MIHICTEPCTBO OCBITHU I HAYKH YKPATHU

TABPIMCHbKUH JEP)KABHUHN ATPOTEXHOJIOTTYHUI
YHIBEPCUTET IMEHI IMAUTPA MOTOPHOI'O

MPAIII

TaBpilicbKOro aAep;KaBHOIO
ArpoTeXHOJIOI'TYHOI'0 TABPINCbKWUIA AEPXXABHU
yHiBeI)CI/ITeTy ATPOTEXHOJOMNYHUNA YHIBEPCUTET

IMEHI AMUTPA MOTOPHOI'O

Bunyck 23, tom 1

HaykoBe (haxoBe BUAaHHS
Texniuni nayku

3anopixoks — 2023 p.



MIHICTEPCTBO OCBITHU I HAYKU YKPAIHHU

TABPINCBLKMIA QEPYABHNN
ArPOTEXHONOM4YHUA YHIBEPCUTET DMYTRO MOTORNYI TAVRIA STATE
IMEHI AMWUTPA MOTOPHOIO

AGROTECHNOLOGICAL UNIVERSITY

N7

[PAIII
TaBpilicbKoro Aep>kaBHOT0

arpoTexHOJIOTiYHOr0 YHiBepCUTETY
TexHiuHI HayKU

PROCEEDINGS OF TAVRIA STATE
AGROTECHNOLOGICAL UNIVERSITY
Technical sciences

Buxodumb 3 pa3u Ha pik
Budaemubcs 3 1998 p.

Bunyck 23, Tom 1
Issue 23, volume 1

WEB: https://oj.tsatu.edu.ua DOI: 10.31388/2078-0877-2023-23-1

3anopixoks — 2023



Mpaui TAATY

VK [631.3+621.3+664](058)
T13

Bunyck 23. Tom 1

[Ipami TaBpiiicbKOTO AEP)KaBHOTO arpOTEXHOJIOTIYHOTO YHIBEPCHUTETY: HAyKOBE
¢daxose Bumanus / TIATY; ron. pen. a.T.H., mpod. B. M. KiopueB. 3amopixxsi:

THAATY, 2023. Bum. 23, 1. 1. 219 c.
ISSN 2220-8674

[IpencraBneni pe3yibTaTH HAyKOBUX JOCIIIKEHb BUCHUX Y TATy38X Taly3eBOrO

MaIMHOOYTyBaHHS, EHEPTeTUKH,

CJICKTPOTEXHIKH,

EJIEKTPOMEXAHIKH, Xap4YOBHX

TEXHOJIOT1H, KOMIT FOTEPHHUX HAyK Ta iH()OPMAIIIHHAX TEXHOJIOTIH.

Bunanns npusHaueHe Ui HAyKOBHX TPalliBHUKIB, BMKIJIaJadiB, 1HXEHEPHO-
TEXHIYHOT0 IEpCOoHaITy 13400yBayiB BUIO1 OCBITH, SIKI CHEI1a/II3yIOThCSl Y BIAMOBIIHUX
a00 CyMDKHUX rajiy3siX HayKH Ta HanpsiMKax BUPOOHUIITBA.

PedeparuBni 6a3u: Crossref, Google Scholar, AGRIS, «VYkpaina HaykoBay,

HBY im. B. I. Beprancbkoro

To10BHUI pegakTop
Kropues B. M., uin.-kop. HAAH Ykpainu,
I-p TeXH. HayK, mpod. (YkpaiHa)
3acTYNHHKH FOJIOBHOTO peiakTopa
Hanukro B. T., un.-kop. HAAH VYkpaiuu,
I-p TeXH. HayK, npod. (YkpaiHa)
[Tanyenko A. L., n-p TexH. Hayk, mpod. (YkpaiHa)

BinnosinanbHuii cexperap
Bosommna A. A., 1-p TexH. HayK, npod. (Ykpaina)

TexHiunmii cexperap
IToropensiiesa JI. O. (Ykpaina)

PEJIAKLIIITHA KOJIETIA
TAJIY3EBE MAIIMHOBY/IYBAHHA

Benoes Xpucro, 1-p TexH. Hayk, npod. (bonrapis)
HNamanayckac Binac, n-p Texs. Hayk, npo¢. (JIutsa)
IBanoBc CemeHc, a-p TexH. Hayk (JlaTBis)

Ounbt [O0pi, PhD, n-p TexH. Hayk, npod. (Ecronis)
Mackyui Cimowne, PhD, nou. (Irais)

®unnypa I[Tasoin, PhD, npogd. (Croakis)
Bepuikos O. O., kaua. TexH. HayK, 101, (Ykpaina)
Hinyp B. B., 1-p Texn. Hayk, npod. (Ykpaina)
Kypasens . I1., 1-p TexH. Hayk, npod. (Ykpaina)
Kysauos B. I1., 1-p TexH. Hayk, mpod. (Ykpaina)
Kropues C. B., 1-p TexH. Hayk, npod. (YkpaiHa)
Cxusip O. I'., kaun. TexH. Hayk, npod. (YkpaiHa)
Cxusip P. B., kann. TexH. Hayk, gou (YkpaiHa)
TitoBa O. A., 1-p nex. Hayk, mpod. (YkpaiHa)

EJIEKTPOEHEPTETHKA, EJIEKTPOTEXHIKA
TA EJIEKTPOMEXAHIKA

[Hadpaneus Aunmkeit, a-p TexH.Hayk, npod. (TTombiia)
Kasak3sex Moxammes, PhD, mpod. (Mopmanis)
Byp’sau C. O., kaHz. TexH. HayK, o, (Ykpaina)
lanmexo C. B., xaHp. TexH. HayK, 1ol. (YkpaiHa)
I'pu6 O. I'., n-p TexH. Hayk, npod. (YkpaiHa)
Kapmamiok 1. T., 1-p TexH. Hayk, npod. (YkpaiHa)
Kgitka C. O., kaHf. TexH. Hayk, goi. (YkpaiHa)
Kysueros M. I1., 1-p TexH. Hayk, npod. (YkpaiHa)
Jlucenko O. B., a-p Texn. Hayk, mpod. (Ykpaina)
Mipomnuk O. O., 1-p TexH. Hayk, pod. (YkpaiHa)
Mopo3 O. M., 1-p TexH. Hayk, npod. (Ykpaina)
[Tntorin B. €., 1-p TexH. Hayk, npod. (Ykpaina)

Editor in chief
Kyurchev V., corresponding member of NAAS of
Ukraine, Dr. Sci. Tech., Prof. (Ukraine)

Deputy editors in chief
Nadykto V., corresponding member of NAAS of
Ukraine, Dr. Sci. Tech., Prof. (Ukraine)
Panchenko A., Dr. Sci. Tech., Prof. (Ukraine)

Executive secretary
Voloshina A., Dr. Sci. Tech., Prof. (Ukraine)

Technical secretary
Pogoreltseva D. (Ukraine)

SECTORAL MACHINE BUILDING
Beloev Hristo, Dr. Sci. Tech., Prof. (Bulgaria)
Damanauskas Vidas, Dr. Sci. Tech. (Lithuania)
Ivanovs Semjons, Dr. Sci. Tech. (Latvia)
Olt Juri, PhD, Dr. Sci. Tech., Prof. (Estonia)
Pascuzzi Simone, PhD, Assoc. Prof. (Italia)
Pavol Findura, PhD, Prof. (Slovakia)
Vershkov O, Cand. Sci. Tech, Assoc. Prof. (Ukraine)
Didur V., Dr. Sci. Tech., Prof. (Ukraine)
Zhuravel D., Dr. Sci. Tech., Prof. (Ukraine)
Kuvachov V., Dr. Sci. Tech., Prof. (Ukraine)
Kiurchev S., Dr. Sci. Tech., Prof. (Ukraine)
Sclyar O., Cand. Sci. Tech, Prof. (Ukraine)
Sclyar R., Cand. Sci. Tech, Assoc. Prof. (Ukraine)
Titova O., Dr. Sci. Ped., Prof. (Ukraine)

ELECTRICAL POWER ENGINEERING,
ELECTRICAL ENGINEERING AND
ELECTROMECHANICS
Szafraniec Andrzej, Dr. Sci. Tech., Prof. (Poland)
Qawaqgzeh Mohamed, PhD, Prof. (Jordan)
Burian S., Cand. Sci. Tech, Assoc. Prof. (Ukraine)
Halko S., Cand. Sci. Tech, Assoc. Prof. (Ukraine)
Gryb O., Dr. Sci. Tech., Prof. (Ukraine)
Karpaliuk 1., Dr. Sci. Tech., Prof. (Ukraine)
Kvitka S., Cand. Sci. Tech, Assoc. Prof. (Ukraine)
Kuznietsov M., Dr. Sci. Tech., Prof. (Ukraine)
Lysenko O., Dr. Sci. Tech., Prof. (Ukraine)
Miroshnyk O., Dr. Sci. Tech., Prof. (Ukraine)
Moroz O., Dr. Sci. Tech., Prof. (Ukraine)
Pliuhin V., Dr. Sci. Tech., Prof. (Ukraine)

Proceedings of TSATU. 2023.23. 1



Mpaui TAATY

KOMIT'IOTEPHI HAYKH
I'aBpunenko €. A., 1-p TexH. Hayk, pod. (Ykpaina)
I'matymenxo B. B., 1-p Texn. Hayk, mpod. (Ykpaina)
I'ymen O. M., 1-p TexH. Hayk, npod. (YkpaiHa)
Jamkesud A. O., KaHA. TeXH. HayK, xou. (YkpaiHa)
JIy6ko JI. B., kaua. TexH. Hayk, jgoil. (YkpaiHa)
JIsckoBebka C.€., kaH/. TeXH. HayK, o1l (Ykpaina)
Mankina B. M., 1-p TexH. Hayk, npod. (Ykpaina)
Marynesuu O. €., kaH/. TeXH. HayK, 101l (YKpaiHa)
Xononusix 1O. B., kaHn. TexH. Hayk, gou. (YkpaiHa)
Slonoucekwmii [1. M., kaHJI. TeXH. HayK, 1ol (YkpaiHa)

XAPYOBI TEXHOJIOTTI
Hetinnaenko I'. B., 1-p TexH. Hayk, npod. (Ykpaina)
€prnam B. B., 1-p TexH. Hayk npod. (YkpaiHa)
Jlomeiiko O. I1., xkann. TexH. Hayk, gom (YkpaiHa)
Manamapuyx L. I1., 1-p TexH. HayK, npod. (YkpaiHa)
[Munumenko JI. M., x-p TexH. Hayk, nmpod. (Ykpaina)
Ipic O. I1., n-p TexH. Hayk, mpod. (Ykpaina)
Camoituyk K. O., 1-p TexH. Hayk, po¢. (Ykpaina)
Cepmiok M. €., n-p TexH. Hayk, mpod. (YkpaiHa)
Snmaunk B. @., 1-p TexH. Hayk, npod. (Ykpaina)

MPALII
TaBpilicbKOro Aep>KaBHOTO
arpoTexHoJIOriYyHOro yHiBepcureTy

Bunyck 23, Tom 1

3acHOBHUK
TaBpilicbKUM AepKaBHUU arpOTEXHOIOTIYHUN
yHiBepcuTeT iMeHi JlMmuTpa MoTopHOro

3acHoBanui y 1998 poui
CBifonTBO NpO Aep:KaBHY peecTpaLilo
KB Ne24285-14125I1P Bix 27.12.2019 p.
BuxoauTthb 3 pasu Ha pik

PexoMeH/10BaHO /10 APYKY BUEHOIO Pa/i010
TaBpilicbKOro Jiep:KaBHOr'0 arpOTEXHOJIOTTYHOT' O
yHiBepcHuTeTy
iMmeHi /lmutpa MoTopHOro
[Tpotokou Ne 3 Big 31.10..2023 p.

«Ilpaui TAATY» BrutoyeHo o Karteropii b
[lepeniky HaykoBUX (axoBHX BHJAHb YKpaiHU
(Hayku:  TexHiyHi), B  SKHX  MOXYTb
ny6siKyBaTHCS pe3yJbTaTH AucepTaniiiHux
poGiT Ha 3700yTTA HAyKOBUX CTYIEHiB
JloOKTOpa Hayk 1 [Jokrtopa ¢inocodii /
KaHauaata Hayk (Haka3 MOH VYkpainu Bij
17.03.2020 p. N2 409)

Aapeca peaakuii
Opuduyna: 72312, 3anopizbka 061
M. Menitonouns, np. b. XMenbHuLbKOTO, 18
®axkmuuHa: 69600, 3anopizbka 06.1.
M. 3anopixks, ByJ1. 2KykoBcbkoro, 66
https://oj.tsatu.edu.ua,
DOI: 10.31388/2078-0877-2023-23-1

Bunyck 23. Tom 1

COMPUTER SCIENCES
Havrylenko Ye., Dr. Sci. Tech., Prof. (Ukraine)
Hnatushenko V., Dr. Sci. Tech., Prof. (Ukraine)
Humen O., Dr. Sci. Tech., Prof. (Ukraine)
Dashkevych A., Cand. Sci. Tech, Assoc. Prof. (Ukraine)
Lubko D., Cand. Sci. Tech, Assoc. Prof. (Ukraine)
Liaskovska S., Cand. Sci. Tech, Assoc. Prof. (Ukraine)
Malkina V., Dr. Sci. Tech., Prof. (Ukraine)
Matsulevych O, Cand. Sci. Tech, Assoc. Prof. (Ukraine)
Kholodniak Y., Cand. Sci. Tech, Assoc. Prof. (Ukraine)
Yablonskyi P., Cand. Sci. Tech, Assoc. Prof. (Ukraine)
FOOD TECHNOLOGIES
Deynichenko G., Dr. Sci. Tech., Prof. (Ukraine)
Evlash V., Dr. Sci. Tech., Prof. (Ukraine)
Lomeiko O., Cand. Sci. Tech, Assoc. Prof. (Ukraine)
Palamarchuk 1., Dr. Sci. Tech., Prof. (Ukraine)
Pylypenko L., Dr. Sci. Tech., Prof. (Ukraine)
Priss, O., Dr. Sci. Tech., Prof. (Ukraine)
Samoichuk K., Dr. Sci. Tech., Prof. (Ukraine)
Serdyuk M., Dr. Sci. Tech., Prof. (Ukraine)
Yalpachik V., Dr. Sci. Tech., Prof. (Ukraine)

PROCEEDINGS OF TAVRIA STATE
AGROTECHNOLOGICAL UNIVERSITY

Issue 23, volume 1

Founder
Dmytro Motornyi Tavria State
Agrotechnological University

Founded in 1998
Certificate of governmental registration

KB No. 24285-14125I1P dated December 27, 2019

Published 3 times a year

Recommended for publication by the Academic
Board of Dmytro Motornyi Tavria State
Agrotechnological University
Record No. 3 dated October 31, 2023

Proceedings of TSATU is included in the List of
scientific professional editions of Ukraine
(technical sciences), category B, in which the
results of theses for obtaining scientific degrees
of Doctor of Sciences and Doctor of Philosophy /
Candidate of Sciences can be published (order of
the Ministry of Education and Science of Ukraine
dated March 17, 2020, No. 409)

Address of the Editorial office
Legal address: 72312, Zaporizhzhia region
Melitopol, 18, B. Khmelnitskyi Ave.
Actual address: 69600, Zaporizhzhia region
Zaporizhzhia, 66, Zhukovskyi Str.
https://oj.tsatu.edu.ua,
DOI: 10.31388/2078-0877-2023-23-1

© Tappilicbknii Jep:xaBHUI arpoOTeXHOJIOTiYHMI YHiBepcuTeT

imeni JImurpa Motopnoro, 2023

Proceedings of TSATU. 2023.23. 1


https://oj.tsatu.edu.ua/
https://oj.tsatu.edu.ua/

[Ipani TAATY Bunyck 23. Tom 1

3MICT / CONTENTS

T'AJIY3EBE MAIIMHOBY 1YBAHHA

ITanuyenko A. I., Boaommuaa A. A., MirkoB B. B., Bojomun A. A. Bruius
KOHCTPYKTUBHUX OCOOJIMBOCTEH IUIAHETAPHUX TiAPOMOTOpPIB Ha 3MiHY
JMHAMIYHUX XapaKTEPUCTUK T1IPONPUBOJIIB MEXaTPOHHUX CHUCTEM CaMOXIJIHOI
TEXHIKH

Panchenko A., Voloshina A., Mitkov V., Voloshin A. Influence of design features of
planetary hydromotors on changing dynamic characteristics of hydraulic drives of
mechatronic systems of self-propelled vehicles

Kwopues C. B., Camoituyk K. O., Smumaunk B. ®. Po3pobka
€KCIIEPUMEHTAJILHOTO 3pa3Ka MyJIbCaIllfHOTO TOMOT€HI13aTOpa MOJIOKa

Kiurchev S., Samoichuk K., Yalpachyk V. Development of the experimental sample
of the pulsation milk homogenizer

Mikulionok 1. Classification and analysis of polymer and rubber waste
shredder designs

Mikyabonok I. Knacudikamis Ta anamiz KOHCTPYKIIH pi3ajJbHUAX IMOJAPIOHIOBAYIB
MOJIIMEPHHX 1 T'YMOBHUX BiJIXOJIiB

Zhuravel D. Determination of linear dimensions of boxes and thirds of
individual castor varieties

Kypapeas JI. BcranoBiaeHHS JIHIHHAX PO3MIpPIiB KOPOOOUYOK 1 TPETHHOK OKPEMHUX
COPTIB PUITUHU

Camoiiuyk K. O., Jlomeiiko O. II., KoBaasos O. O., YUepBorkina O. O.
3HWKEHHS EHEPTeTUYHUX BUTPAT AUCIICPTYBAHHS 33 PAXyHOK SBHINA €XKEKIIiT
Samoichuk K., Lomeiko A., Kovalyov A., Chervotkina A. Reduction of energy
costs of dispersion due to the ejection phenomenon

I'punenxo O. II., Crenanenko C. I1. [locnimkenas koedimieHTa KOpUCHOT Ail
JTMCKOBOI OOpOHU BiJl HABAHTAXKECHHS Ha CPEpUUHUIN JUCK

Gritsenko O., Stepanenko S. Investigation of the coefficient of the useful effect of a
disk harrow from the load on spherical disc

KOpuenko O. 1., Ckuaabincekumii B. 1., I'ycak O. I'. Bmuius
TiAPpOJMHAMIYHMX Ta MEXaHIYHUX YHHHUKIB Ha (QOpPMYBaHHS TpaHyl Yy
rpaHyNAliiHIi ~ OamTi 3  BUKOPUCTaHHSAM  00epToBOro  BiOpariifHOro
IpaHyJIaTopa

Yurchenko O., Sklabinskyi V., Gusak O. Influence of hydrodynamic and
mechanical factors on the formation of granules in a granulation tower using a rotating
vibrating granulator

Ckasp O. I'., Cxasip P. B., Komap A. C. TeopeTuuHi acnekT: MOJETIOBaHHS
MaIIMHHOI TEXHOJIOT1] yTHIIi3allii OpraHiYHuX BiIXO/iB

Skliar O., Skliar R., Komar A. Theoretical aspects of modeling of machine
technology of organic waste disposal

Jepeza O. O. Boasnuubkuii I. O. BpockoHaneHHs KOHCTPYKIl
BEPTUKAIIBHOTO HOKOBOT'O MJIMHA
Dereza O., Vodyanitskyi I. Improvement of the design of the vertical knife mill

27

41

63

77

85

96

104

116

Proceedings TSATU. 2023. 23. 1



[Ipani TAATY Bunyck 23. Tom 1

Cymxo C. JI., Ynxuxos 1. O. Metoanka po3paxyHKy mapaMeTpiB MPUCTPOIO
Ha OCHOBI 1HXKEKTOpa BEHTYPI /s (pepTHUTallii II0JOBUX HACAIKEHb

Sushko S., Chyzhykov I. Method for calculating device parameters based on venturi
injector for fruit plant fertigation

®yuapxu H. O., KoaasoB O. O., Ky3bmincska 1. M., UepBorkina O. O.
JloCITiPKEHHS armapaTHUX CXeM MepepOOKH TPEUKH

Fuchadzhy N., Kovalev O., Kuzminska I., Chervotkina O. Research of vehicle
charts of processing of buckwheat

Kopooka C.B., Kpuryas P.€., baouu M.l., Crykaneus LI., Cuportiok
C.B., boarsHcbkuii B.B. Onuc BUpoOHHMYOI TenioCylIapKd 3 TEIJIOBUM
HAcCOCOM

Korobka S., Babych M., Krygul R., Stukalets I., Syrotyuk S., Boltianskyi B.
Description of the manufactured helio dryer with heat pump

126

136

145

EJEKTPOEHEPI'ETHUKA, EJIEKTPOTEXHIKA TA EJIEKTPOMEXAHIKA

Kiganos B.B., [Asaaenuyk A.®D. OpnepxaHHS Ta BUBYEHHS BJIACTHUBOCTEMN
rerepoctpykTypu ZnO/SiC/porous-Si/Si

Kidalov V., Dyadenchuk A. Obtaining and studying the ZnO/SiC/porous-Si/Si
heterostructure properties

l'aasko C. B., Mipomauk O. O., Shchur T., Markowska A. MonentoBanHs
ABTOHOMHOT COHSIYHOI €JIEKTPOCTaHIIIT 17151 JOCIIHKEHHS PeXKUMIB i1 podoTH
Halko S., Miroshnik O., Syvenko M., Shchur T., Markowska A. Simulation of an
autonomous solar power plant to study the modes of its operation

Monosa 1. O., Keitka C. O., BoBk O. 0. JlocnipkeHHS HECUMETPUYHOTO
pexuMy Ha poOOTY JUHAMIYHOTO 1HAYKTHBHOTO HABAHTAYKECHHS

Popova I., Kvitka S., Vovk O. Investigation of an unbalanced mode in a distribution
network with a dynamic inductive load

XAPYOBI TEXHOJIOTI'II

Priss O. P., Bulhakov P. O., Kolisnychenko T. O., Gazzavi-Rogozina L. V.
Using protective coating for reduction of losses while storing asparagus

Ipicc O., byaraxkos I1., Koaicanuenko T., I'a3zaBi-Porozina JI. CkopoueHHs BTpaT
rpu 30epiranHi crmapixi 31 3aXUCHUM MOKPUTTSIM

3apenbka /I K., Cepmioxk M. €., Kpuonoc I. A., Bangypa B. M.
3amopoxeHuil HamiBaOpukar 3 JoAaBaHHS OONINHXH, SK CHPOBHHA JJIs
MPOIYKTIB (DYHKI[IOHAILHOTO MPU3HAYCHHS

Zaretska D., Serdyuk M., Kryvonos I., Bandura V. Frozen semi-finished product
with the addition of sea buckthorn as a raw material for products with a functional
purpose

BopoGenrs M. M., €saam B. B., Kobdaca I. M., Konapauyxk I. B.
dopmyBaHHS SIKOCTI XJ1i0a MIIEHUYHOTO 3 T00ABKOIO «KIIITKOBHHA IPEUaHa)
Vorobets M., Evlash V., Kobasa 1., Kondrachuk I. Formation of the quality of
wheat bread with the addition of «buckwheat fiber»

153

164

179

188

199

207

Proceedings TSATU. 2023. 23. 1



[Ipani TAATY Bunyck 23. Tom 1

I'AJIY3EBE MAIINHOBY1YBAHHA

DOI: 10.31388/2078-0877-2023-23-1-6-26

YK 621.225.001.4

A. 1. Tlanuenko®, o-p TexH. Hayk ORCID: 0000-0002-1230-1463
A. A. Bonommunal, 1-p TexH. Hayk ORCID: 0000-0003-4052-2674
B. B. MitkosB!, kanz. TexH. Hayk ORCID: 0000-0002-3652-0687

A. A. Bonomun?, inxkeHnep

! Taspiiicokuii deporcasnuii azpomexnono2iunuii ynisepcumem
imeni [Imumpa Momopnoeo
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BILIMB KOHCTPYKTUBHUX OCOBJUBOCTEN
IINIAHETAPHUX I'TJPOMOTOPIB HA 3MIHY IMWHAMIYHUX
XAPAKTEPUCTHUK I'TIPOITPUBOJAIB MEXATPOHHUX
CUCTEM CAMOXIJHOI TEXHIKH

Anomayisn. PoboTa TiZpoNpUBOJIB MEXaTPOHHUX CHCTEM CaMOXIJHUX MAaIlluH
CYNPOBO/UKYETHCS ~ KOJNMBAJIbHUMH  MpoOLlECaMH, IMOB'S3aHUMH 3  TEXHIYHOIO
HEJIOCKOHAIICTIO BUKOHABYMX MEXaHI3MIB T1APONPUBOLY. Y 3B'SI3KYy 13 UM NHUTAHHS
cTabumi3alii JUHAMIYHUX XapaKTEPUCTHK T1IPONPUBOIIB € aKTyallbHOIO TIpodiemoro. B
pe3yabpTaTi JOCHIKEHHST OOIPYHTOBAHO BHIXiJHI JaHI Ta IIOYAaTKOBI yMOBH, IO
JO3BOJISIIOTh  MOJIEIIIOBATH TIEPEXiIHI TPOIECH, IO BiAOYBAIOTHCA B TIAPONMPHBOAAX
MEXaTPOHHHMX CHCTEM IIiJI dYac eKCIuTyaramii caMoxXigHux wmamuH. Po3pobieHo
CTPYKTYpHO-(DYHKIIIOHAJIbHI CXeMH Ta MaTeMaTH4YHMI amapar, M0 JO03BOJISIOTH
BUSBUTH JUHAMIKy 3MiHM (PYHKI[IOHAJIBHHX IMMapaMEeTPiB Ta BUXIAHHX XapaKTEPUCTHK
TiAPONPUBOAY 3 YpaxyBaHHSIM KOHCTPYKTUBHHUX OCOOJMBOCTEH IJIaHETAPHUX
rizpomoropiB. BcranoBieHo, 110 yac po3rony rigpomotopa Ne 2 Ha 12 % meHie, HiX y
rizpomoropa Ne 1, a KOIMBAaHHS TUCKY 1 MOMEHTY IpU cTaniomMy pyci Meniie Ha 34 % i
17 %, BinnmoBigHo. Taki 3MiHU 0OYMOBIIEHI 3MEHIIEHHSIM 3a30py MIX 3y0aMu pOTOpiB
Ta YCYHEHHS KOJMBaHb IUIOMII MPOXIAHOTO TeEpepidy pO3MOALTEHOI CHUCTEMU
rizpomoropa Ne 2.

Knwouosi  cnosa: mepexigHi mporecHu, AUHAMIYHA MOJENb, CTPYKTYpPHO-
¢byHKIIiOHaNTBEHA cXeMa, (PYHKIIOHATIbHI MapaMeTpy, BUXiAHI XapaKTePUCTHKH.

Ilocmanosxka npoobnemu. TinpaBiaiuauii TpuBiA HAOYB HIMPOKOTO
3aCTOCYBaHHS Ha KOMYHAJbHUX, JIOPOXKHIX, CUIBCHKOTOCIOMAAPCHKUX,
OyIiBeNbHUX, JIICO3arOTIBEIBHUX Ta IHIIMX CaMOXIJHUX MallluHaX.
OcTaHHIM YacoM TiAPOTNPHUBIA BUKOPUCTOBYETHCS SIK MPHUBOA POOOUYOTO
oOnaHaHHS Ta MEXaHI3MHU MepecyBaHHs CaMOX1IHOI TexHikH. Taka podoTta
TIAPONPUBOJIIB  CYMPOBOKYETHCSA  yIAPHUMHU  HABAHTAKCHHSIMHU  Ta
KOJMBATBRHUMHU TpOIlECAaMH B TIAPOCUCTEMAX, TOB'SI3aHUMH 5K 13

© INanuenxo A. 1., Bonomuna A. A., Mitkos B. b., Bononms A. A., 2023
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BUHUKHCHHSM 3HAYHHMX KOJIMBaHb THCKY Ta BUTpATH pobouoi pigunwm [1-3],
TaKk 1 HACHIJKOM TEXHIYHOI HEJIOCKOHAJIOCTI BUKOHABUMX €JIEMEHTIB
rizponpuBoy. KonuBanpHi npouecy, 0 BUHUKAIOTh Y TIAPONPUBOJIL IIPU
PO3rOHI Ta rajJbMyBaHHI, HETAaTUBHO BIUIMBAIOTh HA PECYPC T1IPONPUBOLY,
3HIKYIOTh KO€(DILIEHT BUKOPUCTAHHSI YCTAHOBOYHOI MOTYKHOCTI IPUBOY
Ta TPOAYKTUBHICTb, 3MEHIIYIOTh HAAIMHICTh NPHUBOAY Ta MAIIMHU B
uiiomy. ToMy mTpH TpOEKTYBaHHI TIAPONPHUBOMAIB CaMOXIAHUX MallUH
OJIHUM 13 BaXJIUBUX 3aBJlaHb € JOCJII/DKCHHS BIUIUBY €JIEMEHTIB
KOHCTPYKII TiApOMAlIMH Ha 3MIHY JIMHAMIYHUX  XapaKTePUCTHUK
TAPONPUBOY MPU MEPEXIAHUX MPOLIECaX.

OnHUM 3 OCHOBHHMX €JIEMEHTIB, 110 3YMOBIIOIOTH HEPIBHOMIPHICTb
3MIHM BUXIJHUX XapaKTEPUCTHUK TiJIPONPHUBOAIB, € TiApoMoTopu. B manwmii
4ac y CWIOBHX TiApONpuBOAax poOOoYoro oOJajJHAaHHS Ta MEXaHI3MiB
nepecyBaHHs CaMOXIJHUX MAallMH ITUPOKO 3aCTOCOBYIOTHCS IUIAaHETApHI
(op6itaneHi) rigpomoropu [4-7]. OaHUM 3 HEIOMIKIB PO3TISHYTHX
TIPOMAIINH € HEPIBHOMIPHICTh 1X BUXIJHUX XapaKTEPUCTHK, 1[0 BUHUKAE
npu  mepexigHuX  mporecax.  HepiBHOMIpHICTb  XapaKTEPUCTHUK
riIPOMOTOPIB  JTAHOTO TUIy OOYMOBJIEHa TIOXMOKOIO BHUTOTOBJICHHS
3yOuacToi moBepxHi ix poropiB [8-10] 1 mymnbcaliero MOTOKY poOOdOi
pimunu [11-13] y po3noAiTbHUX CUCTEMAX IUX T1APOMAIIIHH.

VY 3B'SI3Ky 3 LIUM, MUATAHHA JOCIHIJKEHHS BIUTUBY KOHCTPYKTHBHUX
0COOJMBOCTEH IUIAHETAPHUX TIAPOMOTOPIB HA 3MIHY JUHAMIYHUX
XapaKTePUCTUK TiAPOMPHUBOAIB, 3 METOK IX CTa0LIi3aIlli, € aKTyaJIbHOIO
po0JIEeMOI0, 110 BUMAarae HeB1AKIATHOTO BUPIIICHHS.

Ananiz ocmaumnix OocniodceHb. 3aNpPONOHOBAHO HaIliBaHAIITUYHUM
METOJ aHaJli3y KOHTAKTHOI B3aeMOIi eeMeHTiB [14], po3pobiieHo MeToau
Ta MOJENl JUIS JOCHIDKCHHS HampyXeHO-Ie(OpPMOBAHOTO CTaHy 3
ypaxyBaHHSM  KOHTakKTHOi  B3aemomii [15], oTpumaHO  OCHOBHI
3aKOHOMIPHOCTI  HaIpyXeHO-1e(hOPMOBAHOTO CTaHy eJieMeHTiB [16].
3anpoIrioHOBaHO METO/T BU3HAUCHHS BEJTUYMHU CHJIM B3a€EMOJIIT MK Tilamu,
a TakKoX PpO3MOMAUI KOHTAKTHOTO THUCKYy 0e3 oOMexeHHs ¢dopMu
MOYaTKOBOT'O MPOMDKKY MiX Tijamu [17]. 3anpononoBanwmii minxigq RANS
3 BUKOPUCTaHHSM CKOPHUTOBaHOI mojueni TypOynentHocti SST mo3Bossie
BU3HAYUTH OCHOBHI XapakTepucTtuku [18] Ta omTuManbHi T€OMETPHUYHI
napametpu [19] BuxpexkaMepHUX HACOCIB, a TAKOXK MOKPAIIUTH iX BUXITHI
xapaktepuctuk [20]. Bu3Ha4YeHO XapakTEPUCTHKH PaIliOHAIBHOTO
peryJIIoBaHHs CKJIaay OCH30MOBITPSAHOI cymimni [21], AOCHIKEHO BIUIMB
B'S3KOCTI BIHraMiBCHKMX pIUH HAa EHEPreTHYHI XapaKTePUCTUKH
BUXPEKaMEpPHUX HAcOCIB [22], moOymoBaHO OOYHMCIIIOBAIBLHY MOJCIb BTPAT
y TiApaBIiYHOMY KOHTYpl 3 aKIIEHTOM Ha BTPATH, IO CTBOPIOIOTHCS
CTUCUBICTIO PiguHU [23], TPOBEACHO €KCIEPUMEHTAIbHI JOCIIKCHHS,
[0 TOKAa3yITh HAsIBHICTh KOJUBAaHb TUCKY [24], siki He mependayeHi
Mozemno [23]. PosrisiHyTo mepebir poOouoi  piAMHM  KaHallaMH
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rigpoMamiid [25], po3poOJieHO MiaXiA A0 MOJIEIIOBAHHS TE€POTOPHOTO
Hacoca [26], mo mpaioe B ymoBax KagiTamii [27], oOrpyHTOBaHO
BUHUKHEHHS KaBiTalli B 30H1 po3noAuty [28]. MonaentoBaHHs IPOLECIB, 110
BIJIOYBAIOTHCA B PO3MOAUIBHUX CHCTEMAaX IUIAHETAPHUX TiIPOMAIINH, HE
TIPOBOIUIIOCH.

BcTraHoBneHO yMOBHM CTaTHYHOI PIBHOBard MOOLIBHOTO HA3€MHOTO
poOOTH30BaHOTO  KOMIUIEKCY, 110 0a3yloThCsS HAa  aHAJIITUYHOMY
CHIBBIIHOUIEHH] Yy BHIVISIAI CyMH MOMEHTIB TpaBiTalliiHux cui [29],
3aMPOTIOHOBAHO CTOCI0 aKTUBHOTO KOHTPOJIIO JUHAMIYHOTO MPOCTOPOBOTO
no3uiionyBaHHs [30], BU3HAY€HO AMHAMIYHY TOYHICTh MO3WLIOHYBaHHS
[31], po3po0JsieHO anrOpuTMH Ha OCHOBI MAaTE€MaTUYHOTO MOJIEITIOBAHHS
npouieciB [32]. I[loOymoBaHO dYOTHpH MACOBI JWHAMIYHI MOJENI, IO
CKJIQJIAalOThCS 3 PIBHAHBb KIHEMATUYHUX 3B'A3KIB 1 PIBHSAHHA AuHaMmiku [33],
CKJIaZICHO MAaTeMaTH4YHl MOJEI, 10 J03BOJSIOTh JIOCTII)KYBAaTH AUHAMIKY
Ta  KOJWBAJIbHI  mpolieck  OararoeleMeHTHMX  arperariB  [34],
3alPOTIOHOBAHO BHUMIPIOBAJIbHY CHCTEMY JIMHAMIKM Ta CHEPreTUKH
CaMOXiJTHUX MamuH [35], CTBOPEHO MapaMeTPUYHy MOJCHb JUHAMIKA
KOHCOJIBHOTO poTopa [36], BUBHAYEHO XapaKTEPUCTUKU OKPEMHX aepo- Ta
TIIPOCTATHYHHUX HECYYMX e€JIEMEHTIB [37], pO3IISHYTO MOXKJIUBICTh
IPOBEACHHS Ti1APOAMHAMIUHMX PO3paxyHKiB [38] 3 BUKOPHUCTaHHSIM
nporpamuux mnaketiB CFD [39]. JIlunamiuHi miporiecH, siki BiOyBalOThCS Y
TIAPONPUBOJAX  MEXAaTPOHHUX  CHCTEM  CaMOXIJHOI  TEeXHIKH, He
PO3TJIsAIaTHICS.

PosrnsiHyto  yHiBepcalibHy MOJENIb MEXaTPOHHOI CHUCTEMHU 3
TiApaBIiYHUM MPUBOJOM, OOTPYHTOBAHO MOYATKOBI YMOBHU MO/IEIIOBAHHS
[40], 3ampomoHOBaHO MaTeMaTH4Hy Ta Gi3UYHYy wMojaem [41], 1o
JI03BOJIAIOTH MOJIETIOBATH TMPOIIECH, IO BiAOYBalOThCS B IIAHETAPHUX
rigpoMoTOpax Ta ix enemMeHTax [8], PO3ISIHYTO TiApOAMHAMIUHI MOJEII,
110 JI03BOJISIFOTH JOCTII)KYBaTH IPOTOYHI YACTHHHU T€POTOPHOTO HAacoca Ha
Horo BUXIAHI XapakTepucTUKH [42], AOCHIPKEHO JWHAMIKY 3MiHU
BUXITHUX XapaKTePUCTUK MEXaTPOHHOI CHCTEeMH 3 CEpIMHHUM Ta
MOJICPHI30BaHUM T1APOMOTOPAMU 3 ypaxyBaHHSAM BIUITMBY MOXUOKHU (HOpMH
BUTOTOBJICHHSI €JIEMEHTIB CHCTEMH pOTOpiB [4] Ta IUIONI MPOXiTHOTO
nepepizy posnoainsHoi cucremu [8, 11]. JlmHamika 3MiHM BHXITHHUX
XapaKTepUCTUK TiIPOMPHUBOIB CAMOXITHOI TEXHIKM 3 YypaxXyBaHHSAM
KOHCTPYKTHUBHUX OCOOJNMBOCTEH IJIaHETAPHUX TiIPOMAIIMH 332 YMOB
eKCIUTyaTallii caMOX1THOT TEXHIKH HE JTOCTiHKyBaacs.

AHamiz  miTeparypHUX JDKEpeN, TOB'S3aHUX 13  BUPIMICHHIM
MOCTABJICHOI  mpobiemu —  crabumi3amii  BUXIZHMX  TapaMmeTpiB
TiAPONPHUBOIIB, IIOKa3ye, IO TMTAHHIM, TMOB'SI3aHUM 13 BIUTMBOM
KOHCTPYKTHBHUX OCOOJIMBOCTEH TUTAHETAPHUX TiIPOMOTOPIB HA 3MiHY
JUHAMIYHUX  XAPAaKTEPUCTUK  TIAPOMPUBOMIB  MEXATPOHHUX  CHUCTEM
CaMOXI1JHOT TEXHIKH, HE MPUILISIIOCS HaJIe)KHOI yBaru. Tomy, nana podota
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MPUCBSYCHA BUPIMICHHSM MUTaHb, MOB'S3aHUX 13 JOCIIIKEHHSIM BIUTHBY

€JIEMEHTIB KOHCTPYKIIII IJIAHETapHUX TIAPOMOTOPIB HA 3MIHY JAMHAMIYHUX

XapaKTepUCTUK TIIPONPHUBOIIB Ha MEpeXiAHUX IMpolecax i dac

eKCIuTyaTallii caMoXiIHO1 TEXHIKHU.

DopmynioganHs — memu  cmammi  (HOCMAHOBKA — 3AB0AHHS).
Cra0unizamisi BUXIIHMX XapaKTEPUCTHK TIAPONPHUBOJIB MEXAaTPOHHUX
CUCTEM CaMOXIJIHOI TEXHIKH HUIIXOM MOJENIIOBaHHS MEePEeXiAHUX MPOLECIB,
0 BHHHUKAIOTH Yy TiAPONPUBOAAX MEXaTPOHHHX CHCTEM TMiJ dac
eKCIuTyaTallii caMoXiIHOT TEXHIKHU.

Jlist MosientoBaHHs 3MIHM (DYHKI[IOHAJIbHUX MapaMeTpiB Ta BUXITHUX
XapaKTepUCTUK T1IPONPUBOJIB CAMOXIJHOT TEXHIKM B EKCIUTyaTalliiHUX
yMOBaxX HEOOX1JIHO BUPIIIMTHU HACTYIHI 3aBJAaHHS:

— oOrpyHTyBaTH BHIXIJIHI JIaHi, IO JO3BOJISIOTH MOJEIIOBATH TEPEeXiaHI
nOpolecy, 10 BiAOYBalOTbCS B TIAPONPUBOAAX TMPU EKCIUTyaTarlii
CaMOXIJHOI TEXHIKH;

— pO3pOoOHTH CTPYKTYpHO-(QDYHKIIOHAIBHY CXEMy Ta MaTeMaTUYHHA
amapaT JWHAMIYHOI MOJENi TiAPONPUBOAY 3 YypaxyBaHHSIM YMOB
eKCIuTyaTallii caMOXiIHOT TEXHIKH;

— JIOCIITUTH BIUTMB KOHCTPYKTHBHUX OCOOJIMBOCTEH BUTHUCKYBAJIBHOI Ta
PO3MOJUTFHOT CUCTEM IUJIAHETAPHOI'O TIAPOMOTOpPA HAa TUHAMIKY 3MIHH
GyHKIIIOHAIBHUX ~ TIapaMeTpiB  Ta  BUXITHUX  XapaKTePUCTHK
T1APONPUBOTY TIPH €KCILTyaTallii caMOXiIHOT TEXHIKH.

OcHosna yacmuna. BUKOHaH1 paHillle TEOPETHYHI Ta MapaMeTpUUHI
nociipkeHHs [43-48] moka3yoTh, IO po3pobJieHI MaTeMaTW4HI MO
J03BOJISIIOTh  TPOBECTH  JIOCHIKEHHS  JTWHAMIKM 3MIHM  BHXIJHHX
XapaKTepUCTUK MEXATPOHHOI CHCTEMH 3 IUIAHETAPHUM TiIPOMOTOPOM 3
METOIO0 TPOTHO3YBAaHHS 3MIHM iX BUXIJIHHX XapaKTEPUCTHK. JlOCIiKeHHS
poBOUIIMCS Ha 0a3l po3poOJieHOl yHIBEpCAJIbHOI MOJEI MeXaTPOHHOI
cucremu [40] 3 ypaxyBaHHSIM KOHCTPYKTHBHHUX OCOOJIMBOCTEH pOTOPIB
IUTaHETApHUX T1ApoMOTOpiB [45], ocobiauBocTel ix nepemimeHHs [44], a
TAaKO’)X  KOHCTPYKTUBHUX  OCOOJMBOCTEH  PO3MOAUIBHUX  CHCTEM
IUTAHETAPHOTO TipoMoTopa [46-48].

Jlist MmonientoBaHHs 3MiHM (DYHKITIOHAIbHUX TMapaMeTpiB Ta BUXITHUX
XapaKTepUCTUK TiPONPUBOAY B 3aJE€KHOCTI BiJl 3MIHH T€OMETPUUHUX
napamMeTpiB BUTHUCKYBaJbHUX Ta PO3MOAUIBHUX CHCTEM IUIAaHETAPHUX
TiApOMOTOPIB, TMPHU OMUCI HACOCHOI CTaHIii TiApocucTeMu (Hacoc,
3amo0iKHUI KiIamad, pododa piawHa) OyNnW TPUWHSTI HACTYIHI BUXITHI
JlaHl Ta MOYaTKOBI yMOBH MojeaoBanus [49, 50]:

— nacoc: nogaya Hacoca gopisaioe Q,(t) = 1770 cm®/c; KyToBa WBUIKICTH
BaJly Hacoca JOPIBHIOE m, = 125 ¢’l; mapameTp perymoBaHHs HOPIiBHIOE
e = |; THCK y 3NMMBaJIbHIA MaricTpali JOPiBHIOE p., = O;

— 2idpomomop: pobounii 06'eM TizpomoTopa mopiBHIOE Vo, = 160 cMm>;
MOMEHT OIOpY NOCTiHUN Ta AopiBHIOE M. = 365 H - M; MOMEHT 1HepIii
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o0epToBux Mac aopiBHioe J = 3,6 H-m; o0'emuuit KK/I rigzpomoTopa —

N0 = 0,95; rigpomexaniunuit KK/ rizpomoropa — 7., = 0,9 [8];

— GUMUCKY8AIbHA cucmema: 3a30p (3 ypaxyBaHHAM MOXHUOKU (opMu
npodinto [4]) mix 3ybamu potopiB ckiagae G = 0,055...0,21 MM — st
rigpomoropa Ne 1 ta G = 0,05...0,06 mm — ansa rigpomoTtopa Ne 2;
cyMmapHa noxuOka (opMHU BUTOTOBJIEHHS pOTOpiB rigpomotopa Ne 1
ctanoBuTh E = 0,15MmMm, rigpomotopa Ne 2 — E = 0,01 mm;

— pO3no0inbHa cucmema: TIIOIA MPOXIJHOTO Mepepi3y PO3MOALIBHOL
cucteMu rijpomotopa Ne 1 KoMBaeThCA y Jiana3oHi

— TUTOIIA MPOXiTHOTO Mepepi3y PO3MOAITLHOT CUCTEMH 3 KIHEMaTHYHOIO
cxemoro 6/7 rimpomotropa Ne 1 konuBaeThCs y niama3zoHi A,. =
222..226 wmM? (mpu  JOJATKOBOMY  BMKODUCTaHHI  TPhOX
PO3BaHTAXXyBAIBHUX BIKOH); JIJII PO3MOAIBHOI CHCTEMH TiIpoOMOTOpa
Ne 2 mromra mpoxiHOTO Tepepizy MmocTiiiHa Ta AOPIBHIOE A, . = 226
MM? (IpU JIOIATKOBOMY BHMKOPUCTaHHI JBOX PO3BAaHTAXKyBalbHUX
BiKOH) [46];

— 3ano0idicHull K1anau: XKOPCTKICTh NpykuHU AopiBHIoe C = 200 kr/cwM;
BEJIMYMHA TONEPEAHBOTO0 CTHCKY MpYXHHHU xo = 0,125 cM; HO3UTHBHE
NEePEKPUTTS MUIMHA cKiaaae x; = 0,53 cM;

— poboua piouna: TIOKa3HHWK TomiTponu nopiBHioe K = 12; mapametpu
po60YOT piuHH, 110 3a71eXaTh Bl TUITY Macjia Ta pobo4oi TeMIepaTtypu
rigpaBIiyHOI cUCTeMU ckianaiTe 4 = 12,62 1 B = 1740; BMmicT
HEPO3YMHEHOTO TIOBITPS y POOOYIN pIiauHI Y BIIHOCHUX OJUHHUIISLX
nopiBHIO€E mo = 0,925.

HepiBHoMipHicTh momaui Hacoca Q,(t) Ta 3MiHa HaBaHTa)KEHHS Ha
pobGouomy oprani (BupaxkeHOro MomeHToM omopy M.(t)) moxHa
npeacTaBuTH 3anexHocTsamu [40]:

Q,(t)=Q, -sinw(t)+Q, -sino(t-1),
t
Mc(t):MKp(t)-[l—e Tj+Mm -sine(7).

MonenroBanHs 3MiHM (QyHKIIOHAIBHUX MapameTpiB (tucky p(t),

Butpatn Q.,(t) wepe3 rimpomortop i BuTpatn Q,(t) Wepe3 3amoOikHMIA

KJIallaH) B YMOBax €KCIUTyaTallii Mpu PO3TOHI TiPOMPHUBOIY CaMOXI1THOI
TEXHIKU 31MCHIOBATIOCS 3T1AHO 3 3aJI€KHOCTSIMU:

p(t): f(MKp(t))’

Qm(t)=ﬂ-§HZ—i—Aj—\ﬁi _ai(t)‘](Rngf).\/@’ 2)
0.0t 20

(1)
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1€ [ 1 p — KOePIUIEHT BUTPATH Ta IIUIBHICTh pOOOYOI PIAVHM; Z2, i, Biy A 1
R1, Ro — kiHemaTuyHi, KyTOB1 Ta radapuTHi napametpu [8, 11] pyxomoro Ta
HEPYXOMOTO PO3MOJIUIBHUKIB IIAHETAPHOTO Tigpomotopa; ppi 1 X(t) —
reOMETPUYHI MMapaMeTpu KJlanaHa.

MopentoBaHHsI 3MIHU BUXIAHUX XapaKTEPUCTUK (KPYTHOTO MOMEHTY
M,,(t) Ta vactotm obepranns N(f) Ha Bayy TigPOMOTOpA) MPU PO3TOHI
riIPONpPHUBOY B YMOBAX €KCILTyaTallil caMOX1AHOI TEXHIKHU 311 CHIOBANIOCS
3T1HO 3aJIeKHOCTEN

MKp(t)=2[eiG—2’”j- p(t)-b-(z,+1)-h,

n(t)=f(Q..(1)),

ne e, b, zz i hi — xiHemaTnyHi mapaMeTpu POTOPIB IUIAHETAPHOTO
rizpomoropa [4].

MopentoBaHHsI poOOUYMX MPOIECIB, IO B1IOYBAIOTHCA Y MEXaTPOHHOI
CUCTEMI 3 TiAPaBIiYHUM MPUBOJIOM, BUKOHYBAJIOCS JUISI IBOX TUTAHETAPHUX
TiIPOMOTOPIB 32 JOMOMOTIOK CHUCTEMH JIMHAMIYHOTO MOJICIIOBaHHS
VisSim. Jlns 1poro po3po0JeHO CTPYKTYPHO-(QYHKIIOHAIBHI CXEMHU
JTMHAMIYHOT MOJIENIi MEXaTPOHHOI CUCTEMH 3 TUIAHETAPHHUM TiIpOMOTOPOM
(puc. 1-3) 3 ypaxyBaHHSIM KOHCTPYKTMBHHMX OCOOJMBOCTEH #oOro
BUTUCKYBaJbHOI (puc. 2) [49] ta po3noainsHoi (puc. 3) [50] cuctem. biok
1 mo3Bossie 3a1aTh BUX1HI JIaH1 JJISI MOJICJIFOBaHHS PoOOYMX MPOIIECIB, 110
BiIOYBAalOTBCA Yy  BUTUCKYBaJIBHIM Ta  PO3MOAUIBHIA  cHUCTEMax
IUTAHETAPHOTO T1POMOTOPA, MPALIOIYOr0 y CKIal MEXaTPOHHOI CUCTEMHU
(puc. 1).

CrpykTypHO-QyHKITIOHAIBPHA CXeMa JUHAMIYHOI MOJEII MEXaTPOHHOI
CUCTEMHU 3 TUIAHETAPHUM T1POMOTOPOM 3 ypaxyBaHHSIM KOHCTPYKTHBHHX
0COOJMBOCTEH HOTO BUTHCKYBAJIBHOI CUCTEMU TIpecTaBiIcHa OJiokamMu 2-6

(puc. 2) [49].

©)

: 1770 - »{Cng 095 |~ W[ EPD(ob) |- (180 —»{VpGm - [355 WMo~ Grox 1!
| [125 ] omegaty 0.95 EFD(km) [ 5000 |~ 4w Vidop) — 365 e |
| L p e 09 | KPD(mex) |— 36 i) |
[t » (sl :
: (12— [z 226 - 0025 b |
i p72 255 |— W[ SG0 0.69 m |
e »[E1 222 |- 0.3865 ro |
N 0] |
: (4] 4y !
I [zoo s %: i 15 Tn i Cam :
I [o=3 Xz 1740 E 35 Con 15 Comn |
: 0.125 Xo 12— K 85 Cn 1255 Cem |

0.056 Kdl 01 »{p0 |
l (0025 |—#{m0 |

Puc. 1. Buxiani naHi 1y1st MOJIETIOBaHHS MEPEX1THUX MPOIIECIB, SIKi
BiIOYBAIOTHCSL y MEXaTPOHHOI CUCTEMI 3 TUIAHETAPHUM T1[pOMOTOPOM

3mina wmexaniyHoro KKJI 3 ypaxyBaHHSIM  KOHCTPYKTHBHUX
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0co0NMMBOCTEN BUTHCKYBaJIbHOI CUCTEMH (AlameTpanbHOro 3azopy G Ta
noXUOKH (POPMH BUTOTOBIIEHHS POTOPIB E) IUIAHETAPHUX T1APOMOTOpPIB Ne
1 1 Ne 2 ontucano 6510koM 2 (puc. 2).

3MiHy KpyTHOT'O MOMEHTY B 3aJIe’KHOCTI B1Jl 3MiHM MexaHiuHoro KKJ]
onucano 6y0koM 3 (puc. 2).
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Puc. 2. CtpykrypHO-hyHKIIIOHAIFHA CXeMa JUHAMIYHOI MOJIei
MEXaTPOHHOI CUCTEMH 3 TUIAHETAPHUM T1APOMOTOPOM 3 YpaxyBaHHIM

KOHCTPYKTHUBHUX OCOOJIMBOCTEN BUTHUCKYBAJIBHOT CUCTEMU

3MiHa BUTpaTH poOOYOi PIAMHM, IO IMiIBOJUTHCS 10 T1IAPOMOTOPIB Ta
T€OMETPUYHOI BUTPATU 3 YpaxyBaHHSIM KOHCTPYKTHBHUX OCOOJHMBOCTEM
BUTHCKYBAJIBHOI CUCTEMH TPEACTABICHA OJIOKOM 4.

3MiHa YacTOoTH OOepTaHHS Bally TIAPOMOTOPIB OMUCAHO OJIOKOM 5
(puc. 2).

brok 6 no3Bosisie BUBECTH Ha €KpaH rpadivydi 3aJIeKHOCTI BUXITHUX
XapaKTepUCTUK TUIaHeTapHUX TigpoMoTopiB Ne 1 1 No 2, B moTouHwMiA
MOMEHT 4acy.

CrpykTypHO-QyHKITIOHAIBPHA CXeMa JUHAMIYHOI MOJCII MEXaTPOHHOI
CUCTEMHU 3 TUTAHETAPHUM TiPOMOTOPOM 3 ypaxyBaHHSIM KOHCTPYKTHBHHX
0co0NIMBOCTEN KMOro po3MOAIIBHOI CUCTEMH NpeacTaBieHa Onokamu 7-14
(puc. 3) [50].

brokx 7 mo3Bosisie BU3HAYMTH KyTOBE PO3TAIIyBaHHS BIKOH PYXOMOTO
Ta HEPYXOMOI'0 PO3MOJIUIBHUKIB (puc. 3).

3MiHAa IUIOHII MPOXIJHOTO TEPETUHY PO3MOAUIBHOT CHUCTEMH
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IUIAaHETAPHUX T1IPOMOTOPIB MpeAcTaBiIeHa 0J0koM 8§ (puc.3).
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Puc. 3. CtpykrypHO-(pyHKIIIOHAIbHA cXeMa JUHAMIYHOI MOJIEi
MEXaTPOHHOI CUCTEMH 3 TUTAHETAPHUM T1APOMOTOPOM 3 YpaxyBaHHIM
KOHCTPYKTHUBHUX OCOOJHMBOCTEH PO3MOIILHOI CHCTEMHU

3miHa  0o0'eMHUX BTpaT 3  ypaxyBaHHSIM  KOHCTPYKTHBHHUX
0CcOOJIMBOCTEN PO3MOIIBLHOI CUCTEMHU MpeIcTaBieHa 010koM 9 (puc. 3).

3MiHa THUCKY B MEXaTpPOHHIN CHUCTEMI 3 ypaxyBaHHSM 3MiHH TUIOIII
MPOXiTHOTO TEPETUHY CHUCTEMHU PO3MOJIIITY poOOUOi PiIMHU MPEACTABICHA
omoxom 10 (puc. 3).

3MiHM BUTpaTh poOOYOI PIIUHU 3 YpPaxXyBaHHSIM KOHCTPYKTUBHUX
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0COOJMBOCTEN PO3MOLIBLHOI CUCTEMHU TpeacTaBieHa 6okom 11 (puc. 3).

3MiHa KpyTHOTO MOMEHTY NpejcTaBieHa 0jJ0koM 12, a 3MiHa 4acTOTH
oOepTaHHs Bajy rijpomotopa — 6yokom 13 (puc. 3).

bnok 14 (puc. 3) 103BOJsiE BUBECTU HAa €KpaH IpadivHi 3aJIeKHOCTI
BUXIJHUX XapaKTEPUCTHK IUIAHETAPHOTO TI1APOMOTOPA 3 YypaxXyBaHHSAM
KOHCTPYKTHUBHUX OCOOJIMBOCTEH PO3MOIIIBHOI CHUCTEMH 32 PI3HUX YMOB
eKCILTyaTallli MEXaTPOHHOI CUCTEMHU Ta B OYyIb-IKUH MOMEHT 4acy.

Po3poOnena cTpyKTypHO-(QYHKIIOHAIbHA CXeMa AUHAMIYHOI MOJel
TAPONPUBOY 3 ypaxXyBaHHSAM YMOB €KCIUTyaTallli CaMOXIJHOI TEXHIKH
(puc. 4) n03BOJIIE MOJEIIOBATH MEPEXiJIHI MPOIECH, IO BIJOYBAIOTHCS B
riIpONpHUBOJAX B yMOBAaX EKCIUTyaTallli caMOXIJHOI TEXHIKH, 3aJIeKHO BiJ
KOHCTPYKTHUBHUX OCOOJIMBOCTEN BUTHUCKYBAJIBHOI Ta PO3MOJAUIBHOI CUCTEM
IUTAHETAPHOTO T1IpOMOTOpA.

;L,-. VisSim32 - structural and functional diagram — O b
File Edit Simulate Blocks Analyze View Help
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Puc. 4. CtpykrypHO-hyHKIIIOHAITBHA CXeMa JTUHAMIYHOI MOJIei
TiAPONPUBOY MEXaTPOHHOI CHCTEMH CaMOXITHOT TEXHIKH B yMOBax
eKCILTyaTaltii

MopentoBaHHsT ~ HEpPIBHOMIPHOCTI ~ mojadi Hacoca Ta  3MIHH
HAaBaHTAXEHHS Ha poOOYOMy oOpraHi, omnucaHe 3aaexxHocTsmu (1),
3niicHIOBanocs 0jokom 15 (puc. 4). 3amexxHocTi (2), peanizoBani B 0Jo11i
16, n03BOJNSAIOTH MOJENIOBATH 3MIHY BHUTpaTh poOOYOT pPIAMHU uepe3
TIAPOMOTOP Ta 3amoOODLKHMM KiamaH 3 ypaXyBaHHSIM KOHCTPYKTHBHHUX
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0CcOONMBOCTEN PO3MOJALIBHOT CUCTEMHU TIIPOMOTOpa. 3MiHA KPYTHOIO

MOMEHTY B 3aJI€XKHOCTI BiJl 3a30py MIX 3y0amu pOTOPiB, 110 BU3HAYAETHCS

3anexHocTsIMH (3) peanizyerbes OnokoM 17. brok 18 3aiiicHioe rpadiuny

BI3yaJli3alliio MPOLIECY MOJIEIIOBAaHHS B KOKHUN MOMEHT 4acy.

[IpoBenenumu JoCHiKEHHSIMH BCcTaHOBieHO [49, 50], mo 3miHa

BEJIMYMHHU  J[1IaMETPAJIbHOTO 3a30py MDK pOTOpaMH  IUIAHETApHOTO

TiIPOMOTOPY Maike He BIUIMBA€ HA XapakTep 3MIHU THUCKY Ta BUTPATH

poOoUOi piAMHY, a 3MiIHA IUIONIl MPOXIAHOIO Mepepizy Maike He BIUIMBAE

Ha XapakTep 3MIHM KPYTHOTO MOMEHTY Ta YacTOTH OOepTaHHs Bajy

riipoMoTopa, sk B rigpomotopi Ne 1, Tak 1 B rimpomoropi No 2.

Pesynbratu MOJICITIOBaHHS MpeCTaBJIeHI BIAMOBITHUMU
3aJIEKHOCTSIMU:

— 3MIHM (QYHKUIOHAIBHUX TMapaMeTpiB TiJPONPUBOAY 3 YpaxyBaHHSIM
KOHCTPYKTHUBHUX OCOOJIMBOCTEH PO3MOJLILHOI CUCTEMHU IJIAHETAPHOTO
rigpomoropa (puc. 5);

— 3MiHM BHXIJHUX XapaKTePUCTUK TiAPONPUBOAY 3 ypaxyBaHHSIM
KOHCTPYKTHBHUX 0co0MBOCTEM BUTUCKYBAJIbHO1 CUCTEMU
TJIaHETApPHOTO TiapoMoTopa (puc. 6);

— 3MIHM (YHKIIOHAIBHUX TMapaMeTpiB TiIPONPUBOLY 3 YpaxyBaHHAM
KOHCTPYKTHUBHUX OCOOJMBOCTEH BHUTHUCKYBAJIBHOI Ta PO3MOAUIBHOI
CHUCTEM  IUIAHETApHOTO TIAPOMOTOpPa B  yMOBax  eKCIUTyaTamii
MEXaTHOHHOI cUcTeMH (puc. 7);

— 3MIHM BHXIIHUX XapaKTEPUCTUK TIAPONPHUBOAY B EKCILTyaTaIlIHHHX

yMOBax 3 ypaxyBaHHSIM KOHCTPYKTHUBHUX 0COOJIMBOCTEM
BUTUCKYBaJIbHOI Ta PO3MOJUIBHOI CHCTEM IIJIAHETAPHOTO T1IpOMOTOpa
(puc. 8).

AHaJi3 3MIHM THUCKY B HarHiTaJdbHIA MaricTpajli MeXaTpOHHOI
CHUCTEMH Ta BUTPATH POOOYOi PIAMHM Yepe3 TiIPOMOTOP Ta 3aroO0iKHUN
KJanaH 3 ypaxXyBaHHSM KOHCTPYKTHBHUX OCOOJMBOCTEH pO3MOAUIBHOI
CUCTEMH IIJJAaHETApPHOTO TiIPOMOTOpa TMokKaszye (puc. 5), 1m0 HE3HayHI
KOJMBAHHS IUIONII  MPOXITHOTO TIEPETUHY PO3MOAUIBHOI  CHCTEMH
rizpomoropa Ne 1 (A, = 222...226 MM?) BUKIMKAIOTh 3HAUHI ITyJbCALlii
tucky a0 10%, Butrpatu po6ouoi piguau 10 3% (puc. 5, a). Ilpu npomy,
YCYHEHHsI KOJIMBaHb IUIOIII MPOXiAHOTO MEPETUHY PO3IMOAUIBHOI CHCTEMHU
rizpomoropa Ne 2 (A,. = 226 mm?) mo3Bonse cTabili3yBaTd 3HAYECHHS
TUCKY Ta BUTpPATH poO0YOi pIIMHM HA BCHOMY TIPOTA31 JOCITIIKEHb
npoIiecy po3rony (puc. 5, 0).

AHami3 3MiHM KPYTHOTO MOMEHTY Ta 4YacTOTH OOEpTaHHS Bally
rigpomoropa 3  ypaxyBaHHSM  KOHCTPYKTHBHUX  OCOOJHBOCTEH
BUTHCKYBaJIbHOI CHCTEMHM IIIAHETAPHOI'O TiApoMoOTOopa Iokasye (puc. 6),
o KOJWBaHHA jgiamerpanbHoro 3azopy (G = 0,055..0,21 mm) y
BUTHCKYBaJIbHIN cucTeMI TiipoMoTopa Ne 1 BUKIIMKAIOTh 3HAYHI MyJibcallii
KpYTHOTO MOMEHTY, siki ckianatoth 18...34% (puc. 6, a. Ilpu upomy,
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Ne 2 no3Bonsie yCyHyTH mynbcarii

KPYTHOTO MOMEHTY Ha BCbOMY HPOTS31 JOCHIIKEHHS MPOLIECY PO3rOHY
(puc. 6, 6). BcraHoBieHO, IO BEIWYMHA [1aMETPAIILHOTO 3a30py Y

HC BINUIMBA€ Ha XapakTep 3MIHM YaCTOTH

(v

BUTUCKYBAJIbHIN cUCTEMI

oOepTaHHs Baiy Ak rigpomoropa Ne 1 tak i rizpomoropa Ne 2.
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rigpomoTopa

AHami3 TpeACTaBICHUX 3aICKHOCTEH, IO XapaKTepU3yITh 3MiHU

TUCKY Ta BHUTpPATH poOOYOi piIWHU B MEXaTpoHHIN cuctemi (puc. 7), a

4acTOTH OOepTaHHs Ha Baly

1

TaKOXX 3MIHM KPYTHOTO MOMEHTY

rigpomoropa (puc. 8) MOKa3ye,

0 JOCIIPKYBAaHUM MOMEHT PO3TOHY
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riApONpHUBOAY B YMOBax eKCIUTyaTalli CaMOXiJHOI TEXHIKM MOXXHa
PO3AUIMTH HA TPU €Talu: CTpAryBaHHA Bajly TpOMOTOpa, 0€3mocepeHbO
PO3TiH 1 pyX, [0 BCTAHOBUBCH.

TpuBaicTh mepuIOro eTamy cTparyBaHHs Bally T1JIpOMOTOpa JJIsi 000X
rigpomotopiB nopiBHIoe 0...0.02 (puc. 7 — xpusi 1). [lepion npyroro eramy
— 0e3nocepeaHporo po3rony craHoButh 0.02...0.85 ¢ — mus rigpoMmoTopa
Nel Tta 0.02...0.75 ¢ — nns rigpomotopa No2. BianoBijHO, TpeTiii eTam —
ctasmii pyx ans rigpomotopa Nel mnoumnaerbess 3 0.85 ¢, a i
rigpomoropa Ne2 -3 0.75 ¢, mjo Ha 12% meHie.

AHasi3 3aJeXHOCTI 3MIHM THUCKY B TIAPOCHCTEMI IMOKa3ye, IO Ha
MepIIOMY eTalli CIOCTepiraeThesi BeMUKHi CTpuOOK THCKy 90 MIla nns
rigpomoropa Nel (puc. 7, a — kpuBa 1) ta 85 MIla — s rigpomoropa Ne2
(puc. 7, 6 — xpuBa 1). HeoOxiAHO BiA3HAYMTH, 110 CTPUOKH TUCKY OLIbII
HIK y 5 pa3iB NepeBUIIYIOTh CBOE HOMiHaJIbHE 3HAUYCHHSI.

Ha ppyromy erami THCK y TiApOCHCTEMI PI3KO 3HUXKYETHCS Ta
cTabinizyerbesa Ha 3HavyeHH1 Bia 29 Mlla no 27 Mlla, nepeBuiyroun B 1.8
pa3u CBO€ HOMiHaJIbHE 3Ha4YeHHS. [IpuyoMy Tuck y rimpomoropi Nel mae
HE3HA4H1 myJbcarlii 3 ammuntyaor 3...4Mlla, BUKIMKaHI KOJMBAaHHIMU
TUTOIII MPOXITHOTO Tepepi3y WOTo po3MOAUTFHOI CUCTEMH Ta MyJIbCAllisiMU
nojadi Hacoca (puc. 7, a — kpuBa 1). Y rigpomotopi Ne2 mymbcallii THCKY
PaKTUYHO BiJIcyTHI (puc. 7, 6 — kpuna 1).

AHaJi3 3aJIe)KHOCTI 3MIHM THCKY Ha TPETHOMY €Talll IMoKa3ye, 0 THCK
y TIIPOCHUCTEMI 3HIKYETHCS, AOCATAIOUM CBOTO HOMIHAJIBHOTO 3HAYEHHS.
Onnak, Ha JAUISHIN, [0 PO3MVISAAETHCSA, CIOCTEPIralOThCA 3HAYHI
KOJIMBaHHS THUCKY, BUKJIMKAHI MyJbCalll€l0 MOJaydl Hacoca 1 KOJIMBAHHSIMU
MOMEHTY oropy 3 amrutiTyaoro 15 Mlla — ans rinpomoropa Nel tal0 MIla
— st rigpomoTopa Ne2, o Ha 34% MeHiie, yuM 11 TigpomoTopa Ne 1.

AHaJi3 3aJIeKHOCTI 3MIHM BUTPATH poO0YOT PiUHN Yepes3 TiIpoOMOTOP
3 ypaxyBaHHSIM KOHCTPYKTHBHHUX OCOOJMBOCTEH WOT0 pO3MOAUTHHOI
CHUCTEMH TIOKa3ye, 1110 Ha MepIIoMYy 1 IPyroMy eTarax BUTpaTa piBHOMIPHO
3pocTae ans 000X rigpoMoTopiB (puc. 7 — kpusi 2). Ciig 3a3Ha4YUTH, IO
st rigpomoTopa Nel, y maHuii mepioJi COCTEPIraroThCsl 3HAYHI MyJIbcallii
BUTpAaTH, BHUKJIMKaHI HEIOCKOHATICTIO KOHCTPYKII HOTO pO3MOALTHHOI
CUCTEMHU Ta TYJbCAII€I0 TMOJa4l HAacocCa, aMIUIITyIU SKUX CTaHOBIATH
20...30 n/xB (puc. 7, a — xpuBa 2). Jlns rinpomoropa Ne2 Ha mepriomy Ta
JIpyroMy eTamax MyJbcallisi BUTpaTu BiacyTHs (puc. 7, 6 — kpusa 2). s
000X TIIPOMOTOpPIB TPETI eTam XapakTepHU3ye€TbCI HE3HAYHUMU
MyJIbCalliIMU BUTpATH A0 3 JI/XB s Tigpomoropa Nel Ta g0 2 JI/XB — s
rigpomotopa No2, CHpUYMHEHUMH ITyJIHCAIIIEI0 TI0/1a4l HACOCA.

AHani3 3aJeXHOCTI 3MiHA BUTPATH Yepe3 3armo0iKHUi KiamnaH (puc. 7
— KpuBi 3) moKasye, mo a1 000X TiAPOMOTOPIB Ha MEPIIOMY €Tarri
BUTpaTa Ma€ CBOE MaKCHMayibHe 3HaueHHs 98 n/xB [40], Tak sK KiamaH
MOBHICTIO BIAKPUTHUH.
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1.2
; 2 — BUTpaTa 4epe3 TiApoMOoTOoD;

Yac, ¢
3 — BUTpaTH yepe3 3amo01KHUHN KanaH

(v

02 04 06 08 10
— THCK Yy TIpaBIIuHINA CUCTEMI

0

1
Hpyruit eram 000X TiAPOMOTOPIB XapaKTEPU3YETHCS PIBHOMIPHHUM

Puc. 7. 3Miau QyHKITIOHATEHUX TTApaMETPIB T1APOIPUBOAY B YMOBAX
eKCILTyaTallii mi yac po3roHy: a — rizpomorop Ne 1; 6 — rimpomorop Ne 2;
3HIDKEHHSIM BUTPATH JI0 HYJIS, 1[0 O3HA4Ya€ TIOBHE 3aKpUTTs KiamaHa. Llei
MepioJl XapaKTePU3YEThCS 3HAUYHUMH ITyJIbCAIlISIMUA BUTPATH, BUKITUKAHAMHU
myJnbcallielo Tmoaavi Hacoca — g TiapomoTtopa Nel amrunTyna SKuX

ctaHoBUTh 10 30 1/xB, a rigpomoTopa Ne2 — no 10 n/xB, mo y 3 pasy
MeHie, uuM s rigpomotopa Ne 1. Ha Tpetbomy etami BUTpaTa yepes
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Puc. 8. 3MiHa BUXITHUX XapaKTEPUCTHUK T1APONPHUBOIY B yMOBAX
eKCILTyaTallii mi yac po3roHy: a — rizpomorop Ne 1; 6 — rimpomorop Ne 2;

Yac, ¢

; 2 — 4acTOTH OOEPTaHHS BaITy

— KPYTHUN MOMEHT Ha BaJly TiApoMOTOpa

1

rigpomMoTopa

AHani3 pe3ysabTaTiB JOCTIHKEHb 3MIHU KPYTHOTO MOMEHTY 3aJIe)KHO

BiJl 3a30py MDXK 3y0aMu POTOpPIB TUIAHETAPHOTO T1APOMOTOpPA MOKA3YE, IO
st 000X TIAPOMOTOPIB HA TEPIIOMY €Tali CIIOCTEPIra€ThCs TOCUTH

60k 10 2100 H-m — mns rigpomoropa Nel 1 1900 H-m — most

BEJIMKUMN CTPU

[

, MO0 TaKuu

rigpomoropa No2 (puc. 8 — kpuBi 1). HeoOxinHO BiA3HAYUTHU

CTpUOOK OUTBII HIXK Yy 5 pa3iB NepeBUIYE HOMIHAIbHE 3HAYEHHSI KPYTHOTO
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MOMEHTY.

Ha npyromy erami ansi 000X T1IpOMOTOPIB CHOCTEPITA€ThCS PI3Ke
3HM>KEHHS 3HAYEHHs KpyTHOro MOMeHTy 110 640...620 H-mM, nepeBuntyroun
B 1.8 pa3y cBoe HOMiHa/IbHE 3HA4YeHHs. Ha miil AUIAHLI KPYTHUH MOMEHT
rigpomoropa Nel mae 3HauHi myibcarii 3 ammutityaoo 140...150 H-m,
BUKJIMKAH1 HABHICTIO HAJMIPHOTO 3a30py MiX 3y0amu poTopiB (puc. 8, a —
kpuBa 1). KonuBaHHsS KpyTHOrO MOMEHTY Ha Bally rigpomoropa Ne2 Ha
JaH1A TUISHIN TPaKTUYHO BiACYTHI (puc. 8, 6 — kpuna 1).

Tperiii eranm xXapakTEepPU3yEThCS 3HAYHUMH KOJWBAHHIMHU KPYTHOTO
MOMEHTY, BUKJTUKAHUMU KOJIMBAHHAMH MOMEHTY OMOpYy 3 amrutity 0t 300
H-m — nns rigpomotopa Nel 1 250 H-m — ans rigpomoTopa Ne2, o Ha 17%
MEHIIIe, YuM IS riipomMoTopa Ne 1.

AHani3 3MiH 4acTOTU OOepTaHHs Baja T1IpPOMOTOpPA 3 YpaxyBaHHIM
KOHCTPYKTHBHUX OCOOJUBOCTEH HOT0 PO3MOAUILHOT CHCTEMH IMOKa3ye, 10
U1t 000X T1APOMOTOPIB HA MEPIIOMY Ta JPYTrOMY €Tarax 3HAYCHHS 4acTOT
oOepTaHHS  3pOCTalOTh, IO 3YMOBJICHE IOCTYIIOBUM  3aKPUTTSIM
3armo01KHOTOo Ki1anaHa (puc. 8 — KpuBi 2).

Ha Tperbomy eTani 3HaYCHHS YaCTOTH OOCPTaHHS JOCSATHYBIITH CBOTO
HoMiHanbHOTrO 3HadeHHs 600 xB [40] cTabinizyersca. OnHAK, IPH LLOMY
NPUCYTHI HEe3HAYHI MyJIbcallii, CIPUYMHEH1 MyJIbCAIli€0 MoJ1aul Hacoca Ta
CUHYyCOIaNbHI 30ypeHHs, CIIPUYNHEH] KOJIMBAHHSIMH MOMEHTY OIOPiB.

BukonaHi [OCHiPKEHHST TOKa3ajid, IO BIUIUB KOHCTPYKTHUBHUX
0COOJNMBOCTEH BUTUCKYBAJIbHOI Ta PO3MOIIIBHOI CHUCTEM IUIAHETAPHUX
TiPOMOTOPIB ICTOTHO BIUIMBAIOTh HA 3MIHY JWHAMIYHHX XapaKTEPHUCTHK
TiAPONPUBOIIB CAMOX1THOT TeXHIKH, 3a0e3meuyoun iX cradinizaiiro. Taki
3MiHM OOYMOBJIEHI 3MEHIIEHHSM 3a30py MK 3yOIsIMH pOTOpIB Ta
YCYHEHHSIM KOJIMBaHb ILIOIII MPOXiTHOTO Mepepidy po3mOALIBPHOI CUCTEMU
rigpomoropa Ne 2.

Bucnosexu. B pe3ynbrarTi mpoBEeNEHUX JOCIHIKEHb OOIPYHTOBAHO
BUXI1JHI JIaH1 Ta TOYaTKOBI YMOBH, IIIO JIO3BOJISIOTH MOJICIIIOBATH MEPEXiTHI
MpollecH, M0 BiAOYBAIOThCS Y TIAPONPUBOAAX TMPU  EKCIUTyaTaii
CaMOXiJTHOT TEXHIKH.

Po3pobneHo cTpykTypHO-(DYHKITIOHAIBHI CXEMH Ta MaTeMaTUYHUN
amapar, 0 J03BOJISIOTH JOCHIIMTH 3MIHM JHHAMIYHUX XapaKTePHUCTHUK
TAPONPUBOY CAMOXITHOT TEXHIKM 3 YpaxyBaHHSAM YMOB 1i eKCIuTyaTarlii, a
TaKOX KOHCTPYKTHMBHUX OCOOJMBOCTEH BUTHUCKYBAJIBHOI Ta PO3MOILIBHOI
CUCTEM TUTAHETAPHOTO T1[POMOTODA.

BusnaueHo 3miHM  CTa0iMBHOCTI  JUHAMIYHHUX  XapaKTEPUCTHUK
TiAPONPUBOIB CAMOXIJIHOI TEXHIKHM TIiJT BINIMBOM KOHCTPYKTHBHHX
0COONIMBOCTEY BUTHUCKYBAJIBHOI Ta PO3MOIIBLHOI CHUCTEM TUIAHETAPHUX
rigpomotopiB. BecranoBieno, mo 9ac po3rony riapomoropa Ne 2 Ha 12%
MEHIIIe, HIX Yy riipomoTopa Ne 1, mpu 1boMy MpU CTAJIOMY PYyCl KOJMBAaHHS
TUCKY 1 KPYTHOro MOMEHTY rigpomotropa Ne 2 menmie Ha 34% 1 17%,
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BIJIMOBIJTHO Y MOPIBHSHHI 3 BUX1IHUMH XapaKTePUCTUKAMHU T1iapoMoTopa Ne
1. Taki 3MiHM OOYMOBJIEHI 3MEHILIEHHSM 3a30py MDX 3y0aMu pOTOpIB
BUTUCKYBAJIbHOI CHUCTEMH Ta YCYHEHHSM KOJMBaHb IUIOUII MHPOXIAHOIrO
nepepizy po3noAiIbHOI cucTeMU TigpomoTopa Ne 2.
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INFLUENCE OF DESIGN FEATURES OF PLANETARY HYDROMOTORS
ON CHANGING DYNAMIC CHARACTERISTICS OF HYDRAULIC DRIVES
OF MECHATRONIC SYSTEMS OF SELF-PROPELLED VEHICLES

Summary

The work of mechatronic systems with a hydraulic drive of active working bodies
of self-propelled machines is accompanied by oscillatory processes associated with the
technical imperfection of the actuators of the hydraulic drive, which causes significant
fluctuations in pressure and flow of the working fluid. One of the main elements that
cause uneven changes in the output characteristics of hydraulic drives are hydraulic
motors. The uneven output characteristics of planetary hydraulic motors are due to the
manufacturing error of the toothed surface of their rotors and the pulsation of the
working fluid flow in distribution systems. In this regard, the issues of studying the
influence of the design features of planetary hydraulic motors on the change in the
dynamic characteristics of hydraulic drives in order to stabilize them are an urgent
problem. As a result of the research, the initial data and initial conditions are
substantiated, which make it possible to simulate transient processes in hydraulic drives
during the operation of self-propelled equipment. A structural-functional diagram of a
dynamic model of a hydraulic drive has been developed, taking into account the
operating conditions of self-propelled equipment, which makes it possible to simulate
transient processes occurring in hydraulic drives of mechatronic systems under the
operating conditions of self-propelled equipment, depending on the design features of
the displacement and distribution systems of a planetary hydraulic motor. Changes in
the stability of the dynamic characteristics of hydraulic drives are determined under the
influence of the design features of the displacement and distribution system of planetary
hydraulic motors under the conditions of operation of self-propelled vehicles. It has
been established that the acceleration time of hydraulic motor No. 2 is 12% less than
that of hydraulic motor No. 1, while at steady motion, pressure and torque fluctuations
of hydraulic motor No. 2 are less by 34% and 17%, respectively, compared with the
initial characteristics of hydraulic motor No. 1. Such changes are due to a decrease in
the gap between the teeth of the displacement system rotors and the elimination of
fluctuations in the flow area of the hydraulic motor distribution system No. 2.

Keywords: transient processes, dynamic model, structural-functional diagram,
functional parameters, output characteristics.
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PO3POBKA EKCIIEPUMEHTAJIBHOI'O 3PA3KA
YJIbCAIIMHOTIO TOMOTEHI3BATOPA MOJIOKA

Anomayia. OnHIEIO 3 aKTyalbHUX 3a7ad XapyoBOi IPOMUCIOBOCTI € po3poOka
BHCOKOE(EKTUBHUX TOMOTEHI3aTOPIB-TUCIEPraTopiB PIAKUX €MYJIbCIH 31 3HHKEHUMU
eHeproputpatamMu. OJHMM 3 TEPCHEKTUBHUX HANpsAMIB BUPIMIEHHS M€l 3a7adi €
JOCITIDKEHHS, PO3pO0Ka Ta BIPOBAPKEHHS MyJIbCaIlifHOrO ToMoreHizaropa. [IpuHIMn
Ji1 Takoi MalIuHKU — JTUCTIEPTYBaHHS KUPOBOI (ha3u MpH IHTCHCHBHOMY KOJHBAIBHOMY
pyci MOpITHS 3a paXyHOK CTBOPSHHS BUCOKUX MPHCKOPEHBb eMYJIbCil, IKi BHHHKAIOTh B
OTBOpax  TOpIIHSA. BaxkimBuM  eramoM  [BOTO  3aBIaHHS €  pO3poOKa
€KCIIEPUMEHTAJILHOT'O 3pa3Ka JOCIIAHOTO TOMOreHizaropa. ToMy MeTa JaHOi CTaTTi —
CTBOPEHHS €KCIIEPUMEHTAILHOIO 3pa3Ka MyJIbCallifHOro roMoreHi3aTopa, IpuIaTHOro
JUIs  TIPOBEACHHS  EKCIIEPUMEHTAIbHUX  JIOCHI[UKeHb  MpOLecy  IMyJbcaliiHol
roMoreHizaiii Mojoka. B cTaTTi HaBemeHI BHUMOTH J0 pPO3pOOJEHOT yCTaHOBKH,
XapaKTEPUCTHKH, HEOOXiAHI pO3paxyHKH OCHOBHHX BY3JIIB MAaIlWHU (TEXHOJOT14HI,
KOHCTPYKTHBHI Ta Tiapasiiudi). HaBeaero ¢hoTo po3po06iieHOT yCTAaHOBKH Ta ONMUCAHUIN
npuHIUI ii Aii. Po3poOneHuit excriepuMeHTaIbHUN 3pa30K HEOOXIMHUM JOCIiTHUKAM
MPOIIECiB TOMOTeH13aIlil Ta AUCTIEPTyBaHHS eMYJIbCIH B Xap4oBiid, mepepoOHii, XiMIUHIN
rajy3sx MPOMHCIOBOCTI a TaKOX CUIBCBKOMY TOCIOAAPCTBI MPU MPOEKTYBaHHI Ta
OyIIBHUIITBI MaIlIMH BiJIMTOBITHUX TaTy3eH.

Knrouosi crosa. romorenizailis, JUCIEPryBaHHS MOJIOKA, €MYJIbCisl, TUCIEPCHICTD,
eKCIIepUMEHTAaJIbHUHN 3pa30K, MMyJIbCcalliiiHUN TOMOTeH13aTop.

Ilocmanoska npoonemu. ['omoreni3zaris € HIUPOKO
BUKOPHUCTOBYBAaHOIO TEXHOJIOTIYHOIO ONEPAIi€l0 B PI3HUX Taly3sx
MIPOMHUCIIOBOCTI, TAKUX SIK CUIBCHKE TOCIOJAPCTBO, XiMIYHA TPOMHCIIOBICTH
Ta BUPOOHHUIITBO XapuyOBUX MPOAYKTIB. B OCHOBHOMY BHUKOPHUCTOBYETHCS
JUIS OTPUMaHHS JPIOHOMHMCTIIEPCHUX €MYJIbCii. 3aBasKH TOMOTCHi3arlii
3amobirae pos3mIapyBaHHIO JUCHEPCHUX (pakiiii (Kup-Boja) Tij dac
30epiraHHs TaKUX XapuyOBUX MPOAYKTIB, SIK BEPIIKH, MUTHE MOJIOKO, SIEYHI
MeJaHXi Ta Ccywmimn Ha iX OCHOBI. TakoX WOro BHUKOPHUCTOBYIOTH Y
BUPOOHHUIITBI KOMOIHOBAHOTO 3TYIIIEHOTO MOJIOKA, CyMIIIel JIJIT MOPO3HBa,
MaloHe3y, MaprapuHy, KeTdymy 1 HaBiTh KopMmy s temsar. [1, 2].
[TokazaHo, 110 MpoIec TOMOTEHI3aIil YACTHHOK KUPY 10 MIKPOCKOTIYHHUX
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PO3MIpIB MiJIBUIIY€E Xap4yOBY I[IHHICTh 1 MOKpAIIy€ CEHCOPHI Ta CMaKOBi
BJIACTUBOCTI MOJIOKA, & TAKOXK 3MEHIIIYE BTPATH MOJIOYHOTO KUY, [IIHHOTO
KOMITIOHEHTa MoJioka [3]. IIpoTe oOnaaHaHH, sSIKe 3apa3 BUKOPUCTOBYETHCS
JUIsL TOMOTEHI3aIlli, Ma€ KUIbKa CYTTEBUX HEJOJIKIB 1 HE BIANOBIIAE
Cy4YacHUM CTaHJapTaM SKOCTI Ta eHeproedekTuBHOCTI. Hampukian,
HalOUIbII MOLIMPEH] KJamaHHI TOMOTEHI3aTOpU CIOXHBaKTh 10 §-9
kBt-ron/t [4, 5]. 3a po3paxyHKamu, 3a YMOBHM 3HIKEHHS MUTOMOI
eHeproemHocti a0 1,5-2 kBrron/t, npu oOcsarax BUpOOHUIITBA MOJIOYHOL
npoAykuii B VYKpaiHi — Ha PIBHI MHUHYJOTO pOKY, JIHIIE EKOHOMI
CJICKTPOEHEPTii CTAHOBUTUME HE MEHIIE 24 MUJIbHOHA TPUBEHb.

CTBOpEHHsI HOBUX TOMOTEHI3aTOpiB, a TAKOX CTBOPEHHS TEOpiH, 10
ONKCYIOTh PYHHYBaHHS >KHUPOBHX KYJIbOK IIiJT Yac TrOMOreHi3arii, €
CKJIaJIHUM TIPOIIECOM, SIKU BHUMAara€ CTBOPEHHS EKCIIEPUMEHTAIBHOTO
nporotuny. B nmanmii vac icHye pgediuuT iHpopMmauii MIOJ0 eTariB
PO3pOOKH AOCHITHUIBKUX YCTaHOBOK ToMoreHizaropiB. Xoya Qororpadii
Ta CXEMHM IMX YCTaHOBOK, SIKIi BUKOPHUCTOBYBAJIHMCS B CKCIIEPUMEHTAX,
MOKHA 3HAWTH B JiTepaTypl [6-8], aBTOpH 3a3HaUEHUX POOIT HE HAMAIOTH
JETaTbHOTO OIKCY TMOKPOKOBHX IMPOIEAYp, ITMOB’SI3aHUX 31 CTBOPEHHSIM
TaKUX CKCIIEPUMEHTAIBbHUX YCTAaHOBOK.

Ananiz ocmaunnix oocnioxcens. OgHUM 13 HAHUOUIBII MEPCIIEKTUBHUX
METOJIIB pPYyHHYBaHHS (IUCIIEPTYBaHHA) Kpamelb >KUPY B MOJOLI €
IHTEHCUBHUW  BIUIUB IMIIYJbCIB Ha TIiAPOJWHAMIYHE CEpEeOBHUIIE
(emyinbciro). TlpuknagoM KOHCTPYKINii, sKa peaidye TakKui Iporec, €
IMITyJIbCHUIM TOMOTeHi3aTop. B HbOMY eMyJsbCisi YTBOPIOETHCS 3aBISIKU
3BOPOTHO-TIOCTYMAJIbHOMY pyXy mopiiHs [9, 10]. 3a3Buuaii mopiiHi MaroTh
dbopmy miactTuH abo0 JUCKIB 3 OTBOpAaMHM, 3aKPIIUICHHMX Ha BEPTUKAIBLHUX
IITOKAX JJis 3[1HCHEHHS 3BOPOTHO-TOCTYMAJIBLHOTO pyXy. Pyx ymaphHoro
HOPILIHS BHU3 a00 Bropy BUKJIUKAE pyX JUCHEPCHOT (a3 31 LIBUAKICTIO Vp,
a MOJIOYKa Iuia3Ma (JucnepciiiHe CEepeOBHINE) MPU IBOMY PYXa€TbCs
HABKOJIO J>KMPOBOT YAaCTKA B MPOTHIICKHOMY HANPSIMKY IMiJl €0 CHIH
inepuii Fi. (puc. 1) [11, 12].

Mogens noIpiIOHEHHS YaCTUHOK KUPY T1ApaBIIgYHOIO
TypOyJ€HTHICTIO 3aCHOBaHa Ha TMPUMYIICHHI, W0 JUCHEpCiiiHe
CEPENIOBHUIIE 3aXOIUTIOE PYXOMI YAaCTUHKH KUPY 1 3 ypaxyBaHHSIM IIbOTO
dbopMy€eThbCsl BITHOCHHM PyX cepeloBUINA 1 YacTHHOK. I[limKpecmroeThes
BAXKJIMBA pOJIb MPUCKOPEHHS YacTHHOK »xupy [13, 14]. OcHoBHUMU
XapaKTepUCTUKAMHU, K1 BIIIrpalOTh HAMBAXIIHMBINTY POJIb IPH BHOOPI TUITY
rOMOT€HI3aTopa, €: TMPOAYKTHBHICTb, CTYIIHb JUCHEPCHOCTI  Ta
CHEeproCloKMBaHHA  mpoiuecy. ToMy  peKOMEHJOBaHO 3a  LUMU
MOKa3HUKAMU TTPOBECTH MOPIBHSIBHY XapaKTEPUCTUKY JOCTITHOTO 3pa3Ka
MyJIbCAIIHOTO TOMOTEHI3aTOpa 3 HAWOUIBII MEPCIEKTUBHUMU TUIIAMHU
roMmoreHizaropis (tabu. 1.1) [15-17].

Proceedings TSATU. 2023.23.1



[Ipani TAATY Bunyck 23. Tom 1

29

I V nopuust I V nopuHs

N |: \ ,
Kuposa ' Kuposa Onn
KyJbKa = KyJIbKa——

Onn
Fi
a 0

Puc. 1. Cxema BUHMKHEHHS CUJI 1HEPIIiT IPHU IMITYJIbCHIM roMOreHi3alii npu
pyci NOpIIHS-yAapHUKA: a — BHU3; O — BBEPX.

Tabnuys 1
[lopiBHsUTPHA XapaKTEPUCTUKA PI3HUX TUIIIB TOMOTEHI3aTOPIB
MinimanbHUN
. JllaMeTp YacTOK [Tutomi
. IIpoayKTUBHICTS, :
Tun romorenizatopa micist CHEProOBHUTPATH,
T/TONT N
romoreHizarii, kBt-ron/T
MKM
Kiranmannuit A1-OI2M- 25 0,75 72
2,5
Kiamannaui,
Rannie R37 45.81 47 0.75 6.5
Cormtosuii, OI'B 1 1,0 4.4
YHLTpaaByKOBI/Igv ) 0.3 0.8 133
(MarHiTOCTPUKITIAHUIN )
HynbcaqlnHHH 25 0.8 11
rOMOT€Hi3aTop
[lopiBHsTBHA XapaKTEepUCTUKA HANOIBII MEePCIEKTUBHUX

TOMOTEHI3aTOpiB  TOKa3ye, M0 JOCHITHUNA 3pa30K MYyJbCAIIHOTO
rOMOT€HI3aTopa MOJIOKa 3a0e3mnedye CTYIiHb JUCIEPCHOCTI MOJOYHOTO
KUPY Ha PIBHI KpalluX TOMOTEHI3aTOpiB 1 Ha CTaHIAPTHOMY piBHI, a
MMUTOMI BUTPATH €Heprii Hk4i B 6-8 pasis [18].

DopmynrosanHs memu cmammi (nocmaroexka 3asdants). Merta naHoi
CTaTTi — PO3POOWTH EKCHEPUMEHTAIBHHA 3pa30K  MyJbCaIliifHOTO
TOMOT€HI3aTopa, KU HEOOXITHUN I TMPOBEJACHHS €KCIIEPUMEHTAIBHIX
JOCITIDKEHB TIPOIIeCY MyJIbCaIliifHOT TOMOTreHi3alii Moyioka. Taka MeToauKa
HEOoOXiTHA  HAYKOBIIM  Ta  JOCHIJHUKAM  JJIS  TPOTHO3YBaHHS
MEPCIEeKTUBHOCTI  Ta  JOLUIBHOCTI  BIPOBAKEHHS  MYJbCALIHOTO
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rOMOI€HI3aTOpa 3aMiCTh ICHYIOYMX KJAIIAHHUX TOMOTIEHI3aTopiB 3
MUTOMUMH €HEProBUTpaTamu Bif 7 KBT'TOJ/T TOTOBOI MPOAYKIIii.

JImst MOCATHEHHSI ITOCTABICHOT METH HEOOX1IHO:

—  BU3HAYUTH BUMOTH JI0 pO3pOOJICHOT YCTaHOBKH;

— TMPUBECTH HEOOXIJHI PO3paXyHKH OCHOBHHUX BY3JIB MAalIUHU
(TeXHOJIOT14HI, KOHCTPYKTUBHI Ta TiApaBIliyuH1);

— pO3pOOUTH YCTAaHOBKY Ta OIMUCATH KOHCTPYKIIIO Ta MPUHUMM Mii
€KCIIEPUMEHTAIBHOTO 3pa3Ka MyJIbCalliiHOIO TOMOI€H13aTopA. .

OcHnosna uyacmuna. llpu po3poOIll EKCIEPUMEHTAIBHOTO 3pa3ka
CTPYMUHHOTO TOMOTE€HI3aTOpa BHUKOPUCTOBYIOTHCS MOKYIHI (CTaHIApTHI)
BUPOOU Ta 3HOB PO3POOIIIOBAIBHI (paMa, EMHICTh JIJIsl MOJIOKA Ta BEPUIKIB,
rOMOT€HI30BaHMWA By30J, oOmopa MiJ MaHOMeTp Ta Hacoc). Jns
BUTOTOBJICHHS 3HOB PO3pOOJIIOBAIBHUX BHUPOOIB BHKOPHUCTOBYIOTHCS
yHIBepcajibHe METaIo00poOHe obsagHaHHs Ta BepcTaTH. HeoOxigHICTh y
BUKOPHUCTaHHI HECTAaHAAPTHOTO 00JIaJHAHHS Ta OCHAIIECHHS BiJICYTHS.

Jns  3a0e3meyeHHs ~ 3py4yHOCTI  30WMpaHHS,  HaJIaroKeHHS,
peryJItoBaHHs Ta OOCIYrOBYBaHHS YCTAHOBKH, OLIBIIICTh YaCTHH BUKOHAHI
BIIKpUTUMU. Takuii TUIT KOHCTPYKITii 3a0e31edye JISTKHI TOCTYII JIO BY3J1iB
BUPOOY, HOT0 peryIroBaHHS i HaJIaroKyBaHHS.

Koncrpykiris €KCIIEPUMEHTAIBHOTO 3paska CTPYMHUHHOTO
rOMOT€HI3aTopa JOCHTh JIETKO 30MpaeTbcd 1 €  TEXHOJIOTIYHOIO.
OOO0B’3KOBOI0 YMOBOIO TIEpE]l BHUKOPHUCTAHHSIM YCTAHOBKH € TEpeBIpKa
IIUTBHOCTI  3’€IHaHHSA TPyOONpPOBOJIB 3a JOTMOMOIOK BOAW IpHU
HOMIHAJILHOMY peXuMi poOoTu Hacocy. [liATikaHHS HEe TPUITYCTHUMI, TOMY,
SIKIO BHSIBISIETHCS (PAKT HEBIAMOBIIHOCTI, TO CJIiJI IEPEBIPUTH CIIPABHICTh
TpyOONpoBOIiB, (DITHHTIB 1 apMaTypH Ta MOMEHT 3aTSITyYBaHHS XOMYTIB.

[Ipy BUrOTOBIEHHI EKCIEPUMEHTAIBHOTO 3pa3Kka CTPYMHUHHOTO
TrOMOT'€HI3aTopa MOJIOKA JI0 MaTepiajliB Ta MOKYIMHUX JIETaJICH BUCYBaJIUCS
HAaCTyIHI TexHiyHi Bumoru [19]:

— JeTalli Ta BY3JIM YCTAaHOBKH, IO KOHTAKTYIOTh 3 MOJIOKOM Ta
MOJIOYHUMH TPOIYKTaMU (€MHICTH IIJII MOJIOKA, €MHICTh IS BEPIIKIB,
TOMOTE€HI30BaHWN BY30JI) BHUTOTOBISIOTHCS 3 BHUCOKOSKICHOI Xap4oOBO1
KoposiitHocTiikoi ctami (Hampukiaaag X18HIT, X18 HI10T Tomro);

— JeTani Ta KpIMUICHHS, 10 HE KOHTAKTYIOTh 3 MPOIYyKTOM (pama,
OTOpH,  EJIEMEHTH  KpIIUICHHS)  BUTOTOBISIOTBCS 3 BYTJIEIEBOI
KOHCTPYKIiHOT crtani 3arampHoro mpum3HadeHHs (Cr.3, Cr.5, crams 20,
ctaib 30 To1110);

— HAcOC, SKUHA BUKOPHCTOBYETHCS B EKCIEPUMEHTAIBHOMY 3pa3Ky
CTPYMHUHHOTO TOMOTEHI3aTOpa TPU3HAYCHHWH Ui  TepeKavyyBaHHS
MOJIOYHUX MPOIYKTIB, 3 MPOTOYHOI YACTHHOK 13 Xap4yoBOi OpOH3H 1
703BOJISIE 320€3MedyBaTh HEOOXITHUM TUCK PiJTUHU;

— €JICKTPOJBUTYH B YCTAHOBIII BHKOPUCTOBYETHCS OJHO- a0o0
Tpu(da3HU ACUHXPOHHUM, 3aTraIbHOTO TPU3HAUYCHHS;
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— THYYKUid TpyOompoBiJ BukoHyeTbecs 3 IIBX, mpusHaueHoro mss
XapyoOBUX MPOAYKTIB;

— TpyOOINpPOBOAM Ta TiApaBiiuHe 00JaHAHHS BUCOKOTO TUCKY (pYKasB,
BEHTWJIb, 3allipHa apMaTrypa) BUTOTOBIAIOTHCS 3 JIETOBaHOI KOPO31HHOI
Xap4yoBOi CTaJll, JaTyHl a00 Miji.

Buxigaumu naHUMH 71 pO3paxyHKY EKCIEpHUMEHTAIBHOTO 3pa3ka
MyJIbCALITHOTO TOMOT'€HI3aTOpa € HEOOXITHUN CepeHIN 11aMeTp KUPOBHUX
KyJbOK MOJiOKa Ok, IO pEriaMeHTYEThCS TEXHIYHUM 3aBaaHHAM (0.<l
MKM) 1 IPOYKTHUBHICTB TOMoreHi3zaTopa Q. [20, 21].

HaliGiib11 BUCOKUHM CTYMIIHB TOMOT€HI3al1lii MalOTh KJIAaHH1 MalluHH,
cepedHii MiaMeTp KUPOBUX KYJIbOK MICisi OOpOOKHM B SIKUX CTaHOBUTH
menie 0,8 Mkm. Takoro CTymneHs AUCIEPCHOCTI TOCTATHBO JJIsI OLTBIIOCTI
TEXHOJIOTIYHUX TPOIECIiB BUPOOHUIITBA MOJIOKA T4 MOJOYHHUX MPOIYKTIB.
Tomy Takuii cepenHiii pgiamMeTp >KHPOBOiI KYyJbKH NpUAMaeMO 3a
pO3paxyHKoOBe. 3 METOI 3a0MIaJIHOTO BHKOPUCTAHHS CHPOBHHU IS
JOCIIKeHb, HEOOXIHO MIATPUMYBATH MPOAYKTHBHICTH TOMOI€HI3aTOpa
Ha MiHIMaJIbHOMY piBHI. BUXOAs4u 3 TEXHIYHOro 3aBAaHHS OOUpPAEMO
Q.=500 kr/roz (1,35 10 m%/c).

OcHOBHUMU napaMeTpaMu €KCIIEpPUMEHTAILHOTO 3paska
MyJIbCAI[iIHHOTO TOMOTEHI3aTopa, sKi HEOOX1JHO BU3HAUUTH €: aMITITyJa Ta
yacToTa KOJHMBaHb TMOPIIHSA, TEOMETPUYHI TapamMeTpud TMOPIIHA Ta
HEOOX1THA JJIsl pOOOTH MOTYKHICTh. J{JI1 pO3p0oOKH METOIUKH PO3PaXyHKY
IUX TapaMeTpiB BUKOPUCTaHI pPE3yJbTaTH TEOPETUYHUX JIOCIIIKEHb
yJIbCAIliiHOT TOMOTeHi3alli1, BUKJIaIeH]l B | TOMI IIbOTO 3BITY.

3rifHo 3 pe3ysbTaTaMH TEOPETHUYHUX JOCIIIKEHb ITYyJIbCalIHOrO
TrOMOT€Hi3aTopa, JUIS MiABUIIEHHS e(DEKTUBHOCTI TOMOTeHi3allii He0OX1THO
MiIBUIYBAaTH  YacTOTy BiOpamii mopmHS. ToMy I8 OpHBOIY
eKCTICPHUMEHTAILHOTO 3pa3Ka IyJIbCalliIfHOTO TOMOTeHI3aTopa 00HpaeMo
npuBij 3 yactoToro obeptanHs 6000 06/xB (100 c?), ska po3moBclomKeHi
Ta JOCTYIIHI B CEPIHOMY BUPOOHHIITBI.

MiHiManbHy aMIUNTYAy S KOJIMBaHb TOPIIHS E€KCIIEPUMEHTATBHOTO
3pa3ka MmyJIbCalliiHOTO TOMOTEHI3aTopa s AUCTepryBaHHs KUPOBOI (a3u
MOJIOKA BU3HAYUMO SIK [22]

2
:ﬁ K, 1)
,
2¢\ d 7zn

ne K, — xoediuieHT nepdopanii nopIuHs;

@ — Koe(ili€HT MIBUIKOCTI MOTOKY B OTBOpaX MOPIIHS;

N — 4acTOTa KOJIMBAHB MOPLIHSA, C 1]
K, — xoedilieHT roMoreHizanii, 1Jis 3paska, 1o po3poomuserscsa K.=225.
2
0,03 100

S= =0,0024 m.
2-0,9610,8-3,14-100
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3riIHO 3 pe3yJibTaTaMu TEOPETUUYHUX JOCITIT)KEHb
€KCIIEPUMEHTAIBHOTO  3pa3ka MyJIbCallHOrNO TOMOreHi3aTopa, i
MIJBUIICHHS €(QEeKTUBHOCTI TOMOTEHi3alli HEOoOXIAHO MiABUILYBaTH
qyacToTy BiOpauii nmopuHa. ToMy Uisi MPUBOAY TOMOI€HI3aTopa HEOOX1THO
oOupaTH eJIEKTPOABUTYHHU 3 HAMOLIBIIO YaCTOTOK 00epTaHHS Baily.

AHaTITUYHO BCTAHOBJICHO MiJIBUILEHHS €()EKTUBHOCTI MyJIbCALIIITHOTO
rOMOI€HI3aTopa MpU BUKOPUCTaHHI KOHIYHUX OTBOpIB MOPUIHSA 3
MaKCUMaJbHUM  KOE(IIIEHTOM >KMBOro mepeTuHy nopwHsa. [lpu
3MEHIICHHI MaJjoro jiamMerpa KOHYCHOTO OTBOpy O, MiJABHIIY€ETHCS
BIPOTIHICTh OOJITEpallli BHYTPIIIHBOTO AlaMeTpa OTBOPIB MOPIIHS, IO
3HIDKYE Tpale3faTHICTh TroMoreHizaropa. s 3meHuieHHs oOmiTeparii
MiHiManbpHe 3HaueHHs d, mpuiiMaemMo 2 MMm.

JI1s KOHIYHHUX OTBOPIB 3 METOK 3a0€3MEeYeHHs MIIHOCTI MOPIIHS,
BPaxOBYIOUYH HEOOXITHICTh 3MEHIICHHS MOro MIIJIBHOCTI 1 BUKOPUCTAHHS
JUIS. BUTOTOBJICHHS TIOPIIHS XapyoBHX IJIaCTMAC, MiHIMaJlbHa TOBIIMHA
MOPIITHS BU3HAYAETHCS 3QJICKHO BiJ liameTpa oTBOpiB [23]

h,>6d, )
h,>26-2=12 mm.

binpmuii  miaMeTp KOHIYHMX OTBOPIB MOPIIHS TOMOTEHi3aTopa

BU3HAYAEMO SIK

DO:hn-tg§+d0, 3)
ne 6=48-50° — KyT KOHyCHOCTi, ;i SKOro KOe(illieHT IIBHAKOCTI
0u—max=0,96.

50

D0=12-'[g7+2:16MM.

HeoOxignuii BHYTpPINIHIA JiaMeTp TOPIIHA EKCIIEPUMEHTAIHHOTO
3pa3Kka MyJIbCalliifHOTO TOMOTeHI3aTOpa BU3HAYMMO 32 (POPMYJIOIO

2K
D= _Q (4)
zzsn
MiHiManbHy KpaTHICTH OOpOOKM 3a pe3ynbTaTaMu aHATITHYHUX

nociimxeHs npuiimaemo K =12.
2-12-1,35-10"
3,14-0,0024 -100

Po3paxyHkoBe 3Ha4eHHS KUTbKOCTI OTBOPiB mopiHs N
2

0,065 Mm.

D
N=09 —|, 5
D ®)
2
N=0,9) 2090 14
0,016
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Po3paxoByeMo KOEQILIEHT KUBOTO NEPETUHY MOPIIHS

Nd
Ko="57 (6)
2
K, = 14 22 =0,013
65
Heob6xigny MOTY>KHICTh €JIEKTPOIBUTYHA MIPUBOILY

€KCIIEPUMEHTAIBHOTIO 3pa3Ka IyJIbCALIMHOIO0 FOMOT€HI3aTopa BU3HAYUMO
3a pe3yJibTaTaMy aHAJNITUYHUX JOCIIIKEHb 3 ypaxXyBaHHAM KoeQillieHTa
KOpHCHOI aii npuBony 7 [24]
3 1_K D2 2 2
p == ( 7;) B2 zn (0,328, p, +0,1cpMs)+0,11% NG
ne C — koedilieHT onopy pyxy MOPIIHS.
B 3,14° (1—0,013)0,065210020,00242

o6 07

0

X

{3,14 .100(0,32-0,012-500 +0,1-12-0,0024) +0,11%) — 440 Bm

,

YcraHOBKa, 10 pO3POOJISETHCS TMPU3HAYEHA JIJI  MPOBEACHHS
eKCTIIEPUMEHTAIBHUX  JIOCTIDKEHb  TPOIleCy  TOMOTeHi3allii, ToOTo
HeoOX1JHa YacTOTa KOJIMBAHHS MOPIIHS MOBUHHA PETYIIOBATHCH B CTOPOHY
30UIBIIICHHS BiJl po3paxyHKoBoro napamerpa 10 10000 06/xs.

Buxoasuu 3 po3paxoBaHUX MapameTpiB B SIKOCTI MPHUBOIY OOMpPAEMO
yctanoBky YIIIM WD2400-150 nHomiHanpHOIO MOTYyXHICTIO 2,4 KBT Ta
gactotor obepranns 11000 06/xs.

Hacoc nomaui mosioka moBuHEH 3a0e3rnedyBaTH TUCK — 110 2 aT™M. Ta
nogaay — Bix 500 i/rox. 3a muMu mapaMeTpaMu MiI0UpaEMo eJIEKTPOHACOC
G20195 (Gifto) 3 HomiHanpHOIO TOTYXkHICTIO 500 BT, HOMUHaTBEHUM
THCKOM — 10 5 at™. Ta moaaueio 10 2000 a/rox [25].

[Ipu po3paxyHKOBIH MMojadi TaKWi HAcOC Oy/1e CIIOKUBATH

QP
P ==tr, (8)
.,
ne Q, — nomava macocy, m%/c;
P — tuck nHacocy, Ila;
77, — Koe(IiLleHT KOPUCHOI Aii Hacocy.
P 1,35-107*500000
! 0,65
TakuM 4YMHOM 3arajbHa MaKCHMaJIbHa CITO)KMBaHA IOTYXXHICTh
EKCTIICPHUMEHTAIBLHOTO 3pa3ka MyJIbCAIliIHHOIO0 TOMOI'€HI3aTopa CTaHOBHTH

2400+500=2900 Brt. 3aranpHa po3paxyHKOBa CIIOKMBaHA TMOTYXHICTb
440+90=530 Br.

=90 Br.
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[TuToMi BUTpaTH €HEPrii EKCIEPUMEHTATBLHOTO 3pa3Ka MyJIbCaliiHOTO
TOMOT€HI3aTOpa IPU PO3PAXyYHKOBOMY pexkuMi poOoTH [26]

Enum = (9)
Q.
= @ = 1,1 B1/kr,

a6o 1,1 xB1/T MmonoKa.

Bubip HeoOxiaHOrO AiamMeTpiB TpyOOIPOBOIIB MAIIMHU 3aJIEKUTh Bij
3HAUEHHS BHUTpPAT NPOAYKTY, LI0O TPAHCHOPTYETbCS Ta WOro BHUIY.
MakcumanbHa MIBHIAKICTh PYXY PIAMHU (€MyJbCii) IO TpyOam 3alexuTh
BiJ ii B’A3KOCTI Ta MOBMHHA HaJaBaTH JIAaMIHApHUM pexuM pyxy. Taxuit
PEXUM BCTAHOBIIOETHCS IPU pycl NPOAYKTY 31 mBHakicTio 0,5 — 1,5 m/c.

[Ipu mepexauyBaHHS MOJIOKa J1aMeTp TpyOOmpoBOaYy, SKHM 3’€IHYyE
Hacoc 3 popcyHKamu d,, M, PO3PaXOBYETHCS 32 (POPMYJIIOO

Q
d, >2 , 10
! \/3600-,0M-7Z-UM (10)

d, >2 >0 ~0,011 m.
3600-1030-3,14 1,5

Tobto BHYTpIMIHI JiamMeTpu TPYOOIPOBOAIB TOJa4Ul 3HEKHPEHOTO
MOJIOKa TTOBUHHI OyTH O11bIe 11 MM.

[TiqmuUmHUKKA KOB3aHHS KPUBOIIMITHOTO MEXaHi3My OOYMCIIIOIOTH Ha
IIUTOMUI THUCK

P=%S[p], (11)

ne P — naBanTa)xeHHs Ha MIAIINWIHUK, KT
F — niomma onopHoi NoBepxHi, M2

2M
7 - 12
r (12)

P, =

8

P y
M,, =— — xkpyTHu#l MOMeHT, H'M;

d, — miametp Baiy, M.

. :@224 H-m,
» =100
p, =224 _1600 H,
0,030
p=2600 55 10° <80-10° H/m.
0,007

[Ipu po3paxyHKy OIAMIMIHUKIB IO OOMEXEHHIO HarpiBy BUTPUMYIOTh
CITIBB1THOIIICHHS
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P,o=[P, 0], (13)
zd n
=750 14
b=—3 (14)
e 3,14.0,04 -350 _0.732 .

60
205000-0,732=0,15-10°.
Jns OponsoBux mnizmmnHukie P,= 80 kr/cm?=8MIla; v=3 wM/c;
P, = 24 Mlla/(m/c). Tobro ymMOBa MaKCHMAaJlbHOIO HarpiBy

BUTPUMYETHCS.
Ha puc. 2 npeacraBieHuil 3araJibHUM BUJ E€KCIIEPUMEHTAIBHOTO
3pa3ka JJisl MyJIbCalliifHOI TOMOTeHI3aIlii MOJIOKa.
1 2 3 4 5 6 7

Puc. 2. 3aranbpauii BUTIIS]] €KCIIEPUMEHTATBHOTO 3pa3Ka My IhCaIliiHOTO
rOMOT€HI3aTopa
1 — mpuiiManpHa €MHICTB; 2 — TATPYOOK MOaadi MPOIyKTa B Kamepy; 3 —
BUITYCKHHUU BEHTHIIb; 4 — TIEPEIyCKHUI BEHTHIIb; 5 — poboya Kamepa; 6 —
KPUBOIIUITHUYN MEXaHI3M; 7 — eNeKTPOIBUTYH MIPUBOTY 0OepTaHHS
KPUBOUIUITY; 8 — IEPEMYCKHUI BEHTUJIb; 9 — Hacoc; 10 — enexrpuuHmii
BUMHKaY; 11 — myneT kepyBaHHs; 12 — cranuHa
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Po3poOnena  ekcrepuMeHTalbHa  YCTAHOBKAa  ITyJIbCALIIMHOIO
TOMOT€HI3aTOpa MOJIOKA 3a0e3Mneuye 3MiHy:

— [oJlayy MpPOAYKTY B KaMepy rOMOTr€HI3aTopa;

— YaCTOTH Ta aMIUTITYAN KOJIMBaHb MOPIIHS;

— BUAy, (hopmMu Ta MaTepiany MOPILHS;

— KUJIBKOCTI, AlaMeTpa, po3TallyBaHHs 1 JOPMU OTBOPIB MOPIIHS.

Pe3ynbTaTi BUNpoOyBaHb MpeCTaBICHO B TabIuII 2.

Tabnuys 2
Pesynbratu mabopaTopHux BUNIPOOYBaHb MYJIbCAI[IHHOTO TOMOTEHI3aToOpa
Ne HaiimenyBaHHs Pesynprarn [Toxnbka
. Bumoru g
3/m MTOKA3HUKIB BUNIPOOYBaHb | BHUMIpPIOBaHb
1 Huromi 1o 3,6 kBrron/t | 1,5 kBrroa/t 5%
CHEPTrOBUTPATH
CepenHiii 1iameTp
2 FHAPOBHX .KYHBOK 10 1 MKkM 0,9 Mxm 4%
MOJIOKA TTICIIs
roMoreHizarii
["abaputHi po3mipu 110 200x410x935
3 | (moBxwuHa X mmpuna | 1200x1000x1600 . 2%
X BHUCOTA) MM
4 | Maca o 1200 kr 41 kr 3%
5 | [IpoayKTUBHICTH 0,5 -5 1/Trox 0,8 t/rox 5%

Po3pobnenuit ekcriepuMeHTaIbHUI 3pa30K HEOOXITHUM TOCTITHUKAM
IpoIleCiB TOMOTEHi3allli Ta JUCIepryBaHHS €MYJbCii B  XapdyoBiH,
nepepoOHii, XIMIYHINA Taly3siX MPOMHUCIOBOCTI a TaKOX CLIbCHKOMY
rOCTOJIapCTBl MPH NPOCKTYyBaHHI Ta OYMIBHUIITBI MAaIlWH BiIIMOBIIHUX
rajxy3eu.

Bucnosku. B pesynbTaTi mOpoOBENEHUX JOCHIHKEHb po3pobiieHa
eKCIIepUMEHTaIbHA YCTAHOBKA IyJIBCAI[IHHOTO TOMOTEHI3aTOpa MOJIOKA,
SKAW HEOOXITHUM IS TPOBEICHHS OCHTIDKCHBb IPOIeCy MyJbCariiiHO1
roMmoreHizamii. OmnmcaHi eTanmu CTBOPEHHS YCTaHOBKHU. IIpuBeneHo
TEXHIYHI BHMOTH JIO TPOXYKIi, IO KyNOyeThCA 1 MaTepiaiiB, IIIo
BUKOPUCTOBYIOTHCS B  E€KCIIEPUMEHTAJIBbHOMY 3pa3Ky ITyJIbCAIIHOTO
TrOMOTeHi3aTopa.

[IpuBeneHO OCHOBHI pO3paxyHKH E€KCIEPUMEHTAJbHOTO 3pa3Kka
MyJIbCAIIMHOTO TOMOTeHi3aTopa. lnst ycraHoBku 3 mpoaykTuBHicTIO 500
KI/TOJI. 3TiTHO PO3PaxyHKYy B SIKOCTI MPUBOAY OyJi0 OOMpaHO YCTaHOBKY
YIIM WD2400-150 sOoMiHanmbHOIO TOTYXHICTIO 2,4 KBT Ta wactotoro
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oO0eptanHs 11000 o0/xB. 3aranbHa MakCHUMallbHa CIOKHBAaHA MOTYXHICTb
€KCIIEPUMEHTAIBHOTO 3pa3Ka MyJbCAlllIHHOTO T'OMOI€HI3aTOpa CTaHOBUTH
2900 Br.

Hageneni pesynbratud J1a0OpaTOpHUX BUIPOOYBaHb IYyJIbCALIIIHOIO
roMoreHizaropa IluTomi BuTpatu eHeprii €KCHEpPUMEHTAIBHOIO 3pa3Ka
MyJIbCALIMHOTO TOMOT€HI3aTOpa MPU PO3PaXyHKOBOMY PEXHUMI POOOTH
cTtaHoBIATh 1,5 kBT/T. monoka. Cepeaniil aiaMeTp >XUPOBUX KYJIbOK
MoJoka micis romoreHizamii — 0,9 mxm. [IpogyktusHicTs — 10 800 Kr/ro.
Po3pob6iienuit  ekcrepuMEeHTaNbHUI 3pa30K HEOOXIMHWH JOCIITHUKAM
OpolEeciB TOMOTeHi3alii Ta JAUCTEepryBaHHS €MyJbCId B  Xap4yoBiid,
nepepoOHii, XIMIYHINA Taly3siX MPOMHUCIOBOCTI a TaKOX CLIbCHKOMY
rocrnoAapcTBl MpU MPOEKTYBaHHI Ta OYJIBHMIITBI MAIIWH BIJMNOBIIHUX
rajgy3eu.
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S. Kiurchev?, K. Samoichuk?!, V. Yalpachyk!
! Dmytro Motornyi Tavria State Agrotechnological University

DEVELOPMENT OF THE EXPERIMENTAL SAMPLE OF THE PULSATION
MILK HOMOGENIZER

Summary

One of the urgent tasks of the food industry is the development of highly efficient
homogenizers-dispersers of liquid emulsions with reduced energy consumption. One of
the promising directions for solving this problem is the research, development and
implementation of a pulsating homogenizer. The principle of operation of such a
machine is the dispersion of the fat phase during intensive oscillatory movement of the
piston due to the creation of high emulsion accelerations that occur in the piston holes.
An important stage of this task is the development of an experimental sample of the
experimental homogenizer. Therefore, the purpose of this article is to create an
experimental sample of a pulsating homogenizer suitable for conducting experimental
studies of the pulsating homogenization process of milk. Experimental studies are the
most responsible stage, capable of predicting the prospects and expediency of
introducing a pulsating homogenizer instead of existing valve homogenizers with a
specific energy consumption of 7 kWh/t of finished product. The article provides the
requirements for the developed installation, characteristics, necessary calculations of the
main components of the machine (technological, structural and hydraulic). A photo of
the developed installation and the principle of its operation are described. The main
calculations of the experimental sample of the pulsating homogenizer are presented. For
an installation with a productivity of 500 kg/h. according to the calculation, the USHM
WD2400-150 unit with a nominal power of 2.4 kW and a rotation frequency of 11,000
rom was chosen as the drive. The total maximum power consumption of the
experimental sample of the pulsating homogenizer is 2900 W. The developed
experimental sample is necessary for researchers of the processes of homogenization
and dispersion of emulsions in the food, processing, and chemical industries, as well as
in agriculture during the design and construction of machines in the relevant industries.

Keywords: homogenization, dispersion of milk, emulsion, dispersion,
experimental sample, pulsating homogenizer.
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CLASSIFICATION AND ANALYSIS OF POLYMER
AND RUBBER WASTE SHREDDER DESIGNS

Summary. An extended classification of cutting shredders for the destruction of
various household and industrial polymer and rubber wastes has been developed: large-
sized, shapes, sheets and films.

The designs of cutting shredders are analyzed depending on the principle of
transformation of the processed waste, the type of the action of the cutting tool on the
material being processed in time, the technological operation of cutting, the number of
grinding stages, the type of the working body movement, the degree of universality of
waste processing, the shape of the rotor (rotors), the location of the rotor axis (axes
rotors) in space, the shape of the moving cutting elements of rotary shredders, the
temperature of waste processing, as well as the degree of mobility of the shredder.

An analysis of the current state and prospects for the use of cutting shredders of
polymer and rubber waste suggests that shredders of this type remain the main type of
equipment for the destruction of polymer-containing waste for the purpose of their
further processing by physical methods. The main efforts are aimed at the creation of
universal shredders capable of processing waste of various sizes from various polymers,
as well as the most devoid of the disadvantages of traditional cutting shredders,
primarily high noise level and relatively low durability of cutting elements.

Keywords: polymer waste, rubber waste, recycling, shredding, cutting shredders.

Formulation of the problem. The wide use of products with the use of
polymers and rubber in industry and everyday life causes the problem of
disposal of polymer and rubber waste. This is due to both the desire to
ensure environmental protection and the saving of valuable chemical raw
materials [1-3].

One of the preparatory stages for the utilization of polymer and rubber
waste is their destruction (crushing and grinding) in order to transform
large-sized waste into powder and crumbs, suitable for further physical and
chemical processing [4, 5].

Given the peculiarities of the physical and mechanical properties of
polymers and rubbers, primarily their high plasticity and elasticity, such
methods of destruction as cutting, abrasion, tearing by compression with
simultaneous shear, tearing by compression with simultaneous shear and
abrasion are usually used to shred polymer and rubber waste and much less

© Mikulionok I., 2023
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often — a blow [6].

One of the most common methods of destruction of these materials
due to its versatility, as well as the possibility of obtaining a product of the
required size and shape, is cutting.

Formulation of the aim of work. The purpose of the work is a critical
analysis of the structural and technological design of the destruction of
polymer and rubber waste using cutting shredders.

The main part. The analysis of the structural and technological design
of cutting shredders of polymer and rubber waste makes it possible to
propose their classification in accordance with Fig. 1.

According to the nature of the action of the cutting tool on the
processed material in time, there are shredders of continuous and
intermittent (periodic, cyclic) action.

Shredders of continuous action are characterized by higher
productivity, but shredders of intermittent action are more versatile, as they
allow processing waste of various sizes.

According to the technological operation of destruction, there are
shredders with the implementation of cutting, sawing, milling, planing,
grinding, abrasion, drilling, as well as shear destruction of processed waste.

Cutting is the process of dividing the blank into parts without the
formation of chips using scissors (usually alligator or guillotine).

An interesting design of the shredder for cutting PET bottles into large
fragments before their final grinding is proposed in the Patent No.
CN213648285U. Mounted on one shaft, two groups of curved blades with
the help of parasitic gears ensure the rotation of the gears of the specified
groups in opposite directions, realizing the cutting of bottles, usually into
ring fragments (Fig. 2).

Sawing is the process of dividing the processed material into parts with
the formation of chips using saws (most often disc or band saws) — tools
with many cutters, usually teeth, for sawing various materials, in particular
polymers, plastics and rubber. There are also toothless saws, the cutting edge
of which is made in the form of fixed abrasive powder or metal saws with
free abrasive (mostly sand, corundum, steel balls, and iron oxide).

Milling is a mechanical processing by cutting the processed material,
during which a rotating cutting tool (mill) makes a rotational movement,
and the processed material is a translational one.

Among milling shredders, shredders have become the most
widespread — single- and double-rotor shredders with a side working
surface.

Single-rotor shredders are usually used for preliminary grinding of
large-sized waste of various shapes — castings, pipes, rubber products. They
are often equipped with a feeder (presser) for forced feeding of crushed raw
materials to the working area.
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Fig. 2. Rotary shredder for cutting PET bottles (a) that pair of climbs
to make the "knives" (b) (Patent No. CN213648285U)

Two-rotor shredders are more versatile, as they enable efficient
shredding of such difficult-to-utilize waste as film, non-woven materials,
polymer threads and tapes, etc.

A single-rotor shredder contains a rotor with spaced disc saws
mounted on it, which pass through the grooves of two stationary comb
knives (Patent No. EP0220100A2; Fig. 3). The design works at a slow rotor
speed, which significantly reduces the level of noise and vibrations.
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Fig. 3. Single-rotor shredder (Patent No. EP0220100A2)
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In a similar shredder, the rotor is made with triangular ring protrusions
and depressions, alternating with each other, and a fixed comb knife of the
corresponding shape, while in the ring protrusions of the rotor, coots are
made with removable triangular-shaped cutting teeth mounted on them,
with the formation of a kind of circular saws with removable teeth on the
rotor cutting teeth (Patent No. EP0419919A1). The specified shape of the
rotor contributes to the additional crushing of processed waste by impact.

The twin-rotor shredder contains two parallel counter-rotating
horizontal rotors (Patent Application Nos. WO2004/014559A1,
US2005/242221A1). Each rotor of the shredder is made of a set of shaped
disk cutters installed with a gap, while not only the disk cutters of another
rotor, but also fixed knives in the form of ring sectors are inserted into the
gaps between them (Fig. 4).
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Fig. 4. Two-rotor shredder (Patent Application Nos. W0O2004/014559A1,
US2005/242221A1)

In Fig. 5 shows examples of common cutting discs for installation on
the core (root) of the shredder rotor [7]. These or similar disks are fixed on
the core both tightly to each other with the formation of a continuous-
discrete structure of cutting elements, and with a gap relative to each other.
At the same time, adjacent disks are installed without an angular offset
relative to each other or with an angular offset with the arrangement of the
corresponding teeth of the disks, for example, along helical lines (Fig. 6

[8D).

Fig. 5. Shredder blades: with six teeth (a), with two teeth (b),
with three teeth (c), and saw-teeth-blade (d) [7]

A

a b
Fig. 6. Blade with two teeth (a) and shredder rotor composed
of such blades (b) [8]

Planing is the process of processing materials by cutting with chip
removal, carried out with relative reciprocating movement of the cutting
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tool or the processed material.

Grinding is a method of abrasive treatment of the surfaces of solid
waste with a tool that has the appearance of a rotating body, the cutting
elements of which are many abrasive grains.

Abrasion is a method of separating material particles from the surface
of solid waste with the help of a tool (working body) or other particles of
processed solid waste as a result of their shear movement in the plane of
the processed surface.

Drilling is the process of creating holes in solid waste by cutting with
a rotating cutting tool (drill). The corresponding method is described in
particular in Patent No. RU2605128C2.

Shear destruction of processed waste is a process of breaking the
waste material by applying shear stresses to it in the mass of a solid body
(and not in the plane of the processed surface, as during abrasion) [9-12].

The combined sawing-cutting two-blade shredder contains two
counter-rotating rotors with teeth in the form of short saws, as well as two
rectilinear counter knives fixed on the body (Patent No. CN103521328A,
CN203591859U; Fig. 7). The sawing process is carried out between the
teeth of the rotors in the space between them, and the cutting process is
carried out between the teeth and counter knives.

A

Fig. 7. Sawing and cutting two-bladed shredder
(Patent No. CN103521328A, CN203591859U)

According to the principle of transformation of processed waste, there
are cutting shredders of polymer and rubber waste, in which the destruction
of waste is carried out with the formation of chips, without the formation of
chips, as well as with partial thermal destruction of the waste material.

The formation of chips during the processing of polymer and rubber
waste is realized by methods of their destruction, which are different from
cutting.

With partial thermal destruction of the waste material (thermal
cutting), gas-filled polymer waste is usually destroyed. Sometimes this
method is also called cutting with a heated string (wire).

To implement thermal cutting, a heated string made of a material with
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a high specific electrical resistance is usually used, for example, a nickel-
chromium string with a diameter of 0.15-0.5 mm. When heated by an
electric current passing through the string, the processed polymer material
Is heated to a temperature above the melting point (Patent Nos. UA65413U,
UA77905U, CH692282A5). At the same time, the cutting speed depends
on the diameter and temperature of the string, the type and structure of the
waste material (in particular, the density and stiffness of the gas-filled
polymer), as well as the relative speed of the string and the treated waste.
At the end of the cutting process, the string self-cleans due to evaporation
from its surface of the remains of the processed material.

According to the number of grinding stages, there are single-, two-
and multi-stage shredders.

A single-stage two-rotor shredder with a vibrating screen located
under the rotors makes it possible to separate crushed waste by size into
two fractions (Patent No. CN214346760U).

The two-stage rotary shredder contains a casing with pairs of
horizontal knife rotors, equipped with individual drives, placed one above
the other in mutually perpendicular directions (Patent No.
CN208962235U). In a similar shredder, the final grinding unit (second
stage) contains not two, but three rotors located in one plane (Patent No.
CN213996059U).

In a similar shredder, two sieves are placed under the first pair of
rotors, while the upper fraction of the product obtained at the first stage is
directed to additional grinding on the second pair of rotors, and the lower
fraction is divided on the second sieve into two classes of the finished
product (Patent No. CN213377063U).

In another similar shredder, one sieve is placed under the first pair of
rotors, the upper fraction of the shredded waste from which is sent to the
second pair of rotors for additional grinding, and the lower fraction is the
finished product, to which the material crushed on the second pair of rotors
Is added (Patent No. CN214026625U ).

In other two-stage rotary shredders, similar pairs of horizontal knife
rotors are also located at different levels, but parallel to each other (Patent
No. CN212498517U, CN213382420U, CN214491218U).

The two-stage rotary shredder contains a two-rotor pre-grinding unit
and a single-rotor final grinding unit located one below the other (Patent
No. CN213500266U).

The two-stage shredder contains a two-rotor unit for pre-grinding and
a bladed unit for final grinding located one below the other (Patent No.
CN213797577U).

The two-stage shredder contains a two-rotor pre-grinding unit and a
final grinding unit located one below the other, made in the form of a
vertical shaft with three cutting discs and three ring counter knives fixed
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between them on the body, the diameter of which decreases from top to
bottom (Patent No. CN213797577U).

In a two-stage shredder, the first stage of destruction is carried out
periodically (cyclically) by cutting large-sized waste in several horizontal
planes, and the second stage is carried out continuously in a two-rotor
shredder, while the resulting product is divided by particle size on a sieve
into two fractions (Patent No. CN214293973U; Fig. 8).

A multi-stage (three-stage) shredder is given in the Patent No.
CN214111070U. The first two stages of waste destruction are implemented
in two-rotor shredders located one below the other, and the third stage in a
single-rotor shredder located below them.

Fig. 8. Two-stage shredder according to Patent No. CN214293973U

A multi-stage (three-stage) shredder is given in the Patent No.
CN213593388U. The first stage of waste destruction is implemented in a
two-rotor shredder, the second stage is in the final grinding unit, made in
the form of a vertical shaft placed in a conical sleeve with four cutting
discs, the diameter of which decreases from top to bottom, and the third
stage is in a four-rotor shredder.

According to the type of movement of working bodies, there are
shredders with rotating working bodies (body), with translational and
oscillating movement of the working body, as well as with combined
movement of working bodies.

Cutting devices with rotary movement of cutting elements — rotary,
plate, blade and disc shredders — have become the most widely used in
polymer waste processing industries.

Rotary shredders — shredders with a knife rotor — are used to shred
polymer waste of various shapes and sizes (primarily for shredding waste
generated in the processes of plastics processing: showers, skimmers, film
waste, scrap, etc.)

The scheme of a typical knife rotary shredder with a screw (worm)
feeder is shown in Fig. 9.
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Fig. 9. Scheme of a knife rotary shredder with a screw feeder [13]:
1 — loading hopper; 2, 3 — screw and screw feeder housing;
4 — shredder housing; 5 — knife rotor; 6, 7 — fixed and movable knives;
8 — sieve; 9 — unloading branch pipe

The crushed material is loaded into the hopper 1, from which it is
captured by the auger 2 located in the housing 3, and will be fed into the
cylindrical housing 4, where the knife rotor 5 is installed. The material that
has entered the housing is captured by the knife rotor and, falling into the
space between with fixed 6 and movable 7 knives, it is chopped. Fragments
of the material cut off by the knives are thrown onto the sieve 8 installed in
the lower part of the housing 4. If their size is smaller than the size of the
sieve cells, they pass through the cells into the discharge nozzle 9, from
which the crushed material enters the receiving container or is fed to the
reprocessing.

A significant disadvantage of high-speed rotary crushers is the high
noise level, which reaches 115 dB. The main sources of noise are the
collision of particles of crushed material with the body, knives and each
other, as well as the presence of turbulent air flows. To reduce the noise
level, sound insulation of the hopper and loading hole is used, which makes
it possible to reduce the noise level to 90-95 dB. The use of massive
housings and reduced rotation frequencies of the rotors reduces the noise
level by another 10-15 dB, but this significantly complicates the design of
the shredder [13].

The shape and size of the loading hopper are determined by the nature
and dimensions of the source material. The shredder is fed manually or
automatically. The area of the loading hole is determined by the size of the
waste to be shredded and reaches 1.5 m?. The capacity of the receiving
hopper is usually chosen to be sufficient to ensure continuous operation of
the shredder with periodic loading.

Inclined hoppers — chutes designed to receive long fragments of
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rejected products are used for crushing waste from the production of pipes
and profiles. To reduce the ejection of crushed material from the loading
hopper, elastic curtains or metal doors are used.

The design of the rotor depends on the operating conditions. In the
case of shredding film waste, hollow waste (thin materials, light
conditions), welded and folded rotors are used, which are frames with
knives attached to them. In crushers designed for crushing large waste, the
rotor simultaneously plays the role of a flywheel. Therefore, it is made in
the form of a solid cylinder. For particularly difficult working conditions
when grinding dense massive waste, rotors are made in the form of special
cutters.

The quality of grinding and the power consumption depend
significantly on the design of the rotor and knives, especially the movable
ones (located on the rotor).

The number of knives, their location and shape are chosen in such a
way that at each moment of time only one moving knife is involved in
cutting the material in contact with the stationary knife. The design of
fastening the knives to the drum should ensure the transfer of dynamic
loads from cutting directly to the body of the rotor, and not the device of
fastening the knives.

The number of movable knives is usually from two to four, but
designs with 27 movable knives are known. The number of fixed knives is
usually two, although designs with 12 fixed knives are known. The profile
of the knives depends on the properties of the crushed material. Taking into
account the rapid wear of working edges, knives are made with several
cutting edges (up to four) and rearranged as they wear [13].

The crushed material is discharged from the crusher chamber through
a metal mesh with a cell size of 1-15 mm located in the lower part of the
chamber.

The single-rotor shredder is equipped with two counter-rotating rolls
for preliminary flattening of bulky hollow waste, such as bottles, cans or
other containers (Patent No. FR2711552A1). At least one of the rolls is
equipped with heaters to give the flattened waste the necessary flexibility
before it is crushed.

A shredder with a similar principle of action is proposed in the Patent
No. JP2007175851A.

The rotor of a single-rotor shredder is made in the form of a
horizontally located regular right triangular prism with straight knives fixed
on its side faces (Patent Application No. WO03/103839A1). The advantage
of the design is high reliability and convenience of fixing the knives on the
rotor. A rotor of a similar shape is also proposed in the Patent No.
CN213533365U.

Among shredders with a rotating working body, in addition to single-

Proceedings TSATU. 2023.23.1



@ [Ipani TAATY Bunyck 23. Tom 1
51

rotor shredders, two-rotor shredders are also used, which contain two
mostly counter-rotating parallel rolls with longitudinal knives (often made
in the form of flutes) and are usually used for shredding large-sized waste,
for example, used pneumatic tires ([3], Patent No. KR102264246B1).

A two-rotor shredder with disk knives that are spaced apart from each
other and partially fit into the gaps between the knives of the other rotor
(Patent No. JP2003047872A). The rotor shafts are made flexible so that
they adapt to the shape and width of the processed flat waste, for example,
optical discs, plastic cards or sheets, etc.

A similar two-rotor shredder is equipped with a device for forcing
waste into the space between the rotors, consisting of two endless chains
with hooks (Patent Application No. DE102008012724A1; Fig. 10).

Multi-rotor shredders are less common. Thus, a multi-rotor planing
shredder has been developed, which contains several vertical rotors of
unidirectional rotation located in the same plane with disc saws fixed on
each of them with gaps relative to each other, which partially pass through
the gaps of the disc saws of neighboring rotors (or one rotor for extreme
rotors). The design is intended for crushing compressed bales of packaging
polymer materials, while the total width of the rotors exceeds the width of
the bale being crushed (Patent No. GB2390043A).

Fig. 10. Scheme of a two-rotor shredder with a device for forced feeding of
waste (Patent Application No. DE102008012724A1)

Multi-rotor shredders also include a three-rotor shredder with fully
engaged rotors [14-18], each of which is made in the form of a set of
alternately installed disc saws of two diameters (Patent Application No.
DE2526650A1). This grinder belongs to grinders with combined rotation
of rotors, because the first two rotors are located in the horizontal plane
(one next to the other) and rotate towards each other, and the second and
third, which are located in the vertical plane (one above the other), rotate in
the same direction. To increase the efficiency of waste destruction, the
rotors rotate at different frequencies.

An interesting design of a multi-rotor shredder is proposed in the
Patent No. US5102057A. Several conical rotors rotating in one direction
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with discrete cutting teeth located along a helical line are installed in the
shredder casing, while all rotors converge downward, forming a crushing
zone among themselves (Fig. 11). During the rotation of the rotors, the
processed waste is clamped between the rotors, gradually compressed into
a compact body and cut.

Fig. 11. Scheme of a multi-rotor shredder with automatic forced feeding of
waste into the crushing zone (Patent No. US5102057A)

Also, among the grinders with a rotating working body, plate grinders
are used, which usually contain a vertical cylindrical container and a
horizontal plate placed near its bottom with radial knives mounted on it
(Patent Application No. DE3009410A1).

To reduce shock loads on the moving knives of the disc grinder, they
can be moved relative to the radius of the flat plate by a certain distance.
Also, in order to increase the productivity and efficiency of the shredder,
the capacity in the cross section is elliptical, in which two rotating plates
are installed, the shafts of which are located on the larger axis of the ellipse
(Patent No. RU2228843C2).

The plate shredder for processing PET bottles and other containers
contains a convex plate in the form of a truncated circular cone (cutting
elements are fixed on the outer surface of the shell), as well as a casing
equipped with counter knives (Patent No. DE10113953C1).

The disc grinder contains at least one toothed disc in the form of a
circular saw, mounted on a horizontal shaft, while the specified disc (or
discs) is placed in a cylindrical casing, the inner surface of which is made
with artificial roughness, for example, with longitudinal corrugations
(Patent No. FR2732623A1). The processed material, which moves along
the casing by the air flow, is somewhat delayed by the specified
corrugations and at the same time is intensively cut by the teeth of the plate
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(plates), after which the crushed material is removed from the shredder by
the same air flow.

The blade rotary shredder is structurally similar to the blade mixer
[19, 20], in contrast to which, instead of two tiers of mixing blades fixed on
the vertical shaft, knife blades are installed, proposed in the Patent No.
CN213797577U.

In similar shredders, four tiers of knife blades twisted lengthwise are
fixed on the vertical shaft (Patent Nos. CN214077022U, CN214214410U).

The two-disc shredder contains a body with a vertical shaft located in
it, with two cutting discs mounted on it, one of which is fixed on the shaft
rigidly, and the second is fixed to the shaft freely, and the second is freely
fixed through a parasitic gear, which ensures the rotation of the discs in
opposite directions and the effective destruction of waste (Patent No.
CN214136889U).

The shredder with oscillating movement of the working body is
described in Patent Application No. DE19610567A1 (Fig. 12). Arc-shaped
saws in the upper part are mounted on two parallel crankshafts, and the
lower ones are in contact with stops (horizontal movement limiters). These
saws form a curvilinear wedge working gap. After entering the specified
gap, the processed material is cut by saws that perform an oscillating
movement independent of other saws (by analogy with a jaw crusher with a
complex cheek movement [21-23]).

Fig. 12. Scheme of the working body of the shredder with oscillating
working bodies: 1 — arc-shaped saw; 2 — stop (Patent Application
No. DE19610567A1)

The shredder with the combined movement of the working bodies,
intended for the destruction of PET bottles into narrow strips, is given in
the Patent No. US4987829A and Patent Application No. WO91/04848A1.
This shredder contains a vertically positioned closed chain with wedge-
shaped teeth, which captures the bottles, pierces them with the teeth,
flattens them in the gap between the chain and the vertical plate, and then
feeds them into the gap between the multi-disc horizontally positioned
rotor and said chain,
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According to the degree of universality of waste processing, there are
universal and specialized shredders.

Universal shredders are designed for processing polymer waste of
various types: large-sized, film, sheet, profile, etc. They primarily include
single-rotor shredders.

Shredders for shredding films, sheets, pipes, bottles, and foam
polymers belong to specialized ones.

So-called "dicers" are often used to grind sheet polymer waste into
parallelepiped-shaped particles of certain sizes. The size of the particles
received on them can be adjusted by changing the number of knives
installed on the rotor, the speed of rotation of the rotor and the speed of
feeding raw materials.

A typical dicer (Fig. 13) contains a longitudinal cutting device with
disc knives 1 and 4 and a knife drum 9 installed in a casing 8 on a drive
shaft 10. The polymer sheet 2 to be crushed passes between the guides 3
and enters the longitudinal cutting a device whose circular knives 1 and 4
cut the sheet longitudinally into strands. The upper knife 4 is fixed on a
movable support equipped with a pressure spring 5. Next, the strands are
fed to the traction rollers 6 and 14, which advance them to the stationary
knife 13. The roller 6 is also equipped with a pressure spring 7. Upon
reaching the stationary knife 13, the strands are cut in the transverse
direction by the rotating knives 11 of the rotor 9. The shredded material is
removed from the crusher through the unloading branch pipe 12 [13].

Fig. 13. Scheme of a shredder with disc knives and a rotating rotor for
breaking sheet material into particles in the form of a parallelepiped of
certain sizes [13]: 1, 4 — disc knives for longitudinal cutting of sheet waste;
2 — sheet waste; 3 — guide; 5, 7 — compression springs; 6, 14 — pulling
rollers; 8 — casing; 9 — knife rotor; 10 — rotor shaft; 11 — rotor knives;
12 — unloading branch pipe; 13 — stationary knife

On dicers, sheets and strips up to 3 mm thick and 60-500 mm wide
are usually crushed, while the size of the resulting granules in width and
length can be 2-25 mm. With a productivity of 40-7500 kg/h, the power of
the drive is 3-125 kW [13].
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The design of a typical dicer is given in Patent No. US5143307A.

In Patent Nos. CH505650A, FR2062100A5 consider the design of a
dicer with paired disk knives for longitudinal cutting of sheet, roll or film
waste (Fig. 14). Further transverse cutting of the resulting strands or tapes
Is carried out using a roller with helical blades (teeth).
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Fig. 14. Unit for longitudinal cutting of sheet, roll or film waste (Patent
No. CH505650A, FR2062100A5)

In Patent No. JP2013252609A describes a dicer with disk knives for
the preliminary longitudinal cutting of sheet, roll or film waste and the
subsequent transverse cutting of the resulting strips by means of a roller
with straight blades. Each rotor for preliminary longitudinal cutting
contains disk knives fixed on the shaft in the form of truncated cones
directed in the same direction, while the truncated cones of both rotors are
turned in opposite directions, and the rotors themselves can have different
diameters (Fig. 15).
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Fig. 15. Unit for longitudinal cutting of sheet, roll or film waste (Patent
No. JP2013252609A)

A single-rotor shredder for shredding polymer film containing a
horizontal rotor with continuous longitudinal knives is considered in Patent
Application No. DE4231225A1, and a similar shredder for processing a
wider class of polymer waste is in Patent No. US4871118A.

In a two-rotor shredder, continuous longitudinal knives are fixed on
only one rotor, and during counter-rotation of the rotors with the same
frequency, the knives enter the grooves of the second rotor, cutting the
polymer waste passing between the rotors (Patent No. US5635224A).

In a two-rotor shredder for shredding polymer film, one of the rotors
Is designed as a pressure one, and the other as a working one (Patent
Application No. DE2343728A1). The working rotor is made cylindrical
with ring knives for longitudinal cutting of the polymer film, made with
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two gaps, in which longitudinal knives are installed for transverse cutting
of film strips formed with the help of ring knives.

A two-rotor shredder for crushing polymer bottles was developed and
studied in [24].

A mechanical shredder for foam polymers is described in Patent No.
CN201275825Y, and the two-rotor shredder for the destruction of polymer
pipes — in Patent No. CN206899582U.

According to the shape of the rotors, there are shredders with rotors in
the form of a circular cylinder (the most common) and a truncated circular
cone.

A single-rotor shredder with a truncated circular cone rotor mounted
In a conical casing, with cutting elements on the side surface of the rotor
and the inner surface of the casing (Patent Application no. DE2736349A1).

According to the location of the rotor axis (rotor axes) in space, there
are shredders with horizontal and vertical arrangement of rotors.

At the same time, in two-rotor shredders, the rotors with their
horizontal arrangement can be located both in the horizontal and vertical
planes (one next to the other (Patent No. CN209191073U ) and one above
the other (Patent No. CN210552394U), respectively). Much less often, the
rotors with their horizontal arrangement are located one above the other
and with a certain offset in the horizontal direction (Patent No.
CN206899582U ).

According to the shape of the movable cutting elements of rotary
shredders, there are shredders with continuous (for the entire length of the
rotor), discrete and combined cutting elements are distinguished, while
continuous cutting elements (knives) can be straight and helical.

Rotary shredder with discrete cutting elements in the form of a
threaded spike having the shape of a regular triangular or quadrangular
pyramid (Patent Application no. DE102006002507A1).

A shredder rotor with discrete cutting elements in the form of
removable pins fixed on the surface of a cylindrical rotor to form a set of
equidistant VV-shaped broken lines (Patent No. CN201755880U).

The rotor of the shredder for grinding polyethylene pipes contains
discrete cutting elements in the form of wedges fixed on the surface of the
cylindrical rotor with the formation of twelve equidistant U-shaped curved
lines (Patent No. CN202683304U). A similar design of the rotor, but with
cutting elements of a different shape, is given in the Patent No.
CN202909796U.

On the cylindrical rotor of the shredder is placed a set of discrete
elements of different shapes for both cutting and breaking polymer waste,
which expands the technological capabilities of the shredder (Patent No.
CN203972064U).

A rotary shredder with four straight single-bladed knives fixed on the
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rotor is described in Patent No. RU2104867C1.

A rotary shredder with straight two-bladed V-shaped knives fixed on
the rotor is considered in a. with. No. SU1747162A1. The specified shape
of the knives not only increases the number of cutting surfaces, but also
changes the direction of the speed of the fragments separated from the
shredded material, which are thrown to the stationary knives, the body and
the discharge grate. The disadvantage of the design is the complexity of the
design of V-shaped knives.

Unlike straight knives, screw knives contribute to a more smooth
(without sharp blows) destruction, which reduces the vibration of the
equipment and its noise level during operation.

The shredder rotor is equipped with longitudinal knives, each of
which consists of discrete cutting elements and has a V-shaped shape
(Patent Application no. DE4231225A1). At the same time, the tops of the
adjacent V-shaped knives are shifted from the center of the rotor in
different directions.

The shredder rotor according to Patent Application No.
US2006/086855A1 is equipped with combined cutting elements: chevron
in the central part of the rotor and discrete rhombic protrusions located
along helical lines (Fig. 16).

AP |
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Fig. 16. Scheme of a rotor W|th combmed cutting elements (Patent
Application No. US2006/086855A1)

Also, rotors with combined cutting elements can include a rotor with a
set of individual saws, angularly shifted relative to each other with the
formation of continuously discrete teeth located along helical lines (Patent
Application Nos. US2013/119171A1, US2013/119575A1; Fig. 17). This
design ensures effective destruction of a wide range of polymer waste with
low noise and vibration.

Fi. 17. Scheme of a rotor with combined cutting elements (Patent
Application Nos. US2013/119171A1, US2013/119575A1)

A two-rotor shredder with counter-rotating rotors of a similar design is
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proposed in Patent  Application Nos. US2008/115647A1,
US2008/265072A1. In each rotor, separate saws are made with three large
cutting and tearing teeth, turned relative to each other by 120° (Fig. 18).

According to the waste treatment temperature, there are shredders
with an operating temperature close to the ambient temperature, lower than
the ambient temperature, and higher than the ambient temperature are
distinguished, while in the latter case the temperature can be lower than the
thermal destruction temperature and higher than it.

Fig. 18. Scheme of rotors with combined cutting elements
(Patent Application Nos. US2008/115647A1, US2008/265072A1)

It has been experimentally proven that the minimum energy intensity
of the process of destruction of elastomers, which are the basis of rubber-
containing waste, takes place at low (approximately minus 70-80 °C) and
elevated (100-120 °C) temperatures, which is respectively realized during
their cryogenic and shear destruction [9].

To ensure maintenance of the required surface temperature of the
rotors of the two-rotor shredder and to prevent melting or thermal
destruction of the shredded waste, the rotors are equipped with liquid
cooling systems (Patent No. CN210552394U, CN210590081U). This
system is similar to the cooling systems of rolls of rolling machines for
processing rubber mixtures (rollers and calenders) [25-27].

Devices for cutting foam polymer waste using a hot string (the
temperature of the string in this case is higher than the thermal destruction
temperature of the processed polymer) is proposed in the Patent Nos.
CH692282A5, UA77905U. At the same time, the current-conducting string
Is made of a material with a high specific electrical resistance and is
connected to a source of electric current.

According to the degree of mobility, there are stationary and mobile
(mobile) shredders.

Stationary shredders are easier to manufacture and operate, but mobile
(mobile) shredders are distinguished by wider technological possibilities, as
they can be quickly delivered to the place of waste processing. Mobile
shredders are usually mounted on self-propelled or non-self-propelled
(trailer) transport (mostly automobile) chassis (Patent Nos. US5395061A,
US5601240A, Patent Application Nos. W0O94/19106A1, WO94/25168A1,
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WQ096/33020A1, [3, 28]).

A mobile two-rotor shredder designed for shredding polymer waste in
health care facilities, primarily hospitals and clinics (Patent Application No.
W02020/133135A1) is quite relevant. At the same time, the shredder is
equipped with a device for washing the crushed material with water, which
can be useful in the current unfavorable epidemiological situation [29, 30].

Mobile non-volatile polymer waste shredders equipped with solar
batteries for powering drive electric motors have also been developed [31,
32].

Conclusions. The analysis of the current state and prospects for the
use of cutting shredders for polymer and rubber waste makes it possible to
assert that shredders of this type remain and will remain the main type of
equipment for the destruction of polymer-containing waste for the purpose
of their further processing by physical methods in the near future.

At the same time, the developers of new equipment will try to create
universal cutting shredders capable of processing waste from various
polymers and elastomers and of different sizes, as well as to maximally get
rid of the disadvantages of the most common traditional rotary cutting
shredders, primarily high noise level and relatively low resistance of
cutting elements.
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I. MikyaboHoK?
! Hanionanbnuii Texniunmii ynisepeurer Ykpainu
«KniBcbknii moJiitexniynmii incTutyT iMeni Irops Cikopcbkoro»

KJIACHU®IKAIIA TA AHAJII3 KOHCTPYKIIN PI3AJTBHUX
MHOAPIBHIOBAYIB ITOJIIMEPHUX 1 'YMOBHUX BIAXOIIB

Anomauin

Meroro nmocmipkeHb OyJI0 BHKOHAaHHS KPUTHUYHOTO aHAl3y KOHCTPYKTHBHO-
TEXHOJIOTTYHOTO O OPMIICHHS MPOIIECY MOTIMEPHUX 1 TYMOBHX BiIXOJIB 32 JIOTIOMOT OO
pl3JIbHUX MTOAPIOHIOBAYIB.

Po3pobiieno  posmmpeny  kiacudikaiiro  pi3adbHUX — MOAPIOHIOBAYIB ISt
pyHHYBaHHS pI3HOMAHITHUX TOOYTOBHUX 1 MPOMHCIOBHX TIOJIMEPHUX 1 TYMOBHUX
BIIXOMIB: 00’€MHUX, MOTOHHUX, JIUCTOBUX 1 IUTIBKOBUX. BUKOHAHO KPUTHUYHHUMA OTJIS
HaWOLIBII XapaKTEPHUX KOHCTPYKIH pi3aibHUX HO,Z[pi6HIOBaLIiB 3aMpONOHOBAHUX
HAYKOBIIAMH, KOHCTPYKTOPAMH i BUHAXiTHUKAMHU l'IpOBl,Z[HI/IX KpaiH CBITY.

KOHCprKLul HpoaHaJ'IISOBaHO 3aJIKHO B  TPUHIMIY  TEPETBOPCHHS
00poOIIOBaHUX BIIXOJIB, XapakTepy MAii pi3ajJbHOr0O IHCTPYMEHTa Ha 0OpoOIIOBaHUMN
Marepiaj B 4aci, TeXHOJIOT1YHOI oneparlii pi3aHHs, KiJIbKOCTI CTaii MoapiOHEeHHS, TUITY
pyXy pobouoro opraHa, CTyIEHS YHIBEPCAIBHOCTI OOpOOJEHHS BiAXOdiB, (GopMu
potopa (poTopiB), po3TamryBaHHS OcCi poropa (oceil poTopiB) y mpocrtopi, Gopmu
PYXOMHX pi3aJIbHUX €JIEMEHTIB POTOPHUX MOJPIOHIOBAYiB, TeMIepaTypu oOpoOIeHHS
BIJIXOJIIB, @ TAKOX CTYMEHs] MOOUTLHOCTI Mo/piOHIOBaYa. BUKOHAHO KPUTHYHMI aHATi3
HE JIMIIe KJIACUYHHMX, a W 1HHOBAI[IMHUX KOHCTPYKIM MOJpiOHIOBAdYiB, HABEJICHHUX Y
MaTEHTHUX JOKYMEHTaX HpOBi,I[HI/IX KpaiH CBITY.

Amnauri3 CY4acHOTO CTaHy i TEPCIICKTHB BUKOPHCTAHHS pi3ajbHUX TOPIOHIOBAYIB
MOJIMEPHUX 1 TYMOBUX BIAXOIIB CBIAYUTH, IO MOJAPIOHIOBAYI I[LOTO THITY
3aUIIAIOThC W HaWOMMXK4YOMy MallOyTHBOMY 3aJUIIATUMYThCSl OCHOBHHM BHUIOM
oOyiafiHaHHs Uil pYHWHYBaHHsS TMOJIMEPBMICHHUX BIXOJIB 3 METOK iX MOAAIBLIOrO
nepepobienHst ¢izuyHUMH MeTofamu. OCHOBHI 3yCHIUISL MPU I[BOMY CHPAMOBAHO Ha
CTBOPCHHSI yHlBepcaanHx HOI[p16HIOBaHlB 3IaTHUX TEPEpOoONIATH BIIXOAU PI3HOTO
TI/IHOpO3M1py 3 p13HI/IX HOJ‘IlMeplB Ta eJacTOMEpiB, a TAKOK MaKCUMAJIBHO MO30aBICHUX
HEJOJIKIB Tpa,[[I/II_III/IHI/IX p13aJ'IBHI/IX HOI[p16HIOBa‘{1B nepenyciM BUCOKOTO PIBHS IIyMY
Ta BiTHOCHO HU3bKOI CTIKOCTI pi3ajJbHUX EIEMEHTIB.

Knrwouoei cnosa: nonimepHi BiAXOIU, T'YMOBI BIAXOJH, BTOPUHHE NEPEpOOICHHS,
noJIpiOHIOBaHHS, pi3aibHi NOAPIOHIOBAYI.
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DETERMINATION OF LINEAR DIMENSIONS OF BOXES
AND THIRDS OF INDIVIDUAL CASTOR VARIETIES

Summary. The article is devoted to the study of geometric characteristics of heap
of castor. The varieties of castor seeds studied were the following: Donska, Aphrodite,
Olesya, Khortychanka, VNIIMK-165, Hybrid early, Khortytska 1, Khortytska 3,
Khortytska 7. The aim of the article is to establish the linear sizes of bolls and thirds for
individual varieties of castor bean in the context of their percentage. The length and
thickness of castor bolls and the length, width and thickness of thirds of the
corresponding castor bean varieties were determined as experimental data. After
statistical data processing, the interval series of each geometric size of the components
of the heap of castor were determined. The distribution characteristics of a randomly
determined individual size were evaluated using characteristics of variation series, such
as: sample arithmetic mean, variance, standard deviation, coefficient of variation, range
of variation, asymmetry and excess. The significance of the obtained results lies, firstly,
in establishing the law of normal distribution, which is suitable for calculating the
percentage of the heap with a fixed geometric size, and secondly - in obtaining some
estimates of practical interest.

Keywords: castor seeds, heap of castor, geometric characteristics, castor bolls,
thirds.

Introduction. It is possible to increase the efficiency of the process of
post-harvest processing of castor in each technological operation by using
special machines in this technology with the mandatory consideration of
the physical and mechanical properties of castor components. One of the
Important ones is the geometric dimensions of the castor seed pile
components: pods and thirds. Such characteristics are required when
determining the design parameters and technological modes of machines
for separating castor seed heaps from impurities and in peeling machines
that separate castor seeds from their heaps. Accordingly, establishing the
geometric dimensions of the pods and thirds of the heap of castor seeds is
an urgent problem today [1-3].

Recent research and publications analysis. The most important and
complex stage in the system of measures for the processing of castor seeds
Is its post-harvest processing operations, namely cleaning, drying and
sorting of the bunch. Carrying out post-harvest processing of the pile

© Zhuravel D., 2023
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determines the yield and quality of the products that go to further
processing [4].

During the cleaning operation, the heap is separated according to
physical and mechanical properties (size, density, speed of drift, etc.). The
heap includes castor pods, both whole and broken, a significant mass of
plant parts: stems and leaves, as well as extraneous impurities, which is due
to the condition of the agro background before harvesting the castor crop.

Accordingly, the task of the cleaning process is to separate impurities
and thresh castor seed pods first into thirds, and then thresh the thirds with
further separation of clean seeds.

However, compared to other technical and grain crops, castor has a
complex of specific features: multi-component composition, uneven
moisture content, high oiliness of the kernel, fragility of the shells, high
clogging, the need to peel the elements of its bunch, etc. The consequence
of such specific features of castor oil is the impossibility of effective
application of the existing technology for its post-harvest processing [5].

Special equipment for cleaning operations is extremely limited.
Accordingly, when using the existing technology, the specific features of
castor oil are not taken into account. So, for example, during the operation
of peeling castor beans, the high-oil core can be injured. The consequence
of this is the oiling of the working elements of the cleaning machines
(machines for peeling and separating) of the castor pile and directly oiling
the pile itself. As a result of this, firstly, the entire process of post-harvest
processing is disrupted, both the castor itself and the castor seeds cannot be
completely separated on the existing cleaning machines, and secondly, the
yield and quality of the valuable product — castor oil — subsequently
decreases. oil in the technological process of castor seed processing.

As a rule, the existing studies of castor geometric characteristics in the
world refer to regional features, which are difficult to apply to castor
varieties grown in Ukraine. So, for example, in work [6] the geometric
characteristics of castor seeds, which were grown in Nigeria, were studied.
In work [7-10], the research concerned local castor varieties grown in
Pakistan and castor variety DS-30 Variety. In works [11-13], the research
concerned local seeds grown in Iran and bought on the market in Tehran. In
addition, local climatic conditions, soil and seasonal features of cultivation
will further influence the geometric dimensions of the castor pile [10-13].
Castor oil is a high-oil technical crop, the main product of its processing is
castor oil, which is used in the chemical, electrical, medical, aviation, other
industries and in the production of biofuel [14-24]. In some industries,
castor oil is often an irreplaceable or difficult to replace product [25-30].

Purpose statement. Justification of the methodology and equipment
for determining the linear dimensions of boxes and thirds of individual
castor varieties.
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Results and discussion. The parameters of the geometric
characteristics of the components of the castor bean seed heap, which must
be determined, are the following: the length and thickness of the castor
bean bolls (Fig. 1) and the length, width and thickness of the castor bean
trebles (Fig. 2).

When determining biometric characteristics, the following castor bean
varieties were studied: Donskaya, Afrodita, Olesya, Khortichanka,
VNIIMK-165, Early Hybrid, Khortitskaya 1, Khortitskaya 3, Khortitskaya
7.

For measurements, an electronic vernier caliper MIOL 15-241 with a
scale length of 150 mm and a measurement accuracy of 0.01 mm was used
(Fig. 3).

The research methodology was as follows:

1. From the total amount of castor bean of one variety, a castor bean
boll was selected. Its length and thickness were measured with a caliper.
The value was recorded. Then, they took another boll and repeated the
same measurements. The total number was 100 measurements.
Measurements were carried out for each castor bean variety.

2. Castor bean boll, divided into treble. For each third, the length,
width and thickness were measured with a caliper. The total number of
measurements was 100 for each castor bean variety.

3. To construct an interval series, the size of the interval was
determined, the full scale of intervals was set, and the results of
observations were grouped in accordance with it. To determine the optimal
value of the interval h, at which the series would not be too cumbersome
and, at the same time, would allow identifying the characteristic features of
the random variable x, the Ster-Jess formula was used [9]:

_ Xmax ~ Xmin ’ (1)
1+3,322Ign
Xmax» Xmin — Maximum and minimum options, respectively;
n - number of experiments.

At the beginning of the first interval, it is recommended to take a value
equal to [9]:

a1 = Xmin _g’ (2)
then [9]:
8 =aj_1+h, (3)
1=2,3,4....
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6

Figl. General view of a boll of castor:
| — is the length of the boll, ¢ - is the thickness of the boll

a b
Fig 2. General view of a the third part of the castor bean boll:
a — top view; b — side view; | — length of the third; b — width of the third;
o 1s the thickness of the third

Fig 3. General view of the electronic support MIOL 15-241 when
measuring the geometric parameters of the castor bean boll
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The construction of the intervals was continued until the beginning of
the next interval is equal to or greater than x.,, .

The distribution characteristics of the random variable x were
estimated using the characteristics of the sample (characteristics of
variation series), which at increasing n converge in probability to the
corresponding characteristics x, and at a sufficiently large n can be
approximately equal to them [10].

The main characteristics of variation series include: sample arithmetic
mean - X, corrected variance - S*2, standard deviation - S*, coefficient of
variation - V, range of variation - R, asymmetry - As, excess - Ex.

The sample arithmetic mean X was determined by the formula:

2 Xi
The dispersion S*2was determined by the formula [9, 10]:
i(xi -%)?
s*?=1 . (4)
n-1

The standard deviation of S* (empirical standard) was determined by
the formula [9, 10]:

S = (5)

The coefficient of variation of standard deviation v was determined by
the formula [9, 10]:

V= %100%. (6)
The range of variation R, was calculated by the formula [9, 10]:
R =max x; —minx;. (7)
Asymmetry A, was determined by the formula [9, 10]:
i(xi -%)°
S IR 8
A=t (8)
Excess E, was determined by the formula [9, 10]:
i(xi -x)*
Ey=1—7F7—-3 9)
n-S

The average values are generalized quantitative characteristics of a set
of similar phenomena on a variable basis. The arithmetic mean
characterizes the average value, close to which the possible values of a
random variable are grouped. The variance is a measure of the scatter of
these values relative to the mean. The standard deviation is a measure of
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oscillation, but in contrast to the variance is an absolute value expressed in
the same units as the variants. The coefficient of variation is a relative
indicator of fluctuations.

The variational range (or width of the distribution) is unstable, an
extremely random variable that serves to estimate the variation. Asymmetry
and excess are indicators of the deviation of the distribution function f(x)
for x from the normal distribution law. If A, = 0, then the curve for f(x) is

symmetric, for A, # 0 - asymmetric. At A, > 0 the right part of the
distribution is longer than the left, A, <0 - vice versa. Excess characterizes
the steepness of the distribution curve. If E, = 0, then the vertex of the
curve for f(x) is either above (atE, > 0) or below (at E, < 0) the vertex of

the normal distribution curve [11].

The linear dimensions of oilseeds are always subject to the law of
normal distribution, which is determined taking into account the
characteristics of variation series and based on the typical relationship [11]:

X=X
__ 1 [_232J 10
P N (10)

When measuring the geometric characteristics of the boxes and thirds
of castor seeds, it was found that the sizes of individual varieties have
almost the same values. According to the above, in the process of research,
the varieties of castor studied were divided into three groups: small, which
corresponded to the varieties: Olesya, Khortychanka, Khortytska 7;
medium - for varieties: VNIIMK-165, Hybrid early, Khortytska 1; large -
for varieties Donska, Aphrodite, Khortytska 3.

As a result of the conducted researches variational series of
distribution of castor bolls by: length (fig. 4), thickness (fig. 5), variational
series of distribution of thirds by: length (fig. 6), width (fig. 7) and
thickness are established (fig. 8).

Taking into account the experimental dependences (Figs. 1...5) and
formulas (3... 9), the characteristics of variation series of bolls and thirds
of castor varieties are determined (Table 1... 3). The calculated values of
the parameters of the sample arithmetic mean of each variation series
(Table 1... 3) must be taken into account in the technological processes and
designs of machines when separating the castor bolls and peeling its thirds.

Centering of variation series obtained in the course of research (Fig.
1... 5) was carried out by determining the law of normal distribution of the
series according to formula (10). To do this, it is necessary to take into
account the results of the characteristics of the variation series of the
geometric parameters of the components of the castor heap (Table 1... 3).
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Fig 4. Variation series of distribution of castor bolls by length

45

40

35

5

30

\

25

/
P

Amount, %

20

15

/

/i

L

N
.\

/i/

.

NN

.

>

5 12,3 13,1 13,9

—m— small —e— middle

14,7

155 16,3

thickness, mm

171 179 18,7 19,5

large

Fig 5. Variation series of distribution of castor bolls by thickness

Results of calculations of laws of normal distribution of variational
series of distribution of bolls on length and width; and thirds of bolls in
length, width and thickness for different varieties of castor are given in

table. 4.
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Table 1
Characteristics of variation series for a group of small varieties of castor
Mathematical Castor bolls Thirds
characteristics By By By By By
length width length width hickness
Selective 383
arithmetic  mean, | 13,65 14,48 13,3 ’ 6,45
X
Dispersion, S™ 1,56 1,54 1,38 0,39 0,44
The — standard |, .0 |15, 1118 0,62 0,66
deviation, S
Coefficient — of | 915 g5 | gg3 7.03 10,27
variation, V
Eange ofvariation, | 5 57 535 |31 3,24 3,71
Asymmetry, Ag -0,07 -0,55 0,56 0,18 -0,45
Excess, E, -0,41 -0,16 1,39 -0,03 0,85
Table 2
Characteristics of the variation series for the group of medium varieties of
castor
Mathematical Castor bolls Thirds
characteristics By By By By By
length width length width hickness
Selective
arithmetic  mean, | 16,27 16,36 15,27 9,55 7,76
X
Dispersion, S™ 1,66 0,78 1,17 0,92 0,44
The — standard |, ,q 0.88 1,08 0,96 0,66
deviation, S
Coefficient - of |/ 4, 5.4 7.09 1003 | 0,49
variation, V
Eange of variation, 5.8 41 6 4.4 37
Asymmetry, Ag -0,066 -0,82 0,69 0,09 -0,46
Excess, E, -0,45 0,52 1,93 -0,6 0,89
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Table 3
Characteristics of the variation series for a group of large varieties of castor
Mathematical Castor bolls Thirds
characteristics By By By By By

length | width length | width hickness

Selective arithmetic | 1o 76 | 1744 1838 |1039 |8,84
mean, x
Dispersion, S* 1,82 1,3 1,14 0,5 0,26
The — standard|, o5 1444 107|071 |051
deviation, S
\'jange of variation, | ; 19 |54 581 | 6,83 5,76
Eange of variation, 5 5.0 5 35 31
Asymmetry, A, -0,067 |-0,64 0,25 0,2 -0,56
Excess, E, -0,5 -0,009 1,71 -0,33 1,72

Table 4

Laws of normal distribution of variational series of distribution: bolls in
length and width; thirds of bolls in length, width and thickness for different
groups (varieties) of castor seeds

Biometric characteristics of castor bolls and thirds

Castor bolls by length

Small varieties of | Medium varieties of | Large varieties of castor
castor castor
(_x—13,65) [_x—lG,Z?J (_x-l&?Sj

®=032-¢" ®=031e % ®=0296-¢" %
Castor bolls by width
Small varieties of | Medium varieties of | Large varieties of castor
castor castor

[_x—14,48j [_x—l6,36] [_x—17,44j
»=0323.¢ 30 ®=0454.¢" 1O ®=035-¢" 2°
Thirds by length
Small varieties of | Medium varieties of | Large varieties of castor
castor castor

[_x—13,3j [_x—15,27] (_x—18,38j
®=0338-¢' *7° ®»=037-¢" > ®=0373-¢" 2%
Thirds by | width
Small varieties of | Medium varieties of | Large varieties of castor
castor castor

Proceedings TSATU. 2023.23.1




@ [Ipani TAATY Bunyck 23. Tom 1
73

x—8,83j

Xx—9,55
@ =0644. e(_ 0,78 j

®=0,416- e(_ 184 @ =0,562- e(10,39—x)

Thirds by thickness

Small varieties of | Medium varieties of | Large varieties of castor
castor castor

_x—6,45j

X—7,76
@:o,eos-e( 088 ) j

x—8,84
@ =0,605- e( 0.8 J

®=0783. e(_ 0,52

Conclusions. As a result of the studies of the geometric characteristics
of the components of the castor pile, it was established:

1. The geometrical dimensions of a bunch of castor beans depend on
the type of castor and vary in a fairly wide range: according to the length of
the pods: 10.55 - 22.5 mm, according to the width of the pods: 11.5 - 20.2
mm, according to the length of the thirds: 10.86 - 22.5 mm, width of thirds:
7.36 - 12.3 mm, thickness of thirds: 4.8 - 10.2 mm. The percentage ratio for
the size of the castor pile is determined by its varietal characteristics.

2. To increase the efficiency of the separation of pods and peeling of
its thirds, depending on the group of castor varieties, the following
geometric dimensions are established: pod length: small - 13.65 mm,
medium - 16.27 mm; large - 18.78 mm; box width: small - 14.48 mm,
medium - 16.36 mm; large - 17.44 mm; length of the third: small - 13.3
mm, medium - 15.27 mm; large - 18.38 mm; width of third: small - 8.83
mm; medium - 9.55 mm; large - 10.39 mm; third thickness: small - 6.45
mm, medium - 7.76 mm; large - 8.84 mm. The specified parameters must
be taken into account in the relevant technological processes of castor oil
processing and machine designs.

3. For each variation series of the distribution of components of the
castor pile, taking into account the corresponding group of castor varieties,
centering is ensured by establishing the law of normal distribution of the
corresponding variation series.
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. Kypaseiab
TaBpilicbKkuii 1ep:KaBHUII ATPOTEXHOJIOTTYHUI YHIBEpCUTET
imeni /Imurpa MoTopHoro

BCTAHOBJIEHHS JIHIMHAX PO3MIPIB KOPOBOYOK I
TPETUHOK OKPEMUX COPTIB PULIMHU

Anomauin

Pobota mpucssiueHa oOrpyHTYBaHHIO JIIHIMHUX PO3MIpiB KOPOOOYOK 1 TPETHHOK
OKpPEMHUX COpTIB PpHUIMHH Yy po3pi3l iX BIACOTKOBOI KulbKocTi. B sxocti
eKCTIEpUMEHTAIBHAX MaHUX OyJI0 BU3HAYCHO JIOBKUHY 1 TOBIIMHY KOPOOOYOK PUITUHH
Ta JOBXHHY, IIUPUHY 1 TOBIIMHY TPETUHOK BIAMOBIAHUX COPTIB puiuHU. [licas
CTaTUCTUYHOI 0OPOOKM JaHMX, BUSHAYEHO 1HTEPBaJIbHI PAIU KOKHOTO T€OMETPUYHOIO
pO3Mipy KOMIIOHEHTIB BOPOXY PHIIMHH. BiAMOBIIHO 3a7adero MPOIECY OYHIIEHHS €
BIJITUIEHHS JIOMIIIOK Ta 0OMOJIOT KOPOOOYOK HACIHHS PULIMHU CIIOYATKy Ha TPETHHKH,
a TOTIM OOMOJIOT TPETHHOK 13 TOJAIBIINM BIJUIUICHHSIM YHUCTOr0 HaciHHs. OnHak, y
MOPIBHAHHI 3 THITUMH TEXHIYHUMH 1 36pPHOBUMH KYJIbTypaMH, PUIIMHA MA€ KOMILIEKC
cnenuiuHuX 0COOJMBOCTEH: 0AaraTOKOMITIOHEHTHICTh 11 CKJIaay, HEPIBHOMIPHICTH IO
BOJIOTOCTi, BHCOKAa OJIHHICTh Spa, KPUXKICTH OOOJOHOK, BEJMKAa 3acCMIYEHICTb,
HEOOXITHICTh JIYIIEHHS €JIEMEHTIB ii Bopoxy Tomio. HacmigkoMm Takux crenudiaamx
O0COOJIMBOCTEH PUITMHU € HEMOXKJIUBICTh €()EKTHBHOTO 3aCTOCYBaHHS 1CHYIOUOI TEXHIKH
st 11 micnsa30upanbHoi 00poOKku. CremiaibHOI TEXHIKM TPU TPOBEICHI Oreparii
OYHMIIEHHS BKpail oOMexeHo. BiamoBimHO, NMPH BUKOPHCTAHHI ICHYIOYOI TEXHIKH HE
BpPaxOBYIOThCS CrienM(idHi 0COONMMBOCTI pUIIMHM. TakK, HAMpPUKIAJ, MiJ Yac omneparlii
JMYIIEHHS TPETUHOK PHUIMHH MOXKE TpaBMyBaTHCS BHCOKOOIiKHe sapo. Hacmigkom
OTO € 3a0JIIOBAHHA POOOYUX EJNEMEHTIB OUMINYBaJbHUX MAIIMH (MAaIlIUH IS
JNyIIEHHS 1 PO3AUICHHS]) BOPOXY PHUIMHU Ta O€3MOCEpeIHbO 3a0JiIOBaHHS CaMOTo
BOpoxy. B pesynbTari 11p0r0, M0 mepiie, NOpyUIyeThCsl BECh MPOLEC Micas30upanbHOl
00poOKH, K camMOi PUIIMHU TaK 1 HACIHHS PUIIMHU HE MOXKE OyTH MOBHICTIO BIIIIJICHO
Ha ICHYIOYMX OYMIIYBAJIbHUX MAIllMHAX, a MO-Apyre, B MOJAJBIIOMY BiJOYyBa€eThCs
3HIDKEHHSI BUXOJY 1 SIKOCTI I[IHHOTO MPOAYKTY — KacTOPOBOi OJlii B TEXHOJOTTYHOMY
mporeci nepepoOKH HACiHHS pULMHU. XapaKTEPUCTUKH PO3MOALTY BHUIIAJKOBO
BU3HAQUYEHOTO OKPEMOro pO3Mipy OLIHIOBAJIM 32 JOMOMOTOK  XapaKTEePHUCTUK
BapiallifHUX PsIIB, TAKUX SK: BHOIpKOBa cepeiHs apu(METHYHA, JUCIIEPCis, CEpeIHe
KBaJpaTUYHE BIIXWICHHS, KoeillieHT Bapiarlii, po3Max Bapiarlii, aCHMETpis Ta eKCIIeC.
3HAaYUMICTh OTPUMAHUX PE3yJbTATIB MOJIATAE, MO-TEpIIe, Y BCTAHOBIEHHI 3aKOHY
HOPMAJILHOTO PO3MOALUIEHHS, 10 MPUAATHUN IJs PO3PaXyHKIB BiABIAHOI BiICOTKOBOT
KUJIBKOCTI BOPOXY 31 BCTAHOBJIEHHMM TI'€OMETPUYHHM pO3MIPOM, a IO Jpyre — B
OTPUMAaHHI JIeSKUX OI[IHOK, I10 MalOTh NMPakTU4YHUH iHTepec. Lle crocyeTbes BuOOpPY 3
ypaxyBaHHSIM OTPUMAaHUX TEOMETPUYHHMX  XapaKTEPUCTUK BOPOXY  PHUIIMHH,
KOHCTPYKLIH poOOYMX OpraHiB CUIbCBKOTOCIOAAPCHKUX MAIMH, 110 3a0e3MeuyroTh
BUKOHAHHA oONepaliii po3AiIeHHs KOpPOOOYOK 1 JYIIEHHS TPETUHOK BOPOXY B
TEXHOJIOTTYHOMY IpoIieci MicaA30upaabHOi 0OpOOKH PULIMHH.

Knwouoei cnosa: niHiliHi po3MipH, T€OMETPUYHI XapaKTEPUCTHKH, BOPOX PHILIMHH,
¢binbTpaliis, KaCTOpOBa OJisl, BapialiiHuil psja, KOPOOOUKH, TPETUHKH.
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SHUKEHHA EHEPTETUYHUX BUTPAT JUCIIEPT'YBAHHS 3A
PAXYHOK SIBUIIIA EXXEKIIIT

Anomayia. B crarTi mpoBeNeHWI aHali3 MPUCTPOIB aHAJOry Ta MPOTOTHILY
KOPHCHOI MOJeJli, pe3yJbTaTu SKOTO CBIJYaTh MPO KOHCTPYKTHUBHI OCOOJIMBOCTI, 3
BpaxyBaHHSAM SIKHX TEXHIYHO HEMOXJIMBUM € 3a0e3reueHHs exekiii. OCKiUTbKA
TOJIOBHUM YWHHWKOM JUCIICPTYBaHHS € CTBOPCHHS MAaKCHMAJIbHOI PI3HHIN MiX
MIBUJIKOCTSMH 3HEKHPEHOTO MOJIOKAa Ta BEPIIKIB s 3a0e3medeHHs €(EeKTUBHOTO
JMCIIEPTYBAHHS B IIMX KOHCTPYKIIIAX HEOOX1THO BHKOPUCTOBYBATH IPUMYCOBY ITO1a4y
KUpoBOi  (a3u, 10 TPU3BOAUTH 10 30UIBIICHHS E€HEPTOBUTPAT  IPOIIECY.
3anporoHOBaHO KOPUCHY MOJENb, B SKIM IUISXOM MOJAEpHI3aIlli KOHCTPYKTHBHHX
€JIEMEHTIB KOPIYCHOI YaCTUHU Ta BUKOHAHHS KOH(Y30py 3 Pi3bOOBOI0 YACTHHOIO Ta
VIIUTbHIOBaYaMU MOXJIHMBO 3a6e3nedntd 15-20% 3HMKEHHS eHEepreTMYHUX BUTpPAT
JMCTIEPTYBaHHS.

Knrouosi cnosa: TeHTpanbHUM KaHaI, CTPYMHUHHUM TOMOTEHI3aTOp, BEPIIKH,
€HepreTHYHI BUTPATH, MOJIOKO, TUCTIEPIyBaHHS, €KEKIIis

Ilocmanoska npobaemu. 3Bakarou Ha Te, 110 €HEPreTUYHl BUTPATHU
Ha 3A1MCHEHHS JUCIEPTryBaHHA MOJIOYHHMX €MYJIbCIH CKJIaJaroTh B
3QJIEKHOCTI Bif TexHojorii Bix 25 nmo 40% 3aragpHUX €HEProBUTpAT B
TEXHOJIOT1SX MEPEPOOKH MOJIOYHHUX MPOAYKTIB, MOAAIBIINEC 3HUKEHHS SKUX
ABIIIE€ aKTyalbHY IPOOJIeMy XapdoBoi Ta mepepoOHoi ramysi Ykpainu [1].
CyTHicTIO TOMOTeHi3amii (IuCnepryBaHHsS >KUPOBUX KYJIbOK MOJIOYHOI
eMyIbCii) € 3MEHIIEHHS CEePeIHbOTO JiaMeTpa KUPOBHX KYyJIbOK Ta
3a0e3MeveHHsl iX PIBHOMIPHOTO PO3MOAUTY B 00’ €Mi 3HEKUPEHOTO MOJIOKA.
["oMoreHi3aliis HaJIEKUTH 10 HOPMATUBHUX MPOIIECIB Ta BUKOPUCTOBYETHCS
B SIKOCTI OOOB’SI3KOBO1 orepalii JjIs 3a0e3nedeHHs CMaKOBHUX, MOXKHUBHHX
Ta TOBAPHUX XapPaKTEPUCTHUK MOJIOYHUX MPOAyKTiB. OIHAK KOHCTPYKIIii
KJIaMaHHUX JUCTIEPraTopiB, fAKI J0 I[bOr0 Yacy MarwTh HaWOUIbIIE
PO3MOBCIO/IKEHHS CEepPe/l TEXHOJIOTTYHOTO 00JIaJHAHHS MOJIOKOIIEPEPOOHOT
rayry3i BiIPI3HSIOTHCS BUCOKMMH 3HAYEHHSMH CHEPTeTHYHHUX BUTPAT, IO
nmepeBHIyOTh 7 KBT'TOn/T mepepobiienoro mpoxykry [2,3]. UumcensHi
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cipoOu ¢axiBiiB raigy3l Ta HAYKOBIIB 3a0€3MEUUTH MiJBUILICHHS
eHEeproePEeKTUBHOCTI TMPOBEICHHS TOMOTEHI3aIlll JI03BOJIUIN BUCYHYTH
HU3KY TINOTE3 BIAHOCHO MPOLECIB Ta MEXaHI3MIB, IO HPHU3BOAATH [0
3MEHILEHHS CEpeHBOro JAlaMeTpa XUPOBUX Kysbok [l]. OgHak >xoaHa 3
HUX HE 3/1aTHa BHKOPHUCTOBYBAaTHCh B SIKOCTI 3arajibHOi Teopii mpoiiecy,
OCKUIBKA KOKHa 3 TIMOT€3 MICTUTh NPOTUPIYYS, IO MOSCHIOETHCA
napajoKcamu ripoJuHaMiku [3].

Ananis  ocmanmnix Oocnioxcenvb. (OCTaHHIM YacoM NPOBITHUMH
HAYKOBISIMH OYJI0 pO3pO0JIEHO KOHCTPYKIIii, BIPOBAIKEHHS SIKUX MOXKE
3a0e3neynT (32 yMOBH OTPUMAaHHsS MPOAYKTY 3 CEpPEAHIM JiaMeTpOM
KUPOBHUX KYJIbOK, IO 3HAXOJWTHCSA HA PiBHI BHMOT TEXHOJOTIYHOI
JOKYMEHTAIli1) 3HIKEHHS CHEPreTUYHUX BHTpAT IMporecy B 2-3 pasu
(MpOTUTEUIMHO-CTPYMUHHHIM TOMOTEHI3aTop MOJoka, MiHi Mmikcepu II-
nonionoi Tta T-momiOnoi Qopmu) [4]. OnpHak CyTTEBOrO 3HMXKEHHS
CHEPreTUYHUX BHUTPAT JUCIICPTYBAHHS MOJMKJIMBO JIOCATTH 33 YMOBH
peamizailii B KOHCTPYKI[ISIX MaKCHUMaJbHOI PIZHUIN IIBUIKOCTEH TMojaadi
3HEKUPEHOr0 MOJIOKa Ta BEPIIKIB (Timore3a I.T.H., npodecopa Kupuna
Cawmoituyka) [5].

binbuiicte 3 TakuX KOHCTPYKLIA IPYHTYETbCS Ha MPHUHIIMIIL
PO3IIIBHOT TMOJaul JUCTepCiiiHOT Ta aucrhepcHoi ¢a3 MPOAYKTY, IO
3a0e3nedye 3HKEHHS €HeproBUTPAT roMoreHi3amii 6uibi Hix Ha 50% [5].
OnHier0 3 TakWX KOHCTPYKIIA € po3poOneHuit Ha 0a3i kadenpu
oOJialHaHHS MMepepoOHUX 1 XapuoBUX BUPOOHUITB iMeHi1 npodecopa D.10.
Ammaunka (OIIXB) THATY cTpyMUHHHMI TOMOIEHI3aTOp MOJIOKa 3
PO3AUIBHOIO TI0JIaY€I0 BEPIIKiB. B HhOMY 3HEKHpPEHE MOJIOKO ITiJ] BACOKHM
TACKOM  HaJIXOAUTh JIO MiICI HaWOUIBIIOTO 3BYXXECHHS KaMepu
rOMOTeHi3allii, /e 0 HbOTO M0 KaHajaX MaJioro aiaMeTpy O0Ja€ThCs
HEOOX1/IHa KIJbKICTh BEpIIKiB, BHU3HAUCHA 3 PIBHIHHA MaTepialbHOTO
Oamancy. EnepreTrdni BUTpaTH TaKOTO AHCIEpPraTopa CKiIagaloTh OJU3bKO
0,90-0,95 kBrt'rom/T mnepepobiieHOr0O MOJIOKAa, TPH I[BOMY CepeaHin
JiaMeTp KHUPOBUX KYJIBOK MicIsi 0OpOOKH B HbOMY 3HAXOJHUTHCS Ha PiBHI
0,80-0,85 mxm [5]. CyTTeBUM HEIOJIKOM MPHUCTPOIB TAaKOTO THUITY €
HU3BKUW PIBEHb HAMIMHOCTI, TOB'SI3aHUM 13 MIBHIKOI OOJITEpaIi€ro
BHYTPIIIHIX TOBEPXOHb KaHANIB, IO BUKOPUCTOBYIOTHCS I TOJadi
BEPIIIKiB Ta MAaIOTh ONTUMAaJIbHI 3HAUYEHHS JiameTpy B Mexax 0,60-0,80 mm.

[lomanpmuii po3BUTOK HAYKOBHX OCHOB JUCIIEPTYBAaHHS JO3BOJIMB
PO3POOUTH KOHCTPYKIIIO CTPYMUHHO-IIUTMHHOTO AHCIIEpraTopa MOJIOKA.
[TpuHIIMT #oTO A1l MOJsATaE B TOMY, IO TIONIEPEAHBO 3HEKUPEHE MOJIOKO 3
BHCOKOI0 TMIBUAKICTIO PYXA€ThCA JO MICI HAWUOUTBIIIOTO 3BY)KCHHS
koH(py30py. B miif 30H1 (AingHI MiX TOpIsiIMU KOH(DY30py Ta audy30py)
Kpi3b KUIbIEBY IIinuHy, mupuHoio 0,60-0,80 MM momaerbcs HeoOXimHA
KUTBKICTh BepIIKiB [6]. Pe3ynpTaT mpoBeIeHUX aHATITUYHUX JTOCIIIKCHb,
MIATBEPIKEHI TIPU MPOBEACHHI €KCIIEPUMEHTIB CB1I4aTh, 110 €HEPreTHUYHI
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BUTpPaTH TAaKOro TroMoOreHizatopa He nepeBuinyoTh 0,80 xkBt-roa/t
MepepoOICHOTO MPOAYKTY, a 3HAUEHHS CEPeIHBOTO JiaMeTpa KHUPOBHX
KYJIbOK 3HaxoasaTbes B Mexax 0,80-0,85 mkwm [6].

DopmynoeanHs yineti cmammi (HOCMAHOBKA 3a80anHs). MeToro
JAaHO1 CTaTTl € JOCHIDKEHHS MOJKJIMBOCTI TMOJAJBIIOTO 3HIKCHHS
CHEPreTUYHUX BHUTpPAT JHUCIEPTYBaHHA B  CTPYMUHHO-IIUIMHHOMY
roMoreHizatopi  Mojoka. JlJis  JOCSATHEHHS  TOCTaBJICGHOI  METH
BUPIITYBAJINCh HACTYIIHI 3a/1a4i:

— IIPOBEJICHHS aHAJi3y aHAJIOTY Ta MPOTOTHITY KOHCTPYKIIii;

—po3poOka Ta OOIPYHTYBaHHS KOPHUCHOI MOJENl CTPYMHHHO-
IIUIMHHOTO TOMOTEHI3aTOpa MOJIOKA, BUKOPUCTaHHS SIKOTO MPOTHO30BaHO
JT03BOJIUTH 320€3MEYNTH CHEPTCTUYHI BUTPATH MPOIIECY TUCTIEPTYBAHHS.

OcHnosna ywacmuna. [1pu poBeIeHH] TATEHTHUX JOCIIKEHb B SIKOCTI
aHajory Oyno o0OpaHO KOHCTPYKIIIO, fKa CKIQJa€TbCcsl 3 KOPIyCy 3
IEHTPAJILHUM KaHaJioM, B MiCIli HMOro HaWOUIBIIOTO 3BY)KCHHS
pO3TalllOBaHI KaHAIW I ©KEKTyBaHHs aucrnepcHoi dasu. [lpu mpomy
KOpPITyCHa YacCTHHA MPHCTPOIO CKIAMAEThCA 3 KOHGY30py Ta audy3opy, a
IIUTMHHI KaHAJIU yTBOPIOIOTHCS MK MajJWMH JiamMeTrpaMu KoHQy30py Ta
mudyszopy[7]. Ilpu  poGoTi mOpuUCTpor0  3abe3nedyeTbes — Mojaya
3HEKUPEHOTO MOJIOKA TiJi TUCKOM Ta MOro cCopsiMyBaHHS 1O Majoro
niamerpa KOH(y30py, J€ CIOCTEpIraeThCsi 3HWKEHHS 3HAYeHb poOOYOro
TUCKY Ta 3a0e3MedyeThcsl MIABUINCHHS IIBUIKOCTI PyXy AUCHEPCIHHOT
¢dazu. B 30H1, 1110 0TOYYE MOTIK 3HEKUPEHOTO MOJIOKA B MICIIl HOTO BHXOY
3 MaJioro JAiameTpa KOH(Y30py CTBOPIOETHCS NUISHKA 3HUKEHOTO THCKY,
3aBASIKM 4YOMY 3a0e3MeuyeThCsl €KEKTYBaHHS 3 KaMepu Kpi3b MIUIMHHI
KaHaJIM HEeoOXimHOoi KimbkocTi BepmikiB [3,8]. Ilpu poboti mpucrtporo B
MICIIl HaJXOMKCHHS TOHKOTO KUIBIIEBOI'O INapy JucIepcHoi da3u a0
MOTOKY JUCIEPCIHHOTO CEPeJOBHINA MIX JKAPOBUMU KYyJIbKaMH Ta
IJIa3MOI0 MOJIOKA CTBOPIOIOTHCS BHUCOKI 3HAYEHHS PI3HUIN MIBHIKOCTEH
[9]. Lle, y BiamoBigHOCTI A0 KpuTepito Bebepa cTBOproe mnepeayMoBu s
e(heKTUBHOI rOMOTeHi3arlii.

Henonmikom ommMcaHoro BUIE NPUCTPOIO € BHCOKI 3HAYCHHS
€HEProBUTPAT MPOIIECY, IO TMOSICHIOETHCS BUCOKUMHU BUTpaTaMu EHEpTii,
NOTPIOHUMHU JUIsI TPUBOAY Hacocy mojavi BepmkiB. OcoOIMBOCTI
KOHCTPYKTHBHOTO BHKOHaHHS KoH(Dy30py Ta aAudy30py BHKIIOYAE
CTBOPCHHS B 30HI INMUIMHHUX KaHAJIB HEOOXITHUX IEePEeIyMOB IS
BHUHUKHCHHS sBHINa exekiii [8]. ToOro, He3BakarouW Ha JEKIIapalliio
aBTOPIB MO0 €KEKI[ii BEepIIKIB Kpi3b NIIJIWHHI KaHAJTU 3 €MHOCTI, ITi/T Yac
poOOTH TPHUCTPOIO HEOOXigHA IoJada BEPIIKIB 1T THCKOM, IO
O0OYMOBITIOE MiIBUIICHHS €HEPTETUIHNX BUTPAT Ha AWCTIepryBaHHs [7].

B sikocTi mpoTtotumy O0yno o6paHo koHcTpyKIito [10] romorenizaropa,
SKUH MICTUTh KOPIYC 3 IIEHTPAJIbHUM KaHaJOM, M0 BHUKOHAHUH 3
pO3TAalllOBaHWX OJWH J0 OJHOTO MajuMHU JiamMeTpamu KoH(]y3opa Ta
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audy30pa, NPoCTip MK TOPLUEBUMH MOBEPXHSAMU SKUX YTBOPIOE KUIBLIEBY
LIUTMHHUNA KaHajl, Kpi3b KU BIIOYBA€ThCS €KEKTyBaHHs BepiIKiB. OnHa 3
YaCTUH KOPITYCY Ma€ MOKIIMBICTH OCHOBOTO MEPEMIIIECHHS, HA 30BHIMIHINA
TOpPLEBIM MOBEPXHI Majoro AiamMeTpa BUKOHaHa (acka, a BCTAaHOBJICHMM
TOJATKOBHH MPYXHUH €JIEeMEHT MPUTHUCKAE PYyXOMYy YacTHHY KOpIyca /0
1HIIOI. 3HEXUPEHE MOJIOKO, IO IiJ] TUCKOM TMOJAEThCS 1O KaMepu
HAJXOAUTh JO 3BY)KEHHS, IO YTBOPIOETHCS TOPIIEBHMH IOBEPXHSIMHU
KoH]y30py Ta audy3opy, B I[id 30HI CIOCTEPITAEThCSA IiIBUIIICHHS
MIBUKOCTI MOTOKY Ta 3HWXKEHHS TUCKY. HeoOXigHa KUIbKICTh BEpIIKIB
NPUMYCOBO TOAAETHCSA O Kamepw, Mifounii Ha (acKy THUCK OOyMOBIIOE
BUHUKHEHHS OChOBOI CHJIH, siKa 3a0e3meuye 3cyB KOH(Py30py 3 marpyokom
[0 BIAHOLIEHHIO JI0 OMOpPH, 110 OOYMOBIIOE YTBOPEHHS B MPOCTOPI MIX
KoH(y30poM Ta Audy30pOM KIIBLEBOTO IIUIMHHOTO 3a30py MJIs Mojadi
BepiKiB. OCKUIbKM BEpPUIKA MOJAIOTHCS Y BUIVISIAI TOHKOTO KIJIbLEBOTO
mapy, MiK HAMH Ta TIOTOKOM 3HEKHPEHOrO0 MOJIOKA BHHHKAE BHCOKA
PI3HMIISI MK IIBUJIKOCTSIMU JUCHEPCIMHOI Ta AucnepcHoi a3 MpoayKTy,
IO CTBOPIOE HEOOXIHI TIAPOJAMHAMIYHI YMOBU JJisi JUCHEPryBaHHS
XKUPOBOT ha3u MOIOUHOT eMyJibCii [1,4].

KoHCTpyKTHBHI OCOOIMBOCTI MPHUCTPOIO MepeadadyaroTh 31HCHEHHS
BIUIMBY THUCKY Ha (hacKy, 3aBIsSKH YOMY 3a0€3MeuyeTbcs 3CYB BIJHOCHO
OIOpPH Ta KOPITyCYy KOH(Y30py 3 MaTpyOKOM Ta YTBOPEHHS HIUITMHHOIO
KkitbiieBoro 3azopy [10]. Lle 06ymoBIt0€ HEOOXIAHICTE CTBOPEHHSI BUCOKHUX
3HauY€Hb TUCKY HAcOCy Mojadyi KHUpoBOi ¢a3u, 3HaYHa YacTHHA AKUX Oyje
3abe3reuyBaTd HEOOXiTHUN THUCK Ha (acKy s YTBOPEHHS KiJIBIIEBOTO
HIITMHHOTO  3a30py. HeoOximHoo yMOBOI0O e()EeKTUBHOrO 31HCHEHHS
JUCIICPTYBaHHS € CTBOPEHHS MAaKCHMAaJIbHOI PI3HMII MK IIBHIKOCTSIMU
pPYXy 3HEXKHPEHOTO MOJIOKa Ta BEPIIKIB, IS 4YOro >KuMpoBa (aza mae
HAJXOJUTH Y BUIIIAI TOHKOT'O KUIBIIEBOTO IMapy Kpi3b BY3bKUU 3a30p
kutblieBoi minuan [11]. TakumM dYWHOM, KOHCTPYKTHBHI OCOOJMBOCTI
IPOTOTHUITY CBiUaTh IPO BHUCOKI EHEPreTUYHI BUTPATH JJISI TPUBOIY
HAcOCy T0oAadi  BEpIIKIB, M0 CKIAJal0Th HAWOUIBILY  YacTHHY
SHEPreTUYHUX BUTPAT HA JUCTIEPTYBAHHSA B KOHCTPYKIIISAX MOAIOHOTO THITY
[6,7,10].

B ocHOBy kopucHOi MoOJedi MOKJIAAEHO 3ajJadyy YJOCKOHAJEHHS
CTPYMUHHOTO TOMOT€HI3aTopa MOJIOKa 3 PO3JIUIFHOIO MOJA4Y€r0 BEPIIKiB,
[UISIXOM MOJIepHi3ailii KOHCTPYKTUBHUX €JIEMEHTIB KOpIyca i BUKOHAHHS
KOPIYCHOi ~ YacTHMHH  KOH(Yy30pa 3  pi3bOOBOI  YaCTHHOIO  Ta
VIIUTBHIOBAYaMH, M0 TPHU3BEJE 10 3HIDKCHHS CHEPreTUYHUX BUTPAT
mporiecy romoreHizamii. [loctaBnena 3amada BUPINIYETHCS THUM, IO B
CTPYMHUHHOMY TOMOTEHI3aTOpi MOJIOKa 3  PO3AUIHHOI0  TIOJIa4Y€io
BepmiKiB(puc. 1), 0 MICTUTH KOPITYC 3 IIEHTPAIILHUM KaHaJOM, BUKOHAHUM
3 KOH(]y30pa, KW BCTAHOBJICHO 3 MOKJIUBICTIO OCbOBOTO IMEPEMIIICHHS 1
narpyOka MK SIKUMU YTBOPEHUH UIUIMHHUNW KaHal JUIsl €XEKTyBaHHS
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BEpIIKIB, 3TIHO 3alpONOHOBAHOI KOPUCHOI MOJIEN, BHYTPILIHS MOBEPXHS
naTpyOKa Ta 30BHILIHS YaCTHMHA KOH(PY30pa BUKOHAHHI KOHYCHUMHU TaKUM
YUHOM, 10 MI)K HUMHU YTBOPIOETHCS KOHYCHUM KaHal, SKUU 3BYXKY€TbCS B
HaIpsIMKY PyXy BEpUIKIB.

ITomaua

BEpIIKiB

Binsenenns

~ 7 roMoreHizoBaH
0ro MOIIOKa

NN A
ITomaga RNTh
3HEKUPEHOTO B
MOJIOKa g

"""" BRI A
\

////// |

Puc. 1. CTpyMUHHO-IIUTMHHUANA TOMOT'€HI3aTOP MOJIOKA 3 PO3ALIHHOIO
10J1a4Y€I0 BEPIIKIB. 1-IieHTpalbHUi KaHaT;, 2—pi3b00Ba YacTUHA; 3—
yIIUTbHIOBaY1; 4—KOH(PY30M; S—TIaTpyOOK; 6—BHYTPIIIHS TOBEPXHS

naTpyOKy mojiaui BepuikiB; 7—koH(]y30p; 8—KopIiyc; 9—KOHYyCHUN KaHAaT;
10—minmuaaMl ka"am, 1 1-gudy3op

3anponoHOBaHa  KOHCTPYKIlSE KOPUCHOI  MOJENl  CTPyMHUHHO-
IIUJIMHHOTO TOMOT€HI3aTopa MOJIOKa, HaBeJeHOI Ha puc.l mpaltoe Takum
yuHOM. [lomepeaHbO 3HEKUPEHE MOJIOKO IIiJI TUCKOM TOJAETHCS [0
KoH(]y30py 4, 110 BCTAHOBJICHHH B KOPITYCl 8 TOMOTEHI3yI0UOTO By30J1y Ta
MICTUTh IICHTPaJbHUN KaHaj, MHHAIOYM SKUH MOJIOKO TMpPSMY€E [0
KOHYCHOTO KaHaly KoH(]y30py 9. BusnaueHa B 3aJIe’)KHOCTI BiJl )KUPHOCTI
BUXIJTHOTO TMPOAYKTY KUIBKICTh BEPIIKIB €XKEKTYEThCS Kpi3b IMaTpyOOK
mojavi Ta HAAXOIUTH 10 NUISHKH, C(POPMOBAHOI 30BHIMIHBOIO YACTHHOIO
KoH(Y30py 7 Ta BHYTPINIHBOIO TMOBEPXHEIO MAaTPyOKy Mojadi BEpPIIKIB O,
MDK AKkuMU (popmyeTbes mimMHHUNA kKaHan 10. 3a Takux yMOB >KHPOBI
KyJIbKH, M0 TOTPAIUISIOTE 1O HHOTO MAlOTh MIHIMAJIBHO MOXKIJIHUBY
IIBUJIKICTh, B TOW dYac SK IIBHJKICTh IOTOKY 3HEXKHPEHOTO MOJOKA
nepeBunrye 60 m/c. [lpm Takux ymoBax B 30HI IMIUTMHHOTO KaHAIy
CTBOPIOETHCSI MaKCHMalbHA PI3HUI MIXK IIBUAKOCTIMH 3HEKHPEHOTO
MOJIOKA Ta BEPIIKIB, 0 3a0e3MeYy€e CTBOPEHHS T1APOAMHAMIYHIX YMOB, 3
AKUX OyIayTh JOCATATUCh HEOOXimHI Il e()EeKTUBHOTO pPYWHYBaHHS
KUPOBHUX KyJIbOK 3HaUCHHs Kputepito Bebepa. 30Ha, mo GopMyeThCs Mix
30BHINIHBOI0 YaCTHHOIO KOH(Y30py Ta BHYTPINIHBOIO MOBEPXHEIO
natpyOKy mojadi BEpIIKIB yTBOPIOIOThH 3a30p, MO3HaYeHU Ha puc.l sk J.
Benuunna uporo 3a3zopy, 1m0 OOYMOBIIIOE IMOJayy HEOOXiAHOI KUIbKOCTI
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BEpIIKIB BCTAHOBIIIOETHCS 3a PaxXyHOK 0OepTaHHsA pi3bOOBOI YACTHHU
KOH(Y30py 2 BIIHOCHO KOPIIyCYy MPHUCTPOIO. 3a JOBXKHUHOIO KOH(]Y30py
Horo O14HI MOBEPXHI A0 NMAaTpPyOKy IMojaui BEPIIKIB 3 METOIO 3a0e3MeUeHHs
repMETUYHOCTI 00JIaHaHHI yuliapHIOBadyamMu 3. HopmanizoBane 3a
KUPHICTIO Ta TOMOT'€HI30BaHE MOJIOKO MICHS MPOXOJKEHHS LIIJIMHHOTO
KaHally OpsMye 10 posimupeHHs audysopy 11, 3Bigku 3abe3neuyerbes
HOTO0 BIIBEJCHHS /10 TEXHOJIOTTYHOT EMHOCTI JJ1s1 HAKOTTUYEHHS.

HeoOxigHl rigpoauHaMi4Hl yMOBH, W0 BHUKIIOYAIOTh IPUMYCOBY
1oJlayy BEpIIKIB Ta 3a0e3Meuyl0Th BCMOKTYBaHHS HEOOXIJHOI KIJIBKOCTI
BEPIIIKiB B 3aIIPOIIOHOBAHIM KOHCTPYKIIii TOCATAIOTHCS MIJISTXOM BUKOHAHHS
30BHIIIHBOI YaCTUHU KOH(PY30py Ta BHYTPIIIHBOI MOBEPXHI NATPyOKy
TaKUM YUHOM, 10 MK HUMH (POPMYEThCS KOHYCHHUU KaHaj. 3a paxyHOK
©XKEKIii 3a0e3MeuyeThCsl 3HMKEHHSI SHEPreTUYHUX BUTPAT HA MPUMYCOBY
1oJlayy BEpIIKiB, 3HAYCHHS SKUX JJIS TMPHUBOJY HACOCY TOJadi XKUPOBOI
da3u ckiagae 3rilHO 0 Pe3yJIbTaTiB aHANITHYHHX PO3PaXyHKIB CKJIaJa€e
10 20% 3araJbHUX BUTpAT JUCIIEPTYBAHHS JJII KOHCTPYKIIIH TaKOTO THITY
[12].

Kpim  mporo, 3amporoHOBaHi  yJAOCKOHAJEHHS  JO3BOJISIOTH
MOEHYBAaTH TIPOBEJCHHS JUCIEPryBaHHS JKUPOBOi (a3u MOJIOYHOI
eMyJIbCli Ta HOpPMAai3alilo B OJHOMY IUKII POOOTH 3ampONOHOBAHOIO
romorenizaropa. HeoOximHi s 3a0e3medeHHsT BHCOKOTO  CTYMEHS
JTUCTIEPCHOCTI MOJIOYHOI eMYJIbCii 3HAaYeHHS 3a30py O, 110 YTBOPIOETHCS B
00J1acTi MD>K KOHYCHUM KaHAJIOM KOH(Y30py Ta BHYTPIITHBOIO ITOBEPXHEIO
naTpyOKy Mojaui BepiikiB. BenwumHa WIUIMHHOTO KaHamy, a BIiATaK 1
KUIbKICTh BEPIIKIB, SIKI BCMOKTYIOThCS 4epe3 NaTpyOOK Iojadi BEpIIKiB
PETYJIIOETHCS 3a JIOTIOMOT'OK0 00epTaHHS Pi3b00BOI YaCTHHU KOH(Y30pYy B
KOpIyci MpHUCTporo. Taka KOHCTPYKIIiS JIO3BOJISIE 3a0€3MEUUTH €KEKIIIF0
BHU3HAYEHOTO 00’€My BEpIIKIB, IO OyJIe 3aJIeKaTH BiJ JKUPHOCTI BEPIIKIiB,
3HE)KUPEHOTO MOJIOKa Ta TOTOBOTO TMPOAYKTY. Takoxk NpomoHOBaHA
KOpPHCHA MOJENb  JI0O3BOJISIE  TOJIETIIUTH  TPOBENCHHS TEXHIYHOTO
00CITyroByBaHHS 30BHIIIHIX MTOBEPXOHb KOHYCHOI MIISTHKA KOH(Y30py (110
€ CXWIBHUMU J0 0OJiTeparlii), 0 B CBOIO Yepry MiJABUIINTH HAIIHHICTD
MPOINOHOBaHOI KOHCTPYXKIIii [4,13].

Bucnosku. B pamkax mOCHIIKEHb, CIPSIMOBAaHUX Ha MOJAIIBIIE
3HIDKCHHS EHEPreTUYHUX BHUTpAT AHWCIEPryBaHHS Mpu 30epekeHHI abo
MiBUIIEHH] SKOCTI TOTOBOTO MPOAYKTY OyJI0 MPOaHalli30BaHO KOHCTPYKIIiT
CTPYMUHHUX TOMOTEHI3aTOPIB MOJOKAa 3 PO3IUILHOIO MOJAYEH0 BEPIIKIB.
O6uaBi 3 PO3TISHYTHX KOHCTPYKIIM KOHCTPYKTHBHO HE 3/aTHI
3a0€3MeUYnTH  €XKEKI[IF0  BEpIIKiB, MO0 OOYMOBJIIOE  ITiIBUIICHHS
SHEPreTUYHUX BUTpAT JJIs 3a0e3redeHHs] mojadi KupoBoi ¢a3m Ha 15—
20%.

3aBAsIKA 3alPOIMOHOBAHINA CYKYyMHOCTI KOHCTPYKTHBHUX O3HaK MPHU
BCTAHOBJICHHI KOH(Y30py 3 KOHYCHUM KaHaJIOM, II0 Ma€ MOXJIMBICTb
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OCBbOBOI'0 MEpPEMIIEHHS Ta (POPMY€E 3 BHYTPILIHBbOIO MOBEPXHEIO MAaTPyOKy
U[IJTMHHUANA ~ KaHall, MOJJIMBO 3a0€3MEUYUTH E€XKEKIII0 BEpIlIKiB, 110
3a0€3MeUYnTh CYTTEBE 3HUKEHHS EHEPreTUYHUX BHUTPAT MPOLECY
roMmorenizaii. KoHCTpyKIisl 103BOJIsie€ 3a0€3MEUUTH PETYTIOBAHHS €XKEKIIIT
HEOOX1THOI KIJIBKOCTI BEpPUIKIB, sIKa MOTPIOHA AJii OTPUMAHHS HPOAYKTY
3a/1aHOi KUPHOCTI MPHU MOEJHAHHI B OAHOMY LHUKII OOpOOKM omepariid
roMoreHi3aii Ta HopMasi3alii IpOayKTY 3a KUPHICTIO.

Jlocnioocennss GUKOHAHO 6 pAMKAX HAYKOBO-MEXHIYHOI pobomu
"Po3pobnenns  mexHono2ii  nepepoOKU  MONOYHUX  NPOOYKMIE 3

BUKOPUCMAHHAM HOBUX MUNI8 2oMo2eHizamopig”, sika ¢inancyemocs MOH
3a doeosopom Ne J[3/132 - 2022.
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K. Samoichuk!, A. Lomeiko?, A. Kovalyov!, A. Chervotkina!
1 Dmytro Motornyi Tavria State Agrotechnological University

REDUCTION OF ENERGY COSTS OF DISPERSION DUE TO THE
EJECTION PHENOMENON

Summary

The results of leading research aimed at increasing the energy efficiency of the
dispersion process allowed determining the difference in speed of skimmed milk and
cream as the main factor of dispersion. This principle was implemented taking into
account the hypothesis of the dominant role in the process of the destruction of fat
globules of the difference between the speeds of skimmed milk and cream in the two
designs.Designs developed on the basis of this hypothesis provide a reduction in energy
consumption in the manufacture of products with technologically determined values of
the average diameter of fat balls.

In the article, an analysis of analogue devices and a prototype of a useful model is
carried out, the results of which testify to the design features of the considered devices,
taking into account which it is technically impossible to ensure ejection. Since the main
factor of dispersion is the creation of the maximum difference between the velocities of
skimmed milk and cream, in order to ensure effective dispersion in these structures, it is
necessary to use the forced supply of the fat phase, which leads to an increase in the
energy consumption of the process.

A useful model is proposed, in which, by modernizing the structural elements of
the body part and performing the confusor with a threaded part and seals, it is possible
to ensure a 15-20% reduction in the energy costs of dispersion. The necessary
hydrodynamic conditions that exclude the forced supply of cream and ensure the
suction of the required amount of cream in the proposed design are achieved by making
the outer part of the confusor and the inner surface of the nozzle in such a way that a
conical channel is formed between them. The proposed useful model allows
simultaneous homogenization and fat normalization of the product, while regulating the
ejection of the required amount of cream. The design features of the proposed useful
model make it easier to service the surfaces of the homogenizer prone to obliteration,
which increases the reliability of the equipment.

Keywords: central channel, jet homogenizer, cream, energy costs, milk,
dispersion, ejection.
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JOCJI)KEHHS KOE®IIIEHTA KOPUCHOI JIi
JTUCKOBOI BOPOHMU BIJI HABAHTAKEHHS HA
CO®EPUYHUM JIUCK

Anomayisa. JluckoBi OOpOHM 3 PSAHUM pO3TAlllyBaHHSAM C(HEpPUUHUX IUCKIB Ha
IHAMBIAYalbHIM OCl 3HaXoAATh IIMPOKE 3acCTOCYBaHHS B pecypco30epirarouux
TEXHOJIOT1SX MIATOTOBKH I'PYHTY Mij 1nociB. PoOoui opranu AMCKOBUX OOpPiH, TUCKU - HE
3a0WBaIOTHCS POCTUHHUMHE PEIITKAMH Ta TPYHTOM.

OaHMM 3 SIKICHUX TOKAa3HUKIB pOOOTH JUCKOBOi OOpOHM, K BKa3yIOTh BIJOMI
BUEHI B raiy3l OOpoOITKy IPyHTy € Koe]ilieHT KOopHucHOi Aii. BcraHoBieno, mio
TATOBUM oOmip JUCKOBOI OOpOHHM 3al€XHTh, SK BIJl KOHCTPYKUIHHUX Tak 1
TEXHOJIOTIYHUX TMapaMeTpiB chepuyHOro amcka Ta IMBUAKOCTI pyxy MTA.
[IpoBeneHUMHU JOCTIKEHHSIMH OOTPYHTOBAHO, IO EKCIUTyaTalliiHa Bara JIUCKOBOI
OOpPOHM BHW3HAUYAETHCS 3aJICKHO BiJ KUIBKOCTI CPEpUUHUX JUCKIB Ta HEOOXI1THOTO
HaBaHTKCHHS I 3a0e3IeUeHHs pallloHAIbHOI rIuOMHU 00poOITKY TpyHTY. B x0mi
TEOPETHUYHMX JTOCIIIJPKEHb BCTAHOBJICHO, 10 KOE(IIIEHT KOPUCHOI i TUCKOBOI OOpOHH
HE 3QJICKUThH BiJl KOHCTPYKIIMHUX Ta TEXHOJOTIYHUX MapaMeTpiB poOOTH chepuaHOro
mucka. Po3poOneni mMareMaTtWyHi Mozemi, SKi BCTAHOBJIOIOTH B3a€EMO3B’SI30K MIK
KOHCTPYKUIHHUMH Ta TEXHOJIOTTYHUMHU IapameTpamMu poOoTH chepuyHOro Iucka Ta
JIOBOJIATH, 110 301IBIICHHS KOedillieHTa KOPUCHOI il JUCKOBOI OOPOHU JOCATAETHCS 3a
paxyHOK 30UIbIIEHHS BHTpAaT Ha poOOTy CHEpUYHOrO JUCKA 1 3HHKEHHSIM
HaBaHTaXXCHHS Ha CQEpUUHMI IUCK, SKEe MPOIOpLiiHE 3HIKEHHIO eKCITyaTaliiHol
Baru TEXHIYHOTO 3ac00y.

Knrouosi crosa. bopona, MallmmHHO-TPAKTOPHUI arperar, TATOBHH OMip, JiaMeTp
chepuyHOro ITUCKa, eKCIUTyaTalliiiHa Bara.

Ilocmanoska npobremu. baraTbmMa TPOBENCHUMH JOCIHIKECHHIMU
BCTQHOBJICHO B3a€MO3B 30K MK TSATOBUM OIOPOM JHCKOBOI OOpOHU Bif
KOHCTPYKI[IHHUX Ta TEXHOJIOTIYHUX MapamMeTpiB cPepuyHOTO aHUCKa Ta
MIBUJIKOCTI PyXy MalluHHO-TpakTopHOro arperary (MTA) [1-7]. Bimomi
TAaKOX JOCIHI/DKEHHS, MO0 BIUIMBY eKCIUTyaTalliiHOI Baru JHCKOBOT
OOpOHHU 3aJICKHO BiJl KIIBKOCTI JHUCKIB Ta ACIKOTO HaBaHTAKCHHS IS
3a0e3MnedeHHsl 3a3HaueHol TIMOMHN 00po0ITKY TIpyHTy. [lomepenHii ormsi
HAyKOBUX JIOCTI/DKEHb 3 JIAHOTO HAamNpsIMy CBIAYWTH, IO HA JaHWKA Yac
BIJICYTHS y3arajJbHIOIOYa PO3PAaXyHKOBA 3aJICKHICTh JJIS BHU3HAYCHHS

© I'punenko O. I1., Crenanenxo C. I1., 2023
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Koe(ilieHTa  KOPUCHOI  Jii  JUCKOBOI OOpOHM 3  MapajiellbHUM
po3TamryBaHHsIM  Cc)EepUUYHMX  ANCKiB, TOMY BH3HAU€HHS  JAHOI
B3a€MO3aJICKHOCTI € aKTyaJIbHUM 3aBJIaHHSIM.

Ananiz ocmauuix Oocniodcenb. HayKOBUMHU TOCHIIKEHHSMH, SIK1
MIPOBOIMIIUCS BITYM3HSHUMM Ta 3aKOpJOHHUMHU BueHumu [3-7, 10, 13, 16-
21] Ha npoTs31l 6aratb0X poKiB, OyJIU OOTPYHTOBAHI €JIEMEHTH METOJIUKH,
11010 BUOOPY Ta KOMIUIEKTYBaHHS TATOBUX arperatriB Ha 0a3i CydacHHX
TPakToOpiB. Y pecypco30epiralounx TEXHOJOTISX MIATOTOBKU TIPYHTY IiJl
MOCIB  3€pPHOBHUX IICHS MPOCAHUX KYJbTYp 3HAXOASATh IIMPOKE
3aCTOCYBaHHS JMCKOBI OOPOHH 3 PSTHOI YCTAaHOBKOKO C(HepUIHHMX IHCKIB
Ha 1HAUBIAYaJbHINA CTidL. SKiCTh OOpOOITKY IPYHTY TaKUMHU 3HAPSAISAMHU
BIJMOBIJJA€ BUXIJIHUM BHMOTaM J0 I'PYHTOOOPOOHHX MAIlIMH, CEepel SKUX
NOBHE MiJIPI3aHHs POCIIUH, NOJAPIOHEHHS TPYAOK IPYHTY /10 HEOOX1JIHOTO
po3Mipy ¢pakiiii. 3ajaexkHO Bij YKCa MapajieIbHO BCTAHOBJICHUX PSJIIB Ha
pami po3pI3HAIOTH: JBOPSIHI, TPUPSAHI Ta YOTHUPUPSAHI JTUCKOBI OOPOHHU.
JIBOpsAIIHI 1 TPUPSAHI THUCKOBI OOpPOHM BHKOPUCTOBYIOTH JJII OOpPOOITKY
IPYHTY MIicCJIs IIyKpOBUX OypsikiB 1 OaraTopiyHUX TpaB, YOTUPUPSAHI - TS
O0OpOOKH TPYHTY IICIIsI BEIMKOCTEOIIOBUX MPOCAMTHUX KYIbTYp (KyKypya3a
1 COHSIIITHUK).

BcranoBneHo, 1m0 ABOpsAIHE po3TalTyBaHHsI CEPUUHUX TUCKIB yepe3
BEJIMKY BiJCTaHb MK CYCIAHIMU JHCKaMH Yy PsJil CTBOPIOE HEoOpoOIIeH]
CMYTH B MIKIUCKOBOMY TipocTopi [4-16]. Ilpu npoBeneHH1 nepeanociBHOT
KyJbTHBAIli JJI1 MOCIBY 3€pHOBHX 3a JBa MPOXOIM Il JUCKOBI 3HAPAIIS
3a0e31euyIoTh MoIpiOHEHHS IPYyHTY BiamoBiaHO 10 BuMor JICTVY.

YotupupsiiHi JUCKOBI OOpOHHM 3a0e3MeduyloTh SKICHY 0OpoOKy
BEJIMKOCTEOIOBUX MPOCAMHUX KYJIBTYp. 3a JBa MPOXOJIU TUCKOBOiI OOPOHH
CTYMiHb MOAPIOHEHHS MOXHUBHHUX PEIITOK BEIUKOCTEOJIOBHX IMPOCAITHUX
KyJbTYp CTaHOBUTH MoHa1 50%, 1m0 BiamoBigae BuMoram. Jjisi BUKOHaHHS
TEXHOJIOT1YHOI omepallii po0OoYor MAIIMHOK IOTPIOHI IMEeBHI BUTpaTH
MexaHIuyHOT eHeprii. YacTka KOPHCHUX BHUTpAT CHEPrii OIHIOETHCS
Koe(dimieHToM KopucHOi nii. 3Ha4yeHHS IbOrO KoedillieHTa Bapiloe B
iaTepBani Bim 0,2 mo 0,8 [17]. Ormsan mitepatypHux mxepen [4, 6]
CBITYHUTH, IO HAa JaHWUW dYac BIJICYTHS Yy3arajbHIOIOYAa PO3PaXyHKOBA
dbopmyna s BU3HAYEHHS KOedilli€eHTa KOPUCHOI Aii TUCKOBOI OOpOHH 3
napajieTbHUM PO3TAlllyBaHHAM C(PEPUUHUX JHUCKIB.

Bigomo, 1m0 TArOBMH oOmip JAUCKOBOI OOpPOHU  OIKCYETHCS
pamionansHO0 (popmynoro B.II. TNopsukuna mms moyra [8]. Benmmunna
TSATOBOT'O OMOPY CTOCOBHO JHMCKOBOi OOPOHU 13 3arajlbHUM YHCJIOM JUCKIB
N, KOKEH 3 SKUX BCTAHOBJICHWH Ha 1HIWBIYaJbHIA OC1, MA€ BUTJISI:

R=f-G+k-a-b-n+c-a-b-n-v? (1)
ne R — taroBwuii omip auckoBoi 6oponwn, kH;
f — xoedirieHT, anamoriyHUN KOeQIMiEHTY TEPTS;
G — ekcruyarariiiina Bara Mammuau, KH;
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a — rnubuHa 00poOKH, M;

b — mupuHa 3axorieHHs CPEPUUHOrO JUCKA, M;

1 — 3arajibHa KUIBKICTh JUCKIB, IIT.;

k — xoedimieHT onopy Ha MepeKoUyBaHHS JUCKOBOI OOPOHHU IO CTEPHI,

£ — KOE(IUIEHT, SIKUHA XapaKTepu3ye€ BUTPATU €HEPrii Ha BIAKUIAAHHS
ckubu rpynry, KH - ¢ /m*;

V - IIBUJKICTh PyXYy MaIlIMHHO-TPAKTOPHOr'O arperarty, M/c.

Benuuuna TATOBOrO OMOpy IMCKOBOI OOpOHH, sK Bimomo [4, 7],
BKJIIOYa€ BUTpaTH €HEprii Ha TMepeKoYyBaHHS Ta BUTpaTH Ha
TEXHOJOTIYHUN Mpouec OOpOoOITKY IPYyHTY, KPHUIIEHHS Ta BIJKHIAHHS
I'PYHTY 13 30BHIIIHBOI MOBEPXHI CPEPUYHOTO JUCKA.

HaykoBumu pociimkennsmu [4, 7] BCTaHOBIEHO, WIO0 IIHpPUHA
3aXOIUICHHSI OJMHUYHOTIO C(EPUYHOro JMCKA BU3HAYAETHCS 32 BIJOMOIO
3aJIEKHICTIO:

b=2-sina-cosf-\a-[D-cosp —al (2)
J€ ® — KYT BCTaHOBJICHHS C(EpUYHOr0 JUCKAa 10 HANpPSIMKY pyXy
arperary, Tpa.;
B — kyT HaxWiy CEPUUHOTO JUCKA O BEPTUKAIBHOI IUIOIIHHHM, TPAI.;
D — niameTp cepudHOro AUCKa, M.

Bin 3Ha4YeHHs KyTa BCTAHOBJIGHHS CEPUYHOTO JHMCKA IO HATPSIMKY
pyXy arperary 3aJeXuTh IHOWHA o00poOku. OTKe 3 ypaxyBaHHSIM
3QJIEKHOCTI (2) TATOBHUM oOmip IUCKOBOI OOpoHM HaOyJe HACTYyITHOTO
BUTJISIY:
R=f-G+2-a-n-sina-cosf-[k+s-v?]-Ja-[D-cosp—al (3)

Dopmynosanns memu cmammi. BU3HAYUTH YNHHUKY, IO BITUBAIOTh
Ha Koe(]iIieHT KOPUCHOT Jii THCKOBOI OOPOHU 3 BCTAHOBJICHHSM JIMCKa Ha
1HIUBITyalIbHIN OCi.

Ocnosna wacmuna. OJHUM 3 HAWBKIUBINIUX TapaMmeTpiB podOTU
JTUCKOBOT OOPOHM € HABaHTAKEHHS HAa CHEPUUYHHM JUCK, BEIUYMHA SKOTO
BU3HAYA€ 3/IaTHICTh JHMCKA MIATPUMYBATH BCTAHOBJICHY TJIMOWHY OOpPOOKH
JUISE  PI3HUX TEXHOJOTIYHUX omeparii. 3Ha4eHHS JaHOTO MapameTpa
BHU3HAYa€ JEAKy YacTKy Baru JUCKOBOi OOpOHH, fKa TIpUIIaTae Ha
chepuyHMid JOMCK IMiJI Yac BHUKOHAHHS TEXHOJIOT1YHOI  omeparrii.
HaBantaxkeHHs Ha cepuyHUi JUCK, BUSHAYUMO, SIK:

P=G/n 4)
ne P — naBa"TaxkeHHs Ha auck, kH.

3 anamizy miteparypaux jkepen [6, 20], a Takoxx 3 BUPOOHHUOTO
nocBiny [6] mapamerpa HaBaHTaXCHHS Ha CQEPUIHHHA JWCK JTUCKOBHUX
OOpiH CBIMUWTH, MO 3a IIMPUHU 3aXBaTy OOpPOHH 70 3 M BKIIOYHO
HaBaHTaXXeHHs Ha nuck He nepesunrye 0,6 - 0,7 kH, a nmpu mupuHi 3axBaty
o6oponn 10 8 M gocsirae maixke 1,4 — 1,5 kH [3, 7]. AHani3 KOHCTPYKIii
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3aKOPJOHHUX JTUCKOBUX OOpIH CBIIUUTH, 110 HABAHTAXKEHHS HA JUCK HE
nepesuirye 0,7 -0,8 kH [3, 7].
30UIbIIEHHS] HABAaHTAXXEHHS HAa C(HEpUUYHUI IHUCK MOXHA JOCATTH 3a
paxyHOK BCTaHOBJICHHS JOJATKOBUX BAaHTaXiB Ha pamy. ExcruyarariiiHa
Bara JUCKOBOi OOpOHM BHUXOASYM 3 HEOOXIJTHOIO HaBaHTa)XEHHS Ha
chepUIHHIA TUCK BU3HAYAETHCS 3aJICKHICTIO!
G=P-n (5)
TsaroBuil omip AUCKOBOI OOpPOHM 3 ypaxXyBaHHSIM 3ajiekHOCTI (5)
3aMMIIEeMO y BUTJISIL:
R=f-P-n+2-a-n-sina-cosf-
[k+&-v?]-\Ja-[D-cos B —al (6)
KoeoimienT kopuicHoi mii auckoBoi Ooponu, sk Bigomo [11, 20],
CTAaHOBHTH JCAKY 4YaCTKy KOPHCHOI pOOOTH BiJ 3arajbHOI pPOOOTH Ha
BUKOHAHHSA TEXHOJOTIYHOI omepaiii 00poOiTky rpyHTy. bararema
HAYKOBHMHU Ta BUPOOHHMUMMH gociimkenHsmu [11, 20] BcraHoBieHO, 1110
JUISL TUCKOBHUX OOPIH «IIKIJJIMBUMHU» BUTPATaMM €. SKCILTyaTalliiiHa Bara
OOpOHHM, SiIKa MPSMONPOIOPIINHO 3aJEKUTh BiJI BUTpAT Marepiany Ha ii
BUTOTOBJICHHS. KopucHa po0oTa 3MIHCHIOETBCA COHEPUYHHM JTUCKOM
OOpOHHM y TIpOLIEC] MIAPI3aHHS, KPUILIEHHS Ta BIIKUIAHHS «CKHOW» IPYHTY.
3po3yMisio, 110 30UIBIICHHS Machu KOHCTPYKIIi JTHUCKOBOI OOPOHH
BIJIMOBITHO 301IBIINY€E 1 BEIMYMHY MUTOMUX BUTPAT Ha i1 MEepeKOoUyBaHHS.
Cnix BiAMITUTH, IO TO3UTHBHOIO PHCOI0 THUCKOBUX OOpIH BiJ IHIIHMX
IPYHTOOOPOOHMX 3HapsAIb B Mpolleci iX eKCIUIyaTallii € Te, I[0 Bara
TEXHIYHOTO 3acO00y KOPHCHO BHUTPAYA€THhCS HAa CTBOPEHHS HAaBAHTAXKEHHS
Ha cdepuuHUid AUCK. BenmnumHa MaHOrO HaBaHTaXEHHS i 4Yac pPyxy
arperaty 3a0e3rneuye JIOTPUMaHHS palliOHAJIbHOI TTMOMHU O0OpOOITKY
IPYHTY, @ UHWCEJIbHI 3HAYCHHS HABAaHTAXEHHS 3aJeXaTb BIT KyTa
BCTAHOBJICHHS C(hEepUYHOTO JUCKa J0 HanmpsIMKy pyxy MTA.
3HavueHHS KoedimieHTa KOPHCHOI fii JUCKOBOI OOpPOHU MOKHA
3aMMcaTh 3aJIeKHICTIO:

=" ®)

R
ne Ry — cwma Tarm OOpoHM 3a paIiOHATFHUX YMOB BHUKOHAHHSA
TEXHOJIOT1YHO] orepairii 00poOiTKy IpyHTY, KH.

3a anHanoriero 3 Koe(iIlieHTOM KOPUCHOI Aii, 10 BUKOPUCTOBYETHCS
st TpyHTO0OpoOHMX 3Hapsiap 3a B.II. [opsuxkinum [7] mns auckoBoi
OOpOHU BEIIMYMHA JIAHOTO KOC(IIIEHTA 3aIMMIIATHCS 3aJICKHICTIO:

2-ansin a-cos f[k+ev7] |D-a-cos f—a?]
K f-Pn+2-an-sina-cosf lk+erv?]./lD-acos f-a?] ©)
Ha puc. 1 npencraBieHo 3aiexHicTh Koedimienta kopucHoi il (9)
Bi/1 HABaHTAX€HHS Ha CHEPUUHHI JUCK.

Proceedings TSATU. 2023.23.1



[Ipani TAATY Bunyck 23. Tom 1
89

0.4~ wa
3 n-n-.n~.._..
0.2
0.6 0.8 1 1.2 P, xH

Puc. 1. 3anexHicTs koedirieHTa KOPUCHOT 1111 BiJ] HABAaHTAXKCHHS Ha
chepuunuii nuck; 1 — rmubuna 06pobiTky 0,15 M; 2 — rimbuHa 00poOITKY
0,10 m; 3 — rmubuna 06pobiTKy 0,05 M

Jns  moOymoBu  rpadiunmx  3amexHocreidr  (puc. 1),  Oyio
3alpOIIOHOBAHO HACTYNHI BHUXITHI JaHl: Koe(diIlieHT omopy Ha
nepeKoYyBaHHS JUCKOBOI O0poHu 1o crepHi - 0,2-0,25; KyT BCTaHOBJICHHS
chepuuHoTO aUCKa A0 HampsIMKy pyxy MTA - 20°; KyT HaXwIy aucka 10
BEepTUKAIBHOI TutomuHM - 0°; mutommii TsaroBui omip rpyHTy 40 Klla;
BUTpATH eHeprii Ha BinkuaaHHs ckubu rpyuty 0,4 xkH-c? /m*; mBugkicts
pyXy arperary - 3,5 M/C; KUTbKICTb JUCKIB - 16.

AHami3 rpadiuHHX 3aJeKHOCTEH CBIIYUTH, IO 31 30UIBIICHHIM
HAaBaHTAXXEHHS Ha cepuyHUil TUCK 30UTBIIYETHCS EKCIUTyaTalliiiHa Bara
JUCKOBOT OOpOHM, 32 YMOB cTajoi (pamioHajabHOI) TIUOWHH OOpOOITKY
IPYHTY 3HUXKYEThCS KOCQIIEHT KOPUCHOI Al TEXHIYHOTO 3aco0y, IO
00yMOBIICHO 3POCTaHHSIM HEOOXITHOI CHJIM Ha TEPEeMIIICHHS TEXHIYHOTO
3aco0y 10 TMOBEpXHI MOJIA. 3a YMOB CTaIuX 3HAYCHb HABAHTAXKCHHS Ha
chepudHMiA AUCK Ta 3HaYEHb EKCIUTyaTallliiHOI Barm TEXHIYHOTO 3aco0y i
BIJIMMOBIAHOTO 30UIBIICHHS TIMOMHUA 00poOITKY IpyHTY Big 0,05 mo 0,15 M
30UTBITYIOTBCS KOPUCHI BHUTPATH EHEPTrii, MO0 3yMOBIOE 301IbIICHHS
Koe(imieHTa KOPUCHOT /i1 TUCKOBOI OOPOHHU.

3anexHiCTh KoedilieHTa KOPUCHOI MTii JUCKOBOT OOPOHHU BiJ TITHOWHU
00pOOITKY IPYHTY MpejcTaBiicHa Ha (puc. 2).
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Puc. 2. 3anexHicTh kKoedirieHTa KOPUCHOI J1i1 TUCKOBOI OOPOHU BijI
rOuHU 00pOOITKY IpyHTY: 1 — HaBaHTaKEHHS Ha CPEepPUUHUN AUCK
1,2 kH; 2 — HaBanTaxenHs Ha chepuunuii nuck 0,9 kH; 3 — HaBaHTa)KeHHS
Ha cpepuunnmii nuck 0,6 kH

[TouaTkoBi maHi Ajg OTpUMaHHS rpad@iuHUX 3aJekKHOCTEH (puc. 2)
Koe(dirieHTa KOpPUCHOI Mii JAUCKOBOI OOpPOHM BiA TJIHMOWMHU OOpPOOITKY
IPYHTY B3STi 3 IOMEPEAHIX aHATITHYHUX AOCTKeHb [2, 3] KoedilieHT
OTopy Ha TepeKouyBaHHS JUCKOBOiI Ooponm mo ctephi - 0,2-0,25; kyr
BCTAHOBJICHHS C(EpPUYHOr0o AWCKa 0 HampsaMmky pyxy MTA - 20°; kyr
HaXWIy JUCKA IO BEPTHUKATBHOI IUIOMIMHHM - 0°; MUTOMUI TATOBUU OIIip
rpyaty 40 xlla; BuTpaT eHeprii Ha BIIKUAAHHS CKHOM TIPYHTY
0,4 kH- c? /m*; mBuaKicTs pyXy arperary - 3,5 M/c; KiJIbKiCTh AMCKIB - 16.

AHami3 oTpuMaHuX rpapidyHUX 3aJIEKHOCTEH CBITYUTH, IO 32 YMOB
30UTBIIIEHHS TIMOMHU 0OPOOITKY IPYHTY Ta BIAMOBIAHMX KOHCTAHT 3HAYCHD
HAaBaHTAXEHHS Ha COEPUYHHA JHCK, 3pOCTa€E CWiIa Ha MiApi3aHHA,
KpUIIIEHHSI Ta BIAKUJIAHHA CKUOW TPYHTY BiA CHEPUUHOTO ITUCKA, IO
0e3yMOBHO TPHU3BOIUTH /IO 3POCTaHHS KOe]illl€eHTa KOPUCHOI Jii podoTu
TUCKOBOI OOpoHM 31 chEepHUYHHMH JHCKaMH. 3a yMOB 3MCHIICHHS
HaBaHTaXeHHA Ha cdepuunuid guck Bix 1,2 mo 0,6 kH BiamoimgHO
3HIDKYIOTBCSI 1 BHTpaTH €HEprii Ha TMepeKodyBaHHS, IO 30UThIIyE
Koe(DiieHT KOPUCHOT /i1 TUCKOBOI OOPOHHU.

3anmexHicTh KoedimieHTa KOPUCHOI [ii JHUCKOBOi OOpOHU  Bif
MMUTOMOTO TATOBOTO OMOPY IPYHTY 3a PI3HUX 3HAUYEHb HABAHTAKCHHS HA
JUCK HaBeJeHa Ha (puc. 3), a TAKOXK 3aJICKHICTh KOe]illieHTa KOPUCHOT il
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JTUCKOBOI OOpPOHM BiJ TIMOMHHM OOpOOITKY IPYHTY 3a pI3HUX 3HAYEHb
MUTOMOTO TSITOBOTO OMOPY IPYHTY (puc. 4).

U
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Puc. 3. 3anexHicTs kKoedirieHTa KOPUCHOT i1 BiJ] TUTOMOI'O
TATOBOTO ONOPY IPYHTY: 1 — HaBaHTa)keHHA Ha chepuunuit auck 1,2 kH;
2 — HaBaHTaXeHHs Ha cepuunuii auck 0,9 kH; 3 — HaBaHTaKeHHS
Ha cpepuunnmii nuck 0,6 kH

BcranoBneno, mo 3a cTanMx 3HAY€Hb MUTOMOIO TITOBOTO OIOPY
IPYHTY 3QJIMIIAETHCS HE3MIHHOIO BEJIMYMHA TATOBOTO OMOPY. 3MEHIICHHS
HaBaHTAXEeHHSA Ha cdepuunuid auck 3 1,2 mo 0,6 kH mpusBoauts 10
NPOMOPILIMHOTO 3MEHIIEHHS eKCIUTyaTallifiHOi Baru Ta 3HUKEHHS
c001BapTOCTI BUTOTOBJICHHS JUCKOBUX OOPiH.

Crnin 3ayBaXKUTH, 110 31 3HMKCHHSIM €KCIUTyaTalliiHOI Bard JUCKOBOT
OOpOHM 3a HE3MIHHMX BEIWYMH BUTPAT HA MiApI3aHHS, KPHUIICHHS Ta
BIIKUIaHHS CKUOM TIpPyHTY Oyne croctepiraTucs 1 30UIbIICHHAM
Koe(imienTa KOpUCHOT ii.

AHani3 rpadiuyHuX 3aJCKHOCTSH HaBeaeHMX Ha (puc. 3, puc. 4)
CBITYHTH, IO 32 CTAJMX 3HAYCHb HABAHTAXKCHHA HA CPEpUUHUN TUCK 1
HE3MIHHIN eKCIUTyaTalliiiHid Ba3l AMCKOBOI OOPOHH 3a yMOB 301IBIICHHS
MMUTOMOTO OTIOPY IPYHTY 3pPOCTA€ BEIMUYMWHA TITOBOTO OIOPY, IO BEAC 3a
co0or0 30uTbIIeHHST Koe(imieHTa KOPUCHOI il JUCKOBOI OOpOHU 3i
cheprUIHUMH THCKAMH.
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Puc. 4. 3anexHicTs kKoedirieHTa KOPUCHOT Jii TMCKOBOT OOPOHU Bijl

rOuHu 00poOITKY IpyHTY: 1 — mutomuit Tsarouii omip 1pyHTy 40 klla;
2 — nuToMuUi TAroBuH omip rpyHty 60 klla; 3 — muTOMMIA TATOBU OITip

rpyuty 80 kIla; (P = 1,2 kH)

Bucnosxku.
1. TaroBuii omip AUCKOBOT OOPOHM 3AJICKUTH, K Bl KOHCTPYKIIHHUX
TaK 1 TEXHOJOTIYHHX TMapaMeTpiB cPepruuHOro aucKa Ta MIBUIKOCTI PyXy

MTA.
2. ExcrutyaTariiliHa Bara TMCKOBO1 OOPOHHM BU3HAYAETHCS 3aJI€KHO BiJI
chepuyHUX JUCKIB Ta HEOOXITHOTO HaBaHTAKCHHS IS

KUTBKOCTI
3a0€3IeUeHHsI palliOHAIBHOT TTTMOMHU 00POOITKY IPYHTY.
3. KoedimienT kopucHOi aii AUCKOBOI OOpPOHM HE 3aJCKHTh Bij
KOHCTPYKIIMHUX Ta TEXHOJOTIYHHX IapaMeTpiB poOOTH chEepruIHOro
JTUCKA.
4. 30inpmieHHs KoedimieHTa KOpPHUCHOI il  JUCKOBOI OOpOHU
JIOCSITAETHCS 32 PaxXyHOK 30UIBIIEHHS BUTPAT HA POOOTY C(HEepUIHOTO TUCKa

1 3HWKCHHSM HaBaHTaXXCHHS Ha c(epuyHud NOHUCK, sSKE MPOMOpIiHE

3HIDKEHHIO €KCIUTyaTalliifHOl Bard TEXHIYHOTO 3aC00Yy.
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O. Gritsenko?, S. Stepanenko?
Institute of mechanics and automatics of agroindustrial production of the
national academy of agrarian sciences of Ukraine

INVESTIGATION OF THE COEFFICIENT OF THE USEFUL EFFECT OF A
DISK HARROW FROM THE LOAD ON SPHERICAL DISC

Summary.

Disc harrows with a row arrangement of spherical discs on an individual axis are
widely used in resource-saving technologies for soil preparation for sowing. The
working bodies of disc harrows, discs - are not clogged with plant residues and soil.

One of the quality indicators of the disk harrow's work, as indicated by well-
known scientists in the field of soil cultivation, is the efficiency factor. It was
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established that the traction resistance of the disc harrow depends on both the structural
and technological parameters of the spherical disc and the speed of the MTA.

The conducted studies substantiated that the operational weight of a disc harrow is
determined depending on the number of spherical discs and the required load to ensure a
rational depth of soil cultivation. In the course of theoretical studies, it was established
that the efficiency of the disk harrow does not depend on the design and technological
parameters of the spherical disk.

Mathematical models have been developed that establish the relationship between
the structural and technological parameters of the spherical disk and prove that the
increase in the efficiency of the disk harrow is achieved by increasing the costs of the
spherical disk and reducing the load on the spherical disk, which is proportional to the
decrease in the operating weight of the technical tool. It was established that at constant
values of the specific traction resistance of the soil, the value of the traction resistance
remains unchanged. Reducing the load on the spherical disk from 1.2 to 0.6 kN leads to
a proportional decrease in operating weight and a decrease in the cost of manufacturing
disk harrows. It should be noted that with a decrease in the operational weight of the
disc harrow, at unchanged values of costs for cutting, crushing and discarding the soil
sliver, an increase in the efficiency factor will be observed. The analysis of graphical
dependencies shows that at constant values of the load on the spherical disk and the
unchanged operating weight of the disk harrow, under the conditions of an increase in
the specific resistance of the soil, the amount of traction resistance increases, which
leads to an increase in the efficiency of the disk harrow with spherical disks.

Keywords: Harrow, machine-tractor unit, traction resistance, spherical disk
diameter, operating weight, efficiency factor, operational weight, costs, soil tillage
depth.
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BIUIUB I'TIPOAUHAMIYHUX TA MEXAHIYHUX YNHHUKIB
HA ®OPMYBAHHS TPAHYJI Y TPAHYJISAIIAHINA BAIITI 3
BUKOPUCTAHHSM OBEPTOBOTI'O BIEPAIIMHOI'O
I'PAHYJATOPA

Anomayisn. BupoOHUIITBO MPOAYKIIIT @ HAJIEKHOMY PiBHI BUMarae BiJl 00JaqHaHHS
BIJIMOBIHOTO PIBHS KOHTpONIO Ta sKocTi. [y 3abe3meueHHs HEOOXIAHOI SIKOCTI
MPOAYKINI BHKOPHUCTOBYIOTHCS PI3HOMaHITHI pPEYOBMHU, Ha sKi Oararta XiMidHa
MIPOMHUCJIOBICTh Ta SIKi MOXYTh HE JIWIIE BIUIMBATH HA SAKICTh Ta CTPYKTYPY HOBHUX
pPEYOBHH, K1 1 3MIHIOBATH BJIAcHWW arperaTHHil ctaH. MiHepanbHi A00puBa, IO Ha
CBOTOJHIIIHIA J€Hb € JIOCUTh PO3MOBCIO[DKEHUMH Ta BAKIWBHUMH Y TMPOIIEC]
CLTBCHKOTOCTIONIAPCHKOTO Ta MPOMHUCIIOBOIO BUPOOHHIITBA, YTBOPIOIOTHCS B Pe3yJIbTaTi
rpanyssnii. B maHii ctaTTi IpOBENEHO TEOPETUYHHMM aHalli3 MaTeMaTHYHHUX DPIBHSHb,
10 OMUCYIOTh OCHOBHI IMPOIIECH 1O BHUTIKAHHIO CTPYMEHS IUIaBy 3 TephOpOBaHOTO
KOIITMKA TPAaHYJATOpa 3 MOJAIBIINM AUCTIEPryBaHHSAM Ha Karuli Mif i€ BHYTPINIHIX
30ypeHb y CTpyMEHI PIAMHHU Ta PO3TISHYTO 1 MPOAHAII30BaHO MAaTeMaTUYHI PIBHSHHSA,
[0 ONKCYIOTh MOAAJBIIMKA PyX TrpaHyd BiA TpaHyIsITOpa A0 HIKHBOI YaCTUHU
rpaHyJsiiiHOI OamTH. B pe3ynbTaTi, HA OCHOBI TaKOrO aHAJI3y BHSBIECHO YHCEIbHI
(akTOpH, IO BIUIMBAIOTh HAa MPOILIECH YTBOPEHHS TpaHyJ y TpaHyJSIMidHIA OariTi
BUPOOHUIITBA MiHEpaIbHUX T00puB. P0o3pobieHo pekomeHpaalii 1moa0 HEeOoOXiTHOCTI
BpaxoOBYyBaTH TepeliiueHi (akToOpH MPHU T1APOJAWHAMIYHMX PO3paxyHKax MPOIECIB, IO
MPOTIKAIOTh K y KOIIMKY TPaHyJSTOpa, TaK MpH pyXy IPpaHyl y pobodomMy HpocTopi
TPaHyJISALIHHOI OaIITH.

Knrouosi cnosa: rpanynsmis, CTpyMmiHb, Kparuli, THUCK, IIUIbHICTh, 0OepTaHHS,
4acToTa.

Ilocmanoska npobnemu. Ilpu po3paxyHKax HOBOTO TPaHYJSAIIHHOTO
oOlagHaHHSA, TIPH  pO3pOOIll  PEKOMEHJAIii 10  BCTAHOBJICHHIO
TEXHOJOTIYHUX  PEXUMIB  BHUKOPUCTAHHA TakKoro oOJagHaHHSI Y
TpaHyJSIIIAHUX ~ OamTax BEIWKE 3HAYEeHHS Ma€ BIpHHMA  BUOIp
T€OMETPUYHHUX PO3MIPIB K CAMOTO TPAaHYJIATOpa, a00 TPAHYIATOPIB, SKIO
iX JeKiibKa y pasi BEJIMKOTO HaBAaHTAXEHHS IO TUIABY Ta BEJIMKOI IUIOIII
MEPECIYHOTO MEePETHHY OaIlTH, TaK 1 TUITy Tpanyustopa [1].

VY cydacHHX TpaHyJSIidHUX OamrTax BUPOOHUIITB MiHEPATbHUX
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no0pu  HalOUIbIIe MOUWIMPEHHS HaOynu  BiOpauliiiHI  TrpaHyJIATOpPU
CTaTUYHOTO THUIly Ta o0epToBi BiOparlliiiHi rpanyastopu OBI' 3 pizHOIO
(OopMOIO KOIIMKA, 10 3aJE€XKHUTh 1 BlJ TEXHOJIOTIYHHMX PEKUMIB pOoOOTH
rpanyisiiHoi  Oawmtu.  IlomupenHs — BiOpaumiiHUX — TpaHYJISTOPIB
MOSICHIOETBCS TapHUM ~ MOHOJWCIIEPCHUM  CKJIAJIOM TPaHYyJIbOBAHOTO
MNPOJYKTY, IIO BIAMNOBIa€ Cy4yacCHUM BUMOraM Ha PHUHKY MiHEpaIbHHUX
nobpus [2].

OcHoBoro  BuUCOKOsiKicHOI ~ poborn Taku OBI' € mporec
PO3IOPOIIYBaHHSI CTPYMEHIB TUIaBY, SIKI BUTIKAIOTh 13 OTBOPIB KOIIIMKA Ta
HNOJUISAIOTHCS Ha Kparull, TpaHyIsSUIAHUNA CKIaJ SKUX TOBUHEH OyTH
sKOMOTa Ommk4e 10 MoHomaucmepcHoro [3]. Y momampmiomy I Kparuti
B3a€EMOJIIIOTh 3 XOJIOJHUM IOTOKOM TMOBITpPSI, IO MPHU3BOJAUTH O IXHBOT
KpHcTami3ailii, oxonomkeHHs. Ha mpomy erarii Beuke 3HaU€HHS Ma€e BipHa
oprasizailisi T1IpOJMHAMIKK MOBITPSHOTO TOTOKY, SIKMUWA BIUIMBAE SIK Ha
IpOLECH TEIUIOOOMIHY MK T'paHyJaMH Ta MOBITPSAM, TaK 1 Ha IIBUJKICTb
pPYXy TpaHyJl Ta Ha HAIIPSIMOK IIbOTO PyXYy.

Ananiz ocmannix oocaioxcens. I'panynsitopu OBI' Oyio ctBopeHo Ha
kadenpi ximiuHoi 1H¥)eHepii CyMCBKOro Jep>KaBHOTO YHIBEPCUTETY Ta
YCIIITHO BOPOBA/PKEHO Ha 0ararboX BITYM3HSHUX Ta 3aKOPIOHHUX
HiNPUEMCTBAX y BHUPOOHHUIITBAX aMiadyHOi CeJiTpu Ta KapOaminmy.
OcHoBoro pobutu OBI' € pgucnepryBaHHsS pO3UYMHY Ha Kparuii
MOHOJIMCIIEPCHOTO CKJIay 3a IOMOMOIOI0 HAKJIa/laHHA Ha CTPYMIHb IUIaBY
BUMYIIIEHUX KOJIMBaHb. Lleli MeTo Takok BIPOBAKEHHM 1y BiOpaIliiHuX
BIIIEHTPOBHUX pO3MIIIOBayax, 1o oOepratoteesa. Y OB BumymieHi
30ypeHHs ~ CTPyMEHIB  IUIaBy  CTBOPIOIOTBCS 32  JOMOMOTOIO
PO3IOBCIO/KEHHST Y TIUIaBl PETryJIpHUX 3MIHHUX IMITyJIbCIB THCKY.
Hampuknan, sik 11e MOSICHIOETBCA Ha pHC. 1, HKEpeIoM TaKuxX IMITYJIbCIB Y
OBI' Moxe OyTH JIUCK-BUIIPOMIHIOBAY Yy BHUIVIIAI MeMOpaHH, IO
KoiuBaeThes. Ha sikuii mogaeThcsl MexaHiuHa BiOpartis [4].

Y pobori [5] mpencraBieHO TEOpPETHYHI  TOCTIKCHHS 3
BUKOPHCTAHHSAM HAKONMYEHHUX Y MPOIECi MPOMHUCIOBOTO BIPOBAIKEHHS
BIOpaIliiHUX TPaHyJISATOPIB, M0 OOEPTAIOTHCA. 3a PaxyHOK IMOKa3aHUX
PIBHSAHD PyXY PIIMHU y CTAIllOHAPHOMY PEXHUMI B HUTIHAPUYHINA CHUCTEMI1
KOOPJIMHAT, 10 BUKOPUCTOBYIOTHCS MJIsSi BHPIIMICHHS PIBHSIHB TaK 3BaHOT
«Teopii CTPyMEHIB», IO JIeKaTh B OCHOBI TEOPETHUYHOTO OIHCY PYXY
pinuHN y ctpymeHi. HaBeneHi po3paxyHKH MPEACTaBISIOTh aKTyaIbHICTh
JUTSL aHaJTi3y poOOTH BiOpaIliiHUX TPaHYJSTOPIB Y IPOMHUCIOBUX yMOBaX 3
METOI0 OIIIHKM TPaHyJSLIHHOTO CKJIaay MNPOAYKTY, IO, y CBOIO dYepry,
M1BUIIY€ HATIAHICTD 1 CTA0UTBHICTH POOOTH BCI€T IPOMHUCTIOBOI YCTAHOBKH
3 BUPOOHUWIITBA MiHepaidbHUX n00puB. IlpencraBnena y poboti [6]
METONWKA TMPOBEACHHS  (PI3UYHUX  EKCIEPUMEHTIB IO  MPOIECY
TUCTIEPTYBaHHA  PIAUHM  (30151), 11O  JO3BOJIIE  OIIHUTH  BIUIUB
TIAPOJMHAMIYHUX 1 KOHCTPYKTHUBHUX MapameTpiB o0nagHaHHA Ha (i3uKO-
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MEXaHI4Hi BJIACTUBOCTI OJICP>KyBaHUX IPaHyI.
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Puc. 1. Konctpyxkuist OBI': 1 — BibpaniitHu#i mpucTpiit; 2 — MiAINIUITHUKH,
3 — matpyOoK aJisi BXOy IIaBy; 4 — Kopiyc; 5 — nmepdopoBaHa KOp3HUHA;
6 — po3nOALTHHUK; 7 — JOAATKOBI JIOTIATKH

3 BUKOPHUCTAHHSIM DPIBHSHHS PyXy TpaHyJl y MOBITPSHOMY MOTOII, Y
pobori [7/] po3pobieHO TporpaMy aBTOMATHYHOTO  PETYJIIOBAHHS
IIBUKOCTI 00EpTaHHS TPAHYIATOPY, BUXOSAYN 31 3MIHU HaBAaHTaKEHb 110
miaBy. KpiM TOro, BCTaHOBJIEHO, IO 3a PaxyHOK 3MIiHH IIBHUJKOCTI
oOepTaHHs TpaHyJATOpa € MOXIMBICT, BIUIMBY Ha pPO3MIpH (Qakery
pO3MUITY.

Ane Tinpku rapHa po6ota OBI' Moxe He maTé MOTPIOHOTO SKICHOTO
MPOAYKTY, SKIIO TPaHyJSITOp He Oyae TapMOHIWHO TpaloBaTH 3
TPaHyJSIIHOI0 OAIITOTO.

['panynsTOp € BaXKJIMBOIO JIAHKOIO TEXHOJOTIYHOTO Tmporecy. Ha
CTajil MOAUTY TOTOKY IUIaBY Ha CTPYMEHI, MUCIIEPTYBaHHS CTPYMEHIB Ha
Kparl, 3 YypaxyBaHHSIM BHMOT JIOCSTHEHHS SKOMOTa  Kpaimloro
MOHOJIUCIIEPCHOTO CKJIAy TpaHyl, 1 GOpMYyeEThCsI OCHOBA BiJ] SIKOT TOTIM
3aJIeKUTH 1 OTPUMAHHS SAKICHOTO TIPOAYKTY.

Dopmynrosanns memu cmammi. MeETOW JaHOTO JOCHIKEHHS €
BU3HAYCHHS BIUIMBY TIAPOJWHAMIYHUX 1 MEXaHIYHUX YHHHHUKIB Ha
dbopMyBaHHS TpaHyld Yy TpaHyJiiHIA OamTi 13 BHKOPUCTAHHSIM
00epToBOTO BiOpAIIHHOTO TPAHYJIATOP. Y 3B’S3KYy 13 IIMM BHUCYBAIOTHCS
TaKl 3aJa4l JOCIIIKEHHS Ha OCHOBI 3aJI€)KHOCTEH.
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Ocnosna yacmuna. s po3poOKU METOJAMKH PO3PAXYHKY MOTPIOHUX
YUHHUKIB U1 epexkTuBHOI podotn OBI' y rpanynsuiiiHiii 6amri, a came
TEXHOJIOTIYHUX Ta T€OMETPUYHHUX MapaMeTpiB Ta YMOB, Sl AKUX MpPALOE
KOIIMK TpaHylAaTopa, OyJ0 MPOBEACHO psii TEOPETUUYHHMX JOCIIIKEHb
BIUIUBY TIAPOAMHAMIYHMX MAapaMEeTpiB MOTOKY IUIABY PIJIMHU, IO BUTIKAE
13 OTBOpIB TPaHYJSIIAHOTO KOIIMKA, 3 YpaxyBaHHSIM CHMETPUYHOTO
BIZITIOBIJTHO OCI IIMX CTPYMEHIB Xapaktepy Takoro pyxy [8].

r 2 d ;
oo _ _1op [P | o (Fron
Ur ar _ﬂﬂr+v ﬂzg+ﬂr( r
Ty e 180 0% 16 0 oo 1
Uz gz pﬂz+v ﬂ‘zg+rﬂr(r Br)] ( )
du: , 18 . _
- dz +rﬂr{'r U,-}—U,

Byno orpumano pimienns [6] cuctemu piBasiHb (1) y BUIISLIL
1 z(—244,r%v-8vz2 A, +64v22 A, r3+34%r7 23 —124,r* 22 A, -84, r? 2% 4,

y, = : 2)

48 vr

2 1 Ez"'ﬂfpr34+6pu—lzzﬂ lpvrsz—ﬂpuﬂlza—ﬁpl (3)
ne koedimienTu A1, Az, A3 y CBOIO 4epry 3ajexkarhb BijJ T€oMeTpii OTBOPIB y
KOpP3UHU Ta IMOYATKOBUX TIAPOAMHAMIYHMX YHHHHUKIB CTPYMEHS, IO
BUTIKa€ Ta (PI3UYHUX BIACTUBOCTEH IJIaBY.

Ck1agHICTh Ta TPOMI3AKICTD ITUX MaTEeMAaTUYHUX BHUPaA3iB HE J03BOJISIE
OPUBOJUTH 1X MOBHICTIO y JIaHii CTaTTi. AJie AJis BUSBY T€OMETPUYHUX Ta
TAPOAMHAMIYHMX MapaMeTpiB, 110 BIUIMBAIOTh Ha (OPMYBaHHSA Kpamelib
K1 BUTIKalOTh 3 OTBOpiB komwuka OBI', 1 He moTpiOHO po3rIsLAATH I
MaTeMaTH4Hl PIBHAHHS Y BHIJIAII TOYHOTO MaTEMaTUYHOTO pIIICHHS
CUCTEMH DPIBHSHb, aj€ y TaKOMy TpOMI3AKOMY BHIJsAAl. Jlns mporo
JOCTaTHBLO TPOCTO PO3TIAHYTH JuIle piBHAHHA (3) sIK€ CTOCYETHCS
3Ha4YCHb BEJIWYMHU PasiajbHOI CKIIAI0BOI MIBHIKOCTI PIAMHU Yy CTPYMEHIO
wiaBy. CaMe 3pOCTaHHS BEJIWYUHU II€] MIBUAKOCTI 0 KPUTHYHOTO
3HAuYEHHs, KOJHM 30ypeHHs y CTpyMeHi Oyae pylHyBaTH 10 MMOBEPXHEBUX
CWJI CTPYMEHSI, 1 MPUBOJUTH JI0 PYHHAIlIl CTpyMEHS Ha Kparuti.

Takum yuHOM, 17151 TOAIOHOTO aHAJI3y MOKIIMBO TIEpENUCcaTH CKIIa He
pimenas [9] y Burmami 3araabHOl (QYHKIIOHAIBHOI 3alIEKHOCTI BiJ
T€OMETPUYHHX Ta TIAPOJUHAMIYHUX IMApaMETPiB ISl BUSBIICHHS YNHHHKIB,
SKi TTIOBUHHO BpPaxOBYBAaTH MPH PO3PAXyHKAX TEXHOJIOTTYHHX MapameTpiB
HOBOro obOnamHaHHs. Toxi mpenactaBuMm koedimieHtn A1, Az, Az y
HACTYITHOMY BUTJISI]II:

2
v —.:q r~z
z 1 z2rZpd,

A1=fi(p, rs. v, Va0, Po, P1), (4)
A=fy(rs, A, p, As, v, P1, Po), 5)
As=f3(A1, p, I's, v, P1, Po), (6)
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1€ p — IUIBHICTH IUIaBy; Is — pajlyC CTpyMEHs, KUl y CBOIO 4Yepry
3aJIEKUTH BIJ JA1aMETPy OTBOPY y KOILIMKY TI'PaHyJSITOpa 3 SIKOIO BUTIKA€E
CTPYMiHb; vV — KOe(PII[IEHT KIHEMAaTUYHO1 B’S3KOCTI TUIaBY; V;0 — IIBUJKICTh
CTpyMEHsl IUIaBYy Yy OTBOpl KOIIMKA TIpaHyJsTOpa SKa y CBOI Yepry
3aJIEKUTh Bl HAaBAaHTaXXEHHS MO IUIABY Y IJIOMY Ha TpaHyJsATOp, BiA
KUIBKOCTI OTBOPIB y KOIIMKY Ta iX pO3MIpiB; Po, Ta P1 - TUCK Yy
HABKOJIMIITHBOMY CEPEJOBHILI Ta MOYATKOBUH TUCK y CTPYMEHI y OTBOpI
KOIIIMKa (MOYaTKOBUM TUCK MOKE MaTH 3MIHHE 3HAYEHHS Y 4acl).

Ane Tinpku rapHa po6ora OBI' moke He laTu MOBHICTIO MOTPIOHOTO
AKICHOTO MPOAYKTY, SKIIO TPAaHYJISITOp HEe OyAe rapMOHIMHO MpaloBaTu 3
IpaHyJISIIHOI0 OAIITOO.

Jist  po3poOKM METOAMKM PO3PAXyHKY TMOTPIOHUX yMOB JUIs
e(eKTUBHOI poOOTH YChOTO KOMILIEKCY 00JIaJHAHHS IPaHyJIALUIAHOT OalTu
OyJ10 MPOBEJEHO PAJl TEOPETUYHUX JOCTIIKEHb BIUIUBY T1IPOJIMHAMIYHOTO
BIUTMBY MOTOKY MOBITPSI HA pyX rpaHyd y OamTi micis Buxony ix 13 OBI'. B
OCHOBY OyJIO TMOKJIAJAEHO PIBHAHHSI pPYyXy TpaHylId 3 ypaxyBaHHSIM
CUMETPUYHOTO BIJMOBIAHO OCI rpaHyisTopa (60 y Oamrti Moxe OyTH
BCTAHOBJIEHO JIEKUIbKA TpaHyJATOPIB 1 KOXEH TpaHyisTop Oyne
dbopmyBaTu CcBili daken po3nuiay) xapaktepy Takoro pyxy [10]. Tomy
MO’KHA PO3IJISLAATH Yy MOJAAJBIIOMY pyX KpalUli, a HOTIM 1 TpaHylId y
IUIOIIMHI, SIKa IPOXOJUTh Yepe3 BICh IPaHyIsATOPa, L0 00EPTAETHCS.

im*}(r] __§s P::-ﬂzd?:f{rj+yx:|2
(T] = _ ESP!’DZd{II'Vy':T]+Vy}2 (7)

7ie X — TOPU30HTAIBHO BICh; Y — BEpTUKAJIbHA BICh, SIKa HAMPABIICHA Yy HU3; T
- yac; W(t) — mBUAKICTh PYXy KpaIlii y TOMY YH IHIIOMY Hampsamy; ¢ —
koedirieHT omopy Kparuii (TpaHyniH); S — IUIOIIAa MHUJEIEBOIO MEePETHHY,
SKa 3aJCKUTh B JlaMeTpy TpaHyJH; pPyozd — IIUIBHICTH MOBITPs; V —
IIBUIKICTD MOBITPSI y TPAHYJIAIINHIA OamTi, SIKa 3aJeKUTh BiJl IEPECIIHUX
PO3MIpIB TpaHYJAMINHOT OamTH, BiJ BUTpPAT MOBITPSA uyepe3 OamrTy; M —
Maca Kparut (TpaHyJin), sKa 3aJIeKUTh Bl pO3MIpy TpaHyl Ta ix (pi3uyHuX
BJIACTUBOCTEM.

Sxmo  posrasgaTy 3anexHICTs  (7) Ta  B3a€EMO3B’S30K  MIK
napameTpaMH, 10 BXOATh JO CUCTEMH ITUX PIBHSHB, TO MOKHA IMOOAYUTH,
0 PpINIEHHS [HUX pIBHSAHb, a CaMe€ 3HA4YCeHHS TOPU3OHTAJIBHOI Ta
BEPTUKAIBHOT CKJIQJOBUX IIBUAKOCTI PYyXy TpaHyJdd y CBOIO UEpry
3BOPOTHO BIUTMBAIOTh, HA YHCEIbHE 3HAUYCHHS KoeDimieHTy cynpotuBy. Lle
MOSICHIOETBCA THUM, IO KOE(IIiEHT OmMopy 3alleKUTh BiJl YHUCEN
PeitHonbICa, IKWH 3aI€KUTh BiJl 3HAYCHB IIIBUJIKOCTI, a TAKOXK, 3 OTJISIY Ha
3HAYHY PI3HUIIO BEIWYMH MIBUAKOCTI Kpameilb Yy TOPU30HTAJBLHOMY Ta
BEPTUKAILHOMY HAIpPsIMKax, MAa€ y Yaci MmepeMiHHe 3HAYCHHs. TaKoX, K
TOPU30HTANbHA MIBUJAKICTh TaK 1 BEPTUKAJIbHA MIBUAKOCTI MAlOTh
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nepeMiHHe 3HayeHHd y 4yaci. | ToMy 11 CKJIagHI B3a€MO3B’SI3KU
YCKJIAJAHIOIOTh PIIIEHHS MMOCTaBJICHUX 3a/Jad BU3HAYEHHS T'OPU30HTAIBHOL
Ta BEPTUKAJIBHOI IBUJIKOCTI Y YacCl 3 HACTYITHUM PO3PaxyHKOM TPAEKTOPIN
pYyXy IpaHyJj, BU3HaUEHHSAM AlameTpa (akedy po3nuily, a TAKOXK BUIAYOIO
BUXIHUX JAHUX JJ TEPMOJMHAMIYHUX PpPO3pPaXyHKIB MPOLECIB, IO
MPOTIKAIOTh MK MOTOKOM MOBITpPS Ta rpaHyjiaMu. A 1 TIpOJMHAMIYHI Ta
TEPMOJMHAMIYHI MMapaMeTpU € BU3HAYaJIbHUMHU JUJIS OpraHizaiii mpouecy
KpUCTai3allii rpaHyi.

PiBustnust (7), 3 ypaxyBaHHSIM BCIX 3a3HAYEHUX 3aJIEKHOCTEH OyJo0
BUPIIICHO Ta 11 PIBHAHHS BUKOPHUCTAHO JJIsi PO3PAXYHKIB TPAEKTOPIN PyXy
IpaHyJ BiJ KOLIMKA TPaHyJATOpa, 10 00EpTAETHCS, 1O HUKHBOI YaCTUHU
OamTH, J1e TpaHyJu BXKE BIIBOJATHCS 3a ii Mexku. Ha pucynky 2 mokazaHo
NOPUKIAJ TAKUX PO3PAXYHKIB.

Paniyc dakema po3muay | m

I I
[ o
= L=

) )

Bucora l'lﬂ.,.']i[l]lﬂ rpanyi, M
I
é

__l_[:l.

Puc. 2. Pe3ynbrat po3paxyHKy TpaekTopii pyXy rpaHysu kapoaminy y
TpaHyJSIIHHINA OalITi BUCOTOIO MAiHHS Tpanyn 42 M.

Jist  po3paxyHKiB, IO BHUKOPUCTaHI y TIOKa3aHOMY TPHUKIAII,
BpaxoBaHi peaibHi YMOBU POOOTH TpaHYJAIIAHOT OamTu BUPOOHUIITBA
kapOaminy. Ilomampmie BHpoBa/kKeHHS mpomucioBux 3paskiB  OBI
MTOKAa3aJjI0 JII€BICTh TAKOT'O IiIXOTy.

HaBantaxxenns no miaBy 130 1/ronuHy, BUTpaTa TOBITPSI CTAHOBHUTH
130000 m3/roguny, niametp komuka OBI' 500 Mm. BuOpano Bunasox Koau
TPaHyJSITOP HE O0EpPTAEThCS Ta KyTOBAa IMIBUAKICTH JOpiBHIOETHCS 0. VY
[IbOMY BHWITaJIKy BHUTIKaHHS CTPYMEHIB IJIaBy BIIOYBa€ThCA T JI€O
CTOBIA TUIABY, SIKUW 3HAXOAUTHCS y TpaHyisTopi. Ta Bkazana Ha Tpadiky
TPAEKTOPIS JIsl TAKOTO BUTIAJKY XapaKTEpHA JJIsl TPaHy, 0 YTBOPHIUCS 3
Kparielib, sIKl BUTIKalOTh 3 CEPE/IHbOI YaCTHMHU KOLIMKA T'PAaHYJATOpa Iijl
KyTOoM 45 rpagyciB 10 TOPU30HTAJIbHOI IIONIUHHU.
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Bucnoexu. byno mnpoBeaeHO TEOPETHUUHMI aHali3 MaTeMaTUYHHX
PIBHSIHb, 110 OMNHMCYIOTh TaKi OCHOBHI IPOLIECH SIK BUTIKAHHSA CTPYMEHS
wiaBy 3 NOepPopoBaHOrO KOIIMKA TpaHyJIATOpa 3  MOJAJbIIMM
JUCHEPryBaHHSAM Ha Kamll MiJg JI€0 BHYTPIMIHIX 30ypeHb y CTPYMEHI
piauHu. TakoX pO3MISIHYTO Ta MPOAHaJi30BAaHO MaTeMaTHU4HI PiBHSHHS,
0 ONHUCYIOTh MOJANBIIMM PyX TpaHys BiJ TpaHyIsTOpa A0 HUKHBOL
YaCTHHM TpanyIisiiiHoi 6amtu. Ha ocHOBI Takoro aHanizy OyJo BHUSBJIEHO
yucelbHl (akTopH, SAKI TEPEeNIYeHO BHILE, BIUIMBAIOTH HA MPOILECH
YTBOPEHHSI TpaHyJl y TpaHyJsLidHIA OamTi BUPOOHMIITBA MIHEPATBHUX
nobpuB. Po3pobiieHO pexomeHpaalii 100 HEOOXIAHOCTI BpaxOByBaTU
nepesniyeHi (akTopu MNpU TIAPOAMHAMIYHUX PO3PAaXyHKax MPOLECIB, IO
IOPOTIKAIOTh K Y KOUIUKY TPaHyJIsTOpa, TaK MPHU PyXy T'paHyll y podoyomy
npocTopi rpanysiinoi Oamtu. Li peKOMeHJ:(aui'i OyJI0 BUKOPUCTAHO JJIsi
PO3POOKH METOJa PO3PAXYHKY TPAEKTOPIN pyxy TpaHyJI i BUKOPUCTAHH
y peaJbHUX MPOMHUCIOBUX yMOBaxX 3 METOIO PIBHOMIPHOTO po3n0)11ny
rpaHyl MO TepeTHuHy OamTH, M0 3abe3neyye OJHAKOBI yMOBH
KOHTaKTyBaHHS TPaHyJ] 3 MOBITPSIM, II0 OXOJIOJKY€E TpaHyJM Ta BIUTUBAE
Ha SKICTh IPaHyJIbOBAHOTO MPOIYKTY.
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INFLUENCE OF HYDRODYNAMIC AND MECHANICAL FACTORS ON THE
FORMATION OF GRANULES IN A GRANULATION TOWER USING A
ROTATING VIBRATING GRANULATOR

Summary

The production of products at the proper level requires the appropriate level of
control and quality from the equipment. To ensure the required quality of products,
various substances are used, which the chemical industry is rich in and which can not
only affect the quality and structure of new substances, but also change their own
aggregate state. Mineral fertilizers, which today are quite widespread and important in
the process of agricultural and industrial production, are formed as a result of
granulation. In this article, a theoretical analysis of the mathematical equations
describing the main processes of the outflow of the liquid jet from the perforated basket
of the granulator with subsequent dispersion into droplets under the action of internal
disturbances in the liquid jet was carried out, and the mathematical equations describing
the further movement of the granules from the granulator to the lower part were
considered and analyzed. granulation tower. As a result, on the basis of such an
analysis, numerous factors affecting the processes of granule formation in the
granulation tower of mineral fertilizer production were identified. Recommendations
have been developed regarding the need to take into account the listed factors during
hydrodynamic calculations of the processes occurring both in the granulator basket and
during the movement of granules in the working space of the granulation tower. But
only good work of mashine may not give a completely required high-quality product, if
the granulator does not work harmoniously with the granulation tower. For the
calculations used in the example shown, the real operating conditions of the granulation
tower for the production of urea are taken into account. Further implementation of
industrial samples of mashine showed the effectiveness of such an approach. These
recommendations were used to develop a method of calculating the trajectories of the
granules for use in real industrial conditions with the aim of uniform distribution of
granules across the cross-section of the tower, which ensures the same conditions of
contact of granules with air, which cools the granules and affects the quality of the
granulated product.

Keywords: granulation, jet, drops, pressure, density, rotation, frequency.
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TEOPETUYHI ACIIEKTU MOJEJIOBAHHS MAILIMHHOI
TEXHOJIOI'Il YTUJI3ALIII OPTAHIYHUX BIAXO/IIB

Anomayisn. B cTaTTi pO3TIsSHYTI TEOPETUYH1 ACTEKTH MOJEIIOBAHHS MAIIMHHOI
TEXHOJIOT1T yTwii3amii opraHiYHUX BIAXOAiB. s Omucy Takoi CHUCTEMHU y BUIJISL
iHopmariitHoi Mozen OyJo BHKOPHUCTAaHO CTPYKTYPHO-TIAPAMETPUYHY CXEMY
(GYHKIIIOHYBaHHS TEXHOJIOT1i. MeTo/1 MpOoeKTYBaHHs TEXHOJOr1H Ta 3ac00iB, 10 MAIOTh
HaWOLIbITy €(EeKTUBHICTh Y 3aJaHUX yMOBaX, 3aCHOBaHWN Ha MaTeMAaTHYHIA MOl
abo iepapxii MojeneH, MO aJeKBaTHO OMHCY€E MPOEKTOBAHWM MPOIEC Ta JO3BOJISIE 3a
JIOTIOMOTOF0 CyYacHUX OOYHCITIOBAILHUX 3ac00iB MOEIHATH TPOIECH ITOCTAHOBKH Ta
BHpIIICHHS 3a/1a4i. /[ 11bOro 3ampornoHOBaHO MO/IENb, OCHOBHUM MTOKa3HUKOM SIKOCTI
SIKOT, TIPUIHATO KUTBKICTh a30Ty B OAHIN TOHHI TOTOBOTO OPraHivHOTO J0OpWBa MO0
BMICTYy a30Ty y BHUXIJHOMY THOIO Ta Tociuiai. B po0OoTi s BuUpimieHHS 3amadi
BHU3HAUYEHHS JUHAMIKHA 30€pEKEHOCT] a30Ty BUKOPUCTAHO JIOT1KO-JIIHTBICTHYHUMA METO/
dhopmaizartii Mozenel HewiTKUX OaraToBUMIpHUX cucteM. OTIis METOMIB Ta Moesei
st popMyBaHHsI Ta BUOOPY TEXHOJOTIH 1 KOMIUIEKCIB TEXHIYHUX 3ac00iB, JT03BOJIHUB
OOTpyHTYBATH METO]T TPOEKTYBAHHS TEXHOJIOTIN YTHIIi3al1lii THOIO Ta MOCIITY.

Knrwouosi cnosa: tHiW, mociii, MaTeMaTHUYHa MOJENb, METOJ, NMPOEKTYBAHHS,
TBapUHA, TEXHOJOTTYHUH MTpoLiec, 100pUBO.

Ilocmanoska npobremu. Po3pobka METOTy MPOEKTYBAHHS TEXHOJIOTIH
yTHII3allii THOIO Ta MOCIAY € CKIIaaHOI0 OaraToriaHoBoo 3amauco [1, 2].

[Ipu ¢dopmyBaHHi Ta BHOOpI TEXHOJIOTIM yTHii3amii THOWO [3-6]
HaWOIbII €(PEKTUBHO BHUXOAUTH 3 YMOBU OIOJOTIYHOTO OOOpPOTY
MOKUBHUX PEYOBHH, KU MMOJISTA€ B OTPUMaHHI €KCKPEMEHTIB BiJI TBapUH,
Ta Xap4yyBaHHS ClIBCHKOTOCIOAAPCHKUX POCIHH, MPU aKTUBHOMY BILIWBI
Ha CHUCTEMY 30BHINIHIX BIUIMBIB. 30BHIIIHIMU BIUTMBAMH € TOCIOJAPCHKI
YMOBH, TE€XHOJIOTIi, 110 3aCTOCOBYIOTHCS, SIKI CKIIAJAlOThCA 3 TPOIECIB Ta
oreparlii, a TaKoX TEXHIYHI 3aCOOM JIJIT BAUKOHAHHS OTIeparliii.

Ananiz ocmanmnix Oocniodcenv. IIuTaHHSIMH TPUWHATTS PIlIEHb HA
OCHOBI MAaTeMaTHYHHX MOJEJICH TPHUCBIYCHA YHWCICHHA JITeparypa,

© Cxnsip O. T, Cxuisip P. B., Komap A. C., 2023
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30kpeMa pobotu BueHux A. I'. AranOersHa, A. M. bongapenxo, €. C.
Bentuens, A. M. Bamre, JI. B. KantropoBuua, P. O. Tpubpara, I'. C.
[Tocnienosa, I1. M. ITaBnenko, H. I1. ®enopenko ta in. [7-10].

He3Bakatoum Ha CHOUIBHICTh pO3B'SI3yBaHOI 3ajadi, po3po0ieHi
MaTeMaTU4Hl MOJeNl ONTHMIi3alli CKIaay, CTPYKTYpH Ta BUKOPUCTAHHS
3ac001B TEXHIYHOI OCHAILEHOCTI CLIBCHKOI'O TOCHOJApPCTBA MalOTh HHU3KY
CYTTEBUX BIIMIHHOCTEH.

VYci maremMaTryH1 MOJEI1 MOKHA YMOBHO PO3JUIUTH HAa aHAJITHYHI Ta
craructuydi [11, 12]. ¥V mepiiomy BUMaaKy OCHOBHI KUIBKICHI TOKa3HHKH
npoueciB  (TEXHOJOTIYHUX  Omepamiid) MOB'SI3YIOTbCS — aHAIITUYHUMU
3anexHocTsIMU. CHcTeMa IIUX PiBHSHB 1 € aHamiTHYHOI Moaeuto. [1in gac
PO3pOOKH CTAaTUCTUYHUX Mojenei (imitarmiitHi mojeni, mojeinbs MoHTe-
Kapno) Buxonasts i3 Toro, mo BUPOOHUYUM AiSIM MPHUPOAHBO BIACTHUBUM
€JIEMEHT BHUMAJAKOBOCTI, IO BOHH HE € JCTePMIHOBAHHMH, a
HiANOPSAIKOBYIOTECS  3aKOHAaM  pPO3IMOJALTY  BUIAIKOBUX  BCIMYMH
(cTaTUCTUYHI MOJENI JO03BOJSIOTH JIOCTIKYBAaTH CHUCTEMY OYIb-SIKOTO
tury) [13]. MoxiuBicTh  ypaxyBaHHS — HENIHIHHOCTI, JIMHAMIKH,
IMOBIPHICHOT TPHUPOIU JIEAKUX SIBHIL J03BOJSIE 3POOUTH CTATUCTUUHY
MOJENb aJeKBaTHOI AIMCHOCTI 1, TOCTIXKYIOUH ii, 3/{1HCHIOBATH TaK 3BaHUI
HATYPHHI €KCIIEPUMEHT y TIPUCKOPEHOMY MaciiTadi yacy [14-16].

Dopmynrosanns memu cmammi. OOTPYHTYBATH METOJ MPOEKTYBAHHS
TEXHOJIOT1H yTHJIi3aIlii THOO Ta MOCHiAY 3a JOIMOMOI'OK OTJISAY METOMIB Ta
Mojenen s GopMyBaHHS Ta BUOOPY TEXHOJOTIH 1 KOMIUIEKCIB TEXHIYHUX
3aco0iB.

Ocnoséna yacmuna. Jns  dopmyBaHHS Oyab-sSKOi  TEXHOJOTII
HEOOX1IHO MPUAHATH HACTYIHI repexymoBu [17, 18]:

— Ha BCIX eTarax BIUIMBY SK IPEJMET Ipalli BUCTYIIA€ OJUH 1 TOW K
IPOJIYKT — EKCKPEMEHTH TBapuH, (i3UKO-MeXaHidHI, MIKpOOIOJIOTivHi,
arpoxiMiuyHi Ta CaHITApHO-TITI€EHIYHI BJIACTUBOCTI SKUX 3MIHIOIOTHCS
IIJIECIIPSIMOBAHO y O1K HEOOXi1THUX IPYHTOM KiHIIEBUX IMOKA3HHKIB,;

— TOYaTKOBHUU CTaH MpeaMeTa Mpaili — eKCKPEMEHTIB JIJIs BCIX BHJIIB
OpraHiyHMX JOOPHB Ma€ TOH CaMUl BEKTOp CTaHy, SKWW BU3HAYAETHCS
CHeIiani3ali€ro manprueMCTBA Ta CUCTEMOIO BUIAJICHHS! €KCKPEMEHTIB;

— BuA A00pHBa, 0JeP)KYBaHOTO y IIPOIIeCi MepepoOKH eKCKPEMEHTIB,
BU3HAYAETHCA  arpoXiMiYHUMH,  (PI3UKO-MEXaHIYHHMH,  CaHITAPHO-
TITIEHIYHUMH Ta 1HIIMMH BUMOTAMH POCJIHMH, TPYHTOBOI MikpoduopH, a
TaKOX €KOJIOTTYHUMH BUMOTAMH JTOBKLIIJIS.

Buxigauii THIHA, MOCHiA IMJ BINITMBOM ONEpalliid, TEXHOJOTIYHHUX
MPOIECiB  Ta TEXHIYHUX 3aco0iB, TIIO€THAHHSI SKHUX OOYMOBIICHO
TEXHOJIOTI€10, IEPETBOPIOIOTHCSA HAa OpraHivHl JOOPUBA Ta OYUIICHY PiANHY
(py BUKOPHUCTAaHHI TEXHOJOTH TMOOKOT mepepoOKu) BiAMOBIMHO 10 ¢a3
ix mepeTBopens [19, 20].

Jis omwmcy Takoi cHCTEMH Yy BUTIIAII iH(popMariiHoi moxenmi [21]
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MOXe ~ OyTM  BUKOPUCTAaHO  CTPYKTYpHO-TIAPaMETPUUYHY  CXEMY
(yHKI1OHYBaHHS TEXHOJIOT1i, IpeICcTaBiIeHy Ha puc. 1.

zZ, 7,z Zo M Z.,@ 7

w L 4l od L1y,

—— | — — — —— » —
(2) (2) (2)
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Puc. 1. CtpykTypHa cxema 6araToBUMipHOTO 0araToJaHKOBOTO
TEXHOJIOTIYHOTO MPOIECY

JlormycTuMO ~ JOCIHIJDKYBaHWUH ~ Tpolec  CKIAa€TbCcsl 3 n
OaraToBuUMIpHUX omnepalliid. Ha BXo/i nmporiecy Mif0Th BUTIAIKOBI BEJIMYMHU
X0, a BUXI1JI TIEPIIIOTO MPOIIECY MA€ BUIAAKOBI BETMIUHHU X1, SKi € BXOJaMH
JUISL THIIIOTO TPOIeCy 1 Tak Jajii. Buxijg BChOrO TEXHOJOTTYHOTO MPOIECY
XapaKTePHU3y€EThCs BUMAIKOBUMH BeIMIUHAMH X, [21].

Ha skicTh TOTOBHX OpraHiYHHUX IOOPHB Ta OJEPKYBaHOI OYMIICHOT
PIIMHU BIUIMBAIOTH SK IMapaMeTpHU BUXIAHOTO Martepially, Tak 1 MapaMeTpu
TeXHIYHUX 3ac00iB [22]. Ha koxHil omepariii Aif0Th BUIAIKOBI (pakTOpH
Z1, Z, Tomo.

[IimpbHOCTI WMOBIPHOCTI BCIX BHNAJAKOBHX BEIUYMH Ta iX CHIIBHUX
PO3IOALIIB ITepe0adaroThCsi HOPMATLHUMH.

MaremaTu4He OYIKyBaHHS OYIb-IKOTO 3 BHXOJ[IB BH3HAYAETHCS Ha
MiJcTaBl OararonapaMeTpUIHOTO PiBHSHHSA

M, . X 20,2 ) =

c v 5
=4 +Za!-x,§. + ---+Zﬁx,ﬂ_l +Z dpz + -
i=1 =1 h=1
W
+Z%Zﬁ”
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Koediuientn piBHSHR MawTh OyTH BH3HAuU€HI Ha IiJICTaBl
monemtoBanHs Ha [IEOM 3 MmatemaTrunux mozenei [21, 23].

Buxin cucremu BH3HAuYae BEKTOpHA (yHKHIS X,, sKa BKIIOYAE
€KOHOMI4H1, TEXHIKO-€KOHOMIYHI Ta €KOJIOT14HI MOKA3HUKH €(EeKTUBHOCTI
(YHKIIOHYBaHHS! CUCTEMHU.

Mogens 6araTopiBHEBOTO MPOIECY TEXHOJOTIUHOT'O MPOEKTYBAHHS 3
MOPOTOBUMH BiAOOpaMH pillleHb Ha KOXHOMY pIBHI XapaKTepHU3yeTbCs
BHUCOKOIO €(EeKTUBHICTIO, TOMY IO KOPHCTyBau Ha KOXXHOMY €Tarli
NPOEKTYBAHHA Ma€ MOXJIMBICTH BIAIOpaTH KUIbKAa BapiaHTIB HAHOIMKUYUX
10 Halikpamioro BapianTy. Ha octanHiil cTaili Npo€eKTyBaHHS BUOUPAETHCS
OJIMH OCTAaTOYHWU BapiaHT, SIKUH, HA TYMKY KOPHCTYyBaua, IPYHTYIOUUCH Ha
foro kBamidikallii Ta KOMIETEHTHOCTI, BIJ[IIOBIIa€ KPUTEPIIO IKOCTI.

[Iporiec mpoekTyBaHHS BKJIIOYA€ HACTYIHI, MOCHIJOBHO 3/1ACHEHI
etanu [23]:

1. OOcrexxeHHs TOCIOAaPCTBA, IS IKOTO OOUPAETHCS TEXHOJIOTIS.

2. 30ip Ta kinacudikailis BUXIAHUX JaHUX PO BUPOOHUY1 YMOBH.

3. TlopiBHSHHS BUXITHUX JaHUX 3 OOMEXKEHHSIMU 3aCTOCYBaHHS
TEXHOJIOT1I, 1110 MICTATLCS B 010111 0a3 manux [IEOM.

4. ®opmyBaHHS TEXHOJOTIT yTHII3allli THOO, MTOCIIY Ta 1i BaplaHTIB
3 00JIIKOM YMOB IrOCITOAapCTBa.

5. TlpuiHATTSA pilIeHHS TPO MOXKJIUBICTH BHOOpPY TEXHOJIOTIT 13
3aJlaHUMHM BUXIJTHUMU MapaMeTpaMHu JIJisi yMOB JIaHOT'O TOCTIOapCTBa.

AnroputMu  BHOOPY  paIliOHAJIBHUX  BapiaHTIB  TEXHOJIOTIYHUX
IPOIIECiB CKIIaJICH] Y popMi IMILTIKAITIH.

HaykoBa ocHoBa ¢opMyBaHHS TEXHOJOTIA — METOJ MPOEKTYBAHHS
TEXHOJIOT1H Ta 3aco0iB, 10 MalTh HAMOUIBINY €(PEKTUBHICTh y 3aJaHHUX
yMOBaXx, 3aCHOBaHWW HAa MaTEeMaTW4YHIM Mojem abo iepapxii MojeseH, 1o
aJICKBaTHO OINHUCY€E MPOEKTOBAHMM IMPOIIEC Ta JO3BOJISIE 3a JOIOMOTOIO
Cy4acHUX OOYHMCITIOBAIBHUX 3aCO0iB IOEHATH TMPOIECH IMOCTAHOBKH Ta
BUPIIIIEHHS 3a]1a4i.

Hnst BuGopy e(heKTUBHUX TEXHOJOTIH yTHIi3allii THOW 1 MOCHiIy
3aCTOCOBYIOTHCS METOJIU, SIKUX Ha ChOTOJMHINIHIN JeHb 0€3/119 1 IKi MaroTh
JIUIIIe MOJIeIbHI npukitanu [21, 23].

[Ipu dopmanizoBaHOMY OMKCI CUCTEMHU YTHUIII3aIii THOI, TOCITITYy 3
OTPUMAHHSM OpraHiYHUX JOOPUB BUXOAWIM 3 TOro, M0 3ajada
JTOCIIDKCHHS. TEXHOJIOT1H MOXe OyTH IpeJCTaBlIeHa SK JBOTOYKOBA, IO
(dhopMy€eThCS HACTYITHUM YHHOM: HEOOX1THO MEPEBECTH CUCTEMY 3 JESKOTO
MOYaTKOBOTO CTaHy X, B KIiHIIEBUH cTaH X, 3a 4acoBui iHTEpBasl [ TNpHU
BIJTUBAX Ha BEKTOp KepyBaHHSA. Mojenb OTpUMaHHS OPTaHidHUX JOOPUB Y
3arajJbHOMY BHTJISIII TIPEJCTaBIeHA pUC. 2.
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Puc. 2. Monenb oTpuMaHHs OpraHiYHUX JOOPHUB Y 3arajibHOMY BHUTJISII

Jliis hopMyBaHHS TEXHOJIOTIT MPUIHATO Taki mepeayMoBu [23, 24]:

— TpH yTWIi3alii THOIO Ta IMOCHiAy Ha BCIX ii eramax sK IpeaMmeT
mpari BUCTyHa€e TOW caMui MPOAYKT — THIH, mochia, (i3uKo-XiMidHi
BJIACTUBOCTI SIKOTO 3MIHIOIOTBCS IUIECTIPIMOBAHO y OiK HEOOXITHOTO
KIHIIEBOr'O IMOKA3HUKA;

— TMIOYAaTKOBUH CTaH THOMW, MOCHiNy X, JAJIS BCIX BHJIB OpPraHIYHUX
100pUB Ma€ OAMH 1 TOM K€ BEKTOP CTaHy, KWW BU3HAYAETHCSI HOTO CTAHOM
Ha MOMEHT BUXOJy 3 IPUMIIIECHHS /Il yTPUMaHHS TBApWH;

— BHJI  OJIEP)KYBAaHOTO  OpraHigyHoro  mgoOpuWBa  BHACHIIOK
BUKOPHUCTAHHS TEXHOJIOT1M BU3HAYAETHCS BEKTOPOM KIHIIEBOTO MOKAa3HUKA
(GI3UKO-XIMIYHMX ~ BJIACTUBOCTEH, OTPUMAHOrO 3 THOK, TIOCIIIY,
opra”iqHoro q00puBa B CTaHi X7.

BekTtop craHy THOIO, TOCHIA PO3BUBAETBCA SK y TPOCTOPI
BU3HAYAbHUX HWOTO KOOpAWHAT, TaK 1 B YacOBOMY IHTepBalli,
O0OyMOBJICHOMY OIOXIMIYHMMH TIpPOIIECAMH, M0 BiAOYBAIOTHCA TIpHU
yTuiizaiii. Sk OCHOBHI CKJAJOBI BEKTOPY CTaHy CHUCTEMU MPUNUHSITO
(h13UKO-X1MI4HI IOKA3HUKH MPU 3M1HI CTAHIB BEKTOPY 3 Xi B Xj+1.
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Cucrema nepexoauTh 31 CTaHy Xi JO CTaHy Xi+j MiJ BILJTUBOM
kepyBauus Ui(i,j), me 1 - HOMep TexHoNOrii, | - HOMep omeparii y
TEXHOJIOT1].

Bekrop kepyBanus U; ckiamaeTbes 3 0e3iiui TEXHOJOTIH M, sKuMu
BU3HAYA€TbCA SK BHJ OPraHiyHOro JA00puBa, Tak 1 OCHOBHI HoOro
MOKa3HUKU B KIHI[I THMYAcCOBOT0 1HTEpBaly Ta 3aBepluaibHOi omnepanii N,
BEKTOPY XT.

KoxHa 3 TexHoIor1i ckiafaeTbest 3 0e3ii4l onepaliii, 1js BUKOHAHHS
AKUX BUKOPHUCTOBYIOThCS Pi3HI T€XHI4HI 3acobu (MHOXkuHU U). Ckiamom
TEXHIYHUX 3ac00IB BHU3HAYA€TbCS OOpaHa TEXHOJIOTIS yTHII3alli THOIO,
MOCJIy Ta BUJl OpraHIgYHOTO 100pUBa.

PeanbHi BUpOOHMYI MPOIECH NPOTIKAIOTH y KOHKPETHUX YMOBAX,
0OyMOBJICHHX BIUIMBOM Oe3iiul (DaKTOpiB, OCHOBHUMHU 3 SIKUX € (PaKTOPH,
10 BIUIMBAIOTh HA MPOTIKAHHS O10XIMIYHUX MPOIIECIB Yy MePepoOITIOBAHOMY
THOIO, TMIOCHIJlI Ta TOTOBMX OpraHiyHux npoOpuBax [6, 20, 25]. V
3aMpONOHOBAHIM MOJIEJl BEKTOP YMOB OTPMMAaHHS OPTraHiuHUX AOOpHUB 3
THOIO, TIOCHIAY A BIJIMBA€E Ha BEKTOP CTaHy rHOMO, ociiay X. Bekrop ymoB
CKJIaJlaeThess 3 Oe3idl  JeTepMIHOBAaHUX 1 BHUMNAJIKOBHX CKJIAJOBUX.
Xapakrep iX BIUTUBY 3HAYHOIO MIPOIO 3aJIEKHUTh Bl YMOB KOHKPETHOIO
BUPOOHMIITBA T CUCTEMHU yTPUMaHHS TBapUH.

VY 3aranbHOMY BHIVIAJlI MaTeMaTH4HAa MOJENb YTWIi3alli THOIO,
MOCTiTy Ta OTPUMAHHS OpraHiYHUX JOOpHUB MOXKe OYyTH 3amucaHa y
BUIJISA1 CITIBBIIHOIIIEHHS

X, = Ay X, + F,[U, = F,(U,)A]

ne Fi1, F2 - BekTOp KepyBaHHS CTAaHOM THOIO, TIOCITITY;

U1 - TeXHOJIOT1s SIK BEKTOP KepyBaHHS CTAHOM THOIO, ITOCTIY;

U, - TexH14HI 3ac00H K BEKTOP KEpYBaHHS CTaHY THOIO, TTOCITIY;

A - BEKTOp YMOB OTPMMAaHHS OpraHiYHHUX JOOPHB 13 THOIO, MOCTiY;

Xo - TOYaTKOBE 3HAUYCHHS BEKTOPY CTaHy THOIO, TIOCIIY;

X7 - KIHIIeBE 3HaYEHHS BEKTOPY CTaHy THOIO, TOCTIIY;

T - TaMYacoBU# 1HTEpBa yTHIII3allli THOTO, TIOCTITY;

Ay - MaTpUIls BEKTOPY MOCTIHHUX a00 3MIHHUX 3Ha4€Hb (HaKTOPiB, 1110
BIUTUBAIOTh HAa YMOBU OTPHMAaHHS OpraHIYHUX JOOpHB, MpEICTaBIICHA

BHPA30M
ay; Qg7 o Q44

[ a [

ml m2 nn

Cki1aoBUMH BEKTOPIB MOJICTI € TMOKAa3HWUKH, MPUUHSATI JJIS OIIHKH
TEXHOJIOTIA YTWii3amii THOIO, MOCHiAy Ta okpemux omepariid. OO0'ekT
kepyBaua X (Q, W., Woosp, Ki  Koospy Toop,  fonn  3fur. Smur.)
XapaKTEePU3Y€EThCS MOTOYHUM CTAaHOM THOIO, TIOCIiTY (OpraHiuHuX H0OPUB)

Ta MICTUTB TaKl CKJIAJ0BI1:
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Q — maca rHoto, nociiay, T;

W,, — BoJIOTiCTh THOMO, MOCIIY, BIJC.;

Woosp — BOJIOTICTh OpPraHiyHOro A0OpHBA, BIJC.;

K, — BMICT OXMBHUX PEYOBHUH Y BUXITHOMY THOIO, IOCII/I1, BIJIC.;

Koo6p — BMICT NO)KMBHUX PEYOBUH Y TOTOBOMY OpPraHi4YHOMY J10OpPHBI, BIJC.
fosp — BTpaTH 30Ty Yy Tiporieci 00pOOKH THOO, TIOCIITY, Y YaCTKaX OJMHHILL;
fen — BTpaTH @30Ty MPU BHECEHHI OpraHiuHUX JOOPUB, Y YaCTKaX OJIUHHUIIL,

35,7, — TUTOMI KamliTajabH1 BUTpaTH HAa 1 T BUPOOIEHUX Ta BHECEHUX

OpraHi4HHUX JOOPUB, TPH./T.
3gur.— MUTOMI €KCIUTyaTaliifHi BUTpaTH Ha 1 T BUPOOJEHUX Ta BHECEHHX
OpraHi4HHuX JOOPUB, TPH./T.

Takum 4YMHOM, TIpOIEC YTWII3allli THOK Ta MOCHIAY € CKJIaJHOIO
OararonapaMeTpUYHOK CHCTEMOIO, MOJeibh (DYHKIIIOHYBAaHHS SKOi Mae
0araTocTyIiHYacTy CTPYKTYpPY, IO BKJIIOYAE MOJEI OKPEeMHX IPOIECiB 1
SBHMIIl Ta iX B3a€EMO3B'I3KIB, 1 BPaxOBYE€ YMOBH OTPHUMaHHS OPTraHiYHUX
no6pwus [6, 20, 25].

BekTop yMOB OTpUMaHHs OpraHIYHMX JOOPHB 13 THOK Ta IOCITIIY
XapakTepu3y€e TMOeqHAaHHS (AKTOpiB, 1[0 BIUIMBAIOTh Ha  SKICTh
OJICP)KYBaHUX OPraHIYHUX JOOPHUB. Y 3ampOINOHOBaHIM MOJielIl OCHOBHUM
MOKAa3HUKOM SIKOCTI NMPUUHITO KUIBKICTh a30Ty B OJIHIM TOHHI TOTOBOTO
OpraHiyHOTO J00pHBa 11040 BMIicTy a30Ty N y BUXITHOMY THOO, TOCIIJII.
[HIII MOKa3HWUKM SKOCTI OpPraHidHMX JOOpPHB, TakKi SK BiJICYTHICTh
naTOreHHO1 MIKpO(IOpH, TPaHYJIOMETPUYHUIN CKJIaJ TOILIO, BUCTYIAIOTH SIK
O0OMEKEHHS.

dakTopH, 10 BIUTMBAIOTH Ha 30€pEeKEHHS a30Ty B MPOIIEC] YTUIIi3allii
rHOIO Ta Tmochigy [25], mokasani y Bursai iHdopmamiitHoi Moxeni,
MpEeJCTaBJICHO1 Ha puUcC. 3:

Q5 — xinbkicTs N 10Be/IEHOT 10 POCINHY;

Qn — kipKicTh Ny cBixkoMy THOTO (TIOCITi);

W — BOJIOTiCTB THOIO, TIOCITITY;

C/N — criBBiZHOIICHHS BYTJICITIO JIO a30Ty Y BUXITHOMY THOIO/TTOCITIIi;

Tyex — IHTEHCUBHICTDh TEXHOJIOTI (4ac mepepoOKu, TeMIIepaTypHUN PExKUM,
KUTBKICTh TEXHOJIOTIYHUX OTepariiii);

Ts — TEXHOJIOTIS BHECEHHS (KUIBKICTh TEXHOJOTIYHHUX OIeparlii, 9ac Bix
MOMEHTY PO3MOJILTY TO0OPUB /10 3aKJIaJICHHS B IPYHT);

g — AKICTh BUKOHAHHS TEXHOJOTIYHUX OTEpalliii;

Na — IpUPOAHO-KIIMATUYHI YMOBH.

[loenmnannst ¢akTopiB, IO BIUIMBAIOTh, MOBUHHO 3a0€3MedyBaTH:
Q5 — max.
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Puc. 3. [ndopmariitna Mmosienb BIUIMBY (haKTOPIB Ha 30€pEKEHHS a30Ty

[Ipu upomy Ha Bci (aktopu, kpiMm N, MOXHA BIUIMBATH, TOOTO,
KepyBaTH.

J1o 1pOT0 Yacy KOMIUICKCHUX JOCIIKCHb 3 BU3HAYCHHS 3aJICIKHOCTI
TUHaAMIKHA 30€peKEeHOCTI a30Ty BiJl IepepaxoBaHUX BUIIE (aKTOpIB Ta iX
noegHaHHsd He mpoBogwioca. OCHOBHOIO MPUYMHOIO IHOTO Oyia
CKJIQAHICTh 1 BHCOKAa BapTICTb MPOBEJCHHS EKCIEPUMEHTAIbHUX
JOCJIJIDKeHb, BIJCYTHICTh METOMIB (popMaizallii Ta KiTbKICHOTO TOJaHHS
SAKICHUX 1H(OpMaliHUX KOMIIOHEHTIB, Ta, KpiM TOro, CKJIAJHICTh Ta
anpiopHa HEBU3HAYEHICTH MPOIIECIB, SBUIIl Ta B3aEMO/IIH, 1110 TPOTIKAIOTh Y
MPOIIeC] YTHITI3aIlil THOIO Ta MOCIiY.

Jlns BUpIIIeHHs 3a/1adi BU3HAUCHHS JUHAMIKH 30€PEKEHOCTI a30Ty B
JaHii poOOTI 3amMpOIOHOBAHO JIOTIKO-TIHIBICTUHYHUN MeTona (opmarizarrii
MoOJIeIeH HEUITKUX OaraTOBUMIpHHUX cucteM [23].

Ornsan MeToaiB Ta Mojenelt st GopMyBaHHS Ta BUOOPY TEXHOJOTIH 1
KOMIUICKCIB ~ TEXHIYHHMX 3aco0iB, JO3BOJUB OOIPYHTYBaTH METO]
MPOEKTYBAHHS TEXHOJOTIH yTHII3aIil THOIO Ta TMOCIIY, IO MPEICTABICHO
Ha puc. 4.

Ha nepmiomy erami  TpOBOAUTHCS  HAyKOBUW  aHami3  Ta
dbopManizoBaHMil OMKUC CUCTEMH, IO PO3KPUBAE OCOOIUBOCTI aNTOPUTMY i
(byHKITIOHYBaHHS Ta XapakTep B3a€MO/Iii BXITHUX Ta BUXITHUX MOKA3HUKIB.

Hpyruit eran mepenbadae po3poOKy MarteMatuyHoi mogjeni. Jis
BEITUKUX OararomapamMeTpuyHUX CHCTEM IIe, SK MpaBUIO, KOMIUIEKC
MaTeMaTUIHUX MOJIEIEH PI3HOTO BHIY, IO 3a0€3MeYyI0Th MOJEITIOBAHHS
MpOIIECIB CHCTEMH B IIIJIOMYy Ta OKPEeMHX 1i CKJIAaJIOBUX, a TaKOX
B32€MO3B'SA3KY MK HUMH.

Ha TperboMy erami OOIpYHTOBYIOThCS KpUTEpli OIL[IHKH, K1
BpPaxoOBYIOTh YC1 OCHOBHI IOKa3HUKH 00'€KTa.
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MocTaHoBKa 3agavi Ta hopmanizoBaHUM OMUC CUCTEMH 3 BUKOPUCTaHHAM
mMeToAy ¢yHKUiOHaNLHO-CTPYKTYPHOMO aHanisy TeXHonoriun

<L

Po3po6ka cTpyKTYpHO-NapaMeTpU4HOI MoAeni BUKOHaHHA TexHonoril
yTURizauil rHoto i nocnigy

4

OOrpyHTYBaHHA KpUTEpiiB eKOHOMIYHOT e)eKTMBHOCTI | 3a0e3neyeHHA
eKonorivyHo 6ezneyHol TexHonoril

$opMyBaHHA CYKYNHOCTI MaTeMaTU4HUX MoJenen oOKpeM1X npouecie i
onepadin, 30Kpema Moaeni oLiHKBaHHA 30epeXeHoCTi a3oTy

< -

OuiHioBaHHA BapiaHTiB 3hopmoBaHol TexHonoril Ta BuOip MapeTo-
ONTUManbHOro pilleHHA

Puc. 4. OcHoBHI 0J0KH METOIy TIPOEKTYBAHHS TEXHOJIOT1H yTHII3a1ii
THOIO Ta MOCITiTy

YeTrBepTuM eramoM € 30ip Ta 00poOka iHdopmarlii Mnpo yMOBHU
GyHKIIOHYBaHHS cUCTEMHU. Y pasi Iie moOynoBa MOJENEH OILIHIOBaHHS
30€peKEHOCTI a30TY 3aJICKHO Bijl JIIOUYNX YMHHUKIB.

[T'atuii eram, mo nepeadadae GopMyBaHHS TEXHOJIOTIH Ta KOMILJIEKCIB
TEXHIYHHUX 3ac00IB y J1ajoroBoMy pexumi. [lpu m1poMy anropuTMigHOMY
Ta TPOTPAaMHOMY 3a0€3MEYeHHIO BIABOASATHCS (YHKII OMEPATHBHOTO
pO3paxyHKy €JIEMEHTIB CHCTEMH 3 YpaxyBaHHSIM  pO3pOOJIECHUX
MAaTEMaTUYHUX MOJEIEH.

Ha mHactymHumxX eramax TpOEKTYyBaHHSA 3IIHCHIOETBCS  aHAII3
pE3yNbTATIB MPOEKTYBAHHS Ta TEPEBIPKU aAJEKBATHOCTI MaTeMaTHYHUX
MOJENEN.

Bucnosku. Ornsig MeToniB Ta Mojaeneit s GpopMyBaHHS Ta BHOODPY
TEXHOJIOTI Ta KOMIUIEKCIB TEXHIYHUX 3ac00iB, JO3BOJHMB OOTPYHTYBATH
METOJ] TPOEKTYBAHHS TEXHOJOT1M yTUII13a1[ii THOIO Ta MOCTITY.
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! Dmytro Motornyi Tavria State Agrotechnological University

THEORETICAL ASPECTS OF MODELING OF MACHINE TECHNOLOGY
OF ORGANIC WASTE DISPOSAL

Summary

The article deals with the theoretical aspects of modeling the mechanical
technology of organic waste disposal. To describe such a system in the form of an
information model, a structural-parametric diagram of the functioning of the technology
was used. The model of the multi-level process of technological design with threshold
selection of solutions at each level is characterized by high efficiency, because the user
at each stage of the design has the opportunity to select several options closest to the
best option. At the last stage of design, one final option is selected, which, according to
the user, based on his qualifications and competence, meets the quality criterion. The
method of designing technologies and tools that have the greatest efficiency in given
conditions is based on a mathematical model or a hierarchy of models that adequately
describes the designed process and allows using modern computing tools to combine
the processes of setting and solving the problem. For this, a model was proposed, the
main quality indicator of which is the amount of nitrogen in one ton of finished organic
fertilizer in relation to the nitrogen content in the original manure and litter. Until now,
comprehensive studies on the dependence of the dynamics of nitrogen conservation on
the factors listed above and their combination have not been conducted. The main
reason for this was the complexity and high cost of conducting experimental research,
the lack of methods of formalization and quantitative presentation of qualitative
information components, and, in addition, the complexity and a priori uncertainty of
processes, phenomena and interactions occurring in the process of utilization of manure
and litter. In the paper, the logico-linguistic method of formalizing models of fuzzy
multidimensional systems was used to solve the problem of determining the dynamics
of nitrogen conservation. The review of methods and models for the formation and
selection of technologies and complexes of technical means allowed to substantiate the
method of designing technologies for the utilization of manure and droppings.

Keywords: manure, droppings, mathematical model, method, design, animal,
technological process, fertilizer.
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BIOCKOHAJIEHHA KOHCTPYKIII BEPTUKAJIBHOI'O
HOXOBOI'O MVINMHA

Anomayisa. Y cTarTi NPEeACTaBICHO JIOCIIHKEHHS, CIPSIMOBAaHE HAa BHM3HAUEHHS
BIUIUBY OOpaHUX OCOOJMBOCTEHl KOHCTPYKIIi HOXOBOTO MJIMHA Ha €()EKTHBHICTh
noApiOHEHHs. 3arpOOHOBAHO BIOCKOHAJIICHHSI KOHCTPYKIIII BEPTHKATHLHOTO HOXKOBOTO
MJIMHA JIJ1s1 OTPUMAaHHS BUCOKOIUCIIEPCHOTO JI0KCH Ly KpeMHito. CrienianbHy 100aBKy —
HAHOJIMCIIEPCHUN KpeMHe3eM (IIOKCHIYy KPEMHII0) BUKOPHUCTOBYIOTh, 1100 MOJIMIIUTH
CHUTIKICTh, 3MEHIITUTH CXWIBHICTh MOPOIIKIB 7O CITIKaHHS, IEPETBOPUTH PEUOBHHY Ha
3py4HY ISl TO3YBaHHS «CYXY PIIUHY», CTaOlIi3yBaTH B'S3KICTh, MiJBHIIATH MIIHICTh
TOIILIO.

MoxJMBICTh €(PEKTUBHOT'O TOJPIOHEHHS MEBHUX BHUIIB MaTepiajiB, sIKI MalOTh
BOJIOKHHUCTY CTpPYKTYpy, BHMMAara€ BJIOCKOHAJIEHHS KOHCTPYKLIi HOKOBOTO MJIMHA.
BcranoBiieHHst crerianbHOro BiAOIMHMKA pPO3B'sA3ye MpoOJeMy CKUIaHHS 3aiBOTO
THUCKY, SKUH CTBOPIOETHCS uepe3 3a0uBaHHs (inbrpa. s po3B's3aHHsS mpoOiieMu
IHTEHCUBHOCT1 TIOMENTY 3alpONOHOBAHO BCTAHOBUTH CIICHIAJLHUM 3aBUXPIOBAY IS
CTBOPEHHS OUIBII IHTEHCUBHOT'O IMOTOKY TOBITPS 1 MOKPAIIEHHS SIKOCT1 TIOMEITY .

Knrouosi cnosa. monpiOHEHHS, MIOKCHA KPEMHIIO, TYMOBUW TEPMETHK, MOME,
B1I0IHHK, 3aBHUXPIOBAY.

Ilocmanoska npoonemu. IlogpiOHEHHS — TIpolleC 3MEHIICHHS
PO3MIpIB CUPOBUHHU [IJIs1 OACP)KAHHS 3€PEH PO3MIpOM 5 MM 1 MEHIIE Mif
JI€I0  30BHINIHIX MeXaHiYHMX 3ycwiab [1]. Takuii Bux pyiHYBaHHS
BUKOHYIOTb, SIK TIPABHJIO, Y MITUHAX.

[Ipouiec moapiOHEHHS XapaKTEPHU3YEThCs CTymeHeMm npoOneHHs. Ha
MPaKTHUIl 3aCTOCOBYIOTh TaKl METOAM PYHHYBaHHS: HJisi NPOOJCHHS —
PO3IaBIIOBaHHS, PO3KOJIIOBAHHS, CTUPAHHS, yJap Ta iX MOeAHAHHS, a JJIs
noApiOHEHHS, KpIM TOTO, 370M 1 3pi3. Bubip TOoro 4w iHIIOrO METOdy
3aJIeKUTH BiJl PO3MIPY TPYJIOK 1 3€pEH, MIITHOCTI, BOJIOTOCTI, CXHJIBHOCTI JI0
30UTBIIICHHST (3NIMIIAHHSA) TPYAOK 1 3€peH Ta IHIIUX BIIACTHBOCTEH 1
XapaKTePUCTUK MOAPIOHIOBAHOTO MaTepiary.

Bubip wMimHIB 3al€XWTh BiJl BIACTHBOCTEH 1 XapaKTEPUCTUK
Marepiany, NPOAYKTHUBHOCTI, CTyMHEeHS TOJPIOHEHHS 3€peH TOTOBOTO
OPOAYKTy. Y HOXKOBUX MIIMHAX MaTepial MiAIaeTbCsl PYyOMIIbHIN
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pizanpHid 11 HOXIB poropa U cratopa. IlogpiOHeHMid HOPOLYKT
pPO3BaHTAXY€EThCS Kpi3b mepdopoBaHy pemnitky. OCHOBHa mepeBara
MO>KJIUBICTh €(PEKTUBHOTO MOJAPIOHEHHS €IaCTUYHUX MaTepialiB (Tymo- i
MOJIIMEPBMICHUX BiaxoniB Tomo). Crtymins noapiOHenns 10-50, amne
no/IpiOHEHHS MOTpedy€e 3HAUHUX BUTPAT €HEPTIi.

[cHye BenMka KUIBKICTh JOCHIKEHb 3 MOJAPIOHEHHS PpI3HUX
MarepiaiiB, OMHAK Ha CBhOTOAHI BIACYTHIM KOMIUIEKCHMM MIAXiA [0
OOIpYHTYBaHHS BIUIMBY KOHCTPYKTHMBHHUX 1 €KCIUIyaTal[liHUX MapaMeTpiB
IpolIecy MOAPIOHCHHS Ha TTOKa3HUKH SIKOCTI TIOMEITy.

Ha cyuyacHoMmy eTami po3BUTKY € DS HEMOJIKIB, XapaKTCpHUX IS
JAHOTO BHUAY TEXHOJOTIYHOTO YCTaTKyBaHHs. Ha#Oumem BaroMumu,
0€3yMOBHO, € BUCOKA €HEPrOEMHICTh MPOIIECY, 3HOC pOOOYHX MOBEPXOHB,
HU3bKa JIOBMOBIYHICTH Ta BIJJHOCHO BHUCOKA BapTICTh OKPEMUX E€JIEMEHTIB
KOHCTpyKIii. baratro yBarum mpuaiIeHO JOCTIIKCHHIM OapaOaHHUM,
BIOpamiifHUM, JKOpPHOBUM, IJAaHETAPHMM 1 IHIIUM BHJIaM MJIMHIB.
HenoctatHbO yBaru NpHILICHO HOKOBHM MJIMHAM, TOMY € aKTyaJIbHUM
JTOCHITUTH 1 BJIOCKOHAJIUTH KOHCTPYKIIIFO HOXKOBOTO MJIMHA  3a7Isl
3MCHIIICHHS CHEPTOBHUTpAT.

Ananiz ocmamuHix 0ocniodcensb. AHAN3 KOHCTPYKIIH Apobapok i
MJIMHIB I pyWHYBaHHS IIIMATKOBHUX 1 CHUIIKUX MaTepialiB CBIIYUTH IPO
HASIBHICTD 1X YMCJICHHUX THIIOPO3MIpIB.

VY poborax mocHigHHKIB [2-4] BUKOHAHO KPUTUYHUN OTJIS HAHOLIBII
XapaKTepHUX KOHCTPYKIIA JApoOapoK 1 MIMHIB, 3alpOlOHOBAHUX
HAYKOBIIMU, KOHCTPYKTOpaMU ¥ BUHaXiJIHUKaMU MPOBIHUX KpaiH CBITY.
HesBaxkaroum Ha BUCOKI XapaKTEPUCTUKHU TPAAUIIIHHUX APOOAPOK 1 MITHHIB,
iX KOHCTPYKIIi TMOCTIHHO BJOCKOHAIIOIOTHCS, IO 3a 4Yac 3aCTOCYBAaHHS
BAJIKOBUX  IOAPIOHIOBAYIB  CHPHUSJIO  CTBOPEHHIO 1X  YHCICHHHX
TUIIOPO3MIpIB.

JlpoOneHHs MINHMX 1 KPUXKUX MaTepiajiB JOMUIBHO 3IMCHIOBATH
PO3MaBIIOBAHHIM 1 3J1aMOM, a MIIHUX 1 B'S3KUX — PO3JAaBIIOBAHHSM,
pi3aHHsSM 1 cTUpaHHSAM. Benmke npoOieHHS M'SKHX 1 KPUXKUX MaTepialliB
MepEeBaXXHO BUKOHYBATH PO3KOJIFOBAHHAM, CEPEIHE 1 IpiOHE — yIapoMm.

Jliis mokpateHHs: podotn 6apabaHHUX MIMHIB [5-7] 3amponoHOBaHO
MOJIEpHi3allii KOHCTPYKIiH 1 3p00JIeHO MOPIBHSIBHE JOCIIKEHHS HOBOT Ta
TPaIUIIHHOT KOHCTPYKIIIA MOJIOTKOBOTO MITUHY.

Butparta eneprii mpu TOHKOMY MOJPIOHEHHI TEOPETUYHO TMOBHHHA
Oyt B 3-4 pa3u OunbInor, HDK mpu 3ApiOHeHHI. OpHaK, SIK TOKa3ye
nmpakTuka, GakTuyHa BUTpaTa eHeprii Oinpime B 15-20 pasiB. Tomy crin
BUHAXOJIUTH UUSIXH 3HIKCHHS CHEProBUTpar Ha 31pioHeHHs. lle
JIOCSITAE€THCSI BUKOPUCTAHHAM TIEBHUX KOHCTPYKTHUBHUX a00 TEXHOJIOTIIHUX
pillieHh B 3aJeXHOCTI Bil TUIMy Ta KOHCTPYKIi MinHA. BBemeHHIM
noBepxHeBo-akTUBHUX pedyoBUH (IIAP) Ta cremianbHuX 700aBOK TaKOX
MOKJIMBO MIABHUIIUTH MPOAYKTUBHICTh MJIMHIB.
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BaxmmBum € crnocid BBenenns ITAP. Haitkpamuii edekt mnokazye
BBeneHHd [IAP He y BuxigHMA Marepian [0 TOApIOHEHHsA, a
0e3mocepeIHb0 B MJIMH y BUTJIAL po3cisHoro po3uuny IIAP. IIpu npomy
[TAP mBuaKO Ta piIBHOMIPHO PO3MOIUISETHCS 10 BCiit Maci marepiany [3].

OO6rpynToBanuii BUOIp a00 BIOCKOHAJIEHHS KOHCTPYKLII 1CHYHOYOTO
no/ApiOHIOBaYa, HAWOLIbII JOLUIBHOTO i €()EKTUBHOTO pPyHHYBaHHS
MEBHOTO IIMATKOBOTO a00 CHUIKOro Marepially, € akTyallbHUM. AHai3
poOOTH HOKOBUX MJIMHIB Mai)ke HE pO3IJIAJAEThCS, aje MOMKIUBICTh
e(eKTUBHOrO MOAPIOHEHHS TMEBHUX BHJIB MaTepiaiiB, $KI MaloTh
BOJIOKHHCTY CTPYKTYypy, BHUMAara€ BIOCKOHAJICHHS KOHCTPYKIIi ITUX
MJTUHIB.

Dopmynogannss ~ mMemu  cmammi  (HOCMAHOBKA  3AB0AHHS).
BrockoHaneHHS KOHCTPYKIIT BEPTHUKAJILHOTO HOXXOBOTO MJIMHA JIS
MOJIIMIIICHHS! CUTIKOCTI, 3MEHIIEHHSI CXUJBHOCTI TMOPOIIKIB JO CITIKaHHS,
NEPETBOPEHHST PEYOBMHM HA 3PYYHY JJI JIO3YBAaHHS «CyXOl PiIUHWY,
I1JIBUILICHHS MIITHOCTI, 3MEHILICHHS] €HEPTOEMHOCTI.

Ocnoéna wacmuna. IloapiOHEHHS MIUPOKO BUKOPHCTOBYETHCS B
nepepoOHiil 1 XapyoBiil MPOMHUCIOBOCTI AJisi OAEpPXKAHHS CHUPOBUHH abo
HaniB(aOpukaty 3 YacCTUHAMHU TaKOTro PO3MIPY, SKUH J03BOJIIE 3HAYHO
MOJIETITIUTA  a00 TMPUCKOPUTH TEIUIOBY 0OpOOKy, TIepeMillyBaHHs,
TPaHCIIOPTYBaHHA, JO3yBaHHS Ta 1HINI Tporiecu oOpooku. I[loapiOHeHHs
CUPOBHUHH 200 XapyOBHUX MPOAYKTIB MPOXOJIUTH HUISIXOM PO3AaBIIOBAHHS,
OpOTUpaHHS, pi3aHHA Ta yaapHoi jqgii. IlepeBaxkHO TOApPiIOHEHHS
IPOBOJUTHCS TMiJ Ji€l0 KOMOiHAIii THUX YW I1HIMUX crnocooOiB. Tak,
noApiOHEHHS TBEPAWX MaTepialliB MPOBOMASITH PO3JAABIIOBAHHIM Ta
yIapoMm, a B’S3KMX — PO3JaBIIOBaHHSAM Ta mpoTupanHsaMm. Ilig wac
noApiOHEHHS Maike 3aBXKJIM OJTHOYACHO CIIOJIYYalOThCS KUTbKa METOIIB,
AK1 CyTIPOBOJIKYIOTh OJIMH OJHOTO.

HoxoBI MIJIIMHM BIZHOCATBCS 10 IMIBAAKOXIIHUX MJIHAHIB 13
3aKpIIJICHUMH PO3MEIIBHUMHU TijaMu (HOXKaMH), 3a pPaxyHOK SKHX 1
BiIOyBaeThcs monpiOHeHHs. [Ipu 3MeHIIeHHI po3MipiB YacCTOK MaTepiaily
MIIHICTh YACTUHOK TIOMEIY ITIBUINYETHCS, TOMY 3 ITJIBUIICHHSAM CTCIEHI
MoApIOHEHHS 3pOCTae BUTpATa €HEPTii Ha MOAPIOHEHHS, TOMY came IbOMY
MUTAaHHIO MPUALUISEThCS 0araTo yBaru.

HoskxoBi MIIMHU — 1€ MaIIMHY, CEPEIHBOTO Ta MIIKOTO MOAPIOHEHHS.
[TpuzHaueni ans 3apiOHEHHS MaTepialiB CepeHbOI MIIHOCTI, MOJIMEPHUX
Ta POCIMHHUX MarepianiB 3 po3MipoM YacTok a0 50 MMm. MiHimManbHUIA
pPO3MIp 4acTOK miciis mopioHeHHs ctanoBuTh 0,5 MMm. Buxinuuii maTtepian
4yepe3 3aBaHTAXYBATBHUN MAaTpyOOK 2 TOTpaIuIse Mmia Jil0 PyXOMHUX Ta
HEPYXOMHX HOXIB, TOJPIOHIOETHCS Ta MICIIsI JOCITHEHHS TIEBHOTO PO3MIPY
94aCTOK BUIAISIETHCS Yepe3 penriTky 6. Po3Mip 94acTOK KiHIIEBOTO MPOAYKTY
3QJIEKUTH Bl po3Mipy OTBOpiB B pemniTiii. OCHOBHI MepeBard HOXOBUX
MJIMHIB: MOJJIUBICTh 3JpIOHEHHS MaTepiaiiB, sIKi MarOTh BOJIOKHUCTY
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CTpYKTypy. Hu3bka mpoayKTUBHICTh Ta HE3HAYHA CTYMiHb MOJIPIOHEHHS €
OCHOBHUMU HEJIOJIIKaMU MITUHIB JTaHOT KOHCTpYyKii [8, 13, 14].

[Ilo6 MONIMIIUTA CHUIKICTh, 3MEHIIUTH CXUJIBHICTh IOPOIIKIB [0
CIiKaHHS, IEPETBOPUTH PEYOBHMHY HA 3pY4dHY IS JO3YBAHHS «CYXY
piauMHYy»,  CTaOUTI3yBaTH  B'SI3KICTh,  MIABUIIMTH  MIIHICTh,  TOLIO
BUKOPUCTOBYIOTh CIICIIaIbHy 100aBKy — HAHOIUCIEPCHHH KpPEeMHE3EeM
(miokcHuy KpeMHIIO).

JI71s1 OTpUMaHHS TaKOT'0 BUCOKOJMCIIEPCHOTO JIOKCUY KPEMHIIO 0YyII0
3aMpPOTIOHOBAHO KOHCTPYKIIIIO BEPTHKAIBLHOTO HOXOBOTO MjuHa (puc. 1).
Takuéi mMauH mae yamy 4 3 o6’emoMm y 100 mitpiB. ¥V HM3y wi€i yamri
pO3TalllOBaHMM CHEeliadbHUM HDK O, SKUM Ha BHCOKHUX 00OpoTax
po30uBaTUME arjioMepaTH aMOpGHOTO KpEMHE3EMY.

[epira Bepcis 1Ip0ro MIIMHA CKJIAJaIach 3 Yallll 3 KPUIIKOIO Ta HOXKIB,
i IIMITHUKOBOTO BY3J1a, PUBOTY, paMU JUIsl KPITUICHHS €JIEKTPOJABUTYHA W
CTaHWUHHU JUISI PO3MINICHHSA BCi€el KOHCTPyKIii wmimHA. IIpoekTHa
pPO3paxyHKOBa IMIBUJIKICTb OOEpPTaHHS HOXKIB Mayia CKJIafaTH TPHUOJIU3HO
20000 o6/xB.

[3 po3paxyHKIB TpPHUBOJ TaKOro MJIMHA MaB OW CKJIaJaTUCh 3
KJIMHOMACOBOI Tepeaadi Ha 2 Tacu 13 mepenaroyHuM uuciom 1:4 Ta
neuryHa mortyxkHictio 3 kBt Ha 3000 o6/xB. Ha Bamy nuryna Oyiio
BCTAHOBJICHO KJIMHOIACOBUM MIKIB JiaMeTpoM 355 MM. JIBUTYH KPIMHUTHCS
Ha pami Ta 3a MOTpeOu HATATY Maca PEryIIEThCS ralkaMu. 3a J10MOMOTOI0
YaCTOTHOTO TME€pPETBOpIOBaYa JBUTYH JOCATAB YacTOTH OOEpTaHHS [0
5000 06/xB.

[TiAmMITHIKOBUI BY30J1 BCTAHOBJIFOBABCS Ha JIHI Yalli 1 Ha HOoro Baiy
Ha OJTHOMY KiHIII CTOSIB IIKIB KJIMHOMACOBOI mepeaadi aiameTpoM 90 mm.
[HIIM KiHEIs BaJia po3MilyBaBcs B yalii. Bijg moTparuistHHs MaTepiary 10
HiAIMIUITHUKOBOTO By3ia 3axumiaB 20-MM 1Iap TOBCTSAHOI HAOWBKH,
3aKpHUBABCS BY30J KPHIIKOIO, ¥ SIKY BCTAHOBJIIOBAJIUCH [IBAa CAJTbHUKH, SIKI
BCTAHOBJICHI OOEPHEHO, 1 IMOTIM Ha BaJI CTABWJIMCH JIBA HOXK1 — OCHOBHUH 1
JI0JTATKOBUI Ta MPUTHCKAINCH Taiikoio. Ban obepTaBcs y MBOX MIApUKOBUX
pagiagpHUX TiamunmHuKax 61905.

Yarra BUTOTOBJICHA 13 HEPKABIIOYOi CTajl TOBIIMHOIO 3 MM, a JOHIIE 3
mucta 6 MM. Yropi anms OUTBIIOT KOPCTKOCTI Hamia mocuiieHa 00070M 13
npodinbHoi TpyOou 20x20. BHyTpimHiid giamerp dami 430 mm. 3aranbHa
BrucoTta varmri 700 mM. 1g gama >kopcTKo 3aKpirTioBaiachk Ha pami OOJITOM.
Kpumka gami mae nmpocTy KoH(Iryparito Ta 3aKpuBajiach 4yepe3 3BHYAHI
3aBicu. Ha o0omi wamn mpokjieeHO TyMoBHWiA repMmeTuk. l[lepemenceHuit
Marepias 13 dYamn BUAAISETHCS MIISXOM MWOTO0 BUAYBKH CTHCHYTHM
MOBITPSIM.
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Puc. 1. 3aranbauil BUrIs BEPTUKAIBHOTO HOKOBOTO MJIMHA:
1 — cranuHa; 2 — pama; 3 — npuBoj; 4 — vama; 5 — HixK

Cama pama Mae 3MOTy TEPEKUAATHCh, Oyaydl BCTAaHOBJICHOIO Yepe3
miBBich Ta migmunaukoBuit By3on UCF 207 wa crtanuni 1 (puc. 1), mis
MPOBENICHHS TEXHIYHOrOo 0OcimyroByBaHHs uamm. Ha 1o k  pamy
BCTAHOBJIOETHCS 3aXHCHHUM KOXKYX. Y poO0OYOMY TIOJIOKEHHI paMa >KOPCTKO
y JIBOX MICISX 3aKPIIUTFOETHCSA 10 cTaHWHKM OontamMu. CTaHMHA KOPCTKO
KPIMUATHCS JIO TiJIOTH.

[lepmri BumpoOyBaHHS MIIMHA TOKa3ajiH, IO IMOTY>KHOCTI MPUBOIA
HEJIOCTAaTHBO JMJisI TOro, 100 po3mentoBaTH 3amnoBHeHY Ha 30% wamy
MmarepianoMm. [IpuBig jeaBe po3kpyuyBaBcs. be3 mepepaxyHKiB Ta 3MIHU
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nepenadl 0yJio NPUMHATO PIIEHHS 3aMIHUTH MOTOP Ha OUIbII MOTY>KHUH 13
MNOTYXHICTIO 5 KBT. 3a Takux mapameTpiB HOXK1 B 3anoBHeH1i yamii Ha 30%
oOeptanuch 13 mBHAKICTIO 3000 06/xB. HacTOTHUI NEpeTBOPIOBAY BXKE HE
BUKOPUCTOBYBABCH.

Bynun BHKOHaHI TnepepaxyHKHM Ta BHSBICHO, WI0 ONTHUMAalbHA
MOTYXHICTh JABUTyHa mnoBuHHa Oytu 11 kBt. Ilepenaroune uwmcno
KJIMHOMacoBoi mnepenayi noBuHHO Oytu 1:1,4. Ilpu nboMy HMIBUAKICTH
oOepTaHHs HOXIB Tenep ckianatuMe He oubire 5000 06/xB.

Bynu BUKOHAH1 HACTYNHI 3MIHU Y KOHCTPYKIII:

1. 3ami"eHuil ABUTYH Ha 1HIIMH 13 MOTyxkHIicTIO 11 kBT 1 yactoToto
ob6epranns 3000 o6/xB.

2. 3aMmiHeHl WIKIBU KIWHOMACOBOI mepenayl s 3a0e3MedeHHs
nepenarouHoro uyucia 1:1,4. Ha Bany paBuryHa BCTAHOBJIEHO IIIKIB
niameTpom 125 Mm.

3. 3aMiHEH] Hacy Ha MacH 1HIIOI JOBXHUHH.

4. Ha kpumim yamr BCTaHOBWIHM (PuibTp MoOBITpst 1 Ta 31 3BOPOTHOTO
00Ky MPUCTpIii yIOBIEHH Martepiany 2 (puc. 2).

Puc. 2. BcranoBnenuii GinbTp Ha KPHUIIIIT YaIli:
1 — GinbTp NOBITPS; 2 — IPUCTPIH YIOBICHHS MaTepiaty

[lin wac HACTYMHUX TECTyBaHb BUSBHIIOCH, IO MOMET HEIOCTATHBHO
IHTCHCUBHUW, a BCTAaHOBJECHHS (UIbTpa NpoOJieMy HaIUMaHHSA OiIbII
MopiIOHEHOTO MaTepiady Ha CTIHKH 4Yai He Bupimuio. Ta iHomi GiibTp
MIPOJIOBKYBAB 3a0MBATHUCH 1 MOPYIITYBaIACh TEPMETUYHICTH Yallli.

OnHier0 3 BUMOT JI0 MOAPIOHIOBAILHMX MAIIMH € HaJiliHe BYacHE
BUJIAJICHHS TOTOBOTO MPOAYKTY 3 KaMepu ApoOieHHs a00 moaApiOHEeHHS.

[3 TteopetmuHMx MipKyBaHb [UTIGYBAaHHS Ta  BHUPIBHIOBAHHSA
BHYTPIIIHBOI MOBEPXHI Yalll MOBUHHO BUPIMIUTH MPOOJIEMy HaJIATIAHHS
Oumpm  moApiOHEHOTO MaTepially Ha CTIHKM 4Yanr. BcraHoBineHHs
cnerianbHOro BigOiHUKa 3 (puc. 3), HaMpaBIEHOTO y 3BOPOTHHIA OiK Bij
HaIpsMKYy 3aKpy4dyBaHHsS MOTOKY MaTepiajly B 4allll, IOBUHHO BUPIIIUTHU
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npoOJieMy CKUJAHHS 3aiiBOTO TUCKY, SIKUM CTBOPIOETHCS uepe3 3a0UBaHHS
¢iabTpa 1.

Takox s Kpamgoi repMeTusallii yaii 3BUYaiHI 3aBICH BUPIIICHO
3aMIHUTU Ha OOJTOBI 3aTUCKHU.

Puc. 3. Cxema BcTaHOBJIEHHS BI0OIHUKA MaTepialy:
1 — ginbTp NOBITPSI; 2 — NPUCTPIN yIOBICHHS MaTepiany; 3 — BiIOIMHUK

[Ipu mepeBipiii SIKOCTI MOMENy BUSBHUIIOCH, IO 3QJIMINAETHCS Oarato
gacToKk po3mipamu Oineine +0,308 mMm. I3 momepennix mpoGiem crae
3pO3yMUINM, 1110 1€ B1IOYBAETHCS 3-32 HEBEJIUKOTO 4acy poOOTH MalluHU
yepe3 ii po3repMeTH3allil0 Ta HAJIWMAHHS Martepialy Ha CTiHKaxX, a
IHTEHCHUBHICTH MTOMEJNTy HU3bKa. HaBiTh IpH TOBroTpHBaIoMy MoapiOHEHHI
B FOTOBOMY MPOJYKTI 3QJIUIIAETHCS MEBHA KUIBKICTh YacTOK, SIKI MalOTh
OUTBIIMI po3Mip, HIXK HeoOXimHWM. [[iABUIUTH SKICTH MOMEIy MOXHa
KUTbKOMa CIIOCO0aMH.

Jlns BupimieHHS MpoOJeMH I1HTEHCHBHOCTI IOMENY IPOMOHYETHCS
BCTAaHOBHUTH CIICHIaNbHUN 3aBUXproBau (puc. 4), skuii Oyae CTBOpIOBATH
O1TBII IHTGHCHUBHUM TOTIK TMOBITPS, W IpH bOMY Martepian Oyjae OuIbmry
KUIBKICTB pa3iB po30MBaTUCH 00 HikK.

3aBAsIKM  HAsIBHOCTI TMOMEPEYHUX CKIAJOBUX INBHAKOCTI TIPH
3aCTOCYBaHHI 3aBHXpPIOBaya 3MIHIOIOTBCS YMOBH ISl PyXy BHYTPIIIHIX
3aKpy4YeHUX MOTOKIB TOBITPA 3 YacTKaMU MOJPIOHEHOro MaTepiaily, Mo
OyJIie MPU3BOJUTH IO IHTEHCUBHOCTI omeny. [Ipu mpoMy Bif J0aTKOBOTO
HO’Ka MO’KHA BiIMOBHTHCH [12].

AHami3 KOHCTPYKTUBHHX 3MiH Y CKJIQJJOBUX BEPTHKAIHLHOTO HOKOBOTO
MJIMHA TIOKa3ye, M0 BIOCKOHAJCHHS KOHCTPYKIIi JO3BOJIAE MOKPAIIUTH
AKICHI TIOKa3HUKU TIOMETY, BITMOBUTHUCH BiJ JICSIKAX €JIEMEHTIB MIIMHA TIPU
HEBEITMKUX €HEePTrOBUTpaTaX.
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Puc. 4. 3aranbHuii BUTJIS] 3aBUXpIOBaya

Bucnoexu. JIns oTpuMaHHS BHCOKOJIHMCIIEPCHOTO JTIOKCHIY KPEMHIIO 3
METOIO TOJIIIIEHHS SKICHUX IOKa3HUKIB MOMeENy OyJio 3alpOIIOHOBAaHO
KOHCTPYKIIiFO BEPTHKAIHHOTO HOXKOBOT'O MITHA.

Bynu BUKOHaHI 3MiHH y KOHCTPYKIIli: 3aMiHEHO JBUTYH Ha 1HIIUH 13
notyxHicTio 11 kBT 1 wacrororo obepranus 3000 06/xB., 3aMiHEH] HIKIBH
KIIMHOTIACOBOI Tepeaadi st 3a0e3neueHHs nepenaroqnoro yucna 1:1,4 i3
3aMIHOI0 MAaciB Ha MacH 1HINOI JOBKWHH, BCTAHOBJICHO (PLIBTP MOBITPS 1
MIPUCTPIid YIOBICHHS MaTepiaity.

BcranoBnenHs cremianbHOTO BiAOiMHWKA Mae BHUPIMIUTH IMPoOiIeMy
CKUJIaHHSI 3aliBOTO THCKY, SIKHW CTBOPIOETHCA uyepe3 3abuBaHHS (imbTpa.
Jlnst  BupimieHHS TpPoOOJIeMH IHTEHCHBHOCTI TIOMENy 3alpOIOHOBAHO
BCTAHOBUTH  CIEIIaJbHUN  3aBUXPIOBAY U CTBOPEHHS  OLUIBII
IHTEHCUBHOTO TIOTOKY TOBITPS 1 TOKPAIEHHS SKOCTI MOMETY W JOCIHiUTH
SAKICHI TTOKA3HHUKH.
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O. Dereza, |. Vodyanitskyi
Dmytro Motornyi Tavria State Agrotechnological University

IMPROVEMENT OF THE DESIGN OF THE VERTICAL KNIFE MILL

Summary

The article presents a study aimed at determining the impact of selected design
features of a knife mill on grinding efficiency. The ability to effectively grind certain
types of materials that have a fibrous structure requires improvement in the design of
the knife mill. It is proposed to improve the design of the vertical knife mill for
obtaining highly dispersed silicon dioxide. A special additive - nanodispersed silica
(silicon dioxide) is used to improve flowability, reduce the tendency of powders to
caking, turn the substance into a "dry liquid” convenient for dosing, stabilize viscosity,
increase strength, etc.

When checking the quality of grinding, many particles larger than +0.308 mm
were found. This problem arises from a short time of operation of the machine due to its
depressurization and sticking of material on the walls, and the intensity of grinding is
low.

The analysis of structural changes in the components of the vertical knife mill
shows that the improvement of the design allows to improve the quality indicators of
grinding, to abandon some elements of the mill with low energy consumption. Due to
the presence of transverse velocity components when using a swirler, the conditions for
the movement of internal swirling air flows with particles of crushed material change,
which will lead to the intensity of grinding. At the same time, you can refuse the
additional knife.

Installation of a special stopper solves the problem of releasing excess pressure,
which is created due to clogging of the filter. To solve the problem of the intensity of
grinding, it is proposed to install a special swirler to create a more intense air flow and
improve the quality of grinding.

Keywords: grinding, silicon dioxide, rubber sealant, grinder, breaker, swirler.
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METOAUKA PO3PAXYHKY TAPAMETPIB IIPUCTPOIO HA
OCHOBI IHXKEKTOPA BEHTYPI AJIs1 ®EPTUT ALIIT
IJIOJOBUX HACAI’KEHb

Anomayia. OgHUM 3 HAMOLIBII PO3MOBCIOKEHUM Y 3aCTOCYBAHHI IPUCTPOEM IS
BHECEHHS JOOpHUB 3 TMOJMBHOIO Bonow0 ((peprurauii) € imxekrop Bentypi. [Jns
pO3paxyHKy CTPYMHHHOTO amapary (Hacoca, eXeKTOpa, IHKEKTopa) HEoOXigHO
BU3HAYUTH TaKi TIAPaBIIYHI Ta TEOMETPHUYHI mapameTpu: 1) Butpatu pobOovoi Ta
BCMOKTYBAHOI PiIMHU; 2) MUTOMI eHeprii (MOBHI THUCKH) poOO4Oi, BCMOKTYBaHOI Ta
3Mmimanoi piguH; 3) TUIomi 3pidy poboyoro coria abo HWOro miameTp, IUIOINLY
MOTIEpEeYHOro mepepizy KaMmepu 3MillyBaHHs abo Horo niamerp. B crarTi HaBeneHo
pe3yabTaTu PO3pOOKH CHPOIIEHOT METOJAMKH PO3paxyHKY MPUCTPoro (eprurartii, 1o
BUKOPHUCTOBYE 1HXXEKTOp BEHTypi B AKOCTI Hacocy i TMojadyi MaTOYHOTO pPO3YMHA
nOoOpUB y TIOJWMBHY BOJY TIpU 3pOIICHHI IUIOJOBUX HacaykeHb. [loOymoBaHO
XapaKTEPUCTHKN 1HXKEKTOpa y BIAHOCHIM (opMi sl BUIAIKY, KOJHM TUIOIIA BXOIy B
KaMmepy 3MIIIEHHS 1HXKEKTOpa TMEpeBHINyE Yy JBa pa3d IUIONLy poOOYOro Coruia.
Bcranosneno, mo B Takii koH(iryparmii makcuManbHe 3HaueHHs KKJI imkexTopa
nocsraeTbes npu BigHOCHIN BuTpaTi q=0,6. [Ipu 11o0My BITHOCHHI Hamip CKIagaTHME

h=0,37, a koedinienT BuTpar podoyoro comna pc= 0,21. Haseneno pesynbratn
pO3paxyHKIiB BHUTpaTH BOJW Yepe3 IHKEKTOpP Ta O0’€My I1HXKEKIi 3aJIeKHO BiJ
TCOMETPUYHHUX MApaMETPIiB iIHKEKTOpa Ta 3MiHU THCKY BOIH.

Knrouosi crnosa: minepanvmi 0oopusa, b6aeamopiuni HACAONCEHHS, NOAUBHA 800d,
Hacoc, 8y30.1 (hepmueayii, MemoouKa po3paxyHky, Muck, Hanip.

Ilocmanoska npobremu. IlmomoBi nepeBa, BUPOCTAIOUM BIIPOJIOBK
0aratbOX pOKIB Ha OJHOMY MiCIi 1 BIAPI3HAIOYHCH BUCOKOIO
MPOIYKTUBHICTIO, TIOTJIMHAIOTH 13 TPYHTY BEJIMKY KUIBKICTh €JIEMEHTIB
xuBneHas [1, 2, 3]. Tak, nepeBamu si0myHs copTy Pener Cummpenka 3a
BpokaitHOCcTi 350 1/ra MIOPIYHO TUIBKH 3 IIOJAMH BITUYKYETHCS a30Ty
20 xr, ¢ocdopy 12 kr, xamito 50 kr. lle nume yacTuHa BUHOCY, 3HAYHA
YacTKa TyOUTHCS 3 OMAJalouuM JIUCTSIM, OOpI3aHUMU TUIKaMu. 3arajibHUn
BUHOC TUIOJJOHOCHUMH JIepeBaMH sOMyHI 1 Tpymr 3a BCI POKH IKHUTTS
nocsirae moran 400 xr azoty, 120 kr docdopy, 500 kr kamro 3 1 ra [1, 2,
4].

© Cymxo C. JI., Ymxuxos 1. O., 2023
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XapakTepHOIO OCOOJUBICTIO XapuyyBaHHS IUIOJIOBOIO JepeBa €
TpUBaJIC TOTJIMHAHHS TOKMBHHUX PEYOBHH 3 TPYHTY, XO4Ya IHTEHCHBHICTH
MOTJIMHAHHS B Pi3HI a3y po3BUTKY HeomHakoma [1, 12, 22]. V xuBneHHi
IJIOJIOBOTO JIepeBa BIPOJOBXK BEreTalli po3pi3HAIOTh JBa MEPIOIU:
Nepimuii - 3 MOYaTKy Bereramii /10 3aKIHYEHHS 3pOCTaHHS MaroHiB Yy
MOJIOAUX JE€peB 1 3HIMAaHHA BpOXKal Yy IUIOJJOHOCHHUX, KOJH Cepea
€JIEMEHTIB XUBJEHHS MpeBaitoe a3oT [15, 16, 17]; npyruii mepioa - mo
3aKIHYEHH1 3pOCTaHHs MaroHiB Miciid 30MpaHHs BpPOXKaro 0 Mi3HbOI OCEHI,
KOJIM ToTpeba pOCIMH Yy a30Ti MOPIBHSHO 3HWKEHa. Y 1el 4Yac BeJuke
3HaueHHs HalOyBawTh (ocdop 1 Kamid, MO0 CHOPUSIIOTH HOPMAIBLHOMY
3aBEpIICHHIO BereTailii Ta MiJBUIIECHHIO 3UMOCTIHKocTi pocnuH [19, 20,
21].

Omxe, 0e3 BHECCHHS 3HAYHUX 7103 MiHEPAILHUX JTOOPHB HEMOMKIHBO
OTpUMATH BENUKI Ta CTaOUIbHI BpOXKai IUIOJIB Y CYyYaCHHUX 1HTEHCHUBHHX
cajax.

Ananiz  ocmannix  o0ocniodcenv. UHUCIEHHUMH  JOCHIKEHHIMHA
HAYKOBHX YCTAHOB 1 MPAKTHUKOIO IMEpemoBux rocmomapctB [5, 7, 9]
JIOBEJICHO BUCOKY €(EKTUBHICTh ONTHUMaJIbHOI cucteMu (TOOTO
PO3MOJIIEHHSI B KUTBKOCTI, Yaci Ta CyMICHOCT1) BHECEHHS I0OpUB y cajax:
noOpuBa 30aradyroTh TIPYHT e€J€MEHTaMU JKUBJIEHHS, MiJABUIIYIOThH
YPOXKaWHICTh 1 AKICTh IJIOAIB, MIABUIYIOTh 3UMOCTIHKICTD 1 JOBIOBIYHICTD
JIEPEB.

Kpim makpoenementiB (a3or, docdop, Kamii) IUIOI0BIM POCIHHI
nOTpiOHI 1 MIKPOEJIEMEHTH, HEIOJIK SKUX BUKIMKAE CTPAXKIAHHS JCPEB.
Hanpuxman, y camax miBaHs YKpaiHM HEpiIKO 3ycTpiuaeTbes aedirut
TaKUX MIKPOEJIEMEHTIB, SIK 3aJ]1130 Ta IMHK, 110 BeJle A0 OCIaOJICHHs epeB
Ta 3HIKEHHS yposkariuocTi [13, 14, 23].

3HayvHI IJI0MI CYYacHUX IJI0I0BUX HAcCaKEHb 00JagHaHI CUCTEMaMH
KpamnejabHOTO 3POILICHHS, MPH SKOMY 3IIHCHIOETHCS JIOKAJIbHE BHECCHHS
MIHEpaJbHUX JOOPUB 3 TIOJMBHOIO BOAOK (depruraris). Deprurimdis
JI03BOJISIE TIOCTIHHO MIATPUMYBATH ONTHUMAIbHY BOJIOTICTH IPYHTY Ta
MoJaBaTH POCIMHAM HEBEJIMKMMH JI03aMU 30aJlaHCOBaHY KUIBKICTh
€JIEMEHTIB JKUBIICHHS BIPOJOBXK BeretariiiHoro mnepioxy [11]. [ns
YCHIITHOTO MpoBeAeHHs (epTuraiii HeoOX1JHO BpaxOBYBaTH OCOOJIMBOCTI
MOJINBHOTO OOJIaHAHHS, BUAM Ta (GOpMH JOOPHUB, MO 3aCTOCOBYIOTHCA,
JIOIYCTUMY KOHIICHTPAIIII0 TTO)KMBHUX PEYOBHH Y TOJMBHIN BO1, MITpaIlito
€JIEMEHTIB JKUBIICHHS TI0 TPYHTOBOMY MpO(diTt0, 3MiHY peakilii IpyHTOBOTO
CepeloBUIla B 30HI 3BOJOKEHHSA, a TaKOX SKICTh TOJWUBHOI BOJIHU, IO
BUKOPHUCTOBYETHCS JUIs 3potneHns [12, 13, 14].

OmHuM 3 HAWUOLIBII PO3MOBCIOKEHUM TMPHUCTPOEM i depTHraiii €
imkekTop Bentypi. Cuctema mpaiioe Ha OCHOBI IH)KEKTOPHOTO Hacoca
tuny Bentypi (puc. 1).
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Puc. 1. Inxexrop Bentypi

Koniune 3ByxeHHs1 y TpyOi MPU3BOJIUTH 1O 30UIbLIEHHS HIBUIKOCTI
MOTOKY TMOJIMBHOI BOJM Ta YTBOPEHHS MEpenaay TUCKY, KU 3aCMOKTYE
po3uuH n00puB 3 Oaka (uepe3 (GinbTp) y mosmBHY cuctemy (puc. 2). Jlus
1i€1 CUCTEMU BUKOPUCTOBYIOTH JIMIIIE PiJIKI TIOOpHBA y BUTJISI MAaTOYHUX
pO3uuHIB MiABUIIEHOI KOoHIeHTpallii. [IIBUIKICTE BCMOKTYBaHHS pPO3UUHY
y’)Ke 4yTJIuBa J0 3MIH THUCKY, TOMY JUIS CTaOiIbHOT poOOTH 1HXKEKTOpa
HeoOXxisHe TouHe perymtoBaHHs THCKy [5, 6]. Ils cucrema mpocra B
o0OcIyroByBaHH1 Ta BIAHOCHO HeIoOpora, 3abes3rnedye mojayy po3UMHEHHUX
KOHIICHTPOBAHUX JOOPHUB 3 BEJIUKOI TOYHICTIO B MOJMBHUM TPYOOIPOBI/I.
Tomy imxekrop BeHtypi mgoOpe migxoauth mjisg (epruraiii TIIOJOBUX
HACa/HKeHb Ha BIITHOCHO HEBEJIMKHUX JUISHKAX.

A

_— =D =

¥

irKeKTOp BeHTypi
v

e .—»

KpaH p

< nonava noOpus

GinbTp

Puc. 2. Tlpuctpiit ¢pepruraitii 3 imxexkTopom BeHntypi

Hapazi BimcyTHs 3aranpbHa aHaJMITUYHA TEOpis, IO JIO3BOJISIE
PO3paxoByBaTH CTPYMEHEBI amapaTu (HACOCH, T1APOEIeBaTOPH, €KEKTOPIB,
1HKeKTOpr) 0e3 BUKOPHUCTaHHS eMIipudHuX ¢opmyn 1 BenwdwH. Jlms
pO3paxyHKy CTPYMEHEBUX amapaTiB 3alpoOTNOHOBAHO METOIH, IO
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IPYHTYIOTBCS Ha TaKHX TEOPIAX: TEOpis 3MILIYBaHHS ABOX MOTOKIB; TEOpPIi
MOIIUPEHHSI CTPYMEHsSI B Macl PIAMHM, IO 3HAXOJUTHCA B CTAaHI CIOKOIO
a0o0 pyxaeThCsi; MexaHika Tij1 3MiHHOT Macu [8, 9, 10].

Po3paxyHKOBI ~ 3aJ€XHOCTI JUIsl  TIIPaBIIYHUX  XapAKTEPUCTUK
CTPYMEHEBHUX HAcCOCIB BHKOHAaHI JJisl amapartiB 13 LEHTPAJIbHUM COIUIOM,
1HOA1 IS amapariB 13 KUIBIEBUM COIUIOM. AJle B YyCIX poboTax
pO3IJIAAIOTECS  3MILMIYBaHHSA  MPSMOTOYHUX MOTOKIB  (poOodoro i
MACMBHOI'0) 3 OJIHOCTOPOHHIM 3aJy4Y€HHSM PLAMHH, L0 TPAHCHOPTYETHCS
[9,24,25]. [Inst po3paxyHKy CTPYMHHHOTO amapary (Hacoca, eKeKTopa,
1HXKEKTOpa) HEOOXIAHO BHU3HAYMTH Takl TiIpaBiiyHI Ta T€OMETPHUYHI
napaMeTpu:

— BUTpaTH poOOYOT Ta BCMOKTYBaHOI pinuH (Qp, Qsc);

— mnuToMmi eHeprii (moBHi Tucku) podouoi (Hp), BcMokTyBanoi (HBc)
ta 3Mimanoi (He) piaus;

— iony 3pizy pobouoro comia (So) abo #oro miamerp (do)
MOTIEPEYHOr0 Tepepidy kKamepu 3MimryBaHHs (Sk.c.) abo Horo giamerp
(dk.c.).

Pemra reoMeTpruHUX MapaMeTpiB MPOTOYHOI YACTUHU CTPYMUHHOTO
anapary € QpyHKIissMH BigHOUeHHs dk.c./do.

TakuM 4YMHOM JIS PO3PaxXyHKYy CTPYMHHHOTO Hacoca HEOOXiTHO
BU3HAYUTHU CciM HeBimomux BenuuuH piauH (Qp, Qsc, Hp, Hec, He, So, do,
Sk.c., dk.c.) Ta ckiacTu ciM piBHAHB [8,9]. Aje po3paxyHKH 3a ITUMH
METOJIMKaMHU JOCTAaTHbO CKJIaaHI. J[Js BUpIIIEHHS TOCTaBICHOI 3ajayi
O0akaHO MaTH CHPOIICHY METOAMKY PO3paxyHKy, IO Ja€ pe3ybTaTH 3
JIOCTATHHOIO JIsl PAKTHYHOTO BUKOPUCTAHHS TOYHICTIO JTAHUX.

DopmynioeanHs yinetl cmammi (NOCMAHOB8Ka 3a80anHs). MeTor €
po3poOKa CHpPOIIEHOI METOAMKH PO3PAXYHKY MPUCTPOIO depTuraiii, 1o
BUKOPHUCTOBYE 1HXXEKTOP BeHTypi B SKOCTI Hacoca sl 1mojadi MaTOYHOTO
PO34HMHY JOOPUB y MOJIMBHY BOAY IIPH 3POLICHHI TUIOJJOBUX HACAIKEHb.

OcHnosna uyacmuna. Jlnsg crtBopeHHs Bys3na (epruramii Ha 0Oasi
imKekTopa  BeHTypi  HEOOXiHO  BHM3HAYWTH  HOrO0  BUTPATHI
xapakTepucTuku. Po3paxyHkoBa cxeMa iHKEKTOpa HaBeJieHa Ha puc. 3.

PexxuM 1HX)eKTOpa XapakTepu3yIoTh TaKi mapaMmeTpu.

1. Brpatun nanopy (Hp, M), 110 1OpiBHIOIOTH pI3HMIII HANOpiB Ha
BXOJIi B IHXKEKTOp (mepepi3 a-a) Ta Ha BUXOAl 3 HBOrO (mepepi3 c-c) Ha
puc.3.

B Y P VE
pg  2g pg 2g
ne P —Tuck piguHu y BinmosigHomy mepepisi, [1a;
V — BHUJKICTh PIIMHH Y BIAMOBIIHOMY mepepisi, M/c;
p — IIBHICTH PiAUHH, KT/MS;
§ — HPUCKOPEHHS BiILHOTO Mainus, g=9.8 m/c2.

1)
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CWATER FLOW

Puc. 3. Po3paxyHkoBa cxema iHKeKTopa

2. Kopucuuii namip (Hu, ™), sSKUl CTBOPEHO 1HXEKTOPOM, IO
JIOPIBHIOE PI3HUIII HAMOPIB MOJAHOI PIAMHM 32 1HXKEKTOPOM (Iepepi3 c-c)
Ta Ha BXOJIi B HbOTO (mepepi3 b-b)

2 2
o - - y
pg 2 pg 2g
3. Burpartu Boau Ha BXozi B iHxekTop Q1, M¥/c
Td3
Q1=VaSa =V, 4.::’ 3)
JIe Va— IMIBUAKICTH BOJU, M/C;
da — miameTp BXOAy iHXKEKTOpa, M.
4. Kopucna nogada Qo, me/c
T dg
Qo = VaSp = Vb D (4)

1€ Vp — MIBUIKICTE MATOYHOTO PO3YHMHY TOOPHUB, M/C;
dy — miamMeTp BCMOKTYBalbHOT TPYOKH, M.
5. BUTpaTu po3uKHy JOOpUB Ha BUXOi 3 iHxkeKkTopa Qz, M3/c
Q2=Q1+ Qo ®)
Tomi koedimieHT KopucHOi 1ii 1HXXEKTOpa 1 Oyle JOpIBHIOBATH

BIIHOIIIEHHIO KOPUCHOT MOTY>KHOCTI J10 BUKOPUCTAHO1
n= e ©
Hp Ql
XapakTepucTHUKa 1HXXEKTOpa OIMHUCYy€e WOro poOOTy Ha 3MIHHUX
pexxumax B ymoBax Hp + H, = const. HaiiGu1pi 3pydyHo NMpuUBOAMTH i
XapaKTEPUCTHUKH Y BITHOCHIHM opMi, K CYyKyIHICTh 3anexxnocTer h = (q),
n = 1(q), wp..=1f(q). Y manomy BUmanaky q - BiIHOCHA BUTpaTa iHKEKTOpA.

Toni BimHOCHUY Hamip 1HXEKTOpa

h=H,/(H,—Hy) (7)
BimnocHa BuTpaTa iHXeKTOpa
q=Qo/Q1 (8)
Koedimient Butpat po6odoro cormia iHKeKTopa
Hpe=Q1/Sa V(2g(Hq - Hp)) )

[Tapametrp K — BigHOCHA IUIOMIA, IO AOPIBHIOE BIJHOIICHHIO IO
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BXOJly Y Kamepy 3MIIIeHHs 10 IUIoL{i poOoYoro corJa
K = Sp/S¢ (10)
ne Sp— IIIoIIA BXOAY B KAMEpPY 3MiILlEHHS iHKEKTOpa, M2
da — mmoma po6ouoro comna, M2,
XapakTepUCTUKU 1HX)EKTopa y BiAHOCHIN (opmi ans K = 2 HaBeneHo
Ha puc 4.

0.6
h,m, u, _ L
BingocHHII Hamip h

05 _

. A il

——
B A — =

/ Koedinieat BUTPAT podovI0ro comia Hp e
0,1

0o 0,2 0.4 0,6 0,8 1
BigsOoCHA BHTPATA IHKEKTOPA, q

Puc. 4. XapakTepucTuku iHXeKTopa y BigHOCHIH hopmi pu K = 2

Makcumanbraoro 3HaueHHs: KKJI (n = 0,43) imkekropa mocsarae npu
BiHOCHIM BUTpaTi q=0,6. BigHocHuU# Hamip npu oMy ckiane h = 0,37, a
KoeiLieHT BUTpaT pododoro comita Ly = 0,21,

Jlns BKa3aHUX mapaMeTpiB OyJiM BU3HAYCHI BUTPATHI XapaKTEPUCTUKHU
1H)KEKTOPIB JUIA Pi3HUX 3HAYEHb THCKY Ha BXOJl Ta BUXOJI 1H)XKEKTOpa, a
TaKOX /I TPHOX 3HAYCHb MPUETHYBATBHUX PO3MIPIB 1HXKEKTOpa — V4™, 17,
1 1/2”. 1li xapakTepuUCTHKHN HaBeICHI y Ta0mmii 1.

Toune pno3yBaHHS MAaTOYHOTO PO3YHHY JOOpPMB B CHCTEMY 3
BpaxyBaHHIM BOJH B TPyOOIPOBO/II MOKHA pO3paxyBaTh 3a GOPMYIIO0

= (F-S)/(3,6- C\+K-1), (11)
7€ qu - BUTpaTa MaTOYHOTO PO3UHHY, JI/C;
t - TpUBaICTH IOJIUBY, TOJUH;
K - koedimienT, mo Bupakae 3alleKHICTh MK YacoM 3aKiHUCHHS
Mo/adi MaTOYHOTO PO3YHMHY 1 3aKIHYEHHSM BETETAI[IHHOTO TMOJNHBY, SK
npaBuiio, K =0,8, mo6 natu gac 11si IpOMHBKH MEPEKi.
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Tabnuys 1
BurtpaTHi XxapakTepUCTUKH 1HXKEKTOPIB
IIpnennyBaibHMil po3Mip eskeKTOpa
T T 3/4" 1" 11/2"
HCK Ha HCK Ha
wori,ane | mwxori,are | yepes | OFeuw | PUEER | owen | BIEECR | ovien
iHKeKTOP, IHACKIN iHKeKTOp, IHRCKIN iH:KeKTOp, THACKI
n/ron Ja/ron n/ron Ja/rox /ron a/ron
0,00 480 94 1560 360 3240 590
0.10 480 92 1380 198 2700 294
0,35 0,20 480 82 1260 84 2580 200
0,28 420 32 - na - na
0,30 - na - na - na
0,00 660 91 2160 372 4440 720
07 0,40 660 88 1860 144 3840 450
' 0,50 660 43 1860 90 3480 108
0.60 600 30 - na - na
0,00 840 90 2400 354 4980 720
1 0,40 840 88 2340 270 4440 483
0,50 780 44 2220 108 4200 180
0,60 780 35 - na - na
0,00 960 80 2820 336 5580 720
14 0,35 960 80 2820 336 5400 642
' 0,70 900 77 2760 264 5160 440
1,00 900 47 2700 126 4980 204
0,00 1140 82 3360 312 6600 700
0,35 1140 82 3360 312 6600 700
21 0,70 1140 80 3360 312 6600 678
' 1,00 1140 79 3360 312 6480 600
1,40 1080 59 3240 204 6240 390
1,70 1080 34 3180 36 5940 70
0,00 1440 83 3960 300 7860 700
0,35 1440 83 3960 300 7860 700
0,70 1440 83 3960 300 7860 700
31 1,00 1440 83 3960 300 7860 700
1,70 1440 75 3960 300 7800 630
2,00 1380 61 3960 282 7620 504
2,40 1380 43 3900 123 7440 213
0,00 1620 85 4620 300 8040 700
2,00 1620 81 4620 300 8040 700
41 2,40 1620 77 4620 300 8040 612
3,00 1560 47 4560 230 7920 324
3,24 1560 26 - na 7920 168
0,00 1920 84 5400 300 9540 720
2,06 1920 84 5400 300 9540 720
5,5 3,10 1920 81 5400 300 9480 708
4,10 1860 60 5400 255 9360 378
4,48 1860 26 5340 84 9240 132
0,00 2100 93 5700 300 10680 720
2,75 2100 93 5700 300 10680 720
6,9 4,50 2100 81 5700 300 10620 660
5,20 2040 68 5640 234 10500 384
5,44 2040 55 5640 147 10440 240
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Bucnosox. HaBeneHo pe3ynbTaTH PO3pOOKH CHIPOIIEHOT METOAUKH
pPO3paxyHKy MHPUCTPOIO (epTurauii, 1m0 BHKOPUCTOBYE XapaKTEPUCTUKHU
iHxekTopa Benrypi y BigHocHIA ¢opmi. [ToOyaoBaHO XapaKTepUCTUKH
1HXKEKTOpa y BITHOCHIN (popMi 171 BUNAAKY, KOJH IJIOLIA BXOAY B KaMepy
3MIIIEHHS 1H)XXEKTOpa MEPEBHUIIYE Yy JBa pa3u IUIONLy poOOYOro cCoIuia.
BcranoBneno, mo B Takiii koH@irypaiii makcumanbHe 3HaueHHs KK
IHXKEKTOpa Jocsraerbcs mpu BiaHOcHIM Butpati q=0,6. Ilpu wnpomy
BiIHOCHMM Hamip ckiagatume h=0,37, a koedilieHT BUTpAT PoOOUYOTO
comna pp.= 0,21. TlpuBeneni pe3yibTaTd pPO3pPaxyHKIB BUTPATH BOJHU
yepe3 1HXKEKTOp Ta 00’eMy 1HXKEKIII 3aJeXHO BIJT TeOMETPUYHHUX
napaMmeTpiB 1HXKEKTOpa Ta 3MIHU TUCKY BOJIH.
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S. Sushko?, I. Chyzhykov!
! Dmytro Motornyi Tavria State Agrotechnological University

METHOD FOR CALCULATING DEVICE PARAMETERS BASED ON
VENTURI INJECTOR FOR FRUIT PLANT FERTIGATION

Summary

Fruit trees, growing for many years in one place and distinguished by high
productivity, absorb a large amount of nutrients from the soil. Numerous experiments of
scientific institutions and the practice of advanced farms have proven the high
efficiency of the optimal fertilizer application system in gardens. Significant areas of
modern orchards are equipped with drip irrigation systems, in which mineral fertilizers
are applied locally with irrigation water (fertigation). Fertigation allows you to
constantly maintain optimal soil moisture and supply plants with small doses of a
balanced amount of nutrients during the growing season. One of the most used devices
for applying fertilizers with irrigation water is the Venturi injector. This system is easy
to maintain and relatively inexpensive, providing the supply of dissolved concentrated
fertilizers with great precision into the irrigation pipeline. Currently, there is no general
analytical theory that allows the calculation of jet devices (pumps, hydraulic elevators,
ejectors, injectors) without using empirical formulas and quantities. Methods based on
the following theories are proposed for the calculation of jet devices: theory of mixing
of two flows; theories of the propagation of a jet in a mass of liquid that is at rest or
moving; mechanics of bodies of variable mass. To calculate the jet device (pump,
ejector, injector), it is necessary to determine the following hydraulic and geometric
parameters: 1) consumption of working and suction fluid 2) specific energy (total
pressure) of working, suction and mixed fluids; 3) cross-sectional area of the working
nozzle or its diameter, cross-sectional area of the mixing chamber or its diameter. Thus,
in order to calculate a jet pump, it is necessary to determine seven unknown quantities
of liquids, that is, seven equations must be compiled. To solve the given problem, it is
desirable to have a simplified method of calculation that gives results with sufficient
accuracy for practical use. The article presents the results of the development of a
simplified method of calculating the fertigation device, which uses a Venturi injector as
a pump for feeding the mother solution of fertilizers into the irrigation water when
irrigating fruit plantations. The characteristics of the injector are constructed in relative
form for the case when the area of the entrance to the displacement chamber of the
injector exceeds twice the area of the working nozzle. It was found that in such a
configuration, the maximum value of the injector efficiency is reached at a relative flow
g=0.6. At the same time, the relative pressure will be h=0.37, and the flow rate of the
working nozzle pp, .= 0.21The results of calculations of water flow through the injector
and injection volume depending on the geometric parameters of the injector and
changes in water pressure are given.

Keywords: mineral fertilizers, perennial plantings, irrigation water, pump,
fertigation unit, calculation method, pressure, pressure.
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JOCJIIKEHHA AITAPATHUX CXEM
IHHEPEPOBKU I'PEYKHA

Anomauyisa JlepxaBHa mnporpama YKpaiHM Mae€ Ha MeTi po3poOKy Ta
MO/IEpHI3allil0 KOMIUIEKCIB JJisl epepoOKU 3epHa Ha OOPOIIHO Ta KPyIH, IepepoOKy Ha
OJIIF0 OJIWHUX KyJIbTyp. BupaneHHs 3 MOBEepxHI sjapa TUIOJOBUX Ta HACIHHEBHX
000JIOHOK € JIOCUTh aKTyaJbHOIO MPOOIeMOI0 KpyH’ siHOI TpoMuciaoBocTi. Tomy O6aunmo
BUPIIIEHHS 11i€1 aKTyaJIbHOI Ha ChOTO/HIIIHIN JeHb MPo0OIeMH Y BU3HAUEHH] HAMPSIMKIB
BJIOCKOHAJICHHSI KOMILIEKCIB 00JIaiHaHHS [T IEpepOOKH 3€pHa, a caMe TPEUKH.

Pimennss mpobGremMu TEXHIYHOTO 3a0e3MedYeHHs aBTOHOMHOTO BHUPOOHHUIITBA
KpymiB 0€3MMocepelHhO B PETioHaX BHPOIIYBAaHHS CHPOBUHHU POOUTH HEOOXITHHM
CTBOPECHHSI HOBUX 3aC00iB KOHKPETHOTO TEXHOJIOTTYHOTO MPU3HAYEHHS Ta 3aBEPIICHOTO
TEXHIYHOTO PIIICHHS Y BUTJISI arperaTHOrO YCTaTKyBaHHS.

[lepcieKTUBHUMH 1711 BUKOPHUCTAHHS € JIHIT MEPepOOKH TPEUKH 3 MPOMIKHUM
BiIOMpaHHSAM sIpa, sIKa 3HAYHOIO MIPOIO BIAMOBIAA€ BHUMOraM pPeCcypco30epiraroumnx
TEXHOJIOT1 1 mpuIaTHI AJs JIYHICHHS Tpeuyku Oe3 MOMepeHbOro COPTYBAaHHS Ha
(bpaxii.

Jliia nokpaiieHHs eeKTUBHOCTI BUPOOHUIITBA MPOAHATI30BaHO CYYacCHUN CTaH Ta
OCHOBHI HaIpsIMKH JIOCJIIPKEHb CTOCOBHO MOJICpHi3aIlii JIiHii Ta po3pOOKH KOMILIECKCIB
oOnamHaHHS s ACLIEHTPali30BaHOil epepoOku rpeuku. CTaTTs NpUCBsiUeHA TUTAHHIM
JOCHIIKEHHS ICHYIOUHX TEXHOJIOTTYHUX CXEeM MepepOoOKH IPeUKH Ha KPYILy.

Knrouosi crosa: cxema, rpedana Kpyra, JTyIEeHHS, COPTyBaHHSI.

Ilocmanoska  npobnemu. Ha  cydacHOMy  eTami  PO3BUTKY
3epHOIIEpEepOOHOI  MPOMMCIOBOCTI  ICHYFOYl  TEXHOJOTIYHI  JIiHIii
BUPOOHHUIITBA KPYIT HE B 3M031 3aJJ0BOJLHUTH MOTPEOHU JIEIEHTPATI3Z0BAHUX
MiIPUEMCTB. 3HAYHI BUTPATH MaTEPiaIbHUX Ta €HEPTEeTHUYHUX PECYPCIB B
mporieci mepepoOKu, BTpaTH TOTOBOI MPOAYKINI HaOUIbIe TOB’s3aHI 3
THEPTHICTIO IICHTPAJI30BaHNX CUCTEM MEPEepPOOKH TPeUKH Ta MOTPeOyIOThH
3aCTOCYBaHHS  JCIEHTPATi30BaHOTO  BHPOOHUIITBA 3  PO3POOKOIO
BIANOBIAHUX ITOTOKOBUX JiHINA. [1, 2] Ile mocmimkeHHS HO3BOJHTH

© dyuamxu H. O., Koamsos O. O., Kyssminceka 1. M., Uepsotkina O. O., 2023
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BU3HAUYUTH PalllOHAJIbHI TEXHOJOT1YHI CXEMH, 10 3a0e3reyaTb aBTOHOMHY
nepepoOKy IPeUKU B MaJIMX NMEPEPOOHUX MIAMPUEMCTBAX 0€3MOCEPEIHBO B
paiioHax 3poIlyBaHHs. [3, 4]

Ananiz ocmanHix 0o0cniOdxceHb. 3Ha4YHA POJIb Yy PO3poOIl Ta
BJIOCKOHAJICHHI ICHYIOYMX HAyKOBHUX CHUCTEM 3a0€3leueHHs] ramysi
HAJIC)KUTh BHJATHAM BYCHUM, SKi 3alMaiUCI MEXaHIKOI CHITKHX
MarepianiB Ta TBepaoro tuia I'. A. I'enieBy [5, 6], 1. . ApToGoneBcrkoMy
[7], B. IL. T'opsiukiny [8], M. H. JleromueBy, I1. M. Bacunenko [9].

Benuka KUTbKICTh HAyKOBUX POOIT U JTOCHIIKEHb raiay3l Kpym’ stHOro
BUPOOHUIITBA, 110 HanexaTs B. 1. Inpuenko, O. 5. Cokonona [10, 11], A. b.
Hemcokoro [12], T'. €. Irymkinoi [13], B. A. ByrtkoBcekoro [14]
OpUCBSYEHA B3araji rajy3i 3epHoONnepepoOKH, HE TUIbKH KpyI sSTHOMY
BUPOOHUIITBY.

3HavHa KUIBKICTh HayKoBHUX fociikess [. 1. bnexmana, [1. M. 3aiku
[15], B. M. Ilenunoscekoro [16], B. B. Topruncekoro [17] ©Oyna
CIIpsIMOBaHa Ha JOCHIDKEHHS 3B’A3Ky MK  (hI3UKO-MEXaHIYHUMU
BJIACTHBOCTSIMH KpYIl’STHOI CHPOBHMHHU Ta METOJaMH BIUIMBY Ha 3EpHIBKY
npu i 00poOIli, a TaKOX CHCTEeMaTH3allil0 ICHYIOUOTO TEXHOJOT1YHOTO
00a1HAaHHS, BUSBJICHHS.

XapakTepHOIO PHUCOI0 TPOLECYy MEPepoOKHM T'pEeuKkH Ha KpyImy, SK
3ayBa)keHO B HaykoBUX B mparsax [10, 13] € 6aratopazoBa mOBTOPIOBAaHICTh
NEBHUX onepaliii. BukopuCTaHHS HasBHUX TEXHOJOTIYHHUX CXEM
BUPOOHUIITBA, HABITh MPHU BHUCOKOMY KOE(MIIIEHTI JYIICHHS, MPU3BOJAUTH
70 3alBOTO 3aBaHTAKEHHS TEXHOJOTIYHOTO OOJagHaHHS Ta PI3KOro
30UIBIICHHST 000pOoTy MpoAykKTy. KoedimieHT ymieHHs XapakTepu3ye
JUIIE KUIBKICTh 3€pHa, IO IMaJajacs Tporecy JYIICHHs, aje He
XapaKTepU3ye SAKICTh Ta MOGPaKIIHHUNA CKJIaJ OTPUMAHOT'O0 MAaCHBY 3€pHA.
Bigomo, mo cepenHiii NMOKa3HUK OTPUMAHHS SIAPUIN TEPIIOro TaTyHKY
CKJIaJla€ MCHIIIC TIOJIOBUHM BiJ OJIYIIEHOTO 3€pHa, Apyroro copry — 12 ...
15%, a Ha oJTr0 OOpOIIeH I Ta poaiay npunanae oias 10% [11],

AHanoriyai mpoOyiieMH, MO POOUTh HEMOMKJIMBUM BIIPOBAKCHHS
HAsSIBHUX TEXHOJIOTIYHHUX CHUCTEM Oy PO3TJISHYTI ¥ 1HIIMMH aBTOPAMH.
Haxanp, 3ampormoHoOBaHI BapiaHTH MiABUIICHHS eHEProeeKTUBHOCTI
BUPOOHUIITBA HE MOXYTh OyTH 3acTOCOBaHI JUIA JCIEHTPai30BaHO1
NepepoOKr TPEUKH Ha KPYILy, YEPE3 CYTTEBY PO3TATYKECHICTh.

JloBeneHo, IO BOPOBA/DKEHHS CaMe TaKWX TEXHOJIOTTYHHUX CXEeM
J03BOJIIE  JIOCHTH  J00pe  BHUKOPHUCTOBYBATH  IX  HA  BEJIHMKHUX
[EHTPAJII30BaHNX BUPOOHUIITBAX, aJie HEBUPINICHUM 3aJTUIIAIOCS MATAHHS
e(eKTHBHOCTI TPOMDKHOTO OJOMpPAaHHS OJYIICHOTO 3€pHa B MPOIECi
BUPOOHHUIITBA TPEUYAHUX KPYI B yMOBaX JeIEHTpasIi3allii.

Ilocmanoska 3a60anns. CTBOPEHHSI arperaTHOTO YCTaTKyBaHHS ISt
MepepoOKrd TPEYKM Ha MICIAX BHUPOIIYBAHHS CHPOBHUHH, CIOKHBAHHS
roTOBOi MPOAYKII Ta yTWiai3alii MOOIYHUX NPOAYKTIB BUPOOHUIITBA
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0OyMOBIIIOE HEOOXIJHICTb CTBOPEHHS MOJEPHI30BAaHUX MOTOYHUX JIHINA
JELEHTPaTI30BaHOTO BUPOOHUIITBA.

Ocnoena ywacmuna. BianoBiiHO 10 crocoOy BIJOKPEMIICHHS JIyIIEHUX
3epeH BiJI HEONYIICHUX PO3PI3HAIOTH TPH MPUHIIMIIOBI CXeMH JyIieHHs [18,
19]:

. Cxema 0e3 MNpOMDKHOrO BiAOWpaHHS Alpa, Yy SKIM JyIIeHHS
BIJIOYBA€ETHCSI KOHBEEPHUM criocoOom (puc. 1, 2).

°

1-e TymenHa 2-¢ IymeHHA 3-¢ TymeHHA 4-¢ TymeHHA

1 1 9 1 o %

N -
KOHTPOIIb

-

Bopomrenne Ta Iys3ra Ha KOHTPOJIb

Puc. 1. [IpunnumoBa cxema JIylieHHs 3epHa 0€3 MPOMIDKHOTO BiIOMpaHHS
snpa (I-i croci0)

B mpoMy BapiaHTI BUKOPUCTaHHS TEXHOJOTIi 3€pHO JIYIIUTHCS 3 3 —
4-XKpaTHUM TIOCJIIIOBHUM MPOXOKCHHSIM Yepe3 MyIUIbHI MalluHU, TpH
[IbOMY BiIOYBA€THCS BIIOKPEMIICHHS TUTBKU JY3TH MICIIsl KOXKHOI CHCTEMH
nymeHHs (puc. 1), 4 3 TPOMDKHUM BiIOMpaHHSAM IPOOJICHOTO spa i
OOPOIIICHIIS 3 HACTYITHUM BiJIOKpeMJICHHSM J1y3rH (puc. 2). [20]

2. Cxema 3 MPOMDKHMM BiIOWpaHHSM SiApa Ta TOBEPTAHHSAM
HEOJIYIICHUX 3€PEH B MAIIMHY, 110 BUKOHYE MMOYATKOBE JIYIIICHHSI.

Kpyny orpumyroTe B pe3ynbTaTi BIIAUICHHS SApUIl (OIYIICHOTO
3epHa TPEUKH) B MPOCiIFOBATBHUX (puc. 3) a0 KpyHmoOBiAOKPEMITIOBAITHHUX
MarmuHax (puc. 4) micis KOKHOTO MPOITYyCKaHHS TPEYKH 4Yepe3 JTYIUIbHY
MaIInHy.
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Puc. 2. Tlpuniunosa cxema JIYIICHHS 3epHa 0€3 TPOMIXKHOTO
BinOupanus sapa (II -it crocio)

3. Cxema 3 MNOPOMDKHMM BIIOMpaHHSAM SApa Ta 3acTOCYyBaHHSIM
OKpPEMOi «CXOJIOBO1» CHUCTEMHU JJIsi TIOBTOPHOI OOpOOKM 3epeH, AKi
30CTaIMCS HEOMYIIEHUMH MICIs JTYIEHHS.

BignoBimHo 10 1€l cxemMu Kpymy OTPUMYIOTH B Ppe3yJbTaTi
BIJIOKpEMJICHHS s/ipa (B COPTYBaJbHMX MaIlllMHAX, Tpi€pax Ta i1H.) IMCIA
KOXXHOTO TMPOITYCKAaHHS Yepe3 JYIUIbHI MAlllMHH, TIPU I[bOMY MTOBEPTAIOTh
HEOJYIIICHI 3epHa Ha CHEIIaIbHO BUIIIECHY «CXOJIOBY» CHUCTEMY (MAaIIUHY
JUISL TYIIEHHS).

[TpoananizyBaBIy iICHYIOU1 CXEMH JIYIIEHHS BUSABUJIH, 1110 HAMOUIBIITY
e(eKTHBHICTh TpOIeCYy MNepepoOKH TPEeUKH Ha KPyMy JAOCATAIOTH MpHU
HasBHOCTI B CHCTEMI IIPOMIKHOTO BiJIOMpaHHS SJapa Ta «CXOJOBOI»
CUCTEMHU IS TIOBTOPHOTO JYIICHHS JIYIICHUX 3€PEH, 10 30CTAIUCS TICIIS
nepmoro mpomnyckanns. Illo gae MOXIHBICTH 3HAYHO CKOPOTHTH OOOPOT
MPOAYKTY, 3MEHIIUTH KUIBKICTh JAPOOJICHOTO Sapa, MiABUIIATH BHXIJ
KPYTIH.

B cxemax, B sKuX BIACYyTHE TPOMDKHE BHJIAJIICHHS Sapa, a
BiJIOKPEMITIOETRCS JIHIIE JTy3ra (000JIOHKA), CyMilll, sika OTpUMaHa micis 1-
Oro TPOITYCKAaHHS dYepe3 MalluHy, HaAXOAUTh HA HACTYIHY JIYIIUIbHY
MamuHy. [Ipy 11boMy YacTMHA BKE JYIMICHUX 3€PEH, 3HOB TMiTA€ThCS
BIUTUBY pOOOYMX OpraHiB MamuH 1 JApoOHUTBCA, a ApoOJIeHEe 3epHO
NOoApPIOHIOETHCA Yy OUIBIIOMY CTYIEHI, 10 CHOPUYMHSIE BTpaTH siapa Ta
CYTTEBO 3HIKY€E BUXIJ Kpynu [21].
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Puc. 3. ITpunuunoBa cxema JylIeHHS 3€pHA 3 BUKOPUCTAHHSM
MPOCIFOBAIBHUX MAaIlMH

[Ipy BKIIOYEHHI B CXEMy MPOMINKHOTO BITOUpPAHHS sApa O0OpPOT
MPOIYKTY 3HAYHO 3HIKYETHCS.

[Ipy BUKOpHUCTAaHHS I1i€l CXEMHU CYTTEBO 30LIBIIYETHCS 3arajibHUN
BUXI1J] KPYIH, OCOOJIMBO IIUJIOTO s7pa, MPU 3HAYHOMY 3MEHIICHHI BUXOMY
IpoOJICHOTO siapa Ta OOpOIIEHI. 3Ba)Kal0ud HAa BUIIE BHUKIAJNCHE, TPH
BIIPOBA/KCHHI TMPOIIECY OTPUMAaHHSA TpedyaHoi KPynu y MiANPUEMCTBA
Majoi MPOMYKTUBHOCTI, MAOUUIBHAM € BUKOPUCTaHHS caMe€ CXEeMH 3
MPOMDKHUAM BITOUPAHHIM S/Ipa MICIA TPOMYCKaHHS dYepe3 IYIUIbHY
MaIInHy.
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Puc. 4. ITpunuunoBa cxema JyIlIeHHS 3€pHA 3 BUKOPUCTAHHSIM
KPYMOBIIOKPEMITIOBAIBHIX MaIlTUH

Bucnosexu.  Bumornm 10  CKOpOYEHHS  KITBKOCTI  OIeparlii
TEXHOJIOTTYHUX IMPOIIECiB, 3MCHIIICHHS BUTPAT €HEPrii Ha iX peasizalliio Ta
IIJIBUIIICHHS SIKOCTI KIHIIEBOI MPOJYKIIT 3YMOBUJIH CTBOPEHHS PI3HUX
METO/IIB MIATOTOBKM TPEUYKU JO MepepoOKH Ta iHTeHcu(ikaiii oOpoOHMX
omepartiidi. Ha X oCHOBI MOJIMBE BUPIIIEHHS 1 KOHKPETHUX 3aB/IaHb Ha
eTami po3poOKHM KOMITAKTHMX TEXHOJOTIYHHMX IIPOIECIB BUPOOHMIITBA
KpPYyTH Ha arperaTHOMY YCTaTKyBaHHI.

3HauHI BUTpPATH MaTepiaibHUX Ta E€HEPreTUYHUX PECypcCiB, BTPATH
CUPOBHHHM 1 TOTOBOI TPOAYKIi Ta BHUCOKAa I1HEPTHICTh CHCTEMH
[IEHTPaJI30BaHOI nepepoOKu TPEUYKH noTpeOyIOTh HETalHo1
JeleHTpaizamii BUpOOHUIITBA Ha 0a3i CTBOpeHHS abo0 MojepHi3alii
TEXHOJIOTIYHOTO 3a0€3MeUeHHsT MauX MepepoOHUX MiAMPUEMCTB.

B pesynbTaTi aHamizy Cy4acHOTO CTaHy ICHYIOUHMX CXEM TEpepoOKu
IPEYKH BU3HAYUTH PEKOMEHIOBAHOIO JUIS BIPOBADKEHHS CXEMYy 3
MPOMIKHUM BIJIOUPAHHSM sIApa TMICHA MPOMYCKAaHHA 4Yepe3 JYLIUIbHY
MaIinHy.
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RESEARCH OF VEHICLE CHARTS OF PROCESSING OF BUCKWHEAT

Summary

The government program envisages perfection and development of complex
equipment for processing, grains on a flour and cereal, processing of oil-bearing
cultures on oil. Moving away from the surface of kernel of fruit and seminal shells is the
issue enough of the day of cereal industry. Requirements to reduction of amount
technological processes operations of charges reduction to energy on their realization
and upgrading of eventual products stipulated creation of different methods of
buckwheat preparation to processing and intensification of finishing operations. On
their basis possible decision and concrete tasks on the stage of development of compact
technological processes of production of groats on an aggregate equipment. Therefore
see the decision of this for today issue of the day by means of determination of
directions of perfection of complexes of equipment for processing of grain, namely
buckwheats. This research allowed to define rational flowsheets that will provide the
autonomous processing of buckwheat in small reprocessors directly in the districts of
growing.

The considerable charges of material and power resources, loss of raw material
and prepared products and high sluggishness of the system of the centralized processing
of cultures need immediate decentralization of production on the basis of creation of the
technological providing and technical rigging of small reprocessors and workshops of
farms. The decision of problem of hardware of croups autonomous production irectly in
the regions of growing of raw material does the necessity of creation of new facilities of
the concrete technological setting and completed technical decision as an aggregate
equipment.

Perspective for the use are lines of processing of buckwheat with the intermediate
taking away of kernel, that largely corresponds the requirements of resource saving
technologies.

For the improvement of efficiency productions are analysed the modern state and
basic directions of researches in relation to modernisations of lines and development of
complexes of equipment for the decentralizing processing of buckwheat. The article is
sanctified to the questions of research of existent flowsheets of buckwheat processing
on cereal.

Keywords: chart, buckwheat cereal, shelling, sorting
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OIMIMC BUPOBHUYOI 'EJIOCYIIAPKHU 3 TEILVIOBUM
HACOCOM

Anomayisn. 3anmporOHOBAHO KOHCTPYKIIIIO TENOCYIIAPKH 3 TETUIOBUM HACOCOM,
3aCTOCYBAHHS SIKOTO JIa€ 3MOT'Y 30UIBIIUTH TEIUIONPOIYKTUBHICTh YCTAHOBKHU B 2 pa3H 3
METOI0 PO3B’sI3aHHS 3a/]ad 010 BUKOPHUCTAHHS BiJHOBIIOBAHUX E€KOJOTIYHO YHMCTUX
JDKepen TeruioBoi eHeprii ana cymriHHsS  (pykTiB. Po3pobnena remiocymmapka 3
TEIUTOBUM HACOCOM Ha 0a3i BIAHOBIIIOBAHUX JDKEPEN €HEPrii cipusituMe iHTeHCHDiKarrii
MPOLIECY CYIIIHHS 1 OCBOEHHS iX BUPOOHMIITBA, Ta BOJHOYAC MO3UTUBHOMY BIUIMBY Ha
BHPIIICHHS €KOJOTIYHUX MPOOJIEM SHEPTreTHKH 32 PaXyHOK 3aMillleHHS €1eKTPUYHOI Ta
TEIUIOBO1 €Heprii, OTPMMAaHOi 3 BUKOPHUCTAHHSIM COHSYHOI €HEprii, Ta MOM'SKIICHHS
CoIllaIbHUX MPOOJIEM BHACIIIOK CTBOPEHHS HOBUX POOOYUX MICI[h TIPH BUTOTOBJICHHI,
MOHT@X1 Ta eKCIUTyaralii TakuxX YycTaHOBOK. OTpuMaHi pe3yJbTaTH MOKHA
BUKOPHUCTATH IIiJI 4ac PO3pOOKM Ta BIOCKOHAJICHHS TEXHIYHHUX 3acO0IB CYIIIHHSA
GbpyKTIB, U1 TABUIIIEHHS TEXHOJOTIYHOT Ta CHEPreTUYHOT €(PEKTUBHOCTI MPOIIECY.

Knrouosi cnosa. CoHsuHa eHepris, remocymiapka (QpykTiB, TEIUIOBHH Hacoc,
TEIUIOBUM aKyMyJIATOp, CYLIMIbHA KaMepa.

Ilocmanosxka npobaemu. OOHUM 13 €JIEMEHTIB XapuyoBOi Oe3meKku
Kpainu € ¢opMyBaHHS 3amaciB CyXHUX MPOJYKTIB XapuyBaHHS, HAPUKIA],
CyXOo(pyKTiB Ta CYIIEHHX OBOYIB, SKi BXOJSTH JI0 IIMOJICHHOTO pallioHy
CymoBUX Ta OopmioBux Ha0OpiB Ta IHmMMX HamiBhaOpUKaTiB, IO
XapaKTePU3yIOThCA BHCOKOIO TIOKHBHICTIO Ta CTIHKICTIO 70 NMCyBaHHS. 1X
BUTOTOBJICHHS 3IICHIOETHCS 3 BUKOPHCTAHHSIM CYIIAPOK PI3HOTO THUIY 3
TPAIUIIMHAM JDKEPEIOM TeIjla y BHIJISAI €JIeKTpUYHOI eHeprii, abo x
TEIUIa TPOMAYKTIB 3TOPSIHHS TManuBa. B TOi e dYac, BHKOPUCTAHHS
COHSIYHHUX TOBITPSHUX KOJEKTOPIB a00 TETUIOBUX HACOCIB, fAKi CIIJIHHO
MPAIOIOTh 13 CyIMAapKaMd, MOXKE€ BHPINIATA MUTAHHS HE3aJICKHOCTI BiJ
[IEHTPAJII30BAaHOTO €HEepPro3abe3nedyeHHs, 3HWKCHHS PIBHS CIOKHBAHHS
€HEepropecypciB TOIIO.

© Kopo6ka C.B., Kpuryns P.€., Ba6uu M.1., Ctykanens L.I'., Cupotiok C.B., Bonrsaucekmii b.B., 2023
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Aunanis ocmannix Oocnioxcenv. BxazaHiil TeMaTull NPUCBAYEHI
nocaipkeHHss O3apkiB M. 1., gKi CTOCYIOTbCS OCOOIMBOCTEW PO3PAXYHKY
reioCYIIMIbHOI  yCTAaHOBKM I JEPEBUHH, B TOMY YHCIi 3
BUKOPUCTAaHHSAM KOMIT'toTepHOro MmojaemtoBanHs [1]. Ll mocmijkeHHs €
(GyHIaMEHTaIbHUMU ISl pO3POOKH METOJIUKH PO3PaxXyHKY TellioCylIapok,
ajie 1 BOJHOYAC € 3aCTapUIMMHU JJI Cy4acHOI KJIIMaTojorii Y KpaiHu.

[lepeBarkHa dYacTHUHA JOCTIIKEHBb BEJIETHCS 3aKOPAOHHUMHU BUCHUMH.
3okpema, y po6oTi [2] Oyso po3poOJIEeHO HOBI KOHCTPYKINI 3MIMIAHUX
COHSIYHUX CYIIAPOK IS CYUIiHHS Xap4OBHX MPOAYKTIB 0€3 TErIoBOTO
HaKOMUYyBada Ta JOCIIIPKEHO TPOIleC KOHBEKTUBHOTO CYIIiHHA. Y
nociikeHl [3] oOrpyHTOBaHO KOHCTPYKIIIO Ta aHaji3 NMPOAYKTHBHOCTI
COHSIYHOI CYIIApKW 3MIIIAHOTO THUITY JJIs CYLIIHHA pUOHM B MpHUOEpexKHUX
palioHax Ta po3pOOJICHO YHWCIOBUM METOJA PO3B’S3aHHA MaTEMaTUYHOI
MOJIeNl PpO3PaxyHKy HANpyXeHb Ta pO3MOJALTY BOJOTH Yy XapyOBHX
NPOJYKTaxX MiJl Yac CYUIIHHS a TaKOX C(OpMyJIbOBAHO 3a7auy ONTHUMI3aIi
miei moneni. KpiM 11b0ro 3amporoHOBaHO 1HXKEHEPHI HayKOBO-METOAMYHI
3acaqyd  BH3HAUEHHS ONTHUMAJIBHOTO 00’€My CYyNIWIBHOI  KaMepH,
MiBUIIEHHS TEMIeEpaTypyd TEIUIOHOCIA B  Cymapmi 3a paxyHOK
JIOJaTKOBOTO OMPOMIHEHHS CYIIMJIBHOI Kamepw, Mo 0a3yeThCs Ha
METOAMIIl PO3pPaxyHKy IH(PpPadepBOHHX Cymapok. Y poOoTi [4] momaHO
NOBHUM  OIJISii COHSYHUX CYHIapoOK Ta IPOAHANI30BaHO  MPOILIEC
KOHBEKTUBHOTO CYIIIHHS (PPYKTIB JUIsl PI3HUX TEIUIOBOJOTICHUX PEXKUMIB
CYIIIHHS B CYIIapII.

VY poGoti [5] BUKOHAHO KOPOTKWU aHalli3 OCTAaHHIX JOCATHEHb B
TEXHOJIOT1i COHSYHOTO CYIIiHHSA, OOIPYHTOBAHO paIliOHaJIbHI KOHCTPYKIIii
Ta ONTUMAaJbHI KOHCTPYKTHBHO-TEXHOJIOTIUHI MapaMmMeTpH CyIapoK. Y
nparii  [6]  oOrpyHTOBAaHO  C€KOHOMIYHUH  METOJl  IOKpAIICHHS
IPOJYKTUBHOCTI COHSIYHUX IMOBITPOHArpiBaviB 3a JOIMOMOI0I0 JUCKPETHUX
Makpo-iHKarncynboBannx PCM kancyn asis CyliiHHS XapyoOBUX MPOYKTIB.
ABTOopamMu y poOoTi [6] po3poOiieHO iHXKEHEPHY METOJMKY PO3PaXyHKY
HEOOXIHOT TUION[I TETIOKOJIEKTOpa Ta 3IACHEHO OIIHKY MOJIMBOCTI
eHepreTUYHOi €(PEeKTUBHOCTI BUKOPUCTAHHS HETJIa3ypOBAaHOIO COHSIYHOTO
KOJICKTOpa JJIA TeNOCYIMIapKy B MOPIBHAHHI 3 BUKOPUCTAHHSIM 3aCKJICHOTO
KOJIEKTOpA.

BBenenHss 10 TemiOTEpMIYHOI YCTAaHOBKM Yy CKJIAl COHSYHOL
MOBITPSIHOT Ta (DOTOENEKTPUYHOT YCTAHOBOK 1 aKyMYJIOKYOi CHCTEMH
3ac00iB TIEPETBOPEHHS IMPOMEHEBOI €HEprii y TEIUIOBY Ta EIEKTPUYHY
J03BOJUTH  MOOYAyBaTH  EHEPreTUYHY  YCTAHOBKY  KOMILIEKCHOTO
eHepro3abe3nevyeHHs BiJaJCHUX Ta aBTOHOMHHUX OO0'€KTIB 3 BHCOKUM
piBHEM e(EeKTHUBHOCTI TEPETBOPECHHS TEPBUHHOI €HEPrii Ta piBHEM
HaJIIHHOCTI €HEPronmoCTadYaHHS.

[Ipy CTBOpEHHI JIOKaJbHUX AaBTOHOMHHUX CHCTEM TEIUIOMOCTaYaHHS
BiJIJIaJICHUX O0'€KTIB iICHY€ MpoOiieMa HU3BKOI iX €()eKTUBHOCTI BHACTIAOK
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BIJITHOCHO HHU3BKOTO pIBHSI KOE(]ill€HTa KOPHUCHOI Jii CHUCTEMH
aKyMYJIIOBaHHs, 110 MOXK€ OYyTH MIHIMI30BaHE 3a PaXyHOK OINTHUMIi3allii
oOcAriB eHeprii, fka A0 HUX NojaeTbcs. ONHAK BUKOPUCTAHHA Y
reJlIOTEPMIYHUX YCTAHOBKAaX aKyMyJsTOpa TEIJIOTU HAa OCHOBI TajbKH
OPUBOAUTH 1O TOHIDKEHHS SIKOCTI BHCYIIYBAaHOTO MPOAYKTY Uepe3
HaJIMipHE BOJIOTO YTBOPEHHSI B PAHKOBHM MEPioj] 3a paxyHOK YTBOPEHHS
TOYKH POCH Ha IMOBEPXHI akymyJstorodoro marepiany [7-9,11]. Tomy mu
OPOMOHYEMO  3aMICTh aKyMyJsITOpa TEIUIOTH Ha OCHOBI  TalbKH
BUKOPHUCTOBYBATH TEIUIOBUI HAcOC.

TakuM YMHOM JUIsi BUPIMICHHS JaHOI MNpoOJIeMAaTHUKH HEOOXiTHO
pPO3pOOUTH THIAKY COHSYHUX EHEPreTHYHUX YCTAaHOBOK, MPHU3HAYCHHAM
AKUX € CYLIIHHS OBOYIB 1 (PYKTIB, 3 BIAMOBIAHOIO CTPYKTYPOIO TEXHIYHUX
Ta E€HEPreTUYHUX 3ac001B, /O SKUX BITHOCSATHCS COHSYHI KOJEKTOPH,
CYLIMWJIbHI KaMepu, CHUCTEMHU pPO3MOJLIY Temia, 3aco0M aKyMyJIOBaHHS
TETUIOBOI eHeprii, TeIIoBi HAacOCH, IO JO03BOJUTH 3HHU3UTH OOCITH
CTIOKMBaHHS CHEPreTUYHHX PECypciB B TMpoIeci BUPOOHUIITBA CYXHX
XapUOBHX MPOYKTIB JIJIsl MMiBUIICHHS PiBHS aBTOHOMHOCTI [11-14].

Jlnst peanizaliis OCHOBHOI 171ei HEOOXIAHO PO3POOUTH, OOTPYyHTYBATH
Ta ONTHMI3yBaTH CTPYKTYypy Ta TapaMeTpU COHSYHUX CHEPreTHIHUX
YCTAaHOBOK 3 BUKOPUCTaHHSM TEIJIOBUX HACOCIB, IO 3a0e3MeYuTh
3HIDKEHHS 3QJIEKHOCTI BiJl IIEHTPATI30BaHOTO €HEProNnoCTauyaHHs, a TaKOX
OiABUIINTE PpiBEeHb eHepro3ade3mnedeHHs. Takoxk s MPOBEACHHS
JOCIIKEHb HEOOX1HO 3a0€3MeYUTH BUTOTOBIEHHS €KCIEPUMEHTAIBHOTO
CTEHJY TeJIOTEepPMIYHOI YCTaHOBKM 3 TEIUIOBUM HACOCOM, sika Oyje
OCHOBOIO JUJII TIPOBEJEHHS EKCINEPUMEHTAIBHUX OCHIKEHb 3 METOIO

DopmynroeanHs memu cmammi (nocmanoeka 3aedants). MeToro
JAHOTO JOCHIDKCHHS € IMMABUIICHHS €(QEKTUBHOCTI TEXHOJOTIYHOTO
mporecy CymriHHga (QpyKTiB Ha TiACTaBl pO3pOOKHM KOHCTPYKINi Ta
OOTpyHTYBaHHS KOHCTPYKTHBHO-TEXHOJIOTTYHUX napameTpiB
reNliocymapku, Io 3a0e3MeYnTh 3MEHIIIEHHS 3aTPaT EHEPrOPECYPCiB.

BignoBigHo 10 mocraBieHOi MEeTH HEOOXigHO OyJI0 BUKOHATH TaKe
3aBJIaHHS: PO3POOUTH KOHCTPYKIIIIO TE€IOCYIIapKU 3 TETNIOBUM HACOCOM Ta
OOTpYHTYBaTH ii KOHCTPYKTUBHO-TEXHOJIOTIYHY CXEMY.

OcHosHa ~ yacmuna. 3aranpHUl  BUTJISAL ~ 3alpOTNOHOBAHO1
reJiOCYIIMJIbHOI YCTAaHOBKM 3 BHUKOPHCTAHHSM TEIUIOBOTO Hacoca
HaBesIeHO Ha puc. 1. OCHOBHI €IEMEHTH YCTaHOBKH: KOpITyC (2) cymmibHa
kamepa (1), kapkac BUTOTOBJIEHHMH 3 ONTHYHO MPO30POro Marepiany,
komripecop (3), moBiTpstHUE KOHAEHcCaTOp (4), MOBITPOOXONOMKYyBad (5),
3aQUepHEHUI TIOCKUI BUMApHUK (6), BCTAHOBIEHUN B COHSIYHOMY
KosekTopi (7), HampaBIeHOMY Ha MiBJAEHB M1 KyToM 25-40° 10 TOpHU30HTY.
Bunapnuk (5, 6) 3'eqHanuii mapanenbHO 3 BUMApHUKOM (8) 1 TEMJIOBUM
aKyMYJISITOPOM-BUIIAPHUKOM (8 akymyinsiTop-BunapHuk). [loBiTpornposin
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(9) 3abe3neuenuii mubepom (10), Bentunstop (11) cayxkuth ans nomayi
30BHIIIHBOTO MOBITPs B Kamepy (1). Ilicnsa akymynsropa-BunapHuka (8)
BCTAHOBJICHUN IMPKYJIALIMHUI noBiTponposia (12) 3 mumbepom (13).
Kommnpecop (3) 3'eananuii 3 MOBITpSIHUM KOHJEHcaTopoMm  (4),
TpyOonpoBoaoM (14), 3 Bumapuukom (5) TtpydOompoBogom (15) 1 3
aKymyJisitopoM-Buniapaukom (8) tpybomposonom (16). Konnencarop (4)
3'enHaHuil 3 BUNapHuKkoM (5) tpyborpoBoaom (17) yepe3 BenTuib (18) 1 3
aKyMyJIATOpOM-BUIIApHUKOM (8) TpyOorpoBooM (19) uepe3 BenTiib (20).
[ToBiTpsiHuit koHAEHCATOP (4) 3'€enHaHM 3 KaMeporo (1) MOBITPONPOBOIOM
(21) uepes otBip (22) B TopueBiit criHil (23) kamepu (1). Y xamepi (1)
BCTAHOBJICHO CITYAacCTUW KOHBeep (24) Mg NEpeMillleHHS MNPOAYKTy B
npoiieci cyurinHsa. HanpukiHii po3BaHTaXyBallbHOI YaCTUHH KOHBeepa (24)
BCTaHOBJIEHA Neperopoaka (25), nepioAMYHO Mpuiieria A0 MOro BEpXHbOI
YACTHHH.
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Puc. 1. Cxema remiocymmibHOI yCTAHOBKH 3 TEIIZIOBUM HACOCOM:
1 — kamepa; 2 — mpo3opuii Kopiyc; 3 — KoMIpecop; 4 — KOHAEHCATOD;
5,6 — BUNIApHUK; 7 — COHSYHHUI KOJIEKTOP; 8 — BUMAPHUK 1 aKyMyJIATOP-
BUIApHUK; 9, 12, 21, 26 — moBiTponposoau; 10, 13, 27 — mmbepwu;
11 — Bentunsarop; 14, 15, 16, 17 — tpybonpoBoau;
18, 20 — TepmoperynsTopu BeHTUJs; 24 — KOHBEeEpP; 25 — Meperopoaka

X
|

AKyMyJATOp-BUMAPHUK (&) sIBIsIE COOO0 KOHTEUHED 3 SAIUKaAMU IS
MiATPUMYBAaHHS HACaJKH 3 MIAPOM TalbKu. Y IMIapi HACATKU PO3MIIICHHMA
BUIIAPHUK, 110 MPECTABISE COO0I0 TPyOUaCTHIA TETIIO0OMIHHUK.

CymmibHa yCTaHOBKA TMPAIIOE€ TaKUM YMHOM. [IponyKT, moKiIaaeHmit
B kamepy (l) B JeHHUN dYac BHUCYIIYETbCS OJHOYACHO Il BIJIUBOM
COHSIYHOI pajiallii, 0 TPOHUKAE Yepe3 ONTUYHO Mpo3opuil kopmyc (2) 1
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noBITpst 3 TeMmrepaTyporo 55-60°C, mNpPOHMU3NMBOrO IIUIBHUNA IIAp
npoaykty. IIpu 11boMy 30BHIIIIHE MOBITPSI 32 AOMOMOT0r0 BeHTHIsiTopa (11)
MOAAEThCS 3a TOBITpompoBoau (9) yepes koHAeHcATOp (4) TEMIOBOTO
Hacoca (3), ne HarpiBaeTscs 10 Temneparypu 55-60°C 1 3 mOBITPOIIPOBOIY
(21) manxonuth B kKamepy (1). 3amexHo BiJ COPTY 1 BOJOrOCTI MPOAYKTY,
yacy 100 1 poKy, TeMIepaTrypa BIANPalbOBAHOTO MOBITPS B JICHHUN yac
cknagae 48-60°C. Temora, mo #ae 3 BIANPAUbOBAHUM IOBITPSM,
aKyMYJIIOETbCSI B TPaBIMHUIA aKyMyJIATOp-BUOApHUK (8), a OXOJOKEHEe
NoBITpst 1o moBiTponpoBoay (12) Hampasnsietbest B atmocdepy. llpu
TEMIepaTypl MOBITpsA, 10 Hae OuIplIe TeMrepaTypd HaBKOJIUIIHBOTO
noBiTps 1>t 3a nomomoror mmubepa (13), 3ayexHO BiJ BOJIOrOCTI
MOBITPSI, BIH YaCTKOBO 200 MOBHICTIO PELIUPKYIIIOE.

VY nennuii yac termynoBui Hacoc (3) mpaltoe Mo 3aMKHYTOMY KOHTYPY
a): OBITPsIHUI KOHJIeHcaTop (4) 3'€HaHMI 3 MTOBITPOOXOJOMKyBadeM (5) 1
BUTIAPHUKOM, BCTAHOBJICHUM B COHSIYHOMY KOJIEKTODI (6), TpyOonmpoBoaoM
(17) uepe3 Bentuns (18). Ilpu upomMy Temmeparypa BCMOKTYBaHHS
pobouoro Tina R—410a nopiBHwoe t,, = 45-50°C, a Ttemmnepatypa
xonaencaii t, = 70°C, t, = 16-20°C.

VY BeuipHii yac g00u abo0 XMapHUN Yac DKEpPEIoM Teruia Jyis
HarpiBaHHS MOBITPS B KOHACHCATOPI (4) € TEII0Ta aKyMyJIbOBaHa B Irpasii 1
TEIUIOTa BIANpalboBaHoro noBiTps. [lpu npomy, sIKIIO Temneparypa micis
IpoceitoBaHHd (BeHTWJs1) Oyle MEHIe TeMIepaTypyd HaBKOJIMIIHBOTO
cepenopuiia t,<t,.. O6uasa Bentuii (18, 20) OynyTh BIAKPUTUMHU, a SKIIIO
t,>t,c TO BenTmwnnp (18) Oyme 3akputmii, a BeHTWIb (20) BIAKPUTHH.
BianparsoBaHe moBiTps, MPOXOAA4n Yepe3 BUNApHUK (8), Bijgae B HOMY
YaCTHHY CBO€I TEIUIOTH, TpPH L[bOMY TeMIeparypa HOro [ocsirae
TEMIIEpAaTypd POCH 1 TIOBITPSA  OCYIIYEThCA, a TOTIM  dYepe3
PELUPKYISAIUOHHKHN MoBiTporpoBia (12) 3a momomoror mubepa (13) BiH
npsaMye B TOBITponpoBif (9).

Tak sx B mporieci cyuriHHS GpyKTiB 0OCIT MPOIYKTIB 3MEHIITYETHCS B
4-5 pasu, a TPUBANICTH CYIIHHS CKIagae 2-3 mobu, depes3 100y HeoOXiTHO
Ha TIOJOBHHI JOBXHHH KOHBeepa (24) mpu WIUIBHOMY MPWISTaHHI
neperopoaku (25) A0 CITKH TNPOAYKTY TMEpeMilnaTd 1 YIIUTbHUTH.
OpHouacHO B 3aBaHTAa)KyBaJbHO1 YACTUHU YCTAHOBKM 3aKJIaJIal0OThCS HOBI
napTii IPOAYKTY.

Bucnosku. Po3pobiena remiocymiapka 3 TEIJIOBHM HAacocoM Ha 0asi
BiJTHOBJTIOBAHMX JDKEPEN €HEeprii chopusTuMe IHTeHCH]IKamii mporecy
CYIIIIHHS 1 OCBO€HHS iX BUPOOHMIITBA, Ta BOJHOYAC TMO3UTHBHOMY BILIUBY
Ha BUPILIEHHS €KOJIOTIYHUX MPOOJeM €HEPreTUKH 3a PaxyHOK 3aMilllEHHS
EJIEKTPUYHOT Ta TETUIOBOI €HEPTii, OTPUMAHOI 3 BUKOPUCTAHHIM COHSYHOI
€Heprii, Ta MOM'SKIICHHS COIIAJIbHUX TPOOJEM BHACIIOK CTBOPEHHS
HOBUX pOOOYMX MICIb IIPU BUTOTOBJIEHHI, MOHTaX1 Ta €KCIUTyaTallil TaKuX
YCTaHOBOK.
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Tomy peanizamito HamKX JOCHIKEHb OyJIO MOJAHO Yy BHUIVISL
IHKEHEpHUX METOAIB JJisl pPO3paxyHKy 1 MPOTHO3YyBaHHS MPOLECIB
KOHBEKTHUBHO-PAJIalliIlHOrO  CYWIIHHA 31 3MIHHMMHM  HOTEHIaJIaMH
TEIJIOMAaCONEPEHECEHHs], SIKI € 0a3010 JUIsl MPOTHO3YBAaHHS IHTEHCHBHOCTI
CYILIIHHS Ta MIJCTaBOIO JJIs pO3pOOKH i BIOCKOHAJEHHS palllOHAIbHUX Ta
€HEProolagHuX K TEXHOJIOT1H, TaK 1 CyIIMJIbHUX YCTaHOBOK. [IpakTuuny
IIHHICTh JTaHUX JOCIIKEHb MPEACTaBIs€ HOBUU TUMM OOJIAHAHHS JIs
BUKOPHUCTaHHS COHSYHOI TEIJIOBOI €HEPrii B MpoLiecax CYyIIIHHS MaTepiaiy,
BU3HAUEHHS MapaMeTpiB KOHBEKTHUBHO-PAJIallIfHOIO TEIIOOOMIHY B
mpoleci CymiHHS, 1o € 0a3010 I MPOEKTYBAaHHS HOBUX KOHCTPYKIIIH
CyIIapOK Ta CTBOPEHHS Ha IX OCHOBI EHEProoulaJHUX TEXHOJOT1N
CYILIHHS.
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DESCRIPTION OF THE MANUFACTURED HELIO DRYER
WITH HEAT PUMP

Summary

The purpose of this study is to improve the efficiency of the technological process
of drying fruits based on the development of the design and the justification of the
structural and technological parameters of the solar dryer, which will ensure a reduction
in the cost of energy resources.

In accordance with the set goal, it was necessary to perform the following task: to
develop the design of a solar dryer with a heat pump and to justify its structural and
technological scheme.

The design of a solar dryer with a heat pump is proposed, the use of which makes
it possible to increase the thermal productivity of the installation by 2 times in order to
solve the problems of using renewable, environmentally friendly sources of heat energy
for drying fruits.

The developed solar dryer with a heat pump based on renewable energy sources
will contribute to the intensification of the drying process and the development of their
production, and at the same time have a positive effect on the solution of environmental
problems of the energy industry due to the replacement of electric and thermal energy
obtained with the use of solar energy, and the mitigation of social problems due to the
creation new jobs in the manufacture, installation and operation of such installations. At
the same time, the use of solar air collectors or heat pumps, which work together with
dryers, can solve the issue of independence from centralized energy supply, reducing
the level of energy consumption, etc.

Therefore, the implementation of our research was presented in the form of
engineering methods for calculating and forecasting processes of convective-radiation
drying with variable potentials for heat and mass transfer, which are the basis for
forecasting the intensity of drying and the basis for the development and improvement
of rational and energy-saving technologies as well as drying plants. The practical value
of these studies is represented by new types of equipment for using solar thermal energy
in material drying processes, determining the parameters of convective-radiative heat
exchange in the drying process, which is the basis for designing new designs of dryers
and creating energy-saving drying technologies based on them.

The obtained results can be used during the development and improvement of
technical means of drying fruits, to increase the technological and energy efficiency of
the process.

Keywords: solar energy, solar fruit dryer, heat pump, heat accumulator, drying
chamber.
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OAEPXKXAHHSA TA BUBUYUEHHASA BJIACTUBOCTEM
TFETEPOCTPYKTYPH ZnO/SiC/porous-Si/Si

Anomayia. Y poOOTI HaBeIEHO pe3yJbTaTH OJEPKAHHS TE€TePOCTPYKTYpPH
ZnO/SiC/porous-Si/Si  Ta BUBYEHHs il CTPYKTYpHHUX Ta  eIeKTPODI3UIHUX
BracTuBocTed. JlocmipkeHHsT BiAOyBanocs B YOTHUPH €Taly: OTPUMAHHS MOPYBATHUX
KpEMHIEBUX IIapiB; oca/pkeHHd MIiBok SiC MerogoM TBepAo(das3Hoi emiTakcii;
oca/pKeHHs TUTBOK Zn(O METOIOM MAarHeTPOHHOTO PO3IMWICHHS; MOJICIIOBAHHS
(YHKIIIOHAILHUX ~ XapaKTEPUCTHK (POTOMEpeTBOpIOBaYa Ha OCHOBI BHUTOTOBJICHOI
cTpyktypu. Ha TpeTbomy erari 3pa3ku Oyyid MOJUICHI Ha ABI MapTii B 3aJI€KHOCTI BiJ
TpuBasiocTi mpormecy ocamkeHHs (10 ta 20 xBunmH). 3a pe3yjbTaTaMH CKaHYHOYOi
€JIEKTPOHHOI MIKPOCKOIIi BU3HAYEHO MapaMeTpH MIapiB JOCIIHKYBAHOI CTPYKTYPH, K1
B IOAAJBIIOMY BHUKOPHUCTAHO [UIS MOJENIOBaHHS (OTOENEKTPUYHUX MapaMeTpiB
coustaroro enementa ZnO/SiC/porous-Si/Si B cumyastopi PC1D. Tosmuna trapy ZnO
BU3HAYa€ KUIBKICTh BHUIPOMIHIOBAHHS, IO HAAXOIUTh JO KPEMHIEBOTO IMIapy
¢doroneperBoproBaya. BeraHoBneHo, 1o A1 3pa3kiB maptii 2 0yJ0 OTpUMAaHO BUIIMMA
KK]I — edexTuBHICTB 3pocTae 13 poctom muriBku ZnO.

Kmiouosi  cnosa:  nnieka  ZnO, naiska  SIC, nopyeamuii  kpemmii,
¢omonepemsoprogau.

Ilocmanoska npobaemu. Oxcuan metaniB (TiO2, ZnO, Al,Os, Fe0s3
Ta 1H.) JOyXe TMEepPCHeKTUBHI Il 0araThOX 3aCTOCYBaHb y MIKpO- Ta
onroenekTpoHiri. Cepea nmepeniyeHnx okcuIiB MeTaiaiB ZnO BUIUIIETHCS
CBOIMU IepeBaraMu: CTaOUTbHICTIO, XOPOIIO0 €IEKTPOHHOIO MPOBITHICTIO,
BHUCOKOIO XIMIYHOIO CTIHKICTIO, IIHUPOKOIO 3a00poHeHor0 30HOI0 (3,1-
3,3e¢B) Tomo [1-2]. OmHak BJIACTUBOCTI BHUIOTOBJICHUX €JICKTPOHHHUX
MPUCTPOIB Ha OCHOBI OKCHAY IIMHKY 3HAYHOIO MIPOIO 3aliekaTh BIJ
migkaagok. OCTaHHIM YacoM aKTHUBHO JOCHTIIKYIOTBCS T€TEPOCTPYKTYPH
ZnO/Si [3-5]. Opnak mig 4vac ocamkeHHs ILIiBKH ZnO Ha KpPEMHIEBY
MIJKJIQIKy BHHHUKAE€ TEXHOJOTIYHA TMpobsiemMa, IOB’s3aHa 31 3HAYHOIO
PI3HHIICIO B TEIUIOBUX KOEQIIIEHTAX PO3MIUPECHHS 1 MOCTIMHUX TPATOK IHX
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MarepiaiiB, LI0 HOPU3BOAUTH [0 TMOSBH JAHUCIOKALIM B CTPYKTYpI.
KoHueHTpaliss TakMx HACKPI3HUX JHUCIOKalld MOXE MPU3BECTH [0
3HaYHOTO TICYBaHHS NPUCTPOIB HA OCHOBI IUX TeTepocTpykKryp. s
3MEHIIEHHS KITBKOCTI JE(QEeKTIB y TEeTePOCTPYKTYpl 3ampornoOHOBAHO
BUKOpUCTaHHs OydepHux mapiB [6-7], sKki 3aXUIIATUMYTh KpPEMHIEBY
MIJKJIAAKy BiJl XIMIYHOI B3a€MOJIi 3 KHCHEM, BOJISHOI TMapow Ta
XJIOpBMICHUMH criojiykamu [8] Ta 3amoOiraTUMyTh MMOsIBI aMOp(HHUX Ta
MOJTIKpUCTaNIYHUX (Da3 Ha MeX1 PO3AUTY HamiBIOpoBiAHUKIB [9]. OnHuM 13
BapiaHTiB € BUKopucTanHus miiBku SiC sk Oydepnoro mrapy [10].

Y 3B’SM3ky 3 UM aKTyalbHHAMH € TOJaJbIlli JJIOCHIKCHHS
dopmyBanns cucremu ZnO/Si 3 npomixkauME 1apamu SiC i mopyBaToro
KpEMHII0 Ta 1ii BIUIMBY Ha BJACTUBOCTI TOBEPXHI OTPUMAHOI
reTepOCTPYKTYPH.

Ananiz ocmanunix oocnioxcenv. Y (doroBosbTaill TUTiBKAa ZnO
BUKOPHUCTOBYETHCS HE JIMINE SK BIKHO COHSYHOTO €JIEMEHTa, alleé W sK
yacThHa  P-n  rerepomepexony. OnmHak  HasABHI  JIOCIIKCHHS
rereponiepexony  ZnO/Si  cBig4aTh  MpO  HHU3BKY  €(QEKTUBHICTH
¢doroneperBopennst [11-12]. V  psai  poOIT MOBIIOMISETBCS PO
MIHIMI3aI10 1e(PEeKTIB Ha MEX1 OKCHAY LMHKY 1 KPEMHIIO Ta ITiIBUILICHHS
€(EeKTUBHOCTI COHAYHOTO €JIEMEHTY 3aBJASKU BUKOPHCTAHHIO OyQepHHX
mrapi (Zn, GaN, AIN, SiO; ta inmux) [13-15]. Tlpukiaamgom OydepHOoro
mapy Moke OyTH IOpyBaTa IMOBEpPXHsS KpeMmHieBoi mimkmagku [16-17].
Hamu B [18] moBeneHO MOKpaleHHS XapaKTEPUCTHK (HOTOMEPETBOPEHHS
ZnO/porous-Si, 1o MPU3BOANUTD 10 30UIBIICHHS YyTIUBOCTI, ITiIBUIIYOYN
AMOBIPHICTP BHKOPHUCTAHHS JaHUX CTPYKTYp SK QoTomnpuiiMaya 3
IMIUPOKKUM CIIEKTPAJbHUM [1alla30HOM JOBXHUH XBWIb. OpHaK i dYac
oxepkaHHs rerepocTpykryp ZnO/porous-Si/Si  3pocrae HMOBIpHICTB
yTBOPEHHS MpoMixkHOro mapy SiOy, sikuii Oyze BIUIMBATH HA BIACTHBOCTI
CTPYKTYD.

3 iHmoro OOKy, cepel MarepiaiiB, IO MOXYThb BUCTyHaTH SK
OydepHuii map, ocobnuBe Micme 3akiMae KapOin kpemHito SiC, marouun
BHUCOKY PYXJIMBICTh €JIEKTPOHIB, BUCOKY MPO30PiCTh, BUCOKE T0JIE TPOOOI0
Ta BUCOKY TEILTONPOBiAHICTH [19].

Hnst omepxanuss miiBku ZnO Ha mOBepxHI KapOiqy KpEeMHIIO
BUKOPUCTOBYIOTh Pi3HI METOJW: METaJOOpPTaHiuHa eMiTaKkcis 3 mapy
(MOCVD) [21], 3omb-Tens meron [22], BHCOKOYACTOTHE MarHEeTPOHHE
posmmiieHHs [23], ocamkeHHss atomHoro mapy (ALD) [24], MonekymspHO-
npomeHeBa emitakcist [20] Tomo. MeToau OTpUMaHHS  CKJIAJOBHX
(GOTOBONBTATYHOI CTPYKTYpH 3HAYHOIO MIpOI0 BIUTMBAIOTH HE JIMIIE Ha
BJIACTUBOCTI TETEPOCTPYKTYypH, aje W Ha TapaMeTpud MPHIaiB, SKi
BUTOTOBJIIOIOTH HA iX OCHOBI.

Bcranogneno, 11(0) reTepornepexiy Zn0O/SiC/S1 MOXKE
BUKOPHCTOBYBATH COHSYHY €HEPrito B IUPOKOMY criekTpi [25]. Duan L. ta
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1HII moka3anu, mo miBka ZnO Ha mapi SiC Mae OUIbII BUCOKY SIKICTb
KpUCTaJliB, HDK Oe3MocepeHhO0 Ha MIAKIAANI Si, a BUKOPUCTaHHS
oypepnoro mmapy SiC € e(peKTMBHUM METOJIOM BHUPOIIYBaHHS
BHCOKOSKICHUX IUIiBOK ZnO Ha migkiaagkax Si [21].

Bxe B pobGori [26] Oymo mokazaHo, 100 epEKTUBHICTH
(OTOENEKTPUYHOIO NEPETBOPEHHSI TOJIMIHIX rerepornepexoais ZnO/n-
SiC/p-Si 3pocTana B yoTupu pasu, y TOPIBHSIHHI 3 reTeporepexogamu N-
Zn0O/p-Si.

VY nmochimkenHi [27] 3MOeNbOBAaHO COHSYHUN €JIEMEHT CTPYKTYpHU
Air/ZnO/SiC/c-Si/a-Si(n)/Al 3a momoMoror mporpamMHOro 3ade3neueHHs
Wafer Ray Tracer. ABropu nokasyroTh, o 0e3 mapy SiC moriuHaeTbes
mame 57,48 % magarouoro cBitia i reHepyetbes 26,85 MA/cm?
dotorenepoBanoro crpymy. Ilpu TtoBmmHi mapy SiC 70 HM MOXHa
JOCSTTH 30UIbLIEHHS CBITJIIONOrIMHAHHSA Ha 22,16 % 1 doTorenepyBaHHs
ctpymy Ha 38,54 %.

TakuM 4YWHOM, ¥ Hajgam 3aJIHMIIAETHCS aAKTyaIbHUM ITHTAHHS
BUTOTOBJICHHS, JIOCTI/DKCHHS  CTPYKTYPHUX, ONTHYHHUX, a TaKOX
enekTpodizuyHuX BractuBocted cTpykTypu ZnO/SiC/porous-Si/Si 3
METOIO0 TOJIATBIIIOT0 BUKOPUCTAHHS 11 sIK (DOTOMEPETBOPIOBAYA COHSYHUX
€JIEMEHTIB.

Dopmynioeanns memu cmammi (nocmanoska 3asdaris). MeToro
pobotn €  oTpumaHHs  rerepocTpykryp  ZnO/SiC/porous-Si/Si,
XapakTepu3allis IMOBEPXHI BHUTOTOBJICHHX CTPYKTYp Ta MOJIETIOBAHHS
(GYHKIIIOHAIPHUX ~ XapaKTEPUCTUK  (OTOMepeTBOpIoBaYya Ha  OCHOBI
rerepoctpykrypu ZnO/SiC/porous-Si/Si.

Ocnosna wacmuna. doToNEpETBOPIOBAY HA OCHOBI T€TEPOCTPYKTYpHU
ZnO/SiC/porous-Si/Si 0yyi0o BUTOTOBIICHO B KiJibKa €TaIliB:

1. Amnonne TpaBieHHS MOHOKpUcTamiyHuX rmactud Si (111) 3 meToro
oJiepKaHHs opyBaroro miapy Si [28].

2. Bigman me3zonopyBaTHX 3pa3KiB Si B MOTOII CyMIIlll Ta3iB OKCUIY
Byriemto CO Tta cunany SiHg, B pe3ynbTari SIKOToO BiIOYBAa€THCS YTBOPEHHS
TUTIBKY KapOily KPeMHI0 3a METOAMKOI0, OITUMaHO0 B podoTax [29-30].

3. OcamxeHHss  TOHKMX  IIiBOK  ZnO BUCOKOYaCTOTHUM
MarHeTpOHHUM PO3IMUJICHHSM ITMHKOBOI MillleHI B atMocdepi aproHy Ta
kucHio [8].

4. MogentoBanHsl mapameTpiB (OTOMEepeTBOPIOBaYiB HAa OCHOBI
rerepoctpykrypu ZnO/SiC/porous-Si/Si (puc. 1).

Ha tpeTromy etami 3pa3ku Oyyiu MOIJICHI HA ABI TPYIH B 3aJIEKHOCTI
BiJl TPUBAJIOCTI MPOIECY OCAKCHHS: TEpIIa MapTis JOCIITHUX 3pa3KiB
Oyna orpumana min 4ac Bimmany 3paskiB SiC/porous-Si/Si B atmocdepi
aproty 3 kKucHeM BIpojoBxk 10 xBwiuH (mani — maprtis 1), apyra — 20
XBUIUH (nami — maptis 2). OOuaBi mapTii JAOCHIKYBaIUCA METOJAO0M
CKaHyIO4YOl  CJIGKTPOHHOI  MiKpockomii  (CKaHyIO4YHil  eJIeKTPOHHUU
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Puc. 1. CEM-3006pakeHHS [TOIEPEYHOrO IIEPEPI3y TETEPOCTPYKTYP
ZnO/SiC/porous-Si/Si: a — mocmiguuit 3pa3ok mapTii 1; 6 — qociaHui
3pa3oK maprii 2

3a pesynbraramu CEM (puc. 1) BuU3HaueHO mapamMeTpH IIapiB
(tabum. 1).

Tabnuys 1
[Tapamerpu mapis rerepoctpykrypu ZnO/SiC/porous-Si/Si
Hlap ToBmMHA APy, MKM
3pa3ok maprii 1 3pa3ok mapTii 2
ZnO 0,29 0,97
SiC 0,08 0,09
porous-Si 3,0 2,8
Si 10,0 10,0

JocnimkeHHsT XIMIYHOTO CKJIaAy KOKHOTO 3 IIapiB FeTEpPOCTPYKTYPH
Oy7n0 BHMKOHAHO 3a JOMOMOTOI0 EHEProJUCIEePCIHHOTO CHEKTPOMETPY
Oxford Instruments X-Max 80 mm?. Cnexrp EDAX (puc. 2) miarsepmxye
CKJIaJ KOKHOTO 13 IIapiB JOCIIIKYBaHOI T€TEPOCTPYKTYypH. PesymbTatu
anamizy EDAX moka3yloTh HasBHICTh CHEKTPIB-MIKiB, IO BiAMOBIIAIOTH
eJIEeMEHTaM-CKJIaTHUKaM aHaTi30BaHoi BUOIpkH [31].

Ha ocHoBi oTpumaHOi CTpyKTypu OyJi0 3ampOIOHOBAHO BHTOTOBUTH
COHSIYHMUN eNeMeHT. KOHCTPYKIlii BHTOTOBJICHOTO (POTOEICKTPUIHOTO
nepeTBoproBavya HaBeneHa Ha puc. 3. [lmiBka ZnO Ha BepxHBOMY MIapi
CTPYKTYpPH J03BOJISIE CBITIYy MIPOXOAUTH Yepe3 Imap. YcepenHi akTUBHOTO
0a30BOT0 MIApPY EIEKTPOH-AIPKOBI TAPH TEHEPYIOTHCS MAIaI0UYUM CBITIIOM 3
BIIMOBIIHOIO JOBXWHOIO XBuil. Lli ¢oToreHepoBani MIpKHA Ta €IEKTPOHHU
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PO3AUISIIOTECS HpouecaMu audysii Ta apeildy, 1Mo Npu3BOIUTH A0 MOSBU
dboTocTpymy.

porous-Si

SiC/porous-Si/Si
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Puc. 2. EDAX-nocnimkenHs mapiB rerepoctpykrypu ZnO/SiC/porous-
Si/Si

200

porous Si

Si

Puc. 3. CxemaTuane 300pakeHHs (OTOIIEPETBOPIOBaYA HA OCHOBI
rerepoctpykrypu ZnO/SiC/porous-Si/Si
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MopemtoBaHHs (OTOCIEKTPHYHUX MApaMETPIB COHSYHOTO €JIEMEHTA
ZnO/SiC/porous-Si/Si  mpoBeaeHO B OJHOBHMIPHOMY  CHMYJIATOPI
HaniBnpoBigaukoBux npwianie PC1D [32, 33]. Ilix wac MopemoBaHHs
BUKOPUCTaHO (HOTOENEeKTpUYHI mapamerpu Mmarepianie  ZnO, SiC,
nopyBatuii Si Ta Si, HaBeneHi B HaykoBiil sitepatypi [34-39]. Tosmuna
mapiB  o0upasach BIJMOBIAHO [0 pe3yJbTaTiB CKAaHYIOUOI €JIEKTPOHHOT
Mikpockorii (puc. 4).

0,01
0,00 - —a— party 1
—e— party 2
<T -0,01 1
o
S
E 0,02
E L]
<
-0,03 |
'O, 04 T T T T T T T T 1
0,0 0,2 0.4 0,6 0,8
Voltage, V

Puc. 4. Bonbr-aMriepHi XxapakTepUCTHKH (OTONEPETBOPIOBAUIB
ZnO/SiC/porous-Si/Si

Tabnuys 2
OcHOBHI (OTOCIEKTPUYHI TTapaMeTPU FreTEPOCTPYKTYPHU
ZnO/SiC/porous-Si/Si

Cuna dakTop
CTpyMy, Hamnpyra, 3anoBHeHHsA | KK/,
JlocmimHmit 3pa3ok Isc, MA Voc, MB FF, % %
[MapTis 1 34,4 795,4 83,0 22,7
[MapTis 2 36,8 775,6 80,9 23,1

ToBmmuaa mapy ZnO Bu3HAYa€ KUTBKICTh BUIIPOMIHIOBAHHS, IIIO
HAJXOJUTh JI0 KPEeMHIEBOTO 1Iapy QoromneperBoproBada. 3 puc. 3 i Tadi. 2
cmiaye, mo s 3paskiB maptii 2 Oyno orpumano KK/ summit va 0,4%,
TOOTO €(hEeKTUBHICTH COHSYHOTO EJIEMEHTY 3pPOCTa€ 3 POCTOM TOBIIMHHU
mwiiBku ZnO.

Bucnosku. MetogoM MarHeTpOHHOTO PO3MHUJICHHS OTPUMAHO TUTIBKU
Zn0O na minknaakax SiC/porous-Si/Si. 3pa3ku Oynau NoJUICHI HA Bl MapTii
B 3aJIEXKHOCTI BiJ TpUBaAJIOCTI mpoiecy ocamkeHHs (10 ta 20 XxBuiauH),
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TOBIIMHA TWIiBOK ckjana 0,29 ta 0,97 MkMm BIAMOBIIHO. Y MpPOrpaMHOMY
nakeri PCID  3MozenboBaHO  (YHKUIOH&JIbHI  XapaKTEPUCTUKHU
(oTonepeTBOprOBaYa Ha OCHOBI BUTOTOBJIEHUX CTPYKTyp. BcraHoBieno,
oo JJs CTpYKTyp 3 ToBIIMHOK TUTiBKH ZNO ~290 HM e(eKTUBHICTH
MEPETBOPEHHS COHSYHOTO BUIIPOMIHIOBaHHS ckiano 22,7%, s TUTIBOK
TOBIIMHOIO ~970 HM — 23,1%.

lloosixa
Jlocniooicennss suxonano 3a niompumku Minicmepcmea oceimu i
Hayku Ykpainu, a came: HIIP Ne 0121U113502 ma Ne 0121U109519.
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V. Kidalov!, A. Dyadenchuk?
1 Dmytro Motornyi Tavria State Agrotechnological University

OBTAINING AND STUDYING THE ZnO/SiC/porous-Si/Si
HETEROSTRUCTURE PROPERTIES

Summary

The paper presents the results of obtaining the ZnO/SiC/porous-Si/Si
heterostructure and studying its structural and electrophysical properties. The research
took place in four stages. At the first stage, porous layers on a silicon substrate were
obtained. At the second stage, SiC films were deposited on the porous silicon surface by
the solid-phase epitaxy method. ZnO films were deposited on the surface of SiC/porous-
Si/Si heterostructures by magnetron sputtering. At the last stage, the functional
characteristics of the photoconverter were modeled on the basis of the manufactured
structure. The study of the chemical composition of each of the layers of the
heterostructure was performed using an Oxford Instruments X-Max 80 mm? energy
dispersive spectrometer. The EDAX spectrum confirms the composition of each of the
layers of the investigated heterostructure. At the third stage, the samples were divided
into two batches depending on the duration of the deposition process (10 and 20
minutes). Based on the obtained structure, it was proposed to manufacture a solar cell.

Based on the results of scanning electron microscopy, the parameters of the layers
of the studied structure were determined, which were subsequently used to simulate the
photovoltaic parameters of the ZnO/SiC/porous-Si/Si solar cell in the PC1D simulator.
Other parameters of ZnO, SiC, porous Si and Si materials are taken from scientific
literature.

It was found that for structures with a ZnO film thickness of ~290 nm, the solar
radiation conversion efficiency was 22.7%, for films with a thickness of ~970 nm —
23.1%. That is, for the samples of batch 2, the efficiency was obtained higher by 0.4%,
that is, the efficiency of the solar cell increases with the increase in the thickness of the
ZnO film. The thickness of the ZnO layer determines the amount of radiation that
reaches the silicon layer of the photoconverter.

Keywords: ZnO film, SiC film, porous Si, photoconverter.
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MOJIEJJIOBAHHSI ABTOHOMHOI COHSIYHOI1
EJEKTPOCTAHUII AJI1 JOCJIJKEHHS PEXHUMIB i1
POBOTHU

Anomayisn. B pobOTI mpeAcTaBieH] €Tany MOJETIOBaHHS aBTOHOMHOI COHSYHOL
€NEeKTPOCTaHII JUIsl JOCHIDKEHHST pexuMiB il poOotu. OIliHKa BUKOHYETHCS 3a
JIOTIOMOTOI0 TPOCTOr0 AHAJIITUYHOIO METOAY BWIIYYEHHS MapameTpiB, BKIIOYEHUX B
PIBHSHHS MOBEAIHKH QoToenekTpuaroro moayist (DEM). [IpeacraBiena mareMaTuyHa
Mozenb ¢otoenekrpuuHoro enementa (PEE) 3a gomomoror cepemoBumia Matlab
Simulink 115 3HaXOKEHHS TTapaMeTpPiB HENIHIMHOTO PIBHAHHS, 110 3B's13ye cTtpyM (1) 3
piBHsHHAM Hanpyru (U). BukopuctaHo mpocTuii 1 yCHIITHHN METOA IS OI[IHKH
MOCJTIZIOBHOTO OMOpPY, KoedillieHTa i/1eadbHOCTI, KOHTPOJIO TOYKH MaKCHUMAaJIbHOI
notyxkHocti (TMII), crpymy Hacu4eHHS 1 MPOBITHOCTI, MO IIYHTYE, B COHSIYHHX
eJIeMeHTaxX, 10 ONMPOMIiHIOIThCA. Posrisamaerses koHCcTpykiis DC-DC nepeTBoproBaua
ta ixrerpamis DC-DC mneperBoproBaua 3 ¢oromoayinem. DC/AC mneperBoproBad,
po3pobiienuii i 3MozeapoBanuit 3a qomomororo Matlab Simulink. Bxiani i Buxigsi gaHi
MepeTBOPIOBayYa OTPUMaHi B pe3yJibTaTi MOJICIIOBAHHS B YMOBAaX BIAKPUTOTO KOHTYPY 3
MOCTIMHOI0 BXIJHOIO HAIPYTrol MOCTiiiHOTO cTpyMy. KpiMm TOro, Buxomum OepyThes 3
MepeTBOPIOBaya, MOAAIYM Ha HHOT'O BUX1J (POTOENIEKTPUIHOTO MOIYJIS.

Knrouosi cnosa: consiuna naHenb, MOJICIIOBaHHS, MATEMAaTUYHUI METOJ], COHSYHA
€Heprisi, aBTOHOMHA €HepreTuka, (POTOEIEKTPUYHUI MOYJIb, IJIaH KUBJICHHS.

Ilocmanoska  npobremu. CydacHi  TEHHEHII  PO3BHUTKY
CJIEKTPOCHEPTETUYHUX CHUCTEM TIOB'SI3aHI 3 MAacCOBUM BIIPOBAKEHHSIM
HOBUX TEXHOJIOTiM, TaKMX SK pO3MOJiJIeHa TEHepalis Ha OCHOBI
BimHOBMIOBaHMX Hkepen eHeprii (BJIE) [1]. OcHoBHMMHE 3a1a9aMu CBITOBOT
MOJIITUKK B Tally3l ambTepHATHBHUX JDKEPEN EHeprii € 30UIbIIeHHS
BUPOOHHUIITBA 1 CIOKMBAaHHS €HEprii, sika BuUpoOsseTsest BJIE, 3 meToro
€KOHOMHOTO  BHKOPHWCTAHHS  TPAAWIIIHHUX  MaJIUBHO-CHEPTETUYHUX

© TI'ampko C. B., Mipoumux O. O., Cusenko M. M., Shchur T., Markowska A., 2023
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pecypcis [2].

JocnipKeHHs BITHOBJIIOBAHOI ~ €HEPIreTHKHU nokasamu 11
edexkTuBHICTh. COHSIUHA EHEPreTHKA € HaOLIbII PO3BUHEHUM HAIPSMKOM,
gKa J03BOJIAE€ 3HU3UTU BApTICTh 1 BUTPATY MajvBa ACIEHTPaANI30BaHUX 1
SHepreTUYHNX BiJaNCHUX JKEpeN JKUBIEHHS. TakoX Taki CHCTEMH He
MarTh PyXOMHUX YaCTHH, HE BUPOOJISIOTH IIIyMY, IPAKTUYHO HE BUMAralOTh
o0cnyroByBaHHsl, He 3a0pyAHIOIOTH HABKOJUIIHE CEPEJOBUILIE, MAarOTh
MOJYJIbHY CTPYKTYPY 1 BUCOKY HaAilHICTBH [3-5].

doToeneKTpuIHa re’eparis (DED) eJIEKTPOEHEPrii €
HAWBAXUTMBIIIIMM 1 CTIHKAM aJIbTEPHATUBHHUM JKEPEIIOM EIIEKTPOEHEPTIi,
JOCTYITHUM B JJAHUH Yac 3aBISKH BEJIMKIM KUTBKOCTI Ta JIETKOMY JOCTYITY
COHSIYHO1 pajiamii HaBkojo 3emii. He3Bakaioun Ha KOPOTKY TpPUBAJICTb
COHSIYHOTO CBITJIa, COHS'YHA C€HEPrisl MIMPOKO IOCTyIHA B JIEHHUH dYac i
BUTbHA JJIs BUKOpuUcTaHHs [6,7]. HemonaBHo (oToenekTpuuHa cucrema
OyJa BU3HAHA JIJEPOM Yy BUPOOHMIITBI BIJHOBIIOBAHOI E€JIEKTPOCHEPTII,
OCKIIbKA BOHA MO>K€ T€HEPYBaTH MOCTIHHY €JIEKTPOSHEPrito 6€3 CHIbBHOTO
BIUIMBY Ha HABKOJIMIIHE CEPEIOBHIIE Ta 3a0pynHeHHs [8].

Enextpodizuuni XapakTepuUCTHKH (OTOCIEKTPUYHUX TMaHene —
HaWBaXJIMBIII MapaMeTpH, OLIHIOIOYH SIKi, MOXHA 3pOOUTH OOTPYHTOBaHUI
BUOIp MPO MEPCIEKTUBHICTS BUKOPUCTAHHS MAHEN1 /111 CTBOPEHHS COHSIYHOT
€JEKTPOCTaHINi 3 HEOOXITHMM 3HAYEHHSM BHXITHOI  €JIEeKTPUIHOI
notryxHocti. Jlo 1mMX mapaMerpiB  BIIHOCSTBCS: CTPYM KOPOTKOTO
3aMHMKaHHs, Hanpyra xojoctoro xoxy, KK/I Tomro.

Ananiz  ocmamumnix  Odocniodcenb.  BUKOPHCTOBYIOYH  MOJEIb,
TEOPETUYHO MOMKJIMBO MEpeI0aYUTH MOBEAIHKY (POTOETEKTPUYHOI CUCTEMHU
II0JI0 TIEBHHMX IapaMeTpiB, TaKUX SK COHSYHA pajiallis, TeMmreparypa i
omip. IcHyioTh pi3Hi Mogmeni QoroenekTpuyHux cucteM. Cepen HUX
HAWTPOCTIII Mojedai 3 ogHuM maiojgoM. lle Xopommit KoMmpomic MiXK
IIPOCTOTOIO 1 TOYHICTIO. HalWOIIbIIT MIUPOKO 3aCTOCOBYIOTHCS MOJIETI SIK 3
MOCJIIZIOBHUMHU, TaK 1 3 MapajeJbHUMH PE3UCTOPaMH, 1100 TTOKa3aTH BILUIMB
CBITIIa 1 TeMmmepaTypu Ha (OTOENEeKTpUIHUN MOIYNb, 3a0e3MeUnTu
B32€EMOJIII0 3 MEPETBOPIOBAYEM MOTY>KHOCT1, 3HAUTH ONTHUMAaJIbHI PIBHSIHHS
ctpymy (1) 1 Hanpyru (U) nist Mozeni 3 oHAM (DOTOEIEMEHTOM 1 BIUTHBOM
MOCIITIOBHOTO 1 mapanensHoro omopiB [9, 10]. Ilpsmuit po3paxyHOK
KOHTPOJIIOETHCS MaTEMaTHYHOI0 MOJIEJUII0 32 JOMOMOIOI0 MPOTrPamMHOIO
3abe3neyenHst Matlab Simulink.

Po3paxyHOK MakcUManbHOiI TOTY>KHOCTI JYyK€ BaXKIUBUU B
doToenmekTpuuHNX  cucremMax. @DakTHYHO 1€ BIANOBITa€  YMOBI
onTUMaIbHOTO BUKOpUcTaHHs cucteMu. Cuctemu OEI" 3 KOHTpOIbOBaHOIO
TOYKOIO MaKCUMAaJIbHOL MOTY>KHOCTI 3a0€31euyoTh Kpaly
MPOYKTUBHICTh, BUKOHYIOTH CHCTEMATHYHHUIA aHAII3 MIPU MOJCIIIOBAHHI Ta
OIL[IHIl KJIFOUOBUX MIJCUCTEM JJISI MaKCHUMIi3allli MOTY>KHOCTI COHSYHUX
Oatapeii. Ilpum iXx MojenmtOBaHHI BHUKOPHUCTOBYETHCS OJIHOMIONHA CXema
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3amimeHns [11].

Dopmysanns yineu cmammi. Po3pobka anroputMy KOHTPOJIO TOUYKH
MakcuManbHOi noTyxHocTi ®OEM s peryntoBaHHS MOTYXKHOCTI
(bOTOENIEKTPUYHOT CUCTEMHU.

Ocnosna yacmuna. DOTOENEKTPUYHI MACUBU BUKOPUCTOBYIOTHCS B
0araThbOX TEXHIYHUX J0JIaTKaX, TAKUX SIK 3apsIHI IPUCTPOI, MiIKIIOYEHI JI0
Mepexi (POTOENeKTpUYHI CUCTEeMH, TIOpUAHI COHSYHI Oartapei Ta
CYIyTHUKOB1 €HepreTHuH1 cucteMu (puc. 1).

Ha puc. 1, a, 6 HaBeneHi Mojieni (OTOENIEMEHTIB, SIKI HAlOUIbII YacTo
BUKOPUCTOBYIOTBCS, @ CaMe€ JIKEpENo CTpyMy MapayeibHe OAHOMY alo
IBOM JioaaM. Mojellb OJHOTO J110[a MA€ YOTUPU KOMIIOHEHTHU: JKEpeso
dboTocTpyMy, m10J TapajieiabHO JKEepeny, psall pe3uctopiB Rs 1 pe3uctop
Rsh, o myHrye. Ha pucyHnky 1, 6 npencraBieHa Mojesb 3 IBOMA 110JjaMu:
J0JTATKOBUM JI10J0M JIJIsl KPaIIoro MiJIrOHY KPUBOI.

Onip myHTa Rsh AocuTh BenukWii, TOMY HHMM 3a3BHUYail MOXHa
3HEXTyBaTU. TakuM YMHOM, MapaMeTpU4Hi Mojieni Ha puc. 1, a, 6 MOXyYTh
OyTu crpoleHi 10 puc. 1, B.

Ry 7 Rs I
I | It b |Ip:2

O 2ENOR £ >

- — -

) ;

Puc. 1. Cxemu ekBiBaJIeHTHI Mojiesiel (POTOCTEKTPUIHUX €TIEMEHTIB:
a — MOJIEJIb OJTHOTO /110/1a; 6 — MOJIeIb MOABIMHOTO /110/1a; B — CIIPOIIeHA
cxema 3amimieHHss OE

Buxinna nanpyra U 1 ctpym HaBaHTaxxeHHs | oB'si3aHi sk [1]:
=1, —lp=1, I, exp(ﬂ]—l, (1)
a
ne | — cBiTinoBwmii cTpym, A;
lo — cTpym HacuueHHs, A;
| — cTpym HaBaHTaXeHHS, A;
U — BuxiznHa Hanpyra, B;
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Rs — mocninoBuumii omip, Owm;
0. — Koe(ILIeHT 3aBEpIICHHS] BUMIPIOBAHHS TEIJIOBOI HApyry, B.
Yorupu napametpu (I, lo, Rs 1 @) MOoXyTh OyTH BHU3HAYeH1 s
oTpuMaHHsl cmiBBigHOmeHHsS |-U (Momens 3 yoTMpMma mnapamMeTpamMu).
ExBiBaneHTHa cxema Ha pUCYHKY 1, B 1 piBHAHHS (1) MacKylOTh CKJIaIHICTb
(akTUyHOI MOJENi, OCKUIbKM YOTUPU THapaMmeTpu € (yHKLISIMU
TEMIIEpaTypH, CTPyMY HaBaHTaKEHHsI, COHAYHOI pajiiallii.
CBiTiiOBUY CTpYM /| MOXKHA pO3paxyBaTH TaK:

()
I :_cp [' Lem T Hi1sC (Tc —Tc em )] (2)
em
ne @ — ocBiTieHHs, B1/M?;
@D,y — eTaloHHA OCBITJICHICTh (BUKOPUCTOBYEThCs 3HaueHHs 1000

B1/Mm?);
L em — CBiTIIOBMIA cTpyM 3a cTangapTHuX yMoB (1000 Br/m? ta 25 °C);
Tc — Temmneparypa ¢oroenementa (°C);
Tcem — €TaOHHA TEMIIEpaTypa (BUKOPUCTOBYETHCS 3HaueHHs 25°C);
fisc — TEeMIepaTypHUU KOE(ILIEHT CTPyMy KOPOTKOIO 3aMHUKaHHS
(A/°C);
ILem i t,5sc — BKa3y€ThCS y TEXHIYHOMY MAaCTIOPTI BUPOOHUKA.
Crpym HacudeHHsA lo MOXKHA BHpPA3UTH 4Yepe3 MOro 3HA4YECHHS IpU
CTaHJIapTHUX YMOBaX [7]:

3
. Tcom+273 exp €gapNs 1 Teom+273 3)
07 eml 1 1273 qa,, To+273 )|

ne loem — CTpyM HaCHUYEHHS TIPU CTAaHAAPTHUX YMOBAX, A;
€gap — MDKCMYyTOBUH 3a30p Martepiany (1,17 eB ans matepianis Si);
Ns — KUTBKICTB €JIEMEHTIB B cepii (HOTOCIEKTPUIHUX MOTYJIIB;
( — enexTponnuii 3apsz (1,60217733x1071° C);
Olem — BaPTICTh MPHU CTAHJAAPTHUX YMOBAX.

[TapameTpu Momyss Oyau B 3HAYHIM Mipi HaJIAIITOBaHI BIATOBIIHO 10
crenugikaniii Solar MSX60 s constanoro BunpoMinioBanss 1000 Br/m? i
temrneparypu enemeHTiB 25°C [3]. [lapameTpu Momysns HaBeneHi B Tabmuiil 1.

Tabnuysa 1

[TapameTpu MOyJIsI, III0O BUKOPUCTOBYIOTHCS Y MOJICITIOBaHH1

IlapameTpu Mmoayas 3HayYeHHs
Omnopna wanpyra (Uy) 17,1 B
Omnopnwuii ctpyM (Iy) 3,5A
TemnepatypHuii KoedillieHT cTpyMy KOpoTkoro 3amukanas | 3x10°% MA/°C
TemnepatrypHuii KoepilleHT CTPyMYy KOPOTKOTO -73x1073
3aMHUKaHHA, ff MB1/°C
CTpyM KOPOTKOIo 3aMUKaHH4, lsc 3,8 A
ITocnimoBHUi omip, Rs 0,47 Om
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Ha puc. 2 mokazaHo MOJEIIOBaHHS 3a JOMOMOTOI0 MPOrpamMHOro
3a0e3nedyeHHs Matlab Simulink 3anpononoBanoro @oromMomyns, SKuid
MIJKIIOYEHUH 10 PE3UCTHBHOIO HABAHTAXKEHHS IOCTIMHOIO CTPyMYy.
Pesuctrop R. OyB Bcranomnenuii Ha 4,5 Om gqus pobotu y TMIL VY
MOJIEJIIOBAHHI BMKOPUCTOBYBanocs Bunpominiosanus (G), 1000 Br/m? i
temmneparypa moayis (Tc) 25 °C.

Discrete
Ts=5e-005 I'—l
power gui D—‘,_u- >
Current
temperature
Load l:l
—|:|- >
—0

D—l T Voltage

Puc. 2. MoaentoBanHst HOTOMOYJIS JIJIs1 HABAHTAXKEHHS MMOCTIHHOTO
CTpyMy

radiation

Simulink PV Model

Baytpimniit pesuctop Ri 1 konaeHcatop C; Oynu BcTaHoBIeHI Ha 1
Om i 102 @ Bignosiguo. Ilepeximumii npouec ®EM mnpu iforo
MiIKIFOYEHH] 10 Pe3UCTUBHOTO HAaBAaHTA)KCHHS MMOKa3aHWW Ha puc. 3, a, 0,
B. Hanpyra HaBaHTa)XeHHS 1 CTPYM BCTaHOBIIOIOTHCS B MIOCTiHE 3HAYCHHS
npubm3Ho epes 0,05 ¢ mepexigHoro mporecy.

PospaxynkoBuii uyac Moxe Oytu ckopuroBanmii i Ci 1 R
PerynroBanns mepexigHoi peakiii ®EM o0co0auBO KOPUCHO IS aHAJI3Y
CTaO1ILHOCTI HAINPYTH Ta MOTYKHOCTI €HEPTrOCHUCTEM, IO KUBJSATHCS Bif
doTtoenekTpuuHanx  maHened.  IloTyxHicTh, 1O  TOJMAETHCS  Ha
HaBaHTOXEHHA 3 (OTOMOIYJSA, JOCATalacs B CTAJIOMY PEXHMI IICIs
MPOCKTYBaHHA TMepexiquux mporieciB. Lle mo3Bomsie OLIBIIT peamicCTUIHO
aHami3yBaTu (HOTOCTEKTPUYHI TAHEN1 MPY MOJICIIIOBAaHHI €HEPTOCUCTEMH.

Ha xapakrtepuctukax ¢GoTroMomyis € €IuHa TOYKAa MaKCUMaIbHOI
MOTYXHOCTI JIJ7I1 KOHKPETHOTO po0odoro crany. baxano, o6 Goromoynb
MparroBaB OJU3BKO J10 1€l TOYKHU, TOOTO BUXiA (POTOMOMYIS HAOIMKABCS
no TMII [4, 12].

Bonpr-ammnepni  xapaktepuctuku (BAX) 1 xapakTepHUCTUKHU
noTy)HOCTI (poroenexkTpuunoi maneni tumy JA Solar JAM60S09-325PR,
[0 BUITYCKAa€ThCA KoMmmaniero JA Solar, oTpuMaHHI eKCTIEpUMEHTATIBHUM
nuIIXoM TmpuBeAeHlI Ha puc. 4. BoHa wmae Taki OCHOBHI TEXHiYHI
XapaKTePUCTUKHU: Pmax = 325 Bt, U, = 41,04 B, I.; = 10,25 A, Upmax = 33,4
B, lmax = 9,72 A, rabaputhi po3mipu — 1657 mm x 996 mm x 35 mm.
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Buxiona nanpyea, B
Puc. 4. Bonbr-amnepHi XapakTepUCTUKH 1 XapaKTEPUCTUKU MOTYKHOCTI
doroenexkrpuunoi naneni tumy JA Solar JAM60S09-325PR

Buxinna MakcumanbHa TMOTYXHICTh Pmax HOPH IIIIBHOCTI MHUTOMOT
TMOTYKHOCTI COHSYHOTO BUIIPOMiHIOBaHHA 825 Bt/M? cranoButh 381 BT
npu BuxigHii Hanpy31 Umax = 34 B 1 Buxigaomy ctpyMi Imax = 11 A [13].

Icaye Gesmiu anroputmiB koHTponto TMIIL. Anroputm “30yproiTe i
croctepiraiite” (3&C) rapaHTtye, 10 CHCTeMa TMPAIOE ONTHUMAILHO B
pi3Hux ymoBax. Ha puc. 5 HaBeleHO 3ampoNOHOBAHUN aITOPUTM
koHTpot0 TMII ans perymtoBaHHs MOTYKHOCTI (POTOMOTYIIS.

Metoro anroputmy kKoHTposto TMII € aBTOMaTuyHe 3HAXOMKEHHS
MaKCHMaJIbHOI po00YO0i HANpyrw Ta MaKCHMAaJIbHOTO POOOYOTO CTPyMY,
pH sIKOMY (POTOMOIYJIb MOKE TPAIIOBATH Ha MaKCUMAaJIbHIN MOTYKHOCTI
IpU 3aJlaHuX CBITIOBUX 1 TeMrepaTypHux ymoBax. Aunroput™ 3&C
koHTpomto TMII mounHaeThcs 3 PO3PAXYHKY BHUXITHOI TOTYXKHOCTI
dboToMoys Ta ii 3MiIHH IUIIXOM BUMIPIOBaHHS SK CTPYMY, TaK 1 HaNlpyru
dotomonyns [11, 14]. Merox xontponro TMII B 1poMy BHMmanKy
MEepIoIMYHO KOHTPOJIOE MiABUIIICHHS a00 3HMKEHHS HANpPYTH COHSYHOTO
@OEM. Skmo Take 00ypeHHsS T€HEePY€EThCA B OJTHOMY 1 TOMY K HAMPSMKY 1
SKIIO BOHO TPU3BOJUTH [0 3HWIKEHHS TOTY>KHOCTI (DOTOMOIYJISA, TO
0OypEeHHsI TeHEPY€ETHCSA B 3BOPOTHOMY HAMPAMKY [5].

PoGounit mukn 3miHIOETECS 10 MOMeHTy oTpuManHs TMIIL. Omnrax
CHUCTEMa KOJHMBAETHCS HABKOJO TOYKHM MAKCUMAJIbHOI TOTYKHOCTI,
3MEHIYIOYH pPO3MIp KpPOKYy 30ypeHHs, TpU I[bOMY 3MEHIIYETHCS
KOJIMBAaHHS, aJI¢ YIOBUILHIOETCS BifcTexKeHHs [12, 15-17].

Proceedings TSATU. 2023.23.1



[Ipani TAATY Bunyck 23. Tom 1
171

( MOYATOK)
|

3HaueHHsa U(k), I(k)

}

[a Hi Hi [a

3MeHLEeHHS Uer 36inblueHHA Uer 3MeHLLeHHA Uer 36inblueHHA Uer

}

(' KHEUb )

Puc. 5. Cxema metony kortpoiao TMIT (3&C)

Ha puc. 6 mnpuBenena cucreMa 3MOJEIbOBaHA 3 TOYKH 30Dy
yOpaBiIiHHA. 3MiHa TeMmIepaTypu a00 BHUIIPOMIHIOBAaHHS CTBOPIOE HOBY
TMII. Cuctema noBUHHA MEPENTH HA 110 HOBY ycTaHOBKY. TMII Bukonye
3aBAaHHd MOHITOpHHTY crhiiabHO 3 III xoHTposepom. IlotiM HeoOXimHUMH
poOoUnii IUKI TOJAETHCSA HAa MPHUCTPINA, SKUH NMPUBOJIUTH B PYX 3aTBOP
MOSFET neperBoproBaya.

bibmioTeka crieriaaizoBaHUX €HEPTreTUYHUX CHUCTEM Ta EICKTPUIHUX
CIeliaTi30BaHNX CHEProcUcTeM OyJia BUKOPHCTaHA IS MOJEIIOBAHHS
mepexigHuX TporeciB. Monmenbs CTBOpeHa Ha OCHOBI NMPUOIU3HUX
xapakrepuctuk @OEI' 1 chopomennx MareMaTHyHuX QYHKIH, sgKa
mpelacTaBicHa y BUrsSAl Onmoky mimcucrtemu [18-20]. Peamizamiss Bciel
cuctemu B Matlab Simulink mokasana na puc. 6.

Pe3yabTraTtu aociaimxkenb. [Ipy monentoBaHHI BUKOPUCTOBYBAIHCS
4oTHpH pizHKUX noroguux ymosu [11]. Ile Ha6opu: 550 Br/m? i 25 °C, 600
Bt/M? i 35 °C, 1200 Bt/M? i 45 °C ta 1000 B1/M? i 55 °C. MakcumaibHa
notyxHicTh ®EM 1 BuxigHa MOTYXHICTh HaBEJIEHI HA PHC. 7/, a. 3pO3yMLiJIO,
[0 CHCTEMa JO0CATAE€ MAaKCHMAJIbHOI MOTYKHOCTI. Pi3HUI MiXX BUXiITHOIO
MOTYXHICTIO 1 TOTYXHICTIO (oToMOomynsi OOyMOBJIEHA BTpaTaMu B
nepeTBoproBaui [21, 22].
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BunpomiHioBaHHA

(BT/M?)
‘ \ Out+ D—VD In_1 out_1 In+
=1P_pv m
Out- ir-¢— t In-
45 - y—-Hin_2 Out_2
CoHsiYHa naHenb ™I IHBEpPTO HaBaHTaXeHHS
TemnepaTypa nepeTeopto- PEop
(°C) Bay

1

bartapes

Puc. 6. Mozens 3anpornoHoBaHoi (POTOENEKTPUUHOT CUCTEMU

3MO/1eIbOBAHO JIBA CLIEHAPIIO JJI OLIHKHU MPOJYKTUBHOCTI CHCTEMH.
Cuenapiii I: 220 Br/m? i 25 °C, 600 B1/m? i 35 °C, 800 B1/mM? i 45 °C Ta
600 Br/m? i 55 °C. 3 puc. 7, 6 BMAHO, IO CHUCTEMA BiICTEXye
MaKCUMaJIbHY TOTY)KHICTh HaBITh Ha IMX HHU3bKUX piBHAX. Crenapiit II:
550 Bt/m? 1 25 °C, 600 Bt/m? i 35 °C, 1200 B1/M? i 45 °C ta 1000 Bt/™? i
55 °C[12].

Ha puc. 7, B moka3aHa BiMOBiHA BUX1JHA TOTYXHICTh. IlepeBipeHo
BIIMB KoedimieHTa mifacuiaeHHs III koHTposepa Ha MNPOAYKTHUBHICTH
cucremu [23-26].

30utblIeHHs Koe(dillieHTa MiACWICHHS 30UIbIIye dYac IMiaioMy
CHUCTEMH 1, OTXKE, MOKpAIly€e PEakIlifo CUCTEMH Ha 3MIHY TeMmIlepaTypH i
BUTIPOMIHIOBaHHS [27-29], sk TOKa3aHO Ha pucC. &, a.

Ha puc. 8, 6 mokazanuii BB dactotd TMII Ha xapakTepucTUKy
cucremu. [Tpu 200 ' Biaryk nmoBiasHUM, pu 1 K['I1 BIATYK cTa€ MIBUIIIE.
30inpmenHs yactotu TMII Bume 1 k['11 He mokpariye BIATYK CHCTEMHU,
OCKUJIBKM  JMHAMiKa BCI€i CHCTEMH  KOHTPOJIOETBHCS  JTHHAMIKOIO
neperBoproBaua [30-32].

Bucnosku.

1. Ha ocHogi cepenoBuma Matlab Simulink Bu3HaueHa MakcuMaabHa
MPOYKTUBHICTh aBTOHOMHUX (DOTOCTIEKTPUIHUX CUCTEM B 3QJICKHOCTI Bij
piBHS COHSYHOI pafiallii i crany 3apsamy Oarapei. PesynpTaTtén mociimKeHb
MOKa3yl0Th, 110 HABAHTAXEHHS Ha CIIOKWBayaX MOKPHUBAETHCS HE3AJIEKHO
B1JI piBHS COHSYHOI pajiariii.
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2. Mopnenb GOTOEIEKTPUYHOI CUCTEMHU HA OCHOBI METOAY KOHTPOJIIO
TMII 3 BuKopuCTaHHSIM anroputMmy ‘30yproiiTe 1 cnocrepiraire”
J0TIOMAarae aHaji3yBaTH HPOAYKTHUBHICTb KOMEPUIMHUX (OTOMOIYJIIB.
3aranpHa MozeNb (HOTOETEKTPUYHOTO MOAYJS CHPOEKTOBAHA 3 HIMPOKO
BUKOPUCTOBYBAaHMMHU  OJIOKAaMM Yy  BUIUIAAI  OJIOKYy  3aMacKOBaHOI
niacucTeMu.  Pedynbrath  MOJENIOBAaHHSA — IMOKa3ylOThb  BIAMIHHY
Y3rOJKEHICTh 3 KPUBUMHU MNPOAYKTHUBHOCTI, HABEICHHUMH B TEXHIYHUX
nacrnoprax oOpaHuX MOJAEIIEH.

3. Moaenp Moxe OyTH BUKOpPHCTAaHA JJisi aHANI3y MPOAYKTHUBHOCTI
Oynb-aKOTO  KoMepuiiiHoro  ¢dotomonyns. Takok  3MOJIeTbOBAHO
nigBunyBanbHuil  meperBoptoBay DC/AC, a pesynbraTh OTpPUMAaHO Bif
NEepEeTBOpIOBaYa 3 MOCTIHHUM JKEPEJIOM BXOAY IMOCTIHHOTO CTpyMy 1
HUIIXOM IMIiJIKJIIIOYEHHA A0 Hboro Qoromonyns. Pe3ynbraTé mokasyroThb
ONM3bKy BIAMOBIAHICT MDK BHUXOJOM  BXIJIHOTO  IEpeTBOprOBaya
NOCTIMHOTO CTPYMY Ta (POTOETEKTPUYHOTO TIEPETBOPIOBAYA.

4. OtpumaHl BHXiJHI Hampyra Ta CTpyM (DOTOEIEKTPUYHOTO
NEpEeTBOPIOBaYa MOCTIMHOTO CTPYyMY NpHU 3MiHI PIBHIB €KCHO3UIT TpH
NOCTIHHIN TemMneparypi.
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SIMULATION OF AN AUTONOMOUS SOLAR POWER PLANT TO
STUDY THE MODES OF ITS OPERATION

Summary

The paper presents the stages of modeling an autonomous solar power plant to
study the modes of its operation. The evaluation is performed using a simple analytical
method for extracting the parameters included in the behavior equations of the
photovoltaic module. A mathematical model of a photovoltaic cell is presented using
the Matlab Simulink medium to find the parameters of a nonlinear equation that relates
current to a voltage equation. Based on the Matlab Simulink environment, the
maximum performance of autonomous photovoltaic systems was determined depending
on the level of solar radiation and the state of charge of the battery. The results of the
research show that the load on consumers is covered regardless of the level of solar
radiation.

A simple and successful method was used to evaluate the sequential resistance,
the coefficient of ideality, the control of the maximum power point, the saturation
current and the shunt conductivity in irradiated solar cells.

A photovoltaic system model based on the maximum power point control method
using the "Perturb and Observe™ algorithm helps to analyze the performance of
commercial PV modules. The general model of the photovoltaic module is designed
with widely used units in the form of a masked subsystem block. The simulation results
show excellent consistency with the performance curves given in the data sheets of the
selected models.

The design of the DC-DC converter and the integration of the DC-DC converter
with the PV module are considered. A DC/AC converter designed and simulated using
the Matlab Simulink environment. The input and output data of the converter are
obtained as a result of simulation in an open circuit with a constant DC input voltage. In
addition, the outputs are taken from the converter, feeding the output of the photovoltaic
module to it.

The output voltage and current of a photovoltaic DC-DC converter at changing
exposure levels at a constant temperature are obtained.

The effect of the Pl gain of the controller on the performance of the system has
been checked. Increasing the gain increases the ascent time of the system and therefore
improves the system's response to changes in temperature and radiation. The influence
of the frequency of the maximum power point on the characteristic of the system is
investigated. At 200 Hz, the response is slow, at 1 kHz, the response becomes faster.
Increasing the frequency of the maximum power point above 1 kHz does not improve
the response of the system, as the dynamics of the entire system are controlled by the
dynamics of the converter.

Keywords: solar panel, modeling, mathematical method, solar energy,
autonomous energy, photovoltaic module, power plan.
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JOCIIIZKEHHA HECUMETPUYHOI'O PEXKUMY HA POBOTY
JAAHAMIYHOI'O IHAYKTUBHOI'O HABAHTAKEHHA

Anomayisa. B po6GoTi npoaHaai30BaHO MPUYNHU BUHUKHEHHS HECUMETPIi HaIllpyT y
eJIeKTpUYHii Mepexi Hampyroo a0 1000 B. 3anpornoHoBaHO METOAMKY pPO3PaxXyHKY
($a3HUX CTPYMIB MNpH HECUMETpii HaAmpyr Mepexi Npu OJHOYACHOMY BKIIIOUEHHI
olHO(a3HUX 1 CHUMETPUYHMX TpHU(PA3HUX CIOKMBAYIB JAUHAMIYHOTO 1HIYKIIHHOTO
XapakTepy (aCHHXPOHHUX BUTYHIB 3 KOPOTKO3aMKHEHUM poTopoMm). JlocmipKeHHs
nepen0adae eKBIBAJCHTHE TICPETBOPCHHS, IPU SKOMY HECUMETpU4He TpudazHe
HAaBaHTAXXCHHS 3aMIHCHO Ha CKBIBAJICHTHE CHMETPUYHE HABAHTAKCHHS, CUMETpUYIHA
JHIS eJeKTponepenadi 3 OJHAKOBUMH OTOpaMH 3aMiHEHAa HECUMETPUYHOIO JIHIEI0
eJeKTporiepeaadi 3 pi3HUMH OmMopaMu. PexuM Mepeki OMUCaHO CHUCTEMOIO PIBHSIHBb
3T1IHO METOJy CHUMETPUYHHUX CKIIAJIOBUX, 3aKoHIB Kipxroda i KOMIUIEKCHUX YHCEI.
HaBeneni piBHSHHS po3paxyHKy (a3HUX CTPyMIB JTUHaMI4HOTO IHIYKTHBHOTO
HaBaHTKCHHS B 3aJICXKHOCTI BiJl HAMPYT 1 OMOPIB MPSIMOT 1 3BOPOTHOT MOCITIIOBHOCTEH
1 MaTeMaTHU4HI PIBHAHHS PO3PAaxXyHKY OMOPIB MPSMOi 1 3BOPOTHOI TOCIITOBHOCTEH
JUHAMIYHOTO 1HAYKTUBHOTO HAaBAaHTa)XEHHS B 3aJIe)KHOCTI BiJ] 4acTOTH OOepTaHHS
(xoB3anHs). [IpuBeneHi piBHAHHS KOB3aHHS JUHAMIYHOTO HAaBAaHTAKECHHS B 3aJICKHOCTI
Bl KoedilieHTa HECUMETpii HAMpyruw 3BOPOTHOI MOCIITOBHOCTI, MOMEHTIB TPSIMOi 1
3BOPOTHOI MOCIIJJOBHOCTI Ta MOMEHTY Omopy poOouoi MamuHU s PI3HUX
Koe(iIieHTIB, M0 XapaKTepU3YIOTh MEXaHIYHY XapaKTePUCTHUKY pPoOOdY0i MAIWHH.
[IpuBenena meroAuka aHamily IO3BOJIAE PO3paxyBaTh ¢aszHi CTPYMH JAMHAMIYHOTO
1HAYKTUBHOI'O HABAaHTAKEHHS B HECUMETPUYHOMY PEXKHMI.

Knrouosi cnosa: cumerpuuHi ckianoBi, (pa3HMil cTpyM, TUHAMIYHE 1HIYKTHBHE
HABAaHTAXXCHHS, OIip, KOCQIIIEHT 3aBaHTAXEHHs, KOEPIIIEHT HECHUMETpii Hampyru
3BOPOTHOI MOCIIITOBHOCTI.

Ilocmanoska npobaemu. OcTaHHIM YacoM 3’ sIBUJIACS 3HaYHA KUTbKICTh
HABaHTaXXCHb (EJIEKTPOIPHiIIMaUiB), MO JAOCUTh BIIYYTHO BIUIMBAIOTH HA
pPEXHUM POOOTH IHIMX CIOXHUBAYiB (TUIABMIBHI TI€di, ACHHXPOHHI JBUTYHU
BEIIMKOI TOTY>KHOCTI TOIIO), SIKI , B OUTBIIOCTI BUMAJKIB, MOTIPIIYIOTh
AKICTh €JIEKTPOEHEPrii, OCKIIbKM IIi npuiiMadi  XapaKTepU3yIThCS
BETUKMMU  OJWHOYHUMH  TOTYXHOCTSIMH, BHKJIMKAIOTh HECUMETPIIO
HU3BKOBOJILTHOI Mepexki 710 1000 B [1]. B moOyTi 3acTocyBaHHS BEIHUKOT
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KUIBKOCTI ~ PI3HUX  OJHO(a3HUX  TOOYTOBUX  EJIEKTpoNpUiiMaviB
(EIEKTPOITUT, KOMIT'FOTEPHOI ~ TEXHIKM, OJHO(A3HUX  1HIYKTUBHUX
ACUHXPOHHUX JIBUTYHIB TOILNO), iX BHIIAQAKOBUM Xapakrep poOOTH,
MOPYIIYIOTh CHMETPit0 TpUGa3HOT CUCTEMH, IO MPHU3BOAUTH JTOJTATKOBHX
BTpaT K B  CHUCTEMI  €JEKTPONOCTayaHHS, TaK B  CHCTEMI
€JIEKTPOCTIOKUBAHHS, BUKIIMKAIOTh 3HAYHY HECUMETPII0 HAMpyT Ta CTPYMIiB
HaBaHTAXCHb (a3 eNeKTpUYHUX Mepek. lle mpu3BOIUTH 10 3HMKEHHS
TEXHIKO-€KOHOMIYHUX MOKAa3HUKIB MEPEXK 1 eEKTPONpUiiMayiB, 0 3MIHH Y
iXHIX pexxuMax poooTu [2].

Taka cuTyarisi XapakTepHa JJis PO3MOIIIBHIX MEPEX MPOMHUCIOBUX
HiIPUEMCTB 31 3HAYHOIO YACTHHOIO OJHO(A3HUX HAaBAaHTAKCHb, TOJIOBHUMH
HaBaHTAKCHHAMH  SKUX €  TpudasHi  aCHHXPOHHI  JBUTYHH 3
KOPOTKO3aMKHCHHMH POTOpPaMH, SKI € JUHAMIYHUMHU IHIYKTUBHUMH
HaBaHTaKeHHAMU [3-4].

[Ile ripme cTaH CcHOpaB Yy CUIBCBKHX  EJICKTpOMEpEkax, sKi
XapaKTepU3yIOThCS ~ 3HAYHOIO  JIOBXKHMHOK  JIHIM  eJleKTporepesady,
HEPIBHOMIPHUM PO3MOIIIOM HaBaHTa)XCHb, TOMY B HHMX HECUMETPUYHUH
PEXKHUM HAIPYT € MPABUIIOM, Hi’K BUKITFOUCHHSIM.

Ananiz ocmanuix oocnioxcennb. CydacHa TPOMHCIIOBICTh BHUITYCKae
neuryHu cepii 4A, 4AM, AWP, ski 3a10BOJBHAIOTH BCIM BHMOTa
MDKHApOJHUX cTaHaapTiB. OJHaK, HEe 3Ba)KAlOUM HA BCE TE MO3UTUBHE, IO
OyJI0 3aKJ1aJICHO B KOHCTPYKIIiFO aCHHXPOHHUX JBUTYHIB, aBapidHICTh iX Y
BaXXKHUX YMOBax poOOTH A0BOJI BUCOKA. DaKTUUHMI pecypc aCHHXPOHHHX
JIBUTYHIB B arpoIpOMHUCIOBOMY KOMITIEKCI B 2—3 pa3u MeHIle He0OX1IHOrO:
B TBAPUHHUIITBI CTAHOBHUTH 3,5 POKY, POCIMHHUITBI — 4 pOKH, a Ha
miICOOHMX MANPUEMCTBAX — S pOKiB. BiIMOBH eNeKTpONpHBOIIB Yepes
HU3bKY SIKICTh ACHHXPOHHMX JBUTYHIB HE MEpeBUILYIOTh 2—5 %. OcHOBHA
NpUYMHA BUBEIEHHS iX 3 Jaay — aBapiiHi pexumu. OIHIE€I0 3 TOJIOBHUX
IIPUYHH, [II0 BUKJIMKAE TXHIO BEJIMKY aBapiMHICTh € HU3bKA SKICTh HAIIPYTH B
Mepexi, 30Kpema i HecumeTpis [5].

Hecumetpiss Hanpyru mpoOSIBISAETHCS B Pi3KOMY TOTIPIICHHI TEXHIKO-
€KOHOMIYHHMX XapaKTePUCTUK aCUHXPOHHUX JBUTYHIB (30UIBIIICHHS BTpAT
CJIEKTPUYHOT €Heprii, MIABUIIEHHS HArpiBy iX CKJIaJOBUX YacTHH),
3HIDKEHHI EKCIUTyaTaliiHol HaJIHOCTI 1 CKOPOYEHHS IXHBOTO TEPMIHY
cyx6u. [lpuunHOI0 BeIWKOi aBapiiiHOCTI ACMHXPOHHUX IBUTYHIB TIPH
HECUMETPUYHOMY PEXHMI POOOTH € MIiABUINCHHS (a3HUX CTPyMiB 3a
paxyHOK 3aJIe)KHOCTI omopiB (a3 craropa Ta poTOpa BiJ 3aBaHTAKCHHS
po060Y0T MaIIMHM, MO MPU3BOJUTH O 3HAYHOTO 301IBIICHHS IIBUIKOCTI
TETUTOBOTO 3HOCY 1X i30Jtsii. [6-7].

[cHytOWi MeToau JOCHIDKEHHS PEeXUMIB pPOOOTH aCHHXPOHHUX
JBUTYHIB SIK JTWHAMIYHOTO 1HAYKTHBHOTO HAaBaHTA)KCHHS, SK MPABWIIO, HE
BPaxoOBYIOTh 3aJI€KHOCTI I1X BiJ] HECHMETpii HANpPYrd eJIEKTPOMEPExl,
3aBaHTAXEHHS POOOYMX MaIIUH Ta OCOOJMBOCTEM 1X MEXaHIYHUX
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xapakTepucTuk. e oOyMOBIEHO CKIAQAHOCTAMM y BU3HAUYEHI MapaMmeTpiB
0OMOTOK aCUHXPOHHOTO JIBUTYHA.

Dopmynrosanns yineti cmammi. J|OCTIIATA HECUMETPUYHI PEXUMU B
pO3NOAUTBYIA Mepexi 3 AMHAMIYHUM IHAYKTUBHUM HaBaHTaKEHHSM,
BU3HAUYUTH BIUIAB HECUMETpIi Ha (a3Hi CTPyMH 1 HANpyrd MpU Pi3HOMY
CTYNEH] 3aBAaHTAXKEHHSI pOOOUYMX MAIUH Ta OCOOJMBOCTEH X MEXaHIYHHUX
XapaKTePUCTUK.

Ocnoséna uwacmuna. Tlpy  JOCHIPKEHHI  BUKOPUCTAHO  METOJ
CUMETPUYHUX CKJIQJ0BUX TpU(]a3HOI CHUCTEMHU BEJIUYUH, CUMBOJIYHUN
METOJ, aHaji3y eJEKTPUYHUX KUI 1 METOAU JOCTI/HKEHHS JIHIMHUX
eNeKTpUYHUX Ki1. {1 BU3HaueHHs 3anexHocTi (aszHux ctpymiB A/l Bia
HECUMETpii Hampyr Mepexki MpOoaHali30BaHO eJIEKTPUYHE KOJo, sKe
CKJIQZA€ThCsl 3 JpKepesa CUMETPUYHOI TpudazHoi eNeKTpOpYyIIIMHOI CHIIH,
cuMeTpuyHoi JiHii enekrponepenadi (JIEI) 3 onopamu Z,4 , Z;p , Zic Ta
HECHUMETPUYHOTO HaBaHTAXEHHS 3 (azHumm omopamu Z, , Zs , Z.:
CTaTUYHOIO  HaBaHTaXEHHS  (HECUMETPUYHOro  MOOYTOBOTO) 1
CUMETPUYHOTO JAMHAMIYHOTO HaBaHTaXeHHs (mociiymkyBaHui 1 iHm AJl)
[8]. Hecumetpist Hanpyr y croxuBaya 3ajeKUTh Bl CTYIEHIO HECUMETPIi
HAIpyr y KOHKPETHOTO JUHAMIYHOTO IHJIyKTI/IBHOI‘O HaBaHTaXeHHs (TOOTO
AJll), wecumetpii crtpymiB JIEIl, ska 3’enHye [aHWil CHOXHBa4d 13
JDKEPEJIOM KUBJIEHHS. Po3riisHeMO BUIIAJ0K, KOJIM 1O MEPEXk] MIJKIYEHO
HECUMETPUYHE CTaTUYHE HABAaHTA)XEHHA 1 CHUMETpPUYHE JUHAMIUHE
HaBaHTAKEHHS — ACHHXPOHHUH JBUTYH 3 KOPOTKO3aMKHEHHM pOTOPOM
(pucyHoK 1).

Hecu M'E’I'PH HYHE HABAHTAAMEHHA
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Puc. 1. [IpuniunoBa cxema TpuQazHOro KoJia 3 HECUMETPUIHUM
HABaHTA)KCHHAM

CxiameMo  pO3paxyHKOBY cxemMy (puc. 2)  OCHIIKYyBaHOTO
Tpu(a3HOTO KOJIa 3 HECUMETPUYHUM HABAHTAKEHHSIM, B SKOMY MPOBEAEMO
€KBIBaJICHTHE MEPETBOPCHHSI:

— HECMMETPUYHE HaBaHTaXeHHS 3 ¢dasHUMHU omnopamu Z,, Z, Z.
3aMIHEHO Ha CeKBIBAJICHTHE CHUMETPUYHE HABaHTAXEHHS 3 (asHUMH
onopamMu Zeq, ZLes, Lec,

— cumetpuuny JIEIl 3 omopamu Z,4 , Ziz , Z,c 3aMiHEHO
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Hecumerpuunoro JIEIT 3 onmopamu Lot Lens y Leac .

At B o =
N NI S S a
S ——
o . L
o=
Uy ——U,

Puc. 2. Po3paxyHkoBa ekBiBajeHTHa cxeMa Tpu(a3Horo Koja

BBeneMo HacTymnHi MO3HA4YEHHS CITIBB1IHOIICHD

U, U, U,

N —m. .N:n..—sz. (1)
E, = r E. '

ZO Za Zd

_a:a;_ez : o _ ’ 2
Zea Zee ﬂ Zec : ()

ne Zao, Leoy Lco— KoMIUIeKcH MoBHUX (pazHux omopiB AJl, Om.
Omnopu HecumerpuuHoi exBiBajeHTHOi JIEIT y 3anexHocti BiA
HECHUMETpIi HapyT Mepeki BU3HAYAIOThCSI HACTYITHUM YHHOM [9]

7 =%l=m., _Zz0ad-n., _Z{aA-p) 3)
om /m »

BukopuctoByroun MeTOJ CHUMETPUYHUX CKJIQJOBHUX 1 PO3KIIABIIH
HaIpyTH U., Ugg , UCC Ha CUMETPHUYHI CKJIaJ0B1 Ul, Uz , Uo, npuitHsB a3y

A 3a OCHOBHY, I PO3PaXyHKOBHX CXEM IpPSAMOI, 3BOPOTHOI 1 HYJIBOBOI
MTOCTIIOBHOCTEH KOJIa CKJIaJIeHO CUCTEMY PiBHIHB

E=zI+U,: p
0=2,1,+U,
U1"'Uz +Uo :Zejm(l‘l+l-2); > 4

a2U1 +aU2 +UO =Z, (azjl +a12) :
aUl +aZU2 +UO =Z, (ail +a2f2) ,

J
ne Ei — xommmexc EPC (asu mkepena KHMBIEHHs, SKa IIPUiHATA 3a

MOJIyJIEM PIBHOIO HOMiHANIBbHIN (a3Hiii Hanpy3i AJl, B;

Z1, Z; — TIOBH1 OMOPH OOMOTOK MPSIMOi1 ¥ 3BOPOTHOI MOCHTiAOBHOCTEH
All, Owm;

a — da3HUl MHOXXHUK.

Bu3sHauMMOo i3 cHcTeMH piBHAHb (4) cTpymu ipsmoi 1, i 3sopotHoi 1,

MOCIIAOBHOCTEH, a TAaKOX HAIMpPYrd NpsMoi U1 , 3BOPOTHOI U2 1 HYJIbOBO1
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Uo HOCIIiIOBHOCTEN, 3HAMIEHO cUIi (DAa3HUX CTPYMIB I s I . 1 Al

|, =1, +1,: |,=d’I +al, |, =al, +d°I, (5)

Ockinbku ¢a3ni ctpymu AJl pi3Hi 3a BEIMYMHOIO Ta 13 361JIBH_IGHH$IM
HECUMETpIl HANpyrd Mepexi PI3HUILS MK HUMHU JUOIe 30UTbIIUTHCS, TO
BUKOPHUCTAEMO CEPEIHEKBAIPATUYHE 3HAUEHHS CTPYMY

= —, (6)

AHanizyroun cucTeMHd piBHSAHb (4) BHUSABIEHO, 110 (a3Hi CTPyMHU
JUHAMIYHOTO 1HIYKTMBHOTO HAaBaHTaXXEHHsS 3ajeXaTb BIJl HECHUMETpIi
Hanpyr Mepexi (CHMETPUYHUX CKJIAJIOBUX Hampyr npsimoi Ui 1 3BOpoTHOL
U, nmocnigoBHOCTEN) 1 MOBHUX OMOPIB MPSIMOT 1 3BOPOTHOT MOCIIIIOBHOCTE N
JUHAMIYHOTO HaBaHTaXEHHS , TOOTO

|=f(U1,U2,Zl,Zz). (7)

Cnig BIAMITUTH, 1[0 13 30UTbIICHHSM HecUMeTpii (a3HUX Hampyr
PO301KHOCTI MIXK (ha3HUMHU CTPYMaMHU 3pOCTAIOTh.

VY 3araibHOMY BHIAJIKY JJIsl JUHAMIYHOTO HaBaHTa)XeHHsS (00epTOBUX
MaluH) Z; > Zp. Bukopucraemo napamerpu crpouieHoi I'-noaioHoi cxemu
3aMIILEHHs, TOJ1 KOMIUIEKCH IIOBHUX OIOPIB CTpyMaM IMpsMOi i 3BOPOTHOT
MOCJIIJOBHOCTEH HaBaHTaKCHHS BU3HAUYUMO Tak [10]

— Zm(Zs+Zr1) . _ Zm(zs+zr2)
= Ly = , (8)
L +L+24 Ly +LZ,+2Z,,
Jie TIOBHHMM ONip HaMarHi4yyr4oro KOHTYPY Zm, TOBHHUMA OIIp OOMOTKH

cratopy Zs; , ONOPH OOMOTKH POTOpY mas mpsmMoi Zy 1 3BOPOTHOL
TIOCJTIIOBHOCTI Zr2 BU3HAYAIOTHCS 32 MATEMATUIHIMH BUPAa3aMH

Zn=0+ i +X%,); Zo=t +jx; Z,=0Is+ jx;;
2—r2 /(2 5)+JX£/-(9)

[ToBHi omopu (a3 IHIYKTUBHOTO JHWHAMIYHOTO HABAHTAXKCHHS €
byHkmiero kom3aHHsA S. JIJIS BU3HAYEHHS 3aJIC)KHOCTI KOB3aHHS Bif
HECHUMETPIl HAapyT MepexkKl MPUiMeMo

M = My— Mp; (10)
M =M., (11)
ne My, M, — MoMeHTH, IO 3ajeXarh Bij Hampyr npsmoi U’y 1 3BOpOTHOT
U’> mocnigoBHOCTEH, SIKI MPUKIIAAeH] 10 ¢da3 JUHAMIYHOTO 1HAYKTHBHOTO
HaBaHTakeHHs, H-M;
M. — MomeHT onopy poOoyoi mamuHu, H-M.

Jliniitni wanpyru mpsmoi U’y 1 3BopotHOi U TOCHITOBHOCTEH
MEpeXi, a TakoX KOe(QIIIEHT HECUMEeTpii Hampyru 3BOPOTHOT
MOCJI1JOBHOCTI BU3HAYAEMO 32 BUPA3aMHU
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o1 . -~
Ulzg(uab+aubc+auca); (12)
T . .
U2 zé(uab+azubc+auca); (13)
ku206= (U2' /U,.x)-100, (14)

me Uy, Uy, U, — xommiexcu miHIHHEX HaIpyT Mepexi, B;
U,,— HOMIHanbHa JiHiiiHA Hanpyra Mepexi, B.
PiBHsiHHS cucTtemu «poboua Mamraa—A/Jl» HacTyrHe

1-s

MO +(k3MC.H. _MO)£ } =M1 — Mo, (15)

l-s,
ne Mo — MOMEHT OIIOpYy TePTS YaCTUH poOouoi MarmuHu, H-m;
M. ,, — HOMIHAJIbHII MOMEHT omopy poOodoi mammuHu, H-M;
S, — HOMiHAJIbHE KOB3aHHSI,
K; — Koe(ilieHT 3aBaHTaKEHHS;
X — KoeQillleHT, SKUW XapakTepU3y€e MEXaHIYHY XapaKTepUCTUKY
po60YO0T MalTHHHU.
ToOTo KOB3aHHS TMHAMIYHOTO iHIYKTUBHOT'O HaBaHTA)KCHHS
s=f (U1 cUo, Mo, M., S, x). (16)
Onep>xuMO MaTeMaTH4YHI PIBHSHHS KOB3aHHsS y (YHKIT HeCUMETpii
HAlpyr Mepexi Ta KoedilieHTa 3aBaHTaKEHHS poOOYOi MaIllMHU B
3QJIKHOCTI BiJl KOe(iIieHTa, [0 XapaKTepU3y€e MEXaHIuYHy XapaKTePUCTUK
po60U0T MalTMHU

npux = 0 S=_ 3 - 17
1 2
——=U, M
SH 2 17
mo-}-Ki_mO
x =1 5= —n ; (18)
K3_m0+7u2_m u 2
1-s, s ! Y2
—g++/6% —4dc
X = 2 Sl,Z: ' (19)
2d
K, —Mg 2 1 2 (x,—mp) K, — Mg
ne d= —2——:¢=myU," ——U " —22— " Cc=My+—>— :
(l_SH)2 e Sy . (1_SH)2 0 (1_57-1)2
Mg M My U U,
My=—-, K, = C mp=—=—; U=——: U =—% 20
° MH MC.H " MH . UH]Z ? UH]Z ( )

3 cuctemu piBHSIHB (4) KOMIUIEKCH (Da3HUX HAMpyT AUHAMIYHOTO
IHIYKTUBHOTO HaBaHTaXeHHs (AJ]) Bu3HAUaroThCs 3a hopmysiamu [11]
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Ljan = Zl I.l + ZZ |.2 1 (21)
U, =a’Zl, +az,l,: (22)
U, =azl, +a’zZ,l,. (23)

IIpoBeneno PO3paxyHOK dazaux CTPYMIB JUHAMIYHOTO
HaBaHTaxeHHa 4A90L4Y3 3 [, =5 A (puc. 3) 18 pi3HUX TUIIB pOOOUUX
MammmH x = (0, 1, 2), mpum pi3HUX KOeQIilI€EHTaX 3aBAHTAKEHHS
Kz = (0,2...1,0), B 3amexHocTi BiJ Koe(ilieHTa Hampyrda 3BOPOTHOI

nociigoBHOCTI Mepexi Kuzy = (0...10 %) (puc. 3).
x=0 r=1
Ly

A | ol T T r A I I 7
ol | ‘ 4 K;Z[]_8| ‘/

5.0 5.0 5.0
/ f / K708
..:/ / 4
2 / xdos| 3| / 4
/ K1=D.6 /
4.0 d 4.0 Ki=0_6

x=2

/ k=04

N

T—T‘r il " K, Kk+=0 | Ke,
25 : T~ 2.5 ' 25 -
0 2 4 6 8 o 02 4 6 810 % 02 4 68 10 °

Puc. 3. I'padiuni 3anexnocri l g = f(Kuz, K;) mpu x = (0, 1, 2)
IUHAMIYHOTO HaBaHTaxeHHS 4A901L.4VY3

BusiBneno, mo i3 30uTkIIeHHSM KoedillieHTa 3aBaHTaXeHHS K, 1
HECUMETpil Hampyru Mepexi cepeaHekBaapatuyHe (a3zHe 3HAYCHHS
CTpyMy 301IBIIY€ETHCS, OCKIIBKM KOB3aHHS JWHAMIYHOTO HaBaHTa)KCHHS
30UTBITY€ETHCSA, B HACHIIOK YOTO 3MIHIOIOTHCS TOBHI OMOPH MPSMOI Ta
3BOPOTHOI TMOCHIZIOBHOCTEH, TPH YOMY: OIIp TPsIMOi TOCIiJOBHOCTI
3MEHIIIYETHCS, a OMip 3BOPOTHOI MOCTIMOBHOCTI 301mbIIyeThesi. [Ipuaomy
Opy  PIBHUX yMOBaxX Koe(illieHTy HEeCHUMETpii Hampyru 3BOPOTHOI
mociTOBHOCTI Kuzy, Ta Koe]illieHTy 3aBaHTaXeHHsI po004oi mammHu K,
CEpEeIHEKBAIPATUIHE 3HAUCHHS CTPYMY J0CATae OUTBIINX 3HAaYeHb Tpu x=0
1 MeHIIUX 1ipu x=2. [Ipu 30UIbIIEHH]I KOE(]IIEHTY 3aBaHTaXEHHSI poOOUOi
MalluHU 1 Koe(dillieHTa HEeCHMETpil Hampyr 3BOPOTHOI MOCIIJOBHOCTI

Proceedings TSATU. 2023.23. 1



@ [Ipani TAATY Bunyck 23. Tom 1
186

30UIBIIYETHCA 1I€ 1 HAPyTa 3MIIIEHHS HEUTpai, sika 1 € MPUYUHOI0 3MIHU
(pa3HHUX CTPYMIB.

Bucnosku. Hecumetpiss Hampyr Mepexi, KOEQILIEHT 3aBaHTaKEHHS
poOouoi MamMHM Ta KOEQILUIEHT, 10 XapaKTepU3ye MEXaHIYHYy
XapaKTepUCTUKY poOOY0i MalIMHU BIUIMBAlOTh Ha  (a3Hi CTPyMU
JUHAMIYHOTO HaBaHTakeHHs. HaBeneHa MmeTolMKa J03BOJUTH MPOBECTH
pO3paxyHOK (ha3HUX CTPYMIB 1 (Pa3HUX HAIPYT AMHAMIYHOTO 1HIYKTUBHOIO
HAaBaHTAXXEHHS HE TUIbKM JUIsi BHU3HAYEHUX KOE(DILIEHTIB HECUMETpIi
HAIpyry 1Mo 3BOPOTHIN MOCIHIIOBHOCTI MEPEXKI, a 1 BpaXxoBYIOUH KOeDilieHT
MEXaHIYHOI XapaKTEPUCTHUKU POO0YOi MAIIMHHM, NPUBOAHUM JIBUTYHOM
AKO1 BIH €, Ta KOe(DILIEHT 3aBaHTaXKEHHS pOOOYOT MAIITMHHU.
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I. Popova, S. Kvitka, O. Vovk
Dmytro Motornyi Tavria state agrotechnological university

INVESTIGATION OF AN UNBALANCED MODE IN A DISTRIBUTION
NETWORK WITH A DYNAMIC INDUCTIVE LOAD

Summary

The paper analyzes the causes of voltage asymmetry in the distribution network
with a voltage of up to 1000 V. a method for assessing the state of asymmetry of a four-
wire distribution network with simultaneous inclusion of single-phase and symmetrical
three-phase consumers of a dynamic induction nature (asynchronous motors with a
short-circuited rotor) is proposed. The study involves an equivalent transformation in
which an unbalanced three-phase load is replaced by an equivalent symmetrical load; a
symmetrical power line with the same resistances is replaced by an unbalanced power
line with different resistances. The calculation of the coefficients of the ratios of Phase
voltages between the neutral of the power supply to the terminals of a dynamic
inductive load is provided for calculating the resistances of an unbalanced equivalent
power line depending on the voltage asymmetry in the distribution network. The
network mode is described by a system of equations according to the symmetric
component method, Kirchhoff's laws, and complex numbers. Equations for calculating
the phase currents of dynamic inductive load depending on the voltages and resistances
of the forward and reverse sequences and mathematical equations for calculating the
resistances of the forward and reverse sequences of dynamic inductive load depending
on the speed of rotation (sliding) based on the parameters of a simplified asynchronous
motor replacement scheme are given. Mathematical equations of the dependence of the
sliding of a dynamic load (asynchronous motor) on the coefficient of asymmetry of the
reverse sequence voltage, moments of the forward and reverse sequence depending on
the asymmetry of the mains voltages and the moment of resistance of the working
machine for various coefficients that characterize the mechanical characteristic of the
working machine are given. The inverse sequence coefficient is calculated for linear
network voltage complexes. The presented method makes it possible to calculate the
phase currents and voltages of a dynamic inductive load, taking into account the voltage
asymmetry coefficient of the reverse sequence, the load coefficient of the working
machine.

Keywords: symmetric components, phase current, dynamic inductive load,
resistance, load factor, reverse sequence voltage asymmetry coefficient. The presented
analysis method makes it possible to calculate the phase currents of a dynamic inductive
load in an unbalanced mode.
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USING PROTECTIVE COATING FOR REDUCTION OF LOSSES
WHILE STORING ASPARAGUS

Summary. Asparagus is a highly valuable and perishable crop. It is advisable to
use edible coating based on natural compounds to extend the shelf life of asparagus.
Alginate is an effective natural polysaccharide used to form coating. At the same time,
alginate coating is lacking in antioxidant properties. Therefore, the aim of the present
research is to determine the effect of coating based on sodium alginate and some
antioxidant substances on the preservation of asparagus. The article considers the effect
of coating based on sodium alginate and rutin on the extension of shelf life, reduction of
weight loss, marketability and organoleptic properties of the asparagus of two
differently coloured varieties.

The green asparagus of the Prius Flvariety and the green-purple Rosalie Flvariety
were researched. It has been found that the use of coating based on sodium alginate and
rutin can extend the shelf life of asparagus by 3...7 days (depending on the composition
of the coating). The combination of alginate and rutin can reduce weight loss 2.1...2.2
times, depending on the variety. The standard yield of asparagus treated with the
composition of alginate and rutin after storage was 88.14...91.79 %, with a 7-day longer
storage period. The amount of waste did not increase either. All the experimental
samples showed higher organoleptic scores then the control samples. However, alginate
and rutin-based coating did not have the desired effect in order to reduce the desiccation
of bases.

Keywords. Storage, green asparagus, green-purple asparagus, edible coating,
alginate, rutin, weight loss, marketability.

Problem statement. Food loss and waste are the manifestations of
inefficient food systems [1]. Fruit and vegetables are at the top of the food
waste and losses ranking (40-50% of their production), which leads to the
use of non-renewable resources to produce food that will not be consumed
(about 25% of all water used by agriculture each year and 23% of all arable
land, producing about 8% of annual global greenhouse gas emissions) [2].

© Priss O. P., Bulhakov P. O., Kolisnychenko T. O., Gazzavi-Rogozina L. V., 2023
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Reducing fruit and vegetable losses and waste can therefore be one of the
leading global strategies for achieving sustainable food security and
improving diets, reducing greenhouse gas emissions, reducing the pressure
on water and land resources, as well as increasing productivity and
economic growth.

Recent research and publications analysis. The main issue of high
level of losses during storage of fruit and vegetable products is high
moisture content (75-95%), intensive gas exchange, active metabolism,
abiotic and biotic stresses, which leads to rapid spoilage and decay. The
mechanisms of postharvest ageing and rapid quality loss are associated
with the development of oxidative stress [3]. Preventing the natural ageing
process and spoilage of fruit and vegetables in the process of storage is a
fundamental challenge from a technical point of view. The main way to
inhibit normal metabolism is by means of cooling and the use of coating
that slows down the gas exchange and affects tissue oxidation. The
application of edible coating on the surface of fruit and vegetable products
has been actively used abroad since the early 2000s. However, in recent
years, the increased attention of scientists has been paid to the
environmental friendliness of the used substances, which explains the
number of studies related to the use of edible coating based on natural
compounds in order to extend the shelf life of fruit and vegetable products.

Polysaccharides such as chitosan, carboxymethyl cellulose and pectin
demonstrate great perspective for preserving fruit quality and effectively
delay weight loss, reduce the content of anthocyanins and secondary
metabolites [4]. This edible coating provides a good antimicrobial effect
yet has significant drawbacks, such as low water resistance and
unsatisfactory mechanical properties. Other biopolymers including
starches, lipids and proteins are used for improvement of the functional
properties of chitosan coating [5]. Casein-based coating significantly
effects the moisture and gas exchange, slows down metabolism, but does
not have bactericidal properties. The coating of this type requires the
inclusion of antioxidant and antimicrobial agents [6]. Essential oils and
phenolic compounds are often used as antioxidants [7]. The inclusion of
essential oils in polysaccharide matrices increases their antimicrobial effect
as well as antioxidant properties. It has been found that the polysaccharide
matrix adapts the release of essential oils and thus affects the shelf life of
nutrition products [8]. However, these substances sometimes diffuse into
nutrition products, imparting an undesirable taste and aroma due to the
presence of a mixture of volatile and non-volatile components, which limits
their use [9]. Another approach to processing fruit and vegetable products
to reduce weight loss and extend shelf life is the use of bionanocomposite
coating [10]. The authors point out the antioxidant and antibacterial
properties of nanocomposite coating. Storage efficiency varies greatly,
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depending on the concentration of the treatment substances, storage
conditions and the type of fruit and its characteristics [11]. Excessive
concentrations of exogenous substances can be toxic to fruit cells due to
their pro-oxidant effects or ability to utilize reactive oxygen species, which
are necessary for cell functioning [12]. Despite the proven effectiveness of
using various treatments to reduce the loss of fruit and vegetable products,
the mechanism of influence of such coatings on the endogenous processes
underlying fruit preservation is still poorly understood.

Asparagus is a highly valuable vegetable crop with a short shelf life.
A number of coating types based on natural compounds are used to extend
the shelf life of asparagus [13]. Some studies on the use of coatings
containing alginate have been conducted [14]. Alginates are hydrophilic
colloidal carbohydrates extracted from various species of brown seaweed
belonging to the class Phaeophyceae [15]. Alginate is one of the most
effective natural polysaccharides for coating formation. It has non-toxic
and unique colloidal properties, such as thickening, stabilization,
suspension, film formation, gel formation and emulsion stabilization. Films
formed by alginate are uniform, transparent and represent good oxygen
barriers, though they have low water resistance due to their hydrophilic
nature. Tran, Y. T. N. et al. investigated the preservation of asparagus with
a protective coating based on chitosan and alginate. They found that such
coating reduces weight loss and extends shelf life by 3 days [16]. It can be
assumed that the introduction of antioxidant substances, which affect the
degree of tissue oxidation, into an alginate-based film will extend the shelf
life of asparagus.

Purpose statement. The purpose of the article is to determine the
effect of coating based on sodium alginate and antioxidant substances on
the preservation of asparagus.

To achieve this purpose, the following tasks were solved:

- the effect of the applied coating on the natural weight loss in the
process of asparagus storage was determined,;

- the effect of the applied coating on the marketable condition of
asparagus after storage was investigated,;

- the effect of the applied coating on changes in the organoleptic
characteristics of asparagus after storage was researched.

Materials and methods. The asparagus (Asparagus officinalis L.) of
two differently coloured varieties was used for the research (the green Prius
F1 variety and the green-purple Rosalie Flvariety). The asparagus was
grown in 2021 on the “Liubymivsky Saffron” farm in the Region of
Kherson, Ukraine. After harvesting, the samples were quickly cooled and
transported to the laboratory of Dmytro Motornyi Tavria State
Agrotechnological University within 4 hours. The asparagus spears, used
for the research, were intact, approximately the same length and diameter
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with closed bracts and met the requirements of CODEX STAN 225-2001
(the maximum allowable spear length for the green-purple and green
varieties was 27 cm) (Fig.1).

Fig. 1. Asparagus that was laid up for storage:
a — Rosalie F1; b — Prius F1

Coating application. An aqueous solution of 1% sodium alginate (A)
was prepared by gradually dissolving the preparation in hot water (t=45°C).
To prepare rutin solution, the dry preparation was dissolved in 96% ethyl
alcohol (5% by weight) and then adjusted with water to obtain a
concentration of 1% rutin (R). For the complex preparation of rutin with
alginate (R+A), alginate was added to the heated 1% rutin solution and left
to cool and gel uniformly for 20 minutes. The asparagus was completely
immersed in the cooled solutions, then left to drain off the remaining
solution and dry vertically for 1 hour. At the same time, a control sample
was prepared without treatment.

Control samples and processed asparagus were stored in an industrial
refrigerator at a temperature of 2°C + 0.5 and relative humidity of 95%=+1.

Determination of marketability. Asparagus marketability was
assessed based on the requirements of CODEX STAN 225-2001. Waste
included rotten produce and produce with signs of microbial damage. Non-
standard produce included spears that had lost turgidity as well as spears
with open bracts. Storage was considered complete when the amount of
losses and waste reached 10%.

The organoleptic parameters were determined by the characteristics of
turgidity (from fresh appearance to severe loss of turgidity), longitudinal
striation (from the absence of stripes to strong striation), desiccation of

Proceedings TSATU. 2023.23. 1



@ [Ipani TAATY Bunyck 23. Tom 1
192

bases (from no desiccation to intensive desiccation), colour change (from
bright green or green-purple, typical for the variety, up to yellowing), the
presence of off-odour (from no odour to noticeable odour) and the absence
of microbial spoilage [17]. A four-point scale was used (4 — very good; 3 -
good; 2 - acceptable; 1 - unacceptable). In addition, the importance
coefficient of the indicators was taken into account: 0.3 - turgidity; 0.2 —
presence of off-odours and absence of microbial spoilage; 0.1 — other
indicators.

Natural weight loss was determined by weighing fixed samples during
the entire storage period.

The research was carried out in the laboratory of crops primary
processing and storage technology of Agrotechnology and Ecology RDC of
Melitopol Tavria State Agrotechnological University.

All studies were performed in fivefold recurrence and the data
obtained were presented as mean =+ standard deviation. Data analysis was
done by an analysis of variance, with mean separation by LSD at the 0.05
level.

Results and discussion. According to our data, control samples of
asparagus of both varieties were stored under cooling conditions for no
more than 14 days without significant loss of quality. During further
storage, the sprouts quickly turned yellow, lost their elasticity and became
woody. Under the same storage conditions, asparagus treated with
protective coating and processing variants was stored for 18...21 days. The
treatment with the R+A composition extended the shelf life as much as
possible. With this treatment, the shelf life was 1 week longer compared to
the control samples. Treatment with alginate or rutin alone extended the
shelf life by 3 days.

One of the ways to reduce losses during storage of fruit and vegetable
products is to reduce natural weight loss due to respiration and
transpiration. The process of transpiration occurs due to the pressure
gradient of water vapor between the shoots and the surrounding air.
Transpiration usually depends on the thickness of the epidermal cell layer.
Therefore, varietal differences in weight loss are quite possible. However,
according to our results, the natural weight loss of the Prius and Rosalie
varieties does not differ significantly (Table 1).

However, in previous studies it was found that the Prius F1 variety
showed higher activity of respiratory processes compared to the Rosalie F1
variety [18]. It can be assumed that the varietal differences were leveled
due to higher transpiration of the Rosalie F1 variety. The effect of the
treatments used obviously reduces weight loss. A significant reduction (1.8
times regardless a variety in 14 days, when control samples were removed
from storage) was observed when applying the alginate treatment.
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Table 1
Dynamics of natural weight loss, (%). M+SD, n=5

Variety Shelf life, days Control R+A R A
0...7 2.20+0.17 | 1.10+0.16* | 2.12+0.05 | 1.15+0.02*
7...14 1.64+0.23 | 0.69+0.02* | 1.194+0.04* | 1.00+0.07*
Prius F1 14...18 0.86+0.05 | 0.41+0.03* | 0.91+0.05 | 0.35+0.04*
18...21 0.74+0.09 | 0.35+0.02* | 0.68+0.04 | 0.37+0.09*
Total for 14 days | 3.844+0.39 | 1.79+0.16* | 3.32+0.06* | 2.15+0.07*
Total for 21 days | 5.44+0.48 | 2.55+0.13* | 4.90+0.08 | 2.86+0.16*
0...7 2.35+0.11 | 1.0140.09* | 2.32+0.08 | 1.28+0.17*
7...14 1.65+0.11 | 0.83+0.12* | 1.18+0.04* | 0.96+0.04*
Rosalie 14...18 1.29+0.07 | 0.55+0.07* | 0.91+0.03* | 0.73+0.03*
F1 18...21 0.78 £0.07 | 0.41+0.07* | 0.79+0.05 | 0.41+0.07*
Total for 14 days | 4.00+£0.21 | 1.84+0.20* | 3.50+0.07* | 2.24+0.18*
Total for 21 days | 6.07+0.32 | 2.80+0.32* | 5.21+0.12* | 3.38+0.26*

*— difference is significant as compared to control samples at p<0.05

The applied coating acts as an additional layer that covers the stomata,
which leads to a decrease in transpiration and, accordingly, a decrease in
weight loss, which is considered the main effect of protective coating. A
similar level of weight loss reduction was described by Spanish researchers
when using alginate coatings for plum storage [19]. Even greater reduction
in losses occurs when using the R+A composition: it makes 2.1 times for
the Prius F1 variety and 2.2 times for the Rosalie F1 variety. It is generally
accepted that weight losses are 75% due to moisture loss during
transportation and 25% due to the consumption of dry matter during
respiration. It has been proven that exogenous antioxidants can reduce the
loss of dry matter by inhibiting the intensity of respiratory processes [20].
Therefore, it is quite logical that the coating containing antioxidant rutin
helps to reduce weight loss.

The achieved reduction of weight loss is positively reflected in the
increase in the yield of standard production after storage (Fig. 2). The
standard production (taking into account weight loss) was 87.14-88.69 %
for the asparagus treated with rutin or alginate, depending on the variety
and treatment option. The standard production was higher for the asparagus
treated with R+A. This figure reached 91.79 % for the Prius Flvariety and
88.14 % for the Rosalie Flvariety, even with a 7-day longer storage period.
Samples of the asparagus treated with protective coating also had a lower
proportion of non-standard products.

However, extended storage leads to the increase in the amount of
waste. It should be noted that according to our data, Rosalie F1 had more
waste during storage. Treatment with protective coating allowed to
minimize the amount of waste for this variety. The amount of waste when
using the R+A composition did not significantly increase even with an
extended shelf life.
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Fig. 2. Marketability of asparagus:
a— PriusF1; b — Rosalie F1,
O—standard products;o— non-standard products; m— waste

The organoleptic evaluation was carried out after 14 days of storage of
control samples, 18 days for samples treated with A and R, 21 days for the
R+A variant. The organoleptic evaluation of asparagus is shown in Fig. 3.

In general, all the experimental samples showed a larger profilograph
area in terms of organoleptic characteristics compared to the control
samples. The most noticeable difference is in the colour change. While the

Proceedings TSATU. 2023.23.1



@ [Ipani TAATY Bunyck 23. Tom 1
195

control asparagus of the Prius F1 variety had 2.2 points, the R+A sample
had 3.7 points. Slightly smaller colour changes were recorded for Rosalie
F1 asparagus. Here, the control samples had 2.6 points. On the other hand,
the R+A sample had only 3.3 points. This is less than R samples (3.8
points) and A samples (3.6 points). This, of course, can be explained by the
longer shelf life of the R+A samples. At the same time, the R+A
composition was more effective for the Prius F1 variety, even with a longer
shelf life.

4t15_rgi dity turgidity
microorganism _ longitudinal  microorganism longitudinal
spoilage I striation spoilage striation
desiccation of desiccation of
off-odours the bases off-odour the bases
colour changes colour changes
—4—Control -l A ==R+A == _Contro]l ==R A =—=R+A

a b
Fig. 2. Organoleptic profilograph: a — Prius F1; b — Rosalie F1

Reduced turgidity is associated with natural mass loss through
transpiration and respiration. Accordingly, a reduction in natural weight
loss correlates with better turgidity of asparagus. Longitudinal striation is
one of the important indicators that significantly reduce the marketability of
asparagus. The Prius F1 variety is more susceptible to this defect. The
applied treatment made it possible to virtually avoid the formation of
longitudinal striation. None of the tested samples had differences in the
odour inherent in fresh asparagus. The desiccation of the bases (the place of
cut) decreased the overall organoleptic score the most. Unfortunately, the
applied treatment did not have a positive effect on the desiccation of the
bases. This is partly due to the oblique (slanted) cut made during
harvesting. This obviously increases the area of moisture evaporation.
Aligning the cuts could have a positive result. However, such an operation
will increase the amount of waste. Therefore, it is necessary to perform an
even cut when harvesting asparagus in the field. For this reason, further
research is needed to find effective solutions to prevent this disadvantage.

Conclusions. In summary, the use of coating based on sodium alginate
and rutin can extend the shelf life of asparagus by 3...7 days (depending on
the composition of the coating) compared to untreated versions. Alginate
coating can significantly reduce weight loss. For example, the combination
of alginate and rutin reduces weight loss 2.1 times for the Prius F1 variety
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and 2.2 times for the Rosalie F1 variety. The standard production of the
asparagus treated with the composition of alginate and rutin after storage
was 91.79% for Prius F1 and 88.14% for Rosalie F1, even with a longer
storage period of 7 days. The amount of waste did not increase with the
extended storage period. The samples of asparagus treated with protective
coating also had a lower proportion of substandard produce.

It was found that all the experimental samples showed a larger
profilograph area in terms of organoleptic characteristics compared to the
control samples. The desiccation of the sections was the biggest problem
during storage. In fact, alginate and rutin coating did not have the desired
effect on this indicator. Therefore, further developments should be aimed
at finding effective solutions to eliminate this drawback during asparagus
storage.
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O. Ipicc?, IT. Byaraxos?, T.Koxicunuenxo®, JI. I'a33aBi-Poro3ina?
! Tappiiichkmii nepkaBHuii arpoTexHooriYnuii yniBepcuTer
imeni /Imurpa MoTopHoro
2 lepsxaBHuii 6ioTexHo oriunmii yHiBepcHTeT

CKOPOYEHHA BTPAT I1PU 35EPII'AHHI CITAPXI 31 3AXUCHUM
IHOKPUTTAM

Anomauin

@®pyKkTH Ta 0BOY1 3aliMalOTh MepIIe MICIe Y KUIBKOCTI XapuOBUX BIIXOJIIB 1 BTpAT.
[Ipn ix BupoIlIryBaHHI, BUKOPUCTOBYeThCA 25% yci€l BOAM, 110 BUKOPUCTOBYETHCS
CUIBCHKUM TOCIIOJApCTBOM LIOPOKY 1 23% yciX OpHUX YTiJb, MPOIYKYIOUH MPUOIU3HO
8% mopiyHUX TI00aTBPHUX BHUKWJIB TMapHUKOBHX Ta3iB. lle mpusBoguTh 10
BUKOPHUCTAHHS HEBITHOBIIOBAHUX PECYpPCIB JJIsi OTPUMAHHS XapuyOBUX MPOAYKTIB, SIKI
He OyayTh croxkuTi. ToMy CKOpOuYeHHS BTpaT 1 BIIXOIIB IUIOJJOOBOYEBOI MPOMYKIIii
MOXe OyTH OJIHI€I0 3 TMPOBITHUX TIOOAIBHUX CTpaTeriil JOCATHEHHS CTaJIol
MPOJIOBOJIHYOI OE3IMEeKH Ta TOKPAIICHHS DAIIOHIB Xap4YyBaHHs, CKOPOUCHHS BUKHIIB
MMapHUKOBUX Ta3iB, 3MEHIIICHHS HABAaHTAXCHHS HAa BOJHI Ta 3€MEJIbHI PECypCH, a TaKOXK
TIIBUIICHHS TIPOIYKTUBHOCTI Ta 3a0e3MedYeHHs] eKOHOMIYHOTO 3pocTaHHs. Crapka €
BHUCOKOI[IHHOIO 1 HIBUAKOIICYBHOIO OBOYEBOIO KYJIbTYpOr. JlJis MOAOBXKEHHS TEPMiHIB
30epiraHHs CHapki JIOIIJIBHO BUKOPUCTOBYBAaTH iCTIBHI TOKPUTTS Ha OCHOBI
MIPUPOJIHUX CIOJIYK. AJIbIIHAT € OJHUM 3 HAWIIKaBIIIUX TPUPOJTHKX IMOTICAXapuIiB s
dhopmyBaHHs MOKpUTTIB. OAHAK albriHATHI TUTIBKA HE BOJIOAIIOTh aHTHOKCHIAHTHUMH
BIIACTUBOCTAMHU. T0X, METOIO poOOTH OyJI0 BCTAHOBIICHHS BILIUBY IMOKPUTTIB HA OCHOBI
aNbriHaTy HATPIIO Ta PEYOBUH aHTHOKCUIAAHTHOI dii Ha 30epeKeHICTh crapxi. ¥ poOoTi
PO3IJIIHYTO BIUIMB IMOKPHUTTIB Ha OCHOBI aJIbI1HATy HATPIIO Ta PYTHHY Ha MOJOBXKEHHS
TepMiHIB 30epiraHHs, CKOpPOYEHHs BTpaT MacH, BHUXIJ TOBapHOi MPOIYKIi Ta
OpPraHOJICTITUYHI XapaKTePUCTUKH CHapKi JBOX COPTIB pi3HOro 3a0apBiICHHS.
JocmimpkyBanu 3eieny crapxy copty Prius F1 ta 3eneHo-dioneroBy copty Rosalie F1.
BcranoBieHo, 110 BUKOPUCTAaHHS MOKPUTTIB Ha OCHOBI ajbliHATY HATPIIO Ta PYTHHY
JI03BOJISI€ TIOJIOBXKUTU TepMiH 30epiraHHs crmapxi Ha 3...7 mi0 (3ajexHO BiJ CKIamy
nokputts). [loeaHaHHs anbriHaty Ta pyTHHY JO3BOJISiE CKOPOTUTH BTpAaTU MacH B 2,1-
2,2 pasu 3anexHo Big copry. CraHmapTHa mNpoayKuis Yy crapxi o0Opo0GieHoi
KOMIIO3MLII€I0 aJIbriHATy 1 pyTUHY micias 30epiranHa craHoBuia 88,14-91,79 %, npu
JIOBLIOMY Ha 7 JAHIB TepMiHi 30epiranHi. KiibKicTh BIJXO/IB TaKoXX HE 301IbIINIACK.
Bci pocninnHi 3pa3ku 3a OpraHoONENTUYHUMHU MMOKa3HUKAMU MOKa3aly BUIY OLIHKY, HiX
KOHTPOJIbHI BapianTu. [IpoTe, MOKPHUTTS HA OCHOBI anbriHaTy Ta PYTHHY HE Jalu
O6axcaHoro e(exTy A 3MEHILICHHs BUCUXaHHA 3pi3iB. ToX moJanpIli po3poOKH MaroTh
OyTH HampaBiieHI Ha MOUIYK €()eKTUBHUX PIIIEHb Ul YCYHEHHs LbOTO HEIOJIKy HpHU
30epiraHHi capxi.

Knwuoei cnosa. 30epiranns, 3eleHa crapxka, 3el1eHo-(piojaeToBa crnapxa, XapyoBi
MOKPUTTS, aNbliHAT, pyTHH, BTPATH MacH, TOBapHA MPOTYKIIisl.
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3AMOPOXKEHHU HAIIIBOABPUKAT 3 TOJABAHHSM
OBJIIINXU, AK CUPOBHUHA J1JIA ITPOAYKTIB
OYHKIIOHAJIBHOI'O ITPU3HAYEHHSA

Anomayisn. 30anaHcoBaHE XapyyBaHHS € OJHIEI0 3 HaWBAXJIMBIIIMX YMOB
3JI0pOB’Sl JIFOJIMHU, SIK€ BIUTMBA€ Ha WOTO Tpale3aTHICTh, IMyHHY CHCTEMY, Ta
TPUBATICTh JKUTTA. 3aBAAHHS MOJICIIOBAHHS MMOJISATAJI0O y BU3HAYEHHI IHIPIIIEHTHOTO
CKJIaZy pPelenTypu 3aMOPOXKEHOro HamiB(paOpukaTy 13 3aCTOCYBaHHSM Pi3HUX BHJIIB
CUPOBHUHH, 5Kl MAIOTh TEBHI OPraHOJENTHYHI XapaKTEPUCTUKU Ta BUCOKY BITaMIHHY
IIHHICTB. Y POOOTI PO3IJISTHYTO BIUIMB 3aMOPOKYBAaHHSI Ta KPIOT€HHOTO 30epiranHs Ha
BMicT BiTaminy C B aiiBoBoMy HamiB(aOpuKari 3 J0JaBaHHIM IUTOAIB oOminmuxu. J[ms
BUTOTOBJICHHS alBOBOTO HamiB(paOpukarty 3 MiABUIIIEHUM BMICTOM acKOpOIHOBOL
KHCJIOTH, SK (YHKIIOHATBHUK IHTpemieHT Oysno o0paHO TUIoaM  OOIMHUXH.
3amMOpOoXKyBaIM TOTOB1 KOMITO3HUIIIMHI cyMmiIi 3a TemmepaTypu -30 °C Ta 36epiranm 3a -
18 °C crpokom 9 wmicsamiB. B pe3ynbTaTi AOCHIIKEHh BCTAHOBJICHO, IO 301IBIICHHS
BMICTY OOJIIIHUXH, MPU3BOJUTH IO 3pOCTAHHS HE TUIBKH BMICTY aCKOPOIHOBOT KHUCIIOTH,
a 1 aKTUBHOCT1 aCKOpOATOKCHIa3H, SIKa IPUCKOPIOE pyHHYBaHHs aCKOPOIHOBOI KHCIIOTH.
AHani3 OTpUMaHHX Pe3yJbTaTiB JO3BOJIMB BU3HAYUTH ONTUMAJIbHE CIIIBBIJHOIICHHS
iarpenientiB cymimi: 90 r /100 r mrope aiBu Ta 10 /100 r mIOpe OOMIMUXH.
BukopucranHs s 3aMOpPOKEHHMX HariBhaOpUKaTiB MICIIEBOI POCIMHHOI CHPOBUHHU
JI03BOJIUTH MaTH Oaraty CUpOBUHHY 0a3y Ui iX BUTOTOBIICHHS.

Knrouosi cnosa. aiiBa; ob6iinuxa; KOMIO3UIIIMHA CyMIll; KpiOoreHHe 30epiraHHs;
3aMOpo’KyBaHHs; BiTaMiH C.

Ilocmanoska npobaemu. 30anaHcoBaHE XapyyBaHHS Ma€ YHCICHHI
mepeBaru Uil OpraHiaMy JoauHH. BoHO 3abe3meuye Bci HEOOXigHI
MOKUBHI PEUOBUHU ISl 30€PEKECHHSI 37OPOB’Sl Ta 3armoOiraHHs XBOpOOaM.
30anaHcOoBaHE XapuyBaHHS MOXE 3HU3UTH PHU3UK CEPIEBO-CYTUHHUX
3aXBOPIOBaHb, Jia0eTy Ta paky. BiHO TakoXx MOXXe MiJBHIIUTA IMYyHHY
CHUCTEMYy Ta TOKpAIUTA pOOOTYy MO3KY, a TaKOXX MOXE JOIMOMOITH
MiTPUMYBATH 3I0POBY Bary Ta MABUINATH (Pi3UYHY MpaIe31aTHICTh.

© 3apenpka J1. K., Cepmrox M. €., Kpusonoc 1. A., Banxypa B. M., 2023
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['eneTnuH1, €KOJOTriYHI Ta JKUTTEBI (aKTopu B MepUly 4YEpry
BU3HAYAIOTh TPUBATICTh Ta SKICTh XKUTTA JronuHU. OTKE XapuyBaHHS €
KJIFOYOBUM KOMIIOHEHTOM, 1110 BIUIMBA€E HA HaIle 30pOB's. [1]

HeoOxigHo Takox BpaxoByBaTH 1 ()I3MUHY aKTHBHICTh, aJK€ pa3oM
BOHU € JIBOMa OCHOBHUMHU MOJHU(]PIKYyIOUIMHU (PAKTOpPAMH, 110 BU3HAYAIOTh
310poB'st 1 Onaromony4dusi B cydacHid nuBumizaii. [{i ABa dakTopu vacto
BHUBYAIOTHCS 1 PO3TISAJAIOTHCS SIK OKPEMI CYTHOCTI, XO4a HACHpaB]ll BOHH,
MO-pI13HOMY, B3a€MOIIOB's13aH] [2]

Ananiz ocmawnHix O0ocniodxcenb. B)XKMBaHHS TNPOAYKTIB POCIMHHOIO
TIOXO/KCHHSI TPUHOCHTH OaraTo TepeBar OpraHi3My JIOIWHU. PocivHHI
IPOJYKTH, 30KpeMa IUIOJOBI, MICTATh 0Oarato KIITKOBUHM, BITaMIHIB,
MIHEpaJiB 1 aHTUOKCUJIAHTIB, K1 HEOOX1H1 JJ1st 310poB’si. PocnuuHa mieta
MOJKE 3HU3HMTH PH3UK CEpPIICBO-CYyJMHHUX 3aXBOPIOBaHb, J1ia0ETy Ta PaKy.
[TpoayKTH pPOCIMHHOTO IOXO/DKEHHS TaKOX 3a3BHYali MalOTh HHU3bKHU
BMICT JXKUPY Ta KaJIOpiii, 10 MOXKE JIOIMOMOITH HiATPUMYBAaTH 3JI0POBY
Bary. BokuBaHHS pOCIMHHHUX MPOAYKTIB TAKOX MOYKE JOIMOMOTTH 3HU3UTH
pPiBEHb XOJICCTEpUHY Ta pEryJloBaTH apTepiaibHuii THCK. Kpim Toro,
pPOCIIMHHA Ji€Ta MOXKE JOTIOMOITH 3aXUCTHUTH JOBKULIA Ta 3MCHIIWTH
CTpaXKJIaHHS TBAPHUH.

JlromctBo  menmanmi  OLIbIE  CHOXKMBA€E  MIKIMBUX — MPOJIYKTIB
XapuyBaHHs, 6arato padiHOBaHUX Ta KPOXMAIUCTHX MPOIYKTIB, IITYYHUX
CKJIQZIOBHX, BEJIHMKY KUIbKICTb TBAPUHHUX KUPIB, IIYKPY, IO NMPU3BOIUTH
710 BUCHAXXCHHS aJaNTaI[liHAX Ta KOMIIPECOPHUX MeXaHi3MmiB [3,4].

Benuky kareropito B NpoAykKTax (YHKI[IOHATBHOTO MpPU3HAYCHHS
3aiiMaroTh Hamoi. MyHKIIOHAJIBHI HAMOI MPOMOHYIOTH OaraTo mepesar AJis
OpraHi3aMy JIOJUHH. BOHHM MICTATH CHEIlialibHI 1HTPEMIEHTH, SIKI MOXYTh
JOTIOMOTTH BHUPIMIUTHA a00 3amo0irTd MEBHHUM IMpoldiieMaM 31 3I0POB'SIM.
Hampuxman, neski (yHKIIOHAIBHI HAmoi MICTATh AHTHOKCHUIAHTH, SIKi
MOXXYTh JONIOMOTTH 3aXMCTHUTH OpraHi3M BiJl IOIIKO/KCHHS BIITbHUMU
pamukasamu. [HIIT  MICTATH TPOOIOTHKH, SKI MOXYTh JOIOMOITH
MOKPAIIUTH 3I0POB’Sl KUIEYHUKA Ta 3MIIHUTU IMyHHY cuctemy. Jleski
(GyHKITIOHAIBHI HAMOI TAaKOX MICTITh CHEIiadbHl TpaBU ab0 MOXKHUBHI
PEUYOBHUHH, SKI MOXYTh JOIMOMOTTH TIJBUIIUTH PiBEHb e€Heprii abo
MOKpaIUTH KOHIeHTpallito [5] DyHKIIOHAJIBHI HAmMOi TaKOX MOXYTh
JOTIOMOTTH TIATPUMYBATH OpPTaHi3M TiIpaTOBAaHUM, M0 BaXKJIMBO IS
MinHOTO 370poB’s. KpiMm TOro, ¢yHKIIOHaNbHI Hamoi MOXYTh OyTH
XOPOIIIOK abTePHATUBOIO COJOJKHM HAIosM, OCKUIBKH BOHH 4YacTo
MICTATh MEHIIE IMYKPY, @ TOMY MOXYTh JOTIOMOTTH 3MEHIIUTHA pPU3UK
OXKUpiHHA Ta miadery [6, 7].

bepyun no yBarm cydacHi mnpoOiemMu Ta HEAOTIKA 1HIYCTpii
(GYHKITIOHATBPHUX TMPOIYKTIB, 30KpEMa HAMoiB, AYXKE aKTyalbHUM IIOCTa€
MOCTIHHE 3MIHEHHS Ta PO3LIMPEHHS ACOPTHUMEHTY MPOAYKIIi AaHOTO
CIpsIMyBaHHS, O0COOJMBO 30aradyeHoi BITaMiHAaMKU Ta  O10JOT14YHO
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AKTUBHHMH €JIEMCHTaAMHU.

DopmyniosanHs memu cmammi (nocmanoska 3aedanhs). MeToro
JOOCHIUKEHHsT  OyJOo  MOJIETIOBaHHS ~ Ta  ONTUMI3allisl  PELenTypH
3aMOpOXKEHOTO HamiBpabpukary 3 MIABUIIEHUM BMICTOM acKOpOiHOBOI
kucaoTi. Kpim Toro, ciiJi JOCHIIUTH BIUIMB MiJIBUILIEHOI acCKOpPOIHOBOL
KHCJIOTH Ha CEHCOPHI BJIACTUBOCTI HamiB()aOpukary.

Ocnosna yacmumna. IIpupoJHO-POCIMHHA CHpPOBHMHA MAa€ BEIIUKY
LIHHICTb, 3aBASKH CHELU(PIYHOMY MTOETHAHHIO B CBOEMY CKJIal O10JI0T1YHO
1 (p13UYHO aKTUBHUX PEUYOBHUH, SIKI MalKe HEMOXJIMBO CTBOPUTH IITYYHO.
Came pociMHHA CHpPOBHHA € JDKEpeJoM Je(dIIMTHUX TMOJI(PEHONIB 3
TINOTEH3UBHOIO Ta CYJMHO3MIITHIOIOYOO Ji€I0, IIEKTUHOBUX PEUYOBHH, SKi
3[IaTHI BUBOJIUTH 3 OpraHi3mMy kceHobiotuku [8,9].

AliBa — 1€ KOPUCHUH 1 TOXUBHMH (PYKT, SKUI Mae YUCICHHI
nepeBarn JUIsl  JIIOJCHKOTO opraHiamy. Bona Oarara KJIiTKOBHHORO,
BiTaMiHAMH Ta MiHepajiaMu, 0co0auBo BitaminoMm C, kajiem i 3amizom [10].

HamiB3Bapena aiiBa, TakoX BijjoMa SIK aiiBoBa macta a0o aWBOBHI
HaniBaOpukar, € e OJAHMM KOPUCHMM BapiaHTOM. Buroromnenuii 3
BapeHoi Ta MpOTEepTOi aiiBu aiiBoBUil HamiB(paOpuKaT Mae B CBOEMY CKJIaji
BUCOKWW BMICT KJIITKOBMHU Ta aHTHOKcUAaHTIB. HamiBdabpukar 3 aiiBu
MO’K€ JIOTIOMOTTH TMOKPAIIUTH TPABIICHHS Ta PETYJIOBaTH PIBEHb IIYKPY B
KpoBi. BiH TakoX € rapHuM JKEpeoM eHEeprii Ta MOXYTh JOINOMOTITH
3a0€e3MeunTy Opra’i3M HEOOX1THUMU MOKUBHUMU PEUYOBUHAMU. Y BUTJIISIL
HamiBpaOpukary aiBa MOXE 4YYyJIOBO CJIYTryBaTH SIK IHTPETIEHT JUIs
BUPOOHUIITBA KOHAUTEPCHKUX BUPOOIB, HAUMHOK JJII BUIIYOK, OCHOBOIO
JUIS JOKeMIB, cMy3l Ta guTadoro xapuyBanHs [11,]. Takox Takuii
HariBpaOpuKaT TyKe TapHO MOETHYEThCS 3 OaraThMa (PYHKITIOHATLHUMU
IHTpeTIEHTaMU, HAITPUKJIIAJ 3 OOJIIITHUXOIO.

O6minuxa — 1e sAroma, sSKa pocre B 0OaraTbOoX 4YacTHHAX CBITY 1
IPOTATOM CTOJITh LIHYETHCS 3a 1i KOPUCTH IJIs1 37A0poB’s. Aroma Garara
BiTaMiHAMH, MiHEpaJlaMH Ta AaHTHOKCHJAHTaMH, SKI HEOOXimHI s
3mopoBoro xapuyBaHHsA. Och JIedKl TepeBard OOJIMUXHU IS XapuayBaHHS
JOTUHU:

O6minuxa € ogHMM 13 HaWkpammx kepen Bitaminy C, skuit
BOXJIMBUN JUIsi IMyHHOI CHCTEMH, 370pOB’S IIKIpM Ta BHPOOJICHHS
konareny. [lopmist srig oONINUXM MICTUTH TOHAA TPU pas3ud OiIbIIe
pexoMeH10BaHoi 10060B0Oi 103U BiTaminy C.

barara  aHTHOKCHMAaHTaMu: OOJIMMXa  MICTHTh  PI3HOMAaHITHI
AHTUOKCHUJIAHTH, $IKI OOpPIOThCS 3 BUIBHUMHU paJuKalaMud Ta MOXKYTb
3HM3UTH PU3HK PaKy, CepIeBO-CYJUHHUX 3aXBOPIOBaHb Ta IHIIUX
XPOHIYHUX 3aXBOPIOBAHb.

OO6minuxa MICTUTh KIIITKOBUHY, SIKA MOE JOMTOMOTTH TPABJICHHIO Ta
3amo0irtTu 3amopaMm. Sroma TakoXX MOXKE JOMOMOTTH MPU IIIYHKOBO-
KHIIIKOBUX Mpo0JIeMax, TaKUX SK TeTis Ta BUpPa3Ka MUTYHKA.
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OO6mnuxoBa 0l YaCTO BUKOPUCTOBYETHCA B MPOAYKTaX MO JOTISAILY
3a IIKIpOI, OCKUIbKM BOHa Oarata BiTamiHOM E Ta omera-7 XuUpHUMHU
KHCIIOTaMH, SIKI MOXYTb 3BOJIOXKUTH IIKIPY Ta 3aXUCTUTH ii BiJ COHAYHUX
MIPOMEHIB.

[linTpuMka 370pOB’st ceplsi: OOJINMUXa MOXE JOMOMOITH 3HU3UTH
PiBEHb XOJIECTEPUHY Ta 3HU3WTH PU3UK CEPIICBO-CYJAMHHUX 3aXBOPIOBAHb.
Takox groma MICTUTh Kalii, SKHil MOKE 3HU3UTH THUCK.

3aramoMm, oOJinMxa — KOPUCHA Ta IMOKUBHA Sroja, SKOK MOXKHA
HACOJIOJKYBATUCS y OaraTthox ¢opmax, BKIHOYAIOUU CiK, OO0 Ta CyIIeHI
sroau. barato mepesar Juisl 310pOB’St MOYKHA OTPHMATH, SKIIO BKJIFOYHTH
o0JIIMUXy B PAIliOH JIFOJMHM, a TAKOXK CIIOKUBATH 11 B MOEAHAHHI 3 THITUMH
HpOaAyKTaMH, 30KpeMa aiiBoBUM HamiBpadpukarom [12].

3aBgaHHA MOJEIIOBAHHS TOJISITAJI0O Y BU3HAYCHHI 1HTPEIIEHTHOTO
CKJIaAy PpELeNnTypr 3aMOpPOKCHOro HamiBpaOpukaTy i3 3acTOCYBaHHSIM
pPI3HMX  BHJAIB  CHPOBMHHM, SIKI MalOTh TEBHI  OpPraHoJENTHYHI
XapaKTepUCTUKH Ta BUCOKY BITAMIHHY I[IHHICTb.

JIJIsl IpUrOoTYBaHHSI KOMITO3UIIIMHOT CyMiIlli BUKOPUCTOBYBAIM TUIOAU
aliBu, sIKi 32 (OPMOIO Ta KOJOPOM BIJTOBIJIaJIH MOMOJIOTIYHOMY COPTY Ta
HE MaJIM TOIIKOJ/KEHb, 1o mepeadaueno cranmaprom JICTY 7023:2009
[13]. TInomu 30upamu B Mipy jgo3piBaHHsA. [l10au OOMINMMXU MOBHHHI
BIJIMOBIIATH  SIKICHUM XapaKTEPUCTHKaAM 1 HOpMaM, 3a3HAauYe€HUM Y
crangapti JICTY 4837:2007 «Ilmoau Ta sroau MIBHAKO3aMOpOXeHi» [14].
BigiObpani mmoaw Oyaud CBIKMMH, YHCTUMH, 30POBHMH, HE 3iB’SUTHMMH,
CTUIVIMMHU JIO0 CIIO)KMBaHHS, 0€3 MeXaHIYHMX ITOIIKO/KEHb, BIINOBIIAIN
TUIIOB1M MOMOJIOT14HI#M (OpMi Ta KOJIBODY.

CBixi mmoau aWBH Ta oOMINUXW Tepedpann, BiaKamiOpyBanu,
IPOMUJIM Ta TPOCYIINUIU ISl BUAAICHHS 3aiiBoi BoJOTH. AiBY Hapizanu i
HarpiBajau BiOpariiero HaaBHCOKoi yactotd 600 BT mpotrsrom 1 XBuiawHH,
o0 OTpUMATH MIOPE OJHOPIAHOT KOHCUCTEHIII 3 MIHIMAJIbHOK BTPATOIO
Bitaminy C (mo 7,2%). OOninuxy mNOApiOHWIM O OJHOPIAHOTO TIOpE.
Otpumane miOpe KymakKyBalld 3a EKCHEPUMEHTAIBHOIO PEIEeNnTypolo,
dacysamu B 100-rpamoBy Tapy 1 3amoposxyBainu mipu -30°C st 30epiranss
mpu -18°C (Tabmn. 1).

Tabnuys 1
Hocninni penentypai kommno3uitii, r/100r
HaiimenyBaHHSI CUpOBUHU AliBa O6ninuxa
Bapiant 1 (koHTpOIB) 100 0
BapianT 2 90 10
Bapianrt 3 70 30
BapianT 4 50 50
Bapiant 5 30 70
Bapianrt 6 10 90
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ExcriepumeHT mnepeBipsB, SK 3aMOPOXKYyBaHHS Ta 30€piraHHs MpH
IOy’)K€ HU3bKUX TeMIlepaTypax BIUIMBAlOTh HA YacTKy acKOpOiHOBOI
KHUCIIOTH Yy (QPYKTOBIHM cyminli. BumiptoBaHHs POBOIMIN HOTOMETPUUYHUM
MeronoM [15]. Pe3ynbratu mokasyroTh, IO XIMIYHMHA CKiaJl (PYKTOBOI
CyMillll 3MIHIOETBCS 1] Yac 3aMOPOXKYBAaHHS, 1 111 3MIHM TPUBAIOTH 1] Yac
KploreHHoro 30epiranus (puc. 1).

60 o4 55,7
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50 - 47,3

= : )

U 40

s 30 g -

[3e} . .

5 B

= 20 - K

= | o12p
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BapiantBapiant Bapiant Bapiant BapianT Bapiant
1 2 3 4 5 6

JTociaHI pelenTypHl KOMITO3HITIT

B ITicna 3aMopoKyBaHHSA
06 MicAIIB 30epiraHHA

Puc. 1. Brparu Bitaminy C y qochiKyBaHUX 3pa3Kkax, %o

3pa3ku (GpykTOoBOro mrope 3 aiBu crodarky mictuiau 10,34 + 0,3
Mmr/100 r ackopGiHoBoi kucioTu. [Ipu mogaBaHHI TIOpe 3 OOMIMUXH BMICT
aCKOpOIHOBOI KHCIIOTH Y JOCIIIKYBAaHUX 3pa3Kax 3HAYHO ITiABHUIIYyBaBCS.
[Ticns 3amopoxyBaHHs BMicT BiTaminy C y miope 3 aiiBu (KOHTpOJIbHA
rpyna) 3uu3uBcs Ha 34%, a micis AeB’SITH MICSIIIB KPIOTEHHOTO 30epiraHHs
e Ha 44,7%.

JlomaBaHHs BENWMKOiI KUIBKOCTI TOpe 3 OOJINUXH HE Mayio
MO3WTUBHOTO BIUIMBY Ha BTpaty ackopOiHoBoi kuciotu. [lpm momaBanHi
70-90% oOminuxu 3aranbHi BTpaTH cTaHoBWIM 52,4-55,7%. Ane upwu
nonaBanni yume 30-50% oOminuxu BTpaTH TMICAS 3aMOPOXKYBaHHS 1
TPUBAJIOTo 30epiraHHs OyJnd AEHI0 MEHIIUMHU 1 cTaHOBUIU 49,9-47,3%. Lle
MOke OyTH TIOB'SI3aHO 3 AKTHBHICTIO acKOpOATOKCHIa3u, SKa KaTali3ye
OKHUCJICHHSI acKOpOiHOBOi KucimoTu 1 30epira€ CBOIO AaKTHBHICTH MICIA
3aMOpOXyBaHHSA. 3OUTBIICHHS BMICTy OONIMUXHA TPU3BOAUTH [0
IIJIBUIIICHHS BMICTy acKOpOIHOBOI KHCIIOTH, a TaKOX aKTHBHOCTI
ackopOaTokcua3u. TakuM 4MHOM, IIBHIAKICTh pyWHYBaHHS BiTaminy C y
peuentypHux A00aBKax 3 BUIIUM BMIiCTOM BiTamiHy C Moke OyTH BHUIIOIO.
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HalimMenii 3aranpHi BTpaTu Oynu 3adikcoBani npu goaasanHl 10%
oOminuxu 1 cTaHoBWIM BoHU 15,3 % micnsgs 3aMOpOXyBaHHS —Ta
JIeB’ ATUMICSTYHOTO KPIOT€HHOT0 30epiraHHsl.

Anamizyroun  pe3ynbTaTH, MOXHA  BH3HAUYUTH  ONTHUMAaJbHE
CHiBBiAHOUIEHHS 1HTpeaieHTiB Juist cymimi: 90 r/100 r mope 3 aiiBu Ta 10
r/100 r mrope 3 oOminuxu. Take MOEAHAHHS MOKpallye (QYHKI[IOHAJbHI
BJIACTUBOCTI cyMimi Ta 30epirae ii mpu 30epiraHHl NpU HUBBKUX
Temrneparypax. BuxopucranHa aiBoBUX HamiB(aOpHKaTIB PO3IIUPIOE
ACOPTHMEHT KOPHUCHUX HAroiB Ha PHUHKY, i ABUIIY €
KOHKYpPEHTOCIIPOMOXKHICTh KOMIaHIM 1 JomoMara€e CHOKMBayaM 3HATH
CBOE 370pOB'S Ta 3amnobiratu 3axBoproBaHHsAM. Llelt mpoaykT ocoGnmBO
OiAXOMUTh MJIA TPUTOTYBAaHHS (PYHKIIIOHAJTBHUX HAMOIB, TaKUX SK
KpITUIEHUH Yaid, CMy31 Ta KOKTEUJI.

Bucnoexu. Y naniit po0GOTI JOCTIIKEHO BIUIMB 3aMOPOXYBaHHS Ta
KPIOT€HHOTO 30epiraHHs Ha MAacoOBY YacTKy acKOpOIHOBOI KHCJIOTH MpPH
TpuBajgoMy 30epiraHHi 3a HH3BKUX TeMIlepaTyp. Pe3yinbTaTH MOKa3ylTh,
10 30UTBIIEHHS BMICTY OOJIMUXHM MPHU3BOJIUTH HE TUIBKU 0 30UIbIICHHS
BMICTY  acCKOpOIHOBOi  KHCJIOTH, aje W  IIJABUIIYE AaKTUBHICTb
ackopOaTOKCHIa3H, sIKa MPUCKOPIOE PYyHHYBaHHS aCKOPOIHOBOI KHCIOTH.
3a uMMH pe3yJbTaTaMHd BHU3HAYEHO ONTHUMAaJbHE CIIBBIJHOIIEHHS
iarpemiedTiB cymimi: 90 r/100 r mrope 3 aitBu Ta 10 /100 r mope 3
oOninuxu. BukopucTaHHs  MiICLEBOI  POCIMHHOI  CHUPOBUHHU  JJIs
3aMOpOXeHUX HamiB(aOpuKaTIiB J1a€ MOXJIUBICTH CTBOPUTH Oaraty
CUPOBUHHY 0a3y /151 iX BUPOOHUIITBA.
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FROZEN SEMI-FINISHED PRODUCT WITH THE ADDITION OF SEA
BUCKTHORN AS A RAW MATERIAL FOR PRODUCTS WITH A
FUNCTIONAL PURPOSE

Summary

A balanced diet is one of the most important conditions for a person's health,
which affects its working capacity, immune system, and life expectancy. A healthy
balanced diet provides the human body with the most necessary components for its
normal functioning. Natural plant raw materials have great value, thanks to the specific
combination of biologically and physically active substances in their composition,
which are almost impossible to create artificially. It is vegetable raw materials that are a
source of deficient polyphenols with hypotensive and vaso-strengthening effects, pectin
substances that are able to remove xenobiotics from the body.

The task of modeling was to determine the ingredient composition of the frozen
semi-finished product recipe using different types of raw materials that have certain
organoleptic characteristics and high vitamin value. The paper examines the effect of
freezing and cryogenic storage on the content of vitamin C in semi-finished quince with
the addition of sea buckthorn fruits. For the production of quince semi-finished products
with an increased content of ascorbic acid, sea buckthorn fruits were chosen as a
functional ingredient. Sea buckthorn and puree made from it are quite a good
physiological functional filler for many food products, because it contains a lot of
macro and microelements, dietary fibers, polyphenols, organic acids, vitamins, etc. The
use of sea buckthorn puree in the production technology of semi-finished quince
contributes to enrichment vitamin and mineral composition and increasing its
organoleptic properties. The finished composite mixtures were frozen at a temperature
of -30 °C and stored at -18 °C for 9 months. As a result of research, it was established
that increasing the content of sea buckthorn leads to an increase not only in the content
of ascorbic acid, but also in the activity of ascorbate oxidase, which accelerates the
destruction of ascorbic acid. The analysis of the obtained results made it possible to
determine the optimal ratio of the mixture ingredients: 90 g/100 g of quince puree and
10 g/100 g of sea buckthorn puree. The use of local plant raw materials for frozen semi-
finished products will allow us to have a rich raw material base for their production.

Keywords: quince; sea buckthorn; composite mixture; cryogenic storage; freezing;
vitamin C.
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O®OPMYBAHHA AKOCTI XJIIBA ITIIEHUYHOI'O 3
JOBABKOIO «KIUITKOBUHA I'PEYAHA»

Anomayia. CtaTrTss TpUCBSYeHAa (POPMYBAHHIO SKOCTI XJi06a MIIEHUYHOrO,
BUTOTOBJICHOTO 3 J00aBKor0 «KIITKOBMHA TrpedaHa» Ha OCHOBI TpeYaHOl JIy3TH.
[IpoBeneHo OLIHKY 3pa3KiB xJi0a 3 pi3HUM BMICTOM 100aBKu «KiiTkOBHMHA IpedaHa» 3a
OpPraHoJIENTUYHUMH Ta (PI3UKO-XIMIYHUMHU NOKa3HUKaMu. BcTaHoBiEHO, 110 3a BMICTY
no6asku 1 % Big Macu OOpoIlIHA TOPIBHSHO 13 3pa3koM 0e3 100aBKU HE BiAYyBa€ThCA
3MiHa 3amaxy xui0a, Jieqb BIQUYTHUI TOpiXO-MakoBHM mpucMmak; 3a BMicTy 3 % —
BIIUyTHI MPUEMHHI TOpPiXO-MaKOBUM 3amax 1 MpHUCMakK; 3a BMICTYy 5 % — BuUpakeHi
ropix0-MaKOBUH 3amax 1 mpucMak (y BCIX 3pa3Kax XpyCKOTy Ha 3y0ax HeMae); 3a BMICTY
10 % — BiguyTHI 3amax i MpUCMakK TPEYKH, JeAb BIMYYTHHH XPYyCKIT Ha 3yOax. s
TakuX (I3UKO-XIMIYHMX TTOKa3HUKIB SIK BOJIOTICTH 1 TIOPUCTICTH CIIOCTEPIraeThCs
3aKOHOMIPHICTh: YUM OUIBIIMA BMICT J00ABKH, THM MEHIIE iX 3HAYCHHS; Ha
KHCJIOTHICTH 100aBKa Maii)ke HE BIUIMBAE.

Knrwouosi cnosa. rpedana mysra, Xm0 TIIIGHWYHWH, HETpauIliiHA CHUPOBHHA,
KJIIITKOBHMHA TPeUYaHa, OpraHoJICIITHYHI TOKa3HUKH, (PI3UKO-XIMIYHI TOKA3HUKH.

Ilocmanoska npoonremu. Xiid — HAWMOMMPEHIMUANA TOBCAKICHHUM
IPOJYKT XapuyyBaHHS BCIX BEpPCTB HaceleHHs. XJi0 Ta Xii0oOynouHi
BUPOOM Yy CBOEMY CKJIQJi MICTITh HEBEIMKY KiJIbKICTh BITaMIHIB,
MIHEpaJIbHUX PEUOBMH 1 XapyoBHX BOJOKOH. TomMy OJHUM 3
HAWTIEPCIIEKTUBHIMNX METOMIB 30aradyeHHsl paiioHy XapuyyBaHHS €
30arayeHHss came [Mx npoaykrTiB. CydacHi JOCHIDKEHHS BYCHHX
CIpsIMOBaHI Ha TIOJNIMIIEHHS SIKOCTI Ta XapyoBOi IIHHOCTI xiiba Ta
XJIIOONPOAYKTIB, PO3MIMPEHHS IX AaCOPTHUMEHTY ¢ YIOCKOHAJICHHS
TEXHOJIOT1H X11000yT0YHNX BUPOOIB (HYHKIIIOHAIBHOTO MPU3HAYEHHS, 110
TICHO TIOB’S3aHO 3 BHUKOPUCTAHHSIM KOMITO3UTHHX CyMIIIEH PI3HUX BH/IIB
6opomrHa [1], Xxap4oBHUX pecypciB, 30KpeMa 3 IepPepoOKOr0 HETPAIUIIIHHOT
cupoBuHH [2]. Y TakoMy KOHTEKCTi 3HaYHY yBary MpHIUISIOTH MPOTyKTaM
3 BUKOPUCTAHHSIM  JIKApCHhKO-TEXHIYHOI CHPOBMHM Ta  MICIIEBUX
CHPOBUHHUX pecypciB. JJisi CTBOPEHHS HOBOT'O IMOKOJIIHHS XJI100MPOAYKTiB

© BopobGers M. M., €nam B. B., Kob6aca I. M., Korgpauyk I. B., 2023
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0370pOBYOr0 Ta MNPOPUIAKTUYHOTO NPU3HAYEHHS JUIsl PI3HUX Tpyld
HaceJIeHHs MO)KHA MPONOHYBATH IpeYaHy Jy3ry, sfKa CKIagae OJu3bKo 22
% B1Jl Macu CUPOBHHH IiJl YaC OTPUMAHHS KPYIH 13 3€pHA IPEUKH.

Ananiz  ocmamnmnix Oocnioxwcenv. Hapasi akTyanabHOCTI HaOyIu
JOCHIKEHHS! BUKOPUCTAaHHA (PITOCUPOBUHU (OBOYEBI Ta (PPYKTOBI
MOPOIIKM, POCIMHHI €KCTpaKTH, NpsHI TpaBu TolO). Hampuknan,
BBEJICHHS JI0 perenTypu xiida 2 % Bil Macu OOpOIIIHA €KCTPAKTy KOPEHs
COJIOJIKM T'0JIOT TIPUIIBUJILITYE MPOIEC OPOJIIHHS TICTa, MO3UTUBHO BILIMBAE
Ha (I3UKO-XIMIYHI M OpPraHoJIeNTHYHI MOKa3HUKU BUpoOy [3]. BBenenus
MOPOIIKIB KOPEHEBHINlA PEBEHIO Ta ST YOPHOI CMOPOAMHU J03BOJISIE
PO3IIMPUTH ACOPTUMEHT O3J0pPOBYMX XJ1000yNIOYHMX BHpPOOIB [4],
MPOJIYKTIB TepepoOKu KOoHOoMeNb (OOpoIlHAa Ta HACIHHS) — 30UIBIIUTH
XapyoBY WIHHICTH XJ100NpoayKTiB [5, 6]. BueHumu [7] BCTaHOBIEHO, 11O
BUKOpPUCTaHHS 3 — 5 % MIPOTY BUHOTPAJHUX KICTOYOK BiJl Macu OOpOIIIHA
HE3HAYHO 3HW)KY€E TOKa3HMKHM SKOCTI XJiba, MpoTe J03BOJISE€ 30araTUTH
BUpOOU (Di310JIOTTYHO AaKTUBHUMHU pedOBMHAMHU. BukopucranHs OoporrHa
KiHOA CBITJIOTO, (PITOEKCTPAKTY POMAIIKH, BUCOKOJUCIEPCHOIO MOPOIIKA
arpycy B TEXHOJIOTil Xs100OYJOYHHUX 1 KOHAMTEPCHKUX BHUPOOIB Jdae
MOKJIMBICTD TMOJIMIIATHA OPTraHOJENITUYHI MOKa3HUKU TOTOBUX BUPOOIB [8,
9]. BcranoBneno [3, 10], mo BUKOpHUCTaHHS MIPOTIB OJIHHUX KYJIBTYP
(HacinHsa TapOy3a, KyHXYTYy, BOJIOCBKOTO TOpixa, PO3TOPOIIIII, OOIIMUXHU
TOIIIO) BIJIMBAE HA IHTCHCUBHICTh OpOAiHHA TicTa, (HOPMOCTIHUKICTD 1
TEpMiH 30epeKeHHs CBDKOCTI XJi0a, 301IbIIye MUTOMHUI 00’€M BUPOOY, €
JOKEpeJIOM BITaMiHIB 1 MikpoeiaeMeHTiB. Bupobu 3 mobaBkamu GopolHa 3
HaciHHS TrapOy3a TMPOSBISAIOTh IMYHOKOPHUTYIOYi, PpaioNpOTEKTOPHI,
OaKTepUIIUJIHI, AHTHATEPOCKIECPOTHYHI, IPOTHAJICPTidHI, AHTUMIKPOOHI,
¢yHrinuaHi BaactuBocti [11].

I'pevana mysra BiIpI3HSAETHCS BUCOKUM BMICTOM IOMI()EHOJIB Bij
000JJOHOK HM3KHM 3€pPHOBHX KYJbTYyp. Y HIH HasBHI PYTHH, Kemdepou,
KBapueTHH, (HEHOJKApOOHOBI KHUCJIOTH: IPOTOKATEXIHOBA, XJIOPOTCHHOBA
[12]. HaiiGinmpmmii BMICT PYyTHHY Y KBITKaX, JIMCTSAX TPEYKH Ta 3epHAX
OKpeMHX T1i COpTiB. Y Cy4YacHI MEIUIIMHI PYTHUH 3aCTOCOBYIOTH IS
mpo(TaKTUKK 1 JTIKYBaHHS CEPIIEBO-CYJIMHHUX 3aXBOPIOBaHb, I[yKPOBOTO
niabeTy, peBMaTu3My, TIMEPTOHIi, 3JOSKICHUX YTBOPEHb, 3aXBOPIOBAHD
MEYIHKKA 1 >KOBYHOTO Mixypa. PyTWH 3MeHIIye BiAMHpaHHS TKaHWH 3a
0OMOPOKEHHS, TICUITIOE 3aXUCHI QYHKITIT OpraHizmy.

XiMIYHUN CKJIaJl TPEYAHOI JTy3TH KOJMBAETHCS B MIMPOKUX Jiara30Hax
1 3alleXUTh B COPTY TPEYKH, YyMOB 1i BHPOIIYBaHHSI Ta BiJ
XapaKTepPUCTUKH TEXHOJOTIYHOrO MpoIlecy mnepepoOku 3epHa. Tomy B
TTEpaTypHUX JDKEpeNiax BIIOMOCTI MIOM0 XIMIYHOTO CKJIAaay TpedaHoi
Jy3TH JENI0 BiAPI3HAIOTHCS MK co0010. 3rigHo [13] Bona mictuth 10 50 %
kiiTkoBuHH, 3 — 4 % cuporo Oinka, 4 — 5 % xwupy, 0,2 — 0,3 % mykpis,
BMICT aMiHOKHCIIOT CTaHOBHUTH 1,65 %. Y poOoti [14] HaBeacHmii Takuii
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ckinan sy3ru rpeuku: g0 950 % xmitkoBuHu, 4 — 5% mimiais, 70 %
nomicaxapunuis, 0,2 — 0,3 % mykpiB, 9 — 10 % 30mu. ['peuana mysra Garara
KOMILUIEKCHUM MIHEpaJbHUM CKJIAJIOM; B HIM € 3a11130, XpOM, Kajlil, HAaTpiH,
MarHi, ImUHK, Mias, (ocdop, cpidno, Kambliid, amoMiHiil. Bwict
MIHEpAJIbHUX PEYOBHUH 3aJIEKUTh BIJ 0ararb0X MOKa3HUKIB, 30KpeMa,
MIEBHOIO MIPOIO BIJ COPTY TpPEUYKH, ajie g BCIX COPTIB XapaKTepHUU
3HaYHUN BMICT Kadito. Takox y HiMl HasgBHI cUpui OLJIOK, aMiHOKHCIIOTH,
Bitaminu E, B1, Bz, MiHepaibHi peUYOBUHM, MITMEHTH, KOJIP SKUX HYXKE
OJM3BKUI 710 IIOKOJIATHOTO 1, HAMTOJIOBHIIIE, Taka HEOOXiJIHA HAIIOMY
OpraHi3Mmy KJIITKOBHHA.

XapdoBi BOJIOKHA 3MEHIIYIOTh CEKpEIil0 1HCYJIHY, 3B’S3yIOTh 1
BUBOJATH 13 OpraHi3My TOKCHYHI PEYOBHHH, KOBUHI KHCJIOTH, LIKIJIJIUBI
MIHEpaJIbHI CIIONTYKH, a TaKOX BIUIMBAIOTh Ha OOMIH JIIIMI/IB, 3HAYHY POJIb
BIAITPalOTh Yy (YHKIIT HUTYHKOBO-KHUIIKOBOTO TPAaKTy, 3a0e3MevyoTh
MOYYTTSl CUTOCTI. BOHM — OCHOBa NMPaBWIIBHOTO TPABIICHHS, 30€peKEeHHS
310poBOT Bard, MpoQiIakTHKH paky Ta npiabery 2-ro tumy [15, 17].
PospaxyHok (i3ionoriyHoi moTrpedu CydacHOi JIOJUHH B Xap4yOBHX
BosiokHax ckianae 30 — 40 r Ha 100y 3a eHEePreTUYHOI I[IHHOCTI Xap4OBOTO
pamiony 2500 kkan. OnHak, IOJAHS B palllOH BXOJUTb, Y CEPEAHBOMY,
Tpoxu Ounbiie 10T Mi€THYHOT KIIITKOBHMHHU, IO B 3 — 4 pasu MeEHIIe
HeoOXimHOi HopmHu. Hapasi cBiTOBI TeHEHII 3HMIKEHHS KaJOPiHHOCTI
palioHy  XapuyyBaHHS  3yMOBJIIOIOTH  HEOOXIAHICTE  PO3IIUPEHHS
ACOPTUMEHTY XJIIOOMEeKapChbKUX BHUPOOIB, sKI O XapaKTepu3yBaIHCh
30UIBIIIEHHM YMICTOM XapuyOBHUX BOJIOKOH.

['peyany sy3ry panimie HE BHUKOPUCTOBYBAIM y  XapyoBii
npomucioBocti. OpHak, Oepyuu 10 yBarum XIMIYHHM CKIaJ 1 HHU3bKY
coOiBapTICTh, MOXXHA pO3MNISLAATA ii AK I[IHHY XapuoBy 100aBKy. 3a
HEBEJIMKO1 BapTOCTI TiApoJli30BaHA TIpedaHa Jiysra HaOyBae dYyJO0BUX
TEXHOJOTIYHUX BJIACTUBOCTEH 1 MOXKE BUKOPHCTOBYBATHUCS SK XapdoBa
nobaBka, 30KpeMa y OOpOIIHSHUX KOHIUTEPChKUX BHpoOax [11, 16].
OO6pobiiena my3ra Mae IPUEMHHA CMakK, apoMart, IMIOKOJIATHO-KOPUYHEBHMA
KOJIp.

OTxe, DOCTIHKEHHST HETPAAUIIIITHOT POCTUHHOT CHPOBUHU — TpeYaHol
my3ru, Oaratoi BiTaMiHaMH, MakKpo- 1 MIKpOEJIEMEHTaMH, XapYOBHUMHU
BOJIOKHAMU — aKTyaJbHE 3aBJIaHHS ChOTOJICHHS.

Mema cmammi — QopMyBaHHA SKOCTI XJsi0a MIIEHUYHOTO 3
JI0JTaBaHHIM Pi13HOT MacoBoOi yacTKu J00aBku «KITiTKOBHHA rpedanay.

OcHosna uacmuna. Sk xapdoBy m00aBKy 10 XJi0a MIICHUYHOTO
BUKOPUCTOBYBalIM  100aBky «KIliTKOBUHA  rpedaHa», TEXHOJIOTIIO
OTPUMAaHHS SKOI 3 TPEYaHOi JIy3rd Ta MOBHUHU ii aHami3 1010 OE3MEeYHOCTI
i BIAMOBITHOCTI CTaHIAPTHUM BHMOTaM, SIKI BUCYBAIOTBCS O POCIUHHHUX
n00aBOK, po3po0JieHO ¥ mpoBeneHO Ha Kadenpi XiMii Ta €KCHepTH3U
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XapyoBOi MpoayKilii YepHiBEILKOTO HAI[lIOHAJBLHOTO YHIBEPCHUTETY IMEHI1
Opis ®eapkoBuya [18].

JocnipkeHHsT  OPOBOAWJIM — LUISIXOM — MPOOHOTO  BUITIKaHHS,
BUKOPUCTOBYIOUM TpPAAULINHY TexHosorio. KoHTponpHUI 3pa3ok: Xiio
NIIeHNYHu 6e3 a00aBku. /[ mpuroryBaHHA JOCHIKYBAHUX 3pa3KiB
yactuHy OoporrHa nmeHnyHoro (bII) 3aminsanu Ha nobaBky «KiiTkoBuHA
rpedanay (/1) (tabxa. 1) mix yac crajii 3aMilryBaHHS TicTa.

Tabnuys 1
Peuientypu KOHTPOJIBHOTO Ta JOCIIKYBAaHUX 3pa3KiB XJ110a MIIEHUYHOTO 3
no0aBkoro «KiiTkoBHHA rpeyaHa

PeuentypHuii 3pa3ok
KOMIOHEHT, I' | KoHTpoJib Nel Ne2 Ne3 Ned
boporro 100 99 97 95 90
NIICHUYHE
Ilykop 6 6 6 6 6
Cuip kaMm’siHa 15 15 15 1,5 1,5
HpuRoK 1 1 1 1 1
pecoBaHi
Bona 100 100 100 100 100
JlobGaBka 0 1 3 5 10
1 % (mac.) |3 % (mac.)|5 % (mac.)[10 % (mac.)
Ipumimxu be3 I | 3aminu 3aMIiHU 3aMIiHU 3aMiHU
bllna Jl | bllna J[ | BIlna JI | BIl Ha /]

[IpoBogunu  OpraHoOJENTUYHY  OLIHKY  KOHTPOJBHOTO  Ta
JTOCHIDKYBaHMX 3pa3KiB XJba TIIEHUYHOTO 3a HU3KOK ITOKa3HUKIB
kopuctytounch JCTVY-II 8536:2015. Taki (izuko-ximMidHI TOKa3HUKH, SIK:
MIOPUCTICTh, BOJIOTICTh, KUCIOTHICTh BU3Hauanu 3rigHo JJCTY 7517:2014.

KopucHuii Ta Oe3neunuii MpoAyKT He OyJe BUKIMKATH 1HTEpECy Yy
CIIO’KMBAYiB, SIKIIO BiH HE BOJIOJ(1€ XOPOIIMMH CMaKOBUMU BIIACTUBOCTSIMU,
3amaxoM, TPUBAOIMBUM 30BHIINIHIM BHUIVISIIOM Ta KOHCHUCTEHIIIEIO.
PesynpTaTé OpraHONENTHYHOTO AaHAMI3y 3aBXIW BHUPIMIATIBHI TiJ dYac
OIIIHKHU SIKOCT1 Xap4yoBOi MPOYKIlii, HE3aJe HO BiJ i Xap4yoBOi I[IHHOCTI.
Tomy, BuB4aroun BB 100aBKku «KITITKOBHHA TpedaHa» 3 HETPaAUIIHHOT
POCIMHHOT CHUPOBMHM — TpEUaHOI JIy3rd Ha BJIACTHUBOCTI XJiba
MIIIEHUYHOTO, TEPIIUM €TaroM OyJl0 TMPOBEACHHS OPraHOJENTUIHOL
OIIIHKKM  BUTOTOBJIEHWX  3pa3kiB.  Pe3ynpTaTéi  OpPraHojIenTHYHOTO
OIIIHFOBaHHS KOHTPOJIBHOTO M JTOCIIKYBaHUX 3pa3KiB MOJIaHi B TaOmHII 2.

AHali3 HaBeJIeHHX AaHUX (Tabi. 2) 3acBiguye, IO 3amiHa OOpoITHA
nIeHnYHoro Ha J00aBky «KimiTkoBMHA TpeuaHa» y KUTbKOCTAX | —
10 % (mac.) He BruMBaEe Ha popmMy BUPOOIB Ta CTAH M SKYIIKH. Y Cl 3pa3Ku
MalTh (GopMy, B sKId MPOBOJWIM BUIIKAHHS, 0€3 OOKOBUX BHUILIUBIB.
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M’skymika mpornedeHa, 0e3 CiiiiB HEMpOMICY, HE JIMIKA, HE BOJOra Ha
JOTHK, JOCTAaTHHO €JIACTUYHA, PIBHOMIPHO MOPHUCTA.

Tabnuys 2
OpraHosnenTuyH1 MOKa3HUKU JOCIIKYBAaHUX 3pa3KiB XJ110a MIIEHUYHOrO
[Tokas- XapakTepucTHKa OKa3HUKIB
HUK
Boprimmin  KOHTPOIb | 3pasok Nel | 3pasok Ne2 | 3pasox Ne3 | 3pasok Ned
BUTJISII
- CTaH I'magka, 6e3 BeIMKUX TPILIIUH 1 BEJIMKUX MiApUBIB, 0e3 | [opcTkyBary
MOBEPXHI 3a0pyIHEHHS. , HAsIBHA
TpIIIMHA.
- xonip |CBitio- CBITJIO-KOpUYHEBUH, Kopuunesuii, [TemHo-
CKOPUMHKH [KOPUYHEBMI, | BepXiBKa 3 OJMUCKOM, Oe3 [BepxiBKa 3KOpPUYHEBUH,
BEpXiBKa 3 HiATOP1IOCTEH. onuckoM, Oe3BepxiBka 0e3
ockoM, 6e3 miaropisocTei|onucky,  6e3
1TOp1I0CTEMH] M1rOpiIOCTEN
- popma | BignoBinae ¢opmi, B siKiii MPOBOINUIN BUIIKaHHS, HE PO3IJIMBYACTA,
0e3 OOKOBHX BUILIUBIB.
[Iponeuena, 6e3 ciifiB HEMPOMICY, HE JIUIMKA, HE BOJOra Ha JOTHK,
Cran | 1OCTaTHHO  €JacTH4YHA,  PIBHOMIPHO  TOPHCTA. BincyTthe
M’SIKYIIKH| BIiJIIAPOBYBAHHSI CKOPUHKHU BiJl M SIKYUIKH, OIS HUKHBOI CKOPUHKHU
BIJICYTHIM 0€3MOPUCTHUH IIUTLHUN IIap.
BnactuBuii | Bnactusuii | Bnactusuit | BnactuBuii | Biiactusuit
bOMY BHIY IIbOMY BHIY | IbOMY BH]Y| IbOMY BHUIY | IIbOMY BHIY
xii0a, xi10a, 3 xJ0a, 3 X104, 3 | x110a, 3
Caax IPUEMHUIA, Teth Biz[t_lyTHI/IM BUPAKEHHM BITYyTHUM
6e3 BITYYTHUM | FOPIXOBO- | FOPiXOBO- PUCMAKOM
CTOPOHHBOT'O| TOPIXOBO- | MAKOBHM | MaKOBHM IPEYKH.
OPUCMAaKy. | MAaKOBUM MPUCMAKOM.| TPHUCMAKOM.
IPUCMAKOM.
BnactuBuii | Bnactusuii | Bnactusuit
EOMY bOMY BHIY | IbOMY BUIY
BHIy XJi0a,| Ximi0a, x7110a, 13
BnactuBuii uboMy BUAy | IPUEMHHM, | IPUEMHUH, 3 | 3aI1AXOM
3amax | xiiba, npueMHui, 6e3 3 JeAb| BITYYTHAM | TPEUKH.
CTOPOHHBOTO 3araxy. BITYYTHUM | 3aI1axOM
3araxom MaKy Ta
MaKy Ta| ropixa.
ropixa.
Po3:xo0- ) Henw .
: BiTUyTHUUN
BYBaHICTh Jlobpe po3KOBYETHCH. :
M scyIicH XPYCKIT Ha
3ybax
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M’skymika 1o0pe po3:xoByeThesl y 3pazkax Ne 1, 2, 3; y 3pa3zka Ne 4
(3amina 10 % BIl na [I) neap BimuyTHHH XpyckiT Ha 3y6ax. Komip
CKOPMHKH, 3aJ€XKHO BIJ BMICTY J00aBKHM, 3MIHIOETHCS BiJ CBITJIO-
KOPUYHEBOT0 (KOHTPOJIBHUN 3pa30K) 0 TEMHO-KOPUYHEBOro (3pa3ok Ne
4). Taky 3miHy 3a0apBiieHHS, HaWIMOBIpHIIIE, CHPUYMHIOE MEJAHIH —
KOpPUYHEBUI OApBHUK, HAsIBHUU y TpevaHiil J1y33i.

V¥ Bcix 3pa3kax, kpim 3paska Ne 4, BepxiBka 3 Onuckom. [ToBepxHs
KOHTPOJBHOTO Ta 3pa3kiB Ne 1 — 3 rnaaka, 6€3 BETUKUX TPILIKH 1 MiIPUBIB,
0e3 3a0pynHeHHs, 3pa3ka Ne 4 — HepiBHa, HasiBHA TPIlIMHA, IOPCTKYBATa,
110 € MPUYMUHOIO B1ICYTHOCTI OJIUCKY BEPX1BKU BUPOOY.

AHanizyloun  pe3yJbTaTH  OPraHoJIENTHYHOI  OLIHKH, MOXHa
KOHCTaTyBaTH, 1110 Jo0aBKka «KIliTKOBUHA rpedyaHa» HalOlIblle BIUIUBAE HA
Takl TOKa3HUKH, AK: CMaK 1 3amax. 3a BmicTy go0OaBku 1 % Big Macu
OopomrHa (3pa3ok Ne 1) nmeap BigUyBaeThbCsl MpHUCMaK ropixy ¥ Maky; 3a
BMicTy 3 % (3pa3ok Ne 2) — BiqUyTHUN MpPUCMAK ropixy W Maxy; 3a BMICTY
5 % (3pazok Ne 3) — BupakeHU MPUCMAaK ropixy i Maky; 3a Bmicty 10 %
(3pa3zok Ne 4) — BiAUyTHHUI MpUCMaK rpedykd. Maike aHaJIOr1dH1 BIIUyTTS
I0J10 3amaxy JOCIIKYBaHUX 3pa3KiB.

He3anexxnumu exkcnepramMu TMPOBOJMIOCH KUIBKICHE OIIIHIOBAHHS
KO’)KHOTO TIOKa3HUKa 3a JecATHOAJbHOI0 IIKajJow. 3a Mpoduiorpamoro
pe3yabpTatiB (puc. 1) MOXKHA BI3yalIbHO MOPIBHATH SKICTh JOCIIIKYBAHUX
3pa3KiB 3 KOHTPOJBHUM 3pa3KOM.

Cran
MOBEPXHI
10
3
Po3:K0BYBaHIC
e 6 DopMma
Thb M'KYIIIKH - .
- KonTponsHHUI 3pa3ok
3pazok Nel
Ctan 3pazok Ne2
CmMak ) P
M'SKYILIKHA )
3pazok Ne3
3amnax ——3pasok Ne4

Puc. 1. Tlpodinorpama pe3ynbTaTiB OPraHOIEITHIHOI OI[IHKH 3Pa3KiB
xJ110a MIIEHNYHOTO 3 100aBKoI0 «KITliTKOBIHA TpevyaHay y OPIBHIHHI 3
KOHTPOJBHUM 3Pa3KOM

OT)KG, MOJXHa KOHCTAaTyBaTH, a1o 3a OpPra”HoJICIITHYHUMHA

MOKa3HUKAMW HaWTIPIIUKA TOCHIKyBaHUN 3pa3ok Ned (BMicT mg00aBKU
10 % Bix BII): moBepxHsI MOpPCTKyBaTa, 3 TPINIMHOK, JIEAb BiAUYyBAETHCS
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XpYCKIT Ha 3y0ax MiJl 4ac pO3KOBYBaHHs, a Halmmmuid — 3pa3ok No2
(BmicT nob6asku 3 % Bix BII), sikuii 3a cMak 1 3amax oTpuMaB Ouble OasiB
MOPIBHSIHO 3 KOHTPOJIBHUM 3Pa3KOM.

[lin yac BuBYeHHsS BIUIUBY J00aBku «KIlITKOBMHA TrpedyaHa» Ha
BJIACTUBOCTI XJ10a MIIEHWYHOro, OKPIM OpraHOJENTUYHMX MOKA3HHKIB,
HaMHM JOCHIDKEHO (PI3UKO-XIMIYHI BJIACTMBOCTI 3pa3KiB, 30KpeMma:
BOJIOTICTh, HOPUCTICTh 1 KUCIOTHICTh. L{i MOKa3HMKKM BU3HAYAIM Ha NEPILIi
1001 micyisg BUIIKAHHS Ta MPOTATOM ceMu 110 30epiraHHs 3a 3BUYAHHUX
yMOB. 32 HOPMATHUBHHUMH BUMOTAaMM BOJIOTICTh XJ110a MIIEHUYHOTO Ma€e
oyru He Oumbiie 47 %. Cepea AOCHIIKYBaHUX 3pa3KiB HaWOLIbIIe
3Ha4ueHHs BoJyiorocti — 42,6 %, TOOTO 3a UM TOKa3HUKOM BC1 3pa3Ku
BIJIMOBIJAI0OTh HOPMATUBHUM BUMoraM. Ha pucynky 2 mnpuBeaeHa
3QJIEKHICTh  BOJIOTOCTI  XJiba MIIEHUYHOrO BiJl BMICTY J100aBKHU
«KnitkoBuHa rpeyanay. CrnocTepiraeTbCsi 3aKOHOMIPHICTh: UMM OLIBIIMMA
BMICT J00aBKHM, THUM MEHIIA BOJIOTICTh, IO MOXXHAa TOSICHUTH HeE
TITPOCKOITYHICTIO I00aBKH.

45

40
35
30
25
20
15
10
— M ||
1 2 3 4 5

Osmict nobaekn, % W Bonoricts (%)

[ TR

Puc. 2. 3anexxHicTh BOJIOTOCTI 3pa3KiB XJ1i0a MIIEHUYHOTO BiI BMICTY
no6asku «KiiTkoBruHa rpeyanay (Mac. % Big OopolrHa)

Ile#i mnoka3HMK BHU3HAUYAIM uYepe3 KOXKHY 100y 30epiraHHs 3a
3BUYAHHUX YMOB IMPOTATOM CEeMH 110 3 METOIO JOCTIAUTH BILIUB J0OaBKU
Ha BTpaTy BOJIOTH. BOJIOTICTh y BCIX 3pa3kax 3MEHIIyBajacs Maibke Ha
omHakoBy BenumumHy (12,740,4) %, (puc. 3), TOOTO BMICT JH00aBKH
«KniTkoBMHA TpedaHa» HE BIUIMBa€ Ha 30€pEKEHHS BOJOTH Yy XIiOy
MIIICHUIHOMY .
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Puc. 3. 3miHa BosIoroCTi 3pa3kiB xj1i0a NIIEHUYHOTO 3 T00aBKOIO
«KnitTkoBuHa rpeyanay (Mac. % Bij OOpOIITHA) MPOTITOM ceMU 10

Jlns  Takoro mokasHWKa  (PI3MKO-XIMIYHUX  BJIACTUBOCTEH  SK
MOPUCTICTh CIIOCTEPIra€ThCA aHAJIOTIYHA 3aKOHOMIPHICTh: YUM OUIBIIUN
BMICT J100aBKH, TUM MEHIIIA MOPUCTICTh. Uepe3 ciM 1110 MOPHUCTICTh y BCIX
3pa3kax 3MEHIIWIAacS Maibke Ha ojaHakoBy BenmnuuHy ((2,5+0,2) %)
(puc. 4), To6To BMIicT nobOaBku «KIITKOBHHA TpeuaHa» HE BIUIMBAE Ha
3MiHY TIOPUCTOCTI XJ1i0a MIIIEHUYHOTO 3 YaCOM.

60
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BmMicT 106aBkH, Mac. %

07 nid

[HopucTicTs, %o

Puc. 4. 3mina mopucTocTi 3pa3KiB xJibda MIIIEHUIHOTO 3 J0OABKOIO
«KniTkoBuHa Tpeuanay (Mac. % Bij OOpOITHA) MPOTITOM CEMU 10

KucnoTHicTs x71i0a 3yMOBJI€Ha HAsIBHICTIO B HHOMY HH3KH OPTaHIYHUX
KHCIIOT: areTaTHOi, MOJIOYHOI, MypammHoi sOJydHOi, BUHHOI Ta 1H. 1
BUPaKa€ThCsl y Tpajaycax, sKi BiamosimaooTs 06’emy (y cM®) posuuny
NaOH 3 koHIeHTpaIi€lo 1 Monb-eKB/qM°, BUTpayeHOro Ha HEWTpalizalilo
KHUCJIOT, 110 MicTsaThea y 100 r xmiba. HaaTo kucnuit Xm0 MKIIIUBHA s
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JoJed 3 MIJBUIIEHOK KHUCIOTHICTIO HUTYHKY. [[ns xmiba mnimeHudHOro
KHCJIOTHICTh HE TIOBUHHA MEpPEBUILyBaTH 3°.

PesynpTaTn TUTPUMETPUUHOTO BHU3HAYCHHS KHCIIOTHOCTI
KOHTPOJIBHOTO  Ta  JOCHDKYBaHUX  3pa3KiB  xJi0a  MNIIEHUYHOTO
MIpe/ICTaBIICHI Ha PUC. O.

00 - 5% mobaBku

0,64
0,80

O010% pgobaBkH

KucaorHicTb, °

Puc. 5. 3anexxHicTh KUCIIOTHOCTI 3pa3KiB XJ1i0a MIIEHUYHOTO BiJl BMICTY
no6asku «KiiTkoBruHa rpeyanay (Mac. % Big O0poIHa)

AHani3 JaHuX 3acBiuye, 10 BMICT q00aBku «KiliTKOBHHA TpeuaHa
Maike He BIUIMBAE HA 3HAYEHHS KHUCJIOTHOCTI. Y KOHTPOJIBHOTO Ta
JOCIIDKYBaHUX 3pa3kax 3 jgobaBkoro 1, 3, 5% Bim Macu OopolrHa
KUCIIOTHICTh JopiBHIOE 0,64°, 3 mobaBkoro 10 % — 0,8°, mo Bigmosimae
HOpMATUBHMM BuMoram. Ilicas cemm 116 30epiraHHs 3HAYCHHS
KHCIIOTHOCTI JUISl BCIX 3pa3KiB aOCOJIFOTHO HE 3MIHUJIOCS.

Bucnoexu. ChopmoBaHO SKICTh XJ1i0a IMIIEHWYHOTO 3 JIOJaBaHHSIM
pizHOi MacoBoi yacTku go00aBku «KiitkoBuHa rpeuana». OcTtaHHS
HaWOUIbIIe BIUIMBAaE Ha CMak 1 3amax. BimuyBaroTbCs MpUEMHI TOPiXO-
MaKOBHI 3amax 1 MpucMak.

Jist  Takux TOKa3HWKIB Xyiba SK BOJOTICTh 1 TOPHUCTICTH
CIIOCTEPITa€ThCS 3aKOHOMIPHICTh: YHMM OLIBIIUN BMICT J00aBKH, THM
MCHIIII 3HAYCHHsS IIOKa3HWKa, aje BCl BIAMOBIIAIOTh HOPMATHBHUM
BUMOraMm. YwmicT pgo00aBku (Mmac. %) He BIUIMBa€ Ha 3MiHYy 3 YacoMm
MOPUCTOCTI Ta BOJIOTOCTI 3alPOINOHOBAHUX 3pa3KiB xymiba MIIEHUYHOTO.
Hob6aBka «KiiTkoBuHa Tpeuana» y Mexax 1 — 5 wmac. % Big OoporrHa He
BIJTMBA€ HA 3HAYEHHS KHCIOTHOCTI 3pa3KiB.

VY rpeuaniit 1y331 MiCTUTBCSA 0araTo KOPUCHUX PEYOBHH, TOMY BapToO ii
BUKOPUCTOBYBAaTH SK IIIHHWWA BTOPUHHUN CUPOBUHHHHA pecypc Ui
pPO3pOOKH HOBOI MPOIYKIli 0370POBYOTO MPU3HAYEHHS, 30KpEeMa MOXHA
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BUKOPUCTOBYBaTH K XapuoBy J00aBKy 10 XJi0a MIIEHUYHOTO.
HalionTumansHimmii BMicT 1i€i 1o6aBku 3 — 5 mac. % BiJ OOpOLIHSHOT
KOMITOHEHTH.
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M. Vorobets!, V. Evlash?, 1. Kobasa?, I. Kondrachuk?
YYuriy Fedkovych Chernivtsi National University
2State Biotechnological University

FORMATION OF THE QUALITY OF WHEAT BREAD WITH THE
ADDITION OF «BUCKWHEAT FIBER»

Summary

The article is devoted to the formation of the quality of wheat bread made with the
additive «Buckwheat fiber» based on buckwheat husk. Buckwheat husk differs from the
husks of other cereal crops in its high content of polyphenols. It also contains crude
protein, amino acids, vitamins E, B1, B2, minerals, fiber, pigments, the color of which
is very close to chocolate. It was established that with an additive content of 1% to the
mass of flour, compared to the control sample (without husk), there is no change in the
smell of the bread, a barely perceptible nutty-poppy aftertaste, there is no crunch on the
teeth; with a content of 3% — a pleasant nutty-poppy smell and taste are noticeable, there
is no crunch on the teeth; 5% — pronounced nutty-poppy smell and taste, a barely
perceptible crunch on the teeth; 10% — a noticeable smell and taste of buckwheat and a
crunch on the teeth. Regarding such physico-chemical indicators of bread as moisture
and porosity, a regularity was found: the higher the content of buckwheat fiber, the
lower the values of these indicators. The content of the additive in the range of 1-5% to
the mass of flour does not affect the value of acidity of bread. It is possible to
recommend the use of buckwheat fiber as a non-traditional enriching raw material in
wheat bread technology with a content of 3-5% by weight of flour. The introduction of
the «Buckwheat fiber» additive will reduce the energy value of bakery products, it will
be economically expedient, as their cost price will decrease. This will make it possible
to expand the range of products and give them variety in terms of organoleptic
indicators. Also, an important argument regarding the necessity and relevance of adding
an additive from non-traditional plant raw materials — buckwheat husk — is the fact that
the share of bakery products for medicinal and dietary purposes in the total volume of
production is quite small.

Keywords: buckwheat husk, wheat bread, non-traditional raw materials,
buckwheat fiber, organoleptic indicators, physical and chemical indicators.
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