HAYRKOBITOPHU3OHTH

3aCHOBHUK, peJlaKllisi, BUJaBelb
MOJIICbKUH HALIIOHAJIbHUHM YHIBEPCUTET

CBiaouTBO Npo AepKaBHY peecTpaLiio

Cepiss KB N2 24756-14696 NP Bin 26.02.2021 p.

HaykoBuit XypHan BKueHo Oo kateropii b lepeniky
HayKoBMX (axoBuX BuAaHb YKPaiHW, B SAKUX MOXYTb
nybnikyBatucs pe3ynstatv  AMceprauimHux  pobiT  Ha
3000yTTS  HAyKOBMX CTyMeHiB [JOKTOpa | KaHauAaTa
BETEPUHAPHUX, EKOHOMIYHMX, CiNIbCbKOroCnoAapcbkmx Ta
TeXHIYHMX HayK 3i cnewianbHocTen - 051,071,072,073,075,
076, 101,133,183, 201, 202, 203, 204, 205, 206, 208, 211,
281, 292 (Haka3 MOH Ykpainn N2 1643 Big 28.12.2019 p.,
Haka3 MOH Ykpainun N2 409 Big 17.03.2020 p.).

ISSN: 2663-2144
e-ISSN: 2709-8877

JKypHan BK/OYEHO 10 MiXKHApOAHUX HAYKOMETPUYHMX B33 i
KaTanoris HaykoBmx BuaaHb: Index Copernicus; Directory
of Open Access Journals (DOAJ); Open AcademicJournals
Index (OAJl); Google Scholar; Crossref; HauioHanbHa
6ibnioTeka Ykpainu imeHi B.I. BepHagcbkoro.

[pykyeTbcad 3a piweHHsM BueHoi pagm [lonicbkoro
HaLiOHanbHOrO YHiBepcuTeTy, npotokon N2 13 Big
23.06.2021 p.

Mianucano o apyky 23.06.2021 p.

Mopmart 210x297.YM. gpyk. apk. 14,6

Haknag 90 npuMipHukiB

© lMonicbkni HauioHanbHWI yHiBepcuTeT, 2021



SCIENTIFIC HORIZONS

Founder, Editorial and Publisher
POLISSIA NATIONAL UNIVERSITY

Certificate of state registration

KV No. 24756-14696 PR of February 26, 2021.

The scientific journal is included in category B of the List
of scientific professional periodicals of Ukraine. It enables
publishing the thesis results for Doctor and Candidate
degrees in economic agricultural,technical and veterinary
sciences (Order of the Ministry of Education and Science
of Ukraine No 1643 of December 28, 2019; Order of the
Ministry of Education and Science of Ukraine No 409 of
March 18, 2020). It comprises the following specialties -
051,071,072,073,075,076,101, 133,183,201, 202, 203,
204, 205, 206, 208, 211, 281, 292.

ISSN: 2663-2144
e-ISSN: 2709-8877

The journal is included in the international scientific
databases and catalogs of scientific publications: Index
Copernicus; Directory of Open Access Journals (DOAJ); Open
Academic Journals Index (OAJl); Google Scholar; Crossref;
National Library of Ukraine named after V. I. Vernadskiy.

Recommended for publication by the decision of the
Academic Council Polissia National University Minutes
No. 13 of 23.06.2021.

Signed for publication 23.06.2021
Format 210x297. Mind. print. ark. 14.6.
Circulation 90 copies

© Polissia National University, 2021



HAYKOBI
rOPU30HTH

Tom 24, Ne 2
2021

HAYKOBHH KYPHAJI
3acHoBaHO 12 6epe3Hs 1998 p.

[lepiogUYHICTh BUNIYCKY: YOTHPHU Pa3H Ha PiK

fonoBHuUI pepakTop
Oner BacunboBumy CknaaH

3acTynHUK ronoBHOro
penakTopa
J1. PomaHuyk

UneHu pepakuiiHoi konerii
t0. PamaHayckac

C. Kyxapeub

. Tpabap

. dpow

T. ®enoHrok

H. Copoka

P. CraBeupka
B. LLnanak
|. JleBKOBMY

A.3nmapoeBa
M. Yymak

J1. YnkeBCbka
B. [laHkeBuY
T.AcaHbaeB

FO. [IkyaHai
0. Nartanac
A-Y. Canpan
E. Capayckic

P.Mykana
E.Anies

0. lanaTiok

B. lamatoHoOBa

J1. Topanbcbkuin

C. Typanbcbka
€.lynieBa
[.Nepes'aHko

X-T. BaHaepninaoeH
0. Xykos

PepakuiiiHa Koneris

PEKTOp, A-p eKOH. HayK, npodecop, MonicbkMi HaLLiOHaNbHWUIA YHIBEpcUTeT, YKpaiHa

A-p C-T. HayK, [onicbKuii HauioHanbHWU yHiBEpCUTET, YKpaiHa

[-p Hayk, Knavnencbkuii yHiBepcuTerT, Jutea

A-p TeXH. HayK, MonicbKMi HaLioHanbHUI yHiBEpcuUTeT, YKpaiHa

A-p TeXH. HayK, MNonicbKMi HaLioHanbHUI yHiBEpcUTeT, YKpaiHa

A-p TeXH. HayK, MNonicbKMi HaLioHanbHUI yHiBEpcUTeT, YKpaiHa

A-p C-T. HayK, [onicbKuii HauioHanbHWU yHiBEpCUTET, YKpaiHa

A-p BeT. HayK, HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHS
YkpaiHu, YkpaiHa

A-p C-T. HayK, binouepkiBCbKWMI HaLLiOHANbHWIA arpapHUi yHiBepcuTeT, YkpaiHa
A-p C-T. HAyK, YMAHCbKMUIA HALOHaNbHWIA YHIBEPCUTET CaAiBHULTBA, YKpaiHa

L-p Hayk, JIeNOHILbKMI IHCTUTYT PO3BUTKY CilbCbKOrO FOCMOAAPCTBA Y KpaiHax 3
nepexiaHo eKkoHOoMiKow, HiMeuynHa

KaHa. 6ion. HaykK, MonicbKMi HaLiOHaNbHWIA YHiBepcuTeT, YKpaiHa

KaHA. C-T. HayK, [TonicbKnit HaLioHanbHW yHiBepcuTeT, YKpaiHa

[-p €KOH. HayK, [lep>xaBHWi yHiBepcuTeT « KUTOMUPCbKA NoAiTeXHIKay, YKpaiHa
A-p eKOH. HayK, [TonicbKnit HauioHanbHWUI yHiBepcuTeT, YKpaiHa

KaHA. C-T. Hayk, [MaBnojapckui pepxasHui yHiBepcuteT iMm. C. Topairmnposa,
Pecnybnika KasaxcraH

A-p dinocod. Hayk, MNagxamKapaHCKui yHiBepcuTeT, IHaoHe3is

A-p dinocod. Hayk, YHiBepcuteT Mukonaca Pomepica, Jutea

pekTop, npodecop, A-p dinon. Hayk, IHcTuTyT dokTopa SIHa-Y. CaHgana, Hopserig
npodecop, IHCTUTYT CiNbCbKOroCNOA4APChKOi TeXHiKM Ta Ge3neku yHiBepcuTeTty
BitosTa Benukoro, J/Iutea

KaH[. eKOH. HayK, [lepxkaBHuii TexHiko-EKOHOMiYHMI YHiBepcuTeT iM. KC. bpoHicnasa
Mapkesuua B Apocnasi, [MonbLua

A-p TEXH. HAYK., I[HCTUTYT ONiRHUX KynbTyp HauioHanbHOT akaAeMii arpapHmMx Hayk
Ykpainu, YkpaiHa

A-p BeT. HayK, [1onicbKuii HauioHanbHUI yHiBEpCKTET, YKpaiHa

A-p C-T. HAyK, MMKONAIBCbKMUIA HALLIOHANbHUI arpapHui yHiBepcuTeT, YKkpaiHa

A-p BeT. HayK, [1onicbKuii HauioHanbHUI yHiBEpCKTET, YKpaiHa

A-p BeT. HayK, [1onicbKuii HauioHanbHUI yHiBEpCKTET, YKpaiHa

KaHA. XiM. HayK, HauioHanbHa akagemis Hayk AsepbaiokaHy, AsepbanokaH

A-p TEXH. HaYK, [Monicbknii HauioHanbHWI yHiBEpcUTeT, YKpaiHa

[-p €KOH. HayK, AmpekTop pocnifHoro ueHTpy CEARC, ®paHuis

A-p 6ion. Hayk, MeniTononbCbKMIM [EepPXKaBHUIM NefaroriyHniA  yHiBEpCUTET iMeHI
borgaHa XmenbHuLbKoro, YkpaiHa




|.IBaHOBa

M. KntouyeBuny

0. Kouyk-AweHko

I. KpaBuyk

M. Kyuep

I. liromiHa

[. Nicorypcbka
®. Mapkos

0. MapkoBcbka

A. Muxainos
B. MovicieHko
B. Mopos

0. Mopo3

B. Mockaneub
H0. HukuTiok
B.Ma3uny

B. Cokontok

C. TaHipbepreHoB

J1. Tapacosuy
T. TuMoLLYK
H. LlnBeHkoBa
M. LBeub

C. WetnHa

KaHA. C-T. HayK, TaBPiNCbKMIN AEePXKaBHUIM arpoTeXHONOrYHUI YHIBEPCUTET iM.
[. MoTopHoro, YkpaiHa

[-p C-T. HayK, [MonicbKunit HauioHanbHW yHiBepcuTeT, YKpaiHa

KaHA. C-T. HayK, [MonicbKMi HauioHaNnbHWUI yHiBepcuTeT, YKpaiHa

[-p €KOH. HayK, [oniCbKMi HaLiOHaNbHWUI yHiBepcuTeT, YKpaiHa

KaHA. C-T. HayK, [MonicbKMi HauioHaNnbHWUI yHiBepcuTeT, YKpaiHa

[-p BET. HaYK, [oNiCbKMI HauioHanbHUI yHiBEpcuTeT, YKpaiHa

KaHA. C-T. HayK, [MonicbKMi HauioHaNnbHWUI yHiBepcuTeT, YKpaiHa

KaHA. C-T. HayK, [MonicbKMi HauioHaNnbHWUI yHiBepcuTeT, YKpaiHa

O-p C-T. HayK, XepCOHCbKMI OepXaBHUIM arpapHO-eKOHOMIYHUIM YHiBepcuTeT,
YkpaiHa

[-p €KOH. HayK, CYMCbKMIM HaLiOHaNbHWUI arpapHUil yHiBepcuTeT, YkpaiHa

[-p C-T. HayK, [MonicbKunit HauioHanbHWt yHiBepcuTeT, YKpaiHa

KaHz. 6ion. Hayk, MNonicbkuii HauioHanbHUI yHiBepcuTeT, YKpaiHa

[-p €KOH. HayK, [MoniCbKMi HaLiOHaNbHWUI yHiBepcuTeT, YKpaiHa

[-p C-T. HayK, IHcTuTyT capisHmuTBa HAAH, YkpaiHa

[-p €KOH. HayK, [1oniCbKMi HaLiOHaNbHWUI yHiBepcuTeT, YKpaiHa

KaHA. C-T. HayK, [MonicbKMi HauioHaNnbHWUI yHiBepcuTeT, YKpaiHa

[-p BET. HayK, [oniCbKMI HauioHanbHUI yHiBEpcuTeT, YKpaiHa

BYeHUI cekpeTap, Ka3axcbkuit HayKoBO-AOCNIAHUMA THCTUTYT IPYHTO3HABCTBA |
arpoximii iM. Y.Y. YcnaHoBa, Pecnybnika KasaxcraH

KaHA. EKOH. HayK, MoniCbKMI HaLlioHanbHUI yHiBEpcuTeT, YKpaiHa

KaHA. C-T. HayK, [1oniCcbKMi HaLioHanbHWI yHiBEpCUTET, YKpaiHa

KaHA. TeXH. HayK, [TonicbKuit HaLioHanbHUI yHiBEpCUTET, YKpaiHa

KaHz. 6ion. Hayk, Monicbkuii HauioHanbHUI yHiBepcuTeT, YKpaiHa

KaHA. C-T. HayK, YMaHCbKMIM HaLiOHaNbHUI YHIBEPCUTET CafiBHMUTBA, YKpaiHa

Anpeca pepakuii Ta BupasHuura: 10008, 6-p Crapui, 7, M. XXutomup, Monicbkuid HaLioHanbHUIA yHiBepcuTeT, YkpaiHa.
Ten. (0412) 22-04-17; E-mail: info@sciencehorizon.com.ua; www: https;//sciencehorizon.com.ua.



SCIENTIFIC

Vol. 24, No. 2

HORIZONS 2021

SCIENTIFIC JOURNAL

Year of establishment: since March 1998.
Publication frequency: four times a year

Editor-in-Chief
0.V. Skydan

Deputies Editor-in-Chief

L. Romanchuk

Editorial board members

J.Ramanauskas
S. Kukharets

I. Grabar
Y.Yarosh

T. Fedoniuk

N. Soroka

R. Stavetska
V. Shlapak

I. Levkovych
A.Zymaroieva
P. Chumak

L. Chyzhevska

V. Dankevych
T. Assanbayev

Yu. Djuyandi
A. Patapas
Ja-U. Sandal
E. Sarauskis
R. Pukala
E.Aliiev

0. Galatiuk
V.Hamaiunova

L. Goralskiy
S. Guralska
E. Guliyeva

Editorial Board

Rector, Full Doctor in Economic Sciences, Professor, Polissia National University,
Ukraine

Full Doctor in Agricultural Sciences, Polissia National University, Ukraine

Dr. Habil., Klaipeda University, Lithuania

Full Doctor in Engineering Sciences, Polissia National University, Ukraine

Full Doctor in Engineering Sciences, Polissia National University, Ukraine

Full Doctor in Engineering Sciences, Polissia National University, Ukraine

Full Doctor in Agricultural Sciences, Polissia National University, Ukraine

Full Doctor in Veterinary Sciences, National University of Life and Environmental
Sciences of Ukraine, Ukraine

Full Doctor in Agricultural Sciences, Bila Tserkva National Agrarian University,
Ukraine

Full Doctor in Agricultural Sciences, Uman National University of Horticulture,
Ukraine

Dr.Habil., Leibniz Institute of Agricultural Development in Transition Economies
(IAMO), Germany

PhD in Biological Sciences, Polissia National University, Ukraine

PhD in Agricultural Sciences, Polissia National University, Ukraine

Full Doctor in Economic Sciences, Zhytomyr Polytechnic State University,
Ukraine

Full Doctor in Economic Sciences, Polissia National University, Ukraine

PhD in Agricultural Sciences, Pavlodar State University named after S.Toraigyrov,
Republic of Kazakhstan

Full Doctor in Philosophical Sciences, Padjadjaran University, Indonesia

Full Doctor in Philosophical Sciences, Mykolas Romeris University, Lithuania
Rector, Professor, Full Doctor in Philological Sciences, Jan-U. Sandal Institute,
Norway

Professor, Institute of Agricultural Engineering and Safety of Vytautas Magnus
university (VMU), Lithuania

PhD in Economic Sciences, The Bronistaw Markiewicz State University of
Technology and Economics in Jarostaw, Poland

Full Doctor in Engineering Sciences, Institute of Oilseed Crops of the National
Academy of Agricultural Sciences of Ukraine, Ukraine

Full Doctor in Veterinary Sciences, Polissia National University, Ukraine

Full Doctor in Agricultural Sciences, Mykolayiv National Agrarian University,
Ukraine

Full Doctor in Veterinary Sciences, Polissia National University, Ukraine

Full Doctor in Veterinary Sciences, Polissia National University, Ukraine

PhD in Chemical Sciences, National Academy of Sciences of Azerbaijan,
Azerbaijan




D. Derevjanko
J-P.Vanderlinden
0. Zhukov

I. Ivanova

M. Kliuchevich

0. Kochuk-Yashchenko
I. Kravchuk

D. Kucher

I.Ligomina

D. Lisohurska

F. Markov

0. Markovska

A. Mykhailov
V. Moysiyenko
V. Moroz
J.Moroz

V. Moskalets

Yu. Nykytiuk

V. Pazych

V. Sokolyuk
S.Tanirbergenov

L. Tarasovych
T. Tymoshchuk
N. Tsyvenkova
M. Shvets
S.Shchetyna

Full Doctor in Engineering Sciences, Polissia National University, Ukraine

Full Doctor in Economic Sciences, Director of the CEARC Research Center, France
Full Doctor in Biological Sciences, Bogdan Khmelnitsky Melitopol State
Pedagogical University, Ukraine

PhD in Agricultural Sciences, Dmytro Motornyi Tavria State Agrotechnological
University, Ukraine

Full Doctor in Agricultural Sciences, Polissia National University, Ukraine

PhD in Agricultural Sciences, Polissia National University, Ukraine

Full Doctor in Economic Sciences, Polissia National University, Ukraine

PhD in Agricultural Sciences, Polissia National University, Ukraine

Full Doctor in Veterinary Sciences, Polissia National University, Ukraine

PhD in Agricultural Sciences, Polissia National University, Ukraine

PhD in Agricultural Sciences, Polissia National University, Ukraine

Full Doctor in Agricultural Sciences, Kherson State Agrarian and Economic
University, Ukraine

Full Doctor in Economic Sciences, Sumy National Agrarian University, Ukraine
Full Doctor in Agricultural Sciences, Polissia National University, Ukraine

PhD in Biological Sciences, Polissia National University, Ukraine

Full Doctor in Economic Sciences, Polissia National University, Ukraine

Full Doctor in Agricultural Sciences, Institute of Horticulture of the National
Academy of Agrarian Sciences, Ukraine

Full Doctor in Economic Sciences, Polissia National University, Ukraine

PhD in Agricultural Sciences, Polissia National University, Ukraine

Full Doctor in Veterinary Sciences, Polissia National University, Ukraine
Scientific Secretary, U.U. Uspanov Kazakh Research Institute of Soil Science and
Agrochemistrydis, Republic of Kazakhstan

PhD in Economic Sciences, Polissia National University, Ukraine

PhD in Agricultural Sciences, Polissia National University, Ukraine

PhD in Engineering Sciences, Polissia National University, Ukraine

PhD in Biological Sciences, Polissia National University, Ukraine

PhD in Agricultural Sciences, Uman National University of Horticulture, Ukraine

Address of the publishers: 10008, 7 Staryi Bvld., Zhytomyr, Polissia National University, Ukraine. Tel. (0412) 22-04-17;
E-mail: info@sciencehorizon.com.ua; www: https://sciencehorizon.com.ua/en.



3MICT

b. A. Wenypuexko, I. M. Cntocapenko, O. b. MnyxHikos., B. O. LLly6eHko, B. P. bineubkuii, B. M. bopoBcbkuit
AHATTITUYHMIA KPUTEPIM MILHOCTI 3B°43AHO-AMCNEPCHUX TENEM MPW TPAHCMOPTYBAHHI IX Y TPYBOMNPOBOAAX........... 9

E. b. Anies, P. . Manerin, B. B. Ienes, O. l0. AnieBa
CUMYNSLLIS MPOLLECY KABITALLIMHOT OBPOBKW PIAKMX KOPMIB 16

C. B. Pe6ko, O. B. Kozen, I. B. Kimeituyk, B. 10. KOxHoBCbKuMIi

MOPIBHA/IbHA OUIHKA OEAKMX ®I3MKO-MEXAHIYHUX BIACTUBOCTEM AEPEBMHU PI3HMX KJIMATUMIB COCHMU
3BUYAMHOI 27

0.T. BacuneBcbkuit, I. C. Heiiko, 10. A. EnicaBeHko, M. B. Matycsik

XAPAKTEPUCTUKALYBOBMXNICIB MPUPOAHOIO NOXOOAXEHHSA AN «XMIJTIbHALLbKE /1M TAOCOBJIMBOCTI 3ANPOBAIXEHHS
3AXO[IB W00 X BIATBOPEHHS 37

A.J1. Wynsp, A. J1. Wynsp, B. ®. Anppiituyk, C. M. OmenbkoBuy, B. M. Tkauyk, B. B. Jlatka
NMOPIBHASIbHA OLIIHKA MPOOYKTUBHMX O3HAK CBUHEM PI3HUX NOPIA, | MOPOAHMX NOEAHAHb 47

M. C. KoBaneHko, . . binui
MPOTHOCTUYHE 3HAYEHHS CYOMHHOIT IHBA3IT 3A MYXJIMH MOJTOYHOI 3A/103M Y CYK (MIJTOTHE OOCNIOXKEHHS)........... 54

C. B. Macniitos, H. O. KopxxoBa

®OTOCUHTETUYHUIM NOTEHLIAN POC/IMH A4YMEHIO SPOIO B YMOBAX 30HM CTEMY 62
0. M. Tkauyk

BIONNONYHI OCOBIMBOCTI MOWKMPEHHSA KOPEHEBMX CUMCTEM BOBOBWX BATATOPIYHMX TPAB B YMOBAX 3MIHU
KNTIMATY 69

B.T. Oipopa, M. M. KnioueBuu
MPOLAYKTUBHICTb COI 3AJIEXXHO BI, EJIEMEHTIB OPFAHIYHOI TEXHOJOTIT BUPOLLYBAHHSI B KOPOTKOPOTALLIMHIM

CIBO3MIHI NMOJICCA YKPATHM 77
10. 10. YynpuHa
KJIACTEPHUIM AHANI3 3PA3KIB TRITICUM L. PI3HOIO EKOMOTO-FEOMPA®IYHOIO NOXOAXEHHS 84

P. B. lkoBeHKo, M. I. KonuTtko, B. M. NenexaTtui

BMICT XJTOPO®INTY TA ENEMEHTIB XXMBNEHHSA B IUCTI A6/1YHI 3AJIEXXHO BIA4 JOBFOTPMBAIOIO YOOBPEHHA.................. 93
A. A. Kopo6ko

OLLIHKA COPTIB KBITHMKOBO-OEKOPATUBHUX POC/TMH BULOY NEMESIA VENT B YMOBAX MOAINA 99
T. 1. O3t06a

IHOOPMALLIMHA MOAE/Tb YOOCKOHANEHHS OB/IKOBO-AHANITMYHOIO 3ABE3MEYEHHS YMPAB/IHHA EKOHOMIYHMM
MOTEHLLIANIOM 108




CONTENTS

B. Sheludchenko, I. Slusarenko, O. Pluzhnikov, V. Shubenko, V. Biletsky, V. Borovskyi
ANALYTICAL CRITERION OF STRENGTH CONNECTED-DISPERSED GELS WHEN TRANSPORTING THEM IN PIPELINES..........ccocc. 9

E. Aliiev, R. Maliehin, V. Ivliev, O. Aliieva
SIMULATION OF THE PROCESS OF CAVITATION TREATMENT OF LIQUID FEED 16

S. Rabko, A. Kozel, I. Kimeichuk, V. Yukhnovskyi

COMPARATIVE ASSESSMENT OF SOME PHYSICAL AND MECHANICAL PROPERTIES OF WOOD OF DIFFERENT SCOTS PINE
CLIMATYPES 27

0. Vasylevskyi, I. Neyko, Yu. Yelisavenko, M. Matusia

CHARACTERISTICS OF NATURAL OAK FORESTS OF IN SE “KHMILNYTSKE LISOVE HOSPODARSTVO” AND IMPLEMENTATION OF
MEASURES FOR THEIR REGENERATION 37

A. Shuliar, A. Shuliar, V. Andriichuk, S. Omelkovych, V. Tkachuk, V. Latka
COMPARATIVE ASSESSMENT OF ECONOMIC TRAITS OF PIGS OF DIFFERENT BREEDS AND BREED COMBINATIONS................... 47

M. Kovalenko, D. Bilyi
PROGNOSTIC VALUE OF VASCULAR INVASION IN BREAST TUMOURS IN SHE-DOGS (PILOT STUDY) 54

S. Masliiov, N. Korzhova

PHOTOSYNTHETIC POTENTIAL OF SPRING BARLEY PLANTS IN THE STEPPE ZONE 62
0. Tkachuk

BIOLOGICAL FEATURES OF THE DISTRIBUTION OF ROOT SYSTEMS OF PERENNIAL LEGUME GRASSES IN THE CONTEXT OF
CLIMATE CHANGE 69

V. Didora, M. Kluchevych
SOYBEAN PRODUCTIVITY DEPENDING ON THE ELEMENTS OF ORGANIC CULTIVATION TECHNOLOGY IN THE SHORT-TERM CROP

ROTATION OF UKRAINIAN POLISSIA 77
Yu. Chuprina
CLUSTER ANALYSIS OF TRITICUM L. SAMPLES OF DIFFERENT ECOLOGICAL AND GEOGRAPHICAL ORIGIN 84

R. Yakovenko, P. Kopytko, V. Pelekhatyi

THE CONTENT OF CHLOROPHYLL AND NUTRIENTS IN APPLE LEAVES DEPENDING ON LONG-TERM FERTILISER.......ccoovvurunncee 93
A. Korobko

EVALUATION OF FLOWER DECORATIVE PLANTS CULTIVARS OF NEMESIA VENT IN THE CONDITIONS OF PODILLIA.......ooeeinneee 99
T.Dziuba

INFORMATION MODEL FOR IMPROVING ACCOUNTING AND ANALYTICAL SUPPORT FOR ECONOMIC POTENTIAL MANAGEMENT ....108



SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua

Scientific Horizons, 24(2), 9-15

UDC532.542.1
DOI: 10.48077/scihor.24(2).2021.9-15

ANALYTICAL CRITERION FOR THE STRENGTH
OF BONDED-DISPERSED GELS DURING PIPELINE TRANSPORTATION

Bogdan Sheludchenko, Iryna Slusarenko”, Oleh Pluzhnikov,
Vladyslav Shubenko, Victor Biletsky, Viktor Borovskyi

Polissia National University

10008, 7 Staryi Blvd., Zhytomyr, Ukraine

Article’s History:
Received: 12.02.2021
Revised: 06.04.2021
Accepted: 20.05.2021

Suggested Citation:
Sheludchenko, B., Slusarenko, I.,
Pluzhnikov, 0., Shubenko, V.,
Biletsky, V., & Borovskyi,V.(2021).
Analytical criterion for the strength
of bonded-dispersed gels during
pipeline transportation. Scientific
Horizons, 24(2), 9-15.

Abstract. Modern pipeline systems,both main and industrial, allow transporting
a wide range of liquid and gaseous substances, including a variety of solid
bulk materials, minerals, building materials and mixtures. However, the
development of pipeline transport systems today is hindered by the lack of
theoretical developments in the implementation of practical engineering
projects for the creation of both main and industrial product pipelines for
various purposes. Therefore, the further development of the theory of flows
of various substances in pipelines and the creation of universal methods for
engineering calculations of design parameters of pipeline systems based on
this theory are priority tasks for the further development of product pipeline
transport. The studies were carried out in accordance with the condition of
stochastic transformation of the coagulation-thixotropic structure of the gel
flow into sol. Such a stochastic transformation of the coagulation-thixotropic
structure can be observed both when reaching the mode that determines the
turbulent motion of a viscous colloidal solution, and somewhat earlier - at
the stages of the laminar flow regime of the solution. Based on the formal
phenomenological analysis, it has been determined that during the transition
of the laminar mode of motion of the Newton fluid flow in a cylindrical tube
to the turbulent mode, the transported structured gel flow is guaranteed to
collapseinto a colloidal sol.Based on the example of a typical design calculation
of a technological (production) pipeline for the transportation of motor oils of
the SAE-10 and SAE-40 grades, the optimal conditional internal diameters of
the product pipeline were determined. The compliance of the design structural
parameters of the pipelines with the corresponding physical and mechanical
properties of the transported liquids was established.The proposed methods of
engineering calculations of design parameters for technical objects of pipeline
transport should expand and supplement the regulatory documentation for
the preparation of projects for the construction of both main product pipelines
and technological “interoperable” production pipelines

Keywords: pipeline, flow, gel, laminar mode, turbulent mode, pipeline design
parameters
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Analytical criterion for the strength of bonded-dispersed gels during...

INTRODUCTION
The accelerated development of pipeline transport
systems in the second half of the 20™ century is
conditioned by its technical efficiency and significant
operational advantages compared to other technologies
for transporting various materials [1-3]. In particular,
these are such advantages as: large capacity due to the
continuity of the transport process [2]; the absence of
intermediate operations that require the creation of
special equipment and training of qualified support
personnel [1; 3]; the absence of transport losses of
material [2]; transport and environmental safety for
the implementation of the transportation process and
minimisation of landscape and destruction violations [2];
independence from weather and climatic conditions [3].

At the same time, the improvement of the tech-
nical capabilities of pipeline transport, the appearance
and technical improvement of hydraulic transport sys-
tems [3] facilitated the significant expansion of the
range of transported substances and materials [4; 5].
Modern pipeline systems, both main and industrial,
allow transportating various solid bulk materials [2; 4],
minerals [6], building materials and mixtures [2], indus-
trial and household waste [3], chemical raw materials
and substances [2; 7; 8], etc. However, prolonged stay
in pipelines and changes in transportation modes lead
to changes in the properties and characteristics of the
transported substances and materials [7; 9; 10]. At the
same time, these changes can both worsen and improve
the quality of not only the materials transported by
pipelines, but also the liquid “technological carrier of
the transported material”[6; 11].It is stochastic changes
in the quality indicators of substances and materials
transported in pipelines that necessitate in-depth ex-
perimental studies aimed at developing theoretical
foundations and practical recommendations for the op-
timisation of the motion of pressure and gravity flows
of gels and sols in pipelines [6; 11; 12].

During the operation of main oil pipelines, de-
posits in the form of resinous-paraffin compounds
accumulate on the internal surfaces of pipes,and intense
corrosion and stratification of metal is observed [12].
This leads to a decrease in the working cross-section of
the pipeline, an increase in the absolute roughness of
the inner walls of pipes,and consequently,to an increase
in hydraulic resistance, a decrease in the service life of
pipelines, and a reduction in the volume of petroleum
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products pumped [2].To prevent these negative processes,
from the moment the pipeline is put into operation and
during the entire period of its service life, there is a need
for periodic cleaning of the internal surfaces of pipes of
main oil pipelines [1; 3; 13-15]. The use of so-called
‘gel pistons” has become widely used for cleaning the
internal surfaces of product pipes [13; 15]. The basis for
the manufacture of the gel piston is polyacrylamide (PAA),
which is able to form a branched spatial structure, which
gives viscoelastic properties to the “gel separator of
petroleum products” As a result, the so-called gel piston
creates a proppant effect and when it moves through
the pipeline, it completely covers the internal working
section of the pipe and all deposits of dirt and resinous-
paraffin compounds are collected in the tail part of the
piston in the course of its motion [12; 13; 15].

However, theoretical developments in the field
of hydrodynamics of complex colloidal flows today are
mostly semi-empirical [2; 12; 14] and are far from ex-
haustive and complete. It significantly complicates
the application of these theoretical developments in
the implementation of practical engineering projects
for the creation of both main and industrial product
pipelines for various purposes. As for experimental
studies of hydrodynamics of complex colloidal flows,
including methods of physical modeling of the dynamics
of these flows, and corresponding engineering and
technological equipment, such studies require signifi-
cant capital expenditures [4; 6; 11] and fail to provide
generalised universal results [2; 3].

Thus, the further development of the theory of
dispersed flows of gels and soles in pipelines and the
development of universal (generalised) methods of en-
gineering calculations of design parameters of systems
and individual technical objects of pipeline transport
based on the appropriate analytical studies are priority
tasks for the further development of product pipeline
transport.

The purpose of the study is to ensure stabilisation
of the quality indicators of substances and materials
transported by pipeline transport systems.

MATERIALS AND METHODS

The study considers the motion of a viscous fluid be-
tween two parallel layers, which is caused by some
infinitesimal shear stress (Fig. 1).
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Figure 1. Motion of a viscous structured liquid between two parallel layers
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Assume that the velocity of a liquid at a certain zdepth
is v, which means that the change in this velocity over
depth z (velocity gradient) will be dv/y,. In general (see
Fig. 1) the velocity gradient will be defined as [13; 14]:

dv v 1 du_d(%) 1)

dz h h dt  dt
In equation (1), the value u/, is the offset gradient,
which we will later denote as y. And then it follows
from equation (1) that the time derivative of the offset
gradient y is equal to the velocity gradient dv/;,:
=5 @
dz
Therefore, the tangential stress t that occurs be-
tween the liquid layers will be proportional to the ratio
of the velocity difference in the liquid layers to the
distance dz between these adjacent infinitely closely
located thin layers. Within each of these layers, it is as-
sumed that the velocity in the liquid layer is a steady-state
value and changes by a value dv only when crossing the
boundary between neighboring layers. Then:
dv
T=no ()
where: dv - velocity difference in adjacent liquid layers;
dz - distance between the midpoints of the adjacent
liquid layers under consideration (layer thickness);
n - dynamic viscosity, which is essentially a tangential
stress, which is necessary to cause the liquid layers to
move relative to each other at a speed equal to 1.
Given equations (3) and (1), the dynamic viscosity
has the dimension of the product of tangential stress
and time.Taking into account equation (2), the following
is obtained:

T=n"y (4)

The resulting equation (4) is essentially a for-
malised expression of Newton's law of viscosity, which
models (Fig. 2) phenomenological properties of a viscous
rheological body [5; 12] and determines the dynamics
of motion [5] of a viscous liquid in a cylindrical tube (Fig. 3).

Figure 2. Model of a Newtonian rheological body
(viscous fluid flow):
P - shear forces applied to the model; n — dynamic viscosity
of the liquid; T - tangential stresses between the liquid
layers; y - derivative of the displacement gradient
between the liquid layers
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Figure 3. The motion of a viscous Newton fluid in a
cylindrical tube

Consider a cylindrical liquid column with radius
r and length I The side surface of such a column will
be 2 - m-r -1 and the total resistance to fluid motion
will be 2 - - r- 1.7 (r- tangential stresses between
the liquid layers, see Fig. 2). If the specific pressure on
the considered column of liquid with a radius r is p and,
accordingly, the total pressure is equal to p - - 1%, then
the equilibrium condition for the considered column of
liquid will be:

prr?=2-mr-l-t=0 (5)

from where:
_pr 6
- ©)

In equation (1), the value z is substituted with
the radius r of the liquid column under consideration:

dv=y-dr (7)

From equation (3) and taking into account (6)
and (7), the following is defined:

p
_ o 8
dv—z_l_nrdr (8)

and after integrating expression (8), the following is
obtained:
v=4.7.n-r2+c 9)
An arbitrary constant C can be determined if the
boundary conditions for (9) assume that the liquid layer
that is directly in contact with the inner wall of the
pipe has a velocity v = 0. And then, if r = R (Fig. 3) the
following is obtained:

___p 2 (10)
and,as a consequence:
__ b (11)
v = Ry (R =1°)

The sign “~”in equation (11) means that the motion of
fluid occurs in the opposite direction to the increase
in pressure p. Therefore, it follows from equation (11)
that the distribution of the fluid velocity over the
longitudinal section of the cylindrical flow is delineated
by a parabola with an extremum (maximum) lying on the
longitudinal axis of the section.Assuming that r—0, then:
Vmax = 7 s (12)
v determines the flow rate of the fluid (pro-
ductivity of the product pipeline Q) by the formula for
the paraboloid of rotation (Poiseuil equation) [12]:

1 2
QZE'”'R * Umax

(13)
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From where, taking into account (12), the follow-
ing is obtained:
_T.P
Q=5 7,k (14)
Thus, the obtained equation allows analysing
the flow volumes in pipelines and the critical value of
the flow rate in terms of the transition of the laminar
flow regime to the turbulent one, determined by the
Reynolds number:

Re:p'U'DhZU'DhZQ'Dh (15)

n v v-A
where: p- density of the liquid (colloidal gel); v -
characteristic flow rate; D, - hydraulic diameter (inner
diameter of the product line); n — dynamic viscosity of
the fluid (colloidal gel); v - kinematic viscosity of the
fluid (colloidal gel); Q - flow rate (product pipeline
capacity Q); A — internal cross-sectional area of the pipe.

At the same time, the transition of the laminar
flow mode to the turbulent one is guaranteed to lead to
the destruction of the transported structured gel flow
into a colloidal sol.

RESULTS AND DISCUSSION

Admittedly, the main sign of the destruction of the
coagulation-thixotropic gel system is the destruction
of the spatial structure formed by the dispersed compo-
nent (phase) of the colloidal solution. And the nature and
moment of onset of such destruction are determined
mainly by the internal diameter 2R (or D, and A) of
the product pipeline, its productivity Q, flow rate v,
characteristics of the coagulation-thixotropic gel system
p, 1, v, specific pressure p in the product pipeline, tan-
gential stresses T and the velocity gradient dv/y,,.

The condition for stochastic transformation of the
geltransported by the pipeline (coagulation-thixotropic
structure) into sol is the destruction of its spatial structure,
which is formed by the dispersed phase of the colloidal
solution. Such a stochastic transformation of the coag-
ulation-thixotropic structure can be observed both
when reaching the mode that determines the turbulent
motion of a viscous colloidal solution, and somewhat
earlier — at the stages of the laminar flow regime of
the solution. In this case, the average movement speed
of the colloidal solution in the pipe according to the
Poiseuil equation in accordance with (13) and (14) will be:

_0 1,
Uavg—m—g'm'R (16)

Given that the values of the tangential stresses
can be determined from the dependence (6) and for r =R,
the following is obtained:

17
Uavg—z'E'R (17)
If the maximum tangential stress that causes
stochastic destruction of the spatial structure of the
dispersed phase of a colloidal solution is T, then,
consequently, (17), the following is obtained:
1) _ l X Tmax

Vo =7 — R
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where: Vc(sl)— critical velocity of the laminar mode of
movement of a gel colloidal solution at which the spatial
structure of its dispersed phase is destroyed in a pipeline
with an internal pipe radius R.

The critical rate of transition of the laminar mode
of motion of a gel colloidal solution to the turbulent mode
of motion, which leads to the destruction of its spatial
structure, according to the Reynolds criterion Re (15),
will be:

@ _ Re 17
Ves”™ = 7 ’ p—R
where: Vc(f) - critical rate of transition of the laminar
mode of motion of the gel colloidal solution to the
turbulent mode, at which the spatial structure of the
dispersed phase of the solution is guaranteed to be
destroyed in a pipeline with an internal pipe radius R.

Equation (18) shows that the critical velocity of the
motion of gel colloidal solution at which the spatial struc-
ture of the dispersed phase is destroyed under laminar
conditions in the pipeline increases with the internal
pipeline diameter. On the other hand, as follows from
equation (19), the rate at which the movement of the
viscous gel in the pipeline acquires signs of turbulence,
which is guaranteed to cause the destruction of the
coagulation-thixotropic structure of the colloidal
solution, is higher.

Upon equating (18) and (19), the following is
obtained:

(19)

1 Typax  Re 7
T R=T
Having defined the internal radius of the pipeline
at which both critical velocities are equal to each other
as the critical radius R, the following is obtained:

R =2 Re
e 7 2P Tiax

A graphical interpretation of dependencies (18),
(19), and (21) is shown in Figure 4.

(20)

(21)
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Figure 4. Critical flow rates of the
coagulation-thixotropic structure of a colloidal
solution in a product pipeline

Following from the analysis of Figure 4, at R<R
the coagulation-thixotropic structure of the colloidal
solution in the pipeline is destroyed, it occurs before the




movement of the liquid flow reaches the turbulent re-
gime. At the same time, at R>R , the turbulent regime,
the gel flow begins at a certain velocity value v_, which
is still safe to prevent stochastic destruction of the co-
agulation-thixotropic structure of the gel.

To prevent the stochastic destruction of coagula-
tion-thixotropic structures of gel flows in pipelines, it is
necessaryto distinguish several important characteristic
values of tangential stresses t:

- the elastic limit 7, which in this case coincides
with the yield strength and at 7<7 , the flow of a colloidal
solution with a coagulation-thixotropic structure is vis-
cous, cannot be observed;

- conditional limit T of the initial strength of the

Sheludchenko et al.

structure; up to this limit, the spatial coagulation-
thixotropic structure is preserved without destruction;

- conditional yield strength Ty (according to Bingham);
beyond this limit, uncontrolled avalanche-like stochastic
destruction of the coagulation-thixotropic structure
begins (Fig. 5);

- the limit 7, of structural viscosity, upon reaching
which there is a gradual transition to a viscous flow of
“Newtonian fluid”;

- the conditional limit T of ultimate destruction of
a coagulation-thixotropic structure (ultimate structural
strength); at >7_ , a dispersed system (solution), as a rule,
can only be in the form of sol and reveals only the prop-
erties of a rheological Newton body (viscous fluid flow).

T
ﬂ-—-—'——-—
~ . astic —
P N sl AN core |
—— T T T " ] =
— [ — v0 —— TfB

Figure 5. Movement of the Bingham rheological body in the cylindrical tube of the product pipeline

Consequently, the nature of deformation of the
structure of a gel-like coagulation-thixotropic colloidal
solution during transportation in the pipe of the
product pipeline continuously changes.The ‘rheological
models” (rheological characteristics) and corresponding
mechanical properties of such structures change.

Next,the study considers the possibility of practi-
cal application of the obtained analytical results at the
design stage of technological (production) pipelines for
transportation of SAE-10 and SAE-40 engine oils. The
main physical characteristics of these lubricants are as

follows: dynamic viscosity - n = 0.065 (Pa - c) for the
SAE-10 brand and i = 0.319 (Pa - c) for the SAE-40
brand; density - p = 800 (kg/m3) for both brands; destruc-
tion limit of the coagulation-thixotropic structure of the oil -
7= 0.02 (Pa) - pressure-free gravity flow and t__ = 20 (Pa)
flow movement created in the pipe by pumps SP1, SP2
and GP3; Reynolds criterion — Re = 2500.

The results of design calculations of technological
(production) pipelines for transportation of SAE-10 and
SAE-40 engine oils are presented in Table 1.

Table 1. Results of design calculations of optimal pipeline diameters for the transportation of
SAE-10 and SAE-40 engine oils

SAE-10 engine oil

SAE-40 engine oil

flow motion generated
by pumps SP1, SP2

Property indicator

gravity-fed flow

flow motion generated

by pumps SP1, SP2 gravity-fed flow

and GP3 motion and GP3 motion
Dynamic viscosity (Pa - c) 0.065 0.065 0.319 0.319
Density, k‘g/ms 800 800 800 800
Structure destruction limit, Pa 0.2 20 0.2 20
Reynolds criterion 2500 2500 2500 2500
Flow radius, m 0.5 0.05 1.2 0.13

Optimal product pipeline
diameters, mm:
- minimum
- maximum

100
not limited

250
not limited

Scientific Horizons, 2021, Vol. 24, No. 2
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The above example of design calculation shows
the possibility of further development and creation of
a universal regulatory framework that would be clearly
focused on the needs of designers of pipeline transport
systems for main product pipelines and for purely
technological “interoperable” production pipelines. At
the same time, such technological pipelines under
certain production conditions would not only maintain
the quality indicators of the transported materials,
but under certain transportation modes they could
perform specific production functions, such as certain
technological operations aimed at obtaining finished
products.

CONCLUSIONS

The proposed analytical method of engineering
optimisation of the design diameter of the transport
pipeline, based on the strength criterion of bound-
dispersed coagulation-thixotropic gel structures, al-
lows establishing optimal technical characteristics of
the pipeline at the design stage, in particular, the con-
ditional internal diameter of the pipe, steel (cast iron)

product pipelines. The basis for such optimisation
was the basic physical properties of the transported
material (density, kinematic and dynamic viscosity,
tangential shear stresses), as well as the structural and
technological parameters of the pipeline (productivity
or technological flow rates, speed of the transported
gel, specific pressure in the product pipeline). Op-
timised structural and technological parameters of
“interoperable” production pipelines provide not only
transport functions through technological transitions,
but can also be included in production processes as
direct technological operations.

Further studies of dispersed flows of gels and
solesinpipelinesshould beaimedatimprovinguniversal
(generalised) methods of engineering calculations of
design parameters of systems and individual technical
objects of pipeline transport and the development of
appropriate regulatory documentation. Such measures
would ensure the automation of design work at the
stage of preparation of projects for the construction
of both main product pipelines and technological
"interoperable” production pipelines.
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AHANITUYHUA KPUTEPIUA MILHOCTI 3B'A3AHO-ANCNEPCHUX FENEN
MPU TPAHCMNOPTYBAHHI IX Y TPYBOMNPOBOOAX

borpaH AHatoniitoBuu LWenynueHko, IpuHa MasnisHa CiocapeHko, Oner bopucoeuu MnyxHikoB,
Bnapucnas OnekcitoBuu Ly6eHko, Biktop PomaHoBuY bineubkuii,
Biktop MukonarioBuu bopoBcbKuit

MonicbKMii HaLioOHaNbHWI YHIBEPCUTET
10008, 6-p Crapu#, 7, M. Xutomup, YkpaiHa

AHortauis. CyyacHi TpybonpoBiaHi cucteMu, K MaricTpasnbHi, Tak i MPOMMUCIOBI, 403BOISKOTL TPAHCMOPTYBATH WMPOKY
HOMEHKIATypy He /ule piaKuX i ra3onofibHMX pevyoBuH, ane ¥ pi3HOMaHITHI TBepAi CUMKi MaTepianu, KOPUCHI
KonanuHu, bynisenbHi Matepianu Ta cymiwi Towo. OgHaK, po3BMTOK TPyOONPOBIAHMX TPAHCMOPTHMX CUCTEM B
Cy4aCHUX YMOBAX CTPUMYETbCS HELOCTATHICTIO TEOPETUYHUX HANpPaLoBaHb 3a peanizauii NPaKTUYHUX iHXEHEPHUX
NPOEKTIB CTBOPEHHA K MariCTpasbHUX, TaK i MPOMMUCNOBMX MNPOAYKTOMPOBOAIB Pi3HOrO MpusHayeHHs. OTxe,
noAanblinii pO3BUTOK TeOopii NOTOKIB Pi3HOMaHITHUX pe4yoBUH Yy TpybonpoBoaax i CTBOPEeHHS Ha NiACTaBi Li€i Teopii
YHiBEpCaNbHMUX METOLIB iHKEHEPHUX PO3PaXyHKiB MPOEKTHWUX NapameTpiB TpybONpoBiAHMX CUCTEM € NPIOPUTETHUMM
3aBAAHHAMM ANS NOAANBLIONO PO3BUTKY NPOAYKTONPOBIAHOrO TpaHcnopTy. locnigKeHH BUKOHYBANMUCh BiANOBIAHO
[0 YMOBM CTOXACTMYHOrO NEPETBOPEHHS KOarynsauiiHO-TMKCOTPOMHOI CTPYKTYpU reneBoro MoTOKY B 30/b. Take
CTOXaCTUYHE NepeTBOPEHHS KOArynsauifnHO-TUKCOTPOMHOT CTPYKTYPU MOXKE COCTEPIraTUCh K 33 AOCATHEHHS PEXUMY,
L0 BU3HaYaE TypOyNeHTHUI pyX BAI3KOr0 KOIOIAHOro PO34YMHY, Tak i AeLL0 paHille — Ha CTafisX 1aMiHAPHOTO pexXuMy
Teyii po3umnHy. Ha niacrasi popmanbHO-HEHOMEHONOTIYHOIO aHaNi3y BU3HAYEHO, WO Nif Yac nepexoay AaMiHapHoro
pexuMy pyxy MOTOKY pifuHKM HblOTOHa y UMNIHAPUYHIK Tpybi B TypOYyneHTHMI pexxMMm rapaHToBaHO BifOyBa€eThCS
pYyMHYBaHHS TPaHCMOPTOBAHOrO CTPYKTYPOBAHOrO reneBoro MOTOKY B KOMOiAHMM 30Ab. Ha niacrasi npuknagy
TMMNOBOrO MPOEKTHOIO PO3paxyHKy TEXHONOrIYHOro (BMpobHMYOro) TpybonpoBoay Ans TPAHCMOPTYBAaHHS MOTOPHUX
onuB Mapok SAE-10 T1a SAE-40 BM3HauyeHO OMTMMAanbHi YMOBHI BHYTPIlIHi AiaMeTpu Tpyd NpoayKTONpPOBOAY,
BCTAHOB/IEHO BIiAMOBIAHICTD MPOEKTHUX KOHCTPYKLIiMHMX napameTpiB TpybonpoBoAiB BiANOBiAHMM  (i3unKo-
MEXaHIYHUM BIACTUBOCTAM TPAHCMOPTYEMUX PiAMH. [IPOMNOHOBaHI MeTOAM iHXEHEPHWUX PO3PaxyHKiB MPOEKTHUX
napaMeTpiB TEXHIYHMX 0OEKTIB TPyOONPOBIAHOIO TPAHCMOPTY MAKOTb PO3LIMPUTH Ta LOMOBHUTU TUMOBY HOPMATUBHY
[OKYMEHTALi0 NiAroTOBKM MNPOEKTiB OymiBHMUTBA $SK MariCTpasbHUX MPOLYKTONPOBOAIB, TaK i TEXHOMOTIYHUX
«MiXomnepauiiHux» BUpobHUUMX TPyOONpPOBOAiB

KniouoBi cnosa: Tpybonposia, NOTiK, refb, NaMiHapHWUIA pexuM, TypOyneHTHUI pexuM, MPOEeKTHI napameTpu
Tpybonposoay
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INTRODUCTION

Providing animals with high-quality feed at a competi-
tive price in accordance with a balanced diet determines
the effective operation of animal husbandry. One of the
factors of the unstable development of animal hus-
bandry in Ukraine is the supply of poor-quality feed [1].
The development of new and improvement of con-
ventional technical and technological support for feed
production for organic animal husbandry should be
carried out taking into account the criteria of efficiency,
energy and resource saving and competitiveness of
its products. This is possible by improving the quality
of the feed base with the help of technological and
technical innovations [2; 3].

The value of liquid feed is determined by the ap-
propriate technological operations during their prepa-
ration. Liquid feed should have a high degree of uni-
formity in the fraction composition. In this regard, feed
grinding should be provided with the same fractional
composition for each of the components of plant raw
materials that are part of the feed. In addition, the feed
must be homogeneous in the distribution of compo-
nents in the liquid mixture. That is, the mixing process
should be provided with a high coefficient of variation
in the distribution of components of raw materials of
vegetable origin in the mixture volume. Prepared liquid
feed should preserve nutrients and vitamins, do not
contain substances that can adversely affect the health
and productivity of the animal,and also ensure a waste-
free transformation of plant raw materials. That is, the
technological process of feed preparation must meet
the specified conditions [4; 5].

These conditions correspond to the processes
of homogenisation and dispersion of feed components
using cavitation treatment. According to [6], dispersion
is a technological process that results in dispersed
systems (suspensions, powders, aerosols, emulsions)
formed by grinding and redistributing components of a
solid material, liquid, or gas. For a heterophase system,
a decrease in the degree of inhomogeneity of the
phase and component distributions occurs during the
technological process of homogenisation [6]. The phys-
ical process of cavitation is determined by the build-up
and collapse of bubbles (cavities) in liquid media with
the release of a large amount of energy (shock wave) [7].
Bubbles resulting from cavitation contain liquefied steam.
A decrease in the pressure in the liquid and an increase
in its velocity leads to the phenomenon of hydrodynamic
cavitation. The bubble formed as a result of hydrody-
namic cavitation moves with the flow of liquid into the
high-pressure zone. Further, as a result of collapse, the
bubble emits a shock wave. By its nature, hydrodynamic
cavitation has the same mechanism of action as a shock
wave in air that occurs when a solid body overcomes a
sound barrier. The cavitation phenomenon is local in nature
and occurs within the appropriate conditions [8]. In the
process of cavitation treatment, the feed components
are crushed under the action of a shock wave.
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Based on the analysis [9-11], it was established
that the production of liquid feed and feed supplements
based on cavitation treatment is effective. Cavitation
dispersion improves the biochemical qualities of liquid
feed.This process allows using any components of plant
origin. Cavitation treatment affects the protein complex
of plant components. This ensures a high degree of fat
emulsification, which leads to an increase in its digest-
ibility by animals (by 6.3%). As a result of cavitation
dispergation, the extraction of biologically active sub-
stances and soluble proteins is accelerated. That is, the
obtained biochemically prepared liquid feeds are highly
efficient when fed to farm animals of all kinds.

Thus, the scientific and practical task is to ensure
the value of liquid feed by applying technological processes
of dispersion, homogenisation with cavitation treatment
of feed components in the preparation process.

The purpose of the study is to simulate the process
of cavitation treatment of liquid feed with a rotary cavita-
tion disperser-homogeniser and substantiate its rational
design and technological parameters.

MATERIALS AND METHODS

To implement the process of cavitation dispersion and
homogenisation of liquid feed, the following design and
technological scheme of the corresponding technical
means is proposed, which is shown in Figure 1 [12; 13].
To perform the simulation, a CAD model grid of
the area between the rotor, stator,and working chamber
of arotary cavitation disperser-homogeniser with a base
cell size of 0.001 m was constructed in the Star CCM+
software package.The geometric parameters of the rotor
and stator of a rotary cavitation dispersant-homogeniser
were used for modelling, which is shown in Figure 2-3.
The working chamber was adopted with a diameter of
340 mm and a height of 270 mm.The absolute roughness
of the rotor and stator surfaces - € = 2.5-:10°m.
Numerical simulations were performed using the
Eulerian multiphase model, multiphase interaction,and
the volume of fluid method (VOF). The motion of the
liquid phase follows the k- model of turbulence.To de-
termine the flow of the liquid phase and the presence
of the cavitation phenomenon, the mixture is taken as a
medium of two phases (liquid-gas). In addition, the gas
is represented as the gaseous phase of a liquid (steam).
It is accepted that the liquid phase in the process of
motion had a constant density, and the gas was real
and obeyed the Van der Waals equation. The gas-liquid
phase interaction corresponds to the model of cavitation
(Schnerr-Sauer) and volume of fluid (VOF-VOF) [14-16].
For this numerical simulation, the iteration period
was 0.001 ms. At the initial point in time, the area be-
tween the stator and the rotor was filled only with liquid,
that is, its content was o = 1. At the initial time, the tem-
perature was 300 K (27°C), the pressure was 101.3 kPA.
Accepted: constant liquid density p,.= 997.6 kg/m?, dy-
namic viscosity p, = 8.88-10 Pa-s, saturation pressure
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Simulation of the process of cavitation treatment of liquid feed

a molecular weight M, = 18 kg/kmol, a thermal con-
ductivity coefficient Ag =0.0253 W/(m-K), and a specific

heat capacity C = 1938 J/(kg-K).

p,= 2338 Pa,molecular weight M, = 18 kg/kmol, thermal
conductivity coefficient A, = 0.62 W/(m-K), specific heat
capacity C,= 4181 J/(kg-K). In turn, the gaseous phase of
the liquid has a dynamic viscosity p_ = 1.267-10° Pa-s,

Figure 1. Design and technological scheme of a rotary cavitation disperser-homogeniser:
1 - loading tank; 2 - tank cover; 3 - outlet pipe; 4 - loading sleeve; 5 — branch pipe for liquid components;
6 - stator; 7 - diffuser; 8 - through-hole; 9 - rotor; 10 - resonators; 11 - blades; 12 - shaft; 13 - bearing unit;
14 - asynchronous electric motor; 15 - electric crane; 16 - electric pump; 17 - flap; 18 - stepper motor shaft;
19 - liquid flow sensor; 20 - electric tap; 21 - heater; 22 - temperature sensor; 23 - control unit
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Figure 2. Geometric dimensions of the rotor of the rotary cavitation disperser-homogeniser
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Figure 3. Geometric dimensions of the stator of the rotary cavitation disperser-homogeniser

The 3D model grid of the area between tankand  number of resonators Nhole were selected as research
working bodies of the cavitation disperser-homogeniser ~ factors. The limits and intervals of research factors are
in Star CCM+ is shown in Figure 4. shown in Table. 1.

The rotor speed n, the Inlet diameter Din,and the

Figure 4. The 3D model grid of the area between the tank and working bodies of the cavitation
disperser-homogeniser in Star CCM+

Table 1. Limits and intervals of numerical modelling factors

Level Rotor speed n, rpm. (x,) Inlet diameter D_, m (x,) Number of resonators N, , (x,)
Upper (+1) 3000 0.06 48
Average (0) 2250 0.05 32
Lower (-1) 1500 0.04 16
Interval 750 0.01 16
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In the process of numerical modelling, it was de-
termined for each experiment:
- maximum movement speed of the liquid phase of
the mixture in the inlet V, .
- maximum movement speed of the liquid phase of
the mixture in the diffuser V. :
- maximum pressure of the liquid phase of the
mixture in the inlet P, .
- maximum pressure of the liquid phase of the
mixture in the diffuser P :
- minimum pressure of the liquid phase of the
mixture in the diffuser P .
The qualitative criterion for evaluating the cavi-
tation phenomenon in the developed equipment is the
maximum and minimum cavitation number X and
X ., which is calculated using the equations (1-2):
_ Z(Protmax PS)’ (1)

Xmax - V
p rotmax

_ Z(Protmin - Rq) (2)

min — i

erotmin
where: P - hydrostatic pressure of the incoming flow
in the diffuser, Pa; P_- saturated vapour pressure of the
liquid (for water vapour P_= 2314.4 Pa); p - density of
the medium (for water p = 997 kg/m?); V. - flow rate in
the diffuser, m/s.

When the flow of a two-phase medium reaches
the maximum velocity, at the moment when the pressure
inthe flow becomes equal to the pressure of vaporisation
(saturated vapours), the cavitation phenomenon occurs.
The specified velocity corresponds to the value of the

V, m/s

I12

cavitation criterion X, which determines the type of flow:

- at X > 1 - continuous (single-phase) flow;

- at X =1 - two-phase cavitation flow;

-at X< 1 - film flow;

- at X << 1 - supercavitation.

The criterion for the dispersion productivity is the

value of the mass flow of the mixture, which is calculated
using the equation (3):

Q = Vin maxPSin = Vin maxpT[DiZn' (3)

where S, - area of the entrance opening, m”.

The higher the value of Q, the greater the mass
of the mixture per unit time to be dispersed. Rational
designand mode parameters of the cavitation disperser-
homogeniser can be achieved if the productivity of the
dispersing process is maximised while minimising the
value of the cavitation number.

The simulation was performed by iterating through
all levels of factors. The total number was 27 experiments.
After that, a second-order regression model was calcu-
lated using the Mathematica software.

RESULTS AND DISCUSSION

Based on the results of numerical modelling, the distri-
bution of the velocity of movement of the liquid phase
in the working chamber of a rotary cavitation disperser-
homogeniser is obtained (Fig. 5). This visualisation shows
that the entire mixture is captured by the rotor in the
through-hole of the stator and passes through diffusers
and resonators, in which the dispersion process takes
place.

0

Figure 5. Distribution of movement velocity of the liquid phase of the mixture in the working
chamber of the rotary cavitation disperser-homogeniser

Figure 6 shows the distribution and dynamics
of pressure in the diffuser of a rotary cavitation dis-
perser-homogeniser. This visualisation shows that the
average difference between the maximum and minimum
pressure values in the diffuser is more than 90 kPa.
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At the same time, such a pressure change occurs in
0.004 seconds. This allows stating that the phenom-
enon of hydraulic shock occurs in the diffuser, which
contributes to the dispersion process.
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Figure 6. Pressure distribution and dynamics in the diffuser of a rotary cavitation disperser-homogeniser

Based on the results of simulation and process-
ing of the obtained data in the Mathematica software,
regularities of changes in the value of the maximum
velocity of movement of the liquid phase of the mixture
in the inlet are obtained from research factors in en-
coded form (4):

v . =472+100333x -3.03551-10™ x>+ 1.09667 x* -

in max

-5.2384-10" x, x,+ 0.1 x,2 - 0.271667 x, - 0.01 x, x, -
-0.0275 x, x, + 0.085 x,? 4)

Statistical processing of equation (4) is presented
in Table 2. As a result of the analysis of Table 2, corre-
sponding reduction of insignificant coefficients accord-
ing to the Student's t-test and decoding of equation (4),
the study has finally obtained the dependence of the
change in the maximum velocity of the liquid phase of
the mixture in the inlet on the research factors (5):

v =—0665+151667 D, +1000D, *+0.00133778 n- (5)

n max

00296354 N, -0.171875 D, N, , + 0.000332031 N, ,*

Coefficient Value Error Student'’s t-test Probability
Ay, 4.72 0.0193396 244.059 1.41494-10%
a, 1.00333 0.00895249 112.073 7.81436-102%¢
a,, 1.09667 0.00895249 122.499 1.7257-10%
a,, -0.271667 0.00895249 -30.3454 3.01715-107%
a, -5.2384-10°¢ 0.0109645 -4.7776-10% 1
a, -0.01 0.0109645 -0.912033 0.374504
a,, -0.0275 0.0109645 -2.50809 0.0225708
a, -3.03551-10% 0.0155062 -1.95762-10% 1
a,, 0.1 0.0155062 6.44905 5.99957-10°
a 0.085 0.0155062 5.48169 0.00004052

33

The maximum movement speed of the liquid
phase of the mixture in the inlet V.

nmax

=7.3m/s is achieved
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Figure 7. Dependence of the maximum movement speed of the liquid phase of the mixture in the inletV, _ on the

rotation speed of the rotor n, the diameter of the inlet Din and the number of resonators N

v

at n = 3000 rpm.,D, =0.06 m,N, = 16.Graphical inter-
pretations of dependency (5) are shown in Figure 7.
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Based on the results of simulation and processing of
the obtained data in the Mathematica software, reqularities
of changes in the value of the maximum velocity of move-
ment of the liquid phase of the mixture in the diffuser are
obtained from research factors in encoded form (6):
V.....=172533+631667 x, - 2.34467-10" x,* + 0.178333 x, -
-4.13185-10" x, x, +0.135 x,> + 2.33333 x, + 1.11 x, X, -

-0.1525 x, x, +0.36 x,? (6)

Statistical processing of equation (6) is presented

in Table 3. As a result of the analysis of Table 3, corre-
sponding reduction of insignificant coefficients accord-
ing to the Student's t-test and decoding of equation (6),
the study has finally obtained the dependence of the
change in the maximum velocity of the liquid phase of
the mixture in the diffuser on the research factors (7):
V.. .=0845+178333 D +000546222n-0152292N,  +
+0.0000925n N,  +0.00140625 N, ’ (7)

Table 3. Statistical processing of equation (6)

Coefficient Value Error Student'’s t-test Probability
Ay, 17.2533 0.164711 104.749 2.46127-10%
a, 6.31667 0.0762462 82.8457 1.31798-10%
a,, 0.178333 0.0762462 2.33891 0.0318103
a,, 2.33333 0.0762462 30.6026 2.6202-101
a,, -4.13185-10% 0.0933821 -4.42467-10 1
a, 1.11 0.0933821 11.8866 1.16332-10°
a,, -0.1525 0.0933821 -1.63307 0.120836
a,, -2.34467-10 0.132062 -1.77543-10"* 1
a,, 0.135 0.132062 1.02225 0.320993
a 0.36 0.132062 2.72599 0.0143729

33

The maximum movement speed of the liquid
phase of the mixture in diffuser V = 27.5 m/s is

rot max

achieved at n = 3000 rpm., D, = 0.06 m, N, = 48.
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Graphical interpretations of dependency (5) are shown
in Figure 8.
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Figure 8. Dependence of the maximum movement speed of the liquid phase of the mixture in the diffuser V. on the
rotation speed of the rotor n, the diameter of the inlet D, and the number of resonators N, .

Based on the results of simulation and processing
of the obtained data in the Mathematica software, reg-
ularities of changes in the value of the maximum pres-
sure of the liquid phase of the mixture in the inlet are
obtained from research factors in encoded form (8):

P =124551+15.6894x, -1.81164 x,* + 546905 x, +
+0.524858 x, x, - 0.323984 x, + 5.3878 x, + 0.04055 x, X, +
+1.21828 x, x, + 3.88243 x,”. (8)

Statistical processing of equation (8) is pre-
sented in Table 4. As a result of the analysis of Table 4,
corresponding reduction of insignificant coefficients

Scientific Horizons, 2021, Vol. 24, No. 2

according to the Student's t-test and decoding of equa-
tion (8), the dependence of the change in the maximum
pressure of the liquid phase of the mixture in the inlet
on the research factors (9) was found:
P =50.7694+303249D, +00354123 n - 3.22069-10°n’ -
-101458 N, +761425D N, +0.0151657N, * (9)
The maximum pressure of the liquid phase of
the mixture in the inlet P, = 154.4 kPa is reached at
n =3000 rpm., D, =0.06 m,N, = 48.Graphical inter-
pretations of equation (9) are shown in Figure 9.
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Table 4. Statistical processing of equation (8)

Coefficient Value Error Student'’s t-test Probability
Ay, 124551 0.666684 186.821 1.328-10%
a,, 15.6894 0.308615 50.8382 5.14025-10%
a,, 5.46905 0.308615 17.7213 2.13958-1012
a,, 5.3878 0.308615 17.458 2.72515-1012
a, 0.524858 0.377974 1.38861 0.182879
a, 0.04055 0.377974 0.107282 0.915821
a,, 1.21828 0.377974 3.22318 0.0049921
a, -1.81164 0.534536 -3.38918 0.00348852
a,, -0.323984 0.534536 -0.606104 0.552454
a 3.88243 0.534536 7.26317 1.3255-10°®

33
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Based on the results of simulation and process-
ing of the obtained data in the Mathematica software,
regularities of changes in the value of the maximum
pressure of the liquid phase of the mixture in the diffuser
are obtained from research factors in encoded form (10):
p ., =171763+19.3513 x, - 3.90839 x>+ 3.98246 x, -

- 0357417 x, x, - 0.0684029 x,* + 6.15596 x, +
+0.0130833 x, x, - 1.56583 x, x, + 2.63001 x,” (10)
Statistical processing of equation (10) is presented

40
730 N

., M s
it 0.050 -

20

0.060
Figure 9. Dependence of the maximum pressure of the liquid phase of the mixture in the inlet P, on the rotation

speed of the rotor n, the diameter of the inlet D, and the number of resonators N,

in Table 5.As a result of the analysis of Table 5, the corre-
sponding reduction of insignificant coefficients according
to the Student's t-test and decoding of equation (10),
the dependence of the change in the maximum pressure
of displacement of the liquid phase of the mixture in
the diffuser on the research factors was obtained (11):
P =411716+711412 D +00570688 n-6.94825-10°n’ +
+0216568 N, -9.78644D N, +00102735N, * (11)

Table 5. Statistical processing of equation (10)

Coefficient Value Error Student's t-test Probability
ag, 171.763 0.780301 220.125 8.17623-10%
a, 19.3513 0.361209 53.5736 2.11995-10%°
a,, 3.98246 0.361209 11.0254 3.63528-10°
a,, 6.15596 0.361209 17.0427 4.01849-10*2
a, -0.357417 0.442389 -0.807924 0.430295
a,;, 0.0130833 0.442389 0.0295743 0.976751
a,, -1.56583 0.442389 -3.53949 0.00251884
a, -3.90839 0.625632 -6.2471 8.84795-10°¢
a,, -0.0684029 0.625632 -0.109334 0.914218
a 2.63001 0.625632 420376 0.000596762

33
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The maximum pressure of the liquid phase of the
mixture in the inlet P, =154.4 kPa is reached at n =
3000 rpm., D, = 0.06 m, N, = 48.Taking into account
the research factors alternately at the specified level,
graphical interpretations of the dependence (11) are
shown in Figure 10.

Based on the results of simulation and process-
ing of the obtained data in the Mathematica software,
regularities of changes in the value of the minimum
pressure of the liquid phase of the mixture in the
diffuser are obtained from research factors in encoded
form (12):

p . =545321-19.3513 x, + 3.90839 x,> + 2.097 x, +
+0.357417 x, x, + 0.47866 x,* - 245528 x, -
- 0.0130833 x, x, - 0.401844 x, x, - 2.22782 x> (12)

Statistical processing of equation (12) is presented
in Table 6.As a result of the analysis of Table 6, the corre-
sponding reduction of insignificant coefficients according
to the Student's t-test and decoding of equation (12),
the dependence of the change in the minimum pressure
of displacement of the liquid phase of the mixture in
the diffuser on the research factors was obtained (13):
P . =133276+209.7D, -0.0570688 n+6.94825-10°n” +

+0.403501 N, -0.00870244 N, °. (13)

The maximum pressure of the liquid phase of
the mixture in the inlet P, =372 kPa is reached at n
=3000 rpm.,D, = 0.06 m,N, = 16.Taking into account
the research factors alternately at the specified level,
graphical interpretations of the dependence (13) are
shown in Figure 10.

Table 6. Statistical processing of equation (12)

Regression coefficient regress\{:’nu:ooeffﬁcient Stz::;rd t-statistic P-Value
a,, 54.5321 0.641455 85.0131 8.50496-10%
a, -19.3513 0.296936 -65.1699 7.69801-1022
a,, 2.097 0.296936 7.06212 1.90842-10°
a,, -2.45528 0.296936 -8.26873 2.32092-107
a,, 0.357417 0.363671 0.982803 0.339486
a,;, -0.0130833 0.363671 -0.0359758 0.971721
a,, -0.401844 0.363671 -1.10497 0.284567
a,, 3.90839 0.514308 7.59932 7.29443-107
a,, 0.47866 0.514308 0.930687 0.365044
a -2.22782 0.514308 -4.33169 0.000453011
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Figure 10. Dependence of the maximum and minimum pressures of the liquid phase of the mixture in the diffuser P
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P ... on the rotation speed of the rotor n, the diameter of the inlet D, and the number of resonators N,

rot min

As a result of calculating the maximum and min-
imum cavitation numbers using equations (1) and (2),
the corresponding regression equations (14-15):
X =8.85738-0.0046054 n + 6.90585-107 n” -

- 00626404 N, +00000113792n N, +
+0.000297945 N, 2 (14)
X =6.00697 - 0.00363865 n + 5.73414-107 n? -
- 00385963 N, +0.0000106933 n N, +
+0,0000802344 N, (15)
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The value of the cavitation number X = 0.08 and
X =057 is achieved at n = 2725 rpm., D, = 0.049 m,
N, = 48.Taking into account the research factors alter-
nately at the specified level, graphical interpretations

of dependencies (14)-(15) are shown in Figure 11.




3000 0.040
Figure 11. Dependence of the maximum and minimum cavitation numbers X X . on the rotor speed n, the inlet

diameter D, , and the number of resonators N ole

CONCLUSIONS

As a result of modelling the action of a rotary cavitation
disperser-homogeniser in the Star CCM+ software, the
distributions and dynamics of velocities of the liquid
phase of the mixture and the pressure and concentration
of the gaseous phase of liquid in the diffuser are es-
tablished, which indicates the presence of cavitation.
This confirms the operability of the developed design
and technological facilities for the preparation of liquid
feed and indicates the expediency of further research
to substantiate its technological parameters.

As a result of numerical modelling of the oper-
ation of a rotary cavitation disperser-homogeniser, the
dependences of the maximum (max) and minimum (min)
movement speed of the liquid phase of the mixture
in the inlet V. and in the diffuser V_ on the rotation
speed of the rotor n, the diameter of the inlet D, and
the number of resonators N, , are determined. The
maximum movement speed of the liquid phase of
the mixture in the inlet V., =73 m/s is achieved
at n = 3000 rpm., D, = 006 m, N, = 16. In turn, the

hole
maximum movement speed of the liquid phase of the

Aliiev et al.

at n = 3000 rpm., D, = 0.06 m, N, = 48. As a result
of numerical modelling of the operation process of a
rotary cavitation disperser-homogeniser, the depen-
dences of the maximum (max) and minimum (min)
pressures of the liquid phase of the mixture in the
Inlet P, and in the diffuser P_, on the rotor speed n,
the diameter of the inlet D, and the number of res-
onators N, ~are determined. The maximum pressure
of the liquid phase of the mixture in the inlet P, =
154.4 kPa and in the diffuser P_ = 154.4 kPa is
reached at n=3000 rpm.,D, =0.06 m,N, =48.

The qualitative criterion for evaluating the cavi-
tation phenomenon in the developed equipment is the
maximum and minimum cavitation numberX andX
which depends on the rotation speed of the rotor n, the
inlet diameter D, and the number of resonators N, . The
value of the cavitation number X =0.08 and X =0.57
is achieved at n = 2725 rpm, D, = 0.049 m, N, = 48,
which corresponds to a film flow of liquid with a stable
separation of the cavitation cavity from the rest of the

continuous flow (film cavitation).

25

mixture in the diffuser V = 27.5 m/s is achieved
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CUMYALIA NMPOLECY KABITALLIMHOI OBPOBKU PIAKUX KOPMIB
EnbunH baxtusap ornu Anies, PomaH iMutpoBuy ManeriH,
Bitaniit Bonopumuposuu Ienes, Onbra tOpiiBHa AnieBa

[HINPOBCbKMI AepXKaBHUI arpapHO-eKOHOMIYHUI YHIBEPCUTET
49600, Byn. Cepria €EdppemoBa, 25, M. [IHiNpo, YkpaiHa

AHotaujig. OnHakoBMI GpaKLiiHKI CKNag Ta OAHOPIAHICTb PO3MOAiNY KOMMOHEHTIB CUPOBUHU POCIMHHOTO NOXOKEHHS Y
CyMiLLi € OCHOBHMMMU KpUTePIiSiMUK SKOCTI pifkoro kopMmy. Lle 3abe3neuyeTbcs npouecamm roMoreHisadii Ta AMcnepryBaHHs
KOMMOHEHTIB KOPMIB i3 3aCTOCYBaHHAM KaBiTaLiiHOI 06pobkuM. MeToto foCNiAKeHb € NPOBEAEHHS CUMYNALIT npoLecy
KaBiTaLiMHOT 06pOOKM pifKUX KOPMIB POTOPHWMM KaBiTaLiMHMM AMCNEpraTop-roMoreHi3aTopoM i 0BrpyHTYBaHHS
MOro pauioHanbHUX KOHCTPYKTUBHO-TEXHONOMYHMX napaMeTpiB. [locTaBneHo 3a4advy CTBOPEHHS TakOro POTOPHOrO
KaBIiTaLiMHOro AMCNepratop-roMoreHi3aropa, iku1i A03B0SISE O4HOYACHO BUKOHYBATU TEXHONOTIYHI MPOLLECH AUCTEPryBaHHS,
€My/bryBaHHS Ta rOMOreHi3aLii KOMMOHEHTIB CyMilli B piaAKoMy cepefoBuLLi 3 Gifbll BUCOKOK NPOLYKTMBHICTIO, SIKiCTHO
i MEHWWMK eHeproBuTpaTamu. Y pesynbtaTi CUMYASLIi pOTOPHOro KaBiTaLiMHOMO AMcnepraTtop-roMoreHisatopa B
nporpami Star CCM+ BCTaHOB/IEHO PO3MNOAINU i AMHAMIKM WBUAKOCTEN PYXY PiaKkoi hasu CyMmilli, TMCKY Ta KOHLeHTpaLii
razonofibHoi da3un piaMHu B AMdy30pi, WO CBiAYMTL MPO HasBHICTb KaBiTauii. Lle niaTBepmXye npaue3naTHiCTb
KOHCTPYKTUBHO-TEXHO/IOTYHOI CXeMWU po3pobaeHOro TexHiYHOro 3acoby A4S NPUroTyBaHHS PifKUX KOPMIB i CBIAUYNTb
Npo AOLiNbHICTb MOJANbWMX MOr0 AOCHIAKEHb 3 OOrpYHTYBaHHS KOHCTPYKTUBHO-TEXHOMOFIYHUX napameTpis. Y
pe3ynbTaTi YMCEeNbHOrO MOJENBaHHSA npouecy poboTH pOTOPHOrO KaBiTaLiMHOro AucrnepraTop-roMoreHisatopa
BM3HAYEHO 3aNEXHOCTI MaKCMManbHOI (Max) i MiHiManbHOI (Min) WBMAKOCTI NepeMilleHHs piakoi dasu cyMmiwi y
BXigHOMy oTBOpi V. iy andysopi V  Bia yactotn obepraHHa poTopa n, AiaMeTpa BXiAHOro oTBopy D, i KinbKoCTi
pe3oHaTopie N, . AKICHUM KpUTEpIEM OUIHKM ABMLWA KaBiTauii y po3pobneHoMy obnafHaHHiI € MakcUManbHe i
MiHiMasibHe YMcno Kasitauii X 1 X . AKe 3a71eXuTb Bif 4acToTM obepTaHHA poTopa n, AiaMeTpa BXiAHOro OTBOPY
D, i kinbkocTi pesoHaTopiB N, ,.3HaveHHs ymcna kasitauii X - =0,08iX =0,57 pocaraerbea npun = 2725 06/xB.,
D, =0,049M,N, , =48,10 BiANOBIAAE NNIBKOBOMY MOTOKY PiAMHM 3i CTIHKMM BiALINEHHAM KABITaLiMHOT MOPOXKHMHM
B, pewTu CyLifibHOro NoToky (MAiBKOBa KaBiTaLis)

KntouoBi cnosa: KopMOBMPOOHMLTBO, KaBiTaLis, AMCNEPraTop-roMoreHisaTop, YucenbHe MOAENOBAHHS, NapaMeTpu,
WBMAKICTb, TUCK
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Abstract. For a more efficient and rational use in the production of Scots
pine wood of various geographical origin, it is necessary to know its physical
and mechanical properties. The purpose of this study was to determine the
physical and mechanical properties of wood of 17 climatic ecotypes of
Scots pine and to carry out a comparative analysis of the indicators obtained
for the studied climatypes separately and when they are grouped into
subspecies in accordance with the classification of L.F. Pravdin. The range
of the geographical origin of the places of seed procurement is from 47 to
62° north latitude and from 22 to 85° east longitude. The modern density
universal testing machine MTS INSIGHT 100 was used for research. As a
result of the research, it was found that the density of wood in an absolutely
dry state varies from 370 kg/m?* (Kursk climatype) to 524 kg/m? (Volgograd
climatype), and at 12% humidity - from 397 kg/m? (Kursk climatype) to
550 kg/m? (Volgograd climatype). The index of the strength of wood of
the studied climatypes for compression along the fibres was from 32 MPa
(Kursk climatype) to 54 MPa (Volgograd climatype), and for static bending -
from 55 to 92 MPa for the Vologda and Ulyanovsk climatypes, respectively.
Distribution of Scots pine climatypes into subspecies in accordance with
the classification of L.F. Pravdin and the obtained data on the physical and
mechanical properties of wood have a certain pattern.The maximum density
of wood at 12% moisture is typical for the European Scots pine subspecies
is 497£8 kg/m?, the minimum value of this indicator for the Siberian Scots
pine subspecies is 423*30 kg/m3. An intermediate position is occupied
by the subspecies of Lapland pine and Forest-steppe pine with values of
483%16 and 464+12 kg/m?, respectively. The strength index of wood in the
studied subspecies for compression along the fibres ranged from 47+1 MPa
(European subspecies) to 33*4 MPa (Siberian subspecies), in the Lapland
pine subspecies - 44*2 MPa and somewhat lower in the Forest-steppe pine
subspecies — 42%2 MPa. The maximum value of the static bending strength
of wood is typical for the European pine subspecies - 784 MPa, and the
minimum - for the Siberian pine subspecies - 61*14 MPa. This indicator
turned out to be equal in subspecies of forest-steppe and Lapland pine and
amounted to 72%4 MPa. The practical value of the work lies in identifying
the existing differences and variability among climatypes according to the
studied physical and mechanical properties of wood and selecting the
most promising of them for further breeding purposes

Keywords: wood density, wood strength, static bending, variability
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INTRODUCTION

One of the most important indicators of the quality of
Scots pine wood is its density and strength, which must
be taken into account both in forest reproduction and in
industrial use [1-4]. Density affects not only the physical,
but also the mechanical properties of wood [5]. The density
of wood is the most objective and universal indicator
of its quality. In most cases, there is a clearly expressed
direct correlation between the density and strength of
wood. The higher the density, the higher the strength,
and the degree of correlation reaches 0.8-0.9 [6].

Many scientists in their works note the exist-
ing significant differences among climatypes in survival
rate [7], preservation [8], growth [9; 10], resistance to
pests and diseases [11; 12], productivity [13], as well
as in the composition of chlorophyll, the structure of
needles [14; 15], the composition of essential oils, fruit-
ing and other characteristics [16-18]. In this regard, there is
interest in possible differences in the quality of wood
in different climatypes, which are determined by indi-
cators of physical and mechanical properties. Unique in
this regard, experimental model objects are geographic
plantations created by seed offspring of the most char-
acteristic populations of different ecotypes (climatypes)
in order to test them in new conditions. They serve as an
object for studying the geographical variability of the
hereditary properties of forest species. The first geo-
graphical plantations of Scots pine were established in
Belarus in 1959 on an area of 8.7 hectares by V.G. Mishnev
and E.D. Mantsevich. They consisted of 65 geographic
variants with a geographic range of 48-62° north altitude
and 22-111° east longitude. The detail history of the
objects is described in the paper [19]. At present, the
area of plantations is 6 hectares,the number of surviving
variants is 44. These plantings served as the object of
the research. To assess the physical and mechanical prop-
erties of wood, 17 climatypes were selected from the
variants of the origin of the places of harvesting seeds
in the range of 47-62° north latitude and 22-85° east
longitude.The indicated geographical coordinates of the
places of seed procurement are quite consistent with the
classification of Scots pine into subspecies according to
L.F. Pravdin [20].

The purpose of the research is to determine the
physical (density of wood in an absolutely dry state, den-
sity of wood at 12% moisture) and mechanical (strength
of wood for compression along the fibres and for static
bending) properties of wood of various climatic ecotypes
of Scots pine and conducting a comparative analysis of
the obtained indicators. The novelty of the research lies
in the fact that for the first time in Belarus the physical
and mechanical properties of Scots pine wood of various
origins at ripening age were determined in the range of
geographical origin of seed harvesting places from 47
to 62° north latitude and from 22 to 85° east longitude.

MATERIALS AND METHODS

The geographical culture of Scots pine under study
is located in the Negorelsky forestry of the Negorelsky

Scientific Horizons, 2021, Vol. 24, No. 2

training and experimental forestry enterprise,which is a
branch of the Belarusian State Technological University
and is geographically located in the Dzerzhinsky district
of the Minsk region of the Republic of Belarus (50 km
from Minsk).The age of Scots pine climatypes growing in
geographical cultures at the time of the study is 60 years.

To assess the physical and mechanical properties
of wood 17 climatypes were selected from the variants
of the origin of the places of harvesting seeds in the range
of 47-62 north latitude and 22-85 east longitude. The
choice of climatypes for carrying out research with such
arange of geographical coordinates of the places of har-
vesting seeds is due to the fact that the indicated parent
stands are quite consistent with the classification of Scots
pine into subspecies according to L.F. Pravdin [20]. Of the
5 subspecies of Scots pine (Lapland, European, Siberian,
Steppe and Hooked) the studied climatypes were sub-
divided as follows: the subspecies Lapland (61-62° NL)
included the Arkhangelsk and Leningrad climatypes, the
European subspecies included 2 varieties - Western Eu-
ropean (53-59°NL and 22-40°EL) with Vologda, Estonian,
Latvian,Vitebsk and Minsk climatypes and Eastern Euro-
pean (54 NL and 48-58°EL) that includes the Ulyanovsk
and Bashkir climatypes. The Siberian subspecies (57 NL
and 85°EL) includes the Tomsk climatype. Also, due to
the lack of representation of climatypes of the Steppe
pine subspecies (Kustanai, Akmola, Pavlodar, Kokchetav
and Semipalatinsk climatypes of Kazakhstan died at
the early stages of growth), a subspecies of the Forest-
steppe pine was conditionally distinguished (47-51°NL
and 27-42°EL) with Belgorod, Kursk, Volgograd, Khmel-
nytsky, Poltava and Rostov climatypes. A subspecies such
as hooked pine, isolated by L.F. Pravdin and growing in
the Crimea and the Caucasus was not initially repre-
sented in geographical cultures. Thus, for a more logical
analysis of the physical and mechanical properties of
wood, the studied climatypes of Scots pine are distrib-
uted in accordance with the classification of L.F. Pravdin
with minor changes.

To study the properties of wood in the model
trees of each of the studied climatypes, was taken trunk
sections 60 cm long at the same height - 6.5 m, after
which samples were made from them to study the
physical and mechanical properties of wood. The stud-
ied the following properties of wood: density of wood
in an absolutely dry state and at 12% moisture content,
strength of wood for compression along the grain and for
static bending.The study of these properties was carried
out in accordance with generally accepted methods:
ISO 16483.0-78 Wood. Sampling methods and general
requirements for physical and mechanical tests [21];
ISO 16483.1-84 Wood. Density determination method [22];
ISO 16483.3-84 Wood. Method for determining the ultimate
strength in static bending [23]; ISO 16483.7-71 Wood.
Moisture determination method [24]; ISO 16483.10-73
Wood. Method for determining the ultimate strength in
compression along the fibres [25].

Wood samples on the site of Scots pine geographical




plantations were harvested in February 2020 (Fig. 1a),
the determination of the physical and mechanical prop-
erties of wood was carried out in May 2020. During the

Rabko et al.

research, a universal testing machine MTS INSIGHT 100
was used (Fig. 1b).

Figure 1. Taking of samples of Scots pine cuts of various origins in geographical cultures (a) to determine the physical
and mechanical properties of wood using a universal testing machine MTS INSIGHT 100 (b)

The use of a universal testing machine of this
brand MTS INSIGHT 100 in such studies allows obtaining
results with a sufficiently high accuracy, which served
as the main criterion for choosing this equipment. The
assessment of the reliability of the differences in the results

obtained was carried out using the MS Excel software.

To confirm or refute the hypothesis about attributing
the studied indicators of the physical and mechanical
properties of wood to the same set of average data, we
calculated such a parametric criterion as the Student'’s
t-test or the difference t-test. In this case, it allows

finding the probability that both averages belong or
not to the same population. Recalculation of indicators for
standard humidity for samples with humidity at the time
of testing was carried out according to the generally
accepted formula [22; 26].

RESULTS AND DISCUSSION

Statistical processing of indicators for calculating the
density of wood in an absolutely dry state is presented
in Table 1.

Table 1. Statistics of density of wood in an absolutely dry state

g Density of wood by climatypes in an absolutely dry state, kg/m3
>
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Table 1, Continued

5 Density of wood by climatypes in an absolutely dry state, kg/m3
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Note (names of climatypes): Kr-1 — Kursk, Vt-4 — Vitebsk, Bl-5 — Belgorod, Es-8 — Estonian, Vg-9 — Volgograd, Lt-10 — Latvian,
Bt-11 — Buriat, Gr-15 — Grodno, T-23 — Tomsk, Ul-41 — Ulyanovsk, Rs-47 — Rostov, M-48 — Minsk, Ar-52 — Arkhangelsk,

L-53 — Leningrad, Pl-55 — Poltava, VI-57 — Vologda, Kh-58 —

It can be seen from the data presented that the
average density of different climatypes is in the range
of 370-524 kg/m?, i.e., the magnitude of the variation
exceeds 150 kg/m?®. Based on the literature data [27],
which are averaged indicators calculated from highly
variable values,the density of pine wood in an absolutely
dry state is about 480 kg/m3. The variability of the in-
dicator under consideration, which is characterised by
the coefficient of variation (V), can be considered insig-
nificant, since in most cases it does not exceed 10%.The
relative error does not exceed 5%. Statistical processing
of the data showed that in many cases the confidence
intervals (¢,,S,) of one population (climatype) overlap
to some extent with those of another population. It was
found that the density of wood of the Vitebsk (Vt-4) and
Grodno (Gr-15) climatypes is within the same population,
and the average sample of the Minsk (M-48) climatype
significantly differs from the average of the climatypes
Vt-4 and Gr-15. The average sample of the Belgorod
climatype (BL-5) does not significantly differ from the
average of ten other studied climatypes. The average
wood density of the Volgograd climatype (Bg-9) signifi-
cantly differs from all other climatypes. The Kursk (Kr-1)
and Buryat (Bt-11) climatypes do not significantly differ
from the Tomsk (T-23) and Estonian (Es-8) climatypes.

Kharkov

On average, the compared indices of the density of one
climatype did not significantly differ from the analogous
indices of any five other climatypes.

Since the density of wood directly depends on
moisture content, it is generally accepted in wood sci-
ence to carry out a comparative assessment of the prop-
erties of wood at a standard moisture content of 12%.
The value of this density is difficult to obtain directly
from experience, since it is very difficult to bring wood
to a moisture content of exactly 12%. Therefore, the
density of wood at 12% moisture content is calculated
by the appropriate formulas, depending on the mois-
ture content of the wood at the time of testing [22]. The
average density of pine wood at this moisture content
corresponds to 505 kg/m?* according to [26, 27]. Accord-
ing to some literature data [25], the density value from
the indicated average value can fluctuate up or down,
that is, from 350 to 650 kg/m3. The average density of
pine wood by climatypes varies within 397-550 kg/m?.
As for the values of statistical indicators, there is a sim-
ilar situation with the previous calculations indicated
in Table 1. This is explained by the fact that the values
of the density indicators of wood at 12% moisture were
found by recalculating similar indicators at moisture at
the time of testing (Table 2) [22].

Table 2. Statistics of wood density at 12% moisture

g Density of wood by climatypes at 12% humidity, kg/m?

>
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Table 2, Continued

5 Density of wood by climatypes at 12% humidity, kg/m?
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As is known, the mechanical properties of wood
are closely related to density, which characterises
its ability to resist the action of external mechanical
forces. These propertie