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N. V. KONDRATJUK, T. M. STEPANOV A, A. Yu. VIYENKO, SHEN YUNJIAN

STUDY OF ORGANOLEPTIC AND TECHNOLOGICAL PROPERTIES OF FISH MAFFINS WITH
ADDITION OF PEARLY POWDER

The authors propose a new type of snack muffins with the addition of dry minced fish from sea and freshwater fish, enriched
with pearl powder. It provides high protein content and good taste of finished products. The article presents the results of
experimental studies on the enrichment of dry minced fish with pearl powder and the addition of these compositions to the
recipes of snack muffins. Tasting analysis showed that the best organoleptic indicators have samples of flour culinary products
with the content of enriched dry minced fish in 25%. However, such a quantity of recipe ingredients introduced negatively
affects the process of dough formation and the appearance of finished products. The amount of added pearl powder was 2.3%
of the amount of dry minced fish. The increase in the amount of added pearl powder to 5% does not contribute to an increase in
the hydrophilic-city of dry minced fish in the composition of the dough piece for snack muffins. A further increase above 5%
adversely affects the organoleptic characteristics of the finished culinary products. Thus, the accepted amount of dry minced
fish was 15%. Adding 2.3% of pear]l powder to the amount of dry minced fish allowed the physiological required ratio of
calcium and phosphorus, which was 2:1 and provide preventive doses of organically bound calcium and phosphorus by 24-28%
depending on age.
Keywords: snack muffins; dry minced fish; pearl powder; calcium; phosphorus.

H. B. KOH/IPATIOK, T. M. CTEIIAHOBA, A. 10. BIEHKO, IIIEH IOHL[31H

JOCJUIKEHHS OPTAHOJIENITAYHMX I TEXHOJIOITYHUAX BJIACTUBOCTEA PUBHUX MA®®IHIB
I3 JOAJABAHHAM INEPJIMHHOI ITY IPU

ABTOpH IIPOIOHYIOTH HOBHI BHJ 3aKyCOYHHX MadiHiB i3 BHECCHHSIM CYXOro pHOHOrO (hapiry 3 MOPCHKHX 1 IIPICHOBOZHHX PHO,
30aradeHoro MepiIHHOIO ITYApPOI0, IO 3a0e3MedyloTh MiABHINEHHI BMICT OiiKa i rapHHMH CMak TOTOBMX BHpPOOIB. Y CTaTTi
MIPEACTaBIICH] Pe3yNIbTaTH eKCIEPHMEHTAIBHUX JOCTIIKEHD 10 30araueHHI0 PUOHUX CyXUX (hapIliB MEpINHHUIM ITOPOIIKOM i
JIOMIaBaHHIO OTPHMAaHMX KOMIIO3MIIH N0 CKJIagy pelenTypHOi cyMimi 3akycounux madiniB. [lerycramiiinuii aHami3 1mokasas,
0 HaWKpaIlMM{ OPTaHOJCHTHIHMMH ITOKAQ3HHKAMH BOJIOIIOTH 3pa3KH OOPONIHSHHX KyTiHApHUX BUPOOIB i3 BMICTOM
36arauenoro pubHOro cyxoro gapmry B 25%. OmHak, Taka KUIBKICTP BHECEHHX PELENTYPHHX IHIPEII€HTIB HETaTHBHOTO
BIUIMBA€ HA IMPOLECH TiCTOYTBOPEHHS 1 30BHINIHIA BUIIISA TOTOBUX BHPOOiB. KiNbKICTh BHECEHOI NMEPIMHHOI ITyApH CKJIAsa
2,3% Bim KUTBKOCTI Cyxoro puOHOro ¢apimry. 30UIBIIEHHS KIIBKOCTI BBEIACHO! T0O0AaBKU MEPIMHHOI Myapu 1o 5% He crpuse
30UTBIICHHIO TiAPO(ITBHOCTI CyXoro puOHOro ¢apiry y CKJIaali TicTOBOI 3aroTOBKH Uil 3akycodHnmx MmadiniB. [lomanbrre
30UIpIIeHHs BUIe 5% HETaTWBHO BIUIMBA€ Ha OPTaHONENTHYHI MOKa3HWKU TOTOBOI KyIiHapHOI Mpomykiii. TakuMm dmHOM,
MIPUIHATAa KUTBKICT BHECEHOro puOHOro ¢apmry ckmama 15%. Buecenns 2,3% mnepiauHHOI Iyapu BiJ KiTBKOCTI CYXOTO
pubHOro (apury mo3Bonmio 3ade3nednTH (hizionoriuni HeoOXigHEe CIIBBITHOMIEHHS KaibLiio i ¢ocdopy, ske ckiamgo 2:1 i
3abe3rmednTy Mpo(UITaKTHYHI JO3U OPTraHidHO 3B'SI3aHOTO KaNbIIio i pochopy Ha 24-28% 3a5exHO Bif BiKy.
Kaniouosi cioBa: 3akycouni madiny; cyxuit pubHmii hapir; mepioBa myapa; KaibIii; Gocop.

H. B. KOH/IPATIOK, T. M. CTEIIAHOBA, A. 10. BIEHKO, IIIEH IOHI|31H

NCCIEJOBAHUE OPTAHOJIENTUYECKUAX U TEXHOJIOTUYECKHUX CBOMICTB PBIEHBIX
MA®OUHOB C JOBABJIEHUEM )KEMYY>XHOU ITYAPbI

ABTOpHI IIpeyIaraioT HOBBIH BHM 3aKyCOUHBIX Ma()(hHHOB C BHECCHHEM CyXOTro prIOHOTO (hapia U3 MOPCKUX U IPECHOBOTHBIX
pBIO, 00OraIeHHOro >KEeMUYXHOH ITyJpoi, 00eCIeunBaONINX MOBBIICHHOE COepKaHue Oellka M XOpOIIHH BKYC TOTOBBIX
n3zenuii. B cratbe mpeacTaBiaeHs! Pe3ylbTaThl HKCIICPIMEHTAIBHBIX HCCIEIO0BAHMUM 10 000TaIeHIO PEIOHBIX CyXHX (apIuei
KEMTY)KHBIM HOPOIIKOM U JOOABJICHHIO MONYIEHHBIX KOMIIO3HIUH B COCTaB PEIENTYypPHOH CMECH 3aKyCOYHBIX MadhUHOB.
JleTycTallMOHHBIN aHAIN3 II0KA3aJl, YTO HAWIYYIIMMH OPTaHOJICHTHYSCKIMH ITOKA3aTeIsIMH 00JaJaroT 00pasIl MYyJHBIX
KYJIMHAPHBIX M3JETHHI ¢ CoAeprkaHneM 000rameHHOro peIOHOro cyxoro ¢apima B 25%. OmHako, Takoe KOIHIeCTBO BHECEHHBIX
PELENTypHBIX HHIPEJUEHTOB HETaTHBHOTO BIMSET HA IIPOLECCHI TECTOOOPAa30BaHWS WM BHEIIHMH BHJ TOTOBBIX H3JCITHIA.
KonudecTBo BHECEHHOH >KEMUYKHOH IyApHl cocTaBWiIO 2,3% OT KONIHWYECTBA CyXOro pbeIOHOro ¢apia. YBeaudeHHe
KOJIMYECTBA BBOAUMOM TOOABKH KEMUYKHOM MyIpHI 10 5% HE COCOOCTBYET YBENHYCHUIO THAPOGUIEHOCTH CyXOTr0 PHIOHOTO
¢apmma B coctaBe TECTOBOIH 3aroTOBKH UIS 3aKyCOYHBIX Map¢uHOB. TakuM 00pa3oM, MPHHATOE KOIMIECTBO BHECEHHOTO
psIOHOTO hapmia cocraBmio 15%. Brecenue 2,3% >keMUy)XHOH IyIphl OT KOIHYECTBA CyXOro PHIOHOro (hapIma MO3BOJIMIIO
obecrednTs (PU3UONOTHIECKHE HEOOXOIMMOE COOTHOIIEHHME Kambms U ¢ocdopa, koropoe cocraBmio 2:1 m obecredurs
PO MIAKTHIECKHE JTO3BI OPTaHUIECKH CBSI3aHHOTO KaIbIMs U Gocopa Ha 24-28% B 3aBHCHMOCTH OT BO3PACTA.

KnioueBsble cii0Ba: 3akycounsie MadGUHbI; CyX0i PEIOHBIHA (apir; :KeMIyKHas IMyapa; Kanbimii; hocdop.

Introduction. Currently fish processing is based on
the use of rational technologies, as obtaining mixtures of
minced meat from low-grade varieties fish, most of which
also contain a lot of bones [1-4] and enrichment of minced
fish with biologically active substances [5—11]. During the
processing of fish raw materials use the activity of natural
antioxidants to improve the microbiological stability of
minced meat [7, 10, 11]. A sufficiently wide range of semi-

finished products of high readiness from minced mixtures
allows rational distribution of fish raw materials. [1, 4, 7, 8,
10, 12-14, 18, 19]. However, most of the products are
presented in the form of frozen convenience foods. It is
expensive to store and requires responsibility for
compliance with sanitary regulations and standards during
transportation and processing.

© Kondratjiuk N.V., Stepanova T.M., Viyenko A.Yu., Shen Yunjian, 2019
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It is expensive to store and requires responsibility for
compliance with sanitary regulations and standards during
transportation and processing. In this regard, there is a need
to develop new types of semi-finished fish meat products
with improved technological properties, increased shelf life
and nutritional value, as well as a reduced likelihood of
pathogenic microflora contamination and oxidation of the
protein and lipid components.

Semi-finished products of long-term storage, which
are made on the basis of dry fish mince, used in the
manufacture of extruded products [15], fish snacks [16],
gastronomic products and other semi-finished products.
This is one of the promising directions in the development
of the fish processing industry.

The formulation of the problem in general form and its
connection with important scientific or practical tasks.

1. Analysis of the current state of the problem. In
recent years, new types of minced fish-based products
have been developed in the fish processing industry. This
allows to significantly expand the range of semi-finished
and finished products based on minced fish.. However,
until now the main task is to obtain finished products with
high physiological value and improved consumer
properties. There are different methods are used, such as
enrichment with dry egg and dairy products, vitamin and
mineral  supplements, flavonoids, polysaccharide
mixtures, dry and liquid extracts based on medicinal herbs
and aromatic plants, powders based on fruit and berries,
vegetables and wild-growing berries. Relatively new is
the method of enrichment with powders based on natural
raw materials with a high calcium content, as an element
that forms and maintains the normal state of bones and
teeth. Calcium provides blood clotting, muscle
contraction, nerve impulse transmission, hormone release,
cell division, etc.

Calcium can prevent the risk of osteoporosis,
colorectal cancer, hypertension, overweight with daily
and long-term consumption. However, the showing of the

beneficial properties of calcium is possible only in the
presence of other substances, such as vitamin D, proteins,
phosphorus or fluorine, which are found in fish dry powders
in the required amount to carry out biochemical reactions.
However, it should be noted that the creation of products
that are balanced by chemical composition does not
guarantee their relevance in the market. Consequently, the
development of technologies that allow obtaining enriched
products with a high consumer rating is the main task of
food engineering.

2. Determination of the main research criteria. The
purpose of this article is to expand the range of culinary
products with a balanced chemical composition based on
dry minced fish from sea and freshwater fish with the
addition of pearl powder. The assortment is based on
simulated recipes of flour culinary products.

To achieve this goal, the main tasks were identified:

- determine the basic recipe of muffins, as products
that enjoy increased consumer demand among the
population;

- model the recipe of the combination products,
balanced by chemical composition;

- prepare prototypes of products for tasting with their
subsequent organoleptic evaluation and determination of
nutritional and biological value.

Presentation of the main research material with the
full justification of the obtained scientific results.

The results of the analysis of scientific and technical
information allowed to testify about the advantages of
combining various types of protein-containing raw
materials with the aim of mutual enrichment and increase
the biological value of fish and flour culinary products that
have become objects of research.

Table 1 shows a comparative analysis of the chemical
composition of fish raw materials (in the form of dry
minced meat and wheat baking flour. The table data clearly
shows that the content of the main components of these two
raw material components differ significantly (Table 1).

Table 1 — The chemical composition of wheat flour 1 grade and fish raw materials (dry minced fish) [17]

Content per 100 g of product Name of raw materials

Wheat flour | grade | Pikeperch | Salmon (trimming, ridges) | Carp | Crucian
Proteins, g 11,1 165,6 183,78 144 159,31
Fats, g 1,5 9,9 120,78 47,7 16,2
Carbohydrates, g 67,8 - - - -
Minerals, mg
- sodium 4 315 531 495 450
- potassium 176 2520 3267 2385 2520
- calcium 24 315 81 315 630
- magnesium 44 225 243 225 225
- phosphorus 115 2070 2160 1890 1980
- iron 2,1 4,5 3,06 7,2 7,2
- iodine, mcg; - 45 - 45 -
Vitamins, mg
Bi 0,25 0,72 1,89 2,07 0,54
B 0,08 0,99 1,44 3,42 1,53
PP 4,3 18 78,03 70,74 18,9
A, meg - 90 360 108 180
D, mcg - - 59,76 - -
C - 27 35,1 - 9
E 1,8 16,2 31,95 - 3,6
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Fig. 1. Technological scheme of fish-flour culinary products (muffins)

According to the results of the analysis of table 1,
the carbohydrates in dried minced fish are very small,
therefore the starch flour is the raw component that
regulates the carbohydrate content. Minerals are
presented in a wider range
It is established that a rational ratio of flour and
combined dry fish powder, which allows to maximize
the biological value of fish foods culinary products is
10:90 and 15:85. This is ensured when the dosage of dry
manced fish is 10-15% by weight of fish culinary
products made from wheat flour of I grade. The same
concentrations became interesting both technologically
and economically.

Minced freshwater and saltwater fish were prepared
by finely chopping fish fillets on the skin, followed by
washing in citric acid solution. The concentration of acid
to the mass of minced meat did not reach 0.3%, the
hydromodule mince: water was 1:3. The final moisture

content of the dried minced fish did not exceed 13%.
During the analysis of existing technological operations
for the preparation of fish-flour culinary products, it was
found that the preparatory stage of production lasts an
average of 2-3 hours. The existing technologies analysis
of various fish mince pies made it possible to identify
opportunities for improving the technological process of
preparing muffins for snacks and substantiate new
recipes for fish and flour products, in particular, muffins
based on dry minced fish enriched with pearl powder as a
source of biologically active calcium. As can be seen
from the scheme in fig. 1, the classic recipes of flour
culinary products with fish fillings and the technological
process of their production was changed. Milk and eggs
were replaced with dry milk and egg products. The
participation of whey in the recipe is advisable, since the
pH of the dough piece decreases and the gluten proteins
of flour and minced fish swell better. Also in the
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presence of lactic acid, the process of dissolving pearl
powder is accelerated with the formation of a highly
digestible salt of calcium lactate and carbon dioxide.
CO. Such chemical processes can reduce the amount of
baking powder and ensure the stabilization of the dough
pH and the finished product is normal.

Conclusions and perspectives of further
development of this direction. On the basis of research
on the improvement of the technology of fish-flour
culinary products using combined dried minced fish
stuffed with biologically active calcium, we can
summarize the following: the optimum physicochemical
and organoleptic parameters of snack fish muffins can be
considered as those that were obtained when minced fish
in the range of 10 ... 15%; the use of combined dry
minced fish, enriched with pearl powder, provides high
quality products and biological value.

Analyzing the results, we can note the following.
The addition of combined dry minced fish from marine
and freshwater fish enriched with powder from pearl
powder positively affects the energy and biological value
of the fish in question due to increased protein content,
reduced moisture and a slight decrease in the content of
carbohydrates. This is observed as the amount of flour is
replaced with minced fish. It should be noted that there is
an increase in mineral and vitamin components
depending on the number of minced fish. The number of
minced fish significantly affects the structural and
mechanical characteristics of the product. It should be
noted that these experiments can be used for therapeutic
and prophylactic nutrition, quality control of products
and more complete use of low-value fish raw materials.

High moisture retention capacity of prototypes was
noted. This contributed to minimal losses during heat
treatment and a high percentage of finished products
output. The organoleptic parameters of the prototypes on
the average point of the tasting analysis are higher than
the control samples by 20...25% of the total number of
points. Experimental samples are characterized by a good
commercial appearance, a more pleasant fish smell,
higher taste characteristics. The slice view of the
prototype has a more attractive color and juicy
consistency than the control. The use of the proposed
production of fish and flour culinary products reduces
energy costs by eliminating the heat preparation of the
filling, expanding the range of products with increased
biological value. In addition, the replacement of milk and
eggs with dry whey and egg powder can reduce the areas
of the production zone where milk and egg products are
prepared for production, as well as their storage, with the
obligatory maintenance of cooling regimes.
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V. R. NIKULSHIN, A. E. DENYSOVA, S. 1. MELNIK, S. 1. BUKHKALO

EXERGY ANALYSIS IN MODERN INVESTIGAIONS (REVIEW)

The advance of the exergy method is the universality associated with the usage of exergy allows for the estimation of stocks and flows of all types
of energy included in the balance of any energy technology system using a common criterion of efficiency. For this reason exergy approach was
used for systems investigation’s in different areas such as: traditional energy industry, renewable energy, refrigeration industry, chemical
technology, food production and even in medicine. Review of last publication in all these areas showed that the application of the exergy analysis is
very efficient due to the fact that the exergy approach allows thermodynamically objectively estimate all types of energy sources, regardless of the
specific type of processes occurring in individual elements of the system as well as in the system as a whole. Exergy method due to it universality
can be also a base for a high quality innovations and implementations in practice fields of new design and technological solutions as well as provide
of complex competency development connected with the application to the educational process in different Universities world wide.
Keywords: review; exergy analysis; optimization; energy and refrigeration sectors; chemical and food technologies.

B. P. HIKYJIBIIIUH, A. €. JEHUCOBA, C. I. MEJIBHHUK, C. 1. BYXKA/IO
EKCEPTETUYHUIA AHAJII3 B CYYACHUX JOCJIIKEHHSAX (OIJI)

[IepeBara exceprerndnoro Meroay momsrac B HOTO YHIBEpCANBHOCTI, IOB'A3aHOI 3 THM, IO 3aCTOCYBAaHHS €KCeprii J03BOJSIE OLIHIOBATH
CHepPreTHYHi IIOTOKH DPI3HHX THIIB, SKi BKIIOYAIOTHCS B OANaHCH CHEPTOTEXHONOTIYHHX CHCTEM, 3 BHKOPHCTAHHSAM 3arajlbHOTO ITOKAa3HHKA
edexkTrBHOCTI. BUXOS4HM 3 1bOr0, EKCEPreTHYHMIA Mi/Xi] 3aCTOCOBYBABCS Ul CHCTEMHUX JOCIHIDKEHb B PI3HHX raiy3six, TaKHX SIK: TpajguuiiiHa
€HEepreTHKa, BiTHOBIIOBAIbHA CHEPreTHKA, XOIOAMIbHA IPOMHCIIOBICTh, XIMiYHA TEXHOJIOris, Xap4oBa IPOMUCIIOBICTh 1 HaBiTh MequIHa. Oy
cydacHHX IyOnmikaniifi B IMX BCIX Tally3sX II0Ka3aB, IO 3aCTOCYBAHHS EKCEPreTHYHOrO aHalidy € NOCUTh €()eKTHBHHM B CHIIy TOrO, IO
€KCepreTUYHHHN IiIXiJ1 J03BOJIsIE TEPMOANHAMIYHO 00'€KTHBHO OL[IHFOBATH BCIi THIIM €HEPreTHYHUX PECYPCIB, HE 3aI€KHO BiJl creludiku Iporecis,
sIKI IPOTIKAIOTh B OKPEMHX CIIEMEHTAaxX, a TAKOXK OL[HIOBATH CHCTEMY B LiioMy. EkceprerwmdHmii METOox B CHIy CBO€I YHIBEpCaIbHOCTI MOXeE
CIIyHUTH 0a3010 1M BHCOKOSKICHUX, IHHOBAI[IHHHX, NPAKTHYHUX 3aCTOCYBAaHb B OOIACTSAX HOBHX TEXHOJIOTIYHMX 1 AM3aliHEPCHKUX pillleHb, a
TaKOX JJa€ MOXKIIMBICTh KOMIIJIGKCHOIO PO3BUTKY KOMIICTCHIIiH IPY BIPOBAXKCHHI B HABYAJIBHHUIT IIPOLIEC PI3HUX YHIBEPCUTETIB 110 BCbOMY CBITY.
KutrouoBi ci1oBa: orisiy; ekcepreTHIHMI aHalli3; ONTHMI3allis; eHepreTHKa i XOIOJHIbHA IPOMHCIIOBICTh; XIMiYHA Ta XapY0oBa TEXHOJOTII.

B. P. HUKYJIBIIINH, A. E. JEHUCOBA, C. H. MEJ/IBHHUK, C. H. BYXKA/IO
SKCEPITETUYECKUIA AHAJIN3 B COBPEMEHHBIX UCCJEJIOBAHUSIX (OB30P)

ITpenMymiecTBO IKCEPreTUUECKOr0 METOIa 3aKIIOYAeTCs B €r0 YHHBEPCAIBHOCTH, CBS3aHHOH C TeM, YTO NPUMEHEHHE JKCepPrud MO3BOJIET
OLICHHMBATh JHEPreTUYecKHe IIOTOKM PA3HBIX THIOB, BKIIOYAaeMble B OallaHCHl DHEPrOTEXHOJIOTHYECKHX CHCTEM, C HCIIOIb30BAaHHEM OOIIEro
nokasarens 3¢ ¢dekTuBHOCTH. VIcX0s U3 TOro, SKCepreTHIeckuil MOAXo/] IPUMEHSUICS JUIS CUCTEMHBIX HCCIENOBAaHUH B Pa3JIMYHBIX O0JACTSX,
TaKMX KaK: TpaJUIMOHHAs OJHEPreTHKa, BO300HOBIsEMas JHEPIreTHKA, XOJNOIWIbHAS IPOMBIIUICHHAS, XUMHUYECKas TCXHOJIOIHS, IHINeBas
IPOMBIIUIEHHOCTs ¥ Jaxke MexunuHa. O030p COBPEMEHHBIX ITyOIMKAIMH B 3THX BCEX OOJACTAX IOKa3al, YTO HMPHUMEHEHHE JYKCEpPreTHIEcKOro
aHaJM3a SBJseTCs BecbMa d((EKTUBHBIM B CHITy TOTO, YTO YKCEPreTHUSCKUH IOIXO0]] I03BOJISIET TEPMOJHHAMIYECKH 00BEKTHBHO OLEHUBATH BCE
THUIIBI SJHEPTreTHIECKUX PECYPCOB, HE 3aBHCHMO OT CIEHH(UKH MPOTEKAIOMUX B OTJCIBHBIX dJIEMEHTaX IPOLECCOB, a TAKKE OLCHUBATH CHCTEMY B
[eToM. ODKCepreTHYeCKHi METOX B CHIY CBOSH YHHBEPCAIBHOCTH MOXKET CIYXKHTh 0a30d JAIS BBICOKOKAYECTBCHHBIX, HHHOBAIMOHHBIX,
MPAKTHYECKUX TIPUIOKEHUH B 00JIaCTIX HOBBIX TEXHOJIIOTNYECKUX U H3aiHEPCKUX PEIIeHNH, a TakKke JaeT BO3MOXKHOCTh KOMIIIEKCHOTO Pa3BUTUSL
KOMIIETEHIIHI [IPH BHEAPEHUH B yIeOHbIH IIPOLECC Pa3IMIHbIX YHUBEPCUTETOB 10 BCEMY MUDY.

KiioueBble ciioBa: 0030p; SKCEpreTHYECKHIl aHaNM3; ONTHUMH3AIMs; DHEPreTHKa M XOJIOJHUIbHAS HPOMBINIIEHHOCTh, XHMHYEcCKas M
IIMIIEBas TEXHOJIOTUH.

Introduction. For application of exergy method
analysis now is an increased interest. Only in the leading
journals in this area Energy and Int. J. of Exergy during
the past 5 years, the number of publications exceeds 200.
Only in 2017 in this area was published more papers than
for 2014-2016 in total. In contrast to the methods of
thermodynamic analysis used earlier, the exergy method
takes into account not only the quantity but also the
quality of energy flows, which puts this method in first
place in its objectivity.

The advance of the exergy method is the
universality associated with the fact that the use of
exergy allows to estimate stocks and flows of all types of
energy included in the balance of any energy technology
system using a common criterion of efficiency.

Exergy as an indicator of practical energy efficiency
can serve also for an approximate comparative estimation
of average energy efficiency indicators, especially in
those cases where purely economic criteria for evaluation
are absent. This method is also characterized by the
simplicity and visibility in calculation.

Exergy method due to it universality can be also a
base for a high quality innovations and implementations
in practice fields of new design and technological
solutions as well as provide of complex competency
development connected with the application to the
educational process in different Universities world wide.

Applications of exergy analysis. The first Russian-
language monographs with detailed description of exergy
method are [1], [2]. Subsequently, this method was also
described in [3], [4], [5], [6], [7], [8], [9], [10]. Since that
the exergy method of thermodynamic analysis was used
in the following different areas (the recent publications
are given below).

In the energy sector for: thermodynamic evaluation
of air cooling systems [11], absorption heat pump
analysis [12], Brighton supercritical carbon cycle
research [13], thermodynamic analysis of Renkin's
organic cycle [14], [15], gas turbine installation study
[16], the thermodynamic analysis of the thermoelectric
battery [17], the study of a three-generation system using

© Nikulshin V.R., Denysova A.E., Melnik S.I., Bukhkalo S.I., 2019
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pneumatic motors [18], [19], [20], [21], the development
of new three-generation thermodynamic cycles with two-
phase expander and compressors [22], the definition of
exergy losses due to the improvement of steam boilers
[23], [24], [25], the study of the operation of aviation
turbines [26], the study of pneumatic energy
accumulation systems [27], [28], the study of steam
boilers with a boiling layer [29], analysis of impact at
environment of gas turbine plants [30], the study of
boiling fluid boilers [31], the analysis of the operation of
thermal power plants [32], [33], [34], [35], the analysis
of plate heat exchangers [36], the analysis of tubular heat
exchangers [37], turbine engine research [38], pneumatic
transport systems research [39], is investigation of
processes in the work of turbomachines [40], [41], gas
turbine optimization [42], research of processes in heat
pipes [43], optimization of secondary energy resources
use in industry [44], analysis of high-temperature
combustion chambers [45], research of transport systems
[46], improvement of thermal power plants [47], [48],
[49], [50], optimization of regenerative cogeneration
systems [51], [52], thermodynamic analysis of
compressed air storage [53], optimization of heat
exchanger systems [54], optimization of operating modes
of power units of thermal power plants [55],
investigation of a buildings heating [56].

In renewable energy for: analysis of renewable
energy sources use in multigeneration systems [57],
research of the solar absorption refrigeration system [58],
analysis of processes in solar ponds [59], research on
electricity generation for biofuels [60], research of solar
gas turbine cycle combined with the transformation of
fuels [61], the study of flat solar collectors [62], the ther-
modynamic analysis of a solar receiver [63], an investi-
gation of the Renkin organic cycle with a solar energy
source [64], investigation of the hybrid type systems
[65], the study of the absorption refrigerators using solar
energy [66], the study of gasification processes in the
production of biofuels [67], the study of biomass pro-
duction processes [68], [69] , thermodynamic analysis of
diesel fuel on biofuels [70], solar collector studies [71].

In the refrigeration industry for: thermodynamic
analysis of ejector refrigeration cycles on neural
networks [72], the development of cryoaccumulators
[73], the design of cryoaccumulators, combined with
liquefied gas regasifiers [74], evaluation of low-
temperature processes [75], research of cooling processes
[76], improvement of the processes of operation of
ejector refrigeration systems [77], research of cooling

Table 1 — Exergy characteristics of sugar production

processes of hydrogenerators [78], analysis of cryogenic
systems [79], analysis of irreversibility of processes in
solar absorption refrigerators [80].

In chemical technology for: research on the
hydrogen production system [81], the analysis of reactors
for the production of methyl [82], the study of rotary
furnaces for the production of ferronickel alloys [83], the
study of anode gases in fuel accumulators [84],
optimization of industrial ammonia production [85] ,
comparison of various cycles of ammonia synthesis
processes [86], calculation of generalized exergy
functions of chemical processes [87], analysis of recycle
gas processes [88], study of mass transfer processes [89],
research of processes in boiling layer dryers with
obtaining of soda [90], the study of filtration processes
[91], the study of regeneration processes in the
production of sulfuric acid [92], the improvement of the
properties of structural materials [93], the analysis of
liquid ammonia storage [94], the experimental study of
gas-solids reactors [95], the analysis of carbon dioxide
absorption processes [96], gas gauge studies [97], the
analysis of the diffusion air pollutants from the chimney
[98], the study of gasification processes of fuel [99].

In food technology for: improvement of cogenerati-
on systems in sugar production [100], investigation of
environmental impact of ethanol and sugar production
[101], optimization of sugar plant [77], [94], thermody-
namic analysis of milk pasteurization [102], optimization
of food preparation processes [103], improvement of tea
leaves drying process [104], [105], strawberry straw
growth studies in greenhouses and open soil [106].

And even in medicine for: studying the comfort of
Fanger with the use of exergic loss of man [107],
research on the work of the heart on the exergy model
[108]. From the last years Papers of authors in this area
can be mentioned as follows. In [109-111] exergy
analysis was applied to a typical technological scheme of
a sugar production factory with a capacity of 3000
tons/day, and determined the corresponding exergy
characteristics (tabl. 1).

In the initial preparing of product, the greatest loss
of exergy (187 kW) falls on the process of obtaining
affinity sugar with a minimum value of the degree of
thermodynamic perfection 0,5. This is due to dissipative
losses of centrifugation processes, mechanical separation
and grinding, diffusion, in which energy is used on the
equipment drives. In the processes of syrups heating the
exergy losses caused to heat transfer irreversibility at
sufficiently high temperature differences, and the
dissipative losses of the product transportation process in
the subsequent processing steps.

No | Groups of production Exergy Exergy Exergy losses, The degree of

processes at the input, kW at the output, kW kW thermodynamic perfection

1 | Initial preparing 1022 665 357 0,65

2 | Syrups heating 1034 831 203 0,80

3 | Evaporation of syrups 8236 4448 3788 0,54

4 | Syrups collecting 309 284 25 0,92

5 | Filtration of syrups 1122 1020 102 0,91

6 | Processing of products 899 815 84 0,91

7 | Sugar cleaning 1669 949 720 0,57
Total 14291 9012 5279 0,63
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The largest losses of exergy (93 kW) fall on the
process of heating the syrup of affinity sugar at a low
value of the degree of thermodynamic perfection 0,77.

For syrup evaporation the greatest exergy loss (kW
1451) occur in the process of primary refined (as well as
a low value of 0,55 degree thermodynamic perfection),
which results to a large heat flows and an irreversibly of
heat transfer processes at high temperature differences.

In the processes of collecting syrups, loss of exergy
caused by dissipation in transportation of the product
from several locations with subsequent mixing and direct
losses of a heat to the environment from the equipment
due to imperfect thermal isolation. The largest losses of
exergy (10 kW) fall on the process of collecting the
syrup 2 product at a sufficiently high value of the degree
of thermodynamic perfection 0,92.

During filtration, the greatest loss of exergy (30
kW) falls on the process of filtering the syrup before
sulphation at a sufficiently high value of the degree of
thermodynamic perfection 0,89. This is due to the
dissipative processes during filtration and the low quality
of filtration material. As follows from the consideration
of the results for system of sugar production as a whole,
the greatest exergetic losses are observed during the
process of syrup evaporation (more than 70 % of the
exegetic losses of the whole process of sugar
production). These processes are also characterized by
the lowest degree of thermodynamic perfection from all
the processes under consideration (0,54), therefore, for
these processes have been given the most attention.

In [112-116] was considered exergy application
with a graphs method on a base of exergy flow graph for
investigating of Power systems on example of gas
turbine installation. The exergy flow graph of a system
with arbitrary structurecan can be expressed as a graph, E
=(A, )= (A, U), where A is nodes multitude corresponds
to systems elements A={a; ,a,,...,ai ,...,am }, U is the arcs
multitude corresponds to the exergy flows distribution in
the system U={a; ,ai}; i=Li=12,..,m;1=12, .. m,
and T represents a multivalued display of multitude A
into itself.

The generalization of characteristic and exergy flow
graph gives the possibility to avoid multi-types of graph
models in analysis of power intensive systems. Also it
provides a common exergy-topological approach in the
systems investigation.

For gas turbine installation exergy losses in the
turbines and in the turbo compressor are the result of
dissipation of expansion (pressure) processes in a real
installation.

Degree of thermodynamic perfection of turbines
and turbocompressors are sufficiently high. Usually, the
bigger the difference between average parameters of the
working fluid and the environment, the smaller the
exergy losses.

The same situation is also true for heat exchangers.
Higher temperature level in regenerative refrigerator (as
compared with intermediate refrigerator) gives a higher
degree of thermodynamic perfection of the heat
exchanger.

Exergy losses in other elements of the system are
caused by dissipation of the flow transport in the pipe-
lines or by mechanical losses. For the system as a whole
the degree of thermodynamic perfection is less than the
same characteristics for any element of the system in
result of the mutual influence of one elements to the
others in the system.

Conclusion.

1. The exergy method of thermodynamic analysis of
systems is actively used not only in various industries
(energy, refrigeration, renewable energy, construction
industry,  chemical, pharmaceutical and food
technologies), but also in areas which are quite unusual
for its application, for example, in medicine

2. The application of the exergy analysis is very
efficient due to the fact that the exergy approach allows
thermodynamically objectively estimate all types of
energy sources, regardless of the specific type of
processes occurring in individual elements of the system.

3. Exergy method due to it universality can be also
a base for a high quality innovations and
implementations in practice fields of new design and
technological solutions as well as provide of complex
competency development connected with the application
to the educational process in different Universities world
wide.

4. Thermodynamic analysis of sugar production
systems was carried out based on the application of the
First Law of Thermodynamics (energy characteristics) as
well as on the joint application of the First and Second
Law of Thermodynamics (exergy characteristics). Based
on this analysis, three groups of energy-saving options
were formed: using waste energy resources; changing
energy parameters; based on structural changes in the
system. It is shown that the identified energy-saving
potentials can serve as a basis for the subsequent
optimization of sugar production systems. However, the
final decision on the application of these energy-saving
options requires a thermo-economic approach, since the
implementation of most of them requires significant
capital investment.

5. The main exergetic characteristics of a typical
sugar production scheme with a capacity of 3000 tons of
sugar per day have been calculated, analysis of which
showed that the main source of exergy losses (more than
70 %) in sugar production systems are the boiling
processes, which also have a low degree of
thermodynamic perfection (0.54). Losses of exergy in
these processes as well as in others are caused by big
heat fluxes and irreversibility of heat exchange processes
at significant temperature drops, and as dissipative losses
of centrifugation processes, mechanical separation,
diffusion and transport of streams.
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O. I1. YYMAK, T. O. BEPE3KA, C. M. MOJIbYEHKO

010 OTPUMAHHS JIEHUTHHY 3 ®OCPATHUIIB COHSIIHUKOBOI OJIIi

V crarTi posrisHyTi 6araTocTamiiiHi TEXHOIOTI OTPHMAHHS Xap4oOBOro JEHUTHHY 3 BUKOPUCTAHHSAM BHCOKHX TeMmIeparyp. B pesynbrari po6otu
OTPUMAHO Xap4OBUH JICHUTHH 3 (OCHATHIHOrO KOHLEHTPATy COHSIIHMKOBOI OJIii 3 BHKOPHCTaHHSAM aleTOHY i eTWIOBOro crmupry. bByio
JIOCIIIDKEHO BIUIMB TiPOIEPOKCUIY BOAHIO Ha (ocdaTHAHMIT KOHIICHTPAT 1 Ha BIACTHBOCTI OTPUMAHOTO JICLUTHHY. BCTaHOBIECHO, 110 OTPUMaHHI
3 (hocdaTHIHOTO KOHICHTPATY JICHUTHH 32 CBOIMH ()i3MKO-XIMIYHUMH BJIACTHBOCTSIMU BinoBigae Bumoram COY 15.4-37-12: 2004. Buznaueno IK-
CIIEKTp JICHUTHHY, IO MiATBEpKYE NPUCYTHICTH (PYHKIIOHANBHUX (PPArMEHTIB, sIKi XapaKTepHi M1 Xap4oBOrO JIENUTUHY. Y IIOJAIbIIOMY
OTPHMaHi eKCIIepPHUMEHTAbHI JaHi OyAyTh BUKOPHCTAHI /I pO3pOOKU TEXHOJOTrii OTpHMaHHS XapdoBoro JenutuHy. I[lepenbavaetses, mo gaHi
JIOCTIZKEHHS JO3BOJISATH BIPOBAJUTH HOBY TEXHOJIOTIIO B XIMiUYHY IIPOMHUCIOBICTS HAPOJHOTO FOCIIONAPCTBA.
Kurouosi ciioBa: pochaTupHmii KOHIEHTPAT; XapuOBHUii JICHUTHH; i30TEPMH IIOBEPXHEBOTO HATATY; IHQpauepPBOHUI CIIEKTP.

O. 1. YYMAK, T. A. BEPE3KA, C. H. MOJIbYEHKO

O NOJYYEHUU JTEHUTUHA U3 ®POCPATUIOB NOJCOJTHEYHOI'O MACJIA

B cratbe paccMOTPEHBI MHOTOCTaANIHbIC TEXHOJIOTHH IIOJydeHHs IUIIEBOro JIHIETHHA C HCIIOIb30BaHUEM BHICOKHX TeMmIlepaTyp. B pesymbraTe
PaboTHl HOJIy4eH IHIIEBOH JHIETHH H3 (ocdaTUIHOrO0 KOHIEHTpaTa IIOJCOIHEYHOrO Macia ¢ HCIOJIb30BAHHEM alleTOHA M JTHIIOBOTO CIHPTA.
bbL10 HCCIenoBaHo BIMSHUE THAPOIEPOKCHAA BOLOPoaa Ha (pochaTHIHBIA KOHIIEHTPAT H Ha CBOMCTBA MOIydEHHOTO JICMUTHHA. Y CTAHOBIIGHO, YTO
TOJIy9eHHBIH U3 (ochaTHAHOTO KOHIIEHTpaTa JIHIETHH 110 CBOMM (PH3UKO-XUMUYECKIM CBOKHCTBaM oTBedaeT TpedosanusM COVY 15.4-37-12:2004.
Ompenenen MK-criekTp ImIleTHHA, MOATBEPKNAIOIMII NPHCYTCTBHE (YHKIHOHAIBHBIX (DparMeHTOB, KOTOpPBIE XapaKTepPHBI IS IHIEBOIO
IuIeTHHa. B panpHeIIeM IOIydeHHbIe YKCIePHMEHTAIBHbIC JaHHBIC OyIyT HCIIOIb30BAaHEI AN Pa3paOOTKU TEXHOJOTUH MOJIyYeHUS HMHIIEBOTO
nmueTuHa. Ipennonaraercs, 4To JaHHBIE UCCIEIOBAHUS IO3BOJIAT BHEAPUTh HOBYIO TEXHOJOTUIO B XUMUYECKYIO IPOMBIIIEHHOCTh HAPOIHOIO
X03s1icTBa.
Kuouesble c1oBa: hocdaTHIHEI KOHIEHTpAT; MUIIEBOH JIHI[ETHH; H30TEPMBbI IOBEPXHOCTHOTO HATSDKEHUS; HH(PAKPaCHBIH CIIEKTD.

O. P. CHUMAK, T. O. BEREZKA, S. M. MOLCHENKO

ON THE PRODUCTION OF LECITHIN FROM SUNFLOWER OIL PHOSPHATE

The article discusses the multistage technologies of obtaining food lecithin using high temperatures. As a result of the work, food lecithin from
phosphatide concentrate of sunflower oil using acetone and ethyl alcohol was obtained. The effect of hydrogen hydroperoxide on the phosphatide
concentrate and on the properties of the resulting lecithin was investigated. t was established that the lecithin obtained from the phosphatide
concentrate in terms of its physicochemical properties meets the requirements of the SDA 15.4-37-12: 2004. The infrared spectrum of lecithin,
confirming the presence of functional fragments that are characteristic of food lecithin, was determined. Studies of solutions of lecithin have shown
that the resulting product exhibits surface activity forming associates with a critical concentration of micelle formation ~ 2%, reducing the surface
tension, including in the presence of surface-active substances. In the future, the experimental data obtained will be used to develop a technology for
the production of food lecithin. It is assumed that these studies will introduce a new technology in the chemical industry of the national economy.
Keywords: : phosphatide concentrate; food grade face; surface tension isotherms; infrared spectrum.

AxTtyanpHicTh. B YkpalHi iCHYe TOTY)XHE CHPOBHHHE
JDKEpEJIO OTPUMaHHS JISHUTHHY - (ocaTHiHi KOHIEHTpaTH
COHSIITHAKOBOI OTii, BHUPOOHMIITBO SKUX HA JAHUHA dYac
niepebubirye 4000 ToHH, 3 sIKMX BUpoOisteTsest Outbine 1600 T
Xap4OBOIO TIPOTYKTY, OTHIM 3 OCHOBHMX KOMIIOHEHTIB SIKOTO €
nermtrH. Lel KOMITOHEHT 3a paxyHOK AM(MUIBHOI CTPYKTYpH,
MIPOSIBIIAIOUN TIOBEPXHEBO-AKTUBHI BJIACTUBOCTI,
3aCTOCOBYETBCSI HE TUIBKM y XapyoBili MPOMHCIIOBOCTI IPH
BUPOOHMIITBI MalOHE3iB, MaprapHiB, coycis, ame i y
(apMareBTHUHI T2 KOCMETHYHIM TPOMMCIOBOCTI  JUIs
OflepKaHHS JIKIB, KpeMiB Ta IHIMX TpomykriB. Ilpm
BHUKOPHCTaHHI B IIMX BHPOOHMIITBAX JICLMTUH TOBUHEH OYTH
BHCOKOI SIKOCTI, SIK 32 (DyHKLIOHAJBHUMH TEXHOJIOITYHUMHU
BJIACTUBOCTSIMM, TaK 1 TOBapHMM BUIVIIOM. Pasom 3 TuM
(ocatiaHi  KOHLEHTpaT! BKIIOYAIOTH 3HAYHY KUIBKICTH
POCITMHHOI OJ1il, KOHIIEHTparlisi siKoi Moxke mocsratit 50 % i
OiyIbIIe, >KUPHI KUCIIOTH, Pi3HI CYITyTHI pedoBHHH [ 1], 1 ToMy 3a
30BHIIIHIM BHIVZIOM — II€ TYCTI CMOJIONOMIOHI TPOTyKTH
TEMHO KOPHYHEBOrO 200 YOPHOTO KOJIBOPY, 110 3HAYHO 3BYXKYE
cthep SIK 1X 3aCTOCYBAaHHS, TaK 1 ONEPKaHUX 3 HUX JICIUTHHIB.
B 3B’s13Ky 3 1M TiIBUILIEHHS SIKOCTI JIEMTHHY (pocdaTrHix
KOHIICHTPATIB COHSIITHIKOBOI OJIii € AKTYaJIGHIM 3aBIAHHSM.

AmHaJti3 JliTepaTypHHX JAHNX i IOCTAHOBKA NMPOOJIEMH.
Bimomi TexHoOmorii  OfepXKaHHS XapyOBOIO JICIUTHHY 3
¢octarimroro xoHueHTpary (PK) Brmouarots B cebe Crajiio
3HOKUPEHHS HOro aleTOHOM YU EKCTPAryBAaHHS CTAHOIOM,
I30MpOITLJIOBUM CIIMPTOM 200 TeKCAHOM.

Binmomo [2] otpumManHs JietiTrHY ((hocaTHmuIKOITiHy) 3
YKOBTKIB KypsTIUX SI€TTh. J[J1s1 1IHOr0 X TOMOTCHI3YFOTh B aIleTOHI
npu Temrepatypi Minyc 20-25 °C Bmpomox 3 xB. Illapu
posaistots. [Iporec moBTOprOrOTE 6 pasziB. [lotiM  steurmiz
JKOBTOK EKCTparytotb eraHornoM mpu 24-28 °C B arMocepi
iHepTHOrO Ta3zy BOpomoBxX 1,5 rom. OrpuMaHuii micist
(uTsTparyi Mpo30pHii PO3UNH OCAHKYIOTH XJIOPUIOM KaJIMIIO.
Oriepariifo  OCa/DKCHHS €TaHOJIOM 3 XJIOPHIIOM  KaJMif0
TIOBTOPIOIOTE I1ie 5 paziB. OneprkaHuii ocai pO3YMHSIOTH B
xsopodopmi, 00podisiore 30 % po3uMHOM  eTaHonmy i
OZICPKYIOTh KiHIICBUI TIPOMYKT. TakoK BiZoMo [3] oTprMaHHs
JICIWTHHY NUBIXOM EKCTPakIii JKOBTKIB KypsSUMX SI€lb
arieroHoM. [Ipy 1HOMY JKOBTKH 0araropazoBo OOpOOJISIOTH
aTIeTOHOM, OXOJIOIPKEHIM JI0 TeMrieparypu MiHyc 18-20°C.
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[oriM TOBTOPHO eKCTparyroTh HoTHpH pasu 96 %
€TAHOJIOM NPH IHTEHCHBHOMY IIepEMIITyBaHHI BIPOZIOBX 1 rof.,
(UIBTPYIOTh TiJl BAKYyMOM, YIIApIOIOTh JI0 MaseromioHOro
3aJMINKY, IO SKOTO TMpPH TIePEMIlTyBaHHi JIONAIOTh 3-KpaTHIIA
00’€M arleTOHY, HATPIBAIOTH 1 BUTPUMYIOTH IIPH TEMIIEpaTypi
25-28°C Biponosx 60 xs. Ilicns "oro B porariiiiHoMy anaparti
TIiJT BAKYYMOM BHIATSFOTH alleTOH, IOJAr0Th Harpitii 10 40 °C
96 % eraHON, (PUIBTPYIOTH 1 TIOBHICTIO BUAISAIOTH CTAHOM TTijT
BaKyyMoM. Binomo [4] oTpuMaHHS JICIMTHHY, XOJIECTEpHHY,
kehatiHy, a TAKOK IHHOI OLTKOBOI KOPMOBOI JTOOABKH IS
TBapUH — OlompoTy, 3 BIOXOmB  M'siconepepoOHOL
TIPOMUCIIOBOCTI, 30KpEMa 3aMOPOYKEHOI TKAHWHM TOJIOBHOTO
MO3KY CUIGCBKOTOCTIONIAPCHKMX TBAPHH. TEXHOMOrisl BKIIFOYaE
TIOHepeHI0O  00pOOKY CHpOBHMHHM HUBIXOM —PO3MOPOKEHHS,
MONPIOHEHHS 1 TOMOTEHi3alii B eTWiIoBOMY crmpTi. ITicis
¢utsTpari  oTpuMany  GioMacy  eKCTparyioThb — €THJIOBHM
crmpToM Tipu Temrieparypi 15-75°C B omHy abo Kitbka
CTYIEHIB IIpH CITBBIIHOIICHHI OioMaca: eKCTpareHT PIiBHUM
1:2—-1:100 Brponosx 25—120 XBIIIMH HA KOKHOMY CTyIicHL. B
Ppe3yIbTati OTPUMYIOTH OIOIIPOT TOJIOBHOIO MO3KY 1 JIITIHL
Jlirmim nepepo3unHsIOTh B OY/Ib-SIKOMY MEHII MOJSIPHOMY, HiK
alleTOH, OpraHiYHOMY PO3YMHHHIKY TIPH CITiBBiAHOMICHHI 1:1-
1:10. Torim mo pozumHy nomarorh 2—10 KpaTHy KUIBKICTH
areToHy. Y TBOpeHuiA oca pocormiri B 30MparoTs Ha (GUIBTPI,
sIKi 0OpOOJITEIOTE B OIHY a00 KUTbKA CTYIICHIB CTHJIOBHM
crmpToM Tipu Temrieparypi 15-75°C i criBimHomeHH 1:1-
1:50. KedaninoBy ¢paxuito 30nparots Ha (instpi. PUIBTpaT
OXONOIKYIOTE 10 Temmeparypu  5—-10°C 1 moBTOpHO
(GUBTPYIOTh. Bimramstiors 3 QUIBTpaTy €raHon i OTpPHMYIOTH
nermTrH. Opakmiio HEWTPAITHHUX JIMIIIB MIEPEPO3UHHSIOTH B
eraHoti mpu  criBBigHomernHl 1:1-1:50, Burpumytors 30—
60 XBIUIMH 1 OTPUMYFOTH CYCIICH3iI0 XOJICCTCpPUHY B €TaHOI,
XOJeCTepyH 30MparoTh Ha (inbIpi i Bucymrytors. Bimomo [5]
OTPUMaHHS JICLMTHHY, IO PEKOMEHIYETHCS SIK eMYJBrarop
YKUPOBOI EMYJTBCIT J1s1 BHYTPIITHHOBEHHOT'O BBEZICHHS, [T 4OTO
1o 500 QochaTHOro KOHIGHTpPATY JONAFOTH | J1 areToHy i
TIEpEMILITYIOTh Ha MEXaHIYHIA Milamy Bripoforx S xB. [lorim
PO3YMH JEKAaHTYIOTh, @ JI0 OCajly JOAAIOTh Ie | J1 areroHy i
3HOBY TmepeMimmyrore  Bropomobx  10xB.  Ilporemypy
TIOBTOPIOFOTH 111e /1Ba pasy. Ocast ocdarriB BiLIETPOBYIOTH
Ha Jiiini broxaepa yepes naneposuit (unsTp, mpomuBaroTs 0,5 11
alleTOHy 1 CylmaTh B BAaKyyM-€KCHKAaTOpl Haj XJIOPHUCTHM
KaJIbLIEM JIO TTOBHOTO 3HUKHEHHS 3arlaxy aleToHy. B pesymbrari
orpumyroth 300 T 3HeKHpeHux (docharuaiB. o dochatumia
nomvBarote 900 Mt eraonmy, mimirpitoro mo 60 °C. Cymimn
BUTPUMYIOTH  BIPOZOBXXK SXB HAa BOmAHIA OaHi TmpH
niepemintyBanHi 1 Temmeparypi 60°C . Tapsuauii  po3umH
BiJIOKPEMITFOIOTH JICKAHTAITIELO, JIO 3ATHINKY TOMMBAOTE 900 MIT
eTaHoy, miairpitoro g0 60 °C, i eKCTPaKIiio MOBTOPIOIOTH IIIE
omiH pa3. OOUIIBI TIOPIIIT EKCTPAKTY 00'€HYIOTH 1 3ATHITIAIOTE B
xomombHAKy  Ha  10-12Ttom.  Ocam, 1mo  Bumas,
BIJTOKpEMJTIOIOTH  (DUTBTPAINEI0 depe3 TanepoBuid  (UIBT.
Otprmytors 1700 M eKCTpaKTy 3 KOHIEHTPALIEIO JICUTHHY
4% 00., AKnii BHNApPIOIOT> HA POTOPHOMY BHITAPHHKY TIPH
40°C no obcary 680 mn mrst orpumansst 10% pozumHy
snemuruHy. el po3urH MpOIMyCKaroThb 4Yepe3 LIap OKUCY
ATOMIHIIO Macoro 48T, SKMil BIIMHWTUI €TAHOIOM Bif
npibHOMCTIEpCHOrO  (hpakmii Wi BINIUIGHHS MipOreHHNX
nomimiok. Otprmyrore 650 MJI po3urHy 3 KOHIICHTPALIETO
nemutuHy 7,5% 00. B meit poswmH 3acumatore =~ 97T

aKTUBOBAHOTO BYIUUII MapKh A 1 €HEpriiiHO CTpPYIIyIOTH
BrponoBk 15 xB. Cymin (uIBTPyrOTH Yepes manepoBuii GUIBTp,
a motiM 4epe3 ¢ietp "Miyminop". B pesyisTari oTpEMYyroTh
600 MIT pO3UHHY 3 KOHIICHTPAIIIEO JISTTHHY 6 %. OTprManwit
JICIWTHH BMIIIye HE3HAYHY KUTBKICTD BUTBHHX JKHPHHX KHCIIOT 1
XapaKTepU3YeThCSl HU3bKUM TIOKa3HUKOM KOJIBOPOBOCTI, IO B
3HAYHI Mipi BBHAYa€e SKICTh emynbraropy [12]. Bimomo [1]
BUKOPHCTAHHS 130MPOITJIOBOrO CIUPTY 3aMiCTh CTAHONY TIPU
MacoBomy BimHomenHi ®OK : crmpr Ha mepuiii crami 1:2, a
TIOTiM TSI 3MEHIICHAS BTpar Jierutuay — 1:1. OOpoGreHHs
npoBomate mipu  Temrieparypi 50-80°C Ta iHTEHCHBHOMY
niepeminryBasHi. Takox Bizomo [6] BUmiIeHHS (hochommimimiB i3
(docatiIHOrO KOHIGHTpaTy, SKWA TIOISTa€ B TOMY, IO
(ochaTiaHMil  KOHIIEHTpAaT PO3UMHSIOTH Y TeKCaHi IpH
crmiBBimHomieHHi  mac  1:1.  OgjepkaHmii  po3uMH  TIpU
IHTCHCMBHOMY ~ TIEpeMilllyBaHHI ~ OOpOOISIOTH  BONOIO Y
criBBimHOMEHHI (pocaTHmHmiA KoHIIeHTpar : Boma 1-1,5:1 mis
BimieHHs (ocdomiIaiB Bil JKMPIB Ta IHIINMX CYITYTHIX
pedoBrH. B 1mmx ymoBax cocdorimay TigpaTyroThCs,
BTpavalOTh POZUMHHICT> B TeKCaHi 1 TEPEXOATh IiCII
BiJICTOFOBaHHS B JIPIOHOMVICTICPCHUN OCAJ y BUIVIS €MYJIECIL,
SIKHH BIJIOKPEMITFOFOTE Bifl TEKCAHOBOTO MIapy. YIIUTGHCHHS Ta
3HEBOIHEHHSI 0Ca[y IPOBOIITh UUBIXOM HArpiBaHHI [0
temneparypu 60-80 °C Bnponosx 20-30 xBwmH. Binomo [7]
OZIepPKaHHs  TTOPOMIKOMOMIOHOrO  JILMTHHY 13 POCIIMHHHX
¢dochariaiB mUBIXOM iX OOpOOKM HAarpiTUM — aleToHOM,
TI/IpATAIliEF0  HEPO3YMHHOrO Ocamy Ta BucymryBaHHA. Ocan
¢docomimge mcnst ¢GiTeTpamii  0OpOOISIOTE BOIOKD TIPH
CITIBBIHOLICHHI pimKoi Ta TBepmoi ¢asu 3,5:1 abo 5:1 mpum
Temneparypi 15-25 °C 3 nopasisImm BUCYITYBaHHSIM CYCITEH311
mpu Temrepatypi 90-100 °C. Buxin miboBOro MpOmyKTy Y
BHIIISIIL TTOPOIIKY 5565 Y.

HenomikamMu  BiioMMX TEXHONOTH € 3aCTOCYBaHHS
OaratbOX CTajjii, BHUKOPHICTAHHS BHCOKHX TEMIIEparyp,
TPYAHOLL NPY 3HEBOIHEHHI OCaJy, IHAKTMBYBAHHS JICLUTHHY
TIPY TEpPMidHii 0OpoOLl, HEJOCTATHRO SIKICHHI 33 KOIMBOPOM
TOBapHHI BUTTIA.

Mera i 3agaua nocmimkenHs. Mera poOoTd mossirae B
OTpUMaHHI ~ XapyoBOro JieuruHY 3 (hochaTuaHoro
KOHIICHTpAaTy COHSIITHAKOBOI OJii [IUIIXOM BIJIUICHHS 3
BHUKOPHCTAaHHSIM AIIETOHY 1 €TaHOMY Ta JOCITI/DKEHHS BIUIMBY
TIIPOTIEPOKCHLy BOIHIO Ha (Di3MKO-XIMIUHI XapaKTepHCTUKH
KIHIIEBOTO TIPOIYKTY.

Buxopucrani marepiasiu, oOJiagHaHHA i MeTooM
agamiziB. [liqm 9ac  JOCHIIKCHHS  BHKOPHCTAHO
¢docharunumii  KOHHEHTpaT 3  (I3UKO-XIMIYHUMH
XapaKTEepUCTUKaMH, sKi NpHBeIeHO B Tabin. 1, armeroH
srigHo 'OCT 2768-84, ermnosuii criupt 3rigao JCTY
4221:2003, MIeHTaIeNMICYIb(OHAT HaTpito
(CisH31SO3Na — IIJICH, VEB-LEU Na) 3 BmicToM
OCHOBHOI pe4oBHHH 98 %o.

Kucmorne w4umcino Bu3HaueHo 3rigao JCTY
4350:2004, mnepoxcumae uymcimo 3rimHo JACTY ISO
3960:2001, Bonoru 3rigao JICTY ISO 662:2004, 3amax
ta mposopicte 3rimHo JACTY 4463:200, xomipHiCTh
srigao 3 JICTY 4568:2006, dhochopoBmMicHUX peuoBHH
srigHo JICTY 7082:2009, rycruny 3rigao ['OCT 3900-
85.

YKupnokucnorauii cknax srigao ACTY ISO 5508-
20013 BukopucranusMm xpomarorpady SHIMADZU npu
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YMOBax: TeMIepaTypa TepMocTaTa KOTOHOK — 180—
190 °C; Temnepatypa Bunapuuka — 250 °C; remnepatypa
nieyi frerexkropiB — 200 °C; WBUIKICTH OTOKY Ta3y-HOCIS
(asor, aprom, remit) — 30-40 cm’/xB; 00'eM 3pasky —
Omsbko 1 MM® posumHy MeTunoBux edipiB Kucnor B
reKcaHi, 9ac BUXO/Y MeTHiIoeaTy He Oinbe 15 xB.,

OINITHYHY TYCTHHY 3 BUKOPHCTaHHIM (OTOKOJIOPHMETPY

Tabmmus 1 — Xapaxrepuctuku GochaTHIHOrO KOHIIGHTPATy

K®K-2, xoedimient 3amomienHs (pedpakuii) 3rizHO
I'OCT 5482-90, IY-cnmektpu 3  BUKOPHCTaHHAM
cnekrpometpy IR Prestige 3 mporpamoro Lab Solutions
IR Bupobnunurea SHIMADZU, mnoBepxHEBUil HaTsr
CTaJIarMOMETPUYHUM METOJIOM.

HasBa nmoka3nnka

XapaKTepUCTHKA

Di3uyHi XapaKTePUCTHKH:

30BHIIIHINA BATIISI

Henpo3zopa macnstauCcTa pigmHa

Komip Kopuunesuii

3amax i cMak Crnabxo BupaxeHi, BacTusi ocharnnam 63 CTOPOHHBOTO 3amaxy

Koncucrentis Texyua

MacoBa JacTKa BOJIOTH i JICTKUX PEUOBHH,% 0,6

Macosa gactka pochaTumis,% 60,1

MacoBa yacTka oitii,% 38,8
XiMiuHI HOKa3HUKH:

Konpopose uucno, Mr oxy 8,0

Kwucnorue uncno, mr KOH /r 27,5

[Nepexucue uncno, %> O2 MMonb / KT 2,3

MacoBa gacTKa peuoBHUH, HE PO3UNHHUX B

etmioBomy edipi, % 0,9

Meroayka oJep)KaHHS JICHUTHHY BKJIIOYa€ JBi
OCHOBHI cTajil: ocBiTJIeHHs (pocdaTHUIHOrO KOHLIEHTpATI
1 BUZUICHHS JISOUTUHY. JIJ1s1 OCBITIIEHHS 710 33/1aHOI MacH
@K nonmatoTh 3a7aHy KUIBKICTH TiJPONEPOKCUIY BOJHIO,
CyMIIll TEpeMilIyIOTh BIIPOJIOBX 33JaHOr0 Yacy NpH
BUOpaHili TeMIepaTrypi Ta OLIHIOIOTh 3MiHH KOJNbOPY.
TakuM 9YMHOM 3HAXOISTh YMOBH OZICpPXKaHHS 3pasKiB 3
HalMeHIIOo KOJIIPHICTIO YKOBTO-ITOMapaH4YEBOTr0
3abapBiieHHs. [yl OTpUMaHHS JEUUTHHY 10 OJIEp>KaHOTO
3pa3Ky JONAIOTH AIleTOH, CYMIII IIEPEeMIIlyIOTh 3aaHHi
yac TpW TEBHIH TeMmeparypi Ta 3alMIIAlOTh 10
BUTIAiHHS ocazy SICKpaBOrO  YKOBTO-JTMMOHHOTO
kombopy. Ilicnms BimcTOIOBaHHS BEepXHiM mIap aneToHy

3IUBAIOTh, 4 3aJUIIOK 3aJIMBAIOTH CBIXKOIO IOPINEI0
aleToHy 1 0OpOOMNSIOTh SK BKA3aHO BHIIE, OTPUMYIOUH
0cajl TeMHO-)KOBTOTO KOIbopy. Orepariito MoBTOPIOIOTH
e pa3 i OJepKYIOTh Ocajl OJIiI0-)KOBTOro 3a0apBIICHHS.
Ha macrymHiii ctazii 1o ocamy A BUIYYCHHS 3aTUIIKIB
alleTOHy JOAAI0Th €TaHOJN IEPEMINTYIOTh BIPOMOBXK 15
XBWJIMH, pO34YMH (iIbTPYIOTH, OCajy BHCYHIYIOTH 1
OIIEPXKYIOTH JICITUTHH.
Pe3yabTaTi 1ociaigxeHHs

[Micns  oOpobnennss @®K  3rimHO  MeTOmUKHA
eKCIIEpUMEHTY 1 3HalJIeHHS ONTHMaJIbHUX YMOB
OJIEpkKaHO JICLUTUH 3 ¢i3uKo-XiMIYHUMHA

XapaKTEepPUCTUKaMH, SIKi TPHUBE/ICHO B Ta0M. 2.

Tabmus 2 — Pi3uKo-XiMidHI MOKA3HUKHY OJIEP>KaHOTO JICMUTHHY 3 COHSIITHUKOBOTO (hOC(ATHIHOTO KOHIEHTPATY

Kupra Kuciora Macosa qa.cnca KHUPHOI KUCIIOTH, % 10 CYMH KUPHHUX KHCIOT
onist neuutns/ [8]

Hacuueni: 11,83 31,40/24,5
mipuctraoBa C14:0 0,12 0,45/0,1
naasMmiTrHOBA C16:0 7,00 22,74/19,6
creapuaoBa C18:0 3,54 4,34/3,6
apaxinoBa C20:0 0,29 1,74/0,3
oerenoBa C22:0 0,75 1,42/1,1
nirHonepuHoBa C24:0 0,13 0,71/0,4
MOHOHEHACHYCHI: 27,58 16,03
najgbMiTooseinoBa C16:1 0,12 0,21/0,1
oneinoBa C18:1(w 9) 27,30 14,72/14,6
eriko3zaeHoBa C20:1 0,16 1,10/0,2
TlonminenacuyeHi: 60,59 52,57
ninoneBa C18:2 (w 6) 60,38 52,32/14,6
ninoneHnoBa C18:3 (w 3) 0,21 0,25/0,2
Cyma HeHaCHUEHHUX 88,17 75,5/68,6
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B [Y-cmektpi BUIIJIEHOT O JIEUUTUHY
CIOCTEpIraloThCI  CMYTH  IOTVIMHAHHS — HACTYITHHX
¢yHKIiOHaNBHUX Tpym, cMm-1: 1233 — BameHtHi
KonmuBaHHS 3B’s3Ky P=0O, 1464 — pedopmamniiini

konuBanHs 3B’s3ky C-H B CH2; 1616 — nedopmarniiini

KoIMBaHH 3B’s3kiB B rpymi N+H3, 1737 — BaneHTHi
konuBaHH 3B si3ky  C=0, 2852, 2921, 3010 -
CHUMETpHUYHI 1 acuMeTpu4Hi KonmBaHHA 3B’si3ky C-H B
CH2, 3323 — BanenTHi konuBanus 3B°s3Ky N-H ( puc. 1).
Li pe3ynpTaTh CHiBIAAIOTH 3 TAaHUMH [§].

Puc. 1. I4- ciektp BUICHOTO JICIATHHY

CuiBcraByieHHs i 00roBopeHHs

CriiBcTaBIECHHS BH3HAYEHHX MTOKa3HHUKIB
oJiep>)KaHOro JIenuTHHY (Tabn. 1) cBiAYMTH mpo Te, 1o
BOJIOTH 1 pEYOBHH, SIKi HE PO3UMHHI B JlieTHIIOBOMY edipi,
B HHOMY MEHIIE, HIX y BUMOTax /0 TaKOrO HPOIYKTY.
ITpy 11bOMY KHCIIOTHE YHCIIO 1 TMEPEKUCHE YHCIIO TAKOXK
MeHIi y = 3 pas3u i 6,5 pa3, BiANOBiAHO, IO BKa3ye Ha
3HAYHO MEHIIY KiJIbKICTh NPOAYKTIB OKHCHEHHS B
OIlepXKAaHOMY JICIIUTHHI 1 OUIBII BUCOKY HOr'O SKICTB.
Pazom B3saTi mi  i3WKO-XIMIYHI  TOKa3HUKH 3
BpaxyBaHHSAM TOro, IO 1 KOJIpHE YUCIO BChoro 14,
CBil4aTh TPO MOXIMBICTH OJCpKAaHHA JICHUTHHY
O1IBIIIOT SIKOCTI, IIOPIBHSHO 3 BIIOMMMH TE€XHOJIOTISIMH.

AHamiz ckmasy JKUpHHX Kucior (tabm. 2), ski
BHJIIJICHI 3 OJICPKAHOTO JICIIUTHHY, 1 CIIIBCTaBICHHS HOTO
3 CKJIaJOM >KHPHHX KHCIJIOT COHSIIHMKOBOI OJIii BKa3ye
Ha Te, IO JICUUTHH Olnbine 30araueHuii ¢parmeHTamu
HaCHYEHHX >KUPHUX KHCIOT, 30KpeMa NajIbMiTHHOBOI
KHCJIOTH, 1 XapaKTepHu3yeThCsl MEHIIUM BMICTOM MOHO- i
MONIHEHACHYCHNX KHCIIOT, IO CHIBMAJa€ 3 BiJIOMHMH
maHuMA [9] 1 TATBEPIKYETHCS MEHIIUM  KONiPHUM
YuCIOM. 3a paxyHOK TOro, IO [0 JICHUTHHY

COHSIITHUKOBJIT OIii KpiM (ocdaTuaui-eTaHOIaMiHIB, -
1HO3iTOIMIB, -TITLEpHUHIB, ¢docharumaIx i
mormipochaTUIHUX ~ KUCTIOT,  HAHOUIBIIE  BXOIUTH
¢docharummwixominiB [10], ski 3yMOBIOIOTH HAHOIIBII
IIUPOKUH  cHeKkTp  Gi3ionoridyHoi aii, POSBISAIOYN
BUpaXEHI TiOXOJNIECTEpUHMIYHI, TinojginoaemiuHi i
TenaToNpOTEKTOPHI BJIACTUBOCTI. OCKUIBKH JICHUTHH €
cyMmimmno AiQiTbHUX MOJIEKYJ, TO BOHH IIOBHHHI
YTBOPIOBATH arperaTv NpH PO3UMHEHH] Yy PO3UYMHHHUKAX
Ta 3MiHIOBAaTH [IOBEPXHEBHI HATST.

Po3unHHICTD NEIWTHHY Yy BOAI IyXe Maja, TOMY
JIOCHI/PKEHO  JIesIKi  BJIACTHBOCTI HOTrO  €TaHOJNBHUX
PO3UYMHIB.

JlocmiKeHHsIM 3MiH ONTUYHOI TYCTHHU (pHC. 2) Bif
KOHLIGHTpALlil JICUUTHHY BCTAHOBJIECHO 3JIOM Ha Il
3aJIeKHOCTI, IO MiATBEP/PKYE YTBOPEHHS acomiaTiB, a
KOHIICHTpAIlis Ha 3JIOMi  BIAMOBINA€  KPUTHUHIN
KOHIICHTpAIlii MilenoyTBOpeHHs 3rimHo [11], BemmuuHa
SIKOT y3T'OIKYETBCS 3 BIIOMHMH JaHUMH 1 3HAXOAUTHCS
Ha piBHI = 2 % [12].
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Prc. 2 —3anexHiCT ONTHYHOL TYCTHHY PO3UMHIB JIEIUTHHY B €TAaHOMI B/ KOHIIEHTparti Jiermrray (A =283 1m), T=303,15K

Jiss  30UThIIGHHS PO3YMHHOCTI 1 ITOBEPXHEBOL
aKTUBHOCTI BiIoMO [12] BUKOpPHUCTaHHS JICHIUTHHY Pa3oM
3 II0OBEpXHEBO-akTMBHUMH  pedoBuHamu  (ITAP).
Jocnimkennst BBy nomimok IIJICH no pozumHiB
JICIUTHHY BKa3ye Ha 3MEHIICHHS ITOBEPXHEBOT'O HATSTY
Ha 14-17 mH/M, TOOTO MiATBEpIKYye TE, IO PO3YMHHU

OJEp)KaHOTO  JICHUTHUHY  IPOSBISIOTH  IOBEPXHEBY
aKTHBHICTb, siKa 30inblIyeThes y mpucytHocti ITAP. A
LIe CBIUUTH NPO T€, IO TAKW JICUTHH MOXe OyTH
BUKOPDHCTaHWM JUISl OAEPXKaHHS PI3HUX eMYJIbCIHHUX
MIPOAYKTIB  XapuoBOr'O, JIKYBaJbHOI'O 1 TEXHIYHOTO
MIPU3HAYCHHSI.

Prc. 3 — Borepmu MOBEPXHEBOrO HATATY B 3AISKHOCTI BiJI KOHIICHTPALL1 JIEIUTHHY 1 KoHIeHTparyi [IAB

MoxHa BIAMITHTH Te, IIO 332 PaXxyHOK BHCOKOTO
BMICTy AaIWJIiB OJETHOBOI 1 JIHOJEBOI KHCIIOT, SKi
XapakTepu3yloTh  (i3i0JOriYHy I[HHICTH JICHIUTHHY,
30KpeMa 3yMOBIIOETHCS 3HWKEHHS PHCKY CEpLEBO-
CYIVHHHUX 3aXBOpIOBaHb, & MPUCYTHICTb y MOJIEKYJi
(dbochaTUIMIXONUHY JBOX AaIWIiB JHHOJIEBOI KHUCIOTH
srizio  [9] HopMmamizye  MeMOpaHHI  po3iajiy,
TIPOSIBIISIFOYH AQHTHOKCHIAHTHI, MIPOTH3aNajIbHi,
aHTH(UOpOreHHl Ta iHmI ¢i3ionoriuHi (QyHKIIOHANBHI
BinactuBocti [13]. Ilpomy sikpa3 copusie Oinbina
KUTBKICTh aIHITiB JIIHOJIEBOI KHCIOTH.

BucHoBkn

1. JociiUKeHHSAMH BCTaHOBJICHO, IO LUISXOM
00poOKku  (ocaTHIHOTO KOHIEHTPATY COHSIIHUKOBOI
oNii TEPOKCHIOM BOTHIO 1 HACTYIHOIO 0OpOOKOIO
aIleTOHOM 1 €TaHOJIOM, MOXXHA OTPUMATH JICLIUTHH O1JIbII

BHCOKOI SIKOCTI 32 PaxyHOK 3MEHIIECHHS B KiHI[EBOMY
MIPOAYKTI KUCIIOTHOTO, IEPOKCHIHOTO, KOJIIPHOI'O YHCEl,
BOJIOTH Ta IHIINX PEUYOBHH.

2. 'a3oxpomarorpagivyHuM METOAOM IT0Ka3aHo, 110
3TiIHO JKUPHOKUCIIOTHOTO CKJIaJy OAEPX aHWH JEHUTHH
30araueHuii amwIaMd HAaCHMYCHUX 1 HEHACHYEHHX
KHUPHUX KUCIIOT 3 TIEPEeBAXHUX BMICTOM OCTaHHIX, a [Y-
CIEKTPOCKOMI€I0 - BCTaHOBJICHO MIPUCYTHICTh
(GyHKIIOHATBHUX (parMeHTiB, sKi XapakTepHi Ui
JIELIUTUHIB

3. JlocnimKeHHsIMA PO3YMHIB JICHUTHHY JIOKa3aHo,
IO OAEp)KaHWH TPOAYKT TIPOSBIISIE  ITIOBEPXHEBY
aKTHBHICTh  yTBOPIOIOYM  acoliaTh 3  KPUTHYHOIO
KOHLICHTPALIIEI0 MILEIOYyTBOPEHHS ~ 2 %, 3HIDKYIOUH
MIOBEPXHEBUHM HATAT, B TOMY YHCIi 1 y HIPHUCYTHOCTI
ITOBEPXHEBO-aKTUBHUX PEUOBHH.
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Y. A. POLYVANOV
DEVELOPMENT OF A FATTY FILLER RECIPE FOR A NEW TYPE OF WAFER PRODUCTS

The article gives an opportunity to develop the technology of fatty filling for waffles and low-calorie wafers by replacing sugar with a mixture of
sweet extracts from the leaves of stevia with erythritol. The expediency of regulating the amount of dry matter due to the introduction of dry skim
milk whey has been proved. The whey is a raw material component that further enriches the finished product on minerals and vitamins that are
healthy for the human body. The possibility of additional introduction of of beta-carotene, as a dye and ascorbic acid, as a stabilizer of fatty wafer
fillings has been investigated. In order to improve the quality and safety of finished products, the possibility of using in the technology of fatty
fillings for wafer products a new type of confectionery fat of domestic production "Fettifil" has been experimentally confirmed.

Keywords: waffles, waffle products; fat filling for waffles; erythritol; milk serum; stevia; additional vitaminization.

€. A. 10/IHBAHOB
PO3POBKA PELIEIITYPH )KUPOBOI HAUMHKH JIJI1 HOBOI'O BUAY BA®EJIbHUX BUPOEIB

V crarTi HaBeZEHO MOXIIMBICTH PO3POOKH TEXHOJIOTII XKUPOBOi HAYMHKH UL Badelb Ta BadelbHUX BHPOOIB 3HIKEHOI KaJIOpiHHOCTI 32 paXyHOK
3aMiHH LYKPY Ha CYMIlll €KCTPAKTy COJIOAKOTO 3 JIUCTS CTEBil 3 epUTPOTONIOM. J[OBeIeHa JOUIJBHICTh PeryJsinii KiNbKOCTI CyXMX PEYOBHH 3a
PaxyHOK BHECEHHs CyX0l MOJIOYHOI 3HE)KHUPEHOI CHPOBATKH, SIK CHPOBUHHOTO KOMITOHEHTA, IO JOAATKOBO 30araTHTh TOTOBUII IPOAYKT Ha KOPHCHI
JUIL OpraHi3My JIOJWHH MiHepaiu Ta BiraMiHH. JIOCHiPkeHa MOXIMBICTH JJOZATKOBOrO BHECEHHS OeTa-KapoOTUHY, B SKOCTI OapBHHKa Ta
acKOpOiHOBOI KUCIIOTH, B SIKOCTI cTabilizaTopa >KMPOBHX Ba()elIbHUX HAYMHOK. EKCIEPUMEHTANbHO MiITBEP/DKCHAa MOXKJIMBICTH BUKOPHCTaHHS
HOBOTO BUJY KOHIHTEPCHKOTO JKHPY BiTUYH3HSHOrO BHpOOHUNTBA "DeTTihin" y TeXHOINIOTIl »KUPOBUX HAUYMHOK JUI BadeIbHUX BHPOOIB 3 METOIO
MiIBUILECHHS SKOCTI Ta O€3MeKH TOTOBOT MPOIYKILil.

KarwouoBi cmoBa: Badui; BadenbHi BHpOOM; XHMpOBa Ha4yMHKA I Badelb;, CPUTPUTOM; MOJOYHA CHUPOBATKA; CTEBis; JOJaTKOBA
BiTaMiHi3aIlis.

E. A. IIOJIHBAHOB

PA3PABOTKA PELHENTYPbI 2’KUPOBOM HAYMHKH JIJ151 HOBOI'O BUJIA
BA®EJIBHBIX U3JEJIMU

B cratbe TIpUBE€I€HA BO3MOKHOCTDH pa3p360TKI/I TEXHOJIOTUH )KPIpOBOﬁ Ha4YUHKA JJIA BaCl)eJ'H) n Ba(beJ'H)HLIX PI3L[€J'II/II>1 TTOHUKCHHOHN KaHOpHﬁHOCTH 3a
CUYET 3aMCHBI CaXxapa Ha CMEChb DKCTPAaKTa CIAaJKOI0 U3 JIUCTHEB CTEBUU C EPUTPOTOJIOM. IIOK&BaHa I.IeJ'IeCOO6p8,3HOCTL peryyssnuu KOJIMIECTBa CyXux
BCOICCTB 3a CUECT BHCCCHUA 0663)KI/IpeHHOI\/'I MOJIOYHOU CBIBOPOTKH, KaK CBIPHEBOI'O KOMIIOHEHTA, KOTOpas AOIIOJIHUTECIBHO 000raTUT TOTOBBIH
TIPOAYKT IIOJIC3HBIMH [JI1 OpraHu3Ma 4Y€JIO0B€Ka MHHEpaJIaMH W BUTaMHUHAMMU. HccnenoBana BO3MOXHOCTh JOIOJIHUTEIIBHOI'O BHECCHUA Gera-
KapoTHhHa, B KaUE€CTBE€ KpaCUTEIIA U aCKOp6PIHOBOI\/'I KHCIIOTBI, B Ka4€CTBC CT&61/[JII/I38.T0pa KUPOBBIX Ba(beJ'II)HbIX Ha4YUHOK. BKCHepI/IMeHTaJ'II)HO
TIOATBEPKACHA BO3MOXKHOCTH HCIOJIB30BaHUS HOBOT'O BHJA KOHIAUTEPCKOI'O JKHpa OTEYECTBEHHOT'O ITPOU3BOJACTBA ”‘DCTTI/I(bI/IJ'I" B TCXHOJIOTHH

JKUPOBBIX HAYUHOK I Ba(beJ'H)HBIX I/I3I[€J'H/II>1 C OECJIBIO MOBBIIICHUA Ka4€CTBa U 6e30I1aCHOCTH TOTOBOM IpOAYKIHUH.

KirwueBble cioBa: Ba(t).TII/I; Ba(t)eJ'H)HLIe nu3aenus; JKUpoBas Ha4YWHKaA JUIA Ba(beﬂb; C€pUTPUTOJI; MOJIOYHASA CBIBOPOTKA,

JONOJIHUTEIIbHAA BUTAMUHU3aHA.

Introduction. The new products development and
the competitive production are important aspects for the
successful growth of the company. Today's consumer
tastes are quite volatile. Thereby society dictates new
social criterion for producers, sets new requirements and
tasks, thereby highlighting forming "trends." In this case,
the term "trend" describes the problems of our modern
nutrition and allows us to focus the attention of health
authorities and the developers of new food products on
the food habits of consumers. In the field of taste
neurobiology, gastrophysics and molecular gastronomy,
some research institutes, cooking and food technology
schools in Oxford (Great Britain), Dublin, Cork
(Ireland), and Dnipro (Ukraine) have recently started
working. Research results form a new global trends in
the food market [1-3].

According to data provided in the Annual Survey of
Food and Health, which are released by the International
Food Information Council (IFIC), 36% of Americans
follow a diet, and therefore they develop an aversion to
carbohydrates and sugar. Younger consumers (aged 18—
34) are more likely to stick to a particular diet than
people over 35 years old. However, the essence of the
problem is in the fact that consumers do not have a
proper understanding of proper diet. And only a small
part of the population (less than 40%) can list the
products that benefit the body.

CTCBUA,

The survey results are interesting for us. According
to which 10% of the contingent correctly believe that
protein intake is necessary; 7% constantly consume
vegetables, 4% — fruits; 5% supplement the rations with
vitamin and mineral complexes.

The provided information illustrates the need for
more complete and clear consumer education in
nutrition. However, educational activities require good
preparation and organization. That is, it has a large part
of the time and finances. A simpler, faster and more
affordable way is to produce balanced foods that are
popular among the population.

Irrefutable is the fact that many of the nutrition
trends, came to Europe and other countries of the world
from the United States. For example, the maximum
decrease in temperature during heat treatment or the
promotion of the consumption of products not exposed to
heat. Another important factor for public health is the
trend of production and consumption of “free” products
(“sugar free; fat free; gluten free”, etc.).

The development of these trends depends on the
country and the social status of supporters of such
transitions. At the same time, self-cooking is relegated to
the background, and “snacking” is increasingly becoming
a substitute for traditional meals during the day.

© Polyvanov Y.A., 2019
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We must not forget about the epidemic scale of
obesity, which causes serious concern to health
authorities in the world, especially in the countries of the
Persian Gulf and the United States, where the level of
adult obese people exceeds 35%.

A recent WHO recommendation for reducing the
consumption of free sugars throughout life for adults and
children is an important step for creating ideas of
combined, enriched, sugar-free popular products. WHO
recommends reducing the consumption of free sugars to
10% of the total energy consumption and suggests a
further reduction in the consumption of free sugars to
below 5% of the total energy consumption [4].

Given the above information, it becomes clear that
not all popular products can take into account the full
range of "utility factors". However, such a product was
singled out by us — these are wafer products that are very
popular in many countries of the world and among
different strata of the population.

The formulation of the problem in general form
and its connection with important scientific or
practical tasks. Confectionery is a large group of high-
calorie foods that are very popular and in constant
demand among children and adults in Ukraine and the
world. Analysis of the data on the consumption level of
confectionery products in Ukraine confirms that almost
all groups of the population prefer flour confectionery
products. They include it in their daily diet, as well as in
the diet of children in organized groups. The
confectionery segment makes up the most significant part
of the total confectionery production (more than 50%)
and has a very large assortment. However, despite this, a
common shortcoming is their unbalanced composition of
nutrients. These products are characterized by a high
calorie content, a significant content of fats and
carbohydrates, a low protein content and the almost
complete absence of vitamin and mineral components.

Vitamin consumption is quite important for
building wellness programs related to the rationalization
of food rations. Their lack in rations is accompanied by a
decrease in the adaptive capacity of the person, entails
the development of chronic fatigue syndrome, reduces
mental and physical activity, inevitably leads to a
decrease in the body's defenses.

Lack of vitamins in childhood and adolescence
affects the indicators of physical development,
performance, contributes to the development of
metabolic disorders, chronic forms of pathologies and
prevents the formation of a healthy generation. In some
regions, vitamin deficiencies in the diet of children and
adults are combined with insufficient intake of macro
and microelements [5]. In this regard, the development of
technologies for flour confectionery products enriched
with vitamins is predicted to be successful in the
domestic market and in the world.

Ukraine is among the top 10 countries for
consuming sweets. The average consumption of
confectionery per one Ukrainian per vear is about 15 kg.
The greatest demand is for wafers and wafer products,
presented on the market with a wide range of commodity
items, differing in type, composition, packaging and
price. The Ukrainian market of wafers is gradually

reviving after a crisis that over a period of which
producers have faced a number of problems: increased
production costs, reduced purchasing power of citizens,
devaluation of hryvnia, the need to change technology
production and raw materials, falling production and
foreign trade, etc. According to last year's reports of
producers of waffle products, an adaptive tendency
towards new market conditions, an increase in
production volumes, including exports, and a decrease in
the import of products from abroad are outlined.

The geographical structure of exports of waffles
from Ukraine in 2017, in physical terms, is shown in the
diagram (Fig. 1).

Fig. 1. Diagram of waffle exports geography in 2017

From Fig. 1 it is evident the Ukrainian market of
waffles is characterized by high popularity among the
countries of the Middle East and former CIS countries.

However, domestic production is the basis of the
Ukrainian waffle market and last year its share amounted
to 97.4%. Today, the Ukrainian confectionery companies
invest money in the development and modernization of
production and equipment. The priority remains
increasing exports.

The leading confectionery factories modernized the
production line. As well as significantly improved
manufacturability and knowledge intensity of enterprises.
The quality of products of domestic enterprises in many
ways does not differ from the foreign ones. Which
allows, in fact, to completely oust competitors from other
countries. At the same time, the share of foreign trade
marks on the Ukrainian market of wafer products at
present does not exceed 5%. It should be noted, along
with the general perspective, the conditions for the
development of small enterprises are very limited. Most
of them require the replacement of obsolete equipment
and the introduction of new technologies with a lack of
own funds. Therefore, production will continue to be
concentrated in the largest corporations. For small firms
it is necessary to solve financial problems at the expense
of attraction of investments. Because it is precisely the
small and medium confectionery business that just forms
the internal market of confectionery products.

Thus, investors' attention is becoming more and
more prerequisite to be focused not so much on
confectionery business projects, but on the support of
long-standing enterprises with strong positions in the
market, where risks are lower, and the payback periods
are shorter.
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Purpose and tasks of work. The aim of the
presented scientific research was the development of a
formulation of fatty filling for wafer products using
natural sweetener of the sweet extract from stevia leaves
and a natural sweetener — erythrotol, enriched with
vitamins and whey protein proteins; carrying out
merchandise quality assessment on organoleptic and
physico-chemical parameters.

To achieve this goal, the following tasks were
defined:

- select the optimal ratio of components in the
formulation of fatty filling for waffles, taking into
account the organoleptic and physico-chemical quality
indicators;
- to give a commodity assessment of finished wafer
products.

Objects and research methods. The objects of
research in this work were:

1) laboratory samples of fatty fillings for wafers,
prepared according to the developed recipe from
domestic fat "Fettifil", erythritol, sweet extract from
stevia leaves, enriched with beta-carotene, ascorbic acid
and containing whey;

2) waffle samples prepared with a developed fat
filling.

We used standard, generally accepted methods for
analyzing the quality of flour confectionery products.
The quality of the waffles was evaluated by the
combination of organoleptic and physico-chemical
parameters. Organoleptic quality assessment of finished
products was carried out on a 5-point scale. The quality
indicators of the finished waffles were determined in
accordance with the requirements of SSTU 4033:2018
“Walffles. General technical conditions” [6].

Presentation of the main research material. Fat
masses are thermodynamically unstable systems in which
aggregation of solid particles occurs, with a subsequent
decrease in the surface of the contacting particles with
the dispersion medium. As a result of such processes, the
system enters a state with a lower potential energy.

The addition of erythritol and dry whey, as well as
stevia extract [7] allows to reduce the sugar content,
increase the amount of protein, reduce caloric content,
increase Dbiological value, while maintaining high
consumer properties. Samples of the wafers filling were
prepared with the addition of erythritol, beta-carotene,
ascorbic acid, hydrogenated fat "Fettifil" and whey.
During this, the properties were examined.

The main criteria for determining the quality of
fatty filling were viscosity and adhesive properties.
Which commensurate with the control samples prepared
according to traditional recipes [8]. According to the
existing information, a change in the composition of the
fatty filling may lead to a decrease in the effective
viscosity due to the destruction of the coagulation
structures. There is a possibility of increasing the
viscosity of the filling when sugar is completely replaced
by other ingredients. There may also be a loss of ductility
and fluidity. In this regard, whey has become a
component that supports the coagulation structure, and

the addition of wafer crumbs improved synergies with
the dispersion medium, which was chosen fat "Fettifil"
[9]. The amount of fat applied did not differ from the
traditional recipe for a fatty wafer filling and amounted
to 37%. In comparison with the control samples, the
structure of the fatty filling remained strong and the
protein-fat systems established good coagulation contacts
with the wafer sheet.

It should be noted that the presence of particles of
different nature and physicochemical properties (whey,
erythritol, sweet extract from stevia leaves, vitamins)
influences the kind of the compounds and the strength of
the aggregative structures of the structure in different
ways. The binding energy of particles in coagulation
contacts depends on the kind of the substance, the
dispersed phase and the dispersion medium. The more
polar one of them, the higher the surface tension at the
boundary between them. The greater the polarity
difference between the dispersion medium and the
particles, the stronger the tendency of particles to
aggregate. Therefore, when adding serum, there is an
increase in the strength of the contacts, which leads to the
strengthening of the structure in the finished product.

The structure formation of fatty masses occurs
when they are cooled as a result of crystallization of the
dispersion medium - non-lauric-type confectionary fat.
The process of structure formation of fat masses during
their cooling is accompanied by a decrease in the
temperature of the mass and hardening of its structure,
i.e. hardening plastic strength. Adhesion is essential in
the production of fatty fillings for wafers. Especially in
cases where contact is possible between the mass and the
surface of the processing machine or strong contact
between the used semi-finished products is necessary.

One of the requirements for the quality of waffles
according to SSTU 4033:2018 “Waffles. General
technical conditions" is a tight fit of the wafer sheet to
the filling. Which is determined by the strength of
adhesion of these semi-finished products or adhesive
bond [6]. In the conditions of semi-industrial production
(50 kg of finished products) a good adhesive property of
the sheets to the wafer filling was noted. The number of
marriages when cutting layered wafer sheets did not
exceed the permissible norms. Organoleptic evaluation of
finished products was carried out on a five-point scale.
This was done according to the method of sensory
evaluation “A Not A”, according to the following quality
indicators: appearance (shape, surface condition, color),
structure in a fracture, filling consistency, smell and
taste. Analysis of the data showed that samples with the
introduction of stevia extract, erythritol, ascorbic acid,
beta-carotene, whey are characterized by a more
pronounced taste, aroma and a more tender consistency
of the filling, because they contain high levels of protein
and vitamins. Which are good natural biostimulants of
many metabolic processes in the human body [6].

A vitamin such as beta-carotene is essential for the
metabolism and maintenance of health. B-carotene is the
most powerful antioxidant and immunomodulator. It
strengthens immunity, carries out prevention of
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infectious diseases and neutralizes harmful influences of
the environment, stresses, increasing the protective
properties of the organism as a whole. After analyzing
the existing technology of waffle production, we
proposed the possibility of enriching fat fillings with
other beneficial vitamin — ascorbic acid. Ascorbic acid
(E300) is an organic compound. It has the formula
CsHsOs. Ascorbic acid is one of the main substances in
the human diet. Since it is responsible for the
normalization of the functioning of connective tissue and
bone tissue. Ascorbic acid performs restorative biological
functions and functions of coenzymes of some metabolic
processes, is an antioxidant. L-ascorbic acid is an active,
restored form of vitamin C. In recent years, it has been
widely used as an additive in the formulation of healthy
products. The physiological effect of ascorbic acid is
quite broad: it acts as an anti-scurvy factor, activates the
cells that synthesize collagen, increases immunity and
stress, stimulates hemopoiesis, increases the strength and
elasticity of the walls of the capillaries, promotes better
absorption of iron [10, 11].

Lack of ascorbic acid of varying degrees is quite
common throughout Ukraine. The concern of physicians
with questions of providing a person with a sufficient
amount of ascorbic acid throughout life is caused by the
fact that it refers to those vitamins, which must be
constantly replenished with food. However, the use of
modern technologies for processing raw materials leads
to a significant decrease in the content of this essential
nutrient in finished products. The only possible way to
prevent the development of ascorbic acid deficiency is its
timely and constant use, adequate prevention, including
regular consumption of food products enriched with
ascorbic acid. In confectionery products its content is
very small. Therefore its use in the technology of popular
confectionery products is very important for the recovery
of the population. The status of stevia as a global
ingredient is generally recognized by leading brands of
non-alcoholic drinks, such as “Pepsi-Cola” and “Coca-
Cola” with zero or with a 50% reduced calorie content.
Sweeteners derived from stevia are the fastest growing
segment in the market of intensive sweeteners.

According to Leatherhead International, in 2007

their share was only 1%, in 2017 it reached 24%. The
largest increase is observed in the United States, 85% of
the market for sweeteners with stevia belongs to the
United States. In this country, such components occupy
21% of the American market of intensive sweeteners.

Numerous research have shown that regular use of
stevia reduces cholesterol, improves cell regeneration,
coagulates blood, strengthens blood vessels, normalizes
the intestinal microflora, stabilizes the functioning of the
immune system. Also, the benefits of Stevia and its
derivatives can be attributed: good solubility in water; a
small dose and the possibility of adding to the product at
any stage of production; harmless for long-term
consumption [12]. The above properties of steviosid are
very valuable, but there are some barriers to its
application. When the contents of the supplements above
a certain taste threshold, a characteristic nuances taste
begins to aftertaste. Therefore, it was necessary to
supplement the formulation with an ingredient that is
able to correct this disadvantage. This ingredient is
erythritol. Erythritol is a polyatomic alcohol. It have a
sweetness of 0.7 in relation to sugar, a caloric value of 20
kcal per 100 g of product. It has significantly lower
caloric content, compared to fructose, with content 399
kcal per 100 g. Thus, it became interesting to analyze the
energy value of wafers with fatty filling according to
existing and developed technologies (Table 1).

Table 1— Energy value of waffles with fat filling (g/100g)

Waffles with fat filling
Parameter sugar (fructose, stevia| erythritol, stevia
Protein 4,1 6,5 6,5
Fat 36,4 314 31,4
Carbohydrates 58,1 53,4 36,8
Energy value, kcal | 548,0 527,6 497.,8

Baked wafers, prepared according to the developed
recipe, have a pleasant taste and aroma, with an even
edge and a clear pattern of the surface, developed poro-
sity [13—15]. And it have a reduced calorific value,
compared with the analogue on fructose and control on
sucrose. Organoleptic and physico-chemical indicators
of the quality of wafers with a new fatty filling are given
in table. 2.

Table 2 — Organoleptic and physico-chemical indicators of the quality of wafers with filling

Name of the Characteristic and value of the parameter
parameter New product SSTU 4033:2018 “Wafers. General technical conditions”
Taste and smell |Peculiar to the name without foreign tastes and odors Peculiar to the name without foreign tastes and odors
Surface With a clear pattern. Without blisters, dents and cracks |With a clear pattern. Without blisters, dents and cracks
Colour Light yellow From light yellow to light brown

Laminated product consisting of alternating layers of|Laminated product consisting of alternating layers of

The structure in|wafers. Wafer sheets tightly in contact with the filling,|wafers. Water sheets tightly in contact with the filling,

the fracture
beyond the edges

the filling is evenly distributed and does not protrude|the filling is evenly distributed and does not protrude

beyond the edges

A variety of flat or volumetric, depending on the shape

The form Flat, rectangular, edges of waffles with a smooth edge of the waffles

The taste and : . . : : Sweet with taste and aroma of used raw materials and
Sweet, without sensation of cloying, with a slight sour : : :

smell of the > : ¢ flavors, without foreign taste and smell. No feeling of

filling taste, without foreign tastes and odors. greasiness.

Filling color Plain, cream colour Monotonous, from white to dark brown

Filling Homogeneous without grains and lumps, delicate oily, [Homogeneous without grains and lumps, delicate oily,

consistency easily melting in the mouth, finely dispersed easily melting in the mouth, finely dispersed

Mass of a single

product, g 25+1,5 No more than 150

Moisture 5,8 No more than 8,4

content, %
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The organoleptic evaluation of consumer proper-
ties of a new type wafers with a fatty filling, erythrotol,
milk serum after 90 days of storage at a temperature of
(1843)°C and a relative air humidity of 65-70%, in
corrugated boxes remained high - taste, crisp properties,
delamination ability during the period of storage
established by SSTU 4033:2018 did not decrease. And it
exceed the organoleptic characteristics of the control
sample with a sucrose and analogue with a fructose.

Conclusions and development prospects of this
direction. According to nutritional scientists, nutrition
should contribute to the adaptation of the human body to
adverse environmental conditions. So nutrition should
not only satisfy the physiological needs of the body for
nutrients and energy, but also improve the health of con-
sumers, and carry out prevention of nutritional diseases.

The risk factors for the development of a number of
alimentary-dependent diseases include excessive
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consumption of sugar, salt, fat, saturated fatty acids,
cholesterol, trans fatty acid isomers. Currently, for the
purpose of their prophylaxis, WHO recommends
restricting consumption of products containing these
nutrients. Unfortunately, flour confectionery also belongs
to this product group. In order to level the negative
impact of the unbalanced composition and increase the
micronutrient density of flour confectionery products, we
developed a recipe for the filling of waffles using natural
sweetener of the sweet extract of stevia leaves and
natural erythrotol sweetener. The filling was enriched
with vitamins and whey milk proteins. The work presents
the organoleptic and commodity assessment of the
quality of the finished product. The optimal ratios of the
components in the formulation of the fatty filling for
wafers were selected, taking into account the organo-
leptic and physico-chemical quality indicators, as well as
the stability of the conditions of the production process.
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X. 0. KPABYEHIOK, 1. . CTAJHUK, C. M. MOJIBYEHKO, 1. M. IEMH/]OB

AHAJITUYHA MOJEJIb JNED PAJAIIl BAKTEPIAJIBHOI ILUIIBKA HA IIOBEPXHI TPYBOIIPOBOIY I3
HEPXABIIOYOI CTAJI

PosrisiHyTa (hi3udHA CYTHICTH BIUIMBY TiIPaBJIIYHUX OMOPIB Ta BEPLIMH LIOPCTKOCTI B IPUMEXOBOMY IIapi 3 BEIUKHM TI'PaJi€HTOM MIBHUIKOCTI
MHIOYHX 3ac00iB B TPaHCIOPTYIOUYHX TPYOOIPOBOAAX CHPOBUHH HA A/re3il0, 0 BCTAHOBIIIOE 3aJISKHICTh BiJl ()OPMH, TpaJieHTa MIBUAKOCTI i KyTa
MIOPCTKOCTI, IIPUKJIAJaHHs MEXaHIIHHUX CHJI, CTYIICHs IIONEPEeaHbOI JUCIEPCHOCTI i (i3HKo-MeXxaHIYHHX BIaCTHBOCTEH cepenoBuma. BeranosieHo
XapakTep KOHTAKTHOI B3aeMoii OakrepiaibHOi OIOILUIIBKH i3 IIOPCTKOK IMOBEPXHEH Y TPAHCIOPTYIOUIM TPYyOONpPOBOII Ta LUISAXH Jerpagarii
OiomuriBku. ITopymieHHS HMX B3a€MHHX CIIBBIJIHOLICHb NPU3BOAUTH 10 e(PEKTHBHOI CaHiTapHOI OOpPOOKH, i BIANOBIAHO JO BHIIYCKY SIKICHOI
npoxykmii Ta il TepMiHy 30epiranHs. OOIpyHTOBaHO IUIONI[Yy KOHTAaKTy aJre3WBY Ta CKJIAJOBi, (opMylodi poOOTy Ha IOJONaHHA anresii i
nedopmaliii cepeoBHIa TP BH3HAYCHHI KPUTEPIiB, sIKi BILIMBAIOTH Ha IPOIIEC, BIAIMOBIIHO 0 KOXKHOIO MEBHOrO mepioay crauii medopmarii.
OpepkaHi JaHi JalOTh BiAIOBIAB Ha PsiJ 3allUTaHb NPO MOXJIMBICTH B3a€MOJIl MOBEPXHi i3 CEPEIOBHUILEM, L0 BCTAHOBIIOITH PEAbHY 3MiHY
KOHTAKTy aJre3uBy y TpyOornpoBosi. BcraHoBiieHo, 1110 [ 3a0e3MedeH s 3MiHHOI TUIoMIi ()aKTUYHOTO KOHTAKTY, L0 CHpUSE Kpallii Jerpamamii
OiOILIIBKH, 1 BiNIOBIZHO, NPOXOPKEHHIO SKICHOIO IPOIECY CaHITapHOI OOpOOKH INOBEPXOHb, HEOOXITHOIO YMOBOIO SIBIIETBCS JOJCPIKAHHS
MIBUJKOCTI PyXy MHIOUHX 3aC00iB 10 BiIIOBITHIX TEXHOJIOTIYHHX I1apaMeTpiB.
Karou4oBi ci1oBa: 6iomtiBka; ajaresis; miomnia KOHTAKTY; Ipai€HTa MIBUIKOCTI.

K. 0. KPABYEHIOK, HU. 4. CTA/JHHUK, C. H. MOJIBYEHKO, U. H. JTEMH/]OB

AHAJIMTUYECKASL MOJEJIb JETPAJALIAA BAKTEPUAJIBHOM ILIEHKM HA IIOBEPXHOCTH
TPYBOIIPOBO/JA U3 HEP)KABEIOILIEU CTAJIN

PaccMoTpena ¢u3ndeckas CyIHOCTb BIHSHHS THIPABIMYECKHX CONPOTHBICHHH M BEPIINH IIEPOXOBATOCTH B MOTPAHUYHOM CJIO€ C OOJIBIINM
TPAUEHTOM CKOPOCTH MOIOIIUX CPEJCTB B TPAHCIOPTHPYIOIIUX TPYOOIPOBOAAX CHIPhS HA aJTe3HI0, KOTOpas yCTAHABIMBAET 3aBHCHMOCTH OT
(hopMBL, IpaueHTa CKOPOCTH U yIia MIEPOXOBATOCTH, NIPUKJIAIGIBAHNS MEXaHUYECKHX CHJI, CTEICHH IIPeIBApUTEIbHON AUCIIEPCHOCTH H (PU3HKO-
MEXaHHYECKUX CBOHCTB CPEIbl. Y CTAaHOBJICH XapaKTep KOHTAKTHOTO B3aUMOAEHCTBUS OaKTepHAIbHOH OHOIUICHKH C IIEPOXO0BATOH IIOBEPXHOCTHIO
B TPaHCIOPTHPYIOIIEM TpyOOIpoBOAe U IMyTH JErpajaluy OHOIUIeHKH. HapymieHuwe 3THX B3aMMHBIX COOTHOLICHHH IPUBOJHT K d(QeKTUBHOI
CaHHTApHOI 00paboTKe U, COOTBETCTBEHHO, BBITYCKY Ka4eCTBEHHON IIPONYKINH U ee cpoka XxpaHeHHs. OOOCHOBaHHO IUIONIAb KOHTAKTA are3uBa
U COCTaBIIsIONUe, (opMUpyromue padoTy Ha MPEoJ0IeHUe afre3ud H JeOpMauy Cpebl IIPH OIpeIeIeHHH KPUTEPUEB, BIMSIONNX Ha IpoIece,
COOTBETCTBEHHO K KaXk[OMy OIPEIEIeHHOMY IIepHOAY cTaguu aedopManuu. IlomydeHHbIe TaHHBIC JAIOT OTBET Ha Psi BOIIPOCOB O BO3MOXHOCTH
B3aHMOJICHCTBHS NTOBEPXHOCTH CO CPENOil, YCTAHABIMBAIOT PealbHOE H3MEHECHHE KOHTAKTa aJre3dBa B TPyOOIpOBOZE. YCTaHOBJIEHO, YTO JUISL
obecriedeHHs] IEPEeMEHHON InTomany (aKTUYECKOro KOHTAaKTa, KOTOpas CIOCOOCTBYeT Iydiueil Nerpafgaldy OMOIUIEHKH, U COOTBETCTBEHHO,
MPOXOXKIECHNIO KaueCTBEHHOIO IIPOIecca CAaHHTApPHOH O0OpabOTKH IIOBEpXHOCTEH, HEOOXOIMMBIM YCIOBHEM SIBISICTCS COOJIOJEHHE CKOPOCTH
JIBIDKEHUS MOIOIIUX CPEJICTB 0 COOTBETCTBYIOIINX TEXHOIOTHYESCKHX IIapaMeTpOB.
KiioueBble c10Ba: OHOILICHKA; aAre3Us; IUIONIAAb KOHTAKTA; IPaHeHTa CKOPOCTH.

Kh. Yu. KRAVCHENYUK, I. Ya. STADNYK, S. M. MOLCHENKO, 1. M. DEMYDOV

ANALYTICAL MODEL OF THE BACTERIAL FIBER DEGRADATION ON THE SURFACE OF THE PIPELINE
FROM STAINLESS STEEL

The physical essence of the influence of the hydraulic resistance and roughness vertexes in the adjoining layer with a large velocity gradient of
detergents in the transport pipelines of raw materials on adhesion, which establishes dependence on the shape, velocity gradient and angle of
roughness, application of mechanical forces, the degree of previous dispersion and physical and mechanical properties of the medium are
considered. The nature of the contact interaction of a bacterial biofilm with a rough surface in the transport pipeline and the ways of degradation of
the biofilm are established. Violations of these mutual relations lead to efficient sanitary treatment, and in accordance with the release of quality
products and the period of their sustainability. The contact area of the adhesive and the component forming work for overcoming the adhesion and
deformation of the environment in determining the criteria influencing the process according to each particular period of the deformation stage are
substantiated. The obtained data give an answer to a number of questions about the possibility of interaction between the surface and the
environment, which establishes a real change in the adhesion contact in the pipeline. It was established that in order to provide a variable area of
actual contact, which contributes to better degradation of biofilms, and, accordingly, the passage of a qualitative process of sanitary treatment of
surfaces, the necessary condition is to maintain the velocity of movement of detergents to the corresponding technological parameters.
Keywords: biofilm; adhesion; contact area; velocity gradient.

Beryn. ¥V XapuoBHX TEXHONOTISX TP ITiATOTOBIN
CHpPOBHHM, OTpHUMaHHI HariB(haOpHKaris, TOTOBUX

ocrannboi. lle mpu3BOOWTH 1O BTpaT 1 NCYBaHHS
HamiBaOpukary Ta ToBapHOro Buriiny. OTxe, aaresis

BHpPOOIB, iX 30epiraHHiI BEIVKE 3HAUCHHS MA€ B3aEMOJIIS
MPOAYKTY 3 PI3HUMH pPYXOMHMH 1 HEPYXOMHMH
MOBEepXHAMH. Taka B3aeMOJIisl, SIK MPABWIIO, MIPH3BOIUTH
0 TPWIWNAHHS TPOAYKTY JO TIOBEPXHI pobounx
OpraHiB, poOOYHX KaMep TEXHOJOTIYHOTO 00JIaTHAHHS, a
TAaKOX KOHCTPYKIIHHHMX 1 TEXHOJOTIYHHX MaTepiaiB,
Tapu TOMIO. Y TEXHIIl SBWINC MPIWINMAHHS MPUIHATO
Ha3uBaTH ajaresiero [1].

Aqresist Xap4oBHMX Mac dacTimie € HeOaXaHOro.
Yacto TpPHUXOAWTHCS CTHKATUCh 3 SBHUIIEM, KOJIH
Cepe/IOBUINIE TPWJINIIAE IO IOBEPXOHb, a MpH HOTro
BHJIYYCHHI YaCTWHA 3QJIMIIAE€THCS HA  ITOBEPXHI

HETaTUBHO BIUIMBAa€ HA €(EKTHBHICTH BUKOPHCTAHHS
obnasHaHHs, SAKICTh  TNPOAYKTY, HPU3BOOUTH 10
301IBIIEHHS] BUTPAT CUPOBUHM i1 EHEPTeTUYHUX PECypCiB,
YCKJIa/IHIOE CaHITapHi yMOBH ITiJIIPHEMCTB.

3 [MPOKMM  BIOPOBA/DKECHHSAM Yy  XapyoBe
BUPOOHMIITBO CYYaCHMX aBTOMAaTH30BAaHHX, KOMIUIEKCHO
MEXaHi30BaHWX JIHIA, KOIM IIBUIKICTH OOPOOICHHS
HEHBIOTOHIBCHKMX Xap4YOBMX Mac 3HAa4yHO 3pocia i
IIMPOKO  BOPOBAPKYIOTBCS ~ HOBI  KOHCTPYKIIHHI
MaTepiald, 3aBXKI1 3TUIIAETEC HEOOXiTHICTD Y
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BHBUYCHHI MIITHOCTI ajre3ii, MOJCIIOBaHHI IPOIIECIB.
MopentoBaHHS TEXHOJIOTIYHUX MPOLECIB CIPSIMOBYETHCS
Ha 30HY PO3JIUICHHS 3 ypaxyBaHHAM SIK BHIY 1 CTaHy
MIOBEPXHi, TaK 1 CTPYKTYPHO-MEXaHIYHUX BIIACTUBOCTEH
HEHBIOTOHIBCHKHX XapuOBUX Mac.

Masno BHBYCHMMH 1 OCOOJIMBO CKJIQJHUMH JUIS
MOJICTTIOBaHHS  3aJIMIIAIOTECS IIPOLECH, MOB's3aHI 3
aAre3i€lo CTPYKTYPOBAHMX Mac, TaKUX, SK 3 YTBOPEHOIO
010IIITIBKOIO Ha MIANPUEMCTBAX MOJIOYHOI ramysi. [lane
SIBUIIE  JOCTIDKYBadW 0Oarato BWHAXIAHUKIB, SKi
PO3KpHBAJIM CYTh Ta MOXJIMBI IUISIXM 3MCHIICHHS
aaresii, TPOBOMWJIM BHW3HAYEHHS MPH  JIOIOMO31
TEOPETHYHUX M EKCHepHUMEHTAIBHUX JIOCTI/DKEHb 1
TIPOBOIMIIN 0oOTpyHTYBaHHS MaTeMaTHIHUM
MOJICTIOBaHHSM. TOMy Ha Haml MOTJSA  3MEHIIWTH
HETaTUBHUH BIUIMB ajre3ii Ha TEXHOJOTIYHI IMPOIECH
MOXKHa 3a JIOIIOMOTOI0 BCEOIYHOTO BHBYEHHS IOTO
SBHIIA, TOOTO HA OCHOBI 3aCTOCYBaHHS Cy4YacHHX
METOJIB MOJCTIOBAHHS, aHali3y IIPOLIeciB y 30HI
KOHTaKTY [TOBEPXHS — MIPOIYKT.

AHaJi3 nociKeHb. ANresis IPyKHO-IDIACTUIHUX
Mac peaji3yeTbCsi Ha MEXI pO3JUTy JBOX TBEPAMX TII.
[IpyXHO-IUTaCTHYHI Tijla MAalOTh AHOMAaJbHY B’SI3KICTb,
sKa 3MIHIOETBCS 3aJIOKHO BiJA  HAmpyru 3CyBY,
BJIacTHBOCcTe Macu Ta iHmMX ¢akropi. Ilpuumna
MIHJIIMBOCTI ~ B’A3KOCTI  HOJIATAa€ B OCOOJIMBOCTSIX
CTPYKTYpPH TPYKHO-IUIACTUYHMX Tl Anresis sk
TIOBEPXHEBE SIBUIIEC BUHUKAE Ha MEXI PO3MOITY JIBOX
(a3 pi3HOPIMHUX KOHJICHCOBAHWX TN OIOILTIBKA — OJHA
(a3za, moBepxHs KOHTaKTY — Jpyra ¢a3a [2]. [ToBepxHeBi
BIIACTHBOCTI OIOITIBKH, 30KpeMa ajare3is, 3aJIeKUTh Bif
0o0’eMHMX  BiacTuBOcTe  cammx  Mac.  OcranHi
BH3HAYAIOTH IUIOIIY KOHTAKTY JBOX TiJ, sIKa BIUIMBA€E Ha
BeNMWUMHY ajre3ii Ta ii HacHiIOK, SKUH XapakTepu3ye
CTaH TIOBEpPXHI IIICNIS BHJAJICHHS MPWIMIUIOl MAacH.
BigpuB Matepianmy Bix TBepAoi KOHTAKTHOI ITOBEpPXHi
MOXE MaTH ajare3idHuil (Meka MOALTY MPOXOAHUTH IO
MIOBEPXHI KOHTAKTHOI IIOBEPXHi), KOre3iHUH (Mexa
MOAITy MICTHUTBCS B IIapi HPOAYKTY) 1 3MilIaHHi
xapaxtep [1-3]. Anresist 0OyMoBiIeHa PI3HUMH 32 CBOEIO
MIPUPOJOI0 CHJIAMHU Ta 3B’SI3KaMM, 1X MOXXHAa YMOBHO
po36ut Ha aBi rpynu. Ilepima rpyma cuin nposBISETHCS
IIpy 30JIM)KEHHI IBOX TIJI 1 3@ BIICYTHOCTI KOHTAaKTy MIX
HUMHU, KOJIH € 3a30p IeBHOi BesmuuHH. Lli % crm airoTe
1 Ticas MOpYIIeHHS KOHTAKTy pI3HOPIAHUX Tinm 1 He
MOXYTb ICHYBaTH 3a BiJICYTHOCTI KOHTaKTY.

B  pesymbrari  posrmsHyTHX — poOiT  (2,3,4)
BCTaHOBJICHO, o KOHCTPYKTHBHI rapameTpu
TpyOOITOBO/IIB CHPSIMOBaHI JUIs 3a0e3MeUeHHs] PiIUHHNX
TIOTOKIB IPM BUPIBHIOBAaHHI 1 NMEpepoO3IOAICHHI Pi3HOr0
poxy oOmopiB 3a paxyHOK 3MEHIIECHHS IIOPCTKOCTI
BHYTPIIIHBOI MMOBEPXHi. X0Ya IPOIec MOTOKY PiTMHA Ha
MepIINA TOTJIS YSBISETBCS HPOCTHM, ajie NHoOymoBa
Horo MaTeMaTH4HOI MOJeNi 1 TOMYK OCHOBHHX
PO3paxXyHKOBHUX 3aJIEKHOCTEH JTOCUTH CKIIaJHUN. 3apas3 €
psan pilieHb BKa3aHOi 3a1adi, KOTpi 0a3yloThbCcs Ha
CIPOLIECHH] JIMCHOrO MpoLecy i He BPaXOBYIOTh BIUIUBY
€JIaCTUYHO-B'SI3KOI 1 IUIACTHYHOI CTPYKTYpH MaTepiaiy i

nii Ha HEl KONMBaHb THUCKY. Uepe3 Te IO THUCK PiIUHU
(Mmrouoro  3aco0y) Ha  CTiHKH  TpyOOmpoBOmy
repeaeThCs 10 HOpMali, Ha MiJicTaBi poOOYOro THUCKY,
110 33J]a€ThCs, 1 eMIOpU WOro 3MiHU IO JIOBXKHHI, MOXHA
BHU3HAYWTH CHJIM, SIKI JIIOTh Ha YTBOpPEHY OiOIUIiBKY,
CHpsIMOBaHMX Ha ii Jerpajamiio B 30HaX YTBOPEHHX
omopiB [1]. BBaxkaeTncs, Mo aaresis 1m0 MOBEpXHI — IIC
cKimafHuil pi3uKo-XiMIYHMI Tporiec, SIKKH 3aJIeKUTD Bill:
BJIACTHMBOCTEH TOBEpXHI, TakuUX sAK Tomorpadis,
LIOPCTKiCTh,  TiApodoOHICTh, XiIMIUYHMH CKIax Ta
TIOBEPXHEBA €HEPTisl; HOYaTKOBOI KIJIBKOCTI CEpeIOBHIIIA,
foro po3mipiB, Temmeparypu i pH HaBKOIMIIHBOTO
cepenoBumma tompo [1, 2, 3, 4]. IIpore, cepen GaraTbox
HaBeJCHNX YMHHHUKIB, SIKi BIUIMBAIOTH HA IIPOIIEC ajresii,
mocigHuKy [4, 5] BBaXKaOTh, IO BIACTUBOCTI IMOBEPXHI
BiJIrpaloTh OCHOBHY poib. BHacmimok doro O0yio
3alporIOHOBAHO TpU Teopii MiKpoOHOi anresii 1o
moBepxHi:  TepmoauHamiuHa, DLVO  (Deryaguin—
Landau—Verwey—Overbeek) Teopis Ta  Teopid
pozmmpenoro XDLVO [1, 6, 7].

TepMmoanHaMiyHa TeOpist IPYHTYEThCS HA TOMY, IO
IIPY TIPUKPIIUICHI YaCTHMHOK 11O MOBEPXHI BiJOyBa€ThCs
3MiHa 3arajbHOi BiNbHOI eHeprii 'i60ca (eHepris, ska
BHU3HAYAETHCSI B 3aKpUTiH cucreMi). Po3paxoByeTbcst
JaHa eHepris 3a piBHAHHAM Jlidmriny-Ban nep Baansca i
KHCJIOTHO OCHOBHHX B3aemoisx Jlroica [3].

AGapu = AGLw + AGas (1),

e AGapu — 3MiHa 3araibHOi BUTBHOL eHeprii ['160ca, 1o
npuiiMae ywactp B anresii; AGLw — 3MiHa 3arajnbHOI
BimbHOI eHeprii ['i66ca Ta cmn Jlipmina-Ban nep
Baansca; AGap — 3MiHa BUIBHOI eHeprii KHCIIOTHO
ocHoBHUX cuit Jlioica.

TepMoanHaMiyHa Teopisi NMPHITyCKae, IO aare3is
3aBXKIM 3BOPOTHIN 1 HE3aJICKHWU BiJ BiACTaHI IpoIIeC.
Jlana Teopis He BU3HAYa€ BIUIMBY IIOBEPXHEBOTO 3apsiLy
1 KOHIICHTpAITi1 CJIEKTPOJITIB HaBKOJHIITHEOT'O
cepeoBUINA. BBaxkaeThcs, IO jJaHa Teopis HAWOIIbII
TOYHA TPU POOOTI 3 HE3APSPKEHUMH ITOBEPXHAMH 200
IpH HAsIBHOCTI B CEPEOOBHIN BEIUKOi KiIBKOCTI
enektpomitiB  [3]. Teopis DLVO 1pyHTYyeTBCS Ha
TEpMOAMHAMIYHIM Teopii, a TakKoX IPHIyCKae, IO
aaresist SBIAETHCS CyMOIO Mik¢a3sHUX eHeprii. [lana
TEOopis BBaXa€, IO KOJOIAHI YAaCTHHKH JWCIIEPCHOI
CHCTEMH MOXYTh 0€3MepenIKoHo 30MKyBaTHCS OJHA 3
OJHOIO, JOKM HE€ BiIOyHEThCS KOHTAKT IXHIX PIIKHX
T} y3HIX 0OOIOHOK.

UDLVO — ULW + UEL (2)’

ne UPLVO — niogna enepris Bzaemoniii; ULW — enepris cun
Jligurina-Ban nep Baanbca; UEN — enexropcrarnuna
SHEepTis B3aEMOJIi.

Teopiss mpumyckae, 00 axaresis Moxe OyTH
3BOPOTHOIO 1 3aJICKUTH BiA BifcraHi. BoHa € HaWOubIT
TOYHOI0, KOJH €JEKTPOCTATHYHI CHIM IE€PEBaKaIOTh,
IIpoTe BOHA OOMEXKEHAa y BHIAJIKYy iTHOPYBaHHS e(eKTy
MOJISIPHUX B3aeMomii [3].

Bicuux Hayionanvrnozo Texuiunoeo Yuisepcumemy «XI1ly». Cepia: Innosayitini
26 0ocnioxcenHs y HayKosux pobomax cmyoenmie, 2019, No 15 (1340)



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

3 MeTor0 OLTBII TOYHOTO MOJENIOBAHHS MiKpOOHOT
anres3ii Oyna 3ampomnonoBana Teopist XDLVO, ska
IPYHTYETBCSI Ha TepMoamHaMiuHii i DLVO Teopii [4].
3rigHo miei Mojaeai BBaXKAETHCS, IO aare3is SBISETHCS

CyMOIO cuin Jlipmina-Ban zep Baansca,

eJIEKTPOCTAaTUYHUX Ta BUIBHOI  €Heprii  KHCIOTHO
ocHOBHUX cuit Jlioica.

UDLVO — ULW + UEL + UAB (3)

2

ne UPLVO _ nopma enepris B3aemopiii; UMY — emepris cun
Jligurina-Ban nep Baansca; UE: €JIEKTOPCTaTUYHA
eHepris B3aemozii; UAP — eneprist KUCTIOTHO OCHOBHHX
cu JIroica.

Sk y Bumanky 3 DLVO Teopiero, XDLVO mozensb
BBaXKae, IO aJre3is MoXke OyTH 3BOPOTHOIO 1 3aJIEXHTh
Bix Biacrani. Ilpore, gocmigauku [1, 6] BBaXarTh, IO
BCI TP TEOPETUYHI MOAENI, SIKi MafOTh Ha METi PO3KPUTH
CyThb aaresii A0 MOBEpXHI pO3pOOIeHI I ineabHOI
KOJIOiAHOI cucTeMH. Y BHPOOHMYMX YMOBax ajresis
HabaraTto cKJIagHIOIMKA mpomec i i NPHUKPIMJIEHHS OO
TIOBEpXHI MOKe BinOyBaTHcs 1o pisHoMy [5]. Tomy Ha
Halll ITOTJISA MPOIeC ajresii 70 MOBEpXHI Ha INPaKTHII
4acTo BIAPI3HAETHCA BijJ BHINE ommcaHuX Teopi. Lle
MOB’S[3aHO 3 THM, IO IOBEPXHI TBEPAUX MaTepialiB
MANAf0TECS BIUIMBY PI3HMX KOHTAKTYIOUMX CEpeIOBHIIL,
ancopOyroTh Ha co0i opraHiuHi i HEOpraHiYHI PEYOBUHH,
YTBOPIOIOYM TAaKUM UYHMHOM KOHJIWIIOHYIOYUHMH IIap, -0
SIKOTO  NPUXOAWTH  NPUKPIIUIEHHS  KOHTaKTYIOUOTO
cepeoBUINA. Y TONAIBIMIOMY NpW Ol pyHIHHUX CHII,
chopMOBaHMI KOHIWLIOHYIOUMH Imap 3MiHIOE (i3HKo-
XIMiYHI BJIaCTHBOCTI ITOBEPXHi, 1 TAaKUM YHHOM BIUTUBAE
Ha TIpoIIec azresii.

Ha ocHOBI BHKIaJeHOro BBa)XKa€MO, IO aAATre3is
cepeloBUIA JI0 TBEPAMX IIOBEPXOHb € ABO(AZHUM
MIPOLIECOM, SIKMH CKJIANAEThCS 13 BHXIJHOI 3BOPOTHOI
(dpismunOl) 1 HacCTYIHOI HE3BOPOTHOI (MOJIEKYISIpHOI 200
kiriThHHOT) Qasu. Takok ajresis 4O TBepAOi IMOBEpPXHi
MoXxe OyTu macWBHa a0o0 aKTHBHA, IO 3aJEXHUTh BiX
PYWIHHAX CWJI Ta TPAHCIOPTY KIITHH CEpelOoBHINAa Ha
OCHOBI  rpaBiTamii, audy3ii Yu 3a IONOMOrOI0
rizpoguHamivanx cwi. KpiM mporo Ha mporec aaresii
BIUIMBAIOTh (Pi3MKO-XIMiYHI BJIACTHMBOCTI CEpPEIOBHIIA,
(ha3oBuii CKiIa]] Ta NIOPCTKICTH MOBEPXHI.

IpyHTYIOUHCE TIOTIEPEHIMU TOCTIHKeHHsMH [4, 6, 7]
Ipu  BUBYCHHI anre3ii HEOOXIOZHO  IIOXOIUTH
KOMIUIEKCHO 1 BpaxoBYBaTH TOpsA 3 MIOPCTKICTIO
Tomorpadiro  MOBEPXHi, TaK SK I[i BEIWYUHU €
B3aeMo3asiekHi. 1IopcTKicTh TTOBEPXHI BITHOCHTHCS IO

JIBOBUMIPHOTO TapaMeTpy IOBEpXHI MaTepiamy i
3a3BHYall  ONMCYEThCS 5K CepemHs apudmMernyHa
mopcrkictb  (Ra)  Ta  cepemHs  KBagparnyHa

mopctkicts (Rq). ¥V Toit ke yac, Tomorpadis Mae TPHOX
MIpHI TapaMeTpd 1 ONHUCYe eNeMEHTH (QOpMHU
noBepxHi [6, 8]. Tomy npu BUBUEHHI ajaresii 3BepTaemo

yBary Ha IIOPCTKICTh TIOBEpXHI Ta IapamMerpu
tormorpadii. OTxe, BUXOASYN 3 I[HOTO IMPOIEC aaresii
TICHO TIOB’SI3aHMH 13 aMIUNTYIHMMH HapaMeTpamu
MOBEpXHi (LIOPCTKIiCTh) Ta ii MPOCTOPOBMMH 3MiHAMH,
SIKI XapaKTepu3yl0ThCsl MOP(HOJIOTTYHUMH 0COOINBOCTSI-

MU 1oBepxHi (Tomorpadis). Tomy Teopist MpUKpinIeHHS
cepeoBUIA /10 TIOBEpXHI ITIOBHHHA BpaxOBYBAaTH
nepeBaXHO  (I3MKO-XIMIYHI ~ aclleKTH  ITOBEpXHi
MaTepiaiiB, a y MEHII Mipi 3Beprath yBary Ha
MopdororiuHi i (hi3ionoridHi 0cOOIMBOCTI CEPEOBHILA.

[IpoGiemoto,  mO  YCKIAagHIOE  BH3HAYEHHS
aAre3iifHOI MIITHOCTI, € BCTAHOBJIEHHS (DAKTHYHOI ILTOMI
KOHTaKTy. AJ/UKe Ha BEIWYMHY IUIOMI (PAKTUIHOTO
KOHTaKTy BIUIMBa€e Oarato (akTopiB: HOPMaJbHHUII THCK,
MIPUpOJa KOHTAKTYIOUMX TiJI, @ TAKOXK 30BHIIIIHI YHHHUKH
- TeMITepaTypa, HaIpPYKEHICTb, TPHUBATICTH
MOIIepEeTHHOT0 HABAHTAXKEHHSI, IIBUJIKICTH 3POCTaHHS
sycwnst BiapuBy. Lli ¢daktopm 3ailicHIOIOTE pi3HMI
BIUIMB Ha 3MiHY ()aKTHYHO] IJIONIi KOHTAKTY.

Mera CTATTI. Bcranosutu 3B 130K
KOHCTPYKTHUBHHX NapaMeTpiB MOBEPXHI IpH caHiTapHiN
00pobmi Ha Aerpafamiro OIiOIUTIBKM 3 BHKOPHCTAHHIM
METONy, SKHH IPYHTYETBCS Ha  CTaTHCTHYHOMY
MOJICITIOBaHHI.

IMocranoBka 3apaui. CucremMu Ui HalipHOTO
TIepeMilIeHHs MUIOYOT0 3ac00y € BaXIIMBOIO CKJIAJ0BOIO
Ipy  caHiTapHii 00poOui moBepxoHb. (OOMexeHa
JIOIycTMa  Tediss B  IPHUIIAPOBOMY  IIOTOWI B
TpyOOIIPOBOAAX BHMAarae CTBOPEHHS cHEnU(iuHIX YMOB
CHHTE3y CHCTEM «Tedis — yTBOpeHa OiomiiBka» 3a
BUKOpHCTaHHS cwil axaresii ( Bumipioerscs B H) #
TiIpaBIiYHOrO TEPTS B PONI CHJI PYIIIHMX 1 CHJI OIOpY.
VY 3BI3Ky 3 MM B iHTepecax ONTHUMi30BAaHOTO CHHTE3Y
HEOOXimHOI € iH(opMalis, sKa CTOCYETBCSA SIBHI i
ocobsmBoOCTel anresii, MoXIMBOCTEH ii TpaHchopmarii
B KIHEMaTHYHUX Iapax sK y Oik 301IbIIeHHs, Tak 1 B Oik
3MeHIIeHHs.  Pi3HOBMam ~ OiOILIIBOK 3 CBOIMH
0COOJIMBOCTSIMH, MEXaHIYHUMH  TapameTpaMu 1
KoeilieHTaMu  TepTs, B OCHOBI B3a€EMOIIA MIX
ITOBEPXHEI0 TPYOONPOBOAY i OIOMIIIBKOIO BOAYAETHCS IX
BIIMIOBIMHICTE  3aKoHaAM TepTs AmonToHA-KymoHa,
criBBigHOmeHHM Eiinepa, MOHATTSIM KyT 1 KOHYC TepTH,
paniyc i Kpyr TepTs, NpHUBeACHUH KoedimieHT Tepts. B
CBOIO 4epry (OpMYJIIOBaHHS IMX IOHSTH 1 BHU3HAYECHBb
CTOCYETBCSI TaKWX 3arajJbHOBH3HAHHMX IIPHUITYIIEHb 1
TIOHSATH, SK PE3YNbTyloda CHJ TSDKIHHS, PE3yJbTyroua
PO3MOAIIEHNX CHJI HOPMAJBHOTO THCKY, PE3yJbTYyIOua
cuia ajresii, HEHTp Mac, TEOMETPUIHUMA IEHTP ITOBEPXHi
KOHTaKTYBaHHS TOHNIO. B TEXHOJOrifAX poO3paxyHKIB i
BU3HAYCHb rapameTpiB cucTeM MIPUCYTHI
3aKOHOMIPHOCTI AMHAMIKM Ta NPHHIMIIK HE3aJIEeKHOCTI
nii cwit, amuruBHOCTI, Jlarpamka-/lamamoOepa.

B nmomykax po3B's3aHHA 3a7ad  JIOCIHIIKEHb
3IIICHIOBAJIOCSI MOJICTIOBAHHS ISl OLIHKM 30BHIIIHIX
BIUTMBIB HA PEAKIl i BIATYKH JIOKAJIBHUX 30H CHCTEM Ha
OCHOBI MaTeMaTH4YHUX (hopMaiizamiii i 3 MOCTaHOBKOIO
OOYMCITIOBAIFHUX ~ €KCIEPUMEHTIB.  3ampOorOHOBaHO
MaTeMaTH4yHy MOJENb  CWJI  ajaresiiiHoro Qakropy
BIUIMBY, SKMH Ha BiAMiHy Bix KoedilieHTa TepTs
BUCTYIA€ 31 CTaOUII30BaHUM 3HAa4YeHHSIM. Baxumso, mo
I CTOCY€EThCS JUIS 3a0e3eueHHs aerpajiarii 0iomTiBKu
IIpY HamipHid Tewii Muiodoro 3aco0y. MoxngikoBaHi
TEOPETHYHI  3aJIEKHOCTI  JIO3BOJNIWIIM  3JIHCHUTH
PO3paxyHKOBi JBOPIBHEBI €KCIIEPUMEHTH JJIsI CTBOPEHHS
MIEPCIIEKTHB TOTIMOJIICHHS MOMJINBOCTEH TeHEPYBaHHS
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30inbIIeHNX pymidHuX (akTopiB. CTpykTypa Ol0IUTiBKH
MPU3BOJUTE JI0 HEOOXIAHOCTI BpaxyBaHHS 3HA4YEHb
koediieHTiB TepTs. [IposiBM HEI30TPOITHOCTI BiHOCHO
opieHTalii CTPYKTYp MaloTh Miclle Ha PIBHIX MOJIEKY-
JSpHOI MOOYZIOBY Y BIATYKaX Ha 3HauCHHS KoeillieHTiB
TepTsi. OfepKaHo BiAMOBIHI PIBHSHHS perpeciii.
Buknanennsi ocHoBHOro marepiaay. Ha ocHoBi
PO3ITIISTHYTHX METOAIB 1 3ac00iB Al TPaHCHOPTYBaHHS
pizmH 1 cadiTapHOi  OOpOOKM  TEXHOJIOTIYHOTO
o0JyiafiHaHHS, OCOONMBO TpPYOONPOBOAIB, JI¢ HPHUCYTHI
Ppi3HI MEpPTBi 30HHU, KyTOBI IIEPEXO/N Ta IEperaay, HaMH
MIPUIHATO pilIEHHS 3pOOUTH TEOpPETHYHE OOTPYHTYBAHHS
Tporecy BIUIMBY (DaKTOPiB Ha YTBOPEHHS Ta 3MHBAaHHS
OakrepiasibHOI IUTIBKH. OCKIIBKM KYT OXOIUICHHS O
YTBOpeHOI OakTepiasbHOI IUTIBKM B TPYOOIIPOBOAAX Ha
3THHAX, IIEpexXofax JUIs CHUPOBMHH BHUCTYNAae B POl
BaXXJIMBOT'O BapiaTUBHOTO (hakTOpa BILUIMBY, TO Ha OCHOBI
QHATITHYHUX PO3POOOK IPOBEAEMO OOUMCIIOBAIBLHHI
eKCIIEPUMEHT, B SIKOMY (YHKIIE€IO BiATyKYy NpHAMEMO
3HA4YEHHA BKa3aHoOro kyra. OuYeBHIHO, IO B OKPEMHX
BUMNAJKaX IOUIYK TI'EOMETPUYHUX  3BSI3KIB  JUIA
3a0e3rneveHHs BH3HAYCHHX KYTiB OXOIICHHS
OakTepiaJIbHOI IUTIBKM MOXKE OyTH CYTTEBO CIIPOIICHHM,
SIKIIIO BUPILIYETHCS] TOYATKOBUH CHHTE3 TEXHOJOTIYHOTO
obymagHaHHsA. PasoM 3 TUM HecTaOUIBHICTH 3HAYCHb
aare3ii 1 3OBHIMIHIX YMOB EKCIUTyaTamlii CHUCTEM
TpyOOITPOBOAIB, PIBHO SK 1 Bapiamil (Qi3MKo-MeXaHIYHHX
napaMmeTpiB  OakTepianbHOI IUIIBKH, IIPU3BOISATH 10

HEOOXITHOCTI TOIIYKY HECTAHNAPTHUX MiAXOMIB JUISA
3a0e3reueH s 3aJlaHuX KiHEMaTHYHUX IapamerTpiB ix

smuBaHHSA. CHTyarlis, TOB's3aHa 3 OOMEKECHUMH
mapaMeTpaMd  MIIHOCTi, YCKJIATHIOETHCA 3HAYHUMH
MOYaTKOBHMH MacaM# OakTepiasbHOI ILIIBKH,

0COOJIMBOCTSIMH MEXaHI3MIB IToAadi i TPaHCIIOPTYBaHHS
MHUHHOr0 3aC00y TOIIIO.

Teopist QpukHiiHUX B3aeMOmild  OaKTepiaTbHOI
IUTIBKA 3 eJIeMEHTaMH  TPAaHCIIOPTHOI ~ CHCTEMH
CTBOPIOBAJIACSI Ha OCHOBI NPUITYLIEHb HPO OOMEXEeHUH
omip B Aedopmamisx 3cyBy, CTUCKAaHHS, PO3TATYBaHHS.
Cunu aaresii 6akTepiasibHOI IUTIBKK PO3MOALIEH] 1O Ay3i
(xomini). B mepury 4epry 3anexarh BiJl yTBOPEHOI Ayru

OXOIUICHHA  (IJIOmIi), TONEPEeNHBOTO  HATATYy i
KoeimieHTiB  TepTsa.  BuBueHHs  sBWma - aaresii
OakTepiaJIbHOI IUTIBKM 3 TPAHCIOPTHOIO CHCTEMOIO
YMOBHO TMOUISEMO HA JiBa BUMAJIKHA: 3MHUBaHHI

OakTepiaJIbHOI IUTIBKH IPOXOJUTH IO TIOBEpXHI KoJiHa, 1
KON TIOBHE BIJIHOCHE KOB3aHHs BincyTHe. OOumsa i
BUIAJKN MalOTh MiClle B CHCTEMax TPaHCIOPTYBaHHS 1
BHKOPUCTAHHS B’S3KUX MAaTepialliB, BIACTUBOCTI SIKHX
10710 OOMEXEHUX OIOopiB JedopMariiii 3cyBy, CTUCKaHHS
i posrary. 3ymuHMMOCS ~ OulbII  JETaJbHO  Ha
CHIBBiIHOIIEHHSX M)XK CHJIOBUMH ITapaMeTPaMH CHCTEMHU
«bakTepianbHa ITiBKa — KomiHo» puc. 1. Ile#t Bumamox
BIJIMIOBIZIa€ CHCTEMI JJIS 3MiHH HAIPSIMKIB B TPAEKTOPIsLX
Tewii a00 I CTBOpEHHS 1 cralimizamii omopiB ImiJ 4yac
Tedii Ta HATATIB HA OKPEMHUX JUISTHKAX.

Puc. 1 — Cxema 1y1st BU3HAUEHHS CUIIM ATe31i1 YTBOPEHO! TUIIBKH

[Mpuitmaemo, mo yrBOopeHa IUTiBKa (TIMKOPIXOHHUH
1ap) Ha BHYTPILIHIA MOBEPXHI KOJIIHA 3a/1aHOi KUTBKOCTI
He nedopMmyeTbes, a 1i MBUAKICTH KOB3aHHS V = const.
Macoro i€l TUTiBKY 1 1 BiIIICHTPOBOIO CHIJIOK HEXTYEMO.
3a HeoOXigHOCTI MooanHs cuik aaresii Fad maemo:

$2> =81 —Faa 1 3Bigen Fag=s2—si. (1
Ha cxemi do i o BigmoBiZTHO eJIeMEHTApHUH 1 MOBHUH
KYTH OXOIIICHHS, S 1 s + ds —3aTaryBaHHs (HATSAT) IITIBKH.
Toni enemenrapHa cwia anaresii d Fog mopiBHIOBaTHME:

d Fag =(s+ds) — s=ds i d Fo4f dP, )

ne dP — enemeHTapHa cHila TIPUTHUCKAaHHS, SKa
BH3HAYAETHCS 32 BIIOMHUX CHII S Ta s+ds .

SIKIIo 3HEXTYBATH BEJIMUMHAMU JPYroro HOPSAKY i
3aMIiHHUTH ITapajiesiorpamMm poMOOM 31 CTOPOHAMH S, TO:

dP =2s sin do/2=2s da/2=sda 3)

Toni 3 BpaxyBaHHsM piBHSHB (2), Maemo: ds/s=fda. . (4)

[HTerpyBanHsaM JiBOI i mpaBoi yacTHH yMOBH (4) B
Mexax Bim sl mo s2 i, BiINOBIOHO, BiJ HYIS 1O O,
OTPHUMAEMO:

[ e

S8

m2=fo.
Sl

3Bigcu:
s, =se"’ (6)

Toni 3 BpaxyBanHsM ymoBH (1), 3anmcyemo:

F,= Sl(eaf -1). (7

a
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Cuna F,q € Ti€ro HAHOIIBIIO CHIIONI, KA MOXKE
Oyru mepenana. Posmoainena anresii, mo jgi€ Ha IUTIBKY
nopiBHIOE pi3HUI sl 152, TOOTO:

— — af
F,=5-s, =5, -1). 8)

a

3uaueHHs S1 Mae CIIBCTaBIATHCA 3 JAO0IMYCTUMHUM

HABAaHTAKCHHAM IDIBKA 3 YMOBH MII[HOCTI Ha
PO3TATYBAHHS i IIPH EOMY:
[s,]<[o0]f, [s] )

ne [O'o] — morryctuMi HanpyxeH#s, [1a; fo — ruroma

HOMEPEYHOrO MEPEPizy, M2.
VMOBa NepefaBaHHs pyXy Ha ILTiBKY BU3HAYAEThCS
BEMMMHHOIO KyTa OXOILICHHS [¢ |.

In 2 1n7|—0-0—|f0
[«]> ;22 ;2 : (10)

3a yMOBH [Iii IOTOKY piAWHY, CHIA ajare3ii YacTKOBO
3MEHINYIOTECS 332 PaxyHOK [il BIALEHTPOBHX CHI. 3a
BpaxyBaHHS OCTaHHIX CITIBBIJHOLICHHS MK CHIIOBHMH
napameTpamMu HaOyBarOTb BUI

fa 2 2
s =F, 5 & g (-1 & qv (12)
ad efa_l g e//l_l g

Vv oel —1
Fadz(sl_g )
g

o o

Jle V — KOJOBa MIBHIKICTh, M/C;  —Maca BSI3KOTO
€JIEMEHTY IUTBKH, KI/M; g — NPHUCKOPEHHS BUIBHOTO
nagiHes, M/c.

HaBenennit B poOori Hablp MaTreMaTHYHHX
¢dopmarizamiii  03BOJNIIE  BHKOHATH  IUTAaHYBaHHS
OOYHMCITIOBAIFHUX EKCIIEPUMEHTIB 3 YHCIOM (haKTopiB
BiJl JIBOX JO YOTHUPHOX 3 OJCPKAHHSAM Pi3HHX (DYHKIIIH
BIITyKYy, BUKOPHUCTOBYIOUM OJIEp)KaHI MaTeMaTH4Hi
¢dbopMynu Ha piBHI ITOPUTMIB  PO3paxyHKiB B
0e3mocepeTIHFOMY 3aCTOCYBaHHI ab0 ix cmomydeHs. B
nepmioMy HaOmwkeHHI 3BepHeMocs 10 Qopmynu (7), B
SKiH (YHKIIS BIATYKY NpeacTaBieHa cuiioro anresii Fag,
a g0 uyucna (aKToOpiB BIUIMBY BiJIHECEMO HATAT S
O1OTUTIBKY, KYT OXOIUICHHS ¢ i KoeQirieHT TepTs f .
OpieHTupoM npu BHOOpI 3HA4YEHHS S| Mae OyTu
BEIMYMHA $;MaX, 5Ka BU3HAYA€ThCA Yepe3 IUIONLY

MOMEPEYHOT0  Tepepidy  OIOIIBKKM 1 JOMyCTHME

HANpyxKeHHs  [g,] B Horo HABAHTAXXEHHI  HA
PO3TATYBAHHS 1 IIPH [{BOMY:

Simax <[ ]06 (14)

me b i & — BIONOBITHO IMUPWHA 1 TOBIIMHA

O10TLTIBKHMITIIIBKH, MKM.

VY 3B'I3Ky 3 THUM, IO BiOYBAE€THCS IBOPIBHEBHH
EKCTIEPUMEHT, KO)KEH 3 (pakTopiB HaOyBa€ J(Ba 3HAUCHHS:
BepxHil XiB i HIWKHIN XiH piBHI.

Ockinbku ITAHYBAHHS i OIpalOBaHHS
eKCIIEPUMEHTIB BHUKOHYETHCS HE 3 (I3WYHNMH, a 3
KOJIOBaHMMH BEJIMYMHAMH, BHU3HAYECHO KOAOBAaHI 3MiHH
X; (Tabm.1).

Tabmuus 1 — YMOBH IpOBECHHSI eKCIEPHMECHTY

®daxTopu
Bemmiuma Si,H | a, rad F
Konose nmoznauenus ¢gakropa Xi X2 X3
OcHoBHHH pieHb, H 0,95 1max=2250 2,617 0,3
Iarepsan BapiroBanns, H 0,181max=250 0.,523 0,1
Hwxwiii piBens, H s) = h,=2000 2,093 0,2
Bepxniii pisens, H s+ h, =2500 3,13 0,4

OOpoOKy eKCIepUMEHTAJIbHOTO MAacuBy JaHUX
MPOBENM 3 BUKOPHCTAHHSM  IIAKETy  IPHKIaTHOI
IIPOrpaMu «Statistica-12» JIs KOMIT F0Tepa.
Koeogimientn piBHSHHS perpecii abo ampoKCHMy4ol
(yHKIII1, 32 YMOBH OPTOI'OHAJILHOCTI Ta CHMETpii IJiaH-
MaTpuli IUIAHOBAHOTO  (haKTOPHOTO EKCIIEPUMEHTY,
BHU3HAYAIM 3TiJHO 3 CTAaHJApTHOIO METOJIUKOI0 3a
BiJIOMHMHU 3aJICKHOCTSIMH.

PiBustHHS perpecii Mae Bux:

=-5095.9 + 0.29X; + 2632.05X,+ 9130.19Xs.

IMpn piBHi BiporigHocti p = 0,95 Ta 3HAYEHHS
t-anbda Kpurepito piBHOMY 2,365, orpuManu Taki
CTaTUCTHYHI JaHi:

Koe]iIieHT MHOXKHUHHOI AerepMiHarii D = 0,842;

Koe(ilieHT MHOXHUHHOI Kopersiwii R =0,917;
CTaHIAPTHE BiIXWICHHS OIIHKH s = 0,802;
F-xpurepiit @imepa nopisHtoe 7,087.

KoeoinienTt D 3naunmuii 3 piBHeM BiporigHocTi P =
0,92863. 3 HBOrO BHTIKa€, MO BCi (aKTOPH BIUIUBY €
BaXXJTUBMMH 3 TOYKH 30pY IHTEPECIB MiJIBUIIECHHS HATSTY
O10MTIBKM B KOHTAKTHIHM IUIOLIMHI, OCKUIBKH PYIIiHHAM
(axTOpOM IIpH IILOMY € cHJiIa aaresii (ymoBa (2).

I'padiune 300pakeHHs 3MiHM aATE3iHOI CHIH
O10TITIBKY 3TiJHO €KCIEPUMEHTAIBHUX JaHUX ITOIaHO Ha
puc.2, TOOTO MOBEPXHS BIATYKY (YHKIIOHAIBHOI 3MIHH
CHIIH anresii 010TUTIBKHI SIK (G yHKITIOHAT

Fy=f(fra).
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Puc. 2. T'pacixu BiIryKy 3a1eXHOCTeH: a) y B X1i X2; 0) y Big X2 1X3

BucnoBkn. CydacHa TeopernyHa 0a3za CHHTE3Y
TEXHOJIOTIYHUX IIPOLECIB Ha OCHOBI B3aeMOAii pyxomoi
pimman 3 cepenoBumieM (OakTepiaJbHOIO IUTIBKOIO)
MOETHYE MOMJIMBOCTI  BpaxyBaHHS TEXHOJOTIYHHX,
€KOHOMIYHHUX BUMOT, TTOKA3HUKIB BHCOKOI
MIPOIYKTUBHOCTI, SHEPreTUYHHUX 320118/ KEHb,
00MexeHb JIUHAMIYHUX HaBaHTaXCHb TOLIO.
JlocsiTHeHHsI TIOETHAHHS BKA3aHUX BUMOT B 3HAYHIH Mipi
MOB'SI3aHO 3 BHKOPUCTAHHSM  aJre3idHUX 3B'S3KIB
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chcTeMax IIepeMillleHb cepeioBHrIIa nepeBakae
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I. 0. CABAJIOLI, IT. IT. TABPHJIKO
3AKOHOMIPHOCTI CTPYKTYPOYTBOPEHHS B TEXHOJIOITi JECEPTIB

B pobori HamaHO XapaKTEPUCTHKY Ta IPOBEJACHO aHalli3 TEXHOJIOTIH JECepPTHOI MPOAYKIII 3 TeNCNoAiOHOI0 CTPYKTYPOIO,
PO3TISIHYTO TEOPETUYHI TEPEIyMOBH BUKOPHUCTAHHS CTPYKTYPOYTBOPIOBAYa B TEXHOJOTII AECEPTHOI MPOMYKIII 3 relenomaioHo0
CTPYKTYPOIO, 30KpeMa, Kara-kapariHany. [IpoBeeHO MOAENIOBaHHS TEXHOJIOriT ATiAHOro HamiBhaOpukary 3 JUKOPOCIHX SITif
3aKaprarchKOro PerioHy IUIs BUKOPHCTAHHSA B CKJIAJl NECEPTHOI MPOAYKIii, HAYKOBO OOTPYHTOBAHO KOHIICHTPAIIIO IYKPY JUIS
HiBUILIEHHS MIITHOCTI MOJEJIBHUX I'elliB.

KniouoBi cioBa: srignuii HamiBGaOpHKaT, CTPYKTYpOYTBOPIOBAY; KapariHaH; JUKOPOCITI STOAW; AECepTH; BU3HAYEHA
KOHCHUCTEHIIiSI; peeNTypHI KOMIOHEHTH

I. 0. CABAJIOILI, I1. 1. TABPUJIKO

3AKOHOMEPHOCTHU CTPYKTYPOOBPA30BAHUS B TEXHOJIOI'U JECEPTOB

B pabote oxapakrepr3oBaHa M IIPOBEACH aHAIN3 TEXHOJIOTHH JECePTHOH NMPOAYKIMH C TeIe00pa3sHoOl CTPYKTYPOH, PACCMOTPEHBI
TEOPETHIECKHE MPEANOCHIIKH HCIIONB30BAHUS CTPYKTYpPOOOpa3oBaTeNss B TEXHOJIOTWH JECEPTHOH MPOMYKIHMH C Treleo0pa3HOH
CTPYKTYpOH, B YacTHOCTH, Kamma-kaparuHad. [IpoBeneHO MOIENMpoBaHHE TEXHOIOTHH STORHOrO monypabpukara wu3
JIUKOPACTYIIUX SITofl 3aKapmaTCKOro PEerdoHa U HCHOJIB30BAaHHMS B COCTaBE IECEPTHOH NPOAYKIMHU, HAy9HO OOOCHOBAaHHO
KOHIIEHTPALUIO caxapa IUIsl HOBBIIIECHNS IPOYHOCTH MOJEIIBHBIX TeIICH.

KnioueBble ciioBa: srogHelii momydaOpukar; CTpyKTypooOpas3oBaTellb; KapparnHaH; IWKOPACTYIIHE STOIBI; IECEpPTHI;
OIIpEeeIeHHAs! KOHCHCTEHIINS;, PELENTYPHbIE KOMIOHEHTHI

G. O. SABADOSH, P. P. GAVRILKO
REGULARITIES OF STRUCTURE FORMATION IN DESSERT TECHNOLOGY

The paper describes and analyzes the technologies of dessert products with a jelly-like structure, discusses the theoretical
background for using a structurant in the technology of dessert products with a jelly-like structure, in particular, kappa-carrageenan
— berry prefabricated, structurant, from wild berries for desserts with specific texture and prescription ingredients. The technology
of berry semi-finished product from wild berries of the Transcarpathian region was modeled for use in the composition of dessert
products, the concentration of sugar is scientifically grounded to increase the strength of model gels. It is confirmed that
galactomannans exhibit synergism with kappa-carrageenan, which allows to regulate not only the strength of gels, but also
syneresis.
Keywords: berry prefabricated; structurant; carrageenan; wild berries; desserts; specific texture; prescription ingredients

Beryn. EdextuBHiCTS (QyHKIIOHYBaHHS 3aKiaiiB
peCcTOpaHHOTO rocroapcTBa BH3HAYAETHCS
BIIPOBAKEHHAM KOHKYPEHTHO3JIAaTHHX pecypco3bepi-
Taf0YMX TEXHOJOTiH, MOXKIIUBICTIO ITEPEPOOKH CHPOBUHH
3 PI3HUMH BJIACTUBOCTSIMH IIpH 3a0e31edeHH] cTa0lIbHOT
SIKOCTI Tmpoxaykiii. JIWmKopocini sromu, SKUMH OaraTi
CHPOBHHHI ~ pecypcH 3aKapmaTchbKOro pETioHy, €
CIPaBXHBOIO  CKapOHWIICI0  OIOJOTIYHO  aKTHBHHUX
pedoBuH (BAP). OcranHiME JOCTiIKEHHAMHU JOBEICHO,
oo 3a CKJIAZIOM i BMICTOM (CHONBHHUX PEYOBHH BOHH
3HAYHO BUIIEPEHKAIOTH KYABTYPHI COPTH. BpaxoByroun
XIMIYHAH CKIIax Ta JIIKyBaJbHO-NPO(MILIAKTHUHY [if0
JIUKOPOCIMX STiJl, BUKOPUCTaHHS iX MpPHU BHPOOHHUITBI
MPOAYKIi  PEeCTOPaHHOTO TOCHOJApPCTBA, JO3BOJUTH
MiIBUIOUTHA 11 OIONOTIYHY I[IHHICTH, AHTHOKCHIIAHTHI
BIIACTHBOCTI.

OpHak, CyJacHi TEXHOIOrii, X0o4a i JO3BOJISIOTH
BHUTOTOBJISTH Xap4OBi MPOAYKTH i3 TUKOPOCIHX STiJ,
HEIOCTaTHBO BHUKOPUCTOBYIOTHh iX KOPUCHHU XiMiUHUA
cknan. OmHUM 13 NUIAXIB BUPIMICHHS IIi€l mMpoOiieMu €
CTBOPCHHS HOBUX TEXHOJIOTIH BUPOOHUIITBA JECEPTHOI
MIPOAYKITi MiABHUINCHOI SKOCTI, 1[0 MICTSITh IHTPEIIE€HTH 3
IUKOPOCIHMX  STiN, SKI  JO3BONISIOTH  3a0€3MCYUTH

HaceJIeHHs 30aJlaHCOBAHOIO MPOIYKIIEIO 3 MiBUILECHOIO
Xap4oBOIO LIHHICTIO.

Meta pobdorn. Meroro poboTH € po3podKa
TEXHONIOTIT  JiecepTiB s 3aKIadiB PECTOPAHHOTO
TOCIIO/IApCTBA 3 BHKOPHCTaHHSIM JpiOHOIMCIIEPCHOTO
HamiBaOpukary 3 sTriJ YOPHMII, OXUHH, OpYyCHHI

IMyHOMOJIEIOIOYOT i, BHWBYCHHA IX SKOCTI 3a
OpraHOJIENTUYHUMU TTOKa3HUKAMH.
OpauM 13 OCHOBHHX  ITOKQ3HHKIB  SIKOCTI

reNernoaiOHOl MPOMYKINi € MIIHICTh TET0, a TaKOX
BeIMYMHA cuHepe3ucy. PerymoBaHHS ()yHKIIOHAIBHUX
BJIACTHBOCTEH  reyernoxiOHOi MpOAYKIil 3a paxyHOK
BUKOPDHCTAaHHS TIOJIiCaxapuIiB Ta IX CyMmimed e
BHCOKOE(EKTHBHUM Ta MEPCIIEKTUBHUM.

IHocTanoBka npodiemMu B 3aralbHOMY BUIJISAL |
il 3B'$130K 3 HAYKOBMMH i NPAKTUYHHMH 3aBAaHHAMH.
Cepex MIMPOKOrO PI3HOMAHITTS Xap4OBHX HPOLYKTIB
COJIOJIKI CTpaBU OYIHU 1 JIUIIAIOTHCS OMHIEIO 3 HAWOIIBIT
cnoxuBaHuX. OcoOJMBOIO  TIOMYJSIPHICTIO  cepen
CIOXKMBAdYiB Yepe3 CBOi BHCOKI CMAaKoOBI 1 Xap4oBi
repeBary KOPUCTYEThCS IParJIeToNiOHI COOKI CTpaBH,
(kpemu, xere, MapMea]] BIaCHOrO BUPOOHHIITBA,
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caMOyKH, IyIWHTH, JTYKyM) IIO OOYMOBJICHO Pa3oM 3 iX
BUCOKMMH  OPTraHOJIENTHYHUMH 1 €CTETHYHHMH
MOKAa3HUKAaMH, BapilOBaHHSAM XapdoBOI 1 €HepreTHYHOI
miHocTi [1-6]. HemomikoM iX € Te, O BOHU MIiCTATh
HE3HAYHY KUIbKICTh 010J0T1YHO aKTUBHHUX PEYOBHH 1 IpU
iX  BWIOTOBJICHHI  BHMKOPHCTOBYIOTHCS ~ CHHTETHYHI
KOJIbOPOB1 PEYOBHHM, SIKI YacTO € MIKI[UIMBUMHU IS
opraismy ntoguHH. [IpW BHUTOTOBJICHHI TeNEMOMiOHUX
CTpaB BHKOPHCTOBYIOTH, B OCHOBHOMY, IMITOPTHI
3aryCHUKHM TaKi SIK KeJaTWH, IEKTHH, METWIILEINI0N03a
TOmO. Y 3B'SI3KY 3 UM aKTyaJIbHUM € IOIIYK 1 BBEICHHS
KOMITOHEHTIB IIPY BHTOTOBJICHHI JKEJICHHUX CTpaB, sKi O
MaJld BHCOKI JKEJIOI0Ul BJIACTHBOCTI, BHCOKHH BMICT
010JIOT1YHO aKTHBHUX PEUYOBMH 1 ITOKPAIIyBajH KOJIp
TOTOBOTO ITPOAYKTY [3, 4, 7-11].

[H>KMHIpHHT TEXHOJIOTIT COJIOAKHUX CTpaB, IOKa3aB,
0 Yepe3 Pi3HI YUHHUKH — TPUBATICTh 1 TPYAOMICTKICTh
TEXHOJIOTIYHOI'0 TPOLEeCY BUPOOHMITBA 1 IiJrOTOBKH
OKpEMHX KOMITOHEHTIB peLenTypHoi cymii,
HecTaOUIBHICTh BIIACTUBOCTEN CHUPOBHUHH,
KOPOTKOYAacHOTO TepMiHy 30epiranHs W peanizamii
TOTOBOI ~ MpoAyKWii, BiJCYTHOCTI HamiB(aOpuKaTiB
BHCOKOT'O CTYIIEHIO TOTOBHOCTI — aCOPTUMEHT COJIOAKHX
cTpaB oOMexxeHHi abo (popMyeThCs 3a paXyHOK BHPOOIB,
IO  BUTOTOBJISIOTHCS  IMIANPHEMCTBAMH  Xap4oBOI
TIPOMHUCIOBOCTI [9].

XapdoBa MIHHICTH TENEMOMIOHUX COJOAKHUX CTPaB,
SK OJWH 3 TOJOBHHMX IIOKa3HHKIB SIKOCTI IPOXYKTY,
BH3HAYAETHCS CKJIAJIOM DELENTYPHUX KOMITOHEHTIB Ta
CMaKOBHMH BJAacTHBOCTSMH  [12—15]. HixHicTh
MIPE/ICTABISAIOTh Ti CTPaBH, O CKJIagy SKHX BXOJASATH
CBI)KI OpraHi4Hi IJIONM 1 ATOAN, SK JDKEPEIo BiTaMiHiB,
MiHEpAJIbHUX €JIEMEHTIB, OpraHiYHHX KHCIOT, PALy
010JIOTIYHO AKTUBHHUX PEYOBHH, TAaKOXX BOHHM MalOTh
BEJIMKE 3HAYEHHS Yy XapdyyBaHHI JIIOAWHH, OCOOJHMBO
IITEH, TaK SK A0 CKIAAY IUTOMIB 1 AT BXOHATH JIETKO
3aCBOIOBaHI €JIEMEHTH — IJIIOK03a 1 PPYyKTO3a.

JUis  oOTpyHTYBaHHS ~TEXHOJOTIi JecepTiB 3
BUKOPDHCTaHHSIM  KapariHaHiB HEOOXiTHO IIpOBECTH
KOMIUIEKC €KCIIEPUMEHTAIBHUX JIOCIIPKEHb!

— BHBYMTH BIUIMB TEXHOJOTIYHMX YWHHUKIB Ha
CTPYKTYpHO-MEXaHIuH1 BIIACTHBOCTI TeliB i3
BUKOPHCTaHHIM KapariHaHiB;

— HayKOBO OOTPYHTYBaTH TEXHOJIOTIYHUHA MpOLEC

JparnenofiOHNX  COJOAKHMX CTpaB 3  JIOJaBaHHIM
SITLTHOTO H/ (.
Pesyabratn  gocaimkens. Bwmict  pedoBMH

(YHKI[IOHAJTBHOTO NpU3HA4YeHHS (Teje YTBOPIOBAUiB)
JIOCTaTHHO HEBEJWKWH, ajieé BOHW BiJIrpaloTh BaKIIMBY
polbp Ha BCIX eTamax TEXHOJOTIYHOro Tpouecy i
3HAQYHOIO MIpOI0 CIIPHSIOTH SIK (OPMYBaHHIO, TaK 1
crabinmizanii cTpykTypu renenofioHux crpas. Tekcrypa
reJenofiOHNX  COJOAKMX  CTpaB  3a0e3neuyeThest
BBEJCHHAM B  DELENTYpY CTPYKTypOYTBOPIOBaYiB
ToicaxapuaHoi NPHUPOAN — KapariHany. [3 uepBOHHX
BOJIOPOCTEH KapariHaH ONepXXyloTh yxe Ourpme 100
pokiB. EkcrparyroTh #oro 3 TakMX BOJOpPOCTEM:
¢bypuenspii, ¢inodopu, XxoHIpyca, €yXeyMH, TirapTHHH,
VY ducromy BUIISII MOXYTh OyTH oOfepXaHi TUIBKH

OCHOBHI THITM KapariHaHiB: Kama, Wora, JsIMOma, sKi i
BHKOPHCTOBYIOTBCS B XapUOBiii IPOMHUCIIOBOCTI:

—  Kama-KapariHal YIBOPIOE LIJIBHUH,
TEPMO3BOPOTHUH, MIIIHHUM, aJIe KPUXKHH Ielb 31 3HAUHUM

CHHEPE3UCOM. BUKOpPHCTOBYETBCS  IEpPEBAXKHO IS
BHPOOHUIITBA JICCEPTIB;

—  Hora-kapariHaH YTBOPIOE eJTaCTUYHHH,
TEPMO3BOPOTHHH, BHCOKOTHUKCOTPOITHMHA Tenb  0e3
cuHepe3ucy.  BukopucroByeTbcs y  BHUPOOHHMITBI
ramOyprepiB, M'SIKHX JKeJle Ta iH.;

—  JaAMOna-kKapariHaH HE  YTBOPIOE  Te€IIo,

XapaKTEePU3YEThCS BHCOKUMHM B'S3KICTIO Ta HIBHAKICTIO
pO34UMHEHHS.  BHKOpHCTOBYETBCS y  BHPOOHHITBI
LIBUAKOPO3UYMHHUX BEPUIKiB, MOJIOYHHX LIECHKIB TOIIO.
BaxnuBuM € Te, 1m0 iX BHKOpHCTaHHS 3a0e3neuye
CTaOiIbHICT, TOKA3HWKIB SKOCTI TOTOBOi IMPOIYKIIii
MIPOTSATOM BCHOT'O TEPMiHY 30epiranHs i peamnizamii. s
JIOCSITHEHHSI 11ie] METH BUKOPHCTOBYIOTH PIi3HOTO pPOIY
TelICyTBOPIOBAYi, a TaKoK IXHI Kommosumii. Taxk,
HaNpHKiaJ, KOMIIO3MIS, IO CKJIAaJa€ThCsd 3 CyMimli
KapariHaHiB, Kamexi  pDKKOBOTO  JiepeBa,  MOXeE
3aCTOCOBYBaTHCA pu BHUPOOHUIITBI SIT1LTHAX
HamiBaOpukariB  jgeceprTiB, I  KOHIMTEPCHKHUX
BUPOOHMLTB, SIK HAINOBHIOBAY Uil KOHIMTEPCHKHUX
KpeMiB. Xoda KapariHaHU HE € MOBEPXHEBO-aKTUBHUMHU
pEYOBMHAMH, BOHM 37aTHI CTaOUIi3yBaTH IMCIEPCHI
CHCTEeMH THUIy EeMYNbCii 1 cycneHsiii 3aBmsku ix

3arymarouyux 1 THUKCOTPOIHHMM BJIACTHBOCTSIM, IO
MEpEeNIKO/Kae  TMOAUTY CHCTEMH. 3MiHa  TEKy4YHX
BJIACTHBOCTEH  pIOKOlI  JUCIIEPCHOI  CHUCTEMH B
MIPUCYTHOCTI KapariHaHiB NPHBOJUTH HE TUIBKH A0 il
crabimizanii, ame 1 10 ¢QopmyBaHHS BH3HAYEHOI
KOHCHUCTEHINI [4].
H;0H Hz H,0H Ha

04 —0 03

| 0 i

H H H 503

Kanna (x)-KapparMHan HoTa (L)-KapparMHaH

H,O0H H;050;3

H

503 503

nambaa (A)-Kapparunan
Puc. 1. dparmMeHTn MOJeKyl KapariHaHiB 3a QpakisiMu

3 MeTOoI0  pPErylioBaHHA TEKCTYpH  STLAHUX
HamiBaOpukariB, po3poOIEHO  KOMIO3UIII0,  sKa
CKJIaZIaeThes 3 KapariHaHy, Kamell piXKKOBOTO JiepeBa, Ta
MOXE BHKOPHCTOBYBATHCS Yy BHPOOHHITBI (DPYKTOBHX
Mac, (pyKTOBHX JecepTiB, myauHris, mapde ta iH. o
TOrO K, JaHa KOMITO3MLis 3a0e3rnedye MmacTornofiony
KOHCHCTCHIIIFO, BHCOKY B’S3KiCTh, CTIHKICTH  JO
MEXaHIYHHUX BIUIMBIB, BIICYTHICTH CHHEpE3HCy [3].

B pesymbrari mpoBemeHHMX  IOCIHIIKEHb
3aIpOIIOHOBAaHMH CITOCIO BUPOOHHIITBA JIECEPTY

Oy
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«Tpembita», MPUrOTOBAHOTO Ha OCHOBI 3HEXHPEHOTO
MOJIOKa Ta HarliBhaOpHuKaTy AUKOPOCIUX ST/, OUH 3 3-
x BuniB: SAduna-fest, Kam’ssaka-fino, OxxuHa AHTI-cTpec
15...30%. BBemeHHs B pemenTypy  STiTHOTO
HamiBabpukary 3 TUKOpPOCIHX ATiA (pHc. 2), T03BOISE
orpuMaTtd BHpIO0 3 TapHUMH  OPraHOJENITHYHHMH
MTOKa3HUKaMH, 3 MiJBHUIIEHOI Xap4OBOI IIIHHOCTI.

Taxk 3anpornoHoBanuii BUpiO, 3a BMICTOM BiTaMmiHIB
Ta MiHEpaliB, mepeBuInye TpaaumiiHui B 10-15 paszis
3aBJSIKM  JIIKyBaJbHUM  BJIACTHBOCTSIM  CHPOBHMHH
(muxopocii siroan 3akapraTchKoro perioHy) — MOJIOYHO,

SIHTApHOi, OEH30MHOi, CATIIIIOBOI KHCIOT, Ta MOXC
OyTH PpEKOMEHJIOBAaHMH SK IIPOAYKT O03/10pOBYOi Jii.
Bucoki xap4oBi BiacTHBOCTI OpycHMIII 3yMOBIEHI
HasBHICTIO y HHMX I[yKpiB, OpraHi4YHUX KHCIIOT:
JIMMOHHOI, SI0Jy9HOI, IEKTUHOBI H AyOWIbHI pEUYOBUHH,
TJIiKo3uaM apOyTHH 1 BaKIMHIH, IPOBiTaMiH A, BiTaMiH

C, TmnpupomHHMI  KOHCEPBAaHT OCH30MHY  KHCIIOTY.
O>xnHa Mae MIPOTH3AITAJIBHI, OaKTepHUITHIHI,
3aCIIOKIMIINBI, KPOBOOYHMCHI 3araJibHO 3MIiIHIOBATBHI

BJIACTHBOCTI. PEKOMEHIYIOTh BXKMBATH HPH HOPYIICHHIX
HEpPBOBOI CHCTEMH, CKIIEpPO3i, HEAOKPIB’1, 3aCTy/Ii.

Oxxwuna (Eubatus)

Yopuurys (Vaccinium myrtillus L.) —
4yepHuI, 6opiBka, y Kapnarax — aduna,
siprHa

Bpycuuns 3Buuaiina (Rhodococcum vitis-
idaea L.) y Kapnarax — 6pycHu1ts, rorommy,
KaM’sHKa, O0piBKa, OpycnrHa

Puc. 2. [Ipuknany QUKOpOCINX SITiJ JUIS SITIAHUX HarliBhaOpUKaTiB

B mmomax dopHUI MiCTHTBCS 0araTo JyOMIEHUX
PEUYOBHMH, PYTHHY. BKMBaHHS STi] YOPHUII ITOKpAIIye
KpPOBOOOIT y ciTyaTmi oka, 3aroctproe Hiunui 3ip. Cik i
STOAW YOPHHLI MalOTh OaKTEepUIWIHI BJIACTHBOCTI,
KHUCIIOTH ATl TONIMIIYIOTh TIPOLECH TPaBJICHHS 1
3a1100iraroTh BiJKJIaJIaHHIO B TIOPOXHHKHI Cyriio0iB coseit
I1aBJIEBO] KHUCIIOTH.

[MonpiOHenns srim B miope BinOyBaeThes [0

posmipy wactok  (0,4...0,8)10@ wm. ITiope €
IpiOHOAWMCIIEPCHOIO MAacOok, SKa Y CBOEMY CKIaji
MICTHTB TTiABAIICHY KIJIBKICTB CTPYKTYPHHX

TOTicaXapuaiB: LEIIOJIO3H, TeMILETI0N03H, IEKTHHOBUX
PEYOBHH.

Tabnmrg 1 — XapuoBa IiHHICTS ATiTHOrO HamiB)aOpHUKaTy

Xap4oBi peuoBUHA Kinskicts Ha 100 T mpomykTy
Binku 3,20
Kupu 0,06
Byrnesogu 16,70
Xap4oBi BOJIOKHA 1,60
OpraHi4Hi KUCIIOTH 1,50
MoHo- i aucaxapuan 1,70
Kpoxmais 0,60
3omna 0,10

OO00B’S13KOBUM KOMIIOHEHTOM JIECEPTHOI MPOIYKIIiT
€ IyKOp, SKW{ 3/1aTeH BIUIMBATH HA MIIHICTh TEINIiB.
VYcTaHOBIIEHO, IO IYKOp B IHTEpBaNi KOHIEHTpamii
2,5...15,0% mninBuinye MinHICTH TelliB Kara-KapariHany
BunHo, 110 3a)1eKHICTH MIITHOCTI TeNiB Kara-KapariHaHy
BiJl KOHIIEHTpALii I[yKpy Mae€ JIiHIIHNI XapakTep.

[MapanensHicTs 3anexnoctelt 1-4 (puc. 3) cBiquUTH
PO OJJHAKOBHH 1 MOCTIMHUI MeXaHi3M BIUIMBY LIYKpY Ha
TEXHOJIOTIYHY CHCTEMY, IO JOCHIIKyeTbes. Taxk,
YBEICHHS LYKpy B KoOHIeHTpauii mo 15% cnpuse
301IBIIEHHIO MIITHOCTI TeNiB Kama-KapariHany B 1,37;
1,26; 1,06; 1,07 pa3y 3a KOHIICHTpaIliii Kanma-KapariHaHy
0,4, 0,6, 0,8, 1,0% BigmOBigHO.

Binbm cyTTeBHMI BIUIMB IIYKpY CIIOCTEpIraeThes 3a
HU3BKMX KOHIICHTpAIlii Kara-KapariHaHy, iMOBIpHO, Iie
TIOB’SI3aHO 3 JETiAPATyIOUOI0 JI€I0 IKPY, IO i CIpHsie
[MABUIIEHHIO  MinmHOCTI  reimiB. 31 30UIBIIEHHAM
KOHLIGHTpALlil Kama-KapariHaHy, SKAH TaKOX acOILilo€e
HaBKOJIO cebe 3HAa4YHy KUIBKICTH BOIM, 3MEHIIYETHCS
BIUTMB JETiNpaTyrouoi Aii I[yKPYy Ta BiIMOBITHO TEMITH
I IBAIICHHS MIITHOCTI refiB. [3].

VYcTaHOBIIGHHS  3aKOHOMIPHOCTEH  CTPYKTYPOYT-
BOpPEHHS € He3aBepUIeHNM 0e3 BIUIMBY IIbOTO YHHHUKA
Ha BojoBigmumaowy 3parHicte (BB3). 3 meroro
peryiioBaHHA TIPOLIECIB  CHHEpPE3UCy TeiB  Kara-
KapariHany OyJ0 BH3HaY€HO BOJOBIJAUIAIOUNY 3/1aTHICTh
(BB3) remiB BiJ KOHIEHTpAlii Kala-KapariHany Ta
T1IPOKOJIOIIiB, TAKKX SIK KAME/Ib POXKKOBOIO JIepeBa.

JloBesieHo, 110 31 30LIBLIEHHAM KOHLEHTpAIl Kamna-
Kaparinany 3MmeHmyerscsi BB3. Takx, BB3 0,3% remio
Kama-kaparinany ckiagae 47,0£1%, 31 30iu1bLIeHHAM
koHnenTpamii 10 1,0% BB3 smenmyerses no 7,4+0,3%,
T00TO B 6,4 pa3y (puc. 4).

e, imoBipHO, TOB’s3aHO 3 THM, IO 3i
301IBIIEHHSAM KOHLIEHTpALlil Kara-KapariHaHy B CHCTEMI,
YacTHHa Horo He Oepe ydacTi B YTBOpPEHHI cmipaieil Ta
BiJIMIOBITHO CITKH T€JI0, a 3HAXOAUTHCS Y BUTEHOMY
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CTaHi, 110 3MEHIIYE KUIbKICTb BUALIEHOI BOJIOTH.
30inbIIeHHs KOHIEHTpAIlil Kama-KapariHaHy 3
METOIO 3MEHIICHHS CHHEPE3NCY € HepalliOHAIEHIM Ta

MIPU3BOIUTH 10 3MEHIICHHS BapiaOeIbHOCTI CHCTEMH,
30KpeMa B pETYJIIOBaHHI TEKCTYpHHMX BJIAaCTHBOCTEH
TOTOBOI MPOJYKIL].

500 50
G,r % BB3, ©
45 \
400 40 \
35 \
300 30 \
25 ~
200 20 \\c
15 P ~——
100 10 - e
h
5
o C, %
0 < o .
0 3 6 9 12 s 0.3 0.4 0.5 0.6 0,7 0.8 0.9 1
Puc. 2. 3anexxHicTs MIITHOCTI TeNiB Kaa-KapariHaHy
BiJ] BMiCTy IyKpY 3a KoHneHTpanieo (C, %) xama- Puc. 3. 3anexuicts BB3 renis Bix konnenTpanii (C, %)
Kaparinany: 1, 2, 3, 4 —0,4; 0,6; 0,8; 1,0% BinmoBigHO Karna-KappariHaHy

TakuM 4YWHOM, I PETYTIOBAaHHA TEKCTYPHUX
BiactuBocTed Ta BB3 mepcnekTHBHUM € BUKOPUCTAHHS
Y CKIIaJIi Kara-KapariHaHOBHX TeITiB TiIPOKOJIOIiB.

30
BB3, %

25t
20 \
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4
10\

IR\ s
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Puc. 5. 3anexuicts BB3 remniB kama-kapariHaHy BiJ BMicTy
KP]/] 3a koHmeHTpamiii kama-kaparinany: 1, 2, 3 —0,4; 0,6;
0,8% BimOBIAHO

Buznaueno BB3 remiB  kama-kapariHany 3a
Beenenns 0,1...1,0% xameni pixkkoBoro nepesa (KPJI).
BcranosieHo, mo 3a BMicTy Kama-kaparinany 0,4, 0,6 Ta
0,8% BIICYTHICTb CHHEPE3UCY JOCATAETHCS BBEICHHIM
0,6 Ta 0,5% KP]I BigmoBigno (puc. 5).

BucHoBkM Ta  mepCcHeKTHBH
PO3BHUTKY IAHOT0 HANIPSIMKY

Ha ocHOBI mpoBeneHHX AOCTIKEHb BCTAaHOBJICHO,
[0 BBCJCHHS TaJIAKTOMAaHAHIB y CHCTEMH Ha OCHOBI
Kala-KapariHaHy WiJABHINYE TEMIICPAaTypy IUTABICHHS
TeJiB, KA KOPEJIOE 1X 3 MIIHICTIO.

[linTBepmKEHO, MO TaJaKTOMaHAHU MPOSBISIOTH
CHHEpTi3M 13  Kama-KapariHaHoM, IO  JO3BOJISIE
pEeTyIoBaTH He TUIBKM MILHICTB T'elliB, ae i CHHepe3Hc.

NoAAJIBIIOr0

BusnaueHo, 1m0 HAWOLTBOI palliOHATBbHUM €
BUKOpHCTaHHs Kamesi pixkoBoro gepesa (KPJI).

Busnaueno, parionaneHe criBBigHOmeHHs KP/I:
Kama-kapariaan, mo ckmagae 0,4...0,45:0,6...0,55, 3a
SIKOT'O JTIOCATA€THCSI MaKCHUMaJIbHA MIIIHICTb TeJiB.

BcranosieHo JIOLUTBHICT BUKOPHCTaHHS
IIOperofiOHOro ST1THOTO HamiBpabpukary 3
JIUKOPOCIHMX ATl y BHPOOHMITBI COJOAKUX CTPaB.
JloBeseHO, IO 3a paxyHOK HOTO /JOJABaHHA 3HUKAE
HEOOXiTHICTh y BHUKOpPHUCTaHHI CUHTETUYHUX
apoMaTH3aTopiB; MO3UTHBHO BIUIMBAE€ HA CTPYKTYPHO-
MeXaHiIuHI OKAa3HUKH TOTOBHX CTPaB.
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USING OF METHODS OF CROSS-CORRELATION AND REGRESSIVE
DETERMINATION OF FUNCTIONAL DEPENDENCE BETWEEN SIZES

ANALYSIS FOR

In article it is told about use of methods of correlation and regression analysis when determining functional dependence between values. When
studying different objects of a research in laboratory or working conditions there is a need of establishment of the most probable interrelations and
interdependence between two or more variable. Sometimes it happens simply as communication easily is found or is in advance known from any
theoretical premises. However identification of such communications between different indicators, factors is much more often, signs is extremely
difficult task. Researchers face need of introduction of some hypothesis of the nature of communication in the form of functional dependence, i.e.
approximation by its some rather simple mathematical expression, for example, linear equation or a polynomial. Methods of correlation and
regression analyses are very useful to search of such mathematical functional or structural dependences between two or more variable (on the saved-
up experimental data).

Keywords: correlation analysis; regression analysis; functional dependence; approximation; mathematical expression; linear equation;
correlation coefficient; thermopower thermocouple.

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

BUKOPUCTAHHS METO/IB KOPEJISIIIIMHOI' O I PETPECIMHOI'O AHAJII3Y ITPHA
BU3HAYEHHI ®YHKIIIOHAJIbHOI 3AJIEZKHOCTI MIK BEJTMUMHAMMU

V crarTi BU3HAUCHI MOXIIMBOCTI BUKOPHCTaHHS METOJIB KOPEIUIHHOrO i perpeciiiHoro aHamizy (yHKIIOHAIBHOI 3aJIeXKHOCTI MK BEJMYMHAMH.
Ilpu BHBYEHHi pi3HHX OO'eKTIB EKCIEPHMEHTAIBHOTO JOCIDKEHHS B JIa0OpaTOpPHUX ab0 BHPOOHMYMX YMOBaX BHHUKA€ HEOOXIJHICTH
BCTAHOBJICHHSI HalHOLIbII BipOriJHUX B3a€MO3B'SI3KIB 1 B3a€MO3aJIeKHOCTEH MiX JBOMa abo Oinblie 3MiHHUMHU. [HOAI 11e OyBa€e MPOCTO, OCKIIBKH
3B'S30K JIETKO BHSBISETHCS 200 3a3/1aJIeTib BiIOMHUIT 3 IKHX-HEOyIb TEOPETHIHHX IepeayMoB. IIpore HabaraTo Jacrime BUSBICHHS TaKUX 3B'S3KiB
MDX pi3HHMH IIOKa3HUKaMH, (paKTOpaMH, 03HAKAMH € HaJ3BHYAWHO CKIaAHUM. JIOCIIITHUKY CTUKAIOTHCS 3 HEOOXINHICTIO BBEACHHS JESKOI IiloTe3n
PO XapakTep 3B'3KY y BHUIUILAI (yHKI[IOHATIBHOI 3aIEKHOCTI, TOOTO anmpokcuMamii 1i AeSKUM BIIHOCHO IPOCTHM MaTeMATHYHHM BHPAXCHHSM,
HANpUKIaM, JHIHUM PiBHSHHSAM a00 MHOrOWIEHOM. /I MOIIYKy TaKHMX MAaTeMaTHYHUX (YHKIIOHATBHHX ab0 CTPYKTYPHHX 3aI€KHOCTEH Mix
IBoMa abo OibIe 3MIHHUMH (32 HAKOIMTHMYEHIMH €KCIIepUMEHTAIbHUMU JaHUMH) TyKe KOPHCHI METOIN KOPEILIIHHOro i perpeciiiHoro aHaisiB.

Kaio4oBi ciioBa: kopeisiiHUNA aHani3; perpeciiHuii aHai3; GpyHKIiOHABHA 3aJIKHICTh; alPOKCHUMAIlisl; MATEeMaTHYHUI BUpa3; JiHiiHEe
PIBHSHHS; KOe(iLiEHT KOPEISLii; TEepMOEIC TEPMOIIApH.

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

HCIIOJBb30BAHUE METOAOB KOPPEJIAIIMOHHOI'O U PETPECCHOHHOI'O AHAJIM3A ITPU
ONPEJIEJIEHUM ®YHKIIMOHAJIBHOMN 3ABUCUMOCTHA MEXKY BEJIMUYAHAMMA

B crarbe 0003HaYEHHI BOSMOXKHOCTH HCIIOJIB30BAHHS METONOB KOPPEIIHOHHOIO U PErPECCHOHHOTO aHauu3a (yHKIMOHAIBHOU 3aBUCHMOCTU
Mexny BenmuuHaMmH. [Ipu mpoBeIeHHH SKCIepUMEHTa 4acTO IIPUXOIUTCS CTAIKUBATHCS ¢ HEOOXOIMMOCTBIO YCTaHOBJICHUS B3aHMO3aBUCHMOCTU
MEXIy IBYMS WM HECKOJNBKHMH BEIMYMHAMH C LEIbI0 MOTyYeHHS SMIHpHIecKold GopMynsl. B HEKOTOPHIX CiIydasx 3TO OKa3bIBAETCS HMPOCTOI
3ajauelf, Tak KaK JTH CBS3M INIPaKTUYCCKH HATJISAHBI MM 3apaHee H3BeCTHB. Kak IpaBmIIO, yCTaHOBUTH B3aHMOCBSI3b MEXAY DPa3JIHIHBIMU
nokasaTensiMy, (akTopaMH U IPU3HAKaMH, Jajieko He TpUBHAlbHAs 3ajada. Bo3HHKaeT HEOOXOAUMOCTb HCIIOIb30BAaHUS HEKOTOPOU THIIOTE3H! B
BUJie (DYHKIMOHAJIBHOH 3aBUCUMOCTH. J[pYTHMH CIIOBaMH, HEOOXOAMMO 3aMEHHTH 3Ty ()YHKIHOHAIBHYIO 3aBUCUMOCTH JOCTATOYHO IIPOCTHIM
MaTeMaTHYEeCKUM BbIpaXKeHHEeM. TakiuM MaTeMaTHYeCKHM BBIPRKCHHEM MOXKET OBITh JIMHEHHOEe ypaBHEHHE HIM MHOrOWIeH. {1 TOro 4rolsl,
HCHOJIB3YS JAHHBIE SKCIICPHMEHTA, ONPEeeNIUTh TaKyl0 MaTEMAaTHYECKYIO WIH (yHKIMOHAIBHYIO 3aBHCUMOCTb MEXIY II€PEeMEHHBIMH, IPUMEHSIOT
METO/IbI KOPPEIAIIHOHHOI0 U PErPECCHOHHOI0 aHATH30B.

KiioueBble cl10Ba: KOPPEIAIMOHHBIN aHAIN3; PErPECCHOHHBIN aHaNN3; QyHKIMOHAIBHAS 3aBHCHMOCTH; alllIPOKCUMAIUS; MaTeMaTHIeCKOe
BBIpa)KEeHHUE; TUHEHHOE ypaBHEHUE; KOOI PUIINECHT KOPPEISIIIH; TEPMOI/IC TEPMOIAPEL.

Introduction. When studying various research
objects in a laboratory or production environment, it
becomes necessary to establish the most likely
relationships and interdependencies between two or more
variables.

Sometimes this happens simply because the
connection is easily detected or is known in advance
from any theoretical premises. However, it is much more
often to identify such links between various indicators,
factors, signs is extremely difficult.

Statement of the problem in general and its
connection with important scientific or practical
problems. Researchers face need of introduction of some
hypothesis of the nature of communication in the form of
functional dependence, i.e. approximation by its some
rather simple mathematical expression, for example,
linear equation or a polynomial.

Methods of correlation and regression analyses are
very useful to search of such mathematical functional or
structural dependences between two or more variable (on
the saved-up experimental data).

Correlation analysis gives the answer to a statistical
hypothesis about absence or existence of communication
between variables with some beforehand the set
confidential probability.

Definition of functional dependence between
different values (in the simplest case y from x) on their

experimental values is carried out by means of regression
analysis. Widely known least-squares method is its
cornerstone. Offering this or that equation of regression,
the researcher defines both existence of dependence
between variables, and its mathematical look.

© Prishchenko O.P., Chernogor T.T., 2019
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Presentation of the main research material.

1. Correlation coefficient. The concept of
“correlation” comes from the Latin word correlatio -
correlation. In mathematical statistics, correlation refers
to any relationship between two or more variable random
variables.

The presence or absence of a connection between
two random variables in the first approximation is judged
by the correlation field (Fig. 1).

y y

X j X

Fig. 1. Correlation field of two random variables: with a
different nature of correlation: a — strong positive; b — weak
positive; ¢ — strong negative; d — absence

A positive correlation between random variables
characterizes such a probabilistic dependence, at which
with the increase of one of them the other will also
increase on average (Fig. 1, a). With a negative
correlation with an increase in one random variable, the
other decreases on average (Fig. 1, c). Correlation
analysis allows us to estimate the closeness of the
relationship of various parameters or factors affecting the
process. In general, the task of identifying and assessing
the strength of communication in mathematical statistics
has not been solved. There are only indicators that allow
to evaluate one or another side of a random connection.
Of these, the most important indicators is the correlation
coefficient.

If we assume that » tests have been carried out and
the values of two random variables x, and y, were noted

for each, then the sample correlation coefficient will be
equal to:

m

Z(xi _f)(yi -¥)

.:1
Yy =" , 1
Ty (m-15.5, (1)

where S, S — standard deviations.

The correlation coefficient is a dimensionless
quantity whose modulus does not exceed one. r, <1I.

For independent values x and y 7, =0 means no linear

relationship. Equality =1 indicates the presence of a

r
Xy

linear relationship between the quantities at which each
x value only one matches y .

The correlation coefficient is a rather rough
estimate of the closeness of the connection, which makes
sense only with a linear relationship between the
parameters. Even with a high correlation coefficient, it is
impossible to draw reliable conclusions about the
presence of a statistical connection, since the
simultaneous adjustment of parameters leads to their
artificial (false) correlation. Similarly, a small correlation
coefficient is not always a consequence of the lack of
connection between the parameters, but may be the result
of a non-linear nature of the relationship.

2. Construction of a mathematical model based
on the results of the experiment. A mathematical model
is a relationship between parameters and process factors,
obtained  theoretically or  experimentally.  The
mathematical model is compact and convenient for
researching and managing the actual process.

The use of a mathematical model allows:

. choose the optimal technological mode of the
process;

e  reduce the research plan in the development of
production technology;

] create a process control system.

In the experimental study of functional dependence
y on x produce a series of measurements of magnitude

v at various values x.

Results can be presented in the form of tables or
graphs. The task is to provide an analytical representation
of the desired functional dependence, that is, to select a
formula that describes the results of the experiment.

The peculiarity of the problem is that the presence
of random measurement errors (or, as they say, the
presence of 'noise' in the experiment) makes it impossible
to select a formula that accurately describes all the
experimental values.

Y

Xy X2 Xi Xn x

Fig. 2. An example of the variation of experimental points

So, for example, sequential connection of all
experimental points with straight line segments will give
a very complex dependence (Fig. 2). Therefore, the graph
of the desired function should not pass through all points,
but should, if possible, smooth out the “noise”.
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Smoothing “noise” will be the more accurate and
reliable, the more experiments will be performed.

First of all, the researcher must choose the type of
curve for which he will look for an approximating
equation. The following is for reference a few of the
most common types of approximating curves and their
corresponding equations:

straight line y =, +b,x; )
square parabola y = b, +bx+b,x*; 3)

n-degree parabola

y=by+bx+b,x* +..+b x"; 4)
hyperbole

y=1/b,+bx w1/ y =b, +bx; (5)
logarithmic curve y =b, + b 1gx. (6)

Of course, many other types of curves can be
applied. In order to decide which approximation to use,
one should study the correlation field and compare the
location of the experimental points with the shape of the
curves corresponding to different equations.

The shape of some of them is shown in Figure 3.

a b

Fig. 3. Forms of various regression curves:
a) y=b,+bx if b, >0, b <0;
b) y=b,+bx+b,x* if b, >0, b <0;
) y=by+blgxif b >0,b<0.

The form of communication is not mathematically
selected. One can only check how adequate the form of
connection chosen by the researcher is to the
experimental points.

Thus, the task is reduced to determining the
parameters of the equation b,, b etc. In addition, the

type of formula can be known in advance from the
theoretical description of the object being modeled.

Denote the selected functional dependence through
the equation:

y=1(:8), (7)

where i =1,2,...,n; B[ — experimental estimates of

the parameters of the equation.
This equation is called the regression equation, and the
expectation of this functional dependence

M) =M f(x:5)] ®)
called regression.

The word “regression” entered into the statistics of
Francis Galton (1822-1911) — English mathematician.
Finding parameter estimates and studying the resulting
models are called regression analysis.

The resulting equation is called the empirical
formula, and the parameter estimates for the function f

is called estimation of empirical formula parameters.

3. Determination of the regression equation by
the method of least squares. One of the most common
methods of regression analysis is the least squares
method, the first presentation of which was given by the
French mathematician Adrien Marie Alexander (1752—
1833) and further developed by the German scientist
Karl Friedrich Gauss (1777-1855).

For the simplest, single-factor case the response
function or the regression equation when we have two
variable random variables y and x, is:

y=b,+bx,. ©)

This is a straight line equation. The purpose of
determining the parameters of the empirical formula is
the calculation of unknown coefficients b, and ,.

If all the experimental points were strictly on a
straight line, then each of them would be true:

Y, —by—bx,; =0. (10)
where i =1, 2, ..., n —number of experience.
In practice, this equality is violated, instead you

have to write:

y[_bo_blxu =4y, (11)

where Ay, — the difference between the
experimental and calculated by the regression equation
values y at thei experimental point. This value is

sometimes called the discrepancy.
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Denoting by y the calculated value of the function
(according to the regression equation), we get:

(12)
(13)

y=b,=bx,,

Y, =V =4y,
The discrepancy Ay, arises for two reasons:

1) experiment error;

2) unsuitability of the model.

Moreover, these reasons are mixed and without
additional information it is impossible to decide which of
the reasons prevails. For this purpose, methods are used
to estimate the errors of experience and the suitability of
the model (the adequacy of the model).

Always seek to find regression coefficients at which
the residuals will be minimal. Here is one of the possible
entries:

U=)Y Ay’ =min. (14)
i=1
It leads to the least squares method.
The smallest cubes method is also possible:
Z|Ay[3|:min. (15)

i=1
A method is also possible in which the sum of
modules (absolute values) of residuals is minimized:

Zn:|Ay[|:min. (16)
i=1

The condition (14) underlying the least squares
method is considered the most successful compromise.

When setting up an experiment, more experiments
are usually conducted than the number of unknown
coefficients. Therefore, the system of linear equations

Ay, =y, —b,—bx

112

> (17)

Ay, =y, —b,—bx

is often controversial.

If all the experimental points lie on a straight line,
then only then the system becomes defined and has a
unique solution with respect to b, and b,.

The method of least squares has the remarkable
property that makes any arbitrary system of equations

defined. The number of equations is equal to the number
of unknown coefficients. The regression equation is:
» = b, +bx,. It has two unknown meanings (b, and b,).

Using the least squares method, we rewrite equation
(14) otherwise:

n

U =Zn:Ay[2 =Z(y[ - b, —blx”)2 =min.
i=1

i=1

(18)

It is known that the minimum of some function, if it
exists, is achieved while the partial derivatives over all
unknowns are equal to zero, that is:

oUu ou

oo, T=o0.
ob, ab,

Calculate partial derivatives:

_22(%‘ —b, —bx, ) =0,
iml

(19)

: 0)
_2Z(yi — by, —bx, )xli =0.
im1

Open brackets, convert:

n n
nb, +inb1 = zyia

=1 =1
n l n lz n
leibo = lei b :zyixli'
iml = iml

This system is called a system of normal equations.
Formulas for calculating b, and 4, are convenient to find

21)

with the help of determinants.
The final formulas are:

b = Zyt'zxuz _Zyixlilei
o = .
”leiz _(lei )2

b, = DRDREDRDRS .
anliz—(Zx“)z

Let us now see how the sums included in these
formulas are calculated. To perform the calculations
form a matrix of experimental results, as shown in
Table 1.

(22)

(23)

Table 1. Results of an experiment

Number of
experience & Y %,/ X, v 6ty (% +y )2
1 X i x112 N y12 Xt 0 (xn + )2
2 X2 b x122 YaXiy y22 X+ ), (x12 +y, )2
n xln yn x1n2 yn‘xln yn2 xln +yn (xln +yn )2
Z qu Zyi quz Zyixli Zyiz - Z(xli + )2
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It can be seen that more calculations have been
made than are required for the calculation 5, and b,.
They are marked with an asterisk. These “extra” data are
needed to verify the correctness of the calculations.
There are two ways to check:

1) condition is checked

2 2
Z(xli+yi) =lei +2Zyixli+zyi2; (24)
2) the test can be carried out by the following
equation

J=b,+bX,. (25)

The second method is the most complete and tough.

With its help not only the sum calculation, but also the
coefficients is checked. In practice, both checks are used.
It must be borne in mind that no verification is
guaranteed against errors in the recording of the original
data. Therefore, you need to be careful when rewriting
the original data.

Example. During testing, a chromel-alumel
thermocouple at constant (reference) points — metal
crystallization temperatures Pb (327,5 °C), Zn (419,6
°C), Al (660,0 °C), The corresponding thermopower data
are obtained accordingly: 12,1 MV; 16,0 MV; 26,1 MV.
It is necessary to calculate the regression equation for the
linear dependence of temperature on the thermocouple
thermopower values. Decision. Create a table 2 to
calculate the regression coefficients:

Table 2. Calculation of regression coefficients

Number of . y 2 Xy
cxperience
1 12,1 327,5 146,4 3962,75
2 16,0 419,6 256,0 6713,6
3 26,1 660,0 681,2 17226,0
> 54,2 1407,1 1083,6 27902,3

_1407,1-1093,6-27902,3- 54,2

b, >
3-1083,6—54,2

=39,75.

_3-27902,3-1407,1-54,2
3-1083,6—54,2°

=23,76.

1

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

temperature (°C) from the thermocouple readings.

Conclusions and development prospects of this
direction.

Often, when studying the topic ‘“Functions of
several variables” from the course of higher
mathematics, one has to solve problems of a general
nature. But for students of the Educational and Scientific
Institute of Chemical Technology and Engineering, of
greater interest are the tasks that are directly related to
their specialty.

Thus, considering the tasks similar to those given in
this article, we will increase the interest and motivation
of future specialists to study this material.
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H. M. HIMEILlb, T. B. EPYCEHIIEBA, O. /I. HIMEILb

OIJABUINEHHS EKOJIOITYHOI BE3NEKA BUJOBYBAHHSA BYIJIEBO/IHIB IILJISIXOM BUBYEHHSI
CYMICHOCTI CYIIYTHIX IIIJIACTOBUX BO/I ITPU IOBEPHEHHI B HAJIPA

VY Marepianax HpeACcTaBICHI MOXKIMBOCTI OI[IHKU CYMICHOCTI CYIyTHBO-IDIACTOBHUX BOJ HA(TOra30KOHACHCATHHUX POIOBHIL IS
TIOTIePEPKeHHS aBapifHUX CHUTYalliil IpU MOBEPHEHH] IUX BoJ y Hajpa. OIiHeHO BapiaHTH MiJrOTOBKHU CYITyTHbO-IUIACTOBUX BOJ
JUTSL TABUIICHHS €KOJIOTIYHOI Oe3IeKH mpornecy noBepHeHHs. [linTBepmkeHo 3MeHIeHHs KoHIeHTpanii 3amsa (1), mo cnpusie
KOJIbMATAIlil, TOTiPIIEHHIO MOIIMHAHHS IIIACTa—KOJIEKTOpa 1 SIK HACHiNOK BHHUKHEHHS aBapifHMX CHUTyamid. 3ampornoOHOBAaHO
BHUKOPUCTAHHS TECT-METOMIB A OmiHKM BMicTy 3amiza (II) Ta Homy mis MOMJIMBOCTI IIBHIKOTO pearyBaHHS Ha MOMKIUBHH
PO3BUTOK IOIH IS MiABHUINEHHS CKOJIOT1YHOI O€3MeKH Ha MyHKTaxX MOBEPHEHHS CYITyTHBO-IIACTOBHUX BOA. Exomnoriuna Ge3mneka €
OCHOBOIO TIPOLIECY BUIOOYBaHHS BYITIEBOAHIB HAa BCIX €Tanax TeXHOJOTiYHOTrO UKy B ToMy 4ncii 1 moBepHeHHs CIIB y Hagpa.

KuarouoBi cjioBa: CymyTHBO-IDIACTOBI BOMHW; CYMICHICTh; IIOTJIMHAIOYWAN TOPU30HT, MiHEpamizamisi; #om; 3ai3o;
MIHOTIONi ypeTaH; HayKOBO OOIPYHTOBAHI METO/H; IIACT-KOIEKTOP; eKOJIOTidHa Oe3IeKa.

H. H. HEMEI, T. B. BPYCEHIEBA, A. /. HEMEIL]
MNOBBIIIEHUE 3KOJOI'MYECKOU BE3OINACHOCTHU JOBbIYU YTJIEBOAOPOJOB ITYTEM U3YUEHUS
COBMECTUMOCTHU NONMYTHO-IIJIACTOBBIX BO/] [TPU BO3BPALLIEHUU B HEJIPA

B wMatepnanax mnpencTaBIeHBI BO3MOXKHOCTH OIEHKM COBMECTHMOCTH MOITYTHO-IUTACTOBBIX BOJA HE(TETra30KOHICHCATHBIX
MECTOPOXICHUH JJIsI IPeIOTBPAIEHHS aBapUHHBIX CHUTYaIlMi IPH BO3BpaTe 3THX BOA B Hexpa. OIEHEHO BapHaHTHI MOATOTOBKH
MIOIYTHO-TTACTOBEIX BOJ JUIS IOBBIIICHHS AKOJOTMYECKON Oe30macHOCTH mporiecca Bo3BpaTa. [IoATBepikmeHO yMEHBIICHHE
koHneHTpanun xenesa (II), 9ro crocobcTByeT KonMbMaTanyy, yXyAIICHHUIO ITOTJIOMIEHHH IIIAacTa-KOJUIEKTOpa M KakK CIEACTBHE
BO3HUKHOBEHHE aBapUIHBIX CHTyanui. [IpeanokeHo MCIoNb30BaHIE TECT-METONOB JUIS OIEHKH conepxkanus xenesa (II) u Homa
JUTSE BO3MOXKHOCTH OBICTPOTO pearnpoBaHMs HA BO3MOXKHOE PAa3BUTHE COOBITHIH IS TTOBBIIICHUS YKOJIOTHYECKO 0€30MacHOCTH Ha
ITyHKTaX BO3Bpara IOMYTHO-TIACTOBBIX BOA. DKOIOrMYecKas 0e30IacHOCTh €CTh OCHOBOW Iporiecca JOOBIYM yriIeBOJOPOIOB Ha
BCE 3Talax TEXHOIOTMYECKOro LUKIa, B ToM yucie U Bosspare [1I1B B Hexpa.

KiroyeBblie €10Ba: NOMYTHO-ILUIACTOBBIC BOJBI; COBMECTHUMOCTD; MOMNIOMIAIOIIUI FOPU30HT; MUHEpAIU3alys; HOM; XKeIe30;
MICHOMIOJINYPETaH; HaydHO 00OCHOBAHHBIC METOMBI; IUTACT-KOIIIEKTOP; IKOJIOrnIecKas 0€30macHOCTb.

N. N. NEMETS. T. V. BRUSENTSEVA, A. D. NEMETS.
ENHANCING THE ECOLOGICAL SAFETY OF THE HYDROCARBONS PRODUCTION BY LEARNING THE
COMPATIBILITY OF ASSOCIATED PLASTIC WATERS WHEN RETURNING TO THE SUBSOIL

This paper describes the possibilities of assessing the associated formation waters of oil and gas condensate deposits compatibility
to prevent emergencies when returning to the subsoil. The possible options for mixing the return waters with the waters of the
intake formation, the optimal conditions for the preparation of associated formation waters to improve the environmental safety of
the return process have been evaluated. A decrease in the concentration of iron (II) as a result of ozonization of water, the presence
of which contributes to clogging, the deterioration of the carrier bed intake and, as a result, the accidents, has been confirmed. It is
proposed to use test methods for assessing the iron (II) and iodine content in order to be able to quickly respond to possible
developments in order to improve environmental safety at the return points of formation water. Ecological safety is the basis of the
process of hydrocarbon production at all stages of the technological cycle of hydrocarbon production, including the return of the
associated formation waters to the subsoil.

Keywords: associated formation waters; compatibility; lost circulation horizon; salinity; iodine; iron; polyurethane foam;
scientifically based methods; carrier bed; environmental safety.

Beryn. HaTOra30BUA0OYBHUX KommaHid. J[lo MeTomiB, mIo
IloBepHeHHs CYNYTHBO-TLIACTOBHX BOJ —  HaMOIIBII BUKOPUCTOBYIOTHCS IS YTHII3allii CYITyTHBO-
aKkTyallbHe  3aBJaHHS  JUIi  BHPOOHMYMX  OO0'€KTIB  IUIACTOBMX BOJ BIIHOCHTHCS TOA@NbIIA OYMCTKA 1

Ha(TOra30BUAOOYBHUX ITiIIPUEMCTB. Y BiIIOBITHOCTI
1o Boxnoro Kopekcy Vkpainu [1], cymyTHbO-11acTOBi
BOJM, 1€ BOAM, IO HAAXOISATh Ha IIOBEPXHIO Pa3oM 3
HadTol0 1 razoM. Y O0araThOX BHMAAKaX Il BOAU
arpecHBHI, BHUKJIUKAIOTh IHTEHCHUBHY KOpO3ifo
HaTOIPOMHCIIOBOTO ~ OOJagHAHHS  Ta  CHOPYH,
MOPYIIYIOTh T€PMETHYHICTh CBEP/UIOBHH, B PE3YJbTaTi
YOro MOXKIIUBI BHUTOKH BOJ TpH iX 300pi, IiArOTOBIII,
TIOBEPHEHHI, a TaKoX 3a0pyJHEHHS TPYHTIB, MUTHHUX
JDKepert, 3aru0erti pOCITMHHOCTI.

B ocraHHI poku 30iIBIIUBCS TOMUT Ha PO3POOKY
TEXHOJIOTIH AT OTOBKH BOZU y CBITOBUX

ToAaJIbIIIe BUKOPUCTAHHS ISl TEXHOJIOTIYHUX NOTped — B
cHCTeMi MiATPUMAaHHS IJIaCTOBOI'O THCKY (TIOBEpHEHHS B
iact), abo sl NPUroTyBaHHA OYpOBHX pPO3YMHIB 1
po3umHiB peareHTiB. COPUATIUBUM 3 CKOJOTIYHOI Ta
€KOHOMIYHOI TOYKH 30pY € 3aBOJHEHHS MPOIYKTUBHHUX
TOPU30HTIB.

Haxonmiennii 10cBi TTOBEPHEHHSI CYITYTHBO-TIACTOBUX
BOX y TJIMOOKI TIONTMHAIOYM TOPH30HTH: BOHH TTOBHHHI MaTd
3HAYHE PO3MOBCIO/PKCHHS 3a IUIOMICI0, BUCOKI EMHICHI 1

(UTBTpALIiIHI XapaKTePHUCTUKH, OYTH TIPUYPOUCHUMU JI0 30HH

© Himeus H.M., Bpycenuesa T.B., Himens O./1., 2019
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3acTiffHoro a0  YIMOBUIBHEHOTO  TiIPOJUHAMIYHOTO
peXUMY, OOJIaJIHAHUMH BHTPUMAaHUMH BOAOYIIOpaMH,
IO BHUKIIOYAIOTh TiAPABIIYHWI  3B'A30K  IUIACTa-
KOJIEKTOpa 3 IHIIMMH BOJOHOCHHMH T'OPH30HTaMH.
OOOB'I3KOBOI0  YMOBOIO IIOBHHHa OYTH CYMIiCHICTB
CKJaZy  CyNyTHbO-IUIACTOBMX  BOA 3  BOAAMH
MOTJIMHAIOYOT0  TOPH30HTY. B iHIIOMY  BHIanKy
BiOYBA€THCS BiAKIANEHHS coiiedl B mpu3aliiiHid 30HI
IUTacTa HArHITAJBHOI CBEPUIOBMHM, IO HETaTUBHO
BIUIMBA€E Ha MTPUIMANbHY 3/1aTHICTH ILIAcTa.

OcobnmBa yBara NpuIiIs€ThCA XIMIYHIA CyMiCHOCTI
BOIM, MIO TIIOBEpPTAaeThes y Hazapa. s exonoriyHo
0e3MeYyHOro BEJICHHS TPOIeCy ITOBEPHEHHS CYITyTHBO-
IUTACTOBHX BOJ BCTAHOBJICHO TPaHWYHI ITOKa3HUKHU
BMICTY JA€SKHX KOMIIOHEHTIB, 30KpeMa cynb(daTi, 3amiza,
MEXaHIYHUX JOMIIIOK.

IMocTanoBka mpodiieMH y 3arajJbHOMY BHIIsAAl Ta il
3B'SI30K i3 BaXKIMBMMHM HAYKOBHMH Ta NPAKTHYHUMH
3aBAAHHAMM.

1. Anani3 cyuyacHoro crany mpo6iemu. [loBepHEeHHS
cynyrHbo-tutactoux Boj (CIIB) y Hazpa HeoOXigHO
pO3IIISAAaTH SIK BITHOBJICHHS HPUPOJHOTO CEpelOBHINA
reosoriyHoro o6’ekra. Cnoci6 nosepuenns CIIB e
HaliecpeKTHBHIIAM  CIIOCOOOM,  SIKMH  BIiITIOBigae
BHMOI'aM EKOJIOTIYHOI Oe3NeKH Ta 3aKOHOJABCTBY ILIOO
OXOPOHHM Hajp Ta HaBKOJIHUIIHBOTO ceperoBuIna. Taxwmit
3axiJl TOBMHEH MaTW IIPIOPUTETHE 3HAYEHHs, a HOro
peamizamis ~ HE  TIOBUHHAa  CYIEPEUYHUTH  JII0YAM
HOpPMaTHBaM, a HaBNAKW Mae OyTW IPHUBAOIMBOIO IS
JIOAATKOBUX 1HBECTHIIH, KPEINTIB Ta MOJATKOBHUX IJIBT.
Came nie nependaueHo 3akonoM Ykpainu «IIpo oxopony
HaBKOJIMIIHBOTO TPUPOJHOTO cepedoBHma» cT. 48 [2]
IIOJI0 CTHMYJIIOBAHHS IIAIIPUEMCTB NP BIPOBAIKCHHI

HUMHA CyJacHHUX TIPUPOIOOXOPOHHHX qH
pecypco3bepiratounx — TexHomori.  IIpm  pozpooOui
HaTOra3oBUX  POJOBHI]  OCOOIMBY  aKTYaJbHICTh
HaOyBae  mpobOnema  cymicHocti CIIB i1 Box

MOIrJIMHAKYOro Iuracra. KOMIIIEKCHAa cHCTEMa OIL[IHKH
CIIB, BrirOYaEe MPaKTUYHI i TEOPETUYHI JTOCIIIHKCHHS,
mabopaTopHi  AOCHIPKEHHS, MOICTIOBAHHS Ta  iH.
PesynmpraTi oTpuMaHi TiCIS MPOBEICHHS BiAIMOBITHUX
IOCTI/KCHb, I03BOJNIAE€ ¢(PEKTHBHO OI[IHIOBATH METOIH
3aXUCTy OOJIATHAHHS BiJ COJEBINKIIAJACHHS, KOIbMATAIIil
Ilacta Ta HAJAaBaTH PEKOMEHMAIl IO TONIMIICHHIO
Mporecy TOBEPHEHHS 1 IMIBUIICHHS EKOJIOTi9HOI
Oe3MeKkn B paMKaxX MiATOTOBKH MPOSKTHO-TEXHOIOTIIHOI
MOKYMEHTAIii 1 TpWM  3OiIHCHEHHI  CKOJOTIYHOTO
MOHITOPHHTY pO3p0o0KH HadTOra30-KOHJICHCATHUX POJIO-
Bu [4-20]. JocmimkeHHS 00yMOBIICHE TIPOOICMO0

exonoriuHoi  Oe3mekn  BHOOOYTKY  BYIVIEBOIHEBOL
CHPOBHHHM, IIOBEPHCHHI CYIYTHBO-TUIACTOBUX  BOJ,
MOOIYHOTO NPOAYKTY BHIOOYTKY. BHBUEHHS cydacHHX
METOMIB  yTWIi3amii, 3HEUIKOKECHHS, IOKPAICHHS
Iporecy  MOBEPHCHHS  CYMYTHHO-IUTACTOBUX  BOJ,
JIOCITI/PKEHb KIJIBKICHOTO Ta SIKICHOTO CKJIQAy CyMimien
10 MOXXYTh OYTH YTBOpEHI IIpH 3MIlIyBaHHI CYITyTHBO-
IJIACTOBUX BOJ 1 BOJ ITOTJIMHAOYOIO I1J1ACTa.

2. Buznauenns OCHOBHHX KpHTepiiB
nociimxenns. CylryTHbO-IIIACTOBA BOJA € TIOOIYHIM
MIPOAYKTOM BHJOOYTKy ra3y, KOHJEHcaTy Ta HapTH i,
SIKHIA CKJTAJTAETHCS 3 TPUPOTHOI BOTOHACHYCHOI YaCTHHH
MPOIYKTUBHOTO TOPU30HTY, a TAaKoX KOHTYPHUX 1
ITiJIONIOBHUX BOI, SIKi ITiITHUPAIOTh TOKJIA] i HAJIXOIATh Y
Ta30HOCHI TOKJIAmy i3 3HIDKCHHAM THCKY. BoHH - He
TEXHOJIOTIYHUHN MITHOBUH MPOMYKT 1 MPH MiATOTOBIN IS
BHKOPHCTAaHHS  BYIJICBOJHCBOI  CHPOBWHH  BHUHHUKAE
HEOOXiMHICTh X yrwmizamii. PeqoBuHM, IO BXOAATH 10
cknmany CIIB, Hanexarp [0  [IKTUBUX  JUIA
HABKOJNWIIHEOTO CEPEIOBUINA, BOMM HE ITiIalOThCS
OYMINECHHIO JI0 TPAHWYHO-IOIMMYCTUMHUX KOHIICHTPAIiN
CyJacHUMH XIMIYHHUMH i OiOXIMIYHUMH METOMaMH Bij
MiHEpaJhbHUX KOMITOHCHTIB, IO B HHUX 3HAXOMATHCA. 3a
nux ymoB CIIB He minsararoTh CKHAAHHIO HA TIOBEPXHIO
TPYHTY Ta y BIiIKpHTI Bomoiimumia. ToMy iX TOBEpTarOTh
Yy BHUCH@XXCHI TUIACTH, JI¢ BOHH ITOBWHHI CYMIIIATHCH 3
BOAMH IUIACTa, HE BHU3UBAIOYM YTBOPCHHSA OCAIiB i
3aKyIOPIOBAHHSA IOPOBOTrO TpocTopy. I  OLiHKH

CyMiCHOCTI BOI IIpM TIOBEPHEHHI B Hajapa Ta
TEXHOJIOTIYHUX AacIleKTiB TIOBOJDKEHHS 3 HUMH B
XiMi9HOMY  CKJIami CIIB BHU3HAYAIOTHCS Taki

xommoneHtr: a”ionu (Cl-, SO42—-, HCO3-), xarionm
(K+, Na+, Mg2+, Ca2+); MIKpOKOMIIOHEHTH: aMOHiM-
10H, HITpaT-i0H, HITPUT-10H; 10HU Hoxy Ta OpoMy, 3aTi30
(II), samizo (III); BMicT BiNBHOI BYTUIBHOI KHCIIOTH,
METaHOIy, Ha(TONPOAYKTiB, BEIWYMHA MiHepasi3amii,
BoAHEeBHHA Noka3HUK (pH). OcHOBHMMM 3aBIaHHSIMU TIPH
migroroBili mo mosepHenns CIIB y Hampa € migTpuMmka,
KpiM IHIIMX ITOKa3HUKIB, HEOOXiIHOTO BMICTy cyinb(dar-
ioHIB, 3aii3a B OKHCHIiH (opmi Ta ioHiB #omy [3]. Ha
OCHOBI 3aKOPJIOHHOTO, BITYM3HSHOTO IOCBiAY Ta 3TiJHO
COVY 09.1-30019775-004:2013 [3] rpaHWuHi piBHI TO
BMICTy perJIaMEHTYIOUMX KOMIIOHEHTIB € TaKHUMH:
cynbdar-ion — g0 1500 mr/mm’; 3anizo B okucHii dopmi
— mo 10 wmr/mv®; 3aBmcni pedosmnm (3P) — srimHO
PO3paXyHKOBIH BEIMYHHI.

XiMivHHIT CKITa]] CyITyTHBO-IUTACTOBHX BOZ PO3ITHEMO Ha
nprrriazai CI1B MenBeiBChKOro ra30KOHICHCATHOTO POIOBHITA
ceepyioBrHK Ne63 (Tabmis 1).

Ta6uws | — Oisuko-xiMiuHKH CKIaJ CYITYTHBO-IIACTOBUX BOA MeBENiBCHKOr0 Ta30KOHAEHCATHOIO POJOBHIIA

Amnion Mr/mv? MT-eKB/IM> % EeKB. Karion Mmr/mm3 MT-eKB/IM> % EeKB.
HCOs 8174 13,4 0,12 Ca?t 44488,8 2220,0 20,64

ClI- 189925,0 5350,0 49,76 Mg?* 4920,0 410,0 3,82
SO4> 5952 12,4 0,12 Na™K* 631534 2745,8 25,54
Cyma 191337,6 5375,8 50,0 Cyma 112562,2 5375,8 50,0

I- 173,3 Fe?* 62,0

Br- 1482,6 Fe’* 63,5

H»S BifIC.

I'ycruna 1,226 r/cm? Minepanizamis ~ 303899,0 mr/om?

pH 5,5 303,899 r/nm?
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XiMi4HHH CKJIaJ] MIaCTOBHX BOA ITOIVIMHAIOYOTO
TOPU30HTY PO3MITHEMO Ha TMPHKIAgl TPHACOBOTO
TOpu30HTY €(QpeMiBChKOro pojpoBHIIa, Ae 00JIagHAHO

myHkt noBepHeHHs CIIB B TOMy wmchi i THX mI0
HaAXoIATh 3 MenBeniBCbKOro Ta30KOHAEHCATHOTO
poznoBwuIIa cBepAIoBHHU Ne63 (Tabmums 2).

Tabnu 2 — @i3uKo-XiMIYHUH CKJIa]l IJIACTOBUX BOA MOTIIMHAIOYOI0 TOPH30HTY

. XimigHuit ckiaz, Mr/mm’
Bﬁltic(ify F};c/g;la, pH M.iHepaﬂiga_ aHIOHH KaTIOHHU
uis, mr/mv’ | [ S04 [HCOs [COs| Na+K* | Ca?* | Mg
[Normunarouwnit ropusont (1181- .
1179 wr) TTpoda Nel 1,047 | 6,3 | 166434,46 |101805,66| 59,68 [305,00|Bixc.| 59276,52 |3406,8|1580,8

*CipkoBonenb (H»S) — BincyTHii

BimomMo 1o, cynbdar-ioH Tincy i3 piIuHU BHITagae
B 0CaJ, KOJIH JOOYTOK aKTHBHOCTI KOMITOHCHTIB, IO
YTBOPIOIOTH Cillb, BHINEC MOOYTKY PO3YMHHOCTI 3TiTHO
M.B. 3ine6epmany [21]. Takum 4YwHOM, TpaHHIHA
BEIIMYMHA KOHIICHTpAIlii BMICTY Cynb(haT-iOHy IMOBHHHA
BH3HAYATHCS KOHKPETHO ISl BOIW Ha KOXKHOMY ITYyHKTI
o noBepHenHo CIIB.

BBakaroTh, 110 BMICT 3ajli3a HE 3aJICKUTH Bif
BEJIMYMHHM MiHepaiizalii, a 3akucHa ¢opMma 3aji3a
BITHOCUTBCA JO  arpeCHBHUX  KOMIIOHCHTIB  TIO
BITHOIICHHIO 10 MeTany. BukopucraHHs iHTIOITOpIB
KOpPO3ii CHpHse 3HIKEHHIO MIBUAKOCTI KOpo3ii. 3akucHa
(dopma 3aiiza IepexoUTh B OKHCHY MPH KOHTAKTI BOIU
¢ xucHeM. [Ipu BiICYTHOCTI BIIBHOTO KHICHIO 1 3aKpHUTIH
TEXHOJIOTIYHI cxeMi rpotec OKHCJICHHSI
CITOBUTHHIOETBCS 1  MOXKE 3aKiHUMTHCSA BXKE  ITICIS
ounmeHHs Bomu. OuWIIEHHS BOOW JO HEOOXiTHOTO
CTYIICHIO TIPM TIOBEPHEHHI y MPOAYKTUBHHUHA IDIACT
JIOCSTaloTh TPHUBAJIMM MEXaHIYHUM BiJCTOIOBAHHAM 1
¢dinpTpamiero.  3aKuMcHE ~ 3alli30  3HAXOAMTBCS Y
po3umHEHOMY cTaHi. Ha KompMaTariro MOrJHHAIYoro
IUIacTa BIUIMBAE TUTHKH OKUCHE 3aJ1i30, KUTBKICTh SIKOTO Y
CTIB HeoOXigHO periiaMeHTYBATH.

®izuko-ximiuni  BiaactuBocTi CIIB B mimomy
BiJIMTOBiTAIOTh BIIACTHBOCTSIM IIACTOBHUX BOJ
MIPOAYKTUBHUX TOPH3OHTIB. Y TpOIECi BUIOOYTKY ra3y

abo HadTH 1A BOoAa JOAATKOBO 3a0pyIHIOETHCS
iHTi0iTOpaMU TiApaTOyTBOPEHHS Ta KOpOo3ii,
ITOBEPXHEBO-aKTUBHUMH  PEUYOBHHAMH,  MPOTYKTAMH

Kopo3sii oOnasHaHHS, HAa(QTONPOAYKTaMH Ta IHIIUMHA
JIOMIIIIKaMH.

3aBuCITi PEYOBHMHH, Ki 3HaX0mAThCA v ckiani CIIB,
MaloTh pi3HE MOXOPKeHHS. YacTWHa iX BHHOCHUTHCA 13
MPOAYKTHUBHUX TUIACTIB  pa3oM 3  PIOUHOI, IO
BHJIOOYBA€ThCs. binmblla 9yacTWHA 3aBUCIUX PEYOBHH
YTBOPIOETHCS BHACTIIOK TIPOIIECY OKUCIICHHS 3aKHUCHOTO
3alliza B OKHCHE. 32 CBOIM CKJIQJIOM 3aBHUCII PCYOBHHH
pPO3MONIISAIOTECS HA MiHepalbHI Ta opraHiudi. Jlo
MiHEpaJIbHUX JOMIINOK BiTHOCATHCSA ITICOK, TJIMHHUCTI
YaCTHUHKH, T1IPOOKHC 3aji3a Ta iHII;, JO OpraHiYHUX —
HaQTONPONYKTH, JACEMYJIBraTOPH Ta iHIII.

3a  (Qi3WYHAM  CTaHOM  3aBHUCII  PCYOBHHU
MOIISAIOTHECS Ha TaKi: - HEPO3UHMHEHI, SIKI 3HAXOJAThCS Y
BUTIISAI KPYITHOI CYCIICH/IOBAHOI pEYOBHHU 200 eMYIbCil

(po3Mip KX YaCTOK CKJIaJa€ BiJ ICCATH JIO JCKiJIbKa COT
MIiKpOMETpiB);- KomoiaHi ( 3 po3mipom vacTok Bix 0,1 mo
0,01 MKM); - pO3UMHEH] MOJIEKYIISIPHO-UCIIEPCHI YaCTKH
(cucrema omHOA3HA).

JI71s1 OIIIHKK CYMICHOCTI BU3HAYEHO XIMIUHUH CKJIa
BoJ poxosumia (tadin. 1) i ximiunwii ckmag CIIB (Tatu.
2).

BiamoBigHo 0 XIMIYHUX aHaNI3iB MiHepasizamis
CIIB, y HIKYEHABEICHHUX TAOIUISAX, JO3BOJISIE BiIHECTH
iX o MiHepami3oBaHMX Boj. BogHeBuii mokasHuk pH
XapaKTepHUHA IS MiHEPaTi30BaHUX BOX CIIA0KOKHCIOl
peakmii cepemoBuIa. BiporigHicTh aKTUBHUX XIMIYHUX
MPOIIECIB Y TaKOMY BOJHOMY CEPEIOBHIII 3BEICHI IO
MiHIMyMY.

30inmpmreHi 3HaueHHA KoHIeHTparmii 3amiza (II)
3HIDKYIOTBCSI B TIPOIECI OKWICICHHS 32 YYacTHO KHCHIO
moiTps. CIIB OynyTh HaKOMTUYYBATHCS B €MHOCTSIX, IO
IOJAaTKOBO ~ 3aTpuMmyBatumyTh iomm 3amiza  (III).
3HaveHHs BMicTy ioHiB 3amiza (II) Oyme mocTymoBo
3MEHIIIYBaTUCh 3a paxyHoK nepexomy y 3amizo (III),
3araibHUI TEePMiH JTIOCATHCHHS HOPMaTHBHHX
KOHIICHTpaIii csrae 2,8 mi0.

OCHOBHUMH TIPHYUHAMH YTBOPEHHS OCagy € —
30iIpIIeHHEs pH IIacTOBUX Ta 3MINTYyBaHHS HECYMiCHUX
Boa. Ha#Oimpmnr  pO3MOBCIOPKEHUMH — COJNSIMH, IO
YCKJIaTHIOOTH TIporiec moBepHeHHs CIIB, € cynpdaru Ta
KapOOHAaTH KaNblifo. IMOBIpHICTE BIAKIAJCHHS IIHX
COJICH BHW3HAYAETHCA PO3PAXYHKOBUM METOIOM 32
pe3yapTaTaMu aHaTi3y CKIIay BOJI.

3a pe3yapTaTaMu XiMIYHOTO aHaIi3y BCTaHOBJIEHO,
mo cipkoBomenb (H2S) y Bomi BimcyTHIH, TOMY
BHITAJIIHHA 0caay Cyiab(diay 3ami3a He Bii0OyBaeThCs

Pospaxynox  imosipnocmi  ymeopenus
cynrbgamy Kanvyiro

lomoBHOO ~ ymoBoro  cymicHocti CIIB i3
IUTACTOBUMH BOJIaMU € HAsBHICTh Y HUX CyIb(ar-ioOHIB,
KOHIICHTpAIlisl SKUX MOBHHHA OYTH HEIOCTATHBOIO JUIS
yTBOpeHHS ocany. Skmmo ix konmenTparis B CI1B meHre
KOHIIEHTpAIlii TaKWX y IIACTOBIH BOJI, TO BUIAJaHHSI B
ocajJ TiNCy He TOBMHHO BimOyBatucs. Haemaku, y
BHUITQJIKy TICPCBUINCHHA ITMX KOHIICHTPAIIH MOXIJIHBE
BMIIaJIaHHA Tirncy B ocaf [21].

JIAs OMIHKM MOXIJIMBOCTI BHITAJIHHS CYIb(aTy
KaJIBINIO 13 IUIACTOBHUX BOJ Ta30BHX, Fa30KOHJICHCATHHUX,

ocaody
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HAa)TOBUX PpONOBWIN ICHYe psSg wmeromiB [22, 23],
OCHOBaHHX Ha PO3PAXyHKY HACHUYCHOCTI BOJ II€I0 CULTIO.

3rigao metomy H.J. Ilycreda ta B.B. O30mina
[22,23], piBHOBakHY KOHIICHTpAIlif0 CYIb(haT-i0HIB
PO3pPaxoBYIOTH 33 (HOPMYIIOFO:

Cso42- = 108/p2Cca2+, (1)

ne Csos®, Cca®t — xoHIEeHTpanid ioniB SO4% ta Ca®*
BifinoBifiHO y Mr-exs/100 T; p — FyCTUHA PO3UMHY, T/cM>.

PospaxynkoBuM  MetomoM  Oyno  BH3HAYEHO
KOHIICHTpAIIii i0HIB y cymimax po3uuHiB 3pa3ky CIIB ta
BojA mornuHatodoro rwacra  (BIIII) y  pisHux

CHiBBiTHOMICHHX (Ta0II. 3).

Tabnms 3 — KoHneHTpatii KoMImoHeHTiB (Mr/J1); MiHepaiizanis, BenuurHa pH i ryctuna npu 3minryBanui CIIB i

BIIII y pi3HMX CHiBBiAHOIIEHHIX

Cymim | Cymim | Cymim | Cymim | Cymim | Cymim | Cymim Cymim Cyminr
lonu CI1B BII 1:9 2:8 3.7 4:6 1:1 6:4 7:3 8:2 9:1
Na™+ K" 63153,4 159276,52 | 59664,21 | 60051,90 | 60439,58 | 60827,27 | 6121496 | 61602,65 | 61990,34 62378,02 62765,71
Ca? 44488.8 | 3406,8 | 751500 |11623,20|15731,40 | 19839.60 | 23947,80 | 28056,00 | 32164,20|  36272,40 | 40380,60
Mg?* 4920 | 1580,8 | 1427,64 | 127448 | 1121,32 | 968,16 | 815,00 | 661,84 | 508,68 355,52 202,36
CI 189925,0 | 101805,7 | 110617.6 | 119429,5| 128241,5 | 1370534 | 145865.,3 | 154677,3 | 163489.2 172301,1 181113,1
SO 595,2 59,68 | 11323 | 166,78 | 220,34 | 273,89 | 327,44 | 380,99 | 434,54 488,10 541,65
HCOs 817,4 | 305,00 | 356,24 | 407,48 | 458,72 | 509,96 | 561,20 | 612,44 | 663,68 714,92 766,16
COsz* Bijc. BijC. BijC. BijC. BijIC. BijC. BijC. BijIC. BijC. BijC. BijIC.
H.S Bizc. Bizc. Bizc. Bizc. Bizc. Bizc. Bizc. BijC. BiC. BijC. BijC.
MiHepauni3ais,
/o3 303,899 | 166,434 | 179,694 |192,9534| 206,213 | 219,472 | 232,732 | 245,991 | 259,251 272,510 285,770
pH 5,5 6,3 6,22 6,14 6,06 5,98 5,9 5,82 5,74 5,66 5,58
T'ycruna, p, r/em’ | 1226 1,047 1,065 1,083 1,101 1,119 1,137 1,154 1,172 1,190 1,208

Ha puc. | HaBemeHO OTpHMaHy 3aJICKHICTh 3MiHH
KOHIICHTpAII TIPpH 3MilTyBaHHI 3pa3kiB 1 1 2, B3ATHX ¥
pI3HHX CITiBBiTHOIICHHSX, IO JO3BOJSIE BU3HAYUTH
KOHLIGHTpALlii OCHOBHHMX 10HIB y Oyab SIKOMY BapiaHTi
cymii.

900,00
800,00
X, %
Puc. 1. 3anexHicTh 3MiHH KOHIICHTpAIild KaTiOHIB 1 aHiOHIB

cymimti CIIB 1 BIIIT npwu iX pi3HHUX CHiBBiAHOIICHHSIX

3a  dopmymoro 1 po3paxoBaHO PIBHOBAXKHY
KOHIICHTpAIif0  CyIb(haT-iOHIB Ta CITBCTABICHO 3
(haKTUYHOI0 KOHIEHTpamiero cymimed 3paskiB | Ta 2
(tabm. 4).

I3 cniBcraBneHHs BUIHO, IO  PiBHOBa)KHA
KOHLIGHTpALlil 3HA4YHO BHIIE (HaKTUYHOI, TOMY OcCaj
cynbhaTy Kanblilo HE BUNAgaTUME INPH 3MIIIyBaHHI y
PI3HUX CITiBBiAHOIICHHSX 3pa3KiB 1 1 2.

Tabnus 4 — Pesynbratn po3paxyHKiB (hakTHIHOI
1 piBHOBa)kKHOI KOoHIIeHTpanii SO, st cyminti CIIB:BIIIT

CriBBinHo- |KonueHtpanisi| ®akTudHa KOH- PiBHOBa>XHA KOH-
LICHHS Ca?f,mr- nenrpais SO4%, nenrparis SO4%,
CIIB:III1B exB/100r mr-exs/100r mr-exs/100r
1:9 170,00 0,696415 < 1,24
2:8 375,00 0,326657 < 2,36
3.7 580,00 0,218400 < 3,47
4:6 785,00 0,166774 < 4,58
1:1 990,00 0,136599 < 5,70
6:4 1195,00 0,116836 < 6,81
7:3 1400,00 0,102732 < 7,92
8:2 1605,00 0,092428 < 9,04
9:1 1810,00 0,074715 < 10,15

Jlns miarBepKEHHS JOCTOBIPHOCTI BIiICYTHOCTI
YTBOPECHHS OcCamiB Cymb(haTy KalbIlio JIOCIIIKEHO
KpUTepii, 10 BU3HAYAKOTH iX YTBOPEHHS Yy BHUTJIAI
HepiBHocTi M.B.3ins0epmana, [22]:

c >[1,52 +15,8J —2,5J> +52.5C
Ca?+ 5042* N

02~

4
B SKIf MaKCHMaJBHO T'paHWYHI KOHIICHTpAIii Cyab(art-
i0Ha B CyMiIlli BUSHAYAIOTHCS 32 PIBHSIHHSIM:

€)

1,52 +15 ,8J — 2,50 J?

210 4 - 52,5
C02+

C =
so 2 - C
4

ne — KOHIICHTpAIli 1OHIB KAaJBIO 1
cynb(aT-iony, Moms/mm>; J

MOJIB/IM?.

Cea»Cs0,>

— IOHHa CcHWjla PO3YHHY,
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lonny crmy po3unHy BH3HAuUCHO 3a piBHSAHHAM [21]: 3a dopmynoro (2) 3HaneHO T0OYTOK KOHIICHTpPAIIii
10HIB KaJBIiIO 1 cynbdar-ioHiB y po3unHax i mo hopmyii
(3) orpuMaHO BEeMMUYMHY MAaKCHMAJIGHOI KOHIICHTpAITii
cynbhaT-iony

PesynmpTaTi  po3paxyHKiB iOHHOI CHIM PO3YHHIB
cyMmimred y pisHOMY cmiBBigHOomeHHI 3paskiB CIIB i
BIIII, moOyTKy KOHIIEHTpAaIlii 10HIB KaJbIlilo 1 cyabdar-
iOHIB, MAaKCHMalbHOI KOHIICHTpalii cynbdar-iony i
CITIBCTABIICHO 3 KOHIICHTPAIIisIMH, [II0 BU3HAYCHI 32 TECT-
METOIOM, HaBEJICHO Y TalII. 5.

_CZ'+CZ +..+CZ]
: , 4)
ne  C — KOHLEHTpAllisl 10HIB PO3YMHY, MOJIL/IM;
Z — BaJICHTHICTh KOXXHOTO 3 NPHUCYTHIX Yy PO3UYHUHI
iOHIB.
MincraBuBmm y  dopmyny  (4)  MomnspHi
KOHLIGHTpALlil KOMIIOHEHTIB, BH3HAUY€HO IOHHY CHIY

J

PO3UYHHIB.
Tabmust 5 — IlowHi cuimM po3umHy, AOOYTKY KOHLEHTpalii 10HIB KasbLifo i cynbhaT-ioHIB, MaKCHMaIbHOI
KOHIICHTpAIIii Cynb(}aT-i0Hy Ta OIiHKA iX KOHIICHTpAIlii 32 TeCT-MeTOJoM B cymimiax 3paskis CIIB i BIIIT
Cuissin- | lonna cuna | Gakrn4HUi HO6XT0K Kpwurepiii (1,52+15,8])- (DaKTI/I‘.IHa ™ MaKCI/IMa:J'ILHa
HOIICHHA | PO34YHUHY, KOHLICHTpaIl1 2,51%4++52,5Cs0s) 10* | xonnentpauis SO, koHuenTpania SO47,
CIIB:BIIT | moms/nv® |Ca?" SO4>, Mons/nm> MOJB/ M3 MOJTB/ M3
1:9 3,354483 2,21E-04 < 2,65E-03 1,18E-03 < 1,45E-02
2:8 3,681103 5,04E-04 < 2,59E-03 1,74E-03 < 9,06E-03
3:7 4,007723 9,01E-04 < 2,48E-03 2,30E-03 < 6,38E-03
4:6 4,334343 1,41E-03 < 2,32E-03 2,85E-03 < 4,70E-03
1:1 4,660963 2,04E-03 < 2,10E-03 3,41E-03 < 3,52E-03
6:4 4,987583 2,78E-03 < 1,83E-03 3,97E-03 < 2,61E-03
73 5,314203 3,63E-03 < 1,51E-03 4,53E-03 < 1,87E-03
8:2 5,640823 4,60E-03 < 1,14E-03 5,08E-03 < 1,23E-03
9:1 5,967444 5,68E-03 < 7,08E-04 5,64E-03 < 6,76E-04

[pumiTka: TM — miaTBEpHKEHO TECT-METOIOM.

3rigHo Qopmynu (2) HEpIBHICTH MOKa3ye, IO
(haxkTHUHUIA JOOYTOK KOHICHTpPAMii CyIh(aTy KalbIio
Ha TOPANOK MEHIIE KPHUTEPil0 OIHKK s BCIX
CHIBBiTHONIICHh PO3YMHIB. TOMYy TpH JTaHOMY CKJaji
cymimi 1 + 2 Oyme mocriiiHa i ocax cyab(aTy Kajblilo
BHITAJIaTH He Oyre, OCKIIbKM (haKTHYHA KOHIICHTPAIIis
cynb(har-ioHIB MEHINA 32 MaKCHMAaJbHE 3HAYCHHS, IO
po3paxoBaHe 3a ¢Gopmyinoo (3), a TakoXkK depe3 Te, MO0
KOHTAaKT BOAM, IPHU3HAYEHOI JJI IIOBEPHEHHS 3
IJJACTOBOIO BOJIOIO IOTJIMHAIOYOTO IIacTa BiAOYBaEThCS
Ha IIOYaTKOBOMY €Talli MoBepHeHHs. Ha mopampmomy
MPOCYBaHHI BOJM, IO MOBEPTAIOTHCA KOHTAKTYIOTH 3
MOMepeHhO 3aKauaHUMHU BofamH. I[Ipw 1bOMy Ji€

BuKITIOYa€TEC MOXKIIMBICTH HETaTUBHOI'O BIUIMBY
nporeciB  moBepHeHHs CIIB Ha SKiCTh NHTHUX 1
TOCTIOIAPCHKO-TTOOYTOBHX BOJI.

O30HY8aHHA CYNYMHbO-NAACHOBUX 800

Ilpu  Oe3mepepBHOMY  IpOLECi  BHAOOYBaHHS
BYIJICBOAHIB TOTpiOHO 3aByacHOo moBepratn CIIB y
IacT, mo0 He BiAOyBasocs MepenoBHEHHS BiJICTIHHHUKIB
1, AK HACNIIOK, 3a0pyJHEHHS HHMH HaBKOJIHUITHHLOTO
cepenoBuina. Buie O0yi0 BiIMideHO Te, IO 10HM 3aii3a
Fe** 'y 3akpuTiii cucTeMi JI0Bro OKMCIIOIOThCs y Fet i
yepe3 TPUBAIWK dYac BUIANAIOTh B ocaid.. SIKmo He
BiJICTOSIHI CIIOJTYKH 3alli3a IIOMaJaloTh y IUIACT, BOHHU
TaKOX, K Cynb(ary 9 KapOOHATH KaIBI(i0, OJOKYIOTH

TIPHUHITAI BiATUCHEHHS KOXHOI MOMEPEIHBOI OpPIii BOAM  TMOpH  Imiacta 1 3ymoBmioloTh Bukugu CIIB  y
KOXKHUMH HACTymHUMH TmopmismMa. OTKe JBa METOAM  HABKOIWINHE cepemoBwile. Jliusd 3amoOiraHHs TaKux
MiATBEPIKYIOTH cyMicHicTh CIIB 3 macroBuMu BogaMu — BHUKHIIIB HEO00XiTHO 30LTBIIUTH IIBUJIKICTh

10 cynb(ar ioHax.

[NornuHaneHI CBEpUIOBHHHU SK HaIiiHE iH)KCHEPHE
CHOPY/DKEHHSI BUKIIIOYAOTh MOXJIHBicTh npopuBy CIIB
Y BOJIOHOCHI TOPHU30HTH.

3ona mokamizanii CIIB HaBKkoIO MOTIMHAIBEHUX
CBEPUIOBMH JI0 KIiHI[A EKCIUTyaTallil 00’€kTa cKiame He
OinpIe AEKUTBKOX cOT MeTpiB. HanmiliHicTh JTokamizarii
CIIB y moriauHarO4YOMY IUTIACTI TapaHTYEThCS HE TUTBKH
TEXHIYHAM CTaHOM CBEP/UIOBHH, a TCOJOTIYHUMH i
T1IpOreoJIOTiYHUMH YMOBaMH 00’ €KTa.

TIEPETBOPCHHS 10HIB 3aJTi3a i TAKIM YUHOM 3MCHIITYBATH
gac BifcToroBaHHS. /Iyl BHpINICHHS TaKOro 3aBIaHHS
3anporoHoBaHo CIIB o0poOisit  030HOM, a IS
MATPUMAHHS TPH IHOMY €KOJOTiYHOI Oe3rmekn —
BHKOPHUCTOBYBATH HHU3BKY KOHIICHTPAIIl0 O30HY V
MOBITPi, K MOOYTi, TOOTO O30HOBAHE IMOBITPS, B IKOMY
KOHIIEHTPAIis 030HY 3HAXOMUTHCS Ha PiBHI = 3-6 Mr/mv’.
. Taxoxx BigoMo, 1110 151 O1TBIIT e(DEKTUBHOTO BUIICHHS
MEXaHIYHUX JIOMIINOK i BYIJICBOIHIB BHKOPHUCTOBYIOTH
(ITOKYIISTHTH Ta KOAryJstHTH [24], siKi crieniaibHO
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BHOCATH B CIIB. OgHuUM 3 TakuX peareHTiB € COi 3ai3a,
SIKI TTICITSI BiZTIOBITHUX XiMIYHUX ITEPETBOPEHb, Y BUTIISAII
rizpokcuny  (Fe(OH);) Bumagmatoth B ocag 3
MIPUXBAYCHUMH MEXaHITHUMHU JTIOMIITKAMH.

Hnst ozonyBanns Bukopucrtano CIIB HOmiBchkoro
HI'KP i Mopmenms CymyTHRO-IUTACTOBOI BOIU CKJIANy,

U SuU 1y 15U

Yac, ¢

a

r/am?: kaniro Hoaua 0,065; kamiro 6pomin 1,3414 Hatpiro
xyopug 200; 3amiza (Fe*") cynsgar 0,1194. o ckmamy
mpomuciaoBoi CIIB  BxomsaTe 3aBHCIHI  PECYOBHHH
koHLeHTpaii 1500 mr/mv®.  PesynbTaTw mOCHimTKEHb
3MiH KOHIIGHTpAIliil 10HIB 3aJi3a BiJl Yacy O30HYBAaHHS
mozeni CIIB mpuseneHo Ha puc. 2 (a, 0).

i | |

0 50 100 150
Yac, c

6

Puc. 2. 3mian xoHneHTpanii ionis (a) 3amiza (II) (C2) i (6) 3aniza (I1I) (C3) Bix yacy o30HYBaHHS

Ha ocHOBI 3MiH KOHIEHTpaliifi ioHIB 3aji3a
pO3paxoBaHO 3MEHIIEHHS 10HIB ABOBasieHTHOro (AC,=
Feg, - Fen) 1 30inpnienns ioniB TpuBasieHTHOTO (AC3=F(3
+ Fey3) 3amiza Ta omepikaHO 3allekHICTh (pHC. 3), 3 SKOi
BHTIKa€ Te, 0 3MEHIICHHIO i0HIB 3aumi3a (I) Bignosigae
MPAaKTHYHO Take X 30umbmeHHs ioHiB 3amiza (IID),
OCKIIbKM y piBHSHHI perpecii y=AC, Maibxe He
Bipi3HsAeThC Bil x=AC3, MO MATBEPIKYE KOCQIIliEHT
1,0791 y piBusHHI perpecii (puc. 3).

AC;, Mr/n

Puc. 3. 3anexHicTh 3MiH KOHIICHTpAIIiX 10HIB 3aiTi3a
(IT) AC; Bin 3min KoHIEHTpAMi# ioHIB 3amiza (I1I) ACs

OnepkaHi pe3yiabTaTH BKa3ylOTh Ha Te, IO 1OHU
3amiza (II) Bupomorsx 180-200 ¢ mepeTBOPIOIOTHCS B 10HU
3amiza (III). B pe3ynbrati 00pooku mpommucioux CIIB
030HOTIOBITPSHOIO CYMITIITITIO 3 ITOYaTKOBOO
KOHIIeHTpalielo ioHiB Fe?* 126 Mr/nM® i KOHIEHTpaIieo
3aBHCIUX pedoBrH (3P) 3258 Mr/aM® cTymiHb ouumIeHHS
Bix 3P uepe3 3 rom mocsrae 82,5 % mpH 3aJTHIIKOBiH
KOHIICHTpAIIIi 10HIB 3aJi3a 32 TECTOBUM METOJIOM MEHIIIC
10 mr/om>. Tlpu BifcToOBaHHI 82 % CTYHiHb OUUIIEHHS
JIocsATaeThCsl  uyepes 2,8  mobOu.  3MCHINCHHS 4Yacy
BigcroroBanus CIIB mepex moBepHeHHAM B mIacT

3YMOBJIIOE TTiBUIICHHS EKOJIOTIYHOI OE3MEKH 32 PaXyHOK
3amo0iraHHs BUHUKHEHHIO aBapiifHIX CUTYaITill.

BpaxoByrounm Te, IO Wi Yac O30HYBaHHS JUIS
OTpUMaHHS 1oy HeOOXiIHIH HA/UTHIIOK 030HY [24-26],
TO 3alpONIOHOBAHO MOro  BHKOPHCTOBYBATH  JUIS
onepxxanss ioHiB 3amiza (III). TIpu npomy, K BHIHO 3
puc.4 moBHe TmepeTBOpeHHs ioHIB 3amiza (II) B ioHH
samza (III) BigOyBaeThcs TIPH  MOJBHHO-IOHHOMY
BifiHOImIEHH] 030H : Fe?* = 1.17:1 uepes 160 c.

[Mix gac o3onyBanns CIIB mis onepxanHs Hoxy, sIK
BCTaHOBJIICHO y [25-27], B psAml BUMAAKIB HEOOXiTHO
3aCTOCOBYBAaTH HAUHIIOK 030HY. s Toro, 1mo6
3MCHIUTH HOro BUKUAW Yy HABKOJHINHE CEPEIOBHUIIIC,
BPaXOBYIOYH T€, 10, SK [TOKa3aHO BHIIE, I HAIUIIOK
030Hy B  O30HOBAaHOMY TIIOBITpi  3aIPOIIOHOBAHO
BHKOPHCTOBYBATH Ul IIEPETBOPEHHS ioHiB Fe?* B ioHm
Fe**, mo He TiNBbKH HO3BOMISAC HNPHMINBHIIINATH YTBOPEHHS
ocafiB i 3MeHIIeHHs 3aBucnux pedoswH y CIIB, ame i
3MCHIUTH KOHIICHTPAIIF0 O30HY VY BiANPambOBaHOMY
TIOBITPI.

0 0,2 04 0,6 08 1 1,2
030H: Fe %
Puc. 4. Cryninp meperBoperHs ioHiB 3amiza (II) B

ionn 3amiza (III) Bix MOJIBHO-IOHHOrO BiJHOUIEHHS
ozon:Fe?*
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[Ipu o3onyBanHi CIIB TiTBKH TSI IPUITBUIIIICHHS
YTBOPEHHA OCamiB mIi IepeTBopeHHs Fe*' y Fe’t
HEOOXiTHO BUKOPHUCTOBYBAaTH, SK BHIHO 3 puC. 4,
HAJJIUIIOK O30HY. Y TakOMy BWIIQIKy 3aJIHIIKOBA
KOHIIeHTpamiss 030Hy y moBitpi 0,021 % 00. I Takum
YUHOM 1151 KUTBKICTh 030HY MOTPAIUISTHME B aTMOChepy.
IIpu nmebiTi c¢B. 63 (Ha KK mnepegdadaeThCs
BHPOOHMITBO iony) Menseniscskoro I'KP 12 M*/moby
BOIM 3 KOHIEHTpamicto ioHiB Fe?' 62 mr/mm*(62 r/m’)
nponyktuBHicTe Bomu 0,5 M*/rox 3 31 r/rog (0,555 r-
MOJTB/TOJT) 10HIB 3ai3a.

Jlnsa neperBopeHHs ioHiB Fe*' y Fe’™ mHeobximHo
0,555x1,17 = 0,649 r-mons/rox (31,17 r/rom) o3ony. Yac
o3onyBaHHA 160 c. IlouaTkoBa KOHIICHTpAIli O30HY
3,017 mr/mv® mositps. Tomi 06’eM IOBITpsS 3 030HOM
31170/3,017=10331 w/rom (10,3331 w™’/rom). Ilicis
030HYBaHHS Y TOBITPi 3aJIUIIAEThCA 46,4 MI/TON. 030HY
200 46,4/10,331=4,5 mr/m°.

pu PO3TIOBCIOIKCHHI BiIMIPAIlbOBAHOL
030HOMOBITPAHOI cymimi = 10,3 m>/rox (46,35 Mr 030HY)
B pagiyci 1000 M i Bucororo 20 M (15,7 man. M)
3aIIMIIKOBA KOHIEHTpamis 0300y (3 10-6 mr/m®) 3HauHO
MEHIIIE TPAaHUIHO JOITCTHMOi KoHeHTpamii 0,16 mr/m>
[28] y moBiTpi Hacemenmx myHKTiB. [Ipm Takiii ke
BHKIJTHII KOHIIEHTpamii 030Hy WOro KOHIICHTpAIls
MOBITPi POOOYOI 30HH 3 JiaMeTpoM 5,4 M 3MEHIIYEThCS
1o 0,1 Mr/M>, o CBiTYMTH IIPO BiACYTHICTH €KOIOTiYHOI
HeOeslekn, sKa Morjda Oum OyTHm 3yMOBIICHa 3
3aCTOCYBaHHSM O30HY JJIs BHJAIICHHS 10HIB 3amiza i
MONyTHO 3aBUCIUX pedyoBuH. B Toii ke wac y CIIB,
MIPUCYTHI 10HU HOMy, SIKI TaKOXX MOXYTh BCTYNaTH y
B3aEMO/IIO 3 030HOM.

BucHoBKH Ta NEPCHEKTHBH  MOIAJBIIOLO
PO3BUTKY AaHOr0 HampaMKYy. [llisaxom mocmimkeHHS
cymicHocTi cymytHboO-IactoBux Box (CIIB) i Bopg
nornuHatoyoro  1wacra  (BIII) npu  Ppi3HUX
CIIBBiTHONICHHSAX 1 KOHIIGHTPAI[iIX BCTaHOBJICHO, IO
nosepHeHHss CIIB 'y mnacth He  COPUYMHATHME
BUNAIIHHA oOcadiB cynbdaTiB i KapOOHATIB 1 TakUM
YHHOM CIpHUS€E IIIBUIICHHIO EKOJOTiYHOI Oe3MeKu B
nopiBHAHHI 3 TuM, skOu CIIB HampaBmsumce y
HABKOITUIITHE CEPEIOBHIIIC.

3anporoHoBaHO I ONCPATHBHOTO BHU3HAYCHHS
CYMICHOCTI 3aJI)KHOCTI MK KOHIIEHTpALisSMH IOHIB 1
crisBigHomenusM CIIB:BIIII ta TecT-MeToaM OLIHKHA

KOHLIGHTpaliil cynbdar-ioHiB, Homuna-ioHIB Ta iOHIB
3ayi3a.

Oo6rpynToBano, mo nosepHeHHss CIIB y Hazapa €
criocodoOM, SIKMH  ChLOrOJHI  BIJIMOBIJA€  BUMOI'aM
3aKOHOJABCTBA IIOI0 OXOPOHM HAAp Ta HABKOJIHMIIHBOTO
cepeIoBHUIIA.

Bukopucranns TECTOBHX EKCTIPEC-METO/1iB

migBuInye exonoriuny Oesneky moepHeHHs CIIB y
IUTaCT 3a PaxyHOK 3MEHIIEHHS Yacy Ha MpPOBEICHHS
aHaJIi3iB 100 BMICTY CyJb(aT-ioHiB Ta i0HIB 3aJi3a.
CIIB pomoBuIma CyMiCHI 3 IUTACTOBHMH BOJaMHU
TIOTJIMHAIOYOrO TIacTa-KOJIeKTopa MenBeniBChKOro

ponosuma. I[lepBicHUIA XiMigHWIA CKIJIaJ] IDIACTOBUX BOJ
He 3MmiHuThCs ckinagom CIIB, XiMiuHi peakiii Mixk HUMH
BUKJTIOYCHI.

Cymim CIIB pomoBuma Oyzne crabiigpHOIO y daci.
Ocan yTBOpIOBaTHCH HE Oy/ie, YMOBH ISl IBOTO MPOLIECY
BIJICYTHI, OCKUIbKM (pakTHUHa KOHIEHTpawlis cyibgar-
IOHIB € MEHIIOI 32 MaKCHMaJbHE pO3paxoBaHe
3HaueHHs, a koHTakT CIIB 3 miacroBoo BOIOIO
MIOTJIMHAIOYOr0 IUTAacTa BiJOYBAa€THCS HA ITOYATKOBOMY
eTami IMOBEpPHEHHS, Ha MOAAIBLIMX €Tarax MOBEpHEHHS
CIIB KOHTaKkTyIOTb 3 IIONEpPEeIHIMU BOJIAMH, SKi YKe
OyJIH TOBEPHYTI Y IJIACT-KOJIEKTOP.

BukiiogaeTsess MOXKIIMBICTD HETaTHBHOTO BIUIUBY
mporiecy moBepHeHHs CIIB Ha #KiCTh NHTHHX |
TOCTIOAPChKO-TOOYTOBUX BOJA, OCKIBKH HaIidHICT
nokamizanii CI1B y nornuHarodoMy miacTi rapaHTyeThCs
HE TUIBKM TEXHIYHMM CTaHOM CBEpUIOBHH, a
TCOJIOTIYHUMH 1 TiIpOreoJIOTIYHUMH yMOBaMH 00’€KTa
3TiIHO 3araJbHOI XapaKTePUCTHKH

Iosepunennss CIIB y  wHagpa  popoBuima
3IIHCHIOETBCS ~ 3TiAHO  pO3POOJIEHOTO  peryIaMeHTy
noepHenHs1 CIIB y Hazgpa, y pexuMi nepmroi kaTeropii,
sKa BIATIOBia€ TEPMETUYHOCTI YCi€l TEXHOIOTiUHOL
CHCTEeMH BiA Hacocy [0 TpUBHOIHHOI 30HHM, 3
JIOTPUMAHHSIM BHUMOI UYHHHOTO HPHPOJO0XOPOHHOTO
3aKOHOJABCTBA YKpaiHM 1 He CHpuse YTBOPEHHIO
JIOAATKOBUX JDKEpeN 3a0pyJHEHHS HABKOJIHIIHBOTO
cepeoBHIIa.

ExcrieppuMeHTanbHO JIOBEEHO, IO EKOJIOTiYHa
6esneka mpu nosepHeHHI CIIB y morimHarouwmii mmact
TiABUIIYETHCS 32 PAXYHOK iX O30HYBaHHS 1 3MEHIICHHS
Yacy BiZICTOIOBaHHS YTBOPEHOT'O OCay.

BcranosieHo, 1o mij 4ac 030HyBaHHS Ta YacTHHA
030HY, SIKa HE BCTYIA€ y PEaklilo MMEepeTBOPEHHS 10HIB
Fe2+ B ionm Fe3+ i1 morpamsie 3 BiAnpanbOBaHUM
MOBITPSIM Yy HaBKOJIMIIIHE CEPEJOBHUILE HE CTBOPIOE
eKoJIoriyHOoi HeOGe3Neku Hi y MoBiTpi podouoi 30HU, HI Y
TIOBITPI HACEICHNX ITYHKTIB.

Bukonannii 00csAT  NOCHiPKEHh 1  OTpPUMAaHi
MIPAaKTHYHI Pe3yJIbTaTH JAf0Th MOXJIUBICT JOCITITUTH Ta
TIOTIepEeTUTH PU3UKHA BUHUKHEHHS aBapiifHUX CUTYawlii
npu nosepHeHHI CIIB, 3MeHmIMTH Yac OUYUCTKH Bif
PEUYOBHH, 1110 MOXXYTh OYTH IPUYMHOIO 3HWKEHHS
MPUHMABHOCTI TUTACTA, ITiIBUIIUTH CKOJOTIYHY Oe3MeKy
TIPY TTIOBEPHEHHI CYIYTHBO-INIACTOBUX BOJ| Y Ha/Ipa.
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J. M. KACBAHEHKO, I. M. JEMH/IOB, C. M. MOJIbYEHKO

MOXKJIMBICTb OJAEPXKAHHS BIOMACTU/IbHUX MATEPIAJIIB JISIXOM XIMIYHOI
MOJJUOPIKALII OJIIN

Ha cboroaHi gocuTh 6arato € pobiT MPUCBSIYEHUX MOLIYKY ajJbTepHATHBU HadTONPOAyKTaM. BijblIicTh podiT CTOCYEThCS XiMIYHOI OOpPOOKH Oiif,
SK IpHcagka 10 HadTONpOmyKTiB. 3a3BHYail BUKOPHCTOBYIOTH ISl TaKUX JOCIUKEHb PUIUHOBY abo0 pINakoBy oXii, OCKIIBKM BOHH OLIbII
OIYJISIPHI JUISL TEXHIYHOTO 3aCTOCYBAaHHS, Ta PULIUHOBY OJIIF0 MOXIHMBO BHKOPUCTOBYBAaTH 0€3 XIMIYHHX NEpETBOPEHb, TaK SK BOHA MICTHTH Y
CBOEMY CKIagi rigpokcikuciaoti. O6’€KTOM JOCHIDKEHHS € MPOIEC TifPOXIOPYBAHHS COHSIIHHKOBOI OMii XJIOpHUM BamHOM. MeTolo poboTH €
po3poOKka TeXHOIOril ofepkaHHsS MACTUIBHHX MaTepialliB Ha OCHOBI COHSIIHUKOBOI OJii IUISXOM TiIpOXJIOpPYBAaHHS OJil 3 HACTYIHHM XiMIYHUM
MepPEeTBOPEHHSAM HPOAYKTY JUIL OTPUMAaHHS OCHOBH MAcTHJIBHUX MaTepiayiiB. B poGori oOrpyHTOBaHO METOMM OTpUMaHHS 0a30BHX MACTHI 3
IBTEPHATUBHUX JpKeped (BiJHOBIIOBAHOI CHPOBHHH), B TOMY 9YHCII — 3a JOIMOMOrOX INEpepoOKH POCIMHHMX OJiil. BHroroeieHo 3pasku
MAaCTIUIBHUX OJIUB Ha OCHOBI COHSIIHUKOBOI olii.. BH3HaueHO B'I3KiCHO-TEeMIEpaTypHi BIACTHBOCTI OTPHMAaHHUX IPOAYKTiB. PesynpraTn
MPOBE/ICHOT POOOTH BKa3ylHOTh Ha MEPCHEKTHUBHICTH 1 JOLIIBHICTH MOJAJBIIMX JOCII/KEHb B Traily3i OJEp)KaHHS KHCHEBMIIIYHOYHX MOXITHHX
POCIMHHUX OJilf 3 METOI0 BU3HAYEHHS ONTHUMAIBHUX yMOB IIPOBEICHHS 3a3HaUeHOI XiMidHOi Mo ikamii.

KurouoBi cioBa: Giomac THIBHI MaTepiald; COHSAIIHUKOBA OJNis; XKUPHI KHCIOTH; XiMiuHa Moaudikamis; TiIpo XJIOpPYyBaHHS; B’S3KiCHO-
TeMIIepaTypHa XapaKTePUCTHKA.

JI. H. KACBAHEHKO, HU. H. J[EMH/IOB, C. H. MOJIBYEHKO

BO3MOXKHOCTb IOJYYEHUSA BUOCMA30UYHBIX MATEPHUAJIOB IIYTEM XUMHUYECKOM
MOJUPUKAIIUN PACTUTEJIBHBIX MACEJI

CCI‘OI[HSI JAOCTATOYHOC KOJIMYCCTBO pa60T TIOCBALICHHBIX TIOMCKY aJIbTE€PHATHUBBI He(t)TerOI[yKTaMA BonpmmHCTBO pa60T Kacaercss XHMUYeCcKOH
06pa60TKI/I Macel, Kak IIpucajka K He(t)TerOlIyKTaM. II.TISI TaKuX Heﬂeﬁ 00BIYHO HCIOJB3YIOT KaCTOPOBOE€ M pPAliCOBOE€ Macjla, TaK KaK OHHU
JAOCTAaTOYHO IOIIYJISAPHBIC I TEXHUYECKOIO ITPUMEHEHHUS, KaCTOPOBOE MaACJI0 BO3MOXKHO HCHOJB30BAaTh 6e3 XMUMHYECKUX npeBpameHm‘z’I,
TIOCKOJIBKY B €ro COCTaB€ IPUCYTCTBYIOT TUAPOKCHUIIBHBIE TI'PYIIIBL. O06beKTOM HUCCIENOBAHUS SBJISIETCA MPOLECC TUAPOXJIIOPUPOBAHUS
MOJICOJTHEYHOI'0 Maciia XJ'IOpHOI\/'I HU3BECTHIO. HCJ'II)IO paGOTLI TIPpEACTaBIIACTCA pa3pa60TKa TEXHOJIOTUH TIOJYYCHUS CMa304YHBIX MAaTEpHAIIOB Ha
OCHOBE€ ITOJACOJIHEYHOI'0 Macjla IIyTEM TUAPOXJIOPUPOBAHUA Macja C MOCICAYIOIIUM XHUMHYCCKHUM IIPEBPpAICHUEM MHPOAYKTa I IOJYUCHHUSA
OCHOBBI CMa3049HbIX MaT€pPHUAJIOB. B pa60Te 000CHOBAHO MTOUCK METOHOB MOJIyICHUSA 6a30BBIX Maces U3 AJIbTEPHATUBHBIX HCTOYHUKOB, B TOM YU CIIE
— C TIOMOIIBIO nepepa60TKM Macell pPaCTUTCIIBHOTO IPOUCXOXKICHUS. B M3roTOBIEHBI 06pa3LH)I CMa304YHOro Marepuajla Ha OCHOBC
MOJCOJIHEYHOI' 0 Macia. Beumn OpeaCI€Hbl BA3KOCTHO-TEMIIEPATYPHBIC CBOMCTBA TIOJTY4€HHBIX ITIPOAYKTOB. PeByJII)TaTI)I HpOBCI[eHHOﬁ paGOTLI
YKa3bIBalOT Ha IEPCIEKTUBHOCTL U I.IeJ'IeCOO6p8,3HOCTB HaﬂbHeﬁHIHX I/ICCJ'ICI[OBHHI/Iﬁ B obsactu TIOJTYY€HUS KHUCIOPOACOACPKAIINX TPOU3BOAHBIX
PaCTUTEIIBHBIX MACEJI C LEJIbIO ONIPEACICHNUS ONITUMAIBHBIX yCJ'IOBI/II\/'1 TIPOBEACHUS YKa3aHHBIX XUMHUYECKUX MOZ[I/I(t)I/IK&LII/II\/JL

KioueBbie c1oBa: 6rOCMa304YHbIE MaTepualbl; TOJACOJTHEYHOC Macio, KUPHBIC KHCIIOTBI; XUMHYCCKas MOIII/I(bI/IKaLII/ISI;
TUAPOXJIOPUPOBAHUE, BAZKOCTHO-TEMIIEpATYPHAS XapaKTECPUCTHUKA.

L. M. KASIANENKO, 1. M. DEMIDOV, MOLCHENKO S. M.

POSSIBILITY OF OBTAINING BIOLUBRICATS MATERIALS BY CHEMICAL
OF VEGETABLE OILS

MODIFICATION

Today, have been a sufficient of science works devoted to the search for alternatives to petroleum products. Many scientific papers are discussing
the chemical processing by vegetable oils such as a component to petroleum product. For such purposes, castor and rapeseed oils are usually used,
since they are quite popular for technical use, it is possible to use castor oil without chemical transformations, since it contains hydroxyl groups.
Target of research: sunflower oil hydrochlorination process with chlorine lime. Research objective: development of procedure for hydrochlorination
of sunflower oil, with further the synthesis of the product which will be the basis of lubricants. 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; hydrochlorination; viscosity-temperature characteristic.

Beryn.  CrabimeHe — MOCWIJICHHS — TI00aiBHOI

nominuryBatucs. Tak, y 3Biti €K 3 emicii qBookcuny
eKOJIOTIYHOI KPH3W TIOCTaBHJIO TIEPEd  JIIOJCTBOM

Bymremo 3a 2017 pik Bkasano, mo B 2016-m

XKHUTTEBO BAXKIIMBE 3aBIAHHSI: 110 HOBOMY HiAiHTH 10O
BUpILICHHS NpoOieM 3a0pyJHEHHS HABKOJIHIIHBOTO
cepeioBUIA 1 CTBOPHUTH 3aMKHYTHH  Kpyroooir
nmiokcuny Byrierrto [1]. SIk macmigok BuaMK KioTchkuit
MIPOTOKOJI, METOI0 SIKOTO € 3MEHIICHHS BUKHIIB B
atMocepy, IO NPU3BOAUTH O  IJI0OAIBHOTO
moTerutiHAs. 3a orinkor €Bpokomicii (€K), 3 1990 o
2016 poky kpainu €C CKOPOTUIIM BUKHUIU JBOOKCUIY
Byriemo B armocdepy Ha 20,8%. OnHak ocTaHHIMH
POKaMHM CHUTYallisl B [[bOMY HalPsIMKY IIepecTaia

€BpONerCchKi KpaiHu 30uTbmiy Bukuay Ha 0,2% [2].
Tomy nmomryk anpTepHaTHBHUX JUKEPENT EHEPreTHIHUX
Ta MaJUBHUX PECYPCIB A0CI 3aJIMIIAETHCS AKTyaIbHUM.

MeTor po60oTH € po3poOKa TEXHOIOTIT OJepKAHHS
MacTWJIFHUX MaTepialiB Ha OCHOBI COHSIITHMKOBOI OJii
LIJISIXOM TipOXJIOPYBAHHS Ol 3 HACTYITHUM XIMIYHUM
MIEPETBOPEHHSM TPOAYKTY Ui OTPUMAHHS OCHOBHU
MacCTWJIBHUX MaTepiajliB.

© Kacwsnaenxko JI. M., lemugos 1. M., Monsuenko C. M., 2019
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OmnuM 13 3HaYHMX  JOKepen  3a0pynHEeHb
MIPUPOJHOTO CEPEelOBUIA € MACTHIBHI MaTepiaid, sK
CBiXI, TaK i BiAnpanboBaHi. lle MOsSCHIOETHCS, TIepI 3a
BCE, HM3bKUM piBHEM OiOpO3KIafaHHs MIiHEpPAIbHUX 1
CHHTETHYHUX MacTwi. Jleski HadToOBI 1 CHHTETHYHI
MacTWIIBHI ~ MarepiaJim  Ta X KOMIIOHEHTH €
eKOTOKCHYHMMHM TpoAaykTamu. Bci Buam manusa,
MACTIJIBHI MaTepialid Ta CIICI[iabHI PIIWHA B Till 4u
IHIOIH Mipi € TOKCHYHHMH 1 BOTHEHEOE3NeYHHMH, a
MajJMBa Ta OpraHiyHi PO3YMHHUKH [0 TOTO X €
BruOyxoHeOe3neuHnmMu. ToMmy HeoOXimHO 1o0pe 3HATH
OCHOBHI €KOJIOTiIYHI BJIACTUBOCTI ITaJMB, MAacTHJILHUX
MaTepialiB 1 CIEMiaJbHUX PiAWH, SKi BIDIMBAIOTH Ha
JIOAVMHY 1 HAaBKOJIMIIHE CEpelOBUINE 1 MOXYTh
MIPOSIBIISITUCS TIpH 30epiraHHi, TpaHCHIOPTyBaHHI abo
BHUKOpUCTaHHI. Jl0 HaHOUTBII BaKIMBHUX BiJHOCHTH:
TOKCHYHICTB, MTOXKEKOHEOC3MEUHICTB, BHOYXO-
HEeOe3IMEYHICTh 1 3AaTHICTB J0 CIEKTPU3YBaHHA [3].

KpiM exonoriuHux 4MHHHKIB CIIiJ BpaxoBYBaTH i
€KOHOMIYHI: BHMKOPHCTaHHS OJHOTO JOMiHYIOUOTO
MaTepiaxy AiIs OTPUMAaHHS MAacTWi, SKUM OCTaHHIM
gyacoM € Ha]Ta, HE BUIpaBIoBye cebe [4].
AJBTEpHATHBOIO IIMM MaTepiajlaM MOXKYTh CIY)KUTH
KUPH POCIMHHOTO 1 TBAapMHHOIO MOXO/KCHHS,
Gionoriyni MacTwibHI Marepiany. BoHM HeTOKCHYHI,
MaloTh BHCOKMI piBeHb OioposkiamgaHHs 1 mo0pi
3MaIryBabHI BiacTHBOCTI [5]. Taki *wupu i Bigxomu ix
riepepooKH MOKHA BHKOPHCTOBYBAaTH JUIS
BUPOOHMLITBA MacCTWJIBHAX MaTepiaiB MPaKTUIHO BCIX
BUIIB — OJNMB, IUIACTUYHMX MAacTWI, MAacCTHIIFHO-
OXOJOKYHOUUX TEXHOJIOTIYHUX 3aco00iB,
TEXHOJIOTIYHUX MACTHJI, & TAKOX ITPHCAJIOK.

IHocTanoBka mpoGjeMH y 3arajJbHOMY BHIVISAII
Ta i 3B'S30K i3 BaXKJIMBHMHM HAyKOBMMH Ta
NPpaKTHYHUMH  3aBIaHHAMH. Ha cporogni B
JiTepaTypi IpeJ]CTaBlieHa BEJIHMKa KIJIbKICT pPOOIT
MOIIYKY aJbTEPHATHBN HA(TONpPOIyKTaM, OUIBIIICTD 3
SIKHX CTOCYEThCS XIMi4yHOI OOpOOKHM OIliff 3 MeTor iX
BUKOPHCTAHHS B SIKOCTI MPUCAZOK 0 HAQTOIPOIYKTIB
[6-11,14]. 3a3Buuaii 3 1i€l0 METOI0 BUKOPHCTOBYIOTh
punMHOBY abo pinakoBy omii. Ilepiry 3acTocoByIOTH
BHACNIJIOK TPUCYTHOCTI B ii CKJami TiOPOKCUTPYII,
TOMy BOHa 0e3 Oymp-sKoi XiMiuHOI Momudikamii €
MIPUIATHOIO Il BHKOpPHUCTaHHA. Bimomum € cmoci0
onepkaHHA ~ 0a30BOi  ONMBH Ui MAacCTHJIBHHX
KoMIo3uuiii [8], 1m0 TIpyHTyeTbcs Ha XiMI4HIN
MoauGikamii pimakoBoi oiii Ta BKIIOYAE HACTYIHI
cTaiil mepeTBOpeHHs: 1) MeTaHOmi3 pINaKoBOi OJIMBH
peareHToM peakiii, mo wmictute KOH Ta Mermmar
HaTpil0 y METaHOJl 3 OACPKAHHAM IPOMIXKHOTO
MIPOAYKTY — METHJIOBUX €(ipiB BUIIHX KUPHUX KHCIOT
pimakoBoi omi (meraduiopy); 2) cynbgipyBaHHS
MeTaduIopy pO3MOJIOTHM CyIb(ypoM 3 OTpUMaHHIM
KIHIIEBOT'O IPOAYKTY — ouBa MeTtaduop-S.

[Tpu otpumanHi MeTadIopy AOCIATAETHCS 3HIKEHHS
MOJIEKYJSIPHOI ~ MacH 32  paxyHOK  BiJIIETJICHHS
riinepuny. Ilin yac gomaBaHHS pPO3MOJIOTOTO CYIbQYypy
B’SI3KICTH 30UIBIIYETHCS, OCKIIBKHY CipKa 3a IIEBHUX YMOB

pO3pMBaE TMONBIMHUA 3B’SA30K. A TPH  BHUCOKUX
TEeMIlepaTypax BifOyBaeTbcsl 3IIMBAHHSI MOJIEKYT IO
Micmo  cymegimanx Tpyn  [9, 11].  B’sa3kicHo-
TEeMITepaTypHa 3aJISKHICTh TaKOl OJIMBU 3POCTAE IUIABHO-
MOBIIBHO, IO € JOCHUTHh OakaHOI XapaKTEPHUCTHKOIO.
[Ipore HasBHICTH CyNb(QIAHUX TPyH MOXKE HPU3BOIUTH
JI0 peakiii moniMepu3anii, o0 HEraTUBHO MO3HAYNTHCS
Ha poOoTi ABUTyHA. [HIIMM NEPCHEKTUBHUM HAIPSIMKOM
B TEXHOJIOTIi BiJHOBIIOBAJHHUX MAaCTHIBHUX MaTepialliB
€ BHKOpHCTaHHsA OyTwioBHX edipiB Ha  OCHOBI
T1IPOKCHIIBOBAHOI COHSIIHMUKOBOI oJ1ii. Marepiaim Takoi
MIPUPOAN MAIOTh JOCTATHIO MOTEHIIMHY MOXIIMBICTh
B3a€MOIIi 3 METAJICBMU ITOBEPXHAMH 32 PAXyHOK Pi3HUX
MEXaHi3MiB: 1) enepreTn4HO ciabko, TOOTO
ajcopOIiiiHo, HampuKiIaX  3a  PaxyHOK  CHII
Ban-nep-Baansca abo quIoib-AMIIONBHUX B3a€MOZIN;
2) eHepreTM4HO  OLTBII  €PEeKTUBHO, 33  PaxyHOK
xeMocopOIii, HarpuKiIag, YTBOPEHHSM BOJHEBUX Ta
KOMIUIEKCHHX 3B'SI3KIB MK MOJIEKYIaMH MacTHil 1
MOBEPXHEI0; 3) €HEepreTUYHO HAHOUIBII CHIIBHO 3a
paxyHOK TI'eTepOTeHHHX XIMIUYHMX peaKiid, HarpuKiam,
TpubO aKTUBOBAHUX peaxmii noJiMepu3altii,
KOH/JICHCalliH, KOMIUIEKCOYTBOPEHHS TOIIO.
BukopucranHs pociuHHUX oOniiH  0e3 momnepexHbol
xiMigHoi Mopmikamii B TEXHOIOriT MaCTHIIEHUX
MaTepialiB HaBiTh B SKOCTI M00aBOK JO0 MiHEpaIBHUX
omuB € HemouuteHEM [12]. Ile 3ymMOBICHO psmoM
BaroMux npuumH. [lo-mepmie, omii MicTaTh Xoua i
MiHIMaJIbHY KUTBKICTh (3aJ1€KHO Bix Tumy omiit 0,5-5 %
Mac.), ajie¢ JOCUTh AaKTHUBHUX OIOJOTIYHHX JOMIIIIOK,
cepen SKUX CIiA BUAUUTH (ocdominian ta GpepMeHTH
TUITy Jmas, SKi MaloTh BUPaKEHY KaTaJITHYHY Jilo,
IIpUCKOpIOoYM OioxiMidHe OkMCHEHHs oniil. [lo-mpyre,
oIl XapaKTepU3yIOThCS JOCUTh BUCOKUMH Y MOPIBHSIHHI
i3 MiHEpaJbHUMH MAacCTWIaMH 3HAYCHHSIMH KHCIIOTHOTO
yucna (K.Y., mr KOH/r). Ilo-tpere, ecrepHi rpymu
TPHALWITIIILEPONIB O € OiIbII TEPMOJUHAMIYHO
HecTaOUTBHMMH Yy TIOpiBHSHHI 3  (YHKLIOHAIEHUMHU
rpynaMy MiHEpaJIbHHUX OJIMB, IO HETaTHBHO BIUIMBAE HA
eKCIUTyaTaIliifHi TOKa3HUKH MacTw [13].

OTXe, aHANII3YIOUM BU3HAYAJIBHI OCOOJIMBOCTI Ol
SK OloCHpOBHMHHM 0aynMo, IO 3a YMOBH pO3POOKH
METOMIB yCYHEHHS IX (YHKIIOHaJbHUX HEIOMIKIB
OUIIXOM  XiMi9HOI MOMuQikaIii, MOXXHa VCIIIIHO IX
BUKOPHCTOBYBAaTH [UISl OCP)KaHHS IUIOI HU3KK SIK
MIPOMDXKHMX TIPOAYKTIB, Tak 1 0azoBux OilomacTwin B
rajy3i MacTWIBHHUX MaTepianiB. BaxXInMBUM 3aBIaHHAM €
pPO3MIMPEHHST CHPOBMHHOI 0a3W Taiy3i MacTHIbHUX
MaTepiaiiB, Ska Ha ChOTOJHI € TPaAMIiiHO 3acTapiyoro,
OOMEXEHOI0  TMPOAYKTaMH  CYWIIJIbHO  HA(TOBOTO
(MiHEpaIBEHOTO0) MOX OJ)KEHHS [14]. IMomyk
aNbTEPHATUBHUX CHUPOBMHHUX [DKEPEN IPHUBOIAHUTH 0
TEXHIYHUX POCIMHHHX ONiH, 30KpeMa pPillakoBoi, COEBOI
TEHETHYHO MOAN(IKOBAHOI, PULIMHOBOI, COHSIITHHKOBOI,
SKi 3a cBOIMH (DYHKIIOHAJHHUMH BJIACTHBOCTSIMH €
HaOUIBII CXOKMMH 3  0a30BUMHM  MiHEpaIbHUMHU
onuBamu. OTxe, 6a30Bi MaTepialy MACTHIBHOI raiysi —
OJIMBH 1 IPHUCAIKH, SIKi MOKHA BUPOOJIATH 13 TaKOi
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JIEIIEBOI, IIOHOBIIOBAJILHOI 1 €KOJOri4HO Oe3meuHol
CHPOBHHH SK POCIHWHHI ONii, 37JaTHI JO IIBHUIKOTO
6ioposkiananss. Toxi Sk MiHEepalbHI OJMBHU € CTIHKHMHU
J10 010pO3KIIaaHHs, 1 TOMY € €KOJIOTIYHO HeOEe3IECUHUMU.

1. Bu3znauenns OCHOBHHMX KpHTepiiB
pocaimxkenns. 1.1 Bubip ymoB excnepumenty. s
30UTBIICHHS OKHCHOI CTIHKOCTI OJii B MOJIEKYITY
TPUAIWITITIIEPOAY JAOJATKOBO BBEJICHO (DYHKI[IOHAILHI
TPYIM IUISXOM TiIPOXJIOPYBAHHS COHSIIHHUKOBOI OJIii.
BHacnigok 1mporo y paaukaili KAPHOI KHCIOTH 3HAYHO

3MEHIIYETbCA  KUIBKICTP ~ HEHACHYEHHX 3B A3KIB,
HAsSBHICTh SKHX BHUCTYIIA€ TOTYXHUM (aKTOPOM, IO
CTHMYITIOE OKUCHEHHS KHUPIB. IponyxT
TiApOXJIOPYBAaHHS MOXE Hajali Ha0yTH XIMIYHHX

MoaudikaIii, CipsIMOBaHHX Ha 3aMIIICHHSI aTOMY XJIOpY
IEBHOIO (PYHKI[IOHAJIBHOIO Tpymor. B  mocmimi, sk
MOJIeNTbHA pEYOBUHA, 3aCTOCOBYBAJIACh oist
COHAITHUKOBA padiHoBaHa pAe3omopoBaHa. (OCHOBHI
apaMeTpy TOYATKOBOL OJIil, IO 3MIHIOBAJIHCS IPOTSITOM
JIOCITiy HaBeAeHi y Tabnwmmi 1. Peakiiis mpoBoauiach 3a
temneparypu 70-90 °C mpu iHTCGHCUBHOMY IIEpeMImTy-
BaHHI MIIATKO0 NpotsaroM 4—6 roxus. Ilix gac mocminy
KOITip oii HabyBaB CBITJIO-KOBTHUX BiATiHKIB. [licis 4-0x
TOMUH JOCTITY 3MIHWIUCS (Di3UKO-XIMIYHI TTOKa3HUKH,
IO CBiAYaTh MpO 3MiHY XiMiuHOro ckmamy (tabm. 1: 1 —
ConstiaukoBa omisg, 2 — IigpoxiopoBana omist 4 ron
T=70°C, 3 — TI'igpoxsopoBana omist 6 ron T=70°C, 4 —
INapoxmopoana omnist 4 rog T=90°C). Takum umHOM,
gucio ommwiteHHS (Y. O.), a omxe i edipre uncio (Ed. U.)
3pocio 3 190,4 mr KOH/r 1o 323,4 mr KOH/1, ToOTO Ha
133 omguHMIi, 0 cTaHoBUTH 69,8 % MpUPOCTy BiTHOCHO
ITOYAaTKOBOTO TIOKa3HUKY. TaKuM YHMHOM, MOXKHA 3pOOUTH
MPUITYIIEHHd, 10 A0 KoxkHoi 2,37 monexynu TAI mo
MICITIF0O HCHACWYCHHWX BYIVICBOJHECBHX 3B’S3KiB  Oyi0
npueanano Cl tTa OH rpymy.

1.2 OMuileHHsl Ta aJIKOroJi3 riipoxJ0poBaHOro
NPOAYKTY. 3 MCTOI BHIAJICHHA >KUPHUX KHUCIOT i3
MPOAYKTY TiApOXJOpyBaHHA oOii Oylno HpoBEneHO
OMWJICHHS OCTAHHBOTO CITHPTOBO-BOIHUM PO3YHHOM
NaOH i3 sHammumkom y 30 % Bim TeopeTHUHO
HEeoOXiHOTO.

Tabmuig 1 — OCHOBHI ITOKAa3HHUKHM ITOYaTKOBOI Ta
T'1JpOXOPOBOHOI COHSIITHUKOBOI OJIi1

csl BOJIOIO. 3ais BiTHOBJICHHS KHUPHUX
JIUT1IPOKCHKUCIIOT COHSIIHUKOBOI OJii Harpi€eBe MHIIO
OyITo pO3KJIaNIeHO i Ai€ro coistHol kucmotu. OTpumaHi
KHUPHI TIIPOKCHUKHUCIOTH SIBISIOTH COOOI0 MalioB’SI3KY
piAMHY TIOMapaH4eBOro KONbOPY 3  KoedilieHToM
pedpakmii 1,472, Illo6 3menmutn cxwibHiCTE KK
T1IpOXJIOPOBAHOTIO MIPOIYKTY 10 YTBOpEHHS
HEpPO3YMHHHX TOJMIMEPHHUX CIIOIYK OyB HpOBEACHHH iX

ankoroniz OYTWJIOBMM Ta METWJIOBUM  CHHPTaMH.
IMponykrn  XIMIYHOrO  TEPETBOPEHHS  SIBIIOTH
coboro MaJIoB SI3Ki pinuHN TEMHYBATOrO

IIOMapaH4YeBOro KOIbODY.

Sk anbTepHATHBHUIA METOI ITiJBUIICHHS B’S3KOCTi
CHHTE30BaHOT0 MacTHJILHOTO MaTepiaiy Oyia nposezieHa
erepudikamis riApoXIOpPOBAHOTO MTPOAYKTY MIIAMH ITHX
KE TIIPOXJIOPOBAHMX JKUPHHUX KHCIOT 3a HACTYITHOIO
peakui€ro:

R1-C1 +Na—OOC-R2 — R1-O0OC-R2 +NaCl

IIponykt erepudikamii  micns  BUJAJICHHS
PO3YMHHHKA SIBJISE€ COOOIO JKEJNENOAiOHYy 3a KiMHATHOI
TEMIIEpaTypH, IUIACTUYHY pPEYOBHHY IIOMapaH4YeBOro
KOIIbOpY. XapakTepUCTHKa OTPUMAHOrO  IPOAYKTY
peakmii  Muia  TiAPOXJIOPOBAHOTO  IMPOAYKTY  Ta
T1IpOXJIOPOBAHOI OJIii IPUBEEHO y Tadmumi 2.

ITokasnuk, mr KOH/r 1 2 3 4.
K. 4. 0,3 0,3 3,0 3,79
4. 0. 1904 | 247,6 | 253,4 | 3234
Ed. Y. 190,1 | 2473 | 250,4 | 319,6

[Tix yac OMUJICHHS )KUPHHUX KUCIOT (DyHKIIOHAJIbHA
rajioiiHa rpyma 3aMiHIOETECS Ha T1IPOKCUTPYITY:

R1 — Cl+NaOH — R1 — OH + NaCl

OTpuMaHUi TPOIYKT IICIS BiJITOHY CHHPTY SIBIISIE
co0OI0 HaTpieBi MWIa TiIIPOKCHKHCIOT, Ha 30BHIIIHIN
BUIIISIZT — TOMOTEHHA TBEpJa PEYOBHHA ITOMAapaH4YeBOIO
Konbopy. PedoBuHa )XMpHa Ha TOTHK, 100pe BiIMUBAETH-

Tabmust 2 — OCHOBHI TOKa3HUKH HPOIYKTY
B3a€MOAii MMJIa TiIPOXJIOPOBAHOTO IPOAYKTY Ta
T'1JIpoXJIopOBaHoOi ol

Iloka3Huk 3HavyeHHS
K. Y., mr KOH/r 8,24
4. O., mr KOH/r 253,35
Ed. Y., mr KOH/r 245,11

Kinemarnana B’s3kicTs 3a BIDK-2 mpu 649.18

temneparypi T = 25,0 °C, mm?/c ’

Perymroroun  cTymiHb  IpOTIKaHHA  IIPOIECiB

TiIpoXJIOpYBaHHS Ta erepudikalii, MOKHa OTPUMYBATH
MPOAYKT 13 HEOOXITHHMH TOKAa3HWKAMH B’S3KOCTI Ta
ryctuad. Yepe3 BHCOKY B’A3KICTh IPOAYKTY, BHHHKAE
MOXJIUBICT WOTO BHKOPUCTAHHS B SIKOCTI 3aryI[ylOqol
n00aBKM 10 OyTWJIOBHX Ta METWIOBHX  edipiB
TiIPOKCHIIBOBAHUX JKMPHUX KHCIOT MPO OTPHUMAaHHA
SIKMX Hmorocs Buie. MokHa 3pOOHTH BHUCHOBOK MO0
HEOOX1THOCTI MOJANIBIINX JOCIIIKEeHb, CIPSIMOBAHNX Ha
BUSIBJICHHSI YMOB, IO OyAyTh CHpPHUSATH OUTBII TOBHOMY
MIPOTIKAHHIO XIMIYHOT'O TTEPETBOPEHHSI.

2. XapaKTepuCTHKA OJEP:KAHUX MACTHIBHHX
martepianiB. IlopiBHsuIbHMH aHanmi3 oxepkaHux edipi
Ta XHUPHUX KHUCJIOT TiPOXIOPOBAHOI COHSIITHUKOBOI OJIil
Oyn10  BUKOHaHO 33  3HAUCHHSAMH  KOeQili€HTIB
3ajomiieHHs (np). 3 JiTeparypHux Jokepen [15] Bimomo,
10 pedpaxiiis AWINTIepoIIiB € HEPSIMUM ITOKa3HUKOM

iX CTymeHI0 MOJSIpHOCTI, TOOTO 31 30iJbIICHHIM
MONSPHOCTI  MOJIEKYJ  AIWIINILEpONiB  3HAYCHHS
Koe(ilieHTiB  3ayoMiIeHHS 3pocrae. Ha pumc. 1

MIPE/ICTaBJICHO 3HAYEHHS N, MOAU(IKOBAaHMX Ta HE
MOM(DiKOBAHUX SKUPHHUX KHCIIOT.
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T
=

1.488

1.480
1.472 |-
1.464

1 2 3 4

Puc. 1. 3HaueHHA np BIAMOBITHO IO JKUPHUX KHCIIOT:
1 — TigpoXIIOPOBAHOI COHSIIHUKOBOI Oii; 2 — PUIMHOBOI OIii,
3 — COHSIIIHUKOBOI 0J1ii, 4 — OJIMBKOBOI OJii.

Sk BuUAHO 3 pE3yNbTATiB, 3HAYECHHS Np >KUPHUX
KHCIIOT TifpoxiopoBaHoi consmHuKoBoi omii (I'xCO) e
ONMM3BKUM JI0 BiJTIOBITHOTO IOKa3HWKA JKUPHHUX KHCIOT
pULMHOBOI  ONii Ta TEpEeBHMIIye 3HAYCHHS IS
HeMOIM(]IKOBaHUX JKUPHUX KHCIOT COHSIIHMKOBOI Ta
onuBKOBOi oniii. lle cBiguUTE TPO EPEKTUBHICTH
niepediry peakuii riipoxXIopyBaHHS COHSIIHUKOBOI OIii,
IO TPH3BOANTH IO PO3PUBY IOABIMHMX 3B’S3KIB Ta
YTBOPECHHS JTUTIAPOKCUKHUCIOT. ToO0TO (hyHKIIiOHATE-
HicTe kupHEX kuciaor [xCO € Onu3pkol0 10
(YHKIIOHATBHOCT] XUPHUX KUCIOT PULMHOBOI oiii. 3a
eTAIOHHUIM 3pa3ok Oyno o0paHo MeTHJIOBI edipu
PHUIIMHOBOI 01ii. 3aJIe)KHOCTI KiIHEMaTHYHOI B’ SI3KOCTI Bif
TEMIIepaTypyd MaroTh MNOAIOHMH Xapak-Tep s BCiX
3pasKiB. [NopiBHsHHES B’SI3KICHO-TEMIIEPaTyPHHUX
BJIACTHBOCTEH Oyyo 31iHCHEHO Ha OCHOBI 3HAa4YCHb
TAHTeHCIB KYyTiB Haxmily 3ajiexHocreil tgo (tabm. 3: 1 —
Byrunosi edipy KHPHUX KHCIOT TiIpOXJIOPOBAHOTO
ponykTy, 2, 3 — Mermiosi edipu puruHOBOi omii (2),
KUPHUX KUCIOT T1IPOXIOPOBAHOTO MPOIYKTY (3).

Tabnus 3 — TaHreHcn KyTiB Haxuiy B’SI3KiCHO-
TEMITEpaTYPHUX 3aJICKHOCTEH

Edipu tgo
1 -0.4627
2 -0.5133
3 -0.7611

OCKUIbKHY 3HaueHHS tgo OYTHIOBHX eipiB KUPHUX
KHCJIOT TiAPOXJIOPOBAHOIO MPOAYKTY Ta METHIOBHX
edipiB PUIIMHOBOI OJIii € MOCUTH OJM3BKUMH, TO MOKHA
3pOOWTH NMPUIYIIEHHS, 10 3MIIIyBaHHIM OYTHIIOBHX Ta
METWIOBHX €(ipiB XUPHUX KHCIOT TiIPOXJIOPOBAHOTO
MIPOAYKTY MOKHA JIOCATTH B’ S3KiCHO-TEMITEpaTypHHUX
XapaKTEPUCTUK €TAIOHHOTO 3pa3Ky.

OuiHka B’A3KICHO-TEMIIEPATYpHUX XapaKTEPUCTUK
orpuMaHuX edipiB JKUPHHX KHCIIOT TiIpOXJIOPOBAHOTO
MIPOAYKTY TpEACTaBICHI Ha puc. 2 (3aiexHocTi 1 Ta 3) Ta
puc.3. SIk MoxHa TOOAYNTH, X04a MPOAYKT OYTaHOII3Y
TIOCTYMAEThCS 32 B'S3KICTIO KacTOpOBiM  omii, ane
JEMOHCTPYE B TOW K€ dYac 3HAYHO BHIIMHA I1HIEKC
B'A3KOCTI, TOOTO CTajicTh B’S3KOCTI HpW  3MiHI
TemriepaTypu. Mo)kKHA BHCYHYTH ITPHUIYIIEHHS, IO TakKa
MOBE/IiIHKA OTPHMAHOTO MPOIYKTY IOB’s3aHa i3 Pi3HOIO
MIPUPOJOI0  B3a€EMOAIl MOJEKyl y IIapi piawHH,
BHACJI/IOK  3MIHIOETbCS MEXaHi3M KOH(QIrypyBaHHS
MOJIEKYJSIPHUX acoLiaTiB.

30 T, OC

20 40 60
Puc. 2. 3anexHicTh KiHEMAaTHYHOI B’SI3KOCTI 1 Big

Temmepatypu: | — OyTwiaoBi edipd IKUPHHX KHCIOT
riIpOXJIOPOBAHOTO  HPOAYKTY, 2 — METWIOBI edipu
pULKHOBOI omii, 3 — MeTwioBi edipy >KUPHUX KHCIOT
TiAPOXJIOPOBAHOTO MIPOAYKTY (ToukKamu TMO3HAYCHO
eKCIIEpUMEHTAIBHI JaHi).
2000 )
M, MM /C
1500 -
1000 -
500 - H
0 — — —
1 2 3 4 5 6

Puc. 3. 3mavenns kimemarmuHoi B’s3kocti mpu 20 °C g
1 — pumHOBOI 0d1ii; 2 — COHSAIIHUKOBOI OMii; 3 — METHIOBUX
e¢ipiB punuHOBOI 0mii; 4 — OyTHIIOBI ehipH >KUPHHX KHCIOT
TiPOXJIOPOBAHOTO MPOXYKTY; 5 — METHIOBI eiph >KUpPHUX
KHCJIOT T1IpOXJIOPOBAHOTO MPOIYKTY; 6 — MPOMYKTY B3a€MOIil
MHJIa TiAPOXIOPOBAHOTO MPOXYKTY T TiAPOXIOPOBAHOI OJii.

I3 Hm3pkOi B’S3KOCTI  OTPUMAHOTO MPOIYKTY
BHUIUIMBA€ BUCHOBOK IIOJO HEOOXIMHOCTI 3aiTydeHHS
B’S3KICHUX MPHCATOK, IIONATB-IITO] XIMiYHOT MOAH(piKaIii
ab0 BHECEHHS IIEBHUX 3MIiH Yy 3alpONOHOBaHMH ITMKII
00pOOKH COHSIIIHMUKOBOI OJIii.

BucHoBku Ta  mepcHeKTHBH
PO3BMTKY JaHOT0 HANPSIMKY J10C/iAKeHb.

MoxkHa 3pOOWTH BHCHOBOK M0N0 HEOOXiTHOCTI
MTOAANBINNAX JOCHTIKEHb, CIPSIMOBAHUX HA BUSBICHHS
YMOB, IO OyIyTh CHIPHUATH OUIBII TOBHOMY IPOTiKaHHIO
XIMIYHOTO TTepETBOPEHHSI.

Pozpobiiena MeTonmka B3a€EMOil XJIOPHOTO BalHA
Ca(OCl); 3 COHSITHHKOBOIO OJI€I0 3 OTPUMAHHIM
KHCHEBMIIIYIOUMX IIOXIAHUX oOniii. BcraHoBieHO, ™10
B’SI3KICHO-TEMIIEpaTypHa 3aJISKHICTh €CTEPIB J>KUPHHUX
KHCIIOT 1 HU3BKOMOJNEKYISIDHUX CIUPTIB  NPOLYKTY
B3a€MOJii XJIODHOTO BalHa 1 COHSIIHUKOBOI Ol
(ITBXBCO) € monibHOI0 10 ecTepiB pUIIMHOBOI OJii.

Iokazano, mo B pe3ynsrati peakuii [IBXBCO 3
HarpieBuM MmioMm kucior [IBXBCO moxHa omepxkaru
MacTWIBHUH MaTepial 3 B 3KiCTIO, 110 HAOJIMKAETHCS 10
B’SI3KOCTI PUIMHOBOI ONii. 3a B’S3KiICHO-TEMIIEPATYPHOIO
xapaxreprcTikoro Oytmiosi epipn [IBXBCO kpami HiX
metminosi edipu [IBXBCO.

NOJAJIBLIIOr0

Bicnux Hayionanvnoeo Texuiunozo Yuisepcumemy «XI1ly». Cepia: Innosayitini

54

odocnioxcents y Haykogux pobomax cmyoenmis, 2019, Ne 15 (1340)



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

10.

11.

12.

13.
14.

15.

MO TEXHIYHHI

Cnucok Jiteparypu

MunosanoB  A.B., Bemumes C.M. Tonwueo u
mamepuanst. Tamoos: TT'TVY, 2003. 80 c.

3akBacuH A. Kuomckuii npoxon: nouemy 3anad He Mooicem
pewums npobnemy 2n06anvHo2o nomennenua?.
URL: russian.rt.com/world/article/459154-kiotskiy-protokol-
uglekisly-gaz-energiya (gata oopamenus: 03.04.2019).

OcTpukoB B.B., Haropuos C.A., Kieiimenon O.A.,
IIpoxopuekos B.I., Kypoukun HW.M., Xpennukos A.O,
Jposckux I.B. Tonauso, cmazounvie mamepuansvt u mexuuieckue
arcuokocmu. Tam6os: TT'TY, 2008. 304 c.

JHonrosa JLA., XKatkun C.A., Canmun B.B.. Ananus napamerpos
MOTOPDHOTO Maclla M TEXHHUYECKHX YCTPOHCTB, IO3BOJIIONINX
KOHTPOJIMPOBATh IPOIECCHl CTapeHUs MOTOPHBIX Macen //
Monoooii yyennwiu. 2015. T. 9, Ne 89. C. 198-201.

®dyke WN.I'., EBnoxumo A.JO., [IxamanoB B.A., Jlykca A.
PacTuTenbHBIe M JKHBOTHBIE JKHPBI - CBHIPHE JUI IIPUTOTOBICHHUS
TOBApHHUX CMa304HBIX MaTEPHANIOB // Xumus u mexHono2us moniue
u macen. 1992. Ne 4. C. 34-39.

Kacesnenenko JI.M., lemunos .M., Kpamckoii, Illemanceka €.1.
PocnuuHi omil SK CHpOBHHA IIPH OJCpXKaHHI MAaCTHIBHUX
MmarepianiB. Tesu Oonogideill n'smoi  MidCH. H-mex. KOHGQ.

CMA304YHblIE

Ilepcnexmueu po3eumxy M'SCHOI, MOJIOYHOI mMa OAiEAHCUPOBOT

eanyseil y KoHmekcmi eepoinmeepayii (7-8aucmonada 2016 p.,
Kuig). K.: HYXT, 2016. C. 159-160.

Kacesnenko JI.M., Copounncekuii B.M., J[lemunos [M.
ETOKCHIIOBaHHS Ta METOKCHJIIOBAHHS COHSIIHUKOBOI OMii s
OJICP)KaHHS MAaCTWIBHUX MatepianiB. [H@opmayitini mexnonozii:
HayKa, MexHiKda, MexHonNo2ia, oceima, 300poe’s: mesu 00nogioel
XXVI migicn. w-np. xou. 9. II (16-18 mpaens 2018p., Xapkis).
Xapkis: HTY «XIII», 2018. C. 241.

Kupuuenko B.1., Kupruenko JI.M., Csigepcskuii B.II. ITat. 65753,
Vkpaina. Croci6 opepkaHHs 0a30BOi ONMBU JUIi MacCTHIIBHUX
xommo3uuiii. 2005.

Cipeaxo I'.O., Kupmuenko B.I, Kupmuenko JI.M., Csinep-
cekuit B.IL. ITar. 18077, Ykpaina. Macmunbna komnosuyis. 1997.
Jdeu MM., Ilon I'.C., Hazapuyk H.M. Ilar. 70497, Vkpauna.
Tparcmuccuornoe mMacio s 1e2koguvlx agmomoobuieti. 2004.
Benacko B.JIL., ®epuangec—Maptinec X.M., Ilepenec B.B., Ilar.

106966, VYkpaiHa. Conawnukosa onis 3 6LICOKOIO
mepmocmabinoricmro. 2010.
JemunoBa A.O. BusnaueHHs cTpoky 30epiraHHs  oii

IpHCKOpeHUM MeTonoM // Bicnux HTY «XIII». 2015. Ne 44 (1153).
C. 15-18.

Bunbsime Ban. P. Tonauso, cmasounvie mamepuanvt u 6ooa: 2-e
u30.. Mocksa: I'ocynapcTBenHOe U31-B0O ¢/X JUT—psL, 1951. 498 c.
Kupuuenko B.B., Kupuuenko B.I., ITorym6pux O.M. ITat. 91623,
Vxpaina. Cnocib odepoicanns 6a306ux 015 2any3i MACMUTLHUX
mamepianie 6i0CUHMEMUYHUX OAUB-NPUCAOOK NOLIPYHKYIOHANBHOT
0ii. 2010.

TrotionnukoB B.H., Byxmra6 3.1., I'nagkuit ®.®., Menbuuk A.IL.,
Byrenes B.II., demunoB NU.H., Tumuenko B.K., ITepesanos JIL.U..
Xumusa orcupog: yuebnuxu u yu. nocobus ons cmyoenmos BY3o6 /
pen. Ko6unkosa N.H. M.: Konoc, 1992. 448 c.

10.

11.

12.

13.

14

15.

References (transliterated)

Milovanov A.V., Vedishhev S.M. Toplivo i smazochnye materialy.
Tambov: TGTU, 2003. 80 p.

Zakvasin A. Kiotskij prokol: pochemu Zapad ne mozhet reshit'
problemu global'nogo poteplennja? URL: russian. rt.com/ world /
article/459154-kiotskiy-protokol-uglekisly-gaz-energiya (data
obrashhenija: 03.04.2019).

Ostrikov V.V., Nagornov S.A., Klejmenov O.A., Prohornekov
V.D., Kurochkin I.M., Hrennikov A.O., Drovskih D.V. Toplivo,
smazochnye materialy i tehnicheskie zhidkosti. Tambov: TGTU,
2008. 304 p.

L.A. Dolhova, S.A. Zhatkyn, V.V. Salmyn. Analyz parametrov
motornoho masla y tekhnycheskykh ustroistv, pozvoliaiushchykh
kontrolyrovat protsessu starenyia motornukh masel. Molodoi
uchennui. 2015.T.9, No. 89, pp. 198-201.

Fuks 1.G., Evdokimov A.Ju., Dzhamalov V.A., Luksa A.
Rastitel'nye i zhivotnye zhiry - syr'jo dlja prigotovlenija tovarnih
smazochnyh materialov // Himija i tehnologija topliv i masel. 1992.
No. 4, pp. 34-39.

Kasianenko L.M., Demydov I.M., Kramskoj, Shemans'ka Ye.l.
Rosly'nni oliyi yak sy'rovy'na pry' oderzhanni masty'l'ny'x
materialiv. Tezy' dopovidej p'yatoyi mizhn. n-tex. konf.
Perspekty 'vy' rozvy'tku m'yasnoyi, molochnoyi ta oliyezhy ‘rovoyi
galuzej u konteksti yevrointegraciyi (7-8 ly'stopada 2016 r.,
Ky'yiv). K.: NUXT, 2016, pp. 159-160.

Kasianenko L.M., Sorochy'ns'ky’j V.M., Demydov LM.
Etoksy'lyuvannya ta metoksy lyuvannya sonyashny'kovoyi oliyi
dlya oderzhannya masty'I'ny'’x  materialiv. Informacijni
texnologiyi: nauka, texnika, texnologiya, osvita, zdorov'ya: tezy"
dopovidej XXVI mizhn. n-pr. konf. Ch. II (16-18 travnya 2018.,
Kharkiv). Kharkiv: NTU «KhPI», 2018, 241 p.

Ky'ry'chenko V.I., Ky'ry'chenko L.M., Sviders’ky'j V.P. Pat.
65753, Ukrayina. Sposib oderzhannya bazovoyi oly'vy' dlya
masty'1'ny'x kompozy'cij. 2005.

Sirenko G.O., Ky'ry'chenko V.1, Ky 'ry'chenko L.M., Sviders'ky"j
V.P. Pat. 18077, Ukrayina. Masty'l'na kompozy ciya. 1997.

Decz M-M., Pop G.S., Nazarchuk N.M. Pat. 70497, Ukray na.
Transmy'ssy ‘onnoe maslo dlya legkoveix avtomoby'lej. 2004.
Velasko V.L., Fernandes—Martines X.M., Perenes V.B., Pat.

106966, Ukrayina. Sonyashny'kova oliya z vy'sokoyu
termostabil ‘nistyu. 2010.
Demydova A.O. Vy'znachennya stroku zberigannya oljj

pry 'skoreny'm metodom // Visny'’k NTU «KhPI». 2015. No. 44
(1153), pp. 15-18.

Viljams V1. R. Toplivo, smazochnye materialy i voda: 2-e izd..
Moskva: Gosudarstvennoe izd-vo s/h literatury, 1951. 498 p.
Kirichenko V.V., Kirichenko V.I., Polumbrik O.M. Pat. 91623,
Ukraina. Sposib oderzhannja bazovih dlja galuzi mastil'nih
materialiv biosintetichnih oliv-prisadok polifunkcional'noi dii.
2010.

Tjutjunnikov B.N., Buhshtab Z.I., Gladkij F.F., Mel'nik A.P.,
Butenev V.P., Demidov LN., Timchenko V.K., Perevalov L.I.
Himija zhirov: uchebniki i uchebnye posobija dlja studentov
vysshih uchebnyh zavedenij / red. Kobchikova IN. Moskva:
Kolos, 1992. 448 p.

Haoitiwna (received) 15.04.2019

Bioomocmi npo asmopise / Ceedenus 06 asmopax / About the Authors

Kacvanenxo /o606 Mukonaisna (Kacvanenuxo JIoooev Huxonaesna, Kasianenko Liubov Mykolaivna) — actiipant xadenpu
TEXHOJIOT1] XKHPiB Ta MPOXYKTIB Opoxinms, HarfioHamsHMIT TEXHIYHMHA YHIBEpCHTET «XapKiBCHKUI ITOIITEXHIYHIN IHCTUTYT», M. XapKiB,
VYxpaina; http://orcid.org/0000-0002-4631-0448; e-mail: ljubovkasyanenko@gmail.com

Jemuoos Izop Muxonaitoeuu ([Jemuooe Hzopv Hukonaesuu, Demydov Thor Mykolaiovych) — noktop TexXHIYHHX Hayk,
npocecop kKadeapu TexXHoori{ JKUPIB Ta IPOAYKTIB OpoxiHms, HamioHanbHMHA TeXHIYHMH YHIBEpCUTET «XapKiBCKUH TTOMITEXHITHAHA
IHCTUTYT», M. XapKiB, Ykpaina; http:/orcid.org/0000-0001-5854-0833; e-mail: demigon50@ukr.net

Monvuenxo Ceimnana Muxonaiena (Monvuenko Ceemnana Huxonaeena, Molchenko Svitlana Mykolaivna) — xangunat
TeXHIYHUX HayK, BUKJIa/a4d KadeapH TEXHONOTII KUPIB Ta MPOAYyKTiB OpoxinHs; HamionansHuii TeXHIUHMI yHIBEpCHTET XapKiBCHKHI

IHCTUTYT, M.

e-mail: molchenko.svetlana@gmail.com

Xapkis,

VYkpaiHa; http://orcid.org/0000-0001-7897-8947;

Bicnux Hayionanvnozo Texniunoeo Yuisepcumemy «XI1l». Cepis: Innosayitini

docniodicents Y HayKogux pobomax cmydenmis, 2019, Ne 15(1340)

55



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

VK 547.96 doi:10.2099882220-4784.2019.15.10

M. A. IABEHKO, O. A. JHTBUHEHKO, H. M. TIOBYEHKO, ®. ®. [TIAJKHH

AOCJIUKEHHSI E®EKTUBHOCTI PAAY PO3UMHHHUKIB HIOA0 MOXJMUBOCTI EKCTPAI'YBAHHS
XJIOPOI'EHOBOI KUCJIOTH 31 COHAUNIHUKOBOI'O HIPOTY

VY Matepiasax CTaTTi po3rJIIHYTO MUTaHHS OKHCHEHHS JKHUPIB Ta HETATUBHUH BIUIMB IIHOTO SIBUIA HA SIKiCTh )KUPOBMICHUX IIPOIYKTIB XapdyBaHHS i
opramisM JoguHu BIinoMy. OmnmcaHo MeTon OOpoTHOM 3 IpOIEecCaMH OKHCHEHHS 3a JOIIOMOrOI0 aHTHOKCHAAHTIB Ta HAaBEJEHO OCHOBHHI
AQHTHOKCHIAHTHHII CKJIaJ IIPOTY 3 HACIHHSA COHSAINIHHKY, SK IEPCHEKTHUBHOI CHPOBHHHU IJIsl OTPUMAHHS CIIONYK - aHTHOKUCIIOBadiB. Takox
PO3TIISIHYTO METOAM EKCTPAaKIlil XJIOpOreHOBOI KHCIOTH 3 POCIMHHOI MATpulli, 0 SKUX HaJIeKaTh Pi3HOMaHiTHI BapiantH ¢isuunoi il 3
BUKOPHCTaHHSM YIBTPa3ByKy Ta IeHEpaTOpiB HAJBHCOKOI 4aCTOTH, METOIM 3 BHKOPHCTAHHSIM OPraHiYHUX PO3YMHHUKIB Ta BOJHO-CIHPTOBHX
PO3UHHIB, a TAKOXK CyOKPHTHYHOI BOAHU. 3 ypaXyBaHHSIM IIepeBar Ta HEJIOJIKiB, 0O6paHO HANPSAMOK JUIL IOJAJbBIINX JOCIIPKEHb 3 BUKOPHCTAHHIM
€KCTPareHTIB - PO3YMHHUKIB. J[OCIIPKEHO e)eKTHBHICTD Psy PO3YMHHMKIB Ha IIPEAMET EKCTPAryr4oi 34aTHOCTI I[0/I0 XJIOPOr€HOBOI KHCIIOTH, SIK
OCHOBHOI (hEHOJILHOI CIIOIYKH LIPOTY 3 HACIHHS COHSIIHUKY. 3 ypaXyBaHHSM COOiBapTOCTi PO3UMHHHKIB Ta IPOCTOTH IIPOBEJCHHS TOCITIIKEHb, B
SIKOCTi ONITHMAJIBHOT'O €KCTPareHTa 00paHo BOAHUII PO3YMH €THIIOBOTO CHHPTY 3 KOHIIEHTpamicio 80%.

Ki1iouoBi c10Ba: OKHCHEHHS XKUPIiB; aHTHOKCUJAHT; €KCTParyBaHHS XJIOPOTCHOBOI KHCJIOTH; €KCTPAareHT-PO3UMHHHUK; (DEHOJNBHI CIONYKH;
HIPOT 3 HACIHHS COHSIIHUKY.

M. A. IABEHKO, E. A. THTBHHEHKO, H. M. IIOBYEHKO, ®. ®. I/IAIKHH

NCCIEJOBAHUE J3®@®EKTUBHOCTHU PSJA PACTBOPUTEJIE KACATEJIBHO BO3MOXHOCTHU
3KCTPATUPOBAHUS XJIOPOI'EHOBOU KUCJIOTHI U3 TIOACOJIHEYHOTI'O IIPOTA

B matepuanax craTbM pacCMOTPEH BOIPOC OKHCIEHHs )KUPOB U HETaTUBHOE BIIMSHHE 3TOTO SIBJICHHS Ha Kauy€CTBO JKUPOCOAEPKAIUX IIPOAYKTOB
IIUTaHHUSA U OPraHU3M YeloBeKa B mesioM. Onucad MeTox 60pbh0bI ¢ IpOIeccaMi OKHCIICHUS C IIOMOIIBIO aHTHOKCHAAHTOB U IIPHBECH OCHOBHOI
AHTHOKCHIAHTHBIH COCTaB HIPOTa M3 CEMSH IIOJCOJHEYHHKA, KaK IEePCIEKTUBHOTO CBHIPhS UIS IIONYYCHHs BEIIECTB - aHTHOKHciHTeneid. Tawke
PaccCMOTPEHbl METOJBI IKCTPAKIHU XJIOPOT€HOBOWH KHCJIOTHI M3 PACTHTEIBHOM MATpHIIBI, K KOTOPHIM OTHOCSTCS Pa3’HOOOpasHbIE BapHaHTHI
(u3nueckoro BO3IEHCTBHS C UCIONB30BAHUEM yIbTPa3ByKa M IeHEPaTOPOB CBEPXBHICOKOU YaCTOTHI, METOABI C HCIIOIBE30BAHUEM OPTraHHYECKHX
pacTBOpUTEIIeH H BOJHO-CIIHPTOBBIX PACTBOPOB, a TaKXkKe CyOKpHTHIECKOH BOoAbL. C y4eToM IPEHMYIIECTB H HEJOCTATKOB, BEIOPAHO HAIIPABIICHHE
JUISL TaJBHEHININX HCCIENOBAaHUH C HCIIOIB30BAHHEM OJKCTPAareHTOB - pacTBoputenei. MccrmenoBana 3¢GQeKTUBHOCTH psja pacTBOpHTeneil Ha
IpeaMeT IKCTPArHpyIONmell CIIOCOOHOCTH KacaTeNbHO XJIOPOTCHOBOW KHCIOTHI, KaK OCHOBHOTO (DEHONBHOIO COCIMHEHMS IIPOTa U3 CEMSH
nozcosHeyHnKa. C y4eroM ce0ecTOMMOCTH PAacTBOPUTENCH H IIPOCTOTH IPOBENEHUS HCCIIENOBAHHN, B KAauecTBE ONTUMAIBHOIO JKCTparcHTa
BBIOpaH BOJHEII PacTBOp 3THJIOBOTO CIUPTa ¢ KOHIeHTpanuel 80%.

KiioueBble €10Ba: OKHCIEHUE JKHPOB; aHTHOKCHIAHT; YKCTParHpOBaHUE XJIOPOI'CHOBOH KHCIIOTHL; (PEHONIBHBIC COCAUHEHNUS; IKCTPAreHT —
PacTBOPUTEIIb; IIPOT U3 CEMSH MOACOIHEUHHKA.

M. A. LABEIKO, E. A. LITVINENKO, N. M. LIUBCHENKQO, F. F. GLADKIY

INVESTIGATION OF EFFECTIVENESS OF A SOLUTION RANGE ON THE POSSIBILITY OF
CHLOROGENIC ACID EXTRACTION FROM SUNFLOWER MEAL

The materials of the article consider the issue of fats oxidation and the negative impact of this phenomenon on the quality of
fat-containing food and the human body in general. The control method of oxidation processes and their effects with antioxidants is
described and the main antioxidant composition of sunflower seed meal is presented as a promising raw material for the production
of compounds - antioxidants. Methods of extraction of chlorogenic acid from the plant matrix, which include various variants of
physical action using ultrasound and ultrahigh frequency generators, methods using organic solvents and water-alcohol solutions, as
well as subcritical water, are also considered. Taking into account the advantages and disadvantages, the direction for further
research with the use of solvent extractives was chosen. After studying and analyzing the properties of chlorogenic acid as the main
phenolic compound of sunflower seed meal, a range of extractants was selected. In the process of research, the effectiveness of a
number of selected solvents has been determined for the extraction ability of chlorogenic acid. Several extractant selected that
showed the most effective: acetamide 100%, 5% solution of acetamide in an aqueous 80% ethanol solution, 80% ethanolic aqueous
solution, and a mixture of acetamide and ethyl alcohol solution at a concentration of 80% in the ratio 30:70. Taking into account the
cost of solvents and the ease of conducting research, an aqueous solution of ethyl alcohol with a concentration of 80% was chosen
as the optimum extractan.

Keywords: fat oxidation; antioxidant; chlorogenic acid extraction; phenolic compounds; extractant-solvent; sunflower seed meal.

Beryn. Ha nporsi3i 6aratbox pokiB icHye podiiema
TICYBaHHS  JKMPOBMICHMX IIPOAYKTIB 32  PaxyHOK
OKHCHEHHS  JkupoBoi  ocHOBH  [l1].  MexaHi3m
OKHMCHIOBAHHSI HOCHTD JIAHIIOTOBHUI BiJIbHOPaINKAIbHUN
xapakTep [2], NEpPBHHHMMH TIPOAYKTaMH SIKOTO €
TIEPOKCHU/IHI CHONYKH, SIKi ITPH TOJAJIBIIOMY OKHCHEHHI
YTBOPIOIOTh BTOPHHHI HPOIAYKTH: aJbJEriiv, KETOHH,
kucnot Ta crupTH [3]. [lepBHHHI TPOIYKTH OKMCHEHHS
HE 3MIHIOIOYM  OpPraHOJENTHYHHUX  XapaKTEPUCTHK
MIPOAYKTY, HAKOMTUIYIOTHCS B OPTaHi3Mi JTFOAUHH i

TIPU3BOIATE 10 HEOE3MEYHMX HACII/KIB: BIUIMBAIOTH Ha
cepleBUi  M'Si3, TaJIbMYIOTh  MISIBHICTD  JESIKHX
(epMeHTIB, IiI0Th Ha CIM30BY OOOJOHKY IUTYHKOBO-
KHIIKOBOTO TPAKTy, MPO IO CIIOXKHMBAa4Y MOXKE HaBiTh HE
3noragyBatucb. CTOCOBHO  BTOPHHHUX  HPOIYKTIB
OKHMCHEHHS CIIiI 3a3HAaYWTH, IO OKPIM HEraTHBHOTO
BIUIMBY Ha OpTaHi3M JIIOAWHH, BOHH TaKOX y OLIbIIOCTI
BUNAJKIB IICYIOTh CMaK, apoMaT, Xap4oBY I[iHHICTH 1
3arajbHy SIKICTb IPOAYKIUI [4].
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Jlns  BupimeHHs 1iei mpoGnemu, B XapyoBii
TIPOMUCIIOBOCTI 3aCTOCOBYIOTh CTIOJTYKH -
AQHTHOKCHJIQaHTH Pi3HOI TPHUPOAN. AHTHOKCHIAHTH —
CKJIaJHI CIIONYKH, SIKi 37aTHI IPUTHIYYBaTH IPOIECH
OKHMCHEHHsI, NUIIXOM  iHriOyBaHHA  iHimiamii  abo
IHTiOyBaHHS TOIIUPEHHS OKHCIIOBAJBHUX JIAHIIOTOBHX
peakuiii [5]. Icmyrots mnpupomni (Bitaminm: AE,C,

nomieHoNbHI  CHONYKM Ta iHON) 1 CHHTETHYHI
(Oyrwmirizpokcianizon, IportiranaT Ta 1HII)
AHTHOKCUJIAHTHU [2]. CTOCOBHO CHHTETHYHHX
AHTHOKCHJIAHTIB CIIiJ] 3a3HAYUTH, IO I[i CHOIYKH

TIOBUHHI OYTH BUKOPHCTaHI YiTKO 32 MPU3HAYECHHSM 1 ITi ][
CYBOPHM KOHTPOJIEM Y 3B’SI3KY 3 1X IOTEHIIHHOIO TOKCH-
KOJIOTIYHOIO HEOES3MEKO0 JUTS 3/I0POB’sI IFOAMHU [6].

OCHOBHUMH JOKEpenamMu TIPUPOTHHX
AaTHOKCHUIAHTIB € POCIMHHI TPOAYKTH: PI3HOMAHITHI
(GpyKTH Ta SATOIU, OBOUI, 3¢JICHI 3epHa KaBH [7], s0myka
[8], pismomaniTHi BomopocTi [9], wopnmi, creBis [10],
HaciHHA cOHSIMHUKY [11] Ta iHmi. Cuix 3a3HAYUTH, 10
caMe HaciHHS COHSIIHMKY HAJISKUTh OO aKTyaJbHOI
POCIMHHOI CHPOBHMHHM, a TOYHIIIE MHIPOT 3 HACIHHA
COHSIITHMKY, TOMY IO IIf JiellieBa BTOPHMHHA CHPOBHUHA,
Malo4u y CBOEMY CKJIaJli MOTY)KHWH aHTHOKCHIAAHTHHH
noreHian [12], He BUKOPHUCTOBYETHCS HAJICKHUM
yuHoM. Jlo ckiamy mIpoTy 3 HaciHHS COHSIIHHUKY
BXO/IATH OLIKM, XJIOPOI'€HOBA 1 KaBOBA KHCJIOTH Ta IHIII
iHHi crionyku. XioporeHosa [13] i kaBosa [ 14] kucnoru
HaJIeKaTh JIO Tpynu nomideHomB — IPUPOTHHUX
AQHTHOKCHJAHTIB [15], mpu YoMy XJIOpOTEHOBa KHCIIOTa
3HAYHO TIEPEBAKAE 32 KITbKICHUM BMicToM [16].

[MuraHHs OTpUMAaHHSA NPHUPOIHUX AHTHOKCHIAHTIB
i, 30KpeMa XJIOPOT€HOBOi KHCJIOTH, 31 COHSIIHHKOBOTO
LIPOTY, Ha CHOT'O/IHIMIHII IEHb € aKTyaJIbHUM.

IHocTanoBka mpoGjeMH y 3arajJbHOMY BHIVISAII
Ta ii 3B'A30K i3 BaXKJINBAMHM HAYKOBHMH Ta
NPAKTHYHUMHM 3aBIAHHIMM.

1. Anani3 cyyacHoro crany mpodiemu. bepyun
JI0  yBarm  KOPHCHI  BIIACTUBOCTI  TIPHPOAHUX
AQHTHOKCHJIaHTIB COHSIIHUKOBOT'O IIPOTY, CIiJ TaKOX
BiJJ3HAYUTH BAXIIMBICTH JOCIIIKEHb CTOCOBHO METOIIB
OTPHUMaHHS 3a3HAYCHHUX CIIONYK.

3 JjitepaTypHHX JDKEpel BimoMi pi3HI MeToau
eKCTPaKLIil XJIOPOre€HOBOI KHCIOTH 3 POCIMHHOI MAaTPHILi:
Bil TpagWIiMHUX, 3aCHOBAHMX HAa BUKOPHCTaHHI
OpraHiYHUX PO3YMHHUKIB Ta BOIHO-CIIMPTOBUX PO3UHHIB
[17] mo meromwK, IO BHKOPHCTOBYIOTH pI3HOMAaHITHI
BapiaHTH (i3UYHOI Iii 3 BUKOPHUCTAHHAM YIBTPa3BYKy
[18] Ta HBY-reneparopi [19]. Kpim Toro, B ocranHi
POKM HaOMparoTh MOMYISIPHOCTI TaKi JOCUTH CrierpivHi
METOIH, SK EKCTPaKLis MOISIPHUX Ta CIAOOMOISPHUX
CIIOTYK 3a JONOMOror cyOkputuunoi Bomu [20].
Koxamit 3 3a3HaueHHX METONIB Ma€ HENOJIKH Ta
nepesard. Hampuxnan, Buxopucranua Y3/[- ta CBH-
TeHEepaTopiB JI03BOJSIE CYTTEBO CKOPOTHTH TPHBAIICTh
aHajizy, INpoTe moTpedye Jopororo cnenugpigHoro
obyiagHaHHS. BUKOpUCTaHHA CYOKpHUTHYHOI BOAW Jae
MOXIIUBICTh OTPUMATH €KOJIOTIYHO YHCTHH IPOMYKT,
OJHaK YMOBH, 32 SIKHX IPOBOJIMUTHCS EKCTPaKIs 3a
JITaHUM METOJIOM — IIe TUCK Ta BHCOKa TEMIIepaTypa, siKa
nocsarae 100-374 °C, mio Moxke BINIMHYTH Ha 3arajlbHUM

BUXiJ IPOAYKTY, OCKUIBKH XJIODOT€HOBA KHCIOTAa NpHU
BHCOKIl TemIiepaTypi MoOXe pPO3KJIACTUCh Ha XiHHY Ta
KaBoBY kuciotu [20].

HaBmakn, meroam excrpakiii 3 BHUKOPHCTaHHAM
OpraHiYHUX PO3YMHHUKIB Ta BOIHO-CIIMPTOBUX PO3UHHIB
HE MOoTpeOYIOTh MOZEPHi3alii eKCIIepUMEHTAIbHOI 0a3H,
OJHaK, B JAHOMY BWIIQJIKy CIiJ] 3BEpHYTH yBary Ha

TPUBANICTh TPOIECYy Ta MOXINUBY TOKCHYHICTBH
eKCTPareHTiB - PO3YMHHUKIB.
2. Busznauenns OCHOBHHUX KpuTepiiB

aociaimkeHHsl. Sk Oyno 3a3HayeHO BHINE, IIPOT 3
HacCiHHS COHSIIHUKY, [0 HAJISKUTh JO BTOPUHHOI
JIeIIeBOl CUPOBUHH, € I[IHHUM JDKEPETIOM XJIOPOTE€HOBOI
KHCIIOTH, KIJIBKICTh 5IKOi y HbOMY nocsirae 5 %. Tomy
BUKOPHCTAHHS COHSIITHUKOBOTO HIPOTY € PalliOHAIEHUM.
IIpore BuXig XJIOPOr€HOBOI KHCIOTH BH3HAYAETHCSI
HU3KOIO MapaMeTpiB: CHOcOoOOM OTpHMaHHS, THUIIOM
PO3YHMHHUKA, rizpoMosysiem LIPOT-PO3YHHHUK,
TPHUBATICTIO ITPOLIECY Ta IHIIMMH (PaKTOpaMH.

Takum ywHOM, 3’ABISETBCA IMOTpeda y po3poOri
HOBUX OLTBII e(pEeKTHBHHX Ta PalliOHAJIBHUX CIIOCO0IB
oJep KaHHs MIPUPOTHOTO AHTHOKCH/IAHTY -
XJIOPOTEHOBOI KHCIJIOTH 31 COHSIIHMKOBOIO IIPOTY, Ta
YIOCKOHAJICHHS ICHYIOUMX METOJIB IUIIXOM OTPHMaHHS
HOBOrO0  OLTBII  €(QEKTUBHOTO  pPO3YMHHUKA  JUIS
EKCTpaKIIii.

Buknax ocHOBHOro marepiajdy IOCTiIGKeHHS 3
MOBHUM OOIPYHTYBAHHSIM OTPHUMAHHUX HAYKOBHUX
pe3yJbTaTiB.

3 ypaxyBaHHSM BJIaCTHBOCTEH  XJIOPOT€HOBOI
KHCJIOTH Ta MICIsl pO3TallyBaHHs i y YacTWHAaX HACiHHS
COHSIIIHMKY  MigiOpaHo  JiHIAKY  pPO3YMHHHKIB -
eKCTPareHTiB JUIsl BWIYYEeHHs AaHOI (DEHONIBHOI CIIOMYKH.
Jlo nepeniky oOpaHUX PEYOBHH HAJICKATh!

» 5 % po3unH aneramigy y BOIHOMY PO34YHHI
€THUIJIOBOT'O CTIUPTY 3 KOHIEeHTpatiero 80 %;

» BOOHUII PO3YMH  ETHJIOBOTO
koHI1eHTpamuieio 80 %o;

»  eTwialerar;

» 5 % poszunn Na comi DIUUHY y BOTHOMY
PO3YMHI €THIIOBOTO CIIUPTY 3 KoHIeHTpamieio 80 %;

»  numertwihopMami;

» 5 % posumH
JTuMeTHIhopMamii;

»  UCTWIOBHH CIHPT.

Excrpakmnito XJ10poreHoBoi KHUCIOTH MPOBOAATH 32
BioMor0 Metomukoro [21]. HaciHHs coHsIIHWKA mepen
aHaJIi30M 3HEKXHUPIOIOTH B anapaTi Cokcnera JieTHI0BUM
abo merponeiiHuM edipom. Iporm nomatkoBo He
3HEXUPIOIOTh. 3HEXHUPECHUIN MaTtepian MoapiOHIOITh 10
MIPOXOAY Kpi3b cuto 3 orBopamu 0,25 Mm.

JUis BWITydeHHsI XJIOPOTEHOBOI KHCIIOTH OepyTb
HaBaKKy 3HEXHPEHOT0 1 TOAPIOHEHOrO TPOAYKTY
oym3bko 10 T 3 TounicTio 0,0002 T 1 qomaroth g0 Hei 100
MJI pO34YMHHHKA. EKcTpakuito mpoBomsTh mpotsrom 60
XBWJIMH y KOOI 31 3BOPOTHIM XOJOIWIBHHUKOM Ha
KHIULSI9ii BOASIHIN OaHi Ipy MepiondHOMY 300BTYBaHHI.
ExcTpakT BiZOKpeMIIIOIOTh (iNbTpYBaHHSM, KITBKICHO
MIepeHOCATh y MipHy KonOy emHictio 100 M i 00’em
JIOBOJISITD /IO MITKH PO3YHMHHHKOM.

COUPTY 3

LETWIOBOIO  CHOUPTY Yy
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Jls BU3HAUEHHS KUTBKOCTI XJIOPOT€HOBOI KHCIOTH
y IpOTi  COHSIIHMKA  BUKOPHUCTOBYIOTH  METOJ
TIEPMAHTaHATHOTO TUTPYBAHHS, SIKMH MOAN(IKOBAHO 3a
MIPUKIIAZOM MeTony Bu3HaudeHHs TaHiHy B 4ai (IOCT
19885). Bxkaszanmii Metom 0a3yeTbCs Ha OKHCIECHHI

Pesymbratu qociimkeHs HaBenaeHo B Ta0mumi 1 (1 —
PO3YMHHHUK JIJIS €KCTPAKIIii, 2 — Maca HaBaXXKH MIPOTY, T;
3 — KIUIBKICTh pO3YMHHMKA, MI; 4 — KUIBKICTh
mepManraHaTy kamito KMnOs, BuKOpuCTaHOrO Ha
IocigHy mpoOy, Mit; 5 — KimbKicTh epMaHTaHaTy Kallito

nomdeHoniB  (xyoporeHoBoi  kuciotu) 3a ydacti  KMnOy, BUKOPHCTAHOTO HAa KOHTPOJb, MJI; 6 — KUIBKICTD

IHAMKATOPY IHAUTOKAPMiHY XJIOPT€HOBOI KHCIIOTH, y LIPOTi, %).
Tabnmi 1 — Excrpakuist XJI0poreHoBoi KUCIIOTH Pi3HUMHU PO3YHMHHUKAMH

Ne 3/mm 1 2 3 4 5 6

1. Aneramin 5%y 80 % ermioBoMy CITUpTi 10,0800 | 100 8 0,8 | 5,1
2. Etunosuit cnupr, 80% 10,0918 100 | 8,7 | 0,8 | 5,6
3. Etunanerar 10,0525 100 | 1,05 | 0,8 | 0,8
4, Na cinb rinuny 5% y 80% eTuiioBoMy CiupTi 10,0057 | 100 | 6,7 | 0,8 | 4,1
5. Jumetnndopmamin 10,0007 | 100 | 6,8 | 0,8 | 4,3
6. erunosuii ciupt 5% y auMermwidopmamizi 10,0028 | 100 | 6,55 | 0,8 | 4,6
7. erunosuii cimpt, 100% 10,0134 | 100 | 2,6 | 0,8 | 1,3

3rinHo 3 gmanuMu  Tabmmmi 1, Halkpamum
PO3YMHHHKOM JUTSI €KCTPaKIlii XJIOPOT€HOBOI KUCIIOTHU €
BOJHUI PO3YMH ETHJIOBOTO CIHUPTY 3 KOHIICHTPAIi€IO
80%, sKWif TIOKa3aB BUXiJ KiHIIEBOI'O MPOAYKTY — 5,6%,
npore 5%-BUil PO3YMH aleramiay y BOAHOMY PO3YMHI
€THJIOBOTO CHUPTY 3 KoHIeHTpamieto 80 %; Takox mae
JIOCUTH BUCOKHI BUXI1JT XJIOPOr€HOBOT KUCTOTH — 5,1%.

KpiMm TOro, cmig 3a3HauWTH, IO I dYac
MPOBECHHS  CKCTPAKI[ii 3a JOMOMOTOK  YHCTOTO
LETHIOBOTO CIUpTY (mociin Ne7) HeMOKIMBO BU3HAYUTH
KUTBKICTh XJIOPOT'€HOBO1 KHUCIIOTH, OCKLUTBKH
TeMrieparypa IiaBieHHs Tn, coupty = 49,5 °C. Ilpu
KIMHaTHIi TemIiepaTtypi CIUpPT 3acTurae, a Iij dac
BH3HAYCHHS KUIBKOCTI TONI(CHONIB Ta JOJaBaHHS
eKCTPaKTy y BOHOY, ICTHWIOBHH CIUPT YyTBOPHUB
HEpO34YMHHI y BOJ IUIACTIBII, SKi CIUIMBIN HA OBEPXHIO

MiAICPITH [0 TEMIlepaTypd IIIaBJICHHS LETWIOBOTO
cupTy. 3a MEHIOI KOHIeHTparii (mociing Ne6) rmacriBii
CIHMPTY TAaKOX YTBOPIOBAINCH Ta NPH IMOTPAIUIAHHI y
BOAy 30ULIBLIYBaJMCh, MpPOTE€ OCHOBHAa  YacTHHA
eKCTPaKTy PO3YMHMIIACS y BOJI Ta yTBOpHIAa ClIaOKy
eMYJIBCIIO, 1110 AAJI0 3MOTY BCE K TaKH MPOBECTH aHai3.
Bepyun no yBarm mocuTh BUCOKY €()EKTHBHICTDH
eKCTpareHTa-po3unHHuKa — 5% pOo3unHy aneraminy y
BOJHOMY PO3YMHI €THJIOBOI'O CIUPTY 3 KOHIIEHTPAILi€Io
80 %, mpoBeneHa EKCTPaKLis YHCTHUM areTaMmiioM Yy
Kimpkocti 20 mMa Ha 2 T mpory (rigpomomyns 10:1
30epiraerses). OTpumani gaHHI HaBeneHi y Tabm. 2 (1 —
eKCTPaKkT, 2 — Maca HaBa)XKHM IMIPOTY, T; 3 — KIJIbKICTh
pO3UMHHHKA, MJ; 4 — KUIBKICTh IEpMaHTaHaTy Kaliio
KMnOs, BHKOpHCTaHOI'O Ha JOCHiAHY Npoly, Mi; S5 —
kutpKicTh KMnQy4, BUKOPHCTAaHOTO HA KOHTPOJIb, MIT; 6 —

Bomu. ToMy Uil TpOBENCHHS  aHamily IHepel]  KUIbKICTh ~ XJIOPT€HOBOI  KHCIOTH, Yy  HIpoTi,%
TUTPYBaHHAM BMICT KOJIOM TOMNEpeIHbO HEOoOXimHO
Tab6mums 2 — Excrpakmis 100% aneramizom
Ne 1 2 3 4 5 6
1 Aneramiz, 100% 2,0079 20 3,95 1,4 9,03
Jani Ttabmumi 2 cBiguaTh PO Te, [0 MPH  OCHOBI JOBiJKOBHX 3HAYCHB JiCICKTPHIHOI MPOHUKHOCTI

BukopuctanHi 100%-ro aneraminy B IKOCTI pO3YMHHHKA,
MOXIIMBO 301IBIIMTH BUXIJ XJIOPOI€HOBOI KHCIOTH,
IpoTe duepe3 BHCOKY coOiBapTiCTh ameramigy Ta
CKJIQJIHOIII TIPOBEIEHHS JOCIIKEHHS (aueramia sBisie
co0Or0 TBepAi TYroOIUIaBKi KPHCTAJIM) BUKOPHUCTaHHS
BKa3aHOT'O PO3YMHHHKA HE JOLIIbHE.

[MpuitasTO pilIeHHS, PO PO3pPOOKY HOBOT'O CKIIaLy
PO3YMHHHKA-EKCTpareHTa. Ckran PO3YMHHHKA
BHU3HAYMIIM 32 JIONIOMOTOIO0 TIIEBHHMX pO3paxyHKiB Ha

Tabmus 3 — ExKcTpakiist XJIOPOr€HOBOi KHCIOTH
KoHIeHTpatiero 8§0% y cmiBBigHomenHi 30:70

OKpeMUX peareHTiB: 96 %-ro ermioBoro cupty (£=20),
aneraminy (e=59), Bogu (¢=81). Po3paxyHkoBe 3HaueHHS
JUEeNeKTPUYHOI IIPOHUKHOCTI PO3YHHY E€THIOBOTO CIIUPTY
3 KoHneHTpauiero 80% cknano €=32,2. BpaxoByroun e
MMOKAa3HWK, BU3HAYWIIN CITiBBIIHOIICHHS PEAreHTIB, IO
MOKa3aJId HaWOUThIIy eQeKTUBHICTH: aneramigy Ta
PO3UMHY ETHJIOBOTO CIUPTY 3 KOHIEHTpariero 80% —
30:70. IlpoBemn eKCTPaKIil0 XJIOPOTCHOBOI KHCIOTH
OTPUMaHNUM PO3YMHHHUKOM (Tald. 3).

CyMlHIHIIO aueraMi,uy Ta PO3YUHY CTUJIOBOIO CIIUPTY 3

Ne 1

2 3 4 5 6

1 | Cymim aneramigy Ta po34MHY €THIIOBOTO CIIUPTY
3 koHTeHTpamieo 80% y crieBigHomenHi 30:70

10,0034 100 8,9 0,8 5,7
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Otpumani pesynbrat Tabnm. 3 (1 — ekcrpakr, 2 —
Maca HaBa)XXKH IIPOTY, T; 3 — KUIBKICTh PO3YMHHHKA, MIT;
4 — KingekicTh mepManranary —Kamito  KMnOs.
BHUKOPHCTaHOTO Ha JIOCTITHY MpoOy, MJ; 5 — KUIBKICTh
KMnO4, BUKOpHUCTaHOTO HAa KOHTPOIB, MIT; 6 — KiJIBKICTb
XJIOPTeHOBOI KUCIIOTH, Y WpoTi, %). [TopiBHIOIOUM TaHHI
Tabmuui 3 3 JaHUMHK Tadawii 1, cirix 3BepHYTH yBary Ha
OJHAaKOBY €KCTparyiody 3/1aTHICTb  KOMIIIEKCHOTO
pPO3YMHHMKA (CyMiIIi aneramigy Ta po34WHY ETHIOBOTO
cnupty 3 KoHUeHTpartieto 80% y crisBignomenHi 30:70)
Ta  BOJHOTO  PpO3YMHY  ETWIOBOIO  CIHPTY 3
koHUeHTpauiero 80%. EkcrparyBaHHs 3a3HauYeHUMH
PO3YMHHHMKAMH Jal0 3MOTY BHIUINTH XJIOPDOTEHOBY
KHCIIOTY 31 HIPOTY HACIHHS COHSIIHMKY Y KUTBKOCTI 5,7%
Ta 5,6% BiAMOBiAHO.

BucHoBKM Ta  mepcneKTHMBH  MOJAJBLIOrO
PO3BMTKY [aHOro Hampsmky. IligBomsum migcymku
BHUIIIECKA3aHOMY, MOXKHA 3pOOHUTH HACTYITHI BUCHOBKH:

®  [pOAaHAII3yBaBIIM JIHIAKY pPO3YMHHUKIB -
eKCTPareHTiB  CTOCOBHO  BWJIYYEHHS  XJIOPOT€HOBOL
KHCJIOTH 32 JIONIOMOTOI0 PO3po0JIEeHOI HaMH METOIMKH,
MOKHA 3a3HAUUTH, 10 HAHOULIBII eEeKTHBHUM 3 HHUX €
aneramin 100%, sxuit mae 3mory umumata 9,03%
XJIOPOTEHOBOI KHCIIOTH 31 COHSIIIIHUKOBOT'O LIPOTY; OIHAK
aneraminl 00% Mae BHCOKY BapTiCTh Ta BUKINKAE P
TPYIHOLIIB IiJ] Yac poOOTH 3 HUM;

= cepel IHIIMX EKCTPareHTiB 3a
e(EKTUBHOCTI CIiJl BiJ3HAYUTH:

1) cymim ameraMmigy Ta BOAHOTO PO3YHHY
eTWIOBOrO  CIHpTy 3  KoHumeHTpauiero 80% vy
cmiBBigHomieHHi 30:70, ska ga€ DOCHTh BUCOKHH BHXIiJ
XJIOPOT'€HOBOI KUCIOTH — 5,7%;

2) BOAHMA PpO3YMH  ETWIOBOTO

koHIeHTpamieo 80% — 5,6%;

3) po3umH ameraminy 5% y BOJHOMY pPO34HHI
€THWJIOBOTO CIUPTY 3 KoHLeHTpatieto 80% — 5,1%.

" BpaxOBYIOUM COOIBapTICTh  EKCTPareHTiB -
PO3YHMHHHUKIB Ta CTYHIHb CKJIaJHOCTI pOoOOTH 3 HUMH, IS
MONANBIIMX  JIOCHI/PKEeHb O0paHO BOXHHUHA  PO3UMH
€TIJIOBOTO CHUPTY 3 KOHIeHTpamicto 80%; omHaK, Ciia
3a3HAYMTH, IO YCi IHIN PO3YMHHHKH, €PEKTUBHICTH
SKAX JIOBEJEHA B JIAHOMY JOCTIJDKEHHI, MOXYTh
YCIIIIHO BUKOPHUCTOBYBATHCH B SIKOCTI €KCTPAreHTiB.

Y mnopanbmioMy IIAHYETBhCS TPOBECTH  TiIpONi3
BUIJICHOI 31 IIPOTY XJIOPOT€HOBOI KHCIOTH 3 METOI0
OTPHUMaHHS KaBOBOI KHCJIOTH, SIK CIIOJIYKH, 10 PO3UYMHHA
y XKHpax Ta OJIisiX, Ta MOXe OyTH BUKOPHCTaHA B SIKOCTI
AQHTHOKCH/IAHTY Y )KHPOBMICHUX HPOTYKTAX.
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JI. C. MUPOHEHKO, €. A. KPHIITOIL, JI. I. TPHTIOPOBA, B. K. THMYEHKO

JOCJIJIXKEHHS TA AHAJII3 TEXHOJOITYHHAX BJIACTUBOCTEN HACIHHSI CA®JIOPY
BITYN3HAHUX COPTIB

CrarTTIO IPHUCBSUCHO JOCTIPKCHHIO TIEPCIEKTUBHOI IS YKpaiHH OIHHOI KyIbTYpH caduiop 3 METOI0 OOIPYHTYBAaHHS JOIIBHOCTI
Horo BupomryBaHHS B yMoBax CximHoro JlicocTemy (30kpema, Ha XapkisuuHi). HaBeneHo pe3ynbraTi 1a00paToOpHUX JOCTIIKEHD
IIOZI0 SHeprii MPOpOCTaHHA Ta CXOXKOCTI HAciHHA cadopy coOpTiB, PeKOMEHAOBAHHWX JUIS BHPOIIYBAaHHS B YMOBaX YKpaiHH.
Bu3HaueHO BIUIMB KIACHYHMX HAHOMATEPHAIB (CTPYKTYpOBAHOI BOAM 1 CTHMYNIOIOUMX IIperapaTiB Ha OCHOBI (ylepeHiB) Ha
TIOCiBHI BJIACTUBOCTI caduiopy. BuzHaueHO OCHOBHI TEXHOJOTI4HI BIACTHBOCTI HACIHHS (BOJIOTICTh Ta OJIIMHICTB) Ta CKJIA[] KUPHUX
KHCIIOT, KACJIOTHE YHCIIO 1 IEPOKCUIHE YHCIIO cadIopoBoi Oii.

KoniouoBi ciioBa: HaciHHS caduiopy; €Hepris MpOpOCTaHHS; HAHOMAaTepianu; TeXHOJIOTIUHI BIACTHBOCTI; KHPHOKUCIOTHHH
CKJIA OJii.

J. C. MUPOHEHKO, E. A. KPHIIITOIl, JI. H. TPHI'OPOBA, B. K. THMYEHKO
UCCJIEJOBAHMS U AHAJIN3 TEXHOJIOTMYECKHUX CBOMCTB CEMSIH CA®JIOPY
OTEYECTBEHHBIX COPTOB

CraThsl TIOCBSIIECHA WCCIEIOBAHUIO TIEPCIEKTHBHON Uil YKpauHbl MAaciIMYHOH KyIbTYpHl caduiop C IEenbl0 OOOCHOBAHHS
[eJIecO00pa3sHOCTH €T0 BBIPAIIMBAHUA B yclIoBHsAX Bocrounoit Jlecoctemm (B uacTHOCTH, Ha XapbKOBINUHE). lIpmBeneHs
pe3yabTaThl 1a00paTOPHBIX MCCIESIOBAHUH 0 YHEPTHH IIPOPACTaHMUS U BCXOXKECTH CEMSH caf)iopa COPTOB, PEKOMEHIOBAaHHBIX IS
BEIPAIIMBAHMS B YCIOBHAX YKpaumHbL OTNpeneneHo BIMSHHE KJIACCHYECKMX HAHOMATepHaloB (CTPYKTYPHPOBAHHOM BOXABI U
CTHUMYIIUPYIOIINX MpEerapaToB Ha OCHOBE (Y/UIEPEHOB) HA IIOCEBHBIE CcBoiicTBa caduopa. OmnpeneneHsl OCHOBHBIC
TEXHOJIOTMYECKUE CBOMCTBA CEMSH (BIAKHOCTh U MACIMYHOCTD) M COCTaB JKHUPHBIX KHUCIIOT, KUCIIOTHOE YHCIIO U MIEPEKUCHOE YHCIIO
cadIopoBoro mMacna.

KiroueBbie cioBa: ceMmcHa
KUPHOKUCIIOTHBIHA COCTaB Macla.

ca(bnopa; OHEPrus TIMpopacTaHusd, HaHOMATCPHUAIbI, TEXHOJIOTNYCCKUC CBOﬁCTBa;

L. S., MYRONENKO, E. A. KRISHTOP, L. 1. GRIGOROVA, V. K. TIMCHENKO
RESEARCH AND ANALYSIS OF TECHNOLOGICAL PROPERTIES OF SEEDS TO SAFLOR
DOMESTIC VARIETIES

Article is devoted to the study of safflower — oil-bearing crop, promising for Ukraine with a purpose of feasibility study of its
growing in conditions of Eastern Forest-Steppe (in particular, in the Kharkiv region). Safflower has a fairly high level of
profitability - reduces load on the soil, so it is a good predecessor. It is positioned as an alternative sunflower crop during growing
in rainy conditions of the southern Steppe of Ukraine, as well as on impoverished and inadequate (saline and eroded) soils. In
extremely drought conditions, with a significant freezing of winter cabbage crops, it is safflower that can stabilize the production of
oilseeds and guarantee the profitability of crop and oilseed production. Results of laboratory examinations on the germinating
power and capacity of safflower seeds of varieties, recommended for cultivation in Ukraine, are presented. Influence of classical
nanomaterials (structured water and stimulants based on fullerenes) on the sowing properties of safflower has been determined. The
important effect of nanomaterials is to increase resistance of plants to adverse environmental factors such as high and low
temperatures, lack of moisture, phytotoxic effects of pesticides, pests and diseases, which ultimately contribute to a significant
increase in viability and availability of environmentally friendly products. The main technological properties of seeds (moisture and
oil content) and composition of fatty acids, acid number and peroxide number of safflower oil are determined.
Keywords: safflower seeds; germinating power; nanomaterials; technological properties; fatty-acid composition of oil.

Beryn. B Vkpaini cadiop 3°siBuBCS y aApyrid
nomoBuHi  XVIII cromiTrs. VY 10BOEHHI pOKM Ha
HEBEJIMKHX IUIOM[aX HWOro BHUPOLIYBAJIM MEPEBAKHO Yy
TiBAEHHUX MTOCYIIUTUBHUX paifoHax. Cepennst
ypoxaiiHicTh HaciHHA craHoBuTh 10-12 1/ra, 3a
cnpusMBUX yMOoB — 10 20 m/ra i Oinpme. Cadutop —
TEIUIONIO0HA 1 Ty)Xe MOCYXOCTiKa pocinHa KOPOTKOTO
JtHsI, 100pe MPHUCTOCOBaHA JI0 CYyXOr0 KOHTHUHEHTAJIBHOTO
kiimaty. Jlo temna caduiop 0coOIMBO BHUMOIJIMBUE Yy
¢a3i nBiTiHHA 1 qo3piBaHHA. Pasom 3 TM, cxomu ioro
BUTPHUMYIOTb 3HIKEHHS TeMnepaTyp 10 — 5-6 °C.

Cadop xpacunbhmii  (Cartamus tinctorius L.)
HAJICXKHUTh JO Ti€i X POIWHM, IO i COHAITHWK. BiH
TIO3UIIOHYETHCS SIK anbTepHATUBHA KYJIbTypa
COHSIITHUKY ITiJ] YaC BUPOIIYBaHHSA y OOrapHUX yMOBax

miBgerHoro Crenmy YkpaiHu, a TakoX Ha 30iMHEHHX i
MaJIONPUAATHUX (32CONICHMX Ta €pOJOBAHUX) TPYHTaX.
3a eKCTpeMaNbHO MOCYIUIMBAX YMOB TP 3HAYHOMY
BHMEp3aHHI 03UMHUX KAIyCTSHUX KYJIBTYp caMe caduiop
MOKE 3a0e3meunT crabimizariro BHPOOHHUIITBA
oJieHaciHHS i rapaHTyBaTH IpUOYTKOBIiCTH
POCIIHHHUIITBA Ta ONi€XKHUPOBOI ramy3i [1].

IMocranoBka mnpo6Giemu. OCHOBY BITUM3HSHOI
KoJekmii caduiopy CKJIanaloTh COPTH, IO BHBEACHO B
Incruryti omiitanx xynstyp HAAH Vkpainm, ski mano
amanToBaHi B ymoBax Jlicocreny Ykpainu [2]. Onaum 3
CIIEMCHTIB ~ CyJYacHOi  TEXHONOTii  BHPOIIYyBaHHS
CUTBCBKOTOCIIONAPCEKUX  KYJIBTYp €  TEepeaAnociBHA
IMArOTOBKA HACIHHSL.
©Muponenko JI.C., Kpumron €.A. , I'puroposa JI.1., Tumuenxo B.K., 2019
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VY BHpPOOHMYMX YMOBax HaHOULIBII HOMIMUPEHHM €
XIMIYHAH CHOCi0 TepeArociBHOI ITrOTOBKM HACIHHS.
[Ipote fioro 3acTocyBaHHS HE A€ MOXKIIMBOCTI OJICPIKATH
€KOJIOTIYHO  YUCTy  TPOAYKIUI0  Ta  IiJBHUILYE
AHTPOINOreHHE HABAaHTAKEHHS Ha ITPHUPOJIHI €KOCHCTEMH.
ToMy HHHI BaXUJIMBUM € pO3poOKa ajJbTEpHATUBHHUX
METOMIB TEPEANOCIBHOI MIATOTOBKU HACIHHA, SKi O
BIJIIIOBIJAJIN Cy4acHUM EKOJIOTIYHMM BHMOT'aM BEJCHHS
CUIBCBKOTO T'OCHOAApCTBA 1 MM BHCOKY EKOHOMIUHY
e(PCKTHBHICTb.

Cacdnop xpacwienuit (Carthamus tinctorius L) -
pOCIIMHA POXMHM CKJIAJHOLBITUX 37aBHA BioMa SK
¢apOyBanpbHa pOCIMHA 1 MOPIBHAHO HENABHO CTaja
BHUKOPHCTOBYBATHCS SIK OJliiHA KynbTypa [3].

Cadmop Mae  [TOCTaTHRO  BHCOKHWHA  piBEHb
peHTabebHOCTI BUPOOHHUITBA — 3HIDKYE HABAHTAXKECHHS
Ha IpyHT, TOMY € TapHHM IONepeqHUKOM. Taki
010JIOTiIYHI OCOOJMBOCTI, SIK HETPUBAIWN BEreTaIliiHAN
mepiog Ta BHUCOKA IOCYXOCTIMKICTh, pOOJATH HOro
KyJIbTYPOIO IIUJIKOM HPUIATHOIO JJISi BUPOLIYBaHHI B
Vxkpaini, ocobnmBo nHa IliBani, Cxoni ta Kpumcekomy
niBoctpoBi. Came B IUX perioHax cadiop MOXe craTtu
aNbTEePHATUBOIO TPAJULIIHHUM OJIHUM KyJabTypam —
COHSAIIHUKY, pinaky, coi [4]. ToMy po3poOka TEXHONOTIT
BUPOIIYBaHHS Ta nepepoOku cadiopy y cximHiil yacTuHi
Jlicocremy VYkpaiHM € aKkTyalbHUM Ta CBOEYACHUM
nuTaHHsAM. Tak, y BHPOOHHNTBI BpOXKaHICT mi€l
KyabTypd Oyna 1 3aJMIIAETBCS  HU3BKOIO, IO
CIOPUYMHSAETBCS SIK  TOTOJHMMH  YMOBaMH, Tak 1
HEJIOCKOHATICTIO CYYaCHHMX TEXHOJIOTIH BHpPOIIYBaHHS.
[I1o6 BuMpaBUTH 1€ CTAHOBUILE BIIPOBAPKYIOTHCS HOBI
COPTH Ta TEXHOJIOTI], SIKi Jaf0Th 3MOTY POCIIMHAM JIeTIIe
TIEPEHOCUTH CTPECOBI CHUTYyallii, a TAKOX IPOTYKTUBHO
BHKOPHUCTOBYBAaTH CBilf moTeHmian. OCTaHHIMH pOKaMH

00’ ekTamu IOCHIIKEHD € HaHOOIOTEXHOJIOT 1.
HanobioTexHomorii, SK 1 KIaCHYHA CENEKIlis, MOXYTh
OIEPaTHBHO BIUIMBATH Ha BHPOOHUITBO 1 SKICTBH
BpOXKaro, MPOAYKTHBHICT  POCIHH, a  TaKox
MiITPUMYBATH 1 BIATBOPIOBATH COPTH 3 BHKOPHCTAHHIM
TEHETUYHOL MIHJIMBOCTI i PI3HOMaHITHOCTI,

3aKO/IOBAaHOrO y HaHoMeTpoBoMy Macmradi y JHK.
3aBAsSKM  PO3BUTKY Ta  3aCTOCYBaHHIO  HOBHX
HAaHOO1OTEXHOJOTIYHMUX METOJIB BXKE 3'SBIINCA HE
Tipkn pexkomOinanTHi Monekyimn JIHK, ame i HOBI
OpraHi3Mu 13 3aJaHUMH  BIACTUBOCTSAMH  3JaTHi
MPUCKOPUTH 1  CIHPOCTUTH  CITBCBKOTOCIIONAPCHKE
BHPOOHHUIITBO, JIOMOTTHCS MACIITAOHOTO OJCpKAHHS
HOBHX COPTIB pOCIMH 1 CUIBCHKOTOCHOIAPCHKUX
Matepiamis [5]. HaHOYaCTHHKY BIUTMBAIOTH HA 0i10JIOTIYHI
00'eKTH ~ HAa  KIITMHHOMY  piBHI,  HiJBHUIIYIOYH
eQeKTUBHICTh TPOTIKAHHS IIPOLECIB y pOCIMHAX, a
TaKoK, 6epyuan y4acTb y ¢dbopmyBaHHI
MiKpPOEIEMEHTHOT 0 OaaHCy, TOOTO € 010aKTHBHUMH [6].

BukopucranHs y  POCIHHHHUITBI  OCOOJIMBHUX
BIIACTHBOCTCH HaHOMATepialiB Ja€ 3MOTy 3a0e3NCUUTH
30aTaHCOBaHUII BMICT TTOXXHBHHUX PEUYOBHH, HEOOXiTHUX
JUTSL TIOKpAIaHHs BIACTUBOCTEH IPYHTY, POCTY POCIHH.
BaxumBoro  Ji€er0  HaHOMATepiadiB €  ITiIBUIICHHS
CTIHKOCTI ~ POCIMH /0 HECHPUATIMBHX  (haKTOpiB
HABKOJIMIIHEOTO CEPEAOBUINA — BHCOKHX Ta HHU3BKUX

TeMIepaTyp, HecTadi BOJOTH, (ITOTOKCHYHOI  mil
TIECTUIUIB, ITONIKO/KEHHS IIKITHUKAaMH Ta XBOpOOaMH,
0 B KIHIEBOMY pe3yiabTaTi CIpHA€E 3HAYHOMY
TiABUIICHHIO BPOXXKaHHOCTI Ta OTPUMAaHHIO EKOJIOT1YHO
YHCTOI IPOAYKIIIi.

3aramoM, HAyKOBUX JIOCITIJDKEHb, HPUCBIYEHUX
BIUIMBY HAaHOMAaTepialliB Ha CXOXICTh HAaCiHHSA caiiopy y
ma0opaTopHUX yMOBax (DaKTHYHO HE IIPOBOJIMIIM.
3BakarouM Ha II€ 1 Ha OCHOBHY Ipobiemy caduiopy —
CKJIAJIHICTh BYACHOTO Ta JPY>KHHOTO OTPUMAHHS CXOJIB,
MU ITOCTaBHJIM IIepei COOOI0 3aBJAaHHS BHBYHMTH BIUIMB
CyJacHMX HaHOMaTepiajiB Ha ITOCIBHI SIKOCTI HaCiHHS
cagiopy  BITYM3HSHUX  COpPTiB, BHBYMUTH  HOTO
TEXHOJIOTIYHI  OCOOJMBOCTI, a TakKOX CTPYKTYpHI
ITOKA3HUKH OJ1ii 3 HACiHHA caduiopy.

Mera i 3apmaui pgociaigxeHb. Meroo  maHuX
JIOCITI/PKEHb € BUBYEHHS OCOOJIMBOCTEH BUPOIIYBaHHS
pEeKOMEHIIOBaHMX COpTiB caduiopy B ymoBax Jlicoctery
3a JIONIOMOT'OI0 HAaHOMAaTepualliB, a TAKOX TEXHOJIOTIYHA
OLIiHKa HACiHHA caduiopy K OJIHOI KyJIbTYpH.

JUis  JOcATHEHHS 3aJaHoi METH  ITOCTaBJICHO
HACTYIIHI 3a]1a4i:

- TIpPOBECTH JaOOPaTOpHi JOCTIJDKEHHS eHeprii
MPOPOCTaHHA Ta  CXOKOCTI  HaciHHA  cadiopy
BITYM3HSHMX COPTIB 32 YMOBH Jii HaHOMaTepiaiB;

- oOrpynTyBatn BHUOIp copTy HaciHHS caduiopy,
agarnrroBaHoro Jo 30au CximHoro Jlicocteny;

- BHU3HAYUTH OCHOBHI TEXHOJIOTiYHI
HaciHHs cadJopy;

- BU3HAYUTHU CTPYKTYpPHI Ta Pi3HKO-XiMidHI
MTOKA3HUKH OJ1ii 3 HACiHHA caduiopy.

BukiiageHHs1 OCHOBHOI'O MaTepiajy A0C/iI:KeHb.
O6’exTaMul ocTipKeHb Oy copté cadiopy, sKi Ha
chOrojHi 3aHeceHi 10 Jlep>KaBHOTO pEECTpY COpPTIB
pociua  Ykpainm: Cowstunnii, JKuBumk (Imcrutyt
omiiaux kynetyp HAAHY, ™. 3amopixks), copT
Jlarimamii  ctBopenmii cmimkHO 3 HB®  «/Ipiama»
(M. Xepcon). JlabopaTopHa CXOXICTh TPOPOCTAHHS
HaciHH cadiopy 3a3HaYeHHX COPTIB BH3HAYaIach 3a
METOIWKOI, TPHHHATOI0 y JabopaTtopii kadempu
€KOJIOTii Ta 6ioTexHoorii XapKiBChKOr0 HaIllOHAIEHOTO
arpapHoro yHiBepcurety imM. B. B. JlokyuaeBa [7].

B skocti HaHOoMaTepuaniB (CTHMYJSTOPIB POCTY)
OyJ10 BUKOPUCTAHO HACTYIHI KJIacH4Hi mpoaykTH [8-11]:
- CTPYKTypoBaHa (KJlacTepHa) BOJA, SIKa IIPEACTABIIE 3
cebe BOgHMI po34MH ripparoBaHoro ¢ynepeny C60 3
KOHIIeHTpari€eo 144 mr/m;

- TYMHp, J0 CKJIaJy SIKOTO BXOOUTH (IIOJiETHIICHIIIIKOIb
(mami - TIEI') - 400, IIET-1500, rymar Hartpiio,
OypIUITHHOBA KHCJIOTA 1 (hyJIepeHoBa BOJa;

- rymup |, orpumanumii Ha ocHOBI ['ymupy 3 nomaBaHHS
MAacJISTHOTO PO3YMHY MiKpOOiOJIOTiYHOTO B-KapoTHHY.

Jnst BH3HAYEHHS CXOXKOCTI HaciHHA cadiopy
3a3HAYEHWX COPTIB 332 PO3POOJICHOI0 METOIMKOIO
BiJIpaXxOBYBaJM TPU NMpPOOM HACIHHS KOXXHOTO COPTY Yy
Kinmpkocti 50 HaciHuH y npo0i. Ilepen mpoporryBaHHIM
HaciHHs caduiopy HaMOUYyBaJIM MPOTATOM 1—2 roguHu y
JICTHIbOBaHIM BOAI (MOKpHI KOHTpOIIb) ab0 pO34MHI
ctumynaropa.  Jluer mamepy  posmipom  40x50 cm
MATUCYBATIM IPOCTUM ONIBLIEM Y BEPXHbOMY KYTy, IO

IIOKa3HUKHN
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IMPUHI  CKJIQAAIM  BJBOE, TIIOTIM  PO3TOPTAJH,
3BOJIOXKYBAIIM ITYJIBEPU3aTOPOM THCTHIHOBAHOIO BOIOIO
(pPO3YMHOM CTHMYIIATOPY) OZIHY ITOJIOBUHY JiucTa. [Ipody
HaciHHS PO3KJIAaJaJIM Mix Mapkep abo IopaxoBaHe Ha
BiJICTaHi 2 CM 3BepXxy IO 25 IITYK Ha JIUCT y IIaXOBOMY
MOpAAKYy B 4 psaka, 3HU3Y JINCTA 3aJIUINAIU Ot 7 CcM.
Hacinag posramoByBany roCTpUM KiHYMKOM [0 HH3Y
mucra. HakpuBamu BifirHYTOIO TOJOBHHOIO JIHCTa,
3BOJIOXKYBAJIH, 3BEPTAIH HE TYro y PYJIOH 1 pO3MilLyBasn
BEPTUKAJILHO HIDKHBOIO CTOPOHOIO Yy CKISIHII 3
JIICTHIIHOBaHOIO BOJIOIO 200 Y PO34HHI CTUMYJISITOpA.
CKJISIHKHY 3 pyJIOHaMH{ pPO3MILIyBaJIM y TEPMOCTATAX 3
temriepatyporo 15 °C. KonrtpomroBamu Temmeparypy i
BEHTWIIALIIO TEPMOCTaTy, TEpMiH BU3HAYCHHS EHEpril
MIPOPOCTAHHS 1 CXOXKOCTI, @ TAKOX BOJIOTICTH DYJIOHY,
JIOAAI0YN 32 HEOOXiTHOCTI JUCTHIBOBaHY BOAY (PO3UHMH
CTUMYJIATOPY) 11O CKIISTHKH.

JlonaTkoBi YMOBH IIPOpOIIYBAaHHS: y TEpPMOCTaTi
MATPUMYBaAJIN TEMIIEPATYpy 3TiHO YMOB, MEPEBipsAI0OUN
il 3 pasu Ha 100y, BOHA HE MOBUHHA BIIXWIATHCS Ha + 2
°C;  3a0esmeuyBanyd  IOCTIMHY  BEHTWIALIIO Yy
TEpMOCTaTax; MOA00N PO3ropTal PYJIOHH Ha KiJIbKa

CEeKyH/I; BOAY Yy IIAJOHI TepMOCTATy MiHSUTM KOXHI 3—5
ni6. Cmig BiIMITHTH, IO €HEPril0 IPOPOCTAHHS,
cXOXicTh HaciHMH mnpoBomwm Ha 4 Ta 10 100y
BiamoBigHo 10 ICTY 4138 [12].

B pesymbrari mpoBeneHHMX AOCHiKEHb Oyio
BH3HAUCHO CHEPri0 MPOPOCTAaHHS Ta CXOXKOCTI HACiHHS
caduiopy mpm o00poOIi iX HaHOMarTepiagamu, SKi
HaBeleHo B Ta0I. 1.

3pa3ku Ay MOPIBHSHHSA — 1€ CyXHi 1 MOKpuil (3
JIICTHIHOBAHOIO BOJOI0 200 PO3YMHOM CTHUMYIISITOPY)
KOHTPOJTb.

Tabmums 1 — CepenHi MOKa3HUKY €HEpril IPOPOCTaHHS 1 CX0XKOCTI HACIHHSA caduIopy il BIITMBOM

HaHOMATepialiB (CTUMYIATOPIB POCTY)

BapianT 06pobku | Eneprist mpopoctanus, % | Cxoxicts, %
Copt CoHsuHMA
Cyxuit KOHTPOJIb 57.00+0.3 68.10+0.3
Moxkpuii KOHTPOIb 60.20+ 0.3 69.70 £ 0.3
CrpykTypoBaHa BoJa 66.70 £ 0.3 71.10+0.3
'ymup 67.70+0.3 72.60 +0.3
I'ymup-1 67.78+0.3 72.40 +0.3
Copt XKupunk
Cyxuit KOHTPOJb 63.15+0.3 67.30+0.3
Moxkpuii KOHTPOIb 64.10+0.3 70.40 +0.3
CTpyKkTypoBaHa Bona 64.30+£0.3 72.40£0.3
I'ymup 64.40+0.3 72.50 +0.3
'ymup-1 64.30+0.3 72.20+0.3
Coprt Jlarigauit
Cyxuit KOHTPOJIb 59.00+ 0.3 74.90 + 0.3
Mokpuif KOHTPOJIb 64.95+0.3 76.45+0.3
CrpyKkTypoBaHa BoJa 66.95+ 0.3 76.90 +0.3
'ymup 68.40+0.3 77.10+0.3
I'ymup-1 68.10+ 0.3 77.15+0.3

SAx BumHO 3 TaOm. 1, HAWOUTEIN e(EeKTHBHUM 3
JIOCHI/PKEHNX HaMU COpTIB cadiopy BHSBUBCS COpPT
«Jlarigamit». 3acTocyBaHHS NPH BUPOIIYBAaHHI HACiHHS
cTpykTypoBaHoi Bogu abo I'ymupy ta ['ymmpy-1
MPUBOMUTH JIO TIABHINICHHS CXOXOCTI 1 eHepril
IIPOPOCTAHHS.

JlominbHO BIiMMITHTH, MO CeNeKmidHa podoTa 3
CTBOPEHHSI pallOHOBaHMX COPTIB caduiopy 3 BHCOKHM
BMICTOM OJIiI JIMNIIMMHK aJanTaliiHAMHA [OKa3HUKaMK
MIPOBOANTHCS TOCTiHHO. Hailtbinpm npuBabIMBUM 3 HUX
€ copt «Jlarignmit». Lleit copT n03BoNsIE 30MpaTn Bpoxan
10 1518 n/ra B yMoBax miBJEHHHUX PETiOHIB YKpaiHH.

Jis  TiATBEpIKEHHS BHCHOBKIB, OTPUMaHHMX B
11a00paTOpHUX YMOBaX, MIPOBEICHO TIOJTBOBI
BUNpOOyBaHHS Ha 0a3i XapKiBCHKOI'O HalliOHAIEHOTO
arpapHoro yHiBepcurery iMm. B. B. JlokydaeBa, siki
MOBHICTIO MIATBEPIWIN JOLUIBHICTE BHOOPY COpPTY
«JlarimHauiD», K OUTBII MTEPCIICKTHBHOTO.

[Tpn upoMy ypoxkaiiHicTh cadopy LOT0 COPTY

NIPY BHUKOPUCTAHHI SK CTPYKTYpOBaHOI BOIM, TaK 1
I'ymupy Bumie, HiX iHmIMX copTiB i ckiamae 13,0-13,5
/ra B ymoBax Cximnoro Jlicocremy.

TexHOIOTIUHI BIACTHBOCTI HACIHHS cadiopy copTy
«Jlarigauiiy, a caMe OJIMHICTh Ta BOJOriCTh BH3HAYAIU
3a CTaHJAPTHUMH ISl OJIEXKUPOBOI TaTy3l METOJMKAMHU
srizno JICTY 4811 [13] ta ACTY 7577 [14]. Hdna
HaciHHs cadiopy copTy «JlarigHuid» BOJIOTICTh CKIagae
5.4 — 8.0 %, a omiitHicTth — 37.0 — 40.6 % (y mepepaxyHKy
Ha a0COJIIOTHO CYXY PEUOBHUHY).
l'onmoBHa BuMoOra 10 copTiB HaciHHS cadiopy mijJ 4Yac
Horo BHpOOHHWITBA 1 MeEpepoOKM — I€ HasIBHICTh
iHpopMamii MoI0 KUPHO KHUCIOTHOTO CKJIAAY Oiii 3
HacinHs. Lle# moka3HHK € 00OB’SI3KOBHM y PO3BHHYTHX
KpaiHaX, OCKUIBKM BiJ] HBOTO 3aJICSKUTH HANpPSIMOK
BUKOpHCTaHHs caduioposoi odii [15].

B Tabn. 2 HaBeneHO JKUPHOKUCIOTHUN CKJIaj odii 3
HaciHHs copTy «JlarigHuip).
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Tabnmms 2 — YKUpHOKHUCIIOTHUI CKITa] OIlii 3 HACIHHS
copty «Jlarigauin

[TToKa3HUK MacoBa yacTka JKUPHOI KUCTIOTH, Yo
Cipy-naypuHoBa 0.1
C14:0- MIpHCTHHOBA 0.1
Ci6:0-TTaIEMITHHOBA 7.6
C16:1-IATBMITONIECTHOBA 0.1
C13:0-CTeapUHOBA 2.0
Cis:1-07€iHOBa 11.6
trs Cis:1-oneinoBa 4.3
Cig2-niHONIEBA 72.9
C13:3-TIHOJICHOBA 0.4
Cao0-apaxiHoBa 0.2
Cx:0-OerenoBa 0.4
C24:0-JTITHOLIEPUHOBA 0.1
C24:1-ceNI0X0MEBA 0.1
He inenTtndikoBana 0.1

JKupHOKUCTOTHMIA CKIa] oiii 3 HaciHHSA cadiopy
BHU3HAYAJIM METOIOM Ta3opiaMHHOI  Xpomartorpadii
srizito  TOCT 30418 [16] 'y  maboparopii
IHCTPYMEHTAIBHUX JIOCIIPKEHb Y KPaiHChKOIO HAayKOBO-
JIOCIITHOTO 1HCTUTYTY OJii Ta XupiB (M. XapkiB).
Hameneni mani y Tabn.2 cBiguaTh mpo Te, MO B Oii 3
HaciHHs caduiopy copry «Jlarigauit» inenTudikoano 13
KHUPHHUX KHUCIOT. JIOMIHYIOUOI0 KHCIIOTOIO € JIiHOJIeBa
KHCJIOTa, MAacoBa YacTKa fKOI csarae BenmmauHu 72.9 %,
O € XapakTepHuM uisl cadiopooi omii. HecrioniBanum
€ pe3ynbTaT BimHOCHO HasBHOCTI 4.3 % TpaHc-i3omMepy
oneiHoBoi KHUCIOTH. BusBieHo He3HauHi KUIBKOCTI
MiHOpHUX KHcioT: MipuctuHOBOi (0.1 %), apaxiHoBoi
(0.2 %), cemoxonesoi (0.1 %), sxi He imeHTHU]IKYBamn
iHmi aBropu. Pi3MKO-XiMIUHI TOKa3HUKH OJIii: KHCIOTHE
gucio — 4.0 mr KOH/r, mepokcumae — 8.6 %2 O
MMOJIB/KT.

BucHoBkM Ta  mepCHeKTHBH
PO3BHMTKY IaHOT0 HANIPSIMKY.

INokazaHo, 110 3aBISKH 3aCTOCYBAHHIO KJIACHYHUX
CTUMYJIATOPIB  POCTY (CTPYKTYPOBaHOi TiJpaTOBaHUM
¢ynepeHom Boam i po3umHiB ['ymupy Tta ['ymmpy-1)
€HEeprisi TPOpOCTaHHS HaciHHA cadiopy 3pocTaEe B
cepenapomy Ha 10—15 %, a cxoxicts — Ha 5-10 %.

Copt Hacinasa cadiopy Jlarimanii Mae HaiiOLTBITY
eHepriro npopoctanns (= 68 %0 i cxoxicts (= 77.0 %)
cepell peKOMCHIIOBAHHUX COPTIB, IO € IOCTAaTHIM JUIs
MIPAaKTHYHUX ITICH.

TexHomoriuni BiacTHBOCTI HaciHHS cadiopy i,
mepI 3a Bce, BUCOKa OMiiHICTh (= 37 %) Ta 3HauHMi
BMICT €CCEHLIaIbHOI JIIHOIEBOI KHUCIOTH y cadIiopoBiit
omii (72.9 %) miaTBepUKYIOTh MEPCIEKTUBHICTE cadiopy
SIK OJIIMHOI KyIbTypH A5t CXigHOTO JlicocTery.

[Momanemmi gocimimKkeHHS TOBUHHI OYTH CIIPSMOBaHi
Ha yJIOCKOHAJICHH] TeXHOJOrii BunoOyBaHHs cadaopoBoi
omii, 0COOJIMBO CTOCOBHO BHPIIICHHS IPOOIeMH
eeKTUBHOT0 OOIpYHTYBaHHS HaciHHS cadiopy 3 MeTor0
ofiep>KaHHA OJIi XapuoBOro MPH3HAYECHHS.
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C. I. BYXKAJIO, O. 1. OJIbXOBCBbKA, B. O. O/IbXOBCBKA, M. M. 3lIIIYHHIKOB

JOCJIJIXKEHHSI TA AHAJII3 THHOBAIIMHMX 3AXO/IB 3 TEXHOJIOI'II KOMILTEKCHOI
YTHIBALI MICJISACIUPTOBOI BAPIA

IIpenMeToM JOCIIKEHHS CTATTi € TEXHOJOris MepepoOKH Ta yTuili3auii miciscmupToBoi Oapay Ha 0a3i Pi3HOBHUIIB TEXHOJOTI Ta 0OJaJHAHHS.
BCTaHOBIIGHO MOXJIMBICTH BUKOPHCTAaHHS MepeBar Cy4aCHMX IUIACTUHYACTUX TEIUIOOOMIHHHUKIB Ui iHTerpauii iX TEXHOJIOTiYHHX IIPOLIECIB.
IHHOBAIIMHEM IPEAMETOM JOCIIDKEHHS € KOMIUIEKCHAa TeXHOJIOTIs IIepepoOKH Ta KiHIeBOi yTmii3amii micascnuproBoi 6apau. Marepianu crarti
HAJAI0Th OLIHKY croco0aM BHKOpUCTaHHS (inbTpaTy Oapiu AJii OTPUMAHHS KOPMOBHX IPOAYKTIB, 30arayeHHX >KUBHUMHU KIITHHaMHU Oaktepiit
JakToOaKTepil Ta MPOIiOHOBOI KHCIOTH, a TAaKOXK OLIKOM. Y TaKHX TEXHOJIOTiSX BBEJICHHS XJIOPUAY KOOalbTy B HABKOJHIIHE CEPEOBUINE B
KoHIeHTpamii 1,1 Mr/n BHKIMKae 30LIbIIEHHS BMicTy 0ioMacH, >KHMBUX KIITHH OaKTepiil IpPOIMIOHOBOI KHCIOTH Ta HaKONMYEHHs Oinka. Bmict
HYKJICTHOBHX KHCIIOT y NMPOAYKTaX KOPMY, OTPUMAHHX SIK PO3ZALIBHHUM, TaK i CHIJGHHM BHPOILLYBAaHHSM OakTepiil, He IEPEBHILYE JOMYCTHMUI
piBens (1o 10 r/n0o0y) cioKuBaHHS TBApUH. Y IIPOLEC] TOCTIIKEHHS MiCIICIUPTOBOI OapIu OTPHMaHO OLIOK BUCOKHI BMicT. DinbTpaT MOXKe OyTH
[OBEPHYTHii MOBHICTIO B CIIMPTOBE BUPOOHMIITBO.
KurouoBi ciroBa: micisicnuproBa 6apzia; KOMIIIEKCHA yTHII3anis; (GiIbTpaT; KOPMOBI IPOXYKTH; INTACTUHYACT] TEIIIOOOMIHHUKH.

C. H. BYXKAJIO, O. H. O/IbXOBCKAA, B. O. O/IbXOBCKAA, H. H. 3HIIYHHHKOB .
NCCIEJOBAHUE U AHAJIU3 NHHOBALIMOHHOU WH)KEHEPUM B TEXHOJIOT'MU KOMILIEKCHOU
YTAJIM3ALIUU TOCJIECIIMPTOBOU BAPbI

IlpenMeToM HCCIIEOBAHHUS CTaTHU SBISICTCS TEXHONOTHS II€PepaOOTKH M YTIIM3alUH IIOCICCIHPTOBOM Oapisl Ha 0asze pasHOBHIHOCTEH
TEXHOJIOTHU U 00OPyIDOBaHHsS. YCTAaHOBIICHA BO3MOXKHOCTH HCIOJIB30BAaHHS MPEUMYIIECTB COBPEMEHHBIX INIACTHHYATBHIX TEIIOOOMEHHHKOB IS
HHTETPAllUd TEXHOIOTMYECKHX HPOLEeccoB. /HHOBAIMOHHBIM IPEJMETOM HCCIICOBAHHS SBIISCTCS KOMILICKCHAS TEXHOJIOTHS IEpepabOTKU U
KOHEYHOH YTUJIM3aIMH IIOCIECIUPTOBOM Oapibl. MaTepuanbl CTaTbH IIPENOCTABILIOT OLEHKY CIloco0aM HCHONb30BaHMsS (HIBTpaTa Oapabl It
IOJIy9eHHUs] KOPMOBBIX IIPOIYKTOB, OOOTaIlCHHBIX JKUBBIMHU KJICTKAMH OaKkTepuil JIAKTOOAKTepHil H IMPOIMHOHOBOII KUCIOTHL, a Takke OenkoM. B
TaKHX TEXHOJIOTHSX BBEIEHHE XJIOpHIa K0OaIbTa B OKPYXKAIONIYIO Cpely B KOHIIEHTpanuu 1,1 Mr/i BeI3bIBaeT yBEIHUEHUE COMEpiKaHHsI OHOMAcChI,
JKUBBIX KIETOK OaKTepHil IIPOMHOHOBOI KHCIOTH U HakomueHue 6enka. CogepkaHue HyKIEHHOBBIX KHCIIOT B MPOMYKTaX KOPMa, MOTyIEHHBIX KaK
Pa3meNbHBIM, TaK H OOIIMM BBIpaIlMBAHHEM OAaKTEPHUii, He MPEBHINIACT NOIMYCTUMBIH ypoBeHb (10 10 r/cyT) moTpebieHus KUBOTHBIX. B mporecce
HCCIICZIOBAaHMS ITOCIECIINPTOBOM Oapibl MOIydeHO OeIOoK BEICOKOE copepkaHue. DMIBTpaT MOXKeT OBITH BO3BPAINEH IIOJHOCTHIO B CIHPTOBOE
IIPOH3BOJICTBO.
KiioueBble c10Ba: ociaecnupToBast 6ap/ia; KOMIIIEKCHAs YTUIN3AIHs; (DHIBTPAT; KOPMOBEIE IIPOIYKTHI; IIACTHHYATHIE TEIIIOOOMEHHHUKN.

S. I. BUKHKALO, O. I. OLKHOVSKA, V. 0. OLKHOVSKA, M. M. ZIPUNNIKOV
RESEARCH AND ANALYSIS OF INNOVATIVE MEASURES ON COMPLEX RECYCLING TECHNOLOGY
OF DISTILLERS GRAINS

The subject of the article's research is the technology of processing and recycling of post-alcohol bard based on the types of technology and
equipment. The possibility of using the advantages of modern plate heat exchangers for the integration of their technological processes is
established. An innovative subject of research is a complex technology of processing and final disposal of post-alcohol bards. The article provides
an assessment of how to use bard filtrate to obtain feed products enriched with live cells of lactobacilli and propionic acid, as well as protein. In
such technologies, the introduction of cobalt chloride into the environment at a concentration of 1.1 mg/l causes an increase in the content of
biomass, living cells of bacteria of propionic acid and protein accumulation. The content of nucleic acids in feed products obtained as separate and
co-growing bacteria does not exceed the allowable level (up to 10 g/day) of animal consumption. In the post-alcohol bard study, a high protein
content was obtained. The filtrate can be completely returned to alcohol production. This article describes the possibilities of assessing: the main
demands to ethyl alcohol production looked through, it is considered. The possibility of using the advantages of modern plate heat exchangers units
for their tntrgy saving process integration was pointed out.
Keywords: post-alcohol bard; complex utilization; filtrate; feed products; plate heat exchangers.

Beryn.  BupoOHunrBo — ermioBoro  cnMpry — yMmMoBamu ckujaHHs. CIijf BII3HAYHTH, IO Y CEPEAHBOMY

MIPOJIOBXKYE HEYXMJIBHO 3pocTaTd — Oimpmr HiX 150
rajy3eil NPOMHCIIOBOCTI 3aCTOCOBYE HOro it pi3HUX
1iel ¥ KUTBKICTh CIIOKKBaviB 3pocTae. EKOHOMIUHICTH
BUPOOHMLITBA CHUPTY BU3HAYAETHCS BUTpATaMH Pi3HUX
BUMIB €Heprii, eHeproe(eKTUBHICTIO BUKOPHUCTOBY-
BAaHOrO BCTAaTKyBaHHS N TEXHOJOriH, 3aCTOCYBaHHSIM
3aXOMiB 3 pECypco- i CHEPro30Eepe:KEHHS MPOTITOM
YChOrO IIPOLECY, a TaKOXK pO3POOKOI0 EKOJIOTidHO
YuCcTHX eHeprorexHonorii. CTiuHI BOXM CHHPTOBHX
3aBOJIIB, L0 MEPEPOOISAIOTH KPOXMAIBBMICHY CHPOBHHY,
BITHOCATHCS 1O KaTeropii BHCOKOKOHIICHTPOBAHUX 32
OpraHiuHMM 3a0pyJHEHHSAM. IX CKIam i KiJIbKiCTb
3ajeXkaTb BiJl TEXHONOrii BHPOOHHWITBA CHOHPTY, a
HeoOXiHa e()eKTUBHICTh OUUIIICHHS 00YMOBIICHA

Ha | manm cnmpry i3 3epHa abo KapTomi 3BHYANHO
omepxytoth  0,14m® Gapau. B 1T Takoi Gapam
BTPUMY€EThCS 18,6 KT CHpOro mpoTeiHy, SKUIl mpu
00po0IIi TMEepeTBOPIOETECS B TPOTEIH JAPLKIKIB, 1 3
ypaxyBaHHSIM a30Ty, IO BBOJHUTHCS B KOPMH, BMICT
MIEPETPABIIOBAHOIO TBAPUHAMH TIPOTEiHY 301IBIIYETHCS
y IBa pa3H.

VYTumizanis cnuproBoi OapaM, KpiM  BaXKIIMBOTO
€KOHOMIYHOTO e(eKTy, Ma€ TaKOX BEJMKE EKOJIOTidYHE
3Ha4eHHA. [IpakTHYHO BCi CITUPTOBI 3aBOIH 3a MEXaMH
Hamroi KpaiHW MaroTh BIJJIUICHHSA 3 yTwomi3amii Oapmu,
MIPOJYKTOM BHPOOHHUITBA SKOTO € CYXHH KOpPMOBHH
TIPOIYKT.

© Byxxkano C.I., OnpxoBebka O.1., Onbxosebka B.O., 3inynnikos M.M., 2019
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3epHoBa, KapromisHa abo MemsicHa  Oapaa
BIIPI3HSIOTBECSA 3a CBOIM CKJIAJIOM, IO KOHIIGHTpAIll i
HOMEHKJIATYpi CYXMX pEYOBHH, i, OT)XKE, IO KOPMOBIii
uinaocri. [lepeBo3utn HerepepoOieHy OapoBi HEe Mae
CEeHCY: BENMKHUI 00'€eM piIMHU W JOCHTh HU3BKUH BMICT
KOIITOBHUX PEYOBHH POOUTH TPAHCIIOPTYBAHHS IMX
BIJIXOJTiB HEPEHTAOCITEHUM.

IMocTanoBka mpodiieMu y 3arajJbHOMY BHIIsAAi Ta il
3B'SI30K i3 BaXKIMBMMHM HAYKOBHMH Ta NPAKTHYHUMH
3aBAAaHHAMM.

1. Amnamiz cydacHoro craHy mnpo0ieMu.
IMportonoBani TexHomorii mepepoOku Oapan MoXKHA
YMOBHO PO3JUINTH Ha YOTHPH OCHOBHI TEXHOJOTIYHI
CXeMHM 3. BWIIAPHUMH  CTaHLisIMH;  aepoOHOI0
MIKpOOIOJIOTiYHOI0 ~ TepepoOKoro  piakoi  dasum 3
oJep)KaHHAM KOPMOBHUX JPDXKJDKIB; METaHTaHKaMH 3
ofep>kaHHAM Oiora3y; KOMOIHOBaHI CXEMH.

3a  OyMKOIO  JESKMX ~ aBTOpiB,  HaHOLIbII
TIEPCIIEKTUBHUM 1 PEHTA0EIBHUM CITIOCOOOM 01070Ti9HOT
OYHCTKH CTIYHHX BOJ CIIMPTOBHX BHPOOHHITB MOXYTh
OyTH IBOCTYIICHEBI aepOTCHKH, TEXHOJIOTIYHI ITapaMeTpu
pobOTH SKMX MOXYTh OYTH BCTaHOBJCHI TUIBKH
eKCTIEPUMEHTAIBHO 3 YPaxyBaHHSAM KOHKPETHHX YMOB
OCHOBHOTO BHUpOOHMIITBA. B 0CHOBY KOMOiHOBaHHMX
TEXHOJIOTIYHUX CXEeM ITOKJIaJeHI BiJJOMiI TEXHOJOTI4Hi
MIPUHOMH, IO YCHIIIHO 3apeKOMEHAYBaN ce0e — MOAIN
pinkoi it TBepnoi (asm Ha HEHTpUdYraX, BUPOIIYBaHHS
KOPMOBHX JPIXKIDKIB Ha CyOcTpaTi, CYIIiHHSA HPOIYKILI
[1-3]. TexHomoriuHi cXeMU 3 BUNAPHUMH CTAHIISIMHU
MOB'sSI3aHI 3 pO3MaproBaHHAM (yrary y BHIIAPHHUX
CTaHISIX € HaWmomupeHimmMu y cBiTi. [IpuBabnuBa
MIPOCTOTa TEXHIYHOTO O(QOPMIICHHS HE 3HIMA€, OIHAK,
mpo0JieM: BapTiCTh BUMAPHUX CTaHLIM 1 JONOMIKHOIrO
YCTaTKyBaHHS JOCHTh BUCOKA, IPOIEC BUIIAPKH BUMarae
3HAYHUX  CHEPreTMYHMX  BUTpaT, a  yTWii3amis
OJIEp’)KYBaHOIO KOHJ/IGHCATy CTa€ OKPEMHUM 3aBIaHHSM,
PO3B'SI30K SIKOTO YCEPEAMHI TEXHOJIOTIT He 3aKJIaICHHH.

CxeMHn 3 OJEp)KaHHAM KOPMOBHX  JIPIKIKIB
MOB'sSi3aHI 3 THM, IO BXE i3 Jpyroi moMoBHHH XX
CTOJNITTS SIK KOPMOBi JI00aBKM y TBapHMHHHITBI CTalll
IIMNPOKO 3aCTOCOBYBAaTHCS KOPMOBI ApDKIKI. Bonu
CYTTEBO IIJBHIIYIOTH OIOJOTriYHY I[IHHICTH KOpPMIB,
HacamIepe] 3a PaxyHOK HE3aMiHHMX aMiHOKHCIIOT, IO
BTPUMYIOTBCS B HHX, 1 BITAMiHIB. Y Il Yac ofepKaHHS
KOPMOBHX JPDXKKIB OOMEXKEHE IPiOHUMU MiCICBUMH
BUPOOHHLITBAMH B PI3HUX I'OCIIOIAPCTBAX.

IcroTHe 3HMXKEHHS BapTOCTI BCTAaTKYBaHHSA 3
OJHOYACHUM 3HWKEHHSIM EKCIUTyaTallifHuX BHTpAT IpH
nepepoOni MiCIACIUPTOBOI  Oapau, Ha IYMKY Py
aBTOpIB, MOXKHA OJIEp)KaTH, SKIIO 3aCTOCYBaTH 3aMiCTh
BUIAPIOBAHHS TEXHOJIOTII0 aepoOHOi MiKpOoOioIOrigyHOl
nepepoOKH pifkoi a3y 3 ofep>KaHHIM KOHIICHTPOBAHUX
KOPMOBUX JIPIKIKIB.

Ipouecn okucieHHS NpH OiOJIOTIYHOMY OYHMILCHHI
KOHLICHTPOBAHMX  CTIYHMX BOJ  CYNPOBOIUKYIOTHCS
BHUJIICHHSIM BEIHKOI KITBKOCTI BUIBHOI €HEprii, sKka
MOXE BHMKOPHCTOBYBATHCS B PpEaKWisAX KIITHHHOTO
CHHTE3y 1 Uil eHepreTmyHux norped wxiitueU. Ilpi
acpoOHOMY OKHCIICHHI OTpHMaHHS eHeprii € Oijbin
€KOHOMIYHHUM, HIXK IIPH aHAEPOOHOMY, 1 OZTHAKOBY

KUIBKICTB  CyOCTpaTy 3HaTHE MiATPUMYBAaTH 3HAYHO
Oinpime OiomMacn aepoOHOrO aKTHBHOI'O MYy, HIX
aHaepoOHoro. Ilpomec okucineHHs 3a0pyaHEHb B
aepoOHMX ymoBax mporikae 3 yrBopeHHsM CO, i HyO,
TOAl SK B aHaepoOHMX YMOBaxX YTBOPIOIOTHCS
HU3BKOMOJIEKYJISIDHI  OpraHiyHi CHOJIYKM — MeETaH,
opraHiuHi kuciotH i T.1. [Iponec ounieHHs B aepoOHUX
YMOBax IIpoTiKae OibII TTTMOOKO, HIK B aHaepOOHMX.
TexHomoriss mepepoOku OGapau Ha Oiora3 3acHOBaHA Ha
aHaepoOHOMY OpOiHHI: Oapaa MOMAEThCS B CIICIiabHI
€MHOCTI, y 5IKi BBOAATBHCS aHaepoOHi Oakrepii. OmHak, y
JTAHOMY CT10c001 mepepoOku Gapan HeoOXinHI BeandesHi
METaHTaHKH, TOMY IO TMIpOIec Iepepodku Oapan
aHaepoOHMMHM OakTepisMu BKpail MOBUIbHWEL. [HIIMM
HEJIOJTIKOM METOAY € JIOCHTh TPHBAJIHMH IEpioJl BUXOILY
Ha PEeKUM — 710 6 MiCsIiB.

Kom0iHOBaHa TEXHONOTiYHA CcXeMa THepepoOKH
OGapmu  po3poOsieHa  IIOpIBHSAHO  HEJaBHO,  BOHA
nependavae nepepoOKy MiCISICIUPTOBOI Oapau B CyXuit
JIPIKIDKOBUH KOPMOBHI KOHLIEHTpPAT — CyMIII TBEPIOi
¢a3m Oapay, 3 BHUPOLIEHNMH Ha OCHOBI (yrary
KOPMOBHMH  JIpDK/DKaMH.  3alpONOHOBaHAa  CXeMa
JI03BOJISIE B 3HAYHIHM Mipi 3a0IIa/KyBaTH €HEPropecypcu
B IIpoIieci mepepoOku 6apau.

Kpim BHpoOHMIITBA CyXOro KOHLIEHTpaTy Oapiau B
JIeIKAX BUIAJIKaX BHUTIIHO OAEP>KyBaTH 3TYILEHY Oapay,
sIKa MOXKE TpaHCHOPTYBaTHCS Ha 3Ha4HI Biacrtadi. Ilpm
LBOMY 3TylIeHa MeJsicHa 0ap/ia BHKOPHCTOBYETBCS SIK
BHCOKOsIKiCHE JOOpuBo. Pearmizariist boro mporecy ayxe
e(eKTUBHA PY BUKOPHCTaHHI MJIAaCTUHYACTHX BUITAPHUX
amapartiB pi3HOI HOTY>KHOCTI.

2. Busnauenns OCHOBHHUX KpHTepiiB
aocaimkennsi. [Iponecu okucieHHs mpu GionoridyHOMY
OYHIICHHI KOHILIEHTPOBaHMX CTIYHHX BOJ
CYNPOBOIKYIOTBCS  BHIUICHHSAM  BEJIHKOI  KiIBKOCTI
BIJIBHOI €Heprii, sKa MOXE BHKOPHCTOBYBaTHCS B
peakmisix KIITHHHOTO CHHTE3Y 1 Uil EeHEepreTHYHUX
notped xmitiHU. [Ipi aepoOHOMY OKHCIIEHHI OTpUMaHHS
eHeprii € OUIBII eKOHOMIYHMM, HIK IIPH aHaepoOHOMY, 1
OJJHAaKOBY KUIBKICTH CyOCTpaTy 3/aTHE IIiITPHUMYBaTH
3HA4YHO Oinpie OioMacu aepoOHOTrO AKTUBHOTO MYIY,
HDK aHaepoOHoro. Ilporec okwucineHHs 3a0pynHEHb B
aepoOHMX yMmoBax mporikae 3 yrBopeHHsM CO, i HxO,
TOAlI SK B aHaepoOHMX YMOBaxX YTBOPIOIOTHCS
HU3BKOMOJIEKYJISIDHI  OpraHidHi CHOJIYKM — MeETaH,
opraHiuHi kuciotH i T.i. [Ipoec ouniieHHs B aepoOHUX
YMOBax IIpoTiKae OibII TTMOOKO, HIK B aHaepOOHMX.
TexHomoriss mepepoOku Oapau Ha Oiora3 3acHOBaHA Ha
aHaepoOHOMY OpOiHHI: Oapaa MOMAEThCS B CIICIiaTbHI
€MHOCTI, y SIKi BBOAATBHCS aHaepoOHi Oakrepii. OmHak, y
JTAHOMY CT10c001 nepepoOKku Gapan HeoOXinHI BeandesHi
METaHTaHKH, TOMY INO TMIpolec Iepepodku Oapan
aHaepoOHMMHM OakTepisMu BKpail NOBUIbHWIL. [HIIMM
HEJIOJTIKOM METOAY € JIOCHTh TPHBAJIHMH IEpioJl BUXOILY
Ha PEeKUM — 710 6 MiCsIIiB.

Kom0iHOBaHa TexXHONOTIYHA CXeMa MepepoOKH
OGapmu  po3poOiieHa  IIOpIBHSHO  HEJaBHO,  BOHA
nependavae nepepoOKy MiCISICIUPTOBOI Oapau B Cyxuit
JIPIKIDKOBUH KOPMOBHI KOHLIEHTpPAT — CyMIII TBEPIOi
¢asm Oapay, 3 BHUPOLIEHNMH Ha OCHOBI (yrary
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KOPMOBHMH  JIpDK/KaMH.  3alpONOHOBaHAa  CXeMa
JI03BOJISIE B 3HAYHINM Mipi 3a0I1aJUKyBaTH €HEPropecypcu
B IIpoIieci mepepoOKu Oapau.

Kpim BHpoOHMIITBA CYyXOro KOHIIEHTpATy Oap/u B
JIeKNX BHITaJKaxX BHTITHO OJIEPXKYBAaTH 3ryIIeHy Oapuy,
sIKa MOXKE TpaHCHOPTYBaTHCS Ha 3HauHI Biacradi. Ilpm
L[OMY 3TylIeHa MeJsicHa 0ap/a BHKOPHCTOBYETBCS SIK
BHCOKOsIKiCHE JOOpuBo. Pearizariis iboro mporecy ayxe
e(eKTUBHA NIPY BUKOPHCTaHHI MJIACTUHYACTHX BUITAPHUX
amapartiB Pi3HOI HOTY>KHOCTI.

Bukiiag 0CHOBHOro MaTtepiany A0CTiKeHHs.

1. 3arajbHi mo10XKeHHs TeMH.

Y mpoueci ozmepxaHHs ~cnoupry B Oapai
3aJIMIIAIOTECS Maibke BCl, 3a BUHATKOM KPOXMAalO MU
caxapiB, )KMBWJIbHI PEYOBHHH, IO MIPUCYTHI Y BUXIAHIN
CHpOBHHI, SKa HAJAXOAWUTHh y CIUPTOBE BHPOOHHITBO,
BHACJIIOK 4oro 0apaa siBiisie coO00 T0CUTh KOLIITOBHUI
XapuoBHH 1 KOPMOBHMH NPOAYKT HE3aJEKHO BiJ BHIY
BHUKOPHCTOBYBAHOI CHPOBHHH (Tabu. 1).

Tabnums 1. Butpara cupoBuHHM 17151 BUPOOJIEHHS CIIUPTY 1 HOTr0 KOPMOBA LIHHICTH (KOPM. OJ1.)

Bun cupoBunu Buxin cnupry 3 onuHMII KopmoBa minHiCTE Buxin 6apam, KopmoBa minHiCTE
CHPOBHHH, TAJ/T CHPOBHHH, | KI KOPM. OJI. |IaJl/mas CIUpTy Oapmy, 1 KT KOpM. 0.

Kapromus 9,8 0,30 12,0 0,04
L{ykpoBuii Oypsix 9,0 0,26 12,0 0,04
IMreHuns 36,0 1,20 12,0 0,09
Kykypynsa 37,5 1,34 12,0 0,12
Kuto 354 1,18 12,0 0,08
STumiHb 29,8 1,21 12,0 0,09
Mermsca 31,0 0,77 11,0 —

IIpn  ckupaHHI  HEOYMIIEHMX  CTIYHMX  BOJA  PEKOMIIpECi€lo Uil  3HEBOAHIOBaHHA  pigkoi  ¢as3u
CIHMPTOBOTO 3aBOJYy Ha MIChKI OYMCHI CHOpYAM  HICISICHMPTOBOI 0apau 3 BUKOPHCTAHHAM JEKaHTEPHHUX

HaBaHTakeHHA Ha HUX 10 BCK 3pocrae Bix 1103 ToH Ha
no0y B 3aJie)KHO BiX NPOAYKTHBHOCTI 3aBoxy. /Jlis
yTwiizanii 6apay coMpTOBOrO BHPOOHHITBA B LW Yac
BHUKOPHCTOBYIOTH JIBA OCHOBHI CITOCOOM:

1) BumaproBaHHs (3rYIICHHS) 3 METOIO OfIEP>KaHHS
KOPMOBHX KOHIICHTPATIB;

2) y SIKOCTI CHPOBMHH JUIsI BUPOOHUIITBA KOPMOBHUX
JPIKKIB.

Ili cmocoOm malTh BiAXOAM 31 BMICTOM CYXHX
pedoBuH 10 8 %, sIKi TaKoX HEOOXITHO YTHIII3yBaTH.
Hesanexno Bif 32CTOCOBYBaHOT'O CHpPOBUHHU
TEXHOJIOTIYHUH TpolLeC OJep)KaHHS ETHWJIOBOTO CIUPTY
BKJIIOYA€E TPU OCHOBHI CTaIii:

1) miaroToBKa CHPOBHHU J10 30pOIKYBAHHS;

2) 30pOoKyBaHHS CaxapOyTPUMYIOUHX CEPEOBHILL;

3) BUIUICHHS CITUPTY 13 OpakKKH.

[MigroroBua cramis HAWOUTBII TpocTa  MpH
nepepoOli B ETHJIOBHM CHHPT CaxapoyTPHMYIOUHX
MatepianiB. B Ykpaini cnupr i3 Takoro BUy CHPOBUHH B
OCHOBHOMY OJICp)KYIOTh i3 Mensicu. [Ipm BuKopucTaHHI
KPOXMaJICyTPUMYIOUOi CHPOBHHHM METOIO MiJrOTOBYOI
CTafil € OIYKPIOBAaHHS KPOXMAJTIO.

IIpaBunbHuA 1106ip BHCOKOE()EKTHBHOTO
TEIJIOOOMIHHOT'O BCTaTKyBaHHs 0arato B YoMy BH3Hauae
MIPOAYKTUBHICTh 1 E€KOHOMIYHICTH HpOLECY B IIJIOMY.
Haii6inpmr edekTuBHUM 1 cydacHHUM € Oe3nepepBHO-
MIOTOKOBHH CIOCIO, SKAH MiJBHUIIYE IPOIYKTUBHICTH

OpOAWIIBHOTO  BiJIIJIGHHSA, CIHpUS€  3aTPUMYyBaHHIO
PO3BUTKY iH(EKIii B Maci i MOIOBXYye CTPOK podoTH
OpoAMITBEHOT Garapei MK poiTaKTHIHUMHU

CTEepUITi3amisiMU BCTATKyBaHHSI.
2. 3arajabHi H00KeHHS TEXHOJIOTII.
TexHonoriuna cxema (puc. 1) onepskaHHS CyXOro
MIPOAYKTY BUIIAPHOI YCTAHOBKH 3 MEXaHIYHOIO

LHeHTPUQYT, IUIACTUHYACTUX BUIAPHUX amapariB i
IDTACTUHYACTHX TETUTOOOMIHHUKIB JUIS MITIrpiBy Oapau i
SIK KOHJICHCATOPH BUTJIAa€ B TAKUH CIIOCi0:

® qiciusicnupToBa 0apAa 3 KOHIEHTPAILI€I CYXHX
pedoBuH, pudmu3HO 7,5-8,0 %, crioyaTky mogaeThCs Ha
pO3IiIbHE CUTO, A€ YacTHHa ii (QUIBTpyeThcsd H nmami
BHUKOPHCTOBYETHCS JIJIsl TOTYBaHHS 3aMicy;

® Tycra yacTMHa BiAQIIBTpOBaHOI Oapam W He
¢inpTpoBaHa Oapra 3NMHBAIOTHCS B 30IpHMK, 1 CyMimn
HACOCOM TIO/IA€THCSI HA JUITHKY HEHTPH( YT yBaHHS;

® qepen LeHTpUYTYBaHHAM Oapaa Moxe Oyrn
Harpita y 3BHYaHOMY IIIACTHHYACTOMY pPO30ipHOMY
TEIJIOOOMIHHOMY —amapaTty ¥ Jami II0JaeThCcs Ha
JekaHTepHi 1eHTpudyrn (abo wneHTpudyru iHIIOro
TUITy), MiCHAs dYoro BindyroBaHa dYacThHa Oapau i3
LHeHTpUQYT (KEeK) HampaBiIAeTbCs B CyIIapky, a ¢yrar
TicIs HeHTpU(yYT 3IUBA€ThCS B 30ipHUK;

e qicnt mporo  ¢Qyrar  migirpiBaeTscs B
IUTAaCTHHYACTOMY I1apOBOMY TEIUIOOOMIHHOMY arapary
JI0 TeMIepaTypy KHIHHA M IIONAEThCS OO IEepIIoro
CTYIEHS BUITApHOI CTaHIIl;

® [icIs NPOXOMKEHHS BCIX CTYIEHIB BHIIApHOI
craHmii  3rymeHa npuonuzno g0 40 %  Oapma
HaIpaBIISETHCS HA CYIIIHHS.

PoGorn BumapHmx amapaTiB craHwii (puc. 2)

3MIACHIOIOTECS TPH  HU3BKOMY THCKY TApH, I
po3psypkeHHsM.  OCOONMBICTH — TPEACTABICHOI  CXEMHU
MONsTa€ 'y BUKOPWUCTAHHI HA OCTAaHHBOMY  CTYIICHI

BUIAPIOBAHHSA TPAJWLIHHUX IUIACTHHYACTHX PO30IpHMX
TEIUTOOOMIHHHKIB BEJIUKOL MTOTY>KHOCTI abo
[IAPOKOKAHAIFHUX TEIUIOOOMIHHUKIB. BOHH, sIK MpaBmIio,
YCTaHOBITIOKOTHCS 13 IPHIMYCOBOIO IIUPKYIIAIIIETO.

Jlst 3rymieHHs Gapry yImaproTh Ha BUTTAPHUX
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CTaHILIisIX 10 KOHIEHTpaii 65—-70 %, 3aJ1e)XHO Bix BMiCTy

CyXHX PEYOBHH y BUXITHOMY IPOAYKTi (puc. 2) [6].

Puc. 1. Cxema yrwiizamnii nicasicnupToBoi 0apau 3 BUKOPUCTAHHIM JAEKaHTEPHUX

Hentpudyr i mmacTHHYACTHX BUNIAPHMX amapaTis [6].

Puc. 2. Binninenss BunaproBanas pyraty [6].

OcranHs cranis 00poOKH MicIACIIUPTOBOI Oapau —
cyminHs. TexHonoriyHa cxema OEpXKaHHS CyXOro
MPOAYKTY BUTJLINAE B TaKWH CHOCIO: MiCISICITHUPTOBA
06apa 3 KOHLEHTpAI€I0 CYXHX PEYOBUH, NPUOIM3HO
7,5-8,0 % crmodaTKy MOAa€eThCS Ha PO3IMOJILT HA CHUTO, JIC
yacTHHA 11 QUIBTPYETHCS ¥ Jajli BUKOPUCTOBYETHCS IS
TOTYBaHHS 3aMicCy.

I'ycra wactuHa micist BinginbTpoByBaHHA Oapam i
HedinpTpoBaHa Gapaa 3MUBAIOTHCS B 30ipHUK, 1 HACOCOM
CyMIIIl IOAA€THCS Ha AUISHKY HEHTpU(YTyBaHHS; Iepen
LHeHTpUYTryBaHHIM ©Oapga Moxe OyTu Harpita y
3BUYaWHOMY IUIACTUHYACTOMY pPO30ipHOMY TEII000-
MIHHOMY amaparty W Jaji IIOZAaeThcsl Ha JEKaHTepHi
HeHTpUudyry (a00 HeHTpU(YTH 1HIIOrO THITY).
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[Ticns nmpoBeneHux orepartiii BingyroBana yacTuHa
Gapnu i3 HeHTPUPYT (KEK) HAIPaBISETHCS B CYIIAPKY, a
¢yrar micias neHTpudyr 3MMBaEThC B 30IpHUK; qaiti
¢yrat migirpiBa€eTbcs B IUIACTHHYACTOMY IapOBOMY
TEIJIOOOMIHHOMY amapaTi 0 TEeMIepaTypu KHUIIHHS «
MMOJJAE€THCSL B TepIInii miadelb BUIAPHOI CTAHIIIi; Micis
MIPOXOKEHHS BCiX maOiiB BHIIApHOI CTAHII 3rymieHa
niprdauzHo 10 40 % Oap/a HarpaBiIs€THCS HA CYLIIHHS.

IHONI TexHOMOriYHO He mepeadadaloTb 0OpOOKY Ha
PO3IiIoBOMY CHTI. Y LIBOMY BUITA/IKY YacTHHA QiIbTpary
O6apmu (mo 40 %) BepTaeTbcst Ha TOTYBaHHSA 3aMicy
BapHJIBHOTO BiJUIIJICHHS MIiCIIs HEHTPU(YTYBaHHS.

Crin maM'sitaty, o OUIKK 1€ BUCOKOMOJIEKYIISIPHI
PEYOBHHH PUPOTHOTO HOXODKEHHS, 10 CKJIAAAIOThCS 13
3'€JHAHUX aMIiJHUM 3B'S3KOM 3aJMIIKIB AMiHOKHCIIOT.
Buxinna (HaTMBHA) 3epHOBA Oapna Mae KHCIY pEaKIilo,
BHCOKY TeMIIepaTypy, a 0nmusbko 1% Bij 3aransHOI Macu
O0apIy 3BaKEHI PEYOBMHM Y BUIJLIII JApoOWHH —
3aJIMIIKaMU Y9acTOYOK 3€pHa i coJoxy, SBISIOTH COOO0I0
KOpO3iiiHO-a0pa3uBHE CEpeloBHIIE, SKE IIpH pYyci
IHTEHCHBHO pYyHHYye TpyOonmpoBoan ¥ TEXHOJOTIUHI
anapatd. Y BIJICTOSHIN piakii ¢asi 6apau nepeOyBaroTh
3Ba)KEHI PEUOBMHM Yy BHIIIAAI ApiOHOAMCHEpPCHUX 1
KOJIOIZTHUX CyCIIeH3iH, 3 po3mMipoM 10 1+2 MKM, a TakoX
PO3YMHEHI MPOMYKTH KHUCIOTO OpOMiHHS, aMiHOKUCIIOTH,
POCIMHHUM XHp 1 6€33a30TUCTI EKCTPAKTHBHI PEYOBUHU B
KimekocTi 10 50% Bix 3aranbpHOi MacH BCiX OpPTraHIYHUX
PEUYOBHH, 110 BTPUMYIOThCS B Oapai. 3HaueHHs pH, npu
SIKOMY MOJIEKYJIa aMiHOKHCIIOTH nepeOyBae B pO3UMHI Y
BUTJLII  OimonsipHOro ioHa  (KOJIOIMHOI YacTKM 3
MIiHIMyMOM pPO3YMHHOCTI), HA3UBA€ETHCS 130IMOISIPHOIO
TOYKOIO.

Jliis mepeBoty iICTHHHO PO3YMHEHHUX aMiHOKHCIIOT Y

3BXCHUH KOJNOIJHHH CTaH MOXIJIMBO IIONEPEIHE
MiJUTy)KyBaHHS BUXigHOI Oapmu g0 pH = 6 -
i3omorenuiitnoi Toukm =50%  ycix  PpO3YMHEHHX

aminokuciot. [licns monepenHBOro KHCIOrO OpOIiHHS,
BUTATY APOOMHU ¥ HacTymHOI HeWTtpaizanii 1o pH=6,0
pinka ¢asa Oapau HPOXOJIOIKYETHCS A0 TEMIIEPATYpPH,
pernamenToBaHoi mponecamu. Kek, Bomnorictio 40+50%,
JlaJli HanpaBJIETHCS Ha CYIIIHHSA, IPH IIbOMY HEOOXiIHO
BPaxoBYBaTH, 110 OIJIKM IECTPYKTYIOTb IPU TeMIIeparypi
6inbm Hixk 82 °C.

Crioci0 KOHIIEHTPYBaHHS CHHPTOBOI Oapiu MOXKe
OyTr BUKOPHCTaHWH NPH YTHIi3alii CTOKIB CIIHPTOBOTO
BHpOOHMIITBA. Bigomi cmocobu yrumizamii Oapau B
KOPMOBi  JIpDKmKi, OeraiH, TIIIOTaMiHOBY KHCJIOTY,
OapasiHe BYTULISI, a TaKOK crmocid oOpoOkm amiakoM
cTiyHMX Box MersicHoi Oapau no pH 8—10 i oxgepskanHsIM
ocany ¢insrpyBanssaM [9, 10] ta ixmi.

Hait0inpmm ONM3BKUM 32 aHAJIOTOM [0 CIIOCO0Y
(puc. 3), IKUil IPOIOHYETHCSI HAMH, TI0 TEXHIYHIN CyTI i

pe3yabTaram, SIKAX JIOCSITAIOTh € croci6
KOHLICHTPYBAaHHS MEISICHOI HICISIIpIXIDKEBOi  Oapan
mepes  poO3MaploOBaHHSAM HOpu  00poOIi  po3UMHOM

KaycTU4HOI comu [6, 7, 11].

Puc. 3. dynknionansHa cxema 06poOku Oapau

Crioci0 KOHIIEHTPYBAaHHS CHMPTOBOI Oapiu, SIKMNA
MIPOIIOHYEThCS HAaMHU, TMPOBOASATH Yy Takuil cmociO.
CrimpToBy 6apy 3 KiJbKICTIO CyXuX pedoBuH 4,5 % 1o
Mmaci, mpu pH 4,0 oOpoONsrOTH XIMIYHHUM peareHToM
(ocHoBHA  CTajist BHPOOHWITBA) —  BHU3HAYECHOIO
KUTBKIiCTIO OKCUY KaJbIlif0, SIKH BUKOPUCTOBYIOTH JUIS
OCa/DKEHHSI CyXMX PEYOBHH Oapiu, momepenHbo Horo
TOPiOHIOIOTH i  mpociBalOTh AN BUIAJICHHS
HEpO3YMHHHUX PEYOBMH, a Jajli BBOJATH y CIHPTOBY
Oapay y ximpkocti 1,0 % Bim ii Mach M0 MOCATHEHHS
mokazauka pH cepenosuta 7,0 mpu temmeparypi 65 °C.

[TpoBenenHst mporecy KOHLIEHTPYBAHHS 3a TaKUX
YMOB NPHBOAWTH O KOAryssmii OLTKOBHX CIIONYK, SIKi
YTBOPIOIOTH 13 TiJPOKCHAOM BEJHKI KOHIJIOMEpard i
0Ca/KYIOTh 1HIIII KOPHUCHI PEYOBHHH CITUPTOBOI Oapau.

Bukopucranns ans XiMidHOi 0OpOOKM HeNmeTydmx
XIMIYHAX DPEareHTiB HE CTBOPIOE IIKIIJIMBUX YMOB Ha
BHPOOHUIITBI # MiBUIIlyE EKOJIOTIYHY O€3MeKy CIrocooy.

TexHonmoriuHa cxema ofIep>KaHHS CyXOro MpOIyKTY
Ma€ BHpIlIaJbHE 3HAYCHHS I (OpMYyBaHHS SKICHHX
BJIACTHBOCTEH KOPMOBHX IIPOAYKTIB 1 CKJIaJaeThcs i3
BaXTUBHUX TEXHOJIOTTUHHX OINEparii:

1) micasicnupToBa Oapaa micis HeHTpamizamii Mae
KOHIICHTPALIEI0 CYXUX PEUOBHH, mpubmmuo 7,5-8,0 %,
CIMOYATKy MOJAEThCS Ha PO3AUIBHE CHTO, i€ YacTWHA il
(GUIBTPYETBCS ¥ 1aJli BUKOPUCTOBYEThCS [UISl TOTYBaHHS
3aMicy;

2) rycra vactmHa BigduibTpoBaHOi Oapmu i He
¢inpTpoBaHa Oapma 3NMMBAIOTHCS B 30IpHMK, 1 CyMimn
HAacOCOM MOJAEThCS Ha AUITHKY LEHTpU(yryBaHHs puc. 4
[6];

3) mepen ueHtpudyryBaHHAM Oapaa Moxe Oyrn
Harpita y 3BHYAHOMY IIIACTHHYACTOMY pPO30ipHOMY
TEIJIOOOMIHHOMY —amapary ¥ Jami IoJaeTeCcs Ha
JekaHTepHi 1eHTpudyrn (abo wneHTpudyru iHIIOro
TUITy), MiciAs dYoro BindyroBaHa dYacThHa Oapau i3
LHeHTpUQYT (KEeK) HampaBiIA€TbCs B CyIIapky, a ¢yrar
TicIs HeHTPU(YT 3JIMBAETHCS B 301pHUK 1 Jaii TOAAETHCS
3a IPU3HAYECHHSIM — JJIs1 BUTOTOBJICHHS KYJIbTYPAIGHOTO
cepemoBuIna abo Ha CTaJiI0 HEWTpai3alii;
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4) iHmmid cmoci® — ¢yrat migirpiBa€Tecs B
IUTAaCTHHYACTOMY I1apOBOMY TEIUIOOOMIHHOMY arapary
JI0 TeMIepaTypy KHIIHHA M IIONAE€ThCS OO IEpIIoro
CTYIEHS BHITAPHOI CTaHIil 3a ITOTpedoro.

[HOAI TexHOMOrYHO HEe nependadaloTh 00poOKy Ha
po3ninbHOMY cuTi. Y IbOMY BHNAJKy YacTHHA
¢inprpaty ©Oapam  (mo 40 %) moBepTaeThcs  Ha
TOTYBaHHS 3aMiCy BapHJILHOTO BiIIIEHHS ITiCIIs

LHEeHTpU(]yTryBaHHS.
Crioci0O  KOHIIGHTPYBAaHHSI  CYXHX  pEUOBHH

criupToBoi Oapmu [9] mo3BONSE JOCATTH TO3UTUBHUX
pe3yNbTaTiB: MaKCUMaJIbHO OCAAWTH PEYOBHHH DPi3HOTO
MOXOUKEHHs ii cepenoBuina (Tabm. 2); MpUBECTH piBEHb
pH cepenoBuma 10 HEOOXiTHOrO 3HAYCHHS IMOKA3HHUKA
6,0 — 8,0 3 METOI MOJAIBIIOrO OTPHUMAaHHS KOPMOBOI'O

HIPOAYKTY.

Puc. 4. Cxema BimaineHHs yrumizanii mcasicmupToBoi 6apay 3 BUKOPUCTAHHSAM JEKaHTEPHUX HEHTPUDYT 1
IUIACTUHYACTHX BUIIAPHUX anapartis [6].

Tabnms 2. [Toka3HUKK CIUPTOBOI Oapau Miciis 3aBepIleHHs cTail npeanedekarii

KinbkicTs [Noka3auk cipToBoi Gapau micist XiMiTHOT 00poOKH

J100aBKI Cyxi peuoBuHH, % Big MacH Bonuesuii nokasznuk, pH
0,5 10 3,0 6,0
1,0 102,0 7,0
1,5 102,0 8,0

Tabnu 3. [TopiBHSUIBHI TOKA3HUKK CIIMPTOBOI Oapau

INoka3ank Oapam CrmpToBa 6apaa
Buxigna ®Dyrat 6e3 xiMoOpoOKH ®Dyrat micist XiMoOpoOKH
Cyxi peuoBuHH, % Big Macu 4,5-8,0 10 4,0 10 2,0
Bonnreswii mokazHuk (pH) 4,0-4)5 4,0-4.5 7,0

OO6pobka cnupToBOi OapaM XIMIYHMM peareHTOM
npu pH cepemoBuma Hikue 6,5 He 3a0esneuye
Koarymsiiii OUIKOBMX CIIONYK 1 YTBOPEHHS Ocamy
TIApOKCHAY Kajbllifo; piBeHs pH cepenoBuma Bume 7,0
MIPUBOAMTH JI0 TOJIATKOBUX BUTPAT XIMIYHOTO peareHry i
HETaTHBHO BIUIMBA€ Ha BCTaTKyBaHHS, a TakKoOX 3
TIOTJISIy €KOHOMIYHMX ITOKa3HWKIB € HEpeHTaOeIbHHM.
VY pesynpTaTi NOpIBHSIIBHUX BHIPOOYBaHb CIIOCO0Y,
SIKMH TIPOIIOHYETHCS, 38 BUIIEBKA3aHUMH IOKa3HUKAMHU,
Oyno oOpano g craxmii mpeanedekarii KigbKiCTh
ximigHOi m00aBku 1 % Bim macu Oapnau, siKa JTO3BOJSE

ofep)KaTH  BHCOKI  pe3yJbTaTH Ha  CIIMPTOBOMY
BUPOOHMLITBI (Tabmuis 3).
Sx BugHO 3 pe3ynbTariB  JabopaTropHHUX i

MIPOMUCIIOBUX BUNPOOYBaHb, KIJIbKICTh CyXHUX PEUOBHH y
CcnMpTOBiM OapaoBi micis XiMidyHOI OOpOOKM BXKe Ha
cranii npennedexanii 3mMennryetsbest Bia 4,5 1o 2,0 % no
Maci. OpHOYacHO Taka XiMi4Ha OOpOOKa J03BOJISIE
YHHUKHYTH BEJIMKUX CHEPreTUYHUX BUTPAT Ha

IIPOBEICHHSI CKIIAJHOI CTalii BUMAPKH B TEXHOJIOTTUHOMY
peryIaMeHTi 3a paxyHOK BUKJIIOUCHHS il 3 TEXHOJIOTIYHOI
cxeMH BHUpoOHMITBA. [Ipy TOpIBHSAHHI  3Ha4YeHb
MOKa3HUKa CYXOr0 3aJIMIIKY CIIOCO0Y KOHLEHTPYBAaHHS
CIUPTOBOI Oapay 3 BiJJOMHUMH, BUIHO, IO Ili 3HAYCHHS
3HAYHO Kpalli W He MaroTh NOTpeOM Yy BBEICHHI
JIOAATKOBUX TEXHOJIOTIUYHMX oOmepaliii y mpomec, a
HaBMAKK CIIPOIIYIOTh HOro amapaTypHE OCHAIIEHHS M
3MCHINYIOTh ~ KUIBKICTH ~ CTaaid Ha  BHPOOHUIITBI.
OTpuMaHi TIOKa3HHMKH MO CYXOMY 3aJIMIIKOBI Oapan
MOKA3yl0Th, IO MOXXJIMBO BHUKOPHCTOBYBAaTH PIAMHY-
¢GuTbTpaT — BOXY, HANpPWKIaL, IICAS MeMOpaHHOTO
OYHIICHHS K BOJY JUIS TEXHOJIOTTYHOTO LIUKITY.

Bimomuit crmoci6 [12] xoarynsmii Ta ocamKeHHS
OpraHo-MiHEpaJIbHUX PEYOBMH NIISIXOM BBEICHHS Yy
piAKI BiAXOAM CHHPTOBOIO BUPOOHHUITBA CYCHEH3ii
nedexary abo BamHa y kinbkocti 10-100 xr cyxoi
Macu/l T pIOgKAX BIIXOMIB Ta MOMIAKpWIAMITY V
kimekocti 10—-100 r cyxoi macu/100 i1 piTkuX BigXOmiB i
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MMOJANBIIC BiKAYYBaHHS BHUCA/HKCHOI CYMIIIi Hajae
iH(pOpMaIliF0 TPO JOCHIHKCHHS KITBKOCTI CKJIAJOBUX
OTPHUMAaHKX HOPOMIKONOAIOHIX PEYOBHUH — BMICT BUTBHUX
Ta 3B’A3aHUX aMiHOKHCIIOT (Tabu. 4: Nel — 3 BarrHOM; Ne
2 — BaItHO Ta MOJIAKPIJIAMI; HaBaXKKa JUIs aHATi3y Ha
aminokucinotu 30 mr).

Tabnus 4. ITopiBHSUIEHI TOKA3HUKK OTPUMAHUX
TTOPOIIKOITOJIOHUX PEUOBUH

Awminokucnora |Ne 1, kibKicTh Mr |Ne 2, KIIBKICTh MI'
AcnaparinoBa 0,1106 0,2196
Tpeonun 0,0532 0,1318
Cepun 0,0638 0,1651
['myraminoBa 0,2747 0,8148
[Iponun 0,0934 0,3850
I minus 0,0580 0,1429
AnaHiH 0,0619 0,1489
Banin 0,0611 0,1532
MerioHiH 0,0091 0,0242
[3onetimuna 0,0527 0,1293
Jleiuun 0,0958 0,2364
Tuposux 0,0402 0,0903
DeHinanasin 0,0619 0,1562
Jlizun 0,0614 0,1459
licTumun 0,0284 0,0749
Aprinin 0,0651 0,1467
Cyma 1,1913 3,1452
@dyrar  micngt  ximiuHOi  0OpOOKM ~ MOXKHA
BUKOPHCTAaTH /ISl BHUPOIIYBAaHHS MOJIOYHOKHCINX Ta
MIPOITIOHOBOKUCINX ~ OakTepii, Taka TEXHOJOTIs €
MIEPCIIEKTUBHOIO 3 TOYKM  30py  BHPOOHHIITBA
MIPOTETHOBO-BITAMIHHOTO ~ KOPMOBOT'O  ITPOOiOTHYHOTO
MPOAYKTY HHU3BKOI COOIBapTOCTi, BHCOKOi Xapd4OBOI

IHHOCTI 1 anTHOaKTepianbHOi mii [9, 13, 14].

Kpame 3pOCTaHHs MIKpOOpTraHi3MiB
criocrepirajocss B 3pa3kax 3 TPbOXTOAMHHOIO
BiJICTPOYKOIO BHECEHHS MPOIMIOHOBOKUCIHMX OaKTepiit
(puc. 4) [13]: 3mauenns pH 3HM3MIOCT Mo 3,17; BMiCT
nporeiny 30utbmmBes 1o 19,6 mr/mi, mo ckmano 33%
Bim piBHA Oiomacu B 59,3 r/m — HaiiBHmIOI cepen
JOCII/DKEHNX 3pa3KiB. BMicT HyKJICTHOBHX KHCIIOT
TakoX Oymo HaiiBummMm — 1,5 Mkr/mi, mpore une
3HAYEHHA HE € KPUTUYHMM JUIS TBapWH 1 IIJIKOM
VKJIaa€ThCsl B JOOOBI MEXi CHOXMBAHHS HYKICTHOBUX
kucmor — 10 1 [15]. Jlakrar, cnouarky yTBOpeHHI
MOJIOYHOKHCIUMH MAINYKaMH, 30pOIKYETHCS MOTIM 10
MIPOITIOHATY, alleTaTy i ByrileKucioro rasy [16].

3a JTYMKOIO aBTOpIB [13] HAHOLTBII
HE3a/10BITbHUMHU BUSIBUITUCS pe3yibTaTH npu
KYJbTHBYBaHHI BapiaHTIB 3 HIECTUTOJUHHUM

TonepeHIMM  KyJAbTHBYBAaHHSIM JakroOammn 1 0e3
MONEepeHhOr0  KYJAbTHBYBaHHS (3 OJHOYAaCHHUM
BHECCHHSIM IPOITIOHOBOKHCIIHX 1 JIAKTOOAKTepit); 3Bi/CH
BUIUTMBAE€ BHUCHOBOK, 1[I0 JUIsI TapHOrO  pOCTY
MIPOITIOHOBOKUCINX ~ OakTepid morepenHs iHKyOaris
JIaKTOOAIMI HeoOXiIHa, ajie He OibIe 3 rox

Puc. 4. 3miHa KUTPKOCTI >KMBUX KIITHH MOJIOYHOKHCIHX 1
MIPOITIOHOBOKUCINX OakTepi y mporeci KyIbTHBYBaHHS Ha
¢ireTpari micascnmpToBOi  GapAM  HpH  BIATEpPMiHYBaHHI
BHECEHHSI TIPOITIOHOBOKUCINX OakTepidt (roguu): [ — 0; II - 1,5;
II-3;IV—-4,54-6[13]

VY BuximHomy ¢inpTpari micnscnuproBoi Oapam
MICTATBCS MPOTEIH 1 HYKJIECTHOBI KHCIOTH — HPOIYKTH
KUTTEASDIPHOCTI KIITHH JPUKIDKIB, SKi 3IHCHIOBATH
cnuproBe OpoxminHs (Tabn. 5: mporein — IlIp; cyxi
peuoBunn — CP; nykieinosi kucnoru — HK).

Tabnmt 5. I[TopiBHSUIBHI TOKA3HUKH OTPUMAHUX
TTOPOIIKOITOJIOHUX pEeUuOBUH

[Iponykt pH |Ip, mr/mn |CP, r/n |HK, mxrHK/mn
Odimprpar 4,43 4,23 27,4 1,233
MICISICOIUPTOBOT | + + + +
Gaprm 0,02| 0,01 0,2 0,003

VYV 3B's3ky 3 TuM, IO BuXigHWH piBeHs pH
micIsIcnupToBOl Oapau craHoBuB 4,47, HOro 3HAYCHHS,
3a BHCHOBKAMH aBTOPiB, HEOOXiTHO JOBOTUTH IO
ONTUMAITBHOI BEIMIWHU, MI0 HEOOXITHUU UIS PO3BUTKY
KYJIETypabHOT'O CEPEIOBUIIA.

TakuM YMHOM, BH3HAYEHI NEPCHEKTHBH iHTErpamii

B CydYacHI CXEMH eHeproz0epiraloumx po3B's3KiB
TEXHOJIOTil 3 YpaXxyBaHHSIM MPOIOHOBAHOTO CIIOCOOY
BJOCKOHAJICHHS ~ KOHIIEHTPYBaHHS CYXHUX pEYOBHH

crmupToBoi Oapmm. Llei cmoci® q03BOIIsIE MaKCHMAITEHO
0CaIMTH PEYOBMHM PI3HOTO ITOXOKCHHS CEpeOBHUINA
Gapxu, 11 moxmiom micist oOpoOKH, Ha ocaj i pinuHy,
TOOTO, MOXXJIMBO OJIEp’KaTH KOPMOBY J00aBKy H BOIY
JUTSL TEXHOJIOTTYHOTO IUKITY.

Bubip TtexHomorii W ycTaTKyBaHHS JO3BOJISIE
pEeKOMEHIyBaTh IIed crocid Sk nenieBy i e(eKTHBHY
MOXIIUBICTh ~ KOHIEHTPYBAaHHS  CIIUPTOBOI  Oapnaw,
CTBOPIOE TIEPEAYMOBH I IOAANBINO ampolariii i
BITPOBADKEHHS HA CIIUPTOBUX 3aBOJAX.

BucHoBknm i mepcnekTHBH
PO3BHMTKY 1aHOT0 HANIPSIMKY.

MoxHa BI3HAYWTH, IO YTHIIi3aWis CIUPTOBOI
Oapu 1 3apa3 € CKJIaHUM TEXHOJIOTTYHUM IIPOLIECOM ISt
rajijy3i BUPOOHHIITBA €THJIOBOTO CIIUPTY 3 POCIMHHOI Ta
3€pHOBOL CHUpPOBHHU. Binbmricts ICHyIOUnX
TEXHOJIOTIYHUX CXeM BUPOOHMITBA €THUIIOBOTO CITUPTY

NOAAJBIIOr0
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nepen0avaloTh BUKOPUCTAHHSA ITCIACHMPTOBOI Oapan
TIJIBKH SIK KOPMOIIPOYKTA B PiIKOMY BUII.

Jis OuTbIIOCTI CIIMPTOBUX 3aBOAIB y ITOBHOMY
00'eMi BHKOpPHCTOBYBAaTH MiCISICHHUPTOBY Oapay B
piaikoMy  BuAI  NpPakTHYHO  HeMoXimBo.  Yacro
BUHHMKAIOTh  CHTyamii  3MYIIEHOrO  CKOpOYEHHS
MOTY)KHOCTI 1 3YNMHKM CIIMPTOBUX 3aBOAIB uepe3 He
pearizamito 6apau, ocoOMMBO B JITHIN mepion. [IuraHHs
MOXXHa  BHpIIIYBaTH  [UIIXOM  yJZOCKOHAJIIOBaHHS
TeXHONOril  yrwmizamii  Oapaw, — 3a0e3medeHHAM
CKOpPOYEHHSI BHXOAY pigKoi Oapau W BIPOBAIKEHHS
cxeM ii mepepoOKHM B Cyxi i KOHIIEHTPOBaHI KOPMOBI

MIPOTYKTH.

Takum  9uHOM, 32  BHKOHAaHMM  aHAJI30M
IHHOBAI[IMHMX ~ METOMIB Ta  CIOCOOIB  YTHITi3aIii
cupToBOi  Oapau  HEOOXiMHO BiN3HAYWTH 3araibHi

TIOJIO’KEHHST TEXHOJIOT1i:

1) Bci ciupTOBi 3aBOIM TIOBUHHI MAaTH BiJUTiIICHHS 3
yrwrizanii  6apy, NPOXYKTOM BHUPOOHMITBA SIKOTO €
CyXxuii ~ KOPMOBMH  TPOAYKT a00  CHPOBHHOIO
KYJIbTYPAJILHOTO CEpEIOBHIIA;

2) npu 1bOMY HEOOXiJJTHO BpaXxOBYBATH L0 36pHOBA,
KapToIuIsIHa abo MeisicHa 06apna BiAPI3HAETHCS 3a CBOIM
CKJIaZIOM, KOHIIEHTpaLi€lo W HOMEHKIATYpPOIO CyXHX
PEYOBHH, i, OTKE, 32 KOPMOBOIO I[iHHICTIO; TOTYKHOCTI
oOJyiaiHaHHS BiAJUICHHS 3 yTwitizamii Oapau 3B’s3aHi 3
pO3paxyHKaMHt — y CEpeHbOMY Ha 1 J1aJ crimpTy i3 3epHa
abo kapromti onepxyots 0,14 m* Gapam, a B 1 T Takoi
Oapau yrpumyerses 18,6 Kr cHporo mpoteiny, 1o npu
00poO11i, HANpUKIaA, IEPETBOPIOETHCS B IMPOTEIH
JIPIKIKIB, 1 3 ypaxyBaHHSIM a30TY, IO BBOSTH Y KOPMH,
BMICT  NEpETPaBIIOBAHOIO  TBapMHAMHU  IPOTEIHY
301IBLIYETHCS Y 1BA pa3y.

OxpiM BUPOOHHUIITBA CYXOTr'0 KOHIIEHTpATy O0apau B
JIeIKAX BUIAJIKaX BHUTIIHO OAEP>KyBaTH 3TYIIEHY Oapay,
sIKa MOXKE TpaHCHOPTYBaTHCS Ha 3Ha4HI Biacrtadi. Ilpm
L[FOMY 3TylLIeHa MeJsicHa 0ap/ia BHKOPHCTOBYETBCS SIK
BHCOKOsIKicHe ~ nobpuBo. [l 3rymieHHs  Oapay
YIIapioloTh Ha BHMAPHHUX CTAHIISIX 10 KOHLEHTpalii 65—
70 % 3aJexHO BiJ BMICTY CyXHX PEYOBHH y BUXITHOMY
nponykri. Peamizamisi mporo mporecy ayxe ehexTHBHA
IIPY BUKOPHCTAHHI IJIACTHHYACTHX BHIIAPHHUX arapaTiB
PI3HOI OTYXHOCTI.

KomrutexcHi xap4oBi 100aBKH 3 BUCOKOIO JIOAAHOIO
BapTICTIO MOXYTh 3HU3UTH (hiHAHCOBUI PU3HK, HAIAI0UN
MPOMHUCIIOBOCTI  BHUXiZ 32  MEXi  IPUMXJIHBOIO
eHepreTuyHoro puHKy. [T0o0iuHI HPOAYKTH TEXHOIOTl
€TWIOBOTO CHHPTY HAJAlOTh MOXKJIMBICTH BHPOOIATH
YHIKaJIbHI KOMIUIEKCHI KOPMOBI IIPOIYKTH, SIKi CHPHUSIIOTH
3POCTaHHIO TaTy3i.

[Ipencrasneni MaTepiaiu MaloTh cTaryc
IHTEJIEKTYalIbHOI BJIACHOCTI JUIsl HABYAHHS CTYJICHTIB, e
CKJIaJIOBI KOMIUIEKCHUX iHHOBAI[ITHHUX MpOeKTiB [17-21].
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GALYNA ZOTYEVA, YAROSLAV VYRSTA
DISTANCE LEARNING PECULIARITIES AT COLLEGES IN UKRAINE

The problem of distance learning implementation at colleges in Ukraine is considered. The relevance of the
article is in the need of distance learning and use of the opportunities offered by that means of teaching. Distance
learning main aspects, which create the necessary background for scientific achievements are systematized and
analyzed in the article. Conceptual ideas of distance education in colleges and further perspectives for the development
information and communication technologies in the distance education are investigated. The basis of the diagnosis and
monitoring of the quality of education are curricula, programs, the content of which is set out by academic disciplines.
The system of management of students in the conditions of distance learning implements the laws underlying the
organization of the educational process.

Keywords: distance education; on-line learning; information and communication technologies ICT

I. O. 30TBhEBA, A. A. BUPCTA
OCOBJUBOCTI JUCTAHIIMHOT O HABUAHHSI B KOJIEJIKAX B YKPATHI

PosrnsgayTO mpobieMy BIPOBAKECHHS TUCTAHIIIMHOTO HABYaHHS B KOJEDKaX B YKpaiHi. AKTYalbHICTh CTaTTi
MOJIATa€ B HEOOX1THOCTI JUCTAHIIMHOIO HaBUAHHSA Ta BUKOPHCTAHHI MOXIIMBOCTEH, SKI Hama€ Iei crocid HaBYaHHS.
Y craTTi CHCTEMaTH30BaHO Ta IIPOAHANII30BAHO OCHOBHI AaCMEKTH JWCTAHIIHHOTO HAaBUYAHHSI, SKi CTBOPIOIOTH
HEOOXiHY OCHOBY UISI HAYKOBHX JOCSATHEHbB. JJOCTIIKYIOThCS KOHIIETITYAIbHI i/1el AUCTaHIIIIHOI OCBITH B KOJEIKaxX
Ta TMOMAJBIII MTEPCIEKTHBH PO3BUTKY iH(POPMaIiHHO-KOMYHIKAIIIHHAX TEXHOJIOTIH Y NUCTAHIINHHIA ocBiTi. OCHOBOIO
JIaTHOCTUKHA Ta MOHITOPUHTY SKOCTI OCBITH € HaBUYalbHI MPOrpaMH, NPOTPAMH, 3MICT SKHX BHU3HAYAETHCS
HaBYAIFHUMH JuciuUTiHaMu. CHucTeMa YIpaBNiHHS CTYICHTAMH B YMOBaX MAWCTAHIIHHOIO HAaBYAHHS peali3ye
3aKOHH, IO JISKATh B OCHOBI OpraHi3allii HaB4aJIbHOTO TIPOIIECY.

Kuro4oBi ciioBa: mucraHIiifHa ocBiTa; OH-JIalH HaBYaHHS; iH(opManiiiHo-KkoMyHiKariiai Texaomorii IKT

I. A. 30TBEBA, A. 1. BUPCTA
OCOBEHHOCTHU JUCTAHIIMOHHOI'O OBYYEHHWA B KOJUVIEIKAX B YKPAUHE

Paccmotpena npobiieMa BHEAPEHUS JUCTAHIIMOHHOIO 00YYEeHHS B KOJUTeKaxX B YKpanHe. AKTyaaIbHOCTb CTaThbH
3aKII0YaeTC B HEOOXOMMMOCTH JIUCTAHIIMOHHOIO OOYYEHHS M HCIIOJIb30BAaHMS BO3MOXKHOCTEH, KOTOPBIC
MPEIOCTABIIIET TOT CIIOCO0 00ydeHMs. B cTaThe CHCTEMAaTH3HpPOBaHBI M MPOAHATU3UPOBAHBI OCHOBHBIC aCIIEKTHI
JIUCTAHIIMOHHOrO OOYYeHHUs, KOTOpPbhIE CO3MAI0T HEOOXOAUMYIO OCHOBY JUISl HAyYHBIX MOCTIXKEHHH. MccmenyroTes
KOHIIENTyaJlbHbIE HWACH IUCTAHIIMOHHOIO O00pa3oBaHWsA B KOUIEIKaX W JalIbHEHIIHME IMEepPCIeKTHBBI Pa3BHTHUS
HH(OPMAIIMOHHO-KOMMYHHKAIIMOHHBIX TEXHOJOTHMH B JIUCTAHIMOHHOM 00pa3oBaHud. OCHOBOW JUArHOCTHUKU W
KOHTPOJISI KadyecTBa 0Opa30BaHUs SBIIIOTCS YUCOHBIC IUIAHBI, MTPOrPaMMEI, COACpKaHHE KOTOPBIX YCTAHABIIMBACTCS
yaeOHbpIME JuciuIuinHaMu. CucTeMa YIIpaBJICHUS CTYICHTAMH B YCIOBHAX TUCTAHIIMOHHOTO OOYYCHUS peaiu3yeT
3aKOHEI, JIEJKAI[e B OCHOBE OPraHU3aLMK YIEOHOIr0 IMpoIecca.

KaroueBbie cjioBa: ANCTaHIMOHHOE 00pa30OBaHUE; OHJAMH oOydeHWE; WH(OPMAIMOHHO-KOMM yHUKAITMOHHEIS
Texuogorun UKT

Introduction. At the present stage, the processes of
change in society are closely connected with the
introduction of the innovative educational paradigm of
higher education. It determines the need to modernize the
higher education system, which is focused on the
integration of Ukraine into the global academic
community. The main goal of distance education
development in Ukraine is to increase the general
intellectual level of society, to ensure the high quality of
education, as well as the formation of educational space.
Modern information and communication technologies
make it possible to change the role and purpose of
education, significantly expand the range of educational
services, and also develop and apply specific educational
technologies characteristic of distance learning.

Statement of the problem in general and its
connection with important scientific or practical
tasks. The problem of introducing distance learning has
attracted considerable attention due to socio-economic
factors. It is important to ensure the well-being of
students in a market reality, the amount of students who
want to get an education without separation from the
main place of practical activity is growing. The
introduction of innovative technologies in the education
system has increased the quantity of educational
institutions providing training in various ways, forms and
methods of teaching [1-10].
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That form of education enables to study at any
educational institution, regardless of the place of
residence and location of the educational institution.

The organization of quality distance learning has a
positive effect on the intellectual potential of the state.
Modern trends in the development of education
necessitate the study of the experience at the leading
countries of the world in the organization of distance
learning. The analysis of a significant number of sources
enabled determining the directions for implementing the
strategy for the development of distance education:
development of theoretical models for diagnosing and
monitoring the quality of education; development of a
system of criteria and tools for diagnosing and
monitoring the quality of education; development of
organizational and managerial models and technologies
of education quality management. National character
generalization of scientific knowledge, humanization,
democratization and openness of education are main
tendencies. Integration processes have reached such a
level that economic processes in a particular region cause
a chain reaction in the country's economy. In the field of
higher education, the instrument of globalization and
integration processes is the national character of
scientific knowledge. The level of communication
between scientific communities is such that new
knowledge, new technologies and development based on
this knowledge become the heritage of all mankind and
influence the development of the state regardless of
national, religious and other features.

Examples include financial crises associated with
falling prices for oil and energy and the like. Even
natural events occurring locally, cause reviews in the
economy of the country. One of the forms of the
principle of globalization of education is the student
exchange process that has covered all countries of the
world. Ukraine is conducting a campaign to attract
foreign students. With the growth of cooperation
between various regions of the world, states increasingly
recognize the need to expand student mobility. However,
despite the benefits of supporting student exchanges,
private foundations and personal funds from students are
the main source of funding for education in other
countries. At the same time, all host countries point out
that student exchanges are a favorable factor in the
activities of higher education institutions. It adds to
universities and colleges additional responsibility in
connection with the provision of special services and
curricula for foreign students. In almost all countries, it
is recognized that foreign students are an important
source of funding for higher education institutions. It
enables universal computer literacy and the creation of a
telecommunications environment. New information
technologies in education are associated with the wide
penetration of computer and satellite equipment into all
spheres of human activity, which caused new problems
and opened up new perspectives for the education system
as a whole. At first, computers in the higher education
system appeared as a research tool. However, the
technological breakthrough associated with the creation

of personal computers in the early 80s, led to a
qualitative revolution in relation to digital technology. As
a result of the growth in the absolute number of personal
computers in the world, the computer began to be used as
a means of supporting the learning process. At the same
time, the creation of global information networks and the
openness of information have led to the fact that not only
educational institutions, but also global information
resources are becoming a source of new knowledge and
educational information [11-15]. As a result, the
education system faced the problem of enabling universal
computer literacy and multimedia technologies for the
achievement of new methods in education.

Level of computerization in education is an
indicator of the quality of education and the stage of
progress of the state, its ability and development in the
XXI century. In the field of computerization of
education, the process of penetration digital technologies
into the system of higher education is the division of
states into “information rich” and “information poor”.
The implementation of computer technology education is

impossible without creating a telecommunications
environment that can transfer huge amounts of
information with acceptable speeds for learning.

Implementation computer technology in education at the
first stage was accompanied by rather hectic
expectations. In a sense, this process is reminiscent of the
hopes that have been pinned on radio, film and television
in education. It is known that they were not justified, and
the development of pedagogy based on these
technologies did not bring the desired results. But digital
technologies will occupy a large niche in the educational
process, not replacing the teacher’s live communication
with students, not crowding out, but only complementing
it. At the same time, as before, new technologies of
education, control, testing require the development of the
foundations and methods of pedagogy in the field of
multimedia technologies, which are currently not
developed in detail and are in the development stage.
Thus, the tendency of computerization of education,
which is an element of the national security doctrine, has
been outlined and actively implemented improving the
methodological support of distance learning. Ukraine has
systematically expanded the quantity of colleges with
potentially  interesting and methodically sound
educational material for education. There are differences
in the curricula for students studying in the system of
distance learning, in the direction of simplifying and
facilitating them.

Currently, there are no additional criteria for
monitoring distance learning programs and courses other
than general ones that are used to evaluate traditional
training. The development of distance learning is
hampered by the extremely time-consuming creation of
application packages that support an interactive learning
process within multimedia technologies. Economic
development of the state, different levels of education,
ensuring rights and freedom citizens, the level of wages,
the formation of an open society, the international nature
of science are integral to the concept of development of
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our country. An essential element of the higher school of
the 21st century is the study of English, the language of
international scientific communication and digital
computer technology. Of course, there are other trends in
the distance education reform in higher education, such
as humanization, democratization, protection of
individual rights and freedoms, protection of women's
rights, and the ecology of education, but these trends
mainly affect the higher education system.

The term “distance learning” means an
individualized process of acquiring knowledge, abilities,
skills and ways of human cognitive activity, which
occurs mainly due to the indirect interaction of
participants from the educational process that are distant
from each other in a specialized environment, operating
on the basis of modern psychological, educational and
information and communication technologies. Distance
learning is a set of technologies that provide delivery to
the trainees, the bulk of the material studied; interactive
interaction between students and teachers in the learning
process, providing students with the opportunity for
independent work on mastering the material being
studied, as well as in the learning process.

The goal of distance learning is the provision of
educational services through the use of modern
information and communication technologies in teaching
at certain educational or educational qualification levels
in accordance with state educational standards; according
to the programs of preparation of citizens for entering
educational institutions, training of foreigners and
advanced training of workers.

The task of distance learning is to provide citizens
with the opportunity to exercise the constitutional right to
receive education and professional qualifications,
advanced training regardless of gender, race, nationality,
social and property status, type and nature of occupation,
worldview convictions, membership in a party, attitude
to religion, religion, health status, place of residence in
accordance with their abilities. Prerequisites for the
development of distance learning are: the rapid
development of information technology; continuous
reduction of the cost of services for the connection and
use of the global Internet, its resources and services; a
significant deepening of the processes of introducing
information technologies in educational practice;
widespread computer hardware among the public. A
specialist of the 21st century is a person who is fluent in
modern information technologies, constantly improving
and improving his professional level. Acquiring new
knowledge and skills that are meaningful, useful, and
used in a person's professional activity in the conditions
of the information society greatly expands the
possibilities for self-realization and promotes career
growth. If the school is located in another city, it is
inconvenient and expensive to attend classes often. It
should be noted that the "classic" extramural education
often does not justify its purpose. The knowledge that a
student receives is often superficial, and the classes
themselves are unproductive. In addition, the learning
process continues for quite some time.

Conclusions and prospects for further research
into the problem. In Ukraine, the concept of distance
learning refers to those didactic concepts, the place of
which among the didactic categories is not strictly
defined. It was facilitated by the absence until recently of
a unified concept of distance learning. Currently, there
are different views on distance learning as a new
universal form of education that can change the
traditional, to the technology of recruiting means and
methods for the transmission of educational information.
Throughout its existence, distance learning in the system
of higher education in Sweden has received and receives
significant government support, which contributes to its
dynamic development and successful functioning. As a
form of control in distance education, remotely organized
exams, interviews, practical, course and design work,
external studies, computer intelligent testing systems are
used. It should be particularly noted that the solution to
the problem of quality control of distance learning, its
compliance with educational standards is of fundamental
importance for the success of the entire distance learning
system. The academic recognition of distance learning
courses, the possibility of setting off for their passing
through traditional educational institutions depends on
the success of its solution. Therefore, to exercise control
in distance learning, a unified system of state testing
should be created.

The basis of the educational process in distance
learning is a focused and controlled intensive
independent work of the student, studying on an
individual schedule, at a convenient pace. Students at
colleges and universities select subjects from the list of
course modules and form their curriculum. The use of the
latest advances in information technology contributes to
the integration of the student into the global post-
industrial information society, providing for an increase
in the share of highly skilled workers with an appropriate
level of education. Distance learning is intended, first of
all, to acquaint students with the theoretical foundations
of future professional activities, providing unlimited
opportunities to search for additional diverse information
that is adequate to the needs of the student. The
variability of training modules enables, when studying, to
study specific aspects of their chosen problem. Modern
information technologies and communication systems
make it possible to radically change the role and purpose
of education, significantly expand the range of
educational services, and also develop and apply specific
educational technologies characteristic of distance
education. In this case, there is a need for a thorough
study of the theoretical foundations and practical
experience in the implementation of such educational
technologies. E-learning is one of the progressive forms
of education of the general population. It is one of the
main ways of digitalization in education and the use of
new technologies in education, serves to increase the
efficiency of education. The organization of quality
distance education has a positive effect on the intellectual
potential of the state. The main thing in the organization
of distance learning is the creation of electronic courses,
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the development of didactic foundations of distance
learning, and the training of coordinator teachers.
Distance learning technology is a set of methods, forms
and means of interaction with a person in the process of
independent, but controlled development of a certain
body of knowledge by him.

Educational technology is built on the foundation of
a certain content and must comply with the requirements
of its presentation. The content of the proposed
knowledge is accumulated in special courses and
modules designed for distance learning and based on
existing country educational standards, as well as in data
banks. The central element of the distance learning
system is telecommunications and their translational
basis. It is important to note that the information
provided by the student is carried out in the form of
printed materials (educational and methodical sets of
literature and tasks) and electronic materials (computer,
educational environments, databases, knowledge banks,
electronic textbooks). At the same time, information
carriers are books, flexible magnetic, laser or hard disks,
audio or video tapes, teaching aids ("cases"), computers,
televisions, telephones, special multimedia technologies
act as learning tools. The didactic component should be
provided by the development of teachers and
psychologists, such as, for example, the technology of
individualized education, an adaptive learning system,
and training based on an individually-oriented
curriculum.

Speaking about the strategy of updating education
the set of conceptual ideas, scientific and methodological
developments and organizational and managerial
measures to create a system for diagnosing and
monitoring quality as a system forming module of all
innovation in the education system is important. The
simultaneous solution of many problems associated with
the implementation of this strategy is impossible. Based
on the analysis of a significant number of sources, it is
necessary to talk about ways to implement the strategy.

The basis of the diagnosis and monitoring of the
quality of education are curricula, programs, the content
of which is set out by academic disciplines. The system
of management of students in the conditions of distance
learning implements the laws underlying the organization
of the educational process. It is noted, first of all, the
specific nature of the patterns of learning, is a complex
conditionality of objective and subjective factors,
indicating the special importance of the principles of
learning as provisions affecting the dialectic of the
development of the learning process, the interaction of its
main systems. After all, principles determine the practice
of learning is ambiguous. On the one hand, being guided
by them, it is possible to substantiate, in each specific
case management actions are required on the student’s
activities. On the other hand, focusing on didactic
principles, one can evaluate the quality of a particular
concept of education. So, the purpose of creating various
didactic situations is only to direct this process towards
solving the learning tasks offered to students using
certain external conditions.

In other words, the situation, the learning task, the
methodological techniques are designed to “launch” the
mechanism of thinking.
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YIIaKOBKM HA PI3HUX CTafifX eKCILTyaTamii Ta yrwiizamii. [IpexcraBneni mpukimamy i meski 0cOOIMBOCTI MOMJIIMBHX PIllICHB, SIKi
3aCHOBaHI Ha EKCHEPHMEHTATGHUX MAaHUX PpO3pOOKH MeXaHi3MiB ifneHTH¢ikamii-kmacudikamii mpomeciB i IX HAyKOBOTO
OOTPYHTYBaHHS y BUTJISII 00'€KTiB iHTENEKTyabHOI BinacHOCTI. [IpoGnema yTwmizamnii BigXoIiB po3TIIAaeThCs Y BUTTII CKIaJHIX
KOMIUIEKCHHX IPOIECiB, TX JOCTIPKEHD 1 aHANI3y €Hepro- i pecypco30epiralounx CKIAQJOBUX JUIS BiXOIB PI3HOTO HMOXOMKEHHS.
PezynpTaTé mocnimKeHs MO yTHIIi3amil HOMIMEPHOI TapH Ta YIaKOBKH MOXYTh OyTH BUKOPHCTaHi It BUOOPY METOAIB IIOBTOPHOL
11 mepepoOku — Moandikamii ado yTuizamii.

KniouoBi ciioBa: iHTENeKTyaJdbHA BIIACHICTB;
0oOTpyHTOBaH1 METO/IM; EKOJIOTiuHa Oe3IeKa.

JUCTaHIlIfHA OCBiTa; KOMIUICKCHI 1HHOBAIlifHI TPOEKTH; HAYKOBO

C. H. BYXKAJIO, A. 0. ATEHYEBA, C. I1. HIVIHH, IO. H. ITIABYEBA, H. H. MHPOIIITHUYEHKO, O. H.
OJ/IbXOBCKAA, H. H. 3HIITYHHHUKOB, B. O. O/IbXOBCKAA
NHHOBAILIMOHHBIE KOMIIJIEKCHBIE ITPOEKTBI'2018/2019 B IPUMEPAX U 3AJIAYAX

B wMarepumamax CTaTbM pPAacCMOTPEHBI BO3MOXKHOCTH JUIS ONpENETCHUS ILelied [anbHeimeil pa3paOoTKH  COCTABIIONINX
KOMIUTEKCHBIX 1poekToB2018/2019 B Bume mpuMepoB 00BEKTOB MHTEIUIEKTYalIbHONH COOCTBEHHOCTH. Pa3paboTKH MPOBEAEHEI C
LIeNBI0 BBEIOOpPAa COBPEMEHHBIX BBICOKOI()()EKTHBHBIX HAYIHO-OOOCHOBAHHBIX TEXHOJIOTWI HMCHOMB30BAaHMA: 1) pasHOBHIHOCTEH
CBIPBSI; 2) TIONMMEPHOW Tapbl W YIIAKOBKHM HA PA3IMYHBIX CTAIWSAX AKCIUTyaTallid M YTHIM3alud. lIpencTaBieHbl MpHMEpHl H
HEKOTOPBIC OCOOCHHOCTH BO3MOXKHBIX PEIICHUH, KOTOPBIE OCHOBAaHBI Ha HKCIEPHMEHTAIBHBIX JAHHBIX Pa3pabOTKU MEXaHH3MOB
HACHTU(HUKANN-KIacCU(HUKAIIIN TIPOLECCOB U MX HAYYHOTO OOOCHOBAHHUS B BHJIE OOBEKTOB MHTEIUICKTYAIEHOH COOCTBEHHOCTH.
[Ipobnema yTnnm3ammy OTXOZOB PAacCMaTPHBACTCS B BHJE CIIOKHBIX KOMIIIEKCHBIX IIPOIECCOB, MX HCCICIOBAaHMN M aHAIH3a
9HEPro- M pecypcocOeperaromix COCTABIISIONINX UL OTXOAOB PA3IMYHOTO IIPOUCXOXKAEHMS. Pe3ymbTaTel mccienoBaHMH IO
YTHIN3a0UH TOMMMEPHOM Tapsl M yHaKOBKH MOTYT OBITH HCIIONIB30BAHBI IJISI BBIOOpA METOJOB ITOBTOPHOH e IepepaboTKu —
MOANGUKALNHY VIIH YTHIA3AIHN.

KnioueBble c10Ba: HHTEIUICKTyalbHAs COOCTBEHHOCTH; AWCTAHIIOHHOE OOpa30BaHUE; KOMIUIEKCHBIC WHHOBAIIMOHHBIC
MIPOEKTHI; HAYYHO 0OOCHOBAaHHBIE METOMBI; YKOJIOrnIecKkas 6e30MacHOCTb.

Introduction. General issues of innovative property complex competency development objects» [1-

development complex projects for the master class XVI
International ~ School-seminar "Modern pedagogical
technologies in Education" January 30 - February 1, 2019
p. were presented and investigated jointly with the
seminar audience in the presentations form with the
general theme "Definition and formation of intellectual

4]. The presentation was consisted of the main parts:

1) Complex Properties of Intellectual Property
Objects in the Competency Development System — prof.
Bukhkalo Svitlana Ivanivna, National Technical
University «KhPI», Kharkiv;

© Byxxkano C.I., AreitueBa A.O., Irnin C.I1.,, 'naBuesa F0.M., MipomHiueHko
H.M., OnbxoBeeka O.1., 3inyrriko M.M., Onbxoscbka O.1., 2019

Bicnux Hayionanvnozo Texniunoeo Yuisepcumemy «XI1l». Cepis: Innosayitini
80 0ocnioxcenHs y HayKosux pobomax cmyoenmie, 2019, No 15 (1340)



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

2) Intellectual property peculiarities in education
competence system — docent Ageicheva Anna
Oleksandrivna, Poltava National Technical Yuri
Kondratyuk University, Poltava.

The presented materials are combined with a
common theme technology in education, education
technology and educational technology.

Master class general problem issues [1] include the
notion of "educational technology", which is broader
than "pedagogical technology" (for pedagogical
processes).

Education includes, apart from pedagogical, a
variety of social, socio-political, managerial, cultural,
psychological and pedagogical, economic and other
related aspects. On the other hand, the concept of
"educational technology" refers to all sections of
pedagogy, taking into account technology in education
and technology of education.

At implementation of our complex projects
development in the educational process we have obtained
practical results promoting the development of
intellectual and organizational skills of students who
form the skills of independent, organizational and
collective activities is competence, communication
skills, creativity and personality of the head who
generally contribute to the intensive development of
scientific and technical creativity of graduates, as well as
raising the general cultural level of students.

These are also developments in the field of:

1) detection and development of students' profile
creative abilities, taking into account motivation to
research and development activities;

2) creating the necessary conditions for supporting
talented students; development the criteria for the quality
of training, corresponding to the tasks and requirements
of students scientific research;

3) the development of various forms of educational
technology and the organization of activities aimed at the
development of young athletic skills;

4) building relations with a "clean sheet";

5) research scientific novelty;

6) horizons expansion;

7) different sources usage;

8) applications preparation for international funds
and programs related to the implementation of scientific
developments and university patents;

9) assisting in project applications preparation,
business plans and other documents in the scientific and
technical field;

10) projects, programs, funds, grants monitoring
and studying the possibility of participating at the
university;

11) participation in the creation of partners network
of international organizations on the implementation of
scientific innovation projects;

12) scientists and creative teams attraction for
realization scientific and technical and innovative
developments;

13) interaction ~with representatives of the
authorities in the field of program and project activity;

14) participation of the university in scientific and
technical exhibitions organization, sharing information
related to carried out projects, innovative developments,
technical and scientific achievements in the mass media
[1-3].

The presented work is based on the foundations
choice and the concept methods of complex innovative
projects (Table 1) with the aim of continuous
implementation of the competences system in the
educational process by types:

1) the discipline scope, which is taught at one
department (on the basis of a course project or research
work);

2) several special disciplines scope, which are
taught at one department (based on course papers and
bachelors projects — figure 1);

3) several special disciplines scopes, which are
taught at different departments (based on course papers
and projects of bachelors and masters — figure 2).

If you're an excellent communicator who wants to
work with projects and are ready to enter a highly
competitive industry, it could be your perfect job.

The main factors in the organization of student
training, for example, in complex innovative projects, are
the updating of their components intellectual property
objects.

For example to submit the problem of wastes
utilization and recycling is present as complex research
and analysis of energy- and resource saving processes for
treatment of polymer wastes of various origin [1-5].

Table 1. Fundamentals of complex innovative projects

Stages of the functional scheme of the project

Understanding and analysis — innovative technologies

Analysis of the status of the scientific problem

Search for possible options — investment strategy

Study of accumulated results

Analysis of general and basic regularities

Determination of settlement dependencies

Realization of necessary calculations

Analysis of the results

Entering results into project components

Assessment of technical support capabilities

— | —
ZSlo|o|wa|u|slwiv]|—|Z

Development of innovative technology
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Figure 1. Design technology improvement areas

It is necessary to determine the possibilities for
further development of complex innovative projects:

1) updating of identification and analysis methods,

2) devices and equipment for research within the
framework of complex innovative projects, which is the
main factor determining,

3) the volume and type of intellectual property
objects for the realization of the experimental results,
taking into account the algorithms determined by us.

Figure 2. Techniques for improving design technology

When implementing the latest development in the
educational process, the practical results obtained — the

promotion of the intellectual development and
organizational  students’ capacity, forming the
independent  skills, organizational and collective

activities — is the competence, communication skills,
creativity and personality of the manager, which
generally contribute to the intensive development of
scientific- technical creativity of graduates. [6].

Table 2. General conclusions and recommendations of innovative complex projects

Ne

Stages of the functional scheme of the project

Access to the market of innovative offers and expansion of the sales market

Development of the concept of innovation and execution of research works

Search for optimal components of objects and justification of optimal process parameters

Assessment of technical support capabilities

DN h|WiN—

Assessment of resources and their structure, material costs, economic efficiency
and impact on the environment

Investigation of the features of the developed task processes

Investment strategy for innovative technologies

Project management

Nelio ol BN | Ko

Economic-law, social and environmental support

Table 3. The effect of process parameters on secondary polymer properties in foaming

Characteristic Function
Y Y) =2987,50+237,50x; +362,50x, +337,50x3 +12,50xx, +37,50xx3 —187,50x,x3 +12,50x;x, X3
Y, Y, =44,91+6,58x; +7,27x, +9,45x3 — 0,28x1x, +1,82x1x3 — 5,12x,%3 — 5,22, %3
Y, ¥; = 0,17 +0,0004x, +0,0007x, +0,0009x; +0,0001x,x, +0,00013x,x; — 0000455 — 0,0009:,xx;
Y, Y, =0,280-0,083x; —0,120x, —0,130x; —0,002x;x, —0,007x;x3 +0,050x,x3 +0,073x;x,x3

The problem of wastes utilization and recycling is
present as complex research and analysis of energy- and
resource saving processes for treatment of polymer
wastes of various origin [1-5].

Reserves of cooperation for the further
identification and formation intellectual property objects
of complex competency development are connected with
the introduction into the educational process of partner
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interuniversity relations which enable to obtain positive
results: types growth, quality and quantity of intellectual
innovative products in higher educational
establishments;, quality and quantity of innovations
developed and implemented in practice in the field of
new design and technological solutions.

Examples of innovative complex projects are
developed based on directions and methods of design
technology improvement, taking into account the
conducted complex experiment and calculations in the
course of performing laboratory and practical disciplines.
The implementation of innovative complex projects was
carried out within the range of disciplines in accordance
with the curricula for students of different faculties and
universities [1, 2].

As an example of synergetic approach to polymer
utilization the chemical foaming method of the
polyethylene waste is developed. The experiments to
determine the influence of process parameters on the
characteristics of polyethylene obtained after recycling
process were performed. As the controlling parameters
(factors) are taken: X is the relative amount of foaming
chemicals, %; X, is the temperature of foaming, °C; X3 is
the time of treatment at foaming temperature, min. The
characteristics of the obtained polymer are: Y, is the
number of created cells per 1 sm? of the obtained

Xy

Figure 3: X; =4
Y, =0,280-0,083x; —0,120x, —0,130x3 — 0,002:x,x, —
—0,007xx3 + 0,050, x5 +0,073x;x,x3

polymer cross section; Y is the relative volume of gas
phase in a process of secondary polymer production, %;
Y3 is average diameter of cells; Y4 is the density of
secondary polymer.

The experiments with two level factorial design are
performed at following range of factors: Xio=3 %, A X;
=1 %; X20=170 °C, A X>=10 °C; X3 = 10 min, A X3=
5 min.

The resulting functions are presented in Table 3 and
Figure 3, 4 for

Y, =0,280-0,083x; —0,120x, —0,130x5 —0,002x,x, —
—0,007x,x3 +0,050x,x3 +0,073x,x,X3 '

The investigation are focused in researching such
problems as organization of waste collection,
transportation and identification of wastes according to
adapted polymers classification (Figure 5 and 6);
selection of scientific based methods of wastes to be
utilized or recycled; the development of appropriated
process flow sheets and choice of modifications additives
and equipment for polymers waste recycling as
renewable energy sources.

The choice of appropriate plants with selected
energy resources is very important for projects
realization [6—11].

Figure 4: X; =2
Y, =0,280-0,083x; —0,120x, —0,130x3 — 0,002:x,x, —
—0,007x2x3 + 0,050, x5 +0,073x;x,x3

Figure 5. Functions o, = f(T') dependence and recycled polyethylene with different amounts of gel fraction, %:
1-17;2-34;3-42
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Figure 6. Study and analysis of identification
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Figure 7. Study and analysis of identification
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Figure 8. Editions samples for integrated technology

Dough refers to structured disperse systems, its
rheological properties (Figure 7) depend on the structure
nature, due to the chemical composition, dispersion of
particles and other factors, and determine the technology
features of production of various products. The structural
and mechanical characteristics, in particular, the
viscosity of the conditional resistance, arising in the
product during its machining, and are the initial data in
the equipment design, devices for transportation and the
optimal conditions choice for the processing of masses:
the dough is divided into classes rheological bodies,
which requires the choice of the -corresponding
calculation equation for describing the flow in
technological machines and apparatuses. The rheological
properties of disperse systems are characterized by a
number of constants: the elastic modulus; strength;
plastic viscosity, effective, differential, etc.

Comprehensive  determination of the raw
materials properties by students of participants in
innovation course projects can be presented, for example,
by rheological research to ensure the competitiveness of
raw materials and products in Ukraine and in the world
in accordance with the requirements of international
standards and Ukrainian standards [1, 2]. Thus, the
requirements for innovative course projects have been
developed: experimental researches and complex
analysis of a high-quality flour of four producers
previously investigated by us (Figure 8).

Over 9 years of complex design application in the
series "Innovative researches in students' scientific
works" of the Bulletin of NTU "KhPI" on innovative
themes of projects published more than 50 articles as
project leaders and compatible articles with students
from different universities, courses and faculties [1-3 ],
as well as more than 10 tutorials and textbooks with a
stamp of the Ministry of Education and Science of

Ukraine (Figure 8).

Let us go forth and cooperate accurately,
confidentially, = completely, with integrity and
professionalism.  Projects build bridges between
landscapes, people and history, reveals stories behind the
scenery; and creates memorable and inspiring
experiences.

Conclusions and recommendations.

The main result of the implemented innovation -
the development of new educational technologies for the
organization, execution and implementation of integrated
inter-university innovation design to enhance the
technical creativity of students. The pedagogical
workshop contains the main methodological provisions
of the project:

1) the variability of the task and the operation
results of integrated innovation projects;

2) taking into account technological and other
processes that depend on a large number of factors;

3) key competencies, features of the infrastructure,
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type and status of all project components.
A significant feature of the new educational technology
is the presence of the main specific components of an
optimally organized integrated innovation project as a
new form of learning: a high degree of competence in the
problem of faculty-organizers and, as a rule, there is
sufficient practical and theoretical experience and interest
in the issues solving unusual student problems during
project development; professional methodological
training of lecturers-organizers for the management of a
comprehensive project, a rather high level of
improvisation on the part of students, which necessitates
the teacher's control over the process of obtaining the
final result of the project; The main goals of the teacher's
corrective actions are identification, allocation and
elimination of the real reasons for the discrepancy of the
results obtained in order to refer to the innovative result
in the development of a comprehensive project in
general.

Recommendations for further application are
related to the availability in a higher educational
institution:

e professional and creative decision of scientific,
technical and organizational tasks;

e the possibility of expanding the educational
provision and methodological literature and the
application of technologies for the education
integration and science;

e acquiring  practical
development;

e development of directions and technology of
integrated game design;

o sclection of modern complex objects for
implementation of innovative technology;

e availability of testing and results dissemination in
the form of articles, manuals, patent and licensed
materials in magazines, exhibitions, international
scientific and technical conferences on innovative
methods of teaching and technical creativity of
students;

e improvement of moral and material encouragement
of students and teachers, etc.

The results are implemented in the technologies of
modern high-efficiency methods for the processing of
polymer solid wastes into products in the industry.
Synergy for the formation of secondary polymer raw
materials in the process of utilization-modification can be
considered as the use of the features of chemical
transformations in the polymer, taking into account that
the main segmental movements, diffusion processes and
chemical interactions occur in the amorphous phase of
the polymer.

In complex systems development, project managem
ent is a key factor for innovation, for bringing together sy
stem capabilities to actually working systems and taking
them to the customer. The critical question then is: How
can successful project management in this field be conce

skills in real patent

ptualized, practiced, and understood? In the extant literat
ure, there is a plethora of suggested tools for advanced pl
anning and scheduling, for system decomposition and mo
dularization, and for reducing interdependencies and avoi
ding errors. There is also a growing criticism of these “pl
anning approaches,” suggesting various contingency and
flexibility approaches, to reflect and adapt to complexity
and change. This critique, however, tends to lack ground
ed suggestions for effective managerial practices and doe
s not distinguish between general flexibility needs and sp
ecific project structures required to make complex syste
ms development at all possible [20].

We live in a world of constant changes. Decision making
in public administration is influenced by many factors —
demographic change, climate change, constraints of public
finances, demand for better public services and bigger social
benefits or technological transformation are just some of them.
Many public administrations have come to the point where
there is no easy solution to the problems, and moving on means
structural reforms. We have to make decisions about whether a
public administration has to continue to deliver services itself
directly, should delegate them to the private sector or simply no
longer take responsibility for them. The development of
technology is much faster today than it was yesterday. People
demand better public services that are digitalised, personal and
user-friendly at the same time. It is a major challenge for public
administration to keep up with the pace. In order to do that we
need to be innovative and open to new ideas [21].

If you're an excellent communicator who wants to
work with projects and are ready to enter a highly
competitive industry, it could be your perfect job.

Projects builds bridges between landscapes, people
and history, reveals stories behind the scenery; and
creates memorable and inspiring experiences. Let us go
forth and cooperate accurately, confidentially,
completely, with integrity and professionalism. [17-21].
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