIIHO-EBPOIICUCKUS Ma3ap.
B Hero ce chappkar Be OCHOBOIOJIArally pa3nopeadu, CBbpP3aHU C OCUTYPSIBAHETO Ha
3/IpaBOCJIOBHU U O€30I1aCHU yCIIOBUS Ha TPYI:

- Un. 100A, KoWTO ypexkIa Cbh3JAaBAHETO HAa MAKCHUMAaJIHU W3UCKBAHUS 10
OTHOIIIEHHE HHUBOTO Ha O€30MacHOCT W 3JpaBe MpHU MPOEKTHUpaHe, MPOU3BOACTBO U
MyCKaHe Ha Ma3apa Ha MalluHU, TEXHUYECKO 000pyBaHE U MaTepUay;

- Un. 118A, KOWTO ypeka YCTAaHOBABAHETO HAa MHHUMAJIHM HW3UCKBAHUS I10
OTHOIIIEHHE Ha pabOTHATa cpe/ia U YCIOBUTA Ha TPY/I.
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Ha Oazara Ha Te3u 1Be HOPMHU c€ HM3rpa)ka BTOPUYHOTO €BPONEIICKO MpaBo B
obnacTTa Ha 3[paBOCIOBHUTE U O€30MAaCHU YCIOBUS HA TPY/I.

* BropnuHoro npaBo Ha EBpomneiickusi cbl3 ce CbCTOM OT peErjiaMeHTH,
JTUPEKTUBH, PELICHUs, MPENOpbKU, CTAHOBUIIA U Jp., B 00JIacTTa Ha 37APAaBOCIOBHHUTE U
Oe3omacHu ycnoBusi Ha Tpyad. I[lpeoGmanaBamure eBporneidckd HOPMAaTUBHU aKTOBE ca
aupekTuBuTe. Te OMBaT paMKOBU M MHIVBUIYaJTHU.

PamkoBuTE IMpEKTHBU CHIBpPXKAT OOIMIWTE TPHHIMIIK W OCHOBHU ITOJIOKEHHS,
dbopmupal cTparerusita U MOJUTUKAaTa B JaJieHa 00JacT M ce EKCIIOHUpAT MPEIUMHO B
CbOTBETHUTE HAIIMOHAJIHU 3aKoHU. TakoBa e Harmpumep upexrusa 89/391/EMO ot 12 1onu
1989 r. 3a mpunaraHeTo Ha MEPKH 3a HachbpyaBaHEe MOAOOPSIBAHETO Ha OE30MacCHOCTTa U
3paBeTO Ha PabOTHULMTE MpHU paborta. T chabpika OOUIUTE MPUHIUIN 32 TpeAra3BaHe OT
npogecHoHAIHUTE PUCKOBE, 3alllMTaTa Ha OE30MacHOCTTAa W 3JpPABETO, OTCTPAHSBAHETO HA
PHUCKOBETE M MPUYUHUTE 32 3JI0MOMYKH, MH(QOPMUPAHETO U KOHCYJITUPAHETO, 33AbIKCHUSTA
Ha paboTojaresis U Ha paOOTHHUIIUTE U CITYKUTEITUTE U JIp.

WuauButyamHUTE TUPEKTUBH IOMBIBAT M KOHKPETU3UPAT PaMKOBAaTa TUPEKTHUBA B
ompeneneHu obnactu (paboTHU MecTa, pabOTHO OOOpyABaHe, paboTa ¢ TEXKKU TOBAPH,
paboTa ¢ BUICOAMUCIUICH, BPEMEHHH U TOABMXXHU pabOTHU MecTa, paboTa B OTACIHHU
cneruuYHN OTPaciIM U JeHOCTH U Ap.). Te ce eKCOHUpaT NPEAUMHO B HallHUOHAIHUTE
MOJ3aKOHOBY HOPMAaTHUBHU akToOBE.[10]

 EBpornelickara counanna xapta (ECX) e ocHoBeH HOpMaTHBEH aKT Ha ChBETa Ha
EBpona B obnactra Ha TpyIOBUTE M COLMAIHU OTHOIIeHMs. Bcska cTpaHa, KOATO e
paTuduupana xaprara ce 3abJKaBa Jia Clia3Ba perjjiaMeHTUPAHUTE MEPKH 3a 3alluTa Ha
OCHOBHUTE YOBEUIKU MpaBa, MEXAY KOUTO € M MPaBOTO Ha Oe30macHU U 3APaBOCIOBHU
ycnoBust Ha Tpya[11]:

3AKJIFOYEHHUE

3npaBeTo npu paboTa ce CUMTa 3a HAM-IIEHHOTO JOCTHKEHUE, KAKTO 3a OTAEITHUS
WH/IMBH]I, TaKa U 32 BCAKA HAIUS M TbPKABa.

OcurypsiBaneTro Ha 3/paBe W 0€30IACHOCT HA PadOTHOTO MSCTO JAONPHHACH
MOJIOXKUTENTHO HE CaMO 3a 3/paBeTo, HO U 3a MPOU3BOIAUTEIIHOCTTAa, KayeCTBOTO Ha
MPOYKIUATA /yCcIyruTe, MOTUBAIUATA 32 paboTa, YOBIETBOPEHUETO OT TPYAa U MO TO3U
HAa4YMH 32 HAJOCTHOTO KA4ecTBO HA KUBOT HA OTAeJHUSI MHAWBHI U HA LSJIOTO
odmectBo. ToBa OT cBOsA cTpaHa BOAM /O LSJOCTHO MOAOOpsABaHE Ha COIMAJIHO-
MKOHOMHMYECKOTO pa3BUTHE HA CTpaHaTa, Ype3 CHIKaBAHE HA Pa3XOJUTE HACTHIIWIU B
pe3yaTaT OT OTChCTBHSL OT paboTa mopanu 3abojsiBaHE W HEPaOOTOCIOCOOHOCT, 3a
MEIUIIMHCKO 00CIyKBaHE U COLMAIHO OCUTYpsIBaHE, 32 00e31eTEeHUsI U KOMIICHCAIIUH.

OcHoBUTE Ha CBBpPEMEHHATa [bpkKaBHa moiuThKa B oOnacrra Ha 3BYT ca
MIOCTaBEHU € pa3pabOTBAHETO M MPUEMaHETO Ha 3aKOoHa 3a 3paBOCIOBHU U Oe30IacHU
YCIIOBUS Ha TPYJ C KOETO ce Oelie’kd HadyajJoTO Ha XapMOHHU3UPAHETO Ha OBITapcKOTO
3aKOHOJATEJICTBO B Ta3u 00JacT ¢ ToBa Ha EBponeiickus cbio3.

C npuemaHeTo Ha 3aKOHa B OBJITAPCKOTO 3aKOHOJATENICTBO Ca BbBEJCHN €BPOIICHCKUTE
W3UCKBAHUS 3a M3BBPILIBAHE HAa OLEHKAa M TMPEBEHUUs Ha MNpo(EeCHOHATHUTE PHCKOBE,
MH(POpPMUpaHE W KOHCYJITHpaHe Ha paboremuTe, OalaHCHpaHO ydyacTHe Ha paboTeuure u
paboToaTenuTe B COLMAIHUS AUAIOT HA BCUYKH HUBA.

Pazpaborenu ca peauiia HapeaOHW, KOUTO OMPENETSAT PaMKOBUTE HM3WUCKBAHUS 32
peaiu3MpaHeTO0 HAa OCHOBHHUTE HaIpaBieHUS Ha CbBpPEMEHHATa OpraHu3alus Ha
neitnoctTa. 33bYT pernamentupa AeifHOCTUTE TTO OCUTYPsIBAHE HA 37[paBe U 0€30MacHOCT
npu paboTa U y4yacTBaIIMTE B T€3HM ACHMHOCTHU: Abp)KaBaTa, paboToaTesnTe, paboTeuTe
Y TEXHUTE MPEICTABUTEIH.
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INDUSTRY 4.0 TOOLS FOR SUSTAINABLE BUSINESS DEVELOPMENT
IN THE POST-COVID ECONOMY

Assoc. Prof., PhD in Economics N. Skorobogatova
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”, Kyiv, Ukraine

The owner of the enterprise, as a rule, seeks to maximize his profit and increase the
value of the company in the future. At the same time, it is often the financial and
economic goals of the enterprise that are of primary importance, without considering
environmental and social problems. Therefore, the concept of sustainable development
has become widespread, which provides for the human ability to ensure that the current
development meets the needs of the present without compromising the ability of future
generations to meet their own needs [1]. It is necessary to consider not only the solution
of economic problems for business development (reducing costs, increasing profits,
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profitability, etc.), but also considering the impact of the enterprise's activities on the
environment, as well as improving social standards. At the same time, an important issue
is the organization of labor of the enterprise employees. Many scientists have been
studying the influence of labor organization on the economy of an enterprise for a long
time, analyzed the factors that affect labor productivity. At the same time, most employers
seek to reduce staff costs in order to increase their profits. However, this does not always
bring the desired result. The introduction of technologies from the Fourth Industrial
Revolution, in which the world economy is now located, has allowed the use of many
tools to use another way to reduce costs for enterprises - remote work. The Covid-19
pandemic has accelerated the almost ubiquitous use of teleworking. Many scholars and
analysts are investigating the consequences of the use of remote work on the social
aspects of social development, with mixed results. At the same time, there are also
positive and negative consequences for the economy of the enterprise. Therefore, we
believe that the problem of assessing the feasibility of using remote work requires an
integrated approach.

Industry 4.0 is based on the integration of the Cyber-physical system (CPS) into
manufacturing processes and product functioning. It is the use of modern technologies
that allows, on the one hand, to reduce the use of labor in production processes through
the automation of production, the use of Artificial Intelligence and other technologies [2].
On the other hand, the use of IT technology allows many operations to be performed
remotely without being directly on site.

The problem of using remote work became especially relevant during the Covid-19
pandemic, when various quarantine restrictions were introduced in all countries. For the
business to function in one way or another, many enterprises and organizations were
forced to switch to remote work. Moreover, most of them remained to work using remote
work.

The use of teleworking has mixed results and implications. Many scientists have
studied the consequences of using IT technologies in organizing remote work. As noted
[3], the costs of enterprises for the maintenance of premises, utilities and others are
reduced, which can be attributed to positive effects. However, in the absence of control by
the employer, there is a risk of reducing labor productivity [4]. Also, remote
communication leads to a decrease in the effectiveness of communications between
employees, customers and contractors. In particular, the level of openness and trust
decreases [5]. At the same time, the social consequences of using remote work have an
ambiguous effect: satisfaction with working conditions, saving time, and the possibility of
communication are opposed to social discontent and conflicts. Remote work has recently
been used in many industries, including the education sector, which requires a more
thorough analysis of all positive and negative consequences. Despite the large number of
studies carried out on this topic, the problems of a comprehensive assessment of the use
of remote work for the sustainable development of both society in general and enterprises
in particular remain not fully studied. The concept of sustainable development implies
balanced development in economic, environmental and social aspects. However, the rapid
development of technologies confirms the need to include an innovative component in the
concept of sustainable development, which will consider the development potential of an
object in the future [6].

An analysis of statistical data shows that a complete lockdown, which was applied
in extreme cases, led to a catastrophic decline in both the economies of individual
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countries and the world economy as a whole. The following points became the negative
consequences of the lockdown:

- lack of income of the population and, as a consequence, the impossibility of
ensuring a normal existence and an increase in mass social protests;

- shortage of goods and services caused by a halt in production;

- increase in household expenditures for utilities and other services, because during
this period, these services were consumed in greater volume due to the greater number of
users during the day (all family members stayed at home and, accordingly, consume more
resources);

- an increase in the number of conflicts in the family on domestic grounds due to
moral stress;

- difficulties with the organization of the educational process for children (gaining
knowledge, completing assignments, lack of proven mechanisms for remote control of
knowledge and remote communication) and others.

However, it should be noted that the shutdown of production as a result of the
lockdown had not only economic, but also social and environmental consequences. As we
have already indicated above, the negative consequences affected the economy and the
social sphere. Of course, human life is the highest value, for the sake of preserving which
in the context of the Covid-19 pandemic, a lockdown was introduced. At the same time,
the shutdown (sharp decrease) in production volumes had a positive effect on the
environment:

- decreased emissions into the environment from enterprises

- decreased air pollution due to a sharp decrease in the use of transport, etc.

However, the use of public safety equipment and disinfectants has led to an
increase in the amount of waste, which is also a negative environmental factor. Since the
income of the population has decreased, many families were forced to switch to using
lower-quality detergents and other products that are more harmful to the people
themselves and to the environment. At the same time, the volumes of water consumption
for personal needs also increase, and runoffs increase accordingly. And this is not an
exhaustive list of the ambiguous consequences of a lockdown, since we are not medical
professionals and do not take medical aspects into account. Therefore, in order to
somehow support national production and ensure social balance, business owners are
forced to use remote work.

Another significant factor that has stimulated the increase in the use of remote
work is scientific and technological progress, namely the Fourth Industrial Revolution.
Industry 4.0 is based on the integration of the Cyber-physical system (CPS) into
manufacturing processes and product functioning. It is the use of modern technologies
that allows, on the one hand, to reduce the use of labor in production processes through
the automation of production, the use of Artificial Intelligence and other technologies. On
the other hand, the use of IT technology allows many operations to be performed remotely
without being directly on site.

Today, there are many analytical works on the threats to the functioning of
business in a post-like economy. According to experts from the World Economic Forum,
the consequences of the coronavirus pandemic could threaten the development of the
world economy in the next 3-5 years. As the main threats, they note the strengthening of
social inequality and the weakening of geopolitical stability for the next 5-10 years [7].
According to experts from the World Economic Forum [7], the main risks that the world
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economy will have to face are the following: infectious diseases (societal), climate action
failure (environmental), weapons of mass destruction (geopolitical), biodiversity loss
(environmental), natural resource crises (environmental), human environmental damage
(environmental), livelihood crises (societal), extreme weather (environmental), debt crises
(economic), IT infrastructure breakdown (technological).

As can be seen from this list, most of the risks are related to the environment,
technology and social factors. However, all these factors have a pronounced end result -
economic. In particular, small and medium-sized businesses are the most vulnerable to the
influence of risk factors. For example, in the US alone, 43% of micro, small and medium-
sized enterprises closed between January and April 2021, and many are still struggling
and contemplating closing a business.

Closing borders and introducing protectionist policies by many states also
negatively affects the development of international business due to the rupture of the
supply chain, attracting investments, etc. At the same time, the pandemic pushed the
development of many areas of the IT sphere: e-commerce, virtual communications, data
streaming, etc. According to experts, e-commerce grew by more than 20% in 2020 [8].
On the other hand, a high degree of dependence on IT technologies increases the risk of
cyberattacks and the need to pay more attention to cybersecurity. The intensification of
the introduction of modern IT technologies leads to the risk of job cuts, which has been
repeatedly noted by many experts.

Thus, in order to ensure sustainable business development using Industry 4.0
technologies in a post-covid economy, we consider it necessary to use the following
approach - a balance between the economic, social, environmental and innovative aspects
of development (Fig. 1):

economic
component

I

sustainable

social development ecological
component <+ of the component

enterprise

N\ ——

innovative
component

Figure 1- Components of sustainable business development in Industry 4.0

It is the balance of these four components that will make it possible for a business
to function effectively in a highly risky post-covid economy.
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Conclusions

The conducted research has shown the presence of significant risks for the further
effective development of the business in the future. In the conditions of a post-covid
economy, one of the conditions for sustainable business development is the use of
Industry 4.0 technologies, which will increase the economic efficiency of enterprises, take
into account the social and environmental components, and also form an innovative
potential for further development.
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