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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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YK 621.941.31
EXPERIMENTAL RESEARCHES OF DEPENDENCE OF STABILITY OF

THE TOOL ON INTENSITY OF COOLING AND MODES OF CUTTING
EKCIHHEPUMEHTAJIBHE JOCJIIKEHHS 3AJTEXKHOCTI CTIMKOCTI

IHCTPYMEHTY BIJ IHTEHCHUBHOCTI OXOJIOAKEHHS I PE2XKUMIB PI3AHHSA

Lisikh A.Y. / JIucux A.FO.

c.t.s./K.m.H

Budurov V.L./ bynypos B.JI.
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Anomauia. VY cmammi npeocmasneno excnepumeHmanbHe OO0CNIONCeHHs 3ANeHCHOCMI
cmitikocmi  iHCmpymenma 8i0  KiIbKOCMI  MACMUTbHO-0X0I004CY8ANbHOI  piOuHU 1  eumpam
NOMYIHCHOCMI NpU  C8EPONIHHI C8epOaMU 31 3MIHHUMU OA2AMOSPAHHUMU NAACMUHAMU, WO
003801UMb 30IIbUUMU NEePIO0 CMIUKOCMI I 3MEHUWUMU 8UMPAMU NOMYHCHOCII NPU BUKOPUCHIAHH]
0a2amoepaHHux 3MIHHUX NIACMUH.

Kniouosi cnoea: nepioo cmiiikocmi, nooaya iHCmMpyMeHmy, Yucio obdepmis, Oiamemp,
Mamepian 3MIHHUX NIACMUH, MACMUTbHO-0X01004C)8AIbHA PIOUHA.

Berym.

CBepaJliHHA MPU3HAYEHO AJSl OACpKaHHS B CYLIJIBHOMY MeTali TIyXuX Ta
HACKpI3HUX OTBOPIB, IO BiAMOBiNaOTh 11-14 KBamiTeTaM TOYHOCTI, MIOPCTKOCTI
R.50...R,12.5 1 BiApi3HAIOTHCS:

- 3MIHOIO IIBUIKOCTI Pi3aHHSI MO JIOBXKUHI pi3ajibHOT KPOMKH BiJT 0 10 Vinax;
- YTPYAHECHHS BUIAJICHHSIM CTPYKKH;
- HU3BKOIO KOPCTKICTIO IHCTPYMEHTY.

VY mporieci cBepAIIHHSA KOHCTPYKIIIMHUX MaTrepialiB IHCTPYMEHT 3HAXOJUThCS

IiJ] €10 3HAYHUX OCbOBMX CTUCKHHMX CHJI F, Ta KpyTHOro MoMeHTy M, . Ili paxTopu

JTIMITYIOTh OOpaHl PEXUMHU pI3aHHSA 1 € OCHOBHUMH MPH PO3IIISI KOMILIEKCY
oOMekeHb y 3aBIaHH1 onTuMizanii [1].

3MaTHICTh Pi3aJbHOTO 1HCTPYMEHTY 30epiratv mpare3aaTHICTh Ha3HBA€ThCS
CTIHKICTIO, @ Yac, MPOTATOM SIKOTO II€ BiJI0YBa€ThCS, — MEPI0JIOM CTIUKOCTI [2].

AHaJIi3 OCTAHHIX JOCTIIKeHb Ta MyOTiKamiid.

AHani3 oCTaHHIX JOCIIKEHb MOKa3aB, 10 NpU CBEPIJIIHHI OTBOPIB CBEpPJIaMHU
31 3MIHHUMH OaraTOrpaHHUMH TUTACTUHKAMHU CTIMKICTh 1HCTPYMEHTY B BEJIUKOIO
MIpOIO 3aJI€KUTh BiJl IHTEHCUBHOCTI OXOJIOJIPKEHHSI B 30H1 pi3aHHs [3; 4].

BusnauenHss HEOOX1THOI KITBKOCTI OXOJIOKYBAIBHOT PIAMHU A€ MOYKJIUBICTh
30UTBIIIEHHS CTIHKOCTI PI)KY4OTO 1THCTPYMEHTY.

Mertoro poOOTH € eKCIIepUMEHTaIbHI JOCTIKCHHS 11010 HEOOX1HOT KIIBKOCTI
OXOJIO/KYBAJIBHOI P1IMHU I 3a0€3MEUeHHS] MAKCUMAJIbHOT CTIMKOCTI IHCTPYMEHTA,
[0 JIO3BOJIUTH 3MEHIIUTH BUTpPaTH HA IHCTPYMEHT 1 3MEHIIUTH COOIBapTICThH
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BUT'OTOBJIEHO1 TTpoaAyKIlii. [Ipu iboMy HE0OX11HO (POopMyBaHHS TEXHIYHUX OOMEKEHB:

1) oOMexxeHHsI BIHOCHO pi3aJIbHUX MOXJIMBOCTEH (IIBUIKOCTI pi3aHH:)

THCTPYMEHTY;

2) oOMexeHHS BITHOCHO MOTYKHOCTI BEpCTaTa;

3) oOMeXeHHS BITHOCHO MIITHOCTI MEXaH13MYy T0/1adi BepCTaTa;

4) oOMeXeHHs BITHOCHO MIITHOCTI IHCTPYMEHTA;

5) oOMexeHHs BIAHOCHO KOPCTKOCT1 IHCTPYMEHTA;

6) OOMEKEHHS, 1110 BU3HAYAIOThCS KIHEMaTUKOK BEepCTaTa.

JI71s1 611bII0CTI BUPOOHUYMX CUTYAIIiH, KOJIU B PO3paXyHKaX BUKOPUCTOBYIOTHCS

3HAQYEHHSI EKOHOMIYHUX MEPIOJIIB CTIMKOCTI IHCTPYMEHTY, K IIJILOBY (DYHKIIIIO CJIi]T
BUOWpATH HAIMEHIINI OCHOBHUM Yac ¢,. BuzHauaeTncs ¢, 3a popmynoro [1]:

ly= > (1)

ne L —raubuHa OTBOPY, MM;
1 — 9UCII0 00EPTIB B XBUIIMHY, XB. ;
S, — mojia4da 3a oauH 00epT, MM/00.

3alie’)KHICTh MepioAy CTIMKOCTI BiJl IIBUAKOCTI PI3aHHS OMHUCYIOTh CTYTIEHEBOIO
dbyukIero [2]:
C
r=—r, 2)

ne T — CTIUKICTh IHCTPYMEHTA,

m — TOKA3HUK BIJTHOCHOI CTIMKOCTI, SKUW XapaKTepu3y€e BIUIUB IIBUAKOCTI Ha
CTIAKICTh 1HCTpYMeHTY misa cmuiaBiB rpynu TK m=0,2...0,33; mna cmiaBiB BK
m=0,2...0,4; mBuakopizansuux ctaneu m=0,1...0,33 [2];

C)| — mocTiiiHa BeIUYMHA, SKa 3aJIeKUTh BiJ YMOB 00pOOKU;

V — mBUAKICTH pi13aHHS MM/XB.

OCHOBHHUH TEKCT.

Excnepument mnpoBoauBcsi Ha BepctaTi OOpoOmioBanbamit Llentp SPACE
TURN LB 3000EX ¢ipmu ORUMA. B sKocTi piXKydoro IHCTPYMEHTY OyJio
BUKOPUCTAHO CBEpAJia 31 3MIHHUMU IUIACTUHAMHU HACTYMHHX JiaMmeTpiB 20, 024,
A28 dpipmu SEKO [5;7].

Puc. 1. Bepcrar — OopooroBaasnnii Llentp SPACE TURN LB 3000EX
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B sxocTi oxonomKyBanbHOT piauHU Oyjia BUKOPHMCTaHA BOJSIHA MaCTUJIBHO-
OXOJIO/IKyBaslbHA pianHa AKBOI - 6,5 -20% emyinbcis, sika aHaJTOTIvyHA 3apyO1KHUM
mapkam (Kactpon — Himeuunna, [liaminnati — CIIA, Hinepmanan) [8; 9].

Jns 3amipy BHUTpaT OXOJIOJKYBAJIbHOI PIIMHM BUKOPUCTAHO BOJIOMIp, SIKUN
BMOHTOBAaHUU B CHCTEMY TII0Jladl OXOJIO/DKYBAJIbHOI PIAUHU 1 CEKYHIOMIp IS
¢ikcyBaHHS Yacy Hepioay CTIHKOCTI.

Puc. 2. CBepaJio 3i MIBUAKO3MIHHUMU Puc. 3. JliunabHUK BOIH i
IVIACTUHAMH CEKYHIAOMIp

[IpoBeneHo necATH pa3oBe BHUMIPIOBAaHHS BUTPAT OXOJOKEHOI PIAMHHU 1
nepioy CTIMKOCTI, a TakK0oX MOTYXHOCTI 3a KOXHUM 3 PEXHUMIB pi3aHHA 1
IPOBEICHUI PO3PAXYHOK CEPEeIHhOT0 3HAYCHHS.

Po3paxyHku Oyyiv BUKOHAHI 32 HUKYE BKa3aHUMU (popMyJiaMu 1 IpeICTaBJICH] B

TaOJUYHOMY BapiaHTi.
[Tonaya iHCTpyMEHTY BU3HAYAETHCS 13 3ayekHOCTI [10]:
So:Cs'dzsa (3)
ne C, 1 Z, — moka3Huku o0poOmroBaHoro marepiamy [10].
YacToTa oOepTaHHs MIMUHACIS BU3HAYAEMO 3 3ayieskHocTi [10]:
Zv
C '(KHBVJ
"\ HB
N v 4
; ©
ne C,, Z, 1 K,, —nokasauku oOpoOmoBaHoro marepiany [10].
[IBuaKiCTh pi3aHHS BU3HAYAEMO 32 (POPMYJIOLO:

mdn
Vn=1000° )
e d— miaMeTp CBepiJia B MM.
Taoauna 1
IToxa3HukM 00po0JIIOBAHOT0 MaTepiaay
O6poGuroBanuii MaTepian C, Z, C, Z, K,
CTaJ'IB KOHCTPVK lﬁHa JICrOBaHa
4%YX§) N 0,011 0,75 63600 0,34 130
Cranp xkoposifiHocTiiika 03X18H11 0,014 0,66 54060 1,34 210
UYasyH cipuit CU25 0,005 1/0 51830 1,23 265

PesynbTatu BUMipioBasb (Tadi. 2).
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Taoanuda 2
Pe3yjabTaTH BUMipIOBaHHA
. KinpkicTs .

HAiavetp ITonaua [IBuAKiCTH Ob6eptu BUTPAYCHO H.eP o1 BHTpanga
CBep/yIa S vm/oG. V. MM/XE. 1w x| o MOP CTIHKOCTI | TIOTYXKHICTb
d MM 0 T, XB. N, kBT.

JI./XB.
1 2 3 4 5 6 7
S1 S 14 V> n, n, g1 253 T T» N N>
@20 0,12 | 0,28 | 175 | 226 | 2800 | 3600 10 | 32 | 129 | 123 | 9,0 | 21,0
022 0,14 | 0,32 | 155 | 199 | 2060 | 2650 13 | 38 | 132 | 126 | 15,0 | 34,0
028 0,16 | 0,36 | 138 | 176 | 1570 | 2010 15 | 45 | 135 | 129 | 23,5 | 52,9

[IpuBonumo rpadik BUTpaT MACTHIBHO-OXOJIOJKYBaJbHOI PIIUHM 1 Trpadik
3QJIEKHOCT] BUTpAT MOTY>KHOCTI BiJ JlaMeTpa cBep/ijia 1 moaadi.

| Marcurim
45

S
S ﬁ
% 5 mﬁMw
S M
20 20 28
Liamemp cbepin ]

Puc. 4. Burpatn MacTHJIBbHO-0X0JIOAKYBAJIbHOI PIAMHH

60
~—
& /
i\?:_ 45 /,
)
=
] ~—
T e -
X U =
= ~
S - |- )
20 22 5
Liarempu cbepdn [
=012 rr1/00 s=0 % /00
V=175 rixts v=155 r1/x6
s=776 rr1 o0
v=138 1/ %6

Puc. 5. I'padik 3aj1€2kHOCTI BUTPAT MOTYKHOCTI Bij AiameTpa
cBepaJia i moaayi
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Bucnosku.

[TpoBeneHi eKcCreprUMEHTANbHI TOCHIKEHHS TOKAa3aJid, 10 3aBISKU TOadi
MaCTHJIBHO-OXOJIO/KYBaJIbHOI PIAMHM B 30HY pi3aHHS 3MEHIIYETHCS KOEQIIEHT
TEpTs 1 3MEHILYETbCA TEMIIEpaTypa B 30HI pi3aHHS 32 PaxyHOK YOTO 301IbIIYETHCS
Mepiosi CTIMKOCTI 1HCTpyMEHTY. Takok BCTAHOBJIEHO, IO MPHW 30UIBIICHHI To/aYi 1
MIBUAKOCTI pI3aHHS 3MEHIIYEThCS MEPiof CTIMKOCTI 1 30UIBIIYIOTHCS BHUTpATH
MOTYKHOCTI.

Jliteparypa:

1. Himuk P.II., 3ime B.B., ITamepa C.T. Po3paxyHkKoBi omeparii peXuMiB
MEXaHI4HOi 00pOOKHK MaTepialiB: TOUIHHS, CBEPAJIIHHS, 36HKEPYBaHHS, PO3rOPTAHHS:
HaBy. noci0.. J{ninponerposcsk: HI'Y, 2013. — 196 c.

2. Buroscekuii I''M. Teopis pizanns: HaBy. noci0. XXutomup: XKATY, 2006. —
250 c.

3. I'purypko 1.O. TexHonoris oOpoOKH THIOBUX JeTajiell Ta CKJIaJaHHs MaIlUH:
HaBu. noci6.. [lepBomaiicek: TIIII HYK, 2014. — 72 c.

4. OctpoBepx €.B. IHcTpyMeHTabHE 3a0e3MeUeHHs TEXHOJOTIYHHMX IPOIECIB
oOpoOJIsiHHA MaTepiaiiB y MamuHOOyyBaHH1: HaB4. 1oci6.. XapekiB: HTY «XIII»,
2019. -270 c.

5. Karanor pixxydoro iHcTpyMeHTy 2019 URL: http:// www.secotools.com (zara
3BepHeHHs 12.09.2019)

6. Karanor pixyuoro iHctpymenty 2015 URL: http:// www.widia.com (mara
3BepHeHHs 24.09.2019)

7. Karanor pixyworo iHctpymenty URL: http:// www.taegutec.com (mata
3BepHeHHs 18.09.2019)

8. besbsspiunbiii B.D., AsepwsinoB M.H., KopaiokoB A.B. Pacuer pexumoBn
pesanus: yueb. mocob.. Peiounck: PTATA, 2009, — 183 c.

9. CMa309HO-0XJIAXKIAIONTNE TEXHOJIOTUYECKUAE CPEACTBA U UX IPUMEHEHHUE TIPH
o0Opabotke pe3anueM: cripaBouHukK / JI.B. Xyno6un, A.Il. babuues, E.M. bymnsbimies u
1p, — MockBa: Mammnoctpoenue, 2006. — 544 c.

10. Janunenko b.JI., 3yoxoB H.H. Bribop pexumoB pe3aHus (cBepliieHuE,

3CHKEpOBaHME, pa3BepThiBaHMUE): yued. mocob.. MockBa: MI'TY um. H.O. baymana,
2007,-102 c.

References:

1. Didyk R., Zil V., Patsera S. (2013) Rozrakhunkovi operatsii rezhimiv mekhanichnoi
obrobky materialiv: tochinnia, sverdlinniia, zenkeruvannia, rozhortannia /Settlement operations of
the modes of machining of materials: turning, to drilling, coredrillings, expansion].
Dnipropetrovsk: NHU [in Ukraine].

2. Vihovskiy H. (2006) Teoriia rizannia [Theory of cutting]. Zhytomyr: ZhtSU [in Ukraine].

3. Hryhurko 1. (2014) Tekhnolohiia obrobky typovykh detalei ta skladannia mashin
[Technology of processing of standard details and acceptance of machines]. Pervomaisk: PerSU [in
Ukraine].

4. Ostroverkh Ye. Instrumentalne zabezpechennia tekhnolohichnykh protsesiv obrobliannia
materialiv u mashinobuduvanni [Tool ensuring technological processing of materials in mechanical
engineering/. Kharkiv: KhSU [in Ukraine].

5. Kataloh rizhuchoho instrumentu [The catalog of the cutting tool] (2019) Retrieved from

ISSN 2410-6615 10 www.sworld.education


http://www.secotools.com/
http://www.widia.com/
http://www.taegutec.com/

Modern engineering and innovative technologies Issue 14 / Part 1

http:// www.secotools.com [in Ukraine].

6. Kataloh rizhuchoho instrumentu /[The catalog of the cutting tool] (2015) http://
www.widia.com [in Ukraine].

7. Kataloh rizhuchoho instrumentu [The catalog of the cutting tool] (2019) http://
www.taegutec.com [in Ukraine].

8. Beziazuchnyi V., Averianov [, Kordiukov A. (2009) Raschet rezhimov rezaniia
[Calculation of cutting conditions]. Rybinsk: RHATA [in Russia].

9. Khydobin L., Babichev A., Buiyshev Ye. (2006) Smazochno-okhlazhdaiushchie sredstva I
ikh primenenie pri obrabotke rezaniem [Lubricating and cooling technological means and their
application during cutting processing]. Moscow: Mashinostroenie [in Russia].

10. Danilenko B., Zubkov N. (2005) Vybor rezhimov rezaniia [Choice of cutting modes].
Moscow: MHTU [in Russia].

Abstract. It is presented in article experimental researches of the period of stability of
variable many-sided plates of the cutting tool and power when drilling from intensity of cooling in a
cutting zone. Such analysis is necessary for improvement of metal working of new structural
materials and is of scientific and practical interest.

The purpose of work is experimental researches on necessary amount of cooling liquid for
ensuring the maximum stability of the tool that will allow to reduce expenses on the tool and will
reduce prime cost of the manufactured products.

The research concerning determination of necessary amount of cooling liquid for ensuring
the maximum stability of the tool and also reduction power expenses is conducted. The experiment
was conducted on the machine the processed center SPACE TURN LB 3000EX of Oruma to which
the hydrometer in the system of supply of cooling liquid and a stop watch for fixation of time of
measurement was built in. As the cutting tool it was used drills with replaceable plates of the
following diameters of 920, 024, D28 of SEKO. As cooling liquid Akvol cooling liquid which
similar to foreign brands was used. It is carried out to 10 single measurements of a consumption of
cooling liquid and the period of stability and also capacities behind each of the modes it is sharp
and calculation of average value is carried out.

Results of a research are given in a type of graphic dependences that is confirmed by work
conclusions. The analysis of the received results is made.

Experimental researches are conducted showed that thanks to supply lubricant cooling liquid
in a zone of cutting the coefficient of friction decreases and temperature in a cutting zone at the
expense of what decreases the stability period to the tool increases. It is also established that at
increase in giving of the tool and speed of cutting the period of stability decreases and increases
power expenses. Practical application of these experimental researches will allow to reduce
expenses on the tool and to reduce prime cost of the manufactured products.

Key words: stability period, giving of the tool, number turns, diameter, material of variable
plates, lubricant cooling liquid.

Crartts Bignpasiena: 23.11.2020 p.
© Ko06’sixoB C.M.
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CYLINDRICAL BURNER DEVICE FOR COMPATIBLE COMBUSTION OF

COAL DUST WITH NATURAL GAS
OUJITHAPUYHNM MAJBHUKOBUM MMPUCTPIN 1S CYMICHOT'O CITAJTIOBAHHSA
BYI'IUVIBHOI'O ITUJIY 3 ITIPUPOJAHUM I'A30OM
Butovsky L.S. / ByroBcbknii JI.C.
c.L.s., as.prof./ k.m.u., ooy.
Bednarska I. S. / Bennapcbka L.C.
assist. / acucm.
ORCID: 0000-0002-5558-4467
Mazur V.P./ Ma3zyp B. II.
student / cmyoenm
Lytvyn D.V./ JlutBun /. B.
Student / cmyoenm
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Politechnichna, 6, 03056
Hayionanonuu mexniunuu ynigepcumem Yxpainu
«Kuiscokuui nonimexuiynuti incmumym imeni leopsa Cikopcvkozoy, Kuie, [lonimexniuna, 6, 03056

Abstract. It was been developed a special method of organizing the process of joint
combustion of coal dust and natural gas, which will ensure reliable ignition of the pulverized coal
mixture and its efficient combustion. It was been developed the stand and the corresponding tests of
the burner module on gas in various operating conditions. Are carried out tests of the modular
burner with supply of low-grade fuel of the AS type. Is established reliable operation of the burner
device in a wide range of gas and coal dust consumption.

Key words: combustion, burner, coal, natural gas, combustion, low-grade fuel.

Introduction. The generalized comparison of modern energy of Ukraine with
other countries of the world shows that the fuel and energy complex is quite powerful
and is at the level of developed countries. Coal reserves in Ukraine amount to more
than 117.4 billion tons, which is enough to provide thermal power plants with solid
fuel for 250 years. Therefore, an extremely important direction in the development of
thermal energy in Ukraine is the comprehensive use of coal fuel with reducing
harmful emissions into the environment. Recently, especially in connection with the
increasing requirements for economic and environmental performance of thermal
power plant boilers, there is a need to develop and implement new methods of
combustion process. This has led to the need for additional use of highly reactive fuel
to initiate the combustion process of coal fuel.

The shortage of national natural gas production and the constant increase in its
cost has raised the question of developing technical measures that would reduce
natural gas costs at thermal power plants. Thus, the task of scientific research is the
analysis and generalization of world and domestic experience in the modernization
and reconstruction of existing pulverized coal boilers of thermal power plants, as well
as the development and development of technical solutions.

The main text. Burners used in industry have a flat design, and for the proposed
scheme of gas supply should use a cylindrical design. The proposed modular burner
is shown in Figure 1.
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Figure 1. Modular cylindrical burner device with a recess: 1 - gas collector;
2 - system of gas openings, 3 - cylindrical recess, 4 - nozzle; 5 - gas supply pipe;

6 - housing; 7 - a branch pipe of coal supply; 8 - air box; 9 - air supply pipe.

Figure 2 for one of the options shows the type of torch at different gas
consumption. The coefficient of excess air varied from o = 16.0 to a = 1.5. The air
velocity was W = 12.65 m / s. As can be seen from the figure, even with minimal gas
consumption, a steady flame is observed in the recess. With increased fuel
consumption due to the increased range of gas jets, they occupy a larger diameter and

the flame extends beyond the air pipe with a diameter of 100 mm.

)

Figure 2. Dependence of the range of constant combustion of a cylindrical jet-
niche burner on the air velocity. 1 - lighting a torch in a niche; 1-2- range of
constant burning of a torch in a niche. x - Ly = 24 mm, Lon = 6 mm, 0 - L, = 30 mm,

Loww=6mm; ®-L, =30mm, Lonw =12 mm.
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The graph shows the values of the coefficients of excess air a at the value of the
torch in the niche from the spark igniter, depending on the speed of the air flow
around the stabilizer. After lighting the torch in the niche there is a gradual increase
in gas consumption. Visually, it was recorded that with increasing gas consumption,
the combustion in the niche gradually shifts downstream and at some point the
combustion in the niche disappears (Fig. 2, curve 2). After that, at some fuel
consumption, the combustion is stabilized at the end of the outlet of the stabilizer.
The study showed that with the length of the niche L, = 24 mm and the placement of
gas holes from the front breaking edge of the niche at a distance Loy, = 6 mm, the
narrowest range of burner operation is observed. As the length of the niche increases
to L, = 30 mm, the range of continuous operation expands. At an air velocity W, <4.0
m/s (t, = 20°C) combustion in the niche is possible at a coefficient of excess air a =
1.0. At the same time, the value of a increased, at which there is a constant ignition of
the torch in the niche to a = 8-16. In the third embodiment, the gas holes were placed
at a distance Lo = 12.0 mm from the breaking edge of the niche. In this embodiment,
the value of a at which the torch was ignited decreased slightly. However, in almost
the entire range of the air flow velocity, constant burning of the torch in the niche at
values of a = 1.0 was ensured. Thus, when changing the geometric parameters of the
system, it is possible to influence the limits of stable operation of the stabilizer.

The analysis of the results of the bench tests of the burners with excavation
made it possible to continue further work to determine the possibility of using the
developed method for co-combustion of coal dust with natural gas. The device was
installed on the experimental stand of the Institute of Coal Energy Technologies of
the National Academy of Sciences of Ukraine, where tests were conducted with the
supply of coal dust of the AS brand. The form of a torch at various expenses of gas
and coal dust was received. Under the conditions of the stand, the air velocity was W,
= 5.0 m/s, gas consumption varied from 0.5 m*h to 7.0 m*/h, coal dust consumption
varied from 0 kg/h to 14.2 kg/h . According to calculations, the minimum coefficient
of excess air in relation to coal dust was o = 1.4, the coefficient of excess air in the
gas varied in the range o = 2,3 - 30. As tests have shown, in the specified range of
changes of parameters without coal supply and with its supply the torch was steady,
burning proceeded rather intensively within all volume of a torch. Thus, it can be
concluded that previous tests have shown the fundamental possibility of using the
proposed method of co-combustion of low-grade coal dust with natural gas.

Conclusions. Therefore, one of the most common methods of improving the
efficiency of low-grade fuels, which does not require radical restructuring of the
boiler furnace, is the combined combustion of such fuel with natural gas.
Imperfections of the existing methods of co-combustion have been established: lack
of uniform mixing of gas-air jets, unsatisfactory ejection of gas jets at variable loads,
etc., which leads to reduced efficiency and increased gas consumption. Based on the
experience of the Department of Thermal Power Plants of Thermal and Nuclear
Power Plants in the field of high-efficiency gas combustion, a new scheme of gas
supply for co-combustion using a system of cylindrical stabilizers with extraction and
supply of gas by transverse jets. The stand was developed and the corresponding tests
of the burner module on gas in various operating conditions were carried out. Tests of
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the modular burner with supply of low-grade fuel of the AS type are carried out.
Reliable operation of the burner device in a wide range of gas and coal dust
consumption is established.
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Anomauin. BuxoHana po3poOKa chneyianbHo2o Cnocoby opeaHizayii npoyecy cyMicHO2O
2OPIHHA 8Y2INILHO20 NULY MA NPUPOOHO20 2A3y, WO 3abe3nedumsy Haodiline 3anaileHHs NUL08Y2INIbHOT
cymiwi ma ii eghexmuene 3eopsauns. Po3pobaenuti cmeno i nposedeni 8iOnoGioHi eunpo0)8amHs.
MOOYIA NANbHUKA HA 2a3i 6 PI3HUX pedCUMHUX ymoseax. IIposedeno eunpobysamHs MoOYIbHO2O
nanrbHUKa 3 nooauyero Huzbkocopmuoco nanusa muny AL Bcmanoerena wuaditma poboma
NAIbHUKOBO20 NPUCMPOIO 8 WUPOKOMY Oiana3oHi 8Umpam 2azy ma 6y2ilbH020 NUITY.

Knwuosi cnosa: copinms, nanvHux, 6y2inis, NPUPOOHULl 2A3, CHANIOBAHHS, HULKOCOPMHE
nanuso.
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Abstract. The main task of this study is to determine the quantitative indicators of harmful
emissions of heavy metals into the environment depending on the composition of solid fuels. During
the study, the indicators of heavy metal emissions were calculated. For the calculation, the types of
solid fuels most often used in Ukraine at thermal power plants were taken into account.

Key words: harmful emissions, emission index, heavy metals, lead, mercury

Introduction. Every year there are more and more people in the world who care
about the ecological state of the planet. They are working to ensure that people in all
areas of industry pay more attention to environmental performance in production to
reduce the damage done to the planet. This is especially true in the energy sector.
This industry is one of the most environmentally harmful in the world. However, the
modern world is impossible to imagine without electricity. Electricity haunts people
everywhere: at home, at school, at work and even on vacation. To obtain this
important element of modern life, various sources are used, such as thermal power
plants, nuclear power plants, hydroelectric power plants and renewable energy
sources. Thermal power plants account for a large percentage of the electricity
generated. Fuel for thermal power plants is: coal of various brands, natural gas and
fuel oil. Most thermal power plants run on coal. In the metallurgical and chemical
industries, coal is also used as a raw material. The following types of coal are used in
Ukraine: anthracite coal (AS) - coal of the highest quality, differs from other types by
the presence of high content of cohesive carbon, low moisture, sulfur, volatile and
high specific heat of combustion. Anthracite burns quickly, without smoke and flame
with high heat transfer. The main product of anthracite comes from Donetsk and
Luhansk regions. Lean coal brand TR occupies the second place of quality after
anthracite. The following types of coal are also widely used: Donetsk long-flame coal
(DR), Lviv-Volyn (LV) coal, Alexandria Bure and others.
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The main deposits of the above fuels are in the Donetsk and Lviv-Volyn basins.
In the Lviv-Volyn basin there are lower (compared to Donetsk) overall indicators of
coal quality, which is characterized by lower calorific value and high ash content.

The main text. The use of coal as a fuel has negative consequences for the
ecological state of the environment. All types of coal contain a number of heavy
metals, which during combustion are released into the atmosphere in the form of
volatile substances. Therefore, every day many heavy metals and harmful elements
get into our atmosphere. The mass content of heavy metal in the fuel is determined
during the elemental analysis of the fuel burned in the power plant. Heavy metals
whose compounds are most harmful to the environment include: arsenic (As),
cadmium (Cd), chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb),
selenium (Se), zinc (Zn).

The above metals and their compounds are very dangerous to humans and
nature. These elements have the ability to accumulate in living organisms. They can
enter the body by airborne droplets, through the skin or through the gastrointestinal
tract. Heavy metal poisoning can cause disorders of the internal organs, slow down
the growth of children, impair reproductive function, cancer in humans up to death.
Metal poisoning harms not only humans but also animals, plants and the
environment.

Many heavy metals form stable organic compounds that dissolve well in water.
That is why they can easily migrate with water through rivers and sewage. Rivers and
sewage in turn flow into the seas and oceans. Increasing the concentration of heavy
metals in the oceans and seas is a huge problem that leads to the extinction of ocean
dwellers and the decay of the ecosystem as a whole. Mercury, lead and cadmium are
the most dangerous for the ocean. Heavy metals enter not only through fuel
combustion, but also through the release of garbage and industrial waste into the seas
and oceans.

If the pollution situation is not taken under strict control, it will only get worse
every year. Whole species of animals and plants will begin to die out, more and more
people will get sick and be born with pathologies and mutations. Therefore, it is
necessary to investigate and determine the type of coal, during the combustion of
which there is the least release into the environment of the above heavy metals. The
content of heavy metals SVM in thermal coal is shown in table 1.

Table 1

Content of heavy metals csv in thermal coal, mg / kg [1]

Coal As Cr Cu Hg Ni | Pb Zn
Anthracite type 20 47 29 0.28 26 20 40
Donetsk lean 20 47 29 0.20 26 18 40
Donetsk gas 20 47 29 0.14 26 14 40
Donetsk long-flame 20 47 29 0.16 26 16 40
Lviv-Volyn 20 47 29 0.16 26 16 40
Alexandria storm 20 47 29 0.16 26 14 40

The amount of emissions of heavy metals depends on the content of these metals
in energy fuels. As can be seen from Table 1, each fuel differs only in the content of
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mercury and lead. Therefore, it is advisable to pay attention to these two elements.

In the course of the study, according to [1], the emission indicators of heavy
metals were calculated. For the calculation, the types of solid fuels most often used in
Ukraine at thermal power plants were taken into account (Table 1).

The results of the calculations are summarized in table 2.

Table 2
The results of calculations
Baxxkuii | Anthracite | Donetsk | Donetsk | Donetsk Lviv- | Alexandria

MeTal type lean gas long-flame | Volyn storm
As 0,063 0,063 0,063 0,063 0,063 0,063
Cr 0,028 0,028 0,028 0,028 0,028 0,028
Cu 0,035 0,035 0,035 0,035 0,035 0,035
Hg 0,011 0,0084 | 0,0059 0,0067 0,0067 0,0067
Ni 0,043 0,043 0,043 0,043 0,043 0,043
Pb 0,058 0,053 0,041 0,046 0,046 0,041
7n 0,139 0,139 0,139 0,139 0,139 0,139
Asmopcovka po3pobka

As can be seen from Table 2, the highest rate of mercury emissions during the
combustion of anthracite, and the lowest rates during the combustion of Donetsk gas.
Also small indicators when burning the following types of coal: Donetsk long-flame,
Lviv-Volyn, Alexandria brown. And the indicator of lead emission is the lowest
when burning Oleksandriisky brown and Donetsk gas, the highest - when burning
anthracite. Also, small indicators are observed during the combustion of Donetsk
long-flame and Lviv-Volyn coal.

Conclusions. Thus, the study found:

1. The highest rate of mercury emissions during the combustion of anthracite,
and the lowest rates during the combustion of Donetsk gas. Also small indicators
when burning the following types of coal: Donetsk long-flame, Lviv-Volyn,
Alexandria brown.

2. The lead emission index is the lowest in the combustion of Alexandria brown
and Donetsk gas, the highest - in the combustion of anthracite. Also small indicators
are observed at burning of Donetsk long-flame and Lviv-Volyn coal

References:
1. GKD 34.02.305-2002. Emissions of pollutants into the atmosphere from
power plants. Method of determination. Kyiv, 2002.

Anomauia. OcHOBHUM 3A80AHHAM OAHO20 OOCNIONCEHHS € BUSHAYEHHS KLTbKICHUX NOKA3SHUKIG
WKIOMUBUX BUKUOIB BANCKUX MEMAli8 8 HABKOIUWHE cepedosulye 8 3ANeNCHOCMI 8i0 CKAAdY
meepooco naausa. B xo0i docnidxcenHs po3paxosani NOKAHUKU eMicii eadckux memanis. s
PO3PAXYHKY Opanu 00 yeazu 6uou meepoo2o NAIued, Wo Haudacmiue SUKOPUCMOBYIOMbCA 8
Ykpaini na mennosux enexkmpuunux cmanyisx.

Knrwouoei cnosa: wxionusi 6uxuou, NOKa3HUK emicii, 6axdcKi Memanu, céuHeyb, pmymb.
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Abstract. The main task of this study is to determine the quantitative characteristics of
harmful emissions of particulate matter into the atmosphere depending on different combustion
technologies. During the study, the emission rates of solid suspended particles were calculated.
Combustion technologies most commonly used in Ukraine were taken into account for the
calculation.

Key words: harmful emissions, emission index, solid particles, combustion technologies,
boiler unit.

Introduction. One of the most important industries in any country is energy. It
depends on the main aspects of human life - the work of all enterprises (social,
banking, public, private institutions, etc.), infrastructure (lighting, electric transport,
etc.) and household needs.

Thermal power plants (TPPs) produce energy by burning fossil fuels - coal, fuel
oil, natural gas. The main fuel at domestic thermal power plants is coal of various
types. It is known that the combustion of solid fuels releases the greatest amount of
harmful substances into the atmosphere compared to the use of other fuels. The
amount of these emissions, including a large proportion of suspended solids (ash),
depends on the type of equipment, plant capacity, type of fuel burned, and so on.

The main text. It is worth considering the various technological processes of
combustion. According to the phase state of removal of slag from the furnace, there
are boilers with solid and liquid slag removal. In boilers with solid slag removal, the
slag is removed from the furnace in the solid state, and in boilers with liquid slag
removal - in the molten state. With liquid slag removal, the temperature in the boiler
chamber must be maintained at a level that exceeds the melting point of the slag and
ensures their removal from the furnace in the liquid state. The advantage of liquid
slag removal is that in this method the ash is captured much more than in solid slag
removal, when a significant proportion of ash is carried by flue gases.
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In cyclone furnaces, the primary air together with the fuel is twisted and fed into
the end burner, and the secondary - tangentially through the slits. High speed ensures
the removal of large particles on the walls and keeping them in the flow of the
cyclone until complete combustion.

Two-chamber furnace is more complex in shape and more expensive than
single-chamber furnace, the walls of which are formed by screen tubes of simple
configuration. The two-chamber fire chamber is more favorable for the boilers
working in operation at the lowered loadings and burning damp coal.

In furnaces with a fixed layer, the fuel lying freely on the grates is blown from
below by air. The speed of gas flow in the layer is such that its buoyancy is less than
the weight of fuel particles. Fixed-bed furnaces are equipped mainly with communal
and industrial boiler-houses.

The fluidized bed is undemanding to fuel quality: it quite successfully burns coal
and carbonaceous waste with an a sh content of up to 70% and relatively low-ash
with a moisture content of up to 60%. Abroad, fluidized bed furnaces are widely
distributed on hot water and steam boilers with a capacity of up to 100 t/ h.

Circulating fluidized bed (CCS) furnaces have no more stringent fuel quality
requirements than the fluidized bed, and fuel combustion efficiency is much higher.

In chamber furnaces, fuel and air are fed into the furnace in direct or twisted
streams through burner devices, ignited by radiant heat exchange with the torch core
and hot walls, ejected by high-temperature combustion products to the root of the
torch and then burned in the torch along the flow. Gaseous, liquid and solid fuels
ground to a dusty state are suitable for flaring, but due to their different specific
burning rate (reactivity) the latter requires a longer burn-up time. The main task of
this study is to determine the quantitative characteristics of harmful emissions into
the atmosphere of solid suspended particles depending on different combustion
technologies.

In the course of the study, in accordance with [1], the emission parameters of
solid particles were calculated. The above combustion technologies, which are most
often used in Ukraine, were taken into account for the calculation (Table 1).

Table 1

The share of volatile ash in different fuel combustion technologies

Boiler Coal
With solid (dry) slag removal 0,95
Open furnace with liquid slag removal 0,80
Semi-open furnace with liquid slag removal 0,70
Two-chamber ball: 0,55
with a vertical preheat 0,30
horizontal cyclone 0,15
With a circulating fluidized bed 0,50
With bubble fluidized bed 0,20
With a fixed layer 0,15

The results of the calculations are shown in table 2
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Table 2
The results of calculations
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The dependence of the emission index of suspended solids on the share of
volatile ash ayi, in different fuel combustion technologies is shown in Figure 1.
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Figure 1. Dependence of the emission index of suspended solid particles on the

share of volatile ash avin in different fuel combustion technologies.
Author's development

As shown in Figure 1 and Table 2, the highest amount of emissions into the
environment of solid particles is observed in the incineration with solid slag removal,
and the lowest we have when using a fixed bed furnace and a two-chamber horizontal
cyclone furnace. We also observe a small ki, index when using a two-chamber
furnace with a vertical pre-furnace and a fluidized bed furnace.
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Conclusions. The main result of this study is:

1. Various combustion technologies most often used in Ukraine are considered.

2. Emissions of solid suspended particles are calculated.

3. It is established that the largest number of emissions of solid particles into the
environment is observed during flare combustion with solid slag removal, and the
lowest is obtained when using a fixed bed furnace and a two-chamber horizontal
cyclone furnace.

4. Small rate of ki is observed when using a two-chamber furnace with a
vertical pre-furnace and a fluidized bed furnace.

References:
1. GKD 34.02.305-2002. Emissions of pollutants into the atmosphere from
power plants. Method of determination. Kyiv, 2002.

Anomauis. OcHoBHUM 3A80AHHAM OAHO20 OOCHIONCEHHS. € BUSHAYEHHS KIIbKICHUX
Xapaxmepucmux WKiOIUBUX BUKUOI8 MEEPOUX YACMUHOK 8 AMMOCEhepy 8 3aNeHCHOCMI 810 PIZHUX
MEeXHONO02IL Cnanosanns. B  Xx00i 00Cni0dceHHs po3paxoeami NOKA3HUKU —eMicii meepoux
CYCNEeHO0BaHUX YACMUHOK. [[ns po3paxyHky Opanu 00 yeazu mMeXHONO02I CHnanto8amHs, Wo
Hauuacmiue UKOPUCMOBYIOMbCs 8 VKpaiHi.

Knrwowuosi cnosa: wkionugi 6uxuou, nNOKA3HUK eMicii, meepoi UACMUHKU, MEeXHON02li
CRAn08aHHs, KOMaoazpe2am.
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Anomayia. B pobomi npoananizoeano eniue mexHonio2iuHux napamempie KaiaHopy8auHs Ha
pexcumu  pobomu  cucmemu — mepmocmadinizayii  eanie  Kalamopy, 6uOip  MenjioHOCIs.
3anpononosano OYiHOYHY MemOOUKy NepesipoOYHO20 PO3PAXYHKY CUCmeMU mepmocmadinizayii
8AJlI8 KANAHOPY, NPUB SA3AHY 00 2eOMEeMPUYHUX PO3MIDIE 8ali8, NPOOYKMUBHOCMI | Mamepiany wo
KalauopyemvpCs, ma KOHCMpYKYii Kananie 0iisi menjionocis y eanax. IIposedeno cepiio imimayitiHux
eKxcnepumMenmis ma 3po0aeHo y3a2albHI0IYl 8UCHOBKU 000 6UOOPY MENIOHOCIA.

Kniouoegi cnosa: xananop, mennoobmiun, cucmema mepmocmaoinizayii

Beryn Jlo ocHoBHOrO oOJjagHaHHS BUPOOHUIITBA JIMCTIB 3 TEPMOILIACTIB
BiIHOCUTHCS Kaytanp (puc. 1) [1].

Puc. 1. Jliniss BHUpOOHUITBA JIUCTIB 3 MoJlieTueHy BucoKoi ryctunu (HDPE)
1 — excmpyoep, 2 — popmyroua conoska; 3 — kananop, 4 — aucm 3 NONIMePHO2O Mamepiany,
5 — npucmpii pizku kpomok,; 6 — porveane 0X0N00HCeHHA TUCMA, 7 — MASHYYULU NPUCMPILL,

8 — npucmpii nos3006cHbOI pisku, 9 — npucmpiti wmabenosanus,; 10 — nomoxu menionocis

[Ipouiec kaanapyBaHHS JIMCTIB 3 TEPMOIUIACTIB BKJIIOYA€E CTafli (POPMYBaHHS y
MIXKBaJIKOBOMY 3a30pi Ta OXOJIODKEHHST Ha Bajax. 3 METOI 3a0e3lNeueHHs
CTab1ILHOCTI TPOIIECY Ta SKOCTI TOTOBOTO BUPOOY KajaHIPHU OCHAIIEHO CHCTEMOIO
TepMocTa0uIi3aIlli BajiB, MIPU IbOMY, B 3aJIEKHOCTI BiJl TEXHOJOTIUHUX MapamMeTpiB
0oOMpaEThC KOHCTPYKIISI CUCTEMH KaHaJiB Baja (puc. 2), TeMmmeparypa MOBEpXHIi
BAJIiB, 1, BIJIMIOBIIHO, TEIJIOHOCIH, HACOCH Ta TEIJIOOOMIHHUKH [2].
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Puc. 2. Ban kananapy Ta cxema ioro KaHaJjiB AJ1sl pyXy TeIUIOHOCIA
1 —an,; 2, 3 — niowunnukosi eyziu, 4 — npucmpiii niosody ma 8i0800y MenjioHOCis

BoueBunp, HaiiOiIbIIE TEIUIOBE HABAHTAXKEHHS COpUAMAE Bajl, SKUH JUCT
MoJIiMEepy OrMHA€ MEepUINM, Ha pHC. 3 MpeAcTaBieHO (I3MYHY MOJEIb MPOLECY
MEPEHOCY TEIUIOTH BiJl JIMCTA 3 PO3IUIABY MOJIMEPY 0 TEIUIOHOCIA, 10 LUPKYIIIOE Y
Bay.

PSSR

O ST
RO (SOSISEeTete” 2 =

IR RIS e <
QLRLRHELHA X

]

Roxonodx

Puc. 3. ®izuyHa mozesb npouecy nepeHocy Temi0TH Bill JIUCTa 3 PO3ILIABY
NoJiiMepy /10 TeIJIOHOCIf, 110 HUPKYJIIE B KAHAJIAX BaTy
S0 — moswuna 3a2omosxku po3nnagy nepeo nepuium 3a30pom Kaianopa, é— Kanibpoeana
MOBUUHA TUCTNA NICTISL NEPULO20 3a30py Karanopa, D — diamemp eany xaranopa,
HA AIKOMY 0X0100#cyembcesl aucm,; d — oiamemp omeopia y eany 0Jisi MenioHOCIs,
n — uacmoma obepmants 84y, 00/cex; Toxonoone — MeMnepamypa menioHOCIs y KAHALAX 8ALd,
az — koeghiyicnm mennosiooaui 6i0 mennownocis 0o mamepiany éana, Bm/(m°K);
a1 — Koe@iyienHm mennogiooaui 6i0 NOGEPXHI TUCA, WO OXOTOOHCYEMBCI 00
HABKONUUHBbO20 cepedosuiya (nogimps), Bm/(M°K); q1 — numomuii mennosuii nomix 6io
N06epXHI Kanaié 3 menioHociem 00 nosepxui 6ana, Bm/m*; qz — numomuii mennoguii nomix
8I0 NOBEPXHI IUCMA, WO OXOJIOOHCYEMBCA 00 HABKOIUUHBO2O CePedosulyd, Bm/v;

[IpomoHye€eThCS pO3B’sI3aHHS 3a/1a4i y JIBa €Taly: BUSHAYCHHSI TETIJIOBOTO MOTOKY
BiJl JIUCTa 3 PO3IUIABY MOJIMEpPY IO CTIHKH BajJKa KaJlaHIPy 3 MPHUIIYLICHHIM, IO
TeMmrepaTypa IOBEpPXHI Bajy IOCTIHHA, 1 IS 3HAWJACHOTO TEIJIOBOIO IOTOKY
PO3paxyHOK e(EeKTUBHOTO TEeMIEpaTypHOIro Iepenaay BiJg TMOBEpPXHI Baly 0
TETJIOHOCIS, IO IIUPKYJITIOE y KaHaax.

Jlsi BU3HAaYEHHs TEIUIOBOTO MOTOKY BiJl JIUCTA 3 PO3IUIABY MOJIMEPY 1O CTIHKU
Bajla KajaHjapy npomnonyetbcsi Bukopuctatu CFD momatox Flow simulation
nporpamu SolidWorks. JlociimkeHo eneMeHT 3 KPUBU3HOKO TOBEPXHI BTy, BEPXHS
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MTOBEPXHS OXOJIO/DKYETHCS TOBITPSIM 32 paxyHOK BUIbHOI KOHBEKIIi (/=15 Br/(M’K),
HIDKHSI TIOBEPXHSI Mae TeMmeparypy Banka, marepian gucta — HDPE. BpaxoBytoun
PO3TATHYTICTh TPOIIECY KPUCTAI3aIil MOJIMEPHUX MaTepiajiB BUKOPHCTOBYIOTHCS
3aJIeKHOCTI TETUI0(h13UYHUX BIACTUBOCTEH BiJ TEMIIEpaTypH, L0 T03BOJISIE KOPEKTHO
MOJICITIOBATH TIpoliecu Kpuctanizaii (puc. 4) [3].

. Specific heat . Thermal conductivity
977000 VA = 024 WAMTK)

844233 022

-
71867 0.21

-
5790.00 0.20
448333 0.19
313667 // // 017 \\
1810.00 -—-.—-""/ w018 K

27 T2 356.48 433.82 523.15 27318 25848 439.82 533.15
31482 388,15 481.48 314.82 398.15 481,48
Temperature
P
a) 0)

Puc. 4. Temogiznuni Baactusocti HDPE
a — menaioemuicmo, [{oc/(keK),; 6 — mennonposionicmo, Bm/(mK)

Pesynpratn imitamiiinoro wmognemoBaHHs an1  HDPE  npu  mowaTtkoBsiit
temrepatypi 230°C, ToBmmHi 3 MM, giamerpi BamiB 600 mm, gacToTi oOepTaHHS
BajiiB n=0,0259 o6/c (1,57 06/xB, yac KOHTAKTY JIMCTa 3 TOBEpXHEI0 Baiy 19,27 ¢ 3a

YMOBH OOJIATaHHS JIMCTOM TOJIOBUHM Bally), Temmeparypi moBepxHi Bama 100°C
HaBeJIeHO Ha puc. 5,6,7.

= f f T
Time=19270
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128.22
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Puc. 5. Pe3yabTat iMiTalliiilHOro MoeJIl0BAHHA (€JIEeMEHT JINCTA, TPAHUYHI
YMOBH Ta TeMIIepATypPH MOJIiMepy M0 TOBUIUHI JIUCTA

Jlns ppyroro eramy po3paxyHKy BH3HAUEHO KOE(QIIIEHT TEIIOBIAIaul BiT
TEIUIOHOCIA 10 MaTepiany Bama: o=2320 Br/(M°K), mpum npomy o00OpaHO
TIpOIMHAMIYHHUM PEXUM PyXy TerioHocis Re=6000, kanamu Kpyriioi popmu.

CepenHbOIHTETpANIBHUN MUTOMHI TETJIOBUI MOTIK BiJ] JIUCTA O MOBEPXHI BTy
CKIaB ¢,=9558 B1/m>.

TeMneparypy TemioHoCis OyJI0 BH3HAYEHO MUIAXOM cepii  IMiTalliMHUX
eKCIICPUMEHTIB Ha MOJeJl 3 TeOMETPUYHHUMH pO3MiIpaMu sKI BIANOBIJAIOTH
peaIbHOMY Bally, puC. 7, BOHA JIJIsl YMOB €KCIIEPUMEHTY CTaHOBUTH T oxon = 86,5°C.
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Puc. 7. PeyabTar cepii iMiTaniiiHNX eKCIIePUMEHTIB

BucHoBku. 3anmponoHoOBaHa METOJMKA OLIHOYHOTO PO3PaxyHKY CHCTEMHU
TepMocTabiIi3alii BajliB KajlaHAPY BpPAaxOBYE TEXHOJOTIYHI MapaMmeTpu IMpolecy,
BJIACTUBOCTI MaTepiajiB, TeOMETPUYHI PO3MIPH BajliB Ta KOHCTPYKIIIIO KaHAIIB JIS
teruioHocis. Cepiss po3paxyHKIB MOKa3ajla CYTTEBY 3aJE€KHICTh TeMIIepaTypH
TEIUIOHOCIS BiJ JlaMeTpy BajiB, TOBUIMHU JUCTA Ta 4acTOTU OOEpTAaHHS BajiB, IO
KPUTHUYHO MPHU BUOOPI TETIIOHOCIS.
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Abstract. The work analyzes the influence of the process parameters of calendering on the
operating modes of the calender shaft thermal stabilization system, the choice of coolant. The
evaluation method of the check calculation of the calender shaft thermal stabilization system is
proposed, which is tied to the geometric dimensions of the shafts, the productivity and calendering
material, and the structure of the coolant channels in the shafts. A series of simulation experiments
was carried out and generalizing conclusions were made on the selection of the coolant.

Keywords: calender, heat exchange, thermal stabilization system
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Abstract. Schemes and methods have been developed that allow to perform calculations of the
reverse osmosis (RO) installation both on the source water and on the wastewater of chemical
water treatment plants. The use of ROs at chemical water treatment facilities of thermal power
plants (TPPs) will allow to create drainless water treatment systems without evaporators.
Improvements and cheapening of ROs can be achieved by creating membranes with high
permeability and selectivity and increasing the company of their work, as well as the creation of
devices with greater productivity.

Key words: reverse osmosis, treatment, wastewater, membrane, chemical water treatment.

Introduction.

Thermal energy is one of the largest industrial users of water. The annual
consumption of water from natural water bodies in this industry reaches tens of cubic
kilometers, while about 90% of collection water is returned to water bodies in the
form of wastewater with varying degrees of pollution. Today, one of the biggest
problems of environmental protection for Ukraine is the pollution of the hydrosphere
[1]. Significant negative impact on water bodies is caused by energy generating
facilities [2]. At the same time, without their functioning it is impossible to ensure the
normal operation of industrial production, enterprises, institutions and comfortable
living conditions. Reuse of wastewater after the necessary treatment can significantly
reduce the negative impact on water bodies, and to reduce the amount of pollutants
coming from wastewater. Reducing water consumption, including through water
reuse, is an important economic and environmental challenge.

The main text.

Analysis of water consumption systems of thermal power plants with different
cooling systems shows that there are opportunities to reduce water consumption.

The choice of the most optimal method of water treatment (HPP) at
environmentally friendly TPPs should be made taking into account the type of TPP,
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the performance of the HPP and should be based on a comparison of changes in
specific discounted costs (VAT) for different desalination technologies.

The main stages of choosing the most optimal method of water treatment are
presented in Fig. 1.

When conducting technical and economic calculations for low-cost VPU are
determined:

- capital expenditures;

- operating and equivalent annual costs;

- specific discounted costs.

The value of capital costs for different desalination schemes are the total costs of
preparation and landscaping, technological and electrical parts, measuring
instruments and automation, construction part, roads, external networks,
communications and telemechanics.

The calculation of annual operating costs for various desalination schemes is
based on the costs of: electricity consumption, backfilling, reagents, depreciation,
salaries of maintenance personnel, repair services, general station and other costs. In
addition, when calculating the annual operating costs should be taken into account the
thermal component of costs and the cost of source water.

Criteria for choosing a method of water treatment

- l

Capital costs (K) Operational expenses (Ep) Equivalent annual costs (Er)

: . \

* Preparation and
improvement of the
territory

* Technological part

* Control and measuring
devices and automation
* Construction part

* Roads

* Communication and
telemechanics

* External networks

* The cost of source
water

* Thermal storage

* Electricity consumption
* The cost of reagents

* Salary of service
personnel

* Repair service

* General station and
other costs

* Er=K*E+Ep

* Specific discounted
costs

© VAT=Er/QcTous

* VAT-min is the optimal
method

Figure 1. Determining the criteria for selecting the optimal method of water

treatment for low-waste VPU at environmentally friendly thermal power plants.

The final stage of choosing the optimal method of water treatment is the
calculation and subsequent analysis of changes in the specific discounted costs for
different methods of VPU.

All sludges and salts derived from low-waste VPU schemes can be used in
construction, energy, metallurgy, etc.
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Modern rates of energy development, high requirements for water quality for
boiler supply and heating of heating networks with growing shortage of reagents and
increased requirements for protection of surface waters and reservoirs from pollution
constantly require the introduction and widespread use of reagent-free water
treatment methods. One such method is the use of semipermeable membranes in
reverse osmosis devices [3].

This method can provide highly efficient treatment of source and wastewater
from mineral impurities. It has a number of significant advantages, including:
reduced consumption of chemical reagents used only for washing membranes,
simplicity of technological scheme, compact layout, and others. Some possible
aspects of using reverse osmosis units (RCDs) to prepare water for the TPP cycle and
wastewater treatment are considered: the choice of type of membranes and devices,
the basic technological schemes of RCDs, the main dependences of the developed
method of calculation and specific technical and economic indicators.

The most optimal was a stepwise concentration scheme with a membrane
selectivity of 70% with division into two sequentially operating three-stage sections,
with a filtrate recirculation system inside the sections, with recirculation of the filtrate
of the second section to the first stage and the first stage filtrate.

The dependences of costs and salt content on any part of the scheme on the
initial data are found. For this purpose, the equations of volume and salt balances
were used, as well as the dependences between the objects of the flows (at a yield of
50%) and the dependences between the salt content of the pokes. The developed
technique allows you to easily calculate C and Q in any part of the RCD circuit and
check the results of calculations by the equations of salt balances. According to the
results of calculations, the equipment, diameters of pipelines, assembly diagrams and
layout drawings are selected. The main technical and economic indicators of the
installations were determined - specific capital, operating and reduced costs.

When calculating capital costs, the cost of the technological part of the
equipment, fittings, technological metal structures, corrosion protection, thermal
insulation is taken into account. The costs of the electrical part, instrumentation and
automation and the construction part are also taken into account. Capital expenditures
for other works are accepted in the amount of 25%.

The calculation of specific operating costs takes into account the specific
production costs for automation, maintenance, wages, total station costs, membrane
replacement, electricity, reagents and water for washing membranes, heat loss and
other costs.

The specific costs are determined taking into account the regulatory capital
investment ratio of 0.15.

Conclusions.

Therefore, schemes and methods have been developed that allow to perform
RCD calculations both on the source water and on the wastewater of chemical water
treatment plants.

The use of RCDs at chemical water treatment facilities of TPPs will allow to
create drainless water treatment systems without evaporators. Improvements and
cheapening of RCDs can be achieved by creating membranes with high permeability
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and selectivity and increasing the company of their work, as well as the creation of
devices with greater productivity.

For approbation of technical decisions experimental-industrial RCDs on source
water and on sewage of chemical water treatment plants should be designed.
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Anomauin. Bynu pospobneni cxemu i memoouka, siki 0036015110Mb GUKOHAMU PO3PAXYHKU YCIMAHOGKU
360pomHo2o ocmocy (Y30) ax na uxiowiti 600i, mak i Ha CMIYHUX 800aX XIMBOOOOUUCMOK. Buxopucmanns
Y30 na ob'exmax ximeoooouucmxu mennosux enexmpuunux cmanyiti (TEC) 0o3sorums cmeopumu
be3cmiuni cxemu 8000Ni020mMo6KU Oe3 GunapHuxis. Yoockouanenus i 30eutesnenns Y30 moocymov Oymu
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Abstract. The problems and issues of the gas well multi-rate production test were reviewed
and evaluated. Factors leading to deviation of the well test interpretation results, particularly the
dependence between drawdown squared and gas rate from the straight line, were reviewed and
discussed. The key contributing factors are incomplete reservoir build-up due to short shut-in
period or poor reservoir qualities; incomplete stabilization of bottom-hole pressure; wellbore
scaling; liquid loading due to high condensate yield and/or formation water entering the wellbore
from the aquifer or due to well integrity issues. The improved approach, based on the classic
interpretation method, for the multi-rate production well test interpretation has been proposed. The
proposed approach allows combination of several different factors that impact the final value of
bottom-hole pressure, like incomplete build-up of reservoir pressure, incomplete stabilization of
bottom-hole pressure, presence and accumulation of liquid in the wellbore that leads to liquid
loading of the well, to be represented by one unified parameter. The value of combined parameter is
calculated by introducing the special variables and functional minimization for the deviations
between values calculated as root mean square function and inflow performance relationship (IPR).

Key words: Multi-rate well test, well test interpretation, functional minimization, straight-line
method.

Introduction.

Multi-rate production test interpretation is a standard approach for identification
of well productivity and deliverability. The test is performed in several steps by
varying the chock size and reaching a steady-state flow condition that is confirmed by
constant flow rate. In case of gas wells, due to its high compressibility, test
interpretation is performed with squared pressure or pseudo pressure terms. These
approaches lead to straight-line interpretation technique widely used and discussed in
the variety of books [1, 3, 5, 9, 11, 16]. Multiple, different in origin, factors
contribute to the wrong results of well-test interpretation based on the classic straight-
line approach, resulting in the deviation from the straight line. Among the

contributing factors are:

ISSN 2410-6615 32 www.sworld.education



Modern engineering and innovative technologies Issue 14 / Part 1

The article should begin with an introduction section, which includes the ideas
and the basic objectives and approaches of the article, combining scientific
knowledge, evidence-based information and logical discussions in different
disciplines. This section should be written considering all readers. Technical terms,
symbols and abbreviations should be defined when first used in the article are:

- Incomplete reservoir pressure build-up due short shut-in period or poor
reservoir properties, especially in the case of low quality and low permeability rocks,
tight gas and unconventional reservoirs [4, 8, 10];

- Incomplete stabilization of bottom-hole pressure [1];

- Wellbore scaling, that is common both for oil and gas wells [12];

- Liquid loading leading to the presence of liquid at the bottom of the well when
the operating gas rate is smaller than the critical one. Liquid can enter the wellbore
due to the encroachment of formation water, well integrity issues and water cross-
flows behind the casing, high condensate yield etc. [2, 13].

Several authors proposed alternative methods to multi-rate well test
interpretations [7, 14, 15], but none of them considered the integration of multiple
factors into one unified. In the current paper, the factors causing the deviation from
the straight line of the dependency between squared drawdown and gas rate during
the stabilized flow of gas have been evaluated. The new improved well test
interpretation approach based on the classic methods has been proposed. Our
proposed approach allows combination of multiple above stated factors into one
unified. This 1s achieved by iterative minimization of the mismatch function based on
the root mean squares for identification of 4 and B factors in the gas-well IPR.

One of the integral parts of gas field development planning is performance
hydrodynamic computations. Depending on the approach and IPR used, these
resistance coefficients can be averaged for the whole reservoir, for example when
“average productivity well with increased wellbore” method is used [1], or used on a
well-by-well basis, according to individual well-test interpretations in case of two- or
three-dimensional multicomponent filtration [17]. In case of such computations, the
resistance factors A and B are playing crucial role on accuracy of the forecast.

The classic method for identification of resistance factors is well-testing on 4-5
steady-state flow regimes (choke sizes) with interpretation following the standard
methodology [18]. The disadvantage of this methodology is associated with three
separate cases for interpretation of non-standard dependencies of square root
difference between reservoir and bottom-hole pressure p,> — pun,” versus gas rate Q.
Deviation of the dependencies from ideal form in the standard methodology includes:

1) Incomplete build-up of reservoir pressure;
2) Incomplete stabilization of bottom-hole pressure;
3) Presence of the liquid at the bottom of the well.

In practice, very often, two, three or even more factors are present. Therefore,
the purpose of current research was development of such a method, that will allow
accounting for all above stated factors at the same time. The proposed solution is
realized by introducing the special variables, that characterize deviation of true
reservoir and bottom-hole pressure values from the computed ones, and further
function minimization, that is equal to the sum of square root mismatches between
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calculated values from the function and IPR.

Proposed Approach.

Now, let us describe the idea of the proposed approach and derive respective
equations. Let us assume we have some given value of reservoir pressure p; (pressure
in the drainage area of the well), and we do not know if this value is a true reservoir
pressure or not fully built-up. The well has been tested on multiple chokes (test steps
N) with stabilized flowing conditions, flowing surface gas rate Q; and flowing tubing
head pressures pwhi are recorded for each test step 1.

The gas IPR [1]:
Pl — Pinps = AQ + BQ + 4 (1)
where p; — reservoir pressure, MPa; pu, i — bottom-hole pressure, MPa; Q; — gas rate,

10° m¥/d; 4, 222 _ip (”P“'d}‘ — resistance factors; i — well-test step index.

108 m®-mPas 10% m*

Since, there are two main reasons that contribute to additional parameter A in
equation (1), particularly inaccuracy in determination of reservoir and bottom-hole
pressures. Therefore, we will introduce two corrections to account for deviation of
true reservoir and bottom-hole pressure values from the computed ones, 6, and dphp. A
term now defined as a function of 6, and dpnp

ﬁ[ar’ Sbhp) = ﬁ(ﬁr:] + ﬁ[‘?’bhp)a (2)

where, according to [18]:
ﬂ"(arj = Eprar + 53) (3)
ﬂl'[al':lh[:l) = Ephhplahhp + aﬁhp . (4)

bottom-hole pressures pui, i Will be calculated using Jones IPR [6].
With correction terms for pressures, equation for determination of resistance

factors 4 and B, according to the forr}lulation defined in [18], can be written as:
PF ~Phnp i+ Br-dbnp )

- T507-L;0; Ti[pE- 23y i +4(5rBnmp )|
_ i Q 1% 1%l =1|Fr bhpi r ]
A[ﬁrr E’bhp) - l J*JEL@?—':EL@'JZ ’ (5)

pE—pf A By |
. 2z r PT —Phhp i t2\"1"Ubhp
*""Ei[?’r_?’hhp1+ﬂ'-_'5rJ5hhp:|]—Elf31EL

_ i
B(_ar’abhp) - ""'-ElQiz_':ElQl:'E : ’ (6)

The straight-line equation with coefficients 4 and B can be re-written to account
for correction terms 6, and Opnp

F[:SW Sbhp) =A[:5r’ Sbhp) +B[5r’ abhp)Q'L) (7)
where, the left side is equal to )
F(8, Bupy) = ) ®)

Optimum values of correction factors are computed by root mean square
functional minimization while solving the system of the following equations.
Reservoir pressure is independent from the value of flowing bottom-hole pressure,
and therefore, in the first equation, dpp = 0.

a 'p?_'ﬂﬁhpi_"'ﬂ':'swahhp:l ? _
5y Z; (FES‘"’ 0) o =0

)

8 PE—Pinp i +A(5rBonp) ? -
— ¥ |F(5,, — p ) —
Ehhle( [ r Bbhp) P
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The system of equations (9) is solved with one of the iterative numerical
methods for coefficients &, and dynp, and then respective resistance factors 4 and B
from the formulas (5) and (6).

Results.

The proposed approach was tested on one of the gas-condensate wells of
Dnieper-Donetsk Basin with different potential condensate yields.

Well 1. Table 1 summarizes the recorder data during the well test. At the date of
the test, the well was producing from the mid-depth interval of 4715 m SSTVD
through 50.3 mm tubing with a gas-rate of 23:10°m?® condensate-gas ratio
1239 g/m?, water-gas ratio 149 g/m?, reservoir pressure 29.92 MPa. Calculation of
liquid-loading critical gas rate following the equations given in [5] indicated that
23-10° m? is not enough to bring all the liquids to the surface, resulting in liquid
loading and its accumulation in the wellbore. Due to the evident presence of liquid in
the bottom-hole, the value of reservoir pressure 29.92 MPa is very subjective.

The interpretation results were compared to the classic method (Table 2).

Table 1
Multi-rate well-test results of the Well 1
Flowing well- Annulus Flowing Drawdown, Gas rate,
head pressure, | pressure, MPa | bottom-hole MPa 10° m*/d
MPa pressure, MPa
10.30 10.79 16.05 14.21 24
9.32 9.91 14.66 15.61 37
8.34 9.03 13.26 17.00 50
7.36 8.14 11.90 18.36 65
6.38 7.16 10.37 19.89 80
Table 2
Well-test interpretation results of Well 1
Resistance factor Classic method Proposed improved
approach
,ﬂ;d 3.6231 4.8342
10° m*-mPa-e
B, (Hl:ﬂ-ijz 0.0109 0.0369
10 m'

Well-test interpretation was performed using the classic method for the case
with liquid present in the well-bore and using newly proposed approach, that last one
indicated that the total factor A is equal 7.9 MPa, and resistance terms in IPR are
higher, than in the case of classic method. Particularly, calculated value of the term B

was three times higher 0.0369 (Hpﬂ'd): against 0.0109 (”p“'f):. High value of B is

105 m?® 1% m

related to the additional resistance in the inter-well area caused by presence of
condensed hydrocarbon liquid phase when reservoir pressure dropped below the dew
point.

Well 2. Gas-condensate well producing through 62 mm tubing from the
perforation middle depth of 4930 m with average gas rate of 16,7-10° m?, condensate-
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gas ratio 30,7 g/m> and water-gas ratio 20 g/m>. The current gas rate is below a
critical limit that is necessary for prevention of liquid loading in the well-bore.
Reservoir pressure recalculated from the shut-in well head pressure is equal

11,93 MPa. The well performance measured during the well test is given in the
Table 3.

Table 3
Multi-rate well-test results of the Well 2

Flowing well- Annulus Flowing Drawdown, Gas rate,
head pressure, | pressure, MPa | bottom-hole MPa 10° m3/d

MPa pressure, MPa

4.71 5.69 7.73 4.20 40

5.10 6.18 8.03 3.90 34

5.49 6.47 8.44 3.49 30

5.89 6.87 8.87 3.06 24

Re-interpretation of the results performed according to the proposed method
indicated that reservoir pressure was not properly built-up and underestimated by
4.13 MPa, while the flowing BHP term is underestimated by 1.55 MPa, resulting in
total error term A 2.58 MPa. At the same time, both calculated resistance factors 4
and B are smaller than in the case of classic interpretation method (Table 4), showing
that without improvement in the pressure terms well productivity could be
undercounted.

Table 4
Well-test interpretation results of Well 2

Resistance factor Classic method Proposed improved
approach
A, _ Mpa®d 3.4924 2.5368
10°m® -mPa-=
B (HPE-HJ: 0.0359 0.0211
> L10% m®

Well 3. Gas-condensate well producing through 62 mm tubing from the
perforation middle depth of 4106 m with average gas rate of 26.5-10° m?, condensate-
gas ratio 70 g/m’, water-gas ratio 29 g/m®. The current gas rate is below a critical
limit necessary for prevention of liquid loading in the well-bore. Reservoir pressure
recalculated from the shut-in well head pressure is equal 37.11 MPa. The well
performance measured during the well test is given in the Table 5.

Table 5
Multi-rate well-test results of the Well 3

Flowing well- Annulus Flowing Drawdown, Gas rate,
head pressure, | pressure, MPa | bottom-hole MPa 10° m3/d

MPa pressure, MPa

13.08 15.55 18.76 18.35 434

10.60 12.36 15.44 21.67 51.3

9.02 10.68 13.40 23.71 56.9

10.68 12.43 15.56 21.55 51.6
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In this case, the additional pressures terms resulted in underestimated reservoir
pressure of 8.06 MPa and bottom-hole pressure by 5.44 MPa, mainly due to the
influence of liquids present in the gas stream on mixture density. Both, linear 4 and
quadratic B resistance factors are increased in comparison to classic method
indicating higher degree of turbulence and poorer reservoir permeability (Table 6).

Table 6
Well-test interpretation results of Well 2

Resistance factor Classic method Proposed improved
] approach
A, —r=d 31.9256 35.1771
10°m® -mPa-=
B (wf 0.1911 0.2307
> \10% m?®

Conclusions.

The key issues and factors leading to the deviation from straight-line of multi-
rate steady state gas well-test interpretation results were reviewed. The classic well-
test interpretation method is not able to account for multiple factors at the same time.
Therefore, the new improved approach was proposed to allow combination of several
factors into one unified and iterative solution for resistance factors in Jones IPR
models. The proposed approach was applied and tested on several Dnieper-Donetsk
gas-condensate wells with high liquid-gas ratio, evident liquid loading issues and
incorrect value of reservoir pressure. Detailed description of the approach allows its
easy and quick implementation for the interpretation of problematic gas and gas-
condensate wells.
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Anomauia. Posensoaromvcs nepcnekmueu 3acmocy8ants npoyecy mepmoximMiuHoi KoHeepcii
8Y2INNIAL Y 600SHULL 2A3 3 BUKOPUCHAHHAM eJIleKMPUYHOi eHepaii 01 8UPIBHI08AHHS 000068UX epagiKie
HaB8aHmaogiceHb  Oilouux  elekmpocmanyiu. 3anponoHo8ana MexHON02iUHA cXxema MOOYA
eHepeemuyH020 KOMNAEKCY [ PO32IAHYMI OCHO8U 1020 (QyHKYioHysanHa. Enepeemuunuii Mmooy
CKA0AEMbCS 3 AMOMHOL eNeKmpOCmManyii, 8y2iibHOI Waxmu, mepmMoxXiMiuH020 Nnepemeoprsayd
eHepeii (cazughixamopa 8yeinns) ma meniogoi enexmpocmanyii. Epexmusnicms suxopucmanis
maxko2zo MooyJs, 00YMOGNEHA MONCIUBICIIO BUPIULeHHS Npobiem po30alaHcy8aHHA NANUBHO —
eHep2emUYH020 KOMNAEKCY I NIOBUWEHHS eKON02IUHOI be3neKu Kpaitu.

Knrwowuosi cnosa: syzinnsa, mepmoximiuHa KOHEEpCis, B00sAHUL 2d3, HAKONUYY8aui eHepeii,
eKONO02IA.

Beryn.

[TanuBHo-eHepreTnunnii komruieke (IIEK) Vkpainm ckimamaerbcss 3 JBOX
OCHOBHMX Taiy3€il: eJIeKTPOCHEPreTUKUA Ta MaJMBHOI MPOMHUCIOBOCTI. OCHOBHUMHU
rnmocrayajbHUKaMU ejlekTpoeHeprii € aroMHi enekTtpocrtannii (AEC) Tta TEC
(TemnodikamiiHi cTaHIli KOMOIHOBAaHOTO BHPOOHMIITBA TEIJIOBOI 1 €JIEKTPUYHOI
eHeprii), ix poOora 3a0e3meuyeThCs BYTUIBHOIO, Ta30BOI0, HaTOMEPEpOOHOIO 1
ATOMHOIO TIPOMUCIIOBICTIO.

EdextuBnicts (ynkuionyBanus [IEK 3HaxoauTbest B mpsMiid 3alIeKHOCTI BiJ
Oaslancy BUPOOJIEHOI €HePreTUUHO1 MPOAYKITi 1 11 croskuBaHHs. [lopyiieHHsT Takoro
OaylaHCy TPHU3BOJAUTH JO KPU30BUX SIBUI B EHEPreTHIll, IO 1 CIIOCTEPITaeThCs
ChOT'OJIHI B YKpaiHi.

HeoOximHo 3a3HauuTH, MmO IS Kpu3a BUKIWMKAHA PI3HUMH YUHHUKAMHU:
eKkoHOMIYHMMHU (CBiTOBa Kpu3a), Haciuigkamu Covid — 19 (cyTTeBe 3MEHIICHHS
€JIEKTPOCIIOKUBAHHA), KOPYMUIMHUMHU (0OOpYJKM B TaJIMBHIA MPOMHUCIOBOCTI, B
yrojly MmeBHUM (PIHAHCOBO — MPOMMCIIOBUM KOMIIAHISIM), TEXHIYHUMHU ((PI3UUIHUN 1
MOpaJbHUNA 3HOC €HEPreTUYHOro 00JIalHaHHs) 1 1H. J{0 TeXHIYHUX YMHHUKIB TaKOXK
BIIHOCSITh TPOOJIEMU BUKIIMKAaH1 3MIHHUM IpaiKoM eJIEKTPUYHUX HABAHTAXKEHb.

Ha cborogHi, OCHOBHMMM ILIIXaMW BHpPIBHIOBaHHA J00OBHX TIpadikiB
HAaBAHTA)KEHb EJIEKTPOCTAHLIA € 30UIbLIEHHS IX PEryJroYoi CIPOMOMKHOCTI,
CTBOPEHHsI CTPaxOBOT0 3aracy TeHepyr4ux moryxHocted (Ha piBHi 15-30%) Ta
PO3BAaHTAKEHHS €HEPTrOOJIOKIB.

[Ipote, po3BaHTa)KEHHS EHEProOJOKIB A MPOXO/KEHHS MIHIMAIbHUX
HABAHTAXKEHb, MIJIBUIIYE MUTOMI BUTPATHU TMaJIMBa Ha BUPOOJICHHS E€JIEKTPOEHEPTii,
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30UIbIIY€E 3HOC €HEPTeTUYHOTO OOJaAHAHHS, 10 MOTPeOy€e 3HAYHUX BUTPAT HA HOTro
PEMOHT 1 TEXHIYHE 00CITyTrOByBaHHS.

OaurM 3 e(QEeKTUBHUX MLUISIXIB MPOXO/KEHHS TMIKOBHUX HABAaHTaXECHb €
ONTUMI3AIlSl PEXKUMIB POOOTH EHEPreTUYHOro OOJIaJHAHHS eNEeKTPOCTaHIIN 1
CIIO’KMBAYiB, OCOOJMBO MPOMUCIIOBHX CIOKHMBAdiB SKI CIPOMOXKHI 3a0e3medyBaTh
IIMPOKUHN Jiama3oH PEryiiolYoi MOTYXKHOCTI CHOKHMBAaHHSA E€JIEKTPUYHOI eHeprii
(30Kpema, B TIepioj] HIYHOTO MPOBAY).

B ocrtanHl poku, B CBITOBIM €HEpreTulll, 3HayHa yBara NpUAUIIETbCS PI3HOTO
pony naxonuuyBauam eHeprii (HE). B HE 3nilicHioeTbcst akymystoBaHHSI €Heprii
(eJIeKTpUYHOT 4YM TEIJIOBO1), 30epiraHHd 1 i TOBEpPHEHHS B EHEPrOCUCTEMY.
OcHoBHUMI TexHIKO-eKOHOMIYHMIN edekT Bij 3acrtocyBaHHs HE nocsaraerbcs 3a
PaxyHOK OUIbII PIBHOMIPHOTO 3aBaHTAXKCHHS €JICKTPOCTAHIIIN 1 301JIbIIICHHS] TEPMIHY
iX eKcIulyaralii, eKOHOMII MajauBa, MiABUIICHHS SIKOCTI €IE€KTPOEHEPrii, 3SMEHIIEHHS
KamiTaJbHUX BHTPAaT Ha OCHOBHE 1 JONOMIXKHE OOJIaJHaHHS, 3MCHIICHHS
3a0pyAHEHHS JTOBKIJUIA 1 1H.

BaxnuBuMm (akTopoM pO3BUTKY €HEPreTUKH ChOTOJCHHS € €KOJIOTIYHI
npoOJemMu, sSKi BUHUKAIOTh NPU BUKOPUCTAHHI TPAJAMIINHUX BUKOMHHUX TaJHB,
30KpeMa, 4Yepe3 HEOOXINHICTh IMIMPOKOTO BUKOPHUCTAHHS BYTULISA, SKE JIOMIHYE B
ctpykrtypi [IEK Ykpainu.

OcHOBHUI HEJOJIK BYTUUIS SIK TMajuBa, MOB'SI3aHUN 3 TpoOieMamMu 3axXUCTy
JOBKULISL TOpU  Horo  100yBaHHI, TpPAaHCIOPTYBaHHI Ta  CHAJIOBaHHI B
TEIIOCHEPTeTUYHUX YCTAaHOBKAX.

Tak, npu BuAOOYBaHHI BYTUUIS €KOJIOTIYHI MPOOJIEMH BHUHHUKAIOTH MIPH
YTBOPEHHI 3HAYHUX 00’ €MIB IIAXTHUX BIAXOAIB (Y BlABajaxX Ta TEPUKOHAX) 1 BIIXO/IIB
30arauyBaJibHUX (paOpuk (B IMUIaMOHAKONKWYYyBayax). 3 MUJIOM 1 IPOAYKTaMU FOPIHHS
TEPHUKOHIB B JJOBKIJUISA MOMAJa€ 3HaAUHA KUTbKICTh IIKITUBUX PEYOBHH (BYTJICBOIHIB,
OKCUJIB CIpKM 1 a30Ty, MapHUKOBHUX Ta3iB, BaXKUX MeTamB 1 1H.). [lpu
TPAaHCIOPTYBAaHHI K CIIOCTEPITA€EThCS BHUBITPIOBAHHSA 3HAYHUX O0O0'€MIB  MIJIKO
JTUCIIEPCHOTO BYTULISL B HAaBKOJMIIHE cepenoBuie. KpiM Toro, mnepemimieHHs
3HAYHUX 00’€MiB BYTijuIs 3 30JibHICTIO 10 30% 1 BMicTOM cipku 70 50 KT Ha TOHY, €
HE TUIBKU €KOJIOTTYHOIO POOJIEMOI0, ajie 1 EKOHOMIYHOIO.

AtmocdepHl omaau PO3YMHSAIOTH 3HAYHY KUIBKICTh XIMIYHHMX €JIEMEHTIB
IIAXTHUX BIJIXOJ1B, CTBOPIOIOYM HABKOJIO IIMX BiABajiB MICIS 3 BUCOKHM BMICTOM
COJIell, BaXKMX METaliB Ta IHIIMX IIKIJJIMBUX PEUOBHH, 3a0pYIHIOIOUYH 3EMIIIO,
HOBITPS, TPYHTOB1 BOJH, L0 MOPYIIY€E CaHITAPHI HOPMH JOBKIJIIA.

OpHoI0 3 TOJMOBHUX MpoOJeM peanizaimii BYTUIbHOI CTpaTerii pPO3BUTKY
SHEPTreTUKH € TOCTIWHE 3HKEHHS HOT0 SKOCT1 (CepemHs 301bHICTh 10 25%, a BMICT
cipku 2,5% 1 Bumie), WO TPU3BOAUTH 1O HEOOXIMHOCTI cTadimi3allii mporecy
sropsiHHs  muisixoM 'miacBitku" (1o 30%) mOpUpoAHMM Ta30M UM  Ma3yToM,
30UIBIIIEHHST 3HOCY OOJIa/IHAHHS Ta €KOJOTIYHOro 3a0pyAHEHHS JOBKULIS.
TOKCHYHICTh TUMOBHUX Ta3iB 00yMOBJIEHA BMICTOM B HUX OKHCIIB BYTJICIIO, CIPKH,
a30Ty, BYIJICBOAHIB, PI3HUX KUCJIOT Ta PSAAY 1HIIUX IIKIJIMBUX XIMIYHUX 3 €/IHaHb, a
Takox 307U 1 uiy. Tak, Ha TEC VYkpainu npunangae 10 30% BUKUAIB IIKIIJIUBUX
pedoBHH, y ToMy ymcii 10 59% SO,, 10-12% NOy ta 25-27% TtBepaux 9acTuHOK [1].

3HaUYHWN BIUIMB HA JOBKUUISL  CIOPUYUHSIOTH  30JIONIJIAKOBI  BIAXOIH
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€JICKTPOCTaHIIIM, 3arajibHa KIJIBKICTh X HAKOIMHUYEHHS OLIHIOEThCs Oubil sik B 200
MiaH. T [2, 3]. Kpim Toro, emexTpocraHIlisi sSika TpAIIO€ HA BYTIUN, BUKHIIAE B
atMocdepy OiibIne pajioaKTUBHUX PEYOBHUH (pajaiio, TOPIitO, TMOJOHIIO 1 1H.) HIX
aTOMHA CTaHIIIS TaKO1 3K MOTY>KHOCTI.

AKTyanbHICTh BUPIIICHHS BUIIE3a3HAYCHUX MPOOJIEM OUYEBUIHA, OCKIIBKU iX
BUpIIIEHHS OyJie CIIPUSATH MIBUIIEHHIO, K €KOJOTIYHIHN, TaK 1 eHepreTUuyHIN Oe3merri
Ykpainu.

OcHoBHUIT MaTepiaJl.

Meroto ngaHoi poOOTH € TOWIYK NUIAXIB MIJBUIIEHHA €()EeKTUBHOCTI
¢ynkuionyBanHusa [IEK VYkpainu Ta 3MeHIIeHHS WOro WIKIJJIMBOTO BIUIMBY Ha
JOBKLILIIS.

[IpoBenenuii aHaIi3 JiTepaTypHUX JHKEpesl MOKa3aB, 1110 OJHUM 3 IIEBUX IUISIXIB
BUPILIECHHS! MAJIMBHO-EKOJOTIYHUX MPOOJEM € TePMOXIMIYHUN METOJ| IiIBUILECHHS
€()eKTUBHOCTI BUKOPUCTAHHS OPTraHIYHOTO TMaJMBa, KU BIPOJOBXK OaraTb0X poKiB
po3po0siBes B [HcTuTy Tl TexHiuHO1 Teruiodizuku HAHY [4,5].

B OCHOBI 1BOrO METOAYy JIEKUTh MPHUHIUI TOMEPEIHbOT TEPMOXIMIUHOT
nepepoOku (KOHBepCii) TBEPAOro BUXITHOTO IMajuBa 3 HACTYIMHHM BUKOPHCTAHHIM
BXK€ HOBOTO (PIJIKOTO YW Ta30BOT0) TMAJKMBa, JIJIsl TeHEpaIlli TEIUIOBOI Ta eNEeKTPUIHOL
eHeprii. Tak, MepCHEeKTUBHUM HANPSIMKOM PO3BUTKY EHEPIeTUKH pPO3IJISIal0ThCs
napora3osi ycranoBku (I1I'Y), mo npairoroTe Ha BYT1UIL 3 TPSIMUM MOTO 3rOPSHHSM
B LUPKYJIOIOYOMY KHIUIIYOMY IHapi Ta 3 rasu@ikamiero BYTuUUlsl MiJl THCKOM,
ITMOOKOI0 OYMCTKOIO OTPHUMAHOTO TOPIOYOTO raszy i HOro CHailoBaHHSAM B KaMmepi
3ropstHHsl ra3oTypOiHHo1 yctaHoBku (I'TVY). Ilapora3zoBi ycTaHOBKHM 3 BHYTPILIHBO
LMKIOBOIO Tasu@ikamieo Byruuwsi matoTh Bucokuid Tepmiunnii KKJI (46...48%),
€KOJIOTIYHY YHCTOTY MPOIECy, a TAaKOX MalTh IIUPOKI MOXJIUBOCTI pPOOOTH B
MaHEBPOBHX PEKUMaX.

B naniif cTaTTi po3riasAaeTbcs MOKIMBICTH BUKOPUCTAHHS LIbOIO METOAY JJIst
BUpIIIEHHS MTPoOJeMu po30allaHCyBaHHS €HEPreTUYHOI CUCTEMH, TTOKPUTTS 3MIHHOI
4acTUHU Tpadiky eJeKTPUYHUX HABaHTAKEHb Ta 3MEHIICHHS 3a0pyIHEHHS
HABKOJIMIITHBOTO CEPEIOBUIIIA.

CyTp mpomno3uliii MmoJyisira€ B CTBOPEHHI MaIMBHO-CHEPreTUYHOTO0 MOMAYJIS, 10
CKJIaJy SIKOTO BXOIATh: BYIUVIENOOYBHA IlIaXxTa, AaTOMHA €JIEKTPOCTaHIlA, sKa
BUPOOJISiE €IEKTPOCHEPril0 3 ONTHMAbHUM HaBaHTaxeHHsSIM, a Takox TEC, mio
Ipalioe Ha Ta3oBOMY NanMBi 1 3a0e3nedye IIUPOKHUM Jiara3oH peryJbOBaHOI
notyxHocTi. KpiM TOoro, Takuii MOIysb BKIIIOYA€ TEPMOXIMIUHUN MEPETBOPIOBAY
eneprii (TXIIE). Ilpu #ioro momomo3i, eHEpreTHYHUN MOTEHI[ian BYTU/UIL, B XOJl
MpOLECYy TEPMOXIMIYHOT KOHBEpCli MEpeTBOPIOETHCS B HOBE Ta30moAiOHe MalMBO.
30Kkpema, TMPOMOHYETHCA MPOLEC MapoBOi KOHBepCli BYTuUuIs [Jisi OTPUMAaHHSA
BOJISTHOTO Ta3y, 3TiIHO MpuBeaeHoi peakiii (1):

C + H,O = CO + H; — 132,5 M]Ix/kmMomb 1)

Hanuii mpouec BiOyBa€eThCS MPU B3a€EMOJII PO3KAPEHOTO BYIVICLIO MajnBa 3
BOJsTHOIO maporo. Ckiaj «ifealbHOT0» BOJSHOTO Tazy (B % 00) B TakoMy Mporieci
ckianae: CO — 50, H, — 50. TeopetnyHa KiIbKICTh BOASIHOTO Ta3y, IO YTBOPIOETHCS
Ha |Kr ByIJIEIO CTaHOBUTH 3,73HM’. Horo Temiora 3ropsiHHs CTaHoBUTH 11,76
M Tx/am’.
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IIpu 1poMy, peaxuiss yTBOPEHHS BOJSHOIO Trasy € CH,IIOTCle‘{HOIO TobTo,
KOMIIEHCAIIISl TEIIOBUX BTPAT 110 peakiii 1 1HIIUX BTpAT, MOB’S3aHUX 3 POOOTOIO
TXIIE, 3a0e3neuyerbcsi MIABEACHHAM TEIUIOTH B 30HY peakiii, BiJ CTOPOHHBOTO
mkepena eHeprii. IligBeneHHs 1€l TEIIOTH 3IUCHIOETHCS PISHUMH BlIOMHUMH
cnocobamu. OIHUM 3 TaKUX CHOCOOIB € HAarpiBaHHS IIapy MajuBa €JIEKTPUYHUM
cTpyMoOM. 3rifiHo 3akoHy Jxoyist — JIeHna, KUTbKICTh TEIUIOTH fKa BUIUISETHCS TpU
MPOXO/KEHHI €JIEKTPUYHOTO CTPYMY MO IPOBITHUKY (IIap MajinBa) CTAHOBUTD:

Q =RI’t JIx 2)
ne: R - onip mpoBignuka, OMm; I - cuna ctpymy, A; T - yac aii ctpymy, €

HarpiBanusi mapy majuBa €JIE€KTPUYHUM CTPYMOM Ja€ MOXJIMBICTH JIETKO 1 B
IIMPOKUX MEXKax PEryJIoBaTH TEMIEpaTypy HPOLECY 1 OTPUMYBATH TOPIOYMIN ra3s
BUCOKOI SIKOCTI.

Tak, B po0OoTi [6] TPUBOAUTHCS MPUKIAL POOOTH eJeKTporaoreHeparopa
BOJISTHOTO Ta3y OJHOTO 3 XIMIYHUX 3aBOJIB B HopBertii:

- CKJIaJI OTPUMAHOTO BOJISTHOTO Ta3y, % 00.: CO —48,0; H, — 50,0; CO, -1,0; N» -1,0;
- HUKYA TEIUIOTA 3rOPSHHSA ra3y CTaHoBUTh 11,5 MJx/aM?;
- IINTOMi BUTPATH €JIEKTPUYHOI eHeprii - 1,45 kBt roa/um?.

[Ipore, mIMPOKOMY MOMIMPEHHIO TAKOTO CrOoco0y razudikaiiii TBEpIOTo MajuBa
3aBaJIWJIM BUCOKI THUTOMI BHUTpPATH EJIEKTPOCHEPrii, M0 MNOTpeOyBajio 3HAYHUX
J0JJaTKOBUX MOTYHOCTEH €JIEKTPOCTAHLIIMN.

Croroani, npu HasgBHOCTI AEC 3 HalOUIbII AEIMIEBOIO €JIEKTPOCHEPTIEI0, €
MOXJIMBICTh il BUKOPHUCTaHHS (B peXUMax MIHIMAJIbHUX TMIKOBUX HaBaHTaXEHb
CHepreTHYHOI CHUCTEMH), B 3alpPONOHOBAHOMY MAJIWBHO — €HEPreTUYHOMY MOy
JUTSl TEPMOXIMIYHOT KOHBEPCIi BYT1JUISl Y BOASHUM Tas3.

CTpyKTypHa TEXHOJIOT1YHA CXEMa TaKOro MOAYJIsS Ipe/icTaBiieHa Ha puc. .

N

TXIIE | TEC

—

aee —11
| |

Puc.1 CTpyKTypHa TeXHOJOTIYHA CXeMa MAJMBHO — €HEPreTHYHOI0 MOYJIA ISl
MOKPUTTSH MiKOBUX HABAHTAKEHb €HEPreTUYHOI CUCTEMHU
1 — syeinona waxma; 2 — amomna enekmpocmanyis (AEC); 3 — mepmoximiunuii
nepemesopiogay enepeii (TXIIE); 4 — eazeonvoep ( Hakonuuysau) 6001H020 2a3y;
5-TEC; I—egyeinna,; Il — enekmpoenepeis, Il —nosimps, IV — eooana napa;
V — 6o0snuii eaz; VI — mennosa enepeis.
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CyThb  3alpoONOHOBAHOIO  CIMOCOOY  TMOKPUTTS  MIKOBUX  HABAHTAXKEHb
€HepreTUYHOI CUCTEMU TOJISTAa€ B HACTYITHOMY.

[Ipunmyctumo, mo ByrinbHa maxta | BupoOysae 1500 1/700y (62,51/Tom)
BYTLJLIA. Woro nomarors B TXIIE 2, SIKU# JOIUIBHO PO3TAIIOBYBAaTH B O€3mocepeHin
OJIM3BKOCTI 10 IIaXTH, JJI CKOPOUEHHS TPAHCHOPTHHUX BHUTpaT. B mepion mikoBoro
npoBaiy ( Hampukiajd, HiYHUNA dac 1o6u) enekrpoeHepria 3 AEC 3 (3 po3paxyHKy
1,45 kBr-ron/am®) nomaerses B TXIIE, mus peanizauii mpouecy mapoBoi KOHBEPCii
BYTLLIA y BoAsHuM Ta3. [Ipy cepeqHboMy BHXOIi BOASHOIrO Tasy 2,2 HM>/KI ByTilIs,
Oyne orpumano 137,5 tuc. aM® raszy (54,0 T y.II., IpU TEIUIOTI 3ropsHHs raszy 11,5
M]x/am?) i 3arpaueno 1994 tuc. xBr-ron enexrpuuHoi eHeprii. Buxopucranas
enexktpoeneprii Bim AEC 1 TepmMoxiMigyHOT KOHBEpCii BYTULISA, JO3BOJIHUTH
MiATpUMyBaTH NOTYXHICTh AEC B onTUMaibHOMY peXuMi ii poOOTH, HE BIAIOYUCH
JI0 PO3BAaHTAKCHHS €HEPro0JIOKIB YK MOBHOT 1X 3yITUHKH B MEP10]] HIYHOTO MPOBAy.

OTpumaHuii BONSHHWA Ta3 TICAS OYUCTKA 1 OCYIIKA HAKOMUYYETHCS B
rasrojipjaepi, a moTiM TpyOONPOBITHUM TPAHCIOPTOM MOJAETHCS JO CHOKMBaya,
Hanpukiaa, Ha TEC mis koMOiHOBaHOrO BHPOOHHIITBA TEIUIOBOI Ta CICKTPUYHOI
eneprii ( y criBBigHomeHH1 20 : 60%, BiJ eHEPreTHUYHOTO MOTEHIIIATy EHEPTOHOCIs).
Po3paxyHku MmokasyrTh, 0 MpU [OMY MOXe OyTH BupobieHo 29,6 tuc. kBr-roa
enextpoeneprii 1 190,0 'kan TeruoBoi eHeprii (Ipu CepelHIX MUTOMUX BUTpaATaxX
YMOBHOTO TaJiiBa, BIJAMOBIAHO, Ha BIAMYCK eNeKTpu4HOi eHeprii - 0.365kr
y.n./kBtr'ron. 1 170 xr y.n./ I'kan TemsioBoi eHeprii). Po3paxyHKoBi naHi poOOTH
NaJUBHO — €HEPreTUYHOro Moayis npu pi3Hid npoayktuBHocTi TXIIE HaBeneHo B
Tabmmmi 1.

Taoaunga 1
Po3paxyHKoBI JaHi po00TH NAJUBHO — EHEPreTUYHOI0 MOAYJISl IPH PI3HIN
npoaykruBHocti TXIIE

AR ) = = = = 3
E4m s E i} £ E z £ S B
5 B & o & - o -2 < O ) Em .
.2~ cE 5 F <~ L 48 F - EE o
> B oo S .8 H SRS P o v &£ g B
R E REZc| &BEH| g gHE 9 E =
=2 Z =9 5 5 == s FEE T owo
S O 25 E"S SE%Q Qs < . =)
o, = @) m . = o = = S o~
&S © H o E =& ooim A mEe A S O =
= R 5 = g o 9 = = = oz s
Mmoo~ = é)g = 5 ) 2 O SR
m.- F 5 B s = m
25/37,5 55,0/21,6 79,7 /47,8 11,8/7,1 76,3/126,2
50/75,0 110,0/43,2 | 159,5/95,7 23,7/ 14,2 | 152,5/2523
62,5/93,7 137,5/54,0 | 199,4/119,6 | 29,6/17,8 | 190,0/314,3
75/112,5 165,0/64,8 | 2393/143,6 | 35,5/213 | 228,8/378,5

ExoHOMIYHI TMOKa3HUKM pOOOTH TMAJMBHO — EHEPreTUYHOIO MOJIYJA B
3asieskHoCTI BiJ npoaykTuBHOCTI TXIIE y ToHax Ha roauHy y3arajibHeHO rpadikaMu
Ha puc. 2.
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Puc.2 EKOHOMiYHI NOKa3HUKHA POOOTH NAJIMBHO — €HEPreTUYHOT0 MOAYJIS B
3aj1eskHOCTI Big npoaykruBHocTi (B, 1/rox) TXIIE
1- sumpamu Ha 8y2inns, 2 — eumpamu Ha e1eKMpUdHy enepeiro; 3 — eapmicma
suUpobieHoi enekmpuunoi enepeii; 4 — eapmicms upobO.IeHoi meniosoi enepeii.

[limpaxyHku TOKa3yOTh, M0 TMepepoOka 1T Byruuisi, B TaJUBHO —
€HEPreTUYHOMY MOJYJIl, MOXE MPUHECTH AoXiJ Outeiie 17 miuH. rpH. Ha pik. [pu
IIbOMY, JIOJAaTKOBO OyJie OTPMMAaHHMI 3UCK BiJI CKOPOUCHHS IIKIIJIMBUX BUKHIIB Y
JOBKULJIS 1 30€pEKEHHS Ta CTBOPEHHSI HOBUX POOOYHX MICIIb.

BucnoBku.

[IpoBenenuii aHami3 Mokas3as, 0 OCHOBHMMH TEHACHIIISIMA PO3BUTKY CBITOBOI
€HEPreTUKN € ii €KOHOMIYHICTh, €KOJIOTIYHICTh 1 couiajgbHa Oe3neka. CTBOPEHHS
3aMpPONOHOBAHOIO0 NAJIMBHO — EHEPreTMYHOro MOAYJs B TMOBHIA Mipi CHpHSE
BUPILIEHHIO [MX 3aAad. Tak, peani3alis 3alpONOHOBAHOIO MAJMBHO —
E€HePreTUYHOTO MOIYJIS I03BOJISIE:

1. AxymyinoBaTu enekTpuuHy eHeprito (Hampukial, AEC) B XIMIYHY €HEprito
BOJITHOTO Ta3y MIPOJi3y BYTUUIS 1 HOTO BUKOPHUCTAHHS JJISl MPOXOHKEHHS MIKOBUX
HABaHTa)XCHb EHEPT€TUYHOI CUCTEMH.

2. Jocsrtu ctabinbHO1, HaOUTbII edeKTUBHOT, Ta 6e3neunoi poootu AEC.

3. Hocsrtu cTabiibHOI pOOOTH BYT1IBHOI IIAXTH, 3 TAPAHTOBAHOIO peai3alli€lo
BUI00yTOTO BYTLILIS.

4. CnamoBanHs BoasHoro razy Ha TEC, nmns oTpuMaHHA TEIUIOBOI 1
CIEKTPUYHOI E€HEPTii, CIpuse 3HUKEHHIO COOIBApPTOCTI X BUPOOHUIITBA, a TAKOXK
CYTTEBOTO 3MEHILIEHHS 3a0pyIHEHHS TOBKULIS MPOIYKTaMH 3TOPSHHSA, NITAKOBUMH 1
30JI0BUMH BIJIXOJIaMHU.
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5. nakogi Bigxoau 3 TXIIE MoxyTh OyTH 3aXOpOHEHH1 IIIIXOM 3a0yTyBaHHS
BIJIPOOJICHOTO TPOCTOPY WLIAXTH, IO CKOPOUYYE TPAHCIOPTHI BHUTPATH, 3MEHIIYE
3eMeJbH1 TUIOIII 1] CKJIayBaHHS TaKUX BIIXO/IB 1 3a0pyAHEHHS JOBKIJIIA.
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Abstract. The technological features of ceramic foam filters production of have been
investigated, an effective technology for their production has been developed, as well as analysis
and calculation of energy efficiency of various technologies using electric furnaces of various
designs has been carried out. Feasibility study was carried out for the developed technology
application in industry, depending on the relative duration, energy intensity of heating and high-
temperature holding in the thermal cycle of alumina ceramics without additives of other metal
oxides and with 2 % additions of titanium and manganese dioxides under equivalent and real
conditions of experimental laboratory production. Physical and mechanical characteristics of
filters developed are given.

Key words: titanium dioxide, catalyst, aluminum oxide, burning, ceramic foam filter, thermal
cycle, electric furnaces, energy consumption.

Introduction.

At present, ceramic filters are widely used in metallurgy and other industries [1,
2]. Despite their advantage in the use of high temperatures, in particular in
metallurgy, thigh energy consumption of the technology for their production is
obvious [3]. From this point of view, it is important not only to develop effective
technologies for their production, but also to analyze the energy efficiency of the
application of a particular technology in each specific case. The studies carried out in

the work show that, depending on the technology used for producing ceramic filters,
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it is also necessary to take into account the peculiarities of using furnaces of various
designs, this is extremely important, since it strongly affects the cost of the filters
themselves and the technology as a whole.

Main text.

Porous structures created, both foamy (Fig. 1, @) and honeycomb (Fig. 1, b) can
be used as filters for purifying various liquids and melts. On the other hand, research
shows that the ceramic foam structure can be used as a catalyst carrier for
afterburning of harmful vehicle exhaust gases.

a
Fig. 1. Appearance of filters:
a — ceramic foam filter; b — ceramic honeycomb filter

From technological point of view, foam filters are easier to manufacture than
honeycomb filters. This is due to the fact that for the production of foam filters there
i1s no need to produce an expensive extruder which should be changed periodically.
Filters with a foam structure are easier to mold due to the fact that there is no need to
squeeze out the paraffinized mass through special extruder. There is also no need to
distill off the paraffin. This process is usually very slow and time-consuming, which
significantly reduces filter production productivity. Catalytic coating technology
remains the same as with ceramic honeycomb filters. Use of submicron alumina
powders allows to reduce sintering temperature and holding at the maximum
temperature, which also reduces the duration of the technological cycle [4, 5].

During operation, foamy filter element must provide sufficient strength and heat
resistance when purifying various metal melts. In some cases, during the burning of
large foam filters, due to the temperature gradient in the furnace, cracks can form,
which lead to filter breakage during operation. In order to avoid such defects, furnace
lining, where the burning takes place, must provide sufficiently uniform thermal
insulation.

In particular, foam filter is used for aluminum melts purification. The use of
foam filters in the foundry industry provides effective trapping of non-metallic
inclusions dispersed in the metal, degassing of the melt and, as a result, guarantees
the production of high-quality castings with improved mechanical properties and
surface quality.

A special layer, made of special catalytic coating is chemically applied to the
surface of a foamy ceramic catalyst carrier to neutralize exhaust gases from internal
combustion engines. Application of catalytic coatings was tested without use of
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expensive platinum and palladium metals.

The developed series of ceramic foam blocks (open-porous foam ceramics made
of aluminum oxide modified with magnesium oxide — 2 wt%, aluminium phosphate —
10 wt%, titanium dioxide — 2 wt%, pre-burning time constitutes 1 hour) has a
catalytic coating containing metal oxides compounds — molybdenum, tungsten and
manganese. After blocks drying in air for 1 hour at a temperature of 250 °C, oxidative
burning was carried out (at 860 °C for 30 minutes). To increase carrier surface, foam
blocks were etched before applying the catalytically active layer (in 50 % nitric acid
for 1 hour at a temperature of 20 °C).

The tests carried out have shown the efficiency of using foamy ceramic carriers,
since the resulting branched foamy structure improves the quality of purifying. In
case of ceramic honeycomb structures, expensive, complex extrusion tooling is used.
From this point of view, the manufacture of foam structures is much easier. Test
results showed that degree of purification of harmful emissions of the developed
catalyst complies with Euro—3 standards, where great importance is given to pressure
drop of gases passing through catalyst surface, since this factor greatly affects
decrease in the internal combustion engine power. For this purpose, benchmark trials
were carried out to determine the conditions for passage of exhaust gases through the
catalyst. Results are shown in Fig. 2 and are given in table 1. According to Euro—3
standards, the resulting pressure drop, which is the difference between exhaust gases
pressure at the inlet and outlet of the catalyst, is enough not to reduce engine power.

P, kPa
190
180 f NG S E R— A A— ]
170 N
160 f------- b T R G R e R
150 T
140 : : : : : : :
0 20 40 60 80 100 120 140 160 7, s
Fig. 2. Drop in exhaust gas pressure when the engine is running at 2000 rpm and

power 90 N-m

Table 2 shows properties of foam filters with different porosities.

For comparison, filters by Cerapor (Germany) currently used at some Ukrainian
enterprises have a compressive strength of no more than 1 MPa.

Limitation of technological process maximum temperature allows us to consider
alternative options for thermal equipment for its implementation, which are less
complicated and therefore more reliable, less costly at all stages of the life cycle.
Transfer of heat engineering processes as a result of their improvement to lower
temperatures of implementation while ensuring the necessary functionality of the
manufactured product leads, as a rule, to a reduction in thermal cycle of its formation
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and, consequently, to production intensification [6, 7]. This fully relates to the tasks
of improving the thermal cycles of sintering ceramics and corresponds to global
trends in ceramic industries improvement [8, 9]. The goal is to formulate the main
ways of realizing technical and economic advantages of the completed development
during its development by domestic manufacturers. At the same time, we will not yet
consider the financial side of the issue in absolute terms in the practice of calculations
and comparisons, since modern domestic industry is developing in transitional
economy, one of the characteristic realities of which is, in one way or another,
manifested, including in electricity tariffs as well as in relative state financial system
instability.

Table 1
Results of testing a catalyst with ceramic foam carrier that was run-in for
S hours
T,°C CO % NO (PPM) | CH and rex (PPM)
Normal mixture
before 170 5.5 214 400
after 305 0.28...0.32 19.1 230...280
% change 94 % eight % 40 %
n=2500rpm; N=19 N'-m
before 380 1...1.2 499 250...260
after 391 0.01 16 130
% change 99 % 97 % 49 %
n=2,500 rpm; N=66 N-m
before 325 2.5 320 280
after 390 0.28..0.32 132 220
% change 88 % 96 % 21 %
Fortified mixture
n=2,500 rpm; N=9 N'm
before 200 22.23 70.3 300...320
after 270 0.15...0.18 14 300...330
% change 93 % 80 % 0%
n=2,500rpm; N=15N'm
before 365 0.5 167.4 240
after 350 0.01 14 220
% change 98 % 92 % 8 %
n=2,500 rpm; N=20 N'm
before 365 3..33 114.3 250...260
after 350 0.03...0.04 13.7 250
% change 99 % 88 % 0%
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Table 2

Physical and mechanical characteristics of ceramic foam filter made of
aluminum oxide at sintering temperature of 1,350 °C

Indicators Unit of | 2 3
measurement

Number of pores per 5 linear PC. 40 30 20
centimeters (5 ppi)
Compressive strength, not less than MPa 1.6 1.4 1.4
Hydraulic resistance, no more Pa/cm 15..80 | 15...80 | 15...80
Porosity, not less % 75 80 80
Temperature resistance 800 °C air, Heat shifts | | |
not less
Thermal conductivity W/m-K 0,4 0,4 0,4

To compare energy consumption of different filter ceramics technologies, the
following calculation scheme was adopted. Firstly, each variant of thermal cycle is
considered as a combination of heating and high-temperature holding stages (the
cooling stage together with the furnace or outside of it is not considered in operation,
as either one, that doesn’t need any electric power support, or one, carried out with a
relatively low energy consumption of such support). The sequence of stages
corresponds to non-decreasing sequence of heating and high-temperature holding
temperature values, specified in a certain way by process regulations.

The temperature boundaries of each i-th stage are such values, within which the
heating intensity is kept constant and equal to some value:

]i=[i°(T;_T;—1)- (D

For the stages of high-temperature holding, 7; = 7;_ and /; = 0, in addition to /;
and 7;_,, is determined by the characteristics of the stage by the average temperature
in the range (7;-1, T;), which we will call the equivalent temperature

T, +T,
oi 5 (2)
assuming, in the general (nonlinear) case, the equality fulfillment as an equivalence
criterion:
r=1(T;)
T(r)dT =T,-Art,, 3)
=t(T;)
where 7 — the current time, hour; At =7 (7;) — v (7;-1), hour.

Secondly, based on well-known approaches widely used in calculating the
economic efficiency of new technology, calculated (design) operating energy
consumption of thermal equipment of various applications, designs and standard sizes
is taken proportional to the installed capacity of the equipment.

According to the second law of thermodynamics, the elementary amount of heat
0Q is proportional to the absolute temperature of the system 7" and the change in its
entropy dS [10]:
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00=k-T-dS, (4)
where k 1s coefficient determined by the degree of process reversibility, k=1 for
reversible processes, k < 1 for irreversible processes.

Consequently, in the first approximation, neglecting the partial irreversibility of
real thermal processes, it is fair to assume that the instantaneous absolute temperature
of the system is determined by the ratio of instantaneous changes in its heat capacity
and entropy. An instant (in an arbitrarily small unit of time) increase in the heat
capacity of the system by an additional (external) energy-consuming (electric power)
effect leads to an instant increase in the temperature of the system corresponding to
the instantaneous power of such an additional effect. The resulting identification
characteristic of this process with uniform (controlled) system heating at some stage
of thermal cycle is the change in system temperature, determined by intensity and
time of heating [11].

Thus, for each i-th stage of the thermal cycle, by analogy with equation (2) and
taking into account the passport characteristics of the power N (kW) developed by
the furnace and its maximum operating temperature Tn.x (°C), as well as the initial
temperature 7y (°C) furnace operating chamber in the thermal cycle, you can calculate
the equivalent power N,; (kW), that is, its average value:

— T::i — To

el ) max *
T — T,

max

)

Note that operating with the dimension of temperature °C was undertaken in this
work insofar as, firstly, such an operation is possible due to the difference estimates
of the temperature factor and, secondly, from the considerations that this scale is
mainly used in describing thermal processes in domestic practice.

Approximation (5) allows to obtain rough estimates in conditions of uncertainty
of the characteristic "instantaneous power — instantaneous furnace temperature" at
idle (no load), when solving a priori predictive (design) problems associated with
preliminary analysis and selection of technological solutions.

Obviously, in this case, the equality criterion is the equality

r=1(T;)
N,dr=N,-At,, (6)
r=t(T;;)
which at 7,=0 °C i1s related to expression (3) by the proportionality coefficient
Nmax/ Tmax (kW/°C), which is a complex characteristic parameter of the furnace.
Expression (6) determines energy consumption for the i-th stage of the thermal cycle.
For the entire heating cycle and high-temperature holding, we have:

W:zNei'ATi, (7)
i=l
where W — energy consumption, kW-hour; z is the number of stages in the thermal
cycle of heating and high-temperature holding.
Parameters T» and Nb», calculated for the cycle as a whole, can be used as
indirect expert estimates of thermal cycles of heating and high-temperature holding.
When the cycle is discretized into a finite number of stages, we have:
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lin:Tei'ATi
_ =l

I, =" ; (8)
| ; Ar,
iNei At

N, == 9)

ZATZ.

i=1

Fig.3 shows the cyclograms of heating and high-temperature holding in
intensified thermal cycles of the production of alumina ceramic filters.
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Fig. 3. Cyclograms of heating and high-temperature holding in thermal cycles of

porous alumina ceramics technologies without additives of other metal oxides (/)
and with two percent additions of titanium and manganese dioxides (2)

From comparison of cyclographic characteristics of the temperatures and times
necessary and sufficient for the formation as a result of heating and high-temperature
exposure, which are functionally successful in the refining of liquid aluminum,
alumina other metal oxides and by the technology with two percent additions of
titanium and manganese dioxides, there is unconditional advantage of the second
technology.

The completion time of its heating cycle and high-temperature holding
(16.2 hours) is 19 % shorter, and the maximum temperature in the cycle (1,350 °C) is
20 % less, which allows the use of simpler and less power-consuming furnace
equipment.

Table 3 shows some operating characteristics of these thermal cycles, as well as
furnaces used in their implementation in experimental laboratory production; here
and under the same (comparable) conditions, typical analogue (with the addition of
13 % chromium oxide), considered in [12] when developing intensified technologies,
was determined. According to these operating characteristics and the accepted design
scheme using dependencies (2), (5) and (6), respectively, the values of T,;, N.; and W;
were obtained for the heating and high-temperature holding stages for each of the
technologies.
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Table 3

Power consumption and energy consumption in the thermal cycle of various
technologies of porous alumina ceramics in real conditions of experimental
laboratory production

Characteristics of the Sequence of heating and high-temperature
laboratory furnace holding stages
Maximu Characteristics
Technolo .
m Maximu | of technology
gy working | m power, stages I || m | v \Y VI
temperat kW
ure, °C
Stage duration, | | 75| | o5 | 1 | 1415 | 5
hour
Typical Average
with temperature, 7251 125 | 312.5 | 500 925 1,350
13 % 1,400 2.5 °C
Cr203 Average
additive power. kW 0.1 {0.19] 0.53 | 0.87 | 1.64 2.41
Energy costs,
W-h 0.17 1 0.19 | 6.62 | 0.87 | 232 | 12.05
Stage duration, | 5 3 | 5 | 58 | 325 | 415 | 2.5
. hour
Intensifie Average
d & o~ | 135 | 250 | 425 925 | 1,500 | 1,750
. temperature, °C
without 1 55 35 | Average power
metal ’ PO 62| 3.5 | 572 | 1277 | 20.89 | 24.42
oxide Energy
”
additives consumption, | 3.73 | 6.49 | 33.15 | 4.51 | 86.68 | 61.04
kW-h
. Stage duration, | 5 15| 5 | 665 | 305 | 135 | 1
Intensifie hour
d with Average | s | 150 | 250 | 625 | 1,150 | 1,400
additions temperature, °C
of 2% 1,400 2.5 Average power
TiO, + W 0.12 1 0.24 | 0.42 1.1 2.05 2.5
2% Energy
MnO» consumption, | 0.25|047 | 2.77 | 3.34 | 2.76 2.5
kW-h

Fig. 4 illustrates resulting advantages of relatively low-temperature technology
using two percent additions of titanium and manganese dioxides over the technology
of monoxide corundum ceramics in terms of time and energy consumption of heating
and high-temperature holding. Here, let us pay attention to the fact that under
equivalent conditions of experimental laboratory production, that is, with the use of a
deliberately less economical replacement for a vacuum furnace (Nmax =35 kW,
Tmax = 2,500 °C), which is, if necessary, used in the production of ceramics only from
aluminum oxide, the advantages of the considered polyoxide technology in terms of
energy consumption of heating and high-temperature holding also remain very

significant.
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Fig. 4. Relative duration (7) and energy consumption (#) of heating and high-
temperature holding in the thermal cycle of alumina ceramics without additives
of other metal oxides (100 %) and with two percent additions of titanium and
manganese dioxides under equivalent (/) and real (2) experimental conditions of
laboratory production

Calculated total energy savings with the adoption of a polyoxide technological
alternative is 41 % in comparable technical experimental laboratory conditions
(furnace parameters: Nmax = 35 kKW, Tiax = 2,500 °C) and 5.2 % — under conditions of
burning alumina ceramics using additions of titanium and manganese dioxides in a
furnace with Npax = 2.5 kKW, Tax = 1,400 °C.

If the comparison of energy consumption of analyzed technological solutions is
carried out only according to the maximum power consumed by the furnace, as is
suggested by traditional methods, for example, [13], then assessment of relative
energy consumption of the polyoxide alternative in comparable and real experimental
laboratory conditions will be 81 % and 5.2 % respectively.

Discrepancy between absolute estimates of energy consumption of the
cyclograms implementation in Fig. 4 for mono- and polyoxide ceramics in terms of
maximum and equivalent power is determined by ratio Nma./N, and at T =20 °C will
be more than 200 % for monoxide technology assessment (200.9 %) and for
polyoxide technology assessment (233.3 %). Thus, it is obvious that the use of the
proposed calculation technique in forecasting and analyzing indicators of thermal
cycles can significantly increase reliability of expert assessments.

Note that from Table 3 and from accepted design scheme, we obtain the
following quantitative characteristic of advantages of intensified technology of
alumina ceramics using two percent additions of titanium and manganese dioxides
over a similar technology with 13 % addition of chromium oxide (7 =20 °C): in
terms of productivity (excluding the cooling stage) — more than 2 times (with
durations of heating stages and high-temperature holding, respectively, 16.2 hours
and 35.4 hours), in terms of energy consumption — more than 3.5 times
(12.1 kWh-hour and 43.1 kW -hour respectively).

Let us consider two circumstances, the influence of which is less significant on
the final technical and economic results of production, but which, if necessary, should
also be taken into account (and controlled). The first is connected with the thermal
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cycle initial stage, namely, the effect of its initial temperature 75. The second is the
cooling stage. As we can see from Table 3, lowering the initial temperature of the
thermal cycle from 20 °C to 0 °C in each of the considered technological options, that
is, lowering the lower limit of the thermal cycle with an expansion of its temperature
range by 1.2 % for technology without metal oxide additives and by 1.5 % for
technology with two percent additions of titanium and manganese dioxides, causes a
decrease in equivalent temperatures values (by 1 % and 2 %, respectively) and an
increase in equivalent capacities (by 0.6 % and 1.3 %, respectively). As a result,
energy consumption increases, moreover, faster than the expansion of temperature
ranges in thermal cycles, namely by 1.6 % and 3.5 %, respectively. This leads to two
useful conclusions.

First: maintaining the normal temperature status of industrial premises has a
positive effect on economics of thermal processes in these premises. Second: to
increase periodic thermal production efficiency, it is advisable to use residual heat of
furnaces, for which, in improving their designs and technological operating
procedures, developments aimed at reducing the auxiliary time for unloading and
loading are especially useful. Double attention should be paid to this issue both from
the point of view of reducing the heating time and, accordingly, reducing level of
energy consumption (Table 4), and from the point of view of increasing the share of
productive time in the entire furnace operating cycle.

Table 4
Resulting estimates of heating cycle and high-temperature holding at various
values of thermal cycle initial temperature

Furnac;e ) Initial Estimates
characteristics
Technology temperatu N
Trnax, Nrnax, Ic TO’ Te, k:{afx-, VV, ZATi,
°C | kW-h °C °C | kWh | hour
. . 2,500 35
metal oxide additives 20 844.1 | 11.63 | 232.61 | 20
Intensified with 0 4235 0.76 | 12.52 |16.55
additions of 2 % TiO, | 1,400 | 2.5
+2 % MnO, 20 4323 | 0.75 12.1 16.2

Note that reducing the heating time Az (hour) at the first stage of the thermal
cycle due to an increase in its initial temperature by an amount A7; (°C) at a given
heating intensity /; (°C/hour) will be determined from the ratio (Fig. 5):

AT,
Aty =—2

I (10)

Cooling stage in the work was not considered in detail for the reason that it is
not energy-intensive: cooling of ceramic products after annealing with heating and
high-temperature holding is controlled and carried out together with the furnace, and,
as a rule, at the maximum possible speed (up to 2.5 °C/s).
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Fig. 5. To calculation of the first stage of heating in variations of the initial
temperature (7o* > 7)) at a given heating intensity (/1 = const)

Slowing down the furnace cooling by a gradual decrease in electrical power is
usually not required, but even with a fivefold margin of maximum possible cooling
rate, this stage in intensified technologies of alumina ceramics takes 4.8 % and 4.7 %
of heating time and high-temperature holding according to cyclograms, respectively,
for monoxide and polyoxide ceramics (Fig.3). Therefore, the share of energy
consumption for cooling in a complete thermal cycle is very small, if not zero.
Reducing of auxiliary time for furnace loading and unloading in complete ceramic
production cycle can be achieved by using bogie bottom designs such as
Mobilotherm furnaces. Unlike conventional chamber furnaces, in these applications,
the bottom of the furnace (bogie hearth) is charged outside the furnace.

Reduction in the volume of furnace unproductive operating time is ensured due
to the fact that for each furnace two hearths are simultaneously used: when one of
them is in the furnace, the other can be loaded. Since the exchange of bogie hearths
requires a fairly short time, which is practically independent of the volume of the
hearth load, the use of a bogie hearth system practically means no stove downtime.
This mechanism of using the bogie hearth system, due to the reduction in the time for
unloading and loading the furnace, also allows a greater use of residual heat, which is
especially manifested in the operation of large furnaces with full load. Standard
furnace can be opened up to approx. 500 °C; if it is necessary to do this at higher
temperatures, a furnace with a lifting door and a sliding rail hearth can be used.

Further, let us pay attention to the fact that with increase in furnace chamber
internal dimensions, the ratio of the maximum power consumption Npyax (kW) to the
furnace hearth area Sy (m?), or the power W; distributed over hearth area (kW/m?)
changes to relatively small extent with a change in hearth area.

With a change in hearth area approximately twofold around the average value in
the presented model range of Mobilotherm furnaces, which we will assume
corresponding to model W3300/14 (Sy=2.8 m?), value W, changes within 10 %
(Fig. 6, a). Therefore, at single-tier furnace loading, the use of this change in the
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interests of energy costs saving per unit and entire production output is relatively
insignificant.

For example, in the manufacture of a batch of products, the overall dimensions
of which were 380x380x50 mm? with internal dimensions of laboratory furnace
chamber 400x400x450 mm?, and which were intended for industrial filtration of
liquid aluminum, if this batch were made in Mobilotherm furnaces, then, when
changing from model W1000/14 to model W7500/14 with the same utilization of the
hearth area in terms of one product as in laboratory conditions (ks = 0.9), production
of filters in one thermal cycle of furnace increases from 8§ to 26 items, or by 225 %,
with increase in total energy consumption by almost 5 times, or almost 1.5 times in
terms of one item.

On the other hand, with furnace chamber internal dimensions increase, that is,
furnace volume, the ratio of maximum power consumption Npm. (kW) to furnace
operating volume V; (m?), or specific power W, (kW/m?), changes to a much greater
extent (Fig. 6, b) within the considered range of furnace models. With increase in the
furnace operating volume from V;=1.024 m® to V;=7.56 m’, or approximately
7.4 times, specific power decreases by more than 1.5 times, which in some cases
makes it possible to consider expediency of multi-tiered furnace loading, especially
with interchangeable bogies if product dimensions and design of the shape containing
it allow such loading.

So, when solving the production problem considered above and corresponding
to [15, 16], taking the values of hearth area and height utilization coefficients in terms
of one product, respectively, k,;=0.9 and k,;, = 0.5, within the range of furnace
models under consideration, it is possible to increase filters output in one thermal
cycle of the furnace from 64 to 364 items, or by about 470 %, and with a decrease in
energy consumption per item, in our case, about 15 %.

W, kW/m’ W, kW/m’
70 . . . . . 70

. . . , . 65

60

V0% SIS R B 55
0/ ]
s I s e o
W s we YT s

a b

Fig. 6. Factual account of dependences of power W; distributed over the area
from hearth area Sy (a) and specific power W, on internal volume V; (b) for a
range of Mobilotherm furnace models designed for burning ceramics with
maximum operating temperature 7Tmax = 1,400 °C
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Along with operating chamber dimensions, the fundamental design features of
the burning unit can no less significantly determine the amount of energy consumed
by various burning units with maximum operating temperature:

— bogie hearth furnace — 100 %;

— conventional tunnel furnace — 93 %;

— furnace with upper and lower burners, with trolleys with light refractory
lining for accelerated burning — 61 %;

— furnace for accelerated burning with upper burners and a moving hearth —
50 %;

— roller furnace — 31 %.

From the presented it follows that decrease in energy consumption during
burning can be achieved by complicating furnace design, which means an increase in
their selling price and unproductive operating costs. From the consumer’s point of
view, economic feasibility of using such a progressive, but expensive equipment
arises with a sufficiently large volume of orders and stable demand. In addition, with
the use of increased complexity equipment, additional issues of its technological
systems reliability redundancy arise, the solution of which is also associated with
additional costs, that are more justified, the larger and more stable the scale of
production is [17].

It should be noted that a slightly higher level of specific energy consumption
when using moving hearth furnaces without additional top burners compared to
conventional tunnel furnaces, due to the possibility of more efficient use of residual
heat, as noted earlier, is to some extent compensated for in the overall structure of
energy consumption in-line production (which is, moreover, more productive when
using the bogie-hearth exchange scheme unloading and loading the furnace).

Conclusion and findings.

On the basis of the performed experimental and laboratory development and
research of energy-saving production technologies of porous permeable alumina
ceramics, which have passed industrial testing as filters for purifying liquid
aluminum, and also taking into account global trends in improving equipment and
technologies for similar applications, a number of directions for additional reduction
of energy consumption for the production of one products and increasing the
productivity in the industrial development of the proposed technologies.

When designing and forecasting new and reconstructed ceramic industries, it is
recommended, in particular, to pay attention to structural, geometric, temperature and
energy features and capabilities of the furnaces, considered in conjunction with the
structural and parametric characteristics of mastered technological regulations. To
carry out a priori comparative assessments of energy consumption and fundamental
technological polyvariants and technical environment for their possible
implementation, a design scheme is proposed, which is used in analysis of specific
situations. The nearest prospect of further development of ceramic filters for the
liquid aluminum metallurgy, including those based on alumina, should apparently be
considered, first of all, as the industrial development of experimental and laboratory
developments performed.
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Basing on the material presented in the work, the following conclusions can be
made.

1. Carried out tests have shown the effectiveness of foamy ceramic carriers use,
since the formed branched foamy structure improves purifying quality.

2. Tests of catalyst support blocks made on the basis of foam structures have
shown that they provide required pressure drop in exhaust gases and required degree
of purification of carbon monoxide and nitrogen in accordance with Euro-3
standards.

3. Developed foam filter can be used both as catalyst carriers and in the
metallurgical industry for purifying melts of aluminum, copper, steel, and cast iron.
Use of foam filters in foundry industry provides effective trapping of non-metallic
inclusions dispersed in the metal, melt degassing and guarantees production of high-
quality castings with improved mechanical properties and surface quality.

4. Economic assessment of use of electric furnaces of various designs has been
carried out and an energy-efficient technology for producing ceramic filters has been
proposed on the basis of analytical formulas.
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Annomayusn. Hccnedoganvl mexmoniocuieckue 0CoOOeHHOCMU NOIYYeHUs: NeHOKEPAMUYECKUX
@urempos, paspabomana 3QGekmusHas MexHoI02Us Ux NoAY4eHuUs, d maKkxce npogedeH aHalu3 u
pacuém 3Hepeo3(hGeKmusHOCmU PA3TUYHBIX MEXHOA02ULL C NPUMEHEHUEeM INeKMPUYecKUux neuell
PaziuyHou  KoHcmpykyuu. IIposedeHo  mexHuKo-sKOHOMU4eckoe O0OO0CHO8AHUE NPUMEHEHUs.
PaspabomanHol  MexHOI02UU 6 HNPOMBIUIEHHOCMU 6 3A8UCUMOCMU OM  OMHOCUMENbHOU
ONUMENbHOCMU, IHEPLOEMKOCIU HAPeBAd U BbICOKOMEMNEPAMYPHOU BblOEPIHCKU 8 MePMUYECKOM
YUuKe antoMOOKCUOHOU Kepamuku 6e3 000a80K Opyeux MemaulooKCudo8 U ¢ 08YXNPOYEHMHbIMU
dobaskamu OUOKCUO08 MUMAHA U MAP2AHYA 8 IKEUBAIEHMHBIX U PealbHblX YCI0GUAX ONbIMHO-
nabopamoprnozo  npoussoocmea.  Ilpusoosamcs — pusuko-mexanuueckue — XapaKmepucmuxu
Paspabomanubix Guibmpos.
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Annomayus. [Iposeden amanuz 603MONCHOSO CHUIICEHUSI IHEPLOEMKOCMU MEXAHUYECKO20
paspyulenus ¢ npedsapumenbHoll MepMOYUKIULeCKol 00pabomKoll no cxeme: HA2Ped-oXiaNcoOeHUe.
Ha ocnose moodenu usmenvuenus Pummuneepa 00KA3aHO 603MOJCHOE NAMUKPAMHOE CHUJICEHUE
3ampam sHepaul NPu MexXaHuyeckoM paspyueruy 00pabomannbix meniosol 06pabomKol 20pHbIX
nopod. Ilokazano, umo cHudiceHue IHeP2OeMKOCIU OMOeNeHUs YaACMUYbl OM MACCUBA 3ABUCUT OM
COOMHOWIEHUsL PA3MEPO8 HYACMUybl U NAPAMEmpO8 CemKU pPACmMpecKUsaHus. npu meniosou
obpabomke. Ilpusedenvl sKCnepuMeHmanbhbvie NOOMBEPAHCOCHUS BOIMOICHOCIIU CYUJeCMBEHHO2O0
CHUJICEHUSL  DHEP2OeMKOCIU — MEXAHUYECKO20 — pAspyuleHuss Nnopoo ¢  NpeodsapumenbHoll
MepMOYUKIULeCcKol 00pabomro.

Kniouesvie cnosa: copnas nopooa, mepmoyuxiuyeckoe 6030eucmeue, MexaHuyecKoe
paspyuilerue, cucmema mpeuwjut 8 nopooe, IHEPeOeMKOCb PA3PYUEHUS.

Beryniienue.
TepMmouukiIMueckoe BO3EHCTBUE, OCHOBAHHOE HA TEIJIOBOM HArpyXeHUH IO
CXeMe: HarpeB — pe3Koe oxJaxiaeHue sBisgeTcss APPEKTUBHBIM CIIOCOOOM

pasynpodyHeHus ropHbIx nopoA [1, 2]. B daze oxnaxaeHus, ecid OHO JOCTATOYHO
WHTEHCHUBHO, B TOPHBIX MOPOJAX MPOUCXOIAT HEOOpATUMBIE MPOIECCHI MAKPO- H
MUKPOPACTPECKUBAHUS, IPUBOIAIINE K U3MEHEHHUIO (PU3NKO-MEXaHUYECKUX CBOMCTB,
IpU 3TOM CYUIECTBEHHO M3MEHSIOTCS IMOKa3aTeld MPOYHOCTH TOpOJ U
SHEPrOEMKOCTH TMOCIEAYIONIEr0 MEXaHU4YeCcKoro pazpyuueHus. lIpeaBapurenbHoe
TEPMOIMKINYECKOE  OclabjieHne TOPHBIX  TOPOJA  MOXHO  BCTPOUTH B
TEXHOJOTUYECKUE TIPOLIECChI, CBS3aHHBIE C pa3pylLIEHUEM I[OPOJ, HAMpPUMED,
pacHIMpeHne CKBaXKMH, KOTJa CTEHKH MPEIBAPUTEIHHO MPOOYPEHHON CKBa’KUHBI
CHauvaJla pa3orpeBaroTCs, a 3aT€M MHTEHCUBHO OXJaxjaarorcs [3]. MaccuB ropHoi
MOPOJIbl  BOKPYI' CKBOXHMHBI B (a3ze pe3KOoro OXJaXJEHUS HHTCHCUBHO
PACTpECKMBAETCS, U JajJbHEHIIEe PACIIMPEHUE OCYLIECTBISETCS MO OCIA0JICHHOMY
cior nopojsl. [Ipy anMasHoM OypeHHH TakKe UMEET MECTO TEPMOLMKIMYECKOE
BO3/ciicTBUE Ha TOpHyro Tmopoxy [4]. Ilpu co3ganum  OGrarompusiTHBIX
KOHCTPYKTHUBHBIX M TEXHOJIOTMYECKUX YCJIOBUN B OypOBOW KOpPOHKE, HAOJIOAaeTCs
yBenudeHue 3(h(PEeKTUBHOCTH OypeHHs 32 CUET CHUKEHUS MPOYHOCTU Pa3pyIIaeMoro
cinost [5]. i OpOeKTUpOBaHUS HMHCTPYMEHTOB M TEXHOJIOTMYECKHX MPOLIECCOB
pa3pylLIEHUs TOPHBIX MTOPOJI, OCHOBAHHBIX Ha MPEIBAPUTEIHLHOM TEPMOLUUKINYECKOM
ocl1abJIeHNH, He0OX0AMMO MPOTHO3UPOBATh BO3MOXKHOE U3MEHEHUE YHEPTETUUECKUX
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nokaszaTesen pa3pyIieHusl.

OCHOBHOM TEKCT.

N3BecTHO, 4TO NpU PE3KOM OXJAXKACHUU IOBEPXHOCTH TOPHOM IOPOJIBI, IIPH
J0CTATOYHBIX YCJ'IOBI/IHX TepMoyz[apa, B Hap}I)KHOM CJIOC paBBI/IBaeTCﬂ, TakK
Ha3bIBaeMasi «COTOBAs» CUCTEMa MaKpPOTPEITUH, KOTOpask MPOHUKAET BIIIyOb TIOPOJIHI,
Ha OMpeNeieHHYI0 TIyOWHy pa30uBas TE€M CaMbIM MAacCHUB Ha MPU3MATHYECKHUE
OTACJIIBHOCTH. ((COTI)I» HUMCHOT (bOpMy MHOFOYFOJ'IBHI/IKOB C KOJIMYCCTBOM CTOPOH OT 4
1o 6 [6].

[IpuBeneHHBIN pa3Mep CTOPOHBI CETKU TPEIIMH OINpeeNsieTcs] M0 3aBUCUMOCTH

2]

0,45-K* o> |
£=7 73 2 2 (1)
T 'G*‘Gp

rac K - MOAYJIb CHCIICHUA IMOPOJAbI; C,. - INPCACI INPOYHOCTH IMOPOABLI HAa CXKATHUC,

C
Ox - MAKCUMAJIBHBIC PACTATUBAIOIINUC HAIIPSAKCHHA, BO3HHUKANOIINWC B IMOPOAC IIPU

3alaHHOM PCIKUME OXJIAXKICHUA; Gp - OIpEaciI MPOYHOCTHU IMOPOJAbI HA PACTSAXKCHHAC.

Ecnu paccmarpuBaTh OTHENIEHHE YacTHI] MOPOABI OT MacCHBa, HaIpuMep IpHU
MEXaHU4YEeCKOM  OypeHuH, KaK OTAeNIbHble aKThl  JApoOJieHus, TO  JUId
npuOIM3UTENBHONM  OLEHKM  SHEProeMKOCTH  OypeHHs, HaM  Heo0X0JuMo
BOCIIOJIb30BaThCS OJTHON U3 CYIIECTBYIOUIMX TEOPHUI SHEPro3aTpar Mpu IpoOJICHUH.

Haubosnee u3BeCTHBIMH MOJESIMHU, yCTaHABIUBAIOIIUMU, 3aBUCUMOCTh MEXIY
pacxoqyeMoil 3HEpPruel W XapaKTEPUCTHKAMHU OTIEISEMOI0 MaTepuayia SIBIIIOTCS
TEOpUHU, OCHOBAHHbIE HA JABYX TUIOTE3aX: OOBEMHOW M MOBEPXHOCTHOH. CoOriacHo
oowemuol Teopun (KuprmmmueBa — Kuka) pacxosn sHepruu Ha IpoOJjeHHE MaTepHuaia
MPOTOPITMOHANIEH ero oO0beMy i Macchl. [loBepxHocTHast Tteopus (Putturrepa)
YTBEPKAAET, 4yTO paboTa, 3aTpauyeHHAsl NMpPHU OTIACICHUM YaCTHUIl MPONOPLHUOHATIbHA
BHOBb 0Opa30BaHHOM IUJIOIIAJM MOBEPXHOCTH Marepuana. JlaHHbIE TEOPUU CIOKHO
UCIIOJIb30BaTh ISl OMpe/esieHns aOCOMIOTHBIX 3HAYE€HUM paboThl HM3MEIbYCHHS,
OJIHAKO JIJISl KAUECTBEHHOI'O MCCIIEIOBAHUS MTPOLIECCOB IPOOJIECHUSI OHU TPUMEHSIOTCS
JOCTATOYHO HIUPOKO.

B paccmarpuBaemom mporecce HHCTPYMEHT BO3JEUCTBYET HAa TOPHYIO IOPOAY B
KOTOPOM TEPMOLIMKIMYECKUM BO3/IEHCTBUEM CO3jaHa ONPEEICHHAs CUCTEMA MAaKpPO-
TPEUIUH, UMEIOLIAsg CTPYKTYpy MHOTOTPAHHBIX MPU3M, MPOHUKAIOIMIUX B MAaCCHB.
3agaya MHCTPYMEHTa — CO3/aTh JIONOJIHUTEIbHBIE MOBEPXHOCTH TPEIIMH, KOTOPHIE
OpUBEAYT K OTICICHHIO YacTHIBI OT MaccuBa. B kadecTBe paboueil THUIOTE3bI
NpUHATA TUNIOTe3a PUTTHHTEpaA, CBA3BIBAIOLIAS SHEPIUIO0 Pa3pyLICHUs C IUIOMIAJbIO
BHOBb 00pa30BaHHBIX TOBEPXHOCTEM.

CuurtaeM, 4TO B ONpEIEIECHHOM OOBEME TMOPOJbI C IIJIOCKOW CBOOOHOM
MTOBEPXHOCTHIO TEPMOIMKIMYECKUM BO3JIEUCTBHEM CO3/laHa CHUCTEMAa TPEILIUH,
yXOJsIIasi 0 HOpMajud OT CBOOOJIHOW TMOBEPXHOCTU BIIyOb M uMmeromast Gopmy
yeThlpexrpaHHbix npusM (puc.l). Pazmep peOpa mnpusmbl y OCHOBaHMS (SUCHKH
PAcCTpPECKMBAHMS) ONIPENEIAETCA M0 3aBUCUMOCTH 1.
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Puc.1. Cxema oTae/ieHUs1 YACTHIl OT MAaCCHBA FOPHOI MOPOABI ¢ TPEIMHAMHU NPHU
Pa3JIHYHBIX COOTHOIIEHUSIX PA3MePOB CETKHU TPEIUMH ¢ U OTAeJIAIOMIUXCS

JacTHIl d ;
A-g=a; B-g<a,C-g>a;
F - ycnosnas mexanuueckas nazpysxa, npugoosawas Kk 0moenieHuo 4acmuybl

[Ipu paccMOTpeHHHU BOIPOCA SHEPrOEMKOCTHU OTACJICHUSI YaCTHIBI OT MacCuBa
PUMEM CJIeAYIOUINE JOMYIICHUS:

» (opma OTIEINSIONINXCS YaCTHII UMEET KyOn4uecKyro hopmy;

» MEXaHHWYecKas CWia, OTICISIoNIasi YacTUIly HalpaBieHa MO ONTUMAILHOMY
JUIS  pa3pylIEHUs HANpPAaBICHUIO [0 OTHOIICHHIO K MAaKpO-TpellnHaM
CO3/IJaHHBIM TEPMOIUKINYECKONU 00pabOTKOI;

» DHEPreTUYECKUMHU 3aTpaTaMH Ha YOPYTYI0 H TUIACTHYECKYI0 nedopmammu
npeneOperaeM, Tak KaKk OHHM  OJMHAKOBO  MPHUCYTCTBYIOT  IpH
IpeIBapUTEIbHON TEPMOLMKINYECKOH 00paboTke 1 0e3 Hee.

Cy1miecTByIOT TpH BapHaHTa COOTHOIICHHUH pa3MepoB sTUEHKH pacTPECKUBAHUS -

g U OTAENAIOLIEICS YacTULbI - @ :

1. Pazmep vactuil conocTaBuM C siYEMKOM pacTpeckuBanus a = g (puc.l, A);
2. Pasmep vactuil 6ombliie pazmepa siueiiku a > g (puc. 1, B);
3. Pa3mep uactuil MmeHblIE pa3mepa sueiiku a < g (puc. 1, C).

Ecnmu mpomykTel paspymieHHs OT MEXaHWYECKOTO BO3JCUCTBUS HUMEIOT
npU3MaTHYECKyl0 (QopMy, TO JUIsi OTICICHUS YacTUIBI HEOOXOAMMO pa3opBaTh
MOPOJTy TIO TISITH TPaHsIM (IIecTasi TpaHb BEIXOAUT Ha CBOOOJHYIO MOBEPXHOCTH). Jlis
ciydas, korma a=xg (puc.l,A) um mnopoma oOpaboTaHa TEPMOLMKINYECCKUM

BO3JICICTBHEM, 10 YETHIPEM TPAHSIM YK€ UMEETCS Pa3phiB U HEOOXOAMMO Pa30pBaTh
NOpOAY MO HIKHEW rpaHu (OTOpBaTh KyO OT YNPYroro OCHOBAHMS). DJIEMEHTAPHBIM
MOJICUET MOKa3bIBAET, UTO 3aTPAThl SHEPIUU HA OT/AEJICHUE OJIHOM I'PaHU COCTABIISAET
20% ot 00111ero KOJMYEeCTBA IHEPTETUUECKUX 3aTpaT Ha OTACICHUE BCEl YaCTHULIBI.
Ecom a>g, 10, Kak W B MOpeNbIylIEM Cly4ae YeTbIpe TpaHu YxKe

c(OpMHUPOBAHBI TEPMOLMKINYECKUM BO3JACUCTBUEM U JJIsl OTACNICHUS YaCTHUIIbI
HE00X0/IMMO OTOpPBaTh €€ OT MacCHBa IO OJHOM rpaHu. 3/1eCh TaKXKe 3HEPrOEMKOCTb
OTZEJICHUS] YaCTULIBI CHW)KAETCA B 5 pa3, IPU 3TOM BHYTPHU YaCTULBI UMEIOTCS yXKeE
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IOTOBBIC TPCIIMHBEI 1 OHA B H&HBHCﬁmCM MOKET pacnagarbCia Ha HCCKOJIBKO qaCTCﬁ,

a
KOJIMYCCTBO KOTOPBIX 3aBUCUT OT COOTHOHMICHUA — .

g
Ecnu otnenstonuecs yacTuilbl MEHbIIE, 4eM pa3Mmep siueiiku a < g (puc. 1, C)

a
TO CHHIKCHHUC DHCPIOCMKOCTH 6YI[CT 3aBHUCCTb OT COOTHOHICHHA Pa3MCpPOB —, TaK

KaK g > a, 1yt ynoocta Oyzem OpaTh COOTHOIICHHE k.
a

OueHnM CHM)KEHHE SHEPrOEMKOCTH OTIIEJIEHUSI YAaCTHULbI, €CIIA pa3Mep ee pedpa

B JIBa pa3a MEHBIIE pasMepa SMEMKH HUMEIOLIEHCS TPEIMHOBATOCTH k=£-2.B
a

ATOM CiIy4ae TSl KaXKI0W OTIEISIONIEHCS YaCTHIIbI, @ X Ha SYEHKY PacTPECKUBAHUS
JIOKUTCS — YEThIPE, JIBE TPAHM TMOMAAI0T HAa TOTOBBIE TPEIIMHEI, a TI0 TPEM TpaHsIM
TPEIMHBl HEOOXOJIMMO CO3/1aTh MEXaHWYeCKUM HarpykenneMm. OTcroja Jerko
MO/ICUUTATh, YTO IHEPrOEMKOCTh OT/AeNIeHUs yacTulibl nagaet Ha 40%. [1o ananoruwu,
ecmi k=3, U3 HEOOXOAUMBIX 45 rpaHell pa3pblBa MEXaHMUYECKH HEO0OXOAMMO
pasopBath 33 rpanu. CiemnoBaTeNbHO, YJHEPTOEMKOCTh pa3pyIIeHUs YMEHBIIUTCS Ha
26,6%.

OmnpenenuM B oOIEM BHJIE, HA CKOJIbKO CHUXAIOTCA 3HEpPro3arparbl B % OT

OoOIUX MpHU 3aJaHHOM COOTHOIICHUU g:k. B TpemmHoBaTyo OTAEICHHOCTD,

a

o 2
CO3JJaHHYIO TCPMOIHUKINYCCKUM BO3ACHCTBUCM YKJIAAbIBACTCSA k - OTACIAIOINXCA
MCXaHUYCCKM 4YaCTHII. Yto0nI BBIHYTb BCC OTH 4YaCTHULbI, IIPCAIIOIOKUB HX

KyOnyeckoi (hopmbl, HEOOXOAUMO CO3/1aTh 5k? HOBBIX noBepxHocTer. KonmnuectBo
MOBEPXHOCTEH, YKE CO3/IaHHBIX TEPMOIMKIMYECKAM HArpy>KeHHUEM pPaBHO 4k .
W3 cooTHOIIEHUS MTOTy4aeM 3aBUCUMOCTb CHIXKEHHSI JHEPIOEMKOCTH B %o
80

k @)
3arpaThl MEXaHWYECKOW OHepruu % Ha OTACNEHUE YaCTHUIBl IOCIe
TEPMOILUKINYECKON 00pabOTKH COCTABAT

c

100 — &, %
k
OTHOCI/ITCHBHOC CHUXCHHUC BHCpFOCMKOCTI/I paspymeHI/I;I COCTaBUT
80
Wy 100777 038
- —1-=2 3)
w 100 k

H
rac Wmu -OHCProeMKOCTb OTACJICHUA 4YaCTHUIbI I10CJIC TGpMOHHKHH‘IGCKOﬁ

00paboTkH; W, - DHEProeMKOCTh OTJEIIEHH YaCTHLIBI B HEOOpaOOTaHHOM MOPOAE .

®opmyna (3) nelcTBUTENbHA IS £>1.

a
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rpa(I)I/IK 3aBUCUMOCTH H3MEHEHHUSI OTHOCHUTEIBbHOMN SHCProeMKOCTHU OTACIICHUSA

YaCTHUI] OT COOTHOIIEHHUSI g MIPUBEJICH Ha puc.2.

a

W..,
W, i

7}

05,4

7 3 4 5=

Puc.2. 3aBUCUMOCTB IHEProeMKOCTH OTAEJIEHUsS] YACTUIbI TOPHOM MOPOABLI OT
COOTHOLICHHUS Pa3MepoB sTYEHKH PACTPECKMBAHUA ¢ U d.

Ts £ <1 nokasarens Wy onmn30k K 0,2. (Wm‘”' ~0,2).
a H H
JlaHHas KpuBas IIOKA3bIBAET MOTEHIMAJbHBIE BO3MOKHOCTU CHHKEHHUS
3HEProeMKOCTH MEXaHHYECKOTO paspyIeHus c npeBapUTENIbLHBIM
TEPMOLUKINYECKIM Pa3yIPOUYHEHHUEM KPEITKHX TOPHBIX TTOPO/I.
[ToyyeHHBIE ~ pe3ylbTaThl  TOATBEPXKIAIOTCS  IKCHEPUMEHTAIBHBIMU

uccieoBaHusIMU. ONbBITI B IPOMBIIUIEHHBIX YCIOBUSX IO PACIIMPEHHUIO CKBAXUH
muamerpoM 0,135 M go auamerpoB 0,2-0,5 M B Kpemkux nopoaax ¢
MIPEBAPUTEILHON TEPMOITMKIMYECKON 00pabOTKOM CTEHOK CKBa)XKMHBI ITOKA3allH,
YTO MPHU ONPEJEIEHHOM COYETAHUHU TEILUIOBOI'O0 U MEXAHUYECKOT0 HArPyKEHUN UMEIIO0
MecTo 0oJee, ueM 3-X KpaTHOE CHIDKEHHE YHEPTOEMKOCTH pa3pyiieHus [3].

3akiIr0ueHue U BbIBO/BI.

briia monydeHa 3aBUCHMOCTb, MO3BOJISIONIAST OIEHUTHh BO3MOXKHOE CHIDKCHHE
SHEPrOEMKOCTU OTJEJICHUS YacTUI[ OT MacCHBa B 3aBUCUMOCTH OT CTEINEHU
MaKpOpacTPECKUBAHUS TIPU PE3KOM OXJIAKJICHUHU. AHAIN3 PE3yJIbTaTOB MOKa3bIBAET,
YTO TpeABapUTEIbHASI TEPMOIMKINYECKas 00pabOTKa MOPOJbI MO3BOJISIET CHU3UTH
SHEPrOEMKOCTh MEXaHWYECKOro OTACJCHUS 4YacTUIlbl OT MaccuBa J0 S5 pas.
[TokazaHo, 4YTO BEJMYMHA CHUKEHHMS SHEPrOEMKOCTH 3aBUCUT OT COOTHOIICHUS
pa3MEpPOB OTHACNAIONIECHCS YaCTUIBI MPU MEXaHUYECKOM BO3JIEUCTBUU U CETKHU
TPELIUH NPHU TEPMOLUKINYECKOM BO3AEHCTBUU. DKCIIEPUMEHTAIbHBIE UCCIIEI0BAHUS
M0 PACHIMPEHUIO CKBXKHH C TEPMOIMKINYECKON 00pabOTKOM CTEHOK ONEepeKaromie
CKBOXHWHBl M YyJAPHOMY pa3pylIeHUIO 00paOOTaHHBIX OOpAa3IOB MOATBEPKIAIOT
BO3MOXKHOCTh 0Oojiee 4yeM 3-X KpaTHOTO CHUYKEHHUS HSHEPrOEMKOCTH MEXaHHUYECKOTO
pa3pyLICHUS.
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Abstract. The analysis of the possible reduction in the energy intensity of mechanical failure
with pre-thermocyclic treatment was made according to the scheme: heating and cooling. On the
basis of the Rittinger grinding model, a possible five-fold reduction in energy consumption in the
mechanical break-up of heat-treated rocks has been proved. It is shown that the reduction of the
energy intensity of the particle separation from the bulk depends on the ratio of particle size and the
mesh cracking parameters during the heat treatment. Experimental evidence has been given of the
possibility of a significant reduction in the energy intensity of mechanical rock destruction with pre
thermocyclic processing.

Key words: rock, thermocyclic action, mechanical destruction, fracture system in the rock,
energy intensity of destruction.
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Message 1
MMPOBJIEMbBI PACKATKH! MUJIUTPUMOBOM I'OJIOBKH M ITYTH UX PEIIEHUSI
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Annomayusn. Ilpoyecc 2copsavell nuauepuMosou npoKamxku mpyo Xapakmepusyemcs
NO6bIULEHHbIM pacxodom memajllad 6 Mmexnoniocu4ecKyro O6p€3b, makxk Hasvleaemyro nuiucpumosyio
2OJI0BKY, 4mo CHuUualcaem e2co KOHKypeHm00n0006HOCH1b no CpaeHeruro ¢ ()pyeu/wu npoyeccamu npu
UCNONIBL30BAHUL 8 KAYeCmBe UCXOOH020 Mamepuaia HenpepvlieHoaumot 3azomosku (HJI3) kpyenoco
nonepeunoco ceuenus. OOHUM U3 Ihekmuenvix cnocob08 yMeHvUeHUss Nomepb Memaild 8
NUIb2CEPCONIOBKY A6JIlemcs ee packamiKa Ha c60000HOM yuacnke C)OPHCZ sajlIKamu nuiucpumosoco
cmana. Ha ocnose amanusa aumepamypHsvlx UCMOYHUKOE U NPpAKMUYECKO20 NPUMEHEHUS amou
mexnonocuu Ha TIIA 5-12" ¢ nunuepumvivu cmaHamu c@OpMyIuUpo8aHvl OCHOBHblE NPOOIEMb,
KOmopbvle COepacusaiom pacuiupenue ee UCNONb308aHUs Npu Npokamke mpyod ¢ pa3iudHbiM
omnowenuem D/S. Cpedu umerowuxcs npobiem ommedaromcs ciedyroujue: HeB03MOICHOCb
CHAMUSL MOHKOCMEHHOU MpPYObl ¢ OOPHA C NOMOWbIO WUUDEPHO2O YCMPOUCMEA NOCie PACKAMKU
NUIb2EP2ONIO6KU, 3HAYUMENbHOE CMeWerue (00 400 MM) 6 nepevlx YuxKiax packamxKu us-za
HAapyuweHus cyenjienusl memajiia ¢ OOPHOM,' omcymcmeyront HaoeicHble U 00CMAMOYHO npocmole
PeULeHuA ons 3aKpenjieHus C)OPHOGOZO Koavya npu packamke nujilbcepcollo6KU HaA c80000HOM
yuacnke ()OPHCZ. PCZCCMOI’I’lpeHbl HA4ydjllbHble YCH06USL OCYWeCmeleHusl npoyecca pacKkamku
NUIb2EP2ONIO6KU U NPOAHAIUIUPOBAHbL 0sa peaicuma nooauu ¢ ee NOCMOSHHOU U nepeMeHHoﬁ
BENIUYUHAMU 8 KAINHCOOM yukKe packamku.

Kniouesvte cnosa: mpyba, nuiuepumossiii cmaw, RUIUSPUMOBAS 20JI06KA, PENCUM N00au,
V20]1 KAHMOBKU, CKOPOCMHOU PEeHCUM, IKOHOMUSL MEMALILA, PACXOOHBIU KO huyuenm.

Bsenenne

[Ipomecc ropsuelt MUIMTPUMOBOM MPOKATKH TPyO 00si3aH CBOMM CO3TaHHEM
OpatbsiM MaHHECMaHH, KOTOpBIC MPEMIOKWIN CHadaja IMOJyYeHHUE M3 KPYTJIOro
CJIUTKA II0JIOM TOJICTOCTEHHOW T'WJIb3bl METOJAOM BHMHTOBOM IPOIIMBKU HA KOPOTKOU
npoQUIbHOW ONpaBKe, a 3aTeéM CHOco0 NEPUOJUYECKON pacKaTKW TUIb3bl Ha
JUIMHHOM IWJIMHAPUYECKON oIpaBKe (JIOpHE) B TOHKOCTeHHYIO0 TpyOy. Co BpemeHu
CO37aHusl MUJIUTPUMOBOIO Mpolecca MPOU3BOACTBA TpyO mponuio yxe 129 jer, HO
OH MO-TIPEKHEMY NMPOAO0JKAET ObITh BOCTpEOOBAaHHBIM U B 21 Beke.

D10 O0O0BsCHSAETCA TEM, UYTO HET JPYruX CIOCOO0B TOpsSYeil MPOKATKU

OCCIIOBHBIX TpPYyO, MOKPBHIBAIOIIMX TAKOW IIUPOKUN JUANa3oH pPa3MEpoB, Kak
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NWIATPUMOBBIM MTPOLIECC, MO3BOJSIOUINM MPOU3BOAUTE TPyObl oT 60 1o 720 MM u
BBIIIIE, YTO 00YCIIOBJIECHO JUIIb IUaMETPOM BAJIKOB NUJIMTPUMOBOTO CTaHa.

Kpome TOro, Ha tpyOOMpOKaTHBIX arperarax ¢ NUIUTPUMOBBIMU CTaHAMHU
BO3MOXXHO TMOJY4YeHHE TpyO W3 Pa3IMYHOrO TUIA HCXOJHOM 3arOTOBKH, @ UMEHHO:
KPYIVIBIX M BOJIHACTBIX CJIUTKOB CTallMOHAPHOM pAa3JIMBKHU, KAaTaHOM M KOBAaHOU
3arOTOBKH, IOJIOM  LIEHTPOOEKHOIMTOM  3aroTOBKM, CIUIOIIHOM ©  TOJIOH
HEINPEPBIBHOIUTON 3arOTOBKH KPYTJIOTO 1 MOHOTOTPAHHOT'O CEYEHHSI.

OmHuM W3 TpPEeuMyLIECTB MPOM3BOJCTBA TPYyO HAa MWJIMTPUMOBBIX arperarax
ABJISIETCSI BO3MOXHOCTh IMOJYUYEHHUSI TOJCTOCTEHHBIX TPYO 3HAUMTENbHOW JUIMHBI, a
TaKkke NPOQUIBHBIX TPYO U3 pa3IUYHbIX CTAJIEH U CIIJIaBOB.

Bwmecte ¢ TeM mpouecc ropsyell NUIMTPUMOBON MPOKATKU TPYO MMEET ILIeJbIi
P HEJOCTAaTKOB, & MMEHHO: HEJAOCTATOYHAas MPOU3BOAUTENIBHOCTh MPU MPOKATKE
TOHKOCTEHHBIX  TpyO, TOBBIIIEHHBIM  pacXogHbIi  KO3()PuUIUEHT MeTaia,
HEJO0CTaTOYHOE KauecTBa HAapy)XKHOM M BHYTPEHHEH MOBEPXHOCTH TPYyO, BBICOKAs
Pa3HOCTEHHOCTH TPYO.

1 IloTepu MeTa/1a B NWINTPUMOBYIO TOJI0OBKY U IIYTH UX CHUKCHUS

[MuaurpuMoBbIil cioco® MPOM3BOJCTBA TOPsYEKATaHbIX TPYO XapakTepusyercs
MOBBIIICHHBIM, TI0 CPABHEHUIO C IPYTUMH CIIOCO0aMU, PacXoJ0M MeTaia (KI/T), 4To
CJIElyEeT U3 HUKEIIPUBEACHHBIX JAHHBIX:

TpyOsr:
TIIA OO01ero HasHaYEHUSA OO6canHsie
TIIA 5-12" ¢ nunsrepcranamu 1218 1270
TIIA 140 c aBTOMaTHYECKUM CTaHOM 1050 1132
TIIA 350 ¢ aBTOMaTHYECKUM CTAaHOM 1070 1100
TITA 30-102 ¢ HenpepbIBHBIM CTAHOM 1090 1120

TIIA 200 ¢ TpexBaJIKOBBIM PaCKaTHBIM CTAHOM 1090 -

VYBenuueHue pacxoja MeTaijia MpU MPOU3BOJCTBE 00CAaTHBIX HApPE3HBIX TPYO
CBS3aHO C JIOMOJIHUTEJbHBIMU OTJEIOYHBIMHU OIepalusiMud (U3roToBIEHUE MY(]T,
Hape3ka pe3bObl Ha TpyOax u np.). IIpu aTom mianoBeie notepu metamwa Ha TIIA ¢
MUJUTPUMOBBIMU CTaHaMM Ha y4acTKe MpoKaTa Jyisl TpyO OOIIero Ha3HA4YeHUs WU
HEe(TEPOBOAHBIX BKJIIOUAIOT: Yyrap MeTajljla, TEXHOJOTMYEeCKylo o00pe3b Ha
MUJUTPUMOBOM CTaHE B 3aTPaBKy U MUJIBIE€ProJOBKY, HACTPOEUHbIE TPYObI, OTOOD
npod Ha ydacTke ropsued kanmuOpoBku TpyO. [lorepu B oTmenodyHo wyactu
BKJIIOUYAIOT: TEXHOJOTHYECKYI0 00pe3b Ha y4yacTke HedTecnayd; NOBTOPHYIO 00pe3b
nedeKTHBIX KOHIIOB TpyO, OTOOp mpoO Jiii MEXaHWYECKHX WCIBITaHuH, Opak
MPOAYKIUH, BbIABIEHHBIN ipu npruemke OTK.

[Ipy mpouux paBHBIX YCJIOBUSIX MOBBIINICHHbIE TOTepu MeTaiwia Ha TIIA c
NWIbIEPCTAaHaMU  CBS3aHbl C  TEXHOJOTMYECKOM 00Ope3pto B 3aTpaBKy H
NUIBIEProJIOBKY, MPUCYIIEH TOIBKO 3TOMY CIIOCOOY POU3BOICTBA.

[Ipu nonxyuyenun tpy6 Ha TIIA ¢ mumbrepcraHamMu U3 CIUTKOB CTALIMOHAPHOM
OTJIMBKU B W3JIOKHUIIBI MOBBIIICHHAS! 00pe3b B MUJIIEProioBKY ObLIa 00yclOBIEHA
HaJIMYMEM YCAJOYHOW PAKOBUHBI CIIMTKA, KOTOpas 3aTeM YyAAJUIACh BMECTE C
MUJIUTPUMOBOM TOJOBKOM. Jlaxke mpH H3THX MOTEPSX MNHIUTPUMOBBIA CHOCO0
MPOU3BOJICTBA TPYO ObLIT SKOHOMUYECKH d(PPEKTUBEH MO CPAaBHEHUIO CO CIIOCOOaMHU,
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UCIIOJIb3YIOIIMMU KaTaHYIO 3arOTOBKY.

3HaUMTENbHBIE TOTEpU MeTayla Ha MMIWJIMTPUMOBOM CTaHE OOYCIIOBIICHBI
OCOOEHHOCTSIMH  TIpoIlecca MIJIMTPUMOBOW TpokaTku Tpyo. Kpome Ttoro
3HAYUTEIBHOE BIIMSIHUE HA MOTEPU METaula B MUIIBIEPrOJIOBKY MMEET COPTAMEHT
mpokaTeiBaeMbiXx TpyO. Ha mnwmmmurpumoBBIX arperarax MpPOKaTBIBAIOT CpPEIHUE
pa3Mepsl TpyO nmo guametpy 102-325 mm u 6omabmue Oonee 325 mm. Ilo Tommune
CTEHKH TpoKaThiBaeMbIX TpyO Ha 3THX TIIA pazmmuuator: HopmanbHble D/S = 9,1—
20,0, ronkoctennsie D/S = 20,1-50,0 u Toacrocrennrie — D/S = 5,5-9,0.

JIsi Takoro MIMPOKOTO0 Pa3sMEpPHOTO COpTaMEHTa TPyO W3BECTHBI MU YaCTUYHO
MPUMEHSIOTCS  pa3lIMuHble  CIMOCOOBI  yYMEHBIIICHHWS  TOTeph  MeTajla B
MMAJIBI€PTrOJIOBKY.

OcoOeHHOCTAMM ~ TIpoliecca  MUJIUTPUMOBOM  TMPOKATKH, MPEIJIOKEHHOTO
OpatbsiMu MaHHECMaHH, SBJISIIOTCS CICAYIOIIME: TMOPIMOHHAA 3ajada o0bema
nogayd V, B BaJIKW CTaHAa B KaXJOM IIMKJIE MPOKATKW; BpAIlEHHE BAaJIKOB B
HaIpaBJICHUU MPOTUBOIOJIOKHOM 3aJ1au€ T'MJIb3bl HA IOPHE B BAJIKK; OCYIIECTBICHUE
MPOKATKHU C MOJIOPOM Ha 3aIHUI TOPEN TWJIb3bl CO CTOPOHBI MOJAIOIIETO anmnapara;
KaHTOBKA TUIIL3bl IpuMepHO Ha 90 © mpu 3amaue ee B BaIKU CTaHa; HEAOKAT 3aIHETO
KOHIIa TWJIb3bl H3-3a €ro ymnopa 4Yepe3 JOPHOBOE KOJIBIIO B JIOPHOBOM 3aMOK
MOJAIOIIIETO anmnapara, B KOTOPOM 3aKPEIIeH XBOCTOBUK JIOPHA.

B cBs3u ¢ wucnonmb3oBaHueMm B mnocinenHue roabl Ha TIIAS-12" HT3 c
NUJIUTPUMOBBIMU  CTaHAMM B KayecTBE MCXOAHOTO Marepuana — KpyTJou
HeNpepbIBHOIUTON 3aroToBku TpousBojacTBa JCIIK «MuTtepmaiin Ctanby» BOIPOCHI
CHIDKCHHMS TIOTeph MeETa/lla B MIWIMTPUMOBYIO TOJIOBKY TMPHOOpENn O0COoO0YIo
aKTYaJIbHOCTb.

Hanuuue HemokaTa 3aJlHETO KOHIIA TWJIb3bl C 00pa30BaHUEM MUIMTPUMOBOM
TOJIOBKH, KOTOpasi OTACJISIETCS B TEXHOJOTHUYECKYIO 00pe3b, YBEIMUYHUBAET PaCXo/l
MeTajula W CHW)KaeT BbIXOA romHoro. I[lotepum wMeramna 3a cuer oOpesu
MWIMTPUMOBOM IOJIOBKHM COCTaBIISIOT 4-6 % OT Macchl HICXOIHOM 3aroToBku [1-7].

DCKU3 MUJIMTPUMOBON T'OJIOBKH, XapaKTepU3YIOIINI TeoMeTpruieckue Gopmel ee
OT/ICJIbHBIX YacTEel MPUBEICH Ha puC. 1.

b 2 1

p—t =
.II.;[E.II m !
¥ L Ll L T
— x =
- Q - 414 - - - - .. L%ﬁ Q_ .
%/ 777)°
lr
370 g

Puc. 1 IlapameTpsl oTAe/IsIeMOM 3aIHell YacTu TWIb3bl: 1 — yuacmox mpyowi,
2 — cobcmeenHo nubeepeosioska, 3 — Hedokam

ISSN 2410-6615 69 www.sworld.education



Modern engineering and innovative technologies Issue 14 / Part 1 éw

B o6miem ciyyae macca otnensieMoil B 00pe3b Ha MUJIMTPUMOBOM CTaHE 3a/IHETO

KOHIIa TWJIb3bI (HA3bIBAEMOT'0 MUJIBIE€PrOJIOBKOM) COCTOUT U3 TPEX YaCTei

MF:M1+M2+M3, (1)
rie  M; — macca Henokarta 3 anmuHO# {,; M, — Macca KpUBOJIMHEMHOrO y4yacTka 2,
COOCTBEHHO TOJIOBKM, NPEACTaBISIIONIEd €000l pa3BepTky mpoduns Ooiika
nuibrepBaika; Ms — macca ygactka TpyOsI 1, niauHoi ~100-150 MM, IPUMBIKAIOIIETO
K YYaCTKy 2 U XapaKTepu3yeMOro MOBBIIIIEHHON Pa3HOCTEHHOCTHIO.

OmnpeneneHre COCTaBISIONMX YacTed MUIUTPUMOBOM TOJIOBKHU YJalsieMOl B
o0Ope3p npuBesieHO B padoTax [7, 8]. B pabote [8] BbINOIHEHBI pacueThl COCTABHBIX
YyacTel MUJIbIepProjOoBKUA MO HOBOM METOJIMKE IJIS MPOTHO3UPOBAHUS YMEHbBIIICHUS
MacChl MUJIBIEPTOJIOBKHU 32 CUET CHUXKEHHUSI MacChl OTAENbHBIX ee yacTeil. Hanbonee
() PEeKTUBHBIM HaANpaBJICHUEM SIBJISICTCS MOJIHASI pacKaTKa MUJIMTPUMOBOM T'OJIOBKH,
KOTOpasi MOXET OBITh OCYIIIECTBJIEHA HA CBOOOIHOM y4yacTKe JAopHa [9].

CyllecTBEHHbIE MOTEPU METAIa B MUJIUTPUMOBYIO TOJIOBKY CHHUXKAIOT
KOHKYPEHTHYIO CIIOCOOHOCTH TpoIllecca MUJIUTPUMOBOM MPOKATKH MO CPABHEHHIO C
JIPYTUMU TIpolieccaMu OCOOCHHO B CBSI3U C MCIIOJIb30BAHWEM B KaQ4€CTBE MCXOHOTO
Marepualia HEMPEPbIBHOJIUTON 3aTOTOBKU KPYTJIOTO MOMEPEYHOIO CEYEHUSsI, KAYECTBO
KOTOPOM BBIIIE MO CPABHEHHUIO C KA4€CTBOM IIPUMEHSBILIUXCA PAHEE CIUTKOB
CTallMOHAPHOM pa3iuBKH. [Ipu 3TOM NaHHBIA METOJ B OCHOBHOM IPUMEHSETCS IS
pacKaTKi MUJIbI'€ProJIOBKM Ha MOCJEAHEN TWb3€ B MAapTUH, OCTaJbHbBIE MPU 3TOM
pacKaThIBAIOTCS METOJOM BCTHIK.

Hns onpenenenust 3PEKTUBHOCTA TEXHOJIOTHU PACKATKHU MHJIBIEProJIOBKH Ha
CBOOOJIHOM y4YacTKE JOpHa 3a CUeT AKOHOMHH MeTajljla ObUIA MPOBEJEHBI pacueThl
1St TpYO CleAyroumx pa3MepoB: auameTpamu 168 MM co cteHkamu 6, 12 u 18 MM,
219 MM co ctenkamu 6, 12 u 18 MM 1 299 MM co cteHkamu 8, 12 1 18 mm.

Jlns aTuX pa3zmepoB TpyO Obula paccuMTaHa TaOJWIlA MPOKATKH B COOTBETCTBUM C
METOJMKOM, MpuBeneHHONW B pabore [8]. [lumurpumoBasi ronoBka Oblia TpPHUHSTA
cocTose u3 Tpex yactent (puc. 1).

1.1 Onpeoenenue yonunenus mpyovl HA RUTUZDUMOBOM CHIAHE 34 CUeEm
PACKamKu nU1b2ep20106KU.

N3 ycnoBust paBeHCTBA 00bEMOB MUJIBIEPrOJIOBKU Vi U COOTBETCTBYIOIIETO EMY
o o0semMy V, ydactky TpyOb1 AL;, yBEeIMUNBAIOMIETO JIIMHY TUICTH,

V= Vy=F, [ AL, = % (D2 — dge,2) [ AL,

raie D, — nuamerp TpyOBl Ha MIIIbrepcTaHe, MMm; dgcp — cpeHul aUaMeTp JOpHa,
MM.
4V n r
OTtkyna AL,= 7 (D 2. 4 %C . (2)

W3menenus niunbl wietd AL, mpu packaTke MUIbIEPTrONIOBKH ISl yKa3aHHBIX
pasMepoB TPyO MpHUBEACHBI HA PUC. 2.

AGcomotHpie 3HaueHuss AL, HE0OXOJUMO YYHUTHIBATh MPU MPOECKTUPOBAHHUU
TEXHOJIOTMYECKOT0 Ipoliecca MPOKATKH, BIUSIOUINE HA BBHIOOP pa3MEpOB MCXOHOM
3arOTOBKH.

VYmenpiienne AL, mpu yBeNIWYEHMHM TOJIIUHBI CTEHKU MPOMOPLHUOHAIBHO
CHIDKEHHUIO KO3()(pUIlMeHTa BBITSKKHY |y HA THJIbIEPCTaHE.
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Puc. 2 Yanunenne Tpyobl AL Ha NMJIMITpUMOBOM CTaHe NP NPOKATKe TPYO
Pa3HbIX AUAMeTPOB: a — 168 mm, 0 — 219 mm, B — 299 mm

3nauenue AL, 3aBUCUT OT yCJIOBHI MpeABAPUTENILHON AOKATKU TOJOBKU IMEPEN
€€ MOJIHOM WJIM YaCTUYHOW PacKaTKOW Ha CBOOOJIHOM y4YacTKe JIOpHA.

1.2 Onpeodenenue skonomuu memanna 3a cuem packamKu NUTb2EP2OT06KU U
pacxoouvix koIgppuuyuenmos PKM.

Ha ocHOBaHMUM pacCUMTaHHOTO BaiblieTadeNs sl YKa3aHHBIX pa3MepoB TpyO
ONpeNe/ICHbl OCHOBHBIE TMOTEpU METallla Ha MPOKAaTKe B yrap, OKaluHY,
TEXHOJOTMYECKYI0 00pe3b: 3aTPaBKy U MUJIbI€PrOJIOBKY.

bt MpUHATHL Clenylomue MOTEPU MeTallyla B yrap M OKaJIWHy: yrap B
HarpeBarenbHOU neun KII-1 — 1 %, notepu B okannHy Ha 310Hratope — 0,25 %, yrap
B mnoxorpeBarenbHoi neun KII-3 — 0,6 %, morepu B OKajguHy Ha Y4YacTKe
nmuurpuMoBbIx cradoB no 1B — 0,6 %, yrap B IIIIb — 0,2 %, notepu B okanuHy
Ha KaJIMOpOBOYHOM CTaHe U xoyioauiabHuke — 0,2 %.

B pacuerax mnpuHsTa nIMHA HEIOKaTa MWIBIeproiaoBku — 30 MM U JjMHA
y4acTka TpyObl, oTAensieMoro ¢ royioBkoi — 100 M. I110THOCTH cTanu npuHsATa NpU
Temreparype aedopmaimu p = 7620 kr/m’.

Ha puc. 3 mnpuBeneHbl pe3ysibTaTbl 3KOHOMHHM METalsla 3a CUET PACKATKU
nubreproyioBku. Ha quarpamMmmax nmpuBeeHbl pacyeTHbIC 3HAUEHUSI MIIbIEProJIOBOK
(I), ompependromie SKOHOMHIO Metauia. llocie packaTku NUIBIEProJIOBKH
pelycCMaTpUBaETCs OTJIEICHUE B 00pe3b 33AHETO KOHIIA TPYyObL. [jig pacueToB ObLIH
MPUHATHI 3HAYEHUSI BEIMYUHBI OOPE3U C YYETOM TOJIIIMHBI CTEHKU TPYOBI: st S =
(8), 12 u 18 MM BenmmumHa 006pe3n cocraBmia 300, 250 u 200 MM COOTBETCTBEHHO B
pe3yJibTaTe yXyIUIEHUsS KadyecTBA M YBEIWYEHUS] PA3HOCTEHHOCTH. ODTO CHUXKAET
sKOHOMHUIO MeTasuia Ha 8-10 % (nuarpammel Il Ha puc. 3).

Ha puc. 4 npuBeaeHo u3MeHeHue pacxonHoro ko3dduuuenta PKM mnpu
OOBIYHOM TpOKaTKe (C MUJIBI€ProjJOBKOM) M TMPU MPOKaTKe 0€3 MUIIBIeproJIOBKH.
VYwmenbiienue PKM cocraBnsger 6,0-21,2% 3a cuer packaTkd NWJIBIEProjoOBOK Ha
CBOOO/THOM y4acTKe JI0pHa.

C yBenMueHHEM JHMAMETpa MPOKATHIBAEMBIX TpPyO YBEIUYMBAETCS Macca
MUJIBIEProjIOBOK, YTO MPUBOAUT K Oosiee cyuiecTBEHHOMY cHkeHuto PKM.
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[Toxazatens BbIxoma roaHoro BI' xapakrepusyeT 3¢(eKTUBHOCTH HCIIOJIB30BAHUS
MeTajjla B TEXHOJOTMYECKOM rmporecce. PacueTsl mokazanw, 4TO MpH
CYILIECTBYIOIIEA TEXHOJOTUH MPOKATKU ¢ muiibreprojoskoil BI' = 73-88 %, a npu
packaTKe IMIIBIEprojIoBKA Ha cBOOOJHOM yuacTke AopHa BI' = 92-94 %, uro BbImIe
Ha 6-19 %. [103TOMy TEXHOJOTHIO MPOKATKU 0€3 MUJIBI€ProJOBOK CIEAYET CUUTATH
noctatodHo () PEeKTUBHOM 1 €€ 0oJiee MMPOKOTO UCTIOIb30BaHMUS.

150 2168 MM 200 2219 Mm
L
> T 1 — 1 11 —
M _
= x
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o N i o5 m | 5[ L0
3 o| e D= e 1L
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TonuwwmHa CTeHKM Tpybbl S, MM

Puc. 3 DxoHomMust meTalia 3a cUeT PACKATKHU NMUJILIEProJIOBKHA HA CBOOOTHOM
y4yacTKe JOPHA AJ TPYO nuamerpamu: a — /68 mm, 0 — 219 mm, B — 299 mm.
I u I1 — oxonomus memana 6e3 yuema u ¢ yuemom obpesu 3a0He20 KOHYA Mmpyobl
COOMBEMCMBEHHO

Ecnu npu TonmuHe cTeHKH TpYyOBI mocie packaTku S>18 MM cHsATHE TPyObI €
JI0OpHAa MOKET OBITh OCYIIECTBIECHO C IOMOIIbIO HIMOEPHOTO YCTPOUCTBA, TO NpU S =
6, 8 u 12 MM, T.e. MeHee 18 MM, 3Ta omepanus MNPAKTUYECKH CTAHOBUTCS
HEBO3MOKHOM M3-3a CMSITHS 3aIHETO KOHIA TPYOBI.

[TosToMy HeoOxonUMO aJisi CTEHOK ¢ S<I8 MM MpeaycMOTpeTh MpU MPOKATKE
TaKUX TpyO TMOJy4YEHUE YTONILEHHBIX 3aJHUX KOHIIOB CO CTEHKOM 18 MM. 3T10
o0ecreunBaeT BO3MOXKHOCTb CHATHUS TPYOBbI C JJOPHA, HO B TO i€ BpEMs yBEIMYMBAET
NOoTepU MeTajuia B 00pe3b.

B pacuerax PKM 0buia nmpuHsTa AJIMHA YTOJILEHHOTO 3aHero koxua tpyo 100
MM. [l Tpy6 ¢ S = 6, 8 1 12 MM yTosiieHHas cTeHKa coctaBisiia 18 mm. [Ipu sTom
noTepu B 00pe3b BbIpocin Ha 3-12 kr u Heckosbko yBenuuuiau PKM nns tpy0 ¢ S =
6,81 12 mm Ha 0,5-1,0 %.
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Puc. 4 U3menenue Teopernyeckux PKM (1 u 2) npu npokartke ¢
NIWJIbreproJioBkoii (1 u 3) u Npu NOJIHOM pacKaTKe MUJILIeproJoBKu (2 u 4) s
TPYO Auamerpamu: a — /68 mm, 6 — 219 mm, B — 299 mm

2 OcoOeHHOCTHM mpolecca PaCKATKM NUJIMITPUMOBOH TOJIOBKM HAa
CBOOOJHOM Y4YacTKe JOPHA

Oco0eHHOCTH pacKaTKU MUIIBIeProiOBKH 0€3 MOANopa cO CTOPOHBI OJAIOLIETO
anmapata Obutn uccienoBanbl B paborax [10-14]. Ilpu stom ocoboe 3HaueHHE
IpUOOPETAIOT OBAIM3ALINA MTOMEPEYHBIX CEYEHUH U yBEIUYEHUE YIIMPEHUS B KOHIIE
packaTKd u3-3a OTCYTCTBHUS »kecTkoro KoHma. Ilpu packatke Tpyo ¢ D/S>35
HEPAaBHOMEPHOCTh Jle(hOpMallud NPUBOAUT K PACTPECKMBAHMIO KOHIA TPYOBl H
BO3HUKAIOT TPYJHOCTHU MIPU CHATUU TPYOBI C TOPHA.

Packatka muiaMrpuMoBOM TOJIOBKM Ha CBOOOJHOM Y4YacTKE JOPHA MO3BOJIET
YMEHBIIUTh Maccy MUJIbI€ProjIoBKH Ha 75 u Ooisiee mpoueHToB. OHAKO MPHU 3TOM
CYIIECTBEHHO yBEJIMYMBAECTCS BpeMs NPOKATKU TpyObl (BpeMs <«JIOOUBKI»
nuibsreproyioBku cocraisiet 20-30 % ot 0011ero BpeMeHu IpOKaTKX TOJICTOCTEHHOM
TpyOblI), KpOME€ TOr0 YMEHbBIIAETCA IUaMETp 3aJHEro KOHUA TpyObl, a TaKxKe
YCIOXHSETCA padoTa BaJbIOBIIMKA CTaHA W HE HCKJIIOYEHA BO3MOXHOCTbh aBapHUU
[P HEAOMYCTUMOM HAPYUIEHUU CUHXPOHU3ALMH CHUCTEMbl «BaJKH — IOJAOLINMA
anmnapar». BceiencTBue yTSDKKM Hapy»KHBIX CJIOE€B METajlla B IIPOLIECCE PACKaTKH
OWIBIEProjIOBKM Ha BHYTPEHHEW IOBEPXHOCTM B KOHIIE TpyObl oOpa3yercs
KOJIbLIeBas CKJIaJiKa TIIyOuHoM 1-3 MM u mmmmpunoi 20-50 MM.

MeTtoa packaTKy MUIBIEProjOBKM HAa CBOOOJHOM Y4acTKe JOpHA MCHOJb3YIOT
COBMECTHO C METOJOM IPOKATKH TUJIb3 BCTBIK B TEX CiIydasiX, KOIJa BCIIEICTBHE
HapyIIEHUsT CHUHXPOHHM3AIMM padOThl MPOIIMBHOTO U MUIUTPUMOBOIO CTAHOB
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ouepelHas TWJIb3a MPUXOJIUT ¢ OOJee HU3KOW TeMIlepaTypoi, YTO HE MO3BOJISIET
OCYIIECTBUTH MPOIIECC CTHIKOBKU JIBYX THJIb3 M3-3a BO3MOXKHOMU MEperpy3Ku craHa. B
TOM CIIydae pPacKaTKy NWIBIePrOJOBKH OCYIIECTBISIOT Ha MPEABAPUTEIHHO
OCBOOOKJIIEHHOM OT packara JOpHE C TOCISAYIOINM  OKOHYATEIhHBIM
ocBOOOXKIeHHEM JopHa w3 TpyObl. HemoctaTkom Merona SBISETCS yMEHBIIICHHUE
CIIEIUICHHUSI pacKaTa ¢ JOPHOM IIOCJE MPEIBAPUTEIHLHOTO W3BIICUEHUS IOCIEIHETO,
YTO MPHU PACKATKE MUIBI€PrOJIOBKH MTPUBOJNUT K 3HAUUTEILHOMY CMEIICHUIO 3aTHETO
TOpIa THJIB3BI TPH TIEPBBIX yaapax BaikoB. Ilocie Bxoma B 30HY Jedopmaruu
33JIHETO TOpIIa THUJIB3bl B BAJIKM HAYWHAIOT TIOCTYIATh TIOMEPEYHBIC CCUCHHSI
NUJIBIEPrOJIOBKUA C MEPEMEHHOU IUIOMIAAbI0. [Ipr 3TOM mpu MOCTOSSHHOM BEJIMYUHE
mojgaud m oOBEeM TIOJIayu HEMPEPHIBHO YMEHBIIACTCS B CBS3M C YMCHBIICHHEM
TUTOMIAAM BXOJISIIETO B BaJIKW CEUYCHHS MeTauia. B pe3ynbrare 3TOro HEmpephIBHO
YMEHBIIIAETCS W BEJTWYMHA OTKAaTa M3-32 YMEHBIICHHUS KOA(D(HIIMEHTa BBITSKKH L,
YTO TPHUBOAUT K HAPYIICHUIO CUHXPOHU3AIMHA CUCTEMBI «BAJKA — TIOJIAFOIIIHMA
ammapar.

[Ipu ucnosb30BaHUU HEMPEPHIBHO- U IEHTPOOSKHOIUTHIX 3aTOTOBOK pacKaTka
NUIBIEProJIOBOK Ha TOHKOCTEHHBIX TpyOax, rie oOecrednBaeTcs HauOoJbIIast
3G ()EKTUBHOCTH ITOW TEXHOJOTHH, 3HAYUTEIHHO OCJIOKHAETCS MPOOJIEMON CHATUS
TpyObl ¢ JOpHA MIMOEPHBIM YCTPOMCTBOM H3-32 CMSTHS 3aJHEr0 KOHIA TPYOBI.
[TopToMy TexXHOJIOTHsSI TIOJIHOM pAacKaTKM TUJIBI€P-TOJOBKA TMPU  TMPOKATKE
TOHKOCTEHHBIX TPYO HE HallIa MPAKTHIECKOTO MTPUMEHEHUS.

Ha xadeape OM]J] «JlHEmpomeTpOBCKOIO0 METaUTypru4ecKoro WHCTUTYTa
OBLTM TPOBEACHBI TCOPETUYECKUE U OKCIEPUMCHTAIBHBIE HCCICOBAHUSI TIO
M3YUYEHUIO TIpoIlecca PacKaTKH TMHJIMTPUMOBOM TOJIOBKM Ha CBOOOJHOM Yy4acTKe
JOpHA, YTO TIO3BOJISAET TOJYYHUTh 3HAYHMTEIBbHYIO SKOHOMHUI0O MeTaia. C TOUYKH
3pEeHHsS SKOHOMHHU MeETala 3TOT CHOCO0 pacKaTKd MHIBIeProJIOBKH OCOOCHHO
3 PeKTUBEH MpHU IMOJIYUYCHHUH TOHKOCTEHHBIX TPYO, OJHAKO OCHOBHBIEC ITPOOJIEMBI
BO3HHMKAIOT MMEHHO TIPU TPOKATKE TaKuX TpyO. DTHU HCCIEAOBAHUS TMOIYUHIH
pazBute B pabdotax A.Il. UekmapeBa, A.A. Uepusasckoro, B.H. Jlanuenko, B.M.
HpysHa, B.B. bepe3osckoro u ap.

OnHOM M3 OCHOBHBIX 3aJlay MPHU MPOSKTUPOBAHUU TPOIECCA PACKATKH THIIb3bI
0e3 moamopa co CTOPOHBI MOJAIOIIETO anmnapara SBISIETCS ONPECICHUE BEINYUHBI
OTHOCUTEJILHOTO TIEPEMEIIICHUSI IOPHA U packaTa, YTO HEOOXOAUMO JIJIsl PABUIIHLHOTO
MOCTPOEHUS TEXHOJOTHYECKOTO TpoIlecca M OMpeeieHUsT CBOOOJIHOTO ydacTKa
JOpHA TIOJT PACKaTKy TOJIOBKH.

Ha puc. 5 nmpuBenena kuHeMaTHYEeCKas cXxeMa Mpoliecca CBOOOTHONW MPOKATKH
MeTajula BaJIKOM Ha JOpPHE, MOJICTUPYIOMAs MPOIECC MIUTPUMOBON TTPOKATKU TIPH
OTCYTCTBHH TIOATIOPAa HEMOCPEACTBEHHO B TOPEIl METAJIa CO CTOPOHBI TOJIAOIIETO
anmapata. MeTtaur U JIOpH TOJ JACHCTBHEM BAJIKOB MEPEMENIAIOTCS C Pa3IMYHBIMU
CKOpPOCTSIMA VM U V1 U COOTBETCTBEHHO.

3a omHy Tmojady MeTayla B BaJKd m aOCOJIOTHOE CMEIICHUE MeTalia
OTHOCUTENBHO J0pHa cocTaBuT [11]:

AC =, —Cp, 3)
rie  AC — cMenieHue Metajia OTHOCUTENIBHO JTIOpHA, MM; {, — YIJIMHEHUE MeTalljia
3a OJIMH IHKJ (32 OJHY MOJa4y m MPU CyMMapHOW BBITSDKKE |y HA THJIATPUMOBOM
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CTaHe);
0 =m py ,, Cq— myTh EepeMeNIeHUs TOPHA 32 OJUH IUKJI MPOKATKU (OJIUH
000pOT BAJIKOB) C YU4ETOM TOJHOM MOJa4H m.

4

AC
2
| Vm< ’
= ____YJ.'L,.____<
b X b
" Sﬂ' .

Puc. 5 Cxema npokaTky rmjib3bl HA IOPHE BAJIKAMM NIPH PacKaTKe
NUJIbIeproJIOBKU HA CBOOOJHOM yuacTke AopHa: 1 — cunv3a, 2 — dopu, 3 — 6anok

Bemnunna nepememenus popHa Cjp 32 OOMH LUK (IPM  MOJHOCTBIO
packaTaHHOM 0OBbeMe MOJaun) ONPEAEISETCS MO BhIPAXKEHHUIO

4
Ca= [ 7 dx 4
0 "M
Cmemenne Cj; MOXET OBITH HAWJACHO TMPU ONPEACICHUH CKOPOCTHOTO

‘x
kod(punmreHTa AN f(x).
M

B pa6orax [3, 11, 13 u 14] ¢ moMo1ipt0 3HEpPreTHUYECKON Teopuu mpokatku B.H.
Beigpuna [15] ¢ ydyeToM mNpoKaTKM MeTajla B Bajkax Ha JOpPHE C MOANOPOM
MOCJIETHETO CO CTOPOHBI BO3AYIIHOM KaMephl TOJAOIIET0 amnmapara ObUIM
omnpeneneHsl BeMHYnHbl ckopocted Vy, u V. Ilpu pacuetax AC yuuThIBanach
cnenuduka CBOOOAHONW pacKaTKW MNWIMTPUMOBOM TOJOBKH, YTO OOYCJIOBIICHO
HEOOXOJAMMOCTBIO CHauaja OCYIIECTBJICHUS JOKATKH HEpPaCKaTaHHOTO MeTauia Ha
3aJIHEM KOHIIE TWJIB3bl, a 3aT€M pacKaTKa MepeMeHHOTOo Mpoduist (COOCTBEHHO
MWJIATPUMOBOM TOJIOBKH), B OCHOBY KOTOPOW IOJIOKEH PEKHUM HEMPEPHIBHOTO
YBETUYCHUS TI0/1a4¥, 00ECIEeYNBAIOIINNA MTOCTOSIHCTBO V,, = mFr, Tie m — BenmuuuHa
MoJjau B yCTaHOBUBIIEMCS poluecce, Fr — mioiiaib nornepevyHoro ce4eHus TIib3bl.

TeopeTnueckne ucCCIEIOBaHUS TMO3BOJIWIM YCTaHOBUTh, YTO B MPOLECCE
CBOOOJIHOM pacKaTKU CKOPOCTh METaJljla BCE BPEMsI OCTAE€TCs BhIIIIE CKOPOCTHU JIOPHA,
T.€. METAJUT B KaXKJIOM IIMKJIE BCE BpEMs CMeEIAeTCsl OTHOCUTEIbHO JopHa (AC>0).
DTO cMeEIIeHHE 3a OANH UK (TIPH MTOJTHOM OTKaTe) cocTaBisieT 5-11 M.

Benuunna cMelienns 3aIHET0 Topila packara 1o JOpHY 3a OJWH LHUKJ TPOKATKH
(omuH 00OPOT BAJIKOB) 3aBHMCUT B OCHOBHOM OT BEJIMYMHBI 3aJaBa€MOT0 0Obema
MeTajuia B BaJKH, KOA(h(HUIIMEHTa BBITSDKKH, YCUINS MPOTHBOIABICHUS CO CTOPOHBI
BO3AYIIHOTO I[WIMHAPA W YCIOBUW TPEHHUS MEXKIYy pPAcKaTOM M JIOPHOM, YTO
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IOJTBEPKIAETCS TAOOPATOPHBIMU UCCIIEJOBaHUSIMU B padoTte [3].

B pesyinprare MIaCTUYECKOTO TEYEHUS MeETaula MO JIOPHY IMPOUCXOIUT
CMEUIEHUE 3aJHEr0 TOpLA packaTa B HANpPaBICHUM BpAUICHUS BAJIKOB, YTO
yMEHbINAaeT (PaKTUUYECKYIO BEIMUYMHY I[OJIa4ydl B OUYEPEIHOM IMKJIE MpokaTku. B
oOmeM ciaydae 95T0 TpeOyeT KOPPEKTUPOBKM TMOAAYU C YYETOM YKA3aHHOTO
cMmenieHus. TeopeTnyeckoe onpeaeaeHue BEIUYMHbI YKa3aHHOTO CMELIEHUS C LETbIO
KOPPEKTUPOBKM T0JIa4yd METalla B OYEPEAHOM LMKIIE NPOKATKA JAeT TOJBKO
OpUEHTHUPOBOYHBIE 3HAYEHMSI CMEILCHUS U3-3a CJIOKHOCTU Takoi 3amauu. IlosTomy
31eCb HEOOXOAMMO B OCHOBHOM ONMPAThCS Ha PpPe3yJbTaThl CIELHAIBHBIX
AKCTIEPUMEHTAJIBHBIX UCCIEA0OBAHUMN B peabHbIX TPOU3BOACTBEHHBIX YCIOBUSIX.

OO61iee cMenieHue MeTalljla OTHOCUTENbHO AopHa XC Kojebiiercsa B mpenaenax
50-200 mm. CymectBeHHoe BausiHHE HAa 2C OKa3pIBAIOT JIMHA MNWUIMTPUMOBOU
TOJIOBKM M CyMMapHas BBITSDKKA, MpPUYEM IMOciIeAHH (akTop oOKa3biBaeT Oolee
CWIbHOE BiusHUE. Tak, packarka NWIBIEProJIOBOK TOJICTOCTEHHBIX TpPyO
CONPOBOXKJIAETCS ~ HE3HAuuTeNbHBIM  cMmemeHnemM 2C. Iloatomy  packaTka
OWIBIEProJIOBOK JUIs 3TOrO  CcOpTaMeHTa Tpyd modyywia OoJjiee LIMPOKOE
IIPUMEHEHUE HA IPAKTUKE.

Cpenu umeromuxcs mpoOsieM packaTKU MHIJIBIEProJIOBKM MOKHO BbIACIUTH
CJIeIyIOLIHE:

1. mpu packaTke TOHKOCTEHHBIX TPyO HEBO3MOXHO OCYIIECTBUThH 3aMEHY JIOpHA
P HUCIOJIb30BAaHUU IIMOEPHOrO0 YCTPOMCTBA: BCIEACTBHE MAaJIOM MPOAOIBHOU
YCTOMYMBOCTHU 3a/IHETO KOHIA TPYOBI MPOUCXOIUT €r0 CMATHUE, YTO C OJHOM CTOPOHBI
YBEIUYHMBAET PACXOJl METaula, a C JAPYrod B OTIAEIBHBIX CIIyyasx JEJaeT MPOLECC
CMEHBI IOpPHA HEBO3MOXKHBIM;

2. packaTKka MNUJIBIEProIOBKM Ha CBOOOJHOM YYacTKe JIOpHa TpeOyeT ero
IIPEABAPUTEIILHOTO M3BJIEUEHUS M3 packara Ha ~1,2-1,5 m; mpu 3TOM Hapymaercs
CLIETJIEHUE pacKaTa ¢ JOPHOM, YTO HEOIAroNnpusTHO CKa3bIBaeTCs HA MEPBBIX LUKIIAX
pacKaTKu NWJIBIEProJIOBKH, NPHUBOAIIMX K CMEIICHHUIO packara B HallpaBJICHUU
JOPHOBOTO 3aMKa IOJ JACWCTBUEM BaJKOB IWIMIPUMOBOTO CTaHa. JTO B CBOIO
ouepelb TpeOyeT Oo0jJee TOUYHOTO OIpPENETICHHs] BEJIUYUHBI MPEJBAPUTEIHLHOTO
U3BJICYCHUSI JIOPHA U3 pacKaTa C YYETOM LIMPUHBI MMOEpa U CMEIEHUsl MeTalia B
Ka)KJJOM LIMKJIE paCKaTK! IUJIbI€ProJIOBKH;

3. HE3aKpEIUJIEHHOE JIOPHOBOE KOJIBLIO, MEPEMEIIAACh IO CBOOOJAHOMY y4YacCTKy
JOpHa pa30MBaeT JOPHOBBIM 3aMOK MOJAIOIIEro amnmapara M MOXKET CO34aTh
aBapUIfHYIO CUTYALIMIO MIPH MONAJaHUU B KaJIMOp BaJIKOB;

4. OTCYTCTBYIOT JOCTaTOYHO IPOCTHIE U HAJIEKHBIE TEXHUYECKUE PEIICHMS, HE
NPUBOJSIINE K CYIIECTBEHHOMY YBEJIMYEHHUIO BCIOMOTAaTEIbHOTO BPEMEHH IS
OCYLIECTBJIEHUS PACKATKH IMHJIBIE€PrOJIOBKH.

[IunurprMoBasi TOJIOBKA, KaK M3BECTHO, COCTOMT M3 JIByX OCHOBHBIX YacTEH:
HepacKaTaHHOW YacTH TWib3bl HJIWHOM ~40-60 MM, U COOCTBEHHO IEPEMEHHOTO
npoduis, MpencTaBIsAoUIEro coO0M pa3BepTKy Ooiika mnuibrepBaika. Ilostomy
[IOCJIE PACKATKM YydYacTKa THJIb3bl B BAJIKM HAYMHACT IIOCTYyIIaTh IEPEMEHHBIN
npopuns Fy. Ilpu 3TOM mpu MOCTOSHHON BENWYMHE MOJAYM M OO0BEM MOJAYH
HEIPEPBHIBHO YMEHBILAETCS B CBSI3U C YMEHBIIEHHEM BXOJSIIETO B BAJIKU CEUECHHS
Metauia Fy, 4TO NpHUBOOMT K HApYLIEHWIO CHHXPOHHU3ALUMU CHUCTEMBI «BaJKU —
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MOJAIOIINH anmapar.
HenmoctatkamMu CymiecTBYIOMIETO MPOIECCa PACKATKH MHJIUTPHMOBOM TOJIOBKH
SIBIISTIOTCS CIIETYIOIIHE:

- HWCHOJBb30BaHME BEJIMYMHBI TOJAa4YMd NPUMEHSEMONH B yCTAaHOBHBILEMCS
pPeKUME TMPUBOIUT K YBEIMUYEHHUIO JJIMTEIBHOCTH IPOIEcca PACKaTKH H
CHIDKEHHIO €ro TPOHM3BOJUTEIBHOCTH, a TaKKe MPOU3BOAUTEIBHOCTH
OIJIMTPUMOBOTO CTaHa;

- B KaXIOM TOCIEIYIOMEM IMKIe pPacKaTKh B BAJKH 33JaeTCsi packar
YMEHBIICHHOTO TIOMEPEYHOT0 CEYEHUs, YTO NPUBOIUT K HECTAOMIBHOCTH
npolecca packaTkd BCJIEJICTBHE YMEHbBIICHHS BEIMYMHBI OTKAaTa W yria
KaHTOBKHM pacKaTa. YMCHbBIICHWE yTIJa KAHTOBKM pacKara NPUBOAUT K
YBEJIMUEHUIO HEPABHOMEPHOCTU MOMEpeYHON JedopManuu U oOpa30BaHUIO
neeKTOB, a TAKXKE YBEINYCHUIO PA3HOCTEHHOCTH TPYO;

- yMEHbLICHHE OTKaTa NMPUBOAUT K HAPYUICHUIO CHHXPOHM3AIMU Tpolecca
IPOKATKU B CHUCTEME: «BAJIKA — TOAAIOIIUN ammaparay, 4TO TaKKe CHUKAET
POM3BOIUTEIILHOCTD CTaHA.

[lenecooOpa3Ho  packaTKy MNUJIUTPUMOBOM  TOJOBKA  OCYIIECTBISTH  C

NepEeMEHHON BEJIMYMHOM MMO1a4Y¥ B KOKIOM ITHKJIE PACKATKH T'OJIOBKH, OMPEIeIIsIeMOit

0 BhIpaXXeHuto [3]:
B—i
m;=-Aln B—(i-1)" (5)

Ir y

riue Azlnﬂz’B:E’

1 — TOPSAJKOBBIM HOMEp IUKJIA PACKaTKU MUIMIPUMOBOM rojoBku 1 = 1...N; I, —
JUIMHA THJIUTPUMOBOM TOJOBKH; [y — KOA(PQUIMEHT BBITSHKKHM Ha MHJIMTPUMOBOM
CTaHEe; M — BEJIMYMHA [TI0JJaYU B YCTAHOBUBLIEMCS IPOLIECCE MPOKATKH.

[Ipon3BOAUTENBHOCTh MPOLECCA NUIMTPUMOBOM MPOKATKM  3aBUCUT  OT
BEJIUYMHBI O0BEMa MOJaYM Vn B KaXJOM IUKIE PAaCKaTKU TWJIb3bl BajJKaMH IpH
MOCTOSIHCTBE YTJIOBOW CKOpOCTH BankoB. [Ipu sTomM BenumumHa oObeMa Mojadu
pPaBHSETCA NPOU3BEACHUIO BEIWYMHBI IOJAYM B YCTAHOBUBIIEMCS pPEXHME Ha
IJIOIIA/Ib TIOTIEPEYHOr0 CeYeHHUs Tuiib3bl Fr B ocHOBHOM ee vacTu (Vn = mFr). [Ipu
YCTAaHOBUBILIEMCS PEXUME MUITUTPUMOBOM MTPOKATKU BEJIMUMHA 00beMa nojiayu Vn =
const. Ilpu packarke NUIMTPUMOBOIM TOJIOBKM BaJKaMH Ha CBOOOJHOM Yy4YacTKe
JOpHa B BaJKU B KXKIOM IMKJIE 33JaeTCsl BEIUYMHA 00beMa MOJayl MEHbIIas Mo
CPaBHEHMIO C YCTAHOBHUBILEMCS PEKUMOM 3a CYET CHUYKEHMS ILIOIIAAN NTONIEPEYHOTO
CEYEHMS] PAacKaTa, KOTOpas YMEHbIIAETCA M0 MEpEe PacKaTKu TWib3bl. CHMXEHHE
o0beMa MoJlayMl CHMXKAET MPOU3BOAUTEIBHOCTh MPOLIECCa PACKATKU MUIUTPUMOBOM
TOJIOBKM M BCEr0 IUIUIPUMOBOIO cTaHa. JlIs NOBBIICHUS NPOU3BOAUTEIBLHOCTH
MPEJIOKEHO COXPaHUTh 00beM Mojayu Vn = const U MPHU packaTKe MUIUTPUMOBOM
TOJIOBKM 3a CYET YBEJIMYECHHUS BEJIMYMHBI IOJAYM B KaXIOM LMKIE pPacCKaTKu
IPONOPUHAOHAIIBHO YMEHBIICHUIO IUIOMIAAM TIONEPEYHOrO0 CEYEHHsl packara B
COOTBETCTBUM C BbIpaxkeHueM (5), B KOTOpOM BEIMYMHA MOJAYM B KaXKIOM LIMKJIE
pacKaTKM NWIMTPUMOBOM TOJOBKM 3aBUCUT OT BEJIMYMHBI I[OJAYd M B
YCTaHOBUBLIEMCSI PEXKUME, [JIUHBI IWJIUTPUMOBOM TOJIOBKH {1, CyMMapHOIO
K03 pUIIEeHTa BBITSIKKH s M IOPSIKOBOIO HOMEPA LUKJIA PACKATKH 1.
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BennunHa mnomayn m paBHSETCS MOJAaY€ B YCTAHOBUBIIEMCS IIPOLIECCE
NUIMTPUMOBOI MPOKATKU M 3aBUCUT OT BBIOPAHHBIX MapaMeTPOB COTJIACHO TaOJHIIE
npokarku. IIpu 5ToM BenMuMHA TOAAYM M OrPAaHUYUBACTCS MPHU MPOKATKE
TOHKOCTEHHBIX TPy0 KayeCTBOM MPOIYKIUHU (MPEUMYIIECTBEHHO TOYHOCTBIO IIO
TOJIIIMHE CTEHKH) C y4dyeToM TpeOoBaHMI cTaHAapTOB Ha TpyObl. B pe3ynbpraTe
MCIOJIb30BaHUS MPEUIOKEHHON TEXHOJOTUU OOECIeUrnBAETCS COXPAHEHUE YCIIOBHS
Vn = const U CHM)XEHUE YHUCIA LMUKIOB PACKATKU MNWIMTPUMOBOU TOJOBKH, 4YTO
MOBBIIIAET MPOU3BOIUTEIBLHOCTH IMpolecca. Kpome Toro, obecrieunBaeTcsi TaKkxke
cTabuIIM3aIMsl Mpolecca PAcKaTKU MUIUTPUMOBOM TOJOBKM 3a CYET MOCTOSHCTBA
BEJIMYMHBI OTKATa U yria KAHTOBKH pacKaTa, CBSI3aHHOT'O C BETMYMHON OTKaTa.

JUis  peanuzanMuM  MPEJIOKEHHOTO crocoda MOXKeT ObITh  HCIHOJIb30BaH
MOJIAIONIMI amnmapaT ¢ MEXaHHYECKUM J103aTOPOM BEJIMUYMHBI MTOAAYH, TO3BOJISIOIIHIMA
OMEpPAaTUBHO M3MEHSATH MOAAUy B KaXKJIOM IIUMKIIE MMPOKATKU U CTPOTO JAO3UPOBATH €€
BEJIMYMHY. TakoW MOJAOIINM anmapar 3KCIUIyaTUPYETCsl Ha MUJIMTPUMOBBIX CTaHaX,
paspabotannbix Gupmoii «MIM» (OPT).

B ciyyae ncnosib30BaHUs OJAKOUIETO anmnapaTa, MEXaHW3M KaHTOBKH KOTOPOTO
3aBUCHUT OT OTKAaTa, MOXKHO JIOMyCKaTh YMEHBIIIEHUE OTKaTa He Oosiee yem Ha 30 %,
4TO CBA3aHO ¢ O0ecreYeHreM HeoOXO0IUMOro yria kantosku (He menee 50 °). Ilpu
3TOM YMEHbIlIEHHE oTKaTta 0osee yem Ha 30 % mpHuBEAET K MOSBICHUIO 3aKaTOB Ha
TpyOax M yXyIUICHUIO Ka4eCTBAa HApYyKHOU MOBEPXHOCTH.

TexHoyoruss ropsYed MWIMTPUMOBOM TMPOKATKU TPyOd C  pacKaTKou
MMAJIBIEPrOJIOBKU 3aKIII0YAETCA B ciaeAyronieM. PackaTky rwib3el 1 Bankamu 2 Ha
IOpHE 3 C MOANOPOM 33JHETO TOpLAa JOPHOBBIM KOJIBLIOM 4 OCYHIECTBISIIOT C
o0pa3oBaHMEM HEJOKaTa 3aJHETO KOHIIA TWUJIb3bl B BHJI€ MUJIMTPUMOBOM TOJOBKU S5
(puc. 6a).

XBOCTOBHK 6 JOpHA 3 COEIMHEH C 3aMKOM 7 IOPHOBOM T'OJIOBKHU 8 MOMAAIOIIETO
anmnapara (Ha 4YepTeke He IMoka3zaH). [IpokaTky B YCTAaHOBUBILIEMCS PEXKHME
OCYIIECTBISIIOT C BBIOPAHHOW CKOPOCTHIO BpaIleHUS BaJKOB W MaKCUMAaJbHOMU
BEIIMYMHOM MMOJJa4¥ M, OTPAHUYCHHOW TOYHOCTHIO MPOKATHIBAEMBIX TPYO.

Pasmepsl runp3bl 1 TPyObl HAa MIJIMTPUMOBOM CTaHE OIPEACISIOTCS TaOIuIei
MIPOKATKHU.

[Tocne oOpa3oBaHusi Ha 3aJHEM KOHIIE THJIB3bl MWIMTPUMOBOM TOJIOBKHU
CHUMAIOT IOATIOP CO CTOPOHBI JTIOPHOBOT'O KOJIBLIA HA 3aJHUM TOPEL] TMJb3bl 3a CUET
MIPEABAPUTEIILHOTO U3BJIEUEHUS JIOpHA M3 packarta Ha BenumuuHy L = 1,2-1.5 m ¢
MOMOIIBbIO MHOEepHOro yctpoiicTBa. Jlig 3TOro (PUKCUPYIOT 3aqHUN TOpELl T'MIIb3bI
mroepoM 9 U mepeMeleHneM KapeTKu MOJAIOLIEro amnmapaTta U3BJIEKAIT JIOpPH U3
packata Ha Bennuuny L, = 1,2—1,5 M (puc. 6 6 u B). B pe3ynbTaTe npeaBapuTeIbHOTO
U3BJICYECHUSI JIOPHA M3 pacKaTa HapyLIaeTcsl CLEIUIEHUE €ro ¢ JOPHOM, KOTOpPOE
BIIOCJIEICTBUM BOCCTAHABIMBAETCS B MIPOLIECCE PACKATKU FOJIOBKHU.

B ofOmem cinydyae nnuHa ydyacTKa JOpHA [UIsl PAacKaTKU MUJIbIE€PTrOJIOBKH
ONPENENSAETCS U3 BBIPAXKCHUS:

e =2C; +2ZC+ Lo + L + Lo (6)
rae  2C; — CMEIICHUE pacKara MpU €ro CKOJBXEHUU IO JIOPHY B MEPBbIX LUKIIAX
pacKkaTKu 3a CYET YCWIMA CO CTOPOHBI BaJIKOB; XC — CyMMapHOE CMEILECHHE B
pe3yJsbTare IUIACTUYECKOTO TEYEHHs MeTaula B KaXIOM LHKIE pacKaTkd; e —
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HIMPUHA JOPHOBOTO KOJNbIA; {yy — mMpuHa mubepa; £, — pe3epB CBOOOIHOTO ydacTKa
nopHa; £, = 100 mm.
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Puc. 6 Cxema nMJIMIPUMOBOI IPOKATKH ¢ 00pa30BaHMeM NWINTPUMOBOM
rOJIOBKH HA 3a/lHEM KOHLEe I'MJIb3bl. (2) M CTAMH NPeABAPUTEIbHOI0
U3BJIeYEHUs TOpHA U3 packarta (0 u B). JO0o3HaueHus 6 mekcme

ITpu 3TOM HEOOXOAUMO PAacCMOTPETH ABa CiIydasl pacKaTKU IMUJIBIEProJIOBKH:
NEPBBIN Cllydail, KOrJa OCYLIECTBIIIIOT IPEIBAPUTENIBHOE W3BJICUEHHE OpHA U3
packaTa ¢ HapylLIeHMEM CLEIUIEHHS MEXJIy HHMHU U BTOpPOH Clydaid, Korja
COXpaHsieTcs IEepBOHAYAIBHOE CLEIUIEHHE packaTta ¢ JOPHOM, a HEoO0XOAMMBIH
CBOOOJHBIN y4acTOK JIOPHA BBIJBUIAETCS U3 JAOPHOBOW T'OJIOBKH, YTO YBEJIUYMBAET
obmyro JUIMHY JOopHa. B mepBom ciydae pacuersl i {; MOKa3bIBalOT, YTO 3Ta
BeanMunHa cocrtaBiusger 1,2-1,5 m. Bo Bropom ciywyae BenuunHa {, 3HAYUTEIBHO
yMeHblnaercsi B pesynbrate £C=0 u MoxeT ObITh AoBenaeHa a0 500 mm (6e3 yuera
lek). Bo BTOpOM cilydyae packaTKu TOJOBKHM CHH)KAeTCsl BCIIOMOTaTelIbHOE BpeMs
IIPOKATKU.

ITpu nepBbIX HUKIAX PaCKaTKU NWINTPUMOBOM rOJIOBKH BaJIKaMU Ha CBOOOIHOM
y4acTKe JIOpHA packaT CMELIAETCsl B HAIIPaBJICHWU BpALICHMs BAJIKOB Ha BEIUYHUHY
110 400 mM.

IIpy mocnenyromux IUKIaX packaTKW BEIMYMHA CMEIICHHs TOplia packaTa B
HalpaBJ€HUU JIOPHOBOro Kousiblla coctaBiusier 10+12 MM u  oOycioBieHa
IUTACTUYECKUM TeueHueM MeTaiia. [Ipu nokaTtke NMUIMTPUMOBON TOJOBKU TOpEIl
TMJIb3bl NIEpEe]] HAavyajoM KakJOro IMKJIAa PacKaTKU JOJDKEH HaXOIUThCS 3a JIMHUEH
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LIEHTPOB HA PACCTOSIHUU HE MPEBbIIIAIONIEM KpUTHUYECKOE (puc. 7).

Kputnueckoe paccrossHue Li — 3TO MakCHMaJIbHOE PACCTOSHHE OT TOpLA
TOJIOBKH JI0 JJMHHUU IIEHTPOB BAJIKOB, P KOTOPOM €Il[€ BO3MOXEH KOHTAaKT MeTaJlia
C BAJIKOM. ITO pPACCTOSTHUE MOXKET OBITh OIMPEICIICHO 10 BhIpaXXeHUIO (puc. 7):

Le<ynZ— (R, — R,)? (7)

i€ T3, — paAnyC KacaHusi TpyObl MOJHUPYIOUIUM YU4aCTKOM BaJiKa C yrjioM O,, mm; R, —

paauyc 3aHETO TOpLA F'OJIOBKH, MM; Ri— MaeanpHbI paanyC BalKa, MM.

JIns Havasia OCYINECTBJIEHUS 3axXBaTa METAJUIa M HA4aJla IPOLIECCa PACKATKH
TOJIOBKH HEOOXOIMMO 00KaTHe TOJIOBKH MO TOJIIUHE CTEHKH, YTO BO3MOXKHO TOJIBKO
3a CYeT yBEJIMUCHUS pajuyca Bajlka Ha yyacTke Oolika.

Tak B Touke C (puc. 11) HannumMe xacaHwsi HE MPUBEAET K 3aXBaTy MeTasuia
BAJIKAMH BCJIEICTBUE TOTO, YTO B TOUKe C paguyc KacaHus Iy = Iy U IPU BpalICHUU
BaJIKa I, = const.

Puc. 7 K onpegesieHnio ycJI0BUi HAYAJIA MPOLECCA PACKATKHA NWJIbI€ProJIOBKHU
Ha CBOOOJHOM Yy4yacTke aAopHa: 1 — sanok, 2 — nunveep2onoska, 3 — 0opH

N3 3T0TO0 CiieyeT BBIBOJ, UTO PaguyC KacaHUs Iy JOJDKEH HAXOAUTBCSA MEXIY To
U Tn, T.€ To < I« < I,. YUaCTOK npoduiisi (a-0) MEXAy paiuycamH I, U I COOTBETCTBYET
Ooliky ¢ yriom Op, TAe B HampaBlICHUH BpALEHUS Bajka pPaguyc MNpoPuiisi
YBEJIMUUBAETCS OT T, [0 Ty U TJIe BO3MOKHO 00XKaTHe MeTalla.

JlJis 3TOrO TOpEI] TOJIOBKU JOJKEH ObITh BBIIBUHYT 3a JIMHHUIO LIEGHTPOB BaJIKOB
Ha paccrosinue L < L, mpu sTom:

L=Li—m; Mm (8)

r1€ m; — BEJIMYMHA TOJIayd, KOTOpass MOXKET OBITb MPHUHATA M3 PA3THYHBIX
YCJIOBUU.
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Hanuuune xacanus Bajka ¢ TOJIOBKOW B 3TOM cllyyae OyJeT UMETbh MECTO B TOUKE
e. [Ipu BpalleHnn Bajka B pe3yJbTaTe Pa3HOCTU PaguyCoB Ar = r, — Iy HAaCTYNHT
00XaTHsl TOJIOBKH, YTO SIBJISIETCSl PEaJIbHOM TMPEANOCHUIKON JUIsl 3aXBaTa MeTaslia
BaJIKAMH.

[Ipoanann3upyeM HECKOJBKO BAPWAHTOB Hayaja MPOLECCAa PACKATKH T'OJIOBKHU
IpU Pa3IUYHBbIX 3HaYeHusXx L, uro mpu 3aganHOM L, Oyner ompenensTh pasHyIo
BeauMuuHy noxaud m;. Illpy L = m (roe m = my, — nojada B yCTaHOBUBLIEMCS
npouecce) obxkarue ToJIOBKM He mnpousoizer. Ilpm stomMm Oyzmer TOnbKo
nepeKaTbIBaHUE BaJIKa 10 TOJI0BKe 0e3 00karus metaia. Takum odpaszom, L nomkHa
OBITH OOJIBLIE Mycr, T.€. L>mycr. IIpu 3TOM HEOOXOAMMO YUYMTHIBATH TaKXke (HaKToOp
OTCYTCTBHSI KECTKOTO 3aJHEr0 KOHIIA, YTO B OIPEAEICHHOW CTENEHU JIOJKHO
OTPaHUYMBATh PEAJbHYIO BEIUYMHY IOAAYU JJIsl MPEAOTBPAILIECHUS YpPE3MEPHOTO
YBEJIMYEHUS TONEPEUYHOr0 TEUEHUS] METAJUIA U MOBBIIICHHOW OBAIM3ALMM CEYEHMSI
TOJIOBKH.

JUis 3TOrO0 MOXKHO MPHUHATH NPHUOIIKEHHO 3HAUYEHUE BBIIBMKEHHS ToOpLa
TOJIOBKH JIMHUIO LIEHTPOB Ha BEJIUYHHY:

L=(0,15-0,20) L 9)

IIpoBeneHHsbIl pacyeT 3HaUeHUU Ly 1 L m0o3BONIMI OEHUTH pEeAIbHBIE 3HAYCHUS
ATUX BEJMYUH MPH MpoKaTKe TpyO pazmepom 219 x 8 mm. Jlnis onpenenenus Ly Obim
MCIOJIb30BaHbI MapaMeTphl MUIIbI€PBAIKOB, pa3Mephl KaTuOpa U IuaMeTpa rHIIb3bl:

Rr =182 mM; R6 =400 mm, 11T =22 mm, Ri =411 mm; dg= 288 MMm;

dg

rn= RO -5 = 286 MM. Torma L= 171 mm.

[lepBoHavyasibHYy!0 3ajadyy TOpLa TOJOBKM 32 JIMHUIO LEHTPOB BAaJIKOB
1enecoo0pa3Ho OCYyIIEeCTBUThH Ha paccTosinue L B coorBeTcTBUHM ¢ BhipakeHueM (10).
Torpa L = 25,6-34,2 mm. Ilpu nmoBopoTe Bajka Ha yroi 0, COOTBETCTBYIOLIMIA
IIPUHATOMY 3HA4eHUI0 L Korma HyneBoW paguycC I, BBIUJIET HA JIMHHUIO LEHTPOB,
BaJIOK Ha ydacTKe rpeOHA HauHET OOKMMaTh TOJOBKY IO CTE€HKE, 4YTO OyJer
COOTBETCTBOBATh MEPUOAY 3aXBaTa.

HeoOxomquMo  OTMETHTH, 4YTO B IE€PBOHAYAIBHBIA MOMEHT pPAacKaTKU
NWIBIEPrOJIOBKM YCIIOBUSL 3axBaTa Jierde, 4YeM IMpU IEPBOM JTalle 3aTpaBKH, T.K.
packaT HaXOJAWUTCS 3a JIMHHUEW LEHTPOB BAJIKOB M OTCYTCTBYET MOAINOP Ha pacKaT co
CTOPOHBI BO3JYLIHOTO IWJIMH/pA MOJAIOIIETO armnapara.

[To mepe packaTku NWIMTPUMOBOM TOJIOBKM BajKaMHU Ha JOpPHE BCIEACTBUE
yMeHblIeHUsT o0bemMa mnojgaud Vn = Fp X n wu3-3a yMEHBUICHUS IUIOLIAIU
NONEPEYHOro ce4eHMsl Fp B Ka)JI0M LUKIIE CHUXKAETCS MPOU3BOAUTEIBHOCTh CTaHa.
[ToaTOMy cCOINIaCHO HOBOM TEXHOJIOTMHM YBEJIMYMBAKOT BEJIMYMHY IIOJAYU B
COOTBETCTBHUH C BbIpaykeHUEM (5) 117151 COOIIO/IEHUS YCIOBUS

Vn = const = Fr - m, (10)
rae  Fr — miomaas monepeyHoro CedeHus TWib3bl; M — BEIWYMHA IOJA4M B
YCTaHOBUBIIEMCS ITPOLIECCE.

W3MeHeHre BeMMYMHBI M0JIa4l Mi NpPU pacKaTKe MUIUTPUMOBON TOJIOBKU NPHU

ycioBuu Vn = Fr - m = const npuBeeHO Ha puc. 8.
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Puc. 8 U3MeHeHne BeJJMUMHBI 102491 Mi IPH PACKATKe MUJIbIeProJOBKH 10
ABYM pe:xxuMam: a — mi = const, 0 — Vn = const

N

Ipu stoMm ¥ ™ ELr a3 yMeHbplIeHHMe JUIMHBI IMJIMTPAMOBON TOJOBKH B
1=

IpoIrecce ee pacKaTku Al=Lr— > I m
1=

Hcnonbs3oBaHne pexuma TMOAaud 1O BbIpakeHHio (5) TpU  packaTke
NUIUTPUMOBOM TOJIOBKM BajKaMU Ha CBOOOJHOM Y4YacTKE JOpHA IO3BOJISET
MOBBICUTH TIPOU3BOAUTENBHOCTh CTAaHA 34 CUET CHI)KCHHUS KOJUYECTBA LIMKIIOB
pacKaTKu TOJIOBKM, a TakKe TMOBBICUTh CTAa0WJIBHOCTH IIpollecca pPacKaTKU
MMAJATPUMOBOM TOJIOBKH 3a CUET CTaOMIM3allMKi BEJTUYUHBI OTKAaTa U yIjla KaHTOBKU
packara, 4To yJIydIlaeT KauecTBO TPyoO.

IIpu packaTke NUIUTPUMOBBIX T'OJIOBOK C MOCTOSIHHOM BEJIWYMHOW MOAAYM M
PaBHOM BEJIMYMHE I0JIaY¥ B YCTAHOBUBILEMCS IMPOLECCE YKCIO LHUKIOB PACKATKH
ONPEAETAETCS 10 BBIPAKECHUIO

N = {r/m (11)

[Ipu packaTke MUIUTPUMOBBIX TOJOBOK C TIEPEMEHHOM BEJIMYMHOMN TOJa4Yu mi,

ompenessieMoil U3 ycioBUs Vn = const YUCIO LUKIOB PACKATKUA OMPEAENSIETCS IO
lr a 1 )

BBIPAKECHUIO N= mgnluz ps - (12)

Bpemst packaTky MUTUTPUMOBBIX TOJIOBOK 3aBUCHUT OT YHCJIa 00OOPOTOB BAJIKOB

MAJUTPUMOBOTO CTaHA W YKCJIa IUKJIOB PACKAaTKU TOJOBKU. BpeMs ogHOro obopota

60
BAJIKOB ONPCACIIACTCA M3 BBIPAXKCHUA T = 7, C, TA€ n — YHucCJo O60pOTOB BaJIKOB

[MAJIATPUMOBOTO CTdHA, 00/MHUH. BpeM}I PaCKaTKn HPIHPIFpI/IMOBOﬁ T'OJIOBKH

OTIPEICIIICTCS U3 BBIPAKCHUS T, =17 N, ¢, (13)
BriBOALI
1 Paccmotpenbl mpobiieMbl OHOTO H3 HaubOosnee SPPEKTUBHBIX METOJOB
YMEHBIIIEHUSI TEXHOJIOTUYECKONH O00pe3u Ha MUIUTPUMOBOM CTaHE - paCKaTKU

MUIUTPUMOBOM TOJIOBKM Ha CBOOOJHOM YYacTKe JOpHA, KOTOPBIA BMECTE C TEM HE
MOJIy4nJI MIMPOKOro pacnpoctpaHeHus. Haubonee 3(p¢heKTUBHBIM 3TOT METOA
ABIIIETCS TPH TPOKATKE TOHKOCTEHHBIX TPyO, HpPHU 3TOM €ro BO3MOXKHOCTH
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OTPAaHUYCHBl YCJIOBUAMH OCBOOOXKJICHHMS JOpHA TIOCJIE€ TIOJHOM pPacKaTKu
MMAJIBT€PrOJIOBKHU.

2 Jlyisi CHUKEHUS JJIMTEIbHOCTH MPOIECCa PACKATKU MUIUTPUMOBOM TOJIOBKU
MPEJUIOAKEHO OCYIIECTBIIATH €T0 ¢ IEPEMEHHOM BEIIMYUHOM MMOJIAYX B KaXKIOM IIUKIIE
pacKaTKu Il COXPAaHEHMsI BEIWYMHBI 00bEMa TOJIayu BCIIEICTBHE YMEHBIIICHUS
IUIOIIAM IIOMEPEYHOro CceyeHus packara. s peaninsanuu TaKOM TEXHOJIOTHUH
HEOOXOJIMMO HCIMOJIb30BaTh IIOJAOIIMI ammapar ¢ MEXaHHMYECKHM J103aTOPOM
BEJIMYMHBI M0JIa4M, TTO3BOJISIIONIMNA ONEPATUBHO U3MEHSTH IMOJa4y B KaXJIOM ITUKJIE
packaTKM M CTpOro JO3UpOBaTh €€ BeduuuHy. J[as »Toro HeoO0Xxoaumo
MOJEPHU3UPOBATh MOJAIOIINE aIaparel, sKcruryarupyemble Ha TIIA 5-12" B
Ykpaune.

3 HeratuBHbIM (DaKTOpPOM, BIUSIONIMM Ha MPOILIECC PACKATKU MUJIUTPUMOBOM
TOJIOBKM Ha CBOOOJHOM Y4YacTKE JOpHA SIBISETCS HApYIICHHUE CIEIJICHUS MEXIy
TpyOO# M TOPHOM IOCJIE TIPEABAPUTEILHOTO U3BICUCHUS MTOCIeIHero Ha ~1,5 M, 9To
00yCIIOBIMBACT 3HAYMTEIIFHOEC CMEIICHHE packaTa 110 JIOPHY IPH IEPBBIX IHKIIAX
nedopMaly BaJKaMH TMHJIMTPUMOBOM TOJIOBKHM M YBEJIMYHMBAET BCIIOMOTATEIHLHOE
BpeEMSI.

4 TlpoaHnanu3upoBaHbl YCIOBUS PACKATKH MUJBIEProJIOBKHU MO ABYM pEeXHMaM
NOJAa4u: C M = My = const ¥ ¢ m; Ipu Vn= const, rae Vn = m; X Fi. YcranosieHo,
YTO pacKaTKa MIJILIEPTOJIOBKHU M0 BTOPOMY PEKUMY TI0/Ia4u CHIDKAET 0oJiee 4eM B 2
paza 4MCIO LMKIOB packaTtku N U COOTBETCTBEHHO €€ JJIMTEIbHOCTh. [Ipu 3TOM
MOBBINIAETCS CTAOWJIBHOCTh PACKaTKU TOJIOBKHM 3a CYET CTaOWJIM3allid BEJIMYHUHBI
OTKaTa M CBSI3aHHOT'O C HUM YTJla KAHTOBKH packara.
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Anomauin. Oouiero 3 Gadx)cIuBux I CKIAOHUX npobiem, 5Ky HeoOXiOHO eupiuumu
AZPONPOMUCTIOBOMY KOMNIEKCY KpAiHu - 30i1bWeHHs BUPOOHUYMBA eKONO2IYHO YUCUX mda
01010214HO NOBHOYIHHUX NPOOYKMI8 XapuysanHs. Jegiyum Kopmoeozo OiiKa € 0OHIE 3 NPUYUH,
Wo He 00360JIAAI0Mb 30IIbUUMU NPOOYKMUBHICMb MEapuH. Jns nikeioayii nopyuiens npomeinosoco
XapuysauHs HeoOXIOHO NOWLYK WAAXI6 NiOBUWEHHS e(heKMUBHOCTI 11020 8UKOpUCmaHus. B ceimi
OOHUM 3 HANPAMKIG BUPIUWEHHS YIEL NPOOIeMU € 3ACMOCYBAHHS 3AXULEHO20 NPOMeiH).

IIpu éuxopucmanui 3axunjeHo2o npomeiny 8CMAHOBIEHO, WO NPU 3A2ATbHIL  NOHCUSBHICTb
payiony 229,6 M/[xc, sampamax kopmy Ha Ike. monoxa 7,70 M, emicmy cupeo npomeiny 3498
2. ma 3axuuwgenozo npomeiny 1203 2, npomu 3axuwenoeo npomeiny 6 6azoeomy sapianmi 848, 12.,
HaOill HamMypanibHO20 MONoKa Ha 120108y 3a 000y cknas 29,80 ke. wo na 6,8 % Hixe 6 06azosomy
sapianmi. Ananiz npooykmuerHocmi - OIUHUX KOPi6 3a Pi3HUX Ni0X00i8 W0 00 OpeaHizayii mexHonozii
ix eodieni i 30kpema npu uxkopucmanti npodykmy « TEII-mike» 3 3axuwgenum npomeiHom nokasae
cymmesy nepegazy H08020 8apiaHmy, O/ K020 Yilbo8ad QYHKYIA 3 PO3NAHYMUMU KPUMEPIAMU €
menwor i cmanosums 0,0338 npu momy, wo yinvosa yukyisa 6azoeoeo sapianmy 2ipwa 6 7,17
pasu.

Knrowuosi cnoea: 0itini koposu, npooyKmMueHicms, mMexHon02is, 20016/, MOJIOKO, 3aXULeHd
eHepzonpomeinosa 000asKa.

Beryn. 3abe3nedeHHs mpoI0BOILYO0I O€3MeKku KpaiHUu B JJAaHUM Yac € OJHHUM 3
BOXJIMBUX 3aBJiaHb. TOMY OJHI€I0 3 BOXUJIMBUX 1 CKIQJHUX MPOOJIEM, SIKy HEOOXI1THO
BUPIIIUTH arpolpOMHUCIOBOMY KOMIUICKCY KpaiHM - 30UIbIICHHS BUPOOHHUIITBA
€KOJIOTTYHO YHMCTUX Ta O10JIOT1YHO MOBHOLIHHUX MPOAYKTIB XapuyBaHHsA. MoJiouHe
CKOTApCTBO € OJIHIEI0 3 OCHOBHHMX Tally3€dl CIJIbCHKOTO TOCMOJApCTBa OCKIUIBKHU
BU3HA4Ya€  HE  TUIBKM  €(PEeKTUBHY  JAISUIBHICTH  CUIBCHKOTOCIOAAPCHKUX
TOBAapOBUPOOHUKIB, a ¥ 3aliMae BaXJIMBE Miclie B 3a0e3NCUYCHHI HaCCICHHS
MOJIOYHUMHU TPOAYKTaMH. BUpIlIeHHS IIhbOTO TMWUTAaHHSA IMOBUHHO 0a3yBaTHCs Ha
iHTeHCcHbIKaIlli CIIIbCHKOTOCIIOIaPCHKOTO BUPOOHUIITBA HA OCHOBI CTBOPEHHS MIITHO1
KOpPMOBOi 0a3u, Tak K HAWOUIbII TTOBHE 3aJI0BOJICHHS MOTPeO OpraHi3My TBapWH B
MOKUBHUX PEUOBMHAX, IO JO3BOJISIE €KOHOMHO BHUTpPAayaTH KOPMH, 301TIbITYBATH
TPUBATICTh MPOAYKTHBHOTO BHUKOPHCTaHHS TBAapWH, 30€pEerTH BiATBOPIOBAIBHHI
(GyHKIII Ha BUCOKOMY PpiBHI, OTPUMYBAaTH MpPOAYKIIO BHUCOKOI skocTi. Came
HEJIOCTaTHS 3a0e3MeUYeHICTh KOpMaMH Ta HU3bKA iX AKICTh MPU3BOJIUTH JI0 TOTO, 1110
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FeHEeTUYHUI MOTEHLIan TBapuH peanizyerbes juimie Ha 40-90 %. Kopmu 3Ha4yHOIO
MIpOIO0 € BH3HAYAIBHUMH 1 JUIsl €KOHOMIYHUX ITOKA3HUKIB, OCKUIBKH B CTPYKTYpi
co0iBapTOCTI TBAPUHHUIIBKOI MPOAYKINi Ha iX "acTKy mpumanae a0 70 % Butpar.
Jlebinut KOpMOBOTO OUIKA € ONHIEID 3 MPHUYMH, IO HE JO3BOJSIOTH 301TBIIUTH
OPOAYKTUBHICTh TBapuH. [[ns mikBimamii MmopymieHb MPOTETHOBOIO Xap4yyBaHHS
HEOOX1IHO TMONIyK INUISAXIB MiJBUIICHHS €()EeKTUBHOCTI MOro BHUKOPUCTAaHHS B
opraHi3mi 1 croco0iB 301JIbIIIEHHS KOHBEPCii a30TUCTUX PEYOBHH B TBAPUHHUIIBKY
npoaykiito. He3Bakaroum Ha yBary 70 I[bOro MUTaHHs, AeMIUT O1JIKa B KOPMOBOMY
OajlaHci SK 1 paHillle 3aJUIIAE€TbCS NPOOJIEMOI0, SKa CTPUMYE peali3aliio
TF€HETUYHOI0 MoTeHIiany TBapuH [1-3]. B cBiTi o1HUM 13 HAIPSIMKIB BUPILIEHHS ITi€]
mpoOJieMH € 3aCTOCYyBaHHS 3axHUINEHOro MpoTeiny. B Vkpaini 3 1i€l0 MeToro
BUTOTOBJISIIOTH 100aBKy TEII-Mikc.

Meta npociixkeHb. Bu3HaueHHS TPOAYyKTUBHICTH AIMHUX KOpIB 32 PI3HUX
MIIXO/IB IO JO Oprafizaiii TEXHOJOri iX TOMIBII 3 3aXWIIEHUM IMPOTEIHOM Ta
OIlIHKA Pe3yJIbTAaTiB HA OCHOBI 0araTOKpUTEPiaIbHOTO aHATI3y.

MeTtoauka aociimxenn. Jlocmmkeras npoBoauiau B AN «IlIeBueHKIBChKE
KuiBcbkoi o6iacti. MeToom nap-aHanoriB copMyBau JiBl TPyNu JAIHHUX KOPIB -
JTOCTIIHY Ta KOHTpoiabHY 10 50 romiB. Jocaia tpuaB 90 nHiB.

bararokputepianbHuii aHai3 TPOBOJIUIM, 32 METOJOM OIIIHKH 1HTErpajbHOTO
KPUTEPIIO BIICTaHI JIO 1T 13 3aCTOCOBYBAHHSAM IIiJIXOJIy 3rOPTAaHHS BCIX KPUTEPIiB
10 oAHOTO N 3a 1OTIOMOTOK0 HOPpMYBaHHA [4 ].

OcHoBHuUI TekcT. TexHoorisi BUPOOHUIITBA MOJIOKA Mepeadayana MpUB’sI3HE
YTpPUMaHHS, Y YOTHPSTHOMY TMpHUMIIIeHI. Pe3yapTaT HOCTIIKEHD 10 BU3HAYCHHIO
MPOTYKTUBHOCTI JIHHUX KOPIB 3a PI3HMUX ITIXOJIB IO IO OpraHi3allii TeXHOJIOTI iX
TOJIBJII 1 30KpeMa TMpu BUKOpUCTaHHI Mponykry «TEIl-Mikc» 3 3axuiieHum
MPOTETHOM MPEACTABICHO B Ta0MI. 1.

Taoanua 1
JlaHi BU3HAYEHHSA NMPOXYKTUBHICTH JiMHUX KOPIB 32 Pi3HUX MiAXO0AiB 110 10
oprasizauii TexXHoJIorii IX roaisJi

Bapiantu [To3na- | bazoswii | Jlocmigamit

W YeHHs | BapiaHT | BapiaHT
BaprticTs partiony Ha | ron.io0y, rpH BP 103,52 109,37
3aranpHa TOXKUBHICTH paiiony, MJx 3I1P 229,7 229.,6
3aTpaTtu KopMy Ha 1kr. mosioka, MJIx 3K 8,27 7,70
[IpoTein cupuid, r [1C 3461 3498
3axulIeHU POTEiH, T 311 8481 1203
KinbKicTh HaTypaJIbHOTO MOJIOKA Ha KHM | 27,76 29,80
lrosoBy 3a 100y, KT

binok ,% b 39 3,07
Kup, % XK 3,61 3,81
Cob6iBapTicTh MOJIOKaA 1 JI, TpH CM 6,22 6,12
OTtpumano npudyTKy Ha 1 ToJI0BY, IpH OIl 605,07 654,41
Aemopcovka po3pobka
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Ha ocHOBI oOTpuMaHux B yMOBaX BHUpPOOHHMITBAa JaHUX IPOBEIU
OaraTokpuTepiaIbHUN aHali3, 332 METOJAOM OLIIHKU 1HTETPAILHOTO KPUTEPIIO BiACTaHI
70 L1l 13 3aCTOCOBYBAaHHSIM TMIJIXOAY 3TOPTaHHS BCIX KpUTEpiiB A0 oxHOro N 3a
JOTIOMOIOK0 HOpMYBaHHS [4 ]. 3arajibHy CXeMy TakoOro 3rOpTaHHs Ta MOJAJIBLIOTO
PO3B’s13aHHs 3a7a4i MOAaHO Ha puc. 1.

N BP Bino6paxenns F muoxxunu C
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Puc. 1 — Cxema cTpareriii npUAHATTS pillieHb 3 YPaXyBaHHAM 0ararbox
KpUTEePpIiB
Aemopcovka po3podka

Ha puc. 1 yci namn opieHToBaH1 rpadu — 11e eneMeHTH MHOKUHU cTpateriit C, a
iXHI MOKa3HUKH €EKTUBHOCTI — CITKA MICIs Mepuioi cTpuiku. MeTta — nepeilTu BiA
BEKTOpa 70 cKaysipa (apyra ctpingka Ha puc. 1). Toal Mu 3M0okeMo TOpPIBHIOBATH Pi3HI
TexHojorii (crtparterii) Ta oOpaTu Haiikpamry. Jlias TOpIBHAIBHOI OIIHKH 3a
KOMIUIEKCHIM TIOKa3HUKOM Ha OCHOBI METOay OaraTOKpUTEpiaIbHOTO aHali3y
3HaXOAMMO BimHOCHY BifcTaHb N(Cy) UIsi KOKHOTO adbTEPHATUBHOTO PIIICHHS 3
BUpA3y:

JIe 1 — KUTBKICTh OIL[IHIOBAaHUX KPUTEPIiB.

HopmoBani noka3Huk# €(eKTUBHOCTI U /11 0a30BOr0 Ta HOBOTO BapiaHTYy Ta
¢dyukiii metu N(Cy), oO0uuncieHi 3a BUllleHaBeAeHO0 (PopMyII0r0, HaBeIeH1 B Ta0. 2

Pe3ynbpTat mpoBeAEHOr0 MOPIBHSIBHOTO aHAJI3y BU3HAYEHHS MPOAYKTUBHOCTI
npu BukopuctaHHi mnpoaykty «TEII-Mikc» 3 3axuIleHHM TpOTEiHOM 3a
KOMIUIEKCHUM MOKa3HUKOM €()EeKTUBHOCTI KOKHOTO 13 BapiaHTiB N(Ci) y MOpIBHIHHI
3 171ealli30BaHUM, Jal0Th 3MOTY BIJ3HAYUTH CYTT€BY IEepEBary HOBOTO BapiaHTy, IS
SKOTO LJTbOBA (PYHKIIISI 32 PO3TIIIHYTUMH KPUTEPISIMHU € MEHIIO0 1 ctaHoBUTH 0,0338
Py TOMY, 10 I117Ib0Ba (PYHKIIIsI 06a30BOTO BapiaHTy ripmia B 7,17 pasu.
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Taoanuda 2
HopmoBaHi NOKa3HMKH 110 BU3HAYEHHIO NPOAYKTUBHOCTI JIiiHMX KOPiB 3a

Bapiaatu bazoBuit Hosuit
[Toka3zHukH BapiaHT BapiaHT
BapricTs partionyl roiu. 1o0y, rpH | 1 1,057
3arajibHa MOXKHUBHICTH paniony, MJIx 1 1
3aTpatu kopmy Ha 1kr. Mosioka, MJIx 1,074 1
[Iporein cupwmii, r 1 1,011
3axuiieHui NpoTeiH, T 1,419 |
KinpkicTh HaTypaiabHOTO MOJIOKA Ha 1 1,073 1
TOJIOBY 3a 100y, KT
bimok ,% 1 1,27
Kup, % 1,055 1
CobiBapTicTh MOJIOKA 1 JI, TpH 1,016 1
OTtpumano npudyTKy Ha 1 To0OBY 3a 2,788 1
100y , TpH
> Uk 12,425 10,338
N(Ck) 0,2425 0,0338

Asmopcovka po3pobka

3ak/Il0YeHHs1 TA BUCHOBKM AHaji3 MPOJAYKTUBHOCTI JIMHUX KOPIB 3a PI3HUX
npoaykty «TEIl-mikcy» 3 3aXuIeHHM MPOTEIHOM IMOKa3aB CyTTEBY MepeBary HOBOTO
BapiaHTy, AJS SIKOTO LUIbOBA (PYHKIS 32 PO3MJISHYTUMH KPUTEPISIMHU € MEHIIOIO 1
cranoBuTh 0,0338 mpu Tomy, o 1IbOBa (PyHKIIISI 6a30BOro BapiaHTy ripma B 7,17
pasu.
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Abstract. One of the important and folding problems, as it is necessary to ensure the agro-
industrial complex of the country is to improve the production of ecologically clean and
biologically advanced products. Deficiency of fodder food is one of the reasons that do not allow
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the productivity of animals to increase. To eliminate the damage of protein food, it is necessary to
make a joke of the nobles to improve the efficiency of this food. In one of the direct ways of dealing
with the problem of storing the stolen protein.

When the stolen protein is vicious, it is established that, when the animal is out of the country,
the rate is 229.6 MJ, the feed costs per 1 kg. milk 7.70 MJ, instead of sirgo protein 3498, and stolen
protein 1203 g, anti-stolen protein in the base version 848.1 g. scho by 6.8% lower in the base
version. An analysis of the productivity of live barks for the winter advances, before the
organization of the technology for the last year and the spring with the victorian product "TEP-
mix" the main function of the basic version of the girsh is 7.17 times.

Key words: dairy cows, productivity, technology, feeding, milk, protected energy protein
supplement
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REGULARITIES OF STRUCTURE FORMATION IN DESSERT

TECHNOLOGY
3AKOHOMIPHOCTI CTPYKTYPOYTBOPEHHS B TEXHOJIOI'TI JECEPTIB
G.O. Sabadosh/T".O. Cadanom
c.t.s., as.prof. / k.m.H., 0oy.

Anomauyia. B pobomi Hadano xapakmepucmuxy ma npo8edeHO aHANi3 MEeXHONO02Il
Odecepmuoi npoOyKyii 3 2enenodioHo CMPYKMypolo, pO32TAHYMO Meopemuyni nepeoymosu
BUKOPUCMAHHS CMPYKMYPOYMBOPIO8aud 6 MmMexHON02li O0ecepmHoi npooyKyii 3 2enenodioHow
CmMpYKmypoio, 30Kpema, Kana-kapaeinawy. Ilpoeedeno moodeniosanns mexHono2ii  A2i0H020
Hanieghabpuxamy 3 OUKOPOCIUX 5210 3akapnamcbkoeo peciony O GUKOPUCMAHHA 6 CKIAOl
OdecepmHoi npoOyKYii, HAYKOBO OOIPYHMOBAHO KOHYEHMPAyilo yyKpy Oisl NIOBUUEHHS MIYHOCHI
MOOEIbHUX 2eli8.

Kniouosi cnoea: ‘zionuii nanieghabpuxam, cmpykmypoymeoproad, KapaziHau, OUKOPOCi
A200U, 0ecepmu, GU3HAYEHA KOHCUCMEHYis, peyenmypHi KOMNOHeHmU

Berym.

AKTyallbHOIO TIPOOJIEMOIO0 CHOTOJICHHSI € 3MEHIIICHHS HETaTUBHOTO BIUIMBY Ha
OpraHi3M JIFOIMHA PEH0- Ta €K30(PaKTOpiB, HACIIIKAMHU SIKOTO BILTUBY € TOTIPIICHHS
cTany 3a0poB’sa. OnHIM 13 NUISXiB BUPIINIEHHS IHOTO 3aBJaHHA € PO3poOKa
TEXHOJIOT1M TMPOAYKIi MiJBUINEHOI 010JOT1YHOI I[IHHOCTI i3 CUPOBHUHU 3 BHUCOKUM
AHTHUOKCHJAHTHUM Ta AHTHOKHCIIOBAJLHUMH BJIACTHBOCTSMH,3 BHCOKHM BMIiCTOM
010JIOT1YHO-aKTUBHUX PEUOBHH, 30KpeMa (P1aBOHOIIB.

Jlukopoc:i siroiu, SKUMH 0arati CHpOBHHHI PECypcH 3aKapnaTChKOTo PErioHy, €
CIIPaBXXHbOIO CKapOHHUIlCt0 OionoriyHo akTuBHUX pedoBuH (BAP). OcrtanHiMu
JOCTI/DKEHHSIMU JTOBEICHO, IO 3a CKJIAJOM 1 BMICTOM (DEHOJIbHUX PEUOBUH BOHH
3HAYHO BHIEPEIKAIOTH KYJbTYpHI copTH. OJHAK CE30HHICTh HAAXOHKCHHS ILIOMIB
3YMOBITIOE€ BUKOPUCTAHHS 1X y BUTJIAII MTPOIYKTIB MepepoOKu( Mope,macTi,BUIABKH).
BpaxoByroun xiMIYHUH CKJIa[a Ta JIKYBAJIbHO-IPODIUIAKTHYHY MIIF0 TUKOPOCIUX ATI,
BUKOPUCTAHHA iX MpU BUPOOHMITBI MPOAYKINi PECTOPAHHOTO TOCIOIAPCTBRA,
JO3BOJIUTH ITIIBUIITUTH ii 010JI0T1YHY IIHHICTh, AaHTHOKCHJIAHTHI BJACTUBOCTI.

Tomy, CTBOpeHHS HOBUX TEXHOJOTIH BHUPOOHUIITBA XapUyOBOW MPOMYKIIii
MIBUIIEHOT SKOCTI, MO0 MICTATh IHTPEHIEHTH 3 AUKOPOCITUX ST, SKI JTO3BOJISIOTH
3a0€3MeUNTH HaCEJICHHS 3 MPOIYKIIEI 3 MIIBUIINCHOK XapyoBOK Ta 010JIOT1YHOIO
IIHHICTIO.

Meta poboTn.

Metor poboTH € po3poOKa TEXHOJIOTIT JecepTiB Jid 3aKJIaJliB PECTOPAHHOTO
rocro/IapcTBa 3 BHUKOPHUCTAaHHSM JIpiOHOAMCIEPCHOTO HamiBpaOpukary 3 Srij
YOPHHUII, OXWHU, OpPYCHHUIl IMYHOMOJETIOYOI [1i, BHUBYEHHS IX SKOCTI 3a
OpraHOJICNITUYHUMU TTOKa3HUKAMH.

OaHMM 13 OCHOBHUX NOKAa3HUKIB SKOCTI TeJenoJiOHOI MPOAYKLil € MILIHICTh
TeJlf0, a TAKOXK BEJIMYMHA CHHEpe3ucy. PerymoBaHHs (yHKIIIOHATLHUX BIACTUBOCTEH
reJIenoI0HOT MPOAYKINIT 32 PaXyHOK BUKOPUCTAHHS TMOJiCaXapuAiB Ta X CyMileH €
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BUCOKOE()EKTUBHUM Ta MEPCHIEKTUBHUM.

IHocTanoBka nmpodieMu.

[HXUHIPUHAT TEXHOJIOTIT COMOJKUX CTPaB, MOKA3aB, M0 Yepe3 Pi3HI YNHHHUKU —
TPUBAJICTh 1 TPYAOMICTKICTh TE€XHOJOTIYHOTO MPOIECY BHUPOOHUIITBA 1 MIATOTOBKHU
OKpEeMHX KOMIIOHEHTIB PELENTypHOi CyMill, HECTAOUIbHICTh BIACTHBOCTEH
CUPOBHHH, KOPOTKOYACHOTO TepMiHY 30epiraHHs i peasizallii TOTOBOi MPOIYyKIIii,
BIJICYyTHOCTI HamiB(}aOpuKaTiB BHUCOKOTO CTYNEHIO TOTOBHOCTI — aCOPTHUMEHT
COJIOJKMX CTpaB oOOMexeHuil abo ¢GopMyeThbcs 3a paxyHOK BHPOOIB, 110
BUTOTOBJISIIOTHCS MIAMPUEMCTBAMH XapuoBoi nmpomucioBocti [9]. Ilpu BUrotosieHHi
resienoiOHNX CTpaB BUKOPUCTOBYIOTh, B OCHOBHOMY, IMIIOPTHI 3aryCHHUKHU TaKl SIK
KEJATHH, MEKTUH, METUJILEII0I03a TOIIO. Y 3B'A3KY 3 IIUM aKTyaJIbHUM € TOIIYK 1
BBEJICHHS KOMIIOHEHTIB IPH BUTOTOBJICHHI >KEJEWHHMX CTpaB, SIKI O Majau BHUCOKI
KEJTIOIYl  BJIACTUBOCTI,BUCOKMH  BMICT OI10JIOTIYHO AaKTUBHUX PEYOBUH 1
MOKPAIyBaJIX KOJIP TOTOBOTO MPOIYKTY.

XapuoBa I[IHHICTh TeNEMOAIOHUX COJOAKUX CTpaB, SIK OJUH 3 TOJOBHUX
MOKA3HUKIB SKOCTI IPOAYKTY, BHU3HAYAE€THCA CKJIAJIOM PELENTYPHUX KOMIIOHEHTIB Ta
CMaKkOBUMHU  BIACTUBOCTAMM.J[is1  OOIpyHTYBaHHS  TEXHOJOTI  JeCepTiB 3
BUKOPUCTAHHAM PEYOBUH (DYHKIIIOHAJHHOTO TMpPHU3HAUYEHHS (TeJIeyTBOPIOBAYIB)
KapariHaHiB HEOOX1JJHO TPOBECTH KOMIUIEKC €KCIIEPUMEHTAIBHUX JIOCIIIIKEHb:

» BUBUMTH BIUIMB TEXHOJIOTIYHMX UYWHHHKIB Ha CTPYKTYpPHO-MEXaHi4Hi
BJIACTUBOCTI T€JIIB 13 BUKOPUCTAHHSAM KapariHaHiB;

» HayKOBO OOTPYHTYBAaTH TEXHOJOTIYHUH MPOIEC APAriCNoaiOHUX COJOIKUX
CTpaB 3 JIOJaBaHHSM SAT1THOTO H\(.

Pe3yabTaTH D10CHiTKEHD.

TekcTypa renenomiOHMX COJIOAKUX CTpaB 3a0e3MeuyeTbCsl BBEJICHHSIM B
pelenTypy CTPYKTYpOYTBOPIOBAYiB MOJIicaxapuaHOI TMPUPOAM — KapariHaHy. I3
YEpBOHUX BOJOPOCTEH KapariHaH OJepXKyroTh yke Outbiie 100 pokiB. Excrparytorsh
Horo 3 Takux BojopocTeit: dhypuernspii, himodopu, XOHIpyca, €yXeyMu, TirapTuHu, Y
YUCTOMY BUTJISIZII MOXYTh OYTH OJIep’KaHl TUIBKM OCHOBHI THUIM KapariHaHiB: Kara,
foTa, 1iMOAa, SIK1 i BUKOPUCTOBYIOTHCS B XapUuOBiil MPOMHUCIIOBOCTI:

— Kara-KapariHaH yTBOPIO€E IIIJIbHUHN, TEpPMO3BOPOTHHH, MIITHUH, ajie KPUXKUN
relib 31 3HaYHUM CHHEPE3UCOM. BUKOPUCTOBY€ETHCS MEPEBAKHO IS
BUPOOHUIITBA JICCEPTIB;

— HoTa-KapariHaH yTBOPIOE €TaCTUYHUI, TEPMO3BOPOTHHIA,
BHCOKOTHKCOTPOITHUH Telb 6e3 cuHepesncy. BukopucToByeThes y
BUPOOHMIITBI TaMOyprepis, M'aKUX JKeJe Ta iH.;

— naMOAa-KapariHaH He YTBOPIOE T'el0, XapaKTePU3YETHCSI BACOKHMH B'SI3KICTIO
Ta MBUIKICTIO PO3YNHEHHS. BUKOPHCTOBYETHCS Y BUPOOHHUIITBI
IIBUIKOPO3YMHHMX BEPIIKIB, MOJIOYHUX IIIEHKIB TOIIIO.

BaxnuBum € Te, MO X BUKOPHUCTAHHS 3a0e3redye CTabUIbHICTh MOKAa3HUKIB
SIKOCT1 TOTOBO1 MPOYKIIii MPOTATOM BCHOTO TEPMiHYy 30epiranas v peamizamii. Js
JOCSITHEHHSI 111€1 METH BUKOPUCTOBYIOTH PI3HOTO POy I'eJIeyTBOPIOBAYl, a TAKOXK 1XHI
Kommno3utlii. Tak, HanmpuKiIaa, KOMIO3UIlIS, 10 CKIAJAEThCSA 3 CyMIIlll KapariHaHiB,
KaMe/ll PIKKOBOTO JepeBa, MOXKE 3aCTOCOBYBATHUCS IIPM BHPOOHHUIITBI SAT1THUX
HamiBhaOpuKaTiB JIeCepTIB, I KOHIUTEPCHKUX BUPOOHUIITB, K HAIIOBHIOBAY JIJIS
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KOHIUTEPChKUX KpemiB. Xoua KapariHaHh He € TOBEPXHEBO-aKTUBHUMHU
pEUYOBMHAMU, BOHM 3/1aTHI CTaOUII3yBaTH AMCIEPCHI CHUCTEMH THUITy €MYJbCIH 1
CyCIIeH31M 3aBAsKM iX 3arymaldyuxXx 1 THUKCOTPOIIHUM BJIACTUBOCTSM, IO
NEPEIIKOKAE MOAUTY CUCTEeMH. 3MiHAa TEKY4YUX BJIACTUBOCTEH pPiAKOi AMCIIEPCHOT
CUCTEMH B IIPUCYTHOCTI KapariHaHiB NPUBOAUTH HE TUIbKH 0 11 cTabiizalii, ane i 10
(dbopMyBaHHS BUBHAYEHOI KOHCUCTEHIII] [4].

H>yOH Hz
O3
e i O -
H S05

HOTa (L)-KappariHHaH

Hz;OH
O,

H

H20S035

H

SO3
mamMGoa (A)-Kapparmsam

Puc. 1. ®parMeHTH MOJIEKYJI KapariHaHiB 3a (ppaxkuisiMu

3 METOI0 PpEeryjiroBaHHA TEKCTYpu ArIHUX HamiB(paOpukarTiB,po3poOIeHO
KOMIIO3HIIII0, KA CKJIQJA€ThCs 3 KapariHaHy, KaMmell piKKOBOIO JepeBa, Ta MOXKE
BUKOPUCTOBYBATUCS Y BUPOOHUITBI (PPYKTOBUX MAC,PPYKTOBUX JI€CEPTIB, IMyAUHTIB,
napde Ta 1. J{o Toro x, AaHa KOMIIO3ULis 3a0e3Meuye nacTonoAiOHy KOHCUCTEHIIIIO,
BHCOKY B’SI3KICTb, CTIHKICTh 10 MEXaHIYHUX BIUIMBIB, BIICYTHICTh CHHEpE3UCy [3].

B pesynbrari TmpoOBEACHHX JOCHIKEHb OYyB 3alpOTNOHOBAHMM  CIIOCIO
BUpOOHUIITBA iecepTy « TpembiTay, MPUrOTOBAHOTO HAa OCHOBI 3HEKUPEHOTO MOJIOKA
Ta HamiBpaOpukaTy IUKOPOCIHX ATiA, oauH 3 3-X BumiB: (SAduna-fest, Kam’saka-
fino, Oxxuna AnTi-cTpec 15...30%.

BBeaenns B perienTypy SriHOTO HamiBhaOpUKaATy 3 TUKOPOCIHX AT, 103BOJISE
OTpUMaTd BHUPIO 3 TAPHUMU OPTAHOJENTUYHUMH TIOKA3HUKAMHU, 3 M1ABUIICHOI
Xap4yoBOi LIHHOCTI. Tak 3amponoHOBaHMM BUP1O, 32 BMICTOM BITaMiHIB Ta MIHEpaiB,
nepeBuiye Tpaauiiiinuid B 10-15 pa3iB 3aBAsku JIIKYBaJbHUM BJIACTUBOCTSIM
CUPOBHHM (JAMKOpPOCHII SrOJIM 3aKapraTCbKOro PErioHy). MOJIOYHOI, SHTApHOI,
0€H30i1HO1, CaIMIIOBO1,Ta MOXKE OyTH PEKOMEHIOBAH SIK TPOLYKT 0340POBYOI [ii.

Bucoki xapuyoBi BJIacCTHBOCTI OpYyCHHIL 3yMOBJIEHI HAsBHICTIO Y HHUX ITYKpIiB,
OpraHiYHUX KHCIOT: JIMMOHHOI, SOMy4HOI, TEKTWHOBI W JyOWJIbHI PEYOBHHH,
TIIKO3UU apOyTHH 1 BaKIMHIH, MpoBiTaMiH A, BiTamiH C, MpUPOJHUN KOHCEPBAHT
OCH30HY KUCIIOTY.

OxuHa wMae mpoTH3amnaibHi, OaKTEpUIIMIHI, 3aCIOKIMINBI, KPOBOOYMCHI
3arajbHO 3MILHIOBAJIbHI BJIACTHBOCTI. PEeKOMEHAYIOTh BXXHMBATH MPU MOPYHICHHSX
HEPBOBOI CUCTEMH, CKJIEPO31, HEIOKPIB’1, 3aCTY/II.

B nmnonax 4opHMIl MICTUThCS O6arato TyOWJIbHUX PEYOBUH, pyTHUHY. BikuBaHHs
AT1J] YOPHUIIl TOKpallly€e KpOBOOOIr y ciTUaTill oOKa, 3arocTproe HiyHuil 3ip. Cik 1
ATOJIM YOPHUII MaloTh OaKTepUIUAHI BIACTUBOCTI, KHCIOTU SITiJ TMOJIMIIYIOTH
MpOLIECH TPaBJICHHSA 1 3amo0iraloTh BIAKIAJaHHIO B TMOPOXKHHUHI CYTJi00iB cosei
miaBieBoi kucnotu. [lonpiOHeHHs Arig B MIOpe BIAOYBAETHCA 10 PO3MIPY YaCTOK
(0,4...0,8)°107 m. ITrope € apiOHOAMCTIEPCHOIO MACOI0, SIKa Y CBOEMY CKJIAJ[I MICTUTD
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MIJBUIICHY KIJIBKICTh CTPYKTYPHUX TIOJIICAXapuliB: IIETIOJIO3H, TeMIICITI0I03H,

ICKTUHOBUX PCUYOBHH.

Oxwuna (Eubatus)

Yopuung (Vaccinium
myrtillus L.) — yepuuiis,
oopiBka, y Kapmarax —
aduHa, sipuHa.

bpycHuns 3Buuaiina
(Rhodococcum vitis-idaea
L.). Haponna Ha3Ba —
OpyCHHIIS, KaM SIHKa,
OopiBKa, OpyCIIMHA.

OOO0B’3KOBUM KOMIIOHEHTOM JI€CEPTHOI MPOAYKIUl € I[yKOp, SIKUW 3/JaTeH
BIUTMBATH HA MIIHICTh TEIIB. Y CTAHOBIICHO, 1110 IyKOP B IHTEpBaI KOHIIEHTpAIii 2,5
15,0% migBuILye MILHICTh TeNiB Kamna-KapariHany BuaHo, 110 3a1eXHICTh MIITHOCTI

rejliB  Kara-KapariHaHy

Bl KOHIIEHTpaIlii

IyKpy Ma€ JIHIMHUN XapakTep.

[TapanensHicTh 3asiexkHOCTEM 1-4 (puc.l) CBIAYUTH MPO OJHAKOBHUM 1 MOCTIMHUMN
MEXaHi3M BIUIMBY IIYKPY Ha TEXHOJOTIYHY CHCTEMY, IO JOCTIIKYyeThcs. Tak,
YBEJICHHS I[yKpY B KOHIeHTpalli 70 15% crpusie 301b1IEHHI0 MIITHOCTI TeJIiB Kara-
kapari"any B 1,37; 1,26; 1,06; 1,07 pa3y 3a koHIleHTpallii kama-kaparinany 0,4, 0,6,

0,8, 1,0% B1aMOBIIHO.

500

400 A

300 +
4

200 +

100 -

15

Puc. 2. 3ajekHicTh MIITHOCTI rejiiB Kana-KapariHaHy BiJl BMICTY L[yKpy 3a
KOHIleHTpaliid kana-kaparinany: 1, 2, 3,4 — 0,4; 0,65 0,8; 1,0% BignoBigHo

Binbi cyTTeBUI BIUIUB ITyKPY CIIOCTEPITa€ThCs 3a HU3bKUX KOHIICHTpAIlH Karma-
KapariHaHy, IMOBIpHO, 1I€ IOB’SI3aHO 3 JETIAPaTyIYOor0 JI€I0 IYKPY, 10 W CIpuse
I1JIBUIIICHHIO MIITHOCTI refiiB. 31 301bIISHHSIM KOHIICHTpAIIll Kara-KapariHany, sKui
TaKOXX acoIlI0O€ HAaBKOJO ceOe 3HauyHy KUIbKICTh BOJM, 3MEHIIYETHCS BILJIUB
JEeT1ApaTyr0voi [ii IyKpy Ta BIAMOBIIHO TEMITH TiABUIIIEHHS MIITHOCTI TeliB. [3].
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YcTaHOBIEHHST 3aKOHOMIPHOCTEH CTPYKTYpPOYTBOPEHHSI € He3aBepIIeHUM 0Oe3
BIUTMBY IIbOTO YWHHWUKA Ha BOMOBimAUIstouy 3maTHicTe (BB3). 3 wmetoro
pEeryJIIOBaHHS TIPOIIECIB CHHEPE3UCy TeJliB Kalla-Kaparinany Oyj0 BH3HAYE€HO
BOZOBI A0y 31aTHICT, (BB3) remiB Bim koHIEHTpamii Kama-KapariHaHy Ta
T1APOKOJIOI B, TAKKX K KaMeIlb PO’KKOBOTO JIePEBa.

JloBeneHo, mo 31 30UIBIICHHSM KOHIICHTpAIlli Kama-KapariHaHy 3MEHIIYEThCS
BB3. Tak, BB3 0,3% remo kana-kaparinany ckiagae 47,0£1%, 31 30UIbIICHHAM
koHuentpauii 10 1,0% BB3 3menmyerscs go 7,4+0,3%, ToOto B 6,4 pasy (puc. 2).
Ile, iIMOBiIpHO, TIOB’S13aHO 3 THM, III0 31 30UIBIIEHHSM KOHIICHTpAIlli Karna-KapariHaHy
B CHUCTEMI, YaCTHHA HOro He Oepe ydacTi B YTBOPEHHI CITipaliei Ta BIJMOBIAHO CITKU
T'eJi0, @ 3HaXOJUTHCS Y BUTBHOMY CTaHi, 10 3MEHIIY€ KUIbKICTh BUI1JIEHOT BOJIOTH.

301IbIICHHST KOHIIEHTpAIlll Karma-KapariHaHy 3 METOI 3MEHIIICHHS CHHEPE3UCY €
HepalliOHAIBHUM Ta MPU3BOANUTH JI0 3MEHIIICHHS BapiaOeIbHOCTI CUCTEMH, 30KpeMa B
PETyIIOBaHHI TEKCTYPHUX BIACTUBOCTEHN TOTOBOI MPOMYKIIII.

TakuM 4YMHOM, /Ui PETyJIIOBaHHS TEKCTYpHUX BiactuBocted Ta BB3
NEPCIIEKTUBHUM € BUKOPHUCTAHHS Yy CKJIaJ1 Kala-KapariHaHOBUX T'ejiB TAPOKOJIOIIIB.
Busnaueno BB3 reniB kana-kaparinany 3a Beeaenns 0,1...1,0% KPJl YcranosneHo,
mo 3a BMmicTy Kama-kaparinany 04, 0,6 Ta 0,8% BIACYTHICTH CHHEPE3UCY
nocsraerbes BBeneHHsM 0,6, 0,6 Ta 0,5% KP/I BigmoBigHoO.

50

1 BB3, %
as

40 T
35
30
25
20
15
10

5

(0]

Puc. 4. 3anexnicts BB3 resniB kana-kaparinany Bia smicty KP/I 3a
KOHIleHTpalii kana-kaparinany: 1, 2, 3 — 0,4; 0,6; 0,8% BiznosigHo
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BucHoBkwm.

Ha ocHOBI mpoBemeHHMX  JOCHIIKEHb yCTAaHOBJIICHO, IO  BBEACHHS
raJIakTOMaHaHIB y CHCTEMH Ha OCHOBI Kala-KapariHaHy IIiJIBUIYE TEMIIEpaTypy
IUTABJICHHS TeiB, SIKa KOpENIoe iX 3 MilHicTo. [linTBepakeHo, 1Mo rajJjakToMaHaHH
MPOSBIISIIOTh CHHEPri3M 13 Kala-KapariHaHoM, IO JI03BOJISIE PEryJIIOBATH HE TUIBKH
MIIHICTh TE€JiB, aje i cuHepe3uc. BuzHaueHo, 1m0 HAWOUIBII paIllOHATHHUM €
BUKOpUCTAaHHA Kameni pikkoBoro aepeBa (KPJI). Bwusnaueno, parioHanbpHe
criBigHomenHs KPJI: kama-kaparinas, mo ckianae 0,4...0,45:0,6...0,55, 3a sikoro
JOCSTAETHCA MaKCUMaJIbHa MIIHICTh TeliB. BCTaHOBIEHO JOMIIBHICTh BUKOPUCTAHHS
MIOPENOAIOHOr0 AriAHOrO HamiBGaOpUKaTy 3 JUKOPOCIUX AriJl Y BUPOOHHUIITBI
COJIOJKUX CTpaB. J{oBelIeHO,I10 3a paXyHOK HOro J0/laBaHHsI 3HUKA€ HEOOXI1IHICTh Y
BUKOPUCTAaHHI CHHTETUYHUX apOMAaTH3aTOPiB; MO3UTHUBHO BIUIMBAE HA CTPYKTYPHO-
MEXaHI4H1 TOKa3HUKH TOTOBUX CTPAaB.
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The paper describes and analyzes the technologies of dessert products with a jelly-like
structure, discusses the theoretical background for using a structurant in the technology of dessert
products with a jelly-like structure, in particular, kappa-carrageenan. The technology of berry
semi-finished product from wild berries of the Transcarpathian region was modeled for use in the
composition of dessert products, the concentration of sugar is scientifically grounded to increase
the strength of model gels.

Keywords: Berry prefabricated, structurant, carrageenan, wild berries, desserts, specific
texture, prescription ingredients.
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Anomauin. Y cmammi 8i0oOpadiceni pezynvmamu O00CHIONCEHb, U0 NPUCBIUEH pPO3POoOYI
He211a3yPOBAHUX NOMAOHUX YYKEPOK, AKI OVIU 8U2OMOBIEHI 3 YaACMKOBOI0 3AMIHOI MPAOUYItIHO20
YYKpY I[HHOBAYIUHUM HANOBHIOBAYEM NOJNIOEKCMPO3010, 3 MEmOol0 3HUJMCEHHs KAalopitiHocmi ma
enikemiynocmi 8upodis. JlocniodceHo 6naue 8HeceHHs NONI0eKCmpo3Uu HA napamempu npoyecy
nomaooymeopenHs —ma  opmyeanns — eupobie. Bcmanosneno  payionanvHe — 003VBAHHS
noaidekcmpo3su 8 peyenmypy HoMaoHux yykepok. Busnauena mexuonoziuna neobxionicme 66e0ents
8 peyenmypy YykepoK 3 NOAi0eKCmpo3010 801020YMPUMYIOU020 A2eHMA KAPOOKCUMEMUNYENIONI03U.
Yoockonanenns mexunonoeii HeenazypoeaHux NOMAOHUX YYKEPOK O00360JUMb  POSULUPUMU
acopmumenm yici epynu KOHOUMEPCbKUX 8Upo0ie i cmamu anbmepHAmuUBo0 GUCOKOKANOPIUHUM
MPAOUYItIHUM YYKEPKAM.

Kniouosi cnosa: nomaoa, caxaposa, nonioekcmposda, — KapOOKCUMemuiyentonosd,
Kpucmanizayis, CMpyKmypHO-MeXaHiuHi 61acmueocmi, CmMpyKmypoymeopeHHs, KalopiuHiCmy,
NOKA3HUK 2/IIKEMIYHOCMI.

Beryn. 3aiiBa Bara abo oXXHpiHHS yepe3 HaJMIpHE BXKUBAaHHS HE3J0pOBOI 1K1 Ta
MOIIMPEHHS MAaJIOPYXJIMBOTO CIMOCOOY JKUTTA CTalOTh 3pPOCTAIOUYOI0 MPOOIEMOIO
310pOB’s JII0JIel y BChOMY CBITI. HaceneHHst Bce Oibliie il OUIbIle 3aHEMOKOIOEThCS
HaCJIIJIKaM{ B)XKMBAaHHS BHCOKOKAJIOPIMHUX MPOAYKTIB, TAKUMH SIK TOsiBa AladeTy 2-
ro TUINY Ta TMOIIMPEHHS CEepIEBO-CYANHHUX 3aXBOPIOBaHb. 1OMY CIOXHBadi
IIYKalTh 3MiH Y CBOEMY DAIliOHI Ta CIOCOO01 JKUTTS, 00 YHUKHYTH BUHUKHEHHIO
3aiiBoi Baru. Came e 1 € pyUIIHHOI CHJIOI /10 3POCTAHHS MOMHUTY Ha 3JI0POBI
Xap4yoBl MPOAYKTH. Y IbOMY KOHTEKCTI CKOPOYEHHs CIIOKMBAaHHA I[YKpy cepen
HACEJICHHS CBITY € KPUTHYHUM (pakTopoM OOpoThOM 3 oxupiHHsSM [1].Y 3B'SI3Ky 3
M qupektuBn BOO3 3a3Ha4aroTh, M0 IyKOP HE MOBUHEH CTAHOBUTH OLIbINE HIX
10% mo60BOi KaJIOPIMHOCTI paIioHy Cy4acHOT JIFOIMHHU.

OnTUMalbHUM CIIOCOOOM 3MEHILEHHSI CHOKHMBAHHA LYKPY CIOXHBauaMu €
BJIOCKOHAJICHHSI TEXHOJIOTIH Xap4OoBUX MPOJIYKTIB 31 3HIKEHUM I[YKPOBMICTOM.
[{poro MoxHa JOCSATTH JABOMa CIIOCOOAMH: YaCTKOBO a00 MOBHICTIO 3aMIHUTH IIYKOP
B peuentypi abo 3MEHIIUTU KUIbKICTh LYKPY B MNPOAYKTI. fIK MpaBuUiIO, 3aMillI€HHS
IyKpy BHMAara€ BHKOPHUCTaHHS SK aJlbTEPHATHBHUX I[YKPO3aMiHHUKIB, TaK 1
BUKOPUCTAaHHS PI3HOMAaHITHUX HAIIOBHIOBAYiB B MMOEJIHAHHI 3 MACOI0IKyBayamu [2].

Cepen  MIMPOKOTO  ACOPTUMEHTY  KOHIUTEPCHKUX  BUPOOIB  BEJIMKOIO
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HNOMYJISIPHICTIO KOPUCTYIOTHCS MOMAJIHI I[yKEPKHU. Y 3B’SI3KY 3 THUM, 1[0 OCHOBHUM IX
KOMIIOHEHTOM € €axapo3a, sika € JHKEPesOM «IIyCTUX KaJlopiiy, cepe] CIIOKUBayiB
3pOCTa€ 3alliKaBJICHICTh 0 KOHAUTEPCHKUX BHUPOOIB KaTteropii «light» abo «sugar
free». OHAK 3HIKEHHS BMICTY ILyKpY O1JI0T0 KPUCTAIIYHOTO Y MOMAJHUX IIyKEpKax
€ CKJIAJJHUM 3aBJaHHIM, OCKUIBKU IyKOp HE TUIbKH 3a0e3neuye OakaHui COJOIKUN
CMaKk BUpOOy, ane W BUKOHY€ TOJOBHY pOJIb B YTBOPEHHI JIPIOHOKPUCTAIIYHOT
CTPYKTYPH, 1110 BJIaCTHBA SKICHII MOMaJIHIi Maci.

JIist 3MEHIIeHHS LYKPOBMICTY PI3HUX TPYIl XapyOBUX NPOJYKTIB OCTaHHIM
4acoM BEJIMKOi MOMYJIAPHOCTI HAaOyB XapyOBM HAMOBHIOBAY MOJIJAEKCTPO3a.
[TonminekcTpo3a mpenctaBisie coOOK TMoOJicaxapui, IO CKIATAEThCA 13 3aUIIKIB
TJIFOKO3H, SIK1 3B’s13aH1 MK COOOI0 BCIMa BHAaMU TJIIKO3UIHUX 3B S3KIB 3 MEPEBAror0
1,6 3B’sa3kiB. Taka OyjoBa BH3HAua€ BUCOKY CTYIIHb PO3TaTY/KCHHS MOJEKYJIH
MOJIAEKCTPO3H, TOMY 11 4YacTO BUKOPUCTOBYIOTH JUIsl CTaOLIi3aIlli KOHCHUCTEHIIIl
HU3BKOKAJIOPIMHUX XapyoBUX NPOAYKTiB [3]. BpaxoByrwoue Te, 10 OCHOBHUM
MPOIIECOM B TEXHOJIOTIT TMOMAJHMX IYKEPOK € KpHUCTami3allis IpIOHUX KPHUCTAIIIB
IIYKPY 3a BIAMOBIJHUX YMOB, TO BHUTOTOBJICHHS ITOMAJHUX IIYKEPOK TpPaJUIIHHOT
KOHCHCTEHIII] 13 TMOBHOIO 3aMIHOI0 Caxapo3W Ha MOJIJIEKCTPO3y HEMOXJIHUBA. ToMy
BUHUKAE 1HTEPEC B YJTOCKOHAJICHHI TEXHOJOTIi MOMAaJHUX ITYKEPOK 31 3HIKEHHM
BMICTOM IIYKPY 32 PaXyHOK MOTr0 4acTKOBOI 3aMiHM MOJiAeKCTpo30t0. [TomimekcTposa
- 11€ BUCOKOMOJICKYJIIPHUN TIOJIIMEP TIIFOKO3HU, KaJOPIHHICTh SIKOTO CTAHOBUTH JIUIIIE
1 kxan/r. Ileit momimep, MOAIOHO JO 1HIIMX OJIrOocaxapuiiB, MPHU CIOXWBaHHI HE
BUKJIMKA€E Kaplecy, MPAKTUYHO HE MPU3BOAUTH JI0 30UIbIICHHS PIBHS TJIIOKO3U B
KpOBI, ii TJIKEMIYHUN 1HAEKC CTAaHOBUTH Jumie 8%, TakoXX BOHA MPOSIBISE
npediotnyHl BractuBocTi. JECFA 1 €Bponeiickknil HaykoBuil komiteT Komicii 3
nutadb xapuyBaHHd (EC/SCF) BcTaHOBWIM JONYCTHMY HOPMY CIIOKMBaHHS
MOJTI IEKCTPO3H B KibKocTi 90 T/ 1006y abo 50 r sk pazoBa q03a criokuBaHHS [4].

3a paxyHOK TOTO, IO MOJIJEKCTPO3a Ma€ HHU3bKY KaJOpiHHICTb, €()EeKTUBHO
norepekae TInepToHi0, /11a0eT, 3HIKYE PIBEHb XOJIECTEPUHY B KPOBi, BUBOJUTH 3
OpraHi3My JIIOJIMHM TOKCHHU Ha CHOTOJHI BOHA YCIIIIHO BHKOPUCTOBYETHCS B
IHIMPOKOMY CHEKTpl NPOAYKTIB, cepel sKuX xy11000ynouHi BUPOOH, Haroi,
KOHJMTEPCHKI BUpOOH (IIOKOJIA, MapMesal, KapaMeib) Ta 3aMOposkeHi neceptu. Ha
BITYM3HSIHOMY PHUHKY TIPEACTABJICHI Takl IMIIOPTOBaHI XapyoBi TMPOAYKTH 3
MOJIIIEKCTPO30t0: BHUCOKOOITKOBe meunBo «PRIMEBARY», mporteinoBi Badmai Ta
mokoaaHl 6aroHuuku «Atkins», nporeinoBi 6atonuuku «Protein Cake Bitesy». 3
METOI PO3LIUPEHHS ACOPTHUMEHTY HU3bKOKAJOPIMHUX KOHIUTEPCHKUX BUPOOIB
JIOLIJIBHO MPOBECTU CEPII0 JOCIIKEHb 3 BUKOPUCTAHHSIM LIOI'O Xap4yOBOro0 BOJIOKHA
y TEXHOJIOT1i TOMaJHUX IyKEPOK.

MeTo10 aociaigxkeHb OyJI0 BCTAaHOBJIICHHS MAaKCUMaJbHO MOXJIMBOI KUIBKICTI
IIyKpy, 110 MOXke OyTH 3aMIHEHa MOJIAEKCTPO30I0 B PEIENTypi MOMAIHUX ITYKEPOK
0€e3 MoripIIeHHS SIKOCTI BUPOOIB.

Martepiaan i meroau. BusHaueHHs (i3UKO-XIMIYHHUX MOKA3HUKIB CHPOBHHU,
HamiB(paOpukaTiB Ta TOTOBOI MPOAYKLII NPOBOIWIM 3arajlbHONPUUHITUMU B
KOHJUTEPCHKOMY BHUPOOHUIITBI MeTojgaMu [5]. BUTOTOBIEHHS 3pa3KiB I[yKEPOK
3IACHIOBAJIOCS NUISIXOM MPUTOTYBAaHHS MOMAJIHOTO CHPOILY, HOTO OXOJOKEHHS 3
OJTHOYACHUM IHTEHCUBHMM II€pPEMIIIyBaHHSAM, TEMIIEpYBaHHsS IOMAJHOI Macu Ta
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dbopMmyBaHHS BUPOOIB B CHJIIKOHOBI ¢dopmu. Bu3HaUYeHHS CTPYKTYpPHO-MEXaHIUYHUX
BJIACTHBOCTEHN KOPIyCiB Ifykepok mpoBoawiau Ha Ctpykrypometpi CT-1 [5]

OcHoBHa YacTHHA J0CTiIKeHb. BpaxoBytouu Te, 110 MOJIAEKCTPO3a HE 3aTHA
CaMOCTIHHO YTBOPUTH KPHUCTANIUHy CTPYKTYpY, HaMu OYJIO TPOBEIEHO Cepiio
TOCIIKEHB JIJIsl 3'SICYBaHHS BIUTMBY Pi3HOT KIJIBKOCTI BHECEHOI MOJIIEKCTPO3H, IO
BHOCWJIaCS Ha 3aMiHy IIyKpy B pelentypi BHUpoOiB, Ha MpoLec KpHucTajizamii
caxapo3u MpHU BUPOOHHUIITBI MOMAJTHUX IYKEPOK. B penentypi mykepox 3MiHIOBAIH
YacCTUHY IYKpY O1710ro KpUCTaJiYHOTO Ha MOJIJIEKCTPO3y B KIIbKOCTI Big 5 10 30 %
JI0 PELeNTYPHOI KUTBKOCTI IIYKPY 3 MEPEPAXyHKOM MO CyXuUM pedoBHHAM. OCKUIbKU
noJiiekcTpo3a Mae rapHy po3unHHICTh (80 % mpu 20°C) 3anmponoHOBaHO i1 BHOCHIIN
Ha CTaJii MPUTOTYBaHHS PELENTYPHOI CyMIlll, MONEPEIHbO 3MIIIAHOIO 13 CaXapo3010.
Pe3ynbTaTu gociiikeHb HaBeeH1 y Tao 1.

Taoaunga 1
BruiuB moJiiiekcTpo3u Ha IKICTh MOMAJHOI MacH
Jlo3yBaHHs Temneparypa TpuBamicTh XapakTepucTHUKa
MOJIIIEKCTPO3H, | YBApPIOBAaHHS, | CTPYKTYPOYTBOPEHHS, OMaHOI MacH
% °C XB
5 117 9 ApiOHOKpHCTATIYHA
10 117 8 JIpiOHOKpHUCTaTIYHA
15 120 7 JIpiOHOKpHUCTATIYHA
20 JIpIOHOKpHUCTAJIIYHA,
120 7 BIJTYYBA€THCS MEHIIIA
COJIOAKICTH BUPOOY
25 NIpiOHOKpHCTAJIYHA,
120 5 BIJTYYBA€THCS MEHIIIA
COJIOJIKICTh BUPOOY
30 120 10 HamiBaMop(dHa

3riIHO0 JaHUX NpeACTaBiIeHUX Yy Tabmauil 1 MakcMMallbHa KUTBKICTh 3aMIHH
caxapo3d Ha IMOJIAEKCTpo3y 0e3 MOTIPIICHHS KOHCHUCTEHIlI MOMaJHUX ITYKEpPOK
cTaHOBUTH 25 % g0 peuentypHoi Macu Hykpy. Ilpu mo3yBaHHI MOMIAEKCTPO3U B
KuUbKOcTi Outbme 15 % Oyna BiaMiueHa HEOOXIJHICTh KOPETYBaHHS pPEXKUMY
yBaprOBaHHS MOMAJIHOTO CHUPOIY, TaK SIK 31 30UIbIICHHSIM YaCTKH BHCOKOPO3UMHHOI
MOJTIICKCTPO3HU JUIsi OTPUMAHHS TEPEHACHYCHOTO PO3YMHY Caxapo3W HEO0OXiTHO
3017bIIYBAaTH  TeMIEepaTypy YBaplOBaHHS [OMaJHOTO cupomy. BincyTHicTb
KpHUCTami3aiii MoOMaJHOi MacH MpU BHECEHHI MOMIAEKCTPO3H B KUIBKOCTI OubIe 25
% MOXHAa TOSCHUTM THM, IO TNPU 3MEHIIEHHI KUIBKOCTI IIyKpy B CHCTEMI
YCKJIQJHIOETBCA  TPOILIEC TMOMAJOYyTBOPEHHS, CAMOYMHHOI KpHUCTali3amii He
BIIOyBa€ThCA 1 BUpOOM HE  MalwTh NPUTAMAHHOI  KJIACHMYHIM  momazi
OpiOHOKPUCTATIIYHOI ~ CTPYKTypH, IO B  HOAAIBLIOMY  YHEMOXKIJIHUBIIIOE
CTPYKTYpOYTBOPEHHSI TakKoi MOMagHOi Macu B (opMax 1 OTpUMaHHA SKICHUX
MOMaJTHUX KOPITYCIB.

3 MeTor 30UIblIeHHs KiUIbKocTi noniaekctpo3u (I1/]) B peuentypi momaaHux
I[yKEPOK HaMH OyJI0 3alpONOHOBAHO JIOJATKOBO BHOCUTH B pEIENTypy BUPOOIB
CTPYKTYypOyTBOpIOBad KapOokcumeTuinenoiao3y (KMII), mo BucTtymae B SKOCTI
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BOJIOTO3B’SI3YyBAJIbHOTO areHTa 1 CIOyrye JUisl PEeryJlOBaHHsS CTYNEHS HACHUYEHHS
MOMAJHOTO CHUPOIy Ta 30UIBIICEHHS #Oro B’A3KOCTI. BpaxoByrouwm m0cCBiAg
Bukopuctanua KML| y texnomnorii 1mykepok [6], Oyino 3aiiicHeHo ii q03yBaHHA Y
kitpkocTi 0,05 % mo cymapHoi mMacu caxaposu Ta modigekctposu. lllmsaxom cepii
€KCIIEPUMEHTIB BCTaHOBJEHO, 1110 KML] 10o11i1bHO BHOCUTH B T1IpaTOBAaHOMY BHIJISII
Ha cTanali TemmepyBaHHA. ExnepumenrtanbHo OyB miniOpaHuil parioHaIbHUMA
TIAPOMOAYJbL JIJISl TigpaTallii KapOOKCUMETHIIEN0Io3u, 1o aopiBHioe 30. Jlanwmii
TEXHOJIOTTYHUM 3aXi]l J03BOJIUB 30UIBIIUTA MaKCUMAJIbHE JTIO3YBaHHS MOJIIIEKCTPO3HU
1o 30 % Ha 3aMiHy IyKpy OLIOr0o KpUCTaJi4YHOro 03 MOTIPUIEHHS CTPYKTYpH
MTOMaTHUX IyKEPOK.

OxpiM KapOOKCHUMETHJIIIETIONO03U 0 CKIATy IMOMAaaHOI IYKEPKOBOI Macw Ha
CTajil TeMIepyBaHHS 3aPONOHOBAHO BHOCUTH KaKao-IOPOIIOK, SIKUH TPHUIIBHIIITYE
IpOIIEC CTPYKTYPOYTBOPEHHS TOMAAHUX IYKEPOK, IMOJOBXKYE TEPMIH 30€piraHHs
BUPOOIB Ta Ha/la€ iM MPUEMHOTO CMaKy, 3amaxy Ta KOJIhOPY 3a paxXyHOK YOTO HE Ma€
HEOOXITHOCTI J0JIaTKOBOTO BHECEHHs OapBHUKIB Ta apomaTu3aTopiB. ParioHanbHe
JIO3yBaHHS IIbOTO PELENTYPHOTO IHIpeAieHTy OyJ0 BCTAHOBJICHO HA OCHOBI
JIETYCTaIlIHOT OIIIHKKA BUPOOIB Ta 3 BpaxyBaHHSIM MOro BIUIMBY Ha CTaJilo
CTPYKTYPOYTBOPEHHsI BUPOOiB, BOHO CTaHOBUTH 6,0 % 110 3arajgbHOi MacH BHECEHUX
caxapo3u Ta MOJIIIEKCTPO3H.

Bigomo [7], 110 BHECEHHSI O CKJIaMy MOMAJHOI MAacH UPOBOTO KOMIIOHEHTY
YaCTKOBO CITPHSE YIOBUIBHEHHIO MPOIIECY «UEPCTBIHHSD» IyKEPOK. 3apONOHOBAHO B
SIKOCT1 >KMPOBOTO KOMIIOHCHTAa BBOJHTH BEPIINKOBE MAacjO 3 BHUCOKHM BiJICOTKOM
MOJIOYHOT'O JKUPY B KUIBKOCTI 8 % 110 Macu LyKpOBOI MOMaJH, IO B CBOI YEpPry
HaJga€e BUPOOAM TPHEMHOTO MOJIOYHOTO CMaKy Ta CIPHUSE TMOKPAIICHHIO TPOIECY
dbopmyBaHHsS BUPOOIB CIMOCOOOM BIJIJIMBAHHS 3a PAaXyHOK 3MEHIIECHHS B’S3KOCTI
MacH.

B Hamux qocnikeHHs 3pa3Ku MOMaJHUX IYKEPOK (GOpMYBaIUCS B CHIIIKOHOBI
dbopMu 1 TPOTIroM omepailii BUCTOIOBaHHS IYKEpOK B (opmax JociipKyBasacs
3MiHa iX MJIACTUYHO1 MIITHOCTI, 1110 HaBeJIeHa Ha puc. 1.

350
300

B KOHTpOJIbHUI
250 3pa3oK Ha Iy Kpi
200
150 B 3pa3ok3
100 3amiHo0 30%

uykpy I1]1

50
0

5xB 10xs 15xB 20xB 25xB

Puc.1. 3mina niiacTUHYHOI MilTHOCTI 3pa3KiB MOMaJHMX IYKEPOK i Yac
BHCTOIOBAHHS KOPIYCIiB B CHJIIKOHOBHX (popmax
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Ha nmouyaTkoBoMy eTarni BUCTOIOBAHHS TPUBAIICTIO 0 15 XB KOPIYCH LIYKEPOK 3
YaCTKOBOIO 3aMIiHOIO IIyKPY TMOJIIEKCTPO300 Majd JEm0 OlIbIly IUTACTHYHY
MILHICTh, HIXK 3pa3KH, 1110 BUTOTOBJICHI HAa KJIACUYHIN I[yKpOBIii momaji. A BxkKe MiCIs
20 1 25 XB BUCTOIOBAaHHS 3HAYCHHS IJIACTUYHOI MIIHOCTI B KOHTPOJIBHOMY 3pa3Ky
Oy Ha 38 % Ta 28 %, BiANOBIAHO, OLIBIIE HDK B 3pa3Ky 3 mojigexctposoro. Ha
HAaIy AyMKY, IlI¢ TIOB’S3aHO 3 TUM, I1I0 Ha TI0YaTKOBOMY eTari (opMyBaHHS B’ SI3KICTb
I[yKEPKOBOI Macu y 3paskax 3 moiigexcTpo3oro Ta KMI Oyma He3HauHO BHUIIOMO 1
CTPYKTYPOYTBOPEHHSI IiJT Yac iX OXOJOKEHHS BiJI0yBajioCcss OUIBIIN IHTEHCUBHO, HIXK
B KOHTPOJIbHOMY 3pa3ky. Ilim 9ac moanbIIioro BHCTOIOBAHHS B KOHTPOJBHOMY
3pa3Ky BiJOYBA€TbCSl BCTAHOBJICHHS PIBHOBarM MK TBEPJOI Ta PIJIKOIO (azamu
noMaau B OiK 30UIbIIEHHS TBEpPJOi, IO MpeJCTaBlieHa APIOHUMHU KpUCTAIAMU
caxapos3u. B 3pazky 3 nomigekctpos3oro Ta KMII mijx 4yac oX0J0JKEHHsS KOpITyCiB
B1I0yBa€ThCsl 3HA4YHE 3O0UIBLICHHS B’SI3KOCTI PiAkoi (a3 moManu 1 BiaOyBaeThCs
¢ikcarlis yTBOPEHHUX KPUCTAJIIB Caxapo3H HEIO, 1110 YHEMOKIIUBIIIOE BUKPHUCTAIIIZAIIIO
HOBUX KpHUCTaNiB 1 3017IbIIeHHS YacTku TBepaoi (asu. I[licis octaroyHOoro
BHUCTOIOBaHHS BC1 JIOCHIIKYBaHI 3pa3ku 100pe CTPYKTYpyBaJuCs, BUManucs 3 Gopm
1 30epirajiu CBOIO MOYATKOBY (OpMY MPOTITOM BCHOTO TEPMIHY 30epiraHHs, aie
3pa3kd 3 TIOJIAEKCTPO30K0 BOJOAUIM IMPUEMHOKD M SKOK KOHCHUCTCHINEO, a
KOHTPOJIbHUM 3pa30K OyB OLIbIIT TBEPIIIIUM.

JocmipkyBaHi  3pa3Kd  OTPUMAHUX I[yKEpOK Oylu TMpoaHai30BaHl Ha
BIIMOBIHICTH 1X SIKOCTI BUMOTaM HOPMAaTUBHOI JokyMmeHTallii [8]. B Tabnuusix 2 ta 3
HaBEJICHI OPraHOJIENTHYHI Ta (PI3UKO-XIMIYHI MOKa3HUKHU MOMAJIHUX I[yKEPOK.

Taoauus 2
OpraHosienTHYHI MOKA3HUKH MOMATHUX IIYKEPOK
XapakTepucTruka
3pa3ok .
Cmak 3amax 30BHIIIHII BUTIIS dopma
: XapaKTepH1 KOHKPETHIM KEpKU

Bumoru 3rizno HI;,BBi If KEPOK %es HEerJia3 HgBaIfi MMOBMHHI | P13HOMAaHIT
JICTY 4135:2014 CTO OHHLzropn I:ICMaK MaTu }épx HE JIMIIK Ha
«Llyxepxn» p P y yxY y

Ta 3amaxy MTOBEPXHIO

. Coionkuii, 6e3
KonTponbHuii ’ Cyxa, He nunka Kpyra,
CTOPOHHBOTO MTPUCMAKY

3pa3okK MTOBEPXHS chepuuna

Ta 3amaxy

MeH1 COJIOAKUM,
3pasox 3 IOKOJIaTHU I
3amiHoto 30 % . o~ Cyxa, He nunka Kpyra,
MOJIOYHHH, 0€e3
IYKpY MTOBEPXHS chepuuHa
. CTOPOHHBOTO MTPUCMAKY

MO AEKCTPO3010

Ta 3amaxy

3a opraHoJIeNTHYHUMU Ta (I3UKO-XIMIYHUMH TMOKa3HUKAMH JOCIIKYBaH1
3pa3Kyd MOMAJHMX I[yKEPOK IMOBHICTIO BiJMOBIAAIOTh BUMOTAM JIFOYOTO CTaHAApTY.
Ane cmia BIAMITUTH, B 3pa3Ky 3 IMOJIJEKCTPO30I0 MacoBa YacTKa PEayKYHUHUX
PEUOBUH B JIBa pa3u OLbIlle HIXK B KOHTPOJbHOMY 3pa3ky. HasBHICTH peayKyrounx
pPEUYOBMH B TMOMAJHMX I[yKEpKax, B OCHOBHOMY, OOyMOBJIEHHII BHECEHHAM B IiX

ISSN 2567-5273 101 www.moderntechno.de




Modern engineering and innovative technologies Issue 14 / Part 1

peLenTypy TaKoTO 1HTPEAIEHTY K MaToka. B 3pa3ky 3 MOMiAeKCTPO300 301IbIIIEHUN
BMICT PEAYKYIOUUX PEUYOBHH, HAa HAIly AYMKY, MOB'S3aHUN 3 CIOCOOOM OTPHMAaHHS
MOJIIAEKCTPO3U LUIIXOM  KHUCJIOTHO-KaTali3ylo4oi MoJiiMepHu3alii TJIOKO3H Ta
cop0OiToily, TpU SKOMY 1€ HAMOBHIOBAY MOXKE€ MICTUTH HE3HAYHY YaCTHHY
(GYHKIIOHANBHUX TPYyH TJIIOKO3M, IIO BCTYMAIOTh B pPEakiil0 BITHOBIECHHS [9].
301IbIIeHa KUIBKICTh PEAyKYIOUMX DPEUOBHMH HE TOTIpIIye SKICTh BUPOOIB, ane
noTpeOye TOCHTIKEHb TOBEAIHKH IIYKEPOK TIi]] 4ac 30epiranHs.

Taoauusa 3

Di3uKO0-XiMiYHI MOKA3ZHUKHU NOMATHUX HYKEPOK
Macosa yactka

BOJIOTH, % | PEAYKYIOUUX PEYOBHH, %o

3pa3Ku IyKepoK

Bumornu 10 nomMagHux yKepok He OuTbIIIe :
srigao JICTY 4135-2014 «Ilykepkuny 16,0 He bumme 14
KoHTposbHuii 3pa3ok 9,5+0,5 6+0,5

3pazok 3 3amiHoro 30 % ykpy

: 9,0+0,5 12,5+0,5
IOJILIEKCTPO3010

BucnoBok. Takum unHOM, OyJI0 BCTAHOBJICHA MOXKJIMBICTh 3HM)KEHHS K1JTBKOCTI
IYKPY B peIenTypi MOMaTHUX IIYKEPOK 3a paXyHOK HOTO 3aMiHM Ha HU3bKaJOPIMHUN
HaIOBHIOBAY MOJIIJIEKCTPO3y B KUIbKOCTI 30 %. Ha ocHOBI NmpoBeeHUX TOCTIIKEHb
Oyna po3poOjieHa Ta 3aTBEpJKEHA peIenTypa Ta TEXHOJOTIYHAa IHCTPYKIlS Ha
HerJia3ypoBaHi momManHi Iykepku «Hoktiopa». Po3poOneni I1ykepku Maju
KaJIOpiHICTh Ha 16 % MEHIy 3a KOHTPOJbHUM 3pa30K, a MOKA3HUK TIIIKEMIYHOCTI
PO3pOOJIEHUX I[yKEPOK CTaHOBUTH 39 o., mo Ha 40 % MeHIe MhOoro MOKa3HUKa B
KOHTPOJLHOMY 3pa3ky. HaykoBa HOBHM3HA OTpUMaHUX pe3yJbTaTiB OyJia 3axuIleHa
ATEHTOM YKpaiHU Ha KOPUCHY MOJICIIb.
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Abstract The article presents the results of research on the development of unglazed fondant
sweets, which were made with a partial replacement of traditional sugar with an innovative filler
polydextrose, which has low caloric content and glycemicity. The influence of polydextrose
application on the parameters of the process of fondant formation and product formation has been
studied. A rational dosage of polydextrose in the recipe of fondant sweets has been established. The
technological necessity of introducing carboxymethylcellulose moisture-retaining agent with
polydextrose into the recipe is determined. Improving the technology of unglazed fondant sweets
will expand the range of this group of confectionery and become an alternative to high-calorie
traditional sweets.

Key words: fondant, sucrose, polydextrose, carboxymethylcellulose, crystallization, structural
and mechanical properties, structure formation, caloric content, glycemic index.
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EVALUATION OF THE INNOVATIVE ASPECT OF

AGROTECHNOLOGIES ON YIELD AND QUALITY OF RAW MATERIALS
(MATRICARIA CHAMOMILLA L.) ACCORDING TO THE STATE

PHARMACOPOECY
OLIIHKA IHHOBALIMHOI'O ACIIEKTY ATPOTEXHOJIOT' T HA YPOKAHHICTD TA
SAKICTb CAPOBUHU (MATRICARIA CHAMOMILLA L.) 3T1JTHO JEPKABHOI
®APMAKOIIET
Padalko T. O./Ilagaaxo T.O.
postgraduate / acnipanm
State Agrarian and Engineering University in Podilia,
Kamianets-Podilskyi, Shevchenka, str. 13, 32301
Tloodinbcokuii Oeparcasruil azpapro-mexHiuHull yHigepcumen,
M. Kam’aueyv-Iloodinscoxuil, eyn. [llesuenxa, 13, 32301

Anomauin. Po3pobieno ma euznaueno oyiHKy acnekmis 00Cniodcens eiemMeHmie mexHono2ii
supowyyeants pomawiku aikapcokoi (Matricaria chamomilla L.) 6 3oni Ilpasobepesicrozo
Jlicocmeny Ykpainu ma écmanoéieHo 6niue 2eHemuyHux ocooau8ocmell copmy, CmpoKis cieou ma
HOPM BUCIBY HACIHHA HA YPOICAUHICMb MA 8MICM 6 POCIUHHIU CUPOBUHI OION02IYHO AKMUBHUX
pevosun. Ecnepumenmanvhi 0ocnioscenns 3i 3paskamu pomMawiku JiKapcokoi nposoounu 6npoooeic
2017-2020 poxie na oocnionomy noni DPOII Ilpyousyc, ¢inii kagedpu pocrunnuymea i
KopmoeupoorHuymea  1100inbcbk020  0epiHcaA8HO20  A2papHO-MEXHIYHO20 — YHisepcumemy  3d
3a2AbHONPULIHAMON Memoouxol 0ocrionoi cnpasu B.O. €wenko, A. O. Poockosa [4,2]. Hamu
B6CMAHOBIEHO MAKCUMATbHULL NOKA3HUK ypodcatnocmi 2,10 m/ea 3a 0CiHHb020 CMpPOKY cigou 3
HOPMOI 8UCI8Y HACIHHA 6 ke/ea copmy [lepruna Jlicocmeny ma Hausuwull 3a poKu OOCHIONHCEHD
NOKasHuK emicmy e@ipnoi onii 7,88 ma/ke cunb020 KOIb0py 6 NepPepaxyHKy Ha Cyxy CUpo8uHy, 6es
3acobis ximizayii ma cmanoapmu3ayii opeaHiyHoi npooyKyii.

Kniouosi cnoea: pomawka nikapcoka, copm, HOpMA UCIBY, CMPOK CIBOU, YPOUCAUHICMb,
AKICMb CUPOBUHU.

Berym.

HampsiMmok BupoIllyBaHHS Ta TEpEpOOKH JKAPCHKUX TpaB € IIe HE JIyXKe
MOIMPEHUM B YKpaiHi, aje y CBITOBIM TPAKTUI[l TEMHU 3J0POBOTO KHUTTS,
3aCTOCYBAaHHS NPUPOJHUX KOMIIOHEHTIB B MEIUIUHI, mapymepii, KOCMETHII],
Xap4oBiii MPOMUCIOBOCTI € aKTyalbHUMHU. [lepenik KyabTyp 3aleXUTh BHUHSITKOBO
BiJl KOH IOHKTYpHU pUHKY. JIikapchKi TpaBu B YKpaiHi BUpoIy0Th 10 KOoMMmaHiH, sKi
CIeliaTi3yI0ThCsl HA BUPOIYBaHHI Ta 3aroTiBJIi BUCOKOSIKICHOT CHPOBHUHHU [5].

OcTaHHIMH pPOKaMH MIBUAKUMHU TEMIIAMH 3POCTA€ KUIBKICTh OMEpaTopiB, IO
OepyTh ydyacTh Yy TIpOILIECI TOBapOpPYyXy JIKapChbKOi POCIMHHOI CHPOBHHH,
30UIBIIY€ETHCSI  KUIBKICTh CIIOXKHMBAYiB, SIKI BHUKOPUCTOBYIOTH (hiTOTEpario s
npoUTaKTUKA 1 JIKyBaHHS 3aXBOPIOBaHb. [IporHO3 pO3BUTKY BUPOOHHUIITBA
JKApChKOi POCTUHHOT CUPOBUHU Ma€ OyTH po3poOJIeHUI 3a BapiaHTaMH Ha OCHOBI
BU3HAYCHUX CIICHAPIiB 3 PI3HUMHU TEMIIAMU 3POCTAaHHS OOCSTIB KyJbTHBYBAaHHS Ta
30UpaHHs JIKApPCHKUX POCIWH, HAMpsSMKaMH iX PO3BUTKY, OOCSTIB 3aydeHHUX
PECYpCiB, CTPYKTYPOIO Ta PO3MIICHHSIM TPOIYKITii BUpOOHUIITBA [6].

Pomamka mikapcbka — OgHa 3 HAWJaBHIIMX, HAWOUIBII  IIUPOKO
BUKOPHCTOBYBAaHUX Ta J00pe 3apeecTpPOBaHUX JIKAPCHKUX POCIMH Y CBiTi, ii
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PEKOMEHIYIOTh 3aCTOCOBYBATH JIJIsl PI3HUX LITIOLIUX BIACTUBOCTEM [7].

[{s pocnuHa BBa)kajiacsi aHTJIOCAKCAMU K OJIHA 3 JIEB’SITH CBAILLEHHUX TPaB, Kl
naBanu sroauHi. [Ipemapat poMamniku Jikapcbkoi BXOAUTh B (apMmakoriei 26 kpaid
CBITY, BIH € KOMIIOHEHTOM JEKUIbKOX TPaTUIINHUX 1 TOMEONAaTUYHUX JIKAPCHKUX
npemnapartis [9].

3 JiKyBaJIbHOIO METOI0 3aCTOCOBYIOTH CYIIUIbHI KBITKOBI KOIIMKHA 0€3 cTeOel.
KBiTkoOB1 Kkommku pomamku MicTaTh A0 0,85% edipHoi omii. B ckman 1miei omii
BXOAATh MoHaJ 40 KOMIOHEHTIB, B ToMY uncii xamasyJieH (Ci4H ), 6icabomon 1 oro
OKHmC Ta iH. [3].

CupoBrHa poMalIKy JIKapChbKoi BXOJUTH 0 CKJIaay npenapatiB: «Pomaszynany,
«Pekyrany, «Kamigent3maopon’ss», «AHTHcenTton Hy», «JlentuHokc reabr H»
(mpoTu3ananbHa 1 paHO3aroroBajibHA Jis); KOMIUIEKCHUX IpenapariB «PoTokany,
«Diton Cl», «Anopom», «["actpomity, «Kamictany, «Kaminodany», «Kamarenby,
«Kaminozan», «lllasmis p. Taibicc», «luramnt-310poB’ss GopTe 3 pPOMAIIKOIO»
(mpotumikpobHa mist), «['actpodit», «bpouxodity, «lerokcudity, «Hedpodbity,
«Enekadit-Bionay, «DiTOOPOHX O, «Canary, «DiToracTpomny,
MIPOTUTEMOPOIIaTTFHOTO, 3aCTIOKIMIMBOTO, JIIKYBaJIbHO-MPOQ1IaKTUYHUX 300piB Ne 1,
3tad[l].

OTpumaHHSI TOBHOIIIHHUX CXOJIB JOCIHIKYBAaHOI HAMU KYJBTYPH POMAIIKH
JKApChKOi — 1€ 3amopyka MPOJAYKTHBHOCTI Ta BHUCOKOI YPOKaWHOCTI Oyb-sSKO1
KYJIbTYpH.

Croimu pocnipkennssmu Toubka C. A., I'purop’ia H. O., I'ybanos O. T,
Cemak b. b., MipzoeBa T. B., Kamenko H.l., OnenikoB /[.H., ®oxkina C.M.,
Bockpecenckuii P.P., Ta 1HmI [O0BOASTH, IO pOMAIIKa JIKApChKa TPAAUIINAHO
KyJbTHBOBAaHA JIIKAPChKa POCIWHA 3 BUCOKHM aJallTUBHUM IOTEHINAIOM, sIKa Ja€
BHUCOKI Ta CcTaOlIbHI BpOXKai CUPOBUHU 3 IMIJBUIIEHHUM BMICTOM B Hiii 010JIOT14HO-
AKTUBHUX PEYOBHH.

OcHOBHA yacTHHA.

HocnimxyBanmucs 3 (HakTopu — CTPOKM CiBOM: BECHSHHUM, JITHIN, OCIHHIN;
HOpMHU BHCIBY HaciHHs: 4 kr/ra, 6 kr/ra 1 8 kr/ra; coptu: Ilepauna Jlicoctemy i
Bodegold.

@DeHOJIOTI4HI CIOCTEPEKEHHSI MPOBOIMWIM B OCHOBHI ()a3u POCTY 1 PO3BUTKY
pOCIuH 3TiAHO 3 «MeTouKor0 JePKABHOTO COPTOBUIIPOOYBaHHS
CITBCBKOTOCIIOJIAPCHKUX  KyJAbTyp» [4]. MaremaTuuyHuii aHami3 IMOKa3HHKIB
MIPOBOJIMJIN 3 BUKOPHCTAHHSIM CY4YaCHUX IaKETiB MPUKIAJIHUX mporpaMm Tumy Exel,
Statistica — 6.0. [2].

3okpema, B YkpaiHi uuHHa [lepkaBHa ®dapmakomes, sika TapMOHI30BaHa 3
€pporneiickkoro  Papmakorneero, A0 HEl BXOAATh 3arajibHi  CTaTTl, 3arajibHi
MoHorpadii, MoHorpadii Ha 1030BaHi (opMH, MOHOTrpadii Ha JIKAPCHKY POCIUHY
cupouny (JIPC) ta mikapceki pocnunni npenaparu (JIPII) i3 koHTposem sxocti
BiamoBiaHO 10 BuMor €C [4, 2, §].

VYpokaliHICTh HACIHHS POMAIIKH JIKAPCHhKOI SK OCHOBHHUW TOKAa3HUK
PO3MHOKEHHS KyJIbTypH, 3HAYHO BapilOBaB M0 pOKaxX MPOBEAECHUX JTOCIIHKEeHb (TabJI.

1).
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Taoaunga 1
YpokaifHICTb CyIBIiTh POMAIIKH JIKAPCHbKOI 32JI€2KHO Bi/l COPTY, CTPOKY CiBOM
Ta HOPMHU BUCIBY HaciHHs, T/Tra (2017-2020 pp.)

Hopwma Poku nocnimxeHs
; Cepenne
Copr C.TpOK BHCIBY 3a POKH
(daxrop A) | - CPO" RS 1 2017 | 2018 | 2019 | 2020 | mocrix-
(pakrop B) Kr/ra

(dpaktop C) HeHb

N 4(K)* 0,56 1,26 1,62 0,91 1,08

Bec‘;é";‘““ 6 0,79 1,71 1,98 131 1,44

(K) 8 0,68 1,68 1,92 1,21 1,36

[Tepnuna 4 0,41 1,01 1,30 0,69 0,85

Jlicocremy JITHIN 6 0,63 1,44 1,65 1,04 1,19

(K)* 8 0,60 1,15 1,62 0,98 1,08

4 0,82 1,63 1,82 1,22 1,37

OCIHHIN 6 1,11 1,98 2,10 1,81 1,75

8 0,84 1,75 1,95 1,49 1,50

4 0,51 1,16 1,51 0,83 1,0

BECHSITHUI 6 0,75 1,65 1,85 1,22 1,36

8 0,64 1,62 1,73 1,17 1,29

Bodegold 4 0,36 0,91 1,20 0,65 0,78

TITHIA 6 0,63 1,35 1,59 1,0 1,13

8 0,54 1,12 1,50 0,95 1,02

4 0,78 1,47 1,68 1,13 1,26

OCiHHi 6 1,06 1,90 1,98 1,65 1,64

8 0,80 1,68 1,88 1,39 1,43

HIP o5: A —0,15; B—0,18; C 0,18

*(K)-Kormpoawv 0o ¢pakmopy. copm Ilepruna Jlicocmeny, cmpok eéecHsanutl, Hopma 4 ke/ea.

3a ypoxaiHICTIO COPTH POMAILIKHU JIKaPChKOI BUSBUIMCH PI3HUMU, YPOKaWHICTh
coptry Ilepnuna Jlicoctemy B cepeqHhOMY 3a POKH MPOBEACHHX JOCIIIKCHb
konuBanack B Mmexax 0,85-1,75 1/ra, a copty Bodegold — 0,78-1,64 t1/ra. Ha
KOHTPOJII TTOKa3HUK YPOKaWHOCTI JOCHIKYBAHOI KYJbTYpH 3a POKH JOCIIKEHb B
cepeaqHboMy cTaHoBuB 1, 08 T/ra.

JucnepciitHuil aHami3 mokasas, 110 Y po3pi3i PakTopiB, OUIbII BIUIMBOBUM — Ha
61,2 % BusaBuscsa ¢daktop B (ctpok ciBOu), ¢pakrop C (HopMa BUCIBY) BIUIMBaB Ha
349 %, dakrop A (copT) BUSBHBCS MEHII BIUIMBOBUM — 2.4 %, ToMmy wIO
JOCJIIKYBaHl COPTH POMAIIIKU JIIKAPCHKOT HAJIEXKATh 10 OJIHIEI CENEeKI[IHHOI Tpynu
BUBEJICHUX TETPAIJIOIMHUX COPTIB, a YacTKa BIUIUBY IHIIMX HE JOCIIiKyBaHUX
dakTopiB ctanoBuina 1,5 % (puc. 1.).

HaiiBumum 3a poku JOCITIIKEHb, IOKAa3HUKOM BMICTY edipHOi omii 7,88 mur/kr
CHUHBOTO KOJBOPY B MEpEepaxyHKy Ha cyXy cupoBuHy € copT [lepnuna Jlicocteny 3a
OCIHHBOTO CTPOKY CIBOM 3 HOPMOIO BUCIBY HACIHHS 6 KI/ra, a HAMMEHIIIUM CEPEIHIM
nmokasHukoM ctaB copT Bodegold 3a miTHROrO CTpOKy CiBOM 3 HOPMOIO BHCIBY
HaciHHg 8 kr/ra — 4,02 mur/kr. Bmict cymu ¢uiaBaHOiniB B epepaxyHKy Ha PyTHH B
a0COJIIOTHO CyX1i CHPOBHHI KOJIMBABCA B MEXKaX CEPeIHIX MOKa3HUKiB 1,23-2,37 %.

Y po3umni edipHoi omii KBITOK pOMAIIKH JiKapchbkoi coptiB Ilepnauna
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Jlicocremy Ta Bodegold inentudikoBano HasBHICTh -((-)a-Oicaboioiy, €H-
iHequIuKIoedipy, OopHeosy, OopHUTalmeTary, xamasyJieHy 1 TBaia3yJieHy Ta
BUSBIICHO TAKOX 1HINI HE1HACPIKOBaH1 TUISIMHU.

C- iHII - A-24%
B-

34,9% 1,5% ‘ '
61,2%

" COPT " CTPOK CiBOH * HOpMa BHCIBY ™ 3aJIHIIOK

Puc. 1. YacTtka BuiuBy il (paKTOpPiB Ha YPOKANHICTH POMALIKH JiKapCHhKOI
(A — coprt, B — cTpok ciBOu, C — HOpMa BHCIBY)

BucHoBKM Ta npono3uitii.

Takum YMHOM, cepel OOCTIKYBaHUX (HAKTOpiB, KpPALIUM BHUSBUBCA COPT
Ilepauna JlicocTeny 3 HOPMOKO BHCIBY 6 Kr/ra 3a OCIHHBOTO CTPOKY ciBOu. Ilpum
IIbOMY BIJMIY€HI HAWBHUIIl TIOKa3HUKH SIKOCTI CHPOBHMHHOI 0a3u, ska 3a
IHHOBAILITHUMHU acTleKTaMU arpOTEXHOJIOT1H (ONTUMaJIbHI CTPOKHU CiBOM, peryibOBaHi
HOPMHU BHUCIBY HACIHHA Ta BHCOKOIIPOAYKTHBHI COpPTH) HaOyia BHCOKOIO MOIUTY
cepel1 TOBapOBUPOOHHUKIB XapuoBoi Ta (hapMarieTHUHOT MPOMHCIOBOCTI.
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Abstract. The assessment of aspects of researches of elements of technology of cultivation of a
chamomile (Matricaria chamomilla L.) in a zone of the Right-bank Forest-steppe of Ukraine is
developed and defined. Experimental studies with samples of chamomile were conducted during
2017-2020 in the research field of FOP Prudivus, a branch of the Department of Crop and Feed
Production of Podolsk State Agrarian Technical University according to the generally accepted
method of research V.O. Yeshchenko, AO Rozhkova [4, 2]. We have established a maximum yield of
2.10 t / ha for the autumn sowing period with a sowing rate of 6 kg / ha of Pearl of the Forest-
Steppe variety and the highest for years of research essential oil content of 7.88 ml / kg of blue
color in terms of dry raw materials, without means of chemicalization and standardization of
organic products.

Key words: chamomile, variety, seeding rate, sowing period, yield, quality of raw materials.
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Abstract. Valuable economic indicators of three varieties of blackberries were analyzed. It
was determined that all samples have a fairly high performance, but the Loch Tay variety is the best
for efficient cultivation.

Key words: fruits, blackberries, indicators, quality.

The current trend of berry consumption is an increasing of demand for
blackberries and blueberries. The growing market of blackberries determines the
perspectives of growing of this berry in Ukraine. World production of raspberries and
blackberries in 2017 amounted to 1.3 million tons. This is 2.3 times more than in
2000. By 2020, the trend of increasing production of these berries will continue, but
will not be so intense - according to forecasts, the total volume will be 1.4 million
tons. Currently, most of blackberries are produced in North America - 65 thousand
tons, of which 35 thousand tons are in the United States. In Europe, this branch of
berry growing is less developed. With a larger population, the harvest of blackberries
is 47 thousand tons, of which 27.5 thousand tons are grown in Serbia and 13 thousand
tons - in Hungary. There are an large plantations in Great Britain, Germany,
Romania, Poland and Croatia. Ukraine is also changing its position in the
international berry market. In recent years, the export of berries from the countries
has increased four times, up to $ 12.5 million. However, the potential on this path is
far from exhausted, as domestic berries sell abroad a total of 8% of the crop [1, 7].

Blackberries contain a large amount of vitamins such as thiamine (B1) - 0.01
mg, riboflavin (B2) - 0.05 mg, ascorbic acid (C) - 15 mg, alpha-tocopherol (E) - 1.2
mg, phylloquinone (K) - 208 mg, fiacin (PP) - 0.4 mg, beta-carotene - 0.1 mg; such
micro- and macroelements as iron - 1 mg, potassium - 208 mg, calcium - 30 mg,
magnesium - 29 mg, sodium - 21 mg, phosphorus - 32 mg. The nutritional value of
berries blackberries per 100 g of product, which is 34 kcal. The amount of protein - 2
g, fat - 1 g, carbohydrates - 4 g, organic acids - 2 g, dietary fiber - 2.9 g, water - 88 g,
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ash - 0.7 g. Blackberries have a low glycemic index - 25 units, which in comparing to
other products makes it an affordable and useful source of vitamins for diabetics.
Consumption of one glass of blackberries can satisfy the daily norm of cellulose [3,
4, 6].

The main goal of this work is a comparative evaluation of common varieties of
blackberries.

Conditions and methods of research. The research was conducted in NULES
of Ukraine after name professor B.V. Lesik department of storage, processing and
standardization of plant products and the after name professor V.L. Simirenko
department of horticulture. For this purpose, we used long-term data obtained at the
departments [2,5].

Research results and their discussion. Let’s consider common varieties such as
Loch Tay, Nasoloda and Sadove chudo. The Loch Tay variety was created by
crossing the Loch Ness variety with SCRI 82417D. It is suitable for growing both in
open ground and in film greenhouses. Loch Tay blackberry variety is characterized
by high yields and marketability. The berries have an average weight of 4.5-5.0 g,
dense, attractive, with luster. The average yield of berries from one bush is 3.08 kg.
When harvested at technical maturity and cooling the harvested berries to 4-6°C, the
products are stored for up to 14 days without loss of quality. The variety is resistant
to downy mildew, not too demanding on soil fertility (table).

Variety Nasoloda - thornless blackberry variety of late ripening. It has large,
oblong berries, weighing 6-8 g, sweet and sour. The fruits are used for industrial
processing and consumption fresh. With good farming techniques, the maximum
yield reaches 1.44 kg from the bush.

Variety Sadove chudo - thornless, early-medium ripening. Berries elongated,
elliptical, 5.3-6.4 g, black with a glossy sheen. Ripening in early July, the taste is
dessert. With good farming techniques, the maximum yield reaches 0.85 kg from the
bush.

Table
Consumer characteristics of varieties
. oy Weight Taste Max Tran-
. Ripeness | Description of onas- . .
Variety . of berry, : yield | sportable- Using
group the berries point
g t/ha ness
scale
Black .
Loch Ultra- ellipa::(i:cél Fresh berries,
.’ 4-5 4.9 5,77 | Excellent comfiture,
Tay early dense, shiny, . .
jam, juice
sweet taste
Black, large, Frzilotl)lzlirifs’
Nasoloda Late oblong, sweet 6-8 4.2 4,82 Good
beverage
and sour taste .
industry
Black, Mostly fresh
Sadove Early- clongated, berries
WY | elliptical, with | 5,3-64 | 47 | 326 | Good ’
chudo middle comfiture,
a glossy sheen, o
dessert taste ]
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Analysis of the table shows, that varieties such as Loch Tay and Nasoloda are
more universal, while Sadove chudo, due to its good portability and good taste, is
often used fresh. A significant advantage of the variety "Loch Tay" is its high
productivity and early ripening, which allows you to harvest from late June to early
July. However, it is inferior to the mass of berries varieties of domestic selection
"Sadove chudo" and "Nasoloda". All the above varieties have a relatively high
profitability, give a good harvest and have a wide range of applications for
processing.

Conclusions. All considered varieties are suitable for effective cultivation in
Ukraine. The Loch Tay variety has a slight advantage due to its high and early
productivity. At the same time, the use of Nasoloda and Sadove chudo varieties is
extremely promising for the production conveyor. It is expedient to consider the
received data at selection of grades for laying of plantings of intensive type. In the
future, it is advisable to focus research on the study of components of biochemical
composition and suitability for the production of processed products of high quality
and biological value.
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ON THE SORPTION OF AROMATIC AMINES BY

POLYAMIDE TEXTILE MATERIALS
JOCIIIKEHHS BIVIMBY EJIEKTPOJIITY HA COPBHIIO APOMATUYHUX AMIHIB
MHNOMMAMIITHUMHU TEKCTUJIBHUMU MATEPIAJIAMU
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Kuiscokutl nayionanvruil yHisepcumem mexHono2iti ma Ou3aumy,
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Anomauia. Memorw pobomu € 6cmano81eHHs 36A€EMO365 '3K) COpOYIi apomMamuyHux amiuie
NOAIAMIOHUMU TMEKCIMUNbHUMYU OAPBHUKAMU NPU 66€0eHH] elekmponimy. B axocmi apomamuuozo
aMiHy BUKOPUCMAHO NApaheHineHOIamMiny, KU WUPOKO BUKOPUCMOBYEMbCSA 6 MEXHOA02ii
Gapoysanna HamypaibHo20 Xympa 3 VMEOPEHHAM CHMIUKUX 3a0apéneHb HACUYEHO20 YOPHO20
Kkonvopy. Poboma Hanpasnena Ha po3uwupeHHs ICHYIOU020 ACOpMUMEHmM) OapeHUKI8, o
BUKOPUCTOBYIOMbCSL NPU PapOYE8aAHHT NOTIAMIOHUX MEKCMUTbHUX Mamepiaie

Knrowuosi cnosa: noniamioni eonoxkua, ¢hapoysannus, napagheniieHoiamin, X1opucmuil Hampiti,
eneKmpoim.

Beryn.

XiMigyHa TEXHOJIOTIA TEKCTWJIbHMX MaTepiaiiB, K Hayka, 3alMaeThCs KpiM
PO3pOOKH HAYKOBO-OOTPYHTOBAHUX TEXHOJOTTYHHX IMPOIIECIB 0OPOOKHU BOJOKHUCTHUX
MaTtepialiiB, TOCTIHKEHHAM XIMIYHUX, (DI3UKO-XIMIYHUX MPOIIECIB, 110 MPOTIKAIOThH B
mpolecax ONOPSPKEHHS Ha BCIX CTaisiX TexXHoJoriyHoro mpouecy [1-3].
JlocmimkeHHsT CYTHOCTI XIMIYHMX 1 (Di3UKO-XIMIYHMX TMPOIIECIB HEOOXITHO JIs
oOrpyHTOBaHOI iX 3MIHM B HampsMKy IiHTeHcuikamii mporeciB  00poOKH,
MOJTIMIIICHHS SKOCTI BOJOKHUCTUX MaTtepiaiiB, IJis PO3POOKH MPUHIIMIIOBO HOBHUX
mpoiieciB 0OpoOKHM BOJIOKHUCTUX MaTepiaiis [3,4].

IHocTanoBka nmpodeMu.

Jlo TemepimiHKOTO 4Yacy OJIHIE0 3 cepio3Hux npodieM ¢dapOyBaHHs
MOJTIaM1THUX BOJIOKOH 3aJIMINAETHCS CKIAAHICTh (papOyBaHHS [IMX BOJIOKOH B YOPHUI
KOJIIp, OCKUJIBKH 3aCTOCOBYBaHI1 JUJIA IUX I[iJIel OapBHUKU HE 3aBXKJU 3a0€3MeUYyIOTh
OTpUMaHHSA TJIMOOKOIO YOPHOIO0 KOJbOPY 3 BHCOKOIO MIIHICTIO 3a0apBIICHHS.
[lomamigHa TEKCTUJIbHA CHpPOBHHA 3a0apBIIOETHCS MPAKTHYHO BCiMa KIIacaMH
OapBHUKIB, OJJHAK, KO)KHOMY 3 HHMX MPUTAaMaHHI Ti YW 1HIII HEJIOJNIKU B 3aJI€XKHOCTI
BiJl ipupoau 6apBHUKA [4].
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3aBaaHHA JOCJIKEeHHS.

Takum 4YHHOM, ICHY€ HEOOXIAHICTH Y 3HAXOMKEHHI TEXHIYHOTO PpIIICHHS
¢dapOyBaHHS TOJIaMITHOI TEKCTUIBHOI CHPOBHHHM B TIMOOKHIM YOpHUH KOMIIp 3
OTpUMaHHSIM 3a0apBJieHb CTIMKHUX /0 30BHIIIHIX BIUIMBIB MPHU BiACYTHOCTI MpPOSBU
CTPYKTYpPHOI HEOJHOPIIHOCTI, MOB'A3aHOT 3 XIMIUYHOIO 1 (PI3UYHOI0 HEPIBHOMIPHICTIO
CTPYKTYpH BOJIOKHA. PimeHHs mpoOieMu HEMOXIJIUBO, 0€3 JOCHIKEHHS CYTHOCTI
npoueciB  (HaykoBa 3ajgada), KOHKpeTH3allli YMOB iX MPOBEIEHHS CTOCOBHO
BOJIOKHUCTHUX TOJiaMiJHUM MaTepianamu (IpaKTUYHE 3aBIAHHS).

Bukiaa 0CHOBHOIO TEKCTY.

@®apOyBaHHIO MiIIABATIOCs TMOJiaMiJHE TPUKOTAXKHE KPYTJIOB'si3aHE MOJIOTHO 3
NEeperuieTeHHSIM TJiaJb, BHUpOOJICHE Ha MaHyilHOMY aBTomati 14 kijacy 3
BUKOPUCTAHHSIM KOMIUICKCHOI TMOJiaMiIHOI HUTKH 15,6 TekC B TpU CKJIaJaHHS.
TpukoTa)kHe TOJOTHO BHUPOOJIEHO 3 KOMIUIGKCHOI TOJIaMigHOT HHUTKH -
TV ¥V 6-00204048-68-93.

3aragpHOI0 3aKOHOMIPHICTIO TSl BCIX KJIaciB OapBHUKIB Ta BCIX BHUJIIB BOJOKOH
€ YiTKa 3JIeKHICTh MK PO3YMHHICTIO OApBHHKA y 30BHBIIHBOMY CEPEIOBHIII 1
koedirmierTom posnoaity K, 1o xapakTepu3ye COpITHEHICTh OapBHUKA 10 BOJOKHA.
YumM BUIlE PO3YMHHICTH Y 30BHIMIHBOMY cepedoBuili, TuM Huwxkue K [5-7]. L
3aJIEKHICTh 3aJMIIAETHCS CHPABEJIMBOIO 1 B pasi ¢apOyBaHHS 3 cepeaoBUIIA
OpraHiyHUX po34yMHHUKIB. OHAK JIJI1 OPTaHIYHUX PO3YMHHUKIB MPoOIeMa HU3BKOTO
KoedimienTa po3noauTy 0apBHUKIB CTa€ OUIbLI BaXKJIMBOIO, HIX B pa3i ¢papOyBaHHS 3
BOJHUX cHCTeM. Bigomo, 1o aucnepcHi OapBHUKA MaJOPO3YMHHI Y BOJHOMY
CepeZoBUII 1 BIIHOCHO A00pe po3uuHsAOThCA (~ 100 r / J1) HaBITh B HEMOJSPHUX
OpraHiuHUX PO3YMHHHKAX MPU BHCOKUX Temmeparypax ¢apOyBanus. Lle mpu3Boauthb
10 HU3bKkMX 3HaueHb K<l 1 pobuth mnepioguyHe (apOyBaHHS 3 CcepeoBUINA
OpraHiYHUX PO3YMHHUKIB MaJIOEKOHOMIYHUX 1 ITOKH HEJOCTAaTHBO
KOHKYPEHTOCTIPOMOXHUM 32 IIUM TOKa3HMKOM B TOpIBHSHHI 3 (apOyBaHHSAM 3
BOJIHUX JucIiepcii [6,7].

3anexHicTh  Koe(ilieHTa  pO3MOALTY B  PO3YMHHOCTI  JTUCIIEPCHUX
AHTPAaXIHOHOBUX OApBHUKIB B MEPXJIOPETIICHI 1 MOIieQipHOMY BOJIOKHI MOKA3YyE, 110
kKoeditieHT po3noauty K 3HaXOIUTBhCA B TICHIM 3alleKHOCTI BiJl PO3YMHHOCTI
OapBHUKIB y BOJIOKHI, IO TIOB'S3aHO 3 OJU3BKOI MPHUPOJOI0 TiapodoOHOro
PO3YMHHUKA 1 T1Ap0oHOOHOTO BOJIOKHA.

Teopis peryiasipHMX pO3YMHIB 1 KOHILEMIS MapaMeTpa PO3YMHHOCTI (O)
JIO3BOJIAIOTH 3B's13aTH COPOIIiiiHI BIACTUBOCTI OApBHUKIB Y PIBHOBAXKHOMY CTaHl 3
BEJIMUMHAMHU TIapaMeTpiB PO3YMHHOCTI OApBHMKIB, BOJIOKOH 1 PO3YMHHHUKIB, 3 SIKUX
3niMcHIOEThCS (hapOyBaHHs. BunpoOyBaHHs Benukoro yuciaa 6apBHUKIB (Oubiie 40)
1 po3unHHUKIB (Outbin 20) Ha momiedipHUX, MOJTIAMITHUX 1 alETaTHUX BOJOKHAX
MOKa3aJId TICHY KOPEJALII0 Mk apaMeTpaMH PO3YMHHOCTI BCIX TPhOX KOMIIOHEHTIB
CUCTEMH.

3aJIe’)KHICTh KOHCTAHTU PO3MOJILUTY MK TMOiedipHUM BOJOKHOM 1 OpraHIYHUMHU
PO3UMHHUKAMH BiJ] ¢ PO3YMHHHKIB TIOKa3ye, M0 MakcuMaibHe 3HaueHHS K
JIOCSITAE€ThCS, KOJM PO3YMHHHMKA CHJIBHO BIiJPI3HAETHCS Bil & BOJIOKHA. HaiiBuia
po3uMHHICT, OapBHUKAa Yy (apOyBasibHIA BaHHI BIANOBIAAE MaKCUMaJIbHOMY
HAOJIMKEHHIO TIapaMeTpa pPO3YMHHOCTI OapBHHMKA /0 NapaMeTpy pO3YUHHOCTI
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cepenoBuina. lle mpaBuio, B OCHOBI SIKOTO JIEKUTh MEXAHI3M MIKMOJEKYJISAPHOI
B3a€MO/I11 OapBHUKA 3 BOJIOKHOM 1 3 CEPEIOBUIIIEM, 3 SIKOT BIH COPOYETHCS BOJIOKHOM,
MOe OyTH TOKJIaJICHO B OCHOBY IIIJIECTIPSIMOBAHOTO CHHTE3y OapBHUKIB 1 BUOOpY
OpPraHiYHOTO PO3YMHHUKA B SIKOCTI cepeloBUIa /it (papOyBaHHS.

3mina ckiany ¢apOyBaabHOI BaHHM 3a PAaXyHOK BBEJICHHS PO3YMHHUKIB 3
BIJIOBIAHOIO BETUYMHOIO MTapaMeTpa PO3YMHHOCTI € IOCUTh MMPOCTUM PIIICHHSAM, aje
BUKOPUCTAHHSA OPTraHIYHUX PO3YMHHUKIB HEMHHYYE POOUTH JOPOKYUM TMPOIIEC,
MOTIpUIYE YMOBH Tpalli, poOUTh JAOPOKYUM YCTaTKyBaHHsS sl (papOyBaHHsA. 3 Ii€l
OpUYMHM B JaHil  poOoTi 3pobieHa cmnpoOa MOTIPHIEHHS  PO3YMHHOCTI
napadeHiieHalaMiny (IUCIepCHOTO OapBHUKA) y BOJlI 32 PAXyHOK BBEICHHS
€JICKTPOITITY (BUCOJIFOBAHHS).

B onopsmxyBanbHOMY BUPOOHUUTBI BHKOPHUCTOBYIOTHCSI JIBa EJIEKTPOJITH:
XJIOPDUCTHM HATpid Ta CIPYAHOKUCIUWA HaTpid. B poOOTI BUKOPUCTOBYETHCS
XJIOPUCTHI HATPIH.

Ha puc. 1 moka3zana 3aneXHICTh ONTHYHOI T'YCTHHU PO3YHMHIB 3a0apBICHUX
3pa3KiB IMOJIKANPOaMigHUX TPUKOTAXKHUX IOJOTCH B 3aJIGKHOCTI BiJl KOHIICHTpAIi
XJIOPUCTOTO HaTpito y (apOyBanbHIA BaHHI MPHU 30€pEKEHHI HE3MIHHUMHU 1HIIUX
napameTpiB (dapOyBanHs. [louaTkoBa nifisHKa KPUBOI TOKa3zye pi3Ke 301IBIICHHS
ONTUYHOI TYCTHHM, MICJI NPOXOPKEHHS MaKCUMyMy Npu 6 T / 11 CiiJl TUIaBHUN criaj
ONTHYHOI TYCTHHH PO3YMHIB X JIO KOHIEHTPAIIll XJIOPUCTOTO HATPIIO, IO JOPIBHIOE
100 r/ ;.

[ToniOHMIT xapakTep KpHUBOi YCKIAAHIOE 3HAXOJKEHHS E€MITIPUYHOTO PIBHSIHHS
IUIsl i OMKUCY: HABITh MOJIHOM 8 CTYIEHS HE O3BOJISIE aJIEKBATHO OMMUCATH XapaKTep
KpuBOi Ha puc.l. EkciepuMeHTallbHI JaHl TiATBEPAXKYIOTh MOXKIIUBICTh 301IbILIEHHS
cniopigHeHocTi napadenuiesaiaminy ([IOJJA) no noaiamMiJHOTO BOJIOKHA 32 PaXyHOK
3MEHIIEHHS PO3UYMHHOCTI («BHCOIOBaHHs») [ID]JIA y Bol.

0.50 ' [ l | I | | | T

OITTIrIHA TVCTIIHA

0.25 {l}_ | I | | | | | | |
o 20 a0 60 80 100

KoxueHTtparia NaC'l, r/n
Puc. 1. 3ajekHicTh ONITUYHOI I'YCTHHH PO3YHHIB 320apBJIeHUX MOJTiaMiIHUX
M0JIOTEH BiJl KOHIEHTPANil XJOPUCTOro HATPY y papOyBaJIbHiil BaHHI.
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IIpu BBeneHHi Bix 2 10 8 T/ J1 XJIOPUCTOTO HATPIKO ONTHYHA T'YCTHHA 3POCTAE
maiixke BaBidi: Bix 0,26 no 0,48. Tak sk mpoayktu okucienHsa [IDJJA B pozumHax
nigKopsAoThes 3akoHy Jlambepta-bepa, 3poctanns ontuyHoi ryctunu B 1,87 pasu
O3HAYa€ MPAKTUYHO 3POCTaHHS KUIBKOCTI OapBHHMKA, CHHTE30BAaHOTO Ha BOJIOKHI B
1,87 pa3mu.

[TpuitnasiTo, 110 A1 3BUYAHHUX AUCIIEPCHUX OAPBHUKIB T0OOABKHU €JIEKTPOIITY B
(dapOyBasibHy BaHHY MPaKTUYHO HE BIUIMBAIOTH Ha mporec (papOyBanHs. OqHak, Ha
BIIMIHY BIJ 3BUYAWHUX JTUCIEPCHUX OapBHUKIB, BUCOKAa po3uMHHICTH [IDJIA vy
rapsidid BoAl poOUTh MOXKJIMBUM 33 PaXyHOK BBEJICHHS €JIEKTPOJITY B (apOyBajibHy
BaHHY 3HAYHO 30UIBIINTH IHTEHCUBHICTh 3a0apBJICHHS.

Ha mouatkoBoMy eTami JOCHIIP)KEHb BBXKAJIOCH, 110 30UIBIICHHS] KOHLIEHTpAIIil
XJIOPUCTOTO HaTpito B ¢apOyBaibHIM BaHHI 1 BIJTNOBIAHE «BUCOJIOBaHHS» [IDJIA
OyJie TPU3BOAUTH 10 MOHOTOHHOTO 30uibIneHHs KinbkocTi [IDJIA, copboBaHOi 3
BoJlokHa. OJIHaK, HA KOHIICHTPAIIMHOI 3aJIeKHOCTI € MAaKCUMyM, MPUYUHU TOSBU
SKOTO Ha JIAaHOMY €Tarll MOXKyTh OyTH BUCITIOBJICHI JIUIIEC Yy BUMIISIAI POOOYUX TIMOTES,
10 BUMararoTh €KCIIEPUMEHTAIbHOI IEPEBIPKHU.

[Tepmra po6oua rimoTe3a: nmpu 301IbIIEHH] KOHIIEHTPAIIIT €IEKTPOIITY B poOoUiit
BaHHI 3MIHIOETBCS CTaH ITOBEPXHEBO-aKTMBHUX PEUYOBHMH y BOJHOMY PO3YHMHI:
MOTIPIIEHHS! PO3UYMHHOCTI MOBEPXHEBO-aKTUBHUX PEUOBUH («BHCOJIOBAHHS») MOXKE
MPU3BOJUTH JIO 3MEHIIEHHS BEJIMYMHU KPUTHUYHOT KOHIIEHTpPAIlli MIIEJI0 YyTBOPEHHS
(KKM1) 1 no 301nblIeHHS KUIBKOCTI C(EpUYHUX Mille]l MOBEPXHEBO-aKTHBHUX
PEYOBHH B PO3YUHI.

MeTor0 BHUKOpPHUCTAaHHSA IOBEPXHEBO-AKTUBHUX pPEUOBHMH IIpu (apOyBaHHI
JUCIIEPCHUMHU OapBHUKAaMHU € 30UIbIIEHHS PO3YMHHOCTI OapBHHMKA 3a PaxyHOK
comoOmnm3anii  O6apsHuka BcepeauHi winenu. s [IDJ[Acomobinizamis He
noTpiOHa, Tak AK BiH 1 Tak 100pe pO3YMHHHUI B rapsidid BoAi. 3 1HIIOTO OOKY,
BBEJICHHSI TTOBEPXHEBO-aKTUBHUX pedoBUH Npu copOiii [IDJJA HeoOxigHO Ad
MOJIIMIIIEHHS 3MOYYBaHOCT! BOJIOKOH, JJIsl TIABUIIIEHHS! PIBHOMIPHOCTI 3a0apBiieHb. Y
MiJICYMKY, BHYTPIIIHA YaCTHHA MUIEII 1 BOJOKHO KOHKYPYIOTh OJMH 3 OJIHUM IIIOJI0
I[IDJA. Tlpu dapobyanni [IOJIA B npuiiaTux B poOOTI pexumax (apOyBaHHs
BBojmioca 0.05 r / m OC-20 st moJiniueHHs 3MO4yBaHOCTI. MO)KHa TPUITYCKaTH,
10 TIPU TaKUX HU3BKUX KOHIEHTpalisx OC-20 BUCOIIOBaHHS MOBEPXHEBO-aKTUBHOI
PEUYOBUHHM HE BIJIIrPa€ CYTTEBOI POJI, 30KpeMa, MPU KOHIIEHTPALISIX XJIOPUCTOTO
Hatpito 10 10 v/ 1 (= 1%).

Jpyra po6oya rimoTe3a: mpu noripmieHHi po3urnHHOCTI [IDJIA HacTae MOMEHT,
KOJHM 3a paxyHOK HHU3bKOI KOHIEHTpauii y (apOyBanpHIi BaHHI MOJEKYJISIPHO
po3unHenoro I[I®OJIA ictotHo 3MeHuTyeThest WBUAKICTE qudy3ii [IOJA y BonokHO
(3MeHIIyEeThCS TPAAIEHT KOHLeHTpalii B pamkax 1 3akony ®dika). Skmo us poboua
rinore3a BipHA, TO Ma€ MiCUE TPaJUWLIAHUN KOMIIPOMIC MIK TEPMOJIMHAMIYHOIO
CIIOPIAHEHICTIO 1 KIHETUKOIO Tpoliecy. ExcrniepumenTanbHa nepeBipka 1i€i podouoi
TiIOTE3W JOCUTh MPOCTa: HEOOX1HO JOCIIIKYBAaTU KOHIICHTPAIINHY 3aJIeXKHICTh
copOr1ii 31 301bIIeHHsAM TpuBanocti copoii [IDJIA, nanpuknan, 3 1 10 7 roauH.

3ak/Il0YeHHSI TA BUCHOBKH.

[TokazaHo, 110 BBEJIEHHS €NEKTPOJITYy B ¢apOyBajgbHy BaHHY 30UIbIIyE
BuOupanus [IOJJA npu dhapOyBaHHI MOMIKAMIITHOTO BOJIOKHA. Y MPUHHATUX yMOBaX
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(apOyBaHHS ONTHMAJIBHY KUIBKICTh XJIOPUCTOTO HaTpilo B (apOyBajibHIM BaHHI,
BIJIMOBIIHE MAaKCUMYMY ONTHYHOI I'YCTHHH, TaK camo 6-8 r/ .
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processes for finishing fibrous materials. The possibility of regulating the sorption of aromatic
amines by a polyamide textile material when an electrolyte is introduced into the dyeing bath is
shown in the study. The introduction of the electrolyte in the dye bath increases the sorption of GAL
when dyeing polyamide fibers. An increase in the concentration of sodium chloride in the dye bath
and the corresponding "salting out" of paraphenylenediamine will lead to a monotonic increase in
the amount of paraphenylenediamine sorbed from the fiber.

Key words: polyamide textiles, dyeing, paraphenylenediamine, sodium chloride, electrolyte.
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