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BIIVIUB ®OPMMH BIKOH HA ITPOIIYCKHY CITPOMOYKHICTD
PO3MNOAIJIbHOI CHCTEMHU IJIAHETAPHOI'O I'I/IPOMOTOPA

Anomayis. Cy4dacHi TeHJISHIII1 3aCTOCYBAaHHSI T1IPaBIIYHUX MPUBOIIB aKTUBHHUX
poOOYMX OpraHiB CaMOXiJHOI TEXHIKM BHMMAaraioTh pO3POOKH HOBHUX TiIpOMAaIliuH
obepTanpHOI i, 30KkpeMa TuraneTapHux. [IpomecH, ski BigOyBarOThCs y TiIpOMaIIHHAX,
NOB'SI3aHI 3 PyXOM po00YOi piIAMHU KaHaJaMH iX PO3MOIUIBHUX cUCTeM. Po3poliieHo
METOAMKY BHOOPY PO3MOIIIEHOI CHCTEMH 13 3aIaHUMH BUXIJTHHUMHU, TCOMETPUIHUMU Ta
TEXHOJOTTYHUMH XapaKTEPUCTUKAMHU, IO JO3BOJISE MPH MPOCKTYBAaHHI TiPOMOTOpa
BUOMpATH  palliOHATbHY  pPO3MOJUIBHY  CUCTeMy. Po3po0iieHO  CTPYKTypHO-
(YHKLIOHATBHY CXeMy BHM3HAYEHHS IUIONII MPOXiJHOTO Tepepidy pO3MOAUTHEHOI
CHUCTEMH 3 Pi3HOI (OPMOIO PO3MOAUTFHUX BIKOH, IO JTO3BOJISE MOJCIIOBATH MPOIIEC
3MIHM TUIOIII TPOXIJHOTO Tmepepidy. BukoHaHO aHami3 BUXIIHUX XapaKTEPUCTHK
PO3MOMITBHUX CHUCTEM, IO JTO3BOJISIE MIPUUHATH palliOHAbHE KOHCTPYKTHBHE PIillICHHS
o0 BUOOPY (GOpPMHU BIKOH MPOEKTOBAHOI PO3MOIUIBHOI CHCTEMHU IUIAHETAPHOTO
rigzpoMoTopa. BcTaHOBIEHO, IO pO3MOIiUIBHI BiKHA, BUKOHaHI y ¢opMi IMaza, €
HaOLIpII (DYHKIIOHAIEHUMH, TIPH IIbOMY JIy’K€ CKJIaJHI B TEXHOJIOTii BUTOTOBIICHHS.
PosmonineHi BikHa, BUKOHAHI y BWIJISAAI OTBOPY, OyIydd HAWTEXHOJOTIUHIIIAMH,
MAarOTh MPOX1IHUHN MEPETUH Y TPH pa3u MEHIIE, Hi’)K CEeTMEHTHI.

Kniouosi cnoea: po3noniibHa CUCTEMa, PYXOMHH pPO3MOJUIBHUK, HEPYXOMHUH
PO3MOIITBHUK, CTPYKTYPHO-(DYHKITIOHAIEHA CXeMa, PO3IOAUIBHI BiKHA.

Ilocmanosxka npobaemu. CydacHi TEHAEHIIII A0 PO3LIUPEHHS cdhepH
3aCTOCYBaHHSI TIAPABIIYHUX TPHUBOJIB AaKTUBHUX pOOOYMX OpraHiB
CaMOXIJTHOT ~TEXHIKM BHUMAaramTh pO3POOKM HOBUX TiApOMAIIHH
oOeprasibHOi Al 30kpema reporopuux [1-3], opOitanbaux [4-6] Ta
wianeTapaux [7—10]. ®isuuni mporecH, sKi Bi0YBalOThCS y TUIAHETAPHUX
riipoMamuHax Ta ix eJeMeHTax y mpoleci poOOTH, 3aBXKIU TOB'sI3aHi 3
pyxoM poOo4YOi pIIMHM KaHajlaMd 3 MICLIEBUMHU ONOpPaMH 4Yepe3 BIKHA

© Ilanuenko A. 1., Bomommnna A. A., Pomanumun O. 10., Bonomun A. A., 2024
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po3noAUTbHUX cHcTeM. (OCHOBHOK XapaKTEPUCTUKOK  PO3MOJALIBHOI
CUCTEMH € ii NpOIyCKHA 3/IaTHICTh, IKa BU3HAYAETHCA IUIOIICIO MPOX1THOTO
nepepizy [7/-10]. Ilnoma mpoxigHOrO Tmepepidy 3alekHUTh  BiX
F€OMETPUYHUX NapaMmeTpiB, KUIBKOCTI BIKOH PYXOMOIO Ta HEPYXOMOIO
po3noaiIBHKKIB [7], a Takox iX ¢hopmu [8—10].

HaiiGinpie 3actocyBaHHS y IJIaHETApHUX TiJpOMAIlMHAX Mae
TOpIIEBa PO3MOJIIbYa CUCTeMa 13 cerMeHTHUMHU BikHamu [8]. HeoOximHo
BIJI3HAYUTH, 1[0 CETMEHTHI BIKHA MalTh JOCHUTh CKJIAIHY 1 TPYIAOMICTKY
TEXHOJIOT1I0 BUTOTOBJICHHS, TOMY TIepell BUPOOHUKAMHU IUTAHETAPHUX
riIpOMAIINH  JyXe€ TOCTPO TMOCTAa€ IMUTaHHA, IMOB'S3aHE 13 3aMIHOIO
PO3MOAUIBHUX BIKOH y BUTJISAI CETMEHTa OUIBIN TEXHOJIOTIYHOI (hopmoTo,
y Burisai masa [9] abo xouma [10].

Ananiz ocmauHix 0ocniodceHsb. 3ampOINOHOBAHO CIOCIO Ta cUCTEMY
KOHTPOJIIO JTMHAMIYHOTO MPOCTOPOBOTO TO3UIIIOHYBAHHS BHUKOHABYOTO
oprany [11], po3riasiHyTO AMHAMIYHY MOJEJIb MPUBOAY Ta METOAM ii
cupomeHHss [12], mpeacTaBieHO anTOpPUTMH, PO3POOJIEHI HA OCHOBI
MaTEMaTUYHOIrO MOJIEIIOBAaHHS JIUHAMIYHUX IHIPOLECIB Y MEXaTPOHHIN
cUCTeMI TrigpocTaTuyHoro mapsipa [13], oOrpyHTOBaHO YMOBHU CTaTHYHOL
piBHOBaru MoOUIbHOTO HazeMHoro komiuiekcy[14]. I[lutanus, nmoB's3aHi 3
JOCIIKEHHSIMUA pOOOYMX MPOLECIB, 1O BIAOYBAIOTHCA B MEXaTPOHHUX
CUCTeMax 3 T1JIpaBIIYHUM MPUBOJIOM, HE PO3IIISIIATUCS.

OOrpyHTOBAaHO PEOJIOTIYHI MOJIENI, 1[0 MAlOTh HAWMEHITY MOXUOKY
po3paxyHkiB [15], mpoBeaeHO MareMaTHYHE MOJCITIOBAHHS IUISIXOM
BupinIeHHs piBHAHb Hap'e-CTokca ycepennenux 3a Peiinonbacom [16, 17].
st mepeBipKM  MaTeMAaTHYHOI MOJZIETl TPOBEICHO TMOPIBHSIHHS 3
CKCIICPUMCHTATPHUMHU JTAHUMH Tiepediry 3akpydeHoro mortoky [18].
3anponoHOBaHl MOJENl MOXYTh BHUKOPHUCTOBYBATHCH [JIsl MPOEKTYBAaHHS
rigpoMaminH. Po3po0OsieHi iH)XXKeHepHa METOAMKA BHU3HAYEHHS pajiaibHOI
nomamimmBocTi  [19] Ta  MeromMKa TPOBEACHHS  PEryIIOBaJIbHHUX
xapaktepuctuk [20] He MOXyTh OyTH BUKOPHUCTaHI TpPH JOCTIIKEHHI
po0OOUYUX TPOIIECIB, IO BIOYBAIOTHCS y T1IpOMaIinHax 00'eMHOT aii.

Ha croromHimHiii jgeHb BelWKa yBara MOPHAUISIETBCS aKClaJIbHO-
nopmHeBuM [21, 22], opOitanpHO-TIOpmIHEBUM [23] Ta BIAIEHTPOBUM
MamHaMm [24, 25], KOHCTPYKIlS SKHX CYTTEBO BIIPIHAETBCA Bij
OpOITaTbHUX Ta TEPOTOPHUX MAIIIKH.

Ornsn repoTOpHUX TEXHOJOTIH y TIAPaBIIYHUX MAallIMHAX TMOKa3aB
[1], mo omyOmikoBaHO JyX€ Majo JTepaTypu 3 METOMOJOTIi
IPOEKTYBaHHS T'€POTOPHUX, OpOITAJbHUX Ta IJIAHETAPHUX TIAPOMAINH.
Po3po6iieno ¢izuuni [26], po3paxynkosi [27, 28], maremarnyni [2, 29],
rigpoaunamiuni [30, 31], o6uucmroBanbHi [32, 33] Moaeni Ta mporpama
MPOCKTYBAHHS TIMOLMKIOIAAIBHUX IMOBEPXOHb [3] repoOTOpPHHUX MAIIUH.
HocnimkeHo kapitaiiiiHi nponecu [34] Ta muTaHHS, MOB'SI3aHl 31 3HOCOM
poboUHuX TIOBEPXOHBb pOTOpiB [4, 5], 3ampoMOHOBAHO MIAXIA JUIS
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NPOTHO3YBaHHS aepallii Ta KaBiTalii B TepOTOPHUX rigpomamuHax [35].
Po3po0neHo TEXHONOTiuHWI TMpolec BHTOTOBIEHHS poropiB  [36].
HaBeneHo o1iHKY BUTpaTu poOOYOi pIAMHU B F€POTOPHUX T1IPOMAIIMHAX
[37]. PosrmsHyTOo mTHMTaHHS, TOB'S3aHI 3 TPOCKTYBAaHHIM POTOPIB
repOTOPHUX T1APOMAIIIMH 3a JOTMOMOTOI0 mpukiaagHoro mnakera Gero LAB
[38], po3pobiaerHo TpuBuMipHy nepexinny moaear CFD [39], mo mo3Bosisie
CKOpPOTHTH 4Yac Ha TMPOEKTyBaHHA TimpomamuH. [IpoBemeno anami3
npoaykruBHocTi [40], npeacrasieni xapakrepuctuku tucky ta KKJ [41].
[TutanHs, TOB'A3aH1 3 PO3MOALIOM POOOYOT PIAMHH, HE PO3TIISAIATIUCS.

OCHOBHUM BY3JIOM, I1I0 BH3HAYAIOTh CTIMKY pOOOTY IUIAHETAPHOTO
TiApOMOTOpa, € CHUCTeMa PO3MOALTY poOodoi pimuuu [42], mo cTBOpIOE
o0epToBe TiJIpaBiIivyHe MOJe, HEOOX1AHE JIJI1 pOOOTH POTOPIB IJIAHETAPHOTO
rigpomoTopa [43-45]. OOGrpyHTOBaHO KiHEMATHYHI CXEMH PO3MOIUTEHUX
cucteM [46] Ta po3poOIEHO METOAMKY 3MIMICHHS PO3MOAUIEHUX BIKOH
[47]. 3amporoHoBaHO pi3HI (GOPMH PO3MOAUIBHHX BIKOH: Yy BHUIJIAII
cermenTa [48], maza [49] Ta kona [50]. ITopiBHSHHS BIUIMBY Pi3HOI (hopMHU
BIKOH PYXOMOI'0 Ta HEPYXOMOT'O PO3MOAUIBHUKIB HA pOOOTY pO3MOALIBHOI
CHCTEMHU HE TIPOBOIUIIOCH.

TakuM 4MHOM, AOCHIPKEHHS BIUIMBY (DOPMHU BIKOH Ha HPOIYCKHY
3MaTHICTh  PO3MOALILYOI  CHUCTEMU IUIAHETAPHOrO  TiIpOMOTOpa €
aKTyaJlbHUM 3aBJAaHHSIM, CIOPSIMOBAaHMM Ha TIOKPAIICHHS BUXITHUX
XapaKTePUCTUK TUIAHETAPHOTO T1IPOMOTOPA ITiJ1 Yac HOro MPOEKTYBaHHS.

Dopmynioganns ~ memu  cmammi  (NOCMAHOBKA — 3A80AHHS).
[TpoexTyBaHHS CHUCTEMH PO3NOAUTY pPOOOYOi PIIMHU IUIAHETApHHUX
TiApOMANINH TUIIXOM  PO3POOKH METOIUKH BHOOPY  paIiOHATBHOT
PO3MOAUTEHOT CUCTEMU 13 3aaHUMU (YHKIIOHATLHUMHU, TEOMETPUIHUMU
Ta TEXHOJNOTIYHUMH  XapakTepucTukamu. Po3pobieHa  MeToauka
nepedayvae pillieHHs] HACTYTHUX 3aB/aHb!

— po3poOKka CTPYKTYpHO-(DYHKIIIOHAIbHOI CXEMH BHU3HAYCHHS
IJIONIl  MPOXIAHOTO TEpepidy PO3MOAUIBHOI CHUCTEMHU IIJIAHETAPHOTO
riIpoMOoTOpa, 3 pi3HOIO (HOPMOIO PO3NOAUTHLHUX BIKOH;

— MOJICTIOBAaHHS TPOIIECY 3MIHM IUIONIl TPOXITHOTO Tepepi3y
PO3MOAUIBHOI CUCTEMHU, 3aJIEKHO BiJl POPMU pO3MOIIIBHUX BIKOH;

— aHami3 (PyHKI[IOHAJILHUX XapaKTEPUCTUK PO3MOJALIBHUX CHUCTEM,
K1 BU3HAYAIOTHCS 3MIHOIO TUIOIII MPOX1THOTO Tepepisy;

— TPUUHATTSA PpalliOHATBLHOTO KOHCTPYKTHUBHOIO PIIIEHHS IOJ0
BUOOPY (OpMH BIKOH IPOEKTOBAHOI PO3MOIUTEHOT CUCTEMHU.

Ocnoena wacmuna. MexatponHi cuctemu [51] 3 mmaHeTapHUMHU
rIAPOMOTOpaMU 32 CBOIMH  ()YHKLIOHAJbHUMHU  XapaKTEPUCTUKAMHU
pPO3pOOIIAIOTECS  UIS BUKOPUCTaHHA B TPHUBOJAX AaKTUBHUX pPoOOUMX
OprasiB Ta  XOJOBHX CUCTEMAX JTOPOKHBOI, OyIiBEIBHOT,
CIIbCBKOTOCIOJAPChKOI  Ta  1HIIOT  caMOXiAHOi  TexHiku. Tomy
NPOEKTYBaHHS  MEXAaTPOHHOI CHUCTEMH 13  33JlaHUMH  BUXIJIHUMH
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XapaKTepUCTHKAaMHU € OJHUM 3 OCHOBHHX €TamiB y 3arajJbHOMY JIAHI[IO31
NUTaHb, 110 BUHUKAIOTh HpPHU IMPOEKTYBAaHHI CAMOXIJHOI TEXHIKM Ta ii
€JIEMEHTIB.

Bimomo [46-50], mo0 OCHOBHOIO XapaKTEPUCTUKOI CHCTEMHU
po3Molly pob0oYOi PIAMHU IUIAHETAPHOTO T1IPOMOTOpA € i MPOIyCKHA
3JIaTHICTh, KA 3aJE€XKUTh BIJ IUIONIl MPOXiAHOro mepepidy. Ilia mioiero
MPOXiTHOTO Tepepi3y PO3MOMITBHOI CUCTEMH OyAeMO PO3YMITH CyMapHY
IUIOLLy YTBOPEHY HAKIAJIEHHSM BIKOH pPYXOMOTO 1 HEpPYXOMOTo
posnoaineHuKiB (Puc. 1, ¢, g, m), mo mnepexkpuBaroThbcs (301raroThes) y
KOXXHUM MOMEHT u4acy. [lmoma mnpoxigHoro mnepepidy po3NoAuTbHOI
CUCTEMH IUIAHETAPHOTO TIAPOMOTOpPA BHU3HAYAETHCS i1 KIHEMATHYHOIO
cxemoro [46], reomeTpuuHIME TIapameTpamu pyxomoro (Puc. 1, a, d, k) ta
Hepyxomoro (Puc. 1, b, f, 1) posmoxinpaukiB [46, 47] Ta dopmoro
po3noautbHUX BIKOH [48-50]. Ilnonia npoxigHOro nepepizy CKIaaaeTbes 3
IUIOII YTBOPEHUX BIKHAMH, IO TMEPEKPHUBAIOTHCS, HATHITAHHS 1 3JIUBY
HEPYXOMOT0 po3MoAUIbHUKA poOounMu BikHamu pyxomoro (Fig. 1, ¢, g, m)
1 MOX€ IMKIIYHO 3MiHIoBaTucs (MyJbCyBaTH) B TMpoleci poOoTu
TriipoMoTOpa.

B pesynbrari mpoBeaeHux Hamu nociimkeHb [46-50] po3poOrieHo
PO3pPaxyHKOBI CXEMH, MATEMAaTUYHHI anapar Ta alfTOPUTM PO3PaxyHKy, 110
JO3BOJIAIOTh  JOCHIIUTH  BIUIMB 3MIHM TE€OMETPUYHUX TapamMeTpiB
PO3MOAIBYOT CUCTEMU JJI BIKOH, BUKOHAHUX y (opMi cermenTa [48], ma3a
[49] Ta kona [50] Ha miomly MPOXiAHOTO TEpepidy Oyab-IKOi MHUTI Yacy.
Bcranosieno [46, 52], mo po3nojiibHa CHUCTEMa OJIHI€] KiHEMaTHYHOI
cxemu, He3asexkHo Bixg ¢opmu BikoH (Puc. 1, ¢, g, m), Mae oIHaKOBY
KUTBKICTh BIKOH PyXOMOTO Z1 Ta HEPYXOMOTO Z2 pO3MOAITHFHUKIB; OTHAKOBI
BHYTpilIHI R1 Ta 30BHILIHI R2 pajilycu po3TairyBaHHs pO3MOAUIBHUX BIKOH;
OJTHAKOBI KYTH pO3TallyBaHHS BIKOH PyXOMOTO ¢; Ta HEPyXoMoro pi
pPO3NOAUIBHUKIB Ta KyTH &, IO OOMEXYIOTh T€OMETPUYHI MapaMeTpu
PO3MOIITEHUX BIKOH.

Buxonsun 3 mnpuiiHATHX mNOpunylieHs Ta oOMmexeHb [48-50, 52],
IJI0IA MPOXIAHOTO TEepepidy PO3MOALIBYOI CUCTEMHU ISl pi3HOI (hopMmu
BIKOH y OyJib-sIKMif MOMEHT 4acy BU3HAYAETHCS BUPA3AMH:

— MpH TMEPEeKPUTTI BIKOH, BUKOHAHMUX y BHUIJIAI cerMeHTa [48]
(Puc. 1, ¢)

OB VR | it ®

T\ Z, 2
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Puc. 1. EnemenTu Ta po3paxyHKoBa cXeMa pO3MO0AUTbHOT CUCTEMU
MJIaHETApHOTO T1POMOTOpPA 3 BIKHAMH Y BUTJISIL: a, b, ¢ — cCerMeHTa;
d, f, g — xoma; k, I, m — masa; a, d, k — pyxoMuii po3moaiIbHUK;

b, f, | — HepyxoMuii po3MoAlILHUK; €, g, M — pO3paxyHKOBa cXeMa
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— IIPU NIEPEKPUTTI BIKOH, BUKOHAHUX y BUrsial nmasa [49] (Puc. 1, g)
A

S, (t)=>"(R-r-sin|B - (t)]+ R, -1 -sin| — (1) -

i=1

_r_22_ sin(@-sin‘ﬂi—ai(t)‘j +sin(&-sin‘ﬂi—ai(t)‘j + (2)

r r

+(R,~R)- 2r—R1-sinw_R2.sinw :

— IIpH NIEPEKPUTTI BIKOH, BUKOHAHUX y BUTIIsiAl koJa [50] (Puc. 1, m)

s,(0=3] [ Az O iR galf=a®l]] =

—-Sin——= |-sin| —-sin———= | |-r
iz (T 2 r

3 METOK [JOCHIJDKEHHS BIUIMB (OPMU BIKOH Ha NPOIYCKHY
CIIPOMOKHICTh ~ PO3MOAUIBHOI CUCTEMH IUIAHETAPHOTO  T1IPOMOTOpa
po3p00JICHO MaTeMaTU4YHy MOJeIb POOOTH PO3MOAUIHLHOI CHUCTEMHU 3
pi3HOIO0 (HOPMOIO PO3NMOALTEHUX BiKOH. [[71s1 peanizaiiii Mojeni 3MiHU IO
MPOXITHOTO NEpepi3y pO3NOAUIHLHOI CUCTEMH IUIAHETAPHOTO T1pOMOTOpa 3
pi3HOIO (OPMOIO0 PO3MOJUIBHUX BIKOH Ta 3 ypaxyBaHHSM CYKYITHOCTI
r€OMETPUYHUX  TMapaMeTpiB  HOro  PyxXxoMOTO Ta  HEPYXOMOTO
PO3MOAUIBHUKIB PO3POOJICHO CTPYKTYpHO-QYHKIIOHANBHY cxemy (Puc. 2).
3anponoHOBaHa  CTPYKTYpHO-(QYHKIIIOHAaTbHA  CXeMma JIO3BOJIAE 34
JIOTIOMOTOI0 TTaKeTa IMITAIlIHHOTO MOJICTIOBAaHHS Vissim JOCIIIKYyBaTH
BIUTUB ()OpPMH BIKOH Ha MPOMYCKHY 3/JaTHICTh PO3MOJAUILHOT CHCTEMH Yy
OyIb-SIKHI MOMEHT POOOTH TUTAHETAPHOTO T1IPOMOTOpA.

CtpykTypHO-(QyHKIIOHATbHA CXE€Ma TMPAI0o€ HACTyMHUM YUHOM
(Puc. 2): 6moxoM 1 BU3HAuYalOTBHCS KYTH PO3TALIYBAaHHS PO3MOIIIBHUX
BIKOH, BUKOHAHHMX Ha TOPIIEBHUX MOBEPXHSX PYXOMOTO Ta HEPYXOMOTO
pPO3NOAUIBHUKIB. Y Oyioll 2 BHU3HAYA€ETHCS ILJIOMIA MPOXIAHOTO Mepepizy
PO3IMOAUIBHOI CHCTEMH 3 BiKHAMHW, BUKOHAHUMH Y BUTJISAI CETMCHTA, SKa
onucana Bupazom (1). [lmoma npoxiHOro nepepizy po3noAiIbHOI CUCTEMHU
3 BIKHAMHW, BHKOHAaHUMHU Yy BUTIJIAJI TIa3a, sKa OINHWCaHa BUpazoM (2)
BU3HA4YaeTbess y Onomi 3. Y Orormi 4 BU3HAYAETHCS ILIONIA MPOXITHOTO
nepepizy po3MoAUIbHOI CUCTEMHU 3 BIKHAMH, BUKOHAHUMU y BUTJISA/I KOJa,
sgka onucaHa BupaszoMm (3). Pesynbrat MojaentoBaHHS 3MIHM TUTONII
MPOXITHOTO Tepepi3y PO3MOAUIBYHOI CUCTEMHU 3 PI3HOIO  (HOPMOIO
PO3MOUILHUX BIKOH BUBOJSITHCS y OJIOII 5.

Bukonanumu HaMu JOCHIKEHHSIMH BCTaHOBJIEHO [46, 47], mo ais
301IBIIEHHS IUIOII TPOXIJHOrO MepepPi3y MpHU MPOEKTYBAaHHI PO3MOAIIBHOL
CHCTEMH TUIAaHETAPHOTO TiIPOMOTOPa BUKOPUCTOBYIOTH PO3BAHTAKYBaJIbHI
BIKHA PyXOMOTI'O PO3MNOJIIIBHUKA B SKOCTI pOOOYMX BIKOH. KOHCTPYKTHUBHO
BCTAHOBJICHO, IO MaKCHMaJIbHa KUIBKICTH JIOJJATKOBHUX BIKOH HE MOXKE
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Oytu OinbmIor0 3a 4otupu [47], mpu 1bOMY HAWOUIBII parliOHATEHUMHU
KIHEeMaTUYHHUMH CXEMaMH CHCTEM pO3MOAULy poboYoi piauHU B
IUTAHETapHUX TigpoMoTopax € cxemu: 5/4; 9/8 Tta 13/12 [46]. Tomy
JOCIIKEHHS. BIUIMBY ()OPMH PO3NOAUIBHUX BIKOH Ha 3MIHY IUIOLII
MPOXITHOTO TMepepi3y PO3MOAUIBHOI CHUCTEMHU MPOBOAWIOCS IJis JaHUX
KIHEeMaTUYHUX CXEM Y JBa eTanu — 0e3 BHUKOPHUCTAHHS JOJAaTKOBUX
po0OOYMX BIKOH Ta 3 YOTUPMA TOAATKOBUMU POOOUYMMH BIKHAMH.

S(segment)

S(segment)

S(zroove)

S(circle) 1

S(zroove)

0 005 01 015 02 025
Time (sec)

o

Puc. 2. CtpykrypHO-(DyHKITIOHaIbHA CXeMa MaTEMaTHIHOI MOJIEI poOOTH
PO3MOA1IBLYO0I CUCTEMU

JIist MoJIeTtOBaHHS 3MIHH TUIOIII MPOX1AHOTO Mepepi3y po3MoAUTEHOT
CUCTEMH 3 PI3HOI (JOPMOI0 PO3MOAUIBHUX BIKOH MiJa Yac poOoTH
PO3MOAIBHOT CUCTEMH MPUIHATO, IO TEOMETPUYHI apaMeTpPH PyXOMOTO
Ta HEPYXOMOr0  PpO3MNOJAUIBHUKIB  NOCTIMHI:  BHYTpIIIHIA  pajiyc
po3TanryBaHHS BIKOH JopiBHIOE Ri = 29 wmM; 30BHIHIA paniyc
po3TanryBaHHS BIKOH JOpiBHIOe Rz = 43 wMM; cepeaHiii pajuiyc
po3TanryBaHHs BIKOH JOpiBHIOE R =% - (R1 + R2) = 36 mm.
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B pesynbTaTi MOAEnOBaHHS pOOOTHM  PO3NOAUIBHOI  CHUCTEMH
OTPUMAHO 3JIEKHOCTI 3MIHM IUIOUIl MPOXIJAHOIO MEpepi3y pO3NOIALIbHOI
cuctemu (tabn. 1, puc. 3) 3 BikHaMH, BUKOHAHUMHU y BUTJISAI CETMEHTA
(puc. 3, kpuna 1), ma3a (puc. 3, kpuBa 2) Ta Kona (puc. 3, kpuBa 3) s
KIHEMaTUYHUX CXEM.

— 5/4, 9/8, 13/12 6e3 BUKOpHUCTaHHS JOJATKOBHX BIKOH PYXOMOTO
posnoaineHuka (Puc. 3, a, b, ¢ — BiAmoBi1AHO);

— 5/4, 9/8, 13/12  npu  BuKOpUCTaHHI 4  JOJATKOBHUX
PO3BAHTAXXYBAJbHUX BIKOH PYXOMOT'O PO3MOJIIBHUKA B SKOCTI POOOYMX
(Puc. 3, d, f, g — BiamoBiAHO).

Tabnuys 1
MoskHB1 BapiaHTH BUKOPHCTaHHS JOJATKOBUX BiKOH PO3IOAiILHUKA B
3aJIEKHOCTI Bl KIHEMAaTUYHOT CXeMH PO3IMOAIBHOI CHCTEMU

. KinbkicTe KiunbkicTh [Tmoma mpoxigHOrO
Kinematnyna ®opma . 2
pobounx JIOTATKOBUX . nepepizy, MM
cxema . i BIKOH -
BIKOH BIKOH max ‘ min | mean

0e3 BHUKOPUCTAHHA OOAATKOBUX PO3BAHTAXKYBAJIbHUX BIKOH

CErMEHT 158 158 158

5/4 4 - KOJIO 100 80 90
a3 193 123 158

CETMEHT 176 176 176

9/8 8 - KOJIO 58 52 55
a3 120 114 122

CErMEHT 183 183 183

13/12 12 - KOJIO 40 38 39
mas 78 72 75

3 BUKOPHUCTAHHAM JOJATKOBHX PO3BAHTAXKYBAJIbHUX BIKOH

CErMEHT 317 317 317

5/4 4 4 KOJIO 175 165 170
a3 240 220 210

CETMEHT 264 264 264

9/8 8 4 KOJIO 81 79 80
mas 160 156 158

CErMEHT 244 244 244

13/12 12 4 KOJIO 58 56 57
mas 80 76 78

AHami3 3MIHM TUIONII MPOXIJHOTO TMEpepi3y PO3MOAUIBHOI CHUCTEMH
0€3 BUKOPUCTAHHS JOJATKOBUX BIKOH PYXOMOTO PO3MOIIHFHUKA TIOKA3Yye
(Puc. 3, a, b, ¢), mo B po3noAuIbHINA cUCTEM] 3 BIKHAMH, BUKOHAHUMU Y
BUTJISIII cerMeHTa (KpuBa 1) He3anexHO BIJI KIHEMAaTHMYHOI CXEMHU
KOJIMBAHHS ILJIOILI MPOX1IHOTO Mepepi3y BIACYTHs. 31 30UIbIIEHHIM HOMEpa
KIHEMaTUYHOI CXEMH ILI0IIa MPOXIAHOTO Mepepidy pO3MOJAUILHOI CUCTEMHU
IJIaHETAPHOI'O TiZpoMOTOpa 3pocrtac i gopisHIoE 158, 176 1 183 cm? mus
KIHEMaTHYHHX cxeM 5/4, 9/8 1 13/12.
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Puc. 3. 3miHa miom mpoxigHOTo mepepidy PO3MOIITLHOT CUCTEMH 3
BiKHaMH, BAKOHAHUMU y BUTJISIII cerMenTa (kpuBa 1), masza (kpuBa 2) Ta
KoJa (KpuBa 3) JUisi KIHEMAaTUYHUX CXEM:
a—5/4,b—9/8 tac— 13/12 — 6e3 BUKOPUCTAHHS JOJaTKOBUX
po3BaHTaXyBanbHUX BikoH; d —5/4, f—9/8 Ta g — 13/12 —3
BUKOPHCTaHHSM JIOJIATKOBUX PO3BAHTAKYBAJIbLHUX BiKOH.

AHami3 3MIHU TUIONII MPOXIJAHOIO MEepepi3y PO3MOAUTIbHOI CUCTEMH 3
BUKOpUCTaHHAM nojaTkoBux BikoH (Puc. 3, d, f, g) mokasye, mo y
PO3MOAUIBbHIN CUCTEMI 3 BIKHAMHM y BUTJIANI cerMeHTa (kpuBa 1) muiomna
MpoXiJHOrO mepepidy 3pocia Ha 34%. KomuBaHHS TIIIomIl MTPOXITHOTO
nepepizy y po3mOAUTbHIA CHUCTEMI 3 MM BHJIOM BIKOH Ta KIHEMaTHYHOIO
cxemoro 9/8 BimcytHi (Pmc. 3, f). 3MiHM TIIOmIl TPOXIAHOTO TEpEpizy
PO3MOAUTEHOT CUCTEMH 3 BIKHAMH, BUKOHAHUMU y BUTJIISI Taza (KpuBa 2)
MOKa3yl0Th, 110 MPU BUKOPUCTAHHI JOAATKOBMX BIKOH KOJIMBAHHS TUIOIII
aMeHmuaucss 10 2,5%. Ilnoma mnpoxigHoro mnepepidy y po3MOAUIbHIN
CUCTEMI 3 IIMM BHUJOM BIKOH 3pociia Ha 24% Ta ii cepelHE 3HAYEHHS
CTaHOBUTH 158 MM?, 3MiHIOIOYMCH y JianasoHi Bim 156 go 160 mm?
(Puc. 3, f). Y posnoauipHiil cucTeMi 3 BIKHAMU, BUKOHAHUMH Y BUIJISIII
Kojia (kpuBa 3), MpW BUKOPHUCTAHHI JOJATKOBUX BIKOH KOJMBAaHHS TUIOIII
IPOXITHOTO Mepepi3zy Tak camo 3MeHIuiIucs 1o 2,5%. Ilnomnia npoxigHoro
nepepizy po3NOJUIbHOI CUCTEMHM 3 IIUM BHUIOM BiKOH 3pociia Ha 34%,
3MIHIOKOYHCH B HianasoHi Big 79 mo 81 Mm% npu cepeiHbOMY 3HAYEHHI
80 mm? (Puc. 3, f).

[Tpu npUHATTI KOHCTPYKTUBHOTO PILICHHS PO BHOip POpMH BIKOH
pPO3NOAUIBHOI CUCTEMH, IO HPOEKTYETbCS, HEOOXIIHO Tak CcaMo
BPaxOBYBaTU TEXHOJIOTIYHICTh MPOLIECY BUTOTOBJIEHHS IIUX BIKOH.
BuroTtoBiieHHs BiKOH CEerMEHTHOI (QOpMH € JOCUTh CKJIQJHUM
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TEXHOJIOTIYHUM TPOIIECOM, TaK SK OTBIp, PO3TAIIOBAHHWM 3a CETMEHTHUM
npodiseM — TOyXud Ta HWOro giamMerp OUTbIIEe HIK CepeaHid mepepi3
CerMeHTa. Take MOoeqHAHHS CErMEHTHOTO MPO(UTI0 Ta TIIyXOro OTBOPY HE
MOXke OyTH BHKOHAHE TEXHOJIOTIYHO Ha OOpOOHHUX IEHTpax, a MmoTpedye
crerlaJbHoro o0JaaHaHHs Ta BIANOBIIHOI TeXHOoJOr1i. Po3nmoauibHI BIKHA,
BUKOHAHI y BUIJIAJII M1a3a, JOCUTh TEXHOJIOT1YHI Y BUTOTOBJIEHHI 1 MOXYTb
OyTM OTpuUMaHi 3a JOMNOMOIrol O0OpoOHMX 1eHTpiB. HalOiabim
TEXHOJIOTTYHUMHU PO3MNOIIILHUMU BIKHAMHU € OTBOPH, aji€ MPHU [IbOMY BOHH
MalTh MPOXIAHUN Tepepi3 BTPUYI MEHIIMK HIXK TPOXIJIHHN Tepepis
PO3IMOAUIBHOI CUCTEMHU 3 CETMEHTHUMHU BIKHAMHU.

3anponoHOBaHa METOAMKA JIO3BOJIE TPOBOIUTH BHOIp TeoMeTpii
BIKOH  PO3MOJAUIbHOI ~CHUCTEMH TIpHU MPOCKTYBaHHI  IUTAHETAPHUX
TiApOMamMH 3 ypaxyBaHHSAM 1X (YHKIIOHATRHUX MOXIMBOCTEH Ta
TEXHOJIOT1i BUTOTOBJICHHSI.

Bucnosxu. B pe3ynbTaTi OPOBEACHUX JOCTIIKEHb PO3POOJICHO
METOJIMKY BHOOPY pO3MOAUIAHOI CHCTEMH 13 3aJaHUMH BUXIJIHHMU,
TCOMETPUYHUMHU Ta TEXHOJIOTIYHUMH XapaKTEPUCTHUKAMHU, IO JTO3BOJISE
Opy MPOEKTYBaHHI TIIPOMOTOpa BHOMpATH paIlOHAIBHY PO3MOJILIBHY
CHCTEMY.

Po3po06ieHo cTpykTypHO-(DYHKIIIOHATIBHY CXEMY BHU3HAYEHHS ILIOINI
MPOXITHOTO TIEpepi3y PO3MOAUIHLHOI CHCTEMH TUIAHETAPHOTO TiApPOMOTOpa,
3 pi3HOIO0 (POPMOIO PO3MOAUIBHUX BIKOH, IO JO3BOJISIE MOJEITIOBATH IIPOIIEC
3MIHU TUIOIIl MPOXITHOTO TEpepidy PO3MOAUIHHOI CHUCTEMH, 3aJI€KHO BiJ
dbopMHu PO3MOAITLHUX BIKOH.

BukonaHo aHami3 BHXITHUX XapaKTEPUCTUK PO3MOIITLHUX CHCTEM,
0 JI03BOJIIE TPUUHITH paIliOHAIbHE KOHCTPYKTHUBHE PIMICHHS I0JI0
BUOOPY (pOpMH BIKOH MPOEKTOBAHOI PO3MOIIIBLHOT CUCTEMHU IJIAHETAPHOTO
rizpomotopa. BcTraHoBi€HO, 110 PO3MOAUIHHI BiKHA, BUKOHaHI y (opmi
naza, € HahWOuIbIl (YHKUIOHATBHUMHU, MPU LBOMY JyXE CKIagHl B
TEXHOJIOTIYHOMY IUIaHi. Po3moaiibHI BikHA, BUKOHAHI Y BUTJISII OTBODPY, €
HAWTEXHOJOTIUHINUMH, aJieé MalTh NPOXIJHUM TMepepi3 B TPU pasu
MEHIIIUHA HI)K CETMEHTHI.

3anponoHOBaHa METOAMKA J03BOJIIE MPOBOJUTH BUOIp TeoMeTpii
BIKOH  PO3MOJAUIBHOI ~ CHUCTEMH TP  MPOEKTYyBaHHI  IUTAHETAPHUX
TiIpOMAIIMH 3 ypaxyBaHHSAM 1X (YHKIIOHAJbHUX MOXIMBOCTEH Ta
TEXHOJIOT1i BUTOTOBJICHHS.
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THE INFLUENCE OF THE SHAPE OF THE WINDOW ON THE
THROUGHPUT OF THE DISTRIBUTION SYSTEM OF THE PLANETARY
HYDRAULIC MOTOR

Summary

Modern trends towards expanding the scope of application of hydraulic drives of
active working parts of self-propelled vehicles require the development of new rotary
hydraulic machines, in particular gerotor, orbital and planetary. The processes occurring
in the specified hydraulic machines and their elements during operation are always
associated with the movement of the working fluid through channels through the
windows of their distribution systems. The main characteristic of the working fluid
distribution system of a planetary hydraulic motor is its throughput, determined by the
flow area. The propose a methodology has been developed for selecting a distribution
system with specified output, geometric and technological characteristics, which allows
choosing a rational distribution system when designing a hydraulic motor. a technique
for selecting a distribution system with specified output, geometric and technological
characteristics, which allows choosing a rational distribution system when designing a
hydraulic motor. A structural and functional diagram has been developed for
determining the flow area of the distribution system of a planetary hydraulic motor,
with different shapes of distribution windows, which makes it possible to simulate the
process of changing the flow area of the distribution system, depending on the shape of
the distribution windows. An analysis of the output characteristics of distribution
systems has been carried out, allowing one to make a rational design decision on the
choice of the shape of the windows of the designed distribution system of a planetary
hydraulic motor. It has been established that distribution windows made in the form of a
groove, while being the most functional, are very complex in technological terms.
Distribution windows made in the form of a hole are the most technologically advanced,
but have a flow area three times smaller than segment ones. The proposed methodology
allows you to select the geometry of the windows of the distribution system when
designing planetary hydraulic machines, taking into account their functionality and
manufacturing technology.

Keywords: distribution system, movable distributor, inmovable distributor,
structural and functional diagram, distribution windows.
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CLASSIFICATION AND ANALYSIS OF DESIGNS
OF SCREW PRESSES FOR OIL RAW MATERIALS

Summary. The most common method of obtaining high-quality liquid oils is
pressing of oil raw materials. A detailed classification of screw presses for pressing oil
raw materials has been developed. The designs of the presses were analyzed depending
on the type of oil raw material, the temperature regime of its processing, the sequence of
raw material processing, the place of oil output, the number of pressing stages, the
number of screws, the location of the screw barrel in space, the type of screw channel,
the shape of the screw, the degree of assembly of the screw(s) and /or barrel(s),
availability of a device for adjusting the output of the cake (back pressure valve),
availability of additional means for intensifying pressing, the possibility of movement in
space. The analysis of the modern and prospects of the use of screw presses for pressing
oil raw materials shows that the most common single- and double-screw presses will be
used for the processing of oil crops for a long time to obtain high-quality oils. At the
same time, the main efforts of developers of new equipment are aimed are aimed at
creating high-performance universal equipment characterized by low material and
energy consumption, ease of maintenance and high oil removal (deep oil extraction).

Key words: oil raw materials, oil, screw presses, classification, designs.

Formulation of the problem. Oils obtained from oil crops (sunflower,
linseed, hemp, rapeseed, corn, soybean, apricot, plum, cherry, peach, grape,
almond, mustard, peanut, castor, palm, coconut, palm kernel, olive, rice [1],
as well as mint, caraway, walnut, olive, cotton, safflower and others [2]) are
widely used not only in the food industry, but also in other sectors of the
economy [3-5]. For example, one of the most common oils — sunflower — is
widely used both in the food industry and for technical purposes, in
particular in the production of household chemicals, paints and lubricants
and oils, various technical fluids, as well as in the production of care
products from skin, cosmetics and hygiene products [6-8].

One of the ways of using liquid oils, in particular rapeseed oil, is their
use (in their pure form or as products of their chemical processing) as part
of motor fuels, in particular for the preparation of biodiesel fuel mixtures
[9, 10]. It has been proven that a mixture of 80% diesel fuel and 20%
rapeseed ethyl ether, obtained by transesterification of rapeseed oil, is
sufficiently effective for the operation of standard diesel engines without

© Mikulionok 1., 2024
Proceedings TSATU. 2024. 24. 1



@ Mpari TAATY Bumyck 24. Tom 1
24

any modification. Such a mixture not only saves diesel fuel, but also
reduces harmful emissions into the atmosphere and "softens" the operation
of the engine [11].

The most common method of producing high-quality liquid oils from
oil crops is pressing, i.e. processing of oil pulp with pressure, which is
accompanied by compaction of particles and extraction of oil [3, 12].

Pressing of oil raw materials — seeds of oil crops, as well as oil fruits
and nuts — is carried out on hydraulic and screw (worm) presses [3, 13, 14],
while screw presses are the most common, which is primarily due to the
continuity of their work, and as well as wide possibilities of their structural
and technological design [15].

It is worth noting that screw presses are widely used in the processing
and food industries not only for extrusion, in particular pressed solid
biofuel [16], but also primarily for extrusion grinding and forming of
various food products: sweets, protein products, products based on starch,
foam products, etc. [15]. At the same time, the extrusion processing of
plant raw materials is in many ways similar to the processing of granular
polymer raw materials (primarily in the feed section of the screw press)
[17-24]. However, if the classification and research of the structural design
of the process of extrusion of polymers and plastics has been carried out
quite thoroughly, then insufficient attention has been paid to the issue of
the structural and technological design of the process of squeezing oil from
oil raw materials in screw presses.

Formulation of the aim of work. The purpose of this work is a critical
analysis of the structural and technological design of the process of
extracting oil from seeds, fruits and nuts of oil crops in screw presses.

The main part. Wide use of screw presses led to the variety of their
designs [25]. At the same time, the creation of new structures is primarily
carried out experimentally, since the complex processes in the working
channel of the screw, which occur during the pressing of oil raw materials,
are quite complex and difficult to amenable to theoretical research [26].

Screw presses for pressing oil raw materials can be classified
according to various features (Fig. 1).

According to the sequence of raw material processing, there are
prepresses (pre-pressing presses) and expellers (final pressing presses).

First-pressed oil is obtained on prepresses by processing the initial oil
raw material, and on expellers, second-pressed oil is obtained by
processing the prepress cake subjected to moisture-heat treatment [27].

According to the type of oil raw material, there are presses for
processing seeds, nuts and fruits, as well as universal ones.
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Screw presses for pressing oil raw materials |

Type of oil raw material | | seeds . | fruits | [with the introduction of a
' |nuts || universal | — refrlggrant into oil raw
- materials
Pressing temperature for cold pressing - with screw cooling /
for hot pressing HL .
prepress | | with cylinder cooling /
Sequence of raw material heating
processing expellers | | with cooling / heating of
the screw and cylinder
Location of the screw 1 Lhorizontal | [inclined | ~{with barrel slats (bars) |
| vertical | [combined | [ with barrel rings |
assembled H with barrel half-rings |

The degree of assembly — from several barrel

of the screw(s) and/or S -
cvlinder(s) | solid { _| with co-rotating
(fixed perforated

Availability of a device for| Tyihout the | || with counter-rotating
adjusting the output cakes _ _
(back pressure valve) | H with the device |

- with parallel screws |

 single-screw H with successive screws |

with constant screw

L multi-screw

{through the cylinder | | with variable screw

Place of oil output M- through a hollow screw With constant screw

channel turn volume
| | | with variable screw

|
Number of screws | twin-screw =

|

|

|

|

L combined removal

- single stage

channel turn volume

Number of stages

—H two-stage |

with variable depth of the

L multistage | [7screw channel

Ability to move stationary | | with a variable pitch of the
B _ screw channel
mobile

with variable pitch and
Availability of additional —|without e soecificd | 1 depth of the screw channel
means for processing oily | | p With a constant pitch of

raw materials or products [ LIwith the specified means | || the screw ridge and with
of its pressing an increasing ridge
thickness
single-start | with a continuous ridge |

Type of screw double-start || with an intermittent |

multiple-start -4 with grinding elements |

The shape of the screw | cylindrical | conical- |

|C0nicai || cylindriclal-conical|

| cylindrical |
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Screw presses for pressing oil raw materials |

_l

Type of oil raw material

Pressing temperature
regime

| seeds i | | fruits : | with the introduction of a
— — refrigerant into oil raw
nuts || universal | @il
materials
fi 1 i : -
SreHd Py l:_ with screw cooling /
for hot pressing ]— heating

Sequence of raw material
processing

Location of the screw
cylinder in space

The degree of assembly
of the screw(s) and/or
cylinder(s)

Auvailability of a device for
adjusting the output cakes
(back pressure valve)

prepress with cylinder cooling /
(pre-pressing) heating
expellers | | with cooling / heating of the
(final pressing) screw and cylinder
| horizontal | | inclined | —| with barrel slats (bars) |
| vertical | [combined | — with barrel rings |
assembled —I with barrel half-rings |

(variable geometry) —1 from several barrel sections

| | solid (fixed with co-rotating
geometry) perforated SCrews

with counter-rotating
SCrews

—I without the device |
H with the device |

_| with parallel screws |

-| single-screw —I with successive screws |

Number of screws

—| twin-screw with constant screw

diameter

—| multi-screw

with variable screw
diameter

—I through the cylinder

Place of oil output

i

"l through a hollow screw with constant screw channel

Number of stages
pressing

Ability to move
in space

Availability of additional

means for processing oily raw | |

materials or products of its
pressing

Type of screw
channel

The shape of the screw
(on the tops of the ridges)

|
=
|
|
|
|

—| combined removal turn volume

| | | with variable screw channel

single stage
—l g g turn volume

—| two-stage |

with variable depth of the
screw channel

—I multistage

_

—| without the specified means I
with a constant pitch of the

I — screw ridge and with an

increasing ridge thickness

with a variable pitch of the
screw channel

with variable pitch and depth
of the screw channel

—| with the specified means

single-start with a continuous ridge |

double-start with an intermittent ridge |

multiple-start with grinding elements |

Icylindrical ||conical-cylindrical | I

{ cylindrical stepped |

] conical | | cylindrical-conical

Fig. 1. Classification of screw presses for pressing oil raw materials
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At the same time, within each class, the presses may differ in certain
parameters: for example, screw presses with barrel chambers with smaller
gaps between neighboring grates (barrel (or zeer) rings, half-rings, or slats
(bars)) are used for processing rapeseed than in the case of processing
sunflower seeds.

According to the temperature mode of pressing, there are presses for
cold and hot pressing.

In cold pressing presses (cold presses), oil raw material is pressed
without prior heat treatment (at the same time, the raw material arrives at a
temperature of up to 80 °C, and is not fried before entering the press).

The oil obtained by cold pressing is characterized by high
organoleptic indicators, and the cake is characterized by high protein
quality [28—-30], and therefore high nutritional value, but the yield of oil by
hot pressing is higher.

In order to prevent an increase in the temperature of the pressing
process, the working organs of the cold pressing press — screws and barrel
(cylinder) — can be equipped with cooling systems (Patent
Nos. US5333556A, JPH02251397A, JPH04323297A, CN108284635A,
CN109421307A, CN2789011Y, CN215750928U, CN22814007).

In a single-screw press, cooling water is supplied to each barrel (zeer)
ring or each pair of adjacent barrel rings (Patent Application No.
DE4109229A1; Fig. 2).

(Patent Application No. DE4109229A1)

The twin-screw press contains a barrel consisting of sections with
solid walls and zeer barrel sections (perforated, rings, half-rings, or slats
(bars) sections), which alternate with each other, while each of the sections
with solid walls is equipped with electric heaters (Patent Nos. UA3144C2,
UA40189A, RU2057022C1). Screws also contain areas with mixing and
dispersing cams in the form of convex equilateral triangles with angular
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mixing with respect to each other to form a helical channel (Patent
No. CN215512387U, Patent Application No. W02022/270012A1), while
these cam areas can be made as pushers and braking (due to the angular
displacement of the adjacent cams [31]).

Electric heaters can also be located not only on the press barrel (Patent
Nos. CN108556396A, CN109421308A, CN207984055U,
CN208497750U), but also inside the screw or screws (Patent
Nos. UA35405A, CN110524934A, CN218171498U).

The air, heated with the help of electric heaters, enters the cavity of
the screw, and then exits through the radial holes into the working channel
of the press (Patent No. CN211105796U; Fig. 3). The disadvantage of the
design is the possibility of oil entering the screw cavity under the condition
of pressing pressure greater than the pressure of heated air.

- A~ \ o \oo\ \
NN N N

Fig. 3. Press with heating of oil raw materlals W|th heated air through
a hollow screw (Patent No. CN211105796U)

/

An interesting solution to lowering the temperature regime of the
sunflower seed processing process is proposed in papers [32, 33]. The
authors suggest adding CO: granules directly to the treated seeds, which
allows for complete or partial rejection of cooling water. The disadvantage
of the design is the need for special equipment for grinding, sorting and
storing bulk carbon dioxide.

According to the number of screws, there are single-, double-, and
multi-screw presses.

As already mentioned, screw presses for pressing oil raw materials
are in many ways similar to widely used screw extruders for processing
polymers, plastics and rubber mixtures, and not only for forming certain
products from the melt, but also for grinding polymer and rubber waste
[34, 35].

The simplest screw presses are single-screw, but double-screw and
less common multi-screw presses are more versatile from the point of view
of processed raw materials [36, 37].

The screw of a single-screw press can be fixed both as a cantilever
(Patent No. UA60804U) and with supports at both ends (Patent
Nos. CN202669015U, CN208343513U, UA33519U), which reduces the
probability of contact between the screw and the barrel during press
operation, but makes it difficult its production and operation. To increase
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the service life of the screw, a layer of wear-resistant material can be
welded to the top of its ridge (Patent No. US4223601A).

A single-screw press, on the inner surface of the barrel of which spiral
ribs are made with the direction opposite to the cutting of the screw to
prevent turning of the processed raw materials (Author’s Certificate
No. SU70014A1). The disadvantage of the design is the difficulty of
manufacturing and cleaning the inner surface of the barrel.

A single-screw press contains a screw with two oppositely directed
screw threads from its central part and a loading area in the central part of
the screw (Patent Nos. UA50237U, UA56408U, CN217916906U; Fig. 4).
This technical solution increases the productivity of the press and reduces
its material consumption, as well as compensates for the axial force acting
on a traditional screw (with a unidirectional thread and a loading area near
the screw shank).

Fig. 4. Single-screw press with two independent press zones
(Patent No. CN217916906U)

Presses with a similar principle of action, but with two loading
hoppers located at the ends of the screw and a common central exit of the
cake (Patent No. GB2601103A, Author’s Certificate No. SU1639971A1,
Fig. 5).

(Author’s Certificate No. SU1639971A1)

A twin-screw press similar to the previous design is proposed in the
Patent No. CN217968535U.

A single-screw press with a cylindrical stepped screw, the diameter of
the steps of which gradually increases under the simultaneous condition of
decreasing the height of the working channel (Patent No. UA75962C2).
This technical solution favors the loosening of oil raw materials during the
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transition to another stage, as well as the increase of shear forces in the
working channel of the press.

A single-screw press with a cylindrical stepped screw, the diameter of
the stages screw core (screw root) of the of which gradually increases with
a corresponding decrease in the height of the working channel, while
throttle washers are placed between the stages on the screw, and to
maintain a low temperature of the process, liquid nitrogen is injected into
the processed raw materials (Patent Application No. W02022/237935A1;
Figu. 6).

®L1- LA A=

Fig. 6. Single-screw press with a stepped screw and throttle washers
between the steps (Patent Application No. W02022/237935A1)

Screws of a similar design, but with conical steps (both the core and
the generating top of the ridge of the helical thread; Patent Nos.
CN204869758U, CN205112458U).

A single-screw press with a cylindrical stepped screw, the diameter of
the helical cutting ridges of the steps gradually decreases with a
corresponding decrease in the height of the working channel (Patent Nos.
CN213353643U), while throttle washers can be placed between the steps
on the screw (Patent Nos. CN1887586A, CN2820517Y, CN201792507U,
CN201998445U, CN201998446U, CN202727368U, CN114939998A;
Fig. 7).

7 T 7272 T, |
[ | - i
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Fig. 7. Single-screw press with a stepped screw and throttle washers
between the steps (Patent No. CN114939998A)

Among twin-screw presses, presses with counter-rotating screws
(Patent Nos. JPH02251397A, JPH04323297A) and presses with co-rotating
screws have become widespread, in which more intense shear deformations
are realized in the section of the working channel between the screws
(Patent No. JPH02151396A).
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To improve the efficiency of the pressing process, the screws of twin-
screw presses with counter-rotating can be equipped with cutting sections
of the opposite direction, that is, the so-called "reversing cutting" (Patent
Nos. CN2594005Y, CN205130454U; Fig. 8).

- : : ¥

Fig. 8. Scheme of screws of a twin-screw press with multi-directional
rotation of screws with cutting sections of the opposite direction
(Patent Nos. CN2594005Y, CN205130454U)

1<

Twin-screw press with counter-rotating screws, while each screw
rotates not from the side of the shank (Patent No. CN212979331U), but
from the side of the tip (Patent No. CN218171496U). This technical
solution reduces the equivalent stresses of the screw material, because the
greatest resistance to the rotation of the screws is not their feed zone, but
the pressing zone.

A similar approach was also used in the designs of single-screw presses
(Patent Nos. CN2706312Y, CN213947524U, CN202137967U; Fig. 9).

/ il Y
Fig. 9. Single-screw press with a rotation drive from the side of its tip
(Patent No. CN202137967U)

A twin-screw press with counter-rotating screws located one above
the other, while the press is equipped with two hoppers for feeding oil raw
materials into the working channel of each screw (Patent
Nos. CN1810497A, CN203305535U; Fig. 10).
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Fig. 10. Cross-section of a twin-screw press with individual screw feeding
(Patent Nos. CN1810497A, CN203305535U)
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Another technical solution for two-way feeding of a similar twin-
screw press is proposed in the Patent No. CN205097582U. In this press, the
oil raw material is fed by two screw feeders on both sides of the screw
intermeshing area.

For ease of maintenance of presses of this design, the barrel is
proposed to be made of two parts, hinged together in the lower part (Patent
No. CN201512522U; Fig. 11).

Fig. 11. Scheme of the barrel of a twin-screw press with horizontal screws
located in a vertical plane (Patent No. CN201512522U)

In addition to traditional twin-screw presses with partial intermeshing
of the screws, compact designs of twin-screw presses with screws in
separate housings have been developed. Such presses can also be
considered as two paired single-screw presses with a common screw
rotation drive. For example, at the end of the 20th century, specialists of
OJSC Bilshovyk (Kyiv, Ukraine; since 2018 — the First Kyiv Machine-
Building Plant) developed a set of technological equipment for the
production of fuel mixtures from mineral fuel and rapeseed oil (from 10 to
30%). The set includes one or more single- or double-screw presses for
extracting oil from rapeseed (while each double-screw press contains two
screws rotating in separate barrels from one drive), as well as a
hydrodynamic mixer for preparing highly stable fuel mixtures using their
cavitation processing [38]. At the same time, it should be noted that unlike
traditional similar fuel mixtures, the mixtures obtained in the developed
hydrodynamic mixer remain stable for a year or more.

Presses of a similar layout are given in Patent Nos. CN201070844Y,
CN201579993U, CN203726864U, CN217803501U. In  Patent
No. CN211195019U describes a compact unit for pressing flax seeds,
which on a common frame contains three single-screw presses with
individual screw drives, and in the Patent No. CN209022489U is a unit
containing four single-screw presses with group screw drive.

Twin-screw press with a combined arrangement of cylindrical stepped
screws, the diameter of the steps of each of which gradually decreases
(Patent No. UA3845U). In the first section (maximum diameter), the
screws are located in a common barrel with partial intermeshing with each
other, and in the following sections — in different barrels.
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To compensate for the decrease in the volume of pressed raw
materials, the volume of the screw channel in the pressing direction is
gradually reduced. For this purpose, presses with a variable pitch of the
screw channel (Patent Nos. CN209937790U, CN210048727U,
CN217395760U), with a variable depth of the screw channel (Patent
No. CN211843323U) and less often — with a variable pitch and depth of the
screw channel (Patent Nos. CN111634050A, CN113789218A,
CN209666365U, UA113259U, [39]).

Screws of single-screw presses with a constant screw pitch, a conical
core that expands in the pressing direction, and a constant diameter of the
cutting ridge ensure a consistent reduction in the volume of the screw turn
(Patent Nos. CN204123354U, CN208646113U).

The continuous reduction of the volume of the screw with a
cylindrical core is ensured by the reduction of the height of the screw
thread ridge under the condition of its constant pitch, while the screw takes
the form of a truncated cone with a larger base on the side of the loading
hopper (Patent No. CN211734285U).

A screw press with a constant screw pitch and with a ridge thickness
that increases along the screw, although it provides a successive reduction
in the volume of the screw turn (Patent No. RU2475167C1). A similar
screw is proposed in patent number CN203713107U (Fig. 12), but such
screws are distinguished by the complexity of their manufacture.

Fig. 12. Screw with a variable thickness of the helical cutting ridge (Patent
No. CN203713107UV)

The press screw with a constant core diameter and variable cutting
pitch, but with a variable screw channel depth to form a stepped screw, is
placed in a barrel with a stepped cavity (Author’s Certificate NOS.
SU757346A1, SU861104A1, SU1021634A1). The volume of the inter-turn
space of this screw decreases in the pressing direction.

Each of the screws of the double-screw press with counter-rotating
screws is made stepped in the form of a core of constant diameter with
variable cutting pitch, while the steps of a larger and smaller diameter form
the cutting ridge, and the screws are placed in the stepped cavity of the
barrel (Patent No. CN205395237U). Thus, the volume of the screws turns
decreases in the direction of pressing due to a gradual decrease in the depth
of the cut and a gradual decrease in its pitch along the entire length of the
SCrews.

Also, for this purpose, presses with a variable diameter of not only the
core, but also the screw cutting ridge, in particular conical ones, are used.
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At the same time, the diameter of the screws in the pressing direction can
both decrease (Patent Nos. CN208118490U, CN209794636U,
CN210337022U, CN215750928U, CN217671268U) and increase (Patent
No. CN203766069U).

Combined screw with a cylindrical feed section and a conical press
section (Patent No. CN211165448U).

Combined screws with a cylindrical feed section with a constant
volume of the screw channel within it, as well as a multi-stage conical
press section, the stages of which are separated by throttle washers (Patent
Nos. CN204451280U, CN204451281U).

For continuous renewal of macro volumes of raw materials subject to
destruction during pressing, the screw cutting ridge is performed
intermittently (Patent Nos. CN209649548U, CN210257372U, Patent
Application No. W02020/104767A1) or the screw is equipped with
dispersing and mixing elements of various designs (Patent
Nos. US5680812A, UA98920U, UA119024U, Author’s Certificate
No. SU1043028A1, [31]). But the application proposed in Patent
No. CN113789218A of pointed pins on the screw core contributes not so
much to the loosening of processed oily raw materials, but to its capture by
the screw and rotation with it, which reduces the productivity of the press
and makes the effectiveness of this technical solution questionable.

Dispersing and mixing elements in the form of gear wheels fixed in
pairs along the length of the screws of the twin-screw press with the
possibility of interlocking not only contribute to the intensification of the
processing of oily raw materials, but also prevent the screws from twisting
along their length, and therefore their jamming during operation (patent
Nos. CN111469471A, CN212528813U).

The outer surface of the ridge of the helical cutting of the screw’s feed
section is made with flats, which with the inner cylindrical surface of the
barrel form a clearance (gap) of variable size (in the circular direction),
which ensures preliminary crushing of the oily raw material before it enters
the press zone (Patent Nos. CN203600634U, CN203600635U,
CN204488078U; Fig. 13,a). Such a screw turned out to be especially
effective during the processing of the fruits of oil crops. For a similar
purpose, the ridge of the helical cutting of the feed section of the screw on
several turns is made with one-sided flats (Patent No. CN203739263U;
Fig. 13, b).

The ridge of the helical cutting of the feed section of the screw is
transformed into a set of cams designed for effective destruction of the oil
raw material and its capture by the screw for further advancement in the
direction of the press section (Patent No. CN203901770U; Fig. 14).
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Fig. 13. An improved ridge of the screw cutting of the screw feed section: a
— Patent No. CN204488078U; b — Patent No. CN203739263U

Fig. 14. An improved ridge of the screw cutting of the screw feed section
(Patent No. CN203901770U)

For better capture of the oil raw material by the screw and its
preliminary grinding on the cylindrical part of the core of the screw under
the discharge opening of the loading hopper of the press, a flat is made
(Patent No. CN204340262U; Fig. 15,a) or the specified area of the core is
made in the form of a prism (Patent No. CN202826482U; Fig. 15,b).
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Fig. 15. Improved screw core in its feed section:
a — Patent No. CN204340262U; b — Patent No. CN202826482U

To destroy the cellular structure of the oil raw material and increase
the yield of oil in the break of the screw turns of the single-screw press, an
intermediate matrix with holes of a fixed (Patent Nos. RU2353522C1,
RU2354556C1, RU2399493C1, RU2401199C1) or adjustable live cross-
section (composed of two similar parts installed with the possibility of
angular displacement relative to each other; Patent No. UA60804U).
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By analogy with extruders for the processing of polymeric materials,
the barrel of the screw press for pressing oily raw materials contains radial
pins that pass through the gaps in the screw ridge and loosen the processed
solid phase, which contributes to more complete squeezing of the oil from
it ("pin barrel extruder”; Patent Nos. US4901635A, RU2559330Cl1,
RU167408U1). Also, the pins can be installed with the possibility of
adjusting the depth of their immersion in the channel of the press (Author’s
Certificate No. SU547370A1). Also, these pins are sometimes made in the
form of counter blades (Patent No. UA2077C1, Author’s Certificate No.
SU1562152C1).

The technical solution proposed in Patent No. UA97165U, allows you
to use the screw without gaps in its ridge, while the radial pins are made
movable and equipped with a drive for their reciprocating movement.
However, this design significantly complicates the manufacture and
operation of the press.

A double-screw press with conical screws makes it possible not only
to compensate for the decrease in the volume of processed raw materials
during its advance through the press, but also, due to the fact that the
shanks of the screws diverge from each other, to use effective thrust
bearings (Patent No. UA112793C2).

Twin-screw presses with sequentially located coaxial screws: feeding
screw and slower pressing screw, equipped with individual rotation drives
(Author’s Certificate Nos. SU382522A1, SU725899A1). By adjusting the
ratio of the rotation frequency of the screws, it is possible to change the
depth of oil extraction.

In a three-screw press, the preliminary extraction of oil takes place in
a section with two counter-rotating screws, and the final extraction takes
place in a section with one screw located at its exit, which is equipped with
an individual drive (Patent No. UA11189C1). The advantage of the press is
the wide technological capabilities of this kind of cascade press due to the
presence of independent drives of the double-screw and single-screw parts
of the press.

In a three-screw press, the screws are located in a horizontal plane, while
the adjacent screws have multi-directional cutting and can be made without
intermeshing and continuous screw cutting ridges or with intermeshing, but
with discrete screw cutting ridges (Patent No. CN101249728A).

In the five-screw press, the horizontal screws in the cross section are
arranged in the form of Olympic rings: three in the upper row and two in
the lower row, while the screws are made by analogy with the screws of the
previous three-screw press (Patent No. CN202462917U).

The multi-screw press contains a main screw of a large diameter, as
well as additional screws of a smaller diameter placed in its inter-turn space
parallel to the longitudinal axis of the main screw Author’s Certificate No.
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SU1386485A1; Fig. 16). The disadvantage of the design is its unreasonable
complexity.
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Fig. 16. Scheme of a multi-screw press
(Author’s Certificate No. SU1386485A1)

According to the shape of the screws, there are presses with
cylindrical, conical, conical-cylindrical, cylindrical-conical and cylindrical
stepped screws.

In contrast to traditional cylindrical screws with a continuous or
interrupted screw single-start thread, a screw with an intermittent screw
double-start thread and throttle washers is proposed, while the thread is
made in the form of separate turns of different pitches separated from each
other (Patent Application No. W0O2020/104767A1; Fig. 17).
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Fig. 17. Single-screw press with a stepped screw and throttle washers
between the steps (Patent Application No. W02020/104767A1)

The work of a universal press with a cylindrical-conical screw,
recognized for the processing of various types of olive raw materials, was
completed [40]. Cylindrical screw hole with a diameter of 40 mm and a
bottom of 550 mm, a larger base of a conical bottom hole of 200 mm and
an angle at a top of 45° — 87 mm, screw cutting depth — 9.99 mm. Drive
electric motor power 35 kW.

Press with a cylindrical-conical screw is also described in Patent Nos.
CN107856337A, CN210553191U, CN210679820U, Author’s Certificate
No. SU640859A1.

A twin-screw press with parallel cylindrical stepped screws, the
diameter of which steps decreases in the pressing direction (Patent
No. UA3845U). In the first section (feeding), the screws are located in a
common barrel with partial intermeshing with each other, and in the
following sections (pressing), each of the screws is located in a separate
barrel.

A press with a cylindrical stepped screw, the diameter of the steps of
which increases in a straight line pressing (Patent No. UA5032C2,
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Author’s Certificate No. SU1459936A1). At the same time, between two
cylindrical sections, the end section was stashed with pins-fluffers

(Fig. 18).
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Fig. 18. Press with a cylindr‘ical stepped screw (Patent No. UA5032C2,
Author’s Certificate No. SU1459936A1)

According to the degree of assembly of the screw(s) and/or barrel(s),
there are presses with a solid screw and/or barrel (fixed geometry) and
presses with a assembled screw and/or barrel (changeable, adjustable
geometry).

A twin-screw press with a barrel made by sintering metal spheres,
granules or fibers has a wall with an open porous structure (Patent
No. GB1507946A). Such a design is characterized by high strength and
rigidity, but it is difficult to clean, since the curvilinear channels of variable
cross-section, formed by the gaps between the elements of the barrel wall
structure, have a tendency to clog with cake.

Making the screw(s) and/or barrel(s) assembled significantly expands
the technological capabilities of the press. In particular, by changing the
number, length and type of the working part of the removable sleeves
placed on the screw root (screw core), the oil extraction depth and the cake
structure are changed (Patent No. CN2210779Y).

The barrel of a single-screw press, consisting of two halves: the lower
stationary and the upper folding one, increases the convenience of cleaning
the screw during press maintenance (Patent No. CN217891972U; Fig. 19).

In similar presses, the upper part of the barrel is not hinged, but
removable (Patent Nos. CN207683005U, CN216968761U).

X\ [T

Fig. 19. Scheme of a single-screw presé with a detachable barrel
(Patent No. CN217891972U)
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The twin-screw press barrel consists of two halves: the upper and the
lower, which are installed with the possibility of turning relative to each
other and "opening" the working area of the press to control its condition
(Patent Nos. UA25846C2, RU2108239C1; Fig. 20).

SE

N

Fig. 20. Cross-section of the working part of a twin-screw press
with a assembled barrel (Patent Nos. UA25846C2, RU2108239C1)

A barrel assembled in the longitudinal direction is proposed in the
Patent No. UA24490A. The upper stationary part of this barrel is equipped
with an electric heater, and the lower (seeing) part is removable (Fig. 21).
Similar technical solutions are also proposed in the Patent
Nos. UA29972A, RU2146198C1, RU2145925C1.

Fig. 21. Cross-section of the working part of a twin-screw press
with a assembled barrel (Patent No. UA24490A)

It is worth noting that the zeer barrel usually consists of separate
elements located with a gap relative to each other for the release of the
received oil: longitudinal — zeer slats (bars) and annular — zeer rings or zeer
half-rings.

A two-screw press with assembled screws in the form of a core with a
set of removable sleeves with a screw thread or mixing and dispersing
elements allows you to effectively form the desired geometry of the screws
depending on the parameters of the pressing process (Patent Application
No. DE102004037349A1).

Solid barrels are usually made with transverse holes (Patent
Application Nos. DE2456187A1, DE19608379A1, DE19921790Al1,
EP1182030A1, CN217574190U) or slits (Patent  Application
Nos. US2019/217567A1, US2020/031077A1, US2020/031078A1,
US2020/031079A1, US2021/138751A1, DE102007001311A1,
KR20140106163A) for oil output. Often, the specified holes and slits are
made in such a way that they diverge in the radial direction to prevent them
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from being clogged with cake, in particular, the holes are made conical, and
the slits are wedge-shaped (Patent No. CN103802346A).

The transverse holes of the solid barrel are located in the diametrical
plane at an angle to the radius in the direction opposite to the rotation of the
screw, which reduces the probability of clogging of the holes, which are
made conical and diverge from the longitudinal axis of the screw (Patent
Application No. DE19921790A1).

The inlet sections of the conical radial holes are located in
longitudinal grooves on the inner surface of the solid barrel (Patent
Application No. WO02020/220096A1; Fig.22). The specified grooves
prevent the processed raw material from turning during its advancement
through the press channel.

Fig. 22. Cross-section of the single-screw press barrel press section (Patent
Application No. W02020/220096A1)

At the same time, the longitudinal grooves can be of various shapes,
for example, semi-cylindrical (Patent No. CN209937789U; Fig. 23,a) or
sickle-shaped (Patent No. CN2032940U; Fig. 23,b).

Also, to prevent turning of the processed raw material during its
transportation through the channel of the press, the surface of the barrel
cavity is made polygonal (Patent Nos. CN203580175U, CN208774124U,
CN211843323U, Patent Application No. WO02017/121227A1; Fig. 24,a),
with longitudinal wide rounded grooves (Patent Nos. CN1044431A,
CN202669015U; Fig. 24,b) or in the form of a regular octagonal or
hexagonal prism with concave faces (Patent Nos. CN201224188Y,
CN203427345U, CN203864058U; Fig. 24,c).

a bi
Fig. 23. Cross-section of the single-screw presses barrels press section:
a — Patent No. CN209937789U; ¢ — Patent No. CN2032940U
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Fig. 24. Cross-section of the single-screw presses barrels press section:
a — Patent Application No. W0O2017/121227A1:
b — Patent No. CN202669015U; ¢ — Patent No. CN203864058U

For a similar purpose, the cavity of the barrel of the single-screw press
in the cross section is made in the form of an epicycloid (Patent
Application No. EP0017809A1).

Another design of the single-screw press barrel, which is
technological in production and convenient in maintenance, is made in the
form of a set of slats, tightened on the outside by frames — cylindrical
bandages (Patent No. CN210525889U; Fig. 25). These strips not only form
channels for the oil to escape, but also prevent the processed oil raw
material from turning under the action of the rotating screw, increasing the
press's productivity.

Fig. 25. General view of a barrel made of barrel bars
(Patent No. CN210525889U)

A barrel of a similar design, but with frames connected to each other
with the help of slats to form a deck — a rigid cylindrical cage frame for
placing in it a set of barrel bars (Patent no. CN114290736A).

Spacer elements in the form of balls are placed between the adjacent
barrel bars in their depressions on the side surfaces, which ensure the
formation of wedge-shaped gaps of certain shapes and sizes for the oil to
escape (Patent No. GB1000773A). At the same time, a number of slats are
made of increased height with their edges protruding towards the screw
with the formation of peculiar reflective protrusions, which make it
impossible to turn the oil raw material under the action of the rotating
screw and increase the productivity of the press. The disadvantage of the
design of such a barrel is the significant complexity of its manufacture due
to the difficulty of fixing the balls during assembly.
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A single-screw press with longitudinally movable barrel sections
makes it possible to automatically lengthen the barrel and enlarge the oil
outlet slots, thus automatically maintaining the required pressing pressure
(Patent No. CN113580637A; Fig. 26). At the same time, the pressing
pressure can be changed by adjusting the tension of the springs that tighten
the adjacent sections of the barrel.

Fig. 26. Single-screw press with constant pressing pressure (a)
and an element for tightening adjacent sections of the barrel (b)
(Patent No. CN113580637A)

The zeer barrel of a single-screw press is made of plates arranged with
gaps (usually 0.5-0.8 mm) relative to each other for oil release. In order to
prevent clogging of these gaps with particles of the solid phase, the plates
have a trapezoidal cross-section (Patent Nos. GB191300386A,
US4384955A, DE870360C, KR102449471B1, Patent Application No.
DE19951007A1). A similar solution exists for a twin-screw press (Patent
No. FR2644729A1). The disadvantage of zeer barrels is the complexity of
manufacturing, and the advantage is the possibility of changing the size of
the gaps between adjacent plates, for example, by installing distance
washers between them (Patent Application No. DE19644368A1).

The inner surface of each barrel ring is made conical with a smaller
base of the cone on the side of the screw tip, which creates additional
pressure for the passage of oil raw materials within each ring, helps to
increase the depth of oil extraction and reduces the probability of cake
particles getting into the oil (Patent Application No. DE19644368A1,
Fig. 27).

/ A s /’~ e
Fig. 27. The design of the single-screw press barrel
(Patent Application No. DE19644368A1)
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At the same time, in a press of a similar design, the neighboring barrel
(zeer) rings are made of different widths and with relief end surfaces to
form channels for draining oil from the working channel of the press
(Patent Application No. DE19951007A1; Fig. 28). The disadvantage of this
design of rings is the complexity of manufacturing.

Fig. 28. The barrel ring of the single-screw press
(Patent Application No. DE19951007A1)

Each barrel ring of a single-screw press is made in the form of a cone
with bumps on the end surfaces to form annular gaps between adjacent
rings (Patent No. UA113259U). The inclined conical annular channels
formed by such rings, converging in the direction of pressing, not only
ensure the removal of oil from the working channel of the press, but also
reduce the probability of cake particles getting into the oil.

A removable throttle washer is installed between the sections of the
press barrel, which makes it possible to change the resistance to the
advance of the processed raw material and influence the output of oil from
the raw material (Patent No. US4271754A, Patent Application
No. DE19601128A1).

The barrel of the screw press is made of separate sections with flanges
at the ends, which improves the repairability of the press, as it makes it
possible to replace not the barrel as a whole, but its separate section (Patent
No. FR2396642A1).

The combined barrel of the single-screw press contains a solid body
and a removable perforated curved plate (Patent No. CN204801093U;

Fig. 29). —
I

Fig. 29. Solid barrel with a removable perforated curved plate
(Patent No. CN204801093U)

According to the location of the screw barrel(s) in space, there are
horizontal, vertical, inclined and combined presses.

Most screw presses are made with a horizontal arrangement of screws,
but presses with vertical screws are also used (Patent Nos. CN109624372A,
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RU2271931C2, Author’s Certificate Nos. SU640859A1, SU670462A1,
SU766892A1, Patent Application Nos. WO02014/036882A1,
WO02016/008425A1). The disadvantage of presses with vertical screws is
the inconvenience of maintaining presses of considerable height.

A twin-screw press with superimposed inclined cylindrical screws
facilitates the flow of oil from the feed section towards the press section,
but this design is more complex than traditional presses with horizontal
screws (Patent No. CN214448773U).

A twin-screw press with a vertically arranged screw of the first stage
of pre-grinding and pressing, as well as a horizontally arranged screw of
the second stage of pressing (Patent No. CN203994792U). Both screws
have a common drive for their rotation, which makes it impossible to
independently adjust the rotation frequency of each of them.

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

In two- and multi-stage pressing presses, the pressure in the working
channel between the stages is reduced to atmospheric, while the processed
raw materials are usually degassed (Patent Nos. US4024168A,
US4271754A) or water vapor is added (Patent No. US5826500A). The
stages can be implemented both on single-screw presses (Patent
Nos. US4271754A) and on cascade presses consisting of several single- or
twin-screw presses connected in series (Patent Nos. US5826500A,
CN211441285U, CN213648783U, Patent Application Nos. WO97/
03577A1, EP0840557A1).

The easy-to-maintain two-stage press contains mounted in one unit
one above two traditional single-screw presses with oil extraction at each
stage (Patent CN214164142U).

In a compact two-stage press, from the outside of the barrels of a
traditional single-screw press of the first stage of pressing, a rotating
cylindrical die with a spiral winding is mounted on its inner surface to form
a second pressing zone (Patent No. CN113927939A). After the first stage
of pressing, the cake, passing to the area of the second stage of pressing,
significantly loosens, which contributes to the maximum yield of oil.

According to the possibility of movement in space, there are
stationary and mobile (mobile) presses.

Mobile presses are usually made portable and used in private
households and less often in industry with the possibility of placing them
on a vehicle for prompt delivery to the source of oil raw materials that need
processing (Patent No. CH686880A5).

Movable single-screw presses are mounted on the wheel track (Patent
Nos. CN208324324U, CN213006711U, CN211105799U).
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The mobile press unit, which is also mounted on the wheel track,
contains two single-screw presses located one above the other and provides
a high depth of oil extraction (Patent No. CN205736098U).

The wheel-mounted mobile baler contains one loading hopper and two
single-screw  balers with a common screw drive (Patent
No. CN216941937U). Such a constructive solution significantly reduces
overall dimensions and material capacity of the press and increases its
productivity.

According to availability of a device for adjusting the output cakes
(back pressure valve), there are presses without this device and with such a
device.

The most common device for adjusting the cake release (throttle
element) is an inverted locking cone, which is fixed directly on the screw in
the form of a mandrel and rotates with it (Patent No. UA3682C2) or on the
body of the press in the form of a matrix or sleeve (Patent Nos.
CN107856337A, CN114290736A, CN201165057Y, CN203792748U,
CN214395567U, CN216804522U, CN2644153Y, Author’s Certificate No.
SU1194689A1). Adjusting the width of the annular channel between the
closing cone and the matrix is usually carried out by changing the position
of the matrix along the axis of the screw. A screw design with a removable
locking cone fixed on the screw core with the possibility of adjusting its
position along the screw was also developed; at the same time, it is possible
to change the standard size of the locking cone for processing different oil
raw materials [38].

To prevent overheating of the cake at the exit from the press, the
matrix of the means for adjusting the release of the cake is made cooled
(Patent No. CN213291432U).

Also, the closing cone can be made not inverted, but straight (that is,
converging in the direction of pressing), however, a straight cone increases
the probability of clogging the output channel of the screw with cake
(Patent UA29972A). At the same time, the movable conical sleeve is
equipped with a hydropneumatic spring (Author’s Certificate
No. SU643354A1) for adjusting the size of the annular closing gap and
automatically maintaining a constant pressing pressure.

The locking cone is fixed on the body of the press with the help of a
spring that presses it against the matrix, while the spring is installed with a
locking both in the cone and in the adjusting nut (Patent No. UA6535U).
By rotating the nut, the force of pressing the locking cone against the
matrix is changed. During the operation of the press, under the influence of
the pressure from the processed oil raw material, the spring is compressed,
and the cone moves away from the matrix, forming an annular gap between
the cone and the matrix for the exit of the cake.
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The press device for adjusting the cake output is made in the form of a
double-conical fixed matrix, in one conical part of which there is a conical
tip of the screw, and in the second — a conical tip of a rotating mandrel
installed with the possibility of adjusting its axial position (Patent No.
RU2430147C1). By changing the axial position of the mandrel and the
frequency of its rotation, the hydraulic resistance of the annular channel for
the release of cake is regulated. The disadvantage of the design is the
significant hydraulic resistance of the confusor-cylindrical-diffuser channel
of the matrix.

Also, the locking element can be made in the form of a sphere, a
barrel, an ellipsoid, an elliptical paraboloid, a homogeneous hyperboloid,
etc. (Patent No. US836701A).

The regulating device at the outlet of the channel of the single-screw
press is made in the form of a washer with an adjustable cross-section of
the passage channels, which can be blocked individually or in groups
(Patent No. DE19715357C1).

In Patent No. GB1506455A, it is proposed to move not the cone, but
the matrix, made in the form of an annular nozzle of the barrel, to adjust the
exhaust ring nozzle (Fig. 30).

YIIII/7 777777777

Fig. 30. Device for adjusting the output of the cake from the screw press
(Patent No. GB1506455A)

According to the availability of additional means for processing oily
raw materials or products of its pressing, there are presses without such
means and with such means.

The tip of the screw of the press is connected to the generator of
ultrasonic vibrations, which makes it possible to increase the yield of oil
from vegetable raw materials (Patent No. RU2296153C1).

It is also proposed to place the generator of ultrasonic vibrations on
the barrel of the single-screw press (Patent No. CN213137917U).

A press with a locking matrix equipped with an ultrasonic emitter of
electromagnetic vibrations to increase oil removal (Patent No. UA72160U).

To increase productivity during pressing, plant raw materials are
recommended to be moistened (Patent No. KZ25818A4). For this, water is
fed into the working channel of the press, for example, by spraying through
nozzles. Under the influence of high pressure and temperature, water turns
into steam, which creates a porous structure of the processed raw material
and facilitates deep and easy extraction of oil.
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A press with a screw equipped with a rotary impact drive (Patent
No. UA27403U). The disadvantage of the design is significant dynamic
loads on both the screw and its thrust bearing.

In the loading hopper of the press, a device for atomizing water vapor
IS mounted, which contributes to the heat-moisture treatment of the raw oil
raw material (Patent No. UA147470U).

The single-screw press with the function of sterilizing the received oil
contains an ultraviolet lamp for irradiating the oil (Patent
No. CN215791927U).

The screw press is equipped with a mesh filter for pre-cleaning the oil
from cake particles (Patent No. CN113733630A), while the filter can be
vacuumed to improve the filtering process (Patent No. CN201217275Y).
Also, with the help of a vacuum, suction of oil from the working channel of
the press is accelerated (Patent No. CN212288875U).

The screw press is equipped with a means for pressing oil raw
materials in a nitrogen atmosphere (Patent No. CN212219407UV).
Displacing air oxygen with nitrogen from oil improves its stability and
increases its shelf life.

According to the place of oil output, presses with oil output, there are
through the barrel, through the screw, and simultaneous output through the
barrel and the screw.

Most often, the removal of oil squeezed from oily raw materials is
organized through a barrel, but it is proposed to remove oil also through a
hollow screw with transverse holes in the hollow core (Patent
Nos. UA63203C2, UA16277U).

A press with a simultaneous discharge through the oils of the barrel
and screw significantly complicates the design (Patent No. RU2173636C2).
At the same time, the core of the screw and the inner surface of the barrel
are made in the form of cones with the formation of an annular space
between them, converging in the direction of pressing (Fig. 31). A similar
technical solution is proposed in Patent No. RU2734521C1.
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Fig. 31. Scheme of t—he press with oil removal through the barrel
and screw (Patent No. RU2173636C2)
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According to the type of screw cutting, there are presses with screws
with single-start, double-start and multiple-start cutting. At the same time,
cutting can be both continuous and intermittent.

Increasing the number of screw cutting operations on the one hand
smooths out the impulsive nature of the cake leaving the press, and on the
other hand, it not only complicates the screw production, but also reduces
the volume of the working channel of the press, and therefore reduces its
productivity.

In addition to the above-mentioned designs of screw presses, other
numerous models of suitable equipment for pressing oil raw materials have
been developed, but unlike screw presses, they have not yet found
widespread use in practice.

Conclusions. Despite numerous developments in the field of press
equipment for pressing oil raw materials, single- and double-screw presses
that have been proven over many years, equipped with improved working
organs — screws and barrels, as well as auxiliary devices that improve the
operation of the presses, remain the most popular.

Oil and cake, obtained by pressing oil raw materials on screw presses,
are characterized by high consumer properties, therefore the development
of universal, as well as specialized (first of all taking into account the
peculiarities of oil raw materials) highly efficient designs of screw presses
for pressing oil raw materials remains an urgent task.
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I. MikyaboHoKk?
'Hanionanbuuii TexHivnmii yniepeurer YKpainu
«KniBcbknii nositexniynmii inctutyT imeni Iropst Cikopcbkoro»

KITACU®IKALIA TA AHAJII3 FOHCTPYKHII?'I INHEKOBHUX IIPECIB
AJ151 OJIIMHOI CHUPOBUHUA

Anomauyin

MeTtorw pochipkeHb Oylio BUKOHAHHS KPUTHUYHOTO aHali3y KOHCTPYKTHBHO-
TEXHOJIOTTYHOTO O(hOPMIICHHS MPOIIECY MOJTIMEPHUX 1 TYMOBHUX BIJIXOJIIB 32 JIOMIOMOTOIO
pi3aNbHUX MOAPIOHIOBAYIB.

Po3pobiieno  po3mmpeny kimacudikaimiro  pi3adbHUX — TOAPIOHIOBAYIB ISt
pYHHYBaHHS DI3HOMAaHITHUX MOOYTOBUX 1 MPOMHUCIOBHX MOJIMEPHUX 1 TYMOBHX
BIIXO/IB: 00’€MHUX, TOTOHHUX, JUCTOBUX 1 TUTIBKOBUX. BUKOHAHO KPUTHUYHHMA OTJIST
HaAMOLIBII XapakTepHUX KOHCTPYKIIH pi3albHUX MOAPIOHIOBAUiB, 3alPONOHOBAHUX
HAYKOBIIIMH, KOHCTPYKTOpaMU i BUHAXITHUKAMH MIPOBIIHUX KpaiH CBITY.

KoHcTpykuii  mpoaHami3oBaHO — 3aJIeKHO  BiJl NPHHLIUIY IE€PETBOPEHHS
00poOIIOBaHUX BIIXOJIIB, XapakTepy il pi3aJbHOTO IHCTpyMEHTa Ha 0OpOOIrOBaHUN
MaTepiall B 4aci, TEXHOJOTIYHOI oneparii pi3aHHs, KIIbKOCTI CTa il OAPIOHEHHS, THITY
pyXy poOoyoro opraHa, CTyIEHs YHIBEPCAIBHOCTI OOpOOJICHHS BiAXoAiB, (GopMu
poropa (poTOpiB), po3TamIyBaHHS OCi poropa (oced poTopiB) y MmpocTopi, GopmMu
PYXOMHUX pI3aJIbHUX €JIEMEHTIB POTOPHUX IMOAPIOHIOBAYIB, TeMIIepaTypu 0OpOOICHHS
BIJIXOJIIB, a TAKOX CTYIEHS MOOLTBLHOCTI MOIpiOHIOBaYa. BUKOHAHO KPUTHYHHIA aHAII3
HE JIMIIE KJIACUYHUX, a W IHHOBAIIMHMX KOHCTPYKIIH MOpiOHIOBAUiB, HaBEACHHUX Y
MATeHTHHX JIOKyMEHTaX MPOBIIHUX KpaiH CBITY.

AHaJti3 cy4acHOT0 CTaHy 1 MEePCIEKTUB BUKOPUCTAHHS Pi3aIbHUX TOIPIOHIOBAYiB
NOJIMEpHUX 1 TYMOBHX BIAXOJIB CBIMYWTH, IO NOAPIOHIOBAYi I[LOTO THITY
3aJIMINAIOThC W HAHOMMKYOMY MalOyTHBOMY 3aJIMIIATUMYTHCS OCHOBHHM BHJIOM
oOnajiHaHHS N7 PYWHYBaHHS IOJIMEPBMICHHX BIJIXOJIB 3 METOI0 IX TOJAJIBIIOTO
nepepobneHas ¢izmuauMEu MeTogamu. OCHOBHI 3yCHJUIS TIPU I[bOMY CIPSIMOBaHO Ha
CTBOPEHHSI yHIBEpCAJbHUX MOJAPIOHIOBAYIB, 3MaTHUX MEPEpOOIATH BiIXOAM PI3HOTO
TUTIOPO3MIPY 3 Pi3HUX TOJIIMEPIB Ta €IaCTOMEPIB, a TAKOXK MAKCHMAJIBHO M030aBICHUX
HEJIOJIKIB TPAJAULIHHUX Pi3aJIbHUX MOAPIOHIOBAYIB, TIEpEAyCiM BHCOKOTO PIBHA IIYMY
Ta BIJIHOCHO HU3bKOI CTIMKOCTI pi3ajJbHUX €JIICMEHTIB.

Kniouosi cnosa: omniliHa CUPOBHHA, OJis, WIHEKOBI TIpecH, KiacuQikallis,
KOHCTPYKITIi.
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BU3HAYEHHSI HIAPAMETPIB CTPYMHUHHOI'O
TA IYJBCAINIMHOI'O 'TOMOTI'EHI3ATOPIB MOJIOKA
MPU IX MPOMUCJIOBOMY 3ACTOCYBAHHI

Anomayis. J1ns BOpOBaJKEHHS pO3pOOJIEHUX €HEepProe(eKTUBHUX CTPYMHHHOIO

Ha BUPOOHUITBI. A 1 LBOTO — OCHOBHOI MEPEHIKOJIOK € BIACYTHICTh JaHHUX 3
CHIBCTABJICHHS PEKUMIB KjamaHHOi (ICHY(O4Oi) TOMOreHi3auii 3 3HOB PO3pOOJIEHUMHU
roMoresizatopamu. Jljis po3poOKHU TEXHOJIOTII nepepoOKH MOJIOKA MPU BUKOPUCTAHHI
IIUX JIBOX TOMOIEHI3aTOpiB, HEOOXIAHO BCTAHOBUTU 3aJECKHICTH MK pEKUMAMU
KJIallaHHOi T[OMOTr€Hi3alii 3 OCHOBHMMH I[apaMeTpaMd HOBHMX T'OMOT€HI3aTOpiB.
OTtpuMaHi B pe3yNbTaTi JOCTIKEHb JaHi Jal0Th 3MOTY BU3HAYUTH HEOOXI1THI OCHOBHI
TEXHOJIOTI4HI MapaMeTpH, SIKI BH3HAYAIOTh SIKICTh TOMOTEHI3alii, JUisi po3poOJIeHHuX
TOMOT€HI3aTOPIB (ITyJIbCAIlIHHOTO Ta CTPYMUHHOTO) B 3QJIEKHOCTI BiJ JaHUX, BKA3aHUX
JUTISL KJIanaHHo1 roMoreHizaiii. Takum 9iuHOM Oyb-sKa KJIACHYHA TEXHOJIOT1YHA CXeMa
BUPOOHHUIITBA MOJIOYHHUX MPOIYKTIB MOXe OyTH JIETKO 3aCTOCOBaHA JUIsl BUKOPUCTAHHS
PO3pO0IEHUX TOMOT€HI3aTOPIB 31 3HKEHUMH €HEPTOBUTPATAMHU.

Kniouogi  cnosa: TOMOreHi3alis, IHUCIEPryBaHHS MOJIOKA, CTPYMUHHHH
TOMOT'€HI3aTOp, MyJIbCAllIiHUN TOMOTeH13aTOpa, TEXHOJIOT 1.

Ilocmanosxka npobaemu. OmHa 3 OCHOBHUX MPOOJIEM XapyoBOi 1
nepepoOHOi MPOMHCIOBOCTI YKpaiHU TMOJSTae B HEAOCTATHIA TEXHIKO-
TEXHOJIOT1YHIA €(pEeKTUBHOCTI BUPOOHHUIITBA MPOIYKIli, sIKa MPECTaBIIsE
co0010 ApiOHOAUCTIEPCHI eMYIIbCii (TUTHE MOJIOKO, BEPIIKH, KUCIIOMOJIOYHI
MPOIYKTH Ta KoHcepBH, Tomio) [1, 2]. [IpuumHa npobiemu oOymMoOBICHA
HU3BKOIO EHEProe(EeKTUBHICTIO TEXHOJIOTIYHUX MPOIECIB OTPUMAHHS
CTiikux MikpoeMyibciii [3]. Po3poOka TeopeTHYHUX OCHOB 1 MPUCTPOIB
JUIs.  pealtizallii MpoIEeCiB JUCHEPryBaHHS 1 TOMOTEHI3allli eMYyJbCii
JO3BOJIUTh 3HHU3UTH COOIBapTICTh BHUPOOHMIITBA IIMPOKOIO CHEKTpa
NPOIYKINii, IO TpH3BEJAE JO INJABUIICHHS KOHKYPEHTHOCIPOMOXHOCTI
MPOAYKIIi, 110 BUPOOJIAEThCSA B HAIIM KpaiHi Ta MiABUIEHHS OOCATIB ii
BUPOOHUIITBA, a OTXKE 1 301IBIIIEHHS BaJOBOT0 HAIlIOHAJBHOTO MPOIYKTY
VYkpainu B miniomy [4, 5].

© Kropues C. B., Camoituyk K. O., JIomeiiko O. I1., 2024
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Pe3ynbTaTi poOOTH HEOOXITHI /1JI 3HUKEHHS CIIOXKUBAHHS €HEPrii Ha
roMoreHizamiro ApiOHogucnepcHnX emynbciii Ha 20-40%, 3HWKEHHS
cobOiBapToCcTi rotoBoi mpoaykuii (Ha 5-15%) Ta miaBUIIEHHS
KOHKYPEHTOCHPOMOXKHOCTI BITUMU3HSHOI MPOMUCIOBOCTI Ta MiJABUIICHHS
MIPOJIOBOJIbYOT Oe3neku Ykpainu [6, 7].

JUiga Hamoi KpaiHM 3HUKEHHS COO0IBapTOCTI TOTOBOI MPOAYKIIIT
HaOyBae 0CcO0JIMBOI 3HAUYIIOCTI MPU MIAMUCAHUX MIXHAPOJHUX JOTOBOpax
PO BIAKPUTTSA a3iaTChbKUX PHUHKIB IS 30yTy mOpoaykiii YKpaiHu.
OTtpumani nepeBard miJABUILYIOTh CTYMIHb BIAMOBIIHOCTI MPOIYKIIIi HAIIOT
KpaiHu Mi>kHapoHuM crangaptaMm Ha 25-30% [8, 9].

[Tomepeani  3pa3ku  po3poO0JIEHOI  TOMOIEHI3yl0uoi  T'OJIOBKH
BrpoBapkeHo Ha TOB MIKK «lliBgennuit» (M. Memitonons), o
MiATBEP/PKCHO BIAMOBIMHUM akTOM. [lpu BUpOOHWYMX BUTIPOOYBAHHSIX
BJIOCKOHAJICHa TOMOT€HI3yI04a TOJIOBKa MOKa3aja BUCOKY €()EeKTHBHICTH Y
NOpiBHSAHHI 3 romoreH13atopom Alfa-Laval (ILIsewis).

Jlns BOpPOBaKEHHS pO3pOo0JIeHNX e(EeKTUBHUX CTPYMHUHHOTO Ta
MyJIbCALIMHOTO T'OMOIEHI3aTOpiB HeoOXiAHa PO3pOO0Ka TEXHOJOrIl iX
BUKOPUCTAaHHS Ha BUPOOHUITBI. A JUIsl IOIO — OCHOBHOIO MEPEUIKOI0I0 €
BIJICYTHICTh JAHUX 3 CIIBCTABJICHHS PEXHUMIB KIIAaHHOI (1ICHYIOUO1)
rOMOTreHi3allii 3 3HOB po3po0iieHuMH romorenizatopamu [10, 11].

Ananiz  ocmannix odocniodcens. ABtopamu [8-10] po3pobieHa
albTEpPHATUBHA TEOPis AMCIEpPryBaHHS, 5IKa, HA BIJMIHY BIJ ICHYIOYHX,
0a3yeTbcsl Ha BU3HAUCHHI NMPUCKOPEHHS MOTOKY €MYJIbCli, ika MOXKe OyTH
YHIBEPCATBHOIO JUISI yCiX THIIB TOMOTEHI3aTOPiB, SIKI BUKOPUCTOBYIOTH
MPUHITUI TiIPOJUHAMIYHOTO JUCIIEPTYBaHHSA. 3 TOYKM 30pY MOTCHINATY
30UTBIIIEHHSI TPUCKOPEHHS TMOTOKY BHJAUICHO 2 TPYNU NEPCIEKTUBHUX
FOMOIEHI3aTOPIB:  MyJdbCAalliIMHUNA  MOPIIHBOBUA 1  CTPYMUHHUH
romoreHizarop [12, 13].

AHamni3z MexaHi3MIB JMCIEPryBaHHS W TromoreHizarii eMmyibciii (Ha
OPUKJIaAl MOJOKa — SIK TPHUPOAHOI JpiOHOAMCIEPCHOI €MYJbCii), aalo
MiJCTaBy CTBEPPKYBAaTH, IO BHU3HAYalbHAa POJb B IOMY TIpoIeci
HAJICKUTh PI3HUIN IIBUAKOCTI MK >KAPOBOIO KYJBKOI Ta IUIA3MOI0 —
IIBUKOCTI KOB3aHHS XUPOBOi KyJIbkH [ 14]. et mapameTp mponopiiifHmiz
NPUCKOPEHHIO MOTOKY MOJIOYHOI €MYJIbCii, sIKe TOCHTH JIETKO PO3paxyBaTu
uis  OyAb-SIKOTO THUIY TOMOTEHI3YI0YOTO TPUCTPOIO, 3aBISKH UYOMY
MPUCKOPEHHS MOTOKY MOKE CTaTH y3arajlbHIOIOUNM KIIOYOBHM (DaKTOpOM
JTUCTIEpryBaHHs KUpoBOi (asu Monoka [15]. OcHoOBHA ijes MPOEKTy —
po3pobOKa Teopii AucHepryBaHHs APiIOHOIUCIIEPCHOI eMYyJIbCii Ha MPUKIIaIi
MOJIOUHOT'O >XHPY Ha 0a3l (akTopy MPUCKOPEHHS MOTOKY 1 IiJIBUIICHHS
edeKTUBHOCTI TOMOT€HI3allii 32 paxyHOK PO3pOOKU MPUCTPOIB 3 BUCOKUM
MOKa3HUKOM TIPUCKOPEHHS IMOTOKY €MYJIbCIi.
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3 TOYKM 30py MOTEHLIANy 30UIbLIEHHS MPUCKOPEHHS IOTOKY
BUJIUJICHO 2 TPYyIH NEPCHEKTUBHUX aucnepraropis [16].

OCHOBHOIO YaCTMHOK) YCTAHOBKHM JUISl JIOCHIJDKEHHS IPOIECY
JUCIIEPTyBaHHA MOJIOYHOI €MYJIbCli B CTPYMHUHHOMY TOMOT€HI3aTopi (puc.
1) € xamepa 4, B sKiil HanpaBIAIOYUMHU 5 POPMYETHCS MBUAKICHUN MOTIK
3HEKUPEHOT'0 MOJIOKa, Ky 1o KaHaiy 11 nomarorees Bepiuku [17, 18].

B ycraHoBmi Afi1 TPOBEACHHS EKCHEPUMEHTAIbHUX JOCIHIIKEHb
roMOreHi3alii B MyJbcallifHOMy TroMoOTreHi3atopi (puc. 2) HeoOpoOseHe
MOJIOKO HAKOMHUYYETHCS B €MHOCTI 1, 3BIIKM HAcOCOM 2 TOJA€THCA Y
pobouy kamepy 4. Ilpoxoasuu Kpi3b OTBOPH MOPIIHS S5, KWW 3A1MCHIOE
CHUHYCOilaJbHI KOJIMBaHHSA 3a PaxyHOK KPHUBOILUIMIIHOTO MeXaHi3My 9,
MOJIOYHA €MYJIbCiS TOMOT€HI3Y€EThCA.

HonatkoBa iHTeHcH(iKallis Tpolecy TOMOTEHI3alli B  TaKUX
IPUCTPOSIX 3IIHCHIOETHCS 3a paxyHOK [19]:

— KOHLIEHTpALllsl €Heprii, 10 MiABOJUTHCA, Ha KUPOBIM (a3l eMyibCii
- BUKOPUCTaHHS PO3AUIBHOI TOMOTEH13allli: MONEePeIHE PO3AUICHHS MOJIOKA
Ha BEpIIKUM Ta 3HEXKUPEHE MOJIOKO 1 o0poOka mumie xkupoBoi (a3u Ta
nojayl >KUpoBoi (a3u y MBUIAKICHUN MOTIK 3HEKUPEHOTO MOJIOKA, YUM
JOCSITAETBCA  3MEHIIEHHST 00'eMy eMyJibcii, sika OOpOOJIOEThCS, IO
IPU3BOJUTH 0 MPOMOPIIHHOTO CKOPOUYEHHSI EHEPrOBUTPAT;

- J3HEXHNpeHe MOJI0KO

MOJIOYHI BEpPLUKMK

[~—] romoreHi3oBaHe

I==1 MOIOKO

!

Puc. 1. Cxema ycTaHOBKH JIJIs1 TOCITIIKEHHSI POIECY CTPYMUHHOT
roMoreHisaiii: 1 — Hacoc pOTOPHOTO TUITY; 2 — EMHICTb ISl 3HEKUPEHOTO
MOJIOKa; 3 — MaHOMETp; 4 — Kamepa TOMOTeH13aIlli; 5 — HanpaBJIsr0i; 6 —

pErymoBalibHI TATH; 7 — HACOC MoJ1a4i )KUPOBOi (a3u; 8 — EMHICTh IS
MpUITMaHHS TOTOBOTO NIPOAYKTY; 9 — Tpy6onpoBoau; 10 — mapwipu; 11 —
KaHaJI TT0/1a4l BEPIIKiB; 12 — eMHICTB TSl BEPIIIKIB.

Takum YMHOM, I CTPYMHHHOTO TOMOIEHI3aTOpa OCHOBHHUM
napaMeTpoM, KM BU3HAYA€E CTYMiHb JUCHEPryBaHHS Ta €HEPrOBUTPATH
npolecy € IMBHAKICTD TOTOKY 3HEKHUPEHOTO MOJioKa. A s
MyJIbCALIHOTO — YacTOTa 1 aMILTITY/1a KOJMBAHHS MTOPIIIHS.
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Puc. 2. Cxema ycTaHOBKH 151 AocaikeHHs npouecy [T
1, 7 — TeXHOJIOT1YHI EMHOCTI BiJIIIOBITHO TSI TI0J1a4i Ta 30MpaHHs MOJIOKA;
2 — Hacoc; 3 — BeHTHIIb; 4 — poOoYa KaMmepa roMoreHizaTopa; 5 — MopIieHsb;
6 — TpyOorpoBoaAM; 8 — MPUBIA pyXy poOOUYOTO Oprany; 9 — KpUBOUTHUITHHMA
MEXaHI3M 3 PeryJaTopoM aMITiTyau; 10 — eJIeKTPOIBUTYH 3 €IEKTPUIHUM
PETYISATOPOM YacTOTH OOepTaHHS Bamy.

JI71st po3poOKM TEXHOJIOTI epepoOKH MOJIOKA MTPU BUKOPUCTAHHI [IUX
JIBOX TOMOT'€HI3aTOPIB, HEOOX1HO BCTAHOBUTH 3aJIEXKHICTh MIXK PEXXKUMaMHU
KJIAalIaHHOT TOMOreHi3amii (Kl MpomHcaHl B ICHYIOUMX TEXHOJOTIYHUX
cXeMax BUPOOHMIITBA MOJIOYHHUX HPOJYKTIB) 3 OCHOBHUMHU NapameTpamu
HOBHX TOMOTEHI3aTOPIiB.

Dopmynosanns memu cmammi (nocmanoska 3aeoanns). Meta naHoi
CTaTTi — BU3HAYUTH TAapaMeTpU CTPYMHUHHOTO Ta MyJIbCAIIHHOTO
rOMOT€HI3aTOPIB MOJIOKa MPU IX MPOMHCIOBOMY 3aCTOCYBaHHI 3aMiCTh
KJIaMTaHHUX TOMOTEHI3aTOPIB.

Jl1s1 MOCATHEHHS IMOCTaBJICHOI METH HEOOX1THO:

— BH3HAYMUTH BIAIIOBIIHICTH MK THCKOM KJIAITAaHHOI TOMOT€EHI3arli Ta
MIBUKICTIO TIO/Ia4i 3HEKUPEHOTO MOJIOKA B CTPYMHHHOMY TOMOT€HI3aTOop1;

— BH3HAUYMUTH BIAIIOBIIHICTE MK THCKOM KJIAITAaHHOI TOMOT€HI3arli Ta
YacTOTOI Ta AaMmIUIITy/I00 KOJMBAHHS TMOPUIHS B IyJbCAIHHOMY
TOMOT€H13aTopi;

— BU3HAYUTH BIANOBIJHICTD MIDK HUTOMHUMH €HEPrOBHTpaTaMu
KJIallaHHOT TOMOT€Hi3allli Ta CTPYMHUHHOI Ta MyJbCalllifHOI TOMOTeH13al1ii;

OcHnosna yacmuua. HalOumpml  MONyJNApHUMU Ta  HaWOLIBII
JOCIIKEHUMU TOMOTEHI3aTopaMu € KkiamaHHl. [{ns mporo Tumy
TOMOTEHI3aTOPiB OTpUMaHI TEOPETUYHI Ta EMIIPUYHI 3aJEKHOCTI, SIKi
MOB'S3YIOThH iX AKICHI Ta KOHCTPYKTHBHO-TEXHOJIOT14HI mapamerpu [20, 21].

bapaHoBcbkuM  3ampomoHoBaHa — (opMmyna i BU3HAYCHHS
CepeIHbOr0 JliaMeTpa JKUPOBUX KYJbOK Micias romorexizamii d, M, B
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3aJIEKHOCTI BlJ HAIJIMIIKOBOIO THUCKY ToMmoreHizauii Adp, Ila mnpu
temmneparypi 60°C ta nepenany Tucky B Mexax 3...20 MIla [22]
d= 3,8-107°

—_— 1
Jap @

[Ipn nBOCTYMIHYACTIM KJAmaHHIA TOMOTEHI3alli po3MIp >KHUPOBUX
KyJIbOK 3MEHIIYeThCs T0AaTkoBOo Ha 20%. Ale mpu LbOMY HEOOXIJTHO
BpPaxOBYBATH TUCK Ha JIPYTii CTyNeH1 TOMOTeHi3allli.

TakuM 4YMHOM IS KJIAMaHHUX TOMOTEHI3aTOpIB BHU3HAYAJIbHUM
napamMeTpoM SIKOCTI JUCIEPryBaHHS € THUCK, SKUH pEryNro€eTbCs IS
BCTAQHOBJIEHHS ~ HEOOXIAHOO  JUIsl  33JaHOi  TEXHOJOrIYHOI  CXEMH
BUPOOHUIITBA MEBHOTO BUAY NMPOIYKTY. TOMy B THUIOBHMX TEXHOJOTIYHHX
cXeMax BHPOOHHMIITBA MOJIOYHOI MPOAYKIII BKa3yeTbCcs TeMIlEpaTypa Ta
THCK TOMOTEHI3allii, po3pax0oBaHUM JIJIs KJIAITAaHHUX MAaITrH.

JUis BHU3HAUEHHS TMOTYXHOCTI, IO CHOXKUBAETHCS KIANaHHUM
TOMOT€HI3aTOPOM CKOPHCTAaEMOCS TaHUMHU [23].

Po3paxoBaHi 3alleXXKHOCTI JUIsi TUCKY KJalmaHHOI TOMOTIeHi3alii Ta
CEPEAHBOTO 1aMETPy KUPOBUX KYJBOK 1 MOTY>KHOCTI, IO CIOXKUBAETHCS
nojaxi a Tabnui 1.

JUIs CTpyMHHHOTO TOMOT€HI3aTOpa OCHOBHHUM NIapaMeTpoM, SKUUI
BU3HAYA€ CTYMiHb JAMCIEPryBaHHS MOJIOYHOTO XHUPY (CepelHiil aiaMmerp
KUPOBUX KYJIBOK) € IIBUJIKICTh TOTOKY 3HEKUPEHOTO MOJIOKA.

Tabnuys 1
3alIe)KHICTh MK THCKOM KJIallaHHOI roOMOoreHi3alii Ta siKiCTIO
TOMOTEHi3allii 1 HOro TUTOMHUMH €HEPTrOBUTPATAMH

Tuck
rOMOTeHi3aii, 8 9 10 12 14 16 18 20 22
MlIIa

Cepenniii miameTp
xupoBux Kyieok,| 1,351 1,3 | 1,2 | 1,1 1 109509 (085 0,8
MKM
ITutomi
€HEeproBUTPATH, 32 | 35 4 48 | 56 | 64 | 7,2 8 8,2

kBrron/t

JInst  CTpyMHUHHOTO TOMOT€HI3aTOpa OCHOBHI  3aJIe)KHOCTI,  SIK1
MOB’SI3YI0Th MOTO TapaMmeTpu (TUTOMI €HEProBUTPATH, CEPEIHIN laMeTp
KUPOBHUX KYJIHOK Ta IMBHJKICTh MOTOKY 3HEKHUPEHOTO MOJIOKA) MOJaHI B
nyOmikarisx [24]:

3a pe3yibTaTaMu pO3paxXyHKY BHM3HAYEH1 JlaHl BIANOBIIHOCTI MIX
TUCKOM KJIamaHHOi TOMOTEHi3allli Ta THUTOMHMH CHEProBUTpaTaMHu
CTPYMHHHOI'O TOMOT'€HI3aTOpa MOJIOKa (Ta0yuLs 2).
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Tabnuys 2
BignoBigHICTh MIDK THCKOM KJIaITaHHOI rOMOI€H13aI1] Ta SIKICTIO
rOMOTI'€H13alli 1 IBHUJKICTIO TOTOKY CTPYMHUHHOTO FOMOI'€HI3aTopa
Ta MOT0 MUTOMUMH CHEPTOBUTPATAMU

Tuck
rOMOT€HI3aIi, 8 9 10 12 14 16 18 20 22
MIIa
Cepenniii
JiaMeTp
KUPOBUX
KYJbOK, MKM
HIBuakicTh
MOTOKY
CTPYMHHHOTO 29,6 | 31,1 | 33,3 |36,4 |40 42,1 | 44,4 | 47,1 | 50,0
rOMOT€HI3aTopa,
M/c

ITutomi
eneprosutpat, | 0,44 |0,46 [0,49 (054 |0,60 0,62 |0,65 |0,70 0,74

kBrron/t

13 |13 (12 |11 |1 09 |09 |085 (0,8

JUid mynbcaniiHOTO TOMOIE€HI3aTOpa OCHOBHUM IAapaMETpoOM, SKUU
BU3HAYA€ CTYMiHb JIUCIEPryBaHHsS MOJIOYHOTO KUPY (CepeaHiid aiamMeTp
YKUPOBHX KYJIbOK) € aMILTITyia KOJIMBAHHS TIOPIITHS.

Jlns  mynbcamifiHOro TOMOTEHI3aTopa OCHOBHI  3aJI€KHOCTI, SIKi
OB’ SI3YIOTh WOTO MapaMeTpu (MMUTOMI €HEPrOBUTPATH, CEPEAHIN TiaMeTp
KUPOBUX KyJIBOK Ta aMmIUNTyAy KOJIMBAaHHS TMOPIIHS) HaJaHl B
nyoumikamisax [25]:

3a pe3ysibTaTamMy PO3PaxyHKYy BH3HAYCHI BIAMOBIIHOCTI MK THCKOM
KJIaMTaHHOT TOMOTE€HI3aIlii Ta TUTOMUMH €HEPTOBUTPATAMU ITYJIbCAIIITHOTO
rOMOTeHi3aTopa MoJioka (Tabmurs 3).

Tabnuys 3
BignoBigHICTh MIJK THCKOM KJIalTaHHOI rOMOIe€H13a1] Ta SIKICTIO
TOMOT€HI3alll] 1 aMIUTITYJ0I0 KOJIMBAaHHS MOPIIHS MYJIbCALIIITHOTO
TrOMOT€HI3aTopa Ta HOro MUTOMUMH €HEPrOBUTPATAMM *

E/IHIP[K roMoreHi3arii, 8 9 10 12 114 116 |18 20 |22
a

CepeHiii zliaMeTpl,35 1,3 112 11 11 0,95 10,9 (0,85 (0,8

KHUPOBUX KYJIHBOK, MKM

AMMniTyna  KONMBAaHHS
nopmHa mynscanidnoro59 6,5 |7,4 (8,8 |10,7 |11,8 |13,2 |14,8 |16,7

rOMOTeHi3a-Topa, ¢

[luTomi CHEPrOBHTPa-TH, () 3 0,43 0,52 0,63 0,7 (0,77 |0,87 0,98

kBrron/t

* — pY MPOAYKTUBHOCTI TEXHOJIOTIYHOI JiHIi 2,5 T/TO/I.
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Otpumani naxi (Tabmuii 4.1-4.3) nar0Th 3MOTY BU3HAYUTH HEOOXiTHI
OCHOBHI TEXHOJIOTIYHI MMapaMeTpH, Kl BU3HAYAIOTh SIKICTb TOMOTI€HI3alli,
Ui pO3pOOJIECHUX TOMOTEHI3aTOpiB (MyJIbCAIIHHOTO Ta CTPYMHHHOTO) B
3aJIEKHOCT! B1J JAaHMX, BKa3aHMX JUIS KJIAllaHHOI romoreHisaiii. Takum
YUHOM Oy/b-siIKa KJIaCMYHA TEXHOJIOT1YHA CXeMa BUPOOHHUIITBA MOJOYHHX
NPOAYKTIB MOXe OyTH JIerKO 3acTOCOBaHa Il  BUKOPUCTAHHS
PO3pO0JIEHUX TOMOTEH13aTOPIB 31 3HUKEHUMU €HEPrOBUTPATAMMU.

Bucnosku. TlpoBeneHi po3paxyHKH JUisi BU3HAUEHHS JTUCIIEPCHOCTI
MOJIOYHOT eMYJIbCii JJIsl My IbCAIlIHHOTO Ta CTPYMHUHHOTO TOMOT'€HI13aTOPIB.

Po3po6aeni  Tabmuii i mepepaxyHKy — peKUMiB - pobOoTH
MyJIbCAIIMHOTO Ta CTPYMHUHHOTO TOMOTEHI3aTOpIB JJisi TMPUBEICHHS IX
3HAYCHb JIO0 KIIACHYHOI-KJIallaHHOI TOMOTeHi3allii, $Ki JaloTh 3MOTY
BU3HAYHUTH HEOOXIJIHI PEKUMH POOOTH pO3pOOIEHUX TOMOTEHI3aTOPIB IS
OyJlb SIKOTO BUY MOJIOYHOI MPOAYKIIIi.

BcTanoBneHO CTymiHb 3HIKEHHST TUTOMUX E€HEProOBUTpAT st
pO3pOOJICHNX TOMOTEHI3aTOPIB B 3aJ€KHOCTI BiJI HEOOXIAHOI SKOCTI
rOMOreHi3alii (cepeHbOro po3Mipy )KHUPOBUX KYJIHOK MOJIOYHOI EMYJIbCIT).

Cnucok suxopucmanux oxiceper

1. Kiopues C. B., Camoiuyk K. O., fAnmauux B. ®. Po3poOka
EKCIIEPUMEHTAJILHOTO 3pa3ka MYJbCAIIHOTO TOMOTEeHI3aTopa MOJIOKA.
Ilpayi Taspiiicokoeo Oepocasno2o acpomexHoN02iUH020 VHIGepcumen) .
2023. Bun. 23, 1. 1. C. 15-25.

2. KoampoB O. O., Camoituyk K. O., @yuamxu H. O. Merogomoris
JOCIIKEHHSI TITapaMeTPiB CTPYMUHHUX TOMOTEHI3aTOpiB MoJjoka. [lpayi
Taspiticokoco Oepoicasnoco azpomexHono2ivnoco yHieepcumemy. 2023.
Bum. 13, 1. 1. C. 1-15. https://doi.org/10.31388/2220-8674-2023-1-15.

3. Rayner M., Dejmek P. Engineering Aspects of Emulsification and
Homogenization in the Food Industry. CRC Press, Taylor & Francis Group,
2015. 322 p. https://doi.org/10.1201/b18436.

4, leitnmuenko I'. B., Camoituyk K. O., IBxkxenxko A. O.,
Jleuenko JI. B.  AHami3  KOHCTPYKIIA TOMOT€HI3aTOPIB  MOJIOYHOT
npoMUCIOBOCTI. Ilpayi Taspiiicbko2co 0epicasHo2o azpomexHoN0iUH020
yuieepcumemy. 2016. Bun.16, T.1. C. 9-15.

5. [IpoTuTediiftHO-CTPYMHUHHA TOMOTEHI3aIlisi MOJoKa: MoHorpadis /
I'. B. leiitanuenko, K. O. Camoiiuyk, C. B. Kiopues [ra iH.]. MeniTomnoss:
Bunasuuuuii 0yaunok MM/, 2017. 188 c.

6. Hyxua E. B., TImagymmsk A. K. Tomorenmsamus wu
roMorenusaropsl: Monorpadisa. Oxecca: [lewarnsiit om, 2007. 264 c.

7. Camoituyk K. O., boiiko B. C., Onekcienko B. O., [lerpuuenko C. B.,
Tapacenko B. I'., [Tansanuka H. O., Bepxonanuesa B. O., Kosaiibos O. O.,
3amocia H. O. OcHOBU poO3paxyHKy Ta KOHCTPYIOBaHHS OOJaJHaHHS

Proceedings TSATU. 2024. 24. 1



@ Mpari TAATY Bumyck 24. Tom 1
60

nepepoOHUX 1 xapuoBux BupoOHMITB: miapyunuk / K. O. Camoituyk,
B. C. Boiiko, B. O. Onekcienko [ra in.]. Kuis: [IpodpKuwura, 2020. 428 c.

8. Camoriuyk K. O., KoamroB O. O. ExcnepuMeHTanbHi
JOCIIIKEHHS CTPYMHHHOTO TOMOT€HI3aTOpa 3 PO3AUIBHUM I10JIaBAHHIM
XKUpoBoi Bhazu. ObaaonanHs ma mexnonocii xapuosux eupoonuyms. 2012.
Bun. 28. C. 42-46.

9. Camoiiuyk K. O., KoansoB O. O. Po3pobka 1abopaTopHOTO 3pa3ka
CTPYMHUHHOTO TOMOIE€HI3aTOpY 3 PO3AUIBHOIO IMOJavyer0 BepuikiB. [lpayi
Taspiticokozo OepaicasrHoco azpomexHono2iynoco yHigepcumemy. 2011.
Bum. 11, 1. 6. C. 77-83.

10. Camoituyk K. O., KoBaboB O. O., CynranoBa B. O. fkicth Ta
eHepreTuyHa e(eKTUBHICTh MPOIIECY CTPYMUHHOI TOMOT€HI3aIlii MOJIOKa 3
PO3IIIBLHOI0 ToJauero BepiikiB. [lpayi Taepilicbkoco 0OepacasHo2o
azpomexnonoiunoco yuisepcumemy. 2015. Bun.15, 1. 1. C. 240-248.

11. MonTax ekcrulyartaimiss 1 PEMOHT MallluH Ta OO0JaJHaAHHA
nepepoOHUX  MigupHeMCTB. HaByaabHUN  MOCIOHHWK: TPAKTHKYM [
B. ®. Slnmauguk, O. II. Jlomeiiko, B. I'. Ilu0 [ra in.]. MemiTomnous:
Bunasauunii 6ynunok MM/I, 2014. 235 c.

12. Po3paxyHku 00J1aIHAHHS XapYOBUX BUPOOHUIITB: HaBY. OCIOHHK /
B. ®. Snnauuk, C. ®. Byaenko, ®. 0. fnmaumk [ra iH.]. MemiTomos:
Bumaganuuit 6ynuaok MM/, 2014. 264 c.

13. Wang X., Wang Y., Li F., Li L., Ge X., Zhang S., Qiu T. Scale-up
of microreactor: Effects of hydrodynamic diameter on liquid-liquid flow
and mass transfer. Chem. Eng. Sci. 2020. Vol. 226. el115838.
https://doi.org/10.1016/j.ces.2020.115838.

14. Morales J., Watts A., McConville J. Mechanical particle-size
reduction techniques. AAPS Adv. Pharm. Sci. 2016. Vol. 22. P. 165-213.
https://doi.org/10.1007/978-3-319-42609-9 4.

15. TexHosoriune  oOnagHaHHA  JAJIA  NEpPepoOKHM  MPOAYKIIL
TBapUHHHMIITBA: JJabopaTopHuil npaktukym / B. @. fnnauunk, H. I1. 3aropko,
H. O. TIlanganuka [ra iH.]. Menitonons: BunaBHuumii OyIUHOK
MemniTonosibchbKo1 MicbKO1 ApykapHi, 2017. 274,

16. Dhankhar P. Homogenization fundamentals. IOSR J. Eng. 2014.
Vol. 4. P. 1-8. https://doi.org/10.9790/3021-04540108

17. Huppertz T. Homogenization of Milk Other Types of
Homogenizer (High-Speed Mixing, Ultrasonics, Microfluidizers,
Membrane Emulsification). Encyclopedia of Dairy Sciences. 2nd ed.
Academic Press: Cambridge, MA, USA, 2011. P. 761-764.
https://doi.org/10.1016/B978-0-12-374407-4.00226-0

18. Acharyaa S., Mishrab V., Patelc J. Enhancing the mixing process
of two miscible fluids: A review. AIP Conference Proceedings. 2021.
Vol. 2341. e030025. https://doi.org/10.1063/5.0051818.

Proceedings TSATU. 2024. 24. 1



@ Mpari TAATY Bumyck 24. Tom 1
61

19. Ciron C., Gee V., Kelly A., Auty M. Comparison of the effects of
high-pressure microfluidization and conventional homogenization of milk
on particle size, water retention and texture of non-fat and low-fat yoghurts.
Int. Dairy J. 2010. Vol. 20. P. 314-320. https://doi.org/10.1016/
j.idairyj.2009.11.018.

20. Hakansson A., Fuchs L., Innings F., Revstedt J., Tragardh C.,
Bergenstdhl B. Velocity measurements of turbulent two-phase flow in a
high-pressure homogenizer model. Chem. Eng. Commun. 2013. Vol. 200.
P. 93-114. https://doi.org/10.1080/00986445.2012.691921.

21.Yong A., Islam M., Hasan N. The Effect of pH and High-Pressure
Homogenization on Droplet Size. Sigma J. Eng. Nat. Sci. 2017. Vol. 35.
P. 1-22. https://doi.org/10.26776/IJEMM.02.04.2017.05.

22. Wang X., Wang Y., Li F.,, Li L., Ge X., Zhang S., Qiu T. Scale-up
of microreactor: Effects of hydrodynamic diameter on liquid—liquid flow
and mass transfer. Chem. Eng. Sci. 2020. Vol. 226. e115838.
https://doi.org/10.1016/j.ces.2020.115838.

23. Liao Y., Lucas D. A. Literature review of theoretical models for
drop and bubble breakup in turbulent dispersions. Chem. Eng. Sci. 2009.
Vol. 64. P. 3389-3406. https://doi.org/10.1016/J.CES.2009.04.026.

24. Postelmans A., Aernouts B., Jordens J., Van Gerven T., Saeys W.
Milk homogenization monitoring: Fat globule size estimation from
scattering spectra of milk. Innov. Food Sci. Emerg. Technol. 2020. Vol. 60.
e102311. https://doi.org/10.1016/j.ifset.2020.102311.

25. Valencia Flores D., Hernandez Herrero M., Guamis B.,
Ferragut V. Comparing the Effects of Ultra High Pressure Homogenization
and Conventional Thermal Treatments on the Microbiological, Phys, and
Chem Quality of Almond Beverages. J. Food Sci. 2013. Vol. 78.
P. 199-205. https://doi.org/10.1111/1750 3841.12029.

Hocniooicennss 8UKOHAHO 8 pPAMKAX HAYKOBO-MEXHIYHOI pobomu
"Po3pobnenHs  mexHonocii  nepepooOKu - MOJOYHUX — NPOOYKMI6 3

BUKOPUCTMAHHAM HOBUX MUnie 2comocenizamopis”, sxa ¢inancysanaco
MOH 3a docoeopom Ne J[3/132 - 2022.

Cmamms naoiiuina 0o pedaxyii 02.02.2024 p.

Proceedings TSATU. 2024. 24. 1



[Ipaui TAATY Bunyck 24. Tom 1
62

S. Kiurchev?, K. Samoichuk?, O. Lomeiko?
! Dmytro Motornyi Tavria State Agrotechnological University

DETERMINATION OF THE PARAMETERS OF FLOW AND PULSATION
MILK HOMOGENIZERS IN THEIR INDUSTRIAL APPLICATION

Summary

One of the main problems of the food and processing industry of Ukraine is the
insufficient technical and technological efficiency of the production of products, which
are finely dispersed emulsions. For the implementation of the developed effective jet
and pulsation homogenizers, it is necessary to develop the technology of their use in
production. And for this, the main obstacle is the lack of data on the comparison of
valve (existing) homogenization modes with newly developed homogenizers. For a jet
homogenizer, the main parameter that determines the degree of dispersion and energy
consumption of the process is the flow rate of skimmed milk. And for pulsating - the
frequency and amplitude of piston oscillation. To develop a milk processing technology
when using these two homogenizers, it is necessary to establish the relationship between
valve homogenization modes (which are prescribed in the existing technological
schemes for the production of dairy products) with the main parameters of the new
homogenizers. The purpose of this article is to determine the parameters of jet and
pulsating milk homogenizers when they are used industrially instead of valve
homogenizers. To achieve the set goal: the correspondence between the pressure of the
valve homogenization and the speed of supply of skimmed milk in the jet homogenizer
is determined; the correspondence between valve homogenization pressure and the
frequency and amplitude of piston oscillation in the pulsating homogenizer is
determined; the correspondence between the specific energy consumption of valve
homogenization and jet and pulsation homogenization is determined. The data obtained
as a result of research make it possible to determine the necessary basic technological
parameters that determine the quality of homogenization for the developed
homogenizers (pulsation and jet), depending on the data specified for valve
homogenization. Thus, any classic technological scheme of dairy production can be
easily applied to use the developed homogenizers with reduced energy consumption.

Keywords: homogenization, milk dispersion, jet homogenizer, pulsating
homogenizer, technology.
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MPOBJIEMH OUUIIIEHHS POCJIMHHUX OJIIA

Anomayia.  AHami3yloTbcd ~ CINOCOOM ~ OYMINEHHS  POCIMHHHUX  OJIH
neHTpudyryBanasaM. Ilokasano, mo cemapyBaHHs He 3a0e3redye MOBHE OYHIIEHHS,
OCKIUJIBKM 1CHYy€ MeXa IeHTpu(]yryBaHHs. BukopucTaHHS BepTUKAIbHUX LEHTPUDYT,
mo (QuUIBTPYIOTH, 3 IEOTITOBOK  (UIBTPYBAIHHOK TMEPETOPOJIKOI0  JI03BOJISIE
3a0€3MeUnTH SKICHE OYMILIEHHS POCIMHHHUX OJi B YMOBaX CUIBCHKOTOCIIOJAPCHKHUX
HIANIPUEMCTB 3 MIHIMaJIbHUMM €KCIUTyaTaliiHUMU BuTpatamu. HaBoaarbcs dopmyna
OPOAYKTUBHOCTI IEHTpU(YrHW Ta MiJACYMKOBI pe3yJbTaTH aHali3y aJeKBaTHOCTI
MaTeMaTUYHUX MOJENEeH Ta eKCIepUMEHTAIbHUX JaHUX TIPOLeCy OYHIICHHS
POCIIMHHUX OJIii Ha eKCHepUMEHTaJbHIH (IIbTpyroUill 1HeHTpudy3i 3 IEOoNITOBOIO
(GLTBTPYBANBHOIO TIEPErOPOIKOIO. OTtpumani pe3ynbTaTu T03BOJISTFOTH
BUKOPUCTOBYBAaTH MaTeMaTHMYHY MOJEIb POOOYOro Mpolecy BiALEeHTPOBOI (iiabTparii
npu  OOIPYHTYBaHHI  KOHCTPYKTHMBHUX TapaMeTpiB  KOHIYHMX IPOEKTOBAHUX
GIIbTpYIOYNX HEHTPUDYT.

Knwouoei  cnosa: pocnuHHI Ofii, OYMIIEHHS, BUIW, UEHTpU(DYTryBaHHS,
MaTeMaTHU4Ha MOJEIb, ONITUMAJIbHI XapaKTEPUCTUKH, aJIEKBATHICTb.

Ilocmanoska  npobnemu.  BUpPOOHULTBO  POCAMHHUX  OJiH
Oe3nocepe/lHbO0 'y BUPOOHUKA JIO3BOJISIE TIJBUINUTH PEHTAOCIBHICTD
BUPOOHMIITBA 3a paxyHOK 3HWKEHHS BHUTPAaT Ha TPaHCIOPTYBaHHS
CUPOBHHHM  Ta  OJep)KyBaHOi  mpoxaykmii. OmHaK  BiJCYTHICTB
MajorabapuTHOTO OOJIaIHAHHS, MPUCTOCOBAHOTO JUISI YMOB CLIBCHKO-
rOCTOJIapChbKUX BUPOOHUKIB 32 HE3HAYHUX OOCATIB BHUPOOHUIITBA,
CTPUMYETHCS BIJICYTHICTIO OOJIQIHAHHS SISl TOHKOT'O OYHUIIICHHS OJIiH.

Ananiz ocmannix 0ocnioxcens. OIiro 3 HACIHHS OJMIMHUX KYJIBTYP JUIS
YMOB  CLIBCBKOTOCIIOJIAPCHKUX  IMAMPUEMCTB  JIOLUIBHO  BHUA00YBaTH
MEXaHIYHUM CTIOCOOOM, B OCHOBI SIKOTO JIKHUTH MPECYBaHHS MOAPIOHEHOT
CUPOBHHH (IIPH IILOMY OKPIM OJIii OTPUMYIOTh Makyxy) [1, 2].

Ha mantonky 1 HaBeneHO cxeMy OTpUMaHHS POCIMHHHUX OJIIA MICISA
NONEPETHbOTI0 3HEKUPEHHSI METOA0OM IpecyBaHHs ((oprpecyBaHHs).

© Hinyp B. B., Jlemenko 1. A., B’tornx O. B., 2024
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3a mitepatypHuMu kepenamu [1, 3] pocnuHHA oS, OTpUMaHa
IPECOBHUM METOJIOM, BHKJIMKAa€ OCOOJMBUNA I1HTEpEC 3aBISKH BEJIUKIM
KUIBKOCTI B HIM BITaMIHIB Ta OIlOJIONIYHO AaKTUBHUX pedyoBHUH. Ouid
XOJIOZIHOTO TMpecyBaHHS 30epirae HaTypajbHI CMak 1 3amax, aje BOHa
BUXOJIUTH KAJIAMYTHOIO Yepe3 OUIKOBI Ta CIM30B1 PEUOBUHH, 110 MEPEHUILLITH
3 OJIITHOT CUPOBUHH, 1, SIK TPABUIIO, TPOXOAUTH PLILTPYBAHHS .

Haii6inpmmii egext mpu nepepoOili KyJIbTyp, OMIHHICTh SKUX CATae
50%, 3abe3mneuye ABOpa3oBE IPECYBAHHA: IIONEPEAHE IpPECyBaHHS Ha
npecax Oe3nepepBHOi aii (poprpecax) miag MaIUM TUCKOM 3 BIJDKHUMaHHSM
mumie yactuau omii (60...85%) Ta BTOpHMHHE NpecyBaHHA Ha HIHEKOBUX

npecax — excriemiepax [1, 3-12].

Ilonepenne 3HEKUPEHH OMIHOTO MaTepialy METOIOM IpeCyBaHHsA
(dboprpecyBaHHA)

.

DoprpecoBHil KMUX

A 4

doprpecoBa omis

;
:

OcTaTtouyHe 3HCKNPCHHA
(OpIIPEeCcOBOTO KMIXY METOIOM
IIpecyBaHHA (SKCISTIOBAHHS)

,

| v

OcTtaTtouHe 3HEXUPEHHS
(OpIIPECOBOTO JKMUXY
METOIOM eKCTPaKITi

!

AKorx Omist ipecora
eKCIIeTIepHMIT (excnenepHa)

.

[IIpot

Omis
eKCTpaKIIlitHa

Puc. 1. Cxema oTprMaHHs! pOCIMHHUX Ol METOJIOM MPECYBAHHS

Metoau moainy cycrieH3ii (OYMINEeHHS) MOAUISIOTHCS 3aJIeKHO BiJl
TOTO, sika (paza pyxaerbcs MOA0 1HIIUK (puc. 2).

MeToan po3auieHHS HEOTHOPITHUX CHCTEM (CVCIIeH31il)

DUTLTpYBaAHHS

ITin THCKOM

B mosi BIAEHTPOBHX CHIT
(neHTpudyryBaHHs )

OcamkeHHs

B enextpuunomy nomi

B rpasitaniiinomy o

Puc. 2. Knacudikaiiist METO/I1B MO1TY HEOTHOPIAHUX CUCTEM
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VY mpoleci OCaKEHHST YacTKUM PYXalThCAd MO0 CYIUIBHOTO
cepenoBuimia. Ilpu QinpTpyBanHi nucrnepciiiHa (aza TPOXOIUTH UYepe3
KOHIIGHTPOBaHy aucrepcHy dasy [9-13].

3 pocmipkeHs [14-16] BumimBae, mo npu  HEHTpUPYTyBaHHI 3
HEOJHOPITHUX CUCTEM BUJIATISIOTHCSA SIK 3BAXKEH1 IOMIIIKH, TaK 1 BOJA.

Dopmynrosanns yinet cmammi. MeTO NOCHIIKEHHSI € BU3HAYEHHS
TaKMX ITOKa3HUKIB: MPOMYKTUBHICTh 3a IIEBHOTO CTYIICHS OYHIICHHS,
3QJIEKHICTh  MOKA3HUKIB  SKOCTI  OYHMIIEHHS BiJl KOHCTPYKTHMBHO-
KIHEeMaTUYHHUX MapaMeTpiB HEHTPU(PYTH, TEXHOJOTIYHUX BIACTUBOCTEH
«CHpOoi» 0JTi1 Ta mapameTpiB PiIbTPYBATBHOT IEPETOPOIKH.

OcHosHa yacmuua. 3acTOCyBaHHA QIUIBTPYIOUMX MEHTpUDyr 3
GIIBTPYBATBHOIO TIEPETOPOKOIO 3 IIEOJITY BIMOBIIHO O HAIIOI TIMTOTE3H
JTIO3BOJIUTH BUTATYBATH MPAKTUIHO BC1 BUIM JoMimok [17, 18].

[Ipo mepeBaru 1 HEHOJIKH LEHTPUPYT MOKHA CYAUTH 3a (haKTOpOM
NOJUTY Ta 1HAEKCY MPOAYKTHBHOCTI, Y KOHIYHMX LEHTpU(Yyrax cepeaHiil
IHAEKC TPOAYKTUBHOCTI Outbmmid y 2,7..3 pa3u TOPIBHIHO 3
UUTHIPUYHUMU.

Jis teHTpudyr, TpU3HAYCHUX ISl OYMIINCHHS POCIMHHHUX OJIiH,
BOKIMBUMU TIOKAa3HWKAaMU €. TPOAYKTHBHICTh 3a TICBHOTO CTYIICHS
OYHUIIEHHS, 3AJIEKHICTh MOKA3HUKIB SIKOCT1 OUUIIEHHS BiJ KOHCTPYKTHUBHO-
KIHEMaTHYHUX TMapaMeTpiB HEHTPU(PYTH, TEXHOJOTIYHUX BIACTHUBOCTEH
«cHUpoi» 01 Ta mapaMeTpiB PUIBTPYBATBHOI MIEPETOPOIKH.

Bukopucranus cemapaTopiB ISl OUYMILIECHHS OJIii HE J03BOJISE
MOBHICTIO BUJAIUTH MexXaHluHli jgomimku. Jmg cemaparopiB i3
[EHTPAIBHOIO MOJAYCI0 PiIMHU TPAHUYHUN PO3MIpP YaCTKH

4 2711
Y\ zetztga(RE - R (0, — p,) @

1€ po — IIBHICTG PiMHHA, KI/M>;
pz — TyCTHHA YACTHHKH, KI/M° ;
. — TMHAMI4YHa B'sI3KicTh piaunu, [1a-c;
Z — KITBKICTh TapIJIOK;
Rd — MakcuMaIbHUHN pajiyc Tapijiku, M;
Rt — MiHIMansHUN paaiyc TapiIKy;
0. — KyT KOHyCa TapuIKH, Tpal.
[ — IPOYKTUBHICTh cemapaTopa, M>/c.

VY upoMy BHMNAAKy MiJi TPAaHUYHUM PO3MIPOM YACTUHKH PO3YMIIOTh
MIHIMaJIbHUM PO3MIP TaKOi YaCTHUHKH, fKa, mnepeOyBarouyun Ha KOHIYHIN
noBepxHi mnepudepii Tapiaku, MOXKE BUTPUMATH HAMNip PIAUHHU, IO
pyXaeThCcsl BiA LEHTpY Jn0 rmepudepii, 1 BTpUMATHCS Ha TapuIIi.
['panuyHUM pPO3MIPOM YACTUHKM, WIO0 BHIAUIAETHCS 3 PIIWHUA, MOXKHA
OXapakTepu3yBaTh SKICTh MOAUTYy cucteMd. OUYEBUAHO, IO MEHIIE
IPaHUYHUN PO3MIP YACTUHKH, TUM €(PEKTHUBHIIIMKA MPOIEC CermapyBaHHS.
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3aHaATO MaJll 3Ba)KEHI B PIIAMHI YaCTUHKH, IO MAKOTh PO3MIPH, MEHIIl TaK
3BaHOI MEX1 LIEHTpU(]yryBaHHS, HE BIJOKPEMIIIOIOTHCS Bl PIIAMHU IPHU
ueHtpudyrysansi. Lls Mexa € BU3HauCHOIO JJIs1 AaHOT HEeHTpUyru, TaHoi
JUCIIEPCHOI CUCTEMH Ta YMOB LICHTPU(]YTyBaHHS.

[ToHSITTS PO MEXKy HEHTpUQYTyBaHHS, UM, SIK BiH CIIOYATKy Ha3BaB,
npo Mexy cenapailii, BBegeno [.I. bpemepom B cepeauHi aBaAIsaTOro
cromtrss [19]. 3a #oro nOOCHHKEHHSAMH Jyxe ApiOHI YaCTHUHKH, IO
ociaroThb B IHEeHTpUdYroBaHid piJuHI, BHACIIIOK AUQY31i MOXYTh
3IMIIATHCS B PIAUHI y 3BAXCHOMY CTaHI HE3aJIEKHO BiJ TPHUBAIOCTI
mpolecy.

Ile moB’s3aHO 3 THUM, IO CKYIYEHHS BUCOKOJHCIIEPCHUX YaCTHHOK
OIS TOBEPXHI, MO OOMEXY€E iX PyX, 3a MEBHUX yMOB 1 HECTUCHEHOMY
OpOYHIBCBKMY pyCl MOK€ TIPU3BECTHU JI0 PIBHOCTI PYUIIHHOT CUITU TPOIIECY
1 TpaJlieHTa OCMOTUYHOTO THUCKY.

Sx DoKa3zyroTh Halll JOCHIIKEHHS BHUKOPUCTAaHHA (UIBTPYBAJIbHOI
NEPErOPOJKH, B KOHIYHUX (UIBTPYIOUHUX LEHTpU(yrax 13 LEOJITY,
JO3BOJISIE  3IIMCHIOBAaTH OUIbII TIMOOKE OYMILEHHS TOPIBHSHO 3
cenapyBaHHSIM.

OcHoBHe audepeHiiianbHe piBHIHHSA GUIbTpyBaHH: [1]:

dv /(Sdt)=(AP/ 1)(R,.+R,,),

ne AP - pi3HMIS TUCKIB, [1a;
Roc - TiapaBaiunmii omip ocamy, ML
Rgn - TiapaBaigHuii ommip GiabTPyBaIbHOT HEPErOPOIKHI, ML .
OcHoBHEe mudepeHIialibHe PiBHAHHS (DUIBTPYBAaHHS 3 yTBOPCHHSM
ocajy, 1o He CTUCKAETHCS HA HECTUCHEH1M nieperopoiti [20]:
dVv AP

Sdr [ V ) 3)
H roxog_'_Roi

[Ilo cTocyeThCs MpOLECY OYMILNEHHS B KOHIYHHUX (UIBTPYIOUUX
neHTpudyrax, nepenaj TUCKY, 10 Jli€ Ha PUIBTPYBAIbHY NEPETOPOJKY
AP =272 p,n*(R; —R?). (4

ne N —yucio obeptiB Oapabana neHtpudyru, 06/c;
pf — IIBHICTB Aucnepciiinoi (asu, Kkr/m3;
R2 — cepenniit pagiyc 30BHIIIHBOTO OapabaHa, M;
R1 — Cepenniit BHYTpIIIHINA pajaiyc mapy ocamy, M.
Tuck, 10 po3BUBAETHCS B PiJIMHI TIPH i1 BiAIIEHTPOBOTO MOJIS

P = |(@?p, )/ 2(R? —1?), (5)

ne R — 30BHILIHIN paaiyc poTopa HeHTpudyru, m;
I'o — BHYTPILIHIA pajilyc mapy CycreHsii B poTopi, M.
[Ipu ¢inpTpyBaHHI 3 MOCTIMHOK MIBHAKICTIO IMIJBUIIYETHCS OIIP

(2)
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ocajly BHACJI1I0K 30UIbIIEHHS 10Or0 TOBIIUHHU.
[Ipu nocTiiiHii pi3HULI TUCKIB PIBHAHHS (LIBTPYBAHHS 3 YTBOPEHHIM
(GLIBTPYBAIBHOT NEPETOPOJKH, IO HE CTUCKAETHCS:

2
V2+ZMV=2&T. (6)
r0 XO ILer XO
VY npoananizoBaHux pobotax [21-24] HaBoaWThCA Taka Qopmytia
IPOJYKTUBHOCTI IIPH JIAMIHAPHOMY BIALIEHTPOBOMY (p1IbTPYBaHHI

kc Pf
V = F, (7)
h
ne V. — KUIbKICTh PIAWMHHU, IO MPOXOJAUTh B OJUHHUIIIO 4Yacy 4Yepes

cepeoBHILE, 10 GinbTpye, M° /c;

Ke — K0oe(illieHT IPOHUKHOCTI JaHOTO (PIIETPYIOUOro CEPEIOBHINA, M2,

Pt — mamiHHA TUCKY MNpU MPOXOHKEHHI PIAMHU 4epe3 (PuibTpyroue
cepenonuige, I1a-c;

[ — IAMHaMI4Ha B'SI3KICTh cycnensli, [1a-c;

h — ToBImIMHA mIapy, 1Mo QUIBTPYE, M.

F — moBHa mioma mnomepedyHoro mnepepizy ¢uIbTpaliiiHOro MOTOKY,
BKJIIOYAIOUH IUIOILY TIOP i TBEPAUX YACTHHOK, M2,

[Ipu BHCOKMX THICKaXx, IO PO3BUBAIOTHCS B IICHTpH(YTrax, 0Caau, M0
CTUCKAIOThCS, CHJIBHO YIIUIHHIOIOTHCS, 1 1X T1IPaBIIYHUI OIIp MOTOKY CTa€
HaJMipHO BenukuM. Tomy Ha (QUIBTpyIOUHX HEHTpUPYTrax HEAOIIIHHO
PO3IIUIATH CYCIICH31i, 1110 YTBOPIOIOTH 0CaI, 10 CUIILHO CTUCKAEThCS [22].

Heo0ximHo BpaxoByBaTH BUCOKHH THCK, IO CTBOPIOETHCSA B KOHIUHIN
binpTpyrodiil 1eHTpudy3i mpu poOOTi, Ta TmepeadadaTH BIATOBITHE
YIIUTBHEHHSI pOOOYMX OPraHiB.

[Ipouiec OYMILIEHHS POCIAMHHOI OJii Yy BEPTUKAIbHIA KOHIYHIN
G1IBTpYIOUl HEeHTPU(DY31 MOXKHA PO3AUTUTH HA TPU MEPIOIH:

— YTBOPEHHS IIapy OCaay y Mopax IEoTiTy;

— YUIUTBHEHHS 0Cajly Ta 3MEHIICHHS 00CATY TOp IEOITY;

— BUTICHGHHS  pIOUHU, 10 YTPUMYEThCSA  KaMUIAPHUMH  Ta
MOJIEKYJIsIpHUMU critamu [20-22].

[lepmmii mepiog MOKHAa TOPIBHATH 31 3BUYANHOIO (UIBTpALIi€lo,
opudaoMy THCK  (uibTparii OOyMOBIIOETbCS TYT HATHUCKOM, IO
PO3BUBAETHCS 3aBASKH JIii CyCIIEH311 MOJIS BIIIEHTPOBUX CHJI.

Hpyruii nepiox € crenudiuauM, KU HE Ma€ aHAJOTIA cepe 1HIIUX
nporieciB. Ilim dac papyroro mepiogy CHOYaTKy TBEpAl YaCTUHKHU
HEeHTPU(]PYroBaHOi CyCHeH3li po3TalloBaHI HEKOMMAKTHO, MPU MIHIMyMi
TOYOK JTOTHKY OJWH 3 OJHUM. 3Ba)XarO4H Ha T€, [0 0CaJ 3HAXOAUTHCS i
JI€I0 CUJIOBOTO TIOJISl, HOTO CKeJNeT MparHe A0 OUIbII HIIJILHOTO
po3TamryBaHHS dYacTUHOK. OnHak 30MMKEHHS YacTHHOK IIOB’si3aHe 3i
3MEHIIEHHSAM 00’€My MOp B IEOITI, 1, BIATAK, 3 BUYABIIOBAHHSIM PiIKOi
¢dazu 3 nux nop.
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B npoMy Bumagky BUHUKA€ pyX piakoi (asu A0 HEeHTpy oOepTaHHS.
[IBUAKICTE LBOrO MpOUECY ONnUCyeThecs piBHAHHAM Crokca. Tuck, skuil
BUHUKAE Yy 3B'3KY 3 IIUM MPOIIECOM, 3yMOBIIO€ GiabTparito piguau. OKpiM
TUCKY, BHUKIMKAHOIO JI€EI0 CKeJeTy Ha piaky ¢a3zy, B OCTaHHIN
PO3BHUBAETHCS TUCK BiJl Jii HA HET BIAUEHTPOBOTO MOJIS.

[Ipouec crumBy piakoi ¢a3uw OpOTATOM  JPYroro mnepiony
0OyMOBJIGHHMI JI€I0 IBOX BWIIE 3a3HAYEHUX THCKIB; BiJl HUX, a TAKOX BIJl
TIPaBIIYHOTO OMOPY 3aJEKHUTh IIBUAKICTH MEPEMIIIEHHS YAaCTHHOK [0
30BHIIIHBOI OOMYANKHY.

[Ticns 3akiHUYEHHS TEpioay YIIUIBHEHHS Ocaay B IOpax IEoJiTy
MOYMHAETHCA TEPEXITHUN MEepio, MiJ Yac SKOro BiIOYBAETHCS PYX PIBHA
HAaCHYCHHS 0Caay J0 30BHIINIHKOI OOWYaWKH POTOpAa.

Konu neil piBeHb AOCATHE CTaHy MAaKCHUMAJIbHOTO 3allOBHEHHS IOP
LEOJIITY JIOMIIIKaMH, TMOYMHAE BUSBIATUCA y YUCTOMY BUIJIAII TPETIH
nepiox mpouecy. [lo mboro MOMEHTY pO3TalllyBaHHS YacCTHHOK CKeJeTa
CTa€ HAMOUTbII KOMIAKTHUM. J[0 MOYATKy TpPEThOro Mepiofy B MICISX
31ITKHEHHSI YaCTUHOK M1 COOOI0 1 3 MOBEPXHEIO MOP LIEOJITY 3aTUIIAETHCS
pPOCIMHHA OJNis, M0 YTPUMYETHCA KaMIIPHUMHU Ta MOJCKYJISIPHUMHU
cuiamu. YacTuHa HOro mocTynoBO MEpEeTIKae BiJ OAHOTO CTUKY A0 1HIIOTO
JI0 LIEHTPY LEHTPUDYTH.

Jlomimku, 10 'y Macii, K OUTbII Bakka (pakilisi, BUTICHIIOTHCS J10
nepudepii. 3 METOI0 MiABUINCHHS SKOCTI OYHUINECHHS BHUBEJCHHS OJIi 3
poTtopa HeHTpUYru 3IIACHIOETHCS Yepe3 OTBOPH, IO pO3TalIOBaH1
OJIMKYe JI0 LIEHTPY LEHTPUPYTH.

Heouwnmena oist micist HAAXOMKEHHSI B HIDKHIO YAaCTUHY 3a30Py MiXK
oOuyaiikaM# MOYMHAE PyX Bropy 31 MBHUAKICTIO MPOTOKU Upnp. [lo meHTpy
HEHTPU(DPYTU PYyXAETHCS OUMINCHA OJIisl, III0 BUTICHSETHCS OLIBII BaXKKUMHU
YaCTMHKaMM JOMIIIOK 31 mBHAKICTIO cmnuBy Uc. Ilpu pyci Bropy B
MIK0O14aliHOMY MPOCTOpPl POTOpPA B3IOBXK TBIPHOI KOHYycCa OJisl MPOTIKA€E
KaHaJlaM{ LEOJIITY IPU OAHOYACHOMY pajialibHOMY PYycCl, B IIPOLIECI SKOTO
BOHA TOCTYIOBO 3BUIBHSETHCS B YaCTUHOK JOMIIIOK IIiJT €K CHII
BiIieHTpOBOTO 1OJIs. [Ipy AOCATHEHHI BEpXHBOI YaCTHHH POTOpa OYHINECHA
OJ1isl BUBOJIUTHCS Yepe3 TPYOKY 3 peryab0BaHOIO MIIOIEIO MOBEPXHI OTBOPY
1 moTparuisie 10 301pHUKA OUMIIIEHO1 OJIii KOXKyXa EHTPUDYTH.

B pesynbrari TeopeTHyHUX AochimxKeHb [21] oTpuMaHO HacTymHE
PIBHSIHHS TIPOTyKTUBHOCTI

W =316gF, - Frk.C A =3169>k.C (8)
ne F» - nnoma nosepxui ocamxeHHs poTopa ueHTpudyru, M2,
FZ = rmin {[(rmin +H tg 00 )rmin )]1/2 + [(rmin + Htg 90 + £2 )(rmin + 62 )]1/2 }2

/[(rmin I‘max )llztg Ho ]’
ne Fr— dakrop moainy

(9)
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0)2 r, a)z
Fr = g == g (rmin rmax )1/2 (10)
KoepimieHT mpoHUKHOCTI
3
2
k. =0,0068d 1 (11)

IToka3HUK, WMIO0 XapaKTEpPU3y€ BIUIMB BJIACTUBOCTEW MACTHWJA, LIO
00pobmsgeTses, Cy (K- c/m°)
" Y Y
[HAeKC TIPOYKTUBHOCTI IEHTPUPYTH

2= 01960)F [(Rmax m|n )1/2 +( max m|n )1/2]X

ome

<pvi(o, - o /a k] (13)

Bupinryroun 1mo0 pi3HUIll HIIILHOCTENH JUCIEPCHOI Ta AUCTIEPCIAHOI
da3z Ap, oTpumMaemMo

A,O = (,OS - ): O 1960) Fomgvpf [(Rmax m|n )1/2

+ (T Fo )“2]/(qk %).

e ® — 9acToTa 00epTaHHs poTopa ueHTpudyru, ¢
Ps — Ps— PIBHUI TYCTUH AHMCIEPCHOI Ta JUCTEPCIAHOI (a3 POCIMHHOI

C

(14)

omii, kr/m° |
pf — IUIBHICTE AUCIIEPCIHHOTO cepenoBuna (oiii), kr/m3;
(. — TUHAMIYHA B'A3KICTh CYCIEH311, KI/M"C;
I'min — MIHIMaJIBHUHN pajilyC BHYTPIIIHBOI 0019alKK pOTOpa EHTPUDYTH, M;
d — aiamMeTp 4acTHHOK IEOJIITY, M;
& — MOPUCTICTh PUIBTPYIOUOIr0 MaTepiany;
¢ — Koe(ilieHT MOPUCTOCTI;
H — Bucora poropa nienTpudyru, M
0o — KYyT MI>K OCHOBOIO JIIHI€IO 1 TBIPHOIO pOTOpa NEHTPUDYTH, TPAL.;
{2 — pagianbHa BiICTaHb MK 0Ol4aiikaMu poTopa HeHTpUdyru, M.
ps— MIITBHICTh CyCHeH3ii, KT/M 3 ;
v — KiHEMaTH4HA B'I3KiCTh Macia, mo QiabTpyeThes, M2 /c.
ExcriepumenTanpbHa  neHTpudyra Mae  HACTyHHI  MapameTpH:
MiHIMaJIBHUNA pajilyc BHYTPIIIHbOI OOMUYaliku KOHyca poTopa rmin=0,04 M,
pazianbHa BIACTaHb MK BHYTPIIIHBOIO 1 30BHIIIHBOIO OOMYalikaMH poTopa
£2=0,028 M, Bucota konyca poropa H=0,135 M, TanreHc KyTa HaXmIy Mix
YTBOPIOIOYOIO POTOpPA 3 BEPTUKAIBLHOK Biccro nieHTpudyru tg 35°=0,7.
Y mporeci JOCHIDKEHb aHAIi30BaHUMM  (paKTOpaMH  Mpolecy
OUYUIIEHHS POCIMHHUX OJIIM MPUUHATI: dYacToTa oOepTaHHS pOTOpa
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neHtpudyru  Xi(®), Mmiom@a OTBOPIB Ha BHUXOJl OYHUIIEHOI Odii 3
neHTpuPyru X2(Fors) 1 €KBIBAJIGHTHHIA AiaMeTp YacTUHOK meoltity X3 (d).

KoMmmpomicHi 3Ha4YeHHS aHami30BaHWX (PAKTOPIB OIIHIOIOTHCA 3a
pe3yabTaTaMy aHali3y pe3ysbTaTiB 0araToakTOPHUX €KCIEPUMEHTIB MpPU
OLIHIII KPUTEPIiB ONTUMI3ALll: PI3HUII TYCTHH OYMILEHOI Ol Ta
nuctepciitHoi ¢gasu (Y1), KUCIOTHOrO unciia oyuiieHoi oiii (Y3), MacoBoi
YaCTKM HEXHUPOBUX AoMIMOK (Ys), MacoBOi 4YacCTKM BOJIOTH JIETKHX
peuoBuH (Ys).

KoMmmnpomicHumMu mapamerpamMu € yacTtora oOepTaHHS poTopa
uentpudyru  © > 250 ¢!, exBiBajeHTHHI miaMETp YACTHHOK LEOIITY
d =0,0035...0,004 M, sixi cmpaBeUIMBI JIJIs BCiX LEHTPU(YT aHAJIOTIYHOL
KOHCTPYKIli. [Ipyn Takux MOKa3HUKAX 1 MPU PO3MIPHUX XAPAKTEPUCTHKAX
eKCIIEPUMEHTAILHOT TIEHTPU(PYTU MPOAYKTHBHICTE OOMEXYETHCSI OTBOPOM
1718 BUXOJy OYMILEHOro Macna For < 0,5-10° M2

Hapeneni nani cBimuaTh NOpo Te, IO PO3POOJICHI KOHCTPYKITT
HEeHTpU(PYr MTO3BONSAIOTH OTPUMYBATH OYMIINCHY OO,  BIJMOBIIHO
Bumoram JICTY 4534:2006 [25] Ta JACTY 4492:2017 [26] npu ix
BUKOPHUCTaHHI 3 KOMIIPOMICHUMH MMapaMeTpaMu, 1110 BITUBAIOThH Ha SIKICHI
MOKA3HUKW OYUIIECHHS.

3a TeOpPeTHIHUMHU (Apreop, KI/M) Ta E€KCIIEPUMEHTAIBHUMH (Apexer,
Kr/M%) JaHMMH Pi3HHMIII I'YCTUH OYMILEHOT COHSITHUKOBOI OJIii Ta JUCIIEPCHOI
¢da3u oTpuMaHa 3aJEKHICTh TEOPETHYHOI Ta E€KCIEPUMEHTAIbHOI PI3HMII
T'YCTUH OYMILIEHO! COHSIIITHUKOBOI OJIii Ta JIUCIEpCIiHOI (a3u Bl IUIOINI
OTBOPIB JJIs1 BUBEICHHS OUYHIIEHOI OJIi1 3 pOTOpa IEHTPUPYTH.

ExcriepuMeHT mpoBeleHO Ha LEHTpU@dy3l MpU 4YacTOTi OOepTaHHS
poropa ® = 250c? Ta exBiBalEeHTHOMY JiaMeTpi YaCTMHOK LEOJITY
d = 0,004 m.

Teopetnuna pi3HUIT TYCTHH OTPMMaHa 3a MaTEMaTUYHOIO
monewno (14) npu  wactori obepramHs poropa o =250 ¢t i
eKBIBaJICHTHOMY JiaMeTpi yacTuHOK neomity d = 0,004 m.

VY 3B’S13Ky 3 THM, IO TPU BUBEACHHI MAaTEMAaTHIHOI MOJIENI TPOIeCy
OUHUIIICHHS POCIWHHUX OJIIM BpaxyBaTh BCi MIKpPO- 1 MakpoQaKkTopu
HEMOJXXJIMBO, E€KCIIEPUMEHTAbHI JaHl BIJIPI3HIIOTHCA Bl TEOPETHYHHUX,
TOMY BBEAEHUI NonpaBoyHUi KoediuieHTiB Ky,

Ap=K,828F,, I(@C,).

[TormpaBounuii koedimieHT K, 3HaXOAUTHCA 32 €KCIEPUMEHTAIBHUM
ApPexen 1 TEOPETUIHUM ApPreop JAHUM 32 (HOPMYJIIOO

Kn = Apekcn/Apmeop: 2’62

3a dopmynor (14) po3paxoBYyeTbCS TEOPETHYHA PI3HUI TyCTHH
(Apreop, KI/M°) IpPH  KOHCTPYKTUBHO-KIHEMATUYHMX IAapaMeTpax, MIo
XapaKTEepU3yIOTh EKCIEPUMEHTAIbHY UEHTPUPYTY, SKa YTOUHIOETHCS
nonpaBHUM KoediienToM K, 1 HanocuThes Ha Tpadik (puc. 4, psna 2).
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3 BukopuctaHHsM Tnporpamu «Excel» 3a oTpumaHuMu gaHUMHU
nobynoBaHo rpadik (pucyHok 4) 3ameKHOCTI TEOPETHYHOI Ta
€KCIIEPUMEHTAIbHOI PI3HULI TYCTUH OYMIIEHOI COHSIIHMKOBOI OJIi Ta
aucrepciiHoi (a3u Bi IUIONII OTBOPY. 3a Mporpamoro «Statistica-6»
BH3HAYCHA TICHOTA 3B'SI3KYy MK TCOPETUYHHUMHU Ta CKCIEPUMEHTAIBHUMHU
3HAYEHHSAMM PI3HULI TYCTHUH, sIKa XapaKTepus3yeTbcsad Koe(illieHTaMU
nerepminanii R?= 0,981 ta kopensauii R = 0,993 mpu noip4iii iMOBipHOCTI
p = 0,0075, mo xapakTepu3ye XOpOUINii 3B’ SI30K.

PospaxynkoBuit kputepiit ®@imepa Fr = 77,4 Ounplie TaOIUYHOTO
Fra6:—=10,1, ToOTO MaTeMaTWyHa MOJIENIb aJCKBATHO BIJOMBAE MPOIECH
OUUIIICHHS! POCTUHHUX OJif Y KOHIYHUX IEHTpUQyrax.

25
—t
g 20
=
o 1
2 > ~ —e— Panl
=
E 10 —a— Pgn?2
z =
5
0
1 2 3 4 5

I1n011a OTBODIB JUTSl BUBOY OYHMIIEHOT odii, M2+ 106

Puc. 4. 3anexxHicTh TEOPETUYHOI Ta EKCIIEPUMEHTATIBHOT PI3HUII TYCTUH
OYMIIEHO] OJIii Ta AMCHEePCIHHOI (ha3u BiJ MUIONII OTBOPIB JUIsl BUBEACHHS
OUMIIEHO] OJIii 3 poTOpa LHEeHTpUPyru:
psan | — ekcnepuMeHTaNIbHA; P 2 — TEOPETUYHA

Bucnosku.  ParioHalbHUMHU  TIapaMeTpaMH  C€KCIEPHUMEHTAIBHOI
HeHTpu(yYIru €: 9acrora oOepTaHHA poropa HeHTpudyrm o > 250 c7,
eKBiBaJICHTHUH miameTp dactuHOK 1meoiity d = 0,0035...0,004 m, mioma
OTBOPY JUI BUXOY OUMINEHOI omii Fors=0,1-10°...0,3 - 10 M2,

[Ipn 3a3HaueHux MapamMeTpax KpuTepili ONTUMIZaIli i eKCIepu-
MeHTaIbHOI eHTpudyru piBHi: kucnoTHe ynciao K= 0,4 mr KOH/r, macoBa
4acTKa HEKUPOBHUX JIOMIIIIOK, MACOBA YaCcTKa BOJIOTH Ta JICTKUX PEUOBHH,
PI3HHUIIS MIITEHOCTEH OYUIIICHOT 0TIl Ta JucnepciiHol a3 OIM3bKO HYIIS.

OOTpyHTOBAHO aJIEKBATHICTH PO3POOJICHUX MATEMAaTHYHHX MOJIEICH
Ta EeKCICPUMEHTAIbHUX JaHUX poO0YOro TPOIeCy BEPTHUKAIBLHUX
KOHIYHUX (QUIBTPYIOUUX LEHTPUPYT.

OtpumaHi pe3ysbTaTH T03BOJSIOTH PEKOMEHIYBaTH MAaTEMAaTHUHY
MOJIEJIb pOOOYOro MPOIECy BIALEHTPOBOI (DUIBTpaIii Ipu OOIPyHTYBaHHI
KOHCTPYKTHUBHHUX TapaMeTPiB KOHIYHUX (DUIBTPYIOUHMX LHEHTPUPYT.
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V. Didur?, I. Leshchenko?, O. Viunyk?
'Uman National University of Horticulture
2Dmytro Motornyi Tavria state agrotechnological university

PROBLEMS OF PURIFICATION OF VEGETABLE OILS

Summary

The production of vegetable oils directly at the manufacturer allows to increase
the profitability of production due to the reduction of costs for the transportation of raw
materials and received products. The paper provides a scheme for obtaining vegetable
oils by the pressing method and a scheme for classifying methods of separation of
heterogeneous systems. The results of the analysis of vegetable oil purification methods
are presented. Methods of purification of vegetable oils by the centrifugation method
are considered. It is shown that separation does not provide complete purification
because there is a limit to centrifugation. The process of purifying vegetable oil in a
vertical conical filter centrifuge is considered in detail. Processes that occur in each of
the three periods of purification are described. It was established that the use of vertical
filter centrifuges with a zeolite filter partition allows for high-quality purification of
vegetable oils in the conditions of agricultural enterprises with minimal operating costs.
The formula for centrifuge productivity is given. The parameters of the experimental
centrifuge and the factors by which the research was conducted are described. The final
results of the analysis of the adequacy of mathematical models and experimental data of
the process of purifying vegetable oils on an experimental filter centrifuge with a zeolite
filter partition are presented. The dependence of the theoretical and experimental
difference in the densities of the purified oil and the dispersion phase on the area of the
holes for removing the purified oil from the centrifuge rotor is presented. The paper
presents the rational parameters of the experimental centrifuge, and specifies the
optimization criteria for the experimental centrifuge with the specified parameters. The
adequacy of the developed mathematical models and experimental data of the working
process of vertical conical filtering centrifuges is substantiated. The obtained results
allow the use of a mathematical model of the work process of centrifugal filtration when
substantiating the design parameters of the designed conical filtering centrifuges.

Keywords: vegetable oils, purification, types, centrifugation, mathematical model,
rational parameters, adequacy.
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JTOCAIIKEHHS PO3BUTKY TEXHOJIOT'TA TA TEXHIYHUX
3ACOBIB UIs1 HTHEBMOBIAHEHTPOBOI'O PO3AIJIEHHSA
3EPHOBUX MATEPIAJIIB

Anomayia. Y CTarTl NpPEACTAaBICHUN aHaNI3 Cy4aCHUX TEHACHLIN Yy HaIpsSIMKY
PO3BUTKY TEXHOJIOTIH JUIsi MHEBMAaTUYHO-BIJIIEHTPOBOI cemapallii 3epHa Ta HACiHHS.
[TpoBeneHuit aHani3 TEXHIYHUX 3aCO01B /17151 THEBMOBIILIEHTPOBOIO PO3AUIEHHS 36pHOBUX
MarepiaiiB MOKa3as, 10 BOHU € e(hEeKTUBHUMH HPUCTPOSIMU JJIsl COPTYBaHHs MaTepiaiiB
3a JOINOMOIOK aepOAMHAMIYHMUX MPHUHLMUIIB 1 PO3IUICHHS iX Ha (pakiii 3a TYyCTHUHOIO
HaciHHA. Takok BapTO 3a3HAUMTH, L]0 HAYKOBI MPUHIMIIM, IO JIAINIA B OCHOBY
KOHCTPYKINHA X MAIIHWH, TO3BOJSIOTH PO3AUTATH MPOAYKTH 3a IXHBOI T'yCTHHOIO 3a
JIOTIOMOTOI0 TIOTOKY TMOBITPsl, 10 3a0e3neuye KOMOIHOBaHY 0 BHJAIEHHS JIETKUX
JOMIIIOK Ta OYMILEHHS 3€pHa. BcTaHOBIEHO, IO PO3MIAHYTI KOHCTPYKIIT TEXHIYHUX
3ac001B /s MTHEBMOBIALIEHTPOBOTO PO3UICHHS 36PHOBUX MaTepialliB XapaKTepU3yOThCs
BJIOCKOHAJICHOIO KOHCTPYKLIE€IO, IO 3abe3nedye Kpally pPIBHOMIPHICT PO3MOILTY
MarepiaiiB 110 poOOYMX MOBEPXHAX CENapyIOUMX PEIIIT 1 KOMIIAKTHICTh 1X BUPOOHUIITBA.
[lepeBaraMu 1MX MPHUCTPOIB O€3CYyMHIBHO € BHMCOKa TMPOAYKTUBHICTH 1 HH3bKE
€HEeProCroXHUBaHHs, 10 POOUTH X MPUBAOIMBUMHU JJIs1 BUPOOHHUIITBA Ta 0OPOOKH 3epHa
Ta 1HIIUX CUILCHKOTOCMOJAPCHKUX MarepiaiiB. AHaji3 OCTaHHIX TEHIEHIN y PO3BUTKY
MalMH 1 0oOJagHaHHS IS IMHEBMOBIALEHTPOBOIO PO3JUIEHHS 3€PHOBHUX MaTepiaiiB
CBIAYUTH MPO aKTYaIbHICTh 1 EPCIIEKTUBHICTD ILOTO HANPSMKY JTOCIIIKEHb.

Kniouosi  cnosa. IIHEeBMOBIIIEHTPOBUI cemaparop, pO3JAUTICHHA 3E€pHOBUX
MaTepiajiB, TEXHOJIOTIs, TEXHIYHUH 3aci0, IHTeHCU(IKallisl TPOLeCy PO3ALIECHHS.

Ilocmanoska npobaemu. Ha chOTOIHI aKTUBHO JOCIIKYIOTBCS Pi3HI
METOJIM PO3JAUICHHS 3€pHA JIJIsi pO3pOOKH BUCOKOES(PEKTUBHUX CEMapyrOunx
OpraiB 3epHOOYHMCHHX MamuH. [IpoBimHe Micie cepen HUX 3aiMaroTh
BIJIIICHTPOBO-BiOpariiiHi Ta BIJIIICHTPOBO-ITHEBMATHYHI METO/IH.
CinmbchKOrOoCTIOIapchKa MPaKTUKa MOKAa3ye, IO JUIIEC PEIIiTHI cenapyrodi
IPUCTPOI HE € ONTUMAJLHUM BHOOPOM ISl 3EPHOOYMCHHX MAIIWH.
[ToBITpsIHO-pELIITHI MAaILIMHU, 1€ BUKOPUCTOBYETHCS MOBITPSHA cenaparlis
pa3oM 3 PEIITHOK OYUCTKOIW, € Ouibll mnomupeHuMu. OjgHak
KOMOIHYBaHHS  BHUCOKOC(EKTUBHOTO  MHEBMATUYHOTO  CEMapyHYoro

© MenbHuk B. A., TTonamrok 1. C., Bormuk JI. A., Crenanenko C. I1., 2024
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OPUCTPOI0 3 UWIIHAPUYHUMH BIALEHTPOBO-BIOpALIiHUMU penieTaMmu
IpPEACTaBIIA€ BEIMKUU 1HTepec. Takuil mAXiL MOXKE NIPHU3BECTH [0
CTBOPEHHSI Jy’K€ MNPOAYKTUBHUX 3E€PHOOUYMCHUX TEXHIYHMX 3aco0iB, a
BUKOPHUCTaHHS BIAIEHTPOBO-BIOpAIMHUX CHUJI JOJATKOBO TIJCUIIUTH
IpoLIeC PO3AUICHHS 3€PHOBUX MaTepiaiB.

Ananiz  ocmamHix  O0ocniodxcenv.  IIpoTIrom  OCTaHHIX  POKIB
CIOCTEPITaEThCS MOCTYMOBHM PO3BUTOK KOHCTPYKIIM TEXHIYHMX 3acoO0iB
JUIS TTHEBMAaTHUYHO-BIIIICHTPOBOI cemnapaiii [1-6], 1mo cynmpoBOIKY€EThCS
nepexoa0oM poOOYMX MPOIIECIB HA MIBUILEHHS MIBUIKOCTI PyXy 3€pHOBOTO
MaTepiairy 1o poOouux opraHax Ta 3aMiHOIO TPAJAUILIMHOTO MOCTYNATBHOTO
pyXy Ha oOeproBuii. IlimBuineHa MBHAKICT NPHU3BOIUTH OO0 OLIBIIT
3HAaYHOTO HACHWYEHHS Marepiany eHepriero [6, 8, 11], mo B cBow uyepry
NPU3BOJIUTH 1O 3O0LIBIIICHHS HAINpPYKEHb, SIKI BUHUKAIOTH B 3€PHOBOMY
CepeloBUIIl B Tmpoueci ioro posauieHHs. lle cnpusie nOiABUILIEHHIO
MPOIYyKTUBHOCTI [16-18], mokpamieHH0 SKOCTi poOoTH [12] Ta CrIpoIeHHIO
KOHCTPYKII[Ii TEXHIYHUX 3ac001B [13].

Dopmynosannss memu cmammi. BCTaHOBUTH MailOyTHI HampsIMKA
YAOCKOHAJIEHHSI TEXHIYHUX 3aC001B JJI1 MHEBMOBIUEHTPOBOIO PO3IITICHHS
3epHOBUX MaTepiaiiB 1 CTBOPEHHS MNPOAYKTUBHUX Ta BHCOKOSKICHUX
cenapaTopiB sl 0OpOoOKHU 3epHa Ta HACIHHS.

Ocnoéna uyacmuna. 3HAYHUNA BHECOK Yy JOCIIJDKEHHS BIUIUBY CHII
1HEepIli CKJIATHOTO PyXy pPOOOUYOTo OpraHy Ha MPOIeC MOy HACIHHEBUX
cymimieii 6yB 3po0nenuti [14]. Po6ounii opran BiOponeHTpudyru, sKuii BiH
BUBYAB, MPEJCTABISAE COO0I0 MUIIHAP 3 TUIeKcUTiacy po3mipom 200 MM y
JIOBXKMHY 1 86 MM y JiaMeTpi, 3 BHYTPIIIHBOIO MOBEPXHEIO, 00JaJHAHOIO
mUnamMu BUCOTOr0 7 MM. PoGounii opran o0epTaBcss HABKOJIO BEPTHKAIBHOT
ocl 3 KyTOBOIO WIBUAKICTIO 73,3 paza/c 1 3[IHCHIOBaB KOJUBAJIBHUU PyX
B3/10BXK wi€i oci 13 yacrotoro 30-33 I'm ta ammmrygoro 3—4 mm. Ilig
BIUIMBOM IIOI0 KOJMBAJIBHOIO PYyXy IIap HACIHHEBOI cyMilli Ha Moro
BHYTPIIIHIM TMOBEPXHI MEPEXOIUB Yy TCEBAO3PILIKEHUM CTaH 1 pyXaBcs
3BEpXY BHU3. Y HUXKHIM YaCTHHI POTOpA 3a JOTIOMOTOIO KUIbIISI PO3/IJICHHS
POBOJMIIOCS BUAUIEHHS Ppakiiii cyminii puc. 1.

B nanomy TexHiuHOMY 3aco0i - BiOpoueHTpudy3i Hpu pO3IUICHHI
CyMillll HaCIHHA Mpoca 1 TmmioHa, Imo MictuTh 20% TIIOHAa 3a Macoro,
JOCSITHYTO IJBUIIEHHS YHUCTOTH Tipoca 10 95,75% 3a mwmromoro
HaBaHTXKEHHS Ha cenapyody mnoBepxHio 3,33 kr/cm?. [lani 3HadeHHS
IIUTOMOr0 HaBaHTa)XeHHS Ha 20% mnepeBullye Te, sike OyJIO JOCSATHYTE Ha
neHTpudysi, HOro MomepeTHUKOM, IO CBIAYUTH MPO MO3UTHUBHHUN BIUIHB
KOJIUBAJILHOTO PyXy poO0YOro oprany Ha €(peKTUBHICTH MPOLIECY PO3ALICHHS.

Henonikamu ganoi BiopoueHTpudyru € norpeda y BUAUICHHI Qpakiii
3a JIOTIOMOT'0I0 PO3JUIBHOTO KUIBIIS Ta BIHOCHO BUCOKa (monan 33-35 I')
yacToTa KOJIMBaHb pOOOYOro opraHy, HeoOXigHa I 3anoOiraHHs
"3aKJIMHEHHIO" 36pHOBOr0 MaTepiaay Ha Cenapyrdiid MOBEpXHI.
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Puc. 1. Cxema BiOpouentpudyru [14]:
1 — po3kunay; 2 — potop; 3 - Kiblie; 4 - Tapuika; 5 — MIKiB;
6 — eKCUeHTpHK; 7 — AaTyH; 8 - HanpsIMHA; 9 — IITOK

Koniuny popmy pobounx opraniB 0yJsi0 BUBYEHO Y mparsix [15, 16] Ta
iHmux [21, 22]. Po3po6aena koHCTpyKIlis [15] onucye pyx marepiaabHOi
TOYKH IO BHYTPIIIHIN MOBEPXHI KOHYyCa, SKUH 00EPTAETHCS HABKOJIO OCI,
PO3TAIIOBAHOI TOBUTLHO y TIPOCTOPI 1 KOJMBAETHCS B3MOBK I1i€i oci. [IpoTe
II0 MOJIEJIb HEMOXJIMBO BBaXKaTW "YHIBEpPCATBHOWO", SIK 1€ BKa3aHO Y
po0OTI, 10 PO3TJISAAE PpyX MaTepiaJbHOI TOYKU 1 Tiia 32 (PPUKIIHHUM
OPUHIIMIIOM 3 YMOBOIO 00€pTaHHS.

Po6ounii opran BiOpoueHTpUPyTru, 3[1MCHIOE CXO0XK1 PyXH Y MPOCTOPI,
aJie TaKOX JIOJJATKOBO MPOJIyBAETHCS MOBITPSHAM MIOTOKOM (pHC. 2).

7

Puc. 2. Cxema nueBMoBiOponeHTpudyru, gociimkenoi [15]:
1 —pama; 2 — potop; 3 - IUIUIIBHI TapUIKKU; 4 - HANPSIMHI; 5 — IIKIB;
6 — excueHTpuK BiOpaTopa; 7 — BEHTHIATOP

Proceedings TSATU. 2024. 24. 1



[Ipaui TAATY Bunyck 24. Tom 1
78

B npoBeneHHX OpUTIHAIBHHUX JIOCHIIKEHHAX [15], BCTaHOBIIEHO, LIO
BUKOPUCTaHHS €HEPrii MOBITPSHOIO MOTOKY MA€ BEIUMKUA MOTEHIHAN IS
MOKpAIeHHs Tpoliecy cenapyBaHHsA. [Ipote, 3 po3paxyHKOBUX (opmy,
IPEACTABICHUX Y JAHOMY JOCIIUKEHHI Ta pe3yJbTaTiB €KCIEPHUMEHTIB,
MO>KHA 3pOOUTH BUCHOBOK, 1110 HAWBHILA SIKICTh CENAapyBAHHS JOCITAE€THCA
IIPU HYJILOBOMY THCKY MOBITPSIHOI'O MIOTOKY Ha CENapyroyiil MOBEpXHi, 110
CYNEepeYUTh BUCHOBKaM I1HIIMX aBTOPIB, 110 BUBYAJIM BILIMB MOBITPSIHOTO
MOTOKY Ha poOOTYy IHEBMAaTUYHUX COPTYBajdbHUX cTOdiB [8, 11] Ta
nHeBMOBIOporieHTpudyT [18-20]. [THeBMOBIOpOLIEHTpH(YTa Ma€e HEIOMIKH,
TUIOBI U1 BCIX LEHTpUQYT, BKIIOYAIOUM BHUKOPUCTAHHS AUIMIBHUX
KUJIelb, SKI TOPYUIYIOTh CTPYKTYpY IIapy Ta 3HUXKYIOTh SKICTb
cerapyBaHHs.

Haiibinbmr moBHO poOOTYy MHEBMATHMYHOTO COPTYBAJIBHOTO CTONY
MOJIeNII0e TTHEBMOBIOpoLeHTpu(dyra, sKy 3amnpononyBaB ['onuapos €.C.
[13] ta nocniaus [Ipunynekuit A.H., HaBenena Ha puc. 3.

r-:—ILZ 2
A

; 4

’K
1 ~
5

Puc. 3. Cxema mHeBMOBIOPOLIEHTPUDYTH 3aTIPOITOHOBAHOT
I'onuapoBum €.C. ta [lpunyupkum A.H.:
1 — Oynkep; 2 — pama; 3 — poTop; 4 — BUBAaHTaXKyBaJIbHI JIOTIATKY;
5 — mKiBM IPUBOAY pOTOpA

oy
S

PoGounii opran 1i€i mHEBMOBIOPOLUEHTPpUPYTHU MPECTABIISIE COOOIO
poTOp, WO CKJIAJA€TbCS 3 JABOX TOBITPOIPOHMKHUX CEKIii, OluHa
MOBEPXHS Ma€ 3MIHHI pajilych oOepTaHHS HaBKOJO BEPTUKAIBHOI OCI.
Potop 3naificHIOE TmaHETapHUN pyX Yy TOPU3OHTAIbHIM IUIOMIMHI 1
POTYBAETHCS MOBITPSIM. HesBaxatouun Ha TE, 110
MMHEeBMOBIOpoIleHTpUdyra Mae TiABHINEHY Ha 2,5 pa3d TOPIBHSIHO 3
MHEBMAaTUYHUMHU COPTYBAJILHUMHU CTOJIAMU MUTOMY MPOJYKTUBHICTH, BOHA
Ma€ 3HIWKEHY y 2,6 pa3u MuoMy maTepiaioeMHIicTh 1 B 1,15 pa3iB muromy
C€HEPrOEMHICTh, BOHA BCE K HE € MOBHICTIO €()EKTHUBHUM DIMICHHSIM IS
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CTBOPCHHSI BHCOKOIPOMYKTUBHOI MAIIMHW JUIsl TIOAUTY HACIHHS 32
TYCTHHOIO.

Hagith npu pocarHeHH1 4uctotd 96% mnpu moauil Ba)XKOPO3AUIEHOT
CyMillll HACiHHSA NIIEHUIl 1 YacTOK IUJIOMAIB JIUKOI PEIbKH, JE€ BaKKa
dpakiiss HACIHHS TMIICHUIIl CTaHOBUTH 25%, BUSBJICHI HEJIOJIKHU.
Henonikamu 3a3HadyeHOi MHEBMOBIOPOIEHTPUPYTH € HENOCTATHHO YITKE
BIJITBOPEHHS] KIHEMaTHYHHUX Map PyXy poOOYOro opraHy, 3acTOCYBaHHS
pPO3UICYIOUMX IUIAHOK, SKI PO3MIIICHI HaJ CEeMapylyvor IOBEPXHEI 1
NOAUIAIOTh IMap HAJ KUIbLSAMH, a TaKOXX HEMOXIIMUBICTh YNPaBIIHHS
MPOLIECOM, BKIIOYAIOUM 3YNMUHKY MAIlMHH Ta PeryitoBaHHs Ha xoxy. Ciina
BIIMITUTH, 1[0 HEPIBHA TOBIIMHA IIapy MaTrepiaxy MO MOBEPXHI POTOpa,
0COOMMBO B WOTO HWKHIA YaCTHHI, Jie TOBIIMHA IIapy HAWMEHIINA, a TUCK
MOBITPSHO-TIOTOKY ~ HAWBUIIHMK, TPU3BOAUTH JO 3HIDKCHHS  SKOCTI
PO3MLIEHHS Yepe3 MOPYIIEHHS CTPYKTYpH Iapy.

Xapuenko C.O. Ta Taex €.A. [8, 21, 22] 3anpononyBain
MOJIEpHI30BaHUI TEXHIYHMM 3aci0 BIOPOBIALEHTPOBOL il 3 MOKIMBICTIO
caMoIlepecyBaHHs puc. 4.

Puc. 4. MogepnizoBanuii cenapatop CBC-25M

[Iporiec ounieHHs 3aMUICHOTO MPOMHUCIOBOTO TTOBITPS PO3IIISETHCS
Ha 7Ba etanu. [lepmmii eram momnsirae y BiIOKpEeMIICHH]I BETUKOIUCTIEPCHUX
4aCTHUHOK 3 po3Mipom 200 MiKpoMeTpiB 1 OiTbIIE y OCaKyBAIbHIN KaMepi.
VYJOBIIEHHS JIETKUX JIOMIIIOK 3A1MCHIOETHCA 32 PaxXyHOK CHJI 1HEpILii Ta
TSOKIHHSL.

3anuieHe NPOMHUCIOBE MOBITPSA 3 JPIOHOJMCIIEPCHUM IHIIOM, SIK
CTBEP/KYIOTh aBTOpH [8], HaNpaBISETHCA 10 1HEPIIHHOTO KAIIO31MHOTO
NWIOBLAJIUTIOBaYa.  3aBASKM  3MEHLICHHIO  IUIONIl  TEpPEeTUHYy  Ta
HaJAITOBAaHUM JKaJIF031, YACTE MOBITPS BUXOIAUTH 3 MUJIOBIILIIOBaYa, a
3QJIMIIAETHCS MOTIK 3 KOHIIEHTPOBAHUM BMICTOM JUCIEPCHUX YACTUHOK.
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Jpyruii eram BKJIIOYAa€E BUKOPUCTAHHS KaJIIO31MHO-1HEPUIAHOTO
NUJIOBIIUIIOBAYa Ta  POTAUIMHOrO IUKIOHY JUIsi  BLAOKPEMJICHHS
npidHogucnepcHoi (aszu 3 po3mipom 1-150 mikpomeTpis.

TexHONOriYHMI TpoLEC OYMILEHHS 3alUICHOr0 MPOMHUCIOBOTO
noBiTps Ha cenapatopi CBC-25 BinOyBa€eTbCsi HACTYIHUM YHHOM.
Crovarky 3amwiieHe IMOBITPS HaNpaBII€TbCs [0 MHUI00CATKYBAIbHOI
KaMmepu, Ji¢ BiAOyBaeTbCcs  YJIOBIIOBAaHHS  JIETKUX  JOMIIIOK  Ta
BEJIMKOJMCIIEPCHUX  YacTMHOK  mwiay. Jami, micas — iHepIiiHOTO
NUJIOBJIOBJIIOBAaYa, MPOMUCIIOBE TMOBITPS 3 JApiOHOAUCHIEPCHUM MHUJIOM
HAIPABJISIETHCS 10 PO3POOIICHOTO POTALIMHOTO IIUKIIOHY.

KoHcTpykTuBHI TapameTpu po3po0JIEHOr0 IMKJIOHY BCTAaHOBJICHI
BIJIMOBITHO JI0 PpE3yJbTaTiB TEOPETHYHUX Ta EKCIIEPUMEHTAIbHUX
nocnimxkeHs [8]: wactora obepranHs potopa Q = 150 pan/c, KyT Haxuiy
jonaTtei 3aBuxproBaya o = 20°, KUIbKICTh JAUCKIB JOOUYUCHUKA n = 6 MIT.,
IIMPUHA BIAKPUTTS >Kamo3l b = 15 MM Ta BiACTaHb MK JUCKaMHU
moourcHUKA h = 1,5 mm.

bpenuxinum B.B. [6] Oyno 3ampomnoHOBaHO BUKOPHCTAHHS
yemryiyactoi pobo4yoi MOBEpXHI y SKOCTI 1HTEHCH(IKaTopa pPO3ALICHHS
HACIHHEBOTO Martepiaiy (puc. 5).

Lh

L/
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Puc. 5. Cxema BiOpOBIIIIEHTPOBOTO CeMapaTopa:
1 — xoprmryc; 2 — poboya MOBepXHS; 3 — BikHA; 4 — JKUBHJIbHUK;
5 — mHeBMocucTeMa; 6 — po3kuiay; 7, 8 — BUBaHTaXKyBaJlbHI JIOMATI,
9 — npuBox; 10 — moMITEHUK

Pudmni, BurotosieHi y Gopmi 4emryiku, MTYYHO CHOBIUIBHIOIOTH PyX
JaCTUHOK HACIHHEBOTO MaTepialy Ta CIIPUYHHSIOTH aHi30TporHe TepTs. Lle
TEepTs 30UIBIIYETHCS, KOJIW HACIHHEBUW MaTepial PYyXa€eTbCsl MPOTHU
HAMPSAMKY pUQIIiB, 1 3SMEHIIYETHCS, KOJM BOHU PYXAIOTHCS B3/IOBXK MOXUIIO1
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noBepxHi. Po3poOKy ycmimHo BOPOBaIKEHO y cepiliHe BUPOOHHUIITBO Ha
BAT "3aBox im. ®pynze" (M. Xapki). Pudmni cmpsmoBaHi mupokoro
KPOMKOIO MPOTH HaIpsIMy PyXy IIApIB HACIHHEBOIO Mareplaay 1 MarTh
OTBOpPHU I HAIIPABJIEHOTO BBEJICHHS MOBITPSHOIO MOTOKY B ILIAp.

Bxxe B cBoeMy HoOBoMmy jgociijkeHHl bpemuxin B.B. [10]
3alpONOHYBAB 1HIY CXE€MYy BIOPOIHEBMOBIALIEHTPOBOIO cemaparopa
puc. 6.
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Puc. 6. Cxema (a) Ta 3aranbHuii BUrIs (0) BIOpOMHEBMOBIAIEHTPOBOTO
cenaparopa:
1 — xopnyc; 2 — potop; 3 — nmoBepxHs podoua; 4 — po3KUIa4 JUCKOBUIA;
5 — OyHKep 3aBaHTaXyBaJIbHUI; 6 — MaTpyOOK BEHTWISITOPA; 7 — NUIBHUK
peuritauii; 8, 11, 12, 13 — nonartku; 9 — Biopo30yaHuk; 10 — BikHa

[Ipotiec po3aineHHs MaTepialy 3a TYCTUHOO HACIHHS [MTIHIAPUIHUMHI
BIOpPOITHEBMOBIIIECHTPOBUMH CEMaparopaMu Ma€ 3Ha4HI BIJMIHHOCTI B
MOPIBHAHHI 3 MPOLIECOM PO3JIJICHHS HA MHEBMOCOPTYBAJIBHOMY CTOJI, SIK
3azHayae atop [10, 22]. JlochimkeHHs mpoiecy BiOpOMHEBMO-
BIJIIIGHTPOBOTO  PO3AUICHHS  MPOBOIWIUCS  HA  HWJIIHAPHIHOMY
BIOPOMHEBMOBIAILIEHTPOBOMY cenaparopi (puc. 6, a), skuil mo0y10BaHO Ha
0a3i cenaparopy tuny bBI[C, 1m0 Bunyckaerbcs cepiiiHo.

BiOponHEeBMOBIIEHTPOBUI  cenapatop (YHKIIIOHYE HACTyHHUM
YMHOM: MaTepiajl uepe3 3aBaHTaXyBalbHUN OyHKEp TMOTparisie Ha
TapiIbYacTUi PO3KHJIAY, IKUH 3aBaHTaXy€e 30HY (HOPMYBaHHS YCTaJICHOTO
mapy Marepiany. YacTMHKM MaTepially, TOTpPanmuBIIM HAa poOoUy
MOBEPXHIO, MiJl JI€I0 BIAIEHTPOBOI CHUJIM MPUTHUCKAIOTHCS 1O Hel 1, MiJ
BIUTUBOM CHUJIM TSDKIHHS Ta KOJWBaHb POOOYOi MOBEPXHi, MOYHWHAIOTH
pyxatucs y HWXKHIO YacTHHY ceraparopa 10 30HH BUBaHTaxeHHs. [lif
JIEI0 KOJIMBaHb POOOYOi MOBEPXHI Ta CHUJIM MOBITPSHOTO MOTOKY MaTepiany
MEPEXOAUTh Y BIOPOMHEBMOPO3PIKCHUA CTaH, MO CIPUYUHSIE MMOYATOK
nporecy cerperamii. Ilig yac 1poro mnpoiiecy YacTUHKM MaTepiany 3
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OUIPIIOKD TYCTHHOK NPHUTHCKAKOTHCS A0 poO0YOi MOBEPXHI, TOAl SK
YaCTUHKH 3 MEHUIOK0 T'yCTHHOIO CILUIMBAIOTh HA MOBEPXHIO mapy. "Baxka"
1 "merxka" Qpakuii BHBAHTaXYIOTbCS y BIAMOBIAHI JOTKH Wi [I€I0
B1JILICHTPOBOI CHJIH.

B nocmimkennsx [9] aropomMu 3ampoONOHOBAHO MOJIEPHI30BaHY
KOHCTPYKI[I}O TEXHIYHOTO 3ac00y ISl THEBMOBIOPOBIILIEHTPOBOI cenaparii
3epHOBUX MaTepiajiiB 3a TYCTUHOIO pUC. 7.

a) 0)

Puc. 7. TexHomoriuna cxema (a) Ta 3araibHui BUTIAL (0)
eKCIIEPUMEHTAIbHOI YCTAHOBKHU JUISL TOCI1PKEHHS THEBMOBUXPOBOTO
IpolLieCcy cenapyBaHHS:

1 — 3aBaHTa)XyBaJbHUI 3€pPHONPOBIJT; 2 — 103yBaIbHUN MPUCTPIN;

3 — po3KHa4 3epHOBOI CyMili; 4 — CTIHKa THEBMOKaHAa;

S — )Kamo31MHUN KOHYC; 6 — )Kallt031iHA UWJIIHAPUYHA CTIHKA;

7 — Baj poTopa cenaparopa; 8 — KoxXyx

Hocnignukamu [9, 23-25] Ha OCHOBI aHami3y TEOPETUUYHHUX 1
eKCIIEpPUMEHTAIBHUX JIOCHIIKEHb PO3pO0JICHO HOBY acHipalliiiHy CHCTEMY
dpakiioHyBaHHS 3€pHOBUX MaTepialiB B MHEBMOBUXPOBIM 0Cam0Biii
KamMepl MaIlMHU JJIS  ITHEBMOBIOPOBIJIICHTPOBOTO OYMINCHHS 3€pHA
BIICM-25M 3 HacTymHUM BWAUICHHSIM JpiOHOI (hpakiii HIIiHIAPUIHUM
pemnreroM. MakcumanbHI 3HaUYeHHS €PEKTy OUUIIEHHS MTPU POOOTI MAITMHU
Oy70 JOCATHYTO 3 TIMTOMUM HaBaHTAXEHHSM Ha KaHaJI acmipartii
Oy: = 38,06 xr/(c'M?) Ta ckmagaroTh BigmosizHo Ye = 63-78% 3a
Yn = 2-3%.

OmauM 13 TEepPCNEKTHMBHUX  HAMPSIMKIB ~ PO3BUTKY  MaIllWH
THEBMOBIOPOBIJUEHTPOBOI ~ cemapanii € BHUKOPUCTAHHS KOMITAKTHUX
KOHCTPYKIiK. Onrumizamis MNpouecy MOXKe MNPU3BECTU JI0 3MEHILIECHHS
rabapuTHUX PO3MIpPIB MAIlMHKM, IO BIJKPUBAE€ MOXKJIMBICTh OUIBII
€()eKTUBHOTO BUKOPUCTAHHS BUPOOHUYMX TUTOII Ta MaTepiaiiB. Kpim Toro,
TaKi KOMIAaKTHI MalluHU MOXYTh OyTH BHUKOPHCTaHI K OKpeMi OJIOKH B
CKJIaJ[l KOMIUIEKCY MAIIWH JIJIs1 36PHOOYUCTKHU.
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3a ocTaHHI PpOKM B CBITI CIOCTEpITA€ThCA TEHACHIIA 110
YHIBEpPCAJIBHOCTI arapaTiB Ta MPAarHeHHs 10 iX KOMIAKTHOI KOHCTPYKIIII.
[TpuknagoM Takoi MamIMHU € cemapaTop, po3pobnenuit ¢ipmoro Escher
Wyss, akuii cXxeMaTH4HO 300paKeHuil Ha puc. 8.

[bdava mamepiary

iy 22
=

e

Puc. 8. Cxema moBiTpsSiHO — 3aMKHYTOTO BIJIIEHTPOBOTO KiIacudpikaropa
dbipmu Escher Wyss:

1 — 3aBaHTa)XyBaJIbHUN ATPYOOK, 2 — pO3KUIyI0Ya Tapijika, 3 — JIonari
BEHTWJISITOpA, 4 — Kamto31, 5 — BIAOIMHUKY, 6 — KOHTPOJIbHA 3a/IBUKKA,
[ — IOpOKHHUHA 300py rpyOMX YaCTOK, 8 — MOpOKHUHA 300py
TOHKHUX YaCTOK

Onucanuit mpolec cemapaiii Ha ITHEBMOBIOPOBIAILIEHTPOBOMY
cermapaTopi BKJIIOYA€ KiTbKa OCHOBHHMX KpPOKiB. IIpOAyKT 3aBaHTaXy€eThCs
yepe3 naTpyOoK 1 MOTparuise Ha PO3KUAYIOUY TapuiKy, 3BIIKM Marepiai
piBHOMIpHO ToAaeThcst g0 mepudepii. Ilicns 1poro, KpynHi YacTKu
BUIIAJIAI0Th Y MIOPOKHUHY ISl 300py IpyOUX YacTOK, TOA1 K OUIbII IpiOHI
pyXalwThCsi Bropy 1 MiANAOThCS cemapaiii Ha BigOipHukax. IIporec
ceraparii BiI0yBa€eThCs IUISIXOM PO3AUIEHHS TPyOMX Ta MUIKMX YacTOK 3a
JIOTIOMOTOI0 BEHTHJIATOPA Ta TMOBITPSHOTO TMOTOKY, SKHH MPOCOYYETHCA
gyepe3 HKai031 1 TOBEPTAETHCS Ha Cemapalliro.

He3Bakatoum  Ha  pI3HOMAHITTS  amapaTtHOro  O(OpMIIEHHS
ITHEBMOBIJILIEHTPOBUX CENapaTopiB, MNPUHLMN iX Jii € aHaJIOTTYHUM
ONMHMCAHOMY. BiAMIHHOCTI TOpPKAalOThCS NEPEBAXKHO MEXAHIYHOI YACTHHH
KJ1acu(ikaTopiB, CHCTEMU PETYJIIOBaHHS Ta AaepoJUHAMIKM TMPOTOYHUX
YaCTHH, IO BIUIMBA€ HA KUIBKICHI XapaKTEepUCTUKH amapariB, aje He
3adinae 3arajbHUX MIPUHIIMITB OpraHi3alii mporecy.

3a3znaueHuit ehexT cenaparlii B maueBMocenaparopax tumy DA 67 1 SP
68 dipmu "DAQUET" [3, 5] miiicHO 6a3yeThCsi Ha MPUHIUII 0OEpTaHHS
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YaCTUHOK Ta iX pyXy B moToui moBiTpsA. JpiOHI yacTKu, pyXarouyuch y
BUCXIJHOMY TOTOLI, MOXYTb YCIIIIHO MNPOMUTH MDK  IIBHAKO
o0epTarounMucs BiOIpHUKAMHU, TOJ1 SK KPYIHI YacTKU OyIyThb BiIKMHYTI
Ha mnepudepiro mig Ai€r0 BIAUEHTpoBUX cui. lleil mpouec no3Bossie
e(eKTUBHO PO3IUIUTH MaTepial 3a UIUIbHICTIO YACTUHOK pHuC. 9.

\I
L
A Opaxwia A

Puc .9. Cxema HHeBMocenapaTopa ¢bipmu ,,DAQUET” (Dpaniis)

a

[TaeBmocemnaparopu DA 67 ta SP 68 M0oXyTh OyTH BUKOPHUCTaH1 s
00poOKM Martepiaiy, MOAAHOTO 0E3MOCePEaHBO 3 3EPHOIIPOBOJIA TOTOYHUX
JiHIK 200 3a I0MOMOTOI0 CIeIiaIbHUX KUBWIBHUX MPUCTPOiB. L1 MamHu
MaloTh BEJMKY MPOIYyKTUBHICTh, IO POOUTH iX TMOMYJSIPHUMH CEpeJ
BUPOOHMKIB, Ki MOTPeOyIOTh MIBUIKOTO Ta €(PEKTUBHOTO CEmapyBaHHS
MaTepiajy 3a UIUIbHICTIO.

Pobora mux  ABOX, Ha  MEpIIun MOTJISA, 1IEHTAIHUX
ITHEBMOCEIApaToOpiB  BIIPIHIETHCS THM, WIIO0 aepoJMHaMIYHA CXema
Mamiaun SP 68 € Ouibin BAockoHaneHOw. Bona 3a0e3neuye kpairy
PIBHOMIPHICTh PO3MOAUICHHS IIBUAKOCTEN MOBITPSHOTO MOTOKY 3aBISKH
OCbOBOMY BCMOKTYBaHHIO. KOMIakTHICTh Ta MPOCTOTAa KOHCTPYKIIi, TIPH
IIbOMY, TIOETHYIOThCS 3 BUCOKOI MpoayKTuBHICTIO (30 T/rox mist DA 67 1
50 1t/rox ayist SP 68) Ta HEBEMKKUM CITOKUBaHHAM eniekTpoeHeprii (1,5 kBt
st DA 67 15,5 kBt auist SP 68) - 11€ r0JIOBHI IIepeBaru 1ux CUCTEM.

Bucnosxku.

1. AmnHamizoM TEeXHIYHMX 3ac00iB Il  ITHEBMOBIJIIEHTPOBOIO
PO3AUICHHS 3€PHOBUX MaTepiaiiB BCTAHOBIICHO, IO BOHU € €(EKTUBHUMHU
OPUCTPOSIMU JUISL  Cemapauli MarepiajiB Ha OCHOBI aepoJUHAMIYHUX
NPUHIHKIIB Ta PO3AUICHHS Ha (paKiii 3a TYCTUHOIO HACIHUH.

2. Cmig TakoXX 3a3HAYMTH, IO 3aKJIaJeHl HAayKOBI MPUHIUIMN B
KOHCTPYKIIiSIX TaHUX MAIIWH JO3BOJISIIOTH PO3AUIATH MPOIYKTH 3a IXHBOIO
TYCTUHOIO 3  JOTMIOMOTOK)  TOBITPSHOTO  TOTOKY,  3a0e3MeYyrdH
KOMOIHOBaHY /110 BUIQJICHHS JICTKUX JOMIIIOK Ta OYUILICHHS 3€pHa.
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3. BcranoBneHo, 1m0 HaBeAeHI KOHCTPYKIII TEXHIYHUX 3aCO0IB IS
ITHEBMOBI/ILIEHTPOBOI'0 PO3JJIEHHS 3€PHOBUX MaTepiaiiB, BIAPI3HAIOTHCS
BJIOCKOHAJICHOIO KOHCTPYKIII€I0, sIKa 3a0e3nedye Kpally PpiBHOMIPHICTb
pO3MOAUTY MaTepialliB MO0 POOOYMX TMOBEPXHAX CENapylouyux pemiT 1
KOMIIAKTHICTh ~ 1X BHUroToBieHHs. [lepeBaramMum gaHUX MPUCTPOIB
0e3nepevyHo € BUCOKA MPOJIYKTUBHICTh 1 HU3bKE €HEProCIOXUBAHHSA, IO
poOUTH iX MPUBAOIMBUMU 1JIsI BAPOOHUIITBA 1 0OPOOKM 36pHOBUX Ta 1HIIHMX
ClJIbCHKOTOCITOIAPCHKUX MaTepiaiB.

4, Amnami3 oCTaHHIX TEHJEHIIIM PO3BUTKY MAIlIMH Ta 00JIaIHAHHS /IS
ITHEBMOBIJIIICHTPOBOT'O PO3AUICHHS 3€pPHOBUX MaTepialiB J1a€ MOXKIIUBICTb
CTBEp/UKYBaTH, WIO JaHUW HaAMpsIMOK JOCHIIKEHb € aKTyaJdbHHH 1
MEPCICKTUBHUM.
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RESEARCH ON THE DEVELOPMENT OF TECHNOLOGIES
AND TECHNICAL MEANS FOR PNEUMATIC CENTRIFUGAL
SEPARATION OF GRAIN MATERIALS

Summary
The article presents an analysis of current trends in the development of
technologies for pneumatic-centrifugal separation of grain and seeds. The analysis of
technical means for pneumatic-centrifugal separation of grain materials has shown that
they are effective devices for sorting materials using aerodynamic principles and
separating them into fractions based on seed density. It is also worth noting that the
scientific principles underlying the designs of these machines allow for the separation of
products based on their density using an airflow, providing a combined action of

removing light impurities and cleaning the grain.
It has been established that the considered designs of technical means for
pneumatic-centrifugal separation of grain materials are characterized by improved
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construction, ensuring better uniformity of material distribution across the working
surfaces of separating screens and compactness of their production. The advantages of
these devices undoubtedly include high productivity and low energy consumption,
making them attractive for grain processing and other agricultural materials.

An analysis of recent trends in the development of machinery and equipment for
pneumatic-centrifugal separation of grain materials indicates the relevance and
prospects of this research direction.

One of the promising directions in the development of pneumatic-vibratory
centrifugal separation machines is the use of compact designs. Optimization of the
process can lead to a reduction in the overall dimensions of the machine, which opens
up the possibility of more efficient use of production space and materials. Moreover,
such compact machines can be utilized as standalone units within a complex of
machines for grain cleaning.

Today, various methods of grain separation are actively being researched to
develop highly efficient separating elements for grain cleaning machines. Among them,
centrifugal-vibratory and centrifugal-pneumatic methods hold a leading position.
Agricultural practice shows that only screen separating devices are not the optimal
choice for grain cleaning machines. Air-screen machines, where air separation is
combined with screen cleaning, are more widespread. However, the combination of a
highly efficient pneumatic separating device with cylindrical centrifugal-vibratory
screens is of great interest. Such an approach could lead to the creation of highly
productive grain cleaning equipment, and the use of centrifugal-vibratory forces would
further enhance the process of separating grain materials.

Keywords: Pneumatic-centrifugal separator, separation of grain materials,
technology, technical means, intensification of the separation process.
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ACIHEKTH BJJOCKOHAJIEHHS TEXHOJIOI'TI BAPOGHUILITBA
BIOTI'A3Y

Anomayisn. B ctaTTi pO3MNISHYTO TEXHOJIOTIIO OTpUMaHHs 010razy siK CKIAJHY
CHCTEMY, Ha SIKy BIUTMBAIOTh BEIIMKA KUTBKICTh YMHHHKIB, KOXCH i3 SKUX HEMOXKIHBO
OoUiHUTH OKpemo. OOIPyHTOBAaHO, IO TEXHOJIOTIYHHMN Mporec 0i0ra3oBHX YCTaHOBOK
IPYHTY€ETHCS HA TEXHIYHHUX, O10JIOTTYHUX, XIMIYHUX, OpraHi3allifHUX Ta 1HIIUX eJIeMEHTaxX
CUCTEMH, SIKi TiepeOyBaroTh y Oe3nepepBHOMY 3B's13Ky OAMH 3 onHUM. [IpoBeneHO aHami3
OCHOBHUX €JIEMCHTIB CHCTEMH BHUPOOHMITBA 0iorasy BIANOBIIHO JIO TIAXOIB
MiKHapoaHOi cucteMu MeHemkMeHTy sikocti ISO 9001:2000. BusineHo, mo HaiOiabII
aKTyaJlbHE TJABUIICHHSA €(PEeKTHBHOCTI 010ra30BHMX YCTAaHOBOK — YJIOCKOHAJICHHS
TEeXHIYHUX TOKa3HUKIB TpPOLECY OTpHMaHHsA Oiorasy $K CHCTEMOYTBOPIOBAIBHHX
€JIeMEHTIB CHCTeMHU. [HII HEoOXiJHO BpaxOBYBaTH IPH IPOBEIEHHI JOCIIIKEHb SK
oOMexxyBalbHI. Tak Jyist IKICHOTO MOJICITIOBAaHHSI HEOOX1THO CKOPUCTATHUCS MPOLIECHUM Ta
CHCTEMHHUM IJXOJJOM MDKHAPOAHOI CHUCTeMH. baxaHWil pe3ysibrar JOCATAETHCS
eeKTUBHIIIe, KOJU MisIBHICTIO Ta BIMOBIIHHUMHU PECypcaMH KepyIOTh SIK IMPOIECOM.
Po3pobiieno kapTy mporieciB 610ra30Boi yCTaAHOBKH Ta BIATIOBIIHY /10 HET 3arajibHy CXeMy
TEXHOJIOTYHOTO TIPOIIeCy (QYHKIIIOHYBaHHS 010Ta30BOi YCTAHOBKH.

Knrouosi cnosa: Gioras, ycTaHOBKa, 10OpHBa, CHCTEMa, TEXHOJOTIYHUN TIPOILIEC,
KapTa IpoIiecy, TEXHOJOT s,

Ilocmanoséxka npobonemu. BupoOHMIITBO 0Olorasy Mae BEJIHKE
rocrofiapchbke 3HAYEHHS IS OTpUMaHHs OlomaiuBa, TEIJIOBOI Ta
CJIEKTPUYHOI €HEeprii, OpraHIvYHUX JT0OpUB, JT03BOJISIE 3aMOOITTH BUKUIAM
MeTaHy B aTMocdepy, a TaKoK MOXe OyTH BUKOPHUCTAHE SIK aBTOMOO1JIbHE
nanuBo [1,2]. MeTaH cToiTh Ha IPyromMy MICIIi TIC/Is TBOOKHCY BYTJIEPOIY
(CO2) B psny mNapHUKOBHUX Ta3iB, IO BUIUIAIOTECS B PE3yJbTaTi
TSTTBHOCTI TIoAMHU. MeTaH B 23 pa3u e(deKTUBHIIIE MATPUMYE TEIUIO B
atMocdepi 3emii, Hixk CO2. MeTaH — BIIHOCHO HEIOBrOBIUYHMIA T'a3, 1 HOTO
MPUCYTHICTh B aTtMoc(depl cTaHOBUTHh MNpuUOIM3HO 12 pokiB. OCKUIBKH
METaH Ma€ TaKi XapakTEPUCTHKH, CKOPOUYEHHS HOTO MPHCYTHOCTI B
atMocepi Oyno 6 0coOiMBO €(DEKTHBHUM Y IUIaHI MONEPEeIKEHHS
1100aJIBbHOTO MOTEIUTIHHS B HaWOIMKY1 poku. [3].

© Cxmap O. I'., Cxiisap P. B., bonrsuacekuii b. B., 2024
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biora3oBi ycTaHOBKHM MOXYTh OyTH BUKOPUCTaH1 K OYUCHI CIIOPYAU
Ha COHMPTOBHX 3aBOJaX, I[yKPOBUX 3aBojax, ¢epmax, nraxodaldpuxax,
M'SICOKOMOIHATaX Ta 3aMiHIOIOTh BETEPUHAPHO-CAHITAPHUIA 3aBOJ, TOOTO
TBAPUHHI BIAXOAW YTHII3Y€TbCs B 010Ta3 3aMiCTh BHPOOHMIITBA M'ACO-
KiCTKOBOro O60oporiHa [4].

Cepen TpOMHUCIOBO PO3BHHEHMX KpaiH TOJOBHE MiCIle 3a
a0COJIFOTHUMH TTOKa3HUKaMHU (32 KUIBKICTIO CEPE/IHIX Ta BETUKUX YCTAHOBOK)
qiylbHe Micre 3aiiMae HiMeuunna — 8 mutH on. YV 3axigniil €Bpormi Tpoxu
MEHIIIC ITOJIOBMHH BCIiX MTaxoepM OIMaroeThes biorazoM [5, 6].

Ananiz ocmanuix oocnioxcens. IlutranHsIMU BUpOOHMIITBA Oiorazy B
VYkpaiHi 3aiimanucs Taki HaykoBiIil, 30kpema: ['enetyxa I['.I'., MatBeeB FO.b.,
Kyuepyxk ILIL., Patymusk A.A., Tokapuyk .M., Kanetnik I'.M., [Tpunuisk
H.B., Ckopyk O.Il. ta in. 3a meil mepiox po3poOieHi 0iora3zoBi pi3HOI
MPOJYKTUBHOCTI 1 Pi3HOrO KOHCTPYKTUBHOTO BHUKOHaHHS. 3a iX JaHUMHU
MOJKHA TePETIYUTH HACTYITHI TIepeBaru 0iora3oBoi TexHouorii [2, 4, 8, 9]:

— BUKOPUCTAHHS JIJI1 BAPOOHUIITBA €HEPrii BIIHOBIIOBAHO1, MiCLIEBO1
POCIMHHOI Ta TBAPUHHOI CUPOBUHUY;

— MOJXJIMBICTb BHUKOPHUCTAHHS J10CI €KOHOMIYHO HE BUKOPHUCTAHUX
pociuH (abo iX YaCTUH);

— MOJIMBICTh yTHJII3allli OpraHIYHUX BIAXOMAIB AJisi BUPOOHHUIITBA
CHEPT1i;

— JIELIEHTpaTi30BaHe EHEPronocradyaHHs 0e3 0aratokiJIoMETPOBHX
KOMYHIKaIIii;

— CKOpOYeHHS emiciii mapHukoBuX TasziB sk wmeraH (CHay),
3Becensrounii ra3 (N20), Byriekucnuii a3 (CO2) B atmocdepy;

— BUBUIBHSETHCS TUIbKM Ta KuUIbKicTh CO2, sika Oyna 3acBoeHa
pociMHamMu B Tpoiieci pocTy (3aMkHyTHil KpyrooOir COz), meTaH He
BUJIUIAETHCS B aTMOCc(epy;

— TIOJIIMIIEHHS SKOCTI J0oOpMBa B MOPIBHSAHHI 3 HeNepepoOJeHUM
THOEM, 3MEHIIECHHS 1HTEHCHMBHOCTI 3amaxy 1 JY>KHOCTI MpU BHECEHHI B
IPYHT, IIBU/IIA 3aCBOIOBAHICTh POCIMHAMH TIOKUBHUX  PEYOBHH
MOPIBHSHO 3 HEOOPOOJIEHUM THOEM;

— y mnpoueci (depMeHTalli CKOPOUYEThCS KIIbKICTh IMAaTOr€HHHUX
MIKpOOIB 1 CXOXKICTh Oyp'sHIB;

— €KOHOMIsl IOOpHB Ta OTPYTOXIMIKaTiB, (PEpMEHTALIMHUI 3aTHIIIOK
€ €)eKTUBHHUM Ta €KOJIOTTYHUM 3aMIHHUKOM MIHEpaJbHUX JI00PUB.

Dopmyniosanns  memu  cmammi. YAOCKOHAJIEHHS TEXHOJOT]
BUpOOHUIITBA Oioraza Ha OCHOBI aHaNi3y HaWOUIBII PO3MOBCIOKEHUX
TEXHOJIOT1H Ta Kinacudikaiii 610ra30BUX YCTaHOBOK.

Ocnosna yacmuna. TexHonoris oTpuMaHHs Oiora3y Ta il Hojasblie
3aCTOCYBaHHS € CKJIaJHUM MPOIECOM, Ha SIKUM BILJIMBAE BEIUKA KUIBKICTh
YUHHUKIB, KOKEH 13 SKUX HEMOXJIMBO OL[IHUTU OKpeMO. 3 L€l MPUYHHU
HEOOX1THO PO3IJISIIATH CYKYITHICTh O€37114l eJIEMEHTIB, 110 Nepe0yBaroTh Yy
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CYTTE€BHX BIJIHOCMHAX 1 3B'A3KaX OJMH 3 OJHUM 1 YTBOPIOIOTH IE€BHY
UTICHICTB, €nHicTh, TOOTO cumcremy [10,11]. Ile 1imicHa CyKyIHIiCTb
€JIEMEHTIB, 110 B3a€MOJIE OJUH 3 OJHHMM, MDK €JIEMEHTAMU CUCTEMU €
CYTT€B1 3B'SI3KM, fAKI 13 3aKOHOMIPHOK HEOOXIJHICTIO BHU3HAYalOTh
IHTEerpauiiHi SKocTi wi€i cuctemu. {ns hopmyBaHHS cucTeMH HEOOX1THO
3a0e3MeunTd  YMOPSAKOBaHI  3B'SI3KM, TOOTO,  CTBOPUTHU  IEBHY
OpraHizaliifHy CTPYKTYpY, IO CKJIAJAEThCA 3 B3a€EMOIOB'I3aHUX OO0'€KTIB
Ta Cy0'€KTIB YIPABIIHHSA, IO PEATi3yIOTh UIHOBY (PYHKIIIIO CUCTEMHU.

TexHonoriunuii npouec 0610ra3oBUX YCTAaHOBOK IPYHTYEThCA Ha
TeXHIYHUX, OIOJOTIYHMX, XIMIYHHMX, OpraHi3alliiHUX Ta 1HIIUX
eJIEeMEeHTaxX CUCTEMH, 10 epedyBatoTh y Oe3repepBHOMY 3B'S3KY OJUH 3
omauMm [12-14].

Jlo TeXHIYHUX BITHOCITHCS KOHCTPYKTHBHI OCOOJMBOCTI JeTasei
Ta BYy3JiB 010ra3oBoi ycCTaHOBKM. BoHa mMOBMHHA MaTu HEOOXI1JIHI
gactunu [15]:

— €MHICTB I TOMOT€H13aIlli;

— 3aBaHTA)KyBay TBEPAOi (p1IKOi) CHPOBUHU;

— IPUCTPIN U1 IepEMILTyBaHHS;

— rasroJbep;

— METaHTEHK;

— TpyOOTNIPOBOIM JIJIsl TPAHCTIOPTYBAaHHS Oiorasy;

— cUCTeMa 3MIIIyBaHHS BOJHU Ta OIMAaJICHHS;

— cernaparop;

— HACOCHA CTaHIIIf;

— KJII ta A 3 Bizyanizaniero;

— MpuUIaand KOHTPOJIIO;

— cucTema Oe3NeKH.

biomaca BIAMOBIAHO O TEXHOJOTIYHOTO MPOLECY MOAAETHCS
HacocaMu a00 3aBaHTa)KyBaueM B METAHTEHK [16] - yTerieHuit pesepByap,
10 IMiTIrPIBAETHCS, 1 00IaITHAHUN MIKCEpPaMHU.

byamarepiasiom At TPOMHUCIIOBOTO pe3epByapy Haidacrime €
3a;mi300eToH ab0 cTanb 3 MOKPUTTSAM. Y MajMX YCTAaHOBKAaX 1HOAI
BUKOPUCTOBYIOTh KOMITO3UIIIMHI Marepiaau. Y peakTopi *UBYTh KOPHCHI
OakTepii, K1 XapuyrThCsi 010MacO0, MTPOYKTOM KUTTS TISIIBHOCTI AKUX €
Oioras. [lns miaTpuMKH KUTTA OakTepit mOTpiOHO MOJAHHS OpPraHIYHUX
MaTtepiaiiB, MAICPIB JO HEOOXIHOI TeMIepaTypu Ta TMepioUYHE
nepeMinryBaHHs. bioras, 110 yTBOpIO€ThCS, HAKOMTUYIYETHCS Y Ta3roJIbaEDI,
HaJaJll OYMIIAETHCS B CHELlaIbHINA CUCTEMI Ta NOJJA€THCA Ha BUKOPUCTAHHS
(koTenr abo eyeKTporeHeparop). MeTaHTEeHK MOKeX00€3NeUHHM, MpaLtoe
0e3 10CTyMy MOBITPs Ta repMeTuyHuM [16].

Jist 30po/KyBaHHS JESIKMX BUJIB CUPOBUHU y UYHUCTOMY BUIJIAII
noTpiOHa creliaibHa ABOCTajAiiiHa TexHoJoris. Hampuknaza, nTammHuii
nocmig [17, 18], conuproBa Oapma He mepepoOIIsaOTbCs Ha Oioras y
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3BHYaiiHOMY peaktopi. [ns mepepoOku HEOOXiTHO BUKOPUCTOBYBATH IIIE
peakTop TiapoJiizy. 3a AOMOMOrO0 HHOTO MOKHA KOHTPOJIIOBATH PIBEHb
KHACJIOTHOCT1, TAKUM YMHOM OakTepii He TUHYTh Yepe3 MiJABHUILEHHS BMICTY
KUCIOT abo JyriB. MoxiuBa mnepepoOka HHUX CyOCTpariB  3a
OJIHOCTAJIIMHOI TEXHOJIOTi€l0, ajie mpu KodepmeHTalii (3MillyBaHHI) 3
IHIIIMMHU BUJAMHU CHPOBHHHM, HAITPHUKIIA/, 3 THOIO a0o critocom [10, 11].

Jlo Ol0JOTIYHUX  €JEeMEHTIB CHCTeMH OTpUMaHHA Oiorasy
BigHOCcaThes [19, 20]:

— ckyiajg 30pokeHoi Oiomacu (3MICT O1UIKIB, >KUPIB, BYTJIEBO/IIB,
JITHIHY);

— ckian Mikpoduiopu (KUIBKICTh Ta TPymH MIKPOOPTaHi3MiB
BIJIMMOBIAHOT CTadll PO3KIIaaHHs);

— YMOBHU KHUTTEMISUIBHOCTI MIKPOOPTraHi3MiB (3MICT IIKiJIMBUX
JIOMIIIIOK).

biora3 — ra3, 10O OTpUMYETbCA Yy pe3yibTari (epMeHTaii
(30po/KyBaHHsS) OpPraHIYHUX PEYOBUH B aHAEpPOOHUX yMoOBax. Y
BUpOOHMITBI Olorazy OepyTh ydacTh pI3HI THUIHA MIKPOOPraHi3MiB 3
PI3HOMaHITHOIO KUIBKICTIO (yHKIiH kartabomizmy [20]. biorazose
OpOAIHHS B 3aJIEXHOCTI BiJ MIKpOOHOro BHAY OakTepiil, 1mo OepyTh
y4acTh, MOJKHA PO3JLTUTH Ha TpHU eTanu. llepimmii Ha3UBa€THCS MOYATKOM
OpominHsi Oakrtepiid. Pi3Hi opraniuni OakTepii, PO3MHOXKYIOYHUCH,
BUJUISIOTh TO3aKJIITUHHI (EPMEHTH, OCHOBHA pOJb SAKUX TOJATAE Yy
pYWHYBaHHI CKJIAQJHUX OPTaHIYHUX CIIOJNYK 13 TIAPOTI3HUM YTBOPEHHSIM
MPOCTUX pedoBUH. Hampukiaz, mosicaxapuad y MOHOCaxapuan; OUIOK y
MenTuau a00 aMiHOKWCIIOTH; JKAPU B TINIEPUH Ta JKUPHI KHUCIIOTH.
Jlpyruii eran Ha3WBa€ThCA BOJAHEBUM. Y TBOPIOETHCS BOJECHHb BHACIIIOK
JUSJIBHOCTI  OLITOBOKHUCIIMX OakTepiil. IxHs ocHOBHa poib TOJNATae B
OakTepiaJlbHOMY PO3KJIaJaHH1 OLTOBOI KUCJIOTU 3 YTBOPEHHSM JIBOOKUCY
BYIJIELIO Ta BOJHIO. TpeTiii eranm Ha3UBA€THCS METAHOT€HHUM. Y HbOMY
Oepe y4acTh TUII OaKTepiii, BiTOMUX K METAHOTEHHM. IXHS poJIb Mmonsrae y
BUKOPHCTAaHHI OIITOBOi KHCJIOTH, BOJHIO Ta JIOKCHUIY BYTJCIIO 3
YTBOPEHHSM MeTany [20].

[lepenik opraHiuHMX BIAXOMAIB, MNPUIATHUX IS BHUPOOHUIITBA
Oioraszy [2, 4, 11, 18]: kOopoB'suMii 1 CBUHSIYHMI THIM, NTATHHUA TTOCTI,
BIIXOAM M'ICOOiliHI, TpaBa, COJOMa, MYJ CTIYHHUX BOJ, MICISACIHUPTOBA
Oapna, muBHa JpoOWHA, XKUPOBI BIIXOMW, MPOCTPOUCHI MPOAYKTH Ta
Oararo inmoro. Hampuwknan, 3 1 T TrHOW0 BeauKoi poraroi XyaooOw
yTBOproeThcst 50—-65 ky0. M. Oiorasy, i3 pi3HHX BHUAIB €HEPreTUYHHUX
pocauH — 100-500 xy0. m. Tak, 6i0ra30Bi YCTAaHOBKH Ha KyKypyA3sHOMY
cuitoci BUpoOsisitoTh 230 Ky0. M. Giorasy 3 1 T cupoBunu [2, 4].

VY rHOIO BEIMKOI poraToi XyJ00u ByKe MICTSATHCS BC1 HEOOXIIHI AJIsI
noyatky (epMeHTalii MiKpOOpraHi3Mu, camMe€ TOMY Il CHPOBHHA 4acTo
BUKOPHUCTOBYETHCS JIJISl 3aITYCKY MPOILIECIB OPOAIHHS B HOBUX pEaKTOpax.
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Buxin Oiora3dy 3ajiexXuThb Big BMICTY CyXOi PEYOBHHHU Ta BHIY
BUKOPUCTOBYBaHOI CHPOBHHHM. 3 1 T THOIO Benukoi poraroi XyaoOu
BuxoauTh 50-65 M* Giorazy 3 Bmictom Merany 60%, 150-500 m* Giorasy 3
pI3HMX BHJIB POCIMH 13 BMICTOM MeraHy a0 70 %. MakcumanbHy
KuIbKicTh Olorazy — me 1300 m* i3 BMicToM MetaHy 10 87%, MOKHa
oTpuMartu 3 xupy [4, 12].

@i3U4HI €JIeMEHTH CUCTeMHM BUPOOHMIITBA Oiorazy, 110 BIUIMBAIOTH
Ha mporiec Opominns [9, 11, 12, 15, 18], BKIOYarOTh:

— IUTOIA IOBEPXHI YACTUHOK CHUPOBHHU;

— TeMIiepaTypy 30pOo/KyBaHHS;

— 9acToTa mojiavi cyocTpary;

— CTHIOBUTHHIOBAJIbHI PEYOBHHH,

— TUCK y 010Ta30Bii yCTaHOBIII;

— T1IpaBIIYHUI PEKUM;

— BOJIOTICTh CEPEIOBUIIIA,

— CTUMYJIIOI0Y1 JOOABKH.

MeTtaHoB1 OakTepii BHSBISIOTH CBOI IKUTTENISUIBHICTD Yy MeEXax
temriepatypu 0-70 °C. fkmo Temneparypa BUILa, BOHU TOYMHAKOTH TUHYTH,
KpIM KUIBKOX IITaMiB, SIKi MOXKYTh KUTH MPU TEMIIepaTypl cepeIoBUILA 0
90°C. 3a MiHyCOBOi TeMIIEPATypHU BOHU BUKUBAIOTb, aJIe€ IPUIIUHSAIOTH CBOIO
KUTTETSUIBHICTD, Y JITEpaTypl HIKHIO MEXY TEMIEpaTypu BKa3yIOTh SIK
3-4°C. bakTepiajibHI IITaMH, IO BiAMOBIIAIOTH 3a PO3KJIaJaHHS OloMacw,
HANOUTBIIT MPOAYKTUBHI Tipu Temmeparypax 25 © C (ncuxpodinshi), 37 © C
(Me300¢inbHI) 260 55 ° C (tepmodineai) [11, 12, 16].

[1noma moBepxHi YaCTUHOK CUPOBUHU Ma€ BaKJIMBE 3HAUCHHS IS
yacy po3KJIaJaHHA OiloMarepiaiy: IIO MEHIIE YacTHHKH cyOcTparty, TO
Kkpaie. Yum Oiable mionia B3aeMoiii 0akTepiil 3 maTepiaiaiB Oi0peakTopy
1 4MM BOJIOKHHCTIIIMK CyOCTpaT, TUM JIermie 1 IMmBHAIIE OakTepisMm
po3knagatu cyOctpar. KpiM Toro, Horo mpocriilie MepeMillyBaTu,
3MIIIyBAaTU Ta MIAIrpiBaTH 0€3 YTBOPEHHS IUIABAaIO4Oi Kipku abo ocamy.
[TogpibHEeHa cCMpOBUHA Ma€ BIUIMB Ha KUJIBKICTh BUPOOJICHOTO rasy 4epes
TPUBATICTh mepiogy OpomaiHHsA. Yum KopoTmui mepios; OpOIiHHS, THUM
Kpaiie Mae OyTH MOopiOHEHI MaTepiall.

XiMiYHI eJIeMEHTH CUCTEeMHU 010ra30BUX yCTaHOBOK [12]:

— KHACTIOTHICTh cepeoBuiia (Bennuuna pH);

— BmicT JIKK B maci, 1110 30poIKy€eThCS;

— o0csr Ta cknan 6iorasy;

— piBeHsb pH;

— criBBigHomeHHs C: N: P,

Cknan ta sikicth 6iorazy Briouae 50-87% wmerany, 13-50% COo,
He3HayHi gqomimtku Ho ta HoS. Tlicns ounmienus 6iorasy Big CO2 BUXOIUTH
OloMeTaH — MOBHHUI AaHAJOr MNPUPOJHOTO Ta3y, BIIMIHHICTH JIMIIE Y
[MOXO/KEHHI.
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OCKUIBKM TUIBKM METaH IOCTAaya€e €HEPriro 3 0iorasy, AOLUUIBHO IS
ONHCY SKOCTI Tra3y, BUXOAY ra3y Ta KUIBKOCTI ra3y BC€ BIJHOCHUTH [0
METaHy 3 Horo mokazHuKaMu, 1o HOpMYIOThCsA. OO0'eM rasiB 3aJIeKUTh Bil
TEMIEpaTypy Ta THCKY. BUCOKI TemnepaTypu mpu3BOIATh O PO3LMIUPEHHS
ra3zy i 0 3MEHIIYBaHHS Pa3oM 3 00CATOM PiBHs KaJIOPIHHOCTI, 1 HaBMaKH.
KpiM Toro, mpu 3pocTaHHI BOJIOTOCTI KaJIOPIHHICTh Ta3zy TaKOX
3HUKY€EThHCA.

Opramni3ariiiHi eJJeMeHTH CHCTEMH BKI04aroTh [10, 12, 15]:

— KUIBKICTb Ta TMEpIOANYHICTh 3aBaHTAXCHHS Ta BUBAHTAXKEHHSA
30pOKEHOTO MaTepially;

— MOXJIHBICTh peamizaiii orpumaHoi mnpoxykiii (ra3, moOpuBa,
CIICKTPOCHEPTIIO TOIIIO);

— SIKICHUHM CKJIaJl MacH, 110 3aBaHTAXKy€ThCA.

Ha ocHoBi anami3y kmacudikariii O6iora3oBux ycranoBok [1, 8, 15,
18], MoxHa 3pOOHUTH BUCHOBOK, IO HAMOIIBII 4aCTO 3yCTpiYaeMUil BapiaHT
O0lorazoBoi  yCTaHOBKM — II¢  OJHOCTyMmiHYacTa,  Me30(ijbHa,
KBa31HENIEPEPBHO 3aBAHTAKyBajbHA YCTAaHOBKA BOJIOTOi (pepMeHTawii s
BUPOOHMUIITBA €JIEKTPUYHOI €Heprii Ta TeIIOTH.

3 MpOBEACHOr0 MONEPEIHBOr0 aHANI3y MOXKHA JIMTH BUCHOBKY Y
TOMY, IO HAWOUIBII aKTyaJlbHE MiJABUINCHHS €(PEKTUBHOCTI 010ra3oBHUX
YCTAaHOBOK — YJOCKOHAJIEHHS TEXHIYHUX MOKA3HUKIB MPOIECY OTPUMaHHS
Oioraszy sk CHCTEMOYTBOPIOBAJIBHHX €JIEMEHTIB CUCTeMHU. [HII HEoOXigHO
BpPaxOBYBATH NP MIPOBEJICHHI JTOCHIKEHb K 00OMEXyBaIbHI.

Ha ¢ynkiionyBanHs 610ra30BUX YCTAaHOBOK MalOTh BEJIMKUN BIUIUB 1
ocoOnuBOCTI yTpuMaHHS TBapuH (mtwii). B oTpuMyBaHiil opraHivHIN
CHUPOBHHI MICTUTBCA BEJUKA KUIBKICTh PI3HUX 3a (PI3UKO-MEXaHIYHUM
CKJIaJIOM MaTeplajiB: THI TBapHH, COJioMa, CTOpOHHI npeameT. Conoma €
M1JCTUIKOBUM MaTepiaiom, 0araTa Ha KJIITKOBUHY 1 € MOTaHOK CUPOBUHOIO
JUIsl OTpUMaHHS METaHy, B 010peakTopi BOHA BIAIIAPOBYETHCS BiJ THOIO,
CIUTUBAE Ha TMOBEPXHIO 1 YTBOPIOE IIap, IO MEPENIKOKAE BUIICHHIO Ta3y
[20, 21]. CtopoHHi nmpeaMeTH — Iierjia, METaJIeBl AeTalll Ta 1HIII Pe3yIbTaTH
0€3rocrnoIapHOCTI — MEPENIKOKAIOTh Mepediry TEXHOJIOTIYHOTO MPOIIECY
Ta BEOyTh JO IMOJIAMOK MallnH. Bce e CHIBbHO YCKIQJHIOE TIPOIIeC
OoTpuMaHHs 0iorazy, TOMy HEOOXIJHO TOIMEPEAHE BIAAUIEHHS B'SI3KOT0 a0
CUITy4Or'0o, B 3aJIEKHOCTI BiJI BOJIOTOCTi, THOIO BiJl COJIOMH, MOAPIOHCHHS
COJIOMH Tepe]l HAaJIXOKCHHSAM HOoro B OilopeakTop, IpH HEOOXIITHOCTI
OUYHUIICHHS BiJI CTOPOHHIX JOMIMIOK. SIKiCHE MOAPIOHEHHS OpraHIvYHUX
MaTepialiB, 110 HAaAXOIATh Ha MEpPEepoOKy, OCOOIMBO COJOMHM, MIJABHUILYE
HIBUAKICTH OPOAIHHS 1 CKOPOUY€E TEPMIHU IEPEPOOKHU.

Jlist 3a0e3nedeHHs] OAHOPIHOCTI Ta pyHHYBaHHS T'a30HEMPOHUKHOI
KIDKM 3aCTOCOBYIOTbCSI 3MIIIyBayl pI3HUX KOHCTPYKLIM, BHUOIp Ta
OOIPYHTYBaHHSA iX ONTUMAJIbHUX KOHCTPYKTHBHO-PEKUMHHUX MapaMeTpiB €
pe3epBOM MIJIBHINCHHS KIIBKOCTI oJepKyBaHoro Merany [10, 22].
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Jucnepraniss TakoX MIJBUILYE OJHOPIAHICTb, a NOAPIOHEHHA 10
JUCTIEPCHOTO CTaHy MiABUIIY€ €(EKTUBHICTh O10ra30BO1 YCTAHOBKH.

JUiss  cTBOpeHHsT HEOOXIJHOI BOJIOTOCTI BHUTPAYAEThCS BEJMKA
KUIBKICTh BOAM, SIKA 3rOJIOM BHJIAISAETHCA 3 OTPUMAHUX J0OpHB
0€3M0BOPOTHO, 1€ HEMPUITYCTUMO 3 MOTJIAy €KOHOMIi BOJHUX PECYPCIB.
Bonory pazom 3 6akTepisiMu, 110 3HAXOJATHCS B Hikl, HEOOX1THO MMOBEPTATH
B TEXHOJIOTTYHUI MpolLiec, s [[bOTO MPUCTPOI PO3MOALTY TBEPIOI 1 PIAKOI
dpaxuiii TOBMHHI OyTH BHUCOKOIMPOIYKTHUBHI. OTpumaHi n00puBa MaroTh
OTPUMYBATH BHUCOKY JOJaHy BapTICTh Ta CTaTH PEATbHUM JIKEPEIoM
JIOXOY.

bazoBuM BapiaHTOM it OOTPYHTYBaHHS MiJIXOMY JO MPOEKTYBAHHS
010ra30BUX YCTaHOBOK MOXXE OyTH MIDKHApPOJHA CHUCTEMa MEHEHKMEHTY
skocti ISO 9001:2000 [23], ocKLIbKK Ma€e MicIie 30ir IuIeH - MiABHIICHHS
e(EeKTHUBHOCTI, MIpOI0 OLIHKHM $SKOi B HallOMY BHIAJAKy MOXe€ OyTH
MaclITabHICTb ~ MNPOLECY, TIOKA3HUKH  pecypco30epexeHHs,  SAKICTb
OJlep>KyBaHOi mpoaykuii. s SKICHOTO MOJETIOBaHHS HEOOX1JTHO
CKOPUCTATHCS MPOIIECHUM Ta CHCTEMHUM M1X0A0M MDKHAPOAHOI CUCTEMHU
[23]. Baxxanuii pe3yiabTaT AOCATAEThCS €(DEKTUBHIIIE, KOIU AISUTBHICTIO Ta
BIJIMOBITHUMHU PECYPCAMU KEPYIOTh K IPOLIECOM.

OcHOBHa MeTa MPOLIECHOTO MIJIXOAYy — MOCTIHHE MOKpAIIeHHS, 1110
IPYHTYEThCS Ha PO3POOKAaX HOBOI CTPYKTYpH MOjENEH, OpieHTalii Ha
3aJI0BOJICHHSI MOTpeO CMOXKMBauiB, aHaNI3 JaHUX NPO (PYHKIIOHYBaHHS
CUCTEMHU, MIATPUMAHHS TPUBAJIOTO CTIMKOTO CTaHy CUCTEMH B LIJIOMY Ta ii
eleMeHTiB [23].

KoHmemnist mOCTIHHOTO  TOKpAIIEHHS  BKIIOYA€  MOKPAIECHHS
MaJeHPKUMH KPOKaMH Ta MPOPHUBAMHU, MEPIOJAWYHY OI[IHKY BiIMOBITHOCTI
BCTAHOBJICHUM  KPUTEPISIM  JIOCKOHAJIIOCTI  JJii  BU3HAYEHHS  raiysl
NOTEHILIITHOr0 MOKPAILLEHHs, MOCTIHHE NIABULIEHHS €()EKTUBHOCTI BCIX
npotieciB. [{ns ycnimHoro GyHKI[IOHYBaHHS CUCTEMA MOBUHHA BU3HAYUTHU
Ta KepyBaTH YHCICHHUMH B3a€MOIOB'SI3aHUMHU  TIPOIECAMH, IO
BUKOPHUCTOBYIOTh PECYpCH Ta KEPOBAHHMH 3 METOIO TMEPETBOPEHHS BXOJIIB
y BHUXOAHM, TPH IOMY YacTO BHXiJl OJHOTO TMPOIECY YTBOPIOE
Oe3rocepeIHbO BX1J] HACTYITHOTO.

Ha pucynky 1 HaBemeHo kapTy mpolieciB 0i0ra3oBUX YCTaHOBOK.
Kepytoui mpoiiecu crnpsMoBaHI Ha Oprasizaililo Mpolecy, PO3KPUBAIOThH
METy TMpOIECy Ta TEXHIYHI BUMOTH N0 mporecy. Pazom 3 edekTuBHICTIO
mpolecy TOBAap OTPUMYE JOJIaHy BapTICTh, IO BiJOMBA€ E€KOHOMIUHY
epextuBHicTh. [Ipomecu, mo 3a0e3neuyroTh, CIpPsSMOBaHI Ha MIATPUMKY,
KOHTPOJIb, KOPUTYBaHHS Ta 3amoOiraHHs MOXJIMBUM BIJIXUJIEHHSAM BiJl
HOPMAaTUBHUX BHMOT.
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[Ipu omuci npouecy MaroTh OyTH BpaxoBaHI KOMIOHEHTH, HEOOX1IH1
JUTS  HAJIKHOTO (YHKIIIOHYBaHHS [23]: BH3HAYUUTH MEXi TPOIECY;
BCTAaHOBUTH BUMOTH JI0 HHOTO; iICHTU(DIKYBAaTH BXiJIHI Ta BUXITHI TTOTOKH;
BU3HAYUTU OCHOBHI MOKa3HUKH.

Kepyroui mporniecH

EdexTHEHIC TR BHDOOHHAITEA DlOTasV | I0ODHE OTprMaHHA JoJaHOL

BapTOCTI MPOIYKIIL

TexXHIUHI BUMOTH

/ Karogosi mporecH \

BigokpemaeHHa rHOWO Ta

O PiOHEHHA COTOMH

3MiMIyBaHHA Ipoxyruia

CupoBHHA

BMXig

BXiA, Jucneprysassa

BE‘I,I[E].'IEHHH BOIOTH 3

J00pHB

2 _/

IIpomech, mo 3abe3medy0Th

~

Am\ams jaEEx

TexHiuHe TOKpPANISHHA

Inesrudikamnia mpomecis

Kourpoas

Bepudiraria

Bamgamia

JomomizxHl
TOCT TKEHHT

IlnamyBanas

EKCIISPHMEHTIB

HopMaTHBHO-TeXHIYHA
JOKYMCHTAIL A

N 2/

Puc. 1. Kapra nporieciB 6i0ra3oBoi yCTaHOBKH

Po3pobka oGnagnanus BI'Y mop'sizaHa 3 BUKOPUCTAHHSM BEJIUKOI
KUTIbKOCT1 1H(pOpMAaIlii, PO3BUTOK METOJIB MPOEKTYBAHHS BEIUKHX 1
CKJIQJJHUX CHCTEM BHMara€ BHKOPUCTAaHHS CHCTEMHOro aHamsy [20,24].
[Ipy 1npOMY KIIOUOBMM € TIOCTAHOBKA OINTHUMI3alliiHUX 3aBJaHb, TYT
TUIIOBOIO € CUTYaIlisl, KOJIM HE TOTPIOHO BUCOKOI TOYHOCTI TIPH 3HANACHHI
ONTUMAJILHUX 3Ha4YeHb mapameTpiB [25]. Ha pucynky 2 mpencraBieHO
3arajabHy CXeMy IPOMIOHOBAHOTO TEXHOJIOTIYHOTO MpoIIECy
(GyHKLI0HYBaHHS 010ra30BO1 YCTAaHOBKH, /1€ BpPaXOBAaHO BUSBJICHI HEAOIIKH
icHyto4oro obOnanHaHHs. ['HI 13 TBapUHHUIBKOI (epMH HAIXOIUTh Ha
BIODOCUTO 1 BIJOKPEMIIIOETHCS BiJl CTOPOHHIX JOMIIIOK, HaiyacTilie
MIJCTUIIKOBOI COJIOMH, 1 TMpsAMYE B OlOpeakTop, KyAW COJIoOMa MOXKe
HAJXOJIUTH MICJIS OAPIOHECHHS.
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Y Oiopeaktopi Tmporec TepepoOKH aKTHBYETHCS JTBOBATHLHUM
3MilIyBa4e€M Ta JUCIEPraTopoM, MpPU LBOMY 3MIIIyBayiB MOXe OyTu
JEKUIbKA 3aJ1€XKHO B1Jl 00CITY METaHTEHKA.
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Puc. 2. 3aranbHa cxema TEXHOJIOTTYHOTO Mpouecy PyHKIIOHYBaHHS
010ra3oBoi yCTaHOBKHU: 1 — OYHKEp 3 CUPOBUHOIO, 2 — BIOPOCHTO,
3 — 6iopeakTop, 4 — qUCIIEpPraTop, S — 3MINTYBAIbHUM IITHEK,

6 — moapiObHIOBaY, 7 — TBUHTOBHIA Mpec

[Tepepobnennii opraniuHmnii MaTepiaia PO3MOIIISETHCS Y TBHHTOBOMY
mpeci Ha TBEpAy Ta piaky Gpakiii, TBepla OTPUMYE BUCOKY HOJAHY
BapTICTh, a PiJIKa MMOBEPTAETHCH Y TEXHOJOTTYHHUIA TIPOIIEC JIJIsT TIOBTOPHOTO
BUKOPHCTaHHS.

Bucnosxu. Amnams TCXHIYHUX, 010JI0T1YHHX, XIMIYHHX,
OpraHi3alliifHUX €JIEMEHTIB CHCTEMU BHPOOHHUIITBA Olorasy J103BOJIMB
poO3poOUTH  KapTy IMpoleciB 010ra3oBoi YCTAHOBKM 3 ypaxXyBaHHSM
OCHOBHHUX IIJXOIB MDKHApOJAHOI CHUCTEMH MEHEHKMEHTy skocti [1SO
9001:2000. Ha ocHOBI po3poOJICHOI KapTH 3alpOIOHOBAHO  Ta
OOIPYHTOBAHO 3arajbHy CXeMy TEXHOJIOTYHOIro mpouecy GyHKIIIOHYBaHHS
610ra30BOi yCTaHOBKH.
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ASPECTS OF IMPROVING BIOGAS PRODUCTION TECHNOLOGY

Summary

The article examines the biogas production technology as a complex system that
is influenced by a large number of factors, each of which cannot be assessed separately.
It is substantiated that the technological process of biogas plants is based on technical,
biological, chemical, organizational and other elements of the system, which are in
continuous communication with each other. The main elements of the biogas production
system were analyzed in accordance with the approaches of the international quality
management system ISO 9001:2000. Based on the analysis of the classification of
biogas plants, it can be concluded that the most common version of the biogas plant is a
single-stage, mesophilic, quasi-continuously loaded wet fermentation plant for the
production of electricity and heat. It was found that the most urgent improvement of the
efficiency of biogas plants is the improvement of technical parameters of the process of
obtaining biogas as system-forming elements of the system. Others must be taken into
account when conducting research as limiting. Thus, for high-quality modeling, it is
necessary to use the process and system approach of the international system. The
desired outcome is achieved more effectively when activities and related resources are
managed as a process. The main goal of the process approach is continuous
improvement, based on the development of a new structure of models, orientation on
meeting the needs of consumers, analysis of data on the functioning of the system,
maintenance of a long-term stable state of the system as a whole and its elements. The
concept of continuous improvement includes improvement in small steps and
breakthroughs, periodic assessment of compliance with established criteria of
excellence to identify areas of potential improvement, continuous improvement of the
efficiency of all processes. To function successfully, a system must identify and manage
multiple interrelated processes that use resources and are controlled to transform inputs
into outputs, often with the output of one process directly forming the input of the next.
A process map of the biogas plant and a corresponding general diagram of the
technological process of the biogas plant operation have been developed.

Key words: biogas, installation, fertilizers, system, technological process,
process map, technology.
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JOCJIIXKEHHS TEXHOJIOTI'TI 3AMOPOXKYBAHHS AT

Anomayisn. IlpoBeneHuil aHami3 TEXHOJIOTII 3aMOpPOXKYBaHHS AT, SKY
BUKOPUCTOBYIOTh Ha CHOTOJHINIHIA JIEHb B XapuoOBOi MPOMUCIOBOCTI, IMOKa3ajo, IO
TpebOa BIOCKOHAIUTHU AaHui mporiec. Lle A03BOIUTH OTpUMATH SKICHY MPOIYKIT MiCHs
BUKOPHCTAHHS 3aMOpPOXYBAaHUX AT 13 MaKCUMaJbHUM 30epexeHHs skocTi. [Ipu
3aMOPOXKYBaHHI ATi[] TPAAULIKHUMU METOJaMH, II0 3aCTOCOBYIOTHCS B XapyoBiil
MIPOMHMCIIOBOCTI, BiAOYBaIOThCSA 3HA4YHI BTpPATH OUIBIIOCTI OI1OJOTIYHO AaKTUBHUX
PEYOBHH, 0COOIMBO i Yac pO3MOPOKyBaHHS. bylio mpoBeeHO MOCIIKEHHS MPOIIECy
3aMOPOKYBaHHS SIT1M, SIKE TO3BOJWJIO BCTAHOBUTH (PAKTOPH, SIKI BIUIMBAIOTH Ha SKICTh
MOPOAYKIIii, [0 B MOAANBIIOMY J03BOJHTH BHUKOPUCTOBYBAaTH Yy BHUPOOHHWYHMX yMOBaX.
ToMy icHyro4l HH3BKOTEMIEpPAaTypHI TEXHOJOrI MNepepoOKH STiTHOI CHPOBUHU
noTpeOyI0Th BJOCKOHAJICHHS.

Kniouosi cnosa. 3aMOpoKyBaHHS, TEXHOJIOTIS, ArOJM, TeMIepaTypa, XOJIOJ,
AKICTb.

Ilocmanoska npobnemu. 3a JaHUMH aAHAJNITUKIB, IIONMUT Ha
3aMOPOXKEHY ATIIHY NPOAYKIIIO 3pOCTae y BChOMY CBITI, a ii 00Ir
30UTBIITy€ThCs Matxke Ha 4% mopiuHo. BukopucTanHs X0J10/ly € OCHOBHUM
¢dakTopoM, 110 BILUTUBAE HA XapyoBY Ta O10JOTIYHY I[IHHICTH CUPOBHHH Ta
roToBOi TpoayKiii. Meroam 30epeKeHHsS XapuoBUX IHTPEIIEHTIB 3a
JIOTIOMOTOI0  OXOJIO/DKEHHS MAar0Th 3HA4YHI TepeBaru mepea MeTodamMu
TETIOBOT 0OPOOKH, TAKUMH SIK IMAacTepu3allisi, cTepuii3anis, cyminns [1, 2].
3 i”moro OOKy, B VYKpaiHi BCE€ II€ HEIOCTaTHbO BUPOOISIETHCS
3aMOpPOKEHOT MPOJYKII POCIMHHOTO MOXO/KEHHSI ,0COOJIMBO ST,
BUPOOJISIETBCA HEIOCTAaTHbO, a OUIBIIICTh 3 TOrO, IO TMOTpaIlII€ B
TOPTOBEIbHY MEPEXKY, € HETOBHOIIIHHUM Ta HU3bKO1 SKOCTi. TOMy mUTaHHS
3a0e3MeUeHHs] Ta MiJBUILEHHS SIKOCTI MPOJYKIIi € akTyalbHUM JI BCIX
KpaiH 1 mianpueMcTB. Bin #oro BUpIMICHHS 3HAYHOIO MIpOI0 3aJIEKHUTh
ycIix 1 e()eKTUBHICTh HaIllOHAIBHOT €KOHOMIKH [3, 4, 5].

Cnmim matu Ha YyBas3l, 00 MIIBHUINCHHS SKOCTI MPOAYKIIi €
JIOBTOCTPOKOBHUM 1 O€3MepepBHUM 3aBJIaHHAM. PiBeHb SAKOCTI MPOIYKIIIi HE
MOe OyTH IMOCTIMHOIO BEMMYMHOO. [6, 7] Hami gociiykeHHs TOKa3yoTh,
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10 iICHy€ HEOOX1THICTh PO3POOKH 00JIaIHaHHS, SIKE BPAXOBYE BCl (haKkTOpH,
10 BIUTMBAIOTH HA SKICTh MPOAYKIIIT 0 1 ij] yac 30epiraHHsl.

TakuMm 4YmHOM, HEOOXITHO TaKOX PO3pPOOUTH ab0 BIOCKOHAIUTH
TEXHOJIOT1I0 JJig 30epiraHHs SKOCTeH sTii, TOOTO MiHIMI3yBaTH BTpATy
MOKUBHOT IIIHHOCTI.

Ananiz ocmauuix oocnioxcens. Ha choroani B Hammiil kpaiHi Ta 3a
KOPJIOHOM  HAKOMUYEHO  BEJIUKUA  TEOPETUYHUH 1  MNPaKTUUHHUM
JTOCTITHUIIbKUN ToTeHIla. TeopeTHUYHMM 1 TPaKTUYHUN HAYKOBUM
MOTEHIIIAJ 3 Ii€l TPOOJIEMAaTUKH, a TAKOX HOTO BUKOPUCTAHHS 1 PO3BUTOK
JAl0Th MOXJIMBICTH 3pOOUTH aHaI3 Ta BUSBHUTH HEIOJIKH, SKI MOTPIOHO
BUKJIIOYATH Y BJOCKOHAJIEHHI TEXHOJIOT1H 3aMOpOKyBaHHI.

OcrtanHiMH pokamMu 0araro HAayKOBI[IB BHMBYAIOTh IHUTaHHS
KOHCEpPBYBaHHS AT1A. JlOCHIHKEHHAMH MICII30MpaibHOT KOHCEpBallii Arij
3aiimaroThcsi Oarato BueHux [1, 2, 3, 4, 5]. OxgHak, Oyn0 BiAMIYEHO, IO
OUIBLIICTh 3alpPOTIOHOBAHMX BapiaHTIB CHpPSAMOBAHI Ha OTPUMAaHHSA
HalKpauux A OTPUMaHHS HaWKpalluX MOKA3HUKIB SKOCT1, MOTPEOYIOThH
MOTAJIBIIIOTO BAOCKOHAJIEHHS. TOMy 3 METOI0 PO3pOOKH MOJACpPHI30BaHUX
ATITHUX KOHCEPBIB HEOOXIAHO MPOAOBXKHUTH HACTYIHI JOCHIIKEHHS Y
HaIpPsIMKY PO3pOOKH MOAEPHI30BAHOI TEXHOJIOT1T 30€piraHHsl sril.

ToMy akTyalbHUM € TIPOJIOBXKEHHS BIPOBAKEHHS HOBHUX TIAXOMIIB
710 30epiraHHs AriJl 3 BAKOPUCTAHHSIM XOJIOY.

Dopmynoeanns yinet cmammi (nocmauwoska 3aedamis). MeToro
JAHOI CTaTTl € JOCHIPKEHHS TEXHOJIOTII 3aMOpOXKYBaHHS ATl 13
BUKOPUCTAaHHSAM XOJIOAY, MO0 MaTh 3MOTY BIPOBAAUTH BIOCKOHAJICHY
TEXHOJIOTII0 B Xap4OBOi MPOMUCIIOBOCTI Ta B (hepmax.

Ocnoena uacmuna. Ilpum 3aMOpoXyBaHHI MPOAYKTIB XapyyBaHHS
BiOYBAa€EThCS HACTYIIHE  3HA4YHA YacTHMHA BOJHW, IO MICTUTHCS B
MPOJYKTaX, KpHUCTANi3yeThcsa. B pesynpTaTi OakTepii m030aBISIOTHCS
cepenmoBuIa s KUTTEMIsbHOCTI. Kpim toro, -20... Komu Temneparypa
orycKaeTbest 10 -25°C, 610XiMiUHI MPOIIECH 3HAYHO CTIOBUTBHIOIOTHCS. [1pH
temriepatypi -25°C O6ioXiMiuHI TPOILECH 3HAYHO CHOBUIHHIOIOTHCS, IO
CIpUsie TOJOBXKYETbCA TEPMIH 30epiraHHs MPOAYKTY. TpHUBaNiCTh
3aMOPOKYBaHHSI 3aJICKHUTh BiJ] TEIUIO(I3MYHUX BIACTUBOCTEH, PopmMu Ta
nepiony 3aMOpoXyBaHHS Tpoaykty. [8, 9, 10] ¢isuunmii mporec, mij Jac
SKOTO TEeMIIEpaTypa peUOBUHU OMYCKAETHCS HUKYE TOUKU 3amep3aHHs. Bin
CKJIQJIa€ThCs 3 SIBHOTO Ta IpuxoBaHoro Teria. Komu pedoBuna nepedyBae
Opy  TEeMIlepaTypl BHUIIE TOYKH 3aMEp3aHHs, CHOYaTKy BIJBOAUTHCS
BiTYyTHE TEIUIO, IMOKM PEUYOBHHA HE JIOCSATHE TOYKH 3aMEP3aHHsS, TMOTIM
BIJIBOJIUTHCSl MPUXOBAHE TEIIO KpHCTamizamii (IJaBJIeHHs), 1, HapeIlTi,
BIJIBOJUTHCS TOJANbIIE BIAYyTHE TEIJIO, TOKH PEYOBHMHA HE JOCSTHE
[JTbOBOI TEMIIEPATyPH HUXKYE TOYKH 3aMEP3aHH.

OcranHi po3p0oOKHU B rajgy3i 3aMOpPOKYBaHHS AT, PPYKTIB 1 OBOYIB:
30UIBIICHHS IIBUAKOCTI 3aMOpPOXYBaHHS Ta KOHTPOJb YTBOPEHHS 1
KpucTaizamii apoay [11, 12, 15].
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[lim BmIMBOM  KpPIOTEHHOTO  3aMOPOKYBAaHOTO  CEPEIOBHIIA
[OYMHAETHCST TEIUIOBIJAaua, 1 HPOAYKT IIOYMHAE BTpAavyaTh TeIJIO B
HaBKOJIMIIHIO atMmocdepy. [loBepxHs NpoayKTy 3a3Hae TeMIlepaTypHHX
3MIH TMIBUAIIC, HDK WOro BHYTPINIHSA 4YacTUHA. MOHITOPUHT 3MiH
TEMIEpaTypy B TEIJIOBOMY IIEHTP1 MPOAYKTY B 4aci Ja€ 3MOTy OTpUMATU
XapakTepHy KPHUBY 3aMOPOXKYBAHHS. o0 BinOymocs 3aMOPOIKYBAHHS,
Xap‘IOBI/II/I MmaTepiajl TOBUHEH OyTH IEpPEeOXOJOKEHUM, 1 YUM BUIIUH
CTYIIHb IEPEOXOJO/UKEHHsS, THUM BHIA IIOYaTKOBAa TeMIepaTrypa
3aMOpOXKYBaHHs Ta/ab00 HUXK4Ya TeMIieparypa 3aPOJLKEHHS. Ha kinbkicTb
THOTTY, IO yTBOPIOETECS HA XapuOBOMY HpO,ZIyKTl i yac 3aMOPOKYBAHHS,
BIUIMBA€  CTYMIHb IEPEOXOJOKEHHA, 1 4uM  Oljiblie CTyrIlHL
NEPEOXONIOIKEHHSI 3pOCTAE, KUIBKICTh JIbOAY, 110 YTBOPIOETHCS MiJl 4Yac
3apOJ/IPKEHHS, TaKOX 30UIbIIYETHCS. Y TBOPEHHS KPUCTAIIB JBOAY Mij Yac
3aMOPOKYBaHHA ST, (QPYKTIB 1 OBOYIB 30uIblllye 00'€eM MPOIYKTY,
BIUIMBAIOUYM HA TEKCTYPY 3aMOPOKEHHUX MPOAYKTIB. 30UIbLIEHHS 00'eMy
XapaKTEPU3y€EThCSl MOIIKOHKEHHSIM KIITUHHUX MEMOpaH 1 YTBOPEHHSIM
MyCTOT Ha MIKPOCTPYKTYpHOMY piBHI. Lle siBuIlEe, sSike MOpYyIIy€ LITICHICTD
NPOAYKTY, IPU3BOANUTD 10 HAAMIpPHOI BTpATH Kpareib 3 TPOAYKTY IIiJl 4ac
po3mopoxxyBanss [10, 13].

ToMy XapakTepuCTUKHU KPUCTAIIIB JHOIY, 0 YTBOPIOIOTHCA MiJ Yac
3aMOPOKYBaHHS, BIIIIPAIOTh BAXIWBY pOJIb y BH3HAYEHHI TEKCTYPHUX
BJIACTUBOCTEHN 3aMOpOKEHUX Arid, PpyKTiB 1 oBoYiB. LI KpucTanu nboay
BIJIPI3HSIIOTHCA 32 PO3MIPOM (BiA JIpIOHUX O BEJIHMKHUX), PO3TAILYBAHHIM
(mo3akiriTHHHE a00 BHYTPINIHBOKIITUHHE) Ta (hopmoro [16, 17].

Sxmo BenmMKa KUTBKICTh JPIOHMX KPUCTANIB JIBOAY PIBHOMIPHO
pO3MOIiIeHa B MO3aKJIITUHHOMY Ta BHYTPIIIHbOKJIITUHHOMY CEPEIOBHILI
miJ 4yac 3aMOpOKyBaHHS, B POCIMHHIA KIITHHI B1JOYBa€ThCS HE3HAUHE
pyliHyBaHHS a00 TOIIKOMKEHHS, B TOM dYac SKIIO MiJ Yac MIBHUAKOTO
3aMOpPO’KYBaHHS CTPYKTypa TKaHMHU 3aJMIIA€THCA JO0O0pe 3aXUIICHOIO,
TOMY BTpaTH Kparelb IiJl YaCc PO3MOPOXKYBaHHS HHU3bKI. [Ipumyckaerbes,
00  I[BUAKE 1  CWJIbHE  3apO/UKCHHS  JIbOAY,  CIPUYMHEHE
NEPEOXOJIOKEHHSIM, MPU3BEIIO JI0 MIBUIKOIO PyXy BOJIH, 10 CIIPUYUHUIIO
3HAYHE TMOIITKO/KEHHS KIITUH NoJiyHuI. [le mociimkeHHs mokasye, mo Ha
CTPYKTYpY KIITHH 3aMOpO’KEHUX TKAHWH BIUIMBA€ TUI KPHUCTAJIB JIbOAY,
1110 YTBOPIOIOTHCS, HAa JOJIATOK JI0 iX PO3MIpYy.

TakuM YMHOM, Ha SKICTh 1 MIKPOCTPYKTYPY 3aMOPOKEHHX STij,
GpyKTIB 1 OBOYIB BIUIMBAE MPOLEC JHOJOYTBOPEHHS 1 TOMY BaKJIMBO
KOHTPOJIFOBAaTH TIPOIIEC 3aMOpPOKYBaHHS I OTPUMaHHS JpiOHUX,
PIBHOMIPHO pO3NOJIEHUX KPHUCTAJIIB JIbOAY, LI0 MA€ Ba)KJIMBE 3HAUYCHHS
JU1s1 30€epeKeHHs [UTICHOCT KIIITUHHUX CTIHOK AT/, GPYKTIB 1 OBOUIB.

Ha pucynky 1 y3aranbHeHoO pi3H1 (pakTOpH, 1110 BIUIMBAIOTh Ha SKICTh
AT WO Yac 3aMopokyBaHHsA.  OpHak  edekTH, TMOB'sA3aHI 3
3aMOPO’KYBaHHSM 1 PO3MOPOXKYBAHHSAM, CTBOPIOIOTh 3HauHI MPOOIEMH AJIs
SIKOCT1 3aMOPOXKEHUX MTPOIYKTIB.
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WBMAKICTb
PO3MOPOXYBAHHSA
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YAC TA TEMNEPATYPA
3AMOPOXYBAHHSA

Puc. 1. ®axTopu, 1110 BILIMBAIOTH HA SKICTh ATLA 1] Yac 3aMOPOKYBaHHS

30epirae NpoaAyKTH IPU MIHYCOBUX TEMIIEpATypax 1 3aXHINAE X BIJ
MOIITKO/KEHHST JIbOJOM. 3aMOpOXKYBaHHS, K€ YacTO pO3IISAIAIOTh SIK
oco0nmuBy (OpMy TEXHOJOTIi BHCOKOTO THCKY, 3aMOpPOXY€E TMpHU
nocTiiHoMy 00'eMi. B cuctemax THCK 1 TemmepaTypa 3MIHIOIOTHCS B
MOCTIHHOMY 00'€éM1 MPOTATOM YChOTO MPOIECY 3aMOPOKYBaHHS 3TiTHO 3
SKUM, KOJIM BOJIa 3aMep3a€ B 3aKPUTOMY KOHTEHEpi, BOHA PO3LIUPIOETHCS,
CTBOPIOIOUM BHMCOKHUH THCK, L0 MEPEHIKOJKAE MOJAIBIIOMY YTBOPEHHIO
apony. OmHak B cucTeMax 00'eM MPOAOBXKYE 30UIBIIYBATHUCS, OCKUIBKH
cucTeMa mpoIoBxKye 3amep3aru [18, 19, 20].

Aromu, sKi CXWIBHI JO TICYyBaHHs, TMOTPEOYIOTh KOHTPOJIO
TEeMIepaTypu ISl MIATPUMKU SIKICHUX XapaKTepUCTHK 1 30epekeHHs
MOKUBHHUX PEUYOBHH, IO BIAMOBIIaI0Th OYIKYBAHHIM CIOXKMBAYiB, IiJT 4ac
TpPaHCIIOPTYBaHHA, 30epiranHs, nepepoOku Ta peamizauii. KomepuiiiHi
XOJIOMMJIBHI ~ CHCTEMH, Taki SK MOpPO3WIbHI KaMepu MIBUIKOTO
3amMopoxyBaHHA, IQF-cucremu, KpioKyJepu Ta MIaCTUHYACTI MOPO3UIIbHI
KaMmepH, HalyacTille BUKOPUCTOBYIOTHCS B Xap4OBOi MPOMUCIIOBOCTI, ajie
BEJIMKI PO3MIPU KPUCTAIIB MOXXYTh BHKJIMKATU 3HAUYHI HE3BOPOTHI 3MiHU
B POCIWHHIA TKaHWHI, 0 MPU3BOJAUTH A0 BTPATH SKOCTI I dYac
30epiranHs B 3aMoOpoxeHoMy cTaHi [21]. ¥V 1boMy OIS KPUTHYIHO
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OLIIHIOETBCSI ~ HU3KAa  HOBHMX  TEXHOJOrIM  3aMOPOKYBaHHS,  SIKl
JOCHIKYIOTBCS 3 METOK TMOJOJaHHS [UX MNpoOJieM 1 BOJHOYAC
OIATPUMKH Ta BIOCKOHAJICHHS TJ00AIBHOTO JIAHIIOTa TIOCTaYaHHS
3aMOPOXKEHUX TMPOMYKTIB XapuyBaHHS IUIAXOM HAIIHHOTO KOHTPOIIO
3apOJKEHHS Ta pocTy KpucTams. [1, 2, 3, 22, 23].

Jlesiki 3 1IMX HOBHMX METOJIIB, TakKi SK IIIOKOBE 3aMOPOKYBaHHS, IO
CyTi, € BJOCKOHAJICHUMHU BEPCISIMU ICHYIOUUX METOMIB (TIOBITpsIHE
3aMOpPOXKYBaHHS) 1 CHPSAMOBaHI Ha BHUPOOHUIITBO OUIBII  SIKICHUX
3aMOPOKEHMX  TPOAYKTIB 32  paxyHOK  3OUIbIICHHS  IIBUIKOCTI
Tertonepeaavi B MOPIBHAHHI 31 3BUYAHHUMHM CUCTEMaMH. J[esKi 3 HOBHX
TEXHOJIOT1M BCE IIe MOTPEOYIOTh ONMTUMI3AIl I YCYHEHHS ICHYIOUHUX B
JiTepatypl TPOTHUPIY 1 Kpamoro 30€pekeHHs XapaKTePUCTUK CBIKUX
MPOJYKTIB, B TOM Yac SK 1HIII MalOTh BHUCOKI KamiTallbHI BUTPATH, IO €
KJIIOYOBUM THUTaHHSAM, SKE€ MOTpedye NOMANbIINX OCIIHKEHb. Tomy
HEOOX1IH1 MOAANBIII JOCHIIIKEHHS JIsl ONTUMI3allil apaMeTpiB MPoIIeCy,
pPO3YyMIiHHS TIOBEHIHKA Ta XapaKTePUCTUK CHPOBUHH, 3MEHIICHHS
CHEPreTUYHUX Ta KaMMTAIbHUX BUTPAT 1 TOJAJIBIIOTO BIPOBAKCHHS ITUX
TEXHOJIOT1H 3 TabopaTopii B mpoMHCIIOBICTh [24, 25, 26].

Bucnosku. TIpoiiec 3aMopoxKyBaHHs - 11e HAMKpanui crnociod 30epertu
NPOAYKTU O€3 J0JaBaHHA KOHCEPBAHTIB, SIKIIO POOUTH 1€ MPaBUIIBHO.
3aMOpOXKyBaHHSI CIIpHUsiE€ 30€PEKEHHIO IUIIXOM YIOBIJIBHEHHS IIBHAKOCTI
G13MYHUX, XIMIYHMX, O10XIMIYHUX 1 MIKpOOIOJOTIYHUX peakiii B Txi.
3miHa (a3u piIMHA BOJA-JIIJ 3MEHIIYE WMOBIPHICTH TOTO, IO BOJA, SKa
MICTUTBCS B TPOAYKTAaX XapudyBaHHS, Oyje 3alydeHa 0 IHUX PEaKIIii.
Tomy 3amMOpOXKeHI TPOMYKTH € OIIbIN CTAOUTBHUMH 1 30epiraioTh CBOI
SKICHI XapaKTepUCTHKH IIiJl 4ac TPAHCIOPTYBaHHS Ta 30epiranns. Moro
IIMPOKO BHUKOPHCTOBYETHCA Il TOJOBXEHHS TEpMiHY 30epiraHHs
PI3HOMaHITHUX MPOAYKTIB XapyyBaHHS, BKJIIOYAIOYM ATOAH, (PPYKTH Ta
OBOYl, M'ICO, puOy, MOJIOYHI IPOIYKTH Ta HamiB()aOpUKATH.

3aBAskd 3aMOpO3KHM 30epiraerbcs cTpykrypa srig. Lleit edekt
JOCSITAETHCA ~ 3aBMASIKM  MIBUAKIM — TepMmiyHiA  oOpoOii.  bimbmiicts
MIKpOOPTraHi3MiB HE MOXYTb BIKUTM B YMOBax IIBHUJKHUX TIEpenajiB
Temmneparypu. Brpara Barm 3BoauThCcs 10 MiHiMyMy. Lle, B cBOw uepry,
30epirae MoXUBHI Ta CMaKOB1 SIKOCTI ST1]1.

B mopanemomy OyyTh NMPOBEIEHI €KCIIEPUMEHTAIBHI JOCIIIKCHHS
Ipoliecy 3aMOpOKYBaHHS B yMOBax (hepMu /i BCTAHOBJICHHS OCHOBHUX
napaMeTpiB Ta pexuUMiB poOOTH 00JIaJHAHHS IIBUIKOTO 3aMOPOKYBaHHS.
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V. Verkholantseval, N. Palianychka?!, N..Fuchadgu?!, O. Chervotkinal,
! Dmytro Motornyi Tavria State Agrotechnological University

RESEARCH OF BERRY FREEZING TECHNOLOGY

Summary

To ensure the necessary level of national food security, it is necessary to develop
the cultivation of the main agricultural crops. For this, it is necessary to develop the
cultivation of the main agricultural crops, it is necessary to develop technologies,
technical means and equipment for long-term storage. Technologies, technical means
and equipment for long-term storage It is also necessary to develop technologies,
technical means and equipment for long-term storage of food ingredients and products.
The production, storage and sale of berries is a very profitable business in Ukraine.
Every year, the demand for berries in Ukraine grows, and in winter the price of some
berries doubles and triples. Therefore, it is now very profitable to sell fresh frozen
berries, such as raspberries, gooseberries, blueberries, cranberries, strawberries,
cherries, plums and grapes. Not only do they sell well, but they also last longer if shock
freezing is used. Potentially exposed to a number of negative factors (low temperatures,
violation of storage conditions, mechanical damage). The application of innovative
research aimed at overcoming the shortcomings of traditional refrigeration technologies
IS a promising direction of technological improvement. Preservation of plant raw
materials using artificial low temperatures is an actual trend. Refrigeration technologies
open up new opportunities. This brings new opportunities for manufacturers. Takes
business to a new level. Delay the sale of agricultural products in time and move the
place of sale. For farms, for example, this means that part of the products can be frozen
and sold later directly to consumers at a higher price than fresh, anytime, anywhere.
Anytime, anywhere. When plant material is frozen, berry cells undergo changes
associated with damage to their structure. Therefore, freezing reduces damage to the cell
structure of raw materials and improves the quality of the frozen product. Despite the
fact that certain losses occur during long-term storage of frozen products, the use of
cold is one of the best ways to preserve them. Freezing is one of the best ways to
preserve all the vitamins and nutrients in berries.

Keywords. freezing, technology, berries, temperature, cold, quality.
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PO3POBKA AJIT'OPUTMY POBOTHU KOMBIHOBAHOI
CUCTEMMU EJIEKTPOIIOCTAYAHHA 3 BIIHOBJIIOBAHUMHA
JIDKEPEJIAMHW EHEPI'II

Anomauin. B cTaTTi HaBelIEHO aJITOPUTMHU MPOTHO3YBAHHS 3MIHHM OOCSTIB
CHOXHMBAHHS €JEKTPUYHOI €Heprii 3 LEHTPaTI30BaHUX Ta JOKAJIbHUX JDKEepes y CKIIaii
KOMOIHOBAaHO1 CHUCTEMH eJleKTponocTtadaHHs. Po3pobiieHo 3a1ekHICTh 1IHTErPOBAHOTO
00Ky TOTOAMHHHMX, JOOOBUX Ta CE30HHMX 3MIH CIIO)KMBAHHS €JIEKTPOCHeprii BiA
[EHTPAi30BaHUX Ta JIOKAJBHUX CHUCTEM CHEProlOCTaYaHHSA. 3alpOIIOHOBAHO
BUKOPUCTOBYBAaTH BJIOCKOHAJICHUA METOJ TEXHIKO-€KOHOMIYHOIO OOIPYHTYBaHHS
IHBECTULIIMHUX pillleHb Ha eranax (opmanizaiii TEXHIYHOrO 3aBJaHHS, 10 0a3yeThCs
Ha OIHI[ TNPOTHO30BAaHMX JONYCTUMHX BHUTpaT Ha OYJIiBHUITBO JIOKAJIBHOTO
€JIEKTPOIIOCTAaYaHHSI, 1110 JI03BOJIUTH CIIOKMBAaYaM OTPUMATH TIO3UTUBHUI €KOHOMIUHHIMA
e(eKT Ta 3MEHIIUTH KUIbKICTh aJIbTepHATUBHUX PIllIEHb.

Knwuosi cnoea:  BiTHOBIIOBaTbHA  €HEPreTHKAa,  JIOKAlbHA  CHUCTEMa
€HEepronocTayaHHs, eJIeKTPOIIOCTaYaHHsl, MaTeMaTUYHa MOJIeNb, eHEPTrOe(PEeKTUBHICTh

Ilocmanoexa npobnemu. Y KOMIUIEKC] 3aBJaHb €HEPro3ade3neyeHHs
BUKOPHUCTaHHS BiJHOBIIOBaHMX jpkepen (BIE) obrpyHToBaHO y 6ararhox
chepax OisUTBHOCTI: €HEProePEeKTUBHICTh Ta EKOHOMIYHICTh BHUKOITHOTO
naguBa [1-3], sKe  BUKOPUCTOBYETHCS  JJig  IEHTPaJi30BaHOTO
CHEPronoCTayaHHs; 3MEHIICHHS YacTKM EHEProHOCiiB y co0iBapTOCTI
CUTBCHKOTOCIIOAAPCHhKOi Tponaykiii [4, 5] Ta BIUIMB HAa HaBKOJUIITHE
cepenopuine [6-9]. BimHOBIIOBaHA €HEPreTMKa Mae€ CBOi OCOOJHMBOCTI,
HaIpUKIIaa, OUTBIN JIOIIJIbHE BUKOPHUCTAHHS B JIOKAIBHUX I1HTETPOBAHHUX

©Tamsko C. B., dyanikos C. M., Mipommnuxk O. O., Mopo3s O. M., Tpynosa I. M., 2024
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cucreMax eHepromocradanus [8, 10-12]. BimmoBigai ocoOiuBocTi Ta
HAMPSIMKHA TIOBUHHI BPaxOBYBATHUCS K MPU aBTOHOMHOMY BUKOPHCTaHHI,
TaKk 1 1pu TOOYIOBI KOMOIHOBaHUX CHCTeM enekrporocradanns [13].
Kom0biHoBaHa cucTeMa eJIeKTPONOCTauYaHHs - 1€ CUCTeMa, B sIKii JoKaabHa
cucteMa (JIC) miakmroueHa mapaieibHO 10 IEHTPai30BaHOI CHUCTEMU
enexktponoctadanHss (CEIl) 1 cmoxkuBauiB uepe3 OJOK aBTOMATUYHOI
komyTanii notyxHocti (AKII) [14-16], six moka3aHo Ha PUCYHKY 1.

Y
o
=X
|
L

Puc. 1. bnok-cxema KCEII: JIC — mokanbHa cuctema; BMH - Bucoki
MaHeBpoB1 HaBaHTaxxeHHs; JIBJIE — mokanbH1 BITHOBIIIOBaHI JKepesa
eneprii; AKII — 610k aBromaTnuHoi komyTartli noty>xkHocti; KCEIT —
KOMOIHOBaHAa CUCTEMA EJIEKTPOIIOCTAYaHHSI.

CEIl Buctynae axkymyJsiTOpOM JJiS BIJIHOBIIOBAaHUX JIKEpen 1
OJTHOYACHO PE3EPBHUM JDKEpPEIOM JUIsl CHOXHBaya. Taki CHCTEMH
BUMAararTh JOJIATKOBUX BHCOKMX MaHEBpOBHX HaBaHTaxeHb (BMH) [9,
17]. Ane BMH cboromHi MaroTh BHCOKY BapTiCThb 1 MOTIPIIYIOTh
eKOHOMIUHY e(dexTuBHICTb. B ymoBax VYkpaiHM NpOMOHYIOTHCS PIi3HI
BapiaHTH BUPIIIECHHS BiJIMOBITHOT MPOOIEMH.

Ananiz ocmanHix docniodxcervb. YacTKkoBe BHUPIIICHHS ITI€T TpOOIeMH
PO3TIIAAETLCSA, HANPHUKIAA, 33 pPaXyHOK MOXKIHUBOCTI JUHAMIYHOTO
ynpaBmiHHS  KoH(pirypamiero wepexi [10, 18, 32]; Bukopuctanas
OiorazoBux, coHsUHHX [19-21], BirpoBuX [22-23] ycTanoBok sk BMH [11,
24] tomo. Alle Taki CUCTEMHU PEKOMEHIYEThCSl OynyBaTh 3 €KOHOMIYHHUM
e(eKToM, MLIHHICTh SKOro CJiJ MepeAdauyuTH L€ Ha paHHIX eTanax
npoekTyBaHHs [33]. YmpaBniHHS TOKa3HHUKAMH CEKOHOMIYHOTO €(eKTy
TakuX cucteM nokiaaeHo Ha AKII.

Dopmyeanns yineti cmammi. [100ynoBa anropuTMiB aBTOMaTU30BaHO1
o0poOKku BXimHOI 1H(oOpMarii s OOIPYHTYBaHHS IPOTHO30BAHOTO
€KOHOMIYHOTO e(eKTy BiJl BIPOBAPKCHHS KOMOIHOBAHOI CHCTEMHU
€JIEKTPOIIOCTauYaHHs B yMOBaX HEBU3HAUYEHOCTI.

OcHnosna uacmuna. Jlns 3abe3nedeHHs cTabiuIbHOI Oe3nepepBHOI
poOOTH  aBTOMATU30BAHOI CHUCTEMM  €JEKTPONOCTAYaHHS  JOLLIBHO
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OOIpyHTYBaTH MaTeMaTHYHy MOJENb Omnucy TpadikiB CHOXKUBAHHS
enekTpoeHeprii.  BignosigHuii  rpagik  Oyae  MNOCTIMHO — 3pOCTaTH.
[Ipunyctumo, mo KCEII 3a0e3nedye akTHUBHOIO EJIEKTPOEHEPTIEI0
CIOKMBAYIB, 3MIHU CIIO)KMBAHHS SKHX XapaKTEPHU3YIOThCA PIBHSIHHAM (1).

tj . 7Z'tj . 27Z'tj . nﬂ'tj
Weee(iry =Wo +Wy ?+W2 sin ED +Wj sin T +..+W, g 8INn - |, @

ne Wo — mouarkoBe («eTajoOHHE») 3HAYEHHsS KUIBKOCTI CHOXKHUTOT
eneKkTpoeHeprii, kBt rox;
W1 — BenuumHA MOCTIHHO 3POCTAaKY0i CKJIAI0BOI KIJTLKOCTI CIIOKHTOI
enexTpoeneprii, KBt rox;
W2, W3 ... Wi — xoedimienTn 3MIHHOI CKJIQJOBOI CIIOXKHUTHUX 00'€MIB
EJIEKTPUYHOI eHeprii, KBT To;
to, t — moyaTkoBHil 1 KiHIIEBUH Yac (iKcallli ClIOKUBAHHS €JIEKTPUUHOI
eHeprii, ro;
t1 — moTtouHHMiI 4yac moOH, BiJ SKOTO 3aJICKUTh KUIBKICTH CITOXKHTOI
enexkTpoeneprii, to <t; <t, rox;
T — 3aranpHmii yac nodu, 7 = 24 rox;
7 — KOHCTaHTa MUKJIIYHUX 3MiH, 7 = 3,14 y.o.
Hexail cioxxuBau 3MOXe OTPUMYBATH €HEPrilo BiJ HEHTPai30BaHOI
cUCTeMH ab0 JIOKAJIbHOI CUCTEMHU Yepe3 TIEBHI MTPOMIDKKH Hacy:
—Big CEIT-30<t1 <8121 <ty <24 B roaunu 100u;
—Bix JIC —3 8 <t <21 B roauamn 100wM.
O6csru  enektpuunoi eneprii 3 CEIl 1 JIC BusHauaroThCcs 3a
JIOTIOMOT'OY0 CHCTEMHU PiBHSHb:

W(t),0<t<t, 00<t<t
W(t)-[W(t,)-W(t)]t, <t <24 W(t,)-W(t),t, <t <24,

ne Ween(t), Wic(t) — BiAMOBIIHO, KUTBKICTH €HEPrii, MO OTPUMYETHCS
CIIOKMBAYEM BiJl CHUCTEMH EJIEKTPOIOCTAYaHHS 1 JIOKAIBHOI
cucteMu B t rogquH, kBT rox;
W(t1), W(t2) — BiamoBigHO, KIIBKICTH €HEPrii, MO OTPUMYETHCS
CIIO’KMBAYeM B rojguHax ti 1 tz, kBT ros.
PiBHSHHS cHCTEeMH, IO OIUCYE TIPOIIEC CITOKUBAHHS €JIEKTPOCHEPTii 3
KCEII, mae Burasan;
Wicen(t) = Ween(t) + Woic(t), (3)
Koedimientn piBussuaa (1) Wz, Ws,...,.W, Bu3HayatoTbca 3a
nonomororo nporpamu MATHCAD 3 Bukopuctanasm BOyn0BaHOi QyHKITIT
Linfit [12]. Sk npukiag Ha PUCYHKY 2 HaBEJACHO PE3yJIbTaTH PO3PAXYHKIB
koedimientiB (Wn) moboBux rpadikiB eIeKTPONOCTavyaHHS JEP:KaBHOTO
nignpueMcTBa HaykoBo-nocaigHoi yactunu (JAIIH/IY) «I'onTapiBka» y
BECHSIHO-OCIHHI/ CE30H.
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Puc. 2. 36ir 0OCsTIB aKTUBHOTO CIIOKUBAHHS €IIEKTPUYHOI €HEprii,
BU3HAUYCHUH ekcriepuMeHTanbHO (Wa) 1 3a piBHAHHAM (2) — (W), 32 yMOBH,
10 croxkuBayi xuBinaThbes Bi: a) — CEIL; 0) — JIC; B) — KCEII

[Tpu pomy koedimienTr piBHSHHS (1) MalOTh 3HAYCHHS:
W> =-29,152; W3 = 0,564; W4 = 4,566; Ws = —30,498.

Anroput™M OOTPYHTYBaHHSI TPOTHO30BAHOTO OOCSTY CHOKUBAHHS
enextpuyHoi eHeprii 3 KCEII po3B's3yeThcst 3a JOMOMOT0I0 KOMIT'IOTEPHOT
00poOku nanux. [Ipu BBeAeHH1 BX1IHUX JaHUX HEOOX1THO BPaXOBYBaTH:

X — t—yac goou, t=0...24 rox;

i — t, {2 — roguan 00U, B SAKUX BUKOPUCTOBYIOTHCS JIXKEpena
eneprii, BianosiaHo, CEIl 1 JIC, rox;

YY — Wkcer — cymapHi 7000BI OOCATH CHOXHUTOI CIOXKHBAYEM
enektpuunoi eHeprii Bix KCEIL, kBt rox;

yi1 — Wcegr — TOroAMHHE CHOXKHUBAHHS EJIEKTPUYHOI EHeprii
crioskuBaueM 3 CEIIL, kBt ron;

Y2 — Wjc — NOroaviHHE CHOXHUBAaHHSL CIOKUBA4YeM EJIEKTPUYHOI
eneprii Bix JIC, kBt ro.

Koedimientn Wo 1 W1 MarTh (pikcoBaHe 3HAUYCHHS, SKE BIANOBIJIAE
MOYATKOBUM 1 KIHIIEBUM MOKa3HUKaM JIYWIbHUKA IPOTIroM q106u — 0 1 589
kBT'roa. SIKiio mpuilHATH MOCTIMHI 3HAYE€HHS KOE()IIEHTIB CHOKWBAHHS
enexktpoeHneprii Bix KCEII, CEII, JIC, pimenns crponryerbes. Y tadmuii 1
HaBeJICH1 MPOTrHO30BaH1 00csaTH criokuBaHHs enekTpoeHeprii 3 CEIT 1 JIC.
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Tabnuys 1
Pospaxynkose cnioxwuBanHs enekrpoereprii Bijx CEIT (Wcen) Ta JIC (W)

tron| O 1 2 3 4 5 6 8 9 10 | 11 12

y1 0 13 | 26 | 52 | 61 | 87 | 129 | 182 | 182 | 182 | 182 | 182

y2 0 0 0 0 0 0 0 0 44 | 57 | 75 | 93

t,ron | 13 14 15 16 17 18 19 20 21 22 | 23 | 24

y1 | 182 | 182 | 182 | 182 | 182 | 182 | 182 | 182 | 182 | 205 | 218 | 227

y2 97 | 101 | 119 | 159 | 185 | 231 | 296 | 328 | 362 | 362 | 362 | 362

Benmnmunaa  cepemHb0M000BOTO  BIAXHIICHHS  (DAKTHYHHUX — JaHUX
eneprocniokuBands JAITHAY «['onTapiBka» 1 TEOPETUYHUX, OTPUMAHUX
[UITXOM KOMITFOTEpHOI 00po0Ku 3anexxHocTi (1) 1 cuctemu piBHSHB (2), HE
nepesullye 5%. Pesynbratn oO0uuciensb OyJid OTpUMaHi 3 BUKOPUCTAHHAM
3aJIEKHOCTI (4)

N
\/;—l z (Wa _Wm )2
5= 100, (4)
A
N i-o
ne N — KUTbKICTh TTOKa3aHb JIYMIbHUKA 32 YACOBUM 1HTEpBAJ.

Takum ynHOM, BUKOpHUCTaHHS piBHSAHHSA (1) 703BOIISIE:

— OXapakTepU3yBaTH 3aKOHOMIPHOCTI CIIOKMBAHHS €JIEKTPOCHEPTii
ICHYIOYMMH CIIOKWBAaYaMU, SKI MPAIIOIOTh 3a CTaHIAPTHUMH Tpadikamu
HABAaHTAKEHHS, HE3AJIC)KHO BiJI IOTO XapakTepy: MPOMHUCIOBUX, 3MIIIAHUX,
noOyTOBUX;

— BU3HAUUTH IIPOTHO3HI J0OOB1 OOCSITH CIIOKUBAHHSI €JIEKTPOEHEPTii 3
CEIl ta JIC y BiANOBiAHI TOAWHU TOOH.

Jis  3MeHIICHHS HA0OpYy albTCpPHATHMBHUX pIlICHh Ta YMOB
HEBU3HAUYCHOCTI PEKOMEHIYEThCS OI[IHIOBATH EKOHOMIYHUN e(EeKT BijJ
BrpoBa/pkeHHsT BJIE  Ha  paHHIX  CTamisiX  MPOEKTYBaHHA.  3a
PO3paxyHKOBUMH JIIMITAMHU BUTPAT 3/IIACHIOETHCS OOTPYHTYBAHHS 1 CKJIA
JIC [29-31], Bu3HAYalOThCA MOTY>KHOCTI 1 THUIIHA YCTAHOBOK B 3aJIEKHOCTI
B1JI MPUUHATHUX JIIMITIB BUTpaT.

Bignosigno mo JACTY 3886-99 «EneprozbepexeHHS» KpUTEpieEM i
eHepro3oepirarounx 3axomiB (E33) mpu po3risizi pi3HUX BapiaHTIB €:

E =1 -C, (5)
ne Et — exkonomiunuii edext Bij BripoBamxenHs KCEII 3a 3BiTHui niepion;
It — ouinka pe3ynbrariB noxoay Big KCEII 3a po3paxyHkoBuit nepiof;
Ct — KomTopuc BUTpaT Ha BnpoBajpkeHHs Ta ekcruryartarito KCEII 3a
PO3paxyHKOBHI MEPIO.

3aBgaHHSAM  [EpHIOrO  eTamy €  OOrpyHTYBaHHS ~ BapiaHTIB
BukopuctanHs BJIE B cucremi e€lEeKTpONMOCTadyaHHS  CIOKHMBAyiB
arpoTmpOMHUCIIOBOTO KOMIUIEKCY. BHWKOHYEThCS MIISXOM BHU3HAYCHHS
3HauYeHHS JudepeHuiioBaHoro ekoHomiyHoro mnokaznuka (JEII) Bix
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BrpoBakeHHst KCEII y nopiBHsHHI 3 icHyrounMu nokazHukamu CEII 3a t-
il pik 3 ypaxyBaHHAM [9,25], BUKOHY€ThCS 32 (OPMYIIOI0:
Aly =Cys —Cy =Cis —(AC, +ACy ), (6)
ne Aly — 3nadyenns [EIT Bixg BnpoBamkenns KCEII 3a t-ii pik, rpH;
Cis — rpomoBi BUTpaTH Ha 3akymiBiito eHepronociiB y CEII 3a t-i1 pik, rpH;
Ctc — TPOIIOBI BUTPATH HA OTPUMAHHS CyMapHOTO OOCSITY pI3HUX BHUIIB
eneprii 3 KCEC 3a t-i1 pik, IpH;
ACy, ACis — BIATOBIZHO, YacTKa BUTpPAT Ha OTPUMAHHS PI3HUX BH/IIB
€HEprii 3 JIOKAJIbHUX 1 LeHTpani3oBanux cucteM B paMkax KCEC 3a
t-1 pik, rpH.

Hocmimkenns 3Mian JIEIT mpoBoauwnocs mist ymoB, konu JIC, sk
koMrioHeHT KCEII, reHepye TIIbKH eleKTpUuHy eHeprito. Ilpu npomy
BEJIMYMHA €KOHOMIYHOTO e(eKTy MOKe 3MIHIOBATUCSA B 3aJIEKHOCTI BIJ
yacy. lle moB'si3aHo 3 TuM, 1m0 BiAOYBA€THCS BIUIMB LMKIIYHUX 3MIH
N000BUX 1 CE30HHUX HABAHTAXKEHb, TapU(iB, CIIOKUBAHHS 1 BUPOOHUIITBA
eneprii JIC (puc. 2). 3a pesynapTaTamu aHamizy (6) BCTaHOBJIEHO
HMOBIPHICTh HACTAHHS SIK NMO3UTUBHHX, TaK 1 Bi'eMHUX 3HaueHb JIEIT: Al
< 0, Al = 0, Al > 0. TlosutuHe 3nauenHs JIEIl (Al > 0) moxxHa
OPUPIBHATH JO MEX BUTpAaT Ha peali3alfilo JOKaIbHOI CHCTEMH
eIeKTponocTayaHHss [26-28], 1m0 JacTh MOXKIHMBICTH CIPOTHO3YBaTH
BEJIMUMHY €KOHOMIYHOTO e(eKTy, a caMe:

0<AC<AlI. (7)

Hocmimkennss mist oOrpyntyBanHs AC OynyTh TpOBOAMTHCA 3a
(bakTHYHIMH JAaHUMH J0OOBUX ENEeKTPUYHUX HABaHTAKEHb CIOXKMBAYiB
JIMTHY «I"onTapiBkay» HaBECHI.

Ouinka rpannynux Butpat AC Bin Bukopuctands KCEIT B JITHIY
«["oHTapiBKa» MPOBOIUTHCS 3 ypaxyBaHHSIM CUCTEMH PiBHSHB (2):

0,0<t<yy

ACT :Ay'(ﬂz'_ar): W(t)_W(tl)’t1£t<t2 '(ﬂr_ar)’ (8)
W(t,)-W(t),t, <t <24

ne Ay — obcsru cnioxkuBanHs enexkrpoeneprii 3 JIC, kBt rox;
p: — Tapud Ha enexkrpoenepriio 3 CEIl Ha MmomeHT vacy z, rpu/ kBt rox;
0 — YMOBHA BapTicTh BUpoOIieHoi enekrpoeneprii JIC, rpu/ kBT roa.
Jns BuBueHHss AC B JOuHaMIIll B 3aJIGKHOCTI Bij yacy no0u Oyra
po3pobnena mporpama [13,26], anropuTmMu sIKOi TpEACTaBIEHI Ha
PUCYHKY 3.
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C MouyaToK )
1
Y
BBeneHHA gaHux L g 2
3

Y

Po3paxyHOK rpaHUyHmnX
BuTpat AC Ha 4
BnposaaeHHA KCET

\ 5

Po3paxyHOK OCHOBHMX 6
TeXHIYHMX NapameTpis
npuctpois J1C

Y

( Fwew )

Pucynox 3. CtpykrypHa cxema anroputMmy Bu3HadeHHs AC Ta
OCHOBHUX TEXHIYHUX MapaMeTpiB MPUCTPOIB JIOKAJbHOI CHUCTEMH
€JIEKTPOIIOCTauYaHHs, KyA1 BXOJATh BX1HI KOMIIOHEHTH MTPOTPaMHu:

1 — BBegenHs B mporpamy piBHAHHS (1) 1 Horo koeimi€eHTIB, 1110
XapaKTepU3yroTh 00cAru BUpoOieHHs enexkrpoeneprii 3 JIC;

2 — BBEJICHHSA B IIporpamMy piBHAHHA (7), 0 Xapaktepusye 3Minu AC;

3 — npucBoeHHs 3HaueHsb f, a; ti, Kz, W(1-i);

4 — Bu3HauYeHHA 30H edekTuBHOCTI BUKopucTanHs BJIE B 3amexHocTi
BiJ yacy t 1 TapudHoro xoediuienra Kz;

5 — Bu3zHaueHHs JimiTy BuTpart AC;

6 — BusHaueHHs gimiTy BuUTpaT AC 3 ypaxyBaHHSIM HampaltOBaHHS
npoTAroM 1061 t 1 30HU 3MiHU Tapudy f.

PesyabTatn aochaimkenb. BHUKOHAHHS MNpOrpaMHUX pO3paxyHKIB
BUKOHYETHCS B MakeTi MmaTemMaTuuHux nporpam MATLAB.

[Ipn TpuzoHHIA 3MiHI TapudiB Ha eJIEKTpoeHeprito Ha puc. 4
MpeACTaBlIeHl 30HM, JJI SIKMX BHU3HAUCHI OUIbII TEPCIEKTHUBHI JT000BI
3minu AC.

3a pesynbTaTaMu aHalily OTPUMAaHOI HOMOIPAaMU IPOBEIEMO
nocnimkeHHs: 3MiHU BapTicHoi Mexi AC 1 BaprocTi enektpoeHeprii Ce,
Bupobnenoi JIC mporsrom no6u. Haifnmxda coGiBapTicTh BHPOOJIEHOT
eneprii cnoctepiraerscst 3 8.00 1o 10.00 ta 3 17.00 no 21.00 rogunu npu
MakCHMaJbHOMY 3HaueHHI pomyctuMux ButpaT AC Ha peanizaiito
npoekTy. [lo3UTHBHOrO €KOHOMIYHOrO €(EeKTy MOXHa JOCIITH 1 IpH
excmutyataiii JIC 3 6.00 go 23.00 roaunu. [Ipu oMy cepeaHe 3HaUYCHHS
AC 3a J-1i Ce30H JIOPIBHIOE:

Proceedings TSATU. 2024. 24. 1



[Ipaui TAATY Bunyck 24. Tom 1
116

Ce, TpH/EBT TOJT

1500 — 0

05

1,0
16

20

AC, tpH

§§§§§§§§°§§

25
30

35

40

s : f - : ~ 45
P 5 10 15 20 25

7. T0J1 i
Puc. 4. Homorpama 3minu nimity Butpat AC i BApTOCTI BUPOOIEHOT

enektpoeneprii Ce 3a yacom 100u

t
> ACG
AC) =+, (9)
tK . . .
ne > AC, — cyma mnoroauHHux 3HadeHb AC 3a N-HY KUIBKICTh JHIB
t

J-TO ce30Hy, TPH'TO/I;
ts, tx — BIAMOBIAHO, TTOYATKOBHH 1 KiHIIEBUH Yac poOOTH CIIOKMBaya BiJl
JIC 3a 100y j-ro ce3oHy, ro;
tj — yac poboTH criokuBaya 3a nepios goou 3 JIC 3a j-ii ce30H, ro;
Nj — KUTBKICTB AHIB Y J-My CE30Hi.

Bu3sHaueHHsT [OMyCTUMHUX NPOTHO30BAaHUX PIYHUX BUTpaT Ha
BIIPOBa/KeHHsI Ta ekcruryaTaiito JIC Ha paHHIX CTamisfiX MPOEKTYBaHHS
JI03BOJIUTH 30CEPEAUTHUCS 3 EKOHOMIYHOI TOYKH 30pYy Ha BUOOpP1 MPUCTPOIB
BIJIHOBJIIOBAHOI €HEPreTUKH, peali3alis SKHX 3a0e3MeYuTh CHOKHWBAYEBl
MO3UTUBHUN €KOHOMIYHUHN e(EKT.

Bucnosxku.

1. CymapHa po301XKHICTh 3aJEKHOCTI, SIKa IHTEPHPETYE BEIUYUHY
CHOKMBaHHS eneKkTpoeHeprii pisHumu Tpymamu crnoxuBauiB CEIL, He
nepesuirye 5%, 10 J03BOJISIE PEKOMEHTYBATH 11 JJIsS:
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— TIPOTHO3YBaHHS CIIOKMBAHHS E€JCKTPOCHEPrii 3a IMOTOYHHMH,
HOPMATUBHUMHU Ta TEOPETUYHHUMHU TpadikaMu HABAHTAKEHHS, HE3AJIEHKHO
BIJl XapaKkTepy iX 3MIHU;

— BU3Ha4YeHHs 1000BUX o0cariB eHeprocnoxkupanus 3 CEII ta JIC y
cknaai KCEII ne3anexxno Bin ctpokiB Bukopuctanus BJIE;

— BHU3HAYCHHS TMOTY)KHOCTI CHJIOBHX YCTaHOBOK JIOKaJThHUX CHCTEM,
MPUCTPOIB AaBTOMATHUKH TOIIIO.

2. BcraHoBneHO, MO 3ampONOHOBAaHUN MIiAXIA O KOMIUIEKCHOTO
oOrpyHTyBaHHsI  KeiiciB BukopuctanHs BJIE, mo ©6a3yetbcsa Ha
OpPUTTHAIBHUX TEXHIKO-€KOHOMIYHUX MOKA3HHUKAX, AITOPUTMI, METOIOJIOT1i
Ta TPOrpaMHOMY 3a0e3IMedYeHHl iX pO3paxyHKy, HO3BOJISIE CKOPOTUTH
KUIBKICTh BapiaHTHUX pIIIEHh Ta BHU3HAYUTH IMO3UTHBHI Ta HETATHBHI
cropoun ¢yukmionyBanHgs KCEII Bxke Ha mepmux eramax TEXHIKO-
eKOHOMIYHOI  OIliHKM  edexTtuBHOCTI  BrpoBamkeHnHs KCEIl  Ta
BukopuctanHsa B/IE 3 cioxuBauamu CEIL.
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DEVELOPMENT OF ALGORITHM FOR THE OPERATION
OF A COMBINED POWER SUPPLY SYSTEM
WITH RENEWABLE SOURCES

Summary

Algorithms of forecast changes in the volume of electricity consumption from
centralized and local sources as part of a combined power supply system are presented.

In the complex of tasks of energy supply, the use of renewable sources is justified
in many areas of activity: energy efficiency and efficiency of fossil fuels used for
centralized energy supply; reducing the share of energy in the cost of agricultural
products and the impact on the environment. Renewable energy has its own
peculiarities, for example, more expedient use in local integrated energy supply
systems. The relevant features and directions should be taken into account both in
autonomous use and in the construction of combined power supply systems.

The dependence of integrated accounting of hourly, daily and seasonal changes in
electricity consumption on centralized and local energy supply systems has been
developed. It is proposed to use an improved method of feasibility study of investment
decisions at the stages of formalization of the technical task, based on the assessment of
projected allowable costs for the construction of local power supply, which will allow
consumers to have a positive economic effect and reduce the number of alternative
solutions.

The total discrepancy of the dependence, which interprets the amount of
electricity consumption by different groups of consumers of the power supply system,
does not exceed 5%, which allows us to recommend it for: forecasting electricity
consumption according to current, regulatory and theoretical load schedules, regardless
of the nature of their change; determination of daily volumes of energy consumption
with the power supply system and the local system as part of the combined power
supply system, regardless of the terms of use of renewable energy sources;
determination of the power of power plants of local systems, automation devices, etc.

It is determined that the proposed approach to the comprehensive substantiation of
cases for the use of renewable energy sources, based on the original technical and
economic indicators, algorithm, methodology and software for their calculation, allows
to reduce the number of options and determine the positive and negative aspects of the
functioning of the combined power supply system already at the first stages of the
technical and economic assessment of the efficiency of its implementation.

Keywords: renewable energy, local energy supply system, power supply,
mathematical model, energy efficiency
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EKCIIEPUMEHTAJIBHE JOCJ/IIJIZKEHHA PEKUMIB
IHTEJEKTYAJIBHOI'O IMITYJIBCHOI'O
3APAHOI'O IPUCTPOIO

Anomayin. Ha nanmii 4ac IIMPOKOTO 3aCTOCYBAaHHS JJISl BiAHOBJICHHS 3apsry
aKyMyJIATOpHUX Oarapeil HaOynu IMIYJIbCHI IHTENEKTyalnbHI mpuctpoi. Ha puHKy
npecTaBieHa YuMaia ixX KUIbKiCTh. [IpoBeneHO Oy TEXHIYHUX XapaKTePUCTHK
HAUOUIBII MOIIMPEHUX MOJENel. 3a pe3ysbTaTaMu aHajizy oOpaHO OIHY HAHOUIbIIT
ONTUMAIIbHY 13 TOYKM 30py YHIBEpCAJIBHOCTI Ta 3pYYHOCTI MiJ 4ac KOPUCTYBaHHS.
[TpoBeneHO cepit0 EKCIEPUMEHTIB 13 BH3HAYCHHS (DYHKI[IOHAIBHOCTI, €(QEeKTHBHOCTI
po0OTH Ha peKUMaXx, IO 3aIPONOHOBAHI BUPOOHUKOM.

Kniouosi  cnosa:  Oartapess ~ aKyMyJsTOpHa,  3aps/DKaHHS,  NPUCTPIN
IHTEeNEKTya bHUN IMITyJIbCHH, HAmpyTa, CHJIA CTPYMY, PEKUM POOOTH, TECTyBaHHS,
MYJIBTUMETP, ocuuorpad.

llocmanosxka npobOnemu. Y Hall dYac BaXKO YABUTH JKUTTA 0e3
akymyssitopHux Oatapeit (AKDB). BoHu 3acTOCOBYIOTBCS y JKepelax
0e3nepeOiitHOro KMUBIIEHHSI KOMIT IOTEPHOT TEXHIKM Ta CHCTEM OMNaJCHHS,
CUTHaII3allisfX, 3aco0ax 3B’SI3Ky, OCBITJICHHI, TPAHCHOPTHHUX 3aco0ax,
JTTANBHUX amaparax, irpamkax Ta iH. OcHOBHA mpobJieMa Mojsirae y ToOMy,
mo 3 yacom AKDB BTpavaroTh cBOi Bi1acTHBOCTI. BuHukae HEOOXIAHICTD Y
BIIHOBJICHH1 BEJIMYMHU 3apsiTy 0 IMOYATKOBOTO PIBHSA 200 HAOIMKEHHI 10
miei BenmnuuHU. Came IS IIbOTO 3aCTOCOBYIOTHCA 3apsaHI MPUCTPOI
TpanchopmaropHoro abo iMmmynabcHoro Tumy. Ilepmi  mocTymoBo
MOJIMIIAIOTh PUHOK, MOCTYMAKYKUCh OUIBII Cy4yacCHUM Ta O€3NeYHUM
IHTEJCKTYaIbHUM IMIYJIbCHUM MojesaM [1, 2].

Ananiz ocmaunnix oocnioxcens. IlpuHIMO 1ii 1HTEJIEKTyaJbHOTO
3apSTHOTO TPUCTPOIO TOJSTAE Y TOMY, IO 32 PaXyHOK BHKOPHUCTAHHS
BOYZIOBAHOTO  MIKpOIIPOIIECOPY  BIAOyBaeThcs  caMocTiiiHe — (0e3
NEePIOIMYHOr0 BTPYYaHHS JIFOJAMHHM y HAJIAIUTYBaHHS) BIJHOBJICHHS PIBHS
enexktpuuHoro 3apsay AKbB wa miactaBi migbopy poOoumx mapameTpiB
(cuia cTpyMy, Hampyra) 3a pe3yJbTaTaMu J1arHOCTUKH [3].

© Iomnos C. B., Jlepuerxo 0. B., Ilerpam O. B., ITonos K. C., 2024
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Y po6oTi [4] po3rAsSHYTO MUTAHHS ICHYIOUHX CTOCOOIB 3apsipKaHHS
KHUCJIOTHUX aKyMyJsTopHUX Oatapeil. Bynu ommcani ciocoOu 3apsmKkaHHs.
HaBeneHo mepeBarm Ta HEJOJNIKM TEXHOJIONIH. 3a pe3yibTaTamMu
JOCHIKEHHST OyJ0 PEKOMEHJIOBAHO 3-CTalitHUN METOJl BIJHOBJICHHS
AKbB, mo ckimagaBcs 13 jAecyib(arallii, OCHOBHOIO Ta 3pIBHSJIBHOTO
3apspKaHHS.

ABTOp [5] TpOMOHY€E KOHCTPYKIIIO 3apsIHOrO MPUCTPOIO Ha 0asi
Arduino Uno R3 i3 mikpokoHTtposnepom ATmega328, mo 3ade3neuye
MiABHUINCHY €(QEeKTUBHICTh 13 BUKOPHUCTAHHSM YHIKQJIbHUX aJTOPUTMIB
3apsPKaHHA aKyMyJIATOpHUX OaTapeil. MIKpOKOHTpOJep MICTUTh 3aXHCHE
o0J1alHaHHS BiJ IepeHaNpyTy Ta MepEeBaHTaXKEHHS 32 CTPYMOM.

baratodyHKIliOHATBPHUN 3apsAIHANA TPUCTPIM O aKyMYJISTOPHUX
Oatapei mpomoHyeThcss |y  pobotri  [6]. 3aBaskum  BOyIOBaHOMY
MIKpOIIPOLIECOP MPUCTPI Mae LUPPOBE KEpyBaHHA, WO IIJBUILYE
HaAliHICTh cucteMd. KopucTyBad Mae MOXKIMBICTD — 3I1HCHIOBaTH
peryioBaHHs PoOOUYOTo LHUKIY, a TaKOX YacTOTy 3apsAIHOTO IMITYJbCY,
KEpYIOYHU CUTHAJIOM IIUPOTHO-IMITYJIbCHOT MOTYJISIIIII.

VY cratTi [7] npuaiiaeHo yBary IBUIKOMY 3apsi/UKaHHIO aKyMYyJIsITOPIB
BEJIMKOi €MHOCTI. 3a3HayaeTbcs, M0 IMIYJbCHE 3apsPKaHHS €
e(peKTUBHUM TIpU IIBHIKOMY 3apsi/pkaHHi. [IpomoHyeTbecs M’ SIKUH
IMITyJIbCHUM ~ MEXaHI3M, M0 pOOUTh Tpolec 3apspKaHHsS  OUIbII
e(EeKTUBHUM.

JocnipkeHHsT  TIpoliecy  3apsDKaHHSA — aKyMyJsiTOpHOi  OaTtapei
TPAHCTIOPTHOTO 3aC00y BHCBITIIIOETHCS y poboTi [8]. Po3pobnena momens,
10 XapaKTepHU3y€e MpoLec SK IS 3apsKaHHSA MOCTIHHUM CTPYMOM, TakK 1
IMITyJIbCHUM.

[Ipobiiema MOBUIBHOTO 3apsiPKaHHS Ta TMEpPea4acHOTO 3HUKECHHS
TEPMIHY CIYXOU aKyMyJSITOPIB PO3IISLIAEThCS aBTopamu  craTti [9].
[IporioHy€ThCSI A0 BHUKOPUCTAHHS METOJ IIBHJIKOTO  IMITYJIBCHOTO
3apsypKaHHs, SKAA 3aXUCTUTh aKyMyJISTOp BiJl 3HOCY Ta 3a0e3MedrTb
cTaOUIbHICTH Wi 4Yac  #oro  ekcmyartamii.  Jnga  cumynsmii
BUKOPHUCTOBYETHCS NporpaMue 3ade3neueHHss Ansys ta Mathlab/Simulink.

Yumanuii inTepec Bukinkae podora [10]. YV Hill nponoHyeThes iaes
BUKOPUCTAHHS 3apAIHUX TPUCTPOIB JUisi MOOLIBHUX TenedoHiB, 10
MPAIIOI0Th BiJl MOHET Y MICHSX T'POMAJICHKOTO0 KOPUCTYBaHHSA (3aJI3HUYHI
BOK3&JIM, aBTOOYCHI 3YINHHKH, JIKapHi, TOpriBedabHI 1eHTpH). Ilicus
pO3Mi3HABaHHS MOHETH KMBJICHHS MOJIA€THCS Yepe3 aarTep.

Sx Gaummo, OaraTo yBard HayKOBI[IB MPHUKYTO 10 MHPOOIEMaTHUKU
BITHOBJICHHSI aKyMYJISITOPHUX OaTapeid, po3poOlll IMITyJIbCHUX MPUCTPOIB
JUTSL TX 3apsJKaHHS 13 MM1ABUILIEHHIM PiBHS €()EKTUBHOCTI Ta Ha{IHHOCTI.

PosrnssHemMo  HaAWOLIBII — MOMIMPEHI  MOJAENI  MPUCTPOIB, IO
NPEACTaBlIeHI Ha PUHKY YKpaiHW y LiHOBOMY jiama3oni Bix 500 1o
1000 rpH.
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Foxsur FBC122410E sBmsie co0010 IMITyJIbCHUN 3apsiIHAN TPUCTPIN
(pucynok 1, a). Bin npusHaueHWil a1 3apspKaHHS aKyMYJSATOPHHUX
Oarapeit six 12 B, tak i 24 B, a came: renesi, AGM, CBUHIIEBO-KUCTOTHI.
MicTkicTh OaTapeil MOXe 3HaXOAUTHUCH y niama3oHi Big 6 no 180 A/ron.
JaHiii Moxeni 3apsgHOTO NPUTAMAHHUM — peXuM, TOB'SI3aHUM 13
necynbgaraiieto. OxkpiM TOro, BOYJOBaHUM MIKPOIMPOIECOP 3/aTCH
3aXHUCTUTH aKyMYJISITOpHY OaTapero BijJ nepe3apspkaHHs. Y 3B s3Ky 13 UM
YCYBa€TbCSl HEOOXIIHICTh TOCTIHHOTO CIOCTEPEKEHHS 3a TMPOLIECOM
3apsKAHHS.

[Ipuctpiti mae aBToMaTH4Hy GQYHKII0O TaM’aTi. BoHa mosirae y
3armaM’SITOBYBaHHI OCTaHHBOTO OOPAaHOTO PEKUMY Ta HOTO MPOJOBKEHHI y
pasi BIACYTHOCTI IIEHTPATi30BAHOTO EJICKTPOIMOCTAYaHHS, a TMOTIM HOTO
BiTHOBJICHHI. TakoXk BIACTIAKOBYETHCS TeMIEparypa HaBKOJIUITHHOTO
CepeloBUIIA, a IOTIM CaMOCTIHO OOMPAETHCS 3MMOBHI YH JIITHIN PEKUMHU
pobotu. Ile BmIMBae Ha BOJBTAX 3apsKaHHSA (30UIBIIEHHSA a0o
smeHiIeHHs Ha 0,3 B BiAMoBIIHO).

[IpucTpiii Mae HacTymHI BHJAM 3aXUCTy BiA: IEpEeHANpPYyry;
nepe3aps/UKaHHsS,  MeperpiBy;  KOPOTKOTO  3aMHKaHHsS;  3BOPOTHOI
MOJISIPHOCTI;  HAACTpyMy; ciabkoro cTtpymy. Ilpomec 3apspkaHHs
CKJIaJa€Thes 13 7 CTyNeHiB: Aecyibdaraiis; M IKUH CTapT 3apsiKaHHS;
«00’eMHe» 3aps/PKaHHS; TOTJIMHAIOYE 3apsA/KAHHS, TECT aKyMyJsTOpa;
BIJTHOBJIIOBAJIbHE 3aps/KAHHS; IJIABAIOUUIA 3aps]l Ta MATPUMKA 3apsTy.

Bodasan Anhtczyx ZYX-J10 siBisie co0010 iHTEICKTYaIbHUN MPUCTPIit
3apsKaHHS aBTOMOOUTHhHUX akymynsaTopiB (pucyHok 1, 0). Ilparmoe B
ABTOMAaTUYHOMY PEXKHMi. 3aCTOCOBYETHCS Uil 3apsipKaHHS OLUTBIIOCTI
akymynaropiB Big 4 A-tom. mo 100 A-rom., a came: AGM; renesi;
CBUHIICBO-KUCIIOTHI; KaJblli€Bl; TJIMOOKOTO IMKIY; HEOOCIyroBYBaHI.
HasiBHa QyHKIIs BITHOBIIEHHS 3apsJKEHUX aKyMYJIATOPIB.

[IpucTpiii xapakTepu3yeTbcsl 3 €TamaMH 3apsaJKaHHSA: MOCTIMHUM
CTPyMOM; TIOCTIHHOIO HAalpyrow; IUIABAlOUMi peXUM. Mae Takox
(GyHKIIIO JTITHROTO Ta 3UMOBOTO PEXKHUMIB. Buau 3axucTiB, 10 JOCTYMHI,
BiJl: TIEpPEHANpPYTH; MeperpiBaHHs; Mepe3apsay; KOPOTKOTO 3aMHUKaHHS;
3BOPOTHOI TOJIAPHOCTI; HAJIUIIKOBOTO CTPyMy; CJaOKOro CTpyMmy.
BOynoBana ¢yHKIis TecTep-BOJIBTMETPA A€ MOMKIUBICT BU3HAYHUTH
Benu4MHY Hanpyru npu 3’ennanHi 13 AKb y Hemia’egHaHomy cTaHi 10
mepexi 220 B.

Suoer SON-1206D — aBTomaTwuHMiA IMITYTLCHUHN 3apSAHUN PUCTPIi
(pucynok 1, B) mist aBromo0unbHUX AKB 1o 100 A-rox. nst kepyBaHHS
IPOIIECOM BUKOPHUCTOBYEThCsl MikpokoHTposiep MCU. Ilpu nabopi
Oarapeer0 MOBHOI €MHOCTI BiIOyBaeThbCs aBTOMaTHYHE BUMMKaHHSA. Mae
3aXHUCT BiJl: KOPOTKOTO 3aMHUKAHHS; MEePEHANPYyTH; 3BOPOTHOI MOJSIPHOCTI.
3apsamxae CBUHLEBI Ta reieBl Oartapei 13 BUKOpUCTaHHAM 3 ¢a3
3apspKaHHs (IUPOTHO-IMITYJIbCHA MoayJtsiis). Konu Hanpyra Ha GaTtapei
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J0CATaE TEBHOTO 3HAYEHHS, TO BiNOYBA€THCA IMOCTYNOBE 3HUKCHHSA

3apsaHOro cTpymy. lle mepemkomkae mneperpiBaHHIO, CIy4yBaHHIO,
3akunanHio AKD. Icaye 6inbm notyxHima moaens Suoer SON-1210D+ i3

CTpyMoOM 3apskaHHa y 10 A.
=

[ |

a) 0) B)
Puc. 1. [nTenexrpyanbHi 3apsaHi npuctpoi BupooHuirea KHP:
a — Foxsur FBC122410E; 6 — Bodasan Anhtczyx ZYX-J10;
B — Suoer SON-1206D

Cepen BITYM3HSHOI NPOAYKLIi CIIJ BIA3HAYUTH 1HTEIEKTyallbHI
3apsH1 IpUCTpoi [ninpo A ta /[ninpo b, 1110 po3paxoBaH1 ISl 3apsiKaHHs
Oatapeit emnicTio 4...60 A-ron. Ta 32...90 A-rox. BIANOBIAHO
(pucyHOK 2). MaiTh IHTENEKTyaldbHy CHUCTEMY AIarHOCTUKH, (YHKIIO
naMm’siTi Ta BIHOBJICHHS aKyMYJIATOpa 13 MIKPOIIPOLIECOPHUM KEPYBaHHSIM.

Puc. 2. InTenexryanbHi 3apsaHi IPUCTPOI BITYM3HAHOTO BUPOOHHKA:!
a— ainpo A; 6 — duinpo b

OcoOnuBicTh TONATAE Yy  3aCTOCYBaHHI  BHUCOKOTEXHOJOTTYHUX
CKJIaJIOBUX y MIHIMQJIbHOMY KOPITYCi, a TaKOXX ITiIBUIIIEHA MIIHICTh Ta
IpOCTOTa eKCIulyaTamii. BHKOPHCTOBYIOTBCS ISl 3aps/DKaHHA —yCix
kuciaotHux Oatapeir, AGM Ta reneBux.

TexHiuHa XapakTEPUCTHKA IHTENEKTyaJIbHUX 3apsSAHUX IMPUCTPOIB,
oo po3msiaaucs Bumle, 13 BapTicTio y aiama3zoHi 500...1000 rpH.
HaBejeHa y Tabmui 1.
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Tabnuys 1
3BeCH] TEXHIYHI XapaKTEPUCTUKN aBTOMATUYHUX IHTEJIEKTyaIbHUX
IMITYJIbCHHUX 3apSIHUX IPUCTPOIB

3| 8
I i o
33| 5|2 "
Ne i 2 | gN| 2 | 2] &
[TapameTp, po3MIPHICTH X N |8 x ®) =) =]
L O | m N =
m i3 5 = |
L = o
c >
< 9p]
1 Hanmpyra BX1ZHOro 3MIHHOIO 100.. 240 150... 110250
cTpymy, B 250
2 Yactora BXIZHOrO 3MIHHOTO 50,60 47... 5060
ctpymy, I'ng 63
3. | Buxigna nanpyra, B 12: 24 12
4. | Buxigna cuna ctpymy, A 10; 5 5 ‘ 6 ‘ 2,6 ‘ 6,5
5 Hampyra BHX1JHA 0e3 13.8
HaBaHTaXeHHs, B
5 Bxiana MOTY>XKHICTh 13| Max | Max "
" | HaBaHTa)XeHHIM, BT 140 75 A
DYHKIISL «TECTEP-BOIBTMETPY» +
8. | OxonomKeHHs BCHTUJISITOPOM + - +
-
S 8| & | F| 9
S & s | S| 9
9. | I'abGapuTtHi po3mipu, MM ) % > % =S
0 = 0 e S
. - 20 d] w
10. | Maca, xr 06 038|032 02|04

Sk 6aunMo, HaOIIBI MOTYKHOIO Ta YHIBEPCAIBHOIO Y 3aCTOCYBaHHI
e monenb Foxsur FBC122410E. Cdepa ii 3acTocyBaHHS MOMIMPIOETHCS HA
akymynaTtopHi Oarapei He Tinpku 12 B, ame # 24 B. OcrtanHi mUpOKO
3aCTOCOBYETHCSI Y BaHTAKHUX TPAHCIOPTHUX 3aco0ax, I €MHUX
miatgopMax, HaBaHTaXyBadax, InTadenepax, NPUOMpaTbHIA TEXHII,
TPaAKTOPaX, a TAKOXK CIIEKTPUIHOMY TpaHCIOpTi. byieMo BUKOpHUCTOBYBaTH
came 1110 MOJICITb y TIOJIaJIbIINX €KCTIEPUMEHTATBHUX JTOCIIKCHHSIX.

Dopmyniosanns memu cmammi. Meta poOOTH MONATaE y MPOBEACHHI
cepii eKCIEePUMEHTATIbHUX JIOCTIHPKEHb, OB’ A3aHUX 13 JOCIIKCHHIM
eKCILUTyaTallliHUX XapaKTePUCTUK 1HTEJIEKTYaIbHOTO 3apsIHOTO MPUCTPOIO
Foxsur FBC122410E nnsa  BigHOBIGHHS  3apsay  (3apspKaHHS)
aKyMYyJISITOpHUX Oatapei pi3HOT MICTKOCTI.
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Ocnosna uacmuna. Ha OCHOBI TPOBENEHOIO aHAI3Yy JIKEpEN
iH(popMarii Oyau BU3HAUYCHI BUIM €KCIIEPUMEHTIB, 3a3HaueH1 y Tabnuii 2.

Tabnuys 2
Bunu excriepuMeHTIB 3apspKaHHS aKyMyJIATOPHUX OaTapei
npuctpoem Foxsur FBC122410E

Pexxum poboTH CAR/AGM* MOTO REPAIR
AKB, A Tog. 60 7,2 60 7,2 60 7,2
3acTocyBaHHs + - - + + +

* — zapsmkanHa BimOyBasocs 3a iHTepBany +10°C...+28°C, tomy

PEXKUMH € MOAIOHUMH (TeMIepaTypHa KOPEKIlis BICYyTHS).

VY skocti 3aco0iB BuUMIpiOBaHHS OyJ0 BHUKOpPUCTAHO TrpadidyHuit
MYJIBTUMETP-OCIIIOTpad KKMS828,  3BuuaiiHuii  yHIBEpCAIbHHI
mynbTuMeTp DT-830B, a Takoxx Ge3mocepenHpo iHGOpMAIIHHUNA TUCTIICH
3apsmHoro mpuctporo Foxsur FBC122410E. 3apsmkaHHiO MiAIATaIH
nonepeaHo  po3psupkeHi g0 12 B 3BuuaiiHi  HeoOCTyroByBaH1
aKyMyJISITOpHI OaTapei, 110 paHilie AOCIIKYyBalUCs aBTOpaMu y poOoTi
[1], a came: cBuHuEBO-KanbIilieBa (60 A-ron., Tabmuis 3); CBUHIICBO-
KucioTHa 6arapes (7,2 A-roa., Tadmus 4).

Tabnuys 3
TexHiuHa XapaKTEPUCTHKA aKyMYJISTOPHOI OaTapei

SADA OPTIMA [1]

HaiimenyBaHHS XapaKTEPUCTUKHU 3Ha4YEeHHS

CBHHIIEBO-KAJIbIIIEBUH, HE

1 | Tun akymynstTopa :
nijssirae 00CIyroByBaHHIO

Hanpyra, B: 12, mocriitHa
2 . 3aps]l IpH MOCTIHHOMY 3HAYEHHI1 13.9-14.4
Hanpyru, B ’ ’
3 €MHICTB, A TOI. 60
MakcumanbpHa cuia CTpyMy Ipu
4 . 6
3apsial, A
5 | CywmicHicTh TpancnopTHi 3acobu
6 | 'aGaputHi po3Mipu, MM 242x190x175
7 Maca, xr 16,5

YV Tabmuui 5 Ta Ha PUCYHKY 3 MPEICTaBICHO pe3yJbTaTH
excriepumMeHnTiB 3apsamkanas AKD 60 A-rox. y pexxumi CAR.
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Tabnuys 4
TexHiuHa XapaKTEepUCTHKA aKyMYJISITOPHOI OaTapei
GREAT POWER [1]
Ne .
1L HaitMenyBaHHS XapaKTEpUCTUKU 3HadYCHHS
CBHHIIEBO-KHCIIOTHHUM, HE
1 Tun akymysnaropa )
HiJ1sira€ 00CIyTOBYBaHHIO
Hanpyra, B: 12, mocriitHa
2 | - Ha KIemax O0e3 HaBaHTa)KeHHs, B 13,5...13,8
- IUKJIIYHOTO pexxumMy, B 14,4...15,0
3 €MHICTB, A'TOI 7,2
MakcuMalbHa cuiia CTpyMy TIpu
4 ; 2,1
3apsal, A
5 | Cymicuicts Jxepena 0e3nepebiiHOrO
JKMBJICHHS
6 | ['abapuTHi po3mipu, MM 151x65%95
7 Maca, kr 2,3
Tabnuys 5
PesynbpTaTn ekciepuMeHTaIbHUX JOCTKeHb 3apspkanas AKb
60 A-rox. y pexxumi CAR
No UYac, | Hanpyra, |Ctpym,| Ne Yac, Hamnpyra, | Ctpym,
3.1. | t, XB. U, B ILA | 3. t, XB. U,B I,A
1 49 13 3,0 17 66,3 14,3 5,4
2 5 13 3,6 18 68 14,3 5,2
3 55 13,1 3,6 19 69,9 14,3 51
4 12,3 13,2 3,6 20 72,3 14,3 4,8
5 14,6 13,2 3,6 21 73,8 14,3 4,6
6 14,9 13,4 7,0 22 74,6 14,4 3,9
7 15,2 13,5 7,0 23 76,2 14,4 3,9
8 17,2 13,6 7,0 24 76,5 14,4 3,8
9 17,6 13,6 7,0 25 79,2 14,4 3,6
10 20,2 13,7 7,0 26 81,8 14,5 3,4
11 29,9 13,7 7,0 27 95,2 14,5 2,6
12 | 524 14,3 7,0 28 95,5 14,6 2,0
13 62,9 14,3 5,8 29 101,7 14,6 1,8
14 | 64,2 14,3 5,6 30 135,8 14,6 1,0
15 64,7 14,3 55 31 136,7 14,6 0,9
16 65,4 14,3 55 32 155,6 14,6 0,7
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Puc. 3. [iarpamu 3anexxHocti Hanpyru, U, B, Ta cunu ctpymy, 1, A,
BiJ TpuBajocti mporecy 3apsmkanas AKbB 60 A-rox. (CAR)

Pexxum 3apsmpkanas CAR (AKb 60 A-rox.) micis momepeaHboro
TECTyBaHHS (BH3HAYCHHS TMOJISIPHOCTI, TEXHIYHOTO CTaHy) MOYMHAETHCS 13
pexumy necynbdatanii ctpymoM (I = 1,5...3,6 A), mo TpuBae OIU3bKO
5 xB. Jlam cTtpym HaOyBae CTaJOro 3HAuY€HHs (ITOYATKOBHUH 3apsii), L0
JIOPIBHIOE Mailke MOJOBHHI OCHOBHOTO 3apsany (3,6 A) mpotsrom 10 xB.
3HadyeHHs HaANpyTH npu 1pomy 3poctae Big 13,0 B o 13,2 B. Hactynmaum
eTarioM € OCHOBHHUI 3apsan ctpymoMm 7,0 A tpusaiictio 40 xB. IIpu npomy
Harpyra mnocTynoBo 30uibmyeThes 13 13,4 nmo 14,3 B. Ilotim ctpym
MOYMHAE 3MEHIIYBATHUCSA, a 3HAYCHHS HANpyTd miaBunpwiocs mo 14,6 B.
3aKkiHYy€eThCs MPOIEC 3apsypkaHHs npu cuwil crpymy 0,7 A Ta Hampysi
14,6 B. Hactynuum etanom € tectyBanHs AKb (tpuBamicts 10 xB.). Jlami
BMUKAEThCS pexXuM 30epiranns. 3HadueHHs Ha kiaemax AKDBb michs ii
BiJICTOIOBaHHS cTaHoBwio 12,8 B. 3aranpHa TpUBANICTH ITUKITY
3apsipkanHa 2,6 ronunu (0e3 tectyBaHHs ). [IpocTexxyBanocs miABUILEHHS
temrniepatypu AKBb i3 20°C mo 23°C (7,0 A) i3 1 mocTynmoBUM
OXOJIO/IKEHHSIM JI0 TIOYaTKOBOTO 3HAUEHHS Ha KiHII 3apsiKaHHS.

YV Tabmuui 6 Ta Ha PUCYHKY 4 TNOpEICTaBIEHO pe3yJbTaTH
excriepuMeHTiB 3apsmpkanaa AKD 7,2 A-roxa. y pexxumi MOTO.

Pexxum 3apsmxanns MOTO (AKB 7,2 A-ron.) micias monepeaHboro
TECTYBaHHSI OXapaKTEpPU3yBaBCs BIJIICYTHICTIO TIpolecy Jecylbdartariii.
Ctpym HaOyBae crajoro 3HaueHHS y 1,5 A 1 TpUMaeThCs HE3MIHHUM

maiixke 100 xB. (OCHOBHUI 3apsi). 3HAUYCHHS HANPYTH MPU I[LOMY 3POCTAE
Bix 13,5 B no 14,6 B.
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Tabnuys 6
PesynbraTi ekcriepuMeHTaIbHUX TOCTIKeHb 3apspkanas AKb
7,2 A-ron. y pexumi MOTO

Ne | UYac, |Hanpyra, |Ctpym,| Ne Yac, Hamnpyra, | Ctpym,
3.01. | 1, XB. U,B IL,A | 3m {, XB. U,B I,A
1 1,7 13,5 1,5 16 78,2 14,1 1,5
2 2,2 13,5 1,5 17 82,8 14,2 1,5
3 3,5 13,5 1,5 18 86,8 14,3 1,5
4 5,7 13,4 1,5 19 90,8 14,4 1,5
3 6,9 13,4 1,5 20 96 14,5 1,5
6 8,7 13,4 1,5 21 98,2 14,6 1,5
7 24,1 13,5 1,5 22 100,7 14,6 1,4
8 25,3 13,5 1,5 23 106,7 14,6 1,3
9 32,4 13,5 1,5 24 111,2 14,6 1,2
10 | 32,7 13,5 1,5 25 117,5 14,6 1,1
11 | 37,1 13,6 1,5 26 123 14,6 1,0
12 | 471 13,7 1,5 27 129 14,6 1,0
13 | 56,8 13,8 1,5 28 134,7 14,6 0,9
14 | 65,2 13,9 1,5 29 144,1 14,6 0,8
15 | 70,7 14,0 1,5 30 148,5 14,6 0,7

,_,_,_,_,_
— N W B W

O
O O

e
.
=
>
o
=
<

B

e e e
Cuna crpymy, I, A

LW W W W
v v v v

W DN

JOOOO
D O\ N ©o

[a—

32 60 91 121
Yac 3apspkaHss, t, XB.

U=f(t) =—I=f(t)

Puc. 4. [liarpamu 3anexxnocti Hanpyry, U, B, ta cunu ctpymy, 1, A,
BiJ TprBasiocTi nportecy 3apsmkanas AKb 7,2 A-rox. (MOTO)

[ToriMm CcTpyM TmOYHMHAE 3MEHIIYBAaTHCS, a 3HAYCHHS HaIpPYTH
MpOoJOBXKYy€e 3anumatucs Ha piBHl 14,6 B (abGcopOuis). 3akiHUyeThCs
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npouec 3apsypkanHd npu cui crpymy 0,7 A. Hactynaum ertanom €
tectyBaHHs AKDB (tpuBanicte 10 XB.) Ta mepexi y peXuM 30epiraHHs.
3nauendsa Ha kiemax AKDB micis 1 BimcroroBanHsg crtanoBmio 13,0 B.
3araibHa TPUBAIICTh LMKIY 3apsypkaHHs 2,5 roguHu (0e3 TecTyBaHHS).
BinOynocs narpiBanasa AKbB 13 20°C no 22°C. [loBepHeHHsI TeMmeparypu
JI0 IOYaTKOBOT'O 3HAUYEHHSI HAPUKIHII 3aps/KaHHs He crniocTepiranocs. Le
nosicHioeTbea MeHmmMu pomipamu AKbB 7,2 A-roa. y nopiBasHHI 13 AKD
60 A-'roxa., a TaKOXX CHJIOK CTpyMmy, mo Oyna y 4,7 pasy MEHIIO, HIXK
3HAYCHHS y TIEPIIOMY JTOCTiII.

Criz BII3HAYWTH, 1CHYE BIIMIHHICTb MTOKa31B CHJIM CTPYMY Ha JHUCTUIET
3apsAHOTO MPHUCTPOIO 3 iX PeaJbHUMH 3HAYEHHSIM, 110 OyJIO BPaxoBaHO Y
nocnigax. Hampuknax, cuwma cTpyMy 3a AWCIUIeEM Tpuctporo B 1,7 A
HacmpaBi Mae 3HadueHHs 1,5 A (TOCHiIOBHE MiAKIIOYEHHS MYJIBTUMETPY
JI0 €JICKTPUYHOTO JIaHI[IOTa).

BupoGuukom 3apsanoro npuctporo Foxsur FBC122410E 3a3naueHo,
mo pexnM REPAIR e pemonTHHM i3 TpuBamictio g0 16 romms. Moro
PEKOMEHJI0OBAaHO 3aCTOCOBYBATH ISl BIIHOBJIEHHS Ta 30€piraHHs CTapux
akymynaropaux Oarapeil. Taxox nmns AKb, mo MawTh €MHICTH 10
20 A'ron HOro pPEKOMEHJIOBAHO JJISi BHUKOPUCTAHHS, OCKUIBKH caMme
IMITyJIbCHE 3apsi/DKaHHS € HalKpalluM BapiaHTOM y I[bOMY BHIIaJIKOBI.
Tabnuusg 7 Ta pUCyHOK 5 MICTSTh pe3yiIbTaTH €KCIIEPUMEHTIB 3apsiPKaHHS
(gactuHa 1ukiry 6sm3bko 2 roa.) AKb 60 A-ron. ta 7,2 A-ron.

Tabnuysa 7
PesynbraTi excriepuMeHTaIbsHUX TOCTIKEeHb 3apskanas AKb
60 A-rox. y pexxumi REPAIR

Ne | Yac, | Crpym, | Crpym, Ne Yac, | Crpywm, | Crpym,
3.0. | t, xB. Iso, A I72, A 3.10. t, xB. Iso, A I72, A
1 3 3,68 2,35 14 63 0,5 0,21
2 3 0,6 0,33 15 73 3,4 1,50
3 13 3,99 2,29 16 73 0,44 0,21
4 13 0,6 0,31 17 83 3,4 1,4
S 23 3,57 2,24 18 83 0,44 0,21
6 23 0,6 0,31 19 93 3,4 1,20
7 33 3,55 2,1 20 93 0,4 0,21
8 33 0,5 0,27 21 103 3,4 1,10
9 43 3,95 1,91 22 103 0,4 0,15
10 43 0,5 0,26 23 113 3,4 0,90
11 53 3,45 1,80 24 113 0,4 0,13
12 53 0,5 0,26 25 123 3,3 0,87
13 63 3,4 1,60 26 123 0,4 0,12
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Puc. 5. Jliarpama 3aneHOCTI CUJIA CTpyMYy, [, A, Bil TpUBAJIOCTI MpoLeCy
sapsypkanis AKB 60 A-rox. ta 7,2 A-ron. (REPAIR)

Pexxum 3apsmxanns REPAIR  milicHO 371HCHIOETBCS IMITYJIBCHUM
cTpyMOoM (MATBEP/KYETHCS OCHMIOrpadoM) MOYATKOBI 3HAUYEHHS SIKOTO
BiAmoBigaroTh iHTepBany Bix 0,6 A o 3,7 A (AKB 60 A-rox.), a Takox Bij
0,3 A o 2,4 A (AKb 7,2 A'ron.). SIxk 6auumMo, BiIOyBAETHCS CAaMOCTIMHHUIMA
BUOIp MPUCTPOEM IIHOTO J1alla30HY Ha MIACTaBl aHANI3y CTaHy Ta €MHOCTI
Oarapei. 31 30UTBIICHHSIM YaCOBOTO MPOMDKKY 3apsKaHHS/BiTHOBICHHS
BiI0YBa€THCS MOCTYNOBE 3MEHIICHHS BEIMYMHH IMITYJIbCHOTO CTPYMY.

Bucnoexu. TakuM 4yuHOM, 3a pe3yJibTaTaMy MPOBEIECHOTO aHali3y Ta
cepii eKCTIepuMEHTATBHUX JTOCIIHKEHb MO)KHA 3a3HAUYNTH HACTYITHE:

— Ha pUHKY YKpaiHu y uiHoBoMy piamazoni 500...1000 rpH.
IPEICTaBIIEHa YUMaJla KIJIbKICTh IMITYJIbCHUX IHTEIEKTyalbHUX 3apsIHUX
NPUCTPOIB IS BiAHOBIEHHS 3apsily pPI3HOMAHITHUX aKyMYJSITOPHHX
Oarapeil. IlepeBakaroTh 3pa3KuM 3aKOPJAOHHOTO BHPOOHHUIITBA, alie
3yCTpiHatoThCsd UM BITUM3HSAHI. TEeXHIUHI XapaKTEepPUCTUKU HANOUIbII
NOIIUPEHUX Mojesied Oyiu po3risiHyTi. BiaMiHHOCTI monAraroTh y cuill
CTPyMy, TIOTY>XHOCTI, HaOOpi pEXHMIB, a TaKOX KUIBKOCTI CTafii
3apsokaHHd. BuszHaueHo, Ha JyMKY aBTOpPIB, HaWOUIbII ONTUMAILHY
Mozenb (y JaHOMY IIIHOBOMY CETMEHTI) 3 TOYKH 30PY YHIBEpCaJbHOCTI,
3pydHOCTI 3actocyBanHs — Foxsur FBC122410E;

— cepis MPOBEICHUX EKCHEPUMEHTATbHUX TOCHIIKEHb 13 BHBYCHHS
peKUMIB POOOTH IHTEIEKTYalbHOTO IMIYJIBCHOTO MPHUCTPOIO FOXSUr
FBC122410E nns 3apsamxaHHs aKyMyJISTOPHUX OaTapeid pi3HOiI MICTKOCTI
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3acBiYMIIa, IO 3arajJioM JaHa MOJENb BIANOBiAa€ (YyHKIIOHAIBHOMY
NPU3HAYEHHIO;

— y pexumi CAR (AKB 60 A‘rom): mMakcuManbHE 3HAYCHHS CHIIA
3apsSIHOTO CTPyMy CTaHOBUTH He 10 A, sk 3asBisie BUPOOHUK Ta
B1I0Opakye MUCIUICH MPUCTPOIO, a Julle 7 A; Ha MOYATKY IUKIY TiCIs
TECTYBaHHSI TIOYMHAETHCA pEXUM JAecyibdaramii (5 XB.); 3apsHKaHHS
noJioBUHYACTUM cTpyMoM (10 XB.); 3apskKaHHS OCHOBHIUM MaKCHUMAaJIbHUM
ctpymoM (40 XB.); peKUM 3MEHIIICHHS cuiik cTpyMy 10 0,7 A Ta 3pocTaHHs
Harpyru 10 14,6 B (100 xB.); TecryBanns (10 xB.); 306epirans;

—y pexumi MOTO (AKB 7,2 A-ton): MakcuMalibHE 3HAYCHHS CHIIH
3apsAHOTO CTpyMy cTaHOBUTH He 1,7 A, sk BigoOpaxye aucIuieu
npuctporo, a jume 15 A; pexum necynbdataiiii BIACYTHIN; TMIiCHS
TECTyBaHHS MOYMHAETHCS 3apsHKAaHHS OCHOBHUM MaKCHUMAJIbHUM CTPYMOM
(100 xB.) mo 14,6 B; pexxum abcopOrii a00 3MEHIIEHHS CHIIM CTPYMY JIO
0,7 A mpu cramomy 3HadeHH1 Hampyru (50 xB.); TectyBanHs (10 xB.);
30epiraHHs;

—y pexumi REPAIR npaitoe iMmynbCHUM CTpyM, 1110 3MEHIIYETHCA 3
gacoM. Mloro BeMYMHA BU3HAYAETHCSA MPUCTPOEM HA OcHOBI aHanizy AKB.
MinimanbsHe 3Ha4eHHs y aochigax ctanoBuiio 0,3 A, a MakcuMainbhe 3,7 A.

[lepcniekTUBY TMOAANBIIUX JOCIIKEHb MOJSATAIOTh Yy MOJANbIIOMY
nocnimxeHHl pexxumy REPAIR, a came: BUBYEHH1 HOr0o MOBHOTO IHKITY,
o TpuBae 61au3bKo 16 roa. Ha AKD pi3HOro Buay, CTaHy Ta €EMHOCTI.
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THE EXPERIMENTAL RESEARCH OF PULSE CHARGER MODES

Summary

Pulse intelligent chargers are widely used in technology. There are quite a few of
them on the market. Transformer charging is gradually disappearing. They are outdated
and dangerous. Requires constant monitoring during operation and adjustment. The
intelligent charger uses a built-in microprocessor. It independently restores the electric
charge of the battery, diagnoses, and selects the necessary operating parameters. Many
scientists are concerned with the development of improved devices for charging with
increased efficiency.

The authors of the article reviewed the most common models of intelligent pulse
chargers in a certain price range. The most universal was chosen based on the analysis
of technical characteristics. This is the Foxsur FBC122410E model.

For the selected Foxsur FBC122410E charger, experimental studies were
conducted to study operating modes for accumulator batteries of different capacities. A
multimeter and an oscilloscope were used. In CAR mode (battery 60 A-h): the
maximum value of the charging current is not 10 A, but only 7 A, at the beginning of
the cycle after testing, the desulfation mode begins; half-current charging; charging with
the main maximum current; mode of decreasing current and increasing voltage; testing;
storage. In MOTO mode (battery 7.2 A-h): the maximum value of the charging current
is not 1.7 A, but only 1.5 A; there is no desulfation mode; after testing, charging with
the main maximum current begins; the mode of absorption or reduction of the current
strength at a constant value of the voltage; testing; storage. In the REPAIR mode, a
pulsed current works that decreases with time. Its value is determined by the device
based on the analysis of the battery.

Keywords: rechargeable battery, charging, intelligent pulse charger, voltage,
current strength, operating mode, testing, multimeter, oscilloscope
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3BEPEKEHHS POBOTO3JATHOCTI
TPUD®AZHOI'O CTATUYHOI'O HABAHTAKEHHSA
3A HEHOBHO®A3HOTI'O )KUBJIEHHSA

Anomayia. B poOOTI po3mIsIHYTO HaIidHICTG (yHKIIOHYBaHHS TpU(da3HOTO
CTaTUYHOTO HABAaHTAXKCHHS 1 TOKA3aHO, 1[0 OJHHUM 3 aBapiifHUX PEKHUMIB HOTO POOOTH €
HernoBHO(a3He kuBIeHHA. [IpoBeaeHO aHali3 ICHYIOUMX CHOCOOIB  3aXHCTY
HABAHTAXXCHHS Y TAKMX PEXHMax poOOTH 1 BUSBJICHO, II0 YCI BOHU MPOIOHYIOTH HOTO
BigKIIO4eHHsA. ToMy y poOOTi mpoaHaii3oBaHO POOOTY BKAa3aHOTO HABAHTAXEHHS Y
JEKITBKOX BUMAJKAX: Y CHMETPUYHOMY PEXKHMI, IpU OOPHBI JIHIHHOTO MPOBOIMY, MPH
0o0OpHBi JIIHIHHOTO TMPOBOJY 3 BKIIIOYEHHSM iJ€aIbHOTO HYJIBOBOTO TPOBOAY 1 TPH
0OpHBi JIHIMHOTO TIPOBOAY 3 MEPEKIIOYCHHSM HABaHTA)KCHHS HA CXEMYy TPHKYTHHKA.
AmHauni3 1nokasas, 10 CTaTHYHE CUMETPUYHE HABAHTAXKCHHS MOXKE MIPAIFOBATH ITPU OOpUBi
OJTHOTO 3 JIIHIMHUX MPOBOAIB. [y 30epekeHHs HOro poOOTO3AaTHOCTI Y TAKOMY PEXHUMI
po6OTH MOTPIOHO MEPEMKHYTH HaBaHTAXKEHHS Ha CXEMY TPUKYTHHKA 1 BKIIOUUTH Y OIHY
3 foro (ha3 JT0MaTKOBHA PE3UCTOP ISl OOMEXKESHHS Ha Hill JIIHIMHOT HAalIPpyTH 10 POOOYOTo
piBas. [Ipy 1pOMY aKTHMBHA MOTY)XHICTh HaBaHTAXEHHs 3MEHIIyeThcst y 1,2 pasu
MOPIBHSAHO 3 CHMETPHUYHHUM pEXUMOM poOoTH. Sk peamizaiiro TaKOTO IiAXOMY
3aMPOMIOHOBAHO CXeMYy KOMOIHOBaHY BiIIOBIHOTO MTPHCTPOIO.

Kniouosi cnosa: tpudasHa cucrema, 0OpUB MPOBOMY KHUBICHHS, HECMETPUYHHIA
peXUM POOOTH, POOOTO3MATHICTH TPU HECHUMETPii, MOJIETIIEHHS pEeXuMy poloTH,
AKTHBHA MOTYXHICTb.

Ilocmanosxa npobnemu. Ha CchOromHi OCHOBHMMH CIOKHBadaMHU
€JIEKTPUYHOI eHeprii € TpudasHi NpHUCTPOi, SIKI MEPETBOPIOIOTH 11 y 1HIII
BUJIM €HEprii, HeoOXiaHI ISl 1iied BupoOHMIITBA yu moOyTy [1, 2]. Bin
HaJIMHOCTI pOOOTH LMX MPHUCTPOIB 3AJIEKUTh MPOTIKAHHS TEXHOJOTTYHUX
NPOIIECIB, X e()EeKTUBHICTh Ta iHIIN Moka3Huku [3, 4]. Cepen HUX € Taki, sKi
MpaIolTh 0€3 YTBOPEHHS OOEPTOBOTO MAarHiTHOro mojsi (0OMOTKH
TpaHc(opMaropiB, €JIEKTPOHArPIBAJIbHI MPUCTPOI TOIIO), IX HA3UBAIOThH
Tpua3HUMH CTaTUYHUMHM HaBaHTaxeHHsMu [5, 6]. Jlns mepemaui
CJIGKTPOCHEPrii 10 HUX 3aCTOCOBYIOTh TpHU(Da3HI EIeKTPUYHI Mepexi,
HQIIMHICUT SKUX BIUIMBA€ Ha CTaOUIbHY po0OTa IMX MPUCTPOiB. Tomy

9 Bosk O. 10., Ksitka C. O., ITonosa 1. O., diopzies B.T., 2024
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BUHUKHEHHSI YIIKO/DKEHb Y MEPEXi JKUBJICHHS MPU3BOAUTH A0 MOTIPIICHHS
YMOB pPOOOTHM HaBaHTAKEHb: AaCHUMETpIli Hampyr, 30UIbIIEHHS CTPYMIB,
NPUCKOPEHHS TEIUIOBOTO 3HOMICHHs 13omsmii Tomo [7-9]. Omniero 3
PO3MOBCIODKEHUX HECHpPaBHOCTEH TpU(DAa3HUX HU3BKOBOJIBTHUX MEPEX €
OOpHB OJTHOTO 3 MPOBOJIIB >KUBJICHHS, AKUI criocTepiraeTbes maibke y 40 %
Bunankax [10-12]. Buacmigmok 1poro y TpudazsHOMy CTaTHYHOMY
HAaBaHT)KCHHI BHUHUKAE€ 3HIDKEHHS 3arajbHOi MOTY)KHOCTI, 30UIbLICHHS
CTpYMIB y (azax, M0 3aIUIIHINCE Y poOoTi Toro [13-15]. Bkasani nposiBu
NPU3BOAATE JO HECTaOLIbHOI pPOOOTH HaBaHTAXEHHS 1 TOPYIICHb Y
TEXHOJIOTIYHOMY TMpoleci, y sAkoMy BoHO 3amisHe [16, 17]. Tomy
JOCII/DKEHHS ~ HEMOBHO(A3HUOTO  peXUMy  poboTH  Tpuda3HOTO
HABaHTAXXCHHS € aKTyaJIbHOIO 3aJ1a4ero.

Ananiz ocmannix oocniodxcens. Ha nanuii yac 1o 3aady Hamarajiuch
po3B’si3atu O6arato BueHHUX. Tak y [18] mponoHyeThCS MIKPOKOHTPOJIEPHUI
OPUCTPIM  3aXUCTY, SKUU BIIKIIOYAE TpU(pa3HE HABAaHTAXEHHS MPHU
BUHUKHEHHI OOpHBY JiHIHHOTO TpoOBOMYy 1 3a gomomororo GSM-momyns
CHOBIIIAE MPO IIe¢ 0OCIyroByrouuid mnepcoHan. ABropu pobotu [19]
IPOIMOHYIOTh 32 JIOMOMOIOI0 PO3pPOOJIICHOT0 HUMHU MPUCTPOIO0 Ha 0asi
nudepeHIiaIbHUX eJIEMEHTIB KOHTPOJIIOBATH MEePEX1/IHI MPOLECH HAPYTH 1
CTpyMy JiHII eleKkTponepenadi, 3a iHQopMalle€o Tpo sKIi pOOUTH MPsAMI
BIJIKJIFOUEHHS JIIHIT Y pa3l BAHUKHEHHS 00puBy. Y po6oTi [20] po3pobieHo
QITOPUTM IIBUAKOTO BUSBICHHS AaCUMETpPii HApyrH >KUBJICHHS, B TOMY
guciai 1 HemoBHogaszHoro. BiH He 3aleXuTh BIJ YMHHUKIB, SKi HE
BIUIMBAIOTh Ha piBeHb Hampyru. [Ipore aBTOpH HE 3ampomnoHyBalu
MOJAJbIN Jii TIOA0 HABAaHTAXEHHS Yy pa3l BUSABICHHS aHOPMAJILHOTO
KUBJIEHHA. J[71s BHU3HAYeHHS JEKIIBKOX HECHPaBHOCTEH CHCTEMHU
JKUBJICHHSI TpU(a3HOTO HABaHTAXXCHHS, B TOMY YHCII 1 OOpuBYy (asu,
IIPOTNIOHYIOTh BHUKOPUCTOBYBaTHM HEUPOHHY Mepexy [21], dKy MoxHa
IHTErpyBaTu 0 cUCTEM 3axucTy. ToOTO 1 B I[bOMY BHUIIAJIKy MPOMOHYETHCS
BIJIKJIFOYATH HABAaHTAXXEHHS Yy pa3l BHUHHUKHEHHS HEMOBHO(Aa3HOTO
KUBJICHHs. Y [22] aBTOp pO3pOOMB METOJA BU3HA4YEHHs OOpuUBY da3u s
HEKOIITOBHOTO TpH(a3HOTO HaBaHTaXKEeHHS. BiH 6a3yeThcs Ha 1HPopMalrii 3
IIYHTYIOUMX JaTduKiB CTPyMy, 3a CHTHAJAMU 3 SIKUX TPOTOHYETHCS
BIJIKJIFOYATH HAaBaHTaXEHHS. Y CTarTi [23] pO3MISHYTO CHPOIIEHE CXEMHE
pIIIEHHS 3aXUCTy TPU(PA3HOTO HABAHTAXKEHHS 3a JOMOMOIOI0 MPHUCTPOIO,
KU 3a0e31euye HaIHHUM 3aXUCT BiJl ITUPOKOTO KOJla HECIPABHOCTEH, 1110
OPU3BOAATh JI0 HEOKAHWX TIepepB PI3HOMAHITHUX TEXHOJOTIYHUX
mponeciB, B TOMy YHCTI i Bif HENOBHO(MA3HOTO JKHUBICHHA. Moro
KOHCTPYKIIiSI € KIIACUYHOIO Y MOEIHAHHI 3 €IEKTPOHHUM OJIOKOM KOHTPOJIIO
CJIEKTPUYHUX TapameTpiB cxeMu. [lpm BHHHMKHEHH1 00puBy ¢asu
HABAaHTAKEHHS BIJIKIIIOYAETHCSA. ABTOpU POOOTH [24] MPOMOHYIOTH CXEMHE
pILIEHHS TPUCTPOIO T1arHOCTYBaHHS BTpaTH (a3u HaBaHTakeHHA. CyTb
Horo (QyHKIIIOHYBaHHSI TMOJSTa€E y KOHTPOJI CEpeAHbOKBAIPATUYHUX
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3HA4YE€Hb JIHIMHUX HAMpPYT 1 CTPYMIB Ta BIIKJIFOYEHHI HABAaHTAXEHHS Yy pasl
iX  BIOXWIEHHA  BiA  JONYCTUMHUX  3HadyeHb. llpucTpiil, skuii
3alpONOHOBAaHUK y [25], NO3MLIOHY€TbCA aBTOpamMHu SK JCLIEBUA Ta
TOYHUM y BUSBIEHHI HENPUITYCTUMHUX 30BHIIIHIX BIUIMBIB, B TOMY YHUCHI 1
o6puBy (a3u. Moro cxemue pimeHHs Gasyerbcs Ha Arduino, peme i
TpaHcpopmaropax CTpyMy. Y pasi HacTaHHS HEMPHUIYCTUMOTO BILTUBY
Tpu(a3He HABAHTAKEHHS BUMMKAEThCSA. Y [26] HABOAUTHCS MPUCTPIN
3aXUCTy TpU(Da3HOTO HABAHTAXKEHHS B1J] aHOPMAJIBHOI HANIPYTH KUBJICHHS.
Bin 0Ga3zyerbcsi Ha MikpokoHTposiepi Microsoft PIC 16F877, saxuii 3a
CUTHAJIaMU TPhOX BHUMIPIOBAJIBHUX TpaHCPOpMATOPIB HAIMPYrd MpHiimMae
pIIIIEHHST TIPO BIJKIIOYCHHS HABaHTAKEHHS Bl Mepexi. Y poboti [27]
3alPOTIOHOBAHO TPUCTPIA 3aXWUCTy HABAHTAXKEHHS BIJ  JEKUIHKOX
aBapiiiHUX pexuMi poOOTH, B TOMY YHCII 1 BiJ BTpatu (a3u. Bin 6a3yerbes
Ha CEHCOPHOMY METOAl BHU3HAYEHHS HECNpPABHOCTEH. Y  HbOMY
nepen0aueHo BUMIPIOBAHHS CTpyMy, BiOpallli, Hampyru Ta TeMIleparypu
Tpu(a3HOTO HABAHTAXKEHHS 32 3HAYCHHAMH SIKHX MIKPOKOHTPOJIEP
npuiiMae pilIeHHS TMpO  BIAKIIOYEHHA. ABTopamMu pobotu  [28]
3alpONOHOBAHO MpUCTpIA Ha 0a31 MikpokoHTposnepa 1 GSM-mopynsa 3
JaTyukamMu ctpymy 1 Hanpyru. lleit mpuctpiéi ¢ikcye oOpuB mpoBOIY
JKUBJICHHS, a 1HQopMaIllito Hajacwiae y BUIAIl SMS-moBiOMIICHHS 0
00CJTyTOBYIOYOTO MEPCOHATY ISl TOAATBIIOT0 MPUUHSTTS pimieHHs. Y [29]
aBTOpH 3amponoHyBanu «K-merom» s BUSIBICHHS OOpHBY IPOBOAY
YKUBJICHHS TpU(a3HOTO HABAHTAXKECHHS 33 CUTHAIAMH TpU(pa3HUX JaTUYHKIB,
BCTAHOBJIEHUX y  CEKIIfHOMY po3moAulbHOMY mpuctpoi. Merton
nependayae  BIAKIIOUEHHS  HABaHTaXEHHS y  pa3l  BUHUKHEHHS
HenoBHO(a3HOTro kuBJIeHHSA. Pobora [30] mpucesvueHa aHamizy NpOSBIB
0OpHBY KHUBJITYOTO NPOBOAY HABAHTAXKEHHS. [ aBTOpaMHU 3aIIpOIOHOBAHO
3I1MCHIOBAaTH MOHITOPUHT LIIICHOCTI TPUIIPOBIIHOI JIiHIT eJIeKTponepeayi
3a CUTHAJIIB HAMPYyTH Ta CTPYMY Ha CTOPOHI1 JIXKEpeia )KUBJICHHS Ta CTOPOHI
HABaHTAXXEHHS B PEXKUMI pealibHOro yacy. [Ipu oOpuBi 0IHOTO 3 MPOBOIIB
HaBaHTAXEHHS MPOMOHYEThCS BikIouaTu. Y [31] aBTOpH 3amporoHyBaiu
OPUCTPIM, SKUH KOHTPOJIOE JEeKUIbKa MapaMeTpiB poOOTH TpudazHOTro
HAaBaHTAXXEHHS 1 y pa3l OOpUBY MPOBOJY >KUBIEHHS BIJKIIOYAE HOTO.
[Tpuctpiii, 3anpomoHoBaHuil y [32], MICTUTH y CBOEMY CKJaji
MikpokoHTposiep Atmega32, MOII-Tpan3ucropu, pene, BUMIPIOBAJIbHI
TpaHchopMaropu CTpyMy Ta Hanpyru. BiH KOHTpotOE HACTaHHS AEKIJTBKOX
aBapiiHUX peXUMIB poOOTH Tpu(a3HOrO HABAHTAKEHHS, B TOMY YHCIHI 1
oopuBy (pasu. Ha BuXomi mpHCTPOIO — BIAKIIOYCHHS HABAaHTAXEHHS Y
aBapiiHOMy pexumi poOoTu. ABTOopu podoTH [33] po3podMIN cCUCTEMY
3axucTy TpudazHoro HaBaHTaxeHHs Ha 0a3i RISC wmikpokoHTposepa
PIC18F4520, sika 3a iHQopMalie0 3 BIANOBIAHUX JATYUKIB MpUIIMae
pILIEHHS! MPO BIJKIIOYEHHS HaBaHTAXXEHHS y pa3l aBapiiiHOro pexUMy
po0OTH, B TOMY YHCJII IPU BUHUKHEHH1 OOPHUBY MPOBOIY KUBJICHHSI.
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TakuM 4YMHOM, IPOBEICHUI aHaJI13 OCTAHHIX JOCIHIKEHb TOKA3YE, 110
BCl ICHYIOYl pPO3POOKH JO3BOJIAIOTH KOHTPOJIIOBATH, CHUTHAJII3yBaTH Ta
BIJKITIOUATH Tpr(a3He HABAHTAXKEHHS Y pa3l BAHUKHEHHs] OOpPHUBY OJHOTO 3
KUBIIAUUX MPOBOAIB. Takuil MIAXiJ 10 pO3B’sI3aHHS JAHOI MPOOJIEeMHU
NPU3BOAUTHh J0 BUHUKHEHHS 3HAYHUX 30MTKIB Ha mianpueMctsi. Tak 3a
naHuMu [32] exkoHOMIYHI 30MTKM BHACHIAOK aBapiMHUX BIJIKIIOUYEHb
Tpu(a3HUX HAaBAaHTAXXEHb yepe3 OOpUB MPOBOAY >KUBICHHS B 3aJIEKHOCTI
BiJI iX TOTY>KHOCTEH KoIMBaroThcs y cepennpomy Big 3 000 mo 30 000
JI0JIapiB HAa OJMH OOPHUB.

Dopmynosanns memu cmammi (Rocmanoska 3ase0anis). ToMy METOIO
cTarTi € 30epekeHHS poOOTO3MaTHOCTI  TpU(a3HOTO  CTATUYHOTO
HABAaHTAXXEHHS MPU OOpUBI KUBJISYOro mpoBomy. s mocarHeHHs i€l
METH MOTPIOHO MpoaHai3yBaTu poOOTY HABAHTAXKEHHS 32 PI3HUX CXEMHHUX
pIIIEHb 1 3aIIPONIOHYBATH TAKEe CXEMHE PILIEHHS IPUCTPOIO, SIKE TO3BOJIHUTh
30epiraTv 1oro poOOTO3/1aTHICTh 32 HETOBHO(A3HOTO KUBJICHHS.

Ocnosna uacmuna. Ha npakTuil 4acTO 3yCTPIHAIOTHCS EJIEKTPUYHI
KOJIa, SIKI CKJIQJalOThCAd 3 CHUMETPUYHOro TpudaszHoro pkepena,
TPUMNPOBIAHOI JIHIT eJieKTpornepenayi 1 CHUMETPUYHOIO  Tpuda3HOro
CTaTUYHOTO HaBaHTa)XXCHHsS. BBakaeMo, 1110 JKEpesio 1 JIiHiA € 1eaTbHUMU,
JOKEpeio 1 HaBaHTaKEHHS 3’€JIHaHI 3a cXxeMaMu 3ipku. Po3mistHeMo poboTy
TAKOTO KoJla Y JEKIJIbKOX BHMAJKax: 1) y CHUMETPHUUHOMY pPEXKuMI; 2) y
HenoBHO(Ma3HOMY pexumi (0OOpHB OFHOTO 3 JIHIWHUX TPOBOAIB); 3) y
HenoBHO(Ma3HOMY pexuMi (OOpUB OJHOTO 3 JIHIMHMX MPOBOMIB) TPHU
BKJTIOYCHHI 17I€ATbHOTO HYJIHLOBOTO MPOBOAY; 4) Y HEMMOBHO(DAZHOMY PEXKUMI
(0OpWB OHOTO 3 JIIHIWHUX MPOBOIIB) MPHU MEPEKITIOYCHHI HAaBAaHTAKEHHS HA
CXeMy TpHUKyTHUKa. Sk kputepii 30epexkeHHS pPOOOTO3MaTHOCTI
HAaBaHTA)XEHHS TMPUHAMEMO MOro akTUBHY NOTYXKHICTh. Jlyig aHamizy
3aCTOCYEMO CHUMBOJIIYHUM (KOMIUIEKCHUI) METO/I.

[Ipoananizyemo 1-ii BuUmagok poOOTH KoJIa — CUMETPUYHUN PEKUM.
JUist [bOTo PEXKUMY DO3PAXyHKOBA CXEMa KoJjla HaBeJeHa Ha puc. 1.

i I-A a ZH
o~ A > &
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: U
i, lc Zb
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U,
—

Puc. 1. Po3paxynkoBa cxema TpudazHOro Koja «3ipka — 3ipKa» 31 CTAaTHYHUM
HABAaHTAKEHHSM y CUMETPUYHOMY PEKUMI
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Ha pospaxynkosiii cxemi (puc.l) nosmaueno: E,, E;, E. — xommiekcu
JII0YMX 3HAYEHb EJIEKTPOPYLIIHHUX CHUJl JKepena (BiamoBigHO (a3 A, B,
C),B; 1., I, I, — xomIuieKkcu Iirounx 3HAUEHb CTPYMIB KoJia (BiAMOBigHO

a3z A, B, C), 4; U,, Uy, U, — xommiekcu nirounx 3HaueHb (PazsHHX

Hanpyr HaBaHTaxeHHs (BiamoBimHo da3 a, b, ¢), B; Z — KOMILIEKC

MOBHOTO o1opy (a3 HaBaHTakeHHsI, OMm.
VY 11p0My peKrMi KOMIUIEKCH J1I0YHMX 3HAYEHBb CTPYMIB JTOPIBHIOIOTS:
_ L4 _ _
l,===; Iy =27, le=—2=. (1)
Z
Komrimekcn  nirounx 3HaueHb (a3sHUX Hampyr HaBaHTa)KCHHS
JIOPIBHIOIOTH:

H H H

Ua:ZH.jA; Ub:ZH.]‘B; UC:ZH.I.C' (2)
Kommniieke moBHOT HOTy>KHOCTi HAaBAHTAXCHHAA I[OpiBHIOC:
§H:Ua.ji4+Ub.jB+Uc.}C’ (3)

ne Ia, Is, Ic — cupskeHi KOMIUIEKCH CTPyMiB Koia (BiAIOBiIHO (a3 A,
B, C), A.

o . : —j120° = —j240°
Hexaii E,=220 B; E;=220-¢"B; E.=220-¢"*B.
TpudasHuM CTaTHYHUM HaABaHTKCHHSIM € EJICKTPOHArpiBad, y SIKOTO

Z, =10 Om . Toni 6ynemo maru:

I, _220 5 4.
10 ’
) -j1e0° o
I, :%:22.6—1120 A-
10 ’
. - joa0 -
1. :%:22.8—12“0 A-
10 ’

U, =10-22=220 B
U,=10-22-¢7" =220-¢ 1 B
U,=10-22.¢ 2 =220.¢71%" B
S, =220-22+220-¢ "% .22.¢1"" +220.¢71% . 22. 01" =14520 BA .

[Ipoananizyemo 2-ii BUNagok poOOTH KOJia — HEMOBHO(MA3ZHUN pexUM
(0OpuB JiHIAHOTO MpoBoAy A-a). Jls HbOro pexumy po3paxyHKOBa cxema
KOJIa HaBeJleHa Ha puc.2.
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Puc. 2. Po3paxyHkoBa cxema Tpr(a3zHOTO KoJia «3ipKa — 31pKay 31 CTAaTHYHUM
HABAaHTAKEHHSIM y HEMOBHO(MA3HOMY pekuMi (0OpUB JIIHIHOTO MPoBOIYy A-a)

Ha po3paxyHkoBiii cxemi (puc. 2) J0AAaTKOBO y MOPIBHSAHHI 3 puC.1
nosnaueno: Uy — KOMIUIEKC iF04Oro 3HAYEHHS HANPyrd 3MillEHHS
HeWTpaii, B.

VY 1upoMy pekrMMi KOMILJIEKC AIF0YOr0 3HAUEHHS HAlpyrd 3MIIICHHS
HEWUTpali JOPIBHIOE:

E A

Uv=—7". 4)
KomMmreken J1irounx 3Hau€Hb CTPYMIB JOPIBHIOIOTD:
. . E,-U . E.-U
1,=0; [B=%; [c:%. (5)

Komrinexkcn  nirounx 3HadeHb (pa3HUX HANPYr HABAHTAKEHHS
BU3HAYAIOTHCS 3a (2), KOMIUIEKC TIOBHOI TIOTY>KHOCTI HaBaHTAKEHHS
Bu3Ha4YaeThes 32 (3). Tomi muis nanux 3 1- ro BUNaaKy OyZeMo MaTH:

UNz—%z—no B

jA =0 4;
. . —j120° . o .
i - 220-¢" " +110 _-110-190,5+110 _19.05.¢- 4.
10 10 !
. . —j240° _ . -
i = 220-¢ ' +110 _-110+,190,5+110 _19.05.0/% 4.
10 10 ’
U, =10-0=0 B;

U, =10-19,05-¢ % =190,5-¢ % B

U, =10-19,05-¢1* =190,5-¢1* B

Proceedings TSATU. 2024. 24. 1



[Ipaui TAATY Bunyck 24. Tom 1
142

S, =190,5-¢ /% .19,05-¢1* +190,5-¢1* .19,05-¢ 1% = 7258 B4

[Tpoananizyemo 3-if BUMagok poOOTH Kojia — HEMOBHO(A3HUN PEKUM
(0OpuB NiHIMHOTO TTPOBOAY A-a) MPHU BKIIOYEHHI 11€JIBHOTO HEHTPaIBHOTO
npoBoy. i 1bOro pexxuMy po3paxyHKOBa cXema KoJia HaBe/IeHa Ha puc. 3.

E, 7
N~ A S
— —0 o— |
i B I.B ZH ,
R > 8 7 0
. 0
i lc Zb
A~ A_g S ey,
U,
. —_—
v

Puc. 3. Po3paxyHnkoBa cxema Tpuda3HOro Kojia 31 CTaTHYHUM HAaBaHTAKCHHSIM
y HeTOBHOGA3HOMY peKuMi (0OpUB JTHIHOTO TPOBOLY A-a) MPHU BKIIOUECHHI
17ICJTbHOTO HEUTPATHHOTO TIPOBOTY

Ha pospaxynkoBiii cxemi (puc. 3) J0JaTKOBO y TOPIBHSHHI 3 puc. 1
MO3HAYEHO: |.N — KOMIUIEKC J1F0U0TO 3HAYSHHS CTPyMy HeWTpani, 4.
YV wsomy pexumi Uy =0, 7,=0, a Bce iHme BH3HauaeThCA
aHajoriuno 1-my Bunaznky. Tomi as qanux 3 1- ro Bunaaky OyaemMo Matu::

. o -it20° .
j B0 ) ey
) 240 o
]C:Mzzg.e—lm/l.
10 '

U, =10-22.¢ ™ =220.¢ ™ B;

U,=10-22.¢71% =220.¢ 1% B
S, =220-¢71%7 .22.01% 1 220.¢71%4 . 22. 01" = 0680 BA .

[Ipoananizyemo 4-if BUNaZOK poOOTH KOJIa — HEMOBHO(MAZHUN PEKUM
(oOpuB JiHIMHOTO TPOBOAY A-a) NpH MEPEKIIOYeHHI HABaHTAKEHHS Ha
cxeMy TpUKyTHHKA. /{7 IbOTO peKuMy pO3paxyHKOBa cCXeMa KoJia HaBeJeHa
Ha puc. 4.
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Puc. 4. Po3paxyHkoBa cxeMa TpuGa3zHOTO KoJia 31 CTATHYHAM HaBaHTAKCHHSM
y HETOBHO(A3HOMY pekrMi (0OpHB JIiHIHHOTO TTpoBOaY A-a) ipu
MEPEKITIOYCHH] HABAHTAKEHHS HA CXeMY TPUKYTHHKA

Ha po3paxynkoBiii cxemi (puc. 4) 10AaTKOBO Yy MOPIBHSAHHI 3 puc. 1
nosHageno: Uy, — KOMIUIEKC if040r0 3HA4YeHHs Hampyrd Ha Qasax
HaBaHTaXeHHs, B; Z, — KOMIUIEKC JIOaTKOBOTO TOBHOrO omopy (ormip
NpU3HAYEHUI Ui OOMEKEHHS Hamnpyrd Ha OfHIM 3 (a3 HaBaHTaKEHHS /10
po6ouoro 3nauenns), Ou; ., |y — Kommexcu nirounx 3HaUeHs CTPYMIB y
(dazax HaBaHTAXKEHHS, A.

VY 1poMy pexXHMi KOMIUIEKC MAI04Oro 3Ha4eHHs (ha3HOi Hampyru
HABaHTAXXCHHS JOPIBHIOE:

U, =+3-E,-e’ (6)

Komruiekcn fmiroumx 3Ha4eHb CTPYyMiB y ¢a3zax HaBaHTKEHHS
JIOPIBHIOIOTD:

' r j180°
I = ch . r_ ch €
®z, 42, 7,42, (7)
H 0 M M
KoMriieke moBHOT NOTYKHOCTI HABaHTAXEHHSI IOPIBHIOE:
S 17 : j180° 1
SH _ch '[bc+ch'e 'ch ) (8)

ne loc, I cb — CIIPSDKEHI KOMITJIEKCH CTPYMIB Y (ha3ax HaBaHTaXKEHHS, A.
[TpuiiMmeMo, 10 AOAATKOBUK oIip Oylae MaTh aKTHBHHM XapakTep
1 mopiBHIOBaTH Z» = 7,2 Om. Toni myig qanux 3 1- ro BUnajaKy OyJeMo MaTH:
U, =+/3:220-¢ 1% .¢1% =380.¢1% B
380-¢7 /% 380.¢7 1% -
be = ° = c =22-¢7% 4.
10+7,2 17,2 ’
380-¢ 7% . 380-¢'
® 10410 20
S, =380-¢ % .22.¢/% 1380-¢% .19.¢71% =15580 BA.

:19.81'90014;
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Yepes Te, 1m0 y MOJATKOBOMY OTOpPI aKTUBHOTO XapakTepy OyayTh
BUHUKAaTH BTPaTd AaKTUBHOI IIOTY>)KHOCTI, TO KOPHCHAa TIOTYXKHICTh
HABaHTA)XCHHs OyJle IOPIBHIOBATH:

S, =15580-22°-7,2=12095 BA
[IpuiiMemo, 10 AOJATKOBUM omip Oyde MaTH €MHICHHM XapakTep

(3 METOI0 BHUKJIFOYCHHS BTPAT aKTHBHOI MOTY>KHOCTI Y KOJI1) 1 IOPIBHIOBATH
Zy =—j14 Om. Toni ans nanux 3 1- 1o BUMaAKy OyaeMO MaTH::

U, =+/3-220-¢ "2 ¢/ —380.¢71 B
. 380-¢7'  380-¢7%

- = - =22.¢1% 4.
10— j14  17,2.¢70%° :

380 o 3800
> 10+10 20 !
S, =380-¢ /% .22.¢/% 1380-¢/* -19-¢ % =12015- ;6848 BA .

3BeneMo 0 Tabnuii 1 oTpuMaHi pe3yabTaTd PO3PAXyHKIB AKTUBHOI
NOTY>KHOCTI HABAHTAKEHHS 1 MOPIBHAEMO iX.

bc

Tabnuys 1
Pesynsrati po3paxyHKiB aKkTUBHOI MOTY>KHOCTI HAaBAaHTaKECHHS

AKTUBHA MOTY>KHICTb

Pexxum poboTu kona
HaBaHTa)XCHHS, Bm

CUMeTpUYHUN PEXUM 14520
HenoBHodazuuit  pexxum  (0OpuB  JIHINHOTO 7958
MIPOBOJTY)

HenoBHodazumit  pexxum  (0OpuB  JIHINHOTO

NpoOBOMy) 'y pa3l BKIOYEHHS  i7I€aIbHOTO 9680

HEUTPaJIbHOTO NPOBOTY

HenoBHoda3uuit  pexxum  (00puB  JdiHINHOTO
NIPOBOJY) y pasi MEepEeKIIOUEHHsI HaBaHTa)XKEHHS Ha 12095
CXEMY TPUKYTHHKA 3 aKTUBHUM OTIOPOM

HenoBHodazuuit  pexxum  (0OpuB  JiHIHHOTO
MIPOBOAY) Y pa3i MEepeKIIFOUCHHS HaBaHTAKCHHS Ha 12015
CXEMY TPUKYTHHKA 3 EMHICHUM OIIOPOM

AHamiz pe3ynbTariB 3 Ta0m. 1 TokasaB, MmO y TOPIBHSHHI 3
CUMETPUYHUM PEXKUMOM POOOTH MpU OOPHBI JIIHIHHOTO MPOBOAY AKTHBHA
NOTY>KHICTh HAaBaHTAXXECHHSI 3MEHIIYEThCS y 2 pa3u; Npu OOpHUBI JIIHIHHOTO
OpOBOy 1 BKIIIOYEHHI 1/1€aJIbHOTO HEUTPAJIbHOTO TPOBOJY AaKTHBHA
NOTY>KHICTh HABaHTAXXEHHS 3MEHIIYeThCs y 1,5 pa3u; mpu oOpuBi JIIHIKHOTO
IPOBOAY 1 MEPEKIIOYEHH] HABAHTA)KEHHS HA CXEMY TPUKYTHHUKA 3 aKTUBHUM
OIIOPOM aKTHBHA MOTYXHICTh HaBaHTaXXEHHS 3MEHILYeThCs y 1,2 pa3u; npu
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OoOpHB1 JIIHIKHOTO MPOBOAY 1 MEPEKIIOYCHHI HABAHTAXEHHS Ha CXEMY
TPUKYTHUKA 3 €MHICHUM OIOPOM AaKTHBHA TOTYXHICTh HAaBaHTAKEHHS
sMeHImyerecst  y 1,21  pasu. Takum dHMHOM, cepen  pO3IIAHYTHX
HEMOBHO(A3HUX PEXHMMIB BHUMAJAOK  TEPEKIIOYCHHS HABaHTAXCHHS Ha
CXeMy TPUKYTHHKAa 3 aKTHBHHM OINOPOM € HaWKpalmMM 3 TOYKH 30pY
30epekeHHs HOro aKTUBHOI TMOTY)KHOCTI TOPIBHSAHO 3 CHMETPUYHUM
pexuMoM pobGoTu. ToMmy Take TMEPEKIIOUCHHSI € TNPUAHATHUM IS
KOPOTKOYacCHOi po0OTH Tpu(a3zHOro CTATUYHOTO HABAHTAXEHHS [0
3aBEPIICHHS] TEXHOJOTIYHOTO IIpoliecy abo YCyHEHHsS OOpHBY JIHIHHOTO
MIPOBOLY.

Ha puc. 5 Ha ocHoBi [35] 3anpornoHoBaHO BapiaHT cXeMU KOMOIHOBaHOT
TpudazHOTO Koja 31 CTATUYHUM HABAaHTAXXCHHAM I 30€pEKEHHS MHOTO
Ppo0OOTO31aTHOCTI 32 HETTOBHO(A3HOTO KUBJICHHS.
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Puc. 5. Cxema komOiHOBaHa Tpu((a3HOTO KOJIa 31 CTATUYHUM HABaHTAKEHHSAM
JUTs1 30€peKEeHHsT HOTo poOOTO3AaTHOCTI 32 HETMOBHO(DA3HOTO JKUBJICHHS
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Ha cxemi (puc. 5) nosnadeno: [IBCi, IIBCz, IIBC3 — mnepBUHHI

BUMIpIOBaJIbHI ~ TiepeTBoproBaul  cTtpyMy; bHOKK — Onok KepyBaHHS
KOHTAaKTaMH, S1 ... Sg — KOHTaKTH, Z, — HaBaHTaXeHHS, R, — momaTkoBi
PE3UCTOPH.

Cxema mpalitoe Tak. Y CUMETPUYHOMY PEXHUMI POOOTH KOJIa CUTHAIIU 3
IIBC1, IIBC>, I1BCs nangxonath 1o AKK 1 BIH 3aMHKa€e KOHTAKTH S11 Sy, a
BCl 1HIIII KOHTAaKTH PO3MHKaE. Y pasi 0OpHUBY, HAIPUKJIIAJ, MpoBoAy A-a, 3a
npunuHeHHsM curHaiy 3 [/BCi cupanboBye FKK 1 po3Mukae KOHTakTH Si 1
Sz, a KOHTAaKTH S3, S4, S5, S7, Sg 3aMukae. BHacIgoK 1IbOTO HaBaHTAXKEHHS
NCPEKIIIOYAEThC HAa CXEMy TPHKYTHHKA 3 yBIMKHeHHMM Yy (azy bce
JIOJJATKOBUM OTIOPOM JIJIsl OOMEKEeHHS HanpyTu Ha Z, miei ¢asi. [Ipu o6pusi
THITUX JTTHIHHUX TTPOBOJIIB CXeMa MPAIliOe aHATIOTIIHO.

Bucnosxu. Takum 4rHOM, Y POOOTI JOBEEHO, 0 TpUda3He CTaTUIHE
HAaBaHTA)KEHHS MOJKE MPAIfOBATU MPU OOPHUBI OJAHOIO 3 JIIHIKHUX MPOBOIB.
[Ipy npoMy MHOro akTMBHA MOTYXHICTh 3MEHINyeTbcs y 1,2 pasu y
NOpIBHAHHI 3 CHUMETPUYHUM pPEKUMOM pobotu. [l 30epexeHHs
pOOOTO31aTHOCTI HABAHTAKEHHS Y pa3i 0OpUBY OAHOIO 3 JIIHIHHUX MPOBOIIB
NOTPIOHO MEPEMKHYTH HOro Ha CXEMYy TPUKYTHHMKA 1 BKJIIOUYUTH Y OJHY 3
Horo Qa3 n1ogaTKoBUN pe3ucTop sl OOMEXEHHsI Ha HiM JHIAHOI Hanpyru
70 poOouoro piBHA. SIK peanizallito TaKOro MiIXOAy 3alpONOHOBAHO CXEMY
KOMO1HOBaHY BIJTIOBIIHOTO MPHUCTPOIO.
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! Dmytro Motornyi Tavria State Agrotechnological University

MAINTAINING THE PERFORMANCE OF ATHREE-PHASE
STATIC LOAD WITH APARTIAL-PHASE POWER SUPPLY

Summary
The work considers the reliability of the operation of one of the existing types of
three-phase load - static. It is shown that one of the emergency modes of its operation is
incomplete phase power supply, which leads to unstable operation of the load and
deterioration of technological process indicators. An analysis of existing methods and
devices for its protection in such modes of operation was carried out. It was found that all
of them offer disconnection of the load in the event of a break in the supply wire. This fact
causes significant economic losses for enterprises. Therefore, the task of preserving the
operability of a three-phase static load in the event of a break in the supply wire was set in
the paper. To achieve it, the operation of an electric circuit consisting of a symmetrical
three-phase source, a three-wire power transmission line and a symmetrical three-phase
static load was analyzed. It was believed that the source and the line were ideal, the source
and load were connected according to star schemes, and the load had an active character.
The operation of the specified circuit was considered in several cases: 1) symmetrical
mode; 2) a break in the linear wire; 3) break of the linear wire with the inclusion of an
ideal neutral wire; 4) disconnection of the linear wire with switching of the load to the
triangle scheme. Its active power was adopted as a criterion for maintaining load
performance. The symbolic (complex) method was used for the analysis. The analysis
showed that in comparison with the symmetrical mode of operation, when the linear wire
breaks, the active power of the load decreases by 2 times; when the linear wire is broken
and the ideal neutral wire is turned on, the active power of the load decreases by
1.5 times; when the linear wire breaks and the load is switched to a triangle circuit with
active resistance, the active power of the load decreases by 1.2 times. That is, among the
non-full-phase modes considered, the case of switching the load to the triangle circuit
with active resistance is the best from the point of view of preserving its active power
compared to the symmetrical mode of operation. Therefore, such switching is acceptable
for short-term operation of a three-phase static load until the end of the technological
process or the elimination of a line wire break. As an implementation of such an approach,
a combined scheme of the corresponding device is proposed.
Keywords: three-phase system, broken power cord, non-symmetrical mode of
operation, operability with non-symmetry, facilitation of the mode of operation, active
power.
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NIIBUIIEHHS EHEPTETUYHOI BE3IEKU
EJIEKTPO3ABE3INEUYEHHSA CIIOKUBAYIB JIHINA
EJEKTPOIIEPEJIAY 0,38 kB I3 3BACTOCYBAHHSAM CUCTEMU
MOHITOPHUHI'Y BIPTYAJIBHO BUMIPIOBAJIBHUX ITPUJIA/IIB

Anomayia. MakcuManbHO TOYHE BHM3HAYEHHS MiCls TOUIKOKEHb Ha
MOBITPSHUX JIHIAX eJeKTporepeaadyl € BaXJIUBUM Il 3a0e3MedeHHs] €HepPreTHYHOI
0e3neku, cTabiIbHOCTI €HEProcCUCTeM 1 HAIIHHOCTI eNeKTPONOCTauyaHHs CIIOKHUBAYiB.
IcHytoTh pi3HI MaTeMaTH4HI METOJH, SKI BHKOPUCTOBYIOTHCA MJIs IIbOTO, 30KpeMa
METOJM BiJICTaHi A0 HECHPABHOCTI 0a3yl0ThCs Ha OLIHII MapaMeTpiB aBapilHOTo CTaHy
1 IIMPOKO 3aCTOCOBYIOTHCS B HU(PPOBUX pelIeHHMX TEepMiHAJIaX 3aXHMCTy Ta JIOKaTopax
MOLIKOJKEHB JIIHIN elleKTponepeaayi.

Hine cTaTTi monsirae B aHami3l ICHyIOUMX METO[IB 3a0e3MeueHHs] eHepreTHUHO1
6e3nexu poOoTH JiHiM enexTponepenay Hanpyrot 0,38 kB B aBapiifHUX cuTyarisx Juis
BU3HAUEHHS MICISl TOMIKO/KEHHSI KaOeato 1 OIIHKM NOXUOKM 3 BHKOPUCTAHHIM
napameTpiB aBapiiHOTO CTaHy.

Po3pobnena meronuka aBTOPIB J03BOJISIE BPaxyBaTH Pi3HOMaHITHI (hakTopH,
BKJTFOYAIOYM TTOXUOKHM BUMIPIOBAHHS CTPYMIB 1 HAIIpyT B aBapiifHOMY CTaHi, IO CYTTEBO
BIUIMBAIOTh HA TOYHICTh BU3HAUYEHHS MICII HECTPABHOCTI MOBITPSHHUX JIiHIN
esnektponepenad. Lleil miaxia 103BoJss€ 3MEHIIUTH 4ac, HEOOXIIHUHI I NMPOBEIECHHS
aBapiiiHO-BiTHOBIIIOBAILHUX POOIT, INIISAXOM OUIBII TOYHOTO BHU3HAYCHHS MICIIS
HOUIKO/KEHHS KaOesto Ta po3Mipy OIJIs0BOI 30HU.

Kniouosi cnosa: BuMiproBaHHs, MICT mocTiiiHOTO cTpyMmy, “Iletns Myppes” Ta
“ITerns Bapmes™, miHis enexTporepeaaq

Ilocmanosxka npobaemu. Ha choromui mijg yac oOpuBy Kabento B
PO3MOJUILYMX EJICKTPUYHUX Mepexax Hampyrowo 0,38 kB Bu3HaueHHs
MICIISI TIOIIKOJDKEHHS € CKJIAJHOI0 33/lauelo, fKa CTaBUThCS TEpes

© Kopo6ka C. B., Ctykanens 1. I'., Ba6ma M. 1., Cupotiok C. B., Ckmsap O. I'., BonrsHchkwuii B.
B., Cxuap P. B., 2024
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iHxeHepamu. [lin yac BU3HAUEHHS MICLS TMOIIKOJKEHHS KaOento JiHii
0,38 kB BUKOPHUCTOBYIOTH CIIIIYIOUM METOJHU, a caMe: €MHICHUM METOJ;
aKyCTUYHMI METOJ; I1HAYKIIAHUNA METOJX; METOJ 3acHOBaHUN Ha
BUMIPIOBaHHI IMIIEJaHCY; MeETOA ODKYYOi XBHJIl; METOJ IITYYHOIrO
1HTEJIEKTY.

HasiBai  metonu, ki  e(pEKTUBHO  BUKOPUCTOBYIOTHCS TS
pPO3NOAUTFYUX €JIEKTpUYHUX Mepexkax Hampyrowo 0,38 kB, He miaxoasrts
gepes iX 0COOJIUBOCTI, TaKl K 130JIb0BaH1 HEUTpaIi.

KpiMm, mporo B  UJHIAX  €JIEKTporepeaad  HaWyacTile
BUKOPUCTOBYBAaHUM MPUCTPOT JIJIsl BUZHAYEHHS MICIIS TOIIKOKEHHS JITHIH
enektponepenad, Hanpukiaa [{P0200, CFL-32st, IIOIIIYK-2016, Ickpa-4
tomo [1]. OgHak eheKTUBHICTh BHINE 3TaaHUX TPHIIAJIB € HU3bKA IS
Mepex Harpyror 0,38 kB. Ili Mepexi 9acTo CTHKalOThCSA 3 0aHO(MA3HUMH
3aMUKaHHSIMH Ha 3emito, siki npuinanu (1[P0200, CFL-32st, TTOIIYK-
2016, Ickpa-4) He moxe BusBUTH. KpiM TOro, naHi mpucTpoi, a came
[IP0200, CFL-32st, IIOIIYK-2016, Ickpa-4, TOomoO MarwTh BHCOKY
BapTicTh [1].

B iHmmx kpaiHax AOCHIDKYIOTHCS PI3HI METOAM BU3HAUYEHHS MICUS
MOIIKO/DKEHHS, TaKi sK: BUKOPUCTAHHS OMOPY I TaciHHS JIyTH,
BUKOPUCTAHHS 1HTEJIEKTYaJbHUX MEpEX A aHalli3y MOMEpeHIX MOJii;
BUMIPIOBAHHSI HAMNpyr y By3JaX MEpexXi JUisi BUSBJICHHS MOIIKOJ/KEHb;
BUBUYCHHS KOPOTKUX 3aMUKaHb Yepe3 KOHTAKTHUH OITIp.

TakoX pO3TIAIaroThCS HOBI METOJM, TakKi K aHami3 IMIIeIaHCy,
MeTon OiKydoi XBWJII Ta METOJ IITYYHOTO IHTENEKTY, a TaKOX MOJei
HaBaHTAXXCHHS IS IMITaIlli pi3HUX aBapiiHMX cuTyariid. OJHaK HUHIIIHI
METOJIM HE 3aBXK]IM 3/IaTHI TOYHO BU3HAYUTHU MICIE TIOSIBU BCIX MOMJIHBUX
aBapiiiHux pexumiB. Kpim, 1bOoro, HemMae CHOUIBHOI JYMKH, M[0/0
pe3yabTaTiB po3pOoOKH, METOJIB, METOAUKH, MaTeMAaTU4YHOI MOAENi, IO
JI03BOJIIE TOYHO OI[IHUTH PHU3UK momkoxeHHs aiHii 0,38 kB, uepes
30BHIIIHIX (HABKOJIMIIHIX) (akTopyu B JaHOMY BHMAAKy aBapidiHUX
daxTopis [2].

Bci mMetoau 0a3yroThesi Ha Teopli WMOBIPHOCTEH 1 MaTeMaTHYHHX
CTaTHUCTHK. TakuM YHMHOM, aHaji3 JITepaTypHUX JDKEpel 3 IHTaHb
MIJBUIICHHS EHEPreTHYHOI OE3IMEeKH eJIeKTPOo3a0e3NeueHHs] CIOKUBAUiB
muHiA  enektponepenady (0,38 kB gae migcTtaBu  BBaxkaTH MOTPiOHY
aHAIITUYHY PO3POOKY MaTEMaTUYHOI MOJIEN 13 3aCTOCYBaHHSIM CHCTEMH
MOHITOPUHTY BIpTyaJIbHO BUMIPIOBATBHUX MPHIAIB. ToMy, IO oJepkaHa
EKCIIEPUMEHTAIFHO MOJIENIb BUSBWIACH HECHEKTHBHOIO [IJII CHUHTE3Y
TU(POBUX CHCTEM KEPYBaHHS.

['o0oBHI BUMOTH, IO CTABJIATHCS JO MaTEMaTHIHOI MOJETi — IIe
MaKCHMaJIbHO TOYHE BHW3HAUYEHHS MICI TIONMIKO/KEHbh HA TOBITPSHUX
JHISX eJIeKTporepeadl € BaXKJIUBUM ISl 3a0€3MEUCHHS €HEPreTHYHOL
0e3reKr, CTabUIbHOCTI €HEProcUcTeM 1 HaJIWHOCTI EJIeKTPONOCTaYaHHs
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CIIOKMBaYIB. ICHYIOTh pi3HI MaTeéMaTH4HI METOAM, SIKI BUKOPUCTOBYIOTHCS
JUTSL 1[hOTO, 30KpeMa METOIU BiJCTaHI 0 HECMPaBHOCTI 0a3yloTbcs Ha
OLIHIIl IapaMeTpiB aBapliHOIO CTaHy 1 ILIMPOKO 3aCTOCOBYIOTHCA B
UPOBUX PEICHHUX TepMiHaIaX 3aXHUCTy Ta JIOKATOpax TOMIKOIHKCHb
JHIN eNeKTporepeaayi.

Ananiz ocmamnHix 0ocnioxcenv. 3a0e3NeUYeHHs HaJIIMHOro Ta
0e3mepepBHOTO  €NEKTPONOCTAYaHHs € KPUTHYHO BaXKJIUBUM IS
(GYHKIIIOHYBaHHS CY4aCHOT'O CYCITLILCTBA Ta PO3BUTKY ekoHOMikH [3]. Lle
0COOJIMBO AaKTyaJdbHO y BHUIAJKaX, KOJIU EJIIEKTPOCHEPris € OCHOBHUM
JKEpEesIoM €Heprii, a TaKo)K KOJIM BUHUKAIOTh aBapiitHi curyariii. OHi€er0
3 KIIOYOBUX 33/Jad € TOYHE BHU3HAYEHHS MICIS TOIIKO/DKEHHS Ha
MOBITPSHUX JIHISIX enekTpornepenayi Hamnpyrorw 0,38 kB. Lle BaxxnuBo mis
3a0e3meyeHHss  HAJIAHOCTI  €HEPromnoCTayaHHsS Ta  OMEPATHUBHOTO
BIIHOBJICHHS po0OOTH cucteMu. Jlasg  BuUpimIeHHS 1€l 3aaadi
BUKOPUCTOBYIOTHCSl PI3HOMAHITHI MaTEeMaTU4YHI METOJH, 10 0a3yrThCs
Ha (I3MYHHUX MPUHLUMUNAX Ta BUMAaralTh HAsABHOCTI BIANOBIAHUX 0a3
nanux [4].

TakuM 4YMHOM, mNpuiIaau PO3poOJIEHI HAa OCHOBI LHUX METOIB,
BIJIDI3HSIIOTBCSA 32 PIBHEM IOXUOKHM, sIKa 3HAYHO BIUIMBA€ HAa TOYHICTb
BU3HAYEHHS BIJCTaHI JO MiCIsl HECHPAaBHOCTI MiJ 4Yac 0OOCIyroByBaHHS
JiHIN enekTponepenad [5]. Meroan (pyHKITIOHATIBHOTO JIOKaII3yBaHHS, 1110
IPYHTYIOTbCS Ha OIlIHII TapaMeTpiB  aBapiiHOTO CTaHy, YacTo
BUKOPHCTOBYIOTh TaK 3BaHI MeTOAW "BifcTaHi 10 HecmpaBHOCTI" [6].
3a3BUuail BOHM peajli3oBaHi y MUGPOBUX TEPMIHAIAX PEJIe 3aXUCTY JIHIN
eJIeKTporiepead abo B aBTOHOMHHX JIOKATOpax MOMIKOKeHb. [loMuiku
IIUX METOJIIB MOXYTh OYTH OJHOCTOPOHHIMH, JBOCTOPOHHIMH a0o0
0araToCTOPOHHIMHU 1 MOXYTh MaTH pIi3HI TPUYUHU. Tomy, OUIBIIICTH
HEJIOJIKIB IUX MPUIaJiB Ta METOAUMK BH3HAYCHHSI MICIS TMOIIKOKEHHS
kabemo 0,38 kB, mo BuHHMKaOTH uepe3 BUOIp CaMoOro aaropuTMy
(GyHKIIOHATBHOTO JIOKAJI3yBaHHS MOro OCOOJIMBOCTI Ta BHUKOPUCTaHI
dbopmynu i1t 06UKCIeHs [7].

AHai3 MeTo/1iB (DYHKI[IOHATBLHOTO JIOKATI3yBaHHS MOBITPSIHUX JIHIN
0,38 kB BrIItOYa€e HACTYMHI eTaIu:

— BCTAQHOBJICHHS  MapamMeTpiB Ui KamiOpyBaHHS  JIOKaTopa
HecrpaBHOCTeW moBiTpsiHUX JiHIA 0,38 kB 3  ypaxyBanusM iioro
XapaKTepUCTUK Ta KoHPirypartii [8];

— o0uncneHHsT MapaMeTpiB CTPyMiB 1 HaAmpyr B mependadyBaHUX
MICIISIX YCTAHOBKH JIOKaTOpa KaOeto MpU HECIIPABHOCTSIX Y PI3HUX TOUYKaX
noBiTpssHux JiHiil 0,38 kB [9];

— BUKOPHMCTAHHS BUOPAHOTO aNropuTMy MHoBiTpstHUX jiHid 0,38 kB
Ta BIANOBIAHMX BHUpa3iB g 1AeHTU(DIKALT MOMXKIMBUX  MICIh
HecnpaBHocted [10];
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— BU3HAUCHHA TOXHMOKM pO3paxyHKy BIACTaHI JO  MiCIA
MOIIKO/PKEHHsT ToBITpssHMX JiHIA 0,38 kB BiAmoBiAHO 10 0OpaHOro
AITOPUTMY .

HopmaTuBHO-TEXHIYHI JOKYMEHTH Yy Tally3l €JIEKTPOCHEPreTHUKU
BCTAHOBJIIOIOTH HACTYITHI BUMOTH JI0 BU3HAUCHHS 30HU OTJISTY TTOBITPSHUX
miHii 0,38 kB:

—=+15% Bix noBxuHM mNOBITpsHUX JiHIA 0,38 kB, skmo ii
MPOTSHKHICTD 10 S kM [11];

—+10% Big goBxkuHU MOBITpstHUX JMiHIN 0,38 kB, skio ii 1oBxuHA
cTaHoBHUTH Bix 5 mo 10 xm [12].

TakuMm 4YMHOM, I1HCIIEKIIMHA 30Ha TOBITpsHUX diHIA 0,38 kB He
MOBMHHA TICPEBUIIYBATH BCTAHOBJIEHI 3HAYCHHS, OCKILIBKH 1€ MOXKE
BIUTMHYTH HA TOYHICTh MIarHOCTUKUA. TEXHIKH, $KI BUKOPHCTOBYIOThH
aBTOMAaTUYHE [IOBTOPHE BMHKAaHHS MICIS aBapiiHOTO BIJKIIOUYCHHS
noBiTpsHuX JiHii 0,38 kB 3 HecnipaBHICTIO, TOBUHHI TPOBOJAUTH MEPEBIPKY
MIHIMAJIbHO MOJIUBOTO TIEepepi3y Kalento 3 ypaxyBaHHSIM TOUYHOCTI
BUKOPUCTAaHUX aJITOPUTMIB NOBITpsHUX JiHIK 0,38 kB.

OpHi€l0 3 BaXJIMBUX OCOOJIMBOCTEM EKCILTyaTOBAHMX IOBITPSIHUX
muHid 0,38 kB € HepiBHOMIPHICTb MUTOMOTO OINOPY B3JOBXK HHUX, IIO
TOSICHIOETHCS HACTYITHUM:

— BUKOPHUCTAHHS PI3HUX BHJIB OMOp HA PI3HUX JUISTHKAX JIHINA
eJIeKTponepenadi  OOyMOBJIEHE, HANpHUKIaJ, 3MiHAaMU B  penbedi
mapipyty [13];

—3MIHM ONOPY 3a3€MJICHHS Ha PI3HHUX JUISHKAX JIHIA Tepemadi
CJICKTPOCHEPTii BHHHMKAIOTH Yepe3 MapHIpyT TMPOBEACHHS JIiHIii, sKa
MpOKJIaJiecHa dYepe3 UISHKM 3 PI3HUMH TPyHTaMH: KaM'sSTHUCTHUMH,
OosioTaMu, PIYKOBUMH JIIJITHKAMH, BOJIOCXOBHUIIIAMHK Tomo [14];

— BIICYTHICTh TOBITPSTHOTO 3a3€MJICHHS Ha OKPEMHUX JIISHKaX
noBiTpssHux JiHiA 0,38 kB (B okpemux BuMajgkax, 3a KOHCTPYKTUBHHUM
pIIIICHHSM  3a3eMJIIOBa4Y  BUKOPHCTOBYETHCS TUIBKM Ha MiA'i3max 10
HiJICTaHIIIA B PETIOHH 3 HU3bKOIO I'PO30BOI0 aKTHBHICTIO) [15];

— pi3Ha JIOBKHHA TPOJILOTIB MOBITpsiHuX JiHii 0,38 kB [16, 17];

— pi3HI TUIM Ta NEpepi3u KabeliB Ha PI3HUX JUISHKAX MOBITPSHUX
miniit 0,38 kB [1, 16, 17].

HeBpaxyBanHsi BuIille3a3HadeHUX (PAKTOPIB MOXKE MPUZBECTH 10
3HAYHUX MOXHWOOK y BHM3HAYEHHI BIJICTaHI O MICIl TMOIIKO/HKEHHS JIHIN
eJIeKTponepeaay.

Otxe, y cCydacHId TMpaKkTUll [IHUPOKO BUKOPUCTOBYIOTHCS
IHCTPYMEHTH MOJICTTIOBAHHS ISl OI[IHKYA TIOMHJIOK aJITOPUTMIB BU3HAYCHHS
MICI1 TIOIIKO/DKEHHS JIIHIM Ta iX pUTMIB eKcrutyaTaiii. PesynbraTtn
MOJICJTIIOBAHHSI  JIO3BOJISIIOTH  BpaxyBaTH pI3HOMAaHITHI  (akTopu, 110
BIUIMBAIOTh HA TOYHICTh BU3HAYEHHS MICISI MOIIKOJDKEHHS, TaKl sK
HEPIBHOMIPHICTh TapaMeTpiB JIHIA eJeKTporepeaadi. 3acTOoCyBaHHS
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CTAaTUCTHYHHUX METOJIIB MOXE OOIPYHTYBaTH JOUUIBHICTH BHKOPUCTAHHS
TaKUX METOJUK JJIS OI[IHKA TTOXHOOK BH3HAYCHHS MICIIS MTOIITKOKCHHS. Y
BHUMAJKy BIJICYTHOCTI MOKJIMBOCTI IPOBECTH MOJICIIOBAHHS, aHATITHYHI
METOJIM MOXKYTh OyTHM BUKOPHCTaHI JUIsl OI[IHKM NMOXUOOK. Takum 4mHOM,
aHaJ i3 ICHYIYMX METOJUK AaHAJIITUYHOTO OIHIOBaHHA TOMUJIOK 1
CIpPOUICHHS BU3HAYEHHS MICILs TOUIKOKEHHS JIHIA eJeKTporepeaayl
0,38 kB Ta po3poOka HOBUX METOJUK 3aJIUIIAETHCS aKTYaJIbHOK 3a/1a4€H0
CHOT'OJICHHS JIJIsl BITYM3HIHUX Ta 3aKOPJIOHHUX BUCHHUX.

DopmynioeanHs memu cmammi (NOCMAHOB8KA 3a80aHHs). MeToro
JOCIIJIKEHHSI — TMIABUIIEHHS TOYHOCTI BU3HAYEHHS MICISI MOIIKOHKEHHS
kabemto B moBiTpsHUX JiHIAX 0,38 kB, 1m0 3a06e3meynTh 3MEHIIIEHHS BTPAT
CJIEKTPOCHEPTI] IJIs1 CUCTEM EJIEKTPOIOCTAYaHHS.

Tomy BIAMOBITHO 1O MOCTaBIEHOI METH C(HOPMYIIHOBAHO HACTYIIHI
3aBIaHHSA TOCTIKEHHS:

1. HeoOxigHO TpOBECTM KPUTUYHUN aHaIl3 METOJUK TOYHOCTI
BHU3HAYEHHSI MICIS OIIKOKEHHS Ka0elto B MoBITpsHUX JiHisAX 0,38 kB.

2. 3MACHUTH  KPUTWYHE  JOCHI[DKEHHS  TOro, SK  BTpaTH
€JICKTPOCHEPT1l BIUIMBAIOTh HA TOYHOCTI BU3HAUCHHS MICIISl TOIIKOMKCHHS
B NOBITpsiHUX JiHIsIX 0,38 kB.

3. 3n1iCHUTH YAOCKOHAJIEHHS MOXJIMBOCTI Ta MalOyTHI HANpPSIMKH
JUTst €EKTUBHOCTI Y HAMPSIMKY CTaJOr0 YIPaBIIHHS TOYHOCTI BU3HAYCHHS
MICIIS TIOIIKO/KEHHS B MoBiTpstHUX JiHIAX 0,38 kB.

OcHosHa yacmuHa.

1. O0rpyHTyBaHHSI MeTOAIB i 32c00iB MOIIYKY MONIKOIKEHHS B
PO3NOAIJILHUX MepesKax 3 MOBITPSIHUMM JIiHIIMH eJieKTpomnepeaayi
0,38 xB

iz yac oOrpyHTYBaHHS IIBUJKOTO BUSBJICHHS Ta BUSHAYEHHS MICLs
oOpuBy kabento B jiHiM enektpornepenay (JIEIT) 0,38 kB, kpim 3axucry
JiHII, HEOOX1IHO pO3pOOUTHM MPUCTPIA sl BHU3HAYEHHS  MICIS
NOIIKOJDKEHHs, 10 Oa3yeTbcsi Ha JoKauiiiHoMy  Meroni. [lpum
enexktpuunomy oo6pusi JIEIT 0,38 kB Ha 3emito, MexaHIYHOTO OOpHUBY
YKOJTHOT YKWIIH, SIK TIPAaBUIIO, HE BiIOYBAaEThCA. B 11bOMy BUTIAAKY Biallb JI0
TOYKM 3aMHUKaHHS BCTAHOBJIOETHCA 3a BEJIMYMHOIO OMNOPY JAUISHKHU
npoBigHUKa. IIpore, BHACHIOK BEJIMKOI JOBXHWHHU Ta HEHAAIHHOTO
KOHTAKTY 13 3eMJICIO TIPsIME BUMIPIOBAaHHS OMMETPOM HEMOKIIHBE.

Ha mnpakTuii #oro BUKOHYIOTH OIOCEPEIKOBAHO — 33 MOCTOBOIO
CXEMOIO TOPIBHAHHA. B Hil HEBIZOMHUI OMIp 10 TOYKH IMOIIKOJKCHHS Ix
pPO3pPaxoOBY€EThCSl 3a pe3ysbTaTaMU TMOPIBHSAHHA 3 1HIIMMH BIJJOMUMH
OIopamu.

Enextpuunuii mict (puc. 1) Ha3MBa€ThCS 3PIBHOBAXKEHUM, SIKIIO
CTPyM TrajbBaHOMETpa pPIBHUU HYJIIO. YMOBOI pIBHOBard € pIBHICTh
TIOTEHI[AJIIB Ha KJIeMax a 1 b BUMipIOBaIbHOT iaroHali.
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Puc. 1. IIpunuunoBa cxema eJIeKTPUYHOTO MOCTa

BoHa BUKOHYEThCS TMPU JOBUIBHIA HAmNpy3i KUBJICHHS, SKIIO
JOTpUMaH1 HaCTYITHI CHiBB1IHOIICHHS:

lih =150
. r I r
I,.r,=1gR : 3BimKH: —= =2, aGo r,=—R=nR, (1)
r,, R r
B enekTpu4HOMY MOCTI 3pa3KOBl OIOPH I, i I, YTBOPIOIOTb TaK

3BAaHC ILIICYC BiI[HOI]IeHH}H rl/rz =N, ge N — MHOXHHK BiI[HOIHCHH}I.

AOCONIIOTHI 3HAY€HHS LHMX OMNOPIB BIUIMBAIOTH JIMIIE HA CIOXUBAHY
CXEMOIO MOTYXHICTb. A TOMY B OLIBIIOCTI BUMIPIOBAIBHUX €JIEKTPUUHUX
MOCTIB BKa3y€ThCs JIMIIE BIAMOBIAHUNA MHOXHUK TI€da BiTHOIICHHS N.
Hpyre mnnede — Iuieye MOPIBHAHHS — YTBOPIOETHCA HEBIIOMUM
ornopoM I, Ta 3MiHHUM onopoM R. HaiuacTime R BUKOHYy€TbCs y BUTIIAL

4-x HaOOPIB KOTYIIOK 3pa3KOBUX OMOPIB MO JIECATh y KOXKHOMY (JeKan).
JlekaiHUMHU ~ TIepeMHKauyaMH  BCTAHOBIIOETHCS ~ HEOOXIIHHMM  Omip
nopiBHAHHSA B Mexkax Big 0 10 999,99 kpokom 0,1 Owm.

MocCTOBI CXeMH CKJIaIal0ThCs 3a KiIBKOMAa THIIOBUMH BapiaHTaMH,
BIIMOBITHO N0 crnenu@ikd BUMIPIOBAHOTO OMOpYy. BumiproBaHHS
napametpiB kaOenpbHux JIEII BUKOHYIOTH 3a JOMOMOrOI0 KaOeIbHHUX
MOCTiB. IX KOHCTpyKIi€l0 Iepen0auyeHo  MOXIIMBICTH  HIBHIKOTO
NEPEKOMYTYBaHHS ~ BHMIPHMX  CX€M  TPOCTUM  TPHUIIO3HUIIIHHUM
nepeMHUKaYEM.

2. Mict nocriiinoro crpymy P-333 npunaxy PEMC-105P

CxeMa pO3MIIICHHS OpraHiB KepyBaHHS NPHJIAIOM IPUBEJICHA Ha
puc. 2. Hudpamu 1,2,3,4 moznaueHo BXigH1 BUMIpHI kiemu. [Ipu Bemukux
onopax I, >10 Om xiemu 112 Ta 3 1 4 nonapHo 3aKOpOUYyHOTHCS 1 CIIaj
Halpyrd Ha OMOpl Ix 3HIMAETHCS 3 TUX CaMUX 3aTHUCKAyiB, 4epe3 Kl
MIO/TA€THCS BUMIPIOBAILHUNA CTPYM.

Axmo rx <10 OM, To omip CTPyMOBUX KOHTAKTIB ICTOTHO BILUIMBA€E HA
pe3yiabTaT BUMIpIOBaHHS. B 1boMy BUNIAAKy NepeMHuyuKa Mix Kiaemamu 1 12
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3HIMA€ETHCS, YAM OJHOYACHO PO3PUBAETHCS 1 KOHTAKT MIXK KiieMaMHu 3 1 4.
Toxmi BHUMIpIOBaHHS NPOBOJUTHCA 332 TaK 3BAaHOK YOTUPHU KIEMHOIO
CXEMOI0: BUMIPIOBAILHUHN CTPYM MOAAETHCSA HA Omip Ik 4depe3 kiemu 1 14,
a CrHajJ HampyTW Ha HBOMY 3HIMAaeThcs 3 kieM 2 1 3. TpumosumiifHuM
nepemukayeM I mepexoMyTOBYETHCS BHYTPIIIHE BUMIPHE KOJIO MPHIIATY
Ha OJIHy 13 CTaHIApTHUX cXeM BuMmiptoBaHHs omnopy: “Ilerns Bapnes",
“Iletnss Myppes” Ta cxemMy BUMIPIOBaHHS aCHUMETpIi JBONPOBIIHOI JiHII.
Knonkamu 5, 6, 7 y BuMIpHE KOJO BMHKaeTbci TraibpBaHomeTp G Tta
NIOJIA€ThCS HaTIpyra Bij OaTapei xuBieHHs b.

OL Mo M [
O 0 O |
O "
02y 1(7:3? 91
O3y N @
Gy 5, 6y 7y
04‘? ﬂ‘i‘ 5 0 0

Puc. 2. Po3mimienns opraniB kepyBanHs mocTa P 333

Hexaguumu nepemukadamu 111 Ils BcranoBmroeTbes omip R mieda
NOpIBHAHHSA, a nepeMukayeM [Is KOMyTyIOThCSl ONOpHU TUIeYa BiJHOUICHHS.
[Tpotu 6inoi kpanku Ha I[ls 34UTYyETHCS 3HAYEHHS 3MEHIIYBaJIbHOTO
MHOXXHHMKa N, a MPOTH YEPBOHOI — 301LIbIIYBaHOTO MHOXKHUMKa M. Uepes
KJIEMY 3 MIO3HAYKOK “==" MOCTOBa CX€Ma 3 €JHYETbCA 3 KOHTYpPOM
3a3€MJICHHSL. )

I[Ipy  BuUMIpIOBaHHSIX  HEOOXIAHO  JIOTPUMYBATHCh  IEBHOI
MOCJITIOBHOCTI omepaniid. CrouyaTky, BIJANOBIIHO A0 MapameTpiB JiHIi,
nepemukaueM [l KOMyTyeThcsi BHMipHE KOJO 3a  OfHIEIO 13
PEKOMEH/IOBAaHUX CXEM, a TIOTIM BUCTABJISETHCS PEKOMEHIOBAHA TO3HIIIS
mieya BigHomieHHS. I KaOCIbHMX CHJIOBHX JIIHIM  HaWdJacTiIe
Bubupaerscs N=0,01, M=1000, a 3HaueHHs omopy R BHCTaBIsIETHCS
OJIM3BKUM JI0 OYIKYBaHOTO.

[lomaya XUBJIEHHA HAa BUMIPHY CXeMy 1 3pIBHOBaXEHHS MOCTa
BUKOHYETHCS METOAOM MOCTIOBHUX HaOmmxkeHb. Kuonkowo 7 — “Bki [
pPO30JIOKOBYETHCSI 3aKOpPOYEHHUH BXia rampBaHoMerpa G Ta OgHOYACHO
IIMTYHTY€ETHCS 3 METOK0 3aXUCTY BiJ] MOXXIIMBOTO 3aIlIKaTIOBaHHSA TIpU
HEBJIAJIO BUOpPAHUX MOYATKOBUX 3Ha4YeHHAX R, N a6o M.
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Puc. 3. Kommrext npunaxy PEWJI-105 na ocHoBi Arduino MEGA 2560R3
CH340 i cunosoi mnatdopmu OaraTopiBHEBOI Tomosorii (a) erar 1 1 (0)
etarn 2 Ta (B) 3arajJbHUNA BUTJIA JOCTIAHOTO MAaKETy MOAYJISLII CUTHAILY

MOCTOBO1 CXEMU 3’€JIHAHHS 3 KOHTYPOM 3a3€MJICHHS )15l BU3HAYCHHS
MICIISI TIOMIKO/KEHHS Kabento JiHil enexkrponepenayd 0,38 kB

Hactynuum nepemukanuam Il Ils  3piBHOBaXylOTb MICT B
nepioMy HaOMMKEHHI 1 HaTUCKarOTh KHOMKY “I'py6o”. Ilpu BimxuieHHi
CTPUIKM TaJlbBAHOMETpPa BiJ  HYJbOBOTO TMOJOXKEHHA JIOAATKOBO
Kopuryetbcsi omip R 1 Hatuckarote kHomky ‘““Touno”. Hactymaum
nepemukanasiM Il Ils  octaToyHO 3pIBHOBaXYIOTH MICT 1 34YUTYIOTH
BiMmoBigHE 3HaueHHs R. BumiproBanuii omip Ix pO3paxoBYeTbCS 3a
3YNTAaHUMU TTOKa3aMU 3MIHHOTO OTMopy R Ta MHOXXHUWKA TIeya BiTHOIICHHS
3a (hopMyJaMu, pEKOMEHJOBAaHUMHU 1HCTPYKIIEIO 10 MPUIAAy 1 BIAMOBIIHO
710 00paHOi BUMIPHOI CXEMHU.

ABTopamu 6yJI0 po3po6IICHO HA OCHOBI KOMILIEKTY npuiais PEM]T-
105, mocta mocriiiHoro crpymy P-333, Arduino MEGA 2560R3 CH340
CUJIOBY OaratopiBHEBY I1aTGopMy TOIMOJIOTIT Uil Bi3yai3alii BAMIPIOBaHb
MicIsl OOpuBY KaOelo aHAJIOrOBOTO CHUTHAIY KOMYTYHOUOTO OMOpYy Ta
nepeTBOopeHHs B 1UdpoBy ¢GopMy IiJl 4yac BUKOHAHHS OOCIyTOBYIOUHX
po6it Ha JIEII B peansHOMY yaci.

[Ipu BuMIprOBaHHI ONOPY JO MiCIsl TOUIKO/HKCHHS BaKJIUBO
MPABUJIHLHO OIIIHUTH TOXHOKY. [ oOuMCTIOIOTh 3a KJIACOM TOYHOCTI K,
BKa3aHUM Ha KOPITyCl Mpuiaxy 4uciaoM y kbl — 0. TakoMy nmo3HaueHHIO
BIJIMTOBI/Ia€ MYJIbTUILTIKATUBHUM XapaKTep MOXUOKH, NP AKi HOPMYETHCS
BIJIHOCHA TMOXMOKa y BIJACOTKax. 3HaueHHS BigHOCHOT moxuOku 0,5%
JIOMYCKAa€eThCsl Ha Jiamna3zoHax BuMipioBaHHS 1 — 9,999 ta 10 — 99.9. B
niamazonax 70 0,0999 ta no 0,999 BimHOCHA MoxuOKa gomyckaeTbesa 5% Ta
1% BIAMOBIAHO, 110 HE BKJIANAETHCA Yy KJac TOYHOCTI mpuiaay. Tomy
BUMIPIOBaHHSI OMOPY A0 TOYKH MOIIKO/JKEHHS BUKOHYIOTHCS Yy MEPIIUX
JIBOX Jl1ala30Hax, a MOXUOKHU OOUUCITIOIOTHCS:

AT k 05
S(r,)=—"%X<—=-"-0005: Ar, =0,005r,. 2
(r,) r, 100 100 X X 2)
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VY Bupasu asig 00YUCIEHHS ONOPY A0 MICHUS NOIIKOJKEHHS BXOIUTh
CyMapHHii OITip JBOX JIiHIMHKMX MpoBigHMKIB, Hanpukaax Ro+Ri=Ro1. Horo
JIETKO BUMIPSTH, SIK 3BHYAHUM OMMETPOM, Tak 1 KaOEIbHHM MOCTOM,
SKIIO MPOTHJIEKHI KIHLI MPOBIJHUKIB (KaOETbHUX W) 32 KOPOTHUTH, a
MOYaTKU TOJATH Ha BXiJI BUMIpIOBaJIbHOrO mpuiaaay. OCKUIbKH OIIp €
aJUTUBHOIO BEJIMYMHOIO TO a0COIOTHA 1 BIAHOCHA TMOXMOKH JUIsl CyMU
O0OYHCITIOETHCS aHAIOTIYHO CHIBBIIHOIICHHIO (2):

A(Ry +R

5(Ro1 )= (Ofl) <0,005, a6o A Ry; <5(Ryy) Rop =0,005R;. (3)
0T

3. Cykynuuii MeTOo/ BHUMIpPIOBaHHSA onopy JIHIA

ejiekrponepenayd 0,38 kB

Omnip npoBiIHUKIB Tpu MpoBigHOi JiHIi Ro, R1 Ta R2 BuUMIproeThcs
ornocepeakoBaHo. MeTo1 noJisirae y nMpoBeAeHHI TPhOX BUMIPIOBaHb TPhOX
NoMapHO 3 €JHAHUX TMPOBIJHUKIB. 3a iX pe3ynbTaTaMH CKJIaJA€ThCs
CHCTEMa TPbOX PIBHAHD 3 TPhOMA HEBITOMHUMHM:

1
R, + R, =Ry, R, = E(R12 +Ryg —Rao)
R, + Ry =Ry Ro =Ry — Ry

AOGcomoTHa TMOXHOKa TaKOrO0 BHUMIPIOBAHHS piBHA CyMi MOXHOOK

BUMIPIOBAHHS CKJIAJIOBUX BUPA3y 1 00UHCIIOETHCS 32 (hOPMYJIOTO:
1

AR = 5(0’005 Ry, +0,005R 5 +0,005R,,)=0075R,.  (5)

4. BumiproBaiabHa cxema “Ilerss Bapaes” (IIB)

ExBiBasienTHa cxema mocta P 333 nmis metni Bapres, nmpuBenena Ha
puc. 4, peamizyeTbcs TMEpPEBENCHHAM mnepemukada y mosumiro “TIB”. 3a
III€F0 CXEMOIO HEBIAOMHI Omip 'k JO TOYKH ITOIIKOJKCHHS BUMIPIOETHCS
OMOCEPEPEIKOBAHO, MOPIBHSIHHSAM 13 CyMOIO KUIBKOX OTOpIB: JUISHKU
MICJS TIOIIKO/PKEHHS [y, TIOBHOTO OIOPY HETOIIKOMKEHOI kuimu Ri Ta
3MmiHHOTO omopy Mocta R. Touka S — Todka 3’€qHAHHS MPOTHIICIKHUX
KIHI[IB OIIKOJKEHO1 Ro Ta qomomMibkHOi R1 kabenpHUX XuiT;, 2 1 3 — BXIJIHI
KJIEMH MOCTA.

BignoBimHo 10 BiacTUBOCTEM enekTpuyHoro mocrta (1), #oro
piBHOBara y BHUIIQIKy MeETJi Bapies BCTaHOBIIOETHCS 3a HACTYITHOTO
CITIBBITHOIIICHHS:

P n _h
2 _1 a60r==(R+R, +r1, . 6
R+R1+ry ry X r2( ! y) (©)

IpuiiMatoun no ysaru, mo K /rf, =N Ta r,+r, =Ry, =0,

poboua dhopmyna Al po3paxyHKy OMOPY A0 TOUYKU MOIIKOIHKEHHS HaOy e
BUTJISIY:
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(7)

Puc. 4. Bumipna cxema “Iletnst Bapnes”

YV mo dopmyny BXoauTh cymMapHMi omip 1IBox xkuil Ry + Ry,
3HAYEHHS SKOr0 IONEPEIHbO BUMIPSHO 3 MOXHOKOI, OOYMCIEHOIO 3a
cuiBBigHOmIeHHsAM (3). Ilieto mMOXMOKOIO MOKHAa 3HEXTYBAaTH, SKIIO
BUMIPIOBaHHSI MPOBOJUTH IPU MaJUX 3HAYEHHSAX KOe(QILi€HTa IIeda
BinHomeHHs: N=0,01, 0,001. Bigrak aGconoTHY NOXUOKY OOUYHMCITIOIOTH 32
B1JIOMHUM CII1BB1THOILIEHHSIM:

Ar, =0,000r, . (8)

Hamifigicte BH3HAYEHHS BiAgaial g0 TOYKH  ITOMIKOUKEHHS
KOHTPOJIOETHCA JIOJIATKOBUM BHUMIPIOBaHHIM omopy ry. Jms mporo cmifg
3’€JIHATH TIOYATKHU JIBOX KM, Hanpukian Ri 1 Ro, a mpoTwiexHi — mogatu
Ha BXiJIHI KJeMu MocTta. HeBimomwmii omip ly TakoX OOYHCIIOETHCS 3a
dopmyrnoro (7), B sikoMy Oyne iHIIE 3HAYCHHS 3MIHHOTO oOmopy R.
Kputepiem HamiifHOCTI € piBEHb €KCIIEPUMEHTAJIbHUX 3HAYEHb!

rk+ry =Rp. (9)
Po3xo0/keHHsI HE MOBUHHI IEPEBUIITYBATH CyMH ITOXUOOK Ar, + Ar,.

5. BumiproBaabha cxema “Iletaiss Myppes” (IIM)

ExBiBanenTHa cxema mocta P333 mus metnmi Myppesi, mpuBeeHa Ha
pucC. 5, peamizyeTbcs TPUTO3UIIMHUM mepeMukadem B mosuilii [IM. 3a
III€EI0 CXEMOI HEBIJOMHUK OIp [Ix BHUMIPIOETHCS OIOCEPEIKOBAHO,
MOPIBHSHHSM 13 CYMOIO JIBOX OTIOPIB: JUISHKH Iy TICTS TOIIKO/KCHHS Ta
MOBHOTO ONOPY R1 JOMOMIKHOT KHIIH.

[Ineye BimHOIICHHS I11€1 CXeMU CKJIajlae 3MIHHHME omip R Ta oauH 3
ornopiB Habopy r:1=1,10,100, 1000 Owm, 3Ha4YeHHS SKOTrO BUOUPAETHCS
nepemukayeM [1s Ta mo3HavaeTscss CMMBOJIOM M=T3.
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Puc. 5. BumiproBansHa cxema “Ilerns Myppes”

BiamoBinHO 10 yMOBH piBHOBAr# enekTpuyHoro mocta (1) piBHOBara
3a cxemoro [IM HacTymae npu BUKOHAaHHI HACTYITHOT YMOBH:
E:ry+R1:RO_rX+R1 (10)
g I Iy .
3 BpaxyBaHHSIM TOTOXKHOCTI MO3HA4Y€Hb = M, a TakoXX OYEBHIHOT
piBHOCTI Iy, = Ry — Iy, BUpa3 sl PO3PaxyHKy Iy = Iy MpHiiMa€e BUIIISA:
. M(Ry +Ri)
M +R
SKo BUMIpIOBaHHSI BUKOHYBATH IMPHU BEJIUKUX 3HayeHHsAX M=100,
1000, To AR<<M i abconoTHy MOXUOKY BUMIPIOBAHHS MOXHA OI[IHUTH
3a HAOJIMKEHOI0 (OPMYJIOKO:

(11)

Ar, =0,005r, . (12)
Haniiiaicts BUMIPIOBaHHS H1TBEPIKYETHCS TOJaTKOBUM
BUMIPIOBAHHSIM OMOPY IJSHKH MICIs MOIIKOJDPKEHHS Iy Ta BUKOHAHHIM
piBHOCTI THY (9).
6. Po3paxyHok Bimgaai a0 Micusi NOIMIKOIKEHHS  JIiHil
ejiekTponepenau 0,38 kB
3a BIIOMUM 3HAYCHHSM JIOBXKHHHM KaOemo L, IMOBHHM oIopom
MOMIKO/PKEHOT Xuiau Ro Ta BHUMIPDHUM 3HAYEHHSAM [x CKJIAJAETHCS
IPOIOPLIIS:
Lzﬁ,:ﬂsim@r L, = Lr—x (13)
Ry Iy Ro
SIkmo noBkrMHA Kabearo HeBigoMa, TO 1i OOYHMCIIIOIOTE 32 BIJOMHUMU
3HAYEHHSMM NEPETHHY 1 MUTOMOro omopy Marepiainy. B Oyab-sikomy
BUIIAJIKy 3arajilbHa JOBXKHHA KaOelar0 BCTAHOBIIOETHCS 3  TEBHOIO
noxuokor AL.
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[ToxuOKy  oOmocepelKOBaHOrO  BUMIPIOBaHHS  BIIJam  J0
MOMKO/KeHHsT 3a  (opmynoro (13) 00YMCHIOIOTH, SK MaKCUMAaJIbHY
CUCTeMaTU4Hy, NUIAXOM JorapudmyBaHHs, Au]epeHIilOBaHHA Ta
HACTYMHOI 3aMiHU AU(EepeHIianiB TPUPOCTAMU:

InL, =InL+Inr, —InRy;
dL, :%+drx _dRy |
L, L r, R
AL, AL Ar, AR
S(ly)=—X="—4 X410,
L, L 1 Ro
[lincTaBUBIIM ~ €KCHEPUMEHTAJIbHI ~ 3HAYEHHS  BCIX  BEJIMYMH,

OTPUMYIOTH YHUCEJIbHE 3HAYEHHS MAaKCUMaJIbHOI BIJHOCHOI MOXHUOKH
5(L, )sinrak aGeomrorHa noxubka BU3HAYCHHS B Oye:
AL, =68(Ly)- Ly. (15)

JlocmKeHHS MPOBOUTHCS 3-X MPOBIIHIM HA MOJIENl 3 BUBSACHUMU
Ha 3OBHINIHIO TIAHEIb KJIEeMaM{ II0YaTKiB 1 KIHIIB IPOBIIHHKIB,
no3HaueHux, sk onopu Ro, Ri, R2 Ta R3. B xwumax Ro ta Rs imitoBaHo
CJICKTPUYHUNA TPoOii 130741111 Ha 3emiIto. TOUKM 3aMUKaHHS BHUBEJEHI Ha
Kiemy “+” uepe3 mepeMukad. EkBiBajeHTHa JOBXHWHA JIiHII CTAHOBUTH
L=930+5 m.

PoGoTa BHUKOHY€TBbCS Yy JEKUIbKa €TamiB, KOXEH 3 SKHX €
CaMOCTIHMM 3aBAaHHSAM. 3 METOI CIPOIICHHS PO3PaxXyHKIB BCl
BUMIPIOBAHHSI BUKOHYIOTHCS MPU OJJHAKOBUX 3HAYEHHSIX MHOXKHUKIB TLIeda
nopiBHsHHA N=0,001 Ta M=1000. Po3paxoBaHi 3Ha4eHHS OMOPIB I, I'y Ta iX
MOXHOKHU 3aHOCATHCS Y BIAMOBIAHI TaOIHIT.

3aBaanns 1. OCBOEHHS MOCTOBOTO METOJTy BUMIPIOBAHHS.

1.1. O3HalOMHUTHUCH 3 TPHUHIIUIIOBOIO CXEMOK Ta KOHCTPYKIII€IO
mocta P333.

1.2. 3’acyBaTu NpU3HAYCHHS KJIEM, OPTaHiB YIPaBIIHHS Ta 3MICT
BIJIMOBIJHUX YMOBHUX MO3HAYEHb MPUHITUIIOBOT CXEMHU.

1.3. Buxonatu npoOHi BUMipIOBaHHS 3pa3KkoBUX omopiB. st 1iporo
nij’ €JHATH 0 BUMIPHUX KJeM 2 1 3 Mara3uH OmnopiB, a MepeMuKad CXeMu
nepeBecT y nosuiito “MB”.

1.4. Tlpouec 3pIBHOBaXKEHHS MOCTa CIiJi BUKOHYBAaTH B TaKOMY
HOPSJIKY:

— BUOpaTHM MHOXHHMK N TUleya BiAHOIIEHHs mepemukadem Ils Ta
BCTAHOBUTH OUiKyBaHe 3HaueHHs onopy R nepemukauamu [1;...114;

— HaTUCHYTH 1 3adikcyBatu kHomKy “Bxn. I 1 nexkamHumwu
nepeMuKayaMyd  3MIiHIOBaTH omip R 10 BCTaHOBIEHHS  CTPUIKU
raJbBaHOMETpA HA “HYJIb

— HATUCHYTHU 1 3adikcyBaTH KHONKY “I'py00” 1 3HOBY BCTaHOBUTHU
CTPUIKY Ha “HYJIb”;

(14)

R
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— HaTUCHYTH 1 3adikcyBaTu KHONKY “TOYHO” 1 3piBHOBaKUTU MICT
OCTaTOYHO;

—  MicJig 3p1IBHOBAKEHHS BC1 TPU KHOMKHU CJ1J BIAMYCTUTH.

1.5. 3HATH MOKa3M NMEepEMUKAYiB 3MIHHOTO ONOPY, OOYUCIUTHU OIip 32
dbopmynoro (1) Ta cHmiB CTaBUTH KOO 3 MOKA30M 3pa3KOBOr0 MarasuHy
OTIOPIB.

1.6. TloBTOopuTH NpPOOHI BUMIPIOBAHHS IHIIMX 3HAY€Hb 3PA3KOBOIO
OMoOpy TMpH PI3HUX 3HAYCHHSIX MHOXKHHUKIB N Ta M mma 3akpimieHHs
HABUYOK BUMIPIOBAHHS.

3aBaanHs 2. Bumipsatu cymapHuii omip JIBOX >KUJI.

2.1. Tlepemukau cxemu 3aIHUIIATH y TO3UIlT “MB”.

2.2. 3a KOPOTHUTH KiHIIl BOX BHOpaHUX KaOENbHUX KWJ (HAIIPUKIIA],
omopiB Ro 1 R1), a iXx moyaTku momatu Ha BuMipHi kiemu 2 1 3 (puc. 2).

2.3. TlepemukaueM 1uteda BigHOMICHHS [Is BCTAaHOBUTH MHOMKHHUK
n=0,01, a nepemukauamu I1z...I14 3minnMit onip R =4000 Om.

2.4. 3piBHOBaXHUTH MICT 3TiIHO 3 1.1.4, 3HATH MOKa3u R, obuncauTn
cymapauii omip k= Ro 3a ¢opmynoro (1) i moxubky ARy =Ar, 3a
dbopmyioro (2). Pesynbratu 3anucatu y 1adia. 1 (quB. puc. 8).

Tabnuys 1
TexHiuH1 TOKa3HUKHU 3aCO0IB MOIIYKY IMOITKOKEHHSI
B PO3MOJIUTBHUX MEPEKax 3 MOBITPSIHUMU JTIHISIMU
enexrponepenadi JIEIT 0,38 kB

[Tapa Cymapnwuii orip

XKUI | N R Rij | ARj| Ro | ARo | Rt | AR:1 | R2 | ARy

01
02
12

2.5. BukoHaTtu aHaJOT14HI BUMIPIOBAHHS Ta OOYMCICHHS JUIS 1HITAX
IBOX nap kaOenbHUX KWI Roz Ta R12, ARo2 Ta AR12. PesynbraTu 3anucaru y
Tabmn. 1.

3aBnanns 3. BumiproBaHHS omopy M0 MICIS TOIIKO/KCHHS 3a
cxemoro 11B.

3.1. Ilepemukau cxemMu BCTaHOBUTH y no3uitito [1B.

3.2. 3i0bpaTtu BUMIpHY cCXeMy 3TiIHO 3 puc. 6.

3.3. BcranoButn MHOXHHMK Iieya BigHomeHHs N=0,01, a omip
rieda nopiBHsAHHA R =1000 Om.

3.4. 3piBHOBAXXHUTH MICT 32 METOJMKOIO II. 4.

3.5. Tlokasu R 1 n 3amucaru y Tabm. 2.

3.6. Po3paxyBatu omip Imp IUIsSHKE Iy , moxuOKy A [Ix 3a
dopmysamu (7) i (8) 1 pe3yabTaTn 3amucatu y Tadi. 2.

3.7. TlepexomyTyBaTH KiHIII KaOETbHUX >KHJI AN BUMIPIOBAaHHS
JUISTHKH TICTIS MTOIIKOKEHHS Iy .

3.8. Bukonatu BUMipIOBaHHS Iy 32 METOAUKOIO IL.II. 4.
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3.9. IlepeBiputn BukoHanHs ymoBH (9). SKmoO po30iIXKHICTH
MIEPEBUIIYE CyMapHy a0COIOTHY TOXHUOKY A Ikt A Iy, BUKOHATH MTOBTOPHI
BHUMIPIOBaHHS, 3MILIHUBIIM 3’ €IHYBaJIbHI KOHTAKTH.

3aBnannsa 4. BumiproBaHHS omopy [0 MiCUs MOIIKOJKEHHS 3a
cxemoro IIM.

4.1. Tlepemukau cxeMu BCTAaHOBUTH y no3uiito [TM.

4.2. 3i0paTy BUMIpHY CXeMY 3T1HO 3 puc. 4.

4.3. BcraHoBUTH MHOXKHUK 1u1eda BigHomeHHs M=100 abo
M=1000, omip ruieua nopiBHsiHHSA R=1000 OmMm.

4.4, BukoHaTH BUMIPIOBaHHS Ta PO3PaXyHKH aHAJIOTIYHO JO I1.11. 4
cxemu [1B. PesynbTaTu 3anectu y Tadi. 2 abo quB. puc. 9

3aBaanna 5. Po3paxyHOK Bijjaji 10 MICIIS ITOIITKOHKEHHS Ta aHATI3
pe3ybTaTIB.

5.1. Pospaxysaru Lx 3a dhopmyinoro (13) ta ALk 3a dpopmyioro (15),
BUKOPHUCTOBYIOYH PE3YyJbTaTH 000X METO/IB BUMIPIOBAHHS.

Tabnuys 2
TexHIYH1 MTOKA3HUKU METOJ BUSHAUEHHS Bl 10 MICIIS
nomkomxeHHs JIEIT 0,38 kB

Pactxkka KoMmeroTep
Kypcoper  KanuGpoBka
Vcunenne HMHbopmanus
Cwmemerne IlapameTpsl
VYcpenHeHnre BrIKIIOUeHHE

a o
Puc. 6. Mento npunany PEMIC-105P na ocHOBi
Arduino MEGA2560 R3 CH340:

a — MEHIO npuiaay; 0 — 300pakeHHs Ha AUCIUIET TPUIIaLy
IIpY 30H1yBaHHI JiHIi

(S

IIB IIM
[Tapa, AT
HiﬂﬂHKa n R Ik A Ik Lx ALX n R Ik (ry) r X Lx ALX
y
01
I'x
01
ly
' k4
YxkopoueHne HacTpoiiku ‘ :
Huanazon IIaMAaTh ﬂ
3o0H1 PexuMm

184 .929M D=414 ,37H

-
1l

5.2. CmiBcTaBUTH pe3yibTaTd po3paxyHKy L o00ox wmetomiB
BUMIPIOBaHHS Ta 3pOOUTH BUCHOBKH PO JOIIIBHIIIUA METOJ] BUSHAYCHHS
BiJIJ1aJil O MICIlsl TOIIKOKEHHS, JociiKyBaHoi kabensHo1 JIEIT 0,38 kB

(puc. 7).

Proceedings TSATU. 2024. 24. 1



[Ipaui TAATY Bunyck 24. Tom 1
165

¥ Pebic] 5P B[] E
Pain dopynee Haoeofes peofpesossrss Pacosare Orro Marows
EShHES EREEE B st ATA

T CAREIS 1 0SANT dr\S smpled_tds

Puc. 7. 300paxeHHs BikHa MOHiTopé pu poOOTI 3 MPOrPAMOI0
PEUJI-105 P na ocuoBi Arduino MEGA2560 R3 CH340

Puc. 8. 3006paxenHs pediekTorpaMu J10 3aCTOCYBaHHS
neperBopeHHs Oyp’e

Puc. 9. 300paxenHs pediekTorpamMu micist 3aCTOCYBaHHS
MEPETBOPEHHS

OcnoBuumMu mnpobinemamu mnoBiTpsaux miHid JIEIT 0,38 «B
pednekrorpaMu Ha puc. 8§ Ta 9 € mocepeqHE HAaBYAHHS MEPCOHATY
KOPHUCTYBATHCS JAHOK METOAHMKOIO Ta 00namHanHsIM. ToMy, 1o mpooieMu
KOPEKTHOTO MOJCJIOBAHHS Ta MPOEKTYBaHHS HAJIMHOCTI CHUCTEM
CJICKTPONIOCTAYaHHSI HEJOCTATHE BpaxyBaHHS MPUPOTHO-KIIMATHUHHUX
YMOB; 11 MPOOJIEMH € 1 3ATUIIATUMYThHCS aKTYyaJIbHUMH 1 BOHU IOTPEOYIOTh
NOJANBIINX JTOCH1IKEHb.

Mertoro maHoro JOCHiKeHHS OyJio 1AeHTU(DIKYBAaTH Ta BUCBITIUTH
npoOJieMH, 10 CTOCYHOTHCS IMIJABUIIEHHS HAMIMHOCTI €JIEKTPONOCTaYaHHs
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HA TOTOYHOMY €Talmli, a TaKOXX 3alpONOHYBATH NUISIXA iX BUPIMICHHS Yy
MPOMHCIIOBOMY BHPOOHHITBI. J[OCHIDKEHHS YCHINIHO BUKOHAJIO BCi
MOCTABJICH] 3aBJaHHS, 30KpeMa ieHTU(DIKYyBaIO MPOOIIEeMH EKCIUTyaTaIlii
NOBITPSHUX JIIHIN enekTponepenadl Hamnpyrowo 0,38 kB ta mposeno ix
Outbln  getanbHU aHami3z. KpiM Toro, uisi JOCATHEHHS OUIBIION
edeKTUBHOCTI OyJiM 3HAWJEH] Ta 3alpONOHOBAHI METOAM BHUPIIIEHHS IUX
MTUTaHb.

[Ipunnun, sxuii OyB pO3TISHYTHH y JOCHIKEHHI Ui CTBOPEHHS
MOJIeNTl HaJIMHOCTI, [0 BPaxOBY€ BIUIUB 30BHINIHBOI'O CEPEIAOBHUINA Ta
MO>KJIMB1 MPUITYIICHHS, J103BOJIIE OTPUMATH KOMIUIEKCHY Ta OLIbII TOYHY
OIIIHKY HAJIMHOCTI CHCTEM EJICKTPOIOCTAYaHHs, IO JIFOTh I BIUIMBOM
pisHux ¢aktopiB. [lokasHuKM HAIIWHOCTI TOBUHHI OyTH pO3paxoBaHi 3
ypaxyBaHHSM cnerudiku eKCILTyaTaIii KOHKPETHUX CUCTEM
esiekTponocTayanHsi. OTpuMaHa MaTeMaTUYHA MOJIEIb JIJI1 MPOTHO3YBaHHS
MOXK€ OyTHM BHKOpPHMCTaHA [JIs1 ONTHUMI3aIli pO3KIaaiB TEXHIYHOTO
00CIIyrOBYBaHHs, PEMOHTY Ta NPO(MUIAKTUKUA CHUCTEM. Y POOOTI TaKOXK
IIPOAHAJI30BAHO CYYacCHI MIAXOAU 10 BUPIMIEHHS MpoOJeM 3a0e3NedeHHs
0€3MeyHoro Ta CTaOUIBHOTO EJIEKTPONOCTauYaHHs, 100 BiAMOBIIATH
Cy4acHUM MOTpedam CIOoKUBaAYIB elleKTpoeHeprii. MallOyTHI HOCTIIKEHHS
OyqyTh CHpSIMOBaHI Ha BUSBIICHHS MpOOJEM Ta MEPCHEKTUB PO3BUTKY
BIIPOBA/PKCHHSI HOBMX TEXHOJOTINA Jii HAaBYAHHSA TEPCOHAY 3 METOI0
MOJIIMIIIEHHS OOCIYrOBYBaHHS CKJIAJOBUX CHCTEMH EJIEKTPOIOCTaYaHHS
npomucioBocTi [18-20].

Bucnogxu. TouHiCTh pO3paxyHKY BIACTaHI 10 MICIS MOIIKOKCHHS
3a aBapiiHUM MeToJ0M BuMiptoBaHHs cxemu “Tletns Myppes” Ta “Ilerns
Bapnes” nns miniit enextponepenauy Hampyroro 0,38 kB 3amexuTs Bif
pi3HUX (AKTOpIB, BKIIOYAIOYM CTATUCTUKY IOXHMOOK BHUMIPIOBAIBLHUX
MOCTIB OIIOPY, CTPYMIB 1 Hampyru, OCOOJMBOCTI OOpOOKH IU(PPOBUX
CUTHAJIIB, YTOYHEHHS MapaMmeTpiB, sIKI MOXYTb BIUIMBATH Ha TOYHICTb
BUMIPIOBaHb 00JIaCT1 /10 MICIS MOUIKOJKEHHS 3 OUIBIIOK TOYHICTIO, IO
HEOOX1THO JIJII CKOPOUYEHHSI 4acy BUKOHAHHS aBapiiHO-BIIHOBIIFOBAJIbHUX
poOIT, 3 METO 3a0e3NedyeHHs] CEHEepPreTUYHOi Oe3MEeKH CHUCTeMHU Ta
HAJIAHICTh €JIEKTPONOCTAYaHHS CIIOKUBAYIB.

Marematuyuni Bupasu (1, 2, 9, 13 Ta 15), sixi Oynu 3anpomnoHOBaHi,
MaloTh  BEJIMKE  MPAaKTUYHE  3aCTOCYBaHHS,  OCKUIBKM  MOXHa
BUKOPHMCTOBYBATH iX JII1 BU3HAYEHHS MICIIS MOIIKO/DKCHHS KaOelo JTiHik
enektporiepenad 0,38 kB mim dWac mpoBeneHHS  OJHOCTOPOHHIX,
JIBOCTOPOHHIX Ta 0araTOCTOPOHHIX BHUMIPIOBaHb OMOPIB JII YTOYHEHHS
napaMmeTpiB, SKi MOKYTh BIUTMBATH HAa TOYHICTh BUMIPIOBaHb 00JACTi 110
MICIISI TOIIKOXKEHHS JIiH1M enekTpornepenay Harpyrow 0,38 kB 3 Ouibioro
TOYHICTIO.

3M1MCHEHO JIOCHIIKEHHS AaHAJIITUYHOTO METOAY I BH3HAYEHHS
MiCL MONIKO/KEHHsT Yy Mepexkax Harpyroio 0,38 kB Ha ocHOBI piBHSAHD
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jgorapu(MyBaHHSI CTyNEHs NEPEeTHHY 1 HUTOMOTO ONOpYy Marepialy 3
neBHor0 mnoxuOkor AL. Ilimx wac mocaimkeHHs Oyio 3acTOCOBAHO
JUCTAHUIMHUNA MIAX1A 3 MOABIMHUM OJHOCTOPOHHIM BHUMIPIOBAHHSIM
napamMeTpiB aBapIMHOIO PEKUMY, TAKHX SIK IONEPEYHOrO0 MNEPETHHY 1
NUTOMOTO OMOpPY MaTepiajly Ha MOYaTKy Ta KIHLI JiHIi. Y pa3i BUABICHHS
NOMWJIOK y BU3HAUYEHH1 MICIISI TOIIKO/PKEHHS, IX TEOPETUYHO pO3paxoBaHa
BIJICOTKOBA 4YacTKa CTaHOBUTH Jidie 1%, sk A MeTaleBuX, Tak 1 IS
MapHUX 3alipoK Yepe3 KOHTAaKTHUH ormip. PakTuyHi MOXUOKH OyIyTh
3aJIe’KaTH B TOYHOCTI Kiacy mocta P — 333, manpuknan: 0,2 - 0,5 - 2,0 -
5,0. Y po3rissHYyTOMY BUMAJAKY JOMYCKAETHCS MOXUOKa +5%.
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! Lviv National Environmental University
2Dmytro Motornyi Tavria State Agrotechnological University

ENHANCEMENT OF ENERGY SECURITY OF ELECTRICAL SUPPLY
OF CONSUMERS OF ELECTRICAL TRANSMISSION LINES OF 0.38 kV
USING THE MONITORING SYSTEM OF VIRTUAL MEASURING DEVICES

Summary

The most accurate determination of the location of damage on overhead power
lines is important for ensuring energy security, stability of power systems, and
reliability of power supply to consumers. There are various mathematical methods used
for this, in particular the distance-to-fault methods are based on the estimation of
parameters of the emergency state and are widely used in digital protection relay
terminals and power line fault locators. The purpose of the article is to analyze the
existing methods of ensuring the energy security of power transmission lines with a
voltage of 0,38 kV in emergency situations to determine the location of damage on
overhead power transmission lines and estimate the error using parameters of the
emergency state.

The study successfully fulfilled all the tasks, in particular, it identified the
problems of operating overhead power lines with a voltage of 0,38 kV and conducted a
more detailed analysis of them.

The principle that was considered in the study to create a reliability model that
takes into account the influence of the external environment and possible assumptions
allows to obtain a comprehensive and more accurate assessment of the reliability of
power supply systems operating under the influence of various factors. Reliability
indicators must be calculated taking into account the specifics of operation of specific
power supply systems. The resulting mathematical model for forecasting can be used to
optimize maintenance schedules, repair and prevention of systems. The work also
analyzes modern approaches to solving the problems of ensuring a safe and stable
electricity supply in order to meet the modern needs of electricity consumers.

The developed technique of the authors allows taking into account various
factors, including errors in measuring currents and voltages in an emergency state,
which significantly affect the accuracy of determining the location of a fault in overhead
power lines. This approach allows to reduce the time required for disaster recovery
work by more accurately determining the location of the damage and the size of the
inspection area.

Keywords: measurement, DC bridge, "Murray Loop™ and "Varley Loop", power
line.
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AHAJIT3 ITEPCIIEKTUB ® YHKIIIOHYBAHHSA
BIOEHEPTETUYHOI'O HIOTEHIIAJTY B CUCTEMAX
EHEPIOIIOCTAYAHHSA YKPATHU HA OCHOBI AHAJI3Y
EHEPITETUYHOI' O BAJIAHCY

Anomayisn. B pobOTi 3alIpONOHOBAHO B SIKOCTI BUCOKOMAHEBPOBUX aKyMYJIATOPIB
00’€IHAHOI €HEePreTUYHOI CHUCTEMH YKpaiHH BUKOPHCTOBYBAaTH 0iOra3oBi yCTaHOBKH.
[Toka3HukM eHepreTHUHOI €(PEKTUBHOCTI 3aIPOTIOHOBAHUX 3aX0/1iB BAKOHAHO Ha OCHOBI
aHajizy  CHEepreTMYHMX  OanmaHciB, ki MOOyJaOoBaHI  MmIIAXOM  0OpoOKHM
CepeAHbOCTATUCTUYHUX OOCSTIB EHEePreTHYHUX BTpAT Ta BHUTpPAT y 0Oiora3oBux
ycTaHoBKax. banmaHcu B J1aHOMY BUIAIKy € OCHOBOIO JJISi BU3HAYEHHS TEXHIYHHX Ta
€KOHOMIYHUX pillleHb, OOTPYHTYBaHHS KOHKYPEHTOCIIPOMOKHOCTI 3alpOINOHOBAHOI
CHCTEMH €HEpronocTadanHs. BiqmoBiaHUI migXix MPONOHYETHCS BUKOPUCTOBYBAaTH Ha
etarnax (opMmamizamii TEeXHIYHOTO 3aBIAHHS, IO JO3BOJSIE OOIPYHTYBAaTH PpillICHHS
110,10 TOOYOBH UM BAOCKOHAJICHHS 3aIIPOIIOHOBAHOI CHCTEMH €HEePronoCTaqyaHHs.

Kniouosi  cnosa: €HEepreTUIHUI Oanasnc, KOMOIHOBaHa  CHCTeMa
SHeprorocTayaHHs, BiJHOBICHI JDKEpena, eHepreTHYHa eQeKTHBHICTh, JOKaJIbHA
cUcTeMa eNEeKTPOIIOCTauYaHHs, HEePTis.

Ilocmanosxka npobnemu. Ha QOHI BHCOKMX TEMIIIB 3POCTaHHSA
reHepaiiii BiTHOBJIIOBaHOI eHeprii, Hacammepen BiTtpoBux (BEY) Ta
cousiunux (CEC) enexrtpocraniiiii, 3poctae motpeba B OajaHCyBaHHI iX
3MIHHO{ MOTY>KHOCTI B CKJIa1l 00’ €HAHOI eHEPTreTUYHOI CUCTeMH Y KpaiHH,

© Nymuixos C. M., Markowska K., Illyp T. I'., CaBuenxo O. A., Tpynosa I. M., Cepena A. 1.,
I'amsko C. B., Iasiit B. T'., [lomaguenko C. A., 2024

Proceedings TSATU. 2024. 24. 1



[Ipaui TAATY Bunyck 24. Tom 1
171

mo 3abesneuye crabumeHiCTh 11 poOotu [1-4]. VYV pas3i i"TErparmii B
€HEeprocUCTEMH MOTY>KHUX BIJIHOBIIOBaHUX pkepen eHeprii (BJIE) nocrae
npobiieMa 3a0e3neyeHHs SK CTaTUYHOI, TaK 1 JAWHAMIYHOI CTIMKOCTI
pexuMiB pobotu eHeprocuctemu [5-7]. Tak, y pa3i 30UIbLICHHS YacTKU
BJIE B 3arajibHOMy eHepreTM4HoMy OanaHcl Bxke mnoHan 2%, cydacHi
Mepexi BXK€ TEXHIYHO HE B 3MO31 CHPABIATHCS 3 MIKaMH TreHeparii Ta
NEPEeTOKIB, BUKJIMKAIOTh MOTpedy B  1HOPACTPYKTYpHUX 3MIHAX,
MoJiepHi3alii Ta pekoHcTpykuii camux mepex [8]. BJIE onocepeaxoBano
BIUIMBAIOTh Ha AaMOPTH3alliiiHI BJIACTUBOCTI CHUCTEMH, CIPUUUHSIOUH,
30KpeMa, BTPATy CTIMKOCTI Ta 3HIKCHHS 3amaciB CTIMKOCTI (3MEHIIIECHHS
KPUTUYHOTO dYacy BIAKIIOUEHHS Tpu KOpoTkux 3amukanHsx (K3);
301TBIIICHHS AKOCT1 TMEPEXITHUX MPOIECiB (30LTBIICHHS KYTIB BiIXWJICHHS
POTOPIB reHepaTopiB i 3MeHIEeHHs aemiipyBanHus) [6, 7, 9, 10].

ChoroaHi, Hampukiaj, PO3BUTOK BITPOETEKTPOCTAHIIN mnependayae
IHTErpalilo BEJIMKOI KUIBKOCTI BITPOBUX TYpPOIHHUX €JIEKTPOCTaHLIM
Oarathox kpain cBiTy [10, 11]. Jaa miei 1eHTpamizoBaHOI CHCTEMHU
CHEeprornoCTayaHHsI Ma€ CTaTU «THYYKOIO», IO 3yMOBIO€ TPUNAHATTS
pILIEHHS ALY BaXJIMBUX HAYKOBO-TEXHIYHUX NMUTaHb. OJTHUM 13 BapiaHTIB
BUPILIECHHS BIANOBIIHOI MPOOJEMHU € BUKOPUCTAHHS 010ra30BUX YCTAHOBOK
(bI'Y) sax wmaneBpenoi cwm misi BEC 1 CEC. Otpumanuii 0Gioras,
OPUAATHUA 70 TPUBAIOro 30epiraHHs, MOXe OyTH BUKOPUCTAHHMM IS
3a0e3neveHHs] CTIHKOCTI poOOTH 00'€eqHAHOT EHEPreTUYHOI CHUCTEMU
VYkpainu abo Ha BIacHI MOTpeOu criokruBaya. TakuM YMHOM, Ha TIEPIIOMY
etami dopmarizarii HEO0OXiTHO TPOBECTH TOCHIDKEHHS MEPCIEKTHUB
BukopuctanHs bI'Y B cucTtemi HEHTpami30BaHOTO €HEPronOCTavyaHHS Ta
OOIPYHTYBAaTH HOTO KOHKYPEHTOCIPOMOKHICTb.

Amnaniz ocmannix oocnioxcens. CydacHa TOJITHKA €BpONENHCHKOro
Coro3y (€C) cmpsiMoBaHa Ha YTBEP/KEHHS CTaJIOr0 €KOHOMIYHOTO
PO3BUTKY, SIKMI BKJIOYA€ COIlalbHY, €KOHOMIYHY Ta €KOJOTI4YHY
CKJIaJ0BY. 3O0UIbIICHHS KUIBKOCTI BIAHOBIIIOBAHUX JIKEpEN eHeprii, sKi
HIATBEP/KYIOTh 0€3MeKy EHEpProCUCTEeMH, MIHIMI3allisl BUKOPUCTAHHS
BYTUIIE Yy BHUPOOHMIITBI €JIEKTPOCHEPrii Ta CKOPOYEHHS MIKIJJIMBUX
BUKHU/IB € OJHMMHU 3 OCHOBHHUX 3aXOJIB Yy NPOLECI CTAJOr0 PO3BUTKY
eHepretuku. lLlel mpuHIMII Mae BeNIMKE 3HAUYEHHS ISl €KOHOMIKM Ta
cotianbHOro 100po0yTy nepxkas-uieHiB €C.

[ToeqnanHsg IUX TPUHIMIIB BiIOOpakeHO B €BPOINEUCHKIN 3eJICHIi
yroai. Y tpyanai 2019 poky €Bpoxowmicis mpeacTaBuia JOPOKHIO KapTy
3aX0/iB, CIPSAMOBAHMX Ha MeEpexi] A0 KIIMaTUYHO HEUTpaIbHOI
eKOHOMIKHA. OJHIED 3 TOJOBHUX LUIEH 1€l cTpaTerii € JOCSITHEHHS
HYJIbOBOT'O PiBHS BUKHAIB Byrjekucioro razy ao 2050 poky. HeobxigHo
ONTUMI3yBaTH pPOOOTYy MATMBHO-EHEPTETHYHOTO KOMILIEKCY, a TaKOX
3MEHILUTH 3aJIeKHICTh Bl IMIOOPTHUX KOPUCHMX KomajnuH. OKpiMm
€HEpreTUYHOr0 CEKTOPa, 3MIHM MarOTh OXOIUTHU TaKl CEKTOPU: TPAHCIIOPT,
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CLIbCBKE TOCMOAAPCTBO, Oy IIBHUIITBO, Xap4yOBa Ta XIMIYHA IPOMHUCIIOBICTh
[12]. OcHOBHI MOMEHTH ITi€1 CTpaTETii 300payKEHO HA PHCYHKY 1.

Moblnisaign nocniwens 1a
POBEMTOK IHHOESLL

Tpanchopmyemo
Nocunessn KnlMaTHaHKX ambiu €C AnGiUR Wono Hynb-386pyRHEHRR
cTranoro MmanGyTHboro N

/

MocTENaHHS MKCTOLL AocTynHOl T2
Bezneyrol exeprii
EBponercbKuin
Modiri A 3eneHnu
HHCTO! T8 KPYTOBGH EXOHOMIKN Kypc

I
\

EHepro- 1a pecypcosdDeKTMBHE
Gy iBHMUTED T8 PEKOHCTDYKLIR

DixasicysanHa nepexogy

lec-mooanumﬁlimp 2&:’me0

Puc. 1. OcHoBHI 1 €BpOIEHCHKOT 3€I€HOT yroau

JlocarHeHHss nux nuied € npoOieMor0 HaBiTh Ui KpaiHu 3
BHUCOKOPO3BHHEHOIO EKOHOMIKOI0. Ajie BiAnoBigHO a0 Jlorosopy mpo
dbynkuionyBanua €C, po3pobka Ta peaiizailisi EHEpreTUYHUX CTPATErii €
KOMIIETEHIII€10 KOXKHOT JIep>KaBU OKPEMO.

VY kpainax €C 3a ocTaHHI POKH CIOCTEPIra€ThCsl 3pOCTaHHS OOCSTIB
nepepoOku opra”iuHux BiaxoniB. Ctanom Ha kiHenb 2021 poky B €Bpormi
Oysno 1067 6iomeTraHOBUX 3aBOAIB (pHuC. 2).
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Puc. 2. KinpkicTs 6i0MeTaHOBHX 3aBOAIB B €Bporri

® IcHvioui
Mo6yposaHi

Le na 184 ogunumi 6ineie, Hixk y 2020 poui. BianosigHo, 11e poOUTH
2021 pik HAaHOUIBIIUM 3POCTAHHAM KIJIbKOCTI 010METaHOBUX YCTaHOBOK. 3a
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nannmu «EBA», no Bepecus 2022 poky Bxke Oyno 3amymeHo 155 HoBux
010METaHOBHX YCTaHOB.

3aranpHui 00CcAT BUPOOHUITBA 0l0Ta3y Ta MeTaHy B €Bpomi Ha piBHI
2021 poxky cknas 196 TBt'rox , a6o 18,4 mupa. m3. Le 4,5% croxuBaHHS
razy €Bpocoro3oM Ha piBHiI 2021 poky (puc. 3).

n
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o
~

® Obcarn Gioverany, mapg.a®
® Od6carn diorasy, mapa.m®
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Puc. 3. CykynHe BUpoOHULITBO Oiorazy Ta 0i0MeTany

Sk OGaunMo 3 JaHUX, sIKI HaBEJEHI Ha PHUCYHKY 3, BUPOOHHUIITBO
OlomeTaHy 3pocTae, Ha BIAMIHY Bijg BUpoOHHIITBa 6iorazy. ¥ 2021 porri
BinOyBCcs HaMOIbIMIA piuruii npupict Ha 6,1 TBT -rox a6o 0,6 mupa. m>.
3aranpHuit 06csr BUpoOHUITBA OlomMeTaHy B 2021 pomi cknaB 37 TBt , abo
3,5 mupa. M3,

Bimomo, mo 58% OioMeTaHOBUX YyCTaHOB, SIKI 3apa3 MPAIIOIOTH B
€Bpomi, MIAKIIOYEHI 0 PO3MOAIIBLHOT Ta30Boi Mepexi, 19% - 1o
TPAHCTIOPTHOT Ta30BOi Mepexi, 9% eBpomelchbkux 010METaHOBUX 3aBO/IIB
IpaLOTh B aBTOHOMHOMY pexumi, a mnpo pewmty 14% y 6a3i «EBA»
1Hpopmanii HeMae (puc. 4).
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Puc. 4. [TigkirodeHHs 10 Mepexi TPUPOIHOTO ra3y
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3a manumu koHcopiiyma «Gas for Climate» BimMigaroThcsi MaiiOyTHI
NEPCTICKTUBH BUPOOJICHHS OlOMETaHy 3 TOKPHBHUX KYJBTYp, IO
nependavae A UbOTO 30UIbINEHHS Mol puwist Ha 20% s KOXKHOTO
periony. Tax B cepenuboMy 10% Big 3ariaHOBAHOTO MOXKE OYyTH
peanizoBano 10 2030 poky (65% nns Iramii, 20% nns @panmii Ta
Himeuunnn) 1 100% no 2050 poky (puc. 5.).

Beboro y Beix KpaiHax, % 6 GAS FOR CLIMATE

o = A path to 2050
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Puc. 5. Ctpykrypa noreHmiany BUpoOHUIITBA OiomMeTaHy B €Bporri

B Vxkpaini 3a ganumu UABIO mortenmian BupoOHUIITBa Oiorazy
(6iomeTany) cTaHOBHTH Ou3bko 10 mupa M3/pik (Tabmunsa 1). Ilnanyerses
301IpIIEHHST 00cAry Olora3dy 3a paxyHOK MOKPUBHHMX KYJBTYp A0 PIBHA
2050 poky nonazn 20 mipx M%/pik.

Tabnuys 1
biorasz/6iomeran BupoOHUUMii moTeHiian B Ykpaini B 2021* ta 2050 pokax
BIOT'A3/BIOMETAH, mupa m%/pik 2021 p. | 2050 p.
biora3 Bin TBapuHU (BiAXOAM) 0,83 0,9
bioras 3 NOKHUBHMX 3JIMIIKIB CIJIbCHKOTOCTIOIAPCHKHUX KYJIBTYP 4,36 5,2
bioras i3 moOiYHUX MPOJYKTIB Xap4oOBOi MPOMHUCIOBOCTI 0,66 0,7
bioras 3 TBep X MOOYTOBUX BIAXOIIB 0,53 0,5
bioras 3 ocagHux Boja (MiChK1 OUYHMCHI CTIOPY/IN) 0,07 0,1
Eneprernuni pocnunu: 6ioras 3 KyKypya3stHoro cuwiocy (3 1 mun 3.00 38
ra) H )
biora3 3 mokpuBHUX KyIbTyp (20% pimi) 0,00 9,8
bioras 3 BM, orpumanmii nuisxoM TepMivHoi rasudikartii (10%) 0,00 1,0
BIOI'A3/BIOMETAH, 3ar 9,45 21,8

* o111HKa 3p00JIeHa HA OCHOB1 TEXHIYHO JIOCTYITHOI CHPOBUHU

BianoBigHi oOcaru BugoOyToro OlomMeTaHy 3HAYHO IIiJBHINYIOTh
PIBEHb CHEPreTHYHO1 HEe3aJeKHOCTI YKpaiHu, 10 € MEePEKOHINBOI0 03010
PO3BUTKY BBaKaTHCS TIEPCICKTUBHUM Yy BIAMOBIAHIA Taimy3i. Aje
BUKOPHCTaHHS 010ra30BHX Ta 010METAHOBUX CHOPY/ BUKIMKAE MPOTUPIUHI
CYJI’)KCHHS 1010 ix KOHKYPEHTOCIPOMOXKHOCTI ICHYIOUUM
LEHTPAII30BAHUM  CHCTEMAaM  E€HEpPronocTadyaHHsd, 10  [OTpeldye
JIOAATKOBUX JOCHIKEHb Ta PEKOMEH1aIliil.
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Ilocmanoska 3a60anns. OOTpyHTYBaHHS MEPCIEKTUB (DYHKIIOHYBaHHS
010€HEpPreTUYHUX KOMILUIEKCIB B CKJIal 00’ €IHAaHOI €HEPTeTUYHOT CUCTEMU
VYKpaiHu Ha OCHOBI aHaJIi3y €HEPreTUYHOro DaJlaHCy.

Ocnosna  uwacmuna. PosrnsHeMo  TEXHOJIOTIYHUNA  TIPOIIEC
6ioeneprernunoro komiiekcy (BEK) y cknani 06’enHaHoi eHepreTHyHoOl
cuctemu Ykpainu. OcHoBHuM npuctpoeM bBEK st nepepobku opraniyHux
BiIxoAiB € OiorazoBa ycraHoBka (bI'Y). Texnosmoriunuii mporec podotu
BI'Y Oyne mnoxineno Ha cdepy aismpHOCcTi: V - cdepa MIATOTOBKU
OpraHIYHUX BIAXOJIB JO BHUKOPUCTAHHS (MOAPIOHEHHS, 3BOJIOXKCHHS,
3aBaHTXKEHHS TOINO); F - BUpoOHMIITBO Oiora3y Ta OpraHiuHHX JOOPHB 3
OpraHivHUX BIIXOJIB y 0iopeakTopl Ta po3moais 6iora3y JJisl MOJaIbIIOTO
NEPETBOPEHHSA B €JEKTPUUHY ab0 TEIUIOBY €Hepriioo; F' - mepeTBOpeHHs
eHeprii Oioray B MEXaHIYHy, a TIOTIM B EIEKTPUYHY (IU3EINbHI
€JICKTPOCTAHIIi, 1[0 MPAaIOTh Ha Oiorasi); L - po3moais eaeKTpU4HOi
€HEeprii CrokuBayaM; S - IePETBOPEHHS EJIEKTPUUHOI 00 TEIUTOBOI €HEprii
B iHmm Buaw [13-15].

bnokoBa cucrema piBHS eHepretmuHoro Oamancy BEC mms
BUpOOHMIITBA O10razy, €JIEeKTPOEHEprii, TEIIoBOI €Heprii Ta J0OpUB Mae
TaKUW BUTJIAL:

Ch.V Agy = By + 7V + 11D Opan + AWy

n
Cp.S Gy =2y +A0,5 + AV,
1
\} )
C¢F BOPZIO'N62+§G();
n
Cp.S AQ, =20, +AQ,,: (16)
1
) 0 1)
Co. F' Ng. = W+ AuQ,,;
\}
n+m
Co. L W= W, +AW,
1
J
n+m n m n+m
Cp.S D W, = Bu+D.Coy + D AW;
1 1 1 1

ne Ag, - eHepris, 1m0 MiCTUTECA B 00°€Mi METAHTEHKY 1 MiArOTOBIECHA 10
30pOKyBaHHS OPTaHIYHOT MacH;
B,,.— eHepris 3 OpraHiYHUX BIAXO/IB;
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V, — eHepris BoJH, IKa BUTPAYa€ThCs HA I101a4y I CTBOPEHHS YMOB
JUUIS MACOBOT'O OpOJTIHHS;
szen — TEIJIOBa EHepris Jig BIACHUX NOTpeOd, HeoOXimHa IS

CTBOPEHHS Ta MIATPUMYBAIILHOTO TEMIIEPATYPHOTO PEKUMY PO3BEACHHS (Y
pexuMi 3amycky BEK TemoBa eHepris CHOXMBA€TbCs BiJ 30BHIITHBOTO
JOKEpesia; y pexumMi poOOTH — Bij] BIaCHOTO);

W, — enexrpoenepris mis Buacumx norped po6oru BEK, ska
HeoOX11Ha JIJIsl €HEeProNoCTayaHHs CUCTEMHU KepyBaHHS MexaHismMamu bI'Y
(mepemiinyBaHHs, TOAPIOHEHHS, 3aBAaHTAKCHHS Ta BUBAHTAKCHHS
OpraHiuYHOI MacH, JOBEJEHHS BOJIOTOCTI OpraHiyHUX BiAXoAiB 10 (92...
96)%, 3a1OBHEHHSI BOJIITHUX TEIJI0AKYMYJISITOPIB TOIIO);

N5

> — eHepria Olorazy, oTpuMaHa B  pe3yibTari Jii
METaHOYTBOPIOIOYMX OakTepii 1 sfka Moke OyTH BHKOpPHCTaHa B
TEXHOJIOTITYHOMY TIPOIIECI TEPETBOPEHHS B EJIEKTPUYHY ab0 TEIIOBY
CHEPTIIO;

G, — eHepris, 0 MiCTUTHCS B TOOPHBI;

n

qu— eHeprigs JoOpuBa, siIKa MICIS BHECEHHS KOHIIEHTPYEThCS B
1

pociuHaxX 1 MiICTaBi, 0 OTPUMaHa THOEM B pe3yJbTaTl Al KUCIOTO- Ta
METaHOYTBOPIOIOUHX OaKTepiil:

n
qu = Bopz +BM6 , (2)
1

AY,,— eHepris, BUTpaueHa Ha TPAHCIIOPTYBaHHS JOOPHB 1 BHECCHHSI
iX y OOTpyHTYBaHHS;

W — enexkTpuuHa eHepris, OTpUMaHa IMICIs MEPETBOPEHHS EHepril
Oiorazy B TEIUIOBY Ta MEXaHIYHY B JBUTYHI BHYTPIIIHBOTO 3TOPSHHSA
MICLIEBOI €JIEKTPOCTAHIIIT;

AQ,,, — BTpaTH TEIUIOBOI EHepril MpH BUPOOHHIITBI EIEKTPHIHOI
€Heprii JBUTYHAMHU BHYTPIIIHBOTO 3TOPSHHS, KA MOXKe OyTH CIpsSIMOBaHa

yepe3 CUCTEMY pereHepallii Ha Clo)KMBaviB TeIia Ta BIaCHI OTpeoH;
n

ZQy — IIpUJIaAu CIIOKMBAHHS TEIJIOBOT CHEPTI;
1

AQ,,o — BTpaTH TeII0BOI eHeprii MPU BUBAHTaXKEHHI J10OPHB;

AQm — o0csaru TemIoBOiI €Heprii, BHUPOOJIEHOI ABUTYHAMHU
2
BHYTPIIITHBOT'O 3rOPSIHHS MICIIEBOT €JIEKTPOCTAHIIIT;
AW — BrpaTH eneKTpoeHeprii B reHepaTopax Ta CUcTeMax nepeaaudi;
&7, B, 14,0 — xoedilieHTH epEeBEICHHS B PO3PaXyHKOBY OJIMHUIIIO
eneprii, kBt-rog.
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bnouna cuctema piBHsHB (1), sika po3KpuBae MOOYIOBY CTPYKTYpHU
BEK, mnomiOHa 10 CTPYKTYpHOI CXE€MH LIEHTPaJIi30BaHOiI CHCTEMH
eHepronocradanHsa. Bona Bkitouae Bci chepu mismeuocti (V, F, F', L, S),
aJie MOTYKHICTh, JAJIbHICTh IMEpeaadl Ta KUIbKICTh MEPETBOPEHOI €HEeprii
TYT 3HAYHO MEHIII.

3a pe3yabTaTaMH IPaKTHYHOTO J0CBimy BHKopucTaHHs BI'Y [16, 17],
Ha puc. 6 HaBeJeHO ii y3araJbHEHUN eHEePreTUYHUM OalaHc.

Bmo, %
a0
70
aqQra, % 60 N6, %
50
40
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10
NEr,% O Bopr, %

YAE, %

Puc. 6. Y3aransnenuit enepreruunuit 6ananc bI'Y, nge:
ZE — 3arajibHi BUTpaTH TEIUIOBOI Ta ENEeKTPUYHOI eHeprii Ha
3a0e3MeueHHs TEXHOJIOT14HOoro npouecy bI'Y;
ZAE — 3arajpHl BTPAaTU Ta BUTPATH EJIEKTPUYHOI Ta TEIJIOBOI

eHeprii nmpu BukopuctanHi bI'Y.

3 ypaxyBaHHSM 3arajbHOTO eHepretuyHoro Oamancy BI'Y (puc. 6),
cuctemMu piBHAHb (1) Ta a”amzy JiTeparypHux Jokepen [16],
OOIpyHTOBYEMO 3HauUeHHs KoediuieHTa Bukopucrannsa eneprii (KBE):

— nus cdepu IiAabHOCTI V, 32 yMOBM CTBOPEHHS CaMOIUTMBHOI
CUCTEMHM yTUJI13a1lli THOIO, Oy/1e OJU3BKHUM JI0 OJUHUIIL,

— st cepu aismbHOCcTi F BI'Y - 0,91;

—3aranbHuil s cdepu  aisuibHOCTI  F’ (GlorazoBa  Ju3eNibHA
enexrpoctaniisi) — 0,16;

— 32 YMOB HEBEJIMKOi BIJICTaH1 A0 CroXuBayiB cepa mismpHOCTI L
HaOIMKaAEThCS 10 1;

— mus chepu MISUIBHOCTI S, TIEPETBOPEHHSI BHPOOJICHOT €Heprii B
1IN BUJ, BI3bMeMO cepeaHe 3HaueHHs - 0,8.
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Kinpkicua ominka KBE (0e3 ypaxyBanHs eHepreTHUHUX TOOpHUB) 3a
yCEepPEAHEHUMH CTATUCTUYHUMHU T[OKa3HUKAMHU TMPOLECYy BUPOOHUIITBA
enektpoeHeprii Ha BI'Y Oyne B mexax 3HauCHHS:

Kerye =Ky -Kp -Kpr- K -Kg =

-0,99-0,91-0,16-1-0,8=0,115 ° (3)
IIpY BUPOOHULTBI TEIJIOBOI €Hepril

Kerym =Ky -Kp -Kp-Kp -Kg =

=0,99.0,91.0,8-1-0,8 0,58 (4)

Takum 4YwHOM, BUPOOHHUIITBO TEIUIOBOI Ta EJIEKTPUYHOI EeHeprii
JIOKATbHUMHU CHCTEMaMH MOXHA MOpPiBHIOBATH 3 neHTpatizoBanumu TEC 1
KOTCIBbHSIMHU. AJle JUIi BUIMAJCHHX CIIOKHMBAYiB 1  IMANPHEMCTB
arporpoMUCIOBOTO KOMIUIEKCY 3acTocyBaHHa BEK migBumuth HaaiiHICTh
1 HE3aJIeXKHICTh EHEPrornocTayaHHs, 0 OCOOJMUBO AaKTyaJdbHO IiJi Yac
BIICHKOBOI arpecii, HOKpaIIUTh CTaH HABKOJIUIIHBOTO CEPEIOBHUILA.

BinoMo, 1o BOpoOBa/pKEHHS MPUCTPOIB IMEPETBOPEHHS €HEprii Bij
BJIE B iHmMI BUA 3HAYHO YCKJIQJAHSIETHCA 4YEpPe3 BHCOKY BapTICTh
akymyJasTopaux Oarapeit [18-20]. Buxopucrtanus peaktopa BI'Y sk
akyMyJsiTopHOi Oatapei s iHmux BJIE mMoke 3Ha4HO 3HU3UTH BapTICTh
Takoi CHCTEMH eJIeKTpornocTadaHHs. bioras, Ha Biaminy Bin iHmmx BJIE,
MOJKE JISIIEBO Ta JOBro 30epiraTucs Ta OyTH BUKOPUCTAHUM CIIOKUBA4YEeM
y OyIIb-SIKWi Yac.

Tomy cmokuBau mrykae crnocoOuM B OTpPHMaHHI sIKOMOTa OUTBITAX
o0csATiB TOBapHOTO Oiorasy.

BiamoBigHo 10 puc. 6 BCTAaHOBJICHO, IO OIM3BKO 73% E€HEepreTHYHUX
pecypciB BI'Y mictutbes B 6iomaci. Y3aranbHenuidt KBE BI'Y 3naxoauthcs
Ha piBHI 90% 3a yMOBU KOPHUCHOT'O BUKOPUCTAHHS TEII0BOT eHepTii AQnd -

EdexTuBHUI BUX1] TOBAPHOTO 010ra3y CTaHOBUTH:

Neom = Ngo = D> E =15%—12% = 3% (5)

Bukopucranas iHmmx BJE mma marpuMaHHS  TEXHOJOTIYHOTO
nporiecy bI'Y moBuHeH BiamoBimatu obcsram XFE, MO Ja€ MOXKIUBICTh
BUKOPUCTOBYBaTH Bech BUpoOneHmii Oioraz (Ns.) sk TOBapHuii Oiora3
(Néom). Taxuii miaxig JO3BOJUTH 30UTBIIUTH OOCATH TOBapHOTo Oiorasy 3
3% no 15%, To6T0 110 5 pasis.

OOcsrm  Oiorazy it 3a0€3MEUEHHS TEXHOJIOTIYHOTO MPOIIECy,
BpaxoBywoun [21], 3anexuTh B KIIMAaTHYHUX YMOB, CEPEIHBOPIYHI
MOKA3HWKHU, SKI JUIA PI3HUX TEPUTOpid YKpaiHU 3HAXOMIATHCS B MEKax
60...85% Big 3araibHUX 00CSTIB. 32 NMEBHUX KIIMAaTUYHUX YMOB KIJIBKICTh
eHeprii, Y F 10 BUTPAYa€ThCs HA MIATPUMKY TEXHOJOTIYHOTO MPOLECY
cepenaboro BI'Y, ckimamaeTbest 3 KUIBKOX €HEPTETHYHHX TOTOKIB: Qumeni,
Qmenzy, We. OOcsiT BUTpaT €HEPreTHYHUX TMOTOKIB 3aJIEKaTh BiJl CTaHy
TEIJIO130JIA1IIT peakTopa Ta KOHCTPYKTUBHUX pilieHb peaktopa bI'Y, ki,
3TiJHO 3 3araJIbHUMHU CKCIIEPUMEHTaIbHO-aHANITHYHUME JaHumu [21, 22],
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MOSICHIOIOTBCSI HAa PUCYHKY 7 Ta BIAMOBIAAIOTH €HEPTreTHUYHOMY OanaHCy
BUTpAT Ha 3a0€3[1€YEHHS TEXHOJOTTYHOT O IIPOLIECY .

Qrenl, %
80
70
60
50
40
30
20
10
0

AQra, % Qren2, %

SAE, % Wen, %

Puc. 7. CepenHbOpiuHUI PO3IMOALIT €HEPropecypciB Ha MIATPUMAaHHS
TexHoJsoriyHoro mnporecy bI'Y, ne:

Qmens — 00CATH TEIUIOBOI e€Heprii Il TONEPEAHBOTO IiIIrpiBY
OpraHIYHUX BiJIXOIB;

Qumen2 — 00CSITH TETUIOBOI €HEpTii JUIsl MIATPUMKH TEMIIEpaTypHOTO
pPEKHMY B METAaHTCHKY.

Ha nepmomy ertani miaxoAy A0 aHalli3y CTBOPEHOIO0 €HEPreTHUYHOTO
OanaHcy HEOOXIIHUW TOIIYK HOBUX TEXHIYHUX PIIIEHb, CIIPSIMOBAHUX Ha
MIJBUIICHHS eEKTUBHOCTI BUKOPUCTAHHS eHeprii Oiorazy. Hanpuxnan, y
BUPOOHUIITBI €NEKTPUUHOI €Heprii BUKOPHUCTAHHS CHCTEMHOTO ITiIXOTy
JUTs KOTeHEepallii Ta TpUreHepailii 103BoJIUTh 301TbuTH KoedirieHt Kz (3)
no 3uadyenns 0,7-0,8 [22], a 3a manumu miteparypaux mxepern [23] mo 0,9.
KpiMm Toro, MoxHa 3MEHIIUTH OOCSATH €HEproszarpaT Ha BIACHI MOTpeOH
BI'Y (puc. 7) 3a paxyHOK 3HIMKEHHSI BUTpAT /10 piBHA 5...20% 3a paxyHOK
MiBUIIEHHS CTaHy TETUIOI30JIAIli Ta 3MEHIICHHS] Ta0apuTiB peakTopa 3a
paxyHOK BIPOBA/DKEHHS  HOBITHIX  TEXHOJIOTiH, TPHUCTPOIB IS
enekTpudikaiii TEXHOJOTIYHOrO MPOIeCy Ta 3MIHM KOHCTPYKTHBHHX
ocobnmBocTel MeTaHTeHka. OOcsaru TemioBoi eneprii 100puB 4Oy micis
BUBaHTaXXEHHs 3 peakTopa bI'Y MoxHa pekOMeHayBaTH 10 BUKOPUCTAHHSA
B CHUCTEMax IMONEPEeAHbOr0 MIIrPIBY THOM, MO JIOAATKOBO 3MEHIIHUTH
o0csre Qmens 10 15% [7, 24].

3acToCyBaHHS  BUIIEBKA3aHMX  3aXO/I1B  IMIJBUIIMTH  pIBEHb
epexTuBHOCTI BukopuctanHs BEK, mo crumyntoBatuMe croxkuBadiB A0 iX
BIIPOBA)KEHHSI T4 3MEHIINUTD:

— |y 3aranpHIA EHepreTUYHId CUCTEeMI BUTpaTH €Heprii Ha
BUPOOHMIITBO Ta EPEPOOKY OPraHIYHOTO MaKuBa Ta JOOPUB;
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— Uil KOHKPETHOIO BHUPOOHMYOro MIANPHEMCTBA BUTpPATH Ha
OTPUMAaHHSI €HEPTii: eNEeKTPUYHOI, TEIUIOBO1, XIMIYHOI Y BUTIISAI 10OpUB.

Bucnosku.

1. Enextponoctauanss Biag MicueBux BEK 3 Bukopucrtanusm BJIE
MOXXKHA  pO3MVISLIaTh K  MIKPOCTPYKTYpY 1O  BIAHOLIEHHIO [0
LHEHTPAII30BaHUX CHUCTEM e€JIEKTpornocTadyaHHs. TeXHONOrIYHI CTPYKTypH
nonaiOHi, aje MaloTh MEHIIY KUIbKICTh 3B’A3KiB, c(ep AIsUIBHOCTI Ta
pO30CepeIKEHICTh y JIOBKI1JIJII, 110 T1JIBUIITY € HAJWHICTD
€HEPronoCcTayaHHs.

2. 3amporoHoBaHa ¢opma 3anmucy OJOYHHUX CHCTEM  PIBHS
SHEPreTUYHOT0 OalaHCy MT03BOJISIE€ MPUNHATH PIMIEHHS MIOAO0 BUOOPY abo
CTBOPCHHIO HAMOUIBII  pAIiOHATILHUX CHUCTEM EHEPro3ade3rneueHHs
cnoxxuBauiB AlIK.

3. 3a pe3yibTaTamMu aHaii3y BCTAHOBJIEHO, 10 73% EHepreTUYHUX
pecypciB BI'Y 3ocepemxeno B 6iomaci.

4. Buxopucranna BI'Y B saxocti akymynsTopiB juist iHmux BJIE B
ckiant OEC VkpaiHu nNigBUIIUTH ii CTIHKICTh, OCOOJMBO TIiJI Yac
BIMICHKOBOT arpecii pociiicbkoi Qeaepallii, Ta T03BOIUTH 30UTBLIIUTH BUXI1]]
TOBapHOTro 0iorasy 70 5 pasis.
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ANALYSIS OF PROSPECTS FOR THE FUNCTIONALITY
OF BIOENERGY POTENTIAL IN ENERGY SUPPLY SYSTEMS
OF UKRAINE BASED ON ENERGY BALANCE ANALYSIS

Summary

The intensive growth of the share of energy from renewable sources in the unified
energy system of Ukraine necessitates the introduction of highly maneuverable batteries
to balance their variable power. But storage batteries significantly increase the total cost
of the power system, which makes it difficult for consumers to make decisions about
their construction. Factors encouraging the use of renewable energy sources: energy
independence, reliability, ownership of the source, high cost of energy from a
centralized system and its constant increase in price. In the paper, it is proposed to use
biogas plants as highly maneuverable accumulators. The decisive factor before making
a decision can be the forecasted information regarding the justification and research of
energy-efficient indicators of the proposed energy supply system using biogas plants in
comparison with the existing centralized one. The study of energy efficiency indicators
was performed on the basis of the analysis of energy balances, which are built on the
basis of the processing of average statistical indicators of energy losses and costs in
biogas plants. Since biogas plants are capable of producing several types of energy
(electrical, thermal, mechanical and other types), it is advisable to take into account both
the share and the total amount of different types of energy when creating the system.
Balances in this case are the basis for determining technical and economic solutions,
substantiating the competitiveness of the proposed energy supply system. It is proposed
to use the proposed approach at the stages of formalization of the technical task, which
will allow to justify the decision regarding the construction or improvement of the
existing energy supply system.

The proposed form of recording block systems of the energy balance level allows
making a decision on the selection or creation of the most rational systems of energy
supply to consumers of the agro-industrial complex. According to the results of the
analysis, it was found that 73% of the energy resources of the biogas plant are
concentrated in biomass. The use of a biogas plant as batteries for other renewable
energy sources as part of the unified energy system of Ukraine will increase its stability,
especially during the military aggression of the Russian Federation, and will increase
the yield of commercial biogas by up to 5 times.

Keywords: energy balance, combined energy supply system, renewable sources,
energy efficiency, local power supply system, energy.
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3ACTOCYBAHHS CIIELIAJII30BAHOI PLM-CUCTEMHU
TECHNOLOGI CS IIPH PO3POBIII ABTOMATHU30BAHOI
CUCTEMMHU BEAEHHSA KOHCTPYKTOPCBKO-
TEXHOJIOI'TYHUX BA3 JAHUX HIAITPUEMCTBA
CIVIBCBKOI'OCITOJAPCBKOI'O MAIIIMHOBY IYBAHHA

Anomayia. B poboTi OOrpyHTOBYEThCS HEOOXINHICTH Ta MPOTMOHYETHCS
ABTOMAaTH30BaHA CHCTEMa BEJCHHS KOHCTPYKTOPCHKO - TEXHOJOTIYHUX 0a3 MaHMX, sKa
po3pobnena Ha ocHOBi cucremu Technologi CS. 3acobu HacTporoBaHHs, $IKI € B
ABTOMATH30BaHIH CHUCTEMi, JO3BOJISIIOTH OpraHi3yBaTH TMOMOBHEHHS EJIEKTPOHHUX
JIOBITHUKIB 13 30BHIIIHIX EJIEKTPOHHUX KartajoriB. ['Hydka cucTema po3IMOALTy IMpaB
JOCTYIly KOPHCTYBauiB J03BOJIsAE€ HaAiiHO 3axuctuTu BMIcT 0a3 manux (BJl) Bix
HECAHKIIIOHOBAaHUX 3MIH (SK BHIIQJKOBHUX, TaK 1 BHECEHMX HAaBMMHCHE), PO3AUIUTH
MO>KJIMBOCTI KOPEKTYBaHHs 0a30BHX JIOBIAHUKIB 1 BHUKOPHUCTaHHS JaHUX 3 HHX.
TpynoMiCTKICTh BHUKOHAHHS TEXHOJIOTIYHMX OIepaliii BU3HAYAETbCA EKCIEPTHUM
(TOCTITHO-CTATUCTUYHUM) IIUISXOM, [0 HOPMYBAJIBHUX TAOMUILIX a00 13 3aCTOCYBaHHSIM
OyIb-KOTO BJACHOTO PO3PaXyHKOBOTO MOJIYJIS, IIO TMPAIMIOE [0 AJITOPUTMY,
3aKIaJICHOMY KopucTyBaueM. JlaHi Tpo IITyYyHUH 1 MiATOTOBYO-3aKIIOYHUI dac
JIOTIOBHIOIOTH €JICKTPOHHUH Texmporiec. [IpormoHoBaHa crucTemMa JI03BOJIsIE OB TPO30PO
i JoriuHO 3B'sI3aTH 3ajadl MiJTOTOBKH Ta IJIAHYBaHHS BUPOOHMIITBA, MAaTEPiabHOTO
001iKy ¥ 00J1IKy BUTOTOBIJIEHHSI MPOAYKIIIi HA MAlTMHOOY11BHOMY IANIPUEMCTBI.

Knwouoei crnosa: mnporpamHe 3a0e3MeueHHs, CHCTeMa aBTOMATH30BAaHOTO
npoektyBaHHs (CAIIP), yncnoBe mporpamHe ympaBiiiHHS, aBTOMaTH30BaHa CUCTEMA,
6a3u panux (bJ1), aBToMaTu3zoBane podoue miciie (APM).

llocmanosxka  npobaemu. MamuHOOYyBaHHS, a  OCOOJIMBO
CUIbCHKOTOCIIOAAPChbKE MAaIIMHOOYJyBaHHS, € TPOBIHOK Taily33l0 B
npoMUCTIOBOCTI. ToMy pO3BUTOK MalmIMHOOYAYBaHHS 1 TEXHIYHHUHA PIBEHb
MalIH, 1110 BUITYCKAIOTHCS B 3HAYHIN MIpi BU3HAYA€E PO3BUTOK 1 TEXHIUHUM
pIBEHb YCIX Tally3eid HapoJHOro rocnonaapctsa. 106 3a6e3neunTu BUCOKY
AKICTh BUPOOJEHOT MPOAYKIT HEOOXITHO AaKTUBHO BIIPOBAKYBATU Y
BUPOOHUIITBO CUCTEMH aBTOMAaTHU30BAHOT'O MPOECKTYBAHHS.

BrnipoBamkeHHs CyyaCHUX TEXHOJIOTIH aBTOMaTH3alli MPOEKTYBaHHS
Ta MiATOTOBKY BUPOOHUIITBA € KUTTEBO BAXJIMBOIO HEOOXIJHICTIO, TaK SIK

© Manysesunu O.€., 2024

Proceedings TSATU. 2024. 24. 1



[Ipaui TAATY Bunyck 24. Tom 1
185

HEBUPILIEHICTh LOIO NUTAaHHA OOMEXY€ MEpPCIEeKTUBU  PO3BUTKY
MiIPUEMCTBA, TIOB'S3aHI 3 PO3IMIMPEHHSM HOMEHKJIATYpU TMPHUCTPOIB,
OCBOEHHSIM BWITYCKY MPOMYKIIii, YB'S3HEHHSM 1 CBO€YACHUM BUKOHAHHSIM
€KCIIOPTHUX KOHTPAKTIB 1 YYaCTIO B MI>KHAPOAHOMY HOJILII1 IIpari.

Tomy, 3 ommsimy Ha BHIlle3a3HAYeHE, BUHUKAE HEOOXIIHICTh
BIIPOBAPKCHHS HOBO1 «3 HYyJIs1», @00 1CTOTHOI MoJiepHi3allii BkKe 1CHYIYOi
cucteMn aBTomaTuzoBaHoro mnpoektyBaHHsa (CAIIP) mamumuOOyIiBHOTO
iIIPUEMCTRBA.

Ananiz nonepeoHix docniodcenb ma Gopmyno8anHs yiiet cmammi.
[lepeanpoekTHi  JOCHIIKEHHS  MAIIMHOOYMIBHUX  MIANPUEMCTB  Ta
HIIPUEMCTB CUIBCHKOTOCIIOAPCHKOTO MAIIMHOOYTyBaHHS MOKA3aJlo, IO
Maii>ke Ha BCiX HUX icHYI0Th cuctemu CAIIP, ane ix ¢yHkioHan motedye
3HaYHOTO BJOCKOHAJIEHHS Ta MOJEpHi3auii. MoaepHi3amis BkKe 1CHYyKYOi
CAIIP migmpueMcTBa mojisirae B po3poOill Ta MIAKIIOYEHHI OJOKY
aBTOMATHU30BaHOI CHCTEMHU BEJICHHS KOHCTPYKTOPCHKO-TEXHOJIOTIYHUX 0a3
JTAHUX, 10 JO3BOJUTh 3HAYHO CKOPOTHUTH TEPMIHU TEXHOJOTIUHOT
M1ATOTOBKA BUPOOHMUIITBA.

st BUPIIICHHS icHyHo4O1 npobieMu MIPOTIOHYETHCS
BUKOpHCTOBYBaTH cructemy Technologi CS.

Moxmuocti cuctemMu Technologi CS mo3BossTh OUIBII MPO30pO U
JOTIYHO 3B'S3aTH  3ajadyi MIATOTOBKM Ta TUTAHYBAaHHS BHPOOHUIITBA,
MaTepialbHOro 00Ky i OONiKy BHUIOTOBJIEHHS NMpoAyKIii. Bea cucrema
Technologi CS moOymoBana Ha omHid inei: «Poboma 6cix 0CHOGHUX
CAYHCO MAUUHOOYOIBHO20 NIONPUEMCMBA A2CPONPOMUCTIOB020 KOMHIIEKCY
(KOHCMPYKmMOpPI8, MexXHON0218, HOPMYBAIbHUKIE, NIAAHOB0-€KOHOMIYHOI 1
BUPOOHUYO-OUCNEMYUEPCHKIU CYHCO, CYHCOU MAMepPianbHO- MEXHIYHO020
NOCMAYAHHA, UYexo8ux Oucnemuepié i MexHOI02i8, MAalucmpis, Ciyicou
20/I08HO20 MeXaHika U m.0.) - ye €OuHull npoyec, wo 3abe3nedye eUunycK
NPOOYKYIi».

CxeMaTuyHO TepertiK 3aBAaHb, MPU PIIICHH] SIKUX MOXE MpsMo a0do
no6iuno BukopuctoByBatucs IC Technologi CS, i 3actocoByBani s
IIOT'0 BUXIAHI AaH1 IpeACTaBIICHI Ha puc. 1.

Ineosoriss TpOMOHOBaHOI AaBTOMATH30BAaHOI CHCTEMH, Ha 0a3i
cuctemu cuctemu Technologi CS, mpumyckae akTUBHE BUKOPHCTaHHS
€JIEKTPOHHUX JIaHUX Y €JIMHOMY IHQOpPMaLIMHOMY CEpeJOBUIl, a IIe
O3HA4Ya€ KOJICKTUBHY poOOTYy (y pexuMi peadbHOTro Yacy) Oaratbox
KOPHUCTYBaulB 3 PI3HUX CIYKO 13 OAHIEIO 1 TIEKO X B3aEMO3AJEKHOIO
iHdopMalliero, BUKOpUCTaHHS 1HGOpMaIli Tpo MPOEKTOBAaHI BUPOOH,
Marepiajiu, 3 SKMX BOHHU 3p0O0JIeH1, TEXHOJIOTIYHI orepallii o0poOKH Ha BCiX
CTaisIX BUPOOHUUYOTO MPOIIECY - B PO3POOKH BUPOOY /10 KOHTPOJIIO HOTO
BUTOTOBJICHHS, BHUKOPHUCTOBYBaTH TEXHIYHY I1H(QOpMAIII0 HE TIIBKH Yy
BUTJISI/II IOKYMEHTIB, ajie M y pi3HUX 11 OJIaHHSX HA €KpaHi i Ha marnepi - y
BUTJISI/II 3BEJICHUX 1 JCTaIbHUX 3BITIB, JllarpaM, TaOIHIb 1 T.1.
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Puc. 1. Buxinni naHi i po3B'si3yBaHi 3aBJaHHS

o0 3abe3meuynT BCl MOXJIMBOCTI ¥ MPH HOMY MaKCHMAalIbHO
CKOPOTHUTH KIIBbKICTh BIPOTITHUX TOMHJIOK, YCYHYTH HEOOOB'SI3KOBI
MEPEeBIPKA ¥ y3TOJDKEHHS, CIPOCTUTH TPOBEACHHS 3MiH, KOPUCTYyBadi
CHCTEMH MAarOTh MpAIfOBaTH (PI3MYHO 13 OJHIEIO W Ti€H0 K¢ 0a3010 JaHUX
HOPMATUBHO-TE€XHIYHOI 1H(opmanii. Lle Halip OnokiB, B sSKkUX 310paHa
1H(opMallis Ipo Te, IKe YCTaTKyBaHHS € Ha MIJNPUEMCTBI, K1 MaTepiaiu
BUKOPHCTOBYIOTHCS, SIKH MOKHA 3aCTOCOBYBATH IHCTPYMEHT, SIKE €
ocHamieHHs (y TOMy  4YHCJl  BJIaCHOTO  BHUTOTOBJICHHS),  SIKI
BUKOPUCTOBYIOTBCA CTaHIApTHI 1 mnpuadaHi Bupodbu. EnextponHi
JOBITHUKA MOXYTh MICTUTH HE TUIBKM HOMEHKIATYpY, ajie M YCUIAKi
XapaKTEepPUCTUKU W TapaMeTpu BepCTaTiB, IHCTpyMeHTa, marepianiB, 3D
MO/IeJTi BUPOOIB, SKi BUTOTOBJISIOTHCS MIAMPUEMCTBI (pHC. 2).

3acoObu HaACTpOIOBaHHSA, SKI € B aBTOMATH30BaHIA CHCTEMI,
JO3BOJISIIOTH  OPTaHi3yBaTH TIOTIOBHEHHS EJIEKTPOHHUX OBIJHUKIB 13
30BHIINIHIX EJIEKTPOHHUX KarajoriB. ['Hydyka cucTeMa pO3MOJiIy TpaB
JIOCTYITy KOPHCTYBayiB JI03BOJISE HAMIMHO 3aXUCTUTH BMICT 0a3 JaHUX
(bJl) Bim HecaHKI[IOHOBAaHMUX 3MiH (K BHIAIKOBHUX, TaK 1 BHECEHHUX
HAaBMHCHE), PO3AUINTA MOKJIMBOCTI KOPEKTYBaHHs 0a30BHX JOBIAHUKIB 1
BUKOPHUCTAHHS JaHHUX 3 HUX.
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Puc. 2. ®opmyBaHHs eNeKTpOHHO1 6a3u gaHuxBepcraris 3 UITY
MaIMHOOYIIBHOTO MiAMPUEMCTBA

Tako) y HpONOHOBaHIA CHCTEMi MOYKHA PO3TallyBaTH JOBITHHUKH
MPOMUCIIOBUX  BUPOOIB, 10 BHUTOTOBJSIIOTECA HAa  KOHKPETHOMY
HIJOPUEMCTBI. YMICT TaKMX JOBIAHHUKIB (DOPMYETHCS W MIATPUMYETHCA B
IpoLIEC] MOBCAKAECHHOI poOOTH KOHCTPYKTOPCHKOI ciyx0u. [Ipu po3poodii
HOBHUX 1 MOJIEpHi3alli ICHyIOUMX BUPOOIB, BY3I1iB, AeTaned y enuny b/l
HAJXOAUTh 1H(pOpMalisl Mpo HUX (HOMEHKIATypa BY3JiB 1 JeTalew,
CJEKTPOHHI  creru@ikaiii, 10 BIAOWBAIOTh COCTaB  KOHKPETHUX
CKJIaJATbHUX OJMHMIIb, IXHI MapaMeTPH i XapaKTEPUCTHKH ).

[To cnemudikamisix aBTOMAaTHYHO OYIyEThCA JIepeBONO1iI0HA
cTpykrypa BupoOiB (puc. 3). Ilizcucrema apxiBy # HOKyMEHTOOOIry
JI03BOJISIE  OpraHi3yBaTH  KOJEKTUBHY  poOOOTYy 3  €IEKTPOHHUMU
JIOKyMEHTaMHu. 3a0e3MeuyeThcsi JIOTIYHO IEHTpasli3oBaHe U (i3UYHO
PO3MOIINICHE 3aXUINEeHe 30epiraHHs JOKYMEHTIB, aBTOMAaTUYHUN PO3MOJLT
paB JOCTYITy JIO0 €JIEKTPOHHUX JOKYMEHTIB 3aJIC)KHO BiJl MPUHATIEKHOCTI
JTOKyMEeHTa J0 pobodoi rpymu abo MPOEKTy, WOro MOTOYHOTO CTaHy,
HasIBHOCTI HA HbOMY €JIEKTPOHHUX IMIJNHKCIB, & TAKOXK MICLS 30€piraHHs B
CTPYKTYpl eneKkTpoHHOro apxiBy. [ligcucrema mapuipyTusaiiii J103BOJISE
npy HEOOXIJHOCTI OpraHizyBaTh MNPOLEC Y3rOJKEHHS W TBEpIKEHHS
JIOKYMEHTIB B €JIEKTPOHHOMY BHU/II.

Jlis  KOHCTPYKTOPCBKOi ~ CIy»OM MiJIpUEMCTBA TIPOMOHOBaHA
cuctema sBisie cobOorw 0a3y JaHUX IO BCIM HasBHUM JETalsM,
CKJIQJIAIbHUM OJIMHUIISIM, BUpOOaM, €IEKTPOHHUHN apXiB MOB'SA3aHOI 3 HUMH
JIOKyMEHTAIlll, TPUBUMIPHUX MOJENeH 1 T.1I., CEpeIoBHUIIE I poOOTH 3i
cnenuikaisMi ¥ CTPyKTyporo BupoOiB. Bcim iHmmM ciyk6am poboTa
KOHCTPYKTOpIB 3a0e3neuye HasBHICT, Yy eauHid bBJ[ mocroBipHOi 1
aKTyabHOI 1H(GOpPMAIIiT TTPO cOCcTaB BUPOOIB, a TAKOXK PO OKPEMi JIeTaji i
BY3JIH.
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Puc. 3. [lepeBonoaiOHa cTpykTypa BUPOOiB MiAMTPUEMCTBA

JUist  TeXHOJIOTIYHOI MIiArOoTOBKM BHpoOHHITBA Yy bBJl, kpim
iH(bopMaui'l' npo BHPIO, p03MimeHi JIOBITHUKHM TEXHOJIOTTYHUX onepauiﬁ 1
nepexomB yCTaTKyBaHHS, 1HCprMeHTa i OCHaIlleHHS, MaTepiajiB, 10 A€
MOJIMBICTh KOHCTPYKTOPY 1 TEXHOJOTY TMpAIOBATH Y €IUHOMY
nporpaMHOMY cepenoBulni. KOHCTPYKTOp CTBOPIOE AeTaib 1 3aHOCHTH Y
B/l cucremu iHpopmariito npo Hei (KpecaeHHs, TEXHIYHI BUMOTH i T.J.), a
TEXHOJIOT, MPAaLIoYu 3 Ti€lo X camoro BbJl, mpoekTye BUTOTOBIEHHS
nerani. Bin npomoBHioe BJ[ iH@opwmariiero mpo wmarepiad 3aroTOBKH,
BU3HAYa€ TMOCTIOBHICTh TEXHOJIOTIYHUX  Omepalliid, yCTaTKyBaHHS,
HEO0OX1/THE OCHAIIICHHS, TEXHOJIOT1YHI IEPEX0/IU, PEKUMU 0OPOOKH i T.I.

EnextpoHHuil TEXHOJOTIYHMI TpoOIlEC B MPOMOHOBAHIM CUCTEMI -
HACKpi3HMM, TOOTO BIH SBJIsS€ COOOI0 TIOBHHUM OMHUC IOCTITOBHOCTI
BUTOTOBJICHHS BIANOBIIHOI eTaii abo CKIaAalbHOI OJIMHUL, 1110 BKJIIOUAE
BCl TEXHOJIOTIYHI omeparii, sKi HeoO0xinHO 3aiiicHuTu.  CTyIiHb
JIETabHOCTI OMHUCY TEXHOJIOT] CHCTEMOI0 HISIK HE pEerjiaMeHTOBaHa i
BU3HAYAEThCSI ~ BHUHATKOBO  BHMOramu  mignpuemctBa.  Cucrema
TechnologiCS no3Bosisie 3 piBHUM YCHIXOM MpAIfOBaTH SK 13 TPAHUYHO
CHOPOLIEHUMU MApIIPYTHUMHM TEXHOJOTIIMH, TaK 1 31 CKJIaJHUMHU
omnepalifHUMHU TEXIPOLIECCaMH, 10 HApaxOBYIOTh COTHI omepamii 1
Mepexo/iiB, - M0 aKTyallbHO JJIsi cepiiHoro BupoOHwuITBa. Ha miacrasi
TEXHOJIOT1i, CIIPOEKTOBAHOI B €JIEKTPOHHOMY BHJI, MOXHa aBTOMAaTUYHO
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chopmyBaTH HEOOXiTHI KOMIUIEKTH TEXHOJIOTIYHOI JOKYMEHTAIlii pi3HOTO
NPU3HAYCHHS i CTyIeHs CKIIaaHOCTI (puc. 4).

Inventor View - [201145-... (2 |[E1)(3X]
(T File  Wiew ‘Window Help -8 x

S MO L -9 @

Puc. 4. Jleranb (a) Ta TEXHOJIOTISI B €IEKTPOHHOMY BUTJIsAII (0)

[IpornoHoBaHa aBTOMAaTHU30BaH1 cUCTEMa, MO0y I0BaHA HA OCHOBI
cuctemu Technologi CS mepenmbadae pi3HI METOAM MPOCKTYBAHHS
TEXTPOIIECIB:

— y JiaJoTOBOMY pEXHMiI 3 BHUKOPHCTAHHIM CTaHIAPTHUX
JOBIJHUKIB ONepalliii, ycTaTKyBaHHs, IHCTPYMEHTA;

— TI0 aHajory, i3 3amo3u4eHHsM po3pobnenHux panim TII 3 ix
HACTYITHUM TTOBHUM 200 YaCTKOBUM KOPEKTYBaHHSIM;

— B aBTOMaTUYHOMY pexkuMi Ha ocHOB1 TII kommuiekcHoi nerai;

— 31 CTaHJAAPTHUX MapaMeTPU30BAHKUX (HPArMEHTIB TEXIIPOIIECY;

— B aBTOMAaTHU30BAaHOMY PEXHMI 3 BUKOPHCTAHHSIM BJIACHUX
IPOrpaMHUX MOIYJIIB.

300pakeHHs, CTBOpeHI B OyAb-sIKii Tporpami, fKa JI03BOJISIE
30epiraTu ¢aitim B cTanaapTHoMy pactpoBoMy abo WMF-dopmari, MoxHa
BUKOPUCTOBYBaTH B enekTpoHHUX TII sax omepariiiai  eckizu. s
HOPMYBQJIBHUKIB Y  KOMIUIEKT  IOCTaBKM  BKJIOYEHI  MOJIYJI
aBTOMATHU30BAHOTO PO3PAXyHKY HOPM BUTPATHU MaTepiajiB Jyisl aAeTaiei 13
COpPTOBOIO MpoKaTy, TpyO (puc. 5), a TakoX 3 HEMETaTiYHUX MaTepiajiB
(muomatepiaiu, TEKCTOMIT, CKIOTUIACTHK 1 1H.).

TpyaOoMICTKICTh BUKOHAHHSI TEXHOJIOTIUHUX OIepaliii BA3HAYAETHCS
CKCIIEPTHUM  (AOCIiTHO-CTATUCTUYHUM) TIUIIXOM, TI0 HOPMYBAJIbHHUX
TaOMUITX ab0 13 3aCTOCYBaHHSAM OYAb-SIKOTO BJIACHOTO PO3PAaXyHKOBOTO
MOJYJIs, IO TMpaIloe MO AIrOpUTMY, 3akKiafeHoOMY KopucTyBaueM. Jlani
PO IITYYHUH 1 MIATOTOBYO-3aKIIOYHUN Yac JIOMOBHIOIOTH CICKTPOHHUU
texmporec. CucrteMa Ha CTajlii TEXHOJIOTTYHOI MATOTOBKH BUPOOHUIITBA
BUKOPHUCTOBYETHCS BIATOBIAHUME CITy>KOaMH SIK:
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TechnologiCS: TexHonorHueckne pacueThl HOpMbI OCHOEHOTO MaTe puana - CopTosok npoxat
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Puc. 5. ABTOMaTH30BaHU# pO3paxyHOK HOPMUBHUTPATH MaTepiary

— BJl mo geransx, cKIagalbHUX OJUHHUINIX, BUpoOax (BKIIOYAIOUU
MOJIeNIl, KpecaeHHs, cuerudikariii, paHimie po3po0eHi TEXIIPOIECH);

— 0107i0TeKa CTaHJAPTHUX TEXHOJIOTIYHMX pIIIeHb 1 4YacTo
3actocoByBaHuX (pparmenTiB TII;

— BJI BUKOPHCTOBYBAaHOTO YyCTAaTKyBaHHS, IHCTPyMEHTa, 3aco0iB
OCHAIIEHHS, 110 BIJMOBIIa€ TOKYMEHTaIli (KpeciieHb, 3asBOK 1 T.1.);

— APM npoekTyBaHHsSI TEXNIpPOULECIB JUIsl PI3HUX BHUIIB OOpPOOKH,
HOpPMYBaHHsSI ~ MarTepialiB 1  TPYAOMICTKOCTI, BHIIYCKY  BCUIAKOI
TEXHOJIOTT1YHOT JJOKYMEHTAIIIi;

— CEepeloBHUIIE HJisi OpraHizamii KOJIEKTUBHOI pPOOOTH pPI3HHX
(haxiBIIiB TEXHOJIOT1YHOT CITY>KOH.

Bucnosxu. TlpommoHoBana B poOOTI aBTOMAaTH30BaHA CHCTEMa
BEJICHHS KOHCTPYKTOPCHKO-TEXHOJIOTTUYHIX 0a3 TaHUX Ha
MaIIMHOOYIBHOMY MiANPUEMCTBI, MAIOYH Y CBOEMY PO3MOPSKEHHI 0a3zy
JAHUX MO0 BCIX BUpoOax, IJIaHOBaHy NOTpedy y MpPOJYyKLIi, a, TaKOX,
1H(}OopMalli€ro Mpo 3aTUIIKA, MOKHA CKJIACTH BUPOOHHUY Mporpamy, TOOTO
BU3HAYMUTH, SKI BUPOOM, y SIKI KUIBKOCTI M Ha SIKHHA TE€pPMiH HEOOXITHO
BUTOTOBUTU Ha KOHKPETHOMY MalIMHOOYIIBHOMY MiATPUEMCTBI.
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0. Matsulevych?,
! Dmytro Motornyi Tavria State Agrotechnological University

APPLICATION OF THE SPECIALIZED PLM-SYSTEM TECHNOLOGICS
IN THE DEVELOPMENT OF AN AUTOMATED SYSTEM FOR MANAGING
DESIGN AND TECHNOLOGICAL DATABASES OF AN AGRICULTURAL
MACHINERY ENGINEERING ENTERPRISE

Summary
The implementation of modern technologies for the automation of design and
production preparation is a vital necessity, since the unresolved issue of this issue limits
the prospects for the development of the enterprise related to the expansion of the range
of devices, the mastery of production, the confinement and timely execution of export
contracts, and participation in the international division of labor.
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The paper substantiates the need and proposes an automated system for
maintaining design and technological databases, which is developed on the basis of the
Technologi CS system. The capabilities of the Technologi CS system will allow more
transparent and logical connection of tasks of production preparation and planning,
material accounting and production accounting. The entire Technologi CS system is
built on one idea: "The work of all the main services of the machine-building enterprise
of the agro-industrial complex (designers, technologists, standardizers, planning-
economic and production-dispatching services, material and technical supply services,
workshop dispatchers and technologists, craftsmen, chief mechanic services, etc.) is a
single the process that ensures production”.

In order to ensure all possibilities and at the same time reduce the number of
costly errors as much as possible, eliminate unnecessary checks and reconciliations,
simplify the implementation of changes, system users should work physically with the
same database of regulatory and technical information.

The configuration tools available in the automated system allow you to organize
the replenishment of electronic directories from external electronic catalogs. A flexible
system of distribution of user access rights allows you to reliably protect the contents of
databases (DB) from unauthorized changes (both accidental and intentional), to separate
the possibilities of correcting basic directories and using data from them.

The labor intensity of technological operations is determined by an expert
(research-statistical) method, according to standardizing tables or using any own
calculation module that works according to the algorithm laid down by the user. Data on
artificial and preparatory-final time complement the electronic technical process.

The proposed system makes it possible to more transparently and logically
connect the tasks of preparation and planning of production, material accounting and
accounting of production of products at the machine-building enterprise.

Keywords: Software, automated design system (CAD), numerical control,
automated system, databases (DB), automated workplace (ARM).
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PO OJAHUH CITIOCIb ITIOBYJ10OBU MOJAEJII
YEBUIIEBCBHKOI CITKH HA TIOBEPXHI

Anomayisn. B craTTi 3amponoHOBaHO crnioci6 moOyaoBu Mojeni citku YeOuriea
Ha Hepo3ropTHii moBepxHi. [loOymoBa mnepBuUHHOI JiHII YeOMIIEBCHKOT CITKH
BUKOHYETbCS LUIIXOM IOCIIZOBHOTO IMEPeNnpoeKLioBaHHsA. [l MOJENIOBaHHS CITKU
3alpONOHOBAHO CKOPUCTATHCh JIIHIMYATOI PO3TOPTHOIO IOBEPXHEIO -TOPCOM, SIKa
oropTa€e 3ajaHy B3JIOBX 3HaiijeHoi reoxe3uyHoi. [l 1moOynoBH  TBIPHHUX
BUKOPHUCTOBYEThCS c(hepuuHe Bi0OpakeHHsI reoJIe3UYHOI JIiHIT HAa OJUHUYHY cdepy.
HanpsiMku TBipHMX 3HaxXOZAThCA 3a JONOMOTrOI0 crepeorpadiunoi mpoekiii chepu Ha
wionuHy. [lo6ynoBaHi Ha TOpCOBIM MOBEPXHI KBaJApaTH Bi0OpakalOThCsl B YapyHKHU
CITKM Ha 3aJaHii moBepxHi. By3JI0BI TOYKM CITKM Ha MOBEpXHI OYAYIOThCS 3a
JIOTIOMOTOI0 aJITOPUTMY 3HAaXOJDKEHHS BIJCTAHEH O TOBEPXHI 3 Harepes 3aJaHolo
ToyHicTIO. OcTaTOYHE 3HAXO/KEHHS BY3JOBHUX TOYOK IPOBOAUTHCS 13 3aCTOCYBAaHHSIM
ITOPUTMY KOPUTYBAHHS JIOBXKHUH YapyHOK CITKH. JlaJi npuilMaeMo OTpuUMaH1 BY3JIU K
TOYKH TeO0JIe3UYHOi - HOBOI MOYaTKoBOI JiHIi A MmoOyJIOBH HACTYNMHOI MOJOCH
yapyHok. [loOynoBaHa Mozenp 4eOMIIEBCHKOI CITKH JacTh MOMJIMBICTh BHKOPUCTATH
QITOPUTMU 1 TPOTrpaMy aBTOMATH30BAHOTO PO3KPOI0 Matepiany [uis CKJIaJHUX
HEPO3TOPTHUX MTOBEPXOHb.

Knrouosi cnosa: citka UebuiieBa, reoie3ndna, cepuune BioOpaKeHHS.

Ilocmanoska npooaemu. [Iupoke BIIPOBA)KECHHS B
MalMHOOYAyBaHHI KOMIIO3UTHUX MaTeplaldiB Ha TKaHUHHIA OCHOBI,
BJIACTUBOCTI SIKMX 3aJIe’KaTh BiJ pO3TallyBaHHS BOJIOKOH Ha OASTaeMii
MOBEpPXHI TMOTpeOye MojentoBaHHd Ha HiM citku YebOumea. Bubip
ONTUMAJILHOT MOJIeIl Mae 0a3yBaTUCh HA BIACTHUBOCTSIX TKAHWHH, 30KpEeMa
IPaHUYHO JIOMYCTUMIM BEJMYMHI KyTa MIX HUTKaMHU OCHOBHM Ta YTOK 1
BJIACTUBOCTSAX CaMOi TIOBEpXHI. AKTyalbHOIO 3a/layelo € po3podka
AITOPUTMIB 1 TporpaMm Jajisi aBTOMAaTH30BaHOI'O PO3KPOIO MaTepiainy 3
METOI0 OJIATaHHS CKJIAJHUX [IOBEPXOHb.
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Ananiz ocmannix oocniodcens. B podoTi [6] po3risiaeThcss TUTaHHS
BUKOPHUCTAHHS YEOMIIEBCHKUX CITOK JJISi CTPYKTYpH3allii Ta MOAAIbIIOro
CTBOpPEHHSI 00’ €MHO-TIPOCTOPOBUX (OpM CydacHOro ofsary. PosrisHyTe
NUTaHHS  «OJSTAaHHS» KPUBOJIHIMHWX TIOBEPXOHb TKAaHMHAMU Ta
0CO0JMBOCTI TTOOYJOBH PO3TOPTOK B 3aJIEKHOCTI BiJ BHJIY Ta TOBIIMHU
TKaHUHU. B poOOTI OLIHIOETHCS TOKA3HUK 3MIHU CITHOBOIO KyTa Ta
3aMpoOINOHOBAaHO MeToAW  (ikcaiii KiIIbKOX YacTUH TKAHWUHU IS
3aKpIIUICHHS HOro 3HAYSHHS.

B po6ori [8] nmpoBeneHi mpakTU4H1 JOCTIKEHHS, 11010 J1i 30BHINTHIX
HABAaHTA)KEHb HA 3MIHHM CITHOBOTO KYTY y PI3HHUX BHJIIB TKaHWHH, IO A€
3MOTY PpEryJjloBaTH IMOYAaTKOBY BEJIMYMHY KpPOKY T'€O0J€3WYHOi JiHIi Ha
MTOBEPXHI.

Crartsa [15] mpucBsideHa po3MsiLy OOYMUCTIOBAIBHOTO MIAXOAY [0
IPOEKTYBaHHS JPOTSHUX CITOK, B SKOMY IOPIBHIOETHCA iX MaTepiasibHi
BJIACTUBOCTI 3 TEOMETPUYHOK  MOJEJUII0  YEOUIIEBCHKUX  CITOK.
[ToOynoBana cxema onTuMizanii IpoekTyBaHHs. HaBeneHo anroput™, siKuii
N03BOJIsIE 30aaHCyBaTH OOMEXKEHHS MaTepiany, SKUid BUKOPUCTOBYETHCS 3
TE€OMETPUYHUMH [UTIMH JU3aiHY SKi MOXYTh BU3HAYaTHCh KOPUCTyBaueM
M1]1 9Yac 1HTePaKTUBHOI cecii nu3aiHy.

B po6Goti [17] Oyno mnpoBeaeHO aHali3 TeOMETpli y BYy3JIax y
OPEJCTaBICHUX YOTHUPUKYTHUX KOHCTPYKIISX CMyr 3 By3Jdamu 0e3
KPYYEHHSI IPY MOJICIIIOBAHH1 apXITEKTYPHUX (POPM.

Y crarti [21] 3amnpomoHOBaHO OOYMCIIOBAIBRHUM MiAXIA 10
NPOEKTYBaHHS JAPOTSIHOI CITKM SIKHH OCHOBAaHMH Ha BUKOPHCTaHHI
KOHMOP(HOTO BiMOOpaKEHHA, IO M03BOJsSE MigHATH 2D-Mo3aiky Haz
3D-HanpaBs0Y0I0 MOBEPXHETO.

B HaBenenux poOoTax 3po0JjeHO JETalbHUI TeOMETPUYHUM aHalli3
OKpeMHX €eTamiB MNOoOyJAOBH MOJENl 4YeOMIIEBCHKOI CITKH, PO3IJISHYTI
BJACTUBOCTI MarepiaiiB, $KI BHKOPHUCTOBYIOTBCS Ta 3alpONOHOBAaHI
BiplaHTH OOYHUCIIOBAJIBLHOIO MIAXOAY JO TMpoekTyBaHHsA. OJHAaK He
3aMpPONOHOBAHO LIJTICHOTO AIrOPUTMY MOJENIOBAHHS YEOMIIEBCHKOI CITKU
Ha CKJIQJHUX MOBEPXHAX SKUM nepenadayaB OM MOMKIIMBICTh KOPET'YBaHHS
YapyHOK CITKH IPH 11 MOJIETIOBaHHI.

Dopmynrosanns yinei cmammi (nocmanoska 3ae0ants). Po3pooutu
QITOPUTM TOOYIOBM UYEOUIIEBCHKOI CITKM Ha CKJIQJHMX HEPO3TOPTHUX
HNOBEPXHIX. 3ampONOHYBAaTH MEXaHI3MU JJisi CTBOPEHHS QJITOPUTMIB Ta
nporpaM sl KOpEryBaHHS TOYHOCTI MOOYJOBHM B 3aJIeKHOCTI BiJ
BJACTUBOCTEN TKaHMHU Ta camoi MoBepxHl. OO’elHATH aIrOPUTMH
MOCJIIIOBHOTO MEPENPOEKIIIOBAHHS, KOPETYBaHHS JIOBXKUH CTOPIH YapyHOK
CITKM Ta MaTeMaTWyHl Mojenl MmoOyaoBU c(epuyHOro BiAOOpakeHHs,
BUKOpPUCTaHHS cTepeorpadiyHol MpoeKIii y €IuHui crnocid mnoOyaoBH
MoOZeNl i pO3pOOKH alNropuTMIiB Ta MporpaMm s MOAQIbIION
aBroMartu3ailii nporecy 3acodbamu CAIIP.
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Ocnoena wacmuna. Hexait B Touni M1 noBepxni F 3amano Bekrop d,
pO3TalllOBaHUN B JOTHUYHIN 10 MOBEpPXHI IUIOMIMHI X. Bynemo BBaxkatu
HaNPSMOK IIbOTO BEKTOpa IMOYATKOBHM ISl TIOOYIOBU TEOAC3UYHOI, SIK
nepInoi JrHii Mojeai 4eOUIEeBChKOI CITKM Ha MoBepXHi. CKOpHCTAaEMOCS
METOJIOM IOCIiIoBHOTO TmepenpoekititoBanas [1]. [I{o6 ypaxysaru
BJIACTUBOCTI TIOBEPXHI 1 XapaKTEPUCTUKH TKAHWHU BHUKOPUCTAEMO
(bopMyJI010 3HAXOKCHHS TOBXKHHU KPOKY [2]:

(X'K
L :ZRKP -cos —L

N€ Qp — TPAHUYHO JOMYCTUME 3HAYCHHS KyTa M1 HUTKAMH OCHOBHU Ta
YTOKY TKaHUHH, Ry, — HaliMeHIIMI pajilyCc KpUBUHHU.

Jia nmoOynoBu Mozen 4YeOHMIIEeBCbKOI CITKM Ha mMoBepxHI F
MIPOIIOHYETHCSI BUKOPUCTATH OTHHAIOUY PO3TOPTHY MOBEPXHIO, TOOYI0BAHY
B3JIOBXK 3HaWaeHOi reoge3nunol kpuBoi f [1] gk mepBUHHOL JTiHIT
4eOUIIeBChKOT CITKU. YeOuIneBchka CIiTKa 3aJa€ThCs IBOMa CIMEUCTBAMHU
I'€OJIC3NYHUX JIHIA SKI TIPHU B1IOOpaKeHH1 CITKU 3 MOBEPXHI HA IUIOMIUHY
nepexondaTh y mpsmi JHii. Toal moOymoBa 4YeOMIIEBCHKOI CITKH Ha
PO3TOPTHIN MOBEPXHI 3BOAUTHCSA 10 MOOYJIOBH KBaapaTHUX BIACIKIB Ha ii
pO3ropTIIi.

TBipHIi niHIAYATOI pO3rOPTHOT MOBEPXHI, KA OTUHAE 3a/1aHy F B310BXK
kpuBoi f BU3HAYAKOTHCA HanpsAMKaMu T;, CIPSKEHUMHU 3 HANpPAMAMHU d;.
Jlnga iX BHU3HAYEHHS HEOOXITHO MOOYIyBaTH I1HAWKATPUCY KPUBHHH Y
KOXHIA Touri M; , mo BUKIMKAE 3Ha4HI TpymHomii. [lmst crmpormeHHs
3HAXO/DKCHHS  CIOPSDKEHWX — HANpsIMiB BHKOPHUCTAaEMO  ChepudHe
Bi0OpaskeHHs Teoie3uvHOi JiHii T Ha oquHMYHY chepy.

B koxHil i3 oTpuMaHuxX To4ok M1, Mo, ..., My kpuBoi f 3Haxoaumo
OJMHUYHUI BEKTOp HOpPMali 71; 1O MOBEpPXHI X i BIAKIaZaeMo HOro Bix
ciniapHOoro nmovyarky — touku C(0,0,1). KiHmi mux BEeKTOpiB BH3HauaTh Ha
noBepxHi chepu Touku M1’, M2’, ..., Mn’ 3 KoopAHHATaMH

XM; = Ny, J’M; = n':’}’ ) ZME{ = n;; +1 )
ne Mgy , Ny, , N;z KOOPAMHATH OJUHUYHOIO BEKTOPA HOPMali JI0 IOBEPXHI
Xy Touui M; .
.
JIi1st 3HAXOKEHHS HANPAMKIB @'; - cepHUIHUX Bi0OpaXKeHb BEKTOPIB

@; CKOPHCTAEMOCH cTepeorpadiuHoro mpoekiicto chepu Ha miomuny [3].
—
Tak sx Bci Touku cepH € OMOUTIYHMMH, TO HAIPAMKH T ; , CIPSKEH]
—

a0 ﬂ‘r!- 3HAXO04ANMO AK pO3TaH_IOBaHi B JOTUYHHUX [JIOMMHAaX
—s

TIEPIIEHIMKYJISAPH 10 A ;.
HanpsiMku TBipHHX T; PO3rOpPTHOI MOBEpXHi B Toukax Mi kpuBoi f Ha
—

nosepxHi F OyayTh mapasienbHi 3HaMIEHUM HaIpsIMKaM T ; y BiIIIOBiIHUX
Toukax M;’ Ha cdepi.
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Puc. 1. [ToGymoBa mosiocu 4apyHOK 4eOUIIIEBCHKOI CITKH Ha TTOBEPXHI

[ToOynyeMo poO3ropTKy OTpPUMAHOi MMOBEPXHI 1 HAHECEeMO Ha Hil
nosnocy 13 kBagpaTiB MiNiNi+x1Mi+1 31 ctopoHoro L, koxeH 13 sIKuX
OymyeTbest Bif BimoMoi cTopoHu M1Mao, MaMs,... , MniM, (Puc. 1).

Jlist ToOy1OBH BY3JIOBUX TOUOK YEOMIIIEBCHKOI CITKM Ha MOBEpxHI F
CKOPHUCTAEMOCS aJIrOPUTMOM MOIIYKY BijacTaHi d Bix 3HaiaeHux To4ok N
no mosepxi F. Bimcranp d OymemMo mykatu sk MiHIMyM (QyHKIIOHATY
| =min(Ax® + Ay® + Az®) npu piBnsuni 38's3ky F(X.,Yp,Zp )=0[4].
ITepamiitauii TIporiec 3aKiHUYETHCS 32 YMOBH d™ —dmD <g e
d™ ta d™ 1) — 3gayenHs, OTpUMaHi NpU BUKOHAHHI OCTAHHIX iTepaiii, a
£ — BKa3aHa TOYHICTb MMOOY0BH.

JIJIst 0CTaTOYHOTO 3HAXOKEHHS BY3JIOBUX TOUOK YECOUIIEBCHKOI CITKH
JOIJTLHO 3aCTOCYBATH CITOCIO KOperyBaHHS YeOUIIeBChKOT CiTKH [5].

TakuM 4YWHOM, B peE3yJbTaTi OTPUMYEMO IIOJIOCY YapyHOK MOJEII
ciTku Ha moBepxHi. [Ipuitmaroun HOBI TOYKM SIK HOBI M1, Mo, ... , My
KpuBOi f MOBTOprOEMO BHIIIE3raIaHi MOOYI0BH.

Bucnosku. B poO0Ti 3anipOIIOHOBAHO T€OMETPUYHI OCHOBU CTBOPEHHS
AITOPUTMY MPAKTUYHOI MOOYI0BU MOjeni ciTku UeOuineBa Ha CKIIaJHUX
KpUBOJNIHIMHKUX  moBepxHsx 3acobamu CAIIP  nmns  momaneuioro
aBTOMAaTU30BAaHOT'O PO3KPOI0 BUKPIHOK JJI OASTaHHS MOBEPXOHb CKIIATHUX
reoMeTpuIHuX (opm.
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PRO IS ONE WAY TO BUILD A MODEL
OF A CHEBYSHEV MESH ON A SURFACE

Summary

The article proposes a method for constructing a model of the Chebyshev mesh on
a non-deploying surface, which can be used to solve the problem of dressing the surface
with fabric. The primary line of the Chebyshev grid is drawn using the sequential
reprojection method. The construction step is selected depending on the properties of
the fabric: the maximum allowable value of the mesh angle and the curvature of the
surface in the normal section along the selected initial direction. For mesh modeling It is
proposed to use a linear unfolding surface - a torsion surface, which bends around a
given surface along the geodesic - primary line of the Chebyshev grid model. To
construct the forming unfolding surfaces, a spherical mapping of a geodesic line to a
unit sphere is used. The directions of the constituents are found using the stereographic
projection of the sphere onto the plane. Since straight lines on the flat pattern surface are
mapped to geodesics on a given surface, the task of finding the nodal points of the first
strip of the grid model is reduced to drawing squares on the unfolding of the envelope
of the torso surface. The nodal points of the Chebyshev mesh model on the surface are
plotted using an algorithm for finding distances to the surface with a specified accuracy.
The final finding of anchor points is carried out using the algorithm for adjusting the
cell lengths of the mesh model. Next, we take the resulting nodes as geodesic points — a
new baseline for drawing the next strip of cells. The accuracy of the constructed model
can be increased by decreasing the step of drawing the primary line of the Chebyshev
grid. The found model will make it possible to use algorithms and programs for
automated cutting of material for complex non-deploying surfaces. The algorithm
presented in the robot includes both the consideration of geometric features of the shape
of the surface to be covered and the requirements for a snug covering based on woven
warp and weft threads of composite materials. The algorithm also allows to adjust the
step of Chebishev network model onstruction for more accurate matching of the
obtained cut and the possibility to fit the given shape with minimal deformations.

Keywords: chebyshev grid, geodetic, spherical projection.
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WAYS TO SOLVE THE COMPLEX PROBLEM OF
INTRODUCING STEM-EDUCATION AND ARTIFICIAL
INTELLIGENCE INTO THE EDUCATIONAL
PROCESS AT UNIVERSITIES

Abstract. The main purpose of the article is to consider the main ways of solving
the complex problem of introducing STEM-education and artificial intelligence into the
educational process at universities. The ways of solving this problem discussed in the
article will help universities to effectively implement STEM-education and artificial
intelligence in the educational process, providing students with the necessary
knowledge and skills for a successful career in these modern industries. The overall goal
of all these ways is to create a favourable environment for successful learning and
development of students in STEM-education and artificial intelligence that meets the
requirements of the modern world. Another relevant goal of the issue under
consideration is to ensure that universities are ready for the challenges of the modern
world, where STEM-education (or STEM-disciplines) and artificial intelligence play an
increasingly important role in providing students with high-quality and in-depth
knowledge that will help them gain the necessary practical experience and relevant
competencies for the labour market and competitiveness in employment.

Keywords: STEM-education, artificial intelligence, complex problem,
implementation in the educational process, ways of solving, students.

Problem statement. There are several potential problems in the
implementation of STEM-education and artificial intelligence in the
educational process of universities, namely: lack of qualified teachers - this
can be especially problematic in the case of rapidly developing
technologies, where specialists with the latest and most up-to-date
knowledge are needed; equipment and infrastructure — as the
implementation of STEM-education and artificial intelligence may require
significant investments in modern equipment and infrastructure for
laboratories, computer labs and research centres, etc.

Solving all these problems may require joint efforts of university
administrations, teachers, students, and research and education partners of
these universities to ensure the successful implementation of STEM-
education and artificial intelligence in the university environment. This
thematic article is dedicated to solving all these problems.

© Lubko D. V., 2024
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Analysis of recent research. Today, many domestic researchers are
considering the issue of introducing artificial intelligence systems into
the educational process at universities. These are the following scientists
and researchers: Sharov S. [1-2], Hlybovets’ M. [3], Zaychenko Y. [4],
Mar'yenko M. [5], Somenko D. [6], Viznyuk 1. [7], Pchelyans’kyy D.
[8], Burdayev V. [9], Haharin O. [10], Tytenko S. [10], Desyatov T.
[11], Dovbysh A. [12], Vasyl'yev A. [12], Kravtsova N. [13],
Khodakivs'ka O. [13].

And the problems and analysis of methods of implementation of
STEM-education in universities for various educational programmes are
actively studied by such scientists and researchers as: Barna O. [14],
Balyk N. [14], Yel'nykova H. [15], Yurzhenko V. [16], Chaykovs'ka H.
[17], Vesela N. [18], Vodyanyts'kyy I. [19], Dereza O. [20].

Other well-known foreign scholars who consider this topic are: Del
Cerro Velazquez F, Lozano Rivas F [21]; Pahnke J., O'Donnell C.,
Bascope M. [22]; Campbell C., Speldewinde C. [23]; Peters-Burton E.,
Lynch S., Behrend T., Means B. [24]; Morris B.J., Owens W., Ellenbogen K.
[25]; Carnevale A. P., Smith N., Melton M. [26]; Hess F., Kelly A,
Meeks O. [27]; Annemie Struyf, Haydee De Loof, Jelle Boeve-de Pauw [28].

But given that not all the issues and problems of introducing these
subject areas into the educational process at universities were covered by
them, we will try to summarise and supplement this topic in this article.
Therefore, its relevance is undeniable.

Formulation of the purpose of the article. The main purpose of the
article is to consider the main ways of solving the complex problem of
introducing STEM-education and artificial intelligence into the educational
process at universities.

The main part. For those who do not know or have forgotten, we
will remind you of the basic definitions: "Artificial intelligence (Al) is the
science and technology of creating intelligent machines (software systems)
capable of taking on certain functions of human intellectual activity (for
example, choosing and making optimal decisions based on previously
gained experience and rational analysis of external influences)" [1, 2].

STEM (Science, Technology, Engineering and Mathematics) is an
approach to organising the learning process that combines science,
technology, engineering and mathematics [14-18].

The STEM approach to education was first proposed in 2001 by
scientists from the US National Science Foundation. The methodology has
been actively studied in many countries, implemented in leading European
schools, and is now being actively implemented in Ukraine.

STEM-education and artificial intelligence are extremely relevant
for university education for a number of important reasons, namely: labour
market demand, i.e. the modern labour market increasingly requires
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specialists with deep knowledge in STEM-disciplines and understanding of
artificial intelligence, and the constant development of technology requires
qualified personnel who can work with these new tools and methods;
innovation and competitiveness, i.e. STEM-education and artificial
intelligence stimulate innovation in the university environment (students
who receive such education

Therefore, STEM-education and artificial intelligence are not only
relevant, but also critical to university education to prepare students for
future challenges and opportunities.

STEM-education and artificial intelligence also affect the
educational process at universities in many ways: modernity and relevance
of education — the introduction of STEM-education and artificial
intelligence allows universities to meet the current requirements of the
labour market (and students get access to the latest technologies, methods
and approaches, which prepares them for a successful career in the digital
world); development of critical thinking and problem solving — STEM-
education promotes the development of critical thinking, as well as analysis
and problem solving skills (which allows students to effectively use the
scientific method and engineering approaches to solve complex problems).

In general, STEM-education and artificial intelligence significantly
enrich the educational process at universities, developing key skills and
preparing students for a successful career in the modern digital world.

Teaching these topics at universities faces a number of challenges.
First of all, the rapid pace of development of these areas requires constant
updating of curricula and existing equipment (materials). The lack of
qualified teachers is also a problem. To address these issues, it is important
to engage teachers with practical experience in the field, as well as to
develop professional training programmes for academic staff. In addition,
cooperation with industry and academia can provide students with access to
relevant knowledge and practical experience. The development of
interactive teaching materials and the use of new technologies, such as
virtual reality or gaming platforms, can enhance the effectiveness of their
teaching. Such approaches will help to prepare qualified professionals who
can meet the challenges of the modern labour market. An additional
problem is the heterogeneity of the level of preparation of students studying
these topics. This is a challenge for teachers, who must ensure that all
students are taught effectively, regardless of their prior knowledge and
familiarity with the topic. To overcome this, an individual approach to each
student can be used, as well as additional classes for those who need
additional help. The development of adaptive learning systems and
effective knowledge control can also help to solve this problem. In general,
innovative teaching approaches aimed at combining academic knowledge
with practical experience and individualised learning can ensure more
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effective teaching of artificial intelligence and STEM at universities.
Another problem is the lack of resources to support infrastructure and
laboratory workshops, especially in artificial intelligence.

This limits the opportunities for students to gain practical experience
in using various tools and methods. To solve this problem, it is necessary to
attract additional financial resources through cooperation with industrial
partners, grant organisations, donors, etc. The development of virtual
laboratories and online resources can also provide access to the necessary
equipment and materials for artificial intelligence and STEM education,
even in the case of limited physical resources.

The introduction of STEM-education and artificial intelligence into
the educational process of universities can be a challenge, but there are
several ways to solve this problem. Here are some approaches [11-20]:

— development of specialised programmes and courses, i.e.
universities can create specialised programmes in STEM-education and
artificial intelligence that include both theoretical knowledge and practical
skills (these programmes can be developed in cooperation with industrial
partners to ensure that materials and market requirements are up-to-date);

— Integration of existing courses, i.e. universities can also integrate
elements of STEM-education and artificial intelligence into existing
courses, making them more modern and relevant (e.g. including modules
on programming or data analysis in courses on health, marketing,
management, agronomy, etc;)

— creation of laboratories and research centres, i.e. universities can
invest in the creation of specialised laboratories and research centres for
artificial intelligence and STEM-disciplines (and these structures can serve
as platforms for students and teachers to research new technologies and
develop new methods and interactive IT teaching technologies);

— support for teachers and students, i.e. universities can provide
support for teachers and students who want to study STEM-disciplines and
artificial intelligence (this may include training teachers in new
technologies, creating platforms for sharing knowledge and practical
experience, and providing access to specialised resources and tools);

— engaging external experts and industrial partners, i.e. universities
can also engage external experts and industry representatives for
cooperation in STEM-education and artificial intelligence (which may
include joint research projects, internships for students in high-tech
companies, and other forms of cooperation).

— training of qualified teachers, i.e. universities can provide training
and professional development programmes for teachers in STEM-
disciplines and artificial intelligence (which may include training teachers
in new technologies, teaching methods and practical skills);
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— Integration into related and allied curricula (i.e., universities should
develop integrated STEM-education and Al programmes that cover various
aspects of different disciplines and provide students with a comprehensive
approach to such learning);

— Establishment of laboratories and research centres (i.e., universities
can invest in the creation of modern laboratories and research centres for
artificial intelligence and STEM-disciplines (which will allow students to
gain practical experience with the latest technologies and ensure a link
between the educational process and real-world challenges);

— partnerships with industry (universities themselves can establish
partnerships with industrial enterprises for the joint development of
curricula, student internships, joint research and projects);

— creation of online courses and open resources, i.e. universities can
develop and provide access to online courses and open learning resources
in STEM-education and artificial intelligence (which will expand access to
education and provide distance learning for a wide range of audiences);

— support for student initiatives, i.e. universities can support student
initiatives in STEM-education and artificial intelligence by facilitating the
creation of student clubs, interest groups, hackathons and other events.

There are also additional ways to solve the complex problem of
introducing STEM-education and artificial intelligence into the educational
process of universities — if the main ways described above have proved
ineffective.

They include: international cooperation - universities can develop
international partnerships with academic institutions and research centres to
share knowledge, experience and resources in STEM-education and
artificial intelligence (this will help broaden horizons for students and
teachers, as well as provide access to international training and research
opportunities); stimulating student research — universities can actively
encourage students to participate in research projects and competitions in
STEM-disciplines.

Conclusions. All these ways of solving the problem discussed in the
article will help universities to effectively implement STEM-education and
artificial intelligence in the educational process, providing students with the
necessary knowledge and skills for a successful career in these modern
fields.

The overall goal of all these ways is to create a favourable
environment for successful learning and development of students in STEM-
education and artificial intelligence that meets the requirements of the
modern world.

Another relevant goal of the issue under consideration is to ensure
that universities are ready for the challenges of the modern world, where
STEM-education (or STEM-disciplines) and artificial intelligence play an
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increasingly important role in providing students with high-quality and in-
depth knowledge that will help them gain the necessary practical
experience and relevant competencies for the labour market and
competitiveness in employment.
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. B. JIyoko'!
! TappilicbKuii Jep/KkaBHMIl arPOTEXHOIOTTYHMI YHiBEpCHTET
imeni /Imutpa MoTopHoro

HILJISIXW BUPIIIEHHA KOMILIEKCHOI MPOBJIEMHA
BINPOBA’KEHHS STEM-OCBITHU TA LITYYHOI'O IHTEJIEKTY
B HABYAJIbHUH MTPOLIEC B YHIBEPCUTETAX

Anomauin

OCHOBHOIO METOIO CTaTT1 € PO3IJIAJl OCHOBHUX IUISX1B BUPIIIEHHS KOMILIEKCHOT
npo6aemu BripoBakeHHss STEM-0CBiTH Ta HITY4YHOr0 1HTEJIEKTY B HAaBYAJIbHUIA MpoIiec
y BH3. Ichye kinbka mnoTeHuiHux mpobinem y BopoBapkeHHi STEM-ocBiTu Ta
IITYyYHOTO 1HTEJNEKTY B HABYAJbHMHA IpOLEC YHIBEPCUTETIB, a caMme: Opak
KBaJI1(pIKOBaHMX BUKJIaJayiB — 11€ MOXe OyTH 0COOJMBO MPOOJIEMAaTUYHUM Y BUIAIKY
HIBUJIKO PO3BUBAIOTHCS TEXHOIIOTIMH, e (axiBIli 3 HAMHOBIIIUMH Ta HACy4acHIIIUMHU. -
NOTpiOHI cydacHi 3HaHHS;, 00JIaJHaHHs Ta 1HPPACTPYKTypa — OCKIJIbKUA BIIPOBAJKEHHS
STEM-ocBiTH Ta IITYYHOIO 1HTENIEKTY MOYKE BUMAaraTi 3HaYHUX 1HBECTULIH y CydyacHe
obnmagHaHHA Ta 1HQPACTPYKTYpYy AJisi J1Taboparopiil, KOMIT IOTepHUX JabopaTtopiii Ta
JOCIITHUIIBKUX LIEHTPIB TOIIO.

Bupimenss Bcix 1ux npo0ieM MOXe BUMaraTu CuIbHUX 3yCHUJIb afMIHICTpalii
YHIBEpCHUTETIB, BUKJIaJJauiB, CTYACHTIB, HAyKOBO-OCBITHIX AapTHEPIB IIUX YHIBEPCUTETIB
uist  ycmimHoro  BrnpoBajkeHHS STEM-ocBiTM Ta  IUTYYyHOro  1HTENEKTY B
YHIBEpCUTETChKE CepelloBHIIE. BupimieHHIO BcCiX LUX HOpoOjgeM MNpUCBSYEeHA IIs
TEMaTU9IHA CTATTS.

Po3rnsHyTi B CTAaTrTi LUIAXU BHpIMIEHHS i€l MpoOJeMH JIOMOMOXYTb
yHiBepcuteTraM edekTHBHO BrHpoBamkyBaTd STEM-ocBiTy Ta MITYy4HMI I1HTENEKT y
HaBYaJIbHUI MPOIIEC, HA/IAal0UH CTyA€HTaM He0oOXi/IH1 3HAaHHS Ta HABUYKH JUIS YCHIIIHOT
Kap’€py B IIUX CYYaCHMX rajy3sx. YcCl Il HUISXH BUPIMIEHHS NpoOIeMu, PO3IIISIHYTOI y
CTaTTi, JOMOMOXYTh YHiBepcuTeTaM edekTuBHO BrpoBamkyBatH STEM-ocBiTy Ta
MITYYHUH 1HTEJEKT Y HaBYAJbHUH MpOLEC, HA/lal0uM CTyIEHTaM HEOOXiIHI 3HaHHS Ta
HaBUUKHU JJIs YCHIIIHOI Kap’€pH B LIUX Cy4acHUX chepax.

3arampHa MeTa BCIX IMX NUISAXIB — CTBOPUTH CIPHUATIMBE CEPEJOBHUIIE IS
YCHINTHOTO HAaBYaHHS Ta po3BUTKY Y4HIB Yy STEM-0CBITI Ta IITy4HOMY 1HTEIEKTI, IO
BIJIMIOBiJ]a€ BUMOTaM Cy4YacHOTO CBITy. [HIIIOIO aKTyaJbHOIO METOI0 MUTAHHS, IO
pO3IIIAAEThCS, € 3a0e3MeUYeHHs] TOTOBHOCTI YHIBEPCHUTETIB 10 BUKJIHMKIB CYyYacHOTO
cBity, 1e STEM-ocBita (a60 STEM-mucumroiiau) Ta ITYYHUNA IHTENEKT BiIrparoTh
Jieqiam BKIMBINTY pOJIb Y HaJaHHI CTYJCHTaM BHCOKOSIKICHHX 1 B -TJIMOOKI 3HAHHS, SIKi
JOTIOMOKYTh IM OTPUMATH HEOOX1THUW MPAKTUIHHUN JTOCBII Ta BIAMOBITHI KOMITETEHIII
JUIS PUHKY TIpalli Ta KOHKYPEHTOCIPOMOXKHOCTI MPH MpaleBIalliTyBaHHI.

Kniouosi cnosa: STEM-ocBiTa, mITy4HHUN IHTEIEKT, KOMIUIEKCHA Mpoliema,
BIIPOBA/PKEHHSI B HABYAJIbHUN NPOIIEC, IIUISIXM BUPIIICHHS, YYHI.
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PAIIOHAJIBHI CXEMU CAAIHHA KAPTOILJII B YMOBAX
3MIHU KVIIMATY

Anomayia. Meroro poOOTHM € BCTAaHOBJIECHHS pALlOHAJIBHUX CXEM CaJiHHSA
KapToIUIl JJis MiJBULICHHS 1I BpOXKaHOCTI Ta €KOHOMIYHOI e(EeKTUBHOCTI
BUPOOHUITBA. EKCIIepUMEHTaNbHI OCIIIKEHHS CXEM CaJiHHS KapTOIUll 3 PI3HUMH
MDKPSUISIME 3 TOJaiblor0 00poOkoro pesynbrariB Ha [IEOM. Buknaneno pesynbrati
eKCHEPUMEHTAIbHUX JOCIIPKEHb PI3HUX CXEM CaJiHHA KapToIuii 3 MikpagasMu 70 cm,
60+80cm, 90cm, 110+70cm Ta 140 cM i3 BHKOPHCTAaHHSAM Ha MDKPSIHUX
o0pobiTkax TpakTopiB kiacy 1,4; 2. BupouryBaHHs KapTOIUli i3 IIMPOKUMH
MDKPSUISIMU B TIOETHAHHI 31 30UTBIIEHHSM TUIOII KUBJICHHSI POCIIMH TIOKPAIIy€e YMOBH
BOJIOCTIO>KHMBAHHS, MiJBUILYE €()EeKTUBHICTh BUKOPHCTAaHHsS 3ac0o0iB MexaHizamii s
BUKOHAHHS TEXHOJIOTTYHHMX OIEeparid JOTJIAAY 3a POCIMHAMH Ta 3HAYHO CKOPOUYE
BUTPATH TOCAJAKOBOTO Marepiajlly Ta MiHEpaJbHHX JOOpPUB 3a JIOKAIBHOTO CIIOCO0Y iX
BHECEHHSI, BHACIIIJIOK YOTO 301IBIITY€ETHCS BPOXKAMHICTH Ta TIOKPAIIYETHCS SKICTh 0yJIbO
KapToruli. [lepcreKTHBHUM HampsMOM € BHPOIIYBAaHHS KapTOIUI 3a CXEMOIO CaJiHHA
60 + 80 cm, py IPOMY 3MEHIIYETHCS BIUIMB XOJIOBHX CHCTEM MAIIMHHO-TPAKTOPHUX
arperaTiB IiJ1 yac JOTJISIy 3a POCIMHAMM Ta 3a0e3MeuyeThesl 301UIbIICHHST BPOXKAMHOCTI
Ha 14,1 1/ra, NOpiBHIOIOYH 3 BUPOILYBAHHSM 13 HIMPUHOIO MLKPAIL 70 cM.

Knrouosi crnosa. cxemu camiHHS KapTOIUTl, 3MIHM KJIiMaTy, €KCIIEpUMEHTAaJIbHI
JOCITIJKSHHS, IIUPUHA MDKPSIIb, YPOKaWHICTh KapTOILII.

Ilocmanoséka npobnemu. 3a JaHUMH  CTAaTHCTHKU  CEPEIHS
BPOKaMHICTh KapTOIUli B YKpaiHi 3a OCTaHHI POKHM CTaHOBHTH 163 m/ra [1],
TOJII SIK y IPOBIHHUX €BpoIeichkux KpaiHax — nonaa 300—-400 w/ra [2, 3].

I3 cepemuan 90-x pokiB XX CTOJITTA BHUPOOHHWIITBO TOBAPHOI
KapTOIUIl 3 KOJIEKTUBHUX TOCIOAAPCTB MOYAJIO MEPEXOAUTH B MPHUBATHUN
CEKTOp. 3a cTaTUCTUKOIO 98 % TOoBapHOI KapTOILIi B YKpaiHi BUPOILYETHCS
B TocmoaapcTBax HacesneHHs [1]. TlepemilneHHs] BUPOIyBaHHS KapTOILUIi B
npucaauOHI TOCHOJAPCTBA HACEIEHHS NPHUBEIO [0 PsAy HEraTUBHUX
HACII/IKIB: HEMOXJIMBICTh 3aCTOCYBaHHSI CYy4YaCHHUX MEXaHI130BaHUX
TEXHOJIOT1M, BUKOPUCTAHHS HESKICHOTO IOCIBHOTO Marepiaiy, HesKiCHUM

© Moropimuii C. I1., Tpucsoxamii B. ., 2024
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00pOoOITOK IPYHTY, IIMPOKE 3aCTOCYBAHHS PYy4HOI Mpalli. Biarak, sKicTh Ta
BPO’KalHICTh KapTOILIl 3HAXOAUTHCS HA HU3bKOMY PIBHI.

VY rocnogapcTBax HaceleHHS BUKOPHCTOBYETHCS SK PYYHHA METO.
CaJlHHS KapTOIUIl, TaK 1 MEXaHI30BaHU: MOTOOJIOKAMH, MIHITPAKTOPAMH,
Tpaktopamu kiacy 0,6; 0,9; 1,4. lllupuna MKpsiab Y pa3i 3aCTOCYBaHHS
PYYHOTO METOJy BUTpUMY€eThCs B Mexkax 50—60 cm, mexanizoBaHoro — 50—
55 cM, 50-60 cm, piame 70 cm. By3bke MUKpSAS YCKIIQHIOE JOTJIS] 3a
MocajKaMu KapToOIUIl, TPYHT Yy MUKPSAIIAAX MIAJAETHCS  YIIITIBHEHHIO
XOJIOBUMHU CUCTEMaMHU TEXHIKH, POCIIMHU KapTOIUIl Ta IX KOpEHeBa cucTeMa
TPaBMYIOThCA.

Kpim Toro, ocraHHIMH pOKaMHu BiAMIYalOTHCS HETATHUBHI HACIIiIKH
rII00ATPHUX 3MIH KJIIIMaTy JJIS CUIBCBKOTO TocmoaapcTBa YKpainu [4—6].
Kiimar crae He TibKu OUTBIN TETTUM, ajie i OimbIn cyxuM. BinOyBaroTbes
pi3KI KOJIMBaHHA TMOTOJAHUX YMOB B OJHOMY pErioHI MPOTITOM
BereTauiiHoro mnepiogy ta aoo6u. CepenHbo1000Ba TeMIiepaTypa MOBITPS
BIIPOJIOBXK BereTalii KapTOIUll IEpeBUIye OaraTOpiyHl NOKa3HHKH, a
HE3HaYHa KUIbKICTh OMAaJiB y OCIHHE-3UMOBHUU MEP10J, TPUBAII MOCYXHU Ta
3IMBOBUM XapaKTep OMNaJiB y BECHSHO-JIITHINH Mepioa NpHU3BOASATH [0
HEeCTaul MPOAYKTUBHOI BOJIOTHM B TPYHTI Ta MOPYILICHHS WOTO CTPYKTYpPH.
CyTT€eBO 3pocTa€e iIMOBIPHICTh HACTAHHS JKAPKOTO MEPIOAY 3 TEMIIEPATYPOIO
oinbme 30 °C.

Kapromst Ha konmuBaHHs moroau (KIIMary) pearye BpPOXKAMHICTIO
OlnbIIe, HIXK 1HII KYJIbTYPH.

3a  Temmepatrypu Bume 30°C pociMHM KapTOIUTL  CHJIBHO
NpurHIvyOThCs [/, 8]. Bucoka Temmeparypa HOBITpsl HE JIUIIE 3aTPUMYE
picT Oynb0 KapToOIUI, a ¥ CIPUYMHSAE TaK 3BAHE €KOJIOT1YHE BUPOKCHHS
[9, 10], xomu B *apki 3acynuiuBi nepiogu OyIb0u POPMYIOTHCS OJIM3BKO
JI0 TIOBEPXHI, CTalOTh M’ SIKUMH a00 Ty04acTHMH, iXHS M’ SIKOTh YOpHIE, a
niJ 4ac IXHbOTO MPOPOCTAHHS BUHUKAIOTh HUTKOIMOJIOHI MapoCTKH. 3a
TaKUX YMOB SIKICTh Ta BPOKalHICTh KapTOIUTI 3HAXOJIUTHCS HA HU3BKOMY
piBHi [11].

ToMy BaXIWBMM HampsMOM TIJABUIICHHS BpOXKaWHOCTI  Ta
€KOHOMIYHOI €(PEeKTUBHOCTI BUPOOHMIITBA KAPTOILI € 30CEpe/KEHHs ii B
CHeIiali30BaHUX TOCIOJAPCTBAX 13 TMEPEX0JIOM Ha OUIbII palliOHaJIbHI
CXEMH CalHHA.

Ananiz ocmanuix oocniodcens i nyonikayiu. OIHUM 13 HaNpAMIB
3MEHIICHHS] HETaTUBHOTO BIUIMBY XOJOBUX CHCTEM Ta KIIMary Ha
YpOXKaiHICTh Ta SIKICTh KAapTOIUI € 30UIbIICHHA IIUPUHH MUKpAIb. 3a
MOJKJIMBOCTI PETYJIIOBAaHHS UIMPUHU MIKPAIb Yy KapToIiecalKanKax
mepeBary JOLUIBHO HaJgaBaTH IIUPIIUM MDKPAIASIM. Y  IIHPOKHUX
MDKPSAASX POCIMHM KapTOIUTl Kpallle OCBITIIOIOTHCA Ta MPOBITPIOIOTHCH,
MEHIIIE TPaBMYEThCSA iXHS KOpEHEBa CHCTeMa MiJ dYac MIKPSIHOTO
00poOITKY Ta, SIK HACTIAOK, 301JIbIITYETHCS BPOKAWHICTD.
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BuponiyBanHs KapTOIIl 13 IUPOKUMH MIKPSAIIASMU B MOEIHAHHI 31
30IIBIIEHHSIM ~ IUIOLII  JKMBJIGHHS ~ POCIMH  IOKpallye  yYMOBH
BOJIOCIOKMBAHHS, MIABUIIYE e()EeKTHBHICTH BUKOPHCTAHHS 3aco0iB
MexaHi3alli JUisi BUKOHAHHS TEXHOJOTIYHUX OIepaliil JIorsiay 3a
pOCIIMHaMHM Ta 3HAYHO CKOPOYY€ BHUTpPATH IMOCAJAKOBOTO Marepiainy Ta
MIHEpaJIbHUX T0OPUB 3a JOKAIBHOTO CIOCO0Y iX BHECEHHS. bubi mupoke
MDKPSIUISL J1a€ MOXIJIMBICTh OysibOam kpaiie copMyBaTHcs, a TaKOXK
3MEHIIIy€ pU3UK BUHUKHEHHS 3aXBOPIOBAHb.

3a gaHuMH JOCHiKeHb [12], mig 4Yac MDKpSIHHX OOpOOITKIB
KapTOILIi, BUCAJKEHOT 3 MUKpAIsiM 60 cM, MOIIKOIKYBaiocs (4aCTKOBO
a60 moBHicTIO) 20—22 %, Toxi sik 3a Mixkpsaaas 70 cm — 6-8 % pocnuH.

BrecenHst 1ocTaTHROT KIJIBKOCTI OPTaHIYHHUX 1 MiHEpAJIbHUX JOOPUB
3a0e3nedye OTpUMaHHS PIBHOIIIHHOTO BPOXKAK0 3a BUPOIIYBAaHHS KapTOILTI
ak 13 MpkpagasMm 100 cm  (243,6 i/ra), Ttak 1 3 MikpaaasMm 70 cMm
(248,1 1w/ra) [13]. 3MuKaHHA OaqWILIA HACTAE OJTHOYACHO SIK Y 3BUYAMHHUX
MDKpSAASX, Tak 1 B Mikpsaal 100 cMm. YV pa3i BHECEHHS B IPYHT TUIBKH
MIHEpaIbHUX JOOpUB y MIMPOKHX MDKPSAAASX OyB 3HAYHUN HEAoOIp
npoaykiii (163,6 1w/ra i 190,8 1/ra, BiaAmoBiaHO).

€Bpornelicbkka TeXHoJOris mnepeadavae CcaAiHHA  KapToIul 3
MDKpSIAM UpUHOIO 75 cM. Ha chorogHi cmoctepiraeTbCcsi TEHIACHITIS
NEepexoay €BPOIEUCHKOI TEXHOJIOTii Ha 30UIBIICHHS IIUPUHH MIKPSIb,
TOMY JI€SIKI CaJ[KAJIKU €BPONEHCHKUX BUPOOHUKIB PO3PAXOBaHi HA IIUPUHY
MDKpsAb 90 cM. 30UIbIIEHHS MIUPUHA MLKPSAIb BeAe A0 OUThII HIIIHBHOTO
BUCA/PKyBaHHS TIOCAJKOBOTO Marepialy B psIAKy W TOB’si3aHE 3
HEOOX1THICTIO (DopMyBaTH BENMKUN TPeOiHb UIsI HOPMAIBHOTO PO3BUTKY
Oynp0 KapToIi. BimbIm mupoke MIKPSAIS Ta€ MOXKIUBICTh OyipOam
Kpame copMmMyBaTHCS, a TaKOoX 3MEHIIYE pHU3UK BHUHUKHEHHSA
3axXBOpIOBaHb. Benukuil rpebiHp 3axuiiatuMe OyJIb0M KapTomll Bij
neperpiBaHHsl, K€ OB’ s13aHe 31 3MIHAMHU KJIIMaTY.

3a aMepUKAHCBHKOIO TEXHOJIOTIE€I0 BIJICTAHb MK psSAaMH KapTOILT
ckinamae 80-150 cm [14] 3amexHo Bim Kpoky camainus 10-15-20 cwm.
KoHcTpykiisi  kapToriecaykanok  3abe3nedye peryJjioBaHHS I[IUPUHU
MDKpPSiIb, KPOKY Ta TJIMOMHM CaAiHHS 3a JIOMIOMOTOI0 €JIEeKTPOHHOTO
yYOpaBIiHHS 3 KaOlHU TpakTopa. 30UIbIICHHS MUPUHU MIXKPSIb OB’ S3aHe
3 HeoOXimHicTIO (opmyBaTH BeNMKUNA TpebiHb 1 OUIBII  IHIIJTbHE
BHCA)KyBaHHS MOCAJKOBOTO Marepiaidy B psKYy. Y BEIMKOMY rpeOeHi He
TaK BTPA4Ya€eThCsl BoJIora, OynbOM po3mimieHi Ha Biactadi 16-17 cm Bifg
BEPILMHU TpeOeHs 1 OUIbII 3aXHILEH] BiJ] IeperpiBaHHA.

B okpemux yMoBax NpOINOHYETHCS MEPEXI] HA BYXYl MIKPSIIS.
Taxk, npodecop 1 daxiseus 3 kapromi Mapk [laBek B YHiBepcuTeT! mITaty
Bammnrron (CIIIA) y pesynabrari OaratopiuHMX AOCHIAIB JOBIB, IIO
ONTUMAJIBHOIO BIICTAHHIO MIXK PSIIKAMHU KapTOIUIl B YMOBaxX OaceiHy piuku
Konym6ist € 30-32 mroiimu (76,2-81,28 cm) [15]. 3Buuaiina, TpaaMiiina
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IIMPUHA PSITy CTAaHOBUTH Bin 34 mroiimiB g0 36 mroimiB (86,36—91,44 cm)
Ha miBHIYHOMY 3axoji CIIIA. Ane depmepu He MOCHIMIAIOTH MEPEXOAUTH
Ha BYXYl MUKPSAAS, OCKUIBKM TpOIll BXE€ BKJIAJCHI B MAIIUHH,
OPUCTOCOBaHI JJisl MUPIIMX MUKpAAb. KpiM TOoro, BOHM IUBIATHCA Ha
JIOCBIJT CYCI/IIB.

Dopmynoeannss ~ memu  cmammi  (NOCMAHOBKA  3AB0AHHS).
YCTaHOBUTH palliOHaJIbHI CXEMHU CaJiHHS KapTOIUNl IS MIABHUIINCHHS il
BPOKAaWHOCTI Ta E€KOHOMIYHOI €(eKTUBHOCTI BUpoOHHUITBA. Jls
JIOCSITHEHHSI METH TPOBOJSATH EKCHEPUMEHTAIbHI JOCHIIPKEHHS CXEeM
CaIiHHA KapTOIUNl 3 PI3HUMHU MDKPSAISIMH 3 IOJAJBIION 00pOOKOI0
pesynbTatiB Ha [IEOM.

Ocnosna uacmuna. B IMA AIIB HAAH Oyno mnpoBeneHo
JOCIIKEHHSI PI3HUX CXEM CaaiHHS Kapromm 3 Mibkpsaaasmu 70 cM,
60+80cm, 90cm, 110+70cm Ta 140 cMm i3 BUKOPUCTAHHSAM Ha
MDKPSIAHUX 00p00iTKax TpakTopiB kiacy 1.,4; 2.

Cxemy caminas kaptorn 3 MibkpsagsmMu 70 cm ta 60 + 80 cm 13
BUKOPDUCTaHHSAM  TpakTopa TAroporo kmacy 1,4 Tta  4-panHOi
KapTOIIeCca/KaIKM HaBeleHO Ha puc. 1. ba3oBuil BapiaHT MIKpPSAb
ctanoBuB 70 cm. [y mepeobnagHanns camxanku Ha Mikpsaas 60 + 80 cm
BHYTpIIIHI CAAWIbHI amapaTd 3MICTHIIM BCEpPEAMHY Ha 5 CM KOXXHUH,
KpaiHi — Ha 5 CM 3MICTHJIA B IPOTHIICIKHI CTOPOHHU.
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Puc. 1. Cxemu caiiHHS KapTOIUI
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3a pesyapTaTaMu JOCITIIKEHB (prc. 2) BUPOIIYBaHHS KapTOIUTI 3a
cxemoro 60 + 80 cm mae mepeBaru, TOpiBHIOWOYK 3 MDKpsSmasiM 70 cm.
CepenHsi BpOXKAaWHICTh 3a JIBa POKH B TMEPIIOMY BHIAJKy CTaHOBHIIA
186,0 w/ra, y apyromy — 171,9 n/ra. 3011bIeHHSI BPOKaHHOCTI CTaHOBUIIO
14,1 u/ra. YpoxaiHicth kapTorutn 3 MpkpanasmMu 90 cm ta 110 + 70 cm
OyJia Jenio MEHIIOW B MOPIBHAHHI 3 MDKpsaasM 70 cM 1 cTaHOBWUIIA
BianoBigHo 157,5 1/ra ta 156,6 1/ra. YpoxxalHICTh KapTOILUIl 3 MIKPSIIIM
140 cm Oyna 3HA4HO MEHINO 1 cTaHoBMia 127,5 1i/ra.

Otxe, BuUpollyBaHHA Kaptoruni 3a cxemoro 60+80cm €
NEPCIEKTUBHUM, OCKIUJIbKH 3a0e3meuye npupicT ypoxkaitHocti 14,1 /ra.
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Cxemu cagiHHS KapToILTi

YpoKaiHictb Kapronni. u/ra

Puc. 2. YpoxaifHiCTh KapTOILIi 3aJI€KHO Bl IIUPUHU MIKPSJIb:
1-70cm;2-60+80cm;3-90cm; 4 —-110+70cm; 5—140 cm

Bucnosxu.

1. BuporiyBaHHs KapTOIUI 13 HIMPOKUMU MDKPSIAISIMU B MO€THAHHI
31  30UIBIIEHHSM  IUIOHI  JKUBIIEHHS POCIMH  TOKpAaIlye€  YMOBH
BOJIOCIIOKMBAHHS, MIABUIIYE e€()EeKTHBHICTH BUKOPHCTAHHS 3aco0iB
MexaHi3alli Jyisi BUKOHAHHS TEXHOJOTIYHMX OMepaliil JIorsiay 3a
poCIMHAMH Ta 3HAYHO CKOpPOUYYE BHUTpPATH TOCAIKOBOTO Marepiainy Ta
MIHEpaJIbHUX J0OPHUB 3a JIOKAJBHOTO CIOCOOY iX BHECEHHS, BHACIHIJIOK
4oro 30LIBIIYETHCS BPOXKAWHICTH Ta TMOKPAIIYEThCS SKICTh OYJIbO
KapTOILII.

2. [lepcieKTUBHUM HANPSMOM € BUPOIIYBaHHS KapTOILIl 32 CXEMOIO
caginas 60 + 80 cm, pu 1IbOMY 3MEHIIYETHCS BIUIUB XOJOBHX CHCTEM
MaIIMHHO-TPAKTOPHUX arperaTiB MiJ Yac JOTJsSAy 3a pOCIMHAMM Ta
3a0e3neuyeThcs 30UTbIIEHHST BpoXkaiiHOCTI Ha 14,1 1/ra, mopiBHIOOYH 3
BUPOLIYBAHHSM 13 IIUPUHOIO MIXKPsiAb 70 cM.
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S. P. Pogorilyy!, V. G. Prysyazhnyi?
!Agroindustrial Production of the NAAS of Ukraine

RATIONAL SCHEMES OF POTATO PLANTING UNDER THE CONDITIONS
OF CLIMATE CHANGE

Summary

The purpose of the work is to establish rational potato planting schemes to
increase its yield and economic efficiency of production. Experimental studies of potato
planting schemes with different row spacings with subsequent processing of the results
on a personal computer.

A review and analysis of studies on growing potatoes with different row widths
was conducted. According to the results of the analysis, the cultivation of potatoes with
wide rows in combination with an increase in the area of plant nutrition improves water
consumption conditions, increases the efficiency of the use of mechanization for
technological plant care operations, and significantly reduces the cost of planting
material and mineral fertilizers with a local method of their application. Wider row
spacing allows the tubers to form better and also reduces the risk of disease.

Increasing the width of the rows leads to denser planting of planting material in
the row and is associated with the need to form a large ridge for the normal
development of potato tubers. Wider row spacing allows tubers to form better. A large
ridge will protect potato tubers from overheating, which is associated with climate
changes.

The results of experimental studies of various potato planting schemes with row
spacings of 70 cm, 60 + 80 cm, 90 cm, 110 + 70 cm, and 140 cm with the use of class
1.4; 2 tractors for inter-row cultivation are presented. Cultivation of potatoes with wide
row spacings in combination with an increase in the area of plant nutrition improves
water consumption conditions, increases the efficiency of the use of mechanization
during the technological operations of plant care, and significantly reduces the costs of
planting material and mineral fertilizers with the local method of their introduction, and
as a result increases yield and quality of potato tubers improves. A promising direction
is the cultivation of potatoes according to the 60 + 80 cm planting pattern, while
the influence of the running systems of machine-tractor units during plant care is
reduced and the yield is increased by 16.38 t/ha compared to cultivation with a row
width of 70 cm.

Keywords: potato planting patterns, climate change, experimental research, row
spacing, potato yield.
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PO3POBJIEHHS TEXHOJIOT'TI JECEPTIB
OYHKIHIOHAJBHOI'O ITPU3HAYEHHS 3 BUKOPUCTAHHAM
MNOJICAXAPHU/IIB

Anomayis. CTarTs IpUCBSYEHA PO3POOIl HOBUX TEXHOJIOT1 BUTOTOBJICHHS KEJIe
i3 BHKOPHCTaHHSIM CTPYKTYpOYTBOPIOBAYiB POCIMHHOTO TOXOJDKEHHS: aJIbriHaTy
HATPI0, KaparcHaHy.

JlecepTu conoaki cTpaBH, SIKi MalOTh BUCOKY O10JIOTIYHY 1 €HEPreTUYHY IIHHICTh
Ta KOPUCTYIOTHCS MOIYJIIPHICTIO CEPe] HACEIICHHS.

JonaBanHs [0 Kejne anbriHaTy HaTpito B KuibkocTi 2,5-3,0% chpusie
HOJIMIIEHHIO ~ PEOJIOTIYHHMX,  CTPYKTYPOYTBOPIOBAJIBHHUX,  (I3MKO-XIMIYHMX  Ta
OpPraHOJIENITHYHHUX TIOKa3HHUKIB. B rOTOBOMY jkele BMICT CYXHX PO3YHMHHUX PEUOBHH
3HaXOAUThCA Ha piBHI 63,0...63,2%, uykpis — 40,2...40,6%, TUTPOBaHUX KHUCIOT —
1,3...1,4%.

Bwmict ackopOiHoBOi kucimotu craHoButh 12—13 wmr/100r Tta kapotuny -—
1,31-1,42 mr/100 r. IIpoaykT Mae >xenenomaiOHy KOHCHUCTEHIIII0, TIPO30PUN YepBOHUI
KOJIip 3 MPUEMHUM MPUCMAKOM BHIIHI Ta apOMaTOM MaJIMHU.

OCKUTbKM aJbriHAT HATPIIO CHPHSE BUBEICHHIO BAXXKUX METAJiB 3 OpraHizmy
JTIOVHY, JKeJe PEKOMEHIOBAHO BUKOPHCTOBYBATH SK TPOAYKT XapuyBaHHS
CIIENIAJILHOTO Ta JIIKYBaJIbHO-MPO(MIIAKTHYHOTO MTPU3HAYCHHS.

Kniouosi croea’ mnoay BUIIHI, )KeJie, albriHaT HATPil0, KapareHaH, XKeJlaTHH.

Ilocmanoexa npobnemu. JlecepTu € OMHUMU 3 HAUOUIBIN YIFOOIEHUX
1 BKMBaHUX CTpaB B YKpaii Ta cBiTi. Cepes COXKMBadiB uyepe3 BUCOKI
CMaKOBI 1 XapyuoBi I[IHHOCTI MOMYJIIPHICTIO KOPUCTYIOTHCA AparienomaioHi
COJIOZIKI CTpaBH, SIKI MAalOTh BUCOKY O10JIOT1YHY 1 €HEPTeTHYHY I[IHHICTh
[1, 2].

Ananiz  ocmammnix  Odocnioxcens. Ha AyMKy IOCHITHUKIB 3a
IHHOBAI[IMHAUMH  TEXHOJIOTISIMH BHUPOOHMIITBA HOBHUM Ta HaWOLIBII
BIIPOBA/PKYBAaHMM Y BHUPOOHUIITBO € BUTOTOBJIEHHS JECEpPTIB 13
BUKOPUCTAaHHSAM HETPAAUIINHOI CUpOBUHHU [3].

[lopiBHSIHO 13 MycOM, JeCepTH € TMONYJSApPHUMHU Yy 3aKjIajax
xapuyyBaHHA. [[o penenTypHOro Ckjiaay IMX CTpaB BXOJIWUTH HaTypajbHa
bpyKTOBa CUPOBUHA, KA BU3HAYAE TXHIO BUCOKY O10JIOTIYHY IIHHICTH JIJIS
opranizmy oauHu. JKene MOPIBHSAHO 13 1HIIUMU JecepTaMU Ma€ HU3BKY
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€eHepreTMyHy LIHHICTb. Ha ChOrogHi OJHHMM 13 HAalpsSMKIB PO3BHUTKY Ta
PO3IIMPEHHS] ACOPTUMEHTY  JIeCEpTIB € PO3POOJEHHS  pelentypu
BUPOOHHMIITBA >KEJIbOBAHUX JECEPTIB 3 JOAABAHHSAM LIMTPATy KajbLIO Ta
MOJTIICKCTPO3HU TS TI1JIBUIIIEHHST XapuoOBOi LIIHHOCTI NPOIYKTY [3, 4].

P03p00sieHO TEXHOJIOT1I0 BUTOTOBJICHHS KeJje, HMUIIXOM YBapIOBaHHS
COKy 13 IUIOAIB Ta STl Ta cupomy 3 KoHIeHTpamiero 70—73% i3
JOJJaBaHHSAM TEKTHHY JI0 BMICTy CyXHWX PEUOBHH Yy TOTOBOMY MPOIYKTI
65—68% [5].

HayxoBusimu HaiioHaabHOro yHIBEPCUTETY XapyOBHX TEXHOJOTIH
.M. Mengins, K.O. Jlenuencobka, T. I. Imenko Ta iH. OTprMaHO MAaTEHT Ha
croci0 BUPOOHUIITBA JKEJIe 13 PEBEHIO B SKOMY SK IIJIOJIOBO-SIT1IHHIMA
KOMIIOHEHT BHMKOPUCTOBYETBHCSI PEBIHb, KpIM JKEJIAaTUHY, JOAATKOBO
BHOCSTH IEKTHH I MOKPAILEHHS CTPYKTYPHO-MEXaHIYHUX BJIACTUBOCTEH
npoaykrty [6].

BHroToBII€eHHS COJOIKUX CTPaB J1aj0 3MOT'Y BCTAHOBUTH, IO 32 TaKUX
YMOB SIK TPHUBAJICTh 1 TPYAOMICTKICTb TEXHOJIOT1i BUTOTOBJIEHHS,
HIArOTOBKA JIEAKUX KOMIIOHEHTIB OTPHUMAHOI CyMIlIi, HEOJHOPIAHICTb
BJIACTUBOCTEN CHUPOBHHHM, KOPOTKOCTPOKOBHI mepioJ 30epiraHHs Ta
CHOKMBAaHHS TOTOBOI MPOAYKIli, Mai»e BiJICYTHOCTI HamiB()aOpUKaTIB —
ACOPTUMEHT COJIOJIKMX CTpaB OOMEXKEHUU MEpioIoM iX CIIOKUBAHHS Ta
dbopmyeThcsi BUPOOAMH, BHUTOTOBJICHHUMH MIAMPUEMCTBAMH  Xap4OBOi
npoMucIoBOCTI. OAMH 13 OCHOBHUX TIOKa3HHUKIB SKOCTI MPOAYKTY —
XapyoBa IIHHICTb BU3HAYA€THCA CKJIAJOM PELENTYypu Ta CMaKOBUMHU
BJIACTUBOCTSIMU. TOMY IIHHICTh MalOTh CTPaBH 13 CBDKHX IUIOMIB 1 ATI,
AKl CIy’)KaTh JDKEPEJIOM  BITaMiHIB, OPTaHIYHUX KHCIIOT, MiHEpaTbHUX
pEUYOBHH Ta OIOJIOTIYHO AKTHMBHUX PEUOBWH, SKI BINIrpalOTh BaXKJIUBE
3HAYEHHS B XapdyBaHHI, 0COOJMBO IITEH, TOMY IO 0 CKJIaay IUIOAIB 1
AT1]T BXOASATH JIErK03acBOOBaH1 (ppykTo3a 1 rimoko3a [1, 7-9].

OpHuM 13 PO3MOBCIOJKEHUX XapyOBUX J00ABOK € MEKTHH. [lekThHM
HaJeXaTb JO TPpynu TMoJicaxapuaiB N0 CKJIaay SKUX BXOJWTH
raJlakTypoOHOBa 1 TYyJdypoHOBa KwuciioTa. (OCHOBHAa YacTKa TEKTUHY
npunaaae Ha PpyKTH, BiH CIOpUsiE YTBOPEHHIO Typropy Ta CTIHKOCTI KIITHH
JT0 30BHIIIHIX BIUIABIB.

AnwrinoBa kucnora (E 400) sk xapuoBa mo0aBka, Moiicaxapun
OTpUMaHUN 13 OypUX BOJOPOCTEH 10 CKJIAay SIKOTO BXOJUTH aJbIiHOBA
KucioTa. B xapuoBiii MpOMUCIOBOCTI ii BUKOPHCTOBYIOTH SIK 3aryllyBay
[10].

AJpriHaT HaTpil0 Ma€ CBITVIO-KOPUYHEBUH KOJIP y BOJl YTBOPIOE
nparmcty cymin [10].

Jis po3poOieHHsT TEXHOJIOrli JecepTiB 3 J0JaBaHHSAM KapariHaHIB
HEOOXI1JTHO: BHM3HAUYUTH BIUIMB TEXHOJOIIYHUX YMOB Ha CTPYKTYpPHO-
MEXaHIYHl BJIACTUBOCTI TeNiB Ha OCHOBI KapariHaHiB; OOIDPYHTYBaTu
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TEXHOJIOTIYHUN TPOILIEC MPUTOTYBAHHS COJIOJKUX CTpaB 3 JOJIaBaHHIM
AT1THOTO ITIOPE.

Kpim anerinaty Hatpito Onu3bKi 3a OyJOBOIO Ta BXOIATH [0
cimMelicTBa moicaXxapu/iB KapariHaHu. IX OTpUMYIOTH i3 GYpHX MOPCHKHX
BOJIOPOCTEH, BOHH A00pe po3unHHI y Boai (temmeparypa 90-95°C) Ta
micist oxonopkeHHs 1o 40—45°C dopmytrots remi [11, 12].

Kaparinanu cripusroTs ctabumizaliii TUCIEPCHUX CHCTEM, YTBOPECHHIO
MIITHOI KOHCHCTEHIlli Ta crabum3amii cucremu. Jlis 3a0e3meueHHs
KEJIenoAiOHOT  CTPYKTypH  SATiAHUX  HamiBdaOpuKaTiB, pO3poOJICHO
KOMIIO3HIII0, /10 SIKOi BXOJUTH KapariHaH, KaMellb PIKKOBOTO JIEpeBa, SIKy
MO>XHa BHKOPHUCTOBYBAaTH Yy BHIOTOBJICHHI (PYKTOBHUX Mac, JIECEpTiB,
nyauHriB, mapde Ta iH. Taka kKoMmosuilis 3abesnedye MacTomnoiOHy
KOHCHCTEHIII0, B’A3KICTh, CTIMKICTh IO MEXAaHIYHUX BIUIMBIB, BIACYTHICTb
cuHepesucy [8].

3a ominkoro BOO3 kapareHnan, sk xapuoBa Jgo0aBka € aOCOIIOTHO
Oe3neYHuM IS 37I0POB s JIIOAMHHM Ta JiTed. KaparenaH cripusie BUBEICHHIO
3 OpraHi3My JIFOJIMHA Ba)XKKUX METaIiB, MAa€ aHTHUBUPA3KOBY, IPOTHUPAKOBY
nito. Moro ceprudikoBano m0 BUKOpHCTaHHS B Ykpaini Ta kpainax €C.
KapareHnan peKOMeHI0BaHO BXKHUBaTH B 1Ky Bererapianisim [11, 12].

Dopmyniosanns yineti cmammi 6yi0 BCTAHOBICHHS BIUIMBY XapuOBUX
n00aBOK TMPUPOTHOTO TIOXO/KEHHS: ajbliHATy HATpPil0, KaparcHaHy Ha
SAKICHUM CKJIaJ JKeJe.

OcHnosna yacmuna.Jl0CHIIKEHHS TMPOBOJMIM Ha Kadeapl XapyoBHUX
TEeXHOJIOT1 BIpogoBx 2022—2023 pp. Xene BUTOTOBISIM HAa OCHOBI AT
BuiHi copty ['pior Ilombenschkmii (JACTY 8325:2015) [13]. 1 manmuam
copty HoBokutaiscerka (JICTY 7179:2010) [14].

Jlist ipoBeeHHs JOCTIHKeHb BimOWpanu mpoOu Ta TOTYBaJIM 3pa3Ku 3a
JACTY 7040:2009 [15].
B cupoBuHi Ta TOTOBIM TPOIYKITii BU3HAYAIH:

— MAacoOBY YacTKy CYyXWX PO3UYMHHHUX PEUOBHH Ha pedpakToOMeETpi 3a
JACTYVY 1SO 2173:2007 [16];

— MacoBy yactky tuTpoBaHux kucior 3a JICTY 4957:2008 [17]
METOJIOM THTPYBaHHS JOCITIHPKYBAaHOTO PO3YMHY TIIPOKCHUIOM HATpil0 B
MPUCYTHOCTI (heHONPTaNETHY;

—  BMICT I[yKpiB — eppullianiiHuM MetoaoMm [ 18];

— acKopOIHOBOT KUCIOTH — HOJIOMETPUYHUM MeTOoZIoM [19];

— xapotuny - JICTY ISO 6558-2:2004 [20];

— nexkTuHy — Cu nexkTaTHuM metoaom [21];

— nayOunbHMX 1 OapBHMX peYoBHMH — 3a MeTojgoM Heiibayepa 1
JleBentans [22];

—  MIIHICT *keje BctaHopmoBanu 3a JJICTY 4858:2007 [23];

—  OPraHoJIENTUYHY OILIIHKY MPOAYKIi 3a I’ ATHOATBHOIO IIKAIOK0.

CraructuyHy O0OpOOKY pe3yibTaTiB JOCTIHKEHb TPOBOAWIA 3
BUKOpcTaHHsAM nporpam Excel (crangaptauii maker MS Office).
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[lnoan BUIIHI Ta MajJMHA MalOTh BHPAXKEHHI CMaK Ta apomar,
U[UIbHY, HKHY COKOBHUTY KOHCHUCTEHI[II0 Ta YEPBOHE Yy IUIOJIB BHIIHI 1
pOXKEBE y MaJIMHU 3a0apBICHHSI.

JInst HajaHHA TEXHOJOTIYHOI OIIHKKA CHUPOBHUHM JJIS BUTOTOBJICHHS
»KeJie BU3HaueHO (i3UKO-XIMIUHI MOKa3HUKH Tabauus 1.

Tabnuys 1
BwmicT nesskux KOMITIOHEHTIB XIMIYHOTO CKJIaAy OB
[Toka3Huk Kynbrypa
Bumnsa copry Masna copty HIPos
I'piot [TonGennchka | HoBokuTaiBchKa
Cyxi po3qHOHH1 14.2 103 0.9
pEe4YOBHHH, %o
ITyxpu, % 10,1 8,2 1,3
;I/‘HTpOBam KHUCIIOTH, 1.2 11 0,07
0
Mybummix i 0,81 0,45 0,06
OapBHHX pedyoBUH, %
Ilextun, % 0,50 0,71 0,03
Ackop0OiHOBa 181 20,0 0.9
kuciora, Mr/100 r
B-xaportun, mr/100 r 2,3 1,17 0,16

3a pe3ynbTaTaMu JIOCHIKEHb BMICT CYXMX PO3YMHHHX PEYOBUH Y
moaax cranoBuB 10,3—14,2% 13 Hux mykpis 8,2—10,1%.

BMicT TUTpOBaHMX KHCIIOT y TIJIOJIaX BWIIHI Ta MAJWHU 3HAXOJHUBCS
Ha piBHI 1,1—1,2%. KinpkicTs nyOMIbHUX 1 OapBHUX PEYOBHUH Y IJIOJAX
BUIIIHI BUIITUH B 1,8 pa3u, MOPIBHSAHO 13 SIT0/IaMU MaJIUHHU.

Jlis  3a0e3MeyeHHsT JKENIOBAaHHS TPOAYKINI BMICT TEKTHHOBUX
peyoBUH TMOBHHEH 3HaxoauTuch Ha piBHI 0,5-0,71%. OcCKiIbKH BMICT
NEeKTUHOBUX PEYOBUH Yy IUIOAAX BUIIHI Ta MaJIMHU HU3BKUH, TOMY
HEOOX1THO JyIi BUTOTOBJICHHS eJje 13 IMUX IUIOMIB JOJATH 3arylryBad:
NEKTHH, aJbI1HAT HATPIIO.

Bwmict Bitaminy C B miogax BHIIHI Ta MaJIWHH CKIIQJA€
18,1-20,0 mr/100 r. KiibKiCTh -KapOTUHY Yy IJI0JaX MOPIBHSHO HEBHCOKA
1 cknagae 1,17-2,3 mr/100 r.

3 METOI OTpPUMaHHS IIUIBHOI JKEIIOFY0i KOHCHUCTEHINT JKele,
BUKOPHUCTOBYIOTh Xap4oBi J0OAaBKM Takl K J>KEJIATHH, aJbliHAT HATPIIO,
MEKTUH. Xap4yoBi J00aBKH CTAIOTh OCTAHHIM YacOM OUIBII MOIMYJISIPHUMH.
Tomy asiss BUTOTOBIIEHHS JKeJe NOIIIBLHO OyJio O BCTAHOBUTH 1XHI OCHOBHI
BJIACTUBOCTI. BracTuBiCTh XapuoBUX JJ00aBOK YTBOPIOBATH KEIIOIOUY
KOHCHCTEHIIII0 BH3HAa4YaeTbcs OyAOBOIO Ta 3JIaTHICTIO HaOyxaTH,
YTBOPIOBATH B’sKy4l po34uHU [26—28].
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BurotoBieHHs jkene CynpoBOKYThCA (I3UKO-XIMIYHUMH 3MIHAMU —
CHOYaTKy HaOyXaHHsI, PO3UYMHEHHS Ta CTyJHEYTBOpeHHsA. Tomy HeoOXiaHO
JparjeyTBOpIOBadl IEpPeBECTH B PO3YMHHUKA CTaH Ta JOCIAITH iX
ONTHUMAJIBHOI KOHLEHTpAallili B MIATOTOBIEHOMY po3uuHi. IIpoxoauts
npoliec HaOyXaHHs Ta NOTJIMHAHHS BOJIU MOJIEKYyJIaMu
BHCOKOMOJIEKYJIApHUX pedoBUH. KinbKICTh MOTTIMHYTOI PIAMHU OJMHULICIO
Macd Yu 00’€eMOM 3aryllyBadya BCTAaHOBJIIOE CTYHiHb HaOyXaHHS.
HabOyxanns OyBae oOMmexeHe Ta OOMEXYEThCS CTail€elo HaOyxaHHA 1
HEOOME)XXEHE 13 CTBOPEHHSAM OJIHOP1IHOT TOMOT€HHOI CUCTEMH.

31aTHICTh MOIJIMHATH MOJIEKYJIaMU BOJy BILJIMBA€ Ha 4ac MIArOTOBKU
CUPOBMHHM, IO JacThb 3MOTy BCTAaHOBUTH MeEXaHI3M BIUIMBY Ha
CTPYKTYPOYTBOPEHHS ’KeJIe Ta HOr0 NPUTrOTYBaHHS.

Kene — mpoaykT, KUl OTpUMaHH 13 IIyKPOBO-TIATOKOBOTO CHUPOITY 3
N0OaBIIIHHIM JKEJIOI0UMX PEYOBHMH, apoMaru3artopiB 1 OapBHuUKIB. XKene
Ma€ BUIJIAL OJIMCKY4Ol, HAMIBIPO30pOi, IparijucToi MacHu, L0 JIErKO
pixeThes 1 30epirae ¢popmy. BaxnuBUM Npu BUTOTOBJIEHHI JKeJl€ € BIUINB
Takux (QakrtopiB sk pH cepenoBuia, KHUCIOTHICTh, HASBHICTH IYKDY,
KEJIIOIOUYUX PEYOBUH, 110 3yMOBIIOIOTH TMPYKHY KOHCHUCTEHIIIO 3
T1IPOKOJIOITHOIO CTPYKTYpPOIO Teito. ToMy HEOOX1AHO BUBYUTH BIUIUB LIUX
MOKA3HUKIB HA KEJIEYTBOPIOIOYY 3[IaTHICTh MPOIYKTY[26].

Ha pucynkyl moka3zaHo, 10 HIIJIBHICTh PO3YMHY MIJABUILYETHCS 3a
PaxyHOK OLIBIIIOr0 BMICTY KeJIaTHUHY, OUTBIII ICTOTHA BOHA 32 KOHIIEHTpAIlii
3%, xenatuny — 280 r/cm®,
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5 6
Konrenrpartis, %

Puc. 1. BrumB KoHIIEHTpAIIi] )KeJaTUHY Ha IIIIBHICTD Keje

(n=3, p<0,05)

Jo xene nomaBanu anerinat Hatpito (E 401) B kinekocri 0,5...3,0%.
3a pesynbpTaTaMu AOCHIDKEHb (puc. 2) M03yBaHHS ajbliHATY HATPIO B
kibkocTi 0,5...1,5% He 3a0e3nedye yTBOPEHHs IIIILHOCTI IPOIYKTY, TOJ1
aKk gonmaBaHHa 2,5...3,0% anbpriHaty HaTpil0 TMOBHICTIO 3a0e3mnedye
YTBOPEHHS IIPYKHOI KOHCHCTEHLIT mpoaykTy (350 r/cm?).
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Puc. 2. BB KOHIIEHTpallii anbriHaTy HATPiO HA MIUIBHICTH JKeJe
(n=3, p<0,05)

Kaparenan sk xapuyoBy noGaBky (E 407) BUKOPUCTOBYIOTH ISt
BUTOTOBJICHHA kene. J[Js TpOBEACHHS IOCTIIKEHb BUKOPHCTOBYBAIU
kapareHan B KunbkocTi 0,5...3% (puc. 3). 3 pucyHka BUAHO, L0 I
BUT'OTOBJICHHS KeJI€ ONTUMAIBHOIO € KOHIeHTparis 2,5...3% kapareHaHy.
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Puc. 3. BruB koHIIEHTpaIlii KapareHaHy Ha MIIJIbHICTD XKee
(n=3, p<0,05)

@D13UKO-XIMIYHI IOKA3HMKH SKOCTI JKeJie HaBeJeHI B TaOmui 2. Sk
BUJIHO 3 TaOJIMIII BMICT CyXHUX PO3YMHHHX PEUOBUH 3HAXOAMTHCA Ha PiBHI
63,0...63,2% B Tomy umcmi uykpy 40,2...40,6%. BwmicTt TuTpoBaHHUX
KHCJIOT 3HaxoauTbcst Ha piBHl 1,3...1,4% Ta BiAnoBigae BUMOram
CTaHAApTy.

biosoriusa miHHICTE K€€ BU3HAYAETHCSA HASIBHICTIO BITaMIHIB Ta B
JKeJie BMICT acKOpOIHOBOI KHCJIOTH 3HaxoauBcs Ha piBai 11,8...13,4
mr/100 r, kapotuny 1,31...1,42 mr/100 r.
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Tabnuys 2
D13UKO0-XIMIYHI MOKAa3HUKHU SKOCTI kene (n=3, p<0,05)
Bwmict, % Kene 3 nogaBanHsIM
KEJNATUHY | albliHATY HATPIlO KaparcHaHy
Cyxux
PO3YMHHHUX 63,1+0,2 63,2+0,1 63,0+0,2
PEYOBHH
Tutposariix 1,4+0,1 1,310,1 1,35+0,2
KHCIIOT
Hyxpy 40,620,2 40,420,2 40,240,2
AckopOiHOBOT
KHCIIOTH, 12,1+0,01 13,4+0,02 11,8+0,02
mr/100 r
p-kapoTH, 1,31+0,01 1,4240,01 1,35+0,01
mr/100 T

3a 30BHIIIHIM BUTJISIOM Keje PIBHOMIPHOI, &enenoaioHoi Gopmu, i3
YITKO BUPAKCHUMU T'PAHUIIMH MPU po3pizaHHi (puc. 4).

KoHcHCcTeHLiA CMmak
==K enaTHH
AJIBTiHAT HATpPiIO

—i— KaparsHan

30BHIIIHIH
BHIJIA

Apomar

Puc. 4. OpranosienTuyH1 NOKa3HUKHU SKOCTI KeEJe

[Ipo3oporo konwopy, 6€3 OynbOaiok moBiTps 1 miHKM. CMak 1 3amax
NpUTaMaHHUHN TUTOZaM BUIIIHI, MPUEMHHMA 13 KUCITyBaTHM TPHUCMAaKOM Ta
apoMaToM MaJMHU. SICKpaBOTO YEPBOHOTO KOIHOPY.

BuroToBieHi xene orpuMmanu Jo0py Ta BiAMIHHY OLiHKY. HalBuiry
OIIHKY (BIAMIHHO), OTPUMAaJIH JKeJie Ha OCHOBI1 aJIbIiHATY HATPIIO.

Bucnosku. Ilnomu BumHi copty I'pior I[logbenbchkuii Ta MaliuHu
copty HoBokuTaiBcbka MarTh JOCTaTHIA pPIBEHb KHUCIOT, IyKpiB Ta
HaNHOUIbII NPUAATHI 1JI1 BUTOTOBJICHHS XKeEJe.

HNonaBanus no xkene 2,5...3,0 % anbriHaTy HATpilO CHOpPUSIE
30€peKEHHIO MIUTBHOCTI MPOIYKTYy. 3a (PI3UKO-XIMIYHUMHU TOKa3HUKaMU
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JKeJIe BIAMOBIAIOTH BUMOTaM CTaHIAPTY, BMICT CyXUX PO3YMHHUX PEUYOBUH
3HaXOAUThCS HA PiBHI 63%, ykpiB 42%, TuTpoBaHuX KuciaoT — 1,3—1,4%.
BwmicT ackop6inoBoi kucnoru 12—13 mr/100 r ta kapotuny — 1,31—1,42
mr/100 T 3amuIIaBcs HAWBHIMUM Y Kelle 3 J0JaBaHHAM allbliHATy HATPIfO.
HaiiBuiy opranonentudHy OIIHKY (BIMIHHO), OTPUMAJIH >KeJie Ha OCHOBI
aJIbT1HATY HATPIIO.

JlonaBanus 7o kene anbrinary Harpito 2,5—3,0% 3abesrneuye kparii
CTPYKTYpHO-MEXaHiuHi, ()13UKO-XIMI4HI Ta OpPraHOJICITHYHI BJIACTHUBOCTI,
MOPIBHSHO 13 JIOJIaBaHHSM >KEJaTUHY 4d KapareHaHy. OCKUIbKHM ajbriHaT
HATPIIO 37JaTHUIA BUBOJUTH BaXKKI METAJM 3 OPTaHi3My JIIOJIMHU, JKelie Ha
OCHOBI  anbpriHaTy HATPIF0 PEKOMCHIOBAHO BUKOPHCTOBYBAaTH B
JIKYBaTbHO-TIPO(P1ITAKTUYHOMY XapuyBaHHI.
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DEVELOPMENT OF TECHNOLOGY OF FUNCTIONAL DESSERTS
USING POLYSACCHARIDES

Summary

The article is devoted to the development of new technologies for the production
of jelly with the use of structuring agents of vegetable origin: sodium alginate,
carrageenan.

Desserts, including jelly, are sweet dishes that have high biological and energy
value and are popular among the population. In order to develop new technologies for
the production of jelly with the addition of food additives as structurants, it is necessary
to: determine the influence of technological conditions on the structural and mechanical
properties of gels; justify the technological process of preparing sweet dishes. Food
additives such as gelatin, sodium alginate, and pectin are now used to obtain a dense
gelatinous consistency of jelly.

Since the content of pectin substances in cherry and raspberry fruits is low —
0.5-0.71%, a thickener is added to make jelly and improve the structure of the product:
pectin, sodium alginate, carrageenan.

According to research results, the content of dry soluble substances in cherry and
raspberry fruits is 10.3—14.2%, of which sugars are 8.2—10.1%, titrated acids are at the
level of 1.1-1.2%, tannins and coloring substances in cherry fruits is 1.8 times higher,
compared to raspberry berries. The content of vitamin C in cherry and raspberry fruits is
18.1-20.0 mg/100 g. The amount of [-carotene in the fruits is low and is
1.17-2.3 mg/100 g.

Addition of sodium alginate in the amount of 2.5-3.0% helps to improve the
rheological, structure-forming, physico-chemical and organoleptic parameters. The
content of dry soluble substances in the finished jelly is at the level of 63.0...63.2%,
sugars — 40.2...40.6%, titrated acids — 1.3...1.4%.

The content of ascorbic acid is 12—13 mg/100 g and carotene — 1.31—1.42 mg/100 g.
The product has a jelly-like consistency, a transparent red color with a pleasant cherry taste
and raspberry aroma.

Since sodium alginate contributes to the removal of heavy metals from the human
body, jelly is recommended to be used as a food product for special and therapeutic and
preventive purposes.

Keywords: cherry fruits, jelly, sodium alginate, carrageenan, gelatin.
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PO3POBKA PEIIENTYPU TA TEXHOJIOI'T
BUPOBHUIITBA MAWOHE3Y

Anomayis. Benuke 3HAYCHHS TNPU PoO3poOIi HOBOTO BHUAY MPOIYKIi Mae
JOCTIPKEHHSI TEXHOJIOT1i BUPOOHUIITBA MalOHE3HOI MPOAYKIIii, a TaKOX CIOXHBUUX
ynono6aHp 1 MoTuBaliii nmpu BuOOpi Maiione3y. Bce OubIIOi akTyaabHOCTI HaOyBae
npobiieMa CTBOPEHHS AIETUYHHUX MPOMYKTIB JJs JIKyBaHHS TaKUX 3aXBOPIOBAHb, SK
aTePOCKJIEPO3 1 TIMEPTOHis, KUTbKICTh SIKHX OCTaHHIM 9acoM 3HAYHO 3pocia. Takum
XBOPUM HEOOXIiJIHI TPOAYKTH, 30aradyeHi IMOJIHCHACUYCHUMH >XUPHUMH KHUCIOTaAMH,
ocobmuBo ®>. Cremnii BHKOPHCTOBYIOTbCS B XapuyoBiil MPOMMCIOBOCTI SK JKEPENo
010JIOT1YHO aKTUBHUX PEYOBHH. Po3poOka pementyp Ta BNPOBAKEHHS HOBHX BHJIIB
MaHOHE3HOI TPOAYKIT s MPOQUIAKTHYHOTO XapuyyBaHHs, 30aradeHoi 010JIOTiYHO
AKTUBHUMHU TNPUPOIHUMH KOMIIOHEHTAaMHU 3 BUKOPHCTAHHSM POCIMHHOI CHUPOBUHH, €
MEPCIICKTHBHUM HAIMPSIMKOM PO3BHUTKY MAacCJIO)KHPOBOi MPOMHUCIOBOCTI. AKTyaTbHUM
3aBIAaHHSAM € po3poOKa pelentyp MaioHEe3IB Ha OCHOBI CyMiled o, 30aradeHux
O10JIOTIYHO AKTUBHUMHU MPHUPOJHUMH KOMIIOHCHTAMH. Y JOCKOHAJICHO TEXHOJIOTIIO
BUPOOHMIITBA MalOHE3y; SIK MAacJsSHYy OCHOBY BHKOPHUCTOBYBAJIM CyMilli padiHOBaHHUX
JI€30/I0POBAHUX OJIifi COHSIITHUKOBOI Ta PIMaKoBOi. Y CTATTI HABEJEHO JaH1 JOCTIKEHb
Ta PO3IMJIAJl TEXHOJIOTii BUpOOHHUIITBA MailoHe3dy. Po3pobneHo peuentypy MmaiioHesy.
VYaockoHarmeHa TEXHOJOTiYHA CXeMa BUPOOHMIITBA MalOHE3y, 3acCHOBaHAa Ha
MepeIOBOMY  JIOCBiJlI TMPOBIAHUX TMIANPHUEMCTB Ta BIPOBA/HKEHHS HOBITHHOTO
o0JaiHaHHS.

Knrwouosi cnosa. wmaiioHe3, oiii, CUPOBHHA, SKICTh, TEXHOJOTIS, peleNnTypa,
o0J1aJHaHHS, BJIOCKOHAJICHHSI.

Ilocmanosxa npobaemu. XapdoBa IIPOMHCIIOBICTH € OJHIED 3
TOJIOBHUX TajTy3eH HaIIOi Jep>KaBH.

PiBeHb pO3BUTKY XapuoBOi MPOMHUCIOBOCTI CTPIMKO 3pOCTae,
MIJMPUEMCTBA MOCTIMHO OHOBJIIOIOTH ACOPTUMEHT MPOJYKIIii, MPaIlol0Th
HaJl TOKPAIEHHSIM 1i SKOCT1 Ta 30BHIIIHLOTO BUTJISATY.

Sx  HacmIOK, 3pOCTaE KOHKYPEHTOCIIPOMOXKHICTh YKPaTHCHKHX
TOBApiB Ha 30BHINIHbOMY pUHKY [1-3].

Ha cyuacHoMy etami pO3BUTKY TEXHOJIOTIH 1 OOJagHAHHS Xap4yoBOl
IPOMUCIOBOCTI  OJHIEI0 3 BAXIMBUX Taly3edl € omiifHO-)KupoBa
MIPOMHUCIIOBICTb.

Bono 3a0esmneuye HaceleHHS POCIUHHUMH OJISIMHA, a TaKOX
BOXJIMBUMHU TPOIYKTaMH iX MEPEpOOKU, TAKUMH SK MaprapuH, MailoHe3,
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TILIEPUH 1 JKUPHI KUCIOTH, Muia, Qocdomimian, TpancreppudikoBani
XKHUpHU Ta 0arato 1HIIKUX MPOAYKTIB.

MaiioHe3 — OJMH 13 NEpPCHEKTUBHUX NPOIAYKTIB XapyyBaHHS.
BUKOPHUCTOBYIOTH SIK MPHUMPABY Ui MOJIMIICHHS CMaKy 1 3aCBOIOBAHOCTI
IPOJYKTIB, SIK T0OABKY AJI1 MPUTOTYBaHHS OBOUYEBHUX, PUOHHMX 1 M'SICHHUX
CTpaB JOMAIIHhOI KyXHI Ta PECTOPAHHOTO TOCTOJApCTBA, a TaKOX IS
NPUTOTYBaHHS OyTepOpPOAIB 1 A€CepTiB.

MaiioHe3n XapaKTepu3ylThCS TUM, IO J00pe 3aCBOIOIOTHCS
OpraHi3MOM 1 MOXYTh BUKOPUCTOBYBATHCSI HIOJHS JUIsl TTOBHOILIIHHOTO, B
TOMY YHUCII1 I1IETUYHOTO Xap4UyBaHHS.

ABnstoTh c000I0 0araTOKOMIIOHEHTHY, CTa0lIbHY B HIUPOKOMY
nianaszoni Temneparyp (Big 0 °C mo 18 °C), npiOHOIUCTIEPCHY €MYIIbCiTO,
BUT'OTOBJICHY Ha OCHOB1 padiHOBaHOI A€3070pOBAaHOI OJi 3 JIOJaBaHHSIM
eMyJIbIaTopiB, CTaOLII3aTOPIB, CMAKOBUX JO00ABOK 1  MPSHOIIIB,
JI03BOJICHUX IICHTPAJIbHUM OPraHOM BHMKOHABUOI BIAJAHW. MailOHE3HI
npoayktH [1].

Po3BUTOK MailOHE3HOI MPOMHUCIOBOCTI BiAOYBAETHCS B OCHOBHOMY 3a
paxyHOK pO3IIMPEHHS aCOPTUMEHTY MailOHe3y, MiABHUILEHHS HOro SKOCTI, a
JUTSl TOPT1BJI1 — BAOCKOHAJICHHS! YIIaKOBKHU, IHTEHCUBHOI PEKJIaMU TOILIO.

Ananiz ocmanmix oocniodcens. MalioHe3 — OJIMH 13 MPOAYKTIB, KUl
KOPHUCTY€EThCA MOMUTOM. UM He MIOAHS BiH € Ha CTONaX YKpaiHiiB. Tomy
HAWBXJIMBIIIUM 3aBJAaHHSM BUPOOHWMKA MailloHe3y € 3a0e3MNeueHHs
BHCOKOSIKICHOT IIPOJTIYKIIii 32 IOCTYITHUMH ITIHAMHU.

Jlnst BUpoOHUIITBA MallOHE3Y ICHYE BENMKa KIJIbKICTh TEXHOJOTTYHUX
miHiA  (Oe3mepepBHOi, HamiBOE3MepepBHOI, MEPIOAUYHOI  Aii), sKi
BiJIPI3HSIFOTHCS MTPOYKTUBHICTIO Ta anapaTypHUMU PIIICHHSIMH.

B ocHOBHOMY mporiec BUPOOHHUIITBA MalOHE3y CKJIAJA€ThCS 3 TAKUX
OCHOBHUX TEXHOJIOTTYHUX omnepaitiit [1, 3, 8]:

— OTPUMAaHHS CHPOBHHU;

— MATOTOBKA CUITy401 CHPOBUHH;

— 3amaproBaHHs TIPYUYHOTO MOPOIIIKY;

— MPUTOTYBaHHS OI[TOBO—COJILOBOTO PO3UMHY;

— IPUTOTYBaHHS SI€YHOI EMYJIbCIT;

— IPUTOTYBaHHS MOJIOYHO-TIPUYNYHOI €MYJIbCIT;

— IPUTOTYBaHHS CTab1I13yI040i CyMillli;

— IPUTOTYBaHHS TPy0OOi MaliOHE3HOI eMYJIbCIT;

— TOMOT€Hi3allis rpy0oi MailOHEe3HOT eMYJIbCI;

— MIJITOTOBKA TapHu;

— MaKyBaHHs, 3aKyMOPIOBAaHHS, MAapKyBaHHS, CTHKETYBaHHA Ta
NaKyBaHHS MailOHE31B y CIIOKUBYY Tapy;

—MUTTS Ta Je3iHdeKiiss o0naAHaHHsA, MPUMIIIECHb, 1HBEHTAPIO
ManOHE3HOIO LIEXY.
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Dopmynrosanns yinet cmammi. MeToro po6otu Oyio BAOCKOHATICHHS
TEXHOJIOT1i BUPOOHUIITBA Ta PO3POOKA PEIENTYPH MallOHE3Y.

Ocnosna yacmuna. Ha mnianpueMcTBi, IO CHELIANI3yEThCS Ha
BUPOOHUIITBI ~MaMOHE3HOI MPOJYKINi, MNPOBOJUIUCH  JTOCTIKEHHS
TEXHOJIOT1i BHUPOOHMIITBA MaWOHE3y, CIHPSMOBaHI Ha BJIOCKOHAJICHHS
TEXHOJIOT1i, PO3pOOKY pelentyp, 30UIbIIEHHS aCOPTUMEHTY MalOHE3y Ta
MMIBUIIEHHS HOT0 IKOCTI.

Y poboTi YIOCKOHAJIEHO TEXHOJOTI0 MailoHe3y, B SKIH B SIKOCTI
OJIIMHOT OCHOBM BHUKOPHCTOBYBAJIM CYMIIl PIMAKOBOI Ta COHSIIHHUKOBOI
oniii (y cmiBBigHomeHHi 50:50).

Takox Mu ogaBaay B MaloHe3 IMOMp SIK POCIMHHY CUPOBHHY.

BaxnuBoro 3HaueHHss HaOyBae mpoOiemMa CTBOPEHHS MIETUYHUX
NPOMYKTIB [IJIsl JIIKYBaHHS TaKUX 3aXBOPIOBaHb, SK aTEPOCKIEpO3 1
TIIEPTOHIS, KUIBKICTh IKUX OCTaHHIM 4YacOM 3HA4HO 3pocia.

TakuM XBOpUM HEOOXIJHI MPOAYKTH, 30aradeHl MOJIHEHACUYEHUMH
KUPHUMHU KHACIOTaMH, OCOOIHBO ®-3.

Tomy po3poOka penentyp MaiiOHE31B Ha OCHOBI PIMNAKOBOI OJii €
aKTyaJTbHUM 3aBIaHHSIM.

[Iportec  BupoOHMIITBA MalOHE3y CKJIAJA€TbCsl 3  HACTYIHHUX
TEXHOJIOTIYHUX omeparliii [4]:

— MIJATOTOBKA CUPOBUHH,

— IPUTOTYBaHHS OLTOBO—COJILOBOI'O PO3UHHY;

— IPUTOTYBaHHS SI€YHOI eMYJIbCIT;

— IPUTOTYBaHHS MOJIOYHO-TIPYHUYHOT €MYJIbCIT;

— IPUTOTYBaHHs CTa01TI3yI0401 CyMIIII;

— IPUTOTYBaHHs rpy00i MalilOHE3HOT eMyJIbCi);

— TOMOT€Hi3allis] MailOHE3HOI eMYJIbCIi;

— ¢acyBaHHA Ta MaKyBaHHS MalilOHE3Y.

OcHOBHUM 00JIaJHAHHSAM LEXY BUPOOHUITBA MAalOHE3IB €:

— MaJll EMHOCTI—3MIIIyBayi, BEMKUI 3MillyBay, HACOC—eMYJbIaTop,
TOMOTEHI3aTOoP.

Jlo nonmomikHOro oONaAHAHHS BIAHOCATHCS: OYHKEPH IS CUIIyUHX
KOMITOHEHTIB, EMHOCTI JUIsl BOJM, EMHOCTI JJI1 BOJAHO-COJIbOBOT'O PO3YHHY,
CTPIYKOBUI KOHBEEp, NaKyBaJbHa MalllHA, BaJbIIOBAJIbHA MaIlIMHA,
€THKETYBaJIbHA MallliHa, Tapa JiJIsl TOTOBOTO MailoHe3y Ta iH.

AnapaTypHO-TEXHOJIOTIYHAa CXeMa NMPUTOTYBaHHs MallOHE3y HaBeJleHa
Ha PUCYHKY 1.

PimakoBa oiis (3 HU3BKMM BMICTOM €pYKOBOi KHUCJIOTH) Mae
30aJaHCOBAaHUM CKJIaJ >KMPHUX KHCIOT: MICTUTh HEHACHYEHl >KHUPHI
KUCIOTH (66%), mojiHeHacu4eH1 KUpH1 KUCIOTH (27%), HACMYEH1 KUPHI
kuciotu. (6%). BoHa MICTUTh MEHIIIE HACMYEHUX >KUPHUX KHUCIOT, HIXK
1HII pocyivHHL omii. Lle cnpusie 3HMKEHHIO PiBHS XOJECTEpPUHY B KPOBI Ta
3MILIHEHHIO CTIHOK KPOBOHOCHMX CYJMH, a TaKOX 3HUXKY€E pPHU3HUK
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yTBOpeHHs TpoMOiB. Omis Takox Oarara BitamiHamu A 1 E - mpupogaumu
AHTUOKCUJAHTAMH, SIK1 3aXHILAIOTh KJIITUHU B1Jl TOMIKOIKEHHS KUCHEBUMH
pagukaitamu. Kpim Toro, B pimakoBiid oJii MICTHUThCS Oarato BiTaMiHIB
rpynu B.

18 godonposidkol wepexi
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Puc. 1. AnapaTypHO-T€XHOJIOT1YHA CX€Ma BUTOTOBJICHHSI MalOHE3Y '

1 — bBynkep mns sieunoro mnopomiky; 2,3,4 — ByHkepu s CUIKHX
KOMIOHEHTIB; 5 — Hacoc-emynbcarop; 6,7 — Baru; 8,9 — Mai 3mimryBaui;
10 — Benukwuii 3mimyBay; 11 — ['omoneHi3aTop; 12 — €MKICTh 1711 TOTOBOTO
Maiionesy; 13 — Barm gua omii; 14 — €wmxicte maig omi;, 15 —
Conepo3zunHHuk; 16 — BrnosmtoBay; 17 — bavok ayis Boau; 18 — bauok jist
onroBoro po3uuny; 19 — Baru ansa ouroBoro po3uuny; 20 — boitnep s
NpUroTyBaHHs Teroi Boau; 21 — ABTOMar-HamoBHIOBaY; 22 —
3akaTyBanbHUH anapaT; 23 — ETukeryBansHuil anapart; 24 — YkiaganbHui
aBToMar; 25 — bankomuiitHa mamuHa; 26 — €MKICTh 3 KOHIICHTPOBAHOIO
ontoBoro kucnororo; 27 — Tensdep; 28 — bak Ha Barax s onii; 29 — Barm
JUIS1 3BaKYBAHHS OLITOBOTO PO3UHHY.

Creuii BUKOPUCTOBYIOTBCSL B XapyOBIM MPOMHUCIOBOCTI SIK JKEPEIO
010JIOT1YHO aKTUBHMUX pedoBHH. Po3poOka perentyp Ta BOPOBAKCHHS
HOBHUX BHJIIB MaOHE3HUX MPOAYKTIB JJisi NPO(UIAKTUYHOTO XapyyBaHHS,
30araueHux O10JOTIYHO AaKTUBHUMHU MPUPOJHUMU KOMIIOHEHTaAMHU 3
BUKOPUCTAHHSAM POCIMHHOI CHPOBUHHU, € TEPCIEKTUBHUM HAIMPSIMKOM
PO3BUTKY ONIEKUPOBOT MPOMHUCITIOBOCTI [6, 7].
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{06 mokpamuTy SKiCTh MailoHe3y, MU JOAANU JI0 PELeNnTypu iMoup.
HaykoBi JoCHipKeHHsT TMOKa3aiv, W10 KOMIIOHEHTH IMOUpPY MAaroTh
AHTUOKCUAAHTHY, NPOTU3ANaJIbHY, aHTUMIKPOOHY 110, 3HMXKYIOTh PIBEHb
XOJIECTEPUHY B KpoOBl. IMOMp, MOPIBHAHO 3 IHIIMMH HPSHOIIAMH, MAE
BHUCOKHUH BMICT Hoay, a came: 3584-2596 mkr/100 r [5].

Kpim edipnoi omii, iMOMp MICTUTH BIAHOCHO BEJUKY KUIBKICTh HOY,
BiTamiHy C 1 KpOXMaio.

Takum uymHOM, IMOMP Mae He TUIBKH XapyoBe, a W JIKyBaJbHO-
npodiIaKTUYHE 3HAUYCHHS I OPTaHi3My JIFOIHMHHU.

Po3pobnena peuentypa MaiioHesy «YmroOJeHUI» MpeicTaBieHa B
Tabymi 1.

Tabnuys 1
Penenitypa maitonesy «Ynro0sieHuii»
MacoBa yacTka KOMIIOHEHTIB
HaiimenyBaHHS KOMITOHEHTIB
% KrHalT
Ounis pociinHHa padiHOBaHa J1€3010pOBaHa
(COHSITHMKOBA:PIMAKOBA y CIIBBIHOLICHHI
50:50) 50,00 500,0
SedHnii MOPOIIOK 2,0 20,0
ITyxop (micok) 1,8 18,0
Cisib KyXOHHA 1,0 10,0
MoJI0KO cyXe 3HEKHPECHE 2,0 20,0
I'ipunyHU TOPOITIOK 0,45 45
ImOup 0,45 45
Harpiii iBOBYTJICKHCIHIA (COJla XapuoBa) 0,05 0,5
Orrosa kuciora 99,7% 0,17 1,7
Cra6inizatop (PALSGAARD 5230) E 412,
E415 0,2 2,0
Bona 41,88 418,8
Pazowm: 100,0 1000

BurortoBneno 3pa3ku MailoHesy «YmroOnenui». OTpuMaHi 3pa3Ku
npoaHanizoBaHo Ha BianoBiaHicTe JCTY 4487:2005 «Maiionesu.
3arajibH1 TEXHIYHI YMOBWY.

Otpumani pgaHi cBiI4aTh 0OpO Te€, IO PO3pOoOIEHUI MaiioHe3
«Ymwoonenuit» Bignosimae Bumoram JICTY 4487:2005 «Maiionesn.
3aranpH1 TEXHIYHI YMOBHY.

Bucrosxu. B po60Ti y10CKOHAJIEHO TEXHOJOTII0 MailOHE3y, B SIKOMY
B SIKOCTI OJIITHOI OCHOBM BHKOPUCTOBYBAJIMCh KyIa)Xl pIIAakoBOi Ta
coHsiHUKOBOI ot (B cmiBBigHOmeHH! 50:50). Takox g0 ckiamy
MaiioHe3y B SIKOCTI POCIIMHHOT CHPOBHUHH J0JIaHO IMOUD.

OOGrpyHTOBaHO Ta  pO3pOOJIEHO  PEUENnTypH, YJIOCKOHAJICHO
TEXHOJIOT10 MallOHE31B 3 BUKOPHUCTAHHSIM MOPOIIKONOIOHUX MPSHOIIIIB.
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[TonimmenHst ckiagy MaloOHE3IB 3aBASKU  JIOJAaBAaHHIO TaKHX
MIPSTHOIIIB K IMOMp HE JIMIIE TIOCUITIOE KOPUCHY IO TIPOAYKTY, a i Hamae
MOMy HOBUI CMAaK Ta apomar.

BnopoBamkeHHs: y BUpOOHUIITBO PO3POOJIEHOT pelenTypu MaloHEe3y
JACTh MOKJIUBICTB:

— PO3UIUPUTH ACOPTUMEHT MaOHE31B JIJIsl 3JI0POBOTO XapuyBaHHS;

— 3MEHIIUTH Je(DIIUT y XapuyyBaHHI HACEJICHHS IMOJIHCHACUYCHUX
KUPHUX KHUCIIOT;

— MIABUIIUTH TMOMHUT HAa MalOHE3 3aBJIIKU MOKPAIIEHUM CIOKHUBUYUM
XapaKTEPUCTUKAM 3a3HAYEHOTO MIPOIYKTY.
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L.V. Fialkovska'
! Vinnytsia Trade and Economic Institute KNTEU

DEVELOPMENT OF THE RECIPE AND MAYONNAISE
PRODUCTION TECHNOLOGY

Summary

The study of mayonnaise production technology, as well as consumer
preferences and motivations when choosing mayonnaise, is of great importance when
developing a new type of product.

The problem of creating dietary products for the treatment of such diseases as
atherosclerosis and hypertension, the number of which has increased significantly
recently, is gaining great importance. Such patients need products enriched with
polyunsaturated fatty acids, especially ®-3.

Spices are used in the food industry as a source of biologically active substances.
The development of recipes and the introduction of new types of mayonnaise products
for preventive nutrition, enriched with biologically active natural components using
plant raw materials, is a promising direction for the development of the oil and fat
industry.

The development of mayonnaise recipes based on blended oils and enriched with
biologically active natural components is an urgent task.

In the work, the technology of mayonnaise production was improved, blends of
refined deodorized sunflower and rapeseed oils were used as an oil base.

The article presents research data and a review of mayonnaise production
technology. A recipe for mayonnaise has been developed. An improved technological
scheme for the production of mayonnaise, which is based on the best experience of
advanced enterprises and the introduction of the latest equipment.

Keywords: mayonnaise, oils, raw materials, quality, technology, recipe,
equipment, improvement.
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