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A. €. JEHHCOBA, I. B. IYKAHCBKA, JI. B. IBAHOBA, O. C. KAHBOPOH, 0. C. BOJIOJT
BJAOCKOHAJIEHHA CUCTEM TEIIVIOJIOKAJIT3AIII HA 3ACAJAX EHEPTO3BEPEXXKEHHSA

3 METOI0 JIOCSATHEHHS eHeprosdepiraro4oro eeKTy 3alpoIOHOBAHO MEPEKPUTTS MOBITPOBUITYCKHOTO OTBOPY IO BEPTHKAJl B MEPEMEKOBAHOMY
MOPSIAKY, 3MCHIIYIOYH THM CaMHM JKMBHI MEPETHH IS IPOXOIY IOBITPS, 3HIKYIOYM KIJIBKICTH HEOOXITHOTO MOBITpS, 3HAYHO CKOPOYYHOUM
BHUTPATH TEIUIOBOI EHEPTii Ha CHCTEMY TeIUIoNnocTa4yaHHs. [Ipyu nepekpuBaHHs MOBITPOBHITYCKHOTO OTBOPY HEI30TE€pMIUHMI MOBITPSHUH MOTIK, 110
BUTIKa€ PO3OUBAETHCS HA IJIOCKI CTPYMEHI, SIKi 3MMBAIOTHCS B PE3yAbTYIOUMI HOBITPSHUN MOTIK Ha MEBHIN BiACTaHi, [0 TONEPEIKYE TPOHUKAHHS
XOJIOAHOTO TMOBITps B mpuMiumieHHs. JIos NiATBEPIKCHHS 3ampOIOHOBAHOTO PILICHHS TEOPETHYHI Ta CKCIEPHMEHTAIbHI IOCIIIKCHHS
aepoIMHAMIYHMX Ta TEIUIOBHX MapaMeTpiB CTPyMEHIB BHKOHAHI Ha IMIIOTHIH yCTaHOBLI, IO JO3BOJIMIO BCTAHOBUTH TEMIEPATypHI i MBHAKICHI
TOJI OTOKIB MOBITPS B TEILIONOKaNi3ylouoMy mpHcTpoi. ITinTBeprkeHo, 0 BINIMBOBUMH YMHHHMKAMH €()EKTUBHOCTI 3alIPOIIOHOBAHOTO PIllICHHS
€ TEOMETPUYHI PO3MipH, HIBUAKICTH 1 TeMIepaTypa CTPYMEHIB, SIKi 3IHMBAIOTHCS, IO BU3HAYAE IANEKOOIHICTh Pe3yIbTYIOUOTO MOBITPSHOTO
notoky. Ha mincraBi pe3ynbTaTiB MaTeMaTHYHOTO MOJENIOBAHHS 1 GKCIEPUMEHTAIbHUX IOCIIJPKEHb BCTAHOBJICHO 3MiHM acpOAMHAMIYHUX Ta
TEIUIOBUX MapaMeTPiB CTPYMEHIB B MPOCTOPI 1 Yaci, a TaKOXK XapakTep PO3MOJiTy LIBUIKOCTI PE3y/IbTYIOYOro MOBITPSIHOTO MOTOKY, YTBOPEHOTO
3IUTTAM IUIACKHX HEi30TepMIUYHUX CTPYMEHIB, Ha BXOJi B ONAJIOBaIbHE NMPUMIIIEHHA. B pe3ynbTaTi JOCTIKEHb BHSBICHO, IO 31 30LIBIICHHAM
IIBUJIKOCTI BUTIKaHHS CTPYMEHS, 30UTBLIYETHCS AAICKOOIMHICTh MOBITPSHOrO MOTOKY 1 BIAMOBIAHO MiBHINYETHCS e(EKTHBHICTH POOOTH CHCTEMU
TEIUIOIOKai3alii.
Knrouoei cnosa: oBITPSIHO-TEILIOBA 3aBica, INTACKUII HOBITPSHUN CTPYMiHb, Pe3yIbTYIOUHI MOTIK, a¢pOAUHAMIYHI Ta TEILIOBI IapaMeTpH.

A. E IEHUCOBA, A. B. TYKAHCKAA, JI. B. HBAHOBA, O. C. )KAHBOPOH, E. C. BOJIO]T

COBEPHIEHCTBOBAHME CUCTEM TEIIJIOJIOKAJIM3ALINN
HA TIPUHIOINITIAX SHEPI'OCBEPEKEHU A

C mempl0 JOCTIDKEHHs dHeprocbeperaromero 3¢dexra NPeIIokKEeHO MEePeKPhIBaTh BO3MAYXOBBITYCKHOE OTBEPCTHE MO BEPTUKATH B
THepeMEeXaloIIeMCs TTOPSAJKE, YTO MO3BOJIAET YMEHBIINTh XKHBOE CEYEHUE I MPOITYCKa BO3IyXa, CHIKAET KOJHYECTBO HEOOXOIMMOT0 BO3yXa U
COOTBETCTBEHHO CYIIIECTBEHHO COKPAI[AET PACXOABI TEIUIOTHI HA CUCTEMY TerTocHabxeHus. [Ipy nepekpbIBaHUH BO3IYXOBBITYCKHOTO OTBEPCTHS
BBITCKAIOMINH HEN30TCPMHUYCCKHUI BO3IYIIHBIA MMOTOK, Pa3bMBAeTCS HA IUIOCKHUE CTPYH, KOTOPBHIC CIMBAIOTCS HA OIPEICICHHOM PACCTOSHHU B
PE3YNBTHPYIOINHA BO3IYLIHBIH IOTOK, YTO MpEIyNPEXAacT HPOHHMKHOBEHHE XOJOZHOTO BO3IyXa B IOMeIleHHe. [l HoATBEpXkKACHHS
HPC/UIOKCHHOTO PEIICHHUS TEOPETHYECKHE M IKCIEPHMEHTAIbHBIC HCCICIOBAHHMS a3pPOJAMHAMHYECKHX M TEIUIOBBIX IapaMeTpoB CTPYH ObLIM
BBIIIOJIHGHBI HA MIJIOTHOM YCTAHOBKE, YTO MO3BOJMIIO YCTAHOBHTH MOJS TEMIIEPATYp W CKOPOCTEH MOTOKOB BO3AyXa B TEIUIOJIOKAIM3YOLICH
cHucTeMe. Y CTaHOBIICHO, YTO BIMAIOMUMH (hakTopaMu 3Q(HEKTUBHOCTH TPEIaracMoro PeleHUs SBISI0OTCS TeOMETPUUECKHE pa3Mephl, CKOPOCTh U
TeMIepaTypa CIMBAaIOIUXCcs cTpyil. Ha OCHOBaHMHM pe3yJbTaTOB MaTEMaTHYECKOrO MOJICIHPOBAHUS M SKCHCPUMEHTAJbHBIX HCCIIEIOBAHUH
YCTAQHOBJICHO M3MCHEHHUS a’pPOJMHAMHYCCKUX M TCIUIOBBIX IapaMETPOB CTPYH B MPOCTPAHCTBE M BPEMEHH, a TAK)XKC XapaKTep PaclpeeicHHs
CKOPOCTH PE3YJbTHPYIOLIETO BO3AYIIHOIO MOTOKA, 0OPAa30BAHHOTO CIMSHMUEM IUIOCKHX HEM30TEPMHUYECKHX CTPYH, Ha BXOZE B OTaIlIMBacMoOe
noMeleHre. B pesynmbrate McclieOBaHMIT BBISBICHO, YTO C YBEIMYEHHEM CKOPOCTH WCTCHYEHHs CTPYH, YBEIMYHBACTCS AAIbHOOOWHOCTH
BO3/IYIIHOTO IOTOKA M COOTBETCTBEHHO MOBBINIACTCS A)(EKTHBHOCTE PAbOTHI CHCTEMBI TEIUIONOKATN3ALMH.

Knrwouegvie cnoea: BO3IYyNIHO-TEIUIOBAs 3aBECa, IUIOCKMI BO3IYIIHBIH M PE3yNbTHPYIONIMH IIOTOK, a3pPOAMHAMMYECKHE M TEIUIOBBIC
HapaMeTpebl.

A. E. DENYSOVA, G. V. LUZHANSKA, L. V. IVANOVA, O. S. ZHAIVORON, O. S. BODIUL
IMPROVEMENT OF THERMAL TRAPPING SYSTEMS ON THE PRINCIPLES OF ENERGY SAVING

One of the important directions of development of the energy sector is the development of energy-efficient systems and equipment, the application of
which can reduce significantly the consumption of fuel and energy resources. In the cold period of the year the huge mass of outdoor air after the thermal
trapping system enters the heated premises of public and industrial buildings. To prevent this, it’s necessary to improve the thermal trapping systems
installed in open external openings of buildings, in accordance the principles of energy saving technologies. In order to achieve an energy-saving effect
it’s proposed to overlap the air outlet vertically in interleaved order, that reduces the free cross-section for the passage of air, reduces the amount of
required air and accordingly significantly reduces the heat consumption of heating system. When the air outlet is interleaved closed, the escaping non-
isothermal air flow is broken into flat jets, which merge at a certain distance into resulting air flow, which prevents the penetration of cold air into the
building. For confirmation of proposed solution, the theoretical and experimental studies of the aerodynamic and thermal parameters of the jets were
carried out on a pilot plant, which made it possible to establish the fields of temperatures and air flow rates in the heat-trapping system. It is found that
the factors influencing the efficiency of the proposed solutions are geometric dimensions, speed and temperature of merging jets, which determines the
range of the resulting air flow. Based on the results of mathematical modeling and experimental studies, changes of aecrodynamic and thermal parameters
of jets in space and time, as well as the character of distribution of speed in the resulting air flow formed by the merger of flat non-isothermal jets at the
entrance to heated room, are established. The merging of the jets into the resulting air flow takes place in the initial section, while the general direction of
the flow remains parallel to the initial direction of the interacting jets. As a result of research, it is revealed that with increase of jet speed, the range of
airs flow increases and, accordingly, the efficiency of the thermal trapping system increases.
Keywords: air-thermal curtain, flat air jet, resulting flow, aerodynamic parameters, thermal parameters, energy saving.

Betynm. AKTyanbHICTb BIIPOBAKCHHS
eHeprosoepirarounx TEXHOJIOTiH B YKpaiHi 0o0ymoBieHa

VYkpaina 3a70BOJIBHSE CBOI TOTPEOH B TPUPOTHUX
eHepropecypcax 3a paxyHOK BJIACHOTO BHAOOYTKY

3HAYHOIO 3AJICKHICTIO SKOHOMIKM KpaiHM Bii IMIOPTY
NaJIMBHO-CHEPIreTUYHUX PECYPCIB, 110 CYTTEBO TAIBMYE
NpOLEC CTAHOBJIEHHA YKpaiHM SK EHEproHe3aJexKHOI
JIepIKaBH.

npubanzHo Ha 45%. Tomy (akTop eHeprozoepexeHHs €
OJIHMM 13 BHM3HAYaIBHHUX JUIS CHEPreTHYHOi cTpareril
HaUIOi KpaiHu.

© Jlenncosa A.€., Jlyxxanceka I'.B., Isanosa JI.B., XKaiisopon O.C.,
Bomron O.C.,, 2020
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[Ipouecn exoHOMIYHOrO 3pocTaHHs B YKpaiHi,
3HAQYHOT'O TEXHIYHOTO i TEXHOJIOTIYHOTO Mepeo30pOEHHs,
CTPYKTYPHHX 3MiH B TOCIOJAPChKHX KOMIUIEKCAX
KpaiHu, 3MEHIICHHs 3aJIe)KHOCTI BiJl IMIOPTY TMaJMBHO-
C€HEPreTUIHHUX PECYpCiB.

OmHM 3 TOJOBHHX HANpPSMKIB  TOJOJAHHS
CHEepPreTU4HOl KpH3H, 3a0e3NeyYeHHs  O0370POBICHHS
€KOHOMIKH € eHepro3oepexkenns. lle mieBud mUIAX
3HAYHOI €KOHOMIii MaJIMBHO-CHEPIeTHYHUX PECypCiB Ta
SBJIsIE COOOIO MiSUTBHICTB, CIIPSIMOBaHY Ha palioHaJbHE
BHUKOPUCTAHHS Ta €KOHOMHE BUTpPAYaHHS MEPBUHHOI Ta
MEPETBOPCHOT CHEeprii 1 NPUPOAHUX CHEPreTUUHUX
pecypciB B HalliOHaJIBHOMY TOCHOIAPCTBI, peallizyeThbes
3 BUKOPHUCTAHHIM TEXHIYHUX, CKOHOMIYHHX 1 MPAaBOBUX
MeToiB. OTHUM 3 HAWO1IBIT ePEeKTUBHUX 1 MACIITAOHUX
HaIpsMiB E€HEepro30epexeHHs € rayry3eBe
eHepro30epeKeH sl 32 TAKUMU OCHOBHUMH HAIpsIMaMH,
SIK BIIPOBAKEHHS HOBHUX E€Hepro30epiraroanx
TEXHOJIOTi Ta OOJaAHAHHS, yMOCKOHAJICHHS iCHYIOYHX
TEXHOJIOTIH Ta OONaJHAHHS, CKOPOYCHHS BUTpAT
€HEProHoCIiB.

AHauni3 crany muTaHHs. Binkputi aBepHi oTBOpH
OyniBesb 1 cCHOpyA MYHIIMIAIBHOTO CEKTOpa B
XOJIOAHUHN Ta MEPeXiAHUI Nepionu poKy MPHU3BOISATH IO
3HAYHHUX BTpAT TCIUIOTH, SKi MOXYTh OOYHCIIOBATHCS
coTHsIMM KiytoBaT [1, ¢. 206]. BuxomomkeHHS TpuMilieHb
TAM OiJIbIlle, YUM OUTBINE BIIKPUTHX JABEPHHUX IMPOPI3iB.
[Ipu upomMy, UMM BHUIIIE TEMIIEpaTypa MOBITPs BCEpeaUHI
OymiBii, THM 3 OUTBIIOI0 MIBUAKICTIO XOJOAHE 30BHIITHE
MOBITPST HAIAXOAWTh B TMPHUMIIIEHHS. BHaACTiIOK 1BOTO,
3HaYHI MacH XOJIOJHOTO TIOBITPs, SIK OUIBII BaXKi,
3all0BHIOIOTH PO00YY 30HY IPUMIIIEHHS.

Burpara moBiTps 3anexuts Bix [2, ¢.5]; [3, ¢.121];
(4, c.15]; [5, c.23]; [6, c. 18]:

— pi3HMII TUCKIB BCepeaMHi 1 330BHI OyaiBIIi;

— pi3HHILI TeMIepaTryp BCcepeuHi i 330BHI OyIiBIi;

—- IIBUJIKOCTI BiTPY BIIHOCHO JIBEPHOTO OTBODY.

3HauHi Macu 30BHIIIHHOTO XOJOIHOTO TIOBITPS B
3UMOBHH TIEPi0J] HAMXOAThH B OTAIOBAIbHI IPUMIIIICHHS
OymiBenb, 30UTBIIYIOYM BUTPATH TEIUIOTH HA CHUCTEMH
MIKpOKJIIMATy Uil CTBOPEHHS KOM(OPTHHUX YMOB ISt
moned B 1UX NpuMimeHHsX. lle cnpuuwHse 3HAYHI
MIEPEBUTPATH MAITUBHO-CHEPICeTUYHUX PECYPCIB.

Haiib6inbm BaroMHUMH YUHHUKaAMHU
eHEepro30epeKeHHsI € INUTOMI MOKa3HUKH TEIUIOBTPAT
IpU  TEIUIONOCTa4aHHI OyAMHKIB TI'pOMaJICBKOrO Ta
MIPOMUCIIOBOTO Mpu3HaueHHs [7, c¢. 27]; [8 ¢. 61].
OCHOBHUM HAamNpsIMKOM EHEPro30epeXKeHHs IS HX
OYIWHKIB € ONITUMAJIbHE BUKOPHUCTAHHS PEKUMIB pOOOTH
TEIJIOBOTO  OOJaHaHHS Ta MPHUCTPOIB cucTeM
BEHTHJIAIIIT 1 MIKPOKITIMATYy.

Jlst 3an00iraHAs MPOHUKHEHHSI XOJIOAHOTO MOBITPS
B OyIWHKA BUKOPHCTOBYIOTH CIICIliajbHI MPHUCTPOT
TEIIONOKAI3AIT — CHCTEMH TOBITPSHO-TEIIJIOBUX 3aBiC
[9, c. 49]; [10 c. 14].

CucreMH TEIUIOJIOKANI3allii 3aXUINAIOTh BIIKPHUTI
OTBOpH OyaiBeNb IUTYYHO C(HOPMOBAHUM HOBITPSHUM

CTpYMEHEM, SIKHIH CIIPSIMOBYIOTh Torepex
NPOHUKAIOYOr0 Kpi3b JBEpl 1 BOPOTa 30BHILIHBOTO
XOJIOJTHOT'O TTOTOKY IOBITPSL.

3rimfH0 3 HOPMATHBHHUMH BHMOTAMH TIOBITpsHI
3aBiCH BUKOPHUCTOBYIOTh B TAaKHX BUMaIKax [9, ¢. 49]:

— TIpU TOCTIHHO BIIKPUTHX TMPOpi3ax y 30BHINIHIX
cTiHax Oy[iBeb;

— Oimsg BoOpIT 1 mpopi3iB y B30BHIMIHIX CTiHAX
OynuHKIB, sSKi HE MalTh TaMOypiB 1 BITYHHSIOTHCS
OinmpIie m'sTH pa3iB Ta He MeHIne Hix 40 XB. 32 pobouy
3MiHY, B pErioHax 3 pO3paxyHKOBOIO TEMIIEpPaTyporo
30BHINIHBOTO NOBITPs MiHyc 15 °C 1 HUXYE;

— Oinst 30BHIIHIX IBepel BecTHOONIB OyIUHKIB
rPOMAJCPKOTO Ta TMPOMHUCIOBOTO MPHU3HAYCHHS B
3aJIeKHOCTI BiJ( PO3paxyHKOBOI TeMIepaTypu
30BHIIIHLOTO TIOBITPS 1 YHWCNA JIOACH, sIKi MPOXOIATH
Kpi3h ABEpi MPOTITOM OJIHi€I TOJWHHU, & caMe, B3UMKY
npu Temneparypi Bix —15 °C mo —20 °C, komm Kpi3b
BXigHI 1Bepi mpoxoasath Oinbire 400 ocil.

[ToBITPSIHO-TETUTOB] 3aBiCH BUKOPHCTOBYIOTHCS ISt
pO3IUICHHS TpPHUMIIIEHh 3 pPI3HOI0 TEMIIEPaTypolo
HOBITPSTHOTO CEPEAOBHIIA MO Pi3HI OOKM BXIIHUX JIBEpeit
i BopiT. SIK mpaBWiO, 30BHILIHI MpOpi3n OyAMHKIB
TPOMAJICBKOTO Ta MPOMHCIOBOTO MPU3HAYCHHS € JTOCUThH
rabapuTHUMH, OTXKE TOBITPSHI 3aBiCH € JOCHUTH
eHeproeMHuMHu npuctposimu [11, ¢.70]; [12, c. 24]. B
JIETKUX BUIAJIKaX BHUTPATH TEIUIOTH TpU PpoOOTi
MOBITPSHO-TEIUIOBMX ~ 3aBIiC  HABITh  IEPEBHINYIOTh
BUTpPATH TEIUIOTH Ha omnajeHHs OymiBm. Otxke,
30UTBIICHHS] €HEepreTHYHOI e(EeKTUBHOCTI TPHUCTPOIB
TEIUIONOKANI3aIii  JO3BOJMTHh  JIOCSITTH  CYTTEBOTO
€Hepro30epirarovaoro edekry, 11 () HEOOXiHO
BPaxOBYBAaTH MPH MPOCKTYBAHHI Ta EKCIUTyaTallii CUCTEM
TEIUTIOIOCTAYaHHS OyniBeb IPOMaJICBKOTrO Ta
MPOMUCIIOBOTO IIPHU3HAYCHHSL.

ITpu poGoTi MOBITPSHO-TEIUIOBHX 3aBiC IITYYHO
chopMOBaHa 3aXMCHA MOBITPSHA Maca, 3MIIIYEThCS SIK 3
30BHILIHIM MOBITPS, Tak 1 3 MOBITPSAM BCEpeauHI
npumimeHHs. [Ipu oMy posmofin TemmepaTtyp i
MIBUIKOCTI TIOBITPS TIO MIEPETUHY ITYYHOTO CTPYMEHS €
HEPIBHOMIpHUM. Icayroui METOM  PO3PAXyHKY
MOBITPSHO-TEIIOBMX 3aBiC HEIOCKOHAJi, 30KpeMa He
MICTATh CHCTEMHOI iH(opMmamii Mmoao XapakTepy
PO3MOIiNy TOTOKIB IMOBITPSA B IUIOIIMHI 30BHIIIHBOTO
npopidy. BHacmigok 1BOr0 BHHUKAIOTH TPYAHOIII
ypaxyBaHHS pO3MOALITY TMOJS TEeMOepaTyp 1 CHIopH
MIBUAKOCTEH MOBITPSHOIO CTPYMEHsI, IO BHUTIKae 3i
IIIJIMH TTOBITPOPO3IOALIEHOTO OTBODY.

[Muranus KOHCTPYIOBaHHS palioHaIbHIX
TETIOIOKATI3YIOUNX MIPUCTPOIB TSt OyIMHKIB
TPOMAJICBKOTO Ta TIPOMHCIIOBOTO TPU3HAUCHHS BHUMArae
CHUCTEMHOTO TIiAXOAy JO JAOCTIDKEHh Ha 3acauax
eHepro30epirarounx TeXHOJIOTiH:

OCHOBHI KOHCTPYKTHBHI €IIEMEHTH IOBITPSHOL
3aBiCH — I TOBITPONPOBIN A PiBHOMIpHOI po3madi
MOBITPSI, SIKKM 3a0€3MCUYCHUI IITHHOBUIHOK HACAJIKOI0
3 HAIPaBISIOYUMH IUIACTHHAMH, IO PO3TAILIOBaHI IO
BCIl OTO TOBIKUHI.
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[ToBiTpsi, sike BUXOIUTH 13 HOBITPOPO3NOIIIBHOTO
OTBOPY, YTBOpIOE IuTackuii crpymins [13, e 22].
Hacanxa nos'si3ana 1moBiTpOBOJaMHU 3 BEHTHJISITOPOM Ta
KanopudepoM, SIKHH BUKOPUCTOBYETHCS Y pasi MOTpeOH.

[tyyna moBiTpsHAa 3aBica (GOPMYETHCS MOPIBHIHO
BY3bKMM CTPYMEHEM TEIUIOTO MOTOKY MOBITPs, MIO
HAJXOIUTH 31 CTOPOHHU IIUTHHHOTO OTBOPY, ITiJl MEBHUM
KyTOM Ha3yCcTpid XOJIOMHOMY 3O0BHIITHBOMY MOTOKY
TIOBITPS, 1 € TUTACKUM HEi30TePMIYHUM CTPYMEHEM, SKHH
BUHMKAa€E Ha MEXI JIBOX 3yCTPIYHUX HOBITPSHHUX
cepelloBHIN, SIKI MaloTh pi3Hy Temmepatypy. [lepemnan
TUCKIB TOBITPS 3 JBOX CTOPIH INTYYHOTO CTPYMCHS
MOBITPSIHOT 3aBiCH, CHPUYMHSE 3MiHY HOTrO TpaekTopii, a
came, BIIOYyBa€TbCsS BIIXWICHHS OCI CTPYMEHS BiJ
[10YaTKOBOT'O HATIPSIMY.

Merta. l1In1xoM MaTeEMaTHYHOTO MOIEIFOBAHHS 1

EKCIIEPUMEHTAIbHUX  JIOCHI/UKEHb  YJOCKOHAJICHHS
CXEMHO-KOHCTPYKTUBHHX ocoOymBOCTEH
TETUIONOKAIII3yIOYUX TIPUCTPOIB Ta BUSBIICHHS YMHHHKIB,
0 BIUIMBAIOTh Ha EQEKTHBHICTE POOOTH MOBITPSHO-
TEIUTIOBOI 3aBICH, 3 METOIO 3MEHIIIEHHSI TETUIOBHX BTPAT i
TEIUIOBOT'O HABAHTa)KEHHS Ha CHCTEMY TEILIONOCTaYaHHs
OymiBumi, BiATIOBiHO.

MeTtoaun JOCJTiTKeHH. Jnst M IBUIIIEHHS
e(exTUBHOCTI  pobOTH  cHCTEeM  TeIIoNOKawi3amii
HEOOXIHO BHUKOHATH YHCJIOBE MOJEIIOBAHHS Ta
EKCIICpUMEHTAJIbHI JOCIIDKEHHS TEIIOBUX 1
acpoJMHAMIYHUX THapaMeTpiB  CUCTEMH, a  came,
ocoOnuBOCTEl  pO3MOAINY  IIBMAKOCTEH 1 3MiHH
HQIMIIKOBUX TEMIEpaTyp MpH pPi3HUX cHocobax

NIepeKPUBAHHS IIEPEpPi3y MOBITPOPO3NOAIIBHOIO OTBOPY
10 BEPTHKAJIi B IEpeMeXKOBaHOMY MOPSAKY (pHc. 1).

Puc. 1 — Cxema pyxy WITYYHOTO MOBITPSHOTO MOTOKY CHCTEMH TEIUIOIOKaITi3aLii:
1 — HOBITPOPO3NOIIIBHUN IUTMHHIN OTBIp, IEPEMENKOBAHHUHN 110 BEPTHKAI; 2 — IUTACKUI HE130TepMIUHHI CTPYMIHB MOBITPS; 3
— pe3yJIBTYIOUHH MOTIK MOBITPS MICIIS 3MIIIAHHS; 4 — XOJIOAHE 30BHIIITHE MOBITPS; 5 — mpopi3 Oyaisii

HeoOxigHo  Bif3HA4YWTH, 1[I0 TPOLECH,  SKi
BiIOyBaIOTHCS B TOCIiIKYBaHOMY IPUCTPOi, B HAYKOBIH
JiTepatypi ommcaHi HE CHCTEMAaTH30BaHO, TEOPETHIHI

NOCHIDKCHHS, SIK  TpaBWJIo, HE  MiATBEPKEHI
eKCIIepUMEHTAIBHO.
HoBm3na Hammx  mpomosumiii  momsrae y

BJOCKOHAJICHI CXEMHO-KOHCTPYKTHBHUX XapaKTEPUCTUK
MOBITPSIHO-TEIUIOBOT  3aBiCH, a caMe, HPOIOHYETHCS
YIOCKOHAINTH  TEIJIOOOMiHHI 1 aepoanHaMivHi
MmapaMeTpu IMOBITPOPO3MOIUILHOIO OTBOPY  IIUTUHH
LIIAXOM MepeKpuTTss 1 1[0  BEpTHKaIl B
NePEMEKOBAHOMY ITOPSIIIKY.

Bkazane 3maTHe mNpPHU3BECTH IO BJIOCKOHAJICHHS

mapaMeTpiB  pO3MOIIICHHS  IMIBHAKOCTEH 1  monA
HAJUIUIIKOBUX TEMIIEpaTyp TPH 3IUTTI TOBITPSHUX
MOTOKIB, o HEOOXIIHO BCTAaHOBUTH

CKCIICPUMEHTAJIBHUM MIISIXOM.

OTxe, HEOOXIJIHO BUKOHATH CKCICPUMCHTAbHI
JTOCTIKCHHS TETUTOBHX 1 aepOIMHAMIYHIX MPOIIECiB, SKi
BiOyBalOThCSA B MOBITPSHO-TEIUIOBiH 3aBici, IpW 3MiHi
CXEMHO-KOHCTPYKTUBHHX XapaKTePUCTHK
MTOBITPOPO3MOAITHFHOTO OTBOPY IIITHHU.

s aepoguHaMivHNX BUIPOOYBaHb Oyila CTBOpPEHA
MJIOTHA YCTaHOBKA MOBITPSHO-TEIIOBOI 3aBiCH.

Jlns  BU3HAYeHHS  MOMIB  IIBUOKOCTEH i
PO3MOAUICHHS HAUIMIIKOBUX TEMIIEPATyp B Jiama3oHi
Bix +8 °C mo — 18 °C (remmeparypa XoJI0IHOT
m'aTuneHky, i M. Opecu) Ha  JIIOYOMY  CTEHI,
MPHUHIUI i€ SKOTO MPEACTaBICHO HA puc. 2, Oyim
BHKOHAHI €KCIICPUMCHTAIBHI JOCHiKeHHs. [1oBiTpsiHO-
TEIJIOBA 3aBica BCTAHOBJICHA Y 30BHIIIHBOTO OTBODY 1.
Harpire B xamopudepi 4, MOBITpS TOIAETHCS IO
MoBiTponipoBoaM 16  BeHTWisATOpOoM 3. BuTtikaHHsS
TOBITPS 3IIHCHIOETHCS 3 IIITHHHOTO
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MOBITPOPO3MOALIBHOTO  OTBOPY KOpoOy 2, SIKHI
MIEPEKPUBAETHCS B IEPEMEKOBAHOMY MOPSIKY.

Jyis BUKOHAHHS BUMIPIOBAaHb IIBUKOCTI YCTAaHOBKA
3abe3reueHa TEPMOAHEMOMETPOM 13 3 MOKIHMBICTIO
BU3HAYCHHS HANpsMKy MIIBHAKOCTI 1 TeMHOepaTrypu 3
BOYIOBaHUM BHMipIOBATLHUM 30HIOM 11 i
KOOPAWHATHOI CITKOIO 6 ISl PO3MOALIY TOYOK 3aMipiB.
BuMmiproBaHHA ~ KiIBKOCTI  HOBITPSIHOTO  CTPYMEHS
3MiCHIOBANIOCS KamepHoi niagparmoro 8, 3'exnanoi 3 U-
nonioHuM nuhmMaHoMeTpom 17.

PerymoBaHHs KUIBKOCTI THOBITpS  BigOyBajoch
3acyBkow 7. BumiproBaHHS TeMIlepaTypd MOTOKY
MPOBOJIMIIOCS] CHHUPTOBHM TEPMOMETPOM S5 3 MIKAJIOK
posmoziny 0,1 °C i TepMOaHEMOMETPOM-TEPMOMETPOM —
mo3umis 13.

IToBHuii  aepomuHAMIYHHMIA  OTIp
BH3HAYaBCA 32 TIOKAa3aHHAMH THU(PMaHOMETpA.

[lepen modaTkoM eKCIIEPUMEHTAIBHUX TOCTIIKCHD
MPOBOIMIIOCST ~ KaNiOpyBaHHS  TEepMOaHEMOMETpa i
YCTaHOBKAa TMEPEMEKOBAaHUX IIITMHHUX OTBOPIB IS
CTBOPCHHS MOBITPSIHOTO  IOTOKY, IO BHTIKae i
nmocmikyeTbes. 11IIgXoM BCTaHOBICHHS KOOPIMHATHOL
CITKM 10 3pi3y HOBITPOPO3NOAIIBHOTO OTBOPY YH B
HEOOXITHOMY TICPETHHI, BH3HAYallacs KUTbKICTh TOYOK,
SIKI HIIATal0Th BUMIpY.

[icns  BKJIIOYEHHS BEHTHISITOpa 1 Kajopudepa
BUKOHYBAINCS BHUMIpPH IIBHAKOCTI 1 HaJJIHIIKOBOL
TeMIepaTypH B 33JaHOMY TIEPETHHI, MiCIIA Y0T0

MPUCTPOIO

17

=1

|
W

10 5r

KOOpJHMHATHA CiTKa TEPCHOCHIACS Ha  HACTYIHY
BiJICTaHb, IO IHIIIOTO MEPETUHY JJIs BUMIPIOBaHb.

Jlst BU3HAYEHHS OCOOIUBOCTEH OIS IIBUAKOCTEH 1
TeMIepaTyp eKCIIepUMEHTAbHI JTOCJTI IKCHHS
TIPOBOJMIINCH B TPH €TAIIH:

— JIOCIiIKEeHHST e(PEeKTUBHOCTI POOOTH TMOBITPSHO-
TEIUIOBOI 3aBiCH IIPH PI3HUX CXEMHO-KOHCTPYKTHBHHUX
XapaKTePUCTUKAX MIUIMHHOTO TMOBITPOPO3MOAIIEHOTO
OTBODY;

— BU3HAYCHHS IIapaMeTpiB IIOJIB TeMIepaTryp i
LIBHKOCTI, $IKI yTBOPEHI NIpPH B3aEMOJIl MOBITPSHUX
CTPYMEHIB;

—  JIOCHI[UKEHHS  BIJHOCHOI  IIBHIKOCTI 1
TEeMIIepaTypu TOBITPSIHOTO IIOTOKY, YTBOPEHOTO IIpH
B3a€EMO/IiT MMOBITPSIHUX CTPYMEHIB.

BusnauanpauMu (hakTOpamu, IO BIUIMBAIOTH Ha
e(peKTHBHY pOOOTY TMOBITPSHO-TEIUIOBUX 3aBiC, €
KOMITJIEKC aepoJMHAMIYHMX TapaMeTpiB: IMIBUAKICTH 1
TeMIepaTypa BHTIKaHHS; TEOMETPHYHI TapaMeTpH
CTPYMEHIB, IO BHTIKAIOTh Ta  PE3yIbTYIOYOTO
MOBITPSHOTO TIOTOKY TiCIs 3MIlIaHHS; JaJIeKOOIWHICTD
Pe3yIBTYIOYOTO  CTPYMEHs, TOOTO  BiJCTaHb  Bif
MOBITPOPO3NOIUILHOTO LITHHHOTO OTBODY.

B pe3ynpraTi eKCIEPUMEHTAIBHHUX JOCIIIKCHB
oTpuMaHo Tpadik 3NIUTTA IUIACKUX HEI30TePMIUYHHMX
CTPYMEHIB B pE3yJbTyIOUMH (3MilIaHWK) TOBITPSIHUI
MOTIK B 3aJI€KHOCTI BiJ IMUPHWHHU IMITHHHOTO OTBOPY i
MOYaTKOBO1 IMBHUIKOCTI TIOTOKY (pHC. 3).

3
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Puc. 2 — TlinoTHa ycTaHOBKA TEIUIOIOKAII3YIOUOTrO MIPUCTPOIO:
1 — mpopi3 Oyxismi; 2 — kopoO 3aBicH 3 HepeMeXOBaHNMH IIITHHAMH; 3 — BEHTHIATOP; 4 — Kajopudep; 5 — repMomerp: 5 a—
30BHIIMIHBOTO HOBITPSL; 5 O — MOBITPSI, IO BUTIKAE; 5 B — 3MIMIAHOTO MOBITPSIHOTO IMOTOKY; 5 T — BHYTPIIIHLOTO HOBITPS; 6 —
KOOpJWHATHA CiTKa; 7 — 3acyBka; 8 — miadparma; 9 — py6ka Ilito; 10 — mikpo anemomerp; 11 —30Hz; 12 — TepMockomiuHa
TpyOKa; 13 — Tepmoanemomertp; 14 — camonucens; 15 — 6apometp; 16 — nosiTponposix; 17 — U-noxibxuit ManoMeTp
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Puc. 3 — 3milnyBaHHs IUIOCKUX CTPYMEHIB B PE3yJIbTYIOUH#l MOTIK MOBITPSL:
X — BicCh BiICTaHi [10 TOPU30HTAJI B CTOPOHY BIIKPHUTOr0 30BHIIIHBOTO TPOpPi3y OyaiBii, M; Y— Bich BiJcCTaHi 10
BEpTHKAIli B CTOPOHY B LIIIMHHUX OTBOPIB, M; VOC— BiCh IIBHIKOCTI MIOBITPSHOTO MOTOKY, M/C

I[lo oci X mpeacraBieHO BINCTaHb BiJ Micls
BUTIKaHHsS HOBITPSHHUX CTPYMEHIB II0 BepTHKadi B OiK
BIIKDHTOTO  30BHIIIHROTO  MPOpi3y  OymiBIi 1O
TOPU30HTAI; 10 oci Y BiAKIaACHO PO3MIPH MIITHHHHUX
OTBOPIiB y BEPTHKAIbHIM IUIONIMHI; O oci Voc —
MIBUJKICTh TUIACKOTO HEI30TEPMIYHOTO CTPYMEHS B
3aJIEKHOCTI  BiJ BiAcTaHl Big MiICH BHTIKAHHSA 10
TOPU30HTAI 1 BiAMOBIMHO BiJ BiCTaHi MO BEpTUKAI B
npodUIEHIX MepEeTHHAX MOTOKY.

B xomi BUKOHAHHS EKCICPUMECHTY BUKOHAHO
JOCIIJDKEHHS, 10 TOB'SI3aHI 3 BHU3HAYCHHSM BIUIUBY
3MIiHH JKUBOTO HNEPEeTHHY IIITMHHUX
HOBITPOPO3INOIIILHAX OTBOPIB ISl BUTIKAHHS MOBITPS,
IIIIXOM ~ BapiloBaHHS TI'€OMETPUYHUX PpO3MIpiB, Ha
JaeKOOIHICTE  Pe3yNBTYIOUOTO TOBITPSHOTO TIOTOKY,
YTBOPEHOTO Ticis 3MIITyBaHHSA CTPYMEHiB, 1 HOro
HIBUAKICTH, BIAIOBIIHO.

BuzHaueno ONTUMABHI napameTpu
MOBITPOPO3IOAUTEHOTO OTBOPY, IPU SKOMY pPO3MipH
miiymman cTaHoBIATH 200 X 100 MM, IIpH bOMY TUTACKi
CTPYMEHSl 3JIMBAIOTBCSI B PE3yJbTYIOUMH TIOTIK Ha
BifcTaHi 2,2 CM Ha IMOYATKOBIM IUISHII (popMyBaHHS
CTPYMEHS, L0 MEPEIIKOHKAE YTBOPCHHIO XOJIOIHUX 30H
JUIL TIPOPUBIB 30BHIIIHBOTO MOBITPS B ONAaJIOBaJbHI
NPUMILICHHS OyAiBeNb TPOMaJChbKOTO i IPOMHCIOBOTO
npusHadeHHs. B pesymprari 3nuTTS 1 B3aeMogil
CTPYMEHIB  yTBOPIOETBCA HEI30TEPMIYHHN  ITIACKHHA
TMOTIK, SIKAH TIOBHICTIO TIEPEKPUBAE BIAKPUTHH 30BHIIITHII
OTBIp, THM CaMHM TIiJIBUILYIOYH €(PEKTUBHICTH POOOTH
TEII0NIOKAII3yI04O0T YCTaHOBKH, 3MEHIIYIYN

BukoHaeMoO  JOCHiDKCHHS ~ TEMICpPATypHHX 1
IIBUJIKICHUX TMIOJIIB BUTIKAHHS IUIOCKUX IOBITPSHUX
HEI30TepMIYHHMX CTPYMEHIB, IO 3IWIKCSH B €IUHHUH

TTOBITPSTHANA MOTIK 3acobamu MaTEeMaTUIHOTO
MO/ICTIFOBAHHSI.
OTpuMaHHA  aNeKBaTHOI KapTUHU  (DI3UIHOTO

mporiecy, To0To 3MiHa (I3UIHHUX MapaMeTpiB B MPOCTOPi
1 Waci, MOXIMBO B pe3yibTaTi HOro MaTeMaTHYHOTO
MogearoBaHHs [14, c. 40].

MonenmoBaHHsT  aepOJMHAMIYHAX Ta TEIUIOBUX
napaMeTpiB  JOCHI)KYBaHMX CTPYMEHIB IOBITPSIHO-
TEIUIOBOi  3aBICH  JOCHIDKYBAaHMX BHUKOHYBaIOCS 3
BUKOPHCTaHHAM nporpamHoro moxayisi SolidWorks Flow
Simulation, 3acHOBaHOTO Ha METO/Ii KIHIIEBHX €JICMEHTIB.

OCHOBHMMH €TaraMy peaizamii MaTeMaTHIHOI
MOJeNi 3 BHUKOPUCTaHHsIM MoxumBocTeil SolidWorks
Flow Simulation €:

— cTBOpeHHs 3D-Moxeni Teuii;
mpenporiecopra 00poOka I  TeHepyBaHHSI
KiHIIEBO-EIEMEHTHO]I CITKH pO3paxXyHKOBOi 00IacTi Tedii;

— HaKJIAJICHHS TPAHUYHUX YMOB;

—  mocrmpouecopHa  oOpoOka  pe3ysbTaTiB
MOJICIIIOBAHHSL 3 BI3yali3alli€l0 MOJIB IIBHIKOCTEH i
TeMIepaTyp.

[InsixoM 3acTOCYBaHHS MaTEMaTHYHOTO amaparty,
OTpMMaHO  Bi3yajizamio  (i3UYHOTO mpoLecy Ta
BCTAHOBJICHO 3MiHY aepOAMHAMIYHHUX Ta TEIUIOBHX
mapaMeTpiB B dYaci Ta MpocTopi (3MiHY 1 pPO3ITOILT
LIBUKOCTI Ta TeMIIepaTypu PE3yJIbTYIOUOTO
MOBITPSTHOTO TOTOKY, YTBOPEHOTO MPH 3IHUTTI ITUIOCKUX

CIOXXVMBAHHS TEIUIOBOi €HEprii Ta yIOCKOHAIIOE POOOTYy  HEI30TEepPMIYHMX CTPYMEHIB IOBITpPS, Ha BXOAI B
crcTeMaM TEeIUIONOCTaYaHHs OyiBIIi. OTaJIOBaJIbHE MPUMILICHHS OYIiBIIL.
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[Ipy  upoMy, pyx TOBITPSHUX  CTPYMEHIB
MOJICIIFOEThCS 3a AOIOMOoroo piBHsIHb Hag'e-Ctokca, siki
ONKCYIOTh B HECTAI[lOHAPHIN TMOCTAHOBI[ 3aKOHH
30epeKeHHST MacH, IMITyJIbCY 1 €Heprii MOBITPSHOTO
cepenoBHUIIa.

Kpim TOro, BHKOpPHUCTaHI PpIBHSHHSA  CTaHy
KOMITOHEHTIB JTOBKULIS Ta EMITIPUYHI  3aJIe)KHOCTI

B'SI3KOCTI KOMIIOHEHTIB HaBKOJIMIITHHOT'O CEPEAOBHIIA Bif
TeMrieparypu. Jns MojaenmioBaHHS TypOyJIEHTHUX Tedii
piBasHHs Ha'e-CTokca ocepeqHIOBalIOCH IO YHUCIY
Peitnonbica. B pesynpraTi piBHSHHS MaroTh JI0JATKOBI
YIIEHW — HANpyrm 10 4Yuchny PeiHombpaca, a Juis
3aMUKaHHs cucTeMu piBHSAHB B SolidWorks Bukopucrani
PIBHSIHHSI IIEPEHOCY KiHETHYHOI eHeprii TypOyJeHTHOCTI
i gucunamii 3 BHKOPHCTaHHSIM  k-¢  MoOjei
TypOynenTHocTi [15, ¢. 79]; [16 c¢. 124], 60 moTiK, 10
BHTHKA€E 3 MOBITPOPO3NOIIIHHUX OTBOPIB BiPi3HAETHCS
CTBOPEHHSIM BUXOPIB 1 MOSBOIO TypOYJIEHTHOCTi, TOMY
UIA ~ MOJCTIOBAaHHSA  BHUKOpDHCTaHAa  k-e  MOJETb
TypOyJIEHTHOCTI, sfIKa HaWOiIbII MOAIOHA O peasbHOTO
npoLecy.

[Ipr MaTeMaTHYHOMY MOJCTIOBAHHI BHKOPHCTAaHA
NOKpalieHa k-e Mopenb TypOyJNeHTHOCTI — k-¢
"Realizable", sxa 3BUYallHO BHUKOPHCTOBYETHCS IS
JIOCHiKeHHsT cTpyMeHiB. Ll Mopnenb 3acTocoByeThCs,
KOJIM HEOOXiJTHO MaKCHMaJIbHO HaOJIMKEHO 110 pealbHUX
YMOB 3MOJICTIIOBATH TIPOIIEC Teuii.

IIpomec TeHepyBaHHS KiHIIEBO-CJIEMEHTHOI CITKH
00'eKTa JOCTIHKEHHS € HAMOIIBIIT TPYAOMICTKHM KPOKOM
MIpenpoIiecopHoi 00poOku, 60 Bix SKOCTI 3reHEepOBaHOT
CITKH €JIEMEHTIB 3aJie)KaTh PE3yJIbTaTH MaTEeMAaTHIHOTO
MOJICITIOBAHHSI.

3anexxHO Bif CKJIATHOCTI 00'€KTa OCIIKCHHS
KiHIICBO-CJIEMCHTHA CiTKa MOXE OYTH CTPYKTYPOBAHOIO i

HECTPYKTYpPOBaHOIO. v HalIoMy JIOCJIiJIKCHHI
BHUKOPHUCTOBYBAJIACS HECTPYKTYpOBaHa KiHIIEBO-
€JeMCHTHA CiTKa, OCHOBHOIO IIEPEBarol sKoi €

BJIACTHMBICTH APiOHO PO3TAIOBYBATHCS HABKOJIO 00'€KTIB
pizHO1 hopMmHU.

ITocTnporiecopHa o0poOka € QiHATLHUM eTaroM
JaHoro  aHamizy. BoHa  BKIIOWae — Bizyamizarliio
pe3yJbTaTiB, OTPUMAHUX IUIIXOM MaTeMaTHYHOI'O
MOJICTIIOBAHHS aepOJAMHAMIYHUX TIPOIECIB B CHCTEMi
TEIUIOJIOKATI3aLli.

BukopucraHHi pIBHSHHS MOXHA TNPEACTABUTH Y
BUIJISIL:

®  DIBHSHHA PyXY:
p—lg =-VP+ W39
ot

e p —TyCTHHA MOBITPS;
9 — BEKTOpHE TI0JIe MIBUAKOCTEH;
V — omeparop ['aminbToHa;
P —tuck.

e  DPIBHSHHSI HEPO3PHBHOCTI:

V§=l+a—v+%=0
ox 0Oy Oz

ne ou . ov . ow — rpaz[ieﬂTI/I LIBUIKOCTI Yy HampsIMKax x,y ,z.
ox Oy 0Oz

VY naniii Mozei BUKOPHCTAJIOCS TaKOXK «BHYTPIIIHE
3aBJaHHs». TMOBITPs, MOJABAIOCh Kpi3b CUCTEMY
NpSIMOKYTHHX OTBOpiB 3 po3mipamu 100 x 200 mm i3
BapilOBaHHSAM IIBHIKOCTI BXiJHOTO MOTOKY y MeXax 5
...15 m/c, Tack y mpuminieHni npuiiMaBcs 200 Ila 3
ypaxyBaHHIM pOOOTH CUCTEMH BEHTHJIALIT, TEMIIEpaTypa
30BHIITHLOTO TIOBITPS BapiroBajacs y Mexax mMiHyc 25 ...
MiHyc 5 °C, BiTpoBe HaBaHTaXCHHS (BILIMB IIBHIKOCTI
PYXy 30BHIIIHBOT'O TIOBITPS) 3MIHIOBAJIOCh Y Mexkax | ...
5 m/c. TemnepaTypa NOBITPs B IPUMILLIEHH] MpUiiManacs
piBHoto 20 °C, Temneparypa HOBITps, LIO MOJAETHCA, Y
3aBici BapitoBaiacs y Mmexax 30 ... 50 °C.

Ha puc. 4 mokazaHuii 3arajibHHH BUTJISA MOJEII
TEIJIOJNIOKAII3yI040Tro MPHUCTPOI0, CTBOPEHOI 3acobamu
SolidWorks Flow Simulation.

Puc. 4 — Moperns noBiTpsSHO-TEIIOBOT 3aBicH 3
[EPEMEKOBAHIUMH OTBOPAMH

B pesynbrati mociikeHb NpU PI3HUX IIBUAKOCTSIX
BUTIKaHHS 1 TeMIeparypax OTPUMAaHO, IO HaWOUIbII
HeOe3IeYHa TeMIepaTypHa 30Ha, 3 TOUYKH 30py HPOPHBY
XOJIOAHOTO TIOBITPS B MPHUMIMICHHS, YTBOPIOETHCS B
UCHTPaJIbHIN YacTHHI.

[Ipu 306inpImIeHHI TIBUAKOCTI TOAAdi IOBITPS B
3aBici  BimOyBaeTbcs  OUTBII  TMOBHA  JIOKai3allis
MPUMIIIIEHHSI.

Bracnmigok BHHUKHEHHS 30ypeHb 3a TOPISIMH
IIUTMHHAX OTBOPIB 31 301IBIIEHHSAM BiJICTaHI BiJ] TOYKH
BUTIKaHHS BiIOyBaeTbcs OiNbII TUIABHUM pyX, IO
CBIYUTH MMPO 3MCHIIICHHS raJIbMyBaHHS 1 BTPAT THCKY Ha
TepTst 1 OUIbII pPIBHOMIPHOMY pYX, YTBOPEHOTO
Pe3yJbTYIOYOTO MOBITPSHOTO MOTOKY Ha ITOYaTKOBIH
JIUIBHUII cTpyMeHs (puc. 5-7).
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Temperature [K]

.

253.192 K

Min=253.192 K Max=323.2 K
Iteration = 16

Puc. 5 — TTone TemnepaTyp Ha BXOJi B IPUMIIICHHI P TEMITEpaTypi 30BHIIIHBOr0 MOBiTpst Minyc 15 °C
i Temrepatypi moBiTps B minuHHOMY Hacaaky 30 °C.

Temperature [K]

253.192 K

Min=253.192 K Max=323.2 K
Ihteration = 21

Puc. 6 — ITone TemnepaTyp Ha BXOJI B IPUMIIIEHHI TP TEMIIEpaTypi 30BHIIIHBOTrO MOBiTps MiHyc 15 °C
1 Temriepatypi moBiTps B IUTHHHOMY Hacazaky 40 °C.

Temperature [K]

323.2 K
n W

Min=288.57 K Max=323.2 K
Iteration = 40

Puc. 7 — ITone TemnepaTyp Ha BXOJi B IPUMIIIEHHI P TEMITEpaTypi 30BHIIIHBOTO MOBiTpst Minyc 15 °C
i TeMIepaTypi HOBITPs B HIiTHHHOMY Hacanky 50 °C.
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BucHoBKM Ta mMepCHEKTHBH  TMOJAJBIIOLO
PO3BUTKY JaHOTO HampsiMy. B pe3ynbraTi aHamizy
y3arajibHECHUX pe3yIbTaTIB MaTeMaTHYHOTO
MO/ICIIFOBAHHS Ta EKCIIEPUMEHTAJIBHUX JOCHI/KEHb, L0
BHKOHaHI Ha IIJIOTHIH YCTaHOBII TETUIOJIOKai3allii,
COpPSIMOBAaHMX HA BU3HAYCHHS TIOJIS LIBHIKOCTEH 1
TEMIIepaTyp TMOBITPSHOTO TIOTOKY, IO BHTIKaE 3
MOBITPOPO3MOAUIBHOT  HACAAKK  TEIIOJOKATi3yI0u0TO
MIPUCTPOIO, MOXKHA 3pOOHUTH TaKi BHCHOBKH :

- YIOCKOHAJIEHO KOHCTPYKIIIO
MIOBITPOPO3IOIIEHOTO OTBOpPY CHCTEMH
TEIUIOJNOKAli3amii  [OUIIXOM  IEePeKpUTTs HOro 1o
BEPTHKAJI B IEPEMEIKOBAHOMY HOPSIIIKY, IO MPHU3BOIUTH
IO EHEePro30epiraroyoro eheKTy;

— BH3HAQYEHO ONTHMAJIbHI PO3MIPH IIIIMHHHUX
otBopiB 200 x 100 MM IS BUTOKY IUIACKHUX
HEI30TePMITHUX CTPYMEHIB, 1o MOTIepeHKYE
MPOHUKHEHHS  XOJIOJHOTO  30BHINIHBOTO  TOBITpSA,
3abe3meuyroun  poOOTYy  CHCTEeMH  Ha  3acauax
E€Hepro30epeKeHHSI;

— BH3HAYCHO  ONTUMAJBHY  BIACTaHb, ¢
BiIOYBa€TbCS  3IUTTS  IUIACKUX  HEI30TEePMIYHHUX
CTPYMEHIB, SKi BHUTIKAIOTh 3 IOBITPOPO3IOALIEHOTO
U[JIIMHHOTO ~ OTBOpPY,  (OPMYIOUH  PE3YIbTYIOUHIA
MOBITPSIHUY TOTIK Ha MiHIMaNbHI#M BiacTaHi 2,2 c¢M Bix
U[IMHHOTO OTBOpY, W0 3a0e3meduye  MiABHIICHHS
e(exTBHOT POOOTH TOBITPSHO-TEIIIIOBOI 3aBiCH;

— BCTaHOBJICHO OITHUMAaJIbHI YMOBH (OpPMYyBaHHS
pPe3yNBTYIOUOTO CTPYMEHS Ha TOYAaTKOBIM  MUISHIT
PO3BUTKY IUIACKOTO HEI30TEPMIYHOTO CTPYMEHs, IO
no3Boyisie  chOpMYBaTH  TOBITPSHUM  TOTIK,  SKAN
MOBHICTIO TEPEKPUBAE 30BHIMIHIA OTBIp, 3armoodiralodu
BUHUKHCHHIO  XOJIOMHMX 30H 1 MCPEIHIKOIKAIYH
MPOHUKHECHHIO XOJIOJJHOTO 30BHIIIHBOIO TMOBITPS B
OTaJIOBaNIbHI NPUMILIEHHsT OyJIUHKIB IPOMaJCHKOrO Ta
MIPOMHCIIOBOTO MPU3HAYCHHS,

- po3pobiIeHo KOHCTPYKIIIIO CUCTEMU
TEIUTOJIOKAITI3alli] 31 3MEHIICHUM XHBHUM TEPSTUHOM JUIS
pyXy TIOBITpS, TUIAXOM TIEPEKPUTTS IIUTMHHOTO
MOBITPOPO3MOIIIEHOTO  OTBOPY B  TIEPEMEKOBAHOMY
MOPSIAKY 1O BEPTUKAN, [0 [JO3BOJHJIO 3MEHIIUTH
BUTpATy MOBITPS, SIKE MOJAETHCS HA MOBITPSIHO-TEIUIOBY
3aBiCy, 1 MPU3BOJIUTH O CKOPOYEHHS BHTPATH TEIUIOTH
HAa CHCTEMY TCIUIOTIOCTAYaHHsI, BiJIMOBITHO 3MCHIIYIOUYH
CIIOXKMBAHHS NATMBHO-CHEPTETUYHUX PECYPCIB.
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G. V. LISACHUK, M. V. VED, R. V. KRYVOBOK, A. V. ZAKHAROV, V. V. VOLOSHCHUK, M. S. MAISTAT

DEVELOPMENT TECHNOLOGY OF ELECTRICAL CONDUCTANCE CERAMICS

The article considers the influence of the technological parameters of the composite ceramics production on the specific volume
resistivity of the composition and, consequently, on the protective properties against the effects of electromagnetic radiation. The
technological parameters included the preparation method, the averaging time of the raw materials, both the pressing and second
calcination pressure. Based on the complex of studies carried out, the following technological parameters of production were
established: duration of grinding — 60 minutes; the moisture content of the press powder is 6.2%; pressing pressure — 25 MPa; first
calcination temperature — 1060 °C; temperature of the second calcination — 1060 °C. The developed technology can be applicated at
enterprises that produce ceramic tiles according to high-speed calcination. The resulting material can to protect biological and
technical objects from the action of electromagnetic radiation. Further research at selecting a glaze coating for the developed
ceramics is aimed.

Keywords: clectrical conductance ceramics, composite ceramics, technological parameters, duration of grinding, moisture
content of the press powder, pressing pressure, calcination temperature, volume resistivity, flexural strength, water absorption.

I'. B. IICAYYK, M. B. BE/Tb, P. B. KPHBOFOK, A. B. 34XAPOB, B. B. BOJIOU[YK, M. C. MAHCTAT
BIIITPAIIFOBAHHSA TEXHOJIOI'Ti EJIEKTPOITPOBITHOT KEPAMIKHA

VY crarTi po3MITHYTO BIUTUB 3MiHM TEXHOJIOTIYHHX ITapaMeTpiB BUPOOHUITBA KOMIIO3ULIHHOT KepaMiKi HAa MUTOMUH 00'€eMHUH o11ip
KOMIIO3UIIIi a TaKOX Ha 3aXHCHI BJIACTHBOCTI BiJ{ BIDIMBY €JICKTPOMArHITHOTO BHIPOMIHIOBAaHHS. J[0 TEXHOJIOTIYHHMX IapaMeTpiB
OyJI0 BiJHECEHO cHOCi0 HMPUTOTYBaHHS, Yac YCEPEeAHEHHS CHPOBHHHUX MaTepiayiB, THCK HpecyBaHHS i JApyroro Bumaimy. Ha
Ii/ICTaBi IPOBEAEHOTO KOMIUIEKCY HOCTIPKEHb BCTAHOBIEHO HACTYITHI TEXHOJIOTIYHI TapaMeTpH BUPOOHHUITBA: TPUBAIICTH TOMEITY
— 60 XB.; BOJIOTICTB Ipec-nopouiky — 6,2%; tuck npecyBanus — 25 MITa; Temneparypa nepioro Bunainy — 1060 ° C; remneparypa
npyroro Bunany — 1060 °C. Po3po6iiena TexHOOTisE MOXe OyTH BUKOPHUCTaHA Ha MiANPHUEMCTBAX, SKi BUITYCKAIOTh KepaMidHy
IUTUTKY 3i [IBUAKICHUM peXUMOM Bunany. OTpuMaHuil MaTepian Moxke OyTH BUKOPHCTAHO [UISl 3aXHCTY O10JIOTTYHUX 1 TEXHIYHUX
00'ekTiB Bif il eleKTPOMArHiTHOro BUIpoMiHioBaHHs. [Toganbiui TOCHiIKEHHsT CIIPSIMOBaHi Ha MiAOIp I1a3ypoBaHOrO MOKPHUTTS
IUTst po3po0IIeHOT KepaMiKy.

KniouoBi cioBa: enekTpompoBifHa KepaMika, KOMIIO3UTHa KepaMika, TEXHOJOTIYHI IapaMeTpH, TPHUBAIICTh IOMEIY,
BOJIOTICTb TIPEC-MOPOIIKY, THCK IPECYBaHHI, TEMIIEpaTypa BUIATy, 00'€éMHa CTIHKICTb, MIHICTh Ha 3T'MH, BOJOIOTINHAHHSI.

I. B. THCAYYK, M. B. BEJIb, P. B. KPHBOFOK, A. B. 34XAPOB, B. B. BOJIOI]YK, H. C. MAHCTAT
OTPABOTKA TEXHOJIOT WA JEKTPOIMPOBOJAMIEN KEPAMUKH

B cratee paccMOTpeHO BIMSIHUE H3MEHEHHs TEXHOJOTMYECKMX IapaMeTpOB IPOM3BOJICTBA KOMIIO3MIMOHHOW KepaMHUKH Ha
yaeIbHOe 00BEMHOE CONPOTHUBIECHHE KOMITO3UIUHU U, CIE€A0BATENbHO, HA 3aIUTHBIE CBOMCTBA OT BO3ACHCTBHS AJIEKTPOMarHUTHOTO
n3mydenus. K TeXHoJornaeckuM napameTpam ObIIIO OTHECEHO CIOCO0 IPUTOTOBICHUS, BpEMsl YCPEIHEHHS CHIPhEBBIX MATEPHAIIOB,
JTaBJICHUE MPECCOBaHMS U BTOporo oOskura. Ha oCHOBaHMHM IPOBEIEHHOTO KOMIUIEKCA MCCIIEJOBAaHUM YCTAaHOBJIEHO CIIEAYIOIINe
TEXHOJIOTMYECKUE IapaMeTphl IPOU3BOJCTBA: JIMTEIBLHOCTh IOMoJa — 60 MHUH.; BIAXKHOCTb IIpecc mopomka — 6,2 %; naBiIeHue
npeccoBanus — 25 MIla; Temneparypa nepsoro ooxkura — 1060 °C; temneparypa Broporo ooxkura — 1060 °C. Paspaborannas
TEXHOJIOTHSI MOXKET OBbITh MCIIOIBb30BaHA HA TNPEANPUSATUAX, KOTOPBIE BBIMTYCKAIOMNX KEPAMHUUYECKYIO IUIUTKY IO CKOPOCTHOMY
pexxumy obskura. IlomydeHHbI MaTepHan MOXKeT OBITh MCIOIB30BAH AN 3aIIUTHI OMOJNIOTMYECKHX U TEXHHYECKUX OOBEKTOB OT
JEWCTBUSI 3IEKTPOMArHUTHOTO H3TydeHus. JlanbHelIIne HCClefoBaHHs HAMpaBlIeHbl HAa MOAOOD TIJIa3ypHOTO MOKPBITHS IS
pa3paboTaHHON KepaMUKH.

KnaroudeBble cjI0Ba: 3IEKTPONPOBOAAIIAs KEpaMHUKA, KOMIIO3HULHMOHHAS KEpaMHUKa, TEXHOJOTHYECKUE TapaMeTphl,
MIPOJIOJDKHUTETBHOCTE IIOMOJIA, TEMIepaTypa 00xura, 00beMHast yCTOHIMBOCTD, IIPOYHOCTH Ha U3THO, BOJOIOTTIOIIECHUE.

Introduction.

Human life takes place in conditions of increased
concentration of electromagnetic radiation (EMR) of
industrial, medical, research equipment, television and
radio stations, satellite and cellular communications, and
many others. EMR can cause certain functional
disturbances in the human body — in some cases
irreversible: increased fatigue, central nervous system
disorder, clouding of the lens of the eye, etc. In addition,
these emissions have an adverse effect on the technical
condition of electronic systems, up to and including their
disabling. Therefore, the development of materials that

effectively protect biological and technical objects from
the EMR effect is an urgent problem.

One of the directions of creating materials that
protect against the EMR is the introduction of electrical
conductance additives into the dielectric matrix. It was
preliminarily established [1] that silicon carbide should
be used as an electrical conductance additive, and a
ceramic mass for the production of facing tiles should be
used as a dielectric matrix.

© Lisachuk G.V., Ved M..V., Krivobok R.V., Zakharov A.V .,
Voloshchuk V.V., Maistat M.S., 2020
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It is known that radio-absorbing materials (RAM)
are structural dielectrics that effectively absorb the
electromagnetic energy of radio waves [2, 3].

According to the classification, radio-absorbing
materials can be magnetic and non-magnetic. In turn,
non-magnetic radio-absorbing materials are subdivided
into gradient, interference and combined [4].

The general statement of the problem and its
connection with important scientific or
practical tasks.

It is known that the volume resistivity of electrical
conductance ceramics obtained by the composite method
depends mainly on the type of electrical conductance
additive (conductor, semiconductor). An important role
in the regulation of conductivity is played by the nature
of the distribution of the additive in the volume of the
dielectric matrix (uniformity, optimal grain size, the
presence of contacts between electrical conductance
particles).

The distribution of the electrical conductance
additive in volume is primarily influenced by the
technological parameters of production: the preparation
method, the time of raw materials averaging, the pressing
pressure, the temperature and duration of the first and
second calcination. By changing the technological
parameters of the composite ceramics production, it is
possible to influence the volume resistivity of the

composition and, consequently, the protective properties
against the effect of EMR [5-7].

Therefore, the task was set to study the influence of
technological parameters of production: preparation
method, averaging time of raw materials, pressing and
second calcination pressure on the following properties
of electrical conductance ceramics: volume resistivity —
lg pv, flexural strength — oq and water absorption — W.

Experimental part.

The process of grinding the components of the
dielectric matrix and the electrical conductance filler is
one of the most critical stages in the technology of
electrical conductance ceramics, since the conductivity
and physical and mechanical properties of the
composition depend on the homogeneity of the mixture
[6-8]. The authors found that the duration of grinding the
raw components significantly affects the volume
resistivity of the composition. The influence of grinding
duration in the range of 20 — 70 min on the volume
resistivity and physical and mechanical properties of
composite ceramics was investigated.

The technological scheme (Fig.1) for the
preparation of samples provides wet joint grinding as the
optimal method for homogenizing the initial components.
Then the slip is dehydrated to obtain a press powder,
semi-dry pressing, drying and calcination.

Raw

Electrically conductive additive

Water

Grinding

A

A 4

Y

Mixing of components and obtaining a slip

A 4

Slurry dehydration and pression powder production

Y

Pressing

A 4

Drying samples

h 4

Firing samples

A 4

Study of properties of samples

Fig. 1 Sample preparation scheme using slip method

A preliminary developed composition of electrical
conductance ceramics [9], in which silicon carbide acted
as an electrical conductance filler, was used in the study.

The technological parameters of the preparation of
the samples under study were:
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- grinding of the raw components — from 20 to 70
minutes with a step of 10 minutes;

- the moisture content in the press powder — 6.2%,
the calcination temperature — 1060 °C;

- the calcination duration — 30 minutes.

Fig. 2 shows a graphic interpretation the results of
the study of the grinding time effect.

As one can see from Fig. 2 the most optimal
grinding time, from the point of view of obtaining the
minimum value of specific volume resistivity, water
absorption and maximum value of flexural strength, is 60
minutes.

As follows from the literature data [6], the moment
of the highest homogeneity of the mixture coincides with
the moment of volume resistivity growth, i.e. with an
inflection in the dependence of volume resistivity on the
duration of grinding.

30

25
- —0—Ig v, Ohm-m

15D\D\D\D\D———EI 0w, %
10

o\o‘o\o\ﬁo——o —&—ofl, MPa
5

0
20 30 40 50 60 70
Grinding time, min

Intensity

Fig. 2. A graphical interpretation the results of the study
of the grinding time effect.

An increase in the duration of grinding over 60 min
has practically no effect on the properties under study.
Therefore, 60 minutes was chosen as the optimal
grinding time. It can be stated that the values of other
investigated properties such as water absorption and
flexural strength are within the permissible limits of
GOST 6141-91. The decrease in the volume resistivity
and water absorption and the increase in the flexural
strength with an increase in the grinding duration are
explained by a more uniform distribution of silicon
carbide over the volume of the ceramic mass.

In particular, during minimum grinding time,
silicon carbide particles form small conglomerates of
uneven grain size, and with a maximum grinding time,
silicon carbide particles form a contact structure, due to
which there is a decrease in the volume resistivity and
improvement of physical and mechanical properties.

The pressing pressure, as well as the mass
concentration of silicon carbide, determines the volume
resistivity and the physic-mechanical characteristics of
the compositions [6, 7, 10]. The pressing process of
electrical conductance ceramic composite materials is
one of the most important technological stages.
Currently, tiles for interior wall cladding are made in a
semi-dry way from press powder with a moisture content
of 6 — 8 % at a specific pressure of 10 — 20 MPa.

The study of the pressing pressure influence on the
volume resistivity, water absorption and flexural strength
was carried out in the range of 5 — 35 MPa.

The preparation of the samples was carried out
according to the scheme given above, the calcination
temperature of the samples under study was 1060 °C, and
the duration was 30 minutes.

The dependence of the volume resistivity and
physical and mechanical properties of composite
ceramics on the pressing pressure is shown in Fig. 3.

It is known [6, 10] that during dynamic or static
pressing of electrical conductance mixtures, particles of
dispersed electrical conductance filler (in our case,
silicon carbide) approach each other. This improves the
contacting conditions and reduces the transition
resistance between them, which explains the decrease in
the volume resistivity of the studied ceramics with
increasing pressing pressure.

This makes it possible to obtain a composition with
a minimum content of an electrical conductance additive
characterized by a stable electrical conductivity with.

30

25
——lg rv, Ohm-m

[
=1

0w, %;

Intensity
=
w

—
o

gy

0 10 20 30 40
Pressing pressure, MPa

—A—ofl, MPa

w

Fig. 3. Dependence of volume resistivity, water absorption
and flexural strength of composite ceramics on pressing
pressure

As one can see from Fig. 3, with an increase in the
pressing pressure, there is a decrease both in the volume
resistivity and in water absorption with a simultaneous
increase in the flexural strength of the composition. A
decrease in the volume resistivity is due to a decrease in
the contact resistance between the particles of the
electrical conductance additive as well as an increase in
the contact area of the silicon carbide particles.

At pressing pressure above 25 MPa, the change in
volume resistivity, flexural strength and water absorption
of the composition occurs insignificantly, therefore, the
pressing pressure equal to 25 MPa should be considered
optimal.

Ceramic tiles for interior wall cladding are
produced using the double-calcination technology. It is
known [11-14] that silicon carbide, when exposed to
high temperatures, undergoes oxidation producing
quartz, as a result an increase in the volume resistivity of
the composition occurs, and, therefore, the protective
properties decreasing.
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Therefore, further studies were carried out,
revealing the effect of the second calcination on the
volume resistivity and physical and mechanical
properties of composite ceramics.

For the study, samples were taken after the first
calcination, and the second calcination was carried out
according to the speed mode at a temperature of 1060 °C
during 30 minutes.

The properties of the specimens after the first and
second calcination are shown in Table 1.

Table 1 — Properties of specimens after the first and
second calcination

Volume resistivity, Ohm'm Watgr Flexural
absorption, |strength,
pv Ig pv % MPa
: 105
First [5.77 105 5.76 11 25
Second [8.84-10 5.95

Table 2 — Technological parameters for the production of
electrically conductive ceramics

Parameter Value
Method of preparation Slip
Mixing duration, min 60
Press powder moisture, % 6,2
Pressing pressure, MPa 25
First calcination temperature, °C

— 1060
Second calcination temperature, °C
First calcination time, min

—— - 30
Second calcination time, min
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Based on the complex studies carried out, the
technological parameters of the electrical conductance
ceramics production were established, the values of
which are given in Table 2.

Conclusions and perspectives of future
investigations in this direction

Human life takes place in conditions of high
concentration of electromagnetic radiation and can cause
certain functional disorders in the human body.
Therefore, the development of materials that effectively
protect biological and technical objects from the effects
of electromagnetic radiation is an urgent task.

The technological parameters of the electrical
conductance ceramics production were established:
duration of grinding — 60 min; moisture content of the
press powder — 6.2 %; pressing pressure — 25 MPa;
temperature of the first calcination — 1060 °C;
temperature of the second calcination — 1060 °C.

The developed technology can be used at
enterprises producing ceramic tiles according to the high-
speed calcination mode. Such ceramics can be used to
protect biological and technical objects from the action
of electromagnetic radiation.

Further research is aimed at selecting a glaze
coating for the developed ceramics.
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J. M. CO/IOJOBHIKOBA, B. O. TAPACOB, B. M. 3YBEP, I0. M. COPOKA, H. JI. CI30BA
METOJUYHI ACIIEKTH OLIHKH I 3BHUKEHHSA PIBHA PAJJOHOHEBE3IIEKH CXOBUIIL PAB

B po6oTi po3risHyTO METOAMYHI aCMEKTH OLHKH 1 3HM)KSHHsI PiBHS paJloOHOHEOe3NneKH CXOBHI paioakTuBHUX BimxoniB (PAB)
3aKPUTOTO Ta BIJIKPUTOTO THINB. 3alpOINOHOBAHO aNrOPUTM OLIHKK piBHA pagoHOHeOe3meku cxoBull PAB, skuif, okpim
6e3nocepeIHb0 BUMIPIOBAaHb 1 OLIHKH PaJOHOHEOE3MeKH, BKIIIOUAE eTan KajdiOpyBaHHS MPUIAIiB 3 BUKOPHUCTAHHIM €TaJOHHHUX
JoKepen panoHy-222 1 po3poOKy MpOTHpagoHOBUX 3acobiB ans cxoBum PAB. Ha mpuknami mochmikeHHs paJoHOHEOE3MEKH
3akpuroro cxosuma teepaux PAB Xapkiscekoro JIMCK VikpJlO «Pamon» i II cekuil Bigkpuroro CyxadiBCbKe XBOCTOCXOBHIIA
xosmmiaeoro BO  «[IpuaHinpoBchkuil XiMiUHHMN 3aBOJ» IIOKAa3aHO 3aCTOCYBAHHS alTOPUTMY OLIHKH PIBHS paJOHOHEOE3NeKH
cxoBuml. Bru3HaueHa 00’eMHa aKTHUBHICTH pafoHy-222 i 3akputoro cxosuma PAB i rycTuHa mOTOKY pafioHy AW BiJKPUTOTO
cxosuma PAB. 3anpononoBano e(heKTHBHI IPOTHPATOHOBI 3aX0AH JUIS TOCHIKEeHUX cxoBun PAB.

KmrouoBi cioBa: pagononeOesneka, eTajloHHE pKepeso panoHy-222, ob'eMHa aKTHBHICTh pagoHy-222, TYCTHHA HOTOKY
panony-222, cxosuma PAB.

L. M. SOLODOVNIKOVA, V. A. TARASOV, V. M. ZUBER, Yu. N. SOROKA, N. D. SIZOVA

METHODOLOGICAL ASPECTS OF ASSESSMENT AND REDUCTION RADON DANGER
STORAGE RADIOACTIVE WASTE

The paper proposes methodological support for determining the level of radon hazard of radioactive waste repositories of closed
and open types, which consists of an algorithm for estimating the level of radon hazard of repositories. The algorithm includes:
determination of the type of storage (closed or open), analysis of the composition of radioactive waste for the content of uranium-
238 and radium-226, selection of radon-222 flux density measurement parameters in open and volume activity of radon in closed
radioactive waste storage, calibration of radon-222 measuring instruments with the help of a standard radon-222 sources,
determination of the level of radon hazard of storages, which was investigated. The use of the proposed algorithm for radon hazard
assessment of closed and open storage facilities contributes to the development of effective anti-radon measures for the storage
facilities under study.

Key words: radon hazard, standard radon-222 sources, radon-222 volumetric activity, radon flux density-222, tailing dump
of radioactive waste.

JI. H. COJIOJOBHHKOBA, B. A. TAPACOB, B. M. 3YBEP, I0. H. COPOKA, H. /l. CU30BA

METOJUYECKHUE ACIIEKTBI OHEHKHN 1 CHU)KEHUSA YPOBHSA PAJIOHOBE3OITACHOCTHA
XPAHWINI PAIMOAKTHBHBIX OTXOA0B

B pabore paccMOTpeHBI METONMYECKHE acCIeKThI OIEHKH M CHIDKEHUSI YPOBHS PaJlOH OE30MAaCHOCTH XPaHWIIMIL PaJHOAKTHBHBIX
orxooB (PAQO) 3akpBITOrO0 M OTKPBHITOTO THIOB. IIpemmoxeH anropuTM OLEHKH YpOBHS pamoH Oe3zomacHocTH xpaHmwmiy PAO,
KOTOpBIH, KpOME HENOCPEACTBEHHO H3MEPEHHH M OIEHKHM paJoH Oe301acHOCTH, BKIIOYas O3Tal KAIHMOPOBKH IPUOOPOB C
HCTIONB30BAHUEM JTAIIOHHBIX UCTOUYHHKOB pajjoHa-222 U pa3paboTKy MPOTHBOPAJOHOBHX cpencTs [yt xpanmwmiy PAO. Ha mpumepe
HCCIIeI0BaHMs PaIoH Oe30macHOCTH 3akpbIToro xpaHwiuia Tepabix PAO XapekoBckoro 'MCK VkpI'O «Pamon» u Il cexkuun
otkpbiToro CyxadeBckoro xsocToxpanwmma ObmBiiero I1O0 «IIpuaHenpoBckuil XUMHUYECKHMH 3aBOA» TIOKAa3aHO MPUMEHEHHE
ITOpUTMa OLIEHKH YPOBHS paloH Oe3zomacHocTH XpaHwmil. OnpeneneHa oObeMHas aKTMBHOCTb PafoHa-222 U 3aKPBITOTO
xpanunnma PAO u mioTHOCTH MOTOKa pajxoHa s oTkpbiToro xpanuwamima PAO. Ilpemtoxens! 3 dekTuBHbIE TPOTUBOPALOHHBIE
MepbI IS HccieoBaHHbIX Xxpanuui PAO.

KioueBble ciaoBa: pajoH 0€30MaCHOCTh, STATOHHBI HCTOYHHUK pafoHa-222, o0beMHash aKTHBHOCTh PajioHa-222, IIOTHOCTh
NoToKa pajgoHa-222, xpanwmima PAO.

Beryn. 3nayna wactmHa TepuTopii YKpalHM — pHM3MKM omnpoMiHeHHs ioneid. PAB posmingyrotees B

po3TalioBaHAa HAa KPUCTATIYHOMY IIUTI 3 BEIUKUM
BmicroM U-238 Ta Th-232. Lle € npu4nHOIO iIHTEHCUBHHUX
eMaHalliid pajioakTHMBHUX Tra3iB Rn-222 Ta Rn-220.
HaiiGinpmuii BHeCOK B (QOpPMYBaHHS iHJWMBiIyalbHOT
e(heKTUBHOI  €KBIBAJIGHTHOI  JIO3W  OMPOMIHCHHS
HACEJICHHS BiJ 3eMHUX JDKEpel pamiamii BHOCHTh Rn-222
pazoM 3i CBOIMH JOYIPHIMH TPOIYKTaMH pO3Maay
(6bmmpxko  74%) [1]. HasBricte B  VYkpaiHi
ypaHOBHIOOYBHOI 1 epepoOHOT MPOMHUCIIOBOCTI, poboTa
AEC, BuKOpHCTaHHS paJiOaKTUBHHMX 130TOIIB B
HAYKOBUX Ta  MEIUYHUX  IICHTPaX, CLIBCHKOMY
TOCIOJAPCTBI, @ TAaKOX HAKOINWYCHHS MPOIYKTIB LUX
BUJIIB JISUTHOCTI y cxoBuIax PAB, miBuIyoTh

30Hi BimuyxeHHs: YopHoouibcekoi AEC, B [lepxaBHUX
cremianizopannx komOinatax Ykp/IO «Pamon» Ta Ha
BIZIKPUTIH MICIIEBOCTI ypaHOBHIOOYBHMX IiJIPHUEMCTB.
Bonu Maroth BignpansoBaHi mkepena U-238 ta Ra-226,
SIKI BUAUISIOTH B aTMOC(EpHE TOBITPS pamioaKTUBHUN
ra3 Rn-222. PosramryBanHs Bimkputux cxoBuil PAB
MoOIU3y HaceNleHUX MYHKTIB MOJKE ITiIBUIITYBATH JI030BE
HaBaHTAXXCHHS Ha HACENICHHS. B 3aKpUTHX CXOBHINAX
PAB pomarkoBe 1030Be HaBaHTakeHHs Bix Rn-222
TIOLINPIOETHCS Ha BUPOOHMYNI iepcoHai [2].

© Comnoposnikosa JI.M., Tapacos B.O., 3y6ep B.M., Copoka I0.M.,
CizoBa H.I., 2020

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini
docriddicenns y Haykosux pobomax cmyoenmis, 2020, Ne 6 (1360) 17



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

Jlyist ToCTOBIpHOT OLIHKK pajjoHOHEeOe3NneKkn B 000X
BHUIIaJIKaX HeoOXigHa [eBHA IIOCIIIIOBHICT Aiil.

IMoka3uukoM  pamoHOHEOe3nekn €  00'emHa
aKTHBHICTh pasoHy y moBitpi. Ileii moka3HHK
0e3mocepelHbO  BKa3ye Ha  CTyNEeHb  HeOe3NmeKu
MOTPAIUSIHASL ~ pajoHy 1O  OpraHisMy 1  HOro

BHYTPIITHLOTO omnpoMiHeHHs. KopekTHi OIiHKN 00'eMHO1
aKTHBHOCTI PaJIOHY Yy TMOBITPi MOXKIIUBI B TIEPITY YEPTy Y
3aKpUTHUX TPUMIMICHHSX. Ha BigkpuTOMY MOBITPiI Taki
OIIIHKM 3HAYHO YCKJIAJHCHI 1 4acTO HEMOXKIHUBI uepes
JI0 PI3HUX METEOpOJOTiYHMX (DAKTOpPIB, HABITH IpH
BHUKOPHUCTAHHI MaTeMaTHIHUX MoOJIeIIeH, K1
MPOTHO3YIOTh 3MiHH 00'éMHOT aKTHBHOCTI PaJIOHy MpH
Bapiawii QakropiB. OgHaK y LBOMY BHIIAJIKy TaKOX
MOXJIMBA KiJIbKICHa OI[IHKa PaoOHOHEOE3NEeKH Pi3HUX
IUISTHOK TEPUTOPIi IUITXOM BU3HAYCHHS I'yCTHHH ITOTOKY
pamoHy-222 3 MOBEPXHi IUX JUJISTHOK.

B mimomy mimxomu s BW3HAUCHHS — PiBHSA
pamoHoHeOe3nekn  cxoBumr PAB  3akputoro Ta
BiIKPHUTOTO THITIB XapaKTePU3YIOThCS TIEBHOIO
CIUTBHICTIO, aJIe¢ BOHH BiJPI3HSIOTHCS HA JCSIKHX eTamax
MPOBEACHHS JOCTIIKCHb. MOXXHA CKIACTH HACTYIHY
MOCTIIOBHICTh €TamiB JOCIKCHHS PaJOHOHEOE3IeKH
cxosui PAB 3akpuroro i Binkpuroro tumy [3]:

- anami3 iHdopmauii BigHOCHO THIy cxoBuuia PAB
(3akpure abo Bigkpure), ckiaxy PAB i moxmuBocTi
BMicTy ypaHy-238 Ta panito-226;

- BuOip 3aco0iB Ta METOJUKUA BUMIPIOBaHHS PaloHy-222
3aJIeXHO Bij THITY cXoBHUIIa PAB;

- xajiObpyBaHHs 3aco0iB BUMIpIOBaHHS pajoHy-222 3a
JIOTIOMOTOI0 €TAJOHHOTO JDKEpeia;

- OesmocepenHe BUMIPIOBaHHS O00’€MHOI aKTHBHOCTI
PAJIOHY B MOBITPI 3aKPUTHX CXOBUIIl 400 T'YCTUHH MTOTOKY
pazoHy 3 MMOBEpPXHi BiAKpUTHX cxoBwuill PAB;

- BH3HAYCHHS PIBHS PaJOHOHEOE3NEKU JOCIHIIKESHOTO
cxosuiia PAB.

HaBenenuit aJrOpUT™M BU3HAYCHHS
pamoHOHEOe3MeKH CXOBHIIL PAB MIPUPOJIHO
JIOTIOBHIOETBCS ~ €TallOM  PO3POOKH  MPOTHUPATOHOBHUX

3ac00iB, SKI ITOBHMHHI 3MEHIIWTH HETaTHBHUN BILINB
pamoHy.

B nmaHiii cTaTTi Ha MPUKIAAi TOCTIIHKEHb CXOBWIIL
PAB nBox THMIB (BiIKpHUTOTO 1 3aKpUTOr0) TOKa3aHi
CHUIBHOCTI 1 BIAMIHHOCTI MIAXOMIB I OLIHKK 1
3HW)KEHHSl pajioHOHeOe3nekn 1ux o0'extiB. Hikue
HABEJICHO PE3yJIbTAaTH MAOCIHIDKCHb HAa KOXHOMY eTari
BKa3aHOTO aJrOPUTMY.

XapakTepucTuka 00’€KTIiB H0CTiIKEHHS

B poboti  mocmimkyBanocss 3aKpuUTe CXOBHIIE
tBepanx PAB Xapkiscekoro JIMCK VYkpaincekoro
nepxkaBaoro o0 ennanas (YikpJlO «Pagon»). YipJO

«Pamon» BHKOHYE pobotu 31 30upaHHs,
TPaHCTIOPTYBaHHS, TEepepoOKH Ta 3axopoHeHHs PAB B
Mexax  Ykpainu. B cxoBumi  tBepaux PAB

Xapkiscskoro JIMCK VYikplO «Panon» HakomnmuueHO
6muzpko 5000 m* PAB, ski B cBoeMy cKiali MICTATh
BignpanpoBani mkepena U-238 ta Ra-226, B ToMmy yuci

HU3BKO Ta cepenHboakTuBHi PAB 00’emom 1608,1 M® B
Mi36MHUX CEKI[IAX CXOBUINA [4]

JocunijpkeHHsT piBHS PaoHOHEOE3NEKH B ILIBOMY
CXOBHIIIi CTAJIO HEOOX1THUM Y 3B’S3KY 3 TTOCTIHHOIO HOTO
ekcrryaraiiero. Pagon-222 mnpu mpoBeAeHHI podiT y
MiA3eMHUX CEKIisIX cXxoBuma TBepaux PAB crBoproe
HeOe3MeKy Il BUPOOHHUIOTO MIEPCOHATY CXOBHIIA.

B pobGori Takox gocmimkyBaacs Il cexmis
BimkpuToro CyxadiBChKe XBOCTOCXOBHINA KOJHIIHBOTO
BO «IIpunHinpoBcekuii XiMiuHui 3aBomy. lle oxme 3
CXOBHIIl 3aBOJly, po3TamoBanoro 6iist M. Kam’siHebke (M.
JHinpoa3epkUHCEK). 3a yac poboTu 3aBoxy 3 1949 mo
1991 pix yrBopwiMcs BigkpuTi cxouma PAB:
«3Baxigne», «lentpanbuuit Sp», «lliBIeHHO-CXITHEY,
«duinpoBcekey», «CyxauiBcbke»: | - cexuis, 11 - cekuis,
«baza Cy», «JlanTanoBa ¢pakmis», «Jomenna mia Ne6»
[3]. B aux PAB HakomudyBaimcs Mmiciisi BUAOOYTKY i
nepepoOKH YPaHOBOT PYAH Y BUTIISAI BiIBATIB CYIYTHIX i
30aTaHCOBAaHUX Py, & TAKOX TEXHOJOTIYHUX IyJIBI Yy
XBOCTOCXOBHINAX.

B II cekuii Cyxa4iBChKOTO XBOCTOCXOBHINA 32
nepiox 1 eKcIuIyaTalii HaKONMYMIOCS  NMPHUOJIM3HO
19 miH. Ton PAB, siki B cBoeMy ckiazi mictsath U-238 ta
Ra-226. 3a nonepeaHiMM OILIHKAMH pidHE HAJXOIKCHHS
panony-222 B npuseMHui map armocdepu 3 Il cexmii
CyxauiBCchbKOro XBoCTocxoBMIIa ckianae 2,16-10° br/m>.

Busnauenns piBHa pagoHoHeOesmeku II cexii
XBOCTOCXOBHIIIA «CyxaviBCbKe» MOB'SI3aHO 3
PEKOHCTPYKITIEIO i nepenpodiTFOBaHHIM JUTSt
MOJIaJIBIIIOTO BUKOPHUCTAHHS BUTLHOTO 0OcsATY damii [5].
HeoOXigHiCTh  3HWXKEHHS  PIiBHS  paJOHOHEOE3MEKH
xBoctocxoBull PAB 3 mepepoOKku ypaHOBHUX PyI
0a3yeTbcs Ha PEKOMCHJIAIMHUX 3BiTax [6, 7] Ta Ha
BUKOPHCTaHHI HOPMAaTHUBHUX JOKYMEHTIB [8, 9] .

Us iadpopmamis IIOAO CXOBHI OTpUMaHa B
pe3yiapTaTi  MEpmIOro  eramy  JOCHIDKEHb  3TiTHO
HaBEeJIEHOTO BUILE ANTOPUTMY BU3HAYCHHS
panoHonebe3nexu cxosuil PAB.

3aco0u BUMIpPIOBaHb PAJOHY

VY nawiii poOoTi pagoHOHEOE3MeKa JTOCIiIHKYBaHUX
00'eKTIB  OI[IHIOBaJacs 3a 3HAYCHHSAMH  00'€MHOI
AKTMBHOCTI paJIoOHy B MOBITPi CXOBHINA 3aKPUTOTO THUILY 1
M0 TYCTHHI TIOTOKY PaJloHy 3 MOBEPXHI XBOCTOCXOBHIIA
BiJIKPUTOTO THUITY.

JIIst  CXOBHWI 3aKPUTOTO THIY MOMIIMBI TpsAMi

BUMIpIOBaHHS 00'€MHOi aKTUBHOCTI paaoHy-222 3
Jonomoroio  pajnoHomerpiB. KinbkicTh  pagoHy B
HIPU3EMHOMY mapi aTMocdepu BIJIKPUTOTO

XBOCTOCXOBHILIA BM3HAYAETHCS 32 3HAUCHHSAM T'yCTHHHU
HOTOKY pajgoHy-222 3 HOro NMOBEpXHI, sIKE BUMIPIOETHCS
paniomeTpamu.

BumiproBanHsi 00'eMHOT aKTHBHOCTI pajoHy-222 B
cxoBumli TBepaux PAB Xapkiscekoro JIMCK Vkp 10
«Pamon» 1 TYCTUHM MOTOKY pamoHy 3 nmoBepxHi Il cekmii
CyxadiBCbKOTO  XBOCTOCXOBHINA  KOJUIIHbOTO BO
«[IpuaHINPOBCHKMIA XIMIYHHIA 3aBOI» MPOBOJWIHNCH 3a
JIOTIOMOTOI0 KaMepH, SKa HaKOMU4ye pagoH-222 Ta
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panonometpy Alpha GUARD PQ 2000 i pagiomerpom
PT'A-09, B sKoMy piama3oH BUMIPY €KBiBaJICHTHOI
00'eMHOT aKTUBHOCTI pajioHy-222 MoXxe cKianatu Bix 50
mo 1 10* Bk 2.

ETtajoHHe ukepesio paaoHy i
3ac00iB BUMipIloBaHHsI

BaxnuBuM eTanoM BUKOHAHHS IBOTO aJTOPHTMY €
KamiOpyBaHHS 3aco0iB  BuUMiproBaHHA Rn-222, mo
3a0e3neuye  HAOIMHICTH  PE3yNbTATIB  BUMIpIOBaHb.
Peanizanis nporo eramy craja MOXJIMBOIO 3aBJSKH
CTBOPEHHIO €TaJIOHHOIO JXepena pagony-222 [10].

[Ipu cTBOpEHHI €TAJOHHOTO JDKEpena pagoHy-222
OyJI0 IPOBE/ICHO aHajli3 ICHYIOUMX JUKEpesd pasoHy-222,
10 BXOAATH 10 CKiaxy HauioHambHHMX eTanoHiB CIIA,
Amnrnii, HimMewunHu Ta iHmmX KpaiH cBiTy. IcHyroui
ETAJIOHHI JDKepesla BUTOTOBJIGHI 3  PO3YHHIB COJEH
panifo, MOPOIIKY pafifo, eBTEKTHYHUX CyMilIel comei-
HOCiiB panmito. Hemomiku 1uX Kepen Taki: BHCOKa
BapTiCTh, CKIATHICTD B €KCIUTyaTallii, paaioeKoJIoTiqHa
HeOe3neyHicTb. ToMy, BUMOramu 10 CTBOPIOBAHOIO
STAJOHHOTO JDKepesia pafoHy-222 crajiu: eKoJoTriyHa
0e3neyHicTh, EKOHOMIYHICTD 1 JOCTYIHICTH Matepiaiy,
O TeHepye pagoH-222, ePEeKTHBHICTh TEXHIYHOTO
3aCTOCYBaHHS Ta POCTOTA B €KCILTyaTallii.

Tak, B sikocTi Marepiaily, IO IreHepye pajgoH-222
Oyo BHUKOPHUCTAHO CTAaHAAPTHI 3pa3KW MaJOaKTHUBHOI
ypaHOBOi pynau, ska BHUIoOyBaeThCs B YKpaiHi. B
MpoIeci  CTBOPEHHS  €TAJIOHHOTO JDKepena  OynH
MPOBEACHI JOCHTIKEHHS CTaHIAPTHHUX 3Pa3KiB ypaHOBOL
pynu Ha BMicT 238U Ta 22°Ra. J{y1st CTBOPEHHS €TaJIOHHOTO

KaaiopyBaHHi

E,Brr

Jokepena Oyno oOpaHO CTaHIApTHHUH 3pa3oK ypaHOBOI
pymu YP-768C, Tomy 110 BiH MaB HAWOUIBII ONTHMANTBEHY
kinpkicte 2¥U Ta 2%°Ra [1a BiITBOpEHHS €TalOHHHM
JDKEpeNioM HeoOXiTHOT aKTHBHOCTI PaloHy.

I[Ipu cTBOpeHHI e€TaNOHHOTO JpKepena  OyJo
OCTIDKEHO MUTOMY eMaHallifo E crammapTHOTrO 3pa3ka
YP-768C BimHOCHO panoHy-222, sika BWU3HAdJajacsi Ha
anpda-, Oera-cekTpoMeTpuuHili cuctemMu «Quantulus
1220» B mporeci BCTAHOBJICHHS  PaJliOaKTUBHOT
piBHOBark Mk Ra-226 ta Rn-222. PiBHoBara mix Ra-
226 Ta Rn-222 nacrae nHa 30 noOy i piBHOBaXkHE
3HaueHHs muToMoi emaHanii E cranoButs 5,56+0,057
bx/r (puc. 1). Busnauenns nuromoi emanauii E €
HEOOX1THUM JJIsl pO3paxyHKy MacH CTaH/IapTHOTO 3pa3ka
YP-768C, sika motpiOHa IJisi BUTOTOBJICHHI €TaJIOHHOTO
JoKepena.

[MinTpuMKa  ONTHMAIbHOTO  TEMIIEPATYPHOTO
peXHMy €MaHyBaHHS € HEOOXiIHOTO YMOBOIO [UIA
BiITBOPEHHS €TAJIOHHUM  JDKEPeJIoM  CTabiTbHOTO
3HAYCHHS aKTUBHOCTI pamoHy-222. JIis 1p0ro METoI0M
R- ¢yHkui Oynu mpoBesieHi TEOPETHYHI JOCIHIIKEHHS
po3moaily Temmeparyp |y CTaHZapTHOMY 3pasky YP-
768C min uyac HarpiBaHHS B pI3HHX Kalcyjax: 3
Hepkasitouoi crani 12X18H10T, Tutany BT-4, BT-6 ta
BOJIb(pamy. Haii6inbim piBHOMIpHHI HarpiB
CTaHAApPTHOTO 3pa3Ka CIIOCTepiraBcsi B  KalcCyi,

BHTOTOBJICHOI 3 HeprkaBitowoi crami mapku 12X18HI10T
(puc. 2). Ti 6yno o6paHo 1TA MiATPUMKH ONTUMAILHOTO
TEMIEPAaTYpPHOTO PEXUMY EMaHyBaHHA paJoHy-222 B
€TAJIOHHOMY JDKEpelti.

a 5 10

15 20 25 a0 35

Yac, aHi

Puc. 1 — 3anexnicte muroMoi akTHBHOCTI E ctangaptHoro 3pazka YP-768C BigHocHO pamoHy-222 Bix uacy
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Puc. 2 — JIinii piBHS TeMmepaTypHOTO MOJIsI JIsl MaTepialliB CTIHKH KalCyiu 3 HepkaBiro4oi craii (a), Tutany (6) i Boabhpamy (B).

Byno cTBOpEeHO TpH €TANIOHHHX JKEpena PaJoHY-
222, akTUBHOCTI SIKMX CTaHOBJISATD:

A1=9,59x103 Bk,

A>=19,56x103 Bk,

Asz=9,48x10° Bk BixgnoBiznHO.

Etanmonni mxepema pamoHy-222 3a CIEIiajbHOIO
MPOrPaMoI0 1 METOIUKOIO aTecTalii, 10 3aJ0BOJLHSIE
Bumorn I'OCTy 16327-88 1 ACTY 3215-95, Oymm
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MOCTIDKCHI HAa TEePMETUYHICTH Ta  BIJIOBIIHICTB
BUMOIaM pajialiiHoro 3axucTy. bymu minrBepmkeHi:
eKoJIoriyHa Oe3IeKa, eKOHOMIYHA BUTIHICTh 1 IPOCTOTY
B eKCIUlyaTamii CTBOPEHOrO eTaJOHHOTO JpKepena
pamoHy-222 Ha 6a3i cTaHAapTHOTO 3pa3Ka ypaHOBOI PyIU
YP-768C.

Ertamonni  mkepena  yBiOuM A0  CKIady
Jlep>xaBHOTO TIEPBHHHOTO €TaJIOHa 00’€MHOI aKTHBHOCTI

pamony-222 (AETY 12-01-11), skuii BigTBOPIOE,
30epirae i mepeAae OMUHMIO OO0'€MHOI aKTHBHOCTI
paznony-222 B gianasoni Big 30 mo 3-10* Bx/m3 [10].

Cxema kamiOpyBaHHS  3aco0iB  BHUMIipIOBaHHS
panoHy-222 3a JOIOMOTOI0 ETAJIOHHWX JDKEpen, sKi
BUKOPHCTOBYIOThCS pu JOCTTDKEHH1 piBHIB

panoHoHeOe3mekn B cxoBumax PAB 3akpuroro Ta
BIIKPUTOTO THUIIiB, TOKa3aHa Ha puc. 3.

LOxepeno

Kamepa onopHa
eTanoHHa (KEO)

pagoHy-222 (1) i
S PoGoui
Kamepa nepeHOCHMK
BUMiploBanbHa papoHy-222 eTaHOHSM ™
Oxepeno etanoHHa (KEB) (anbpa- [ Bu?;\:ic ?o:au
papoHy-222 (2) (OA Rn-222, CneKTpomeT - P r
TemMneparypa, pu4Ha pza;; o
BOJIOTiCTb, TUCK) cucrtema)

e

xepeno

Kamepa

papoHy-222 (3)
pesepBHa

eTanoHHa (KEP)

Puc. 3 — Cxema kaniOpyBaHHs 3ac00iB BUMIPIOBAaHHS paJioHy-222 3a JOIIOMOTOIO €TaJOHHHUX JKEpeIL.

3a miero cxemoro Oymm BiakamiOpoBaHi 3aco0u
BUMIPIOBaHHS ~ PaJOHy JJS  BHU3HAYCHHS  PiBHSI
pamoHoHeOe3nekn  cxoBumn PAB  3akputoro Ta
BiJIKDHTOTO THITIB.

BumiproBanus paaony i omiHKAa
panoHoHeOe3MeKH B Aocaigkennx cxopumax PAB
ExcniepumenTanbHi BU3HAYCHHS 00’ eMHOT

AaKTHBHOCTI paJoHy-222 B MOBITPI CXOBHIIA TBEPIUX
PAB XapkiBcekoro crernkomoOinary YkpJlO «Pagon»
TIPOBOIMIIOCS TIPH BIIKPUTOMY CTaHI Mi3EMHUX CEKITii.

3amipu  pamoHy-222  37ilCHIOBAIHCS
MoHiTopom Alpha GUARD PQ 2000.

BusnaueHHsT 3Ha4YeHb 00'€MHOI aKTHBHOCTI pPaJioHy
B CCEKIIi 3 TBEpAUMHU PaNiOaKTHBHUMH BiIXoAaMu OyJ0
BUKOHAHO Ha JHI 4apyHKH Z rimoOuHoio 4,0 M B Takux
toukax: A (0,5; 2,0; -4,0); B (0,5; 6,0; -4,0); C (0,5; 10,0;
-4,0); D (2,5; 2,0; -4,0); E (2,5; 6,0; -4,0); F (2,5; 10,0; -
4,0); Ta Ha TIMOMHI YapyHKH Z — 2,0 M B TaKUX TOYKaX:
A’ (0,5; 2,0; -2,0);B' (0,5; 6,0; -2,0); C' (0,5; 10,0; -2,0);
D' (2,5; 2,0; -2,0); E' (2,5; 6,0; -2,0); F' (2,5; 10,0; -2,0).
PesynbTaT mociimkeHb npeactapieHi B Tabmumi 1 [11].

pamoH-

Tabmunsg 1 — Pe3ysnpratu BUMiproBanb 00’ €MHOT aKTUBHOCTI pagony-222 B cekuii cxouuia TPB

Touku BUMipIOBaHHS O0’eMHa aKTHBHICTh Touku BUMIpIOBaHHS O0’eMHa aKTHBHICTh
pu z = 2M pasnony-222 br-m? npu z = 4m pasnony-222 br-m?
A 1000 A 1250
B’ 960 B 1200
C 1000 C 1250
D 993 D 1243
E 955 E 1200
F 994 F 1247

Buxin pamoHy 3 Ccekiii CTBOPIOE ITiIBUIICHUHA
piBeHb pajoHOHeOe3Nekn B TMOBITpI cxoBuma TPB
XapkiBcbkoro JIMCK.

BusnaueHHs MIOKa3HUKIB panoHoHeOe3neKn
Bigkpuroro cxosuma PAB II cekuii CyxauiBchbkoro
XBOCTOCXOBHIA KoyMiiHboro BO  «IIpuaninpoBcbkuit
XiMIYHUI 3aBOJ», a caMe, TYCTHHH IIOTOKY paJioHy 3
MOBEPXHI XBOCTOCXOBMILA 32 JOIOMOIOI  DajOH-
monitopa AlphaGuard PQ-2000 ta i xamepu, ska
HaKOMUIY€E PajioH 3 MOBEPXHI IEBHOTO PO3MIpY.

BuwmiproBanss €KBiBaJICHTHOT PIBHOBaXKHOT
00’emuoi aktuBHOCTI (EPOA) pamony B atmochepHOMY

MOBITPI XBOCTOCXOBHINIA TPOBOAMIIUCS Ta pajioMerpa
PI'A-09M. BumiproBanus EPOA pamony-222 B
atMocdepHOMY TOBITPi caHiTapHO-3axucHOi 30HU (C33)
IT cekuii Cyxa4iBCbKOTO XBOCTOCXOBHIIA TPOBOAMIHCH
paniomerpom PT"A-09M.

3nauenHs EPOA panoHy xomuBaiucs B MIMPOKOMY
Jiama3oHi MiJ BIUIMBOM 3MIHHUX METEOPOJIOTIYHUX
(bakTopiB, IO HE Jal0 MOXJIMBOCTI OI[IHUTU PiBCHb
panoHOHEeOe3MeK: XBOCTOCXOBHIIIA.

B To#i ke uac pe3yibTaTH BHMIpIOBaHb T'YCTHHH
MOTOKY pajioHy-222 3 MOBEPXHi IPYHTY MOKa3aJIH, MO B
mexax C33 xBocrtocxoBumia (pamiyc 1 kM) € okpemi
JUTSTHKY 31 3HAUeHHSAMH TYCTHHU MTOTOKY pajioHy-222 Bif

Bicnux Hayionanvnoeo Texniunozo Yuieepcumemy «XI1l». Cepis: Innosayitini
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162+8 no 373+14 mBk/M? ¢ (Tabn. 2), WO MiATBEPIKYE
panoHoneOe3neky nux minsHok II cekmii CyxadiBChbKOTO

xBocTocxoBuia [12].

Tabmuns 2 — Pe3ynbratu BUMiproBanb rycTiHE T0TOKY Ta EPOA panony-222 B mexax C33 XBOCTOCXOBHIIA
(Hebe3neyHi TITHKH)

Homep  Touku|Touku EPOA panony-222 I'ycruna noroky panony-222 KoopanHaTty TOYKH BUMipIOBAaHHS
BUMIpIOBaHHS |BUMIpIOBAaHHs |B HOBIiTpi, Bx/M? 3 noBepxHi, MBk-M2-¢’! N48° E034° H, cm
3 S47 373£14 25,448 43,057 132
9 S82A 5,23 16248 25,307 43,171 122
10 S85 4,83 25749 25,363 43,137 117
11 S99 4.8 181+7 25,433 43,073 128
16 S170 13,28 317£12 25,239 43,338 120
3MEHIIUTH NOTIK pajiony-222 3 NOBEPXHi BIAXOIB
IIpormpagoHoBi  3axoqm y  AOCHIIKEHMX  YPaHOBOI ~ CHPOBUHH  MOXHA,  BUKOPUCTOBYIOUU
cxopumax PAB BomAniiHi mokputTa. B poboTi Oyma po3s’s3aHa 3amava
Jns  3MeHmieHHs — piBHA = pagHOHOHEOE3NEKW  eKpaHyBaHHS pagoHOHeOe3meuHMx mimsHok I cexmil

cxopuma TPB Xapkiscekoro JMCK i BimmoBimHO
3HIDKEHHS JI030BOTO HABaHTa)XCHHA HA IIEPCOHAI
Kareropii A OyJ0 po3paxoBaHO HEOOXiIHY KpaTHICTH
MOBITPOOOMiHY TpuMimIeHHs OyniBmi cxosuma TPB, mo
JIOCSITAETHCS 32 JIOIIOMOTOI0 BUKOPHUCTAHHS IPUMYCOBOT
CcUCTeMH BeHTHJIALIT [13].

Kparnicte noBiTpoOOMiHY B NPUMILIEHHI CXOBHIIA
1 PO3pPaxoOBYETHCS 33 HOPMYJIIOIO:

A veS=CydV

0,5
c,-V

pasis/rof,

ne Cp — aKTUBHICTB PaJIOHy B NPUMILICHHI CXOBHIA
TPB, 250 Bx-m7;

A — crana po3nany pagony (0,00756 1/ron);

1 — KPaTHICTh TIOBITPOOOMiHY B MPHMIIIEHHI, rox;

V' — BHyTpimHIH 00CAT  JOCIIKYBaHOTO
npuMimenns, 718 m;

V — IIBUJKICTh IEPEHECEHHS PaJOHY 3 YapyHKH B
MPHUMIIICHHS CXOBHIIA, 3,6 M/TOJ;

S — nyowma yapyHku, 36M2;

Ay — o0’eMHa aKTHMBHICTH panoHy-222, sKa
BUAUISIETHCS TIPH BUCOTI YapyHKH

h=0w, 735 Bx/m>.

[IpoBeneHi OLWiHKA MTOKA3yIOTh, IO JJIS JOCSTHEHHS
B mpuMmimenHi cxoBuma TPB  XJIMCK o6'emHoi
aKTMBHOCTI  pamoHy 250 Br/M’, 3a mBuakocti
HAJXO/DKEHHS paloHy-222 B NPHUMIMICHHS cXoBHIIA 3,6
M/Tof, HEOOXiZHO 32  JOMOMOTOK  MPUMYCOBOI
BEHTWJIAIII KOXHI 1BI TomamHU  3abe3medyBaTH
OJTHOPA30BHH OOMIH HOBITpSI.

Taky cucreMy NpOTHPaZOHOBOIO 3aXHCTY MOJKHA
3aCTOCYBaTH 1 Ha IHIIMX CIEHKOMOIiHATaxX 00'eTHAHHS
YxpdO «Pagon» [13].

Jost 11 cexkrii Cyxa4iBCBKOTO XBOCTOCXOBHILA OYIH
BUKOPHCTaHI  KpHUTepii OWIHKH  pagoHOHEOe3NeKH
TEepUTOpiil, Tpu3HaYeHWX mix 3a0ymoBy. MOXKIUBICTH
TAKOTO TIAXOAYy TIOB’s3aHAa 3 PEKOHCTPYKIEI0 Ta
repernpoiTIOBaHHAM XBOCTOCXOBHINA, IO CKIATAI0THCA
3 nependavyBaHOTO OYMiBHHIITBA MIPOMUCIOBHUX CIIOPY/I,
Ta NOAAJIBIINM PaLliOHAIFHUM BHKOPHUCTaHHSAM BITBHOTO
00'eMy yaIIi XBOCTOCXOBHIIA, 110 HETATHBHO BIUIMBAE HA
eKoJoriyHy  Oe3neKky TEpuTOpiH, TpHIeruxX 10
XBOCTOCXOBHIIA Ta HACEJICHHS.

CyxaqiBCBKOTO XBOCTOCXOBHILIA 130JIAIIHHAMHA
MOKPUTTAMH  (IPOTHPAZTOHOBUMH  MOKPUTTAMH) 3
IITFHUX TJIHH, MYJIHCTHX MICKiB Ta CYTJIMHKIB.

ToBmmHa 3axucHoro mapy #4,, mo 3abe3neuye

NOBHE  EKpaHyBaHHS  pafoHy-222 3  TOBepXHi
XBOCTOCXOBHIIIA, PO3PaxOBY€eThCA 3a (POPMYIIOI0:

2
B =% (@] ~1]/ /i
q q D,

Po3paxoBani TOBIIUHU 3aXHCHOTO
MIPOTHPATIOHOBOTO IMMapy TSI KOHKPETHHUX 130JSAMIHHNX
MaTepianiB OTpUMaHi 3 BHKOPHCTaHHAM BiATIOBiTHUX
koedimientiB mudysii D. pamony-222 B MaTepiamax
MOKPUTTIB. Pe3ympTaTht  po3paxyHKiB  MiHIMAJIbHUX
TOBIIMH ITPOTUPAJAOHOBUX IOKPHUTTIB 3 IIUIBHUX TJIUH,
MYJIMCTHX HICKIB Ta CYIJIMHKIB JUIS PaJOHOHEOE3eUHIX
nissHok I ceknii  CyxadiBCBKOTO — XBOCTOCXOBHIIA
HaBeJCHO B Ta0uuui 3.

Takoxk B poOOTI pO3paxoBaHO  TPHUIIAPOBE
NPOTUPAJOHOBE TOKPHUTTS JUIS  PaJOHOHEOE3NeUHUX
mimgaoK  II  cexmii CyxadiBCBKOTO XBOCTOCXOBHIIA,
BUKOHAHE 3 WIJIBHUX TJUH, MYJIUCTHX MICKiB Ta
CYINHHKIB, TOBIKUHOIO 0,4M (x.7), 0,4M (xc2), 0,6M (xc3)
BigNOBigHO (pHcC. 4).

TopepxH:

Xc2=0.4m

3axnHcHEH map 2 (My1HcTi nickn De2)

Xc1=0.4m

3axncHui map 1 (miTeHi r1EEE Del)

Puc. 4 Crpykrypa TpUIIAPOBOTO MPOTHPAIOHOBOTO TOKPHTTS
pamononebesnmeunnx aiistHOK Il cekmii  CyxadiBchbKOro
XBOCTOCXOBHIIIA
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I'yctiHa  MOTOKY — paaoHy
TPUIIAPOBOTO  MPOTHUPATOHOBOTO
PO3paxoByeThCs 3TiAHO 3 hopmyiioro [6]:

Ha  TIOBEpXHi
HOKPUTTSL  Gei

=i

.

A/Dci .xci]

>

9. =4 -exp(—

J

Ie qo — TyYCTHHAa TIOTOKY pamoHy 0e3

HpoTHPagoHOBOro nokputts, 0,373 Br/M?-c;

. — cTana posnany pagony-222, 2,06-10° 1/c;

D.; — cymapuuii koedinienTt nudysii pagony-222 B
TPHUILIAPOBOMY NPOTH PAaJOHOBOMY IOKPHUTTI 3 IMIIBHUX
TJIMH, MYJIUCTHX TICKiB Ta CyTJIMHKIB (Ta01. 3);

Xe¢i — CyMapHa TOBIIMHA B  TPHUIIAPOBOMY
MPOTUPATOHOBOMY  TOKPUTTI 31  IMIIBHUX  TJIMH,
MYJIUCTHUX IICKIB Ta CYTINHKIB, 1,4M.

OTpHrMaHe 3Ha4YCHHs TYCTHHA MOTOKY PAJAOHY: ¢ci =
0,05 bx/m*-c.

Tabmumg 3 — MiHiManbHI TOBIIMHH NMPOTHPAJTOHOBUX IMOKPHUTTIB IS paloHOHEOe3nedHnx missHoK II cekmil

CyxadiBChbKOT0 XBOCTOCXOBHIIA

Marepian Koeoiuient nudysii| Po3paxoBana I'ycTHA NOTOKY I'yctuna noToky IMoka3HKUK 3MEHILICHHS
HOKPUTTS pazoHy B MaTepiaii TOBIIHHA pazmoHy 6e3 OKPUTTS, | paZOHY 3 IOKPUTTSIM, | MOTOKY PamOHY, pa3is
nokpurts, D, M*/c | nokpurrs, he, M qo, Bx/m?-c q, bx/m?-¢
11ispHI TIMHA 2,5-10° 3,6 0,373 0,028 13,3
MyHCTI ITiCKH 4-107 1,5 0,373 0,024 15,5
CyriuHKu 1,5-10° 2,7 0,373 0,031 12,0
TakuM YWHOM, BHUKOPHUCTOBYIOYH TpPWINAPOBE  OJHOIIAPOBHX IMOKPHUTTIB 31 MHIUIBHUX TJIMH abo 3

MOKPUTTA 3 IMUIBHUX TJIMH, MYJIHCTHX IIICKiB Ta
CYTIMHKIB IS pamoHOoHeOe3neuHnx auisHok II cekril
CyxadiBCbKOTO XBOCTOCXOBHINA, MOXHA TaKOXX 3HAYHO
3HM3UTH 3HAYEHHS TYCTHHH TIOTOKY paaoHy-222 3
MoBepxHi XBocTocxopuima [13].

BucHOBKH Ta  mepcHeKTHBH  INOJAJBIIOrO
PO3BHTKY IaHOT0 HANPSIMKY.
MeronuyHi  MIXOOM  JOCTOBIPHOI  OLHKH

panononebe3nexu cxosui PAB Bigkpuroro i 3akpuroro
TUIy TOB’s3aHi 3 KaJliOpyBaHHSM BHMIpIOBAJIbHUX
MpUIaliB 3a JOMOMOTOI0 €TAJIOHHOTO JDKEpela paloHy-
222, CTBOpEHOTO HAa OCHOBI CTaHIApPTHOTO 3pa3Ka
ypanoBoi pyau YP-768C, sika BunoOyBaeThcs B YKpaiHi.

Jus  cXoBHWII  3aKPUTOTO  THIy  KpPUTEpieM
panoHOHeOEe3MeKn € BeJIWYMHA O0'eéMHOi aKTHBHOCTI
pamony-222 B moBitTpi cxoBuima PAB, a mus cxoBuil
PAB Bigkpuroro THIy OO'€KTMBHUM  KpUTEpieEM
panoHOHEOEe3NEKH € BEJIMYMHA TYCTHHHU IIOTOKY PaZioHY 3
HOro moBepXHi.

Amnaini3 3Ha4eHb 00'€eMHOT aKTUBHOCTI pajoHy-222 B
noBiTpi cxoBuma TBepaux PAB XapkiBcekoro JIMCK
MOKa3aB HOTo pajoHOHEOE3MeKy IS IIePCOHAIY.
PesynbTatn BUMIipIOBaHb T'yCTHHHU MOTOKY PajloHy-222 3
noBepxHi Tepuropii C33 (pamiyc 1 wm) II cexkmii
CyxadiBCBbKOTO  XBOCTOCXOBHIIA  ITOKa3ald 3HAYHY
pamoHOHEOE3MeKy HOro OKpeMHUX JISTHOK.

3HIKEHHST paJOHOHEOE3MEKN 3aKpUTOTO CXOBHIIA
PAB g1na nepcoHamy JOCATAa€eThCS 3a  JAOIOMOTOMO
NPUMYCOBOI BEHTWJISLIT IPUMIIIEHHS OYAiBJI CXOBHIIA 3
NIEBHOIO KparHicTIO oOMiHy mnoBitps. Taky cucremy
NPOTUPAJOHOBOTO 3aXUCTy MOXKHa 3acTOCYBaTH 1 Ha
iHImwMX crerkoM6Oinarax 00’ enqnanns YrpJO «Pamony.

Jns  3HmxkeHHs panoHoneOesmekm Il cekmii
CyxadiBCBbKOTO XBOCTOCXOBHINA 3HAHIEHO HEOOXiIHY
TOBIIMHY  BapiaHTIB  TNPOTUPATOHOBHX  3aXHUCHHX
MMOKPHTTIB: JUIS TPHUIIAPOBOTO MOKPHUTTSA 31 MIUIBHHUX

MYJIUCTHUX ITICKiB, a00 3 CYTIIMHKIB.
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C. I. BYXKAJIO, B. O. OJIbXOBCEKA

3ATAJIBHI MOXJ/IMBOCTI MIJABUIIEHHA EHEPIOE®EKTHUBHOCTI KOMIIJIEKCHHUX
CHUCTEM NEPEPOBKH IJIOJOOBOYEBOI CHPOBUHHA

VY wiit crarri-orysaai po3risIAr0TECS CydacHi METOAM OOpPOOKH TOMATIB Pi3HMX MOMOJIOTIYHHMX COPTIB Ta aHaJi3yroThes TiOpumu. IlpuBabiuBuii
XiMIYHHH CKJITaj TOMATiB, CKIAJacThcs 3 OLIKIB, MIiAiB, ByIJIEBOAIB, BiTaMiHIiB, MaKpo Ta MikpoeneMeHTiB. Halpo3BHHEHIMINMH 3 TOYKHU 30Dy
TEXHOJIOTIT Ta TEXHIKH Ul TOMATiB € BUTOTOBJICHHSI TOMATHOT'O COKY, TOMATHOI ITaCTH, PI3HOBH/IIB COYCiB Ta KeT4ymiB. JlociKeHHs 6ioXiMiuHOrO
CKJIaJly CHPOro MOMiZiopa IEMOHCTPYE B3a€EMO3B'SI30K MiXK SIKICTIO MIPOAYKTY TEXHOJIOTIi Ta COPTAMU CHPOBUHHU. BaXIMBOIO TEHIEHLIEIO CKIIATHOT
mepepoOKy CHPOBHHH € BUKOPHCTAHHS TOMATHUX BHYABOK, HACIHHS Ta INKIPKH TOMATIB. Y CTAaTTi MOKa3aHi MPHUKJIAIN HAIPSIMKIB BIOCKOHAICHHS
TEXHOJIOTIT Ta OONagHAHHSA JUId TEepepoOKH TOMATIB PI3HMMH CHOCOOaMHM, MPOAaHaNIi30BaHi METOAM iHTEHCH(IKalii TEXHOJOTTYHHUX IMPOLECIB
BHUPOOHMIITBA TOMATHOI MACTH, @ TAKOXK IHHOBALIIM Pi3HOBHIIB KOMIAHIH 31 CKJIaJHOK 0OPOOKOIO TOMATIB.
KJ11040Bi ¢cJ10Ba: MoMiZIOpH, COPTH, XIMIYHUI CKJIaJ1, KOMIUICKCHI CHCTEMH, €(peKTHBHICTh TOMaTHA MacTa.

S. 1. BUKHKALO, V. O. OLKHOVSKA
GENERAL POSSIBILITIES OF INCREASING ENERGY EFFICIENCY OF COMPLEX SYSTEMS

In this article the modern methods for the processing of tomato different pomological varieties and hybrids are analyzed. The attractive chemical
composition of tomatoes, which are grown in the regions of the country, is composed of proteins, lipids, carbohydrates, vitamins, macro and
micronutrients. The most developed, in terms of technology and techniques, procedures for tomatoes are the manufacture of tomato juice, tomato
paste and ketchup. The obtained information from the biochemical composition of raw tomato showcases the relation between the quality of the
tomato byproduct and the varietals of the raw materials. An important trend in complex processing of raw materials is the use of tomato pomace,
seeds and tomato skin. Technological solutions are of interest for applications collected from seeds and tomato skin in bakery products, meat,
creamery, fish products, canned food, food concentrates and cosmetic products. The article shows the directions for the improvement of technology
and equipment for tomato processing in a variety of ways, analyzes the methods for intensification of technological processes for the manufacture of
tomato paste, and foreign canning companies with the complex rocessing of tomatoes.
Keywords: tomatoes, varieties, chemical composition, complex systems, efficiency, tomato paste.
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3ATAJIBHI MOXKJ/IMBOCTI MIJABAINEHHSI EHEPTOE®EKTHUBHOCTI
CUCTEM IIEPEPOBKHU IIJIOJOOBOYEBOI CHPOBUHU

KOMIUVIEKCHHUX

B aToit CTaTBe-O630pC TIPEACTaBJIICHBI COBPEMEHHBIC METOABI 06pa6OTKI/I TOMAaTOB PAa3HBIX ITOMOJIOTHYECKUX COPTOB U FI/I6pI/IHI)I. HpKBHCKaTeHBHLIfI
XUMHYECKHH COCTaB TOMAaToB, COCTOUT M3 6CJ'IKOB, JIMIIAOO0B, YIJIEBOAOB, BUTAMHHOB, MAaKpO- U MHKPOSJIEMCHTOB. Haubonee Pa3sBUTBIMH 11O
TEXHOJIOTUU U TEXHOJIOTHAM HpoueaAypamMu IJisi TOMATOB SBJIAIOTCSA MPOU3BOACTBO TOMAaTHOI'O COKa, TOMATHOU macThI, paSHOBHHHOCTCﬁ COYCOB U
KETYYIOB. HOJ’Iy‘ICHHaH I/IH(I)OpMaHP[ﬂ 0 OMOXHMHYECKOM COCTaBE CBIPBIX TOMATOB AEMOHCTPUPYET B3aWMMOCBA3b MEXKIY Ka4y€CTBOM MOOO0YHOTO
NIpOoAYKTa TOMAaTOB U COPTaMHU ChIPbs. Baxxubim HanpaBJICHUEM KOMILJICKCHOM nepepaﬁonﬂ/l CBIPbs ABJIICTCS HUCIIOJIB30BAHUE TOMATHBIX BBIXKUMOK,
CeMSIH M KOXHIIBI TOMAaToB. B cTaThe MOKa3aHBI HarpaBJICHUS COBEPUHICHCTBOBAHUS TEXHOJIOTUHU U O60pyI[OBaHI/I$I JIA nepepaGOTKH TOMAaToB
Ppa3iInIHBIMU CHOCO6aMI/I, TIpoaHaIn3uPOBAHBI METOIbI HHTCHCI/I(IJI/IKEIHI/II/I TEXHOJOIHYCCKUX MMPOLECCOB KOMILJIEKCHOM nepepa60TK017I TOMAToOB.
KiroueBbie ciioBa: TOMaThI, COpTa, XUMUYECKUN COCTaB, KOMIUIEKCHBIC CUCTEMBI, 3(1)(1)6KTI/IBHOCTB, TOMAaTHas mnacra.

Beryn. ToMatu BEeNTMKOTOHHaXKHUK BHJI OBOYEBOI
CHPOBHMHH Xap4oBOi MPOMMCIOBOCTI, IOMUT Ha SKY
HIOPIYHO 3POCTAE: 0 iX CKIaaAy BXOIATH OIIKH, JITiIH,
BYIJICBOAM, BITAMiHHM, MAaKpoO- 1 MIKPOCICMECHTH —
MPUPOJHI KOMIIOHEHTH, SKi HANpUKIa[, B MOEAHAHHI 3
TBAPMHHOIO CHPOBHHOIO, BXOATh TAKOX 1 O MPOAYKTIB
Xap4yBaHHS TSl CIIOPTCMEHIB.

CucTteMu TEXHOJIOTII MepepoOKH TOMAaTiB, B
OCHOBHOMY, CKOHIIGHTPOBaHI Ha BUPOOHHMIITBI I[IIbOBUX
MPOAYKTIB: TOMATHOI'O COKy, TOMATHOi TMacTH Ta
MOPOIIKY 1 PI3HOBHUIIB COYCIB Ta KETYYIiB, a TaKOX
BaXJIMBUX MMOOIYHMX: HACIHHSA, OapBHUKH, Xap4YOBUX
BOJIOKOH, TOMAaTHOrO  Macjia, OIKOBOI  (ppaKIiil;
pPI3HOBUAM [100aBOK, HaNpuKiIad, s nappyMepHO-
KOCMETHYHHMX TOBapiB a00 KOpMIB [Jii TBapHH.
CyTTeBUM  TNOKa3HMKOM  Kjacudikalii-imeHTudikamii
BHPOOHHWIITBA €  BHOIp  TOKa3HWKIB  COPTOBHX
ocobnmuBocTedi  cupoBuHHM. Ciig  BiI3HAYUTH, IO
BaKJIMBUM HAIPSIMKOM TTiIBUIIICHHS
€HeProe(heKTHUBHOCTI KOMILJIEKCHOT MepepoOKH TOMATHOT
CHPOBHMHU € BHMKOPHUCTaHHS YCiX PI3HOBHIIB BiIXOMIiB
BUPOOHUIITBA: BUYABOK, HACIHHS 1 IIKIPKKA TOMATIB.

CykynHicTh 0e3J1iui  pi3HOPIAHMX MPOLECIB B
MalllMHaX 1 armaparax JiHii 3 mepepoOKH TOMATIB MO CYTi

€ TEXHOJIOTIYHA CHCTEMa Yy BUIIIAI TEXHOJOTIYHOTO
MOTOKY, III0 Ma€ CBOIO IPOCTOPOBO-YACOBY CTPYKTYPY.
CHCTEeMOYTBOPIOIOYNM ~ (PAKTOPOM TaKOi CHCTEMH €
CTaOTbHICT BXIHHUX 1 BUXIIHUX TapaMeTPiB MPOIIECIB B
MammHaX 1 amaparax. [lpy BHBYCHHI Xap4OBHUX
BHPOOHHIITB JIOIIJIbHO HE TIIBKH YCBIIOMHTH IOPSIIOK
po3MilieHHs oOjagHaHHA B JIHI, a ¥ yMOBH
e(ekTUBHOTO (yYHKIIIOHYBaHHS BiAMOBITHOTO
TEXHOJIOTIYHOTO TIOTOKY.

IMocTtanoBka npo0jiaeMH y 3arajibHOMy BHIJISIIL
Ta 1i 3B'S30K i3 BaXKIMBUMH HAYKOBHMH YU
NMPAKTHYHUMHA 3aBIaHHAMH. XapyoBa IHXKCHEPIs — IIe
0araToBeKTOpHA AMCLUILTIHAPHA 00JacTh, sika 00'€IHY€
MiKpoOiosiorito, (Gi3HuYHy 1 KOJOIAHY Ximil (HampHKjIa,
TepMOJMHAMIiKa 1 KIHETHKA), 3arajbHy TEXHOJIOTIIO
Xap4yoBMX BUPOOHMIITB Ta 1HXKCHEPIHO IS XapyoBoi i
CYMDKHHX Taiy3ed. XapdoBa iHKEeHepis BKIOYA€E, KPiM
IHIIIOTO, 3aCTOCYBAHHs TPUHIIMIIIB arpapHOl iHXKEHepii,
oOnmagHaHHA 1 XIMIYHOT 1HXKEHepii MJasd  XapdoBoi
cupoBuHA Ta iH. CyyacHi IHKEHEPU-TCXHOJIOTH 3
XapYOBUX TEXHOJIOT1H 3a0€3MeUyIOTh Mepeaavy
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TEXHOJIOTIYHUX 3HaHb, HEOOXIMHUX IS €(EeKTUBHOTO
KOHKYPECHTOCIIPOMOKHOTO BHUPOOHHUIITBA i
KoMepLiati3alii XapuoBUX HPOIYKTIB 1 HOCIYT.

®di3uyHa i KOJIOTAHA XiMisl MalOTh QyHIaMEHTAIbHE
3HaYeHHS JUIS PO3YMIHHA 1 pO3POOKW IHHOBAIIMHHX
MPOAYKTIB 1 omepamnii B XapdoBid IPOMHCIOBOCTI.
®ipMu, SKi TPOEKTYIOTh 1 OYAyIOTh MiIMPHUEMCTBA 3
nepepoOKy XapyoBUX MPOAYKTiB, KOHCAITUHTOBI (pipMH,
JIep’KaBHI  yCTaHOBH, (apMaleBTHUHI KOMIAHii Ta
MenuuHi  (ipMu, TakoX  HalMarTh  IHXCHEpIiB-
TEXHOJIOTIB 3 BHMPOOHHITBA XapyOBUX IPOJYKTIB!
JMKapChKi/XapuoBi  MNpPOXYKTH;  INPOCKTYBaHHS  Ta
BCTaHOBJICHHS BUPOOHUYIHX MPOIIECiB B
XapuoBiii/0ionoriuHii/hapMalleBTHYHIA TPOMHCIOBOCTI;
MPOCKTYBAaHHsS 1 CKCIUTyaTallisl SKOJIOTIYHO OC3MeUHUX
CHCTEM ITOBOKEHHS 3 BIIXOIaMH Ta 1H.

Y TeTepOTeHHIN cucTeMi TEXHOJIOTTYHHUX
BUPOOHUIITB  XapyoBOi Ta  XiMiuyHOI  iHdKeHepii
3'€MHYIOThCS O€3IIiu MijcucTeM pi3HOI MPUPOAM, SKi
CTBOPIOIOTh ~ 1HDKEHEPH  PI3HUX  CIeliaJbHOCTEH.
KomruiekcHa cucTeMHa iH)KEHepis HaLliJICHA Ha MiJTICHE i
Y3rO/DKCHE PO3YMIHHSA TOTPeO 3alliKaBJICHUX CTOPIH
PI3HOBHIIB  BUPOOHUIITBA:  JOCHI/DKCHHS  IMPOICCIB
imeHTUdIKaIii-KIacuQikarii Ta MOKJINBOCTEH
Pi3HOBUIIIB 00 €KTIB; JOKYMEHTYBaHHS BUMOT Y BHIJISI
HOpMaTHBHO-TexHIYHOI pokymeHrauii (HTM); cunres
iepapxii OTpUMaHUX MOXKIUBOCTEH, Bepudikamito —
CTaTHCTUYHA MPAKTHUKA TEPEBIPKH MPOIIECiB, BaJidaIliio
— JUHAMIYHAHA MeEXaHi3M TIepeBipKH 1 TEeCTyBaHHSA
MIPOJYKTY, PO3BUTOK PIlIEHb NMPHU PO3TIIAII 3aBIaHHS Y
BCili TOBHOTI, Bill MOCIHIPKCHHS 3aJyMy CHCTEMH 1O ii
JKBigamii.

KommniekcHa cucremna  imkenepis (KCI) -
MDKTUCHMIDTIHADHAN TIAX1J, SIKUA BHU3HAYAE TTOBHUIA
Hallp TEeXHIYHMX 1 YNPaBIIHCHKUX 3yCHIIb, IO MOTPiOHI
JUISL TIEPETBOPEHHS CYKYITHOCTI TMOTped 1 OdiKyBaHb
3aMOBHHKA 1 HassBHUX 0OMEKeHb B €(DEKTHBHI pilICHHS 1
HiATPUMKA [UX PIIICHb NPOTATOM iX JKUTTEBOTO IIHKITY.
KCI JIOTIOMArae PO3pOOHUKAM pi3HOBHU/IIB
TEXHOJIOTIYHUX CUCTEM Y BHIIJICHHI TOYOK 30Dy, SKi CIIiJ
BUKOPHCTOBYBAaTH CHCTEMHOMY 1H)KEHEPOBi, KOJH BiH
MIPOITOHYE TPOIECH Ta TEXHOJOTIl AN 3MIHCHEHHS ITiel
mismeHOCTI. Y cximani KCI  BUOIISIOTE OB CKIALOBHX:
creniajibHe KEPIBHUIITBO (Technical leadership)
CKOHIICHTPOBAHE HA MPOTsA3i MOBHOTO JKUTTEBOTO IUKITY
(OKLI) cuctemu Ha MPOAYKTHBHUX TEXHIYHUX MPOEKTHHX
PIICHHSX 1 TEXHIYHOT MUIICHOCTI — JisJIbHICTS,
COpsMOBaHA Ha OTPUMAHHS HOBHX MOXIUBOCTCH i
CHUCTEM HAa OCHOBI TapMOHINHOTO MOEIHAHHS TEXHIYHUX
3HaHb B TIEBHUX OOJACTSIX, 1H)KEHEPHOT'O IHCTHHKTY,
BMIHHS BHpIIlyBaTH 3aBIaHHS, KPEATHMBHOCTI 1 JIO
00OMiHy 3HAHHSIMU Ta TyMKaMH. YIIPABJIiHHS CHCTEMHUMH
pimennsmMu (Systems management) 30cepeKeHe Ha

BHUpIIICHHI TPoOJIeM, BUKOPUCTaHHS Oe3Jidi pi3HUX
TEXHOJIOTIH, 3aly4eHHs NEKUTbKOX MANPUEMCTB B
KOMIUIEKCHY  TEXHIUHy  JAiUIBHICTB:  1e  Jo0pe

(dopmaizoBaHa JisIbHICTh, CIIPIMOBaHa Ha BUPOOJICHHS
1 cucTeMarun3alio 3HaHb, HEOOXITHUX A €(PEKTHBHOTO
YIPABIHHSA PO3BUTKOM 1 (DYHKIIOHYBaHHSIM CKJIAQJIHUX
cucrteM. Ane, Hanpuknana, KCI He 3aBxkau BU3Hauae sk

3HIMaTH HPOTUPIYYS B32€EMO3B’S3KIB  OKpPEMHX
TEXHOJNOTi ©0e3 ypaxyBaHHS OcOOJMBOCTEH  BCi€i
CHUCTEMH B IIJIOMY IpW BHUPIILICHHI Pi3HOBHAIB MpoliemM
3a CTamisMH  TPOIECiB, BHOOpPOM  iHHOBAIIHHOTO
o0JaTHAHHS, KOHTpPOJIEM SIKOCTI CHPOBHHH,
HamiBpaOpuKaTiB i IPOAYKTIB, Ta iH.

Y KOMIUIEKCHHX XapuOBHX TEXHOJIOTISIX MOXKHA
BHIUTUTH OUTBIY KiBKICTh THIIOBUX MPOIIECIB OOPOOKH
cepelloBUII: 3'eqHaHHS 0e3 30epeXeHHS TOBEPXHi
po3miny  (3MilIyBaHHS — CEpEeNOBHIN); 3'€IHAHHS 31
30epeKeHHSIM TIOBEPXHI po3ainy (YTBOPEHHS Iuapy);
nojin Ha ¢pakuii; NoApiOHEHHS; CKIAQAHUHA Ipolec
nepeTBOpeHHsl  (KOMIUIeKC  (I3WYHUX, XIMIYHHUX 1
MIiKpOOiOJIOTIYHHX NPOLIECIB); JI03yBaHHS;
(OpPMOYTBOpPEHHSI; OpiEHTYBaHHS (30KpeMa, IPEIMETIB);
MIATPUMKA CTIAX TEIUIOBUX PEXUMIB (TIATpUMaHHSI
MOCTIMHOT TEMIIEpaTypH); HAarpiBaHHS, OXOJIOJKCHHS;
3MiHa arperaTHoro cTaHy; 30epiraHHs, a TakKoX Iie
MIPOIIECH TEepPepOOKH PI3HOBUIIB BiAXOMIB yCiX cTamiit
TEXHOJIOTIYHOTO  TIPOIleCY 3  METOI0  ITiIBHIIEHHS
e(eKTUBHOCTI PECypco- Ta EHEPro30epeKEeHHs CHCTEMH.

OO'enHaHHs K MIHIMYM JABOX TEXHOJIOTIYHUX
omepaniii  3abe3neyye  YTBOPEHHS  TEXHOJIOT1YHOI
MiZICHCTEMH, M0 BIANOBIAa€ TEBHOMY KOMILUICKCY
TEXHOJIOTIYHOTO 00JaHaHHs (arperary, yCTaHOBKH) abo
HaOopy oOOnagHAaHHSA B MeXaxX BUPOOHHMYOI MiJTBbHUIII.
TexHosoriyna crucremMa 00'€IHABINM KijgbKa IIJICHCTEM,
o0 peami3yloTh BCi CTamii mepepoOKH CUPOBHHH,
PI3HOBUIB BiAXOMIiB CHUCTEM BHUPOOHMIITBA, a TaKOX
BHITYCKY TOTOBOI TPOAYKIi, MOXHa Cc(HOpMyBaTH
TEXHOJIOTIYHY CHCTEMY B IIJIOMY, SIKa BiANOBizae BCid
CYKYIHOCTi OOJaAHAHHSA, IO BXOIUTh JO CKJIamy
TexHonoriunoi  minii. JliHii BTOpHHHOI TEpepoOKH
CHUPOBUHM, SK T[paBWIO, YHIBepcalbHi 1  micis
BIAMOBITHOT NEpPEHANAroJUKEHHs HAa HUX  MOXHaA
BUTOTOBIISITH LIMPOKWH  acOpTHMMEHT BHPOOIB, MIO
PO3PI3HAIOTECS MK CO0OK 3a CKIagoM 1 (opMoIo.
IMponykuisi, IO BHIIYCKAETHCS HA JIHIAX BTOPHHHOI
MepepoOKN CHUPOBHHHU, B OCHOBHOMY Ma€ OOJIaTHAHHSI
U BUKOHAHHS 3aKIFOYHUX OIeparii Jo3yBaHHS i
YIOAKOBKH  PIAKHX, CHIY4YHX, TAacTOMOMIOHMX abo
MTYIHUX TPOAYKTIiB, OKpeMi BHUPOOHHIITBA Pi3ZHOBHIIB
KOPMIB 1JIs1 Xy100H.

Kommiekcn cucremMu mnepepoOKd  IUI000BOYEBOT
CUPOBHHH MalOTh CKJIaJI0BI:

1) iepapxis mnpoLECIB YTBOPEHHS NPOMDKHUX
HaniB(aOpHKaTiB 3 BUXiJHOT CHPOBHHH;

2) iepapXis IpOLECIB YTBOPEHHS OCTaTOYHOTO
HaniB(haObpHKaTy 3 IPOMDKHHUX HamniB(aOpHKaTiB;

3) iepapXis TIpOIECiB BHUTOTOBJICHHS
MIPOYKITii 3 0OCTATOYHOTO HamiBhaOpuKary.

Take rTpymyBaHHS iepapxis TporeciB JiHii 3
BIIMIHHOCTSIMH Ta OCOOJMBOCTAMHU (DYHKITIOHATLHUAX
3aBJaHb CHCTEM TEXHOJIOTII BIAMOBIZAE LIAM 1 3amadaM

TOTOBOI

UL CKIany ormepariii  BiamomigHoi Tpymm. Ilpwm
(YHKI[IOHYBaHHI YaCTHMHU KOMIUIEKCY 3 HEOOXIJIHUMH €
HOPMAaTHBHI ~ 3HAU€HHS  CIHOXXHUBYMX  BJIACTUBOCTEH
TOTOBOi TNPOJYKWii, 5Ky OTPUMYIOTH B pE3yJIbTaTi

MEPETBOPCHHS OCTATOYHOIrO HamiBdaOpukary, IO Mae
IIEBHI TEXHOJIOrIYHI BIACTUBOCTI. BigMmiTHa 0cO0JIMBICTH
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ocraroyHoro HamiBpaOpukaty — Horo ckian i Oynosa
BIAIIOBiIAIOTH TIIBKHU OIHOMY KOHKpPETHOMY
HaliMEeHyBaHHIO TOTOBOI mpoaykuii (tads. 1, 2). Tomy
KOXXHOMY KOMILIEKCY 3 'y CKIaai JIiHil TTOBHHEH

nepenyBaTH KOMIUIGKC 2, 110 3a0e3neyye OTpHMaHHS
OCTaTOYHOT'O HamiBabpukaty 3 MIPOMDKHUX
HariB(paOpuKaTiB).

Tabmuusg 1. Jlesiki opraHonenTHYHI BIACTUBOCTI TOMaTHHUX IPOAYKTIB

TEMHHUX BKJIFOYCHbB, 3aJTUIIKIB pr6I/IX

YaCTHHOK HJIOZ[iB.

IMokasHuk | XapaKTepHCTHKA IOKA3HUKA JUISl Pi3HOBH/IIB TOMAT-NPOAYKTIB 6¢3 BU3HAYCHHS KaTeropii

TomaTHa macta TomatHe mope TomarHwuii Cik
3oBuilHil  |OaHOpinHuit romorenHuii npoaykr|OgHOpigHAa KOHIEHTpOBaHa Maca Bia|OmHOPIgHUIT TOMOTCHHHI MPOLYKT
BUIIIA 1 31 3BOKCHHMH TOHKO 3[IpiOHEHHMH |HAMmiBpiAkoi 10  Oimbll  T'ycTOi|3i 3Ba)KCHUMH TOHKO 3[piOHEHHMH

KOHCHCTEHIIis [4aCTHHKAMHM IIOJ0BOI M'AKOTI, 0€3|KOHCHCTEHIil, 0€3 TEMHUX BKJIIOYEHb, YACTHHKAMHU ILIOJ0BOI M'IKOTI, O€3

IIKIPKY, HACiHHA 1 IHIIMX rpyOux|/lommycKaroThCs MOOJMHOKI BKJIIOUEHHS |HOOJUHOKI BKIIOUESHHS APOOIEHOTO
HaCiHHS 1 YaCTHHOK IIKIpKH.

HYaCTHUHOK HIIO,I[iB. TEMHHUX BKIIIOYCHb. Z[OHyCKaIOTLCH

HaCiHHS 1 MIKIPKH.

Kounip YepBoHHii, mOMapaHueBe-YepBOHHI a00 MaJIMHOBO-4YEPBOHUIA, piBHOMipHHH | YepBoHUii pi3HKX BIATIHKIB,
y Mmaci. Jlonmyckarotecst OypyBaTuit a00 KOPUYHIOBATHIA BiTiHKH. XapaKkTepHU# Uil COKy 3 3piux

TOMATIB, ICKPaBO BUPAKCHHUIA
Cmak i BiracTuBi 3pinuM TomMaram, siKi MpoiiuIn TepMiuHy 006poOKy, 6e3 ripkoTu Ta|BiacTuBi  3pinmuM  Tomaram, sKi
3amax IHIUX CTOPOHHIX NPUCMAKIB i 3amaxy MIPOHIIIN TepMidHy 00poOKy, MEHII

BHpakeHi, 0e3  TripkoTH  Ta
CTOpPOHHIX NPUCMAKIB i 3amaxy

Tabnuis 2. XapyoBa Ta eHepreTudHa MiHHICTh 100 I KOHIIEHTPOBAHUX TOMATHUX MPOAYKTIB

Ipoxykr ByrneBoau, r Bitaminu, Mr Enepreruyna
B-xapotun B PP C L[IHHICTb, KKaJI
Tomartne mope, % 12 7,1 - - - - 37
15 8,9 - - - - 46
20 11,8 1,8 0,05 0,6 26 65
TomatHa macta,% 25 15,8 — — - - 79
30 19,0 2,0 0,15 1,9 45 99
35 22,2 - - - - 111
40 253 - - - - 127
TomaTHa macta cosnona, % 27 17,1 - - - - 88
32 20,3 - - - - 102
37 23,4 - - — — 117
KoHIeHTpOoBaH#ii TOMATHHIA CiK 26,4 — — — — 106
Kommmekc 2 —  HaiObIl — BiJNOBiNAJIbHA ~ TEXHOJIOTIIO, TPHM SIKiM BiAXOAM BHUPOOHMLTBA, MIO
(ueHTpanpHa) migcHcTeMa OYyIb-SKOi TEXHOJOTIYHOI  MICTSATh KOPHUCHI PEYOBHHHM, MIiJJABAIUCS JOJATKOBIH
muii. Ilpm  BcboMy  pi3HOMaHITTI  BlacTHBOCTeW  00poOIi 3  MeTolo  30epeeHHS  iX  KOPHCHHUX
MIPOMDKHUX HamiBpaOpuKaTiB 3a JOMOMOTOI0 CHCTEM  BIIACTHBOCTEH, 3a0e3neueHHs MOKITUBOCTI
TexHoJorii 1 oOJagHaHHA KOMIUIEKCY 2 TIOBHHEH  TpPAHCIIOPTYBaHHS i BAKOPHUCTaHHS.
YTBOPUTHUCS OCTATOYHWH HamiBhabpukar, OymoBa i CKiIaz AHani3 JgiTepaTypHuX JaHMX i TOCTaHOBKA
SIKOTO HE MiUIATaloTh B MOAANBIIOMY Teperiay abo  mpoOaemu. JlocmimHukd 3 pi3HUX  KpalH  CBITY

KOpUTYBaHHIO.  SIKIIO  TOKAa3HUKH  BJIACTHBOCTEH
OCTaToOYyHOro HamiB(paOpHUKaTy 3MIHIOIOTBCS B MeEXKax
OUIBLI JONMYCTHMHX, TO OTPUMYIOTH abo paedeKkTHy
MPOAYKILiI0, a0 MPOAYKIIK IHIIOrO HaiMeHyBaHHs. B
000x BWIIaZKax MeTa (DyHKLIOHYBaHHs JiHII He Oyne
nocsirnyTta. Komruiekc 1 mpusHaueHMid AJIsl MiATOTOBKU
BUXIZIHOI CUPOBHHH 0 TEPEPOOKH, a TAKOX JJIsI TAKOTO
MEPEeTBOPEHHSI CHOXXMBYMX BJIACTUBOCTEH CHUPOBUHH,
mo0 3abe3nedynTH e(EKTHBHE BWIYYEHHS KOPHCHUX
pEYOBMH 1 ONTHUMalbHI yYMOBH I  OTPUMaHHS
HE0OXiaHOTO CKIIagy i OyZIOBH  TIPOMIXHHUX
HamiBabpukaTiB. BaxiBe 3aBnanHs HyHKITIOHYBaHHS
JiHIT MEepBUHHOI MEPepOOKH CUPOBUHU — pallioHAIbHE
BUKOPHCTAaHHS BCIX KOPUCHHUX PEUYOBHH, IO MICTATHCS B
Hili, a He TUIBKM THX 3 HHX, SKi [ependaycHi
peuentyporo Ha OCHOBHY mnpoxykuito. Cucremn
TEXHOJIOTIT Ta yCTaTKyBaHHsI JIiHIi OBUHHI OyTH TaKUMH,
100 MoxHa OyJIo 3/iiCHIOBaTH O€3BiIXiTHY

3aiiMarOThCSl BUBYCHHSAM XIMIYHOTO CKJIAMy IUIOMIB i
OBOYIB 1 IX KOpPHCHMX BiacTHBOcTei. Hampukian,
BCTAHOBJICHO, 1[0 BUHHMKHEHHS 1 PO3BHTOK 3aIllaJIbHUX
3aXBOPIOBAHb CYMPOBOKYIOTHCS AKTHBALIE€I0 CTBOPCHHS
BUIBHUX DPaJMKaNiB 1 PeakUili MEepeKUCHOro0 OKUCIICHHS
JMMmiaiB, aeHarypaiii OUNKIB 1 HYKJICTHOBHX KHCIOT.
BineHi pamukanu, sk Bigomo [1] — me monekynu abo
YACTHHKH, 110 BOJIOAIIOTh HECHAPEHUMH EJICKTPOHAMHU.
YTBOpeHi B KIITHHAX JIIONWHW TaKi PaIuKald MOXYTh
IHIIIIOBAaTH  BTOPWHHI  BIIBHO-pAIWKaNbHI  peaxiiii,
BCTYMAIOYM y B3aEMOJII0 3 PI3HAMH KIITUHHAMH
KOMITOHEHTaMHU: OiJKaM1, HYKJICTHOBUMH KHCIOTaMH i
mimigamu. B pesympTaTi mHMx peakmid  BinOyBaeThCs
Jerpajialiisi MOoJIeKyJ-MilleHeld 3 YTBOPEHHSM Oinbli-
MEHII CTa0IIbHUX HPOJYKTIB peakiiil, criocTepiraerbes
IHaKTHBaLlisl CHCTEMH aHTHOKCHAAHTHOTO 3aXUCTY.
Haii6isp1 BaXKIIMBUMH 1 TIOIIMPEHUMH JDKEPEIaMH
HATypaJdbHUX  a00, Tak  3BaHUX,  HPUPOJHUX
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AQHTUOKCHUJIAHTIB € 0BOYi, QpykTH i srogu. Cepex oBoUiB
HaAWOIIBII BaXKIMBE MiCLiEe 3aiiMalOTb TOMAaTH SK 3a
CBOIMH 3HAYHHUM OOCSIraM CIOXHBAHHS, TaK i B 3B'I3KY 3
iX OaraTUM BMICTOM KOPHUCHHX MJIS 3JIOPOB'S JTFOJAHHU
PEeUoBHH. 3a TyMKOIO aBTOPIiB BU3HAYECHO, IO OCHOBHUM
0100T1YHO aKTMBHMM KOMIIOHEHTOM, BiJIOBiZaILHUM 34
el edekT, € KUPOPO3UNHHUN KApOTHHOI JIIKOIIEH, 110
BOJIOZIi€ BHUPaXECHUMHU AHTHOKCUIAHTHUMHU
BIIACTUBOCTSMU [2].

ABTOpamMy BCTAaHOBJICHO, III0 AHTHOKCHIAHTHI 1
MOTCHI[ITHO AHTUKAHIIEPOTCHHI BJIACTHBOCTI TOMAT-
MPOAYKTIB Oe3M0ocCepeIHbO0 HE KOPEIIITh 3 BMICTOM
JIKOMNEHY 1 JUIsl aZieKBaTHOI MPOQIIAKTUKN OHKOJIOTIYHOT

nmaroyorii  CiiJi  CIOXKMBAaTH  sSKOMOra  IIMPIIMA
ACOPTUMEHT TOMAT-IIPOAYKTIB, 10 CKJIaAy SKHX BXOASATH
pi3HI THUIHM aHTHOKCHUAAHTIB [3]. B mporeci mocimimkeHb
BHSBICHO  DI3HHIOIO B  XIMIYHOMY  CKIami i
AHTHOKCHJIAHTHO1 aKTMBHOCTI TOMAaTiB Pi3HUX COPTIB sKi
3pOCTal0Th B PI3HIM MICIEBOCTI: XIMIYHUH CKJIaf
CHPOBHHHM Ta 1ii TEXHOJIOTIYHI BJIACTUBOCTI 3HAYHO
PI3HATBCS B 3aNEXKHOCTI BiX COPTY, YMOB 1 MiCIIEBOCTi
3pocTanHa (Tabn. 3): TOPIBHANBHUN aHaNi3 3MiHU
(i3UKO-XIMIYHUX TOKa3HHUKIB OBOYIB, 30KpeMa TOMATiB
(tabmmug 3, copru nominopis 3a Ne: 1 — Puuanckii; 2 —
Crappoys F1; 3 — Csiroua xyns; 4 — HopHuil npuHI).

Tabnuns 3. AHTHOKCHIAHTHI IOKA3HUKHU JACSIKHX COPTIB TOMATIB, [4]

Ne (3aranbhuii BMicT (1aBoHOIAIB, (BmicT B-kapoTuHy |AHTHpaJuKalibHa akTUBHICTh,|AO, % iHriOyBaHHS OKHMCHEHH:
Mmr katexiny/100 T cupoBUHH Mr/100 r cHpoBuHE |METOX DPPH,E ., Mr/min JIHOJIEBOI KUCIOTH
1 12+0,25 0,17+0,01 660 + 4,6 4,17+£0,2
2 12+0,25 0,11+0,01 950 + 6,6 6,25+0,3
3 12+0,25 0,12+0,01 75+0,5 26,4+1,3
4 13+0,27 0,15+0,01 105+ 0,7 153£0,7
Y  poborax [5] mokazaHO BIDIMB CTYNEHA TNPOXyKTH — TomartHe mope (12-20 %) i TomatHy macTy

JIO3piBaHHS Ha BIACTHBOCTI TOMATIB: CHHIM KOJIEOPOM
BUAUICHA AaHTHpagUKaIbHA aKTUBHICTH, 3CICHHM —
AHTHOKCHUJIAHTHA aKTHUBHICTb 1 YEPBOHUM — BMICT
KapoTHHOIIB (puc. 1: cTymiHb BU3piBaHHA | — MOJIOYHA,

2 —KOBTa, 3 — Hepe3puuii, 4 — 103piNuil y NpuMiLIeHHi).

140 .
17,
166
100
a0
20
1 2 3 4

Puc. 1 — BB cTajiil BU3piBaHHS TOMATIB Ha IX BIACTUBOCTI

BaxmBuM B3a€MO3B’si3aHEM  (DaKTOPOM TOPS 3
TEpMiHAMH  JO3piBaHHSA,  AHTHOKCHUJAAHTHHUMH  Ta
AHTHPAIUKATBHAMHU  BIIACTUBOCTSMH CHPOBHHU  JUIS
KOMITJIEKCHOT ~ TE€XHOJOTii Ha cramii crepumisarii
KOHCEpPBOBAHOI MPOAYKIIii, HATIPHKJIAA, TOMAaTHOI IIACTH €
BHUSABIICHHS  MOJMJIMBOCTEH  3a0e3MedeHHs  SKOCTI
mpoxykuii. Hanpukiax, HEoOXiTHO BHUABUTH MOJKIHBI
pexxnmu ii 30epiranHs, TOOTO, BU3HAYCHHS KiHETUYHHUX
3aKOHOMIPHOCTEH MEXaHi3MiB OKHCJICHHS OTPHMAHOTO

MPONYKTy 3  YpaxyBaHHSAM  TeMIIEpaTypo-4acoOBUX
XapaKTepUCTUK  cTepwiizalii, I1mo 1 € MeTolo
KOMIUIEKCHUX JOCIHI/DKEHb MPEICTABICHUX CHCTEM.

AmHani3yloun HaBeleHI JaHi, MOXXHAa BiJ3HAYMTH, LIO
AHTHpaJUKAIbHA 1 aHTHOKCUIAHTHA aKTHBHOCTI OBOUYIB
NpSMUM 4YWHOM 3aJIeXaTh SK BiXl BMICTY (EHONIBHUX
PEUYOBHH 1 (IIAaBOHOIMIB, TaK 1 BiJl BMICTy KapOTHHY.
AHaJi3 MOXKJIUBOCTElH po3podku edeKTUBHOL
cucTeMH BUpPOOHUUTBA. Uncio cucreM y ckiafi JiHii i
KOHKPETHI 3aBIaHHA iX (QYHKIIOHYBaHHS 3aJieKaThb Bix
croco0y TIEpeTBOPEHHS BHXIAHOI CHPOBHHH 1 BHIY
MPOAYKIIi, [0 BUMyCKa€eThcs. KOHIIEHTPOBaHI TOMATHI

(3040 % cyxux pe4oBHUH) OTPUMYIOTH IUITXOM
YBaprOBaHHS MPOTEPTOi TOMAaTHOI Macu 3a
(YHKIIOHATBFHOIO cXeMoIo (puc. 2).

| Muiika cHpOBHHH ‘

v

| Kommekcne COpTyBaHHSA

v

| 3apidneHHs ‘

v

| [TigirpiB i npoTHpaHHs ‘

| VBapioBaHHs TOMaTHOT MacH ‘

v

| Hartosrenust i 3aKaTyBaHHA Tapu‘

[ Crepunizauis ‘

v

\ [ligroroBka o peamizamii ‘

Puc. 2 — OyHkiioHanbpHa cXeMa BUPOOHHITBA TOMaTHHX
HamiBpaOpHKaTiB

ﬂO CKJIay MOTYXKXHOI'0O KOHCEPBHOI'O BI/IpO6HI/IIITBa
BXOOATh IIEXH OCHOBHOTIO, HOHOMi)KHOI‘O Ta HiIlCO6HOFO

BupoOHUIITBA. KoOXKHa  TeXHOJOTiYHA  JIiHIT  Mae
TEXHOJIOTIYHI BiJJIIJICHHS: TIATOTOBKAa CHPOBWUHHU 10
nepepoOIeHHS; TeroBa  00poOka  OTPUMAHOTO
mpoaykTy; po3dacyBaHHs y Tapy 1 1ii HacrymHa

CTepmITi3alis; MaKyBaHHS 1 30epiraHHs IO peaji3arii.
[Ipu yBaproBaHHI TOMaTHa Maca 3 KOHICHTPAII€I0 CyXUX
pedoBUH O1M3BKO 5 % y CHPOBHHI, KOHLIEHTPYEThCS MPH
OTpUMaHHI TOMaTHOI [IaCTH y LIICTh pasiB.

A) Cucremn TexHoJIOTi] BUPOOHHMIITBA Pi3HOBHIIIB
TOMaT-NPOJYKTIB MOXHA BU3HAYMTH 32 CHPOLICHOIO
(YHKIIOHAJIBHOIO CXEMOIO PI3HOBHU/IIB IPOIAYKIIIi:

1. 3arambHa Kyacugikaris-ineHTudikamis
BHPOOHHUIITBA, ACOPTUMEHT TalTy3i Ta MPOIYKIIii.
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1.1. OcobnuBoCTi  BJIACTUBOCTEH  CHPOBUHHU
BUPOOHMIITBA — arpoTeXHIYHI CHCTEMH, HayKOBE
oOrpyHTyBaHHsI BUOOpY KpUTEpiiB HaciHHEBOI iepepaxil
PI3HOBHUJIIB TOMATIB.

1.2. OcobmauBocrti BJIACTHBOCTEN MPOIYKIIiT
BHPOOHHUIITBA 3 ypaxyBaHHIM BHPOOHUIHX
MOTY>KHOCTEH.

1.3. OmiHroBaHHS MOXMJIMBOCTEH  BHPOOHHUIITBA

BinmoBiaHo HT/] — KOHTpOJb BIaCTUBOCTEH OCHOBHOT Ta

JIONIOMDKHOI ~ CUpOBWHHM, HamiBpaOpukaTiB Ha ycix
CTaJisIX, PI3HOBHUIIB MTPOJTYKIIii.

1.4. Knacudikamis-ineHrudikamis Ta  3arajibHi
NOKa3HUKH  DPI3HOBHMJIB CHPOBHHM Ta  OCHOBHOI
MPOTyKIii.

2. lepapxis TEXHOJIOTTYHUX orepanii
BHPOOHUIITBA.

2.1. TlopiBHsutbHA XapaKTePUCTHKA
(YHKIIOHATLHOT ~ CXeMH  BUPOOHHWIITBA  PI3HOBHUIB
MIPOTYKITii.

2.2. OCHOBHI TOKa3HWKH TiATOTOBKH CHUPOBHUHHU
JI0 BUPOOHUIITBA.

2.3. lepapxis TeXHOJOTIT MiArOTOBYHX OIEpaIliif

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
CHPOBHHHU:  i€papxisi CHCTEM IHCIEKTYBaHHS Ta
3piOHEHHS.

2.3.4. Ananis ocoOimBoCTEH TIPOTHUPAHHS
CHPOBHHU: i€papXisi CHCTEM iHXEHepIi.

2.4.  Cucremnu 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 MMACTOMOAIOHUX TIPOIYKTIB.

2.4.4. Amnamiz ocobmuBocTeld BHOOPY ONTHMATBHHUX
PEKHUMIB CTEepWIIi3allii 3 ypaxyBaHHAM MOMJIMBOCTEH
MPOTIKaHHA XIMIYHMX 3MiH y Tporeci — iepapxis
KIHETHYHHUX TIPOIIECIB.

2.4.5. Tlocraniiiauii TEXHOXIMIYHUI i
OaKTEpOJIOTIYHUI  KOHTPONIb  MPOIECIB  mepepoOKu
CUPOBHHHM y IPOIYKT BignosiaHo no HT/I.

2.5. CucTeMH TEXHOJOTIT 3aKIIIOYHUX ONEepaIliii.

2.5.1. ®dacyBaHHs NpPOXYKLii y CIIOXUBYIH Tapi —
iepapxist MpoLeciB CTepuITizarii.

2.5.2. KoHTpoJb TPUTHUYEHHS Ta 3HHUIICHHS Iii
MIKpOOPTaHi3MiB — BUSBJICHHS 00MOaXHUX OAHOK.

2.5.3. KoHTpoib pe:XUMIB Ta MPOIECiB 30epiranHs
— KOHTPOJIb 1 ETUKETYBaHHS 0aHOK 3 TPOAYKIII€I0.

3. MoxinuBocTi T ABUIIIEHHSA e(heKTHUBHOCTI
MIPOIIECIB PECYPCO- Ta EHEPro30ePEKECHHS.
3.1. Texnomnoriuni ornepariii BUTOTOBJIEHHS

LUILOBUX NPOJYKTIB — i€papXis-Kiacudikaiis;
3.2. TexHosoriuHi OCOOJMBOCTI BHIOTOBJICHHS
LUILOBUX NPOJYKTIB — i€papxis-Kiacudikaris.

4. Inentudikamis-kinacudikamnis oOTagHAHHSA IS
BUPOOHMIITBA PI3HOBHIB NPOIYKLIT 32 MOTPEOOIO.

4.1. OcobauBocTi TEXHOJIOTTYHUX oreparii
BHUT'OTOBJICHHS LIJTLOBUX MPOIYKTIB.

4.2. PizHOBUAM TEXHOJIOTIIHUX oTepariin:
XapaKTepUCTUKA TEXHOJOTIYHUX TpOIEciB  Ta  ix

MO>KITUBOCTEH 32 SAKICTIO TIPOYKIIii.

5. Tlpomwucnosi crocoou BUPOOHUIITBA
PI3HOBHUZIIB MPOAYKIIii — IEpeBary i HeMOJIKH.

5.1. lepapxis CHCTEM BH3HAYCHHS TEXHOJIOTIYHUX
napamMeTpiB MPOLECIB.

5.2. Amnani3 oco0MBOCTENR TEXHOJIOTTYHUX
napamMeTpiB MPOLECIB.
6. XapakTepucTuka MOKIIUBUX JIe(eKTiB

TPOAYKIIT Ta NPUYMHU X BUHUKHCHHS.

6.1. Amnam3 nmedexTiB Tpomykmii Ta crmocoou
YAOCKOHAJICHHS TEXHOJIOT11 POAYKIIii.

b) Ilpukjaaam BHKOHAHHSI [esIKUX MYHKTIB
(pynknionanbHoi cxemu.

1.1. ArpoTexHiyHi CHUCTEMH MOXHA MPEICTABUTU
SK:  BUSBJCHHS  Kpalux copTiB 1  TiOpuuiB
CUTBCHKOTOCIIONAPCEKUX  BHIIB 332  TEXHOJIOTIEI0
BUPOOHUIITBA, TPOMYKTHBHICTIO Ta SKICTIO CHPOBUHH,
CTIHKICTIO TPOTH IWIKIJIMBUX OPraHi3MIiB 1 CTPECOBHX
SBUIl y  PI3HUX  TIPYHTOBO-KIIMATHYHHUX  30HAX
BHUPOIIYBaHHS Ta PEKOMEHJAIlIi M0JI0 BIPOBAIKEHHS iX
y BUPOOHUIITBO. SIKiCTh CHPOBHHU — PI3HOBHIIB TUIOIIB
TOMATiB BU3HAYA€THCS BMICTOM B HUX CYXHX PEYOBHHH,
caxapiB, BiTaMiHIB 1 MiHEPAIbHHUX COJIeH, IO
Oe3mocepelHhO  3QJIEKHUTh  BiJl  IHTCHCUBHOCTI 1
TPHUBAJIOCTI COHSYHOTO OCBITJICHHS IIiJ] Yac BereTaiii, a
ONTUMAIILHY TEMIICPATYPY JJIs POCTY 1 PO3BUTKY POCIHH
— 22-25 °C. Ilpu upoMy BOHHM JOCHUTH BUMOIJIUBI JIO
BOJIOTICHOTO pexkuMmy. CHCTEMH BHpPOIIYBaHHS —Ta
arpoTEeXHIKM 3 TEXHOJIOTii TOMaTiB y SIKOCTI NpHKJala

CLITBCHKOTOCTIONAPCHKOT KyJIbTYpH, HEOOXiTHO
po3rasgaTH 3 METOI0  OpraHizamii  KOMIUIEKCHOTO
MiAOpUEMCTBA 3 BUPOOHWITBA  TUIOJOOBOUYEBUX

pi3HOBUAIB TpoAyKIii. Bubip CiLIbCHKOTOCTIONAPCHKUX
KyJIbTyp TOBHHEH BpaxOBYBaTW BHUIM Ta TCHOTHUIIH,
31aTHI 3a0e3MeYUTH KOHKPETHI THITOJIOTIl MPOIYyKIIii,
Ocpyyd 110 yBarm pPHHKOBI Ta CKOHOMIYHI yMOBH,
OCOONMMBOCTI Ta  BUMOTH  CUIBCBKOT'OCHOJApPCHKUX
KyJIBTYp, CYMICHICTb MIX YPOXKaeM Ta MIKPOKJIIMAaToM, a
TaKoX OCOOJMBOCTI IPYHTY Ta IPYHTOBI xBopoOu. [lis
BUPOOHHUITBA 3TYINCHOI TOMATHOI MACTH, BAXKIMBHUMH
NP MATOTOBIII CHUPOBUHHOI 0a3W € Taki IMOKa3HHUKH
SIKOCTI TOMATiB, HATTPHUKJIAT;

1.1.1. Bucokuii BMICT CyXHX PEUOBHH, III0 O3HAYAE
OlIBII HM3LKHHA BMICT BOOM B IUIOJAAX 1, BIAMOBIZHO,

MEHIIII BUTPAaTH Ha BUIICHHA BOAWM B TIpoIleci
KOHIICHTpAITii;

1.1.2. Bucokuii BMICT caxapiB y CHPOBHHI Ta
HariBpalbprkaTax;

1.1.3. 30epiranHs KOJIBOPY COKY JI0 1 IICIIs TPOLIECy
KOHLICHTpALiT;

1.1.4. Bucokuii BMiCT JIIKOIIiHY;

1.1.5. B'sskicTs (3anexkuTh Big BMICTY

HCPO3YMHHUX CYXHUX PEYOBHUH, IO CTAHOBUTH OJIM3BKO
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50% Bix 3arajbHUX CyXHX PEYOBUH);
1.1.6. IToka3nuk kucyorHocti (pH);

1.1.7. BiacytHicTh 03HaK MiKpoOiOJIOTi4HOTO
3apayKeHHS TUTO/IB.
3ame)XHO  BiJg  TEXHOJOTIYHHUX  BJIIACTUBOCTEH,

CTPYKTYPH TKaHUHH, XIMITYHOTO CKJIaJIy 3aCTOCOBYIOTHCS
pi3HI  TEXHOJIOTIYHI CXE€MHW BHUPOOHMIITBA TOMAT-
OpoAyKTiB. /IS BUTOTOBIEHHS TOMAaTHOTO  COKY
BUKOPHCTOBYBaJIM CBiXI 3pili IUIOAM 3 JOAABaHHIM
KyXOHHOT cosii abo 0Oe3 Hei. OCHOBHOIO LIHHICTIO
TOMaTHOTO COKY BB2)XKA€TbCS HASBHICTH B HbOMY
Bitaminy C 1 xaporuHoiniB. Kpamum crnoco6om
MiBUIIUTA BMICT KapOTHHOINIB B TOMAaTHOMY COKY €
OTpUMaHHS HOro HE NPECyBaHHIM, a EKCTPAaKI€lo.
SIkicHMIT TOMaTHHH CiK MicTUTh He MeHuIe 4,5% cyxux
PEYOBHH.

1.2. Konnentposani TOMAaTHI TIPOJTYKTH
MPECTaBJICHI Yy BUTJISI: TOMATHE IMIOpPE: TOMATHA TacTa;
TOMAaTHHHM CiK. 3aJeXHO BiJ TOKAa3HUKIB SKOCTI
KOHIICHTPOBAaHI ~TOMaTHI HPOXYKTH BHUTOTOBIIIIOTH
kateropii «Ekctpa» (31 cBDkoOi cupoBuHH) abo 0e3
MO3HAYCHHS KaTeropii. 3ajeKHo Bix B'S3KOCTI KiHIIEBOTO
NPOAYKTY TOMarHy TNacTy 31 CBDKMX TOMAaTiB
BUTOTOBJISIFOTH 32 TakuMH TexHoyorismu: «Hot Break» —
npolec BUPOOHMLTBA, IPH SKOMY HPOBOAATH HIAIrpiB
noApiOHEeHoi TOMAaTHOI MacH Iepel] NPOTHUPAHHSIM HpHU
temneparypi Big 85 mo 100 °C abo «Cold Break» —
NPOIIEC BHUTOTOBJICHHSA TOMATHOI WACTH, TPH SKOMY
MPOBOSITh TiMIrpiB 3ApiOHEHOT TOMAaTHOI Macw meper
MPOTUPAHHAM MPH TeMriepatypi Big 55 mo 84 °C.

JocTaBneHi Ha 3aBOJ CBiXki TOMATH
PO3BaHTXYIOTh B TPHUHOMHI OYHKEpH, BHUTOTOBJICHI 3
BignoBigHoro 3a Bumoramu HTJ] matepiany. Y OyHkepu
NOCTIHHO HaJIXOOUTh BOAA, I KiIbKiCTE B 3-5 pasiB
NEPEBUINYE  KUIBKICTH  TOMATiB, IO  HAJXOISTh.
Hanpuknan, sxmo 3a roauHy mnpuilmaerscs 10 T
IPOALYKIIii, To BUTpara Boau Oyze Ak miniMym 30 M3 3a
roguHy. IloTOkOM BOAM TOMAaTW NEPEMILIYIOTHCS MO
POJIMKOBOMY €JI€BaTOpPY, a 3BIATH BOHH NEPEXOIATh Ha
COpTyBalbHI  cTONHM. SIK  mTpaBWio,  KIACHIYHUM
MOETHAHHSAM CHPOBHHHM 1 BHUPOOJICHOT TOMAT-TIACTH €
criBBimHOMIEHHs 5,8 mo 1, To6TO 3 5,8 T MOMinmopiB Ha
BHUXOJIi OTPUMYIOTH | T MPOIYKITii.

1.3. 3 MeTor TpaHCHOPTYBAaHHS CHPOBHHU 03
NICYBaHHS, PO3BAaHTA)XCHHS BiAOYBAE€ThCS IMOCTYIOBO, 1
KOJIM BaHTaXIBKM 3 TOMAaTaMH IIJHOCATHCS HAJ
OyHKepaMu, OIepaTop CHelialbHUM LUIAHIOM 3
BEJIMKOIO KUJIBKICTIO BOJIM TOJIETIIYE TX pO3BaHTAXKECHHS 1
BOHHU IPOXOJATH MiJl HAIOPOM Yepe3 OTBIp pO3MipoM
50x50 cm. TIlepem TuM, SK BiANpaBUTBCA Ha
COPTYBaJbHUI CTUJI, TOMaTH TNPOMHBAIOTHCS HHCTOIO
MMATHOIO BOAOIO, BUIAJISIOTEH 31IICOBaHI 1 3€JIEH] IIJIOAU Ha
KOHBEEpP JUIA 3iMCOBaHUX mpoaykmii. Cxema mpuiioMmy i
COPTYBaHHs TOMATIB MAIIMHHOTO 30WpaHHS Mae
CKJIQJIHAH KOMIUIEKC TEXHOJIOTIUHUX orepartliii (puc. 3):
1 — nmnpuiiManpHa IUIOHIANKA JJIs  PO3BAHTAXKCHHS
KOHTEHHEpIB 3 TOMaramu; 2 — TiIPOMOHITOp; 3 —
rizpoxonoba mepuioro KOHTYpy; 4 — €MHICTh JuIst
OYMIICHHS BOJH; 5 — Tigpoxooba qpyroro KOHTYpy: 6 —
eneBaTopy; 7 — BINUCHTPOBHH HACOC JUIS BOIH, 8 —

¢utoraniiiHi  rigpoxkonoda TPEeTbOro KOHTYpY; 9 —
(OTOCNEKTPOHHUI  COPTYBIBHMK ToMariB; 10 —
rigpokonoba werBeproro koHrypy; 11, 12, 13 -
KOHBEEPHW ISl JIOCOPTYBAHHS 1 1HCIEKIII YepBOHMX,
3eeHUX 1 Oypux TOMartiB; 14 — reHepaTop IBOOKHCY
xyopy; 15, 16 — pesepByapu nis Boaw; 17 — mIHEKOBUI
TpaHCOpTep JJIs Bimxomdis [6, 7, 11].

% 12

Puc. 3 — Cxema npuitoMmy TOMAaTiB MAIIHHHOTO 30MPAHHS

Oco0aMBiCTh ~ TEXHOJNOTIT NEepepoOKH  TOMaTiB
MAIIMHHOTO 30HMpaHHs MOJSArae B 3aMiHI TPaaUIiHHUX
MUIHHX MAIIMH HA TiIpOoXkK0J00a IS MUIKH TOMATIB 3
aBTOMaTHYHUMH (HOTOCIICKTPOHHUMHU COPTYBAIbHUKAMHU
TOMATIB 32 KOJIbOPOM.

1.4. Jlng  BHUIOTOBJCHHS  TOMATHOI  IMAacTH
BHKOPHUCTOBYIOTh KpYIHI 3pisi Tomatn Macoro 70 — 100 r
3 HEBEIMKOI0 KUIBKICTIO MIKIPOYKM 1 HAcCiHHSA OakaHO
maponofionoi ¢opmu. Jlo ckiamy 3piIMX TOMATIB
BXOJUTH sA0My4yHa i TuMonHHa Kuciotu (0,4 %), BitamiHu
A, By, By, C i in., pH TomariB 3,74,5, cyxux pe4oBUH
4-9 %, 3 HUX caxapiB Bix 2 10 5 %, a TaKOX BaKJIHMBa
CUpPOBHHA ISl PI3HOBUIIB Taly3eid HPOMHCIOBOCTI —
sikonuH. OTpUMaHWH TPUPOJHUI JIKOMIH MOXe OyTH
BUKOPUCTAHUN y BUTJISI TIOPOLIKOIIOIIOHMX
KOHIICHTPATIB JJIsl 30araucHHs Xap4OBUX MPOAYKTIB SIK
MacoBOTO, TakK 1 TPOQIIAKTHYHOTO TPU3HAYCHHS:
0€3aIKOrOJIbHUX HAIOIB 1 KOKTEHJIIB, MOJOYHUX 1
KHCIIOMOJIOYHUX TMPOIYKTIB, CHPHUX Mac, QPPYKTOBUX i
OBOYEBHX KOHCEPBIB, XJII0OOYIOUHNX Ta KOHAUTEPCHKUX
BupoOiB. BMicT ImikomiHy B TOMarax i pi3HOBHIAX
MIPOIYKTIB 1X mepepoOkw, [3, 5], HaBeaeHO B TaOIHII 4:

Tabsmis 4. BmicT gikomiHy B CHPOBHHI 1 TPOAYKTaX

TomaT-npoayKT Bwmicr nikoniny, %
CBiXi TOMaTH 8,9+0,3
TomaTHwMii coyc 17,0+0,2
TomarHa nacra 56,0+0,4
TomarHuMii Cik 9,3+0,5
TomaTHui NOPOIIOK 10,8+0,2
TomaTHMIT JKMHX 19,9+0,1
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IIpouec BUJTyYEHHS JIKOTIHY 3
KapOTHHYTPUMYIOYOi CHPOBUHH MOJKHA
iHTeHCU(IKYBaTH ULIIXOM (HDEPMEHTATUBHOI 00POOKH
TiApONITHIHMMH  (EPMEHTaMH, M0  JIO3BOJISIIOTH
mocnabuTH 3B'SI3KY KapOTHHOIMIB 3 KOMIIOHCHTaMHU
CHPOBHHH. [Tix6ip (hepmeHTHHX mpenapariB
3IIACHIOIOTh, BHUXOJSYM 31 CKIany IOJiCaXapUIHOTO
KOMIUIEKCY KIITHHHUX CTIHOK CHpOBWUHH. OCHOBHI
MOKAa3HUKH MiJrOTOBKA CHPOBHHHU JO BUPOOHUIITBA. 3
IUTO/IB TOMATIB JJI aHami3y BiZOWparoTh Tpoly ¥y
kimpKkocTi 10 — 15 Kr A7t mpoBeeHHS aHai3y CHPOBHHU.

2.1. [opiBHsbHA XapaKTepUCTHKA
(YHKIIOHATFHOI ~ CXEMH  BHUPOOHHWIITBA  PI3HOBHIIB
npoaykiii. BHrOTOBICHHS TOMAaTHOI NAacTH BHMAarae
Ha0oOpy TIEBHOTO OOJNIagHaHHSI, a TaKoX pI3HUX
JIOTIOMDKHUX TPHUCTPOIB, HANPUKIAJ: T[OMOTEHI3aTOp
BaKyyMHOTO THILy 3 TapOBUM 1 €IEKTPUIHUM HarpiBOM;
PI3HOBHIW MAIUH i [OAPIOHCHHA 1 TepMIYHOT
00pOOKHM CHPOBHHU — B 3aJISKHOCTI il 00’ €My 0IHOYAaCHO
3aBAHTAXKEHHS Ha 00poOKy  BiJNOBiIHO J0
MPOAYKTUBHOCTI JiHII TepepoOKH; BaKyyMHO-BHIIApHA
MammHa i iH. OyHKIIOHaIbHY cXeMy JiHii BUPOOHHUIITBA
TOMAaTHOTO COKY 3a CIIPOIICHHM BapiaHTOM MOJKHA
pPO3OUIMTH HA HAacTymHI cTajil: iepapxis TNpoueciB
OYHMIICHHS, MUTTS 1 COPTYBaHHSI CHPOBHHH;, IIPOLECH
npoOneHHst (MoApiOHEHHS) TOMATiB; iepapxis NpoLeciB
HarpiBaHHAd 1 €KCTpakilis TOMAaTHOI MacH; iepapxis
npoueciB  IEHTpU(YTryBaHHS 1 NPOTUPAHHS TOMarT-
MIPOAYKTIB; i€papXis MpoIeciB GacyBaHHS, CTEPUITI3alis
(mactepusanisi) coky. I[Iporecu yBaproBaHHS TOMATHOI
MacH — OCHOBHO{ orepailii BApOOHHUIITBA TOMATHOI MACTH
y BHPOOHHMIITBA TOMAaTHOT'O COKY BIJICYTHI BIIIOBIiZHO 3
pumoramu HT/I.

2.2. OCHOBHI MOKa3HUKH MiATOTOBKHA CUPOBUHH IO
BHpOOHHUITBA. SIK TIpaBWIIO, IUIOAW TNPOMHBAIOTH 1
COPTYIOTh, IICJIS YOr0 BOHH MPOXOAATH TIOMCPEIHIO
00poOKy - iX MOApIOHIOIOTH, OYMINAIOTH 1 PIKYTh Ha
YaCTUHH HEOOXITHOTO pO3Mipy. 3aJIeKHO BiJ] MOAATBIITUX
BHMOT, TiATOTOBIIEH] TUTOAM IMiJAI0THCSA HarpiBaHHIO Ta
ONMaHIIyBaHHIO, padiHalii, OYHIICHHS, BiTHOBJICHHS,
BHIIAPIOBAHHS, MacTepu3allii i koHcepsailii. Cenapariis €
KITIOYOBUM €TarioM B TIPOIIECi BiMHOBJICHHS. BumaneHHs
LB1J, BIAUIEHHS M'SKOTI 1 OCBITIICHHS COKY J03BOJISIE
BHPOOHUKY KOHTPOJIFOBATH KOJip, CKJIaa 1 B'A3KICTh
mpoaykTy. Bce 1me - KIHOYOBI mapaMeTpu, Mo
BH3HAYAlOTh SKICTh 1, B KIHIIEBOMY IiJCYMKY,
BIUIMBAIOThH Ha MOJANBITY I[IHHICTh MPOIYKTY.

2.3. lepapxiss TEXHOJOTIi MiATOTOBYMX OIEPAIlii.
Tomaru npupmatHi Ui nepepoOKH, IOXPIOHIOIOTHCS,
HATIpUKJIaZ, JOpOOApKOK  MOJOTKACTOrO  THUIY, 3a
JIOTIOMOTOK0 MOHOHAcoca, o0 OTpUMAaTh M'SKy Macy
(BOoJIOKHA, IIKipKa HaciHHA 1 cik) abo y AeKaHTepHii
uentpudysi. Came 15 Maca 00poOIsI€THCS 32 JOOMOT 00
texHonorii Cold Break a6o Hot Break. Temmneparypa
KOHTPOJIOETHCS HA CIIEIialbHIM TOJIOBHIHM MaHed.

IlepeBarm  nmekantepHoi 1eHTpudyru  Foodec
BHpOOHUIITBA KoMIMaHii Anbda JlaBams (puc. 4) mist
MepepoOKH TOMATIB: 3POCTaHHS MPOAYKTHBHOCTI Ha 25%
0e3 MOMAaTKOBHX BHUTPAT; BUCOKI TIri€HIYHI CTaHIAPTH,
o0 O3Hayae OUTbII BHCOKY I[IHHICTh KiHI[EBOTO
NPOJXYKTy; OLIBII HH3bKE CHOXHBAHHSA €Heprii, o

03HAYa€ 3HWKEHHS BUPOOHUYMX BUTPAT; 3HAUHO KpaInit
KOHTPOJIb HaJl B'SI3KICTIO M'SIKOTI.

Puc. 4 — Jlekanrepni nentpudyru Foodec

[Tigirpita TOMaTHa Maca HAHOCOM TIOJAETHCS B
COKOBOI €KCTPaKTOp, IO CKIANA€ThCS 3 IBOX MAIIHH:
MpOoTHpaIbHA MAaIllMHA; MaliuHa IS padinyBaHHS (1Ba
PI3HHX 32 PO3MIpOM cHTa). Y MepHioMy BHUIAIKy Maca
MPOTHPAETHCS IO OTPUMAaHHS YaCTUHOK Po3MipoMm o 1
MM, a pacdiHyBaHHS po30uBae ix Ha Oinbm ApiOHI
IIMaTo4kd. B pe3ynbrari BUXOOUTH padiHOBAHMU CiK
JUISL TIOJANIBINOT KOHIEHTpAIlil. Bimxoan BUAANSIOTHCS:
omucaHi crmocoOM TepepoOKH HaciHHS TOMaTiB 1
TOMATHHX BHYAaBOK JUIAI  OTPUMAHHS  MACISTHUX
eKCcTpakTiB 1 OinkoBoro 30aradyBava. Ha cepemHe
3HAYCHHS BUPOOHHMIITBA COKIB BIUTMBAIOTH TaKi YNHHHUKH:
Temmeparypa Macd (YMM BHIIE TemIleparypa, THM
e(deKTUBHIIIE pPE3yJabTaT); COPT TOMATIB, IIBUAKICTh
00epTiB; hopma poropa.

2.4. Cucremn kiacuikarii-ineHTudikarii meskux
MOXJIMBOCTEH  TEXHOJIOTII ~ OCHOBHHMX  OIEpalliil.
KoHTpons  B'SI3KOCTI €  HAA3BUYAMHO  BAKIUBUM
(akTopoM Tpu BHPOOHHMITBI TOMATHOI macTu. lLlei
MTOKa3HUK Ma€ MPSMUH BIUIMB Ha SKICTh OJEP’KYyBaHOTO
MpoAyKTy. M'SKOTh IOBHHHA MAaTH TICBHHUI pPIiBCHb
B'I3KOCTI  JUIsl  3amoOiraHHs  pO3IIapyBaHHA  MPH
po3dacoBIli KiHIEBOro MPOAyKTy. TomarHa Maca, IIo
mpoinnia 06podky mictuth 38-45% M'sxoti. 3aBmaHHS
MOJISITa€ B TOMY, 00 BHUPOOJIATH MACTy 3 MaKCUMAIIbHO
BHCOKHM piBHEM M'SKOTI MpH 30epekeHHI MOMIMBOCTI
e(heKTHUBHOTO 11 MepeKadyyBaHHS B BUIIAPOBYBa4 — TOOTO
MOJKJIMBO 3HH3UTH BUTPATH HA BUITAPIOBAHHS.

Yuctuii CiK, SKHH HAagXOOuTh 3 JAeKaHTepHOI
HeHTpUGYTH, MOXe BHKOPHCTOBYBATHCS TUTS
peryioBaHHs KOJbOPY 1 B'S3KOCTI MAcTH A0 THX IIip,
MOKA BOHA He Tpuabae OakaHi XapaKTepUCTHKH. BiH
TAKOXK MOXCE BHKOPHUCTOBYBATHCS B IHIIUX MOJIOHUX
BUPOOHUYHX IIPOIIECax — MPHU BUTOTOBJICHHI OYMIIEHUX 1
pizaHux ToMaTiB. TakuM YHMHOM, BU 3aBXK/IW BIICBHCHI B
TOMY, IO KUTBKICTh BUPOOHMYMX BiJXOIIB 3BEIEHO IO
MIHIMyMy 1 € MOXJIHBICTh PO3IIUPUTH IPOJYKTOBY
JMHIHKY — KO)KHa TapTis TOMAaTiB Ma€ CBOi YHIKaJbHI
XapaKTCPUCTHKH.

2.5. MoxnmBOCTI TiABUIIEHHS €()EeKTUBHOCTI
mporeciB  pecypco- Ta eHepro3bepexennsa. [Ipomecn
MICPETBOPEHHS PI3HOBH/IB CHPOBUHH TBapHHHOTO i
POCIMHHOTO TIOXODKEHHS B MPOAYKTH XapuayBaHHI
CKkiIagHi 1 OaraTocTamiiiHi, BOHH BHMArarOTh 3HAaHb,
3aCHOBaHMX Ha 3aKOHAaxX (i3WKM i XiMil, MEXaHIKH Ta
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termogizuky, MikpoOionorii Ta Oioximii 3 MeTOIO
(opMyBaHHS y CTYHEHTIB KOMIUICKCHHX YSABICHb IIPO
TEOPETHYHI Ta 3arajibHi OCHOBH TEXHOJIOTIYHUX MPOIICCIB
BUpOOHHUITBA (pHC. 5: 1, 2 — CBiXI TOMaTH HAa MUIKY; 3 —
copryBaHHs; 4 — 3xapiOHeHHs; 5 — HarpiBaHHsi; 6 —
padinamis; 7 — o4nCTKa; 8 — KOHTPOJIb BMICTY IUIiICHABH
y BIAXO#ax Ta EKCTPakWis COKy; 9 — JeKkaHTepHa
meHtpudyra (3rymenss); 10 — rycrtuit cokx; 10 —
BUMaproBaHHs; 11 — YMCTHH CIK 3 HYJHOBHM BMICTOM
miicHsBY; 12 — momanbima mepepoOka 3 OYHIIEHUMHU
MiATOTOBIEHUMH ToMaTamu; 13 — rpyba mM’sxots; 14 —
TypOormpec; 15 — nekantepHa nentpudyra (ouncrka); 16
— cyxuit kex; 17 — BumaproBanHs; 18 — macrepmzaris i
acenTHYHE OXOJO/KEeHHsS; 19 — pO3MMB B acenTHYHY
Tapy abo EMHOCTI).
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Puc. 5 —. [Ipukian pecypco- Ta eHeprozoepirarodoi cxeMu

L{i xapakTepHCTHKNA MOXXYTh OyTH HpE/ICTaBJICHI 3a
CIPOIIECHOI0 KJIacH(iKalli€lo-iIeHTU]IKaLi€I0 MTPOLECiB
Ta TEXHOJIOTIH:

1) BU3HAYEHHS OCHOBHHUX CKJIQJIOBUX CHPOBHHH,
HamiBpaOpuKaTiB  Ta  NPOAYKTIB, pPI3HOBHIM  IX
BJIACTMBOCTEH, ITPU3HAUCHHS B TEXHOJIOTTYHOMY IpoLeci
1 XapuyBaHHi;

2) iepapXis CKIaJOBHX Ta TEOPETHYHI OCHOBHU
inenTudikarii-knacudikamii pi3HOBUIIB CHPOBHHHU 3
ypaxyBaHHAM ii 0ioJOTiyHOi IIIHHOCTI Ta yMOB
BUPOOHUIITBA,

3) ¢i3uxo-ximiyHi, O6ioXimMiuHI Ta MikpoOioJOTI4HI
MIPOLIECH, IO IPOTIKAIOTh B Xap4OBHX MPOAYKTax HpH iX
30epiranHi Ta 00poOIi HA PI3HUX CTAIAX TEXHOJIOTTYHUX
MIPOLIECIB.

3. 3apibHEeHy TOMaTHY Macy 3a JOIIOMOTOK HAacoCy
HaNpaBIsIOTh 70 TEIUIOOOMIHHMKA J€ IMiAIrpiBaroTh 10
temneparypu 75 °C IS TONETHICHHS BiIAiICHHS
M’SKOTI 1 3HVWDKEHHS BTpaT mpu npotupanHi. [lix miero
TEeMIepaTypH LIIbHA POCIMHHA TKaHMHA 3 YKPIIUIEHOIO
KIITHHHOIO  CTPYKTYpOIO TPOTOIEKTHHOM, HaOyBae
MiIBUIICHOI KIITHHHOI TPOHWKHOCTI, BTpadaeTbes i
TYprop i TKaHHHA pO3M AKIIYIOTHCS. [Ipu IIbOMY TaKOX
MIPOXOJUTH TiJPOJI3 NMPOTONEKTHHY, BiH HEPEXOAMTH Y
pPO34UHHY dopmy, MDKKJIITHHHI pE4OBUHU
PO3YHHSIOTBCS, 1[E CIPHUSIE OLIBII MOBHOMY BiIUIiICHHS
M’SIKOTi BiJ| IIKiPOYKH 1 KUTBKICTh BiXOJIB 3HUKYETHCS
1m0 4 %. IlipirpiB Mae i iHOI MO3UTHBHI TEXHOJIOTIYHI

mepeBard 3  METOI0  IIiJABUINEHHS
KOMIUIEKCHOI CUCTEMH Y LIIIIOMY:

. HaKONHMYCHHS Y 3JpiOHEHIH Maci pO3UMHHOIO
MIEKTUHY CIIPHS€ YTBOPEHHIO OJHOPIAHOT KOHCHCTEHIII,
T0OTO 3amobirae po3mapyBaHHIO Ha CiK 1 M SKOTB;

e(heKTUBHOCTI

. BUIAJISETHCS TOBITPS 3 TOMATHOI MacH, IO
CIIpHUsi€ KpaIoMy 30epiraHHIO BiTaMiHIB;
° JI0 BUITAPHUX arapariB TOJAEThCS MiIirpira

Maca, II0 TIOJISTTITYE II0YaTOK BUIIApOBYBaHHS.

[IpoTupanHs mnpoBOAATH Ha JBOX- ab0 TPHOX
MOCTIIOBHO BCTAHOBJICHUX NPOTHUPAIbHUX MAIIMHAX,
JiaMeTp OTBOPIB HA CUTAaX MalIWH 3MeHuyeTsest: 1 — 1,2
MM; 2 — 0,7 MmM; 3 — 0,5 mm. Bigxoau Binm mpoTupaHHS
MOXKHa BHKOPHCTOBYBATH Yy CLIBCBKOMY TOCHOAAPCTBI
JUTSL TEXHITHHX 1 XapuoBUX IIUIEH.

El

Puc. 6 — TexHomoriuHa cxema BHPOOHHITBA TOMAaTHHUX
HamiBgabpukaris: 1 — npoTupanbHa MammHa; 2 — 30ipHHK; 3
— BHIIApHA CTaHILIs; 4 — HaNiBOAPOMETPHIHUI KOHACHCATOP

BumapoByBanHs (yBapioBaHHSI) BOAW 3 TOMAaTHOL

Macd — OCHOBHUH TEXHOJIOTIYHMH TIpOLIEC JIiHIii
BUPOOHHMIITBA TOMAaTHOI mactd (puc. 6), OCHOBHHM
amapaToM  SKOi €  BaKyyM-BHIIApHA  yCTAHOBKA.

VBaproBaHHs TOMaTHOI Macu y 1 kopmyci BHIapHol
YCTAaHOBKH MPOBOJATH Hpu Temieparypi 75 — 80 °C, y 2 i
3 xopmycax — npu Temneparypi 40 °C; ocraTouHHI THCK
BigmosigHo cximamae: 1 —40 — 50 xIla, 213 — 8 — 10 kI]a.
IIpu mpomy 3 95 % Bomorm TomariB, 6mm3pk0 83 %
BUIAPOBYeThCs: y | kopmyci — Ommspko 50 %, y 2
kopmyci— 16 — 18 %, y kopmyci 3 — 8 %.

4. TomaTHa Maca A yBapiOBaHHS MAa€ y CBOEMY
CKJIali KIMTKOBUHY 1 A iHTeHCH(iKamii TemIooOMiHy 3
METOIO ITJIBULIEHHSI BMICTY CYXHX PEUOBHH Y HPOJYKTI
o 40 — 45 %, HeoOXigHI 0COONHBI 3aX0IU, HATIPUKIIAT
3aCTOCYBaHHS obepToBoi TIOBEPXHI miairpisy.
Po3paxyHOK KUIBKOCTI BOJIOTM BUIIAPIOBAHHS IPH LIbOMY
MOXHA TpoBeCcTH 3a (QopMyinow: G=G,(l-ab), ne G —

Maca BHIIapeHOi BOJIOTH, KI; G,— Maca HamiBhaOpukaTy

IUIA  YBapioBaHHS; a— KUIBKICTh CyXHX PpEYOBHH
HamiBpaOpukaTy mepex YBaplOBaHHAM; b — KiJIBKICTb
CyXMX PEYOBHMH HariB(haOpuKaTy y KiHIli yBapIOBaHHSI.
YMOBM NPOBENICHHS BUIIAPHOTO IIPOLECY y BAKyyM-
amaparax — 3HWKEHHS KUIBKOCTI MOBITPS 1 TeMmepaTypu
KUIIHHSA — JO3BOJISIIOTH OTPUMYBATH IPOIYKT BHCOKOT
SIKOCTI  — 30epiraHHs BiTaMiHIB 1 I1HIIHX IIHHAWX
CKIIQZIOBUX PEYOBHH CHUPOBHHH, a TaKOX OapBHHKIB.
TomaTHa macTa Mae SICKpaBO-4YepBOHHUK KOJIp i BUCOKHI
BMIiCT ackopOiHOBOi KuCioTH. Ilpm BunaproBaHHI
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KOHTDOJIIOIOTh TEMIIEpaTypy IpoLecy, THUCK Tpilodoi

mapy, 3aJUIIKOBUH  THUCK  ab0  pO3piIKyBaHHS,
TPUBAJICTh  YBApIOBAaHHS, JOTPUMYBAHHS BHUMOTaM
perentyp, KOHIEHTpAIlil0 CYXHX pEYOBMH 1 iHII
napamerpHu.

5. B TtexHomorii acenTHYHOTO KOHCEPBYBaHHS
MacTOMOAIOHUX TIPOAYKTIB € OCOOJIMBI BiIMIHHOCTI B
CTPYKTypH3amii T ITPHEMCTBA. T'otoBy MacTy
migirpiBaroTh a0 Temmeparypu 85-95 °C, dacyiors y
MiATOTOBJIEHY JpiOHY abo KpyIHY KOHCEPBHY Tapy,
BaKyyMYIOTb, 3aKaTYIOTh 1 IIepealoTh Ha CTEPUIII3aLiio
npu temneparypi 100 °C. IliarotoBka Tapu mnossrae B
MHUTTI CKJIOTapyd Ha CHCIIAIbHUX OaHKOMHUHUX
MalllMHaX, MepeBipui OJsImanoi Tapu Ha TePMETHYHICTD,
BU/IAJICHHS BijOpakoBaHol TapH i iH. s po3dacyBaHHS

3aCTOCOBYIOTh  Pi3HI  aBTOMAaTW4YHI  HAMOBHIOBAYI,
HalpuKJIaJ, CTepUii30BaHi OaHKW  MMOJAIOTH  JIO
MPOIYKTOBOI CTaHIlii ITHEKOM 3i 3MIHHHM KPOKOM i
HAMOBHIOIOTH ~ TOMATHOK  MACTOK  J03yBaJbHUMHU
CTaKaHaMU.

6. 3 Merol0 BHOOpPY ONTUMAJIBHUX PEKHMIB
CcTepwiTizamii 1 OMIHKH SKOCTI TOMATHOI MACTH PSIOM
aBTOPIB JOCIIJUKYBallMCs XiMi4HI 3MiHM y Tporeci 3a
JIOTIOMOTOK0 BHMBYCHHS KIHETHYHUX mapametpiB. [lpu
BUPOOHMIITBI TOMAaTHOI MacTH MOXIIMBE IPOTIKAHHS
peakuii Maiiepa — B3aemMogisi caxapiB i aMiHOKHCIIOT, L0
MIPU3BOJANTE JI0 YTBOPEHHS Pi3HUX MPOIYKTIB, 30KpeMa
okciMeTHIPyphyposTy, a TakoX 3MIiHH  KOJBODY.
MiniManapHa KUTBKICTh okciMeTmiypdypoiry
YTBOPIOETHCSA TIpH TeMmImieparypi crepmiizamii 90 °C i
HOTO KOHIIEHTPAIlisi CYTTEBO HE 3MIHIOETHCS MPOTITOM
2,5 rommnH, a mpu Temmeparypi 145 °C — ioro
KOHIICHTpaIlisl pi3ko 3pocrae. lledd mporec crmagHuii i
Horo KiHETHKAa HE MOXe OyTH ONUCaHa pPEaKIli€ro
SIKOTOCh ~ KOHKPETHOTO MOPSAAKY, IO € THIIOBUM
BUIAJIKOM ISl XIMIYHUX pEaKlid, sKi MPOTIKAITh Y
XapuyoOBUX TMPOAYKTaX, OCOOJMBO TMPH HEBEIHKHX
CTYIICHSIX MEPETBOPCHHSI. Peakuis YTBOPCHHS
okciMeTmndypdpyposly y  TOMATHIdH  macti  mpu
temrieparypax 105—-135 °C mporikae y ABi ctafii, Horo
HaKOMUYCHHS OIUCYEThCS JIHIHHOIO 3aJICKHICTIO IS
000X eTamiB, TOOTO peaxilis Ha TEPIIii 1 APYTild CTamisax
Ma€ HYJIbOBHH TOPSIOK 1 TIPOTIKAE 3 TIOCTIHHOIO
KOHCTAaHTOK IIBHAKOCTI. [IIBUIKiCTh 3MiHM KiTBKOCTI
OyIb-IKOro  j-r0  KOMIIOHEHTA  J/;  BUPaXaeThCs

CITiBB1THOIIICHHSM W,=vr, ) e v, —

]

CTeXiOMETPiuHUN KOe(DIlieHT MpH j-OMYy KOMITOHEHTY
(mns peareHTIB 3amUCYEThCA 31 3HAKOM «—», a I
MPOIYKTIB — 31 3HAKOM «+»); 7 — IIBHIKICTh PEaxilii,
00yMOBJICHA 3a 3aKOHOM JIIOYMX Mac — IIBHJAKICTh
XiMi9HOT ~ peakmii TpsAMO  MpomopIiiHa  TO0OYTKY
KOHCTaHTH IIBUJKOCTI Ha KOHIGHTpalii peareHTIB
B3ATHUX Yy CTYNEHAX pIBHUX IX CTEXIOMETPIYHUM
koedimientam: r =kC,*(2), 3aIEKHICTH
MIBUAKOCTI PeakIlii BiJl TeMIepaTypd BHU3HAYAETHCS 3a
piBHAHHAM ApeHiyca k =k, exp(—£(3). 3anexHo Bix

KOHCTaHTH

3HAQUEHHS CYMH IIOKa3HHKIB CTYNEHIO Yy piBHSIHHI 1
peakuii MOAUIIOTH Ha peakuii HyJbOBOIO, MEPIIOro

HOPSJKY, APYroro i OUIBII BHCOKMX TOPAAKIB (puc. 7),
HOPSJOK peakuii 3anucyIoTh A1 KOHKPETHOTO peareHTy
a00 sIK 3aranbHUH TOpsAAoK peakuii [7 — 13].

A

n

IBHAKICTE Peaxmii

KOHTIEHTpATliA peareHTin

Puc. 7. 3anexHicTh MIBUAKOCTI peaxuii Bi KOHIEHTpaii
peareHTiB i peakiii mopsaky: | — HyJIbOBOIO;
2 — nepuoro; 3 — npyroro; 4 — 1pibHOrO; 5 — 3MiHHOTO

Jns  peakiiii HyJIBOBOTO TMOPSAKY INBHUIKICT
peakuii mocriiHa 1 HE 3aJICKHTH BiJ KOHIICHTpaIii abo
MapIiialbHOTO TUCKY peareHTy, YIS PEakiliil Mepuioro
MOPSIKY 1S 3aJICKHICTh HPSMOJIIHIHA, a U1 peaKiii
OLIBIIT BUCOKOTO TOPSIKY — 1€ eKCTIOHEHITialbHa KPUBa.
KoHcranTa mBHIKOCTI peakmii & y Bupaxensi (3) mpu
MOCTIHHIA TeMIepaTypi AOPIBHIOE MIBUAKOCTI peakii
TIPY OAMHUYHUX KOHIIEHTPAIliSIX pEarcHTiB.

[Mpuknan kiHETHYHOI MOJENi peakiii YTBOPEHHS

okcimeTundypdypoiry A——_EE SR (4) MOKHA
BU3HAYUTH HACTYIIHUMHU piBHAHHsIMU: W, =—r(5);
Wy =7 (6); r=kC,(7); k = k,e " (8). 3icTaBUBLIN

BUILEBKa3aHi piBHAHHA (5-8), OJEpXMMO KiHETHYHE
PIBHSIHHS, 1[0 OIUCYE 3MiHY KOHIICHTpaIlii peareHty 4 B
xomi peakuii dC, /dt=-kC, (9). Bupimryroun piBHSIHHA
(9) momimom 3MIiHHMX 1 IHTETpYBaHHSM, B Pe3yJbTaTi
OJIEpXKMMO  KOHLEHTpawii peareHty A: ¢, =C, ¢*(10).

KoHIeHTpallif0 TPOAYKTY JIErKO 3HANTH 3 pIBHAHHA
MmarepiaipHoro  Oajancy  aus  JaHOI  peakuil:
Cy=C,, —C,(11) ; 3 obnixom (10) oxepxuMoO piBHAHHS

it pospaxyHky Gy =C,, (1 76'1") . Ilpmu

TPUBATICTh TEpIIOi cTafil

okcimetmpypdpypory C; (Mr/kr) s peaxiii, ska
MPOTIKA€ y TPAHHUIAX TEepHIoi cTajii, MOXHA OIMUCATH
HACTYMHMMH  piBHAHHsMH: 1, =(139-1)2,37  (12),

C,=K,t, e T — 3arajbHa TPUBAIICTb HArpiBaHHA, XB.,

BOMY

T,(XB.) 1 KOHUEHTpaUil0

t — Temmneparypa HarpiBaHHs TomatHoi mactH, °C, K; —
KOHCTaHTa IIBHAKOCTI AJIs MEpIIoi CTafii, Ky MOXHa
obuuncauTn 3riHO 3 PIBHSHHSIM:
K, =2,25-10"exp[ (~18,3:10°)/ RT |.

TpuBasicte HarpiBaHHs IJIst Ipyroi craiii peaxuii
T, (xB.) i KoHueHTpauito oxcimetuwnpypdpypory Cz

(MT/KT) MOXHA OMNMHUCATH HACTYIHUMH DPIBHIHHSIMHU:
T, =1-1,=1-237(139-1), C,=K,[t-2,37(139-1)], A€ Ko —

KOHCTaHTa IIBMAKOCTI Jpyroi cramii 1 1 MoxHa
o0YMCINTH: K, =2,43-10" exp| (-22,3-10°)/ RT |- Takum
YMHOM,  KOHLEHTpalito  okciMeTmindypdypoiry y
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TOMaTHI mHacTi y IIMPOKOMY Jiana3oHi TeMIieparyp
MOXKHAa  OOYHMCIMTH 32 TPUONM3HUM  PIBHSIHHAM:
C=Kt+K,[t-2,37(139-1)], mpm mpomy,  SKIIO
T <<2,37(139-t), Apyruil uiueH y TpaBiii dacTuHi
PIBHSIHHSI BUJIYYaOTh, & KO T > 2,37(139-t), To T mis

MIEPIIOTO WICHY PIBHSHHSA Yy TpaBiii 4acTWHI pPiBHIHHSI
obumncmoroTh 3a popmynoto (1). JInsg Temmnepatypu, Ky

3BUYAHHO BHKOPHUCTOBYIOTh pu cTepuIi3aii,
KOHIICHTpAIis okcimetmndypdypory  Mmaina, T
OOYHCIIOIOTh 3  PIBHSAHHA  IEPIIOTO  MOPSAKY:

1gC=K'/2,303t, 1€ K'=2,20-10"exp[ (-91,1-10°)/ RT | -

Crepuiizariiro 0aHOK 3IICHIOIOTH y
crepuiizatopax Oe3mepepBHOi 1 mepioguuHOl il
(aBTOKJIaBax) 3 METOIO TIPUTHIYEHHS Ta 3HUIICHHSI
MIKpOOpPTaHi3MiB, 3a0e3MedeHHsT CTabiTbHOCTI KOHCEPBiB
npu 30epiranHi i iH. Ha ckmami ToTOBOI TpOAyKIii
KOHTPOJIIOIOTh PEXUMH 30epiraHHs — TemIepaTtypy i
BiTHOCHY  BOJIOTiCTb  TOBITPS, SIKICTh MATOTOBKH
KOHCEPBIB /10 BIATPY3KHM — HAsBHICTb ETUKETYBaHHS 1
BiAIIOBIHOTO MaKyBaHHS [18-21], BiJICYTHICTh
nedopMoBaHMX Ta 3apXKaBJIeHUX OAaHOK 1 IX caHiTapHHH
ctad. OCHOBHOIO YMOBOI BHPOOHHIITBA BUCOKOSKICHUX
KOHCEpBIB € IIOCTaJiHHMH KOHTPOJb TEXHOXIMIYHUH 1
OakTepiojoriyHuil IepepoOKH CUPOBUHH y POJIYKT.

BucHOBKM i  NepCHeKTMBM  MOJAJILLIOrO
PO3BHTKY IaHOTO HANPSIMKY.

BigmoBimHo 3 TpoBeACHUMH
MOXKHa  BiJI3HAYWTH, IO KOMIIEKCHA TMepepoOka
IUIOJI0O0OBOYEBOI  CHUPOBHMHH 1  I[JIbOBE  HAYKOBO-
OOTpyHTOBaHE BHKOPUCTAHHS MOOIYHHMX IPOAYKTIB €

IOCIIIKEHHIMHA

CKJIQJIHUM TEXHOJIOTIYHMM MpOLIECOM s  Taiysi
BUpOOHMITBA. bBimbHIiCTE ICHYIOUHMX TEXHOJOTTYHHX
CXeM BHPOOHHWLTBA Ma€ HANPSAMKH  ITiJBHIICHHS

Cnucoxk Jiureparypu

1. Sun, T. Antioxidant phytochemicals and antioxidant
capacity of biofortified carrots (Daucus carota L.) of
various colors / T. Sun, P.W. Simon, S.A. Tanumihardjo //
J. Agr. and Food Chem. 2009. 57, Ne 10, — pp. 4142-4147.

2. Dijuric, Z. Antioxidant capacity of licopene-containg foods /
Z. Djuric, P.C. LaKesha // Int. J. Food Sci. and Nutr. 2001.
—52, Ne 26 — pp. 143-149.

3. Leonardi, C. Antioxidative activity and carotenoid and
tomatine contents in different typologies of fresh
consumption tomatoes J. Agr. and Food Chem. 2000. — 48,
Ne 10, — pp. 4723-4727.

4. bopucoBa A.B., MakapoBa H.B. DOkcnepumentanbHOe
omnpeseineHue (HH3UKO-XUMHUYECKUX M aHTHOKCHIAHTHBIX
MOKa3aTeneil 4YeThlpeX BHIOB OBOLICH. TexHuka u
TEXHOJIOTHS MUIIEBBIX TPou3BoACTB. 2012. Ne 2, c. 1-6.

5. IMarear P® Ne 2130049. MIIK C 11 B 1/10. Cnoco6
nepepabOTKH CEeMSH TOMAaTOB M TOMATHBIX BBDKMMOK.
Kanvanosuu C.A., Maprosmyk B.U., Bepummnauna O.J1. u
ap. 3asBka Ne 97108301/13, 20.05.1997.

6. Hartal D. Lycopene: a bioactive carotenoid and its use in
foods // The Intern. Review of food Science and
Technology. 2006. — pp. 75-78.

7. Dbyxxkano C.L 3arajypHa  TEXHOJOTIS  Xap4oBOi
MPOMHMCIIOBOCTI Yy mNpuKiIagax 1 3amadax (MPUKIagd Ta
tecty) [Tekct| minpyunuk 3 rpudpom MOH. Kuis «IleHTtp
yuboBoi miteparypu»: 2018, 108 c.

e(eKTUBHOCTI IX pOOOTH 3a PaxyHOK BHUKOPHCTaHHS
cyyacHoro oOmanHanHs. [Ipu nbOMY CTYJICHTH MOBHHHI
MaTH HAaBUYKUA BUKOPUCTAHHS METOIIB  0OpOOKH
CHPOBHHHU BUPOOHHMIITBA 3 METOIO OTPUMAaHHS MIJILOBUX 1
MOOIYHUX TPOAYKTIB Ta BMITH BH3HAYHTH Ta OOpaTH
parioHa’bHI YMOBH IS TIPOBENCHHS 3a TOTPEOOrO
(hi3uKo-XIMIYHHX, OIOXIMIYHHUX Ta MIKpOOIOIOTIUHUX
NpOLIECH, 10 MEPETBOPIOIOTh CHPOBUHY B THUIIOBI
Xap4yoBi MpoAyKTH. Taki yMOBH MO3BOJIAIOTH HaOyBaTH
CTYJCHTAM HaBHYOK KOMIICTCHTHUX CICHIaTICTIB B
NUTAHHAX BHUPOOHMITBA XapuyOBHUX NPOJYKTIB 13
CHUPOBUHH POCIIMHHOTO TIOXOIXKCHHSI.

Ha migcraBi BUKOHAHOTO TOCIIDKCHHS T4 aHAII3Y 3
METOK0  BH3HAYCHHS  MOMJIHMBOCTCH  MiJABHUICHHS
eHeproe)eKTUBHOCTI KOMILTEKCHUX CUCTEM
BUPOOHMIITBA  IUIOJIOOBOYEBOT  CHPOBHHH  MOXHA
BH3HAUYUTH  TPOOJEMU  KOMIDIEKCHOI  MepepoOKH
TOMATHOI ~CHPOBWMHH TIOB’S3aHI 3  HEOOXIiTHICTIO
OTPUMaHHSI KOHKYPEHTOCIIPOMOXHHUX TPOAYKTIB Ha
OCHOBi 1HHOBAIlIMHUX TEXHOJOTIH 11X BHPOOHMIITBA,
3aCHOBAaHMX Ha BHUKOPHCTaHHI (DI3UYHUX, MEXaHIYHUX,
¢Gi3UKO-XIMIYHMX,  OIOJIOTIYHMX 1  TEXHOJIOTIYHHX
MPUHAOMIB,  HANPUKIAN, TEXHOJOTii  KOMIUIEKCHOL
MepepoOKH TOMATIB Ui OTPUMAHHS CYXHX 1 B'SUICHUX
TOMATiB, CyXMX TOMAaTHHX TOpoIKiB. Cucremu
LUEHTPU(PYTYBaHHSI-BUIIAPIOBAHHS Y BUPOOHUIITBI TOMAT-
MIPOYKTIB HaJa0Th MOXITUBICTh OTpUMaHHS
BHUCOKOKOHIICHTPOBAaHUX COKIB, TpPH LOMY MEHII
€HEePrOEMHMM  CTa€ OTPUMAHHA ITOPOIIKOMOAIOHOT
KOHCUCTEHIIl, IO  JOCATa€ThCs  3a  PaxyHOK
BHUKOPHCTAHHS BUCOKOKOHIIGHTPOBAHOTO (pyrary.

[IpencraBneni Marepianm MaroTh cTaTyc
IHTENICKTyaIbHOT BIACHOCTI JJI1 HABYAHHS CTYIICHTIB, 1IC
CKJIaJIOB1 KOMIUIEKCHUX 1HHOBAIiitHUX mpoekTiB [13-21].

8. byxxano C.L 3arajipHa TEXHOJIOTis Xap4oBoi
IIPOMUCIIOBOCTI Y MIPUKIIaAAx i 3a7a4ax (MpUKIAIU Ta TECTH
3 TEXHOJOTIl KPOXMAalo) [TeKCT| MiAPYYHHK 3 TpuUPOM
MOH. Kuis «Llentp yuboBoi miteparypm»: 2019, 108 c.

9. byxxkano C.L 3arajgbHa ~ TEXHOJOTIs XapuoBoi
MPOMHUCJIOBOCTI Y MpHKIafax 1 3amadax (KOMIUIEKCHI
cucteMi — MoHorpadis) [TeKkcT| HApY4YHUK 3 Tpudom
MOH. Kuis «entp y460Boi niteparypu»: 2020, 108 c.

10. Jlakiza O.B., Cyxuit K.M., Byxkamo C.I., Imenko M.B.,
Imenko K.}O., Jlemuenko B.I'. Komnosumis s
BUTOTOBJICHHS OyJIOYHHX BHPOOIB 3 TapOy30BUM IIPOTOM.
ITatenT Ykpainu Ne 142181. 25.05.2020. — Ne10.

11. Byxkano C.I. MOXIMBOCTI  PO3BUTKY  TEXHOJOTIi
moaudikoBanux kpoxmaii. Bicauk HTY «XIIl». — X.:
HTY «XIII», 2019. — Ne 21(1346). — C. 84-93.

12. byxxkaino C.L 3arajgbHa ~ TEXHOJOTIs XapuoBoi
IPOMUCIIOBOCTI y MpHKJIazax 1 3amadax (IHHOBaIiNHI
3axoam) [Tekct] miapyunuk. — K.: ITHJL, 2014. — 456 c.

13. Byxkano C.I. Crioci6 KOHIIEHTpPYBaHHS CIIMPTOBOI Oapiw.
ITatenT Ha KOpUCHY Mozenb 40625, Ykpaina. 2009.

14. Tosopos ILIIL, Byxkano C.I., Kiuginosa A.K., ['oBopoBa
K.B. EneproedextuBHa cucTeMa 3HE3apak€HHA BOIAM Ha
OCHOBi CBIiTIIOmIOAHMX [pKepen cBitia. Bicuuk HTY
«XTIII». — X.: HTY «XI1I», 2020. — Ne 5(1359). C. 19-25.

15. Byxkano C.I. Irmim C.II, OnbxoBcbka B.O. Amnaniz
PEOJIOTIYHNX BIIACTUBOCTEH pi3HOBHIIB MaioHe3y. BicHuk
HTVY «XII». X.: HTY «XI1I», 2020. Ne 5(1359). C. 63-70.

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini
docriddicenns y Haykosux pobomax cmyoenmis, 2020, Ne 6 (1360) 33



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

16.

17.

18.

19.

20.

21.

[\

Byxkano C.JI. BusHaueHHS TpPHKIAIB  TEXHOJOTIH
JIOCII/UKEHHST Y HayKoBUX poborax crymeHtiB. III mixh.
KOH(]. cTyzmeHTiB Ta acmipadTiB «CydJacHi TEXHOJOTT
XapuoBHX BHUPOOHUITBY», 14—15 2020, Huinpo, .,: Jipa,
JHY im. Onecst 'onuapa, c. 42-46.

Byxkano C.I. AreitueBa A.O., Areituesa O.0., babam JI.B.,
Mmyukiza H.I'. Meroanuni acnektd  pedopMyBaHHS
IUCTAHIIMHOTO HAaBYaHHS B CHCTEMI BHUIOI OCBITH. BicHUK
HTY «XIII». X.: HTY «XIII», 2020. Ne 5(1359). C. 3-10.
Kapustenko P., Klemes J.J., Arsenyeva O., Bukhkalo S.,
Fedorenko O., Kusakov S. The Utilisation of Waste Heat
from Exhaust Gases after Drying Process in Plate Heat Ex-
changer. Chemical Engineering Transactions, 81, 589-594.
Bilous O., Sytnik N., Bukhkalo S., Glukhykh V., Sabadosh
G., Natarov V., Yarmysh N., Zakharkiv S., Kravchenko T.,
& Mazaeva V. Development of a food antioxidant complex
of plant origin. Eastern-European Journal Of Enterprise
Technologies, (2019), 6(11(102)), 66-73.

Byxxkano ClL CunepretTuyHi Mozeni UL
€KOJIOTi4HOOe3MeYHNX MpOLIECiB ineHTudikamii-
kiacudikanii BropunHux noximepis. Bicauk HTY «XIID».
—X.: HTY «XIII», 2018. — Ne 18(1294). — C. 3644,

Bukhkalo, S.I., Klemes, J.J., Tovazhnyanskyy, L.L.,
Kapustenko, P.O., Arsenyeva, O.P., & Perevertaylenko,
0.Yu. 2018. Eco-friendly synergetic processes of municipal
solid waste polymer utilization. Chemical engineering
transactions, 70, 2018, 2047-2052.

Bibliography (transliterated)

Sun, T. Antioxidant phytochemicals and antioxidant
capacity of biofortified carrots (Daucus carota L.) of
various colors / T. Sun, P.W. Simon, S.A. Tanumihardjo //
J. Agr. and Food Chem. 2009. 57, Ne 10, — pp. 4142-4147.

. Djuric, Z. Antioxidant capacity of licopene-containg foods /

Z. Djuric, P.C. LaKesha // Int. J. Food Sci. and Nutr. 2001.
— 52, No 26 — pp. 143-149.

. Leonardi, C. Antioxidative activity and carotenoid and

tomatine contents in different typologies of fresh
consumption tomatoes J. Agr. and Food Chem. 2000. — 48,
Ne 10, — pp. 4723-4727.

Borisova A.V., Makarova N.V. Jeksperimental'noe
opredeleniec  fiziko-himicheskih i antioksidantnyh
pokazatelej chetyreh vidov ovoshhej. Tehnika i tehnologija
pishhevyh proizvodstv. 2012. Ne 2, ¢. 1-6.

Patent RF Ne 2130049. MPK C 11 B 1/10. Sposob
pererabotki semjan tomatov i tomatnyh vyzhimok.
Kalmanovich S.A., Martovshhuk V1., Vershinina O.L. i dr.
Zajavka Ne 97108301/13, 20.05.1997.

6. Hartal D. Lycopene: a bioactive carotenoid and its use in

foods // The Intern. Review of food Science and
Technology. 2006. — pp. 75-78.

Bukhkalo S.I. Zagal'na tehnologija harchovoi promislovosti
u prikladah i zadachah (prikladi ta testi) [tekst] pidruchnik z

grifom MON. Kiiv «Centr uchbovoi literati»: 2018, 108 p.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bukhkalo S.I. Zagal'na tehnologija harchovoi promislovosti
u prikladah i1 zadachah (prikladi ta testi z tehnologii
krohmalju) [tekst] pidruchnik z grifom MON. Kiiv «Centr
uchbovof literaturi»: 2019, 108 p.

Bukhkalo S.I. Zagal'na tehnologija harchovoi promislovosti
u prikladah i zadachah (kompleksni sistemi — monografija)
[tekst] pidruchnik z grifom MON. Kiiv «Centr uchbovoi
literaturi»: 2020, 108 p.

. Lakiza O.V., Suhij K.M., Bukhkalo S.I., Ishhenko M.V.,

Ishhenko K.Ju.,, Demchenko V.G. Kompozicija dlja
vigotovlennja bulochnih virobiv z garbuzovim shrotom.
Patent Ukraini Ne 142181. 25.05.2020. — Ne10.

Bukhkalo S.I.  Mozhlivosti ~ rozvitku  tehnologij
modifikovanih krohmaliv. Visnik NTU «KhPI». — Kh.:
NTU «KhPI», 2019. — Ne 21(1346), — pp. 84-93.

Buhkalo S.I. Zagal'na tehnologija harchovoi promislovosti
u prikladah i1 zadachah (innovacijni zahodi) [tekst]
pidruchnik. — K.: CNL, 2014. — 456 p.

Bukhkalo S.I. Sposib koncentruvannja spirtovoi bardi.
Patent na korisnu model' 40625, Ukraina. 2009.

Govorov P.P., Bukhkalo S.I., Kindinova A.K., Govorova
K.V. Energoefektivna sistema znezarazhennja vodi na
osnovi svitlodiodnih dzherel svitla. Visnik NTU «KhPI». —
Kh.: NTU «KhPI», 2020. — Ne 5(1359), — pp. 19-25.
Bukhkalo S.I. Iglin S.P., Ol'hovska V.O. Analiz
reologichnih vlastivostej riznovidiv majonezu. Visnik NTU
«KhPI». Kh.: NTU «KhPI», 2020. Ne 5(1359), — pp. 63-70.
Bukhkalo S.I.  Viznachennja prikladiv  tehnologij
doslidzhennja u naukovih robotah studentiv. III mizhn.
konf. studentiv ta aspirantiv «Suchasni tehnologii harchovih
virobnictv», 14-15 2020, Dnipro, D.,: Lira, DNU im.
Olesja Gonchara, — pp. 42-46.

Bukhkalo S.I. Agejcheva A.O., Agejcheva O.0., Babash
L.V., Pshichkina N.G. Metodichni aspekti reformuvannja
distancijnogo navchannja v sistemi vishhoi osviti. Visnik
NTU «KhPI». Kh.: NTU «KhPI», 2020. Ne 5, — pp. 3—-10.

Kapustenko P., Klemes$ J.J., Arsenyeva O., Bukhkalo S.,
Fedorenko O., Kusakov S. The Utilisation of Waste Heat
from Exhaust Gases after Drying Process in Plate Heat Ex-
changer. Chemical Engineering Transactions, 81, 589-594.
Bilous O., Sytnik N., Bukhkalo S., Glukhykh V., Sabadosh
G., Natarov V., Yarmysh N., Zakharkiv S., Kravchenko T.,
& Mazaeva V. Development of a food antioxidant complex
of plant origin. Eastern-European Journal Of Enterprise
Technologies, (2019), 6(11(102)), 66-73.

Bukhkalo S.I. Sinergetichni modeli dlja
ekologichnobezpechnih procesiv identifikacii-klasifikacii
vtorinnih polimeriv. Visnik NTU «KhPI». — Kh.: NTU
«KhPI», 2018. — Ne 18(1294), — pp. 3644,

Bukhkalo, S.I., Klemes, J.J., Tovazhnyanskyy, L.L.,
Kapustenko, P.O., Arsenyeva, O.P., & Perevertaylenko,
0O.Yu. 2018. Eco-friendly synergetic processes of municipal
solid waste polymer utilization. Chemical engineering
transactions, 70, 2018, 2047-2052.

Haoitwna (received) 19.09.2020

Bioomocmi npo asmopis / Ceedenus 06 asmopax / About the Authors

Byxkano Ceimnana leaniena (Byxxano Ceemnana Heanosena, Bukhkalo Svetlana Ivanovna) — xanmunat TeXHIYHIX HayK,
npodecop kadenpu IHTErpOBAHHX TEXHOJOIiH, HpoleciB Ta amapaTiB, HarjioHanpHHH TeXHIYHMH yHIBepCHTET «XapKiBChKUiA
MOJIITEXHIYHU# IHCTUTYT», M. XapKiB, YKpaiHa;
ORCID: http://orcid.org/0000-0002-1389-6921; e-mail: bis.khr@gmail.com

Onvxoecvka Bixkmopia Oneziena (Onvxoeéckaa Bukmopusa Onezoena, Olkhovska Victoria Olegovna) —
crynentka 2 kypcy XHYPE, m. XapkiB, Ykpaina.

Bicnux Hayionanvnoeo Texniunozo Yuieepcumemy «XI1l». Cepis: Innosayitini

34

docriddicenus y Haykosux pobomax cmyoenmis, 2020, Ne 6 (1360)



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

YK 665.7.035.6 doi: 10.20998/2220-4784.2020.06.05

H. M. HIMEI]b, T. B. EPYCEHIIEBA, H. C. [TAIIKO

KOMILIEKCHHUM AHAJII3 JEAKUX MOJEJEN EKOJIOTTYHOI BE3NEKHA
CYINYTHBO-INTACTOBUX BOJ HA®TOKOHJAEHCATHHUX POJOBHIILY

VY marepianax cTaTTi po3rJISTHYTI MOXKJIMBOCTI BH3HA4YEHHS MOJENeH eKOJIOTiYHO-0e3MeYHnX IMPOLECiB TOCIIPKCHHS CYIIyTHbO-
IUTACTOBUX BOJl HA()TOKOHJCHCATHUX POJNOBHII. P03poOku mpoBeleHi 3 METOK BHOOPY CYYacHUX BUCOKOE(DEKTUBHHX
HaYKOBO-OOIPYHTOBaHUX KOMIUICKCHHX TEXHOJIOTIH raimysi: 1) pi3HOBHIIB TEXHOJOTII Ta iX 3aKOHOMIPHOCTEH 3 ypaxyBaHHSIM
crer(pivHUX OCOONIMBOCTEH KOMIIOHEHTIB; 2) Ha PI3HHX CTaisX HPOEKTYBAaHHS i OOIPYHTYBAaHHS MOJENEH yCTaTKyBaHHS.
IIpencraBneni mpukiazy i Jedki 0cOONMBOCTI MOXIIMBHX pIIICHb, SKi 3aCHOBAaHI Ha EKCHEPHMCHTAJIbHUX MAHHX PO3POOKH
MEeXaHi3MiB MPOLECiB i IX HAyKOBOTO OOIPYHTYBaHHS y BUIJIA 00'ekTiB TexHOoril. [IpoGieMu CTBOPEHHS eKOJIOT YHO-0e3MeYHNX
TEXHOJIOTIH PO3MILSIIAETHCS Y BUIIAAL CKIAJHUX KOMIUIGKCHHUX HPOLECIB, iX JOCIIIKEeHb, aHANI3y €Hepro- i pecypcosoepiraroaux
ckianoBux. [IpoaHanizoBaHo yMOBH 3aCTOCYBaHHS BIIACTHBOCTEH MOAenei Ta iX mapameTpH, CpOpPMOBaHO pPEKOMEHIAIl uis
BUOOPY MOJIETi KOHKPETHOTO CEPEeAOBHIIIA.
KoiouoBi c10Ba: exosoriqHo-0e3neyni Mo/ielli; KOMIUIEKCHI TeXHOJIOTIT ray3i; crenugivHi 0coOIMBOCTI BUPOOHUIITBA.

H. H. HEMEI, T. B. BPYCEHI]EBA, H. C. IIAIIKO

KOMIIJIEKCHBIA AHAJIN3 HEKOTOPBIX MOJIEJIEN 9KOJOI HYECKOM BE3OIIACHOCTH
CONYTCTBYIOIIHUX IIJIACTOBBIX BOJ HA®TOKOHJIEHCATHBIX MECTOPO K IEHIAN

B Marepuanax cratbi pacCMOTPEHBI BO3MOXKHOCTH OIIPENCIICHUST MOZEIICH 3KOJIOTUICCKH OE30TMACHBIX MPOIECCOB MUCCIICIOBAHUS
COMYTCTBYIOLIMX IUIACTOBBIX BOJ HE(TEKOHACHCATHBIX MECTOPOXKACHHMI. Pa3paboTku MpoBeeHb! ¢ LeIbl0 BHIOOPAa COBPEMEHHBIX
BBICOKO?()()EKTHBHBIX Hay4HO OOOCHOBAHHBIX KOMIUICKCHBIX TEXHOJIOTWil oTpaciu: 1) pa3sHOBHIHOCTEH TEXHONOTHH H HX
3aKOHOMEPHOCTEH € y4eToM crneuu(puyeckux OCOOCHHOCTEH KOMIIOHEHTOB; 2) Ha Pas3IMYHBIX CTAAUAX IPOCKTHPOBAHUSA W
o0ocHoBaHMs Mozenel obopynoBanus. IlpencTaBiaeHsl TpUMepbl U HEKOTOPbIE OCOOEHHOCTH BO3MOKHBIX PEIICHUH, OCHOBAHHBIX
HA DKCIICPUMEHTAIBHBIX JJAHHBIX Pa3pa0OTKH MEXaHM3MOB IPOLIECCOB M HX HAYYHOTO OOOCHOBAHHUS B BUJIE OOBEKTOB TEXHOJIOTHH.
IIpo6neMbl co3maHmst SKOJIOTHUECKH OE30MACHBIX TEXHOJIOTHH pacCMaTPUBAETCS B BHUIE CJIOKHBIX KOMIUICKCHBIX MPOLECCOB, UX
HCCIICIOBAHUI, aHaM3a SHEPro- U PecypcocOEperarx COCTaBISIOMMX. [IpoaHatn3upoBaHbl yCIOBUS TPUMEHEHHST CBOWCTB
MOJIeNICH U WX MapaMeTpbl, cOPMHUPOBAHBI PEKOMEHIALUK JJIsi BHIOOpA MOJENHW IUII KOHKPETHOW Cpeibl He(pTEKOHICHCATHBIX
MECTOPOXKICHUM.

KnioueBble ci10Ba: 3K0N0OTH4ECKH 0e30macHble MOJENN; KOMIIIEKCHBIE TEXHOJIOTUHN OTPACIH; Crenuduyeckue 0COOCHHOCTH
MPOM3BOCTBA.

N. NIMETS, T. V. BRUSENTSEV A, N. TSAPKO

COMPREHENSIVE ANALYSIS SOME MODELS ENVIRONMENTAL SAFETY OF RELATED FOUNDATION
WATERS OIL-AND-GAS CONDENSATE FIELDS

The materials presented of complex analysis innovative development is devoted to improving the environmental safety of the return
of oilfield produced water to the bowels of oil-and-gas fields. The developments have been carried out with the aim of selecting
modern highly efficient science-based technologies: 1) types of technology and their regularities, taking into account specific heat
exchange stages; 2) at different stages of design and justification of equipment models. Examples and some features of possible
solutions are presented, which are based on experimental data of the development of process mechanisms and their scientific
substantiation in the form of objects of technology. A review of the literature and the necessary articles written on the subject: as
technologies develop and become more complex, energy needs increase greatly; identified possible areas of work in obtaining the
necessary information and results. The materials are devoted to the results of researches of properties of technical and technological
innovations of modern systems as object studies the possibility of complex properties in the development system increasing the
economic efficiency of new sources. The subject of the study is the environmentally friendly return of oilfield produced water to the
bowels with the release of iron hydroxide and the extraction of iodine.
Kuaruessble ciioBa: models environmental safety; complex industry technologies; specific features of production.

Beryn.  IlimBumeHHio  ekosioriyHoi — Oe3mekd  ekosoriuHoi 6esmeku [1-5, 10-12].
NpoLeCy MOBEPHEHHS CYIyTHHO-IJIACTOBUX BOJA y Hajpa 3 METOIO0 BCTaHOBJICHHS KOMILIEKCHUX
Ha(TOra30KOHACHCATHUX  POJOBHUI 3 BHIAJICHHSM  3aKOHOMIPDHOCTEH MpOLECYy MOBEPHEHHS CYIyTHBO-
CHOJIyK 3aii3a il BHJIyYEHHSM HOAYy O30HYBaHHSIM —  IUIACTOBMX BOJ Yy Hajgpa aBTOPOM  IPOBEICHO

aKkTyajgbHa 3aJjaya BH3HAYCHHS QITOPUTMY B3a€MOIIT
CKJIaIOBUX  POOOTH  Ta30KOHACHCATHUX  POIOBHIIL
O0'eKTOM JOCHIPKEHHSI € EKOJOTYHO HeOe3MeuHmiA
MpoIeC MOBEPHEHHS CYIMYTHBO-IUIACTOBUX BOJA B HAJpa.
IIpenmer OOCHIIKEHHS TMOJITae Y  BCTAHOBJICHHI
KOMIUICKCHUX 3aKOHOMIPHOCTEH TIPOIECy IMOBCPHCHHS
CYMyTHBO-IUTACTOBHX BOJ y HajApa Ta ITiIBUIICHHS HOTO

EKCIIEPUMEHTAIbHUN aHali3 KOMIIOHEHTHOTO XiMIYHOTO
CKJIaay CYIyTHBO-IUIACTOBUX BOJ PAAY BITYM3HSHHX
ponosuml. JlocnimkeHHs, nepi 3a Bce, OyiM HamnpaBieHi
Ha BHOIp CKJIAQJOBMX HAayKOBOrOo OOIDYHTYBaHHS 3a
MOKa3HUKaM{ 3MCHIIEHHS 4Yacy OCQ/UKEHHs 3aBHUCIUX
PEUYOBHH 32 paXyHOK YTBOPEHHS NP 030HYBaHHI1
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rigpokceuny 3amiza (III), ix cymicHoOcCTi 3 IIACTOBUMH
BOJIaMU TOTJIMHAIOYOTO IDIACTa, IO JNaii OyJIO OIHEHO
32 KPUTEPiSMU IiIBUIICHHS EKOJIOTIYHOI OC3MeKU Ipu
TTOBEPHEHHI y HaJpa.

[Tonepenni nocnimkeHHs OynM HampaBleHI Ha
eKCIIEpUMEHTANIbHE BU3HAYCHHS KOHIICHTpAIlid HOAMI-
ioHiB y cynytHbo-iacToBiii Bomi (CIIB) pizHHX
BITYM3HIHUX Ha(TOTa30KOHICHCATHHX POIOBHIII.
3aragbHUM KPHUTEPiEM BHU3HAYEHHS Y BOJaX OOpaHUX
POJIOBUII] BU3HAUCHA KOHIEHTpALlis Hoana-ioHiB Oinblie
20 wmr/mvM®, fka € JOCTaTHBOIO, IS IIPOMMCIOBOIO
BUPOOHHUIITBA HOMY. ABTOPOM BCTAHOBIICHI MPHUKIIAIH
BITYM3HSHUX POJOBUII, SKI MOXYTh OyTH CHPOBHHHOIO
0a3010 I OTpUMAaHHA Hoay. BMicT Hoaun-ioHIB qestKux
pomoBui, 30kpema ['OopoOLiBcEKOro, MeaBeniBChKOro
cArae KOHLEHTpanii 198 Mr/amM’, mo xae 3Mory oLiHHTH
KUTBKICTh OTpUMaHHs Homxy Ha piBHI ~ 48 T, TiIbKU 3
oaHOTO  MeaBeaiBChKOro  Ha(TOTra30KOHACHCATHOTO
POIOBHIIIA.

3arajibHa XapakTepHCTHKA 00’€KTiB Mojaenei
JOOCTiTzKeHHsI, 00JIa/IHAHHS i MeToIM aHaJi3y. 3 MEeTOIo
JIOCITIKeHHS. BUKOpUCTaHO MozenbHi cymimi CIIB, mo
CKIIany SKHUX BXOAATH, Mr/am’: I — 10-150, Br — 400—
800, NaCl — 10000-323000, Fe’'— 0-66. s
3a0e3neucHHs HEOOXiTHMX KOHIEHTpAIi HOMUI-10HIB
BuKopHucTaHo K/ Mapku X.4., OpoMmin-ioHiB — KBr mapku
x.4., Fe? -ioniB — FeSO,; mapku 4., NaCl mapku 4. J{ns
pO3pOOKHM  TECTOBMX MeETOAIB OyJO BHKOPUCTAHO
HACTYITHI PEaKTHBH: HATPIIO HITPHUT, X.9.; KO HOMHI,

X.4.; Kamipo Womar, X.4.;, Kajito Opomar, 4.ji.a.;
(dbayopecriein, q.71.a.; cynb(haTHa KHCIIOTa
KOHIIEHTpOBaHa (P 1,83 r/em’), x.u.; Kamiro

TINOXJIOPUT, HACHYSHUH PO3YMH; HATPiIO GopMiaT, X.d.;
aMoOHil0 MoJIOAar, X.4.; METHJIOBHH pyawid 4Y.j1.a.;
KpPOXMaJib BOJIOPO3YMHHHUM, X.4.; KHCIIOTa OOpHA, HACHY.

po3uun; Hatpito THOcymb(at, ¢ =0,1 mMosas/am>; manip
¢GuIbTpyBaNbHUIA; IMiHOMONIypeTaH (JMCTOBUM, Oioro
KOJILOPY, TOBIIMHA 1 CM).

Jns  BuU3HAYEHHS ~ XapaKTEPUCTHK  MOJEJeH
Bukopuctano CIIB, ski  XapakTepm3ylOThCs  3a
XIMIYHIMH METOJaMH HACTYITHUM CKJIQJIOM:

- Mamiscekoro I'KP ckmanmy, mr/am®: [I] = 10,1;
[Br] =126; [Fe’'] = 34; minepanizauis M = 123100; pH
=5,9;

- Memuxiscbkoro I'KP cknamy, mr/mv’: [I] = 49,9;
[Bri] =1785; [Fe’'] = 46; M = 202000; pH = 4,8;

- Omniiscskoro I'KP cknany, mr/nv®: [I] = 50; [Br]
= 800; [CI] =148086; [SO/] = 215; [HCO5]= 220;
[Ca®'] = 536; [Mg>"] = 4256; [Fe*'] = 42; [F&'] —
Bigc.; M =253000;

- Mengeniseskoro I'KP ckmany, mr/am>: [I] = 150;
[Br] =1820; [Fe?"] = 428; M = 320000; pH = 5,7.

Bubip 00’ekTiB Mojaeneil JAOCTIIKEHHS Cy4acHOTO
€KOJIOTIYHOTO CTaHy IPYHTYEThCSA Ha 3acamax [1-12]
(Tabm. 1):

1) mim3eMHi BOAM MAIOTh PI3HUI XIMIYHUE CKiIa —
BOHH BiJTHOCSATHCS IO TMOJIIHTPENIEHTHUX IOJIOTAHTIB,
SKi TIPOSIBJISIIOTH BHCOKY TI€OXIMIYHY aKTHBHICTb 1
TOKCHUYHICTD,

2) 1o ix ckiaxy BXOAATH Ha(TOBI BYTJICBOIHI, COII
PI3HMX METaJiB 1 MEXaHiYyHI JOMIIIKH, SKi IiJ Yac
NOTJIMHAHHS TPYHTaMH, HaJIXOIS4dW B IPYHTOBI BOJH,

pi3kO0  3MIHIOIOTH iX XiMiuHi 1  (i3uKo-XiMiuHi
BJIACTUBOCTI;

3) TmOKa3HWKaMH BWIIEBKAa3aHUX BIACTHBOCTEH
BU3HAYEHO: COJBOBUM CKJIad, JYXHICTh, pPEaKINiio

TPYHTOBUX CYCTICH31H, IPYHTO-TTOTITUHAIOYHA KOMITJIEKC;
4) nokasHUKaMH iX BIUIMBY — IIOPYIICHHS BOJHO-
HOBITPSHOTO PEXUMY 1 BYIJIENB-a30THOrO OajiaHcy,

3MiHa CTPYKTYypy IpyHTy [10-12].

Tabmuus 1. Buxigni gaHi Monenedl OLHIOBaHHS CY4acHOTO €KOJIOIIYHOTO CTaHy BHKOPHCTAHHS CYIYTHBO-IUIACTOBHUX BOJ

Ha(TOra30KOHACHCATHUX POOBHIIL

O0’exTH HocHiKeHHsT | XapaKTepucTHKa

CYIYTHBO-TIJTACTOBHX
XapaKTepPHUCTHKA i XIMIYHHH CKJIaJ CYIyTHHO-IUIACTOBUX BOJ.

BOX HaTOra30KOHACHCAaTHMUX POJOBHMII -  3arajbHa

Kommtekcuuii anainis
00’ €KTIB TOCIIKEHHS
CTPOHIIIIO Ta iH.

Po3noBcromkeHHs oy B Bogax HaQTOra30KOHICHCATHUX POIOBUIL Ta OLIHIOBAHHS BIUIUBY CYITYTHBO-
IUTACTOBUX BOJI HA HABKOJIMIIHE CEPEIOBHINE, HANPHKIAM, 10OHM XJOpPY, KalbIil0, MarHilo, HaTpifo,

AmHati3 TexXHoJI0ri1
nosepuenHs CIIB
y Hajpa

3a Bigomoro TexHoJjorieto nosepuenHs CIIB y Hanpa BinOyBaeThest MmiCis TPHUBAIOTO BiJACTOIOBAHHS, IO
npu 3pocratouoMy o0cs3i HamxomkenHs CIIB 3pocraioTh pu3uMKu 3a0pyAHECHHS HaBKOJIMIIHBOTO
CEepEeNOBHIIA PSIIOM HeOe3NeYHHX PEUOBHH.

Kpurepii ananizy

€KOJIOT YHO1 O€3MeKH |IUIaCTOBHX BOJ B Hajgpa

Exosoriuna 0e3reka TeXHOJIOTIT TMOBO/PKCHHA 3 CYNYTHBO-IJIACTOBUMHU BOJAMU — IIOBEPHEHHS CYITYTHBO-

Kpurepii Budopy

CIIB-niepepobku YkpaiHi BincyTHe.

Ekosoriuna Gesrneka TEXHOJIOTIT OTpUMAaHHA ﬁOIIy 3 CYIYTHBO-IITACTOBUX BOI, BI/IpO6HI/IHTBO SIKOro B

CIIB-niepepoOku o3onyBanust CIIB.

PizHoBuu 3 OypoBMX BOJX B IHIIMX KpailHaX BHJIY4YalOThb HOJA 3 BHUKOPHUCTAHHSAM EKOJIOTIYHO HeOe3NeyHHX

ocobnuBoCTei XJIOPOBOJIHEBOI i Cynb(aTHOI KHUCIOT, CIPKM TIOKCHAY 3 YTBOPEHHSIM OCAliB, sSKi MOXYTh OJIOKYyBaTH
CIIB-nepepodku noBepHeHHs1 CIIB y Hazgpa i cTBOproBaTH aBapiiiHi cuTyarii.

Ocob6mmBocTi Busuenns cymicaocti CIIB i macToBux BOA ISl BUIAJIEHHS CHOJIYK 3aji3a Ta BIIyYeHHI HoMy MUIIXOM

Po3poOka TecTOBHX MeTOAIB JUIsl eKCHpec-
KOHTpOo0 komnoHeHTiB CIIB.

Sk BiZOMO, TECTOBI METOOW — M€ TPOCTi,
MOPTAaTUBHI,  JIEMIeBI  KCIpeCcHI  METOAWKH IS

BCTAHOBJICHHSI TPHCYTHOCTI 1 aHamidy pedoBUH 03
CKIQJHUX  IMATOTOBKA  3pa3kiB,  J1ab0paTOpHOTO
obOnagHaHHsA, OOpOOKM pe3yJbTaTiB Ta IMiArOTOBICHOTO
crierianbHo niepcoHay [10—-12].
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Sk BiTOMO, OCHOBHa MeETa TECT-METOIIB — II¢
NIBUJKA OI[iIHKA TMPUCYTHOCTi, HAMBKUIbKICHE Ta
KUTbKICHE BU3HAYCHHS KOHTPOJLOBAHUX KOMIIOHCHTIB 3
BUKOPHCTAHHAM  BIJOMHX  XIMIYHMX  peakmid i
CEJICKTUBHHUX, YacTo (iKCOBaHWHA iMMOO1TI30BaHHMX,
peareHTiB B yMoBax Ta (opmi, MmO 3a0e3MeuyroTh
JIETKO Bi3yanbHUH eeKT, Hanpukiaa 3adapsieHus [12].

IToxuOka Tpu Bi3yaJbHUX OIlIHKaX, HE 3BaKAIOUH

Ha Cy0’€KTHUBHICTb, HE Oinpiia MTOXHUOKH
IHCTPYMEHTAaJIbHOTO BH3HAYCHHS, HaIpHKIIax
MminiporomeTrpoM. Meroq  KomOpHUMETpii  103BOIISIE

CTBOPUTH PIBHO KOHTPACTHY KOJIOPHMETPUYHY LIKaly,
Ky PO3pI3HSE OKO JIOMMHHU. JIJIsl 1[bOTO TOTYIOTH P
CTaH/apTIiB Y T€OMETpUYHiil mporpecii 3 KpokoM 2 uu 3.
Sxuro He Binoma KoHueHTpawis Cyx 3HaXOJUTHCS MIX 71 1
n+l uYneHaMW psAOy CTaHIAPTIB, TO 3TiAHO TIPaBUI
BUKOpHCTaHHA KomipHoi mkamu: C.= (C, + C,+1)/2, a
AC = (C, - Cy+1)/2. B 11bOMy BUNAAKY MaKCHUMAIbHY
BiTHOCHY TIOXHOKY OIIIHIOIOTH 3TiZTHO (hOPMYITH:

Srzgz (Cn+l-cn)’ (1)
cx (Cnﬂ +Cn )

I[Ipy  noctiiHOMY  3HIKEHHI  KOHIEHTpaLii
KOMITOHEHTa J0CATAEThCSl 00/IacTh, B MEXKax SKOI MOxe
OyTH sSIK IO3UTHBHUM, TaK 1 HeraTMBHUN pe3yibrat. Llei
Jiama3oH  KOHIIGHTpPAIil  HA3WBaIOTh  IHTEPBAIOM
HEHAAIHHOCTI, JIOBXKMHA SIKOTO XapaKTepU3ye aHaJITUYHI
MOXIUBOCTI MeTtonma [64]. Hmxkde 1poro iHTepBaTy
3HAXOMAThCA KOHIICHTpAIlii, TOCTOBIPHICTh peakilii s
akux Omm3pka a0 0, BuImle - KOHIEHTpaIii, sKi
BH3HAYAIOTHCSA 3 BIPOTiIHICTIO OJIM3BKOTO /10 1.

Jln1st TOpIBHSHHSA TECT-CUCTEM BHKOPHCTOBYIOTH HE
aOCOJNIOTHI  BEJIMYMHM IHTEpBally HEHaJiiHOCTI, a
BimHOCHI [10-12]. 3a BigHOCHY WIMpPHHY IHTEpBAILY
NPUIMaIOTh BiAHOUICHHS PIi3HHLI BEPXHBOI 1 HIKHBOT
MEX 0 BEIMYMHM HWXKHBOI  MEXI  IHTEpBaly
He”azgiHocti. Iligxoan m0 owiHkW HMKHBOI Mexi Cy 3
moxubkoro 33 % BucsiTieHo B [10—12] Ta 3BOAATHCS 10

EKCIIEPUMEHTAIILHOTO BH3HAYCHHS CTaH/IapPTHOT'O
BIIXMJICHHSI  BI3yaJbHOIO BH3HAYCHHS KOMIIOHEHTA
moOaM3y  HOPMOBaHOI  KOHIIEHTpalii 3  3aJaHO0

JoBipyoro BiporimnicTio [10—12].

PesynbTaTi BU3HAYEHHA BMICTY HOOWA-IOHIB B
BOJAX TECTOBMM METOJIOM 1 METOJOM OKHCIIOBaJbHO-
BiJTHOBJIFOBAJIbHOT'O THTPYBAHHSI.

Jis mepeBipkM MPaBUIILHOCTI TECT-METOAY OyJo
MPOBEJICHO aHAJN3 MOJCIBHUX PO3YHHIB, IO MICTIThH
Won. OtpumaHni pesynbraTd OyiaM CIIIBCTaBJIEHHI 3
JTAHUMU OKHCJIFOBAJILHO-BITHOBIIOBAIILHOIO THTPYBaHHS.
PesynbraTi BU3HAuUCHHS HOMUI-IOHIB B MOJEIBHUX
pPO3YMHAX HABEACHO B TaOMIMII 2.

Tabmuuss 2. Pesynpratd BH3HaueHHs BMmicty [ B
MO/JICJIbHUX PO34YHHAX

TurpyBanns (n = 3) Tect-meron (n =12)
3pasox c(l), mr/nm’ c(l), mr/nm’
Nel 10,02+0,06 1043
Ne2 5,04+0,09 542

LIi pe3ynbraTi JOOpe CXOAATbCS MK COOOIO, IO
IO3BOJISIE  3pOOUTH  BHCHOBOK O  IPaBHJIBHOCTI
BHU3HAYCHHS HOHIIIB 32 JOIMTOMOT'OI0 PO3pPOOICHOrO TeCT-
merony. Jlns anamizy Oymm Hanmani 3pasku  CIIB
IOmiiBcekoro HI'KP, ski Oynu mArOTOBNIEHI 3TiIHO
METOIUKH.

PesynbTarn BH3HAYeHHsS HOIUA-iOHIB B 3pa3kax
CIIB HnaBeneHo y Tabmumi 3, CBiZYMTH PO Te, IO
PE3yIIBTATH CXOISTHCS.

Tabmuns 3. PesynbraTi BU3HaueHHs BMIcTy [ B 3pa3kax
CIIB

Turpysannst (n =3) | Tecr-meton (n=12)
3pasox c(l), mr/nm’ c(l), mr/nm’
Nel 16,0+0,08 13+3
Ne2 7.19+0,09 6+1
Ne3 7.04+0.15 5+1
TakuM YMHOM, pO3pPOOJEHO TECT-METOA  JUIA

AHAIITAYHOTO KOHTPOJII0 HOMUI-IOHIB, MO0 3HAYHO
CKOpOYY€ Yac MPOBEJACHHS TOCIHIHPKEHb y MOPIBHIHHI 3
TIMOXJIOPUTHUM METOJIOM BH3HAUEHHSAM HOLy TIIpH
OJHOYACHIH  MpHUCYTHOCTI  Opomy.  TecT-cucrema
epexkTMBHa TMpPW  BEIMKHX  HAUIMIIKaX  Opomy.
3a3HayeHW METOJ MPUIATHUMA IS BU3HAYCHHS HOMHI-
ioHiB B CIIB i KOHTpOIIO 3aJMIIKOBOTO BMICTy HOIW
1OHIB IiCJI 030HYBaHHSI.

Bukopucrannss CIIB  pasom 3  30iibLIEHHSIM
rMMOMHNA  TepepoOKH  BYIJIEBOIHIB MOXE 3HH3UTH
KamiTanbHi 1 ekcruryaTaniini Butparu Ha 40 % 1 60 %,
BiJINIOBIJTHO, Ta MOKPAIIUTH €KoJoriuHy HeOesmeky. Ili
BOJIY MIANAIAOTH IiJ] KOPUCHI KOMAJINHK, BUKOPUCTAHHS
SIKHX PETIaMEHTYEThCSA JCpKABHUMHU IOKYMEHTaMHU:
«Kmacudikaris ekcruryatamiiHUX 3araciB i MPOTHO3HUX
pecypciB  MiO3EMHUX  BOIY, «lHCTpYKIIT ~ TIO
3aCTOCYBaHHIO KJacHdikamii 3amaciB MiI3eMHHX BOJ
CTOCOBHO POIOBHUII IIPOMHCIOBUX BOA», «THMMYacoBi
BHMOTH JI0O BUBUEHHS 1 TiApaxyHKY 3aIaciB CymyTHIX BOJ
ra3oBHX, Tra3oHa()TOBHX pOJIOBHUII, SK JDKepena
MiHEpaTbHOI CHPOBUHHY», 3aTBEPIKCHHUX [ OJOBHOIO
KoMmiciero 3amaciB Ykpaiau y 1983p., 1984 p., 1992 p.,
BiJIIOBITHO.

Haii0inpim mepcreKTUBHUM, HA JaHWWA dYac, 3a
BMiCTOM #oaua ioHiB 10 198 Mr/am>, 3a po3TanryBaHHIM
Ha TepuTopii XapKiBChKOi 00J1aCcTi, 3HAYHUM MOKIHBUM
nebitom CIIB (12 M%/n06.) e Timekm 3 cB. 63 €
Mengeniceke ['KP. [lami po3missHyTO Ta IOCIHIIHKEHO
BukopucTtannas came CBII mporo pogosuma.

3a paxyHOK TPEACTaBICHUX JTOCITi HKCHD
eKoJIOTiYHA Oe3leKka MiJBUIIYETCA SK Ha  CTauii
niaroroBku npu nosepHenHi CIIB y Hanpa 3a paxyHOK
MPUIIBUIIICHOTO  O30HYBaHHSM  YTBOPCHHS  OCaJy
rigpokcnny 3amiza (III) i BOpoBajKEHHsS EKCIPECHUX
TECTOBUX METOMIB, BH3HAYCHHSI OCAJOYTBOPIOIOYUX
KOMIIOHCHTIB Ta BIOCKOHAJCHHS BHU3HAYCHHS YMOB IX
CYMICHOCTI 3 IUIACTOBUMH BOJaMH, Tak 1 Ha crafil
oZiepKaHHA HOIy 32 PaxXyHOK 3aMiHH PSIy IIKiITUBUX
€KOJIOT1YHO HeOe3NeUHUX PeareHTiB Ha O30HOMOBITPSIHY
CyMIIIL.
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IoBepuennss CIIB y Hanpa BBakaeTbcs OLIbII
paIliOHATbHUM Ta EKOJOTIYHO O€3MeYHINIUM, HDK iX
OYMIIICHHS Ta 3HCIIKOKCHHS. Pa3zoM 3 TuM peamizaiis
nepepoOKr € OinmbIl MPUBAOJMBINIOD, alleé BOHA HeE
MMOBMHHA CYNEPEYNTH IiI0YMM HOPMATHWBaM, a HaBIIAKH
Mae OyTH EKOHOMIYHO BHTITHOIO IS JTOJaTKOBHUX
IHBECTHUIlIH, KpPEAWTIB Ta TMOJATKOBUX IIJIBL, SK IIe
nependadeno 3akoHoMm Ykpainu [11].

[loBepHEHHS CYMyTHBO-IIACTOBUX BOJA Yy Hajpa €
YaCTMHOI0  TEXHOJIOTIYHOTO  TIpolecy  BHAOOYTKY
BYTIJICBOJHIB 1 HANpaBJICHE HA JOCATHEHHS E€KOJIOT1YHOI
Oesnekn TepuTOpil 1 TiIpoAWHAMIYHOI piBHOBaru y

IJ1acTax. Hocsin IIOBEPHEHHS CIIB y
Hadrora3oBuo0yBHIM Taly3i CBIIUUTH MpO Te, MIO
OCHOBHI  YCKJIAJHEHHS NpU ITIOBEPHEHHI MOXYTh

BHKJIMKaTH BHmanaHHs B ocan Tincy (CaSO42H:0),
kapbonariB kampiito (CaCOs) 1 wmarmito (MgCOs3),
TiAPOKCUAY 3aii3a, M0 BU3HAYAETHCS, TOJOBHUM YHHOM,
KIJTBKICHUM CIIBBIAHOLIECHHIM 3a3HaYEHNX
KOMIIOHEHTIB, ki wmictatees B CIIB 1 Bomax
nomrHAarYnX 1iactiB. Ciif 3a3HAYUTH, 110 BUMAAHHS
B 0caJ KapOOHATIB KalbII0 1 MarHifo BiIOyBaeTbcsa y
JMy)KHOMY  cepemoBuili. [lpuwiiManbHa  3[aTHICTB
CBEPIUIOBUH, IO EKCILTYaTYIOTh KapOOHATHUI KOJIEKTOP,
MPAKTUYIHO HE 3HMKYETHCS npu HasiBHOCTI B CIIB kucmoi
peaxiiii cepenoBuia. Bennunnau pH 1 mIacTOBUX BOJ

XapaKTepU3yIOTh CEPEIOBHIIE SK KHUCIOTHE (3HAYCHHS
pH = 45-6,8), y skoMy KapOOHaTH B ocajJ He
BHITAJaI0Th, TOMY MiHiMabHI Tiokazuuku pH CIIB He

eKCIUTyaTalii BKa3ye Ha Te, M0 B iXHBOMY CKJaji
BificyTHI kapOoHaT-ioH. BiH Takox BifcyTHill 1 B
IJIACTOBIM BOJI MOITIMHAKOYMX IIAcTiB. Ile 3HAYUTh, 110
npu 3mimryBanHi CIIB i3 mmacToBUMH — BOJaMH
NOrJMHAIOYOr0  [UIacTa, B IMPOLECI  MOBEPHEHHS
KapOOHATH KaJIBIIIIO 1 MarHito He OyayTh YyTBOPIOBATHUCS.
ToMy OCHOBHHUMH YTBOPIOBaYaMH OCaJiB MOXYTh OyTH
cymp(haTH Kalbllifo, MarHilo Ta TiJpPOKCHIN 3aji3a.
JlocmipkeHHsT CYyMiCHOCTI BOJ, HEOOXiTHO ISl TOTO, 100
3ano0irTu mepeayacHii kosbMaranii TpuBHOiiHOT 30HM
MOTJIMHAIOYOTO IJIacTa B HATHITANBHIA CBEPIJIOBUHI Ta
3a0e3meunTy 1 TpuBaldy poOOTYy 0€3 HOMITHOTrO
3HIDKCHHS MPUAMAIBHOCTI 1 0€3 HaHECCHHs INKOIH
HABKOJIMIIHBOMY cepefoBuiny. OIHUM i3 KOMIIOHCHTIB,
SKHA 3HAXOMUTBCS Y CKJIadi IUIACTOBHX BOJA YCIX
poaoBuil  YKpaiHu € BUTbHA  BYTJICKHUCIIOTA,
KOHLIEHTpALlis K01 KoiuBaeThes Big 50 no 700 mr/am?, i
ska oOyMoBIIO€ BKaszaHi Buimle Beiawunau pH CIIB
Ha(TOTa30KOHACHCATHUX POJIOBUIN Y KpaiHU.

®izuko-ximiuni  BrnactuBocti CIIB B mimomy
BiJITIOBIZIAFOTh BIIACTUBOCTSM IUTACTOBHX BOJI
NPOAYKTUBHHUX TOPH30HTIB. Y Mpoleci BUAOOYTKY raszy
a6o wHadTH 1A BOoJAa JOAATKOBO 3a0pPYIHIOETHCS
iHribiropamu T'iIpaTOyTBOPEHHS Ta KOpo3ii,
MOBEPXHCBO-aKTUBHHMH  PCYOBHHAMH,  MPOAYKTAMH
KOpo3ii 00JagHaHHA, HAQTONPOAYKTAMH Ta IHIIMMH
JIOMIIIIKAMHU.

JInst  OIiHKM CYMICHOCTI BHM3HAYAIOTh XIMIYHHHA
CKJIaJ BOJ poxoBuina i Ximiunuii ckiax CIIB.

MMOBUHHI OyTH MEHIIUMH 3a XapakKTepHi JJIS MJIAaCTOBHX XiMiuHUH ~ CKJNam ~ CYNyTHBO-TUIACTOBHUX  BOJI,
Boj 3HadeHb 4,5-6,8 [10—-12]. posrmssHemo Ha npukinani  CIIB  MenseaiBchbkoro
XimiuHui aHai3 CIIB ra3oBUX 1 Ta30KOHJIEHCATHOTO POJOBHINA CBEPIIOBHHH Ne63
Ha(TOra30KOHJCHCATHUX POMOBHII ITifl 4ac IX (Tabnuws 4).
Tabmung 4. Pizuko-XiMIYHUHA CKJIAJ CYNYTHBO-TUIACTOBHX BOJ CB.63 Me/iBeliBChKOTO pOJIOBHILA
KonnenTparris KonuenTparis
Anion Mr/mv? Mr-eKB/aM> % €KB. Karion mr/am3 Mr-eks/am’ % €KB.
HCO5s 817,4 13,4 0,12 Ca?* 444888 2220,0 20,64
CO5> BijC. - - Mg 4920,0 410,0 3,82
cr 189925,0 5350,0 49,76 Nat+K* 631534 27458 25,54
SO/ 595,2 12,4 0,12 Cyma 1125622 5375,8 50,0
Cyma 191337,6 5375,8 50,0
I 173,3 Fet 396
Br 1482,6 Fet 63,5
H>S BiJIC. CO:> 118
Tabmurs 5. dizuko-XiMIYHUHA CKJIaJ] INIACTOBUX BOJ MOTJIMHAIOYOr0 TOPU30HTY Ha riubuHi 1181-1179 M
XimiuHuil cknan, mr/am>
I'yctuna, pH Minepa- aHIOHU KaTiOHH
r/em? mi3aris,
M/ Cr SO/ HCOs COs Na*+K* Ca’* Mg**
1,047 6,3 166434.,4 101805,6 59,7 305,00 BiZC. 59276,5 3406,8 1580,8
*CipxoBogens (H2S) — BincyrHiit
3aranpHa MiHepamizamis 1i€i  BoaM ckiazae  obnagHaHo myHKT noBepHeHHst CIIB B Tomy umcii i THX,

303899,0 mr/nm®, ryctuna 1,226 r/cm’, Bemuuuna pH
5,5, 3BaskeHi peuoBMHH 315 Mr/mv>,

JIst TOpiBHSIHHST XIMIYHHMIA CKJIaJ TUTACTOBUX BOJ
MOTJIMHAIOYOT0 TOPHU30HTY TMPHUBEACHO HA TMPHKIAJII
TpiacoBoro ropu3oHTy Ko03iBChbKOTro pomoBHINA, €

IO HAAXOAATh 3 MeIBeMiBCHKOTO T'a30KOHIICHCATHOIO
ponouiia ceepaioBuHu Ne63 (tabmuis 5). BiamosigHo
0 XIMIYHMX aHaTi3iB MiHepamizamis Boa (Tabm. 4 i 5),
JIO3BOJIIE  BiHECTH 11X OO0 MiHepadi30BaHUX BOJI.
Boaueswuit MOKa3HUK  pH  XapakTepHHI TSt
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MiHEepaTi30BaHUX BOJI CJ1a0KOKHCIIOL peakiii
cepenoBUIla. BiporimHicTh aKTUBHUX XIMIYHHX IIPOLIECIB
y TAaKOMY BOJJHOMY CEpPE/IOBHILII 3BEJICHI 10 MIHIMyMY.

Jlns Toro, 100 BHUSACHUTH MOJXKIIHBI €KOJIOTIUHI
Hacmiaku Binm BuwiydeHHS #oxy 3 CIIB o30HYyBaHHIM
HEOOXiTHO 3HATH Ti KOMITJIEKCHI YMOBH TE€XHOJIOT1YHOTO
MIPOIIECY, 3a IKUX HOMUA-I0HU TIEPETBOPIOIOTHCS Y Ol Ta
sSKa KIJTBKICTh O030HY, SK €KOJIOTIYHO HeOe3nmeqHol
PEUYOBHHHU, MOXKE HIOCTYNATH B HABKOJIHIIIHE CEPEIOBHUILE
(Tabm. 6).

I[pu B3aemomii o030HY 3 HoAgWIO-ioHAMH Y
KUCJIOTHOMY CEPEIOBHILI MPOTiKaloTh peakuii [102]:

[ +0;+ H" — HIO +0; B (1)

HIO+T + H" — I, + H:0, 2

Kpim TorO, K0 BpaxyBaTH MPUCYTHICTH BOJH, TO
peaxilito 030HyBaHHS HOIUA-IOHIB MOKHA 3aIlUCaTH Y
BUIJISLI:

O;+2F+H0O— L+ 0, +OH + H, (3)

Ilpu upoMy 3MiHIOETBCS BeldWuMHa pH, 1m0
3yMOBJIICHO THM 10, WX 4Yac 1epediry peakuil
HOSIBJIAETHCS TIPOKCIIIBHUN 10H 1 cepeioBHIIE TOBUHHO
3aJTy)KyBaTHCh.

Ile miaTBepMKyETbCS — 3aJEKHICTIO  CTYIEHS
YTBOpEHHs1 Homy Bim Bemwumaun pH (puc. 1), 3 sKoi
BHJHO, IO TPU 3pPOCTaHHI BEIWYMHH pH CTymiHb
YTBOPEHHSI J0CATa€ MAaKCUMyMy, a HOTIM 3HHKYETHCS
IIpY HAOJMKEHHI 10 HEHTPaIbHOTO CepeIOBHUINIA.

Y  HeHTpanbHOMY 1 JIy’)KHOMY CEpelIOBHILI B
pesynbTari  rigpomizy  Homy ~ Moke — BinOyBaTHcs
NepeTBOPEHHsT Hoxy y HOOUA-iOH 3 mapaielbHUM
YTBOPEHHAM HOHOT 1 10HOBATHCTOT KMCIOTH:

L+ H:0 «—HI + HIO, @)

Tomy 3a icayrouumu crocobamu [30] BHITydeHHS
WOy 3 BUKOPHCTAHHSM XJIOPOBOJHEBOI YM CyJb(aTHOT
KUCJIOT, XJIOPY YW HATPIIO TINOXJOPUTY MiATPUMYIOTh
cuiIbHO Kucie cepenouile — pH =12 ta He monmyckaroTh
YTBOPEHHS HEUTPAIBHUX UM JY)KHUX CEPEOBHIII.

Tabuuus 6. BuxinHi nani Mmozeneit onepkanHst HOAy 3 CyNyTHHO-IIJIACTOBUX BOJ METOJIOM O30HYBaHHS

Tloka3Huk

KomiiekcHa xapakTepHCTHKA aHaIi3y MPOIECiB BUIy4eHHs Hoay mpu 0opobii CITB o30HOM

O0’€eKTH TOCIIIHKEHHS

CynyTHBO-IIJIACTOBI BOAM HA(TOra30KOHACHCATHHX POJOBHUI 3a MOMNEPEIHIM aHaNi30M Ha
BIANIOBIAHICTP HOPMATHBHO-TEXHIYHIil JOKYMEHTAIII.

KomrekcHuit XiMidHui aHali3 |BU3HAYEeHHS MOJBHO-IOHHOTO CITIBBIIHONICHHS MiXK peareHTaMu IpoLeCy;

BIITy4deHHS oy pu 00poOui

030HOM CTYIICHIO MiHepaJi3alii, Ta iH.

KOHIIEHTpallii Hoaua-10HiB, OpoMij-ioHiB, i0HiB 3amiza y CIIB;

KomriekcHuit TeXHOIOTiHI
aHaJi3 IPOLECiB BUITYyYCHHS

Buznauenns yacy o6po6xu CIIB o30H0M;
BIATIOBIAHICTh 33 KHCJIOTHICTIO CEPEeIOBHIIA;

oy mpu 06po61i CITB 030HOM |ekosoriuHa 6e3meKa TEXHOJIOTIT MOBOKEHHS 3 CYMYTHBO-TJIACTOBUMH BOJAMH

KomruiekcHui KiHETHIHUIA
aHaJIi3 TIPOIECiB BUITyIEHHS
oy pu 06po6ui CIIB o30HOM

MIBUIKICTh PEaKIil Ta iH.

BusHaueHHs TOBEPXHI KOHTAKTY MiXK reTepOreHHHUMH (azamu;

Kpurepii Bubopy
CIIB-nepepobku

SIKOTO B YKpaiHi BiACYTHE.

Exororiuna Ge3nexa TEXHOJOTIi OTPUMAHHS HOXy 3 CYIyTHBO-IUIACTOBHX BOJ, BHPOOHHIITBO

80

70
60

50

*

40

/
o|

10 /

5,25 5,75

CTyniHb yTBOpPEHHS noay, % mac.

Benvyuna pH

6,25 6,75

Puc. 1. 3anexHicTs MK 3MiHAMHU BENUYUHU pH 1 cTyIIeHeM YTBOPEHHsI HOJy PH 030HYBaHHI MiHEpali30BaHOT BOJH:
[T] =50 mr/am3, M =200 r/mm?
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Puc. 2. 3MiHM CTyHeHs IepeTBOPEHHS HOAMI-10HIB BiJ Yacy i KMCIOTHOCTI NPpH CHiBBiAHOMIEHH] 030H: [ 1:1.

OneprkaHi eKCTIEpUMEHTAIbHI pe3ynbTaTh (puc. 2)
CBIIYaTh MPO Te, IO 3 30UIBIICHHSAM Yacy 00poOKH BoaU
O30HOMNOBITPSHOIO CYMIIIIIIO 1 3MiHaX KHCJIOTHOCTI
ceperoBuma y OiK 10 HEHTpaJbHOrO, CTYIEHb
NepeTBOPEHHST HOAUI-10HIB 30iibLIyeThCs. Ilpu 1bOMY
30UIbIICHHST 4Yacy o0OpoOKM BIUIMBa€ Ha CTYMiHb
MEPETBOPCHHS HOJy OuIbIle, HDX 3MIHH KHUCJIOTHOCTI
(puc. 2). JocnimkeHHIMHA BCTAHOBIICHO, IO Y OLTBIIOCTI
3QJIEKHOCTI  3MiH  CTYNEHs  YTBOPEHHS  Hoay
XapaKTePU3YEThCS EKCTPEMYMAaMH, SIKi 3MIHIOIOTBCS TIPH
3MiHaxX dYacy O30HYBaHHS, KHCIOTHOCTI, MiHepai3allii,

KOHIleHTpamii ioHiB. BcTaHoBIeHO, MO0  CTyHiHBb
YTBOPEHHS HOoxy 30UMbIIyeTbes 31 30iIBIIEHHSAM
MiHepaJi3anii Ta MOBEPXHI KOHTAaKTy MiX

reTeporeHHuMH (azamu.

Teopetn4yHo mepend0aYeHO 1 EKCIePHUMEHTAIBHO
BU3HAYCHO, [0 BEJIMYMHA KOHCTAHTU MIBHIKOCTI
peakiito o3onyBanHs I° 6iteme 7-107 m'c!, a Tomy ii
MOJKHA BIIHECTH JO MUTTEBHUX PEAKIIil, 8 TEXHOJIOTTYHHIA
MIPOIIeC HE 3aJIeKHUTh BiJ TEMIEpaTypH 1 yacy mepeoiry
peakiiii Ta BU3Ha4YaeTbes nudysiero 030HY. JloBeneHo,
o0 MiJ Yac O30HyBaHHA YaCTHHA YTBOPEHOTO HOIY
BHJAJSIETHCS 3 30HU PEAKIIi1 ra30MOBITPSIHUM MTOTOKOM.

BcraHoBeHO, 10 CTYMHD YTBOPEHHS HOMY 3 BOIH
Mengeniscskoro I'KP 3a paxyHOK BHCOKOT MiHepamizawil
JIHIAHO 3aJIEXKUTh BiJ MOJBHO-IOHHOIO BIJHOLIECHHS
peareHTiB i nocsrae MakcuMmaibHOro 100 % 3HaueHHS
npu MIB 1,4, TIlpu mpoBeaeHHI  IOCTIIKCHB
BCTaHOBJICHO, IO TPOIIEC OACPIKAHHS HOMY 3 CYIyTHBO-
IUTACTOBHX BOJI 32 3aIPOIIOHOBAHOI TEXHOJIOTIEI0 HAJa€e
MOXJIUBICTh TIABUIICHHS TMOPIBHIHO 3 BiJIOMHUMH
TEXHOJIOTISIMUA €KOJIOTIYHOi Oe3MeKH 3a paxyHOK 3aMiHU
HU3BKOKOHIICHTPOBAHOIO O30HOIOBITPSIHOIO CYMIIITIITIO
TaknX HEOEe3MeYHMX pEYoBHH, SK XJIOPOBOJHEBA,
cynb(haTHa KUCIOTH, XJIOP, CIpKHA AIOKCH, TIMOXJIOPHUT i
HATPIIO TiAPOKCH]I.

TexHONOTIYHUI Tpolec OTPUMAHHS NPOIYKTY Y
BUTIISII  KPUCTANIYHOTO WOMY, HANPUKIAN, MOXHA
BJIOCKOHAJIUTH 33 PaXyHOK 3aMiHH CyJIb(aTHOI KUCIOTH
migirpitoi Bume 100 °C Ha BYrieBOJHI i 3aCTOCYBaHHS
€Hoco0y HU3BKOTEMITEpaTypHOI KpHUCTaIi3aLii.

BucHoBKM Ta  mepCcHeKTHBH  MOJAJBIIOrO
PO3BUTKY [1aHOTO HAmpsIMKY. Tpeba Big3HAUWTH, IO
[UIIXOM JOCIiPKEHHSI CYMICHOCTI CYITYyTHBO-TIJIACTOBHUX

BOA 1 BOA TOMIMHAIOYOTO IUIacTa TMPH  PI3HUX
CHIBBIIHOIICHHSX 1 KOHIICHTPAIIIX BCTAHOBICHO, IO Y
psal BUOpaHUX POJOBHIN MOBEPHEHHS [UX BOJ Y HAJpa
HE CHPUYMHATUME BUIAMIHHSI oOcaliB cyibdariB i
kapOoHaTiB, O  3a0e3meuye  Oe3MEYHI  YMOBH
MOBEPHCHHS, 3HW)KYE PU3MK BUHHUKHCHHS aBapiiHUX
CUTYalllif, TMOTPAIUISHHS CYMyTHHO-IUTACTOBHX BOX Y
HABKOJIMIIHE CEPEJOBHUIE 1 TaKUM YWHOM CIIPHSE
T ABUIICHHIO €KOJIOTITHOT OE3MEeKH.

JInst  omepaTMBHOTO  BH3HAYEHHS  CYMICHOCTI
3alPOTIOHOBAHO BHUKOPHCTOBYBATH  3JIEKHOCTI  MiXK
KOHIICHTPAIIIMA 10HIB 1 CITiBBiIHOIICHHSM CYITyTHBO-
[UIACTOBI BOJAM Ta BOJM IOTJIMHAIOYOrO  IUIACTA.
Po3pobiieHO TecT-MeTOoAM OLIHKK KOHIICHTpAIii Homau-
iOHIB Ta 10HIB 3aJ1i3a 3 BUKOPUCTaHHAM IMOOLII30BaHOTO

MIHOTIOJNIypeTaHy Ta TECT-METOJ BU3HAUYCHHS
KOHLEHTpalii  cynbdar-ioHiB B IOpIBHSAHHI 3
HOPMOBAaHUMH KOHIEHTpALsIMH, 10 3a0e3NeuyloTh

OUTBII IIBUIKANA KOHTPOJIb SIKOCTI BOJ 1 MiABHIIYIOThH
eKoJloTiuHy Oe3leKy TpH TOBEPHEHHI 030HOBaHUX
CYIyTHBO-IUTACTOBUX BOJ y Haapa, 3a paxyHOK
3HIKCHHS PU3WKY BUHHKHEHHS aBapiifHUX CHUTYyaIliil.
Buxonano anamiz Texnosorii mosepHeHHs: CIIB,
3ICTaBJICHO €KCTIEPUMEHTANbHI 1 pO3paXyHKOBI BETMUNHU
CTYIICHSI YTBOPCHHS MOy, €KCIIEPUMEHTAIBHO JOBEICHO,
IO peakiis O30HYBaHHSI WOMWA-IOHY HAJICKUTHh IO
MHUTTEBHX, OLIHEHO BIUIMB 10HIB OpOMY Ha BWIIyYECHHS
Homy. OpjepikaHi pe3yabTaTH WIOAO YTBOPEHHS HOIY
o3onyBanHsaM CIIB, mo MicTsaTe HOIUA-IOHH, HAYKOBO
OOTPYHTOBYIOTH MOXJIMBICTH CTBOPEHHS e()eKTHUBHOI

OUTBIT E€KOJIOTIYHO Oe3MeYHOi TEeXHOJOTil OTpUMaHHSI
fomy B mopiBHAHHI 3 Bimomumu. Ili dakTopu
CTUMYJIIOIOTh ~ PO3BUHEHHS  JOCHI/KEHb 3  METOI0

pPO3pPOOKK CydacHOi BEJIMKOTOHHAXXHOI TEXHOJOril #
BIIPOBaKEHHS 11 Ha Ykpaini [13-16].
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O. I1. ITPIIITEHKO, T. T. YEPHOTI OP

BUKOPUCTAHHSA TEH30PIB ITPA AHAJII3I OCOBJAUBOCTEM ®I3MUYHUX BJACTUBOCTEM
TBEPIUX TIJI

VY cTaTTi HABOJATHCA OCHOBHI BIZIOMOCTI IPO TEH30PH, PO3IVIANAIOTHCS BIACTUBOCTI TCH30PIB JPYroro paHry, MPHUKIAIM TEH30PHHX (i3sHYHMX
BEIMYHMH, @ TaKOX MPUKIJIAX PO3B'I3aHHS 3a4adi 10 TCH30PHOK TEMAaTHIi. B OCTaHHI JECATWIITTS METOQM BEKTOPHOIO i TCH30PHOTO aHaii3y
AKTHBHO BUKOPHCTOBYIOTBCS IPU BHKJIAJaHHI Kypcy (i3MKH TBEpIOro Tija, MPU aHaTi3i 0COONMBOCTEH (i3MYHUX BIACTHBOCTEH TBEPAMX TiM, a
TaKOXX MPH ONHMCi aHi30Tpomii iX (i3nyHKX BiIacTHBOCTEH. Bigomo, 1m0 ¢i3iyHi BIACTHBOCTI TBEPAUX TiJl OMHUCYIOTHCS CKAJISIPHHMH, BEKTOPHHUMH
200 TeH30pPHUMH BEIMYMHAMH. Y KPHUCTAi, HAPHUKIIA, BEKTOPHU BILUIMBY i SIBUINA B 3araJbHOMY BUMAJKy HE 30irar0ThCS 3a HANPSIMKOM, a 3B'S30K
MDK IIMMH BEKTOPaMH TiCHO MOB'I3aHa 3 CUMETPI€I0 KPUCTAJIa 1 aHi30TpoIi€lo Gi3HYHOro BIACTUBOCTI. 3B'I30K MiXK sSBHIIEM (€(pEKTOM), BIUTUBOM i
(i3MYHUM BIACTUBICTIO BHU3HAYAETHCS CHMBOJIIYHOIO (OpPMYINIOIO: siBHINE = (Di3H4YHA BIACTHUBICTH X BIUIMB. [IpH KijbKicHOMY ommci (i3udHOro
BIIACTHBOCTI BaXIIMBY POJIb Biflirpae BUOIp opieHTalii oceil cucremu koopauHart. [lepexin Bix onHiel cUCTeMH KOOPAMHAT 0 iHIIOI MPU3BOIUTH 10
3MiH KUIBKICHHX XapaKTePUCTHK KPHCTAA, 1 [l 3MiHH OIHCYIOTHCS 33 JOMOMOI'OI0 TeH30PiB.

Kurodosi cioBa: ¢isnka TBepIoro Tina, TEH30p, BEKTOPHMI aHaii3, TCH30PHUH aHali3, CHMETpis KpUCTalla, CHCTEMa KOODAMHAT,
AHI30TPOITHE CEPEIOBHILE, CICKTPOIPOBIIHICTD, EIEKTPUYHE TI0JIC, CHCTEMa PIBHSHB.

O. I1. IIPHIIEHKO, T. T. YEPHOI' OP

HCHOJBb30BAHUE TEH30POB ITPH AHAJIM3E OCOBEHHOCTEN ®U3NYECKUX CBOHCTB
TBEPABIX TEJI

B crathe npUBOIATCS OCHOBHEIEC CBEIEHMS O TEH30paX, PACCMATPHBAIOTCS CBOMCTBA TEH30POB BTOPOTO PaHIra, IPHMEPHI TEH30PHBIX (PU3HICCKHX
BEJIMYMH, a TaKXKe NPHMEp pelIeHUs 3aJa4yd IO TEH30pHOM TemaTHke. B mociennue necATHIETHs] METOJbl BEKTOPHOTO U TEH30PHOTO aHaIM3a
AKTHBHO HCTIONB3YIOTCS TIPU M3JI0KEHUU Kypca (DM3UKU TBEPJOrO Tella, PH aHAIM3e 0COOCHHOCTeH (DM3MYECKUX CBOMCTB TBEPABIX TEI, @ TAKKe
IpU OIHCAHHM AHHU30TPOIMH HX (H3MYECKUX CBOHCTB. l3BecTHO, 4TO (u3HUECKHe CBOICTBAa TBEPIABIX TEN OMHCHIBAIOTCS CKATSIPHBIMHU,
BEKTOPHBIMU HJIM TCH3OPHBIMH BEJIMYMHAMH. B KpHcTaiuie, HanpuMep, BEKTOPHI BO3JCHCTBUS M SBICHHS B OOIIEM Cllydae HE COBNAJAIOT IO
HAaMpaBJICHUIO, @ CBA3b MEXJLy STUMHU BEKTOPaMH TECHO CBsI3aHa C CUMMETpHEH KpHCTallla M aHU30TPOIHEH (pu3nueckoro cBoiicTBa. CBA3b MEKIY
sieeHreM (3¢ pexToM), BO3IeHCTBHEM U (HU3HIECKHM CBOMCTBOM ONPEIEIACTCS CHMBOINYECKON (HOpMyIOH: sBIeHne = (QU3UIECKOE CBOMCTBO X
Bo3zeiicTBue. [Ipu KOMMYECTBEHHOM OMMCAHUM (DU3MYECKOrO CBOWCTBA BaKHYIO POJIb WIPAaeT BbIOOP OPUEHTAILMHM OCEH CHUCTEMBI KOOPJWHAT.
Ilepexon oT oxHON cHCTEMBI KOOPAMHAT K JPYrod HNPHBOJMT K M3MEHEHUSIM KOJIMYECTBEHHBIX XapaKTEPUCTHK KPHUCTala, U OTH M3MEHEHHs
OITHCHIBAIOTCS C IOMOIIBIO TEH30POB.

KurodeBnle ciioBa: (u3nka TBEpAOro Tela, TEH30DP, BEKTOPHBII aHAIN3, TCH3OPHBIA aHAIIM3, CHMMETPHUs KPHCTaJlla, CUCTEMa KOOPAMHAT,
aHM30TPOIIHAs CPENIA, IEKTPOIPOBOJHOCTD, HJIEKTPHIECKOE 110JIe, CHCTEMa ypaBHEHMH.

O. P. PRISHCHENKO, T. T. CHERNOGOR
THE USE TENSORS IN THE ANALYSIS FEATURES OF THE PHYSICAL PROPERTIES SOLIDS

The article provides basic information about tensors, considers the properties of tensors of the second rank, examples of tensor physical quantities,
and also an example of solving a problem on tensor topics. In recent decades, the methods of vector and tensor analysis have been actively used in
the presentation of a course in solid state physics, in the analysis of the features of the physical properties of solids, and also in the description of the
anisotropy of their physical properties. It is known that the physical properties of solids are described by scalar, vector, or tensor quantities. In a
crystal, for example, the vectors of action and phenomena in the general case do not coincide in direction, and the connection between these vectors
is closely related to the symmetry of the crystal and the anisotropy of the physical property. The connection between a phenomenon (effect), impact
and physical property is determined by the symbolic formula: phenomenon = physical property X impact. In the quantitative description of a
physical property, the choice of the orientation of the axes of the coordinate system plays an important role. The transition from one coordinate
system to another leads to changes in the quantitative characteristics of the crystal, and these changes are described using tensors.

Keywords: solid state physics, tensor, vector analysis, tensor analysis, crystal symmetry, coordinate system, anisotropic medium, electrical
conductivity, electric field, system of equations.

Beryn. B ocranni gecatwiitTrs poib (pizukm y
PO3BUTKY CydacHOI TEXHIKH He3MipHO 3pocia. OcobmuBe
3HaYeHHs Mpuadana Taka o0acTh i€l HayKH, K Gi3uKa

TBEpAOrO0  Tijla, 1O  3alMaeTbCs  JOCTIHKEHHSAM
MarepiaiiB, K  3aBISKM  CBOIM  YHIKaJIbHUM
BJIACTHBOCTSIM —  HAIIBIPOBIIHUKOBUM, JIA3€PHUM,

ONTUYHUM, IT€30CICKTPUYHNM, MIPOCICKTPHUYHHUM 1 T. 1.
— IIMPOKO BHUKOPHCTOBYIOTHCSI B HAIliBIPOBIIHUKOBIN
TEXHIlli, KBAHTOBIH €JICKTPOHIIIl Ta T. IT .

CydacHe TpwiIafoOyAyBaHHS HEMHUCIAMO 0e3
CaMoOro  UIMPOKOTO  BHKOPUCTaHHS  MPHPOAHUX 1
CHHTETHYHUX MaTepiajiB, 30KpeMa KpUCTalliB. bypximBo
PO3MIMPIOIOTHCST 00JIACTI BUKOPHUCTAHHS 1 3aCTOCYBaHHS
GbizmuHUX BIIACTUBOCTEH KpHUCTaJiB CIPUSIIOTH
MEPETBOPEHHIO  cydacHOl  (i3MkuM  KpucTamiB  —

KPUCTAIO(I3UKH — B CAMOCTIHHY IIBHIKO PO3BUBAETHCS
HAYKOBY JUCIHILTIHY.

Hanpuknan, KpucTaay KOPYHAY 1 ajgMasy 3aBIsKH
BHUKIIIOYHO BHCOKIM TBEPHAOCTI BHUKOPHCTOBYIOTHCS B
OypoBiii TexHili sk abpa3uBH; BUCOKA TEILIONPOBIIHICTh
anMaszy  J03BOJIIE  BHKOPHCTOBYBaTH  HOro  IpH
BUTOTOBJICHHI TCIUIOBIIBOMIB; TpadiT 3aBASKH Maii
TBEPJIOCTI 3aCTOCOBYIOTh SIK MACTHJIBHHU MaTepiai, a
TaKOXK ISt BUTOTOBJICHHS OJIIBIIIB; 9yJ0BI
M'€30€JIeKTPUYHI  BJIACTUBOCTI KBapLy 1 TypMalliHy
3HAXOMATh IIMPOKE 3aCTOCYBaHHS B EJICKTPOTEXHII i
pamioTeXHilll; TpaHaTH BHUKOPHUCTOBYIOTHCS B SKOCTI
ejeMeHTiB mBuaKoaitounx EOM; KpucTamm KambIUTy i
(mroopuTy uepe3 0COOTMBUX ONTHYHUX BIIACTUBOCTEH.

© Prishchenko O.P., T.T. Chernogor T.T., 2020
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3aCTOCOBYIOTBCSL  NPU  KOHCTPYIOBAHHI  ONTHYHHUX
NpWIaziB; CIIIOAa MYCKOBIT B MHHYJIOMY 3aMiHsuia
muOKM, a B JaHWA 4Yac BHKOPHCTOBYETHCSA SIK
MPEeKpacHUN 130JAMIHHNN Matepian. Takux NpUKIamiB
MOJKHa HaBeCcTH Oe3id.

IMocTaHoBKa mpodjeMu y 3arajbHOMY BHTIJIsIi
Ta ii 3B'f130K i3 BaXKJIMBUMU HAYKOBHUMH UM MPAKTUY-
HHUMH 3aBJaHHIMM.

OCHOBHMM 3aBAaHHAM (I3UKH TBEPIOTO Tida €
BUBYCHHS CTPYKTYPH 1 (Di3MYHUX BIACTUBOCTEH TBEPIUX
TiJI, BCTAHOBJICHHS 3JIC)KHOCTI LUX BIACTUBOCTEH Bij
ATOMHOI CTPYKTYpPH PpEYOBHHH, pPO3pPOOKa METOJIB
OTPUMAHHS Ta JOCHI[UKCHHS HOBUX KPUCTAJIYHUX
MaTepiais, 1 (0) BOJIOZIIOTH 3aJaHIMU
XapakTepucTuKaMu. | ayxe dacto came Kpucranorpadis
BHUABIIAEThCS Tiei a30ykoro, Oe3 sKoi HEMOXKIHUBO
MPUCTYIUTH JIO BHBYEHHS TBEPAOrO Tima 1 HOTO
BrnactuBocTedd. OcoOMMBO BaXkmmBi 3HAHHA (Xoda O B
Hal3araJIbHIIIX pHCax) HAWTONOBHIMUX  (iI3UUIHUX
BIIACTHBOCTEH KpHCTANiB s TeonoriB, 00 Oararo
(hi3MYHKX BIACTHBOCTEH JICKUTH B OCHOBI JIarHOCTHKH —
po3mi3HaBaHHs MiHEpaJliB.

@®i3uyHi BIACTHBOCTI KPHUCTAJIB BH3HAYAIOTHCS B
Hepiry 4epry HpUpOJOI0 XIMIYHHX EJEMEHTIB, LI0
BXOAATh OO0 I1X cKiamy (BEIHMKY pOJIb BiAIrpae THII
XIMIYHOTO 3B'S3KY).

Kpim Toro, mposB TUX Yd iHIHX QiI3HIHUX
BJIACTHUBOCTEH MOB'SI3aHO 3 TEOMETPUYHUM XaPaKTEPOM
CTPYKTYpPH, TOOTO, B3aEMHUM PO3TAIIyBaHHSIM aTOMIB B
KPUCTAIIYHIA  CTPYKTypi MiHepasliB, a TakKoX 3
HETOCKOHAJIOCTSMHU CTPYKTYP PEabHUX KPHUCTANTIB, IO
BiT0Opa)katoTh YMOBH 1X YyTBOPECHHS.

3aNe)KHO Bl KOJMBAHb XIMIYHOTO CKIany (i3uuHi
BJIACTHBOCTI O/IHIH 1 TOI1 % PEYOBUHU MOXXYTh BapiloBaTH
B OUTBIII-MEHII ITHPOKUX MEKaX.

HaiixapaxrepHiroro pHCOI0 Gbi3nuHIX
BJIACTUBOCTCH KpPUCTANIB € 1X auizomponis (3AaTHICTH
KPHUCTAJIB NPOSBISATH PIi3HI BJIACTUBOCTI B PI3HHUX
HamnpsMKax) i cumempis.

Cumetpiss  Bcix (QisugHux 00'ekTiB, sBHI 1
BIIACTUBOCTEH MOXe OyTn MIPOLUTIOCTPOBAHA
TEOMETPUYHUMH 00pa3aMu, KOXKEH 3 SKHX Ma€ CBOIO
BlacHy  cumetpiero  [1-13].  Jms ix  ommcy
BUKOPHCTOBYIOTbCS CKaJISIpHI, BEKTOPHI 1 TEH30pHI
BEIMYMHUA.  3BiICM 1  BIIACTHBOCTI  BIJIOBITHO
MOJIUISIFOTHCS HA CKAISAPHI, 6eKMOPHI 1 MEeH30pHI.

Ckanaprhumu Ha3MBAIOTHCSA (i3UYHI BIACTHUBOCTI,
BCIMYMHA SIKHX HE 3aJIC)KUTh Bil HANPSIMKY B SKOMY
BOHH BH3HA4aloThcsl. [laneko He BCi (i3nuHi BlnacTuBOCTI
KPUCTAIIIB € CKaJSIPHUMHU (Maca, WIUIBHICTh, IHTOMA
TEIUIOEMHICTh, BHYTpPIIIHA eHepris Ta iH.). [lpu
(a3oBoMy Tepexojli pedoBHHU 3 aMOpP(HOTO CTaHy B
KPUCTAIIYHUH, BETMYMHA KOXKHOI 3 IIMX BJIACTHBOCTEH
3MIHIOETBCS CTPHOKOM. 3a YHCIOBHUM 3HAYEHHSIM IHX
BEJIMYMH MOKHA XapaKTePHU3yBaTH PCUOBHHH, BiIPI3HATH
X OJIMH BiJl OJTHOTO, CYAUTHU NPO MOPYIICHHS CTPYKTYPH.
AHANITHYHO CKAJIPHI BEIUYMHH 33JaIOTHCS  OJIHUM
yucnoM. CKalsipHA BJIACTUBICTH 130TPOIHA, OTKE,
OJIHAKOBA, Yy BCIX TOYKaxX KpHCTala, HE3aJCkKHO BiJ
HAMPSIMKY 1 BUOOPY CHCTEMH KOOPIUHAT, a 3HAYHUTh, MA€

MaKCHMaJIbHy CHUMETpI€I0, TEOMETPHYHUM 00pazom,
SIKMH UTIOCTpY€E CUMETpito Lieil BiaacTuBOCTI, Oyzne cdepa.

Bekmopnumu €  HaWnpocrimi  cripsMoOBaHi
BEIMYHMHHU, TaKi K CHJa 1 HAMPY>KEHICTh €NEeKTPUIHOTO
mmoJist i iH. BEKTOpHI BIACTHUBOCTI BUHUKAIOTHh B KPUCTAIi
SIK  aHI30TPOITHOMY CEPENOBHUIN MPH CKATIPHOMY —
i30TPOMTHOMY — BIUIMBI Ha HHOTO, TOOTO BILIWBI, IO HE
3JIEXKHUTh BiJl HATIPSIMKY.

Hanpukiam, BeKTOp d IEBHOI JOBKHHH 1 HAIIPAMY,
o0 onucye JAesky (i3HMYHYy BEIHYUHY 1 3QJIUIIAETHCS
HE3MIHHMM Y OyaAb-sIKii cHCTeMi KOOpJIMHAT, MOXKe OyTH
3alaHuil MOTO TIPOEKIisIMH — KOMIIOHEHTaMHU IbOTO
BeKTOpY a,, a,, d, — Ha KoopAuHaTtHi oci X, ¥, Z

Inaxmie TOBOPATH PO pO3KHaHaHHi BCKTOPY a 110 6a3I/Icy

XYZ. BennuuHa |Zi| =\a' +a; +a; .

CuMeTpisi BEKTOPHOI  BIACTHBOCTI
CHMETpii HEPYXOMOTO KOHYCA.

Ten3zopni BIACTUBOCTI — II€ TaKi 3a CKIQIHICTIO
(Tricymst BEKTOPHUX) CHPsIMOBaHI (Pi3W9HI BEIMYUHH, IO
OTNHUCYIOTHCA B JCSKi CHUCTeMi KoopauHaT. SIKmio onHa

BIIIOBIgAE

BEKTOpHA BEIUYUHA b e ¢yHKLiEO 1HMOI d, TO B
HaWIpOCTINIOMY BHIMAIKy BOHH 3B's3aHi JIiHIHHOIO
BAIEKHICTIO: b =5-G .

TobTo B 3aragbHOMY BHIMAAKy B aHI30TPOIMHHX
CepeIOBUINAX, HAMpPHKIAL B KPHUCTalaX, 3B'S30K MiX

IIUMH BeKTOpamu (@ 1 b)) 3aJIeKUTh Bif X HAMPSIMKY.
Ilpy 1©pOMYy KOXHAZ  KOMIIOHEHTa  BEKTOpPY

b(b,, b,, b,) € niHiliHO0 (QYHKII€I0 KOXKHOI KOMIIOHEHTH
BEKTOpY d(a,, a,,a,) i Moxe OyTH BUpaXKEHa CHCTEMOIO

JHIHHUX PIBHSHB:

b =4,a+4,a,+4,a,
b, =4,a,+ 4ya, + 4,,a;,

b, = 4,,a, + Aya, + A,a,.

i,k=1,2,3,

BHITMCaHI JUTsl 3pyYHOCTI Y BUTJISAII KBaAPATHOI TaOIHI i
YKJIJICHI B KPYIJIi JYXKH, MIO3HAYAIOTh TCH30D IPYroro

paHry:

JleB'aTh  KOeQIlieHTIB A.k, e

L.

Al 1 Al 2 A13
AZI A22 A23
A31 A}Z A33

A cami Koeili€HTH — KOMIIOHEHTH LIOTO TEH30pa
— SBJISIIOTH COOOX0 TIeBHI (Di3MYHI BENWYMHU B 3aJaHii
crucTeMi KoopmuHaT. YWCIO MIpSAKOBUX 1HIEKCIB Y
KOMITOHEHTax TeH30pa BiATIOBiIa€ OTO paHry.

ITpuknagamu Gi3UIHUX BIACTHBOCTEH, OMMMCYBAHUX
TEH30pOM JPYroro panry (3 9=3° KOMIOHEHTAMH), €
nUTOMA €JIEKTPOIIPOBIIHICTB, TETJIONPOBITHICTb,
JlieJIeKTpUYHA MTPOHUKHICTh, MarHiTHa CIPUHHSATINBICTD,
TepMOeNeKTpuKa Ta iH. IcHyroTh (i3M4HI BIACTHUBOCTI,
SIKi OTUCYIOTHCSI TEH30paMH BUIIMX PaHTiB.

Hampukman, n'e3oenekTpudHnii e(heKT OMUCYETHCS
TEH30pPOM TPETHOTO PaHry (3 27 =3’ KOMIIOHEHTaMM),
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BJIACTHBICTH MPY>KHOCTI — TEH30POM YETBEPTOr'O PaHry (3
81=3" kommnouentamu). Sk Gauumo, B 3araabHOMY
BHIIA/IKy YHCJIO KOMIIOHEHT TEH30pa, IO Ma€ paHr n,
nopierioe 3" .

Ilo cyTi, BEeKTOp @, SIKHA BH3HAYAETHCS TPHOMA
3HAQUEHHSMHM HOTro KOMIIOHEHT B3I0BX KOOPAMHATHHUX
ocei (a,,a,,a,), ABIge coOO0 He LIO iHIIE, K TEH30p

nepuoro pamry, ans skoro n=1, a 3'=3. Ckamap x,
SKAH BHU3HAYAETHCSI OJHMM UHCIIOM, HE 3aJIe)KHUX BiX
BUOOpPY KOOPOMHATHUX OCeEH, TEH30p HYJIBOBOTO
panry — 3" =1.

Takum 4yuHOM, po3nOALT (i3UYHHMX BIACTUBOCTEU
Ha CKaJISIPHI, BEKTOPHI 1 TEH30PHI YMOBHO.

Bim3HaunMo, 10 KOMIIOHEHTH TEH30pa MOXYTh
MaTH pi3HI 3HAYCHHS B PI3HUX CHCTEMaX KOOPAWHAT.
OpHak y 3B'I3Ky 3 THM, L0 KOXCH pa3 I[i KOMIIOHCHTH B
CYKYITHOCTI BU3HAYAIOTh OJIHY 1 Ty K (Qi3MYHY BEIUIHHY,
3aKOH TIEPETBOPEHHS KOMITOHEHT MPH 3MiHI CHCTEMH
KOOPJMHAT TMOBWHEH OYTH TICHO IMOB'SI3aHUN 3 TIPUPOIOI0
naHoi (Ppi3uIHOT BETUYHUHY.

JIoBiNBHICTH BHOOPY CHCTEMH KOOPAMHAT €
EKCIIEPUMEHTAITLHO BCTAHOBJICHHM (PaKTOM 1 BimoOpaxae
OIHOPIMHICT  MPOCTOPY.  3aKOHH  MEPETBOPCHHS
KOMIIOHCHT TCH30PIB PaHTy BiJl HYJIbOBOTO IO YCTBEPTHIA
BKIIOYHO TPU TEPETBOPEHHI OCeH  NIPAMOKYTHOI

JIEKAPTOBOi CUCTEMH KOopiumHar X, X,X, — X, 'X,'X;

mpeacTaBieHi B Ta0mwmi 1.

Tabmurs 1. — [TepeTBopeHHS] KOMIIOHEHT TeH30pa n-ro panry (n =0; 1: 2; 3; 4)

Ten3zop i iioro KinbKicTh KOMIIOHEHTIB 3aKOH MepeTBOPEHHS KOMIOHEHT
pasr n TEH30pa TEH30pa 71-TO PaHry
Cxansap, n=0 30=1 o =a
3
Bekrop, n =1 31=3 a;= le.kak (T1)
k=1
3 3
Tenzop apyroro 2 b= 11 b
panry, n =2 3=9 i ;; il (T2)
Tensop TpeTsoro Shelh
3 2 C.’. = L1 ] c
paury, n = 3 3 7 ijk ;; qZ::; im” jp”kq = mpq (T3)
Tenzop ueTBepTOrO Shuihuh
4 d, = A P
panry, n = 4 3 81 ijkm par qZ::; ;; ip” jq"kr"ms™ pqrs (T4)
Mpumitku: 1. [, =cos (OX] ;AOXS) — HampsAMHI KocuHycu. llepmmii HWXKHIM 1HOEKC i BiXHOCHTHCS IO OCi
IITPUXOBaHOI (HOBOT) cucTeMH KoopauHaT. 2. BigmosinHo 1o npasuia EfHinTelina mincymoByBaHHs Bin 1 1o 3
HPOBOJIUTHCS 110 OBTOPIOBaHUM iHzekcaM k (n=1;2), m n=2;3),p,g(m=3;4),rus (n=4).

VY3aranpHIOIOYM BHUIICBUKIAJCHE, MOXHA JaTH
HACTYIIHE BU3HAYCHHS TEH30pa n-ro paHry. TeH3op n-ro
paHry — Ii¢ BEIUYWHA, SIKA BU3HAYAETHCS B JICKAPTOBIH
CHCTEMi KOOpIWHAT CYKYNMHICTIO 4ucen abo QyHKITiH
Aik.. (AMCIO HIWKHIX IHIEKCIB HOPIBHIOE 7), AKI TPH
X1X2X3 - XI’X2,X3,

3MiHI CHUCTEMH KOOPJIMHAT

NEPETBOPIOKOTHCA 3a 3aKOHOM:

3 3 3
Ai’k“.r = ZZZ lislkt"'lrwAst...w’

s=1 t=1 w=l

ne I, =cos (OXI.’;AOXX) — KOCHHYC KyTa MiX i-H Biccio

cucTeMH KoopiamHar X, X, X, 1 s-ii Biccro cuctemm
KoopauHaT X X, X, .

CuMmerpisi BIACTUBOCTEH, ONHCYBAaHHX TEH30POM
JIpyroro 1 OIbII BHCOKHMX paHriB, T'€OMETPUYHO
IHTEPIIPETYETBCSL  SIK  OUIBIN  CKJIAaJHI TI'€OMETPUYHI
¢irypu: enincoin, napadosnoin i T. 1.

Bnacmueocmi menzopie opyzozo panczy. Tenzopu
JIPYyroro paHry — I¢ BEIWYWHA, SKa BH3HAYAETHCS B
OyIb-sIKi CHCTEMi KOOpJIWHAT NIEB'ATbMa YUCIaMH a0o

¢GyHKIiSIMH, SKI  TpH  3MiHI  CHCTEMH KOOpIHMHAT
nepeTBoproroThes 3a (opmynoro (T2). Tensop apyroro
paHry A 3pydYyHO MPEACTABIATH Y BHIJIAAI MaTpHIi
po3mipoM 3x3, TOOTO

Al 1 Al 2 Al 3
Ay =| 4y Ay Ay
A3l A32 A33
BrnacruBocrti TeH30pa A €KBIBaJICHTHI

BJIACTMBOCTSIM KBaJpaTHOI MaTpuui A, moOynoBaHOI 3
KOMITOHEHT IIhOTO TEH30pa, 1 Il BJIACTUBOCTI MOXHA
c(hOpMyYITIOBATH HACTYITHUM YHHOM.

a) TeHzop 4 € CAMETPUIHHM, SKIIO JJIs OYIAb-SIKUX
IHIEKCIB i 1 k cripaBeTUBO PIBHICTD Aj = Aki.

0) Tenzop B € aHTUCHMETPUYHUM, SKIIO IS OYyIIb-
AKNX 1HIEKCIB i 1 k cIpaBeyINBO piBHICTH B, =-B,, .

B) HoBineHui TeHzop apyroro panry C MoxHa
NPEACTaBUTH Y BUIVIAAl CYMHM CHUMETpU4HOro A 1
antucumerpudHoro B tensopis: Cix = Ai + Bi, e
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A’_k — ka ;Cki , B[ — C[k ;Cki

r) Skmo mus TeH3opa A iCHYIOTh BEKTOPH X, IO
3aJJ0BOJIBHSIOTH YMOBI AX = Ax, TO HaNpsMKH, sIKi
BU3HAYAIOTBCSI ~ IMMU  BEKTOPaMH,  HAa3WBAIOTHCS
TOJIOBHUMH (BJaCHMMH) HampsMkamu TeH3zopa A. Oci
UUX HAmpsSMKIB HA3WBAIOTHCS TOJIOBHUMHU  OCSIMH
TEH30pa. 3HAYEHHS KOMIIOHEHT TEH30pa B CHCTeMi
KOOpJMHAT TOJOBHHX OCEil Ha3MBaIOTHhCS TOJOBHUMHU
3Ha4YeHHAMH TeHzopa. OTke, cucTeMa piBHSHB, 3 SIKOT
3HAXOJAThCSl TOJIOBHI HANpsMKU 1 TOJIOBHI 3HA4YCHHS
TeHzopa A, B MaTpu4HOi (hopMi Mae BUIIISL

Ay A, Ay (X X
Ay Ay Ay || X =4 X
Ay Ay Ay) \x X3
Iln cucremMa JNHIAHUX OAHOPITHMX  pIBHSHB

BITHOCHO KOOpAMHAT X; Ma€ HYJIbOBE DILICHHS, SKIIO
det(A—/l-I ) =0, e / — onMHMYHA MAaTpULs PO3MIpy
3x3. TakuMm YUHOM, FOJIOBHI 3HAYCHHS A BU3HAYAIOTHCS
3 XapaKTePUCTUIHOTO PIBHIHHS TeH30pa A.

A11 -1 AIZ A13
4y, 4,-2 4, =0,
A31 Asz A33 -1

0 € KyOIYHUM PiBHSHHSIM OO A.
B cucremi ronoBHUX oceit TeH30p A 3amHCy€eTHCS B
MaTpUYHOMY BUIJIANI K

4 0 0
4,=|0 4 0|,
0 0 A

NPUYOMY TPH TOJIOBHHUX OCi OX, IIbOTO TEH30pa B3a€EMHO
MIEPIICHANKYJISPHI.

MoxHa xmacudikyBaTu-ineHTH(}IKYBaTH HACTYIHI
BHUIIAJIKH aHAJI3y CHCTEMHU.

1) dxmo A4 = A A3, TEH30p HAa3WBAETHCA
KyJbOBUM. Takuéi TEH30p MPONOPIIHHWA OXMHHUIHOMY
(To0TO BHUKOHYETBCS yMoBa A = A; I) 1 Mae OJHAKOBHUI
BUTJIS]] Y BCIX CHCTEMax KOOD/JHHAT.

2) Skmo [gBa TOJOBHUX 3HAYCHHS TEH30pa
OJIHAKOBI, a TPETE BIAMIHHO BiJl HUX (HANPUKIAM, 41 = 4>
# 13), TO TEH30p HA3UBAETHCSI CHMETPUYHUM.

3) Sxuro BCi TpW roJIOBHUX 3HAYEHHS TEH30pa Pi3Hi,
TO TEH30p HA3MBAETHCS ACUMETPHYHHM.

Tabmmrt 2. — Brms cumertpii kpucTana Ha (i3W4HI BIACTUBOCTI, ONMCYBaHi TEH30POM JIPYrOTO PaHTy

CuHroHis HeHynb0Bi KOMIIOHEHTH TEH30pa XapakTepuCTHYHA TIOBEPXHS
Ky6Giuna bi1= by = b3y Cdpepa
TerparonanbHa, rekcaroHaabHa biy = by bys b Enincoin obepranus (cdepoin) HaBKOIIO
11=bxn; b33 # bn .
a00 TpUroHaJpHa ’ TOJIOBHOT OCi cUMeETPii
. TpuBicHuit enincoin 3 ocsiMu, napajelbHUIMU
PomGiuna b1 #bn# b3y P N
KpucTanorpadiyHuM ocsiM
. TpuBicHuii enincoin, oxHa 3 ocei AKOro
MoHok1iHHa bi1 # by # b3z; bis = b3 p .VH’ A .
napajenbHa ToJ0BHIN KpHucTanorpadiqHoi oci
bit # b # bss;
TpukaunaHa b2 = ba1; b1z = b3y TpusicHwuii enincoin
bas = b31; bio # b1z # bas
[Mpuknanu XapaKTEPUCTHIHUX TIOBEPXOHb BukiagaHHsSI OCHOBHOTO MaTepiaiy 10CTiiKeHb.

BJIACTUBOCTECH, OMHMCYBAaHUX TEH30POM JIPYrOro paHry, B
KpHCTajax pi3HOI cuMeTpii npexcTasieHi B Tabuumi 2.

Jlist Toro mo6 BHUMIPSATH B KPUCTANl Ty YH IHIIY
(hi3WYHy BIACTHBICTH, B 3aTaJIbHOMY BHIIAIKy HEOOXiIHO
3pOOWTH  CTIIBKM  HE3aJe)KHUX  BHUMIPIOBaHb  IHX
BJIACTHUBOCTEH, CKUTBKM € HE3aJeKHUX KOMIIOHEHT B
TEH30Pi, 0 OTHCYE IO BIACTUBICTb.

Hanpukman, s XapakTEpUCTUKH — CKaJSPHOL
BJIACTHBOCTI — TEH30PHOI BJIIACTUBOCTI HYJIBOBOTO PAHTY
— JIOCUTB OJIHOTO BUMIpY, JUIsl BEKTOPHOTO — BIIACTHBOCTI
HEPILIOro PaHTy — TPhOX BUMIpIB i T. 1.

Jlis BIacTUBOCTEH, ONMMCYBaHUX TEH30paAMH BHUIIUX
paHriB, 3 BCIUKOK KUIBKICTIO KOMIIOHEHT, YHCIIO
HE3QJIC)KHUX KOMIIOHCHT CKOPOYYETHCS, IO MOB'A3aHE 3
CUMETpPI€0  JOCHIPKYBAaHOTO KpucTana (o poOuTh
KOMIIOHGHTH TEH30pa BXKE HE HE3aICKHUMH, a
MOB'I3aHUMHU MiX COOOIO0 ITIEBHUMH CITiBBiTHOIICHHSIMH),
TOOTO 3 CHMETPI€I0 CaMOTO TEH30pa, a TAKOXK 3 3aKOHAMHU
TEPMOIUHAMIKH.

Posrnsnemo sk npukian 3akoH Owma. fkmo Ha
cepeny Ji€ eNEKTpUYHE TIoJie 3 HampyxeHictio E, To
3'IBISETHCSA CTPYM, IIIJIBHICTH SIKOrO j IpOTNOpIiiiHa
MTUTOMIH €JIEKTPOTIPOBIMHOCTI cepeoBuia o. Benmuanau
E=(E,E,,E;,) 1 j=(Ji,/».J;) XapaKTePU3yIOThCA TPHOMA

KOMITIOHEHTaMH, TOOTO € BEKTOpHHMH. B i30TpomHoMy
CEPEeIOBUIIII CIEKTPOIPOBIIHICTE ¢ HE 3alIC)KUTh Bij
HampsAAMKY, 1 ToMy i OyOp-sIKOTO  HAIPSIMKY
BHKOHYETHCSI CITIBBITHOMICHHS: j=0-E , TPU IHOMY
BEKTOP j (IIUIBHICTH CTpYMY) 30ira€Thes 3a HAPSIMKOM 3
BEKTOPOM £ (HAIPy>KEHICTIO €JIEKTPUYHOTO IOJIs).

Y aHI30TPOITHOMY cepeoBHIIi oyne
crocrepiratucs 30BCIM iHIIa KapTUHA:
€JICKTPOIIPOBIIHICTE ¢ OyJe 3a1eXaTH Bij HaNpsMKy, i
3akoH OMa He MoXke OyTH ONHMCaHuil B IPOCTiH GopMi.

J1s IpoCTOTH PO3MIITHEMO JIBOBUMIDHHUH BHIIAIOK
(puc. 1), xonu B 06paHiii cucremi xoopauHaT (X; X,)
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BeKTOpU E HampyXeHOCTI eJEeKTPUYHOro TMojst 1 j
LIIJIBHOCTI CTPYMY He 30iratorbcsi. A 1e Moxe OyTu
aame B pasi  HepiBHOCTI O, #0,, TOOTO
€JICKTPOIIPOBIIHICTS B3JIOBXK OJHOTO 3 KOOPIAMHATHHX
HAaINpsIMKiB HE 30ira€ThCsl 3 €IEKTPOIPOBIAHICTIO B3/I0BXK
IHIIOTO KOOPANHATHOTO HAIPSIMKY.

J1s ocbOBUX HANPSIMKIB (€, 1 e, ), KOXKHE 3 AKUX B
aHI30TPOITHOMY CEPEIOBHILI XapaKTEPH3Y€EThCS NEBHUM
3HAYEHHAM EJIEKTPOIPOBiAHOCTI ( 0}, 1 T,, BiANOBiAHO),
3HaYEHHS KOMIIOHEHT WIUIBHOCTI CTpyMy OynyTh
HACTYNHUMU: j, =0,,-E, - j, =0, E,-j, =0.

IIpn HepiBHOCTI 3HAa4YEHb EIEKTPOIPOBIIHOCTI B
IMX HampsiMKax (To6To o), # 0,,) BEKTOp IIIIBHOCTI
CTpyMy j, SIKMH JOPIBHIOE CyMi MHOro KOMIIOHEHT:
j=J, +j, HE cHiBIAJaTUMe y HANPSMKY 3 BEKTOPOM
HAIPYKEHOCTI eleKkTpuyHoro noua £ = E, + E, (puc. 1).

[Ipu mepexoi 10 TPUBHMIPHOTO BUMANKY, TOOTO 110
TPhOX KOOpJMHATHHX BeKkTopiB X, X,, X,, KOxHa

KOMIIOHeHTa BeKTOpY j( i, /,, j; ) Oynde 3anexarw Bix
yCiX TpPbOX KOMIIOHEHT BEKTOPY E(EI,EZ,E3). B

pe3yNbTaTi OTPUMAEMO CUCTEMY JIIHIHHUX PiBHSHB!

Si=0yE+o,-E +o,-E;,
Sy =0y E+0,-E, +0,-E;,
Jy =05 E +0y,-E, + 05 - E;,

IO JI03BOJIAE 3HAUTH WIBHICTE CTPyMY (/) /ys j3 ) B

KpHUCTAaJ, Ha SIKUH JIi€ MoJIe Hanpy>KeHicTio E.

Jlerko ycBimomutn ceHc (i CrmOCi0 BU3HAYCHHS)
koeQiuieHTiB o, . JlilicHO, 11 MO, CIPSIMOBAHOIO
Y3/0BX KOOpAMHATHOI oci X, E(E,0,0) — #Bi

KOMITOHEHTH JOPiBHIOIOTH 0.

[MincraBuBmM 3HaueHHs E B cUCTEMY pIBHSHB,
OTPUMAEMO:

Ji=0oy,-E,

J, =0y E,

Jy =0y E\.
3Bincu o, :L, o, =%, oy, =L
E, E, E,

SIKI10 moJie Ma€ BHUIJIS E(O, EZ,O) , TO

Ji=0y,E,,
=0y E,,
J;=0y"E,,
. Ji J2 J3
3BiIKU O, =, 0,, =<=, 0;, =~—.
E, E, E,

I mapemri, mome Buay E(0,0,E,) x03BomATH

BU3HAYUTHU KOCPII[iEHTH:

O3 :L’ Oy :]_2> O3 =L
E; 3 E,

Crnig 3BepHYTH yBary Ha Te, IO HaBiTh B TOMY
BUMAJKYy, KOJIHM TMOJI¢ BHU3HAYAETBCS TUIBKH OJHUM
KOMITOHEHTOM E, BEKTOp WIUIBHOCTI CTPyMy, TUM HeE
MeHII, OyJe MaTh BCi TPH KOMITOHEHTH, BiIMiHHI Bif
HYJISL.

TakyuM YMHOM, B 3arajJbHOMY BHIIAJKy JEB'SITh
KOe(IIEHTIB — JEB'ATh 3HAYCHb EJIEKTPOIPOBIIHOCTI
o,, Ae 1,k=1,2,3, yknajeHi B KBaipaTHI IyXKKH,
MO3HAYAIOTh TEH30P Ipyroro paHry. Cami x KoedilieHTH

— HE IO iHIIe, K NeBHI (i3WdHi BEJIMYUHU — B JJAHOMY
BUMAJIKY 3HAYCHHS €IICKTPOIPOBIIHOCTI.

e E

1

Ji

Puc. 1 — Imoctpariist 3akony OMa B aHi30TPOITHOMY CEPEIOBHII, VIS SIKOTO O, = 30,, (€ i €, — opieHTyBaHHS] OCeil

OPTOHOPMOBAHOT CHCTEMH KOOD/IMHAT)

Y KOMIIaKTHOMY BHTJSAI Oyab-skK€ 3 piBHSIHB
CHCTEMH MOXe OyTH 3aMCcaHo B HACTYITHOMY BUTJISII:

Ji =0y Ey

1
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3amaya. 3HAWTH BENMYMHY 1 HampsIMOK BEKTOPY
IIUIBHOCTI CTPYMY j B cucTeMi koopauHaT X, X, X, mo

BUHMKAa€E B KPHUCTAJIYHIA IUIacTHHIl Iwiomero S i
TOBIUHOK d (\/g >>d ) mig Ai€l0 30BHINIHBOTO MO
E=150B/cm B HanpsaMky (\/5/2;\/5/2;0), SIKIIO
nuToMa TpoBimHicTs kpuctama (B 1070w 'en™) B wiit
cucTeMi koopauHaT X, X, X, ONUCYETHCSA TEH30POM

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

KoMIoHeHTH BEKTOpPY HAIpyXEHOCTi 30BHILIHBOTO
eNeKTpuyHoro mons  E (E1 , E,, E3) JOPIBHIOIOTh

E =150-~2/2 Bjem; E,=150-N2/2 Bjew; E,=0.
BiamosigHo no 3akony Oma B audepeHIianbpHii dhopmi,
KOMITOHEHTH BEKTOPY IIinbHOCTI cTpymy j( i, j,. j; ) B

3

KpHUcCTaJli BU3HAa4aloThCs 3a popmyioro j, = ZGME i
i=1

=0, E+o, E +0,E,,

J, =0y E+0,E +0,E,,

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

UucenbHi 3HAYCHHS:
G =7,4-10" 4/ en?;
J, =14,7-10° 4/ en?;
Jy =8,46-107° 4/ ca;
|/]=18,5-10" 4/ca’ .

HanpsiMok ~ BeKTOpY j BHU3HAYAEThCS KyTaMH

@, @y, ¢, 32 JOIOMOIOI0 (GOPMYIH COS@; = ‘j—f‘, e (i=1;
J

2; 3). Li xyru JopiBHIOWOTH ¢, =66", ¢, =37,
@, =63".

Binnosigs: |j|=18,5-107" 4/eai® @ =66,
@, =37, ¢, =63".

BucHOBKM Ta mepcneKTHBH  NOJAJBLIIOrO
PO3BHTKY IaHOTO HANPSIMKY.

3acTocyBaHHS PpO3MVIIHYTOTO B JaHiM  CTaTTi

TEH30PHOTO aHajJi3y BHMara€ 3HAaHHS BIJIOBIIHUX
po31iiB JiHIHHOT anreOpHu, BEKTOPHOT ayireOpy Ta Teopii
noist. Ha mpakTW4HHX 3aHATTAX 3 BHIIOT MaTeMaTHUKH
4acTO JIOBOJAMTHCS PO3B’SI3yBAaTH 3aBIaHHs 3arajbHOTO

XapakTepy. Ane ISt CTYICHTIB TEXHIYHUX
CTIEIiaIbHOCTeW  OUMbIIMIA  1HTEpEC TMPEIACTABIAIOTH
3aBIaHHA, fKi  Oe3mocepeqHbO  TMOB'I3aHI 3 iX

podeciiHOIO MiATOTOBKOIO.

TakuM YHHOM, PO3TIISINAIOYN 3aBAaHHS, MOMiIOHI
HaBEIECHMM B  JaHIA  CTarrTi, MM  IIJABHIIEMO
3aIliKaBJICHICTh 1 MOTHBAIiI0O MaWOyTHIX (axiBIiB 10
HaByaHH [14-22].
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O. B. EOIMOB, JI. 1. TIOTIOHHK, B. /1. KABEPI]EB, T. A. T'APKYIIIA, A. B. MOTOBIIBHIK, I1.B. II®IITUI]b

AHAJII3 CYYACHHUX METOAIB I IIAXOMIB 10 MATEMATHYHOT'O MOJEJTIOBAHHS TA
ONITUMIZIIII TAPAMETPIB TEXHOJIOI'TYHHUX MMPOLECIB B EHEPTETUYHOMY
YCTATKYBAHHI EHEPT'OBJIOKIB TEC I AEC

VYV Mmatepianax ctarTi po3risIHYTI Kiachdikaris CydacHMX METOIB CHCTEMHOrO aHalli3y, OCHOBHI MOJIOKEHHsS Teopii i 3aco0iB

MaTEeMaTHYHOTO MOJIEIIIOBAHHS TEXHOJIOTTYHUX NPOLECIB B EHEPreTHYHOMY YCTAaTKyBaHHI, 110 NPU3HAYCHI U1 aBTOMATH30BaHOTO

YIPaBIiHHA CKJIaJHHUMH TEIUIOCHEPIeTUYHUMHU CHCTeMaMH. PO3MISHYTI MeTOOM 1 MiAXOJAM DO MAaTeMAaTHYHOrO MOJENIOBAHHS Ta

onTHMi3anii mapaMeTpiB TEXHOJIOTIYHUX NporeciB B eHeprobiokax remioBux (TEC) ta atomuux enxexrpocranuiii (AEC).
Kurouosi cioBa: enepro6iiokn TEC Ta AEC, MateMaTndHe MOZGITIOBAHHS, ONTHUMI3allis HapaMeTpiB.

A. B. EOHUMOB, JI. H. TOTIOHHK, B. JI. KABEPIIEB, T. A. T'APKYIlIA, A. B. MOTOBHJ/IBHHK, II. B. IH®IIITHI]

AHAJIN3 COBPEMEHHBIX METOJOB U IOAXOJ0B K MATEMATHUYECKOMY
MOJAEJIUPOBAHUIO 1 ONITUMU3ALINU TAPAMETPOB TEXHOJIOI'HNYECKHUX ITPOINECCOB
B OQHEPTETUYECKOM OBOPYJOBAHMWHU SGHEPI'OBJIOKOB TOC 1 A9C

B marepunanax craTtby pacCMOTPEHBI KJIACCH(UKALUS COBPEMEHHBIX METOZOB CHCTEMHOTO aHAJIN3a, OCHOBHEIE TIOJIOKEHHS TEOPUH
M CIIOCOOBI MaTEeMaTHIECKOTO MOACIMPOBAHNS TEXHOJIIOTMIECKHUX MPOLECCOB B SHEPTeTHIECKOM 000pYI0BAaHNH, IIPeJHA3HAYCHHEIE
JUIsL aBTOMAaTH3UPOBAHHOTO YIPABICHUS CJIOKHBIMU TEIUIOHEPTeTHYECKMMH CHCTEMaMH. PaccMOTpEHbI METOIbI M IOIXOABI K
MaTeMaTH4ecKOMY MOJAEINPOBAHHIO U ONTUMH3ALUH I1aPAMETPOB TEXHOJOTMYECKUX MPOLEcCOB B 3HEprobiokax remioBsx (TOC)
U aTOMHBIX dnekTpocTanuuii (ADC).

KnroueBble ciioBa: sueprodnoku TOC u ADC, MaTremaTryeckoe MOJACIUPOBAaHKE, ONTUMHU3ALNS TapaMETPOB.

O0.V. EFIMOYV, L.I. TIUTIUNYK, V. L. KAVERTSEV, T. A. HARKUSHA, A. V. MOTOVILNIK, P. V. LIFSHITS

ANALYSIS MODERN METHODS AND APPROACHES TO SIMULATION MODELING
OPTIMIZATION OF PROCESS PARAMETERS IN POWER EQUIPMENT THERMAL POWER
PLANTS AND NUCLEAR POWER PLANTS

The materials of the article consider the classification of modern methods of system analysis, the main provisions of the theory and
means of mathematical modeling of technological processes in power equipment, designed for automated control of complex
thermal power systems. To consider methods and approaches to mathematical modeling and optimization of process parameters in
TPP (thermal power plants) and NPP (nuclear power plants) power units. Modern steam turbine power units of thermal and nuclear
power plants are complex technical, thermal power systems. Complex thermal power system is a set of interconnected and
interacting elements and subsystems of different technological purposes, which form an inseparable whole, providing the system of
some complex function in the form of electricity and heat production and which are described by a rather complex mathematical
model. The theory of system analysis and mathematical modeling is widely used to select the structures and parameters of the
technological processes of power units. Analysis of literature sources on the existing methods of mathematical modeling and
selection criteria, schemes of technological processes and approaches to creating mathematical models of the functional state of
steam turbine power units, showed the need to improve them to take into account operational reliability.
Keywords: TPP and NPP power units, mathematical modeling, and parameter optimization.

Beryn.

CyuacHi mapoTypOiHHI €HeproOJIOKH TEIUIOBHX 1
ATOMHHX €JICKTPOCTAHIH € CKIQAHAMH TEXHITHUMH
(TeTuIOeHEPTeTHIHUMH) crcTeMaMu. Jlo XapakTepHUX
0COOJIMBOCTEN TAKUX CUCTEM MO>KHA BIIHECTH:

- BENIMKY KIJIBKICTh  B3a€MO3B’SI3aHUX MK
0000 €JIEMEHTIB 1 M ICUCTEM;
- CKIAAHICTh  (yHKHIH, 1O BHKOHYIOTHCS

CHCTEMOIO 1 sIKI HampaBJeHI Ha JOCATHEHHS MeTH Ii
(yHKIIIOHYBaHHS;

- 0araToBUMIpHICTb CHUCTEMH, IO O0OYMOBJIEHA
HAsBHICTIO BEJIMKOTO YKCJIA 3B’ SI3KiB MIXK MiJCHCTCMaAMU;

- B32€EMO/III0 CHCTEMH i3 30BHIIIHIM
cepenoBumeM 1 (QYHKIIOHYBaHHS B yMOBaxX il
BUIAJIKOBUX YNHHHUKIB;

- HasABHICTH 0AraThOX KPUTEPIiB OIIHKU SKOCTI
(yHKITIOHYBaHHS CUCTEMH 1 11 OKpEMUX MiCUCTEM;

- PI3HOMAHITTS CTPYKTYPH CHCTEMH,

00yMOBJIEHE K PI3HOMAHITHICTIO CTPYKTYP i mizcucrem,
TaK 1 pi3HOMAHITHICTIO CTPYKTYp 00’€JHaHHS MiJCHCTEM
B €IMHY CHUCTEMY;

- HasBHICTh  YOPAaBIiHHA, IO YacTo Mae
iepapXiuHy CTPYKTYpy, a TaKOX pPO3TaIyKEHHICTh
iH(opMamiiHOT Mepexi 1 IHTEHCUBHUX iHGOpMAIiHHUX
IOTOKIB;

- pi3HOMaHITTA pi3HHX (bi3UKO-XIMIYHHX
MIPOIIECIB, 10 MPOTIKAIOTh B OKPEMHUX IMiICHCTEMAX;

- BEJIHKY PO3MIpHICTH i CKJIQJIHICTh
MaTeMaTUYHOI MOJENIi CHCTEMH, IO OOYMOBIIOE
HEOOXIHICTh  3aCTOCYBaHHS [UIA i JOCIIIKCHHS

CYy4YaCHHX METOJIIB
JIEKOMITO3HIIi, MaKpOMOJIEIIOBaHHS, iMiTaIlifHOTO
MOJIEJIIOBAHHS 1 1HIINX;
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- iCHyBaHHsl IHTErpauliiHMX O3HaK, SKi BIIACTHBI
cucteMi B LUIOMY, aje HE BJIACTHBI KOXHOMY i
€JIEMEHTY OKpeMO (HamnpHKIIaj, pe3epBOBaHAa CHCTEMa
HaJiiiHa, a 11 eJIeMeHTH MOXYTh OyTH HEHATIHHUMH);

- BIICYTHICTh y HIJIOMY PSJIi BUIAIKiB MOYKJIUBOCTI
OTpUMaHHS JOCTOBipHOT iH(OpMAIlii TPO BIACTUBOCTI
CHCTEMH B LIJIOMY B pe3y/IbTaTi BUBUECHHS BIACTHBOCTEH
il OKpEMUX €JIeMEHTIB.

Takum  9MHOM, CKJIagHAa  TeIJIOCHEPreTHYHA
CHUCTEMa MPEJCTaBIsE CO00K Oe3iiu B3aEMO3B’SI3aHUX 1
B3a€MOJIIOUYMX MIDK COOOI0 €JIEMEHTIB 1 IMiJACUCTEM
PI3HOTO TEXHOJOTIYHOTO MPU3HAYCHHS, SAKi CKIAJar0Th
HEepO3JUIbHE Iiijle, 110 3a0e3MevyloTh BUKOHAHHS
CHUCTEMOIO JIeSKOi CKIaaHoi (YHKUIT y  BHUIJISAL
BUPOOHMIITBA €JEKTPUYHOI 1 TemIoBOi eHeprii 1 ski
ONHCYIOTBCA  JOCTAaTHRO CKIIQAHOIO MaTeMaTHYHOIO
MOJIEIITIO.

Orasa i kaacudikaimis cydyacHMX MeTOIiB
CHCTEMHOI0 aHaJi3y, OCHOBHHMX TMOJIOKeHb Teopii i
3aco0iB MaTeMaTHYHOI 0 MO/IeJTI0OBaHHSA
TeXHOJIOTYHUX npouecis B €HEePreTHYHOMY
YCTATKyBaHHi, 11(1) Npu3HaveHi TS
aBTOMATH30BAHOTO yHnpaBJiHHS CKJIATHUMHA
TeIUIoeHePTreTHIHHMH CHCTEMAaMH.

TemmoeHepreTnyHa CUCTEMa, SK MPABWIO, Mae
poCTOPOBY abo (yHKIIOHANbHY 3aMKHYTicTh. Lle
O3HaYae, MO0 MOXHA IPOBECTH MEXy abo B TPOCTOPi
KOMITOHEHT IIi€i cucTeMu, ab0 B TIpOoCcTOpi ii QPyHKIIIH, 11O
OJIHY CTOPOHY BiJl IKOi ONTMHUTHCS CUCTEMA, a T10 1HITY —
30BHIITHE cepepoBuiie. Li 1Bi BIACTHBOCTI CUCTEMH HE €
B3a€MOBHKITIOYHAMH.

Y OigpmiocTi THX BHHOAAKIB, KOJIH CHCTEMA
3a[]a€ThCS [0 MPOCTOPOBUX  O3HAKAX, OJHOYACHO
MIPOBOTUTHCS CTPYKTYpH3allis CHCTEMH. ITig

CTPYKTYPH3ALi€I0 3a3BUYall PO3YyMI€ThCSI BUIIICHHS B
CHCTEMI IBOX THIIB 00’€KTIB — 0araTbox €JIEMEHTIB 1
0araTboXx 3B’SA3KIB 1 BCTAHOBJIEHHS CIIBBIJHOIIEHb MIX

HuMH. HaifyacTime CTpyKTypa TEIUIOCHEPreTHYHOI
cucteMH, TOOTO (ikcoBaHA CYKYIHICTh €JIEMEHTIB i
3B’S3KIB MDK HHMH, BigoOpaxkaeTbcst y  dopwmi

TEXHOJIOTIYHOTO Tpada, a 3B’ s13kH — Ayramu rpada [1-2].

Po3wieHyBaHHS CHCTEMH Ha €JIEMEHTH € OJHHUM 3
MepIIMX KPOKiB MpHu moOymoBi ii ¢opMaIbHOTO OIMHUCY,
T00TO MaremarnuHoi Mogxeni. Ilpm npomMy enemeHT
BHUCTYIA€ SIK O0’€KT, SKUH TpU IAaHOMY pO3TIIsi
CKJIaZHOI CHCTEMH HE IiIJISTae IOJAIBIIOMY PO3OUTTIO
Ha vactuHd. llizcucremMa — mpexacTaBisie  co0OrO
CyKymHicTb  enemeHTtiB.  DopmanbHO,  OyIb-SKy
CYKYIIHICTb €JIEMEHTIB TEIUIOCHEPIeTHYHOT CUCTEMH 3 1X
3B’sI3KAMH MOJKHA PO3TIAAATH SK Tigcucremy. IIpote
BHKOPUCTAHHS I[hOTO MOHATTS HAHOUIBII MOMIMpPEHE B
TOMY BHIIQAKYy, SKIIO TIiJCHCTEMa € JOCTaTHBO
CaMOCTIHOIO YaCTHHOIO CKJIAJTHOI TEIUIOEHEPTETHIHOT
CHCTeMH, a MeTa i1 (YHKI[IOHYBaHHS ITiMOPSIKOBaHA
3arajbHii MeTi (YHKITIOHYBaHHS BCi€l CHCTEMH.

[Ipouec nekoMmo3uLii CKIaJHUX TEIUIOCHEPreTHY-
HHUX CHCTEM, TOOTO PO3OMTTS TX Ha OKpeMi TEXHOJIOTIUHI
cUCTeMH, 3a3BH4ail He € opMali30BaHUMU 1 HOCHUTb, SIK
MPaBUJIO, CBPUCTHYHHI Xapaktep. Tomy, MpaBHIbHA

JICKOMITO3MIS CKJIaJHOI TEIUIOCHEPTeTUYHOT CHCTEMHU
JIO3BOJISIE CIIPOCTUTH 1 TIOJICTIINTH ii aHAITI3.

TenmoeHepreTHYHi CHCTEMH, SK 1 IHIN CKIIAIHI
TEXHIYHI CUCTEMH, OMHCYIOTHCS LUIIXOM BHU3HAYCHHS 1X
bynkmid 1 crpykryp. DyHKImII CHCTEMH MOXYTh
OTIMICYBaTUCS 3 PI3HUM CTyIleHeM netamizamii. Jlms ix
OMHUCYy, 3a3BU4ail, BUKOPHCTOBYIOTHCSI TEOPis MHOXHH,
aJrOpUTMIB, BUMAJKOBHX IpoIeciB, iHGopMarii 1 iHmIi
METO[IH.

Sk BXKE HATOJIOIIyBaJIOCH, CKJIaHI
TEIJIOCHEPreTUYHI CUCTEMH (YHKIIOHYIOTh B yMOBax Jii
BEJIMKOI KUTBKOCTI BUITAJKOBUX YHHHUKIB, SIKI MOXYTb
OyTM sK 30BHIIIHIMM, TaK 1 BHYTpPIIHIMH, 1 SKi
HCOOXiZTHO ~ BPaxOBYBaTH  MpPH  MAaTCMATUYHOMY
MOJICJTIOBAaHHI B PI3HUX 3a7a4aX JOCIiKCHb.

Bizomo, 110 HaHBaKJIMBIIIKMU 3aJa4aMK
IOCHIMKEHHS  CKJIAOHMX  TEXHIYHMX  CHCTEM  3a
JIONIOMOTOI0 MaTeMaTHYHOTO MOJICNIIOBAHHS € 3aaadi
CUHTE3y, SIKi TIOJTal0Th B 3HAXOJKEHHI CTPYKTYpH i
BH3HAYAJIbHUX MMApaMeTpiB CHCTEMH IO 3aJaHuX il
BJIACTMBOCTSIX, 1 33/1a4i aHaIIi3y, IPY BUPILICHH] SIKUX 110
BiZIOMIH CTPYKTypi 1 BiZIOMHM HapaMeTpaM CHCTEMH
BU3HAYAEThCS 11 TMOBEMAIHKA, TOOTO JOCIHIIKYIOTHCS
BJIAaCTMBOCTI cucTeMHM 1 1i Xapakrepuctuku [3]. 3amaui
CUHTE3y HaW4YacTillle BUPIMIYIOTHCS 3 BHUKOPHCTAHHIM
pe3ynbTaTiB BUPIIICHHS 3a/1a4 aHali3y .

3aexHO Bim crenniku 3B’S3KIB XapaKTEPUCTHUK
CTaHy TEIJIOEHEPreTUYHOI CHCTeMH 3 ii HapamMeTpamu
PO3PI3HAIOTH TaKi MaTEMATHIHI MOJIEII:

- JIeTepMiHOBaHI MOJIENI, B SIKUX B 3aJaHWH MOMEHT
4yacy XapaKTepUCTHUKH CTaHy OJHO3HAYHO BH3HAYAIOTHCS
yepe3 napamerpu, Lo 3aaf0ThCsl;

- IMOBIpHOCHI (CTOXacTH4Hi) MoOJelNl, B SKHX 32
JIOTIOMOTOK0 MaTEMAaTUYHUX CIIBBIIHONICHb MOXHA
BU3HAYUTH PO3MOJIINA XapAKTEPUCTUK CTAaHY CUCTEMH IO
3aJjaHuX IMOBIPHICHUX XapaKTepUCTUKax (po3moxinam) ii
napameTpis.

3a 03HAKOW BHUKOPUCTAHHS I PI3HUX LLICH
JOCTIJKCHHSI MaTeMaTHIHI MOJIEINi TEIUIOCHEPTeTHIHUX
CHUCTEM TIiAPO3AUIAIOThCS Ha aHANITHYHI 1 iMiTariiHi

mozedni [3].
I[ToBHa MaremMaTW4Ha MOJENb (YHKITIOHYBaHHS
TEIUIOEHEPTeTUYHOT  CHCTeMHM  3a3BUYall €  JIyXKe

CKJIQJIHOIO, HEJIHIHHOIO 1 BHMOIJIMBOIO JO pECypciB
004YNCITIOBANIbHOT TEXHIKM. TOMY 4acTo Uit BUPILICHHS
KOHKPETHHX 3a/ad JOCHIIKCHb 3aCTOCOBYIOTh TakKi
METOJH CHPOIICHHS 00 caMoi CUCTeMH, a00 MOJIEII:

- PO3WICHOBYBAaHHS CKJIAIHOI CHCTEMH Ha psJ
MPOCTILIMX IMiICUCTEM (METO]I ICKOMITO3HIIIi) ;

- BUAUIGHHS B CHUCTeMi HaWOIIbII  ICTOTHHUX
BIIACTMBOCTEH 1 NI Ha HHUX B TapaMeTpwuHid dopmi
(MeTo MaKpOMOIEITIOBAHHS);

- JiHeapu3aIlilo HeNHIMHUX Mojaenel B HesdKii
obOmacti 3MiHM 3MIHHHX METOIOM MAallUX BiIXWUJICHB
(MeTon niHeapu3arii);

- TPUBEICHHS CUCTEM 3
napamMeTpamMu  JI0  CHCTEM i3
napamMeTpamu;

PO3NOIUICHUMHU
30CepePKCHUMH

Bicnux Hayionanvnoeo Texniunozo Yuieepcumemy «XI1l». Cepis: Innosayitini
50 odocriddicenns y naykosux pobomax cmyoenmis, 2020, Ne 6 (1360)



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

- 3HeBara JHUHAMIYHIMHA
TEXHOJIOTIYHUX MPOIIECIB B CUCTEMI.

YaockoHnajieHHS Teopii imiTamiiiHoroO
MO/IeTI0BAHHS Ta onrTumizamii CKJIAJIHUX
TeIUIOEHEPreTHYHUX  CHCTEM, pO3podKa  HOBHX
MeToAiB i migxoniB Ao imiTaniiiHoro Moje/l0BaHHSA Ta
onTuMizaimii mapaMeTpiB TeXHOJIOTIYHUX MpoLECiB B
€HepreTHYHOMY YCTATKYBaHHi Pi3HOT0 NPU3HAYEHHSI.

Teopis CHCTEMHOTO aHaNi3y 1 MaTeMaTUYHOTO
MOJICTIIOBaHHSI IIMPOKO BHUKOPHUCTOBYETHCS ISl BHOOPY
CTPYKTYp 1 mapaMeTpiB CXeM TEXHOJIOTIYHHUX IPOIECIB
CHEeProOJIOKiB eleKTpocTaHiiii [3-4]. ¥ mux podorax mpu
onTHMizalii CTPYKTyp 1 IapaMeTpiB CXeM SIK ILiJIbOBI
(GyHKIII, 10 ONTHUMI3YIOThCS, BHKOPHCTOBYIOTHCS
CJIGKTPUYHA TOTYXKHICTh 1 TEIUIOBA CKOHOMIYHICTh
eHepro6iokiB. IIpoTe mMOKa3HWKM HATIHHOCTI CXeM
TEXHOJIOTIYHHX TPOIIECiB HE BPaXOBYIOThHCS.

B poboti [5] omucani ocHOBH
onTHMi3amii mapameTpiB  0a3z0BUX i
TEIUIOBHX  €HEproOJOKiB,  BKIIIOYAIOYH
pO3paxyHKy TEXHIKO-€KOHOMIYHOT e(heKTUBHOCTI.
BcraHOBIIOETECS  HEOOXINHICTH  BBEICHHS  HOHATTS
HOTY’KHOCTI, 10 3aMiIA€ThCs, M0 BIAMYCTII eHeprii npu
NOPIBHSHHI BapiaHTIB CXEM TEXHOJIOTIYHUX IPOLECIB
eHeproOJyIoKiB mix yac exciuryarauii. Ilpu onTumizamii
napaMeTpiB €HeproOJIOKiB OJHOLIIBOBOIO NPU3HAYESHHS
3aCTOCOBYIOTh Pi3HI CHOCOOM 3iCTaBJICHHS BapiaHTIB i
MPUBEICHHS iX 10 PIBHOTO €HEPTETUIHOTO e(DEeKTy: MpH
MOCTIMHIA eNeKTPUYHIA MOTYXHOCTI €HeproOJIoKy, MpHu
HE3MIHHIM BWTpaTi CBDKOI TMapu, TMpU 3aJaHOMY
MPOITyCKy Tapa B KOHJEHCATOp Ta iHmN. Y BCiX IHX
BHIIAJIKaX cymapHa BiITyCTKa €NeKTPOCHEePTii
CIIO)KMBayaM po3IJiIsiIaeTbesl HE3MIHHOIO.

Jlis BapiaHTiB, IO BIIPI3HAIOTBCS BiJIYCTKOO
eJIEKTpOEHerii, KpUTepieM TEPMOJAMHAMIYHOT
€()EKTUBHOCTI CIy’KUTb BUTpaTa maiusa B." y yMoBHiii
CHCTeMi, IO CKJIAJA€ThCsl 3 JaHOro 1 TOro, mIo
3aMilllyeThcsl, EHeproOyoKiB (MOKpHBaK4oi HebasaHC
BiJIITYCTKH €IIEKTPOCHEPTii B EHEPTrOCUCTEMI):

BJIAaCTUBOCTAMU

METOIUKH
MaHEBPEHHUX
METOAUKY

B! =B+(B! ~E)-by, =B—E-b,, +const,

Iie B — piuHa BUTpaTa majarBa Ha CHEProOJIoK;

E [, E — piuHe CHOXKHMBAaHHA eJIEKTPOEHEPTii
BIJITIOBITHO B JaHiii CHEPrOCHCTEMI 1 IO T'CHEPYETHCS
EHEProOJIOKOM, SIKHI ONITUMI3yEThCS;

bsqn — IMTOMA BUTpATA TTAJIMBA HA €HEPTOOJIOIT, IO
3aMiIaeThCs.

OnTuManbHi 3HAYSHHS TapaMeTpiB TEXHOJOTIYHUX
MIPOIIECIB 32 KOKHUX YMOB €KCILTyaTallii (Mpu MmoCTiinHii
MOTYKHOCTI, TIPU MTOCTIMHIM BUTPATi CBIXKOT Mapu i TOMy
nmoaiOHe) BHUXOAATH PI3HUMH; BOHHM YacTO ICTOTHO
BIZIPI3HSAIOTBCS OJWH BiJl OJHOTO 1 HE BPAXOBYIOTh
MOKa3HHKIB HAIITHOCTI.

PoGora [2] mnpucBsiueHa 3acCTOCYBaHHIO TeOPii
CHUCTEM 1 METOJIB MAaTEMATHYHOTO MOJICIIOBAHHS [0
OLIIHKH (pYHKIIOHAJBHOTO cTany TypOoycranoBok TEC i
AEC mig gac excruryararii. CTpykTypa TypOOyCTaHOBKH
MIPENCTABISAETbCS TEXHONOTiUHMM Tpadom Gt, a il

MaTeMaTUdHa MOJENb B 3arajbHOMY BHIIAJKy 331a€THCS
y BUIJISAI:

1Q)|e; (1) = 0.7 eM,,i=15),

ne €, ¢; —MaTeMaTH4Hi CIiBBiIHOIICHHS, IO OIMHUCYIOTh
SIKICTh YCTAHOBKH SIK CHCTEMH 1 TEXHOJIOTIUHI MPOIIECH,
o BinOyBaloThCS B Hil, 1 MO CKIAIAIOTHCS 3 PiBHSHb,
HEPIiBHSHB, JIOTIYHUX YMOB, TAOJUIIb;

i — HOMEp BiJHOLICHHS;

S — KIJIbKOCTI BiIHOIIICHL MaTEMATHYHOI MOJIEIII;

¥=XY,G AW — inpopmariiiHa CTpyKTypa MOJIei, y
SKii: X — BEKTOp HE3aJEeXKHHUX 3MIHHHMX; Y — BEKTOp
3aJeKHUX 3MIHHMX; A — BEKTOpP 30BHIIIHIX YMOB
(YHKITIOHYBaHHS YCTAaHOBKH; W — BEKTOp TJIMOMHHU
(meramizarii) MOJETIOBaAHHS;

M; — o005macTh MOXJMBHUX CTaHiB €JIEMEHTIB
YCTaHOBKH.
TexHoNOTiYHE  yCTaTKyBaHHA  TypOOYCTaHOBKH

BimoOpakaeThCsl y BUMIISAL By3JiB rpada. OpieHTalis 1yr
rpada 30iraerecst 3 HampsAMaMu pyXy poOOYHMX Tijl

TEIUIOHOCITB 1 Tepedadl MeXaHi4HOI, TemIoBoi i
CJIEKTPUYHOI ~ €HEeprii B TEXHOJOTIYHHUX 3B s3Kax
TypOOYCTaHOBKH.

Po3pobnena Ta ymockonaneHa B [3,4] imirariiiHa
MOJICNIb  TEIUIOCHEPreTUYHOI  YCTAHOBKH  BKJIIOYAE
PO3BHHEHY CHCTEMY JIOTIKO-YHCIIOBHX  OIEpPaTOpiB:
30epeKeHHS KUTBKOCTI pEYOBHHY; THCKY;

TEPMOJMHAMIYHHX IapaMeTpiB; 30CpeXeHHS EHepril;
KKJI TtypboycraHoBKH; TeruioBoi edeKkTuBHOCTI. Ll
MOJENb, SKa pealli3oBaHa y BUIJISAI  MPOTPAMHO-
MaTeMaTUYHOTO  KOMIUIEKCY, J03BOJISIE  IPOBOJIUTH
YHUCENbHUN EKCIIEPUMEHT JULst BU3HAYCHHS
(GYHKIIOHAJIBHOTO ~ CTaHy TypOOYCTaHOBOK  Pi3HHX
TUIOPO3MIpPIB B IIMPOKMX  Jiarma3oHax  3MiHH
MOTYXHOCTI, IOYaTKOBUX 1 KIHIIEBUX MapaMeTpiB HapH,
CTPYKTYpH 1 TEXHOJIOTIYHHX YMOB poboru. 3 il
JIOTIOMOTOI0 ~ BHPIIIYIOTbCS ~ OCHOBHI ~ THNH  3aaad
JTOCITIKCHHSI CTPYKTYpH i napameTpiB
TEIUIOEHEPTETHIHUX YCTAHOBOK: Xvar, G const, Aconst, Weonst
— yncnoBa (MapaMeTpuyHa) Bapiamis; Xeonst Glvan Aconst,
Weonst — CTPYKTYypHa BapiaHiH; : Xuar, GTvar, Aconst, Weonst —
CTPYKTYpHO-TIApaMeTpUdHa Bapiatis; Xeons, Gconst, Avar,
Weonst — Bapiallisi 30BHIIIHIX apaMeTpiB 1 3B’513KiB; Xconst,
GToonse  Aconst,  Weonst —3MiHa TmOuHHM  (meTanizanii)
MO/ICTIFOBAHHS.

Ha nincrasi BuienepeniueHuX TUIIB MOXYTh OyTH
BUpIIICHI HACTYIHI 3aJa4i JOCHIIKCHb MO ONTHMi3amii
CTPYKTYP i rapameTpiB mapoTypOiHHUX
TETJIOGHEPTEeTUYHUX YCTAaHOBOK: AaHANi3y, CHHTE3Y,
inenTudikarii, ynpaBliHHS, PO3MOIITY, HaBaHTaXCHb.
[Ipore nHWTaHHA BIUIMBY TOKa3HWKIB HAIIHHOCTI Ha
ONTHMAIIGHI CTPYKTYpH 1 TapamMeTpu NapoTypOiHHHX
YCTaHOBOK aBTOPaMH HE PO3TIISJAI0TECSL.

Y poGoti [6] Ha OCHOBI METOAYy CHCTEMHOTO
aHaJi3y pO3pOOJICHI CXEeMHM TEXHOJOTIYHHUX MpOLECiB
eHeproOJIOKiB, 10 3a0e3NeyyIoTh M Yac eKCIUTyaTaril
pauioHaILHUN PO3NOALT €JIEKTPUYHNX HABAaHTaKEHb MK
JIeKUIbKOMa  TypOoarperataMy  €JIeKTpOCTaHLiii 3

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini
docriddicenns y Haykosux pobomax cmyoenmis, 2020, Ne 6 (1360) 51



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

ypaxyBaHHSM JPOCEIIOBaHHSA Napu B Kiananax. [lpwu
IBOMY, SK YKa3ylOTh aBTOPH, MOXJIMBE OTPUMAaHHS
exoHoMii manmBa Onmspko 0,2-0,3 % Big cymapHOi
BUTpaTu nanuBa. [IpoTe mpu LbOMY HE BPaXxOBYIOTHCS
BIIACTHUBOCTI HaJIiHOCTI TypOoarperaTiB i BiZIOBiIHO
BIpOTiZHOCTI  aBapif, fAKi MOXYThb TIPUBECTH JIO
MOPYILICHHST HOPMAaTHBHUX BHUMOT [0 3a0e3MeueHHI0
Oe3IeKH.

Y pobori [7] BupimryeThcs 3amada
eKCIUTyaTalliiHNX  CXEM  TEXHOJOTIYHHUX  MPOIIECiB
€HEeProOIIOKiB, o JIO3BOJISIFOTH ONTUMAIILHO
PO3MOAUIATH TEIUIOBI 1 CNCKTPUYHI HABAHTAXKCHHS MIXK
TypOiHaMu MoryTHix omamroBansHux TEL[, - mo
ONTUMAILHOMY TUTAHY HaBAHTAXXCHHS 3 METOI CKOHOMIi
NMEPBUHHUX JDKEpen Temna. [Ipu IbOMy ONTHMYyM

BHOOPY

JIOCSTAETBCS 3@ pPaxyHOK 3MIHM  TEXHOJOTIYHHX
nmapaMmeTpiB, 3Ha4eHHS SKUX HE TIOB’S3aHO 3
00MEKEHHSIMH, 00yMOBJICHUMHU TTOKa3HUKaMH
HaIIHHOCTI.

ABTtopu pobotu [5, 7] yka3yioTh, IO ONTHMIi3aIlis
PO3MOALTY TCIUIOBHX 1 CJICKTPUYHUX HABAHTAXCHb MK
napajeabHO MPAIIOI0YNMHE arperataMu eJICKTPOCTAHIIIT €

CKJIQJHOI0  3aJa4yel0  CTPYKTYpPHO-IIapaMETPUYHOTO
aHajizy, 10 BaXKo BHpimyerbes. Ll TpyaHomIi
00yMOBJIEHI ~ HEOOXIZHICTIO  BHU3HAYECHHS  CTPYKTYp

TEXHOJIOTIYHAX CXEM YCTAHOBOK 1 IX TIOKa3HHUKIB
3aMiIIeHHs] BIAMYCTKHA TEIIOBOI 1 €JIEKTPpUYHOI eHepril
Ipy  BapiloBaHHI  TEIJIOBHM i CTCKTPUYHUM
HaBaHTaXXCHHSIM. [Ipu MOCTIHHIA BiOMyCTIN €Hepril st
ONTHMI3allii MiTbOBOI (YHKIII aBTOPHU TPOIOHYIOTh
BHKOpPHUCTOBYBaTH  (yHKIito Jlarpamka, B sKiid
HEeBM3HAU€HI MHOXHHMKHM  Jlarpamka  HaIISIOTHCS
BJIACTHUBICTIO 3a0€3MeUyBaTH MPUBEICHHS MOPIBHIOBAHUX
BapiaHTiB 10 PIBHOTO EHEPIETUYHOTO e(EeKTYy.

OxpiM mepepaxoBaHUX, MUTAHHIM BHOOPY CXeM
TEXHOJIOTIYHUX MIPOLIECIB, o 3a0e3neuyoTh
ONTUMATbHUM pOo3mOALT HABaHTAXKCHb MiX
€HEeproOJIOKaMHu TEIUIOBHX 1 AaTOMHHUX €JEeKTPOCTaHIii
migqac eKcIuTyartaiii, MpUCBIYeHI Takox pobot: [8, 9,
10], B skMX 3a7adi MiABUIICHHS TEIIOBOI €()EeKTUBHOCTI
€HeproOJIOKIB 1 CTaHIH B MIJIOMYy BHUPIIIYIOThCS O€3
ypaxyBaHHS HaJIIHHOCTI.

B Toii xe vac, y misiomy psai pooit, 30kpema, B [11,
12, 13] 1 iHmmX, poO3IJIsiHyTa HEOOXIAHICTH OOMIKY
NOKa3HUKIB HAaJIHHOCTI TP BUOOPI CXEM TEXHOJIOTIYHUX
MPOIECIB  TCIUIOCHEPTETHYHUX  O0’€KTIB, OCKUIBKH
Cy4acHi  CHUCTEMH  aBTOMATH30BAaHOTO  YIPABIIHHS
eneprooisiokiB TEC i AEC mependadarors, 110 CHCTEMHU
aBTOMAaTH30BAaHOI'O YIPABJIIHHA €HEpProOJIOKIB IMOBHHHI
3a0e3rmeuyBaTy iX BHCOKY TEIUIOBY EKOHOMIYHICTh Ha
TPUBAJIOMY IHTEpBajJi eKCIUTyaTallii B HEPO3PHUBHOMY
3B’SI3KY 3 TTOKa3HWKAMH HAiHOCTI.

BucHOBKM Ta  mepcHeKTHBH
PO3BHTKY IaHOTO HANPSIMY.

TakuM dYHHOM, aHaNI3 JITepaTypHUX JDKEpell,
MPUCBSYCHUX ICHYIOYMM METOJaM MAaTeMaTUYHOTO
MOJICIIFOBAHHS 1 KPUTEPisiM BUOOPY CXEM TEXHOJIOTIYHUX
MPOIECiB 1 MiJXOMIB JO CTBOPCHHS MAaTEMAaTUYHUX
Mojeneld  (QyHKIIOHANBHOTO CTaHy IapoTypOIHHHX

nmoaaJblIoro

€Hepro0JIOKiB, TOKa3aB HEOOXIJHICTh IX yJOCKOHAJICHHS
y HampsAMi BpaxyBaHHS  IIOKa3HMKIB  HaJiifHOCTI
eKCILTyaTari.
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H. B. YEPEMCBKA

3ACTOCYBAHHSI KOPEJISIIIITHOI TEOPIi HEOJJHOPLJTHUX BUIIAJJKOBHX MOJIIB 10
NOLIMPEHHS XBWJIb B CTATUCTUYHO HEOJHOPIJJHUX CEPEJOBHUIIAX

VY crarti po3risHyTa 3a4ada Ipo 3HAXOKEHHS IIOJIs, K€ CTBOPIOETHCS CHCTEMOIO (IyKTYIOUHX JUKEpENd, L0 3HAXOIAThCS Ha ekpani. Hexait
KOpesiLiiiHa (yHKIlsS JKepen He MPHUITYCKAeThCsl CernapabebHO Ta PO3MOALT MO HA GKpaHi € HEOJHOPIAHUM BHITQAKOBHUM IOJEM MEPIIOTO
paHry abo € CyMoro cernapadenbHOro IMoJis Ta CTaTHCTHYHO HEOJIHOPIIHOTO MOJs HepInoro paHry. J{ist 3HaXOMKEHHs PO3B’S3Ky B HaOIMKEHHI
apaboIiyHOro pIBHSHHS 3alpONOHOBAHO METOJ 3aHYPeHHS Yy BINNOBITHHUN TimbOepTiB HPOCTIp, SKUH JO3BOJISE IIBHAKO Ta €(QEKTUBHO
BiIIIyKyBaTH CTATHCTHYHI XapaKTEPUCTHKU PO3B’A3KY. SIK MPUKIA] PO3MIITHYTO BIUIMB CTATUCTHYHOI HEOXHOPIMHOCTI Ha (yHKIII0 iHTEHCUBHOCTI
eKpaHy, SIKHil CBITUTBCS Ta Mae GopMy Kpyriioro aucky. OTpiuMana KopessiiiHa (yHKIIs 032 eKpaHOM, sSKa MICTHTh iH(pOpPMALIII0 PO PO3MIp Ta
XapakTep HEOJHOPIAHOCTEH BHIPOMIHIOIOYHX [DKEPET Ha eKpaHi, Mo CBITHThCSA. IIpoBeneHO uncenbHHil aHA3 300pakeHHS Ul KOPEIALiHHOI
¢yHKIIi y BUIAAKY, KOJIM CTATHCTUYHA HEOIHOPIAHICTH CEPEOBHUIIIA IOPOUKYETHCS HASIBHICTIO B CIIEKTPI JIMIIIE OAHOTO KOMILUIEKCHOTO YHCIIA.

KurouoBi cioBa: kopemsuiiiHa (yHKINs, CTATHCTUYHA HEOAHOPIAHICTH, TiNMBOEPTOB HPOCTIp, CKAIAPHUH HOOYTOK, MUCKPETHHI CHEKTp
omeparopa.

H. B. HEPEMCKAA

NPWIOKEHUE KOPPEJALIMOHHOM TEOPUU HEOJHOPOIHBIX CJIYYAMHBIX ITOJIENA K
PACITPOCTPAHEHMHIO BOJIH B CTATUCTUYECKHW HEOJHOPOJIHBIX CPEJAX

B crathe paccMOTpeHa 3amada O HaXOXACHHMH IO, CO3/[aBAEMOTO CHCTEMOH (NIYKTYHPYIOIIMX UCTOYHHMKOB, HaXOAAIMXcs Ha skpane. IlycTs
KOppesIUOHHAs (DYHKIMS HCTOYHMKOB HE IIPEAIONAraeTcsl cemapabelnbHOH M paclpeneleHHe IO Ha JKpaHe SIBIICTCS HEOTHOPOAHBIM
CITy4aifHBIM IIOJIEM IEPBOrO PaHra MIM SBISETCS CyMMOH cemapaOelbHOro Iojs M CTaTUCTMYECKH HEOJHOPOJHOrO Mol mepBoro paHra. Jlis
HAaXOXACHHUSA pEIICHUS B HPUOMIKEHMH NapabOIMYECKOro ypaBHEHHS TNPEUIOKEH METOA IOTPYXEHHsS B COOTBETCTBYIOIEE TMIbOEPTOBO
IIPOCTPAHCTBO, KOTOPBIM II03BOAET OBICTPO ¥ I(P(EKTHBHO HAXOAUTh CTATHCTHUCCKHE XapaKTEPUCTHKU pelleHHs. B kadecTBe mpmMepa
PaccMOTPEHO BIIMSHUE CTATHCTHYECKOH HEOJHOPOIHOCTH Ha (PYHKIMIO MHTEHCHBHOCTH CBETSIIETOCs 3KpaHa, KOTOPhIH MMeeT (HopMy KpYTIIoro
nucka. Ilomydena koppensunoHHass QYHKIMS BHE 3KpaHa, coAepikalias MHPOPMAIMIO O pa3Mepe M XapaKTepe HEOXHOPOIHOCTEH HM3ITydaroIHX
HCTOYHHKOB HAa CBETAIIEMCS OKpaHe. IIpoBeieH YHCIICHHBIH aHAIH3 TNPEACTABICHHS UL KOPPEISMNHOHHOM (YyHKIMH B Clydae, KOTJa
CTaTUCTUYECKAs HEOTHOPOAHOCTh CPEIbl HOPOKAAETCS HATMYUEM B CIIEKTPE JIUIIb OJHOIO KOMILIEKCHOTO YHCIIA.

KiroueBble ci10Ba: KOppeIsIMOHHAs QYHKINUS, CTATUCTUYECKAs HEOHOPOAHOCTD, THIbOEPTOBOM IPOCTPAHCTBO, CKAIAPHOE MPOU3BEICHHE,
JIICKPETHBIN CHEKTP OIepaTopa.

N. V. CHEREMSKAYA

APPLICATION OF THE CORRELATION THEORY OF INHOMOGENEOUS RANDOM FIELDS TO
WAVE PROPAGATION IN STATISTICALLY HETEROGENEOUS ENVIRONMEN

The article deals with the problem of finding the field created by a system of fluctuating sources on the screen. Let 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 only one complex number in the spectrum.
Key words: correlation function, statistical inhomogeneity, Hilbert space, scalar product, discrete spectrum of an operator.

Beryn. Y cyuacHii Teopil pPO3NOBCIOJUKEHHS — IOJIEM 3 OXHOPIJHUMH NPUPOCTAMHU HEPILOrO MOPSIKY.

€JICKTPOMAarHiTHUX Ta 3BYKOBHUX XBWJIb B aTMocdepi B
0araTb0X BHIAJKAaX JOBOOUTHCA 3BEpTATH yBary Ha
TypOyJIEHTHICTh, SIKa CTIPUYMHSE (PIyKTyaIllii moKa3HUKa
3aJIOMJICHHS TIOBITPSL. Y  pmeskux ~ BHIAAKax
TypOyJIEHTHICTh aTMochepu CHpUYHMHAE (IYKTYyari
mapaMeTpiB XBWIb, SKi PO3MOBCIOJDKYIOTBCS 4depe3 Hei
(aMIuTiTYIM, HANPSMKH NOLIMPEHHS, 4acToTH, (asu Ta
ixmi). i edexTn € prepenaMu ClOTBOPEHb Ta IOMUIIOK
y cHUCTeMax 3B’s3Ky, JIOKallii, paJioHaBiraiii, cucremax
yIpaBJIiHHS. Oco011BO BIUIMBOBI ¢dykTyanii
mapaMeTpiB CBITJIOBUX XBHJb, IO HaOyBae 3apas
0COOJTMBOTO 3HAYEHHS B 3B’S3KY 3 PO3BUTKOM ONTHIHUX
KBaHTOBUX reHeparopis [1].

IIpn MoxenioBaHHI CTATUCTHYHUX BJIACTUBOCTEH
cepenoBuIia (atMocdepa, OKeaH) BUXOAATH 3a3BHUal i3
TIPUITYIIICHHSI, 1O I1i BIACTUBOCTI MOXYTh OYTH OIMCaHi
OJHOPIMHAM Ta i30TPONMHHM TIOJieM abo BUIMAIKOBUM

CTpyKkTypa BiIIIOBITHOI KOPEISIMIHHOI (QYHKIIT pHu
[IbOMY BH3HAYA€ThCSA Ha TIJCTaBi PO3B’SI3KY PIBHIHHSI
OJTHOPITHOT Ta i30TPONHOI TypOYJISHTHOCTI, SIKE€ MOMHA
OTpUMATH YCEPEeIHEHHSAM PIiBHSIHHS TiAPOJAMHAMIKH 3
BUKOPHCTAHHAM OYAb-IKOI TiMmOTe3n 3amMuKkaHHs [2, 3].
Onykryamii mBUAKOCTI pyXy piauHM  (BiTpy) Ta
TEeMIIEpaTypH y BUIIaJIKOBOMY CEpPEIOBHILI IPUBOISTH 110
BiamoBinHMX  (aykTyamid THCKy a0  IOKa3HUKa
3aJOMJICHHS (JieJIeKTpU4YHOl MpOHUKHOCTI). ToMy 3anaua
PO3MOBCIO/KEHHST 3BYKY a00 €JIEKTPOMAarHiTHUX XBHIIb
CTa€ CTOXaCTUYHOIO. 3 MAaTEMaTU4HOI TOUKH 30py aHai3

NOIIMPEHHS XBWIb y  BHIIAJKOBOMY CEPEIOBHILI
3BOJUTBCS 10  PO3B’SI3KYy  XBHJIBOBOTO  PIBHSHHS
(BekTopHOTO 200  CKaJSIpHOTO) 3  BUMAJKOBUMH

KoedimieHTaMu. Y Mexax KopemsiiitHoi Teopii Ta 3

© Yepemcbka H.B.,2020.
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TOYKH 30pY 3aCTOCYBaHb (30KpeMa, Y Teopii ITOIHPEHHS
XBWIb Yy BWIIAJKOBUX cepeloBuiiax [4]) OCHOBHUMHU
00’€KTaMH TEOPETHYHOTO IOCIHIJKEHHS € MaTeMaTHYHE
OYiKYBaHHS Ta KoOpelsdlidHa (QyHKIIS pO3B 3Ky
XBUWJIBOBOTO DiBHAHHA. [l po3B’si3ky 1miei 3amadgi
BUKOPHCTOBYIOTLCS TaK 3BaHHK "HEUECHUI" METOI.

Ie#t Meronm mosiArac y TOMY, IIO BHITaJIKOBICTh
BUKOPHCTOBYETHCSI TIpH Oe3MOCepPeTHROMY yCepeTHeHH1
pPIBHSHb 13 BHUIMAJAKOBHUMH IapamMeTpaMH, sKi MicIs
YCepeIHCHHS HE € 3aMKHCHUMHU Ta U1 3aMUKAHHS
BUMAraroTh JOJAaTKOBUX HEIOBCACHUX MPHITYIICHb PO
CreliaJbHi CTaTUCTUYHI BJIACTUBOCTI po3B’si3ky. Lli
OPUIYIICHHS ~ ICTOTHO  CHOpPOINYIOTH  3ajady  Ta
JIO3BOJISIFOTH 1i PO3B’S3aTH B SIBHOMY BUTIsAi. bararo
pe3ynbTaris, sKi Oyiau oTpuMaHi "HedecHHMM'" METOJIOM,
JOCTaTHBO no6pe Y3TOIKYIOTBCS 3
eKCIepPUMCHTATBHUMH JTaHUMH, IO MOXE CIy>KUTH
OOTpYHTYBaHHSIM BIpOTiAHOCTI NPHITYIICHHS MPO Ty abo
IHIITY CTAaTUCTUYHY BIACTHBICTH pO3B’s3KY [5].

[Ipote, Mozeri, siIKi BUKOPUCTOBYIOTh OJTHOPITHE Ta
i30TponHe mojsie abo BHIIAJIKOBE IOJIE 3 OJHOPIIHUMHU
NPUPOCTAMHU TEPIIOTO MOPSAAKY HENPUIATHI JUIS OMUCY
CEpEeIIOBUIN, SIKI 3HAXOMITHCA B TMEPEXiTHOMY CTaHi
(Hampuknaj, miua3Ma BUMAJKOBUM YHHOM 3MIHIOE CBild
3apsin), ad0 KOJIM €JIEKTPOMArHiTHI XBHJI TOIIUPIOIOTHCS
noOJIn3y 3eMHOI KyJi Ta CTaTUCTHYHA HEOJHOPITHICTH
CepelloBUINIa TIOPYIIYEThCS, a TAKOXK TPH PO3CISTHHI
€JICKTPOMATHITHUX XBWJIb Ha CIIiJOi Big pakeTH, MpH
po3cisiHHI XBWIb B atMocepi Benepu Ta iHmMMX TutaHeT
ConsgHoi cucteMu. Po3B’s3ku WX 3a71ad MOTPEOYIOTh
BiIMOBH BHKOPHUCTAHHS KOpeIsIinHo1 Teopii
CTaIliOHapHUX BWITAIKOBUX (QYHKIIH ab0 OJHOPIIHUX
BUMAJKOBUX TMOJIIB Ta 3alydCHHS TaKUX MOJEICH
KOopeysiiiHuX ~ QYHKIIH, ski O  ypaxoByBaJu
CTaTHCTHYHY HECTal[lOHApHICTh 200 HEOJHOPIAHICTB.

VY wiéd ctaTTi pO3MNIAHYTA 3a/a4a IPO 3HAXOKCHHS
HOJISL, SIKE CTBOPIOETHCS] CUCTEMOIO (DITYKTYIOUHX JDKEpEl,
0 3HAXOJIAThCS Ha ekpaHi. Hexall Kkopessmiiina
(yHKITIS DKEpeNl He MPUITYCKAEThCs cenapadenbHOo Ta
PO3MOIIT TIOJSI Ha €KPaHi € HEOJAHOPITHUM BHUIAIKOBUM
MoJIEM TIEPIIOro paHry abo € CyMOIo cemapadellbHOTO
MOJISI T4 CTATHCTUYHO HEOTHOPIAHOTO OIS TEPIIOro
panry. Jlus 3HaXOMKEHHS pO3B’S3Ky B HaOMMKEHHI
napaboIiyHOTO  PIBHSHHS  3alPONOHOBAaHO  METOJ
3aHYpEeHHs Y BIANOBITHMH TiIBOEPTIB NPOCTIp, SKUH
JO3BOJISIE  IIBUAKO Ta €()EeKTUBHO  BIiAIIYKYyBaTH
CTATUCTHYHI XapaKTCPUCTHKH pO3B’s3Ky. SIK mpHKIan
PO3TJSHYTO BIUIMB CTATUCTHYHOI HEOIHOPIAHOCTI Ha
(yHKIIIIO IHTEHCHBHOCTI €KpaHy, SIKUil CBITUTbCS Ta Mae
dbopmy xkpyrmoro gucky. OtpumaHa KoOpessIliitHa
(yHKITIA MO3a €KpaHOM, SIKa MICTUThH iH(GOPMAIIIO TPO
pO3Mip Ta XapakTep HEOTHOPITHOCTI BUIIPOMIHIOIOUHX
JOKepes Ha eKpaHi, 10 CBITHTHCS.

Jlami MeTonmoM IUIaBHUX 30ypeHb aHATI3YIOThCS
dbnykryanii ¢a3n Ta aMIUTYAW IUTOCKOT XBHII, sKa
HOIINPIOETHCS B CTATUCTUYHO HEOHOPiAHOT aTMOchepi.

IHocTanoBka mpo0iaemMu y 3arajbHOMY BHIJISI
Ta i 3B’MI30K i3 BaXK/JINBHMH HAYKOBHMH YU NPAKTHY-
HHMH 3aBIaHHAMH. [IpoaHanizyeMo MPOXOMKCHHS
XBUJII Kpi3b BUMAJKOBE CEpeAoBUINE ad0 IIap TaKoro

cepenoBumia. SIKOIO0  MPUIYCTUTH, MO  TOBIIMHA
cepenoBuiia abo Mmapy OOCTAaTHRO Maja, HAIPHKIA],
€KpaH, IO CBITHTBCSA, TO MOXHA CKOPHCTaTHCS
HAONMKEHHSAM TOHKOTO €KpaHy, YpaxOBYIOUH, IO I0Jie
1o3a eKpaHy CTBOPIOETBCS CHUCTEMOIO (IYKTYHOUHX
JOKepel, sKi MICTIATbCS Ha IUIOIIMHI. IMOBipHICHI
BIIACTHUBOCTI JDKEPEJT MPUITYCKAIOTHCS BIJIOMUMH.

YV HabmmwkeHHI MapaboiyHOTO PIBHAHHA IS

KOMITJIEKCHOI aMILTITy 1N A(;,z) (Bich z cmpsMoBaHa

B3/I0BX HAMNPSMKY TIOMIUPEHHS XBWJIi) OTPUMYEMO
3anaqy Komri

[%niAle(?,z):O, A, =4(r). M

ne r=(x,y), a AO(;) BUIAJIKOBE TOJIE 3 MAO(;)EO

Ta BIIOMOI0 KopensmidHow ¢yHkiier. 1ls 3amaua y
BHIQJIKy, KOJIU Mojie B IwiomuHi z=0 € CTaTHCTUYHO
ONHOpIMHUM, JociijpkeHa B [6, 7]. Pasom i3 TuMm
MPAaKTUYHUN IHTEPEC BUKJIHMKAKOTH 3afadi, KOJH IOJe

AO(;) € CTAaTHCTUYHO HCOTHOPIIHUM.

Bumnaznok, konu KopensiiitHa QyHKIIS Tos AO(;)

k()

Mae BUTJIAQ

K, (”15”2):[{0
(cemapabenmpbHa  KOpensliiiHa ~ QYHKIS) — JETaIbHO
nmocaimkeno B [8, 9, 10, 11], me moOymoBaHO MOJENb
TypOyneHnTHoi armocdepu Benepu.

CenapaOenbHiCTh KOpEeJSIiHHOT ¢GyHKuil
BUKODHCTOBYETbCS y BUNaaky, komu [, <L ne L -

XapakTepHUH MaciiTad 3MIHIOBaHHS JHCIEpCii MOJIs,
CEepPEeNHBOTO TOJISI Ta KOeQIIiEHTY KOpemsAIii mojs 3a

ntn

apryMeHTOM ,a l, — paniyc kopensuii mons 3a

apryMeHTOM 7, —7# , TOOTO CTATUCTHYHI XapaKTEPUCTUKU

TIOJIS TIABHO 3MIHIOIOTHCS. TakMM YHHOM, KOpeJsIliiiHa
(YHKIIST OJHOPIAHOTO IO MOJEIIOETHCS (YHKIIIELO,
sIKa MOBUILHO 3MIHIOETHCS.
BuxkiagaHHs 0CHOBHOTO MaTepiay A0CiIxKeHb.
VY mili craTTi po3risIaTHMEThCS OUIBII 3araibHa
MOJIENIb  CTAaTUCTUYHO HEOJHOPIJHOTO €KpaHa, sKa
XapaKTepU3y€eThCsl KOPEISLiHHOI0 QYHKIIEI0 BUIIISLY

Koo (7o) = Kaa (7o) +
[[Jo(i+)o(n+)ar, ,
0

ne Kaa (Z,E) cenapabenbHa KopesiiiiHa QpyHKis.

(2)

Ile 300pakeHHs BiIIOBiIa€ BUIAIKOBOMY TIOTIO HA
eKpaHi, IO € CyMo0 cemapabeapbHOr0 TOISI Ta
HEOJHOPIHOTO BHIIAJKOBOTO IOJA IIEPIIOrO PaHry, y
SIKOTO 1CTOTHO 3MIHIOETBCS pajlilyc Kopeusuii Ha BiacTaHi
I, - Ans 3’scyBanus GisnHOro 3MicTy cenapadenbHOCTI
KopessiiiHoi  QyHkuii Ta s 3’sicyBaHHS  (I3WYHHX
MOXJIMBOCTEH MOJeNel CTaTHCTHMYHO HEOIHOPIIHHUX
TOJIIB, SIKI BUBYAIOTHCS B CTATTi, PO3IJITHEMO BHIIAIKOBE
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moJe AO(}’) , AKC CTBOPCHC CUCTEMOIO0 HCEKOPCJIbOBAHUX

CTaTUCTHYHO HeOI[HOpi[[HI/IX JUKEpeI:

RS0 a0 f)l). o
e afl) ()

HeKOpCHBOBaHi CTaTUCTUYHO I0JIA

nepuioro paury [12].
Hexaiil cnouyaTky xepena MaloTh OJJTHAKOBUN 3aKOH

JeTepMiHOBaHi (dhyHKIIIT,

HEOTHOPiTHI

CrajianHs, To0To a, (r) =Ce",a ¢ (r) CTaTUCTUYHO

OJIHODIiTHE TIOJIE, TOI

—_ rl +r2 - — —_
KA(,A(,(’E’FZ):F BN KAcAo(rz_’i)a “)
TOOTO KOpendmiiHa (QYHKI[S 32J0BOJIGHAE  YMOBI
cenapalebHOCTI.

Takum 4uHOM, cenapaOenbHICTh KOPEINSALIHHOT
¢yHKIIi BiIIOBIga€ HE TITBKH IUIABHOCTI MPOCTOPOBOTO
abo 9acoBOTO 3MIiHIOBaHHS CTaTHCTHYHUX
HEOHOPITHOCTEH Ha MaciuTall KopessLii, ajne o3Hadae i
HEKOPEJIbOBAHICTh CTATHCTHYHO HEOJHOPIIHUX TIOJNIB,
SIKI MAIOThb OJHAKOBI 3aKOHHW 3MIHIOBAHHS IHTEHCHBHOCTI
BUJLY.

Mopens (2), sika BUBYAETHCA B I CTATTi, HE
MIPUITYCKAa€ HEKOPEIbOBAHOCTI JHKEpen Ta 30iry 3aKOHIB
3MIHIOBaHHS IHTGHCHBHOCTEH Ta TOMY BIAMOBiza€E
CHUCTEMI JoKeper 3 1CTOTHO BIIMIHHUMH
IHTCHCUBHOCTSIMU T4 3aKOHAMHU IXHHOTO 3MIHIOBAHHS B
HATPSAMKY MMOIIUPEHHS XBUIII B IOMCPEYHUHN TUIOMIHHI.

IMoBepuemocs 1o (1) Ta BKIamEMO AO(;) bie]

rinbepToBoro  mpocropy  H TOOl  OTPUMYEMO

A() B
JIOTIOMDKHY 3a/1a4y y T'iJibOepTOBOMY ITpOCTOpi

(;z—HZlkAfJZ\(;’Z):O’ A

—_

A(r,2),4(r.2)) . (©)

H

o~

=4(r),
2=0
KAA (Zagaz) =
Ay

e IyXKA (,) 03HAYaIOTh CKAISIPHUH JOOYTOK Yy
rinsbeproBomy npocropi H

PosrisiHeMO BUTIAZOK EBONIOIIHHO 300pa)K€HOTO

—

nons Ao (;) =™ fieH, , Ta [B,B,]=0. Toni

po3B’si30k 3amaui Komri B 1iboMy BHmagky HaOyBae
BUTJISIILY

—

(Bl B, )zixB +ivB,

A(?, z) e . 7)
Toni s monepeyHol KOPEeNAiiHOT PyHKIIIT

K, (rl,rz,z)z

B 4By )z+ix B+ By (BB, )z By +iv By

1, SN

Bt

3 (8) BUIHO, IO [T CTATUCTHYHO OJJHOPITHOTO IOJIS
(B1 =B,B, :BZ*) nonepeyHa KopeinsuiiHa QyHKUis He
3aJICKUTh Bl Z.

Y BUmamKy, SKIIO PO3B’S30K MapaboIigHOrO
piBHSIHHS OOMEXEHUM /Ui BCiX X, Ta y,, TO ONEpaTopu

B, ta B, € noaiOHUMU O CAMOCIPSDKEHUX

K (Vl,”z,z) =
Zk( | +B'; )z+ix11§| +[y,1§’2 ~ 2/{(15’I +Bz )z+ix2f§1+iy2§2 ~
=(C"Ce s V) (9)
pi (] Bj CaMOCprDKeHi orneparopu, a C oneparop, SIKHI

301HCHIOE MTOI0OHICTD.
Hapmanmi juisi crpomieHHsT OOMEXMMOCH BHITAKOM

Kol A, (;) = A, (x), o610 He 3anexuts Bix y. Hexaii

Ao(x)EO mpu x<0 Ta 1610()6)=eiB‘Xf0 mpu x=0.
Buxopucrosyroun (8) mma K, (x1 Xy, z) OTPUMYEMO

BHpa3
K, (xl,xz,z)z

_ 0 ® 7%[(xl—¢)zf(xr'7)z] iEB, inB;
Je (e fy.€™ f)d&dn. (10)
00

Toxi y BUMagKy AMUCKPETHOTO CIEKTPY OIepaTopa
B,, xonu pani npu z =0 e npounecom bapi-Pica [13],

s xopensauidnol ¢yskuii K, (xl,xz,z) OTPUMYEMO
300pakeHHs

KAA(xl,xz, Z|C| (D le CD (z xz) (1D

e <I) J.e 22

0

'7

iu)“ du

(12)

VY BUIaAKy AHMCKPETHOIO CHEKTpy omeparopa B,

iBx

xonu e f, He e mpouecoM bapi-Pica, Takox MoxHa

OTpHUMaTH BUpa3 ISl KopersiiiiHol QyHKIii.
UncenbHuil aHaii3 300paskeHHs Ul KOPEJSLiHHOT

bynkii
2

® —k /\ u +:[a,+z£]
2z 2
K, (x X, Z j du (13)
0
y BUIIAJKY, KOJIN CTaTUCTHU4YHA HCOHHOpiHHiCTL

CepeIOBUINA MOPOHKYETHCS HASBHICTIO B CIIEKTPIi JIMIIIC
OJTHOTO KOMIUICKCHOTO 4YHCJa, TOKa3ye, IO 3aJCKHICTh
(13) Bimx x mpu pizHEX (ane (IKCOBAaHWUX) 3HAUYEHHIX
peliTH  mapaMeTpiB  Ma€  MOHOTOHHO  CHAJar0uuit
xapaktep (puc. 1), omHaK, [ MOHOTOHHICTb
MOPYUIYETBCS, SKIIO PO3MISANATH CIMEHCTBA KpPUBHX,
3MiHIOOYH &, f,2,k .
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a0+

0.59
2 0.6
40 0.4+
204 0.24

20 40 60 80 100 10 B 151 4 2 o 2 4 51 10

Puc. 1. 3anexuicts pynkuii K, (x,x,2) Biax npn Puc. 2. 3anexuicts GyHKuii K, (x,x,z) Bix x
a, =1, u=100000;z=0,01; 3 =1;k =10 npu u =100000;z = ;e =10; B, = 1;k =10
IIpu upoMy 3’ SIBISIFOTHCS OCLMJIALIT 31 cCrIagar04yor0 00BiIHOIO (puc. 2—7).

0.0054

0.004

0.003

0.0024

0.0014

Puc. 3. 3anexnict QyHKIIi K, (x,x,z) BiI X IpU u=100000;z =10;¢, =1; 4 =10;k =10

200

100+

S0+

Puc. 4. 3anexuicts dynknii K, (x, x,z) Big X mpu u =100000;z=0,01;¢, =1; 5, =0,1;k = 107
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200
150+
100+

50

T
Puc. 5. 3anexuicts Q)yHKuu K, x X, z Bix x mpu u =100000;z =0,01;¢, =5; 5, O,I,k =107
014
0.1z
o]
0.0
0.0
0.041
——er
15 o

Puc. 6. 3anexuicts Gpynkuii K, (x,x,z) Bix X mpu u =100000;z =0,01;¢, =10; 8, =0,1;k = 107

-10 ] 10 20 30 40 50 |=n]

Puc. 7. 3anexuicts dynkuii K ,, (x,x,Z) Bin x mpu u =100000;z=0,01;, =100; B, = 0,1;k = 107,
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o 1 ]

Puc.8.

3ajexHiCTh Bix S mnpHu (IKCOBaHMX, ajie Pi3HUX

3HAQYEHHSAX PEIUTH NapaMeTpiB Ma€ MIBUAKO CIaalounil
MOHOTOHHHH Xapakrtep (puc. 8). Lle minkom mpuponHo,
Yyepe3 TE IO PO3IIINAETHCS MOJETh CEPEIOBHINA, SKa
Ma€ BJIACTUBICTh ACHMITOTHYHOTO 3aTyXaHHS.

3 (2) ta (10) BuTiKaE, MO B 3aTATLHOMY BUTIAIKY

d)(z,xl,z')CD(z,xz,z')dz' +KS, (xl,xz,z),

ne 2(o(u+z')d2', KgA(xl,xz,z)

BiZIMIOBiae cemapabesbHOT KOpessmiiHoi  (yHKIii, a
BUpa3 AJis go(u) oTpumano y [12].
BucHoBKM Ta  mepcneKTHBH

PO3BHTKY IaHOTO HANPSIMKY.
Mopgeni HecTanioHapHUX (DYHKLIH, SIKI OTPUMAaHO B

noJAAJIbLIIOr0

CTATTi, JIO3BOJISIOTh ypaxyBaTH CTATUCTHYHY
HCOJHOPIJHICTh  CEpPENOBHINA,  HANPHUKIAA,  MpH
JIOCTI/PKeHHI  TIOIIMPEHHS  €JIEKTPOMArHITHUX  XBHIIb

MoOIM3y MEKi BUTIAKOBOTO CEPEIOBHIIIA.

MogenbHi 300pakeHHS ISl KOPEJSinHOT QyHKIIIT
MOXHA OTPUMATH ISl YaCTKOBUX BHIAJKIB CIEKTPY
HECTAI[lOHAPHUX BUIAAKOBHX (YHKIIH, 30KpemMa, KOJIH
KoIM B, BoipTeppiB omepaTop, Ta HOOyIyBaTu
BIJIMIOBIZHI MiMCHO3HAYHI KOpeAMidHI (QyHKIIT, sKi
MICTATH 1HGOPMAIIit0 MPO KOMIUIEKCHHH CIIEKT.

Takuii BUTIIAI KOPEJALIHHOT (QYHKIII BiAMmoBigae,
HaNpHKIJIa, a00 BpaxXyBaHHIO BIUTMBY OOJACTi MiBTiHI Ha
CTPYKTYpY BWIIAIKOBOTO TOJsI Ha e€Kkpadi, abo
BPaxyBaHHIO CTATUCTUYHHUX HEPIBHOCTEW Kparo eKpaHy,
a00  TPUCYTHOCTI  CTAaTHCTHUYHOI  HEOJHOPIAHOCTI
CHUCTEMU BHUIIPOMIHIOBAYCH.

IIi 300paxeHHs I KOpeJsiiHHOI  QyHKii
KOMIUICKCHOI aMIUTITYAX MOXKHA BHKOPUCTATH, 30KpeMa,
JUIL TOOYIOBU MOJIENCH PI3HOMAHITHUX CTAaTHCTUYHO
HCOJHOPIHUX €KpaHiB. TakuM YHHOM, PO3TILIIAI0YH
3aBJaHHsA, NOMIOHI HaBeJEHMM B [OaHIA CTaTTi, MU
MiIBUIIAMO 3aIliKaBJICHICTh 1 MOTHBAIID MaHOyTHIX
(axiBiiB 1o HaB4aHHA [14-23].

3

ES 5 =1

3anexuicts Gpynkuii K, (x,x,z) Bix B mpu u =100000;x =0,1;e, =1,k =10’ ;z=0,1.
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J. M. KACBAHEHKO, 1. M. IEMH/]OB, C. M. MOJIBYEHKO, A.0. JEMU/]OBA

BUKOPUCTAHHSA ENMNOKCHUJTOBAHOI COHSIIITHUKOBOI OJIIi /151 OAEPKAHHS
BIOMACTHUJIbHUX MATEPIAJIIB

BripozoBxk OCTaHHBOrO Yacy €KOJNOTIYHICTh € BarOMHM (haKTOpOM JUIsi BHOOPY MACTHIIBHHX MaTepialiB, TOMY Y CBITOBii MpakTHLi mepeBaxac
TeHACHIST N0 3HIKCHHS poni HadgtH i HadrompomykriB. OfHIEI0 3 MOMJIMBHX albTEPHATHB JUI1 TEXHONOTii MACTHIBHHX MaTepialiB €
BHUKOPHUCTAHHS IPOAYKTIB OKHCHEHHS JKHPIB Ta OJil, HacaMIlepes, COHAIMIHUKOBOI oii. BinpIicTs icHyIounX poOiT mpucBsAYeHa XiMiuHIH 06poOIi
oIiif, SIK Mpucaaku 10 HadTonpoaykTiB. O0’€KTOM JOCIIUKEHHS € MPOLIEC CMOKCHAYBaHHS COHSIIHUKOBOI OJIii HajJ OLITOBOIO KHCIOTO. MeToro
pobOTH € po3pobKa TEXHOJOTI] Ofep)KaHHS MACTHJIPHHX MarepialiB Ha OCHOBI COHSILIHMKOBOI OJii IUISIXOM €MOKCHUIYBAaHHS OJii 3 HACTYIHHM
XIMIYHEM [EPETBOPEHHSIM MPOAYKTY Ui OTPMMAHHS OCHOBH MAaCTHJIBHMX MartepiaigiB. BHrOTOBIEHO 3paski MACTHJIBHHX OJMB Ha OCHOBI
COHSIIIHUKOBOT ouil. BH3HAa4eHO B'S3KiCHO-TEMIIEPATypHi BIACTHBOCTI OTPUMAHMX IPOXYKTIiB. Pe3ynpraTé mpoBeneHoi poOOTH BKa3yrOTh Ha
HEPCIEKTUBHICTb 1 JAOLIIBHICTD MOJAIBIINX JOCTIIKEHb B rally3i OJlepKaHHA KMCHEBMICHHX NMOXIJHUX OJiif 3 METOIO BH3HAYEHHS ONTUMAJbHUX
YMOB IIPOBEICHHS 3a3HAYEHOI XiMiuHOT Moaudikarii.

KuirouoBi cioBa: OioMacTWibHI MaTepiaiM, COHSIIHMKOBA OJisl, JKUPHI KHCIOTH, XiMi4Ha Monudikaiis, eMOKCHIyBaHHS, B’S3KiCHO-
TEMIIepaTypHa XapaKTePUCTHKA.

J. H. KACbAHEHKO, U. H. JEMH/IOB, C. H MO/JIbYEHKO, A.A. ][EMU/]OBA

HCHOJIBb30BAHUE 3ITOKCUJIUPOBAHOI'O ITOACOJTHEYHOI'O MACJIA AJIA ITOJTYYEHUS
BUOCMA30OYHBIX MATEPUAJIOB

B mocnenHee BpeMst SKOJIOIMYHOCTB SBIISIETCS BECOMBIM (DAaKTOPOM HPH BHIOOPE CMA30YHBIX MaTEpPUANOB, MOITOMY B MHPOBOH MpAKTHKE
npeobIafaeT TeHACHIMS K CHIDKCHHIO ponu Hedtn nm HedrempoayktoB. OfHONH M3 BO3MOXKHBIX AIBTEPHATHB ISl TEXHOJOTMHM CMAa304YHBIX
MaTepHalioB SBIACTCS HCIIONB30BAHHE MPOAYKTOB OKHCIEHHsS JKHPOB M Maceld, IPEeXIE BCEro, IOACOIHEYHOro Macia. bonbImHCTBO
CYLIECTBYIOINX PabOT IOCBAIICHO XMMUYECKOH 00paboTke Macen, Kak mpucajaku k HedrenpomykraM. OOBEKTOM HCCICAOBAHHSA BBICTYIIAcT
MPOLIECC ATMOKCHANPOBAHKS IMOACOIHEYHOTO Macia IMEepyKCyCHOM KHciaoTod. Llempio paGoThl sBisieTCst pa3spabOTKa TEXHOJIOTHH IMOJIYYCHHS
CMa304HBIX MAaTEpHaJOB HAa OCHOBE IIOACOJIHEYHOTO Maciia ITyTeM SIHOKCHIAMPOBAHHMsA Macjia C IOCICYIOIIMM XHMHYECKMM IIpeBpalicHUEM
HPOJyKTa Ul HOJMyd4eHUs Oa3bl CMa30YHBIX MarephanoB. M3roToBneHsl 00pasibl CMA30YHBIX Macel Ha OCHOBE IOJCOJIHEYHOIO Macia.
OrnpeneneHs! BI3KOCTHO-TEMIIEPATYPHbIC CBOHCTBA MOIy4YEHHBIX IPOAYKTOB. Pe3ynbTaThl IPOBENCHHOH pabOThI YKa3bIBAIOT HA IIEPCIIEKTHBHOCTD U
11eJ1eC000pa3HOCTh NAJBHEHIINX HCCIIEN0BAaHNA B OOJIACTH MOJYYEHUs KHCIOPOACOACPXKAIINX HMPOM3BOJHBIX Macel C LEIbI0 ONpEaelCHUs
ONTHMAJIbHBIX YCIOBUH MPOBEACHNS yKa3aHHOH XMMUUYECKONH MOJU(pUKALNH.

KiioueBble cj10Ba: OHOCMA304YHBIC MaTEpUaibl, IIOJCOIHEYHOE MACHO, KHPHBIC KHCIOTBHI, XUMHYECKas MOAM(UKAIMs, SIOKCHANPOBAHHE,
BSI3KOCTHO-TEMIIEpaTypHas XapaKTePUCTUKA.

L. KASIANENKO, 1. DEMIDOV, S. MOLCHENKO, A. DEMIDOVA

USING EPOXY SUNFLOWER OIL OF OBTAINING BIOLUBRICATS

Recently, environmental friendliness has been a significant factor in the choice of lubricants therefore, in world practice, a tendency towards a
decrease in the role of oil and oil products prevails. One of the possible alternatives for the lubricant technology is the use of fats and oils oxidation
products, primarily sunflower oil. Most of the existing works are devoted to the chemical treatment of oils as additives to petroleum products. The
object of the research is the process of epoxidation of sunflower oil with peracetic acid. The thesis is devoted to development of technology for
production of lubricants based on sunflower oil. The paper establishes a research on methods for basic oils obtaining from alternative sources,
including vegetable oil processing. During the research lubricant samples, based on sunflower oil, were made. In these samples viscosity-
temperature properties were determined. The results of this work indicate the prospects and feasibility of further research in the field of obtaining
oxygen-containing derivatives of vegetable oils in order to determine the optimum conditions for carrying out the abovementioned chemical
modifications.
Key words: bio-lubricants, sunflower oil, fatty acids, chemical modification, epoxidation, viscosity-temperature characteristic.

Beryn. B ocTtaHHI gmecATHNITTS B paMKax
KioTCBKOTO TMpPOTOKOJNY Ta TMOJANBIINX JHUPCKTHB
CTOiTh TOCTPO MUTAHHS WOJIMIICHHS EKOJIOTii B
KpaiHax 3axifmHoi €BpPONH, OCKUIbKH BUKOPHCTaHHS
HaTOBMX  MacTWi Uil JBOTAKTHHX  JIBUTYHIB
NPU3BOAMTH  JIO HETaTUBHUX  HACHIAKIB  uepes
TOKCHYHICTh BiAmpanpboBanux rasis [1, 2]. CsitoBuit
obcar  BUpPOOHHWIITBA  MACTWJILHUX  MaTepiamiB
CTaHOBHTH MpUOIM3HO 41 MIH. T/piK, cepen ychoro ix
PI3HOMAaHITTSI TepPeBaXKAIOTh MacTuia [3].
BigmparsoBani  HaQTONPOIYKTH TOKCHYHI, MalOTh
HEBUCOKWH CTymiHb Oioposxmagaocti (10-30%). A
BHCOKA BapTICTh 1 JePINUTHICTh CHHTCTUIHUX MACTHII,
npu GiOpo3KIagHOCTI OJIM3BKOI IO POCIMHHUX JKUPIB
(85-90%), icTOTHO OOMEKYIOTh iX BUTOTOBIICHHS [4].

Jyxe BaXJIHMBHUM € TOH (akT, M0 BUKOPHUCTAHHS
JKHMPIB Ta OJIiHf, @ TAKOX BIAXOIB iX MepepoOKH,

MOXXJIUBO Yy BHPOOHMIITBI TPAKTHYHO BCIX BHUIIB
MacTHJILHUX MaTepianiB. s Toro mob pijaki pocinHHI
MacTHJa MOTJIM KOHKYPYBaTH 3 HAa()TOBHMH, BOHH
MOBMHHI BIANOBIAATH TaKUM € TPHOOJIOTTYHIM
XapaKTePUCTHKAM (TepTs, 3MaIllyBaHHS i 3HOIIYBaHH),

SK  BHINE  BKa3aHi. Tomy  mo CTPYKTYpH
tpuanmiriineponis (TAT) omiii BBOIATH JOAATKOBI
(GyHKITIOHATBHI TpyIHy, 1o TTOKPAIYIOTh

XapaKTePUCTUKY 010MacTHII Ta OTPUMAHUN MPOIYKT HE
CTa€ MEHII €KOJOTTYHUM.

MeTo10 pod0TH € po3poOKa TEXHOJIOTI] OIep>KaHHS
MAaCTWJIbHHX MaTepialiB Ha OCHOBI €MOKCHIOBAaHOI
COHSIIHUKOBOI Odil INISXOM B3a€EMOJIl OCTAHHLOI 3
xupHuMu kucnotamu (JKK) mnms oTpumaHHS OCHOBH
MacTHJILHUX MaTepiaib.
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IHocTanoBka npo0seMn y 3araJibHOMYy BHLISAAI Ta il
3B'fI30K i3 BaKIMBAMHM HAYKOBHMH Ta MPAKTHYHAMH
3aBIAHHSMM.

IMomyk TEXHOJIOTIH 3 BUKOPHUCTAHHS MACTHJI IS
JIBUTYHIB BHYTPINTHHOTO 3rOpaHHSA Ha OCHOBI POCITHMHHOL
CHUPOBHUHH € JOCUTH aKTYaJIbHUM Ta TMEPCIEKTUBHUM. J[iis

ix  BupoOHHMHTBA Ha  ©0a3i  oyii  Haiyacrimme
BUKOPHCTOBYIOTh KYyJbTYpH parcy, coi, pHUIMHH Ta
consiimHUKy.  OcCTaHHS €  TOJOBHHM  IPOJYKTOM

osiexupoBoi ranysi Ykpainu. Ctpykrypa mosexyia TAD
oJlii Hamae M BIIACTHBOCTI, MO € OaKaHUMH Yy Taly3i
MACTHJIBHHX MarepiayiB. 3aBISKA JOBTUM TMOJSPHUM
nanmoram JKK mactuina Ha IX OCHOBI MAalOTh BHUCOKY
MIIHICTh Ta 3MCHIIYIOTh KOCQII[IEHT TEPTSA 3MALICHUX
HUMH METaJICBUX IOBEPXOHb, MiJBUINYKOYU TEPMIH IX
ekcruryaraitii. CHIIbHI MIXXMOJIEKYJISIPHI B3a€EMOJIIT TaKOXK
320€31MeuyI0Th BUCOKY CTIMKICTh TaKMX MaTepiaiiB J0 il
TeMITepaTypyu pa3oM 3i CTabiTbHUM BHCOKHM 3HAYCHHSIM
koedimienty B’s3kocti  [5, 6]. Ilpore HeHacwueHi

N/ (o) a
||/r\‘o/c’7/_..
/ﬁ\\—/\H (o

Ha BigmiHy Bij erepiB JIs OKCHUpPaHIB XapaKTepHi
peakuii po3UICIUICHHS HANPYXCHOTO TPUUJICHOTO IHKITY
i Ji€F0 HYKICO(UIbHUX arcHTiB. PO3KPUTTS IMKITY Mij
€0 IUX arcHTIB BigOyBaeThcs MO Sn2- MEXaHI3MY
crepeocnenudivHo 31 3BEpHEHHSIM KOH(ipyrauii.

Icaye nocuth ©Oararo METOMIB  €TMOKCHIYBaHHS.
PospizHstoTe XiMiuHi MeToau Ta (pepmeHTarnBHI. Hapasi
y CHIA BUMNpOOOBYIOTh METOH OJEP>KaHHSI MaCTHIHHHUX
MaTepiajliB METOJIOM ETIOKCHAYBaHHS POCIMHHUX OJiH 3
MOAAJBUION iX B3a€EMOMIEI0 3 BUIIMMH CIHUPTAMHU Ta
NojajbuIo0 erepudikauicro aHrizpuaamMu Kuciot [8].
Bigomi mMerTonm emoKCcHAyBaHHS CyMilllaMH MYypallnHOT
KHCJIOTH, KOHICHTPOBAHOTO TMEPOKCUAY BOJHIO Ta
karamizatopa [9]. Cepex ycboro po3maiTTss MeETOJIB
CMOKCUYBaHHS HAWOUIBIN JelIeBHM, C(QEKTHBHUM i
MPOCTHM € METOJ 3 BUKOPUCTAHHIM MEPEKHCY BOIHIO 3
pizHUMU Haja kucimotamu [10—15].

Tomy y mpencraBieHiii poOOTi B SKOCTI 6a30BOi
CMOKCUIYI0U0] cucTeMH Oyiio 0OpaHo TIEpEeKHc BOIHIO i
KpIKaHy OLTOBY KuciOTy. Ilepokcun BOIHIO €
JEIIEBUM, HE TOKCHYHHMM, OE€3IEYHHM 3 €KOJOTIIHOI
TOYKH 30py, MPOAYKTOM (pO3KIAMaeThCA Ha BOAY 1
KHCCHb, a IICNA CMOKCUAYBAaHHS €IUHHM TOOIYHUM
MPOAYKTOM € BOJa). 3a OCHOBY Oyno oOpaHo
COHSIIIHUKOBY OJII0, TaK SK BOHA MICTUTh 3HAYHY
KUTBKICTh MOHO- 1 mnoiineHacumueHunx KK 1 €
JIOCTYIHOIO 3a I[iHOI0 1 oOcsramMu BUPOOHMIITBA B
VYxkpaiHi.

2.XapakTepucTHKa  OJE€pPKAHUX  MACTHJIBHHX
MmarepiagiB. [mOuHY peakimii KOHTPOJIOBAIM 33
3HaueHHsIM  Homporo umcna (MY), Ockinbkm  iioro
BEJIMYMHA JI03BOJISIE CYJUTH MPO CTYMiHb HEHACHYCHOCTI
KK, mo Bxomare mo ckmamy omii [16]. EnmokcumyBaHHs
MPOBOJIWIOCH TIPU  CHIBBIJHOIICHHSIX — OJis:IIEPOKCHU]

nojBifiHi 3B’s3ku KK € akTHBHMMU UEHTpaMu JUis
0araTboX XIMIYHHMX pEakiiif, BKIIOUAIOUYd OKHCHEHHS, 10
3MEHIIYE iX CTAOLIBbHICTh. ['OJIOBHMM HENOIIKOM IIOJO
3aCTOCYBaHHs OJNiM B Taiy3i MacTHJIBHUX MaTepiaiiB €
MMUTaHHS OTPUMAaHHS Ha X OCHOBI CTaOUTLHUX Ta CTIHKHX
nmo naii kucHio mpoxaykrie. JKK, mo BXOmsITh A0 CKIIATy
OJIiH, JIIOTh SIK TIOBEpXHEBO-akTUBHI pedoBuHU (ITAP), ix

CKkIaaHi e(dipu YTBOPIOIOTH MACTHJIBHY TIUTIBKY Ha
MOBEPXHI TEPTs, a IJKUPHI CHUPTH MPOSBISIIOTH
BJIACTUBOCTI PO3YMHHUKIB [7].

1. Busnavenns OCHOBHHX KpHTepiiB
JAOCTiIKeHHS

Jnis mokpaleHHs BIACTHUBOCTEH Ol MoXe OyTH
BUKOPHCTaHa peakiis enokcuayBanHs. [IpuzBomuts 1o
3MEHILECHHS KIIBKOCTI HEHACHYEHHX 3B’SI3KIB Y MOJIEKYJI
TAT, mo miABHINY€E CTIMKICTh JO OKHCHEHHS. Y OyI0Bi
MOJICKYJIM TIPOAYKTY peakilii MiCTATHCS MOJIAPHiI TPYyIIH,
SKi TIOKPAIIyIOTh MACTHJIbHI BIIACTHBOCTI, HAIPHUKIAI,
CXeMa CTIOKCUTyBaHHS.
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Boguro — 1:0,6; 1:1,2; 1:1,8. Yum Bummidi BMICT

HeHacnueHnXx JKK, THM BHIlle 3HAYCHHS nu.

PesynbraTi BU3HAYCHB WY Big 4acy CMmOKCHyBaHHS
COHSIIIHUKOBOI OJIii TIPU Pi3HUX KOHICHTPALISX OKUCHOI
CyMilll MpeJcTaBlieHi Ha puc. 1.
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Puc. 1 — 3anexuicte MY Bij 4acy enoKCHIYBaHHS HIPH Pi3HUX
CIIBBIIHOIICHHSX OJii Ta MEPOKCUY BOAHIO

3 rpadiky BUIHO, IO CIOYATKy IpOLECY
EMOKCUIYBaHHS CIIOCTEPIracThes JIiHIHHE 3MEHIICHHS
IP'III, a J1aji mporec CHOBUILHIOETHCS 1 JocsTae 3HauYeHb
Oomm3pkux a0 0. Ile cBimUMTH NPO TOBHOTY mepediry
nporieccy. 30iNbIICHHS BiJHOIIEHHS MacH IMEPOKCHIY
BOAHIO JI0 OJIii TPU3BOAWUTH JO OIBII CTPIMKOTO
sMeHmennst 3Havenns WY, OmHak Imicis MOCATHEHHS
BiHOIICHHS 1,2 HE CIOCTEpIraeThCs 3HAYHUX 3MiH, a
OTXKE IoJajblle 301IbIIEHHS KUIBKOCTI OKHCHOT CyMmini
HE €  JOLIJILHHM. Tomy  micims  omrumiszarii
CHIBBIJHOIIECHb  OKHMCHOI  CyMilll  JIOCHiI>KyBaBCs
ONTUMANIbHUI Yac enokcuayBanHs. Ha puc. 2 300paxena
3aJIKHICTh EMOKCHHOTO YMCIIa OTPUMAHOTO MPOAYKTY
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BiJl Yacy @pOBEACHHS peakilii NpH CIHiBBIIHOIICHHI
MEPOKCHULYy BOJHIO 0 BUXiHOT cymin 1:1,2.
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Puc. 2 — 3anexHicTh €MOKCHIHOTO YHUCIa BiJ Yacy
MPOBEJCHHS PEaKIii.

Ha pucyHKy criocTepiraeTbcs mocTyrnoBe 301IbIICHHS
CMOKCHUIHOTO YHUCIIA, SKC B IEBHUA MOMEHT JI0CSATa€e
cBoro makcumymy — 580 mmomb Y2O/kr. 3 yacom e
MaKCUMyM 30ira€TbCs 3 JOCSITHCHHSIM MiHIMAlIbHOTO
3HAYCHHS WOJHOr0 4Hcia. MakCUManbHEe 3HAYCHHS
€MOKCH/IHOI0 YHCJjIa HE BiANOBIZA€ 3MiHI HOZHOIO YHUCIIa,
0 CBIAYUTH TPO T€, M0 YACTHHA ETIOKCHIIB
MEepPeTBOPMIIACS Ha TiAPOKCWIBHI TPYyMH, a TaKOX
YacTWHA TOABIMHMX 3B’S3KIB 3MEHINMIACS 32 PaxyHOK
nosriMmepu3artii omii. EdipHe guciio B oTpuMaHuX 3pa3KiB
MaiiKe He 3MIHIOBAJIOCS Ta 3HAXOAMIOCS y Jiarma3oHi Bif
190 mo 220 mr KOH/r, mo cBimunTh Ipo HE3HAYHY
B33a€EMOJIII0 YTBOPCHUX CMOKCHJIIB 3 OLITOBOIO KHCIOTOIO,
IO MPU3BOAMTH IO YTBOPEHHs ecTepiB. KuciotHe ymcno
oTpuMaHux 3paskiB menme 2 mr KOH/r.

Byno jocmimkeno 3madenns MY  emokcHaoBaHOI
COHSIIHUKOBOI 01 3a Temmeparyp: 55, 70, 75 ta 85 °C.
Ha puc. 3 mpmBemeno 3amexmicte MY Big wacy
€TMOKCHYBaHHs TP PI3HUX TeMIlepaTypax.
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Puc. 3 — Banexuicte Y Bix Temneparypu
CIIOKCH/IYBaHHS.

3 puc.3 BUOHO, IO 3i 30IJBLICHHS TeMIEpaTypu
rporecy 71 CTPIMKO  3HHXKYEThCA.  Pesymbratn
enokcuayBaHHs 3a Temmeparypu 85 °C  BusABMIMCA
Kpamumu Hix 3a temmeparyp 55, 70, 75 °C, ockiibkH,
snauenns MY 3a OJIHAKOBHMH Yac JOCATJIO HAaMMEHIINX
3HaueHb. BemW4YWMHM  ITOCTOBIPHOCTI  ampoOKCUMAIlil

CTaHOBJIATK: TipH t = 55 °C R? = 10,9702, s 70 °C — R? =
0,8933, 75 °C — R?>=0,8251, 85 °C — R*>=0,7723.
3a pe3ynbTaTaMu JOCIiIKeHb Oyno 0oOpaHo Kpaili

YMOBH €IMOKCHAYBaHHs: Temmeparypa — 85 °C,
gac — 240 xB, MacoBe CHIBBITHOIIEHHS OJisl : MIEPOKCHU]T
Bogro — 1:1,2, wMaca karamizatropy — 0,008 %.

OTpuMaHHUi TPOAYKT ITOBHHEH BOJIOJITH XapaKTePHUMHU
MacCTHWJILHUMH BJIACTHBOCTSIMH 32 PaXyHOK XeMOcopOLil
Ha MOBEPXHi, 0JTHAK BOHA NOTPeOYeE ITOJAIBILIOI0 aHATIZY
Horo TpuOOJNOTiYHMX XapakTepucTHK. OIHIEI0 3 TaKUX
XapaKTEepPUCTUK € B’S3KICHO-TEMIIEpaTypHa 3alleKHICTh
oTpuMaHux marepianiB. Ha puc. 4 noka3aHa 3anexHicTh
B’SI3KOCTI BiJl TEMIEpaTypH OTPUMaHUX 3pa3KiB Ta
TIOPIBHSHHSI B’SI3KOCTI 3 PUIIMHOBOIO Ta COHSITHUKOBOIO
OJIisIMH.
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Puc. 4 — 3anexHicTh B'I3KOCTI BiJ] TEeMIEpaTypu.

Haiikpara B’s3KiCHO-TEMIIEpaTypHa XapaKTEPUCTHKA
y 3pa3ka 1, OCKUIbKH, 3MCHIICHHS MHOJHOTO YHCIIA
NPU3BOIANTH 1O 30UIBIICHHS 3HAYCHHS B SA3KOCTI.
KinemaTnyHa B’S3KICTH OTPUMAHOrO 3pa3Ky CKJIajae
2568 MM%/c, 110 3HAYHO BUINA 3a B’A3KICTh BUXIAHOI
COHSIITHUKOBOI oii — 55 MM%/c Ta OuIbIIa 3a B’S3KIiCTh
punMHEOBOi omii — 987 mm%*/c. OmHak 3 NOJATBIINM
3MEHIIEHHIM HWOMHOTO 4YHCiIa Oy 3MIHIOE CBiH
peoJyoTiyHMiA CcTaH — 3 pigkoi Ha MasemnoAioHy
KOHCHUCTEHIIII0, 10 MOTPpeOy€e MOMaIbIIoro po30aBIeHHS
MAaCTHJIBHOTO MaTepiainy.

Jlns  3HIKEHHS B’SI3KOCTI 3aMpONOHOBAHO
JI0JIaBaHHS HU3bKOMOJEKYISIPHUX edipiB
CMOKCHIOBAHUX OJIiH, M0 XapaKTePU3YIOThCS HHU3BKOIO
B’S3KICTIO.
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Puc. 5 — B's3kicTHO-TeMnepaTypHa XapaKkTepHCTHKA
€MOKCHA0BAHOTO MPOIYKTY Ta Horo po30aBleHNX OYyTUIOBUMH
edipamu 3paskiB.
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3a Bimomor Mmerogukoio «Po3pobka TexHoOTIT
OTPUMaHHS JKHUPHHUX KHUCJIOT OyTmioBux edipiB» [17]
Oysi0 OTprMaHO OYTHIIOBI edipu BXKe IPOECTIOKCHIAOBAHOT
COHSIITHUKOBOI OJIii.

Ha puc. 5 mnpuBemeHo B'SI3KiCTHO-TEMIIEPATYPHY
XapaKTEPUCTUKY EMOKCHAOBAHOTO TIPOAYKTY Ta HOro
po30aBieHHI OyTHUIIOBHMH edipamu 3pa3Ku
(cmiBBimHOIIIEHHS BKa3aHO Ha rpadiky OyTmiosi edipn%
IO eTMOKCHI0BAHO1 0J1i1%).

3 Bigomux Jpxepen[18] kiHeMaTW4Ha B’S3KICTH IPHU
t=40 °C wminepansHoro macruna Takr-2T CTaHOBUTH
76,2 MM*/c, a 3 PUCYHKY 5 MOXKHa CTBEPIKYBAaTH, IO
NOTPIOHY B’S3KICTH MOXIIMBO AOCSTHYTH PO30aBIISIOuN

eNOKCHIOBaHYy  oOnito  OyTwinoBuMu  edipamu y
NPE/ICTABJICHUX CITiBBIHOLICHHSIX.
BuCHOBKM Ta  NepCHeKTHBH  MOJAJbIIOIO

PO3BUTKY IaHOI0 HANMPSIMKY J0CTiTKEHb.

[IpoBenHi MOCHIIKEHHS Ta aHali3 3 pPO3pPOOKH
TEXHOJIOTii OJAepXaHHs MAacCTHJIBHAX MaTepialiB Ha
OCHOBI COHSIIITHMKOBOI OJTii MIJISIXOM 11 €MOKCUIYBaHHS Ta
MOJAIBIINM XIMIYHHM TCPETBOPCHHSAM IPOJIYKTY JUIS
OTPUMAHHS OCHOBU MAaCTHJILHUX MaTepialis.

BuroropneHi 3pa3ku MacTHJIBHHAX OJIUB Ha OCHOBI
COHSAIMIHUKOBOI  OJii  BIAMOBIAHO [0 BHM3HAYCHUX
TEXHOJIOTTYHUX PEXKUMIB.
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N. V. KONDRATIUK, Ye. A. POLYVANOY, O. Yu. VIENKO, I. P. HONCHARENKO

SCIENTIFIC ASPECTS OF DEVELOPMENT AND ENRICHMENT OF DRY MIXTURES FOR THE
PRODUCTION OF GLUTEN-FREE CULINARY PRODUCTS

The article is devoted to a relevant topic aimed at solving the problem of expanding the range of gluten-free food products. The production of
gluten-free products is associated not only with congenital pathology - celiac disease, but also with a sharp decrease in the enzymatic activity of
assimilating proteins, not only wheat flour. The main share in the Ukrainian market of such goods is occupied by imported products, which are
much more expensive, or domestic products, but containing expensive imported components. As a result of research, a recipe for gluten-free
pancakes was developed based on a mixture of dry ingredients with corn, rice, amaranth flour. The optimum moisture content of the dough and the
dosage of components for baking at home or in the conditions of restaurant enterprises have been established. A technology for preparing dough
from a mixture by adding a hydromodule followed by a short-term exposure is proposed. It is shown that the exposure of a mixture of dry
components has a positive effect on the taste and quality of culinary flour products, and the use of an enzyme complex, amaranth flour and a double-
acting baking powder makes it possible to increase the form-holding capacity of the dough and finished products after heat treatment. Calculations
of the cost and nutritional value of gluten-free pancakes based on a mixture of dry components have been made. The results obtained prove that the
developed products do not contain gluten, are characterized by increased biological value and lower cost in comparison with existing analogues.
Keywords: gluten-free flour, amaranth flour, product cost, nutritional value, bakery enzymes

H. B. KOH/IPATHOK, €. A. IIOJIHBAHOB, O. 10. BIEHKO, 1. II. TOHYAPEHKO

HAYKOBI ACHEKTH PO3POEKM TA 3BATAYEHHS CYXHUX CYMIHIEM 1151 BAPOBHUIITBA
BE3I'/IIOTEHOBUX KYJIIHAPHUX BUPOBIB

CTaTTs MPUCBAYCHA aKTyasbHiil TeMi, CIIPsIMOBaHiil Ha BUPIICHHS NPOOIEMH PO3LIMPEHHS aCOPTHMEHTY OC3IIIIOTCHOBUX IPOJYKTIB XapuyBaHHs.
BupoOHHIITBO 6e3rMI0TEHOBOI IPOAYKIIIT IOB'SA3aHe HE TIIBKU 3 BPOKCHOIO TATOJOTIEIO - IIENIaKi€o, a TAKOXK 3 PI3KUM 3HIDKEHHSIM (QepMeHTHOL
aKTHUBHOCTI 3aCBOEHHS OLIKIB HE TiNBKU MIIEHUYHOTro GoporiHa. OCHOBHY 4acTKy Ha yKpaiHChKOMY PMHKY ITOJIOHHMX TOBapiB 3aiiMalOTh NMPOLYKTH
IMIIOPTHOTO BUPOOHHMIITBA, SKi 3HAYHO IOPOXKYE, a00 MPOAYKTH BITIYM3HSIHOTO BHPOOHHKA, aje MIiCTATh AOPOTi IMIIOPTHI CKIamoBi. B pesynbrati
JIOCTTIKEHb PO3pO0ICHa perenTypa Oe3rII0TCHOBIX MAHKEHKIB Ha OCHOBI CyMIIlli CyXHX KOMIIOHCHTIB 3 KYKYPY/A3sHOTO, PUCOBOTO, aMapaHTOBOTO
GoporHa. BcTaHOBIIEHO ONMTHMANIBHY BOJIOTICTB TiCTA 1 TO3yBaHHS KOMIIOHEHTIB /I BUIIKaHHS B JOMAIIHIX yMOBaxX ab0 B yMOBaX IiANPHEMCTB
PECTOPaHHOTO TOCMOAAPCTBA. 3alPONOHOBAHO TEXHOJOTiI0 NPHUTOTYBAaHHS TICTAa 3 CyMIllli NIUIAXOM JOJABAaHHS TiAPOMOMIYJS 3 IOAAJBIIONO
HETPHBAJIOK0 EKCIIO3MLIIEI0, 110 O3UTUBHO BIUTHBAE HA CMAK 1 SIKICTh KyJTiHAPHUX OOPOLIHSHHX BHPOOIB, @ BAKOPUCTAHHS CH3MMHOTO KOMILIEKCY,
OopolHa amapaHTy i po3MyllyBaya I03BOJSIE MiJBUIIMTH (HOPMOYTPUMYIOYY 3AATHICTH TiCTa Ta TOTOBHX BHPOOIB MICJISI TEIIOBOI OOPOOKH.
OTpuMaHi pe3ynbTaTH AOBOIATH, IO PO3POOJICHI BUPOOH HE MICTSITh IJTIOTEHY, XapaKTePHU3yIOThCS MiABUIICHOI 0i0JOriYHOIO LiHHICTIO 1 GBI
HH3BKOIO COOIBapTICTIO B IIOPIBHSHHI 3 iCHYIOUNMH aHAJIOTaMH.
KurouoBi ci10Ba: 6e3rii0TeHOBA IPOAYKLIs; aMapaHTOBE, PUCOB Ta, KYKYpy/I3siHE OOPOIIHO; eH3UMH; 0i0JIOriYHA LiHHICTS.

H. B. KOH/IPATIOK, E. A. IIOJIHBAHOB, A. 0. BUEHKO, H. II. TOHYAPEHKO

HAYYHBIE ACIHEKTBI PA3PABOTKH U OBOTAIIIEHUSA CYXUX CMECEMN JIJIS1 TIPOU3BOJICTBA
BE3I'TIOTEHOBBIX KYJUHAPHBIX U3IEJUN

Cratbs IOCBANICHA aKTyaHLHOﬁ TEME, HaHpaBHCHHOﬁ Ha peHICHue Hp06JICMI)I pacmupeHust aCCOPTUMEHTA 0E3rII0TEHOBBIX TIPOAYKTOB IHUTAHUS.
HpOI/ISBOI[CTBO 0E3rITI0TEHOBOI MPOAYKIINU CBA3aHO HE TOJIBKO C BpO)KHeHHOP’I MaToJIoTUeH! - HeﬂHaKHeﬁ, HO U C PE3KUM CHMKECHUEM CI)CpMeHTHOfI
AKTUBHOCTHU YCBOCHUSA OCJIKOB HE TOJBKO MILIEHHYHON MYKH. OCHOBHyIO JOJIK0 Ha YKPAUHCKOM PBIHKE HOZ[OGHLIX TOBApOB 3aHUMAIOT IPOAYKTHI
HUMIIOPTHOT'O MPOU3BOACTBA, KOTOPBIC 3HAYUTCIBHO HNOPOKE, WJIN MPOAYKTHI OTECUCCTBCHHOI'O MPOU3BOAUTEIA, HO COACPIKAIIUE HOPOTOCTOAIINEC
HUMIIOPTHBIC COCTaBJIAIOIINC. B pe3yabTaTe HCCTIeIOBAHUI pa3p360TaHa penenrypa OC3MITIOTEHOBBIX MAHKCHKOB HAa OCHOBE CMECH CyxXux
KOMITIOHECHTOB U3 KyKypySHOﬁ, pHCOBOﬁ, aMapaHTOBOﬁ MYKH. VYcTraHoBlIeHa ONTHMaibHas BIaXHOCTh TeCTa W JI03UPOBKAa KOMITIOHCHTOB 1A
BBIIICKAHUSA B JOMAIIHUX YCIIOBUAX HWIH B YCIIOBUAX ITpCI[l'IpI/ISITI/Iﬁ PECTOPAaHHOT'O XO3STUCTBA. HpeI[J'IO)KeHa TEXHOJIOTHS TIPUTOTOBJICHUSA TECTA U3
CMECH ITyTEM HO6&BJ’I€HI/ISI ruapoMonyis ¢ HOCJ’IBI[y}OH.IefI HEJUTUTETHHOU 3KCI'IOBPII.IPIGI>‘I, YTO IOJIOKUTECIIBHO BIIUACT HAa BKYC U Ka4U€CTBO KyJIMHAPHBIX
MYYHBIX H3HCHHﬁ, a HCIOJIB30BAHUE DJH3UMHOI'0 KOMIUIEKCA, MYKH aMapaHTa W PaspbIXJIUTCIIA [O3BOJICT IIOBBICUTH (bopMoyz[ep)KHBa}omy}o
CITOCOOHOCTh TECTA M TOTOBBIX W3ACTHNI TOCNe TETJIOBON 06pa6OTKI/I. HOJ’Iy‘ICHHBIC PpE3YIbTaThl NOKA3BIBAIOT, YTO pa3pa60TaHHbIe nu3aenund HE
COAEPKAT INIIOTEHA, XapaKTCPU3YIOTCA MOBBIIIEHHON OMOJIOrMYECKOM OCHHOCTBIO U 0oJiee HU3KOM CeOECTOMMOCTBIO B CpaBHCHHNU C CYHICCTBYIOIIUMU
aHajioramu.
KiioueBble cjioBa: OE3rIIOTEHOBAsE NPOAYKIHUA, aMapaHTOBas1, puCOBas U KyKypy3Hasi MyKa, SH3UMBI; OuoIoruYecKast OCHHOCTD.

Introduction. The problem of insufficient protein
intake is exacerbated for people every year. This is
primarily due to the low solvency of the majority of the
world's population, the low standard of living of the
majority of the population, even in developed countries.
Secondly, even with sufficient wealth, the proteins that
come for assimilation are mostly unbalanced and far
from "ideal" . The third reason is low enzyme activity,
which is lost due to hypodynamic lifestyle and constant
stress. Disruption of protein digestion leads to the
accumulation of breakdown intermediates, which over
time can turn into fats or begin to decompose and form
difficult to excrete toxic substances. Therefore, the

search for a comprehensive solution to these problems
dictates the creation of modern food technologies with
high biological value, high level of digestibility and
digestibility of proteins that have a composition as close
as possible to the "ideal protein".

Celiac disease, as a special case of protein digestion
disorders associated with autoimmune system disorders
and the presence of inflammatory diseases, has become
an impetus in creating common approaches to the
development of food technologies.

© Kondratiuk N.V, Polyvanov Ye.A., Vienko O.Yu.,
Honcharenko L.P., 2020
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According to [1], gluten-free foods are gaining
popularity every year, because according to most
consumers (especially young people and women) are
associated with diet, weight control, high nutritional
value and more. One of the main criteria of
competitiveness is the price, because according to the
results of analytical studies [2] the price of gluten-free
products is almost twice as much as 100 g than their
counterparts in wheat flour or oatmeal.

According to a preliminary review, the market for
gluten-free products (bakery products, snacks and ready-
to-eat foods, pizza and pasta, condiments and dressings)
is growing [3]. Also, when expanding the range, it is
necessary to focus not only on the cost of the product,
but also on the attractive sensory characteristics and
cooking capabilities both at home and in restaurants.
That is to adhere to the slogan: "economical, convenient,
fast, useful".

Analysis of literature data and problem
statement. The expediency of creating new recipes and
technologies of specialized products is due to their high
demand among the population and a limited range [4].
This includes gluten-free foods, indispensable in the
daily diet of people with celiac disease [5], or those who
carefully take care of their own weight.

In addition to congenital, celiac disease can be
acquired, provoked by excessive consumption of high-
gluten vegetable protein, severe emotional stress or
prolonged pathological effects of other negative factors.
Undiagnosed celiac disease, exacerbated by prolonged
intoxication with cereal gluten, is one of the causes of
secondary immune disorders - type 1 diabetes, mental
retardation, ulcers and tumors in the mouth and
gastrointestinal tract, epilepsy and some other diseases. .

The main method of treatment of celiac disease is
strict lifelong adherence to a gluten-free diet [6, 7].

According to existing facts, almost 1% of the
world's population belongs to patients with celiac
disease, and 5% of the world's population - are
predisposed to this disease and also require a strict diet
[8]. Therefore, today it is quite popular to follow a
gluten-free diet for people who do not have a clinically
confirmed diagnosis, in order to prevent celiac disease
and its accompanying symptoms.

Currently, a small set of products (Gluten free
products) is used in world practice, where gluten-free
cereals such as rice, buckwheat, corn, millet and
amaranth are used as basic ingredients [9-12].

Some clinical studies show that patients with celiac
disease consume products containing oats without further
signs of inflammation of the intestines [13]. However,
there is no clear decision on the inclusion of this cereal in
a number of gluten-free.

Of interest is the foreign experience of using
amaranth in gluten-free foods. It is important to note that
amaranth protein has shown no toxicity in patients with
celiac disease [14].

Studies have shown that there are many cereals that
are "gluten-free" and have a wide range of health
benefits. Rice, amaranth, quinoa, corn contain phenolic
acids, flavonoids, minerals, vitamins and some trace
elements that promote good health. Various studies have

shown the anticancer, antimicrobial and anti-
inflammatory effects of these cereals, as well as their
non-toxic nature, high bioavailability and pharmaceutical
activity. However, it should be borne in mind that the
consumption of such products should become daily,
which in turn emphasizes the need to expand the range of
gluten-free products.

The FAO Annual World Food Security Report 2017
reports an increase in malnutrition of 515 million
compared to 777 million. Another report by the United
Nations Children's Fund (UNICEF, 2009) and the World
Health Organization (WHO, 2005) states that about one
hundred and fifty million children under the age of 5 in
the world suffer from malnutrition and are underweight
due to unbalanced contain of protein in food. To
overcome these negative aspects and address food
security challenges, approaches have been developed to
create high-quality culinary semi-finished products that
can meet current nutrient and nutraceutical needs for the
general population, including those in need of social
protection. The research results will be useful for
technologists of the food industry and restaurant business
to create cases of technologies that provide the
population with safe long-term semi-finished products,
from which you can easily prepare unique innovative
products with functional characteristics and nutraceutical
potential effectived to health population.

Rice flour is the leader among all cereals in terms of
protein and starch content. Lack of gluten, richness of
vitamins, minerals, trace elements and useful properties
of rice flour have made it a constant component of baby
food and diets. However, when swollen, the dough has a
slight rise, and after heat treatment, the baking falls,
although have a pleasant taste. Corn flour contains calcium,
magnesium, potassium, iron, vitamin B. Rich in starch, easily
absorbed by the body. Contains fiber. The taste of corn flour
stands out, among the tastes of other types and varieties of
flour. The dishes have a bright taste, which does not require
further addition of spices. The flour has a slightly sweet taste,
during fry, it becomes viscous, and when cooled densed, so it
requires the addition of baking powder or structurants.
Amaranth is interesting with a high protein content of 12-
23%. This is much higher than most other crops.
Amaranth protein contains essential amino acids: lysine,
isoleucine, methionine, threonine, tryptophan, leucine,
the content of which is many times greater than their
number in wheat, rice, oats and corn. This makes
amaranth protein more complete, increasing its amino
acid score to 75. Amaranth is rich in polyunsaturated
fatty acids, including omega-6. Compared to other
cereals, amaranth grain contains biotin, riboflavin,
folacin, as well as tocotrienols and squalene. Amaranth,
as well as other cereals, is characterized by a high
content of minerals such as potassium, magnesium,
selenium and iron [15-18].

The work of researchers of many countries of the
world and in particular of the leading Ukrainian
scientists, such as: V.I. Drobot, A.M. Grishchenko [19],
V.V. Dorokhovych [20], A.M. Dorokhovych [21], O.G.
Gubskaya [22], K.G. Torgachova [23], G.B. Rudavskaya,
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N.V. Prytulskaya, E.V. Tishchenko [24], O.V. Babich
[25] are devoted to the question of development of
technology of gluten-free bakery products.

In Ukraine, the range of gluten-free products is
formed mainly through imports (cookies, pasta, bread,
pizza bases, chips, candy, dry baking mixes). Among the
domestic producers on the market are the products of the
brands "World'srice", "Zhmenka", "Ms. Tally","Healthy
Tradition "(flour, pasta, bread), which is marked "crossed
out spikelet". However, the first manufacturer that in
2019 officially received the right to use this designation
was LLC "Cascade" ("Ms. Tally") [26].

However, the issue of amino acid balance and
modeling of prescription components is considered for
the first time in terms of a high level of digestibility,
attractive organoleptic characteristics and effective
manufacturability.

General provisions of the experiment. The
developed mixture for the manufacture of pancakes as
recipe components contains gluten-free types of flour
(rice, corn, amaranth). As a supplement to the amino acid
composition and as technological components of the

mixture, were added egg powder, skim whey, coconut
flour. The sweet and aromatic components were a sweet
extract of stevia leaves, table salt and vanillin. A mixture
of baking enzymes, baking soda and citric acid were used
as leavening agents in a ratio that provides a complete
flow of the soda neutralization reaction with acid in in a
certain amount of water with the release of a sufficient
volume of CO; gas in finished product, which does not
contain foreign flavors. During the analysis of finished
products, generally accepted and special methods for
assessing the quality and technological properties were
used. The total amino acid content was determined by
calculation. Standard methods of statistical and
correlation analysis (MS Excel application package)
were used for statistical processing of experimental data.

Results and discussion. The recipe composition
was selected according to organoleptic parameters and
taking into account the content of essential amino acids
in the flour, to ensure the functional properties of the
product. In the table. 1 shows a comparative analysis of
the amino acid composition of the mixture for gluten-free
pancakes with "ideal protein".

n

Table 1. Comparative analysis of amino acid composition mixture with "perfect protein"
2/100 g of "ideal protein" |g /100 g of the mixture % of "ideal protein"

Indispensable
valine 3,5 1,2 33,5
isoleucine 2.8 1,3 45,9
leucine 6,6 2,2 33,9
lysine 5, 1,7 20,1
methionine (*) 2,5(0,9) 0,63 36,2
threonine 34 0,85 24,9
phenylalanine (**) 6,3(2,9) 1,7 46,3
Replaceable
alanine 1,5
arginine 1,9
aspartic acid 2,6
histidine 0,7
glutamic acid 4.4
proline 1,2
serine 1,1
tyrosine 1,3
glycine 1,3
cysteine 0,3
tryptophan 0,6

* Methionine + cysteine; ** Phenylalanine + tyrosine

The study of amino acid composition showed that
the developed composition contains all essential and
substitute amino acids. Essential amino acids are found
in amounts up to 20 percent or more in comparison "ideal
protein”, which proves the high biological value of
development.

It should be noted that these data refer to a portion
of finished culinary products weighing 260 g. That is, as
a recommendation, we can offer for daily consumption
such pancakes as a full-fledged replacement of one meal.

These ratios of components allow you to their own
production food with high organoleptic characteristics,
without spending a lot of time on baking and preparation
of raw materials, such as milk and eggs, because all these
components, which enrich the finished dish and give it
flavor, are included to the composition of the semi-
finished product in contrast to the existing domestic and

imported analogues, to which producers recommend
adding milk and eggs.

The block diagram of the technological process of
production of dry gluten-free mixtures for pancakes is
presented in Fig. 1. A method of preparing pancakes
from this mixture was also developed, which consisted in
adding 180 ml of prepared drinking water (t = 20-30 °C)
to 100 g of the mixture, thorough rapid mixing to a
homogeneous plastic mass, exposition the resulting
dough for 15 min, re stirring and then baking in a hot pan
for 2-3 min on each side of the product to form a ruddy
crust. If necessary, you can add 1-2 ml of oil before
baking in a pan or in a mixture prepared for baking.

In the table. 2 shows the organoleptic characteristics
of finished culinary products.

In the table. 3 shows the regulated quality indicators
for the dry mixture for baking pancakes.
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Table 2 Organoleptic characteristics

Name Mixture for gluten-free pancakes Gluten-free pancake culinary product
indicators
Appearance Powdered mixture without foreign inclusions and lumps. All The products are round, without gaps at the
and components provided by the recipe are evenly distributed by volume. |edges, toasted, the surface is ruddy on both
consistence| Inclusions are allowed due to added additives, according to the recipe |[sides.
Color White with a light cream tint From golden to light brown
Smell [Weak corn odor without foreign odors, not musty, not moldy. Inherent| Inherent in the culinary product after frying
in this type of product with a pronounced taste and smell of the| and the introduced components, pleasant
additives used. vanilla-coconut taste
Taste Free of any foreign smell and/or taste Inherent in the product, with a taste of corn,
coconut, sweet, without the taste of baking
soda, moderately salted

| Preparation of raw materials I

W W

i 7

Flour (rice, corn, Egg powder, whey,
amaranth. coconut) modified corn starch

Stevia, Baking powder

vanillin, salt

v v

! v

Screening (sieve 0,1... 0,25 mm)

)2

| Mixing ingredieats I

v

| Packing, marking I

!

Storage W = 15,5-18,1%, t=16... 25°C

Fig. 1. Technological scheme of production of dry gluten-free mixture for pancakes

Table 3 Regulated indicators of dry gluten-free mixtures for pancakes

Name indicators Mixture for gluten-free pancakes
Alkalinity, no more, grad. 15,0
Mass fraction of reducing sugars, no less, % 10,0
Mass fraction of moisture, no more, % 10,0
Mass fraction of metal impurities (particles not more than 0.3 mm in the largest 3-10%
linear measurement),%, not more
Admixture Not allowed
Infection with pests of grain stocks Not allowed

The data in the tables prove the high quality of the
mixture and ready-made culinary products based on it.
Dishes have a high biological and nutritional value and
can be competitive in the market of similar goods both in
Ukraine and abroad.

Conclusions and prospects for further
development of this area. Gluten-free food has become
a characteristic feature of nutrition and life in the third
millennium. The growing number of patients with gluten
intolerance - celiac disease - insufficient enzyme activity
of proteases and lipases, lack of complete protein, leads
to increased consumption of gluten-free foods, balanced
in amino acid composition. In addition, many people
around the world have begun to consume gluten-free
foods, not only because of the diagnosis of celiac disease,
but also because of the general idea of maintaining health
and preventing other diseases such as diabetes and
obesity. Intensification of marketing activities and
improvement of sales channels contribute to the need to
produce products that do not contain gluten and have a
high biological and nutritional value. The presence of
gluten-free semi-finished products for easy cooking
makes it possible for those who need and want to change
their diet, get healthy and enjoy the relatively wide
potential of healthy home cooking.

However, a completely regular part of most
consumers' lives is visiting restaurants, cafes, other

public catering establishments or catering in hotels while
traveling. For people who follow a gluten-free diet,
choosing food on vacation and on business trips often
becomes a difficult task, as the wvast majority of
restaurants do not post information about the presence of
potential allergens on the menu and do not have the
appropriate certificates. This may indicate gluten
contamination of foods positioned as gluten-free, which
may occur due to cross-contamination in warehouses or
production facilities, the use of kitchen utensils that are
not properly sanitized after cooking, ignorance of staff
and more. Thus, according to an online survey conducted
by researchers in the United States (New York), 63% of
respondents said that they avoid eating in restaurants due
to a gluten-free diet or consume restaurant products
much less often than the general public. In general, for
this group by of visits to the restourant can often pose a
serious health risk.

In Europe, almost every major city has 4-5
restaurants with a gluten-free menu. In ukrainian
hospitality establishments of the assortiment of gluten-
free products of own production is insignificant and
needs expansion. Many companies do not have separate
"gluten-free" production facilities and include in the
menu purchasing products of foreign production.

Thus, there is a need to expand the range of semi-
finished products with a high degree of readiness to
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produce healthy and balanced food for people suffering
from celiac disease or having problems with protein
digestion. Introduction of such mixtures in the
production of domestic enterprises with further sale in
mass markets, restaurants, cafes, bakeries, cafes,
confectioneries, specialized cafes, as well as restaurants
at hotels, sanatoriums, clinics and other health facilities
with sports, children's and herodietic services and dietary
nutrition is important for the implementation of public
health strategies.
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O. M. IIIBEHB, 1. M. JEMHJ]IOB, C. M. MO/IBYEHKO, T. O. BEPE3KA

ONTUMIBAIISL PEHENTYPHOI'O CKJAJLY TA JESKHX CHOXHUBUYHAX BJIACTHUBOCTEM
I'PEYAHUX YKEPOK

B poGoTi BCTaHOBJICHO ONTHUMAJIbHUH PELEHTYPHUH CKIaJ Ta pO3POOJICHa TEXHOIOTiS BUPOOHMIITBA HOBHX BHIIB IlyKepoK EKcrepuMeHTanbHO
BCTAHOBIICHO KiJIbKiCHE CHiBBITHOIICHHS KOPHII, MyCKaTHOTO IOpiXy i YOPHOTO IEpIO y PEEeNTypi IPedaHux IyKepoK Ta OTPUMAHO PiBHSIHHS
perpecii, sike MOB’A3ye CKJIaJ Pe4OBHH-(PAKTOPIB y KOHIUTEPCHKOMY BHUPOOi, P SKOMY MOXHA OYyJIO OTPHMATH MaKCHMallbHy OPTaHONCHTHYHY
owiHKy. BimsHaueHo, 10 MOEAHAHHS 3alpPONOHOBAHHMX IHTPENIEHTIB 3a0e3redye 30aJaHCOBAaHMI CKIAJ KOHIUTEPCHKOMY BHpPOOYy, a TaKOX
BiJICyTHICTb XiMiYHUX KOMIIOHEHTIB y TOTOBOMY IIPOIYKTi.

KurouoBi ciioBa: rpevani yKepKy, HETpaAULiiiHa CUPOBHHA, CyXO()PYKTH, TOPIXH, MPSHOL, SKiCTh, OPTraHOJCITUYHI BIACTUBOCTI.

E. H. IINBEHD, H. H. JEMHJ/]OB, C. H. MOJIBYEHKO, T. A. BEPE3KA

ONTUMU3ALONA PEHEINTYPHOI'O COCTABA W HEKOTOPBIX HNOTPEBHUTEJIBCKHUX
CBOMCTB I'PEYHEBBIX KOH®ET

B paboTe ycTaHOBJICH ONTHMAJIBHBII PELENTYPHBIA COCTaB M pa3paboTaHa TEXHOJIOTUs NPOM3BOACTBA HOBBIX BUJIOB KOH(ET. DKCIEPHMEHTAIBHO
YCTAQHOBJICHO KOJIMYECTBEHHOE COOTHOIICHHE KOPHIBI, MYCKaTHOTO OpeXa M YEPHOro Iepla B PELENType IPEYHEBHIX KOH(PET M IMOIYYCHO
YpaBHEHHE PErPECCHH, KOTOPOE CBSI3BIBACT COCTAB BELIECCTB-(DAKTOPOB B KOHAUTEPCKOM H3JIEIUH, TIPH KOTOPOM MOXHO MONYYHTh MaKCHMAJIbHYIO
OpraHOJNCNITHYECKYI0 OLEHKY. OTME4YeHO, YTO COYETaHHE IPEUIOKEHHBIX HHIPEJUCHTOB obecreynBaeT CcOAAHCHPOBAHHBIA  COCTaB
KOH/IUTEPCKOMY H3/ICIIHIO, a TAKXKE OTCYTCTBHE XHMHYCCKHX KOMIIOHCHTOB B TOTOBOM HPO/YKTE.

KiroueBble ciioBa: rpeuHeBble KOH(ETHI, HETPANMIMOHHAS CHIPbE, CYXO(QPYKTHI, OpPEXH, HPSHOCTH, KAa4yecTBO, OPraHOJENTUYECKUE
CBOHCTBA.

O. M. PIVEN, 1. M. DEMYDOYV, S. M. MOLCHENKO, T. O. BEREZKA

OPTIMIZATION OF RECIPE COMPOSITION AND SOME CONSUMER PROPERTIES OF
BUCKWHEAT CANDIES

Confectionery is an important component in the diet of consumers and is one of the favorite products that are in ever-increasing demand from all
walks of life. The main significant disadvantage of confectionery is their low physiological value - they are virtually devoid of such important
biologically active substances as vitamins, dietary fiber, minerals and others. Candy is a complex, multi-component product and among all
confectionery products stand out for the variety of composition, technology and range of finished products. One of the ways to improve the quality
of food is the use of new non-traditional types of plant raw materials that contain a balanced complex of proteins, lipids, minerals, vitamins and
have high nutritional, taste and therapeutic properties. Dissemination of the range of healthy products is a priority in the food industry of Ukraine.
The research presented in the article is aimed at improving the consumer properties and increasing the nutritional value of sweets in order to
improve the diet of the population. The new sweets include: green buckwheat, dates, dried cranberries, cocoa butter, coconut flakes, honey, peanuts,
nutmeg, cinnamon, black pepper, waffle crumbs (for decoration). The main recipe component is the kernel of green buckwheat, germinated and
dried by a special technology that allows you to save all the nutrients and trace elements. The optimal recipe composition and technology of
production of new types of candies are established. The quantitative ratio of cinnamon, nutmeg and black pepper in the recipe of buckwheat candies
is experimentally established and the regression equation organoleptic evaluation. It is noted that the combination of the proposed ingredients
provides a balanced composition of the confectionery product, as well as the absence of chemical components in the finished product. Such sweets
are recommended for people who lead a healthy lifestyle, play sports, control their weight and anyone who wants to strengthen the immune system.
Keywords: buckwheat candies, unconventional raw materials, dried fruits, nuts, spices, quality, organoleptic properties.

IHocTanoBka mpo6JjeMu y 3araalbHOMY BHIJISIAILL TEXHOJIOTIN 1

Cepen HaBaXJTMBINIMX 33/1a4 KOXKHOI KpaiHU Mae OyTu
30epeKeHHsl 3[0pPOB'Sl Ta Ipane3faTHOCTI HaCeIeHHs,

BUIUIAIOTECS  PI3HOMAHITTAM  CKJIALY,
a4COPTHMEHTOM TOTOBOI HPOJIYKIIIi.
Ilig yac cTBOpEeHHS HOBHX KOHAMTCPCHKUX BUPOOIB

30UTBIICHHS] TPUBAJIOCTI Ta TOJIMIICHHS SKOCTi JKUTTS
cBOiX rpomazsH. Cy4acHHil pUHOK BUMArae IiJ(BUILCHHS
SKOCTi,  PO3UIMPEHHS  ACOPTUMEHTY,  3HIKCHHS
c00iBapTOCTI MPOIYKIIIi.

Kongutepcrki BUpOOW € BaKIMBUM KOMITOHEHTOM
B palLlioHI XapuyBaHHS CIIOXKHMBAYiB 1 HaJEXKaTh JI0 YUCIa
YIIOOJICHUX TPOAYKTIB, MO0 KOPUCTYIOTHCS IOCTIHHO
3pOCTAalOYMM IIONUTOM BCIX NPOMIAPKIB HAaCEICHHS.
OCHOBHUI 1CTOTHHH HEIONIK KOHIUTEPCHKUX BUPOOIB
MOJISITa€ B iX HU3BKIA (Di310JIOTIYHIA I[IHHOCTI — BOHH
NPaKTHYHO T11030aBJICH] TaKUX BaKJIUBUX Oi0JOTTYHO
aKTHUBHHUX PEYOBHH, SK BITaMiHH, Xap4oBi BOJIOKHA,
MiHEpaJlbHI PEYOBUHH Ta Psi iHIMX [1].

Ilykepku € CKIagHUM, 0araTOKOMIIOHEHTHUM
MIPOIYKTOM i Ccepell BCiX KOHAUTEPCHKUX BUPOOIB

HeoOXigHa MiJIeCTIpsIMOBaHa 3MiHA iX XIMIYHOTO CKIIamdy,
mo0 MakCUMalbHO HAOMU3UTH iX 10 BHMOT Teopil
30aJaHCOBAHOTO  Xap4yBaHHS, 3 00OB’SI3KOBUM
30epekeHHAM TpaAHIIHHUX OpPraHOJIENTHIHUX
MMOKa3HUKIB, BiIacTUBocTel 1 crpykrypu [2, 3]. Came
TOMY NMOUIMPEHHSI aCOPTUMEHTY KOPHUCHMX IUISl 3710pOB's
NPOJXYKTIB € NPIOPUTETHUM HANpPSIMKOM Yy XapyoBii
IPOMUCIIOBOCTI YKpaiHH.

AKTyaJIbHICTB TaKoi cTpaTerii B rajay3i xapuyBaHHS
3YMOBJICHa O0'€KTHUBHUMH INPUYMHAMHM: TOTIPIICHHIM
€KOJIOTIYHAX YMOB JKUTTSI, 3MIHOI SIKOCTi CIIOKHBAHOI
1Ki, 10 MPHU3BOAMUTH JO CTAJOro NeilluTy HYTPIEHTIB,
SIK1 HAIXOIIATH 3 HEIO.
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PimenHs npoOneMu BUMAara€ CTBOPCHHS Ta
aKTUBHOTO BIPOBA/DKCHHS y CYYacHY CTPYKTYpY
xapuyBaHHs (i310JIOT1YHO (YHKIIOHAJBHUX MPOAYKTIB,
SIKi 32 CBOIM CKJIAJIOM 3allOBHIOIOTH AE(IIUT XapdOBHX
pPEYOBHH Ta 37aTHI €()EKTHBHO 3aXHCTUTH OPTaHi3M Bif
HETaTHBHOTO OIOJIOTIYHOTO Ta TEXHOTEHHOTO BIUINBY
OTOYYIOUOTO cepenopuia [4].

V 3B’53Ky 3 IUM, aKTYaJIbHUM € TTUTaHHS PO3pOOKH
IyKEPOK IMiIBUIICHOT O10JI0T1YHOT I[IHHOCTI.

AHAJIi3 OCTaHHIX [AOCHiZkeHb Ta myOJiKamiii.
JlouinpHicTh  30aradeHHs  KOHIWUTEPCHKUX  BHUPOOIB
¢bi3ionoriyHo  (YHKIIOHAJBHUMH IHIPEli€HTAMM, LIO
JTO3BOJISFOTh TMMOKPALIYBATH IX CIOXHBYI BJIaCTHBOCTI,
BiJ[3HAYAETHCS B MyOJIIKALIAX BUCHUX. AHAII3 HAYKOBUX
nyOnikauid, NpPUCBSYEHHMX  po3poOui  30arayeHux
KOHIUTEPCHKUX BUPOOiIB, CBITYHTH Mpo Te, M0 iX
4COPTUMEHT TIOCTIHHO PO3LIMPIOETHCS 32 PaxyHOK
BHKOPHUCTaHHS  HOBHUX CHPOBHHHHX  pecypciB i
TeXHoJoriH [5].

OnuH i3 TUIAXiB TiABUIIEHHS SKOCTI MPOIYKTIB
XapuyBaHHS — BUKOPUCTAHHS HOBHUX HETPATUIIIHHUX
BHJIB POCIMHHOI CUPOBUHH, IO MICTAThH 30aJIaHCOBAHUIA
KOMIUIEKC OINKiB, JIMiAiB, MiHEPaJbHUX PEYOBHUH,
BiTaMiHIB 1 BOJIOHIIOTH BHCOKHMH  IIOKUBHHMMH,
CMaKOBUMH 1 JIKYBaJIbHO-ITPO(UIAKTHYHI BIACTHBOCTI.

OcTaHHIM 4YacoM 3aliKaBJIEHICT, JO HOBUX BHIIB
HETPaIWIiiHOI CHPOBHHHU JYyX€ 3pociia, 30KpeMa Jio
3eJIeHOl MPOPOIIEHOI TPEYKH, CyXO(PPYKTIB, TOPiXiB Ta
MPSHOIIIB, TaK SK BOHH € JDKEPEJIOM BiTaMiHiB,
MiHEpaJIbHUX 1  OIOJOTIYHO  AKTHBHHUX  PEYOBHH,
HEOOXiTHUX B Xap4yBaHHI JIIOAWHH [6, 7].

Psii BUeHHMX PEKOMEHIYIOTb 3€JIeHy IMPOPOILIEHY
rpeuky sK 30arauyBady JJIsl KOHAWTEPCHKHUX BHPOOIB.
3erneHa rpedka — O6ararte JuKepeso OijKa Ta aMiHOKHCIIOT.
3 20 aMiHOKHCIIOT, 10 MICTATBCS B Xap4OBHX OiKax, § €
HezaminauMu. Lle TpunrtodaH, di3MH, METIOHIH, BajiH,
TPEOHIH, JCHIWH, i3oieiuuH, (eninananin. Y ckuami
3€JIeHOT TPEYKH NPUCYTHI BC1 8§ HE3aMiHHMX aMiHOKUCIIOT
Yy 3Ha4YHIA KUTBKOCTi, 1 HaWTOJIOBHIIIE — BOHHU
30aaHCOBaHI Ta JIETKO 3aCBOIOIOTHCS, Ha BiJAMIHY Bif
MIPOJYKTIB TBapUHHOTO ITOXOPKEHHS. 3elieHa Tpedka
TakoX Oarata JI3WHOM, SKHH TIOBHICTIO BiJICYTHIH B

IHIIMX ~ poCIMHAX. 3ejieHa Tpedyka —  CHIbHUH
aHTHOKCHIAHT, BOHA Mictute A0 155 wmr/100 r
AHTHOKCHIAHTIB. Bix KIJIBKOCTI BKMBaHUX

QHTHOKCH/IAHTIB 3aJIC)KUTh Hallla MOJIOZA 3710pOBa IIKipa,
BOJIOCCSI Ta OpraHi3M. 3ejleHa TIpedyka He MICTHTh
IJIOTeHY (KJICWKOBMHHM), a 1€ 3HAa4uTh, I1i MOXYTh

BXUBAaTH B DKy  JIFOOU, 1I0  JOTPHUMYIOThCS
OC3TIMIOTEHOBOI  JIIETH Ta  MaloTh  alleprilo  Ha
rmoteH [8—11].

IlepcnekTHBHUM  HAmNpPSIMKOM Y  BHUPOOHHIITBI

KOHIUTEPCHKUX BHUPOOIB € BUKOPUCTAHHS JIIKAPCHKO-
TEXHIYHOI CHPOBHHHM Ta TPOAYKTIB i TiepepoOKuU:
KaJIMHU, TIOMXYy, OOJIMUXH, STiJ TOIDKi, 3aBISKA YOMY
BUpoOHM 30arauyioThcs Bitaminamu PP, B, By,

MiHepanbHUMH  enemeHtamu  Fe, K, Mg i
KIITKOBHHOIO [12—14].
ABtopamu  [15]  pospobmeHi  HOBI  BHIM

KOHAUTCPCHbKUX BI/IpOGiB 3 BHUKOPHUCTAHHAM CyHIeHO'l-

JKYPaBIUHY JUTS 1 ABUIIICHHS XapYOBOT IIIHHOCTI TOTOBUX
BUpOOIB. Y CyIIEHHX Srojax >KypaBIHHH BMICT OUIKIB
cranoButh 0,07 T, xkupiB — 1,37 r, ByrieBoxiB — 82,36 T,
XapyoOBUX BOJIOKOH — 5,7 T, MOJIIHEHACUICHHUX JKUPHHUX
kucaoT — 0, 658 r; Bitaminis: E — 1,07 mr, B; — 0,007 mr,
B> —-0,016 mr, B4 —4 mr, Bs— 0,217 mr, B¢ — 0,038 mr, C
- 02wmr, PP — 0,99 wmr, K — 3,8 Mkr; MiHepambHUX
pedoBHH: Kanblito — 10 MT, mMarHito — 5 Mr, Hatpito —
3 wmr, xamo — 40 mr, docdopy — 8 mr, 3amiza — 0,53 wmr,
mueKy — 0,11 mr, mini — 80 mkr, mapranmo — 0,265 wr,
ceneny —0,5 MKT.

OTxe, TMPIOPUTETHUM  HANPSIMKOM  PO3BUTKY
KOHIIUTEPCHKOT Tady3i 3aJIUIIAE€ThCS TIOMIYK HOBUX
POCIMHHUX JDKEpen OIOJIOTIYHO AaKTUBHUX PEYOBUH,
HaceJIeHHsT Oi0JIOTIYHO TIOBHOIIHHUMH  MPOTYKTaMH
XapdyBaHHsI, IO BiAMOBIJAIOTH, BUMOTaM ()i310JOTiHHHX
HOPM OpraHi3My JIIOIWHHU, TOTpebaM pIi3HUX BiKOBUX
Tpymn, CTaHOM 370poB'ss  HacemeHHs [16, 17].
JlocmipkeHHsI, HaBeAGHI y CTATTi CHOpSIMOBaHI Ha
MOJITIICHHS CIIO)KUBHUX BJIACTUBOCTCH Ta IIJABHIICHHS
Xap4oBOI I[IHHOCTI I[yKEPOK 3aJJIsl MOKPALICHHS PaIlioHy
HACCJICHHS.

Mera cTaTTi — po3po0Ka PEeLEnTypH Ta TEXHOJIOTIs
nykepok «Sweet flower» 3 HOJIMIICHUMH CIIOKUBHIUMH
BJIACTUBOCTSAMH 3  BHKOPHCTAaHHSIM  HETPaAUIIHHOT
CUPOBHHM Ha OCHOBi 3€JIeHOi TPOPOIICHOI T'pEeYkd 3
JIOJIaBaHHSM CYXO(PYKTIB, TOPiXiB Ta MPSHOIIIB.

Jlns  JOCSATHEHHSI TIOCTaBJICHOI METH HEOOXiTHO
OyJ10 BUKOHATH TaKi 3aBJIaHHS:

—  TIPOBECTH TOMIYK IOCTYITHOI HETPamuIliiHOl
CUPOBHHU IS TIiABUIIICHHS Xap4YOBOi I[IHHOCTI IyKEPOK;

—  BH3HAYCHHS ONTHUMAJBHOTO CIIiBBIIHONICHHS
B3a€MO3aMIHHUX KOMIIOHCHTIB TPEYaHHMX I[YKEPOK JUIs
OTPUMAaHHS HaHKpalUX Pe3yJIbTATiB 3 OPraHOICHTUIHOT
OIIIHKH;

—  po3poduTH  peuenTypy Ta  TEXHOJOTIO
BUPOOHHUIITBA HOBUX IIyKEPOK 3 BHKOPHCTaHHIM
HETPaTUIIITHOT CHPOBHHH.

Bukian ocHoBHOro marepianay gociaimxenns. Ha
MepmoMy  eTam  JOCHi/PKeHb  OOIpyHTOBaHa  Ta
po3pobieHa peLenTypa rpedyaHnx yKepoK.

OCHOBHUM peLENTYPHUM KOMIIOHEHTOM € SIIPHLIS
3eNeHOT  TPEYKH, IMPOPOIICHOI Ta BHCYIICHOI 3a
0cOOJINBOIO TEXHOJIOTIE€I0, IO JI03BOJISIE 30€pertd BCi
KOPHUCHI PEYOBHHU Ta MIKPOEJIEMEHTH. Y CKIIAJl 3EPCH €
Taki pPEYOBMHM 1 BITaMiHW: POCIMHHHMH  OIJIOK;
amiHokucnotu (y T. 4. Jli3uH); Bitaminu rpymu B, C, PP,
E; wminepamu, MikpoeneMeHTH (3alli30, MarHid, Kalii,
Ho, ITMHK TOIIO); (hJIAaBOHOIIN; AHTUOKCHUIAHTH.

3aBIsSIKM  YHIKQILHOMY CKJIQIy 3eJieHa TIpedka
3JaTHA TOKpallyBaTH pPoOOTy IMYHHOi CHCTEMH,
BUBOJHUTH 3 OPTaHi3My BaKKi COJIi Ta METajH, yCyBaTH
HAKONMYCHUN B OPraHi3Mi y HAIJIMIIKY XOJECTEpPHH,
MEPEIIKOKATH TIepeTdacHOMY CTApiHHIO, 3HIDKYBATH 1
HOpManizyBaTH piBeHb ILyKpy B Kposi. Jlo cxiamy
IyKePOK BXOIUTh CYIICHA JKypPaBJIHMHA, SIKA € JHKEPEIOM
BiTaMiHy C, 110 cripusie 3MILHEHHIO IMYHITETY, a TaKOX
NOTY)KHUM aHTHOKCHIaHTOM. BoHa 30epirae kopucHi
BJIACTHBOCTI NPpH 00pOOLIi Ta BUCYIITYBaHHI.
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®DiHIKK MICTATH OUIBIIE NECATKA PI3HUX BITAMIHIB,
BKIIIOYAIOTh BEJIMKY KUIBKICTh XapYOBHX BOJIOKOH, SKi
HOPMAITI3yIOTh POOOTY IMUIYHKOBO-KHIIKOBOTO TPAKTYy.
Cepen MikpoeneMeHTiB 0araTi 3a1i30M, KaJlieM, MarHieM,
MapraHiieM, CeJICHOM, KaJlbIlieEM, MIiIJIt0, HaTpiem i
dhochopom.

KoxkocoBa cTpyxka — 11e JpKepeso BiTaMiHIB TpymH
B, A i E; micturh 3ami30, Mifgb, LUHK, CEJIEH, Mib.
PerynsipHe BXKUBAaHHS CIPHSE MOKPALICHHIO 30PY, WIKIpH
Ta [aMm’sTi; € AaHTHOAKTEepiaJbHUM, NPOTHBIPYCHUM
3acoboM.

Men onae COMOIKICTh MPOAYKTY Ta € 3B’ SI3YIOUHM
KOMIIOHCHTOM CHUCTEMHU.

Kakao-Maciio 3MII[HIOE KamiJIsIp i CTIHKH COCY/IB,
HOJIIIIYE  KPOBOOOIr, 3HWKYE PHU3HKH PO3BUTKY
KPpUTHYHUX CTaHiB, TOB’S3aHUX 3 POOOTOIO CEPIEeBO-
cymuHHOI cuctemn. Ha Timi 1mporo BinmOyBaeTbes
3MIITHEHHsSI  CepIieBOro M’s3a. barare KOpPHCHUMH
JKUpaMH Macjio Kakao 3HMKYE BMICT B KPOBI IIKiJTHBOTO

XOJIECTEpUHY, TWiJBHUIIYIOYM IPH LBOMY IOKa3HUKH
xopomoro. Ile € edexktuBHOIO  NPOQIIAKTHKOIO
aTepoCKJIepo3y 1 CHpUS€ MIATPUMII ONTHMAJILHOT
IHTEHCUBHOCTI KpPOBOOOIry B TOJIOBHOMY  MO3KY.
Hacwuennii mpoayKT cCHopusie BiTHOBICHHIO M S30BOi
TKaHWHA TCias  TpuBayioi  ¢i3ugHoro mpami  ado
CIIOPTHUBHHX 3aHSAT.

[IpstHOMII 37MaTHI HE TiNBKK JOTIOBHIOBATH CMAaKO-
apoMaTHIHHN OyKeT IyKepoK, aje i BUKOHYBAaTH IIE€BHI
¢ynkuii. Kopuus epekTHBHO peryitoe piBeHb TIII0KO3U B
KPOBI 1 3HIDKYE BHUCOKHH apTepiajibHU THCK; YOpPHHH
nepenb KOPUCHUH JUISi CEepLEBO-CYANHHOI CHCTEMH Ta
OpraHiB AMXaHHs; MYCKaTHHH TOpiX 301IbLIYE 34aTHICTH
JI0 HaBYaHHS 1 e)EKTUBHO MMOKPAILLYE M1aM’SITh.

Hdus  o3mo0iieHHS  mykepok — «Sweet
BHUKOPUCTOBYETHCS BaelbHa KPUXTa.

Bwmict inrpemientie 'y 100 T KOHIUTEPCHKOTO
BHpoOy HaBeneHO y Tabm. 1.

flower»

Tabnms 1 — Penentypa mykepok «Sweet flower»

Hasga inrpenieary Macosa gactka, %
3eneHa rpevka 46,00
Digiku 10,00
JKypaBnuna 10,00
Macao xakao 15,00
Men 7,00
KokocoBa cTpyxka 5,00
MyckaTHHUH ropix 0,48
Apaxic 3,00
Kopwurist 0,93
YopHuii mepenp 1,59
BadenbHa kpuxTa 1,00
Bceworo: 100

Hns  onTtuMmizamii pernentypHOro ckimamy Oynia

MpOBEJICHA, B1IIOBIIHO bi (o) BHUMOT
(JACTY 4135:2014 Llykepku), opraHojenTHYHa OLiHKa §
EKCIIepTaMH.

PesynbraTi OpraHoJenTHYHOT EKCIepTH3H Oyiio
BUKOPHCTAHO JUISl TIPOBEICHHS PETPECiHOro aHaiizy 3
METOI0 BU3HAYECHHS PELENTypH BUPOOHMITBA I[yKEPOK
JUIL  OTpUMaHHS HHMH ONTHMAlbHHX OLIHOK 32
OPraHOJISNTUYHUMU TTOKa3HUKAMHU.

HaiiGinpmr  mommpeHuMHu A JOCIiIHKSHHS
KOMIIO3UIIIl CyMmimed € CHMIUIEKC-TpaTdacTi IUIaHd
[Tedde. Bonn 3a0e31edyoTh piBHOMIpHE
pO3TallyBaHHS EKCIEpUMEHTAIBHUX TOYOK 3a (g-1)-
MIpHHM CHMILICKCOM.

ExcrniepuMeHTaNbHI TOYKM CTaHOBIATH { ¢,n }-
PCLITKY HA CHMIUICKCI, € ¢ — KUIbKICTh KOMITOHCHTIB
CyMillli, # — CTYHIHb IOJIIHOMY, 32 JOIIOMOIOIO SIKOTO
Oyne onmcaHo 3aleXHICTh QYHKIIT BIATYKY BiJ GpakTopiB
(3BMYAtHO — KOHIIEHTpAIi KOMITOHEHTiB). CHMILIEKC-

IpaT4acTi IVIAHN € HACHICHUMH. 3 KOKHOTO KOMIIOHEHTa
€ (ntl) omnakoBo posramoBaHuX piBHIB x=0, 1/n,
2/n,..., 1 1 6epyThcs yCi MOXKIMBI KOMOIHAIIT 13 TAKUMHU
3HAYCHHSAMH KOHIICHTpAIlil KOMIOHCHTIB. Tak, Jyis
KBaZpaTu4Hoi Iparku { ¢2 } s QakropiB
BUKOPHCTOBYIOThCSL HacTymHi piBHi: 0,2 1 1, s
KyOiuHOi BigmoBiauo 0, 1/3,2/3 1 1.

JInst BU3HAYCHHS 3aJIE)KHOCTI  OPraHOJETITHYHOI
OI[IHKK (V) BiJ BMICTY B3a€MO3aMiHHHUX KOMITOHEHTIB
TpEeYaHUX ITyKepOK: KOPHI, MYCKATHOTO TOpiXy i
qopHOro Tepmio OyB  peanmizoBaHué  (pakTOpHUI
EKCIIEPUMEHT TPEThOro MHOPAAKY (MaTpuls I[UIaHy
eKCIIEpUMEHTY HaBeJieHa B Ta0I. 2).

Sk HesamexHi 3MiHHI X; X2 X3 OyJM pO3IISHYTI
CKJIaJI0B1 HOBHX L[YKEPOK:

X;— MacoBa 4acTKa KOpHIL,

X2 — MacoBa 4acTKa MyCKaTHOTO ropixy,

X2 — MacoBa 4acTKa YOPHOT'O HEPLIO).
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Tabmmrt 2 — MaTpuns miaHy eKCIepUMEeHTY “‘CKJIaj] - BIACTUBICTS”

Ne KomnieHTpaitiss KOMIIOHEHTIB, MaCcOBa YacTKa OyHKIis
JOCTiay X1 X2 X3 BiIIyKY, y, Oajut
1 1 0 0 9,13
2 0 1 0 7,96
3 0 0 1 8,49
4 0,66 0,33 0 8,61
5 0,33 0,66 0 8,07
6 0,66 0 0,33 8,97
7 0,33 0 0,66 9,15
8 0 0,66 0,33 8,04
9 0 0,33 0,66 8,70
10 0,33 0,33 0,33 9,15
PiBusiHHS perpecii (31 CTATHCTHYHO 3HAYYLIUM [licns  mepeBipku  perpeciiiHoi ~ Moneni  Ha

KoedilieHTaMn), sIKe MOB’SI3y€ CKIaJ PEYOBUH-(PAKTOPIB
X1, X2, X3 B ILYKepKax i3 SKICTIO iX OpPraHOJENTHYHHUX
MOKa3HUKIB, MAa€ BUTIIA

vy =913x + 7,96-x2 + 849-x3 — 0,922-x1"x2 +
1,125-x1'x3 + 0,652-x2'x3 + 1,012')61')62()61 — X2) —
2,655-x1 'X3(x17 X3) — 3,263')62')63()627)63) + 14,265-x1 ‘X2°X3

aJIeKBaTHICTh 3a kpurepiem dimepa Oyno moOynoBaHo
niarpamy (puc.2), sika 103Boisi€ TpadiyHO BU3HAYUTH Y
Oynp-skii ii 00JMacTi 3aJeXHICTh OPraHOJETTHYHOL
OmiHKH Iykepok «Sweet flower» Big BMICTY
B3a€EMO3aMIHHUX KOMIIOHEHTIB TIpedaHuX IYKEPOK:
KOpHUIli, MYCKaTHOTO TOpiXy 1 YOPHOTO NEpIo, II0
BXOJISITH JI0 PELICHTYPH.

y
0 — BiamoBigae iHTEpBAITY 7,83 : 7,99
1 — BiAmoBigae iHTEpBAITY 7,98 : 8,14
2 — BiANOBiJa€ iHTEPBAITY 8,13 : 8,30
3 — BiAmnoBigae iHTEpBAITY 8,29 : 845
4 — BiAmoBiae iHTEPBAITY 8,45 : 8,60
5 — BiAMOBIia€ iHTEPBATY 8,60 : 8,76
6 — BIATIOBIa€ IHTEPBATY 8,76 : 891
7 — BiAMOBIA€ IHTEPBATY 8,91 : 9,07
8 — BiAMOBia€ iHTEPBATY 9,07 : 9,22
9 — BiAMOBIA€ IHTEPBATY 9,22 : 9,38
x1
7788
77777
777777776
71777777766
T7777777776665
7777777777766655
7778888887777665554

778888888887776665544
788888888888877766554433
88889999998888877666554433
88899999999988887776655443322
8899999999999988877766555443322
8899999999999998888776665544332211
889999999999999988877766655443322211
888999999999999988887766655544333221110
78889999999999988887776665554443322211110
77888889999988888877776665554433322221111000
6677788888888887777766655544433332221111100000
5566677777777777666665554443333222111110000000000
x3 445555566666666555554444333322211110000000000000000 x2

Puc. 1 — Jliarpama 3a51e)KHOCTI OpraHOJENTHYHOI OIIHKH IyKepok «Sweet flowen» Bif BMICTY KOpHIIi, MyCKATHOT'O TOPIXY 1 YOPHOTO TEPIIFO

AmHani3 paHMX CBIIYUTH NIPO Te, LIO Haiikpama
OpraHoJIeNTHYHA OLiHKa HOBHX IIyKepOK Oyiia oxepkaHa
NpU  KOHLEHTpauii crenii y TpPhOXKOMIIOHEHTHIHN
cucremi: kopuui (x1) — 31%, MyckaTtHOro ropixy (x2) —
16%, wopHoro nepiro (x3) — 53%.

B mii TOYHI YVmer AT TEPEBIPKM aJeKBAaTHOCTI
OTPUMAHOrO pIBHAHHA perpecii OyB mpoBeneHuit
EKCIIEpPUMEHT, SAKUH HiATBEpANB, 110 npu
pO3paxoBaHOMY CIIIBBIJIHOLIEHHIO CIIELiil B IyKepKax
OpraHoJIeITHYHA OIliHKA iX HAWBHIIA.
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Ha npyromy erami mocmijpkeHs Oynia po3poOieHa
TEXHOJIOTIS TPEYaHHX LyKEPOK.

3eneHa rpedka 3 OyHKepy MHicis 3BaXKyBaHHS Ha
Barax HaJIXOIHMTh IO MHUWHOI MAIMHH, ¢ OYHMIIYETHCS
BiJl 3a0pyIHEHb YUCTOIO0 BOJOIO 3 TemmepaTtyporo 20°C.
OuuineHi SOpuIi 3aMOYYIOTBCSA B 3aMOYHOMY 4YaHi
BIPOIOBXK 4 TOIVH, 3BIATH CaMOIUIMBOM IIOTPAIUIAIOTH B
arapar JUisi COJIOMOPOLICHHS, KyIy HONA€ThCS MOBITPS C

BiZTHOCHOIO BOJIOTICTIO 96-98%. Tpusamnicte
IIPOPOLLYBAHHS - 36 TOJUH. CkpeOKkoBUM
TPaHCHIOPTEPOM CHPOBMHA  IEPEMILIYETBCS  JIO

CYIIMJIBHOTO amnapary, Ae BiIOyBaeThCsl BUCYIIYBaHHS 3a
temneparypu He Bumie 40°C mporarom 12 rogus. 3a
JIONIOMOT'0I0 CKPEeOKOBOI'O TPAaHCIIOPTEPY 3€JIeHa Ipeduka
HOTpAIUIs€e 10 3MillyBaya.

MyckaTHUE TOpiX, KOpHWIA 1 YOpHUH Tmepemnp 3
OyHKepiB misi 30epiraHHs CHpPOBHUHH TOTPANPSIOTH JIO
MOJIOTKOBOi npoOapku. 3ApiOHEHI mpsHOImI — MO
3MinryBayJa.

®dinikn Ta KypaBliiHa 3 OYHKEpiB HAIXOISITh Ha
Bary, Jlajli CKpeOKOBUM TPAHCIIOPTEPOM MEPEMILLYIOTHCS
JI0 3MillyBaya.

KoxkocoBa cTpyxka 3 OyHKepy Hicis 3BaKyBaHHS
TaKOX MOTPAIUISE y 3MilTyBay.

Men mianamTh PO3MYCKy Yy JIEKpUCTalli3aTopi, e
Temriepatypa He Mae nepesuntyBatu 40 °C, 3BiaTH uepes
GimeTp  MO30BaHO  HACOCOM  TEPEKAYyeEThCS  JIO
OCHOBHOMY amapary.

Pinke Macno kakao onpa3sy MiCis TeMIEepyBaIbHOL
KaMepH MOTparuisie A0 3MillyBada 3a JOINOMOTOIO
Hacocy-103aTopa.
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N. V. KONDRATIUK, N. O. PETUKCHOYV, K. Ye. SUPRUNENKO, Ye. A. POLYVANOYV, S. A. KARPENKO

INNOVATIVE APPROACHES IN THE CREATION OF TECHNOLOGIES OF DRY CONCENTRATES
COCKTAILS WITH INCREASED CONTENT BIOLOGICALLY ACTIVE SUBSTANCES

Modern trends in the creation of drinks provide for the use of various infusions, plant extracts, as well as vitamin and mineral complexes, organic
acids and polysaccharides as part of their bases, which allows for the normalization of physiological and metabolic processes in the human body and
prevents a number of diseases and syndromes that lead to a decrease in working capacity. The main problems in the creation of various drinking
forms are associated with the purification and preparation of water, the dissolution of components and their possible interaction with each other in
the packaging unit during storage. Considering the above, it is relevant to create dry concentrates for long-term storage for the preparation of drinks
and cocktails as promising drinking forms for normalizing the nutritional status of the population of Ukraine and other countries. It has been
established that the physiological value of dry drinks according to the developed method is preserved in ready-made commercial forms (sticks with
a metallized substrate) for the entire recommended shelf life — 12 months. The mixture, when diluted, provides the desired functional properties and
is a convenient form for transportation and preparation, taking into account the usual dilution with a liquid, mainly drinking water. The novelty of
individual technological solutions and the revealed physiologically functional properties lies in the use of extracts of plants, fruits, berries,
vegetables with an increased content of biologically active substances, as well as the use of other components that have unique physiotherapeutic
properties for humans.
Key words: dry concentrates, beverages, biologically active substances, cocktails, technologies.

H. B. KOH/IPATIOK, M. O. IIETYXOB, K. €. CYIIPYHEHKO, €.A. II0OJIUBAHOB, C. O. KAPITEHKO

IHHOBA:IIII‘/‘IHI MIJIXOIA Y CTBOPEHHI TEXHOJIOTTA CYXUX KOHIIEHTPATIB
KOKTEMUJIIB 3 NIIBUIIEHUM BMICTOM BIOJIOI'TYHO AKTUBHUX PEYOBUH

CydacHi TeHZEHIII CTBOPEHHS HANoIB Mepen0adaloTh BUKOPUCTAHHS B CKJIAJl iX OCHOB Pi3HHX HACTOIB, €KCTPAKTiB POCIMH, a TAKOXK BiTAMIiHHO-
MiHepaJIbHUX KOMILIEKCIB, OPTaHIYHHUX KHCJIOT i IIOTicaxapuiB, 0 JO3BOJIE 3a0e3MeUNTH HOPMAIi3aIio (i3i0oN0ridHIX i MeTaOOIiYHIX IPOIIeciB
B OpraHi3Mi JIOJUHHM 1 3amo0irTH HH3LI 3aXBOPIOBAHb i CHHIPOMIB, L0 3HIKYIOTh Iparne3natHicTb. OCHOBHI NPOOIEMH MPU CTBOPEHHI Pi3HUX
NUTHUX (OPM TOB'S3aHI 3 OYMIICHHSAM 1 MiITOTOBKOIO BOJM, PO3YMHEHHSM KOMITOHEHTIB 1 IX MOXXJIMBHUMHU B3a€EMOIISMH B XOAi 30epiraHHs B
(acyBanbHil ofUHAULI. 3 OISy HA BUKJIAJCHE, aKTYalbHUM € CTBOPEHHS CyXHX KOHIIEHTPATiB TPHBAJIOTO 30epiraHus Ui MPUTOTyBaHHS HAIOIB Ta
KOKTEHIIIB B AKOCTi NMEPCIEKTUBHUX MUTHUX (HOPM [T HOpMaJi3alii Xap4oBOro CTaTyCy HaceleHHs YKpaiHu Ta iHIIUX KpaiH. BcraHoBieHo, mo
(izionoriuHa MiHHICTH CyXUX HAIOIB 32 PO3POOJICHHM CIIOCOOOM 30epiracThesl B TOTOBHX TOBapHUX (opMax (CTIKax 3 METali30BaHOIO BKJIAJKOIO)
MIPOTATOM PEKOMEHJIOBAHOTO TepMiHy 30epiraHHs — 12 micsamiB. Cymim mpu po3BeleHHI 3a0esmedye 3amaHi (QYHKIIOHANBHI BIACTHBOCTI 1 €
3py4HOIO (POPMOIO Il TPAHCTIOPTYBAHHS 1 MPUrOTYBaHHS, BPaXOBYIOUHM 3BHYAliHE PO3BEICHHS PiJMHOIO, IIEPEBAXKHO MUTHOIO Boxoro. HoBusHa
OKPEMHX TEXHOJIOTIYHUX PilleHb i BUABICHUX (i31070riyHO (yHKIIOHATEHUX BIACTHBOCTEH MOJIATa€ y BUKOPHCTAHHI €KCTPAKTiB POCIHH, IUIOJIB,
ATi[, OBOYIB 31 30ULIBIICHMM BMICTOM OiOJOTiYHO AKTHBHUX PCUOBHH, a TaKO)K BHKOPUCTAHHI IHIIMX KOMIIOHEHTiB, IO MAIOTh YHIKalbHI
(izioTepaneBTHYHI BIACTHBOCTI ISl JIIOAUHH.
Ku104oBi cj10Ba: cyxi KOHLICHTPATH, HAaoi, KOKTEHIi, 010JIOTYHO aKTUBHI PEYOBUHHU, TEXHOJIOTII.

H. B. KOH/IPATIOK, H. O. IIETYXOB, K. E. CYIIPYHEHKO, E.A. IIOJINBAHOB, C. A. KAPIIEHKO

MHHOBAIMOHHBIE NIOAXO/Ibl B CO3JAHUU TEXHO.J10I" Wil CYXUX KOHIIEHTPATOB
KOKTEMJIEN C IOBBIINEHHBIM COJAEPKAHUEM BUOJIOI'MYECKH AKTUBHBIX BEIIIECTB

CoBpeMeHHbIE TCH/ICHIIMH CO3JaHKs HAIIUTKOB MPEIyCMaTPHBAIOT HCIIONIb30BAHHUE B COCTABE MX OCHOB PAa3IMYHBIX HACTOEB, SKCTPAKTOB PACTCHHUIA,
a TaKKe BUTAMHHHO-MHHEPAIBHBIX KOMIUICKCOB, OPTaHMYECKHX KHCJIOT M MOJIMCAXapuaoB, YTO IIO3BOJSICT OOCCHEYHTh HOPMAIIM3ALIHI0
(PU3HOTOTNYECKNX M META0OIMYECKUX MPOLIECCOB B OPraHU3ME YEJIOBEKA U NPEOTBPATUTH PsiJi 3a00JICBAHHUI M CHHAPOMOB, BICKYIIMX CHIDKCHHE
TpynocrocoOHocTn. OCHOBHBIE TIPOOIEMBI TIPU CO3AHUN Pa3INYHBIX MUTHEBBIX (POPM CBSA3aHBI C OUMCTKOH U TIOATOTOBKOM BOJbI, PACTBOPEHHEM
KOMITOHEHTOB ¥ HX BO3MOKHBIM B3aHMO/ICHCTBHEM JPYT C APYrOM B (haCOBOYHON €IMHHULIC B XOJC XPAHCHHUS. Y UUTHIBAS H3JI0XKCHHOE, aKTYaIbHBIM
SBISICTCSL CO3JaHME CYXMX KOHIICHTPATOB JUINTEIBHOTO XPAHEHWS I MPUTOTOBICHHSA HAMWTKOB M KOKTCWJIEH B KauecTBE NEPCIIEKTHBHBIX
MUTHEBBIX (POPM Ul HOPMAJM3ALMH MHIIEBOTO CTaTyca HACENICHHUS YKPAWHBI U JPYTHX CTpaH. YCTAHOBIICHO, YTO (DM3HOJOrHYECKas IIEHHOCTh
CYXHX HAIIMTKOB IO pa3pabOoTaHHOMY CHOCOOY COXPAHSETCS B TOTOBBIX TOBAPHBIX (OpMax (CTHKAxX C METALIM3HPOBAHHON MOIUIOKKOMH) BECh
PEKOMEH/IyeMblii CpoK XpaHeHHs — 12 MecsneB. CMech npH pa30aBieHHH 00OCCIEYMBACT 3aJaHHbIC (DYHKIHMOHAIBHBIC CBOWCTBA M SBIIICTCS
yIoOHOIT (opMOii JUIs TPAaHCTIOPTUPOBKU U IPUTOTOBIICHUS, YUUTHIBas OOBIYHOE pa30aBICHUC JKUAKOCTBIO, IPEUMYIIECTBEHHO ITUTHEBON BOMOM.
HoBu3Ha OTIENBHBIX TEXHOJIOTMYECKUX PEIICHHUI M BBIBICHHBIX (DH3HOJIOrMYECKH (DYHKIMOHAIBHBIX CBOWCTB 3aK/IIOYACTCS B HCIOJIB30BAHUM
9KCTPAKTOB PACTCHHIA, IIIOZIOB, SATOJ, OBOLICH C YBEIMYCHHBIM COEPKaHUEM OMOJIOTHYECKH aKTHUBHBIX BEIIECTB, @ TAKIKE UCIOIb30BAHUH APYTUX
KOMITOHEHTOB, HMEIOLINX YHUKaJIbHbIC (PH3MOTEPATIeBTHYECKUE CBONCTBA TSl YEIOBEKa.
Kiio4eBble cj10Ba: CyxXue KOHIECHTPAThI, HATUTKHU, KOKEHIH, OMOIOrH4ECKH aKTHBHBIC BEIECTBA, TEXHOJIOTHH.

Introduction. combining components require careful attention of

To date, one of the ways to create dry concentrates
of beverages is the use of dry extracts, powders of herbs
and plants, as well as vitamin-mineral complexes, which
provide a positive physiological effect on the human
body, optimizing the micronutrient composition [1].

The creation of dry beverage concentrates should
take into account the balance of micronutrients and their
physiological justification. In addition, the components
must complement each other. Therefore, the principles of

developers [2].

Given the above, the development of an algorithm
that selects the components of dry beverage concentrates
has become relevant. During the development of the
algorithm it was necessary to take into account several
important factors:

© Kondratiuk N.V., Petukchov N.O., Suprunenko K.Ye.,
Polyvanov Ye.A., Karpenko S.A., 2020

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini
docriddicenns y Haykosux pobomax cmyoenmis, 2020, Ne 6 (1360) 77



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

- the concept of the product, which, ultimately,
should have a high nutritional status with a wide range of
beneficial effects on the human body;

- high technological characteristics (solubility,
flowability, absence of lumps and sticking);

- high organoleptic characteristics;

- synergism of components in the direction of their
action on the human body.

The first factor is provided by inclusion in structure
of complexes of deficient nutrients allowing to provide
the set functional and dietary properties. In addition, it is
necessary to preserve the physiological value and quality
indicators during storage

The second factor is provided by the introduction of
technological media, such as maltodextrin, pectin,
lactose, pectins, gums and the like.

Organoleptic characteristics are formed due to
aromatic compositions, dyes of natural and synthetic
origin, flavor enhancers, organic acids, thickeners,
emulsifiers, sweeteners and sugar substitutes.

The latter factor is considered knowledge-intensive
and actually forms the "know-how" of the food.

The results of monitoring consumer activity and
market supply of similar products in Ukraine and the
dynamics of demand in other countries were taken into
account when developing recipes for dry concentrates of
cocktails (hereinafter — DCC).

From the existing information on consumer
motivation in choosing such foods, as well as consumer
perceptions of the quality and benefits of beverages, it
became clear that the main attention is paid to the quality
and naturalness of the ingredient composition of the
product. The price practically does not influence a
choice, the reputation of the manufacturer and
advertising influences more.

It is important to note that a significant number of
respondents consider it appropriate and necessary to
include in their diet specially designed non-traditional
products that contain a complex of physiologically
necessary nutrients that have proven antioxidant,
immunomodulatory, tonic and other necessary effects. In
addition, the basis of demand is the commodity form of
the finished product. The most convenient was the
product in sticks, the contents of which are diluted with
water (100-200 ml) and consumed anywhere - at work, at
home, when traveling and more. These products should
be intended for periodic use in order to effectively
eliminate micronutrient deficiency, strengthen the body
under stress, during mental and physical exertion, as well
as in the negative impact of the environment.

A survey of experts in the field of functional and
dietary nutrition confirmed that dry beverage
concentrates are promising basic products for their
creation of dietary and functional foods, the direction of
physiological effects of which is determined by the
composition of micronutrients used base [4].

Physiological and functional properties of dry
concentrates are primarily determined by the high
content of biologically active substances, which, entering
the stomach, are intensively absorbed through the

mucosa and, entering the bloodstream, improve
metabolic and regenerative processes, strengthen the
body's immune status. As a result of activation of
metabolic processes, the assimilation of physiologically
valuable macro and micronutrients from the main meals
is significantly increased, which allows to significantly
increase their activity and provides high efficiency of the
total physiological effect.

Analysis of literature data and problem
statement. The process of digestion of a food or
beverage is determined by the specific features of its
prescription components, which affect the level of supply
of macro- and micronutrients, useful biologically active
components of the consumer's body. The peculiarity of
plant raw materials is that different parts of plants do not
always contain the same biologically active substances,
which leads to the use of appropriate extracts from the
corresponding vegetative part in the formulation of a
particular type of beverage concentrate. In view of this, it
is extremely important to study the characteristics and
features of the impact on the human body not only of a
particular plant species as a whole, but also of each of its
parts separately. The combination of dry plant extracts
allows to obtain targeted formulations of beverages
intended / recommended for dietary or functional
nutrition of different segments of the population both by
age and by the specifics of living or working conditions,
environmental factors, frequency of stressful situations.

The analysis of literature data allowed us to
conclude that the importance and necessity of
development in the direction of creating dry concentrates
of cocktails.

The author [5] describes the state and prospects of
production of dry beverages from natural raw materials
given the tonic, stimulating and detoxifying effect of raw
components of plant origin. The author bases the
development of dry drinks on the law of balanced
nutrition, which determines the proportions of individual
substances in diets, reflects the full range of metabolic
processes in the human body, which are characterized by
chemical reactions. The main focus is on food
components that cannot be replaced by synthetic raw
materials.

Researchers [6] described the development of dry
mixes for athletes to reduce thirst and restore the supply
of electrolytes lost with sweat, because drinking regime
during training and competitions - a prerequisite for
maintaining the health of athletes, their activity. forms of
dry drink for this segment of the population given the
accelerated rhythm of life.

Scientists [7] have developed concentrates of
beverages, the feature of which is the bulk density
without compaction in the range of 500-600 kg / m3,
which can be compared with the bulk density of milk
powder. Bulk density with compaction is 20-30% higher
than without compaction. The obtained values show that
the particles of the components that are part of the
concentrates are closely spaced relative to each other.
This contributes to the compactness of the container. The
increased density of concentrates allows to reduce air
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content and to reduce risk of spoilage of a product, owing
to contact with oxygen.

The author [8] described the technology of
production of dry effervescent beverage concentrate and
described the prescription components used in its
preparation. The present invention is to reduce
allergenicity, increase the energy value and foaming
ability of the beverage, eliminate the negative impact on
calcium metabolism, increase calcium and magnesium in
the salt balance. For this purpose, the concentrate of dry
effervescent beverage was proposed to be made on the
basis of sodium bicarbonate, dry protein and food acid,
characterized in that it contains sodium bicarbonate,
calcium carbonate, magnesium carbonate, citric acid,
glucose, sugar, dry soy and / or egg white. and flavors.

The researcher [9] developed a technology for the
manufacture of a two-component concentrate for the
preparation of a beverage, characterized in that the first
component contains an aqueous extract of a mixture of
plant and wood raw materials, citric acid and dye, and a
mixture of plant and wood raw materials used includes
St. John's wort, licorice root, eleutherococcus root, rowan
berries, oak bark, and the second component of the
concentrate is a mixture of essential oils of bay leaf,
eucalyptus, lemon, pine and grapefruit.

Scientists [10] have formulated the invention of an
instant dry coffee beverage, which when restored
provides improved foaming. The patent describes a
method of improving foaming in instant beverages.

The authors [11] describe the claims relating to the
non-alcoholic, food-concentrating industry and can be
used in the diet of the population living in
environmentally unfavorable regions. This is a
multicomponent concentrate containing extractives of
fruit and berry raw materials (black currant berries in
combination with the vegetative part of the black currant
bush and dry amaranth leaf variety "Valentina"),
carbohydrate additive (granulated sugar or maltose
molasses) and drinking water.

The researcher [12] described a method of making a
dry concentrate for a diet soft drink with perga, iron and
vitamin C.

Scientists [13] described the developed technology
of dry specialized drinks enriched with vitamins, beta-
carotene and pectin. It is shown that the use of the
developed mixer in the technology of production of dry
fortified beverages allows to obtain a high quality
powder concentrate, to solve the problem of lumping and
agglomeration of loose dispersed components of raw
materials and their uniform distribution throughout the
product. The nutritional value of a specialized product
designed to optimize the therapeutic and preventive
nutrition of workers of metallurgical enterprises is
determined.

Other researchers [14] have proposed a formula for
making a dry specialized protein-carbohydrate product
for athletes, which includes sunflower oil, canola oil,
linseed oil, CLA (conjugated linoleic acid). These types
of oils are digested slightly differently than other types of
fats, and are oxidized as quickly as carbohydrates,

providing a relatively weak synthesis of subcutaneous
fat. In addition, the oils in the product are rapidly
converted to ketones - by-products of fat metabolism,
which are used by some body tissues, including muscle,
for energy. However, there is a downside: the use of
increased amounts of fat inhibits the body's absorption of
protein and carbohydrates. As a result, glycogen recovery
and synthesis of new muscle fibers deteriorate.

Scientists [15] have developed a dry protein blend
for cocktails for pregnant and lactating women. The
invention relates to the food industry. The mixture
contains as a protein - soy protein isolate as a source of
carbohydrates - a mixture of sugar and maltodextrin,
dietary fiber, vitamin and mineral premixes, taurine and
other food additives, in the ratio of taurine, sugar and
maltodextrin, which improves quality, correction and
prevention - energy imbalance.

3. Experimental and calculation part.

The development of recipes for dry concentrates of
cocktails was carried out based on data from the
monitoring of the nutritional status of the population of
the Dnipropetrovsk region. We were guided by the
principles of providing the body with micro-nutrients
with the exception of chemical antagonism.

On the basis of the conducted researches
formulations of dry concentrates of cocktails which are
presented in tables 1-6 are developed. As can be seen
from the presented data, dry concentrates include
physiologically compatible sets of the most optimal
extracts, powders and other components containing
deficient micronutrients and biologically active
substances, the daily dose of which is from 50 to 70% of
the recommended adequate level of consumption.

Table 1. Recipe of dry concentrate cocktail based on royal jelly

Ingredient Weight,%
Lactose 65,0
Maltodextrin 20,0
Succinic acid 5,0
Vanilla Cream Flavor 5,0
Royal jelly 3,5
Ascorbic acid 1,0
Sucralose 0,5
Total 100

Table 2. Recipe of dry concentrate of cocktail based on extracts
of chlorella and spirulina

Ingredient Weight,%
Spirulina extract 36,1
Maltodextrin 22,8
Chlorella powder 18,5
Broccoli extract 6,0
Flax or chia seed extract 4,3
Extract of sprouted wheat grain 3,0
Yeast beta-glucan 3,0
Ascorbic acid 1,8
Blueberry berry extract 1,5
Carrot powder 1,2
Beetroot powder 1,2
Lemon extract 0,6
Total 100
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Table 3. Recipe of dry concentrate of cocktail based
on ekcrpakTiB chaga and chia

Ingredient Weight,%
Maltodextrin 44,0
Psyllium 20,0
Pumpkin flour 10,0
Chia extract 10,0
Burdock extract 5,0
Apple pectin 5,0
Chaga extract 3,0
Guar gum 1,0
Buckthorn bark extract 1,0
Kaolin 1,0
Total 100

Table 4. Recipe of dry concentrate cocktail based on
mixtures probiotic microorganisms and oligosaccharides

Ingredient Weight,%
Oligosaccharides 79,0
The mixture of probiotic microorganisms
is dry lyophilized 7,5
Maltodextrin 7,47
Berry flavoring 5,0
Ascorbic acid 1,0
Coloring 0,03
Total 100

Table 5. Recipe of dry concentrate of cocktail based
on L-carnitine

Ingredient Weight,%
L-carnitine tartrate 30,0
Maltodextrin 20,785
Acetyl L-carnitine 15,0
Flavor 9,0
Coloring 9,0
Green tea extract 6,0
Chlorogenic acids 6,0
Ascorbic acid 2,7
Stevioside 1,2
Vitamin E 0,27
Vitamin B6 0,03
Vitamin A 0,012
Vitamin D 0,003
Vitamin B12 9-10¢
Chromium picolinate 9-10°
Total 100

Table 6. Recipe of dry concentrate of cocktail based
on vitamin C and zinc

Ingredient Weight,%
Maltodextrin 62,5
Ascorbic acid (vitamin C) 25,0
Flavor "Lemon" 5,0
Dye quinoline yellow 5,0
Zinc citrate 1,25
Sucralose 1,25
Total 100

Dry concentrate of cocktail based on royal jelly,
containing all 10 essential amino acids, as well as
biologically active substances (acetylcholine), vitamins
B1, B2, B3, B6, B12, C, H, PP, E, folic acid, biotin , in
combination with succinic and ascorbic acids has

antioxidant properties and improves physical and mental
performance. In addition to the balance of physiological
effects of the complex, optimal organoleptic parameters
were also achieved by adjusting the ratios of the main
components, as well as adding "Vanilla-creamy" natural
flavor. In the table. Figure 2 shows the formulation of a
dry cocktail concentrate based on spirulina extract and
chlorella powder, which due to their composition
perform the functions of a biostimulator of metabolic
processes in the body, sources of easily digestible protein
and energy for the body without weight gain. Due to the
introduction of spirulina and chlorella in the optimal ratio
for assimilation (2 : 1), it became necessary to regulate
the taste, which was carried out by adding lemon extract
as a synergistic in gastronomic parameters of other
components of the cocktail.

The cocktail, obtained from a dry multicomponent
concentrate based on chaga and chia extracts, is a source
of dietary fiber, the action of which is aimed at
improving the functioning of the gastrointestinal tract
and excretion of xenobiotics [16] from the body, thereby
increasing the body's immune status. The content of
buckthorn bark extract provides effective evacuation
from the body of xenobiotics associated with extracts of
fungus, psyllium, gum, apple pectin and kaolin.

Dry concentrate based on dry lyophilized
microorganisms, which provide a beneficial effect on the
body, normalizing the composition and functions of the
microflora  of the gastrointestinal tract, and
oligosaccharides necessary for the life of probiotic
microorganisms, designed to make a cocktail with
symbiotic functions. The combination given in table. 4
prescription components make it possible to obtain a
finished product with a complex positive effect on the
body as a whole, by increasing its resistance to harmful
environmental factors, unbalanced diet, high levels of
stress. The cocktail, made from a dry concentrate based
on L-carnitine, chlorogenic acids and green tea extract,
activates the breakdown of fats and their assimilation
without deposition in the "depot", increases the level of
efficiency. The cocktail should be included in the diets of
athletes, with an unbalanced diet with insufficient protein
intake, with overweight.

Antioxidant properties and increase the body's
resistance to infectious diseases is a cocktail made from a
dry concentrate based on ascorbic acid and zinc, the
formulation of which is shown in table 6. As can be seen
from table 6, the organoleptic properties of the cocktail
were experimentally adjusted by using a natural flavor
"Lemon". quinoline yellow in the ratios that received the
highest score during sample tasting.

When enriching dry mixtures with plant complexes,
one of the main tasks is to preserve their physiological
activity in the finished product, which is achieved
through targeted synergism of the main and auxiliary
components, as well as the optimal product form —
portion stick with metallized tab, which preserves the
activity of components throughout shelf life — 12 months.

It is shown that the consumption of cocktails
prepared using the developed dry concentrates, taken in
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the amount of 2.0-3.5 g, allows to meet the daily
requirement for the main deficient micronutrients by 25-
90%, while the body receives biologically active
substances, the compositions of which are the most easily
digestible.

Conclusions and
development of this area.

1. Based on the results of analytical studies, it is
established that dry beverage concentrates are a
promising means of eliminating micronutrient
deficiency, which is exacerbated by stress, mental and
physical stress, as well as under the influence of adverse
environmental factors.

2. The expediency of introducing micronutrient
cocktails with antioxidant properties into dry
concentrates is shown. Physiologically substantiated
compositions of micronutrient complexes for enrichment
of dry concentrates of cocktails of functional and dietary
purpose.

3. Recipes and technology for obtaining dry
concentrates of cocktails that provide high consumer
properties and a given physiological and functional
orientation of finished products have been developed.
Formulations of DCM based on chlorella and spirulina
algae, with extracts of chia, fungus and pumpkin seeds,
with vitamin complex, with L-carnitine, with royal jelly
and lactose, with probiotics and oligosaccharides,
providing high consumer properties and a ready-made
cocktails

4. When assessing the consumer properties of
experimental batches of dry concentrates of cocktails, it
was found that in terms of safety they meet the
requirements of current regulations. Labile components
of micronutrient complexes retain high stability during
production and storage. The physiological activity of
both freshly made and after 12 months of storage, the
main components of cocktails obtained from dry
concentrates of the developed recipes remained
unchanged. The taste and smell are light and pleasant
with notes corresponding to the used plant extract or
powder and / or flavor.

5. The prospects of using the developed cocktails in
the formation of rations of functional and dietary
nutrition in organized groups - canteens and cafeterias of
industrial enterprises, educational institutions, for people
of physical and mental labor, the elderly and athletes.

6. Sets of technical documentation for DCC have
been developed, including technical conditions, recipes
and technological instructions.

Recipes and technologies for obtaining the
developed DCC are accepted for implementation at
Biolight LLC.

prospects for further
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A. O. AGEICHEVA, S. 1. BUKHKALO, A. Y. VYPOVSKA, N. G. PSHYCHKINA
ICT USAGE PECULIARITIES IN STARTUP PROJECTS TRANSLATION

The role of the translator in the startup project is analyzed. It has been proven that translation is an important and necessary element of a startup
project for establishing relationships with potential clients around the world. The success of a project depends on the translation of many types of
documentation: application, presentations, website, CVs, financial calculations, required audio and video materials, agreements and other types of
legal and economic documentation. The translator as a member of the startup team needs to understand the key topic and main trends of the industry
in order to efficiently translate the project. It was found that the translator works with the special patent, legal and economic documentation
depending on the field and the main purpose of the project. The tasks of linguists will be solved more successfully with the help of modern
information and computer technologies. The usage of information and computer technology in the translation process was explored. It is determined
that it is important for a startup project translator to understand all the features of using the software, choose the appropriate programs or online
tools and develop a strategy for the project translation process. The results of this work are very important and necessary for further study of the
features of the ICT usage in the startup projects translation, in particular, the final projects of the Startup School of Poltava Polytechnic.
Keywords: startup project, types of documentation, usage peculiarities, technology in the translation process

A. 0. ATEHYEBA, C. I. BYXKAJIO, A. €. BAITOBCHKA, H. I. ITIITHIKTHA

OCOBJIMBOCTI 3BACTOCYBAHHS IKT B IEPEKJIA/II CTAPTAII-ITPOEKTIB

JocmipKena poip mepekiiafada B CTapTan-npoeKti. JIoBeneHo, 1o mepeknaj — II¢ BaKIMBHI Ta HEOOXIAHMH EIEMEHT CTapTam MPOCSKTY s
HAJIaTOJUKEHHS BITHOCUH 3 MOTCHIITHUMHU KIIIEHTaMH N0 BCbOMY CBITY. Y CIIiX NMPEACTAaBICHHS MPOEKTY 3aJICKUTh Bill Mepekiaay 0araTbox BUJIB
JOKYMEHTALil: 3asBKH, IPEe3eHTallili, BeO-caiiTy, pe3toMe, (hiHaHCOBUX MPOPaxyHKiB, HEOOXIJHUX ay/io— Ta BiJeoMaTepialiB, yroJ Ta iHIINX BHIIB
IOPUINYHOI Ta CKOHOMIYHOI AOKymeHTamil. Ilepexiamady sk y4acHHKY CTapTam KOMaHAi HEOOXIHO pPO3YMITHCS B TEMAaTHI[l Ta TOJOBHHX
TEHJCHIISAX IHIYCTpii, 1100 AKICHO Ta eEeKTHBHO 3pOOMTH MepeKial MpoeKTy. 3'ICOBaHO, IO MepeKiiafay Mpawkoe 31 CHeLialbHOK MaTeHTHOIO,
IOPUIMYHOI0 T4 CKOHOMIYHOIO JOKYMEHTAII€I0 3aJeKHO BiJ raiy3i Ta OCHOBHOI METH MpPOEKTy. 3aBJaHHs JIHIBICTIB OyayTh ycHiliHimie
BHPIITYBAaTHCS 3a JOINOMOIOI0 CyYacHHX iH(OPMAmiiHUX Ta KOMII'IOTEPHHX TEXHOJOTiH. JIOCHIDKCHHIO BHUKOPHCTAaHHS iH(GOpMAIIMHHX Ta
KOMIT'FOTCPHUX TEXHOJIOTiil y mporeci mepekiagy. BusHadeHo, 1o mepekigafady CTapTan MPOCKTy BaXKIHBO PO3YMITH BCi OCOOIMBOCTI
BUKOPUCTAHHS NPOrPaMHOTO 3a0e3NeyeHHs, BUOPATH HANEKHI MPOTrpaMU YM OHJIANH-IHCTPYMEHTH Ta PO3POOMTH CTPATEriio MEepeKIafalbKoro
MpoIecy y HpoeKTi. Pe3ynbraTn maHOI poOOTH € TyXe BaXIMBHMH Ta HEOOXITHUMH IS HOJANBIIONO JOCII/UKEHHS 0COOIMBOCTEH BHKOPHCTAHHS
IKT y mepexafi cTapTan-IpoeKTiB, 30kpeMa, (GiHanrpHuX MpoekTiB CTapramn mkoax [1onTaBchkoi HOMITEeXHIKH.
Knrwouosi cnoga: crapran-npoexT, CKiIaJoBi BU3HAYECHHS JJOKYMEHTaLli{, 0COOIMBOCTI pO3pOOKH CTpaTerii, KOMIUICKCHI pe3yJIbTaTH.

A. A. ATEHYEBA, C. H. BYXKAJIO, A. E. BRBITIOBCKAA, H. I'. IIITAYKHHA
OCOBEHHOCTH UCHIOJIb30OBAHUS UKT B IIEPEBOJIE CTAPTAII-ITIPOEKTOB

HccnenoBana poss mepeBOYMKA B CTApTan-NPOEKTHL. J[0Ka3aHO, 4TO MEPEeBOIA- — 3TO BaXKHBIH U HEOOXOIMMBIN 3JIEMEHT CTapTal MpOeKTa st
HaJI)KUBAHUS OTHOLICHUH C MOTCHUMAJIGHBIME KIIHEHTAMH I10 BCeMy MHUPY. YCIeX MpeICTaBIeHUs IPOCKTY 3aBHCHT OT MEPEeBO/ia MHOTUX BUIOB
JIOKyMCHTAIIMK: 3asBKH, NIPE3CHTAIMi, BeO-caiiTa, pe3toMe, (PUHAHCOBBIX MPOCUETOB, HEOOXOMUMBIX ayJIHO- U BHICOMATCPHANIOB, COTJIAIICHUN U
NPYrUX BHUAOB HOPHUIMYECKOW M HKOHOMHYECKOW JOKyMEHTaluu. [lepeBomuMKy Kak y4acTHHKY CTapTan KOMaHIe HEOOXOOMMO pa3OHpaThCs B
TEeMaTHUKE W TJAaBHBIX TECHICHUUSX HHIYCTPUH, YTOOBI KaueCTBEHHO M I(P(EKTHBHO CHENaTh MEPEeBOJ NPOCKTa. BBIICHEHO, YTO MEPEeBOIYHK
paboTaeT co CrenuanbHOW MATEHTHOH, IOPUIMYECKOW H 9KOHOMHYECKOW JTOKYMEHTAlUH B 3aBUCHMOCTU OT OTPACIH U OCHOBHOMW LICTH IPOCKTY.
3ajaya JMHTBUCTOB OyOyT YCIEIIHO PEIIaThCs C MOMOMLIBIO COBPEMEHHBIX MH()OPMALMOHHBIX U KOMIIBIOTEPHBIX TEXHONOTHiA. MccnenoBaHuio
UCIIONB30BaHMs HH(POPMALIMOHHBIX U KOMIIBIOTEPHBIX TEXHOJOTHI B Tpolecce nepeBoaa. OnpeneneHo, YTo NepeBOAYHKY CTapTall MPOSKTa BaXKHO
MOHUMATh BCE OCOOCHHOCTH HCIONB30BAHUS IPOrPAMMHOTO 00CCIIEUCHHs, BEIOPATh COOTBETCTBYIOIINE MPOTrPAMMBbl HIIH OHJIAWH-HHCTPYMEHTHI U
pa3paboTaTh CTpPATETHIO MEPEBOAYECKOrO Ipoliecca B MPOEKT. Pe3ynbTaThl AaHHOW pabOTHl OYEHb BaXKHBI U HEOOXOIMMBI JUIS JAJIBHEUILIETO
uccrenoBanusi ocobenHocreld ucnonp3oBanus MKT B mepeBoie crapTam-mpOEKTOB, B YacTHOCTH, (MHAJBHBIX HPOeKTOB CTapTam IIKOJBI
TTonTaBcKoi MOMUTEXHUKH.
Knioueswte cnosa: ctapTan-npoekT, COCTABIISIONINE JOKYMEHTAIMU, 0COOEHHOCTH CTPATeruy pa3padOTKH, KOMIUIEKCHBIE PE3YIIbTATHI.

Introduction.

In the XXI century digital technologies and
globalization processes are redefining the place of
translation in business and intercultural communication.
At the same time, innovations are what big business
companies are looking for, and what talented young
people want to surprise the whole world with. The
existence of startup schools and competitions is
increasing rapidly [1].

A translator in the startup team is an important tool
for conveying the main idea of the project as well as
finding the desired investor around the world. The main
focus of this paper is on the various ICT tools analysis
for a quality translator work in a startup project [2].

The
analysis.

Translation as part of a complex process is a subject
of interest to 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

[4].
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Examining the work of online business strategy
specialist John Yunker [9], we can conclude 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.

Business analyst Donald DePalma, analyzing the
entry of companies into the international market, singles
out translation as "an absolutely necessary element of
business, but too often underestimated" [3].

Computer technologies are able to help a translator
in a startup team work efficiently and quickly. Today
scientists and linguists pay a lot of attention to the usage
of information and computer technology in the
translation process.

Machine translation algorithms were described by
linguists John Catford, Martin Kay [6], John Hutchins
[8], as well as the world's largest corporations like
Google, Skype and Microsoft. The American Translators
Association constantly explores the usage of ICT in
translations.

Identification of previously unsettled parts of the
general problem.

Startup projects, being a part of world business, in
which competition is the strongest today, always want to
introduce and actively use innovative technologies that
optimize the production process or solve our daily life
issues.

Most of the success depends on translation of the
application, presentation, agreements and other types of
legal and economic documentation, but the translation
process has a number of peculiarities and difficulties [5].

Today translators actively use in their work special
software tools that allow to partially automate the
translation process and ensure the unity of the
terminological base, the so-called CAT systems.

CAT-systems (from the English abbreviation CAT -
computer-assisted translation) or computer-assisted
translation systems are a general name for tools and
technologies that facilitate the translation process.

CAT systems include: systems using translation
memory technology (Translation Memory or TM
technologies), means of creating and maintaining
terminological dictionaries (Terminology management),
and Interactive machine translation MT technologies [7].

Modern CAT systems tend to be highly functional
by combining several technologies, such as TM
technology and terminology management technology. It
should be noted that if in literary translation the use of
software tools is not always justified, then in technical
translation, the use of modern technologies allows not
only to significantly speed up the translation process, but
also is of great importance for the effective organization
of the translation process [8].

The main purposes of this paper are:

1. To make the analysis of Poltava Polytechnic
Startup School final projects translation;

2. To define the role of a translator
in a startup project team;

3. To identify the peculiarities of startup projects
translation;

4. To determine the ICT usage in startup project
translation process.

The main part.

The formation of the innovative economy in Ukraine is
largely determined by the development of knowledge-
intensive high-tech industries (High Technology), which
are an indicator of the technological systems integrated
development in modern conditions and are characterized
by high growth potential, investment attractiveness,
product orientation for export, providing a high share of
exported products and reducing dependence on energy
exports resources. The increase in the innovative activity
of complex systems is inextricably linked with the
emergence of new innovative companies-groups
(startups) at all levels of education in higher educational
institutions.

In the future, successfully implemented Start-up projects
on the market are the basis for the development of the
High Technology industry and one of the most effective
elements of accelerating innovation processes in the
economy.

On October 8, 2018, the first Startup school in
Poltava region was opened in Poltava Polytechnic
(former PoltNTU). This Startup School was established
jointly with the Innovation Holding Sikorsky Challenge
in order to develop innovative entrepreneurship and
technology transfer in Poltava region.

On June 19, 2019 there was the first graduation of
the PoltNTU Startup school. 46 graduates, among them
students, young scientists and scientists of the university,
presented 12 projects of economic, technical, ecological
and humanitarian directions. Some projects were
presented in English, as foreign guests were invited to
the event. What is more there were foreign trainers from
the USA and Israel during the classes, so the translation
was an important part of both the educational process and
final presentation.

The general idea was to teach that a startup company has
an innovative nature of its activities, a multiple increase
in profits within a fairly short period of time from the
moment the project was launched.

The goal of the classes is to form a student's holistic
understanding of the organization and management of the
start-up project implementation process in accordance
with the priorities of the national economy development,
the acquisition of the necessary practical skills for
organizing the management of specific projects, which
will speed up the process of creating a business and
avoid common mistakes (Table 1).
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Table 1. The results of the innovative skills formation among students of NUPP Startup School

Ne | Acquired innovative skills

1 Ability for independent research activities (analysis,
abstraction, modeling, data validation, decision making, etc.).

development, comparison, systematization,

2 | Willingness to generate and use new ideas.

expert and consulting activities.

3 | Methodological knowledge and research skills that ensure the solution of problems of technological,
technical, organizational and managerial, production and economic, innovation, information and analytical,

4 | Ability for continuous self-education.

The objectives of comprehensive training:

e are to develop the ability to turn a startup idea
into a working business by developing innovative
projects and their presentation;

e analyzing the possibilities of bringing start-up
projects to the investment stage, which largely
determines the success of its implementation;

e  determination of an effective program of
implemented start-up projects using innovative
technologies for their Internet promotion,

e  attracting investments of different levels
provided by specialized Internet sites, as well as provided

by specialized Internet sites, as well as crowdfunding
sites (Table 2).

It is necessary to study the basic concepts of a start-up
project and methods of its implementation, while the
models for a startup project implementation can be
represented as:

1) types and forms of implementation, methods of their
assessment;

2) process study and analysis of a startup project and
various options evaluation for its implementation;

3) the development organisation and implementation of a
startup project (Table 3).

Table 2. The results of the innovative abilities formation of NUPP Startup School students

Ne Acquired innovative abilities

1

Formation of goals and objectives of making innovative decisions.

2 Willingness to independently acquire new knowledge and skills, including areas of knowledge not directly related
to the field of activity
3 Methodological knowledge and research skills in order to use the basic laws of economics, fundamental economic

knowledge in professional activities.

Be able to take into account social and moral and ethical norms in social and professional activities.

Be capable of varieties of collaboration at all stages of complex activities.

Possess communication skills to work in an interdisciplinary and international environment.

Form and argue their own judgments and professional position.

Analyze and make decisions on scientific, economic, social, ethical problems arising in professional activities.

polemics.

4
5
6
7 Use one of the foreign languages as a means of business communication.
8
9
1

0 | Logically, reasonably and clearly build oral and written speech, use the skills of public speech, discussion and

11 Team work, lead and obey.

12 Show initiative and creativity, including in non-standard situations.

13 | To adapt to new situations of social and professional activity, to implement the accumulated experience, their

capabilities.
Table 3. Basic concepts for a startup project implementation
Ne Description of the startup project components
1 Special components of a startup project are identifying their basic concepts and methods of analysis.
2 General description of project risks. Organization of work on assessment, analysis and risk management. Expert
and rating assessment of project risks.
3 Consideration of the uncertainty factor in assessing the effectiveness of investments.
4 Analysis of the sensitivity and sustainability of the project. Ways and methods to reduce the magnitude of risks.

Taking into account risk factors when planning an investment project.

The integrated design methodology involves the use
of active teaching methods, in particular, conducting
business games and round tables, group discussions on
the practice of making specific economic decisions at
domestic and foreign enterprises.

General requirements for projects can be designated
as follows:

1. High stage of project readiness (availability of a
business plan, financial model, design estimates and
permits); availability of a project team;

2. Availability of documents confirming the
prerequisites of the financial model (including
independent marketing and technological expertise);

3. Loans are paid at the expense of the project cash
flow.

In any case, an innovative solution requires the
necessary investments for their implementation and
analysis of the effectiveness of their use.

The economic efficiency of innovative projects is
determined in three stages:
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1) pre-project efficiency assessment — the best
option for using investments from several alternative
ones is determined;

2) assessment of project efficiency — calculated
after the stage of completion of project development.
Especially in cases where there are deviations from the
specified technical and economic parameters or when the
production of new equipment is transferred to another
organization;

3) the actual economic effect - determines the real
value of the economic effect as a result of the
development and use of the innovation.

Such a calculation by stages of the life cycle has the
following goals:

1) systematic clarification of the expected effect in
the process of work, since conditions and requirements

for the implementation of the developed innovative
project may change;

2) ensuring the possibility of stopping work, which
in the process of research turned out to be unpromising
or ineffective;

3) ensuring operational control over the effective
work of scientific organizations at all stages of project
and the possibility of preventing distorted data on the
size of the economic effect of innovative developments.

Analysis of the innovative solutions effectiveness
involves the implementation of the following stages:
determination of the necessary investments and their
distribution by stages of the life cycle of innovations,
years and alternatives; determination of cash flows
(incomes) and their same distribution by years and
variants (Fig. 1); calculation of quantitative indicators of
the effectiveness of an innovative project.

Figure 1. The main stages of the innovation process: 1 — innovation and marketing, 2 — creation of innovation,
3 — implementation, 4 — growth, 5 — slowdown in growth, 6 — sales volume, 7 — profit, 8 — research and development,
9 — investment, 10 — the moment of investment increase, 11 — innovation commercialization, 12 — innovation life cycle

Reading all the project materials.

:

Familiarization with the basic concepts,
key trends and main English literature of the project's industry.

'

‘ Selection of the main terminological units in the project's materials. ‘

|

’ Identification of the necessary ICT for the project translation. ‘

'

ICT usage: maschine translation, online glossaries, editing in text editors,
audio- and video translation, creating Power Point presentation in English,
video conference usage for communication between startup team members,
using cloud technologies for sharing the materials with startup team e.t.c.

Figure 2. Selected strategy for startup project translation
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At the same time, attention should be paid to the
following features of calculating indicators of the
effectiveness of innovative projects. The value of money
changes over time, money today is always more valuable
than money tomorrow. Three factors always affect the
change in the value of money over time: missed
opportunities — a person who gave money to another
deprives himself of some benefits, and this deprivation
must be paid for. Resources invested in one project
cannot be invested in another; inflation that exists in all
countries but is different in size; investor risk, as the debt
may not be returned for various reasons/ Translation of a
startup project is not only the translation of an impressive
speech to investors about how a startup solves a specific
problem and makes life easier. Here is a list of necessary
translations for a good and effective presentation of a
startup project (based on the recommendations of the
trainers during the startup school classes):

- Financial model (The document containing the
forecast calculations of the financial indicators of the
project, the calculation of future income and expenses.);

- Valuation document (A document that provides
the estimated values for the current project cost
estimate);

- Technology Roadmap (A project plan showing the
milestones for its launch. A common version of the
document is a plan for bringing a new product or
changing an existing one - from concept development to
commercial release.);

- Investor deck (A presentation document that fully
discloses information about the project, including a
forecast of the project's financial performance, as well as
an offer for investors.);

- CV for investor (Brief information about the key
persons of the project. The project team is one of the
most  important elements of its  investment
attractiveness.);

- Media plan (A detailed plan for media marketing
expenses required for the successful implementation of
the project. The document is important for the investor,
because marketing spending is one of the most
controversial in terms of economic benefits);

- Management model (A document defining the
distribution of roles for project management after the
investment transaction.);

- Exit Strategy (Determination of the most attractive
option for the future implementation of the business in
terms of maximizing the return on investment.);

- Elevator pitch (A short presentation. Used to
present a project to investors in a limited time
environment.).

Taking into account the peculiarities of literature
and documentation for the final presentation of startup
projects in English, we have selected for ourselves the
following scheme of work (Figure 2).

Most of the attention and effort was spent on
translating project presentations. It was a great honor to
present talented youth with their great ideas. It was very
important to make a translation with the following
characteristics:

Clarity: clear and logical presentation;

Emotionality: grab the audience's attention;

Informativeness: to  provide listeners  with
information about key project features; present material
in an accessible form, but with all the necessary terms
and concepts;

Memorable: people should later remember about
the startup project and its main purposes.

The most important thing in a startup presentation is
to expand and clarify the essence of the idea, without
turning the presentation into a booklet that needs to be
read long and thoughtfully.

The need for translation has always existed and will
not disappear in the future, but the ways of its
implementation are evolving with the progress of
civilization. Translation today can be presented in two
ways: human-made and computer-generated. In both
cases, people do not abandon technology, because even
the usage of a dictionary and text editor for translation
not only involves digital technology, but also simplify
the translation process and improve its result. Human
always plays the main role in translation. However, the
computer can also perform translation. Besides, it can
even "learn" to do it better, based on neural technology
of machine translation and machine learning. Due to the
increasing technical support of the translation process,
translation clients, translators, teachers and researchers
must find the best way for human and computer to work
together on complex translation projects.

Having figured out the main features of the
materials that need to be translated and correctly
conveyed in English, we started to select the necessary
ICTs for translation. During the automated translation
process, much attention is paid to productivity. For
example, “an interpreter can translate about 2,000 words
in one working day. A skillful combination of well-
structured source material, translation memory and
machine translation can increase productivity by 50%
"[8, p. 268]. Automated translation systems are a
collective concept, which means all the technical tools
that allow translators to improve productivity and ensure
quality results. These include computer dictionaries,
terminology management software, translation memory
creation, translation execution, and machine translation
editing. For example, the tools for creating and
maintaining terminological dictionaries make it possible
to ensure the uniformity of terminology within a single
project or in a specific subject area and, thus, guarantee
high quality translation. The most popular today are TM
technologies that allow to save previously translated text
fragments in the system memory. Translation memory
technology uses a fuzzy algorithm to search for words in
different forms, for example, in a different case, and find
phrases in a different word order. The system compares
the fragment the translator is working on with the content
of the database and provides the translator with the
comparison results.

According to our observations, the wuse of
Translation memory technology allows to reduce the
volume of translated technical text by an average of 30%

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini
docriddicenns y Haykosux pobomax cmyoenmis, 2020, Ne 6 (1360) 87



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

(sometimes in individual texts - up to 50 percent or
more), ensuring a high level of uniformity and quality of
translation. At the same time, modern TM systems work
with texts in a variety of formats.

Many linguists use online translators such as Promt,
Google, Transneed, online dictionaries Multitran,
Lingvo, MrTranslate and other online resources to
automate their translation activities. Many companies
develop programs for offline use. During our startup
projects translation we used general and specialized
Lingvo dictionaries. They usually do a good translation,
correctly interpret most words, dialect expressions,
technical and legal terms. The explanation is simple —
ABBYY Lingvo is constantly improving its own
products and collaborating with the best translators.

If the Internet is wused correctly, it is an
inexhaustible source of useful information for a
translator. This is an opportunity to find an explanation
of unknown concepts and terms, compare the
terminology of different languages (for example, by
simply switching languages in Wikipedia), and check the
compatibility of words and the permissibility of using a
word in a particular context. In addition, on the Internet
we can find thematic forums for translators, where
professionals share their experience, help others and get
help from colleagues themselves.

Translators often work with text recognition
software. Thanks to these programs, it is possible to
convert PDF, JPG or BMP images to text format. Of
course, the result obtained often requires additional
manual correction; however, these labor costs are not
comparable to those that translators had before the
appearance of such text recognition programs. The most
famous software product in this series is ABBYY Fine
Reader.

Creating a good presentation in English, as well as
translating the required documentation is the way to the
success of a startup project during the final. A
presentation should tell about your company or product
in order to interest the audience and convince them to
cooperate with you. It is better to create a presentation in
special services, since they often have all the necessary
functionality and ready-made templates for structure and
design. To design a presentation for a startup project, we
used Microsoft PowerPoint. This offline program is
included in the basic Microsoft Office suite on Windows.
Different users actively use it to create presentations:
from schoolchildren who make out reports on geography
in it, to all kinds of lecturers and speakers who
complement  their  presentations  with  visual
reinforcement. Benefits are ease of use - even a child can
understand this service, the interface is intuitive and
familiar; and multi-platform: Microsoft PowerPoint
works on Windows, as well as on Android and iOS
smartphones.

The vector of the Ukrainian startups market development
is determined primarily by the level of the state
development as a whole. Ukraine's startup projects are

aimed at the domestic consumer and are significantly
inferior in scale to projects in other countries, which
makes it impossible to wuse them internationally.
However, there are cases when Ukrainian companies
develop projects for foreign consumers, using Ukraine
only as a so-called "construction site". Venture capital is
also very underdeveloped in Ukraine. Thus, it can be
noted that the market of startups in Ukraine is in its
infancy and is determined by the almost complete lack of
competition. The almost complete absence of
competition in Ukraine makes it possible today to open
new interesting projects with minimal risk. Ukraine has
the potential to develop the market of startup projects,
but this requires both to regulate the legal framework and
increase the level of education, which should direct
further comprehensive innovation.

Conclusions and ideas for further investigation.

Translation and presentation of some projects in
English was part of the Startup School final of Poltava
Polytechnic. ~ Startup projects in the economic,
humanitarian, environmental and technical areas were
presented.

The projects included a lot of professionalisms,
terms and other special vocabulary. ICTs were the part of
the workflow, they helped to make the translation
quickly, efficiently and correctly arrange all the required
files in a short time. It is very important in all the ICT
diversity to choose the most appropriate programs and
technologies separately for each startup project, taking
into account its direction and main idea. ICTs are
developing rapidly, so large powerful corporations are
looking for innovations to simplify translation process.

However, translation automation systems by
themselves do not guarantee quality; they only offer
effective tools that translators need to be able to use
correctly. These are high requirements for the
professional competence of translators, editors and
project managers, since the effectiveness of CAT tools
directly depends on the quality of their work.

References (transliterated)

1.  Bukhkalo S.I. Deyaki koncepciyi stalogo rozvy'tku
ukrayiny' Informacijni texnologiyi: nauka, texnika,
texnologiya, osvita, zdorov'ya: tezy' dopovidej XXVIII
mizhnarodnoyi  naukovo-prakty'chnoyi  konferenciyi
MicroCAD-2020, 28-30 zhovtnya 2020 r.: Ch. II./za red.
prof. Sokola Ye.I. — Kharkiv: NTU «KhPI», p. 172.

2. Bukhkalo S.I. Osnovni vlasty'vosti plivkovogo
polimernogo pokry'ttya geliokolektoriv. Informacijni
texnologiyi: nauka, texnika, texnologiya, osvita,
zdorov'ya: tezy' dopovidej XXVIII mizhnarodnoyi
naukovo-prakty'chnoyi konferenciyi MicroCAD-2020,
28-30 zhovtnya 2020 r.: Ch. I1./za red. prof. Sokola Ye.l.
— Kharkiv: NTU «KhPI», p. 173.

3. Govorov P.P., Bukhkalo S.I., Kindinova A.K., Govorova
K.V. Algory'tm texnologiyi sy'stemy" baktery'cy'dny'x

ustanovok  znezarazhennya  vody'. Informacijni
texnologiyi: nauka, texnika, texnologiya, osvita,
zdorov'ya: tezy' dopovidej XXVIII mizhnarodnoyi

naukovo-prakty'chnoyi konferenciyi MicroCAD-2020,

Bicnux Hayionanvnoeo Texniunozo Yuieepcumemy «XI1l». Cepis: Innosayitini
88 odocriddicenns y naykosux pobomax cmyoenmis, 2020, Ne 6 (1360)



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

10.

11.

28-30 zhovtnya 2020 r.: Ch. I1./za red. prof. Sokola Ye.l.
— Kharkiv: NTU «KhPI», p. 182.

Govorov P.P., Buxkalo S.I., Kindinova A.K., Govorova
K.V. Zagal'ni zakonomirnosti sy'stemy’
baktery'cy'dny'x ustanovok znezarazhennya vody'.
Informacijni texnologiyi: nauka, texnika, texnologiya,
osvita, zdorov'ya: tezy" dopovidej XXVIII mizhnarodnoyi
naukovo-prakty'chnoyi konferenciyi MicroCAD-2020,
28-30 zhovtnya 2020 r.: Ch. I1./za red. prof. Sokola Ye.l.
— Kharkiv: NTU «KhPI», p. 181.

Kalinichenko D.V., Buxkalo S.I., Miroshny'chenko N.M.
ta in. Opy'sovy'j algory'tm procesiv kry'stalizaciyi
czukru. Informacijni texnologiyi: nauka, texnika,
texnologiya, osvita, zdorov'ya: tezy' dopovidej XXVIII
mizhnarodnoyi  naukovo-prakty'chnoyi  konferenciyi
MicroCAD-2020, 28-30 zhovtnya 2020 r.: Ch. II./za red.
prof. Sokola Ye.I. — Kharkiv: NTU «KhPI», p. 207.
Mal'ceva A.O., Buxkalo S.I., Iglin S.P., ta in. Zagal'ni
umovy' procesiv kry'stalizaciyi czukru. Informacijni
texnologiyi: nauka, texnika, texnologiya, osvita,
zdorov'ya: tezy' dopovidej XXVIII mizhnarodnoyi
naukovo-prakty'chnoyi konferenciyi MicroCAD-2020,
28-30 zhovtnya 2020 r.: Ch. I1./za red. prof. Sokola Ye.l.
— Kharkiv: NTU «KhPI», p. 233.
Ol'xovs'’ka V.0., Kravchenko O.S.,
Skladovi algory 'tmu poshuku racional 'ny'x
zakonomirnostej roboty’ obladnannya. Informacijni
texnologiyi: nauka, texnika, texnologiya, osvita,
zdorov'ya: tezy' dopovidej XXVIII mizhnarodnoyi
naukovo-prakty'chnoyi konferenciyi MicroCAD-2020,
28-30 zhovtnya 2020 r.: Ch. I1./za red. prof. Sokola Ye.l.
— Kharkiv: NTU «KhPI», p. 249.

Agejcheva A.O., Agejcheva O.0. Mozhly'vi pry chy 'ny’
zny'zhennya fil'tracijny'x xaraktery'sty'k pry'vy'bijnoyi
zony' plasta. Informacijni texnologiyi: nauka, texnika,
texnologiya, osvita, zdorov'ya: tezy' dopovidej XXVIII
mizhnarodnoyi  naukovo-prakty'chnoyi  konferenciyi
MicroCAD-2020, 28-30 zhovtnya 2020 r.: Ch. II./za red.
prof. Sokola Ye.I. — Kharkiv: NTU «KhPI», p. 150.
Kapustenko P., Klemes J.J., Arsenyeva O., Fedorenko O.,
Kusakov S., Bukhkalo S. The Utilisation of Waste Heat
from Exhaust Gases after Drying Process in Plate Heat
Exchanger. Chemical Engineering Transactions, 81, 589—
594. DOI:10.3303/CET2081099

Buxkalo S.I., Agejcheva A. O., Agejcheva O. O., Babash
L. V. Pshychkina N. G. Metody'chni aspekty’
reformuvannya dy'stancijnogo navchannya v sy stemi
vy'shhoyi osvity'. Visny'k NTU «KhPI». — Kh.: NTU
«KhPI», 2020. — No. 5(1359), — pp. 3-10.

DOI: 10.20998/2220-4784.2020.05.01

DePalma D. Business without Borders. A Strategic Guide
to Global Marketing / A. Donald DePalma. New York :
John Wiley & Sons, Inc., 2002. 267 p.

Buxkalo S.I.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

Esselink B. A Practical Guide to Localization / Bert
Esselink. Amsterdam/Philadelphia: John Benjamins
Publishing Company, 2000. 488 p.

Esselink B. A Practical Guide to Software Localization /
Bert Esselink. Amsterdam/Philadelphia: John Benjamins
Publishing Company, 1998. 309 p.

Hutchins J. y H. Somers: An Introduction to Machine
Translation. London : Academic Press, 1992.

Lagoudaki E. The Value of Machine Translation for the
Pro-fessional Translator. AMTA-2008. MT at work:
Proceedings of the Eighth Conference of the Association
for Machine Translation in the Americas, Waikiki,
Hawaii, 21-25 October, pp. 262-269.

Martin Kay. The Proper Place of Men and Machines in
Language Translation. Machine Translation 12: 3-23,
1997. Proceedings of the Eighth Conference of the
Association for Machine Translation in the Americas,
Waikiki.

S. Bukhkalo. The system and models of complex
treatment of industrial effluents. Informacijni texnologiyi:
nauka, texnika, texnologiya, osvita, zdorov'ya: tezy"
dopovidej XXVIIL mizhnarodnoyi naukovo-
prakty'chnoyi konferenciyi MicroCAD-2020, 28-30
zhovtnya 2020 r.: Ch. II./za red. prof. Sokola Ye.l. —
Kharkiv: NTU «KhPI», p. 170.

Yunker J. Beyond Borders. Web Globalization Strategies
/ John Yunker. Boston ; Indianapolis; London; New
York; San Francisco : New Riders, 2003. 552 p.

Zetzsche J. Machine Translation Revisited. Translation
Journal. Volume 11, No. 1, January, 2007.

Buxkalo S.I., Iglin S.P., Ol'xovs'ka O.I., Ol'xovs'ka V.O.
ta in. Pry'klad postanovky' =zadachi ekspery mentu
Informacijni texnologiyi: nauka, texnika, texnologiya,
osvita, zdorov'ya: tezy' dopovidej XXVIII mizhnarodnoyi
naukovo-prakty'chnoyi konferenciyi MicroCAD-2020,
28-30 zhovtnya 2020 r.: u 5 ch. Ch. II./za red. prof.
Sokola Ye.l. — Kharkiv: NTU «KhPI», p. 171.
Mishhenko A. Lokalizaciya ta internacionalizaciya
perekladu u konteksti mizhkul turnoyi komunikaciyi / A.
Mishhenko // Naukovi zapy'sky® KDPU. Seriya:
Filologichni nauky' (movoznavstvo). Kirovograd : KDPU
im. V. Vy'nny'chenka, 2012. Vy'p. 104, ch. 1.S. 151—

158.

Shejko A. M. Perevod markety' ngoveix tekstov:
slozhnosty' y' osobennosty'. Homo Loquens. Voprossl
ly'ngvy'sty'ky' y' translyatology'y'. 2016. Vup. 9, pp.

147-157.

Haoivwna (received) 19.10.2020

Bioomocmi npo asmopis / Ceedenus 0o asmopax / About the Authors

Aceitueea Anna Onekcanopiena (Azeiiuesa Anna Anexcanopoena, Ageicheva Anna Oleksandrivna) — xanpunat
MelaroriyHuX Hayk, JONEHT KadeIpH 3arajJbHOr0 MOBO3HABCTBA Ta iHO3eMHHMX MOB, HamionansHmii yHiBepcuteT «llonraBcbka
nonnitexHika imeHi FOpist Konnpariokay, M. [TonTasa, Ykpaina;
ORCID: http://orcid.org/0000-0003-2184-8820; e-mail: ageicheva@ukr.net

Byxxkano Ceimnana Ieaniena (byxxano Ceéemnana Heanoena, Bukhkalo Svetlana Ivanovna) — xauauaaT TeXHIYHUX HayK,

npodecop kadenpu IiHTEIpOBaHMX TEXHOJIOTIH, MpoleciB Ta amapaTiB, HarlioHaTbHHN TeXHIYHMH YHiBepcHTET «XapKiBChKUiA
MOJITEXHIYHUH IHCTUTYT», M. XapKiB, YKpaiHa;

ORCID: http://orcid.org/0000-0002-1389-6921; e-mail: bis.khr@gmail.com
Bunoecvoka Anacmacia €ezeniiena (Bvinoseckas Anacmacus Eezenveena,

Vypovska Anastasiia Yevheniivna) —

MaricTpaHTka Kadeapu repMaHchkoi ¢imornorii Ta mepexnany, HamionamsHnmit yHiBepcureT «llonTaBcbka MONITEXHIKA iM.
10.Kongpatroka»
ORCID: https://orcid.org/0000-0002-8541-0767; e-mail: nvipovska@gmail.com

ITwuukina Hamania Iepzicena (Ilwuuxuna Hamanusa I'eopzueena, Pshychkina Natalia Georgievna) — Buknagad
crierianpHux auctuiutin [lonraBebkuit konmemk Hadre 1 rasy IlonTaBcbkoro HauioHanbHOrO YHiBepcutery imeni HOpis, M.
IlonTaBa, Ykpaina;

e-mail: pshychkina@ukr.net

Bicnux Hayionanvnoeo Texniunoeo Yuieepcumemy «XIIl». Cepis: Innosayitini

docriddicenns y Haykosux pobomax cmyoenmis, 2020, Ne 6 (1360)

89



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

VK 661.185-026.781: 622.78.05-977 doi: 10.20998/2220-4784.2020.06.14

I. I.3E3EKAJIO, 1. O. IBAHHI[BKA, O. 0. ATEHYEBA

OCHOBHI NPUHIUIIN BIJTHOBJEHHA MPOAYKTUBHOCTI CBEPAJIOBUH
3AKOJIBMATOBAHMX Y MPOIECI iX BYPIHHSA TA EKCILTYATAII METOJI0OM
KHUCJIIOTHUX OBPOBOK

ITpoaHasi3oBaHO IPUYMUHU 3HMKEHHS IPOHUKHOCTI, 10 BiAOYBAa€ThCS B IpOLECi CIOPYIDKEHHS CBEP/UIOBHHH Ta EKCILTyaTarii.
Bu3Ha4ueHO NPUYUHHU 3HIKEHHS IPOHUKHOCTI NPH3abiliHOT 30HM I1acTa MOPiA-KOJIEKTOPIB, 10 BiAOYBAIOThCS Y Mpolieci OypiHHs,
LIEMEHTYBaHHs, BTOPMHHOTO PO3KPHUTTS Ta OCBOEHHS CBEPUIOBHMH. J[OCHIDKEHO OCHOBHI NPUHIMIN TPOBEACHHS KUCIOTHOI
00pobku [uisi iHTeHcudikauii BUIOOYTKY BYIJIEBOAHEBOI CHPOBHMHHM 3aKOJbMATOBaHHMX MPOAYKTHBHHX IUIACTIB B Hpoleci iX
Oypinns. HaBeneHo pimieHHst uist KUCIOTHOT 00poOku. PosrmsiHyTo crienianizoBani npoaykTu st crtumystnii. [IpoBeaeHo ananis
MIBUIIEHHS SKOCTI KHCIOTHMX OOpPOOOK 3a PaxyHOK BHUKOPHUCTAHHS HOBHX POOOYMX areHTiB W YHOCKOHAJICHHS TEXHOJIOTil
MIPOBEACHHSI.
KonrouoBi c1oBa: npuBubiiiHa 30Ha IIacTa, COITHO-KUCIOTHA 00pOoOKa, XiMIUHI METO/IH, 3a0pyAHCHHSL.

H. T. 3E3EKAJIO, H. A. HBAHHIIKAA, A. A. ATEHYEBA

OCHOBHBIE ITPUHIIATIBI BOCCTAHOBJIEHUSA ITPOU3BOJUTEJIBHOCTU CKBAXKHUH
3AKOJIBMATHUPOBAHBIX B ITPOLECCE UX BYPEHUSA U SKCITYATAIMU METOA0OM
KHNCJIOTHBIX OBPABOTOK

ITpoaHanu3upoBaHbl MPUYMHBI CHI)KEHHS IPOHULIAEMOCTH, YTO MPOUCXOUT B IPOLIECCE COOPYKEHUS CKBAXKUHBI M SKCIUTyaTalliH.
OnpeneneHbl IPUYMHBI CHIKEHUS IIPOHUI[AEMOCTH NMPH3a00HHON 30HBI IUIACTA TIOPOA-KOJUIEKTOPOB, MPOHCXOAAIINE B IPOLIEcce
OypeHusi, LEMEHTHPOBAHUS, BTOPUYHOTO BCKPHITHS M OCBOCHUS CKBaKHH. lIcclenoBaHBl OCHOBHBIC IPHHIUIBI NPOBEICHUS
KHCJIOTHOH 00pabOTKM U1 MHTEHCH(UKAMK TOOBYU YIIIEBOJOPOIHOTO CHIPhS 3aKOJIBEMATHPOBAHBIX IPOJYKTHBHBIX IUIACTOB B
nponecce ux Oypenws. [IpuBeneHs! pemeHUs AT KUCIOTHOH 0OpaboTKH. PaccMOTpeHBI clienuaan3upOBaHHBIE TPOMYKTHI JUIS
ctumyIsiuy. [IpoBeneH aHanu3 MOBBIICHNS KauecTBa KHCIOTHBIX 00pab0TOK 3a CUET UCIIONB30BAaHMSI HOBEIX pabOdHX areHTOB H
COBEPLICHCTBOBaHNE TEXHOJIOTHHU MPOBEICHHUS.
KnroueBble ciioBa: npu3aboiiHas 30Ha I1aCTa, COJITHO-KUCIOTHAsA 00paboTKa, XUMUIECKUE METOABI, 3arps3HEHNE.

1. H. ZEZEKALO, 1. O. IVANYTSKA, O. O. AHEICHEV A

FORMATION DAMAGE WELLS PRODUCTIVITY RECOVERY IN THE PROCESS OF THEIR
DRILLING AND OPERATION BY ACID TREATMENTS METHOD

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

Berym.

3a ocTaHHI POKM aKTyalbHICTh HpoOJIeMH
30€peXKEHHS MOTCHIIHOT MPOAYKTUBHOCTI CBEPJIOBHH
iCTOTHO 3pOCIia, B TOMY YHCII ¥ y 3B'S3KY 3 3ay4CHHIM
JI0 eKCIUTyaTalii KpiM TpaauIiiHO eKCIUTyaTOBaHHX
IJIACTiB, e ¥ 3aydeHHs TUIACTIB CKIIAJHO MOOYI0BaHUX
MOKJIAAIB 3 HHU3BKO NPOHWKHWMH BIACTHBOCTSAMH, SIKi
paHimie He BHKOPHCTOBYBAJIHCS.

B Vkpaini 6arato po3BiJaHMX BEJIMKUX POJOBHIII,
Taki sk Mauycbke, 3aropsiHcbke, Caraiinanpke,
CeMupeHKiBCbKe, SIOMyHIBChKE, OCHOBHI  IOKJIAIH
BYTJICBOJIHIB SKUX IOB’s13aHI 31 3HAYHUMU TIIHOUHAMU, a
NPOAYKTUBHI  TUIACTH  TPEJICTABICHI  KOJCKTOpPaMH
PI3HOTO JITOJIOTTYHOTO CKIIANY.

Bimomo, mo crnaOkuMu TEeMIaMH BiIpOJKYEThCS
OypiHHS  pPO3BiAyBalbHUX CBEPIJIOBHH 32 YMOBH
3pOCTAr0Y01 POJIi BUAOOYTKY BYTJIEBOIHEBOI CUPOBUHU B

Cy4acHHX KpH30BUX yMoBax. Jlo TOro 3, OCHOBHa
YacTMHA POJOBHI TMepeiliia B OCTATOYHY CTaIiro
pO3pOOKH, IO XapaKTePU3YEThCS MEPEPO3IOIIIOM
TUCKIB Yy TIPOMYKTHBHUX ILIACTaX, PECTPYKTYPHU3AII€IO
3aJUIIKOBUX 3amaciB, 30UIBIIEHHAM YacTKH BaKKO
BUIOOYBHUX 3amaciB HadTH, 10 BHMara€ HOBUX
MiIXOMIB IO X BUITYYEHHS.

EdexruBHIiCTh CTIOPYIKEHHS CBEPJIOBUH
Oe3nocepelHbO  MMOB'S3aHa 3 SAKICTIO  BUKPUTTS
MPOAYKTUBHHUX 00’ €KTIB, sIKa B CBOIO YEPTy 3aJICKUTH Bij
30epexeHHsT a00 MOKPAIICHHS MAaKCHUMAaJbHO MOMXIIUBOL

MPOHUKHOCTI KOJICKTODIB. SkicTh BUKPUTTSA
NPOAYKTUBHUX OO0’€KTIB Ha Ha(TOra30KOHIECHCATHUX
ponoBumiax 0e3nocepenHbO  IMOB’si3aHa 3 SIKICTIO
OypiHHSL.

© 3ezekano L.I'., IBanumpka 1.0O., Areituea O.0., 2020
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AHAJI3 cTaHY IUTAHHS.

CrnopyKeHHsI CBEpAJIOBUHH — LI€ IOPOTOBAPTICHUN
i cximaguuii npouec. Ilpu OypiHHI  CcBepIJIOBUH
3aCTOCOBYIOTBCSI  SIKICHI  0araTOKOMIIOHEHTHI OypoBi
pPO3UMHHM, ane i BOHH MOJACKYIH HETATHBHO BILIUBAIOTH
Ha KOJEKTOpH. ToMy B CBEpUIOBHHAX i3 TPHUBAIUM
TEPMIiHOM eKCIDTyaTallii, a TakKoXX Vy pe3yJabTaTi
KaIliTaJbHOTO  PEMOHTY  MPOIYKTUBHI  TOPU3OHTH
KOJIBMATYIOTHCS, IO 3HAYHO 3HMWXKYE NeOITH 1 32 YMOBH
BUKOPDHUCTAaHHS HESKICHUX OypoBHX pO3YMHIB Je0iT
B3araii najae 10 HyJs.

IIpobmema  xonmpMatamii  KOJCKTOPIB  JIOCHTH
nommpeHa — Juiss 1l BHUpIMIEHHS TNpoBiaHi ¢axiBui
VYkpaiHu Ta CBITY pO3poONISIOTH HOBI MeToaM W

TexHoJOri1 iHTeHcu]iKanii BUIOOYTKY BYIJIEBOIHIB.
AHaJi3 0CHOBHUX JOCATHEHD i JiTepaTypu.
AHami3 3HA4YHOI KUIBKOCTI JDKEpen JO3BOJIMB

BU3HAYNTH OCHOBHI TIPUHIUIIH BiTHOBJICHHS

NPOJYKTUBHOCTI ~ CBEPAJIOBUH  3aKOJbMATOBAHUX Y

mporieci  ix  OypiHHS Ta  eKCIUTyaTallii MeTOJIOM

KUCJIOTHHX 00po0oK [1-6].

Merta nociifzKeHHs.

Bu3HaueHHsT OCHOBHMX TPHMHIMIIB IPOBEACHHS
KUCJIOTHOT 00poOkM mnst iHTeHcH@ikaii BHEOOyTKY
BYTJICBOJHEBO] CUPOBHHHU 3aKOJIbMAaTOBAHUX
NPOIYKTUBHUX IUIACTIB B IpoIieci ix OypiHHS.

IMocranoBKa Mpo6JieMH.

Tak, mumre Ha Teputopii JHimpoBCchKO-JlOHEIBKOT

3aaguHu OJIM3LKO JBAJLSATH CBEPAIOBHH Ha
BHUCOKOIICPCIICKTHBHUX  PO3BIJAHWX POJOBHUINAX HE
JAIOTh  TPOAYKII0O B pe3yiabTaTi  KoJbMaTallii

MPOAYKTUBHUX IUIACTIB MpU OypiHHI. Y TOH Hac, KO
reo)i3nYHi JOCHIPKEHHS y CBEPJUIOBHHI TIOKa3ylOTh, L0
¢uIbTpaliiHO-EMHICHI  XapaKTEPUCTHKH  KOJIEKTOpa
BUCOKO €()EKTHUBHI, TOPU3OHTH € MPOAYKTHBHHUMHU B
CYCIIHIX CBEpAJIOBHHAX, aJe B pe3yJbTaTi pemnpecii Ha
IUIacT BMHUKAaE 3HaYyHE IPOHUKHEHHS TBeppoi dasu y
IUIaCT, YTBOPEHHS €MYJIbCI Ta moJiMepu3alis, Mo
MPU3BOJNTH JI0 3aCMideHHS MPUBUOIMHOT 30HU IacTa i
CBEP/JIOBMHA BUSIBILIETBCS Majio NeOITHOIO abo B3arali
HE J1a€ TPOYKIIii.

Buxiag  oCHOBHOrO
OCHOBHOT0 MaTepiaiy.

Ha crorozHi BikpuBaroThesi HaTOra30Bi MOKIAIH
i3 CKJIAQJHMMHU KOJCKTOpaMHU 3a XIMIYHAM CKJIaJIOM,
IIITbHUMH, HU3bKO NPOHUKHMMH Ta MAaJIONIOPHUCTUMHU.
[oripmenns ¢inpTpaniiHux BIACTUBOCTEI
NPOJYKTUBHOIO KOJICKTOpa MOXE OyTH BHKIMKAaHE
0e3J1144I0 NPUYUH, OCHOBHUMH 3-IIOMIXK SIKHX €:

v/ NOINMHAHHS PiJMHA TJIYIIiHHS CBEPMAIOBHHH
NPOAYKTUBHUM IIACTOM;

v' nabyxaHHS TIMHECTOTO MaTepialy IOpOAH
BHACTIIOK KOHTAaKTy 3 (UIbTPaToM piTuHU TIIYIIHHS

marepiany. Buxiag

CBEP/JTIOBHHY;

v\ yTBOpEHHS CTIAKHX BOJIOHA()TOTa30BUX
eMyJIbCIi y 30HI KOHTAaKTy pIAMHH  TIYLIHHS
CBEpJJIOBMHM 3  IUIacTOBUMH  Qumoinamu  (edexT
Kamena);

v’ yTBOpEHHSI acdanbprocMosonapadiHoBUX
BIIKITaJCHh 1 MAaJOPO3YMHHUX OCaJAiB TIPU 3MiHi

TEpPMOJMHAMIYHHX NTapaMeTpiB IJ1aCTa;

v’ sumwkends mpouuknocti II3I1 mo wapti B
pe3ynbTati rigpodinizanii TOpoBoro MpocTopy IMOpOIH-
KOJICKTOpa BHACIIJIOK ii KOHTaKTy 3 (iIbTPaTOM PiTuHU
DJIYIIHHAS CBEPJIOBUHM Ta iH.

Hdo  Toro, sK  MOPOAYKTHUBHI  TOPH30HTH
Ha(TOTA30BOTO  POJOBUINA IMAJAIOTHCS  PO3KPUTTIO
CcBepJIOBUHAMH, (i3WUHI TMapaMmMeTpu IUIacTa, TakKi sK
THCK, TEeMIlepaTypa, pO3MoAil (IIOIAiB y IOKIaIH,
nepeOyBaloTh y  crajoMy (CTaOlUIbHOMY)  CTaHi,
JIOCSITHYTOMY 3a JOBIMH 4Yac 3 Io4atky (opMyBaHHS
MOKNIaAiB. SIK TUIBKHM IUIACT MiJHA€THCS 30BHIITHBOMY
BIUIMBY (TIEPBUHHE 1 BTOPUHHE PO3KPUTTS OYPiHHSIM,

[IYIIiHHS ~ CBEPJJIOBHH), CTalllii CTaH Yy HBOMY
MOPYIITYETHCS.
OCHOBHUMH MIPUYHHAMHA KOoJIbMaTarlii

MIPOIYKTUBHOTO IUIacTa € HETIPaBWJIBHUKA  TiA0ip
PO3YHHY, JIIOJICHKHN (PaKTOp, HETOTPUMAHHS TEXHOJOTIT
MIPUTOTYBaHHS, OOpPOOKM Ta OYHCTKH IPOMHBAILHOT
pinuHA. BHCOKOMEpCNEKTHBHI CBEPUIOBUHNA HIYOTO HE
NPOXYKYIOTh Ta  IIONOBHIOIOTH  (OHA  HEMIIOYMX
CBEpMIOBUH. [JMHMCTI OypoBI pPO3UYMHM Ha BOAHIN
OCHOBI, KaJi€Bl PO34MHM, CTabUII30BaHI COJEHacCHYEHi
PO3YMHHU 37€OUIBIIOrO TMPHU3BOAATH 10 3a0pYyAHCHHS
npuBuOiitHoi 30um 1iacta (II3I1) TBepmoro ¢aszor i
¢ineTparom [7]. bBarato HayKOBLIB JOCIHIiIKyBalu

MUTaHHS  BITHOBJIEHHS  cBepIoBWH[8].  YcmimHe
BIIHOBJICHHS  MOXX€  TpPH3BECTH JI0  BiJIMIHHHX
pesynpraTiB. Tak, Hampukian, Ha SOMyHIBCBKOMY

pomoBuii cBepmioBuHa Ne4 Oyma 3akoiibMaToBaHa B
mporieci OypiHHS 1 He HaBaja TPOAYKII, ajie IMicis
00pOOKH KHCIIOTHHM PO3YMHOM CBepiioBuHa nana 800
THC. KyOiB ra3y Ha 100y [9].

o6  yHUKHyTH  TJIIMOOKOTrO  NPOHHKHEHHS
¢utpTpariB  OypoBHX pPO3YMHIB B IUIACT, 4acTo
3aCTOCOBYIOTh J00aBKM DI3HOMAHITHUX 3aryCHHKIB —
HOJTIMEpIB. 3acTOCOBYIOTHCS TaKi 3aryCHUKU:
METHJIAKpUJIAT, kapOokcumerminentono3a  (KMII),
nomakpunamin  (ITAA), axpunmonmtpmi, ['IITAH,
caiapin, Ak-apimt ta iH. Tak camo iHOMI 3aCTOCOBYIOTH
JOTIOMIXKHI 00aBku — TigpodobizaTopu Ta iHTIOITOPH.
ITepesaroro bP Ha mosriMepHiit OCHOBI € Te, 1110 B TIpoIieci
OypiHHS TIOJIMEp 4YacTKOBO (QUIBTPYEThCA Ha MeEXi
«CBEPIJIOBMHA — IUIACT», YTBOPIOIOYH IPAKTHYHO
HENPOHUKHY KIpKY, sKa 3aXWINA€ IUIacT 1 3HUKYE

MOXJIMBICTh ~ TJIMOOKOTO  NPOHUKHEHHS B HBOTO
¢ineTpary 6yposoro pozunny [10].
ITlinx wac BHUKOpUCTAHHA HESKICHUX OypoBHX

PO3YMHIB Ha TOJIIMEPHIH OCHOBI 3HIKEHHS! IPOHUKHOCTI
Ha(TOTa30BUX IUIACTIB MOXKE BiIOYBAaTHCA B JEKiIbKa
pa3iB i MOke OyTH HaBiTh IO TIOBHOT KOJIbMATAITii.
OCHOBHOIO  TIPOOJEMOIO  3HW)KCHHA  JIeOITHUX
XapaKTePUCTHK Ha Ha(TOTa30BUX POJMOBUINAX YKpaiHU
B Iporieci iX KaIiTaabHOTO PEMOHTY € BUKOPHUCTAHHS
PIAMHM TIYIIIHHSA Ta 1HIIAX TEXHOJOTIYHHX pPEarcHTiB
npu pemnpecii Ha mact. Tak, 3a cratuctukoro 80-90-x
pokiB XX  CTOMTTS 3HWXKEHHS MNPOIYKTUBHOCTI
CBEpAJIOBUH IIiCJISl KamiTaJbHOTO PEMOHTY CTaHOBHWJIA
6mu3pko 30%. IlpuumHM KosbMaramii NMPOJYKTHBHHUX
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IUTACTIB 1 MEXaHi3M KOJbMAaTallii momiOHI 70 mpobiem,
sIKi B1IOYBAIOTHCS MMiJ] yac OypiHHS.

CyuacHi TexHOJIOTII BKa3ylOThb Ha Taki IepeBaru
PO3KPUTTS MPOIYKTUBHUX TIJIACTIB HA JETIpecii:

® 30epeXKEeHHsI 1 HaBITh IMOKPAIIEHHS TPUPOITHUX

®EX NpPONYKTUBHUX  IUIACTIB, 3aBASAKH  IPHTOKY
IJIACTOBOI PiTMHU B TIPOIIEC PO3ZKPUTTSI,
® BUKJIIOYCHHS HEraTHBHOTO BILUTUBY Ha

MPOIYKTUBHUI TOPU30HT OypoBOro ¥ IIEMEHTHOTO
pPO3YMHIB, SIKIi BHMKOPHUCTOBYIOTH Yy  TPaAMIIHHUX
TEXHOJIOTIAX, a TaKOXK HAJIMIIKOBUX THCKIB MiJ Yac
OypiHHS 1 KpIIUICHHS;

® 30UIbIICHHS PIBHS BWIYYEeHHS Ha(TH 3aBASKH
nigsumeHHro nporukHocTi [1311 (ckin-edekr);

® 30UIbIICHHS Je0ITY CBEpJUIOBHH, PE3YJIBTaTOM
4OTro € CKOPOYCHHS CTPOKIB OKYITHOCTI iX Oy/IiBHHUIITBA,;

® 3aJIydeHHS B PO3pOOKY HH3BKOPEHTAOEIbHUX
Ha(TOBUX TMOKJIAJIB i POJOBHUII, & TAKOXK TMPOTYKTHUBHUX

TOPU30HTIB, SAKi MOIJIM OYyTH TPOMyIICHI IIiJ dYac
TpaAMIIHHOT TEXHOJIOTIi po3KkpuTTs [11].
HesBaxaroun Ha BCli 3a3HaueHi MepeBarw,

TEXHOJIOTIS PO3KPUTTS TPONYKTHBHUX IUIACTIB Ha
Jierpecii MOKM 110 He 3HaMIuIa IIMPOKOTO 3aCTOCYBAHHS
B VYkpaiHi, y 3B’S3Ky 3 BCIUKAM pPHU3UKOM BHKHIY
BYIJICBOJHIB, SIKMH CYIPOBOJKYETBCS BHOYXOM 1
MOXEXKEI0; BHCOKOIO BapTICTIO OypiHHS, IO 3aJeXKHUTh
Bil BUAY pO3YWHY, OCOOJHBO IS TOPHU3OHTATLHUX
CBEPAJIOBUH; HE 3aBX/M BUXOIUTh BUTPUMATHU JICIIPECIIO,
10 TIPH BIiZICYTHOCTI TIMHHUCTOI KipKA MOYXE MPU3BECTH
0 UIBHAKOrO ¥ CHJIBHOTO TMOTIPIIEHHS  CTaHy
HE3aXHIIEHOTO MPOAYKTHBHOIO IUIACTa; CKJIAIHICTh
MOJICITFOBAHHS Ta MIPOTHO3yBaHHS MOBEIIHKH
(aepoBaHMX) OYpOBHX PiIUH.

Inrencudikauis  BUAOOYTKY  (pO3KOJIBbMATALlis)
KHUCJIOTHHM pO3YHHOM € TIOIIMPCHUM METOIOM JUIs
BiJTHOBJICHHS TPHUPOIHOT IPOHHUKHOCTI KOJIEKTOPCHKUX
mwiactiB. Ane 1 mnpoOiieMa mMOTpeOye pPETEIBHOTO
BHBUCHHS Ta € HEAOCTATHHO JOCIIDKEHOIO B YKpaiHi.

[TutanHIO KUCIOTHOI 0OpOOKM s iHTeHCH]IKaITii
BUI00YTKY BYIJICBOAHEBOI CHPOBHHHU 3aKOJIbMaTOBaHHX
MPOAYKTUBHUX  IUIACTIB B  Tpomeci 11X  OypiHHS
MIPUCBSYCHO 0arato HayKOBUX JIOCHikeHb: Michael J.
Economides, Kenneth G. Nolte, M.Economides,
H.A Nasr-El-Din, M.A. Sayed Tta iami[1-6, 12].

Po3konbMaTaniss TPOIYKTHBHOTO IUTACTA  MICISA
OypiHHS CBEpIJIOBHMH IJIsi BiJHOBJICHHS MHEPIIOYCProBOI
XapaKTCPUCTHKH IUIACTA MOXKE 3HIMCHIOBATHCS JBOMA
crocobamMu:  XiMiYHE  BHJIYYCHHS Ta  MEXaHIYHE
BIWIy4CHHs. Tak, HANpHKIAa, 3aCTOCYBaHHS XIMIYHOTO
BriIydeHHS po3zunmHamMu 20% Cyap(pOMiHOBOI KHCIIOTH;
5% NaOH Ta 5% Na,COs (ITomimepHa) nae MO3UTHBHI
pe3ynpTaTd.  MexaHiYHMA  cmocid — mojsrae  y
BHKOPHUCTAHHI Iepea KHCIOTHOIO 00poOKoro, TMmij Yac
OCTaHHBOI MPOMHBKH CBEPIOBHHH, MEpel BHKIHKOM
MPUTOKY B CKJIaJi OypOBOro pO34YMHY BHKOPHCTOBYBATH
abpa3uMBHI pIIUHM, $IKI MalOTh BHCOKI THKCOTPOITHI
BJIACTUBOCTI Ta a0pasuBHY CKIQJ0BYy. IIpOmOHYIOTH

BUKOPHCTOBYBAaTH  B’S3KOIPYXHI  OYMINyBadl B
HEBENMKOMY 00’eMi Ipubiu3Ho 4—6 M3, V ixwili cknan,
KpiM  peareHriB, 110  YTBOPIOIOTb  CTPYKTYpY

(KMILI+xpommik+ITIAA), BBOAATBCS KpPYIHO3EPHUCTHI
nicok abo npomnaut. [IpomuBka BinOyBaeTbest 1-2 nmkm.
Bukopucranns mig vac ocranHix CIIO mkpeOkiB, siki
BHITYCKalOThCs TpomucioBicTio (cuctrema CK) abo
BUTOTOBJSIFOTECA B YMOBAaX MEXaHIYHHUX MaiCTepeHb
i AIPUEMCTBA.

Bucoka 3ako1pMaToOBaHICTh TIHOOKUX CBEPIOBHH
BHMArae CIEI[ialbHOTO CKJIagy KHCIOTH, SIKa IOBHHHA
OyTH cTabinbHOIO Ta €()EeKTUBHOIO 3a TAKUX CKIAJIHUX
ymoB. Ili ymMOBHM pOONIATH CKIATHHUM MOXIUBICTb
JpeHaXXy KaHaJiB Ta 3MEHINY€E NPOHHUKHICTh KHCIOTH B
KOJIEKTOPCHKI I1acTh. [IpoTsiroM ocTaHHIX poKiB y cdepi
PO3BHUTKY TEXHOJOTIH KHUCIOTHHX 00poOOK Oyiu
JIOCSATHYTI 3HAYHI YCHIXH, alleé pa3oM 3 THM HE MOXHa
3a0yBaTy 1 HEraTUBHUIA JI0CBi Y Wil cdepi.

HesBakaroun Ha oYeBH[IHI 1 epeBary, yCHilIHiCTh
omiepallii 3acTOCYBaHHS KHCIOTHHX CKJIAIiB JIO ITLOTO
yacy 3aJIMINAEThCsl HAa HU3BKOMY piBHI. OnTmManbHa
TEXHOJIOTISt KHUCIOTHOI OOpoOKM, 10 3abe3medye
MaKCUMalbHUH e(eKT mepemoBciM MmiI0upaeThCs 3
ypaxyBaHHAM npuuuH 3a6pyanenHs I13I1, npuiHATTAM
JO  yBarm  TakuX  [apamerpiB  Iulacra,  SIK:
TPaHYJIOMETPUYHUN 1 MIHEpaNOTiYHUH CKIaJx MOpij;
¢uTbTpaniiHO-EMHICHI ~ BJIACTUBOCTI;  TeMIEpaTypa;
ximMiuHU# cxman miactopux  (aroimiB.  [IpaBuibHO
minibpaHa penentypa KHCJIOTHOTO CKJIaay IOBHHHA
MIPU3BECTH 10 OakaHOTO pe3ynbraTy — ountneHas [1311
Bil 3a0pyaHEHb, BiTHOBJIEHHIO 1 MPOHUKHOCTI 1, SK
HACJIJIOK, 3a0e3MeueHHs] MPOIYKTUBHOCTI CBEPUIOBUHU,
BIAITOBIIHOT JTOKAJIEHUM MOKIJIMBOCTSIM IIIACTa.

3a JaHWMH JOCIITHO-TIPOMUCIIOBOI eKCIUTyaTarlil
CBEP/JIOBUH TIOKJIAiB, TPOJYKTUBHHAN pPO3Pi3 SKUX
CKJIQICHO TOpPOJaMH KOJIEKTOpaMH, MOXKHa 3pOOHTH
BUCHOBKM, III0 3a YMOBH HEBHCOKOi IOpUCTOCTI 1
NPOHUKHOCTI, 3HA4YHOrO e(eKTy MOXKHa JIOCSATTH
NpOBEJCHHSIM poOiIT 3 iHTeHcHdiKalii, BAKOPUCTOBYIOUH
pi3HOMaHITHI Bapianii KUCIOTHUX 00poOOK i 6OpOTHOOIO
3 KoJIbMaraui€ro. 3a yYMOBH OOpOOKM CBEpIUIOBHH
3aCTOCOBYBAJIMCh Ta  BHIPOOOBYBAJIUCH  HAHOUIBII
e(eKTUBHI pelenTypH Ta BUCOKOTPOHHUKHI PO3YUHHHUKH.
AHami3yloun JaHi MOXKHa 3a3Ha4WTH, IO 3a YMOBHU

MpaBWIBHO  TimiOpaHoi  pernentypu  po3uMHy i
BUKOPUCTAHHA  JEKOJIbMATAIMHUX  piaWH,  1e0iTH
MAJIONPOYKTUBHUX  CBEP/UIOBUH Y  MPOJYKTUBHUX

BiJIKJTaJJaX MOXIIMBO 30UTBIINTH B JICKUIbKA pa3iB, a iHOI
1 Ha JIEKIUTbKa MOPSIKIB.

Ha cporogni s iHTeHCU}IKAIil NPUILTUBY 3
NPOAYKTUBHHUX IIJIACTIB 4acTo BIAIOTBCA  JO
BUKOPUCTAHHS TEXHOJIOTII COJITHO-KUCIIOTHOTO BILTUBY
HE TIPOBOASYM JCKOJbMaTaliiHux pobiT. OmHak
BUXOJYM 3 TOTO, IO TPOAYKTUBHI IUIACTH, J&
MPOBOSITECS 11i OOpOOKM TPUBUOIMHOI 30HH, BXKE €
00BOJJHEHMMH a00 MPOCTa COJSTHO-KUCIOTHA TEXHOJIOTisI
HE JIa€ BIMYYTHUX PE3yJIbTaTiB, MOTPiOHE 3aCTOCYBaHHS
YHIKaJIbHO HOBUX CKJIAJiB pOOOYHMX areHTiB.

HoBi kommo3uuii po3urHIB IIOBHHHI BUpIIIyBaTH
TakKi 3aBJIaHHsA:

1) miBUIICHHS BiJICTaHI MPOHUKHECHHS KUCIIOTH;

2) nexonbmaraniro I131T;

3) 30inblueHHS 37aTHOCTI 0 BHHOCY IIPOJIYKTIiB
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peaxuit;

4) HU3bKa KOpO3iliHa aKTHBHICTb O BiJHOLIEHHIO
JI0 00JIaIHAHHS,

5) apmanmTaris o0 MiHEpadi30BaHOCTI IJIACTOBOI
BOJIH.

3aBASKM BUCOKI PO3YMHHIA 30aTHOCTI, COJISHA
KHCIIOTa — € HaHOUIbII TIOMMPEHUM pEarceHToM Yy
nporieci mpoBeneHHs KO B kosmekropax. IcHye naBa
(hakTopa pu3MKy, IO BUHUKAIOTH i1 4ac 3aCTOCYBaHHS
COJISTHOT KHUCJIOTH: BHCOKA IIBUAKICTH peakiii B IUIACTI,
o YCKJIaIHIOE MPOBEACHHS 00poOKu i
BUCOKa KOpO3iiHa aKTHUBHICTh. J[si 3HYDKEHHS piBHS
KOpPO3ilHOI aKTHBHOCTI B KHCIIOTHUH CKIaa JOAAIOTh
OpraHivHi KHCIOTH Ta iHri0iTopu [14]. JIns 3MeHIICHHS
Kopo3ii TpyO mig dYac TPaHCHOPTYBAaHHS 4YEpe3 HHUX
KHCJIOT 3aCTOCOBYIOThH pi3Hi iHTiIOITOpH. Hanpukman, Taki
sk ®opmanin, VYmuikon IIb-5, Iariditop U-1-A,
Texniunuit Ytpomin Tta Iari6itop BA-6 (B-1,D-2). 1Ii
IHTI0ITOpH  3aCTOCOBYIOTHCS TiA dYac iHTIOyBaHHS
KHCIIOTH BUCOKOi KOHIIEHTpAIlii 1 KHUCIOTHUX PO3YHHIB
JUIt 0OpOOKM CBEP/UIOBMH 3 BHCOKMMH IUIACTOBUMH
TeMIepaTypaMd Ta THCKaMH. BHKOpHCTaHHS IUX
iHrioiTopiB € edekTHBHMM. Y JIONOBHEHHI /O LBOTO
HU3bKAa PO3YMHHA 3JaTHICTH OpPraHiYHUX  KHUCIOT
JI03BOJISIE 3HU3UTH PIiBEHb HEPIBHOMIPHOCTI (POHTY
peakuii KUCJIOTHOTO CKJIay B HOPOJI.

YpaxoByroun BHUIIEBKa3aHUA OIKC BJIACTHBOCTEH
OpraHiYHMX KHCIOT, ICHy€ TpaKkTUKa CTBOPEHHS
KHCIIOTHAX CKJIagiB Ha OCHOBI COJITHOI KHCIIOTH 3
JOZIaBaHHSAM OPraHiYHUX KHUCJIOT JJIsl  JTOCSTHEHHS
MTOMIPHOTO PiBHS YTBOPEHHS BUCOKOIIPOHUKHHUX KaHAJiB
B I3[, mo B pe3yabTaTi TMO3UTHBHO BIUIMBAE Ha
30UIBIIEHHS NPOJYKTUBHOCTI CBepuioBHHU. OpraHiui
KUCJIOTH BHUKOPHCTOBYIOTHCS JUIsl TPOBEICHHS OOPOOKH
npuBu6iitHoi 30Hu (OII3) B KosiekTOpax Oarato pOKiB.
Hocsin TIOKa3ye, 110 BUKOPUCTAHHS
BUCOKOKOHIICHTPOBAaHUX OpTaHIYHMX KHUCIOT He Oyne
e(eKTUBHMM  BHACIIJIOK  MOXIHUBOIO  BUIIJaHHS
HEPO3UYMHHUX OCadiB Yy TPOIECi peakiii peareHry i
HOPO/IH. JonyctumMumMu KOHLEHTPALISIMA LTS
MypalifuHoi i onToBUX KUCIOT € 13% 1 9% BimnmoBimHo
[13].

BHCHOBKH 3 1aHOT0 IOCJTi/I)KEHHs | mepCcneKTHBH
MOJAJTBIIAX PO3BIIOK Y TaHOMY HANIPSIMKY.

OTxe, 3aCTOCOBaHA Il OOPOOKH ILIACTa KUCIOTA,
HE MOBUHHA BUKJIMKATH YTBOPCHHS HEPO3UMHHHX OCAJIIB.

Takox  mis e(hekTUBHOI  KHCJIOTHOI  OOpOOKH
BUKOPHCTOBYBAaHHMI  CKJIaJ  [OBHHEH MaTH  Taki
BJIACTHUBOCTI:

® MOBiJIbHA MIBUJIKICTH pearyBaHHS 3

MOPOJOYTBOPIOBAILHUMH MiHEpalaMH, W0 OCOOJIHUBO
Ba)XJIMBO 32 BUCOKHX IUIACTOBHX TEMIIEPATYD;

® HI3BKUKA  MDK(pa3sHWHA  HATAT  HA  Mexi
«BYTJICBOJICHh — KHCJIOTHHH CKJIaJ»;, Maja Kopo3iiiHa
aKTHUBHICTB;

® CYMICHICTb 13 IJIACTOBUMH (DITFOTIaMU;

e iHriOytoua Jis y BIZHOWIEHHI IO
TEXHOJIOTIYHICTb IiJ] YaC 3aCTOCYBAHHSI.

Ile mocaimkeHHs J03BOJISE 3pOOUTH TaKi BUCHOBKH:
Oarato CBepAJIOBHH, SIKi B pe3yipTari OypiHHA,

TJIMH,

KaImiTabHOTO PEMOHTY CBEPJIOBHHI TTiCIIst
JIOBFOTPHMBAJIOl CKCIIyaTallii He JalTh NPOAYKIi 3
MIPUYMHY TOBHOT 200 9aCTKOBOI KOJIbMATAIIil.

Hepmonik KUCIOTHUX PO3YMHIB HA OCHOBI COJISHOT
KHCJIOTH II€ BEJIMKA IIBUAKICTh pearyBaHHS 1 CKJIAIHICTh
MOTPAIUITHHS ~ KHCIOTH  JO  KOJEKTOpa  4epes
KOJIbMATalliiHY IUTiBKY.

Heo0xi1aHO 3MOIEMOBAaTH Ta JOCITIAUTH MEXaHI3MH
JIeKoJIbMaTallii, po3poOUTH e(PEKTUBHUN CKIIax s
BiIHOBJICHHSI TJTHOOKHX CBEPJIOBHH, 301JIBIINTH KaHAH,
a TaKOXX 3MCHIIUTH KOPO3ifHWI BIuHB. Bimomo Oararto
KHCIIOTHUX KOMIIOHEHTIB 1 OYHWIIyBaJbHUX MaTepialiB,
aje I KOHKPETHUX yYMOB TJIMOWHU 1 CKIaAy TOPOIH
MOTPIOHO  PO3POOJIATH  IHAMBIAyaldbHY  PELENTYpPY
TEXHOJIOTIYHHUX PIAVH Ta TeXHOJIOTi ast 06pooxu 1311 i
BiJIHOBJICHHSI IIPOJYKTUBHOCTI CBEP/IJIOBHH.
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IHO®OPMAIIMHUM JIUCT

€pporeticeka (eneparis ximiunoi imwkeHepii (EFCE) sBnse coboro 00’€qHaHHS HalliOHATBHUX
HenmpuOyTKoBUX (pemepartit (acormiariit) ximigHoi imkeHepii. Bona Oyna crBopeHa y 50-X pokax MHUHYJIOTO
CTOPIYYs 3 METOIO CIIPHUSIHHS Koomepallil y €BpoIli HaIlllOHaJbHUX HENPUOYTKOBUX MPOQPECIHHUX HAYKOBUX
Ta TeXHIYHUX 00’€JHaHb I 3a0€3MeUeHHs MPOrpecy XiMiuHoi iHkeHepil Ta po3poO0Ku cydacHHX 3aco0iB
Ta TEXHOJIOTIH.

Crpykrypa EFCE Bxitouae B cebe poOOuUl IpyId Ta CEKIii 3 OCHOBHHMX HAIPSAMKIB XiMi4HOI Ta
xapuoBoi imwkeHepil. HaliMeHyBaHHSA cekmiii: 1) mpoekTyBaHHs Ta iH)XKEHEpis WLIJILOBOTO MPOILYKTY; 2)
Xap4oBoi iHkeHepil; 3) MeMOpaHHOI iHKeHepii; 4) CTalloro PO3BUTKY.

PobGoui rpymu denepartii: 1) ocith; 2) KOMITIOTEpHOI IPOIECHOI iHkeHepil; 3) Oesmeku Ha
BHPOOHMIITBI Ta MiHIMI3aIlli IKiJUIMBUX TPOMHUCIOBUX BHKHUIIB;, 4) IHKEHEpis XIMIYHUX pPeakilii; 5)
cemapauisi piiuH; 6) eleKkTpoxiMiuHa iHkeHepis; 7) Kpuctanmizawis; 8) Tedis 6ararodasHux cepemoBuul; 9)
3mimanasa; 10) MexaHika moapiOHeHUX TBepaux (a3; 11) craTudyHa eNeKTpUKa y MPOMHCIOBOCTI; 12)
cymka; 13) posapoOieHHs Ta kiacudikamis; 14) cucTeMH XapakTepu3sallii YacTHHOK; 15) TexHooril
BUCOKOTO THCKY; 16) imkeHepist momiMepHuX peakuiid; 17) armomepauis; 18) intencudikamis npouecis; 19)
TEpMOJIMHAMIKa Ta TPAHCIIOPTHI BIacTUBOCTI; 20) Tu3aifH Ta AKiCTb.

VYkpainceka acoriaris XiMmigHoi 1 xapuoBoi imkeHepii (CFE-UA) sBIseThCsS CTPYKTypHO
ckmamoBoro yactuHoro EFCE. Bueni VYkpainu mnpenctaBineni B poboumx rpymax — 2 (mpod. ILO.
Kamycrenko, HTY «XIII»), — 4 (mpod. A.A. @okin, HTYVY «KIII»), Ta — 15 (akamemix AA. JJonuHCBKUH,
IIT HAH VYkpaian).

3 MU0 TABUIIICHHS BU3HAHHS JOCSTHEHb YKPaiHCHKOi XIMIYHOI 1 Xap4oBOi iH)KEHEepii BUCHUMHU
€Bporneiicbkoi crinbHoTH 3amadamu CFE-UA BBakaroThest: 1) MiIBUINEHHS PiBHSA LUTYBaHHS HAayKOBHX
poOIT y MIKHapOAHMX HAyKOBO-METPHMYHUX 0a3ax; 2) 3MIHHTH NPEACTaBHUITBO YKpaiHW B poOOYMX
rpynax ta cekmisx EFCE nmeneratamm Bix acoriarii CFE-UA3a o3HaueHUMH HamNpsSMKaMU; 3) CIIPHSITH
0e3KomTOBHOI MyOmiKamii HayKOBUX PO3pOOOK WiIEHIB acowialii y MPOBiTHUX €BPONEHUCHKUX >KypHallax;
4) myOnikamiss MarepiajiB pPEKIaMHOTO HampsIMKy BHUPOOHHUKIB Ta PO3POOHHKIB XiMi4HOI 1 Xap4oBOi
MPOIYKIT y BUAAHHAX; 5) HANaHHSI PETyJISIpHOI iHGOpMaIlii Ipo MpOBEACHHS PI3HOTO PIBHSA MIKHAPOIHHUX
KoH(epeHIil, GopyMiB Ta ceMiHapiB B Ykpaini Ta €Bpori; 6) yTBOPEHHS CIPUATIMBUX YMOB IS y4acTi
MOJIOAMX BYECHUX Yy E€BpONEHCHKUX KOH(EpEeHLiAX 3a paxyHOK, HampukiIad, 3HIKCHHS CyMHd
OpraHi3amifHIX BHECKIB; 7) COPHSIHHS ITIBHINCHHIO MPO(eciiiHOr0 Ta €THYHOTO pPIBHS CBOIX YJICHIB
IUISXOM HaJaHHA iM OC3KOIITOBHOI METOMOJIOTIYHOI 1 KOHCYJIBTALIMHOI JOMOMOTH, OpraHizamis i
MIPOBEJICHHS JICKIIiM, CEMiHApiB Ta IHINIMX 3aXO[iB; 8) HaJaHHS MaWJaHYWKIB 1 TUTONI JUIS MPOBEICHHS
3aHATh, TPEHYBAIBHUX 3aXO0JiB 1 03A0POBUMX MPAKTHK; 9) po3poOKa MpOMO3ULiN 10 AepKaBHUX MPOrpam,
3aKOHOJIaBYMX AKTiB, CIPSIMOBAHHMX Ha PO3BUTOK 1 YIOCKOHAJIEHHS TPOMAJCHKOTO CYCIIIILCTBA B YKpaiHi,
€Bpoco103i Ta IHIIKMX KpaiH, CIPUSHHS BTUICHHIO iX Y XKHTTS, 1 T.1.

CFE-UA crpustiMe cmiBpoOITHMLTBY BYEHHX Ta BHPOOHHKIB XiMi4HOi Ta  Xap4oBoi
npomuciioBocTi Ykpaianu 3 EFCE st 3araapHOr0 po3BUTKY XiMIYHOI Ta XapdoBOi MPOMHCIOBOCTI. YmeHn
Ykpaiacpkoi acomiamii XiMigHOT 1 XapuoBoi iHKeHepii cBoedacHo crutauyBaTt BeTymHi (400—-1000 rpH Bix
peTioHaIbHOrO ocepenky) Ta uieHchbki BHeckH (400—1000 rpH BiJ perioHaJbHOTO OCEpeKY) B po3Mipax Ta
CTPOKH, IO BCTAaHOBIOIOTHCSA IIpaBminHaMm Opranizarmii (IPOTAroM MOTOYHOTO Micsars). 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»
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MPABUJIA HAITMCAHHS AHOTALII

AHOTaIIS — 116 KOPOTKAa XapaKTEPUCTHKAa POOOTH, IO MICTUThH MEPelik OCHOBHUX MUTaHb
ctarti. CTpyKTypa aHOTaIlii: B aHOTAallii He0OX1JHO BUCBITIIMTH OCHOBHI PO3JILIN CTATTI, 3'€AHATH
iX 1 mpeacTaBUTH B KOPOTKiK (opmi. BoHa Bkitodae B ceOe OCHOBHI PO3AUIN: aKTyalbHICTb,
IIOCTAaHOBKY MpPOOJeMH, IUISIXU i1 BUPILICHHS, pe3ybTaTH 1 BUCHOBKU. Ha KkoxkeH 3 po3ainiB
BIJIBOJIUTHCS OJTHE — JIBAa PEUCHHS (TAOIHIIs).

Ta6ymisi. OCHOBHI KOMITIOHEHTH aBTOPCHKOT aHOTAIIli CTATTi

KoMmnonent Omnuc cKIaIoBUX aHOTAIlI CTATTI

AxrtyanpHicTh  |[loka3zaTH BaXJIMBICTH JOCHITHHIBKOI MPOOJEMH 4YH 3alpOIIOHOBAHOTO
NPOEKTY, $IKI BUBYAJIMCH: Bifpa3y MOBMHHO CKJIACTHUCS YSBICHHS, 4OMY
00roBopioBaHa rnpooyiema noTpedye BUBUCHHS.

[TocTanoBka HaykoBe oOrpyHTYBaHHS HEOOXiJHOCTI BUCBITJICHHS ICHYIOUOi TPOOIEMH, Ha
BUPIIICHHS SIKO1 1 Oy/e crnpsMOBaHUWM JOCTITHUIBKA cTaTTs. [lpu yuTanHI
npobiemu JAHOTO PO3JILTYy aHOTAIlli y yuTaya MOBHHHO CKJIACTUCS BpaXKEHHs, 110 0e3
MPEJICTABIICHOTO MPOEKTY «IOJAIBIIHNA PO3BUTOK IMMPOCTO HEMOKIUBUI.
[nsaxu Heo0OximHo mepepaxyBaTi KOHKPETHI PE3yJIbTaTH JOCITIKEHHSI, CIPSIMOBaH1
BUPILICHHS Ha BUPIMICHHS ICHYIOYO01 MpobIemMu.
JIsi HayKOBO-OOTPYHTOBAHUX JOCIIDKEHb 1€ MOXKe OyTH mepepaxyBaHHS
npooiieMu JOCTIPKYBAHUX TEOPETUIHUX Ta EKCIIEPUMEHTATLHUX MMUTAHb.

Y KUIBKICHUX JOCHIDKEHHSX (SKIMIO0 B pPoOOTaX € PpO3paxyHKOBI Ta
CTaTUCTMYHI  JaHI  eKCHepUMEHTY) B  LbOMY  pPO3JUIl  aHoTamil
NepepaxoByIOTbCS METOJUKH MPOBEJICHHS EKCIICPUMEHTAIBHOI pPOOOTH,
JOCIIKYBaH1 3MiHHI.

PesynpraTn [IpenacraBnstoTbesl  KUIBKICHI  Ta  AKICHI  PE3yJbTaTH  JOCIIKEHHSI.
PexoMeHIyeThCSI BHKOPHCTOBYBAaTH  3arajbHi  CIIOBA THUIY  «JIOBEJH

Ta . .
eEKTHBHICTE», «BHSABHJIACS HECPEKTHBHOIO», HE 3TaJyloud KOHKpPETHi

BUCHOBOK nudpu, K1 MOKYTh OYTH HEBIPHO IHTEPIIPETOBAHI.

BusnaueHHs 1. MOXJIMBICTb BIPOBAPKEHHS PE3yAbTATIB JOCHIIKSHHS.

chepu 2. Hackinpku mpoBeieHa poOoTa po3IMpuia iICHYI0Ul YSABJICHHS MPO JOCII-

BNIpOBAKeHHs  [[VKYBaHI MTHTAHHS a0o0 3amporoHyBana HOBE PILLICHHS ICHYIOYOi HMpOOIEeMH.

Metoau nar0Th MOXIIMBICTH CTBOPIOBATH OUTBIN THYYKI 3aCOOM OIlIHIOBaHHS,
a TaKOK PO3PaXOBYBATH PU3HKH, SIK HA OCHOBI CTATUCTUYHMX JAHHX, TaK 1 HA
EKCIIEPTHUX OIlIHKAX, 3 YPaxXyBaHHSM MEpiOy Yacy, raiay3l MPOMHCIOBOCTI,
€KOHOMIYHO{ Ta YIpPaBIiHCHKOI crienn(iku MiANPHEMCTBA Ta iH.
BuxopucranHs MeTOiB 03BOJISIE BiAOOpakaTH pe3ysbTaTH, SIK B KUIBbKI-
CHIM, TaK 1 B sIKiCHIH dopmi.

PekomeHIyeThCS BHKOPHCTOBYBAaTH 3arajbHi CJOBa THIYy <«IOBEIH €(EKTUBHICTHY,
«BUSIBWIIacA HEE(PEKTUBHOIO», HE 3raJlyloud KOHKPETHI nudpu, sSKi MOXYTh OyTH HEBIPHO
IHTepIpPETOBaHI, HAPHUKJIAI, IPECTABISIOTHCS KUTbKICHI 200 SIKICHI pe3ybTaTh AOCIIKEHHS.

Ha 3akiHueHHs HEOOXITHO MO3HAYHMTH Cc(epy BIPOBAKCHHS PE3YJIbTaTIB JOCIHIKEHHS,
HACKUIbKM TIpoBeJieHa po0O0Ta po3Iupuia iCHYIOUl ySBIEHHS MO JOCHIPKYBaHI MUTaHHS abo
3aMpoIoHyBaJia HOBE PIIICHHS ICHYIOYO1 MPOOJIeMH.




Mertoau narOTh MOKJIMBICTH CTBOPIOBATH OUIBII THYYKI 3acOoOW OIIHIOBAHHS, a TaKOX
pPO3paxoByBaTH PHU3UKH, SIK Ha OCHOBI CTaTHCTUYHMX JAHUX, TaK 1 Ha EKCHEPTHHUX OIlIHKaX,
3pO0JICHHX Yy HEHITKOMY, cllabodopMaii3oBaHOMY CEpEOBHIII, 3 ypaxyBaHHSAM IEpIOay dYacy,
rajgy3i MPOMHCIOBOCTI, €KOHOMIYHOI Ta YIpPaBJIIHCHKOI cnenudikv MiANpPUEMCTBA Ta iH.
BuxopucranHs MeromiB J03BOisE BigoOpa)kaTH pe3yiabTaTH, SK B KUIBKICHIM, Tak 1 B
AKICHIN (hopMmi.

YacTo HayKOBi CTAaTTi HE MICTATh OMUC €KCIIEPUMEHTAILHUX JOCIIKEHB 1 PU HAMMCaHHI
aHoTalii MOXHAa OOMEXHUTHCA JHUIIE MEPIIMMUA TphOMa KOMIIOHEHTaMHU: aKTyaJbHICTIO,
MMOCTAaHOBKOIO MPOOJIEMH Ta MUISIXaMH 11 BUPIIICHHS.

[Tpu HanMcaHH1 aHOTALi CITiJ 3BEpHYTH yBary Ha HaCTYIHI MUTaHHSA:

1) Jlimit ciB — HEOOX1THO TOTPUMYBATHUCS BCTaHOBJIEHOTO JiMiTy ciiB (100...250 cmiB).

2) Y3romxeHHs 4aciB — aHOTAIIi] JIOTIYHIIIIE BCHOTO MUCATH B MUHYJIOMY Yaci.

3) CtpykTypa — HEOOXITHO IOTPUMYBATHCS 3araJIbHONPUNHATOI CTPYKTYpH (TaOmuI 1).

4) TIlpocrora y BuKIaxi Marepiany. PekoMeHAyeTbcs BUKOPUCTOBYBATH — BiOMi
3arajJbHONPHUIHATI TEPMIHH.

5) BincyTtHicTh aetaneit — HeoOXiTHO YHUKATH 3alBHX JeTalei i KOHKPETHUX udp.

6) KimrouoBi cnoBa (5—8) HeoOXigHI ISl MONTYKOBUX CHCTEM 1 Kiacudikarii craTeil 3a
TeMaMu. B iHTepecax aBTOpa BKa3aTH KiJbKICTh KITFOUOBUX CJIB HEOOXITHHX ISl 30UTBIIICHHS
IIIAHCIB 3HAXOJ/DKCHHS CTATTI Yepe3 MOMIYKOBi cucteMu. CIIOBOCIIONYyYEHHSI BBAXKATHCS OTHUM
KIIIOYOBUM CIIOBOM.

Anotarig 3 YK, I1Ib aBTopiB Ta mepemikoM KIOYOBUX CIIIB HAJAEThCS YKPATHCHKOIO,
POCIICHKOIO Ta aHTIIIWCHKOIO MOBaMU (Keriib 9, BUPIBHIOBAHHS MO MIHMPUHI). Y TEKCTiI aHOTAIii
Ha aHTJIWCHKIK MOBI CIII 3aCTOCOBYBAaTH TEPMIHOJIOTIIO, XapaKTepHY s 1HO3EMHHX
CHEIlaJIbHUX TEKCTIB BIAMOBITHOI MPEAMETHOI 00JIaCTi, YHUKATH BXKUBAHHS TEPMIHIB, SKi €
MPSIMOIO  KaJIbKOIO POCICHKOMOBHHMX-YKPAaiHOMOBHUX TepMiHIB. HeoOXimHO AOTpUMyBaTHUCS
€THOCTI TepMiHOJIOTI] B Mexkax aHoTtauii. OZHUM 3 MEpeBipeHUX BapiaHTIB aHOTAIll € KOPOTKE
MOBTOPEHHS B HIM CTPYKTYpH CTaTTi, IO BKJIIOYAE€ BBEICHHS, N 1 3aBAaHHS, METOJH,
pe3yabTaTu Ta BUCHOBKH. Takuii criociO ckiajaHHs aHOTaliil HaOyB MOIMIMPEHHS 1y 3apyOIKHUX
KypHaIax.

CkopoueHHSs Ta YMOBHI [I03HA4Y€HHS, KpIM 3arajbHOBXUBaHMX (B TOMY 4YHCIi B
AHTJIOMOBHHUX CIHEIiaIbHUX TEKCTax), 3aCTOCOBYIOTh Yy BHHSTKOBHX BHIIafKax abo MarOTh iX
BHU3HAYEHHS NIPU MEPIIOMY BXKUBAHHI.

Onunuttl Gi3MYHUX BEIMYWH CJIiJ] HABOJUTH B MbKHapoaHii cuctemi Cl.

B anoTarii He poOasATHCS MOCKHIIaHHS Ha MyOuiKamii y CIUCKY JiTepaTypu 10 CTaTTi.
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