ENGINEERING AND,
INNOVATIVE - 4
TECHNOLOGIES

IS UE N7
Part Nel



International periodic scientific journal
ONLINE

N
N\ www. moderntechno.de

e\

Indexed in
INDEXCOPERNICUS
(ICV: 98.95)

ODERN ENGINEERING AND
INNOVATIVE TECHNOLOGIES

Heufiges INngenieurwesen unaAd
iNnNovative Technologiem

Issue Nel7

Part 1
October 2021

Published by:

Sergeieva&Co
Karlsruhe, Germany



ISSN 2567-5273
DOI 10.30890/2567-5273

Editor: Shibaev Alexander Grigoryevich, Doctor of Technical Sciences, Professor, Academician
Scientific Secretary: Kuprienko Sergey, PhD in technical sciences

Editorial board: More than 230 doctors of science. Full list on pages 4

UDC 08
LBC 94
DOI: 10.30890/2567-5273.2021-17-01
Published by:
Sergeieva&Co
Lupstr. 13

76227 Karlsruhe, Germany
e-mail: editor@moderntechno.de
site: www.moderntechno.de

Copyright
© Authors, 2021



mailto:editor@moderntechno.de
http://www.moderntechno.de/

Modern engineering and innovative technologies Issue 17 / Part 1 (\§

About the journal

The International Scientific Periodical Journal "Modern Technology and Innovative Technologies" has been published since 2017
and has gained considerable recognition among domestic and foreign researchers and scholars.

Periodicity of publication: Quarterly

The journal activity is driven by the following objectives:

e Broadcasting young researchers and scholars outcomes to wide scientific audience

e Fostering knowledge exchange in scientific community

e Promotion of the unification in scientific approach

e Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains
The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best examples of
scientific journalism.
Publications of the journal are intended for a wide readership - all those who love science. The materials published in the journal
reflect current problems and affect the interests of the entire public.

Each article in the journal includes general information in English. The journal is registered in INDEXCOPERNICUS.
Sections of the Journal:

Library of Congress Classification Outline Sections
Subclass TJ/ TJ1-1570 Mechanical engineering and machinery
Subclass TK / TK1-9971 Electrical engineering.
Subclass TA /TA165 Engineering instruments, meters, etc. Industrial instrumentation
Subclass TK /TK5101-6720 Telecommunication
Subclass TK / TK1-9971 Electrical engineering. Electronics. Nuclear engineering
Subclass TN/ TN1-997 Mining engineering. Metallurgy
Subclass TS/ TS1950-1982, TS2120-2159 Animal products., Cereals and grain. Milling industry
Subclass TS/ TS1300-1865 Textile industries
Subclass TK / TK7800-8360 Electronics
Subclass T/ T55.4-60.8 Industrial engineering. Management engineering
Subclass T/ T351-385 Mechanical drawing. Engineering graphics
Subclass TA /TA1001-1280, Subclass TL / Transportation engineering, Motor vehicles. Cycles, Highway engineering. Roads
TL1-484, Subclass TE / TE1-450, Subclass TF / TF1-1620 and pavements, Railroad engineering and operation
Subclass TH / THI-9745 Building construction
Subclass T/ T55-55.3 Industrial safety. Industrial accident prevention

Innovative economics and management, Innovations in pedagogy, Innovative

Additional sections approaches in jurisprudence, Innovative philosophical views
R equirements for articles

Articles should correspond to the thematic profile of the journal, meet international standards of scientific publications and be
formalized in accordance with established rules. They should also be a presentation of the results of the original author's scientific
research, be inscribed in the context of domestic and foreign research on this topic, reflect the author's ability to freely navigate in the
existing bibliographic context on the problems involved and adequately apply the generally accepted methodology of setting and
solving scientific problems.

All texts should be written in literary language, edited and conform to the scientific style of speech. Incorrect selection and
unreliability of the facts, quotations, statistical and sociological data, names of own, geographical names and other information cited
by the authors can cause the rejection of the submitted material (including at the registration stage).

All tables and figures in the article should be numbered, have headings and links in the text. If the data is borrowed from another
source, a bibliographic reference should be given to it in the form of a note.

The title of the article, the full names of authors, educational institutions (except the main text language) should be presented in
English.

Articles should be accompanied by an annotation and key words in the language of the main text and must be in English. The abstract
should be made in the form of a short text that reveals the purpose and objectives of the work, its structure and main findings. The
abstract is an independent analytical text and should give an adequate idea of the research conducted without the need to refer to the
article. Abstract in English (Abstract) should be written in a competent academic language.

The presence of UDC, BBK

Acceptance of the material for consideration is not a guarantee of its publication. Registered articles are reviewed by the editorial
staff and, when formally and in substance, the requirements of the journal are sent to peer review, including through an open
discussion using the web resource www.sworld.education

Only previously unpublished materials can be posted in the journal.

R egulations on the ethics of publication of scientific data and its violations
The editors of the journal are aware of the fact that in the academic community there are quite widespread cases of violation of the
ethics of the publication of scientific research. As the most notable and egregious, one can single out plagiarism, the posting of
previously published materials, the misappropriation of the results of foreign scientific research, and falsification of data. We oppose
such practices.
The editors are convinced that violations of copyrights and moral norms are not only ethically unacceptable, but also serve as a
barrier to the development of scientific knowledge. Therefore, we believe that the fight against these phenomena should become the
goal and the result of joint efforts of our authors, editors, reviewers, readers and the entire academic community. We encourage all
stakeholders to cooperate and participate in the exchange of information in order to combat the violation of the ethics of publication
of scientific research.
For its part, the editors are ready to make every effort to identify and suppress such unacceptable practices. We promise to take
appropriate measures, as well as pay close attention to any information provided to us, which will indicate unethical behavior of one
or another author.
Detection of ethical violations entails refusal to publish. If it is revealed that the article contains outright slander, violates the law or
copyright rules, the editorial board considers itself obliged to remove it from the web resource and from the citation bases. Such
extreme measures can be applied only with maximum openness and publicity.
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Abstract. Free Space Optical communication has gained significant importance in the present
times due to its widespread uses and advantages over traditional telecommunication techniques.
For further advancements in this field, it is important to develop techniques that can estimate the
amount of cosmic radiations and their influence on signals when they are in transmission. The
article discusses the philosophy of reverse engineering of noise tapping filters in Free Space
Optical Communication systems to suggest methods to measure the cosmic radiations effects
present in the signal. The article, in detail, discusses two specific algorithms which deal with
processing the received signal in either pixels or bits. The processed signal is then compared
against reference values to get an estimate of the cosmic radiations in terms of cosmic noise. The
estimated result thus obtained can be utilised for developing more refined techniques in the future.

Key words: Free Space Optical Communication, cosmic radiation, cosmic noise, spatial
filters, reverse engineering, received signal processing, message pixels, ideal pixels, correction
factor, gamma radiations.

Introduction.

The advent of optical communication revolutionised the field of
telecommunication. It speedily overcame the issues posed by Radio Frequency (RF)
communications by eliminating the restriction of spectrum usage. Further research in
the same led to the development of “Wireless Optical communication” (WOC). WOC
utilises optical carriers, travelling in free space to transmit information, without the
need of wires or cables. Depending on the range and location of usage, WOC can be
classified into indoor and outdoor systems. Outdoor WOC is better known as Free
Space Optical communication (FSO). FSOC attract a lot of attention due to their high
sensitivity, ability to transmit large amounts of data over longer distances and better
receiver capacity. Despite being the possessor of a large array of advantages, FSOC is
quite vulnerable to a number of factors due to its non-dependence on a guided
channel. It is highly sensitive to atmospheric turbulence, mitigation and alteration due
to background radiations etc. Although the background radiations can be reduced
using optical filtering, the signal itself can be affected by the radiations while in
transmission and therefore it has become extremely important to develop methods to
optimally measure the amount of radiation present in the received signal so that steps
can be taken for its reduction to preserve signal quality. The attenuation and the
influence of the cosmic radiations is observed as cosmic noise on the receiver end.

The optimal methodology to estimate the amount of cosmic radiation is by
analysing the received signal against an ideal signal profile and taking into
considerations all criterions for attenuation other than radiation effects. The net
difference can give an approximate value of the cosmic radiation and its effect. This
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approximate value can then be refined and used for further iterations. In real life, the
cosmic radiation effects, known as noise, are mitigated using spatial filters along with
modulation techniques. The theory of these filters can be used to calculate the actual
amount of radiation by simple extrapolations and reverse engineering. Several
algorithms have been developed to carry out these procedures and are discussed
further in this article.

e Estimation processing the received signal in pixels: -

An algorithm was developed by Dr Goyal Himani Sharma and George Yuvaraj
to reduce cosmic noise in FSOC signals. This method made use of the technique of
processing the received signals in pixels.

Assumptions: - The algorithm was developed with certain assumptions to
simplify the math related to the FSO communication system.

1. The communication in study would be terrestrial or extra-terrestrial.

2. The system was assumed to be free of all turbulence mediums other than

cosmic radiation.

Requirements: -

1. FSO system with transmitter and receiver (a camera in our case) within range.

2. Memory and control unit.

3. Reference values (ideal signal)

Once the signal is received, the data packet is processed and corresponding RGB
colour codes are obtained. Now the pixels for sampling are selected

1. Message Pixels: - These pixels are the ones that have been processed from the
received signal and contain the cosmic noise. The mean average of these pixels
gives the received signal, i.e., if we consider the RGB code of a particular pixel
as (ax, by), where the RGB code is designated in coordinate system with
corresponding pixel notation and the mean value is stated as S¢. Now if 1*j is
the number of pixels sampled and the numerator represents the algebraic sum
of RGB values for all the pixels in 1*j, then

apbj+..apbiyg+agy,bjotaib;

i X ]

sz

If there are more than one signal or bit being transmitted as a packet then St can
be managed as a range of average values.
2. Ideal Pixels: - These are the pixels which do not carry any message but can
provide information pertaining to cosmic radiation is when processed. Similar
to message pixels, their mean value gives I¢

Eﬂf.bf+...ﬂf.bf+l...+af+l.bf...+ﬂj.bj

I. =
f iXj
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Although not mandatory, it is recommended to have ideal pixels which have a
RGB value of around [255-255-255] since this colour code reflects the entire visible
spectrum. It simplifies and aids the detection of cosmic noise in the message pixels.

Now, reference values are included in the processing. Reference values (I;) are
predetermined RGB values with tolerances for the message or ideal pixels.

A correction value for message pixels is computed as the difference between the
reference values and the ideal pixels.

Finally, the corrected signal is obtained by combining the correction value to the
message pixels. The algorithm developed by Dr Goyal Himani Sharma and George
Yuvaraj computed this corrected signal with noise tapped out. Hence, we can
modulate this algorithm to equate the cosmic noise to Cs.

Thus, the algorithm estimated the cosmic radiation in the received signal by
processing the signal in terms of pixels.

. Start process

. Rx Images

. Choose appropriate sampling coordinates(a;,b;)

. Convert pixels into RGB colour codes using image processing
. Memory Unit Sy & I¢

. G = Iz — I,.; where I, is the predetermined reference value.

. Scorrected +—S¢+ Cy
. C¢ gives an estimate of cosmic noise.
. End Process.

O 001 ON L B~ W —

e Estimation processing the received signal in bits: -

Another method for estimating the cosmic radiation can be by processing the
received signals in bits instead of pixels. The algorithm was developed to measure the
influence of gamma radiations specifically, on the transmitted signal in FSOC.
However, the crux of this methodology can be used to measure the effect of generic
cosmic radiations which can then be compared against theoretically computed values
to estimate the amount of radiation as noise.

The algorithm goes as follows:
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9.Generating random channel
models

|

10. Converting a case into a chisel to a
channel atering coefficient; turbulence and
guiding error

!

11. Fog/smoke, geometrical parameters,
ambient light and various losses

A

12. Effects of radioactive radiation

/

1. Generating

random binary bits

|

2. Converting binary bits to an
electrical signal

/

y

3.Convert the electrical signal into
an optical signal

4. Modeling the
characteristics of the

Y

AOLZ signal channel

5. Convert the received optical
signal into an electrical signal.

|

6. Add gauss noise to the
electrical signal

!

7. Converting the received electrical
signal into binary bits

8.Performing an
analysis

[ END ]
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Summary and conclusions.

The importance of the knowledge of cosmic radiation in relation to free space
optical communication was discussed in this article. The estimate of radiation was
made in proportion to the amount of the noise present in the received signal. Two
specific algorithms were discussed which dealt with extrapolating noise reduction
methodologies to actually estimating the amount of cosmic radiation affecting the
signal. The methodologies differed in how the received signal was being further
processed- one in terms of pixels and other in bits.

It is clear that FSOC is the technology of the future and in-depth study of cosmic
radiations pertaining to the same is of utmost importance for further developments.
There is immense scope for the refining of the crude algorithms mentioned in this
article and hopefully, these algorithms will pave the way for more advanced
technologies.
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IN SUPERHARD CERAMICS DURING VIBRO-MAGNET-ABRASIVE

TREATMENT
I'JIMBUHA BITPOBAI’KEHHSI PI3AJIbHOI YACTUHU ABPA3ZUBHOI'O 3EPHA Y
HAATBEPAY KEPAMIKY I1PU BIBPO-MATHITO-ABPA3SUBHIOMY OBPOBJIEHHI
Burlakov V.I./Bypaaxos B. 1.
c.L.s., as.prof. / K.m.u., 0oy.
ORCID: 0000-0002-1826-6486
Priazovsky State Technical University,
Mariupol, Universytetska, 7, 87500
Tlpuazoscvruii OeporcasHuti mexHiyHUL yYHigepcumem,
Mapiynons, Yuieepcumemcwoka, 7, 87500

AHnomauia Y cmammi po3eisaHymo NUMAHHS 6UBHAYEHHs 2AUOUHU PI3aHHSA Npu 00poOaeHH]
HAOmMeepooi Kepamiku y 6LIbHOMY abpaszusi, a came, Npu GiOPO-MACHIMHO-AOPAZUBHOMY
00pobnenni. Iliokpecneno, wo NUMAHHA BUSHAYEHHS 2NUOUHU DPI3aHHS O BIOPO-MASHIMHO-
abpasusHoeo 0OpobaeHHs Ha0Meepooi Kepamiku supiuieno enepute. Pozensnyma cxema cui, wo
enIuBae Ha abpasueHe oOuHuyHe 3epHo. Hasedena cxema po3paxyuwky eauOuHu pi3aHHA Npu
MAcHIMHO-abpa3usHoMy 00pobneHHi. Posensinymo npoyec naacmuyHnoi oegpopmayii y Haomeepoiil
Kepamiyi, sika 8UeomosieHa Ha OCHOBI Kybiuno2o Himpudy oopy. Haoana xapaxmepucmuxa WEB-
opienmosanoi cucmemu pospaxyuky. Came Ha OCHOBI MaxKoi cucmemu NpPo8eOeHi PO3PAXYHKU
2NUOUHU pi3anHs HAOmMeepooi kepamixu. Ipaghiuno O0osedeno 30inbulenHs 2MUOUHU DPI3aHHS B8i0
3POCMAHHA 6ETUYUHU MASHIMHKO2O0 NOJIA.

Kniouosi cnosa: abpaszuene 3epHo, 00poONIOBATLHA NOBEPXHS, 2HUOUHA BNPOBAONCEHHS.
3epHa, niacmuyna Oeghopmayis, Haomeepoa Kepamika, memoo WEB-opienmosanux cucmem
po3paxyukie, gekmop biopeepca, cuna pizanns.

Beryn

I'muOuHa BOpPOBaKEHHS pi3ajbHOI YAaCTUHM 3€pHA B HAATBEPAY KepamMmiKy
BU3HAYAETHCS MPYKHO-TUIACTUYHOIO  JepopMmalriero  oOpoOIIFOBAaHOTO — MaTtepiary
CUJIOI0 TIPUTHUCKY abpa3uBy 10 OOpoOJIIOBAHOI IMOBEPXHI 1 4YacoM [ii 3epHa Ha
0o0poOmoBaHuil Matepiai. Y CTaTTi pO3MISIHYTUNA MPUKIIAJ] BIPOBAKEHHS Pi3aibHOI
YaCTUHU 3€pHa MpH BIOPO-MarHiTHO-aOpazuBHIM 00poOIl B MOBEPXHIO 3aroTiBIl 3
HaaTBEpAOi Kepamiku. B sxocti oOpoOiroBaHoro matepiamy oOpaHa HaaTBepaa
KepaMika Ha OCHOBI KyOiuHoro Hitpumny Oopy (KHB). IlouaTtkoBor MIOPCTKICTIO
oOpoOmroBaHoi moBepxHi HexTyBanu. Cwia pi3aHHs, NMPUKIageHa J0 3epHa, P, =
0,0029 H. Paniyc pizansHoi yactuau 3epHa r = 0,01 mm. JIyisi BU3HaUYeHHS TMOWHA
BIIPOBA/KEHHS p13aJIbHOI YAaCTHMHM 3€pHa B KepamiKy BHKopucTaHuii meron WEB-
OpPIEHTOBAHUX CUCTEM PO3PaxyHKIB.

OCHOBHUII TEKCT

3arajbHOBIZIOMO, 1110 TIPOIIECH 1 MEXaHI3MHU IJIACTUYHOI JAedopMaliii B MeTanax
710 TENEepIlIHbOI0 Yacy JOCUTh A00pe BUBUEHI. [ KepaMiuHUX MaTepiajiB B IbOMY
BIJIHOIIEHH] iICHY€ MPAKTUYHO MPOTUJIekKHA cuTyauis. TUIbKUA AesKi BIIOMOCTI MPO
IJacTUYHy AedopMallilo B KepaMikax, OTPUMaHUX, TOJOBHUM YMHOM, Ha OCHOBI
rasioredigiB ayxaux metaniB (NaCl, KCI, LiF) i okpemux okcunis (MgO, Al,Os),
y3arajabHeHi B podoTtax [1—2].
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B minomy, dparmenTaiis 3epeH B KepaMIYHHUX MaTepiaiaxX, BH3HAdYyBaHa
MJIACTUYHOIO JehOpMaIli€ro, MOKe TIPOXOIUTH TAKOXK 1 32 PaXyHOK TaKOTO IPOIIECY,
Ak nedopmaiiiina 00poOka B yMOBaxX IHTEHCUBHOI IUTACTUYHOI AepopMariii.

[Iporiec yTBOpEHHS €JIEMEHTY CTPY>KKM MOXHa pO3JUIMTA Ha Tpu eramu. Ha
nepuoMy erarni BiA0yBa€eThCs Mpy>KHA 1 IIacTUYHa fedopmaliis; MaiiOyTHIN eJIeMeHT
CTPY>KKH 3MIIIHIOETHCS B 30H1 CTPY>KKOYTBOPEHHS.

Po3BuTok mmactuunoi medopmariii B kepamiili BiiOyBa€ThCS TaK caMo, SK B
MeTalli, TOOTO HUISAXOM MEpeMilleHHs TUCIOKallii. BaxkkicTh KOB3aHHS 1 BU3HAyae
TBEPJICTh 1 KPUXKICTh KepaMiku. IIIBuakicTs Aedopmariii mponopiiiiina npukiaaeHii
Hanpy3i. [lig giero 10KIaaeHOro 30BHIMIHBOTO 3YCHUJIISL aTOMU KOB3alOTh OJUH IO
OIHOMY 1 pPYHHYIOTh MiIXaTOMHI 3B's3kd. [Ipu 1pomMy He iCHye SIKOro-HeOynb
MEPEBAKHOTO HAMPSMY, B SIKOMY IIEH MPOIIEC Peai3yeThCsl.

JIJist 3HMOKEHHS Yacy po3paxyHKiB OyJIO pO3IVISIHYTO PIlLIEHHS 3a/1adyl piBHOBAru
3epHa MiJ JI€I0 CUJIM PI3aHHS 1 TUCKY HA HOTO pi3alibHy YacTHHY - pUCYHOK 1. [Tpu
BIIPOBA/HKCHHI 3€pHA Ha TTTUOMHY ¢ KOOPIMHATA X * BUBHAYAETHCS PIBHSIHHSIM:

X*:_VJ'TZ - (T_sz = \,-"If[:ZT—f) (1)

\ 7
i
Pucynok 1 - Cxema cuJ1, Ail04uX NPHU BIPOBAKEHHI Pi3ajbHOI0 3epHa

Aemopcwvka pospodka

ne F, — cuna TSOKIHHS,
Finep — cuna Teprs;
Pin — IMITYJIBC CHJIH, TIOB’SI3aHUM 13 BIOPOTIPUCKOPEHHSIM;
At — 4gac aii IMITyJibCy;
Fyc — MartiTHa cunia, sika BUOy/I0By€ CTOBITUMKH IHCTPYMEHTY;
['mubuHy BHpOBAa/KEHHS 3€pHA B KEpaMiKy Y3[OBX OCI z BHU3HAUUMO 3
PIBHSIHHSL:

Z =1t T — X% —y? )

Ha moBepxHIO 3epHa i€ cuia, MO MEPEIIKOKae MPOHUKHEHHIO 3€pHa B
KepaMmiKy, 3aJIe)KHa BIJ IIACTUYHOI JedopMaliii mpu BTUCKYBaHHI aOpa3WBHOTO
3epHa Goo. BexTop Aii cuam 3HaXOAUTHCS 1] IEBHUM KYTOM JI0 OCI Z:
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| ]‘-2 _xz _-L.-

cosy =1 ~ = 0.667 (3)

y = 48°
JInst po3paxyHKy CHWIM, IO [I€ Y3A0BXK OCI Z, MOTPIOHO 1€ 3HAYCHHS
MMOMHOKHUTH Ha Sin y:

0X,y)=6oo'siny = 0.743- (4)
ooo= Moub.[p4 (5)

e M — MOMEHT HanpyTH miactTuyHoi nedopmartii [5],
o= 0,27 - mocriiina [6],
L - MOAYJTb 3CYBY JIUISI HATBEPAOI KEPAMIKH;
b - Bektop broprepca (koB3aHHsS AuUCIOKaIii BigOyBaTUMEThCS y Oa3HCHIii
JIOIIMHI 3 BEKTOpOoM broprepca, 1s cuctemMa KOB3aHHSI CTIOCTEPITa€ThCsI 4acTo);
Pd - MIUTBHICTD JUCIOKAIIIH.
Jl1s mepexoty 10 CUIIK pi3aHHS HEOOX1AHO MPOIHTETrpyBaTu BUpa3 (4):

F=4f7 [ 0.(xy)dxdy (6)

OTpumaHi BHpa3W MOXKHA BHKOPHUCTAaTH JUISl BU3HAUCHHS TJIMOMHH
BIIPOBA/DKCHHS 3€pHA TiJ €0 CWIM pizaHHs. J[JIsS 1IbOro HEOOXIJHO BUPIIIUTH
PIBHSIHHSL:

F(t) =P.= P.,+ P.,

ne P.,— cyma cuil, siKi AIFOTh IPU PyCl B HAPAMKY CHJIH TSKIHHS;
P - cyma cun, K1 A1I0Th IPU PyCl MPOTH HANIPSIMKY CHJIN TSDKIHHSL.

Pospaxynok mpoBoguBcs 3a gpomomororo  WEB-opieHTOBaHOI  cucTemu
PO3paxyHKy TJIMOWHU pi3aHH.

Beb-opieHTOBaHa cucTeMa € KIIE€HT-CEPBEPHUM 3aCTOCYBaHHSM, B SIKOMY
KIIIEHTCbKY YacTHHY peaiizye Opaysep, IO 3AIMCHIOE Miaior 3 KOPHUCTyBayeM 1
BiloOpakeHHs 1HGoOpMallii, a cepBepHy yacTuHy - WEB-cepBep 1 cepBep 10AaTKiB,
SIK1 peali3yl0Th OCHOBHY JIOT1KY CUCTEMHU. Y HACIJIOK OOMEXeHO1 (PYHKIIIOHATBHOCTI
KJIIEHTA, MOI0HY pealli3allifo CHCTEMH YacTo 1€ Ha3UBAaIOTh TOHKUM KIJIIEHTOM.

besnepeunumu nepeBaramu WEB-opieHTOBaHOT ccTeMU € HACTYIHI (PaKTH:

Kpocnramgpopmenicmos. B sikocTi KiieHTa, K BKe OyJI0 BIIMIUEHO BHIIIE,
Buctynae WEB-Opayzep, a 1ie o3Hadae, mo ajig poOOTH 3 CUCTEMOIO MOTPIOHMI
TUTBKY IHTEPHET-0pay3ep, KUl BXOIUTh JI0 CKJIaay Oy/Ib-SKOi onepariiiHol CUCTEMHU.
OnHoByIeHHS 1 CyNpoBia Opay3epy JeXKUTh Ha MOro po3poOHMKY. BpaxoByrouwm, 110
HUHI Opay3epu HE 3alie’KaTh BiJ] KOHKPETHOI OMEpaIliifHOi CUCTEMH KOPHUCTYBaua,
WEB-opieHTOBaHI CHUCTEMH MOKHAa CMIJTMBO Ha3BaTH KpOCMIATHOpMEHUMHU (UH
MDKIIIATHOPMEHUMH ).

Mobinvnicms. IlpaitoBaTé 3 CHCTEMOIO MOXKHA, 3HAXOIIYUCh Y OyAb-SIKOMY
Mmicail, fe € [aTepHeT 1 3 Oyap-sIKOT0 MPUCTPOIO, B AKOMY € 1IHTEpHET-Opay3ep. Takum
YHHOM, KOPUCTYBa4(KITi€HT) HE OOMEKEHHII BUMOTAMH JI0 allapaTHO1 YaCTHHHU.
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Hwusbka cykymHa BapTicTh BojoaAiHHA. BapricTh BononinHas WEB-opieHTOBaHOI0O
CUCTEMOIO (DaKTHYHO TIOMIIIEHa B PO3POOKY, MIATPUMKY 1 PO3BUTOK CEPBEPHOI
gactuan (WEB-cepBepa 1 cepBepa J04aTKiB) 1 BOJOMIHHS CEpPBEpOM Oa3HM JaHUX
cucteMu. BapricTh cuctemu ymnpaBmiHHS 0azamMu JaHUX 3aJ€KHTh BiJl BHOOPY
TexHoJjorii po3pooku WEB-3acTocyBaHHS.

3a pesyabTaTaMd pPO3PaxXyHKy OTPUMAHO Tpadik 3aeKHOCTI TIUOMHU
BIIPOBA/DKCHHS 3€pHA aOpa3wuBy Yy TOBEPXHIO HAATBEPAOi KEpamikd Bid, B
OCHOBHOMY, CHJIM MAarHiTHOTO TIOJIS, SKE JO0Ja€ >KOPCTKOCTI 1HCTPYMEHTY,
MPUTHUCKAHHS 1THCTPYMEHTY JI0 3arOTIBKU Ta CUJI, TIOB’3aHUX 13 BIOPOIPUCKOPEHHSIM.
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Homep gocnigy

PucyHok 2 — 3aj1esKHICTh IJIMOMHY BIPOBAKEHHS Pi3aJbHOI0 a0pa3uBHOIO
3epHa Y MOBEPXHIO HATBEP/I0i KePaMiKM BiJl YMOB €KCIIEPHMEHTY.

AHaNI3yI04YH 3aJ€XKHICTh, € MOXJIUBICTh YITKO 3a3HAYUTH 3POCTaHHS TIHOWHU
pi3aHHs BiJl 3pOCTAaHHS BEJIMUYMHU MArHiTHOTO TOJISL.

[muOuHa pi3aHHs { BXOAUTH TiIBKU B MEXI iHTErpyBaHHs Yepe3 KOOPAMHATY X .

OO0roBopenHst

Po3rnsnyTi miaxoau A BUHAYCHHs TIMOWHU BIPOBAHKEHHS 3epHaA aOpa3uBy
B HaATBEPY KEPAMIKy TO3BOJSIOTh PO3PAXOBYBATH LII0 BEIMYUHY BiJl BIACTUBOCTEH
Marepiajly 1 mapameTpiB pexumy pizanHs. Merogq WEB - opientoBanoi cuctemu
PO3paxyHKIB Ja€ MOXKJIMBICTh PO3PaXOBYBATH TJIMOWHY pi3aHHS MPU BIOPO-MarHiTHO-
abpa3uBHOMY OOPOOJIEHHI.

BucnoBku

BukopucroByroun meton WEB-opieHTOBaHOI cHCTEMU pO3paxyHKiB, BIEpIIE
OyJna oTpuMaHa MOXJIMBICTh PO3PaxXyBaTH TIMOMHY BIPOBAKEHHS P13aJIbHOTO 3epHA
y HAATBEPLY KEPaMiKy.

Meron  WEB-opienToBaHOoi  cuCTeMH  PO3paxyHKIB  Ja€  MOKIIUBICTH
IPOrHO3YBaTH BEIMUMHY 3’€My MaTepiandy B 3aJI€KHOCTI BiJ CUJIM MarHiTHOTO TOJIS
Ta BIOPOMPUCKOPEHHS.

BusiBneHo, mo mnpu 301IbIIEHH] BIUIMBY MAarHiTHOTO TMOJISI Ha OOpOOJICHHS
30UTBITY€ThCS TIIMOMHA BIPOBAKEHHS P13aJbHOTO 3€pHA B HAATBEPAY KEPaAMIKY.
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Abstract The article discusses the issue of determining the depth of cut when processing super
hard ceramics in a free abrasive during vibration-magnetic-abrasive processing. It is emphasized
that the issue of determining the depth of cut for vibration-magnetic-abrasive machining of super
hard ceramics has been solved for the first time. The diagram of forces, which affects the cutting
abrasive single grain, is considered. The scheme for calculating the depth of cut for magnetic
abrasive machining is presented. The process of plastic deformation in super hard ceramics based
on cubic boron nitride is considered. The characteristics of the WEB-oriented calculation system
are given. It is on the basis of such a system that the calculations of the depth of cut were carried
out for abrasive machining of super hard ceramics. The increase in the depth of cut from the
increase in the magnitude of the magnetic field is graphically proven.

Keywords: abrasive grain, processed surface, depth of grain penetration, plastic deformation,
super hard ceramics, method of WEB-oriented calculation systems, Burgers vector, cutting force.
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Abstract. The calculation model of a rotary kiln was developed. The stress-strain state and
temperature distribution with taking full account of the structural elements and the various physical
and mechanical properties were defined. The numerical experiment to simulate a variety of
installation of riding ring’s options and thrust mechanisms was carried out. The calculation results
were analyzed and then technical solution was suggested to reduce the amount of stress in the
refractory units and to increase the resource utilization of riding ring up to 35-57%. Due to the
optimal placement of the thrust rollers, bending of the axis of the drum rotation in the rotary kiln is
reduced, which increases the reliability of the riding ring’s use and has a positive effect on the steel
shell and the firebrick lining.

The results can be used to design new equipment and to improve the existing equipment. This
will increase the operational life of the riding ring, the steel shell and the firebrick lining, extending
its lifetimes.

Keywords: rotary kiln, riding ring, steel shell, firebrick lining, thrust mechanism, roller,
stress, operational life.

Introduction.

Rotary drum-type heating units - rotary kilns, are widely used in many
industries, where they are used as the main devices in the processing of raw
materials. However, they are most widespread in the building materials industry,
where, in the overwhelming majority of cases, they are the main machines in the
technological line [1].

The efficiency of using rotary kilns largely depends on the rational use of fuel
and the correct choice of structural elements that must ensure reliable operation of the
heating unit. An important indicator of the quality of work is the reliability and
durability of the work of the support mechanism together with the band, which take
all the loads from the mass of the furnace, reaching several thousand tons for certain
types of furnaces.

Numerous studies have been devoted to solving this problem, in particular [2-5].
However, the known mathematical models and algorithms are not complete, since
they do not take into account a number of such important factors as the design
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parameters of the furnace, taking into account not only the metal body but also the
lining, and the effect of temperature exposure. Taking these factors into account
makes it possible to implement a systematic approach to the analysis of the behavior
of machines and structural elements in various operating modes and to make a choice
of rational parameters of their operation, since high power, significant dimensions
and high temperatures make it difficult to study these processes in real production
conditions.

In connection with the development of industry, the importance of the rational
use of energy and raw materials is increasing, which requires special measures to
improve their reliability, safety and durability. Therefore, the work on the
development of a support mechanism with an increase in the resource and durability
of the support rollers is an extremely urgent task.

The purpose of this work is to develop a technical solution that contributes to -
reducing the curvature of the longitudinal axis of the drum when changing the
direction of the load on the support device, increasing the service life and reliability
of the tire, body, lining and increasing their service life. For this, it is proposed to use
an improved support mechanism, the efficiency of which is higher than the existing
ones, which opens up broad prospects for its implementation in the technological
process.

Formulation of the problem. On modern rotary kilns, bands welded into the kiln
body are often used, as this greatly simplifies debugging and repair, but increases
operational requirements, non-compliance with which leads to increased wear and
can cause an emergency stop.

The design of the proposed support mechanism and band is shown in Fig. 1.

Fig. 1 - Supporting device for a rotating drum.
1 - support frame, 2 - hinge, 3 - balancer, 4 - support rollers, 5 - bandage,
6 - longitudinal rods, 7 - coupling,
a, B - contact angles of the bandage with the rollers
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Reducing the magnitude of internal stresses and ensuring their uniform distribution is
achieved by installing pivotally fixed balancers with thrust rollers in the support
device, the position of which is determined by the angles of installation o and 3. The
specified technical solution provides a more uniform distribution of loads around the
circumference of the band.

To determine the operability of the proposed support mechanism, the stress-
strain state of the rotary kiln was investigated with a comprehensive account of all
force factors of the load, including the support mechanism and the lining. A thermal
and mechanical calculation of the basic and modernized structure was carried out, the
reduced, thermal and mechanical stresses were determined, the possibility of
improving the support mechanism from the point of view of resource and energy
efficiency was numerically substantiated.

Mathematical model.

To solve the problem of calculating temperature fields and thermomechanical
stresses in the body of a rotating heat apparatus, the integrated VESNA system was
used, developed at the Department of Chemical, Polymer and Silicate Engineering of
the Igor Sikorsky Kyiv Polytechnic Institute [6]. The specified system is intended for
modeling hydrodynamic, thermal processes and performing strength calculations
using the finite element method (FEM). The system takes into account the processes
of linear and nonlinear deformation of spatial combined systems made of isotropic
and anisotropic materials.

To simulate the stress-strain state (SSS) of the investigated structure, which is
under the influence of external forces and uneven temperature fields, the general
relations of the mechanics of a deformable solid were used [3, 4, 7]. When solving
stationary problems of thermomechanics of solids, the temperature and all parameters
of the SSS are independent of time. In this case, the general system of equations is
simplified and divided into two subsystems, which are solved sequentially:

thermal conductivity in the form

and thermoelasticity

ij i
where O/ stresses are expressed through displacements, respectively ¥ | in ratios
and values of temperature T obtained from (1).

In this paper, a 4.0x60m rotary kiln with a welded rim is considered, the
structural elements of which are shown in Fig. 2.

B3

Fig. 2. Design scheme: B1, B2, B3 - rotary Kkiln tires
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The main loads are the dead weight of the furnace body, lining, rims and drive
gear. The calculations took into account that the furnace is not only a supporting
structure, but also a thermal unit, the strength of which is greatly influenced by forces
arising under the action of uneven temperature fields that cause corresponding
thermomechanical stresses. The effect of the material processed in the kiln is not
taken into account, since its weight is 4-5% of the total weight of the rotary kiln.

To take into account the support mechanism, additional fragments are
introduced into the calculation that simulate the support, which does not allow the
band to move along the normal.

The temperature of the gas flow inside the furnace, obtained from experimental
studies, is set according to the graph in Fig. 3. The heat transfer coefficient to the
external environment from the body and tires is determined by the empirical
dependence [1, 3]

aoc = 3.5+0.062 tk, where tx external temperature of the furnace body.

T,°C
2000
1750 :
1500
1250
1000 +
4
750
500
250
0
0,00 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00
The relative length of the kilr

Rice. 3. Temperature of the internal gas flow

To determine the efficiency of the supporting structure, various options for the
location of the support rollers were simulated. Installation angle changed

a=10° 20° 30° 40° B = 10° 20°, 30°, 40°, 50° (Fig.1).

Results and discussion.

The external temperature of the furnace body, according to the calculations
obtained, is shown in Fig. 6.

From the data obtained, it can be seen that the maximum temperature of the
body is 266 °C and is in the firing zone of the material. The minimum on the band B3
1s 193°C.

The results of calculating the displacement, with the coefficient of deformation
K =200, are shown in Fig. 4. The maximum value in the vertical direction is 13.5
mm, in the longitudinal direction 130.8 mm.

To analyze the performance of the structure, according to the energy theory of
strength (Mises criterion) [8], reduced stresses are determined, which, for the furnace
body, are shown in Fig. 5. The abscissa shows the names of the fragments and the
numbers of the finite elements.
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Fig. 6. Outside temperature of the furnace body
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Fig. 5. Reduced stresses in the rotary kiln body

It can be seen from the graph that the maximum local stresses in the body arise
in the zones of the installation of the tires and are, respectively, equal to 31 MPa, 41
MPa and 21 MPa.
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The stresses arising in the bands are shown in Fig. 7 taking into account the
stresses on the outer and inner layers of the structure. The maximum in the B1 band is
43.4 MPa, in B2 - 59.3 MPa, B3 - 36.4 MPa. The unequal values for the bands are
explained by different temperature conditions in these areas, and, accordingly, by
different voltages.
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Fig. 7. Reduced stresses of the rotary kiln shroud

Significant thermal stresses in the band are explained by the large temperature
gradient arising due to sufficiently intense cooling by the environment. Therefore,
significant temperature gradients arise in the band and, accordingly, the furnace body,
which cause compressive thermal stresses that negatively affect the band, body and
lining of the furnace, which lead to their premature destruction and unreliability in
operation.

When carrying out a numerical experiment for the support device, various
options for the location of the support rollers were simulated, the influence of their
number and the angle of attachment, relative to the tires, was investigated. As a result
of calculations, it was found that the smallest of the given stresses are observed when
the support rollers are installed at an angle o = 10°, B = 50°. In this case, the graph of
reduced stresses for the tires is shown in Fig. nine.

As follows from the calculations, the proposed option for the location of the
support rollers reduces the maximum stresses, normalizes and distributes them more
evenly between the surface of the band and the rollers.

To determine the service life of the equipment, it is necessary to take into
account that the ultimate strength of the material is significantly higher than the
permissible stresses [Gw] = 380-420 MPa, therefore, the determination of the service
life is possible by the methods of assessing low-cycle fatigue. To do this, we will use
the well-known dependence [7, 8]:

G,N* = const, 3)
where G, - is the voltage amplitude; p - exponent; N- is the number of cycles to
failure.
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. 9. Reduced stresses in tires (o = 10° § =50°)

The p and const values are determined from the characteristics of the material.

The exponent for most metals is # = 1/2 [8] . If we take into account that the material
from which the bandage is made does not change, then we can write down:

Gf~N{‘:Gj-N§‘, 4)
or

1

— 6 u
N2_N1(Ga/G5)'L, 5)
The amplitude and average cycle voltage are determined from the dependencies:

Gmax — Gmin Gmax + Gmin
Ga = —’ m = L

2 2 6)

where Cm>Omn _ maximum and minimum cycle voltage; b, y - basic and improved

models, respectively.

Considering that the service life is determined taking into account the stresses in
the outer and inner fibers of the band, and for the basic model it is 15 years, then we
calculate the values given in formulas (3) - (4). The calculation results, based on the
mean integral values and, are presented in the table.

Table
Service life of the rotary Kiln shroud after complex modernization
Bandage G.. | Gn, G, 168 p ( N, T Resource | A Resource

MPa | MPa | MPa | * " % \N,) | work,year | year
B1 inside 2,93 | 521 | 3,62 | 6,52 1,52 22,82 7,82
B1 outside 11,13 13,51 13,45| 19,74 | 1,46 21,88 6,38
B2 inside 2,76 | 7,10 | 3,86 | 9,39 1,96 29,35 14,35
B2 outside 17,31[19,46 20,08 | 27,62 | 1,35 20,19 5,19
B3 inside 1,70 | 4,23 | 2,25 | 5,30 1,74 26,04 11,04
B3 outside 9,44 113,19]11,84| 16,64 | 1,57 23,59 8,59

ISSN 2567-5273 22 www.moderntechno.de



Modern engineering and innovative technologies Issue 17 / Part 1 é

Thus, according to the results shown in the table, it is envisaged to increase the
service life by at least 6.9 years for the B1 band (Fig. 2), 5.2 years for the B2 band
and 8.6 years for the B3 band.

The analysis of the average cycle stress is also an important factor, as the
furnace is operated continuously with an annual utilization rate of 0.94-0.96.
Therefore, within one year, it experiences about 500 thousand such alternating cycles
of stresses and deformations. The relative decrease in the average cycle stress in the
basic and advanced tires 1s determined by the dependence

y o
100(1 ZG‘“/Z Gm), and is for the band B1 - 33.14%, B2 - 32.04%, B3 - 26.13%.

The data obtained confirm the resource efficiency of the considered support
mechanism and make it possible to directly implement it in the technological process.

Conclusions.

The used method and calculation algorithms make it possible to determine the
stress-strain state of rotary kilns, taking into account the action of gravitational forces
and thermo-force loads in an integrated setting, which makes it possible to detailed
modeling and study of the rotary kiln and its structural elements during operation.

Replacement of the support mechanism, by installing thrust rollers at an angle of
o= 10° B = 50° allows to reduce the maximum cycle stress in the tires by 30% and
the cycle amplitude by 17%. Due to the optimal placement of the support rollers, a
decrease in the curvature of the drum axis is achieved (the deflection has decreased
by 6.5%) and a more uniform distribution of stresses along the width of the tire.

Thus, the proposed technical solution makes it possible to reduce the stresses in
the support unit and increase the service life of the band by 35-57%, that is, compared
to the baseline by 5.2-8.6 years, which makes it possible to use this design for the
modernization of the rotary kiln.

The results obtained can be used to design new and improve the existing
equipment, which will increase the service life, the reliability of the band, and
increase the service life of the body and lining.

In further studies, it is necessary to determine the service life and the stressed -
the deformed state of the tires when the thickness of the lining changes, which occurs
due to wear during the operation of the thermal unit.

Literature

1. Lisienko VG Rotary kilns: heat engineering, management and ecology / V.G.
Lisienko, Ya.M. Shchelokov, M.G. Ladyigichev. M .: Heat engineer, In 2 books.
Book 1, 2004.688 p.

2. Shrubchenko I.V. Investigation of changes in the stress-strain state of tires
during their reconstruction from a floating type to a welded-in one. / L.V.
Shrubchenko, L.V. Murygina, V.Yu. Rybalko, N.A. Shchetinin // Bulletin of BSTU
im. V.G. Shukhov. - 2013., No. 5, S. 91-96.

3. Shcherbina V.Yu., Shvachko D.G., €fimenko €.A. Doslidzhennya stress-
deformed mill wrapped heat unit. Bulletin of NTUU "KPI imeni Igor Sikorskogo".
Series: Chemistry Engineering, Ecology and Resource Conservation. 2018.N. 1.S.
65-72. DOI: 10.20535 / 2306-1626.1.2018.143382

ISSN 2567-5273 23 www.moderntechno.de

Al

Y



Modern engineering and innovative technologies Issue 17 / Part 1 (\§

4. Shcherbina V.Yu. Development of the theory and improvement of
technological processes in the production of industrial materials at high-temperature
units: dissertation ... Doctor of technical sciences: 05.17.08 / V.Yu. Shcherbina; Kiev,
2017, 393 p. URL: http: //ela.kpi.ua’/handle/123456789/21630

5. Shchetinin N.A. Process and equipment for the reconstruction of rotary kiln
rims: Diss. Cand. technical sciences / N.A. Schetinin; BSTU named after V.G.
Shukhova - Belgorod, 2014 .-- 205s.

6. O.S. Sakharov, V. Yu. Shcherbina, O. V. Gondlyakh, V. 1. Sivetskiy. CAD.
The system of modeling of technological processes and development of the
possession of chemical industry has been integrated: Navchalny Posibnik - Kyiv:
TOV Polygraph Consulting, 2006. - 156 p.

7. Shcherbina V.Yu., Sakharov OS, Samilenko Yu.N., Bobakh V.V. Pre-session
of thermomechanical nautical arrangements in a wrapped oven with a vortex heat
exchanger / Science of the NTUU "KPI". - 2009. —Ne6. - S. 26-33.

8. Pisarenko G.S. Resistance of materials / G.S. Pisarenko, V.A. Agaev, A.L.
Kvitka, V.G. Popkov, E.S. Umansky, Textbook. - 4th ed., Rev. and add. - Kiev:
Vishcha school, 1979 .-- 696 p.

Anomayia. Onucano po3paxyHkKogy Mooeib 00epmoeoi neui, wjo 0036014€ BUIHAYUMU
HAanpysiceHo-0eqpOpMOBAHUIL  CMAH  Ma  PO3NOOLL  memnepamyp 3 NOGHUM  8DAXYBAHHAM
KOHCMPYKMUBHUX eNleMeHmie 3 pIisHUMU izuxo-mexanivnumu enacmusocmamu. IIposedenuii
YucenbHULl eKCnepumenm 0Jis MOOeN0B8AHHSL PIZHUX 8APIAHMIE 6CIMAHOBIEHHS OAHOANCY MA ONIPHUX
mexanizmie. Ilpoananizosano pe3yrbmamu po3paxyHKy ma 3anponoHoéane mexHiune piuleHHs, uo
00360.15€ 3MEHWUMU BETUUUHY HANPYIHCEHb 8 ONIPHUX 8V31AX MA 30LIbUWUMU PECYPC BUKOPUCMAHHSL
banoaxcy Ha 35-57%. 3a paxyHoKk onmumanbHo20 po3MIiWeHHs: ONIPHUX PONUKIB, 3MEHULYEMbCS
BUKpUBIEeHHA OCi Oapabany neui, wo nNiOBUWYE HAOIUHICMb BUKOPUCMAHHA OaAHOANCy ma
NO3UMUBHO 6NIUBAE HA pOOOMY KOpNYCy i pymepieKu.

Brazano, wo ompumani pesyromamu MoxuCymv Oymu GUKOPUCMAHI Ol NPOEKMYBAHHS
HOBIMHb020 MA 80OCKOHANEHHS 0il0Y020 00IAOHAHHS, WO 00360]UMb NIOBUWUMU pecypc pobomiu,
banoasica, kopnycy i hymepisku 30i1buyr0uu mepmin ix excniyamayii.

Kniouosi cnosa: obepmosa niu, 6anoadxc, xopnyc, gpymepiexa, OnipHuil Mexawizm, pOJuK,
HAanpysiceHHs, pecypc pobomu

Supervisor: Shcherbyna V. Yu.
Article sent: 04/10/2021
© Shvachko D.G., Shcherbyna V. Yu., Borshchik S.A., Li Diao

ISSN 2567-5273 24 www.moderntechno.de



Modern engineering and innovative technologies Issue 17 / Part 1 é

http://www.moderntechno.de/index.php/meit/article/view/meitl1 7-01-034
DOI: 10.30890/2567-5273.2021-17-01-034

Y]IK 621.0(076)
SOME QUESTIONS OF THE PROBLEM OF PROFILING THE WHEELS

OF DIAGONAL TURBINE
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JIATOHAJIBHUX TYPBIH
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Abstract. The method of a geometrical modelling of a diagonal turbine impeller space blades
with use of liner screw surfaces and construction of a profile skeletal line on the cylindrical surface
of external impeller radius is presented.

Key words: Profiling the wheels, blades of the diagonal turbine, screw surfaces, geometric
modeling, middle profile line, input and output cross sections, meridional cross section, thickness of
the profile, B-splines, spatial volumetric model, solid-state representation.

Introduction.

Profiling of the impeller blades of the diagonal turbine is performed after its gas
dynamic calculation, which determines the radius of the R, at the entrance to the
wheel, the height /; Ta [, of the blades in the input and output cross sections, the width
of the wheel B, the number of blades z,,, the angle of flow output at the middle radius
of the output cross section of the wheel Bor and other parameters and characteristics.
Under the R; we will understand the radius of the wheel, which corresponds to the
cylindrical surface passing through the middle of the blade at the entrance to the
wheel.

The theory of screw surfaces in relation to the design of the cutting tool is given
in the work [1]. Screw surfaces can be a constant and variable step measured along
their axis. DIs I provide the desired nature of the distribution of angles of the relative
flow of the working matter when profiling the blades of diagonal turbines, it is
advisable to use screw surfaces of the variable step. Under such surfaces are
understood linear screw surfaces, one of the guides of which is the helical line of the
variable step, and the second axis of the impeller of the diagonal turbine.

It should be noted that the geometric modeling of the blades of diagonal turbines
with linear screw surfaces of the variable step will be fed to the middle surfaces of
the blades.

Basic text.

To represent the middle surface, a part of the screw line will be used, which is
determined by the angle of the ¢ varying in the interval from zero to the angle of the
@o. This angle depends on the number of working blades and their circular overlap in
the output cross section.
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So the helical line of the variable step is a parametric curve. It is described by
the following equations:

X =Rsin@;
y=RcCosQ;
z=f(o)

The derivative of the axial coordinate dz/dp= f(¢)= p defines the parameter p

of motion being considered, since at each moment of time it is a parameter of the
instantaneous screw motion of the point.

To meet the helical line of the variable step given conditions for designing the
impeller of the diagonal turbine, the function z= f(¢) will be written in the form
z=a+b(p+c)™, in which the coefficients a, b i ¢ and degree m are unknown
quantities to be determined. To do this, consider a curve on the unfolding cylindrical
surface of some radius R* in coordinates & z (drawing 1).

E=Ro;
z=a+b(p+c)".
Define the derivative of the function z by the coordinate & :
oz mb(p+c)"”
& R '
For the point O in which the ¢=0, z=0, can be written:
z, =a+bc" =0;

m—1

oz| _ mbc

%k, R
where y is the angle of inclination of the blade to the wheel disc, which in most cases
1s 90°, but may differ from this value.

& C

= gy,

P

A
\ z

Drawing 1 - Middle profile line

At point A, the angular and axial coordinates are equal, respectively,
¢0=0,, z=z,, where @, = Zn/ z,+A,and A - the circular overlap of the blades at
the exit of the wheel, which is taken from zero to three degrees in order to prevent the

shot flow of the working substance and depends on the technology of manufacturing
the impeller.
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The angle of flow out B, of the impeller in cross section (characterized by the

radius R") is determined by applying the chosen law of twisting the blade. Note that
the radial location of the rotating linear screw surface is provided by twisting the
blade according to the law of continuity of speed circulation.

Write for point A:

z,=a+b(p, +c)";
oz| mb(o, +c)"” —
aé ) R* g 2°
Compatible consideration of expressions for determining coordinates and

derivatives at the extreme points of the curve leads to the following system of
nonlinear equations:

a+bc" =0;
mbc"™! oy

R* - ng
a+ble,+c) =z, |
mb(p, +c )" ;

solving which analytically, we find dependencies for determining unknown
coefficients in the form of:

= *(POW1 :
CE
(294
b= Za ;
((Po + C)m —c”
a=-bc".

To determine the coefficient m it is necessary one of the numerical methods, for
example, the method of dichotomy to solve the nonlinear equation:

mbe™!
* —t =0 ’
R gX

which after substitution of the coefficients b and c is given to
) t m-l* t m-1
ltimgnl(nrﬂx (il)mBz g(nrfm _ 1 — 0 )
PR g™ P, — gy
Therefore, all unknown quantities that are needed to determine an arbitrary point
on the middle surface of the working blade of a diagonal turbine are found. Indeed,

given the R radius and the angle ¢, which varies from 0 to ¢,, it is possible to
calculate the corresponding axial coordinate z of the middle surface of the blade.
After determining the middle surface, proceed to build a real turbine blade,
which is characterized by certain thicknesses. These thicknesses are specified in the
input o; and output O, cross sections of the blade, based on strength, design and
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technological considerations. The thickness of the blade in intermediate sections is
calculated according to the chosen law of its distribution along the screw line. To do
this, in particular, apply the quadratic law of its relative quantity distribution:

5= MZ+ Nz+6,
Yy O=9-5,+8  51-9)-5,+9 o &
B*9(1-9) BI(1-9) s,
Here 6, — relative thickness of the profile at a distance 9B from the origin.

where

Quantities 5, and &, as well as &; are specified with the source data.

The coordinates of the bending and convex parts of the profile of the blade
formed on the screw surface of the variable step are determined using the equations
of circular families of radius circles » with centers located on the middle line. It is
assumed that the coordinates x and y, as well as radius 7, are functions of the length of
the arc of the middle line. According to [3] you can make the following system of
equations:

S5 p,8)=(x=x,)" +(y = y,)* =r> =0 }
f,(x’yaS) :_Z(X_xo)x(l) - 2(y _yo)y:) _277/" :O
where xo, yo, — middle line coordinates;
§ — parameter.

By a common solution to this system of equations, we get expressions to
determine the coordinates of the bypass:

X1,2:X0_1+er(QiP\/1+P2_QZ);
Yo=Y~ r (PQiP«/l—FPZ—Oz),

1+
where O=r'Ixy;  P=yy/x;.
The coordinate of the middle line is convenient to take as parameter s. In this
case x,=1, O=r and P=y]. In written expressions, index 1 corresponds to curved, and

index 2 to convex profile parts.
Part of the bending working blade is formed by a profile rim built on the

cylindrical surface of the radiusR , rectilinear twisting and described by linear
surfaces. The determinants of these surfaces are convex and concave parts of the
profile and two lines that parallel the axes of the wheel's rotation and pass through the
points of C; and C, (drawing 2), which are called milling centers.

The blades have cross sections of planes perpendicular to the axis of rotation of
the wheel, in the form of equilateral trapezoids, the sides of which are tilted to each
other at some angle y. The corners of the y, at the entrance to the wheel and the y, at
the exit of it, as well as the thickness of the profile 6, and d, are set based on strength,
technological and design considerations.

The joint solution of the equations of lines passing through points 1-4, as well
as the centers of milling C, and C5, determines the coordinates Xy Vi and Xy Vi,

and centers of rotation of the projections of the linear flow surfaces of the pumping
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and suction of the blade:
k2(4)x1(2) - k1(3)x2(4) - k1(3)k2(4) ly1(3) - y2(4)J,

X =
(1) s
k2(4) _kl(z)
y _ x1(3) _x2(4) + k2(4)y2(4) _k1(3)y1(3)
0dy) — 4
Ky + ki)

where
k1(3) = itg(Yl /2);

k2(4) = tg((Po + Yz/z)-

26m

il %

x 0 ¢,

Drawing 2 - The appearance of the blade in the projection to the wheel disc

Having the coordinates of the C; and C; points, as well as due to the ruler nature
of the surfaces of the blade, you can find the coordinates of the profile in any cross
section of the wheel. The position of the i-th intermediate point of the skeletal surface
1s determined by the coordinates R, z of the meridional cross section of the wheel.

To do this, at a given z; value, the coordinates of X 4veri, ¥ averi» and the middle line of
the peripheral cross section are calculated, built on the unfolding of the cylindrical
surface of the radius R .

The convex and concave surface of the blade is determined using the profile of
its peripheral cross section. The coordinate difference of the y; convex and convex
parts of the profile corresponds to the thickness of the blade 6 ,, measured in the
circular direction on the cylindrical surface of the radius R’. To calculate the
thickness of the profile on the cylindrical surface of the radius R;,, it is necessary to
find the coordinates of the points 7' 1 7>
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Xy = Ry sin@; £0,58, coso;

Vi, = R cos@, 70,58, sing,,
where
0=y = Yo/ Ro.
Then calculate the angle

Yj = (Pi,on - (Pi,yr’
where
X - X
_ 7(%) 10 (1)
oty = arctg{ }
Ve = V)

The thickness of the profile in the cylindrical cross section R; is equal to:
813,. = 8111 + Z(Rz - R;)tg(yl/z)

Geometric modeling of working wheel blades of diagonal turbines occurs after
the construction of a meridional cross section of the wheel, which is limited to
external and internal circuits. These rounds, as shown in the work [2], it is advisable
to serve with B-splines, which have greater flexibility in geometric modeling of
complex curves.

Conclusion and conclusions.

On the basis of the proposed method, a program of geometric modeling of
working wheels of diagonal turbines was developed, which forms the so-called
script-file for automated processing in the graphic editor AutoCAD [4]. This also
forms a spatial volumetric model of the impeller of a diagonal turbine, which is
visualized in a solid-state representation in automatic mode and is shown on Drawing
3.

Drawing 3 - Spatial Solid State Impeller Diagonal Turbine

Having a 3D model of the impeller, you can also use the AutoCAD graphic
editor to get any flat image (Drawing 4).
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Drawing 4 - Solid-state orthogonal projections of the impeller of
a diagonal turbine

The given graphic results confirm the fruitfulness of the proposed approach to
geometric modeling of spatial blades of working wheels of diagonal turbines.
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AHnomauin. 3anpononogana memoouxa i popmynu Oas po3paxyHKy eeomempii hopmyrouux
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Kniouoegi cnosa: nipamioanvruii kanan, 8iopoexcmpysis, ¢iopobemonna cymil.

Statement of the problem.

Mortar feeder is used at the beginning of the technological cycle of
manufacturing fiber concrete products by vibroextrusion technology (Fig. 1).
3 1

'\‘,é? % }x-?lf‘q
Sor
2 :

Rral
v,

9]

PR PP OPOP PP PP R PRI P P P a7 e rad 4

1 - cement mortar feeder, 2 - vibrating table; 3 - fiber feeder, 4 - conveyor,
5, 6 - vibrating extruders that mix, 7 - forming vibrating extruder; 8 - mold
Fig. 1. Installation of vibrating extrusion

ISSN 2567-5273 32 www.moderntechno.de


https://orcid.org/0000-0003-2965-8722?lang=en
https://orcid.org/0000-0001-8759-9295
https://orcid.org/0000-0001-6198-4961

Modern engineering and innovative technologies Issue 17 / Part 1

In order to carry out a continuous technological process of vibroextrusion, it is
necessary to ensure the same productivity of the equipment for the fiber concrete
mixture in all sections of the installation. The determining factor in this case will be
the flow rate in the forming vibroextruder, which in each case is determined
depending on the size and shape of products [1]. Mixture feeder capacity is calculated
based on the productivity of a vibroextrusion unit, which is reduced by the value of
dispersed reinforcement flow rate in a fiber feeder.

As a result of experiments the authors have proposed a design of mortar feeder
dozer, which significantly accelerates the formation of a thin layer of cement-sand
mortar and increases the productivity of the unit as a whole [2]. The unresolved part
of the scientific problem is to determine the geometric dimensions of the improved
dozing feeder.

The purpose of the article is to present the results of the research, which were
aimed at developing a methodology for calculating the dimensions of the forming
channels of the feeder-fiber dispenser proposed by the authors.

Summary of the basic material. The improved dispenser contains regular
quadrangular pyramidal channels in which cement-sand mortar bundles are formed.
To determine the performance of vibroextrusion flow of mortar in such channels, the
"exposure method" [3] was applied, which showed closeness to the experimental
values [4]. Taking into account the reduction of volumetric flow rate in a channel of
rectangular cross-section compared to the flow between flat inclined infinite plates,
the formula [5] was proposed:

0.4pgl2 1202 wocos2 @o—5in2 @ )tg @,
- [t cos2 @gpcos? @gly+Ls) (1)

where - density of the solution, kg / m3; g=9,81 m / s2 - gravity acceleration; -
distance from the origin to the original cut of the hopper, m; L2 - distance from the
origin to the entrance to the pyramidal channel; - height of the mixture column in the
hopper, m; p - vibration velocity of the solution, Pa.s; - angle of the inclined wall of
the channel to the vertical, rad. (¢, <45°).

The calculation scheme is shown in Fig. 2.

Fig. 2. Calculation scheme
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To calculate the geometry of the forming channels of the feeder feeder it is
necessary to determine the density and vibration of the solution. The angle of
inclination of the inclined wall of the channel to the vertical = 300, and the distance
from the origin to the original cut of the hopper L; = 0,5a ctgp,, where a - the side of
the outlet square section of the forming channel, m. From practical experience is
recommended to take the side size a at least 0, 03 m.

For the final solution of the problem, it remains to determine the value of L2.

From equation (1) we obtain:

0,4pgL3 (2 @y cos2 @ —sin2 @o)tg 9oL — queos2 @, cos® gL, —

—qucos2 @, cos* gL, =0 )
Expression (2) is a complete quadratic equation with respect to the value of L2.
The discriminant of this equation:

D = (qucos?2 @, cos* @, L;)* +
+1,6pgL3(2 @ocos2 @y —sin2@y)tg @ - qucos2 @gcos? @g L,

The square root of the discriminant is greater than the number removed by the
mean coefficient of the equation: D = qucos 2 @, cos® @,L,. Therefore, the formula

for calculating the value of L2 will be written as follows:
L qucos?2 @ycos® @oly+VD

2 = , 3)

D.Epg.ﬁ.ikz @ocos2 @g—sin @yltg @q

Formula (3) is true if there is one forming channel in the solution feeder. In
reality, the number of forming channels is equal to n.
Therefore, the final formula for calculating the length L2 will be written as
follows:
I g cos2 pgcos® gl +VD

2 D.Enpgli'iz Q€052 Pg—sin2 @gltg @4 " )

The complete algorithm for calculating the size of the forming channels of the
mortar feeder metering channels must contain:

1) Calculation of the costs of the forming vibroextruder of the plant and the
solution feeder dozer q.

2) Determination of the density and vibration viscosity of the mortar.

3) Choosing the angle of inclination of the inclined wall of the channel to the
vertical @o.

4) Choosing the size of the side of the outlet square section of the forming
channel a, considering that it should not be less than 0.03 m.

5) Calculation of the distance from the origin to the initial cut of the hopper by
the formula L; = 0,5a ctgp,..

6) Choosing the number of forming channels n.

7) Calculation of the distance from the origin to the entrance of the pyramidal
channel by formula (4).
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Conclusions

The proposed methodology for calculating the size of the forming channels of
the solution feeder proposed by the authors

Further research in this direction will be aimed at improving the equipment for
studying the process of vibroextrusion of fiber concrete products.
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Abstract. A methodology and formulas for calculating the geometry of the forming channels
of the mortar feeder dispenser of the vibroextrusion unit for the formation of fiber concrete
products have been proposed.

The results of the research refer to the patented design of the mortar feeder, which
significantly accelerates the formation of a thin layer of cement-sand mortar and increases the
productivity of the device as a whole.

Key words: pyramidal channel, vibroextrusion, fiber-reinforced concrete mix.
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Abstract. This article is meant to demonstrate how we can further improve the drilling
process managed by SKUB-M?2 drilling control and management system, by providing data
processing ability in third-party software products via separate software-based optimization
module. As a result we've got an easy-to-integrate and cost-effective solution due to its relative
simplicity and reusability.

Key words: SKUB-M2, Matlab, software, UltraLogic. drilling, computer system, control and
management system.

Introduction.

In work [3] the task of optimal control with a discrete and continuous change of
control actions was set and solved, which enables to simplify the technical
implementation of optimal control actions. That helps to reduce cost of well
construction and makes it less time consuming. An optimal system for controlling a
drilling process with continuous discrete operation is based on a complex of ground
control facilities and control of a drilling process SKUB-M2 (drilling control and
management system), which is staff information support hardware [1].

Materials and Methods.

The software for solving optimal control tasks [2, 3] is designed as a separate
optimization module, which makes it easy to integrate into an existing application
software package.

API controller forms an array of drilling data transmitted by the RS-485
interface to the information logging device. The received information is registered
and archived in a database (DB) to save measured and calculated technological
parameters of a drilling process. To solve identification tasks and optimal control
from the DB, the following input parameters are selected: a set of values of axial load
on the bit, bit rotation speed, the time and footage that are transmitted to the
optimization module. The UltraLogic system [5], the main programming language of
which is the language of functional block charts Function Block Diagram, was used
by the controller to develop software for collecting and processing data. It is
considered to be powerful and at the same time simple in tool system usage, which
not only reduces the design time of the program for the controller in accordance with
the order of the consumer, but also ensures the completion of the program under
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conditions of exploitation by its developer, and, if necessary, by the consumer. The
system provides a user with the ability to execute program modules in other
programming languages (C, Pascal, Assembler). Controllers and computers
programmed using Ultral.ogic can be integrated into the RS-485 and Ethernet-based
data communication network. An important feature of the system is that the package
does not have any restrictions on a number of variables, input-output channels and
software developed. The system includes a DDE server, designed to communicate
with any Windows applications [4, 5].

Information
. . processing Data Base
Observation Unit — device
< | service tables |
|
|
Analog
Remote registering |
control device |
i PARAMETR DB P tables Of E
! _|m| parameters |
Information gathering | 7T 5 (t) wlFl e
device
i Optimization Module
Set of sensors

Figure 1 — SKUB-M2 and optimization module interaction scheme

In order to integrate the optimization module into the information measuring
complex, the icon 'Consultation' was added to the instrument panel of the latter. After
clicking on the icon of the IVK software program, the 'Select database tables' dialog
opens, in the fields of which it is necessary to specify paths to the tables with sets of
values of the corresponding parameters. The described stage of the work of the
optimization module is realized by the so-called interface block, the task of which is
to conduct a dialogue with a user and obtain necessary information from them and
further storage it in the internal data structures of the program. To create dialogs, the
standard MFC class CDialog is used as a basic one for imitation. Creating proper a
graphical representation of the dialog is carried out in the resource editor by placing
necessary control elements on the finished template. Each control element connects
with the corresponding member of the class derived from CDialog, that is, the value
of each created control element is stored in the data elements of the created class of
the dialog. Updating the corresponding data structures is carried out automatically
when the window closes by pressing the 'OK' button, or if the UpdateData (TRUE)
command is executed. To ensure the ability to display the last user-input paths,
reverse data transmission is used from class members to control elements using the
UpdateData (FALSE) command. Data processing after clicking on the 'Overview'
button in the 'Select database tables' dialog is implemented using the standard event
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handling mechanism by graphical means of the own program development
environment. The 'Table Selection' dialog box is created on the base of the standard
MFC class of the CFileDialog opening / saving dialog. The path to the user-selected
file in this dialog can be obtained by calling GetFileName for the object of the class
CFileDialog. After that the obtained value is assigned to the corresponding element
of the class in the 'Select database tables' dialog box and updating the value of the
EditBox control is implemented by executing the UpdateData command (FALSE). At
the next stage of the program, the database access block (BDAB) is activated, which
reads the field values entered by a user, connects to the specified tables of archival
data of the SKUB software system and selects from them sets of values of the
corresponding parameters, by writing them in a temporary binary file. It is worth
noting that when writing data to a binary file, the program coordinates the
dimensions, in particular, converts the speed of rotation per minute in revolutions per
second, and also makes calculations of the value of footage based on the position of
the travelling block. Here 1s an example of connecting to a database table with sets of
values of axial load (F) performed by BDAB:

try {

CDatabase db_F;

CString connect;

connect+="DRIVER={Driver do Microsoft Paradox(*.db)}";
connect+="DBQ=",

connect+=path_to_F;

db.0OpenEx(connect);

}

catch (CDBException *xcp) {

cerr << _T(“Database exception: *)

<< (const TCHAR *) xcp-»m_strError << endl;

xcp->Delete();

T
I

Figure 2 — Database connection example

As it can be seen from the following section of the program, the exception
mechanism is used to handle the errors that may occur when connecting to the
database. The exception handling is to output some diagnostic message that explains
the nature of the errors and allows a user to act correctly. To encapsulate the database
table records in the MFC, the CRecordset class is used to generate the derived class
with the ODBC data source specification. After performing such imitation, the
derived class will include data structures that reflect the contents of the corresponding
columns of the given table. Thus, the task of BDAB is to scan table records using the
derivative class from CRecordset and record sets of parameter values into a binary
file. Replacement of table records is done by using the MoveNext method of the
CRecordset class, and in case of reaching the end of the table, the ISEOF method of
the same class returns the value TRUE. Alternative to the ISEOF is the
GetRecordCount method, which returns the number of records in the table which the
CRecordset class object is linked to. Here is a fragment of the code of BDAB, which
adds to the binary file input.bin a set of values of the axial load parameters, which is
read from the corresponding table:
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ofstream obf(*“input.bin”, ios::out | ios::binary | ios::trunc);
int count F = m_table F->GetRecordCount();
obf.write((char *) &count_F, sizeof(count));
for (int i=0; i<count F; i++) {
obf.write((char *) &m table F->value, si
m_table F->Movelext();

1
I

Figure 3 — Writing load parameters to the input.bin file example

The described actions are repeated for other CRecordset objects linked to
database tables with sets of values of the rotation speed and a position of the
travelling block. The final results are added each time at the end of the input.bin
binary file. Having formed the necessary binary file, BDAB no longer requires access
to databases and closes them using the Close method, which is called for each open
object of the class CDatabase. The final stage of BDAB's operation is to transfer the
management of a mathematical block that is launched as a separate process using the
CreateProcess API function. After these steps are executed, the mathematical block
of the program optimization module is launched, which is a separate independent
process with a graphical interface. Since the algorithms that make calculations of the
optimal parameters for drilling process are implemented in the form of separate
MatLab file scripts that must be launched in a strictly defined sequence, then existing
integrated tools of the given mathematical package are used to consolidate them into
a single entity based on the existing graphical interface. As the main script around
which all other modules are united, the procedure for initial IndDril initialization is
selected. At the initial stage of work the described script reads sets of values for axial
load parameters, footage and speed of rotation from the binary input.bin file formed
by BDAB and places them in their own internal data structures - arrays. Taking into
account the above mentioned format of the binary file generated by BDAB, the
reading of the corresponding parameters values is carried out by the following
sequence of Matlab scripts IndDril commands:

fid = fopen('input.bin’, 'rb’);
[N, count] = fread(fid, 1,

[F, count] = fread(fid, [N, 1], °
[N, count] = fread(fid, 1

3
[n, count] = fread(fid, [N,
[N, count] = fread(fid, 1,
[h, count] = fread(fid, [N,
fclose(fid);

Figure 4 — Parameters reading example

Creating a graphical interface is carried out using typical control elements
supported by any high-level programming language for displaying computational
results and ensuring the possibility of dialogue with a user. To create a window of the
main program in the Matlab environment, the figure function is used, whose
parameters are the coordinates of the initial window position, the type of boundaries,
the title of the window, etc. The direct creation of control elements in the MatLab
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environment is carried out using the uicontrol command. In order to change the
graphical interface in the IndDril script, the set function is used to change the
properties of the controls in the process. Thus, the nature of the mathematical module
interface is based on the partial reflection of the plurality of all control elements at
each specific time depending on user's actions. This is accomplished by changing the
Visible property for each control element. For example, in order to temporarily "hide"
the list, the button and the edit box, the IndDril script uses the following sequence of
commands:

set(hList(i), 'Visible®', 'off');
set(hButton(i), "Visible', ‘off');

set(hEdit(i), 'Visible', 'off');

Figure 5 — GUI changes example

Obviously the developed graphical interface implies the presence of a huge
number of control elements. To facilitate the operation with sets of such elements in
the main script of a mathematical module, a technique is used in which descriptors of
the same type of control are stored in arrays, which makes it possible to use typical
cyclic structures for access to a large group of elements. An example of using such a
technique is to "hide" the lower navigation panel of the main window of the
mathematical module, consisting of a group of check boxes.

The results of the mathematical module are displayed not only in the form of
text information (using lists), but also in the form of diagrams. To ensure it, the
IndDril script uses special axes, which are a markup form for displaying diagrams.
Each of these objects is associated with a separate object-diagram whose descriptor is
returned by the plot function. It is worth noting that the output of any diagram is
always carried out in the current object axes. The control elements reaction of the
main window of the mathematical module to the user's actions is carried out on the
basis of a typical mechanism for processing events. The callback property of each
control specifies a function used to handle events from this element. To create an
executable file based on MatLab's mathematical package scripts, the built-in mcc
compiler is used, whose parameters are the names of all component project files, with
the main script being indicated first. Thus, creating an exe-file based on scripts of a
mathematical block is carried out using the following command line:

mcc -m -B sglcpp -L Cpp IndDril identl ident2 check optimdril
clearall dril_subcont_1 spid_orto onexit rad radoptim fun_sum

fun_ind fun_W fun_VK fun_HP fun_start fun_s fun_fs fun_pr fun_prl
fun_SubCon_1 fun_g fun_V@ fun_Ke fun_Kgq hamfun fun_tb fun_Kel fun_ VB8l fun_Kql

Figure 7 — Final command example

Results.

Consequently, the BDAB task of transferring management of the mathematical
block boils down to running the received .exe file. Scripts of the mathematical
module read sets of parameter values from the corresponding binary file formed at
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the initial stage of BDAB, and implement their further processing, displaying results
in the form of charts, values of the specified parameters and recommendations. After
work with the mathematical module is finished by a user, control is transferred to the
return block, which implements the correct completion of the entire optimization
module, closing the corresponding file streams and database connections, removing
the created BDAB binary file for transferring information in the MatLab scripts, and
transfers control programmatic information and measuring complex.

Conclusion.

Integration of SKUB-M2 with Matlab via software-based optimization module
was successful. The actual drilling data can be analyzed and processed using Matlab
functionality. Graphical user interface can be adjusted to meet the needs.
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Abstract. Abstract. Absence in Ukraine of deposits of high-grade bauxites causes to necessity
to use import bauxite raw materials for alumina production. On the basis of experimental tests the
technological features of processing of Guinean Kindia and Dian-Dian bauxites to alumina are
investigated and recommendations for correction of technological regimes of wet grinding,
dehydration of aluminium hydroxide coming in calcination, and thickening red mud are given.
Application of POLYPAV-C16 (EO) and Nalko 85488 reagents for produced aluminium hydroxide
dehydration, HA-L8S flocculant for red mud thickening is expedient and cost-effective.

Key words: bauxite, alumina, wet grinding, produced aluminum hydroxide, dehydrating
reagent, pulp, flocculant, red mud.

Introduction.

Almost all alumina in the world is produced by alkaline methods. The most
widely used in industry is the Bayer’s hydrochemical method for processing high-
grade bauxites. Preliminary grinded high-grade bauxites are leached with circulating
alkaline solution. Aluminate solution separation from mud carried out usually
thickening with the subsequent solution filtering from thin suspended matter. Washed
out red mud pump out in storages. After thickening and afterfiltration aluminium
hydroxide is deposited from aluminate solutions by hydrolytic decomposition in the
presence of seeded aluminium hydroxide produced in the previous cycle. Produced
aluminium hydroxide after washing is exposed to calcination for alumina obtaining.
Mother alkaline solution is evaporated for caustic alkali concentration increase and
direct to the subsequent leaching [1-4].

According to the British Geological Survey Australia, China, Brazil, Guinea,
India supplied the largest amount of bauxite to the world market in 2016 [5].

Ukraine does not have large bauxite deposits. Existing deposits of bauxite rocks
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in composition, geological features and volumes have no practical significance.

Changes in the bauxites quality, the terms of their delivery and prices in the
world market are the reasons of the accumulation of bauxites reserve stocks to ensure
the stable operation of alumina enterprises. The presence of bauxites reserve stocks
makes it possible to control the flows and chemical composition of charge mixture,
thus ensures the stability of technological parameters at optimal consumption
coefficients.

Bauxites of each deposit have characteristic features, that’s why it is necessary
to adjust the technological regimes of their processing in different areas of the
technological chain of alumina production. Experimental testing is the basic method
of preliminary estimation of the main technological parameters of bauxite processing
of different alumina deposits.

The task of the work is to analyze the features of processing Guinean Kindia and
Dian-Dian bauxites into alumina and to provide recommendations for adjusting the
technological regimes of grinding such bauxites, aluminium hydroxide dehydration
and red mud thickening.

The main part.

The alumina production process according to the Bayer method has the
following features: multistage and large number of operating similar apparatuses,
large volumes of pumped solutions and pulps, significant amount of auxiliary
operations associated with the transportation, averaging and separation of pulps into
phases, strong requirements to ensure a given movement rhythm of solutions, pulps
and their high corrosive activity, etc.

The bauxite grindability is influenced by its strength, density, hardness,
ductility, ability to deform and other properties. Bauxite, which contains diasporas, is
more difficult to grind, boehmite and gibbsite bauxites are easier to grind [2,3].

The lower reactivity of bauxite aluminum hydroxide, the lower its porosity, the
higher degree of grinding is required. Porous gibbsite bauxites, which are easy to
open, do not require deep grinding. Hard bauxites are grinded in two stages, soft — in
one or two stages by hammer crushers.

Guinean bauxites are ground in one step in ball mills. For each type of bauxites,
the optimal grinding conditions are determined experimentally, the violation of which
can cause technological disturbances in the following areas.

Grinding bauxite into large particles leads to incomplete extraction of alumina,
worsens working conditions and overloads mills. Bauxite excessive crushing can lead
to increase alkali consumption due to interaction with finely dispersed quartz and rise
the iron content in solutions.

On wet grinding at the same time with bauxite the circulating solution serves,
also lime milk is added to mills. The flow rate of the circulating solution for each mill
is set depending on its bauxite productivity.

Bauxite enters to wet grinding area along the tract of belt conveyors. By mobile
reversible conveyors, bauxite is loaded into the supply hoppers of the mills, from
which bauxite is fed to the belt conveyors of the mills by plate feeders, continuously
weighed and loaded into the mills. One hopper, feeder and conveyor equipped with
automatic scales are installed for each mill. The scales actuator automatically
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maintains the set performance of the mill by changing the feeder belt speed by means
of frequency converter. The productivity of the bauxite mill is set depending on the
thick pulp volume in the respective tanks.

Simultaneously with bauxite, circulating solution is fed into the mill for optimal
grinding and preparation of thick bauxite pulp. The flow rate of the circulating
solution for each mill is set depending on its bauxite productivity. The metering
function calculation of circulating solution per 1 ton of bauxite is performed to obtain
a thick raw pulp with established parameters and to maintain a given ratio between
the liquid and solid phases of pulp at mill outlet. The determined ratio between the
specified flow rate of circulating solution and bauxite is maintained automatically.

From mill the pulp enters the conical tank, which also serves part of circulating
solution and corrective pulp. From the conical tank a thick bauxite pulp is pumped to
an arch screen for classification. The pulp, which has passed through the sieve of the
arch screen, flows by pipeline into thick pulp tank of the leaching area. The sands
which have not passed through arch screen sieve by pipeline return to mill for
grinding.

Experimental study of wet grinding of Guinean Kindia and Dian-Dian bauxites
found that with growth temperature of alkaline-aluminate solution the specific
productivity of ball mill increased by 1.2-2.1 times to obtain small particles up to 63
um in the range from 25 % to 40 %. The increase in fine particles output in the
amount of 40 % to 70 % is accompanied by decrease in the mill productivity and
productivity stabilization at almost constant value without significant effect of
solution temperature.

One of the measures that increase the mills productivity in the wet grinding area
1s to improve the process of ball loading mills.

The design of vibroshaker sieve grates does not allow to remove off-grade
(sprouted, deformed, less than 50 mm in diameter) balls due to congestion formation,
mixing of production and off-grade balls. Poor ball loading of mills leads to their
overload, increase in circulating load, decrease in productivity of mills.

To eliminate the mills overload the fixing and supporting elements of the
vibroshaker sieve grates should be performed in such a way as to ensure the
possibility of adjusting the grate angle and to restore the sliding shutter operation,
which controls the number of balls coming out of the hopper to vibroshaker.

Improving the quality of ball loading mills will reduce the duration of
unproductive ("idle") operation of ball mills on wet grinding area by eliminating their
overload, reduce power consumption for bauxites grinding.

The purity of alumina is determined by the produced aluminum hydroxide
purity. To ensure normal economic operation of the fluidized bed unit the final
humidity of aluminum hydroxide (cake) on the filter should be at level 10-11 %.

At the calcination area there is vacuum-filtration drums which use for the
separation of solid from the liquid phase of the hydroxide pulps, as well as for the
washing out aluminum hydroxide from alkali by condensate. Washed up aluminum
hydroxide, as purified solid phase (cake), direct along the conveyor to fluidized bed
unit for calcination.

Alumina plants use dehydrating reagents to reduce the humidity of producted
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aluminum hydroxide, decrease fuel consumption during calcination, stabilize the
operation of filtration unit, increase the productivity of calcination furnaces and
alumina quality by improving the washing up of aluminum hydroxide (reducing the
alkali level) and reducing of water consumption. Synthetic surfactants are used as
dehydrating reagents [6,7].

Dehydrating reagents reduce the surface tension of the liquid and increase the
wetting angle of the solid surface. Hydrophobization of surface of the solid phase
particle significantly reduces its humidity [8].

Reagents in the filter washing system are widely used in ferrous metallurgy. In
the industrial practice of the newest alumina enterprises use other types of filters
(disk, plate, etc.) in which sharp steam (under pressure of 0,6 MPa) moves on a cake
surface without addition of any reagents.

To reduce the humidity of productive aluminum hydroxide (cake) during
industrial tests on the first stage filtration was compared dehydrating reagents
ROLYPAV-C16 (EO) produced by TDV "Pologi Chemical Plant "Coagulant" and
foreign Nalko 85488, which are mixture of non-ionic substances.

The dehydrating reagent is fed in the washing line of the condensate ramp. The
reagent is mixed with the condensate and then sprayed through nozzles on the cake
surface. The reagent application does not require additional operations of its
preparation because the metering function takes place using a diaphragm pump. This
allows to fully use the dehydrating reagent for the entire working zone of the drum
vacuum filter.

Experimental studies have confirmed the expedient and cost-effectiveness of
dehydration of aluminum hydroxide, which enters the calcination, with the addition
of dehydrating reagents. The optimal consumption of dehydrating reagents per 1 ton
of A1,0;5 is 50 g and 40 g, respectively [9]. The use of ROLYPAV-C16 (EO) and
Nalko 85488 reagents allows to reduce the humidity of aluminum hydroxide by 2 %
and to stabilize the filtration unit operation.

The pulp obtained after bauxites leaching is diluted with washing water from red
mud washing up. The obtained diluted pulp is a two-phase system, the solid phase of
which consists of a number of elements bound into complex compounds. The size of
the mud particles depends on the grinding degree of bauxite, its mineralogical
composition and structure. Under the same conditions, Kindia and Dian-Dian gibbsite
bauxites form smaller particles, which crystallize worse and create associates. A
significant amount of aluminate solution is retained between the mud particles, which
must be washed out of the mud after thickening. The stronger the adhesion between
the particles, the greater the solution volume held by them, and the slower the
sediment is compacted.

To intensify the process of mud particles aggregation at Mykolaiv Alumina
Plant Ltd the thickening technology of red mud in single-chamber thickeners with the
use of flocculant HX-3000, the solution of which is prepared at the equipment of
Cytec is processing and using. During the semi-industrial tests, a comparison of the
flocculant HX-3000 and the new flocculant HA-L88 produced by the company
"Shandong Hansol Chemical Co., Ltd" on the red mud pulps formed in autoclave
batteries at the processing of Guinean Kindia and Dian-Dian bauxites.
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It is established that the technological parameters of the thickening process of
red mud pulp (mud density, flocculant consumption, load on the drive of each
thickener, transparency of drains, etc.) when using both flocculants are approximately
the same [10]. Minor differences may be due to changes in the type of bauxite being
processed. The use of the new flocculant HA-L88 allows to more completely separate
the mud part from the soluble red mud pulp. Since the viscosity, fluidity and some
other physical properties of flocculants HA-L88 and HX-3000 are significantly
different, so for preparation and metering of flocculant HA-L88 solution it is
necessary to change some units design of the existing equipment and tanks
arrangement.

Conclusions.

1. High-grade bauxites are supplied to alumina enterprises from different
deposits of the world. They have characteristic features, require adjustment of
technological regimes of processing in different areas of alumina production.

2. Heating of the alkaline-aluminate solution and improvement of the process of
ball loading of mills promote to increase the productivity of ball mills during the wet
grinding of Guinean Kindia and Dian-Dian bauxites.

3. The use of dehydrating reagents POLYPAV-C16 (EO) and Nalko 85488
allows to reduce the humidity of the aluminum hydroxide entering the calcination by
2 % and to stabilize the filtration unit operation.

4. The use of the new flocculant HA-L88 allows to more completely separate the
mud part from the soluble red mud pulp. For preparation and metering of flocculant
HA-L88 solution it is necessary to change some units design of the existing
equipment and tanks arrangement.
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Ha niocmasi  excnepumenmanvhux 6unpodyeans OO0CHIONCEHO MEXHONIO2IUHI  0COONUBOCMI
nepepobku eginelicokux dokcumie Kindia ma Dian-Dian na enunozem ma HAOAHO peKoMeHOayii
WOOO KOPUSYBAHHS MEXHONIOIUHUX PENCUMIE MOKPO2O DO3IMENOBAHHA OOKCUMIB, 3HeB00HEHHs
2IOpoKCUOY ANIOMIHIIO, WO HAOXO00UMb HA KATbYUHAYIIO, | 32YUleHHS YepPBOHO20 ULIAMY.
3acmocyeannus peacenmie POLYPAV-C16 (EO) i Nalko 85488 ons 3uesoonenms npooykyitiHo2o
2iopoxcudy anominito, @rokyiasuma HA-LSS ona 3eywenns uepgonoeo winamy € OOYiNbHUM i
EKOHOMIYHUM.
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Abstract. According to biochemical studies, 40-90% of the population of Ukraine suffers from
hypovitaminosis. A study of the peculiarities of nutrition of adult Ukrainians (18-65 years) in the
central regions of Ukraine showed that the actual diet of the surveyed persons was characterized
by: high cholesterol in the diets, insufficient content of vitamins A, B6, C, PP, insufficient amount of
calcium and magnesium in the diets of the population. Almost half of the surveyed (42.3%) had a
violation of the diet, namely: two meals with long (more than 8 hours) intervals. It is established
that the optimization of the human diet can be achieved through the use of dietary supplements, the
range of which is constantly expanding. They allow you to optimize the metabolic processes and
functions of the human body, taking into account the state of his health. Due to biologically active
food supplements, it is possible to provide dietary, health or prophylactic properties and to ensure
normal and restore the disturbed functions of the human body. "A food product may become unfit
for human consumption both in the process of its production, in particular, by the introduction of
foreign substances or objects or in case of violation of production requirements, and as a result of
its spoilage in the process of improper storage, transportation and sale.” In order to implement
state regulation of safety and certain indicators of food quality in Art. 4 of the Law of Ukraine "On
Basic Principles and Requirements for Food Safety and Quality" as amended by the Law of July 22,
2014Ne 1602-VII identified appropriate areas for improving the situation in this area, which
include: - establishment of sanitary measures; - setting requirements for certain indicators of food
quality, - state registration of the objects of sanitary measures defined by the legislation; -
issuance, termination, revocation and renewal of the operating permit; - informing and raising
awareness of market operators and consumers about safety and certain indicators of food quality; -
setting requirements for the health of staff; - participation in the work of relevant international
organizations, - implementation of state control; - bringing market operators, their officials to
Justice in case of violation of safety legislation and certain indicators of food quality.

Key words: nutrition, safety, protein, standard, diet, quality, organism, vitamins

Introduction.

Nutrition is an important physiological need of the body. It is necessary for the

construction and continuous renewal of cells and tissues; energy intake, which is
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necessary to ensure the body's energy expenditure; intake of substances from which
enzymes, hormones and other regulators of metabolic processes and vital functions
are formed in the body. Metabolism, function and structure of all cells, tissues and
organs depend on the nature of nutrition.

Assessing the dynamics of changes in the structure of human nutrition in the
historical aspect, we can clearly identify common to the population of all
industrialized countries clearly unfavorable trends and a significant reduction in
dietary fiber (fiber) intake. One of the main negative consequences of this diet is
obesity, which in the prosperous countries of Western Europe, the United States,
China has become an epidemic. Unfortunately, in Ukraine there are also sad statistics
of obesity, which is 22% and, according to forecasts, in 2025 will reach almost 26%
of the total population of 108 countries [10].

The main cause of obesity is an unbalanced and irrational diet, so the study of
people's awareness of proper nutrition and balanced foods is extremely relevant. The
composition and set of food products are important in the regulation of body weight.
Various marketing studies confirm that flour products, fatty meats, sausages and hot
dogs, fast food are increasingly displacing vegetables and fruits from the diet of
Ukrainians. Ukrainians often eat harmful foods - burgers, chips, chocolate bars, etc.,
which are very high in calories and develop food addiction [2].

The main cause of obesity is an unbalanced and irrational diet, so the study of
people's awareness of proper nutrition and balanced foods is extremely relevant. The
composition and set of food products are important in the regulation of body weight.
Various marketing studies confirm that flour products, fatty meats, sausages and hot
dogs, fast food are increasingly displacing vegetables and fruits from the diet of
Ukrainians. Ukrainians often eat harmful foods - burgers, chips, chocolate bars, etc.,
which are very high in calories and develop food addiction [2].

Research methodology.

The studied ways to ensure the protection of life, health and interests of
consumers are the fundamental basis for state regulation in Ukraine in the field of
food safety. State regulation of food safety and certain indicators of food quality in
Ukraine can be carried out by establishing appropriate requirements for a
comprehensive and specialized direction, which requires the development, approval,
implementation and monitoring of compliance by the state and authorized bodies and
manufacturers of products and services.

Research results.

According to biochemical studies, 40-90% of the population of Ukraine suffers
from hypovitaminosis. A study of the peculiarities of the diet of adult Ukrainians (18-
65 years) in the central regions of Ukraine showed that the actual diet of the surveyed
persons was characterized by: high cholesterol in the diets, insufficient content of
vitamins A, B6, C, PP; insufficient amount of calcium and magnesium in the diets of
the population. Almost half of the surveyed (42.3%) had a violation of the diet,
namely: two meals with long (more than 8 hours) intervals [3, 4]. In 2018, the Kyiv
International Institute of Sociology conducted a study on the prevalence of Ukrainian
food outside the home. It turned out that a third of respondents ate home-cooked food
within the past 30 days. The younger people are, the more often they eat outside the
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home, and in medium and large cities such more than a third of the adult population
[5].

Optimization of the human diet can be achieved through the use of dietary
supplements, the range of which is constantly expanding. They allow you to optimize
the metabolic processes and functions of the human body, taking into account the
state of his health. Due to biologically active food supplements, it is possible to
provide dietary, health or prophylactic properties and to ensure normal and restore the
disturbed functions of the human body. There are many different companies
producing a balanced diet, creating a whole direction in maintaining a healthy
lifestyle - Wellness industry, which includes proper nutrition. All this growing
industry requires many professional trainers and consultants in the field of healthy
eating. [13]

According to domestic and foreign studies, most of the diseases that occur in the
population of different countries are caused by the wrong approach to nutrition. The
development of serious diseases leads to various complications, disability, which
affects life expectancy and its quality [8]. Functional disorders of the digestive
system are a significant group of childhood diseases that have an ambiguous
prognosis. Eating disorders can lead to severe forms of eating disorders, as well as to
the deterioration of physical and mental development, reduced body resistance,
increased morbidity, reduced efficiency and reduced life expectancy.

According to the WHO, it is recommended to distinguish the following 4 forms
of pathological conditions associated with malnutrition: malnutrition - a condition
caused by insufficient quality and quantity of food consumption for more or less a
long time; overeating - a condition associated with the consumption of excessive
amounts of food; specific form of insufficiency - a condition caused by a relative or
absolute deficiency of one or more nutrients in the diet; imbalance - a condition
caused by the wrong ratio of nutrients in the diet [14].

Malnutrition - a condition that occurs as a result of malnutrition due to
deficiency in the body of any of the essential nutrients (nutrients - proteins, fats,
carbohydrates, vitamins, macro-and micronutrients). According to the modern
concept, malnutrition affects the structure and function of all organs and systems of
the body, in itself can cause severe metabolic disorders, as well as have a negative
impact on the underlying disease. Malnutrition can be primary, due to inadequate
intake of nutrients, and secondary, associated with impaired intake, assimilation or
metabolism of nutrients due to disease or injury [4]. Disorders (diseases, pathological
conditions, disorders) that occur due to inadequate eating behavior and malnutrition
(long-term insufficient or excessive intake of nutrients) are called alimentary.
Diseases due to malnutrition include alimentary dystrophy (due to protein
deficiency), scurvy, pellagra, anemia and others. (related to mineral and vitamin
deficiency: C, PP, group B, etc.). Diseases with an alimentary risk factor also include
atherosclerosis (due to excessive consumption of animal fats, cholesterol, easily
digestible carbohydrates), malignant tumors (smoked products, animal fats), diabetes
mellitus (easily digestible carbohydrates, animal fats), gout, purity, purine uric acid
and other nitrogen-containing extractives). That is why state regulation of food
behavior and nutrition is a topical issue of state policy today. One of the ways to
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solve this problem is to increase the level of knowledge on healthy eating and rational
eating behavior by developing appropriate educational programs for children, youth
and adults [6].

Irrational nutrition and inadequate eating strategies lead to negative health
consequences, in particular: obesity. Today in the developed world 25% of
adolescents are overweight and 15% are obese. In Ukraine, 18-20 thousand new cases
of obesity are recorded annually among children and adolescents [3]. Moreover, in
30% obesity is associated with metabolic disorders or disorders of the endocrine
system, in 70% - due to systematic overeating. With the growing number of obese
people, the World Health Organization has announced the onset of a global obesity
epidemic. 98 Experts are concerned about the negative consequences of this disease
(coronary heart disease, hypertension, atherosclerosis, diabetes, gallbladder
dyskinesia, osteochondrosis, polyarthritis, venous thrombophlebitis of the lower
extremities, early lymphostasis, etc.). 15 years (and accordingly can cost the world
economy 30 trillion dollars) [13].

Fatty hepatosis (fatty degeneration, or obesity of the liver) belongs to the group
of dystrophic, chronic liver disease caused by the accumulation of large amounts of
lipids. Currently, there is a rapid growth of this disease due to systematic eating
disorders, as well as the wrong lifestyle. Surprisingly, a strict vegetarian diet can lead
to fatty degeneration. The reason is a violation of carbohydrate metabolism due to
lack of protein in the diet. Diseases of the digestive system can be the result of an
unbalanced diet, which indicates an excess or lack of intake of fats, proteins and
carbohydrates. Sometimes diseases of these organs are manifested due to prolonged
irregular diet, too frequent inclusion in the diet of salty, very spicy, hot foods,
adversely affect the digestive system. The presence of preservatives in the foods that
a person eats daily can provoke symptoms of gastrointestinal diseases. That is why
the prevention of this type of disease in children and adults involves a minimum
amount of such products in the diet. This makes it clear that nutrition should have a
positive effect on human health. This is ensured only in compliance with the basic
principles of nutrition. A special role here belongs to the energy value of the diet,
which should cover the body's energy expenditure. The main nutrients are: proteins,
fats, carbohydrates, minerals, vitamins and water.

Nutrition is a complex process of intake, digestion, absorption and assimilation
of nutrients in the body. Food is provided by food. Diet is a quality composition and
quantity of food used during the day. A varied combined diet, which is the basis of a
healthy diet for children, consists of 45-50% carbohydrates, a maximum of 35% fat
and 15% animal and vegetable protein. Based on this, the child should eat a lot of
plant foods, such as cereals, potatoes, vegetables and fruits, in moderation of animal
products, such as milk, meat, eggs and some fatty foods (butter, oil). This may well
cover the need for important nutrients. Depending on the activity, the need for energy
may not always be fully covered, so there is still room to take into account the special
preferences of children for sweets, crackers or soft drinks. One-sided forms of
nutrition can lead to insufficient satiety, not satiety or oversaturation. 99 According to
the specialists of the Ministry of Health of Ukraine, among the unhealthy eating
habits of the population of the country the following hold the lead: irregular diet;
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food "on the go"; consumption of stale and questionable quality of food. The concept
of "diet" includes: the number of meals per day (frequency of meals); distribution of
the daily diet according to its energy value, chemical composition, food set and
weight into separate meals; time of meals during the day; intervals between meals;
duration of meals [9].

According to the German Nutrition Society's (NTH) Nutrition Directive, five
meals a day is ideal for children. The total daily energy intake should be distributed
during the day as follows: the first breakfast - about 20%, the second breakfast -
about 15, lunch - about 30, the intermediate meal - about 10 and dinner - about 25%
[21]. Breakfast is a very important meal - it can either make or break your day. It
replenishes the carbohydrate depot, which emptied overnight, and raises blood sugar
levels. This is important primarily for mental performance. Unfortunately, the total
share of Ukrainian students who completely refuse breakfast on weekdays increases
almost threefold during school - from 5.9% in 10-year-olds to 17.2% in 17-year-olds.
There are more junk snacks and sweets in the diet of high school students [11]. The
duration of the meal at lunch for children should be at least 30 minutes. With rapid
consumption, food is poorly chewed and crushed, insufficiently processed by saliva.
This leads to excessive stress on the stomach, impaired digestion and assimilation of
food. During a hasty consumption of food, the feeling of satiety is slower, which
contributes to overeating. In the first hour after eating a lot of food, drowsiness
occurs. Therefore, the consumption of food that exceeds 35% of energy value and
weight of the daily diet, and contains indigestible foods (fatty meat, legumes, etc.)
impairs mental performance. The last meal should be 5-10% of the daily energy value
of the diet and include foods such as milk, dairy drinks, fruits, juices, bakery
products. If a student eats dinner later than 1.5-2 hours before bedtime, there is an
increase in secretory and motor function of the digestive organs, which causes
increased flatulence, flatulence and nocturnal gastric secretion. The negative impact
of late food consumption is aggravated by heavy meals - fried foods, foods rich in fat,
crude fiber, extractives, table salt, etc. [9]. Intermediate meals are also important for
children to maintain a steady performance throughout the day. Thus, it is possible to
prevent physiological decline in performance, for example, in the afternoon
(homework time). Eating fluctuates daily and does not harm healthy children. 100
Lack of normal nutrition at school and the presence of a long interval between meals
have a detrimental effect on metabolism and the functioning of the gastrointestinal
tract of the student. Eating fast, as a substitute for eating, should not be the rule,
especially since many teenagers in between almost exclusively eat less healthy foods.
The highest percentage of such products are refreshing drinks (25%), sandwiches -
17%, sweet bars - 16%, french fries - 15%, ready-made desserts - 14% and snack
foods - 13% [12]. Compared to adults, children need more fluids. However, the water
balance is not replenished when consuming sweet carbonated and non-carbonated
beverages (lemonades, drinks with fruit juices, etc.).

In recent decades, state standards for the manufacture of beverages have
undergone significant changes, some have been abolished altogether. This is most
often due to savings in the manufacture of such products. However, quite often the
savings are due to the health of consumers. Especially a lot of reproaches have
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accumulated in the address of carbonated water of all varieties and manufacturers.
Carbonated water rarely has natural ingredients. Most often it is flavorings,
preservatives, flavor enhancers and other non-natural ingredients. Even if separately
they are relatively harmless, together they are a real poison of slow action.
Sometimes the label says "with natural juice." However, such an inscription is usually
made to protect against lawsuits [10]. For example, the content of fruit juice in
beverages called "Fruit Nectar" is 25-50%, and in "beverages from fruit juices" - only
6-30% [1,2,3]. High concentrations of even permitted food additives in modern food
are harmful to health, because the effect of any chemical on the human body depends
on both individual characteristics of the body and the amount of active substance.
Quality control, the actual composition of food products is entrusted to the
technological service of the manufacturer and only selective control over the use of
food additives can be carried out by SES [14].

According to nutritionists and pediatricians, all kinds of sweets are especially
harmful for children - chewing candies, chocolate bars, cakes with cream, cookies
and cakes. Huge calories, along with a variety of chemical additives have a negative
impact on the condition of almost all body systems, and the consumption of sugar in
large quantities inevitably leads to dental disease. Fast food has become very popular
among schoolchildren in recent years - a favorite food of many children and adults
(whites, chebureks, french fries, shawarma) is a mixture of synthetic additives and
substitutes mixed with heavy carbohydrates and fats. Constant consumption of such
products leads to digestive disorders - colitis, gastritis, heartburn, constipation, etc.
Chips and crackers, which children love to eat during school breaks - a mixture of
carbohydrates and fat, in the shell of dyes and flavor substitutes. Due to the
peculiarities of cooking in chips, many carcinogens are formed - substances that
provoke cancer. And hydrogenated fats lead to an increase in blood cholesterol
levels, which increases the risk of heart attacks and strokes [2,5]. According to the
Ministry of Health, a third of children surveyed in the international project "Health
and Behavioral Orientations of Student Youth" said that vegetables and fruits are
consumed up to 4 times a week, provided that the diet should be about 5 meals a day.
(According to the recommendations of the Ministry of Health, the daily diet should
include 500-800 grams of fruits and vegetables). They eat less in the family circle and
visit "fast food" more often, which means that this problem is not only medical but
also social, as it is directly related to family traditions [15].

The modern food industry offers a huge number of products that are extremely
harmful to our health, including instant soups, salted nuts, crackers, sweet sodas,
chips, ketchup, grilled chicken, sausages, and yogurt. milk and dairy products that
have a long shelf life. To improve the color and taste, prolong the shelf life of
products, dyes, flavors, nitrates, antibiotics and other chemicals are used, which
contaminate and slowly poison the body, stimulating the development of various
diseases [7].

Modern teachings on proper nutrition recommend the following: half the diet
should consist of fresh food (for example, raw vegetables, fruits, fresh grains, nuts,
raw milk and cold-pressed vegetable oil). In this case, fruits and vegetables should be
eaten according to the season in which they ripen, and from biologically controlled
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places of cultivation. Fat intake should not exceed 80 g per day and should consist of
natural fats and natural oil. It is recommended to eat meat, fish and eggs, but in
moderation, milk and dairy products. Sugar and semolina should not be consumed
separately [1,6].

Every modern person should have the necessary information about nutrition, the
substances that make up food, their role in the life of the organism. To maintain the
health and prevent serious diseases in children associated with metabolic disorders,
parents should minimize, and even better - to exclude from the diet: industrial sweets
- cookies, cakes, rolls and cakes with cream, sweet carbonated and non-carbonated
drinks, snacks, canned, smoked products, fast food, etc.

Legislation on safety and certain indicators of food quality consists of the
Constitution of Ukraine [2], the Law "On basic principles and requirements for food
safety and quality" [1], the laws of Ukraine "On state control over compliance with
legislation on food, feed, animal by-products, animal health and welfare "[3]," On
information to consumers about food "[4] and other acts issued in accordance with
these regulations [5]. Issues of state regulation of compliance with food safety
requirements have been studied and continue to be studied by both domestic and
foreign scientists, in particular [6, 8, 9]. Today, the issue of food safety requires more
careful study and study of some aspects of it as a highly specialized profile, and in
relation to producers and consumers, in particular. In Ukraine, a number of legal
documents on sanitary measures and requirements for certain indicators of food
quality have been developed and approved for implementation; state registration,
defined by the Law "On basic principles and requirements for food safety and
quality" [1]; issuance, termination, revocation and renewal of the operating permit;
informing and raising awareness of market operators and consumers about safety and
certain indicators of food quality; setting requirements for the health of staff;
participation in the work of relevant international organizations; implementation of
state control; bringing market operators, their officials to justice in case of violation
of safety legislation and certain indicators of food quality [1]. The legislative
framework for state regulation of food products, in addition to the above, includes: -
Law of Ukraine "On Basic Principles of State Supervision (Control) in the Sphere of
Economic Activity" of April 5, 2007 Ne 877-V; - Resolution of the Cabinet of
Ministers of 11.11.2015 Ne 930 "On approval of the Procedure for issuing an
operating permit, the form of an operating permit and recognizing as invalid some
resolutions of the Cabinet of Ministers of Ukraine"; - Law of Ukraine “On animal by-
products not intended for human consumption” of April 7, 2015 Ne 287-VIII; 113 -
Resolution of the Cabinet of Ministers of 31.10.2018 Ne 896 “Procedure for
determining the frequency of implementation of planned measures of state control of
compliance of market operators (facilities) with the requirements of legislation on
food, feed, animal health and welfare by the State Food Safety Service and consumer
protection, and the criteria by which the degree of risk from its implementation is
assessed "; - Order of the Ministry of Agrarian Policy and Food of Ukraine dated
06.02.2017 Ne 42 "On approval of the form of the act drawn up as a result of a
planned (unscheduled) state control measure regarding compliance by market
operators with hygienic requirements for food handling"; - Order of the Ministry of
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Agrarian Policy and Food of Ukraine dated 07.03.2018 Ne 130 "On approval of the
unified form of the act, which is drawn up as a result of a planned (unscheduled)
measure of state supervision (control) of compliance with the requirements of the
business entity legislation in the field of veterinary medicine"; - Order of the Ministry
of Agrarian Policy and Food of Ukraine dated 10.02.2016 Ne 39 "On approval of the
Procedure for state registration of capacities, maintaining the state register of
capacities of market operators and providing information from it to interested
parties"; - Order of the Ministry of Agrarian Policy and Food of Ukraine dated
07.10.2016 Ne 365 "On approval of the Procedure for maintaining the register of
market operators and facilities for which an operating permit has been issued"; - Law
of Ukraine "On Veterinary Medicine" of June 25, 1992 No 2498-XI1I; - Resolution of
the Cabinet of Ministers of 05.11.2008 Ne 978 "On approval of the Procedure for
issuing an operating permit" [5]. When the law stipulates the obligation to comply
with the procedure for sampling of food products, compliance with the requirements
of the relevant standards for food products and research methods (tests), this
requirement is undisputed. In other cases, there is no need to adhere to these
institutions. In the event that the Verkhovna Rada of Ukraine has agreed to the
obligation to implement the relevant international agreements on food products, the
priority and mandatory requirement is to apply the rules in accordance with
international agreements. It should be noted that the Law of Ukraine "On Basic
Principles and Requirements for Food Safety and Quality" applies to sanitary
measures, objects of sanitary measures; requirements for certain indicators of food
quality; market and capacity operators. Regulation of EU legislation on food safety
covers all stages of production, processing and circulation of food, as well as
informing consumers [6, p. 78]. From 20.09.2015, the terms "food" and others related
to the safety and quality of food are defined in accordance with the Law of Ukraine
"On Basic Principles and Requirements for Safety and Quality of Food". In paragraph
44 of Art. 1 of the Law of Ukraine "On Basic Principles and Requirements for Food
Safety and Quality" also establishes the concept of unsafe food, ie one that is harmful
to health and / or unfit for consumption [1].

Conclusions.

Thus, the product may be edible but harmful to health. The above law stipulates
that “a food product may become unfit for human consumption both in the process of
its production, in particular, by introducing foreign substances or objects or in case of
violation of production requirements, and as a result of its spoilage in the process of
improper storage and transportation. and implementation ". In order to implement
state regulation of safety and certain indicators of food quality in Art. 4 of the Law of
Ukraine "On Basic Principles and Requirements for Food Safety and Quality" as
amended by the Law of July 22, 2014 No 1602-VII identifies appropriate areas for
improving the situation in this area, which include: - establishment of sanitary
measures; - setting requirements for certain indicators of food quality; - state
registration of the objects of sanitary measures defined by the legislation; - issuance,
termination, revocation and renewal of the operating permit; - informing and raising
awareness of market operators and consumers about safety and certain indicators of
food quality; - setting requirements for the health of staff; - participation in the work
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of relevant international organizations; - implementation of state control; - bringing
market operators, their officials to justice in case of violation of safety legislation and
certain indicators of food quality.
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Annomauua. Ilo oannvim OUOXUMUYECKUX UCCAEO08AHUN, HA SUNOSUMAMUHO3 Ooneem 40-
90% mnacenenus Yxpaunwl. Hcciedosanue ocobennocmell numanus 63pocivix ykpaurckom (18-65
ee.) B yeumpanvnoix obnacmsax Ykpauner nokazano, umo ¢gpaxmuueckoe numanue o0Cie008aHHbIX
JUY  XAPAKmepu3oeaioch:  NOBLIUEHHLIM — COOEpHCAHUeM 6  PAYUOHAX — XOJleCmepuHd,
Hedocmamounvim cooepxcanuem sumamurnos A, B6, C, PP; Hedocmamounvim KOIUYECMBOM
Kambyuss U MaeHus 8 payuonax Hacenenus. Iloumu y nonosunvl o6credosannvix (42,3%)
HAOA00ANOCH HAPYUEHUE PelCUMa NUMAHUs. 08YXpazoeoe numanue ¢ onumenvHuiMu (bonee 8 u)
unmepeanamu. Ycemawnoeierno, umo Onmumuzayus payuoHa Yeroseka moxcem 0bims 00CMucHyma
3a cyem UCNONIL30BAHUSL OUOIO2UYECKU AKMUBHBIX 000ABOK, ACCOPMUMEHM KOMOPLIX NOCMOSHHO
pacwupsiemcs. brnacooaps um mooxcno onmumuzuposamev obOMeHHbIEe Npoyeccvl U YHKYUU
OpP2aHU3MA 4eloBeKa ¢ Y4emom COCMOAHUSL ee 300po8bs. 3a cuem OUON02UYECKU AKMUBHBIX
000aB80K NUWesbIM NPOOYKMAM MONCHO NPedoCmasums OUemuieckux, 0300pPO0BUMENbHbIX ULl
nPOGUIAKMUYECKUX C8OLICE U 0Decneuumsb HOPMATIbHbLE U 8OCCMAHOBUMb HAPYULEHHbLE (DYHKYUU
opeanusma uenogexka. «Henpueoonvim x ynompebnenuro ueno8ekom nuwedol NPoOyKm MOHICem
cmams KaK 6 npoyecce e2o0 npouz8oo0cmed, 8 YacmHOCMU, Nymem HPUBHECEHUs NOCMOPOHHUX
seujecms Ui npeoMemos uiu 8 Cciyyde HapyuleHusi mpeOo8anuil Npou3eo0cmed, max U 8
pe3yibmame e20 NOpHU 6 Npoyecce HEeHAONeHCaule2o0 e20 XPAHeHUs, MPAHCNOPMUPOBKU U
peanuzayuuy. C yervio ocywecmeneHus 20CyOapCmeeHHo20 pecyiuposanusi 0e30nacHOCmuU U
0OmOoenbHbIX NoKazameJiell Kauecmaa nuuedblx npooykmos 8 cm. 4 3axouna Ykpaunwvl « 06 0CHOBHbIX
NpUHYUNAax u mpebosanusi K Oe30nacHOCmu U Kawecme)y NUWesblx npooOyKmoey 6 pedaxyuu 3aKoua
om 22 urona 2014Ne 1602-vuu onpedenenvl coomeemcmsayoujue HAnpagieHus Ois Yay4yuleHus
cOCmosiHusL. 8 3mou c@epe, Komopvle NpeoyCMampuearom: - YCMAHOGIEHUe CAHUMAPHBIX
Meponpusmuil, - YCmauoglieHue mpeO08anuti K OmoOeibHbIM NoKazameel Kayecmeda Nuuyesblx
NPOOYKMOo8, - 20CYOaApPCMBEHHOU pecucmpayuu OnpeoesieHHblX 3aKOHOO0AmeabCmeomM 00beKmos
CAHUMAPHbLIX MEPONpUsAmMuULl, - 6vl0auy, NpeKpaweHue, aHHYIUPOBaHue U B0CCMAHOGIEHUE
IKCNAYAMAYUOHHO2O — PA3peuieruss, - UHDOPMUpPOBaHue U NOGbIUEHUE O0C8EOOMAECHHOCMU
onepamopos pulHKA U nompebumenel OMHOCUMENIbHO 0e30NACHOCMU U OMOeNIbHbIX noKazameinel
Kawecmea Nnuwesvbix NpPoOYKmos, - YCMAHOGIeHUe mpeObOoBaHUll OMHOCUMENIbHO COCMOSHUSL
300p06bs. NEPCOHANA MOWHOCHel, - yuacmue 8 pabome COOMEEMCMEYIOUUX MeHCOVHAPOOHBIX
opeanu3ayull, - ocyujecmeiieHue 20Cy0apCcmeeHHo20 KOHMpos, - npusiederue onepamopos poiHkd,
UX OONNCHOCMHBIX JUY K OMBEMCMBEHHOCMU 6 CAydde HAapyuleHus 3aKOHOO0amenbCcmea o
bezonacHocmu u omoenbHble NOKA3AMenu Kauecmaead nuesulx npooyKmoa.

Cratps otnpasiena: 3.09.2021 r.
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Annomauun. B pabome paccmampusaemcs 3a0aua cocmagienus ONMUMAaibHo20 2pagura
nepepabomKu Colpbsi NPU YCI08UU HEOOHOPOOHBIX NOMeEPb NPOUIBOOCMBEHHOU YEHHOCMU PA3HbIMU
napmusamu 6 meueHue epemenu. llocmasnennas 3aoaua A61AemMcs YACMHLIM CAydaeM 3a0ayu
ouckpemnou onmumuzayuu. Cozoaemcsa aneopumm Gopmuposanus cpaguka, obecneuusaroujeco
MAKCUMATIbHBILL 8bIX00 20MO08020 NPOOYKMA HA OCHO8E MOOUDUUUPOBAHHO20 MemoOdd eemeell U
epanuy. Ilpumenenue >moco aneopumma nO3601A€M 3HAYUMENbHO COKPAMUMb nepeoop
BCEBO3MONCHBIX OONYCMUMbBIX 8APUAHMOE U 0becneuums 3¢gekmusHoe peuienue nOCMABIeHHOU
3a0auu. Aneopumm modHcem Obimob UCNONL308AH OISl ONMUMUZAYUU NPOYeCCa NepepabomKU PA3HbIX
napmuii c8exJibl Npu NPouU3o0cmaee caxapa.

Knwuegvie cnosa: ouckpemuas onmumuzayus, Memoo Gemeei U 2panuy, paghux
nepepabomku  Coipbs, NPOUIBOOCHIBEHHAS YEHHOCHMb Cblpbs, NAPMUU  Cblpbs, MAKCUMUZAYUS
8b1X00a NPOOYKYUU, CAXAPHAS CEEKIA, CaXapPUCMOoCnb.

Beryniienue.

B mHacrosimiee BpeMsi Bce Oosiee MOBBIIAECTCA POJdb 3a/ad ONTUMHU3AIUU
MPOM3BOJCTBEHHBIX mporeccoB [l1]. JIns NOBBIIEHHS MPOU3BOAUTEILHOCTH
COBPEMEHHBIX JOPOTOCTOSIIMX TMPOU3BOACTB HeoOXoauMm mojadop Haubosee
3 PeKTUBHOTO peXuUMa DJKCIUTyaTallid  OOOpYJIOBaHUS, UYTO MPUBOIUT K
HEOOXOJIUMOCTH MPUBJICYCHUS HJICH ONTUMaIbHOCTU. Bosibllioe 3HaUeHue Mpu 3TOM
UrpaeT ONTHUMHU3AlUS Tpapuka 3arpy3kd MPOU3BOACTBEHHBIX MOIIMHOCTEH W
nepepabOTKU ChIPhS, TIOCKOJIBKY HM3MEHeHHe rpaduka He TpeOyeT 3HAYMTEIbHBIX
3aTpar, a oOT/Jadya OT TaKOW ONTUMHU3AIMU MOXXET OBITh COMOCTaBUMOM C
MojepHu3aiueln obopynoBanus. I[lpaBuinbHOE wu3MeHeHHWE TpaduKa TMO3BOJSET
CYIIIECTBEHHO MOBBICUTH BBIXOJ] TOTOBOM MPOTYKIIHH.

Ota npobieMa 0cOOCHHO BayKHA JUIsl TIUIIIEBOM MPOMBINITIEHHOCTH [2-4]. 31ech
CBIPEM HEPEJIKO SBIISIIOTCS CKOPOMOPTSIIUECS NPOAYKTHI, MpUYEM TMOTEPs
MIPOU3BOJICTBEHHOM IIEHHOCTH Pa3HbIMU COPTaAMU ChIPbs MPOUCXOAUT HEPABHOMEPHO.
B 3aBucumocTH OT mOCIEA0BATEIBLHOCTH MEPEPAOOTKU MOKHO 3HAUUTEIIHHO CHU3UTH
MOTEPH.

Cka3zaHHOE B MOJIHOM MEpPE OTHOCHUTCS K IPOU3BOJCTBY caxapa [S]. 31ech ChIpbe
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— caxapHasl CBEKJIa IMOCTYIMAaeT Ha 3aBOJ B CXaTbhle CPOKM W 3aroTaBlIMBAETCA IS
oOecriedyeHrs TMOCIEAYIONIer0 mpolecca mepepaboTKu. 3aroTOBJICHHOE ChIpbe
nepepabaTbiBaeTCsl HE BCE Cpa3y, a IOCTENEHHO, OTACIbHBIMH MapTHIMH,
COOTBETCTBYIOIIIMMH BO3MOXHOCTSIM ITPOM3BOACTBEHHBIX MoIIHOCTE. Ilo mepe
XPaHEHHs COJAEpPKAHUE caxapa B 3arOTOBJIEHHOM ChIPbE€ CHWXKAETCS, HO CKOpPOCTb
TaKOr0 CHMYKEHHS 3aBUCUT OT COPTA CBEKJIbI, OT YCIOBUHM €€ XpaHEHUs], B YaCTHOCTH,
OT TIOTOAHBIX YCJOBHH, €CIM XpaHCHHE TMPOUCXOAUT HA OTKPHITOM BO3JIyXe€.
CoOOTBETCTBEHHO BO3HMKAET 3ajjaya pacyueTa ONTHUMaJIbHOrO rpaduka nepepadboTKu
pa3HbIX MapTHUH CBEKJBbI C Pa3HbIM COJEPNKAHUEM caxapa M C pa3HOM CKOPOCTHIO
MOTEPU CaXapUCTOCTH.

MareMatnyecku 3aJayd ONTUMHU3AIMK Tpaduka OTHOCATCA K KJaccy 3aaay
JTUCKPETHOM ONTUMU3AIMU, TEOPUS KOTOPHIX Hauyaja MHTEHCUBHO PAa3BUBATHCS C
CepelMHbI MPOILIOro Beka. B HacTosiee BpeMsl CyIleCTBYET MHOKECTBO Pa3IMYHbBIX
METOJOB W  MOAXOJOB  JUCKPETHOM  ONTUMHU3ALMM —  JUHAMHUYECKOE
MIpOrpaMMUPOBAHKUE, METO]] BETBEH U IpaHMUIl, ONTUMU3AIM Ha rpadax u T.1. [6-7]

B uvacTHOCTH, BecbMa MOMYJISIPHBIM SIBIISIETCSI METOJ BETBEH W rpanul [6]. B
caMOM O0OIleM BHJE ATOT METOJl OMHPAETCS Ha MCIHOJIb30BAaHUE ABYX HPOLEAYP —
BETBJICHUSI U OLICHKU. BeTBiieHHEe mpenoaraeT pa30oueHne MHOKECTBA JOITYCTUMBIX
pEelIeHNI Ha TMOJMHOXKECTBA MEHBIIIEH pa3MEPHOCTH, OIEHKAa MPeroiaraet
HaXOXXJIEHUE BEPXHUX W HIKHUX TpaHed I1eneBod (YHKIUU HA TOCTPOCHHBIX
MOJIMHOKECTBAX. biarogapst 3ToMy METOJ MO3BOJISIET COKPATUTH MOJHBIA MEepedop
apryMEHTOB M OTCEATh IMOJMHOKECTBA JOMYCTUMBIX 3JIEMEHTOB, 3aBEIOMO HE
coJiep KallluX ONTUMAJBHBIX pelIieHUuid. B TO jke BpeMs MeToJl COXpaHseT MPOLEAypY
nepedopa Ha OCTABIIMXCS MHOKECTBAX JIEMEHTOB.

Lenr  HacTOsmield  pabOTBI  COCTOMT B  pa3padOTKE Ha  OCHOBE
MOAW(UIIMPOBAHHOTO METOJAa BETBEW W TPaHUIl aJIrOpUTMa MOCTPOCHUS
ONTUMAJIBHOTO Tpaduka nepepadOTKU ChIPbS MPHU YCIOBUU HEOJHOPOJIHBIX MOTEPH
MPOU3BOJACTBEHHON IIEHHOCTHM pa3HbIMM TApTHUSIMH B TEUEHHWE BPEMEHHU.
[IpensiokeHHBIN aNTOPUTM pENIAET 3a7a4y B OOIIEM BUJIE, B YACTHOCTH, MOKET OBIThH
MCIIOJIb30BaH JJI PEIICHUS] OTMEUEHHOM MpOo0JIeMbl CaXapHOTO MTPOU3BOACTBRA.

ITocTanoBKka 3axauu.

[IycTh ecTb n pa3iauYHBIX MApTHIl CHIpbs (HApPUMEpP, CaXapHOW CBEKJIbI),
3aHYMEpPOBAaHHBIX HEKOTOPHIM 00pazoM oT 1 1o n. [lapTuu umeroT paBHBIA BecC, HO
OTJIMYAIOTCA 1O MPOU3BOACTBEHHOM WLEHHOCTH — TMPOLEHTY BBIXOJA TOTOBOIO
NpPOJAyKTa W3 €IUHULBI Beca (YTO COOTBETCTBYET CAaXapUCTOCTH, HPOLEHTY
colaepkaHusi caxapa B cBekie). (OO03HAUMM MPOHM3BOACTBEHHYIO IIEHHOCTD
(caxapucTocTh) i-Od MapTHU ChIPbs (CBEKIbI) ;. [IpOU3BONCTBEHHBIE MOUIHOCTH
MO3BOJISIIOT 32 OJIUH TMEPUOJ BPEMEHHU NepepadoTaTh TOJbKO OAHY MApTUIO ChIPbA
(cBeknbl). TakuM o0pa3zoM, sl TMepepadOTKU N MAPTUM CBIPbS HEOOXOIUMO 7
MIEPUOJIOB BPEMEHHU, KOTOPbIe MOXKHO 3aHymepoBath oT 1 mo n. IlycTh 3a Bpems
XpaHEHUs1 Ha j-M IIEpUOAE I-asi MapTHUsl ChIPbs TEPAET HEKOTOPYIO MTOJIO CBOEU
IIPOU3BOCTBEHHOMN IIEHHOCTH (CBEKJA CHMXKAET CBOK CaXapUCTOCTh), PABHYIO b;-

Torna y i-oif mapTUU CHIPhS MPOU3BOJACTBEHHAS IIEHHOCTh OYACT H3MEHSATHCS
CJIEIYIOIUM 00pa3oMm: aibil — Tocie TIEPBOTO nepuoaa, a;b,b;, — mocne Broporo,
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a;bybiy..by,
atoro). [Ipeanonaraercs, 4To B T€UEHUE TIEPHO/Ia TEPEpaOOTKU OAHOU MAPTUHU CHIPHS
€€ MPOU3BOJICTBEHHAS LICHHOCTh HE MEHSIETCSI.

[TycTh mapTuu ChIphsl 3aHYMEPOBAHBI B MOpPsiAKe X 00padoTku. Torma BbIXOJ
TOTOBOT'O IIPOJIyKTa paBeH

a + a2b21 + a3b31b32 +...+ anbnlan“‘bnn—l

3amaya COCTOUT B TOM, YTOOBI MOA00paTh MOCIENOBATENBHOCTD MEepepadOTKU
HapTUH CBIPBS TaK, YTOOBI 3TOT BBIXO ObLI MAKCUMAJIbHBIM.

Bcero cymiectByer n! pa3iMyHBIX TNEPECTAaHOBOK (pa3iMYHBIX TpaduKoB
nepepadOTKH) 7 MapTUH CBIPBS, T.€. B O0IEM CIydae HY>KHO BBIYUCIUTH U CPABHUTH
n! 3HaueHnii pyHKIUU Bbixona. [lokaxeM, 4To mMpUMEHEHHUE HJIeH MeToda BETBEH U
TPaHUI] TTO3BOJISIET CYIIECTBEHHO CHU3UTh HEOOXO0IMMOE YHCIIO BRIYMCICHUH.

ITocTpoenue rpadpuka oOpadoTKH.

[IycTh mapTuu ChIphs 3aHYMEPOBAHBI B ONTHUMAJIBLHOM TMOPSIKE 0OpabOTKH,
KOTOPBIN 00ecTeurnBaeT MaKCUMAIbHBIN BBIXO]T TPOIYKTA. DTOT BBIXOJ IOJKEH OBIThH
OOJIBIIIE COOTBETCTBYIOMIETO BBIXOJA MPHU JOOOW JAPyrod moCienoBaTEIHLHOCTU
00pabOTKN MapTUil ChIPhA. B YaCTHOCTH, OH JOJDKEH OBITH OOJIBIIE BBIXO/AA TPH
CMEHE TIEPBOM 1 BTOPOU mapTuii mpu o0paboTke, T.€.

al + a2b21 + a3b31b32 +...+a

— TOCJIE TIOCTEAHETO (eciii, KOHEUYHO, OHA He OyAeT nmepepaboTaHa 110

b

nl

b,r...Dy,_1 >

n
> a2 + albll + a3b31b32 +...+ anbnlan“'bnn—l '
Otcroaa cienyetr HepaBeHCTBO
al + Clzbzl > az + albll

KOTOPOE SIBJISIETCS HEOOXOAMMBIM YCJIOBHEM YMOPSAOYMBAHMS MEPBBIX IBYX MapTHiA
ChIPbsl. ODTO HEPABEHCTBO MMEET NMPOCTOW CMBICI. Boipakenue cnesa a; +a,b,,

IpeiCTaBisgeT COo0OM BBIXOJ TOTOBOIO MPOAYKTa TMOCIE BTOPOro IEpUoja
nepepaboOTK MpH ToJade IOCIEAOBATEILHO IEPBOM W BTOPOM MApTHM CHIPHS.
Boipaxkenue cmpaBa @, +a;b;;  TPENCTaBIAE€T COOOM TAKKE BBIXOJA TOTOBOIO

MPOJIyKTa, HO TIPH MOJa4e Ha Mepepad0TKy CHadajga BTOPOH, a TOTOM MEePBOI MapTHA
Chipbs. Takum 00pazoM, HEOOXOAMMOE YCIOBHE ONTHMAIBHOTO YIOPSIOYMBAHUS
COCTOUT B TOM, YTOOBI BHIOpATh MOPSAOK, OOECMEYMBAIOIMINN HAMOOIBIINA BBIXOJ
rOTOBOTO MpPOJyKTa Ha MEPBbIX JBYX Mepuoiax nepepaboTKu sl AaHHOW Mapsl
IIapTHUH.

ITockoJIbKy HEM3BECTHO, KakKhMe€ HWMEHHO MapTUM OyAyT COCTaBISATH IEPBYIO
napy, To Hy>KHO U3 1 TIapTUX BBIICJIUTh BCEBO3MOXKHBIE TIaphl, @ TOTOM yIOPSI0YUTh
HX B COOTBETCTBHUE C BBHIBEICHHBIM MPABUIIOM.

Bcero takux nap Oyaet

> nl n(n-1)
T (m=-2)R2! 2

B kaxnoil mape Hy>XHO clienaTh OJHO cpaBHeHUE. UTOObI clenaTh CpaBHEHHE

HY>KHO BBIYMCJIMTH JBA 3HAYCHHMS BBIXOJA NPOJIYKTa HA MEPBBIX JIBYX IEPHUOIAX

00paboTKK JIsl ABYX KOMOWHAIMI mapTwid. Bcero Hy)XHO COCUMTATh BBIXOJ| MOCIE
JIBYX TIEPUOJIOB JIJIsI 1(7-1) yHOpsIOYEHHBIX KOMOWHAIIMK map.
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Heobxoaumoe ycinoBue [1j1si ONpeAesieHus TpeThed NapTHUH ONTUMAaJIbHOTO
rpaduka mpeacTaBIsieT COOOU BBHITOTHEHUE CHCTEMBI YETHIPEX HEPABEHCTB

ay+aybyy + azbybyy > az +azbyy + ahy by
ay + aybyy + azby by > ay +azbyy +ayby by
ay+aybyy + asby b3y > az +aybyy + ayby by
ay + aybyy + azby by > ay + azbyy +ayby1by)
Ectp CIIC IIATOC HEPABCHCTBO
ay + ayby + asby b3y > ay + aybyy +asby by,
KOTOPO€ 9KBUBAJICHTHO HEPABEHCTBY () + a2b21 >a, + albll , YK€ IPOBEPEHHOE

Ha MEePBOM JTare, Koraa ObUTH YIOPSI0YEHBI BCEBO3MOXKHBIC Mapbl, B TOM YHCIIE H
napa (1, 2). [Toaromy 3T0 HEpaBEHCTBO MPOBEPATH OOJIBIIIE HE HYKHO.

OOpatuMm Takke BHHUMaHHUE, YTO U3 JBYX MOCIEIHUX HEPABEHCTB JOCTATOYHO
IIPOBEPUTH TOJBKO OJHO, MOCKOJBKY MBI Takxke ymnopsaounnu mnapy (1, 3), u B
MPaBOM YaCTU MOKHO UCIIOJIb30BaTh TOJIBKO Ty MOCIEI0BATEIBHOCTD (IIEPECTAHOBKY )
ATUX HOMEPOB, KOTOpasi AaeT HauOONbIINNA PE3yiIbTaT.

To ke camoe MOKHO CKa3aTh U O JBYX MEPBBIX HEPABEHCTBAX — TaM JIOCTATOYHO
B35Th HAWIYUIIyIO NIEPECTaHOBKY B mape (2,3).

Takum o00pa3oM, B TpOWKE TMEpPBBIX COPTOB HYXHO CJENaTh BCEro JiBa
CpaBHEHHM S, YTOOBI MPABUIIBLHO YIOPSI0YUTH UX.

BriBeieHHOE HEOOXOAMMOE YCIOBUE YHOPSAJOUYEHHOCTH ONSTh-TAKU HMEET
MPOCTOM CMBICH. 3/1€Ch BBIYMCISIFOTCA M CPABHUBAIOTCS JPYT C APYTOM BEIWYHHBI
BBIXOJIJa TOTOBOM MPOIYKIMU TIOCJIE TpPeX TNEpPUOJOB OO0pabOTKH ISl Pa3HBIX
MOCJIEIOBATEIbHOCTEN MOJAYU TPEX NAapTUU CBIPbS — IEPBOM, BTOPOM U TPETHEM.
[Ipu 5TOM yuuTHIBaeTCS TOJy4YEeHHas paHee HHPopManus 00 ONTUMAIHLHOM
YIOpPSiAOYECHHH TepBoM mapel mnaptuid. COOTBETCTBEHHO, MJIA OCYIIECTBICHUS
CpaBHEHUSI HY>KHO BBIYHCIIUTH 3HAYECHUS BBHIXOJIa HA TPEThEM IMEPUOE MepepaboTKu
JUISL TPEX NEPECTaHOBOK.

AJNTOPUTM MPOBEPKH MOXHO (HOpMaAIU30BaTh CIEAYIOIMIMM O00pa3oM: s
Tpoiitku HomepoB (1, 2, 3), paccmaTpuBaemMbIX Kak HOMEpa TMEPBBIX MapTUH
00pabOTKH, HY’)KHO CHayajia OCTaBUTh Ha TPEThE MECTO B IEPECTAHOBKE (HA BTOPOM
nepuoj o0paboTkK) mapTuto 1, Toraa nepsas mnapa J0JbKHA ObITh chOpMUpPOBaHA U3
HOMepoB 2 u 3. Ho onrtumanbHas mOCIEA0OBATENBHOCTh 3TUX HOMEPOB Ui Hadayia
rpaduka yke W3BECTHA, IOITOMY, HCIIOJNB3YysS €€, TOIydaeM EIUHCTBEHHYIO
BO3MOXKHYIO IIOCJIEAOBATEIbHOCTh TPOMKM HOMEPOB IIPU YCIOBHM, YTO OHa
3akaHunBaeTrca Ha 1. [Insg STOM MNEepecTaHOBKH HETPYAHO IOCUUTATH BEIUYHHY
BBIXOJIa 32 TpH nepuoja. Jlaiee Ha TPETbe MECTO HYXHO MOCTABUTh 2 COPT ChIPbS,
TOT/Ia mepBas napa JoJkHa ObITh chopmupoBana u3 HomepoB 1 u 3. Ho B 3Toit mape
TaKX€ U3BECTHA ONTUMAJIbHAS MOCIEI0BATEIbHOCTh, C YUYETOM KOTOPOM MOJIy4aeTcs
€IUHCTBEHHAsA BO3MOXHas IJI1 ONTHUMalIbHON INMEPECTaHOBKAa TPOMKH HOMEPOB IPHU
YCJIOBHMH, YTO MOCJIETHUM HOMEpPOM B Hell OyzaeT 2. [Ins Takod mepecTaHOBKH Tpex
HOMEPOB CHOBA MO>HO MOJACYMTATh BEIWYHWHY BBIXOJIa HA MEPBBIX TPEX MEPUOAAX
oOpaboTku. Hakoner, mocTaBUM Ha TOCIEAHEE MECTO B Tpoiike HoMmep 3.
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OntumanbHas MOCIEAOBATEIBHOCTh ABYX IEPBBIX COPTOB CHIPbS YK€ HM3BECTHA.
Otcroga uMeeM €IMHCTBEHHYIO, MPETEHAYIOUIYI0 Ha ONTHUMAalbHYIO, MEPECTAHOBKY
HOMEpPOB, 3aKaHUMBAIOIIyIOCs Ha 3. [l Hee omaTh MOXXHO PAacCUMTaTh BEIIUYUHY
BBIXOJIla HA TpeX MEpBBIX mepuoaax oOpaboTku. Ilociie BHIMOMHEHUS BCEX TpeX
omepanuii Hy>)KHO CPaBHUTh MEXIYy COOOW TpU TMOJYUYCHHBIX 3HAYCHUS BBIXOAA IS
TpEX BO3MOXHBIX IIEPECTAaHOBOK. B wurore omnpenensercs €IUHCTBEHHAS
ONTUMAaJIbHAs TIEPECTAaHOBKA JJIsl IEPBOM TPOMKHU cpeaur HoMepoB 1, 2, 3.

CoBeplIeHHO aHAJIOTMYHO JIEWCTBYET QJITOPUTM CpPaBHEHHS JUIsl JHOOOTrO
Ipyroro Habopa U3 Tpex HOMEPOB NaAPTHIA.

ITockobKy MBI CHOBa HE 3HaeM, KakKhu€ MMEHHO MapTUU 00pa3yloT MEPBYIO
TPOWKY, TO MPHUIAETCS PACCMOTPETh BCEBO3MOXHBIE TPOWKH. UHMCIIO TaKMX TPOEK
PaBHO

o3 n nn-1)(n-2)
" (n-3)n 3|
B kaxnmon TpOWKE HYXXHO BBIYHCIWTH BEIMYMHY BbIXOAA JUISl Tpex

nepecTaHoBOK. B urore umeem n(n-1)(n-2) CpaBHUBAaEMbIX 3HAYEHUW BBIXOJA Ha
2

TpeX MEPBBIX NMepHoax 00pabOTKH.

AHaJOTMYHO MOXKHO MOJCYUTATh, YTO JJSI ONPEICIICHUS YETBEPTOro HOMEpA
NapTUU B YETBEPKE MapTU HYKHO CAENAaTh TPU CPABHEHMS U PACCUMTATH BEITUUUHY
BBIXOJIa HAa YETHIpEX IMEepBbIX IMepuogax oOpabOTKU sl dYeThIpeX pas3HbIX
NEPECTaHOBOK.

dopMalIbHO aNTOPUTM JIJIsl YETBEPKH HOMEPOB BBITIISIUT CICAYIOMNUM 00pazom:
MOCIIEZIOBaTEIbHO HAa ueTBepToe (MOCIEAHEE) MECTO CTaBUTCS OJIHA W3 YeThIpex
NapTUi CHIPHS, TOTJIA OCTABINASCS TEpBasi TPOWKA YIMOPAIOUNBACTCS ONTHMAIbHBIM
o0pa3oM COIJIACHO TIONYyYEHHBIM  pe3yjbTaTaM TPOBEPKH TPOEK, Jajiee
pPacCUMTHIBAIOTCS 3HAUEHMsI (PYHKLIMU BBIXOJAA IOCJE MEPBBIX YEThIPEX IMEPHOJOB
00pabOTKH AJIsl KaXA0T0 U3 YETHIPEX CIIy4aeB U BbIOUPACTCS HAMITYUIINH.

Bcero uncno ueTBepok paBHO

C,f _ n! _ n(n—1)(n—-2)(n-3) |
(n—4)4 4!

CHGI[OBaTeHBHO, HY>KHO IIPOCUUTATh BCIIMYMHY BbIXO/Ja IMOCJIC YCTBIPECX IICPBLIX
n(n—-1)(n-2)(n-3)
3!

[pomoimkast 5TH pacCyKAeHWs Jajee, MojydaeM, YTo Uil KOMOWHAIMU u3 k
5JIEMEHTOB HYKHO MpPOCYUTATh (YHKIMIO BBIXOJA TOCIE MEPBBIX Kk MEPUOIOB

Mepruoa0B IJIst MMEPECTaHOBOK.

oGpaborku st /! (n=1)..(n—(k-1)) IIEPECTAHOBOK.
(k—1)!

AJNTopuT™M CcpaBHEHUS TSl BBIOOPKH U3 k TApTUH CHIPHS BRITJISIAUT CIEAYIOIIUM
o0pa3zoM: mocieaoBaTeIbHO Ha k-¢ (ITOCJIEeIHEE) MECTO CTaBUTCS OJHA U3 k MapTHid
CBIPBSI, TOTJIa OCTABIIMICS HA0Op U3 k-1 3JIEMEHTa YIOPSIOYUBACTCS ONTUMAILHBIM
o0pa3oM corjlacHO pe3yJibTaTaM paboThl aJroOpuTMa Ha TMpeAbIaymeM k-1-m miare,
Jajiee pacCUMTHIBAIOTCS 3HAYCHUS (DYHKIIMM BBIXOJA I KaXJIOTO U3 k ClydacB W
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BbIOMpPAETCS HAUTYYILIUH.
Bcero Hy>kHO BBIUUCTUTE (DYHKIIMIO BBIXO/AA JIJISl CIIEIYIONIETO YMCIa BAPUAHTOB

n(n—1)+ n(n—1)(n-2) N n(n—1)(n-2)(n-3) L
2

3!
N n(n—1)(n-2)..n—(n-1)) _
(n—-1)!
=n(Cl_ +C> +..+C"H=n2" " -1)

YTO CyIIECTBEHHO MEHbIIIE, YeM 71! (TIOJHBIN mepedop).

HerpynHo BuIeTb, YTO TOCTPOSHHBIM aJITOPUTM TMPEACTABISET COOOM
pealiv3alvi0 HAeH MeTona BeTBEH M TpaHUll. 37eCh Ha KaxAoM k-M Imare
paccMaTpUBAIOTCS BETBJIEHHUS, COOTBETCTBYIOIIME DPa3HBIM IIOCJIENOBATENBHOCTIM
nepepadOTKU MEPBbIX & MapTUH ChIPbs. 3aT€M IMPOBOJIUTCS OLEHKA (YHKIIUU BBIXOAA
M0 KaXJ0oW BeTBM (aHAJIOr WJIEM TpaHUIBl) U OTOPAChIBAIOTCS 3aBEIOMO
HenpuemiieMble BeTBU. [IpaBna, B oTyiMUMe OT KJIACCHMYECKOTO METOJa BETBEH U
IpaHHUIl 3/1ECh PACCMATPUBAETCS BETBJICHUE MO MPEBIIYIIMM nepuogamMm oOpaboTKH,
a He 10 Oy TyIIUM.

[IpuMeHeHure 3TOro anropuTMa Mo3BOJISET 3HAUUTENIbHO 00JIETYUTh TOCTPOEHUE
rpaduka ONTHUMAJIBHOW TOMAYM CHIPbs. [IpeyIoKEHHBI aNTOPUTM MOMKET OBIThH
NPUMEHEH JUIsl ONTUMH3AlUM  CaXapHOro IMPOM3BOJCTBA —  COCTaBJICHUS
ONTUMAJIbHOTO  Trpaduka  mepepaboTKH  pa3MyHBIX  TapTHUl  CBEKJIbI,
00eCIeunBaOIIer0 MaKCUMAIIbHBIN BBIXO TOTOBOTO MPOIYKTA.

Bo3MoxkHa cuTyarusi, Korjia CKOpOCTh CHHXKEHUSI IPOU3BOJICTBEHHOM LIEHHOCTH
JIOCTOBEPHO M3BECTHA TOJIBKO i1 HECKOJBKHX IE€PBBIX TNEPUOJOB BpPEMEHU
(HanpuMmep, U3-3a HEONPEIEIECHHOCTH MOTOJJHOTO MPOTrHO3a). B 3TOM ciiydyae MOXHO
UCIIOJIb30BaTh CPEJHUE OKHUJAEMble 3HAYEHUS, TOI/a aJrOPUTM  MO3BOJIUT
MaKCUMM3UPOBATh CPETHUN OKUJAEMbIN BHIUTPBIIIL.

3akir04eHue ¥ BbIBOJBL

brlna paccMoTpeHa 3aj1aya COCTABJICHHSI ONTUMAJIBHOTO rpaduka nepepadoTKu
CBIPbsI IPU YCIIOBUU HEOJHOPOAHBIX MOTEPHh MPOU3BOACTBEHHON IIEHHOCTU Pa3HbIMU
napTusMHu B TeueHHe BpemeHU. [locTaBieHHas 3ajaya SIBJISETCS YAaCTHBIM CIydaeMm
3a/1a4d TUCKPETHOMN ONTUMU3AIUY.

boin  momywen anroputM  QopmupoBaHusi rpaduka, 00€CIeUHUBAIOIIETO
MaKCUMaJIbHBINA BBIXOJ TOTOBOTO MPOJIYKTa HA OCHOBE MOAU(DUIIMPOBAHHOTO METOAA
BeTBEH U rpanull. [[puMeHeHne 3Toro aropuTMa Mmo3BOJISIET 3HAUUTEIBHO COKPATUTh
nepedbop BCEBO3MOXKHBIX JOMYCTUMBIX BapHaHTOB M oOecnedyuTh 3PGHEeKTUBHOE
pelIeHue TMOCTaBIICHHOW 3ajauy. AJTOPUTM MOKET ObITh UCIOJIB30BaH IS
ONTUMU3AIMU Mpoliecca MepepadOTKU pa3HbIX MAapTUH CBEKJIbI MPU MPOU3BOJICTBE
caxapa.
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Abstract. Introduction. To increase production productivity, optimization of the schedule for
loading production facilities and processing raw materials is of great importance. Changing the
schedule, as a rule, does not require significant costs, and the return on such optimization can be
comparable to the modernization of equipment. The purpose of this work is to develop an algorithm
for constructing an optimal schedule for processing raw materials under the condition of
inhomogeneous losses of production value by different batches over time.
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Formulation of the problem. The task is to select the sequence of processing of batches of raw
materials so that the output of finished products is maximized. The problem posed is a special case
of the discrete optimization problem.

Building the schedule. An algorithm for generating a schedule is created that provides the
maximum output of the finished product based on the modified branch-and-bound method. The use
of this algorithm makes it possible to significantly reduce the enumeration of all possible
permissible processing options and to provide an effective solution to the problem.

Conclusion. The proposed algorithm solves the problem in general terms, in particular, it can
be used to solve the noted problem of sugar production.

Key words: discrete optimization, branch-and-bound method, raw material processing
schedule, production value of raw materials, maximizing yield, sugar beet, sugar content.
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Summary. Depigmentation of the wool cover ("striped wool") is observed in the young of
Karakul sheep, which are grazed in copper-deficient biogeochemical provinces of Ukraine. The
discolored strip falls on the part of the staple that grows in the summer, when the animals are short
of copper. The hair loses pigment primarily in areas with thin skin - the abdomen and sides - and to
a lesser extent in areas where the skin is thicker - on the head, neck and buttocks. Strong
depigmentation of fur is observed in 1/3 of animals. In a significant proportion of lambs (17%)
there is almost no sagging of the coat, and in most depigmentation is expressed in a weak and
moderate degree. As a result of copper deficiency deteriorates the physical and mechanical
properties of wool. The depigmented part of the wool fiber is thinner, less tensile, has worse
elongation. Copper deficiency disrupts the keratinization process, which is expressed in a
significant lengthening (almost 2 times) of the zone of non-oxidized sulfhydryl groups in the lower
part of the hair shaft. Due to long-term feeding of molybdenum to sheep against the background of
high content of sulfates in their pasture diet, the sulfhydryl zone of hair also increases significantly.

Key words: depigmentation, sheep, copper, wool, pasture, biogeochemical provinces

Formulation of the problem.

Dark hair depigmentation, as one of the early signs of copper deficiency, has
been described by a number of authors [ 1, 2, 6 ]. It was possible to experimentally
cause this phenomenon by keeping sheep on a diet that was poor in copper or rich in
sulfates and molybdenum. It has also been shown that adding copper to the diet in an
amount of 5-10 mg or more per head per day or wetting the skin with a solution of
copper sulfate restores the normal color of the staple for 8-10 hours. Other scientists [
4] have found that sheep develop depigmented hair during prolonged copper
starvation, which, despite the constant low content of copper in the diet, occasionally
intersects with dark stripes.

The presence of light transverse stripes on dark fine-wool was noted long before
the causes of their appearance were established. It is interesting to note that the first
description of such wool belongs to M.F. Ivanov, who collected a large collection of
samples of "striped" wool. At that time, the causes of this phenomenon remained
unknown. The "striped" wool in sheep in the south of Ukraine discovered by M. F
Ivanov testified that the animals lacked copper [ 3 ].
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Analysis of actual research.

Among the young of fine-wooled sheep and their crossbreeds, which graze in
copper-deficient biogeochemical provinces of Ukraine, we found animals with
depigmented fur, which has a great resemblance to "striped" wool. We collected wool
samples with three light and two dark stripes from lambs, which were driven to the
mountains for summer grazing.

Lambs are usually born with dark fur, and its color persists as long as they graze
on green grass. The appearance of the first discolored strip coincides in time with the
burning of ephemeral plants in pastures. After the herds are driven away to summer
mountain pastures, dark hair grows in them again.

The second discolored stripe appears in winter when grazing on dry grass, and in
the spring, with the appearance of green vegetation, black fur grows again.

All cases of wool depigmentation have so far been observed only on fine-wool
and semi-fine-wool sheep of dark color. Since there are usually very few such
animals in the herd, the study of depigmentation phenomena on a sufficiently large
number of animals has not yet been conducted [ 3 ].

Our observations have shown that coarse wool of Karakul sheep is also
susceptible to depigmentation in copper deficiency, and depigmentation is observed
mainly on poyark wool and occurs in a large part of young animals that graze on
copper-deficient pastures. In adult sheep, which lose pigment as a result of age-
related graying, it was not possible to detect hair discoloration in the absence of
copper.

The depigmented strip is adjacent to the part of the staple that grows in the
summer, when lambs experience acute copper deficiency due to the following
reasons: low copper content in burnt out grassland, high drinking water intake of
copper antagonists and very low copper content.

In spring and autumn, when there is green vegetation in the pasture and the
animals drink less water, the lambs grow dark fur. The stripes on the staple of the fur
coat allow to conclude, thus, about the supply of copper to the body of Karakul lambs
and can serve as an indication to the shepherds about the need to feed the herd with
copper salts [ 3,7 ].

Depigmentation of wool in Karakul young animals occurs gradually, without
forming a sharp border, as in fine-wool sheep. When you add copper for a few days,
the past hair color is restored. In many cases, depigmentation is limited to browning
of the spine [ 6 ].

Research methods.

The prevalence of hair depigmentation among young cattle grazing on copper-
deficient pastures was studied in 165 five-month-old lambs. The degree of
depigmentation was assessed on a five-point scale (the weakest depigmentation - 1
point, the strongest - 5 points). Depigmentation was determined separately in nine
parts of the body.

Presenting main material.

From the data obtained by us, it follows that the hair is subject to
depigmentation primarily in areas with thin skin - abdomen, shoulders and sides, both
in the number of cases and the degree of pigment loss. To a lesser extent, the hair
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loses pigment in areas where the skin is thicker - on the head, neck, back and
buttocks. In our opinion, this phenomenon can be explained by different blood supply
to hair follicles. It is better in areas with thick skin and worse where the skin is
thinner.

The loss of pigment in lambs' fur is usually considered by heirs to be a
hereditary phenomenon, and it is possible to cull a number of animals left to the tribe
on the basis of this trait. The fallacy of this idea is easy to prove if the lambs are fed
copper salts or left uncut in the fall, when under the influence of changing feeding
conditions they grow dark hair again.

In order to distribute the studied animals according to the degree of
depigmentation of the coat, we divided them into classes according to the sum of
their scores. Very highly depigmented animals were considered to score more than 30
points on all parts of the body, very weakly depigmented - 1-8 points. The
distribution of Karakul young animals by the degree of depigmentation of wool is
shown in table 1.

Table 1
Distribution of Karakul young animals (165 heads) according to the degree of
depigmentation of their wool cover

Marks The degree of depigmentation | Number of lambs %
30 and above Very strong 23 14,0
22-29 Strong 32 19,4
15-21 Average 38 23,0
8-14 Weak 43 26,1
1-8 Very weak 29 17,5

Very strong hair depigmentation is observed in a limited number of animals. In a
large part of the lambs there is only a very weak sagging of the wool. Thus, it can be
stated that, as in the case of enzootic ataxia, there is a pattern of partial predisposition
of animals to biogeochemical endemics, which has been repeatedly noted by V.V.
Kovalsky.

Lack of copper entails not only the loss of pigment, but also the deterioration of
the physical and mechanical properties of wool. Lack of copper in fine-wooled sheep
reduces the strength and extensibility of wool, deteriorates its elasticity and ability to
dye.

From the physical and mechanical properties of depigmented astrakhan wool,
we studied the length, thickness, strength and extensibility (Table 2).

Table 2
Strength and elongation of wool fiber in pigmented and non-pigmented areas
Fibers Number of Breaking load | Stretching (%)
measurements ()M £m M=m
Depigmented wool coarse hair 8 16,3 +£1,07 26,1 £33
Fluff 5 6,9 + 0,67 34,5+ 7,04
Pigmented woolcoarse hair 9 32,5+3,08 55,3+3,71
Fluff 5 12,3+0,91 54,0 + 8,46
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The extensibility of normal wool fiber is usually in three phases. Initially, the
fiber that feels the load is slightly elongated. Then, as the load increases, the fiber
begins to elongate rapidly. In the third phase, despite the increase in load, elongation
slows down and at the time of the maximum load - breaks. It is convenient to observe
this process by means of the Deforden device.

The extensibility of wool fiber is related to the extensibility of keratin. The first
phase reveals the elastic properties of keratin, which binds spindle-shaped cells of
wool fiber. In the second phase, the rapid stretching of the fiber occurs as a result of
the movement of cells relative to each other in the environment of their binding
keratin gel, and in the third phase the elastic properties of keratin, which is contained
in the fibrillar cells.

Pigmented wool fiber shows normal three-phase stretchability, while brownish
fibers have reduced scab, modified the second and no third phase of stretching.
Modifications of the first and second phases indicate a violation of interfibrillary
ligaments, due to which the sliding of fibrils relative to each other is significantly
accelerated. The absence of the third phase indicates a violation of the adhesion
forces within the keratin fibrils themselves.

An important role of trace elements in these processes was shown in [7 ].

In the final stage of keratinization of hair, which coincides with the passage of
cell mass through the neck of the bulb, the free sulthydryl groups of prekeratin are
closed in disulfide, which bind the entire cell mass. The rate of this process can be
determined by measuring the size of the zone of free sulthydryl groups
(prekeratinization zone). We studied the effect on the length of this zone of long-term
feeding of sheep trace elements - copper, molybdenum, as well as copper deficiency.
Free sulthydryl groups were determined histochemically by staining them with
sodium nitroprusside.

The length of the bristle zone in copper-treated sheep was 160% shorter than in
molybdenum-treated sheep. The largest zone length was found in animals from
copper-deficient biogeochemical province (table 3).

Table 3
Effect of copper and molybdenum on the length of the prekeratinization zone in
Karakul sheep (Iength of the prekeratinization zone in pm)

Trace element The length of the prekeratinization zone
(number of coarse hair the level of nyXx the level of
animals) M+m | significance ofthe | M+m | significance of
difference the difference
A province with a normal copper content in sheep
Copper (2) 178 £7 P1,<0,05 80+4 | P;2 not reliable
Pi4< 0,01 Pi4< 0,01
Molibden (2) 245+ 20 P»4<0,01 84 +7 P,4<0,01
P, 3 not reliable
P, ; not reliable
No additives (2) 194+ 0 P;4<0,02 Not specified
Province of copper deficiency
No additives (3) | 336+ 18 | - | 128 +5,7 |
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The results of the research allow us to conclude that the excess of molybdenum
in sheep against the background of high sulfate content in the diet slows down the
processes of keratinization of wool, acting similarly to copper deficiency.

Along with significant changes 15% or more wool productivity of sheep.

All violations of the wool cover can be prevented by giving additional sheep
copper at the rate of 10 mg per head per day.

Conclusions.

1. As a result of copper deficiency deteriorates the physical and mechanical
properties of wool. The depigmented part of the wool fiber is thinner, less tensile, has
worse elongation.

2. Copper deficiency disrupts the keratinization process, which is expressed in a
significant lengthening (almost 2 times) of the zone of non-oxidized sulfhydryl
groups in the lower part of the hair shaft. Due to long-term feeding of molybdenum to
sheep against the background of high content of sulfates in their pasture diet, the
sulthydryl zone of hair also increases significantly.
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Pestome. [lenuemenmayusi wepcmsano20 noKpoga («noiocamas wiepcmvy) Habaooaemcs y
MONIOOHSIKA KAPAKYIbCKUX 06eY, KOmopble NACYMC 6 MeObOO0ehUUUMHBIX OU0LeOXUMULECKUX
nposunyusax Yrpaunwvl. ObecygeueHnas NOIOCKA NPUXOOUMCS HA YACMb CMEPIICHS, KOMOpAsl
pacmem Jlemom, Ko20d MHCUBOMHbIM He Xeamaem Meou. Bonocvl mepsiom nuemenm 6 nepeyio
ouepedb HA YYACMKAX ¢ MOHKOU KOJCEl - HCUBOM U NO OOKAM - U 6 MeHbULell CMEeNneHU Ha Y4aCTKAaX
¢ bonee moacmou Kodceu - Ha 2onoee, wee u seoouyax. CuibHas OenueMenmayus mexa
Habmooaemces vy 1/3 ocugomuvix. YV snauumenvrou oonu sewam (17%) nposucanue wepcmu
npakmudecku omcymcmeyem, a y OONbUWUHCMEA OenueMeHmayus 6vlpadceHa 6 clabou u
yMepeHHoU cmenenu. B pesynbmame Oepuyuma medu yXyouiaromces @Qu3UKO-MexaHuyeckKue
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ceolicmea wiepcmu. JlenueMeHmupo8anHas Yacmes WeEpCmsIHO020 B0J0KHA Oojlee MOHKAsS, MeHee
INACMUYHAS, umMeem Xyouiee yonuneuue. /lepuyum meou Hapywiaem npoyecc Opo208eHUs, YMmMo
svlpadcaemcs 8 3HAYUMENbHOM VOJIUHeHuu (noumu 6 2 paza) 30HbL  HEOKUCTEHHbIX
CYNbDUOPUNLHBIX  2PYRN 68 HUMNCHEU Yacmu cmepocHs 6oaoca. bnazodaps  onumenvHoMy
CKAPMAUBAHUIO MOAUOOEHA 08YaM HA (QOHE NOBLIUEHHO20 COO0EPIHCAHUS CYIbPAmMo8 6 ux
nacmouwyHoM payuone, Cyib@eUOPUIbHASL 30HA B0JNOCAHO20 NOKPOBA MAKIHCE 3HAUUMENbHO
yeenuuueaemcs.

Kniouesvte cnosa: oenuemenmayus, o8ya, medsb, wepcms, nacmouwe, Ouo2eoxumuyeckue
NPOGUHYULL.
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Abstract. It is established that not only the consumed food, but also the body's own resources,
in particular, animals that did not receive food for three hours, with the introduction of insulin at a
dose of approximately 0.5 10 per 1 kg of body weight significantly increases the activity of
microorganisms: more intensively used volatile fatty acids, lactic acid and increasing protein
concentration, while in control animals, the protein concentration is constantly decreasing. Insulin,
as our research has shown, normalizes the disturbed links in the blood and the contents of the scar
and stimulates the motility of the pancreas, which promotes rapid recovery of animals. These
results indicate a significant feature of metabolism in ruminants, which is characterized by a close
relationship between tissue metabolism and enzymatic processes occurring in the rumen. The effect
of insulin is manifested in certain stages of metabolism, in particular, associated with the synthesis
of macroergic compounds and their use.

Key words: metabolism, synthesis, protein, sugar, animals, rumen, microorganisms, stomach,
insulin.

Formulation of the problem. The breakdown of fiber, quantitative and
qualitative enrichment of feed protein, the synthesis of vitamins - these processes, the
course of which is possible only with the participation of microorganisms -
symbionts. This remarkable biological phenomenon underlies the ability of the
animal body to use plant food, it is based on the scientific basis of feeding [ ].

It is known that the population of symbiont microbes has a high adaptive
capacity, due to which the body of ruminants easily adapts to the conditions of
feeding and keeping. This relative stability of the biological environment in the
rumen is due to a special regulatory system (chemical components of saliva,
neurohumoral and physicochemical factors of the rumen wall).

The wall of the scar has a selective absorption capacity, resulting in equalization
of changes in the environment of the scar caused by food intake and fermentation
processes. In addition, the wall is able to pass into the scar various mineral and
organic compounds, including amino acids and protein. The injected insulin increases
the motility of the scar wall and scar fermentation. This indicates the connection of
the animal's body with the biological environment of the pancreas, which is regulated
by neurohumoral factors. Insulin also has a strong effect on various processes of
cicatricial fermentation in cows. Therefore, regardless of the feed factor, it is possible
to increase the use of volatile fatty acids and lactic acid, increased binding of
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ammonia with increasing concentrations of amine nitrogen and protein.

Cattle diseases that are accompanied by indigestion cause significant damage to
livestock productivity. Therefore, much attention is paid to the study of metabolism
in these disorders.

Important in such studies are the data on the digestion of ruminants, in
particular, the physiological role of microorganisms that inhabit the pancreas. Also
important is information about the biological function of the scar wall, which
explains the symbiosis of ruminants with the microflora. The wall of the scar, in
addition to absorption, is also able to pass into its lumen various minerals and organic
compounds in the form of amino acids, vitamins Bl and B12 and whole protein
molecules.

It is believed [] that the bilateral permeability of the rumen wall and, in
particular, the release of protein, amino acids and phosphates is an important
condition for maintaining the relative stability of the biological environment in the
rumen regardless of feed composition.

This is evidenced by the results of our experiments with insulin (table 1).

Table 1
The level of scar fluid metabolites under the influence of insulin in cows,
(in mg%)
0, {JLKI\,Iaﬁ)H Lactic acid Protein
Before the introduction of insulin
50,89+ 0,33 | 0,875+0,02 | 18,0+026 | 7,9+021
After insulin administration
the first hour | 47,44 +£0,31 | 0,790 +£0,01 19,8 + 0,24 7,0+ 0,24
Second hour | 43,49 +0,25 | 0,670 +0,03 23,8 +0,35 5,8+0,37
third hour 34,58 +0,19 | 0,754 +0,01 27,2+0,23 4,8+ 0,24
Control (without insulin)
At the
beg“iﬁleng of | 5992212 | 09462002 | 196+025 | 8,0+049
experiment
the first hour 50,5 +2,03 0,870 + 0,02 18,9 + 0,54 7,8 +£0,30
Second hour 49,5 +£ 1,50 0,924 £ 0,01 17,5+ 0,56 7,5+0,52
third hour 45,5+ 1,17 0,944 £ 0,02 14,8 +0,34 7,0 £0,45

As can be seen from the above data, in cows that did not receive feed for three
hours, the introduction of insulin at a dose of approximately 0.5 IU per 1 kg of body
weight significantly increases the activity of microorganisms: more intensively used
volatile fatty acids, lactic acid and protein concentration increases. whereas in control
animals, the protein concentration is constantly reduced. Thus, not only the consumed
food, but also the body's own resources take part in creating the known constancy of
the chemical composition of the rumen content and the almost unchanging population
of symbiont microorganisms.
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Prerequisites for such conclusions are the data of metabolic studies in animals
suffering from digestive disorders (atony of the pancreas). The slowing down of scar
contractions in sick animals is accompanied by a slowing down of fermentation
processes, which is a consequence of metabolic disorders.

Insulin, as our research has shown, normalizes the disturbed links in the blood
and the contents of the scar and stimulates the motility of the pancreas, which
promotes rapid recovery of animals.

For example, table 2 shows the data of studies of carbohydrate-phosphorus
metabolism in cows suffering from atony, during treatment with insulin and glucose.

Table 2

The results of studies of carbohydrate-phosphorus metabolism in cows

during insulin treatment

Time of taking Sugar IlenTo3n Lactic Inorganic ATPase
blood (mg%) Pentozs acid phosphorus | (mg% P)
(mkg/mg) | (mg%) (mg%)

Before treatment 86 224 43,65 6,28 -

After 1 hour 90 241 26,64 6,88 0,56
After 3 hours 109 241 18,40 5,52 1,52
After 9 hours 73 206 27,10 7,44 1,04
After 2 days 77 188 21,10 0,48 1,32
After 4 days 55 185 18,80 2,80 1,44

These data indicate a profound disorder of metabolism of the studied
metabolites and its normalization under the action of insulin.

In lactating cows, this disease is accompanied by a sharp decrease or complete
cessation of milk production. Subsequently, putrefaction begins in the contents of the
hand and putrefactive decay products enter the blood instead of nutrients (table 3).

Table 3

Volatile fatty acids (LFA) are expressed in ml of 0.1 N NaOH, and other

indicators in mg%

LIK Lacfuc Sugar Acetpne Nitrogen Nltrogen Ammonia Amme
acid bodies total protein nitrogen
Healthy animals
51,0 0,85 | 9,03 2,6 35,3 16,9 7,5 53
Sick animals
Before 250 2,1 19,4 3,6 57,6 39,2 10,2 2,7
insulin
After
insulin:
1 hour 26,0 1,30 | 14,2 2,9 45,0 29,5 10,0 3,6
3hours |26,6| 1,26 | 13,0 2,37 39,6 249 11,0 2,6
6 hours |34,0] 1,20 | 12,3 2,56 34,2 20,0 10,2 2,6
24 hours | 38,8| 6,83 | 12,1 2,22 29,5 15,8 6,4 4,6
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The first row of figures represents the average values obtained from 40 healthy
cows; the figures of the second row show the level of the studied metabolites at the
first examination of a sick animal, the following series show the dynamics of changes
that occur after insulin use.

These tables show that the formation of volatile fatty acids lactic acid,
accompanied by a slightly increased concentration of acetone bodies.

The concentration of nitrogenous substances and, in particular, ammonia is
increased, with the exception of amine nitrogen, the level of which is reduced.

Ruminants, which is characterized by a close relationship of tissue metabolism
with enzymatic processes occurring in the rumen. Therefore, metabolic disorders in
diseases of scar atony are general in nature and can be normalized as a result of
exposure to active hormonal factors such as insulin. The effect of insulin is
manifested in certain stages of metabolism, in particular, associated with the
synthesis of macroergic compounds and their use. Insulin plays an important role in
the catalysis of reactions associated with NADP metabolism, which may indirectly
affect the course of carbohydrate, lipid and protein metabolism. All this explains the
rapid therapeutic effect of insulin therapy.

he first row of figures represents the average values obtained from 40 healthy
cows; the figures of the second row show the level of the studied metabolites at the
first examination of a sick animal, the following series show the dynamics of changes
that occur after insulin use.

These tables show that the formation of volatile fatty acids lactic acid,
accompanied by a slightly increased concentration of acetone bodies.

The concentration of nitrogenous substances and, in particular, ammonia is
increased, with the exception of amine nitrogen, the level of which 1s reduced.

Ruminants, which is characterized by a close relationship of tissue metabolism
with enzymatic processes occurring in the rumen. Therefore, metabolic disorders in
diseases of scar atony are general in nature and can be normalized as a result of
exposure to active hormonal factors such as insulin. The effect of insulin is
manifested in certain stages of metabolism, in particular, associated with the
synthesis of macroergic compounds and their use. Insulin plays an important role in
the catalysis of reactions associated with NADP metabolism, which may indirectly
affect the course of carbohydrate, lipid and protein metabolism. All this explains the
rapid therapeutic effect of insulin therapy.

Conclusion.

These disorders are general in nature and can be normalized under the influence
of active hormonal factors (insulin). Insulin affects certain stages of metabolism
associated with the synthesis of macroergic compounds and their use.
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Annomauun. Ycmawnosneno, umo 6 CO30aHUU U3BECMHOU YCMOUYUBOCMU XUMUYECKO20
COCMasa cooepicumo2o pyoya u noumu HeusMeHHOU NONYIAYUU MUKPOOP2SAHUZMOB-CUMOUOHMOE
npuHUMAaem ydacmue He molbKo NOmpeOieHHblll KOPM, HO U COOCMBEeHHble pecypcyl Op2aHu3Md, 6
YACMHOCMU, JHCUBOMHbLE, He NOLYYABUIUX KOPM 8 MeYeHue mpex 4acos, npu 66e0eHUlU UHCYIUHA 8
0oze npumeprno 0 5 HO na [ ke 6eca 3HAUUMENbHO YCUNUBAEMCS HCUZHEOESIMENbHOCb
MUKDPOOP2AHU3MO8G: DOJlee UHMEHCUBHO UCHONb3YIOMCA Jlemyyue HCUpHble KUCIOMbl, MOJOYHASA
KUCIOma u pacmem Kouyenmpayus 0eika, moz20a Kax y KOHMPOJIbHbIX HCUBOMHBIX KOHYEHMPayus
benka 6ce epems cHudcaemcs. MHcynun, Kak noxkazanu Hawu UCCie008aHus, HOPMAnU3yem
HapyuieHHble 36eHbs 0OMeHa Gewecms 6 KpO8U U 6MeCmumenvbHds pyoya u cmumyaiupyem
MOMOPUKY — NPEOHCeNyOK08, Umo Ccnocobcmeyem Oblcmpomy  6bI300POGAEHUIO  HCUBOMHBIX.
IIpusedennvie pe3yromamos uccied08aHull yKazvl8aom Ha CYuwecmeenHylo 0cob6eHHOCmb 00MeHa
BEUIeCMB V IHCEAYUHBIX IHCUBOMHBIX, KOMOPAs XAPAKMEPU3YEemcs MeCHOU 83aUMOCEA3bI0 MKAHE8020
obMeHa ¢ hepmeHmamuHbiMU NPOYeccamu, Komopuvle npomexkarom 6 pyoye. Bauanue uncynuna
NPOsAGIAEeMCs. HA OMOENbHbIX dMANAx 00MeHa 6ewecms, 8 YACMHOCMU, C8A3AHHBIX C CUHME30M
MAKpO3PULEeCKUX COeOUHEHULL U UX UCNOb30BAHUEM.

Knwueevie cnoea: obmen eewecms, cummes, 0enok, caxap, HCUBoOmHvle, pybey,
MUKDOOP2AHUIMbL, HCENYOOK, UHCYIUH.
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Anomauia. B pobomi po3ensoaromevcs MOXCIUBOCMI 30acauenHs Xaib00y10uUHUX 8Uupoobie 3
BUKOPUCMAHHAM PI3HOI CUPOBUHU, NPU YbOMY OCHOBHY Y8a2y AKYEHMOBAHO HA peyenmypHux
KOMNOHEHMAax 3 nesHow KOpucHoio 0ito. Ilpoananizosano monouui, 3epHO8I, N10008i Mma 0804esi
NPOOYKMU, NIKAPCLKI POCIUHU, PEYOBUHU MA CYMIWI WO NPONOHYIOMb 000asamu 01 30i1buleHHs
KopucHocmi  xai6ooynounux eupodis. Ilposedeni Oocniodxicenus 003601UMU  3ANPONOHYBAMU
Kaacugikayiro HempaouyiuHuUxX CUpoOBUHHUX KOMINOHEHMIB.

Knrouosi cnosa: xnibooynouni eupoou, hopmughixayis npooykmie, 36acauenHs npooykmis,
HempaouyitiHa cupo8uHa 0.1 Xai000y104HUX 8Uupooie

Beryn.

X110 € MPOAYKTOM IIOJCHHOTO BXKMBAHHSI BCIX BIKOBHX KaTeropiii, B TOMY
YUCHl JITEH, MIKOJISIPIB, JIFOACH MOXUIIOTO BIKY a TAaKOX XBOPHUX, OCIa0JIeHUX, 31
cnabkor iMyHHOIO cucTeMoro. Ximib Ha Pyci oiBiky OyB He juIle iKew, aie 1
CHUMBOJIOM CUTOCTI Ta 11 B3araii. CydacHu# CBITOBHI PUHOK Xap4OBHUX MPOAYKTIB
PO3BUBAETHCS B KOHIIETILIT «3/J0POBOIO Xap4UyBaHHS», 110 O3HAYa€ WOTO OPIEHTALIIO
Ha KOPHCHICTh TOBapiB. SIk Bxke OyJ0 BiA3HA4YeHO, XJI0 — 1€ MPOJIYKT MepIioi
HEOOX1IHOCTI, TOMY MUTaHHS Or0 KOPUCHOCTI € BU3HAYATILHUM.

KopucHhicTts x;110a BU3HAYAETHCS HOTO PELEITYPHUM CKIIAJ0M. 3Ba)Kalouu Ha Te,
mo xJgi0 € CTpaTeriyHuM TMPOAYKTOM, NHUTAHHSM BUBUYEHHS Ta JIOCIIIPKCHHS
CUPOBHHH I BUTOTOBJICHHS XJI1000yJIOYHMX BHUPOOIB IIMPOKO 3aiiMAIOTHCS B
HayKOBO-JIOC/TITHMX Ta BUPOOHWYMX YCTAHOBAX, HAYKOBIIl BHIIWX HaBYaJIbHUX
3aknaaiB. ToMmMy JOLIIBHO TIPOaHadi3yBaTU Ta BHOKPEMHUTH CyYacHI HamnpsiMH
30arayeHHs XJ1000yI0YHUX BUPOOIB.

OCHOBHHUII TEKCT.

AHaJi3 JTepaTypHUX JKEpesl J03BOJMB 3pOOMTH BUCHOBOK, IO 30aradyeHHs
XJ11000yJI0UHHUX BUPOOIB MOKE 3/IIMCHIOBATH ABOMA IILISIXaMU:

1. Buxopucmanmns popmughikosarnozo 6opouiHa.

30arayeHHs1 OOpoITHa MIKpo0OaBKaMu MPaKTUKYeThes B [IiBHIUHIN AMmepurli i
€pponi nonan 70 pokiB. Y CIIA 000B’si3k0BE BKJIIOUEHHS J0 CKJIaAy OOpOIIHA
CIOJIYK 3ajiza OyJio BBeneHe mij yac J[pyroi cBiTOBOi BiiiHM, KOJM B HOBOOpPAHIIIB
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OyJI0o BUSIBICHO BHUCOKMM piBeHb aHemii. Huni y Oinbin sk 60 kpaiHax 3aTBep/KeHI
CTaHJApPTH MIOJ0 BHECEHHS MIKPOEJIEMEHTIB 1 BITaMiHIB Y OOPOIITHO i 9ac TOMOJTY.
CBiTOBa MpakTUKa Mokaszana, o ¢oprtudikaiis 60poIIHa 1 BUMIKAaHHS 3 HHOTO XJ1i0a
JI03BOJISIE 3 TIOPIBHSHO HHU3BKUMU JOJATKOBUMH 3aTpaTaMd CYTTEBO 3MIIHUTH
3nmopoB’st HaceneHHs [1]. Ha sxamp, 1miefl crmociO migBUINIEHHS KOPUCHOCTI XJiba Ta
OyJ04HMX BUPOOiIB HE HAOYB IIUPOKOTO PO3MOBCIOIKEHHS B YKpaiHi.

2. Beeoenns 3b6acauyrouux 0obasox 0o peyenmyp.

Cawme 1eit cioci6 HaOyB O1IBIIIOTO PO3IMOBCIOKEHHS Ta, Ha TOIJISI, MOTpedye
rIMOOKOTO aHajizy, a 3acobu (30aradyrodi KOMIIOHEHTH ) — CUCTEMAaTH3allii.

Otxe, po3risiHEMO XJi0 1 OyJiodHI BUpOOM 3 (DYHKIIOHAJIBHOK [II€l0, SKa
JOCATAETHCS 32 TOTIOMOTOI0 BBEJICHHS MIEBHUX PELETITYPHUX KOMITOHEHTIB.

Haii0inpm1 mumpoKuil mpakTUYHUA 1HTEpPEC IS XJ1OOMEeKapHOi MPOMMCIOBOCTI
CTAaHOBUTH BHUKOPHCTAHHS BTOPMHHUX MPOAYKTIB MOJOYHOI MPOMHCIIOBOCTI, a came
CUPOBAaTKH (CBDKOi, CyXOi, 3TyIIEHOi), CKOJIOTHH, PI3HHX MOJOKOOUIKOBUX
npenapariB 0araTMX Ha MOBHOIIHHUM O1IOK, BITaMiHHM, MIHEpaJIbHI PEYOBHHH, TakKi
SIK KaJIbITii, KaJlii, Marxii, 3aji3o Ta iHmi [2].

[lepcriekTMBHUM HampsiMOM 30aradeHHs1 XJIIOHMX BHUPOOIB € BUKOPUCTAHHS
OopoIllHa HE 3 TPATUIIIHHO XITIOHUX 3€PHOBUX KYJbTYp (MIIEHHUIIS, KUTO), a 3 TAKHX
K SYMIHb, OBEC, KyKypyJA3a, pUC, COpro, uepemxa, rpedka Tomo. BuxopucrtaHHs
HETPAJIUIIMHUX BHUIIB OOpOIITHA JO03BOJISE HE JIMINEC IOKPAIUTH BITaMIHHO-
MIHEpaJbHUN CKJaJ, a W BIUIMBAE HA CTPYKTYpPHO-MEXaHIYHI BJIACTHBOCTI
POAYKTY [3].

Hanpukman, noBefeHo, IO BBEACHHS aMapaHTOBOTO OOpOIIHA Yy PEIenTypy
xJ110a 3a0e31eyye NOJIMIIEHHsI MIHEPAJILHOTO CKJIaay MPOAYKTY, 30UTbIIYE KITBKICTh
XapyOBUX BOJIOKOH, CIIPHUS€ MOJIMIIEHHIO aMIHOKUCIOTHOTrO ckiany [4]. [loTrpeba B
0e3rMI0TEeHOBUX BHpPOOAaxX BHPIIIYETHCA 3a pPaxXyHOK BHKOPUCTAaHHS OOpoOITHA
copro [5]. CoeBe OOpOIIHO MIABUILYE B MPOIYKTI KUIBKICTh OLIKIB, MIHEpaIbHUX
pevyoBHH 1 BiTamiHIB rpynu B. OHOYaCHO 3MEHIIY€EThCS KUIBKICTh BYTJIEBOIIB, IO
0COOJIMBO BaXKJIMBO JIJIs JIIETUYHUX BUJIIB XJ1i0a 1 OyJI04HMX BUPOOIB, HAITPUKIIA, TS
niabeTukis [6].

Kpim OGopomtHa 3 TpaauiiiiHO HEXJTIOHMX 3€pHOBHUX KYJBTYp, B pelENnTypax
xymiba 1 OyJOYHUX BHUPOOIB BHUKOPHUCTOBYIOTh MPOAYKTH TEPEepOoOKH 3E€pHOBHUX
KYJBTYp: BUCIBKH, 3apOJKHU, COJIOAOBI MPOAYKTH, a TAKOK MAPOCTKH.

VY TexHounorii Xa1600yI09YHUX BUPOOIB MIIEHUYHI BUCIBKH BUKOPUCTOBYIOTHCS B
KiTbKocTi 5-20% Bix Macu miieHn4yHoro 6oporrHa. OTpuMaHi 3 iX BUKOPUCTaHHSIM
BUPOOM BIJI3HAYAIOTHCS BEJIMKOIO KIJIBKICTIO OaJacTHUX PEYOBUH, HEHACHUYEHUX
KUPHUX KHUCIIOT, BiTaMmiHIB Tpynu B, TokodepomiB, a TakoX Makpo- 1
MIKpOEJIEMEHTIB.

3apoJKH MIIEHUI] € YHIKaJIbHUM JDKEPEIOM OUIKIB, MOJIHEHACHUEHUX KUPHUX
KHUCJIOT, XapuOBUX BOJIOKOH, BITaMiHIB Ta MIHEPaJbHUX PEYOBHUH, a TOTOBI BUPOOHU
B1/IMIYAIOThCSl BUCOKMMHU OPTraHOJENTUYHUMM MOKA3HUKAMHU SIKOCTI Ta IMiJABUIICHUM
BMICTOM OlIKa, 0aratoro TakKMMH HE3aMIHHMMH aMIHOKHCJIOTAMH, SK JI3HH,
TpuntodaH, METIOHIH.

[IIupokoro 3acTocyBaHHA y XJ1100MEKaApCbKOMY BHUPOOHUIITBI 37100yJIM SUMIHHI
COJIOIOBI MPOAYKTH, SKI MalOTh B AKTHUBHOMY CTaHl aMUIOJNITHYHI (DEepMEHTH 1
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BUKOPUCTOBYIOTHCA JJI OLIYKPEHHSI OOpOIIHSHHUX 3aBapOK IiJ Yac MPUTOTYyBaHHS
PLAKUX JPIKIDKIB Ta 3aBapHUX COPTIB XJti0a.

[TapocTku TITIIEHUIT MICTATH MiIBUIIEHY KUIBKICTh BiTamiHiB (ocobmmBo E, C, K,
BiTaMiHIB rpynu B), wmikpoenemeHTiB (MarHiid, Xpom, cejeH), (epMEeHTIB,
aMIHOKHUCIJIOT, 010(¢)1aBaHOIiB, BOJIOAIIOTh NPOPIIAKTUYHUMU Ta JIKYBaJIbHUM
BJIACTUBOCTSAIMU. BiTamMiHM TapOCTKIB 3aXUIAIOTh OpPraHi3M BIiJ IIKIIIUBOT il
BUTbHUX PAJIUKATIB, OCKUIHKY € HATYpaTbHUMU aHTHOKCUIAaHTAMHU

[lepcnieKTMBHOIO CHUPOBHUHOIO ISl 30aradeHHs Xji1i000yJO4HMX BUPOOIB € Taki
OJIIHI KyJNbTYPH, SIK HACIHHS COHAIIHUKY Ta JIbOHY. Y sIpl HACIHHS COHSIIHUKY
MICTUTBLCS 3HAYHA KUIBKICTh O1J1Ka, MOJIHEHACUUYEHUX KUPHUX KHUCIOT, BiTaMiHIB E,
rpynu B, PP, miHepasibHUX pEYOBHH, XapyOBUX BOJIOKOH. HaciHHS COHSIIHUKY Yy
TEXHOJIOT1i XJ11000yJIOUHUX BUPOOIB BUKOPUCTOBYEThCS B KiibkocTi 2,5-10% 10
MacH OOpOIITHA y BUIJISA/I HUIMX Ta APOOJIECHUX CUPUX, CMAKEHUX a00 3HEKUPEHUX
3epeH [7].

Buxopucranss y penentypax IUiojiB 1 OBOUYIB MOXKE 3aJJOBUIbHUTH HU3KY IIITIEH
BIJI 3HIDKCHHS CHEPreTHYHOi IIIHHOCTI J0 ii MIJABHINCHHS, BiJ ITOKpAIIaHHSI
CTPYKTYpPHO-MEXaHIYHUX BJIACTUBOCTEM 1O HAOYTTS HOBHX OPraHOJENTUYHHUX
xapakTepucTuk. [lmoau 1 0oBOYl MOXYTh JOJaBaTHCSA O CKJIany XJi000yI0YHHX
BUPOOIB y MOAPIOHEHOMY BH/II, & TAKOXK Y BUTJISIIL MIOPE, COKIB, EKCTPAKTIB, IIyKaTIB,
CYIIEHOMY IIiJIoMy a00 MOPOIIKONOAIOHOMY cTaHi, Tomo. KpiM Toro MoxyTs 0yTu
BUKOPUCTaHI BTOPUHHI IPOJYKTH iXHBOI NEpepOOKH (3KOM, IIPOT).

[IpoBeneHO HU3KY JOCHIIKEHb K1 OOIPYHTOBYIOTh JOLIBHICTH BBEJIEHHS 10
CKJIagy Xa1000yJIOUHMX BHpPOOIB CBIKI OBOYEBI Mach MOPKBH, METPYIIKH, OYpsKY,
MOApIOHEHU mepelb, TOMHaMOyp, MIOpe KalycTH, $S0dyK, TOpoOWHH, TJO1Y,
rapOy3y, uuOymai Ta iHmmx. OnucaHo cnocoOuM OTpUMAaHHS MOPOIIKIB 3 KaIlyCTH,
rapOy3y, mepiro, mulyi, celepu TOMO0 Ta OCOOJMBOCTI 1X BBEIACHHS 10 CKIIATy
XJ11000yT0UHUX BUPOOiB. 3aIIPOIIOHOBAHO BUKOPUCTAHHS BUHOTPAAHUX Ta SOTyUHUX
BUYABOK, OOJIIITUXOBOTO MIPOTY Ta alBOBOTO KoMy [8].

Ax nobGaBku y BUPOOHHMIITBI XJ1i0a MOXYTh BHUKOPHCTOBYBAaTH JIMKOPOCII
JKapChKl POCIWHU, TaKl SIK JUCTSA 1 KBITH TEPBOLBITY BECHSIHOTO, JUCTS KYyJIh0aow,
TpaBy M’ SITU TEPILEBOi, MENICH, YEOPEL0, PO3TOPOIIIHU, IUIOAU TJIOAY, IIUIIKH
XMENIo, KOpiHHSA Jionmyxy, Ta 1Hmi. [lomepenHbo iX MOXKYTh BHCYUIYBaTH,
MOAPiOHIOBATH JI0 TOPOIIKOIOAIOHOTO BUIJIAAY 1 BHOCHUTH TIpH 3amici Ticta [9].
KpiM Toro mikapchki POCIMHH MOXYTh BHOCHTH Y BUTIJISAI BOJHUX, CIUPTOBUX,
CIIUPTOBO-BOJHMX, OJIWHUX EKCTPakKTiB. ICHye cmoci® ekcTparyBaHHS MOJIOYHOIO
cupoBatkoro [10]

JloBeIeHO JOLIIBHICTh BUKOPUCTAHHS Y peUenTypax Xiai0oOylIodHuX BUPOOIB
BOJIOPOCTEH Ta BUTSKOK 3 HUX. Y XJI10OMEUeHH1 B 0ararboxX KpaiHax CBITY, 30KpeMa B
VYkpaiHi, 17151 BUTOTOBJIEHHS BUPOOIB MPO(LIAKTUYHOTO 1 JIIKYBaJIbHOTO MPU3HAYCHHS
BUKOPUCTOBYIOTh TOPOIIOK 13 BOJOPOCTEH MOPCHKOI KamycTu, SKUM Oaratuii Ha
MIHEpaJIbHI PEUOBUHHM, OCOOJMBO Hoj. BueHni VYkpaiHChKOro Jep>KaBHOTO
YHIBEPCUTETY Xap4YOBUX TEXHOJOTIM JOCTIIUIM 3aCTOCYBaHHS MPH BUPOOHMIITBI
XJ110600yTI0OUYHUX BHUPOOIB OI0JOTIYHO AKTHUBHOI JO0OABKM 3 MOPCBKOI BOJOPOCTI
30CTEpH, sIKa HAZAE MPOAYKIIIT TIKYBaIbHO-IPO(PITaKTUYHUX BIACTUBOCTEN [8].

X1i000ys10uH1 BUpOOU MOXYTh OyTH HampaBiieHoi nii. Tak mis npodiiakThky
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nononedinuty B peuenTypy MOXYTh J0JaBaTh WOJOBaHy Cilb, WOJIWJ Kallilo,
Homkaszein; mys 3amoOiraHHio neimuTy Kalmblilo - XJOPHI KaJbIli0, XapuyoBYy
Kpely, TJIOKOHAT Kalblliio; nedimuTy 3amiza — mpemapatd 3aiiza (1o0aBKH
I'emo06in, I'emoBiTan) [9].

Jlnst  30araueHHs BHUpPOOIB Ta TOJIMIIEHHS TEXHOJOTIYHOTO TIPOIECY
BUKOPHUCTOBYIOTh CHEIiaJIbHO MIATOTOBJIEHI cyMimi: 3epHoBa cywiml ,,Cadr-Kopn”
(BupoOM 3 J[OmaBaHHSAM IIi€1 CyMIIIl CTUMYJIOIOTh KUTTE3NATHICTH KOPHUCHOI
KHUILIKOBOI Mikpodiopn); ,,Kopaekc” - ,,.3epHoBa” ( KyKypy/i3a, HACIHHS JbOHY, SIIPO
COHSIIHKMKY, TIICHAYHI BUCIBKH, COEBI MPOJYKTH, KYHXKYT, CHPOBATKa, MIIICHUYHE
OOpOILIHO BHUILOTO COPTY, KypKyMma, cyxa KJIEHKOBHMHA, JIEUETHH, MOJIIIIyBayi),
I IpsiHO-3epHOBA” (HACIHHA JBbOHY, SAPO COHSIIHUKY, COEBl MPOAYKTH, KYHXKYT,
MYCKaTHUM ropix, KOpiaHap, CUPOBAaTKa, KYKYpYI3sIHUI KpOXMallb, KapaMelli30BaHHM
IYKOp, CyXa 3aKBacKa, Cyxa KJICHMKOBMHA, JICUETUH, MOJINIIyBayl, OOPOLIHO KUTHE
obaupHe), cymim ,,KapromisHa” (kapTOIUISTHE CyXe IMIOpe, CYIIEHUN Kpill, YaCHUK,
uoyIis, cyxa KIEMKOBUHA, COEBE OOPOIITHO, JIEIETHUH, CyXa CHPOBATKa, MOJIIIITyBayi,
KYKYpyI3sSHUH KpOXMajb, IIIEHUYHE OOpOIIHO BHIIOTO COpTY), ,,OBOuUeBa”
(mampuka, TOMaTH, MOPKBa, UOYJs, METPYIKa, JICETHH, CyXa CHUpPOBATKa, CyXa
KJIEHKOBHHA, TOJIIIITYBayl, COEBE OOPOIIHO, KYKYPYA3SHUNA KPOXMajb, MIICHUYHE
OOpOIIIHO BHIIOTO COPTY); ,,BikTopis” (HACIHHA OJIAHUX KYJbTYp, NIICHUYHI
BUCIBKH, COJIOAOBI MpoaykTH); ,llpemiym JI” 1 ,Ilpemiym K” (HaciHHsS IbOHY,
COHSIIIHMKA, OJIPIOHEHY COI0, KYKYPY/I35H1 IUTACTIBL1, KYHXYT ) Ta 1HII [9].

[IpoBenennii aHAMITUYHUN  OMJIS[  JIO3BOJIMB TMPOBECTH  CHUCTEMATHU3AIlII0
30arauyrournx KOMIIOHECHTIB.

Tak, 3a TOXOXKEHHSIM 30arayyrouux 100aBOK iX JOUUIBHO PO3/IIIUTH Ha:

® [IPOJIYKTU TBAPUHHOTO MOXOKEHHS (CUPOBATKA, CHPOBATKOBI
KOHIIEHTPATH, CKOJIOTUHHU);

® TPOAYKTHU POCIMHHOIO MOXOJKEHHS (3€pPHO Ta MPOLYKTH MO0 NepepoOKH,
HaCIHHS OJIIHUX, 0000BUX, TUIOX, OBOYI 1 T.1.);

e IHJUBIIyaJbHl PEUOBMHU a0O0 CIELIATBHO CTBOPEHI KOMIO3UIII1 (IPEMIKCH).

B 3anexxnocTi Bij QyHKIIIOHAIEHOTO TTPU3HAYEHHS:

® PEYOBHHHM Ta MPOIAYKTH, IO 30araqyroTh O1IKaMHU;

® PEYOBHMHM Ta MPOAYKTHU, IO 3HIKYIOTh XapUOBY I[IHHICTbD;

® DPEUYOBHHM Ta MPOAYKTH, IO HAAAIOTH JIKYBaIbHO-IPODITaKTUIHI

BJIACTHBOCTI;

® PCYOBHMHM Ta MPOJYKTHU, IO HAJJAIOTh CMAKOAPOMATHUYHI BIACTUBOCTI.
B 3anexHocT! Bi1 cioco0y BHECCHHS:

® B HAaTypaJIbHOMY BUIJISIII,

® B BUCYIICHOMY BUTJIAI (PI3HOTO CTYTEHIO MOAPIOHEHHS);

e B pinkoMy a00 MacTONoOaIOHOMY BUTTISIAL.
B 3anexHocTi BiJ 0cOOIMBOCTEH BUX1HOI CHPOBHUHHU:

® 3 [JILHOTO MPOJYKTY;

® 3 OKpPEMOI YaCTUHU NIPOAYKTY;

® 3 BiJXOJiB IHITUX BUPOOHUIITB.
Po3pobnena knacudikaiis AO3BOJUTH KpalldM UYWHOM aHali3yBaTH Ta
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CUCTEMATHU3YBATH 1ICHYIOY1 PO3pOOKH 111010 BKJIFOUEHHS HETPAAULIHHOI CUPOBUHU 110
perentyp xiai0600yI0o9HNX BUPOOIB, MO 3MOXKE JOMOMOITH B MOJAIBIINX HAYKOBUX
MOIIyKaX.

BucHoBkH. PO3risiHyTI acriekTd BUKOPUCTaHHS HETPAIUIINHOI CUPOBUHU NPU
BUPOOHUITBI X11000yIOYHUX BHUPOOIB CBiAYATh MPO MOCTIHHUI 1HTEpec 10 IX
30arayeHHsl K CTPATEriYHOrO MPOAYKTY, IO Ma€ MOCTIHHUN CTAOLIbHUI IMOMUT.
Pesynbrat fgochmimKeHHS JO3BOJIMIIM PO3POOUTH KiIacU(IKaIliio MPOAYKTIB SKi
BHOCSTH 32 1X MOXO/PKCHHSM, (PYHKIIIOHATHHIM TIPU3HAYEHHSIM, CITOCOOOM BHECCHHS
Ta 0COOJIMBOCTSIMH BUXiTHOI CHPOBHHH.
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Abstract.

Introduction. Bread is an essential product, so the question of its significance, which
determines its prescription composition, is certain, therefore the task of the work was to analyze
and to separate the current areas of bakery products collection.

The main text. The analysis of literature sources allowed us to conclude that the enrichment
of bakery products can affect two ways: the use of fortified flour and the introduction of enrichment
additives to recipes. A promising area of enrichment of bread products is the use of flour narrowly
with the help of cereals such as barley, oats, corn, rice, sorghum, bird cherry, buckwheat and more.
In addition, to flour, in the bread recipes and bakery products processed cereals: bran, germ, malt,
sprouts, etc. Promising raw material for the enrichment of bakery products is oilseeds. Applying
fruits and vegetables in recipes can satisfy a number of goals: from reducing the energy value to
increasing it, from improving the structural and mechanical authorities to the gain of new
organoleptic characteristics. Wild medicinal plants, such as spring primrose leaves and flowers,
dandelion leaves, peppermint grass, lemon balm, thyme, milk thistle, hawthorn fruit, hop cones,
burdock roots, etc. can be used as additives in the bread production. Individual substances and
mixtures are specially prepared to enrich production and improve the technological process. The
conducted research allowed to create the classification of non-traditional raw materials for the
production of bakery products by origin, functional purpose, method of application and features of
raw materials.

Conclusions. Consideration of aspects of the use of non-traditional raw materials in the
production of bakery products shows a constant interest in their enrichment as a strategic product
that has a constant stable demand.

Keywords: bakery products, product fortification, product enrichment, non-traditional raw
materials for bakery products
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POSSIBILITY OF USING STEVIA FOR PREPARATION OF QUALITY AND

BIOLOGICALLY VALUABLE COMPOTATES OF LOW CALORIES
MOXKJNUBICTh BUKOPUCTAHHSA CTEBII 1JIsI TIPUTOTYBAHHS AKICHUX TA
BIOJIOT'TYHO HIHHUX KOMITOTIB 3HUKEHOI KAJIOPIMHOCTI
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The results of research on the influence of recipe, variety and time storage on the biochemical
composition and quality of strawberry compotes are presented. As a result of researches changes of
the main components of taste and quality at long storage are established. The possibility of effective
usege of stevia extract 0,1% in the production of high-quality strawberry compotes has been
revealed.

Key words: strawberries, stevia, chemical composition, compote, caloric content, storage

Introduction.

The excellent taste properties of strawberries encourage the population to
consume it during summer and make various processed products. At other times of
the year, jams, juices, compotes, frozen and imported products dominate in diet. One
of the ways to continue the consumption and effective preservation of biologically
active substances is the preparation of various canned strawberries. In modern
Ukrainian families, quite popular products of processing from strawberries, in
particular compotes, which in their taste and nutritional properties do not inferior to
or exceed the products of processing from other fruits. The quality, nutritional and
biological value of processed products are closely related to the biochemical
composition of raw materials, recipe and cooking technology [2, 4, 5, 8].

Sugar and its substitutes are widely used in the food industry. Excessive
consumption of sugar, honey, glucose-fructose syrup can cause metabolic disorders,
provokes the development of diabetes, obesity, heart disease, tooth decay, intestinal
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disease, etc. The search for natural sweeteners for complete or partial replacement of
sugar in the recipes of traditional foods and in the creation of new types of functional
products is of particular interest [1, 6, 7].

Numerous experimental and clinical studies had been conducted in different
countries around the world showing that regular use of stevioside has a beneficial
effect on the human body. In particular, stevia extract normalizes the digestive
system, eliminates heartburn, promotes scar healing in gastric ulcer, relieves
inflammation of the gastrointestinal tract; stimulates insulin secretion, so it is
officially recommended for the treatment of people suffering from diabetes; helps to
get rid of extra pounds: stevioside is a calorie-free product and helps to normalize
metabolism, so it is part of the diet of many diets; has an antihypertensive effect:
stevia lowers blood pressure and has a positive effect on the cardiovascular system,;
strengthens the immune system due to the minerals and vitamins that are part of it.
Also, stevioside has the ability to slow down the reproduction of many microbes [3,
9, 11].

Concentrate of sweet substances of stevia is an intense sweetener and therefore
is widely used in world practice in the production of low-calorie foods, including
canned fruits and vegetables, juices and purees. In its pure form, stevioside has
excessive bitterness and extraneous aftertaste, especially in high concentrations,
which significantly affect the organoleptic characteristics of the finished product. The
use of stevia in low concentrations in the production of compotes has been
insufficiently studied, which formed the basis of our research [3, 1, 12].

Selection of recipes and raw materials is an important technological technique
for predicting the quality of processed products, and the use of only the most
technologically suitable ones is the key to obtaining products of high quality and
biological value, which determined the direction of our research.

Research materials and methods.

The experiments were conducted at the department of storage and processing of
crop products after name B.V. Lesika NULEs. Strawberry compotes were made using
different concentrations of sugar (30 and 60%) and stevia (0,1%), as well as different
cooking methods and shelf life. The finished products were stored for 1 year, and
after 3, 6 and 9 months of storage the quality and changes of the main components of
the biochemical composition and organoleptic parameters of the processed products
were determined. For researches the variety of Koralova 100 is used. Fresh
strawberry content of invert sugar — 5,17%, sucrose — 1,37%, titratable acids — 0,60%,
glycemic load — 2. Research of influence of compounding on quality and biochemical
structure of compotes, calculation of caloric content and glycemic loading was
carried out, according to the generally accepted techniques [10].

Research results and their interpretation.

As a result of studies of the effect of the recipe on the quality and biochemical
composition of strawberry compotes, it was found that the concentration of invert
sugar in the finished compotes increases on average by 3.6% in all variants after 3, 6
and 9 months of storage. The concentration of sucrose decreases in all cases by 3.8%,
and the total amount of sugars decreases by 0.3-0.5%, which may be due to the
processes of melanoidin formation (interaction of sucrose with amino acids and other
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compounds with the formation of dark products) (table 1).

In the variants of canned products, where high concentrations of granulated
sugar are used, after 6 months of storage there is a significant amount of sucrose. In
all cases, the invert content increases and the sucrose content decreases due to the
inversion of sucrose in an acidic environment.

The use of stevia syrup in a concentration of 0.1% allowed to harmonize the
taste and at the same time reduce the caloric content of the product. The use of fruit
blanching with hot water does not significantly affect the ratio between the amount of
sucrose and invert sugar in canned food.

1. Chemical composition and quality of compotes

Indicator of biochemical o —=

composition,% g é _%
5 2 s | B = |8g &2
Option, recipe 20 S &0 2 2 23 ES
; S Z = & op 4| O

5} — Q < <] o

4 o 8 = = g=! g=

g B = = 7 E =

Term storage 3 months

Berries + syrup 60% 6,50 | 25,60 | 32,10 | 0,379 | 84,60 | 4,65 | 131,80
Berries + syrup 30 % 5,50 13,90 | 19,40 | 0,358 | 54,10 | 4,80 | 79,72
Berries + water 3,10 0,16 3226 | 0,367 | 8,80 | 4,50 | 13,55
Berries + stevia 3,10 0,16 3,26 | 0,367 | 8,80 | 4,71 | 13,55

Berries (blanched) + 30% syrup 5,72 | 13,78 | 19,50 | 0,316 | 61,70 | 4,40 | 80,11
Term storage 6 months

Berries + syrup 60% 9,51 | 2239 | 31,9 |0,356| 89,61 | 4,55 ]| 130,97
Berries + syrup 30 % 6,62 | 12,99 | 19,61 | 0,305 | 64,30 | 4,60 | 80,55
Berries + water 3,02 0,15 3,17 | 0,327 9,69 | 4,40 | 13,16
Berries + stevia 3,01 0,14 3,15 0,323 9,75 | 4,58 | 13,08

Berries (blanched) + 30% syrup 8,15 10,90 | 19,05 | 0,301 63,29 | 4,30 | 78,26
Term storage 9 months

Berries + syrup 60% 10,30 | 20,09 | 30,34 | 0,354 | 85,22 | 4,55 | 124,57
Berries + syrup 30 % 7,52 | 11,99 | 19,51 | 0,302 | 63,97 | 4,60 | 80,14
Berries + water 3,07 0,10 3,17 10,323 | 9,69 | 4,40 | 13,16
Berries + stevia 3,03 0,11 3,14 10321 | 9,72 | 4,58 | 13,03

Berries (blanched) + 30% syrup 8,95 9,10 18,05 | 0,297 | 59,97 | 4,30 | 74,15

The content of titratable acids after 3, 6 and 9 months of storage of compotes
decreased by 6-8%, which is due to the destruction and combination with the
components of the compote. As a result of mathematical processing of indicators of
the content of titrated acids and organoleptic indicators the direct dependence of
average force is established, the correlation coefficient makes r = 0,61 + 0,15.

The sugar-acid index depends on the sugar concentration used, but in the stevia
version the taste was balanced and harmonious, but the sugar content was low.

Tasting evaluation of experimental samples of compotes showed that the highest
quality samples are prepared using 30% syrup. Samples using stevia were attractive
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and harmonious. During storage, there are changes in aromatic substances,
consistency and color of the fruit. Therefore, after 3 months there is a decrease in
organoleptic parameters by an average of 0,1-0,15 points, 6 - 0,15-0,2 for all options.

The caloric content calculated by us showed that the samples with the use of
sugar had a caloric content of 80-132 kcal, and without the use of sugar and with the
use of stevia — 13,55-13,03 kcal. After long-term storage, a slight decrease in calories
was observed.

The calculation of the glycemic load per 100 g of product showed that this
indicator is the highest in the samples using 60% syrup (33,0-31,1), at the same level
in the samples using 30% syrup and blanching (20,0), and the lowest in samples
without the use of sugar and with the use of stevia (3,3-3,4).

Comparing the organoleptic characteristics, caloric content and glycemic load of
the obtained samples, it is seen that the samples using stevia have a fairly high
organoleptic characteristics without significant changes during storage. At the same
time, the caloric and glycemic load is quite low, so it is advisable to recommend such
products for people who control their body weight and diabetics.

Conclusion and suggestions.

The results of the research showed that obtaining of high-quality strawberry
compotes we should use a 30% concentration of sugar syrup. The use of stevia
extract in a concentration of 0.1% allows you to compensate the sweet taste of
compotes closer to the harmonious. The use of stevia can reduce calories and
glycemic load by almost 6 times. Storage of compotes for 9 months has little effect
on their quality and nutritional value of strawberry compotes. The obtained data
should be taken into account in the production of high-quality, biologically valuable
and preventive products of reduced nutritional value and glycemic load.
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Hagsedeno pesynomamu 0ocniodxcenv 6naugy peyenmypu, copmy ma mepminy 30epicanus Ha
OioXIMIUHO20 CKAAOY Ma AKICMb CYHUYHUX KOMNOMI6. B pe3yivmami 00CniodceHb 6CMAHOBIEHO
3MIHU OCHOBHUX KOMNOHEHMI8 CMAKY [ AKOCMI 3a Mpusano2o 30epicants. Busgneno moxciusicms
epexmuenoco suxkopucmanusa excmpakmy cmesii 0,1% npu 6ucomosneHHs AKICHUX CYHUUHUX
KOMnomie

Knrouosi cnosa: cynuys, cmesis, XiMivHUli CK1ao, KOMROM, KAA0piuHicmb, 30epieanhs.

© Voitsekhivskyi V., Lutskova V., Petrovchenko M., Konakh V., Muliarchuk O.,
Yushkevich M., Ilchenko Ya., Klymchuk I., Vlasenko T.

ISSN 2567-5273 88 www.moderntechno.de



Modern engineering and innovative technologies Issue 17 / Part 1 é

http://www.moderntechno.de/index.php/meit/article/view/meit1 7-01-049
DOI: 10.30890/2567-5273.2021-17-01-049

UDC 629.238

OPTIMAL SIZE RATIO OF A PASSE-PARTOUT AND A WATERCOLOR
OIITUMAJIBHOE COOTHOUEHHUE PABMEPOB ITACITAPTY U AKBAPEJIN
Altunina A./AnTyHuHa A.
Student / cmyoenm
Matvieieva T.V./ MaTseeBa T.B.
PhD / k.neo.n, ooyenm rxagheopul
ORCID: 0000-0003-4079-4901
Chursanova M.V./ypanosa M.B.
PhD / k.¢p-m.1, ooyenm xagheopui
ORCID: 0000-0001-6977-7473
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, Av.Peremogy, 37, 03056
Hayuonanvhviii mexnuueckuu ynusepcumem Yxpaunwt « Kuesckut noarumexnudeckut
uncmumym um. Meops Cukopckozo», Kues, np. I[lo6eouvl, 37, 03056

Abstract: Scientific explanation of the "golden section” from historical to modern research is
considered. The definition of the most harmonious ratio of sizes of a passe-partout and a
watercolor is given with help of the Shannon's formula. In practice, the most harmonious ratio of
the size of the passe-partout to the size of the "blank" image and the size of the passe-partout to the
size of the picture is revealed.

Key words: "golden ratio", “golden section”, the size of the passe-partout and watercolor,
Shannon's formula, harmonic ratio.

A problem of harmonic ratio has captured thinkers' minds back in the VI century
BC. Ancient people have noticed certain patterns in the length ratio of a tail and a
body of a lizard, in a distance between leaves on a branch and so on. It is believed
that the concept of golden ratio is introduced into scientific use by Pythagoras
himself, who is the prominent ancient Greek philosopher and mathematician [1].
There is an assumption that Pythagoras has borrowed the knowledge of golden ratio
from Egyptians and Babylonians. Indeed, proportions of household items and
ornaments from the Tutankhamun tomb, as well as proportions of entire temples and
the Great Pyramid of Cheops, indicate that Egyptian masters have used the golden
ratio in their creation.

For the first time, the “golden ratio”, or the “golden section”, was scientifically
explained by Italian monk Luca Pacioli in his book “Divina Proportione” (“Divine
Proportion”), illustrated by Leonardo da Vinci. Pacioli saw the Divine Trinity in the
golden section: the large segment represented the Father, the small one was the Son,
and the whole was the Holy Spirit (Fig. 1).

Leonardo da Vinci also paid much attention to the study of the golden section.
He was making cross section of a stereometric body formed by regular pentagons,
and each time he had obtained rectangles with sides in the golden ratio. Therefore, he
named this ratio as the “golden section™.

Leonardo da Vinci's diary contains a well-known drawing of a naked man in two
superimposed positions inscribed in a circle. That is how Leonardo has tried to
establish proportions of a human body basing on the research of the Roman architect
Vitruvius. Later, the French architect Le Corbusier, using Leonardo's Vitruvian Man,
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has created his own scale of “harmonious proportions” that has influenced the
aesthetics of twentieth-century architecture [2].

Thus, objects that contain the “golden section” are perceived as the most
harmonious. If you divide an object into two unequal parts, so that the small one is in
the same ratio to the large one as the large one to the whole object, that is the “golden
section”. For simplicity, this ratio can be represented as 2/3 or 3/5.

Translated mathematically, the “golden section” is a proportional section of a
segment into unequal parts, when the ratio of the whole segment to the larger part
equals to the ratio of the larger part to the smaller one; or, in other words, the fraction
of the smaller part with respect to the larger is the same as the fraction of the larger
part with respect to their sum. That is, a:b = b:c, or c:b =b:a (Fig. 1).

c

..
7 N
N\ A J
Y BV

a B

Figure 1. Illustration of the “golden section”

The rise of the information theory is associated with the publication of the
article “A Mathematical Theory of Communication” by Claude Shannon in 1948.
According to Shannon, the information theory (a branch of the mathematical theory
of communication) sets general limits of possibilities of information transfer systems,
gives initial principles of their development and practical implementation.

In the twentieth century, with the information theory it’s been found that the
harmonious ratio carries the greatest amount of information. It is also known that the
human eye reads maximum information from a sheet framed by a passe-partout of the
same area as the sheet itself, i.e. the ratio of areas is 1:1. When viewing a graphic
object, such as a watercolor painting, the area of its frame ceases to carry any
meaningful information, while the human eye focuses on the content of the painting
[3].

Considering all the above, we have decided to determine the most harmonious
size ratio of the passe-partout and watercolor painting, when a viewer reads the
maximum amount of information, with help of the Shannon’s formula.

Let us consider an example of a rectangular shape and reveal the nature of its
influence on the observer. As we know, the process of looking at an object consists of
signals coming to the visual analyzer at discrete moments of time, corresponding to
the fixed position of the pupil, when it stops at certain parts of the object — the so-
called “fixation points”. The pupil motion between these fixation points is quite
chaotic when viewing the object, and it depends on many circumstances (in
particular, the density of fixation points at different fragments of the object depends
on the “content” of these fragments, as found experimentally). Thus, the pupil moves
over the surface of the object, fixating at different points, from point to point (Fig. 2)

[4].
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The shape recognizing by the analyzer can be

described with the following mechanism. In order to
recognize a rectangle shape, its smaller side is
compared with the larger side. But because the eye
examines not segments but shapes, it is the

comparison of the rectangle with a square that takes
. place in the brain. Therefore, the observer must

involuntarily project the smaller side of the
Figure 2. Motion of a pupil rectangle on the larger one. The “optimal” rectangle
between the fixation points  practically coincides with the rectangle in golden
within the rectangular shape  1,4i, (with a/b = 0.62). From that we conclude that

the maximum aesthetic advantage of rectangular
m objects in golden ratio is due to the maximum

/] informativeness [5].
~ But the pupil runs not only over the image, but
also over its passe-partout framing (Fig. 3) and
# perceives information accordingly.
Suppose examination of a blank picture with

~—7

no image. Then all the points carry equal amount of

information, and the Shannon’s formula is
H = —p,logp; — (1 —p;)log(1—py),
where H is the amount of information, and p; is

the probability (the ratio of the areas of the passe-partout and the interior image) (Fig.
4).

Figure 3. Motion of a pupil over
the image in passe-partout

The object carries the maximum information when the derivative of that formula
is 0, therefore

S_H = —logp; — 1 +log(1 —p;) + 1 =log(1 — p;) — logp, = log==2 = 0,
7y oy
and
= — = —
s B4 2

As a result, the most harmonious area ratio of the passe-partout and the interior
watercolor is 1:1.

To study this hypothesis practically, the experiment was carried out with white
images of equal sizes framed in monochromatic passe-partouts considered as the
experimental objects. The ratio of the framing area to the image area was taken as
04,06,08,1,1.2,1.4,1.6,1.8,2 and 2.2. Then a survey among 104 people was
carried out, and the task was set: among the ten objects described above, choose,
without hesitation, the one that visually appeals you the most because of its harmony.
The diagram at Fig.4 shows the results of that study.

If we put a picture into the frame instead of the blank image, the amount of
obtained information increases. As a result, when the amount of the information is
maximum, the combination is the most harmonious. This must be taken into account
by entering the coefficient of information significance k. Then,
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H=—kp;logp, — (1 —py)log(l—p,).
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Figure 4. The survey votes number vs the ratio of the passe-partout area
to the “blank” image area

If the information significance of the picture is much greater than the
significance of the framing, then H is approximately equal to the first term of the
formula

H = —kplogp,

and the maximum is achieved with a completely different probability. If we take the

derivative,

dH—( 1 Dk = 0;
dp_ obp -

logp=—1; p=e"! ~ 0.37, wheree ~ 2.71.

Thus, we have theoretically found that the largest amount of information is
transmitted to the viewer when the informational fraction of the framing equals to
0.63, which is an indicator of the “golden section”.

Also, the same survey respondents were asked to consider options for the same
ratios, but instead of the empty interior field a painting by Maximilian Voloshin was
inserted (Fig. 5).

Diagram of the second experiment looks different (Fig. 6):

Thus, in the study of the “blank™ picture, all the theoretical assumptions are
confirmed. Indeed, respondents have denoted the ratio of areas 1:1 as the most
harmonious. Regarding the second experiment, the practical results have shifted
slightly, and we can make the main conclusion of the present study. When viewing
the framed painting instead of the framed “blank”, the information significance
increases and human eye considers as more harmonious the framing which is wider
than in the first experiment.
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Figure 5. A painting by Maximilian Voloshin

25,
20 -

151
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0,4 0,6 0,8 1 1,2 1,4 1,6 1,8 2 2,2

Figure 6. The survey votes number vs the ratio of the passe-partout area
to the informational image area

o

References:

1. [Electronic resource] - C. ©. 2. ABC-people.com, "Golden Section," [Online].
Available: http://www.abc-people.com/data/leonardov/zolot sech-
txt.htm#axzz5AOxYqllo.

2. Kovalev F.V., The Golden Section in Painting, M .: Higher School, 1989. -
252 p.

3. Kudryashev B.D., Information Theory, St. Petersburg State University,
ITMO, 2010. -584 p.

4. Zuckerman L.I., Glezer V.D., Information and vision, M. - L., 1961. - 128 p.

5. Petrov V.M., Formulas of fine proportions, in the collection: "Models and
methods of research of social and economic processes". M, 1976. - 664 p.

ISSN 2567-5273 93 www.moderntechno.de



Vo

Modern engineering and innovative technologies Issue 17 / Part 1 AN
(™

Annomauun: Paccmompeno Hayunoe obOvsicCHeHUe «3010M020 CeYeHUs» Om UCMOPUYECKUX
00 cogpemenHbIX ucciredoganuu. Ilooano onpedenenue nHaubonee apMoHULECKO20 COOMHOULEHUs
pasmepos nacnapmy u axeapeiu npu nomowu gopmynsl Lllennona. Ilpakmuuecku npugedeno
Haubonee 2apMoHULecKoe COOMHOUEHUS PA3MePO8 NACNAPMY K PAZMEPAM «2011020» U300Pa#ceHus
U pazmepos nacnapmy K pasmepam KapmuHbl.

Knrwoueegvie cnosa: «3onomoe ceuenuey, pasmepuvl nacnapmy u akeapenu, popmyna Lllennona,
2apMoHuyecKoe cOomHouletue.
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FEATURES OF FORMATION OF LIVING SPACE OF MANOR TYPE
OCOBJIMBOCTI ®OPMYBAHHSA ) KUTJIOBOTI'O ITPOCTOPY CAAUBHOI'O TUITY
Bulgakova T.V./ byarakosa T.B.

Ph. D., Assos. Prof./ k.m.n., ooy.

Truten V.A./ Tpyrens B.A.

master student / mazicmp

Kyiv National University of Technologies and Design,

Kyiv, Nemyrovycha-Danchenko, 2, 01011

Kuiscokutl nayionanvHull yHisepcumem mexHono2iti ma Ou3aumy,
Kuis, Hemuposuua-/lanuenka, 2, 01011

Anomayia. Y cmammi po3ensanymo ocooaueocmi hopmyeanms inmep '€pie cyuacHo2o Hcumia
caoubroeo muny. 30iticHeHO auaniz 00cgidy Gopmysanus iHmep’€py NpusamHoco 0YOUHKY HA
OCHOGI GIMYU3HAHOI Ma 3aKOPOOHHOI npakmuku. Buseneno ocobiusocmi ouzatiny inmep epy
Hcumaa caoubrHo2o muny 3a OYHKYIOHANbHO-NIAHYBAILHOW CMPYKMYPOIO, MEeXHON02IYHUM Mda
XYO00HCHbO-eCMEMUYHUM PIULEHHSAM.

Knrwowuosi cnosa: scumno caoubroeo muny, iHOUiOyanvHull OYOUHOK, OU3AUH IHmMeEp €py,
@DYHKYIOHANbHO-NIAHYBANLHA CMPYKMYPA, XYOOHCHbO-eCMEMUYHT PILUEHHS.

Beryn
[IpoGiema nosisirae B oprasizariii )KUTIOBOTO MPOCTOPY, SIKE € BIMOBIIHUM JI0
MOTPEOITIOIMHU 1 TAPMOHIMHO 1CHY€ pa30M 3 HABKOJIUIITHIM CEPEIOBUILIEM, KUTJIIA
BHUCOKOI SIKOCT1, 00JIAIITYBaHHS 1HTEP €pY, AKUU BIAMOBIAA€E iIHTEpECaM KOPUCTyBaya.
3aBaaHHA JOCTIKEHHSA
» IlpoBectn aHami3 AocBimy (opmyBaHHS iHTEp €pIB peaizoBaHUX MPOCKTIB
MPUBATHUX 3aMICbKMX OyJMHKIB Ha OCHOBI BITYM3HSHOI Ta 3aKOpPJOHHOI
MPAKTUKH.
» BusBuTH TIepeBaru iHTEp’e€py JKHTIA CaAUOHOTO THITYy Yy TIOPIBHSHHI 3
0aroTOKBapTUPHUM MOMEIIKAHHSIM.
» BusBuTH 0COOIMBOCTI MU3aiiHy iHTEp €py KUTIA CAAUOHOTO THITY.
AHaJIi3 0CTaAHHIX J0CTiIKeHb TAa MyOJiKkamii
Tema cyuyacHOTO 1HAMBITYaJIBHOTO XUTJIA PO3IVIIHYTa B KHHUrax, CTaTTAX Ta
HAayKOBUX BHUAaHHSAX. Ha CchOromHINIHINA ACHH YMMAJIO JOCHTIKCHb CIIPSIMOBAHO Ha
BUSIBJICHHSI THUIIOJIOTIi Oy/iBEJIb COIIaIbHOTO >KUTIA 1 BU3HAYEHHS OCOOJMBOCTEM
(dbopMyBaHHS apXiTEKTYPHO-TIAHYBAIBHOI CTPYKTYPH KHUTIOBOTO CEPEIOBHIIIA.
OYHKIIIOHATHHO-TUIIOJIOTIYHI Ta COILIAJIBHO - MCHUXOJOTIYHI MPOOJEeMHU KHUTIA
nocmimxyBann  B.Kamy6a, I'.Craminceka, ). ToproHoBa, B.Apucrapxosa,
B.[lanunenko, O. Kazapina.B o3HaueHnx poOoTax po3risaaroTbes (GyHIaMEHTaAIbHI
NUTaHHSA B3a€MO3B’SA3KIB apIXTEKTYypU Ta JAW3alHYy, JOCHIIKEHHS 3B S3KIB 1
B3a€EMOBIUIMBY  apXiTeTypd W  MHUCTENTBA, IMPOAHAII30BAHO  MPOOJIEMATUKY
BI3yaJIbHOTO CHPHHHATTSA, SIK IIUTICHUX 00’€KTIB, TaK 1 MHCTENTBA KPi3b MNPHU3MY
reIITaJbTIICUXOJIOT1i, 3’SICOBAaHO TMUTAHHA €CTETUYHOI OI[HKH MPEAMETHOTO
HAIMOBHEHHS CEPEI0BHUIIIA.
Y crarri B.ApucrapxoBoi «/lu3aiiH-poeKkTyBaHHA 1HTEP'€PIB MPUBATHOTO
YKUTIIOBOTO OyAMHKY» PO3TJISHYTO COIIaJIbHI BUMOTH, SIKI OOYMOBJIEH1 COIaJIbHO-
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neMorpagpiyHUMH, COIlaJIbHO-EKOHOMIYHUMU Ta COIIAJILHO-KYJIbTYPHUMU
notpedamu. Bonn nmoBuHHI 3a0€3MeYnTH BIANOBIIHICTh MPOEKTOBAHUX 00'€KTIB yMOB
noOyTy, 3BUYaiB, TPaaulliil, HOPM 1 MpaBUJI MOBEAIHKH, AeMorpadiuHiil CTPyKTypi Ta
xapakrtepuctuii cim'i. Ckiaa NpuMINIeHb XUTJIa 0arato B YOMY BH3HAYAETHCS
COIIaIbHUMH, BIKOBUMH XapaKTEPUCTUKAMH TMPOXKHUBAIOUMX B HHOMY JIOJEH, iX
KUTBKICTIO, CTATEBOIO MPUHAJIEKHICTIO Y CIM'T.

Y crarri JI.B. Kyuepenko, T.I'. Ilynmik «Cneuudika dopmyBaHHS
MaJIOMIOBEPXOBUX KUTJIOBUX OyJiBeslb» OYyJI0 BUPIIIEHO BaXJIMBE 3aBJIaHHS :
(dbopMyBaTH KOHIIEMIIIT apXITEKTYPHOTO YHOPSAAKYBAHHS CYMIXXHOTO HABKOJIMIIIHBOTO
CEpellOBUILA Ta TBOPYO PO3POOJATH iX, PO3POOIATH KOHIEMIii apXITEKTypHOI
opraHizailii BHYTPIIIHbO- OO0'€KTMBHOIO CEPEJOBUINA BIAMOBIIHO COIIAJBHUM
yMOBaM, BHUKOPUCTOBYBATH TEOPETHYHI IOJIOKEHHS 1 KaTeropii apXiTeKTypHOI
KOMITO3MIIT Mpu (POpMyBaHHI OO’€KTY, HIO0 MPOEKTYETHCS, OOMpPATH ONTUMAIbHY
KOHCTPYKTUBHO-TUIAHYBaJIbHY ~ CXE€My, 10  BIANOBiZaE  (DYHKI[IOHAIBHUM
BUMoOraMm.Bu3HaueHo, 110 Take EKOJIOTIYHO KOM(OpPTHE >KUTIOBE CEPENOBUIIE B
CydYaCHHX YMOBax TIIOBMHHO (OPMYBAaTUCS 3 BHKOPUCTAHHSM palllOHATHHUX
OPUMOMIB  apXITEKTYpHOTO (OPMOYTBOpPEHHS, CIPSMOBAHMX Ha OpraHi3aIliio
CTIHKOTO 3B’5I3Ky 00’ €My OYiBII1 1 TPUPOIH.

Kaura «Ycim motpibHe >kutino. CnpaBejyuBe, coIliajgbHE, IOCTYIHE» Bif
HiMelbKUX apxitektopiB Ypcymu Kneedim-Mo6er, Ierepa Kennepmanna ta Kapena
Onra npornonye BceOIYHUI OIS TEMU TOCTYIHOIO JKUTIIA: Bl 3HAUYIIMX MOJEIEH
1920-x pokiB 10 Cy4aCHUX KOHLEIILIN ChorofieHHs. ExcriepTHI HapuCH BUCBITIIIOIOTh
npoOsieMy KUTJIa 3 PI3HUX TOYOK 30pY, BHUPIIMIEHHS SKOI € BH3HAYAIbHUM IS
COI1aJIbHOI3TYPTOBAHOCTI HAIIIOTO CYCIJIbCTBA.

OCHOBHUI1 TEKCT

XKutnosuit 6ymHOK caAOHOTO THITY — 1€ KHUTJIO JJII BUKOPUCTAHHS POTATOM
POKY 3 METOIO MPOKMBAHHS a00 M03aMiChKOTO BIJIMOYMHKY. Po3TanryBaHHS TUX YU
THIIMX MPUMIIIEHD B MEPUTY YepTy 3aJIeKUTh BIJl IO OyIUHKY, KUTBKOCTI 010, 110
IPOXXKUBAIOTh B OYyJAMHKY, 1 HasBHUX KOMYHIKaIlli. Bce wacrime Jroau KymyrTh
NpUBaTHI OyJMHKHU 1 HAMArarThCs BIATOPOJUTHCS BiJl yPOAHICTUYHOTO CEepeOBHUIIA
3 METOI 3POOUTU CBOE JKUTTS OUIbII TAPMOHIMHUM 1 OJMKYUM J10 TPHUPOJIH, AJIKE
IHIWBIAYaJIbHI OYIMHKUMAIOTh PSJI MEepeBar mepeja >KUTJIOM B OaraTOKBapTUPHOMY
MOMEIIIKaHHI1, a caMe:

* MOX/MBICTh BUIBHOTO IJIAHYBAHHS, a HE T€, 110 MPOINOHYE 3a0yJOBHUK.

* BapiaTuBHICTb yJialITyBaHHS CUCTEM Ta IPUOOPIB OMAJIICHHSI, BOJONOCTaYaHHs

TaKOHAUI[IOHYBaHHS.

* He3anexHiCTh BiJl KOMyHaJIbHUX ITiIMIPUEMCTB.

* Benukuit BuGip 03100110BaIbHUX MaTepiaiB.

* binbia mioia y mnopiBHSAHHI 3 KBAPTUPOIO.

* MOXJTMBICTHBUKOPUCTAHHS €KO TEXHOJIOT1H Ta MaTepiaiiB

* HasiBHicTh CcBOET caanoOwu.

DyHKUiOHAIbHO-NIAAHYBAIbHI 0COOIUBOCH

Yum Oinpima mioma OyIuHKY-TUM Ouibllla BapiaTUBHICTh BUKOPUCTAHHS
KBaJpaTHUX METPIB. 3a JIOMOMOTOI0 TEPETOPOJOK Ta 30HYBAHHS BIJOYBAEThCS
poO3IUIaHyBaHHS MeX MaWOyTHIX KiMHAT. MiHIMalbHA KUIBKICTh XUTJIOBHX KIMHAT
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JUISL HEBEUKOI poauHu- Tpu. CrnajabHI KIMHATH HE MarTh OyTH MOpoxigHi 1 OyTH
MOPsIZT 3 KIMHATaMH1 3arajlbHOTOKOPUCTYBaHHS.

Haiikpamum pimeHHSIM € po3aUIeHHS KIMHAT 3a moBepxamu. Ha mepimomy
MoBepci 3a3BMYail BIAIITOBYIOTH KIMHATH 3arajlbHOr0 KOPUCTYBAaHHS, Taki SK:
BITAJIbHS, KyXHSA Ta imanbHsa. BXim mo BiTaidbHI Kpale 3 TMEPearoKolo, ajpKe IIe
CHpOIIy€ TUIaHYBaHHSA. 3aJ€KHO B KBaapaTypu BChOTO OYIUHKY BITaJbHS MOXeE
Oyt miomero Bix 15 go 50 MerpiB KBajgpaTHHX. li Kpalle po3TalmIoOBYBaTH 3
MIBACHHOT CTOPOHU a0U COHIIE MOTPAILISIIO BIPUMIIICHHS IPOTIATOM YChOTO JTHS.

[lomo imanpHI Ta KyXHi, 1Ie MOXYTh OyTH a0o0 pi3HiI KiMHaTH abo 00’e€IHaHa
KYXHS-CTOJIOBA, 3aB/SIKM YOMY IpHUMIilIeHHs Oyae Ouibin mpocropum. [lnoma kyxHi-
inanpHl Moxke Oytu 12-30 MeTpiB KBaJpaTHHX, SIKIIO OKPEMO, TO KyXHsI Ma€ OyTH
POCTOPOI0, HE MeHIIe 9 M2, ajke moTpiOHO Oarato Micls IS yJallTyBaHHS
MOOYTOBOI TEXHIKHU 1 CTOJIOBUX MTPUOOPIB.

CanBy3nu. Bonu OyBatoTh cyMicHI abo po3auibHi. CaHBY30J pEKOMEHAYEThCS
pPO3TaIIOBYBAaTH 3 TIHROBOI cTOpoHU OyauHKy. [Ipy ymoBi, mo OyAWHOK ABOX- a0o
TPHOXPIBHEBUH, OakKaHUM OyJie pO3MIIICHHS CaHBY3JIIB HA KOKHOMY TOBEPCi OJUH
IO THUM.

CrnanpHi KIMHAaTH HEOOXIJIHO PO3TAIIOBYBaTH 3 COHSYHOTO OOKy 1 3a
MO>KJIMBOCTI HaJIpyroMy MOBEPCi, aje AJisl JITHIX JII0JeH po3TallyBaHHs CHaldbHI Ha
nepioMy noBepciOyae OUTbIT BIATUM.

Texnonozciuni ocoonueocmi

B xuTm caguOHOro TUIy HasiBHA MOJIMBICTb BUOOPY PI3HOMAHITHUX CUCTEM
TEXHOJOTIYHOTO 3a0e3MeueHHs] BKIIOYAlOYM BUKOPHCTAHHS MPOTPECUBHUX €KO
TEXHOJIOT1i. PO3IIIIHEMO OCHOBHI BHAM TEXHOJOITYHOrO 3a0e3ledyeHHs 3aMIChKOIO
OyIUHKY.

Onanennsa. llpu BUOOpPI cHCTeMH TeIi03a0e3MeyeHHsT HEeOoOX1AHO BpaxyBaTH
JIesIK1 CKJIaJIOB1, TakKi K I[iHAa, MOHTaX, IOCTYIHICTh TaJliBa Ta €KOJOTTUHICTh. ICHY€
0e3J11y BaplaHTIB OpraHizaiii CUCTEM OIaJieHHs B 1HAWBIAYaJbHUX OYyIWHKaX, cepel
AKUX:

» Bonsgne onanenus. SABmisie co6010 3aMKHYTY CUCTEMY: KOTEI — TPYOOIIPOBI —

Oarapei.
* Enextpuuna cucrema. [Ipaifoe mo NpUHIUITY TEPETBOPEHHS EIECKTPUIHOI
eHeprii BreruioBy. OCHOBHI BUIU:
a. EnextpokoHBeKTOpH
b. Cucrema Teriol miaioru
c. YIIbpTpauepBoHi 00irpiBayl
» TennoBuil Hacoc. [loMnu BUKOPUCTOBYIOTH TEIUIO 3€MIIl, BOJM abO MOBITPS,
TaKUMYHHOM IE€PETBOPIOIOTH TEIJIO B UUCTY €HEPTIIO.
* Consuni Oarapei. [Ipuniun poOOTU-TIEPETBOPEHHS €HEPrii COHI B TEILIO.
Sxio BperioHi, i€ BIAIITOBaHI MaHesi MeHire 20 COHIYHUX JTHIB HA MiCSIIb,
TO HEOOX1HOMOEAHATH 3 THIIIMM CIIOCOOOM OTaJICHHS.

Benmunayia. BeHTUnALINAHI cHUCTEMU MNOAUISIOTH HA NPUPOAHI 1 MPUMYCOBI
(xepoBaHi, MexaHi4Hi). [IJi1 CTBOpEHHSI MPUPOJHOI BEHTHIIALIT HEOOX1THO BUKOHATU
BIJITIIIMHY 1 CTBOPUTH BEHTUJIAIIHHUN KaHAIL.

[TpumycoBa BeHTW SIS OLTbII eheKTUBHA 1 31aTHA 10 KOHTPOIIIO TeMIIepaTypu
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1 Bojiory BMoBiTpi. Lled Tun BeHTUIIALIT MOXKe OyTH MPUIUIMBHUM, BUTSKHUM a0o0
MPUTUTMBHO- BUTSDKHHAM.

Konouyionysanna. CuctemMu  KOHIMLIOHYBAaHHS MOXHa TOJUIMTH 34
KaTeropisiMu:
3a criocoOoM KpiTJIeHHS: HACTIHHI, KaCETHI, KaHaJbHI, 1 JIOTOBI.
* 3a KUIBKICTIO OJIOKIB: aBTOHOMHI, CIUTIT, MyJIbTU-CIUIIT, MyJIbTH30HAJIbHI.
* Ce30HHICTH pOOOTH: IUTKH PiK 200 B TEIUTY TOPY.
3a cnocoOoM 3a00py: 3 MUPKYJISIIEI0, PEIUPKYIISIIEIO.
3a peKUMOM: OXOJIO/IPKEHHsI 00 HarpiBaHHS.
Xyo0orxcnvo-ecmemuuni ocoonugocmi
Kumno cadubnoeo muny — 1€ CEpPENOBUINE TOB’SI3aHE 3 MPUPOJOIO 1
HaTypaJbHUM CIIOCOOOM OyTTS 1 TOMY XYJ0>KHI 00pa3u, 110 3/1aTHI 11 Mepe/iaBaT,
HalOUIbII TAPMOHINHO MOENHYIOTHCS 3 TAKUMU MPOCTOpAMU. TaKUM YUHOM MO>KHA
BUJIUINTH PAJl XYJI0KHBO-CCTETUYHUX HANPSAMKIB IO HAHOLIBIN BiANOBIIAIOTH
1HTEp’ €py TAaHOTO TUITY KUTJIA

* MOpPCHKUU CTUIL — BUKOPUCTOBYE TE€MY BOJH, IO MIAXOIUTH IS 1HTEP'Epy
3aMicbKkoro OyauHKy. J[J1s 1bOro 30BCiM HE 00OB'SI3KOBO MOOJIM3Y MAaTH BOAOKUMY.
Tyt ngocuTh BHUKOPHCTOBYBAaTH KOJIIPHE PIIIEHHS 1 HANOBHUTHU MPHUMIIIECHHS
BIJIMOBITHUMH JIETATSMU: PENPOAYKIIIIMA MApPHUHICTIB, TEKCTUJIEM MOPCHKOi
TEMAaTHUKH.

* EKOo-CTWJIb [103BOJII€E 3JIUTUCS 3 MPUPOJOI0, TAPMOHIMHO TMOEIHYIOYUCH 3
IPUPOJIHOIO Kpacor HaBKoJuiiHboro Jnanamadry. I[lpu odopmienHi ciin
BIJIIITOBXYBATUCS BIJT TPhOX CKJIQJOBUX - MPAKTHYHICTb, JOBrOBIYHICTH 1
HaTypaJbHICTh. [[JI1 €KO-CTHIIIO XapaKTepH1 MpaBWiIbHI (HOPMHU, MIHIMYM JEKOPY 1
OaraTo cBiTJIa. XapakKTEepHUMHU € MeOJIl 3 HaTypaJbHUX IPUPOJHUX MaTepiallis,
HaIpUKIaa, 3 Jo3u abo ¢GakTypHOi JepeBUHH. J[ekopaTMBHA PoOJib B 1HTEPEPI
B1JIBOJTUTHCS 03€JICHEHHIO.

» CiIbChbKHU CTHJIHL OCOOJUBO MiJAXOAWTH, SKIINO CTIHU 3BeJeHI 3 Opyca abo Koo,
B npomy BuMangky 3akpuBaTH CTIHMU 1 OAalKU MEPEKPUTTS HE MA€ CEHCY - BOHH
MOBHICTIO BOUIIYThCS B 1HTEep'ep. [linTpumaru oOpa3 AOMOMOXKYyTh MeOm 3
JepEeBUHHU, TOKPUTI JJAKOM 200 MOPUIIKOIO. XapaKTEepPHUM TaKOXX € BUKOPUCTAHHS
JOMOTKaHOTO TEKCTHUJIIO.

o ETHiuHi cTwmi 307u34Th 3 MPHUPOJOI0, HANAMITYIOTh HAa MEAUTATUBHUMN Jaj.
XapakTepHUM € BUKOPUCTAHHS ayTEHTUYHHUX MPEAMETIB MeOJIB Ta 03100JICHHS,
BIJIMOBIJHUX TIEBHUM KyJbTypaM, ajie I[epeHacuuyBaTH IUIOLLy OyJIuHKa
YUCJIICHHUMH, SICKPABUX BIJTIHKIB, JEKOPATUBHUMHU JI€TAJsIMU HE BapTo. AJDKe
3aMIChKUN OyAMHOK 11€ MEPII 32 BCE MICIIE BIMOYMHKY Bl METYIIIHI METramnoJicy

be3cymHiBHO, ekctep'ep OyaiBil MOBUHEH BIJMOBIJATH 1 MPOJIOBKYBATH
CTHJIICTUKY HPUMIIIECHHS.

BucHoBkmu.

Bussneno ocobmuBocTi hopMyBaHHS )KUTIOBOTO MPOCTOPY CAAUOHOTO TUITY 3a
TphOMa KPUTEPISIMU:

- (pyHKIIIOHATBHO-TNIAHYBAJIbHA CTPYKTYPA;

- TEXHOJIOTTYHI PIIIICHHS;

- Xy/I0)KHBO-ECTETUYHI1 PIIICHHS.
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3a (YHKIIOHATBHO-IUIAHYBAJbHOIO CTPYKTYpOIO BaXKIMBUM € MOXIJIMBICTb
BEPTUKAIBHOTO 30HYBaHHS 3a IOBEpXaMU Ta BapiaTUBHE BUKOPUCTAHHS IMPH
30HYBaHHI  OUIBIIOT  IUIONII MNPHUMIMIEHb Yy TOPIBHAHHI 3 JKUTJIOM B
0araTokBapTUPHOMY  TIOMEIIKAaHHI.  TEeXHOJOTIYHI  pIIEHHS  BUPIZHSIIOTHCS
BapiaTUBHICTIO yJIAITYBaHHSA CHUCTEM Ta MPHOOPIB OMajeHHs, BOJOMOCTAYaHHS Ta
KOHJMIIIOHYBaHHS BKJIIOYAIOYM BHUKOPUCTAHHS €KO TEXHOJIOTIH. 3a XyJI0KHbBO-
CCTeTUYHUMH PINICHHSIMHA HaWO1IbII TAPMOHIMHUMH JIJII TAKOTO JKHUTIA € 00pasu
MOB’SI3aH1 3 MPUPOJOI0 Ta HATypajIbHUM OYTTSAM, BUAUICHO 4 CTHIILOBUX HANPIMM:
MOPCBKHUH CTUJIb, €KO-CTUJIb, CITbCHKUM CTHUJIb, €THIYHI CTHIII.
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Abstract. The article considers the peculiarities of the formation of interiors of modern
manor-type housing. An analysis of the experience of forming the interior of a private house on the
basis of domestic and foreign practice. The peculiarities of the interior design of the manor-type
dwelling according to the functional-planning structure, technological and artistic-aesthetic
solution are revealed.
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HYDRAULICS OF AN OGGE-CRESTED WEIR WITH AN OUTFLOW

REGULATING GATE
TI'TIPABJIIKA BOAO3J/IUBY IPAKTUYHOTI' O ITPO®LIIO 3 PEI'YJIIOIOYUM
3ATBOPOM
Bosak M.P. / bocak M.IIL.
c.L.s., as.prof. / K.m.u., 0oy.
ORCID: 0000-0003-0306-9583
Matlai L.I. / Maraai LI
c.t.s., as.prof. / k.m.H., 0oy.
ORCID: 0000-0002-4300-8825
Hvozdetskyi O.G. / I'Bo3nenbknii O.I'.
c.L.s., as.prof. / K.m.u., 0oy.
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Hayionanvnuii ynisepcumem «JIvgiscvka nonimexuixay,
JIvais, éyn. C. banoepu, 12, 79013

Anomauin. Ilpeocmasneno pezyiomamu  OOCHIONHCEHb  2IOPAGNIUHUX — XAPAKMEPUCTIUK
600031UBY NPAKMUYHO20 NPOQPINIO AKi eKCHAYAMYIOMbCA 8 PEeHCUMI Pe2yNio8aHHs UMOKY 600U
sameopamu. Taxi 2ciOpomexuiuni cnopyou 6UKOPUCMOBYIOMbCA 8 SAKOCMI B000CKUOHUX aDO
PeYNAYIUHUX 6 CUCTNEeMAX MEXHIYHO20 B6000NOCMAYAHHA a4 MAKONC HA 2IOpOMeNiopamueHux
Kananax. Bonu 3abesneuyromv HeoOXiOHi 2i0pasniuHi napamempu 800020CNO0APCHKUX CUCMEM §
npomiunicms piku. B ocHosi ananimuunux 0o0cniodxcenv 632mo 0a308i gopmynu meopii uo0o
2I0pasniku 6UMIKaHHs 600U 3 nio-sameopie. CmucHena enubuUHa NOMoKy HA 800031UBHIU NOBEPXHI,
61aWMOBAHOI No 1020 nadaiouil mpackmopii, giooaieHa 6i0 omeopy 3ameopa. Tomy napamemp
«CMUCHEHA 2TUOUHAY He MOJICe BUKOPUCOBYBAMUCH OISl 2i0PAGIIYHUX PO3PAXYHKIE MAKUX CNOPYO.
Busnaueno Odocnioni eenuunu xoegpiyienmie ¢ wieuokocmi ma (i eumpamu Ois 2iOpasiivHux
PO3PAXYHKIE MaKux cnopyo 0e3 GUKOPUCMAHHA Koegiyienma 6epmukanvHo20 cmucHenns. Ix
YUCNIOBI 3HAYEHHS BPAXO08YIOMb MICYesi empamu HANopy ma 6nAu8 HA CepeoHto WEUOKICb
BUMIKAHHA 800U — SIK (QOpMuU 600031UBY Max i muny sameopa. [[nsi NOPIGHAHHSA BUKOHAHO
2I0pasniyHi  00CHIONCEHHsT B0003MUBY OCHAWEHO20 NIOCKUMU MA CE2MEHMHUMU 3AMEOPAMU.
Ilooano cinomesy, wo Koegiyienma ¢ weUOKocmi, y BION0BIOHUX PO3PAXYHKOBUX (HOpMYIaX
B000CKUOHUX CHOPYO, 6 OCHOBHOMY 3d0e3neuye 38 530K MIJNC NOBHUM HANOPOM 600U nepeo
800031UBOM MA - PO3PAXYHKOBUM HANOPOM 800U OJisl CePEOHbOI UWBUOKOCMI NO 2IUOUHI NOMOKY.

Knrwuosi cnosa: 600031us npakmuunoco npoQinto, pecyniosanvHi 3ameopu, NpPOnYCKHA
30amuicms, Koeghiyienm wieuokocmi, Koepiyicum sumpamu 600u.

Beryn

JUis  TiIpaBlMiuHUX  PO3PaxyHKIB  BOJO3JMBHHX CHOPYJ Ta  3aTBOPIB
PETYJSLIMHUX CIIOPYJ pOo3pO0JIeHI Ta BUKOPUCTOBYIOThCS OKpeMi Gopmyiu. OiiHka
MIPOITYCKHOI 3aTHOCTI BOJIO3JIMBY B PEXKHUMI PETYJIOBAHHS BUTOKY BOJU 3aTBOPAMH
3MIACHIOEThCS 3a (popMysamMH sIKI MICTATh CTUCHeHY rnnOuHy. Lleil mokaszHuk He
XapaKTEpHUM JUIsl BOJO3JIUBIB MpakTUYHOTO Mpoditro 3 3aTBopamu (BIIII3), - Tomy
0 BOHM MEpPEeBaXHO € mepenafgamu. Jlns TiApaBIiYHUX PO3PAXYHKIB B PEKUMI
pEeryJIfoBaHHS BUTOKY BOJM 3aTBOpaMU 4epe3 TaKWW THUI BOJO3JIMBY JOIIJIbHA

KOMILJIEKCHA 3aJIEKHICTD 1 3HAYEHHS KOe(1ll1I€HTa BUTPATH.
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AKTYAJIBHICTD T0CTiIKEHHS.

AKTyalbHICTh JOCIIPKEHB MOJISITAE B TOMY, III0 OTPUMAaHI pe3yJIbTaTh HATal0Th
CHpPOIICHHA Ta TOYHICTh PO3PaXyHKIB Ji BOJO3JMBIB MPAKTUYHOIO MPOPLIIO 3
PETYIIOI0YUMHU 3aTBOPaMH.

Merta Ta 3aBAaHHS J0CJTiIKEeHb.

MeToro AocaiIKeHb € OTpUMaHHs (HOpMyITy IJIsl MPOIYCKHOI 3/1aTHOCTI JAaHOT
CIIOPYA¥ B 3aJICKHOCTI BiJl BEIMYMHHM BIAKPUTTS 3aTBOPY Ta Hamopy Boau (Ta 0e3
3aJIEKHOCTI B1J] TTTMOMHU CTUCHEHOTO Mepepizy)

3a60anua: AOCHIAUTH YUCIOBI 3HAYEHHS KoeillieHTa BHUTpAaTH [, SKi
MOETHYIOTH 1X 3HAYSHHsI SK JIJIS BOJIO3JIMBY TaK 1 JJIsl 3aTBOPIB.

AHaJIi3 OCTaAHHIX J0CTiIKeHb i myOJiKaniin.

VY TexHIYHIA Ta HaBUYaJbHIA JITEpaTypl HPOIMYCKHY 3JaTHICTh BOJIO3JIMBIB
npaktuyHoro npodumo (BIIII) Bu3znauarots 3a popmysoro [1]:

2/3
O =mb,2¢gH, "5,6,6,.,0,, (1)
1€ Gy, Ggp, Ocm, O3 — KOEQILUIEHTU BIANOBIAHO MOBHOTH Hamopy, (GopMu, GOKOBOTo

CTHCHEHHS Ta 3aTOIICHHS
JUis TiApaBiIiuHUX PO3PAXyHKIB 3aTBOPIB PEryisaTopiB [2] BOAM MOUIMpEHa

dbopmymna:
Q:(psab1/2gil-]0—sai:uab1/2giH0—hci, (2)

JUis BU3HAuUEHHS KoedilieHTa MIBUAKOCTI BOAM € pi3Hl ¢opmynu. s
MOTAJIBIIIOTO aHaMI3y MU BUKOpHUCTaEMO hopmyiy [3]:
1

3a pocninHuMu naHuMu [3] 11 3aTBopa 6€3 BOAO3IMBHOTO MOPOTY 3HAYEHHS
Koe(dimieHTa MBUIKOCTI 3HAXOMUThCS B Mexkax ¢ = 0,95...0.97, a mns 3arBopa Ha
nmopo3i Boo3nuBy — ¢ = 0,85...0,95.

JlochipkeHHsT U1 PO3paxyHKy KOe(IliEHTH BUTPATH JJISI YMOB 3aTOIJICHOTO
MOTOKY Ha BOJO3JIMBHUX IPeOJIAX MPAKTUYHOTO MPOGIIIO MPEACTABICH] B My OiKaiii
[4]. Hamni gociiipKeHHsI CTOCYIOThCS HE MIATOIUICHOro MOoTOKY Boau uepes BIIIL.

B my6mikaiii [5] BOIOCKHA 3 OBaJbHUM TpeOCHEM IOCHIKEHUH B J1ara3oHi,
[0 TIEPEBUIIY€E€ MPOCKTHUN Hamip BoAW. BUCHOBKOM cTajio Te, 10 30UIbIICHHS
KoedillieHTa Hamopy BOJU B IT'ATh pa3iB MPU3BOJIUTH 10 30LIbIICHHS KoedilieHTa
BUTPATU BHACIIJOK 3MEHIIEHHS THUCKY Ha TpeOeHb BOoAo31MBY. llpu 301ibIIeHHI
HAIMopy BOAM, KOE(IIEHT BUTPATH 3HWXKYETbCS. MU K NOCHIAWIA KOMILIEKCHI
rigpasmiuni xapaktepuctuku BIIII B pexxumi peryiitoBaHHSI BUTOKY BOJH 3aTBOPAMH.

B myGmikamii [6] HaBemeHi pi3Hl (akTopu HEOOXiTHI ISl TPOCKTYBAHHS
CTaHJApTHUX BOJOCKUJIB (opMa SKUX BIAMOBIIAE€ HUKHIN TPAEKTOPIi MOTOKY BOJIU
3 BOJI03NMBY. Takox HaBeneHi O6iorpadii OCHOBHUX YUYEHHX, KOTP1 MPAIOBAIM B 111
chepi. B myOmikarmii [7] HaBemeHi pi3HI METOAW SKI BHUKOPHUCTOBYBAJIMCH IS
rigpaBiaiyHoro MozemoBanHs BIIIT (uucnosi, naboparopHi mopeni, RANS —
mozaentoBanHs, LES, DES). Jlana ominka ix ToyHocTi. TemMaTuka Halumx JOCHTIIKEHb
BIJIPI3HSETHCS BiJl BUILICHaBEICHUX [6, 7].

KineTnka moToky Ha NapKOBUX BOJO3JIMBAX BIAPIZHSAETHCS BiJI MPUHHATHUX

3)
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METOIMK [JIi BOJO3JMBIB Ha BoJOrocmnofapcbkux cucremax [8]. TeopernyHo
OOIPYHTOBAHO TPAHUYHY JOBXUHY BOAO3JIMBY 3 IIMPOKUM MOPOTOM JIJIsl pO3PAXyHKIB
BOJO3JIMBIB 3 IIUPOKUM TmoporoMm [9]. Po3pobneni pexomeHpamii sSKi HaJaOTh
TOYHIII 3HA4YeHHA KoeQillleHTa BUTpATH m i1 PO3PaxXyHKIB  BOJO3JIMBIB 3
mupokuM moporom [10]. BronuB BigHOIIEHHS Hamopy BOJAM IO BHCOTH IOpOTra
BOJIO3JIMBY HA 3HAUEHHS KoedilleHTa m y pO3paxyHKaxX BOAO3JIMBIB 3 IIHPOKUM
MOPOTOM JIOCHI/DKEHO y HaykoBiii poOoti [11]. ¥V Haykosiit mpami [12] oriHeHo
MILIHICTh Ta 3aJMIIKOBUNA pPECypcC CErMEHTHUX 3aTBOPIB, sKI NepeOyBalOTh B
excrutyaraiiii 50 pokiB. ¥ po6oTi [13] po3pobiieHO METOAMKY PO3paxyHKy pajiyca
HU30BO1 JUISTHKU 0€3BaKyyMHOT'O BOJIO3JIUBY.

AHaJli3 BHUINEHABEJEHUX HAyKOBUX MyOJiKaliid IoKa3aB, IO JOCHIIKEHb
aQHAJIOTTYHMX HAIlM TeMaTHIIl BiJICYTHI.

JociigHa cucreMa, METOAMKA Ta pe3yJbTaTH AOC/IIIKEHHS.

Xapakmepucmuxka cucmemu. BoJgo3IMBH  MPAaKTUYHOTO  TpodiI0 3
PETyNIOIYUMH 3aTBOPAaMH, IOLIMPEHI B CUCTEMaX TEXHIYHOTO BOJONOCTAYaHHS
TEMJIOBUX 1 QTOMHHUX €JEKTPOCTAHIIM [JIsi pEeryJitoBaHHS BUTpaTH BOJIU 4Yepes
BOJO3JMBHI Tpeli, AUISHKK KaHaaiB Tomo. BoHum 3abe3meuyroTh HEOoOXimH1
napamMeTpu BOJOTOCTIOIAPCHKUX CHUCTEM 1 OJHOYACHO MPOTIYHICTH BOJHOTO OO’ EKTY.
OcHanryroThCsi Takl CHOPYAM IUIOCKUMH a00 CEerMEeHTHUMHM 3arBopaMu. Harmri
JOCIIIKEHHSI BUKOHYBAJIOCH Ha JIa0OpaTOpHiil Mojieni (pucyHok 1).

" 2

5
N ]
il T
Bl ===
T - -
A \2 I | ——% Ve
- 8
: ok

Pucynok 1 - JlabopaTopHa MoJeJib BOA03JIMBY NPAKTUYHOT0 MPOQijiro:
1 — 1omox; 2 — 600031U8 NPaKmMuuHo20 NPoPinto; 3 — cecMeHmHuUll 3ameop
(3HiMHULL); 4 — naocKkuil 3ameop; 5 — pienemip-mikpomemp, 6 — MipHa EMHICMb,
7 — MIpHUT 800031U8 «MOHKA CMIHKAY, 8§ — mpyba nodaui 600u.

Aemopcvka po3pooka

Buxonani okpemi JOCHiDKEHHs — TifgpaBiiyHuX  xapakTtepuctuk  BIIIT
OCHAIIEHOTO TUIOCKUM a MOTIM CEerMEHTHHUM 3aTBOpPOM. JlOCHIIKEHO HEmiATOIUICHE
BUTIKAHHS BOJM 3-MiJI 3aTBOPIB, IO HalXapaKTEepHINIE [JIs TaKUX CIOPY/I.
[IpoBenenHo cepii AOCHIAIB 31 3MIHOKO BHCOTH BOJIOMPOITYCKHOTO OTBOPY Ta 3MIHOIO
HaIopiB BOJIM MEPE]T 3aTBOPAMHU.

B xoxi rigpaniuaux BunpoOysans BIIII3 BuMiproBanuce:
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v mojaya BOAM HA [OYATKY TiIPaBIiYHOTO JIOTKA 33  JOMOMOTOIO
CTaHIapTU30BaHOTO BUTPATOMIpa — «TOHKA CTIHKaY;
v BuTpaTa Boau yepes gociianuii BIII3 06’ eMuuM criocobom;
v/ piBHI BOAM Ha MipHOMY BOJO3JMBI Ta mepex pocmianum BIII3, 3a
JOTIOMOTOI0 MIKPOMETPiB-pIBHEMIPIB.
Pe3yabTaTu gociigkens rigpaBiaivyHux xapakrepucruk BITIT3
Kinemuky nomoky 6oou y omeopi 3ameopa na nopo3i BIIII. 3a 3atBopoM Ha
MOYaTKy BOJO3JIMBHOI TpaHi MOTIK IepedyBae B yMOBax OJM3bKUX J0O BUIBHOTO
nagaiHas (pucyHok 2). Ile € ocoOauBICTIO MOPIBHSIHO 3 YMOBaMU BHUTIKAHHS BOJIU
yepes MUTI03U-PEryIsaTOpH Ha KaHaiax (0e3 rnepenaniB).

Pucynok 2 — Po3paxyHkoBa cxeMa BOJ03JIUBY NPAKTHYHOT0 Npodiiro:
1 — 600031u6 npakmuunozo npoginio, 2 —3ameop, 3 — enopa 2i0poCMamuiHO20
mucky, 4 — entopa wieuokocmeu 600U Npu MaioMy 8iI0KpUmmi 3ameopa;
5 — meowc npu Ginbuiomy siokpummi, 6 — HanPAMOK 0ii 2i0poCMamu4HO20 MUCK)
8 cmeopi nepeo 8UNYCKHUM OMEOPOM.

Aemopcvka po3pooka

B wmicui nepenuBy depe3 rpebiHb HANPSMOK Tedii 3MIHIOEThCS 10 HHU3Y, 1
KIHETUYHA €HEepPrisl MOTOKY 30UIbIIYETHCS BHACTIIOK:

- BIJICYTHOCTI T1IpOCTaTUYHOIO TUCKY MOTOKY BOJIM, IO BUTIKAE TJIUOUHOIO /1,

B CTOPOHY BEpXHBOTO 0’ €(a;

- HEPO3PHUBHOCTI MOTOKY Ta IHEPLIMHOTO M1JCMOKTYBaHHS HOTO.

BiacHe ctucHeHull nepepi3 MOTOKY Ha BOJO3JMBHIM T'paHI MOXXE 3HAXOJUTUCH
Ha 3HAYHIA BiJCTaHl BiJ 3aTBOpPY. B HIXKHINM YacTHHI BOJO3JMBHOI TpaHl Tedis
BOJIO3JIMBHOTO TOTOKY — HECTaOUTbHA 3 PO3PHMBOM CYIUIBHOCTI TOTOKY. Tomy
napameTp «CTHUCHEHOI TIMOWHW» HE MOXXE BHUKOPUCTOBYBATHCH IS TIAPABIIYHUX
PO3paxyHKIB TaKUX CIOPYI.

[IBUAKICTE 1 KIHETUYHA €HEPTis MOTOKY Ha BOJO3JIMBHOMY MOPO31 32 3aTBOPOM
70 CTUCHEHOTO Tepepizy HOro 30UIBIIYETHCS. A TapaMeTpu TeUii 3aJIeKaTh BKE BiJ
BEIIMYMHU TIEpEeMajly, MOPCTKOCTI MoBepxHi Ta 1 mpodimo. Tomy, Ha BiAMIHY BiA
YMOB pEryjloBaHHS BOAM B KaHanax, Hamip H mnepen BIIII3 (pucynok 2) He
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BUTPAYAETHCS Ha JIOJIAHHS T1IPOCTATHYHOTO THCKY MOTOKY BOJU Oe3mocepeaHbo 3a
3aTBOPOM TJIMOMHOIO /. 3 BOJO3IUBHOTO OTBOPY HHU3MAJAIOUUN MOTIK BUTIKAE MiA
J1€10 CUIH Pyiy, 1110 TOPIBHIOE CyMi KIHETUYHOTO Ta TAPOCTaTUYHOTO P.i5, TUCKIB

KIH 2iop

y? &
P=P. +P :pra+ngba:pba(7+Hg]- (4)

Po3paxynkoeuit nanip ona BIIII3 npu eu3nauenni wiguoxocmi ma eumpamu
60ou. llle BaxximBuM (akKTOPOM 7151 BU3HAYCHHS BUTpATH Boau () MPHU BUTIKAHHI ii 3
nig 3atBopiB uepe3 BIIIl e po3paxyHkoBuil Hamip [JIs BU3HAYCHHS CEpPEAHBOI
mBuAKocTi V. Hanpukian, 4711 BUTOKY BOJIU Kpi3b Maji OTBOpH, Hamip H npuiiMaroTh
B1JI CepeAUHU BIIKPUTOrO OTBOPY [2]. JIoriyHo, 110 HaIMip BOAU € Pi3HUM JIS BEPXY
Ta HU3Y I[OTOKY BOAM, IO BUTIKA€ 3 MiJ 3aTBopa. ToMmy ISl T1IpaBIidyHOIO
pPO3paxyHKy BOJONPOIYCKHMX OTBOpPIB JAaHUX CIOpPYJA, a caMe€ IIBHMJKOCTI BOJIH,
npUiiMaEMo cepeHii Hamip

V= @\/2g£¥J = (p\/Zg(H —O,Sa). (5

ne H,, H, — Hamopu BOJIM BIAMOBIIHO HAJ BEPXOM Ta HHU30M IOTOKY BOJU Yy
BOJIOBUITYCKHOMY OTBOPI.
Butpary Boau uepe3 BomomnpomnyckHuid otTBip BIIII3 Bu3zHaunmo 3rigHO

bopmynu:
Q=Vo,,, =0ab,/g(H, + H,)=pab/2g(H, —0,5a). (6)

VY naniit popmyi npuiitmanocs, o KoedilieHTH BUTPATH Ta IIBUJIKOCTI PiBHI
(1L =0).

Pezynomamu odocnionceny. Ha minctaBi JOCTIAHMX BEJIMYMH MPOITYCKHOI
3JIaTHOCTI CIIOPYH, MPU PI3HUX BEITUUMHAX BIIKPUTTS @ 3aTBOpa Ta Haropy H, Boau
BU3HA4YeHl BIANOBIAHI: (AaKTU4YHI MMBUAKOCTI Vpue BOIM B CTBOpPI 3aTBOpA,
PO3paxyHKOBI IMIBUJKOCTI BOAU V0s, KOEDILIEHTH [ BUTPATH BOAM i1 (HOPMYJIH
MPOITYCKHOT 3/1aTHOCTI.

BubipkoBi xapakTepHi pe3yJbTaTH JOCHIKeHUX riapaBiaiunux BeanuuH BIIIT B
PEXHMI peryJIFOBaHHS BUTOKY BOJIM 3aTBOPAMM HaBeJeH1 y TaOiwuIl 1.

Taoauns 1
Pe3yabTaTn 10CaiIKeHb

Nen/m| a,em | Q,/c | Hpos, Vpaxs Vpos, o, n
cm M/c M/c
peryatOBaHHS BUTPATH BOJIM MJIOCKUM 3aTBOPOM
1,90 2,11 1,95 4,44 6,11 0,73
1,90 3,60 7,55 8,50 12,09 0,70
1,90 5,28 12,55 12,35 15,69 0,78
3,70 5,00 6,35 7,88 11,10 0,74
2,50 4,56 6,00 8,48 10,94 0,78
1,22 2,78 8,80 8,11 10,84 0,75
2,70 5,50 6,90 9,05 11,63 0,78
1,50 3,00 6,45 8,48 11,25 0,75
2,75 2,58 5,60 7,40 10,48 0,71
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PETYIIOBAHHA BUTPATH BOAW CCTMCHTHHM 3dTBOPOM
| 1,90 2,30 1,90 5,30 6,10 0,87
2 1,90 3,37 4,10 7,88 8,97 0,88
3 1,90 2,81 2,70 6,57 7,21 0,91
4 3,00 6,44 5,80 9,54 10,66 0,90
5 1,52 4,32 9,74 12,70 | 13,82 0,92
6 1,45 3,64 7,50 11,15 12,13 0,92
7 1,45 4,25 8,70 13,01 13,06 0,96
Aemopcvka po3pooka

Ha mincraBi oOpoOKM [MOCHITHUX AaHUX MMOOYZOBaHI Tpadiku 3aleKHOCTI
koedimientiB BuTpatu W BIIII Big BigHoOmeHHs a/H mnpu peryiarOBaHHI BUTpaTH
BO/JIY 3aTBOpaMu (PUCYHOK 3).

1
. A A A
H - ——2 |
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Pucynok 3 - I'pagiku 3anexnocri koedinientis Burpatu BIIIT p =f(a/H) npn
peryJilOBaHHi BUTPATH BOAM 3aTBOPaMH: 1 — JIOCKMM; 2 — CeTMEHTHHMM.

Aemopcvka po3pooka

Ananiz ¢gizuunoi cymi xoegivienmie u ma ¢. B 1uisiomy koedillieHT BUTPATH
BOJU JUIs BOJO3JUBIB (m) abo JJis BUTOKY BOJM 3 TIiJ 3aTBOPIB — |L BHUKOHYE

KOPUTyBaHHS BEJIMYMHHU CEPEIHBOI IIBUIKOCTI BOJAU, BU3HAYEHOI K V =./2gH y

dhopMyITi IPOITYCKHOT 31aTHOCTI criopy i abo 3aTBopa. KopensiiiHumMu koeiieHTH
¢ Ta |l € Yepe3 HEBiJOME 3HAYCHHsI HAMOpPY BOAM U CEPEIHBOI IIBHUAKOCTI IO
rIMOWHI TOTOKY. J[J1s 90oro HeoOXiTHO MaTH TOYHY €MIOPY IMIBHAKOCTI MOTOKY BOJIH.
be3 BBegenus Ttakoro koedimienta (m = 0,30 —-0,50) dopmyna s BU3HAUYECHHSA
O = f(H,b) e naBanu 6 TOCTaTHHOI TOYHOCTI TIAPABIIYHUX PO3PAXYHKIB BOJIO3JIMBIB.

Biarak ¢opmyna mpomyckHOT 31aTHOCTI 3aTBOpa BOJAOCKHUAY (2) sika BpaxoBYye
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BEJINYMHY CTUCHEHOI IMTMOMHU /i, = €a Aa€ 30UIbIIEHHS MIBUIKOCTI BOIU 1 BOJHOYAC

HEOOX1THOCTI HIDKYOro KoedirienTa 1. Bkasana ¢opmyna (2), Moaentoe riapapiivHi
YMOBH PETYJIIOBaHHS BOJY B KaHAJIax.

g wenigromnenux BIIII BenwunHa /. MOXKE 3HAXOAMTUCH MO BOJO3JIMBHIN
MOBEpPXHI Ha 3HAYHIN BiJCTaHI BIJ OTBOpy. Tomy mepen 3aTBopoM Hamip H He
3MEHIIYEThCS HA BEIMYMHY TiAPOCTATUYHOTO THUCKY IMOTOKY TJIHOWHOKO /. abo «.
Otmxe B riapaBmudiii moxaeni BIIII Hemae TicHoro B3aeMo3B’sisky H, 1 h.. Tomy
BUKOPUCTAaHHSI 3HAYEHHS @ 3aMiCTh /i, € JIOTIYHMM. 3BUYAWHO, 110 HA 3HAYEHHS
koegiuienta Butpatu Takux BIIII3 mae 3nauenns popma Bogo3nuBHOI rpaHi. Tomy
HEOOX1ZIHO MaTH YTOYHEHE 3HAYEHHS |l, K€ BpPaxoBye SK (HOpMYy BOJO3IMBHOTO
MOpOTy Tak 1 popMy 3aTBOpA.

CkiagoBa BTpar Hamopy Y y dopmyni (3), 3rimHo 3 piBHSHHSAM bepnyii,
BIJTHOCUTKLCS Ta BIUIMBAE HA MOKA3HUKH TeUli MOTOKY HA HU30BIH TpaHi BOJO3IMBHOI
cnopyau. To6to Y { He BIuMBae Ha XapakTtepucTuku Butpatu ( V 3arBopa. OTxe
3anumaeTbess y ¢opmyni (3) nmns BU3HAYEHHS ¢ JIMIIE 3HA4YeHHS KoedilieHTa
KIHETHYHO1 eHeprii o. OcTaHHsS BeJWYMHA 30UIbIIYETHCS 31 301JIBIICHHSIM BUCOTH
BOJO3JIMBHOTO OTBOPY. BiATak 3mMeHIIyeThCs ¢ 3rigHO GopMynu (2) Ta pe3yJbTaTiB
JIOCIIIIKEHD.

Jl1is mopiBHSHHS HaBeAeMo (DakT, 10 B HAcaIKaxX 3 MJIABHUM yMOBAaM BHUTIKaHHS
BOAM KOE(IIEHTH MIBUAKOCTI Ta BUTPATH OJHAKOBI 1 B CEPEIHbOMY CTAHOBIIATH
u=¢=0,82-0,99. 3a gocniIHUMU JAaHUMU MPU PETYIIOBAHHI BUTIKAHHS BOAM Yepe3
BIIIT 3 muiockum 3aTBOpOM KOE(IIIEHT MIBUIAKOCTI 3HAXOJUBCS B Mexax ¢ = 0,72-
0,78, a 3 cermeHTHUM — ¢ =0,85-0,95.

BucHoBku

byno 3anpononoBano ¢opMyiy ISl pO3paxyHKY IPOIYCKHOI 3JaTHOCTI HE
MIATOIJICHOTO  BOJO3JMBY MPAKTUYHOTO MPOMUII0 B PEKHUMI  PETyJIIOBaHHS
3arBopamu. Popmyna HE 3aleKUTh Bl CTUCHEHOI ruOuHM abo KoedirieHTa
BEPTHUKAIBHOIO CTUCHEHHS MTOTOKY.

Byno BcraHoBieHo, 1m0 KoedilieHT BUTpaTH BOAM W JUIsI  BOJO3JIMBIB
MPaKTUYHOTO TPOPLI0 3 CErMEHTHUM 3aTBOpoM BuUlud Ha 8—-12% HDK mnpu
BUKOPHUCTAHHI IJIOCKOTO 3aTBOPY.

byno BHKOHaHO aHai3 KIHETHMKM TIOTOKY JUIsl BOJO3JIMBIB MPaKTUYHOTO
npoduio 31 3’SCYyBaHHSAM CKJIAJOBUX TIAPOJAMHAMIYHOTO THUCKY. BukianeHo
apryMeHT, 1[0 KOe(II€HT IBUAKOCTI ¢ y (opMyliax MPOIMYyCKHOI 3JaTHOCTI
TIPOTEXHIYHUX CIIOPY/, BUKOHY€ KOPUTYBaHHS BEJIIMYMHM MOBHOIO HAMOpPY — [0
PO3PaxyHKOBOI'O JJIsl CEPEIHBOI ILIBUIKOCTI BOIH.
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Abstract. The paper presents the results of research of the hydraulic characteristics of the
ogge-crested weir, operating in the mode of regulating water outflow by regulating gates. The main
purpose of the research was to improve the methods of hydraulic calculation of spillways of ogge-
crested weir with an outflow regulating gates. Such hydraulic structures are used as discharge or
regulating structures, in particular, in reservoirs of technical water supply systems of thermal and
nuclear power plants. They are not flooded from the downstream side and usually work as drops
structures. The main task of the research is to obtain a calculation formula for this type of weir
without the component "compressed depth", which is quite atypical and to determine the complex
value of the discharge coefficient u of the ogge-crested weir. The analysis of the kinetics of water
flow in the area of its outflow from under the gate is carried out. The compressed depth of the flow
on the spillway surface of the ogge-crested weir, arranged along its falling trajectory, is remote
from the gate opening. Therefore, this parameter cannot be used for hydraulic calculations of the
ogge-crested weir with regulating gates. It is hypothesized that the velocity coefficient @, in the
corresponding calculation formulas of spillways structures, provides a relationship between the

ISSN 2567-5273 107 www.moderntechno.de


https://doi.org/10.23939/jtbp2020.02.063

Modern engineering and innovative technologies Issue 17 / Part 1 (\§

total water pressure head in front of the spillway and the calculated pressure head. The
experimental values of hydraulic calculations of ogge-crested weir with regulating gates without
the use of the vertical compression coefficient are determined. Their numerical values take into
account local pressure head losses and the effect on the average water flow rate of both the shape
of the weir and the type of gate. For comparison, hydraulic studies of a weir equipped with flat and
segmental gates were carried out. It is established that when regulating water outflow through the
ogge-crested weir it is advisable to use a flat shutter at discharge coefficient values of = 0.72-
0.78, and segmental — at u = 0.85-0.95.

Key words: ogge-crested weir, regulating gates; capacity, velocity coefficient;, discharge
coefficient.
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