MIHICTEPCTBO OCBITH MINISTRY OF EDUCATION

I HAYKU YKPAIHU AND SCIENCE OF UKRAINE
HarmionanpHuil TeXHIYHUN YHIBEPCUTET National Technical University
«XapKiBChKUHM MOTITEXHIYHUHI IHCTUTYT» "Kharkiv Polytechnic Institute"
Bicuuk HanionajabsHOro Bulletin of the National
TEXHIYHOI'0 YHiBEPCUTETY Technical University
«XIII». Cepis: InHoBauinHi "KhPI". Series:
HOCJII?KEHHSA Y HAYKOBHX Innovation researches in
poldoTax CTyJAeHTIiB students’ scientific work
Ne 1°2021 No. 1’2021
30ipHUK HAYKOBUX Mpallb Collection of Scientific papers
Bunanus 3acnoBane y 1961 p. The edition was founded in 1961
XapkiB Kharkiv

HTY «XIII», 2021 NTU "KhPI", 2021



BicHuk Hamionaabnoro texniunoro yHiBepcurety «XIII». Cepin: InHoBauiiiHi goc/igxeHHs1 y HAYKOBUX podoTax
cryaenTiB = Bulletin of the National Technical University "KhPI". Series: Innovation researches in students’ scientific

work: 30. Hayk. mip. / Har. TexH. yH-T «XapKiB. MOmMiTeXH. iH-T». — XapkiB : HTY

«XTII», 2021. —  Ne 1 (1361)

2021.— 96 c¢. — ISSN 2220-4784 (print), ISSN 2663-8738 (online).

Bunanust npucBsideHe OCBITJICHHIO HAYKOBUX Ta HaBYAIbHHUX JOCSITHEHb B Taily3i IHTErPOBAHUX TEXHOJIOTIH, MPOIIECIB Ta anapariB
XIMI4HOT Ta Xap4oBoi imxeHepii. [Ty0IiKkyl0TbCsl CTATTI, 110 CTOCYIOTHCS PO3POOKH TEXHOJIOTiH KOMIIGKCHOTO iIHHOBAL[IHOTO HaBYaHHS
i HAyKOBO-TEXHIYHOTO TBOPYOCTI CTYIEHTIB, OE3MEepPEepBHOrO PO3BUTKY 0a3zu (GyHIAMEHTANbHUX 1 NpodeciiHUX 3HAHb, a TAKOK
OpraHi3aIiifHIX HABUYOK B IPOIIEC] IHHOBAIIHHOTO IIPOEKTYBAHHS i pO3POOKH TEXHOJIOTIIHUX 00’ €KTIB Pi3HOTO PiBHS CKIIAHOCTI.

Jyis HayKOBIIB, BUKJIaa4uiB BHUIIOI IIKOJIH, ACIiPAHTIB, CTYACHTIB i (haXiBIliB ramysi.

The main purpose is the publication of scientific works of students, lecturers and employees of higher educational establishments,
which promotes the development of technologies of innovative teaching and scientific and technical creativity of students; contributes to
the continuous development of the audience as a base of fundamental and professional knowledge, as well as organizational skills, in the
process of innovative design and development of industrial technological objects of various levels of complexity.

It’s a unique opportunity for companies, organizations and researchers to contribute to the advancement and development of up-to-
date and progress scientific and technical issues related of Chemical Engineering.

Mosa crareii — ykpaiHCbKa, pociiicbka, aHTTiHChKa.

Cainonrso JlepxkoMmiTeTy 3 inpopmamniiinoi nomituku Yxpainu KB Ne 5256

Bix 2 munas 2001 poky.

Bicnux Hauyionanvnozo mexniunozo ymuieepcumemy «XIII». Cepia: Innoeauiiini 00cniddyceHHA y HAYKOGUX pooomax
cmyoenmie eneceno 00 «llepeniky Haykosux axosux eudamv Yrpainu, 6 AKUX MOdICYmMb nyONIKy8amucs pe3yromamu
oucepmayitinux pobim Ha 3000ymms HAYKOBUX CMYNEHi8 OOKmMopa i KaHOUOama HAyKk», BKIIOYEHUH 1O 30BHILIHIX iH(OpMalifiHuX
cucteM, innekcyerbes Google Scholar; 3apeecTpoBanmii y cBiTOBOMY KaTtasnosi nepioandHux Buaanb 6a3u ganux Ulrich’s Periodicals

Directory (New Jersey, USA).

Odiniiinmii caiit Buganus: http://vestnik.kpi.kharkov.ua/idnrs

Pepaxuiiina xoJieris cepii

Tonoenuti pedakmop:

Byxkaao C.I., npod., HTY «XIII», Ykpaina
Bionosioanvnuii cekpemap:

Mipommniuenko H.M., nou., HTY «XIll», Ykpaina
Ynenu peokoneaii:

Tnapkuii ®.P., npod., HTY «XIIl», Ykpaina
Hemupnos .M., mpod., HTY «XIIl», Ykpaina
ApcenbeBa O.I1., pod., HTY «XI1l», Ykpaina
Hoaycro M.O., npod., HTY «XIIl», Vkpaina
T'opéynos JI.B., nou., HTY «XIIl», Ykpaina
Kanycrenko I1.O., npod., HTY «XIIl», Ykpaina

HU. Kaememr, npod., Kepisuuk nadoparopii

iHTerpaLii cTanoro mnpoiecy, Buiia TexniuHa

texnika y bprao, Yecpka Pecry6iika

I1. Bap6anos, PHd, nom., c.H.c., Jlaboparopis
iHTerparii cTanoro npouecy, TexHoxoriaHui
yHiBepcuteT bpHo, Uechka Pecriy6iika

I1. Crexamnk, PHd, npog., Texnosoriunuii
yHiBepcutet, bpHo, Uecbka peciryOiika

3. KpaBanss, npod., 1adopatopusi CHCTEMOTEXHUKH U
ycToiuuBoro passurusi, Mapubop, CroBeHust

®. ®puniep, npod., Karomnuecknit yausepcurer,
naboparopus Heriberto Cabezas, Bynanemt, Benrpus
JI. Mlynmxanep, npodeccop, 1okTop dunocodum,
[Tonurexunueckuii ynusepcuret Karanonuu, kadeapa
XHMUYECKOT0 MalmHocTpoeHusi, bapcenona, Mcnanus
. Tlnaza, nmpod., GaKyIbTeT XUMHHA U XUMUYICCKON
TexHojoruu, YHuusepcutet Jrobmausl, JlobnsHa, CnoBeHns
Jlam Xow Jlynr, nokrop ¢punocoduu (Chem Eng); (I.T.),
Horrunremckuii yausepcutet, kammyc Manaiizum, kadenpa
XUMHUECKOM U IKOJOTUUECKON UHXKeHepun, Manaiizus
KoncynsTatuena paga

Coxoa €.1., 1-p TexH. HayK, yi.-kop. HAH Ykpainu,
HTY «XIll», Ykpaina

Tosopos ILII., 1-p Texn. Hayk, npod., XHYMI im.
O.M. Bekerosa, Bine-npe3uneat HAH Bumioi ocitu
VYkpainu «Enepreruka ta pecypco30epexeHHs»
Kpasuenko O.B., 1-p TexH. HayK, 3aB. BIAITY
HEeTPAIUIIHHUX EHeProTeXHOJIOTiH, [HeTHTyT

npobiem MammHOOYnyBanus iM. A.M. IlinropHoro
HAH Vxpainu

Pexomennosano 1o apyky Buenoro panoro HTY «XIII».
IIporoxon Ne 7 Bix 2 mumast 2021 p.

Editorial staff

Editor-in-chief:

Bukhkalo S.I., prof., NTU "KhPI", Ukraine

Executive secretary:

Miroshnichenko N.M., as. prof., NTU "KhPI", Ukraine

Editorial staff members:

Gladky F.F., dr. tech. sc., prof., NTU "KhPI", Ukraine

Demudov .M., dr. tech. sc., prof., NTU "KPI", Ukraine

Arsenyeva Q.P., dr. tech. sc., prof., NTU "KPI", Ukraine

Podustov M.O., dr. tech. sc., prof., NTU "KPI", Ukraine
Gorbunov, L.V, as. Profesor, NTU "KhPI", Ukraine
Kapustenko P.A., prof., NTU "KhPI", Ukraine

Jifi Jaromir Klemes, dr. sc., Prof.,, Head of Sustainable Process
Integration Laboratory, Vysoké uceni technické v Brné, Fakulta
strojniho inzenyrstvi, Brno, Czech Republic

Petar Sabev Varbanov, PhD, as. Professor, Senior Researcher,
Sustainable Process Integration Laboratory, Brno University of
Technology, Brno, Czech Republic

Petr Stehlik, dr. sc., Professor of Process Engineering, Director of
Institute of Process and Environmental Engineering at the Faculty of
Mechanical Engineering, University of Technology, Brno, Czech
Republic

Zdravko Kravanja, Professor, PhD., Faculty of Chemistry and
Chemical Engineering, Laboratory for Process Systems Engineering
and Sustainable Development, Maribor, Slovenia

Ferenc Friedler, Professor, PhD., Pazmany Péter Catholic
Univesity, Heriberto Cabezas's Lab, Budapest, Hungary

Luis Puigjaner, Prof., PhD., Universitat Politécnica de Catalunya,
Department of Chemical Engineering, Barcelona, Spain

Igor, Plazl, prof., dr., Faculty of Chemistry and Chemical
Technology, University of Ljubljana, Ljubljana, Slovenia

Lam, Hon Loong, PhD (Chem Eng); PhD (I.T.), University of

Nottingham, Malaysia Campus, Dept. of Chemical and
Environmental Engineering, Malaysia
Advisory Board

Sokol E.L, dr. tech. sc., member-cor. of National Academy of
Sciences of Ukraine, NTU "KhPI", Ukraine

Govorov P.P., dr. tech. sc., prof., O.M. Beketov National
University of Urban Economy, vice-president of National
Academy of Sciences of higher education of Ukraine
Kravchenko O.V., dr. Head of department of nonconventional
energy technologies Podgorny Institute for Mechanical Engine-
ering’s Problems of National Academy of Sciences of Ukraine

© HarionansHuit TeXHIYHUH yHIBEpCUTET «XapKiBCHKUIT MOMITEXHIYHUH iHCTHTYTY», 2021



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

YK 697.329 doi: 10.20998/2220-4784.2021.01.01

B. B.BUCOYHH, B. P. HIKYJIBIIIHH, A. €. JEHUCOBA, B. O. BY/JAPIH
OCOBJUBOCTI OITPOMIHEHHS IBOCTOPOHHIX ®OTONAHEJER

Po3pobneno meton po3paxyHKy ONpPOMIHEHHS JBOCTOPOHHIX COHSYHUX (oTomaHenei. 30kpeMa, MeTo| 103BOJISIE 3pOOUTH OLIIHKY
OIIPOMIHEHHS ITOBEPXHI, [0 PO3TAIIOBaHI HAa THIBHII CTOPOHI IaHeNi, IpH pi3HiH npocToposiit opieHTtanii. CucremMa piBHSIHB, IO
OIIMCYIOTh ONpPOMIHCHHS, BKJIOYAE CIIIBBIJHOIICHHS /IS BH3HA4YCHHS COHSYHOI paxianii Ha Tepuropii YKpaiHu Uis
TOPU3OHTAIBHOT MOBEPXHI 1 KoeillieHTH mepepaxyBaHHs OMPOMIHEHHS 3 TOPU3OHTAIBHOI HA MOXWITY TOBEPXHIO 3 ypaxyBaHHIM
ocobirBOCTel IXHBOI MPOCTOPOBOI OpieHTalii MPH MPSIMOMY ONPOMIHEHHI i OMPOMIHEHHI BIAOWTHM PO3CISIHUM CBITJIOM.
ITpoBeseHO aHANITUYHI [OOCHIMKEHHS IHTCHCHUBHOCTI OIPOMIHCHHS COHSYHHX IaHeJedl Ui yMOB, SIKi BigPI3HSIOTHCS
a3UMYTaJIbHOIO CHPSIMOBAHICTIO i KyTOoM Haxmiy. [loka3zaHi 0COONMBOCTI OMPOMIHEHHS! HEePEIHBOI i THIBHOI CTOPIH COHSYHUX
nmaneneil. Po3risHyTI MOXIMBOCTI (OpMyBaHHS pamiOHAJBHHUX YMOB MPOCTOPOBOI OpieHTAlil maHened 3a (akTopoM
JTBOCTOPOHHBOTO ONPOMIHEHHS. Y SIKOCTI XapaKTepHUX PO3PaXxyHKOBUX PO3TILTHYTI HANPSIMKHU MAHEINI 10 OCsIX "HiBICHb-MIBHIY" i
"exip-3axin". Kytn waxmry, npuiasTi mis anamizy (90 i 45°), mo3BONSIOTE 3p0OUTH OIIHKY ONPOMIHEHHS MaHeNi B HaHOUIBII
BHUKOPHCTOBYBAaHOMY Jliana3oHi peajbHUX yMOB €KCILTyaTallii. 31 3MEHIICHHIM KyTa HaXHIly, IOYHHAIOYH Bix piBHsA 90°, cymapHe
ompoMiHeHHs maHeni 3pocrtae. OmHak BepTuKaidbHe po3ramryBanHs (90°) MoXke AMKTYBaTHCS yMOBaMH 1i 3acTOCYBaHHS,
HaIPUKIIAJ, VI Oropoxi abo obnuiioBanHs (pacamy. [Toka3zaHo 0cOOIMBOCTI ONPOMIHEHHS MEPEIHBOT if 3aAHBOT YACTHH COHSYHUX
naHeneil i 3ampoNOHOBaHI PAaliOHATbHI YMOBH MPOCTOPOBOI opieHTtauii manenei. HaiiOinbiuii edext BiJ ABOCTOPOHHBOTO
ONpPOMIHEHHs COHSYHOI MHaHedi Moxke OyTH OTpuUMaHuii npu opieHtamii "cxig-saxin"'. Pasom 3 TuMm mis Bcix opieHTariit
3aCTOCYBaHHs JBOCTOPOHHBOI (poTomanesni € nmo3utuBHUM. HailGinblunii BIUIMB Ha ONPOMIHEHHS MaHENli KyT HAXWIy Mae HpH
opieHTamii "niBaeHB-MIBHIY", IPH OpieHTanii "cXig-3axix" 3aJeXHICTh BiJl BEIMYMHH KyTa IPAKTHYHO He icToTHA. Bukopucranus
3aIPOIIOHOBAHOT METOAMKH W pe3yJbTaTiB aHajidy, NMPOBENCHHX Ha ii OCHOBI, J03BOJIsiE BHOpaTH palliOHANBHY apXiTEKTypy

COHSTYHOT EJICKTPOCTAHIIII.

KoiouoBi c10Ba: 1BOCTOPOHHI COHSTYHI (poTOIIAHENI, ONIPOMIHEHHS ITaHeweit.

Beryn. OctanHiM 9acoM 3'SBJISIFOTBCS JIBOCTOPOHHI
COHSIYHI MOJYJI JUI TeHepallii eNeKTpUYHOro cTpymy [1,
c.342; 2, c.362]. JIBOCTOpOHHI COHSYHI EJIEMCHTHU
BUTOTOBJSIFOTECS 3 (DOTOCIICMEHTIB, SKi TOTJIUHAIOTH
COHSYHE BHUIIPOMIHIOBAHHS SIK 3 JIMIBOBOTO, TaK 1 3
TUIBHOI CcTOpOHHW. [Ipw IBOMY MOTYXHICTh THJIBHOI
cTopoHH MOXe nocsaraTa 70% 11oa0 JMIBOBOI. Y MEBHUX
BHIIAJIKaX TaKi MaHe’l JO3BOJSIOTH OTPHUMATH HaJ0aBKy
JIo BUpoOsIeHHs enektpoeneprii Bix 10 go 50 BigcoTkiB B
MOPIBHSAHHI TPAAWIIIHHAMHA OJHOCTOPOHHIMH COHTIHHUMU
Oatapesmu. BBaxkaeTpcsa, 1m0 3aBOJKA  HOBOMY
JIBOCTOPOHHBOMY COHSIYHOTO MOJYJIIO BHPOOHHIITBO
eJIEKTpoeHeprii B HalWOmmK4oMy MailOyTHbOMY MOXXe
CTaTH OUIbII e(DEKTUBHUM.

Anani3 crany nuranHHa. Ciig 3a3HAuYMTH, IO
BIUIMBY OPIEHTALi MO0 COHSYHOTO BUIPOMIHIOBAHHS
OPUIUIAETBCS ~ JOCTaTHA  yBara HE  TUIBKA B
(hoToBOIBTAXKHIX ycTaHOBKax [3, c.259; 4, c.27; 5, c.
345 ], ayre 1 B iHIIIOMY YCTaTKyBaHHi, III0 BHKOPUCTOBYE
COHsIYHE BHIIpOMiHIOBaHHsA. Hampuxman, [6, c.282; 7,
c. 753; 8, c. 110] B coHsTyHMX KOJEKTOpax, [9, c. 417; 10,
c. 172] cucremax oxomomxenss, [11, c. 136] coHsSIHUX
cTaBkax Tomo. JlogaTkoBy eHepriro (oToeneKTpuyHOi
CHUCTEMH, 5Ky MOXHAa OTPUMATH TIPH BHUKOPUCTAHHI
JIBOCTOPOHHIX ~ MOJYJIB  3alle)KUTh  BiJl  KUIBKOCTI
BUINPOMIHIOBAaHHS, 1[0 IMOTPAIUILE HA TUIBHY CTOPOHY
Oarapei. BukopucTaHHs ABOCTOPOHHIX MOJIYJIIB BUTiJTHO
Tam, Jie TWIbHA CTOPOHA TEX JOCTYIHA ISl COHSYHOTO
cBiTma, abo Oe3mocepenHbo, abo 3a  JOMOMOTOIO
poscissHoro  BimoOpaxeHHs. OOmacti 3acToCyBaHHS:
nmapkaHu, Oap'epy Ta iHII BEPTHKAIbHI KOHCTPYKIII.
OCHOBHOIO TIEpPEeBarol0 BEPTUKAIBLHUX JBOCTOPOHHIX
TaHeJIel € MOYIJIMBICTh ONPOMIHEHHS TPSMHN pajlialiiero
000X cTOpiH MaHeneH, MpoTe B Pi3HUHN Jac JHsI.

HaiiBaxxiuBimuM (akTopoM BIPOBAKCHHS TaKUX

KOHCTPYKIIH € MOXMIIUBICTh JIOCSITHCHHS BHCOKOI
OTNPOMIHCHHS SK OJNHi€l, Tak 1 iHImOI cTropoHu. Jlis
OJIHOCTOPOHHIX TaHEJCH BUTITHOI OPIEHTAIEID €
MIBJCHHA 3 KyTOM HAaxXWily, BEJIMYHHA SIKOTO IOCHUTBH
nobpe oOrpyHTOBaHA.
VY pasi IBOCTOPOHHIX MaHeNel TyMKH TOCIITHUKIB MO0
ONTHMAITLHOT opieHTaIlii PO3XOIATHCS: OJTHI
PEKOMEHIYIOTh YCTAaHOBKY TIIaHENl MO OCi «IiBHIY-
miBneHb» [12, c. 48], iHmi — mo oci «cxim-3axig» [13,
c. 141]. Tlpuuomy Ha BHOIp Opi€HTAIii BIUIMBAIOTH
OJIHOYACHO HE TIJIbKM ONPOMIHEHHS, ajie 1 psj IHIIMX
YUHHUKIB.

Curyanisi, O CKJIajacs BHMAara€ IPOBEICHHS
CICIiaJbHUX JOCIIIKCHb ISl OOTPYHTYBaHHS CIIOCOOY
YCTAaHOBKH JJBOCTOPOHHIX MAHEICH.

IMpn  nmocmipkeHHI  PEeXHUMIB  pOOOTH  COHSYHHX
MIePETBOPIOBAYiB BUKOPUCTOBYIOTH EMITIpUYHI JTaHi 1 TaHi
aHATITHYHUX MOJENBHHUX IOCHipkenb [14, c.47; 15,
c. 338]. AHamiTHuHI MOjeNi, SK HAWOIIbII TPUBAOIHMBI
UL TOCHIKEeHb,  PO3PI3HSAIOTHCA  CHOcoOoM i
JIETANBHICTIO MaTEeMaTHYHOTO ONWCY IIPOIECIB, SKi
MPOTIKAIOTh B CHOJYYCHUX 1 CYTTEBO 3MIHHHX YMOBaX.
OtpuManHs HeoOxinHOi iH(popManii Oe3nocepenHbO
3aJICKUTh BiJl IOBHOTH Ta aJICKBATHOCTI OIHCY.
Po3poOKky HE0OXiTHOr0O MaTeMaTHYHOTO ONUCY CTPUMYE
Ta OOCTaBMHA, IO HE OINPALNOBAHUN CMOCIO OIHKH
OTPOMIHCHHSI MMOBEPXOHb, II0 3HAXOIATHCS B 3aTIHCHIN
CTOpOHI MaHeTi.

Meta. Po3poOka iHTErpoBaHOi MaTeMaTHIHOL
MOJIeJIi ISl BU3HAUCHHS PAIliOHATBHUX PEXUMIB pOOOTH
JIBOCTOPOHHBOT'O COHSYHOTO KOJIEKTOpA B PI3HMUX YMOBaXx
eKCIUTyaTartii.

© Bucounn B.B., Hikynsumn B.P., [lenucosa A.€.,
Bynapin B.O., 2021
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Meton pocaizxkennsi . OpieHTanis 0 0OCi «IiBHIY-
miBneHb» (S-N) peamizyeTbcsi, KOJU HOpPMaib JI0
nepenHpoi (aBepcHoro) moepxHi consaroi naneni (CIT)
cipsiMoBaHa Ha IiBAeHb 3 asumytomM 0 rpamycis.
OpieHTaris «CX1g-3aximy (E-W) nepeadavae
HarpaBsJIeHHs HOPMaJli aBEpCHOTO IIOBEPXHI Ha CXiJl.

JIJisl aHAJTITUYHOTO ONMUCY ONPOMIHEHHS ITOBEPXHI
MOJKHAa 3aCTOCYBaTH METOJ, 3alpoloHOBaHUN B [16,
c. 126,] mis ymoB Ykpainu. CepeqHpo1000Ba COHSYHA
pazmiaimisi Ha TOPWU3OHTAIBLHY TOBEPXHIO, IO BKIIFOYAE
mpsiMy i Audy3HY CKJIAZOBi, BH3HAYAE€THCS HACTYITHUM
BHPa30oM

CucTeMH TeIUIoNoKami3allii 3axXdIIaloTh BiAKPUTI
OoTBOpH OyZiBeNh INTYYHO C(OPMOBAHUM IIOBITPSHIM
CTpYMEHEM, SKAN CIIPSIMOBYIOTh oTiepex
NIPOHUKAIOYOr0 Kpi3b JBEpPi 1 BOPOTa 3OBHIIIHBOTO
XOJIOJTHOTO ITOTOKY MOBITPSL.

21 (n-180)
=A+B-cos| ———=|,
365

Hh.day

ne A=37,71-0,5289¢; B=20,0-0,2013¢,
¢ — reorpadiyHa IIMpoTa MiCIIEBOCTI, TPa;
1 — TIOPSAKOBUI HOMEP IHS POKY.

Jns scHOro 1HS MOXHA OTPUMATH MUTTEBY
IIJIBHICTh ~ TOTOKY  pafianii Ha  TOPH3OHTAILHY
MOBEPXHIO, NMPUHMAalOYM CHHYCOINAJILHUN 3aKOH 3MiHU
¢byHKLIT poTsirom cBiTiaoBOro aHs [16, c. 126]

520-H (o
H, - h.day sin[n (t 12,27+0,52N)}’

N N

ne N — TpuBaNiCcTh CBITIOBOTO JHS; { — 3aJaHuil yac.

BimHOIICHHsT MOTOKY MpPsIMOI COHSYHOI pajiarii,
sIKa HAJIXOJWUTh MO HOPMAali Ha MOXWIY IOBEPXHIO, JIO
MOTOKY pajialii, sfka HAAXOAWTh HAa TOPHU3OHTAIBHY
MOBEpXHIO, [17, c. 224]

R =

H, H; 1+cosp (1—-cosP)
—— |Ry +— + P,
Hj, H, 2 2

ne Hy— npuxin audysiiinoi papianii; R, — BigHOLIEHHS
NPUXOJIB MpsAMOi COHAYHOI pamialii Ha nHoXwiy M
TOPU30HTAJIbHY NOBEPXHI; p — BIIOMBHA 3/IaTHICTb 3eMJIi.

Il# 3amexHicTh MOXXe OyTH 3acTOCOBaHa JUIA
MOBEPXHI, 10 3HAXOUTHCS Ha MiBJIeHHIH cTopoHi. Bona
BpaxoByE TpSMY COHSIYHY paniamito (Mepluid 4YjeH),
po3cisiHy B atMocdepi (Apyruii WwieH, SKUH IOKa3ye, sKa
JacTHHA HEOOCXMIy BHIHO 3 TIOBEpPXHi) 1 BIIOUTY Bif
MOBEpXHi 3eMJli (TpeTilt wieH, SKUHW TMOKa3ye YacTKy
BiIOMTOI CymMapHOi pafiarmii).

Hudysny ckmamoBy Hd moxna Bu3HaumTH 3a
METOIMKOI0 BUKJIafeHOw B [18, ¢. 53].

CraBneHHS  HaIXOJUKEHHS  MpsIMOi  COHAYHOI
panianii Ha HaXUJIEHY 1 TOPU3OHTANIBHY TOBepXHi [17]

cos(0)
b=~y
cos(6,)
Z¢e © — KyI [amiHHS =~ [PAMOrO  COHSYHOTO

BUIIPOMIHIOBaHHS; 0, — 36HUTHUI KyT IaJiHHA OIPOMEHS

Ha MalJaHYHK.
JInst TMNBHOT CTOPOHM TMpHUiiMada, OpPi€EHTOBAHOTO
M0 OCi «IiBHIY-MBACHBY TMpsMa CKJIaJoBa BiACYTHS.
Cekrop HeOOCXmTy AU(Y3HOTO BUIPOMIHIOBAHHS, SKHA
0adnMo 3 TIOBEPXHIi, BI/IMOBIAAE pPaKypCy
| 1+cosB 1-—cosf

2 2
BinnoBigHO, Ui THIBHOI CTOPOHH PaKypc
COpUIHATTS  BimOWTOoro  Big  3emii  audy3HOro
BUIPOMIHIOBaHHSI BU3HAYAETHCS TaK
| 1-cosB 1+cosf
2 2
CkiamoBa  BIiIOWTOTO  BUNPOMIHIOBAHHS  JUIS

3BOPOTHOTO OOKY HE BKJIFOYAE MPSIME BUIIPOMiHIOBAHHSI.
TakuM 9MHOM, IJI1 TUIBHOI CTOPOHM BiTHOIICHHS
MOTOKIB pajiarii BABHAYUTHCS Y BUTIISAIL

H _
Rr:—d(l cosl3+1+cos[3p)
H, 2 2

JI1s mOBEepXOHb, OPIEHTOBAHUX IO OCI «CXiJ-3aXim»
METOJ PO3PaXyHKy TOW JKe, OIHAK JUIS OPi€HTALIi «Ha
cximy xyT azumyTta = + 90; «Ha 3axig» = -90. IIpsama
CKJagoBa [IJIsI 3aOHBOTO OOKy 3'BISIETBCS  MICIHA
HOJIyJIEHHOTO Yacy IpH 3eHITHOMY KyTi 0, >90—f3.

PesyabTaTn JAOCTiIKEeHb. Hani aHaNizy
IHTEHCHBHOCTI IIOTOKY BHIIPOMIHIOBaHHSI Ha aBEPCHY 1
peBepcHy noBepxHi poTonaneni npu opienrarii "S-N" B
mitHii nepiox (7 micsip) oka3aHi Ha puc. 1.

H,
BT/m

600
500

400

300

200

100 / \
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Puc. 1. 'ycTiHA MOTOKY BUNPOMiHIOBaHHS, N131al040T0 Ha
CII mipu opienTarii «S-N», opieHTalist CTOpiH:
1 — miBHiYHa; 2 — MiBACHHA; 3 — cyMapHa
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Kyr naxmry mnosepxHi 90 rpaa. Koedimient
BimoOpaxxeHHst 3emui npuitaatuid pisauM 0,2 [17]. Ipn
Takiii ~ opieHTamii mpsAMa  CKJIAAOBa  COHSYHOIO
BUNIPOMIHIOBAHHS ~IOTpAIUIsi€ TiITBKH Ha  aBEpCHY
noBepxHi0. TOMy 3BOpOTHAa CTOpPOHA, K BWIUIMBAE 3
MOJYYEHUX JAHUX, OTPUMY€E NPHUOIN3HO TPETIO YACTHHY
Bil TIOTOKYy Ha TmepenHiid maneni. OmHak cymapHa
paziaiisi B MOPiBHSHHI 3 OTHOCTOPOHHBOIO OMIPOMIHEHHS
B IIITOMY 3Ha4YHA.

[NokazanHi 3aKOHOMIPHOCTI BIJIPI3HAIOTHCS
MPaKTUYHO CUMETPUYHUM XapaKTepOM 3 MaKCHMyMOM B
monyneHb (12 roqux).

IIpu opieHTanii aBepcHOro OOKy CTPOro Ha CXiA
(puc. 2) onpoMiHEHHs Pi3KO 3pOCTA€ Ha MOYATKy JHS — 3
4 no 5 roauH, a MOTIM 3 MEHIIMM TEMIIOM 3HHXKYETBCS.
Kaptuna 3miHM ompoMiHEHHS U1 CXiTHOI 1 3aximHoi
CTOPIH J3epKallbHa 010 HOIYICHHOTO Yacy.
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Puc. 2. 'yctuHa NOTOKY BHIPOMiHIOBaHHS, ITajarogoro Ha CIT
nipu opienTarii «E-Wy; maxmn 90°, opieHTanis cTopiH:
1 —3axinHa; 2 — cxifgHa; 3 - cyMapHe ONPOMIiHEHHS

V mepimiii OJOBUHI JHS MPEBATIOE IHTEHCUBHICTh
BUIIPOMIHIOBaHHsS Ha aBEpCHiil maHeni, B ApYrid — Ha
peBepcHiil. IlpsiMe BUNPOMIHIOBaHHS MOTpAILILE Ha
00H/IBI CTOPOHH.

CyMapHe ONnpoMiHEHHs, Ha BiJMiHy BiJ TOTO, ILIO
NaJla€ Ha KOXKHY CTOPOHY, BHSBIISIETHCS OLIBIIOI0 MipOIO
3IJIA/KEHUM, X04a 1 31 CIIaloM B ITOJTyJICHHHUH 4ac.

Ilpy  mopiBHAHHI 3  opieHTamielo  «S-N»
MaKCUMaJIbHE 3HAYeHHsI ONMPOMIHECHHS B IIbOMY BapiaHTI
JUTS JIITHBOTO TIEpiofy MeHmie, HiK mpu opieHTamii «E-
W»y. JlogaTtkoBi naHi, mpeacTaBiieHi Ha puc. 3 i puc. 4
(maxun 45 rpanyciB), Z03BOJISIOTH TOBOPUTH IIPO BIUIHB
KyTa Haxwiy.

IIpu opienranii "S-N" (puc. 3) 3aKOHOMIpHOCTI
3MIHM OIIPOMIHEHHS CXOXi g KyTiB Haxwmiry 90 i
45 rpanyciB, OlHaK MaKCHUMajbHEe 3Ha4yeHHS (QYHKIII B
OCTaHHBOMY BHHNAJIKy Oijplle, TMpH TOMY, LIO
IHTEHCHBHICTh OPOMIHEHHS 33 JHbOT aHEJI MEHIIIE.
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Puc. 3. I'yctrHa OTOKY BUIpOMiHIOBaHHS, Majgatodoro Ha CII
npu opienTamii “S-N”, cripsIMOBaHICTb CTOPIH:
1 — niBHIYHa; 2 — MiBAEHHA; 3 - cyMapHa

Hns opienramii «E-W» (puc. 4) npu pocuthb
BEJIMKUI CXOXOCTI 3aKOHOMIPHOCTEH ONpPOMIHEHHS 3
BEPTHKAJIbHOIO MAaHEJUII0 TPOSBIAETHCA XapaKTepHa
ocoOnuBIiCT. Y  MICISANONYIHEBI TOAMHU 3BOPOTHA
CTOpPOHa HaXWJICHOI TaHenl AESKWil 4yac «He OadnTb»
IpsIME COHIIE, TOMY 3arajbHe ONMpPOMiHEHHS i1 B el
nepion Menme. ONMpoMiHEHHsS 3pOCTAaE, KOJU 3EHITHUH
KyT Jocsirae 3HadeHHa 0, =90-P.
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Puc. 4. 'ycTnHa NOTOKY BUIIPOMIHIOBAaHHSI, 1aal0u0ro
Ha CII npu opienTanii «E-W», cipsMOBaHICTh CTOPIH:
1 — cxinHa; 2 — 3axinHa; 3 — cymapHa

Jlis  BepTHKanbHOI — TaHeNi  Takud — mepexin
BiIOyBa€eThCsl NMpakTHYHO HemomitHO. Ilpu 3icTaBieHHI
IHTETpaIbHUX JAaHUX 33 JIEHHOI OINPOMIHEHHS B
po3ropTii poky (puc. 5) BuaHO, MmO opieHTAIis «E-W)
HE3aJIeKHO Bil KyTa HAXWIy TMPOTATOM OUIBIIOCTI
MicamiB poky (3 3 mo 10) BUSBIAETBCA OUIBII
MIPUBAOIUBOIO, HIXK «S-N».
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Puc. 5. BmumB opienranii i kyra Haxuway CII Ha nenny
KUTBKICTh COHSIYHOTO OMPOMIHEHHSI B PO3TOPTI POKY:
1 —“S-N"90°; 2 — “S-N",45° 3 — «<E-W», 90°; 4 — «E-W», 45°

Pazom 3 TuM Tpeba Bi3HAYMTH, IO B MEPIOAH, SKi
oxommnoloTh 3 1 mo 3 micsup i 3 10 mo 12, piBHi
OTNPOMIHCHHS TIaHENI CTalOTh ONU3BKI JUIS  BCIX
Opi€HTAIli} 1 KyTiB HAXWITY.

CymapHa pidHa KiJIBKiCTh COHSYHOTO OTIPOMiHEHHS,
o0 Tajae Ha TaHenb 3 opieHTariero «E-W» mpu kyTi
Haxuny 45°, craHoBuTh 2264 Brrop/(M*pik), a 3
opienTaniero «S-N» — 1975 Brrog/(M>pik).

Cnucox BUKOPHCTAHHX JizKepeJl

1. JIByxcropoHHue conHedHsle Oarapen Ha 30% yBemudar
KIII / DxoTexuuka http://ecotechnica.com.ua/energy/solntse,
2017.

2. IByxctoponnne comHeuynsle Oarapen LONGi Solar cepun
Hi-MO2 na 72 snemenra pocrurator 360-365 Bt/ SUNNIK.
https://www.pv-tech.org/products/longi-solar-hi-mo2-bifacial-
mono-perc-module-reaches-360-365w-in-72-cell-co, 2017.

3. Yunus Emre Yuksel. Energy and exergy analysis of
renewable energy sources-based integrated system for multi-
generation application. /Yunus Emre Yuksel, Murat Ozturk. //
Int. J. of Exergy 2017 — Vol. 22, N.3 PP. 250-278.

4. Mingjiang Ni. Thermodynamic analysis of a gas turbine
cycle combined with fuel reforming for solar thermal power
generation./ Mingjiang Ni, Tianfeng Yang, Gang Xiao, Dong
Ni, Kefa Cen. // Energy, Vol. 137, 2017, PP. 20-30.

5. Dianhong Li. Exergy and energy analysis of photovoltaic-
thermoelectric hybrid systems./ Dianhong Li, Yimin Xuan,
Qiang Li, Hui Hong. // Energy, Vol. 126, 2017, PP. 343-351.

6. Arsham Mortazavi. Conventional and advanced exergy
analysis of solar flat plate air collectors./Arsham Mortazavi,
Mehran Ameri // Energy, Vol. 142, 2018, PP. 277— 288.

7.R. Loni. Thermodynamic analysis of a solar dish receiver
using different nanofluids. / R. Loni, E. Askari Asli-ardeh, B.
Ghobadian, A.B. Kasaeian, Sh. Gorjian. / Energy, Vol. 133,
2017, PP. 749- 760.

8. Reyhaneh Loni. Exergy analysis of a solar organic Rankine
cycle with square prismatic cavity receiver. /Reyhaneh Loni,
Alibakhsh Kasaeian, Omid Mahian, Ahmet Z. Sahin, Somchai
Wongwises. // Int. J. of Exergy 2017 — Vol. 22, N.2 PP. 103—
124.

Juns Tux ke opieHTauil, ane npu KyTi Haxmiry 90°
OTPUMAHO  BIJNOBIAHO HACTYIHI  XapaKTEPUCTHUKU:
2175 Brron/(M*pik) (menme Ha 4%) i
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3 OTpUMaHUuX JaHWX BHIHO, IO JyIs opieHTamii «E-
W» 3anexHICTh BiJ KyTa HaXWIIy HEBelWKa i Horo BHOIp

MOXE€  JUKTYBAaTHUCS  IHIIMMH  YMOBAMH,  HIX
OTIPOMiHEHHSI.

IIpu opientamii  «S-N» omnpoMiHEHHS BXe €
BU3HAYAJIBHOIO.

BuCHOBKHY 3 JaHOT0 AOCTi/IZKeHHS | IePCIeKTUBH
NOJANBIIAX PO3pPo0OK y NbOMY HAmpsaMKy. B
pesynbTaTri  aHajily ~— y3araJbHEHHMX  pe3yJbTaTiB
CKCIIEPUMEHTAIBHUX JIOCTI[DKEHb MOXXHA BU3HAYUTH
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1.HaiiGinpmui edekt BiX OTIPOMiHEHHSI
JIBOCTOPOHHBOT COHSYHOT IMaHesi MoXke OyTH OTpUMaHUiH
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B. B. BBICOYHH, B. P. HUKYJIBIIIUH, A. E. J[EHHCOBA, B. A. BY/[APUH
OCOBEHHOCTH OBJYYEHHUS IBYXCTOPOHHUX ®OTONMAHEJIENA

Pazpaboran Merox pacuera 00IydaeMOCTH IBYXCTOPOHHUX COJTHEUHBIX (oTomaHeneil. B yacTHOCTH, METO TO3BOJISIET IPOU3BECTH
OLICHKY 00JIy4aeMOCTH HAaXO/AIIMXCS HA ThUIBHOI CTOPOHE MaHEN MOBEPXHOCTHU MIPU PA3IUYHON MPOCTPAHCTBEHHOH OpPUEHTALIUH.
Cucrema ypaBHEHHH, OIMCHIBAIOIIMX OOIYy4aeMOCTh, BKJIIOYAeT COOTHOLICHHS JUIL OIpPEJeleHHs CONHEYHOH pajuanuy Ha
TEPPUTOPUH YKPAWHBI JUII TOPU3OHTAIBGHON MOBEPXHOCTH M KOG (UIMEHTH IepecdeTa OO0IydaeMOCTH C TOPH3OHTAIBHOI Ha
HaKJIOHHYIO MOBEPXHOCTb C yYETOM OCOOEHHOCTEW MX MPOCTPAHCTBEHHON OpPHUEHTAMHM TPU MPSIMOM OOTyYeHUHM M OOIydeHHH
OTPaXEHHBIM pacCesHHBIM CBeTOM. [IpoBeneHbI aHAINTHYECKHE MCCIIEOBAHNS MHTCHCHBHOCTH OOJTYYCHHUS COJMHEYHBIX IaHeNIeH
JUISL YCIIOBHH, KOTOPBIE OTIMYAIOTCS a3UMYTalbHOW HAINpaBIEHHOCTBIO U YIJIOM HaKIOHA. [loxasanvl ocobennocmu o0nyueHus
nepeqHeil M TBUIBHOM CTOPOH COJHEYHBIX ITaHened. PaccMOTpeHBI BO3MOXKHOCTH (DOPMHUPOBAHUS PAalMOHANBHBIX YCIOBHH
MIPOCTPAHCTBEHHOH OpHEHTAIMH MaHeled 1Mo (akTopy IBYXCTOPOHHEH 00iydaeMocTH. B kadecTBe XapaKTepHBIX PacueTHBIX
paccMOTpeHB! HANpaBJICHUS IAaHEIH MO OCSM «IOT-CeBEP» U «BOCTOK-3amay. YTJbl HaKJIOHA, NpUHATHIE Ui aHanu3a (90 u 45
TPaJyCcoB), IO3BOJIIIOT IPOU3BECTH OIEHKY OOJy4acMOCTH IIaHEIH B HamOoJiee HCIONB3YeMOM [HAIa30HE PEANbHBIX YCIOBHH
skcrutyaTauui. C yMEHbLIEHHEM Yria HakIOHA, HauumHasg OoT ypoBHA 90°, cymmapHoe oOmyueHue maHenu pacrter. OmHaKo
BepTHKaIbHOE NosokeHue (90 °) MOXKET IMKTOBATHCS YCIOBUSIMHU €€ IPHMEHEHUs, HalpuMep, UL OrPaXkICHUS WIN OOIUIIOBKH
¢acana. IlokazaHsl 0COOCHHOCTH OONMy4eHHs NEpedHedl W 3agHel YacTell CONHEYHBIX MaHeJed W IpeUIoKeHbl paloHaJIbHbIC
YCIIOBHS TIPOCTPAHCTBEHHOM opueHTauuu naneneil. Haubonpinit 3¢ dekt oT AByXCTOPOHHEH 00IYy4EHHOCTH COJHEYHOW MaHeIH
MOXeT OBITh IIOJIyYeH IIPH OPHEHTAlUH «BOCTOK-3amam». Bmecre ¢ TeM Ui BCeX OpHEHTAIMN NpPHUMEHEHHE IBYXCTOPOHHEH
doTonaHenu sBIsiETCS MONOXKHUTeNbHBIM. Hambonblnee BiauMsHME Ha OOMYYEHHOCTh ITAHEIH YTON HAKIOHA OKa3bIBaeT IIpU
OpHEHTAllMU “Ior-ceBep”, MPH OPUEHTAIMH «BOCTOK-3alla/l» 3aBHCHMOCTH OT BEJIMYMHBI YTja IMPAaKTHYeCKH HE CYIECTBCHHA.
Hcnonp3oBanue NpemIoKEHHOM METOAMKM M Pe3yldbTaTOB aHalM3a, IPOBEJCHHBIX HAa €€ OCHOBE, IO3BOJSIET BBHIOPAThH
PanMOHANEHYIO APXUTEKTYPY COIHEYHOH 3IIEKTPOCTAHIINIL.
KnrodeBble c10Ba: IByXCTOPOHHKE CONHEYHEIE (POTOMAHENH, 00JIyIaeMOCTh aHeeH.

V. V. WYSOCHIN, V. R. NIKULSHIN, A. E. DENYSOVA, V. O. BUDARIN
FEATURES OF PHOTO PANELS BILATERAL IRRADIATION

A method for calculating the irradiance of double-sided solar photo panels has been developed. In particular, the method makes it
possible to assess the irradiation of the surfaces on the back side of the panel at different spatial orientations. The system of
equations describing the irradiation includes ratios for determining solar radiation on the territory of Ukraine for a horizontal
surface and the coefficients for recalculating irradiation from a horizontal to an inclined surface, taking into account the
peculiarities of their spatial orientation under direct irradiation and irradiation with reflected scattered light. Analytical studies of
the irradiation intensity of solar panels have been carried out for conditions that differ in azimuthal direction and angle of
inclination. The features of the irradiation of the front and back sides of solar panels are shown. The possibilities of forming rational
conditions for the spatial orientation of panels by the factor of two-sided irradiation are considered. The directions of the panel
along the "south-north" and "east-west" axes are considered as characteristic calculated ones. The angles of inclination adopted for
the analysis (90 and 45 degrees) allow assessing the irradiance of the panel in the most used range of real operating conditions.
With a decrease in the angle of inclination, starting from the level of 90 °, the total irradiation of the panel increases. However, the
vertical position (90°) can be dictated by the conditions of its application, for example, for a fence or facade cladding. The features
of the irradiation of the front and rear parts of solar panels are shown and rational conditions for the spatial orientation of the panels
are proposed. The greatest effect of the two-sided irradiation of the solar panel can be obtained with the "east-west" orientation. At
the same time, for all orientations, the use of a double-sided photo panel is positive. The angle of inclination has the greatest
influence on the irradiance of the panel when the orientation is "south-north", with the orientation "east-west" the dependence on
the value of the angle is practically insignificant. The use of the proposed method and the results of the analysis carried out on its
basis makes it possible to choose a rational architecture of a solar power plant. References 18, figures 5.
Key words: Two-sided solar photopanels, irradiance panels.
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II. I1. TOBOPOB, C. I. BYXKAJIO, A. K. KIH/[IHOBA, M. JI. 3BEMEJ/IbKO

IEPAPXISA MOXKXJIMBOCTEM CBITJIOTEXHIKH HA LIJISIXY PO3BUTKY IHHOBAIIIA Y
BUPOBHUIITBAX XAPYOBUX TEXHOJIOT' T

V Marepianax CTaTTi pO3MIAAETHCS MOXIIMBICTH 3aCTOCYBAaHHS TEXHOJIOTIi 3HE3apakKeHHs MUTHOI BOIM, sIKa 3aCHOBaHAa Ha
BUKOPHUCTaHHI CBITJIIOMIOAHUX JKEpeN CBITIa Ul reHepauil ynbTpadiolleToBOro BUMPOMiHIOBaHHS. P03p0o06ieHo Ta IOCIiIKeHO
JesIKi TEOPETUYHI 1 eKCIIepUMEHTaNIbHI MOJIEIIi 3HEe3apakKeHHs BOJM 3 ypaxXyBaHHSIM MPOBEACHOTO aHaNli3y JiTepaTypHUX JKepen
iHpopmariii. Po3rmsiHyTo axTyanpHiCTh MHUTaHb CHEPro30epekeHHs Ta OE3MeKH B CY4acHOMY CBITI XapuyOBHX TEXHOJIOTIH.
Bu3HayeHO HANPSIMKK ONTUMI3aLil Ta MiABUIICHHS eHeProe(eKTHBHOCTI CHCTEM 3 KOHKPETU3ALIEI0 THIIOBUX 3aX0/1iB BHPOOHHIITB.
OnuncaHo anroput™ iHTeHcH(iKalii PO3BUTKY PHHKY — XapyoBOi 1 CHEProeKOHOMIYHOI TEXHOJIOTIH 13 3acTOCYBaHHIM
CBITJIOMIOAHMX JIaMIl. 3ampolOHOBAaHO CTPYKTYPY CHCTEMH 3HE3apP@KCHHS BOAM, METOAMKY 1 QITOPHTM pO3PaxyHKY
CBETOPACIPEICICHHsT CBITIOAIOHUX DKepea CBiTia, siki 3a0e3rnedyroTh e(eKkTHBHE BHKOPHUCTAHHsS EJICKTPUYHOI eHeprii Ha
3HE3apaKeHHs BOAM 3 YPaxXyBaHHSIM YMOB TIPOBEICHHs Pi3HOBHIIB BUPOOHHUIITB XapyOBOi TEXHOJOTIl.. Posurok i
3aCTOCYBaHHs Li€i TEXHOJOTril B CHCTEMi OYMIIEHHS BOIU OIMHCaHI SK MOMJIMBOCTI JOCII/UKEHHS TEXHOJIOTIS 3He3apa)KeHHs
CHPOBHHHOT Ta MUTHOI BOJM — CHPOBHHH Ta MPOAYKTY, 3aCHOBAaHI HAa BUKOPUCTAHHI CBITJIOAIOJHUX [DKEpeN CBITiIa Ul reHepaii

yIbTpadioseTOBOr0 BUIPOMIHIOBAHHS ITi/] Yac MaHICMii.
Kurouogi ciioBa: ynprpadioseToBe BUIPOMIHIOBAHHS, CBITJIOIOHI pKepea CBiTia, OaKTepUIMAHA YCTAHOBKA, alrOPUTM

Beryn. T'onoBHi KpuTepil 1110710 SKOCTI MUTHOI BOAN
B IIJOMYy y 3arajJbHOMY BHUTJISAAI OyiaW BHU3HAUCHI Y
CepeluHi MABAIIATOTO CTOMTTA 1 MOJATAlOTh Y
HACTYMTHOMY: 1) MHTHA BoJia MOBHHHA OYyTH O€3MeYHOI0
y emifeMiuHy BifHOMICHHi; 2) OyTH HEIIKiIJIMBOIO 3a
XIMIYHIM ~ CKJIQZIOM  BIJMOBIIHO 3  HOPMAaTHBHO-
TexHigHOIO nokyMmeHrtamniero (HTJ[) mmsa pizHoBumiB ii
CIIO’KMBAHHS y SIKOCTI CHPOBHHHU 200 MPOJYKTY; 3) MaTh
3aJI0BUTbHI OPraHOJICNTHYHI BIACTHBOCTI. [lpW oIfiHIi
PH3HKY MUTHOI BOJM IS 310POB'sl HACEJICHHSI HalOIbIIe
3HAQYEHHS MAlOTh XapaKTEPUCTUKU MiKpOOI1OJIOri4HOTO
3a0pyaHeHHs. BBakaeThes, M0 HEOE3MeKa 3aXBOPIOBAHb
BiZl MiKpOOiOJIOTiYHNX 3a0pyIHEHb BOAM B KibKa THUCSY
pa3iB BWIIA, HIK TpH 3a0pyIHEHHI BOAW XIMIYHHIMH
CIIOJTyKaMU pi3HOI pupou. B cBoto depry, e o3Havae,
10 MUTHA BOJA, SKA MPU3HAYEHA JUIS CIIOKUBAHHS
HACEJCHHSAM, HacaMmIlepeq, MOBHHHa OyTH HaIiliHO
3HE3apakeHa.

[Momryk iHHOBaLIHMX TEXHOJIOTIN CBITIOTEXHIKH Ta
BIOCKOHAJICHHS ICHYIOUMX TEXHOJOTIH 3He3apaKeHHS
OTOYYIOUOI'0 CEpE/IOBHIA € aKTyaJbHOI0 HpPOOIEMOIO
Cy4acHOCTi, OCOOJIMBO 3 OISy Ha PO3BUTOK, CTaH Ta
Hacmiaku mangemii Covid-19. JlocmimKeHHS TEXHOJIOT1i
Ta MPOLECIB 3HE3apAXKEHHS 3 METOI0 BU3HAUYCHHS BUMOT
bi o) OaKTepHUIITHUX YCTaHOBOK Ha OCHOBI
yIbTpadioIeTOBUX CBITIOMIOMHUX JDKEped CBITJIA Y
pi3HOBHAAaX BUPOOHHUIITB XapyOBOi TEXHOJIOTi1, 0COOINBO
st ymoB  Covid-19, goci He mnpoBommiock. Taki
JIOCITI/PKEHHS, HacaMIIepell, CTOCYIOThCS Kiacudikalrii-
ineHTHdiKaIii 3araJbHUX TEXHOJOTIH CBITIOTEXHIYHUX
Ta  CICKTPOTCXHIYHUX, a  TaKOXK  PO3PaXyHKIB
OaKTEepUIMIHUX YCTAHOBOK Ha OCHOBI CBITJIOJIOJHHUX
JUKepeJl CBiTJIAa 3 ypaxyBaHHSM YMOB IPOBEJICHHS
Pi3HOBUIIB BUPOOHHUIITB Xap4OBOi TEXHOJIOTII.

[opmanbuia BiACYTHICTH BHILEBKa3aHOTO HAYKOBOTO
JOCTIJKCHHSI CTPUMY€E BIPOBADKEHHS OaKTEPUITUIHUX
YCTaHOBOK Ha OCHOBI CBITJIOJIOMHUX JDKEpENl CBITJIA B
JII0Yi CHCTEeMH 3HE3apaKeHHsS 1 0OyMOBIIIOE iX HH3BKY
e(eKTUBHICTh 3 ypaxyBaHHSAM 30UIBIICHHS BapTOCTI

€JICKTPOCHEPTil; BBEICHHS €BPOICHCHKIX CTAHAAPTIB IO
CBITJIOTEXHIYHOTO o0agHaHHS; CTUMYJTIOBaHHS
Mepexoy Ha eHepro30epirarodi TEXHOJOTIl Ta iHIIHMX
moka3HuKiB. (O3HadueHe BHWINE BHMAarae IPOBEICHHS
JIOCTIKEHDb TI0 CTBOPEHHIO HAYKOBO-METOINIHHUX OCHOB
pO3paxyHKy OaKTepUIIMIHMX YCTAaHOBOK Ha OCHOBI
CBITJIOMIIOTHUX JDKEpeN CBITJIa Ta BU3HAYCHHIO BUMOT i
mapaMeTpiB IIMX YCTAHOBOK 3 METOI0 ITOJIOJIAHHS
HacniakiB mangemii Covid-19 Ta OyTd TOTOBUMH [0
PO3BUTKY IHIIMX MaHIEMIiH.

Mera mociaigKeHHsl. 3arajbHi NMUTAHHS TEXHOJIOTIT
332 TEMOIO MOXKHA BU3HAYUTHU aJITOPUTMOM JIil:

1) Bubip Mertomy 3He3apayKeHHS NUTHOI BOAUM —
CHUPOBHUHH Ta MPOAYKTY XaPUOBOI TEXHOJIOTI.

2) Knacudikauis-inentudikanis  ¢dakTopiB  Ta
XapaKTepUCTHK, 10 BIUIMBAlOTh HA €(EKTUBHICTH
00paHOro METoy 3He3aparkeHHS.

3) IlopiBHsibHA XapakTepUCTHUKA TEXHOJIOTl Ta
METO/IIB 3HEe3apakeHHS MATHOI BOIU.

4) BuOip Ta po3paxyHKH ONTUMAaJIbHUX IapaMeTpiB
CHCTEMHU 3HE3apaKCHHS;

5) BusHaueHHs y BOJI 3aBUCIIUX PEYOBUH Ta HU3BKOL
CBITJIOBOI BiJiaui JaMIl SIK MMapaMeTpiB, MIO 3HIKYIOThH
e(heKTUBHICTH TIPOIIECY 3HE3aPAKYBAHHSL.

6) Bubip cyyacHHX KOHCTPYKILIH YCTaHOBOK B MiCISIX
0 MaroTh JYy’XX€ BHCOKY OakTepiajibHy 3a0pyAHEHICTh
[1-6].

IHocTanoBka mpo0iaemMu y 3arajbHOMY BHIJISIAI
Ta 1 3B'A30K i3 BaXKJINBAMHM HAYKOBHMHM 4YH
NPaKTHYHUMHU 3aBAaHHAMU. BiactuBocTsiMu BoIH 1 ii
SIKICTIO, HAIPUKIIAN, BH3HAYAIOTHCS TEXHOJIOTII Pi3HHX
BHJIB HamoiB, iXHI OPraHOJENTHYHI IOKAa3HUKU 1
CTiKicTh Tpu 30epiraHHi, a TaKoX MiKpoOiOJOTivHi,
Mapa3uToOJIOTiYHI TMOKA3HWKHU 1 XIMIYHHI CKIIaJ THTHOT
BOAM, INO HAOXOAWTh 3 MEHTPATI30BaHUX JDKEpe
BOJIONIOCTaYaHHs 1 moBHHHA Bignosigatu HT/I.

© TI'oopos ILII., Byxkano C.1., Kinginosa A.K., 3emensko M.JI., 2021
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Ha cporognimmniii neHb jukepena Y®-npomeHiB y
OaKTepULMAHUX YCTaHOBKAax MoOyJI0BaHi Ha OCHOBI
BUKOPHUCTAaHHS Ta30pO3PSJHHUX PTYTHO-aprOHOBHX abo
PTYTHO-KBApLOBUX JamIl (II0 MOYKHA BHU3HAYUTH 5K
BarOMHUI HEJOJIK 3HE3apaKyBaHHSA BOJAM), B SKHAX Y
IpoIieci  eNeKTPUYHOTO pPO3psiAy TeHepyerbes Y-
BHIIPOMIHIOBaHHA OaKTePUIMIHOTO [iama3oHy. BoHH
BCTaHOBJIIOIOTECA Yy KBAapIOBOMY YOXJII B MICIi, IIO
HaOLIPII HAOMIKEHE 10 HKeperna 3a0pyJHeHHS .

SIkmo mporecu  3He3apaXKyBaHHS  BiZOyBa€eThCs
nusixoM Oe3nocepenHbOro BIUIMBY Y D-IpoMeHIiB Ha
MIKpOOpraHi3Mu:

1) 32 ©MX yMOB HAasBHICTH y IPOCTOPI LIKIUIMBUX

pPEYOBHMH TPHU3BOAMTH O TIOTJIMHAHHS  CBITJIOBOI'O
BUIIPOMIHIOBAaHHS, 110 3HUXKYE e(eKTUBHICTD
3He3apaKyBaHHS;

2) mpu 1IbOMY HEOOXIIHHUM TIPOLIECOM € TIOCTiiHE
YUIIEHHs 30BHIMIHLOT TMOBEPXHI KBAPIIOBOTO HOXJA Bif
ocagy, IO HAKONHUYYETHCA, a TaKOXK OOYMOBIIOE
BiIHOCHO BHUCOKi BUTPATH €IEKTPOCHEPTil;

3) KOHCTPYKLisl TaKMX OaKTEPHUIMIHHUX YCTAHOBOK
JTO3BOJISIE 3MIMCHIOBATH OYMCTKY TIJBKH B MICISAX IO
MaloTh JIy)K€ BHUCOKY OakTepialbHy 3a0pyAHEHICTb, alie
HA JKaJlb B TaKUX OAaKTePULUIHHUX YCTaHOBKAaX
CIOCTEpIraeThesi BIACYTHICTH edekTy micusanii, mo €
HENPUITHATHUM.

VY 3B'I3Ky 3 OUM YCTaHOBKH UIS 3HE3apaKEeHHS
CepeloBHUIIIa Ha OCHOBI OAKTEPHINAHNX JIAMII SBIISFOTHCS

Manoe(peKTHBHUMH, Xo4Ya JOCHUTh  NPHUBAOIUBUMH
B3araji. ToMmy TmOImIYK HOBHX Ta BJOCKOHAJICHHS
ICHYIOUMX TEXHOJIOTiH 3He3apa)XeHHS OTOYYIOYOTO

CepelIOBHILA € aKTyaJbHOIO NPOOIEMOI0 BEJNUKOI Barw,
ocobuBo 3 orysiny Ha nepe6ir manaemii Covid-19.
AHasi3 ocTaHHIX [gociigxeHb i mnyoOaikauii.
Amnaniz  nyOmikaniif, TPUCBIYEHUX  MOJICIIIOBAHHIO
CBITJIOBOTO MPOCTOPY 3a JOMNOMOIOI0 CBITJIOHIOIHHUX
JUKEpeNn CBiTJIa 1 ONHCY METOJIMKH PO3PaxyHKY
CBITJIOPO3NOMITY JKepes CBITIA 1 CBITJIOBHX IIPHJIAJIiB
(CII) Ha ix OCcHOBI MOKa3aB, 10 B OCHOBHOMY ITyOJTiKartii

4 2013 2014

MPUCBSYCHI OIMUCY CBITJIOMIOJHUX JDKEPENI CBITiA
CTOCOBHO YMOB KOHKPETHOTO 3aBJaHHS, IO HE Ja€
MOJJIMBOCTI 3aCTOCYBAaHHS PO3POOJICHUX MOJICICH JUIs
OyAb-SKOTO CBITIOPO3IOILUTY THITY JPKEPET CBITIA.

TexHonorist  ynpTpadiosleTOBOrO  ONPOMIHEHHS
3aCTOCOBY€ETHCA JIOCUTh IITUPOKO (puc. 1,
https://svet.com.ua/files/files/5306204/00rinoknpi2015).
VYaetpadioner mMoxe OyTH HE3TONAHHUM Oap'epoM IO
BITHOIIEHHIO 70 BCiX BiIOMHX MIKPOOPTaHI3MiB,
0co0JINBO BiH Jyke ePEKTUBHUI POTH MIKpPOOpPraHi3MiB
CTIMKMX J0 BIUIMBY XiMiuHUX mnpenapariB. OIHaK, IUis
Toro, mo0 Y® o0nagHaHHSA pPEaTbHO CIPABIIOCH 3
IIOCTABJICHMMH 3aBJAaHHSIMU HEOOXIZHO 3a0e3meuuTH
NMOTPiOHMI Jjana3oH BUIPOMIHIOBAHHS 1 IPaBUIBHO
00paTu MOTYXHICTh OAKTCPHULIUIHOTO BHIIPOMIHIOBAHHS,
mo0 3a0e3nednTH HEOOXiMHWUH eQeKT 3He3apakeHHs.
3o0kpema, IS 3HE3apaKeHHA NOOYTOBHX 1 MICBKHX
CepelloBulll, TOBMHHA 3acTocoByBaTucs Y® noza He
menme 30 wmJx/cM?. Ane Ha NpakTHLi MaTpHUS
CepeZOBHUINa HACTIIFKY YHIKaJbHA, IO TAaHOi JO3H MOXE
OyTH sK OUIBII HDK JOCTaTHBO, TaK i HE JOCTATHBO
30BCIM. Y 3aJIe)KHOCTI BiJl JDKEpeNn BOIONOCTAYaHHS,
CKJIay 1 SIKOCTi MUTHA BOJA, SIKy BUKOPHCTOBYIOTh JUIS
TEXHOJIOTIYHUX TOTPed 0e3aJIKOroJIbHOr0 BUPOOHHUIITBA,
MiJIA€TbCss  OOpoOIll 1O  JOCHTh  PI3HOMAHITHUX
TEXHOJIOTIYHUX CXeMaX, IO mependavae BiICTOIOBAHHS,
KOAaryJsilifo, 3HE3ali3yBaHHA, 3M'SKIICHHS, 3HIDKCHHS
KOJILOPOBOCTI, 3HE3apaKyBaHHS, ¢binpTpyBaHHS,
JeaepyBaHHs i 0X0J0pKeHHS (puc. 2, puc. 3) [7-12].

[Tpu HaIXOHKEHHI TUTHOI BOJIU HA IMiIPUEMCTBO 3
IIEHTPAJII30BaHUX CHUCTEM BOJOIMOCTaYaHHS Tepri ABi
cramii TEXHOJIOTIYHOT CXEMH 00poOKH BOIH
BHMKJIFOYAIOThCS. IIuTHA BOMa, 10 HAJXOAWUTHL HAa 3aBOIH
0C3aJIKOrONIFHIX HAMOIB 3 HEIEHTPAaTi30BaHUX CUCTEM
MUTHOTO  BOJOMOCTAYaHHSA, Yy TOMY  YHCI 3
IHIMBIyaJbHUX  apTe3iaHCBKUX  CBEPUIOBHMH,  DIK,
BIIKPUTUX BOJOWMMUIN 1 T. iH., MOBHHHA MiJaBATHCS
OCBITJICHHIO METOJIOM BIJICTOIOBAHHS 1 KOAryJsimii 3
HACTYIHHM (iTbTPYBaHHIM.

FC2015 FC2016 FC2017 FC2019

FC2018

Puc. 1 — Po3BuTOK pUHKY CBITIOTEXHIKM B YKpaiHi: 1 — CHOXHUBYI CBITHIBHUKY; 2 — npodeciiiHi CBITHIBHUKY; 3 — JIAMIIH;
4 — cBiTnonioHi 1aMnu
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Puc. 2 — Ilpuknan 3 TeXHONOTIT MATOTOBKH BOJU
CJICKTPOAIaII3HAM CIIOCOO0M

Pe3yabTaTi AochiIkeHHs 3a Kjaacudikamiero-
inenTudikauicro npoueciB Ta  aJropuTMaMu
B3aeMoii.

XapdoBa MPOMHCIIOBICTh YKpaiHUW TPH MiATOTOBII
JI0 peaiizamii pi3HOBUIIB MUTHOI BOJIU JOTPUMYETHCS
Hepxauux canitrapuux HopMm JCanlliH 2.2.4-171-10.
«[irieHiuHi BUMOTH O BOAW THTHOI, MPU3HAYCHOI JUIs
CHOXHBaHHA IoAuHOIO». CKiIag BOAM THTHOI 3a
OpPTraHOJCNTUYHAMH, XIMIYHHMH, (Hi3UKO-XIMIYHUMH,
MiKpOOi0JIOTIYHUMH, TaPa3UTONOTIYHIMH, patiatiiHuMU
Ta IHIOUMH IIOKa3HMKaMHM  BIAMOBIZa€  BHUMOTaM
JIep’)KaBHUX CTaHIAPTIB Ta CAaHITAPHOTO 3aKOHOJIABCTBA.

Boaa mytaicTio nonan 1,0 mr/mvm® moBuHHa GyTH
criermiaibHo  00poOieHa 3 MeTo 1 OCBITJICHHS.
OCBITICHHSI BOJIU MPOBOJAATH CITIOCOOOM BiJICTOIOBAHHS 1
KOaryJIrOBaHHsL. Crnioci6 BiJICTOIOBaHHS BOAU
PEKOMEHIYETBCS JUIsL 3aBOJMIB 13 MpOAyKTUBHICTIO 0,5—
1,0 muH jan HamoiB 'y  pik. 3M’SKIIYIOTH  BOAY
pCarecHTHUMH, 10HOOOMIHHHMMH, EICKTPOIIATI3HUMHU 1
MeMOpaHHUMH criocobamu. Ejekrponianiznuii crocib
3M'SKIICHHS BOJIU (puc. 2) PEKOMEHAYETHCS
3aCTOCOBYBAaTH MJIsi OOpPOOKHM BOIM 31 BMICTOM coOJIeH
nonaz 1500 mr/mv?.

EnexTpomianizHuii anmapaT KOHCTPYKTHBHO SIBJISIE
coboro amapar (bimbTp-TIpecoBOTO THITY 3
TOPU3OHTAILHUM PO3TAITyBaHHIM poOOYMX Kamep i
MPU3HAYCHUN ISl eNEKTPOXIMIYHOTO 3HECOJICHHS BOJIH.
B amapar BXOmATh [1Ba THTAaHOBHX CJCKTPO.IH,
IUIATUHOBAHUX 3 PO00Y0I CTOPOHU. MiXK eIeKTpoJaMu
pO3TaIllIOBaHI ENCKTPOMHI Kamepu Uil MPOMHUBAHHSI
CJICKTPOIB, ITakeT pPOOOYMX 1 IMOBOPOTHHX paMOK 3
TypOyJii3aTopamMy, IO yTBOPIOE KaMepH OIpPICHEHHS 1
KOHIICHTPYBaHHS, PO3JAUICHI B TOCTIIOBHOCTI, IO
YepryeThes, aHIOHITHUMH 1 KaTIOHITHUMH MeMOpaHaMH.
MemMOpaHHu#i croci® 3M'SKIIEHHS BOJAW, 3aCHOBaHWHU Ha

MPUHIIAIT ~ 3BOPOTHOTO  OCMOCY, MOXe  OyTH
BUKOPUCTaHWM 171 OOpoOKM  BOX  OYyIb-sSKOTO
COJIEBMICTY.

OOpobka BoaM Ha 10HOOOMIHHHMX  (inbTpax
BKJTIOYA€ TaKi CTaIil:

. GUIBTpYBaHHS BOAM 4Yepe3 IiJroTOBICHUI

¢uIBTp 10 Hacu4eHHsT 0OMiIHHOT poO0Y0T €MHOCTI 10HITY;

. PO3MYIICHHS IOHITY BHUCXIJHHM IOTOKOM
pO34HHY IPOMHBHOT BOJIH;

. pereHepariis ioHITY;

° BiIMHUBAHHS BiJ 10HITY, COJEH KOPCTKOCTI i

HaJUIMILIKY pereHepaniiHux po3uuHiB (puc. 3).
Texnoutorist ynbTpagioseToBOro ONpoMiHEHHs MpH

3HE3apakKeHHI NMUTHOI Ta CTIYHOI BOAM 3aCTOCOBYETHCS

JocuTh 1upoko. [Ipm BIIMBI Ha OpraHivyHi KIITHHA

B 36ipHuK

Puc. 3 — [Ipukiaz 3 TeXHOIOTII MIATOTOBKU BOJH I0HOOOMIHHAM
crocobomM

pi3HHX OakTepii ynmbTpadioIeTOBUM BHUIIPOMIHIOBAHHIM
CHOCTEpIraeThcsi pyHHalis KIITHH MIKpPOOPraHi3MiB y
crektpi Big 200 no 400 um. [7] Taki MmoxiuBoCTI Tpeba
BHUKOPUCTOBYBATH JUIS IJBUIICHHSI €(PEKTHBHOI POOOTH
OAaKTCPULIUIHUX YCTAHOBOK, HEOOXiTHHUM € TOMIYK
eHeproe()eKTUBHHUX JDKEpPEN CBITJIA, IO MPAIOKTH B
miamazoni 200-400 mm. Sk cBiguuTL aHANi3, BUCOKI
TEXHIKO-€KOHOMITHi TIOKa3HUKH 3a0e3MmeuyroTh
OaKTepHUIIMIHI YCTAaHOBKH, WIO TIPAIIOIOTh Ha OCHOBI
BHKOPUCTAHHS CBITJIOMIOMHUX JDKEpeNl CBiTIa, sKi
HapiBHI 3 MOKpAIIEHHSAM €HEPTETUIHHX XapaKTePHUCTHUK,
3a0e3MmeuyroTh e W MOXKIJIMBICTh 3MEHIICHHS €QeKTy
micnsaaii 32 PaxyHOK pPO30CEPE/KEHHS YCTaHOBKH 1
0araToCTyIeHEeBOI CTPYKTYPH CHUCTEMH 3HE3apaKCHHS
Boau. JlOCHi/PKEHHsI TPOLECIB 3HE3apaKCHHS BOIHM Ta
BHU3HAYCHHS BHUMOT 0 OaKTEpUIMIHUX YCTAaHOBOK Ha
OCHOBI yJIbTpa(ioIeTOBUX CBITIOAIOAHUX JKEPEN CBITIIA
oCi HE TPOBOMIUCH. JlJs BHUSABICHHSA 3arajibHUX
3aKOHOMIPHOCTEH TEXHOJIOTiI CTBOPEHHSI CBITIOBOTO
MIPOCTOPY  CBITJIOMIOAHUMH  TpWIaJaMH  aBTOpaMH
po3pobiieHa METOMKa CHHTE3y CBITIOBHX MPUIIAiB Ha
ocHoBI Bimomoi kpuBoi cuim cBiTia (KCC) oguHImIHOTO
CBITJIOIIOTHOTO JKEpeTia CBiTIa: MOAeNh BUAY [8]:

'(2)=F (1(2)N.k)=F (IO,N, 290,5,1() (1)

ne I’(\) — po3noxin cunm ceitna (CC) CIT;

I(\) — posmozin CC oxnoro citnomiona (CH);

N — 9nciI0 CBITIOIONIB B IPHIIAII;

Ip — ockoBa cuna cBitia oguoro CJI;

200,5 — KYT CBIYEHHSI OZJHOTO CBITIIOIONA;

K — xoedimieHt, 1m0 BpaxoBye pPO3MOAUT CHIIH
CBiTJIa BiJl ONTHYHOTO EJIIEMEHTY CBITJIOBOTO MPHIALIY.
PesynbTaroM po3paxyHKy € Tpadik CBITIOPO3MOIiTY B
IJIONIUHI, JIe PO3TAIIOBaHI TOUYKH CIIOCTEPEKCHHS: KPUBa
CC B 10BUTEHO BHOpaHill TUIOIIKHI, IO IPOXOIUTH Yepe3
Bich mammu. Benmmaunaa CC B 1i#i 3a7€KHOCTI € pe3yabTaT
CKIIQJIaHHS CHJI CBITJIa B TOYIIl CITOCTEPEKEHHS, BiJl YCiX
CBITJIONIOMIB, SIKi PO3MIIMICHI B CBITJIOMIOAHIM JTamIi
(CAJD). Bennunna kKyTa BH3HAa4Y€HA, SIK KYyT MK BicCIO
JaMmd 1 [pOMEHeM, [pPOBEJCHUM B TOYKY
crioctepekeHHsa.  Jlnms  oO0YMCIeHHS CHMIM  CBiTJa
BUKOPHCTOBYEThCS 3aKOH KBajpaTa Bifctani I=E-L2. J{na
po3paxyaky KCC CJIJI BukopucroByothcst KCC
omuHMYHUX cBiTomionis (CJl), mo HaBemeHi B
nacnopTHuX naHux. B posrsayTrx ymoBax KCC CJI —
e KyOiYHWI CIUIaiH amnpoKCcHMaIllii, OTpUMaHHK Ha
OCHOB1 EKCIIEPUMEHTaJbHUX BHUMIPIB IS OJUHUYIHOTO
ceitioniona. KCC mozaensoBanoi CJIJI po3paxoByeThCs
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B aBa eranu: 1) ctBoproerhes kataior KCC oguHUYHUX
CBITJIONIOAIB  PI3HMX  Moaudikamiy, 3 SKHX
nependavaersesi  crBoptoBarn  CJJI; 2) B Toukax
CIOCTEPEKEHHS 3/IIHCHIOETBCSI PO3PAaXyHOK CHJIM CBITJIA
BiJl YCIiX CBITJIOJIIOJIIB JIAMITH.

3acTocyBaHHSI DPO3pOOJIEHOT METOJUKH J03BOJISIE
po3paxyBatu KCC Bim CJIJI pmna mobux  ymoB
3acrocyBaHHs. Po3paxynok KCC g CIJI 3Boguthest 1o
PO3paxyHKy CHJIM CBITIa B OyJb-sKiil TOUIl cepeloBHIIa
nporyckaHHg Al 3 KOOPIMHATAMU (Xa, Ya, Za) B CHCTEMI
KOoOpauHaT, y akid Bick OZ cmiBnajae 3 BiCCIO JIaMIH.
Touka mOYATKy KOOpAMHAT € YSBHUM LIEHTPOM
CBITMMOCTI JIAaMITH, SIKHH MO>ke OyTH BUOpaHHUH JOBUIEHO
B 00acTi IUIOMUHY po3MimieHHs aiofie. [Inommuaa XOY
nepneHaukyasipHa oci OZ 1 NmpoxXoguTh Yepe3 TOYKY
Hyib oci OZ. Hanpsim oci OX BuUOMpAETHCS JOBLIBHO.
ANTOpuTM, 3aCTOCOBAaHMH B 3aBJaHHI JUIl PO3PaxyHKY
TOYOK CIIOCTEPEXKEHHSI Al CepeloBHINAa IPONYCKaHHS,
3aCHOBaHUI1 Ha TBEP/KCHHI, IO Il TOUYKN 3HAXOJATHCS B
wronuHi XOZ.

3 MeTol0 po3paxyHKy KOOpPAMHAT TOYOK CBITIHHS
Cepe/lOBHINIA  IIPOIYCKAHHS  3aCTOCOBAHO  allTOPHTM
PO3paxyHKy KOOPIHMHAT, SKUH TOJISAra€ B 3HAXOJDKCHHI
KOOpJMHAT  PIBHOBIJJAJIEHUX TOYOK  CEpelOBHUINA
NPOIyCKaHHsA, MpH O0epTaHHI IX HABKOJO IOYaTKy
koopauHat. Jling  Toro, moO CKOpUCTaTHCS IIUM
ANTOPUTMOM 331aI0ThCsI HACTYIHI BEJIMUUHH [8]:

- BiZICTaHb /0 TOYOK pO3paxyHKy R Bix HynboBOi
TOYKH CUCTEMH KOOPMHAT;

- KPOK 3MIHM KyTa IpH PyXy TOYLl pO3paxyHKY
HABKOJIO TOYKU HyJNBbOBOi oci OZ. Ha ocHOBI KpoOky
BUKOHYETBCSI PO3PAXYHOK KyTa MK TOYKOIO PO3PAXyHKY
1 HEeraTUBHUM HanpsiMoMm oci OZ.

ITo TeopeMi KOCHHYCIB BH3HAYAIOThCS BiACTaHI 10
TOYOK PO3PaxyHKy Ta iX KOOpJHHAT:

a=—R-cos(y) (2)

KoopanHati JBOX TOYOK MPOCTOPY, BKa3zaHi B
NIEBHOMY TMOPSAKY, 3aJal0Th €IUHHIA BeKTop. Touka
KIiHI[1 BEKTOpa CBITJIO/AIONA MOBHHHA 3alaBaTHCS SK
KOOpJIMHATH ONTUYHOTO IEHTPY cBiTinomiona. Touka
MOYaTKy BEKTOpa CBITJIOAIONa MOke OyTH BHOpaHa
JIOBLTBHO, aJie 000B'I3KOBO TIOBMHHA HAJIE)KATH TTPOMEHIO
OChOBOI CHJIM CBiTJIa CBiTIOmiona. Jljus BU3HAUCHHS
KOOpJIMHAT TOYKM IIOYAaTKy BEKTOpa CBITIOMiONa B
3aBHaHHI KyTOM MK OCSIMH CBITJIOAioga 1 JamIu
pPO3paxoByeTbCS  KyT, OTPHUMaHWi B  pE3yNbTaTi
MPOBEACHHS TUIONMUHH KPi3b Bich OZ i TOYKY ONTUYHOTO
LUEHTPY CBiTIOMAIONA. [3 TOYKH ONTHUYHOTO UCHTPY
CBITJIONIO/Ia BIAHOBIIOETHCS MEPICHAUKYISAP 110 oci OZ.
l'noTeHy3010, IOTO TPUKYTHHKA BUCTYIIATUME BiJPI30K
TCOMETPUYHOIO IPOMEHIO 3 TOYKH ONTUYHOTO ICHTPY
cBiTiomiona 10 oci OZ. Kyt Mix TrinmoTeHy3010 i BicCcio
OZ 3amaeThCcs TPH KOHCTPYIOBAHHI JIAMIIK 1 € KyTOM
Haxwiy OCi CBITJIOAioNa 10 OcCi JIaMIi. TOYKOI0 TOYaTKy
BEKTOpa CBITJIOAIONA, BHUXOASYM 3 IIi€i TOOYIOBH,
SIBJISIETHCSL TOUKA TIEPETUHY TIMOTeHY3H 3 Biccio OZ.

TTo3nauuBmIN TOYKY OIITUYHOT'O LUEHTPY
cBiTIOmiona koopamHatamu Ds  (Xs, Vs, Zs) 1
BUKOPUCTOBYIOUH TEOPEMY TAHTCHCIB JUIS IPSIMOKYTHOTO
TPUKYTHHKA, 3HAXOQUMO BEJIMYHHY KareTa, 10
HaJIeKUTh oci OZ y BUTIIAII:

b=a-tg(y) (3)

Je a — JOBXMHA KaTeTa, sIKy MOKHAa 3HAWTH 3
KOOPJMHAT TOYKH ONTHYHOTO IIEHTPY CBITIOII0NA.

Y mromuny XOY mnpoekuiss TOYKH ONTHYHOTO
LUCHTPY [ioJa MAa€ KOOPAWHATH, BIAMOBIAHO XS 1 Ys.,
JIOB)KMHA BEKTOpA BiJi ONTHUYHOTrO LEHTpY a0 oci OZ,
popieuioe V' (xs? + ys?). Takum umHOM, KaTeT b
BU3HAYAETHCS, SK:

b=tg(xs*+ ys?) 4)

KoopauHaTy TOYKH MEPETHUHY TINOTEHY3H 3 BIiCCIO
OZ (0, 0, zs + b). MoxHa 3amaTi KOOPAMHATH TOYKH
MOYaTKy BEKTOpa [ioJa MPOCTO 3 TEOMETPUYHOTO
300pakeHHST JlaMIu. Y  3aBJaHHI  3aCTOCOBYETHCS
PO3paxyHOK KOOpJMHAT TOYKH IOYATKYy BEKTOpa Iioja
JUISL KOXKHOTO 10712 JIAMIIA 1O OIMHCAaHOMY allfOPUTMY,
SKIIO 3a7aHi KOOPAMHATH TOYKH ONTHYHOTO LEHTPY
JIioma i KyT Haxwiy oci mioma a0 oci jgammm. [lpu
3aBaHHI KOOPJMHAT TOYOK IOYATKY 1 KIHIISI BEKTOpa
Jioa 3 TEOMETPUYHOI MOOYAOBHU JIAMITH, HEOOXiIHICTH
3aBIaHHS KyTa HAXUJIy OCI J1i0/1a IO OCi JJAMITH Bifmajae.

JUis  po3paxyHKY CWIM CBITJIA BiJl ONTHYHOIO
UCHTPY CBITIOIIONA O TOYKH PO3PaxXyHKY, BU3HAETHCS
KyT MIDX BEKTOPOM, 3aJal04uuM BICh CBITJIOAiOAa 1
BEKTOPOM 3 TOYKH OINTHYHOTO IIEHTPY CBITJIOIiONA N0
TOYKH po3paxyHKy. KyT Mik BekTOpamMu B TIPOCTOpi
3HAXOJUTHCS,, BUKOPUCTOBYIOUH MOHSTTS CKAJISIPHOTO
MHOXXEHHSI BEKTOPIiB Y BIAMOBITHOCTI 3 UM CKaJISIPHUM
37100yTKOM IBOX BEKTOPIB a(Xa, Ya, Za) 1 B(Xs, Y, Zs) €
CyMa MHO>XEHb BiITOBITHUX KOOPIUHAT BEKTOPIB:

ab = X, *Xp+ya*yutZa*2p.

3 iHImoro OOKy, CKaJISIPHUM J00YTKOM IIHX
BEKTOPIB, € TOOYTOK IOBXHH BEKTOPIB MIOMHOKEHUH Ha
KOCHHYC KyTa MiXK HUMH:

ab = |a| . |b| -cos(a) (5)

Jlnst 3HAXOJDKEHHS KyTa MiXK BICCIO CBITJIOIiona i
BEKTOPOM 3 ONTHYHOTO IEHTPY CBITIONIONa B TOYKY
CIOCTEPE)KEHHS, BU3HAYAIOTHCSA TOYKHM MOYATKY 1 KIHIA
JUTSL KOXKHOTO 3 BekTopiB. [lepmmii BeKTOp 3amae BiCh
CBITJIONIONIA 1 HAJICKUTHh TMPOMEHIO OChOBOI CHJIM CBITIa
cBiTioniona. BekTop mpoBeneHuit 3 Oyb-sKOi TOYKH, MO
JIXKHUTH HA IIPOMEHI 0ChOBOI CHITH CBiTJIa cBiTJIoAiona Do
JI0 ONITHYHOTO LEHTpY cBiTioaiona Ds. pyruit Bekrop —
3 TOYKH ONTHYHOI'O LEHTPY CBiTIONiona Ds mo Toukm
CIOCTEPEKEHHS Al.

KoopauHati TOYOK, IO BH3HAYaKOTh OOU/BA
BektopH: Ds (Xs, ys, ZS) — TOYKa ONTHYHOTO IICHTPY
ceitnomiona; Do (xo, yo, zo) — TOYKa OCHOBH
cBiTnomiona; Ai (Xi, yi, Zi) — To4Uka po3paxyHKy (TOUKa, B
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AKiH  PO3PaxOBYETbCS CyMapHa CBiTNIA  Bif
CBITJIOZIIO/IIB PO3MIIIICHUX B JIAMITI).

Koopaunatn Bekropa citnomiona D(Do, Ds) i
BekTopa  po3paxyHky  A(Ds, Ai)  3HaxonsThCs
BUKOPHCTOBYIOYHM KOOPAMHATH TOYOK IOYATKy 1 KiHIIL
BeKTOpa: D(Xs - Xo, ¥s = Yo» Zs = Zo); A(Xa - Xs, Ya = Vs, Za -
Zs). BU3HAYMBIIM JOBXXWHHM BEKTOPIB OOYMCIIIOETHCS X
ckasipHuii 100yTok: DA = [D| * |A| * cos(B).

BukopucTOBYIOUM OTpUMaHUI KyT MK BEKTOPOM,
3aJal04uM BICh CBITJIOZiOAa 1 BEKTOPOM 3 TOYKH
ONTHYHOTO LEHTPY cBiTIOAIONA 10 TOYKH
CIOCTEPE)KEHHS 1  NPOBIBIIM  IHTEPHONALIIO 3
BUKOPDHCTaHHSIM  (QYHKUI] anpokcumarii KyOiduHOro
CIuIaifHa Juisi BUOPaHOTO CBITJIOAI0/1a, BUUUCIIIOEMO CHITY
CBITJIa Bil KOHKPETHO B3ATOTO CBITJIOJi0Aa Y BUOpaHiit
Touylmi  cnocrepexeHHs.  [lizcymMkoBe — 3HaYeHHS,
OTPUMAaHUX CWI CBiTIA Bij ycix cBitmomionis CJJI,
Hajgae iHQopMmauilo Npo cwiy CBiTIa B JaHid Toumi
crocTepekeHHs. Po3poOieHuit  metonm Moxe OyTH
3aCTOCOBAHMH /1 Oy/Ib-SKMX JOBLILHO BUOPAHUX TOYOK
CIIOCTEPE)XEHb, OCHOB CBITJIOAIONIB 1 cepeloBHIIa ix
po3TalryBaHHs, 10 POOWUTH AITOPUTM INPHIATHUM JUISA
PO3PaxyHKY CBITJIOPO3MOALTY Bill CBITJIOMIOAHUX CHCTEM
0aKTepUIMAHOTO 3HE3aAPAYKCHHS BOJIH.

JocaimxkenHss 3 po3poOku 3axoaiB i NpPoeKTiB
€KO0JIOTiYHOl Oe3mekH Ui NpoueciB  Xap4oBoi
TexXHOJOril. P51 MOKa3HUKIB MATHOI BOIU CBIIYHUTH TPO
HasBHICTb y HIM pI3HMX MIHEpaJIbHUX 1 OpraHiYHHX
JIOMIILIOK Y KIJIBKOCTSIX, IO HETaTHBHO BIUIMBAIOTH HA
sKicTh HamoiB. [IWTHa BOJA MICTUTH BEIIUKY KUIBKICTh
PI3HHX JOMINIOK, IO HAIXOJATh 10 Hel P KOHICHCALT
BOJIOTM B arMmocdepi, NPOXOPKEHHI 4epe3 TIPYyHT,
3a0pyJHEHHI MOOYTOBMMHM 1 NPOMHCIOBHUMH CTOKaMH.
Ilpu BumaganHi omamiB y BUAI JOUIy 1 CHITY y BOi
PO3UMHSIOTECS KHUCEHb, a30T, JBOOKCHJ BYIJIELO,
CKJIQJIOBI PEYOBMHM AMMOBHUX TrasiB, pi3HI MiHepaibHi
PEUOBHHHM — NTPOILYKTH OKHCIIIOBAHHS, SIKi, IIPH B3a€MOJIT
3 PI3HUMHM DPEYOBMHAMH B IPYHTI, YTBOPIOIOTH IIOTaHO
PO3YMHHI 1 HEPO3YHMHHI Y BOJII 3'€THAHHSL.

Jlo opraHoNeNTUYHUX MMOKA3HHUKIB, 110 BU3HAYAIOThH
SAKICTh BOAM B  0€3aIKOTOJBPHOMY  BHPOOHHIITBI,
BITHOCSITBCS: CMaK, 3amax, Kojip i mpo3opicTts. Bona, sky
BUKOPHCTOBYIOTh TUTSt TEXHOJIOTIYHHX e
BUPOOHUIITBA HANOiB, IOBUHHa OyTH TPO30pOI0,
0e30apBHOIO, HE MaTH CTOPOHHIX MPHUCMAKIB 1 3amaxiB i
BIJIMOBiTaTH BUMOTaM, TIPEJICTABICHUM HIOK4e (Tadm. 1).

CHJia

Tabnuus 1. OpraHojenTUYHI TOKAa3HUKH BOIU JUIS
TEXHOJIOTIYHUX LiJIEH

Oco01Ba yBara NOBUHHA OyTH IPHIUIEHA YUCTOTI
MUTHOT BOOM 3 MOIJSAY I MPO30pPOCTi, MYTHOCTI,
KOJIbOPOBOCTI, BIICYTHOCTI 3Ba)KCHUX YaCTOK, MPHCMAKY,
3amaxy, OpraHiyHMX pEYOBHH, BMicTy Oakrepidi i
TOKCHYHUX peYoBHMH. Boma, SKy BHUKOPHUCTOBYIOTH Yy
SIKOCTI TMATHOI a00 MpW BUPOOHHITBI 0E3aTKOTOIBHHUX
HamoiB, TOBWHHA BiATOBIiATH CaHITAPHAM HOpPMaM i
BHMOTaM, & TAKOXK 32 XIMIYHMUMH MOKa3HUKaMHu (TaoiI. 2).

Ta6ymus 2. XiMivHi TOKa3HUKHU [TUTHOI BOAU

IToka3HHUKH 3HayeHHS
KopcTkicTs (3aranpHa), MI+ 5KB/IM>, He Gisiblie 0,7
JIyxHicTb, MI* 2KB/AM>, He Gisble 1,0
MiHepaibHi TOMIIKH, M+ 9KB/mM>, He Gillbine:
Mapraselb 0,1
3aJ1i30 0,1
AIFOMIHII 0,1
cynbharu 100-150
XJIOPHIN 100-150
Minb 1,0
LUHK 5,0
HITpaTH 10
HITPUTH ciau
CBUHEID 0,1
KpEeMHIi 2,0
MHII'SIK 0,05
¢dbrop 1,5
pH 3-6

Toka3uuku 3HaueHHs
3amax npu Temneparypi 20 °C u npu migirpiaHHi
Bonu a0 60 °C, 0au, He OibIe 0
IIpucmax npu remmneparypi 20 °C, 6anu, He Oinbire 0

KonpopoBicTh 1Mo maTiHO-K0OAIBTOBIH ab0 mmIKai,
o iMiTye, Tpaj., He OUIbIIe 10

MyrHicTh 10 CTaHapTHiil wKami, Mr/am’, He
Olbiie 1,0

BMmicT akTUBHOTO XJIOpY Y BOJII IICIS XJIOPYBaHHS
nosuHeH 6ytu 6,0 — 10,0 mr/mM®, micns nexnaopyBaHHS
BMICT aKTHBHOTO XJIOPY TIOBHHEH JOPIBHIOBATH HYJIEBI.
Mikpo06ionoriuHi TMOKa3HUKKA MWTHOI BOJMW: 3arajibHa
KinbKicTh Gakrepiit y 1 cm® HeposbabneHoi Boau, He
Oinpuie, HiX 25; KUIbKICT OakTepid IpynH KHIIKOBOT
nanuuku B 1 1M°, He Ginblue, Hixk 3.

JlonaTkoBo 10 BUKJIAJIEHOTO Marepiany HEeoOXiIHO
(opMyBaTH y CTYICHTIB YyCiX PIBHIB HaBYaHHS 3HAHHS
PO TEOPETHYHI 1 MPaBOBi 3acaJy HOPMYBaHH: B YKpaiHi
NPUHIHMIIB SKOCTI JOBKULIA Ta KaTeropii HOPMaTHBHHUX
JIOKYMEHTIB, 3 BH3HAYCHHSM CHUCTEMH IOHATIHHOI
TepMiHOJIOTIYHOT ~ 0a3m  skocti  jgoBkumis  [9-13].
HeoOximHo ¢opMyBaTH y CTYIEHTIB YCiX piBHIB
HaBYaHHS 3HAHHS PO TEOPETUYHI 1 IMpaBOBI 3acanu
HOpPMYBaHHs B YKpaiHi IPUHLMIIB SKOCTI JOBKIJUISA Ta
KaTeropii HOPMAaTUBHHMX JOKYMEHTIB, 3 BHM3HAUYCHHSIM
CHUCTEMH TOHSATIHHOT TepMiHONOTiYHOI 0a3u  sKOCTI
jnoBkimist  [1, 2].  3aBmaHHS ~ pPO3BUTKY  TakKuX
3aKOHOMIPHOCTEH IMOB’s13aHi 3 BU3HAYCHHSAM MICIS 1 poui
HOPMYBaHHS OCHOBHHX XapaKTEpUCTHK B CHCTEMi
3aX0/iB MiJBHLICHHS SKOCTI Ta PIBHIB €KOJOT1YHOI
Oe3NeKy JOBKULIA: OCHOBHI IOJIOXKEHHS B Taiysi
CTaHaapTu3alii Ta HOPMYBaHHS SKOCTI JIOBKULIS;
MOHATTS Ta BU3HAYCHHS — iACHTH]IKaIlis-KIacupikaiis
CUCTEMH; KaTeropii HOPMaTUBHUX JIOKYMEHTIB; CUCTEMY
HOPMAaTHBHHUX JIOKYMEHTIB, SIKI PErJaMEeHTYIOTh SKICTh
MOBITPsl, BOJM Ta BOJHHMX OO’€KTIB; IDYHTIB Ta iH;
CaHITapHO-TITi€HIYHE  3HAYCHHS  IEHTPaJli30BAHOTO
BOJIONIOCTaYaHHs HACEJICHUX IYHKTIB; CUCTEMH METOJIB
MOKpALIeHHs. SKOCTI BOAWM 1 TEXHOJIOTIYHI IpOLEecH
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00poOKM BO/M; CydacHI pecypco- Ta eHeprosodepirarodi
crnocoOu  OCBITIICHHS BOAM  (BUAAIEHHS 3aBUCIHMX
pEeUOBHH y BiACTIHHMKaX, Quiorauis, (QiIbTpyBaHHS Ta
iH.); Oe3neyHi crocobu 3HeOapBICHHS BOIM ILIISIXOM
Koaryysuii, HamipHoi (ioTanii, oKHcIIOBaYaMu (XJIOp,
030H, IEpMaHraHaTr Kajilo), copOeHTamMu (aKTHMBOBaHE
BYyriuisg) Ta iH.; CHCTEMH KOMIUIEKCHHX CIIOCOOIB
3HE3aPaXEHHS BOJM;, CHUCTEMH KOAaryJsilis BOIHU
(KoarysstHTH, (JIOKYJISTHTH, —OpraHisamis —J03yBaHHS
peareHTIiB); CydacHi CHUCTEMM  BiJICTOIOBaHHS  Ta
GUIBTpYBaHHS  BOJM, CY4YacHi CKOJOTriYHOOE3IeUHi
CHUCTEMM  XJIOpYBaHHS NHMTHOI BOAM  (pearcHTH,
MEXaHI3MU Ta Jiana30Hd OAKTEPUIUIHOL i, METOAH
XJIOPYBaHHSI BOJM, JI03yBaHHs PpEarcHTIiB; OOJaJHAaHHS
JUIsl XJIOPYBaHHS; KOHTPOJIb €(EKTHBHOCTI XJIOPYBAHHS
BOJM, NEpeBarH Ta HEJOJIKHM); Cy4YacHi EKOJIOTiYHO-
Oe3leyHl CHCTEMU 3HE3apaKEHHsS BOAM IEpeBard Ta
HEJOJIKM Cy4YacHHX EKOJIOTIYHO-O€3NEeYHUX CHUCTEM
3He3apaxeHHs Boau Y®d-mpomiHHAM, ioHaMHu cpibia,
HOJOM,  yJIbTPa3ByKOM,  TraMMa-BUIPOMIHIOBAHHSM,
KOHTPOJIb X e(EeKTUBHOCTI; NONEpeqHid caHiTapHUN
HarJIsi 3a MOKPAIEHHSIM SIKOCTI BOAM Ha BOAOIPOBOJIAX;
NOTOYHUI  CcaHiTapHUH Harmsil 3a  e(EeKTUBHICTIO
MOKpPALIEHHs SKOCTI BOJM Ha BOJIONPOBOAAX. BianosigHo
nepiui gociiay 3 iHaktuBauii Bipycuux yactok COVID-
19 Bkasamm  Ha  €(EKTHBHICTH  BHKOPHCTaHHS
CBITJIOZIIOTHUX JoKepen rIIOOKOTO YO
BUIIPOMIHIOBaHHS, SIKi 3a0e3MeuyroTh iHakTHBaLio 99,9
% yacTok KopoHaBipycy. IIpoBemeHi IOCIiIKEHHS
CBiYaTh NPO MOJMJIMBICTH MOOYZOBH HAa OCHOBI TaKHX
CBITJIOZIO/IB CUCTEM OUUILEHHS BOIU Ta
KOHJMLIOHYBAaHHS MOBITPs. 3aBIaHHS PO3BUTKY TaKHX
3aKOHOMIPHOCTEH IMOB’s13aHi 3 BU3HAYCHHSAM MICIIS 1 PO
HOPMYBaHHS OCHOBHHX XapaKTEpUCTHK B CHCTEMI
3aX0/iB MiJBHIIEHHS SKOCTI Ta PIBHIB EKOJOT1YHOT
Oe3IeKy JOBKILIS:

® OCHOBHI IIOJIOKCHHS B Tajy3i craHgapTH3auii Ta
HOPMYBAaHHSI SIKOCTi JIOBKIJUIS;

® [IOHATTS. Ta BU3HAYCHHSI —
kiacudikaiis CHCTEMU;

® KaTeropii HOPMaTUBHUX JIOKYMCHTIB;

® CICTEMy  HOPMATUBHHUX  JOKYMEHTIB,  fKi
pPETIaMEHTYIOTh SIKICTh TIOBITPS, BOAM Ta BOJHUX
00’€KTiB; TPYHTIB Ta iH;

e xacudikaiis CUCTEMH PI3HOBHIIB BiIXOIIB Ta
inerTudikamis-xkiacudikaris TBEpANX  MOOYTOBUX
Binxoxuis (TTIB);

® CaHITapHO-TIri€HIYHE 3HAYEHHS IEHTpali30Ba-
HOT'O BOJIOIIOCTaYaHHs HaCeJICHHUX ITyHKTIB;

® CICTEMH METOJIB TIOKpAIeHHS SKOCTI BOIU 1
TEXHOJIOTI4HI mpotecu 00poOKH BOAM;

® CyJacHi pecypco- Ta eHeproszbepirarodi crocodu
OCBITJICHHS BOJHM (BUAAJCHHS 3aBUCIMX PEYOBHH Y
BizcTiliHUKaX, (oTais, GiTbTpyBaHHS Ta iH.);

e Oe3neyHi crocoOM 3HEOapBIICHHS BOAU LUISXOM
Koaryysuii, HamipHoi (ioTanii, oKHcIIOBaYaMu (XJIop,
030H, IEpMaHraHar Kaiilo), copOeHTamMu (aKTHMBOBaHE
BYriLiIs) T2 iH.;

imeHTUdIKaIis-

® CUCTEMH KOMIUIEKCHUX CIIOCO0IB 3HE3apakeHHs
BOJIH;

e CUCTEMHM  Koaryjsiuis  BOaM  (KOaryJssHTH,
(bIOKYNSHTH, OpraHi3aiis peareHTHOI0 TOCTOoAapCTBa,
JIO3yBaHHSI PEarcHTiB);

® CyJacHi CHCTEMH BiJICTOIOBAHHS BOJIH;

® CyJacHi CHCTEMH (PibTpyBaHHS BOIH;

® CyJacHi €KOJIOTIYHO-0e3neuHi CHCTEMU
XJIOPYBaHHS THTHOI BOAM (pearcHTH, MeEXaHi3MH Ta
Jiama3oHW OaKTepUIMIHOI [Mii; METOOM XJIOpYBaHHS
BOAM, JO3yBaHHs  pearcHTiB;  oOJaJHaHHSA IS
XJIOpYBaHHS; KOHTPOJIb €(PEeKTUBHOCTI XJIOPYBaHHS BOJIH,
TepeBary Ta HeJIOJIIKH );

e cy4acHi €KOJIOTTYHO-0e31euHi CUCTEMU
3HE3apaKCHHSI BOAM O30HOM (MEXaHi3M OaKTepPHUIMIHOI
Jii, O30HATOPHI YCTaHOBKH, KOHTPOJIb E(QEKTHBHOCTI,
nepeBary Ta HeJJOMiKH;

e [iepeBark Ta HEAOJIKM Cy4YacHUX EKOJIOTIYHO-
0e3neuHnX cUcTeM 3He3apaKeHHS Boau Y D-PpOMIHHSIM,
ioHamu  cpibia, HOmOM,  yIBTPAa3BYKOM, TamMMma-
BUIIPOMIHIOBaHHSM, KOHTPOJIb 1X €()eKTHBHOCTI;

e [IoTIepeIHIM caHITapHUIT HATTISA 32 TIOKPAIICHHIM
SIKOCTI BOIM Ha BOJIOIPOBOJIAX;

® [IOTOYHUII CaHITapHUI HArsM 3a €PEKTUBHICTIO
MOKpALIEHHs SKOCTI BOAM Ha BOJAOIPOBOJIAX.

lapanToBaHe mOCTayaHHS HAcCEJCHHIO YKpaiHu
NUTHOI BOAM, L0 € Oe3NeyHOol JuIsi 310pOB’Sl Ta
HaJIeKHOT SIKOCTi, 3a0e3NeuyloTh JiBa OCHOBOIIOJIOXKHI
3aKOHO/AB4i JOKyMeHTH: Bomuuii xojekc Ykpainu Tta
3akoH Ykpaium «[Ipo mnuTHY BOOy Ta mUTHE
BojmonocTayanus» [1, 2, 5]. OguMm i3 3aBaaHb, IO
CIpsIMOBaHI Ha JIOCSTHEHHS BHILE3a3HAUYCHOI METH, €
00’€KTHBHE OLIHIOBaHHS €KOJIOTIYHOTO CTaHy 1 SIKOCTI
MOBEPXHEBMX  Ta  MiA3€MHUX BOA  —  JDKEpen
LEHTPAJII30BAHOI'0 IIUTHOTO BOJOINOCTayaHHs, Ha OCHOBI
€KOJIOTIYHUX Ta TIiri€HIYHMX IOKAa3HUKIB Ta KPUTEPIiB,
IO BIANOBINAIOTH BHMOTaM CTaHIAPTIB, CIOCOOIB,
METOMIB Ta TEXHOJOrid, mnpuitHatux B €C [6].
Knacudikanisi sIKOCTI MOBEpXHEBHX Ta IiJA3EMHHX BOJ
VYkpaiHu — JpKepea IHUTHOTO BOJONOCTadaHHS — €
MOPaJILHO Ta 3MICTOBHO 3aCTapiioo.

BucHOBKH Ta mepcHeKTHBH  NOJAIBIIOrO
PO3BHTKY AaHOTO HAMPAMKY. Pe3ysibTaTi qOCHimKeHHS
MOKa3aJIM MOJKJIMBOCTI iX 3aCTOCYBaHHS y DI3HOBHIAX
TEXHOJIOTIYHUX MPOLECIB Xap4OBOi TEXHOJIOTII 3 METOIO
3HE3apakKEHHsI BOJM — CHPOBUHHOTO PECypCy Maike BCixX
BUPOOHHMIITB.

1. [Iposeneni JOCII JPKEHHS JI03BOJISIFOTh
BCTAaHOBUTH  HAyKOBO-OOIPYHTOBaHI ~ BUMOTH 1O
OaKTepULHIHUX YCTaHOBOK y pi3HOBHIAX

TEXHOJIOTYHUX MPOLECiB Xap4OBOi TEXHOJIOT 1.

2. Jlnsa Bu3HAYEHWX YMOB Ta IIPU3HAYCHHS
3aIIpOIIOHOBAHO CTPYKTYpPY eHeproe(eKTUBHOT
OaKkTepuIMAHOI YCTAHOBKM Ha OCHOBI YIbTpadiosleTOBUX
CBITJIOMIOMHMX  JDKepen  CBiTia, 1Mo  3abesneuye
30cepe/pkeHe OaraTtopiBHEBE 3HE3apakKyBaHHS BOAU Y
nporecax BUpOOHULTB XapuoBOl TEXHOJIOTII.
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3. Ilixg yac pociaigkKeHb BCTAHOBJIEHA HEOOXIAHICTH
(hopMyIrOBaHHS OIIIHKHM XapaKTEPUCTHK OAKTCPUIIUIHUX
YCTAaHOBOK 3HE3apaKyBaHHS BOAM Yy CHCLIAIBHUX
npoliecax BUPOOHUIITB Xap4OBOT TEXHOJIOTII.

Cnip BIAMITUTH, TOCTiHiHE 3pOCTaHHS IONHUTY Ha
OC3MeKy  KUTTEMISIIBHOCTI  JIFOJMHU:  3aCTOCYBaHHS
BUCOKOC(EKTUBHUX 1HHOBAI[IHHUX TEXHOJIOTiH, TEXHIKH
Ta OOJIQJIHAHHS; BUBYCHHS MAaHUX [P0 MPHHIUI il
yIbTpadioleTOBOTO BUIIPOMIHIOBAHHS 1 CaMOMY BIUIHMBI
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HIERARCHY OF LIGHTING POSSIBILITIES ON THE WAY OF DEVELOPING INNOVATIONS IN
FOOD TECHNOLOGY PRODUCTION

In the article the energy-efficient technology of disinfection of drinking water which is based on the use of LED light sources for
generating ultraviolet radiation during a pandemic COVID-19. Some theoretical and experimental models of water disinfection
have been developed and investigated. The relevance of energy saving and safety issues in the modern world of food technologies
is considered. The directions of optimization and improvement of energy efficiency of systems are determined with the
specification of standard production measures. The algorithm for intensifying market development is described - food and energy-
saving technology using LED lamps. The structure of the system of water disinfection technique and algorithm for calculating the
light distribution of LED light sources that provide efficient use of electricity in the disinfection of water. The fragmentation
algorithm is attached for the development of the bactericidal anti-infection system. The authors have devised a methodology for the
synthesis of light on the basis of the distorted power of a single light switch of a light switch. The problem associated with the need
to improve the efficiency of water disinfection at the stages of it treatment in an increasingly unfavorable trend of deterioration of
microbiological parameters in the reservoirs of the first category is considered. Historical facts of development and the application
of this technology in the water treatment system are described as technology of disinfection of drinking water which is based on the
use of LED light sources for generating ultraviolet radiation during a pandemic COVID-19.
Keywords: ultraviolet radiation, LED light sources, bactericidal installation, structure, methods, algorithm, COVID-19

II. I1. TOBOPOB, C. H. BYXKAJIO, A. K. KHH/ITHHOBA, M. JI. 3EMEJ/IbKO

HEPAPXMSA BO3SMOKHOCTEM CBETOTEXHUKU HA ITIYTHU PA3BUTHA WHHOBAIIUH B
MMPOU3BOJCTBAX INININEBBIX TEXHOJIOI'MH

B maTepumanmax craThbM paccMaTpUBaeTCs BO3MOXKHOCTh IPHMEHEHUS! TEXHOJOTHH 00e33apa’KMBaHMS IHTHEBOM BOJBI, KOTOpAs
OCHOBaHA Ha HCIOJB30BaHUU CBETOJHOIHBIX NCTOYHUKOB CBETA JUIS TEHEPallH YJIbTPa(HOIECTOBOTO M3IydeHus. Pa3paboransl u
HCCIIEOBAHBl HEKOTOPBIE TEOPETHYECKHE M SKCIEePUMEHTAIbHBIE MOJETH 00e33apaKMBaHUS BOABI C yYETOM IIPOBEJCHHOTO
aHaNM3a JUTEePaTYpHBIX HCTOYHHKOB MH(popManuu. PaccMoTpeHa akTyaabHOCTH BOIPOCOB dHEprocOepeskeHust n 6e30IacHOCTH B
COBPEMEHHOM MHMpE IHUIIEBHIX TeXHOJIOTHH. OmpeseneHbl HaNpaBICHHS ONTUMU3AIUM U IOBBHIIIEHHS SHEProd(heKTHBHOCTH
CHCTEeM C KOHKPETH3alMeH THUIIOBBIX MEpONpPUATHH Hpou3BOACTB. OIHMCaH alropuT™M HMHTEHCU(HUKALWUM PA3BUTHS DPbIHKA —
MHIIeBas WHHOBALMOHHAS HEPrO’KOHOMMYECKAs TEXHOJOTHS C MPHMEHEHHWEM CBETOJMOAHBIX namil. lIpemmoxeHa cTpykTypa
CHCTEMBI 00€33apaXKMBAHHUs BOJBI, METOAUKY H aJIrOPUTM pacueTa CBETOPACIPENENICHUs] CBETOAMOIHBIX HCTOYHUKOB CBETa,
obecneunBaommx 3QHEeKTUBHOE MCIIONB30BAHUE JIEKTPUUECKON SHEPruu Ha oOe33apakuBaHHE BOJbL. Pa3BuTHE M NpUMEHEHHUE
9TOH TEXHOJOTHH B CHCTEME OYHCTKH BOJBI ONHCAHBI KAK BO3MOXHOCTH HCCIIEIOBAHUS TEXHOJOTHUS 00e33apaKMBaHUs MTUTHEBOH
BOIBl — CBIPbSI M TPOAYKTa, OCHOBAaHHBIE HA HCIIOJNb30BAaHMHM CBETOJUONHBIX HCTOYHHKOB CBeTa /I TCHEpaluH
yIbTPaHOJICTOBOTO M3IIyICHHUS BO BPeMsI HaHACMUH.

KnioueBble c10Ba: yabTpadHoIETOBOE H3IyUCHUE, CBETOIUOAHBIC HICTOYHUKY CBETa, OaKTepUIUAHAS YCTAHOBKA, aJITOPUTM
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1. H. ZEZEKALO, S. I. BUKHKALO, 1. O. IVANYTSKA, O. O. AHEICHEV A

ACID TREATMENTS QUALITY IMPROVING ANALYSIS THROUGH NEW WORKING
AGENTS USAGE

Decrease in permeability that occurs during the construction of the well and operation are analyzed. The reasons for
the decrease in the permeability of the bottom-hole zone in the reservoir rocks that occur in the process of drilling,
cementing, reopening and development of wells are determined. The basic principles of acid treatment for
intensification of hydrocarbon raw material extraction of sealed productive strata in the process of their drilling are
investigated. The solution for acid treatment is given. Specialized products for stimulation are considered. Acid
treatments quality increasing through new working agent’s usage and improving the technology analysis is performed:
the scientific substantiation of the program realization algorithm of possible influence for concrete geological and
physical conditions of a well is presented; systems of geological and technological factors influencing the filtration
properties of reservoirs are identified and analyzed; identifying features of development and adaptation types of
chemical compositions for specific conditions of the formation; the possibility of conducting experimental research on
the development and adaptation the chemical compositions and technologies of influence in the processes of
increasing productivity and silencing of wells in relation to specific geological and physical conditions is determined.

Keywords: bottom-hole formation zone, hydrochloric acid treatment, chemical methods, pollution.

Introduction. In recent years, the urgency of
maintaining the potential productivity of wells has
increased significantly, including due to the involvement
in operation in addition to traditionally exploited
formations, and the involvement of formations of
complex deposits with low permeability properties that
have not been used before. In Ukraine, many large
deposits have been explored, such as Machuhske,
Zagoryanske, Sagaidatske, Semirenkovske, Yablunivske,
the main hydrocarbon deposits which are associated with
significant depths, and productive strata are represented
by reservoirs of different lithological composition. It is
known that drilling of exploratory wells is reviving at a
slow pace with the growing role of hydrocarbon
production in the current crisis conditions. In addition,
the main part of the fields has passed into the final stage
of development, which is characterized by redistribution
of pressure in the reservoirs, restructuring of residual
reserves, increasing the share of hard-to-recover oil
reserves requires new approaches to their removal.

The efficiency of well construction is directly
related to the quality of exposure of productive objects,
which in turn depends on maintaining or improving the
maximum possible permeability of reservoirs. The
quality of exposure of productive objects at oil and gas
condensate fields is directly related to the quality of
drilling.

Well construction is an expensive and complex
process. When drilling wells, high-quality
multicomponent drilling fluids are used, but they also
sometimes have a negative effect on reservoirs.
Therefore, in wells with a long service life, as well as as
a result of overhaul, productive horizons are clogged,
which significantly reduces the flow and when using
poor quality drilling fluids, the flow generally drops to
zero. The problem of clogging of reservoirs is quite
common - to solve it, leading specialists of Ukraine and
the world are developing new methods and technologies
to intensify hydrocarbon production.

The latest research and published works
analysis. The analysis of a significant number of sources
enabled to determine the basic principles of recovery
productivity of wells clogged during their drilling and
operation by the method of acid treatments [1-6].

The purpose of the study. Determination of the
basic principles of acid treatment for intensification of
hydrocarbon raw material production of sealed
productive strata during their drilling.

Problem statement. Thus, only in the territory of
the Dnieper-Donetsk basin about twenty wells in highly
promising explored fields do not produce as a result of
clogging of productive formations during drilling. At a
time when geophysical studies in the well show that the
filtration-capacity characteristics of the reservoir are
highly effective, the horizons are productive in
neighboring wells, but as a result of repression on the
reservoir there is a significant penetration of solids into
the reservoir, emulsion formation and polymerization.
the bottomhole zone of the formation and the well is low
in flow or does not produce at all.

The main part. Presentation of the main material.
Today, oil and gas deposits are being opened with
complex reservoirs in terms of chemical composition,
dense, low-permeability and low-porosity. Deterioration
of filtration properties of a productive collector can be
caused by many reasons, the main of which are:

- absorption of well silencing fluid by the reservoir;

- swelling of the clay material of the rock as a result
of contact with the filtrate of the well silencing fluid;

- formation of stable water-oil and gas emulsions in
the zone of contact of the well silencing fluid with
formation fluids (Jamen effect)

- formation of asphalt-resin-paraffin deposits and
sparingly soluble sediments when the thermodynamic
parameters of the formation change;

© Zezekalo 1.H., Bukhkalo S.I., Ivanytska I.O., Aheicheva O.0., 2021
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- reduction of oil permeability of RAM as a result
of hydrophilization of the pore space of the reservoir due
to its contact with the filtrate of the well shut-off fluid,
etc.

Before the productive horizons of an oil and gas
field are exposed to wells, the physical parameters of the
formation, such as pressure, temperature, distribution of
fluids in the reservoirs, are in a constant (stable) state
achieved for a long time since the formation of deposits.
As soon as the formation is exposed to external
influences (primary and secondary opening by drilling,
silencing of wells).

The main reasons for clogging of the reservoir are
the wrong selection of the solution, the human factor,
non-compliance with the technology of preparation,
processing and purification of the washing liquid. Highly
promising wells do not produce anything and replenish
the fund of idle wells. Water-based clay drilling fluids,
potassium mortars, stabilized saline-saturated mortars
mainly lead to contamination of the bottomhole zone of
the formation (PZP) with solid phase and filtrate [7].
Many scientists have studied the issue of well recovery
[8]. Successful recovery can lead to excellent results. For
example, at the Yablunivske field, well Ned was clogged
during drilling and did not produce, but after treatment
with an acid solution, the well yielded 800,000 cubic
meters of gas per day [9].

To avoid deep penetration of drilling mud filtrate
into the formation, additives of various thickeners -
polymers - are often used. The following thickeners are
used: methyl acrylate, carboxymethylcellulose (CMC),
polyacrylamide (PAA), acrylonitrile, GIPAN, cideryl,
de-drill, etc. Also sometimes use auxiliary additives -
water repellents and inhibitors. The advantage of
polymer-based BR is that during drilling the polymer is
partially filtered on the "well-formation" boundary,
forming an almost impermeable crust, which protects the
formation and reduces the possibility of deep penetration
of drilling mud filtrate [10].

When using low-quality polymer-based drilling
fluids, the reduction in the permeability of oil and gas
formations can occur several times and can even lead to
complete clogging.

The main problem of reducing the flow
characteristics of oil and gas fields in Ukraine in the
process of their overhaul is the use of silencing fluid and
other technological reagents in the repression of the
reservoir. Thus, according to the statistics of the 80-90s
of the XX century, the reduction in well productivity
after overhaul was about 30%. The causes of clogging of
productive formations and the mechanism of clogging
are similar problems that occur during drilling.

Modern technologies indicate the following
advantages of opening productive formations in
depression: preservation and even improvement of
natural FEH of productive formations, thanks to inflow
of formation liquid in the course of opening; elimination
of negative impact on the productive horizon of drilling
and cement mortars used in traditional technologies, as
well as excessive pressures during drilling and fastening;

increase in the level of oil recovery due to the increase in
the permeability of the ROM (skin effect) increase in the
flow rate of wells, resulting in a reduction in the payback
period of their construction; involvement in the
development of low-profit oil deposits and fields, as well
as productive horizons

The development of gas and oil fields can be
represented as a complex technological process that takes
place under volatile conditions and is not subject to direct
(visual) observation. Effective indicators of field
development and high final return can be obtained with
rational development, as well as with effective regulation
of system processes. Means of regulation, for example,
can be changes in the rate of fluid sampling and the
corresponding distribution of samples in the wells, the
density of the wells, increasing the permeability of the
bottomhole zone, etc. (Table 1):

Table 1 — General systems analysis of the wells recoil
clogged during drilling

Ne |Analysis system components examples according to the
functional scheme

1 |Analysis of scientific sources, formulation of goals and
objectives of the research system; definition of the
theoretical researches program and experiment planning

2 |Classifications-identification and analysis of existing
production wells and methods for determining flooding,
identifying general and individual problems.

3 |Scientific part methodology development: systems of]
dynamic models of the production management process on
the basis of selected complex schemes; preparation for
tests, numerical modeling, calculation results analysis

4 | Determining the hierarchy of components while
measurement and methodical part of flooding production of]
production wells, research of dynamics change of flooding
at non-stationary mode of operation at a well.

5 |Conducting physical and mathematical experiments;
statistical analysis comparing the results of experiments
with theoretical data.

6 |Development of structure systems, identification-
classification of algorithm and mathematical support of]
information-measuring  and  control  system  for
intensification of production and determination of flooding
the extracted products

7 |Development of an innovative method of bringing
production wells with different types of depth pumping
units to a certain mode of operation using the developed
complex processes of the system.

8 |Carrying out of industrial experiment on an estimation of]
accuracy of instrumental definition of flooding of
production of wells and effect on intensification of system
of the subsequent extraction.

9 |Carrying out of industrial experiment on an estimation of]
quality instrumental definition of flooding of production of]
wells and effect on intensification of system of the
subsequent extraction.

10 |Scientifically well-ground conclusions development and
analysis.

Some issues of the system of increasing the recoil
of wells clogged in the process of drilling in order to
determine modern highly effective science-based
technologies for their use and some features of possible
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solutions, which are based on the analysis of geological
and technical measures to intensify inflow to wells and
reduce watering, extracted. This approach is one of the
most promising for the development of process
mechanisms and their scientific justification in the form
of objects of technology, in particular to determine the
features of the use of acid solutions based on
hydrochloric acid in high temperature collectors [1]
Despite its obvious advantages, the success of the
operations of the application of acid compositions still
remains low. The optimal technology of acid treatment
provides the maximum effect is first selected taking into
account the causes of ROM contamination, taking into
account such parameters of the formation as: particle size
and mineralogical composition of rocks; filtration-
capacity properties; temperature, chemical composition
of formation fluids. Properly selected formulation of the
acid composition should lead to the desired result -
cleaning the ROM from contamination, restoring its
permeability and, as a consequence, ensuring the
productivity of the well, corresponding to the local
capabilities of the formation.

According to the experimental and industrial
operation of deposit wells, the productive section of
which is composed of reservoir rocks, it can be
concluded that with low porosity and permeability, a
significant effect can be achieved by intensification,
using different variations of acid treatments and anti-
clogging. The most effective formulations and highly
permeable solvents were used and tested in the treatment
of wells. Analyzing the data, it can be noted that with a
properly selected solution formulation and the use of
decontamination fluids, the flow rates of unproductive
wells in productive sediments can be increased several
times, and sometimes several orders of magnitude.

Today, to intensify the inflow from the productive
strata often resort to the use of hydrochloric acid
technology without decontamination. However, based on
the fact that the productive strata where these bottomhole
treatments are carried out are already flooded or simple
hydrochloric acid technology does not give tangible
results, it is necessary to use uniquely new compositions
of working agents.

New compositions of solutions should solve the
following tasks:

1) increasing the distance of acid penetration

2) decompression of ROM;

3) increasing the ability to remove reaction
products;

4) low corrosion activity
equipment;

5) adaptation to the mineralization of formation
water.

Due to its high soluble ability, hydrochloric acid is
the most common reagent in the process of conducting
KO in reservoirs. There are two risk factors that arise
when using hydrochloric acid: the high reaction rate in
the formation, which complicates the processing and
high corrosion activity. To reduce the level of corrosion

in relation to the

activity, organic acids and inhibitors are added to the
acid composition [14]. Various inhibitors are used to
reduce corrosion of pipes when transporting acids
through them. For example, such as formalin, Unicol PB-
5, U-1-A inhibitor

Technical Utropin and BA-6 inhibitor (B-1, D-2).
These inhibitors are used in the inhibition of high
concentrations of acid and acid solutions for the
treatment of wells with high formation temperatures and
pressures. The use of these inhibitors is effective. In
addition, the low solubility of organic acids reduces the
level of non-uniformity of the reaction front of the acid
composition in the rock. Given the above description of
the properties of organic acids, there is a practice of
creating acid compositions based on hydrochloric acid
with the addition of organic acids to achieve a moderate
level of formation of highly permeable channels in ROM,
which has a positive effect on increasing productivity.
Organic acids have been used for bottomhole treatment
in bottomholes for many years. Experience shows that
the use of high-end

Based on the literature review, the use of different
solutions for drilling and secondary opening of wells, we
can draw the following conclusions: almost always the
solutions have a negative impact on the filtration
characteristics of the bottomhole zone, the quality of
opening depends on the final productivity of production
wells. Therefore, before the use of drilling fluids in the
field it is necessary to conduct laboratory tests to
determine their basic physicochemical parameters, as
well as filtration properties in the geological, physical
and technological conditions of the operational facility.

Based on the literature review, the direction of
research was focused on the development of acid
composition for sealed wells. It is also planned to study
the main physical and chemical parameters of polymer
drilling mud used in drilling wells in difficult mining and
geological conditions of Poltava region. It is planned to
investigate the effect of the filtrate of inhibited BR of
different composition with the addition of different
surfactant hydrophilizes. The second part of the
experiment is based on the study of the effect of cleaning
properties on the clay crust created by the proposed
solution of hydrochloric acid with various additives,
which will be developed during the experiment, on the
FEC of reservoir rocks in clogged wells [15-17].

The application of well restoring technologies and
increase of their return is currently carried out without
special consideration of individual geological and
physical characteristics of productive strata, as well as
without taking into account the occurrence of man-made
changes in the process of field development. The basic
principles of restoring the productivity of wells clogged
during drilling can be defined as:

- study of issues and analysis of the scientific
substantiation of the rational production organization and
the ability to use them in the study and design of the
organization of production processes at the enterprises of
the industry;
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- study of innovative patterns of development and
design principles of production organization in the oil
and gas industry;

- acquisition of skills of development of projects of
the organization based on auxiliary and service processes
at the enterprises of branch.

Experimental studies will be conducted in
accordance with the basic requirements for drilling fluids
and acid compositions.

Conclusions of this study and prospects for
further research in this area. Thus, the acid used to
treat the formation should not cause the formation of
insoluble precipitates. Also, for effective acid treatment,
the composition used must have the following properties:
slow reaction rate with rock-forming minerals, which is
especially important at high formation temperatures; low
interfacial tension at the boundary "hydrocarbon - acid
composition"; had corrosive activity; compatibility with
formation  fluids; inhibitory effect on clays;
manufacturability at application. Based on the literature
review, the use of different solutions for drilling and
secondary opening of wells, we can draw the following
conclusions: almost always the solutions have a negative
impact on the filtration characteristics of the bottomhole
zone, the quality of opening depends on the final
productivity of production wells. Therefore, before the
use of drilling fluids in the field it is necessary to conduct
laboratory tests to determine their basic physicochemical
parameters, as well as filtration properties in the
geological, physical and technological conditions of the
operational facility.

Based on the literature review, the direction of
research was focused on the development of acid
composition for sealed wells. It is also planned to study
the main physical and chemical parameters of polymer
drilling mud used in drilling wells in difficult mining and
geological conditions of Poltava region. It is planned to
investigate the effect of the filtrate of inhibited BR of
different composition with the addition of different
surfactant hydrophobicizers. The second part of the
experiment is based on the study of the effect of cleaning
properties on the clay crust created by the proposed
solution of hydrochloric acid with various additives,
which will be developed during the experiment, on the
FEC of reservoir rocks in clogged wells.

Experimental studies are conducted in accordance
with the basic requirements for drilling fluids and acid
compositions. The study enables to draw the following
conclusions: many wells, as a result of drilling, overhaul
of the well after prolonged operation do not give
products due to complete or partial clogging. The
disadvantage of acid solutions based on hydrochloric
acid is the high speed of reaction and the difficulty of
getting the acid to the reservoir through the clogging
film. It is necessary to model and study the mechanisms
of decompression, to develop an effective composition
for the restoration of deep wells, to increase the channels,
as well as to reduce the corrosive effect. Many acid
components and cleaning materials are known, but for
specific conditions of depth and composition of the rock

it is necessary to develop an individual formulation of
process fluids and technologies for processing PZP and
restoring well productivity.
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I. I. 3E3EKAJIO, C. I. BYXKAJIO, I. O. IBAHHI[BKA, O. 0. ATEHYEBA

AHAJII3 NIIBUINEHHA AKOCTI KICJIOTHUX OBPOBOK 3A PAXYHOK BUKOPUCTAHHSA
HOBUX POBOYHUX ATEHTIB

IIpoanamnizoBaHO NPUYMHY 3HIKEHHS MPOHUKHOCTI, IO BiAOYBAETHCS B MPOIECI CHOPY/DKEHHS CBEPATIOBHHM Ta il eKCIUTyaTarlii.
BusHaueHO MPUYHMHHE 3HMXKCHHS MPOHUKHOCTI MPU3abiiiHOT 30HM IIacTa MOPia-KOJACKTOPIB, M0 BiAOYBAIOTHCS MMia 4ac MPOIECiB:
OypiHHS, IEMEHTYBAHHS, BTOPUHHOTO PO3KPHUTTS Ta OCBOEHHS CBEPUIOBHH. J[OCTIKEHO Ta MPOAHaTi30BaHO OCHOBHI MPHHITUIIN
MPOBEICHHSA KUCIOTHOI 0OpOOKHM st iHTeHcHbiKallii BUIOOYTKY BYIJICBOJHCBOI CHPOBHHH 3aKOJbMATOBAHHMX MPOAYKTHBHUX
mwiactiB B mpoueci ix Oypinus. HaBemeHo pirieHHS IJisi KUCIOTHOI 00poOku. PosrusiHyro cnemianmi3oBaHi NPOIYKTH Ui
crumyisnii. [IpoBexeHo aHai3 MiABUIIEHHS SIKOCTI KUCIOTHHX OOpOOOK 3a paxXyHOK BHKOPHCTaHHS HOBHX POOOYMX areHTiB i
YJIOCKOHAJIEHHsT TEXHOJIOTi NpOBEICHHS: IPEACTABICHO HAYKOBE OOIPYHTYBaHHS AalTOPUTMY IpOrpamMy peaizarii
MOJKJIMBOTO BIUTUBY JUII KOHKPETHUX I'e0I0T0-(Pi3SMIHINX YMOB CBEPUIOBHHH; BU3HAYCHO Ta MIPOAHATI30BAHO CHCTEMH
TeO0JIOTO-TEXHOJIOTIYHUX (PaKTOPiB, IO BIUIMBAIOTH HA (DITbTPAIiifHI BIACTUBOCTI KOJEKTOPIB; BUABICHHI 0COOIUBOCTI
PI3HOBUAIB PO3pOOKM 1 ajamTallis KOMITO3WIIIM XIMIYHUX pPEareHTiB UIsi KOHKPETHHX YMOB IUIacTa; BU3HAYCHA
MOJKITUBICTB MTPOBENIEHHS €KCIIEPUMEHTATLHUX JOCITIKEHD M0 po3po0Ili 1 axanTarlii KOMIIO3UIliH XIMIYHHX peareHTIiB
1 TEXHOJIOTIH BIUIMBY B TIpolecax MiJBUIICHHS MPOIYKTUBHOCTI 1 TIYIIiHHS CBEPUIOBHH CTOCOBHO KOHKPETHHX
reosioro-(pisMIHUX yMOB.
Kurouogi ciioBa: npuBuGiiiHa 30Ha miacra, COJITHO-KUCIOTHA 00poOKa, XiMidHI METOAH, 3a0pyIHEHHS.

H. I'. 3E3EKAJIO, C. H. FYXKAJIO, H. A. HBAHHIIKAA, A. A. ATEHYEBA

AHAJIN3 MMOBBIINEHUA KAYECTBA KUCJIOTHBIX OBPABOTOK 3A CUET
HCIIOJBb30BAHUSA HOBBIX PABOYUX ATEHTOB

IIpoananu3upoBaHbl MPUYNHEI CHIDKESHUS MPOHUIAEMOCTH, YTO IIPOUCXOUT B IIPOIIECCE COOPYKEHUS CKBAYKHHBI M SKCILTyaTalluH.
OmpenierneHbl IPUYUHBI CHIKEHUS TIPOHHIIAEMOCTH NpU3ab0HHOM 30HBI IUTacTa MOPOA-KOIEKTOPOB, IPOUCXOISINNIE B IIpoIecce
OypeHusl, IIEeMCHTHPOBAHNS, BTOPHYHOTO BCKPHITHS M OCBOCHHS CKBaXXWH. lIcciemoBaHBI OCHOBHBIC NPHHIUIIEI IIPOBEICHHS
KHCIJIOTHOH 00paboTKH Ul HHTEHCU(pHKAINK JOOBIYN YTIICBOAOPOIAHOTO CHIPBS 3aKOJIbMAaTHPOBAHHBIX NPOAYKTHUBHBIX IUIACTOB B
nporecce ux OypeHus. IIpuBeneHbl pemieHus Ui KHCIOTHOH 00paboTkH. PaccMOTpEeHB! cHelMaaTu3UpOBAHHBIC MPOMYKTHI IS
crumyssituu. [IpoBeieH aHaIU3 MOBBIICHNUS KauecTBa KUCIOTHBIX 00pabOTOK 3a CHET MCIIONB30BAHUS HOBBIX paOOUYMX areHTOB U
COBEpIICHCTBOBAHME TEXHOJIOTMH IIPOBEJCHHS: MPEICTABICHO HAay4HOE OOOCHOBAHHME aJIrOpUTMa IIPOTPaMMbl peal3aluy
BO3MOKHOTO BIIMSIHUS 1JI1 KOHKPETHBIX I€0JIOrO-(pU3NYECKUX YCJIOBHI CKBAXXUHBI; ONPEIENICHB M MPOAHAIM3UPOBAHBI CHCTEMBI
T€0JIOTO-TEXHOJIOTUYECKUX (HaKTOPOB, BIMSIONMX Ha (UIBTPAIMOHHBIE CBOICTBA KOJUICKTOPOB BBIABICHHH OCOOCHHOCTH
pa3HOBUAHOCTEH pa3pabOTKM M ajanTanys KOMIIO3MIMN XMMHUYECKHX PEareHTOB JUIl KOHKPETHBIX YCJIOBHII IIacTa; ompeneieHa
BO3MO>KHOCTB TIPOBEJCHHS SKCIIEPUMEHTAIBHEIX HCCIICOBAHUH 110 pa3padoTKe U aJaNTaliii KOMITO3HIUH XUMHIECKHX PeareHTOB
M TEXHOJIOTHH BO3IEHCTBHS B IIPOIECCaX MOBBIMLECHUS IPOU3BOJUTEIBHOCTH U TIIYIIECHUS CKBOYKIH IPHIMECHUTENEHO K KOHKPETHBIM
reoJ0ro-QU3n4ecKUM YCIOBUSIM.
KiroueBble cjioBa: npu3aboifHas 30Ha IJ1acTa, CONSIHO-KUCIOTHAs 00paboTKa, XUMUYECKUE METOIbL, 3arps3HEHHE.
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O. C. I'ETTA

NIIBUIIEHHA EKOJIOTTYHOI BE3INEKH CTIYHUX BOJI XAPYOBUX BUPOGHUIITB
O30HYBAHHSAM HIVIAXOM OYHUIINEHHSA (3HE3APAYKEHHS)

Po3rnspaetses cydacHuil METOX 3HE3apakeHHs OakTepiif CTIYHMX BOJA BHPOOHMITBA KapTOIULIHUX YINCIB O30HYBaHHSAM, LIS
MMOBTOPHOT'O BUKOPUCTAHHS CTIYHHMX BOA. Y CTiYHI BOIH ITiJ 4aC MUTTS OBOYEM, a TAKOX IMICIIA — ITiJ Yac OYHMIICHHS, HAPI3KK Ta
MiATOTOBKH 10 TepepoOKH, MOTPAILULIIOTE COKH OBOYIB, siKi mepepobisiiothes. Lle mpusBomuts go miaBumienHs BCK ta XCK
CTIYHOI BO/IH, IO MOTPEOYIO OYMIIEHHs. SIKIIO BoJia MOTparuisie B KaHam3aiito, To nokasaukn XCK ta BCK noBuHHI BigmoBigaTi
BCT@HOBIICHUM HOPMaM JI0 BOJOBiJIBE/ICHHS. [HAKIIe BUHMKAE CHTYAIlisl, KOJIM PO3KIaJaHHs OpraHiyHUX pedoBuH. OQUHUINEHHS Bij
OpraHIYHUX JIOMINIOK Ha MICHKHX CIIOpYyJax 3IiHCHIOETBCS 3 BHKOPUCTAHHSIM O10JIOTIYHHUX METOIB OYHILICHHS, IO MPAKTUYHO
HEMOXIIMBO BUKOPHUCTATH Ha TEPUTOPIi JAIFOUOr0 MPOMHUCIOBOTO MiAMPUEMCTBA. Y CTATTI PO3TIITHYTHI aHAaNI3 JIITepaTypHUX JTaHUX
Ta BiIOMOCTEeW NMpPO METOA O30HYyBaHHs. J{OCIi[KeHHs BHUKOHYBAJIHCh Ha MOJIENBHHMX CTIYHHX BOJAX, SIKI MICTHJIM 3aBHUCII
peuosunn, BIIK (6ionoriune crmokuBanus kucHioo), XCK (XiMiuHe criokuBaHHsS KHCHIO) Ta 3MU (3arajmpHe MIKpoOHE YHCIIO) B
KUTBKOCTI, sIKa BIATIOBiZajia yCEpEAHCHOMY BMICTY IMX MOKA3HHUKIB y pEalbHUX CTIYHHX BOIAX HA IMiAMPHEMCTBAX IICIIS MUTTS
oBoueM /[y BTOpUHHOTO BUKOPHUCTAHHS CTiYHOT BOAM y BUPOOHHLTBI HEOOXIMHO HE TIIBKM T OYMCTUTH BiJ 3aBHCIMX YaCTOK 110
CTaHy NPO30poi BOIH, aje if mepedadynTi MOXKIIMBICTE PO3BUTKY HeOKaHUX MIKPOOIOJIOTIYHUX IIPOLECiB BHACHIIIOK 010JIOTTYHOTO
PO3KJIa[aHHsl PO3YMHHHUX OPTaHiYHUX PEeYOBHH.. Haciigku 3a0pyAHEHHS MOXYTh OyTH JyXKe DPi3HOMAHITHUMH JUIS 30POB'S
monunau Ile 06yMOBIIOE HEOOXIAHICTH MOIIYKYy METOMIB €(EKTHBHOrO 3HE3aPaKCHHsI OYHMINCHOI MHUPKYIOIY0i Bomu. I sk

Pe3yIbTAT JOCIIKCHb BUSBHB 1110 030HYBaHHS MIOTPIGHO 3aCTOCOBYBATH VIS 3HE3APAKCHHsI OaKTepiit
KarouoBi cioBa: cTiuHi BOIM MiANMPHEMCTB XapuyoBOi MPOMHUCIOBOCTI, HETATHBHHMI BIUIMB HAa HABKOJHIIHE MPUPOIHE

CepeoBHIIe, 030H, 030HYBaHHs, TEHEPATOP 030HY.

Beryn. XapuoBe BHPOOHHIITBO Biflirpac BaXKIIMBY
pPOJIb B JKHUTTI KOXKHOI JIFOMMHU 1 € HAWBAKIUBIIIOW I
KHUTTEBO HEOOXITHOIO TalTy3310 HE TIIbKK B YKpaiHi, a1y
BCHOMY CBITI, IO 3a0e3meuye xapuoBy Oe3neky, hopmye
CTPYKTYPY €KCIOPTHOI TOPTiBJi, CIPUSIE PO3BUTKY
IHIIUX Tary3ed npomuciaoBocTi.[1] OnHiero i3 cepio3HUX
€KOJIOTTYHMX  NpoOJieM Ha MiJIPUEMCTBAX Xap4oBOi
MIPOMHUCIIOBOCTI € OYMINEHHS CTOKiB, 30KpeMa CTiYHUX
BoA. AJDKE BiINpambOBaHI CTiYHI BOJAM XapUYOBUX
i PUEMCTB BiZIPI3HAIOTHCS BUCOKMMHY KOHIICHTPAITISIMHU
pi3HMX  OpraHiyHuX 3a0pynmHeHb  (kupu,  OINKH,
KpoXMajb, IyKop 1 T.n.). Jmsd TakuxX CTIYHUX BOJ
XapaKTepHi BUCOKI TIOKa3HUKH XIMIYHOTO CITOKWBAHHSI
kucHIO (XCK), OioJOTIYHOTO CIIOKUBAHHS ~ KHCHIO
(BCK), 3aBuCIMX pPEYOBHH, JKUPIB 1 MOXIHMBICTH
PO3BUTKY HeOakaHMX MIKpOOIOJOTIYHUX  IPOLECiB
BHACNIJIOK  OiOJIOTIYHOTO  PO3KJIANaHHS  PO3YMHHUX
OpTraHIYHUX PCUOBHH.

Ha ninmnpueMcTBi KapTOIUITHUX BUPOOIB y CTivHI
BOJM IIiJI 9aC MHUTTS OBOYIB, a TAKOX ITICJISI — ITiJ 49ac
OYMINEHHS, HApi3KW Ta IIArOTOBKH O TIepEepOOKH,
MOTPAIUISIIOTh COKH OBOYIB, SIKi TepepoOmsioThes. Lle
npu3BoauTh 1o miasumenas bCK ta XCK crignoi Boaw,
oo moTpedyro ouunmieHHd. Ta moTpedye HEoOXiIHOTO
3HE3apaKEHHs OYMIIEHOI LUPKYJI0Y0i BoAW. Tomy,
0 CKUJAHHS y BOJOHMH HEIOCTATHBO OYHIICHUX 1
3HE3apPaKEHUX CTIYHHUX BOJ], XapUOBOI POMHUCIOBOCTI B
CKJIaAl SKMX MOXYTh ICHYBaTW pi3HI IPOMHCIOBI 1
iH(eKuiliHl 3a0pyTHEeHHS, SKi B CBOIO Yepry CIPHIIOTh
BUHUKHCHHIO PI3HUX 3aXBOPIOBaHb, SIK CEPEl JIFOJICH, TakK
1 TBAPUHHOTO CBITY.[2]

PeanpHi CTiUHI BOOW OKpIM 3aBUCIHX IPYHTOBHX
YaCTOK MICTATh OpraHidHi pPO3YMHHI PEYOBUHH 3a
paxyHOK HOTpAIUIsIHHSL COKY 0oBO4iB. Lle mpu3BoauTh 10
migsumenass XCK ta BCK y ctiunii Bomi. Y 3B’s3Ky 3
UM, TiJ 9Yac JOCIHiPKeHb 3MiHU IUX ITOKAa3HHKIB Y
MOJICJIBbHI 3pa3KH JIOJIaBAIA COKU OBOYIB.

AHaJi3 JiTepaTypHUX JTaHMX Ta BigomMocTi mpo
MeTO/ 030HYBaHHS.

AHai3 JiTepaTypHHUX JKEpPEN MOKa3as, 0 OJHIM
i3 edexkTUBHUX 1 HAMOULIBII 3aCTOCOBYBAaHHMX METOJIIB
SBJISIETHCSL METOJ 030HYBaHHs. B nanmit wac Oinbire 1000
BOJIONIPOBITHUX CTaHLiH B €Bpomi, B OCHOBHOMY Y
Opanuii, Himewyunni Ta IlIBeinapii, 3acTOCOBYIOTH
O30HYBaHHSA SK CKJIAJOBY YacCTHHY  3arajJbHOTO
TEXHOJIOTIYHOTO Tporiecy. OcTaHHIM YacoM O30HYBaHHS
crtaymm BukopuctoByBatu B Smownii i CIHA. [2, 3] O30on
BOJIOZIIE BUCOKHM EJICKTPOJAHUM TIOTEHITiaoM, TOOTO €
aKTUBHOIO CTIOJYKOIO 1 OKHCIISI€ OpTraHiyHi i HeopraHidHi
3a0pyaIHIOBadYi BOIM, MIKPOOPTaHi3MH sIKi TaKOX HE €
BUHATKOM. PO3YMHEHHS O030HY B BOJI CIpPHUSIE JBOM
OCHOBHHMM IIpoIlecaM - OKHCJICHHs 1 aesiHgekuii. Sk
HACIIZIOK TPOIIECY, CIIOCTEPIraeThCs 3HAYHE 301TBIICHHS
PO3YMHEHOTO KUCHIO. [4, 5]

[IIupoke 3acTocyBaHHS 030HY OOYMOBJIEHO HOTO
0CcOOJIMBICTIO 1O LIBHIKOTO pO3KJIaJaHHs y Boxai. B
mporieci  00poOKM  BOIM  O30HOM  BigOyBaeThCst
pPO3KJIaNIaHHs OPTaHIYHUX PEYOBHH 1 3HE3apaKCHHS
BOJM, TIPH IIbOMY, OaKTepil TMHYTh B KiJbKa THCSY pa3iB
MIBUJIIIE, HIX MPU 0OpOOIIi BOJM METOJIOM XJIOPYBaHHS,
SKHA B CBOIO Yepry € TOJOBHUM HEIOJIKOM IBOTO
METOAY XJIOPYBAaHHS, € YTBOPEHHS XJIOPOPTaHIIHUX
CIOJIYK, SIKi MAIOTh BUCOKY TOKCHYHICTb. Y MOPIBHSHHI 3
IHIIMMU OKHCHIOBaYaMH, O30H Ma€ TakKi MepeBard sk
MOJJIMBICTh OTPUMaHHS O€3MOCEPEIHFO HA OYHCHUX
YCTaHOBKAaX, NPUYOMY CHPOBHHOIO MOXKE CIIY)KUTH
TEXHIYHUU KUCEHb a00 atMocdepHe noBiTpst. [6]

Mosekyna 030HY HecTaOibHa, Ma€ €IuHy
MoB'si3aHy cucTeMy 3B'3kiB. Ha moBiTpi Monekymia
pO3MATAETLC HA JBOXATOMHHMHA 1 aTOMapHHA KHCEHb.
O30H Hajae Ha BOAY OAKTEPHIMIHY [0, NE300PYE,
OYHIIAE BiJl HITPOCTONYK, KaHIepoTeHiB. Cepe mepeBar

©Terra O.C., 2021
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030HYBaHHS MO>XHA BHJIUIATH: 3HHUIICHHS BCIX BIJOMHUX
BipyciB, Oakrepii Ta IHIIMX MIKPOOpPIraHi3MiB;
BUJIAJICHHS HCMPUEMHUX 3aMaxiB 1 MPUCMAKIB, BHCOKY
MIBUAKICTH Jii; BIUINB 030HY HE BIUIMBAE HAa KUCIOTHICTh
BOJHM, a TAKOXK He 3MiHI0€.[9, 10]

O30H TMOKpamrye OpraHOJENTHYHI BIACTHUBOCTI
BOJIM; yCYyBa€ KOJBOPOBICTh 1 CTOPOHHI 3amaxu, SKi MpH
XJIOpYBaHHI HE BHUAAISAIOTHCA, 30KpeMa, 3amaxy HaTH i
HAQTONPOAYKTIB; IHAKTUBYE JAEAKI HECTUIMIN i
KaHIIepOreHHi ByryieBoAHI. HagMipHa KUIBKICTb 030HY He
HaKONMYYETHCSl y BOJI, TOMY IIBHAKO PO3MNAJa€ThCs 3
YTBOPEHHSIM ~ MOJIEKYJISIpHOrO KHMCHIO. Jlo3a o030HY,
HeoOXiHa JUIsl 3HE3apakeHHS Boju, nopiBHioe 0,8-4
MT/JI 3aJICKHO BiJI SIKOCTI BOJH, 1i TeMIIepaTypH, CTYICHS
MiHepaJi3anii, BMICTY T'yMiHOBUX pedoBuH. .[11, 12]

Onuc eKCIePUMEHTAJIBLHOI0 CTEeHAY
030HYBaHHSI.

Buxomsun 13 BCIX [JOCTAaTKIB METOX SBIACTHCS
OJIHAM 3 HaWMEPCIEeKTUBHIMHUX METOJIB 3HE3apaKCHHSI
IIOMIIIIOK, $KI MICTITBECS B CTIYHHX BOJAaX, €
030HYBaHHS. [[J1s MpOBeICHHST 030HYBaHHS CTIYHUX BOJ
BUKOPHUCTOBYBAJIH:

1) renepaTop 030HY;

2) MOBITPSIHO 3aMKHYTHH KOHTYp (a1t O€3neYHOro
3HAXOJUKEHHS JIIOJEH y MpPUMILIEHHI 3 T€HepaTopoM
030HY);

3) maT4WKA O030HY JUIA KOHTPOIIO 3a HOro
KOHIIEHTPAIII€10;

4) miaroToBJieHa CTiyHA BoJa ab0 MOJENbHI 3pa3Ku
CTIYHOI BOJH;

5) BuOpaHa KOHIEHTPAITis;

6) Bukopuctanus pH mMeTpa, BOIHEBUH TTOKa3HUK;

7) MipHuii nocyn.

Jns ouMIIeHHs pO3YMHY BiJA MIKPOOPTaHi3MiB

3aCTOCOBYBAJIOCS ~ O30HO-NOBITPSHA  CyMill, IO
reHepyerbest o3oHatopom OG-107 (po3pobka xadenp
IIpomuciioBoi Ta Olomenuunoi enekrponiku, HTY
«XTII»).

Jns  mpoBeneHHS TpPOLEAYypH O30HYBAaHHA Ta
ne3iHdeKIii BUKOPUCTOBYBaBcA TeHepaTtop o3oHy OG-
107, po3pobIIeHII BUECHUMHU i (axiBsamMu
HarmionansHoro TEXHIYHOTO YHIBEPCHUTETY
«XapKiBCHKUI MOMITEXHIYHUH IHCTUTYT». CHHTE3 030HY
3 IOBITpS B TIEHEPATOpl O030HY  3/IHCHIOETHCS
eJIeKTpO(I3NYHUX  METOJOM, WI0  CKJIaJaeTbcs B
CTBOpPEHHI 00'€éMHOro 0ap'epHOr0 po3psay B Ta30BOMY
MIPOMIXKKY PO3PSIIHOI KaMepu KOaKCiaJbHOTO THILY
KoHuenrpamist 030Hy B 030HO-NOBITPSHOI  CyMimi
perymoetbest B mianazoni Big 0,1 mo 10 mr / n mpu
JormycTUMOMY BiaxwuineHHi He Outemie 10%. Butpara
030HO-TIOBITPSIHOT CYMIIli PETYIIOETHCS B Jiana3oHi Bix
0,1 o 1 1/ xB i 3anumaeTbcs CTabiIPHUM TPU 3MiHI
THUCKY Ha BXoai o3oHaTopa Bixm 200 mo 600 xlla. Ilpwm
OBOMY, IS TiATBEPIKEHHS MOKA3HUKIB KOHIICHTpAIii
030Hy B O30HO-TIOBITPSHOI CYMIII 3aCTOCOBYBaBCA
ONTHYHMH  TazoaHayizaTtop o030Hy «llukiaoH-5.31»,
BupoOHunTBa 3AT «OIITEK», M. Cankt-IlerepOypr.
ButpaTa 030HOBaHOIO CyMillli BU3HA4aBCs ITOKAa3aHHIMU
BUMIpIOBaJIbHOTO poTaMeTpa. HeoOxiHO BiA3HAYHUTH LI0
MO3UTHBHUIT €EKT BiJl 030HYBaHHS 3aJICKUTh HE TIIBKU

BiJl KOHLIEHTPALlii 030HY B 030HO-IIOBITPSIHOT CyMilli, aje
TaKOX 1 Bil 4acy BIUIMBY Ha CTIYHY BOJY, TEMIIEpaTypH
Takoi BOJH 1 11 KUCIOTHOCTI. J[Is1 BHECEHHS 1 B3aeMOIii
030HO-TIOBITPSIHOT CYyMIIIi i pO3YMHY KapTOIUITHOTO COKY
BHUKOPUCTOBYBAIIM OJHOIIPOTOYHY CXEMY.

MeTtonuka OYMIIeHHS CTiyHNX
030HYBAHHSAM. .

Hms  imitamii 3a0pynHeHoi BOOM B pe3yNbTarTi
MIPOMHCIIOBOI OOpPOOKM KapTOILTi, BHUKOPHCTOBYBAajacs
CyMIlll BOJOINPOBIAHOI BOIM, KAPTOILIIHOTO COKY Ta
rpyatry. Ilpomopiis 1iei cymimi cranoButs 250 Tp.
KapTomsiHoro coky i 50 rp. rpyHry i, ski Oymum
po3MimieHi B 6 1. Boau, HabpaHoi 3 BOJONPOBIAHOI
CUCTEMH. [Micns peTensHoro nepeMilryBaHHs
OTpUMaHOro po3unHy (puc. 1) sikuii OyB BiICTOSHMEH
mpoTs3i 24 romuH AN HAZaHHA WOMY MaKCHMAaJbHOL
CXOYKOCTI 31 CTITHOIO BOJIOIO 3 BUPOOHHMIITBA.

BOJ

Puc. 1. 3pa3ok MoJenbHOT CTIYHOT BOIH

B pesymbraTi maHuUX i BUXOOUTH  CYMIIIL,
HaWOIIbIl HAOMKEeHa 3a CBOIMHM XapaKTEPHCTHKAMHU
(pH, xanmamyTHicTh, 3amax) IO peajbHUX BiJXOJiB
CTIYHOT BOJM IIPY BUPOOHMUTBI 4inciB. [yist mpoBeaeHHs
EKCIIEPUMEHTY OYHILEHHS CTIYHUX BOJ O30HYBaHHSIM
BHKOPHCTOBYBAJIUCh MOJENBHI 3pa3skd CTIYHOI BOJH,
NPUTOTOBJICHI 332 METOJHMKOIO, SKa € BHIIE OIKMCaHA.
KonmeHnTpartiiss 030Hy B AOCHigax KOJUBAIACh Bif 1 Mr/m
1o 3,4 mr/i. Yac oOpoOKM 3pa3KiB CKIaAaB BiJl 5 XBHINH
110 30 XBHIHH.

[Ticnst 030HYBaHHS 3pa3KiB CTIYHOT BOAM BH3HAYAIaCh
3mina noka3uukiB XCK, BCK ta 3MY. /Iy KOXHOTO i3
3pas3KiB MiCJIi O30HYBAaHHS BHMIpIOBaBCS HapameTp
KUCJIOTHO-ITyKHOTO Oanancy pH (auB. puc. 2, a, 6). dus
BU3HAYCHHS CTYNEHS OYHMINEHHS Ta MOXJIMBOCTI
BUKOPHCTAaHHS OYMILEHOI BOJAM Y 3pa3kax BU3HAYAJINCh
HactynHi mokasHuku: BCKs, XCK Ta 3aranpae MikpoOHE
grcno. O0'ekToM mociimpkeHHs OyH 3MiHH canpoiTHUX
OakTepiii B CTIUHIH BOXI 1O Ta Mmicis OOpOOICHHS
030HYBAaHHAM Ta (Pi3UKO-XIMIYHUHA aHAIi3 MPOOH CTIYHOI
BOIM, SIKUA XapakTepu3ylThb YHCTOTY OTPUMAaHHX
3paskiB. bioximiune cnoxwupanns kucHi (BCKs), XCK
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Ta 3araibHe  MIKpoOHE  YHCIO  BU3HAYaIM 32 VY Tabmuui 1 npuBeNEeHH] pe3yibTaTH IHTEHCHUBHOCTI
3araJlbHOMPUHAHATOI METOAUKOIO. [7, 8] 00pOOKH.

a 0

Puc. 2. Cxema 030HYBaHHS CTIYHOT BOIM i 9ac MPOBEICHHS TOCTIIKCHb:
a — ¢ororpadist 030HATOPHOTO CTeHNY; 0 — PoTorpadis 0OpPOOKK 030HOM JOCIITHOTO 3pa3Ka

Ta6muust 1. PesynbraTu nociipkenns BBy Ha BCK, XCK ta 3MY

Yac, IHTEHCHBHICTh 0OPOOKH, MI/JI
XB BCK XCK 3MY
1 2,2 34 1 2,2 34 1 2,2 34
0 3250 3250 3250 8100 8100 8100 156 156 156
5 2900 2650 2300 6730 6000 5940 24,8 17,4 12,95
10 1740 1370 1220 3700 3060 2110 22,1 16,5 12,87
15 1120 950 860 1980 1920 1890 18,7 15,3 12,8
20 980 870 810 1940 1870 1780 17,9 14,4 12,7
25 870 840 790 1890 1810 1730 15,8 13,2 12,65
30 830 810 780 1840 1770 1710 14,1 13,6 12,6

AHani3 pe3yJabTaTiB J0CHiIKeHHS O30HYBaHHSI  IIOYMHAETHCS pi3ke 3MeHIIeHHS mnokasHmkie 3MY. Ha
cTiyHOl Boau 3 OTpUMaHUX pPe3yabTaTiB EKCIEPUMEHTY, OCHOBI MpeAcTaBieHoro rpadiky Oyro oTpuMaHO
o rpadivHo MpeacTaBieHl Ha PUCYHKY 3 BUIUIMBA€E TOW  PIBHSHHS 110 OMKCYE AWHAMIKY 3MiHK 3MY.

GdakT, M0 KOHIEHTPALs O30Hy BIUIMBAE 3HAYHO

CWIIBHIIIE HIX dYac OOpoOKHM, a TakoX I MEHIINX 3MY = 24,7199-0,201°x-2,5576"y
KOHLIEHTpALii 6a4uMo, 10 Tmicias 5 XBUINH 00poOKu ¢ X — 4ac 0OPOOKH, XBHIIMH; y — BUTPATa O30HY, MI/JL.
26 3MY, me. KYO¥em?
Butpara 030Hy, Mr/i
24 RN M v
e 2.2 17
34 115
o 22 = 13
& [ Bl
g 20 )
3
s
© 16
14 2
12
0 5 10 15 20 25 30
Uac 06poOkH, XB Butpata 030my, M/ 7 Yac 00pOGKH, XBHITHH
Puc.3. 3anexHicTh 3aragbHOr0 MikKpoOHOTO YHCTIA BiJ| 4acy Puc.4. I'padiuna Bizyamizaris 3anexxHocri (1)

00poOKY IIpY KOHKPETHIH KOHIIEHTpaLlil 030Hy
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Ha ocHoBi orpumanoi moneni 3minn 3MY Oyio
3pobiieHa MosiepHi3anis Moaedi. (quB.puc.4).

Haui Oymo mocumimkeno 3miny nokasHukis XCK mia
gac O0OpoOKM 3pa3KiB O030HOM, Ta TPEACTaBICHI Yy
rpadiYHOMY BHUIJISAL HA PUCYHKY 5.

3 oTpumaHuX TpadikiB MOXHa 3pOOHTH BHUCHOBOK
mo Ha 3MiHy moka3Huka XCK Oinpmumii BIumB Mae
3HaYeHHsT 4acy oOpoOku. [Ipu pi3HMX KOHIEHTpAIisIX
030HY crmocrtepiraetbcs piske 3MeHmeHHs XCK Ha
npots3i mepmux 15 XBuiIMH 0OpoOKHM, TWicias 4Oro
3HAQUEHHS CTa€ HE 3MIHHHUM HPOTATOM IOJAJIbIIO]

9000

Burpara o3ony, Mr/n
RN

ol 2,2

e 34

8000

7000

6000

4000

3000

2000

1000

Yac 06pobKH, XB.

Puc. 5. 3aeKHICTh MOKa3HUKA XIMIYHOT'O CIIOYKUBAHHS KHCHIO

Bi 4acy oOpoOKy pH KOHKPETHiH KOHIIEHTpalii 030Hy

3600

Burtpata o3ony, mr/i:
RN
S 2,2

° e 3,4

3200

2800

2400

1600

1200

800

400

0 5 10 15 20 25 30 35

Yac 00poOKH, XBIWINH

Puc. 7. 3anexxHicTh MOKa3HKUKA 010JIOTIYHOTO CIIOKMBAHHS
KHCHIO BiJ] 4acy 0OpOOKH IpH KOHKPETHIH KOHIEHTpALIii
030HY

Ha pucynky 7 mnpencraBieHO 3MiHy HOKa3HUKa
BCK. 3 oTpuMaHOro pHCYHKY BHJIHO IO JAWHAMIKa
MOKa3HUKa MOBTOpIoe aAnHaMiky nokasHuka XCK. Byno
OTPHMAaHO PIBHSAHHS 3MiHU TTOKa3HUKIB.

BCK = 3753,544-227,5813-x-232,0465-y+4,5476-X>
+4,5653-x-y+15,7726-y?

Jie X — 9ac 00pOoOKH, XBWIMH; Y — BUTPaTa 030HY, MI/JL.

00poOkn 030HOM. SIK 1 y momepeaHbOMY IyHKTI Oyio
OTPUMAHO PIBHSIHHS 3MIHU MOKa3HUKIB.

XCK =9051,7262-619,2024-x-
305,4563-y+12,946-x2+9,2262-x-y-6,9444-y* (2)
Iie, X — 9ac 00pOoOKH, XBUIIVH;

Yy — BUTpaTa 030HY, MI/IL.

Ha ocuoBi orpmmanoi mopmeni 3minm XCK Oymo
3po0JiecHa MOJCpHI3alis MOJCIi, sKa MpeiCTaBICHA Ha
PUCYHKY 6.

XCK

Il 8000
I 7000
B 6000
[ 5000
[ 4000 9900

B 3000 g0,
I 2000

7000
6000
5000
4000
3000
2000

3,0

Yac 06poOKH, XBIITHH Butpara 030Hy, Mr/in

Puc. 6. I'padiuna Bi3yasizamnis 3a1exHOCTI (2)

BCK

Il 3200
Il 2800
I 2400
[ 2000
[ 1600
I 1200
Il 800

3600
3200
2800
2400
2000
1600
1200
800

3,5
3,0
2,5
2,0
1,5

1,0
0,5
30

Yac 06poOKH, XBHIHH Butpara 030y, Mr/n

Puc.8. I'padivna Bizyamizarmis 3anexxHocTi (3)

Ha ocHnoBi otpumanoi mopneni 3minn BCK Oyno
3po0JiecHa MOJCpHI3alis MOJCIi, sKa MpeACTaBICHA Ha

pucynky 8. B Ttabmumi | mpencTtaBieHi pesynbraT
nocaimxenns BCK, XCK ta 3MU.

BucHOBKM Ta  mepcHeKTHBH
PO3BUTKY JAHOI0 HANIPSAMKY.

Ha ocHOBi oTprMaHHUX pe3yabTaTiB MOKHA 3pOOUTH
BHCHOBOK III0 030HYBaHHSI CYTTEBO 3HWXKYeE yucio 3MY,
BCK, XCK, ayie He M03BOJII€ OYUCTUTH CTIYHY BOXY JIO
HOPM BOJIOBiJIBEICHHSL.

nmoaaJbIIoro
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[IposeneHi JTOCIII JDKCHHS BKa3yl0Th Ha
HEeoOXiHICTh mnonepenHpoi 00poOKM CTIYHOI BOAM —
MOTIEPETHIO OYMCTKH, a came (Pi3UKO-XiMIYHHM METOJIOM
31 3aCTOCYBaHHSIM KOaryisHTiB Ta (uoxynsHTiB. llei
MEeTOJI y KOMOiHaIlil 3 MEXaHIYHOIO0 OYUCTKOIO YTBOPEHUX
arperaTiB (TUIACTiBIiB, (JIOKYJ) MO3BOJIAE 3a0€3MEUUTH
BHCOKY CTYIiHb OYHIICHHS BiJl HEPOZUYMHEHHUX JOMIIIIOK,
3BaXEHMX PEYOBHMH, MIO MICTATBCS Y  BHCOKHX
KOHIIEHTPAIlIAX 1 € XapakTepHUMH MIJIs TMiAMPUEMCTB
JlaHoT raysi.

IIpore 030HYBaHHS MOXJIMBO 3aCTOCOBYBATH IS
OCTATOYHOTO 3HE3apa)KCHHS IMONEPEIHBO  OYHUINCHOI
cTiuHOi BOAM Bix OakTepii Ta JOOYMINCHHS Bij
OpTraHiYHUX JOMIIIOK
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HETTA OKSANA

IMPROVING ENVIRONMENTAL SAFETY BY TREATING (DISINFECTING) WASTEWATER
FROM FOOD PRODUCTION BY OZONATION.

The modern method of disinfection of bacteria of sewage of production of potato chips by ozonation, for reuse of
sewage is considered. Vegetable juices, which are processed, enter the wastewater during washing with vegetables, as
well as after - during cleaning, cutting and preparation for processing. This increases the BOD and COD of the
wastewater in need of treatment. If water enters the sewer, the indicators of COD and BOD must comply with the
established norms in drainage. Otherwise there is a situation when the decomposition of organic matter. Cleaning from
impurities on city constructions is carried out with use of biological methods of cleaning, it is practically impossible to
use in the territory of the operating industrial enterprise. The analysis of literature data and information on the
ozonation method is considered. The studies were performed on model wastewater containing suspended solids, BOD
(biological oxygen demand), COD (chemical oxygen demand) and OMC (total microbial count) in quantities that
corresponded to the average content of these indicators in real wastewater in enterprises after washing vegetables for
secondary The use of wastewater in production must not only be treated from suspended particles to a state of clear
water, but also to provide for the possibility of undesirable microbiological processes as a result of biological
decomposition of soluble organic substances. The consequences of pollution can be very diverse for human health
disinfection of purified circulating water. And as a result of research found ozonation should be used to disinfect
bacteria

Key words: wastewater of food industry enterprises, negative impact on the environment, ozone, ozonation,
ozone generato

O. C. TETTA

TMOBBIMEHUE DKOJOTMYECKOW BE3OMMACHOCTH ITYTEM OYUCTKA
(OBE33APAKUBAHMUS) CTOYHbBIX BO/J IMTNIIEBBIX ITPOU3BOJACTB O30HUPOBAHUEM

PaccmaTpuBaercsi coBpeMEHHBIH MeTOj 00e33apakuBaHMs OAaKTEPU CTOYHBIX BOJ| MPOU3BOJCTBA KapTO(DEIbHBIX
YUIICOB O30HUPOBAHUEM, ISl TOBTOPHOI'O MCIOIB30BaHMsI CTOYHBIX BOJA. B CTOUHBIE BOABI BO BPEMS MBIThSI OBOILEM,
a TaKKe IOCIEe - BO BpPEMs OYMCTKH, PE3KH M TOATOTOBKH K MepepaboTKe, MOMAJaroT COKH OBOIICH, KOTOPBIE
nepepabarbiBaroTcs. I10 npuBoauT K nosbimeHn0 BITK u XIIK crouyHOM BOIBI HY»AarwCh OYUCTKH. Ecimu Boga
nomnagaetT B KaHanuzauuio, To nokazatenn XIIK u BIIK 1momkHBI COOTBETCTBOBAaTH YCTAHOBJIEHHBIM HOpPMaM
BOJOOTBEICHUs. MIHaue BO3ZHHUKAET CUTYaIUs, KOTJa pa3joKeHHe OpraHMdeckux BemecTB. OUNCTKA OT TpuMecei Ha
TOPOJICKMX COOPYKEHHUSAX OCYIIECTBISACTCS C HCIOJIb30BAHUEM OHOJOTHYECKHMX METOJOB OYMCTKH, MPAKTHICCKH
HEBO3MO>KHO HCIIONL30BaTh HA TEPPUTOPHH JICHCTBYIONIETO MPOMBIIIIICHHOTO MPEANPHUATHI. PaccMoTpeH aHamus
JUTEPATYpPHBIX NAHHBIX M CBEACHHUIA O METOJIE 030HUpOBaHHUe. VccinenoBaHus BBITIONHSINCH HA MOJCIIBHBIX CTOYHBIX
BOJAX, cojAepXkalux B3BemeHHbIe BemecTBa, bIIK (Omonormdeckoe morpebnenue kucimopoma), XIIK (xumudeckoe
notpebnenue kuciopona) u OMUY (obmiee MUKpOOHOE YHCIIO) B KOJUYECTBE, OTBEYANIA YCPEIHEHHOM COJEPIKaHUs
9THX T[OKa3aTeNicii B pEANbHBIX CTOYHBIX BOJAX HA MNPEANPUITHAX IIOCIC MBIThS OBOIIEM Ui BTOPUYHOTO
UCIIOJIb30BaHUsI CTOYHOM BOJBI B IPOU3BOACTBE HEOOXOMUMO HE TOJHKO €€ OYHCTHUTH OT B3BCHICHHBIX YACTHIL IO
COCTOSIHUS TIPO3PAYHOI BOJBI, HO M MPEIyCMOTPETh BO3MOXHOCTD Pa3BUTHS HEXKENATCIBHBIX MUKPOOHOIOTHICCKUX
MPOIIECCOB B pe3yJbTaTe OHMOIOTHYCCKOTO PA3IOKCHHUS PACTBOPUMBIX OpraHMYECKHX BemiecTB. [locmencTBus
3arpsi3HEHUS] MOTYT OBITh OYCHb PAa3HOOOPA3HBIMHU IS 3JIOPOBBS YEIOBEKA. DTO O0YCIOBIMBAET HEOOXOAUMOCTh
mouicka MeTonoB d(ddexTuBHOr0 00€33apakMBaHMsl OYHUINEHHOW MHPKYIHpYyIomed Boasl. WM kak pe3ynbrar
HCCIIeTIOBAaHUH 0OHAPYKUIT 030HUPOBAaHUE HYKHO MPUMEHSITH JUIS 00e33apakuBaHusl OakTepuit

KuiroueBble cjI0Ba: CTOYHBIC BOZABI TPEANPHUATHH MHUINEBOH MPOMBINIICHHOCTH, HETaTHBHOE BIHMSHUE Ha
OKPYXAIOIIYIO CPeNy, 030H, 030HUPOBAHHUE, TEHEPATOP 030HA.
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O. P. PRISHCHENKO, T. T. CHERNOGOR

APPLICATION OF ELEMENTS OF STUDYING THE FUNCTION OF ONE VARIABLE
WHEN SOLVING CHEMICAL PROBLEMS

In the article some problems are examined with chemical maintenance, for the decision of that the elements of research of function one variable are
used. A course of higher mathematics is basis of physical and mathematical training of specialists-chemists of university profile. The primary
purpose of teaching of educational discipline "Higher mathematics" is preparation of students to using of modern mathematical vehicle as an
effective instrument for the decision of scientific and practical problems in area of chemical and contiguous disciplines. Mathematics for chemical
engineers is primarily a useful tool for solving many chemical engineering problems and tasks. It is difficult to find a branch of mathematics that is
not at all used to solve these problems at all stages of their analysis. As a result of study of higher mathematics a student must know the methods of
mathematical analysis in application to one function and a few real variables. Many chemical phenomena are described through functional
dependence. At the study of chemical processes, it is necessary to use research elements functions of one variable, the exposure of properties of
function, characterizing her different internals, behaves to that. In practical classes in higher mathematics, when considering the topic 'Derivative
and its applications', it is often necessary to solve problems of a general nature. But for students of chemical specialties, tasks that are directly
related to their profession 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.

Keywords: function, function of one variable, stationary points, graph of a function, dynamic equilibrium, reaction rate, kinetic equation,
Raoult's law, oxygen concentration, asymptote, minimum of a function.

O. II. I1PIIIIEHKO, T. T. YEPHOI' OP

3ACTOCYBAHHSA EJJEMEHTIB JOCJIKEHHS ®YHKIIIT OTHIET 3SMIHHOI
IIPHU PO3B’A3AHHI XIMIYHUX 3AJAY

VY cTaTTi pO3rIAAAOThCS ACsIKI 3a4avi 3 XIMIYHUM 3MiCTOM, IPH PO3B’SA3aHHI SIKHX BHKOPUCTOBYIOTHCS €NEMEHTH NOCIIKCHHS (QYHKIIT oHiel
3minHOI. Kypc Bumoi mMaTeMaTHKH € OCHOBOIO (hi3HKO-MaTeMaTHYHOI MiArOoTOBKH (haxiBLiB-XIMIKiB yHiBepcHTETChKOro mpodimo. OCHOBHOIO
METOI0 BHKJIaJaHHsI HABYAJIBHOI AMCUHMILTIHN «BHINa MaTteMaTHKay € MiAroTOBKA CTYACHTIB JO BUKOPHCTAHHS CY4aCHOrO MAaTEMAaTHYHOTO amapary
B SIKOCTI €()EKTHBHOIO iIHCTPYMEHTY JUIsl BUPIIICHHS HAYKOBHX 1 MPAaKTUYHUX 3aBJaHb B 00JACTI XIMIYHHX I CYMDKHUX JUCLHMIUTIH. MaremaTnka
JUI  IHKEHepiB XiMiKiB-TeXHOJOTIiB — Iie B HEpIIy 4epry KOPHCHHUH IHCTPYMEHT JUIS PO3B’s3aHHS 0araTtboX XiMiKO-T€XHOJOTiYHHX NpoOlieM Ta
3aa4. Baykko 3HAWTH Takuil pO3MLN MaTEMATHKH, SIKHil 30BCIM HE BHKOPHCTOBYETHCS JULS BUPIIICHHS X IPo0JIeM Ha ycix cTafisx ix aHamizy. B
pe3ynbTaTi BUBYCHHS BHIOI MaTEMaTHKHU CTYACHT MOBHHEH 3HATH METOAM MaTEMAaTHYHOTO aHAIi3y B 3aCTOCYBaHHI 10 (YHKLIT OfHi€l Ta KiIBKOX
NIHCHUX 3MiHHMX. barato XiMiYHHX SBUILI ONUCYIOTHCS 32 IOMOMOTOK0 (DYHKIIIOHATIBHOI 3a/eHOCTI. [Ipy BUBUEHHI XIMIYHUX HPOLECIB TOBOTUTHCS
BUKOPHCTOBYBATH €IEMEHTH JOCIiLKEHHS (QyHKIIT ofHiel 3MIHHOI, JO SIKHX BITHOCUTHCS BUSIBICHHS BIACTUBOCTEH (YHKII, [0 XapaKTepH3yIOTh
pi3Hi ii sikocTi. Ha NpakTHYHUX 3aHATTAX 3 BUIOI MaTeMaTHKH, P po3risaai Temu «IloxinHa Ta 1 3acTOCYBaHHS» 4acTO JOBOJUTBCS BUPILIyBaTH
3aBJJaHHs 3arajbHOTO XapakTepy. AJie Ui CTYICHTIB XIMIYHUX CIIeHialIbHOCTEH OUIBLIMK i1HTepeC MPEACTABISIOTH 3aBIaHHS, SKi 0€3M0CEepPEaHbBO
MOB's13aHi 3 iXHBOI npodeciero. TakuM YHHOM, PO3IIISIAIOYN 3aBJaHHS, MONIOHI HABEACHUM B JIaHIN CTATTi, MU MiJABUIIUMO iHTEpEC 1 MOTHBALiO
MaiOyTHIX (axiBLiB 10 BUBUCHHS JAHOTO MaTepiaiy.

Karouosi cinoBa: ¢ynkumis, ¢yHkmis ommiei 3MiHHOI, cTarioHapHi Toukd, rpadik ¢yHKmil, JuHaMiUuHa piBHOBara, IIBHAKICTh PEAKIi,
KiHeTHYHE PiBHSHHS, 3aKOH PayIns, KOHIEHTpaIist KHCHIO, ACHMIITOTA, MiHIMYM (YHKITIT.

O. II. IPHIIEHKO, T. T. YHEPHOI'OP

NPUMEHEHHWE DJIEMEHTOB UCCJIENOBAHUSA ®YHKIINA OTHOW MEPEMEHHOMN
TP PEHIEHUN XUMHWYECKHUX 3AJIAY

B cTaThe paccMaTpHBAIOTCS HEKOTODPBIC 3a7a4d C XUMUYCCKUM COZACPKaHHEM, IIPH PEIICHUH KOTOPBIX HUCIIONB3YIOTCS JJICMEHTBI HCCIICIOBAHHS
¢dyHKIMKM onHOM mepemeHHo#. Kypc BbIcuieil MaTeMaTHKM SBISCTCS OCHOBOW (DM3MKO-MATEMATHYECKOH INOATOTOBKH CIICLHANHCTOB-XUMHKOB
YHHBEPCHUTETCKOro npoduis. OCHOBHOU HENbI0 IPEeroJaBaHus yueOHOH NUCIHHUILIHHG «BrIciias MaTeMaTHKay SBIISETCS MOATOTOBKA CTYICHTOB K
HCTIONB30BaHUIO COBPEMEHHOTO MAaTEeMAaTHUYECKOTO ammapara B KadecTBe 3((EKTHBHOTO MHCTPYMEHTA UL PELICHHS HAyYHBIX U HMPAKTHIECCKUX
3a/1a4 B 00JaCTH XMMUYECKNX U CMEKHBIX IUCIMIUIMH. MaTeMaTuKa JUIs MHKCHEPOB XMMHKOB-TEXHOJIOTOB — 3TO B TIEPBYIO OYEpPEb MOJEC3HbIN
HHCTPYMEHT AJIs PEUISHHS MHOTUX XMMHKO-TEXHOJIOTHYECKHX IpoOiieM u 3amad. TpyaHo HaiiTH Takoil pa3zmenl MaTeMaTHKU, KOTOPBIH COBCEM He
HCTIONB3YeTCS A PelIeHHs STHX MPoOJieM Ha BCEX CTAAWSX UX aHanu3a. B pesympraTe M3ydeHHs BHICIICH MaTeMaTHKH CTYACHT NOIDKCH 3HATDH
METO/Ibl MATEMATHUECKOTO aHAJIM3a B IPUMEHCHHH K QYHKIIMK OJJHOM M HECKOJIBKUX ACHCTBUTEIBHBIX IIEPEMEHHBIX. MHOIHE XUMUYCCKUE SIBICHUS
OIHCBHIBAIOTCS IIPH HOMOIIM (DYHKIMOHAIBHON 3aBHCHMOCTH. IIpH H3ydeHHHM XMMHYECKHX IPOLECCOB IPHXOIUTCS HCIIONB30BAaTh IIEMEHTHI
HCCIeOBaHUSA (YyHKIIMH OJHOI MEepeMEHHOH, K KOTOPHIM OTHOCHTCS BBIIBICHHE CBOMCTB (DYHKI[HH, XapaKTEPU3YIONIUX PA3JIMIHBIC €€ KadecTBa.
Ha nmpakTuyeckux 3aHATHAX IO BHICIIEH MaTeMaTUKE, IPU pacCMOTPeHUH TeMbl «[Ipon3BoHas M ee NPHIIOKEHU» 3a4acTyl0 IPHXOJUTCS pelaTh
3amauy obmero xapakrepa. Ho I cTyIeHTOB XUMHUECKHUX CIENUaIbHOCTeH OONBIINIT HHTEepec IPEACTABIIIOT 331a9l, KOTOPbIEe HEIIOCPEICTBEHHO
cBs3aHBl ¢ ux mpodeccueid. Takum oOpas3oM, paccMaTpuBas 3aadd, IOJOOHBIE MPUBEACHHBIM B ITAaHHOH CTaThe, MBI IOBBICHM HHTEpEC H
MOTHBALHMIO OyIyIIUX CICIMAINCTOB K NU3YYEHHUIO JAHHOTO MaTepHana.

KaioueBble cioBa: ¢(yHKIUA, (QYHKIHS OJHONH HEpPEeMEHHOH, CTAallMOHAPHBIE TOYKH, rpaduk (yHKIHH, JUHAMHYIECKOE DPABHOBECHE,
CKOPOCTb PeaKIUH, KHHETHIECKOe ypaBHEHHE, 3aKOH Payiis, KOHIIEHTpaIHs KUCIOPOAa, ACHMITOTAa, MUHIMYM (DyHKITHH.

Introduction. A course of higher mathematics is  students to using of modern mathematical vehicle as an
basis of physical and mathematical training of effective instrument for the decision of scientific and

specialists-chemists of university proﬁle. ) practical problems in area of chemical and contiguous
The primary purpose of teaching of educational disciplines.
discipline «Higher mathematics» is preparation of © Prishchenko O.P., Chernogor T.T., 2021
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As a result of study of higher mathematics a student
must know the methods of mathematical analysis in
application to one function and a few real variables.

Statement of the problem in general and its
connection with important scientific or practical
problems. Concept of function — one of basic in modern
mathematics. Many chemical phenomena are described
through functional dependence. At the study of chemical
processes, it is necessary to use research elements
functions of one variable, the exposure of properties of
function, characterizing her different internals, behaves
to that.

Research of function y= f(x) is expedient to the

new in a certain sequence.

1. To find the range of definition of function.

2. To find (if it is possible) the intersections of chart
with the axes of coordinates.

3. Find the intervals of constant sign of the function
(the intervals at f(x) <0 whichor f(x)>0).

4. To find out whether a function is even, odd
number or general view.

5. To find the asymptotes of chart of function.

6. To find the intervals of monotony of function.

7. To find the extremums of function.

8. To find the intervals of bulge (to the concavity)
and inflection point of chart of function.

On the basis of undertaken a study to build the chart
of function. We will notice that the brought chart over of
research is not obligatory. In more simple cases it is
enough to execute a few operations only, for example 1,
2, 7. If the chart of function is not quite clear and after
implementation of all eight operations, then it is possible
additionally to investigate a function on periodicity, to
build a few points of chart are additional, to educe other
features of function. It is sometimes expedient to
accompany implementation of operations of research the
gradual construction of chart of function.

Rules of research of stationary points

First rule.

1. To find f'(x).

2. To make and decide equation roots of that
x;(j=L2,..,k) are stationary points.

3. To investigate the changes of sign f'(x) in
transition of stationary point x;. If in transition of this

point a derivative changes a sign with «+» on «—», then

x; is a point of local a maximum of function; if f '(x)

changes a sign with «—» on «t», then x;

local a minimum of function; if a sign does not change,

then x i only stationary point.

Second rule.

1. To find f'(x) u f"(x).

2. To make and decide equation roots of that
x;(j=L2,...k) are stationary points.

is a point of

3. To define a second derivative sign in a stationary
point x iz

If f"(x)>0, then x; is a point of local maximum,

f(x;) is a local minimum; if f"(x)<0, then X;

point of local minimum, f(x ) is a local maximum [1—
10].

is a

Presentation of the main research material. We
will consider some problems with chemical maintenance,
for the decision of that the elements of research of
function one variable are used.

Construction of line of equilibrium

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.

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= f(x), 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 = Px,

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,+Fx,, 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
4 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,;

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini
docriddicenns y Haykosux pobomax cmyoenmis, 2021. Ne 1 (1361) 31



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

Py =Px,=P,(-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 +P(1-x,). @)
On the other hand, knowing common pressure of P
above mixture and partial pressure of nerkoneTydero
component 4, it is possible to define maintenance of him
in pairs, shown in mole fractions:
Y P’
from (see formulas (3), (4)) where

A
Y |
|
|
| __k
XTI
| k,
|
|
|
[
|
|
|
I -
7 | >
0] | X
|
|
|
______________ I ————
|
1 |
y= K, |
Fig. 1
y — P/l‘xA
’ PAxA+PB(1_xA)’
or
ax,
=, 5
Y @, )
P, . .
where a =—* 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.

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

1 1

where y=y,, x=x,, kk=—, k,=1-—#0, and we
a a

investigate a function

X
S= k +kx

subject to condition k, >0 u k, <0.

Range of definition

xe —oo;—ﬁ U —ﬁ;+oo :
kz kZ

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

im o0, lim
x—x,-0 kl + k2x x—X+0 kl + ka

k
x=——
kZ

Consequently, is a vertical two-sided

asymptote.
We will find unvertical asymptotes:

J=lim —— =0, lim —* =1
o+ hox ok +kx k,
1 . .
So, y= . is a horizontal asymptote.
2
' ky . .
Because, )y'=————>0 the investigated
(ky +kyx)
function increasing.
. . . —2kk,
Knowing a second derivative y"=———=, we
(ky +kyx)

find the intervals of direction of concavity of chart of

. k, T
function, namely x < —k—‘ a concavity is sent up, and for

2

x>—£ — downward. Because x>0 and y<O0 (as
2

mole fractions), then the line of equilibrium of binary

mixture will be located in the first quadrant (fig. 1).

A maximum of speed of oxidization of oxide of nitrogen

Mathematical formula, relating speed of reaction
with concentrations, name equation of speed of reaction
or kinetic equation.

In general case the type of kinetic equation cannot
be predicted coming from stoichiometric equation of
reaction. However, the basic law of chemical kinetics,
that can be set forth so, is known: speed of reaction at
every instant is proportional to the product of
concentrations of the reactive substances, erected in
some degree, being an order of reaction on this
component.

As an example we will consider the trimolecular
reaction

2NO+0,=2NO, .

In this reaction kinetic equation looks like in the
conditions of practical irreversibility

v=k[NOJ'[0,]. (6)

If to enter denotations
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[Nl [o]
[TQ()]O’ [()2]0’

where [NO] and [O,] are initial concentrations

accordingly NO and O,, that equation (6) can be written
down so:

v=he'y, (7)
where k =k [NO] [0, ]

Problem. To set at what percentage of oxygen in
gas mixture speed of oxidization of oxide of nitrogen will
be maximal.

Decision. In equation (7) it comfortably the
concentration of NO and O to express in by volume
percent’s. Then x+y =100 and kinetic equation will

0°

assume an air v = k(100x> — x*).

Thus, a problem stands in that, to find a maximum
of function.

For her decision we will take advantage of the
second rule of research of stationary points, that is we
will find

V' =k(200x-3x") and v"=k(200-6x);
we will work out an equation
200x —3x% =0,

deciding that, we will get stationary points x, =0,
x, =200/3.

We will now find the value of the second derivative
at fixed points:

v"(0) =200k > 0;
V"(200/3) = k(200 —400) < 0,

since k>0.

So, x,=200/3 is the maximum point of the
function and therefore y, =100—200/3=33,3 is the

maximum concentration O, (fig. 2).

w4
I
I
|
I
I
|
I
|
I
0 200/3 100 x
Fig. 2
Conclusion. Speed of oxidization will appear

maximal, if in mixture it will be contained 33,3%
oxygen. So in the process of reaction stoichiometrical
correlation y:x is saved, then at maintenance in initial

mixture of 33,3% oxygen speed of reaction will be

maximally possible during all process. However, this
result is faithful only in one case, when the examined
reaction will be irreversible, that maybe in the certain
range of temperatures.

Problem. Let gas consisting of oxide of nitrogen
and rare gas is mixed up with air, the concentration of
oxygen in that makes 20,8%. To define, what volume of
air must be added to the volume of oxide of nitrogen, to
provide high speed of oxidization last.

Decision. Though a and b are by volume stakes in
mixture accordingly oxide of nitrogen and other rare
gases, that is a+b=1. Then, if to designate the added

volume of air through x, then concentration NO and
0O, accordingly will be equal

a 0,208x
NO|[=——, [0, |== .
[ ] 1+x [ 2] 1+x

Putting these concentrations in equation (7), we get

v =0,208ka* —>

(1+x)

For determination of value of x, at that speed of
oxidization v has at most at set a, we find the first
derivative from v on x:
1-2x

4 0

V' =0,208ka>
(1+x)

and we determine a stationary point x =0,5. Applying
the first rule of research of stationary points, we set that
x=0,5 is a point of local a maximum of function.

Conclusion. At adding to one volume of initial gas
0,5 volume of air composition of gas mixture will meet
the condition of high speed of oxidization of NO. The
corresponding here concentration of oxygen in mixture
M =0,0693, that is 6,93%. During

+0,5

such concentration of oxygen high speed of reaction will
be arrived at during all process of oxidization.

Arrhenius’ equation

The constant of speed of chemical reaction in most
cases sharply increases with the height of temperature (as
governed, in 2-3 times at the increase of temperature on
10 °C near-by a room temperature). Temperature

dependence of constant of speed of elementary reaction
in many cases is well described by equation of

Arrhenius:
E
k=k,exp| — |,
0 p(RTj

where 7T is an absolute temperature; E is Arrhenius
energy of activating; R — universal gas permanent; k0 is a
constant (so-called Arrhenius multiplier).

As values of concentrations small depend on a
temperature, then speed of the chemical reaction,
described by general stoichiometrical equation

will be equal

/ m
a4 > bB;,
i=1 Jj=1

depends on a temperature as follows:
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v=hyexp| o Jl4T 41" 4]

or
V=V, Xp| —
0 XP RT ’

vo=ko[4]"[4,]"..[4]".

where

Problem. To investigate and build the chart of
constant of speed of reaction as to the function depending
on energy of activating of E, that is

k(E)=k, exp[R—b;j , where E>0.

Decision. We will mark foremost, that a function
k, exp(ﬁ) in equation of Arrhenius is always

positive, because k, >0 and

E
exp| — |>0.
p(RT]

At E=0 constant of speed of reaction k(0)=k,.
With the height of £ a size k(E ) diminishes and

_E
lim kye Yir |
E—+x©

Since

K (E)=k, [—%)e%ﬂ <0;

2
k"(E)=k, [ﬁj N

that a function koef%T droningly decreases and the
concavity of her chart is sent up (fig. 3) [11-17].

k(E)

Fig. 3

Conclusions and development prospects of this
direction. On practical employments on higher
mathematics, at consideration of theme «Derivative and
her applications» it is frequently necessary to decide the
problems of general character. But for the students of
chemical specialties greater interest is presented by
problems that is directly related to their profession.

Thus, examining problems similar to resulted in this
article, we will promote interest and motivation of future
specialists in the study of this material [18-23].
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N. V. CHEREMSKAYA

APPLICATION OF THE CORRELATION THEORY OF INHOMOGENEOUS RANDOM FIELDS TO
THE STUDY OF THE STATISTICALLY INHOMOGENEOUS SCREEN MODEL

The article considers the problem of finding a field created by a system of fluctuating sources on the screen, which is characterized by a correlation

function, where K. (;,,;2) the correlation function is separable. This image corresponds to a random field on the screen, which is the sum of a

separable field and a heterogeneous random field of the first rank, which significantly changes the correlation radius at a distance /. The model
studied in this paper does not assume uncorrelated sources and coincidence of laws of intensity change and therefore corresponds to a system of
sources with significantly different intensities and laws of their change in the direction of wave propagation in the transverse plane. The correlation
function of the sources be not assumed to be separable and the field distribution on the screen is an inhomogeneous random field of the first rank or
is the sum of a separable field and a statistically inhomogeneous field of the first rank. To find a solution in the approximation of a parabolic
equation, a method of immersion in the corresponding Hilbert space is proposed, which allows one to quickly and efficiently find the statistical
characteristics of the solution. As an example, the influence of statistical inhomogeneity on the intensity function of a luminous screen, which has
the shape of a round disk, is considered. An off-screen correlation function is obtained, which contains information on the size and nature of
inhomogeneities of emitting sources on a luminous screen. A numerical analysis of the representation for the correlation function is carried out in
the case when the statistical heterogeneous of the environmen is generated by the presence of a continuous spectrum or a spectrum at zero. The
article obtains approximate calculation formulas for the average temperature field and its dispersion, which take into account fluctuation processes

in the calculation of thermal regimes of solar panels, which allow to make appropriate corrections in theoretical calculations.
Key words: modeling of statistical properties of the medium, correlation function, separable field, statistical inhomogeneity, Hilbert space,

scalar product, continuous spectrum of the operator.

Introduction.

In the modern theory of the propagation of
electromagnetic and sound waves in the atmosphere in
many cases we have to pay attention to turbulence, which
causes fluctuations in the refractive index of air. In some
cases, the turbulence of the atmosphere causes
fluctuations in the parameters of the waves that
propagate through it (amplitudes, directions of
propagation, frequencies, phases, etc.). These effects are
sources of distortions and errors in communication
systems, location, radio navigation, control systems.
Fluctuations in the parameters of light waves are
especially influential, which is now becoming especially
important in connection with the development of optical
quantum generators [1-4].

In modeling the statistical properties of the
environment (atmosphere, ocean), it is usually assumed
that these properties can be described by a homogeneous
and isotropic field or a random field with homogeneous
increments of the first order. The structure of the
corresponding correlation function is determined on the
basis of the solution of the equation of homogeneous and
isotropic turbulence, which can be obtained by averaging
the equation of hydrodynamics using any hypothesis of
closure [2, 3]. Fluctuations in fluid’s velocity (wind’s)
and temperature in a random medium lead to
corresponding fluctuations in pressure or refractive index
(dielectric constant). Therefore, the task of propagating
sound or electromagnetic waves becomes stochastic.
From a mathematical point of view, the analysis of wave
propagation in a random medium is reduced to the
solution of a wave equation (vector or scalar) with
random coefficients. Within correlation theory and in
terms of applications (in particular, in the theory of wave
propagation in random media [4]), the main objects of
theoretical research are the mathematical expectation and
the correlation function of the solution of the wave
equation. The so-called "dishonest" method is used to

solve this problem. This method consists in the fact that
randomness is used in direct averaging of equations with
random parameters, which after averaging are not closed
and require additional unproven assumptions about
special statistical properties of the solution for closure.
These assumptions greatly simplify the problem and
allow it to be solved explicitly. Many of the results
obtained by the "dishonest" method agree quite well with
the experimental data, which can serve as a justification
for the probability of assuming one or another statistical
property of the solution [5]. However, models that use a
homogeneous and isotropic field or a random field with
homogeneous first-order increments are not suitable for
describing transient media (for example, plasma
randomly changes its charge) or when electromagnetic
waves propagate near the globe and statistical
inhomogeneity environment is disturbed, as well as the
scattering of electromagnetic waves in the wake of the
rocket, the scattering of waves in the atmosphere of
Venus and other planets of the solar system. Solutions to
these problems require the rejection of the use of the
correlation theory of stationary random functions or
homogeneous random fields and the involvement of such
models of correlation functions that would take into
account statistical nonstationarity or inhomogeneity. This
article discusses the problem of finding a field created by
a system of fluctuating sources on the screen. Let the
correlation function of the sources not be assumed to be
separable and the field distribution on the screen be an
inhomogeneous random field of the first rank or be the
sum of the separable field and the statistically
inhomogeneous field of the first rank. To find the
solution in the parabolic equation approximation, a
method of immersion in the corresponding Hilbert space
is proposed, which allows to quickly and efficiently find
the statistical characteristics of the solution.

© Cheremskaya N.V..,2021.
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As an example, the influence of statistical inhomogeneity
on the function of the intensity of the screen, which
glows and has the shape of a round disk, is considered.
An off-screen correlation function is obtained, which
contains information about the size and nature of the
inhomogeneity of the emitting sources on the illuminated
screen. Next, the fluctuations of the phase and amplitude
of a plane wave propagating in a statistically
inhomogeneous atmosphere are analyzed by the method
of smooth perturbations.

Problem statement in general and its connection
with important scientific or practical tasks.

Let's analyze the passage of a wave through a
random medium or a layer of such a medium. Assuming
that the thickness of the medium or layer is small
enough, for example, a glowing screen, you can use the
approximation of a thin screen, given that the field
outside the screen is created by a system of fluctuating
sources contained in the plane. The probabilistic
properties of the sources are assumed to be known. In the
approximation of the parabolic equation for the complex

amplitude A(;,z> (the z-axis is directed along the

direction of wave propagation) we obtain the Cauchy
problem

%H%ALJA(;,Z):O, A =4(7), O

where r=(x,y), and AO(;) random field with

MAO(;)EO and a known correlation function. This

problem in the case when the field in the plane z = 0 is
statistically homogeneous was investigated in [6, 7].
However, of practical interest are problems when the

field 4, (;) is statistically inhomogeneous.

The case where the correlation function of the field
; N S N
Ao(r) has the form X, (rl,rz)zKO( 1 5 2 jK(r2 _”1)

(separable correlation function) was studied in detail in
[8,9, 10, 11], where a model of the turbulent atmosphere
of Venus was constructed. The separability of the
correlation function is used /, <Z when xe L — the

characteristic scale of the variance of the field variance,
the mean field and the correlation coefficient of the field

ntrn

by argument , and the /, — radius of correlation

of the field by argument Z—r

-, l.e. the statistical
characteristics of the field change smoothly. Thus, the
correlation function of a homogeneous field is modeled
by a function that changes slowly.

Teaching the main research material.

This article continues the study of the statistically
inhomogeneous screen model that is affected this article
will consider a more general model of a statistically

inhomogeneous screen, which is characterized by a

correlation function of the form

Ky, (77)=Ka(7)+

A[foliveloln =)o

where K ua (Z,E) separable correlation function. This

(2),

image corresponds to a random field on the screen,
which is the sum of a separable field and a heterogeneous
random field of the first rank, which significantly
changes the correlation radius at a distance /, . To

clarify the physical content of the separability of the
correlation function and to clarify the physical
capabilities of models of statistically inhomogeneous

fields AO(;) studied in the article, consider a random

field created by a system of uncorrelated statistically
inhomogeneous sources:

A()=24() 4l)=al)al). o
(r) &(7)

uncorrelated statistically inhomogeneous fields of the
first rank [12].
Suppose that the sources first have the same law of

decline, i.e. a, (;) = Cke‘;’: ,and &, (;)

where deterministic ~ functions,

K%%(Z,Z)=F(g;g]@(2—2), (4)

that is, the correlation function satisfies the condition of
separability.

Thus, the separability of the correlation function
corresponds not only to the smoothness of spatial or
temporal change of statistical inhomogeneities on the
correlation scale, but also means the noncorrelation of
statistically inhomogeneous fields that have the same
laws of change in species intensity.

Model (2), which is studied in this article, does not
assume uncorrelated sources and coincidence of laws of
intensity change and therefore corresponds to a system of
sources with significantly different intensities and laws
of their change in the direction of wave propagation in

the transverse plane. We return to (1) and invest 4, (;)

in Hilbert space H, , and then we get an auxiliary

4 -af) ©

4y 2

problem in Hilbert space

(%HiAIJA/(\;,z):O,
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—

Ko(ine)=(alnalia) @

4

o~

where parentheses denote (-,-) a scalar product in Hilbert
space H

Consider the case of the evolutionarily represented

o~

field Ao(;)=€ixBl+’szﬁ>a foeH,  and [B,.B,]=0.

Then the solution of the Cauchy problem in this case
takes the form

—

A(; ) ezk(Bl +By )z +ixB +ivB,
’

Jo- (7
Then for the transverse correlation function
K, (’71’ ’Z? z ) =

(B2 +B,)z+ix B +in B, L(BHB_Z)szBﬂyB
_<ezk 1 2 121 1 7f(.)’eZk 1 2 271 2 Z‘f(‘) ) (8)

From (8) it
homogeneous field (B1 =B’,B, :Bz*) the transverse

is seen that for a statistically

correlation function does not depend on z. If the solution
of the parabolic equation is bounded for all x, and y,,

then the operators B, and B, are similar to self-adjoint
K, (’i 12 ) =

<C Ce Zk(Bl +B? )z+[.r]1§]+[1!|1§2ﬁ),ez;{(glz+1§zz)z+[xz§]+ivzj§z‘]7;)>’ (9)

where f?j self-adjoint operators, and C is the operator

that performs the similarity.
In the future, for simplicity, we limit ourselves to

the case when u 4, (;) = 4,(x), i.e., does not depend on
y. Let 4,(x)=0 at x<0 and 4,(x)=e™"f, at x20..
Using (8) to K, (x,,x,,z) obtain the expression

KAA(xl,xz,z):

3

or if we limit ourselves to the real part of the model
correlation function

*V)ZJ P _
z blbme 2

1,m=1

k5T i (
K, (xl,x2,2)=zj"fe 2l
00

ﬂ/+ﬁ

D cos{au- av)}

2 2
(e ‘“m)z +(ﬁ] +4ﬂm)

kL b,
4Z 1m=1 )
(Of/ —u ) (ﬂl ';/3 )

m

(a, —am)sm(a, u— amv)—

X

dudv =

x[(a, -

2 2
_ﬂl +ﬂm

5 (Wzl(zsxl)Wzm (z,xz)—l//l,(z,xl)x//Q,(z,xz))],

0 ,&(x —u 2,@
1 .
Where v, (z,x)=[e * 2 sinqudu ,
0

sinv?

KVZ — Z—Zav 2
w(zx)=e Eje\/j {Cf)w }dv

b

2
ﬁ—’—i(ia,—@), Rea>0.
2 z

I Eav 2
Ie\/7 cosvidv = l—S ZallcosZ
) 2\ N7k 2k
2
el e sin
212 k 2k
o _ 22, 2
je\lz sinvidy = l—C ,[ia cos L2
0 2 k 2k
2
_\/Z oo 2o lsinez.
212 rk 2k

where k,z>0, a=

:izzeh[(x.é) ~(x2-) ]< i p e”’B‘f>d§d77 (10) where C(y)=;vfcos(§tj dt, S(y)=jsin(%tj dt

The expression for K, (x,,x,,z) is obtained in the

case when the model considered in [12] is used.

K, (xl,xz,z)=
k 0 0 ik XI ’fz v) _ M.,u iAmv
=— bb, —dud
4Z'(['([e l/mzl m Hav

0 0

Fresnel integrals, and y =u +iv [14, 15, 16, 17, 18].

Because of  limS(y)=1imC(y) :%, so
yoo© yo®©

1imK(xl,x2,z):0.

In the case where B, the Voltaire operator, and f;

coincides with the channel element of the operator B,

the correlation function A (x, z) takes the form
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1

)= [0z,

0

where (D(z,xlju):\/zjez Lx.)“JO(z ,xl(l—u))dxl- (12)

K, xl,xz, zx2,u)du, (11)

These images for the correlation function of the
complex amplitude can be used, in particular, to build
models of various statistically inhomogeneous screens.

As an example, consider the effect of statistical
inhomogeneity on the degree of spatial incoherence of
the source, which has the shape of a disk of radius a. To
do this, consider the diffraction of a wave at a circular
hole of radius a centered at point O in the case where the
correlation function of such a screen takes the form

KAOAQ (Z,g)=KM (;jé)+<eiﬁ‘?'f0,efgl§f0>’ (13)

where

where A4, (;) and A4, (;) uncorrelated, AO(;)

statistically inhomogeneous field of the first rank.

This type of correlation function corresponds, for
example, to either take into account the influence of the
penumbra on the structure of the random field on the
screen, or to take into account statistical inequalities of
the screen edge, or the presence of statistical
inhomogeneity of the emitter system.

Then at a distance z on the plane of the screen

7, =0 and r,(s5,0)#0 atand for K, (Z,g) we have

iks®
kae *

—Jl (@j +
27zs z

+LTTe7;[u27(H)ZJ <ei"B‘ fe" £, > dudv
00

K, (’715;292):]0

(14)

In the simplest case, when B, it acts as a

multiplication operator for a complex number

A =, +& we have K, (;1’ g’z) =
ﬁ
kae * kas
=4 2rzs J1(7j+\y(0’z)\1,(s,z)’ (3)
k 2 7K(s—u)z+iu/10
where ¥ (s,z)= —||f0||J‘e 22 du (16)
4 0

In the case when the operator B, has a spectrum at

zero, K ,, (rl,r2> we obtain the expression

iks?
- = kae = kas
K =1 J, | —
AA(’/I’rPZ) U 1[ - j"'
l —
+J.q)(z,0,u)q)(z,s,u)du,

0

a7

where
lk < 7&(‘V7X1)2
CD(z,s,u)=4/E'([e : Jo (ZJxl(l—u))dxl(lS)

Thus, it is shown that in the correlation function
K,, (Z,g,z) together with the screen sizes ,,a”, which
010

correspond, for example, to the linear size of the star,
there is information about the scale of statistical
inhomogeneity of the sources contained in the screen
plane. In this case, as can be seen from (15) and (16),
against the background of the usual correlation function,
additional oscillations appear with a scale that
corresponds to the scale of inhomogeneities of the
sources.

This indicates the possibility of using a known
correlation function to determine not only the linear
dimensions of the screen (stars), but also the scale of
heterogeneity of the sources that make it up. In the case

of a zero spectrum, the correlation function K oo (;l,g)

contains information about the intensity of the brightly
localized spot on the glowing screen.

Consider the fluctuations of the amplitude of a
plane wave that propagates in a turbulent atmosphere
statistically inhomogeneous in the direction x and
statistically homogeneous in the directions y and z.

Then, for the complex phase in the approximation of the
smooth perturbation method, we obtain the equation [4]

2q) 2
0 > 8 +2ik—— oo —kzgl (x,y,z) ,
oy 82 ox

(19)

where ¢ (x,y,z) is a random dielectric constant that

describes a random inhomogeneous medium. After using
the spectral schedules for @, and & we obtain

& ()C,y,Z) =& (x’0’0)+
+J‘ J‘(ei(lzy+132) _l)ug (dlzsdl3’x)’
(Dl (-xayaz): qDl (x’0’0)+

+J‘ J.(ei(lz)’+132) _l)u(b (dlzdeS’x)’

for u, we obtain the equation
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=—k’u (dy,,d z,.x),

X

where y° = ;(22 + ;(32. The solution of which satisfies

the boundary condition u,, (d ,,d 7,,0)=0 and has the

form

k X l 2 X—X' . .
g (d1,,d 2:,x) =12fexp{—l(2k)Jug (d 25d 115, %") .
0

For the average value

Mu, (dlvdlwx)uq; (dZQ,dZQ,X')
we get the image
Muy (d 25, 235Xty (d 15, 1,%') =
= 5(}-/2 _Z£)5(13 —Z;)dlz,d}[3d/’{2’,d/’{,><

h 7()(’7)[”) [ ' "
XTJ-.([eZ F8(127/¥39x,x )dxdx.

Suppose for simplicity that
F (1 2008 ) = F. (12 F (50
and the structure F (x',x") takes the form [12].

©

F(x',x") :Iw(x’+r)¢(x”+r)dr =

0

:]j[u(x’+r)u(x"+T)+v(x'+2')v(x"+2')]dz'.

It is this structure F' that takes into account the
statistical heterogeneity along the direction x . Then

Mug, (d y,.d 33, %)y (d 13,d 75, x") =
=6(2—13)0 (s —23)%
XF (23 25)d 2y d 03 205, d 7'

XTU@ (o) +] ¥ (o) oz, (20)
where 0 7
CD(x,z'):j o u(x'+17)dx’,
0
¥ (x,7)= Jx.eizix’v(x' +7)dx’". 21)
0

Images (20), (21) can be used to model statistical
inhomogeneities in the axis direction x. Consider the

case of a statistically inhomogeneous system
characterized by a discrete spectrum. Using the results
[12], for @ (x,7) we obtain.

“cos o,(x"+7)dx' =

=e* [ e cos o, ydy =
T
.
=2k

/4

a12 + 72

a
2
o +y

~e” (e” sing, (x+ r)—sinalr>+

(e” cos (x+r)—cosalz')},

sing, (x'+7)dx' =

— 2k 7Y Q1 —
=e e’ sina, ydy =

T

A o,

——e" (—e” cos, (x+z')+cosalr)+
oty

el s :
+———e (e smal(x+r)—smalr)},
al +y

2 .2
B i
2 2k

Substituting these expressions in (20), we can
obtain images for the correlation function.

Conclusions and prospects for
development of this area.

The models of nonstationary functions obtained in
the article allow us to take into account the statistical
inhomogeneity of the medium, for example, when
studying the propagation of electromagnetic waves near
the boundary of a random medium.

Model images for the correlation function can be
obtained for partial cases of the spectrum of
nonstationary random functions, and the corresponding
real-value correlation functions can be constructed,
which contain information about the complex spectrum.

This type of correlation function corresponds; for
example, to either take into account the influence of the
penumbra on the structure of the random field on the
screen, or to take into account statistical inequalities of
the screen edge, or the presence of statistical
inhomogeneity of the emitter system. These images for
the correlation function of the complex amplitude can be
used, in particular, to build models of various statistically
inhomogeneous screens.

where y =—

further
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H. B. YEPEMCBKA

3ACTOCYBAHHSI KOPEJISIIIIMHOI TEOPIi HEOJHOPIJHUX BUIIA IKOBHX ITOJIIB JO JOCIKEHHS
MOJIEJII CTATUCTHYHO HEOJHOPITHOT O EKPAHA

VY crarTi po3risHyTa 3aJava PO 3HAXOJDKCHHS IOJIS, SIKE CTBOPIOETHCS CHCTEMON (IyKTYIOUMX JDKepel, II0 3HAXOAAThCS Ha
€KpaHi, fIKa XapaKTepU3YeTbCs KOpeJiiLiiiHOO (YHKIi€0, 1e KAA(;I,rz) cenapabenbHa Kopessiuiiina ¢ynkuig. Lle 300paxeHHs

BIAINIOBIIa€ BUIIAJKOBOMY IOJIIO Ha EKpaHi, 10 € CyMOIO cernapabebHOro Mol Ta HEOAHOPIAHOTO BHIIAJKOBOIO MOJIS HEPIIOTO
paHry, y SIKOr0 iCTOTHO 3MIHIOETBCS pajiyc Kopeisuii Ha BifctaHi /. Monenb, sika BHBYAEThCS B LIl CTATTi, HE MPHUITYCKAE
HEKOPEJIbOBAHOCTI [pKepen Ta 30iry 3akoHIB 3MIHIOBAaHHs IHTEHCHBHOCTEH Ta TOMY BIOIOBiZae cucTeMi JOKepesl 3 ICTOTHO
BIZIMIHHUMH IHTCHCHBHOCTSMH Ta 3aKOHAMH IXHBOTO 3MiHIOBAHHS B HAIPSMKY IIOLIMPCHHS XBHJI B IONCPEYHUH ILIOIIMHI.
Kopemsimiitna ¢yHKIis [kepesl He MPHUITYCKAeThesl cernapabesbHOI0 Ta PO3MOALT IO Ha €KpaHi € HEOJHOPIAHUM BHIIAIKOBHM
[OJIEM MEpIIOro paHry abo € CyMOK cernapa0enbHOro IOJsi Ta CTATHCTUYHO HEOAHOPIAHOrO IOJs mepiioro padry. s
3HaXOKCHHS PO3B’SI3KY B HAONIDKECHHI IMapaboJIiYHOTO PIBHSIHHS 3alpOIIOHOBAHO METO]| 3aHYpPEeHHS y BiAIOBITHMII TiIpOepTiB
HPOCTIp, AKUH 03BOJISIE MIBUAKO Ta €(EKTHBHO BiAIIYKyBaTH CTATUCTHYHI XapaKTEPUCTUKH PO3B’A3KY. SIK NMPUKIa[ pPO3IIISHYTO
BIUTUB CTAQTHCTUYHOI HEOAHOPiZHOCTI Ha (QYHKIIIO IHTEHCHBHOCTI €KpaHy, SKUil CBITUTBCS Ta Mae (HOpMy KPYIJIOTO IHUCKY.
OTpumaHa KopessLUiiiHa (YHKIS [M03a eKpaHOM, siKa MICTUTh iH(GOpMALi MPO pPO3MIp Ta XapakTep HEOJHOpiTHOCTEH
BUIIPOMIHIOIOUHMX JDKEpeN Ha eKpaHi, 1o cBiTuThbes. [IpoBeneHo 4ucenbHHUI aHai3 300pakeHHs A8 KopessuiitHoi GyHKuii y
BUIAJKY, KOJIM CTaTUCTHYHA HEOTHOPIHICTh CepeJOBHILA MTOPOKYETHCS HASBHICTIO HEIIEPEPBHOTO CIIEKTPY ab0 CIIEKTPY B HYIII.
VY crarti oxepkaHO HaOMMWKEHI po3paxyHKoOBI (OpMyJH Ui CEpeIHbOTO TEMIEPATypHOTO IO Ta HOro aucmepcii, mio
BPaxOBYIOTh (UIYKTyaIliiHi IPOIECH NP PO3PAaXyHKY TEIUIOBUX PEXXUMIB COHSYHHUX OaTapeil, siKi JO3BOJISIOTH BHECTH BiIIOBIIHI
HONPABKH TIPU TEOPETHYHUX PO3PAXYHKAX.

KunrouoBi cjioBa: MonenioBaHHs CTaTHCTHMYHUX BIIACTHBOCTEH CepeOBHINA, KopessLiiiHa (yHKLis, cemapabenpHe Hole,
CTaTHCTUYHA HEOTHOPIAHICTh, MIbOEPTIB MPOCTIp, CKAISIPHUI JOOYTOK, HelepepBHHUI CIIEKTP OmepaTopa.

H. B. YEPEMCKAA

MPUIOXKEHUE KOPPEJIAIIMOHHON TEOPUH HEOJHOPOHBIX CTYYAHHBIX IMTOJIEN K
HNCCIEJOBAHUIO MOJEJIU CTATUCTUYECKHA HEOJHOPOJHOI'O DKPAHA

B craTbe paccMOTpeHa 3ajaya O HAXOXKACHUM IIOJIS, CO3JaBAEMOI0 CHCTEMOH (IIyKTYHPYIOIIMX HUCTOYHHKOB, HAXOIALIMXCS Ha
9KpaHe, KOTOPOe XapaKTepu3yeTcsi KOPpeIsINUOHHON (GyHKIueH, rae K /1/1(}”], 2) cenapabenbHast KOppesIuonHas QyHKmsa. 1o

MIPE/ICTAaBIICHHE COOTBETCTBYET CIy4aifHOMYy IIOJII0 Ha DKpaHe, SBIIOMIErocs CyMMOH cemnapadenbHOro Moyl M HEOZHOPOHOTO
CITyqaifHOTO TOJIS MEPBOTO PaHra, y KOTOPOTO CYIISCTBEHHO MEHSETCS paJuyc KOppeisiuH Ha pacctosHur /. Mopens, koTopas
H3y4yaeTcs B 3TOM cTaThe, He IpeAnoaracT HeKOpPEeIUpyeMOCTH UCTOYHUKOB U COBIAJICHUS 3aKOHOB U3MECHEHUSI HUHTEHCUBHOCTEH
U TIO3TOMY COOTBETCTYET CHCTEME MCTOUYHHMKOB C CYIIECTBEHHO OTIMYAOIUMUCA WHTEHCUBHOCTSIMU U 3aKOHAMM MX M3MEHEHHUS B
HAIPaBJICHUH PACIIPOCTPAHEHMS BOJIHBI NMOMIUPEHHS XBUIII B TONEPeYHOit miockocTi. KoppensinonHas QyHKIHS HCTOYHUKOB He
MpeAnonaraeTcs cernapadeIbHONIPHOIO U paclpesiefieHle Mol Ha 9KpaHe SBIISIETCS HEOIHOPOJHBIM CIIydalHBIM IOJIEM IEPBOTO
paHra MM SBISETCS CYMMOW cemapabenbHOro MO U CTATHCTHMYECKH HEOJHOPOIHOTO TMOJIs MEePBOro paHra. J{jis HaXoXIeHUs
pelieHus B NPHONIKEHUHM MapaboNNuecKOro ypaBHEHHs MPEATIOKEH METOJ NOTPYXKEHHS B COOTBETCTBYIOIEE TI'MIBOEPTOBO
MIPOCTPAHCTBO, KOTOPBIN MO3BOJSIET OBICTPO M 3(P(PEKTHBHO HAXOIWUTh CTATHCTUYECKHE XapaKTEPHCTHKH pellieHus. B kadectBe
IpUMepa PacCMOTPEHO BIMSHHUE CTATUCTHYECKONH HEOTHOPOMHOCTH HAa (DYHKIMIO MHTEHCHBHOCTH CBETSILETOCS SKpaHa, KOTOPHIH
nmeer GopMmy Kpyrioro mucka. IlomydeHa koppensiiuoHHash (DyHKIWS BHE dKpaHa, cojeprkamias HH(GOPMAILMIO O pa3Mepe H
XapakTepe HEOJHOPOJHOCTEH M3IydarolluX MCTOYHUKOB Ha CBETsIEMCcs dKpaHe. IIpoBeneH 4MCIIEHHBIM aHAIU3 MpeCTaBICHUS
JUIsL KOPPEIALMOHHON QyHKIMK B CiIydae, KOrja CTaTHCTUYECKast HEOJHOPOIHOCTD CPEbl OPOXKAACTCSA HATMYUEM HEINPEPHIBHOIO
CIIEKTpa WU CIEKTpa B Hylle. B cTaThe momydeHbl NpUONMKEHHBIE PacueTHbIE (OPMYIBI I CPEJHEr0 TEMIEPATYPHOTo MO U
€ro JIUCHepPCUH, KOTOPHIE YUMTHIBAIOT (UIYKTyallMOHHBIE MPOLECCH TPH pacdyeTe TEIUIOBBIX PEKHMOB COJHEUHBIX Oatapeif,
MO3BOJISIOIINE BHECTH COOTBETCTBYIOIIHE TTONPABKU MPU TEOPETUUECKUX PacyeTax.

KnioueBble cJI0Ba: MOJCIMPOBAHUE CTATHCTHYECKHX CBOWCTB CpeXbl, KOPpEIHOHHAs (YHKIHS, cermapadesbHoe Mole,
CTaTHCTHYECKas HEOJHOPOIHOCTD, THIIE0EPTOBO MPOCTPAHCTBO, CKAIIPHOE MIPOU3BEICHUE, HEIPEPHIBHBIIN CIEKTp ONepaTopa.
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O. V. YEFIMOV, V. L. KAVERTSEV, T. V. POTANINA, T. A. HARKUSHA, L. I. TIUTIUNYK,
A. V. MOTOVILNIK

METHODS AND APPROACHES TO SIMULATION, DIAGNOSTICS, FORECASTING EQUIPMENT
STATE AND OPTIMIZATION OF ROBOT MODES OF NPP POWER UNITS

Nuclear power plants are the basis of energy in many countries of the world, which determines the pace of their economic
development. At the same time, they as complex technological systems are objects of the increased technogenic danger. Therefore,
ways to increase the reliability, safety and efficiency of NPP power equipment have already been developed and continue to be
developed, which are largely based on diagnostic procedures. During the operation of power equipment, especially during its long
period, its technical characteristics, and, consequently, the parameters of technological processes, change under the influence of
external factors and as a result of wear, or even destruction, of individual structural elements. Changing the characteristics of the
equipment usually leads to a decrease in the level of adequacy and to the loss of conformity of mathematical expressions in the
models of the content of the processes described by them.The materials of the article consider the identification of mathematical
models of NPP power unit equipment in the process of parametric diagnostics. Ways to increase the reliability, safety and
efficiency of NPP power equipment have been developed and continue to be developed, which are largely based on diagnostic
procedures. The use of the iterative process to find the values of the identified parameters can be used to identify mathematical
models of technological processes in NPP power equipment, which increases the adequacy of models and the reliability of
diagnostic conclusions in solving parametric diagnostic problems.
Keywords: NPP power units, identification, modeling, diagnostics.

Introduction.

The basis of energy in many countries around the
world, which determines the pace of their economic
development, are nuclear power plants. An NPP power
unit with a PWPR-1000 pressurized water reactor is
considered as an object of scientific research. This choice
is due to the fact that these power units are the basis of
the nuclear power industry in Ukraine: out of 15 installed
NPP power units with a total capacity of 13,845 MW, 13
are NPP power units with PWPR-1000 (Table 1).

Table 1. Summary table of general data on nuclear power

efficiency of NPP power equipment have already been
developed and continue to be developed, which are
largely based on diagnostic procedures.

Identification of mathematical models of NPP
power unit equipment in the process of parametric
diagnostics.

One of such methods is the use of automated
systems of parametric diagnostics of power equipment
based on mathematical modeling of technological
processes as part of the ACS TP power units. Parametric
diagnostics allows to establish the factors of deviations
of equipment parameters from normal values as a result

lants in Ukraine of changes in its design: certain technical parameters

correspond to certain values of parameters.

E g “— ; = § g)gg There are various methods of automated parametric
o= [Z] 28 22 |25 |82 | diagnostics of NPP ipment  based
g |5 &3 EsE |>E|5¢ iagnostics o > power equipment based on
z 2 g = 8 u% 3 §% o 2| mathematical modeling of technological processes.
2 ;‘ 2 % Z - These are probabilistic methods for assessing the
= > condition of equipment based on the comparison of
1| PWPR-1000/320 1000 1984 | 2014 | calculated and normative values of diagnostic parameters
Zapori- | 2 | PWPR -1000/320 1000 1985 | 2015 [1, 2], methods based on the theory of fuzzy logic within
zhzhya | 3 | PWPR -1000/320 1000 1986 | 2016 | the ideology of expert systems, [3], methods that use
NPP | 4| PWPR -1000/320 1000 1987 | 2017 |  linear diagnostic models, [4, 5] and others.
5 | PWPR-1000/320 | 1000 | 1989 | 2019 The probability of the results of diagnosing with the
Souh ? Ilz xg E '}gggj ;3(2) }ggg }gz; ;8?; help of these methods is largely determined by the level
outh- - : :
Chn| | PNPR o015 | o0 | o |21 | st of bt el of e cqupren
NPP 3 | PWPR -1000/320 1000 1989 | 2019 place in it ?
Rivne | 1| PWPR -440/213 415 1980 | 2010 However, during the operation of power equipment,
n;gﬁ?r § IEVVJIEII{{-IA(‘)‘(‘)(())//%;%) 1402000 }ggé ;8}; e}slpecially (during its long period, its technical
4| PWPR -1000/320 1000 | 2005 | 203a| ¢ aracterl'stlcs, and, consequently, the pa.rameters of
Khmel- 1 1 1 PWPR -1000/320 1000 1987 | 2017 technological processes, change under the influence of
nitsk NPP | 2 | PWPR -1000/320 1000 | 2005 | 2034 | external factors and as a result of wear, or even

destruction, of individual structural elements. Changing
the characteristics of the equipment usually leads to a

At th ti th lex technological .
© Same e, HIEY as compiex 1eChio OBICAt 4. rease in the level of adequacy and to the loss

systems are objects of the increased technogenic danger.
Therefore, ways to increase the reliability, safety and © Yefimov O.V., Kavertsev V L., T.V. Potanina,
Harkusha T.A., Tiutiunyk L.I., Motovilnik A.V. 2021
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of conformity of mathematical expressions in the models
of the content of the processes described by them. For
example, many of the formulas in the integrated methods
of thermal and hydraulic calculations of heat and mass
transfer power equipment [1, 6, 7] are obtained
experimentally and contain numerical parameters that
identify the model and process according to the results of
experiments.

Table 2. The general scheme of the article according to
the following descriptive algorithm

—_—

Object of scientific|NPP power unit with PWPR-1000
research: pressure reactor;

2|An object of|Complex technological systems
increased man-|for which ways to increase
made danger: reliability, safety and efficiency
have been developed and
continue to be developed.

3|The
study:

aim of the|The problem of identification of]
mathematical models of
equipment of NPP power units in
the process of parametric
diagnostics is considered.

4|Identification of|Automated systems of parametric

mathematical diagnostics of power equipment
models of NPP|based on mathematical modeling
power unit|of technological processes.
equipment in the
process of]
parametric
diagnostics:

5 |Methods of|Probabilistic methods of]
automated equipment condition assessment
parametric on the basis of comparison of]

diagnostics of NPP|calculated and normative values
power equipment: |of diagnostic parameters;
methods based on the theory of
fuzzy logic within the ideology of]
expert systems; methods that use
linear diagnostic models.

6 |Probability ofThe level of adequacy of
diagnostic results: |mathematical models of the
diagnosed equipment to
technological processes

proceeding in it is defined;

7 [Mathematical Represent a system of nonlinear
models of|algebraic equations.

technological
processes:

8|Conclusions. Using the iterative process to find
the wvalues of the identified
parameters, it is possible to
identify mathematical models of]
technological processes in the
power equipment of NPPs, which
will increase the adequacy of]
models, and hence the probability
of diagnostic conclusions in

solving parametric diagnostics.

However, the design of the diagnosed objects and
the values of the parameters of technological processes in
them may, as mentioned above, over time differ from the
conditions of the experiments in which the corresponding
calculation formulas were obtained. Therefore, to
increase the reliability of the results of parametric
diagnostics, it is necessary to identify mathematical
models of processes before diagnosis, in other words,
adjust them based on the analysis of measurement results
of process parameters in discrete moments preceding the
time of diagnosis (Table 2).

In general, mathematical models of technological
processes in power equipment, based on integrated
methods of calculation [1, 6, 7], are a system of nonlinear
algebraic equations:

Y = f(X,A,G), 1

where X — vector input model;
- T
A=A, 45,0 4,)
parameters obtained on the basis of field experiments to

identify the process model.;
G — vector of the set design characteristics of the

vector of numerical

equipment;
Y — vector source model data.;
f= (fl,fz,...,fm)T symbolic record of the
functional relationship between X,A,G and Y .
Consider the case of identification of a

mathematical model of equipment, when the individual
derivatives of vector functions f on A;,A,,..A,
variables can be represented analytically. Suppose that
the vector Y s a vector-column of the measured initial
parameters of the technological process
T

Y:(y15y29-~-sym) . data of
measurements of process parameters for the previous
period of operation of the equipment, it is possible to
calculate average value of a vector. Y :

hen, wusing archival

Y =G50 @)

Substituting these values in (1), we obtain m

equations for numerical parameters A ;, j =1,n:

.)_/1 :f‘l(X:kl,kz,...,kn,G)
52 =f2(X,}\41,7M2,...,7nn,G)

Vm =S (XA, A0 ,00h,,G)

XA R}

©)

Ifin (3) m = n, hat is, when the number of equations
is equal to the number of identified parameters

X_/, j:I,_n, the solution of the system of nonlinear

equations can be found by standard methods of
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computational mathematics, for
modified Newton's method [8, 9]:

example, by the

Mg = A = (A (X, AL G), (D)

where A, = (4%, 4,0, 2T
0 0 0
Ay =4 49 4, =4, Ayse AT,
k — iteration number,

w! (Ay) — matrix inverse to the Jacobi matrix
W(Ay):

9 9 9
oA 04, 04,
9 9 o
WA =f"(No)=|oa, o1, ~ oa,| O
o 5
o4, 0l oA,

For the case when the number of equations is less
than the number of identified parameters A j2 j=Ln,

such an approach has been developed. Instead of a matrix
W(Ay)=f'(Ay) the matrix is considered W(A,),

consisting of absolute values of the matrix W:

o\ |9 %
oM | oA, T |04,
, 9| |9 9>
WMo =[N0 =|[a2,] (o2, " |oa,||- ©
o T 5
oAl |6, oA,
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Using a matrix m,(A,)=

1'(,)] , @ square Jacobi matrix

is formed W,(A,) dimension m; xm;, whose columns
contain elements with the maximum values of the

modules of the derivatives max|-2|, i =1,m; j=1,n, and

iJ

J
the determinant is not equal to zero.
. . T . .

With my <m 1 Ag=(%,A,,..., A, )" (taking into
account the corresponding change in the numbering of
parameters A ;). That is, in this case, the identification of
the model of technological processes is carried out using
a matrix W,(A,).

At m > n, that is, when the number of equations is
greater than the number of identified parameters

A i :I,_n, a similar approach is used as for the case
m<n, with the only difference being the matrix
W, (7\0) are

W(Ao) = f’(Ao) .

formed from the matrix term

%

J
difficult to calculate in analytical form, it is possible to
use existing software implementations of models (1) [1,

If derivatives in the Jacobi matrix it is

2] and with their help to calculate derivatives
approximately by the formula:
o 1
—=——(f (X VR
04, 2A/1/.(f( oo dy ¥

(7
A5y 4, G) = (X A Ay Ay = A, 4, G))

Conclusions.

Thus, using the iterative process to find the values
of the identified parameters, it is possible to identify
mathematical models of technological processes in NPP
power equipment, which will increase the adequacy of
models, and hence the probability of diagnostic
conclusions in  solving parametric  diagnostics.
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O. B. EOIMOB, B. /1. KABEPIJEB, T. B. IIOTAHIHA, T. A. T'APKYIIIA, JI. I. TIOTIOHHK,
A. B. MOTOBUIBHIK

METO/JM I IIIAXOJN 10 MOJAEJIOBAHHS, JIATHOCTHUKHA, TIPOITHO3YBAHHS CTAHY
YCTATKYBAHHSA TA OINITUMI3AIII PEXKUMIB POBOTH EHEPTOBJIOKIB AEC

VY crarTi po3riisiHyTa TipodbsieMa ineHTrdikamii MaTeMaTHIHAX MOJeNielt ycraTkyBanHs eHeprooiokie AEC B mpomeci
napaMmeTpudHoi miarHocTHkd. OCHOBOIO €HEpreTMKH B 0araThOX KpaiHax CBITy, $SKa 3YMOBIIOE TEMIH iX
€KOHOMIYHOTO PO3BHUTKY, € aTOMHI €JIeKTpocTaHIlii. B Tol e Jac, caMe BOHHU sK CKJIaJIHI TEXHOJOTIYHI CHCTEMH €
o0'ekTaMM MiJBHIICHOI TEXHOreHHOi HebOesneku. ToMmy Bke po3poOJeHi 1 IPOJOBXKYIOTH PO3POOIATUCS CIIOCOOH
HiBUILCHHST HaAIHHOCTI, Oe3mekn Ta e(eKTHBHOCTI eHepreTmuHoro ycrarkyBanHs AEC, ski, B 3HauHiil Mipi,
CIMPAIOThCA Ha JliarHoCTH4HI npoueaypu. OmHUM 3 Takux criocoOiB € 3actocyBanHs B ckiaai ACY TII eneproOnokis
AEC aBTOMAaTH30BaHHMX CHCTEM MApaMETPUYHOI JIarHOCTUKUA CHCPreTUYHOTO YCTaTKYBaHHS, 3aCHOBAaHMX Ha
MaTeMaTHYHOMY MOJICJIFOBAHHI TEXHOJIOTIYHMX TporeciB. [lapameTpuyHa MiarHOCTHKA JO3BOJISE BCTAHOBHTHU
YUHHUKY BIIXWJICHb ITapaMETPIB YCTaTKYBaHHsS BiJl HOPMAaJdbHHX 3HAYCHb B pE3yJbTAaTi MOSBU 3MiH B HOro
KOHCTPYKIIii: TICBHUM 3HAUEHHSAM IapaMeTpiB BIAMOBINAIOTh TIEBHI TEXHIYHI CTaHW. I[CHYIOTH pi3HI MeToau
aBTOMATH30BaHOI TapaMETPUYHOI JIarHOCTUKHM eHepreTmdHoro yctatkyBaHHs AEC, mo 0a3yloThes Ha
MaTeMaTHYHOMY MOJEIIOBAHHI TEXHOJOTIYHHMX MPOIECiB. BipoTimHiCTh pe3ynabTaTiB AIarHOCTYBaHHS 33 JIOTIOMOTOIO
UX METOAIB 0araTo B 4YOMYy BH3HAYAETHCS PIBHEM aJeKBATHOCTI MAaTeMaTHYHHX MOJENIEH YCTaTKyBaHHS, IO
JIIaTHOCTY€ETHCS, TUM TEXHOJIOTIYHUM IpoIiecaM, sKi MPOTIKAIOTh B HbOMY. 3aCTOCYBAaHHS iTEpalliiHOTO MPOIIECY ISt
3HaXO/DKEHHS 3HAa4YeHb iACHTH(IKOBAaHMX IapaMeTpiB MOXKHA 3acCTOCYBaTH I 3MIMCHEHHS iIeHTHU}IKaIii
MaTeMaTHYHUX MOJEJICH TEXHOJOTIYHUX TIPOIECiB B eHepreTmyHOMy yctatkyBaHHI AEC. Ile mo3Boisie migBUIIUTH
aJICKBaTHICTh MOJICJICH ¥ BipOTIIHICTh IIarHOCTUYHUX BUCHOBKIB IPH BHUPIIICHHI 33/1a4 TApaMETPUYHOI JiaTHOCTHKH.
Karouosi cioBa: eneproonoxn AEC, inenTudikarisi, MoearoBaHHsl, 11arHOCTHKA.

A. B. EOUMOB, B. /1. KABEPIIEB, T. B. IOTAHHUHA, T. A. T'’APKYIIIA, JI. U. TOTIOHUK, A. B.
MOTOBH/IPHUK

METO/bI 1 TOAXOAbI K MOAEJINPOBAHUIO, IMATHOCTHUKE, TIPOTHO3UPOBAHUIO
COCTOAHUA OBOPYAOBAHUSA U OIITUMU3ALIMU PEXXKNMOB POBOTHI SHEPT'OBJIOKOB
A3C

B cratbe paccMmoTpena mpobiieMa uAeHTHU(DHUKAIME MaTeMaTHIeCKUX Mojeei obopyaoBaHus 3Heproomokos ADC B
nporecce mapamMeTpudeckoid auarHocTuku. OCHOBOM SHEPreTMKM BO MHOTHX CTpPaHaxX MHpa, 00yCIaBIMBAaIOIICH
TEMITBI MX 3KOHOMHYECKOTO Pa3BUTHSA, ABJISIOTCS aTOMHBIE 3JIEKTPOCTAHLMHM. B TO ke Bpems, IMEHHO OHH Kak
CJIOKHBIE TEXHOJOTHYECKHE CHCTEMBI SBIISIFOTCS OOBEKTaMHU IOBBIIICHHONH TEXHOTEHHOHW omacHocTH. [loaTomy yxke
pa3paboTaHbl ¥ IPOJOIDKAIOT Pa3padaThIBaThCsl CIIOCOOBI MOBBIILICHUS HaJIe)KHOCTH, 0€301macHOCTH 1 3()(HEKTUBHOCTH
9HepreTudeckoro obopynoBanusi ADC, KOTOpble B 3HAYMTENHLHON CTENEHM ONHMPAIOTCS Ha JMAarHOCTHYECKHE
npoueaypsl. OZHUM M3 TakuX CcHocoOoB sBusiercss npumeHeHue B coctaBe ACY TII sneprotmokoB ADC
ABTOMATH3MPOBAHHBIX CUCTEM NapaMETPUUYECKOH JWArHOCTUKH SHEPreTH4YeCKOro oOOpyNOBaHMS, OCHOBAaHHBIX Ha
MaTeMaTHYeCKOM MOJICIIMPOBAHUM TEXHOJOTHYECKMX TpoueccoB. [lapamerpuueckas JUarHOCTHKA IO3BOJISIET
YCTaHOBHUTH (haKTOPBI OTKIOHEHHH IapamMeTpoB 0OOpYZOBaHUSI OT HOPMAalbHBIX 3HAYCHUH B pe3ysbTaTe MOSBICHUS
U3MEHEHHH B €ro KOHCTPYKLHMH: OINPEACICHHBIM 3HAYCHUSIM IapaMETPOB COOTBETCTBYIOT OIPEACICHHBIC
TeXHH4YeCKne cocTosTHHUA. CyIIEeCTBYIOT Pa3IMYHbIE METOABl aBTOMATH3MPOBAHHOW MapaMEeTPHYECKOW INarHOCTHKU
sHepreTndeckoro obopynosanust ADC, OCHOBAaHHBIX Ha MAaTEMAaTHYECKOM MOAEIHPOBAHUM TEXHOJIOTHYECKUX
npoueccoB. JI0OCTOBEPHOCTh Pe3ylbTaTOB JUATHOCTHPOBAHHS C IOMOIIBIO 3TUX METOJOB BO MHOTOM OIpPEJEISIETCS
YPOBHEM aJIeKBATHOCTH MAaTEMAaTHYECKUX MOAENEH OUarHOCTHPYEMOTro OOOPYHOBAaHUS, TEM TEXHOJOTHUECKUM
npoleccaM, KOTOpbIE INPOTEKAlOT B HeM. [IpMMEHEeHHe HTEepalMOHHOTO Mpolecca sl HaXOXKICHHs 3HaYeHUH
UICHTU(HULIMPOBAHHBIX APaMETPOB MOKHO NPUMEHHUTH JUIS OCYIIECTBJICHHUS WACHTHU(UKALMK MaTeMaTHYECKHX
MoOJIeJIed TEXHOJIOTMYECKHX IIPOLECCOB B JHEpreTudeckoM obopynoBaHun ADC. DTO MO3BOJISET IOBBICHTH
a/ICKBaTHOCTb MOJIEJICHi M JOCTOBEPHOCTh JMAarHOCTUYECKUX BBIBOJOB NPH PEIICHUM 33/a4 NapaMeTpUuecKOi
JIMarHOCTHKH.
KatoueBsie ciioBa: sHeproonoku ADC, naeHTudHUKanus, MoJAeIMPOBaHNE, THarHOCTHKA.
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C.I1 BYXKAJIO, J1JI. PYJHEBA, B.O. OJIbXOBCbKA

PO3BHUTOK IHHOBAIIIH 3 3ACTOCYBAHHS POCJIAHHUX BOCKIB Y CTOMATOJIOTTI

VY MatepianiaXx CTaTTi PO3MIIAIAE€THCS MOMIIUBICTh 3aCTOCYBAHHS Y CTOMATOJIOTIi POCIMHHUX BOCKIB, TEXHOJIOTIS
BUIOOYBaHHsS SKUX TOJSTa€ y BUKOPUCTAHHI y SKOCTI CHPOBUHHM COHSIIHMKOBOIO JIyIINHHHA. P03po0ieHo Ta
JIOCIIIJDKEHO JIesiKi TEOPETHYHI 1 eKCIIePUMEHTalbHI MOJENi TEXHOJIOTIl 3 ypaxyBaHHSIM IIPOBEACHOTO aHali3y
JiTepaTypHUX JpKepel indopmarii. BuzHaueHO HapsSIMKH ONITHMI3AIlii Ta MiABUIIEHHS eHEPTOePEKTUBHOCTI CHCTEM 3
KOHKPETH3AI[I€I0 TUITOBUX 3aX0JiB BUPOOHHUITB. ONMHMCAHO alropuT™M iHTeHCH(IKaIlii PO3BUTKY PHHKY — BHUSBJICHHS
3B’SI3KiB OCHOBHUX XapaKTEPHCTUK KOMIUIEKCHUX CHUCTEM MEIHUKO-O010JI0TIYHHMX aCIEKTiB SIK CEpPEeIOBHUINA iCHYBaHHS
MOAUHU Yy cepi HagaHHS MEAMYHUX TOCITYr i B3a€EMOil 3 HABKOJMWIIHIM IMPOCTOPOM 3 METOIO TOMEPEIKEHHS
PO3MOBCIO/DKEHHST PI3HOBUIIB 3aXBOPIOBaHb: BHOIp METONy BHUAOOYBaHHS POCIMHHHX BOCKIB — CHPOBHHH Ta
NPOJXYKTY PI3HOBHU/IIB XapuoBOI Ta IHIIMX TEXHOJIOTIH; Knacudikauis-inenTudikamis pakTopiB Ta XapaKTEepUCTHK, 110
BIUIMBAIOTh Ha €()EKTUBHICTH OOPAHOr0 METONY TEXHOJIOTIl BUIOOYBaHHS; MOPIBHUIbHA XapaKTepUCTHKA PI3HOBHIIB
CHUPOBUHH, TEXHOJIOTIA Ta METOMIB iX JOCHIJDKCHHS; HAayKOBE OOIPYHTYBaHHS Ta PO3PaXyHKHA ONTHMAIBHHUX
mapaMeTpiB CUCTEM TEXHOJIOTIl; BUOIp CYYaCHUX TEXHOJIOTIYHHMX CXEM Ta OOJAIHAHHS JUIS CICI[iaIbHUX METOMIIB
JTOCTIJKCHHS MOXIIMBOCTEH MPAKTHYHOTO 3aCTOCYBaHHS POCIMHHUX BOCKIB Y CTOMATOJIOTII.

Ki1r04oBi cj10Ba: COHSIIHUKOBE JMYIINUHHS, POCIMHHI BOCKH, O€3leKa CHPOBHHHU Ta MaTepialliB y CTOMATOJIOTIT,

aNTOPUTM Jii.

Beryn. [l cyyacHMX BHMpOOHHMITB OJIiH 1 >KMpPIB
NpUTaMaHHI KOMIUIEKCHI 1HHOBaLlifiHI XapaKTEepUCTHKH:
BiIOYBAIOTHCS CYTTEBI CTPYKTYPHI 3MiHH, CTIPSIMOBaHi Ha
IHTEHCU(]IKAII0 TEXHOJIOTIYHUX TPOIECiB Ta oreparii
BHPOOHHUIITBA 1 MakKCUMallbHE BUKOPHCTaHHS BiIXOMiB
OJIEXHUPOBOT  Tally3l arpompoOMHCIOBOTO KOMIUIEKCY
VYkpainu. B mpomeci mepepoOku OMHHOT CUPOBHHH,
0COOJIMBO COHSIIIHUKA, HA CTaAisX MIepeTyBaHHSI HACIHHSI
i mix uvac padinauii onii Ha craxii BUMOPOXYBaHHS
BOCKOIIOJIIOHMX KOMITOHCHTIB YTBOPIOIOTHCS BIJIXOJIH,
o0 HE 3HAXOJATh IMOAANBIIOr0  KBalihikOBaHOTO
3aCTOCYBaHHS JJIsl PI3HOBHUIIB MPOAYKIII XapyoBOTo Ta
IHIIIOTO NMPU3HAYCHHSI.

PizHoBUM BOCKIB 3HaXOASTh LIUPOKE
3aCTOCYBaHHS [UIsI  MOTped  XapdoBoi, MEAWJHOI,
KOCMETHYHOI, €JIEKTPOTEXHIYHOT, arnepoBoi

MIPOMHUCIIOBOCTI, & TAKOX Yy BUPOOHUIITBI PSITY MPOAYKTIB
BIMICBKOBO-TEXHIYHOTO Ta KOCMIYHOTO TPU3HAYCHHS,
MIPOYKITii MUHHOI Ta TYMOBO-TEXHIYHOI Tamy3eil. Tpeba
BiJ[3HAYWTH, INO BITYU3HSIHUX CHPOBHHHHX PECYpPCiB
HATypaJdbHUX BOCKIB TBapHHHOTO Ta POCIMHHOTO
MOXOJ/UKEHHS HEJOCTaTHhO. EKOHOMIYHHUMH yMOBaMH
VYkpainu cyTTeBO 0OMEXeHa MOXKIIHMBICT IMIIOPTY Oyab-
SIKMX BOCKIB. TakuM YWMHOM, JOCIIJKCHHS, CIPSIMOBAaHi
Ha CTBOPCHHS HAYKOBOI'O OOIPYHTYBAaHHS TEXHOJIOTII
BHJIy4EHHS 1 3aCTOCYBaHHS BOCKIB 3 BTOPHHHHUX
MIPOJYKTIB OJIEXKUPOBOI Tally3i € aKTyaJlbHHMH Ta
CBOEYACHUMH.
Mera gociigxeHHs. 3araqpHi MATAHHS TEXHOJOTIi

3a TEMOIO MOYKHA BU3HAYUTH aJTOPUTMOM Jil:

1) Bubip meTony BUIIy4YeHHS POCIMHHUX BOCKIB —
CHUPOBUHH Ta MPOAYKTY PI3HOBHUJIIB XapuoBOi Ta 1HIIUX
TEXHOJIOTIH.

2) Knacudikauis-inentudikanis  ¢daktopiB  Ta

XapaKTepUCTUK, 10 BIUIMBAIOTh HA E(EKTUBHICTH
00paHOro METo/1y TEXHOJIOT1] BUITyYESHHSI.
3) [IlopiBHsuIbHA  XapakTepUCTHKa  PI3HOBHIIB

CHPOBHHH, TEXHOJIOTIi Ta METOIB i AOCIIPKESHHSI.

4) Bubip Ta po3paxyHKH ONTUMAJIBbHUX HapaMeTpiB
CUCTEM TEXHOJIOTII.

5) Bubip cyuyacHux
obnamgnanns [1-6, 8—12].

OO0’eKT NOCTITKEHHS — TEXHOJOTIS BHIydeHHS
POCIIMHHUX BOCKIB 3 COHSILIHUKOBOTO JIYINNMAHHS —
BTOPMHHOI ~ CHPOBHHH  OJIEXHPOBOI  ramysi, Ta
TEXHOJIOTIYHI MOJJIMBOCTI 3aCTOCYBaHHS POCIMHHUX
BOCKIB 3 BTOPUHHOI CHDOBUHH B CTOMATOJIOTTYHIH Tay3i.

Ipeamer  gocaimkenHss  —  (i3UKO-XiMivHI
BJIACTUBOCTI  OJCPKAHUX  BOCKIB  COHSIIHUKOBOTO
JYUINMAHHS, OOIPYHTYBaHHS OCHOBHHMX TEXHOJOTIYHUX
napamMeTpiB mpolecy BUIOOYBaHHS POCIMHHUX BOCKIB 3
BTOPHUHHOT CHPOBUHH OJII€XKAPOBOT rarysi.

IMocTranoBKka mpo6/eMu y 3arajbHOMY BHUIJISIIL
Ta ii 3B'S30K i3 BaXJIMBUMH HAYKOBHMH YU
NMPaKTHYHUMH 3aBaaHHAMU. Bocku pocmuaamnx (BP)
OJII — TIe CKJIaJHI CyMillll 3 TIEPEeBAKAIOYNM CKIIAJIOM —
e(dipiB  BHCOKOMOJICKYJIIPHUX JKUPHHUX  KHUCJIOT 1
OJTHOATOMHUX BUCOKOMOJICKYJISIPHHUX CIUPTIB (Tadi. 1).
Jo BockoBoi (pakmii JimiJiB BXOISATh TAaKOX BUIbHI
BUCOKOMOJICKYJISIPHI ~ JKHPHI ~ KHCIOTH Ta CIHPTH,
CTHPOJH, CTEPHUIHU, BYIJICBOIM, JIAKTOHU, CKTOJIMIAN Ta
1HIIII BUCOKOTLIABKI CJICMEHTH.

Juis  nmocniypkeHHS OOpaHi POCIMHHI BOCKH, SKi
JIOKJTi30BaHi B OOOJIOHIII HACiHHSI  (JYIIMTAHHICTH
HaciHHA ckiamae 23-26 %) 1 B mporueci noOyBaHHS 0ii
MepexonsaTh B Hel. XIMIYHUH CKIIaJ COHSITHUKOBOTO
HACiHHS, B  OCHOBHOMY 3alleXXHUTh BiJl  COPTY,
KIIIMaTHYHUX YMOB, IPYHTY Ta KyJabTHBAIli [1-5].

OcTaHHIM dYacoM KyJIbTUBYETHCS PaHHBOCTHUTIIE
COpPTOBE Ta TiOpHHE HACIHHSA COHSIIHUKY 3 BHCOKOIO
OJNiiHICTIO. Y HOBUX COPTIB COHSIIHUKY 3HayHO
3MIHUBCS XIMIYHUHT CKJIag spa, 3MIHUIOCS
CHIBBIJHOIIEHHS TiipodoOHOI (>kMpoBoi) 1 rifxpodinbHOT
(HEXKUPOBOT) YACTHH sI/Ipa.

TEXHOJIOTIYHUX CXeM Ta

© byxkano C.I., Pynuesa JI.JI., OnbxoBcbka B.O., 2021
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JlimigHi  3aMUIIKH  JIYIIOAHHS ~ COHSIIHUKOBOTO
HaciHHS B yMOBax XIMi4HOI JabopaTopii BHIydYanu
BIZIOMMM METOZOM EKCTPaKLii 3a JOIOMOTIOI0 arapary
Coxkcneta (ACTY 7577:2014). BockomonioHi
KOMIOHEHTH BHIULSIIM KPUCTAJI3aI[€l0 3 OTPUMaHOL
MICIIEINTH 32 PO3POOICHUMHI METOJIMKAMH.

AOH nocATTH HAWIIMIIOTO Pe3ynbTaTy, HEOOXiTHO
HE TUTBKH PO3POOHUTH TEXHOJOTIIO, sika O ypaxoByBaia 0
yci MoXnmBi (QakTopH, aje ¥ BHKOPHCTOBYBATH
CHPOBUHY  HAlOUIBII ~ mpuAaTHy JUIS  BWIYYEHHS

BOCKOIIOJIIOHUX KOMIIOHCHTIB — CHPOBHHY 3 BEJIHKOIO
OJIHMHICTIO. 3ams BU3HAYCHHS JOLLILHOCTL
BUKOpUCTaHHA BP, sk KOMIOHEHTY s Oe3meYHOro
BUKOPHUCTaHHSA Yy CTOMATOJIOTii, OKpIM MOpPiBHSIHHA
XapaKTEePUCTUK BOCKIB POCIMHHHUX, OJEPXKaHUX 3
COHSIIHUKOBOTO JIYUINUHHS, 3 T[OKa3HUKAaMH IHIIUX
POCIMHHUX BOCKIB, SIKi BUKOPHCTOBYIOTH JUIS IMX IIiJIeit
(rabm. 1), Oynma mpoBemeHa NOPIBHAUIBHA OIIHKA
MMOKA3HUKIB.

Tabmmms 1 — @i3uko-XiMiuHI XapaKTEPUCTHUKH Pi3HOBUJIIB BOCKIB

TToxa3zHuk KapHa}.IGCBKHﬁ Tapadin BH)KO.HHHHPI BP
BICK BICK
1 2 3 4 5
Kucnorue uncno, mr KOH/r 1-12 - 18-22 2-17
Voane uucio, % I 5-14,5 - 7-11 11,0-12,4
Edipue gncno, mr KOH 75-86 - 87-107 98-108
Temneparypa miasienss, °C 80-90 45-65 60-70 65-73
Temneparypa kpucramzanii, °C 86-90 50-56 60-70 70-74
T'yctuna, r/cm? 0,960-0,970 0,915 0,950-0,970 0,920-0,960
Tloka3HWK 3a7I0MJICHHS, 1,4752 1,4420 1,4467 1,4410-1,4500

3pazok 1

3pazok 2

3pazok 3 3pasok 4

Puc. 1 — 3pa3ku pi3HOBHIB COHSIIHUKOBOTO JIYIITIHHHS

Hnst BU3HAYCHHS HaWOLIBII oJIiitHOTO
corsamHnKOoBoro JymnuHHS (CJI) MOpIBHSIM JTiITi THIHA
samumok BP (pumc. 1): 3pasox 1 — CJI IIpAT 3 1I
«/IHITIPOTIETPOBCHKUIT  ONIHHOEKCTPAaKUiHHIA  3aBOJ
(O3»); 3pazoxk2 — CJI BAT TIIK «Omillpom»,
M. uinpo); 3pazok 3 — CJI (IIpAT «O3», m. Ilonrasa);
3pazok 4 — CJI (BAT «IlosoriBcekuit O3»).

AOH nocATTH HAWIIMIIOTO Pe3ynbTaTy, HEOOXiTHO
HE TUIBKHA PO3POOHTH TEXHOJOTiI0, AKa O ypaxoByBaia
yci MoOXnmBiI (QakTopH, aje ¥ BHKOPHCTOBYBATH
CHPOBUHY HaWOIbLI NMpUAaTHY A BuiyuyeHHS BP —
CHUPOBHHY 3 BEIIHKOIO OJiiHICTIO (pHC. 2.).

[MpoananizyBaBm  OTpUMaHi  JaHi, 3poOMIH
BHCHOBOK, IO HACiHHS COHSIIHUKY, X04a 1 CTaJo
JpiOHime, anme BOHO Oubml oxiliHe. JlymmuHHS 3
HaMOUIBIIMM BMICTOM JiMmiAiB € 3pa3ok. HaciHus Mmae
TOHKE, WIIIBHO TMpWIErae [0  siApa  JIyHINHHHS,
TOBITPSHUNA MPOMIAPOK MDK SAPOM 1 JIYIITHHHIM
MPAKTHYHO BiICYTHIH, TOMY BMICT JIMiAIB y JyIITHHHI
2,8-3,2%.

2,7

26

2.5

2.4 —

23

n

2,1 T T !
1 £ 3 4

Puc. 2 — BMicT BOCKONOAIOHUX KOMIIOHEHTIB y JIYLITTHHHI
pi3HHX 3pa3KiB

Buict BOCKOMOMGHI KOMICHERTIR, %0 Mac,

Pe3yabTaTn gociaiiskeHHss 3a Kjaacuikauiero-
inenTudikauicro  mpomecis  Ta  aaropurMamMu
B3a€EMOii.

Mertoro maHOi poOOTH € TaKOK PO3MIMPEHHS Tamy3eit
BHUKOPUCTAHHS BOCKIB, OJICPXKaHHUX 3 COHSIIHHKOBOTO
JNYIINHWHHS, 3 YpaxyBaHHSAM JaHUX TIONEPEIHBOTO
aHaNli3y BHJUICHUX BOCKIB 3a BCiMa IOKa3HUKAMH
HOPMATHBHOI JOKYMEHTAIlIl raiy3i, a TaKoX HayKOBO-
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00rpyHTOBaHE JIOCT1 JIKCHHS MOJKJIMBOCTI ix

IIPAKTUYHOTO 3acTocyBaHHA [13—18].

Bocku, sk Marepianm, IO 3aCTOCOBYIOTHCA B
CTOMATOJIOTII It 3HATTS  BIiZOWTKIB, THMYaCOBHM
Marepiaj, 3 SKOTO CTBOPIOIOTH MOJENI  Pi3HOTO
MPU3HAYECHHS —  CIelialbHi BOCKOBI  KOMIIO3MIIil

(TEeXHOJIOTIYHI BOCKHM) IOTIOMDKHOTO Tpu3HadeHHS. J{o
BOCKIB TIPEI'SBISIOTHCA TIEBHI BHMOTH 3aJIEKHO Bif
cepu 3acTocyBaHHS:

1) mana ycanka (ue 6inbure 0,1-0,15% 3a o6csrom Ha
KO>KEeH I'pajlyc IpH 0XOJIO/PKeHHI Bix TeMneparypu 90 no
20°C);

2) IOCTaTHI IUIACTHYHI BIACTUBOCTI (IUIMHHICTH ITiJ|
HaBaHTKCHHSAM INIpH TeMmIueparypi B iHTepBam 37—
45°C);

3) moctatHs TBepAicTh mpu Temmeparypi 37-40°C
(mns 3a0e3nieveHHs 30epexkeHHs Gopmu 6e3 CIOTBOPEHB
TIpH BIJTYYEHHI 3 MOPOKHUHU POTA);

4) BIACYTHICTh JIUIKOCTI 1 pO3IIapyBaHHS B MPOLECi
00p0OKH; BiICYTHICTD 30JIGHOCTI (30JIbHICTH HE MTOBHHHA
nepesuryBatu 0,05% micns npoxxaproBanus mpu 500
°C, ToOTO BHUKIIIOUYEHHS yTBOPEHHS HaNbOTy a00 Harapy
Ha CTiHKax (opMH IIiCJIsi BHUNAIIOBAHHS BOCKOBOI
MoJieni);

5) TOMOreHHICTh TpPH PO3M'SIKIICHHI, BiJCYTHICTb
pO3LIapOBYBaHHS;

6) BOCKOBHH IIap TIOBHHEH TPUMATHUCSA Ha MO i
3poIIyBaTHCS 3 IONEPENHBO HAHECEHHM  IIapOM
Marepiainy;

7) MonenroBaIbHI BOCKH MOBUHHI OyTH modapboBaHi
B SICKpaBi KOHTPACTHI KOJBOPH, IO OOJIETIIYE TPOIEC
MOJICIIIOBAHHA, 1 TpW IboMy He ¢apOyBaTH TiNCOBY
MOJIETIb.

Ciin BII3HAUWTH, WO Taki CyNepewInBi BUMOTH
(HampuKJIaA, KPUXKICTh 1  eJacTH4HICTh, 1  1H.)
HEMOXXJIUBO 00'€HATM B OJHOMY YHIBEpCaJIbLHOMY
BOCKY. [{¥M i TIOSICHIOETHCS BEIIMKE PI3HOMAHITTS BOCKIB
3yOoTexHIuyHHMX. [JJIi CTBOPEHHS BOCKOBHMX KOMITO3MIIH
3aCTOCOBYIOTHCS BOCKH NMPUPOHI (MiHEpaIbHI, POCITUHHI
i TBApMHHOTO TOXOJDKEHHs), CHHTETHYHI (TIoiiMepHn) i
MoaudikaTopu (CMOJH Pi3HOI PHUPOIU 1 PEYOBHHU, SKi
HAlpaBICHO  3MIHIOIOTH  BIIACTHBOCTI  BOCKOBHX
cymimreit). IlpupomHi BOCKH MICTATh B OCHOBHOMY
BYIJIEBOJHI (TapadiH, 1epe3nH, 030KEPUT, BiCK-MOHTaH)
1 €eCTepH BUIIMX XUPHUX KUCIIOT 1 BUIIMX OJHOATOMHHX
CHMpTIB (CTeapuH, BOCKU OKONMHUN, KapHAyOCHKHH Ta
iHmi). Bei 1l KoMroHeHTH, CHIBBIIHOCHI MK co000 B
NEeBHIH MOpomopiii, JO3BOJISIIOTH OTPUMAaTH BICK 3
HaOOpOM  JOMIHYIOYMX  BJAaCTHBOCTEH,  ski ¥
3YMOBIIIOIOTH 1X KIIIHIYHE 3aCTOCYBaHHS Y CTOMATOJIOTI.

3aJIe)HO BijJ 3aCTOCYBaHHS BOCKHM NMPUHHATO JUIATH
Ha TPW TPYNH: MOJETIOBANBHI (JUII BKJIAIOK, JTUTTEBUIA,
0a3uCHUI); MOTMOMIXHI (JINTIKWHA, YHIBEpCATBLHUH, IS
pi3HUX pOOIT); KOPEKTYBaJbHI.

HaBiTh 3 BOCKY XOpOIIIOi SKOCTI MOJEIh MOKE MaTh
HAJUIMIIKOBI BHYTPIIIHI Hanpyru, SKIo i CTBOPUTH 3

JIeIKUM ~ TIOpYLIEHHsIM  TexHoJioril.  Slkmo  Bick
PO3M'SIKIIYIOTH ~ LIUIIXOM ~ HarpiBaHHs 1 TOTIM
OXOJIO/DKYIOTb, TO BIH MJNAEThCS Aii BHYTPIIHIX

HanpyxeHb. [loBTopHMI HarpiB, a B psAIl BUIAIKIB

NpocTO TpuBaie 30epiraHHs OTPUMaHOI MOJENi, MOXXe
npu3Bectd g0 i gedopmyBaHHS. 30epiraHHs B
OXOJIOJDKCHUX YMOBAX CHPUSE JNESIKOMY 3MEHIICHHIO JIc-
(hopmarrii gepe3 3HATTS HANPY>KEeHb, SKi OLTBIIOI0 MIPOIO
BHUSBIIIOTHCS B TIepITi 2—3 TOMWHU TICJISI BUTOTOBIICHHS
Moe.

[HImOI0 XapaKTepUCTUKOI0 BOCKOBUX MOJENEH, MPo
SKy TaKOX HeoOXiHO mam'aTath, € KoedimieHT
terioBoro posmupenHs (KTP). Ile ogwH 3 HemOIKiB,
SKAH OUIBIIOI0 YK MEHIIOK MIpOI0 BIACTHBHH BCIM
Cy4acHHM BOcCKaM. MoenoBaibHi Bocku MaroTh KTP
OLITBIIE 1HIIOTO CTOMATOJIOTIYHOTO MaTepiaiy: Bix 300 X
10-6 ° C o 350 x 10 °C.

ToMy cinig mam'sTaTH, IO MPU BUTOTOBICHHI TOYHHUX
KOHCTPYKLIA 3 BOCKY MOXIUBA IX Yycaaka IIpH
OXOJIOPKEHHI. | KO0 HE KOHTPOJIOBATH 3MiHa PO3MIpiB
MOJIeN, sSIKa TMANAEThC il mepenamy TeMIeparyp, i He
B)KMBATH 3aX0JliB, KOMIICHCYIOUUX YCAIKy, TO PO3MipH
MOJIeTIi MOXYTh 3MIHIOBATHCS HABiTh B JECATUX YaCTKaX
BiJICOTKA. BHIyCTUTH XOpOIINi BICK, KU 33J0OBOJILHSIE
BUMOTaM TEXHiKa, TOOTO I HEMPOCTE 3aBJAHHSI, TOMY
II0 YaCOM Yy KOXKHOTO CIemiaicTa i€l
rayiysi € CBO€ CIPUHUHATTS BOCKY B poOOTi 1 3 IPUBOIY
OJTHOTO 1 TOTO K BOCKY 4acCTO 3yCTpPi4alOThCs JyXKe pi3Hi
OyMKH. Bick 3y0OTeXHIYHHMH pI3HOTO IPHU3HAYCHHS:
0asucHMH 1 TIPUKYCHI BaJIMKH, MOJICIIOBAIBHHH,
MOTPYXXHUHM, IUIKUid. Bick 0a3uCHUE 3aCTOCOBYETHCS
JUSL  MOJETIOBaHHA  0a3ucCiB  3HIMHHX  TPOTE3iB,
OPTONOHTHYHUX amapaTiB 1 IHIUBIAyadbHUX JIOXKOK,
BUTOTOBJICHHS BOCKOBHX ©0a3WCiB 3  OKIIO3iHHIMH
BanuKaMy (MAOJOHIB) 1 BHITYCKA€EThCS Y BHUTISAIL
NPSIMOKYTHUX IUTACTHH POXEBOTO KOJBOPY PO3MipaMu
(170 x 80 x 1,8) mm B ynakosui o 500 r. Bick Bosioaie
BUCOKOIO  IUIaCTHYHICTIO, J00pe  (dopMmyeTbcs B
po3irpiToMy craHi, 0OpoOJsE€TbCS ITHCTPYMEHTOM, IO HE
JIAMAKOYUCh 1 PO3IIAPOBYIOYHCEH; MA€ TIIAAKY MOBEPXHIO
MIiCJI JISTKOTO OIUTABIICHHS HAJ TOJYyM'sSM IaJIbHUKA;
MOBHICTIO 1 0€3 3aJIUIIKY BUMHBAETHCS KHILISTYOK0 BOJOIO
3 rincoBux (GopM. 3aBISKM HE3HAYHOIO TEPMIidHOI
yCaJIKH, BicK 30epirae CTaJicTh JoAaHoi ¢opMu 6azucy
Ha TirncoBii Mojeni. JIo ckiamy BOCKY BXOASATh: mapadiH,
SIKAI nobpe CKOOJTIO mmaTesnem; [epe3uH,
MiBUIITYBaJbHUN CTIHKICTh BOCKOBOI KOMIIO3HINII 10
OKHCIJICHHSI, pPDKEThCS, HE mpucrae 1o 3y0iB, He
PO3CHIIAETECSA TPH PO3MHUHIN; OJDKONMHUEM BICK, IO
MOJIMIIYE TUIACTHYHICTh 1 MOJCTIOBAIBHI BIACTUBOCTI
KOMITO3HMIIi1, @ TaK0oX JuIsl OLIbIIoro KoM(popTy namieHra
HAJa€ TPUEMHUN 3amax Meny. Bick MoentoBalbHHIMA
NPU3HAYCHUH JJIsi BUTOTOBJICHHS BKJIAJOK, KOPOHOK,
BCTaBOK, JIUTHX KJIaMepiB, HAIMBKOPOHOK, AYT 1 KapKaciB
OrorenbHMX 1 MOCTOBHAHUX MPOTE3iB METOIOM JIUTTS IO
BUIUIABIIOBAaHUX Moensix. OCHOBHIMH KOMITOHCHTAMH
BOCKY, IO 3aCTOCOBYIOTH 3apa3 y CTOMATOJOTil €
napadin, nepe3uH, HaTypaabHi i CHHTETUIHI CMOJIH.

Ilepen MomemoOBaHHAM CHCTEM CTOMATOJIOTIYHHX
MaTepialiB  MONEPEAHBO BICK  HEOOXIMHO  3Jerka
PO3M'SIKIIUTH HAJ| MOJyM'sIM MaJbHUKA a00 iJ JaMIIO0
pOKaproBaHHs, a00 MOMICTHBIIM B BOISHY OaHIO MPH
temriepatypi Boau 45-50°C wHa 3-5 xBuiMH, He
JIOMTYCKAKOUYHW OIUIABJICHHS 1 po3TikaHHsA. [leperpiB BocKy
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MPU HASBHOCTI IHITUX KOMIIOHCHTIB CHUCTEMH TYT XK€
MPU3BOJUTE 10 Horo HempuuatHocTi. [Ipm pospobui
pelenTypy MorpyXxHOro BOCKY BPaxOBYBaJIOCSI OCHOBHA
BUMOTa J0 TaKUX KOMITO3MIIH: BICK IMOBHHEH CTBOPUTH
HEOOXigHy TOBIIMHY CTiHOK KOBIIA4Ka, IPH IIbOMY
KOBITQa4OK TOBMHEH OYyTH B Mipy €JIaCTUYHHM, ajie He
nedopmyBaTHcs. Bick 3y0oTeXHITHHAN TOTPYKHUH SABIISIE
co00I0 BOCKOBY TIO3MINIO, IO O3BOJSE OTPHUMATH
BOCKOBWH KOBMAadoK 3 ToBImMHOIO cTiHOK (0,35 £ 0,05)
MM. PoGoua temmepatypa — Big +75 no +90 °C, uac
3aHYpEHHs — 2 CEeKYH/IH.

Bunyckaerbcs y  BHIUISAI  yCIYEHMX  KOHYCIB
BU3HAYCHOro Koibopy (HaBaxka 150 1), npm
MIPaBWIIBHOMY JOTPUMAaHHI METOIUKH — MPOCTUH B NpHU
TpaHcopManiiHUX ~ 3MiH: B  BOCKOBY  BaHHOYKY
3aBaHTAXYIOTh BOCKOBI KOHYCH, PO3IDIABISIOTH IX 1
HarpiBarOTh po3IuiaB a0 Ttemmepatypu 85-90°C, He
TeperpiBaodu BiCK. [Itam6uK, TIOKPUTHI
KOMMEHCAIITHIM JIakKOM, 3aHypIOIOTh B PO3IIIABIICHHHA
Bick. Uepes 2 cexyHIu mTaMOMK BUIMAIOTH 3 PO3ILIABY
BOCKy, 30epirarloun Ha KOPOTKMII dYac KOHTakT 3
MOBEPXHEIO BOCKY, IO J03BOJHUTh YHUKHYTH YTBOPCHHS
Kparuli Ha KOBMNAyKy. bararopa3oBo BHKOpUCTaHHMH BiCK
HEOOXIJTHO YacCTillle MIHATH 1 HE 3MINIYBAaTH 3 HOBOIO
MOPLI€I0, TaK SIK BICK 3a0pyJHIOETHCS 130JIF0BaHHS 1 HOTO
SKICTh 3HW)KY€ETHCS.

Jlo BOCKy JNHIIKOTO OCHOBHa BHMOTA — CKJICIOBATH.
Bick numkuii  3aCTOCOBYETHCSI B CTOMATOJIOTIUHIH
TIPaKTHUI TSI CKJICIOBAHHS JIAHOK METAJICBHX IPOTE3iB
MpU  MATOTOBI IX 1O CHAIOBaHHA, a TaKoX
BUKOPUCTOBYETBCS TPH PEMOHTI 3HIMHHX IPOTE3iB 1
3'emHaHHsA  (QparMEeHTIB  TIlCOBUX  Mojeneil. Bick
3yOOTEXHIUYHUH UK BUITyCKAETHCS SIK LIMJITHIPUIHUX
MATAYOK JOBKHHOK 82 MM 1 mgiametpoMm 8,5 MM,
KOPUYHEBOTO Koibopy, mo 10 mryk (HaBaxkka 50 r),
MICTUTh HaTypalbHI 1 CHHTETHYHI BOCKM Ta KaHi(OJb,
o 3abe3neyye XOpolly aares3ito J0 MeTaly i rincy (He
meHie 0,9 MIla).

Bick Bosomie HeOOXigHOK I CTOMATOJOTIT
MIIOHICTIO, Mae€ 3py4Hy M 3acTOCYBaHHSI (opMmy
(manmmukn). Temrmepatypa KarurenagiHHS BOCKY JIUITKOTO
—He MeHmre 65 °C, 3ompHicTh TpH TemmepaTypi 500 °C —
He Oinpme 0,2%. Y HarpiToMy CTaHi BiCK JUIKHHA 100pe
PO3TIKAETHCS 1 TOUHO 3'€JHYE EIEMEHTH IIPOTE3iB.

Pe3yabTaTn JOCJTiIKEeHHS TeXHOJIOTIYHUX
MOXJINBOCTell BHPOOHMITBA POCJIMHHHUX BOCKIB.
Po3po6iieHO IPUHIUIIOBY CXEMY HpoLecy BHI0OYBaHHS
BP 3 cowsmmukoBoro ymmuHHS  (puc.  3) 3
ypaxyBaHHSM IATOTOBYMX Ta 3aKIIOYHUX CTadid
BUpOOHUITBA [1-5].

Po3po6eHO THITOBY TEXHOJIOTIUHY CXEMY TIPOLECY
BuirydeHHs BP 3 comsmmmkoBoro mymmuHHS (puc. 4)
OTpumaHe Ha CTalil MIEpeTyBaHHS HACIHHS JIYIITHHHS
HaJXOIWUTh B €KCTPAKTOP i3 COPOUKOIO 2, IO eKCTpaKTopa
yepe3 (GopcyHKH 3Bepxy, Hacocom 11  d@epes
TEIJIOOOMIHHMK 1 3 €MHOCTI Uit pO3YMHHUKA 9
nojaeThbes rekcad. OTpuMaHa micuena B raps4oMy CTaHi
MIPOXOJUTH Yepe3 JHUCTOBUH (QinbTp 3, 1€ OYMIIyETHCS
Bil CMITT€BHX JoMimiok. Jlami ouwMIeHa Micuesa

HacocoM 10 mogaeTses B KpUCTaizaTop 7, Ie IPOXOIUTh
BUMOPOXKYBaHHS BOCKOMOAIOHIX KOMIIOHCHTIB.

[liaroroeka CHPOBHHK 10 eKCTpaKiii
(BMICT CMITTEBHX JIOMIIIOK, CKIaX

napriif)
Excrpakuia omiinux peuosny 3
COHAIHHKOBOTO JIYIITHHHSA

(tex=34-537C. =4 ron. 8=3:1)

h

MiBTpaliis MiCHeH
(=10°C)

¥

Kpneranizauia sockononitunx
KOMITOHEHTIB 3 PO3UMHY MiCleH
(1=4-8°C, =4 roa. 5=3:1)

¥

@inbTpanis BOCKONIOAIOHIX KOMIIOHEHTIB
(tp= 1PC)

l

[IpoMuBKa BOCKOMOAIDHMX KOMIIOHEHTIR
(thow=20°C, 8=2:1)

Cymka BOCKONOTIOHIX KOMIOHEHTIE
(tyw=20°C, P=0,1MIIa)

A 4

Konrtpoas napamerpie BockonoaiGHux
KOMIOHEHTIB
(tw=73%C)

Puc. 3 — IIpMHIIMIIOBOI CX€Ma MPOLECY BUIjOyBaHHS
BOCKOITOJiOHMX KOMITOHEHTIB 3 JyIIIIHHHS Pi3HUX 3pa3KiB

OtpuMaHuii PO3YMHHUK HAAXOIUTh y €MHICTB JUIs
po3unHHuKa 9 [1-5].

Puc. 4 — Texnonoriyna cxema BHIIy4EHHS
BOCKOIO/{I0HUX KOMIIOHCHTIB 3 COHSIIIHUKOBOI'O
JYIIMAHHS METOJIOM TEPKOJIALIT

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini
docriddicenns y Haykogux pobomax cmyoenmis, 2021, Ne 1 (1361) 51



ISSN 2220-478 (print), ISSN 2663-8738 (online)

BimmineHHs KpUCTalmiB BOCKY BiOYBaeThcs Ha
muctoBoMy  ¢inmbtpi 5, 3Bimkm orpumani BKCII
HaNpaBJsIOTBCSL Yy €MHICTH Uit 30epiraHHs 6, a
Bin(ibTpOBaHa Miciena, JJIs BIATOHKHM Ta TOJAIBIIOTO
BUKOPHCTAHHS PO3YMHHUKA TIOAAETHCS Y NUCTHISATOP 7,
Mapu 3 SIKOTO KOHJIEHCYIOTBhCS B TEIIOOOMIHHHKY 8.J[7s
BH3HAUEHHS  palliOHaJbHUX  IapaMeTpiB  MpoIecy
MPOBOJUTHCSI aHAJ3 BHUXOAY POCIMHHHX BOCKIB 3
COHAITHWKOBOTO  JIYIINUHHS B  3QJEXKHOCTI  BiA
TPUBAJIOCTI €KCTPAKLIl Ta po3Mipy JyIINHHHS (IpodiieHe
abo HenopiOHeHe). Opnepxani pe3yibTaTu
NIPEACTABIICH] Y BUIIISAL KpUBHX (pHC. 5).

08
. IOPIGHCHE

=il HEMOApiGHEHS
06

05
04 -

03

BHXI BOCKONOMIGHIY KOMIOHEHTIB, %6 uac
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Puc. 5 — Buxig BOCKOTOAIOHMX KOMIIOHEHTIB 3
COHSIITHUKOBOTO JIYIITTHHHS

Hust BU3HAYCHHS MaKCHMAaIIbHOTO BUXOlY
BOCKOTIOJIIOHMX KOMITOHEHTIB MOPIBHIOBAIA €KCTPAKIIIIO
3 MOAPIOHEHOro Ta HemnoJpiOHEHOro JyIIMUHHA. Buxin
BOCKOTIOTIOHUX KOMIIOHCHTIB 3 oIpiOHEHOTO
JNYWINUHHS ~ HWKYAH HDK 3 HemojpiOHeHoro —
noJipiOHeHe JYIIITMHHS Ma€ OUIbLIy IOBEPXHIO 1
KPUCTaJIMI ~ BOCKONOAIOHMX  KOMIIOHEHTIB  J100pe
ancopOyIOThCA Ha TOBEPXHI MOJAPIOHEHOTO JIYIIIAHHS,
Ipu  1IbOMY, TIOAPIOHEHHS JYIINUHHS  YCKIIATHIOE
TEXHOJIOTIYHMM TpoleC Ta 30UIbIIye EKOHOMIidHi
BUTpaTy. He 3aexHo BiJf HASBHOCTI CTaii MOAPiOHEHHS
JYUIMAHAS, UL OJIEPXKAHHS MaKCHMAIIbHOTO BUXOIY

BOCKOTIOJIIOHMX KOMIIOHEHTIB TPOBEIEHHS TMPOIeCy
OpoTsAroM 2 TOJ 3aMallo0 — MAaKCHUMAJIBHMH BHXiJ
BOCKOIIO/IOHMX  KOMIIOHEHTIB  BifIOyBaeTbCcs  IpHU

MPOBEICHI MPOIECY SKCTPAKIii MPOTSroM 6 ToA. AJe BiH
HE3HAYHO BINPI3HAETHCSA BiJ MOKa3HWUKA Tmicis 4 rof.,
TOMY palliOHAJbHUM 3HAYCHHSM TPHBAJIOCTI MPOLECY
MOJKHA BBaXKaTH 4 roJ1.

ExoHoMiuHa OIliHKa PO3POOJICHUX TEXHOJOTITHHUX
pillIeHb MoKa3aa, 0 3aCTOCYBAHHS MEPKOJISIIII B IKOCTI
METONy  BHIOOYBaHHS BOCKIB POCIMHHUX 3
COHSIIIHAKOBOTO JIYIIIUHHS K BiJXOIy OJ€BUIOOYBHOT
rajqy3i i3  3acTOCyBaHHSAM  3acaj  Oe3BiAXOJIHOTO
BUPOOHMIITBA, THUIIOBOIO  yCTATKYBaHHS, JIO3BOJISIE
OJIepKaTH KOHKYPCHTOCIIPOMOKHHUI TOBAPHHUMA MPOIYKT,
SKMH Mae 3HayHO HIKYY BapTicTh Ha piBHI 151,25
IPH./KT, HI)K PO3MOBCIO/DKEHI OJDKOJIMHUIA BICK, BapTICTh
SIKOTO Ha piBHI 640 TpH./KT, KapHayOCHKHI BICK, BapTiCTh
SIKOT'O CTAaHOBHTH OJ13bK0 1790 TpH./KT.

BUCHOBKH Ta  NepPCHEKTHBH  MOJAJBIIOTO
PO3BHTKY JaHOT0 HANMPSAMKY. [IpakTHuHA 3HAYUMICTH
NPOBEACHUX  JOCTIUKCHb 3  BHSBICHHA  3B’SI3KiB
OCHOBHHMX XapaKTEPUCTUK KOMIUICKCHUX CHCTEM Mae
HACTYITHI aCITIeKTH: €KCIIEpUMEHTaIbHe OOIPYHTYBaHHS
MOXXJTUBUX  HAINPSMKIB  MMEPEpOOKH  BiAHOBIIOBAHUX
POCIIMHHUX BIIXOMIB — COHSIIHMKOBOTO JIYLIMHHHS 3
OTPUMaHHAM IIHHUX PEYOBHUH 1 MaTepialliB 3 Pi3HUMH
(yHKITIOHATEHUMHU BIACTHBOCTSMHU.

PesynbTaTil JOCTIKEHHS MMOKA3JId MOXIJIMBOCTI 1X
3aCTOCYBAHHS JUIsI PI3HOBUAIB TEXHOJOTIYHHUX TPOIIECIB
y SIKOCTI CHPOBHHHOTI'O PeCypCy, HAPHUKIA:

1. BwusHayeHHs METOAIB  JOCHIMKEHHS, IO
JI03BOJISITh BCTAHOBUTH HAaYKOBO-OOIPYHTOBaHI BHUMOTH
JIO PI3HOBHUJIIB TEXHOJIOTIYHUX MPOIIECIB.

2. Jlns BH3HAYEHMX YMOB Ta XapaKTEPUCTHK
MPOIIECiB  3aMPOIMOHOBAHO PI3HOBUAM TEXHOJOTTYHUX
cxeMm, mi0 3a0e3rmeyye BUKOHAHHS  crienH(pigHUAX
MOKA3HUKIB Y PI3HOBUIAX TPOIIECIB BUPOOHHIITB.

3. ITix gac mocimimKeHb BCTAHOBJIEHA HEOOXITHICTH
(dbopMyrOBaHHS OIIIHKA SIKOCTI Ta XapaKTEPHCTHK
KOMIUIEKCHHX ~CHCTEM Y  CIHCI[aJbHUX  [polecax
BUPOOHUIITB.

Cnip BIAMITUTH, TOCTiHiHE 3pOCTaHHS IONHUTY Ha
0e3MeKy KUTTEIISUILHOCTI JIFOIUHH, TOOTO:

® 3aCTOCYBaHHS BUCOKOC(EKTUBHUX 1HHOBAIIHUX
KOMIUIEKCHUX TEXHOJIOT1#, TEXHIKH Ta 00JaHAHHS,

® BHBYCHHS EKCIICPUMCHTAIBHUX JTAHIX
3aCTOCYBaHHs BOCKOITOTIOHUX KOMIIOHCHTIB 3
COHSIIITHUKOBOTO JTYIITTAHHS TSt PI3HOBHUIIB
TEXHOJIOTIYHUX TMPOIECIB  CTOMATOJNOTii Yy  SKOCTI
CHPOBUHHOTO PECYpCY;

® BHECEHHSI MPOMO3MUINi MO0 BJOCKOHAJICHHS
CHUCTEM 3aCTOCYBAHHsI BOCKOIOIIOHMX KOMIIOHEHTIB Yy
PI3HOBHIaX TEXHOJIOTTYHHX IIPOLIECIB CTOMATOJIOT .

i dakropu CTUMYIIOIOTH MOAATbBIIC PO3BUHCHHS

JIOCHIIKCHB 3 METOIO0 po3po0KHU Cy4acHUX
EHEeProcheKTUBHUX CUCTEM 3aCTOCYBaHHS
BOCKOIIOJIIOHUX KOMITOHCHTIB y pi3HOBHIAX
TEXHOJIOTIYHUX mpolecis [ 1-8, 14-23].
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C.U. BYXKAJIO, JIJI. PYTHEBA, B.O. OJTbXOBCKAA
PA3BUTUE UHHOBAIIUA MPUMEHEHUSA PACTUTEJILHBIX BOCKOB B CTOMATOJIOTAA

B Marepmanmax cTaTbM paccMaTpUBAcTCSl BO3MOKHOCTb INPHMEHEHHS B CTOMATOJIOTHH PACTHUTENBHBIX BOCKOB,
TEXHOJIOTHSI W3BJICYCHHUS KOTOPHIX OCHOBAaHA HAa MWCIOJNB30BAHUM B KAdeCTBE CBHIPhSI MOACOIHEYHOW IIy3IH.
PazpaboTaHel M HCCIEIOBaHBI HEKOTOPHIE TEOPETHUECKHE M SKCIECPHMEHTAIBHBIE MOJAEIH TEXHOJOTHH C y4ETOM
MPOBEICHHOTO aHAIM3a JINTEPATYpPHBIX HCTOYHMKOB HH(popMaryy. OnpeneneHsl HANpaBICHUS ONTUMH3ALUH U
MOBBILIEHUS SHEProd(PEeKTUBHOCTH CHCTEM C KOHKPETH3alMeH THUIOBBIX MEpONPUSTHH Npou3BoAcTB. OmnucaH
ITOPUTM MHTCHCU(UKAIIMN Pa3BUTHUS PbIHKA — BBISBICHUE CBSI3€H OCHOBHBIX XapaKTEPUCTHK KOMIUICKCHBIX CUCTEM
MEJIMKO-OMOJIOTHUECKUX acIeKTOB Kak cpejabl OOMTaHMs 4enoBeka B cdepe OkazaHMs MEIULIMHCKHUX YCIyr M
B3aUMOJICHCTBUS C OKPYXKAIOIUM IPOCTPAHCTBOM C LEIbI0 NPEAYNpPEXACHHUS PacHpOCTPAHEHHs] Pa3HOBUIHOCTEH
3a0o0ieBaHMi: BHIOOP METOZA M3BJICUCHHSI PACTUTEIBHBIX BOCKOB — CBHIPhSl M NMPOJYKTa Pa3HOBHIHOCTEH IMUIIEBOH 1
JpYTUX TEXHOJOTHH; Kinaccudukanus-uaeHTUGUKanus GakTopoB U XapaKTepUCTHK, BIUSIOMMX Ha 3(QEKTUBHOCTH
BBIOPAaHHOTO METOJIa TEXHOJIOTUH U3BJICUCHNUS; CPABHUTEIIbHAS XapaKTEPHCTHKA BUIOB CHIPbS] TEXHOJIOTUH W METO/IOB
ec HCCIEJOBaHMsA; HAydHOE OOOCHOBAaHME M pPACUYETHl ONTUMAJIBHBIX IMAapaMETPOB CHUCTEM TEXHOJOTWH; BBIOOp
COBPEMEHHBIX TEXHOJOTMYECKUX CXEM M 00OpYIOBaHHWS Ul CHEIHAIBHBIX METOJOB HCCIIEAOBAHUS BO3MOKHOCTEH
MPaKTHIECKOTO IPIMEHEHHUS] BOCKOB B CTOMATOJIOTHH.

KnroueBble cjI0Ba: TOACOTHEYHAs Jy3ra, PAacTHTENbHBIC BOCKH, O€30MacCHOCTh CBIPbS M MaTepuaioB B
CTOMATOJIOTHUH, aJlTOPUTM JEHCTBUS.

S.1. BUKHKALO, L.L. RUDNIEVA, OLKHOVSKA VICTORIA

DEVELOPMENT OF INNOVATIONS IN THE APPLICATION OF VEGETABLE WAXES IN
DENTISTRY

The article discusses the possibility of using vegetable waxes in dentistry, the extraction technology of which is based
on the use of sunflower husks as raw materials. Some theoretical and experimental models of technology have been
developed and investigated, taking into account the analysis of literary sources of information. The directions of
optimization and improvement of energy efficiency of systems are determined with the specification of standard
production measures. An algorithm for intensifying market development is described - identifying the links between
the main characteristics of complex systems of biomedical aspects as a human environment in the provision of medical
services and interaction with the surrounding space in order to prevent the spread of varieties of diseases: the choice of
a method for extracting plant waxes - raw materials and products of varieties of food and others technologies;
classification-identification of factors and characteristics that affect the efficiency of the selected method of extraction
technology; comparative characteristics of raw materials of technology and methods of its research; scientific
substantiation and calculations of the optimal parameters of technology systems; selection of modern technological
schemes and equipment for special research methods of the possibilities of practical application of waxes in dentistry.
Key words: sunflower husk, vegetable waxes, safety of raw materials in dentistry, algorithm of action.
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JOCJIIKEHHSA BIVINBY OCHOBHUX TEXHOJIOTTYHUX TAPAMETPIB (TEMIIEPATYPA
PO3UHUHY, HABAHTAKEHHS 110 TA3Y) HA EOEKTUBHICTH IIPOIIECY KAPBOHI3AIIIL B
MPOMUCIIOBHUX YMOBAX

B mpencraBieHiii cTaTTi MpOaHANI30BaHI MOMJIMBOCTI MIJBHIICHHS €(QEKTUBHOCTL npoueciB BI/Ip06HI/IIITBa OYHILICHOI'O
OikapOoHaTy HaTpilo, HamnpHKiaJ, O3HAYCHO, IO IHTCHCHBHICTb NEPEMIlIyBaHHS BiIirpae JOCHTH 3HAYHY pOJIb.
Henomiku «KIacn4HUX» KOHCTPYKIii OikapOOHATHUX KOJIOH BHU3HAYCHI 3a PaXyHOK JOCIHI/PKEHHS BIIMBY OCHOBHHUX
TEXHOJIOTIYHUX IapaMeTpiB Ipouecy KapOoHi3auii B NMPOMHUCIOBUX yMOBax BHPOOHMUTB. IlpexcraBieni pesyibraTi
EKCIIepUMEHTAJIBHOT TIEepeBIpKH MOJJIMBOCTI iHTeHcHpikamii mpomecy kapOoHi3amii como0ikapOOHATHOTO PO3YHMHY ILITXOM
Hi,HBI/IH_IeHHFI Ta30BOro HaBaHTaXXCHHA B IPOMHCIIOBUX yMOBax. Busnaueno HaiiOIbII ONITUMAIIBHI q)i3I/I‘{Hi TMOKa3HUKU IIPOBCACHHS
nporecy kapOoHi3awii como0ikapOOHaTHOTO PO3UYHHY IPH SKOMY JOCSTa€ThCsl HallKpala sIKiCTh KIHI[EBOTO MPOIYKTY; 3pOCTaHHS
ra3oBOr0 HABAHTAXXCHHS CHPUYHHSE 3POCTAHHS KIJBKOCTI JPIOHMX KPUCTANiB, SKE CYMNPOBOIXKYBAIOCST
HE3aJI0BIJIBHUM BUXOJIOM CYyCIEH3ii 3 KOJIOHH. BH3Ha4eHo, IO mepir 3a Bce, e OyJlno 00YMOBICHO 301NIBIICHHSIM
CTYIICHsI MPOra3oBaHOCTI piAKOi (a3 B KOJOHI NpPU IiJBUIICHHI Ta30BOr0 HABAHTAXKCHHS; ONTHMAJIBHOIO
TEMIIEpPaTyporo cof00ikapOOHATHOTO PO3YMHY BH3HaueHa Temmeparypa 82°C mpu razoBoMy HaBaHTaxeHHI 2900—
3000 BM’/ro;, IO CyHNpOBOIXKYBAIOCS yTBOPEHHAM HAMOIMBIIOI KiNbKOCTI KPYMHHMX KPUCTAJNIB NpPH HaMMEHIIii

KUTBKOCTI APIOHOIUCTIEPCHUX KPHUCTAIIB i BIUIMBAE Ha €PEKTHBHICTH POMUCIOBOTO TIPOLECY KapOOoHizatii.
KiouoBi ciioBa: ounienuii 6ikapOoHaT HaTpit0, KapOOoHizallis, 6ikapOOHATHI KOJIOHHU, Ta30BE HABAHTAXKCHHS.

Berym. Ha  cporommimuili  geHp  00CSITH
BHPOOHHUIITBA  OYHWINEHOrO  OikapOoHATy  HATpiro
3pOCTalOTh [IOCHTh BEIUKUMH TeMIaMH. lIpuanHOIO
TAKOTO 3POCTaHHs € TOMUT Ha IIeW TMPOIYKT 31 CTOPOHH,
mepm 3a  Bce, xapuoBoi Ta  (hapManeBTHYHOI
MPOMHCIIOBOCTi, 3YMOBJICHUU LIOPIYHUM 3POCTAHHIM
YHCEJIBHOCTI HACCIICHHsS HAIIOi IUTaHETH. Y 3B’S3KY 3
UM, [EPIIOYCPTOBOKD 3aJadyci0 Ui Oyap  SIKOTO
COJIOBOTO BHPOOHHWIITBA € 3a0€3TMeueHHS ITiIBUIICHHS
HOTO TPOXYKTUBHOCTI [1-5], Hampukiaj, TOCITiKEHHS
Ta BU3HAYCHHS KOHCTPYKIIiH MeXaHiYHUX abcopOepiB, y
SIKUX TIOBEPXHS KOHTAKTY B3aeMOJIii (a3 yTBOPIOETHCS 3a
paxyHOK TMmiaBeneHoi 330BHI MeXaHiuHid eHeprii abo
MMO3UTHBHUNA IOCBIJ 1 aHai3 YMHHHKIB, IO BIUIMBAIOTH
Ha MpPOIEC TEepPMOOOPOOKH, Ha TPHUKIAI KaIbIIUHAILI]
TEXHIYHOro OikapOoHaTy HATpilO B amaparti 3 IMITyJILCHO-
TMICEBI03PIIKCHUM ILIAPOM.

Sk mpaBwio, UIABHINICHHS  MPOJYKTHBHOCTI
BUPOOHHMIITBA CONU Ta COMOMIPOIYKTIB y OUIBIIOCTI
BUIIAJIKIB OB’ I3aHO 3 HEOOXIIHICTIO 3MIHH
KOHCTPYKTUBHUX XapaKTEPHUCTHK OCHOBHOTO KOJIOHHOTO
obnmagHaHHA, a camMe —  JlaMeTpy  armaparis.
KoHCTpyKTHBHE BIOCKOHAJCHHS 3aBXKIW IOTpeOye
3HAYHUX KalliTAIOBKIAJCHb, y 3B’S3KYy 3 UYHM, IPH
MOXKJIUBOCTi, CJiJI 3BepTaTH yBary Ha iHIIN BapiaHTH
ONTHMI3allii BUPOOHUYHX MPOIIECIB.

IlocTanoBka npodJjeMH y 3arajbHOMY BHIJISIAIL
VY npouecax BUPOOHMITBA OYMIIEHOTrO OikapOoHATY
HATpPil0 IHTEHCUBHICTh IEPEMIlllyBaHHs Bilirpae IOCHTh
3HAYHY POJIb:

Mo-TiepIie, BOHO OOYMOBIIIOE BHUHECEHHS IPiOHMX
KpUCTATIB B BEPXHIO YaCTHHY KOJIOHH, SIKi Tam
BiZIIrPArOTh POJIb IIEHTPIB KPUCTATI3AIlil;

Mo-7pyre, iHTEHCHUBHE TIEpEeMIlTyBaHHS 3amobdirae
BiIKJIaJaHHIO OikapOOHATY HATPIiIO SK Ha TapiJikax, Tak i
B HWOKHIM YaCTHHI KOJIOHH.

Tak, i1 oTpuMaHHSA KpHUCTaNiB OikapOoHaTy
HATPiI0 XOpOmIoi SKOCTI Ta JOCTaTHBOI KPYITHOCTI B
OikapOOHATHHX KOJIOHAX HEOOXIMHUH JTOCUTH BEITHKHUI
yac nepeOyBaHHS pinuHuM B anapati. Lle oOymoBiroe
BeJIMKI radaputu 0ikapOOHATHUX KOJIOH i, SIK HACIHIiJOK,
HU3BKI IMIBHJKOCTI Ta30BOi (ha3u.

Oco0MMBO  BINYYTHO BIUIMB  IIBUAKOCTI  Ha
TLAPOMHAMIKY B HW)KHIA YaCTHHI KOJIOHH, JI¢ BUTPATH
rasy Maji e ¥ B CHJIy BHCOKOTO THCKY. lle mpu3BoIuTh
JI0 HEpPIBHOMIPHOTO pO3MOJTY Ta3y IO TMEpPEeTHHY
amapary, [OTaHOr0 KOHTAaKTy Ta3y 3 PpIAHMHOIO,
MIBUAKOMY 3apOCTaHHS By3/la BHBAaHTAXKEHHS, MIO0
BUMArae moJaJibIoro MPOMHUBAHHS KOJIOHH.

UYacri 3ynmuHkn 0ikapOOHATHUX KOJIOH Ha IPOMUBKY
3HWKYIOTh BUTpPaTHI Koe(illieHTH BUXIIHUX MarepialiB
Ta MPOXYKTUBHICTH KOJIOHU.

B «knacuuHMX» KOHCTPYKLISIX OikapOOHATHHX
KOJIOH Bi/IBEZICHHSI CYCIICH311 3A1HCHIOEThCS, SIK IPABUIIO,
yepe3 IITyLEp B AHUIL KOJOHM, IO HACIpaBali HE €
oyke e(QEeKTUBHMM. Y [HUIII KOJIOHH BiJOyBaeThCs
3TYIICHHS CyCHeH3ii 1 BigkmameHHs OikapOoHaTy.
HasiBHICTh TOpHU30HTAILHHUX AUITHOK Ha TPYOOIIPOBOJI i
3amipHOi anapatypd B LbOMY BHOAJKy IPU3BOIUTH 0
3a0MBaHHA 1 BUMarae mpomaploBaHHs TPyOONIpoBOIiB [6,
7]. THOIUM HEJOJIKOM «KIACHYHUX» KOHCTPYKIIIH
OikapOOHATHHX KOJIOH € HEePiBHOMIpDHHH PO3MOJILT Tra3y
3a TIONEPEYHHUM MepepizoM, OOYMOBIEHHH HU3BKUMHU
HABAaHTAXXCHHSAMHU IO Tra3y, SKi CHIBHO 3HIKYIOTh
e(eKTUBHICTH POOOTH amnapaTis.

Binbur piBHOMIpHUI PO3MOALT Ta3y 3a MONEPEYHUM
nepepizoM KOJIOHH 301IbIIYE MTOBEPXHIO KOHTAKTy (a3 Ta
inteHcudikye mnormmHaHHd CO, B HIWKHIA YacTHHI
kosonu. Ile mo3BomuTh [8, 9], y cBOIO Uepry, MpOBECTH
MO3UTHUBHI 3MiHU TIPOIIECIB BUPOOHUIITBA, HAITPUKIA:

© Iopoxus M.®., 2021
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- 30UIBIIUTH TIPOOIT KOJIOHN MIXK YHCTKaMH;

- MiIBUINUTH 1i NPOAYKTUBHICTH 33 PaxXyHOK
3MEHILECHHS 3yIIMHOK Ha IIPOMHBAHHS;

- monimmutu abcopbuito CO, B HIDKHIN YacTHHI
KoJIoHH i 3HU3UTH BTpatu CO»;

- TIOJIIIIUTH SKICTh KPUCTAIIB.

TakuM 9YMHOM, OCHOBHHII aKIeHT NPH BHUPIMICHHI

MUTaHb  iHTeHCHikamii  mpomeciB  KapOoHizamii
como0ikapOOHATHUX  PO3YMHIB TPH  BHPOOHHITBI
ounuieHoro  OikapOoHaTy  Harpito  Mae  OyTH

CHPSIMOBaHMM Ha THTAaHHS ONTHMIi3allil TEXHOJOTTYHHX
rnapameTpiB (THCK ra3y B KOJIOHI, TeMIIepaTypa Mpolecy,
koHueHrpauis CO; B ra3i Ta iH.), a TakoX Ha

3a0e3MeueHHsT PIBHOMIPHOIO  pO3MOALTY rasy IO
NepeTHHY KOJIOHW, Ta Ha 3a0e3NedeHHs IHTEHCHBHOTO
TIepeMilTyBaHHS.

Buxomsun 3 amamizy SK JTepaTypHHX TakK i
BUPOOHMYMX MJAaHUX MOXHA BCTAaHOBHTH, IO HAa
CHOTOQHIIIHIA JIIEHb BHPOOHHUIITBO OYMILIEHOTO
OikapOOHATy HATpil0 TOB’s3aHE 3 HHU3KOI IEBHUX
B3a€MO3ANICKHUX MPOOIEM:

1) HEZ0CTaTHBOIO
TEXHOJIOTIYHUX MPOLIECiB;

2) HEJOCKOHATICTIO KOHCTPYKLil OixapOoHaTHHX
(xapOoHizaliitHNX) KOJIOH;

3)  OiABHIICHOIO
BHUPOOHHIITB.

4) ¢dinaHCOBUMH BTpaTaMH BHACIIIOK IIPOCTOIO
KOJIOH, depe3 ixHe 3a0WBaHHA, IO TPU3BOIUTH IO
mpobieM 3 BUXOJIOM Ha  TPOEKTHY  J00OBY
MPOAYKTUBHICTh Ta BHACHIJOK EKOJIOTIYHHX IUIATEXiB
4yepe3 CKUaHHA B aTMOC(Epy BYTIEKHUCIIOTO Ta3y.

IIpn upomy exosoriuHi Ta ¢iHaHCOBI mHpoOIEeMU
BUPOOHHMIITB  OYMINEHOrO OikapOOHATy HATpil0 €
TIOX1THUMHU BiJ] IIEPIINX JBOX.

JociigkeHHs BIIMBY OCHOBHHX TEXHOJOTTYHUX
napaMerpiB (TeMmepaTtypa pO34HHY, HABAHTa/KCHHS
Mo rasy) Ha e()eKTHBHICTBH mpouecy kapOoHizamii B
NMPOMHCJIOBUX YMoOBax. B mnpomucnoBux ymoBax
eKCIEpPUMEHTH TPOBOIIINCS Ha KOJOHI 3 CITYaCTHMH
TapikaMu Ha OogHOMY c 3aBofiB Iumii. Bingbip mpo0 i
3aMipH IOKa3aHb TMPWIIALiB IPOBOIMINCS 3 iHTEPBAJIOM B
1 ronuny.

Cirtuyacti OikapOOHATHI KOJIOHH, BCTaHOBJICHI B
LIeXy OuuIleHoro OikapOoHaTy HATpilo Ha 3aBOJI, MalOTh
nmiamerp 2400 MM Ta Bucory 30000 MMm. B HmkHIN
YacTHHI KOJIOHHM BCTaHOBJICHO 3yOuacTWil KOHIYHMH
po3noIimpHUK ra3y (puc. 1) 3 miaMeTpoM MEHIIOTO
otrBOpy — 1200 MM.

TakoX B KOJIOHI BCTAaHOBJICHO 6 CITYACTHX TapilioK
3 oTBOpaMU AiameTpoM 82 MM. BimcTans Mix Tapinkamu
ckramae 3500 mm. [lepma tapimka posramoBaHa Ha
BrcoTi 4000 Mm.

IIpn mpoBemeHHI OOCTEXEHHS KOHTPOIIOBAIICS
HACTYIHI TapaMeTpu:

1) Butpara, THCK, TeMmneparypa i Bmict CO; B rasi
Ha BXOJIi B KOJIOHY;

2) temneparypa, tuck i Bmict CO; B rasi micis
KOJIOHH;

3) remneparypa piMHH 110 BUCOTI KOJIOHH.

OITUMI3aLICIO XIMIKO-

€KOJIOTIYHOI  HeOe3ImeKoro

Binbupanucs npobu cycnensii, siki aHaIi3yBaIucs:

1) conobikapOoHATHHI PO3YHMH Ha BXOJI B KOJIOHY
na BmicT Nap,COs; NaHCOs, NaCl;

2) cycmensis 3 mpoOoBiIOIpHIUKIB, BCTAHOBIICHUX Ha
BHCOTI KOJIOHH 1 Ha BHXOJ 3 amapary - Ha BMicT Na,COs,
NaHCO; i1 NaCl;

3) nmepiogmyHO  BimOmpammcs ~— mpobm  AuA
BHM3HAYCHHS mepecndeHHs po3umHy mo NaHCOs, mpu
FOMY OJHOYACHO BiOMpanucs mpodw IUis BH3HAYCHHS
IPaHyJIOMETPUYHOTO CKJIQJAy 1 TIMTOMOi IIOBEpXHi
KpHcTaliB OikapOoHATY HATpIlO.

Puc. 1. [lepetun HIKHBOT YacTHHY OiKapOOHATHOI KOJIOHH 3
PO3MOIIIBYNM KOHYCOM

IHTeHCUBHICT MacoOOMiHY B KOJIOHI BHU3Hayaacs
32 J0MOMOTo0 e(EeKTHBHOTO KoedilieHTa MIBHIKOCTI
abcop6mii [10, 11]:

2
6b1x 1
. M

ne H — po6oga Brucora xojoHu abo ii 30HMU;

Rix, Rux — crymiae xkapOonizamii
BiJMOBIIHO HA BXOZI 1 BUXO/II 3 KOJIOHU,

0 — IIITBHICTh 3POIIEHHS, M>/M>TO/I.

PesyabTraTi [0c/igxKeHHs] BIJIMBY OCHOBHMX
TeXHOJIOTIYHMX NapaMeTpiB (TeMmeparypa poO34HHY,
HABAHTAKEHHS MO ra3y) Ha e(eKTHBHICTH Mpolecy
kapOonizanii. IlepmmM eramom gocmimkeHs Oyio
BHBYCHHS BIUIMBY TEMIIEpAaTypH COA00iKapOOHATHOTO
po3unHy Ha crymiab abcopbmii CO, (cTymiHb
OikaboHnizamii) Mpu peKOMEHIOBaHOMY poO0OYOMY THCKY
B komoHi (2,1-2,2 arm.) Ta mnpu OajsaHCOBOMY
HaBaHTAXEHHIO 110 Ta3y (2500 mv*/rom).

Taxk, y Tabnuni | npeacraBieHi aHANITUYHI JaHi 1O
poboti  OikapOOHATHOI KOJIOHHM, IO  JO3BOJISIFOTH
MIPOCTEXKUTU 3aJIeXKHICTD po3Mipy KpHCTaJIB
OikapOonaty Hatpito 1 cryneHs mnormHanHs CO;
c0J00ikapOOHATHUM PO3YMHOM Biji HOTO TEMIIEpaTypH.

pO3UHHY
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I'padiune 300pakeHHs  aHANiI30BaHUX  [APAMETPIB

Tabmug 2 — Jlani mo po6oTi 6ikapOoHATHOT KOJIOHU B Pi3Hi mepioan

MPEIICTABICHO HAa PUCYHKax 2 1 3.

Ilapametpu 1 11 11T I\
Temneparypa, °C 84 78,4 80,11 81,8
Tuck, 6ap 2,05 1,98 2,036 2,13
Crymine kapOoHi3zaitii,% 59 66 61 64
Po3mip kpucramis:
150 MM 31,06 4,87 16,28 24,29
106 MM 28,8 11,05 23,6 28,3
<75 MKM 12,8 65,27 26,66 18,8
68 . p————
5957 ' S s —
o 3 4 // :( ) ‘\'
E! E & 60
éﬁz E B 40 + 150 nmm
£ 50 B8 | ]
£ g 220 = 106 1M
25 o & =
E 4 L TS MEM
56 E 0 ===
54 2 = 84 818 80_'_1_]-_“1——_._______.
84 80.11 818 784 ! 78.4
Tenmepatypa poimey, "G : —
Temreparypa.”C
Puc. 2. I'padik 3anexHOCTI cTyneHs kapOoHizauil Bif Puc. 3. I'padik 3anexkHOCTI po3MipiB KpUCTAITIB
TeMIepaTypH Coa00iKapOOHATHOTO POZUUHY BiJl TEMITEpaTypu
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Ha TiJBUIIEHHS €(QEeKTUBHOCTI mporecy KapOoHizawil
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Sk BHAHO 3 pHCYHKY 4, HaiOUIbIIa CTYIiHB
kapOoHizauii Oyna JocCsArHyTa INIpH MaKCHMaJIbHOMY
rasoBOMy  HABaHTQXCHHIO  0OPH  MaKCHMANbHil

TeMIepaTypi coo0ikapOOHAaTHOTO PO3YHHY, IO Y CBOIO
yepry cymepeunts 3akoHy l'eHpi. [IpoTte anmami3 3pa3kiB
PO3UNHY, B3ITUX B BEPXHii YaCTHHI KOJIOHU CBIAYUB TIPO
LIEHTPIB

BUHECCHHS YTBOPEHHS BEJIMKOI KUTBKOCTI

KInmbEIC T KpHCTATIB JaHOTO posMipy, %o
Ep I P Py

KpucTajizauii B pe3yiabpTaTi BHHECEHHS 3 HIKHBOI
YaCTMHU KOJOHM BHACJIJIOK IIiJBHIIEHHS TIa30BOrO
noroky kpuctanis NaHCO; (puc. 5-8).

Sx BumHO 3 pHUCyHKAa 5, HaWOUIBIIA KiJIBKICTH
KpYITHUX KpHUCTadiB Oyla yTBOpeHa NpH HaBaHTaKCHHI
o razy <3000 am>/rop.
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. 6. 3aJIeXKHICTh PO3MIpYy KPUCTAJIB Bi/l HABAaHTAXXCHHS 110 ra3y mpu temmneparypi 80°C:

JTAaHWI BHITAJ0K XapaKTePHU3yBABCS 3MEHIIICHHS PO3MIpiB KPHUCTAIIB.
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Puc. 7. 3anexHicTh po3Mipy KpUCTATIB Bl HABaHTa)XKEHHS 110 Ta3y mpu Temreparypi 81°C
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Puc. 8. 3anexHiCTh PO3MIpy KPHCTAIIIB Bil HABAHTAXKCHHS 110 ra3y mpu Temmepatypi 82°C

Buxonsun 3 pucynka 7, npu temrepatypi 81°C 3
HaBaHTAXEHHAM 10 rasy Big 2500 mo 3400 mm3/rox
KiJIbKICT  KpucTaimiB 3  pos3Mmipom 106-150 MM
3HAXOJUTHCS Malke Ha OJIHOMY DiBHi.

Buxonsun 3 1aHuX, HaBEAEHHX Ha PHUCYHKY 8§,

JaHUH ~ BUNAJOK  XapaKTepH3yBaBCA  YTBOPEHHS
HaNOIIBIIO] KITBKOCTI KPYITHUX KPHUCTAIIB.
OTxe, B  pe3ydapTaTi JAOCIHKEHHI  Oyio

BCTaHOBJICHO, [0 HAWKpaIli TOKa3HUKH KiHI[EBOTO

NPOJXYKTy NpH KapOoHizawii conobikapOoHaTHOTO
pPO3YMHY MOXYTh OyTH JOCSTHYTI IPH CEPEAHBOMY
HaBaHTXKCHHIO 10 Ta3y NpPH AaHOMY MarepialbHOMY
OajaHCy Ta NPOAYKTHBHOCTI. | 1ist naHOro BHMaaKy
3HaxoaThes Ha piBai 2900-3000 um>/rox.

[Ipu npomy, ciix 3a3HaYNTH, HAMKPAIIOI YMOBOIO
UIL  TEXHOJIOTIYHOTO  Ipouecy s TeMIeparypa
coto0ikapOOHATHOTO PO3YHHY, sIKAa TPUMAETHCSA HA PiBHI
81-82°C.
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BucHoBKM Ta  mepcneKTHBH
PO3BHTKY IaHOT0 HANPSIMKY.

B pesynbraTi aHanizy NpPOMHCIOBHX IaHUX OyJo
BUSIBIIGHO, II0 3pPOCTAaHHA Ta30BOTO HABAaHTAXXEHHS
CIIPUYWHSE 3pOCTAHHS KUTBKOCTI IPIOHUX KPUCTAIIIB, SIKE
CYTPOBOKYBAIIOCS HE3aJ0BUILHUM BHXOJIOM CYCIICH3i1
3 kosoHW. Ilepm 3a Bce, 1e Oyno o0OyMOBICHO
30ITBIICHHSM CTYIIEHS TMPOTra30BaHOCTI pigkoi ¢asu B
KOJIOHI TP ITiIBUIIICHHI Ta30BOTO HABAHTAYKEHHS.

HesanoBinbHuii BUXi cycneH3ii 3 KOJIOHHU IIOYMHAB
crocrepiratucs B KiHLI nepmoi jnobu ii podorm i
NPOSIBISIBCS B HECTAOLIBHOCTI THTPIB KapOOHATY HATpito
B PiIUHI HA BUXOJIi 3 KOJIOHH.
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POROKHNIA MYKOLA

INVESTIGATION OF THE INFLUENCE OF MAIN TECHNOLOGICAL PARAMETERS (SOLUTION
TEMPERATURE, GAS LOAD) ON THE EFFICIENCY OF CARBONIZATION PROCESS IN

In the presented article the possibilities of increasing the efficiency of the processes of production of purified sodium
bicarbonate are analyzed, for example, it is indicated that the mixing intensity plays a significant role. The
disadvantages of the "classical" designs of bicarbonate columns are determined by studying the influence of the main
technological parameters of the carbonization process in industrial production conditions. The results of experimental
verification of the possibility of intensification of the carbonization process of soda bicarbonate solution by increasing
the gas load in industrial conditions are presented. The most optimal physical indicators of the process of
carbonization of soda bicarbonate solution at which the best quality of the final product is achieved are determined;
the increase in gas load causes an increase in the number of small crystals, which was accompanied by unsatisfactory
release of the suspension from the column. It is determined that, first of all, this was due to the increase in the degree
of gassing of the liquid phase in the column with increasing gas load; The optimum temperature of soda bicarbonate
solution is 82 °C at a gas load of 2900-3000 nm?/h, which was accompanied by the formation of the largest number of
large crystals with the smallest number of fine crystals and affects the efficiency of the industrial carbonization
process.
Key words: purified sodium bicarbonate, carbonization, bicarbonate columns, gas loading.

H. ®. IIOPOXHA

HNCCIEAJOBAHUE BJIUAHUA OCHOBHBIX TEXHOJIOTHYECKHUX ITAPAMETPOB (TEMIIEPATYPA
PACTBOPA, HAT'PY3KH 110 I'A3A) HA S®PEKTUBHOCTbD ITPOLECCA KAPBOHU3AILIUU B
MMPOMBIIIJIEHHBIX YCJIOBUAX

B npencraBieHHON cTaThe MPOAHAIM3UPOBAHBI BO3MOKHOCTH MOBBIIICHHs 3()(HEKTUBHOCTH MPOLIECCOB MIPOU3BOACTBA
OUMIIEHHOTO0 OWKapOOHATa HATPHsS, HAMPUMEpP, OTMEYECHO, YTO WHTEHCHBHOCTh MEPEMEIINBAHHS HIPAcT BEChbMa
3HAYUTEJbHYIO POJib. HemocTaTku «KI1acCHMYeCKUX» KOHCTPYKIHMH OMKapOOHATHBIX KOJIOHH OINpPEIeeHbl 3a CUeT
WCCJICZIOBAHUS BIIMSIHUSL OCHOBHBIX TEXHOJIOTHYECKMX MapaMeTpoB Impolecca KapOOHH3alUH B IMPOMBILILICHHBIX
YCJIOBHSIX MMPOM3BOACTB. [IpeacraBiieHbl pe3ysIbTaThl SKCIEPUMEHTAIBHON MPOBEPKH BO3MOXKHOCTH MHTEHCHU(HUKAIMN
npoiiecca KapOOHU3AIMK COA0OMKapOOHATHOTO PACTBOPA MyTEM MOBBIMICHUS TA30BBIX HArPY30K B MPOMBIIUICHHBIX
yenoBusix. OmnpesencHbl HauOoyiee ONTUMAJbHBIC (PU3MYCCKHC MMOKA3aTeNd MPOBEICHHS Ipolecca KapOOHU3AIMU
COJI00MKapOOHATHOrO pacTBOpa MPU KOTOPOM JOCTHIACTCS HAMIYYIICe Ka4eCTBO KOHECYHOTO MPOJYKTA; POCT Ta30BOM
HATPY3KHU MPHBOJUT K POCTY KOJIMYECTBA MEJKHX KPHCTAJUIOB, YTO COIPOBOXKIAJIOCH HEYAOBICTBOPUTEIHLHBIM
BBIXOJIOM CYCIICH3MHM W3 KOJOHHBI. OIpeJeNcHo, YTO MpPEXJAE BCEro, TaKUE IMPOLECCH ObUTH OOYCIIOBIICHBI
YBEIUUCHUEM CTCIICHU MPOTa30BAaHOCTH JXKUAKON (Da3bl B KOJOHHE IPH IMOBBIIICHIH Ta30BOM HATPY3KH; ONTHMATBHOM
TEMITEPaTypoOil Co0ONKapOOHATHOTO pacTBOpa omnpeneneHa temieparypa 82 ° C mpu razoBoM Harpyske 2900-3000
HM>/d, 9TO CONPOBOKIANOCH OOPa3OBaHMEM OOJIBIIETO KOJMYECTBA KPYIHBIX KPHUCTAUIOB IIPH HAMMEHBIIEM
KOJIMYECTBE MEJIKOANUCIIEPCHBIX KPUCTAIUIOB H BinsieT Ha 3()(EKTUBHOCTD ITPOMBILIIICHHOTO Mpoliecca KapOOHU3AIHH.

KitroueBble ¢j10Ba: OYMIICHHBIN OMKapOOHAT HATpWsI, KapOoHHM3aIws, OUKapOOHATHBIC KOJIOHHBI, HATPY3KH IO
rasy.
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AOC/UKEHHA BILIMBY JESAKAUX TEXHOJIOTTYHUX ITAPAMETPIB HA PEOJIOI'TYHI
XAPAKTEPUCTHUKH PI3HOBHUAIB IIOKOJIAJHUX I''TA3YPEU

[okonagHa rna3yp — BEIMKOTOHHAXHHH KOMIIOHEHT DPI3HOBHIB Traiy3eil XapuoBOi TEXHOJIOTIi, SKa TaKOX BHUKOHYE BaXKJIHBI
TEXHOJIOTIYHI 3ajayi, a came: CHPHSIE CIOBUILHECHHIO NPOLECIB OKHUCICHHS; IOJIMIICHHIO EMYJIBIYOUHX Ta JUCIEPIYHOYHX
BJIACTUBOCTEH; 3armobirac 4epcTBIHHIO OKPEMHUX PI3HOBHIIB MPOMYKIil; MEPENIKOKAE OMATAaHHIO BOJIOTH, YUM 30UIBIIYE TepMiH
[PHUIATHOCTI KOHAUTEPCHKOro BUpoOy Ta iH. Ha mnepiiomy erarni BU3HA4arOThCsl OCHOBHI NPOGJIeMH BUPOOHHULTBA KOHIHUTEPCHKOT
ranys3i — BOHH HOTPeOYyIOTh HAYKOBOTO OOIPYHTYBaHHS BHOOPY KOHKYPEHTO-CIIPOMOYKHHX CKJIaZOBHX TEXHOJIOTii BUPOOHHIITBA
NPOIYKIIi 3 ypaxyBaHHIM MMOKa3HHKIB sIKiCTh-cO0iBapTicTh. Jami /st 3a1aHnX mapaMeTpiB TEXHOJIOTii BUPOOHUITBA BU3HAYAIOTh
CKJIaJIOBI PELENTypH LIOKOJAAHUX Masyped. SIKk mpuKiajg HpeicTaBieHi pe3ysbTaTH AOCIHIDKEHb OOpPAaHMX TEXHOJIOTTYHHX
napaMeTpiB JeSKNX KOMIIO3WIH IIOKONAJHUX Iasypei, MOpiBHUIbHUIA aHami3 epeKTHBHOCTI iX il Ha PEeoJsIOTiYHi BIACTHUBOCTI
KOMIIO3HIIil Ha OCHOBI Kakao-macina: ajgprepHaTuBHi [IAP — cranmapThuii tenuTrH — anprepHatuBHi [IAP — MoHorminepumu ta ix
CyMIIII MOHO-, TU- 1 TPUTIILEPUIH, CHHTE30BaHi 3 MaJbMOBOI OJIii METOIOM TIIIEpOIi3y y MPUCYTHOCTI JTy>KHOTO KaTali3aTopy.
AHani3 CcHCTEeMHM OTPHMaHHMX pe3yJbTaTiB Ta pO3PAaXyHKOBHX PIBHSAHB JIO3BOJMB 3allpONOHYBAaTH PEKOMEHJALIl II0J0
inrencudikamii mpomeciB BUpoOHMUTBa: BBemeHHS cuHTe3oBaHMX ITAP B kinmbkocti 0,3-0,6% edexkTHBHO 3HMXKYE B'SI3KICTH
KOMIIO3HUIIIHl HA OCHOBI Kakao-Maclia, 110, B CBOKO YEpry, Ja€ MOKIIHMBICTh BUKOPHCTOBYBATH iX JUIS YaCTKOBOI 3aMiHH JICLIUTHUHY

[PY BUPOOHUITBI KOHIUTEPCHKUX BUPOOIB.

KurouoBi cyioBa: 1mokonaHi riiasypi, peosoriuHi XapakKTepUCTHKH, IOBEPXHEBO-aKTHBHI PEYOBHUHHU, KOPEISLIHHIN 3B 530K,

iHTeHCHU(]IKAILliS TEXHOJOTIYHUX MPOIIECIB.

Beryn.

XapdoBe BUPOOHHIITBO BiJirpac BaXKIMBY pPOJIb B
KHUTTI KOKHOI JIIOIVHY 1 € HAWBaXKIIMBIIIOI W KUTTEBO
HEeOoOXI1THOIO rajly33l0 He TUIBKK B YKpaiHi, a 1 y BCboMy
cBiTi, IO 3abe3medyye xapyoBy Oe3meky, Qopmye
CTPYKTYPY CKCIOPTHOI TOPTiBIi Ta CHPHSE PO3BUTKY
IHIIUX rary3eld MpoMHCIoBOCTI.[1]

Po3BUTOK XapuoBOi TPOMHCIOBOCTI mependayae
iHTeHCU(]iKallifo  MPOIEeCiB  PI3HOBHIIB  Tally3eH,
PO3pOOKY HOBHX CITOCOOIB BUPOOHHWIITBA MPOIYKITIi IS
MTOCHJIEHHSI KOHKYPEHTHOI OOpOTHOW 1 HACHYICHHSI PUHKY
BHpOoOaMU BHCOKOi SIKOCTI MPOMYKIi. Po3mmpeHHs
ACOPTUMEHTY MIOKOJIAAHUX BHPOOIB — IMEPCTIeKTUBHUI
HalpsIMOK PO3BHUTKY KOHAMTEPCHKOI Tamy3i YKpaiHw,
OCKUTbKH Ma€ CTalOiIbHY MO3UTHBHY MOXJIUBICTH POCTY
3a paxyHOK BIOPOBA/DKCHHS IHHOBalliMHUX  BUJIB
MPOAYKIII Ta TEXHOJIOTiH, HOBHX BUAIB CUPOBHHH 1 ii
pauioHasibHOrO  BUKOpHUCTaHHS. OCHOBHI mpoOiemu
KOHIUTCPChKOI ~ Tajy3i  MHOTPeOYIOTh  HAYKOBOTO
OOTrpyHTYBaHHS  BHOOpPY  KOHKYPEHTO-CIIPOMOXKHHUX
CKIIQZIOBUX TEXHOJIOTil BUPOOHWIITBA TPOMYKIi 3
ypaxyBaHHSIM TIOKa3HUKIB SIKiCTh-COOIBAPTICTb.

OkpiM 30BHIIIHBOI MPUBAOIMBOCTI, CMaKOBHX
BJIIACTHBOCTEN 1 KOMITO3HIIHHOT 3aBEPIIECHOCTI
KOHIUTEPCHKUX  BHUPOOIB, IMOKOJNAAHA  TJasyp —
BEITUKOTOHHAXXHUA KOMIIOHEHT Pi3HOBHIIB Tally3ei
Xap4yoBOi  TEXHOJOTIl, TAaKOX BHKOHYE  BaXKJIMBI
TEXHOJIOTIYHI 3a/lavi, a caMme: CIpHUS€E€ CIOBUILHCHHIO
MPOIICCIB OKHCJICHHS; MOJIMIICHHIO EMYJIbIyIOUUX Ta
JUCTICPTYIOUMX BIACTUBOCTEH; 3amobira€ YepCTBIHHIO
OKpEeMHX  PpI3HOBWAIB  MNPOAYKILIi;  MEPEeHIKOKAE
MOTIAIAHHIO BOJIOTH, YMM 301JbIIIyE TEPMIH MPUAATHOCTI
KOHJUTEPCHKOTO BUPOOY Ta iH. [2]

XapakTepucTuka 00’€eKTiB Ta MeTH
JOCTiTKeHHSI.

OO0’eKT IOCHIIPKeHHS — IIIOKOJIaTHA TJasyp, SK
KOHIUTEPChKUN BHpIO Mae XapaKTePUCTHKY:

0araTOKOMIIOHEHTHHI Xap4yOBHH INPOAYKT, TOTOBUI 10

BXXHMBAaHHS, Ma€ ITIEBHY 3ajaHy (opMy, OTpHUMaHHHA B
pe3yNbTaTi TEXHOJOTIYHOT OOpOOKM OCHOBHUX BHUJIiB
CUPOBHHH — TI[yKpy 1 JKUpiB, KakKao-MPOAYKTiB, 3
JI0AaBaHHsIM a00 0e3 J10JjaBaHHs Xap4yOBHX IHIPENi€HTIB,
XapuoBuX 100aBok i apomaruzaropiB [1-3]. ¥V sxocti
KOHIUTEPCbKOro HamiBpaOpukaTy — 1€ XapuoBHH
NPOJYKT, OTPUMaHUI B pe3ynbTrati 00poOKH oaHOro abo
JCKIUTBKOX BUJIB CHUPOBHHHM, 3 JOJaBaHHAM abo 0e3
JIOJIaBaHHSI XapYOBUX iHTPEIIEHTIB, XapyOBUX JO0ABOK i
apoMaTH3aTopiB, 3aCTOCOBYBaHHMH I ITOJAJIBIIOTO
BUKOPHUCTAHHS TP  BUPOOHHUITBI  KOHIUTCPCHKUX
BUpOOiB. TakuM YWHOM, 1€ KOHIUTEPCHKHHA BHPIO, IO
OTPUMYETHCA Ha OCHOBI KaKao-TIPOAYKTIB 1 IyKPY, IO
CKIIQAy SKOTO BXOOUTh He MeHme 35% 3araJibHOTO
CYXOro 3QJIMIIKy KaKao-MPOAYKTIB, B TOMY YHCI HE
Mmenme 18% wmacnma kakao i He MmeHme 14% cyxoro
3HE)KHUPEHOTO 3aJIUIIKY KaKao-MPOJYKTiB. y
KoHIuTepchkuX BUpoOax rpymu «lllokomamy moxe OyTu
BUKOPHCTAHO 10 5% pPOCIMHHMX KHPIB — CKBIBaJICHTIB
Macia kakao i (abo) mokpauryBauyiB Macia kakao SOS-
THUITY J0 3arajbHOi Baru MOKOJaAHOI MacH (0e3 BETHKHX
n00aBoOK), HE 3MIHIOIOYM MiHIMaJbHOI KiJIBKOCTI Macia
KakKao.

Meta mochipKeHHS — Yy TpoIecax Tia3ypyBaHHS
HEOOXIZTHO BCTAHOBHTH 3B'S30K MIK BIIACTUBOCTSIMH
TUTMHHOCTI MacH, TOBIIMHOIO IIapy Tia3ypi, MIBUIKICTIO
ii Kpucramizamii 1 3acTHraHHs, 3JAaTHICTIO MacH
npuiAMaTi KOHKPETHY (hopMy Ta BIAMOBIZATH BUMOTaM
HOpMaTHBHO-TexHIYHOi nokymenrauii (HT). He Bapto
3a0yBaTH i MPO CMAKOBI Ta OPraHOJCTITUYHI BIACTHUBOCTI,
SKI MOXKHa O3HAYUTH 3a TOKA3HUKAMU: IIBUIKICT
TUTABJICHHSI I[yKEpKOBOiI MacW y pOTi; HANOBHEHICThH i
HACHYCHICTh CMaKy 1 apomary, HasBHICTb abo
BIJICYTHICTh  CTOPOHHIX, HENPUEMHUX TPUCMAKIB,;
MpUBAOIUBICTE BHPOOY 3 ypaxyBaHHSIM OCOOJMBOCTEH
CKJIQJIOBUX TJ1a3ypi Ta iH.

© byxkano C.1I., 3emensko M.JIL., 2021
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AHaJi3 JiTepaTypHHX JaHHX Ta BigomocTi mpo
TeXHOJI0Til0 BUPOOHNITBA.

3a 3arajpHOK  XapaKTEPHCTUKOK  IOKOJAIHI
BUPOOM  BIAHOCATH 10  KOHIAWTEPCHKUX,  BOHHU
CKIAJarOThCsA 13 IIOKOJIAJAHOI MacH, sIka € KOJIOiZHOIO
CHCTEMOIO, & JUCIIEPCHUM CEPEIOBHIIEM B Hil € KaKao.
VYV cBolo depry, moKoJaAHa Maca — Il HamiBpaOpuKar,
SKUH  OJEPXKYIOTh 3MIIIyBaHHAM I[yKpOBOi IyApH 3
KaKao-MaclioM, Kakao TepTHM 1 JojaTkamu. I3
NIOKONIAJAHOT  MacH  0e3  JOJaTKiB  OJCPKYHTh
HatypanpHuil 1okonan. Illokomany wmoxe Oytu sk
3BHYAIHUM, TaK i JECEPTHUM — Y JAECEPTHOMY IIOKOJAI
BEJIMKA JIUCICPCHICTh YacTOK. [lil JHCHEpCHICTIO
PO3YMIIOTh KUIBKICTh 4acTOK 3 po3MmipoM a0 20 MKM y
3arayibHI  KUTBKOCTI TBEpAMX 4YacToK. Hampukian,
IIOKOJIa{HA Maca 3BHYaiHa 3 qoOaBkaMu 1 Oe3 mo0aBoOK
MicTuTh 92 % Takmx dacTok, ii mgucmepcHicTh 92 %.
JeceptHa 1IokomamHa Maca 0e3  no0aBok  Mae
JIucTiepcHicTh He MeHI 97 %, a 3 mobaBkamu — 96 %.

Kakao mpoayktu onepKyioTh 3 Kakao-000iB Ha
crnewianizoBannx (adpukax abo, HampukiIan, B Lexax,
1110 BUPOOIISIIOTH 1IoKoiay (puc. 1).
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Puc. 1. 3aransHa QyHKI[IOHATEHA CXeMa
BHPOOHHUIITBA MIOKOJIALY.

IIpoMHCIIOBICTh BWITYyCKa€ SIK TOBapHUH Kakao-
MOPOIIOK, IO e Ha NPUTOTYBaHHA HAIMOIO, TaK |1
BUPOOHWYMN KaKao-TIOPOIIOK, IO BHKOPHUCTOBYIOTH SIK

Tigpodinsua R
TOJIOBKA o

HC=CH-CH3,

'] fi-CH,

0 0
Tinapogobui I

XBOCTH 11

HamiBaOpHUKaT IMPU BHUTOTOBJICHHI LYKEPOK i I1HIIMX
BUPOOIB.

CydacHe BHPOOHHIITBO KaKaO-IPOAYKTIB MOXHA
MIPEICTAaBUTH SK IHHOBAIliiHE BHCOKOMEXaHi30BaHE I
aBromaTm3oBaHe. [4, 5]. lllokonmamHi MacH TOTYIOTh Ha
MEXaHI30BaHMX IIOTOKOBMX JIHIAX, fAK 3 00'€eMHUM
JIO3YBaHHSAM, TaK i 3 I03yBaHHAM KOMIIOHEHTIB IO Maci.

IlykpoBa myjapa, Kakao TepTe 1 YacTHHA KaKao-
Macia HaIXoAATh Yy 3MillyBad, IO OOIrpiBaeThCs.
KOMIOHEHTH pETeIbHO MEPEMINIYIOTECS, YTBOPIOIOTH
OJIHODIZIHY TICTOMOMIOHY Macy 3 TEMIIEpaTypolo He BUILE
40 °C 1 xwupHicTio 10 28 %. Lls maca HagxomuTh Ha
II’SITUBAJKOBI ~ MJIMHM, IO MOJPIOHIOIOTH  YacCTKH
nucriepcHol (asu, BiJ 4Oro 3arajibHa MOBEPXHS YaCTOK
CTa€ 3HAYHO OLIBIIOKO.

Ha wifi moBepxHi ancopOyeTbcs BiNbHE Kakao-

macino. OTpuMaHa Maca JIETKO KOMKYETbCS TIPH
CTUCKYyBaHHI ii mampisiMu. Maca HaAXOAUTh Y
KOHIIIMAIIMHYy, Jae 1i TpuBamwii dYac OOpOOIAIOTH

(KOHIIMPYIOTH — TPUBAJIa MEXaHIUHA 1 TeruoBa Xis). Y
mporieci KOHIIMPYBAHHA B IIOKOJAaTHY Macy BBOISTH
JIpYTy YacTHHY KaKao-Maciia, 1o MoTpidHa 3 perenTypHu.

Micns KOHIIUPYBaHHS IIOKOJIATHA Maca
MEPEeKaYyEThCS B 30IPHUKH JJIsI TEMIICPYBaHHA. Y HUX
BOHA MPOXOJIOKYEThCS 3 Temmeparypu 55—75 °C o 40—
50°C, npu uii temmepaTtypi 30epira€rbcs SIKMHCH 4ac
IIPY IHTEHCUBHOMY IIE€pEMILITyBaHHi.

3 piakoi HIOKOJaJHOI MacH BHPOOM OJEPXKYIOTh
BHJIUBKOIO Y pi3HOBUAU (hopM. JIjst TapHOTO 3aITOBHEHHS
dbopMu OakaHo MaTH Macy 3 HEBEIHKOIO B'SI3KICTIO.
B'si3kicTh MIOKOJIAIHOT MacH 3alIEXATh BiJ KIUIBKOCTI
Kakao-Macia i remmnepartypu. [6-9]

Onuc HAyKOBOTO OOIPYHTYBAHHSl aJrOPUTMY
eKCIepUMEeHTAJbHOTO0 0CITi/KeHH .

TakuM  YMHOM,  BXIUBUM  TEXHOJOTIYHHM
MOKa3HMUKOM  MIOKOJIaZAHOI  TJ1a3ypoBaHOI  HPOIYKLIT
MOXXHA BH3HAYHWTH PEOJIOTIYHI BJIACTHUBOCTI, a came
B'3KICTh IJIa3ypi, SKa 3aJIeKUThb BiJ: BOJIOTOCTI,
JIICIICPCHOCTI ILIOKOJIaJIHOI MacH, BMICTy B HIH JKupy 1
(hi3uKO-MeXaHIYHOT MIITHOCTI CTPYKTYpHUX YTBOPEHH 3
TBepANX dYacTHHOK [2]. JIns eheKTHBHOTO 3HMKEHHS
B'SI3KOCTI MPU MiHIMAJILHO MOMYCTHUMIH KiJTBKOCTI KUY
HEOOXiTHO  BBOJAWTH PEYOBHHH, IO  BOJIOMIIOTH
TiApoGiTbHUMH 1 TINO(UTEHAMHI BIaCTUBOCTSIMHU.

Xomnin

Docdaru
T'ninepun

KupHni
KHUCJIOTH

Puc. 2. Oco6muBocTi OyTOBH XapuoBHX eMYJIbIaTOPiB HA MPUKIA/L JICHUTHHY
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Puc. 3. Ilpuxnan 6ynoBu pochaTuanixominy

Bimapu

Jlimocoma

Puc. 4. Pi3HOBUAN CTPYKTYPH CKIAI0BHX (ocdomimimin

Hampukman, 3 MeETOW  3HWKEHHA  B'SI3KOCTI
MIOKOJIQJIHUX Mac 3aCTOCOBYIOTH pociuHHI (pochaTumaHi
KOHIIEHTPATH: TPHUKJIATOM OJHOTO 3 HAHOIIBII IIUPOKO
BHKOPHCTOBYBaHHX Xap4YOBHX E€MYJBIaTOPIB € JCIUTHH
(puc. 2: rimpodinbHa TONOBKAa — XOJNiH 1 ¢ocdarwy;
rizpodoOHi XBOCTH — PiI3HOMAHITHICTH (ocdoimimaiB
3a0e3neuyeThesl BUJIOM JKUPHHUX KHCIIOT, SIKI BXOISTH 10
ckiIany ix moiekys; 3 — amdidinsHa OynoBa MoOJIEKyIn
¢docdomnimigis. [11, 12]

Binpuiicte aBTOPIB-IOCHTITHUKIB BH3HAYAIOTh, IO
3aBISKM CBOiM XiMiuHiIH OynoBi ¢ocdomimign — e
amMQipiTbHI MOJIEKYNH, A0 CKJIaxy HOJSIPHOI «TOIOBKM
BXOJSATH TUIillepuH (200 iHIMUH OaraToaTOMHHIA CIHPT),
HETaTHBHO 3apsHKCHUN 3UTHIIOK (OCPOPHOI KUCIOTH i
IpUeAHAaHA OO HBOTO TpyHa aToMiB, YacTo Hece
mo3uTUBHUN 3apsan. [lomsapHi XBOCTH — 1€ 3aTUIIKH
KUPHUX KUCIIOT, IPUETHAHI O 06araToaTOMHOTO CHHPTY
cxinagHoedipHuMH 3B's13kamu (puc 2 Ta puc. 3).

Y pasi  gi3odocdonimigiB  (MOHOALUIBHUX
¢docdoninigiB) A0 BaNMIIKYy TDILEPUHY HpUEJHAHA
TIIBKA OJHAa JKUpHA KHCJIOTAa, B LOMY BHIAIKY

Moiekyna ¢ocdommniagy Mae KOHycomomioHy dopmy i
MOJKE YTBOPIOBATH MIIENI ¥ BOAHOMY pO34HHi (pHcC. 2).
Sxmo yTtBOpeHHs edipHOTO 3B'A3KYy iHae 3a JBOMa
TIIPOKCHJIBHUMH TpyNaMy TJLEPUHY, YTBOPIOETHCS
Iraniagocoinia, o MiCTUTh 3aJIAIIKH ABOX MOJIEKYI
JKUPHUX KUCIIOT.

AHaJti3 pe3yJbTaTiB 10CTiKeHH ST

Monekyna  puauindocdounininy mae  dopmy
LWIiHIpa 1 B BOJHOMY pPO3YMHI YTBOPIOE JaMeEIsipHI
Oimrapu, B SKMX TigpodoOHI XBOCTH Opi€HTOBaHI
BCEpEMHY LIapy, a TiapodinbHi TOJOBKY — Ha30BHI (pHC.
4). 3aBmgkyd Mmid BIACTHUBOCTI, (ocdomimian 3maTHi
t¢opmyBati OiomoriuHi memOpanm (mimigHi Oimapn),
JIIIOCOMM 1 TaMeJIIpHI eMyIbCil. Y CKIIafi UX eMyJIbCii
tochomimian popmyroTs Oirrapu, HABKOJIUIIHI MacCIIsHI
Kpamwt 1 crabimi3yrors ix. Taka cTpykTypa IO3BOISE
30UIBIIUTH B CKJAlli eMyJbCii KITBKICTh Maceln 1 iHIIuX
JIMiiB, 3HU3UTH KOHIICHTPALIIO IHIIUX €MYJIbraTopiB, a
HasIBHICTh BOJHOI (ha3u MO3BOJISE BKIIOYATH B 3aco0u
BOJIOPO34MHHI 010JI0T1YHO akTHBHI pedoBuHHU (BAP).

Tabmuus 1 — 3araneHa kaacugikamis-iieHTudikanis pis3HOBHUAIB TIa3ypeit

Bupn | Cxnanosi penentypu riasypeit

1 He menme 25% 3aranpHOro Cyxoro 3ajJHIIKy Kakao IPOAYKTiB, B TOMY YHCJIi He MeHe 12% macia kKakao

fioro nepepoOkH, 2,5% MOJIOYHOTO KUPY

2 He menue: 15% 3aranbHOro Cyxoro 3alIMIIKy Kakao, 5% Mmacia kakao, 12% cyxux pedoBHH MoJIoKa i (a00) poIyKTiB

MeHIue 2,5% MOJIOYHOTO JKHPY.

3 He menme: 10% macna kakao ta 14% cyxux pe4oBHH MosioKa i (a00) NpoayKTiB HOro nepepoOKH, B TOMY YHCII He

4 ITykop, kKakao-IpOAYKTH i KHp — 3aMiHHUK Macja Kakao JaypHHOBOTrO ab0 HelaypHHOBOTO THITY

5 ITykop i Boaa, BMICT CyXHX pedoBHH He MeHIe 78%.

I'nazyp (tabm. 1) mae 3aranbHy Kiacuikamiro-
inenTH(ikanito sSK KOHIUTEPChKWi HamiBdaOpukar:
TOHKO 3/piOHEHa Maca, [0 CKJIaJae€Thes 3 TEPTOro Kakao

i (a00) Kakao-nopomky adbo 6e3 HuX, Macia kakao i (abo)
JKHMPIB — EKBIBAJICHTIB Macia Kakao abo 0e3 Hux, i (abo)
Pi3HOBHIB 100ABOK AJIS IIOKPAICHHS BIACTHBOCTEH
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Macya Kakao i (a0o) >KMpiB — 3aMIHHHMKIB Macja Kakao
abo 0e3 HuX, HyKpy i (abo) 3aMiHHUKIB Ta IHIIUX
XapuoBHX  KOMIIOHEHTIB. [puknagu  peuenrtyp
pi3HOBHIIB rmasypei SIK KOHUTEPCHKUX
HamiBpaOpuKaTiB 3 ypaxyBaHHSAM KiJIBKOCTI CYXHX
PEUOBHMH TMpencTaBieHi y Tabmumi 1 3a Bumamm iX
knacudikamii-inentudikamii 1 — mokomamHa; 2 —
MoJlouHa; 3 — Oiya moxonanHa; 4 — KOHAUTEPChKa; 5 —
LyKpOBa.

Kakao-macino Mae BiacTuBICTH mosiMopdizmy. Y
TOTOBUX BHPO0ax, 3/aTHUX 10 30epiraHHs, Kakao-Macio
MMOBMHHO 3HAXOJUTHCS TUIBKUA B CTaOUIBHIN [ -hopmi.
Tomy mepex GopMyBaHHSAM  IPOBOAATH  IIPOLEC
TEMIIEpYBaHHs LIOKOJaAHOI Macu. TemmepyBaHHS — Le
CTBOPEHHS IIEHTPiB KPHUCTai3alii Kakao-Macia y BCbOMY
00’emi. JlocsiraeTbcsl 1€  OXOJOMKCHHSIM MacH [0
TEMIepaTypu MOYaTKy TBepHiHHA, ToOTO 32°C, 3
BH3HAYCHOIO LIBHAKICTIO pu IHTEHCUBHOMY
repeMillyBaHHi.

F 7

Henorpumanns 1iel yMOBHM BHKJIMKa€E IKHUPOBE
«IIOCUBIHHS» 1IOKOJany. JKupoBe «IIOCHBIHHS» — L&
MHUMOBUIBHHI TEpeXii HEeCTaOUIbHUX TBepaux (opm
Kakao-mMacia B CTabimpHy KpHCTamidyHy QopMy Ha
moBepxHi BUpoOy. Cipumil HamiT Ha TOBEPXHI pPOOUTH
Bpa)kKeHHS IIBLJNi, X04Ya Taka Maca 30BCIM J0OposKicHa i
HelKiguBa. TakuM YMHOM, METOI0 TEMIIEpPYBaHHS €
YCYHEHHS )KUPOBOT0 «IIOCUBIHHSY HIOKOJIALY.

JKupoBe «mmocuBiHHS» HE BHHHUKAE, SKIIO B 00’eMi
MacH PiBHOMiIpHO CTBOpEHI KpUCTaJH CTiiKoi B -popmu
Kakao-macna. Jlns 1pOro IIOKOJIAJHY Macy ILIBUJIKO
OXOJIODKYIOTH 0 Temrepatypu 33 °C, a moTiM MOBUIEHO
3HIKYIOTE Temrepatypy 10 30°C mpu iHTEeHCHBHOMY

nepemimryBansi. [Ipm  Temmeparypi 30 °C  macy
BUTPUMYIOTb, HE  IPUNHUHSAIOYM  IIEPEMIlIyBaHHS.
TeMmepyBaHHS LIOKOJaJAHOI Macu IpPOBOIATh y

KpHucTamizaropax OesmepepBHOI Mii, IO Ha3MBAIOThH
TEMIECPYIOUYUMH MalinHamu (puc. 5 ta puc. 6).

=
=

Bauinin

Ho 3bipunka

Puc. 5. Texnosoriuna cxema BUpOOHMIITBA KaKao-Macia i Kakao-IMOpOILKY:
1 — Hacoc; 2 — no3arop; 3 — npec; 4 —30ipHHK; 5 — KOHBeep; 6 — Apodapka; 7 — 0XOJIOKyIoUa Kamepa; 8 — mrudroBuit
minH; 9 — knacudikartop; 10 — nukinon; 11 — nutro3oBwuii 3atBop; 12 — Hopist; 13 — oxos0mKyBay.

Puc. 6. [Ipuxiag TeXHOJIOTIYHOT CXeMU BUPOOHHMIITBA KaKa0-Macia i KaKao-TIOPOIIKY
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Puc. 7. 3anexHicTh B’SI3KOCTI T1a3ypi Bi KOHUEHTpaLii Ta pisnoBury ITAP:
1 — neuuTHH; 2 — MOHOTITILEPHUIN; 3 — CyMIlll MOHO-, I~ 1 TPUTITILIEPH/IIB

Tabmuus 2 —
03pO0JICHUX TJ1a3ypei

3aranpHa Kiacudikamis-ineHTHQIKANS MAaTCMAaTHYHUX MOJENCH IS PI3HOBHIIB

Bupn | MatemaTHyHi MOJIEN UTSL Pi3HOBH/IIB IIA3ypei

1 Jlinittna mozens y = b(0)+b(1)*x y =
<=b0 <= 5.90376 -3.37204 <=bl <= -1.45653
Kaapatnuna mogenb y = b(0)+b(1)*x+b(2)*x"2.

Mopgens Buuepnanns y = b(1)¥e(-b(2)*x) y =

5.32381 -2.41429*x. JloBipui inTepBanm Juist mapameTpis Mozemi: 4.74386

y= 5.56786 -4.24464*x +1.83036*x"2. JloBip4i iHTEpBaIM /IS TAPAMETPiB MOJICII:

4.96038 <=b0 <= 6.17533; -7.10168 <= bl <=-1.38760; -0.91207 <= b2 <= 4.57278

5.45360%e™( -0.60612*x) [loBipui iHTepBaNu Ul MapaMeTpis
Mogeni: 4.62509<=b1<= 6.28211; 0.29410<=b2 <= 0.91814

<=b0 <= 6.79700; -3.86883 <= bl <=-0.94546
Kanpatnana moaenb y = b(0)+b(1)*x+b(2)*x"2.

2 Jliniftna mozens y = b(0)+b(1)*x y =5.91190 -2.40714*x. [loBipui inTepBamy i nmapaMerpis mogemi: 5.02681

y =5.53393 +0.42768*x -2.83482*x"2. JloBipui iHTepBamu Juisi mapamerpiB mozeni: 4.62789 <= b0 <= 6.43996 -
3.83353 <=bl <=4.68889 -6.92508 <=b2 <= 1.25544

Mognens Buuepnanus y = b(1)*e(-b(2)*x)

y =5.92330*e”( -0.48486*x). [JloBipui inTepBamu s mapamerpis mogeni: 4.13140 <= bl <=7.71521 -0.10774
<=b2 <=1.07746

3 Jlinittna Monens y = b(0)+b(1)*x. y =4.94048 -3.66429*x. JloBipui inTepBanyu st napaMeTpiB Mojemi: 3.85222
<=Db0 <= 6.02873; -5.46148 <= bl <=-1.86709.
Kanpatnuna momenb y = b(0)+b(1)*x+b(2)*x"2.
y =5.43750 -7.39196*x +3.72768*x"2. Hosipui IHTEepBaIH VTS rnapaMmeTpis MOJICITI:
446198 <=1b0 <= 6.41302; -11.97995 <=bl <=-2.80397; -0.67626 <= b2 <= 8.13161
Mognens Buuepnanus y = b(1)*e(-b(2)*x)
y =5.36404%e"( -1.29051%x). JloBipui IHTEpBAIIH UL rapaMerpis MoOJeti:
4.09704 <=Dbl <=6.63104; 0.64211 <=b2 <=1.93891

OCHOBHI ~ MMOKa3HUKH  TEXHOJOTIYHOI  SKOCTI  BHKOPHCTOBYBATH, HAIMPUKIAA, €KCTPAKTHU 3 POCIHHHOI

LIOKOJNAAHOI ~ Tiasypi, 10  periaMeHToBaHi y  cupoBuHHU Ta iH. [10-12]. Crabini3oBaHa KOMIO3ULIS €

HOpPMATHBHIN JTOKYMEHTaIlii, MOXXHa YMOBHO PO3IUTUTH
Ha KIJBKICHI: B’S3KiCTh, CTaOiNBHICTH, TeMIeparypa
BHKOPUCTaHHS Ta SKIiCHI (30BHIIIHIN BUTIAL Ta
OpraHoJeNTHYHI oKa3HWkH). CaMe KUTbKiCHI TIOKa3HUKH
Oynu BU3HAYeHI /Ui OTPUMAHUX HAMH IIOKOJIAJHUX
ma3yped Tpu  PI3HUX KOHIIGHTpAIliSX ITOBEPXHEBO-
aktuBHHX pedoBUH (ITAP), sixka xonmBanmacs B Mexax 1—
1,0% (mac.), 3 MOAajbIIMM BCTAHOBJICHHSIM MIX HHMU
MIEBHOI 3aJIeKHOCTI (Ta0. 2).

Y  SAKOCTI POCIMHHOTO AHTHOKCUIAHTY  JUIS
MPEICTABICHAX KOMIIO3HI[IH MOXXHA PEKOMEHIYBaTH

CTIKOIO 10 OKHUCHCHHS Ta [pH3HAYCHA  JUIA
BUKOPUCTAHHS Y XapUOBii TPOMHUCIOBOCTI.
HeoOxigHicTh aHamizy TNpOIECIB BUPOOHHUIITBA

Kakao-Macjga 1 palioHAILHOTO JIOJIaBaHHS MOTro B
penentypy MHIOKONany OOIPYHTOBYETbCS HACTYITHUMH
MipKyBaHHSMH. Y TIOKOJATHIN Maci AJis1 BUTOTOBJICHHS 3
Hei BHpOOIB KiMbKicTh Kakao-macina 34-36 %, a mus
ria3ypi — Hebararto Oinbmie (Ui 3abe3nedeHHs OiIbIIOT
ii IMHHOCTI). Y Kakao TepToMy po3paxyHKOBa KiJIbKICTh
Kakao-macia 54 %, a sKII0 BpaxyBaTH, IO B IIOKOJIAII
MICTUTBCS 1€ i I[yKOp y CHIBBIJHOIIEHHI 3 Kakao
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TEPTUM NPUOTH3HO 2 : 1, TO BUSIBUTHCS, 1[0 KAKA0-Macia
Oyne He Outpn sixk 18 %. Omxe, s 3a0e3nedyeHHS y
mokonami 35-38 % kakao-macia, #WOro HeoOXigHO
BBOJIUTH Y TOJATKOBO, TOTYIOYH IIOKOIATHY Macy.

DyHKITIOHATBFHI Xap4oBi MPOAYKTH CTBOPIOIOTHCS 3
BUKOPHCTAHHAM Oi0JIOTIYHO aKTHBHHX J00aBOK 10 ixi,
JIO0 SIKUX BiTHOCATH TPpHPOHI (HOCOTITiIH pOCITHHHOTO
MOXOJKEHHS, IO BOJOIIIOTh YHIKAJFHUM IIO€THAHHIM
nmoJTipyHKIIOHATBHOT ~ (i3i070TIYHOT  aKTUBHOCTI 3
HIMPOKKUM CIIEKTPOM TEXHOJOTIYHUX BIIACTHBOCTEU [2—
6]. Hanpukiaz, TeXHOJIOTiSE BUPOOHUIITBA — POCIMHHOTO
JICLIUTUHY, sKa IIOJIATa€ B MPSIMOMY CEKCTPaKIiHHOMY
OYMIICHHI POCIMHHUX (OCOOMMIB, OTPUMAHUX NPHU
nepepoO1i HACIHHS COHSIITHUKY [6].

Y OpOMHUCIOBHX MPOAYKTaX 4YacTO MPUCYTHI 1
HedochaTuIHI 3'€HAHHS, TaKi K cTepoind, BitamiH E i
BUTbHI JKMpHI KHCJIOTH. BiacTWBOCTI  NEIUTHHIB
MPENCTaBISAIOTE  COOOI0  yCEepeJaHEHI  BIACTHUBOCTI
KOMITOHEHTIB cymimi [7-9]. Crnpomenuii MexaHi3M mii
nenuTHHY sk BAP B mokonamHii Maci po3TisaaroTh B
HOro 3IATHOCTI MOJICTIIIYBATH KOB3aHHS TBEPIUX
YACTHHOK IYKPY, CYXOI'0 MOJIOKA Ta IHITUX PEHEHTYPHUX
KOMIIOHCHTIB B KaKao-Macii BIJIHOCHO OJMH OJHOTO.
IIpu BBEJICHHI JICIUTUHY Horo MOJICKYITH,
NPUETHYIOUUCH A0 TiApoQiIbHUX IUISHOK Ha IOBEPXHI
TBEPAMX YAaCTHHOK, YTBOPIOIOTH aJICOpOLiiHI Imapu.
3aMIIKK TIHEPHIiB, 3BEpHEHI B 30BHIIIHIO CTOPOHY,
B3aEMOJIIOTh 3 JUCTEPCIHHUM CEPeOBHUIIEM — Kakao
MacjioM. 3MiHa  TPHPOAUM  TIOBEPXHI  YACTHHOK
MPU3BOJNTH JI0 OCHabIeHHS CWI I1X  B3aEMOJIIi,
PYXJIMBICTh YaCTHHOK 3POCTAE 1 B'A3KICTh 3HUKYETHCS.

Po3pimkyBaHa 3[aTHICTh JICIUTHHY 3aJI€KHUTh K
BiZl KiJbKicHOTO BMicTy Qocdouminiai (yum ix Oinblie,
THM PO3piJDKyBaHa 3/IaTHICTh BHILE), TaK 1 BiJl XIMIYHOTO
cKIamy camoro (QocgoimigHoro KoOMIUiekcy. Yum
OinblIe B CKiIafi JISHUTHHY (Gpakuii pochaTnanixoniny,
TUM HOTO Jis Ha 3HW)KCHHS IUIACTUYHOI B'SA3KOCTI Oyre
Buma. ocharuanieraHonsaMin ¢EKTHBHO BILIMBA€E Ha
MEXy IUIMHHOCTi, IO MOXXHa  JOCHIIWTH  3a
PEOJIOTIYHUME  AOCHTIDKEHHAMHU. Pi3HOBHIM rina3ypi
TaKOX BIJPI3HSAIOTHCS SKICTIO, BIACTHBOCTSMH, CMaKOM,
KOJBOPOM Ta TpHU3HAYeHHSAM. B ckmami rmasypi mpu
(hopMyBaHHiI SKOCTI BaXKJIIMBY pPOJIb BiIIrpalOTh KUPH —
3aMIHHUKH Macjia KaKao, KaKao IOPOINKH, CyXi MOJOYHI
IHIPEAIE€HTH 1 TOBEPXHEBO-aKTHBHI peuoBUHH (pHc. 7).

Sk Bimomo [10-12] BracTUBOCTI Ta  SKICTB
IIOKOJIAJTHUX BUPOOIB 3aJIC)KUTh:

1) Bim OionoriyHOTO BHUIY 1
BUPOIIIYBaJIU Kakao-000u;

2) BiJ XIMIYHOTO CKIIay Kakao-000iB, IO KOPEIIOe
31 CTETIIEHEM IX CTUTJIOCTI;

3) TexHoJOTIi TOTIEpeNHBFOT 0OPOOKH CHUPOBHUHU —
Kakao-000iB — pepMeHTaIlil 1 CyIIiHHS Ha TUTAHTAIIISAX;

4) 0coOJMBOCTEW Ta MOXKIMBOCTEH TEXHOJIOTIT
noOyBaHHS KaKao-TePTOTO i Kakao Macia,

5) iepapxii MOCIIIIOBHOCTI 3MIIITyBaHHS
KOMIIOHEHTIB ~ pEUeNnTypu BUpPOOIB Ta  pexuMiB
TEMIIEPYBaHHS KaKao-TePTOro;

6) pexHMIB KOHIIYBaHHsS Ta BUOOPY BiJIOBIJIHOTO
Cy4acHOTO 00JIaTHAHHS,

MICIIEBOCTI, J¢

7) BuOOpY paIliOHATEHUX YMOB TEXHOJOTTUHUX
MPOIIECiB BUPOOHHUIITBA HA BCiX HOTO CTAisX.

8)  Temmeparypa  IUIAaBJICHHS ~— Kakao-Macla:
novatkoBa — 31-34 °C, xinnesa 33-36 °C, Temnepatypa
3acturanas 23-28 °C; mpu Temmepatypi Hmwkde 23 °C
Kakao-Macjio HaOyBa€ KpHCTaIidHOI CTPYKTYpH, CTa€
KPUXKHM 1 pO3CHIYAcCTHM; MacoBa 4YacTKa CyXHX
pedoBuH 99,9 %, xucnorue gucno, mr KOH B Ir xupy
0,9, mineHicTs 0,913 1/ cM?;

9) ocHOBHa Maca Kakao-mMacila CKJIaIaeTbes 3
TPUTIILEPUIIB, TPUYOMY BOHHM Pi3HOKHMCIIOTHI, TOOTO B
HUX TIIpPOKCHIM TiilepuHy erepudikoBaHi IBoMa abo
TppbOMa  KHUCIOTAaMH, B  OCHOBHOMY  MICTSThCS
MAJTEMITUHOBA 1 CTCAPHHOBA KUCJIOTH, KIJIBKICTh KUCIOT
3aJICKUTh BiJl MiCIls 3DOCTAHHS;

10) kakao-Macio JIyXke CTiKe J0 OKHCIEHHS
KHCHEM: JI0 CKJIaJly Kakao-Maclia BXOIUTh XJIOPOT€HOBa
KHCIIOTa — HAWCWIBHIIINK TPUPOTHUN aHTHOKCHUIAHT,
TOMYy Kakao-Macjo 30epiraeTtbcsi HOBruii dac 0e3
MPOTOPKAHHS;

11) BracTHBICTh Kakao-macia: HoniMopdismMm — mnpu
HE3MIHHOMY XIMIYHOMY CKJaJi KaKao-Macjio YTBOPIOE
Kinbka Mogudikanii  (5-gopm), ski MaroTh pi3HI
TEMIIEpaTypy 3acTUraHHs 1 IUIaBJICHHS, BCi 1i (opmu
MOXYTh NEPEXOJUTH OAHA B OAHY, KpiM cTabinbHOI B1-
¢dopmu.

BuCHOBKM Ta  mepcHeKTHBH
PO3BHTKY IaHOT0 HANPSIMKY.

Po3riissHyTO HaykoBe OOIPYHTYBaHHS MOXKJIMBOTO
BIUIUBY  JISIKMX  TEXHOJIOTIYHUX TMapaMmeTpiB  Ha
PEOJIOTIYHI XapaKTePHUCTUKH PI3HOBHIIB MIOKOJIQJTHUX
ra3ypeu.

BuzHaueHo MopsiIoK JOCIIKEHHS! CUCTEMH BUOOPY

nmoaaJbIIoro

pauioHAIPHUX MapaMeTpiB TEXHOJIOriT BHUPOOHMITBA
PI3HOBHJIIB TJ1a3ypei.

3arpornoHoBaHoO METOJIUKY peosoriyHux
JIOCHI/PKeHb, TOPIBHSHHA €(EeKTHBHOCTI 1 BIUIUBY

anprepHatuBHUX [IAP 1 craHmapTHOro jeuuTHHY Ha
PEOJIOTIYHI BIACTUBOCTI KOMITO3HWIlIH HAa OCHOBiI Kakao-
Macima. Y skocti ampTepHaTuBHUX I[IAP Oymm oOpani
MOHOTJIEPUAN 1 CYMIIl MOHO-, JH- 1 TPHUTJIIIEPUIIB,
OTpUMaHi 3 TaJbMOBOTO Macja METOJIOM TIIIEPOJIi3y B
MIPUCYTHOCTI JY)KHOTO KaTalizaropa.
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S. I. BUKHKALO, MARITA ZEMELKO

INVESTIGATION OF INFLUENCE OF CERTAIN TECHNOLOGICAL PARAMETERS ON
RHEOLOGICAL CHARACTERISTICS OF CHOCOLATE GLAZES

Chocolate glaze is a large-tonnage component of various branches of food technology, which also performs important
technological tasks, namely: helps to slow down oxidation processes; improving emulsifying and dispersing
properties; prevents hardening of certain types of products; prevents the ingress of moisture, which increases the shelf
life of the confectionery, etc. At the first stage, the main problems of production of the confectionery industry are
determined - they require a scientific justification for the choice of competitive components of production technology,
taking into account quality-cost indicators. Next, for the specified parameters of the production technology determine
the components of the formulation of chocolate glazes. As an example, the results of studies of selected technological
parameters of some compositions of chocolate glazes, a comparative analysis of their effectiveness on the rheological
properties of compositions based on cocoa butter: alternative surfactants - standard lecithin - alternative surfactants -
monoglycerides and a mixture of mono-, di- and triglycerides from palm oil by glycerolysis in the presence of an
alkaline catalyst. Analysis of the system of results and calculation equations allowed to offer recommendations for the
intensification of production processes: the introduction of synthesized surfactants in the amount of 0.3-0.6%
effectively reduces the viscosity of compositions based on cocoa butter, which, in turn, makes it possible to use them
for partial replacement of lecithin in the manufacture of confectionery.

Key words: chocolate glazes, rheological characteristics, surfactants, correlation, intensification of technological
processes.

C. U. BYXKAJIO, M. JI. 3EMEJIBKO

HNCCIEJOBAHUA BIIMAHUSA HEKOTOPBIX TEXHOJIOI'MYECKHUX
HAPAMETPOB HA PEOJIOTHYECKHUE XAPAKTEPUCTUKH IIOKOJIAJTHBIX I'JIA3YPER

[llokonanHas riaa3ypb — KPYIMHOTOHHAXHBI KOMIIOHEHT IS PA3HOBHIHOCTCH OTpaciicil MHIICBOW TEXHOJOTHH,
KOTOPBIH TAaK)KE€ BBIMOJHIET BaXKHbIE TEXHOJOTMYECKHE 3a/1a4d, & UMEHHO: CIIOCOOCTBYET 3aMEJICHUIO IMPOLIECCOB
OKHCJICHHST; YIYYIICHUIO IMYJIbTUPYIOLUIMX U JUCIEPTUPYIONIMX CBOMCTB; MPEIOTBPALIAET OYEPCTBEHUE OTICIbHBIX
BHUJIOB ITPOYKIIMH; MPEISITCTBYET MONAIAHUIO BJIard, YeM YBEJIIMUMBAET CPOK T'OJHOCTH KOHAUTEPCKOTO U3CIHS U JP.
Ha mepBoM 3Tame OmpenesnsitoTcsi OCHOBHbIC MPOOIEMbl MPOW3BOJCTBA KOHAMUTEPCKON OTpaciun — OHU TPeOyIoT
HAY4YHOro O0OCHOBaHUsI BbIOOpA KOHKYPEHTOCIIOCOOHBIX COCTABIISIIOIIMX TEXHOJIOTHH MPOM3BOJICTBA HPOIYKIHH C
y4eToM T[oKa3areneil KauecTBo-cebecTonMOCTh. Jlamee jisi 3aJaHHBIX MapaMeTpoB TEXHOJOIMH MPOU3BOJCTBA
OTIPE/ICIISAIOT COCTABILIONINE PELCHTYPhI IIOKOJAMHBIX IIa3yped. B kadecTBe mpuMepa MpeaCTaBICHBI PE3yJIbTaThI
HCCIICIOBAaHUK BBHIOPAHHBIX TEXHOJOTMYCCKHX MAapaMETPOB HEKOTOPHIX KOMITO3UIMIA MIOKOJNAIHBIX TIlazypei
CPaBHUTCIBHBIN aHann3 3(QQPEKTHUBHOCTH WX BO3ACHUCTBHS HAa PCOJOTMYCCKHC CBOWCTBA KOMITO3HMIIMH HAa OCHOBE
KaKao-Macjia: CTaHJAPTHBIA JICHUTHH — ajlbTepHaTuBHbIC [IAB — MOHOIHMIEpHUIBI M MX CMECh MOHO-, JU- U
TPULIIHICPUABI, CHHTEC3UPOBAHHBIC W3 MAJIBMOBOIO MAacjia METOJOM DJIHIEPONIU3a B TPUCYTCTBHU MICIOYHOTO
KaTanu3aropa. AHAIN3 NOyYEHHBIX PE3YJIbTATOB U PACUETHBIX YPAaBHEHH MO3BOJIUIT IIPE/IOKUTh PEKOMEHALMHU T10
WHTEHCU(HUKAIIMKA IIPOIIECCOB MPOM3BOACTBA: BBelAeHHE cuHTe3upoBaHHBIX [IAB B kommuectBe 0,3-0,6%, uto
3G (PEKTUBHO CHIDKAET BI3KOCTh KOMIIO3MIMI HAa OCHOBE Kakao-Maciia, ¥, B CBOIO OuYepe/b, AeT BO3MOXKHOCTh
HCIIOJIb30BaTh X JIJIsl YACTHYHOM 3aMEHBI JICLIUTUHA TIPH NPOU3BOJICTBE KOHAUTEPCKUX U3CIHH.

KaioueBble cj0Ba: [NIOKOJagHbIC TJa3ypH, PEOJOTHYECKHUE XapaKTEPUCTUKH, MOBEPXHOCTHO-aKTUBHBIC
BEIIIECTBA, NHTEHCU(UKAIIUS TEXHOJIOTHIECKUX MPOIECCOB.
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S. I. BUKHKALO. A. O. AGEICHEVA, M. V. MOSKALENKO, A. E. VYPOVSKA

ICT USAGE IMPLEMENTATION IN STARTUP PROJECTS TRANSLATION

The importance of ICT usage implementation in the startup project is analyzed. It has been proved that translation is of great
importance for any startup project for establishing relationships with potential clients around the world. The role of the translator in
the startup project is investigated. Translation has been proven to be important for any startup project to build relationships with
potential clients around the world. A comprehensive analysis of the translation of startup projects from Ukrainian into English using
the latest information and communication technologies in this process. Peculiarities of using modern ICT in translating the
description of startup projects from Ukrainian into English are revealed. Exploring the use of information and computer technology
in the translation process. It is determined that it is important for a translator of a startup project to understand all the features of
using the software, choose the appropriate programs or online tools and develop a strategy for the translation process in the project.
The results of this work are very important and necessary for further study of the features of the use of ICT in the translation of

startup projects.

Key words: ICT, Information and Communications Technology, translation, startup projects

Introduction. The importance of developing the
state in an innovative direction has been discussed in
Ukraine at all levels. And there is not only a discussion —
the necessary laws are adopted, programs are approved,
technology transfer centers and business incubators are
developed, trainings, forums and competitions of
innovative ideas are constantly held.

The point is, a startup is not a new business, as
some people think. A startup is a creative work with a
new idea, it is a search for a business model for an
innovative idea that did not exist before, and which will
be able to bring real income in the future. A startup
environment is a creative environment in which inventors
learn, communicate and work on their projects.

A good team is also very important for a startup.
And the question here is not only and not so much in
financial resources, as in planning a strategy, in correct
management for entering various markets.

The startup path is different from the standard
business path. It aims at localization professionals,
marketers, managers and educators. According to Bert
Esserlink, author of one of the first localization manuals,
the project translation includes such types of work as
project management; translation of web content;
translation and computer typesetting of documentation;
translation and arrangement of multimedia elements;
checking the functionality of localized software or web
applications [1-8]. Examining the work of online
business strategy, it can be concluded that the translator
is actively involved in the following stages of project
preparation:  translation of business strategies,
documentation and certificates, website localization, its
testing, technical support and project promotion on the
market [9—-18].

Identification of previously unsettled parts of the
general problem.

Expansion of international cooperation makes the
problem of business proposals and contracts, prompt
translation of correspondence, etc. especially applicable.
The creation and development of automatic machine
translation systems, which could become an essential
tool in the work of specialists of various profiles can be
one of the best solutions to this problem [19-27].

The possibility of automating such seemingly
routine mental work as translation has been attracting
attention for a long time. Machine translation has
undergone significant changes over the past few years. A
large amount of research is conducted in the field of
statistical machine translation and machine translation
based on examples [28-36].

The professional translators’ requirements for the
machine translation quality are much higher than those of
non-professionals. These figures indicate that some
translators are really interested in using automatic
translation tools to increase labor productivity and reduce
time costs. At the present time, new programs are
constantly appearing, the already known ones are being
updated or radically revised. 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.

The main purposes of this paper are:

- To make the analysis of implementation ICT usage
translation in Startup projects;

- To define the role of a translator for a Start up
project;

- To identify main aspects of ICT startup projects
translation;

- To determine the ICT usage implementation in
startup project translation process.

The main part.

Translation  competence includes linguistic,
communicative, text-forming, technical competence, as
well as the personal characteristics of the translator. A
translator in a startup project team needs not only to be
well oriented and understand the thematic vocabulary,
but he is also required to apply other important work
skills in practice [9-18, 32-35].

During the translation work with the startup projects
catalog, it was taken a decision to develop a translation
strategy. It consisted of specific steps in the work:

© Bukhkalo S.I. Ageicheva A.O.,
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1) carefully read the texts of the startup projects one
by one [1-9];

2) highlight the main directions for our translation:
Energetics, IT, Materials and Technologies [1-18];

3) acquaintance with projects, their main innovative
ideas [18-35];

4) highlight special vocabulary,
complex grammatical structures [32—-35];

5) analysis of existing ICT for translation;

6) choosing the most suitable tool for the best
result;

7) translation of the startup projects catalog using
ICT (online dictionaries, online translators, other
necessary software) [8, 16, 19, 24-29, 36];

8) creation of presentations of some projects for the
final defense of the project.

When translating the catalog of final Challenge
start-up projects, it was reviewed 98 projects from 7
directions: ecology, IT, energetics, agriculture, medicine,
materials and technologies, another direction.

A startup is always about new and innovative
things. It is about the desire to solve a certain problem of
society or to simplify some aspect of life. The text of the
project, presentation and all types of documentation will
always contain industry terminology. In some cases, the
terms will be created by the startup team members
themselves.

It is very important to consider the lexical features
of the translation of Ukrainian projects into English. The
creation of the English version of the project catalog
enables foreign investors to get acquainted with
promising and innovative ideas. Translation causes great
difficulties - these are concepts related to life, everyday
life and are absent in the language systems of other
peoples, for example: BuIIKMBaHKa, KOJOMHUIKa,
BeyopHuri. As a rule, translators face two main
difficulties in conveying that: the absence of an
equivalent in the language of translation due to the lack
of native speakers of this language is indicated by the
reality of the referent and the need, along with the
substantive meaning (semantics) of reality, to convey its
color and connotation.

Often, they are conveyed through transcription,
transliteration and tracing, or through description. In our

terminology,

Table 1

investigation it was decided not to use trasliteration, but
to pass the value through description, generalization or
concretization. This method is used to convey everyday
realities, the meaning of which is not clear to the reader
and requires explanation. The most important thing in
this work is that the text is clear and readable for
everyone: judges, investors, partners and members of
other teams of the final competition.

Some examples of our realities translation from
projects of different directions:

- “O6csr puHKY TepMOMOEpHi3awii B YKpaiHi:
OBBB...” — “The volume of the thermal modernization
market in Ukraine: Apartment Buildings Citizens
Association...”

“Ha nii onnaiiH-rulatgopmi  MoxkHa Oyne
po3mimnyBaTtd  iHQOpMAIil0O BiTHOCHO 3aXOMdiB, SKi
BimOyBaroThcsl B obmacti.” — “This online platform will
be able to post information about events taking place in
the region.”

It was noticed that abbreviations are often found in
project texts. The translator needs to know how to
interpret each abbreviation, that is, what realia is hidden
behind it. In addition, the translator must have a good
idea of whether there is a ready-made correspondence to
both the abbreviation itself and the realia behind it in the
language into which the translation is carried out [3].

So, transliteration, as well as transcription, is most
often used in cases when it comes to proper names,
names of state institutions, positions specific to a given
country, that is, about the sphere of social and political
life, about the names of objects and concepts of material
life, about the forms of addressing the interlocutor,
abbreviations, etc. The word of the source language is
transferred into the text of the translating language as it
is, preserving partly or completely the form as a
borrowed, transcribed or transliterated word. The
disadvantage of transcription/transliteration as a
translation technique is that the mechanical transmission
of a non-equivalent word is not able to fully reveal the
content of a new concept, which may either remain
completely incomprehensible to many recipients of the
text, or will be only approximately clear from the context
[4-7].

The sentence
original text (in Ukrainian)

from the|llponoHyeThest HOBUiT pecypco3depiralouunil miaxia s CTBOPEHHS Ta MiATPUMKH MiKPOKIIMATy B
TEIUTMILIX 3a JIONOMOTOK KOMIUIEKCY CaMOperyJbOBaHHX IPHCTPOIB, 3/aTHHX 3abe3reuyBaTd
00irpiB, MOJNUB Ta NPOBITPIOBAHHS 0€3 BUKOPHCTAHHS CHEPTOHOCIIB.

Google Translator

the use of energy.

A new resource-saving approach is proposed to create and maintain a microclimate in greenhouses
with a set of self-regulating devices capable of providing heating, watering and ventilation without

Promt

using energy sources.

A new resource-saving approach is proposed to create and maintain a microclimate in greenhouses
using a set of self-regulating devices capable of providing heating, watering and ventilation without

Microsoft Translate

A new resource-saving approach is proposed to create and maintain the microclimate in
greenhouses using a complex of self-regulated devices capable of providing heating, watering and
airing without the use of energy carriers.

Our final translation version |A new resource-saving approach for microclimate development and maintaining in greenhouse is
presented. The implemented tools are self-regulating devices set, that is able to provide heating,
watering and ventilation without the energy carriers.

Bicnux Hayionanvnoeo Texniunozo Yuieepcumemy «XI1l». Cepis: Innosayitini
72 odocriddicenns y naykosux pobomax cmyoenmis, 2021, Ne 1 (1361)



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

Source: authour’s development

Microsoft Translate |

Promt |

Google Trans|ate |

Source: authour’s development

Figure 1.

In addition to analyzing the terminology translation
in start-up projects, the main task was a practical
investigation how modern technologies in translation are
able to adequately help a translator when translating
start-up projects. To do this, it was assessed the quality
and compared the translation results of the three most
popular online translators: Google translator, PROMT
translator and Microsoft Translator.

The interfaces of these translators are simple and
similar: have two fields in front, into one of which text is
inserted, and the other displays the result of the
translation, which can be edited directly in it. The target
languages are selected in the drop-down lists [9].

The above-mentioned services during startup
projects catalog translation was used. It has identified 14
projects in Energetics. We present several examples and
an analysis of the use of ICT in our work. In order to
assess the adequacy and equivalence, was used Makoto
Nagao's method, by which computer translation is
assigned a score from 1 point (the meaning of the
sentence is clear and no questions arise, grammar, word
usage and style correspond to the general structure of the
text and do not require re-editing) to 5 points (the
sentence has a large number of grammatical and stylistic
errors, the meaning of the sentence can be understood
only after careful reading and analysis) [10, 11].

Example 1 is presented on the Table 1. There were
indicated the features of the this sentence translation.
With regard to the analysis of the use of ICT in
translation, it is necessary to highlight a couple of points.
All translation services indicated the translation of the
word “ctBopenHs” as “create”. The most appropriate
translation in this context is “development”. Despite the
terms and complex structure of the content, all 3 services
showed a satisfactory result. The sentence was not
divided into 2 parts, as we decided to do. In our opinion,
Promt-translator performed the best in this case.

The main features that need to be considered when
translating is outlined. One of them was the translation of
abbreviations. Below, in the comparison table, online
translators work with the abbreviations translation is
illustrated. It is important to note that we did not insert
abbreviations separately into the online-translators. We

H%

inserted the entire sentence where the context and
meaning were clear. It may be clearly seen that Google
has done 100% success (Table 2). The results of other
translators must either be corrected or completely
changed:

Table 2

Original|Equivalent| Google Promt Microsoft
Translator Translate

HHIJ NSC NSC NNTS Nsc

AIIK agro- agro- |agrarian and| Agro-

industrial |industrial | industrial | industrial
complex | complex | complex complex

ADI API API AFI AFI

Source: authour’s development

After analyzing and comparing 3 popular online-
translators with 30 start-up projects descriptions, we are
able to determine which service produces the most
adequate translation. We use a scale by Makoto Nagao.
Scientist developed it for machine translation evaluation
based on linguistic and stylistic analysis [13]. The scale
includes the points from five to one point:

1 point — the sentence is clear and no questions
regarding the meaning arise, grammar, vocabulary and
style correspond to the general text structure and do not
require post-editing;

2 points — clear sentence meaning, but grammar
structure requires editing;

3 points — clear general meaning, but grammatical
structure and vocabulary are incorrect in some parts;

4 points — there are stylistic and vocabulary usage
mistakes, the context is not always clear;

5 points — there are lots of grammar, vocabulary and
stylistic errors, the sentence may not be understood even
after being read several times.

We got the following results:

- Google Translate — 2 points;

- Promt — 4 points

- Microsoft Translate — 3 points.

If we take into account only the lexical structure in
the text, then below we submit the adequate translation
percentage  of terms, abbreviations, semantic
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constructions, and other special lexemes by online
translators (Figure 1):
- Google translate provides an adequate translation in

97%;

- Promt — 93%,;
- Microsoft translate — 95%.

It is important to note that all three online services
clearly convey the grammatical structure of the sentence.
This makes post-editing easier for the human translator.
As a result, we have chosen Google Translate as the main
ICT during translating the Sikorsky Challenge startup
projects catalog.

Nevertheless, the post-editing was a time-
consuming process for us. However, it resulted in
English text that is readable and sounds natural as if it
was already written in the target language. The post-
editing process included:

- terminology consistency check;

- syntactic changes following with the target
language rules;

- work with the text stylistics;

- translation and adaptation of cultural phenomena
(phraseological units, idioms, abbreviations, etc.);

- full compliance with the original text achieve;

- formatting execution by the original text;

- all grammatical, punctuation and spelling errors
correction.

We can draw our own conclusions about the use of
ICT in the translation of startup projects. We highlight
the following disadvantages of computer translation that
require human correction:

- lack of meaning in individual sentences;

- wrong translation choice of some ambiguous words;
- incorrect word order;

- disagreement between the sentence parts.

At the same time, we note the advantages of

machine translation:

- it is time-saving;

- correct translation of individual parts of the text;
- general text meaning conveying.

Thus, the analysis performed allows us to conclude
that the greatest problems in machine translation are
associated with semantics, since the semantic
constructions translation requires databases that are not
currently developed in all online translation tools. In
addition, translations of complex grammatical, syntactic
and lexical structures cause considerable difficulties as
well [14-17].

The process of startup projects translation is
complicated. Economy and culture interaction requires
interlingual and intercultural services. To perform this
function, it is important to have certain knowledge and
skills, as well as the necessary translation competence.

Linguistic competence is a set of linguistic means
used by members of a linguistic community. Linguistic
competence involves connections knowledge that exist
between the forms and meanings of different signs.

Communicative competence is the translator’s
ability to interfere, to form correct conclusions from

speech statements about their full content or “meaning”
based on background knowledge.

Text-forming competence involves: the ability to
create texts of various types in accordance with the
communicative task and the communication situation;
ensure the proper structure of the text; use the text
language units according to the rules for constructing
speech units in the language; assess the place and ratio of
individual parts of the text and perceive the text as a
coherent speech whole.

Technical competence includes specific knowledge,
skills and abilities required to perform a given type of
activity.

Personal characteristics necessary for a translator:
mental organization, ability to concentrate, ability to
quickly switch attention, high erudition, concentration,
efficiency, modesty, tact and moral ethics.

Translation competence is a complex and
multidimensional category that includes all those
qualification characteristics that allow a translator to
carry out an act of interlingual communication:

- the ability to “translate” the interpretation of
the source text;

- translation technology skills;

- target language norms knowledge;

- translation norms knowledge that determine
the translation strategy choice;

- knowledge of the norms of a given style and
genre of text.

- the ability to use MT and TM systems,
reference sites, electronic dictionaries, knowledge of new
communication tools (instant messaging programs);

- readiness to adapt to new conditions, constant
improvement of skills and abilities.

A translator in a startup project team needs not only
to be well oriented and understand the thematic
vocabulary. In our opinion, the translator is also required
to apply other important work skills in practice:

- knowledge of international standards for the
design and translation of documentation for start-up
projects to achieve the best result in localization;

- the right tone choice of information transfer in
order to successfully convey the energy of the startup
project team and their idea.

The professional image of the project in the
international arena depends on the work of the translator.

If a translator fails, the following consequences may
arise for a startup project:

- misunderstandings on the foreign partners and
investors part, which may hinder the transaction in the
future;

- the wrong impression about the
representatives, which affects the repulsive image;

- poor translation quality (the translated phrases
in the text do not sound familiar to the target language)
may indicate that the project is not ready for launch.

The translation industry around the world has
grown several times over the past decade. The nature of
the translator's work and the requirements for him have

team
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changed. First of all, the changes concerned the written
translation of scientific and technical documentation.

During startup projects translation, in our opinion,
the main difficulties include:

- translation of complex terminological groups;

- logical connections explication hidden behind
the ornate syntactic sentence structure;

- verbosity or tautology elimination present in
the original text;

- mental editing of grammatical errors during
the oral translation that can make it difficult to
understand the original text.

Does a startup need a translator? An average
knowledge of English may be enough to communicate
with international partners, but this will not be enough,
for example, to bring the project to world markets.

Every month there are a lot of startups competitions
in the world, which will help the project not only to get a
cash prize, but also to find mentors, to get into a business
incubator. However, most standing competitions require
to fill out an application in English. In this case, the
startup team must not only provide general information
about the project, but also tell about the financial part,
business models, market prospects and the team.

Filling out an application in English is only a small
part of the iceberg, but you need to approach it
responsibly. It is important not just to tell about the
project, the main goal is to interest the right people, and
this is often a difficult task even in the native language.
Even if the startup team members are confident in their
English knowledge, it will be wuseful to entrust
professionals with at least editing.

In case the team has prepared its pitch and there is
no doubt that in Ukrainian they can convince anyone to
invest the right amount in the project. However, does it
sound convincing in English as well? It is not enough to
have an idea that will shoot. It is important to be able to
convey it in a form that may be of interest to potential
investors and mentors. Only a native speaker, who, in
addition to his native English, is fluent in Ukrainian, will
be able to make the pitch emotional and interesting.

The success of a startup is ensured if it solves
global problems and can be scaled not within the
country, but around the world. In order to find out about
the project, the team needs to translate presentations,
promotional materials and the site into English.

It is also important to entrust localization to
professionals, because poor translation is not only a
waste of money and damage to the project image, but
also a waste of time, which among startups has a great
value.

Teams of startups that develop innovative products
sooner or later face the need to patent the technology for
protection. The purpose of patenting is to secure
exclusive rights to manufacture and sell products
containing inventions in a certain geographical area.

Different patent offices have different requirements
for the language in which an application should be filed.
Today, a very popular system of patenting inventions,
provided by the Patent Cooperation Treaty (PCT), in

which the application can be filed in one of the
established 8 languages, including English. However,
some of the procedures in the application process will
require the submission of documentation in Russian or
French.

The European Patent Office shall apply only in
English, French or German. When translating such
documentation, accuracy in the description of the
invention is important, as any distortion of information
here can have serious consequences.

A full-fledged translation can only be performed by
a qualified specialist in the field of science or technology
with translation competence, with which the source text
is thematically related. This means that, orienting himself
in his narrow professional sphere and owning the
terminology, such a specialist need to:

- have knowledge of-grammar and vocabulary
of two languages;

- know sufficiently the culture of both peoples;

- take into account the extralinguistic aspects of
the translated text;

- solve complex problems of transferring not
only information, but also imagery, understatement,
many different linguistic signs shades of the original,
which makes it possible to consider translation
competence as a complex concept.

A competent translator, unlike a machine-translator,
is guided by a large number of criteria when choosing a
foreign language equivalent. These include not only the
meaning of each word and the meaning of the
grammatical constructions used, but also the concept of
the value, novelty of the information offered, the
possibility of compressing information, using standard
formulas, clichés. A professional translator can,
depending on the audience of listeners or readers to
whom the translation is intended, make corrections,
clarifications, substitutions in the translation text, and
also maintains a style of presentation defined for a
particular genre, builds equivalents of terms that are not
in dictionaries[19].

After the first acquaintance with the startup projects
catalog, it was decided to develop a translation strategy.
It consisted of specific steps in our work:

Step 1. We carefully read the texts of the startup
projects one by one. Highlighted the main directions for
our translation: Energetics, IT, Materials and
Technologies.

Step 2. Detailed acquaintance with projects, their
main innovative ideas.

Step 3. Highlighting special vocabulary,
terminology, complex grammatical structures.
Translation of several projects without the ICT use.

Step 4. Analysis of existing ICT for translation.
Choosing the most suitable tool for the best result.

Step 5. Translation of the startup projects catalog
using ICT (online dictionaries, online translators, other
necessary software). Creation of presentations of some
projects for the final defense of the project [20].

Conclusions and ideas for further investigation.
Expansion of international cooperation makes the
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problem of business proposals and contracts, prompt
translation of correspondence, etc. especially applicable.
The creation and development of automatic machine
translation systems, which could become an essential
tool in the work of specialists of various profiles can be
one of the best solutions to this problem.

During the translation work with the startup projects
catalog, we developed a translation strategy with ICT
usage.

Translation  competence includes linguistic,
communicative, text-forming, technical competence, as
well as the personal characteristics of the translator. A
translator in a startup project team needs not only to be
well oriented and understand the thematic vocabulary,
but he is also required to apply other important work
skills in practice.

We can draw our own conclusions about the ICT
usage in the translation of startup projects. It is
highlighted the following disadvantages of computer
translation that require human correction:

- lack of meaning in individual sentences;

- wrong translation choice of some ambiguous
words;

- incorrect word order;

- disagreement between the sentence parts.

At the same time, we note the advantages of
machine translation:

- it is time-saving;

- correct translation of individual parts of the
text;

- general text meaning conveying.

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
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C. I. BYXKAJIO, A. 0. ATEHYEBA, A. €. BHIIOBCbKA, M. B. MOCKAJTEHKO
BIIPOBAJ’KEHHS 3ACTOCYBAHHA IKT B ITEPEKJIA/II CTAPTAII-ITPOEKTIB

[TpoananizoBano BaxiuBicTh BrpoBamkenHs IKT y craproBomy mpoekTi. J[oBeneHo, 10 mepekiag Mae BeIMKE 3HAUYCHHS Ui
OyIb-SIKOTO CTapTaIl-IPOCKTY Ul HAJIArO/PKCHHSI CTOCYHKIB 3 MOTCHLIMHMMH KIi€HTaMH MO BChOMY CBIiTY. JOCIHiIDKeHa poiib
nepekiazaya B CTapTan-mpoexTi. JIOBENECHO, IO MEepeKial € BAXKIHBUM Ul OyIb-SIKOTO CTapTall MPOEKTY Ul HaJaropKCHHS
BIZIHOCHH 3 TOTCHLIHHUMH KII€HTAaMH [0 BChOMY CBIiTy. BHKOHaHO KOMIUIGKCHHI aHAI3 IEpeKiaay crapTam HpOEKTIB 3
YKpaiHCBKOI MOBHM Ha aHIJIICBKY 13 3aCTOCYBaHHSM HOBITHIX iH()OpMamiiHO-KOMyHIKamifHUX TEXHOJIOTIH y IIbOMY IIPOIECi.
BusiBnieno ocobnuBocti Bukopuctanns cydacHux KT npu nepekiazi omucy craprarl IPOEKTIB 3 YKpaTHChKOT MOBU Ha aHTJIIHCHKY.
JocnipkeHHI0 BUKOpUCTaHHs iHOpMaliiHUX Ta KOMIT IOTEpPHUX TEXHOJIOTiH y mpolieci nepekiany. BusnaueHo, mo nepekiazaqy
CTapTar IPOeKTy BaXKJIMBO PO3YMITH BCi OCOOIMBOCTI BUKOPHCTAHHS MIPOTPAMHOr0 3a0e3neueH s, BUOpaTH HaleXHi MporpamMu 4u
OHJIAWH-IHCTPYMEHTH Ta PO3POOMTH CTPATErilo IIepeKIalalbKoro IMpouecy y HpoekTi. Pesynpratn naHoi pobGoTn € Iyke
BaKJIMBUMH Ta HEOOXIAHUMH JUIS OAAIIBLIONO JOCIIIKEHHs ocobnuBocteil Bukopucrans IKT y nepekiai cTapTan-npoexTis.
Kunrouosi cioBa: IKT, Indopmariiiino-koMyHiKamiiHi TEXHOJIOTII, IEpeKyIa, CTapTal-IIPOEKTIB

C. H. BYXKAJIO, A. A. ATEHYEBA, A. E. BRIIOBCKAA, M. B. MOCKAJTEHKO

BHEJAPEHUE UCITIOJIb30OBAHUSA UKT B IEPEBOJIE CTAPTAII-ITIPOEKTOB

IIpoanammsupoBansl BaxkHocTs BHeApeHus: VIKT B crapToBoM mpoekre. J[oka3zaHO, YTO II€peBOA MMeeT OOJbIIOe 3HAUCHHE IS
JF000T0 CTapTan-TnpoeKTa Ul HaJlaXXMBAHMS OTHOIICHWH ¢ IOTEHIHAIFHBIMU KIHEHTaMH 10 BceMy mupy. McciemoBana poib
NIepeBOTIMKA B CTApTAI-NIPOEKTHL. Jl0Ka3aHO, UTO MEPEBOJ SIBISETCS BaXKHBIM IS JIFOOOTO CTapTall NPOEKTa IS HalaKUBAHHS
OTHOILIEHUH C MOTEHLUHUATbHBIMU KIHMEHTaMU 10 BCEMY MHpY. BBINONHEH KOMIUIEKCHBII aHaNu3 MepeBoja CTapTam MPOEKTOB C
YKPaMHCKOTO $3blKa HAa aHIVIMMCKUH C NPUMEHEHHEM HOBEHIIMX HH(OPMAIMOHHO-KOMMYHHKAIIMOHHBIX TEXHOJIOTHH B 3TOM
npouecce. BrisiBaensl ocobeHHocTH wucmonb3oBaHust coBpemeHHbx MIKT npu mepeBoje omucaHust cTapTral HpPOEKTOB C
YKPaMHCKOTO S3blKa Ha aHIIMHCKUH. VcclaemoBaHHIO HCHONB30BaHMS HHPOPMALMOHHBIX M KOMIIBIOTEPHBIX TEXHOJOTHI B
npouecce nepesoga. OmnpeneneHo, 4TO MEPEeBOAUYHKY CTapTal MPOEKTa BaKHO NOHUMAaTh BCE OCOOEHHOCTH HCIOJIb30BAHMS
NIPOTPaMMHOTO 00ECIIeueHHUs], BHIOPATh COOTBETCTBYIONIME IIPOTPAaMMBlI WM OHJIAHH-MHCTPYMEHTHI M pa3paboTaTh CTPAaTETHIO
TIEPEBOTIECKOTO MPOIlecca B MPOCKT. Pe3ynbTaThl TaHHOH paboTh! OYEeHb BaXKHBI M HEOOXOANUMSI JUIS JAaTbHEHIIET0 NCCIeTOBaHMS
ocobennocrei ucnoss3oBanus VIKT B epeBosie cTapTan-npoeKkToB
Karouessbie cioBa: KT, VudopMamoHHO-KOMMYHHUKAIIHOHHBIE TEXHOJIOTHH, IIEPEBOJI, CTAPTAI-TIPOCKTOB
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C. I. BYXKAJIO

THHOBAIIMHI KOMIIJIEKCHI CACTEMM BUKJIAJAHHSA JUCHUAILIITHA TEXHOJIOT'TA
XAPYOBUX BUPOBHMIITB SIK CKJIAJIOBA PO3BUTKY ACCOMIAIIIM EFCE Ta CFE-UA

VY marepianax CTaTTi pO3rJSIHYTI MOXKIJIMBOCTI UIsi BU3HAUCHHs Lijiedl HaBuaHHs cTyiaeHTiB BH3 3 mMeroro mopansioi po3pobku
CKJIQJIOBUX KOMIUIEKCHUX mpoekTiB. IIpu HamucaHHi CTaTTi BHKOPUCTAHO OaraTopiuHMN MOCBiA BHKJIAaHHSA JUCLHUILIIHA
«3arajpHa TEXHOJIOTisS XapyoBOi MPOMHCIOBOCTI» B HamlioHambHOMY TEXHIYHOMY YHIBEpCHTETI «XapKiBCbKUH MONITEXHIYHUI
IHCTHTYT» Ha Kadepi iHTerpoBaHUX TEXHOJOTIH, mporeciB i anapati. L{e# mocBix i 100pe 3HAHHSA IpenMeTa 3yMOBIIH BHCOKY
SIKICTh MaTepiajly Uil BUKJIQJAHHS JUCLUMIUIIHM, a MUTaHHS, 0 PO3IJIAAI0ThCS HPOIYIICHI Yepe3 MPU3My BIACHOIO TBOPYOIrO
CHPUHHATTS, IO POOMTH Marepian ocoOMMBO IHHUM. P03poOKM TpOBeIeHI 3 3aCTOCYBAaHHSM CYYacHHMX BHCOKOE(EKTUBHUX
HAaYKOBO-OOIDYHTOBAHHUX TEXHOJIOTil BUKOPHCTAaHHS CHPOBHHU, HAIIPHUKIAJ, BiI Pi3HOBUAIB aHANII3y CHPOBHUHU Ta HMPOIYKTIB 1O
BHOOpPY Tapy Ta YIaKOBKU Ha PI3HHUX CTaNisfX eKciutyarauii Ta yrwumizawii. [IpencraBneni npukiany i esiki 0COOIMBOCTI MOMKITMBUX
pillicHb HaBYaHHS, SIKi 3aCHOBaHI Ha EKCIIEPUMEHTAIBHUX JaHUX PO3pOOKH MexaHi3MiB igeHTudikauii-knacudikarii mpouecis i ix
HAYKOBOTO OOIPYHTYBaHHS Yy BHIJISAI OO'€KTIB IHTENEKTyaJbHOI BIACHOCTI. Y CTAaTTi MOKa3aHi NPHUKIAANM HAMPSIMKIB
BJIOCKOHAJICHHS TEXHOJIOTIi Ta 00JagHaHHs ISl IepepoOKH TOMATIB Pi3HUMH COCOOaMu, IpoaHali30BaHi METOAU iHTeHCUpiKarii
TEXHOJIOTIYHHAX TPOIECiB BUPOOHMIITBA TOMAaTHOI IACTH, a TAaKOXX IHHOBANil PI3HOBHIIB KOMMAHIH 31 CKIagHOIO 00pOOKOIO
ToMmaris. [IpoGrema yruiizanii pi3HOBUAIB BiTXOAIB PO3TIIAAETECS Y BUNIAL CKIATHIX KOMIUICKCHUX HPOIECIB, IX JOCIIHKEHb i

aHaNizy eHepro- i pecypco3bepiraroumx CKJIaJ0BHX.

KonrodoBi ciioBa: iHTenekTyalbHa BIACHICTh, CHCTEMH HaBYaHHs, KOMIUICKCHI iHHOBAIiHHI IPOEKTH, HAYKOBO OOTPYHTOBaHI

MCTOIM HaBYaHHS CTy,I[eHTiB.

Beryn. Ha xadenpi iHTerpoBaHMX TEXHOJIOTIH,
mporeciB  Ta  amapariB  (IT[TA) HamioHamsHOTO
TEXHIYHOTO YHIBEpCUTETY «XapKiBCHKUH MOJITEXHIUHUI
iHctury™ (HTY  «XIIl») OaratopiuHuii  TOCBif
BUKJANAHHSI  JUCIUIUIIHK  «3arajbHa  TEXHOJOTiA
Xap4oBOi NMPOMHUCIIOBOCTI» IMOB'SI3aHUIA 3 KOMILICKCHHM
IHHOBAaIlIHHUM TIPUHIMIIOM HajxaHHS ocBith. Kadenpa
ITIIA Buknamae Kypc «3arajbHa TEXHOJIOTiS Xap4oBOi
npomucioBocti» 3 1999 p. IloyaTtkoBuM eTanom
pPO3pOOKKM  KOMIUIEKCHOTO  iHHOBALlIHHOTO  3aBIaHHS
MOXKHA O3HAYUTH IIOCTAHOBKY HABUANBHUX KYypCiB, SIKi
YTBOPATH IHKJI 3 BiMOBIAHUX TUCITUILIIH 1 CIIPSIMOBaHi
Ha (popMyBaHHS HABHYOK CTBOPEHHS N ONICY CHCTEM
PI3HOTO PiBHS CKJIaTHOCTI.

Teoperndyna bacTWHa KypCiB BKIIOYAE MaTepia
PO OCHOBHI MeTOHOJOTii, 3acodbm ¥ CTPYKTYypy
nopiBHsUIbHOTO  aHamizy.  [lopsng 3 OCHOBHHM
TEOPETHYHUM MaTepiajoM y KOXKHUH 3 KypcCiB BKIIOYCHI
OJOKM  TPHUKIAAIB  aHai3y  EKCHEePUMEHTAIbHHUX
JOCTIJKCHD PI3HUX aKTyaJlbHHUX TEXHOJIOTIH Taiy3eH,
peabHO BHKOPHCTOBYBAHHX Y IMPOCKTaX IiJIPUEMCTB.
YIOCKOHANIOBaHHS  PEUTHMHIOBOI  OLIHKA  3HAaHb
MIPOBOJUTHECS HAa OCHOBI aHAJi3y 3aCTOCOBYBAaHUX (GOpM
KOHTPOJIO 3  BHUKOPHCTAHHSAM  HAaBYANbHUX  Ta
METOIMYHUX MaTepiaiiB, MI0 BXOIATh B KOMIUICKCHHH
KOHTPOJIb 03HAYEHOI JUCIUTLTIHH.

3 METo  MArOTOBKA  CIIEIANICTIB  BHIIOL
kBamiikarii 3 Xap4oBOi MPOMHUCIOBOCTI BUKJIaJadyaMHu
kadeapu BUIaHO NOHAA 15 MiAPYYHHKIB Ta HABYAILHUX
nocionukiB 3 rpupom MOH Vkpaium (Hampukian y
Kuesi ms ycix BH3 VYkpainu (90%), naxmax 10000
npumipHukiB). [linpyynuku orpumanu Haropogu MOH
VYxpaiau Ta HAH Bumioi ocsitu.

B nmeskux Bumanusx [1-7] Bmepme B YkpaiHi
3alPpONIOHOBAHO CYMICHE PpO3TIISAaHHS TEOPETUIHUX
muTalb 3 Kypcy (64 yd4. TOA.), Ha TMiACTaBi SKHX
po3pobiieHo nadopaTtopHi poboTH (64 yd. ToA.), BIepie
po3pobiieHi OaraToBapiaHTHI TECTOBI 3aBJaHHS Ta 3aaadi

3 OCHOBHHX TE€M Kypcy 3a OOJIOHCHKOIO CHCTEMOIO
HaBUaHHS; KYypCOBi, IHIWBiIyaJlbHI Ta KOHTPOJBHI
3aBIaHHA JUIA  CaMOCTIHHOT  poOOTH.  3aCBOEHHS
CTyJICHTAMH HaBUYAIBHOTO MaTepiaiy, B AKiii BKIIOYEHO
IHAWBIAyadbHI €IEMEHTH HOBUX HAayKOBHX JOCIIKEHD,
3aBepIIyEThCS MyOiKallier cTarti abo Te3 KoHpepeHii
JUIL KOXHOTO CTYJCHTa, a TakKoX Tpeba BiA3HAYUTH
CKJIaJIOBI HABYAHHS:

1) peamizamisi MONITHKUA YHIBEPCUTETY Y cdepi
3a0e3MeYeHHs] SKOCTI OCBITHBOI MISUIBHOCTI Ta SIKOCTI
BHIIIO] OCBITH;

2) 3aTBEpMKCHHS IUIaHY 3aXOMiB 3 MOHITOPHHTY
SIKOCTI OCBITHBOT IISUTBHOCTI Ta SIKOCTI BMIIIOI OCBITH Ha
HaBYAIBHUH PIK;

3) KoopaWHAIiS HAyKOBO-METOIMYHOI pPOOOTH B
IHCTHTYTaX, Ha (haKkymbTeTax 1 Kadeapax;

4) OOroBOpCHHS TPOCKTIB HOBUX HOPMATHUBHUX
JIOKYMCHTIB, 1[0 PETIIAMEHTYIOTh OPTaHi3allifd Ta 3MiCT
HABYAJILHO-METOJAMYHOIO  3a0e3leUeHHs, IMiAroTOBKA
pEKOMEHJAII II0A0 11X YAOCKOHAJICHHS 3 METOM
MOJTAJIBIIIOTO PO3BUTKY;

5) po3risn MUTaHb 3 IHIIATHMBH PEKTOpaTy Ta
Buenoi pamm yHIBEpCHTETy WIOAO OpTraHi3aIiifHOTO,
METOJIMYHOTO PIiBHS OCBITHHOTO IPOIECY Ta HAYKOBE
fioro 3abe3rmedyeHHs B IHCTUTYTaX, HAa KOHKPETHHUX
kadenpax, (akyapTeTax i MATOTOBKAa BHCHOBKIB MPO iX
BIJIMOBITHICTh YCTAHOBJICHUM BHMOTaM;

6) OIIHIOBaHHS JOIIIBHOCTI BHECEHHS HOBHX
HOPMATHUBHUX JIOKYMEHTIB Ha po3nia BueHoi pamu
YHIBEPCHTETY;

7) HajaHHS pO3’SICHEHb, TIyMadyeHb, KOHCYJIbTAIiN
HIOZ0 3aCTOCYBaHHS HOPMATHUBHHX JIOKYMCHTIB 3
HaBYaJIbHO-METOIUYHOI POOOTH;

8) bopmyBaHHS TIPOTO3UIIIH MO0 BIOCKOHATICHHS
CHUCTEeMH  BHYTPIIIHBOTO  3a0e3Me4YeHHs] SKOCTI B

YHIBEpCHUTETI Ta iH.
© byxkano C.I., 2021
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3aranbHi BifoMOCTi Ipo 00’€KTH BHBYEHHS Ta
npeaMeT AUCUMIIIHU.

inp HaBYaHHS, BUAMOTH JI0 3HaHb CTY/ICHTIB MalOTh
iHHOBAIlilfHE PO3BHHEHHA y BCIX CeMecTpax peaisamii
KOMIUIEKCHOTO  IDIAaHy 32  OCHOBHHMH  TEMaMH
BHUKJIQJaHHs TUCIUILTIHA (Tabm. 1).

BigmiHHOIO OCOONMBICTIO HAaBYaHHS CTYICHTIB B
HTY «XIIl» 3a Bka3zaHUMHU HamnpsAMKaMH € HOro
KOMITJICKCHUH xapaktep (Tabmumi 2 Ta 3 mpukiam amis
IT’SITOr0 CEMECTPY BUKIAJAHHS IAMCUUILIIHU), OCKUIBKH
CYMICHO pO3IMIISIAIOTBCA PISHOBUAU TPEACTABICHUX
MaTepiajiB  HaBYAIBHUX 3aHATH (H3): TEOpPETUYHI
MUTaHHA KypCy «3arajibHa TEXHOJOTiS  Xap4oBOi
MPOMUCIIOBOCTI», Ha SIKUX 3aCHOBaHI BKIIIOYCHI B
MiAPYYHUK J1abopaTopHi poborn (116), GaraTtoBapiaHTHI
TECTOBI 3aBIaHHSI y BHUTJSAAI 3a7ad 3 OCHOBHHX TeM
Kypcy (m3), iHOWBiAyambHi 3aBHaHHS Ta KOHTPOJBHI
3aBIAaHHSA, OI[IHOYHHN Marepian 3  ypaxyBaHHSIM
KinbkocTi ToauH (puc. 1 ta puc. 2).

VY migpydHuKax Ta HaBYaIbHUX MociOHMKax [1-8]
32 BHIICBKA3aHOK MCLUILTIHOK, BUKOPUCTOBYHOTHCS
METOJIOJIOTIYHI ~ OCHOBH CHCTEMHOTO MIAXOIYy [0
BUBYCHHS CKJIAJHUX TCXHOJOTIYHUX CUCTEM OCHOBHHUX
BUPOOHHUITB XapyoBOI MPOMHKCIOBOCTI 32 OCHOBHHUMH
MOJIOKCHHSIMU OOJIOHCBKOI CHUCTEMH HaBYaHHS. TaKox
MPUBEJICHI, HANPUKIAJ, OCHOBHI IMOJIOXKCHHS JUIS
CKIaJaHHA Ta aHaNi3y KiHeTHYHUX MOJeNeil XiMIdHMX
peaxmiif, amapaTH [UIi iX TIPOBEINCHHS; PO3IIITHYTO
MaTeMaTU4YHE MOJCIIOBAHHA XIMIYHHUX pEaKkTopiB 3
PI3HOIO CTPYKTYPOIO IMOTOKIB Ta NPHHLIMIHN iX BHOODY,
0 € HeBiJ €MHOI0 YaCTHHOIO KypCYy.

l'ooBHIM 3aBIaHHAM AUCIUILTIHY € (OPMYBaHHSI
TEOPETHYHMX 3HaHb Yy (axiBIiB XapuOBUX BUPOOHHUIITB

PO OCHOBHI MPHUHIMUIHN Ta MPOLECH, IO HPOXOIAThH Y
CUPOBHHI, I/l 9ac MepepoOKH Ta y TOTOBOMY IPOJIYKTI.
Y pe3ynbraTi BHUBYCHHS HABYAIBHOI JAUCHUILTIHU
CTYICHT TIOBUHEH 3HAaTH: OCHOBHI TEXHOJOTi4HI,
HayKOBi, METOJOJIOTiUHI, €KOJIOTiYHI Ta TEXHIKO-
€KOHOMIYHI TEpMiHM 1 TIOHATTSA; CKIAJOBI YacTHHHU
Xap4oBOi CHpPOBHHH, HaliB(paOpUKaTiB Ta MPOTYyKIii, a
TaKOX TOXHWBHUX PEUOBHH, iX  (PYHKIIIOHAIBHO
TEXHOJIOTIYHI 0COOIMBOCTI; 3aKOHOMIPHOCTI IPOIIECIB,
SIKI € CIIJIBHUMU JUIsl BUPOOHMIITBA Xap4YOBOI MPOAYKILI,
PO IUIICHICTh MPOLECIB, IO 3a0e3MeYyrTh 3aBIaHi
BJIACTHUBOCTI Xap4YOBOT0 IPOIYKTY; HAYKOBO-TCOPCTUYHI
OCHOBH CYYaCHUX TEXHOJIOTIYHHX MPOIIECIB i CrIocodm ix
NPaKTUYHOI peajri3auii; OCHOBHI NPHHIMIN TEXHOJIOTII,
YMOBHU TIPOBEICHHS TEXHOJIOTIYHHMX OIEpalliii; BUMOTH
CTaHAAPTIB J0 SAKOCTI OCHOBHOI CHPOBWHH, JOMOMIKHUX
MaTepianiB 1 IJIbOBOI MPOAYKIIi; CHCTEMYy Ta METOIH
XIMIKO-TEXHOJIOTIYHOTO 1 MiKpOOiOJOTIYHOTO KOHTPOIO
BHPOOHHUIITB; crocoOW yTHIIi3amii BiAXOAiB i BTOPUHHOI
CHUPOBHHH OCHOBHOTO BUPOOHHIITBA.

TakuMm 4YHHOM, MPH 3aCTOCYBAaHHI KOMIUICKCHUX
HaBYAJILHUX 3aHATH BiNOyBaeTbcs (opMyBaHHS 1
PO3BUTOK y CTYIEHTIB NMpo(eciiHMX KOMIETEHMIH, 110
O3BOJISIFOTH  IM  BHKOHYBAaTH  iHXKCHEPHO-IOCHTIIHY
po0OTYy 332 KOHKPETHUMHU TEXHOJIOTIYHHUMH MPOICCAMHU.
Jluist mpecTaBiIeHOTo MaTepiaily HasiBHA PI3HOMaHITHICTh
TeM 1 3aBJaHb, SKi BiAMOBITAIOTH OCHOBHUM pPO3diJIiaM
Kypcy «3arajbHa TEXHOJIOTiSl XapdOBOi IMPOMHUCIOBOCTI»
3 BKIIOYEHHSM po3xainiB  «Kmacugikarmiss OCHOBHHX
3aKOHOMIPHOCTEH XapdoBoi TexHoJorii» Ta «OCHOBHI
XapaKTEPUCTUKN KOMIUIEKCHHX MPOEKTIB iHHOBAIliHHOTO
MPOMHUCIIOBOTO  MIANPHEMCTBA»,  LIO  PO3LIUPIOE
MOJKJIMBOCTI MiATOTOBKHU OakanaBpis [1-5].

Tabmuus 1. Knacudikanis-inenrudikamis KOMICTEHIT IUCHUIUIIHU 332 OCHOBHMMH TEMaMH 11 BUKJIAJaHHS:
CneuiansHicts 181 Xapuosi texHouorii. bakanasp (3a caiitom HYXT).

Ne  |[Tpukmnaau iepapXii cki1aJIoBUX OCBITHBOT IPOrpamMu «Xap4oBi TEXHOJIOTIT Ta iHKeHepis», «Texnomorii
xapuyBaHHs» Ta «TexHosoriyHa ekcrepTr3a Ta 0esnexa xapuosoi npoaykuiin» (3a caiitom HYXT)

Texnouorii 30epiranHs i mepepoOKu 3epHa

TexHoOri1 Xap40BUX KOHIICHTPOBAHHUX MPOJYKTIB HA OCHOBI Yalo.

TexHoJIOTIT XapYOBUX MPOAYKTIB 03I0POBYOr0 Ta MPODIIAKTUYHOTO NPH3HAYCHHS

TexnoJorii xy1iba Ta XapuyoBHUX KOHIICHTPATIB

TexHoJIOTiT Opra’iYHUX XapYOBHX MPOIYKTIB

NN | |WIN|—

MIPSIHOIIIB

TexHoori1 Xap4OBUX KOHIICHTPOBAHKX MPOJYKTIB. HA OCHOBI (DPYKTOBO-OBOYCBOI CHPOBHHU, KABH Ta

7 |Texnonorii KOHAUTEPCHKUX BUPOOIB Ta XapuOBHX KOHIICHTPATIB

8  |Texnosorii XapuoBMX KOHIIEHTPATIB

9  |Texnosorii 30epiranHs, KOHCEPBYBaHHsI Ta IEPEPOOKH MOJIOKA

10 |Texnouorii 30epiranHsi, KOHCEPBYBAHHs Ta IIepepoOOKH M’sica

11 |TexHoJOTi1 pOCIMHHUX OJIiH, JXUPOBHUX T4 KOCMETHYHUX IPOIYKTIB

12 |TexHouiorii 30epiranssi Ta nepepoOIeHHs BOJHHUX OiopecypciB

13 |TexHoorii Xap4oBUX KOHIIEHTPOBAHHX IIPOJIYKTIB HA OCHOBI (PPYKTOBO-OBOUEBOi CHPOBHHHU

14 |TexHoJiorii IIyKPY Ta MOJicaxapuiiB

15 |TexHoJiorii MUTHOI BOJIU Ta BOJOMIATOTOBKU XapYOBHUX BHPOOHHMIITB

16 |Texnosorii npoaykTiB OpoJliHHS i BAHOPOOCTBA

17 |TexHosoriyna ekcriepTusa Ta 0e3rneka XxapuoBoi npoayKuii

18 |Texnouiorii atopBeIMYHUX XapUYOBHX MTPOJIYKTIB

19 |TexnoJiorii B pecTopaHHOMY TOCIIOAPCTBI

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini
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Tabmu 1. KommiekcHuil ilan HaBYaIbHHUX 3aHATH Iepioro Moayio (npukian) kagenpa ITIIA HTY «XIII»

Ne |Bup [To- |HaiimenyBaHHs TeM, pi3HOBH/IB HABAHTAXXCHHS 1 MUTaHb aHANI3y KOXKHOTO BHIY 3aHITh KOMIUICKCY TEXHOJIOTIT
1/1|H3 | IMHM|Xap4uOBUX BUPOOHMIITB
1 | nk | 2 |3aranpHi BimoMmocTi mpo: 00’€KTH BUBYCHHS Ta MPEIMET IUCUMIUIIHM, LiJb HAaBYaHH], BUMOTH JO 3HAHb
CTYICHTIB; ICTOPHYHUI PO3BHTOK XapuOBOi TEXHOJIOTII sSIK HAyKH B YKpaiHi; y3arajpHeHa CTPYKTypHa cXxema
TEXHOJIOT1YHOI JIiHIT Ta cTa/ii Xap4yoBOro BUPOOHUIITBA; OCHOBHI MTUTAHHS MOJICPHi3allisl BUPOOHUIITBA.
2 | mx | 2 |3aranpHa XapaKTepHUCTHKA Ta iepapxist MPOLECiB TEXHOIOTII MATOTOBYMX CTa/ill BUpOOHUIITBA, PEKUMU Ta
3aco0u 30epiraHHs pi3HUX BHIIB CHPOBHHH Ta IPOMYKI.
3 | ak | 2 |Texuonorii miArOTOBKM pI3HOBHIIB CHPOBMHM Ta HamiBdaOpukaTiB 10 BHPOOHHLTBA, iAeHTH]IKALis-
KiaacuGikalrist mpoIecis Ta 00Jia HAHHS.
4 | ik | 2 |Texuonorii 30epiranHs 3epHa: 3arajibHa XapaKTEPUCTUKA Ta OCOOJIHMBOCTI, CKJIAJ0OBI TEXHOJIOTTYHUX MPOLECIB Ta
onepalliii, anapaTrypHe OCHAIICHHS OCHOBHUX CTaiil
16 | 2 |OpnepxaHHs, TOCIIDKCHHS Ta aHaJIi3 JEsSKUX BIACTHBOCTCH KJICHKOBHHH IS PI3HOBH/IB MIICHUYHOTO OOPOIIHA,
BU3HAUCHHS 3araJIbHUX XapaKTEPUCTHK
a6 | 2 |HocnmimkeHHs Ta aHami3 pe3yJbTaTiB BH3HAYCHHsS aBTOJITHYHOI aKTHBHOCTI Ul PI3HOBHIIB MIICHHYHOTO
OopolIHa — BU3HAYCHHS @ -aMina3u
m3 | 2 |Po3paxyHOK MacH CyXHX PEYOBHH i BOJOTH y CHPOBHHI JUIsl BUPOOHHUIITBA TiCTa, CKJIaJOBI MaTepiallbHUX
0aJIaHCIB TEXHOJIOTIYHHX MPOIIECiB
m3 | 2 [Po3paxyHOK KiIbKOCTi OOpOIIHa Ha 3aMic TicTa, CKJIaJ0Bi MaTepiabHUX OalaHCiB TEXHOJIOTIYHUX MTPOLIECIB
PI3HOBHIIB MPOAYKIIT
2 | ik | 2 |Texuonoris OopolrHa: 3arajibHa XapaKTepPUCTHKA, OCHOBHI MpOLeCH Ta cTafil BHPOOHHULTBA pPi3HOBUAIB
GopomrHa, iX arapaTypHe BUKOHAaHHsI, PI3HOBH/IH Ta iepapXis IPOIECciB MOMETY 3epHa.
nk | 2 |TexHonorist Kpym Ta Kpym'sHHX BHpOOiB: NPHUHIHMIIOBA CXeMa BHPOOHHUIITBA, NMPH3HAYCHHS Ta araparypHe
0o opMIICHHSI OCHOBHUX IIPOIIECIB: JIIIEHHS, OTipYBAaHHS, IUTI(YBaHHS, TEXHOJIOTIUHI PEXKUMHU
nk | 2 |Texwnosoris xmiba: xai6onekapHi BIaCTHBOCTI OOPOIIIHA; IPUHIMIIOBA CXeMa XJII0OMeKapHOTr0 BUPOOHHIITBA;
OCHOBHI CTaii TeXHOJOTII Ta iX amapaTypHe OCHAILICHHS; TEXHOJIOTIUHI TapaMeTpy Ta 1X BIUTUB Ha MPOLECH
OCHOBHHX CTa/liii BUpOOHHUIITBA XJ1i0a.
nk | 2 |TexHonoris MakapoOHHHUX BUPOOIB: OCOOIMBOCTI peLENTYp MaKapOHHNX BHPOOIB; IPUHIUIIOBA CXEMa,
TEXHOJIOTIYHI PeKUMH Ta anaparypHe 0()OpMIICHHSI OCHOBHHX CTaJil BUpOOHHIITBA.
16 | 2 |JocuimKeHHs Ta aHAJI3 BIVIMBY PEKUMIB BUTOTOBJICHHS TicTa Ta HOTo CKJIaJIOBUX Ha PEOJIOTiYHI BIACTHBOCTI
16 | 2 |BuBueHHs i aHai3 3arajJbHUX BIACTUBOCTEH Pi3HOBU/IB MIIEHUYHOTO OOpOLIHA, ineHTUdIKaIis-Knacu(ikailis
CKJIaIOBHX JOCIIKCHHS 3aJICKHO BiZl COPTY Ta SKOCTi 00’ €KTIB TOCTIHKCHHS.
m3 | 2 |Po3paxyHKH IOTIOMDKHOT CHPOBHHH Ha 3aMic TicTa, Kiacudikamis-ineHTudikaris npouecis BUpoOHUIITBA Ta
CKJIQJIOBI MaTepialbHHUX OaIaHCiB TEXHOJIOTIYHUX IPOLECIB
m3 | 2 |PospaxyHku B3aeMO3aMIiHHOI CHPOBHMHM [UISl 3aMiCy TiCTa, CKJIaJOBI MaTepianbHHX OalaHCIB TEXHOJIOTIYHHX
npouecis. MoaylibHa KOHTpOJIbHA poboTa
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Puc. 1. Obnacti BIOCKOHAJIEHHS TEXHOJIOTI] IPOSKTYBAHHS

Ilpu

BUKOHAHHI

Puc. 2. MeToau BIOCKOHAIICHHS TEXHOJIOTIT IPOCKTYBaHHS

IHAMBIMTyadbHUX  3aBOaHb, HOPMATHBHO-TEXHIYHOIO Ta TEXHOJIOTIYHOIO

mabopaTOpHUX POOIT CTYACHTH 3aKpiIUIIOIOTH 3HAHHS,
OTpUMaHi NpU BHUBYCHHI TEOPETUYHOI'O Marepiaiy,
BUBYAIOTh HA MPAKTHILI BIUIUB TEXHOJIOTIYHOTO PEXUMY
Ha e(eKTUBHICTH JIOCITIIKYBAHOTO mpoLecy,
NOTJIHOIOIOTh 3HAHHS PO HBOTO, YAOCKOHAJIOIOTHCS B
MeTonax OOpOOKM pe3ysbTaTiB  eKCHEPHUMEHTAIbHUX
JOCTIJKCHb, B TOMY YHCIi i3 3aCTOCYBaHHSIM METOJIIB
BHOOPY paliOHAaJBHUX YMOB IIPOBEICHHS TEXHOJOTIHHUX
MPOIIEeCiB, IMIO BiANIOBiZae BUMOTaM Cy4YacHOI CHCTEMH
HaBuaHHs. TakoXk CTY/ICHTH HABYAIOTHCS KOPHCTYBATHCS

JOKYMEHTAIIEI0 Ha XapuoBY MPOAYKIIIO; OOHParoTh
pauioHaNbHI TEXHOJIOTIYHI pIMIEHHS 1 HAyKoOBO iX
OOIPYHTOBYIOTH; 3aCTOCOBYIOTH METOJIM MaTeMaTHYHOI
0o0poOKM  pe3ynbTaTiB  aHajil3y; 3a pe3yjbraTaMu
BUKOHAHUX JIOCIIJKEHb aHANI3YIOTh Ta HPOTHO3YIOTh
nepebir  TEXHOJOTIYHMX  NPOLECIB;  aHAII3yIOTh
TEXHOJIOTIYHI CHTyalii, piBeHb eKOJOTiyHOi Oe3mekn
XapyoBMX BHUPOOHHMIITB Ta IiHTEHCH}iKamii mporeciB
pecypco- i E€HEePro30epeKeHHS 0€3BiIX0THIX
BUPOOHUIITB.
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B sKOCTI OIIIHOYHMX MaTepiaiiB JUisl MOTOYHOTO,
MiICYMKOBOTO KOHTPOJIO 3HAaHb 3 PI3HUX PO3IUIB, AJIS
CaMOKOHTPOJIIO Ta KOHTPOJIIO OCBOEHHS KOMIIETEHIIH y
HaBYAJILHUN TPOIEC BKJIIOYEHO 3aBIaHHS B TECTOBiH
dbopmi — OaraToBapiaHTHI 3aBIaHHS, SKi JO3BOJISIOTH,
MIPY BiTHOCHO HEBENHKIiH KiTbKOCTI ayJUTOPHHUX 3aHSAThH,
MPOBECTH SKICHUM KOHTPOJIb 3a BCiMa BHUIAMH 3aHSTh,
BKITIOUAIOYN CAMOCTiHHY poOOTY CTYICHTIB.

Kadeapa inTerpoBaHux TexXHoJIOTiii, MpoieciB Ta
anapaTtiB = BHMKJIaJa€ HOPMATHBHY JMCHUILIIHY
«3araJbHa TEXHOJIOTiA Xap4oBOi IPOMHUCJIOBOCTI»

noHax 20 pokis aus crygenTiB 2 Ta 3 kypcis HHTOP,
Haxalb 3 2020 p. HaBYA€TbCH BiKe TUILKHM TpeTii
KypC, II0 NpHU3BeI0 10 BHIYYECHHS MaTepiamiB 3
TEXHOJIOTii OPOAMIbHUX BHPOOHUNITB [JIsl CTYAEHTIB
3i cnemiamizamii TexHooris JKHPiB i
skupo3aminaukiB. Tiabkm 3a 2015-2020 pp. Byxkajo
C.I. camocrTiiiHo a6o y ciBaBTOpCTBI (pHC. 3) BUAaHO
noHaa 20 crareid y ¢paxoBUX BUAAHHAX YKpaiHU Ta
€C, aki 3a0e3me4yyl0Th KOMILIeKCHe BHKJIAZAHHA
JUCHUILTIHM 32 yciMa BUAAMU HaBaHTa:keHHs (Buma
ocsiTa: bakaaaspar). [6].

Tabmurs 2. KommiekcHuil iaH HaBYaIbHHUX 3aHATH Jpyroro Moxymo (mpuxian) kadgeapa ITIIA HTY «XIII»

Ne  [Bun |lo- HaiiMeHyBaHHs TeM i MUTaHb KOXKHOTO 3aHSITTS KOMIUIEKCY
n/n |u3 IMHA
3 JIK 2 |TexHomoris XiIiOONEKapChKUX MAPDKIKIB: CHPOBMHA Ta TEXHOJOTIYHI PEXUMU OCHOBHHMX CTajii

BUPOOHUIITBA MPECOBAHUX JIPILKIKIB

JIK 2 |TexHoorist GOPOUTHSIHUX KOHAUTEPCHKUX BUPOOIB: TEXHOJIOTIYHI PEKIMH Ha KOXKHIH cTafii mporecy
BUPOOHMIITBA, X BIUIMB HA SIKICTh BUPOOIB.

JIK 2 | TexHOJOTis LyKPUCTUX KOHIAUTEPCHKUX BUPOOIB: TEXHOJIOTIYHI P&KUMH Ha KOXHIH cTazii mporecy
BHUPOOHUIITBA KapaMeri, iX BIUIMB Ha SIKICTh BUPOOIB.

JIK 2 |TexHoJoOTis MIOKOJIAMHUX BUPOOIB: TEXHOJOTIYHI PEXXHUMH Ha KOXHII craiil mporecy BUpOOHUITBA, X
BIUTHB Ha SIKICTh BUPOOIB.

16 2  |BuBueHHS i aHaJI3 BIACTHBOCTEH XJIIOONEKAPCHKUX MIPECOBAHUX IPIK/DKIB

(] 2 |JocmipkeHHs Ta aHaIi3 BUPOOHMIITBA KapaMelli Ha MaToli

m3 2 |Po3paxyHKH TEMIIEpPaTypH i BUTPAT BOIAM HA 3aMiC TicTa

3 2  |BusHadeHHs BHXOXy XJ1i000yI09HHX BUPOOIB 32 pO3paxyHKaMH.

4 JIK 2 |3arampHa TEXHOJIOTIS Xap4yOBHX KOHIIEHTPATIB: CTajAil BHPOOHMIITBA pPI3HOBHIIB MPOmyKmii Ta ix

arnapaTypHe BUKOHaHHs (mepii 6rona).

JIK 2 |3aranpHa TEXHOJIOTISI XapYOBUX KOHLEHTPATIB: cTaail BUPOOHHUIITBA Pi3HOBU/IB MPOAYKIII Ta iX
amaparypHe BUKOHaHHs (Ipyri Ta TpeTi Omoa).

JIK 2 |3araipHa TEXHOJIOTIS] OBOYECYLIMILHOIO BUPOOHHUIITBA: OCOOIMBOCTI MPOLIECIB Ta arapaTrypHe
o(opMIICHHSI OCHOBHUX CTaJliii BAPOOHHIITBA

JIK 2 |TexHOJOTISl OBOUECYNIMIIEHOTO BUPOOHUIITBA: OCOOIMBOCTI MPOLECIB Ta anapaTypHe 0(hOpMIEHHS
OCHOBHHX CTaJliii BUAPOOHHIITBA.

7160 2 |JocmimKeHHs Ta aHaJIi3 Ta30yTBOPIOBAIBHOI 31aTHOCTI OOpoIiIHa

10 2 |BUroToBICHHS Ta METOIHM aHAJI3y IIYKPOBOi MOMAJHOI MacH

3 2  |Po3paxyHKH BUPOOHHYHX PELCHTYpP Y BUPOOHHUUTBI X1i600yn04uHIX BUpOOiB

3 2 |MonynbHa KOHTpOIbHa poboTa Ne 2

Iepapxist KOMILIEKCHUX CKJIaJ0Bi iHHOBALIHHOTO
HABYAHHA 32 JUCHUILIIHOI0.

PeiiturroBe OIIiHIOBAHHS, HATIPUKIIA],
IHAWBIAyadbHOTO 3aBJaHHS Yy BHIJISIAI  y4acTi y
KOMIUIGKCHOMY  IHHOBAIlIHHOMY TIPOEKTi  JO3BOJISIE

OIIIHUTH CaMOCTiiHYy pOOOTY CTYJCHTIB TIpH HOTO
MiATOTOBII Ta peaizamii Ha YCiX pPIBHAX BHUKOHAHHS.
IIpu 11bOMy KpHUTEpiEM € He TiIBKH 3/IaTHICTh CTyIEHTa
MpaImoBaTH 3 HAYKOBO-TEXHIYHOIO JITEpaTyporo, ane i
Horo BMIHHS aHajJi3yBaTW OTpPHMaHi PO3PaxyHKOBI Ta
AQHAJTITUYHI MaTepiaiy, BUKOPUCTOBYBATH iX ISl OLIBII
MOBHOTO PO3KPUTTS 3aJaHol TEMH, HOro 3[aTHICTh
3aXMCTHTH TIpeJCTaBiieHy poOory. 3BHYaiHO, JUIs
e(peKTUBHOTO BHUKOPUCTAHHS PEHTUHIOBOI CHCTEMH
HeoOxigHa Oe3nepepBHa, YiTKO OpraHi3oBaHa IepeBipka
BCiX BUKOHAHUX BHIIB pOOIT, IO TO3BOJISIE OpTaHi3yBaTH
MpoIleC OIHKW 3HaHb CTYACHTIB SK O€3MepepBHUUN 3
MEePIUX 3aHATh 1 JO KIHISM CEMECTpy, NHpPH IhOMY
BaXJIMBA POJIb BUKJIA/a4a, SKUM [MOBUHEH OyTH rOTOBUI
BUTpayaTH CBii dYac Ha TEpeBipKy BCIX BHUIIB,
NPaKTHYHO, IHIUBIya bHUX POOIT CTY/IEHTIB.

Jns  ycHminmrHOro po3B'S3Ky IIOCTaBJICHUX THepes
CTYJICHTaMHU IIPY BUBYCHHI KypCY 3aBJJaHb HCOOXITHO
HABYAJIbHO-METOTUYHE 3a0e3nedeHHs BCIX
3aIUIaHOBAHUX KOHTPOJBHUX 3axoxdiB — /I3, KOHTpoIbHI
poOOTH, THWTaHHA MO 3aXUCTy JIAOOpaTOPHUX pOOIT,
cmiBmpans 3i cryneHTamu iHmumx BH3 mpu BUKOHaHHI
OCHOBHHUX IIiJIEHl KOMIIEKCHOTO TIPOEKTY Ta iH. Y I[bOMY
BUIAJKy BUKOPHCTOBYIOTbCS — HAaBYAIbHO-METOANYHI
Marepiaiu, 00 BXOJATh B HaBYaJIbHO-METOJUIHUIN
KOMIUIEKC JUCIHIUIIHA «3arajbHa TEXHOJOTiS Xap4OBUX
BUPOOHUITBY. J[0 HABYAIEHO-METOIMYHOTO KOMILICKCY
JMUCIMILTIHA BXOJSTh: HaBYalIbHA i po0O0OYa Mporpamu Io
JUCLMILIIHI, CEMECTpOBI KaJleHAAapHI IUIAHH, OIHC
PEHTHHIOBOI CHUCTEMM IO JUCLMILIIHI i3 BKa3iBKOIO Ha
BHIM POOIT, KOHTPOJIBHUX TOYOK, OalliB 3a KOKHUN BUJ
pobiT, KOHTPOJBHI 3aBHaHHSA JJS TOTOYHOTO U
MJCYMKOBOTO  KOHTPOJIIO 3HaHb IO  JUCIMILIIHI,
HaBYAILHO-METOANYHI PEKOMEHIAIT I BUKIANAdiB i
CTYJICHTIB 3a KPUTEPisAMH, SKi MMOB'I3aHi i3 IPOBEICHHIM
KOHTPOJIIO, TEMAaTWKa IHIWBIIyaJbHUX  JTOMAIIHIX
3aBllaHb 1 BUMOTH JI0 iXHBOTO 3MICTy W O(OPMIICHHIO,

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini

docriddicenns y Haykogux pobomax cmyoenmis, 2021, Ne 1 (1361)

83



ISSN 2220-478 (print), ISSN 2663-8738 (online)

Marepial  MOTOYHOrO  JIEKUIHHOTO  KOHTPOJIIO 32
OKPEMHMMH TeMaMH AUCLHMILTIHY, HABYaJIbHO-METOIUYH1
Marepianu 3 opraHizauii caMOoCTiHHOT poOOTH CTYAEHTIB,
omy0JikoBaHI W HeoIyOJIiKOBaHI METOAWYHI PO3POOKH
[0 JMaHii IWUCIMIUIHI, Y TOMYy YHCII iX eNeKTpOHHI
Bepcii, mepenik BUKOPUCTOBYBAHUX HAOYHUX MaTepialiB
1 TEXHIYHUX 3aC00iB HABYAHHS MI0JI0 KOHTPOJTIO.

Amnamiz  y400BO-METOAMYHOTO  KOMIUIEKCY TIO
3TXB, mpoBeneHuii 3 ypaxyBaHHIM Ii€i CTPYKTYypH,
NOKa3aB, sKi PO3IUIM Kypcy HEOOXiIHO J0JaTKOBO
3a0e3MeUnTH METOJIMYHOIO JIiTeparyporo, siki ¢Gopmu
KOHTPOJIIO M KpuTepil OWIHKKM NOTPeOyIOTh 3MiHH,
JIONIOBHEHHST a00 KopekryBaHHS. [lpu BukoHanHi 1/13
rpyna miapo3IUISEThCS HAa TPU—I'ATh HIATPYI, KOXHA 3
SKHX BHMKOHYE IEBHMH BHUJ 3aBJaHHS KOMIUIEKCHOTO
IHHOBaIifHOTO TPOEKTy 3 pI3HUMH BapiaHTaMHu
BUXIIHUX NaHWX. Tomy, KpiM y4OoBO-mIi3HaBaNbHOI
iH(hopMaIiiHOT KOMIIETeHIIii, p000Ta HaJ KOXHUM

Obpobika
pesyILTaTiB
NpoeKTy

IHAMBiyaJbHUM  JOMAIIHIM  3aBAAHHAM  CIPHSIE
(hopMyBaHHIO B CTYICHTIB KOMYHIKATHBHOI KOMITCTCHIIIT,
TOMY IO ITPY BUKOHAHHI TAaKMX 3aBJaHb iM JOBOAUTHCS
oOMiHIOBaTHCA 1H()OpPMAIIi€I0, KOHCYIBTYBATHCA B OLTBII
CHJIBHUX CTYACHTIB 1 KOHCYJIBTYBATH THX, KOMY
noTpidHa monomora. [1-5].

3a3Buuail mpaBWIbHI il CTYICHTIB JO3BOJISIOTH
peamizyBaTh pO3YMOBiI 3AaTHOCTI KOXXHOTO B OUIBII
KOPOTKHUI TepMiH, HiX NIpH iHAWBIAYaNbHINA poOOTi, ajie
3aXHCT pOOOTH MPOXOJUTH B TiK (opMmi, sKa T03BOIUTH
MEepeBIpUTH  BMIHHSA ~ KOXKHOTO  CTyJEHTa  JiSITH
CaAMOCTIHO B aHAJIOTIYHHX CHUTYAIlisIX — 3aXHCT y JBa
erany. HOBMMHU MeTOaM¥ OLIIHKYM pe3yJIbTaTiB HaBYaHHS
€, HaNpuKiIaJ, KOMIUIEKCHI IHHOBAWiWHI IPOEKTH 3
JIOZATKOBUM TBOPYHMMH 3aBJAHHSIMH, SIKI CTOCYIOTHCS
KOXKHOT'O CTYJICHTA Ta MalOTh aJrOPUTMH OLIHIOBAHHS.

BuspieHHA NATEHTOCHPOMMKHOCTI b0 oliHKa

MaTepiame ana myGnikamii

|

|

Ipu3ymHeHA
PO3TONONIEHHA
Pe3YILTATIR

Inentudikaiis
OCHOBHHX 03HAK
JUIA MATEHTYBAHHA

InenTrdikaris
OCHOBHHX UINEH
nybmikanii

!

!

ITi;

OTOBKA MaTEpialiB

[Mocranoeka 3aua4i
LRE

JUIA CKNaaHHA
JAABKH HA BHHAXI

1 BHKJIAQaHHs
OCHOBHOIO Ma’repia:{y

.

[ligroToBka Matepianis
V1A CKITaJaHHs

(hopMyI BHHAXILY

[TinTBepKeHHR
BIANOBLIHOCTI
U1 TIATEHTIBR

[lepernag
O3HAK
JU1A ATEHTYBAHHHA

Jabopona «t 1
nyBmikaii
pe3yaBTATIB OulinKa eKcrnepUMenTy
U1 MATEHTYBAHHA

l

|

|
|
>
|
|
|
|

Ouinka eeKTHBHOCTI
BUKOHAHHX NPOEKTIB

[TiAroToBKA | BHUKOHAHHA
3AKIHOYHUX 1T

Hepernan
3AMIaHOBAHMX
Btz

Puc. 3. Anropurym iHdopMamiifHOT OIiHKY IHHOBAI[IHHOTO JOCTIPKCHHS
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OCHOBHBIE TEXHOROIHN
WNIREBSIN DPONIBOACTD
N JHEPIOCBEPEMENNE

MPOMHCIIOBOCTT \ ' _ R0 i g | S ;

y |||.|:n‘|. r{.\ {{\il\ \X _  TPUKTIATA | TARAAX

R

Puc. 4. Bunauss s po3BUTKY KOMITIEKCHOT iIHHOBAIIHOT TEXHOJOT11

1 xype
Beryn no
crieniaabHOCT1
2 kypc
i IcTopist pO3BUTKY AmHani3 niTepaTypHIX INcuxonoro-neparor
HAYKH 1 TEXHIKH, JUKEpe 3 TEXHIYHOT JOCIBKEHHS 1pod)|
3,4,5.6 €BOIIOLIS TEXHIUHMX po0JIeMH Ha OCHOBI YIIPABITHCKOT MiJIr0Ty
Kypeu pillieHb 010/110TEYHOrO MOIIYKY CTYIECHTIB
Irpose
MPOEKTYRaHHA ] J J ] d
BukonanHs BuxoHanHs Bukonauus Bukonanus YyacTb y MiCbKH
Bunaxiguuubka| | i KOHKYpC 1 KOHKypC 1 KOHKypC 1 KOHKYpC obnacHux,
JSUIBHICTD KYPCOBHX | |6aKalaBpChbKHX JUTIIOMIB MaricTepChKHX BCEYKPaTHCHKNY
TartenTtu HPOEKTIB [IPOEKTIB CTIEIaliCTiB pobit KOHKYpCax Ta BHCTA
Crarrti _ | | | [ ]

Puc. 5. AnropuT™m omiHIOBaHHS poOOTH 31 CTYIGHTAMH Ha YCiX piBHSAX IHHOBALIHHOTO JTOCIIHKEHHS
MIEPETBOPEHHS BUXIAHOI CHPOBHHH 1 BUAY MPOAYKIIil, 110
Ipuknan BU3HAYEHHs i€papXil KOMIVIEKCHHX  pynyckaerhcs.  Hampukiaajn — CHCTEMM  TEXHOIOTHi

CKJIAI0BUX inHoBaNiiiHOro HaBYaHHA 338 BupoOHMITBA pPI3HOBUIIB HamiBpaOpUKaTiB Ta TOMAT-

JMCUMILTIHOO. NPOXYKTIB MOXHAa BH3HAYUTH 32 KOMIUIEKCHOIO
Ipukianom HaBYaHHs y LIOCTOMY CEMECTPI MOXKE  d)yHKLIOHAIBHOK CXEMOIO:

OyTH YHCIIO CHCTEM y CKJIafi JiHii i KOHKPETHI 3aBJaHHS 1. BaraibHa knacudikaris-inenTadikaris

iX yHKIIOHYBaHHS, sIKi 3aJ1€KaTh Bil CLI0CO0Y BUPOOHMIITBA, ACOPTHMEHT rally3i Ta MPOIyKIil.
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1.1. OcobuuBocTi BIIACTUBOCTEH CUPOBUHU
BUPOOHMIITBA — arpoTeXHIYHI CHCTEMH, HayKOBE
oOrpyHTyBaHHsI BUOOpY KpUTEpiiB HaciHHEBOI iepepaxil
PI3HOBHJIiB TOMATIB.

1.2. OcobmauBocrti BJIACTHBOCTEN MPOIYKIIiT
BHPOOHHUIITBA 3 ypaxyBaHHIM BHPOOHUIHX
MIOTYXHOCTEH.

1.3. OmiHroBaHHS MOXMJIMBOCTEH  BHPOOHHUIITBA

BinmoBiaHo HT/] — KOHTpOJb BIaCTUBOCTEH OCHOBHOT Ta

JIONIOMDKHOI ~ CUpOBWHHM, HamiBpaOpukaTiB Ha ycix
CTanisfX, Pi3HOBU/IB MPOAYKILII.

1.4. Knacudikauis-ineHtndikamis Ta  3arajbHi
NOKa3HUKH  DPI3HOBHMJIIB CHPOBHUHM Ta  OCHOBHOI
HPOJYKIII.

2. lepapxisi BU3HauCHHSI TEXHOJOTIYHUX Olepain
BHPOOHUIITBA.

2.1. TlopiBHsutbHA XapaKTePUCTHKA
(YHKIIOHATFHOI ~ CXEMH  BHUPOOHHWITBA  PI3HOBHIIB
MIPOIYKIIil.

2.2. OCHOBHI TOKa3HWKH TiATOTOBKH CHUPOBHUHHU
JI0 BUPOOHUIITBA.

2.3. lepapxis TEXHOJOTIT MiArOTOBYMX OIEpalliii

2.3.1. Ananiz ocoOiuBOCTEH Ta IiJIi MiATOTOBKU
CUPOBUHH: i€papXisi MUHHHUX CHCTEM 1HXKEHEPii.

2.3.2. Awnani3z 0coOJIMBOCTEH JIOTICTUYHUX CUCTEM:
iepapxist CUCTEM iHXKeHepii TpaHCIOPTYBaHHS.

2.3.3. Amnamis oco0ImBOCTENR 31piOHEHHS
CHPOBHHH:  i€papxif CcHCTEM IHCIEKTyBaHHSI Ta
3piOHEHHS.

2.3.4. Amnamisz oco0aMBOCTEH TPOIECiB IPOTHPAHHS
CHPOBHHU: i€papXisi CHCTEM iHXEHepIi.

2.4. CucreMu Kknacugikarii-inearudikarii
TEXHOJIOTIT OCHOBHHUX OTIEPaIliid.

2.4.1. Awnani3z ocoOnuBOCTell Ta iepapXisi nmporecis
BHIIAPOBYBAHHS TOMATHOI MACH.

2.4.2. Po3paxyHKH Ta aHami3  0COOIMBOCTEH
BHIIAPHOTO MPOIIECY Y CYYaCHUX BUIIAPHUX araparax.

2.4.3. Awnani3z ocobnuBocTel i€papxii acenTHYHOTO
KOHCEPBYBAHHS MACTOIO{IOHUX MPOIYKTIB.

2.4.4. Amnamiz ocobmuBocTeld BHOOPY ONTHMATBHHUX
peXuMIB cTepmimi3amii 3 ypaxyBaHHSIM MOXKIHBOCTEH
MPOTiKaHHA XIMIYHMX 3MiH y TIpomeci — iepapxis
KIHETHYHHUX TIPOIIECIB.

2.4.5. Tlocraniiiauii TEXHOXIMIYHUI i
OaKTEpOJIOTIYHUI  KOHTPONIb  MPOIECIB  mepepoOKu
CUPOBHHHM y IPOIYKT BignosiaHo no HT/I.

2.5. CucTteMH TEXHOJIOTIT 3aKIIIOYHUX ONepariin —
HEJIOJIKH Ta epeBarH.

2.5.1. ®dacyBaHHs NpPOXYKLii y CIIOXUBYIH Tapi —
iepapXist MpoIIeciB cTeprIizamii.

2.5.2. KoHTposb TPUTHUYEHHS Ta 3HHUIICHHS il
MIKpOOPTaHi3MiB — BUSBJICHHS 00MOaXHUX OAHOK.

2.5.3. KoHTposb pe:XUMIB Ta MPOIECIB 30epiranHs
— KOHTPOJIb 1 €TUKETYBaHH: 0AaHOK 3 MPOAYKITIETO.

3. MoxuBocTi T ABUIIEHHSA e(heKTHUBHOCTI
IIPOLIECIB PECYPCO- Ta EHEPro30epEeIKEHHS.
3.1. TexHonoriyni  omepamnii  BHUIOTOBJICHHS

LUILOBUX NPOJYKTIB — i€papXis-Kiacudikaiis;
3.2.  TexHonoriydi 0COOIMBOCTI BHIOTOBJICHHS
LUILOBUX NPOJYKTIB — i€papxis-Kiacudikaris.

4. Inentudikamis-kinacudikamnis oOTagHAHHSA IS
BUPOOHMIITBA PI3HOBHIB NPOIYKLIT 32 MOTPEOOIO.

4.1. Oco0NMBOCTI  TEXHOJIOTIYHHUX  OIepariit
BUTOTOBJICHHS IUTBOBHX IIPOTYKTIB.

4.2. PizHoBumm TEXHOJIOTIYHUX oTmepartii:
XapaKTepUCTUKA TEXHOJOTIYHUX TpOIEciB  Ta  ix

MOXIIMBOCTEH 32 AKICTIO TIPOTYKIIIi.

5. Tlpomwucnosi crocoou BUPOOHUIITBA
PI3HOBHIIB POAYKIIi — MepeBary i HeIOMIKH.

5.1.  lepapxis cuCTeM BH3HAYCHHS paIliOHAIBHUX
TEXHOJIOTIYHUX IapaMeTpiB IPOLECIB Ha YCIX CTamisx

BUPOOHHIITBA.

5.2. Awnamiz  ocoOiMBOCTEH  TEXHOJIOTIYHUX
rnapameTpiB mporecis (puc. 6).

6. Xapaxrepucruka MOXITUBHX nedexTiB

TIPOAYKIii Ta MPUINHHU X BUHUKHECHHS.

6.1. Anami3 pedekTiB NpoAyKLil Ta crocoou
YAOCKOHAJICHHS TEXHOJIOT1I MPOLYKITIi.
Buxinui mani ans normminesoro aHanisy iHHOBALIHHOTO HpoOLECy:
1) BHIHAMEHHS MACHBY [JAHHX 3 OCHOBHHX XaPAKTEPHCTHE MPOLECy:
:} iljﬂ]}!\lv\"ﬁuli}lﬂ \u"\iL'HH'\" JIAHHX 'i" NOKA3HH I\"il! L'I\'L‘!]L‘pi[MCH TaJIbHHX _[i][.'ll'ij['dﬂ.‘lif-.
Busnauenns napamerpin npongcy AX,
3a 06panMK nokasurkami inentudikami-xiacndicani

PoapaxyHks J0NOMIKHHX XAPAKTEPHCTHE, NOXHOKH Npolecy,
KOPErYRAHHA 3HAYEHE KAPAKTEPHCTHE 3 YPAXYBAHHAM N0xnGKn

v

pu"pﬁk}"llﬂﬁ CCPLIHEOID SHAYCHHA I|L)K-'i'![|]lh"ll\
3a OGPHI[I!MI[ XAPAKTEPHCTHRAMH

v

Buinauenus MmoMen Iy ||!\‘-|'.1'I'I\')«' .l(]l_'a'lir'l}i\'lfllll!l

v

E’U'i]’.\a.‘{)’]l(}h’ DONOMEKHHX uapu\wrpiu 1A BHIHAMEHHA
MOYaTKy DOCTITKEHHA 30 TCOPCTHYHHMH pPO3paxyHEAMH

-+

AY, (3 ~1)=0;
AY,(x)=0
T(x)>T,

i

BuBin x, — MOMeHT
MO4aTRy MpoLecy

|‘l"'i}]3.‘€_\"]-il'!]¢ OCHOBHHX CEI2T0BHX TIPOHECY, BH3HAYCHHA
AR XapakTepHCTHEN

v

Pi}'ip:t.‘(}'l[ﬂl\' CYNYTHHX XaPAKTCPHCTHI TPOLCCY,
OLIHKA CTYNEHA IIOBHOTH BHEOHAHHA Faaul npougcy

Ouinka BIANOBIHOCT Koperysanus
(}'I'PHMHIII‘.‘ .‘(Llrl'd)\'i'L'P]IC THE x:lpal{']’epl](‘Tll[{
IHTErpaIbHIM [TOKATHHKAM npoLecie Ta
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b) Ilpukaagnm BHUKOHAHHSI [eSIKUX MYHKTIB
(pynknionanbHoi cxemu.

1.1. ArpoTexHiyHi CHUCTEMH MOXHA MPEICTABUTU
SK:  BWSBJIGHHS  Kpamudx  COpPTiB 1  TiOpuaiB
CLITBCHKOTOCTIONAPCHKUX BHUIIB 32 TEXHOJIOTICIO
BUPOOHUIITBA, MPOJYKTUBHICTIO Ta SKICTIO CHUPOBHHH,
CTIHKICTIO TIPOTH MIKIJUIMBUX OPTaHI3MIB 1 CTPECOBUX
SBUIl y  PI3HUX  TIPYHTOBO-KIIMATHYHHUX  30HAX
BHUPOIIYBaHHS Ta PEKOMEHJAIlIi MOJI0 BIPOBAIKEHHS iX
y BUPOOHHUUTBO. SIKICTh CUPOBHHM — Pi3HOBU/IB IUIOIIB
TOMATIB BU3HAYAETHCS BMICTOM B HUX CYXUX PECYOBHHH,
caxapiB, BITaMiHIB 1 MIHEpaJIbHUX COJIEH, MIO
Oe3mocepelHbO  3QJIEKHUTh  BiJl  IHTCHCUBHOCTI 1
TPHUBAJIOCTI COHSYHOTO OCBITJICHHS IIiJ] Yac BereTaiii, a
ONTUMAIILHY TEMIICPATYPY JJIS POCTY 1 PO3BUTKY POCIIHH
— 22-25 °C. Tlpu 11poMy BOHHM JOCHTH BHUMOTJIUBI 0
BOJIOTiICHOTO pexumy. CHCTeMH BUPOIIYBaHHS Ta
arpoTEXHIKA 3 TEXHOJIOTii TOMATIB y SIKOCTI TpHUKIaia

CLITBCHKOTOCTIONAPCHKOT KyJbTYpH, HEOOXiTHO
po3rasgaTH 3 METOI0  OpraHizamii  KOMIUIEKCHOTO
HOiANPUEMCTBA 3 BHPOOHMITBA  IUIOJOOBOYCBUX

PI3HOBUIIB IPOAYKIIT.

Bubip ciibcbKOroCHnogapchbKuX KyJBTYP IOBHHEH
BpaxoBYBaTH BHMIM Ta T'€HOTHIM, 31aTHI 3a0e3lneyuTH
KOHKPETHI THHonorii npoaykuii, Oepyun g0 yBaru
PUHKOBI Ta EKOHOMIYHI YMOBH, OCOOJIMBOCTI Ta BUMOTH
CITBCHKOTOCTIONAPCHKUX — KYJBTYpP, CYMICHICTh MK
ypoXKaeM Ta MIKpOKIiMaTOM, a TaKO0X OCOOJHMBOCTI
IPyHTYy Ta  IpyHTOBI  xBopoOu. [IpencraBieHa
(dyHKIIOHAEHA cXeMa (pUC. 7) BUKOHAHHS iHHOBAIiIHHOTO
JOCTiIXKEHHS.

| Bunava sapnanus |

¥
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BucHopkH

Puc. 7. ITinroroBui crajaii BUKOHAHHS IHHOBALIIMHOTO
JIOCITJDKEHHS

Jis  BUPOOHWITBA 3ryIMICHOI TOMATHOI IaCTH,
BXJIMBUMH TIPH TATOTOBII CHUPOBWHHOI 0a3u € Taki
MOKA3HUKH SKOCTI TOMATIB, HATTPUKJIA/T;

1.1.1. Bucokuii BMICT CyXuX PedOBHH, IO O3HAYAE
OlIbII HM3LKHHA BMICT BOOM B IUIOJAAX 1, BIAMOBIAHO,
MEHIIII BUTPAaTH Ha BUIAICHHA BOAWM B TIpoIeci
KOHIICHTpAITii;

1.1.2. Bucokumii BMICT caxapiB y CHpPOBHHI Ta
HariBpabpukaTax;

1.1.3. 30epiraHHs KOJIBOPY COKY O 1 IMiCIs MPOLECY

KOHLICHTpALIi;
1.1.4. Bucokuii BMICT JIKOIIiHY;
1.1.5. B's3kicth  (3ameXHWTh  BiJ  BMICTY

HEPO3YMHHHUX CYXHX PEUOBHH, 110 CTAHOBUTH OJIM3BKO
50% Bix 3araJbHUX CYXHX PCUOBHH);

1.1.6. IToka3uuk kucinotHocTi (pH);

1.1.7. BigcyTHicTh 03HaK MiKpOOiIOJOTIYHOTO
3apaKeHHsI TUIOIIB.

[IpencraBneni MpuUKIaAX HABYAHHS MArOTh 0Oararto
MO3UTHBHUX HaBUYOK ISl CTYJICHTIB, 0COOIMBO y MepioJ
KapaHTHHHHX oOMexenb 2019-2021 pp. [17-21].

VkpaiHcbka —acomiamist XiMi4HOI 1 Xap4oBoi
imkenepii (CFE-UA); Sustainable Process Integration
Laboratory (SPIL) NETME Centre; Faculty of
Mechanical Engineering Brno University of Technology
— VUT Brno, Czech Republik; AT «CniBapyxHicTh —
T». Ykpainceka acorriaris XiMigHOT 1 XapuoBoi iHkeHepil
SIBISIETBCS.  CTPYKTYpPHO CKJIQJIOBOI0  YacCTHHOIO
€Bpomneiicekoi denmepamii ximiunoi imkenepii (EFCE).
VYkpaiHcbka acormianis XiMi4HOI 1 Xap4oBoi iHXeHepil
cnpusie cripoOiTHUITBY 3 EFCE Mixk HekomepuitHUMuU
npo¢eCifHIMU HAYKOBO-TEXHIYHUMU TOBAPUCTBAMU LIS
3arajJbHOr0  PO3BHTKY  XIMIYHOi ~ Ta  Xap4oBOi
MIPOMHCIIOBOCTI 1 SIK 3aci0 CHIPUSHHS PO3BUTKY XIMi4HOT
Ta Xap4yoBOi TEXHOJIOTIi, IO IUJIAHYETHCS y HACTYIHHX
3ax0/1ax ISl YWICHIB acoriarii:

1) yKpimuTH TpencTaBHUITBO YKpaiHW B poOOUHMX
rpynax EFCE neneratamu Bix acormiaiii 3a 03HaY€HUMH
HANpPSIMKaMH;

2) xmonoraHHi KepiBHMLTBA YKpaiHChKOT acomianii
ximiyHoi 1 xapuoBoi imxkenepii mo EFCE mozno
0e3KOIITOBHOI IyOJikamii HayKOBHX pPO3pOOOK UIEHIB
acorianii y NpoBiIHUX €BPONEHCHKHX JKYPHAJIaX;

3) yTBOpEHHS CHOPHUATIMBHX YMOB JJIS  y4YacTi
MOJIOZIMX BYEHUX y EBpOMEHCHKUX KOH(DEpeHIisax 3a
paxyHOK, HaIllpWKJIaJ, 3HMKCHHS CYMH OpTaHi3alliiHuX
BHECKIB;

4) cipusHHSA ~ MIBHIICHHIO  mpodeciiiHoro  Ta
€TUYHOTO PIiBHSA CBOIX WICHIB IIJIAXOM HAJaHHS 1M
OC3KOLITOBHOI ~ METOAOJIOTIYHOI 1  KOHCYJbTallidHOT
JIOTIOMOT'H, OpraHi3auis i MpoBeIeHHS JIeKLil, ceMiHapiB
Ta IHIIHUX 3aXO0/iB;

5)HajaHHS MaWJIaHYMKIB 1 TUIOII JUIsI TIPOBEACHHS
3aHSTh, TPEHYBAIBHHUX 3aXOMIB 1 03J0POBYMX IIPAKTHK;

6) po3poOKka MPOIMO3UII 0 JCpPKABHUX OCBITHIX
Mporpam, 3aKOHOJABYHX aKTiB Ta HOPMATHBHO-TEXHIYHOT
JNIOKyMEHTaIlii,  CHpsSAMOBAaHUX  HA  PO3BUTOK 1
YAOCKOHAJICHHS TPOMAJICHKOTO CYCIJILCTBA B YKpaiHi,
€BpOCOO3i Ta IHIMUX KpaiH, CHPYSHHS BTIICHHIO iX Yy
JKHTTS, 1 T.1.

BucHOBKM Ta mepcHeKTHBH  NOJAJbLIIOrO
PO3BHUTKY.
[Ipencrasneni MOJJIUBOCTI KOMILJIEKCHOTO

IHHOBaLIHHOTO HAaBYaHHS CTYJICHTIB MOXYTh OyTH
3aCTOCOBaHi Uil  PI3HOBHIIB  Tajy3eil  Xap4oBoi
TEXHOJNOTIT 3 ypaxyBaHHSAM pPO3BUTKY €BpONEHCHKOT
Oenepanii  Ximiunoi [mxenepii. OCHOBHOIO METOMO
IISTBHOCTI  TPOMAJChKOi  opramizaimii  «YkpaiHChKa
acorriamist XiMigHOT Ta Xap4oBOi iHKEHEPii» € BUPIICHHS
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IIUTaHb PO3BUTKY XIMIYHOI Ta Xap4oBOi NPOMHCIOBOCTI
Ta cmiBmpaii 3 €Bpomnelicekoro Denepariero XimMidHOT
[mkenepii, ydacte Ta opramizauis YKpaiHCBKHX Ta
MiKHapoZHUX HAyKOBHX KOH(EpeHIH, CceMiHapiB,
CHMIIO3iyMiB, 0OMiH HayKOBUMH JOCATHEHHSIMH, OpTaHi-
3amis BHCTaBOK, CKCKypPCiMHHMX BigBiAyBaHb HAyKOBHX
nigHocTe wineHiB OpraHizamii — HONIYK Ta HAayKOBE
OOTpYHTYBaHHA paliOHAJBHUX TApaMEeTPiB MPOIECiB
Xap4yoBOi Ta XiMiuHOT iHKeHepil (puc. 8).

| Amnanis CTAHY HaAYKOBOT'O 3aBIAHHA |

v

| Biiockoxanenus ta pt"‘lpoﬁk’fd CHCIHEPHMEHTAIBHHX METOAHK J

| Bubip Ta nocniikenns ob’eKTiB 3ap1anus |

| [Monryk panioHaIEHIX napaMeTpie 06’ ekTiB |

'

I [Tomyk Ta 0OrpyHTYBaHHSA PAlliOHATEHHX TTAPAMETPIB NPOLIECIB |

v

| HocaienHs ocodnMBocTeil po3podIeHx NPOLECIE JAB/IaHHA |

'

[ Bugsnenus Ta 10CTiBKEHHA 0COOIHBOCTEI I'IPOLlCCiD 3apdants |

'

| Jocnipkenns edekTHBHOCTI po3pobieHnX npolecis ado TexHonorii |

| Pospobra cnocobie Ta METOIB MPOBEICHHA NIPOLIECTR |

v

| Pospobka texHonorii 1

[ BuchoBku Ta pexoMeHaamii |

Puc. 8. Anropurym kinacugikanii-inenTudikanii Ta
PO3pOOKH IHHOBAIIMHOTO HOCIIIKCHHS

Binnopimaumu HanpsiMamu JisutbHOCTI Oprasizanii
MOJKHA BH3HAYHTH:

1) BupilIeHHS NUTaHb 3 PO3BHUTKY XIMIYHOI Ta
Xap4oBOi MPOMHUCIOBOCTI;

2) BHpILIEHHs MUTaHb CHIBIpaLi 3 €BPOIEHCHKO0
®denepaniero XiMivHo1 [HX)EHEPIT,

3) ywacth Ta opraHizamis YKpaiHCBKHX Ta
MixHapoIHUX HAYKOBHX KOH(EPEHIII;

4) oOMIH HayKOBUMH JOCSTHEHHSMU; CIHPHUSHHS
CTAQHOBJICHHIO TBOPYMX IHII[IaTHUB, CHOPSAMOBAaHUX Ha
MOJINIIEHHS CTPYKTYP OCBITH;

5) HaJaHHS OCBITHIX, iHhopMaIIHHUX,
MOCEPETHUIIBKMX Ta IHIIUX TMOCIYr  HACEICHHIO,
MIATPUEMCTBAM 1 OpTraHi3alisiaM;

6) 3milfiCHCHHS COLIAJILHOI PEKJIAMHOI, BUIaBHUYOI
Ta iHmWoi iHpopMmaniiiHoi misiapHOCTI B YKpaiHi Ta 3a ii
MEXKaMHU;

7) 3MiACHEHHS 1HIIUX BHIIB AisUTBHOCTI, MTOB'I3aHUX
3 JOCSATHEHHSM CTAaTyTHUX IIiJIed, sfKi He 3a00poHeHi
YUHHUM 3aKOHOJIaBCTBOM. PO3MOBCIOKEHHS iH(pOopMarrii
po misutbHICTE OpraHizariii Ta iH.

BigmoBimHumMu HampsMaMu HaBYaHHA 32 (axom
MOYKHA BH3HAYUTH:

1) 3arayibHa XiMiuyHa TEXHOJIOTISI CKJIQIA€ YACTHHY
TEOPETHIHOT Ta EKCIICPUMCHTAIILHOT OCHOBU
IHHOBAI[IHHUX BUPOOHUIITB XapUOBUX TEXHOJIOTIN;

2) onxHiero 3 3aaa4 BukiaganHs puciumiinn 3TXB
noHax 20 pokiB Ha Kadeapi IHTErpOBaHMX TEXHOJIOTIH,
npoueciB Ta amapatiB (ITIIA) € BUBUCHHS CydYacHUX
TEXHOJIOTIYHUX  TIPOIECIiB  XapyOBUX  BHUPOOHHIITB,
YCTaHOBJICHHS B3a€EMO3B'SI3KY TEXHOJIOT1YHHX
rapaMeTpiB 3 TEXHOJOTIYHUMH TPOIIECAMH 1 amapaTtaMu
Ta 00JIaIHAHHSIM;

3) Ha xadeapi IHTETPOBAHUX TEXHOJIOTIH, IPOIIECIB
Ta amapaTiB € (axoBi BHKJIagadi, MPaKTHYHO, 3 YCiX
rasy3eifl Xap4oBOi IMPOMHCIIOBOCTI 3a HampsMKaMu (SK
Bu3HaueHo Ha caiiti HYXT), a He Tutebkn ¢axisui 3
TEXHOJIOTIT JKUPIB Ta IHBA;

4) na xadeapi TexXHOJOTII KUPIB Ta IMPOAYKTIB
oponiaas (TX) ¢axoBi BukiIamadi 3 MATOTOBKH
IH)KEHEpIB-TEXHOJIOTIB OaKanaBpiB Ta MaricTpiB JuIi ycix
rajxy3eid  XapyoBOi  TPOMHCIIOBOCTi,  HANpUKIA,
TEXHOJOTIi  Tramy3ed  M'ICO-MOJIOYHOI,  IIYKPOBOI,
xM000yI0YHOT, KOHCEpBYBaHHS, KpPOXMaJe-MaTOKOBOI,
II0A0BO-OBOYEBO1 rairysi KOHCEpPBYBaHHS,
BOJIOIATOTOBKH, KOHMTEPCHKOT, PI3HOBHUIIB
KOHIICHTPATIB, Yalo Ta iH. — BIJCYTHI 1 BOHH HE MAaroTh
HAyKOBHX pO3pO0OK JIUIsi BUKJIAJAHHS IIMX PO3JLTIB
TEXHOJIOTIYHUX MPOIIECIB.

5) ma xagenpi TXK HTY «XIII» BigcyTHi
MIIPYYHUKU Ta HaBYAJIbHI TOCIOHUKM 3 MiJrOTOBKH
OakanaBpiB Ta MarictpiB 3 rpupom MOH Vkpainu mis
PI3HOBUIIB TEXHOJOTIi BEIMKOTOHHAXKHUX Talry3ei
XapyoBOi MPOMUCIOBOCTI OKpiM «TeXHOJOTii MPOayKTiB
OpoxmiaHss 1 BuHOpoOCTBa», «TeXHOJNOTII POCIMHHUX
OJTiH, )KUPOBHUX Ta KOCMETHYHHUX TTPOIYKTiBY.

6) 1mo TOpiBHAIBHA  KUIBKICTh  HaKIaIiB
MIPYYHUKIB Ta HaBYAJbHUX TMOCIOHWKIB (CyMapHUH
Haknajg BuganHs y M. Kuis, HHJI, cknagae nonag 10000
€K3eMIUISIPIB) 3 MiArOoTOBKU (axiBLiB Ui YCiX raimyseit
xapuoBoi npomucnoBocti kadenpu ITIIA Ta kadenpn
TX cxmamae 1000:0;

7) crymentn 3-6 kypciB kxadenpu sxupis HTY
«XII» ta 6aratbox iHmmx BH3 Ykpainu HaBuaroThcs 3a
BuganumMu  Ha  kKadeapi ITITA  HTY  «XIII»
MIpYyYHUKAMU Ta HABYAILHUMH IOCIOHMKAMH, IO
3HAXOMATHCS Y MPOJAXKY 3 MiATOTOBKH (DaxiBIIiB IS yCixX
rajxy3ei XapuoBoi IPOMHUCIIOBOCTI;

8) MOxHaA BU3HAETE HasBHICTH OLTBII HixK 20 POKiB
MePeI0BOr0 JOCBIIY OpraHi3allii HaB4aIbHO-METOUYHOL
pobotu kadenporo ITIIA HTY «XIII» Tta HakonuueHHs
HEIO0 KOMIICTCHTHICHOTO PiBHS OCBITH;

9) MIPOrpaMHUM pe3yabTaTOM BHBYCHHS
mucimiuiiad - 3TXB €  KOMIUICKCHE  YSBICHHS TIPO
HAWBQXKJIMBINI TEXHOJOTIYHI TMOHATTS 1 BU3HAYCHHS
CKJIQJIOBUX TIPOIECIB Ta METOJOJIOTIi iX BHKIIAJIaHHS:
Kiacuikaris-iteHTugikaiss TEeXHOJOTIYHUX MPOIECIB,
amapariB 1 TEXHOJIOTIYHHUX TIOTOKIB, HAIPHKIIA/,
KiHETHKa TEXHOJIOTIYHMX  MPOLECIB;  TEXHOJOTIYHI
TpoIIecH TMepepoOKH PiI3HUX BHUJIIB CHPOBHHH B XapyoBi
MPOMYKTH; HABUYKH TpH  BHOOpPi  ONTHUMAIBHOI
TEXHOJIOTIYHOI CXEMH BHPOOHHMIITBA TI0 YJOCKOHAJICHHIO
W onTHMi3amii TEXHOJOTIYHMX IPOLECIB 1 amapaTiB 3
ypaxyBaHHSIM 3HW)KCHHS IIMTOMHX CHEPrOBHTPAT Ta
MPOIECIB PECypCco- Ta €HEPro30epeKEeHHs, MiABUICHHS
BUXOAY KIHIICBOIO MPOAYKTY 1 IIBUINCHHS SKOCTI;
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BMIHHS BHMKOHYBaTH pO3paxyHKHM MaTepiajbHUX 1
TEIJIOBUX OajaHCIB Xap4OBUX BUPOOHMITB, OCHOBHHUX
TEXHOJIOTIYHUX TapaMeTpiB: IPOXYKTUBHOCTI, BHXIil
MPOYKIIil, BUTPATH MPOAYKTIB i iH. — yci IepeiueHi
MOHATTSI BHM3HA4YarOThCsT eneMeHTamMu 3TXB, BoHM
BXOJATh Ta BHU3HAUCHI SK EIEMEHTH A YCiX ramyseit
03HAYEHOI JUCLIMIUIIHH,

10) xadenpa ITIIA mae yHiKanbHUI 1abopaTOpHUI
npakTukym 3 30  eKCIepuMEHTaJbHUX  HAyKOBO-
JOCIIITHUX POOIT, SIKUH BUAAHUH Y BUIIISAI MiAPYYHUKA 3
rpupom MOH (cymaphuii Haknan BugaHHs y M. Kwuis,
HHJI, monan 1000 ex3emmspie mis BH3 Ykpainu) no
SIKOTO BXOJSITh €KCIEPHMEHTAIbHI HayKoOBI poOOTH 3a
temamu Kypcy 3TXB (na xadenpi TXK BiH BincyTHIl);

11) xapenpa ITIIA 3a Temamu Kypcy 3 TEXHOJOTIi
XapUuOBUX BUPOOHUIITB Mae YVHIKaIbHUH
OaraToBapiaHTHUH MPAKTHKYM 3 PI3HOBUIIB PO3PaxyHKiB
3a yciMa TEXHOJIOTiISIMYM BUKJIAJAaHHSA (CYMapHUN HaKJIa[
Buganas y M. Kuis, ITHJI, monag 1000 ex3eMrmisapiB uist
BH3 Vkpaian), kvl BUAAHWH Y BUTJLIAL TAPYYHUKA 3
rpudpom MOH (na xadenpi TK BiH BincyrtHii);

12) xacenpa ITIIA 3a Temamu Kypcy 3 TEXHOJOTIT
XapuoBHX BHUPOOHUIITB Ma€ YHIKaJIbHUH TEOPETUUHUH Ta
NpaKkTHYHUE ~ Marepianm  JjIst  caMOCTIHHOT  pobotu
CTYACHTIB 3a yciMa TCXHOJIOTISIMH  BHUKJIAJaHHS
(cymapuuil naxinan Bumanas y M. Kuis, IIHJI, nonag
1000 ex3emmursapiB jis BH3 Ykpainu), skuii BUganuii y
BUDIAAI Tiapydauka 3 rpudom MOH (Ha xadenpi TXK
BiH BiJICyTHiH);

13) muctmmuriny 3TXB B HTY «XIII» ta 6arathox
inmmx BH3 Vkpaimm ¢daktmano monam 20 pokiB
BUKJIQIAI0Th 3a HiIpyYHUKAMH, HalMCaHUMHU
Bukianadamu kadenpa ITIIA ta 3arBepmxenumu MOH
VYxpainu (ua xadenpi TXK Bonu BincyTHi);

14) HaykoBO-IOCHIIHI IHHOBAaLifHI PO3POOKH Ta
nyOnikanii y ¢axoBux BumaHHAX (@ Takok Scopus Ta
Web of Science) 3a pi3HOBHIaMM Tamy3eil XapyoBoi
TexHooril s Bukianadis kadenpu ITITA 3a 20 pokis
cknamaroTh moHax 100 crareid Ta Te3 MIKHAPOIHUX
KOH(EpeHI 110, y CBOIO Yepry, € MarepialioMm it
KOMIUIEKCHOTO  IMMPOKOTO BUKJIAJAHHA TEXHOJIOTiH
XapyOBUX BUPOOHUIITB.

15) Ge33amepedHo «Tak» € BiAMOBIIb HA 3aITUTAHHS
9i TOTPIOHO CTYJCHTAM BHUBYATH MPU KOMIUICKCHOMY
IHHOBAaI[IHHOMY  HAmpsIMKy  PO3BUTKY  PO3IJISIATH
OCOOJMBOCTI TPOBEJCHHS XIMIYHHX MPOIECIB IpU
TEXHOJIOTIYHIA  mepepoOui  abo  HagaHHI  HOBHUX
BJIACTUBOCTCH PI3HOBUAAM IPOJOBOJILYOI CHPOBUHH,
HamiB(aOpuKaTiB Ta MPOIYKTIB (Hampukam,
MoTu(iKOBaHI KpOXMalli, PI3SHOBUAN MATOKH, PI3SHOBUAN
KUPIB, MUIOYMX Ta KOCMETHYHHX 3ac00iB, iHBEPCHOTO
IyKpy Ta iHIIi);
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C. U. BYXKAJIO

NHHOBAIMOHHBIE KOMIIVIEKCHBIE CUCTEMbBI OBYUYEHUSA TEXHOJIOTMU MUINEBBIX
HPOU3BOJCTB KAK COCTABJISIOIIAS PASBUTHUS ACCOIIUALIAM EFCE u CFE-UA

B wmatepuamax cTaThM pacCMOTPEHBI BO3MOXKHOCTH OTpeEJeNieHus Iieje oOydeHus ctynaeHtoB BH3 ¢ membio
JanpHeHmel pa3pabOTKH COCTAaBIMIOMIMX KOMIUIEKCHBIX TIPOEKTOB. [Ipw HammcaHWM CTaThbH HWCHOJNB30BaH
MHOTOJICTHHI ONBIT MpENoJaBaHUA JUCIHMIUIMHBI «OOmas TEXHOJIOTHS NHIIEBOW MPOMBINUICHHOCTH» B
HanmpoHamsHOM — TEXHUYECKOM  YHHBEPCHUTETe «XapbKOBCKHHM TOJUTEXHUYECKHH HWHCTHUTYT» Ha Kadempe
WHTETPHUPOBAHHBIX TEXHOJIOTH, MPOIECCOB W ammapaToB. JTOT ONBIT M XOpOIIee 3HAHWE MpenMeTa OOYCIOBIIN
BBICOKOE KadeCTBO MaTepHaja Uil MPEenofaBaHUs IUCIMIUIMHEL, a pacCMaTpHUBaeMble BOIPOCHI MPOIYIICHBI dYepe3
MPHU3MY COOCTBEHHOT'O TBOPUYECKOTO BOCIIPHSITHS, YTO JICNIACT MaTeprall 0COOCHHO IICHHBIM. Pa3paboTku mpoBeIeHBI C
MPUMCHCHHEM COBPEMEHHBIX BBICOKOA((CKTHBHBIX HAYYHO-OOOCHOBAHHBIX TEXHOJOTHHA HCIOJIB30BAHUS CHIPbS,
HATpUMEp, OT PA3HOBUIHOCTEH aHAIN3a CHIPhS ¥ MPOAYKTOB K BBIOOPY HOJIMMEPHOM Taphl M YIAKOBKH HA PA3JTUYHBIX
CTaIusAX JKCIUTyaTalluu W yTuinusanun. [IpeacTaBieHbl IPUMEpPhl U HEKOTOPhIE OCOOCHHOCTH BO3MOXKHBIX PELICHUIN
00yueHMsI, OCHOBaHHBIC HA YKCICPUMCHTAIBHBIX JAHHBIX Pa3pa0OTKU MEXaHU3MOB HICHTH()HUKAINU-KIIACCH(DUKALUU
MIPOIIECCOB M MX HAYYHOTO OOOCHOBAHHS B BHIE OOBEKTOB MHTEIUICKTYaJbHOH COOCTBEHHOCTH. B craThe moxa3aHbl
MIpUMEPHI HANPaBJICHN COBEPIICHCTBOBAHUS TEXHOJIOTHH M 000pyIOBaHKE I MepepabOTKH TOMATOB PAa3TUIHBIMU
croco0amMu, TPOAHATH3UPOBAHEI METOABI WHTCHCH(UKAIIMHA TEXHOJOTHYECKUX MPOIECCOB MPOM3BOJICTBA TOMATHOM
MACThI, @ TAKKE MHHOBAIIMH Pa3HOBHIHOCTEH KOMIIAHUHN cO CIOXHOU 00paboTkoit TomaToB. [Ipobiema yTuimsanun
Pa3HOBUIHOCTEH OTXOJOB PACCMATPUBACTCS B BUIE CIOXKHBIX KOMITJIEKCHBIX MPOIIECCOB, X MCCIICAOBAHIN U aHAN3a
9HEPro- U pecypcocOeperaromnux COCTaBISIONTHX.

KiroueBble cJI0Ba: WHTEIUICKTYalbHAs COOCTBEHHOCTh, KOMIUICKCHBIC WHHOBAIIMOHHBIC INPOCKTHI, HAYYHO
000CHOBaHHBIC METOBI OOYYCHUS CTYICHTOB.

S. I. BUKHKALO

INNOVATIVE COMPLEX SYSTEMS FOR TEACHING FOOD PRODUCTION TECHNOLOGY
AS A COMPONENT OF THE DEVELOPMENT OF THE EFCE and CFE-UA ASSOCIATIONS

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. When writing the article, the long-term experience of
teaching the discipline "General technology of the food industry" at the National Technical University "Kharkiv
Polytechnic Institute" at the Department of Integrated Technologies, Processes and Apparatuses was 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 were passed through the prism of their own creative perception, which makes the
material especially valuable. 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. The article shows examples of directions for improving technology and equipment for processing tomatoes
in various ways, analyzes methods for intensifying technological processes for the production of tomato paste, as well
as innovations of varieties of companies with complex processing of tomatoes. The problem of waste disposal is
considered in the form of complex integrated processes, their research and analysis of energy and resource-saving
components. The results of research on disposal can be used to select methods of recycling - modification or disposal.
Keywords: intellectual property, integrated technologies, evidence-based methods.
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IHO®OPMAIIMHUM JIUCT

€Bponeiicbka ¢enepanis ximiyHoi imxenepii (EFCE) sBise coboto 00’enHaHHS HalliOHAIBHUX
HenmpuoOyTKoBUX (emepartit (acoriariit) ximigHoi imkeHepii. Bona Oyna crBopeHa y 50-X pokax MHUHYJIOTO
CTOPIYYs 3 METOIO CIIPHSIHHS Koomepallii y €BpoIli HalllOHAJbHUX HEMPHUOYTKOBUX MPOQECIHHUX HAyKOBUX
Ta TeXHIYHUX 00’€JHaHB I 3a0€3MeUeHHs MPOrpecy XiMiuHOi iHKeHepil Ta po3po0KK cydyacHHX 3aco0iB
Ta TEXHOJIOTIH.

Crpykrypa EFCE Bxitouae B cebe poOOUl Ipymd Ta CEKIii 3 OCHOBHHMX HAIPSMKIB XiMiuHOI Ta
xapuoBoi imwkeHepil. HaliMeHyBaHHsA cekmiii: 1) mpoekTyBaHHsS Ta iH)XKEHEpis WLIJIbOBOTO MPOILYKTY; 2)
Xap4oBoi iHkeHepil; 3) MeMOpaHHOI iHKeHepii; 4) CTalloro PO3BUTKY.

PobGoui rpymu ¢denepartii: 1) ocitu; 2) KOMIT'IOTEpHOI MPOIECHOI iHxeHepil; 3) Oe3meku Ha
BHPOOHMIITBI Ta MiHIMI3aIlli IIKIJUIMBUX TPOMHUCIOBHX BHKHIIB;, 4) 1H)KEHEpis XIMIYHHX peakii; 5)
cemapauis piiuH; 6) eleKkTpoxiMiuHa iHkeHepis; 7) KpucTanizanis; 8) Tedis 6ararodasnux cepemosuul; 9)
3mimanaa; 10) MexaHika moapiOHeHWX TBepaux (a3; 11) craTudyHa eIeKTpUKa y MPOMHCIOBOCTI; 12)
cymka; 13) posapoOneHHs Ta kiacudikamis; 14) cUCTeMHM XapakTepu3allii YacTHHOK; 15) TeXHoorii
BUCOKOTO THCKY; 16) imkeHepist momiMepHuX peakuiid; 17) armomepauis; 18) intencudikamis npouecis; 19)
TEpMOJIMHAMIKa Ta TPAHCIIOPTHI BIacTUBOCTI; 20) Tu3aifH Ta AKiCTb.

VYkpaiaceka acoriaris XiMigHoi 1 xapuoBoi imkeHepii (CFE-UA) sBise€Tbcs CTPYKTYPHO
ckmamoBoro yactuHoro EFCE. Bueni VYkpainm mnpenctaBieni B poboumx rpymax — 2 (mpod. ILO.
Kamycrenko, HTY «XIII»), — 4 (mpod. A.A. @okin, HTYVY «KIII»), ta — 15 (akanemix AA. JlonmuHCHKUH,
IIT HAH VYkpaian).

3 MU0 TABUIICHHS BU3HAHHS JOCSITHEHb YKPaiHCBKOI XIMIYHOI 1 Xap4oBOi IH)KEHEpii BUCHUMH
€Bporneiicbkoi crinpHoTH 3amadamul CFE-UA BBakatoThest: 1) migBUINEHHS DPiBHS LUTYBAaHHS HAayKOBHX
poOIT y MDKHapOJAHMX HAyKOBO-METPMYHUX 0a3ax; 2) 3MiIHUTH TNPEICTaBHUITBO YKpaiHW B PoOOUMX
rpynax Tta cekmisx EFCE meneraramm Bix acoriartii CFE-UA3a o3HaueHUMH HamnpsMKaMU; 3) CIIPHSITH
0e3KomTOBHOI MyOmiKamii HayKOBUX PO3pOOOK WIEHIB acowialii y MpOBITHUX €BPONEHUCHKUX JKypHalax;
4) nmyOnikariss MarepiajiB pPEKIaMHOTO HampsMKy BHUPOOHHUKIB Ta PpO3POOHHKIB XiMi4HOI 1 Xap4oBoi
MPOAYKIIT Y BUAAHHAX; 5) HaZaHHS PeryysIipHoi iHOpMaIli PO MPOBEACHHS Pi3HOTO PiBHSA MIXHAPOIHUX
KoH(epeHIil, GopyMiB Ta cemiHapiB B YKpaini Ta €Bpori; 6) yTBOPEHHS CHPUATIMBUX YMOB JJISl y4acTi
MOJIOAMX BYECHUX Yy E€BpONEHCHKUX KOH(EpEeHLiAX 3a paxyHOK, HAmpuKIaA, 3HIKCHHS CyMHd
OpraHi3amifHIX BHECKIB; 7) COPHSHHS ITIBHINCHHIO TMpodeciiiHOro Ta eTHYHOTO PIBHS CBOiX UJICHIB
UISIXOM HajaHHSA iM OE3KOIMTOBHOI METOMNOJIOTIYHOI 1 KOHCYJIBTAIliMHOI JOIOMOTH, OpraHizamis i
MPOBEJICHHS JICKIIi, CEMIHApIB Ta IHIIMX 3aXO0JiB; 8) HaJaHHS MaWJaHYWKIB 1 TUTOII JJIS TIPOBEICHHS
3aHATh, TPEHYBAIBHUX 3aXO0JiB 1 03AOPOBUMX MPAKTHK; 9) po3poOKa MpOomo3uLil 10 ACp:KaBHUX MPOrpam,
3aKOHOJIaBYMX AKTiB, CIPSIMOBAHHMX HA PO3BUTOK 1 YIOCKOHAJIEHHS TPOMAICHKOTO CYCITIILCTBA B YKpaiHi,
€Bpoco103i Ta IHIIKMX KpaiH, CIPUSHHS BTUICHHIO iX Y XKHTTS, 1 T.1.

CFE-UA crpustiMe chmiBpoOITHMLTBY BYEHHMX Ta BHUPOOHHKIB XiMi4HOi Ta  Xap4oBoi
npomuciioBocTi Ykpaian 3 EFCE rst 3araasHOT0 po3BUTKY XIMIYHOI Ta Xap4oBOI1 MPOMHUCIOBOCTI. UiteHn
Ykpaiacpkoi acomiamii XiMigHOT 1 Xap4oBoi iHKeHepii cBoedacHo cruravyBaT BeTymHI (400—-1000 rpH Big
peTioHaJIbHOrO ocepenKy) Ta wieHcbki BHeckH (400—-1000 rpH BiJ perioHaJbHOTO OCEpeKy) B po3Mipax Ta
CTPOKH, IO BCTAaHOBIOIOTHCSA [IpaBminHaMm Opranizarmii (IPOTATOM MOTOYHOTO Micsrs). JlomaTkoBy
iH(opMaIrito Ta peKBi3UTH IJIS CIUTATH WICHCHKUX BHECKIB MOKHA 3HAWTH Ha caiTi acoriarii cfe.org.ua
I'pomanchka opranizaris «YkpaiHChbka acotiallis XiMigHO1 i Xap4oBoi iHXeHepii»

OKIIO 41071591

n/p 2600800119725 B ITAT «CKAM BAHK», M®O 351254
Anpeca: 61002, m. XapkiB, Bya.. baramis, 6yn.21

OIII Ta opraHi3allis IIATHHKA

Ten: +380577202223

OO6oB’s13k0BO  Ha calTi cfe.orgua Tpeba 3amoBHMTH aHKeTy. Jmsl JHUCTYBaHHS MOXHA
BuKopucTOBYBath azapecy kadempu ITIIA HTY «XIIl» sk aapecy YkpaiHChbKili acorarfii XiMigHOI i
xapuoBoi imkenepii: 61002, m. XapkiB, Byn. Kupnuuosa, 2, HTY «XIIl», kad. ITIIA, cekperap mpod.
Byxkaio C.1.; ren. +380932430788, email: cfe.ukraine@gmail.com
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