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I. B.JIICAYYK, P. B. KPUBOBOK, B. B. BOJIOILI]YK

IHTEHCU®IKAIIA ITPOLECY CIIIKAHHA KEPAMIYHUX MATEPIAJIIB HA OCHOBI

CUCTEMMI BaO - ALO; - SiO 2

VY crarTi po3mISIHYTO BILIMB J100aBOK Ha iHTEHCH(IKaIiI0 Tpolecy CIiKaHHS KepaMiyHHX MarepialliB Ha OCHOBI
cucremu BaO — ALO; — SiO,. BpaxoByrouu pi3Hi MeXaHI3MU B3aeMOJil J00aBOK 3 OCHOBHOI MATPUIICIO IS
JociiKeHs 0yno oopano momudikaropu — MgO, Cr203, ZrSiOs, TiO; Ta Mminepanizaropu — CaCOs, B,O3, MoOs,
SnO; : Li;O. Ha mixcraBi nmpoBeJeHOr0 KOMIUIEKCY JOCIHIKEHb BCTAHOBJIEHO, MO HAaWOUIBII NEpCIeKTHBHUM
iHTeHCcH(IKaTOpPOM JUIsl TIpOLeCy CIIiKaHHS Ielb3iaHy € eBTekTHyHa no6aBka SnO;: LiO y kimbkocti 1 mac.% 3
HACTYIHUMH XapaKTEPUCTUKAMHU: BOJOTIOTIIMHAHHA — 5,1 %, mopucricts — 13,4 %, ysaBHa mineHicts — 2,62 r/cM>,
PesynbpTaT peHTreHO()a30BOr0 aHalli3y CBiMYaTh PO MOBHE MPOTIKAHHS PEaKIlii CHHTE3Y Leb3iaHy 3a TeMIepaTypu
cunTe3y 1200 °C, mo € miaTBeppKeHHSIM 3HMKEHHS TeMIiepaTypu cuHTe3y ¢asu Ha 100 °C. OtpuMaHna 1iesib3iaHoBa
KepaMika BiAIIOBila€ BUMOTaM, IO BUCYBAIOTLCS IO PaiOMPO30PHUX MaTepialliB, Ta MOXE BUKOPHCTOBYBATHCH IS
BHUT'OTOBJICHHS OKPEMHUX JieTallel B aBiaKOCMiUHIi TPOMHUCIOBOCTI.

KmrouoBi cioBa: uenb3iaH, iHTeHCH(iKyroul [JOOABKH, BOJOIOIIMHAHHS, YSBHA MLIUIBHICTD, BIIKPUTa MHOPHUCTICTS,

peHTtreHoda3oBuii aHai3, MIKPOCTPYKTYpa.

Beryn.

3 TOYKH 30py EKCIUTyaTalliHUX XapaKTEePUCTHK
YHIBepCAlbLHUM MaTrepiaJoM [UIsl MPOMHUCIOBOCTI €
TEXHIYHA KepaMika, sKa Mae HalOiIbII pi3HOMaHITHI 3a
CBOIM  CKJaJOM,  BJAaCTUBOCTI  Ta  HalpsIMKH
BUKOPHUCTaHHS. B 3ayexxHoCTi BiJl rajry3i BUKOPUCTaHHS
PO3pI3HAIOTH  CIIEKTPOTEXHIUHY, pPaJIOTEXHIYHY Ta
KOHCTPYKIIHHY KepaMiKH, a TakoXX MAesKi BHUIU
creniajJbHOro Npu3HaueHHs (I’e€30- Ta (epoMarHiTHa,
ONTHUYHO TMpo3opa, Oiokepamika Tomo) [1]. B
aB1aKOCMIYHIH MPOMHUCIOBOCTI HANOUJIBII MONTUPEHUM €
BHKOPHCTAHHSI PaJlioNPO30pHUX KepaMidHUX MaTepiaiB.

Haii0inp1n nepceKTHBHAM HAIPSIMKOM CTBOPEHHS
panxionpo3opoi KepaMikd € BUKOPUCTAHHS TPHhOX BUIIB
BHCOKOTEPMOCTIHKHIX HEOPTaHIYHHUX MarepialiB:
KepaMika Ha OCHOBI OKCUY AIIOMIHIIO
(BHCOKOTJIMHO3EMHCTA), CUTAIN Ta KBaplOBa Kepamika.
Ili marepianu MamoTh JOCHTh MaJIMil TaHIeHC KyTa
BTpar (tgd < 0,001), HU3bKI MOKA3HUKH TiEIECKTPUIHUX
BractuBocTtedl (¢ < 10) Ta BHCOKY CTaOUIBHICTh
NOKAa3HMWKIB  BIACTHBOCTEH TpPH  3MiHI  pOOOYMX
temmeparyp [2].

KBapmoBa kepaMika XapaKTEpH3Y€THCS BHCOKOIO
TEPMOCTIHKICTIO, CTabiIBHICTIO TieTEeKTPUIHUX
XapaKTepUCTHK B  IIHPOKOMY  TeMIIEpPaTypHOMY
IHTepBaJIi i XOPOITUMHU TEPMOCTIHKUMHU BIIACTUBOCTSIMH,
NpOTE Ma€ HU3bKY MEXaHI4YHy MilHicTh Ha 3ruH (45-50
MIla), HU3BKY CTIHMKICTh A0 MHJIOBOI Ta JOMIOBOI €po3ii.
KpiMm Toro, BepxHs rpaHuus IiHTepBaly poOOYMX
Temneparyp He nepesuurye 1000 °C [3].

OCHOBHUM  HEJOJIKOM  YCiX  palIionpo30pux
CHTANliB, € TEXHOJIOriYHA CKIaJHICTh 1 BHCOKI
eHeproBuTpatu BUpoOHUITBA [4]. TeXxHomoTis BKIIOYAE
KUIbKa BHCOKOTEMIIEpATypHHX OIepaliid, 30Kpema
ckioBapinHsg 3a Temmepatyp 1600 — 1650 °C, po3nus
posmiaBy g0 ¢opm (700°C) Ta OaraToCTyIiHYACTY
TepMOOOpoOKy 1yt 3abe3medeHHs  KpUCTamizamii
mimsoBux (a3 (750 °C 1 1250 °C), mo crtpumye ii
MIMPOKE BUKOPUCTAHHS.

BucokorimHozemMHa ~— Kepamika ~ Ma€  BEJIHKY
mepeBary Inepej IHIIMMU MaTepialamMd B IUIaHi

BOTHETPUBKOCTI Ta CTabIIbHOCTI BIACTUBOCTEH V
ITHPOKOMY 9aCTOTHOMY Ta TEMIIEPATYPHOMY
Jiama3oHax, 1o € BAXIUBUM (AaKTOPOM JJIT OOTIYHUKIB
BUCOKOMIBHAKICHMX pakeT [5]. Temmeparypa 3MiHH
arperaTHoro crany s Hei — 2050 °C, y To# yac sk s
curamB BoHa craHoBuTh 1200 — 1350 °C, pmus
KepaMiyHMX MaTepiaiiB Ha OCHOBI KBapIlOBOTO CKJa —
ue Buie 1300 °C.

KepamiuyauMm  crocoboM MOXXKHAa  OTPUMYBATH
CKJIOKpHUCTAIIYHI Marepialld i3 IMUIBHOCIIEYEHOIO Ta
PETYIIEOBAHOIO MOPHUCTOIO CTPYKTYPOIO, a IMOPOIIKOBA
TEXHOJIOTiSI B TIOPIBHSHHI 3 CHUTAJIOBOIO 3abe3medye
i IBUIIEHY CTa0UThHICTh Ta BiATBOPIOBaHICTH (hi3UKO-
XiMIiYHUX  BJacTUBOCTeH MarepianmiB. OnmHak, He
3BRXKAIOYM Ha PIZHOMAHITTS pPe3yJbTaTiB HAYKOBUX
pO3pO0OOK, BHIOTOBJCHHS MAaTepialiB Ha OCHOBI
aJIOMOCHJIIKATHUX  CHCTEM €  CHEPrOBHTPATHHM
porecomM (Temnepatypa BHIIATY MEPEBAKHO
nepesuirye 1300 °C [4, 6]).

Ha ocHoBi cucremu RO-A1,03-SiO; oTpumyroTh
pazmionpo3opi KepaMmiyHi Marepiaju KOpIIEPUTOBOTO,
[eb31aHOBOTO  Ta  AHOPTUTOBOTO  CKiIamy,  sKi
BiAMOBIAHO 10 BUMOT [7] BOJIOAIIOTH HHU3BKUMH
JNIeTeKTPUIHUMA  XapaKTepUCTHKaMHU  (JlieleKTpuIHa
MIPOHUKHICTh < 6, TAHTCHC KyTa AIEJIEKTPUIHUX BTpAT <
107%). TakuM BUMOTaM BiJIIOBiJa€ OHA 3 OCHOBHHX (a3
cuctemu BaO — Al,O3 — SiO; — nens3ian (BaAl>SixOs),
TeMIlepaTypa IUIaBIeHHs skoro ckiagae 1740 °C, a
MMOYAaTOK AaKTUBHOTO YTBOPCHHS (a3u BiIOyBaeThCs 3a
temnepatypu o6pooku Big 1300 °C.

TexHomorist onepXaHHS LeJIb31aHOBOI KepaMiKH
norpebye BHCOKHMX Temreparyp crikanus — 1400 °C 3
JIOaTKOBOIO ToTepeaHp010 00podkoro mpu 1300 °C [8].
BaxnuBicTh HampsiMy Ta CaMOTO JOCIiHKCHHS TOJATAE

B 3a0e3MeueHHI HHU3bKOTEMIIEPATYpPHOTO  CHHTE3Y
KpuctanmiyHoi  ¢a3u  Ienp3iaHy < Ta  OTPUMAHHSI
ITITEHOCTICYSHUX pamionpo3opux KepaMidHUX
MarepialiB.
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AHaJi3 JiTepaTypHHX JaHUX.

IMix wac BubOpy iHTeHCH}IKATOpPIB THpoIECIB
CHIKaHHS Ta CUHTE3y 3a3BHYall BPaxOBYIOThb JEKUIbKa
¢dakropiB. Ilo-mepme, oOpaHi 100aBKM  MarOTh
NPU3BOAUTU N0 3HIKEHHS TEMIEpaTypd CHHTE3Y
ocHoBHOI (a3u. Ilo-mpyre, 3a yYMOBH yTBOPEHHS
ckimodasn i1 KUIBKICTH Ta BIIACTUBOCTI HE TOBHHHI
MIOTIPIITYBAaTH OCHOBHI BIIACTHBOCTI KiHIIEBOTO MaTepiary
— JIeNeKTPUYHy TMPOHHUKHICTP Ta TAaHTEHC KyTa
JUENeKTPUYHUX BTpaT. TakoX NpH AOTPUMaHHI MEpIINX
JIBOX ITyHKTIB cuHTe3 (ha3u Mae BiOyTHCS HOBHICTIO 0e3
YTBOPEHHS JI0JaTKOBHX (ha3.

[Tpu cuHTE31 MEBHUX KpHUCTATIYHMX (a3 miaxia o
MeXaHi3MiB Aii MiKpo100aBOK B IEPLIy YEpry 3ajJeXKHUTh
Bi MeXaHi3My, 3a SKUM BiIOyBarOThCS  peakuii
yTBOpeHHs1 nmaHux (a3, a came TBepaodazauii abdo
pinkodasuuit cmHTe3. Tomy # n00aBKM B Pi3HHUX
BHITaJIKaX MOXXYTh BECTH ceOe Mo pi3HOMY, OCOOIHMBO B
0araTOKOMIIOHCHTHHX cHcTemaX. JloOaBku, 110 He
MalOTh €BTEKTHK 31 CKJIQJIOBUMH CUHTE3Y 1 BIULIMBAIOTH HA
KpucTajizalilo  (po3MipH, CHHIOHIIO, TEMIIEpaTypy
MOYaTKy peakuii TOII0) Ha3MBaIOTh MOIM(pIKATOPaMHU.
Jlo6aBKy, 1110 BIJIMBAIOTh HA CHHTE3 LUIIXOM YTBOPEHHS

po3miaBy Ta ckiodasd, BiNOBIAAIOTE 3a HOro
aKTUBHICTB Ta TeoJIOriYH1 BJIACTUBOCTI €
MiHepaji3aTopamu.

JIst mpucKopeHHs peakilii cuHTe3y (a3u 1enp3iany
Ta 3HKEHHS TeMITepaTypH JOCTiTHUKH [8] B HEBEIUKHUX
KimpKocTsAX BBoammH nobaBku CaCOs ta amapur 2 MgO
x B203; - Hy0, sxi cpusimi KpucTalizamii MOHOKITIHHOT
moamikarii  menp3iany. OmHak  cumHTE3  (pazm
CYNpPOBO/KYBABCS ~ BEJIMKOI  BOTHEBOI  YCAJKOIO
BHacmigok gucomiamii  BaCOs;.  AMepuKaHCHKUMH
BYCHHMHU B po0OOTi [9], B sIKOCTI iHTEHCU(IKATOPIB, SKi
CIPUSIOTh CHUHTE3Y MENb3iaHOBOI (ha3u pO3MIAIanocs
BukopuctanHs ZrSiOs, B,O3 ta Cr,O3. O6pani nobaBku

TaKOXK CHOPUSUIM  CUHTE3Y IIeNb3iaHy MOHOKJTIHHOL
CHHTOHIi.

HayxoBismu [10] JOCITiPKEHO BIUINB
KOMITJIEKCHUX iHTeHCU(IKATOPiB Ha CITIKaHHS
CITIAaBCOHITOBOI  KepaMiku. B poboTi  mokaszaHo
MO3UTUBHUK BB ~ no6aBkm  SnO,-Li O  Ha
HHU3BKOTEMIIEpATypHy aKTHBAI[l0 TPOLECY CHHTE3Y

CTPOHIII€EBOTO aHOPTHUTY i OTPUMAHHS LIUILHOCIIEYEHOTO
KepaMiyHOrO Marepiany, 0 4epe3 OJIM3bKY CXOXKICTh
aTtoMmiB 0apito Ta CTpPOHLIIO Ja€ MOXIJIUBICTH il
3aCTOCYBaHHS I1iJl YaC CHHTE3Y LIeJIb3iaHOBOT (a3H.

3 ypaxyBaHHSIM BCiX pO3IISIHYTHUX (aKToOpiB Y
IaHiit poboTi Oyn0 oOpaHO psig M00ABOK, IO IIFOThH 3a
pisHEMH MexaHi3Mamu, a came: MgO, Cr,0s, ZrSiOs Ta
TiO,, sSKi MOKHA BiTHECTH J0 TPy MOIU(iKaToOpiB, TaK
AK BOHM MAalOTh TEMIEpaTypy IUIaBJICHHS BHILY 32
TeMIlepaTypy IUIaBieHHs mnenb3iany, a CaCOs, B0s,
MoOs; Ta SnO;: Li,O 3 Temmeparyporo IUTaBIEHHS IO
900 °C BimHOCATHCS B MJAHOMY BHIMAIKYy 10 TpPyIH
MiHepasi3aropis.

MeTol0 [aHOTO JIOCHIJDKEHHS € 3HAXO[DKCHHS
ONTUMANLHOT T0OaBKHM Ta i KUIBKOCTI Ui OTPUMAHHS
LIIJIBHOCIICUCHUX KEepaMiYHUX MaTepiajiiB Ha OCHOBI
Liesb3iaHy 3a HU3bKOT TEMIIEpaTypy BHITAITY.

ExcnepnMeHTAIbLHA YACTHHA

Jis  mpoBeAeHHS  OCHIKCHb OyB  OOpaHwMid
CTEXIOMETpUYHHMIA CKJIax 1einb3iaHy (mac. %: BaO —
40,85; AlLO; — 27,17; SiO, —31,98), sxuii 3a piBHEM
eJeKTPOI3NIHUX BJIIACTUBOCTEH 3a/J0BOJIGHSIE BHMOTH
JI0 paJioNpo30pUX MaTepiais.

Jnst cuaTedy o00paHOi (a3 BUKOPHCTOBYBAIH

HACTYITHI CHPOBHWHHI Marepianu: kapOoHat Oapiro,
KBapIIOBUH MiCOK Ta TiuHO3eM Mapku ['-00.
3pasku  UIS  JOCHIDKCHb  BUTOTOBJSLIM 32

JIBOXCTAIIHOI0 KepaMidHOI TexHouoriew. [lepmioro
CTaJi€l0 € CHHTE3 Lenb3iany. B mabopaTopHux ymoBax
JUIE  OTPUMAaHHS UIIMXTH  CHPOBHHHI  Marepiajiu
HNepEeMIlIyBaJId  [UIIXOM TPUKPATHOTO MPOIYCKAHHS
Kkpi3b cuto Ne 015 3 nmonaBaHHAM OOpaHUX TO0OABOK Y
koHneHtparii 0,5, 1,0 ta 2,0 mac. % monan 100 mac. %
Ha CyXy PCUOBHHY.

®dopMyBaHHS ~ JMOCHITHUX 3pa3KiB  MPOBOIMIN
NUIIXOM  TPECYBaHHS HAMIBCyXUM CIOCOOOM  Ha
naboparoprHomy TigpaBmiunomy mnpeci IIPT-10 mmig
tuckom 20 Mlla.

B sxocti THMYacoBOi 3B’SI3KH BHUKOPUCTOBYBAJH
po3unn KMII, 3arampHa BOJIOTiCTh MacH JJIsl IIPECYBAHHS
ckiamana 8 %.

[Micns  cymku  chopMoBaHMX  OpHKETIB IO
3aJIMIIKOBOI Bojiorocti MeHme 1 % IpOBOMMIN CHUHTE3
1eb3iaHoBOI (a3 B JlabopaTopHiil MydenpHii medi 3a
temreparypu 1200 °C 3 BUTPpUMKOIO 2 TOAMHH Ta
MOIaJIBIIIAM OXOJIODKEHHSIM Pa30M i3 MiUdIo.

Ha npyriit ctanii moMen CHHTE30BaHOTO MaTepiay
MPOBOIIIIM J0 TMOBHOTO MPOXOKEHHS Kpi3h cUTO No
0063. TToTiM 3 OTPUMAHOTO TIOPOIIKY TOTYBAIH HMLTIKED 3
Bojorictro 30 % 3 pmomaBamusam 0,1 mac. %
po3pimxyrouoi nodasku Dolapix PC 67.

JUis  OTpUMaHHS CHpILIO IUTKEp 3ajJUBAld B
npocyuieHi rincosi ¢popmu. Bunan 3paskiB npoBoauiIn B
CHJITOBIH mneui 3a Temneparypu 1350 °C 3 2 ropuHHOIO
BUTPUMKOIO.

®dazoBuil CKIaj] JOCTIAHMX 3pa3KiB BU3HAYAIMA 3a
JIOTIOMOTOI0 METOIy peHTreHoda3zoBoro anamizy (PDA)
i3 3actocyBanHsaM gudpakromerpy JPOH-3M 3 CuKoa-
BHIIPOMIHIOBAaHHSAM Ta HIKeNeBUM  QUIBTPOM TP
CTaHJAPTHHUX YMOBAxX HOTO poOOTH.

BuBYeHHsSI MIKPOCTPYKTYpH IOCIHIJHUX 3pas3KiB Ta
Mopdoutorii moBepxHi iX po3IoMiB 3AIHCHIOBAIN TIPSIMUM
METOJIOM  PacTpoBOi  €JEKTPOHHOI  MiKpockomii 3
BUKOPUCTAHHSIM CKaHYFOUYOTO €JICKTPOHHOTO MIKpPOCKOIa
PhenomPro ta npuckopiorouoro Harpyroro 15 kB.

OCHOBHOIO O03HAKOI0, 3a SKOI MOKHA OIIHUTH
BIUIMB aKTHUBYIOUMX JI00ABOK Ha CTYIiHb CITIKaHHSI
KepaMidHHX MaTepiaiiB, € MOKAa3HUK BOJOIIOTIMHAHHS.

[H1II010 BaXJIMBOIO BIACTHUBICTIO € YSABHA MIUIBHICTB,
sIKa JTO3BOJISIE OIIIHUTH 3aKPUTYy IOPHUCTICTH KiHIIEBOTO
BUpOOy. 3a3HadeHi XapaKTePUCTUKH  JTOCIiIHKYyBaIH
METOZOM «IIBHAKOTO BaKyyMyBaHHS» BIOIOBITHO 10
ISO 5017:2014.
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Pe3ysbTaT Ta 00roBOpeHHs

B nabopatopHuX yMmoBax BU3Ha4aiMcs (i3U4HI
BJIACTMBOCTI 3pa3KiB JJIsl BHBYEHHS BIUIMBY OOpaHHMX
iHTeHCH(}IiKaTOpiB Ta iX KUIBKOCTI Ha CTPYKTYpPY
[IeTh31aHOBOT KEPaMiKH.

PesynbpraT MpoBeNCHNX NOCTIIKEHb HABEACHO Ha
puc. 1-3.
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Puc. 2 — 3anexHICTh BIIKPUTOI MMOPHCTOCTI 3pa3KiB
Liesb3iaHy BiJ KOHLIEHTpauii iHTeHcudikaTopiB

3 HaBeJeHUX AaHuX (puc. 1-3) 6aunmo, mo QizuyHi
BIIACTHBOCTI ~ BUMAJICHWX  3pa3KiB  CBig4aTh  TIPO
pI3HOOIUHWI  BIUIMB  JOCHIIPKEHWX  J100aBOK  Ha
[IeJTb31aHOBY KEepPaMiKy.

OTtpumani
HaNOLIb I

pe3yibTaTH CBigYaTh MOpo Te, IO
MEPCIIEKTUBHAM  IHTEHCH(IKaTOpOM  JUIs

NpoLIeCY CIIKaHHA KepaMikd Ha OCHOBI IeJb3iaHy €
eBTeKTHYHA nobaBka SnO; : Li>O y kximskocTi 1 mac.%.

JlocmigHi 3pa3ku 3 J0JaBaHHSAM IIOTO aKTHBATOpa
XapaKTepU3yBaJIKCs HACTYTHUMU MOKa3HUKAMH:

BojonoriauHanus — 5,1 %,

nopucticts — 13,4 %,

inbHiCTB — 2,62 r/cMm?
ysIBHA LUIBHICTE — 2,62 T/CcM°.

YABHA IYCTHHA, rfov3

14
; 0,0% 0,5% 1,0% 1,5% 20%
Bmict nobasok, mac. %
~8—(r203 —8— 712504 —Ti02 Mg0
—8—B203 —8—Mo03 ——1i20:5n02 —8—Cal03

Puc. 3 — 3anexnicTe ysfBHOI IIIIBHOCTI 3pa3KiB
LeNb3iaHy BiJ KOHIICHTpalii iHTeHcHn(pikaTopiB

B cBoto uepry pogaBanus CaCOs, B,Os, MoOs Ta
TiO, mpu3Beno A0 30UTBIICHHS MOPUCTOCTI CTPYKTYPH 3
41,8 % 6e3 momaBanHs g00aBku g0 42,6 — 432% B
3aJIe)KHOCTI BiJi BUIY J00aBKH, 110 HETaTHBHO BILIMBAE
HAa MEXaHIYHI BIACTUBOCTI KiHIeBUX BHPoOiB. [o
CTOCY€ThCS IHIMMX A00AaBOK, 3a TEMIIEPATypH CHHTE3Y
1200 °C Ta Temmeparypu Bunairy 1350 °C 3 BUTPHMKOIO
MPOTATOM 2 TOAWH BOHHM HE MAlOTh ICTOTHOTO BIUIMBY Ha
MIPOIIEC CIiKaHHS IeJIb31aHOBOT KepaMiKHy.

MeTonoM peHTIeHOCTPYKTYPHOTO aHaji3y Ha eTari
cuHTE3y OyJI0 MJOCHIKEHO 3pa3Kh 3 EeBTEKTHYHOIO
nobaskoro SnO; : LiO B kinbkocTi 1 Mac. % Ha MOBHOTY
peakuiit hopmyBanHs a3y 1eIb3iany.

PesynbraT peHTreHo(a3oBoro aHamizy NpUBEICHI
Ha puc. 4.

OTpuMaHi JaHi cBigyaTh NpPO IIOBHE HPOTIKAHHS
peakuii  cuHTe3y  IeNb3iaHy, Ha  pEHTreHOrpami
KpHUCTaTigyHa (haza TpeacTaBiIeHa B JTIBOX
MoaudikaIifax: o-1enb3ian  Ta mapanenb3iaH.  Takox
CIIOCTEPIraeEMO BIACYTHICTh KapOOHATiB, IO MOXYTb
HaJaTu JOJATKOBY BOTHEBY yCaJKy IiJl 4ac BHUMAIy Ta
CIIPOBOKYBATH MOSABY Ie(EKTiB y BUPOOI.
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Puc. 4 — Pentrerorpama riens3iany, cuHTe30BaHoro 3a temmneparypu 1200 °C 3 momasanusm 1 mac. % SnOz : Li2O

CtpykTypHi 0COONMHMBOCTI 3pa3ka 3 KpamuMH
GI3MYHIMHU  BJIACTHBOCTSIMH  JOCIIZXKYBAalH METOJOM
PacTpPOBOI ENIEKTPOHHOT MIKPOCKOIIIi Ha €Tarli CHHTE3Y Ta
micns  Bumainy 3paskiB 3a Temmeparypu 1350 °C.
MikpodoTo3HiMKH 371aMiB HaBeJIeHI Ha puc. 5 Ta puc. 6.

15kU.; xg{gug 5% 20012 1200C Puc. 6 — MikpocTpykTypa 3paskiB IeJb31aHOBOI
KepaMikl TpH BHUTPHUMII 2 TOJMHU 32 TEMIEpaTrypu
1350 °C 3i 36inpmenHsaM: a) x 1000; 6) x3000

Puc. 5 — MikpocTpykTypa 3pa3KiB IelIb31aHOBOT
KEepaMiKd TMpH BHUTPUMIN 2 FOAMHH 33 TEMIEpaTypu
1200 °C 3i 36umbmenHsM: a) x 1000; 6) x3000
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(3,000

Puc. 6 — MikpocTpykTypa 3pa3KiB IeJIb31aHOBOT
KepaMmikil TpW BUTPHUMII 2 TOAWHH 3a TeMIepaTypH
1350 °C 3i 36inpmenHsaM: a) x 1000; 6) x3000

Ha ortpumanmx 3miMkax (puc. 5, 6) 6aummo, 1m0
CTPYKTypa fK MiCIsI CHHTE3y TaK 1 IMICIA BHIAIY €
onHOpimHOtO, Ge3 TpimmH. Ilicims Bumamy 3paskiB 3a

temriepatypu 1350 °C  ¢dopmyerbcs Olnpln  viTKa
CTPYKTYpa, cIocTepiraeMo pict kpucramiB  ¢asu
nens3iany posmipom 25-30 MKM i3 HE3HAYHOIO

KIUJIBKICTIO 3aKpUTHX MOp po3MipoM 5-10 MkM, o
MATBEPIKYE  pe3yNbTaTd  BHUMIpIOBaHb  (Di3MYHUX
BIIACTHBOCTEH. 3arajoM KpHCTalH LeNb3iaHy B KepaMmimi
PO3MOAIISIOTECA PIBHOMIPHO, a HasBHICTH IOP MOXKHA
MOSICHUTH  KOPOTKAM  IHTEpBaJIOM  130TepMidHOL
BUTPHMKH 32 MaKCUMaJIbHOI TeMIepaTypHu Ta WMOBIpHO
LIBUAKUM PEKUMOM BHIIATY.

BucHOBKH Ta  mHepcHeKTHBH
PO3BHTKY 1aHOT0 HANPSIMKY.

B pesynbrati BUKOHaHHS poOOTH OYII0 DOCIIIKEHO
BIUIMB J00aBOK Ha IHTCHCU(QIKAIIO MPOIECY CIiIKaHHS
KepaMi4HUX MartepiasiB Ha ocHOBI cuctemu BaO — Al,O3
— Si0;. 3 ypaxyBaHHSM pO3IJITHYTHX (aKTOpiB U1
JOCHIJKeHb Oysio 00paHo psin 100aBOK, IIO IIIOTh 3a
pisauMu MexanizMamu: MgO, Cr0s3, ZrSiO4 Ta TiO,
(moxudikaropu) Ta CaCOs3, B,O3, MoOs3 Ta SnO> : Li;O
(mirepamnizaTopm).

BcranoineHo, 110 ¢i3uuHi BIaCTHBOCTI BUMNAICHUX
3pa3KiB CBig4aTh MPO Pi3HOOIYHWH BIUIUB JOCHIHKEHUX
00aBOK Ha Ieb3iaHOBY KepaMiky. Hai6inpmm

nmoaaJIbIoro

NEepPCIEeKTUBHUM  iHTEeHcH(iKkaTopoM Uil Hpolecy
CHIKaHHS IIeb3iaHy € eBTeKTHuHa nodaBka SnO;: Li,O
y KinbkocTi 1 Mac.% 3 HACTYITHMMH XapaKTePUCTUKAMM:
BojomnornuHaHHA — 5,1 %, nmopucricts — 13,4 %, ysBHa
IiIBHICTE — 2,62 T/cM>.

Pesynpratn peHTreHoga3zoBoro aHaiily CBiIT4aTh
PO TIOBHE MPOTIKAaHHS peakiii CHHTE3y IleNb3iaHy 3a
temnepatypu cuHTesy 1200 °C, Ha peHTreHorpami
KpHUCTaTigyHa ¢baza TIpencTaBlieHa B JIBOX
MoudiKalisx: o-Ienb3iaH Ta naparesib3iaH.

B cBoto uepry noaasanus CaCOs, B2O3, MoOs Ta
TiO, npu3Beno A0 30UTBIICHHS MOPUCTOCTI CTPYKTYPH 3
41,4 % 6e3 nmomaBanHs no0aBku g0 42,6 — 43,2% B
3aJIeXKHOCTI BiJi BUNY J00aBKH, 110 HETaTHBHO BILIMBAE
HAa MEXaHIYHI BIACTUBOCTI KiHIeBux BHPoOiB. [o
CTOCY€ThCSl IHIMMX [00aBOK, ICTOTHOTO BIUIMBY Ha
TIpoIiec CIiKaHHA [eNTb31aHOBOI KePaMiK/ He BHSBJICHO.

OtpumaHa [enb3iaHoBa KepaMika 3 IOJaBaHHSIM
1Mmac.% SnO;:Li;O BigmoBimae BuMoOram, IO
BHCYBAIOTECS /10 PaAiONpO30pPUX MaTepiajiB, Ta MOXKe

BUKOPUCTOBYBAaTUCh  JUI1  BUIOTOBICHHS  OKPEMHUX
JieTaseil B aBlakoCMi4Hil IIPOMHCIOBOCTI.

Cnucok Jirepatypn
1. T'yaman WM.S. Xumuueckas TEXHOJOTUS KEPaMMKHU:

VYuebnoe nocobue mia By3oB / 'yaman W.5. — M.: OO0
PU® «Crpoiimarepuansi», 2003.

2. MuxeeB, C. B. Kepamnueckue #u KOMIIO3ULIHOHHBIE
Marepuaibl B aBuannonnoi texuuke / C. B. Muxees, I'. B.
Crtporanos, A. I'. Pomamun. - M : Anstexc, 2002. - 275 c.

3. Holand W. Glass Ceramic Techology / W. Holand G. Beall
/I Amer. Cer. Soc. 2002. — 375 p.

4. TIpouecchl CreKaHWs W KPUCTAUIM3ALMU IPH HOJIYYCHHU
CTpoHIUTaHOpTUTOBOM cTekiokepamuku / [1.J]. Capkucos,
JLLA. Opmnoga, H.B. [Tonouy, P. bpynu, A.C. YaiiHunkoBa,
K. Kmuakmromnep, H. E. Ileronesa // CTexiio u kepaMuka.
2012. — Ne8. — C. 14-16.

5. Scientific Grounds of Structural and Production Concepts
to Provide Aircraft Life Time [Text]: Monography / V. O.
Boguslayev, S. A. Bychkov, O. G. Grebenikov, M. L
Moskalenko, A. M. Gumenniy, E. T. Vasilevskiy, A. P.
Eretin, O. D. Donets, V. F. Sementsov, V. O. Grebenikov,
O. M. Stoliarchuk. — Kharkiv: Nat. Aerospace Univ.
«KhAl», 2019. — 266 p.

6. Suzdal'tsev E.I, Kharitonov D.V. (2004) Intensified
Sintering of Lithium Aluminosilicate Ceramics. Refractories
and Industrial Ceramics. Vol. 45, Ne 2, pp. 88-90.

7. TOCT 20419-83. Marepuansr KepaMHYecKHe
anekTpoTexHuueckue. Kilaccupukauus ¢ TEXHHYCCKHE
TpeboBanus. — Beexen 01.01.1985.

8. bankeBnu B.JI. Texunueckas kepamuka: yueOHoe mocodue
g BTY30B. — 2-e wu3p., mepepad. u pom. — M.
Crpoitnszat, 1984. — 256 c.

9. Ilar. 5642868 CIIA, Int. Cl.6 C 04 B 35/584. Ceramic
material / Inna G. Talmy, Deborah A. Haught; 3asBurens u
narenroobnmanarens The United States of America as
represented by the Secretary of the Navy. — 3asBi.
2.05.1990; omy6a. 1.06.1997. — 8 c.

10. G. Lisachuk, R. Kryvobok, A. Zakharov et al. Influence of
complex activators of sintering on creating radiotransparent
ceramics in SrO — Al2O3 — SiOa. Eastern-European Journal
of Eenterprise Technologies. 2017. Ne 1(6). pp. 10-15.

Bicnuk Hayionanvroeo Texuiunozo Yuisepcumemy «XI1I». Cepia: Innosayitini
docnioxcenHs y Haykosux pobomax cmyodenmia, 2022, Ne [ (1363) 7



ISSN 2220-4784 (print), ISSN 2663-8738 (online)

Bibliography (transliterated) O. M. Stoliarchuk. — Kharkiv: Nat. Aerospace Univ.
«KhAI», 2019. — 266 p.
1. Guzman IJa. Himicheskaja tehnologija keramiki: 6. Suzdal'tsev E.I, Kharitonov D.V. (2004) Intensified

Uchebnoe posobie dlja vuzov / Guzman 1.Ja. — M.: OO0 Sintering of Lithium Aluminosilicate Ceramics. Refractories
RIF «Strojmaterialy», 2003. and Industrial Ceramics. Vol. 45, Ne 2, pp. 88-90

2. Miheev, S. V. Keramicheskie i kompozicionnye materialy v 7. GOST 20419-83. Materialy keramicheskie
aviacionnoj tehnike / S. V. Miheev, G. B. Stroganov, A. G. jelektrotehnicheskie.  Klassifikacija 1 tehnicheskie
Romashin. - M : Al'teks, 2002. - 275 p. trebovanija. — Vveden 01.01.1985

3. Holand W. Glass Ceramic Techology / W. Holand G. Beall ~ 8. Balkevich V.L. Tehnicheskaja keramika: uchebnoe posobie
/I Amer. Cer. Soc. 2002. — 375 p. dlja VTUZov. 2-¢ izd., dop. — M. Strojizdat, 1984. — 256 p.

4. Processy spekanija i kristallizacii pri poluchenii 9. Pat. 5642868 SShA, Int. C1.6 C 04 B 35/584. Ceramic
stroncijanortitovoj steklokeramiki / P.D. Sarkisov, L.A. material / Inna G. Talmy, Deborah A. Haught; zajavitel' i
Orlova, N.V. Popovich, R. Brunch, A.S. Chajnikova, K. patentoobladatel' The United States of America as
Klinkmjuller, N. E. Shhegoleva // Steklo i keramika. — represented by the Secretary of the Navy. — zajavl.
2012. — Ne8. — pp. 14-16. 2.05.1990; opubl. 1.06.1997. — 8 p.

5. Scientific Grounds of Structural and Production Concepts  10. G. Lisachuk, R. Kryvobok, A. Zakharov et al. Influence of
to Provide Aircraft Life Time [Text]: Monography / V. O. complex activators of sintering on creating radiotransparent
Boguslayev, S. A. Bychkov, O. G. Grebenikov, M. L. ceramics in SrO — ALO3 — SiOa. Eastern-European Journal
Moskalenko, A. M. Gumenniy, E. T. Vasilevskiy, A. P. of Eenterprise Technologies. 2017. Ne 1(6). pp. 10-15.

Eretin, O. D. Donets, V. F. Sementsov, V. O. Grebenikov,
Haoitwna (received) 19.07.2022

Bioomocmi npo asmopis / Ceedenus 06 asmopax / About the Authors

Hicauyx I'eopeiii Bikmopoeuu (Jlucauyx I'eopeuit Buxkmopoeuu, Lisachuk Georgiy Viktorovych) — noktop
TEXHIYHHUX HayK, podecop, 3aBiqyBad HaykoBo-nociiaHoi yactuan HTY «XI1l»; m. Xapkis, YkpaiHa;

ORCID: http://orcid.org/0000-0002-7157-9115 e-mail: lisachuk@kpi.kharkov.ua

Kpueobok Pychan Bikmoposuu (Kpusooox Pycnan Buxmopoeuu, Kryvobok Ruslan Viktorovych) — xanaunar
TEXHIYHUX HAyK, CTapIIN{ HAYKOBWH CITIBPOOITHUK, 3aCTYITHUK 3aBigyBada HaykKoBO-mocaigHoi yactuan HTY «XTIIIy,
M. XapkiB, Ykpaina; ORCID: http://orcid.org/0000-0002-2334-4434 e-mail: krivobok491(@gmail.com

Bonowyx Banenmuna Bacuniena (Bonowyx Banenmuna Bacunveena, Voloshchuk Valentyna Vasylivna) —
acripadTka kadeapu TeXHOJIOTi KepaMiKH, BOTHETPUBIB, ckia Ta eMaieit HTY «XI1I», M. XapkiB, Ykpaina;

ORCID: http://orcid.org/0000-0003-2120-3088 e-mail: valenty93vol@gmail.com

G. V. LISACHUK, R. V. KRYVOBOK, V. V. VOLOSHCHUK
INTENSIFICATION OF THE SINTERING PROCESS OF CERAMIC MATERIALS BASED
ON THE BaO — Al20s3 — SiO : SYSTEM

The article examines the effect of additives on the intensification of the sintering process of ceramic materials based on the
BaO — Al203 — SiOz system. Taking into account different mechanisms of interaction of additives with the main matrix, modifiers —
MgO, Cr20s3, ZrSiO4, TiO2 and mineralizers — CaCOs, B203, MoOs, SnOz : Li2O were selected for research. On the basis of the
conducted complex of studies, it was established that the most promising intensifier for the celsian sintering process is the eutectic
additive SnOz : Li2O in the amount of 1 wt.% with the following characteristics: water absorption — 5.1%, porosity — 13.4%,
apparent density — 2.62 g/cm®. The results of the X-ray phase analysis show that the celsian synthesis reaction is complete at a
synthesis temperature of 1200 °C, which is a confirmation of a decrease in the synthesis temperature of the phase by 100 °C. The
obtained celsian ceramics meet the requirements for radio-transparent materials and can be used for the manufacture of individual
parts in the aerospace industry.

Key words: celsian, intensifying additives, water absorption, apparent density, open porosity, X-ray phase analysis,
microstructure

I. B. JUCAYYK, P. B. KPUBOBOK, B. B. BO/IOLL]YK
NHTEHCUDOUKAIUA TPOHECCA CHEKAHUA KEPAMNYECKUX MATEPUAJIOB HA OCHOBE
CUCTEMBI BaO — ALOs — SiO2

B cratee paccmoTpeHO BiusHHE 100aBOK Ha MHTEHCU(UKAIMIO IIPOLEcCca CIEKaHUs KePaMHUUECKHX MaTepHalioB Ha OCHOBE
cucrembl BaO — AlO3; — SiOz. YuurbiBas pas3ianyuHble MEXaHU3Mbl B3aUMOACHCTBUS NOOABOK C OCHOBHOH MaTpuuel Uit
uccnenoBanuii, Obu BBIOpaHEl MomudukaTtopel — MgO, Cr203, ZrSiOs, TiO2 u munepammzatopsl — CaCOs, B203, MoOs,
SnO:: Li2O. Ha ocHOBaHMM TPOBEJCHHOTO KOMIUIEKCA WCCICIOBAaHUN YCTaHOBICHO, YTO HamOoJiee MEPCHEKTUBHBIM
WHTEHCH(DHUKATOPOM IS TIpoIiecca CIICKaHus IIeJb3HaHa sBIIeTCs IBTeKTHUecKas podaBka SnOz : Li2O B xommuectse 1 mac.% co
CIIEIYIOMNMMY XapaKTEPUCTHKAMM: Bogonoriomenue — 5,1 %, mopucrocts — 13,4 %, MHMMas IWIOTHOCTH — 2, 62 r/cm>. PesymbratTsl
peHTreHo(a3oBoro aHaiu3a CBUACTEIBCTBYIOT O IOJIHOM NPOTEKAHHUHM PEAaKLUM CHHTE3a Lejb3MaHa MpH TeMIlepaType CHHTE3a
1200 °C, 4ro siBiIsieTCsI MOATBEPIKACHUEM CHIDKSHUsI TeMnepartypbl cuHTe3a (aser Ha 100 °C. TloiyueHHas 1eibp3uaHOBasi KEpaMHKa
COOTBETCTBYET TPEOOBAHUSAM, HMPEABSIBIAEMBIM K PaldONpO3PaYHbIM MaTepHanaM, d MOXET HCIIOJIb30BATHCS AJISI U3TOTOBJICHHS
OTJIENIBHBIX JIeTajel B aBUAKOCMUUECKON MPOMBIIIJICHHOCTH.

Knrwuesvie cnosa: uenb3naH, WHTCHCUPHIUPYIONUME JT00AaBKH, BOJOINOIJIOIICHAE, MHHMAas IUIOTHOCTh, OTKPBITast
MMOPUCTOCTh, PEHTTCHO(DA30BbIN aHAIN3, MUKPOCTPYKTYpa.

Bicnux Hayionanvnoeo Texniunozo Yuieepcumemy «XI1l». Cepis: Innosayitini
8 docniddiceHns y Haykosux pobomax cmyoenmis, 2022, Ne 1 (1363)



ISSN 2220-4784 (print), ISSN 2663-8738 (online)

YK 663.664 doi: 10.20998/2220-4784.2022.01.02

VALERIIA ANANIEVA, OLEKSANDRA VARANKINA, TETIANA OVSIANNIKOVA, SVITLANA
ZHIRNOVA

ENRICHMENT OF THE PRODUCTS OF FAT-AND-OIL AND BIOTRCHNOLOGY INDUSTRIES BY
ANTIOXIDANTS AND PRESERVATIVES OF POWDERS FROM BARRY RAW MATERIALS

It was found in investigation of amount of polyphenolic substances in samples of mixes with different contents of grape skin and
mountain ash powders that varying the ratios of the mass fractions of the components practically did not affect the content of
quercetin, which was not less than 6.7 %. Oxidated form of quercetin can influence on increase in resistance to microbiological
spoil of a finished product. Inverse proportion between increasing in mass fraction of mountain ash berries powder and the sum of
polyphenolic substances in terms of cyanidin-3,5-diglucoside was defined. It was shown in the study of sorbic acid content in
samples of mixes of powders that content of sorbic acid increased from 0.43 % to 0.54 % with an increase (from 1 % to 3 %) in the
mass fraction of mountain ash berries powder in the mixture. It was shown in the research of pectic substances content in selected
samples of mixes of powders that total content of pectic substances also increased from 1.89 % to 3.28 % with an increase in the
mass fraction of mountain ash berries powder and crude fiber values practically did not change. The conducted microbiological
researches of samples of mayonnaise with 40.0 % fat mass fraction and yogurt with a 2.5 % fat mass fraction showed that adding of
mix of grapes skin powder (2.0 % by weight) and mountain ash berries powder (3.0 % by weight) into the products slowed down

the growth of yeast and mold.
Key words: mayonnais, yogurt, flavonoids, sorbic acid.

Introdution.

Every person needs nutrients, which is foodstuff,
for satisfaction of vital needs of an organism (protective,
power, regulatory). But the modern producers are
capable to satisfy only energy needs in full. However
nutritional and biological values of products are much
lower in relation to actual needs of the person. Therefore
experts in the field of science about a balanced diet of the
person have been developing the specialized food
enriched with necessary biologically valuable nutrients
for several decades [l, 2]. It is necessary to give
preference to enrichment of products of mass
consumption during creation of compoundings of food
products of improving appointment. It is possible to carry
to them the oil and fat and biotechnology industries
products, namely mayonnaise and fermented milk
products [3-6].

By results of long-term researches it is proved that
use the powders from vegetable raw materials as the
functional ingredients of food products is capable to
increase the nutritional and biological values of a
finished product and to influence positively the person
health state [7-10]. Besides,vegetable raw material
powders are well assimilated by an organism and are an
important energy source at the expense of a large amount
content of carbohydrates, in particular pectins and a
cellulose. It is known that pectins have ability to connect
heavy metals and radionuclides and to bring them out of
an organism [11]. Availability of various organic acids
(in particular sorbic) in powders from vegetable raw
materials is simultaneous both a source of valuable
nutrients, and particular processing characteristics of raw
materials (depressing of the pathogenic microflora
growth processes in a finished product) [8].

Characteristics of the objects, their relevance
and the goal of the study.

Fruit and berry raw materials also have a wide
range of polyphenolic substances and bioflavonoids
content. Some types of flavonoids, in particular
quercetinum and its derivants, have antifungal properties

together with high rates of antioxidatic activity. More
precisely it concerns to their oxidation products. For
example, 3,4-dihydroxybenzoic acid, oxidated
quercetinum, has high rates on antifungal activity [13]. It
is possible to use these flavonoids properties for the
resistance to microbiological decay of foodstuffs
increase.

The subject of the study — powder mixes of Black
Perlina grape skins and black pepper pea berries.

The tasks of the study — 1) to determine the
amount of flavonoids in powder mixes, which are
proposed for inclusion in the composition of mayonnaise
and yogurt for health purposes;

2) to definite a mass fraction of sorbic acid in
powder mixes;

3) to determine the amount of soluble and
insoluble food fibers in powder mixes;

4) to carry out the microbiological studies of
samples of mayonnaise and yogurt with powder mixes
regarding definition of the inhibiting effect of powders
substances on the pathogenic microflora growth.

Methods of the study — when solving the set
tasks, the following methods are used: methods of
determination of polyphenolic substances content,
methods of determination of sorbic acid content,
methods of determination of fiber content and total
pectin substances content, methods of determination
of microbiological indicators of mayonnaise and
yoghurt samples.

Literature rewiew.

Deficiency of irreplaceable and scarce nutrients
in a diet of the modern person is caused by tendency
to the high energy food and refined food consumptions
and minimum quantities of vegetables and fruit in a
diet.The last several decades a situation only worsen
in connection with the aggressive life rhythm and a
lack of time for good nutrition.

© Ananieva V.V., Varankina O.0.,
Ovsiannikova T. O., Zhirnova S.V ., 2022
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Alternative for a solution of the problem of
correction of the food status of the population is
targeted introduction of ingredients from vegetable
raw materials (fruit and vegetable purees, powders etc)
in foodstuffs production [14—17].

Fudstuffs of oil and fat and biotechnology
industries are traditional and popular among the
Ukrainian consumer. There are salads and sandwiches
with mayonnaise at the table of practically each
Ukrainian family every day, fermented milk products
are an integral part of a daily diet. But it should be
noted that ingredients which strongly reduce
advantage of the consumed product are often used in
production of the above-named products. Starches
undesirable to the consumption by particular
categories of people are often applied in production of
mayonnaise and yogurts with additives.The use of
synthetic preservatives can significantly extend the
shelf life of finished products, but also can have a
negative impact on the human body, especially
children [18-22].

The fruit and berry raw materials powders
application in compoundings of mayonnaise and
fermented milk products is expedient not only thanks
to enrichment of products by biologically valuable
ingredients, but also thanks to existence of certain
technological powders properties [23]. Researches in
this direction have been continueing and thanks to
new scientific data obtaining there are the
prerequisites for the creation of food products new
types, which are useful and attractive to the consumer,
by technologists and experts of a healthy diet.
Inclusion of powders from a wastages of juice and
vegetable productions in structure of food products
can become the alternate replacement f otraditional
and not always useful ingredients.

Powders from berry raw materials include
flavonoids with high antioxidants activity. In
particular, dark  varieties of grapes are rich in
anthocyanins which have high reactivity to free
radicals and can color the products with low pH values
in various shades of red color [24, 25]. That is use of
powders from berry raw materials in mayonnaise and
fermented milk products is expedient, firstly, on the
part of organoleptic. These food systems which are
emulsions have optimum pH level for anthocyanins
hydrolysis and coloring of a product in shades of red.

Mountain ash berries, except flavonoids, incorporate a
certain amount of organic acids [26]. Some of them
have the specific preserving properties, because of
capability to suppress pathogenic microflora
development. The total content of organic acids in the
mountain ash berries is not less than 8,0 %, including
sorbic acid, malic acid, citric acid, etc. [27]. It is
known that sorbic acid and its salts are used in the
food industry as preservatives. Synthetic sorbic acid is
applied In foodstuffs production but it can negatively
affect to the person health state through the content of
its industrial synthesis by-products [28, 29].

Except the high content of natural polyphenols
powders from vegetable raw materials are a sources of
soluble and insoluble food fibers (pectins, celluloses,
hemicelluloses). Positive influence of food fibers on
person health is proved in many scientific researches
[30-33]. But the food diet of the modern, very active
and busy person, does not provide the use of necessary
standard daily rate of food fibers. Therefore these
nutrients introduction to popular food products
(yogurts and kefir drinks, mayonnaises and fruit
dressing etc) in the form of powders is relevant.
Besides increase in nutritional and biological value of
a finished product it is also possible to regulate extent
of condensation and to prevent premature stratification
of emulsion oil and fat and fermented milk products.
After all, pectin substances have moisture-retaining
and gel-forming properties [34].

It is possible to receive the functional ingredients
for enrichment of food products as the alternate
replacement to traditional components by creation of
mixed powders from berry and fruit vegetable raw
materials. In particular the functional ingredients can
be used instead of synthetic dyes, stabilizers, the
preserving substances which are present at various
sauces, dairy drinks for giving the attractive taste and
color to a product. The scientific research continuing
in this direction provides the basis for innovative
solutions in the field of fat-and-oil products and
biotechnology industries.

Content of antioxidants of polyphenolic nature
in the mixes of powders from berry raw materials.

The studies results of the amount of polyphenolic
substances (flavonoids) determination in samples of
berry raw powder mixes are given in Table 1.

Table 1. Content of antioxidants of polyphenolic nature in the mixes of powders from Black pearl variety grape skin

and from the mountain ash berries

Polyphenolic substances content in terms of Sample Ne 1 Sample Ne 2 Sample Ne 3
Quercetin, % 6.81+0.03 6.74+0.07 6.71+0.02
Cyanidin-3,5-diglucoside, % 3.25+0.01 2.87+0.01 2.14+0.02

Analyzing results of researches, it can be seen
that change of ratios of mass fractions of powders in
mixes influences in different degree on total
composition of polyphenolic antioxidants. Moreover,

the changes in the amount of polyphenolic substances
in terms of quercetinum are slight, this flavonoid is
found in berries and fruits of any color. It is possible
to see a tendency to decrease the total content of
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anthocyanins in terms of cyanidin-3,5-diglucoside
with mass fraction of grape skin powder decrease.
Data of researches can be explained as follows:
anthocyanins are refer to the polyphenolic antioxidants
which report red dark cherry and violet colors to
fruits. The maximum quantity of anthocyanins is
contained in the dark colors berries (blackberry,
bilberry, dark varieties of grapes). So increase in a
mass fraction of powder of mountain ash berries is in
inverse proportion to the amount of polyphenolic
substances in terms of cyanidin-3,5-diglucoside.

Based on the above data of experimental studies,
all samples can be used in further researches because
of almost identical content of quercetin which
presence can affect positively on microbiological
stability of finished products. The antioxidant,
antimicrobial and fungicidal properties of quercetin

and other polyphenolic compounds have been
confirmed by the studies reported in [8, 39-41].
Decrease of content of anthocyanin compounds will
affect on shades of flowers of production, but due to
the optimum pH for anthocyanins in the offered food
systems discoloration (from gentle-pink to cherry-red)
will be favorable for expansion of the range of
production.

Sorbic acid content in samples of mixes of berry
raw materials powders

Determination of sorbic acid content in samples
of mixes of berry raw materials powders was the
following stage of the experimental studies. Sorbic
acid in fruit and berries is the natural preserving
substance and is capable to suppress the processes of
the fungal microorganisms growth. Results of the
conducted researches are presented in Table 2.

Table 2. Sorbic acid content in mixes of powders from Black pearl variety grape skin and from mountain ash berries

Samples of mixes Sample Ne 1

Sample Ne 2 Sample Ne 3

Sorbic acid content, mas. % 0.43+0.05

0.48+0.02 0.54+0.02

It has been shown that the content of sorbic acid
increases with increase in a mass fraction of mountain
ash berries powder in the mixes. Sorbic acid content
prevail in Ne 2 and Ne 3 samples. And the mix of berry
powders in the offered concentration addition can
influence on increasing in microbiological decay
resistance of production of oil and fat and
biotechnology industries. Besides, it is known that
sorbic acid shows the antifungal properties only at pH
values of food system lower than 6.5 [29, 42-44]. That
is fermented milk products and mayonnaise are

optimum products to show the preserving properties of
sorbic acid from natural origin [27].

Content of soluble and insoluble fibers in mixes
of powders from berry raw materials

The chosen samples of mixes of berry raw
materials powders were used for further researches. In
particular, the content of soluble and insoluble fibers
in samples of mixes of powders was determined.
Results of the conducted researches are presented in
Table 3.

Table 3. Content of soluble and insoluble fibers in the mixes of powders from Black pearl variety grape skin and from

mountain ash berries

Content of soluble and insoluble fibers Sample Ne 2 Sample Ne 3
Crude fiber, % 7.08+0.02 6.97+0.02
Total content of pectin substances, % 1.89+0.01 3.28+0.01

Analyzing the obtained data, it is possible to
observe that increase in total content of pectin
substances with increasing in a mass fraction of
mountain ash berries powder. This results can be
explained by that the mountain ash berries powder
represents spews which is received after juicing. The
remnants are the prevailing amount of pulp which is
rich in pectins, and a peel. Grape skin powder, first of
all, consists of hemicellulose and insoluble
protopectins. The results of the studies of dietary fiber
amount ratio in fruit and vegetable raw materials are
confirmed by the data of scientists in [45—47].

The presence of food fibers, soluble and
insoluble, in a mixes of powders can affect the

technological properties of the offered functional
ingredient and increase the moisture retaining,
stabilizing and gelling ability. Besides, availability of
food fibers reduces their deficiency in a food diet of
the person.

Microbiological studies of mayonnaise and
yogurt samples with the addition of powders from
berry raw materials

The last stage of work consisted in conducting
microbiological studies of the samples of mayonnaise
and yogurt with the addition of berry raw materials
powders with a different content of constituents which
were chosen on the basis of trial tests.

Results of researches are presented in Table 4
and Table 5.
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Table 4. Dynamics of changes in number of viable cells of yeasts in the samples of mayonnaise and yogurt with
different content of powders from Black pearl variety grape skin and from mountain ash berries in mixes during

storage

Mayonnaise with 40.0 % fat mass fraction Yogurt with 2.5 % fat mass fraction
Control 1 Control 2
Shelf life, days Yeast, CFU/cm’ Shelf life, days Yeast, CFU/cm’?
5 384 5 <10
10 405 10 <10
15 487 15 <20
20 543 20 4542
25 588 25 80+3
Sample Ne 2 (3.0 % and 2.0 %) Sample Ne 2 (3.0 % and 2.0 %)
Shelf life, days Yeast, CFU/cm’ Shelf life, days Yeast, CFU/cm’?
5 101 5 <10
10 131 10 <10
15 135 15 <20
20 141 20 3242
25 289 25 4442
Sample Ne 3 (2.0 % and 3.0 %) Sample Ne 3 (2.0 % and 3.0 %)
Shelf life, days Yeast, CFU/cm’ Shelf life, days Yeast, CFU/cm’?
5 95 5 <10
10 97 10 <10
15 101 15 <20
20 128 20 30+2
25 181 25 45+2

Table 5. Dynamics of changes in number of viable cells of molds in the samples of mayonnaise and yogurt with
different content of powders from Black pearl variety grape skin and from mountain ash berries in mixes during

storage

Mayonnaise with 40.0 % fat mass fraction

Yogurt with

2.5 % fat mass fraction

Control 1 Control 2
Shelf life, days Mold, CFU/cm’ Shelf life, days Mold, CFU/cm?
5 <10 5 <10
10 <10 10 <10
15 <10 15 <30
20 <10 20 4543
25 <20 25 68+3

Sample Ne 2 (3.0 % and 2.0 %)

Sample Ne 2 (3.0 % and 2.0 %)

Shelf life, days

Mold, CFU/cm®

Shelf life, days

Mold, CFU/cm?

5 0 5 <10
10 0 10 <10
15 <10 15 <30
20 <10 20 3742
25 <10 25 5542

Sample Ne 3 (2.0 % and 3.0%)

Sample Ne 3 (2.0 % and 3.0 %)

Shelf life, days

Mold, CFU/cm®

Shelf life, days

Mold, CFU/cm?

5 0 5 <10
10 0 10 <10
15 <10 15 <20
20 <10 20 3242
25 <10 25 5142

growth of a pathogenic microflora at concentration of
2.0 % mas. of grape skin powder and of 3.0 % mas. of
mountain ash berries powder (sample Ne 3). It can be
explained with presence of a flavonoid of quercetinum

Data of researches (in Table 4, Table 5) show
that introduction to a compounding of oil and fat and
fermented milk products mixes of grape skin and
mountain ashes berries powders slows down the
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in grape skin powder which has ability to be oxidized
to compound with the expressed antifungal properties,
and sorbic acid in mountain ash berries powder having
the preserving properties at low pH levels of food
systems. The obtained results are also corresponded
by the results of scientific researches given in [8, 18,
39, 41-43]. Further increase in concentration of
mountain ash berries powder is inexpedient because of
deterioration in organoleptic quality control parametrs

Conclusions and prospects for the further
development of this area

This article of presents study of the content of the
main biologically active substances of mixtures of
powders of berry raw materials for their inclusion in the
products of the oil and fat industry and biotechnology
industry.

The total flavonoids maintenance (in terms of
quercetin and cyanidin-3,5-diglucoside) in samples of
mixes of powders which were offered to be adding into a
compounding of mayonnaise and yogurts for healthy
purposes was defined; it was proved that the increase in
the mass fraction of the berries powder was in inverse
proportion to the total content of polyphenolic substances
in the amount of cyanidin-3,5-diglucoside; it was defined
that variation of mass fractions of berry raw materials
powders practically did not influence on the of the total
polyphenolic substances maintenance in terms of
quercetinum.

Determination of a mass fraction of sorbic acid in
mixes of powders was showen that there was a gradual
increase in content of sorbic acid with increase in mass
fraction of a mountain ash berries powder in mixes;
samples with the maximal content of sorbic acid in mixes
were chosen for further researches.

The content of crude fiber and pectin substances in
samples of mixes of powders was determined; it was
discovered that the total content of pectin substances
increased with an increase in the mass fraction of a
mountain ash berries powder in the mix.

It was defined that the mix of powders from Black
pearl variety grape skin and from mountain ash berries,
with concentration of 2.0 % and 3.0 % respectively,
adding in samples of mayonnaise and yogurt reduced
quantity of colony-forming units of yeast and a mold
during products storage in comparison with control
without mixes of powders.

Results of experiments can be applied by scientific
and production institutions which are engaged in
development and introduction of new technologies of oil
and fat and fermented milk products for health purposes.
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AHAH’€BA B. B., BAPAHKIHA O. O., OBCAHHIKOBA T. O., ’KHPHOBA C. B.

3FATAYEHHS IMTPOJAYKTIB OJIIEKUPOBOI F'AJIY3I TA I'AJY3I BIOTEXHOJIOITI
AHTHOKCUJIAHTAMU TA KOHCEPBYUYUMM PEUOBUHAMMU MOPOIIKIB 3 ATTTHOI
CHUPOBUHHU

JocinijpkeHHst BMICTY CyMH MOJi()EHONBHUX PEYOBHH Y 3pa3Kax CyMilled 13 pi3HUM BMICTOM MOpOILIKIB LIKIPKH
BUHOTPAJy Ta rOPOOWHHM UYEPBOHOILTIIHOI BUSIBWJIM, IO BapilOBaHHs CIIBBIAHOLICHP MAcCOBHX YacTOK CKJIQJIOBHX
NPaKkTUYHO HE BIUIMBAE HA BMICT KBEPLETHHY, IO HE € MEHIINM 32 6,7 %. [IpomayKT OKHCHEHHS KBEPLETHHY MOXE
BIUTMHYTH Ha TIIBUIICHHS CTIMKOCTI O MIiKpOOiOJIOTIYHOTO TICYBaHHS TOTOBOTO TMPOIYKTy. BusABIEHO, IO
MiBUIICHHSS MacOBOi YaCTKHA TOPOIIKY ATiZi TOPOOWHU 3BOPOTHO MPOIOPIIHHO CyMi MONMIQEHOIBHIX PEYOBHH Yy
nepepaxyHKy Ha IiaHiauH-3,5-nurmiko3ua. JlocmimkeHHs BMICTY COpOIHOBOT KHCIIOTH Y 3pa3KaxX CyMilled MOpOIIKiB
M0Ka3aJo, o Mpu 30iIbIICHHI MACOBOI YaCTKH MOPOIIKY STiJ TOpoOWHHU YepBOHOILTIAHOI ¥ cymimti (Bix 1 % mo 3 %)
30UIbIIy€eThCst BMICT copOiHoBoi kucnotu (Bin 0,43 % no 0,54 %). HdocnijkeHHS BMICTY NEKTHHOBHX PEYOBHH B
o0paHMX 3pa3Kax CyMillled MOpOLIKIB MOKa3auo, IO NpH 30iJbLIEHHI MAacoBOi YacTKM HOPOLIKY STiJ TOpOOHHH
3pOCTa€ TAaKOK CyMapHHUIl BMICT NMEKTHHOBUX pedoBuH (Bix 1,89 % mo 3,28 %), moka3HUKM 32 CHPOIO KJIITKOBUHOIO
NPaKTHYHO HE 3MiHIOIThes. [IpoBeneHi MikpoOionoriuHi JOCTIPKEHHS 3pa3KiB MalioHe3y 3 MacOBOIO YacCTKOIO XKUPY
40,0 % Ta HOTypTy 3 MacoBOIO YAacTKOIO Xupy 2,5 % IoKa3ajiu, 110 BBEJCHHS CyMIllli MOPOUIKIB MIKIPKK BUHOTPALy
(2,0 % mac.) ta ropobunu uyepBoHomiaHOI (3,0 % Mac.) nO Ckilagy IMPOAYKTIB YIHOBIIBHIOE PIiCT APDKIXKIB Ta
TUTICHSIBH.
Kurouosi cioBa: maiiones, orypt, GpraBoHOiTH, copOiHOBA KUCIIOTA.

AHAHBEBA. B. B, BAPAHKHHA A. A, OBCAHHUKOBA T. A, ’KHPHOBA C. B.

OBOT' AIIIEHUE MPOJIYKTOB MACJOXHUPOBOM OTPACJIA U OTPACJU BUOTEXHOJIOT A
AHTHOKCUJAHTAMHA 1 KOHCEPBUPYIOIIIMMHU BEIMECTBAMMU NOPOIIKOB U3
ATOJHOI'O ChIPbA

HccnenoBanus conepkaHus CyMMBI IOJM(EHONBHBIX BELIECTB B 00paslax CMeceil ¢ pasHbIM COAepKaHUEeM
MOPOILIKOB KOXKUIBI BUHOTPaza M PAOMHBI KPACHOIJIOAHOW BBISBIJIM, YTO BapbHUPOBAaHHWE COOTHOLIEHUH MAaCCOBBIX
JI0JIed COCTABISIOIINX, MPAKTUUECKU HE BIMSIET Ha COAEPKaHME KBEPLETHHA, KOTOpPOE He omyckaercs Huxe 6,7%.
IIpomyKT OKKMCICHMSI KBapLETHHA MOXKET BJIMSTH HAa IOBBIIMICHHE YCTOWYMBOCTH K MHKPOOHOJIOTHYECKOI mopde
roToBOTO mponaykTa. OOHapyXeHO, 4YTO TIOBBIIIEHHME MAacCOBOW JIOJIM TIOPOIIKA STOJ PSOWHBI OOpaTHO
HPOMOPIMOHAIFHO CyMMeE IOJH(EHOIBHBIX BEIIECTB B IEpepacueTe Ha HuaHuA-4,5-aurnukosua. MccnemoBanue
coZiepKaHUsI COPOMHOBOM KHCJIOTHI B 00pasax CMecel MOPOIIKOB IOKa3aj0, YTO TPH YBEJICUCHUH MAcCOBOHM JOIH
MIOPOIIKa ATOJ PSIOMHBI KPacHOILIOAHOH B cMecH (0T 1% mo 3%) yBennumBaeTcsi coep:kaHie COPOMHOBOM KHCIOTHI
(ot 0,43% 1o 0,54%). UccnenoBanue coiepkaHusl MEKTHHOBBIX BELIECTB B BEIOPAHHBIX 00pa3lax cMecel MOpOIIKOB
MOKA3aJI0, YTO NPU YBEJICYUCHHH MACCOBOW JOJIM INOPOLIKA Sroj PSIOMHBI TaK XK€ PacTeT CyMMAapHOE COJEpKaHue
NeKTHHOBBIX BemiectB (ot 1,89 nmo 3,28), mokaszaTenM 1O CBIPOM KiIETYATKE IPAKTUYECKHM HE HW3MEHSIOTCS.
[IpoBeneHHble MUKPOONOJIOIHYECKUE UCCIIeOBAaHMs 00pa3IoB MaiioHe3a ¢ MaccoBo# jonei sxupa 40,0% u fiorypra ¢
MaccoBO# gouieit xupa 2,5% mokaszany, 4To BBEJICHHE CMECH HOPOILIKOB IIKYpKH BHHOTrpaza (2,0% mac.) n psiOUHEI
KpacHOIIogHoi# (3,5% Mac.) B cocTaB NpOJYKTOB 3aMEUISIET POCT IPOXKIKEH U IIICCEHH.
KiroueBble ciioBa: MaiioHe3, HOTypT, (hIaBOHOW B, COPOMHOBAS KUCIIOTA.
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V.A. BAKHMACH, L V. PESHUK, E. A. CHERNUSHENKO, A. M. SAVCHENKO, S. A. PETRENKO

USE OF INNOVATIVE TECHNOLOGIES AND COMPONENTS IN THE MANUFACTURE
OF EMULSION PRODUCTS

Chlorella vulgaris has a high biological value. Thanks to its unique composition, it has become one of the most popular superfoods among athletes,
vegetarians and healthy lifestyle enthusiasts. Chlorella vulgaris contains high antioxidant compounds, high levels of amino acids, high quality
proteins, Fe and Ca, unsaturated fatty acids and many types of vitamins including A, B,, Bs, Bs, Bz, E and K. The use of Chlorella vulgaris in
various food industries will allow enrichment of foods with vitamins , minerals, as well as increase their biological value. Chlorella vulgaris is used
in food, and there are culinary recipes that include the use of algae as one of the main components of dishes. It is very nutritious, because it is
saturated with amino acids in the proportions necessary for the physiological functioning of the body. A technological process has been developed
for the production of emulsion sauces using Chlorella vulgaris algae, which makes it possible to obtain a product with radioprotective properties,
which is necessary for people living in adverse environmental conditions. The emulsion products of the wellness direction are described - sauce
"Salad" and mayonnaise sauces using microalgae Chlorella vulgaris. Experimental samples have organoleptic characteristics characteristic of this
type of product. The physico-chemical characteristics of the developed mayonnaise sauces are given. Curved rheological flows of samples of
mayonnaise sauces are obtained, which indicate high viscous properties of the samples. An analysis of the obtained values of the change in stability
and the developed low-calorie mayonnaises shows that the value decreases during storage, but does not reach the critical ones, which is the

established NTD.

Key words: food additives, emulsion products, safety of plant raw materials, food expertise, food quality control, functional products, health

products.

Beryn.

Chlorella MIPOTATOM baraTbox CTOJIITh
BUKOPHUCTOBYBaJaCsi K  HACHYCHHH  ITOKUBHUMH

pevyoBHHAMHU TIPOAYKT B A3ii, Adpurmi ta Mekcui.
OmHak KOMEpINiifHEe BeTMKOMAcCIITa0He BHUPOOHUIITBO
MIKpOBOJIOPOCTEH IModajocs jmiie Ha modaTky 1960-x
pokiB  (flmowmist), 1 cBOrogHi MIKPOBOJIOPOCTI B
OCHOBHOMY TIPOJAIOTHCS K XapuoBi JOOAaBKH, SKi
3a3BUYail BUITyCKalOTh y (hopMi TabIeToK, Karcyn abo
pinun. KpiM Toro, 3pocTae puHOK Xap4oBHX HPOJYKTIB 3
IOJTAaBAaHHSIM MIKPOBOJOPOCTEH, TaKuX SK MaKapOHH,
MEeYNBO, XJi0, 3aKyCKW, OAaTOHYHMKH, HOTYPTH, CyMIiIIi
HamoiB, O€3aJIKOrOJIbHI HAIloi TOINO, SK ITOKHBHHX
J00aBOK, TaK i K JDKEPENO HATypaJbHOTO Xap4OBOTO
O0apBauka. Chlorella MicTHTh BHCOKOAQHTHOKCHIAHTHI
KOMIIOHEHTH, BEIIUKY KIJIBKICTB aMIHOKHCJIOT,
BHCOKOsIKicHI Oinkm, Fe Ta Ca, HeHacwueHi >XUpHI
KHCIIOTH Ta 0araTo THIIB BiTaMiHIB, BKIouaodud A, B2,
B6, B8, B12, E Ta K. Bona mae nporuBipycHy Ta
NPOTUITYXJIMHHY Ail0, BIUIMBAE Ta 3HIDKYE PiBEHb JIIMIIIB
y KpOBi, piBeHb ILIyKpy B KpOBi, Macy Tila Ta 4ac
3aroeHHs paH. ToMy BOHa BiJoMa sIK JIKyBaJbHHU Ta
¢dyHKIiOHaTBHUI TpoyKT [1].

AHaJi3 0CTaHHIX T0CTiMKeHDb i myOJikamii.

Ilepearm Bukopuctanns Chlorella vulgaris sk
Xap4oBoi M00aBKM B TOMY, III0 BOHA HE BHOArimBa IO
YMOB HAaBKOJHITHHOTO CEPEIOBHINA i 3AaTHA IOCHUTH
IHTEHCUBHO PO3MHOXYBaTHCS, TOMY IyXe IIHPOKO
MOLIKMPEHA 1 3yCTPIYAETHCS MPAKTUYHO MTOBCIOHO [2].

VY nanuit yac cBITOBHI 00CAT MPOJAXIB MPOAYKTIB 3
MIKpPOBOZIOPOCTEH HEYXMIIBHO 3pOCTAa€: BiH OIIHIOETHCS
Oinbure, HiX B 7 OinbitoniB momnapis CIHIA. 3 ormsny Ha
BeJIMUE3He O10JIOriyHe PIZHOMAHITTS MIKpOBOAOPOCTEH 1
HE/laBHI pO3pOOKH B raiy3i reHeTHYHOI 1 MeTa0oIiuyHOT
IHKeHepii, BBaXAEThCSA, IO MIKPOBOJOPOCTi, 30KpeMa
KyJbTypa Chlorella vulgaris, € HaRO1TBIIT
MEPCIEKTHBHAM  JDKEPENIOM  IMHPOKOTO  CIIEKTPY
MPOIYKTIiB: OUTKH, >KUPHI KHCIOTH, HEUTpaJbHI Ta
MOJIAPHI ~ JIMiaW,  ToJlicaXapuau, AaHTHOKCUIAHTH,
BiTaMiHH, OApBHUKH, BOJICHb, KHCEHb TOMIO [3].

[Iupoxo Chlorella BUKOPHCTOBYIOTHh B Xap4dOBii
npoMucioBocTi. B SmNoHIi MpakTHKYIOT OTPUMAaHHS 3
Chlorella mopomky, SKHH € BHCOKOKaJOPiHHUM
MPOAYKTOM, OaraTiM Ha TIOKHWBHI PEYOBHHH, HOTO
IOJAlOTh 1O OOpoImmHa  Ta BHKOPHUCTOBYIOTH IS
MPUTOTYBaHHS XJ1000ymouHUX BHPOOiB. B XapdoBiii Ta
KOCMETHYHIA IPOMHUCIOBOCTI B SKOCTI HATypallbHOTO
0apBHHKA IIUPOKO BUKOPUCTOYIOTH Xyopodinu Chlorella
vulgaris [4].

IMpoBeneHo Garato NOCHIIKEHb, PE3yJIbTATH SKHUX
CBiZuaTh, III0 BHKOPHCTaHHS MIKPOBOJOPOCTEH Jae
BUCOKY ©(eKTHBHICTP TpHW  JIiKyBaHHI  0ararbox
3aXBOPIOBaHb, 3YMOBJICHHX TOPYIIEHHSIM  POOOTH
EHJOKpUHHOI Ta IMYHHOI CHCTEM, a TIKOMpOTeimu Ta
TIEBHI KOMITOHEHTH KJIITHHHOI CTiHKH MPUTHIYYIOTH PIiCT
3JIOAKICHUX ~ MyXJuH.  KapoTWHOImW  MpUTHIYYIOTH
YTBOPEHHS BUTBHHX PaIUKaliB, TOMY iX PO3IJISAalOTH B
SIKOCTI aHTHOKCHIAHTIB, OCKUIBKM IOJBIMHI 3B’S3KU B
CTPYKTYpi 1X Mousiekya 3xaTHi 10 17 3B’s3yBaHHS
CHHIJIETHOTO KHCHIO.

Cepex mMIrMEHTIB  MIKpOBOAOPOCTEH  0COOIUBY

yBary 3aCIyrOBYIOTh ¢bikoOiinpoTeiny, K1
3aCTOCOBYIOTh B SIKOCTI KOMIOHEHTIB MpPOTH3amajibHUX
3aco0iB. TakoX  BHUKOPUCTaHHSI [WX  ICMEHTIB

MPAKTUKYIOTh B IMYHO(IIYOPECIIEHTHIN TiarHOCTHII, 1
BOHH BHCTYMAiOTh B sfikocTi MiToK. Chlorella vulgaris mae
OakTepHIIMIHI BJACTHBOCTI i 31aTHA HEUTpaTi3yBaTH Mif0
oTpyHHX pedoBuH. IIpogykrm mepepobku Chlorella
vulgaris BHUKOPHUCTOBYIOTH TaKOX B KOCMETOJIOTII B
SKOCTI 0apBHUKIB, KpEMIB, €MYJIbraTopiB,
reJieyTBOPIOBaYiB 1 MUIOUMX 3aco0iB [5].

Cmak i 3amax Chlorella wvulgaris (y Bursai
MOPOILKY) CHPUIMAETHCS IMO-PI3HOMY: MOXKE Haraiatu
3eneHud 4ail, abo apomar ckomieHoi TpaBu. [Topomiok
MOXKHa JTOOABIISATH B JIt0OI CTpaBU: CYIH, CaJlaTH, XKele,
coycH, TMMOHAJ 3 XJIOPEJIOI0, 3eIEHIH MeJl 3 XJIOPEIIoro,
CMYy3i pi3HOMaHITHI 0XOJIOJKYIOYi Haroi Ta iH. [6, 7].

© baxmau B.O., [Temyk JI.B., ITerpenxo C.O.,
Yepuymenko O.0., CaBuenko A.C. 2022
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IMopomok Chlorella vulgaris noparoTs B HOrypTH,
kedip 1 psokanky, ¢pykroBi coku. Chlorella vulgaris y
Haml JHI BUPOOJIIIOTH y IPOMHUCIOBHX Macmitadax.
IToyaTok TIPOMHUCIIOBOTO BHUPOOHMIITBA BOAOPOCTEH
MOKJTANIN SITIOHIT, siKi Yy 60-Ti poku 20-ro CTOMITTS CTaIu
BinrBoproBatn Chlorella vulgaris. Ha crorognimmin
JleHb y SImoHi1 XJtopeny po3BOAATh HaBiTh B OaceiHax Ha
naxax OymuHkiB. Y CHIA, ®panmii Ta iHIMX KpaiHax
opranizoBani 1imi 3aBogu 3 oTpuMmanHs Chlorella
vulgaris. Cyxa Chlorella B SlmoHii iife B 1)Ky JIFOJsM 1 B
KOpM ITaxaM, Xxyno0i i pudam [8].

B nenbti piukn Miccicimi NpoeKTyeTbes 3aBOJ, Ha
SKOMY ILIaHyIOTh 1moJeHHo otpumyBatu 30 T Chlorella,
o Mictuth 50% OLIKIB, 10 JOPIBHIOE BUPOOHUITBY 35
000 T sutoBHuMHM (Taka KUIBKICTH MOXE 3a0e3HeUuTH
OLIKOBMM XapuyBaHHAM OJIN3HKO 3 MUTBHOHIB 0¢i0). J{ist
OTpUMaHHS POCIMHHOL MPOTYKITiT HaMi4aroTh
BUKOPHCTOBYBAaTH MOpPSI 1 OKeaHW, SKi 3aiMaroTh 2/3
noBepxHi Hamoi ruanetu. Chlorella vulgaris po3BoasaTh
Terep i B CTIYHUX BoJax B OaceliHax 01y 3aBOIIB.

Ha reputopii VYkpaiHm € 1Ba BuUpOOHHLTBa
mikpoBogopocti  Chlorella  vulgaris — wne TOB
«Xnopemna YkpauHa», sKa 3HAaXoAUTbcs B M. bima
Hepka ta DI «Y CamBena» Opecbka 001aCTb.
Bupomytors Chlorella vulgaris anst pisHux mnorpe0,
Harpukian, cycnensito sxuoi Chlorella vulgaris ams
BHUPIIICHHS KOMITIEKCY MPOOIIeM 31 3I0POB'SIM: ITi IBUTITYE
IMyHITET, 3B'sA3y€ 1 BHUBOJWTH MUJIAKH 1 TOKCHHH,
MiABUIIYE Tpane3gaTHiCTh, Ji€ SK aHTHOKCHJIAHT,
CIIPUATIUBO BIUIMBa€ Ha OOMIH pPEUYOBHH, JO3BOJISE
KOHTPOJIFOBAaTH apTepiaibHUi THCK, Oepe ydacTh B
nporiecax peredepariii opranismy. Chlorella vulgaris
BUPOLIYIOTh y CIIeIiajIbHiH JJabopaTopii, 3 JOTPUMaHHAM
yciX caHiTapHO-TirieHiYHuX HOpM [9, 10].

B mepmry uepry cydacHi TeHIEHLIi PO3MIMPEHHS
ACOPTHMEHTY MPOAYKTIB Xap4yyBaHHs OpPIEHTOBaHI Ha
CTBOpPCHHSI 30allaHCOBAHOi 3a XapuyoOBOK I[IHHICTIO
OPOAYKIII, M0 MalTh MOXIHUBICTE 3a0€3MEYUTH
notpedy B He3aMiHHUX HyTpieHTaX. [loMmiHyro4Ya poib
BiJIBOJUTHCA €MYJIbCIHHUM OJIIEKUPOBUM IMPOIYKTAM —
MaiOHEe3HHUM coycaMm, TOIIIHTaM, JpeciHraM — 5K
MPOAYKTaM MOUIMPEHOTO CIIOKUBAHHA, IO IO KHIIEHI
yCiM Tpyrnam HaceJeHHS Ta MIOAHsS MPHUCYTHI y palioHi
xapuyBaHHA. lle TNOB’s3aHE 3 MOMKIJIMBICTIO CTBOPEHHS
IIUPOKOTO aCOPTHMEHTY KOMOIHOBaHMX HPOJYKTIB Ha
OCHOBI CKJIaJOBUX IIPUPOJHOTO MOXOJKEHHS, II0
JI03BOJISIE  OTPHMYBATH Xap4yoBi KOMITO3MLII 3aaHOTro
CKJIaqy 1 BIIACTUBOCTEH, i3 30aJaHCOBAHUM BMIiCTOM
HeoOXiHuX HyTpieHTiB [11, 12].

AKTyalbHICTh ~ HAyKOBOi  pOOOTH  3yMOBJICHA
HEOOXI1THICTIO JTOCHTIIKEHHS MOKJIMBOCTI BHKOPUCTAHHS
cycrensii omHoKIiTHHHOI Bomopoct Chlorella vulgaris B
eMyJbCIHHUX  TPOAYKTaX 3  METOI  HaJaHHA
TPaJULIHHOMY TPOIYKTY O3J0POBYHMX BJIACTHBOCTEH 3a
PaxyHOK BUKOPHUCTAHHS HATHBHOI MPHPOIHHOI CHPOBUHH
Ta TPOAOBXKEHHS TEPMIHY IPHAATHOCTI PO3POOIECHUX
MaiOHE3HUX €MYJIbCii HEe BHKOPUCTOBYIOUHM IIKiJUIMBI
JUISL 3]10POB’ sl PEYOBUHHU.

O0’exT nocaimkenHss. Po3poOka emynbCiiiHUX
NPOJYKTIB 3 BUKOPUCTAHHSM MIKpPOBOJOPOCII XJopena
Chlorella vulgaris.

IIpeamer gocainkeHHs.

bioaktuBamii  poszumH cycnensis  «Chlorella»
BupoOHHK DI «V Camsena», coyc «CamaTHui»,
eMYJIbCIHI ~ TIPOJYKTH  O30POBYOTO  CIIPSIMYBaHHS,

KOHTPOJIb SIKOCTI.

Pe3yabTaTH q0CaigKeHb.

Ha croroanimuiii aenp 3rigao 3 umaHuM JICTVY
4487:2015 «Maitone3n Ta MalOHE3HI COycH. 3araibHi
TEXHIYHI yMOBH» €MYJbCIHHI NPOAYKTH MOJIUISIOTH Ha
MaiioHe3 Ta MaiioHe3Huil coyc [13].

Maiione3 —  OpiOHOAWIIEPCHUN  OJHOPITHHIA
eMYJIBCIIHUI NPOXYKT 13 BMICTOM XMPY HE MEHIIE, HiXK
50%, 10 BUTOTOBIISIOTH 3 OJIii, BOJIHU, S€YHUX MPOIYKTIB,
3 JomaBaHHAM abo 0e3 TPOAYKTIB MepepoOIeHHS
MOJIOKA, Xap4yOoBHX JO00ABOK Ta IHIIHX XapuOBUX
IHTpeAieHTIB (BiMOBIAHO 0 PEETITYPH).

Maiione3Huit coyc - IpiOHOIUCTIEPCHUIA
eMYJIBCIIHUI NPOOYKT 3 BMICTOM JKHPY HE MEHIIE HIXK
5%, 1110 BUTOTOBJISIIOTH 3 OJIii, BOJHU, 3 JOJaBaHHIM a00
0e3 TMPOAYKTIB MEpepoOSICHHS MOJIOKA, Xap4uoBUX
00aBOK Ta IHIIUX XapYOBUX IHTPEIIEHTIB (BIAMIOBIIHO
1o peuentypu) [13].

3pa3ku  COyciB  TOTYBAIA 32  METOAMKOIO
MIPUTOTYBAHHS MaMOHE3HOT eMYJIbCii 3 CyXHM SIEUHUM
nopomkoM OpraHoJeNnTHYHI TIOKa3HUKA MaHOHE3HHX
eMyJIbCIH 3a OIIIHKOIO TPHhOX IapaMETPiB BH3HAYATIH
nuisxXoM jaerycrariii (tabn. 1): 30BHIHIA BUTIIAL Ta
KOHCHUCTEHIIS; CMaK Ta 3amax; KOJIp 3a CTaHAapTHOIO
METOJIUKOIO 3 PO3POOKOIO IIKAJM OILIHKH MTOKa3HHKIB.

Tabmung 1 — Penentypu MallOHE3HHX COYCiB

HaiimenyBanus BwicT penentypHUX KOMIIOHEHTIB, %o
peLenTypHHX Kontpons coyc 3pa3ok| 3pa3ok
KOMIIOHEHTIB «Canatanii» No 1 Ne 2
Outist COHSIIITHIKOBA 35 35 35
padinoBaHa
Komnaynn «Crabinexc - 1,0 1,0
EM»
Cyxe 3HexHupeHe 2,5 - -
MOJIOKO
Sednuii mOpoIoK 6,0 - -
['ipundHUHA TOPOIIOK 0,75 - -
Lykop 2,5 22 | 22
Cinp 2,0 1,1 1,1
Copa nuTHA 0,05 - -
OnroBa k-Ta 80 % 1,25 - -
JInmoHHa KKCIOoTa - 0,3 0,3
BioakTuBHMI pO34rH - 30,2 60,4
cycnensis «Chlorellay
Bona 50,75 30,2 -
Bcworo 100 100 100
[[To6 oTpumMaTH KOMIUIEKCHY OIlIHKY  SIKOCTi

MaloHEe3iB 3a IX OPTaHOJICNTHIYHIMH XapaKTePUCTUKAMH,
HEOOXiIHO CIIOYaTKy MPUCBOITH KOKHOMY TIOKa3HUKY
Koe(diIieHT BaroMocCTi, Cyma SKUX JOPiBHIOE 1.
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ITokazuuku 3a KoedillieHTOM BaromocTi
PO3MOAUTHIN TAaKUM YHHOM: cMak Ta 3amax — 0,6 Oaa,
30BHIIIHIN BUTISA Ta KOHCcHUCTeHIis — 0,25 Gana, komip —
0,15 oana.

Crifikicte ~ emynbcii  MalioHe3HOI  eMyubcii
BH3HAUYaJdM CTaHIAPTHEUM MeTojgoM. OpraHojentudHi
MTOKa3HUKH pO3po0IIeHNX MalOHE3HUX coyciB

npeacTaBieHi B Ta0m. 2.

Tabmuns 2 — OpraHoyienTHYHI MOKa3HUKN MalHOHE3HUX

coyciB
HalimenyBanns XapaKkTepucTuka
MOKa3HHUKA
KonTpoab

3oBHinIHIi Burisg, |OnHOpiAHKN cMeTaHOMOqiOHMi
KOHCHCTEHIiS  |piAKYBaTHI MPOIYKTI 3 OJMHHIHUMHU

OYXUPLSIMH HOBITPSI

CMmak KHcTyBaTHH, 63 BUpaeHOT

ripkotu. BiquyBaeTtbest mprucmak

XapakTepHUH SULeNpOayKTaM

CBIT/I0-)KOBTHH, OJTHOPiTHHH 110 BCi Maci
3pazok Ne 1

OMHOPIAHUI MPOTYKT KOHCUCTEHIIIT

THUITy TYCTOi CMeTaHH, 0e3 MyXHupiB

MOBITPSI

Cmak kuciyBaruii 0e3 ripkotu. bes

CTOPOHHIX MPHUCMAKIB.

CBiTI0-3e7eHIH, OTHOPIAHUI 110 BCi Maci
3pa3zok Ne 2

OpmHOpPIAHUH MPOIYKTI KOHCUCTEHIIIT

THUITY TYCTO1 CMETaHHU

CMmak npreMHUiA, 6e3 BUpaKeHOT

ripkot. be3 cTopoHHIX mpucMaKiB.

CMak Ta 3amax

Kouip

30BHIIIHIH BUIIISI,
KOHCHUCTEHIIIsS

Cwmak Ta 3amax

Komip

30BHIIIHIH BUIJIS,
KOHCHUCTEHIIIs
Cwmak Ta 3amax

Komip CBITII0->)KOBTHH, OJTHOPITHHI 110 BCi Maci
30BHIWHIA BUrAAL,
KDHCUCTEHLLA
58
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Puc. 1. IlpodinorpamMa opraHoJIENTUYHOI OIIHKU

MalOHE3HUX COYCIB.

AmHali3 HaBeAEHUX OAHUX CBIIYUTH, L0 JOCIiIHI
3pa3Kd MaroTh OPTAaHOJIENITHYHI MOKA3HUKH, XapaKTepHi
JUTSL TAHOTO TUIY MPOAYKIIii, BiIMi4eHO, IO IS 3pa3KiB
1 ta 2 CMakoBi IMOKa3HWKH IO3UTHBHO CIPUAMAIIOCS
JIerycTatopamu

®Di3uKO-XiMiuHI MTOKa3HUKH pO3po0IIeHNX
MalOHE3HUX COYCiB MpeACTaBIeHi B Tabmd. 3.

Tabmmuss 3 —  @Di3UKO-XIMIYHI  IOKa3HUKHU
MaifoHEe3HUX COYCIB
XapakTepucTHKA IIOKa3HUKA
Kontpons coyc [3pazok|3pa3ok
Haszpa «Canarauii»y | Nel | Ne2
MacoBa yacTka xXupy, % 36,4 354 | 354
MacoBa dacTka SI€YHUX 6,0 0,8 0,8
NPOJYKTIB, Yy TOMY HYHCII
(epMeHTOBaHNUX, y
nepepaxyHKy Ha CyXuil
SIEYHUH JKOBTOK, %o.
MacoBa yacTka BoJIOTH, % 50,64 60,2 | 604
KucnotHicTts, %, y 0,80 0,74 | 0,73
nepepaxyHKy Ha
OIITOBY/JIMMOHHY KHCJIOTY
Criikicte  emyinscii, % 100 100 100
HE3PYHHOBAaHOI eMYIIbCii

o
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Puc. 2. Peomnoriuni kpuBi Tedii MaifOHE3HUX COYCiB

AHai3 OTpUMaHUX PEOJIOTIYHUX KPHBHX TEUiHHS
3pa3kiB MalOHE3HHWX COYCIB CBiIYMTH, IO HaMKpari
B’SI3KiCHI BIIACTHBOCTI Ma€ 3pa3oK 2.

Jlist 3paskiB 1 Ta 2 orpuMaHi pe3ysbTaTH OJIHM3bKI
MiX c00010, MPOTE KOHTPOJIHh OyB JCIIO TIPIIMM Cepes
MPEICTABICHHUX 3Pa3KiB.

OtpumaHi JaHHI MarTh
OCKIJIBKH XapaKTepU3yIOTh CTPYKTYpHI 3MiHH
po3poliieHnx MalOHE3HHX COYCiB Ipu 30epiraHsi, a
OTXE JAf0Th 3MOTY IPOTHO3YBATH MOBEIIHKY MPOAYKTY
Ta MPOBEACHHS [ii MO0 HEIOMYyIIEHHS BTPAaTH SAKOCTI
[7]. Amami3 oTpuMaHMX 3Ha4eHb 3MiHM CTIHKOCTI
PO3pOOJICHNX HU3BKOKATIOPIHHMX MaHOHE3IB CBITYHTB,
o mpu 30epiraHHi 3HAYCHHS 3MCHIIYETHCS, TPOTE HE
Jocsrae KpUTUYHUX, 10 BcrtaHoBieni HT/I.

BucHoBKM Ta mMepCHeKTHBH  MOJAJBIIOLO
PO3BHTKY IaHOTO HANIPSIMKY.

XapakrtepHoto ocobnuicTio Bogopocti Chlorella
vulgaris € Te, O ypokail He Ja€ BiIXOJIB: HEMae
KOpiHHS, COJIOMH, JIUCTS, BCe TUTO ii — >KUBHIIbHUHN
mpoxykt. lle cumpoBmHa Ui OAEpKaHHS HOBHUX
npoxyktiB xapayBanus. Chlorella vulgaris mae yHikagpHI
SKOCTi, YCHIIIHO BHKOPHUCTOBYIOTHECS Y TIPOMHUCIIOBOMY
POCIMHHUIITBI, TBapUHHUIITBI, NITaxiBHMUIITBI,
OJUKUTPHUNTBI, pUOHMITBI. BpHa € TOMyJIIpHOIO
6i0100aBKOK0, CynepdyaoM, TPUPOIHUM AHTHOIOTHKOM
SKHUI Ma€ B CBOEMY CKJIAJl XJIOPEJiH.

Ba)XXJIMBC  3HAUYCHHA
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v JESIKUX KpaiHax Chlorella  vulgaris
BUKOPHCTOBYIOTh y Ky Micis crieliaabHoi 00poOKH, 1o
nojimuye i 3aCBOEHHSL. Hns CHOXXHBaHHS
BUKOPHCTOBYIOTH CBiXKY 0iomMacy abo cremiaiabHy MacTy 3
Hei, TOpOIOK, SKWH MOXKHa MNpuUaAOaTH Ha TOJHIX
MarasvHiB, KpaMHHIISIX 31 CIIEIisMHU, anTekax [4].

Po3po0ieHo TEeXHONOTIUHUNA TpOoTieC BUPOOHHUIITBA
eMyJbCIHHUX COYCiB 13 BHKOPHUCTAHHSAM BOAOPOCTI
Chlorella vulgaris, sika Hagae MOXJIHBICTH OTPUMAaHHS
MPOAYKTY 3 PpadiONpPOTEKTOPHUMH  BIACTHBOCTSIMH,
HEOOXIHUMHU ISl JIIOJICH, IO IPOXKUBAIOTH B YMOBax
HECTPUATIUBOI EKOJIOTII.
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B. A. BAXMAY, JI. B. IIEINIYK, E. A. YEPHYIIIEHKO, A. M. CABYEHKO, C. A. IETPEHKO
UCHOJIb30BAHUE HHHOBAIIMOHHBIX TEXHOJIOTUA U KOMIIOHEHTOB B
MMPOU3BOJACTBE OMYJIbCUOHHBIX TPOAYKTOB

Chlorella vulgaris o6magaeT BEICOKOH OHOIOrMYECKOH EHHOCTHIO0. biaromapst cBoeMy yHHKalnbHOMY COCTaBy OHA CTala OJHUM U3
CaMBIX IOMYJSIPHBIX CynepQylIoB Cpeau CIOPTCMEHOB, BETeTapHaHIIEB M ITOKJIOHHHUKOB 370poBoro oOpasa »xu3uu. Chlorella
COJZICP)KUT BBICOKOAHTHOKCHIAHTHBIE KOMIIOHEHTHI, OOJIbLIIOE KOJIMYECTBO aMUHOKHUCIOT, BBICOKOKauecTBeHHbIe Oenku, Fe n Ca,
HEHACBILICHHbIC KUPHBIC KHCIOTHl U MHOTHE THIIBI BUTAaMHHOB, BKIouas A, B2, Be, Bs, Bi2, E u K. Hcnons3oBanue Chlorella
vulgaris B pa3IMYHBIX OTPACIAX INHUIIEBOI NPOMBIIUICHHOCTH IMO3BOJIUT OOOTaTHTh NPOAYKTHl BUTAaMHUHAMH, MUHEPAIbHBIMH
BELIECTBAMH, a TAKKE MOBBICUTh HX OHOJOTHMYECKYIO LEHHOCTh. Pa3paboTaH TEXHOJOTHMYECKHH Npolecc NPOU3BOACTBA
9MYJIBCHOHHBIX COYCOB ¢ HcHosib30BaHneM Bopopociu Chlorella vulgaris, koTopast maeT BO3MOXXHOCTh IOJY4YEHHS HPOIYKTa C
PaIHoNPOTEKTOPHBIMU CBOMCTBAMH, KOTOPBI HEOOXOAUM IS JIOJEH, MPOKMBAIOIINX B YCIOBHUAX HEOIArONPHATHOH HKOJOTHU.
OmnncaHbl SMYJIECHOHHBIE IPOIYKTHI 03I0POBHTEIHHOTO HATPaBIeHHs coyc «CanaTHBIN U MallOHE3HBIE COYCHI C HCIIOIb30BaHUEM
mukpoBogopociu Chlorella vulgaris. OnbiTHBIE 00pa3ibl 00Iaqal0T OPraHOJCNTHYECKUMHI ITOKa3aTe/sIMU, XapaKTepHBIMHU JUIS
JTAHHOTO THUMNa npoAyKuuu. [IpuBeseHsl (PU3NKO-XUMUYECKHE XapaKTePUCTHKH pa3pabOTaHHBIX MalOHE3HBIX cOycoB. ITomyueHbl
KpUBBIE PEOJOTMYECKUE TEUYCHUs OOpas3lioB MailOHE3HBIX COYCOB, KOTOPBIC CBHJCTENIBCTBYIOT O BBICOKHX BS3KHX CBOWMCTBAax
00pa3uoB. AHamu3 TMOJyYCHHBIX 3HAUEHUH M3MEHEHHS YCTOMUMBOCTH M pa3paOOTaHHBIX HHU3KOKAJOPUHHBIX MailOHE30B
CBUZCTEJILCTBYET, YTO P XPAaHCHUHU 3HAYCHHE YMEHBIIAETCS, OJHAKO HE IOCTUIaeT KPUTHYECKUX, 4TO U ycraHoBineHHble HT/I.

KnioueBble ci10Ba: NuIeBble JOOABKY, IMYJILCHOHHBIE MIPOIYKTHI, 0€30IaCHOCTh CHIPBS, YKCIEPTU3A MHIIEBBIX MPOIYKTOB,
KOHTPOJIb KaueCTBa, MPOIYKTH! (PyHKIIMOHAILHOTO Ha3HAYECHUS, IIPOLYKTHI 03/I0POBUTEIILHOTO HATIPABIICHHSI.

B. 0. BAXMAY, JI. B. I[IELIIYK, O. 0. YEPHYIIEHKO, A. M. CABYEHKO, C. O. IIETPEHKO
BUKOPUCTAHHSI IHHOBAINMHUX TEXHOJIOT'IA TA KOMIIOHEHTIB Y BUPOBHHUILTBI
EMVYJIbCIMHUX ITPOAYKTIB

Chlorella vulgaris mae BucOky O6iONOTiYHOIO IiHHICTIO. 3aBASKH CBOEMY YHIKaJbHOMY CKJIQJy BOHA CTajlla OJHHM i3
HaWIOMyJSIPHINIMX CcynepyAiB cepel CIOPTCMEHIB, BereTapiaHMiB Ta IPHXWIGHHKIB 30poBoro crocody >kurts. Chlorella
vulgaris MiCTUTh BUCOKOQHTHOKCHAAHTHI KOMITOHEHTH, BEJIMKY KiJIbKiCTh aMiHOKHCIIOT, BUCOKOsKicHI Oinku, Fe Ta Ca, HeHacuueHi
XKUPHI KUCJIOTH Ta Oarato TUIIB BiTaMiHiB, BKitoyaloun A, Bz, Bs, Bs, B2, E Ta K. Bukopucranns Chlorella vulgaris B pisHux
rajy3sX XapuoBOi IPOMHUCIIOBOCTI JJO3BOJIUTh 30araTHTH MPOAYKTH BiTaMiHaMM, MiHEPAJIbHUMH PEYOBUHAMH, a TAKOXK ITiIBUIIUTH
1xHIO GiosoriuHy wLiHHICTE. P03p0o0ieHO TeXHOMOTiIYHMI TpoLiec BUPOOHUIITBA EMYJIbCIHHUX COYCIB i3 BUKOPHUCTaHHSIM BOJOPOCTI
Chlorella vulgaris, sika Halae MOXKJIMBICTh OTPUMAHHS IPOAYKTY 3 PafiONpPOTEKTOPHUMH BIACTUBOCTSIMH, SIKHH € HEOOXIJHUM JUIS
JIOJIeH, IO TPOXKUBAIOTH B YMOBAX HECHPHUSTINBOI ekojorii. OmiucaHo eMyibCiiiHi MPOXYKTH 0370POBYOTO CIIPSMYBAHHS COYC
«CanaTHuii», Ta MallOHE3HI COYCH, 3 BUKOpPHCTAaHHAM MikpoBojopocii Chlorella vulgaris. JlocminHi 3pa3ky MaloTh OpraHOJISITHYHI
MOKA3HWKH, XapakKTepHi Uil JaHoro Tuiry nponykuii. HaBeneni ¢i3uko-xiMiuHI NMOKa3HHKH pO3pOOIEHHX MalOHE3HHX COYCIB.
OTpuMaHi peoJIorivuHi KpUBi TeUiHHs 3pa3KiB MaiOHE3HHUX COYCIB, SIKi CBIJUYUTH MPO BUCOKI B’SI3KICHI BJIaCTUBOCTI 3pa3KiB. AHaii3
OTPUMaHHX 3HAuYeHb 3MiHH CTIHKOCTI pPO3pPOOJICHHX HH3bKOKAJOPIHHMX MallOHE3iB CBIAYMTH, IO HpH 30epiraHHi 3HAYCHHS
3MEHIIYETHCS, IPOTE HE A0CATAa€ KPUTUYHUX, 110 BcrtanosneHni HT/I.

KurouoBi ci1oBa: xap4oBi 100aBKH, eMyJIbCiiiHI IPOIYKTH, Oe3leKa POCIHHHOT CHPOBHHH, €KCIIEPTH3a XapuOBUX MPOAYKTIB,
KOHTPOJIb SIKOCTi XapuOBHX HNPOAYKTiB, NPOAYKTH (YHKLIOHATEHOTO NPU3HAYECHHS, IPOJLYKTH 03I0POBYOI0 CIPSIMYBAHHS.
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B. P. HHKYJIBIIIHH, A. € JEHHCOBA, C. H. MEJIBHHK, B. B. BHCOYHH, C. I. BYXKAJIO,
A. M. AHJIPIOIEHKO

METO/ OITUMI3AIII OKPEMUX CTYIEHIB BUITAPKH IIYKPOBOT'O BUPOBHUIITBA

Jnst BinmijeHHS BUIApKHd THIIOBOTO IYKPOBOTO 3aBOLy OyB pO3pOOJCHHH METOJ TePMOSKOHOMIYHOI ONTHMi3awii okpemux Ii
cryneniB. OCKiTbKH OCHOBHa YaCTHHA BTpaT eKcepril oOyMOBIIeHa TEINIOOOMIHOM IIpW KIiHIEBill pi3HMII Temmeparyp, TOMy B
SIKOCTI He3aJIeHOI 3MIHHOI NP TEPMOCKOHOMIYHIN onTHMi3auii Oyi1a oOpaHa BelTHYMHA TEMIEPATYpPHOrO HAIOPY B KOXKHOMY i3
CTYIEHIB 3 BiANIOBIHUM IOIIYKOM CBOIX MiHIMaJIbHHX TEPMOCKOHOMIYHHX BUTpAT. ICHyBaHHS [JIsl KOKHOTO CTYIICHS JIOKAJIBHOTO
MIiHIMyMY 3yMOBJICHO THM, IO 3i 3pOCTaHHSM TEMIICPATYPHOTO HAMOPY 30LIbLIYETHCS BEIMYMHA CHEPreTHYHUX BUTPAT (TOMY IO
30UTBIIYIOTECSL BTPATH €KCEprii) i 3MEHIIYEThCS BEIMYMHA KalliTaJbHUX 1 3B’A3aHMX 3 HUMHU BHTpPAT (TOMY IIO 3MEHIIYEThHCS
TIOBEPXHS TEIIOOOMIHY CTYIEHs), a, OTXKe, iX cyma Oyzne Matu MiHiMyM. [Tomryk 1iporo MiHiMyMy B CHIIy YHIMOJAIbHOCTI (DyHKIIT
TEPMOEKOHOMIYHMX BUTpAT MPOBOAMBCS Ul KOXKHOTIO i3 CTYNEHIB MeTooM ["ayca-3eiiens - MUIIXOM HOCIiZOBHOTO MOPiBHAHHS
BUTpPAT, OTPUMAHMX HA JAHOMY KPOL( iTeparii 3 momepeHiMy i, SIKIIO 3Hal/IeHe 3HAUSHHS MEHIILIE, TO MePEXOAsiTh A0 HACTYMHOT
itepawii. Po3paxyHoOK 3aKiHUyeThCsI B TOMY BHIIQ[KY, SIKIIO 3Hai/lcHE 3HAYCHHs cTae Oinblie, HDK 3HAYCHHS, 10 OTPUMaHE Ha
HOMePeIHbOMY KPOLI, sike i Oyae onTuMaabHUM. [10TiM PO3paxoByIOThCS CyMapHi TEPMOCKOHOMIUHI BUTPATH, Y CTyIeHi. B sikocti
MIPUKJIAy 3aCTOCYBAHHS PO3POOJICHOr0 MeToxy Oyiu 3HAMECHI ONTHMaNbHI TEMIIEpaTypHi HAOPH i JIOKAIbHI ONTUMYMHU PITHHX
TEPMOCKOHOMIYHUX BHUTpAaT A HEPIIOr0 CTYNEHsA. 3HalieHe 3HA4eHHs TEeMIIEpaTypHOTO HAlopy IEepeBHINYE BiAIOBITHE Yy
ICHyIO4iH cucTeMi BHIIApKy Ha 2,6 rpaxyca i MIATPUMAHHS TaKOro 30UIBIIEHOTO TEMIICPaTypHOTO HAIOpy Y IEpHIOMYy CTyHeHi
JI03BOJISIE 3MEHIIUTH PidHi BUTpaTH B oMy cryneni Ha 3800 USD. Cuix 3a3HaunTH, IO 3HaWAEHI 3HAYEHHS TEMIIEPAaTypHOTO
HAIopy B CHJIY JKOPCTKOI IPUB’SA3KM IO TEXHOJIOTIYHOTO JIAHLIIOXKKA KOJKHOTO CTYIEHS BUMAararoTh B3a€MHOTO Y3TOJDKEHHS, TOMY
II0 MOTOKH, SIKi BUXO/SITh 3 MOMEPEIHIX CTYIICHIB, OHOYACHO BXOJATh B HACTYIIHI, a, OT)KE, TEMIEPATYpHHUH piBeHb MPOLECIB B
CTYNEHSX MOBMHEH Y3TO/DKEHO 3MIiHIOBATHCS, 3MIHIOIOYM THM CaMHUM BEJIMYMHY TEPMOCKOHOMIYHMX BHTpar. Kpim Toro, ciif
BpaxoBYBAaTH, 1[0 3MiHa IapaMeTpiB IOTOKIB BCEPEANHI €HEPrOTEXHOJOTIYHOI CHCTEMH BiAIJICHHS BUMAPKH BHKIMKAE TaKOX
3MiHy TapaMeTpiB NOTOKIB, SIKi MOKUAAIOTH L€ BiJIICHHS.
KonrouoBi c1oBa: 6araTocTyneHeBi CHCTEMH, BUPOOHHIITBO I[yKPY, TEPMOEKOHOMIKA, ONITHMI3allis Ta OOYHCIICHHS.

Beryn. Iyxop, 1o wMicTutbecsi B OypsKy, IT0OyBaloTh

BupoOnuurBo 1ykpy B VYkpaini 3 pi3HOBUAIB
CUPOBHHH, HATIPUKIIAM, 3 OypsiKa, € JOCUTh CHEPrOEMHIM
OpoIecoOM, a CKOHOMIYHICTh HOro BHPOOHHIITBA
HacaMIlepe]] BU3HAYAETHCS: BHUTPATAMHU EHEPrOHOCIIB 1
TXHBOIO BapTICTIO; BUCOKUH CTYIIHb €HEPro30epeKeHHs,
HAINpPUKJIa]], BUKOPUCTAHHS BTOPHUHHOIO Teruia 6arato B
YOMY BHU3HAYalOTh PEHTA0EIbHICTh BUPOOHHIITBA IYKPY.
ITocmimoBHE YepryBaHHS HarpiBaHHS 1 OXOJIOJKEHHS Ha
BCiX eramax BHpPOOHHWIITBA, TIepeadadyae  IIMPOKe
BUKOPUCTAHHS TEIUIOOOMIHHHKIB, 33 ONTHMAJIEHIMH
napaMeTpaMd  TEXHOJOTIYHOI ~ CXeMH  JI03BOJISIE
30UIBIINTH TPOAYKTHBHICTH 1 €(EKTHBHICTh PI3HOBHUIIB
MPOLECIB. EneprocnoxuBaHHs y IyKPOBOMY
BUPOOHHUITBI, B OCHOBHOMY, IIOB’S3YIOTh 3 BUTpPaTaMH
TEIUNIOTA HAa TMPOBEJCHHSA TEXHOJOTIYHUX IMPOIIECIB:
BUMIAPOBYBaHHS BOJAM 3 COKY, YBaprOBaHHS YTQeIro,
HarpiB CTPYXKH JUIsl IpOBeAEHHs Tudy3iitHOro mpouecy,
OaraTopa3oBOTO HArpiBaHHS COKiB B MIPOIECi OUUIICHHS,
a TaKOXK Ha KOMIICHCAL[IIO BTPAT TEILIOTH.

[Ipy 1pOMY TIMTOMI €HEpreTHMYHI BHUTpPATH Ha
OJIMHUITIO TMTPOAYKITiT MOXKYTh mocsratd 1500 xJx/Kr.

ToMmy NUTaHHSIM EHEPro30epeKEeHHs B IMpolecax
OTpUMaHHS IIyKpYy TPHUCBSIYCHI YWCICHHI IyOmiKarii,
Hanpukia umeosnadeni [01, c. 390, 750].

KopoTko npoanaiizyeMo HaiIiKaBilIi 3 HAX.

IlocTanoBka mpo0iaemMu y 3arajbHOMY BHIJISII
Ta ii 3B'M30k i3 BaXIUBUMH HAYKOBHMH Ta
NMPAKTHYHUMH 3aBIAHHIMM.

Sk BimoMo 3 JiTepaTypHHUX JDKepel, B YKpaidi
caxapo3dy BHPOOJSAIOTH 3 IYKPOBHX OypsKiB 3
ypaxyBaHHssM BuMmor craamapty JICTY 4623 : 2006
«Ilykop Oinmit. Texuiuni ymoBm» [02].

ekcrpakmiero (mudysiero). IIBuakicte Macomepenadi
IPSIMO MPOTIOPLIHA MOBEPXHI KOHTAKTy (a3 i 3B0OPOTHO
nporopuiiHa HUIsixy (y AaHOMY BHIIQAKY TOBIIMHI
cTpyxku). JJudysis caxaposu 3 OypsUHOT TKAHMHU MOXKE
Oyru ommcana nepmuM 3akoHoMm @ika, BiANIOBIIHO 10
SIKOTO  KiNBKICTh ~ BUTATHYTOI — pe4oBHHU  (I) —
MPOTIOpIiHHA  PI3HUIN  KOHIEHTpAlii y JOTUYHHUX
pimmHax (C — ¢), 9acy T, Tuiomn miacty F i 3BOPOTHO
MpOTIOpIiHa TOBIMHI mapy (X ), TOOTO JOBXKHHI

C-c C-c
T, e

nuiaxy augysii gactok. Omxe: n=D-F
X

— IpallieHT KOHLEeHTpauii, D — npuBeaeHuid KoediuieHT
dysii.

CyuacHi 3aB0JH, 10 BUPOOISIOTH IIYKOp, SIBJISIOTH
00010 BEJMKI MiIIPHEMCTBA, IO MepepoOISIIOTh ¥ 100y
TACSAYl TOH Oypsika (puc. 1). TexHomoriuauii mporiec
0e3rmocepeTHLOTO  OZIEPKaHHS IyKpy 3 Oypsika MOXKHA
TIOJIUTMTA HAa €TaIu: OJep)KaHHS MUQY3IHHOTO COKy, abo
nudysis; ouwmeHHs Audy31HHOTO COKy, abo MpoCcTo
OUMINICHHS COKY, BHIIAPIOBAaHHS COKY W KpHCTAJIi3alis
LYKpY 3 BHIIAPEHOro COKy. BoHM 1n00pe MexaHi3oBaHi,
3HAaYHA YacTHHA OMNepalid aBToMaTu3oBaHa. BunaneHHs
BOJIY 13 COKY IPOBO/ISITH 3a3BU4ail BignosigHo 1o HT/I B
nBa eramu. CrodaTky B 0araTOKOPIYCHHUX BHITQPHUX
amapaTax ymnaprmTh JI0 BMICTY CYXHX PEYOBUH Y CHPOITI
65 %. Ilpm mpoMy caxaposa Ie HE KPHCTANi3YETHCH.
I'yctuit cupomn 3MIiNIyloTh i3 KIEPOBKOKO (PO3YMHOM)
XKOBTOTO IyKpy, momaioth 0,1-0,15 % xizemprypy i
HaIpaBJISIOTh Ha cynbgitamnito (pH=7,5).

© Hikynsuun B.P., lenuncoBa A.€, Menbhik C.I., Byxkano C.1.,
Amnnpronienko A.M. 2022
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Ilpu 3rymieHHi COKY NPOXOISITh MPOIECH, IO
NPU3BOASATH JO 3MIHM HOro XIMIYHOTO  CKJIAJy:
PO3KJIaZIaHHs CcaxXapo3d 1 pEOyKyHuHx caxapiB 3
YTBOPEHHSIM OpraHiuYHHX KHCJIOT; 1Ie, B CBOIO HYepry,
3HMKYE pH COKy, MiIBHIIYE KOTHOPOBICTH CHPOITY 32
paxyHOK IPOTiKaHHS IPOIECiB KapaMei3amii caxapo3u.

IIpr wupOMy BiJ3HAYAIOTH MPOLECH YTBOPEHHS
TEMHO03a0apBIECHUX TIPOIYKTIB B3aEMOJIIT 3
aMiHOCIIOIYKaMH, a TaKOX ITiJBUIIYETHCS KOHICHTPAIIis
COJICH KalbIli0, SKi YaCTKOBO BUManarTh y ocan. Cik
miAirpiBaroTh, (QUIBTPYIOTH, 1 MICHS LBOTO J0JATKOBOTO

OYMIICHHS HAIPaBJISIOTh HA BUIAPKY Y BaKyyM-anapaTH,
Jie BMICT CyXHUX PEYOBHH Y CHPOII ITiABUIIY€EThCS 10 92 —
93 %. Ilpm Takii KOHIEHTpauii IOYMHAETHCS
KpUCTaN0yTBOPEHH. JIJ1sl HOTO MPUCKOPEHHS y BaKyyM-
amapaT yAMYXYIOTb HEBENHWKY KUIBKICTH ITyKpOBOIi
MyJpH, IICIS YOro IIBUAKO YTBOPIOIOThCA LEHTPHU
KpHCTaTi3anii.

Ilpukian cxemu BuUNApHOI

CTaHIil IyKPOBOTO

3aBomy (pHc. 2) Mae CKIAQAOBI: CiK Iepen MOoAadero B
Mepmmii KOopIyc MHiIrpiBaeTbess B JIEKUIBKOX MapOBUX
IUTACTUHYACTHX IMiJIrpiBHAKAX

K duppyopam

Puc. 1. TexHosoriyHa cxema 3a IpolecaMu nepepoOKH IyKpoBoro Oypsika:
1 — OypsuHa; 2 — TigpaBIivHAI TPaHCIOPTEP; 3 — COMIOMOYIOBIIIOBAY; 4 — BIIEHTPOBHI HacoC; 5 — OypsAKOMUifHA MallliHA; 6 — eIeBaTop;
7 — MarHiTHHIT ynoBmoBay; 8 — aBToMaTH4HI Bary; 9 — OypskopizaneHa Mammna; 10 — mudysiitna 6atapest; 11 — ko100 moxadi ruiTa;
12 — mimanka 3HEIyKpEeHOI CTPYXKKH 3 BOZOI0; 13 — pesepByapu cuporo coky; 14 — pimodepu; 15 — nedekarop; 16, 19 — carypatopu;
17 — BakyyM-¢inbTp; 18 — BigcTiitHuk coky; 20 — dinbTp-npec; 21 — BumapHi anapaty; 22 — 6apoMeTpHIHUN KOHAEHCATOP; 23 — BaKyyM-alapaTH;

24 — mimanky; 25 — neHTpudyry; 26 — enepatop 6ij0ro nykpy; 27 —

cyumibHMIT 6apadaH; 28 — TpaHCIIOpTEp MOJadi IYKPY B CKIIaL;

29 — Oynkepa; 30 — aBTOMAT 3alIMBAaHHS MILIKIB; 31 — BaKyyM-amapaTi Apyroro NpoaykTy; 32 — MilllaIKi APYroro NpoAayKTy; 33 — UeHTpUdyru

IPYroro NponaykTy; 34 — pesepByap natoku; / —

BarHsIHE MOJIOKO; /1, II] — Boga; IV — 1rykop

Cupon

1}

®insTp/Cenapatop

<€

Nigirpisayw/Oxonogxysay cupony

BropuHHUA
nap

BropuHHMiA
nap

Ha koHgeHcauito

|
-
=

OuiweHmii cik

BropuHHKMIA BropuHHWA
nap nap
1 1
ra %
TypBinHuiA nap ’
K%BHC&T Nigirpiea4i | ouMweHoro coky

Puc. 2. Ilpukian cxeMH BUIApHOI CTAHIIII I[yKPOBOTO 3aBOJY, Y AKiH CiK mepel mogadero B MEepIInii KOPITyC
MiJIrpiBa€ThCs B ICKUIBKOX MAPOBUX IIIACTUHYACTHX MimirpiBauKax [01, 725].
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Jns  3agaHuX TEXHIYHUX YMOB JOCHITHHKH 3
BUCOKOI €(DEKTHBHICTIO BHKOPHUCTOBYIOTH, HAIIPHUKIIA],
3BMYaliHI ITACTHHYACTI TEIIOOOMIHHI MapoBi amaparw.
Ipu  1poMy  peami3yeTbCsi  OCHOBHA  IepeBara
TUIACTUHYACTHX TEIUIOOOMIHHHX arapartiB, IO JO3BOJISE
HarpiTH OYWIICHWH IyKPOBHWH CIK IO TeMIepaTypH, Ha
2 °C Gumk4a 10 TEMIIEPATYPH MAPH, 0 HEMOXKITUBO MTPH
BUKOPHCTAHHI TEIIOOOMIHHHKIB 1HIMUX THUIIB. Y SKOCTI
napu Jisl HarpiBaHHs, BAKOPUCTOBYIOTh BTOPHHHY Mapy
3 TEpIIoro i APyroro CTYIMEHIB, a TaKOX PETypHY
(TypOiHHY) mapy, SKIIO I IependadyeHo TeXHIYHUMHU
YMOBaMH. Monin porecy 3TYIIEHHS COKY
BUTIAPIOBAHHIM Ha J[Ba €Tany OOYMOBIICHHN THM, IO Ha
MEepIIOMY eTami B'S3KICTh COKY II¢ HEBEJIMKA 1 MOXHA

NPOBOJUTH 3TYIICHHS HWOro B  0araTOKOPITyCHUX
BUMIAPHUX  YCTAHOBKAX, OCHAIICHHX  PO3BHHEHOIO
TEMII000MIHHOT TOBEPXHETO.

AHaJIi3 cTaHy NUTaHHA.

3HayHa ~ YacTWMHA  NyOmikamid  MpuUCBsSYEeHA

JIOCITI/PKEHHIO CUCTEM BUPOOHHMIITBA IIYKPY 3 TOUKH 30Dy
ITepmioro 3akoHy TepMOIWHAMIKH, a came Ha IiJCTaBi
E€HEPreTHIHOTO OaaHCy.

Takuil migxii BUKOPHUCTOBYBABCS, HAIPUKIAA, B
MoHOrpadii 10 TEXHOJOTIIYHMM AacleKTaM IepepoOKu
nykpy [1, c. 27], B minpyuHuky [2, c. 45].

Ha eneprernunux OasaHcax 0a3ylOTbCS TaKOX
poOOTH TO: MiABMINEHHS EHEProe(eKTUBHOCTI Ta
pO3pOOKH  eHepro3depiraloymx  TEXHIYHUX  PIlICHb
BUpPOOHUNTBA IyKpy [3, c.25], omiHmi eheKTUBHOCTI
oOnajHaHHA, JOCTi/PKEHHS TIIPOIECiB eKCTpakiii B
IyKpOBOMY BHpOOHHUITBI [4, c.750], mepeampoekTHOl
OIIIHKH ITyKpOBOTO 3aBoay [5, c. 166].

Pasom 3 TuM, AN BUSABICHHS HE3BOPOTHOCTI IO
NPOTIKAIOTh B CHCTEMi IPOLECIB HEOOXITHO 3aiIydeHHS
He Tinbku [lepmoro, a ¥ Jlpyroro 3akoHy
TEepMOJIMHAMIKH, a, OTXe, BUKOPHCTaHHS
€KCePreTHYHOro0 METOJy 3 IOJaJbLIIMM BHXOJOM Ha
TEepPMOEKOHOMIYHIH aHai3.

3 HaWOIbII IIKABUX pPOOIT MOXHA BIA3HAYUTH
3aCTOCYBaHHA €KCePreTHIHOTO miAX0qy TUTSL:
BIIOCKOHAJICHHSI KOTEHEpPAIIMHUX CHCTEM B IIYKPOBii
MIPOMUCIIOBOCTI, JOCHTIKEHHSI €(PEKTUBHOCTI Ta BILTUBY
Ha HaBKOJIMIIHE CEPEJOBHUINE CHCTEMH 3 BHPOOHHUIITBA
IMyKpy Ta eTaHony [6, c.597], ontumisamii IyKpoBOTO
3aBony [7, c. 409], [8, c. 645].

TepMOeKOHOMIUHINH aHai3 BUKOPHCTOBYBABCS LIS
JOCHIJDKEHHSI CHUCTEM  BWIIApIOBaHHS B  IyKPOBIiH
MPOMUCIIOBOCTI 1 BIOCKOHAJICHHS MIPOLIECY BUPOOHHUIITBA
OyKpy Ha JIIOYMAX  MIOPUEMCTBAX,  ONTHMI3alii
CHIJIBHOTO BHPOOJICHHS LYKPY, €TaHOJY Ta EJIEKTPUKU
[9, c. 515].

MeTta podoTu.

Po3pobka meTomy omTHMizariii OKpeMHUX CTYICHIB
BUTIIAPKHA I[yKPOBOTO BUPOOHUIITBA Ta HOTO 3aCTOCYBaHHS
UIT  3HAXODKCHHS  ONTHMAJIbHHUX  XapaKTePUCTHK
MEepIIOTO CTYTICHS.

Meton onTuMmizanii TemMmepaTypHMX HamopiB y
CTyNeHsIX BUIIAPKH.

B cHEpProTexXHOJIOTIUHIH CHCTEMi BHPOOHHIITBA
LHYKpy B IlJIoMy HalOLnplIl BTpaTu ekceprii (Mmaibke

72 %) npunanaloTh Ha BapiHHS yTQenei ToMy came UM
npouecaM NPUAUIIETbCS HalOinpma ysara [1, c. 57, 2,
c. 1,10, c. 32].

Jnst BigAUIeHHS BUMAPKH THIIOBOTO ITYKPOBOTO
3aBomy [l, «c.41] ©OyB  po3poOieHHMI  METOJ
TepMOeKOHOMIUHOI  omTumizamii  [10, c¢.31] (3a
BEJIMYMHOIO TEMIEPATYpPHOTO HAmopy B OKPEMHX
CTYTICHSX).

3amaya JIOKaIbHOI oONTHMI3alil 3BOAUTHLCA OO
MiHIMI3alil pIiYHUX TEPMOEKOHOMIYHMX BHUTpaT Ha
CUCTEMY BUIIAPKH B IIJIOMY:

Zy*=min} Z, =min(Z +Z;5) =
i=1

(1)

m

—min(} 2, +>.2,)
i=l i=l

IS Ze‘. — BApTICHC BHPAXCHHSA PIYHUX CHCPICTUYHUX

BHTpAT, III0 PO3PaXOBYIOTHCS 3a BiIMOBITHAMH BTpAaTAMHU
ekceprii B i-Tomy (O5OIi, CTyINeHi) eJIeMeHTi

Z, :C(,Hl.ry, ne C, — IiHa ManyBa, IepepaxoBaHa Ha

omuH k/[x #ioro ekceprii; I, — BTpatu exceprii B i-ToMy

enemenri, 7,

— yac pobotu cucremu 3a pix; Z;, =@, K, -
piuHi KamiTanbHi i HoB'13aHi 3 HuUMH BUTpary; K, —
KamiTallbHI BKIAJCHHS B [-TUH CJIEMEHT IIpH 3]adi
o0'ekTa B  EKCIUIyaTallil0 «mil KIOY»;, @, —

y3araJbHeHUN piuHmit
KaIliTaJbHUX BKJIaJEHb.
V nojansmux pospaxyHkax npuiissito: z, = 3000

Koe(ilieHT OKYITHOCTI

TOAMH Ha piK, eKkcepris manuBa (IPUPOTHHMH ra3 3
TEMIOTOI0 3ropsAHHsA 36522 M]Ix/M?), HiHa OpUpPOAHOro
razy 0,354 USD/m>. lpu umx ymosax C, = 9,69.10¢
USD/klx. K, (8 USD)

emIipu4Horo hopmyitoro [2]

po3paxoByBaJuCad  3a

K =K +yA;" )

Jae K, = 15000 USD — BapTicThb MOHTaXy Ta HalaJKH
w= 400 USD -

K0e(iliEHT BapTOCTI TEIUIOOOMIHHOT MOBEPXHi A, M2,

KOXKHOTO 13 CTYyINEHIB BHIIApKH;

00’eqHaHMH piYHUI KOe(ILIEHT OKYITHOCTI KamiTalbHUX
BKJIQ/ICHb JUIsl BUIIAPHUX anapatis ¢, = 0,1908.

OcHOBHa 4dYacTWHa BTpaT ekceprii o00ymoBIieHa
TEIJI0O0OMIHOM TIPH KiHIIEBiH Pi3HUII TeMIlepaTyp, TOMY
B SIKOCTI HE3aJe)KHOI 3MIHHOT IPH TEPMOEKOHOMIYHIH
onTuMizanii Oyna oOpaHa BeJIMYHMHA TEMIICPATYPHOTO
Haropy B KokHOMY i3 cryneHiB AT; = Ty — Tei, ne Thi —
TeMIIepaTypa rpiodoi (sKa KOHAEHCYeThCs) mapH; Te —
TEeMIIEpaTypa TEXHOJIOTTYHOTO (KUIUITYOro) PO34nHYy, L0
rpieTbes [ = 1,2, ..., m, e m — 9UCJIO CTYICHIB.

IIpu 11bOMY KOKEH i3 CTYIEHIB XapaKTepU3YEThCS
CBOIM MIHIMaJbHAM 3HAYCHHS TEPMOCKOHOMIYHUX

(TEB) Z/”', wo Bignosixarots 3Hadenusm AL, i =

1,2, ..., m.
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ICHyBaHHﬂ JJIsA KOXHOTO CTYIICHS CBOI'o

JIOK&JIBHOTO MiHIMYMY Z” MOSCHIOETBCSI THM, LIO 3i

3poCcTaHHAM AT, 301bLIyeThCS BeMM4uMHA Z,; ,TOMY IO
30UIBINYIOTBCSL  BTpaTW  eKceprii, 1 3MEHIIYETHCS
BeIMYMHA Z,,, OCKIIbKM 3MEHIIYETbCS IOBEPXHS

TeII000MiHy CTymeHs, a, oTke, ix cyma Z, (1) Oyzme
Maru MiHiMyM (puc.1).
Z

Zai M
Ly F

Vi

AT

AT &T: ATt ATy

Puc. 1. 3anexuicts TEB B i-roMy cTyneHi BiJl BEIHYHMHU
TEMIIEPaTyPHOI'0 Hallopy B I[bOMY CTYIICHI

Tlomyk onTuMansHOTO 3Ha4€HHS MeToAoM [ ayca-
Beiinens B cuty yHiMomambHOCTI dymKmii  Z, (AT))
MIPOBOJUTHCS ISl KOXKHOTO 13 CTymeHiB i = 1,2,...,m
IIJISIXOM TTOCTIZJOBHOTO MOPIBHAHHA Z; , OTPUMAHOTO HA
JTAaHOMY Kpolli itepalii, 3 monepeasiv, i, K10 3HaiineHe
3HAYEHHS MEHILIE, TO TIEPEXOAATh 10 HACTYIHO] iTepartii.

Po3paxyHOK 3aKiHYYETHCS B TOMY BHUIIAJIKY, SKIIO
3Hail/leHe 3Ha4yeHHs Z; cTae Oinblie, HiK 3HAUeHHd Z, |,
o0 OTpPYMaHe Ha TMOMEPEeIHbOMY KpOIli, fke 1 Oyne
ontuMansHUM. [loTiM po3paxoByroThcs cymapai TE
Butpatu 1o (1).

BinmoBinHO, 3ama€Thcs IHTEPBAIT 3MIHM BEIHYHH
TeMnepaTypHux HamopiB AT™ <AT <AT™ 1 Kpok

3MiHHM 1BOTO Hanopy &7, i=1,2,..,m.

Jnss 3py4HOCTI pO3paxyHKIB MOXHA HPHHHITH
A]-;mm :ATmm , A]-;max :ATmax , 5T‘ =0T S i:1,2,...,m,
TOOTO SIK IHTEpBAJI, TaK i KPOK 3MIHA TEMIIEPATypHOTO
HAmopy /i BCIX CTYNCHIB MOXYTh IpHAMATHCS

OJJHAKOBWUMH. 3HadeHHs Z” TOTIM KOPEryeThes
LUIIXOM TIOMIyKy 3 Ginbin api6uuM kpokom o7, (puc. 2)
no6musy Toukn AT .

Z;
A

i : —~
o —
AT 8T, &T AT AT™%8T:
Puc. 2. VYTouHeHe 3Ha4yeHHS ONTUMAIILHOIO

TEeMIIEpaTypHOrO Hamopy B i-TOHM CTymHeHi 1 BiamosiaHa
oMy BenmunHa MiHiMabHUX TEB.

Po3paxyHOK ONTHMAJIBHUX XaPAKTEPHCTUK IS
NepUIOro CTyNeHs BUNAPKH.

V  po3paxyHKax, BHUXOISYM 3 TEXHOJOITYHHX
0OMeKEHbD, TIPUAHSATI: IrpaHu9IHI 3HAYCHHS
TEMIIEPATYPHUX Harfopis AT™ =AT™ =4 K,
AT™ =AT™ =20K

TEMIIEPATYPHOro Hanopy o7, =57 =2K ; «ApiOHuMH»

«BEJIHKHID) KpPOK 3MiHH

KPOK 3MiHM TEMIEPATypHOro Hanopy &7,'=56T'=0,1 K .

OTpuMaHi 3HaYEHHS ONTUMATBHUX TeMIIepaTypHUX
HaIopiB i JTIOKAJThHHUX ONTUMYMIB piYHUX
TEPMOEKOHOMIYHUX BHUTpAT [UIsi  MHEPIIOro CTYHEHs
BHIIApKH, HaBeleHi B Tabi. 1, BigkoperoaHi — B Ta0. 2.

Ta6muus 1. 3HaueHHs TeMIiepaTypHoro Hamopy Ta piunux TEB B mepmomy cTymneHi (onTuMaibHi BEIMIUHY BUITITICH]

AT

Temnepatypuuii | Temnepatypa | Ilosepxus | Brpatu | Bapricue BupaxxeHHs Piuni kamitaneii Ta | PiuHi TepMOeKOHOMIYHI
Harip, rpiroyoi napu, | TeII000MiHy, |eKCcepril, | piuHHX eKCepreTHIHNX 3B'si3aHi 3 HUMH BUTpATH, Z1,
ATi, K Tni, K Asi, M I, Bt | Butpar, Ze1, USD/year |Butpatu, Zki, USD/year USD/year
4 403 4221 221555 23192 111710 134903
6 405 2814 330692 34617 79355 113973
8 407 2110 438756 45929 62418 108348
10 409 1688 545764 57131 51909 109041
12 411 1407 651730 68224 44715 112939
14 413 1206 756669 79209 39462 118672
16 415 1055 860597 90089 35448 125537
18 417 938 963528 100864 32274 133138
20 419 844 1065477 111536 29698 141234
Bicnux Hayionanvnoeo Texniunoeo Yuisepcumemy «XI1l». Cepis: Innosayiiini
26 docridoicenns y Haykosux pobomax cmyoeumis, 2022, Ne 1 (1363)



ISSN 2220-4784 (print), ISSN 2663-8738 (online)

Tabmmns 2. YTo4YHeHi 3HaYeHHs TeMIlepaTypHoro Hanopy Ta piunux TEB B nepuiomy ct

¢Hi (ONTHMaJIbHI BeJIMIMHH BUIIJICH])

Temnepatypuuii | Temneparypa | IloBepxHs Brpatu BapricHe BupaxeHHs Piuni kamiTanbHi Ta Piuni TEB,
Harip, rpifouoi mapw, | TeIIooOMiHy, | eKceprii, pIUHMX eKCEPreTHYHUX  |3B’s13aHi 3 HUMH BUTPATH, Z,
ATy, K T, K Aq1, M2 IT;, Br BUTpaT, Ze1, USD/year Zx1, USD/year USD/year

7,9 406,9 2137 433378 63073 45367 108 440
8,0 407,0 2110 438756 62418 45929 108 348
8,1 407,1 2084 444132 61 778 46 492 108 270
8,2 407,2 2059 449504 61 152 47 055 108 207
8,3 407,3 2034 454874 60 541 47 617 108 158
8,4 4074 2010 460242 59943 48179 108 122
8,5 407,5 1986 465607 59 358 48 740 108 099
8,6 407,6 1963 470969 58 786 49 302 108 088
8,7 407,7 1941 476328 58 226 49 863 108 090
8,8 407,8 1919 481685 57 679 50423 108 103
8,9 407,9 1897 487039 57 142 50984 108 127
9,0 408,0 1876 492391 56 617 51544 108 162
9,1 408,1 1855 497740 56103 52104 108 208
9,2 408,2 1835 503087 55599 52 664 108 263
9,3 408,3 1815 508430 55105 53223 108 329
9,4 408,4 1796 513771 54 622 53 782 108 404
9,5 408,5 1777 519110 54 147 54 341 108 489
9,6 408,6 1759 524446 53 682 54900 108 582
9,7 408,7 1740 529779 53 226 55458 108 685
9,8 408,8 1723 535110 52779 56016 108 795
9,9 408,9 1705 540438 52 340 56 574 108 914
10,0 409,0 1688 545764 51909 57131 109 041
VY mporpamHiii peanmizanii came I BiJKOpPEroBaHi  BHKJIMYE TaKOX 3MiHY [apaMeTpiB IIOTOKIB, SIKi

3HAYEHHs BUKOPHCTOBYIOThCS B sikocTi Z' . 3Haiinene

3HAYEHHS  TEMIIEPATypHOrO  HAMOpy  IIEPEBUILYE
BIJIMOBiTHE y iICHYIOUil cucTeMi Bumapku Ha 2,6 °C.
[TinTpumaHHs TAKOTO 30UIBIIIEHOTO

TEMIIEPATYPHOTO HAIMOPY Y MEPIIOMY CTYNEHI J03BOJIHUTh
3MEHIUTH PidHI BHTpaTH B IboMmy cryneHi Ha 3800

USD. Crix 3a3HaunTy, WO 3Haiigeni sHavyenns A% B

CHIIy  JKOPCTKOi ~TPWB’S3KM  J0  TEXHOJOTIYHOIrO
JIAHIIOXKKA KOXKHOTO CTYINCHS BHMArarmTh B3aEMHOTO
V3rO/DKCHHS, TOMY IO TIOTOKH, SKi BHUXOIATH 3
MOTEPEIHIX CTYIEHIB, OJJHOYACHO BXOJSITh B HACTYIIHI,
a, OTXKe, TEMIIEPATypHUH PIBEHb MPOIECIB B CTYIEHIX
MOBUHEH Y3TO/KCHO 3MIHIOBATUCS, 3MIHIOIOYH THM
CaMUM BEJIMYHMHY TEPMOCKOHOMIYHHX BUTpAT.

Kpim TOTO, 3MiHA MapameTpiB MOTOKIB BCEpEIHHI
E€HEPTrOTeXHOJIOTIYHOI CHCTEMH BiIIJICHHS BUTIAPKH
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METHOD OPTIMIZATION OF SEPARATE SECTIONS IN SUGAR PRODUCTION

A method of thermoeconomic optimization of separate section of a typical sugar plant. was developed. Since the main part of
exergy losses is due to heat transfer at the finite temperature difference, the value of temperature drop in each of the section s was
chosen as an independent variable in thermoeconomic optimization with the corresponding search for their minimum
thermoeconomic costs. The existence of a local minimum for each section is due to the fact that with increasing temperature drop
increases the amount of energy costs (because the exergy losses increase) and decreases the amount of capital and related costs
(because the heat transfer surface of the sectione decreases), and, consequently, their sum will have a minimum. The search for this
minimum due to the unimodality of the thermoeconomic cost function was performed for each section by the Gauss-Seidel method
- by sequentially comparing the costs obtained at this step of the iteration with the previous ones and, if the value is less, move on to
the next iteration. If the value found becomes greater than the value obtained in the previous step, which will be optimal. Then the
total thermoeconomic costs in the section are calculated. As an example of application of the developed method searching the
optimum temperature drop and local optimums of annual thermoeconomic expenses for the first degree were found. The found
value of the temperature drop exceeds the corresponding in the existing evaporation system by 2.6 degree and maintaining such an
increased temperature drop in the first section allows you to reduce the annual costs in this section at 3800 USD. It should be noted
that the found values of temperature drop due to the rigid link to the technological chain of each section require mutual agreement,
because the flows coming from the previous sections are simultaneously included in the next, and therefore the temperature level of
processes in sections must change, thereby changing the amount of thermoeconomic costs. In addition, it should be taking in
amount that a change in the parameters of the flows within the energy technology system of the evaporation system will also cause
a change in the parameters of the flows that leave this system.
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B. P. HUKYJIBIIIUH, A. E. JEHUCOBA, C. H. MEJIBHIK, B. B. BLICOYHH B.B., C. H. BYXKAJ/IO
A. M. AHIPIOIIIEHKO .
METOJ OITUMU3AIIMHU OTAEJBHBIX CTYIIEHEU BBIITAPKH CAXAPHOI'O ITPOU3BOACTBA

Jlyis oTAeneHus BRIIAPKU TUTIOBOTO CaXapHOTO 3aB0JIa ObLI pa3paboTaH METO TEPMOCKOHOMUYIECKOW ONTUMH3ALUH OTIEIIFHBIX €€
cryneHeil. [IockolIbKy OCHOBHASI YacTh MOTEPh SKCEPTHU 00YCIIOBIICHA TETNIOOOMEHOM MPH KOHEYHOH pa3HOCTH TEMIIEPaTyp, TO B
Ka4yecTBe HE3aBUCHMOM MEPEMEHHON NP TEPMOCKOHOMHYECKON ONTHMHU3alMU ObUla BEIOpaHa BEIMYUHA TEMIIEPATYpHOTO Hamopa
B KaXXIOM U3 CTYNEHEH C COOTBETCTBYIOILUM MOUCKOM CBOMX MUHHMAJIBHBIX TEPMOECKOHOMUYECKUX 3aTpar. CyIiecTBOBaHUE IS
KaXJOW CTYIIEHH JIOKaJIbHOTO MHHHMYMa OOYCJOBJIEHO TE€M, YTO C POCTOM TEMIIEpaTYpPHOTO Haropa yBEJIWYHMBAETCA BETMYMHA
SHEPTreTHYECKUX 3aTPaT (TakK KaK YBEIWYMBAIOTCS NOTEPHU 3KCEPIHH) U YMEHbBILIAETCS BEIMYMHA KaUTAIbHBIX M CBA3aHHBIX C HUMH
3arpar (Tak Kak YMEHBIIIACTCS MMOBEPXHOCTh TEIUIOOOMEHA CTYIICHH), a, CIeJ0BATEIbHO, HX CyMMa OyIeT UMETh MUHUMYM. [louck
9TOr0 MHHUMYMa B CHJIY YHUMOIAJIBHOCTH (YHKIMH TEPMOIKOHOMHUYECKUX 3aTpaT MPOBOAWICS IS KKIOH U3 CTYICHEH
meronoMm [aycca-3elinenss — myTeM IOCJIEIOBATEIbHOIO CpPaBHEHMsI 3aTpar, IMOJYyYE€HHBIX Ha JAHHOM »JTale uTepaluu ¢
MpeAbIIYIIMMHY U, €CIM HailleHHOe 3HAaueHHEe MEHBIIE, TO MEePEeXOAWIH K clieAyroniel urepanuu. Pacuer 3akaHuYMBaeTCsl B TOM
cily4yae, €ClI HaliIeHHOe 3HaueHHWEe CTaHOBUTCA OOJblie, YeM 3HaueHHE, MOIyYeHHOro Ha MpeAblaylleM Inare, Koropoe u Oyner
ONTUMAIBHBIM. 3aTeM PAaCCUMTHIBAIOTCS CyMMapHbIe TEPMOIKOHOMHYECKUE 3aTPaT, B CTYIECHU. B KauecTBe mpumepa NpUMEHEHUS
pa3paboTaHHOrO MeToAa OBUIM HaWIeHbl ONTHMANbHBIE TEMIIEPATypHbIE HAMOpPhl M JIOKAJIbHBIE ONTUMYMBI TOJOBBIX
TEPMO3KOHOMHUYECKUX 3aTpaT Ul NepBoi cTyneHu. HaliieHHoe 3HaueHne TeMIepaTypHOro Halopa MpeBHIIIaeT COOTBETCTBYIOIEE
B CyLIECTBYIOILIEH CHCTEME BBINApKH Ha 2,6 Tpagyca U MOJAEP)KaHUSA TaKOr0 YBEIMYEHHOTO TEMIIEPAaTYpHOTO HAlopa B MEPBOM
CTYIIEHH T03BOJIIET YMEHBIINUTh TOA0BbIE 3aTpaThl B 3ToM cryneHu Ha 3800 USD. Cnenyer oTMeTHUTh, UTO HaliIeHHbIE 3HAUYEHUS
TEMIIEPATypHOTO HAIOpa B CHIIy JKECTKOW TNPUBS3KH K TEXHOJOTHYCCKOW IIETIOYKE KaXIOW CTYIEHH TpPEOYIOT B3aUMHOTO
COTJIaCOBaHMs, TaK KaK MOTOKH, UCXOJASIINE U3 MPEAbIAYILUX CTYNCHEH, OJHOBPEMEHHO BXOST B CIENYyIOIINE, a, CIeI0BATEIbHO,
TEeMIIEpaTypHbI YpOBEHb IPOLECCOB B CTYNEHSAX JOJDKEH COIJIACOBAaHHO W3MEHSTHCS, HM3MEHSAS TEeM CaMbIM BEJIMYUHY
TEPMO3KOHOMHUYECKUX 3aTpar. Kpome Toro, cmemyer y4uTBIBaTh, 4YTO H3MEHEHHE IIapaMETpOB IIOTOKOB BHYTPH
SHEPTOTEXHOJOTHYECKOI CHCTEMBI OTICIICHNS BBIIIAPKU BBI30BET TAKXKE M3MEHEHHE MapaMeTPOB IMMOTOKOB, KOTOPhIE MOKUIAIOT 3TO
OT/ICIICHUE.
KnioueBble cjioBa: MHOTOCTYIICHUAThIE CHCTEMBbI, IPOU3BOACTBO Caxapa, TEPMO3KOHOMHKA, ONITHMU3AIMS U BHIYUCICHUS.
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O. P. PRISHCHENKO, N. V. CHEREMSKAYA, T. T. CHERNOGOR, S. I. BUKHKALO

INNOVATIVE METHODS OF TEACHING THE DISCIPLINE HIGHER MATHEMATICS
TO STUDENTS STUDYING CHEMICAL TECHNOLOGY AND ENGINEERING

The article discusses some innovative methods that can be used in practical classes in higher mathematics, teaching students of chemical specialties.
The possibilities for the development of competencies in complex interuniversity projects are closely related to the issues of classifying all types of
interrelationships of disciplines within the framework of courses according to curricula, as well as the choice of additional universal competencies.
Mathematics for chemical process engineers is, first of all, a useful tool for solving many chemical and technological problems and tasks. The
typical curriculum takes into account the modern needs of related and special disciplines in the mathematical education of students, and consists of
four main sections: the foundations of algebra and analytical geometry, mathematical analysis, differential equations, probability theory and
mathematical statistics. When writing the article, many years of experience in teaching students of chemical specialties by the department 'Higher
Mathematics' of the National Technical University «KhPI» were used. The purpose of the scientific research of teachers and students presented in
the article is to increase the competitiveness of Ukrainian technical education in the world market by developing and implementing innovative
models and methods. When writing this article, the authors pursued three goals. First, to give the general course of mathematics for students of
chemical and related specialties an appropriate professional orientation; secondly, to form in students of the first years of study ideas about the
mathematical apparatus, information technologies and the mathematical modeling of modern chemistry and, thirdly, to instill in students the primary
skills of building mathematical models of the simplest physical and mathematical processes when studying a mathematics course.

Keywords: information technologies, mathematical modeling, innovative methods, chemical kinetics, function of one variable, Raoult's law,
equilibrium line, differential equation, vector, regression analysis.

O. I1. IIPIIIIEHKO, H. B. YEPEMCBKA, T. T. YEPHOI'OP, C. I. BYXKAJIO

THHOBAIIIVMHI METOJIU BUKJIAIAHHS TUCHUILITHA BUIIIA MATEMATHKA
CTYJAEHTAM, SIKI BAUBUAIOTH XIMIUHI TEXHOJIOT'Ti TA IHXKEHEPIIO

VY cTarTi po3MISHYTO JEsKi iHHOBaliliHI METOAM, SKi MOXHAa BHKOPHCTOBYBAaTH HA NMPAaKTHYHUX 3aHATTAX 3 BUINOI MAaTEeMaTUKH, HABYAIOYU
CTYJEHTIB XiMIUYHUX cHelianbHOCTell. MOXKIIMBOCTI PO3BUTKY KOMIIETEHIil KOMIUIEKCHHX MiXKBY3iBCHKUX HPOEKTIB TiICHO HOB'S3aHi 3 MUTAaHHIMU
kiacudikarii Bcix BUIIB B3a€MO3B'I3KIB JUCIHUILIIH B paMKaxX KypciB 3a HaBYaJbHHMH IIPOTpaMaMy, a TaKo)K BHOOPOM JOIAaTKOBUX YHIBEPCAIBHUX
KoMIleTeHLil. MaremMaTuka /Ui iH)KEHEPIiB XiMIKiB-TEXHOJIOTIB — II€ HacamIepe] KOPUCHUH IHCTPYMEHT Ul BHpILIEHHS OaraThbOX XiMiKo-
TEXHOJIOTIYHUX MHpobiieM Ta 3aBJaHb. TWIIOBAa HaBYaJbHA MPOrpaMa BPaxOBYe CydacHI MOTPEOM CyMDKHHMX Ta CHEMiadbHHX JUCLUIUIH Y
MaTeMaTH4YHil OCBITI CTYJICHTIB, i CKJIAIa€ThCs 3 YOTHPHOX OCHOBHUX PO3/IIIIB: OCHOB aJireOpH Ta aHANITHYHOT F€OMETpil, MATeMaTHYHOTO aHAIli3y,
nmudepeHiaibHUX PiBHAHB, TEOPii HMOBIPHOCTEH Ta MaTeMaTH4YHOI cTaTUCTHKH. Ilil 4ac HamMCaHHS CTATTI BUKOPHCTAHO OAaraTOpiYHMI OCBiA
BHUKJIQJaHHs CTYACHTaM XIMIYHHX creniajgpHocTell Kadenporw «Buma maremarnkay HamioHaqbHOrO TEXHIYHOTO YHiBEpCHTETY «XapKiBCHKHI
NOJIITEXHIYHUH IHCTUTYT». MeTOol0 MpEeJCTaBICHOr0 y CTAaTTi HAyKOBOTO JOCTI/DKEHHS BHKJIANa4yiB Ta CTYIEHTIB € IIJIBUIICHHS
KOHKYPEHTOCIIPOMOKHOCTI YKPAIHCHKOI TEXHIUHOI OCBITH Ha CBITOBOMY PHHKY LUIIXOM PO3pPOOKH Ta BIPOBAMIKEHHs IHHOBALIffHUX Mojenell Ta
metoniB. [Ipu HanucanHi crarTi aBTopy Manu Tpu mimi. [To-nepime, HagaTH 3arabHOMY KypCy MaTeMaTHKH JUIS CTYAEHTIB XIMI9HHX Ta CyMDKHHX
CIIeLiIbHOCTEH BINMOBiNHY NpodeciiiHy CHpsIMOBaHICTh; IO-Apyre, cHOpPMyBaTH y CTYIEHTIB IEpIINX pOKIB HAaBYAHHS YSBIECHHSA MPO
MaTeMaTHYHUN amapat, iHpopMamiiiHi TeXHOJOril Ta MaTeMaTHYHE MOJENIIOBAHHS CYYacHOI XiMil, MO-TpeTe, MPHILEMHTH CTYACHTaM MEepPBUHHI
HAaBUYKH TO0YTOBH MAaTeMaTHIHNX MOJENeH HalMpOCTImHX (i3HKO-MaTEMaTHYHHUX IIPOLECIB MIOZ0 KYpCy MaTeMAaTUKH.

KarouoBi ciioBa: iHpopMarliiiHi TEXHOJIOTI, MaTeMaTHYHE MOJICITIOBAaHHS, iIHHOBAIIHI METO/IHM, XiMiYHa KiHETHKA, (DYHKIIis OJIHIi€T 3MiHHOT,
3akoH Payist, niHis piBHOBaru, audepeHiianbHe piBHIHHS, BEKTOD, perpeciiHuii anamis.

O. I1. IIPHIIEHKO, H. B. YEPEMCKAA, T. T. YEPHOI OP, C. H. BYXKAJIO

NHHOBAIUMOHHBIE METOJbI NIPENIOJABAHUA JTUCHUIIJIMHBI BBICIITAAA MATEMATHUKA
CTYAEHTAM, N3YYAIOIIIUM XUMHUYECKUE TEXHOJIOI'UX U UTHX)KEHEPUTO

B cratee paccMaTpHBaIOTCA HEKOTOpbIE MHHOBAHOHHBIE METOIBI, KOTOPbIE MOXKHO HCIIONB30BATh HA NPAKTUYECKHX 3aHATHUSAX IO BBICIIEH
MareMaTHke, oOydas CTYICHTOB XHMHYECKHX CIeNUaNbHOCTel. BO3MOXHOCTH pPa3BUTHS KOMIIETEHTHOCTEH KOMIUICKCHBIX MEKBY30BCKHX
IIPOEKTOB TECHO CBSI3aHBI C BOIPOCAMH KIIAacCH(UKAIIMU BCEX BHIOB B3aMMOCBS3€H NUCHUIUIMH B PaMKaxX KypcoB IO y4eOHBIM IporpamMmam, a
TaKKe BHIOOPOM [JOIOIHUTENBHBIX YHHBEPCAIbHBIX KOMIIETEHTHOCTEH. MaTeMaTuka Ui HH)KCHEPOB XHMHKOB-TEXHOJIOTOB — 3TO, B IEPBYIO
ouepeb, MOJIC3HBII HHCTPYMEHT JUISl PENICHUS] MHOTHX XHMHKO-TEXHOJIOTHYECKHX HpoOieM u 3agad. TumoBas ydeOHas MporpaMMa yUHTHIBAET
COBpPEMEHHEBIE TTOTPEOHOCTH CMEXKHBIX U CIEIMAIbHBIX JUCLUILIMH B MATEMaTHYECKOM 00pa30BaHUH CTYJEHTOB, H COCTOHT U3 YEThIPEX OCHOBHBIX
pa3IenoB: OCHOB aireOphl U aHATUTUYECKOH IeOMETPUH, MaTeMAaTH4eCKOro aHaiu3a, Iu(QepeHnaabHbIX YPaBHEeHUH, TEOpHU BEPOSTHOCTEH U
MaTeMaTHYeCcKoH cTaTUCTHKU. [Ipy HamMcaHUH CTAaTHU HCIOIb30BaH MHOTOJICTHHIT OIIBIT IIPEIOJABAaHUS CTYISHTaM XHMHYECKUX CIIeNUaTbHOCTeH
kadenpoil «Bpicmias Maremarukay HaIMOHAJBHOTO TEXHHYECKOTO YHHBepcuTeTa «XapbKOBCKUH ITOIUTEXHHYSCKUH HMHCTHTYT». 3amadeit
IPEJCTAaBICHHOTO B CTaThe HAYYHOTO HCCIEIOBAHMS IpenofaBaTesneil H CTYACHTOB SBISETCS HOBBINIEHHE KOHKYPEHTOCIOCOOHOCTU YKPAaHHCKOTO
TEXHUYECKOr0 00pa30BaHU HA MHPOBOM PBIHKE IyTeM pa3pabOTKH M BHEIPEHUsS HHHOBAIMOHHBIX Mopenel u MetonoB. IIpu HanmmcaHuu cTaThu
aBTOPBI NPECIIEIOBAM TPH LeNH. Bo-mepBbIx, mpuaats o0meMy Kypcy MaTeMaTHKU JUIS CTYyJEHTOB XMMHYECKAX M CMEXHBIX CIICIUaTbHOCTEH
COOTBETCTBYIOIIYI0 MPO(ECCHOHANBHYIO HAIPABICHHOCTb; BO-BTOPHIX, C(HOPMHPOBATH y CTYICHTOB IMEPBBIX JIET OOYYCHMS MpPEJCTABICHUS O
MaTeMaTHYeCKOM ammapare, iHGOPMAIiHHEIX TEXHOJOTHAX M MAaTeMaTHYECKOM MOJEIHPOBAHUM COBPEMEHHOM XUMHH U, B-TPEThUX, HPHBUTH
CTyJeHTaM IepBUYHbIC HABHIKU ITOCTPOCHHS MAaTEMAaTHYECKUX MOJAENeH MPOCTeHIHX (PH3NKO-MAaTEMaTHYECKHX MPOIECCOB NPH M3yYeHHH Kypca
MAaTeMaTHKU.

KnroueBble cj10Ba: HHOOPMAITHOHHEIE TEXHOJIOTHH, MAaTEMaTHYECKOS MOJEINPOBAHHE, NHHOBAIOHHBIE METOJbI, XUMUUECKass KUHETUKA,
(yHKIVS OXHOM ITepeMeHHOMH, 3akoH Payiis, muHus paBHOBecus, TuddepeHIanbHoe ypaBHEHHE, BEKTOP, PErPECCHOHHBIN aHaN3.

Introduction. The possibilities for the development
of competencies of complex interuniversity projects are
closely related to the issues of classifying all types

© Prishchenko O.P., Cheremskaya N.V., Chernogor T.T.,
Bukhkalo S.1., 2022
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of interrelationships of disciplines within the framework
universal competencies, example, the information
technologies. Mathematics for chemical process
engineers is, first of all, a useful tool for solving many
chemical and technological problems and tasks. It is
difficult to find a branch of mathematics that is not used
to solve these problems at all stages of their analysis. The
basis of statistical thermodynamics is the theory of
probability, organic chemistry uses graph theory to
predict the properties of complex organic molecules, the
main tool of chemical kinetics is differential equations,
chemical thermodynamics makes extensive use of
topology and differential geometry methods.

The course of higher mathematics is the basis for
the physical and mathematical training of university
chemists, example, the information technologies. [1-5].

Statement of the problem in general and its
connection with important the information
technologies. scientific or practical problems.

The main goal of teaching the academic discipline
'Higher Mathematics' is to prepare students to use the
modern mathematical apparatus as an effective tool for
solving scientific and practical problems in the field of
chemical and related disciplines.

The main tasks of teaching the academic discipline
'Higher Mathematics':

* to form students' understanding of the modern
mathematical apparatus necessary for solving theoretical
and practical problems in future professional activities;

* to instill the ability to independently expand
mathematical knowledge, to use reference literature on
mathematics and its applications in practical and research
work;

* to develop the following personal qualities
necessary for solving scientific and applied problems:
logical thinking, analytical skills, intelligence, interest in
the formal-model description and study of reality using
the language, means and methods of modern
mathematics.

The typical curriculum takes into account the
modern needs of related and special disciplines in the
mathematical education of students, and consists of four
main sections: the foundations of algebra and analytical
geometry, mathematical analysis, differential equations,
probability theory and mathematical statistics [6-9].

As a result of studying the discipline 'Higher
Mathematics', the student should know: elements of set
theory and mathematical logic; matrix calculus, methods
for solving algebraic equations and their systems;
methods of vector algebra, analytic geometry, probability
theory, mathematical statistics, mathematical analysis as
applied to functions of one and several real variables;
numerical methods applied to solving problems of
chemical content; the natural scientific meaning of
differentiation and integration, the meaning of critical
and stationary points of a function in relation to the first
derivative of a function and derivatives of higher orders
in problems of chemical content, solving problems for
the material balance equation, problems of dissociation
and extraction, and other problems of special content; be

able to: use the conceptual apparatus of matrix calculus
and apply the methods of linear algebra, methods for
solving algebraic equations and their systems; apply the
methods of vector algebra, methods for solving
differential equations and a number of problems of
mathematical physics, mathematical analysis as applied
to a function of one and several real variables; give a
geometric interpretation of functional dependencies on
the plane and in space; apply methods of probability
theory for mathematical modeling of random variables
and finding their numerical characteristics; apply
methods of the theory of statistical estimation, testing of
statistical hypotheses, regression and correlation
analysis; own: the mathematical apparatus of matrix
calculus and linear algebra for solving problems on the
composition of complex mixtures and the direct problem
of chemical kinetics, methods for solving algebraic
equations and their systems; skills in constructing and
analyzing graphs of functional dependencies on a plane
and in space; applications of mathematical analysis in
chemistry; applications of differential equations and their
systems in chemistry; probabilistic-statistical methods of
mathematical processing and analysis of the results of a
chemical experiment [8].

Presentation of the main research material.

The Department of Higher Mathematics of the
National Technical University 'Kharkiv Polytechnic
Institute' has many years of experience in teaching
chemical specialties to students.

The purpose of the scientific research of teachers
and students presented in the article is to increase the
competitiveness of Ukrainian technical education in the
world market by developing and implementing
innovative models and methods.

When writing this article, the authors pursued three
goals. First, to give the general course of mathematics for
students of chemical and related specialties an
appropriate professional orientation; secondly, to form in
students of the first years of study ideas about the
mathematical apparatus of modern chemistry and,
thirdly, to instill in students the primary skills of building
mathematical models of the simplest physical and
mathematical processes when studying a mathematics
course [11-15].

Let's consider some tasks with a chemical content,
the solution of which in practical classes in higher
mathematics will allow us to realize some of the above
goals and objectives.

When studying the topic “Investigation of a
function of one variable”, it is useful to solve the
problem of constructing an equilibrium line.

Let some substance of M being in an air
environment as steams be taken in by water. In such the
case it is said that a substance goes across from a gas
phase @ in a liquid phase @ , where x and y at are his
concentrations accordingly in liquid and gas phases.

Clear that in initial moment of process concentration
x=0.
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With beginning of dissolution of substance of M in
water there is a transition of part of his molecules in
retrograde with speed, to the proportional concentration
of M in water and on the border of division of phases.

In course of time speed of transition of M will
decrease in water, and speed of reverse transition to
increase, thus this process will proceed until transition
speeds in both directions will not become equal.

Such process state is named a dynamic equilibrium,
and at him there will not be a change of concentration of
substance in each their phases. Concentrations of
substance of M set here in contacting phases ®, and @

named equilibrium and are in certain functional

dependence:
y=s)

chart, named that by the line of equilibrium.

Raoult’s law: partial pressure of any component in
pairs above mixture of liquid is equal to the product of
pressures of the saturated steam of this component on his
mole fraction in a liquid, that is

p=Prx,
where p is partial pressure of component in pairs; P is
pressure of steam of clean component; x is a mole
fraction of the indicated component in a liquid.

Such property is possessed, for example, mixture of
benzol and toluene, mixture of isomer hydrocarbons of
and other.

Dalton’s law: common pressure of P of steams of
mixture is equal to the sum of partial pressures of
components, that is

P=Px,+Px,, (1)

where 4 and B are the components included in mixture.
We will consider binary mixture from components
A and B, conformable to the Raoult’s law, and we will set
connection between the equilibrium concentrations of
component 4 in gas and liquid phases.
We will designate the mole fractions of components
A and B a liquid accordingly through x, and x, .

Considering, that
X, +x,=1 2)
we will write down the Raoult’s law for each of them:

p,=Px,;
Py =PBx, =F,(1-x,). 3)

According to equality (1), we will find common
pressure of P of steams of mixture, taking into account
here correlation (2):

P=P +F(1-x). “4)

On the other hand, knowing common pressure of P
above mixture and partial pressure of nerkomerydero

component 4, it is possible to define maintenance of him
in pairs, shown in mole fractions:

from (see formulas (3), (4)) where

P,
Yi= )
Px,+F(1-x,)
or
ax

: )

Y :1+(a—l)xA’

where a = Ll and named relative volatility.
B

Equation (5) expresses analytical connection
between the molar stakes of highly volatile component in
pairs and in a liquid and named equation of line of
equilibrium [17].

Problem. To investigate the line of equilibrium of
binary mixture from components 4 and B, conformable
to the Raoult’s law, and to build her chart.

Decision. We will write down equation (5) in a kind

e X
k +kx’
1 1
where y=y,, x=x,, k,=—, k,=1-—=0, and we
a a
investigate a function
x
X)=
J@) k, +k,x

1 2

subject to condition k, >0 u k, <0.
Range of definition

xe —oo;—ﬁ U —ﬂ;—i-oo .
k, k,

We will find limits on the left and on the right in a
point

1
X, = _k =—=0
k, a-1
im =400, lim = —o0,
x=x=0 ky + kyx x-x+0 ky + ko x
Consequently, x= _k is a vertical two-sided
2
asymptote.
We will find unvertical asymptotes:
k= lim —— =0, lim —~ -1
X—>too kl + k2x x—to0 kl + kzx kz
So, y= L is a horizontal asymptote.
2
, ki . .
Because, )'=————>0 the investigated
(k1 + kzx)

function increasing.
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Knowing a second derivative " =Lk23 , We
(ky +kyx)

find the intervals of direction of concavity of chart of

. k, o
function, namely x <——- a concavity is sent up, and for

2

x>—£ — downward. Because x>0 and y<0 (as
2

mole fractions), then the line of equilibrium of binary
mixture will be located in the first quadrant (fig. 1).

A

y

=V

Fig. 1

Let us consider a problem for the solution of which
differential equations are used.

Problem. A container, the walls of which form
some surface of rotation with a vertical axis, is filled with
liquid to a height 4. Let a hole with area f'be made in the
bottom of the vessel, through which the liquid flows out
of the vessel. It is necessary to determine the time
required for the liquid to drop to a given level or to drain
completely. Assuming that during the entire process
there is no inflow of liquid into the vessel and that the
difference in air pressure at the surface and at the outlet
can be neglected, determine the time required for the
liquid level in the cylindrical vessel to drop by 0.6 m due
to the outflow of liquid , if the diameter of a cylindrical
vessel is 3 m, the hole at the bottom of the vessel has a
diameter of 57 mm, the vessel filled with liquid up to 1.8
m. Determine how long it will take all the water to drain
from the vessel [5].

Decision. The amount of liquid dQ flowing out

over time d7 ataspeed @ through the hole is obviously
the same f@dr. The level of the liquid, the surface of
which F will be considered constant over time dz , will

decrease during this time with a certain speed @ to the
height @wd 7 , and therefore, the volume of liquid in the
vessel will decrease by the amount F'@d 7 . This value
should be equal to the value of dQ . From here we get:

d0 = fwdt = Fodr 6)
a6o fo, =Fw. (7

According to the law, the speed @ of liquid
outflow from an opening with a cross-sectional area f

is equal to the speed acquired by a freely falling body
after passing a distance equal to the height of the
column of liquid above the opening.

Let us now introduce a rectangular coordinate
system, taking as the axis Ox the axis of the vessel, and
as the axis Oy any line perpendicular to it, lying in the
plane with which the surface of the liquid coincided at
the beginning of the process (at the moment r=0).
We point the Ox axis vertically down. Then, according
to the above-mentioned law, we will get the following
expression for the speed of outflow @ from the hole

o, =~2g(h—x), at the moment 7, where g is the
acceleration of gravity; /2 is the initial height of the
liquid column (at 7= 0); x is the level at the moment .
Substituting the value into formula (7), we obtain an
expression for the rate @ of fall of the level at the
moment 7:

w =%«/2g(h -X)
®)

If the container has the shape of a vertical cylinder
or prism, then F is constant: if the container is a body
of rotation, the derivative of which has the equation

y = f(x) (Fig.2), then F = 7y’

TN

»

i
y =)

X v

Fig. 2. Graphic model of the process

dx
Substituting d_ into equation (8) instead of o, we
T

get:
Fdx
h—x

& f«/2g(h—x)a6odz'= L

dr:F f

Solving the equation, we have:

&
]
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e ;fm“

Let's use the initial conditions: at the initial moment

o s

of the end of the drop in the liquid level is zero. So, if
r=0,then x=0.
So:
F\2 \/‘
ik

where 7=

F\2 —
ﬁwﬁ Jh=x).

Having received the formula that allows you to
determine the time required for the liquid to drop to a
given level, we will substitute the problem data into it
and determine the time required for the liquid level to

dropby 0.6m, g=9,8m/s’; h=1,8m; x=0,6m:

2 2
fo= wd _ 3,14-0,057 —0,003:
4
53,6-1,4

= 0005, \/_(\/7 J1,2) = 26 min.

To determine the time required for all the liquid to
flow out of the vessel x = & , we get the formula:

F\2 X DR S

Tzﬁ\/z’ 0,003/9,8

When studying the method of regression analysis, it
is useful to consider the following problem.

Problem. During testing, a chromel-alumel
thermocouple at constant (reference) points: metal
crystallization temperatures Pb (327,5 °C), Zn (419,6
°C), Al (660,0 °C).

The corresponding thermopower data are obtained
accordingly: 12,1 MV; 16,0 MV; 26,1 MV. It is
necessary to calculate the regression equation for the
linear dependence of temperature on the thermocouple

zd®> 3.14.9 , thermopower values.
Fo. = i . =53,6m’; Decision. Create a table 1 to calculate the regression
coefficients:
Table 1. Calculation of regression coefficients

Numbpr of . y 2 Xy
experience

1 12,1 327,5 146.,4 3962,75

2 16,0 419,6 256,0 6713,6

3 26,1 660,0 681,2 17226,0

> 542 1407,1 1083,6 27902,3

, 1407.1-1093,6-27902.3-54.2
0 3-1083,6—54,2° T

3.27902,3-1407,1-54,2
' 3-1083,6—54,2°

=23,76.

Thus, we have obtained the regression equation:
y=39,75+23,76x, which allows us to calculate the

temperature (°C) from the thermocouple readings [10].
Regression coefficients can be found using Excel.
The procedure for calculating both regression
coefficients is the same. A small difference is that in the
Wizard of Functions dialog, in the Statistical category,
we select the SLOPE function to find the linear

coefficient 4, and the INTERCEPT function for the

free term of the equation 4,.

The dialogs Argument of functions — SLOPE and
Argument of functions — INTERCEPT will appear on
the screen, respectively. In the appropriate fields, enter
the range of values » and x from the worksheet and . In

the Function Argument dialog, the value of the
specified coefficient will appear, which, after pressing
the OK button, is transferred to the specified cell of the
worksheet.

Excel produces more accurate values of regression
coefficients than manually calculated values.
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Function Arguments

Functio Arguments

SLOFE
Known.ys | €264 B - pes<isesen
Known_xs | 0264 [

= [1216:26)

= 7376019206
fetums the dlape of the linear regression line through the given data points.

Known_xs  isthe s2t ot i
Bt carvmn Aumbees,

data pints and can be by

Aames arrays, ar refarences

Farmula regult = 2376039206

Help.oa this function O Canzel

Fig. 3. Dialog 'Argument of functions' — SLOPE

The Microsoft Office Excel 2016 program allows
simultaneous dispersion, correlation and regression
analysis with an assessment of the significance of the

INTERCEPT

g = (RR7.SAHEGG

Known_ys | (204

Known_xs 8254 = (i2tER6T)

= 3876225018
Calgalanes she paing awhich a e will Intereect the y-asls by uing a best-Bit regression Bre plonedd thaough the snewn s ovalues and
evtluss,
Known_xs i3 (he independert set of i s,
references that contaim numbers,

rames, 8, o

Formularesult = 3976225018

ekt funsion

Eancel

Fig. 4. Dialog 'Argument of functions' —
INTERCEPT

coefficients of the obtained regression equation [18].

J

Fig. 5. Illustration of Ohm's law in an anisotropic medium, for which o,, =30,, (€ and €, are the orientation of the axes of the

orthonormal coordinate system)

During the study of linear and vector algebra, it is
proposed to solve such a problem with physical and
chemical content.

Problem. Find the magnitude and direction of the
current density vector j in the coordinate system
X, X,X,, arising in a crystal plate with area S and

thickness d (\/§ >>d ) under the action of an external
field £=150V/cm in the direction (+/2/2;~/2/2;0), if

the specific conductivity of the crystal (107Q'em™ ) in
this coordinate system X,X,.X, is described by a tensor

9 -2 8
o,=|-2 16 0
§ 0 25

Decision. The components of the external electric
field E(E,, E, E,) strength vector are equal to

E, =150-+/2/2 V/cm; E, =150-+/2/2 V/em;
E, =0. According to Ohm's law in differential form, the

components of the current density vector j(,, j,, j; ) in

3
the crystal are determined by the formula j, = Zo-ikE L

i=1

=0y E+0,-E +0, E,
S, =0y E +0y E,+0y-E,,

Jy =03 E +0y,-E, +0y - E,.

Numerical values
Ji=7,4-10° Afem?; j, =14,7-107° Afem?;
j,=8,46:10° Afem’;  |j|=18,5-10°A/em®. The

direction of the vector j is determined by the angles

@, ¢,, @, using the formula cos ¢, :|]—f| , where (i = 1; 2;
J
3).
These angles are ¢, =66", ¢, =37", @, =63".
Problem answer: | j|=18,5-107 Afem?, @ =66,
o, =37", ¢, =63" [16].
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Conclusions and development prospects of this
direction.

The article discusses some the information
technologies and innovative methods that can be used in
practical classes in higher mathematics, teaching students
of chemical specialties. Examples of tasks with a
physical and chemical content are given. Most often,
when studying a higher mathematics course, you have to
solve problems of a general nature. But for the students
of the Educational and Scientific Institute of Chemical
Technologies and Engineering, tasks that are directly
related to their specialty are of greater interest. Thus,
considering tasks similar to those given in this article, we
will increase the interest and motivation of future
specialists to study this material. Also, with the
application of complex educational classes, the formation
and development of students' professional competencies,
which allow them to perform engineering and research
work according to specific technological processes, takes
place.

And although mathematicians and engineers,
chemists and technologists think in completely different
ways, those cases when they manage to achieve
interaction lead to the appearance of non-trivial results
and contribute to the enrichment of both these sciences.
Thanks to such actions, it is possible to achieve more
specific results on some issues on the topic of innovative
activity. Thus, classes with students and their
independent work form skills in formulating conclusions
from the work carried out. At the same time, students
develop the necessary skills: use of computer technology
in order to identify regularities in research processes and
methods; conducting a patent search and implementing
the obtained results; public defense of scientific
development, analytical competence analysis of the
scientific and applied part [19].
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Solving the equation, we have:

E s e

Let's use the initial conditions: at the initial moment

T=

of the end of the drop in the liquid level is zero. So, if
r=0,then x=0.
So:
F\/_ \/—
e

h =22 Jh=vh-x).
where 7 f\/— x

Having received the formula that allows you to
determine the time required for the liquid to drop to a
given level, we will substitute the problem data into it
and determine the time required for the liquid level to

dropby 0.6 m, g=9,8m/s’; h=1,8m; x=0,6m:

zd*  3,14-0,057
= == > =0,003;
ﬂlole 4 4
53,6-1,4

—0003 \/_(\/_ J1,2) ~ 26 min.

To determine the time required for all the liquid to
flow out of the vessel x = & , we get the formula:

Fy2 53,6-1,4
f\/—\/— T 0,00349.8

When studying the method of regression analysis, it
is useful to consider the following problem.

Problem. During testing, a chromel-alumel
thermocouple at constant (reference) points: metal
crystallization temperatures Pb (327,5 °C), Zn (419,6
°C), Al (660,0 °C).

The corresponding thermopower data are obtained
accordingly: 12,1 MV; 16,0 MV; 26,1 MV. It is
necessary to calculate the regression equation for the
linear dependence of temperature on the thermocouple
thermopower values.

\/_—169 min.

xd*>  3,14-9* \ Decision. Create a table 1 to calculate the regression
Fow = == =53,6m’; coefficients:
4 4
Table 1. Calculation of regression coefficients

Number of . y 2 Xy
experience

1 12,1 327.5 146,4 3962,75

2 16,0 419,6 256,0 6713,6

3 26,1 660,0 681,2 17226,0

Z 54,2 1407,1 1083,6 27902,3

1407,1-1 —27902.3-54.2
- 07,1-1093,6—2790 ;3 542 39 75,
3-1083,6—54,2

~3-27902,3-1407,1-54,2
' 3-1083,6—54,2°

=23,76.

Thus, we have obtained the regression equation:
y=39,75+23,76x, which allows us to calculate the

temperature (°C) from the thermocouple readings [10].
Regression coefficients can be found using Excel.
The procedure for calculating both regression
coefficients is the same. A small difference is that in the
Wizard of Functions dialog, in the Statistical category,

we select the SLOPE function to find the linear
coefficient 4, and the INTERCEPT function for the

free term of the equation &,.

The dialogs Argument of functions — SLOPE and
Argument of functions — INTERCEPT will appear on
the screen, respectively. In the appropriate fields, enter
the range of values y and x from the worksheet and . In

the Function Argument dialog, the value of the
specified coefficient will appear, which, after pressing
the OK button, is transferred to the specified cell of the
worksheet.

Excel produces more accurate values of regression
coefficients than manually calculated values.
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Functicn Arguments
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Fig. 3. Dialog 'Argument of functions' — SLOPE

The Microsoft Office Excel 2016 program allows
simultaneous dispersion, correlation and regression
analysis with an assessment of the significance of the

Funstiar Arguments

INTERCEPT

= - pers4taseco)

E

Knawnys (244

Enown_xs  B2E4 = (2aE2an)

= 3OTE225018
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Kmown_xs i the indeperdent setol observations or dats and can be numbers or nsmes, arrays. or
refpremces that contain numbers,

Formuls result = 3876225018

=]

Mot i this i Cancel

Fig. 4. Dialog 'Argument of functions' —
INTERCEPT

coefficients of the obtained regression equation [18].

o

1

Ji

Fig. 5. Ilustration of Ohm's law in an anisotropic medium, for which o,, =30,, (€ and €, are the orientation of the axes of the

orthonormal coordinate system)

During the study of linear and vector algebra, it is
proposed to solve such a problem with physical and
chemical content.

Problem. Find the magnitude and direction of the
current density vector j in the coordinate system
X, X,X,, arising in a crystal plate with area S and

thickness d (\/§ >>d ) under the action of an external
field £=150V/cm in the direction (+/2/2;~/2/2;0), if

the specific conductivity of the crystal (107Q'em™ ) in
this coordinate system X,.X, X, is described by a tensor

9 -2 8
o,=|-2 16 0
& 0 25

Decision. The components of the external electric
field E(E, E, E,) strength vector are equal to

E =150-+2/2 V/em; E,=150-72/2 V/em; E, =0.
According to Ohm's law in differential form, the

components of the current density vector j(j,, /,, j; ) in

3
the crystal are determined by the formula j, = ZO‘ikEk :

i=1

E

=0, E+0, - E +o;-E,
J, =0y E +0,E +0,-E,,

Sy =0y E +05,-E,+0,,- E;.

Numerical values J=7,4-10" Afem?;
J, =14,7-107° Afcm?; Jj;=8,46-10" Afcm?;
|/|=18,5:10"° A/em® . The direction of the vector j is
determined by the angles ¢, ¢,,®, using the formula
Ji
1
These angles are ¢, = 66", @, =37", @, =63".
Problem answer: | j|=18,5-10° A/em®, ¢, =66",

0, =37, @, =63 [16].

cos @, ==L where (i = 1; 2; 3).
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Conclusions and development prospects of this
direction.

The article discusses some the information
technologies and innovative methods that can be used in
practical classes in higher mathematics, teaching students
of chemical specialties. Examples of tasks with a
physical and chemical content are given. Most often,
when studying a higher mathematics course, you have to
solve problems of a general nature. But for the students
of the Educational and Scientific Institute of Chemical
Technologies and Engineering, tasks that are directly
related to their specialty are of greater interest. Thus,
considering tasks similar to those given in this article, we
will increase the interest and motivation of future
specialists to study this material. Also, with the
application of complex educational classes, the formation
and development of students' professional competencies,
which allow them to perform engineering and research
work according to specific technological processes, takes
place.

And although mathematicians and engineers,
chemists and technologists think in completely different
ways, those cases when they manage to achieve
interaction lead to the appearance of non-trivial results
and contribute to the enrichment of both these sciences.
Thanks to such actions, it is possible to achieve more
specific results on some issues on the topic of innovative
activity. Thus, classes with students and their
independent work form skills in formulating conclusions
from the work carried out. At the same time, students
develop the necessary skills: use of computer technology
in order to identify regularities in research processes and
methods; conducting a patent search and implementing
the obtained results; public defense of scientific
development, analytical competence analysis of the
scientific and applied part [19].
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O. P. PRISHCHENKO, N. V. CHEREMSKAYA, S. 1. BUKHKALO

EXAMPLES OF INFORMATION TECHNOLOGIES FOR RECONSTRUCTION FROM THE DATA
OF THE SPECTRUM OF SOME CLASSES OF RANDOM FUNCTIONS

It is known that a stationary random process is represented as a superposition of harmonic oscillations with real frequencies and uncorrelated
amplitudes. In the study of nonstationary processes, it is natural to have increasing or declining oscillationcs. This raises the problem
of constructing algorithms that would allow constructing broad classes of nonstationary processes from elementary nonstationary
random processes. A natural generalization of the concept of the spectrum of a nonstationary random process is the transition from
the real spectrum in the case of stationary to a complex or infinite multiple spectrum in the nonstationary case. There is also the
problem of describing within the correlation theory of random processes in which the spectrum has no analogues in the case of
stationary random processes, namely, the spectrum point is real, but it has infinite multiplicity for the operator image of the
corresponding operator, and when the spectrum itself is complex. Reconstruction of the complex spectrum of a nonstationary random
function is a very important problem in both theoretical and applied aspects. In the paper the procedure of reconstruction of random
process, sequence, field from a spectrum for Gaussian random functions is developed. Compared to the stationary case, there are
wider possibilities, for example, the construction of a nonstationary random process with a real spectrum, which has infinite
multiplicity and which can be distributed over the entire finite segment of the real axis. The presence of such a spectrum leads, in
contrast to the case of a stationary random process, to the appearance of new components in the spectral decomposition of random
functions that correspond to the internal states of "strings", i.e. generated by solutions of systems of equations in partial derivatives
of hyperbolic type. The paper deals with various cases of the spectrum of a non-self-adjoint operator 4, namely, the case of a discrete
spectrum and the case of a continuous spectrum, which is located on a finite segment of the real axis, which is the range of values of
the real non-decreasing function a (x). The cases a (x) = 0, a (x) = const, a (x) = x and a (x) is a piecewise constant function are
studied. The authors consider the recovery of nonstationary sequences for different cases of the spectrum of a non-self-adjoint operator
A promising since spectral decompositions are a superposition of discrete or continuous internal states of oscillators with complex
frequencies and uncorrelated amplitudes and therefore have deep physical meaning.

Key words: information technologies, mathematical modeling, correlation function, triangular models of operators,
nonstationary random sequences and processes, spectrum of an operator, rank of nonstationarity, quasi-rank.

Introduction.

The problem of reconstruction based on the complex
spectrum of a non-stationary random function is quite
relevant in both theoretical and applied aspects. This is due
to the fact that a natural generalization of the concept of
the spectrum of a non-stationary random process would be
the transition from a real spectrum in the case of
stationarity to a complex-valued or infinite spectrum in the
non-stationary case. The basis for such a generalization is
the fact that a stationary random process is represented in
the form of a superposition of harmonic oscillations with
a real frequency and uncorrelated amplitudes, that is, an
elementary stationary random process is harmonic
oscillations of the form &(1,w)=¢& (w)e™ , where A, —

real frequency of harmonic oscillations. When studying
non-stationary (transient) processes, the presence of
growing or decaying oscillations is natural, therefore the
simplest non-stationary random processes are processes of
the form ¢&(f,0)=¢ (w)e™, where 4 =a,+if),
B, #0 (if B, >0, then the fluctuations increase, and if
B, <0, then the oscillations disappear). At the same time,

the question arises about the construction of algorithms
that would allow to "compose" sufficiently broad classes
of non-stationary processes from elementary non-
stationary random processes. A similar question arises
with non-stationary sequences and non-homogeneous
fields. Separately, there is a problem of description within
the correlation theory of random processes, in which the
spectrum has no analogues in the case of stationary
random processes, for example, the point of the spectrum
is valid, but the corresponding operator in the operator

image has this point of infinite multiplicity, and also, when
the spectrum itself is complex.

For Gaussian random functions, the procedure for
reconstruction of a random process, sequence, field by
spectrum is developed in the article. It should be noted that
compared to the stationary case, wider possibilities open
up here, for example, the construction of a non-stationary
random process with a valid spectrum, which has an
infinite multiplicity and which can be distributed over the
entire finite segment of the valid axis. The presence of
such a spectrum leads, in contrast to the case of a
stationary random process, to the appearance of new
components in the spectral distribution of random
functions, which correspond to the internal states of the
"strings", that is, they are generated by the solutions of
systems of equations in partial derivatives of the
hyperbolic type. The task of obtaining physical
interpretations of spectral expansions of non-stationary
functions is closely related to the task of restoring a
random process by spectrum. The article continues the
research [7] and solves the problem of obtaining spectral
distributions of some new classes of random sequences
and fields. Note that, using the operation of coupling
operators (operator complexes), it is possible to consider
more complex cases of spectra.

Analysis of the latest research.

Spectral analysis of unitary operators was
successfully used by A.M. Kolmogorov [1] to build a
correlation theory of stationary random sequences, as well
as to solve a number of applied problems of filtering and
forecasting of stationary random sequences.

© Prishchenko O.P., Cheremskaya N.V., Bukhkalo S.1., 2022
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Kolmogorov's approach is based on the fact that each
stationary random sequence corresponds to a sequence of
vectors in a specially constructed Hilbert space, which
allows studying non-stationary random sequences by
methods of mathematical analysis of deterministic
functions that take values in the corresponding Hilbert
space. Later, Kolmogorov's ideas were further developed
in works [2, 3]. A. M. Yaglom [4] and Yu. A. Rozanov [5]
made a particularly significant contribution to the
construction of the general theory of stationary sequences
in Hilbert space.

The spectral theory of non-unitary operators, the
beginning of which was laid in the work of M.S. Livshits
[6], and further development was obtained in [8-19, 21,
22], could not help but give impetus to various
applications. One of such examples of effective
applications is the reconstruction of random processes and
sequences by spectrum. For stationary random processes,
this problem is solved in [1, 4]. For non-stationary random
processes and sequences, this problem was not posed in
this formulation. These considerations were the
motivating motives for the appearance of this article. In
the process of researching this topic, a number of problems
arose that are of independent interest.

Formulation of the problem.

The task of reconstructing random processes
(sequences) by spectrum is one of the important tasks of
modeling random functions. In the case of a stationary
random process, this problem is solved using the spectral
theory of self-adjoint operators and, for example, in the
case of a discrete spectrum, it is reduced to the
construction of a special nondecreasing function of jumps
with jumps at the points of the spectrum. For non-
stationary random functions, this problem was not posed
in this formulation. To solve this problem, it is natural tco
use the spectral theory of dissipative non-self-adjoint
operators or contractions.

Let us first consider the case of a discrete spectrum.
Let be a given finite or countable set of complex numbers
{ﬂk}, which are located in the upper half-plane and are

limited as a whole: |4,|< C . Let's construct a dissipative

operator 4 whose spectrum consists of these points. Let

B

A —ak+z7 and put an additional requirement that

Z B <. To construct a dissipative operator, consider a
k=1
Hilbert space I, and an operator A€[l,,l,] of the

following form:
(47), = af+i 188 (k=12...) ()

It can be seen from (1) that this operator is
constructed only by the spectrum {lk} and its matrix

image is lower triangular. It's easy to check that

A e [P
—.=<-,g>g,where g=|p, |,thatis, it 4 has a one-
i .

dimensional imaginary component. But then the curve ;E[

in [, shape 5, =e"! Zfo , where ;EO fixed element with 7, ,
is a non-stationary curve with a rank of non-stationarity
equal to one, and the spectrum of this curve consists of

~n A

{4, }. Similarly, the sequence ;En in [, shape 8}1 =4 ¢&,
is a non-stationary sequence with quasi-rank equal to unity
and a spectrum {4, }. Using the image for the function
from the operator A through its resolvent, we have for the

k-th component e"’;lgo (in the case when ;Eozé)

o . A=A,
representation: (e"Ag) = —L. e 2 I1 -2
k 27i Y ﬂk—/l Jj=1 /’{’_ﬂ’j

.Ifall 4, are distinct, then, calculating using the theory of

residues, this integral is equal to the sum of residues at

special points. We receive (e"’gé)k = ' a, . For ;lné

, we

)
k 27,

of excellent ones, we get accordmgly 4, accordingly we

get, respectively

_y
H—dﬂ But in the case
ﬂ -1

k
i n ith, n
have (A g)k —Zij b, , where e “a,, A"b, excesses
=1

of the corresponding integrand functions at special points.
that & #g
cumbersome, so only the final result will be given:

(), =g o

In the event calculations are more

where a, ==& For 4 &, accordingly we have
k
(2)150) :_L. eir/l _ﬂk Gdﬂ,,
K 27i A=A
k-1 i 3% k-1 _ 11—
G=> |1+ _iB, Zye1 avz +[[Z2—.
u=0 ﬁ“# ﬂ“ v=0 [ lﬂ/l J j=1 ﬁ“j -
I+—=
40 A, =4
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Consider the case when the spectrum of the non-self-
adjoint operator 4 is located on a finite segment of the real
axis, which is the domain of values of a real-valued
nondecreasing function a (x) . Then a model operator is

an operator A that acts in 1120 1 and acquires the form

(;If)(x): a(x)f(x)+ij.f(y)dy. Using the results of

work [20] on the image of the resolvent, for the curve
& =¢"E, we have:

s
a(}’)*}.

dr |dA

eit;i 20 — lfu(x)éo(x)_"_

gS jg%(r)

Note that the curve ™ %O(x) is a stationary curve

in Hilbert space Ly, .

Similarly for ?;n = ;1’120 we get:

s s 1 2,0 7, Jah ,
n=Aco= 27[1'7 a( )~ A I§°( Vaxor® a }d’l
or

X J\; dy a2
¢, =a"(x)&,(0)-i[&( )— —g e *da \dr,

where the first term is a Hankel sequence in lTZO > due to

the fact that its correlation function is equal to

(@ (D& (x)a" (Do), = o

that is, it depends on the amount n+m.

Let's consider the cases:
1. a(x)=0,

u, () =8, =&, (x)- [£,(0)

x)‘;zo (x)‘2 dx

t

X—7

J, (2 t(x—r))dr ,

o (VK 4,2k
where J,(y)= 2 (D) y Bessel function of the

2 &2 k1 (k +1)!

I-st kind of the 1-st order, y =2,/t(x—7).

2. a(x) = ao,
u,(x)= e"A§ "“"§ )—Ie“”"'g‘o(z')«/iJl (2 t(x—‘r))d‘r
3. a(x) =x,

u,(x) =ei’;’A0 :ei‘”%o (x)—Jei”%o(r) fo_TJI (2 t(x—r))dr

4. Let a(x) be a piecewise constant function of the
b,0<x<a,

b,,a,<x<a,

b,,a, <x<1.

form a(x)=

There are six possible cases of mutual location of
points 7 < x from the interval [0;1] relative to points a; and
a>. Let us consider only the most complex arrangement, in
which the interval (7; x) contains gaps a; and a;.

LetO<t<a;<a;<x<],then

j &o(z 7,
© ={0(n,x,b,,b,,b,)+0(n,x,b;,b,,b,) +0(n,x,b,,b,,b,)},

|: :| el Y9 (n=1)
(l’l xb bzab) 272'12 n' n 1 { A-b, /lbl}

n=1

(x)fo(x) +

A=,

|:l a, T):' e = R
P Z & (ix)" e e +ZC,,’,16"W‘ (0 e "hby o
=

o nl(n=D!

B Tl )
(b b) ;S'b b) ZC (bl_bz)K
c[ila-a)] e ()t ogliv-a)]
"L Sih b (b b)" o(8.0)¢ (b1b;)”;S!(blbz)sq)(s"’_K)}}’
& S r+l— 1)
where @ (S,7) ZO: Sm'

We note that, using the coupling operation of
operators (operator complexes), it is possible to consider
more complex cases of spectra. Using the Cayley
transformation, a non-stationary random sequence can be
reconstructed  from the spectrum, in  which

dim([—T*T)H =1, where H =1, is the Hilbert space,
T e [lz,lz] is the operator that acts in this space, and the
discrete spectrum g is contained within the unit circle of

the complex plane. Indeed, from the general picture

n _ 1 n -1
& =T 50_—2—m§/>/1 (T-A1)"'&dA, Te[l,L],
assuming for simplicity that £, = e, where e is the channel
element of the operator T (1 ~T'T=(.e) e) and

considering that the resolvent (T —/11)7l can be

- y)
=ﬁ(A 11)[/1 1J—r/1 j

-1
and accordingly e:\/z(A —i]) g, g;iz(l,l,...),

represented as (7 — A/ )71

where A the Kelly transformation of the operator T.
This transformation is a non-self-adjoint operator

= 1+ 1,
dim2Im 4/, =1 with and spectrum 4, =i ad ,|,uj| <1
-4,

which is located in the upper half-plane. Using the
triangular model of the operator 4 to (£, ), finally obtain:
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Using similar considerations, it is possible to restore
a non-stationary sequence in the case when its spectrum is
located on a continuous arc of the unit circle:

S, (x) =T"¢, (x) =
oy

27

T (1-2)dt
& (x) ”!(17,1)51(1)4(1“)
(I-A)a(t)-i(1+4)

dAa,

where T e[l%o’l],LfOJJ, a(x) nondecreasing real-valued
function.

Having model images for e’“go or A %0, it is easy
to calculate the corresponding correlation functions.

Prospects for further research information
technologies.

The authors consider it promising to restore non-
stationary sequences for various cases of the spectrum of
the non-self-adjoint operator 4. At the same time, it should
be borne in mind that the spectral expansions will have a
deep physical meaning if these expansions represent a
superposition of discrete or continuous internal states of
oscillators with complex frequencies and non-correlated
amplitudes. In the case of an infinite spectrum, one should
expect the appearance of members in the spectral
distribution that correspond to significantly new states
compared to stationary random processes.

These states, in turn, correspond to distributed
systems: generalized strings generated by equations with
partial derivatives of the form

o*u ou o*u 0*u
a,—5+2b,—+c,u=— or
Otox

+au=0.
’ o ot ox>

Let us emphasize that the construction of the
correlation theory of random fields can be connected with
the theory of systems of doubly permutable operators.
This will make it possible to study random fields by
methods analogous to the correlation theory of random
sequences and processes.

Conclusions.

Thus, in this article, the task of reconstructing non-
stationary random processes (sequences) by spectrum is
solved. Different cases of the spectrum of the non-self-
adjoint operator 4 are considered, namely, the case of the
discrete spectrum and the case of the continuous spectrum,
which is located on a finite segment of the real axis, which
is the region of values of a real-valued nondecreasing

function a (x) . The cases a(x) =0, a(x) = ao, a(x) = x and

a(x) — piecewise-constant function are considered. It
should be noted that model images for non-stationary

LA An A
random processes and sequences (e"*&, or 4 £ ) can be

used to build specific models of non-stationary random
processes that can be applied to interpret statistical data.
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O. I1. ITPIIIIEHKO, H. B. YEPEMCBKA, C. I. BYXKAJIO
HPUKJIAJA IHOOPMAIIMHAX TEXHOJOI'TA J1JIsI PEKOHCTPYKIII 3A IAHUMHA
CIIEKTPY JESAKHUX KJACIB BUITAJIKOBUX ®YHKIIII

Binomo, mo cramioHapHui BUITAQAKOBHIT NPOIEC 300paskKyeThesl Y BUIILAI CYIEPIO3UIi rapMOHIYHUX KOJMBAHb i3 JIHCHAMH
YaCTOTAMH Ta HEKOPEIbOBAHUMH aMILTTYAaMd. IIpH MOCHI/UKEHHI HECTAlliOHAPHUX MPOLECIB MPUPOAHOI € HAsBHICTh
3pocTayux abo 3racarovnx KoiuBaHb. IIpu 1IbOMY BHHHKAE 3a/1aya 00yI0BU arOPUTMIB, SIKi JO3BOJISUIM OM KOHCTPYIOBATH 3
€JIEMEHTAPHUX HECTALllOHAPHUX BUIIAJIKOBUX IIPOLECIB IMMPOKI KJlach HECTAI[lOHApHUX NpoueciB. [IpupoaHuM y3araabHEHHAM
HOHSTTS CHEKTPY HECTAL[iOHAPHOTO BHIIAJKOBOTO MPOLECY € MepexiA BiA IiMCHOro CIEKTPY y BHUIAJAKY CTAaLiOHAPHOCTI 10
KOMIUICKCHO3HAYHOTO a00 HECKIHYEHHOKPATHOTO CIEKTPY B HECTAL[IOHAPHOMY BHIIaJKy. Tako BMHHKAae IpoOieMa OIuCy B
MeXax KOpeJsLiitHoi Teopil BUMAAKOBHX IPOLECIB, y SKHUX CIHEKTP HE Ma€ aHAJOTIB Yy BUIAIKY CTalliOHAPHHUX BHIAJKOBUX
MPOLECIB, a came, TOYKa CIIEKTPY JifiCHA, ajle y BiAIOBIZHOIO OIEpaTopa B ONEPaTOPHOMY 300paXKeHHI Ll TOUKa HECKIHYCHHOT
KPaTHOCTI, @ TaKOX, KOJIM CaM CIIEKTp KOMIUICKCHHil. PEKOHCTPYKLIs 32 KOMIUICKCHUM CIEKTPOM HECTalliOHAPHOI BUIIAIKOBOT
GbyHKLIT € OCUTB aKTyaJIbHOO POOJIEMOIO K Y TCOPETHYHOMY, TaK i B IPHKJIAJAHOMY acliekrax. B crarTi po3pobieHa nporeaypa
PEKOHCTPYKIIii BUITaAKOBOTO IIPOLECy, OCIIJOBHOCTI, ITOJISI 33 CIIEKTPOM JUIS TayCiBCHKHX BHIAAKOBUX (yHKIiH. [TopiBHSHO 10
CTaI[lOHAPHOTO BUMAJKY, TYT BIAKPUBAIOTHCS OUIBLI HIMPOKI MOXJIMBOCTI, HALIPHKIIA[, HOOYJOBa HECTALlIOHAPHOTO BUIIAKOBOTO
HpOIIeCy 3 AIMCHUM CIIEKTPOM, SIKMH Mae HECKIHYCHHY KPATHICTh Ta SKUH MOXe OyTH PO3NOJIJIEHHM HA BCbOMY CKIHYEHHOMY
BifIpi3Ky HificHOT oci. HasiBHICTh Takoro cnekrpy NpUBOAUTE, HA BiIMiHY Bi/l BUMAJKY CTAL[iOHAPHOTO BHIIAJKOBOTO IPOLIECY, 10
MOSIBH HOBHX CKJIQ/IOBUX Y CIICKTPAILHOMY PO3KJIa/i BUIaAKOBUX (QYHKIIIH, sIKi BiIIOBINaf0Th BHYTPiLIHIM cTanam "cTpyH", TOOTO
MOPOPKYIOTBCS PO3B’SI3KaMHU CHCTEM PIiBHSIHB y YACTKOBUX MOXIIHHX TilepOoIigHOro THITY. ABTOPH BBaXKAFOTh IIEPCIICKTHBHIMH
BI/THOBJICHHSI HECTaLliOHApPHHUX IOCIIJOBHOCTEH [UIsl PI3HUX BHIAJKIB CIHEKTPa HECAMOCIPSDKEHOTro oreparopa A ToMy, LIO
CIIEKTpaJIbHI PO3KIIa M € CYIEPIIO3HIN€I0 JUCKPETHUX a00 KOHTHHYAIBHHX BHYTPIIIHIX CTaHIB OCIHIIATOPIB i3 KOMIUIEKCHUMH
YacTOTaMH Ta HEKOPEITbOBAaHUMH aMIUTITyJaMH 1 TOMY MaTUMYTh TIIHOOKUH (i3naHumit 3MiCT.

KurouoBi ciioBa: indopmariitHi TexHosorii, MareMaTH4He MOJCIIIOBAHHS, KopelsiliiHa (yHKIsS, TPUKYTHI MoJei
oreparopiB, HecTalliOHAPHI BUIAAKOBI MOCIIIOBHOCTI i POLIECH, CIIEKTP ONepaTopa, paHr HECTAL[IOHAPHOCTI, KBa3ipaHr.

O. I1. [IPHIIIEHKO, H. B. TEPEMCKAA, C. H. BYXKAJIO
INPUMEPBI HTHOOPMAIIMOHHBIX TEXHOJIOTHH 1151 PEKOHCTPYKIIAH 110 TAHHBIM
CIIEKTPA HEKOTOPBIX KJIACCOB CJIYYAUHBIX ®YHKIINU

V3BecTHO, YTO CTAllMOHAPHBIM CIy4alHBIH NpoLeEcC MPEACTABISETCS B BUAE CYNEPIO3HLMU TapMOHHYECKHX KOJICOaHWH ¢
BEIIECTBEHHBIMH YacTOTaMH M HEKOPPEIMPOBAaHHBIMH aMIUIMTyJaMu. IIpu HccienoBaHMM HECTAaMOHAPHBIX MPOLECCOB
€CTECTBCHHBIM SIBIIIE€TCS HAJIMYHE BO3PACTAIOMNX WM yObIBalomux KkojeOaHuid. IIpm 3TOM BO3HHKAeT 3ajada IOCTPOCHHS
QITOPUTMOB, IO3BOJIIONIMX KOHCTPYHPOBATH M3 JJIEMEHTAPHBIX HECTALOHAPHBIX CIIyY4ailHBIX NPOIECCOB HIMPOKHE KJIACCHI
HeCTalMOHAPHBIX IporeccoB. EcTecTBeHHBIM 0000IIeHNeM TOHATHS CIIEKTPa HECTAIMOHAPHOTO CITyYaifHOTO MPOIecca SBIISETCS
MEPEXO0Jl OT BEIIECTBEHHOTO CIIEKTPa B CIy4ae CTAMOHAPHOCTU K KOMIIJIEKCHO3HAYHOMY MITH OECKOHEUHOKPATOHOMY CIIEKTPY B
HECTAI[MOHAPHOM ciydae. Takxe BO3HHKAET MpoOJIeMa ONMCAHUs B paMKaX KOPPENSAIMOHHOM Teopun clydalHBIX MPOLECCOB, Y
KOTOPBIX CIIEKTP HE UMEET aHAJIOTOB B CIIy4ae CTALIMOHAPHBIX CIIyJalHBIX MPOIIECCOB, 8 UMEHHO, TOYKA CIEKTPa BEIECTBEHHAs,
HO Y COOTBETCTBYIOIIETO OINEPATOpa B OMEPAaTOPHOM IPEACTABICHUH 3Ta TOUKa OECKOHEUHOH KPaTHOCTH, a TaKkKe, KOrjaa cam
CIIEKTP KOMIUICKCHBIN. PEKOHCTPYKIHS 110 KOMIIEKCHOMY CHEKTpPY HECTAI[HOHAPHOI! CiTydaiiHON (QyHKIINH SIBIIETCS JOCTaTOYHO
aKTyaJbHOH NpoOIeMOi Kak B TCOPETHYECKOM U B NPUKIIAJHOM acleKTax. B craree paspaboTaHa mporenypa peKOHCTPYKIHN
cilyqaifHOro mpolecca, IOCIeI0BaTeIbHOCTH, IO 10 CHEKTPY ISl TayCCOBCKHX ClIydalHbIX ¢yHKnui. ITo cpaBHeHHIO cO
CTaI[MOHAPHBIM CIIy4aeM, TyT OTKPBIBAIOTCS OoJiee IMMPOKNE BO3MOXHOCTH, HAIIPAIMeEp, OCTPOSHUE HECTAIIMOHAOTO CIIyJaifHOTO
MpolEecca C BEIECTBEHHBIM CIIEKTPOM, KOTOPBII HMeeT OECKOHEUHYIO KPATHOCTh M MOXKET OBITh pacIpe/ie/ieH Ha BCeEM KOHEUHOM
OTpe3Ke BEIeCTBEHHOH ocu. Hannuue Takoro crnekrpa NpuBOIHT, B OTIMYHE OT CIIydasi CTAl[MOHAPHOTO CIIy4aifHOro Mmporiecca, K
TIOSIBIICHUIO HOBBIX COCTABIISIOIIUX B CIIEKTPAIbHOM PA3NIOXKEHUM CIydalHbIX (QyHKIMIH, KOTOpbIE COOTBETCTBYIOT BHYTPEHHHM
COCTOSHUSIM "cTpyH", TO €CTh OPOXKIAIOTCS PEILICHUSIMHI CUCTEM YPaBHEHHUI B YACTHBIX IPOU3BOAHBIX THIIEPOOINIECKOTO TUIIA.
ABTOpH CYHTAIOT IEPCIEKTHBHUMH BOCCTAHOBJICHHE HECTAalMOHAPHBIX ITOCIIEAOBATENBHOCTEH UIS Pa3HBIX CIydaeB CIIEKTpa
HECaMOCOIIPSDKEHHOTO Omeparopa 4 IMOTOMY, YTO CHEKTPAJIBHBIC Pa3lIOKEHHs SBIIOTCS CYNEpPIO3ULIHEH IUCKPETHBIX WM
KOHTHHYAJIBHBIX BHYTPHHUX COCTOSIHUI OCHMILUIATOPOB C KOMIUIEKCHBIMH 9acTOTaMU U HEKOPPEINPOBAHHBIMH aMIUTHTYIaMH 1
NIOTOMY MMEIOT ITyOOKHH (prU3NUecKuil CMBICI.

KnroueBble ciioBa: HMHpOpPMAIMOHHBIE TEXHOJIOTHH, MaTEMAaTHYECKOE MOJCIMPOBAHUE, KOPPEJSIHMOHHAS (YHKIN,
TPEYroJbHbIE MOJENHU ONEPATOPOB, HECTALMOHAPHBIE CIydailHbIE IMOCIEIOBATEIBHOCTH U MPOLECCH, CIIEKTP OMEpaTopa, paHr
HECTAI[MOHAPHOCTH, KBa3UPAHT.
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H. B. KOH/IPATIOK, A. I0. YEPHABCKAA, JI. U. ITYT'AY, K. H. CBITHUK
TEXHOJIOI'MYECKHE U TOBAPOBEJJUECKHUE ACHEKTbBI IOBBIINEHUS KOHKYPEHTOCIIOCOBHOCTHU I'EJIEBBIX
HAIIMTKOB C «<ANTI-AGE» 9®®EKTOM

Llens crathu - omucaTh NMPAKTUYECKHUE ACNEKThl MACHTU(HUKALUM TeJICBBIX HAIUTKOB HAa OCHOBE KOJUIAr€Ha IJIs BBIABICHHS IPU3HAKOB HX
BO3MOXHOH (anbcudukanuu. B cTaThe nMpoaHaIM3MpOBaHbl TEXHOIOTHYECKUE aCIeKThl U (haKTOPBI, BIHAIOMNE Ha (hPOPMUPOBAHKE ITOKa3aTenei
KauecTBa U MOTPEOUTEIBCKUX CBOMCTB TEIEBBIX HAIMTKOB HA OCHOBE KoyutareHa. Takke pacCMOTPEHBI OCHOBHBIE OPTAHOICIITHICCKIE TOKAa3aTeIN
KauecTBa M TPHBIICKATEILHOCTH HOBBIX BHJIOB O3J0POBHTENIBHBIX HAITUTKOB HA OCHOBE KOJUIAareHa. AKIECHTHPOBAaHO BHUMaHHE Ha METOAAaX
HPOBEPKH M JIOCTH)KCHMS BBICOKOTO YPOBHS KadecTBa MCXOAHOTO CHIPbS M BCIIOMOTaTEIbHBIX KOMIIOHEGHTOB. TEXHOJOIMsI MPOM3BOJCTBA B
[POMBIIUICHHBIX YCIOBUSX HPEACTABIICHA ITyTEM aHAIN3a CTaUil TEXHOJIOTMYECKOr0 MPOLECCa U CTaAUi MOATOTOBKH PELEHTYPHBIX KOMIOHEHTOB
JUIL UX y4acTHs B TEXHOJIOrHYeckoM mpouecce. Takke pacCMOTPEHbI INPAaKTHYECKHE PEKOMEHAALMU IO KaueCTBCHHOH HICHTH(UKAIMH
KEIMPYIOIINX HAMMUTKOB C LIEJbIO BBISABICHHS (abCH(UIMPOBAHHBIX IPOAYKTOB, COACPXKAIIMX JKEIUPYIOIINE areHThl HeOeIKoBOi nmpuponsl. B
CBSI3M CO CHIDKCHHOH IUIATEKECIIOCOOHOCTBIO PSIOBBIX TPaXKAAH YKPAaMHBI M KYPCOM YKPaWHCKOTO IIPABUTEIBCTBA HA HWMIIOPTO3aMEIICHHE,
HPEACTABICHHON pa3pabOTKe MPOTHO3MPYIOT HE TOJBKO 3aBOCBAHME IIOMYJIAPHOCTH CPEIH CTOPOHHHKOB 3J0pPOBOr0 0oOpasa >KH3HH, HO U B
Ormkaiinee BpeMs 3aHATUC JIMAUPYIOIIUX TO3UIHMI CPEAN TeX, KTO CTPEMHTCS OTCPOYUTH MOSBIICHUE NPU3HAKOB CTAPCHHS WIIH TPEJOTBPATHTH
IPEXACBPEMCHHOE CTapeHHe. B cTaThe M3I0KEHBI ACIEKTHl HICHTH(UKALMH TENCBBIX HANMTKOB HAa OCHOBE KOJUIArCHA; OOOCHOBBIBACTCS
HE0OXOANMOCTh OOHAPYKECHUS BO3SMOXKHBIX MPH3HAKOB (hanbCH(HUKAIIMH, IPUBOIATCS METOIbI BBIOHEHHS TAKHX MCCIICIOBAHHHA.
KiroueBble cJ10Ba: TOBapOBE/ICHHE, TEICBBIC HAITUTKH, «anti-age» 3(deKT, TEXHOIOTHHU, OpraHU3alHs IPOU3BOJICTBA

H. B. KOH/IPATIOK, A. 0. YEPHABCBKA, JLI. I1YT'AY, K.1. CHTHUK .
TEXHOJIOI'TYHI I TOBAPO3HABYI ACHIEKTH IIIJIBUIMEHHSA KOHKYPEHTO3JATHOCTI I'EJIEBUX HAIIOIB 3
«ANTI-AGE» EOEKTOM

MeToro0 CTaTTi € OIKC MPAKTUYHUX ACTIEKTIB 1ACHTU]IKALIl relIeBUX HANOIB Ha OCHOBI KOJIAreHy I BUSBICHHS O3HAK 1X MOXINBOI (hanbcudikarii.
VY cTaTTi NpoaHani30BaHO TEXHOJOTIUHI acIeKTH Ta (aKTOpH BILIMBY Ha (pOPMyBAHHS MOKA3HHKIB SKOCTI Ta CIIOXKUBYHX BIACTHBOCTEH IeleBHX
HaroiB Ha OCHOBI KoJlareHy. Takox po3riIssHyTO OCHOBHI OPTaHOJICITHYHI MTOKa3HUKH SIKOCTI Ta IPUBAOIMBOCTI HOBHX BH/IIB 03/I0pPOBYHX HAMOIB Ha
OCHOBI KoJareHy. AKLEHTOBaHO yBary Ha METOAAaX MEPEeBIPKH Ta JOCSATHCHHS BUCOKOTO PiBHSA SIKOCTI BXiZHOI CHPOBMHM Ta JOMOMIXHHX
KOMITOHEHTIB. TeXHOIOris BUPOOHMITBA B MPOMHCIOBHX YMOBAX HPEACTaBICHA LIIIXOM aHAi3y CTaiil Ta TEXHOJOTIYHOIO MpOLECY, a TAKOX
eTamiB MiArOTOBKM PELENTYPHHX KOMIIOHEHTIB UL iX y4acTi B TEXHOJOriYHOMY mporueci. TakoX po3MISHYTO NMPaKTHYHI PEKOMEHIALi 1010
sIKiCHOT iieHTH(iKaLi TeenoiOHNX HAIoiB 3 METOIO BUSIBICHHS (haibCH(iKOBAaHUX MPOIYKTIB, IO MICTATH rejeyTBOPIOBadl HeO1IKOBOT PHPOIH.
B VYxpaini renesi Hanoi TinbKu HAOMPAIOTh MOIMYIISIPHOCTI, a OCh HAINOI HA OCHOBI KOJIAreHy Y BHIJLLl IIOTIiB — HOBHHKA JJIS BITYM3HSIHOTO PHHKY
HaMoiB, OCKIIBKM B OCHOBHOMY HaJICXKaTh A0 IHAYCTPil KPacu Ta CHOPTHBHO-03J0POBYOro xapuyBaHH:I. ChOroIHI KOJareHOBI HAMOI IPEACTaBICH]
a00 y BUIVIAIl CyXuX HamoiB (LIBUIKOPO3YMHHA (opma), ab0 iHO3EMHOr0 BHPOOHMITBA. Y CTAaTTI BHUCBITICHO aCIEKTH igeHTU]IKawlii reneBux
HAIoOiB Ha OCHOBI KOJIareHy; OOIPyHTOBAaHO HEOOXimHICTh iX imeHTHGIKAII] U BUABICHHS MOXIMBUX O3HaK (anbcuikariil, HaBeICHO METOAUKY
BUKOHAHHS TaKHUX JOCJI/UKCHB.
KurouoBi ci10Ba: ToBapo3HABCTBO, TefIeBi HAMOI, «anti-age» e(eKT, TEXHOJIOTI1, OpraHi3allis BUpOOHULITBA.
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E. A. CHERNUSHENKO, A. Y. CHERNIAVSKA, M. A. HRECHYSHKINA

NITRATE CONTENT IN VEGETABLES IN WATER-INRATED WATER BODIES OF THE
NORTHERN AND INGULETSKY GOK

The content of nitrates in vegetables is a rather urgent problem and is of interest to structures that control and regulate the possible consequences of
an excessive amount of nitrates for human health. The main causes and features of food pollution are shown: irrigation of fields
with water containing wastewater from industrial enterprises, excessive and uncontrolled use of fertilizers, conditions for growing
vegetables and seasonality.The process of environmental pollution with nitrates, in particular, surface water resources, is
considered. An analysis of the suitability of surface water for irrigation was carried out near the villages of Andreevka,
Shevchenkovskoye, Zavyalovka, Annensky quarry and Ternovsky district of Krivoy Rog and showed that the content of nitrates
does not exceed the MPC. The reasons for the accumulation of nitrates in plant products are shown. The transformations of nitrate
ions and their toxic effect on the human body are given. The paper also outlines the main ways to reduce the content of nitrates in
crop production. A quantitative analysis of nitrate ions in vegetable raw materials in the spring-autumn period was carried out:
cucumbers, cabbage, potatoes, tomatoes, carrots and onions by the iodometric method, the express method based on the use of a
diphenylamine reagent and the express method. method using the GreenTest nitrate tester, grown on the territory near such

enterprises as the Northern and Ingulets GOK. The content of nitrates exceeds MPC in early potatoes and tomatoes.
Key words: nitrates, MPC, safety of plant raw materials, examination of food products, examination of water, methods for

determining nitrate

Beryn.

[HTEeHCHBHMI PO3BHTOK CUILCHKOTO TOCTIOIApCTBA
Ta BHKOPHUCTaHHS HITPOTEHBMICHUX  JOOpWUB  Ta
BUKOPHCTAHHS BOJ NPHU3BEJIO 0 HAKONMYECHHS HITpaTiB
y POCIMHHIN CHUPOBHMHI Ta HEraTHMBHOI'O BIUIMBY Ha
310poB’s moauHu. KpuBopizbkuil 3amizopynuuii 6acein
€ OJHUM 13 OCHOBHHMX TipHHYOJOOYBHHMX IIEHTPIB
VYkpainu, o pO3TalIoBaHUH B Mexax
JuinporietrpoBebkoi  obyacti. PosButok mimmpuemcTB
TipHHYO-METaTypTiHHOTO KOMITIEKCY 00yMOBITIOE
3HaYHE TEXHOTCHHE HABAHTAXKEHHS Ha OacelHH pIidoK
Iarymens Ta Cakcaranb, SIKi CTald NMPUAMadeM CKHUJIiB
CTIYHMX BOJA. Bona muX pidOK BUPOPUCTOBIETHCS ISt
3POIICHHS ClITLCHKOTOCTIOAPCHKUX YTiIb.

Jlo pocimu Hitporen HagxoauTb 3 TPYHTY,
TOJIOBHMM YMHOM Yy BHIJIIAI HiTpaT-ioHy. HiTtpart-ioH €
TpaHcriopTHOlO  (hopmoro  Hirporeny, Tomy #oro
KOHLIEHTpAList OiblIa B MPOBIIHUX OpraHax pOCIHHU (B
cTeOui, Yyepenikax i )KWiIKax), MCHIIIC — B IUIATIBI JIACTA,
wiojax, HacinHi [1]. Bmict HiTpaTHOTO a30Ty 3aJ€XKHUTh
Bil BiKy pocivH. Y Mipy J03piBaHHS OBOYIB DPIiBEHBb
HITpaTiB B HHUX 3HIDKYETbCS. 30ip OBOYIB Kparie
MPOBOAUTH B APYTiil MOJOBUHI IHS B COHSYHY IOTOZY.
[TimBumeHnit BMICT HITpPATiB B 3€JICHI HEUTpaTi3yeThCs B
Hilt aCKOpOIHOBOIO KHCIIOTOO [2].

Hitporen, mo HaAXOIuUTh B POCIWHY y BHIJISAII
HITpaT-i0Hy MIPOXOAUTH CKJIa/IHI HNEePETBOPEHS
BiHOBNEHHS HiTporeHy BiJ cTyneHst OKUCIEHHS +5 1o -
3:

HNO; — HNO; — (HNO), — NH,OH — NHj,

KinmeBuMm eramoM  BIJHOBIICHHS  HITpaTiB €
YTBOPEHHS aMiHIB y CKJIaai aMiHOKHCJIOT, O1JIKOBHX
Mosieky. Hitparu, mo He 3amydeHi B CHHTe3 Oijka,
MOXYTh HAKOMMYYBAaTHCS B POCIMHAX B 3HAYHHX
KimpKocTsax (1o 20% Bix 3arampHOTO BMicTy HiTporeny),
BUKOHYIOYH pPOJb PE3CPBHOTO a30Ty Ui CHHTE3Y
aMIHOKHUCIIOT 1 O1KiB. [3].

Tpanchopmariist HiTpaTiB BiZOyBa€eThCs y TpoLeci
30epiraHHs POCIMHOI CUPOBUHU. BiTHOBICHHS HITpaTiB
JI0 HITPWUTIB TiJX Mi€l0 HITpaTpeayKTa3u, BilOYBa€eThCS
npu 30epiranHi oBouiB mnporsiroMm 10 — 12 romuH B
3BUuaiiHux ymoBax. [4]. VYV 3B'3ky 3 LuUM IpH
NPOBEJICHHI MIOTOYHOTO CaHITapHO-TIri€HIYHOTO
KOHTPOJIIO Xap4OBMX pOCIMH, OBOYIB, (QPYKTIB 1
NPOXYKTIB iX IepepoOKu, OCOOIMBO HPU TPHUBAIOMY
30epiranHi, HEOOXiTHO BH3HAYaTH HE TUIBKH HASBHICTB
HITpaTiB, a W HITPHUTIB, TOMY IO caMe HITPUTH MarOTh
3MaTHICTh  YTBOPUTH 3  alipaTHYHUMH  amMiHAMHU
KOHIIEPOTeHHI HiTpo3oaMinu [5]. BigHOBIEHHS HIiTpaTtiB
B HITPUTH BiZOYBa€ThCA B TPOIECi CcaMoO3irpiBaHHSI
3eJIEHUX POCIHUH, TIPH PaHHIX 3aMOpO3KaxX abo CIEKOTHY
noroxy [6].

Jus moguan JJJI/1 witpatie € 150 — 200 mr. [Ins
nopocinoi moguau I'IJ1 cranoButs 500 mr, a 600 mr €
TOKCHYHUMH. JlOmycTMME HAIXO/PKEHHS HITpaTiB 3
NPOJXYKTaMH Xap4yyBaHHsS 1 BOJOIO 3a JOOY CTAaHOBHUTH 5
Mr/kr [7]. TokcnuHa Jist HITpaTiB OB s3aHa 3 YTBOPEHHS
MIPOYKTIB BiJTHOBJICHHS Hirpwuris, aMiaky,
TiIAPOKCHIIaMiHY IO BiZOYBa€ThCS MM Mi€l0 (EepMEHTIB.
Hitputu pearyioTh 3 BTOPHMHHHMH aMiHAMHU Xap4OBUX
MIPOJYKTIB 3 YTBOPEHHSIM KaHIIEPOTCHHUX HITPO30aMiHiB.
Benmuki 1o3W  HITpaTiB  BHUKIWKAIOTh Yy  JIIOJUHHU
MOCCHHIHHS  IIKipW, 3auIIKy, Jiapero, HYIOTY,
cepueouTTs. JloBrorpusaia Iist HOITPaTiB MIPU3BOIUTE JI0
aneprid, nopymeHHs OOMiHYy pEYOBHHM Ta HEPBOBOI
cucremu [5]. Taka peakuist OpraHi3My MOSCHIOETHCSI THM
IO HITpaTW LUIYHKOBOMY TPAaKTi BiJHOBJIOIOTHCS MO
HITPUTIB 1 BCMOKTYIOTBCS y KpOB J€ OKHCIIOIOTh
JIBOBAJICHTHE 3ajli30 TeMOTJO00iHYy y TpHUBAJICHTHE 3
YTBOPEHHSAM  METreMoriiobiHy, sSKWUd He  3JaTeH
MIEPEHOCUTH KHCEHBb 10 TKaHWH. lle BHKINKae HecTady
KHCHIO, 3a1yXy, TKaHEBY TiNOKCif0, HAKOMMICHHS
MOJIOYHOT KACJIOTH Ta 3MEHBIIICHHS O1IKY.
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OxucHenns remornobiny HbFe*"  [3]
BiOyBaTHCs came HITPUT HOHAMU:

MOXKEC

3HbFe*" + 2NO, + 14H" = 3HbFe*" + 2NH; T + 4H,0.

AOO TIEPEKUCHUMH CITOJIyKaMH, IO € TMPOIYKTOM
OKHCHEHHSI HITPUT HOHAMHU BOJIH:

NO; + O, + H;O = NOs3 + H,0O»,
HbFe?" + 2H,O, + 4H" = HbFe?" + 4H,0.

Hakonuuenns y KpOBI OinbLie 20%
METIeMONIO0IHY € 3arpo3o0 Uil JKUTTS, ale Oprasm
JIONMHM PEryJIloE MpPOLECH BiHOBJIEHHS HOro B
OKCHIeMOTIJIOOIH €0  BIAHOBIIOIOYMX (DEPMEHTHHUX
METreMOTJIOONHpeAyKTa3on. ToMy HaHOUIBITy 3arpo3y
Zii HITpaTiB Hece caMme peakIlil HITPO3yBaHHS aMiHIB Ta
aMiZliB 3 YTBOPEHHSAM HITPO3OCIONYK JUIS  SIKUX
BIIMIYa€ThCSI KOHIIEPOTCHHA Ta MYTOPOTEHHA sl
YTBOpEHHST HITPO30CIIOJIYK BiIOYBAEThCS MPHU B3aEMOJIT
HITPUT-IOHY 3 BTOPUHHMMH aMiHaMH SK B OpTaHi3Mi
JIFOJIMHY TaK 1 y MPOJYKTaX XapuyyBaHHS MPU KyJIiHAPHIH
00po0bIi

(R),NH + HNO, = (R),N — NO + H,0.

ne R — ankinbHa abo apuibHa rpymna.

3acTocyBaHHS HaJUIUIIKOBUX 103 a30THUX JTOOpPUB
Ipu HeJOTpUMaHHi iHmuX (aktopiB (Hectadi Gocdopy,
KaJiro, MOPYIIEHHS TEMIEPaTypPHOTO PEXHUMY, a TaKOX
BOJIOTOCTI TPYHTY 1 TIOBIiTpsI) TPU3BOAWUTH  JIO
HaKONMUYEHHS HITpaTiB B MPOMYKIlii POCIMHHHUIITBA B
J103aX, TOKCHUYHUX IJIsi JiioauHu [S]. BeraHoBieHo, 1110
HalOlIbIle HITPATIB B OBOYAaX HAKOIHYYBAJIOCS NpHU
BUKOPHUCTaHHI HIiTpaTHUX QopM (amiayHa, KaiiliHa,
HaTpieBa celliTpy) 1 HabaraTo MeHIe NpU BUKOPHCTaHHI
aMOHIHHUX GopM (kapbamiz, cynbdar amoHi) [8].

®dochopHi 100pUBa HE € MPSIMUM ITOCTAYATBHIKOM
HitporeHy mist pocivH, aje MpU OJHOCTOPOHHBOMY iX

BHECEHHS, 3MIHIOIOYM 30aJJaHCOBAHICTh EJIEMEHTIB
JKUBJIEHHS, MTOJTIIIITYFOU X YMOBHU KOPEHEBOTO
XapuyBaHHS, BOHHM HAIalOTh HENPSIMUH BIUIMB Ha

OloJIOTiUHI TMpOIleCH B POCIMHAX 1 Ha pPiBEHb BMICTY
HITpPATIB 1 3arajgbHOTO a30Ty [9].

BupinieHHst npo0ieMH HITpaTiB MOXKIHBE TIPH
BU3HAYCHHI JOKepen 3a0pynHEHHsS, iXHE YCyHEeHHS 1
BBE/ICHHSA IIOCTIHOTO CyBOpOrO KOHTPOJIIO Ha BCIX
eramax BUPOOHHWITBA, 30CPEXKEHHS 1 CIIOKUBAHHS
NPOJXYKTiB XapuyyBaHHs. J[oOpe HajaromkeHa cucrema
eKCriepru3n Oe3NeKH 3a KUIBKICTIO HITpaTiB y Xap4oBUX
MPOIyKTaxX HEoOXimHa s TOro, IMOO 3aXHCTUTH
HaceJeHHS Bil BXHBAaHHI B 1Ky TPOAYKTIB 3
HETIPHUITYCTUMO BHCOKHUM PiBHEM BMicTy HiTpartis [10].

JIns  MBUAKOTO BHU3HAYEHHS BMICTY HITpaTiB

HaWTOMUPIHIIIUMH METOIAMH KiJIbKICHOTO aHaJIi3y €:
- oromerpuuHi MeToaM 0a3yrOThCS Ha IEPETBOPEHHI
HITpaTiB y HITPUTH 3 HACTYHHHM YTBOPCHHSM
3a0apBICHNX PO3YMHIB, 3 BUKOPHCTaHHIM
(oTOENEKTPOKATIOPUMETPY;

- MOTEHLIOMETPHYHI - i3
10HOCEJIEKTHBHOTO EJIEKTPOAY;
- HITpaT-TeCTH

Mertoa aocigKeHHs.

OO0’eKTaMH  JOCTIDKEHHST OyJmu OBOYI B3ATI Y
BECHSIHUH Ta OCIHHIW Iepioau, mpuadaHi B MaraswHi Ta
Ha PUHKY Y TIPUBAaTHOTO TOCIIOAAPSI, IKi BUPOIIYBAJIHCS 3
BUKOPHUCTAHHSAM  3pOLICHHS BOAOI0 3  BOJOWMHUII
npwiernux Teputopiit [TiBHivaOTO Ta [HTYNEenBproro '3K.
Hitparn Bu3Havanucs TpboMa METOJAMU:
-eKCIPEC-METOJIOM, IO IPYHTYETHCS HAa BHUKOPHCTaHHI
peaktuBy DA (mudeninaminy). s BU3HAUYCHHA
HITpaTiB BHKOPUCTOBYBAJIM pEakLio 3 Au(EHITaMiHOM
(ADA).

Binbip npo6 mpoBoguBess y 10 3pazkax KOMXKHOTO
OBOYA 32 METOJOM CErMEHTAliHHOTO TOJiTY 3pa3Kka Ta
MepexXpecHuM BHOOPOM KOMITOHEHTIB [IJISl aHami3y 3
MOJABIIAM TIOAPIOHEHHSAM Ta BHYABIIOBAHHSIM COKY.
IToapiGHeHHsT 3pa3KiB  TPOBOAMIM 32  JOIIOMOTOIO
OyieHzepa 1O YTBOpPEHHS OJHOpimHOI Macu. PeareHT
rotysanu muisixoM pos3uumHeHHd 0,05 T peakTuBy Yy
cymimi 3 2 cm® jguctuinboBanoi Bogu i 10 om?
KOHLIEHTPOBaHOi cynbdarHoi kuciotd. udeHninamin y
CUJILHO KHCJIOMY CEpPEIOBHUILI B3a€MOJIIE 3 HITPAT-iOHAMH
YTBOPIOIOUM CIIOJYKY CHHBOTO KOJBOPY, sIKa IIpH
NOJAJbIIOMY OKMCHEHHI HEepPEeXOAUTh y CHOJIYKY Oijoro
KOJNbOPY. BMicT  HITpaTiB  BH3HA4YaBCA  [UISIXOM
TOPIBHAHHSA 3a0apBlieHHS JTOCIHIHKYBAaHOTO PO3YHHY
€KCTPAaKTIB i3 CTAaHAAPTHOIO IIIKAJIOIO;

- eKCIIPec—METOJIOM 3a JIOIIOMOTOI0 HiTpaT-TecTepa
GreenTest.

- HonomerpuynuM MetogoM 3a JCTY 4948:2008.
CyTHICTb KIIBKICHOTO HOHOMETPUYHOI'O METOAY IIOJISITaE
y BH3HAuUeHI HITpPATiB 3 aHaJi30BaHOIO MaTepiay
PO3UMHOM  alIOMaKali€BUX TalyHIB 1 HACTYIIHOMY
BUMIPIOBaHHI KOHIIEHTpalii HITpaTiB y BUTSDKII 10H-
CEJIEKTUBHHM EJICKTPOIOM.

Taxox 00’eKTOM IOCIDKIEHHS Oynu
BOAOWMHUINIA Tpwiermx Teputopid I[liBHIYHOTO Ta
Iarymenpkoro I'3K, ski BHKOPHUCTOBYBamHCS IS
3POIICHHS CITLCHKOTOCTIONAPCHKUX YTimb. Y Boaax
HITpaT-HOHM BU3HAYAIH TIOTCHI[IOMETPUIHHM METOJIOM
3a JOTTOMOTOI0 HIiTPAT-CEJIEKTHBHOTO EIEKTPOIA.

Pe3yabTaTh 10caixKeHb.

OCKUIBKM HITPaT-iOHU TMOTPAIUISIOTh y POCIUHHY
CHUPOBHHY B TOMY YHCII 1 3 BOJAM MiJ] Yac MOJHUBY, TO MH
NpoaHajli3yBali BMICT HITpaTiB y BOJOWMHMIIAX, SKi
3HAXOIATHCS nooJu3y Micus BUPOLIYBaHHS
JIOCJIIIKYBaHOT OBOYEBOT MPOAYKLii. Y HalloMy BUMNAAKY
1€ TEPUTOPIi MOOIN3Y TaKHX MiTIPUEMCTB K [TiBHITHMI
ta Iarynenpkuii ['3K. Antponorenna mis I'3K moxe
MIPOSIBIISATUCS Y BUTIISAI BUKUIIB 3a0pyaHIOBAYiB, 30pocy
3a0pyIHEHUX CTIYHHAX BOJ, 3MiHH TPHPOJIHOTO PEKUMY
ximismy Boz. lle B cBOO uUepry Moke NMPU3BOIAUTH IO
3a0pyaHeHs] 1 CUIbCBKOTOCHOAAPCHKUX — Yriab, SIKi
3HAXOJAThCSl 1MoOum3y. ToOMy KOHTpPOJb XIMIYHOTO
CKJIaAy BOJ y BogodWmumax Ha npuiernux jao [3K
TEpUTOPISIX Ma€ BAXIMBE 3HaYeHHs. Pe3ynmbraTé Takoro
KOHTPOJIIO y BECHSIHUHN Ta OCIHHIHN MEpioJ MPeICTalcCH] B
Tabmui 1.

3aCTOCYBAHHAM
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Sk BumHO 3 Tabmumui, HopmMa NO;3 y Bogax Ha
JOCTIJKCHUX TEPUTOPisX He mepeBumieHa. OTxe, AaHy
BOJly  MOXHAQ  BHKOPHCTOBYBATH  JUIS  IOJHBY
CLITHCHKOTOCTIONAPCHKOT MTPOTYKITi.

Binbip nmpo® oBOYiB POBOIMBCA y MEPioj TpaBEHb
- ’KOBTCHb, 1 BUBUCHA CE30HHA TMHAMiKa BMICTY HITpaTiB
Ta TOPIBHSHHSA iX METOIB aHAII3Yy.

Tabmums 1.— KoHmeHTtpariis HiTpaT-HOHIB B MI/1 y
BOJIi Y BECHSIHHH / OCIHHIN nepioJ

Ipobu Bwmict NOs~ | TIK,

MI/1
p. Iaryaens (mobnusy c. AuapiiBaka) | 32,12/35.56
l'anHHIBCHKUI Kap’ep 49,44 /50,00
p. Cakcaranp (o6mm3y C. 37,24 /41,21

) 50
[IleBUCHKIBCBKE)

c. 3aB’suTiBKa 17,72 /21,34
M. Kpuswii Pir (TepHiBchkuii paiion) | 12,27 /11,67

PesynbraTu aHanizy 0yio 3aHeceHo a0 Tabnuipb 2.

Tabmums 2 — KoHneHTparllisi HiTpaT-HOHIB B MI/KT
BECHSIHWH / OCIHHIN TIepiof

HasBa = = 5 'K,
o = ]
oBOYa & ) & MT/KT
o = = < g o
jan o I O O wm
o= 5| 86 g0
2 = &N § &)
Eo|E | £
= M T
Mara3uHHO{ IPOTYKITii
Kapromns | 210/135 | 270/100 210/125 | 250
Oripku 294/134 | 300/100 244/114 | 300/150
Tominopu | 156/96 100/100 186/76 150
Kanycra 770/360 | 500/300 710/320 | 900/500
Mopksa -/230 -/300 -/203 400/250
[uGyJast -/70 -/100 -/74 80
PunkoBOi mpoaykirii
Kapromst | 270/175 | 280/100 | 255/134 250
Oripku 238/34 300/100 284/45 | 300/150
[MTomimopu | 147/88 100/100 127/80 150
Kamycra | 644/426 | 500/300 | 600/420 | 900/500
MopxkBsa -/156 -/100 -/150 400/250
[uGyns -/46 -/100 -/40 80

Ce30HHA TMHAMIKa POCIUHHOT IPOAYKIIIT TOKa3ana,
II0 HAWOUIBINA KIJBKICTH OBOYIB i3 BHCOKHM BMiCTOM
HITpaTiB y BecHsAHWH mepion. Haiibinpma KinbKiCTh
HITpaTiB HAKOIMMYYETHCS B KAMyCTi y OCIHHIA Tepion,
KaITyCTi, OTipKaxX, KapToIUI Ta MOMigopax y BECHSIHHM
nepioq o OCiHHBOTO Tmepioay KUIBKICTh HITpATiB y
MIPOYKIIiT 3HMKYyBAJacs.

AHaNI3yloun JaHi TMPOBEISHUX JOCHTIKEHb, IO
HaBeleHI B TaOiMIi 2, BCTAHOBICHO, IO MMEPECBUIICHHS
I'IK crocrepiraersest 1y pUHKOBOI PaHHBOI KapTOILUT
Ha 8-12 %, y paHHIX MarasMHHHX nomizopax Ha 4%.
OBoui Taki SK OrIpKH, MOMiJIOpH, Kamycra, II0
npu0aHH] y BECHSHUHN Mepiol BMICTATH HITpaTiB 3HAYHO
OlnpmMi  HDK JUI1  THX 100 HpWAOaHi  OCIHHIO.
MakcuManbHi TIOKa3HUKH BMICTY HITpaTiB y mepiof
JIOCITIKeHb CTAaHOBIIATH 770 MI/KT y Mara3uHHIA paHHIA
kamycTi. Ille omHi€r0 3 NPUYMH TiJABHIIEHOTO BMICTY

HITpaTiB y paHHIX OBOYAaX € Te€, WI0 POCIMHH LIO
BUPOLIYIOTBCS Y  3aKpUTOMY  TPYHTI  MaloTh
HEJIOCTATHICTh yJIbTPa(ioeTOBOTO CBiTNA, IO caMme
MPU3BOJANTH 1O HAKONMWYEHHS HITPaTiB, BHACIIJOK
MOpYIICHHST iX MeTabomyisMy y pociuHax. KpiMm TOTO,
BHCOKa IliHA HAa paHHI OBOYI B I Tepio NMPUMYIIYE
3aCTOCOBYBATH a30THi A00pHBa, MO0 OTpUMATH OLIBITHI
BpOJKal Ta OibIINN TPHOYTOK.

B ociHHil mepion maibke BCs OBOYEBa MPOMYKILiS
BiJINIOBiJJaJIa Tiri€HIYHUM HOPMATHUBAM.

HiTtporeH B pocinnHax BOCHOBHOMY HAaKOITUYYIOThCS
B cTe0Jax, KOPEHsIX, KOPEHEIUIo1ax, Yepelkax i »HuiaKax
JIMCTS 1 MEHIIE B IUI0/1aX. Y IUIOJaX OTipKiB, KapToOILIi Ta
MOPKBI BMICT HITpariB NpuOIN3HO B TpH pasu Oinblie B
LIKIpIIi, HDK y M'siKoTi (Tabmuit 3).

Tabmus 3— PesynbTaTm HOHOMETPUYHOTO METOIY
BH3HAUEHHS HITPAT-i0OHIB y BECHSHUH TEepioa y Pi3HUX
YacTHHAX OBOYIB

Hazea | Konuenrpariist Hitpat-iioHis B mr/kr |I'IK,
0BOYa | iy KOKYPOIO B Cepe/IMHi MI/KT
Kaproms 320 100 250
Oripku 450 150 300
Mopksa 300 80 400

ToBopsium Tpo  ekcnepTHdy OE3MEeKH TMPOIYKTIB
Xap4yyBaHHS TPYW BU3HAYCHHI HITPaT-i0HIB, HEOOXiTHO B
Hepiy 4epry CTaBUTH MUTAHHS HPO TOYHICTH EKCIpec-

METOMIB  BH3HAYCHHS  OBOYEBOI  CHPOBMHH  Ta
PEryIOBaHHSI BUKOPUCTAHHS HITPATHUX TOOPHB.
BuCHOBOK.
AHani3 TOPUIATHOCTI TMOBEPXHEBUX BOI  JUIA

3pOIICHHS BHUKOHAHO 3a JaHUMH Ot cen AHMpiiBKa,
[lleBuenkiBcbke, 3aB’siniBKa, ['aHHHIBCHKHH Kap’epy Ta
TepniBchkuii paitony M. KpuBmii Pir mokasas, mo 3a
BMicTOM HiTpaTiB He nepeBunrye I'JIK.

IIpoBeneHo sKICHWM aHaNIi3 Ha HITPAT-iOHU B

POCIIMHHIN CHUPOBHHI: OTripKax, KamycTi, KapTOILI,
momizopax, MOpPKBI Ta [mHOyIi HOXOMETPUIHUM
METOJIOM, eKCIPEC-MEeTOJ0M, 10 IPYHTYEThCS Ha

BUKOPHCTaHHI pEaKTHBY IU(EHLIaMiHy Ta eKcIpec—
METOJIOM 3a jomnoMmororo HiTpaT-tectepa GreenTest.
BcranoBieHo, 10 HaiiOinbie HITPAaT-i0HIB MICTHTBHCS B
NpOXyKLii 13 3aKPUTOro IPYHTY, HOpPIBHAHO 3
NpOXyKTaMH  3i0paHMMHM 13  BIIKPUTOrO  T'PYHTY.
[TpoBeneHo KiNbKiCHE BU3HAYEHHS BMICTY HITpar-ioHIB B
MPOIYKTaX XapudyBaHHS Ta JOCHIHPKEHO, IO HITpaTH
MICTATBCS B YCiX MPOAYKTaX. BMICT HITpaTIB MepeBUIIyE
I'JIK B paHHiii kapToruTi 1m0 OyJiia KyIieHa Ha PUHKY, Ha
paHHiX moMigopax.

B Hac uac ciig nuiIbHIIE CTAaBUTHCS 1 10 XIMIYHOT
0e3neKn Xap4yoBUX MPOMYKTIB 1 BUpoOHHUITB. [limxia mo
BUpIIIEHHS 1€l mpoOieMu Moxke OyTH BHpakeHHH
TaKOI0 KOHIIETIII€I0:

* IIMPOKA Ipolaranjia cepel] HacCeJIeHHs CaHITapHO-
ririeHIYHUX 3HAHb,

* TrpaMOTHE pO3'ICHEHHS 3aco0aMH MacoBOi
iHpopMamii  OCHOB  3HaHb  IMOAO  KYyJiHApHOL
TpaHcopMaIllii CKIIaJ0BUX YaCTHH XapYOBHX CUPOBUHHU i
TIPOIYKTIB;
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* BIIPOB/KCHHS IIEPEIOBOTO 3apyOiXKHOTO JIOCBIY
3 KOHTPOJIIO HaJ| SIKICTIO Xap4OBOi CHPOBUHH 1 IPOJYKTIB
y PMHKOBIH €KOHOMIIi;

* CTBOPEHHA TIPaBOBOi 0a3m, 1O CIHpHUSE
3aIliKaBJICHOCTI BITYM3HSIHUX BUPOOHHKIB Y BHITYCKY
HENIKiJUTUBHX 1 AKICHUX MPOITYKTIB;

* BJIOCKOHAJICHHS JAEP>KaBHOI CHCTEMH KOHTPOIIO
HaJ| piBHEM HEIIKi[UIMBOCTI Xap4yOBUX CHPOBHHHU i
MIPOIYKTIB;

* po3poOKka Ta BIPOBA/HKEHHS BUCOKOUYTIHMBHX 1
EKCIPECHMX METOJIB BU3HAUCHHS TOKCHKAHTIB, B TOMY
YHCIi XIMIYHOT IPUPOJIH;

. peTenbHe JIOCITi JUKCHHS 010JI0TI4YHOT,
TEXHOJIOTIYHOI Ta KyJiHapHOi TpaHchopMalii XiMidYeHuX
CHOJIYK B CKJIaJi Xap4OBUX IPOAYKTIB [4].

Crin mocTitHO iH(GOpPMYBaTH HACEJICHHS TPO CTaH
BOAM Yy JDKepenax IIUTHOTO BOJOIMOCTadaHHS B
KOHKPETHI! MiCIIeBOCTI
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E. A. YEPHYIIIEHKO, A. 10. YEPHABCKAA, M.A. TPEYHIIIKHHA

COJIEP)KAHUE HUTPATOB B OBOIIIAX OPOIIAEMBIX BOJAMUY BOJIOEMOB TEPPUTOPUI
CEBEPHOI'O 1 HHT'YJIEIIKOT'O I'OK

ConeprkaHue HHUTPATOB B OBOIIAX IPEACTABISAET COOOH MOBOJNBHO HACYIIHYIO HMPOOJIEMY M TIPEACTABISAET MHTEpEC AN
CTPYKTYp, KOHTPOJMPYIOIIUX H PETyIUPYIONIMX BO3MOXKHBIE MOCIEACTBHS UPE3MEPHOTO KONMYECTBA HHUTPATOB Ha 3J0POBHE
yenoBeka. Iloka3aHbl OCHOBHbIE MPUYMHBI U OCOOEHHOCTH 3arps3HEHHUs IHILEBBIX IPOMYKTOB: OpOLIEHHE IOJEH BOJIOH,
cofiepalieil CTOKM OT MPOMBIIUICHHBIX MPEANPHATHIA, Ype3MEPHOE U HEKOHTPOIHPYEMOE HCIHONb30BaHUE YAOOpEHUH, ycnoBus
BBIpAIUBAHUS OBOLIEH M CE30HHOCTb. PaccMmaTpuBaercs mpouecc 3arpsa3HEHHs OKpYXKarolleld NPpUPOJHOR cpeabl HUTpaTaMu, B
YaCTHOCTH, IIOBEPXHOCTHBIX BOJIHBIX PECYpPCOB. AHAJIU3 IPUTOJHOCTH MOBEPXHOCTHBIX BOJ U OPOLICHUS BBIIOJIHEH BO3JIE CEl
Amnnpeeska, IlleBueHkoBCcKOe, 3aBbsIOBKa, AHHEHCKas Kapbepa U TepHoBckoro paiiona r. Kpusoil Por u moxasan, yro mo
cojep>kaHuo HUTpaToB He npesbimaet I[1JIK. ITokazaHbl IpUYMHbI HAKOIUICHHS HUTPATOB B PaCTUTENIbHOM Nponykuuu. Ilpusenena
TpaHchopManusi HUTPAT-MOHOB M UX TOKCHUECKOE BIHMAHHE Ha OPraHM3M uelloBeka. B pabore Taxke H3JI0KEHBI OCHOBHBIC
CMOCOOBI CHIKEHHS COAEPKAHNS HUTPATOB B MPOIYKIMU pacTeHHEBOCTBA. IIpoBejeH KOMIMUeCTBEHHBIH aHAIN3 HA HUTPAT-UOHBI
B PAacTUTENBHOM CBIPbE B BECEHHE-OCEHHHMH MepuoA: oOrypuax, KamycTe, Kaprodene, MNOMHUAOpPaX, MOPKOBH H JIyKe
HOIOMETPUYECKUM METOJIOM, 3KCIIPECC-METO/I0M, OCHOBAHHBIM Ha MCIOJIb30BAaHUU PEaKTUBA AM(DEHUIAMHHA U HKCIPECC-METOOM
¢ momouipio HuTpaT-TecTepa GreenTest, BRIPOLIEHHBIX HA TEPPUTOPHUH BOJIU3H TakuUX NMpeAnpustuil kak CeBepHbIi 1 MHrynernxuit
T'OK. Coneprxanue HuTparos npepsimraer I1J1K B panHeM kaproderne 1 moMunopax.

KnroueBbie cnoBa: Hurpatsl, [1/IK, 6e30macHOCTs paCTHUTEIBLHOTO CHIPBS, SKCIIEPTH3A MHUIIEBHIX MPOIYKTOB, SKCIIEPTH3a
BOJIbI, METO/Ibl OIIPEACICHHUS HUTPATOB.

O. O. YHEPHYIIIEHKO, A. 0. YEPHABCbKA, M.O. PEUYUIIIKTHA

BMICT HITPATIB B OBOYAX 3POIIIEHUX BOJAMHA BOJOWMMII] TEPUTOPIA NIBHIYHOT'O
TA IHI'YJIEIBKOTI'O I'3K

BwMicT HiTpaTiB y 0BOYax € JOCHTh HACYIIHOIO NPOOJIEMOI0 Ta MPEACTABIACT HMHTEpEC I CTPYKTYp, L0 KOHTPOJIOIOTH Ta
pEryioloTh MOXJIMBI HACTiIKH HAAMIPHOI KiIbKOCTI HIiTpaTiB Ha 310poB’si. Iloka3aHi TOJIOBHI NPUYMHHM 1 OCOOJIMBOCTI
3a0py/IHEHHS Xap4OBHUX MMPOJYKTIB: 3pOIIECHHS I10JICii BOJOIO, 1[0 MICTHTh CTOKH BiJl MiJANPHEMCTB, HAIMIPHE Ta HEKOHTPOJIbOBAHE
BUKOPHCTaHHs J0OpHB, YMOBH BHPOILYBaHHS OBOYEH Ta CE30HHICTh. PosznsmaeTses mpouec 3a0pyIHEHHsS HABKOJIMIIHBOTO
MPUPOIHBOTO CEPEeOBHINA HITpaTaMHu, 30KpeMa, HOBEPXHEBHX BOJHUX peCcypciB. AHal3 NPUAATHOCTI ITOBEPXHEBHX BOJ VIS
3pOIIEHHS BUKOHAHO 3a JaHUMU 011t cent AHnpiiBka, [lleBueHkiBCbKe, 3aB’sutiBKa, ['aHHHIBCHKHUN Kap’epy Ta TepHIBChKHIT palioHy
M. Kpuswii Pir nmokasas, 1o 3a Bmictom HitpaTiB He nepesuirye I'JIK. [Toka3aHi mpuunHN HAKOMTMYCHHS HITPATIB B POCIUHHHIIBKOT
npoaykuii. HaBeneno tpanchopmaiito HITpaT-HOHIB Ta X TOKCHYHHUI BIUIMB Ha OPraHi3M JIOAMHH. B poOOTi TakoX BHUKJIAICHI
OCHOBHI 3ac00H 3HIKEHHSI BMICTY HITpaTiB y NpoAyKuii pociuHuuuTBa. [IpoBeaeHo sKICHUI aHai3 Ha HITPAT-IOHU B POCIHHHIN
CHPOBHHI y BECHSHO-OCIHHIM Mepioj: oripkax, KamycTi, KapTOILUI, MOMifopax, MOPKBiI Ta L0y HOJOMETPUYHHM METOIOM,
EKCIIPEC-METO/IOM, L0 IPYHTYETHCS Ha BHUKOPHCTAHHI peakTHBY NUQEHITaMiHY Ta EKCIPEC—METOIOM 3a JOIIOMOIOK HiTpart-
tecrepa GreenTest, mo BupomryBanucs Ha TepUTOpii MoOnmm3y Takux mignpuemcts sk [liBHiunmit Ta Inarynenskuit [3K. Bmicrt
HiTpartiB nepesuinye I'JIK B panHiit kapTomti Ta mominopax.

Kurouosi ciioBa: Hitparu, I'JIK, Oe3mexa poCIMHHOI CHPOBHHH, €KCIIEPTH3a XapUOBUX HPOAYKTIB, EKCIIEPTH3a BOAU, METOIH
BU3HAYCHHS HITPATIB.
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E. A. CHERNUSHENKO, O. V. SAEVICH, H. A. OSTROVSKA
WAYS OF ENRICHING STUDENTS' FOOD DIETS WITH BIOGENIC ELEMENTS

To preserve and strengthen the health of young people, one of the tasks of the state in the field of healthy nutrition is the development of the
production of functional food products enriched with the necessary macro- and microelements; development of supplements of biologically active
substances and orientation of higher education to increase the level of valeology students, and introduction of relevant topics and subjects into the
educational process of higher educational institutions. The article is devoted to the problem of monitoring chemicals in the nutrition of student youth
in modern conditions. With the help of a questionnaire and the method of determining the content of micro- and macroelements in the daily diet,
non-compliance with the principles of rational nutrition by full-time students was revealed, which negatively affects their health. For all full-time
students, there is a deficit of iodine consumption, a deficit of 50.2% of phosphorus, 64.7% of zinc, and 56.2% of chromium. The average content of
calcium in daily rations was less than recommended by approximately 1.7 times for girls and 1 .95 times for young men, and calcium deficiency
was found in 97.9% of students, and magnesium deficiency in 82.4%. The intake of Ferrum, Manganese, Selenium and Copper with food rations
exceeds the recommended values.

The study of the quality of the diets of junior year students showed that the majority of students have a polydeficient, unbalanced diet in
terms of micro- and macroelements, as well as a lack of a conscious attitude to nutrition. A low level of students' abilities and skills in organizing
their own food was revealed. An insufficient level of knowledge about proper nutrition is a potential factor in the deterioration of health, the
occurrence of primary and secondary alimentary diseases, and a decrease in mental capacity. Ways to increase the level of knowledge of practical
nutrition of higher school students and ways to solve the problem of balanced nutrition of students as an effective condition for improving their
health as an effective condition for improving their health It was established that one of the priority tasks today is to increase the level of education
of student youth on healthy nutrition.

Key words: microelements, macroelements, nutrition physiology, students, health, diet, nutrition regime, principles of rational nutrition.

Beryn.

[IporpaMu MOHITOPHUHTY XIMIYHMX pPEYOBHH B
OpraHi3Mi JIOJUHHU € HEOOXiTHOI0 CKIIAOBOIO CTpaTerii,
CIIPSIMOBAHO1 Ha PaHHIO JIarHOCTHKY Ta OIHKY PU3UKIB
3aXBOPIOBAaHb Yy HACEJCHHSA CBITy Ta CKOJOTIYHUX
pobJeM, MOB'sI3aHUX 3 BIUIMBOM TOKCUYHUX PECYOBUH Ha
HaBKOJIMIIIHE CEPEIOBHILIE.

XiMiuHI €IEeMEHTH BIJIrpaloTh BAXIHMBY pOJb Yy
KHUTTE3a0€3MIeUeHHI BCIX ¢yHKIi  TrOACHKOTO
OpraHismy, BOHU € YaCTHHOIO KIIITHH, TKaHWH 1 OPraHiB,
MICTATBCSL ¥ KpoBi. Pazom 3 BOi010 BOHM 3a0€3MMeUyroTh
MOCTIHHICTh OCMOTHYHOTO THCKY, KHCJIOTHO-OCHOBHOT
pIBHOBAru, BilirparoTh BaXKJIMBY POJb Y OOMiHI pEYOBHH.
Bzaemogiroun MK co00I0 XIMIYHI €JIEMEHTH, B TIH YM
IHIIH Mipi 6epyTh y9acTh B MpoIlecax KUTTEMISUTLHOCTI 1
KOHKYPYIOTh 3a «Miclle» B OIOJIOTIYHMX KIITHHAX i
TKaHMHaxX [1], 3MIHIOIOYM TOMEOCTa3 OpraHiaMy B
IOMY.

AHAJI3 0CTaHHIX JOCHiIKeHb i mMy6aikamiii.

dizionoriuHa BaXJIMBICTh MIKPO- 1 MaKpOEJIEMEHTIB
B  IIIOACEKOMY  OpraHi3ami  IOKa3aHa  OaraTbMa
nyomikamismu  [2—7].  Bynme-siki  BimXWIeHHS — Bif
pedepeHTHUX MEX BMICTY XiMIYHHX €JIEMEHTIB MOXYTh
MPU3BECTH IO 3MiH, IO CYMPOBOUKYIOTHCS PI3ZHUMH
KII{HIYHUMH CUMIITOMAaMH 1 METabOIITHIMH 3MiHAMH.

JI1st miaTpuMaHHS PiBHS MaKpO- Ta MiKpOEJIEMEHTIB
B OpraHi3Mi qyke BaKJIMBe 30ajaHCOBaHE XapdyBaHHS.
He3anoBinbHe xapuyBaHHS, He30allaHCOBAHWI palliOH,
BXKUBAHHS OJTHOTUITHHUX HPOIYKTIB IMPU3BOIUTH 10 3MiHH
MIKpPOEJIEMEHTHOIO ~ TOMeocTady  OpraHiamy,  LIO
TIOTIpIITy€e CTaH 3/10POB's JIIOJMHU, Ta Ha JKaJIb € 03HAKOIO
Cy4YacHOT'O JKHTTSL.

HocunijpkeHHst piBHA 30aaHCOBAHOCTI XapuyBaHHS
Ta HAIXOHKCHHS pSAAYy BaXIUBHUX C€JIEMEHTIB [0
OpraHi3My JIOAWHU TMPOBOAWINA B TPYIH CTYAEHTCBHKOI
Moioni (cepenniit Bik — 18—20 poki). Busnawamu
BIIMTOBIAHICTh PAIiOHIB XapdyBaHHS CTYIEHTIB MI0JI0
3a0e3reueHHs]  OpraHi3MiB  HACTYMIHUMH  XiMidHi

enemenramu: K, Na, Ca, P, Mg, Fe, Mn, Zn, Cu, Se, I, Cr
Ta Mo.

Kamii — omua i3 HaWOIIBII  MMOMIMPEHUX
MIKpOCJIEMEHTIB B  JIIOJCPKOMY  OpTraHi3Mi,  SKHi
3a0e3neuye HOpMalibHEe (YHKIIOHYBaHHS MeMOpaH

30yUIMBMX TKaHWH 3 (QOPMYBaHHSM IIOTEHIIANIB ii,
HNOPYIIEHHS SKUX MaroTh BEJIHMKE 3HAYCHHS B IaTOreHe3l
Oaratbox 3axBoptoBaHb [3]. [Ipy 3HMKEHHI KOHLEHTpALIi]
Kaniro B mma3mi KpoBi BiJj3HAYAETHCS M'30Ba CIa0KICTh,
6outi y M's13ax, TpeMOp KiHIIBOK, apTepiajbHa riloTeH3is.
3HIKYETBCS CKOpOYyBallbHA (PYHKITiS MioKapza, mapes
KUIIEYHUKY, CIIOCTEePIra€ThCs 3HIKEHHS CYXOXKMIBHHX
pedexcis.

Ponr Hatpito B JIOACBKOMY OpraHi3Mi CKIIaIHO
nepeorinuTi. Lle ogwH i3 OCHOBHUX iOHIB, sSKHH Oepe
y4acTh y TMiATPUMaHHI BOJJHO-COJBOBOTO OallaHCy.
Hartpiii Oepe yuacTs y mpouecax BHYTPIIIHBOKJIITHHHOT'O
i MDKKIITHHHOTO OOMIHIB, y BOJZHOMY OOMiHi
(maTpuMye OCMOTHYHHI THCK OIOJIOTIYHO DIIKHX
cepenioBuIl opraHizMy). OIHAK TMiIBUIICHHS MHOTpeOH
Hatpito € ¢dakTtopoM pu3UKy PpO3BHTKY CEpLEBO-
CYIIMHHUX 3aXBOPIOBaHb [8].

Ponr Kamprito B mIOACHKOMY Oprafiami  He
OOMEXYy€eThCS ~ JIMIIE  YY4acTIO B OCTEOTeHE31 3
dbopmyBanHsaM KicTok [4]. [mokambliliemMiss PU3BOIUTH
JI0 paxiTy HiTeH i OCTEONopo3y y JKiHOK B MEHOIAy3i.
Kpim Toro, 3 moHmkeHnM piBHeM Kalbllito 3B’ SI3yIOTHCS
0arato mOpyIIEHb Yy CHCTEMi 3ropTaHHs KpoBi [7].
lNnepkanbiieMis BIuMBae Ha peabcopOuiro B rmoykax i
NPU3BOJAUTH 10  3HIDKCHHS  KOHLEHTpalil — iHIIMX
MIKpOEJIEMEHTIB [6].

VY cBOW 4epry, 3acBOrOBaHICTh Kambllifo 3aJIekKHUTh
BiJI MPHUCYTHOCTI iOHIB MarHito, 3 HHMM THOB'SI3yIOTh
PO3BUTOK TAKHUX 3aXBOPIOBaHb, SIK acTMa Ta LyKPOBHH
miaber.

© Yepnymenko O.0., Caesua O.B.,
Octposceka I'.0. 2022
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Binomo 6inbmie 300 ¢epMeHTiB, ubs KaTaliTHYHA
BiZIOYBA€THCSI B NPUCYTHOCTI 10HIB Martito, BKIIOYarOuu
NpakTHYHO  BCi  BigomMi  (GepMeHTH B  CHHTE3l
anenosuHTpUdochary. He mummisiancek Ha 1€, 32 TaHUMH
emigemionorie, nmedimutT MarHito — ogHe 3 HAHOUIBII
MOIIMPEHUX TIOPYIIeHh TOMEOCTa3y MiKpOeJIeMeHTiB [9].
Bin Bigirpae Benuky poib y 3aidCHEHH] QYHKITIH M's131B 1
HEPBOBOI CUCTEMH (TIepeIadi HEPBOBOTO IMITYJILCY H iH.).
akTuBye ©Oarato (QepMeHTaTHBHHX IporeciB. MarHii
Oepe ywacTte y perynsuii kanbuieoro, ¢ochopHoro,
XOJIECTEPUHOBOTO OOMIHIB 1 IIIKOJII3Y, Y CHHTE31 OLIKIB,
KUPHUX KHCJIOT 1 JINiAiB, Yy CHHTE31 1 posmani
HykieiHoBuX  kucnor. Ilpm  Hemomiky — Marnio
CIIOCTEPITaeThCsl  CIAOKICTh, JPATIBIMBICTh, TCHICHIIIS
Jno TeraHii, kapaiocrnasMm. Heponik Marnito cnpuse
PO3BHUTKY 3aXBOPIOBaHb CEPIEBO-CYIAMHHOI CHCTEMH Ta
TiNEPTOHIYHOT XBOPOOH.

®dochop BXOAUTH IO CKIAAy HYKICOTHIIB,
HYKJIETHOBHX KHCIOT, ¢ocdomimiaiB, ¢ocdomporeinis,
BiTaMiHiB, KodepMeHTiB. BiH Bimirpae Ba)IJIMBY poOJIb y
nepenecenHi eneprii (AT®, kpearundocdar), miarpumui
KUCJIOTHO-OCHOBHOI piBHOBaru. Pocdop - OioreHuumit
€JIEMEHT SKHMH Bilirpae BaXXJIMBY pOJIb B MHisIIBHOCTI
TOJIOBHOTO MO3KY, CKEJICTHHX 1 CepLeBHX M'A3iB; Oepe
y4acTb B TPaHCMEMOpPaHHOMY TPaHCHOPTI PEYOBUHH;
BXOZUTh N0 ckiany ¢epmentis. ®ocdop nos'szanuii 3
obminoM KaibIiito Ta rpa€e BaXIMBY posib y GOpMyBaHHI
KiCTKOBOi TKaHWHHU. [IpW HaAMiIpHOMY HAJIXOKEHHI
®dochopy  3HHKYETHCS piBEeHb Manrany — Ta
MiBUIIYETHCS PiBEHb BUBENCHHs KanbIliro, 0 CTBOPIOE
pHU3MK BUHUKHEHHS ocTeornoposy [10, 11].

3ami30  BXOAWTH IO  CKIQJy  T'€MOMJIOOIHY
(3a0e3nevye TpaHCIIOPTYBaHHS KUCHIO 0 TKaHHH BCHOTO
opraHiamy), Mioryo0iny 1 ¢epmenris, O6epe ydactb B
OKHCJIIOBAJIBHO-BITHOBHUX npouecax. Crix 3a3HadnTH,
0 y NPOJAYKTaxX POCIMHHOIO MOXOJDKEHHS MICTHTBHCS
reMoBe 3ajli30, sIke HabaraTto Kpalle 3acBOIOETHCS — B
CepeIHbOMY 3acBOKEThCs 17% — 22%, Ha BinMiHY Bix
HETeMOBOTO 3aJli3a, SKE€ MICTUTBCA Yy TPOJYKTax
TBApPUHHOT'O TIOXO/KCHHS, Ta 3aCBOIOEThCA Ha 5% — 7%.
Tomy onmHa 3 HaWOUIBII TONIMPEHUX TATOJOTIH
3aUTi301eIUTHOT aHeMil, pO3BHUBAETHCS B 3B 53Ky HE
TUJIBKY 31 3HIKEHUM HaIXoDkeHHIM Depyma 3 ki, a i
OpU TEPEBAXHOMY BXKHBAHHI XapYOBUX IPOIYKTIB
TBapUHHOI'O TOXOJUKEHHS. Y CTYIEHTIB, LI0 MaloTh
TaKWi J1arHO3 CIIOCTEPIracThCsl 3HWKEHHS KOTHITHBHOT
(yHKIIT, 3MIHIOIOTBCSA peakiii y TOBSHIHI: CTalOTh
MJISIBUMH, MEHBII YCHIIIHUMHM Yy HaByanHi [12, 13].
Takox BiZI3HAYAETHCS 3HUKCHHS OMIPHOCTI 10 1H(EKIIiH,
CIIOCTEpIiTatoThesl  iMyHOACQIMUTHI cTanu. HammipHa
KiTbKiCTh PepyMy HPU3BOAUTH 10 HAKOIMYCHHS HOTO B
MITOXOHIIPIAX 1 BUKJIMKAE HEUPOJETEeHPATHUBHI 3MiHH,
TaKWid CTaH, BiIOMUH sk TeMoxpomatos [14].

Mapraners — HEOOXiTHUN MIKpOEIEMEHT I BCiX
Bimomux (opm xutTs [10] Oepe ydacTh B peakmisx, 1o
KaTaJi3yloThC OKCHIOpEOyKTa3aMHu, TpaHcepasamy,
rizponasamu, JMaszaMHM, HM30MEpa3aMu, JIMTa3aMH,
JICKTHHAMU Ta WHTCTPUHAMHU. Y BHIAJKYy HecTadi
MapraHuio B OpraHi3aMi  pO3BHBA€TBCS  aHEMis,
HOPYUIYEThCA (dopmyBaHHs KICTOK (3aTpuMKa

OKOCTEHIHHSI, YKOPOYCHHS 1 BHKPHBICHHS KIHLIBOK.
30utbmieHHs Mapranns B KpOBi  NPU3BOJHUTH  JI0
HOPYILEHb, CXOXXUX NpH xBopoOi [Tapkincona [11].

Kympym Oepe ywacTh y CHHTE3l TeMOTIO0iIHY,
iHCYNiHY, Y (YHKIISIX 35103 BHYTPIIIHBOT CEKperlii,
(dbepMeHTiB, BXOIUTh HO ckianxy OiunkiB. [IposiBu
nedinuty Kynpymy BKITIOYAaOTh HEHTPOTIICHHIO, aHEMIIO
(pe3ucTeHTHY 0 MpemnapatiB 3aii3a), 0CTEonopo3, pi3Hi
KICTKOBO-CYTJIOOHI MOPYIICHHS, 3HMIKEHHS IMirMeHTAaIlil
WIKIpY, Yy JESIKUX BHIAJKaX — Harojioriio 3 OOKy
HEpBOBOI 1 CEpLEBO-CyIUHHOI CHUCTEM. Jedimur
Kynpymy HeraTMBHO NO3HAauyae€ThCsi Ha BCMOKTYBaHHS
®depyMy, KpPOBOTBOPEHHI, CTaHI CIOJYYHOI TKaHWHH,
nporuecax MieJIMHM3alMM B HEpBOBIH cucremi. Tark
CIIOCTEPIraeThCs MiJBUICHA CXWIBHICTh hi(o)
OpoHXiadbHOI aCTMH, aJIeproJepMaTo3aM, KapIionarTisMm i
0araThbOM IHITUM 3aXBOPIOBaHHAM [ 15].

Brpara Bosoccs, Jiapes, akHe, JepMarTuT,
aHOpEKCis, TUCMEHOpes, BCi Il TpOIECH MAalTh B
MaToreHe3i 3arajibHy JAaHKy — TIOPYIICHHS OOMiHYy

[{ueky. 3a 1aHMMU JOCIIIHUKIB, OJJHA TPETh HACEJICHHS
3emiti B 30Hi MiZBHUIIEHOTO PU3UKY 3a Aedinurom L{unky
3 posmoxinom 4% — 73% 3anexxHO BiA KpaiHM
Ipo>kUBaHHA [16].

XpoM aKTHBYE IisUIbHICTH (hepMEHTIB, Oepe y4acTb
y BYIJICBOJHOMY, MIHEpaJbHOMY 1 XOJECTEPHHOBOMY
o0MiHax, BIUIMBAaE Ha picT jroauHuA. Hectaua Xpomy B
OpraHi3Mi BUKJIWKA€ 3aXBOPIOBAHHS CEPIICBO-CYIUHHOT
CHCTEMH, IIyKPOBOTO niaoery, OHKOJIOTIYHUX
3aXBOpIOBaHb a00 TMOpPYIIEHHS pPOOOTH  HEPBOBOI
cuctemu [17].

Momi6aen € antaronictom Kynpymy ta Cynsdypy.
[TixBuiieHe HAagXOJDKEHHS y  OpraHi3M  JIIOJMHHU
Monib/ieHy BHUKIMKAa€ TOKCHKO3HW, MOPYIIEHHS OOMiHY
pEUOBHH, 3aTpUMKay pOCTy KicTok (y pe3ynbTarti
nopyienss oominy Kynpymy i @ocdopy), MonibaeHoBY
noJarpy (BHACIITOK I ABUILCHHS CUHTE3Y
KCAHTIHOKCi/1a3u 1 301IbIIEHHST BMICTY CEYOBOI KHCIJIOTH).
VY pasi Hectauwi MomiOneHy CIoCTepiraeTbes 3aTpUMKa
pocTy 1 pO3BHTKY, B3HIDKEHHS Macu Tija, mdiapes,
aJioTielis, AepMaTro3, aHeMis, OCTEONopo3, Kapiec 3y0iB
[18].

CeneH 3axuIIae OpraHi3M Bill BaXKHUX METaliB, a
HAITHIIOK HOTO MOXe Mpu3BecTH 110 nedinuty Kambiito.
Bin HEOOXIIHUI IS HOPMaJIbHOT G yHKIii
IIATONOAIOHOT 337031 1 HOpPMaJILHOT POOOTH HEPBOBOI
cucremu. [lpu  nedimuri  CeneHy  3HIDKYETHCS
(yHKIIOHaJbHA AKTUBHICTH LIMTONOAIOHOT  3aio3Hy,
NMeYiHKA 1 mauomyHkoBoi 3anosu. dedimur Ceneny
MPOSIBISIETBCA  Yepe3  OCJIAOICHHS aHTHOKCHOAHTHOI
CHCTEMH, AaHTIKAHIEPOTCHHOTO 3aXHCTy, IOpPYLICHb
CeKCcyalbHO1 (DyHKINT;, TakKoXX TIIBHIYETHCS PHU3HK
3axBoproBaHb cepusd 1 cyauH. Jledimur Ceneny
nmoB'si3aHnid 3 Hectadeto CenmeHy y TIpPyHTI 9H
MIPOBEJCHHSIM TPHUBAJIOTO MApEHTEPAILHOTO XapIyBaHHS
[19].

Mox OCHOBHMII eeMEHT MIMTOMOAIOHOT 3am03H,
3abe3neuye mepedir OIOXIMIYHUX peakiliii, Ta OOMiHHUX
npouecis. 3a Hecraui Momy mnopymyerscs oOMiH
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pEUOBMH B  OpraHi3Mi, 3pOCTa€ pPUBUK PO3BHUTKY
aTepoCKIIepO3y, MocnadiroeThest imyHiteT [20].

Meroro pociipkeHHS Oylo BHBYEHHSIM BMICTY
Makpo- Ta MIKpPOCIEMEHTIB y palioHi XapuayBaHHA
CTYICHTIB, 3 METOIO OIEPEIKEHHS PO3BUTKY MOXIIMBUX
3aXBOPIOBaHb, OB S3aHMX 3 HECTA4CI0 a00 HAMJIMIIKOM
OKpPEeMHUX MIKPOEJIEMEHTIB y pallioHi Xap4yBaHHA
CTYICHTIB.

JocmimkeHHss mpoBoamin Ha 6a3i JIHImpOBCHEKOTO
HalioHaNbHOTO YyHiBepcurery mMmenun Ouecsi ['onwapa.
Byno  nmocmimkeno  (omurano) 108  cmyoenmmu-
pecrionzeHta (78 niBuar ta 30 ronakiB). Bikoa rpyna —
Bing 18 mo 20 pokiB. 3 MeTow 3'ACyBaHHS HaWOUIBII
CWJIBHOTO  BIUIMBY  palMOHY  XapuyBaHHA  Ha
3a0e3meueHHss J000BOr0  HAAXOMKEHHS  CIIEMEHTIB,
JOCTIDKEHHSI TPOBEICHO Yy 3MMOBO-BECHSHHHA MEpiof,
KOJIM CITOCTEPIraroThCs TIEBHI OOMEXESHHS PaIlioHiB.

MeTon pociKeHHs.

Bwmict MiHEpanbHUX PEYOBHH y CEPeIHBOI000BOMY
paIlioHi CTyJeHTIB BU3HAYAIH 32 HEMPSIMOIO METOIUKOIO
TecTyBaHHS (aHKETYBaHHsA) Ta pO3PaxoByBalM 3a
TaOIMLIMK XIMIYHOTO CKJIaJly Xap4OBUX IPOAYKTiB [21].

Cratuctnuny oOpoOKy pe3ysbTaTiB IPOBOIMIHN 32
kpurepieM CTblOZIGHTa 3 ypaxyBaHHAM Ta HpH
MOPIBHSHHI 3 PO3PaXxOBaHUMU HOpPMaMmH (i310I0riYHIX
notped y Xap4yoBUX pEYOBMHAX ISl PI3HUX TPyl
HaceneHHs [22].

Pe3yabTaTi 10CTiTKEHD.

3a pe3ynpTaTaMH aHKETYBAaHHS JOOOBOTO PaIioOHY
XapuyBaHHA 3 BKa3iBKOIO MacH TPOAYKTIB Ta
MepepaxyHkoM Ha BMICT XIMIYHHX €JeMEHTIB Oyio
BM3HAYECHO piBHI 3a0e3medeHHs M000BUX NOTpEd ¥y
MakKpo- Ta MikpoesneMeHTax (Tadmuns 1).

IIpoodosorcenns mabauyi 1

1 2 3 5 6
Cr 50 Mkr 35,5 mkr 71,0 64
Mo 70 MKT 50 MKT 71,4 64

IOnaku
Fe 15 mr 17 mr 113,3 33

K 2507 mr 2830 mr 112,9 17
Ca 1200 mr 929 mr 77,4 51
Mg 400 mr 383 mr 95,8 40
Mn 2 Mr 3,2 mMr 160,0 5
Na 1506 1289 mr 85,6 53

P 1200 mr 1629 mr 135,8 0
Zn 15 mr 13,5 mr 90,0 41
Cu 1 mr 1,8 Mr 180,0 0
Se 70 MkT 87,4 mxr 124,9 13

1 150 Mxr | 62,5 Mkr 41,7 100
Cr 50 Mkr 48,1 Mkr 96,2 14
Mo 70 MkT 101,4 mxr | 1449 0

Tabmumss 1. BMIicT MIKpOENeMEHTIiB B paIliOHi
xapuyBaHHs cTyaeHris JHY
E‘ I E E Q ;
e | Eon |25, |2 g 5.2
5 S 2o | B 2o & SRRl =
= mUg | E2g 2 ©E H L2
> s = X > =¢ S O o )
= S 0= < = H o A 3
3 S o 5 = o s E 2
mo 6“ = % E‘ 5 °
g 5 52
v 2:]
1 2 3 4 5
JliBuaTa
Fe 17 mr 18 mr 105,9 50
K 2507 mr 1787 mr 71,3 69
Ca 1100 mr 634 mr 57,6 100
Mg 500 mr 348 mr 69,6 93
Mn 2 Mr 3 Mr 150,0 57
Na 1506 mr 2062 mr 136,9 32
P 1200 mr 1150 mr 95,8 77
Zn 12 mr 10 Mr 83,3 71
Cu 1 mMr 1,3 Mmr 130,0 57
Se 50 MKr 87,5 MKT 175,0 29
1 150 xmr 90 MKr 60,0 100

[Ipu amami3i 3abe3medeHOCTI BMICTY HEOOXiTHMX
paIlioHiB MiHEpaIbLHUMH PEYOBHHAMH BCTAaHOBJIICHO, IIIO
BMicT Kanpmiro B pamioHax xapyyBaHHS Ui JiBYaT B
1,74 pasu HWKYe HOpPMH, IS [OHaKiB — B 1,29 paszum
Hk4e HopmH (puc. 1 Ta 2)

3000000 —
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g 2000000 +
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= 1000000 -+
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I
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5
|
n-
Ca Na K Mg P
B -HOpMa BMICTY CCMEHTY
B -cepeaniit uict enementy 8 pauioni
Puc. 1 3abe3neuenns 1o060BUX NOTPed y
MakpoeJieMeHTaxX IOHaKiB
Sk BimoMo, 3acBOIOBaHICTh Kanpliiro, 110 MiCTHTBCS
B DXKI, 3aJ€XKHTh BiJ CIIBBIJHOIIEHHS 3 IHIINMH
MakpoeJeMeHTaMu, B rmepmy uepry, 3 Docdopom.

Haii6inem ontumanshe coiBBignomenns CaiP —1:1,58
TOW 4Yac SK B XapyyBaHHI CTyIEHTIB BOHO ckiano 1:2,0;
ontumaneHe cmiBBimHomenHs Ca 1 Mg — 1:0,5 mis
CTYHCHTIB BOHO gopiBHIoe 1:0,57; onTuManbHe
cuiBBigHomeHHs Ca:Mg:P — 1 : 1,48 : 0,5 ms cTynenris
BOoHO nopiBHIOE 1 : 2,0 : 0,57. Tobro medinur Kambpmiro
MOB'SI3aHUM 3 HEJOCTATHIM HOro HAIXOIKEHHSIM, a HE
3aCBOIOBAHICTIO.
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Ca Na K Mg P
B -nopva BuicTy enemenTy
B -cepeamiii nict cncsenry B pacioni
Puc. 2. 3abe3neuenns 1000Bux moTped y
MaKpOeJIeMEeHTax J[iB4atT
Sk BUAHO 3 OTPUMaHUX JaHUX, B PAIiOHi CTY/ICHTIB
JHY  wmictuThCs  OOCTaTHIO  KiUIBKICTH  Depymy,

Mapranmo, Ceneny ta Kympymy (puc. 3 Ta 4). Ane
Tpeba BiI3HAYNTU HEIOCTATHE HAAXo/pkeHHs Zn, [, Cr ta
Mo.
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Fe Mn In Cu

B -HOPMa [1% 1iBYaT

B -CepeiHiil BMICT Y paiioHi Jue4ar
1 - HOPMA /UIf 1OHEKIB

W - cepe/tHii BMICT Y pallioni IoHAKIB

Puc. 3. 3abe3neuenHs JO60BUX MOTPEO CTYACHTIB y
MiKpOeJIeMEHTax

Parionn crynenrtiB Oynu He3banaHcOBaHI sK y
IOHaKiB, Tak i1 y piBuat (puc 1-4). V niBuatr aediuur 3a
pmictom: Kamito 28,7%, Kamemito 42,4%, Marsioo
30,4%, ®Dochopy 4,2%, Lunky 16,7%, ﬁony 40%,
Xpomy 29%, Monibaeny 28,6%. Y 1oHaKiB BigMidaeTbCs
nedimur 3a Bmicrom: Kanpmiro 48,8%, Marwio 4,3%,
Hatpito 14,4%, Lluaky 10%, Woxy 58%, Xpomy 4%.
Bwmict orpumanns Kamiro Ta MoniOneHy mnepesuinye
HOpMH Yy IfoHakiB Ha 16,2 Ta 51.4% BimmoimHO, Ta
HeAoCTaTHil y niB4ar Ha 28,7% Ta 28,6%.

150

50

Buicr enementy , Mrina 1oy

Se I Cr Mo

W -HOpMA J718 JiBMaT

W -cepenHiil BMicT ¥ panioni quBuaT
W - HOPMA A IHAKIR

W - cepeiHiii BMICT ¥ PallioHi I0HAKIR

Puc. 4. 3abe3neuenns 1000BUX MOTPed CTYACHTIB
y MiKpoeJIeMeHTax

Bifcomor QisteT, Mo MuoTh fedilaT CroXHDanis eNeMenTy

Fe K Ca Mg Mo Na P Zn Cu S I Cr Mo

Puc. 5. Kinbkicts aiBuar (%), 1110 MaroTs Aediuut
HaJIXOJUKEHHS EJICMEHTIB

100%:
5% 1=
0% —+

25% +

0% —+

BipcoTok MBMKIS, WO MAKTE BechiliiT COOKHIAHA SIeMenTy

Fe K Ca Mg Ma Na P Zn

Cu Se ! Cr Mo

Puc. 6. KinpkicTs 1oHaKiB (%), 110 MaroTh AeinuT
HaJIXO/PKEHHS €JIEMEHTIB

Ipu ananizi 30a7aHCOBAHOCTI PAIIOHIB XapuyBaHHs
(puc. 5, 6) BcraHoBiaeHO, MO Yy 97,9% CTyHeHTIB
BUSBICHO nedinut croxuBanHs Kanemito, y 82,4% —
nedinur Marnito. Y BCiX CTYAGHTIB BigMmidaeTbes
IepIilUT  CIOKUBAHHS ﬁony, MEHIIHUN  aedinur
BigmiueHo misi: Docdopy y 50,2 %, Huuky y 64,7 %,
Xpomy 56,2%.
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BuCHOBKM Ta  mepcHeKTHBH
PO3BUTKY IaHOTO HANIPAMKY.

IIpu owiHIl pamioHIB CTYAEHTIB BHU3HAYCHO IX
HEBiJMOBIAHICTh NMPHUHIIUITY KUTBKICHOI XapaKTePUCTHKHU
pamioHambHOTO XapuyBaHHA. [Ipwm BHU3HA4YEHHI BMICTY
Makpo- i MiKpOEJIEeMEHTIB B PalioHi CTYACHTIB OTpHUMaHi
HaCTyINHI JaHi: cepenHidi BMicT KambIiito y mo6oBux
pamioHax OyB MEHIIE PEKOMEHIOBAHOTO IMPHOIM3HO B
1,74 pasm pgnsa nmiBuat T1a 1,29 pasm uis  IOHaKiB.
Hagxomxenns @epymy, Mapranmo, Ceneny Ta
Kynpymy 3 pamioHamMu XapyyBaHHS ICPEBUILYE
PEKOMEHIOBaHI 3HAYCHHSI.

HenpaBunbHa opraHizaiis xapuyBaHHS CTYACHTIB
0€3yMOBHO IIOB’513aHa 3 BIJICYTHICTIO HaJEXHOTO DiBHS
3HaHb  HEOOXiMHUX Uil  MOOYJOBH  3IOPOBOTO
XapuyBaHHA, [0 BHUABISETHCS B HEOO €KTHBHINA OIIHII
pamioHiB Ta BIACYTHOCTI HaBHYOK WOTO KOPEKIIii.
[ligBumieHHs pIiBHSA OCBITH CTYAEHTCBKOI MOIIOII 3
MUTaHb  3A0POBOTO  XapuyBaHHA €  OJHUM i3
MPIOPUTETHUX HANPSMKIB Y MOTHBALii J0 3ZOPOBOTO
croco0y xuTTs. PO3BUTOK BHIOI OCBITH B YKpaiHi CIij
OpIEHTYBaTH Ha HarajbHI IOTPeOM MiABUILEHHS PiBHS
BaJICOJIOTIYHOTO  CIPSMYBAaHHS, 1  BIPOBAKCHHS
BIJINIOBITHUX TEM, IMPCAMETIB B HABYAIBHUA MPOIEC
BUIIIMX HABYAJbHHUX 3aKIAQJiB Ta 3J0POB’sA30epiraroumx
TEXHOJIOTIH.

CporofHi HaBiTh pi3HOMaHITHE XapyyBaHHS He
rapaiTye JOOCTaTHHOTO  HAOXOIDKCHHS  €JIEMEHTIB,
MIPU3BOINTH 10 BUHUKHEHHS AC(DIIIUTY, 3aIIOBHUTH SKHHA
MOXKHAa TUTBKH 32 JOMOMOTOI0 XapuoBUX J00aBOK Ta
pO3poOKK 30aradyeHMX Ha MakKpo- Ta MIKPOEIEMEHTH
Xap4yoBUX MPOXYKTiB. M IOCATHEHHS IOBHOLIHHOL
010JIOT1YHOT aKTMBHOCTI Xap4yBaHHS, OCOOJIMBO B
yMOBaX HOro 0OMEKEHHs, MOTPiIOHE BBEJCHHS 10 CKIAJy
pauioHy  IpaBWIIBHO migiopaHux — MiHepabHUX
KOMIUIEKCIB, sIKi BHpOOJIsie cydacHa (apManeBTHYHA
poMUCIOBicTh, Hampukiazn, Ultivit, Andasit, [TikosiT,

noJaJIbLIIOro

Bitpym.
Y cydacHMX yMOBax HaWOUIBII EKOHOMIYHO
IOCTYIIHUM 1 HAayKOBO OOIPYHTOBAaHHM  IIISIXOM

BHpIMICHHA TPOOJIEMH pAIliOHANBHOTO Xap4YyBaHHS €
po3pobieHHs KyniHapHOi MpoayKmii (GyHKIIOHATEHOTO
MIPU3HAYCHHS, KA € 30aJJaHCOBAHOI0 3a MiHEPATLHUMHU
peUOBMHHM Ta  IHIIMMH  OIOJOTIYHO  AKTMBHUMH
KOMIIOHEHTAaMM, @ TaKOX BIPOB3DKCHHS HOBITHIX
TEXHOJIOTIM KyJIiHapHOT MpoayKnii (YHKIIOHAJIBHOTO
NPU3HAYECHHS, a caM€ MOJEIOBaHHS (DYyHKIIOHAIBHUX
XapuoBUX KOMIIO3WLIA 1 NPOAYKTIB Ha X OCHOBI 3
BUKOPHUCTaHHSIM ONTHMI3anii BUOOPY Ta CIIiBBiJHOLIEHB
IHTPEIEHTIB, 32 SKUX MOXIIMBO OTPUMATH KOMIIO3HIIIIO,

MO 3a KUIBKICHUM BMICTOM 1 SKICHAM CKJIagOM
MaKCHMaJIbHO BIIIOBIgAE MEINKO-010JI0TTYHAM
BHUMOTaM.
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E. A. YEPHYIIIEHKO, O. B. CAEBHY, A.A. OCTPOBCKAA

IIYTHU OBOI'A’KEHU A ITUINEBBIX PAITMOHOB CTYAEHTOB BUOT'EHHBIMH 2JIEMEHTAMU

Jlns COXpaHeHWs M YKPEIUIEHHS 3/10pPOBbSl MOJIOJIEKH OJHOW M3 3aJady rocylapcTBa B OONACTH 340POBOTO IHTAHUS SBISETCA
pa3BUTHE IPOU3BOJACTBA IUIIEBBIX NPOAYKTOB (YHKIHMOHAJIBHOIO HA3HAUCHHUs, OOOTALIEHHBIX HEOOXOIMMBIMH MAaKpo- MU
MHKpO3JIeMeHTaMH; pa3paboTka 100aBOK OHONOTMYECKH aKTHBHBIX BEIIECTB M OPHEHTHPOBAaHHME BbICUIErO0 00pa3oBaHHS Ha
MIOBBIIICHNE YPOBHS 00pa30BaHUS CTYJCHTOB BaJICOJIOTHYECKOTO HATIPABICHHS, U BHEAPECHIE COOTBETCTBYIONIUX TEM, MPEAMETOB
B y4eOHBIH MPOLECcC BHICIINX YIeOHBIX 3aBe/ieHUi. CTaThs MOCBAIIEHA MPOOIeMe MOHUTOPUHTa XUMHYECKUX BEIIECTB B IINTAHUN
CTYICHYECKOH MOJIOAEKH B COBPEMEHHBIX YCIOBHUIX. C MOMOIIBIO aHKETHPOBAHUS 1 METOAUKY ONPEEIeHHs CONEPKAHUSI MUKPO-
U MaKpO2JIEMEHTOB B CyTOYHOM pAIHOHE BBISBIEHO HECOOIOJCHUE MPUHIUIIOB PALIOHAIBHOTO IMHTAHUS CTYIAEHTAMH IHCBHOM
(bopMbl 00y4eHHs, YTO OTPULIATEIIBHO CKAa3bIBACTCS HA COCTOSHHMH MX 310pOBbs. [IIst BCeX CTYAEHTOB IHEBHOH (opmbl 00yueHus
oT™euaercs gedumuT notpednenus Mona, nedumur dochopa B 50,2%, Lunka B 64,7%, Xpoma 56,2%. ,95 pasa [ IOHOMIEH U
obHapysxeH nepunut norpediaenus Kambuus y 97,9% crynentos, y 82,4% — nedunut Marnus. [ocrymnenne ®epyma, Mapranua,
Cenena u KynpyMa ¢ pannoHamu NHUTaHHs IIPEBBILIACT PEKOMEH/yeMble 3HaueHHMs. V3ydeHne kayecTBa PalMOHOB CTY/CHTOB
MJIQIINX KypcOB IIOKA3alo, 4YTO OOJNBIIMHCTBO CTYIEHTOB HMEET HONUACPUIMTHOE, pa30aTaHCHPOBAHHOE MO MHKPO- H
MAaKpOdJIEeMEHTaM ITUTaHKE, a TAKKe OTCYTCTBHE CO3HATEIHHOI'O OTHOIICHUS K ITUTaHUIO. BBISBIEH HM3KHII ypoBEHb YMEHHH M
HaBBIKOB CTYIEHTOB B OpTaHHM3aI[K COOCTBEHHOTrO nuTaHus. HeocTaTouHbIi ypoBeHs 3HAHUN O Ha/UIXKAIeM ITUTaHUH SBIISETCS
MOTECHIMAIBHEIM (haKTOPOM YXYZIILIEHHs 3[0POBbsl, BO3HHKHOBCHUS IIEPBHYHBIX M BTOPHYHBIX AIMMEHTapHBIX 3a00JIeBaHUM,
CHI)KEHHs] YMCTBEHHOW paboTocriocoOHoCTH. IIpensioxkeHbl MyTH MOBBILICHUS YPOBHS 3HAHHUIH MO MPAKTHYECKOW HYTPUIIMOJIOTUH
CTYJEHTOB BBICLICH LIKOJbI M IYTH PEIICHHs NPOoOIeMbl COAAHCUPOBAHHOTO IUTAHUS CTYACHTOB Kak 3(Q(EKTUBHOIO yCIOBUS
YJIyULIEHHS COCTOSHUS UX 3J0POBbs KaK 3((PEKTUBHOTO yCIOBHS YIIYHUIICHHUS COCTOSIHHS MX 3/10POBbs Y CTAHOBIEHO, YTO OJJHOM U3
NPHOPUTETHBIX 3a/lad COBPEMEHHOCTH SBIACTCS IIOBBIIICHHE YPOBHS OOpa30BaHMS CTYACHYECKOH MOJIOAEXKH II0 BOIPOCAM
3[J0POBOTO ITUTAHUS.

KnioueBble cjI0Ba: MUKPOJICMEHTHI, MAaKPOIJIEMEHTH, (DM3HOJOTHS IHTAHUSA, CTYIACHTHI, 37J0POBHE, PAILIOH IUTAHMS,
PEKUM NMUTAHMS, IPUHIUIEI PAIIMOHATIBHOTO TUTAHNS.

O. O. YEPHYIIIEHKO, O. B. CAEBHY, I.0. OCTPOBChKA

HJISAXU 3BATAYEHHSA XAYOBUX PAHIOHIB CTYJAEHTIB BIOTEHHUMU EJIEMEHTAMU

Jlnst 30epexeHHsT Ta YKPIIUIEHHs 310pPOB’S MOJIOJAI OJHIEI0 3 3amay AepXKaBd B 00NacTi 310pPOBOr0 Xap4yBaHHS € PO3BUTOK
BUPOOHHUIITBA Xap4YOBHX MHPOAYKTIB (YHKLIOHAJIBHOTO IMPU3HAYCHHS 30araueHUX HEOOXiJHUMH MaKpO- Ta MIKpOeIeMEeHTaMH;
po3podka mo6aBoK O0i0OJOTIYHO AKTHBHHMX DPEUOBHH Ta OPIEHTYBAaHHS BHUINOI OCBITH Ha IIJBHINEHHS DPIBHSIO OCBITH CTYJCHTIB
BaJICOJIOTIYHOTO CHPSIMYBaHHS, i BIIPOBA/DKCHHS BIJIIIOBIAHUX TEM, IPESIMETIB B HABYAJIBbHUI POLIEC BUIIMX HAaBYAJIBbHHX 3aKJIaliB.
CrarTsi npuCBsiYeHA IPOOIEMI MOHITOPHUHTY XIMIYHMX PEUOBHH y XapuyBaHHI CTYJEHTCHKOI MOJIOAI B CyJacHMX yMOBax. 3a
JIOTIOMOTOI0 AHKETYBAaHHS Ta METOJMKH BHM3HAYCHHS BMICTY MIKpPO- Ta MAakKpOCJIEMEHTIB y H000BOMY pAliOHI BHSBICHO
HEJOTPUMAHHS NPUHLMIIB PalliOHAIPHOTO XapuyBaHHS CTyAEHTaMH JeHHOI (OpPMH HaBYaHHS, 10 HETATHBHO BIUIMBA€ HA CTaH
iXHBOTO 3700pOB’s. JIIst YCiX CTYZEHTIB AeHHOT GOPMH HABUAHHS BigMiuaeThest AedinuT croxusanus Hony, nepinur docdopy y
50,2 % , Liunky y 64,7 %, Xpomy 56,2% Cepenniii Bmict Kanbuito y 1060B1X paiioHax OyB MEHIIIE PEKOMEHIOBAHOTO MPUOIH3HO
B 1,7 pasu nis piBuar ta 1,95 pasu s 1oHakiB 1 BusiBaeHo aedinut cnoxusanHs Kansiito y 97,9 % crynenris, y 82,4% - nedinur
Marniro. Hagxomxennss ®epymy, Mapranimo, Ceneny ta Kympymy 3 pamioHamM#u XapuyBaHHS INEPEBHIIYE PEKOMEHIOBaHi
3HauCHHS. BUBYEHHS SKOCTI paIlioHIB CTYHEHTIB MOJOAMMX KypCiB IOKa3ajo, IO OUIBIIICTh CYAEHTIB Mae IoiimudinurHe,
po3basiaHCOBaHE 3a MIKpO- Ta MaKpOCJIEMEHTAMH XapyyBaHs, a TAaKOX BIJCYTHICTH CBiJOMOrO CTaBJCHHS [0 Xap4yBaHHS.
BusiBneHo HHU3bKHII piBeHb BMIiHb I HABUUOK CTYZACHTIB B OpraHizamii BIacHOTo xapuyBaHHs. HenocraTHiil piBeHb 3HaHB IIPO
HAJICKHE XapuyyBaHHS € MOTCHUIfHMM YMHHUKOM IIOTipLICHHS 310pOB’s, BUHHKHECHHS IEPBHHHUX 1 BTOPHHHHUX aliMEHTapHHX
3aXBOPIOBAaHb, 3HWKCHHA pPO3YMOBOi Ipale3JaTHOCTi. 3alpoNOHOBAaHO LUISXM IHiJBUIICHHSA pIiBHA 3HaHb 3 MPAKTHYHOI
HYTPILIOJIOTii CTYJCHTIB BUIIOI IIKOJIX Ta LUISXH BUPIIICHHS Mpo0ieMy 30alaHCOBAHOTO Xap4uyBaHHs CTYICHTIB SK e(pEeKTHBHOI
YMOBH IOKpAIlaHHA CTaHy iXHBOTO 370POB’S K €(EeKTHBHOI yMOBM IOKpAallaHHS CTaHy IXHBOTO 370poB’s. BcraHoBieHo, 1o
OJTHUM 3 NPIOPUTETHHX 3aBJaHb CHOTOJICHHSI € IMiABUILCHHS PiBHS OCBITH CTYACHTCHKOT MOJIO/Ii 3 MUTAHb 3/I0POBOTO XapuyBaHHS.

KirouoBi ci10Ba: MIiKpOeneMEHTH, MakpoeaeMeHTH, (i3ioJoris XapuyBaHHS, CTYICHTH, 30pOB’s, pallioH XapuyyBaHHS,
PEXUM XapuyBaHHS, TIPUHIMIIA PALliOHAIBHOTO Xap4yBaHHS.
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S. BUKHKALO, A. AGEICHEVA, M. MOSKALENKO, I. ROZHENKO, O. BELYANSKIY

PROFESSIONAL COMPETENCE FORMATION WHILE TRAINING FIELD
TRANSLATION SPECIALISTS

The importance of professional competence formation while training field translation specialists is analyzed. It has been proved that
training translation is of great importance for the country for establishing international relationships around the world. Professional
competence main aspects are investigated. A comprehensive analysis of professional competence formation while training field
translation specialists is performed. Peculiarities of professional competence formation are revealed. Exploring main aspects of
training field translation is described. It is determined that it is important for a translator to have professional competence. The
results of this work are very important and necessary for further study of the field translation specialists training. The materials of
the article consider the possibilities for determining the goals of education of university students in order to further develop the
components of complex projects. Developments have been carried out using modern, highly efficient, science-based technologies
for the use of raw materials, for example, from the types of analysis of raw materials and products to the choice of polymer
packaging and packaging at various stages of operation and disposal. Examples and some features of possible learning solutions
based on experimental data of development of mechanisms of identification-classification of processes and their scientific

substantiation in the form of objects of intellectual property are presented.
Key words: Field translation, training, professional competence, example, Information Technology, Master

training

Introduction. The current economic situation in the
labor market requires high competence in the main
specialty and well-developed knowledge mobility of
university graduates in various spheres of life. For quick
adaptation in the professional and social spheres, an
employee needs professional competencies that do not
lose their significance when the production technology
changes and help to work effectively when changing the
main profession.

Professional competence is a necessary component
of a person's professionalism, formed in the process of
higher professional education. High competence in the
main specialty and a developed mobility of knowledge in
various areas of life can give a young specialist training
in a Master's degree, which is especially important in the
current economic situation in the labor market.
Translation sphere plays an important role in the
development of the domestic economy as a whole. In this
regard, the state of professional training of Masters in
field translation the prospects for its improvement and
development are considered as one of the most important
tasks of educational policy. In addition to the increased
volume and depth of professional knowledge, today a
Master in translation needs to have non-standard
thinking, developed professionally significant qualities,
possess communication skills, implement a creative
approach to solving not only technological and technical,
but also socio-economic, environmental, research
problems, while using a wide synthesis of
interdisciplinary knowledge. The competence model of a

Master in field translation includes the following
groups of competencies: social and personal, economic
and organizational and managerial, general scientific,
general professional and special. Socio-personal,
economic and organizational-management, general
scientific and general professional competencies serve as
a foundation that allows the graduate to flexibly navigate
the labor market and be prepared for continuing
education. The formation of professional competence of

specialists is a step-by-step process of professional and
personal development.

Professional competence develops as Masters
acquire certain competencies. It is necessary to create
such conditions in the system of higher professional
education that would contribute to the development of
basic professional competencies. The question arises,
how to ensure such a level of training for
undergraduates? How to purposefully form, develop and
consolidate the competencies necessary for the
professional activities of Masters? Pedagogical science
still faces unresolved tasks of creating effective didactic
systems based on the use of such forms and methods of
teaching that would ensure intensive mastery of core
competencies and contribute to more effective
development of the individual. In order to achieve a
practical orientation, strength and effectiveness of
knowledge, it is important not only to organize the
process of their assimilation in a different way, but also
to make serious adjustments to all forms of control over
the educational work of undergraduates.

Identification of previously unsettled parts of the
general problem.

So, the formation and development of the basic
professional competencies of future Masters is one of the
main trends in the development of modern higher
professional education. On the other hand, the
development of basic professional competencies among
undergraduates of technical universities is one of the
little-developed, but especially important areas in solving
the problems of improving the efficiency of the
educational process and the quality of Masters' training.
In this study, an attempt was made to theoretically
substantiate and experimentally prove the possibility of
forming the basic professional competencies of future
Masters in field translation in the terms of experimental
integrated learning.

© Bukhkalo S., Ageicheva A., M. Moskalenko,
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The main purposes of this paper are:
the identification, theoretical justification and
experimental verification of pedagogical conditions that
contribute to the effective formation of professional
competence of undergraduates

The main part.

The concepts of “competence-based approach” and
“key competencies” have become widespread relatively
recently in connection with discussions about the
problems and ways improving education. Appeal to these
concepts is associated with the desire to determine the
necessary changes in education. The conceptual

Technical f\ —
support |

Innovative
technologies

Economicand law, social

and environmental support
1 /. Project
\ 7 management
.'I ,u'_

Figure 1. Design technology improvement areas

The competence-based approach is a set of general
principles for determining the goals of education,
selecting the content of education, organizing the
educational process and evaluating educational results.
These principles include the following provisions:

* The purpose of education is to develop the ability of
students to independently solve problems in various areas
and activities based on the use of social experience, an
element of which is the students' own experience.

* The content of education is a didactically adapted social
experience in solving cognitive, ideological, moral,
political and other problems.

* The meaning of the organization of the educational
process is to create conditions for the formation of
students' experience of independent solution of cognitive,
communicative, organizational problems that make up
the content of education.

 Evaluation of educational outcomes is based on an
analysis of the levels of education achieved by students
at a certain stage of education.

Many ideas of the competency-based approach
emerged as a result of studying the situation in the labor
market and as a result of determining the requirements
that are formed in the labor market in relation to the
employee. The concept of a "good employee", of course,
includes the qualities of a good specialist, i.e. certain
special, professional training. But a good employee is a
person who can work in a team, can make independent
decisions, is proactive, capable of innovation. From the

apparatus that characterizes the meaning of the
competence-based approach in education has not yet
been established. However, some essential features of
this approach can be identified (for example 1, figure 1
and 2) [1-5]. The presented material is characterized by a
variety of topics and tasks that correspond to the main
sections of the course «General technology of the food
industry» with the inclusion of sections «Classification of
the main laws of food technology» and «Main
characteristics of complex projects of an innovative
industrial enterprise», which expands the possibilities of
training bachelors.

Technical support
| capabilities assessment

Innovative
technologies

Resources and their structure

assessment, material costs, Project management

economic efficiency and - capabilities
impact on the environment //' assessment
\ S i
/ !
\ /
\k N 4 &
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Figure 2. Techniques for improving design technology
standpoint of the competency-based approach, the main
direct result of educational activity is the formation of
key competencies. When implementing the competency-
based approach, a number of theoretical and
methodological issues arise, but the main question
remains: what is the difference between the competency-
based approach and the traditional approach.

In the history of science, there are many approaches
that can be classified on various grounds. By scientific
disciplines: philosophical, psychological, pedagogical,
anthropological, interdisciplinary, etc. According to the
object of application: activity, cultural, personal, etc. By
organization of consideration (analysis): systemic,
complex, structural, etc. The competence-based approach
is systemic, interdisciplinary. It is characterized by both
personal and activity aspects, i.e. has a practical,
pragmatic and humanistic orientation. For the preparation
of masters with high professional competence, it is
necessary to take into account the professional and
personal qualities that they must possess as qualified
workers: competence; independence; a responsibility;
mobility; analytical thinking; information, legal and
environmental culture; entrepreneurial and creative
activity; willingness to constantly update knowledge, etc.

The implementation of the educational program for
the preparation of masters in the electrical engineering
direction provides for the fulfillment of a number of
requirements for the professional and personal training of
a certified specialist. That is, it is necessary to build a
model based on the analysis of social, industrial and
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other types of activity of an engineer, taking into account
the prospects for the development of science, technology
and society as a whole, and allowing to single out a
system of personality qualities that ensure its self-
development, self-improvement and self-learning to

fulfill emerging in the process of life tasks.

Figure 3: X, =4
Y, = 0,280 — 0,083x, - 0,120x, — 0,130x; — 0,002:x,x, —
—0, 007){1)&'3 + 0, 050){2){3 + O, 073x1x2x3

Recycling
the stream of
plastic waste

The concept of a specialist model is capacious and
diverse. [6]. The problem of wastes utilization and
recycling is present as complex research and analysis of
energy- and resource saving processes for treatment of
polymer wastes of various origin [1-29]. As an example
2 of synergetic approach to polymer figure 3 — 6.

0.2

Figure 4: X, =2
Y, = 0,280 — 0,083, —0,120x, — 0,130x; — 0,002x,x, —

—0, 007xl.X3 + 0, OSOXZ)C3 + O, 073xle.X3

The accumulation of plastic waste after separation
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Figure 5. Study and analysis of identification
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Figure 6. Study and analysis of the course «General technology of the food industry»

The indicators for assessing the competence of a
specialist are:

- professional knowledge, including data of
pedagogical sciences (facts, ideas, concepts, current state
and different views on the problem), erudition, free
presentation of material, etc.;

- the level of communicative culture, taking into
account the ability to express thoughts in written and oral
form; the ability to interest and explain the material, to
argue, debate; give reasoned opinions, specifically
answer questions; understand and listen;

- the desire for professional growth, determined by
the presence of awareness, the need and importance of
professional growth; possession of methods for solving
professional problems; the ability to achieve goals;

- the criterion of "ability to reflect", which includes
the ability to evaluate oneself, highlighting the positive
and negative aspects in the personal and professional
sphere; the ability to realistically take into account their
capabilities and resources. As follows from the above list
of types and generalized tasks of activity, the master
receives an education of a higher quality (level), which
should provide him with additional opportunities in the
field of professional activity compared to the bachelor,
including the right to independently conduct individual
work (projects), make the necessary decisions, etc.

The cognitive basis of all competencies is scientific
knowledge, but this aspect is most pronounced in the
preparation of masters, which ensures the ability of these

graduates to solve complex issues and make independent
decisions. A higher level of master's training gives him
the opportunity to engage in scientific research,
development and discovery. In addition, the master
should have communicative competencies to a much
greater extent than the bachelor. This is due to the fact
that the work of a master is possible both in the field of
man-man and in the field of man-machine, while the
bachelor is prepared mainly for work in the field of man-
machine. To ensure the possibility of adapting a graduate
to a dynamically developing field of engineering and
technology, he must have a broad outlook, general
technical education that goes beyond the general
education formed by a secondary school.

Fundamental knowledge that determines general
technical education should be formed as a result of the
student's mastering the cycles of natural science and
mathematical disciplines, as well as general knowledge
for a wide range of professions, knowledge in the field of
organizational and managerial activities, information
technology, materials science, electrical engineering,
engineering graphics and etc. So, the formation of the
master's professional competence is a step-by-step
process of professional and personal development.
Professional competence develops as the master acquires
certain competencies.

Pedagogy in the context under consideration finds
itself in a contradictory situation: on the one hand, it
deals with the unique personality of the student and, in
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this sense, there cannot be a prototype for it, which
means that it is possible to reproduce a certain quality of
a social object (a person of a certain society) only with a
certain degree of conventionality, and on the other hand,
the institution of an educational institution is called upon
to reproduce «social objects» of a strictly defined quality,
a certain standard.

A socio-economic analysis of the development of
modern professional technologies allows us to identify
the main factors that determine the need to introduce the
concept of key competencies into the practice of training
and assessing specialists:

- economic uncertainty, containing the threat of
unemployment and necessitating a continuous increase in
the level of education and qualifications;

- change in the organizational structure of
production: instead of a hierarchical vertical structure - a
command (network) organization; wide distribution of
the anthropocentric system of production;

- decentralization of the decision-making process,
as a result of which the ability to work independently,
analyze difficult situations and make responsible
decisions is becoming increasingly important;

- widespread introduction of computer technologies
into production, service and everyday life, replacement
of conveyor-assembly production with a flexible,
computer-controlled one;

- the presence of many languages and cultures,
which implies a thorough humanitarian training and
knowledge of 2 — 3 foreign languages.

Here are five core competencies that are given
particular importance in the vocational education of the
European Community:

- social competence - the ability to take
responsibility, jointly develop a solution and participate
in its implementation, tolerance for different ethnic
cultures and religions, manifestation of conjugation of
personal interests with the needs of the enterprise and
society;

- communicative competence, which determines the
possession of technologies of oral and written
communication in different languages, including
computer programming, including communication via
the Internet;

- socio-informational ~ competence, which
characterizes the possession of information technologies
and a critical attitude to social information disseminated
by the media;

- cognitive competence - readiness for continuous
improvement of the educational level, the need to update
and realize one's personal potential, the ability to
independently acquire new knowledge and skills, the
ability to self-develop;

- special competence - readiness for independent
performance of professional actions, evaluation of the
results of one's work.

An indispensable requirement for a young specialist
is the ability to adapt steadily in a rapidly changing
technical production situation; for a specialist, flexibility,
professional and psychological mobility, and readiness

for constant retraining are important. But retraining is not
only the acquisition of knowledge, it implies a certain
base, a foundation of knowledge that allows you to
operate with them, increase them, and, if necessary,
quickly change your specialty. Flexible systems of
production will require flexible systems for training
specialists. Studies in the field of professional
competencies show that in most cases, an employee
(specialist) is required to have abilities that are not
directly related to the subject content of the specialty, but
are of an extrafunctional nature.

There are social, professional and special
competence. Social competence is the ability of a
specialist to quickly adapt to various national, cultural,
material, industrial and economic environments, which is
possible on the basis of his discipline, responsibility,
activity, entrepreneurial spirit, sociability, good manners,
and the ability to work in a team. Social competence
determines the desire of a specialist to improve his
educational potential and status up to the occupation of a
managerial position. This competence is manifested in
the social mobility of a person.

Professional competence is a system of knowledge,
skills, skills that ensure the performance of professional
activities of a wide profile (in related specialties).
Professional competence is determined by the range of
general technical knowledge, skills and abilities and is
expressed in the professional mobility of a specialist.
Special competence is the knowledge, skills and abilities
necessary for the implementation of professional
activities directly at a particular workplace.

There are three levels of competencies:

- narrow range —  highly
monoprofessional;

- medium range - for a certain group of professions;

- wide range - not associated with any profession.
The formation of students' professional competence is
changing under the influence of the dynamics of
professional and life values, motivation for learning, the
development of new types of educational institutions,
and the expansion of the range of training and education
technologies. In general, the humanitarization of
vocational education has shown and activated the
flexibility of professional intentions, the mobility of
interests; there is a more complex structure of motives
for professional self-training. The current situation on the
labor market in many respects smooths out the problem
of the rigidity of professional choice. The pedagogical
process has wide and varied possibilities for the
formation of a student's professional competence.

Here is a list of opportunities for the educational
process of a technical university to form the professional
competence of future masters:

- availability of basic training courses,

- the inclusion of specialization for mastering the
theoretical foundations of entering the profession with an
awareness of the importance of the unity of general and
vocational education,

- the use of educational and industrial practices for
the acquisition of professional experience by the method

specialized,
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of professional trials; professionally significant
simulation professional situations in the system of
laboratory and  practical  classes, pedagogical
technologies for supervising the individual style of the
future professional,

- orientation of the master to self-knowledge of the
features and capabilities of his personality in accordance
with the requirements of the profession, interest in self-
development of professionally necessary qualities,

- striving for versatility of development for the
purpose of possible future self-realization in situations of
professional activity,

- awareness of the need to update the professionally
significant qualities of a person in the process of learning
according to the profile of the faculty, the ability to
control and evaluate processes, the effectiveness of
activities, etc.

The educational and educational process of a

technical university is capable, using the potential
possibilities of solving problems and forming the
professional competence of a specialist, to provide
pedagogical conditions aimed at “corresponding” the
educational and educational process of a university to the
main characteristics of future professional activity. So,
the formation of professional competence is the process
of successful mastering the profession, the emergence of
integrativeness of personal quality, which allows the
master to be ready to solve professional problems,
realizing social responsibility for the consequences of
their solution and building a favorable personal
perspective. In addition, we believe that one of the
regularities in the formation of professional competence
is the presence of motivation to master a profession.
Of all the pedagogical conditions, we single out, in our
opinion, the optimal ones that affect the development of
the basic professional competencies of a student in a
certain direction:

- conditions that ensure the participation of teachers
in the development of the basic professional
competencies of future specialists;

- conditions that ensure the participation of
undergraduates in the development of basic professional
competencies as active subjects of self-development;

- conditions affecting the formation of basic
professional competencies, which are provided by the
educational and professional environment.

Innovative processes in education are based on
scientific developments, including managing the quality
of the state of pedagogical reality and explaining the
reasons that led to such a state, and provide for the
purposeful creation of new forms of external and internal
activities of subjects of pedagogical interaction using
model  representations,  with  their  subsequent
implementation, if available. the following conditions: a
system-holistic approach to the organization of training;
professional competence of the teacher and his readiness
for innovation; technological support of the educational
process (educational programs, didactic materials,
automation tools).

The creative activity of the subjects of the
educational process is closely connected with the theory
of pedagogical practice, with forecasting, organization,
planning, modeling, and management of the educational
process. Therefore, the design of didactic technologies
requires a systematic and holistic approach to solving
educational problems and tasks in a technical university.

The list of requirements for a young specialist
allows us to draw the following conclusions:

1. In production, in modern conditions, the role of
qualities of not only professional, but also personal
nature of an engineer has increased.

2. The demand for integrated knowledge and skills
of a modern specialist has increased.

3. The role of abilities and skills to carry out
economically sound actions and make rational decisions
has increased.

4. In production, integrated, interdisciplinary
knowledge and knowledge of information technologies
are in demand.

Undoubtedly, changes in the basic model of a
young specialist entail a transformation in the technology
of his training, associated not only and not so much with
adjusting the content of education, but with the use of
innovative teaching methods. There is a need to design
innovative technologies based on interdisciplinary and
other types of integration. This statement is based on the
fact that a young specialist must have not only integrated
knowledge and skills, but also an integrated
consciousness, which, in our opinion, can be formed in
the process of experimental integrated learning.

Translation  competence includes linguistic,
communicative, text-forming, technical competence, as
well as the personal characteristics of the translator. The
main components of modern information technology in
the translation business should primarily include:
information and reference; accumulation, archiving,
search and restoration tools of fragmented translations;
formatting and conversion means of text data; translation
texts localization means; tools for translation quality
control (References, Figure 6).

Conclusions and ideas for further investigation

Master's professional competence is a capacious
and diverse concept. Obtaining such a model involves the
description of a large number of intertwining factors,
which in many cases is difficult to correctly interpret
using mathematical and statistical methods of analysis
and data presentation forms.

Competency models of masters have a certain
degree of adequacy (compliance) and describe: a set of
competencies that a specialist (a university graduate)
should have; a set of activities and generalized tasks for
which he is prepared; the degree of preparedness for
solving a complex of generalized tasks in relation to a
wide range of objects of activity [17-29].
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C. BYXKAJIO, A. ATEHYEBA, M. MOCKAJIEHKO, 1. POXEHKO, O. BE/IAHCbKHH
®OPMYBAHHSI IPO®ECIHHOT KOMIIETEHTHOCTI 3A CIELIIAJIOM IIITOTOBKHY
CNEWIAJIICTU-TIEPEKJIAJTA

IpoananizoBaHo BaIMBICTH (OPMyBaHHS IPOQECifHOl KOMIIETEHTHOCTI IIiJ{ 4ac MiJrOTOBKM ()axiBI[iB IIOIBOBOrO IeEpeKiIay.
JloBenieHo, IO HAaBYAHHS MEpeKiIafy Mae BEJMKE 3HAYCHHS JUIS KpaiHW U1l BCTAHOBJICHHS MDKHApOIHHX BIHOCHH y BCHOMY CBITI.
JlocnmipKkeHO OCHOBHI acleKTH mpodeciiiHoi KOMIIETeHTHOCTi. 3MifiCHeHO KOMIUIEKCHMH aHam3 (opMyBaHHSI —mpodeciifHol
KOMITCTEHTHOCTI TIpH MiATOTOBII CHEMIaJiCTiB 3 IepeKiagy Ha BHi3HI TeMH. BusBieHo ocoOmiBocti (opmyBaHHS mpodeciiiHol
KoMIeTeHTHOCTi. ONHMCaHO BUBYCHHS OCHOBHHX aClEKTiB HABYAJIbHO-IIOJIBOBOTO Nepekiany. BusHaueHo, 110 Uil IepeKiagaya BaKIMBO
MatH npoeciiiHy KOMIIETEHTHICTb. Pe3yibraTh i€l poOOTH € Tye BaKIMBUMH Ta HEOOXITHUMH JUIS1 OJAJIBIIOrO BUBYCHHS I1iIrOTOBKH
¢axiBuiB mepexiaamy. Y marepiajax CTarTi po3rISIAIOTHCS MOMKIIMBOCTI BH3HAYeHHs Iiineld HaB4yaHHs cryaeHTiB BH3 3 wmeroro
HOJAJIBIIONO0 PO3BUTKY KOMIIOHEHTIB KOMIUICKCHMX HpPOEKTiB. PO3pOOKM BenmMCS 3 BUKOPHCTAHHSAM CY4acHHX, BHCOKOG(EKTHBHHX,
HAayKOBO OOIPYHTOBaHHMX TEXHOJIOTIH BHKOPHCTAHHS CHPOBHHHM, HANpPHUKIAL, BiJ BHIIB aHAi3y CHPOBHUHH 1 MPOMYKL{i 10 BHOOPY
TIoJIIMEepHOT Tapy Ta YIIAaKOBKM HA Pi3HUX eTarax eKcIDTyararii Ta yrmmisarii. . HaBexeno mpukmamm Ta neski 0cOOIMBOCTI MOMKIIMBHX
HaBYAJIBHUX PIIeHh Ha OCHOBI €KCIIEPIMEHTAIBHUX JIAHUX PO3POOKH MeXaHi3MiB ineHTudikarii-knacugikanii nponecis Ta ix HayKoBoro
OOTPYHTYBaHHS Y BUTJISII 00 €KTIB IHTENIEKTYaIBHOT BIACHOCTI.

KimouoBi ciioBa: monboBuiA NepeKiiajl, HaBYaHHs, MpodeciiiHa KOMIIETEHTHICTb, IIPUKIIA, iHGOpMamiifHi TeXHOJOTi, MaricTepchka
HiIrOTOBKA.

C. BYXKAJIO, A. ATEHYEBA, M. MOCKA/IEHKO, H. POKEHKO, O. BEJIIHCKHH
OOPMUPOBAHUE IMTPOPECCHUOHAJIBHBIX KOMIIETEHIIUU B ITPOIECCE IOAT'OTOBKHA
CIIEIIMAJIUCTHBI 1O ITIEPEBOAY

AHanM3upyeTcsl BXKHOCTH (POPMUPOBAHUS TPO(ECCHOHATBHBIX KOMIICTEHINH TIPU MOATOTOBKE KaJpOB-TIEPEBOIUHMKOB. JloKka3aHO, 4TO
00y4eHue nepeBoxy UMeeT OOJIbIIoe 3HaYeHNe Il CTPaHBI JUT HAJIXKUBAHKST MEXTyHapOIHBIX CBI3el 1o BceMy mupy. Hccnemyrorcs
OCHOBHBIE aCIeKThl NPO(GECCHOHATBHOM KOMIICTEHTHOCTH. [IpOBeNeH KOMIUIEKCHBI aHaimm3 (HOpMHUPOBaHHS HPOGECCHOHATBHBIX
KOMIIETEHIMI! TIPU TIOJTOTOBKE KaJpOB-TIEPEBOIUNKOB. BbIsiBIeHBI 0cOOEHHOCTH (POPMUPOBaHUS MPOPECCHOHANBHON KOMIIETEHTHOCTH.
OrmmcaHo W3y4yeHHE OCHOBHBIX AacCHEeKTOB TPAHCIMIMH TPEHHPOBOUYHOro mosst. OmnpesneneHo, 4To Ui MEepeBOAYMKA BaKHO HMETh
HpO(ECCHOHAIBHYIO KOMIIETEHTHOCTb. Pe3ysbTarhl 310if paboThl OUEHb BaXKHBI X HEOOXOIMMBI JUISl TAIBHEHIIEr0 N3y4eHHs! BOIIPOCOB
TIOATOTOBKHY CIICIUATIMCTOB B 00JIACTH IIepeBosia. B MaTepranax ctaTbi pacCMaTpHBAIOTCS BOSMOXHOCTH OIIPEJIEIICHHS 1ereil 00ydeHus
CTYZICHTOB By3a C LEJbI0 JaibHeleld pa3paboTKH KOMIIOHEHTOB KOMIUICKCHBIX NPOEKTOB. Bermmch pa3paboTKH ¢ HCIIONB30BaHHEM
COBPEMEHHBIX BBICOKOI(D(EKTUBHBIX, HAYKOEMKHX TEXHOJOTHH HCIONB30BaHMS CBIPhs, HAlpUMep, OT BHIOB aHAIN3a CHIPbS H
TIPOAYKIMH [0 BBIOOpa ITOJIMMEPHOM Tapbl M Tapbl HAa Pa3IMUHBIX 3Talax SKCIUIyaTalld M yTHIM3anud. . [IpuBeneHs! mpuMepsl U
HEKOTOPBIE OCOOEHHOCTH BO3MOXKHBIX OOYyYalOMIMX PpEIIeHHH Ha OCHOBE SKCIEPUMEHTAIBHBIX JAHHBIX Pa3pabOTKM MEXaHH3MOB
UICHTU(UKALMH-KIIACCU(DUKALIMH TIPOLIECCOB M UX HAYYHOrO 0OOCHOBAHMS B BUJIE OOBEKTOB HHTEIUICKTYAJIbHOI COOCTBEHHOCTH.

KiroueBnie ciioBa: IloneBoii nepeBos, oOyueHue, NpodeccHoHanbHAs KOMIETEHTHOCTD, TIPUMep, HHYOPMAIMOHHBIE TEXHOJIOTHH,
MarucTepckas MoJroToBKa.
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B. 0. KPABYEHKO, C. I. BYXKAJIO, C. I1. ITJITH

IPUKJIATA BUSHAYEHHS CKJIAJOBUX [H®OPMAIIII>1HPIX TA OBUYHUCJIIOBAJIBHUX
TEXHOJIOI'TA U151 PI3HOBUIB I'AJIY3EU ITPOMUCJIOBOCTI

PO3rIssHYTO MOMIIMBOCTI BU3HAYEHHS Ta 3aCTOCYBAaHHS CKJIAJOBHX iH(pOpPMAmiHHMX Ta OOYHCITIOBAIBHHX TEXHOJOTIH JuIst
PI3HOBHJIIB CIICIIAIbHOCTEW HaBYaHHS CTYJCHTIB. Y POOOTI MpeICTaBICHO NMPUKAaan (GOpPMYyBaHHs KOMIUIEKCHUX 3HAHb MPO
HOPUHIUIN HOOYIOBH Ta (PYHKIIOHYBaHHS IIPOTPAMHOTO BU3HAUCHHS MOXIIMBOCTEH €(heKTHBHOTO BHKOPUCTAHHS CyYacHUX
iH(opMalifHO-KOMYHIKalliIHHUX TEXHOJIOTIN y npodeciiiHil qisUIbHOCTI iHKEHEepa-TeXHOJIO0Ta 3a Pi3HOBHAMH CIIeliai3atlii
CTY/IEHTIB IIOYMHAIOYH 3 IIEPIIOro Kypcy HaBuaHHs. JleTali30BaHO Ta IpOaHali30BaHO: CKIAN0B1 iHpOpMaLiiHHUX CUCTEM 3a
PI3HOBHIAMH JisUTBHOCTI; PUKIaaH Oi3HEC-TIpoIieciB 00paHol MpeAMETHOT 00acTi, BU3HaUeHHs Oi3Hec-QyHKIIiH Ta Oi3Hec-
IpOLECiB, IOCTAHOBKA 3ajaui. Po3pobieHi BUMoru 1o iHpopMauiiiHOI CUCTEMH, Ta BU3HAUEHHS (YHKIIOHAIBHUX BUMOT 10
iHpopMaliifHOi cucremu. BuszHaueHi kpurepii jorivHoro Ta (izmyHOrO MoOjenroBaHHA 0a3 maHux; po3pobmeno UML
MOJIETIIOBAaHHS KIII€EHTChKOI uacTUHU iHpopMauiiiHoi cuctemu. IIpoBeneHa po3pobka 3 ypaxyBaHHSIM BUMOI 1O (PyHKIiH
CepBEpHOT YacTHHHM Ta iHTep(eiCcy KIIEHTCHKOT YaCTHHH iH(OPMAIIHHOT CUCTEMH, OMTUCAaHI MOXKIIUBOCTI MMPOEKTHHUX PIllICHb,
po3pobieHo iHTepdeic KIIEHTChKOT YaCTUHU CUCTEMU, CTBOPEHHS 6a3u AaHUX A 00paHoi miaTdopMu; po3pobiieHi 3aco0u
30epexeHHs npolenyp, GyHkuii s cepBepHoi yacTuHH iHpopmaiiiHoi cuctemu (IC) Ta iHTepdeiic KIieHTCHKOT YaCTHHH
IC. Onucane maTeMaTuuHe OOIPYHTYBaHHS 3aCTOCOBAHOI'O AJITOPUTMY Ta 3p00JIeH] HEOOXiHI BUCHOBKHU.

KiouoBi cioBa: inpopmaiiiiHi Ta 00YMCIIOBAIbHI TEXHOJIOTIT; MPUKIIAAX 1 3a7a4i; mpeaMeTHa 00nacTh; QYHKIIT Ta
OIUC; BUCHOBKU.

Beryn.

VY mepion mpoBeneHHs OoWOBUX nid YKpaiHa, sIK
HIKOJHM, BigdyBae TOTPeOy PO3BUTKY CKJIQJTOBUX
pi3HOBUAIB iHGOpMAIIHHAX TEeXHOJOTiH. Pi3HOBHIN
rajy3eii TMPOMHCIOBOCTI, HaykW, Ta iHmWX cdep
JISTIBHOCTI CYCIUJILCTBA MOYKHA BU3HAYUTH SIK KITIOUOBI
It 30epiranHs, 0OpOoOKH Ta MiITPUMKH IIJTIICHOCTI yCi€l
iHpopMarlii, a TakoXX PO3BHTKY HaBITh Yy Taki CKJaaHI
yacu 3aXUCTy Ykpainu [1-5].

B ocranHiii pik i3-3a OOMEXeHb, IOB'A3aHUX 3
OoifoBMMH  JisMHM, Bce  Oulblle  KOMEpUiHHHX
MiAMPUEMCTB MOYHHAIOTH MPALIOBATH B OHJIANH-PEIKUM.
Takox Bce Oinplle NOKYIIB 0aaloTb POOMTH BCi
MOKYNKH B [HTEepHETI, It TOoro, Mmo0 ybe3meunTn cebe
Ta OTOYYIOUMX TPAIiBHHUKIB  MiINPHEMCTBA  BiJ
HeOe3Mekn, 1 3a0JHO 3aomaauTH 4dac. Po3poOka BeO-
JONATKIB JUIA PI3HUX MarasuHiB crae Bce OuIbII
3aTpeOyBaHOIO, 1 Bce OiNbIle TPOJABIIB TOYHHAIOTH
po3yMiTH miepeBaru Be0-101aTKiB.

[IpeameToM cTaTTi € BU3HAYCHHS Ta aHaNi3
mpeaMeTHoi  OOJIacTi  NPUKIANiB  Ta  CKIAJOBUX
MOCTIJDKCHHS 3 BHU3HAUCHHSIM Oi3HEC-TIPOIIECIB  Ta
NOCTAaHOBKM 3ajavi Uil  HHX, SKE MOXxe OyTu
MPEJICTABICHO, HANPUKIAL, Yy BUIJSLAI PI3HOBUJIB
iH(hOpMaIIHHUX TEXHOJIOTIH.

AHaJi3 Cy4yacHOro cTaHy NHUTAHHS Ta MeTOIU
aocaimkeHHs iHdpopManiifHUX cuCTeM.

Mpuxaan 1. [TogosxkeHi poOOTH y TpyIi CTYIEHTIB
3 METOI0 po3po0KH KoMIuIeKCHUX MpoekTiB HTY «XIII»
[6-20]. KitouoBi muTaHHS BH3HAYCHHS IHHOBAI[IHOTO
00’eKTy HaBYaHHS: BHM3HAYEHHs crewiamizauwii rpym i
Jlana 4epe3 CKJIJOBI HaBYaHHS 10 KOHLENTYaJbHOTO
MOJICITFOBAHHS, HANPUKIAN, BU3HAYCHHS MOXKIHUBOCTCH
Ta OLIIHKK aJrOPHUTMIB 3arajbHOi XiMi4HOI Ta Xap4yoBoi
TEeXHOJNOTriT iCHye 0arato KpHUTepiiB, HaNpUKIa,
ITOPUTM BU3HAYEHHS pallioHaJbHOI POOOTH PI3HOBHIIB
obnaananHsa. Haltvacrinie anamni3 anroputmy (abo, sk

Ka)XyTh, aHalli3 CKJIQJHOCTI aJIrOPUTMY) HOJArae B
OLIHIII BUTPAT 4Yacy Ha PO3B'SI30K 3a/adi B PO3PaXyHKY
HAa OJWHWIO BXigHUX Aanux (Tadm. 1). CxmamHicTh
aJTOPUTMY OIIIHIOETHCS TAKOXK KIIBKICTIO amapaTHUX

pecypciB, 30kpeMa o00csIroM TaMm’sTi, 3amisHOI s
BUKOHAHHS TaHOTO aJITOPUTMY.

Tabmuus 1. Busnauenus CKJIaIOBUX CUCTEM
iHhopMamiiHUX TexHooTiH [2—20]

Hasga eramiB pobotu

Amamiz cucteMH TpenMeTHoi 007acTi  iIHHOBALiHHOTO

00’ €ekTy cremiamizaiiii HaB4aHHs

Ommc cyTHOCTeH Ta 3B’A3KiB CHCTEMH Y BHUIIISI PI3HOBH/IIB
3a7a4 3a Pi3HOBHIAMHU CKJIQJIOBHX Tasys3i

BusHaueHHst aTpuOyTiB CYTHOCTEH CHCTEMH Ta 1X TOMEHIB
Omnuc HayKOBO-OOIPYHTOBAHOI CXeMH JAaHUX 3a/1adi
[To6ymoBa KOHIENTYAILHOT MOJIENI IHHOBAIIHHOTO 00’ €KTY
Hopwmasizalisi BiIHOIIICHS iIHHOBAILIIHHOTO 00’ €KTY
IToGynoBa yorignoi Mozl iHHOBaLIIfHOTO 00’ €KTY Ta iH.

[Io6 moBecTH 10 KOpPHCTyBaua QJIrOPUTMHU B
3aJeXKHOCTI Bif X NpHU3HAYEHHsS, BOHM MalTh OyTH
(dhopmartizoBaHi 3a MEBHUMH TMPaBWJIAMHU 3a JOMOMOTOIO
KOHKPETHUX 300paKalbHHX 3aco0iB. 3acobm, 110
BUKOPHCTOBYIOTECS [UISl 3aIIMCy QJTOPHTMIB, 3HAYHOIO
MIpOI0 BHU3HAUYalOThCS THM, MJIs SIKOTO BHKOHABI
NPU3HAYAETHCS AITOPHTM. Sxmo AJITOPUTM
NPU3HAYCHUI /11 BUKOHABLS-JIIOAWHH, TO HOTO 3ammc
MoXxe OyTH He TOBHICTIO (hOpMati3oBaHuii, y IbOMY pasi
roJioBHe B (popMi 3anucy — Iie HAOYHICTH 1 3pO3yMIIICTb.
Jist 3anmcy anropuTMiB, MIpU3HAYEHUX JUIS peaizalii Ha
EOM, HeoOxinHa cTpora ¢opmManizaris.

Mpukaax 2. OO’ekT JOCHIIKEHHS — TpOLEC
aBTOMaTH3allii 3aMOBJIEHHS Ta OONIKYy 3aMOBJICHb Y
IHTEpHET-Mara3uHi manpueEMCTBA.

© Kpasuerko B.O., byxkano C.1., Irnin C.II., 2022
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[IpeameT noCHijKeHHS — BHM3HAYEHHS CKJIAJOBHUX
iHpOpMaliHHUX TEXHOJOTIH Ta CHCTEMH, IPOrpaMHi
METOIM  PO3pOOKM Ta  CTBOPEHHS  IIPOrPaMHOro
3a0e3meueHHsT UId KITEHTChKOI Ta CEpPBEPHOT YaCTHHU
iH(QOPMAIIIfHOT CUCTEMH, IO JO3BOJISIE aBTOMATU3YBAaTH
6iznec-nporiecu y Outlet-marasuHi.

Mera pobGoT — poO3poOHUTH BeO-TOAATOK IS
iHdopmamiitanx cucteM «Outlet- Mmarazumy.

Meronu IOCIHiHKEHHS — aHalli3 MPOIECiB iIHTepHET-
MarasuHy, ONUTYBaHHs BUKIIAJaviB, SKi MAlOTh JOCBIJ B
npolLecax HaBYAIBHUX IPOTpaM, aHali3 JIOIOMIKHOT
JiTEepaTypu Ta METOAM NpoekTyBaHHsA 6a3 nanux. CASE
3acobu MPOEKTYBaHHS CHUCTEM, METoU
KOHLETITYaJIbHOTO 1 JIOTIYHOTO NPOEKTYBaHHS 0a3 NaHuX,
METOAM pPO3POOKK pEISIiHHNX 0a3 JaHuX, METOAH
MPOEKTYBAaHHS I1HTEPHET-IOMATKIB 3 BHKOPHCTAHHAM
00’ €KTHO-OPIEHTOBAHOTO MIPOTPAMyBaHHSI.

PesynbTaT po3po0Ky — MpoaHai3oBaHa MpeAMETHA
007acTh rayy3i MPOMHUCIOBOCTI ISl iHTEpHET-Mara3uHy
peaizarii IpoayKiIii.

MeToau 1OCHIPKEHHST — aHai3 MPOLECiB IHTEPHET-
MarasuHy peaiizanii pi3HOBHIIB NPOJIYKIii, OMUTYBaHHS
BUKJIaJIa4iB, SKi MAarOTh JIOCBIJl B MPOIECaX HABYAIBHUX
nporpaM, aHaji3 JONMOMDKHOI JTepaTypu Ta METOIU
npoektyBanHs 0a3 nanux. CASE 3aco0u mpoexTyBaHHS
CHCTEM, METOAM KOHIENTYaJILHOTO 1  JIOTIYHOTO
MPOEKTYBaHHS 0a3 JaHUX, METOIM PO3POOKH PEIISIiHHUX
0a3 JmaHWX, METOIM TPOEKTYyBaHHS 1HTEPHET-IOMATKIB 3
BUKOPHUCTAHHIM 00’€EKTHO-OPiEHTOBAHOTO
nporpaMmyBaHHs (Ta0u. 2, puc. 1). BusHaueHHS OCHOBHUX
Oi3Hec-TpoIIeciB, MO0 BUMAraloTh aBTOMaTH3AIli1

Iadopmaniiina cucteMa CTBOPIOETBCS MJIsI TOTO,
mo06 Gi3Hec-mporecy, sSKi MOJKHAa aBTOMaTH3yBaTH, OyiIu
aBTOMATH30BaHi, Ta 3aBASKM LBOMY  IIPOAABII
3aomapKyBaiau Oararto wacy. Ilpouec, sikuii motpedye

aBToMaTH3alii y mepimry uepry — OQOpMICHHS
3aMOBJICHHsI. 3aBIIIKM aBTOMATH3allli IHOTO MPOLECY
MOKYIIEI[b MOXE IIBUIKO Ta 3PYYHO KYMUTH MOTPIOHMIA
WoMy TOBap, a aIMIHICTpaTop Jdajli MOXe HWOro
0(hOpMHUTH.

Jnst Toro, mio0 aBTOMATHM3yBaTH Il TpoIiec,
MOKyTelb TOBUHEH BHUOpaTH TOTPIOHI HOMY ISt
MOKYTKA TOBAapH, 3allOBHUTH yCi HEOOXimHI naHi, sKi
Hajgani OyayTh BHKOPHUCTOBYBATHCS TIpH  OOpoOIIi
3aMOBJICHHSI aJ]MiHICTPATOPOM.

B npoueci 6epyTb yduacTs:

— ricte. KopucryBad, sKuii Mae MOXIJIHMBICTh
NepersiHyTH ~ Katajor, BigQiIbTpyBaTH TOBapum 3a
KaTeropi€ero, 00paTh Ta JOJaTH TOBAPH y KOIIIKK;

— mokymenb. KopucryBad, sIKuii Mae Hamip
opopmutu 3aka3. OKpiM MOXKIHUBOCTEH, IO Ma€ TiCTh,
Ma€ MOXIIMBICTh BBECTH yCi HEOOXiJHI KOHTaKTHi NaHi,

3MIHCHUTH TIOKYNIKY, OGOpPMHBIIN 3aMOBJICHHA Ta
JIOCTAaBKY TOBapy;
— anMinictparop. KopuctyBau, skuii  Mae

MOJKJIMBICTh TIEPETIISIATH YCi 3aMOBJICHHSI, 3MIHIOBATH 1X
craryc, QinprpyBatn iX. BusHadeHHs (yHKUIIOHANBHUX
BUMOT /10 iH(pOPMALHHOI CHCTEMHU

MoskHa TPOBOJUTH (PYHKI[IOHATBHE MOICITIOBAHHS
IC 3 Bukopuctamusm wmeromponorii IDEF0. Mera
MOJICIIOBAHHSA ~ —  BHU3HAYCHHA Ta  yTOYHCHHS
¢dyakionansHUX BUMOT 110 [C.

3aBASKM KOHTEKCTHIM jgiarpami, MH MOXEMO
MOKa3aTy MPU3HAYCHHS CHCTEMHU (OCHOBHY (YHKIIIIO) Ta
B3aEMO/IIIO 3 30BHILITHIM CEPEIOBUILEM.

Jlami micns onmucy OCHOBHOT (DYHKITIT BUKOHYETHCS
(yHKITIOHATbHA JEKOMITO3HUIliS, TOOTO BH3HAYAIOTHCS
GyHKIIT, 3 SKUX CKIANAEThCS OCHOBHA. J[€KOMMO3HILis

KOHTEKCTHOI JiarpaMu 00’€KTy IOCIIIKSHHS PO3POOKH.
MpEeCTaBICHA HA PUCYHKY 1.

Tabmuus 2 — Cki1ag0Bi IOCHIPKEHHS 38 TEMOIO MIPOCKTY

No 3MICT
1 ITOCTAHOBKA 3ATAYI: anani3 npeaMeTHOI rany3ilnpoMHCIOBOCTI
2 TEOPETHUYHI BIZIOMOCTI:

crierianizanii HaB4YaHHs

PO3pOOKH.

2.1. Bu3HaueHHsI CHCTEMH IpeIMeTHOT 00J1acTi iIHHOBALIHOTO 00’ €KTY Crewiai3alii HaBYaHHs.
2.2. CkiaJoBi MPOMHUCIIOBOI raiy3i CHCTEMH MPEAMETHOT 001acTi iHHOBaLiHHOTo 00’ €KTy crieniani3anii HaB4aHHS
2.3. Bu3HayeHHs acCOPTHMEHTY HPOMHCIOBOI Taly3i CHUCTEMH MNpeAMETHOI 00JacTi iHHOBaUiHHOTO 00’€KTy

2.4. Bu3HaueHHS OCHOBHHX Oi3Hec-(QyHKIH iH(opMariifHOI cucremuy;
2.2. BuznauenHs QyHKIiH iHTepdelicy KIi€HTCbKOI 4YacTHHH iH(OPMAIIHHOT CHCTEMH 00’€KTYy NOCIIJDKEHHS

3 OIUC AJITOPUTMIB: po3poOKka cepBepHOi YacTHHU IH(QOPMAIIHHOI CHUCTEMH 00’€KTy OCIiDKEHHS

PO3pOOKH.

4 OYHKIIOHAJIBHE MOJAEJIIOBAHHA 3T'TIHO CTAHJAPTY IDEF0

5 JIOITYHE I ®I3MYHE MOJEJITOBAHHS JTJAHUX 3A TTPUKJIAZIOM:

5.1. CTBOpeHHS i 3anOBHEHHS 0a3 MaHUX;
5.2. Po3po0ka miATpUMKH IiTiICHOCTI TaHUX;

5.3. Peaunizanist 6i3Hec-pyHKLiH iHpopMaliiiHOi cucTeMu Ha cTopoHi cepepa MySQL

6 PO3POBKA TIPOTPAMHOI'O 3ABE3IEYEHHSI KJIEHTCBKOI YACTUHU IHOOPMAILIIMHOIL

CUCTEMMN.
7 TECTYBAHHA PO3POBJIEHOI'O IIPOI'PAMHOI'O 3ABE3IIEYEHHSA
8 AHAJII3 TA BUCHOBKH
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Tabmuus 3. HaykoBo-00rpyHTOBaHMIA aHaJi3 Ta MOCTAHOBKA 3a1a4i

[Ipobrema 1) MoxuBicTh cuTyaLil nepeBUpoOHHUITBA 3 GOKY MPO/IABLIIB.
2) AHani3 HEMOXJIMBOCTI 3aMOBHUTH OHJIAH KOHKPETHY pid 3a HU3BKY LiHy dYepe3 iH(popMmamiiHy cucremy 3 OOKy
TTOKYIIIIB Ta 1HII1 CATYAaIlll.

BrunBae Ha  |1) HeratuBHi npoliecu y HaBKOJIMIITHEOMY CEPEIOBHILI Ta EKOJIOTIIO.
2) 30epiraHHs yacy MOKYIILIB Ta 3aJOBOJICHHS 1X MOTpeO.
3) ExoHOMiuHI NOKa3HUKH I IIPHEMCTBA, OTHKE TAKOXK Ha MPUOYTOK MMPOIABLIB,

Hesnamni 1) Po3uapyBaHHS KiHIIEBUX KOPUCTYBadiB, CIPHIMHEHE BTPATOO Yacy Ta HaMipPHOIO TPATOIO rpomIEii.

pileHHs 2) IpoGsiemMu 3 BUPOOHHIITBA MPOAYKINIT MiAMPUEMCTBA Ta 30MTOK NPOIABIIIB

Brnami 1) Opranizauist mpocToi 1 3py4HOi iHpopMaiHOI CHCTEMH, sIKa AOTIOMAarac KOPUCTyBa4eBi NIBUAKO 3HAXOJUTH NOTPiOHI

pimeHHs oMy peui 3a ZOOMOroI0 (UTBTparii.
2) MoxBicTh 0()OPMIICHHS 3aMOBJICHHS HE BUXOJISTUH 3 JIOMY Ta iH.

AnroputMm (1) Po3poOuTH KIIEHTCHKY 1 CEpBEPHY YacTHHY iH(popMarliiHoi cuctemu «Outlet-marasud omsry».

HpUKIany 2)CepBepHa yacTuHa npeacrabiieHa 6a3or manux (b/1) mist mathopmu CYBJ] MySQL.

po3poOKH 3) KiieHTChKa yacTHHA Ma€ 3a0e3levyBaTH BUKOHAHHS HACTYIHHX Oi3Hec-(pYHKIIH, Ui TOCTIB: MEPEerys

CRIANOBUX |y aTasiory OSTY 3 HASBHUMHU KHMKKAMH; TIEPETIIS/l CIUCKY OJIATY 3a MEBHOKO KaTeropieio.

fpoteey 4) biznec-¢hyHKUIT 7151 NOKYNIIB: (JOPMYBaHHS 3aMOBJICHHS, M0Ip OJTY Y KOLIMK: 3alIOBHEHHS JaHUX. 5)
5) bisHec-QyHKIIT s MEHEIpKepa: Heperisiy KaTajory TOBapiB, NMEperis] 3aMOBJICHb ,3MiHa CTaTyCiB
3aMOBJICHHS.
6) Onepaniiina cucrema: MacOS, nporpamHe 3ade3rneueHHs; nporpamuunid naketr MySQL Workbench;
CASE-3aci6 All Fusion Data Modeler (ERWin).

Anroput™  |1) Anaini3 6i3Hec-nipolieciB BUOpaHOi IpeMeTHOT 00J1acTi rajry3i MpOMHUCIOBOCT.

IpuKIany 2) BusnaueHHs Oi3Hec-QyHKIIH Ta Oi3HEC-MPOLECiB 00’ €KTY PO3pOOKH.

BUKOHAHHI  13) Apajii3 Ta KOPEKIist IOCTAHOBKA 3a/1a4i 00 €KTY PO3POOKH.

EI;:)ZIS;HX 4) Po3po6ka BUMOT 10 iH(pOpMaIiitHOT cHcTeMHU 06’ €KTY PO3POOKH.

5) BusnaueHHs1 QyHKITIOHAILHAX BUMOT JI0 iHPOpMAIiHOT cHCTEMHU.

6) [IpoBeneHHs JIOTIYHOTO Ta (PI3UIHOTO MOJIETIOBAHHS 0a3H TaHUX 00’ €KTY pO3POOKH.

7) Po3podka UML — Unified Modeling Language

8) MoenroBaHHS KIIEHTCHKOT YaCTHHU 1H(POPMAIiHHOT CHCTEMH.

9) Po3poOka BuMoOTr 10 (PyHKIIIH cepBepHOi YacTUHU Ta iHTEPQEHCY KITEHTChKOI YacTHHM iH(GOpMAIiiHOT
CHCTEMU.

10) BuzHayeHHs OnUCY IPUHHSATTS IPOSKTHUX PillI€Hb.

11) Po3pobka inTepdeiicy KIi€HTCHKOT YaCTHHU CUCTEMH.

12) CtBopeHHs 6a3u naHux a1t 00paHoi miarpopMu cucTeMu KepyBanHs 6azamu ganux CYB/I.

13) Po3pobka 30epexeHHs mpoueayp 00’ eKTy po3poOKH.

14) Busnayenns ¢pyHKUil 1uist cepBepHoi yacTuHU iHpopManiiiHoi cuctemu (IC) ta iHTepdeiic KIlieHTChKOT
yactunu IC.

3aMOBJICHB, 3MiHa CTaTyCy 3aMOBJICHHS, BI/IXiLl 3

3aBISIKM  JACKOMITO3MINI JiarpaMd MU 0adyuMO  CHCTEMH.

MPOIIECH, AKi TPOXOASTh y iH(POpMAaIiiHii cucTeMi, a Jlnst omucy omepariiii B CHCTEMi MPUCYTHI 3 TUIY
TaKOX 3B’SI30K Ta B3a€EMOJIII0 PYHKIIIH CHCTEMHU. KopuctyBada. Ilepmuii — TicTh., TIiCTh CcalWTy Mae
[Tpu nexommo3uIrii Oy0 BUAIIEHO TaKi QyHKIIIT: MOJXKJTUBICTh TIEpETIIAAaTH BCi TOBApH, sAKi € B KaTaio3i B
- 00JTiK 3aMOBJICHHS; HasgBHOCTI. [icTe MoXe ¢inbTpyBaTH TOBapH 3a
— MiIiOpaTH TOBApH 10 KOIITUKY; KaTeropi€ro, Ta J0IaBaTH TOBAPU B KOP3UHY.
— 0OPMHUTH 3aMOBJICHHS; Iicte, sxuil Mae Hamip 3A1MCHUTH MOKYIKY, SKHH
_ 11 {TBEP/IMTH 3aMOBIICHHS; BBOJIUTH CBOI KOHTaKTHI JIaHi, Ta IaHi MpPO HOCTABKY, Ta
b . .
- chopMyBaTH KiHLeBMii cTaTycy 3aMoBienHs. A odopmirioe SaMOBJICHHS — LI KJIEHT Marasity.
3po6HMO  JEKOMIO3MIiI0  Tpolecis, ki B  indpopmamiiiHiii  cucTemi  ICHYE  TaKOX
CKMAHi, Ta CKIAZAIOTHCA 3 JeKilbkoX eTamip. Ha ~ AAMIHICTpATop. AZMiHICTpaTOp MOMKe CHIKyBaTH 3a

pucyHky 2.3 T1a 2.4 300pakeHi IEKOMITO3UIlisl OJIOKiB
«IIATBEPIUTH 3aMOBJICHHS», «O(QOPMUTH 3aMOBICHHSY,
«miaidpatd ToOBapW N0 KOIIHKY». B iHpopMaminny

CUCTEMY

KopucTyBada mis  iHpopmMmariiiHoi cuctemm «Outlet-
Mara3uH» JIa€ MOXJIMBICTh KOPHCTYBaudy Ii3HATUCS PO
MOJJIMBOCTI Ta HIOAHCH, 5IKi Tpeba 3HAaTH IpU poOOTi 3
BeO-nomgatkoMm. [lpu 1poMy romoBHi (yHKIIT  BeO-
JIOAATKy: Meperisy ycix ToBapis; (iIbTpauis NpoIyKuil
3a  KaTeropi€w; JOJaHHA TOBapy MO  KOIIUKY;

BciMa 3aka3aMu. BiH Ma€ MOXKIIMBICTh 3MIHIOBATU CTAaTyC
3aKkasy. AIMiHICTPAaTOp MOXKe 3a OaKaHHAM 3MIiHIOBATH
TakoX iH(OpMaIlilo Mpo JOCTaBKy, Ta METOJ OIUIATH
CTOCOBHO IIEBHOTO 3aKa3y.

Jloriune i ¢izmune MomenwBaHHS 0a3M JaHMX
indopmaniiinoi cucremu

Ha erarmi noriyHoro ta (i3M4HOr0 MOZAEIIOBAHHS Y
NpUKIaal  BHKOpHcTOBYeThcst  cranmapr  IDEF1X
METOJIONOTii po3po0Ku Monened nanux. Ha npomy erami
npoektyeTbest Moziens bl indopmaniiinoi cucremu.

«Outlet-marasuHy»  BXOIWUTh  TTOCIOHHK

Oq)OpMJ'IeHHH 3aMOBJICHHS; BUAAJICHHS TOBApYy, MCPLCIIAg
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Jns  moOymoBM — JIOTIYHOI ~ MOJAENI  JaHUX
BHUKOPUCTOBYEThCS J0JMaToK Erwin. BukopucroByroun
nyHktd MeHio «Entity» Ta «Relationshipy Oynyerscs
JIOTIYHA MOJENb JaHUX.

KoHTponroroun yci THIM BigHOIICHB, a came M:M,
1:M, 1:1 y mynkri BimHomreHns (Relationship properties...)
BH3HAUAIOTECA yCi  OOMEXEHHS Ta  BJIACTHUBOCTI
BimHOmIeHb. Y TyHKTI «Entity attributes» momaroThCs
aTpuOyTH CYTHOCTEW Ta BH3HAYAIOTHCS MEPBUHHI KITIOYi.
Y  Briammi  «Constraints»  JI0HAOTBCS  OOMEKCHHS
pizHoro poxy, taki sk (Not null, greater than zero) Ta
inmn. Ilicns 3aBepmicHHS MOOYIOBHM JIOTIYHOI MOJAENI
JTAHUX BOHA EKCIIOPTYETHCS Y NOJATOK Bpwin.

Y nmomatky Bpwin BHKOPHUCTOBYHOUH BIIACTHBICTH
Arrow Data ta Data Usage ko>xHOMY OJIOKY Ta CTpiIKam
CTaBUTKLCS y BIATOBIMHICTH CYTHICTH abo aTpuOyTH i3
0a3u JaHuX 3 SKOI0 BOHM ITOB’si3aHi. Pe3ymbTaToM €
(hyHKITIOHATEHA MOJIENb.

VYV mporpami ERwin cTBOpeHi jnoriuna ta (hizudHa
mozeni. CroyaTky CTBOPEHO CYTHOCTI, TaKOXK CTBOPEHi
aTpuOyTH KOXKHOI CYTHOCTI, BBEJICHI KIIFOUOBI aTpUOyTH
Ta BH3HAuYeHI IX mapamerpu. BcraHoBieHI OOMEXEHHs
MOCHJIATIBHOT IUTICHOCTI.

VY noriuHoi Moneni JaHUX TPUCYTHI HACTYIHI
CYTHOCTI:

— cyrsictb «Kiient» (Client) mictuts B €001
arpubyTH id, email, first name, last name, phone number.
Jlo3Bomsie 30epiraté nmaHi mpo TOKymis. [lokymers
BHOCUTh Il KOHTakTHi JaHi Tpu  odOopMIEHHI
3aMOBJICHHS 1 HaJjaJli BOHU 3aKPITUTIOIOTHCS 3a TMOKYIIIEM
1 HE 3MIHIOIOTHCS;

— CyTHIiCTh «AnmiHicTpaTop» (Manager) MiCTUTh B
co0i atpubyTu id, email, first name, last name, phone
number. Jo3Bossie 30epiratu JaHi npo agMmiHiCTparopa.
AMiHICTpaTOp BHOCHUTH Ili KOHTAKTHI AaHi NpH BCTYII
HA Tmocagy 1 Hajami BOHHM 3aKpIIUIIOIOThCS 32
aJIMIHICTPAaTOPOM 1 HE 3MIHIOIOTBCS;

— cytHicTh «CnoBimienHs» (Notification) MiCTHTh B
co6i aTpubyty id, id order, date of notification, text of
notification. Jlo3Bossie 30epirat naHi PO CIOBIIICHHS
MTOKYTIIIS,

— cyrHicts «3amoBieHHs»  (Shopping order)
MicTHTB B c00i aTpubyTH id order, id client, payment _id,
id statuc, order date, id delivery, manager id. J{o3Bomse
30epiratu AaHi PO CTBOPCHE 3aMOBIICHHS,

— cytHicTh «Craryc» (Order Status) MicTuTh B €001
atpuOyTH id status, status. Jlo3Boisie 30epirati AaHi mpo

pi3Hi cTatycu 3aMOBJICHHS («B 00poO1i»/
«lintBepmxeHo» / «Bigxuneno» / «Bukonano» /
«[ToTeHtianbHeY);

— cytHicTh «JlocTaBkay (Delivery) MicTuTh B co0i
arpubytn id delivery, address, contact name, contact
phone. Jlo3BoJsie 30epiraTu naHi Mpo JOCTaBKY, KyaH Ta
KoMy Oyze JOoCTaBjieHE 3aMOBJICHHSA. B MailOyTHhOMY
arpubytn address, contact name, contact phone MoXyTh
OyTHu 3MiHEHI aAMIHICTPAaTOPOM;

— cyrtHicts «Omnara» (Payment) mictute B co0i
aTpuOyTtH payment id, method. lo3Bosnsie 36epiratu naHi

npo Mero] omatd. B maiOytHpomy atpubyr method
MOXe OyTH 3MiHEH aJIMiHICTPAaTOPOM;

— cyrHicts «ToBap» (Product) mictute B co6i
atpubyTn id product, product name, category id, price,
total amount. JTo3Bossie 306epiratu gaHi mpo ToBap;

— cytHicTh «Kateropis» (Category) MicTUTB B co0i
aTpubyTn id, category name. Jlo3Bomnse 30epiratu maHi
npo karteropii ToBapy (Omsar / B3yTTs / akcecyapu /
CIIOPT);

— cyrHicth  «Po3mip» (Size) MicTuTh B €001
aTpuOyTH size id, size name. Jlo3Boise 30epiratu naHi
npo po3mip ToBapiB (S/M /L /XL /it.n);

— cyrHicth «Kommk» (Shopping Card) mictuts B
co0i arpubytu id card, id client. Jlo3Bonsie 30epiratu
NPOMIXHI 1aHi po BUOIp MOKYIILS;

— cyrHicth «ToBap B 3amomienHi» (Product in
order) mictuth B co0i arpubyrtu id order, id product,
amount, current price. J[03BoJise IO3BOJUTH 3B'SI30K
0araTo-a0- 0araTbox;

— cytHicTh «ToBap 3 po3mipom» (Product with size)
mictutb B cobi arpubyrtu size id, id product, total
amount. J{o3Boysie 103BOJMTH  3B'SI30K  OaraTo-110-
0araTbox;

— cyrHicth «ToBap B komuky» (Product in card)
mictuth B cobi arpubytn id card, id product, amount.
Jlo3BOJIsIE€ O3BOJIUTH 3B'30K Oarato-m10-0araTbox.

MMpuxaan goriunoi moaesi BJ1.

Ha ocHoBi joriuHoi mopem, ska MmoOyaoBaHa y
nporpami Erwin, MoxxHa cTBOpUTH (Di3UUHY MOJENb. Y
npuKiIan ¢GizuaHOi MOENi TaHWX MPHUCYTHI Ti CYTHOCTI,
K1 T IATar0Th 30epirannio y 6a3i qanux IC.

YV diznuniii Momenmi JaHWX TNPHUCYTHI HACTYITHI
CYTHOCTI:

— cyrhictb «Kumient» (Client) wmictute B co0i
aTpubyTu id, email, first name, last name, phone number.
JozBonsie 30epirati maHi npo mnokynus. [lokynens
BHOCHTh Ii KOHTAaKTHI JaHi 1pu  o(hOpMIIeHH]
3aMOBJICHHS 1 HaJaJli BOHM 3aKPIILIIOIOTHCS 3a IMOKYIILEM
1 HE 3MIHIOIOTHCS,

— cyTHICTE «AnmiHicTparop» (Manager) MiCTHTD B
co0i arpubytu id, email, first name, last name, phone
number. J[o3Bosisie 30epiraTi JaHi PO aIMiHICTpaTopa.
AJIIMIHICTpaTOp BHOCHUTH IIi KOHTAKTHi JaHi TPH BCTYIi
Ha Tocaay 1 Hajajdi BOHHM 3aKpIIUTIOIOTHCS 32
aJIMIHICTPATOPOM 1 HE 3MIHIOIOThCS;

— cyrHicts  «3amoBiieHHs»  (Shopping order)
MICTHTB B c00i aTpuOytH id order, id client, payment _id,
id statuc, order date, id delivery, manager id. /{o3Bosse
30epiraTu AaHi PO CTBOPEHE 3aMOBIICHHS,

— cytHicTh «CTtatyc» (Order Status) MicTHTB B co01
atpuOyTH id status, status. Jlo3Boisie 30epiratu naHi mpo

pi3Hi crtarycu 3amoBieHHi ( «B  oOpoOmi» /
«TlinTBepmxeno» / «Bimxmneno» / «Bukxonano» /
«AHYJIHOBAHOY);

— cytHicTh «JlocTaBka» (Delivery) mictuth B c0o0i
atpubytu id delivery, address, contact name, contact
phone. Jlo3Bouisie 30epiratu JaHi Mpo JOCTAaBKY, KyIH Ta
KoMy Oyzne IocTaBieHe 3aMoBieHHS. B MaiOyTHbOMY
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aTpuOyTH address, contact name, contact phone MOXyTh
OyTH 3MiHEHI aAMIHICTPAaTOPOM;

— cyrHicte «Ormuiata» (Payment) MicTuTh B €001
aTpubyTn payment id, method. lo3Bomnse 30epiratu nani
mpo Merox omiatd. B maiOyrHpoMy aTtpmbyT method
Moske OyTH 3MiHEH aJMiHICTPaTOPOM;

— cytHicTh «ToBap» (Product) Mictuth B c00i
atpubyTn id product, product name, category id, price,
brand, description. [lo3BoJisie 30epiraTu JaHi Ipo TOBap;

— cytHictb «Kareropis» (Category) MicTuTh B
co0i atpubyTu id, category name. J{o3Bousie 30epiratu

JaHi npo kareropii ToBapy (Oxsr / B3yTTs / akcecyapu /
CIOPT);

— cyrHicts  «Po3Mip» (size) wmictuth B co0i
atpubyTn size id,value. Jlo3Bomsie 30epiraTu maHi Tpo
0a30Bi po3MipHu TOBapIB;

— cyrsictb «ToBap B 3amoBineHHi» (Product in
order) mictuts B cobi arpubyru id order, id product,
amount, current price. Jl03BOJsl€ BHKOHYBAaTH 3B'S30K
0Oararo-10- 0araTpox;

— cytHicTh «ToBap 3 posmipom» (Product with size)
MicTuTh B c00i arpmbytm size id, id product, total
amount. J[o3Boisie BHWKOHYBAaTH 3B'I30K OaraTo-mo0-
6araTpox.

I[Ipu mepexomi 3 KOHIENTyaJbHOI MoOzeNi IO
JOTiyHOI Tpeba INepeKoHAaTHCs, IO 3B'SI30K Oarato 10
0araTboX, SIKMH HEe CyMICHHMH 3 DPEJSLIHHOI0 MOJEILIIO,
BizcyTHiil. Takuii 3B’M30K XapakTepHU3YeTbCS THM, IO
OIHOMY €K3EMIUISIpy CYTHOCTI A MOKe BiANOBiIaTH
JIeKUIbKa eK3eMIUIIpiB cyTHocti B, Ta HaBmaku. B
paMKax Hamoi NpeIMeTHOi oOnacTi Taki 3B'3KH
BigcytHi. Jloriuny Mozmens Oyio mepeBeneHo y ¢i3udHy,
110 MIPEZCTAaBICHA HAa PUCYHKY 2.

Order_Stats Puductn Order Category Cheracteisics
Notfca & e sats ¢ Nuner i order Number(F) &t oer £ charatesics d:Numbe
offcaton .ot .
8 it Noer stats:Sting (AKC. 1) Qi podctomber FQ category_name: Sting (AK1.) name:Sting (K1)
- DR amount Non-negative integer DG 0
i order Number FK) AKL.1) U ) curent_prce: Noegatie ¢ Ug UR
date_of_notfcation: Datetime ' Aanserca xapaktepucrivoi/ ] , ’
fnation: Ot T et IR BNAETCA XaPAKTEPHCTUKO/
e oot S o 1 CocTpye 3 NpORyKTOB Bioosey s 3akee eer CoorercrayT npoayKTy
R i ' D
UR Vivger | | U
“TEDIRETD i IR 1 DI Product
- WA € id_product Number
Manager DRShopping Order R IR
Ery product name: Sting (E1.1) ' U
it & Opatarssaett | £} d ot Nunber ; R
i ig Oﬁgaﬁamaaem - cateqory i Number P EL1) g:’c” Wueer xaparreprcriy IR Product wih Creracierstc
i rame:Seg 1) o id_client Number FX) prce: Non-negative decimals (IE22) R ] 8 drarmckists & Nonber
pre nurber g L R| payment id:Number(F) folamount Nongatve keger : Q%aracd "?"jsflb' U;" i
emal:Stig (K1) % % s Nomber id_product Number (FK)
Work_days: Sting TR orter date:Dateime valle: Sting
] id_delivery: Number (FK) i
‘,,,,,,,,,,,,,% manager id: Number (FK) UR Haxoprca R
| i
; # ) LA Puict  Cat
BA9eTC} KapakTepHCTHKOi . ;
vger i U'Hi . Q?d,card:Number(FK)
Delivery OR i € id_product Number ()
11 | -
& delieryNunber “5'R ,,,,,,J Otopunser |~ Clint 0C amount Non-negative integer
- | OOOpMISETE | ) i Nuer R m
adress: Sting AenserchxapaTepucikoi DR 3 DR Mueer U
contact name: Sting D:Ri UR  emaiSting (411 3 . U
cortact phore: Sting UR fst ame: Sting (E1.) | et "
an ; R Shopping_Card
Payment phone_number. Sting LU
£ peyment :Numte Last name: Sting (E1.) I € 1d_cart: Number
et Sig id_client Number (FK] (AK'
—

Pucynoxk 2. Ilpukna BU3HAYCHHS JIOTIYHOT Moieni 6a3u MaHuX iH(GOpMAIiHHOT CHCTEMH

[IpoBeneHO TECTyBaHHS CHCTEMH, Y XOJI SIKOTO He
OyJ0 BUSIBIICHO XOJHHX IOMWJIOK B poOOTI Tporpamwu.

Ormuc mporpaMHOro 3a0e3meueHHs CKIaIaeThCs 3

(xopHcTyBanbKi Ta CTaHAAPTHI).

(YHKIIOHATFHOI CTPYKTYPH IPOTPAMHOTO 3a0€3IeUeHHS
Ta omucy (YHKIIH YacTHH MPOTPAMHOTO 3a0e3MeueHHS
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BuCHOBKM Ta  mepcHeKTHBH
PO3BUTKY IaHOTO HANIPAMKY.

OHJIAaHH-TIOKYIIKA JIO3BOJIAIOTh C€KOHOMHUTH 4Yac 1
MOXYTh 3IIHCHIOBATHCS IIIOA000BO: TMOKyIElb
3pyYHHH WOMYy dYac MOXKe 3pOOMTH 3aMOBJICHHS B
Mara3uHi, He BUXOJSYM 3 JIOMY, HE BUTPAYalOuu 4ac Ha
MOI3AKY, 1 HE TiANalodd CBOE 3MOPOB'SE Ta IKUTTS
HeOe3meni. 3aBasgKi bOMY Y TPOJAABIS € MOXKIIHMBICTh B
OyIb-sIKHA MOMEHT OTPUMYBaTH TpUOYTOK, a He
3aJICKATH BiJl TOJMH POOOTH MarasuHy.

IHTepHeT-MarasuH € BHATUM pINICHHSIM HE JIUIIC
JUTS TIOKYIINB, & ¥ JUIs BJIACHUKIB Yepe3 MOXKIUBICTH
€JIEKTPOHHOTO OOJIIKY IpOAaxiB, MPOBEICHHS aHANI3y
LILOBOT ayIUTOPIl, MOMYJISAPHOCTI TOT UM 1HIIOT TTO3ML].
Lle crpusic orpuMaHHIO OLIBII MOBHOLIHHOT iH(OpMaril
II0JI0 TIPOJIAXKIB.

[Momampmra Merta maHoi poOOTH  ToOJNsATaE B
npoekTyBaHHI Ta cTtBopeHHi WEB-momatky y Burisai
caiity mus  Outlet-marasuHy, 3aBIOJKH  SIKOMY Y
MalOyTHROMY Oyle aBTOMATH30BaHWUU TPOIEC MOKYIKH
Ta MOAAJBINOI peai3aii KIIi€HTaMu.

noJaJIbLIIOro

TecryBanHs po3pobiieHoro MPOTrPaMHOTO
3a0e3neueHHss — OCTaHHIM Ta JyKe BaXJIMBUHM eramn
po3pobku. Bin no3Bomsie mepekonarucs, wmo IC

po3pobineHa BipHO Ta yci maHi 3aHOcsThCs y BJI sk i
NOTpiOHO. 3aBISKM TECTYBaHHIO MOXJIMBO IEPEBIPUTH,
mo Oi3Hec-Tiporiec Mparoe BipHO, Ta yci JaHi
BiTOOpakaroThes K Tpeda.

AHami3 JOCHiPKeHOT eKCIDIyaTallii CHCTEeMH Ta
BapianTiB BukopuctanHs IC y sxocti Web-moaartky,
JIO3BOJIUTH TIEPEBIPUTH CUCTEMY Ha BIAMOBITHICTH YCiM
BHMOTaM, a TaKOXX MPOBECTH MEPEBIPKYy yCiX AaHWX Ta
¢dyHKIIOHATTY. T'onoBHuit 6i3Hec-1porec
aBTOMAaTH30BaHO, IO JIO3BOJIIE MOKYMLSM pPOOUTH
NOKYIIKM OHJIaliH, a ajMiHicTpaTopaM CIIAKyBaTu 3a
3aKazaMH.

Indopmauiitna cuctema B MaiiOyTHbOMY MOXe OyTH
NpUBEJICHAa 3 ypaxyBaHHAM YCIX CKJIaJOBUX, a TaKOXK
BOHA MOe OyTH BJIOCKOHAaJIeHa Ta 710 Hei Oyae noaaHuit
HOBUH (QyHKITIOHAJ.

TecryBaHHs POTPaMHOTO 3a0e3nedeHHs
MPOXOJIUTh 33 BIAMOBIAHAUM PO3POOJIICHUM TUIAHOM.
Cucrema  mnpu3HadeHa Uil 3aCTOCYBaHHS  Ha
NPOMHUCIIOBUX JIHIAX TiJIPHUEMCTB, IO 3aiMaroThCs
pi3HOBHIAMH CHIiBOpalli 3 CHCTEMaMH peai3amii
mpoaykuii  [2-5] 1 € T[OpPUKIAAOM  CTBOPCHHS
IHTEJIEKTyaIbHOI BIIACHOCTI CTYJIEHTaMH, aclipaHTaMH i
BuKiagadamu [ 1, 6-23].
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TEXHOJIOTIT: HayKa, TeXHiKa, TEXHOJIOTis, OCBiTa, 3J0POB’sI:
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V. 0. KRAVCHENKO, S. 1. BUKHKALO, S. P. IGLIN

EXAMPLES OF DETERMINING THE COMPONENTS OF INFORMATION AND COMPUTATION
TECHNOLOGIES FOR DIFFERENT INDUSTRIES

The possibilities of using the technology of information computer systems in varieties of examples and tasks of teaching students
are considered. The work presents examples of the formation of complex knowledge about the principles of construction and
operation of the software for determining the possibilities of effective use of modern information and communication technologies
in the professional activity of a technologist according to the types of specialization of students starting from the first year of study.
Carried out and analyzed: analysis of the components of information systems by types of activities; examples of business processes
of the selected subject area, the definition of business functions and business processes, and problem statement. The requirements
for the information system and the definition of functional requirements for the information system have been developed. Criteria
for logical and physical modeling of databases are defined; UML modeling of the client part of the information system is
developed. The requirements for the functions of the server part and the interface of the client part of the information system were
developed, the possibilities of design solutions were described, the interface of the client part of the system was developed, and a
database for the selected platform was created; the means of storing procedures, the functions of the server part of the information
system (IC) and the interface of the client part of the IC, etc. were developed. The mathematical justifications of the applied
algorithm are described, and the necessary conclusions are drawn.
Keywords: information and computing technologies; examples and tasks; technology of information computer systems;

subject area; functions and description; conclusions.

B. 0. KPABYEHKO, C. H. BYXKAJIO, C. I1. UTJIHH

HPUMEPBI OIPEJEJTEHUA COCTABJIAIOINUX NTHOOPMALIMOHHBIX 1
BBIYMCJUTEJBHBIX TEXHOJOI' MM JIJIA PASUUHBIX OTPACJIENR NPOMBIIIJIEHOCTH

PaccMOTpeHbI BO3MOXXHOCTH MPUMEHEHHS TEXHOJIOTMH MH(OPMALIMOHHBIX KOMITBIOTEPHBIX CHCTEM B Pa3HOBHIHOCTAX IIPUMEPOB U 3a1a4
00yueHus cryneHToB. [IpencraBinens! npuMeps! GOPMHUPOBAHUS KOMILIEKCHBIX 3HAHHI O IPUHLIMIIAX TOCTPOCHHUS M (QYHKIIMOHUPOBAHHUS
MPOrPaMMHOTO OIpPENENICHHs BO3MOXKHOCTEH 3()EKTHBHOrO HCIOJIB30BAHUS COBPEMEHHBIX HH(POPMALMOHHO-KOMMYHHKALIMOHHBIX
TEXHOJIOTHIT B NMPO(ECCHOHAIBHON JESATEIBHOCTH HHXEHEPA-TEXHOJIOra MO PasHOBHAHOCTSAM CIICLMAIM3AllMM CTYJCHTOB HA4yMHAs C
nepBoro Kypca o0ydenust. [IpoBeieHbI ¥ POaHAIM3NPOBAHBL aHATN3 COCTABILIIONMX MH()OPMAIMOHHBIX CHCTEM IO PAa3HOBHIHOCTSIM
JIESITEIIEHOCTH; TIPIMEPB! OM3HEC-TIPOLIECCOB BHIOPAHHOM IperMeTHON obnacTy, omperencHue Om3Hec-QyHKIWMIT 1 OH3HEC-TIPOIecCoB,
MIOCTaHOBKa 3amaud. PaspaGoranbl TpeGoBaHMs K HH(POPMAIMOHHOM CHCTEME M OIpeleieHHe (YHKIMOHAIBHBIX TPeOOBaHMH K
MH(OPMAIIOHHOH CHCTEME. OIpPENEIeHBl KPUTEPHUH JIOTHIECKOr0 M (DM3MYIECKOro MOIEMMpOBaHMS 0a3 MaHHBIX; paspaborano UML
MOJIETMPOBAHNE KIMEHTCKOI YacTy HHPOPMAIMOHHOH crcTeMsl. [IpomsBenena pa3spaboTka TpeGoBaHMil K (GYHKIMSIM CEpPBEPHOH JacTH U
uHTepdeiicy KINEHTCKOH YacTH MH(OPMALIMOHHOW CHCTEMBI, OMHCAHbI BO3MOXKHOCTH NPOSKTHBIX pEIIeHHil, pa3paboTaH uHTEp(eiic
KJIMEHTCKOM YacTH CHCTEMBI, CO3laHa 6a3a JaHHbIX JUI BEIOpaHHOM Mm1aTopMbl; pa3pabOTaHbl CPEICTBA XPaHSHHs NpoLenyp, QYHKIHN
cepBepHoii yacTu uHpopMarmonHo#t cuctems! (IC) u unTepdeiic kmentckoit yactu IC u ap. Onncansl MaTeMaTHIeCKHe 0OOCHOBAHUSI
MPUMEHSEMOT'0 AJITOPUTMA H CIeNIaHbl HEOOXOMMBIE BBIBOIBL.

KiioueBnie c10Ba: nH(OOPMAIMOHHBIE U BEMUCIHUTEIBHEIE TEXHOJIOTHH; IPUMEPHI U 33a9H; TEXHOJIOTHS MH()OPMAIMOHHEIX
KOMITBIOTEPHBIX CHCTEM; IIPEMETHAsT 00J1aCTh; ()YHKIIMH U OIFCAHUE; BHIBOIBL.
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C. I. BYXKAJIO, B. 0. KPABYEHKO, P. 0. KOMIPHHH

TH®OPMAIIMHI TEXHOJIOT'TI TA MATEMATHUYHE MOJEJIOBAHHS Y HABUAHHI
CTYJEHTIB HTY «XIII» Y HAJI3BBUUAHNHUX YMOBAX TA CUTYANISAX BUKUBAHHS

VYV Marepianax CTaTTi PO3MJSIHYTI MOXKJIMBOCTI BU3HAYEHHS Ta 3aCTOCYBaHHS CKJIQMOBUX iHpOpPMALiHHHX Ta O0OYMCIIOBAIBHUX
TEXHOJIOTiH [UIsl PI3HOBU/IB CIIELiabHOCTEHl HaBYaHHS CTYICHTIB. Y poOOTi MPEACTaBIeHO NPHUKAa GOPMYBaHHS KOMIUIEKCHUX
3HaHb NPO NPUHIMIK NMOOYNOBH Ta (YHKLIOHYBaHHS HPOrPaMHOTO BH3HAYEHHS MOXJIMBOCTEH €(EeKTHBHOrO BHKOPHCTaHHS
CyJacHUX iH(pOpManifHO-KOMYHIKamifHUX TEXHOJIOTIH Yy mpodeciiiHiil misIBHOCTI iHXEHepa-TeXHOJIOTa 3a PI3HOBHAAMHU
crieriamizaii CTyAeHTIB MOYMHAIOUM 3 IEpHIoro Kypcy HaBuaHHs. IIpy HammcaHHI CTAaTTi BUKOPHCTAHO OaraTOpiuHMI JOCBIX
BUKIIAJaHHs JUCHUIUTIHA «3arajibHa TEXHOJOTISl Xap4yoBOi MPOMHCIOBOCTI» Ta «MaTeMaTHYHE MOJEIIOBAHHSA Ta ONTHMi3allis
00’€exTiB XiMi4HOI TexHOouOTi(» B HallioHaIbHOMY TEeXHIYHOMY YHIBEPCHTETi «XapKiBCHKUI MONITEXHIYHUN IHCTUTYT» Ha Kadenpi
IHTErpoOBaHKX TEXHOJIOTiH, mpoueciB i amapari. Lleil 1ocBix i 1oOpe 3HAHHS MpeAMeTa 3yMOBHJIM BHCOKY SIKICTb MaTepiaiy Ui
BUKJIaJIaHHS JTUCUUIUTIHY, a TIMTAaHH, 110 PO3IIAAAIOTHCS NPOIIYIICH] Yepe3 MPU3MY BJIACHOTO TBOPYOI'O CHPHIHATTS, 11O POOHUTH
Mmarepiaa 0coOnMBO I[iHHMM. P03poOKH MpoBeAeHi 3 3aCTOCYBAHHSIM CyYaCHHX BHCOKOC()EKTHBHHX HAyKOBO-OOIPYHTOBaHHX
TEXHOJIOTi BUKOPHCTAHHSI CHUPOBUHH, MPEACTABICHI MPHUKIAIN 1 JesIKi 0COOIMBOCTI MOXKIMBHX PillleHb HABYAHHS, SIKi 3aCHOBaHi
Ha eKCIEePUMEHTAIBHHX JaHUX PO3pOOKK MeXaHi3MiB IPOIECiB 1 IX HaAyKOBOTo OOIPYHTYBaHHS y BUIIIAAL 00'€KTIiB iHpOpManiitHuX

TEXHOJIOT1H; JIeTaJli30BaHO Ta MPOAHANII30BAaHO: CKIIAIO0BI iHGOPMAIIHHIX CHCTEM 3a PI3HOBUIAMH JISTIBHOCTI;
Kurouosi cioBa: iHpopMalliifHi TEXHOJIOTIT, XIMIYHO TEXHOJIOTIS Ta IH)KEHEpisl, CACTEMH HaBYaHHS, KOMIUICKCHI IHHOBAIlIHHI

MPOEKTH, 00YUCIIOBAIIbHI METOIU, 00’ €KTH ONTHUMI3aIlii

Beryn.

Po3poOka iHHOBAIIMHUX HANpPSMKIB  CHCTEMH
OHJIAMH HAaBYAaHHS CTYICHTIB Y Ha[3BUYAHUX YMOBax Ta
CUTYAIIisIX BIHU-BIKUBaHHS - nepion
noBHoMacuitabHoro BroprHeHHs P® B VYkpainy,
notpeOye BU3HAUCHHS Ta OOIPYHTYBAaHHS aKTYaJIbHOCTI
npoOJeMu, CTYIEHS pPO3POOJICHOCTI TEMH, METY,
rinore3y; NPUKJIAAIB 3aBJaHHS, NMpPEAMETY, OO0'€KTIB Ta
METOIB IOCTIKCHHS YIPHUKIAAax i 3amadax. Kpim toro,
MOBUHHI OyTH BimoOpakeHI MHTaHHS peamizamii Ta
ampo0arii OTpUMaHUX pe3yJibTaTiB, HaJaHa 3arajibHa
XapaKTepUCTUKAa BUKOHAHUX EKCIIEPUMEHTIB, TOKa3aHi
IHHOBAITIfHI TTOJIO’KEHHS, O PO3pOOJIeH]I BUKIaAadyaMH,
a TaKOXX MalOTh TNPaKTUYHE BTUICHHS Y pPi3HOBHIAX

CTyJIeHTChKUX pobOiT. Ha kadeapi iHTErpoBaHUX
TexHounorii, npouecis ta anapatis (ITITA) HTY «XIII»
OaraTopigHMiA JIOCBI BHUKJIaJaHHS IMCLMILTIH,

HATPUKJIA]: 3arajbHa XiMiYHA TEXHOJIOTIs, 3arajbHa
TEXHOJIOTISl Xap4oBOi MPOMHUCIOBOCTI, [Ipomecu Ta
anmapary, IHdopmaniiini  TexHoyorii B XiMIYHHX
TEXHOJIOTIAX 1 iHKeHepii, MaTeMaTHUHE MOJICITIOBaHHS
Ta onTuMmisamis  00’eKTiB  XIMIYHOI  TEXHOJIOTII,
IHdopmarniiini TexHoJNOTIi B mpoMHCIOBiH (dapmariii,
OO6uncnioBaTbHa  MaTeMaTWKa Ta  [POrpaMyBaHHS,
OcHOBH 1HGOPMATUKHA TIOB'S3aHHA 3 KOMIUIEKCHUM
IHHOBAIITHIM MPUHITUIIOM HAJAHHS OCBITH.

Meta — QopMyBaHHS KOMIUIEKCHUX 3HaHb IIPO
NPUHIUNK MOOYI0BH Ta (YHKIIIOHYBAHHS HMPOTPAMHOTO
BU3HAYCHHS MOXJIMBOCTCH €(EKTHBHOTO BHKOPHCTAHHS
Cy4acHMX iH(pOPMAaIIHHO-KOMYHIKAIlIHHIX TEXHOJIOTIH y
npodeciiiHil  AisUTPHOCTI  IH)KEHEepa-TeXHoJIora  3a
pi3HOBMIAMM criemianizanii CTYICHTIB IOYMHAIOYN 3
HEepILOro KypCy HaBYaHHSI.

3aBnaHHsi — BHUBUYCHHS TEOPETHYHHUX OCHOB,
00'ekTiB Ta METOMIB JOCHiDKEHHA 1  HaOyTTs
IHHOBALIHHUX MPAaKTHYHUX HABHUYOK BUKOPHCTAHHSI
MPUKIATHAX CUCTEM OOpOOICHHS PI3HOBUIIB JaHHUX I
4Jac po3B’sA3yBaHHS 3aBlIaHb ()aXxOBOTO CIPSIMYBaHHSI.

s BHUBYCHHS TUCTIATLIH
iHpOpMamiHHUX TEXHOJOTii» Ta
«O0JucmoBaJlbHa MaTeMaTHKa 1 TMPOrpaMyBaHHSY,
«[Ipomiecu 1 amapatu pIi3HOBHIIB  TEXHOJIOTIYHHX
CUCTEM», «3arajbHi TEXHOJIOTIi XapYOBUX BHPOOHHUIITBY
Ta iHIII, CTYJICHT TOBHHCH:

Hanpuknan,
«Iapopmarukm Ta

3HATHM, amnapatHi Ta  [pOrpaMHI  CKJIaJ0Bi
KOMIT'FOTEPHHUX CHCTEM Ui O0'€KTIB Ta METOJIB;
nporpamHi  3acodu  poOOTM 31 CTPYKTypOBaHHMH
JIOKYMEHTAMH; MEpEeKHi TEXHOJIOT1; OCHOBH

iH(hopMaIiiHOT Oe3MeKH Ta 3aXUCTy iH(pOpMAIlii;

YMIiTH, 3IiHCHIOBATH JiaJlor 3  OIEpaIiiHOI0
cuctemoro [TEOM it 00'€KTiB Ta METOJIIB; CTBOPIOBATH
pi3HOMaHITHI datinu 1 gmpekropii  (Mankwm);
3aCTOCOBYBATH  CTAaHJAPTHI  NPOTpaMHi  MPOIYKTH;
ONpalbOBYBaTH  TeKCT, Trpadiky, aymio 1 Bizeo
iHpOpMaIlif0;  BOJIOJITH  HaBMYKaMu  poboTH 3
komrioHeHTamu nakety MS Office; po3pobisitu ninoBy
rpadiky; 3actocoByBaTH Internet npu po3B’si3aHHI
npodeciifiHUX 3aBAaHb Ta 0arato IHIIUX CKJIAJOBUX
HaBYaHHSI.

O0'ekTaMu  JOCJIIUKeHHS €.  TEXHOJOTIYHHH
mporec Ta OOJaJHAHHSA KOMIUIEKCY MicCIsA30upaibHOT
00poOkm Ta 30epiraHHS 3€pHOBOTO MaTepiany i3
3aCTOCYBAHHSM O30HYBaHHSI.

Ipeamer JMOCITiIIKEeHHS: HAINpUKIAI,
3aKOHOMIPHOCTI 3MiHHU IapaMeTpiB eKCIEPHUMEHTAIEHOTO
Mmarepiairy npu Horo oOpoOmi Ta 30epiraHHi 10
3aCTOCYBaHHSI.

AKTYaJbHICTh JIaHOTO JOCTI/DKEHHS 3yMOBJIEHA
CHOYaTKy OTPUMAaHHSIM BHKIMKIB KapaHTuHy (2019 pik)
a Jaji, Ha JKaJb BBEACHHSM BOEHHOTO IIOJIOXKEHHS B
Vkpaini (2022 pik), moO BH3HAYa€E HEOOXITHICTH
nepexoay A0 JUCTAHIIMHOTO HaBYaHHS, SK €IUHOT
MOXJIUBOI (GopMH pearizanii HaBYAUIHLHO-BUXOBHOTO
MPOLIECY 3arajioM.

© Byxxano C.1., Kpasuenko B.O., Komipnuii P.1O., 2022
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Jlo 1poro MOMEHTY JIIOACTBO HE CTHKajJocs 3
00OMEKEHHSIMHA BiJBilyBaHHS pobounx MiCIIb,
HABYAJBHUX 3aKJIAJ(iB Ta 3HAXOIKCHHSA B IPOMAJICHKUX
Micisax. DakTHYHO BeCh HABYAILHO-BUXOBHHUH TIPOIEC
3a3HaB KapIWHAJIBHUX 3MiH, KoxkeH BH3 3HaxomuTh
BIIACHUHM TIAXiJ J0 CTBOPEHHS CHPHUATIMBUX YMOB
opraHizaiii Ta TPOBEICHHS TUCTAHIIIMHOTO HaBYaHHSI.
Ilepen KOXHUM YYaCHHKOM HABYAIBHOTO IIPOIIECY
[OCTANI0 HAJACKIAaNHE 3aBHaHHA, SKE NOJITae y
3abe3neueHi HeOOXITHUMH pecypcaMy sl CHUIKYBaHHS
Ta OOMiHy iH(opMamiero. MeTor eKcTpeMaIbHOro
IOCTIIDKCHHST € TOTOBHICTH JIO  3allpOBaKCHHS
JMUCTAHIITHOTO HABYaHHS HAa PI3HUX PIBHSX: 3arajbHO-
YHIBEPCUTETCHKOMY, BUKIIQJIAIIbKOMY Ta CTYJACHTCHKOMY,
a 3aBJJaHHSMH JIOCIII/DKCHHS CTaB MOUIYK BiIIOBiACH Ha
HACTYITHI PO3Taly)KeHI NHUTAaHHS TpeICTaBieHi naii 3a
CKOPOUYEHHM TIEPEITIKOM.

3arajabHi BiZoMocTi mMpo 00’€KTH BHBYEHHS Ta
npeaMeT AMCHHUILTIHU (MPUKJIAIM Ta 3a4adi 3a caliToM

HHIXTI).
1.1. KoMmeTeHTHOCTI 3 HaBYaJIbLHOI JUCLUUILIIHU Ta
pe3ynbTatu HaBYaHHS, HaNpUKIA, 2 Kypcy

«lHdopmaniiiHi TexXHOJOTIi B XIMIYHMX TEXHOJIOTIAX Ta
iHXKeHepii» 3a cremianpHicTio 161 XimiuHi TeXHONOTIT Ta
IH)KEHepis NOAUISAIOTh Ha:

K14. 3naTHiCTh BUKOPUCTOBYBAaTH OOYMCIIIOBAIBHY
TeXHIKYy Ta iHpopMaIliiiHi TEXHOJOTIi A BUPIMICHHS
CKIAQAHUX 3aJad 1 MPaKkTUYHHX MpodsieM B Taysi
XIMI9HOT iHXeHepii.

®K4. BMiHHA BHKOPHUCTOBYBaTH iH(pOpMaIliiHi
TEXHOJIOTIi Ta pecypcH IS 3AiMCHEHHA mpodeciifHol
JSTBHOCTI

PesynbTaTn HaBuYaHHS:

ITP0OS. BUKOpHUCTOBYBaTH Cy4acHi OOYMCIIIOBAIBHY
TEXHIKy, CICIlialli30BaHe NPOrpaMHE 3a0C3MCUCHHS Ta
iH(opMaIliiiHI TEXHOJOTIl A PO3B’SI3aHHS CKJIAJIHUX
3aja4 1 MNPaKTUYHUX TMpodieM Yy raimy3i XiMiuHOI
IHKeHepii, 30Kkpema, Uil pO3paxyHKiB YCTAaTKyBaHHS 1
MIPOIIECiB XIMIYHUX BUPOOHHIITB.

[TPH4. 3HanHs mnpo cydacHi iHdopmariitai Ta
KOMYHIKaIliiHi ~TE€XHOJOTil; HAaBHYKA BUKOPHUCTAHHSI
MIPOrPaMHUX 3aC00iB i HABUYKH POOOTH B KOMIT FOTEPHUX
Mepekax, YMIiHHS  CTBOpioBaTH 0asw  JaHmx 1
BUKOPHCTOBYBaTH [HTEpHET-pecypcH

[TPH40. AmnamizyBaTu 3a JIOIIOMOIOI0 CYYacHHX
TEXHOJIOTI OoTpuMaHy iH(poOpMaLio, HEOOXigHy Ui
(opMyBaHH: Ta BUPILIEHHS 3aBAaHb Y raiysi.

1.2. KoMneTeHTHOCTi, HANIPUKJIAJ, 3 HABYAJIBHOI
JUCIUILTIHN 2 Kypcy «OO4YncIiioBaibHa MaTeMaTHKa Ta
MporpaMyBaHHs» 3a crerianbHicTIo 162 biorexHonorii
Ta Oioimkenepis moaurstore Ha: KO1; K04; K05; K06;
K10 - K1; K18 — K23; K25; K26; K27.

Pe3yabTaTn HABYaHHSA:

I1PO1 — ITIPO7; ITP0O9; ITP11 — ITP13; TIP15 — TTP20;
[1P24; TTP25; I1P26.

1.3. KoMnereHTHOCTI 3 HaBYAJIbHOI JUCLUILIIHA 2
Kypcy «O0uucoBatbEHa MaTeMaTHKa Ta
nporpamyBaHHsS» 3a crneuianbHicTIo 181  Xapuosi
TEXHOJIOT1T BU3HAYAIOTh SIK:

3aTHICTH PO3B’S3yBaTH CKJIAJHI CIICI[ialli30BaHi 3a1adi

Ta MPaKTUYHI NPOOJEMU TEXHIYHOTO 1 TEXHOJIOTIYHOTO

XapakTepy, II0 XapaKTepPH3YIOThCS KOMIUICKCHICTIO Ta

HEBHU3HAYEHICTIO YMOB Yy  BHPOOHHYMX  yMOBax

MiAIPUEMCTB Xap4yoBOi MPOMHKCIOBOCTI Ta y TpoOIeci

HaBYaHHS, [0 Tependadae 3aCTOCYBAaHHS TEOPETHYHHUX

OCHOB Ta METOJiB Xap4yoBuX TexHojorii (IHT)

3K-1. 3HaHHS 1 pO3yMiHHA TpeAMETHOI 00JacTi Ta

npodeciiHol MisITEHOCTI.

3K-2. 3parHicTh BYMTHCS 1 OBOJIOJIBATH CY4YacHHMH

3HAHHSAMMU.

3K-4. HaBuuku  BUKOPHCTaHHS

KOMYHIKaI[IfHUX TEXHOJIOT1H.

3K-5. 3paTHiCTh 10 TOWIYKY Ta aHamizy iHpopmamii 3

PI3HHX JDKEpelt.

3K-7. 3maTHICTh MpaIioBaTi B KOMaHIi.

3K-8. 3maTHICTh MpaIoBaTi aBTOHOMHO.

3K-11. 3gaTHICTh CHiNKYBAaTHCS JEP)KaBHOIO MOBOIO SIK

YCHO, TaK i MICHMOBO.

3K-12. 3gaTHiCTh CHiNKYBaTHCS 1HO3EMHOIO MOBOIO
PesyibTaTn HaBYaHHSA:

[MPH-2. BusiBnsaTi TBOpUY IHILIaTUBY Ta IIiJBHIIYBaTH

CBIlf mpodeciiHUi piBEHb IUIIXOM IPOJOBXKEHHS OCBITH

Ta CaMOOCBITH.

I[MPH-3. VYwmitn 3actocoByBatH iHpOpMalLiiiHi Ta

KOMYHIKaIliiiHi ~ TeXHoyorii s iHpOpMauiiHOrO

3abe3neueHHsT MpodeciiHol MisSTBPHOCTI Ta MPOBENEHHS

JOCTIKeHb IPUKIIATHOTO XapaKTepy.

ITPH-4. TIIpoBomuTu TmOmIyK Ta OOpPOOKYy HAyKOBO-

TexHiuHOl  iHdopmamii 3  pi3HUX  JDKepen  Ta

3aCTOCOBYBATH ii JUISI BUPIMICHHS KOHKPETHUX TEXHITHHX

1 TEXHOJIOTIYHUX 3aBIaHb.

[MIPH-12. BMmiti npoexkTyBaTd HOBI Ta MOJEPHI3yBaTu

JUIOYi  MIANPUEMCTBA, LEXHM, BHPOOHWYI IUIBHHUII 13

3aCTOCYBaHHSIM cucTeM ABTOMAaTH30BaHOTO

NPOEKTYBaHHS Ta IPOrPAaMHOT0 3a0e3MeUeHHSI.

[MPH-19. IlinBumyBatu eeKTUBHICTH POOOTH LUIAXOM

MO€THAHHS CAMOCTIHHOT Ta KOMaHHOI poOOTH.

iHpopMaliiHUX  Ta

ITPH-20. Bwmitu yknagatd JUIOBY JIOKYMEHTAIIIO
JIep>KaBHOIO MOBOIO.
ITPH-22.  3piiicHIOBaTH  IiJOBI  KOMYHIKamii Yy

npodeciiiHiii chepi yKkpaiHChKOIO Ta iHO36MHOI0 MOBaMHU
[TigroToBka MOoKTOpiB Qisocodii 3a cremianTbHICTIO
161 «XimiuHa TEXHOJOTIS Ta IH)KEHEpis» IUIIXOM

HABYAHHS acCHipaHTiB, M0 THepexdadae  3M00yTTs
TCOPCTUYHUX  3HAHb,  MPAKTHYHUX  HABUYOK 1
KOMIICTCHTHOCTEH, JOCTAaTHIX s  NPOAYKyBaHHS

HAYKOBUX 111€#, PO3B’sI3aHHS KOMIUIEKCHMX HayKOBO-
NPUKJIAJAHUX TPOOJeM y raiy3i XiMIYHUX TEXHOJIOTIH,
OBOJIOJIIHHA METOJIOJIOTI€I0 HAYKOBO1 MisUTBHOCTI JIJISt
IPOBEJICHHS BIACHOTO HAYKOBOT'O JOCIIiPKEHHS.

1.4. KoMmeTeHTHOCTI MOAANBLIOrO PO3BUTKY
HABYAHHS.

3a yac HaB4yaHHA B acmipadtypi 3a OHII y
37100yBaya HAYKOBOTO CTYIIEHIO MaroTh C(HOpPMYBATHUCS
TaKi 3arajbHi 1 MpogeciiHi KOMIIETEHTHOCTI:

3K-1: 3gaTHiCTh 10 KPUTHYHOTO aHANI3Y Ta OLIHKH
CY4acHHMX JIOCSTHEHb, (OPMYJIIOBaHHS HOBUX ITJXOJIB
JUISL BUPILICHHS TEOPETUYHHUX 1 MPAaKTHYHHMX 3aBIaHb Y
HAaYKOBHX JOCIIJKEHHSIX;
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3K-2: T'OTOBHICTh O CaMOCTIHHOI IHIUBITYaTbHOT
poOoTH,  3IOifiCHEHHS  KOMIUICKCHHX  JOCJI)KCHB,
TOTOBHICTh  JI0  KEPIBHHUIITBA  HAyKOBO-JOCIIJIHOO
TPYIOI0, TPUHHATTS pillleHh B MUKIUCIHILTIHAPHUX
o0acTsx;

IIK-1: 3pgaTHicTh IO oOprasizamii Ta MPOBEISHHS
HAyKOBHX JOCHI/PKEHb B 00JACTI XiMiYHOI TEXHOJIOTII i3
3Iy4eHHSM CYYacHHX METONIB Ta iH(opMariiftHux
TEXHOJIOTiH, MO0 MAalOTh TEOpPETHYHE 1 TPaKTHIHE
3HAYCHHS,

IIKc-5: HaOyTTst KoMIIETEHIi IS BHKIAAALBKOT
NISUIBHOCTI B MEXaX CHELiaIbHOCTI «XIMIYHI T€XHOIOTT
Ta IHKEHEPis».

PesyabraraMu  HaBYaHHA 32 JIaHOIO
JHUCLUILTIHOO Oyne OBOJIOZIHHS, PO3YMiHHS
TEOPETUYHUX 3HAHb, BMiHb HAYKOBOi isITLHOCTI,

CyJacHUX METOJIB IOCIHIDKCHHS, a TakoXX TmpodeciiiHa
MMArOTOBKA, a CaMe:

PH-1 3HanHs Ta yMIiHHA 3HaXOIUTH HOBI
MAXOAW JJIA  PpIIEHHS CYYacHUX TEOPETHYHHX 1
NPAaKTUYHUX 33724 B 00JACTi XIMIYHHX TEXHOJOTIH Ta
IHKEeHepii;

PH-2 BonoxpinHs HaBHYKaMu (OpPMyBaHHS
3ajad  JOCHIDKCHHS, IUIaHyBaHHS Ta  PO3MOALLY
HanpsMKiB iX peanizauii sK caMOCTIHHO, Tak 1 $K
KepiBHMKA HAYKOBO-JOCIITHOT TPYIIH;

PH-3 BosiomiHHA HaBHYKaMH BHUKOPHUCTAHHS
iHQOpPMAIIHHAX  TEXHOJOTiH, YMIHHSI TMPEACTaBIATH
pe3yibraTd  poOOTH  Ha  NyOmYHHUX  3axoJax
HAI[IOHAJILHOTO TaK 1 MDKHAPOHOTO PiBHS;

PH-6 Bonomitm HaBMYKaMHA Ta 3HAHHSIMH IOHO
BHUKJIAMaHH]d TEXHIYHUX OUCIUIUIIH 3a CIEIIaJIbLHICTIO
161 «Ximi4Hi TeXHOJIOT] Ta IHXXEHEPis»

PHc-5 3HaHHS Ta pO3YMIHHS Cy4acHHUX METOIB
JIOCJIIJPKEHb IHTErPOBAaHMX TEIUIOMAaCOOOMIHHHMX XiMiKO-
TEXHOJIOTTYHUX IPOLECIB Ta CHCTEM.

2. Mera, Hampukian, MHiATOTOBKH OakalaBpiB 3
OloTexHoJoOrii# Ta  OloiHXKEHepil:  3ATHICTH 1O
KOMIUICKCHOTO BUKOHAaHHS IPOEKTHO-TEXHOJOTIIHUX
PO3paxyHKIiB Ta 3MiHCHEHHS BUPOOHHUYO-TEXHOJOTTYHHX
poOiT, MmO MOB’sA3aHi 3 BUKOPHCTAHHAM O10JOTIYHHX
arcHTIB Ta MPOIYKTIB iX XKHUTTEIISUTBHOCTI: (OPMYyBaHHS
MPaKTUIHUX HaBUYOK BHpIIICHHS 3aBJaHb
010TeXHOJIOTI 3 BUKOPHUCTAHHSIM  OOYHCIIIOBAILHOT
TEXHIKM Ta IHQOPMALiMHUX TEXHOJOTIH: MaTH YMIiHHSA
BUKOPHCTAaHHS KOMITIOTEpPHUX CHCTEM Uil poOOTH B
JOKIBHIM 1 TJ00anbHI Mepexi; KOpUCTYBaTHCS
makeTaMd  OQICHHX Ta  NPUKIATHHX  [POrpaM;
NPOBEJCHHS PpO3paxyHKIB Yy TMaKeTaXx I1HXEHEpHHUX
00YHCIIEHb; PO3POOIATH ANTOPUTMH Ta KOMIT IOTEPHIi
MporpaMH B CHCTEMi KOMIT'IOTEpHOI MaTeMaTHKH,
Hanpukian, MathCad ama  BupimieHHS — 3arajibHO-
TEXHIYHHUX 3aB/IaHb.

TakuM dYHHOM, TPH 3aCTOCYBaHHI KOMIUIEKCHUX
HaBYAJIbHUX 3aHATH BigOyBaeTbcs (opMyBaHHS 1
PO3BHUTOK y CTYIEHTIB NpO(ECifHUX KOMIICTEHIIH, 1110
JIO3BOJISIFOTE M BHKOHYBAaTH  1HXKCHEPHO-IOCIIIHY
poOOTY 32 KOHKPETHHMH TEXHOJIOTIYHHMH HpPOLIECAMH.

Jlyist mpecTaBiIeHOTo0 MaTepialy HasBHA PI3HOMaHITHICTh
TEM 1 3aBJaHb, SKi BiIOBiJal0Th OCHOBHHM pO3JiJIaM
Kypcy «3arajibHa TEXHOJIOTISl Xap4OBOi IMPOMHUCIOBOCTI
3 BKIIOYEHHSM po3ainiB  «Kmacugikarmiss OCHOBHHX
3aKOHOMIPHOCTEH XapdoBoi TexHoJorii» Ta «OCHOBHI
XapaKTEPUCTUKU KOMIUIEKCHUX MPOEKTIB iHHOBAIliHHOTO
MPOMHCIOBOTO  TMiANPHUEMCTBA», M0  PO3MIHPIOE
MO>KJIUBOCTI ITiITOTOBKK OakanaBpis [1-5].

3. MeTopoJiorisi Ta MeTOAU AOCTIIZKEHHS.

Jucranuiitne (sik dopma 3700yTTS OCBITH, 32 SKOI
BUKJANa4 Ta CTYJCHT B3a€MOJIIOTh Ha BIACTaHI 3a
JIONIOMOT0I0  iH(QOpMAaLiiHNX ~ TEXHOJIOTIH:  CTyHEHT
3aliMAETHCA CaMOCTIHHO 3a PO3POOJICHOI MPOrpamMoro,
Meperiisiae 3anrucy 3a Pi3HOBUIAMH HABYAHHS, BHPIIIY€E
3aBlIaHHS, KOHCYJIBTYETHCS 3 BUKJIAJa4eM Ta MEePiOUIHO
Biljac HOMYy Ha TepeBipKy CBOi pPoOOTH) Ta OHIANH
HaBYaHHS SIK JIOT1YHE IMOJOBKEHHS TUCTAHINIHHOT popMu
HaBYaHHSI — IIi TEXHOJOTii 0a3yloThCcs Ha TPHHIIMITAX

BIIKPUTOTO  HABYaHHS, MIMPOKO  BUKOPHCTOBYIOTh
KOMIT'IOTEpHI HaBYaJbHI TIPOTPaMH 32 JOTIOMOTOO
Cy4acHUX TEIEKOMYHIKaIil JUTS MOCTAa4YaHHS

HABYAJIBHOTO MAaTepiany Ta CIIUIKyBaHHS.

1. OcobmuBy posib B SIKICHIH YHIBEPCHTETCBHKI
TEXHOJIOTIYHIA  OCBITI  Bifirpae MaTeMaTH4YHA Ta
iH(popMaliiiHa MiAroToBKa, y400BHUIl IJIaH CKIIAIAETHCS 3
ypaxyBaHHAM CYYaCHHUX MIDKIPEIMETHHUX 3B’s3KIB Ta
IHHOBAIITHUX METOMIB TOCHIIKEHHS.

2. EdbexTuBHICTD 3aCBOEHHS OYy/Ib SIKOT TUCITUILIIHA
3HAYHO 3aJIC)KUTh BiJ BMIHHS JIEKTOpa JOCTYITHO Ta
KOMITIEKCHO ii BHKJIAJaTH, 3aI[iIKaBUTH TPEIMETOM, Bif
BMIHHS IIOKa3aTH HEOOXIAHICTP WOTO BWBYEHHS IUIA
KOHKYPEHTOCIIPOMOKHOT MaiiOyTHBOT Kap’ epH.

3. Ilpm BukiagaHHi MaTeMaTHKH MaiOyTHIM
IH)KEHEPaM-TEXHOJIOTaM, MEHEIKepam, €KoJIoTaM
JICKTOPY CHil MigOUpaTd Ta MOCTIHHO IOIMOBHIOBATH
3amac pi3HOBUAIB MOAENEH, 3aBASKM SIKUM aOCTpaKTHI
MaTeMAaTUYHI TOHATTA  (OPMYIIOIOTh,  HANPHUKIA],
€KOHOMIYHOI0O MOBOIO JMCIMIUIIHH, 1IFOCTpYBaTH 1
MOCTIMHO TMiJKPECIIOBATH MOMJIMBOCTI MaTeMaTHIHOT

Teopii TpH pO3B’sA3aHHI Ta aHami3i PI3HOBUIIB
NPUKITaIHAX EKCIIePUMEHTAIbHUX HAYKOBO-
OOTpYHTOBaHUX 3a]1ad.

4. VYHiBepcHTETChKa OCBiTa 3a PI3HOBUIAMHU

cneujanizamii Ta npoQimo Mae 3HaYHI MOXKIMBOCTI
BJIOCKOHAJICHHS MiATOTOBKU CTYJECHTIB, 30KpeMa HIJIIXOM
O3HaHOMJICHHS 11X 3 OCHOBHUMHM MaTeMaTHYHUMH
MOHATTSIMH, HEOOXIIHICTIO 3aMiHM IHTYITMBHHUX IIOHSATH
TOYHHMMHU. SIKICTh Takoi MiZArOTOBKM MPSMO TPONOpLiliHa
sKoCcTi HaOyTHX 3HaHb Ta YMIHHIO 1X 3aCTOCOBYBAaTH Y
MIPaKTUYHIA TisSIBHOCTI TpH TMOOYAOBI MaTeMaTHYHUX
MoOJeNiel pealbHUX TEXHOJOTIYHMX TMPOIEeCiB 1 €
aKTyaJIbHOIO TIPOOJIEMOIO ITOCHTIIOBHOI MaTeMaTHYHOT

MIrOTOBKM  CYJacHHX  IHJKGHEpIB  3JaTHHX IO
IHHOBAIIIMHOTO  PO3BUTKY PI3HOBHUIIB BUPOOHHIITBA
(Tabm. 1).
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Tabnuus 1. HalOiiein nommpeHi ckiiaioBi MoeseH NPUKIadiB i 3a1a4

Ne XapaKTepUCTUKHU CKIIAJIOBUX MOJICJICH MPUKIIAIB 1 33124

1 |Bxirouae, sk mpaBwiio, B cebe TPOCTIp 1 Yac, B SKUX BOHA MpalfoBajia, OCHOBHI KOMIIOHCHTH, SKi
BBXKAIOTHCS ICTOTHUMHU JJIsl 3aralbHOT0 (DYHKI[IOHYBAaHHS
2 |Bu3HaueHHS OCHOBHMX KOMIIOHCHTIB, SIKI BBQ)KAIOThCS ICTOTHHMH JJIs 3arajlbHOrO (DYHKI[IOHYBaHHS
TEXHOJIOTIYHOI CUCTEMU
3 |Bu3HaucHHs IOMOMDKHUX KOMIIOHCHTIB, SIKi BBR)KAKOTHCS ICTOTHUMH JUISl 3aralbHOr0 (DYHKIIIOHYBaHHS
TEXHOJIOTIYHOT CHCTEMH.
4 |Bu3HaueHHS HayKOBOT'O OOIPYHTYBaHHS MpOOJIEMH y HAaq3BHYaWHUX YMOBaxX Ta CHUTYAIlisiX BIDKUBAHHSA i
BCTaHOBJICHHS HOTO MEXi
5 |MeroauKa Ta aHaJi3 MOKIMBOCTEH Y HAI3BHYAHHAX YMOBAX Ta CHUTYAIlisIX BIKMUBAHHS — O3HAWOMIICHHS 3
TEOPETUIHVMH BiIOMOCTSMH Ta TpodIeMaMHu
6 |MeroauKa Ta aHaJi3 MOKIMBOCTEH Y HAI3BHYAHAX YMOBAX Ta CUTYAIlisIX BIKMUBAHHS — O3HAHOMIICHHS 3
EKCIIePUMEHTAIHHIMH BiIOMOCTSIMHA IOOYJIOBH Ta aHAJII3Y MaTEMATHIHAX MOJEIeH
7 |Bu3HaueHHS HayKOBOTO OOIPYHTYBaHHS IMPOOJIEMH 1 BCTAHOBIICHHS 11 MEXi 3a alTOPUTMaMU KOHKPETHOTO
TIPUKIIANY, 3aBAaHHS a00 JOCIiKESHHSI.
8 [Metoguka Ta aHaNi3 MOXKIMBOCTEH MOCTYNMHWX JUIS TEPEBIPKM TIiMOTEe3 YW cepii TrirmoTe3 HAayKOBOTO
JTOCTIIDKeHHS 200 BUKOHAHHS 3aBJIaHHS.
9 |AHami3 OTpMMaHMX MOXXJIMBOCTEH PO3pPaXyHKIB y Haa3BUYaWHMX YMOBaX Ta CHUTYaIlisiX BIDKHBAHHS Ta
CKJIaJJAaHHsI BUCHOBKIB 32 OTPUMAHHUMU PE3yJIbTaATAMU.

Tabmurt 2. KommiiekcHuil 1aH HaBYaIbHUX 3aHATH Nepioro Moayimo (mpukian) kagenpa ITIIA HTY «XIIIy, 4.1
Ne |Bup [To- |HaiimenyBaHHs TeM, pi3HOBH/IB HABAHTAXXCHHS 1 MUTaHb aHANI3y KOXKHOTO BHIY 3aHITh KOMIUIEKCY TEXHOJIOTIT
1/1|H3 | IMHM|XapuOBUX BUPOOHMIITB

1 | nk | 2 |3aranpHi BimoMmocTi mpo: 00’€KTH BUBYCHHS Ta MPEIMET IUCUMIUIIHM, LiJb HaBYaHH], BUMOTH JO 3HAHb
CTY/ICHTIB; ICTOPUYHHMI PO3BHTOK XapyuoOBOi TEXHOJIOTIi SK HAyKW B YKpaiHi; y3arajJbHEHa CTPYKTypHa cxema
TeXHOJIOTIYHOI JiiHil Ta cTamii Xap4oBOro BHPOOHMIITBA; OCHOBHI IIMTaHHS MOJEpHI3allis CyJacHOTO
BHPOOHUIITBA.
2 | nk | 2 [|3aranpHa xapaKkTepUCTHKA Ta iepapXis MpOLECiB TEXHOJIOTI] MATOTOBYMX CTa/iil BAPOOHHUIITBA, PEKUMH Ta
3aco0u 30epiraHHs pi3HUX BUIIB CHPOBMHH Ta MPOAYKIIII.
3 | nx | 2 |Texnonorii miArOTOBKM pI3HOBHIIB CHPOBMHM Ta HamiBaOpukaTiB 10 BHPOOHHLTBA, iAeHTHIKALis-
kiacudikallis nporecis Ta obJiaIHaHHS.
4 | ik | 2 |Texnonorii 30epiranHs 3epHa: 3arajJbHa XapaKTEPUCTHKA Ta OCOOIMBOCTI, CKJIIOBI TEXHOJOTIYHUX MPOIECIB Ta
ornepalliii, anapaTrypHe OCHAICHHS OCHOBHUX CTaiil
16 | 2 |OpnepkaHHs, TOCIIDKCHHS Ta aHaJIi3 JEsSKUX BIACTHBOCTCH KIICHKOBHHH IS PI3HOBH/IB MIICHUYHOTO OOPOIIHA,
BU3HAUYCHHS 3arJIbHUX XapaKTePUCTHK
a6 | 2 |HocnmimkeHHs Ta aHami3 pe3yJbTaTiB BH3HAYCHHsS aBTOJITHYHOI aKTHBHOCTI Ul PI3HOBHIIB MIICHHYHOTO
OopolIHa — BU3HAYCHHS @ -aMina3u

m3 | 2 |Po3paxyHOK MacH CyXHX PEUYOBHH i BOJIOTH y CHPOBHHI [Isl BUPOOHHUIITBA TicTa, CKJIaJOBI MaTepialibHUX
0aslaHCiB TEXHOJIOTIYHHX MPOIIECiB

m3 | 2 [Po3paxyHOK KiIbKOCTi OOpOIIHa Ha 3aMic TicTa, CKJIaJ0Bi MaTepiabHUX OalaHCiB TEXHOJIOTIYHUX MTPOLIECIB
PI3HOBHIIB OPOAYKIIi

2 | mk | 2 |Texnonoris OopomrHa: 3arajJibHAa XapaKTEPUCTHKA, OCHOBHI NpOIECH Ta cTafil BHPOOHWITBA pPI3HOBHAIB
GopomrHa, iX armapaTypHe BUKOHAaHHsI, PI3HOBH/IH Ta iepapXis IPOIECiB MOMETY 3epHa.

nk | 2 |Texnonoriss kpyn Ta KpyI'sSHUX BHUpPOOiB: MPUHIMIIOBA CXeMa BHUPOOHHMIITBA, MPU3HAYCHHS Ta amapaTrypHe
0(hOpMJICHHsI OCHOBHUX MPOIIECIB: JYIICHHs, TOMiPYBaHHs, NUTi(hyBaHHs, TCXHOJOTIYHI PEKUMHU

nk | 2 |Texwnosoris xmiba: xai6onekapHi BIaCTHBOCTI OOPOIIIHA; IPUHIMIIOBA CXeMa XJ1I00MeKapHOTr0 BUPOOHHIITBA;
OCHOBHI CTaii TEXHOJOTII Ta iX amapaTypHe OCHAILICHHS; TEXHOJIOTIUHI apaMeTpy Ta 1X BIUTUB Ha MPOLECH
OCHOBHHX CTaJliii BUpOOHHUIITBA XJIi0a.

nk | 2 |TexHonoris MakapoOHHUX BUPOOIB: OCOOIMBOCTI peLieNTyp MaKapOHHHX BHPOOIB; IPUHIUIIOBA CXEMa,
TEXHOJIOTIYHI PeKUMH Ta anaparypHe 0(OpPMIICHHSI OCHOBHHX CTaJil BUpOOHHIITBA.

16 | 2 |JdocmiKeHHs Ta aHATi3 BIUIMBY PE)KMMIB BUTOTOBJICHHS TicTa Ta HOTO CKJIJ0BHX Ha PEOJIOTiYHI BIACTHBOCTI

16 | 2 |BuBueHHs i aHai3 3arajJbHUX BIACTUBOCTEH Pi3HOBU/IB MIIEHUYHOTO OOpOLIHA, ineHTUdIKALis-Knacu(ikailis
CKJIQ/IOBUX JIOCIIIKCHHS 3aJISKHO BiJl COPTY Ta SIKOCTi 00’ €KTIB JOCIIPKSHHSL.

m3 | 2 |Po3paxyHKH ZOTIOMDKHOI CHPOBHHU HA 3aMic TicTa, KiIacudikaris-ineHTudikaris nporeciB BHpoOOHUIITBA Ta
CKJIQJIOBI MaTepialbHHUX OaIaHCiB TEXHOJIOTIYHUX IPOLECIB

m3 | 2 |PospaxyHku B3aeMO3aMiHHOI CHPOBHMHM JUISl 3aMiCy TiCTa, CKJIaJOBI MaTepianbHHX OallaHCIB TEXHOJIOTIYHHX
npouecis. MojylibHa KOHTpOJIbHA poboTa
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4.2. llpuknax cxiafgaHHs ajirOpuTMY BHKOHAaHHS 3aBnaHHs | — BigdopmaryBaTH TEKCT 3a HACTYIMHHUMH

IpaBujIaMu

Ne |Bubip 3a niHiiikor0 Ji1 BUKOHAHHS

1 |BigkpuTu MeEHIO

CTOpiHKI/I)) — «[Tost» 3aBJaHHs

«Po3mirtka|BcraHoBUTH TONS 3a 3pa3KoM TNporpaMy 3 ypaxyBaHHsAM iH(opmanii

2 |Buginutd  Bce,

BitkpuTH MeHIO «[IIpudT»

narucHyB|BcranoButn mpudr Times New Poman; «HakpecneHHs: 3BUYaiHUII;
koMbOiHariro knasim [Ctrl+A];|po3mip mpudra 14 nt — HatucHyTH «OK»

napameTpu

MOJKHA 3MIHIOBATH.

3 |Bimkput MeHI0 «AO3am» —|BcraHoBUTH Taki mapameTpu abO3aiyy: «BupiBHoBaHHs»: «[lo mmmpuHi»;
«Binctynu 1 iHTepBanmm»; yci|«PiBeHb»: «OcHOBHUHN TekcT»; «Bimctym»: «3miBa» — 0; «Cmpaa» — 0; -
BiIMOBIAAIOTH [«TIepIIHi pAaok»: «Bigctym» — cm; «laTepBam» — «Ilepem»: 0; «Ilicusi»: 0;
nmapaMeTpaM 3aBlIaHHs, a0 X |«MbKpAIKOBHUH...» — «OK»;

— «Howmep cTopiHku» —

4 |Hatucuytn mento «BcraBka»|OOpaTtd BiAMOBIIHO 10 3aBIaHHS, HANMpHWKIal, «3HHU3Y CTOPIHKH» —
«[Ipoctuit HOMep 2» (TmocepeaunHi).

IMonosxuty nami

4. Npuxknagu iHHOBAaUiHUX 3aX0AiB HABYAHHS
npu BuUKJagaHHi aucuumiin  «IndopmaTruka Ta
indopmaniiini TexHosorii» Ta «O0YHCIIOBATbHA
MaTeMaTHKa i mporpaMyBaHH».

4.1. Tpeba BpaxoByBaTH, 3MiHH y KOXHii Bepcii
MporpaMu: 3'SIBUITHCS HOBI iHCTPYMEHTH, SIKUX HE Oyio y
HOMEpeHIX BEpCisiX; pO3pPOOHMKM 3MIHMIM Ha3By Ta
MOJIOXKCHHSL JICIKUX I1HCTPYMEHTIB, alic I¢ HisSK He
BIUIMHYJIO HA MPHUHIMIKA POOOTH 3 MPOTPaMor0. HE BCi
BKJIAJIKH BiOOpa)kar0ThCsi HA CTPIUIli — € TaK 3BaHi
KOHTEKCTHI BKJIaJIKH, SIKi 3'ABJISIFOTHCSI IPU BUOOPi OyIb-
AKuX 00'eKTiB y pobouiil obaacTi nmporpamu; sk 00'ekTH
MOXXYTh BUCTYIATH, HANPHUKIA, TaONHI a00 PHCYHKH,
(haitr — e He BKJIAAKA, a caM€ KHOIKA, SKa BUKJIMKA€E
MEHIO.

4.3. CnoBa B pedyeHHI TIOBHHHI PO3IUISATHUCS JIHIIES
omanM TpomyckoM. II[o6 «po3psmutu» mpuUpT €
CIeIiaJIbHI IHCTPYMEHTH OpMaTyBaHHSI.

4.4. Tlicns 3HaKy MyHKTYyalii CTaBUTbCS JIMIIE OJUH
npoOin 1 JMIIe B TOMY BHIIAJKy, SKIIO I[€ HE TOYKa
HanpuKiHIi ab3any. Hanmpukinmi a03aiy micis 3HaKa
MyHKTYyanii (TOYKH, 3HaKa IMUTaHHA a00 OKIIMKY) MpoOia
He cTaBUThCA. llepen 3HAKaMU MYHKTYyAIlil MPOTaHHH
TaKOX HE CTABJIATHCS. BUHATKOM € JTHIIIE CUMBOII THpE.

4.5. Anroput™m CTBOpEHHS OYAb-SKOTO TEKCTOBOTO
JIOKYMEHTa MOXHA y3arajibHEHO ySIBUTH TakK:

1. CTBOpeHHSI TEKCTYy — TEKCT MOXKHa HaOpaTu
BpyuyHy ab0 CKOMilOBaTH 3 SKHXOCh JDKEpel Ta
BiJlpeiaryBaTHy.

2. dopmMatyBaHHS TEKCTY - TOOTO 3MiHA MIPUQTIB,
po3Mipy  TEeKCTy, HMOro  KOIbOpH, 300pa)KeHH:,
BUPIBHIOBaHHA 1 Tak pjami. Takox CIOIM MOXHA
3apaxyBaTh CTBOPEHHS pI3HOMAHITHMX CIIMCKIB -
HYMEPOBAHHUX YU MaPKOBAHHUX.

3. HonaBaHHs 00'€kTiB - TaOnHIb, 300pa)KCHBb,
MaroHKiB ((iryp Ta SmartArt-00'eKTiB).

4. CTBOpEHHSI MaKeTy JIOKyMEHTa - TOOTO (iHaIbHE
ohOpMJICHHS, W0 BKJIIOYA€ TIATOTOBKY THUTYJIbHOI
CTOpIHKH, 3MICTy, BCTaBKy HyMepaimii CTOpIHOK,
KOJIOHTHUTYJIIB 1 T.II.

5. BuBox nmokyMeHTa Ha JpyK abo 30epeXeHHS Y
¢opmari PDF (cTBOpeHHs €eKTPOHHOT KHUTH).

4.6. Ilpuxnan cknagaHHA alrOPUTMY BHUKOHAHHS
3aBmaHHs 2 — HaOpaTu Ta BiadopmaTtyBatu Gopmynu 3a
HACTYITHUMHU TIpaBUJIaMH Ta iHIIE.

4.7. Tlpuknag cKJIagaHHS aJITOPUTMY BHKOHAHHS
3aBmaHHs 2 — HaOpaTtu Ta BimdopmaTtyBatu Gopmynu 3a
HACTYITHUMHU TIpaBUJIaMH Ta iHIIE.

48. Y MeHIO 30CepeKEHO  IHCTPYMEHTH,
npu3HaYeHi Juis poOoTH 3 (aitlaMu — CTBOPUTH HOBHH
JIOKYMEHT, 30€pertd CBOI poOOTY, BIAKPUTH paHillie
cTBOpeHHi (haitn abo BUBECTH TEKCTOBHH IOKYMEHT Ha
JIPYK Ta iH.

4.9. OOpoOka  eKCIIEpUMEHTAJIbHUX  JaHUX
MIPOBOIMIIACS TIEPCOHATTLHOMY KOMIT'IOTEPi 3 JOITOMOTO0
nporpam: Microsoft Excel, Statistica.

5. Ilig cucTemMor0 poO3yMiloTh Te, O BCi CKJIATOBI
HaBYAaHHS B3Aa€EMOMIIOTH, a BCi TIPOIECH Ta sBHUIIA
B3a€EMOIIOB’s13aHi. SIk cucTeMa, HayKa XapaKTepU3YEThCS
LUTICHOIO €IHICTIO KUTBKICHOTO 1 SIKICHOTO HaKOIMMYEHHS
3HaHb, KIacH(pIKOBAaHMX 32 TaJy3sIMH  HayKOBHX
JIOCITIKEHB, MPoLiecoM (OPMyBaHHS 3B’ 3KiB MK HUMH.
JIOCHIIHUKY TOAUISIOTh CHCTEMH 3a Ipukiagamu [43,

85, 100]:
1. Bemuki cucreMu — po30HMBalOTh HA YACTHHH
(miacucTemn) i PO3TIIAIAIOTH TOCJTiTOBHO,

MePEeMiIaodnch 3 HIHKYOTO PIBHS HA BUIIIHMA.

2. JIluHaMigHi cucTeMH IepeOyBaloTh y TMOCTIHHIN
3MiHI, $Ky Ha3WBalOTh NPOIECOM; IX 3a3BHYail
XapaKTePU3yIOTh TAKUMHU BJIACTUBOCTAMU: 1) piBHOBara
— 3JaTHICTh TOBEPTATHCA OO TOYaTKOBOTO CTaHy,
KOMIICHCYIOUM BIUIMBH 30BHIIIHBOTO CEpPElOBHUINE; 2)
ajlanTallisi — 3JaTHICTh BiJTHOBIIOBATH CBOK) CTPYKTYPY
a00 MOBEIIHKY JJIsi KOMIICHCAIii 30BHIIIHEOTO BILIUBY, a
TAaKOXK 3MIHIOBAaTH IX, IPHCTOCOBYIOUUCH 1O YMOB
OTOYYIOUOTO CEpEIOBHINA; 3) iHBAPIaHTHICTH MOBEHIHKH
— Te, IO 3aJHIIAE€THCS B TOBEIIHII CHCTEMH HE3MiHHUM
y OyIb-SIKUH BiAPI30K Yacy.

6. Ipuxknagu 3aBAaHb iHHOBAWiliHMX 3aXoAiB
3aCTOCYBaHHA MpoleciB KepyBaHHA NPH BHKJIAAAHHI

aucuumain - «Iudopmatuxka Ta  iHdopmauiiini
TEeXHOJI0Tii».
6.1. KibepHetnuni abo Kepywodi CHUCTEMH —

IIOCJ'IiL[)KyIOTL IMpo1eCcu KEpyBaHHA B TeXHi‘IHI/IX,
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TEXHOJIOTIYHHX, IH)KEHEPHO-TEXHIYHHUX, XIMIYHHX,
010JIOTIYHMX, €KOJIOTTYHUX, CKOHOMIYHHX 1 COLIaIbHUX
cucreMax. l[eHTpaNbHOO B IbOMY BUIAIKy MOXE OyTH
iHpopMamis K 3aci0 BU3HAUEHHS BIUTUBY Ha IOBEIIHKY
CHUCTEMH.

6.2. Kadenpa iHTErpoBaHUX TEXHOJIOTiH, TIPOIECIB
Ta amnapaTiB BUKIQJa€ HOPMATHBHY JUCHHUIUTIHY
«3arajibHa TEXHOJIOTIS Xap4OBOi MPOMHUCIIOBOCTI» TIOHA]
20 pokiB s cTyAeHTiB 2 Ta 3 KypciB, Haxans 3 2020 p.

HABYAETHCS BXKE TUIBKU TPETIH Kypc, IO MPH3BENO 0
BWIIydCHHS MarepialiB 3 TEXHOJOTii OpoIMIIBHUX
BUPOOHUITB JUIsl CTYJCHTIB 3i crierianizamnii TexHooris
KUpiB 1 xkuposaMiHHuKiB. Timekm 3a 2015-2020 pp.
Byxkano C.I. camocTiifHo a00 y cIiBaBTOPCTBI BHIAaHO
noHax 20 crarteil y ¢paxoBux BumaHHIX Ykpainu ta €C,
AKi 3a0€3MeYyI0Th KOMIUIEKCHE BUKJIAIaHHS TACITUTIIIHH
3a yciMa BHOamMH HaBaHTaxkeHHS (Buma ocsita:
bakanaspar). [6].

6.3. ®parMeHT MPUKIIAAY ONFCOBOTO aITOPUTMY 1O BUKOHAHHS CTyIE€HTaMH 3aBHaHHSA 1.3 3a HaBUAIBHUM

MOCIOHMKOM

1 B sueiiti Al, A2, A3, A4 ta AS

BBectu TeKCT «a=» «b=» «x=» «KYy=» «d=»

2 B sueiini B4 ta B5

Bgectu popymynun «=B2*TAN(B3)*2-B1/SIN(B3/B1)"2»
«=B1*EXP(-KOPEHb(B1))*COS(B2*B3/B1)»

6.4. @pal"MeHT NIpUuKJIagy OmruCOBOr0 aJITOPUTMY 10 BUKOHAHHS CTYACHTAMU 3aBAaHHA 2 3a HaBYaJIbHUM

MOCIOHMKOM

1 B sueiikax Al — A5

BBectu TeKCT «a=» «b=» «x=» «KY=» «f=»

2 |B siyeiini B5

Haruckaemo Ha kHonKy «fx »—«Kateropus: Jlornueckuen—«ECIIN»

3HaYCHUE ©eCM HCTHHA
«(B1*B4+B2)/2»

3 |Aprymenrtu ¢yskuii [JIor BeipakeHust BBoguM «B4<0» 3nauenue eciu uctuHa BBoguM «1-COS(B3)-B4»
Jonaremo HOBuit aprymenT ¢yHKuil Jlor BeIpaxeHus BBoguM «B4>0»
BBOAUM

«Bl1+1» 3Hauenue eciaud JIOKb BBOJIUM

6.5. [Ipukiam OMMCOBOTO aITOPUTMY 10 BUKOHAHHS CTYACHTaMHU 3aBIaHHA 3 32 HaBYAIbHUM

IMOCIOHMKOM

1 B stueiimi Al ta Bl

BBecTu TeKCT «X» «y»

B sueiini A2,A3,A4

3amaTy 3HAYEHHS X

B stueiimi B2

3amatu hopmyiy obumcneHs hyHkii y= 2*A2+LN(A2)+0,5

B siaeiiku B3 ta B4

CkomiroBaTh BMICT siueiiku B2 ta BctaBuTH B stueiiku B3 ta B4

Sluetixkn Al:B4 Buninutn

[© )N AV N NS (VS R | O]

Hartucuytu menio «BcrtaBkay —
«JInarpammb»y — «ToueyHas»

Bubupaemo rpadik

6.6. [Ipuxax oMMCOBOTO aITOPUTMY 10 BUKOHAHHS CTYACHTaMHM 3aBJaHHA 4 32 HABYAIbHUM

MOCIOHMKOM
1  |Binkpusaio BigkpuBaeTbcst HOPOXKHINM JOKYMEHT, 10 SIKOTO MOXKHA J0/1aTH TEKCT, PIBHSHHS,
Mathcad rpadiku Ta 300pakeHHS.

2 |[IporpamHe BiKHO

Mictuts Taki enemenTH: kHonka Mathcad Prime, Ctpiuka, maHenb LIBUIKOTO JIOCTYILY,
KOHTEKCTHE MEHIO, po00oy4a 00J1acTh, PIJOK CTAHY.

3 Kuomnka Mathcad

Mictutb KoMaHM U1 poboTH 3 (aitnamu, Taki sik: Coznats (New), OTkpriTh (Open),

Prime Coxpanuts (Save), Coxpanuts kak (Save as), Ileyars (Print), 3axpsits (Close), Boixon
(Exit)
4  |Crpiuka Sk 1 B IHIINMX CyYacHUX IpoOrpamax, CKiaJaeTbes 3 BKIIANOK (iHTepdelicHUX rpyl), Ha

SKAX 3rpynoBaHi BimnoBigHi komanmu. Ha Bxiagkax Crpiuku BigoOpaskaroThCs
KHOIIKHY, TIPU3HAYEH] JUII BUKOHAHHS TUX YM 1HIIMX KOMAaHIl, MPUYIOMY KHOTIKH 3i0paHi
B KOHTEKCTHO-3aJIEXHI MEHIO.

5 |PobGouy obmacte |MojkHa HaNaIITYBaTH, SMEHIITUBINN a00 301TBIIMBINT CTPIUKY 1 JOJABIINA KOMaHAH, IO
JacTO BUKOPHUCTOBYIOTHCS, Ha MAHEIh MIBUAKOTO JIOCTYIIY.

6 |[lamems mBuAKOTO |MiCTHTH KOMaHIH, III0 YaCTO BUKOPHCTOBYIOTHCS.

JOCTYITY

7  |KoHTekcTHe MeHIO |SIKII0 KIAITHYTH JOKYMEHT IMPaBOI0 KHOMTKOIO MHIIIi, MOYXHA OTPHUMATH TOCTYII 0
KOMaH/I, SIKi 9aCTO BHKOPHCTOBYIOTBCSL.

8  |Psmok cramy MicTuTe HOMEpPH CTOPIHOK [OKYMEHTa, KOJBOPOBHH KPYXKOK, IO IIOKa3ye CTaH
kHonok:  «Hailttu», «3amenuts Hay, «llapamerpsl moucka», «PerynsTop
MaciuTabupoBanusy, «[IpeicTaBiicHre CTpaHUIBD U «PeKUM YSPHOBHUKAY.
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5. Bu3HaYeHHS MAaTEeMATHYHHX MoJAeJeH s
PO3PaxyHKiB 3 T€XHOJIOTI Xap4OBHX BUPOOHUITB.

TeopeTudHy 3HAYMMICTh MArOTh: 3aKOHOMIPHICTh
3MIiHM KOHIIEHTpamii 030Hy B O30HOIOBITPSHIN cymimi
BCEpEIMHI 3EpHOBOTO MaTepiasy MiCIsi NPUITHHEHHS
030HHOI O0OpOOKH, 3aJIeKHOCTI BOJIOTOCTI 3epHA B
CHJIOCHOMY 3C€pHOCXOBHINI Big cmocody  aeparmii
3epHOBOTO Matepialy, 3aJeXHOCTI Ui BH3HAYCHHS

KUTBKOCTI IUKJIIB O30HYBaHHS Ta HArpiBaHHS 3€PHOBOTO
MaTepiary, Ta BiJICOTKA 3HATTS BOJIOTH 32 OJIUH [IUKJI MPH
CYLIIHHS 3€pHOBOrO MaTepialy, sKi JOIOBHIOIOTh
METOIWKH  PO3paxyHKiB  pEeXHMIB  TIpomeciB  Ta
mapaMeTpiB  KOHCTPYKIiM oOragHaHHA  KOMIUIEKCIB
micasa30upanbHoi 00poOKM Ta 30epiraHHs 3epPHOBOTO
MaTepiaiy.

Tabumist 4. PisHoBHIM MOJeel KIHSTHKH CYIIIHHS IIIJIBHUX MaTepiaiiB

Ne Ha3zBa mopeni PiBHSHHS MOei Ck1aioBi piBHsIHB 1-7
1 HeroTona MR = exp(—kt) MR — xoedillieHT I0YaTKOBOI BOJIOrOCTI MaTepialy
2 Xenpepcona-Ilabica MR = aexp(—kt) . ..
— a, b, ¢, k, n — HeBinomi KoeiLiEHTH, 1110 BU3HAYAIOTHCS
n .
3 [etioxa MR = exp(—kt") BJIACTMBOCTAMM KOHKPETHOTO MaTepiaity, I0YaTKOBUMHU
4 Bunosminene Ileiimka MR = exp(—kt)" nmapaMeTpaMy MaTepiany i peKUMaMU CYIIIHHS
5 Jlorapipmiuna MR = aexp(—kt)+c . .
P (1) i p(=At) t — yac 6i0 NOYAMKY CYWIHHS, X6
6 Bonra 1 Cinra MR =1+ at + bt*
7 Mininmi MR = aexp(—kt")+ bt
120[72:3:; BuspieHHA NATEHTOCHPOMMKHOCTI b0 oliHKa
ey s Mareplame s nyGnikamii
[poexTy #

|

|

Ipu3ymHeHA
PO3TONONIEHHA
Pe3YILTATIR

Inentudikaiis
OCHOBHHX 03HAK
JUIA MATEHTYBAHHA

InenTrdikaris
OCHOBHHX LiIeH
nybmikanii

!

!

[TigroToeka marepianie
IR CKIaMaHHA
3AABKH HA BHHAXIT

[Mocranoeka sanaui
1| BHEJIAIAHHA
OCHOBHOT'O MATEPIAITyY

.

[ligroToBka Matepianis
IS CKNAJaHHA
(hopmyin BHHAXILY

|
I
|
I
|
|
I
I
I
I
|
d—,—
|
|
I
I
I
I
|
|
I
I
I
I
I
|
|
|
|

[TinTBepKeHHR
BIANOBLIHOCTI
U1 TIATEHTIBR

Jabopona 5 1
nyBmikaii
pe3yaBTATIB OulinKa eKcrnepUMenTy

JJA MATEHTYBAHHA

|
|
>
|
|
|
|

[lepernag
O3HAK
JU1A ATEHTYBAHHHA

l
!

Ouinka eeKTHBHOCTI
BUKOHAHHX NPOEKTIB

3AKIHOYHUX 1T

[TiAroToBKA | BHUKOHAHHA

Hepernan
3AMIaHOBAHMX
Btz

Puc. 3. Anroput™ iHpOpMAIifHOT OIIHKK IHHOBALIITHOTO JOCIIIKEHHS
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CyuriHHS CHIKOIO Marepially, 3a MarepiajlaMu
JIOCIIZPKEHHS aBTOPIB [6], MOXe BiiOYBaTHCS IIPH PiI3HUX
CTaHax WIapy Martepialy: IIUIBHUK, PpO3IyLICHUMH,

TICEBIOPO3PIMKEHNH, 3BaKEHWUH 1 Tamaroduid, sKi
BU3HAYAIOTHCSA  KOHCTPYKTHBHHMH  OCOOJHBOCTSIMH
cymapok. Y CBOIO 4epry, sK BIJOMO, NIUIbHUH

MaJIOPYXOMHU# [Iap XapakTepU3yeETbCS THM, LIO MpPHU
3MIIIEHHI OKPEeMHX YaCTHHOK PI3HOBUIIB (paKiiii
Marepiary, Mi>k HIMHU 30epiraeThcsi, akTUBHA TTOBEPXHS,
siKa 3MIHIOETBCS, ajie 1i BEIWYMHA HE TMCPEBUIIYE
MOBEPXHIO B MIUIBHOMY HEPYXOMOMY INapi — MPHUKIAM
XapaKTePHUA TS IAXTHUX NPSIMOTOYHUX CYIIIAPOK.

JocnimkeHo, Ui IMIJIBHOTO PYXOMOTO — MIapy
POCIMHHOI CHPOBUHHM, IO INBUAKICTH IPaBITAI[IHHOTO
NepeMillleHHs! B JIeKiJIbKa pa3iB MepeBHIIY€E MBUAKICT B
IIUTEHOMY MaJjlopyxoMoMy Timapi. [lpukian cynriHHS B
PYXOMOMY IIiIIbHOMY IHapi TOB'S3aHUA 3 POOOTOIO
PEIMPKYIAIIRHNX cymapok. Sk Bimomo, y MIiIbHOMY
mapi  Marepially  CIOCTEpIiraeTbCs HEPIBHOMIPHICTH
CYIIiHHA, $Ka TIOB’Si3aHa 3 HHU3BKOIO IUIOIIWHOIO
KOHTaKTy (pa3 — marepiaiy 3 CyIIHIbHIM areHTOM, TOOTO
MOXE MaTH  MICIE  YCKIaJHCHE  MPOXOIKCHHS
CYIIMJIFHOTO areHTa Kpi3b Mapu Marepiany.

Cyurians B TNICEBJI03P1IVKEHOMY cTaHi
XapaKTePU3y€EThCS I IBUILCHOIO IIBUJIKICTIO
MOBITPSHOTO IOTOKY, MO TPOXOJUTh Kpi3h IIap
Marepialy — dac mepeOyBaHHS YaCTHHOK Marepialy B
30HI CYIIIHHS HEOJIHAKOBW, IO MOXE TPHU3BECTH MO

HEpIBHOMIpDHOTO  CyIIiHHA. ToMy  Iyke  4YacTo
3aCTOCOBYIOTh MIPUMYCOBE nepeMilleHHs
TICEBIO3PIHKEHOTO IIapy, IO 3YMOBIIOE JOIATKOBI
€Hepro3arpaTH.

CynriHHS y 3BaKEHOMY wIapi 3a0e3nedyeTbes

MOBITPSSHUM TOTOKOM, MIBUJKICTh SKOTO IE€PEBUILYE
LIBUAKICTh PyXy YaCTHMHOK Marepiany y HboMmy B 2...2,5
pasu, mo 3abe3neyye MaKCUMajbHY IUIOILy KOHTaKTY
Marepialy 3 CyLNIMJIBHUM areHToM, IpOTe J0JAaTKOBI
€Hepro3arpaTd Ha CTBOPEHHS HOBITPSHOTO IOTOKY
BHCOKOI IIBUIKOCTI HAXaJlb MAIOTh MICIIE.
Y mporeci KOHBEKTHBHOTO CVIIIHHSA, SK BIIOMO, 3a
BH3HAYEHHSM BiI0OyBAa€ThCSA TEIUIO- 1 MAacOOOMiH Mix
MarepiaJioM 1 areHTOM CYIIiHHA, 10 TPHU3BOJIUTH JIO
3MiHM TapaMeTpiB CYIIMJILHOTO areHra i Mmartepialy B
npocropi i yaci. [1-5].

3a3Buuail MpaBWIbHI il CTYJICHTIB I03BOJISIOTH
peanizyBaTd pO3YMOBiI 3HAaTHOCTI KOKHOTO B OUIBII
KOPOTKHMH TepMiH, HDK NpHU 1HIUBIyanbHiH poboTi, ane
3aXHUCT POOOTH MPOXOIWUTH B TiH (opMi, sKa TO3BOJIHUTH
NEepeBIpUTH  BMIHHS ~ KOXKHOTO  CTYJCHTa  JiSTH
CaMOCTIHO B aHAJIOTIYHUX CHUTYalliIX — 3aXUCT y JBa
erani. HOBUMH MeTOaMH OIIHKH PE3yiIbTaTiB HABYAHHS
€, HaNpWKIAaJ, KOMIUIEKCHI I1HHOBAIliiHI TPOCKTH 3
OJATKOBMM TBOPYHMMH 3aBIAHHSIMH, SIKi CTOCYIOTBHCS
KOYKHOTO CTYJCHTA Ta MAlOTh aJITOPUTMH OIIiHIOBAHHS.

B pe3ynbrati aHami3y JiTepaTypHHX JHKEpes MOXKHA
BU3HAYHTH MATEMAaTHUYHI MOJENi, SKi OIHCYIOTbH
KIHETHKY IpOLECy CYLIiHHS LIIJIbHUX MaTepiaiiB (Talu.
4) [9-11].

BucHoBkn Ta
PO3BHTKY.

BignoBigauMu HampsMaMy HaBYaHHS 3a (axom
MOJKHa BU3HAYHTH:

1) 3aranpHa XiMi4Ha TEXHOJIOTiS CKJIAJA€ YaCTHHY
TEOPETUYHOL Ta eKCIIEPUMEHTAIHHOT OCHOBH
IHHOBAIIHHIX BUPOOHUIITB;

2) Ha xadeapi IHTETPOBAHUX TEXHOJIOTIH, IPOIIECIB
Ta amapaTiB € (axoBi BHKJIagadi, MPaKTHYHO, 3 YCiX
rajmy3eil XiMiyHOT Ta XapuoBOi INPOMHCIIOBOCTI 3a
HarpsMKamu (K Bu3HaueHo Ha caiiti HYXT), a He
TUIBKK (paxiBIi 3 TEXHOJIOTIT )KUPIB Ta NHBA;

3) MOXHa BU3HAE€TE HASBHICTH OLIbII HiX 20 POKiB
MEePEZ0BOTO JIOCBIy OpraHi3allii HaB4aIbHO-METOAMYHOT
pobotu kadenporo ITIIA HTY «XIII» Tta HakonuueHHs
HEI0 KOMIIETEHTHICHOTO PiBHS OCBITH;

4) MIPOTPaMHUAM pe3yJIbTaToM BUBYCHHS
BUIICO3HAYCHUX IUCHUIUTIH € KOMIUICKCHE YSABICHHS
po HaWBaX»TABIIIi TTOHSATTSI iHpopMaIiHHIX
TEXHOJIOTiH; HAaBUYKH TPH BUOOPI  ONTHUMAIBHOI
TEXHOJIOTIYHOI CXEMH BHPOOHHMIITBA TI0 YJOCKOHAJICHHIO
W onTMMi3alii TEXHOJIOTIYHHMX IPOIECIB 1 amapartiB 3
ypaxyBaHHSIM 3HW)KCHHS IIMTOMHX CHEPrOBHTPAT Ta
MPOIIECIB PECYpCO- Ta CHEPro30epeKeHHs, MiABUICHHS
BUXOAY KIHIICBOIO MPOAYKTY 1 IIBUINCHHS SKOCTI;
BMIHHS BHMKOHYBaTH pO3paxyHKHM MaTepiajbHUX 1
TEIUIOBHX OalaHCIB Xap4OBHX BHPOOHUIITB, OCHOBHHX
TEXHOJIOTIYHUX TMapaMmeTpiB: MPOIYKTUBHOCTI, BHXiJ
MPOYKIIii, BUTPATH MPOIYKTIB 1 iH.
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S. . BUKHKALO, V. O. KRAVCHENKO, R. YU. KOMIRNIY
INFORMATION TECHNOLOGIES AND MATHEMATICAL MODELING IN EDUCATION OF STUDENTS OF
NTU «KHPI» IN EMERGENCY CONDITIONS AND SURVIVAL SITUATIONS

The materials of the article consider the possibilities of determining and applying the components of information and
computing technologies for various specialties of student education. The work presents examples of the formation of
complex knowledge about the principles of construction and operation of the software for determining the possibilities
of effective use of modern information and communication technologies in the professional activity of a technologist
according to the types of specialization of students starting from the first year of study. When writing the article, many
years of experience in teaching the disciplines «General Food Industry Technology» and «Mathematical Modeling and
Optimization of Chemical Technology Objects» at the National Technical University «Kharkiv Polytechnic Institute»
at the Department of Integrated Technologies, Processes and Devices were used. This experience and good knowledge
of the subject determined the high quality of the material for teaching the discipline, and the issues under consideration
are overlooked through the prism of one's own creative perception, which makes the material particularly valuable.
Developments were carried out using modern, highly effective scientifically based technologies for the use of raw
materials, examples and some features of possible learning solutions are presented, which are based on experimental
data for the development of process mechanisms and their scientific justification in the form of information
technology objects; detailed and analyzed: components of information systems by types of activity;

Keywords: information technologies, chemical technology and engineering, training systems, complex
innovative projects, computational methods, optimization objects

C. I. BYXKAJIO, B. 0. KPABYEHKO, P. 0. KOMIPHHH
NHOOPMALMOHHBIE TEXHOJIOTA U MATEMATHYECKOE MOJAEJIMPOBAHUE B OBYEHUH
CTYAEHTOB HTY «XIIW» B YPE3BBIYAUHBIX YCJIIOBUAX U CUTYAIIUAX BBI’KUBAHUSA

B marepmanax craThbH pacCMOTPEHBI BO3MOXHOCTA HW3YyYCHHS M INPUMCHCHHS HHGOPMAIMOHHBIX TEXHOJOTHHA W
BBIYUCITUTEIBHBIX METOAOB JJIs PAa3HOBHIHOCTEH CHCIMATBHOCTECH OOYYEHHUs CTYACHTOB. B paboTe mpencTaBiIcHBI
npuMepbl (HOpPMUPOBAaHUA KOMIUIEKCHBIX 3HAHHHA O MPHHIUMNAX ITOCTPOCHUS W (YHKIMOHHPOBAHUS MPOTPaMMHOTO
OTIpeNieNIeHUs] BO3MOXKHOCTEH 3(P(PEKTUBHOTO HCIOIB30BAHMS COBPEMEHHBIX HH(OPMAIIMOHHO-KOMMYHHUKAITHOHHBIX
TEXHOJIOTHA B TPO(EeCCHOHANBFHONH NEeATeIHPHOCTH HHXCHEPA-TeXHOJIOra MO Pa3HOBHIHOCTAM CHEIHATH3ALNN
CTYACHTOB, HauWHAas C IepBOro Kypca oOyueHws. [Ipwm HammMcaHWM CTAaTBH HCIOJNB30BAaH MHOTOJICTHHH OTIBIT
NperogaBaHnsd AUCHUIUIMHBL  «OOmas TEeXHOJNOTHS THIICBOH INPOMBINUICHHOCTH» M «MaTremaTndeckoe
MOJICIMPOBAHKUE W ONTUMU3AIUSI 00BEKTOB XMMUYECKOH TEXHOJIOTHN» B HallmOHATbHOM TEXHUYECKOM YHHBEPCUTETE
«XapbKOBCKHI MOJUTCXHUYCCKUIA MHCTUTYT" Ha Kad)eJApe MHTCTPUPOBAHHBIX TEXHOJIOTHH, MPOIIECCOB U aIapaToB.
DTOT OIBIT ABJIAETCS OCHOBAHUEM JUIS MPENOIABAHUS JUCIUILIMHBL, & PACCMATPUBAEMBbIE BOIIPOCHI MPOITYIICHHI Yepe3
NPU3MY COOCTBEHHOT'O TBOPUYECKOTO BOCIIPHSITHS, YTO JICNIACT MaTeprall 0COOCHHO IICHHBIM. Pa3paboTku mpoBeICHBI C
MPUMEHCHAEM COBPEMEHHBIX BBICOKO3((EKTUBHBIX HAyYHO-OOOCHOBAHHBIX TEXHOJOTHU HCIIOJNB30BaHUS CHIPHS,
NPEJCTABICHBI TPUMEPbl M HEKOTOPBIE OCOOCHHOCTH BO3MOXKHBIX pCIICHUN OOydYeHHs, OCHOBAaHHBIC Ha
SKCIIEPUMEHTAIBHBIX JaHHBIX pa3pabOTKH MEXaHW3MOB IPOIECCOB W MX HAYYHOTO OOOCHOBaHHS B BHIC OOBEKTOB
MHPOPMAIMOHHBIX TEXHOJIOTHIL;, JETATU3UPOBAHBI U MIPOAHAIN3UPOBAHBI: COCTABIISAIOMNE HH)OPMAIIOHHBIX CHCTEM
10 Pa3HOBUIHOCTSIM JICATEIIFHOCTH;

KiaroueBble cjoBa: WHQOPMAIMOHHBIE TEXHOJOTHH, XWMHYECKas TEXHOIOTHS W HHXCHEPHS, CHCTEMBI
00y4JeHHs, KOMITJICKCHbIC WHHOBAIIMOHHBIE IPOEKTHI, BEIYUCIUTEIbHBIE METOBI, 0OBEKTHI ONTUMH3AIINN
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