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BIIJIUB KOHCTPYKTUBHUX OCOBJUBOCTEM
PO3MNOAIIbHOI CUCTEMU IIJIAHETAPHOI'O 'l IPOMOTOPY
HA 3MIHY HOI'O ®YHKIIOHAJIbHUX TIAPAMETPIB

Anomayis. JIng npuBOQy aKTUBHMX pOOOYMX OPraHiB Ta XOJOBUX
CUCTEM CaMOXI1JTHOT TEXHIKH HalfyacTIIIe 3aCTOCOBYIOTHCSI BUCOKOMOMEHTHI
HU3BKOOOOPOTHI  TIAPOMOTOPU  TE€POTOPHOTO,  OpOITAIBHOIO  Ta
IJIaHETapHOTO BUKOHAHHS. OJHUM 3 OCHOBHHUX BY3JIB, 110 3yYMOBIIOIOTH
3HIDKCHHSI (DYHKI[IOHAJIBHUX TMapaMeTpiB Ti1IPOMOTOPIB € CHCTEMa
po3noAuTy poOodYoi pIAWHU, sIKa CTBOPIOE TiIpaBIiyHE TIOJIE, IO
obeptaeThes. ['iapasniune nojie HEOOX1HE ISl PyXy BHYTPIIIHHOTO POTOPA
3a3HAYCHUX TiApoMamuH. EKcrepuMeHTalbHI CTEHJOBI JOCHIIKEHHS
MPOBOJMIIMCS HA CEPITHOMY Ta MOJIEPHI30BaHOMY riipoMoTopax cepli PRG-
22 i3 pobouum 06'emom 160 cm®. MozaepHizawist rizpoMoTopa mossrana y
3MiHI TEOMETPUYHMX Ta (PYHKIIOHAIBHMX I[apaMeTpiB PyXoOMOro Ta
HEPYXOMOT'0  PO3MOAIIBHUKIB. BHaAcCHIZOK MTPOBEAECHUX  JIOCTIIAKEHb
pPO3pOOIEHO EeKCIEPUMEHTANBHUNA CTEHJ JUIsl TPOBEACHHS BUIPOOYBaHb
riipoMoTopiB. Po3po6ieHO METOMWKY MpPOBENEHHS EKCIIEPUMEHTATIbHUX
JOCIIJKEHb  YHI(QIKOBAHOTO  psAAy  IUIAHETApHUX  TIAPOMOTOPIB.
BcranoBneHno, 110 MIABUIIEHHS MPOMYCKHOI 3IaTHOCTI TIAPOMOTOpa 3
MOJICPHI30BAaHOIO  PO3IOIIILHOI0  CHUCTEMOIO  JIO3BOJISIE  IiBHUINUTH
rinpomexaniuanii  KKJI mopaepnizoBanoro rigpomoropa Ha 11...14 %,
o0'emauii — Ha 2...4 %, a 3aranbHuil — Ha 7...9 %. JlocmiKeHHIMHU 3MiHU
GyHKIIOHATBPHUX TApaMETPIB TUIAHETAPHOTO TiAPOMOTOpPA BCTAHOBIICHO,
O B Aiama3oni gactor obeprands 75..550 xB! kpyTHHMI MOMEHT, 110
PO3BUBAETHCS CepitHUM TigpoMoTopoM, cTaHoBUTh 300..325 H'M 1
3MIHIOETBCS He3HayHO (y Mexax & %), 1o € O03HaKOoKW >KOPCTKOi
XapaKTEPUCTUKHU AAHOTO rigpoMoTopa. CTabiabHICTh KPYTHOTO MOMEHTY (B
Mexax 1,59%), 10 pO3BUBAETHCA MOJIEPHI30BAHUM  TIAPOMOTOPOM
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370...375 H'm y nianasoni yactor obepranns 75...450 x8™! migreepmkye
H0T0 JKOPCTKY XapaKTePUCTHUKY.

Kniouosi  cnosa: eKkcnepuMEHTalbHI JIOCHIIKEHHS, IUIaHETapHUH
T1IAPOMOTOpP, PO3MOJUIbHA cHCTeMa, KOe(Iili€HT KOPHUCHOI [ii, KpyTHHIA
MOMEHT, YacToTa 00epTaHHs Bally, BUTpaTa poOo4oi piiuHHU.

Ilocmanoska npobnemu. J{ns MpUBOAYy aKTUBHUX POOOUYHX OpraHiB Ta
XOJIOBUX CUCTEM JIOPOKHBOT, Oy 1BETBHOT, CLIILCHKOTOCIIOAAPCHKOI Ta 1HIIOT
CaMOXIJIHOT TEXHIKM HaW4yacTilie BHUKOPUCTOBYIOTHCS BHUCOKOMOMEHTHI
HU3BKOOOPTHI TiJIpaBiivyHi IBUTYHU TepoTopHOTO [1, 2], opbiTanbHOro [3]
Ta 1wiaHeTapHoro [4] BukoHaHHs. OpHUM 3 OCHOBHUX BY3IIB, IO
3YMOBJIIOIOTh 3HM)KEHHSI (DYHKIIOHAJBHUX MapamMeTpiB TIAPOMOTOPIB €
CUCTEMA PO3MOAUTY PoOOYOi PIIMHU, KA CTBOPIOE TIAPABIIYHE MOJE, 10
oOepTtaeThes. ['iapaBiiuyHe noje HeOOXiAHE ISl pyXy BHYTPIIIHBOTO POTOpa
3a3HaueHUX TrigpomaimvH [5, 6]. OCHOBHHUM HEIOJIKOM PpPO3MOJUIBHOI
CUCTEMHM € KOJIMBAHHSI TOTOKY poOOYOi pIiAMHM, L0 MiJABOJUTHCS 10
TIAPOMOTOpA, AKI CIPUYMHEH] HEPIBHOMIPHICTIO ii MPOITYCKHOI 3aTHOCTI
[6].

[Tig mpomyCKHOIO 3AaTHICTIO PO3MOAUIBHOI CUCTEMH ILIAHETAPHOTO
riIpOMOTOpa PO3YyMIETHCS CyMapHa IUJIOMA TEPEKPUTTSI POOOYHMX BIKOH.
HeparionasibHe  TpPOEKTYBaHHS  €JIEMEHTIB  PO3MOJAUIBHOI  CHUCTEMH
MPU3BOJUTH 10 KOJMBAHb IUIONI MEPEKPUTTS Ta 3MIHU (YHKIIOHATBHUX
napameTpiB TFiApPOMOTOpa B IIIJIOMY, IO MIATBEPIKYETHCS MTapaMeTPUIHUMU
JOCIIIJKEHHSAMH [5, 6]. ¥V 3B’s3Ky 3 UM, IPOBEACHHS €KCIIEPUMEHTAIIbHUX
JOCTIPKeHb TUIAHETAPHUX TiAPOMOTOPIB 3 METOI BH3HAYEHHS BIUIUBY
KOHCTPYKTUBHUX OCOOJMBOCTEM 1X pO3MOAUIBHUX CHCTEM Ha 3MIHY
(GyHKILIOHAJIBHUX TapaMeTpiB IJIAHETAPHUX T1IPOMOTOPIB € AKTyaJbHUM
3aBJIaHHSIM.

Ananiz ocmannix oocnioxcens. Po3po0ieHO0 METOIUKY MPOEKTYBaHHS
TiIpaBIIYHUX MEXATPOHHUX CHUCTEM 3 eJIeMEHTaMu OaraTOKpHUTeplaabHOI
OINTUMI3allli, 10 JJO3BOJISIE€ MPOEKTYBAaTH MEXATPOHHY CUCTEMY 13 3alaHUMU
BUXITHUMHU XapakTepucTukamu [7]. 3ampomoHOBaHO AWMHAMIYHY MOJIEINb
npuBoay [8]. JlochimkeHo AWHAMIYHI TpOIECH, IO BiIOYBAlOTHCS B
MEXaTPOHHUX CHUCTeMax 13 IUIaHETapHUMHU TIAPOMOTOPAMHU, 3 METOIO
MPOTHO3YBAHHS 3MIHHU TX BUX1THUX XapaKTEePUCTHK [9]. OTpuMaHO piBHIHHS
perpecii, Mo OMUCYIOTh 3MIHY BHXITHUX XapaKTEPUCTHUK TiPOMOTOpa B
mpoIiecl eKcIuTyaTallii mpu 3agaHoMy Jlana3oHl 3MIHM HOro poOouux
napaMeTpiB [9]. 3anponoHOBaHO METOJIUKY MPOBEICHHSA
eKCIIEPUMEHTAIBHUX  JIOCHI[DKEHh Ta  TOOYIOBH  PETYITIOBATBHHUX
xapaktepuctuk [10]. EkcnepuMeHTalbHI JOCHIJKEHHS MEXaTPOHHUX
CUCTEM 13 00'€eMHUMHU T1JIpaBIIYHUMHU MalIMHAMU HE PO3TJISIAIUCA.

BcTraHoB/IEHO YMOBHM CTaTUYHOI PIBHOBAark MOOIIBHOTO KOMILIEKCY
[13]. 3ampomoHOBaHO I1HXXEHEPHY METOJIWKY BHU3HAUEHHS paaiaibHOI
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MOJIATJIMBOCTI, SIKa BPAXOBY€E pajialbHUI 3a30p Ta KOHTAKTHI Aedopmariii
netaneit [11]. 3a momoMoror HEMHIMHUX MOJENEH Ta METOMY aHaizy
MOBEPXHI BIATYKY OOIPYHTOBAHO MapaMeTpH TOHKOCTIHHMX KOHCTPYKIIiH
[12], mpoBeneHO AOCTIHKEHHS, IO JO3BOJSIOTH PO3POOWTH aIeKBaTHI
MOJIEl JJid aHali3y peakilii TOHKOCTIHHMX KOHCTPYKIIH Ha ito
HaBaHTaxeHHs [13]. PO3IIsHYTO 3alIe)KHOCTI KOHTAaKTHOTO THUCKY BIJl
30BHIIIHIX CHJI, III0 HA HUX Ji10Th [14], BU3HaUC€HO PO3MOiI KOHTAKTHUX
TUCKIB [15], BCTaHOBJIEHO 3aKOHOMIPHOCTI PO3MOJUTY KOHTAKTHOTO THUCKY
[16], mocaimkeHO 3HOC MPOTOYHOI YACTHHU BUXpPEKaMEpPHUX HarHiTayiB
[17]. PosrasHyTo mNHUTaHHS MIABUIICHHS KOHTAaKTHOI BUTPUBAJIOCTI
MOBEPXHEBOro 1Mmiapy 3y0iB miectepeHb [18], AOCHiPKEHO yMOBHU
BUHUKHEHHSI KaBITallli B 3a30pax €JIEMEHTIB KOHCTPYKIIM aKcCiaJbHO-
MOPIIHEBUX TiApoMaiiuH [19] Ta B 3yOuactux nepegavax [20], po3pobiieHo
MeTtoauky [21] Ta metomau [22] MoOJemIOBaHHS 3y04acTUX YTOYHEHO
MaTeMaTU4Hy MOJiedb pobouoro mpoiecy [23], mNpoBeneHO aHami3
NyJbCalliii TMoJaul PIIMHUA ILIECTEPEHHUM HacocoM [24], IOCHiIKEHO
JUHAMIKM PIIMHM B TOPUIHEBUX Napax o00'eMHMX rigpoMamuH [25].
[lutanHsa, TOB'I3aHI 3 JOCHIDKEHHSAMH B Tally3l IPOEKTYBaHHS Ta
eKCIUTyaTalii TIAPOMAIIMH 13 [UKIOIJANbHOI (OPMOIO pOTOPIB, HE
PO3TIIsAIaJIHCS.

Bigomo [1, 3, 7, 9], m0 B MeXaTPOHHUX CHUCTEMax 3 T1JpaBIIYHHM
MIPUBOJIOM B OCHOBHOMY 3aCTOCOBYIOThCSI TepoTOpHi [1, 2], opbiTanbHi |3,
5] Ta utanerapHi [4, 6] TiApOMaIIUHU 3 MUKIOIAAIBHOI (DOPMOIO POTOPIB.
3anponoHOBaHO TEOPETUIHUIN METOH JUIS MPOTHO3YBAHHS XapaKTEPHUCTHUK
MYCKOBOTO MOMEHTY OpOITaIbHO-MOPUIHEBUX JBUTYHIB 3 TOCTIMHOIO
pizHunero [26]. IlpoBeaeHO eKCHEPUMEHTH, IO MIATBEPIKYIOTh
TeopeTuyHy mojenb [27]. IIpoBeaeHo uncenbHEe MOJETIOBAHHS, 10 IMITY€E
Ty camy KOH(QITypallito Ta MPOrHO30BaH1 IITMOMHU 3HOITYBAHHSI, 110 MOTIM
MOPIBHIOETHCA 3 E€KCIEPUMEHTAIbHUMHU pPEe3yJIbTaTaMU JOCHIKEHb [28].
PeanizoBano MeToJ BHU3HAYEHHA HAIIHHOCTI TIAPOMOTOpa ILISIXOM
MOJICJIOBAHHSI 3MIH TEXHIYHOTO CTaHy BHYTPIIIHBOTO Ta 30BHIIIHBOTO
potopiB [29]. BukoHaHo aHai3 TpOyKTUBHOCTI OpOITAILHOTO JBUTYHA Ta
MPOBENCHO eKcriepuMeHTanbH1 qocuimkerHs [30]. [IpoBeneno komruiekcH1
JOCTIPKEHHS T1IpOCTaTUYHOT YCTAaHOBKHM 3 MaJIOI0 HIBUAKICTIO OOEpTaHHs
opOITaIbLHOrO  pOoTOpa B  CHCTEMI  TIAPOCTATHYHOI  TPaHCMICIi.
BuxopucroByroun hakTHUHI TapaMeTPUYHI 3HAYCHHSI, 3arajibHa JUHAMIYHA
MOJIeIb MIATBEp/KEeHa ekcriepuMeHTanbHO [31]. IluTanHs, moB's3aHi 3
CKCIIEPUMEHTATLHUMHU JIOCTI/DKCHHSIMH  TIJITAHETAPHUX TiJPOMAIIHWH, HE
po3TIsAATUCS.

3anponoHOBaHO PO3pPaxyHKOBI (POPMYJU Ta MPOBEACHO MOPIBHSJIBHY
OIIIHKY 3a KpUTEPIEM MOMEPEYHOr0 Nepepizy KaHady TiIpaBlliuHOi MaIlllMHU
3 TUTAaHETAPHUM POTOPOM 13 IEHTPAJIbHUM 3y04acTUM KojiecoM y (dopMi
XBUJIl Ta TutaBatounMmu caremitamu [32]. [lpoBemeHo cucremaTuzaiiio Ta
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NOpIBHAJIPHUN ~ aHalli3 CXEeM MEXaHI3MIB IUIAaHETApPHUX  POTOPHHUX
rigpaBmiuanx MamuH [33]. JocmimkeHo KaBiTaiiiHi sIBUIIA, 110 BHHUKAIOTh
y 30H1 po3noiiiay pobouoi pimuau [34]. [IpoBeaeHo orms neperneKTUBHUX
METO/IIB OTPUMAaHHS Ta 3aCTOCYBaHHS B TPHOOJIOT1i HAHOYACTHHOK BYTJICITIO
[35] HaBeneHO pe3yJibTaTh BUMPOOYBaHb TPUOOCUCTEM MPU BUKOPUCTAHHI
PIIKOKPUCTATIYHUX TpHUcagok [36], pO3MISIHYTO eKCIEepUMEHTAJIbHI
JOCITIJIKEHHS, 1[0 BPaXOBYIOTh BIUIMB €JIEKTPOCTATUYHOIO MOJIS HA poOouy
piauHy 006'eMHOTO TiApornpuBoay [37]. BusHaueHo 3HaueHHS BTpAT THUCKY,
BUTPATHU Ta PO3MOJLTY MIBUIKOCTI MO Mepepi3y TpyOONnpoBOAY Y MPSMOMY
ninsHIn Ta B moBopoTi [38]. Ilogano mOpiBHSAHHS BUKOPHCTAHHS MOJCII
TypOyneHTHocTl SST 3 ypaxyBaHHSIM KPUBU3HHM J1HINA CTPyMy Ta 0O€pTaHHS
noToky [39], po3risHyTo 3acTocyBaHHs miaxoay RANS 3 BukopuctanHsM
CKOpUTOBaHOi Mojen TypOyiaeHTHOcTI SST, mo 103BOJIsS€ BUSHAYUTH BCl
OCHOBHI XapaKTEpUCTUKU BHUXpoBOro mnotoky [40]. 3anpomnonoBano 3D
MOJIENb, 1[0 BPaXOBYE 00CAT poOOYOi PiANHY, 10 TUHAMIYHO 3MIHIOETHCS,
B pobounx kamepax [41], HaBedaeHI MareMaTH4HI BUpaA3W MJIA OLIHKHU
BUTpaTU poOouoi pinuHu [42] B repoTOpHUX TiapomamuHax. HeobxigHo
BI3HAYUTH, 110 poOOTa POTOPIB T'EPOTOPHOIO HAcoca IPUHILIUIIOBO
BIJIDI3HIETHCS  BIJL POOOTH POTOPIB IJIaHETApHOro (OpOITAIBLHOTO)
rigpomotopa. s GyHKIIOHYBaHHS MJIAHETAPHOTO T1APOMOTOPa HEOOX1THO
riipaBiiyHe 1oje poOodoi piauHU, [0 00EpPTAEThCS, CTBOPIOBAHE
PO3MOIIILHOI cUCTEMOTO [6]. LIUKIigHICTE 00epTaHHS T1APABIIIHOTO TOJIS
3aJIeKUTh BIJ KIUJIBKOCTI pOOOYMX Kamep, YTBOPEHHMX 3O0BHIIIHIM Ta
BHYTpIIIHIM POTOpPaMH Ta XapaKTEPU3YEThCA KIHEMATHYHOIO CXEMOIO
po3noauibHOi  cucteMu  [6].  OOIpyHTOBaHO KIHEMATU4HI CXEMU
pPO3NOAUIBHUX CUCTEM IUJIAaHETApHUX TIAPOMOTOpIB [6], po3pobiieHo
METOJMKY 3MIIIEHHSI PO3MOJUIBHUX BIKOH PYXOMOI'O PO3MOJLIBLHUKA, IO
JO3BOJISIE 3HM3UTU KOJIUBAHHS TMOTOKY pPOO0YOi piIMHU (MPOIMYCKHOI
3MaTHOCTI), 1 SIK HACIIJOK, TOKPAalUIUTH BHUXIJIHI XapaKTEPUCTUKH
IUIAaHETApHOTO TiapoMoTopa. EKcnepuMeHTanbHI JTOCTIIKEHHS BIUIUBY
KOHCTPYKTHUBHUX OCOOJMBOCTEH PO3MOAUILHOI CUCTEMHU Ha (PYHKITIOHATBHI
napaMeTpH IJIaHETAPHOTO T1POMOTOPa HE MPOBOIUIIHCE.

[Ipu BUKOHAHHI TApaMETPUIHUX JOCIIHDKCHD BITUBY KOHCTPYKTUBHUX
0COOJIMBOCTEH PO3MOAUILHOI CUCTEMHU IIIAHETAPHOTO TiApoMoTOopa Oysio
NPUIHATO HU3KY MPUIYIICHh Ta OOMEXeHb [4, 6, 9]. V 3B’I3Ky 3 1uM,
IPOBEICHHS MOPIBHSAJIBHUX eKCIIEpPUMEHTATBHUX JOCITIIKEHHS
riIPOMOTOPIB 13 CEPIITHOIO Ta MOEPHI30BAHOIO PO3IMOAIIBHUMHI CUCTEMAMHU
€ OJTHUM 13 HaWBAXJIMBIIINUX Ta HAWAKTyaJIbHIIIUX 3aB/IaHb.

Dopmyeannss memu cmammi. 1ligBUIIeHHS €()EKTUBHOCTI POOOTH
IUIAaHETApPHUX T1IPOMOTOPIB JIsi MPUBOAY AKTUBHMX POOOUYMX OpraHiB Ta
XOJJOBUX  CHCTEM  CaMOXIJIHOi  TEXHIKM  M[UIIXOM  IPOBEICHHS
EKCIIEPUMEHTAJIbHUX JIOCTII)KEHb BIUIMBY KOHCTPYKTUBHHUX OCOOJIMBOCTEH
PO3MOJUIBHOI CHCTEMHU CEpIHHOTO Ta MOJEPHI30BAHOTO ILIAHETAPHUX
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T1APOMOTOPIB HA 1X (PyHKIIIOHANBHI TapaMeTpH.

Jlis  BUKOHAHHS TMOCTABIIEHOI METH HEOOXIHO BHPIIIUTH TaKi
3aBJIaHHA:

—po3po0OuTH CTEHA AJis MPOBEACHHS BUIIPOOYBaHb BUCOKOMOMEHTHHX
HU3BKOOOOPOTHUX T1JIPOMOTOPIB MJIAHETAPHOTO THUITY;

—pO3pOOUTH METOAMKY MPOBEACHHS €KCIIEPUMEHTAIBHUX JOCIIIKEHb
BIUIUBY  KOHCTPYKTHUBHHUX  OCOOJMBOCTEM  pO3MOAUIBHOI  CHUCTEMH
MJIaHETapHOTO T1POMOTOpPa Ha 3MiHY HOro (hyHKIIIOHATIBLHUX ITapaMeTpiB;

—JOCIIIUTH BIUIMB KOHCTPYKTUBHUX OCOOJMBOCTEH PO3MOAUIBHOT
CUCTEMHU IUIAHETApHOTO TIAPOMOTOpa Ha 3MiHY HOro (GyHKIIOHATBHUX
napameTpiB.

Ocnoena wacmuna. IIpoBenieH1 paHilie mapaMeTpUydHi JOCIIIKEeHHS [4,
6, 9] BU3HAUYEHHS BIUIMBY KOHCTPYKTHUBHUX OCOOJMBOCTEW PO3MOALIBHOL
CUCTEMHU IUIAHETAPHOTO TiAPOMOTOpa Ha 3MIHY HOro (yHKIIOHAIbHUX
napameTpiB MOB'SI3aHI 3 HU3KOK MPUITYILIEHb 1 0OMEXKEHb. TOMY, 3 METOIO
NIATBEP/KEHHS. Ta KOPWUTYBaHHS OTPUMAaHUX paHINIE pe3yJbTaTiB
napaMeTpUYHUX JTOCHIIKEHb, HEOOX1THO MPOBECTU MOPIBHSJIbHI CTEHOBI
BUMPOOYBAaHHS  IUJIAHETapHUX  TIIPOMOTOPIB 13 cepiiiHOIO  Ta
MOJIEPHI30BaHOIO PO3NOAITIBHUMHU CUCTEMaMHU.

Po3pobnenuii cTteHn Uil TPOBEACHHS CTEHAOBUX BUIIPOOYBaHb
IUTAaHETAPHUX T1POMOTOPIB (pHcC. 1, a) CKIATAETHCS 3 YOTUPHOX OCHOBHUX
BY3JI1B: HACOCHOI cTaHIIii (puc. 1, 0), HaBaHTaXKyBaJILHOTO MPUCTPOIO (puc. 1,
B), By3J1a BUMIPIOBaHHS BUTPATHU 1 3MIHU HAMPAMKY IMOTOKY poO0YOi piAHU
(puc. 1, r) Ta nynera ynpasmiHHs (puc. 1, n). Lleil crenn no3Bossie
MPOBOJUTH BUMNPOOYBaHHS CiMEICTBA YHI(DIKOBAaHUX PSIIB IJIAHETAPHUX
riIpOMOTOPIB MOTYkKHICTIO 6,5; 11; 22 Ta 33 kBT, BIANOBIAHO.

HacocHa craniiis ckinanaerbes (puc. 1, 6) 3 pamu, Ha sIKiid po3MillIeHUH
O0ak st poOouoi PIAMHU 3 TEPMOMETPOM, aKCladbHO-TIOPIIHEBOTO
PEryIbOBAHOTO HAcocy pobounmM o0'emom 89 cw® 3 mpuBOAHUM
CJICKTPOJBUTYHOM, HACOCY IIDKUMBIEHHS Ta TPhOX  3alOODKHUX
(mepenuBHUX) KiamaHiB. JJi1 KOHAUITIFOBAaHHS pPOOOYOT piIMHU HA HACOCHIM
CTaHI1 po3MilleHi ABa (iIbTPU TOHKOTO OUMINCHHS, 1BA TEMJI00OMIHHUKH,
JIBa MAHOMETPH Ta 3amipHi BEHTHITI.

HaBantaxxyBansuuii npuctpiii (puc. 1, B) mpu3HadeHUI Il iMiTarii
HABAHTAKECHHS HA BaJ Ti[POMOTOPA MIJISTXOM HOTO TraJbMyBaHHS Ta SBIISE
co00I0 TTOPOIIKOBE TAIbMO, PO3MIIIIEHE HA paMi CIJIBHO 3 BUMPOOYBAHUM
rizgpomoropoM. Ilpu  BumipioBaHHI  (QYHKI[IOHAJIBHUX  [apamMeTpiB
BUIIPOOYBAHOTO TiPOMOTOpPa BUKOPUCTOBYIOTHCS JBAa MAHOMETPH MJis
KOHTPOJIFO THUCKY Ta TaxOMETp 3 JaTYMKOM IMITYJIbCIB ISl BH3HAYCHHS
KYTOBOT IIIBUKOCTI.
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r Pl

a — 3arajbHUM BUTIIAM; O — HACOCHA CTaHIliSl; B — HABAaHTAXyBaJIbHUI
OPUCTPiil; T — By30J BUMIPIOBAHHS BUTPATH Ta 3MIHM HAIpPSIMKY MOTOKY
po00UOT piIUHY; 1 — MyJIbT YIPABIIHHS

Pucynok 1. ExcnepuMeHTanbHMH CTEHA MO0 BHUIPOOYBaHb
IUTAaHETapHUX T1IPOMOTOPIB

By3on1 BuMiptoBaHHSI BUTpaTH Ta 3MIHU HANpSMKY MOTOKY poOO0YOi
pinuau (puc. 1, T) mpu3HAYEHUN IJI1 BUMIPIOBAHHS KUIBKOCTI PoO0YOi
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P1AMHY, 110 TPOXOAUTH UYepe3 TAPOMOTOP Ta JIJIsl PEBEPCUBHOTO BKIIOUEHHS
TiApOMOTOpIB Mpu BHUMpoOyBaHHAX. BiH ckiagaeTbecs 3 pamu, Ha SKii
pPO3MIIIIEHI JIBa PO3MOAUIEHUKUA 3 €JIEKTPOYNpaBIiHHSAM, IBa TapOBaHI
aKciaJbHO-TIOPIIHEB] T1APOMOTOPH 3 TaXOMETPAMHU 1 JaTYNKAMU IMITYJIbCIB
3 TUCKaMM Ta J1Ba (PUILTPU TOHKOTO OYUIIICHHS.

[lynbr ynpaBninHa (puc. 1, a) mpu3HaUYeHWM i KEepyBaHHS 3a
BIJIMOBITHAM  QJITCOPUTMOM  €JIEKTPUYHUMH  €JIEeMEHTaMU  CTEHIY:
PUBOTHUMHU €JIEKTPOJBUTYHAMH, PO3MOAUIEHUKAMU MOTOKY,
TaxOMETpaMH, OPOIIKOBUMHU raJIbMaMH TOLIO.

ExcnepyuMeHTanabHl  CTEHIOBI  JOCHIKEHHS  IPOBOAMIIMCS  Ha
CepiiHOMY Ta MOJIEpHI30BaHOMY TigpomoTopax cepii PRG-22 i3 poOounm
o0'emom 160 cm’. Mopnepnizanis rigpomMoTopa monsrama |y 3MiHi
T€OMETPUYHUX TAPAMETPIB PYXOMOTO Ta HEPYXOMOTO PO3NOAIIIbHUKIB, 1HII1
JeTail T1IpoOMOTOpA 3aNHIIATUC cepliHuMU. JlochmiKEeHHST TPOBOIUIIUCS
JUIsl TUTAaHETApHUX T1IPOMOTOPIB 13 KIHEMAaTUYHOIO CXEMOKO PO3MOJUIBHOL
cuctemu 7/6 [6]. KUIbKICTh pO3MOAIIBHUX BIKOH PYXOMOT'O PO3MOIIbHUKA
nopiBHIOE 12 (6 pobounx Ta 6 po3BaHTaKyBaJbHUX BIKOH), a KUIBKICTb
PO3MOAUIBHUX BIKOH HEPYXOMOI'O PO3MOAUIbHMKA AopiBHIOE 14 (7 BiKOH
Har”HiTaHHS Ta 7 BIKOH 37UBY). Y CepifiHIA pO3NOAUIBHIN cHCTeMI
BUKOPUCTOBYIOTHCS 3 PO3BAaHTAXXyBaJIbHUX BIKHA SIK JOJATKOBI poOodi, a
3a30p MDK BIKHAMH PYyXOMOTO 1 HEPYXOMOTO PO3IMOAUIHHHUKIB CTAHOBUTH
0°51'. 'V  MonepHi30BaHIil  pO3MOAUIbHIM  CHUCTEMI  TiIPOMOTOpA
BUKOPHCTOBYIOTHCS 2 pPO3BaHTaXKyBaJIbHI BIKHA $IK JTOJATKOBI poOoui, a
3230p M pO3NMOITLHUMU BikHaMu fgopiBHIOE 0° [4]. [IpomyckHa 37aTHICTD
PO3MOJIIBHUX CHUCTEM TIIPOMOTOPIB BH3HAuajacsi CyMapHOIO IUIOHIECIO
MPOXITHOrO nepepizy podounx BIKOH. JJig cepiitHOro rigpoMoTopa Iiola
IPOXiTHOTO Mepepisy KOMMBAECTHCA y Mexkax 222...226 mm?, cepeIHs IIola
CTaHOBUTH 223 mM?, A1 MOJEPHI30BAHOTO — ILIOMIA ITPOXiTHOTO IEpepizy
ToCTiliHa Ta KopiBHIOE 226 M.

HeoOxinne 3HayeHHS BUTpATH PoOOUYOi PIIMHU dYepe3 TiIPOMOTOP
nopiaoe 50, 70, 90 1 110 a/xe, BIAMOBIAHO, BCTAHOBIIOBAJIOCS 3a
JIOTIOMOTOI0 ~ PETyJIbOBAHOTO Hacoca Mmpu podOOTI  BUIPOOYBAHOTO
rizpomoropa Ha Xxoyioctomy Xxoay (0e3 HaBaHTaxkeHHs). HeoOximgHe
HAaBaHTa)XCHHsA 3aJaBajacsi 3a JIOIIOMOIOI0 TalbMIBHOTO MPHUCTPOIO
BUIIPOOYBAJILHOTO CTeHY B fiana3oHi 25...400 H m 3 kxpokom 25 H m.

OcHoBHUMHU (hakTOpaMHu, IO BU3HAYAIOTH 3MiHY (YHKIIIOHATBHUX
napaMeTpiB MJIAHETAPHOTO TiAPOMOTOpa €: YacToTa OOepTaHHS, PI3HHUIA
TUCKY Ta 3a30p MIDXK PO3MNOAUIBHUMH BIKHAMH PYXOMOI'O Ta HEPYXOMOTO
pO3MOAUIBHUKIB [4, 6, 9]. HocnimxeHHs 3MiHU (PYHKITIOHAJIbHUX [TapaMeTpiB
CEeplfHOr0 Ta  MOJEPHI30BAaHOTO  TI[POMOTOPIB  OLIIHIOBAJIOCAd 32
pe3yJibTaTaMu MOPIBHUIBHUX BUITPOOYBaHb IIUX T1IpOMOTOPIB (TaduI. 1).
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Tabnuys 1
Pe3ynabTaT eKCriepuMEHTAIBHHUX JIOCHIJKEHB TPOMOTOpa i3 CepiiiHOI Ta
MOJICPHI30BaHOIO PO3MOIITFHUMHI CHCTEMAMH

n, xg’! | 0, 1/xs | Ap, Mlla M, Hwm Hom Yoo i
cepiiiHmii rizpomoTop

Ap =8 Mlla
61 10,56 8,24 181 0,872 0,913 0,796
147 25,29 7,71 174 0,897 0,918 0,823
302 51,002 7,83 180 0,913 0,936 0,855
449 76,18 7,88 174 0,878 0,931 0,817
604 103,82 7,74 160 0,821 0,919 0,754
776 135,08 7,48 132 0,702 0,908 0,637

Ap =16 Mlla
62 10,78 15,7 330 0,834 0,909 0,758
151 26,14 15,45 331 0,851 0,913 0,777
298 50,68 15,47 334 0,858 0,929 0,797
452 71,57 15,63 338 0,859 0,921 0,791
601 103,93 15,54 329 0,841 0,914 0,769
775 135,19 15,16 287 0,752 0,906 0,681

Ap =20 Mlla
58 10,14 19,41 395 0,809 0,904 0,731
150 25,93 19,52 406 0,826 0,914 0,755
301 51,64 19,1 411 0,855 0,921 0,787
449 77,14 19,15 408 0,847 0,919 0,788
598 103,71 19,32 401 0,825 0,911 0,752
779 135,94 18,88 349 0,734 0,905 0,664

MOJIE€PHi30BAHUM TiIPOMOTOP

Ap =8 Mlla
62 10,35 8,08 191 0,94 0,946 0,889
152 25,07 7,9 190 0,955 0,958 0,915
303 49,83 7,88 189 0,953 0,961 0,916
452 74,48 7,63 180 0,938 0,959 0,899
601 99,23 8,04 178 0,878 0,957 0,84
774 129 7,62 145 0,756 0,948 0,717

Ap =16 Mlla
60 10,14 15,39 358 0,925 0,935 0,865
150 25,07 15,5 362 0,928 0,945 0,877
298 49,19 15,62 368 0,936 0,958 0,897
448 74,16 15,13 354 0,929 0,954 0,886
597 99,23 15,74 360 0,909 0,951 0,865
778 129,75 15,52 302 0,773 0,947 0,732

Ap =20 Mlla
61 10,35 19,36 445 0,913 0,933 0,852
149 25,07 19,17 442 0,916 0,939 0,86
301 49,83 19,44 453 0,926 0,954 0,883
449 74,48 19,19 447 0,925 0,952 0,881
598 99,66 19,08 438 0,912 0,948 0,865
776 129,64 19,09 382 0,795 0,946 0,752
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Mexaniuynuii, o0'emumii Ta 3aranpHuii  KKJ[  BumpoOyBanmx
TiIPOMOTOPIB BU3HA4YaBCA 3TIAHO 31 CTAaHAApTHOIO METOAUKOI0 32
pe3ynbTaTaMu BUMIPIOBAHHS MEpeMaay TUCKY, KDYTHOTO MOMEHTY, YaCTOTH
o0epTaHHs Bajy TIPOMOTOpA Ta BUTPATH PoOOUOT piTUHH.

B  pe3ynbrari nOpoBeNEHUX ~ EKCIEPUMEHTAIbHUX  JOCIIIKEHb
Bu3HaueHo 3anexHicTh KKJI BuUmpoOyBaHUX TiIpOMOTOpPIB BiJl 4acTOTH
obepraHHs ¥oro Bamy (puc. 2-4, tabn. 1). BcraHoBieHO, IO XapakTep
3akoHoMipHOcTerr  3MiHM  KKJ[  cepiiiHOro Ta  MOJIEpHI30BAHOIO
T1ApPOMOTOPIB Y BCbOMY Jialia30Hi 3MIHU 4acCTOT 0OepTaHHS aHAJIOT1YHUH.

AHaJIi3 HaBeICHUX 3aJIeKHOCTEH Mmoka3ye (puc. 2-4, Tadi. 1), mo:

— KK/l rigpoMoTopa 3pocTtae mpH 3MiHI 4YacTOTH OOepTaHHS B
mianaszoni 10...450 xe!, a mpum 3Mimi wactotm 0OGepTaHHA B JianmasoHi
600...780 x6! cTpiMko manac;

—31 3MIHOIO Tmiepenany TuUcky Ap (B mianazoni 16...20 Mlla)
T1IpOMEXaHIYHUH 7., (pUC. 2, 0, B), 00'eMHUl 7,5 (puc. 3, 0, B) Ta 3arajJbHUMA
n (puc. 4, 6, B) KK/I npakTU4HO HE 3MIHIOIOTHCS.

[Ipu 36imbIeHnHi yactoTH 06epTaHHs Bany rigpomoTopa 10 300 xe™!
rigpomexaniunnii KKJI (puc. 2, 6) 060X rigpoMOTOpiB 3pOCTa€, MPUMNMaOUYH
3nauenna 0,75..0,81 nmns cepiiitnoro (kpuBa 1) Tta 0,89..0,92 nns
MOJIepHi30BaHOTO (KpuBa 2) TiIpoMOTOpiB. MakcumanbHe 3HAYCHHS
rigpomexaniunoro KKJI 3HaxonuThcs B miama3oHi 4acTOT oOepTaHHS HOTo
Bany 150...450 xe™!. 30inpm1eHHS YaCTOTH 0OEPTAHHS BaJly TiApOMOTOPA 10
670 x6™! IPU3BOANTE 10 3HAYHOIO 3MEHIIEHHS HOro TigpoMexanigynoro KKJI
no 3HaueHb 0,65 mns cepiitHoro Ta 0,75 s MOJAEPHI30BAHOTO
rizpomortopiB. I'iapomexaniunmnii KKJ[ rigpomoTopa 3 MoaepHI30BaHOO
po3noauibHOI cuctemoro Ha 11..14% Bume, HDK y TigpomoTopa 13
CEpIHHOI0 PO3MOIIILHOK CUCTEMOIO (pHC. 2).

O6'emuunit KKJI rimpomotopa (puc. 3, 6) 3 MOAEPHIZ0BAHOIO
PO3MOIILHOI CUCTEMOIO (KpuBa 2) Ha 2...4% BuIle, HIXK Yy T1IpoMOTOpa 3
CEPIHOI0 PO3MOIIILHOI0 CUCTEMOIO (KpHBa 1) 1 B yChOMY Jl1aria3oHi 3MiHH
4acTOT 00EPTaHHS 3AIHUIIAETHCS MPAKTUYHO HE3MIHHUM.

3wminu 3aransHoro KKJI Big wactotu o6epranns (puc. 4, 6) Mae Takuit
Ke Xapakrtep, K 1 3anmexHocTi rigpomexanigHoro KKJI (puc. 2 0), mo
MOSICHIOETHCS MalTuMu 00'eMHMHU BTpaTamu. 3aranbHuii KK/ rizpomoropa
3 MOJICPHI30BaHOIO PO3IOIILHOI CHCTeMOIO (KpuBa 2) Ha 7...9 % BuIe,
HIX Yy TipOMOTOpa 13 CepiiHOI0 PO3MOALTEHOIO cucTeMoro (kpuBa 1).

30UTbIIEHHST 3HAY€Hb T1JIPOMEXAaHIYHOTO, O00'€MHOT0 Ta 3arajabHOro
KKJI MopmepHI30BaHOrO  TiIpOMOTOpa  MOSICHIOETHCA  30UIbILICHHIM
MPOITYCKHOI 3IaTHOCTI HOT0 pO3MOAIILHOI CHCTEMH.

AHani3 3aneXH0CTI MOMEHTY M BiJl 4acTOTH 0OEpTaHHS /1 MPU PI3HUX
3HAUEHHAX IMepenaay TUCKY Ap cepliHOro Ta MOJEpPHI30BAaHOTO
T1ApPOMOTOPIB MOKa3ye (puc. 5), 11o:

SBTSATU. 12. 1. 1


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

\_,,? ’
ity
A mﬁ}&“\/
1,0
0,8
0,6

0,4

rigpomexaHiyHmnm KK

0,2

1,0
0,8
0,6
0,4

0,2

rigpomexaHiyHmMm KK

1,0
0,8
0,6

0,4

rigpomexaHiyHnm KK,

0,2

0. .. Haykoswui sichuk TOATY Bun. 12, tom 1

10320
\ ~
1 N2
Ap = 8 Mra

100 200 300 400 500 600 700 800 900 1000
yacTtoTa obepTaHHA, Xx8™

a
1 1 \\ \\\\
\ —
1 N\ 2
Ap =16 MTrla

100 200 300 400 500 600 700 800 900 1000
yacTtoTa obepTaHHA, Xx8™

6
T
—_—

\ —
1 N2
Ap =20 Mla

100 200 300 400 500 600 700 800 900 1000
yacToTa o6epTaHHsA, X8
B

1 — cepiitHuil rigPOMOTOP; 2 — MOAEPHIZ0BAHUI T1JPOMOTOP
Pucynok 2. 3anexuicte rigpomexaniunoro KKJ[ Big wactotn
o0epTaHHs BUXIAHOTO Bajly IJIAHETAPHOIO T1IPOMOTOpa
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1 — cepiitHuil rigPOMOTOP; 2 — MOAEPHIZ0BAHUI T1JPOMOTOP
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1 — cepiitHuil rigPOMOTOP; 2 — MOAEPHIZ0BAHUI T1JPOMOTOP
Pucynok 5. 3anexHicTb KPyTHOTO MOMEHTY BiJ] YaCTOTH OOepTaHHS
BUX1IHOTO Bajly IUIAHETAPHOTO T1[pOMOTOpa
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— 31 30UTBIIICHHSM TIEPEeTay TUCKY 10 MAaKCUMAJILHOTO 3HAYCHHS (Ap =
20 Mlla) xpyTHUI1 MOMEHT 3pOCTaE;

— TaK sIK KpyTHUH MOMEHT 3aJICKUTH SIK BiJ] TIEpeTaxy THCKY, TaK
1 Bix rimpomexaniunoro KKJI, To 3ai1eXxHOCTI KpyTHOTO MOMEHTY (puc. 5)
HOCSITh XapaKTep, aHAIOTTYHUH 3aiexkHOCTAM TiapomexaniuHoro KKJI (puc.
2);

— npu 3MiHi uyactoTH obGepraHHs B mianmazoni 600...780 xe’!
3HAYEHHS KPYTHOTO MOMEHTY CTPIMKO MaaioTh.

JocnipkeHHsIMHA 3MiHM (DYHKIIIOHAJIBHUX TapaMeTpiB IJIaHETapHOTO
riIpoMOTOpa BCTAHOBJICHO, IO XapakTep 3MIHM KPYTHOTO MOMEHTY
3aJIE’KHO B1Jl YaCTOTH 00epTaHHs (pUC. 5) ISl CEPitHOTO 1 MOJIEPHI30BAHOTO
TIAPOMOTOPIB aHAJNOTI4HI. Y Jllara3oHi 3MiHU 4acToT o0epTaHHs 75...550 xg
! KpyTHUIT MOMEHT, 1[0 PO3BMBAETLCS CEPINHMM TiIPOMOTOPOM, CTAHOBUTE
300...325 H m (puc. 5, 6 — kpuBa 1) Ta 3MiHIO€ThCSI HE3HAUHO (Y Mexax 8%),
II0 € O3HAKOK JKOPCTKOI XapaKTepUCTHKH JaHOTO TiIpOMOTOpA.
CtalbuIbHICTh KPYTHOTO MOMEHTY (B Mexax 1,5%), 1o po3BUBAETHCA
MOJIEpHI30BaHUM TigpoMoTopoM B Mexkax 370...375 HMm (puc. 5, 6 — kpuBa
2) y mianasoni 3MiHM wactoT obepranns 75...450 xe! migreepmkye ioro
KOPCTKY XapakTepucTuky. [1i/1 5KOPCTKICTIO XapaKTepUCTUKH T1ApOMOTOpa
PO3YMIETHCS MOTO 3/IaTHICTH 3a0e3MeuyBaTy CTabUTbHI TOKa3aHHS KPYTHOTO
MOMEHTY y BETUKOMY J1ara30Hi 3MIHH 4acCTOTHU OOEpTaHHs, 0COOIMBO MPH
HU3BKHX 000pOTax.

[linBuieHa CTaOUIBHICTH KPYTHOTO MOMEHTY, IO PO3BUBAETHCS
MOJIEPHI30BaHUM T1POMOTOPOM 1 301IbIIeHe Ha 14% aOcooTHE 3HAaUCHHS
KPYyTHOTO MOMEHTY TIOSICHIOETHCS  PAIliOHAIBHUM  TPOSKTYBAHHIM
KOHCTPYKIIi  €JIEMEHTIB  PO3MOJAUIbHOI CHCTEMH  MOJEPHI30BAHOTO
riipoMoTopa.

AHani3 3aJ1€KHOCTI 3MIHM YacTOTHU 0OEpTaHHS BaJjia TIAPOMOTOpa BiJ
BUTpATH poO04YOi piavHU (pUC. 6) TMOKazye, MO II HapaMeTpu SIK s
cepiitHoro (kpuBa 1), Tak 1 11 MOJIEpHI30BaHOTO (KpUBa 2) TriaApOMOTOPIB
3HAXOMATHCS B JIIHIMHIN 3aJ€KHOCTI Ta 31 30UIBIIEHHAM BUTPATH pPOOOUOI
piauHU 30UTBITYIOTECSA. MoOJepHi3allis po3MOaiIILHOI CUCTEMHU Maibke He
BIJTMBAE HA 3MiHY PO3TJIIHYTUX 3aJIC)KHOCTEH.

AHaJi3 3a5eXHOCTI 3MIHM YaCTOTH OOEPTAHHSI BiJl TEpernay TUCKY MPU
PI3HUX 3HAYEHHSX BUTPATH POO0OYOI PIIMHH TOKa3ye (pucC. 7), M0 IIPH TOMY
caMoMy 3HA4eHH1 BUTPATH poO0YO0i pITUHY 31 301TBIIICHHSM Mepenaay TUCKY
yacToTa 00epTaHHsI HE 3MIHIOETHCS, SIK Ui cepiiiHoro (kpusi 1) Tak 1 1is
MOJIEPHI30BaHOTO T1APOMOTOPIB (KpUBI 2).

Takum  9YMHOM,  JOCHIIPKCHHSIMH  BIUIMBY  KOHCTPYKTHBHHUX
0COOJIMBOCTEH PO3MOAITEHOT CHCTEMH TUTAHETAPHOTO TiAPOMOTOPA Ha 3MiHY
Horo (pyHKIIIOHAJILHUX TapaMeTPiB BCTAHOBJICHO, 10 YCYHEHHs MyJibcarlii
MOTOKY po0OOY0i pIAMHM Ta MIABUINEHHS MPOMYCKHOI 3aTHOCTI
IUTAHETAPHOTO TiAPOMOTOPa 3 MOJIEPHI30BAHOIO PO3MOITIFHOIO CHCTEMOIO
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no3Bossie  migBummTH  Tigpomexaniunuii KK/ MopmepHizoBaHOTO
rigpomoTtopa Ha 11...14%, 00'emunii —Ha 2... 4%, a 3aranpHuUi —Ha 7...9%.
Takox HEOOXITHO BI3HAYUTH, IO MOJEPHI3AIIS PO3MOIIIBHOI CHCTEMH
Mai)ke He BIUIMBA€E Ha 3MIHY YacTOTH OOEpTaHHS BiJ BUTpaTH POOOYOi
PIIMHU Ta YaCTOTU 0OEpTaHHS BiJ Mepenaay TUCKY .
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Pucynox 7. 3anexHicTh 4aCTOTH OOEpTaHHS BiJ MEepemnaxy TUCKY

Bucnosox. B pe3ynpTaTi NpPOBEACHUX JIOCIIKEHb PO3POOJIEHO
eKCIIEPUMEHTAIbHUIMA CTeH]I TUTSI MPOBEICHHS BUIIPOOYBaHb
BHCOKOMOMEHTHUX T1APOMOTOPIB, 110 T03BOJISIE MPOBOJUTH BUIIPOOYBaHHS
ciMeiicTBa YHI(DIKOBaHMX PsAIB IUIAHETAPHUX T1IPOMOTOPIB MOTYXKHICTIO
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6,5; 11; 22 ta 33 kBT, BianoBigHo. Po3pobieHO METOAMKY MPOBEICHHS
eKCIEPUMEHTAIbHUX JOCHIKEHb YHI(IKOBAHOTO psAy IUTAHETAPHUX
T1pOMOTOPIB.

[IpoBeneHrMHM  JOCTIDKCHHSIMH BCTAHOBJICHO, III0 MAaKCHMAaJbHE
3HaueHHs TigpomexaniuHoro KKJI 3HaxomuTbess B Alama3oHi 4acToOT
oOepranng ¥oro Bany 150...450 xB™!. Tigpomexaniunmniit KKJI rizpomoropa
3 MOJIEPHI30BaHOK PO3MOAUIBHOIO cucTemoro Ha 11...14 % Buie, HIX Y
riipoMoTopa i3 cepiiiHO po3noJuIbHOI cuctemoro. O6'emumii KK/
riIpoMOTOpa 3 MOJIEPHI30BAHOIO PO3NOIIIILHOIO CUCTEMOIO Ha 2...4 % BHIIIE,
HIX Yy TIIPOMOTOpA 13 CEPIMHOI0 PO3MOIIHLHOI CHUCTEMOIO Ta B YCHOMY
Jlana3oHl 3MIHM 4acTOT OOEpTaHHS 3aJMILAETHCA MPAKTUYHO HE3MIHHUM.
3araneuuii KK/ rizpomoropa 3 MoJIepHI30BaHOO PO3HOILIIEHOK CHCTEMOIO
Ha 7...9 % BuIE, HIX Y TIAPOMOTOPA 13 CEPIHHOI0 PO3MOALTLHOIO CUCTEMOIO.
301IbIIEHHSI 3HAYEHb T1IpoMeXaHigyHOro, 00'eMHOrO Ta 3aranbHoro KKJ/|
MOJIEPHI30BaHOTO T1POMOTOpPA TMOSCHIOETHCSI 3OUIBIICHHS MPOMYCKHOI
3IaTHOCT1 MOTO pO3MOALIBHOI CUCTEMHU.

JocniKeHHsAIMA 3MIHU (DYHKIIOHAJIbHUX NapameTpiB IJIaHETapHOIrO
TripOMOTOpa BCTAHOBIICHO, 10 B Jiana3oHi 4acToT odoepranHs 75...550 x5!
KPYTHUH MOMEHT, II0 PO3BUBAETHCSA CEPIMHUM T1IPOMOTOPOM, CTAHOBUTD
300...325 H'm Ta 3miHIO€TBhCS HEe3HAyHO (y Mexkax 8 %), 10 € 03HAKOIo
YKOPCTKOI XapakTEPUCTUKU JAHOTO TifpoMoTopa. CTabuIbHICTh KPYTHOTO
MOMEHTY, 110 PO3BUBAETHCSI MOJIEPHI30BaHUM TiapoMoTopom 370...375 Hm
(y Mexax 1,5%) y mianasoni yactor obepranns 75...450 xB™!' migrepmxye
HOTO0 )KOPCTKY XapaKTePUCTHUKY.
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A. Panchenko!, A. Voloshinal, I. Panchenko’, A. Voloshin?
! Dmytro Motornyi Tavria State Agrotechnological University
2 Melitopol Vocational College of TSATU

INFLUENCE OF THE DESIGN FEATURES OF THE DISTRIBUTION
SYSTEM OF A PLANETARY HYDRO MOTOR ON THE CHANGE OF ITS
FUNCTIONAL PARAMETERS

Summary

For active working bodies and running systems of self-propelled vehicles, high-
torque low-speed hydraulic motors of gerotor, orbital and planetary designs are most
often used. One of the main units that cause a decrease in the functional parameters of
hydraulic motors is the working fluid distribution system, which creates a rotating
hydraulic field. The hydraulic field is necessary for the movement of the inner rotor of
these hydraulic machines. Experimental bench studies were carried out on a serial and
modernized hydraulic motor of the PRG-22 series with a working volume of 160 cm®.
Modernization of the hydraulic motor consisted in changing the geometric and functional
parameters of the movable and fixed distributors. As a result of the research, an
experimental bench was developed for testing hydraulic motors. A technique for
conducting experimental studies of a unified series of planetary hydraulic motors has been
developed. It has been established that an increase in the capacity of a hydraulic motor
with a modernized distribution system makes it possible to increase the hydromechanical
efficiency of the modernized hydraulic motor by 11...14 %, the volumetric efficiency by
2..4%, and the total efficiency by 7...9 %. Studies of changes in the functional
parameters of the planetary hydraulic motor found that in the speed range of 75 ... 550
min’!, the torque developing by the serial hydraulic motor is 300...325 N'm and changes
slightly (within 8 %), which is a sign of a rigid characteristic this hydraulic motor. Torque
stability (within 1.5 %), developed by the upgraded hydraulic motor 370...375 N'm in the
speed range 75...450 min™!, confirms its tough performance.

Key words: experimental studies, planetary hydraulic motor, distribution system,
efficiency, torque, shaft rotation frequency, working fluid consumption.
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AHAJII3 CITIOCOBIB BHECEHHS T1OBPUB

Anomayisa. Po3BUTOK (epMEpPCHKUX TOCHONAPCTB 3 BUPOOHUIITBA
CUIBCHKOTOCTIOAAPCHKOI MPOAYKI[lT HEPO3PUBHO MOB’SI3aHUMA 3 XIMI3aLI€I0
3emiiepoOcTBa. Y Cy4aCcHMX YMOBax NpH TMOCTIMHOMY MOJOPOKYaHHI
n00pUB Ha TIl 3pOCTAlOYUX BUMOT JI0 SIKOCTI BUPOOJIEHOI MPOJIYKLIi 1
3aCTOCYBAaHHSA  €KOJOrIYHO  O€3MeYHUX  TEXHOJOorid  oOpoOJIeHHs
CUIbCHKOTOCTIOAAPCHKUX KYJIBTYP OCOOJIMBO TOCTPO IOCTA€ MUTAHHS PO
BUOIp palllOHAILHUX CIOCO0IB BHECeHHS A00puB. Bci 3acrocoByBaHi
n00prBa MOKHA YMOBHO PO3JIUTUTH HA J[BI TPYNH — OPTaHIuHI i MiHEPaJIbHI.
Opraniuni J100puBa TBAPUHHOTO ab0O POCIMHHOTO TOXOPKEHHS YacTo
HA3MBAaIOTh MOBHUMH, TOMY IO B HHMX YTPUMYIOTBCS TpPU OCHOBHHX
€JIEMEHTH KUBJIEHHS POCIUH: a30T, pocpopHa KUcaoTa i okuc Kaiiwo. [o
Ipyliy OpraHiuHUX AOOPHUB BIAHOCSTBHCS TAKOXK OakTepiaiabHl ¥ cuaepaTH
(3eneni). IlpuilomMu BHECEHHS MIHEpATbHUX 1 OpPraHiyHUX J0OpUB
BIJIPI3HSIOTBCA 3aJI€KHO B1Jl iIXHBOTO BUAY M (DOpMHU, CTpPOKIB BHECEHHS,
npu3HadYeHHs, QOopMH U XapakTepy pO3MIIICHHS BOTHHUI >XUBHIBHUX
PEYOBHH Y IPYHTI.

HaykoBi nocnijpkeHHs ¥ OaraTopidyHa TpakTUKa BHUPOIILYBaHHS
CUIbCBKOTOCTIOAAPCHKUX  KYJBTYP JOBOJAATH JIOLUIBHICTE JPOOOBOTO
BHECEHHSI IOOpUB HE B OJINH, a B KiJIbKa CTPOKIB.

Po3pi3HA10TH OCHOBHE, CTAPTOBE 1 MIATO0BYE BHECEHHS 100puB. [1pu
OCHOBHOMY BHUKOPUCTOBYIOTH Oym3bko 60 %, craptoBomy 20 % 1
nigrogouomy 20 % 3aranpHOi KITBKOCTI OOpPWB, 3aIlIaHOBAHOTO T
KyJbTYpY B CIBO3MIHI.

VY ciBo3MiHI A00puBamMu B Tepily uepry 3a0e3ledyroTh MPOBIIHI
KyJbTypu (O3uMa MIIEHUIS, I[YKPOBHM OypsiK, KapTOIUIs TOLIO), 1HIII
BUKOPHUCTOBYIOTH IXHIO MiCISIIIO.

OcHoOBHE JOOPUBO CIIYKUTh TOJOBHUM JXKEPEJIOM JKUBJICHHS POCJIMH 1
3ae3meuye 1X IPOTAroM Beiel BereTarii. Floro BHOCATH i rn6GoKy OpaHKy

© B. B. Hinyp, O. B. B’ronuk, A. C. Komap
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BOCEHHU a00 HABECHI MPH MITHOMI paHHBOTO Tapy.

3a XxapakTepoM pO3MIIICHHS JOOpUB IIOAO TMOBEPXHI IPYHTY
PO3PI3HAIOTh MMOBEPXHEBE W BHYTPIIIHHOTPYHTOBE, KOTPE MOXKE OyTH sK
CYIUIBHAM, TaK 1 JIOKaJTbHUM.

B poGoTi mpoanasnizoBaHO pPi3HI CIIOCOOM Ta TEXHOJOT1I BHECCHHS
JOOPHB B TPYHT; BU3HAUEHO ONTHMAJIBHI.

Knrouosi cnosa: nobpuBo, KUBWIBHUN €JIEMEHT, CIOCIO BHECCHHS,
HOpMa BHECEHHsI, BPOJKaWHICTh, aHAJIi3.

Ilocmanoexka npobremu. PO3BUTOK (PepMEepChKUX TOCMOAAPCTB 3
BUPOOHMIITBA CLIILCHKOTrOCIIOIaPChKOI TPOYKIIII HEPO3PHUBHO MOB’ I3aHUM 3
XiMi3ali€eo 3emiiepoOCcTBA. Y CyYacHHX YMOBaX IMpU IOCTIHHOMY
MOJOPOKYaHH1 TOOPUB Ha TJIl 3pOCTAOYMX BHUMOT JIO SIKOCTI BUPOOJIEHOI
MPOAYKIT 1 3aCTOCYBAHHS €KOJIOTIYHO OE3MEYHUX TEXHOJOT1 00pOoOIeHHS
CUIBCBKOTOCTIOAAPCHKUX KYJIBTYP OCOOJIMBO TOCTPO MOCTA€ MUTAHHS PO
BUOIp palllOHAJIBHUX CIIOCO0IB BHECEHHS TOOPUB.

Amnaniz ocmamnnix oocniodcens. Bcel 3acTocOByBaH1 10OpHBa MOXHa
YMOBHO PO3/IUTUTH HA JIB1 TPYINH — OpTaHIYH1 i MiHEPAJIbHI .

OpraiuHi 100pyBa TBAPUHHOTO a00 POCIMHHOTO MOXOHKEHHS YacTO
HA3WBAIOTh TMOBHUMH, TOMY III0 B HHUX YTPUMYIOTHBCS TPH OCHOBHUX
€JIEMEHTH KMBIIEHHS POCIWH: a30T, pocopHa KUCIOTa i OKUC Kaniro. [o
Ipynu OpPraHiYHUX JOOPHUB BITHOCITHCS TAKOXK OakTepiaibHI ¥ cumpepaTH
(3emeHni) [1, 2].

MinepanbHi 100puBa OJIEPKYIOTh 13 IPUPOJHUX MIHEpaIiB, rasiB ado
X 3 BIAXOAIB MPOMHCIOBOCTI (MeTamypriiiHoi, ximiyHoi). Lle HemoBHi
100pUBa, TOMY 110 KOKHE 3 HUX MICTUTh 3a3BUYAl TUIbKH OJWH €JIEMEHT
YKUBJICHHS pOCTUH: a30T (a30TH1), hochopHy kucnoty (dhochopHi) abo okuc
Kaiiro (kamiiiHi). [IpoMHUCIIOBICTH BUTOTOBIISIE MiHEpaJIbHI J100pHBa K y
TBEPJIOMY, TakK 1 B PIIKOMY BUTJIS/IL.

[Ipuitomu BHECEHHS MiHEPAIIBHUX 1 OPTaHIYHUX JOOPUB BIAPI3HAIOTHCS
3aJIeKHO BiJl IXHHOTO BHIY W (HOpPMH, CTPOKIB BHECEHHS, MpPU3HAYCHHS,
dbopmu i xapakTepy pO3MIIIEHHS OCEPEIKIB KUBUILHUX PEUYOBUH y TPYHTI.
(3, 4].

Dopmyeanus memu cmammi. MeTOIO JOCTIIKEHHS € aHAIII3 ICHYI0YHX
crioco0iB BHECEHHSI JOOPUB B TPYHT 3 METOIO BU3HAYCHHS ONTHUMAaJIbHUX
TEXHOJIOT1M.

Ocnoena wacmuna. Cxiaati 7oOpruBa — 0COOJMBUN BUJ MiHEpATBHUX
JIOOpUB, 1110 MICTATH J1Ba a00 HABITh TPH €JIEMEHTH KUBJICHHS.

Banno (y pi3HMX BHJax) 1 TilC 3aCTOCOBYIOTh JJIsi BallHyBaHHS U
rifcCyBaHHS IPYHTIB, TOOTO Jisi HEWTpamizaiii KUCJOi peakilii HaJIMIpHO
BOJIOTUX I'PYHTIB 200 (rinc) JTY>KHO1 peaKIii COJIOHIIIB.

MikpoenemMeHTH — 3’€IHAHHS MeTamiB (Coi W 1H.), HEOOXITHUX JIJIst
PO3BUTKY il TJIOJOHOCIHHS POCAMH. IX BHOCSTH y IPYHT y Jy’Ke Majux
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KUTBKOCTSIX.

Y caMHMX TOCHOJApCTBaX MOXKHA TOTyBaTH CyMilll JOOpUB 5K
MiHEpaJbHUX, TaK 1 OPTaHIYHUX 3 MiHEpaTLHUMHU (OpraHoMiHepaibHi) [3, 5].

[HI — cymim TBEpAMX 1 PIIKUX BUAUICHH ClIBCHKOTOCIIOAAPCHKUX
TBApUH 3 MIJICTUIKOIO. Y THOI € BCi, 0€3 BUHATKY, >KUBUJIbHI PEUOBUHHU,
HEOOX1/TH1 IS POCJIUH.

P03pi3HAI0OTh YOTUPY BUIW MiACTHUIKOBOIO THOKO: CBDKHN (cojioMa B
HbOMY III¢ HE BTpaTHJIa MPUPOIHUN KOJIIP 1 MIIHICTh), 110 HaIliBIEPEIpiB
(comoma TEeMHO-KOPUYHEBA, JIETKO PO3PHUBAETHCS), 110 TEpenpiB (TeMHA
Maca, y SKii BaXKO 3HAWTH COJIOMY) 1 TIEpETHiM (0JTHOMaHITHA YOpHA MTyXKa
3eMJIMCTa Maca).

VY 6e3miICTUIKOBOMY THOI 3MICT >KMBUJIBHUX PEYOBUH 3aJICKUThH BiJ
KUIBKOCTI BOJM: MpU T1IPpO3MHUBI BOHO MeHIIe (0Oarato BOAM), NpH
MEXaHIYHOMY BHUJIaJIEHHI THOIO OLbIIE.

['HOlOBa pi10Ta — JIy>KE TapHE a30THO-KaJiiiHE TOOPUBO, 10 MIBUIKO
nie Ha pociuHd. Ceda TBapuH, 110 HE BOpanacs B MIACTHIKY, CTIKA€E I10
oyo0ax 1 Tpybax y choemiaibHi pi0TO301pHUKH, 3BIJIKM iI BUBO3SITH B
aBTOIIUCTEPHAX y TOJIE JUIsl MIATOIIBII MOJILOBUX 200 TOPOJHIX KyJIbTYp. B
1 T rHOIOBOT P1AOTH BTPUMYETHCS B CEPENHBOMY 2,5 KT a30Ty, 5,5 KT KaJiio,
omusbko 0,1 xr docdopy.

[Tramuauit MOCHiT — MIBUIKOJIIOYE TOOPUBO 3 OUIBIIUM BMICTOM
azoty, pocdopy i kamiro. [106 3MEeHIIMTH BTpaTH a30TY, MOCi 30epiraroTh
y cymitii 3 TopdoM (10 25...50 % Big Macu mocmiay).

Top® Takok BUKOPHCTOBYIOTH SIK T0OpHBO. Moro Hait6inbII JOMiIEHO
3aCTOCOBYBAaTH HE B YHWCTOMY BHWJIi, a BUKOPUCTAHWUW SIK TIACTHIIKA IS
TBapuH. To/1 BiH 30arauyeThcsi aMiakoM, a TOBITPSI CKOTapHI OYUIIAETHCS
B1JT aM1aYHUX BUIJIEHD.

KommnocTtu — cyminii rHoto, Topdy, IHOA1 3eMJI1 3 pi3HUMU BIJIXOJIaMHU |
CMITTSIM, IO NEPENpUIN 0 CTaHy CHUIy4oi (200 HaIIBCUIMY4YO0i) PEYOBUHH.
Komrmoctu sik mobpuBa ayxe eheKTHUBHI, TOMY IO >KUBUJIbHI PEUOBUHU B
HUX niepeOyBaroTh y GopMi, HaO1IBIIT 3aCBOIOBAHIN POCTHMHAMM.

3oma creben MoJLOBUX POCIIUH, JIUCTSHUX 1 XBOWHUX JIEPEB 1 THOIO —
KOIIITOBHE JOOPWBO: BOHO MICTHUTh 3HAYHY KUIBKICTh Kauiio, ¢ocdopy,
BaITHa, MIKpPOEJIEMEHTIB.

PiukoBwii it CTaBKOBHﬁ MYJI — OpraHiyde 100puBo, 10 MicTUTH Bif 0,3
no 0,5 % azory # 0,5...0,8 % docopy. Myn 3BUUAHHO 3arOTOBIIIOIOTH
Y3UMKY, HaBECHI, MICJI BiATaBaHHS, BiH IMEPETBOPIOETLCSA B CHITY4dy Macy.
Kpame 3mimyBatu i1 13 THoeM (4:1) abo 13 THOMOBOIO PiOTOIO, 100
30araTUTH Moro OaKkTepisiMHU.

bakrepianbHi 70OpuBa — a30THI (HiTparii i azotobakrepii), pochopHi
(bocdhopobaxrepii) 1 cymimi (AMbB — aytoxtonHna mikpodiopa b). Bei 11
npenapaTd CaMOCTIHHO B IPYHT HE BHOCSTH, iX 3MIIIYIOTh 13 HACIHHSIMHU
nepes caMUM TIOCIBOM 1 BHCIBaIOTh 3BHYAWHUMHU 3€pHOO000BUMU
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CiBaJTKaMH.

TBepni a30THI 100puBa — amiauHa CeJiTpa, LiaHaMiJ] KaJbLil0, HITpaT
aMOHII0, HATpi€Ba CeNiTpa, XJOPUCTHM aMoOHIA 1 kapOamin (CeuoBUHA).
A3zoty 11 mobpuBa MmicTATh Bim 12 g0 46 %. Haitbinem Oarati azotom
CEYOBHWHA 1 amiayHa CceiTpa.

Pinki azoTHi qo6puBa — pigkuii amiak (10 82 % a3oTy), amiauHa Boja i
amiakatu (210 45 % a3oty). Pinkuit (6e3BoHUI) amMiak € 3pIIPKEHUM Ta30M,
e — JieTioua ¥ OoTpyHHa peyoBHHA, WOTO MEpeBO3SATh 1 30epiraroTh B
0COOJIMBUX LIUCTEPHAX, PO3PAaXOBaHUX Ha THCK 2 MH/M?, i BHOCATE y IpyHT
Ha 3HayHy MMOuHY. bubin 3pydna B 00iry amiauna Boja (25%-Huit po3uuH
amiaky), 1o Mictuth 110 20 % azorty.

®dochopui nobpuBa — cynepdochar, mnoasiiHUN cynepdocdar,
dbocdarHe 6GoponTHO, TOMACHUIAK, MPEUUIITAT 1 1H. Y ¢l 11 Jo0puBa cUIyyi,
MOPOIIKOMNO/II0HI a00 rpaHyJibOBaHl. BMICT y HUX OCHOBHOI >KHUBUJIBHOI
pedyoBuHU (pochopHoi kuCIOTH) KOJMMBAEThCA Bia 14 10 45 %. Haitbinbim
Oarati Hero MOoABIMHMIA cynepdocdaT 1 npeummTar [5].

Kamitni goOpuBa — xmopuctuit kamii, 30...40 %-n1 KamiiiHi codl,
CIpUYaHOKMCIIMHI Kalii, KajiMar, KaJliMaraesis i iH. 3MICT OKUCY KaJlil0 y HUX
KoJiBaeThes Bia 12 1o 60 %. HaiiGibIne i B XxjopuctoMy Kauii. Y Tabmuiii
1 HaBejeHa XapaKTEPUCTHUKA OCHOBHUX KUBUIILHUX PEUYOBUH, HEOOX1THHUX
JUIs1 0OpOOJICHHS CLITbCHKOTOCTIONAPCHKUX KYIIBTYP.

Tabnuys 1
XapakTepUCTUKa OCHOBHUX KUBUJIBHUX PEYOBUH
Kusnib . CumMmnroMu HasBHICTE
N Jis Ha
HiH OCJINH IpU HecTaul 1pH IPUAPO.II Ha PUHK
€JICMEHT p y P HaJJTAIIKY y 1pHp PHHIY
1 2 3 4 5 6
bausbko
80%
. TPUMYETHC
[Toripmen YTPUMYETh
s B MOBITPI,
Hs 30epe
. [0 MOXKE
JKEHOCTI ,
.. 3B’SI3aTHCS ,
OBOYIB 1 Kpog’sue
. . KJIIyOE€HBKOB
[ToxxoBKJT (bpYyKTIB, - 60pOoLTHO
3abe3neuye | JTUCTS, OinpIIa . abo
A3zot 9 . OakTepisiMH.
CUJIbHUI HHU3bKa CXHJIBHICTh . .. | CTpyXKa,
(N) . . .| B opraniynin
pict BpOKaii- 710 XBOPOO 1 bopmi KOMITOCT,
HICTb IIKITHUKIB, p CBHUHIYA
. 3HAXOUTHCS
BHCOKHUI s ETUHA
BMICT BOJIH
: . POCTUHHUX
Ta HITPATIB y
3aJIMIIKAX,
MTPOyKTax
cujeparax,
KOMIIOCTI,
THOI
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[TponoBxxenHs Tadbnwmi 1
1 2 3 4 5 6
I'inepdocda
Capusie . _p(b ¢
Cupuii T, KICTKOBE
YTBOPEHHIO
. . docdar, 60po1IHO,
KBITOK 1 dapOyBanHs | biokyBaHHs :
: C : KOCTI, BOJIOPOCTEB
IJIOIB, B KOJIp BiJl | Mikpoeneme . .
. . KypsSauit uit pocdar,
®dochop | npuckoproe | (ioaETOBOrO | HTIB, . o
: MOCITI], BUCYIICHUN
(P) JIO3pIBaHHS, | 10 YEPBOHO- | HAIpPUKIAM] N .
. . .. | CBUHAYUHN Kypsiuuii a6o
BaYKJIUBHMA KOPUYHEBOT | 3aji3a, Miji o
- THil 200 nepenenm-
IUISL POCTY 0 i IUHKY . - .
. THOMOBa HUH TOCHi,
KOPIHITE imora tomacdocda
HaBECHI p
T
Byab-sxi
E€KCKPEMEHT
U TBapUH,
ITigcumnroe . 0Cc00IUBO
. [Toranui N
picr, . THOWOBA
1BUIILY € pict, imoTta
MiuHiCTZ bapOyBaHHs Ee eBH’a Kanimarsesi
. . JIUCTOBOT p (26 %
KIIITUHHOT . 30714, . o
001IMIBKH B L Kajiro, 5 %
TKaHWHH, . TpaHiTHUN .
. o ’KOBTO- [Toranmit . | MarHiro),
Kamiit | criiikicTs 10 . .. ITUJI, OKpeMi
N 4epBOHUI picT i JIepeBHA
(X X0JIoTy | . . BUJIU .
. KOJIp, BpoOXKai 3013, OKpeMmi
OMIPHICTh . 0a3a1bTOBOT
MOTIPIIEHHS BUU
POCITUH JI0 0 MUy,
. CMaKOBHX . 0a3aabTOBOT
THIIHMX - KOMTIIOCT 13
sAKocTen 0 MUY
HECTIPHSITIIN . JUCTS,
OBOYIB 1 .
BHX : namnoporti i
. bpykTiB
(bakropiB OKOITHUKA
anTeyvyHoTo,
MIPUPOJIHI
KaJiiiHi COKH
IBunake
PO3KIIaaHH
AKTHUBI3yE s TYMYCY,
TiSUTBHICTD Bucoka MoTpiOHE
IPYHTOBHUX KHCJIOTHICTh | JIOJAATKOBE .
PyHTOBI 7101 . Bamnasaui
OpraHi3miB, | IpyHTY, BHECEHHS Jonowmir, v
.. | ycyBae roraHa OpraHiuHO- | MapMmyp, Y@,
Kansuid KHCIIOTHICTh | CTPYKTypa ro BOJOPOCTE BOAIOpOCTeR
(Ca) . PYKTYPa, . op Wi BaITHSIK,
, BUKJIIMBUH | HU3BKI MaTepialy B | BUH BaIHIK, .
. . . MeJICHHIA
TUTST BpOXKai OLTBIIUX Kpeiaa
. . . . TOMACIIaK
MIITHOCTI MOTaHO] KUTBKOCTSIX,
pOCTUHHOL SKOCTI1 3aHAJITO
TKaHWHH BHCOKa
KHCIIOTHICTh
TPYHTY
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[TponoBxxenHs Tadbnwmi 1
1 2 3 4 5 6
AKTHUBI3YE
JISIIBHICTD Bucoka
. . [epeBna
CH3MMIB IIPH | KHCIIOTHICTh . :
3011, Kanimaruesi

yYTBOpEHHI IPYHTY,

MarHiit . 4 CEPIECHTHHIT | I, IPOIYKTH
O1IKa, HU3bKI1 P » POy
(Mg) “ , 3
Ba)KJIMBA BpOXKai ) .
. BOZIOPOCTEBI | BOJOPOCTEH
CKJIaJIoBa HHU3BKOT
: IPOIYKTH
YyacTHUHA SIKOCTI
xjopodina

Kusmnpauit enement Kamiit (K), Kanpmiit (Ca), Maruit (Mg).
MikpoeneMeHTH, HEOOX1HI ISl POCIMH — 1€ Miab, OOp, MapraHellb,
MouTi0/IeH, KOOAJIBbT, IMHK 1 1H. TOMY 110 KIJTBKICTh MIKPOJI0OPUB, BHECEHUX
Ha | ra, mye HeBeJNIHKa, TO iX CAMOCTIMHO HE BHOCATD, a I PIBHOMIPHOTO
PO3IOIITY B IPYHTI 3MIIIYIOTH IEPE]T BHECEHHSM 3 1HITUMH TOOpHUBaMU a0
13 CyXOI0 3eMJICIO, MTICKOM, 30JI010, CyXUM TOPHOM.

BannsH1 100puBa 3aCTOCOBYIOTHCS JUIsl YCYHEHHS KUCIOTHOCTI IPYHTY,
IIK1IJIMBOI K 111 CAMUX POCIIMH, TaK 1 i1 IpyHTOBUX OakTepiit. J{o ckinamxy
HOIATpYNU  BamHSHUX JOOpWUB BXOIATH BAaIllHO, BAHSIKOBE OOPOIIHO,
JIOJIOMITOBE OOpOIITHO, CiiaHIieBa ¥ Top('siHa 3o0ia, nemMeHTHUN mwi. Bcei
BaIlHsIHI JOOpUBa 3aJIEKHO Bl IOMENy W BMICTY BOJIOTH JUISTHCS Ha JIBI
rpynu: nuiionoaiOHi i cnabonmiono1i0H1. J{js KoKHOI rpynu — CBii cnocio
BHECEHHS B TPYHT. IX HEpiJko BUKOPUCTOBYIOTh Y CyMillli i3 THOEM a6o
KOMIIOCTOM.

CxitamHi MiHEpaibHI 1OOpHUBA BUTOTOBIISIE XIMIYHA TPOMHUCIOBICTS.
Bouu MoxyTh OyTu TBEepAMMHU ¥ piakumu. TBepJi — aMOHI30BaHUU
cynepdocdar, amodoc, mamodoc, KajgiiiHa ceaiTpa, MoTa3oT (XJIOPUCTUN
KaJliid 1 amoHii), HiTpodocka, azodocka (MOBHI MiHepaidbHI J00pHuBa). 3
piAKKX TOOPUB BUITYCKaIOThCS piaki koMiiekcHi Jo0pua (ZKKY mapok 10-
34-0, 8-24-0 1 11-37-0), po3uun kapbaminy i amiaunoi cenitpu (KAC-28,
KAC-30 1 KAC-32), pinkuii 1 BoAHUI aMiak.

CyMiii MiHEpallbHUX JOOPUB MOKHA BUTOTOBUTH B TOCIOJIAPCTBAX,
AKIIO AOTPUMYBATUCSA TEBHOI cxemMu. He MokHa 3MilnyBatd OyJIb-sKi
cemitpu 13 cynepdocharoM (BUXOIUTH CHUpa MacTKa CyMIIl) 1 amiayHe
n00puBO 3 TOMacuulakoM (TyOWThbCs Oarato amiaky). AMiayHy CeNiTpy
MOKHa 3MilryBatu 13 cymnepdocharoM TITBKH MICAS WOTo HeWTpamizamii
30J1010, TAIlICHUM BamHOM, Kpeijoro, BamHskoM. Criodyatky cymnepdocdat
3MINIYIOTh 13 IIMMU PEUOBUHAMH, a TIOTIM 13 CENITPOIO [6]

Po3pobneno mporiec piaKkoro TYKO3MIIIAHHS, Y pe3yJbTaTi SKOTO
MOXHA TPUTOTYBATH PO3YMHH CYCIEH31M 13 3aJaHUM CITiBBiJHOIICHHSIM
KUBWIBHUX pPEUOBUH. SKicTh cywmimed JoOpHB, NPUTOTOBAHHX 3
ypaxyBaHHSAM IPAaBWJI 3MIIIyBaHHS, HE MOTIPIIYETHCS, 1 X MOKHA BHOCUTH
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B IPYHT MallliHAMU.

HopMmu BHeceHHs H1OOpUB 3ajekaTh Bij IXHOTO BUAY, BMICTY 110401
pPEUOBMHU, POJIOYOCTI TIPYHTY, dYacy ¢ cmocoO0y BHECEHHs, BHUIY
CLIbCHKOTOCTIOAAPCHKUX KYJIBTYP Ta 1H.

TBepai1 opraniuHi 100prBa BHOCSTH 13 PO3paxyHKy Ha 1 ra: rHO0 mpu
cymiisHoMy BHeceHH1 30...40 T, mpu micieBomy — 10...15, Topdodexaniii —
15...30, rHO#0OBO1 pigoTH — 3...5 T, NTAIMHOTO MocCaiay cyxoro - 8...10 1,
pinkoro — 3...5 1, kommocty — 10 20 T, TopdhoMiHepaTbHO-aMiaqyHOTO
nobpusa (TMAY) — 3Buuaiinoro a0 40 1, koHuenTpoBaHoro — 5...10 1. [{ns
POIIOYHMX YOPHO3EMHHUX IPYHTIB 111 HOPMH MOXKYTh OyTH 3MEHIIICH] BJIBIYi.

Mex1 KOJTMBaHb KUTbKOCTI >KUBUJIBHOI p€YOBUHU, BHECEHOTO M1/ IEBHY
KYJIbTYpY, BITHOCHO HEBEJIHKI, @ HOPMU BHECEHHS TOT0O 200 1HIIOr0 100pHUBa
Ha TekTap Habarato Oulbllle, 0 TMOSCHIOEThCS BMICTOM >KUBUJIBHOI
pedoBHHHU y 100puBi. [IprOnu3Hi HOpMH BHECEHHsSI NOOpPUB MpPHU PI3HUX
croco0ax HaBe/IeH1 B TA0IuUIIl 2.

Tabnuys 2
Hopwmu BHECEHHS A€SIKUX MIHEpaJIbHUX JOOpUB
Hopmu nobpus, 1i/ra
Jlobpupa Po3kune BHECEHHs Psankose I'niznoBe
(OCHOBHE) BHECCHHS BHECCHHS
Cynbdat amoHit0 0,3...3,0 0,5..2,0 0,4..2,0
AwmiayHa ceniTpa 0,7...2,0 04...1,0 04...1,0
Cynepdocdar 1,5..4,0 0,6...1,5 0,5..1,5
XJIOPUCTUHN KaTiid 0,5...1,5 0,2...1,2 0,2...0,6
3osa 6,0...10,0 Ho 3,0 -
Banno 20,0...60,0 - 3,0...11,0

[Ipu ekcrutyararfii MamidH Uil BHECEHHS B TIPYHT PIJIKUX a30THUX
JT0OpUB HEOOX1THO 3HATH TXHIO IMIUIBHICTh 1 MUTOMUM 00’ €M (Tabsuiis 3)

Tabnuys 3
[iIbHICTD 1 MUTOMUK 00’ €M PIAKUX a30THUX JOOPUB
be3pognuii ) BOH.H uid
[Toka3HUKH Ak Awmiakatu amiak
(25 %)
Wimptiets mpw Temneparypt | o5 1,075...1,240 | 0,910
15°C, kr/m
[Tutomuii 00’ em, M>/KT 1,587 0,930...0,806 1,099
Bwmicr asory B 1 M kr 518,3 275......400 186,6

MikponoOpuBa BHOCSTH Yy IPYHT Y HACTYNHHX KIJIBKOCTSIX: Oop y
BUrIIAal Oypu, 60pHOi pyau Ta iH. — 1...1,5 Kr/ra, Miib y BUIJISIII MIPUTHUX
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HEeJIoTapKiB — 5...8 11/Ta, a y BUTIISAII MiTHOTO Kymiopocy — Bix 20 mo 25 kr/ra,
MapraHelb y BUTJISA/1 UTaMiB 1 MapraHe3oBanHoro cymnepdocdary — 0,5...2
1/Ta, y BUTJISA/1 CipyaHOKHUCIOro Maprauito — Big 10 mo 15 kr/ra, momiOGaeH
y BUIJISIII MOJUOJCHOKHCIIOTO aMOHiI0 — 25 M Ha | 11 HACiHHS, [MUHK y
BUTJISA/II CIPYAHOKUCIIOTO IIMHKY (JIJIs1 TT03aKOpeHeBOoi miaroaipmi) — 5...10
Kr/ra.

Banno BHOCSTH y KinmbKOCTi B 2 10 5..7 T/ra, a gkuio Horo B
roCIoJIapCTBl Majo, TO Bpo3apio, mamumu go3amu — 0,5...1,5 1/ra. HopMma
BHECEHHSI CIIaHIIeBOi 1 Topd’siHO1 30111 4...6 T/Ta. Y 3a3HAYEHUX KIJTBKOCTSAX
BaItHO NMOTP10HO BHOCUTH OAMH pa3 B 10...12 pokis.

OpranoMiHepaibHi CyMillll 11 3€PHOB1 KYJIbTYPH BHOCSTH 5...6 T/Ta, a
17 KYKypya3y, LIyKpoBHid Oypsik, oBodl i 1HII npocanHi — 10 10...15 1/ra.
BaxinBoro yMOBOIO OJEpKaHb BHCOKMX YPOXKAaiB € OJHOYAaCHE
3aCTOCYBaHHS OPraHIYHUX 1 MIHEPAIbHUX JOOPUB.

HaykoBi pocimijipkeHHs © OaratopiyHa MpaKTHUKa BHPOLILYBaHHS
CUTBCHKOTOCIIOJAPCHKUX  KYJBTYP JOBOASATH JOLUIBHICTE JAPOOOBOTO
BHECEHHsI I00pUB HE B OJIMH, a B KIJIbKa CTPOKIB.

Po3pi3HsAI0TH OCHOBHE, CTApPTOBE i MIAro0BU€e BHECEHHS J0OpUB. [1pu
OCHOBHOMY BHUKOPHUCTOBYIOTH Oyin3pko 60 %, craproBomy 20 % 1
nigrogoBuoMy 20 % 3aranapbHOi KIIBKOCTI JOOPHWB, 3aIlJIAHOBAHOTO ITiJI
KYJIbTYpYy B CIBO3MIHI.

VY ciBo3MmiHI a00puBamMu B TEpIIy 4epry 3a0e3meuyroTh MPOBIIHI
KyJbTypu (O3uMa TIICHUI, I[yKPOBHM OypsiK, KapTOIUIS TOMIO), 1HIII
BUKOPHUCTOBYIOTH IXHIO MiCISAIIO.

OcHOBHE JOOPUBO CIIYKUTh TOJIOBHUM JKEPEIIOM >KUBJICHHS POCIHH 1
3a6e3nedye X MPOTATOM Beiei BereTarii. oro BHOCATH Il IIHO0KY OpaHKy
BOCEHM a00 HaBECHI MPH MIAHOMI PAaHHBOTO Tapy.

SAx OCHOBHE [0OpHMBO BHUKOPHCTOBYIOTh THIii, KOMIIOCTH, pIi3HI
cujepaTd ¥ 1HII opraHiuHi Matepianm [7-10]. 3 MiHEepadbHUX BHOCSTH
docdopni i kamitHi mobpuBa. Hitpatai dopmu a30THUX 10OpUB JETKO
BUMHBAIOTHCSI, TOMY iX Kpalie BUKOPHUCTOBYBAaTH HE3aJI0Bro 0 TOCIBY, a
aMOHIIHI ¥ amiauni popmu (cynpdar aMOHIIO, CEYOBMHA, aMiauHa BOA)
n00pe MOTIMHAIOTHCS TPYHTOM, 1X MOKHA BHOCHUTH 1 IK OCHOBHE JOOPHUBO 3
OCEHI.

OcHoBHE HOOPHBO MMiIBUIIYE BPOXKai HE TUTHKU MEPIIOi KyJIbTypH, aje
i HacTtynHuX. ['Hiii, BHeceHuii 3 po3paxyHky 20...30 T Ha 1 ra, nie 4...7 pokiB
1 OLIIbIIIE 3aJIEKHO Bl MOTO SIKOCTI U 103U, arpOTEXHIKU, IPYHTOBUX YMOB.
[TpuOIM3HO CTIIBKY X Yacy J1I0Th 1 rapHi KOMIOCTU. BB MiHepanbHUX
JTOOpUB CIIOCTEPITA€ThCS JO TPhOX POKIB, IO TaKOX 3aJICKUTh BiJ
I'PYHTOBUX YMOB 1 103 BHECEHHS TyKiB [11].

3a XxapakTepoM pO3MIlIEHHS JOOpWMB IIOJ0 IMOBEPXHI IPYHTY
PO3PI3HSIOTH MOBEPXHEBE W BHYTPIIIHBOTPYHTOBE, KOTPE MOXKE OyTH SIK
CYIUIBHAM, TaK 1 JIOKaJTbHUM.
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[ToBepxHeBe CylibHE BHECEHHS MPHUITYCKAa€ PIBHOMIPHUN PO3MOILT
n00puB o MOBEPXHI IPYHTY TYKOBUMH ciBaJKamH,
CLIbCHKOTOCTIOAAPCHKOIO  aBialli€lo, MallMHaMH U1l  TTOBEPXHEBOTO
BHECEHHS TBEPJUX 1 PIAKUX MIHEPATbHUX 1 OpraHIYHUX J0OPUB.

[Ipu moBepxHEBOMY JIOKAJIbLHOMY BHECEHH1 JOOpHBa PO3KUIAIOTh Ha
MOBEPXHI I'PYHTY KOHIIEHTPOBAHMMH OCEpEIKaMU, MEPEBAKHO y BUTIISIIL
CTPIYOK PI3HOI MIMPHUHM, MICIAS YOro 3allNapoBYIOTh y IPYHT PI3HUMHU
I'PYHTOOOpOOHUMH 3HapsyisiMu. He 3abutumu 1o0puBa 3alUIIaOThCS
TUIBKHU TIPU TJATOMIBI1 TOCIBIB CLIIBCHKOTOCTIOAPCHKUX KYJIBTYP, 8 TaKOX
KOCOBHIIb 1 TACOBMUILL.

[Ipy BHYTPIIHBOIPYHTOBOMY BHECEHH1 JI0OpHBa 3aINAapPOBYIOTh
pI3HUMH BOTHHUILAMHM Ha 3aJjaHy TJIHUOWHY, TMPU BHYTPIIIHBOIPYHTOBOMY
CYLIUIBHOMY — 3 OJJHOYACHHUM II€PEMILIYBAaHHSAM JOOpPHUB 1 MEBHOIO OOCATY
IPYHTY 3a OAHH MPOXiJ MAIIUHU.

Pinki MiHepaibHi J00pHBa MOXYTh BHOCHUTHUCA TAKOX Y BHIJISAIL
MOBITPSIHO-a€PO30JIbHUX CyMINIEH, 110 Ma€ CBOi IO3UTHUBHI CTOPOHH.
Bnecene 6e3nocepeHbO B IIap IPYHTY MOBITPSI BUKOHYE OJHOYACHO KiJIbKa
GyHKIIM:  pO3MIUPIOE  MIKIPYHTOBUH TMPOCTIP, PO3HOCSYH >KUBHIIbHI
pPEUYOBMHU MO TOpaX, 3HUXKYE KOHIEHTpAILil0 J00pUB, OJHOYACHO
MPUMYCOBO aepye IPyHT. Aepo3ojbHa CyMill HE POOUTH MEXaHIYHUX
BIUTMBIB HAa KOPEHEBY CUCTEMY POCIUH (IIPU BHECEHHI NOOpWUB pa3oMm 3
MDKPSTHOIO 00pOOKOI0), a 30HA 11 MOIIMPEHHS B IPYHTI B KiJIbKa pa3iB
Oulbllle, HDK TpPH 3BUYANHOMY JIOKaJIbHOMY BHECeHH1 n00puB. Ilpu
aepo30JpHOMY cloco01 BHECeHHs B 1,3...1,5 pa3u nigBuuryeTbest KoeilieHT
BUKOPUCTaHHS JOOpUB, BUKIIOYAETHCS CTPOKATICTh TPaBOCTOKO, Ha 15 %
NIJBUILLYETHCS 30UIBIICHHS BPOXal B TMOPIBHSAHHI 3 MOBEPXHEBUM
crioco6oMm 1 Ha 8 % — JIOKaJIbHO-CTPIYKOBHM.

Henomnikom nosepxuesoco cyyinbHo20 BHECEHHS MiHEPAIbHUX JOOPHB
€ 3aiiBa BUTpaTa npu nocisi. OAHaK 111 cnocoou 100pe BUKOPUCTOBYIOTh TPH
OCHOBHIH 1 epenociBHIA 00poOIIi TPYHTY.

[Ipu nosepxnesomy noxanvHomy BHECEHHI1 NOOpHBA, Ha BIAMIHY Bif
MOTIEPETHHOTO CTOCO0y, JOOpUBa BHOCSTHCS y BHUIJISAL CTPIUYOK Pi3HOI
IUPUHH, 110 poOUTH HE OakaHMM WOTO BUKOPHUCTAHHS MPU OCHOBHIN 1
nepeanociBHiil  00poOui IpyHTY. BukopucroByeTbcs mpu MiATOIIBII
POCIIHH.

Buympiwnvoepynmose enecenns NOOPUB HE TO3BOJIIE BUKOPUCTATH
JaHUM METOJ TMpH TMIATOMIBII POCIHH, a TaKoX pOOUTh HeOaKaHUM
BUKOPUCTAHHSA MPU OCHOBHIN 00poO1i rpyHTY. Lleii crnoci6 € onTuMaibHUM
IPU MOCIBI.

B yMmoBax cyd4acHOi €KOHOMIYHOI TOJNITUKH Yy (epMepChbKUX
roCroJIapCcTBaX HAMOUIBII PallIOHAIBHUM € JIOKAIbHE BHEeCeHHsl PIIKUX
no0puB. BoHO 103BoJii€ 30UIBIIMTH BpOXKad 3€pPHOBUX KYJIBTYp ¥
cepennboMy Ha 2..5 1/ra, kapromt — 20...50, KOpMOBUX 1 CHIIOCHUX
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KyasTyp — 20...40, HaCiHHS COHSIITHUKA i coi — Ha 2...3 1/ra. Kpim Toro, Ha
10...15% mninBuiyeTbes KoedilieHT BUKOPUCTAHHS >KUBUIBHUX PEUOBUH
TOOPHB, CKOPOUYIOTHCS IXH1 BTPATH 13 IPYHTY W 3aCMI1UEHICTh MOCIBIB.

Jloxanone 6HecenHsi MOXe OyTH SIK  no8epxHesuM, Tak 1
BHYMPIUHBLOTPYHMOBUM.

[IpuiioMu nosepxHe6o2o N0KANLHO20 6HeceHHs PI3HOMAHITHI, alie
Moaudikamii HOro IOCHIIHKEHI TOKH HEJOCTaTHbO, I00 TMOBCIOHO
3aCTOCOBYBATH iX 3 MaKCUMaIbHUM eexToM. HalO1bI 1oKIaHO B HAIIIN
KpaiHi i 32 KOPJIOHOM BUBYCHUN CMpiuKosutl cnocio.

VYcTaHOBNIEHO, 1O IPYHT, IO OTOYY€E CTPIUKy JOOpPUB, CHIIBHO
HAaCUYY€ThCS )KUBUIBHUMU pedoBuHamu. [Ipu no3ax noopus 50...100 kr/ra
KOHLIEHTpalisi pyxJquBoro ¢ocpopy B HIA Moxe pgocsratu 600 wr,
aMOHIITHOTro a30Ty 1 0OMiHHOTO Kaiito — 200 mr Ha 100 M rpyHTH.

E(eKkTuBHICTh CTPIUKOBOrO c10co0y BHECEHHS JOOPUB BiJI0OpaXkeHa B
Tabmui 4.

Bucoka KOHHeHTpaI_IDI COJIEN Y CTpquu 100pUB BU3HAYAE CrIEHU(PIUHMIA
30epira€Tbcsi B pyxJuMBoMy crTaHi. Kamiii 1 aMOHIMHMIA a30T MEHIIe
HiIal0ThCd HEOOMIHHIM (ikcarii rpyHToM. HaBkono crpiuku no0puB
3pOCTa€ OCMOTUYHUHN TUCK 1 P13KO 3MIHIOETHCS PH IPYHTOBOTO PO3YUHY, TUM
CaMUM CTBOPIOIOTHCS HECTIPUSTIIVBI YMOBH JUISI AKUTTENISIIBHOCTI ITPYHTOBOT
Mikpodaopu. Y pe3ynabTaTi KUBWUJIBHI PEUYOBUHHU MEHINE 3B'SI3YIOTHCS
MIKpOOpTraHi3MamMu, YIHOBUIBHEHO TMPOTIKae HiTpudikaiis aMOHINHOTO
a3oTy.

Tabnuys 4
BmiuB  cmoco0iB BHeCeHHS ~— JOOpMB  Ha  BpPOXKAMHICTH
CLJIbCHKOTOCIIOJAPChKUX KYJBTYP, (103a 100puB: Nag Peo K4o), 11/Ta
. . O3zuma
Bapiantu Suminb | Kykypynza | CoHSITHUK S IIpoco
be3 noOpuBa 15,1 28,2 18,2 24,0 21,6
NPK poskmn mz | 5 | 143 13,1 73| 455
ILJTyT
NPK Bposknxma| ¢ 138 125 74 | +69
KYJIbTUBATOP
NPR - erprakamit |5 53 144 1100 | 49,1
nepe1 MoCciBOM

CtpiukoBe BHECEHHs JOOpUB OOYMOBIOE audepeHIianio GyHKIii

OKpeMHUX JUISHOK KOPEHEBOI

CUCTEMH POCIHH.

Crtpiuka g00puB

MPOHU3YETHCS M TEPETUNTAEThCS TYCTO CITKOI KOPIHHS 1 KOPEHEBHUX
BOJIOCKIB. L[5 HeBenmka mo o0cary 4acThHa KOPEHEBO1 CUCTEMU 3a0e3mnedye
IHTEHCUBHE HAJXO/KCHHsI JKUBWJIBHUX PEYOBUH y pociuHu. KopiHb,
PO3TAIIOBaHUM MIXK CTpiYKaMu JOOPHB, MPOHUKAE TIMOOKO B MIATPYHTOBI
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00pii ¥ mocTavae pocnuHu Bosoroo. [Ipu po3kuaHoMy K BHECEHHI TOOPUB
BCl KOpPIHHS PO3BUBAIOTHCS MEPEBAXKHO B yA0OpEeHOMY Iapi. ¥ MOIyKax
XapuyBaHHS POCIWHU HEMPOIAYKTUBHO BUTPAYAIOTh CHEPIETHUYHI PECYpPCH
Ha (OpMyBaHHS BEIUKOi KOPEHEBOI CHCTEMH Ha MIKOAY NPOTyKTHBHUM
HAJ[36MHHUM OpTaHaM.

J1o CTpiuKOBOTO BHECEHHS JOOPUB MPEA'SIBISETHCS Ps CCU(IUHUX
Bumor. Hacammepesn, BUCOKOKOHIIEHTPOBAaHI CTPIYKH TOOPUB HE MOKHA
pO3TalIOBYBaTH B KOHTAaKTI 3 HACIHHSAM abo0 3aHaATO OJIM3BKO 0 HBOTO.
Henpunyctumo ¥ HagMmipHEe BiAJaJICHHS CTPIYOK JOOpHB BiJ HACiHHS abo
oAl iX OUIBIIMMH 1HTEpBaJlaMU. 3aJie)KHO BiJ TVIMOMHM BHECEHHS,
PIBHOMIPHOCTI PO3TallyBaHHS YacTOK J00pHBa, BIJICTaHI MIX MICIEM
BHECCHHSI I MICIIEM 3HAXOKCHHS aKTHBHOI YaCTMHH KOPEHEBOI CHCTEMH
JTOOPUBO MOKE 200 BUSBUTHUCA JOCUTH €(DEKTUBHUM, a00 HE JaTH HISIKOTO
30UTBLIEHHS BPOKAI0, @ TO M 3HU3UTH MOTO CTOCOBHO KOHTPOJTIO.

J10 OCHOBHUX CTIOCO01B HYMPIUHLOTPYHIMOBO20 IOKAIbHO20 BHECEHHS
TOOpUB BIIHOCSATH pPsAOKOBUU, OCHOBHUU (CmMpiuKo6uli) [ 2Hi3008uUll,
MINHCPAOHUL, KOpeHe8y Nio200i6i0, T0KANIbHO-00'eMHULL cnocio 1 iH.

Psokosuii cnoci6 3abe3nedye BHECEHHsI CTApTOBOI J03U IMEPEBAKHO
MiHepanbHUX  (pochopHux  goOpuB mpu  TOCiBI  ab0  mocaili
CUTBCHKOTOCTIONAPCHKUX KYJIBTYp Pa3oM 3 HACIHHSAM a00 Ha MEeBHIH BiCTaHi
BiJl HBOTO.

[Ipu cmpiukosomy cnoco6i OCHOBHY [A03y MiHEpaJbHUX JOOpUB
BHOCSATh y TPYHT y BWIJISII CYHUUIBHUX a00 MEepepuBYACTUX CTPIYOK
mpuHoto 3...10 cM. Tlo cTpokax BHUKOHAHHSI PO3PI3HSAIOTH JOMOCIBHE i
MPUIIOCIBHE CTPIYKOBE BHECEHHS JOOPUB. P13HOBU CTPIUKOBOTrO BHECEHHS
— €KpaHHUMH, TTPU SKOMY OCHOBHY /103y JOOpHB BHOCSTH Ha MEBHY TNTMOWHY
CTpiUKAMM y BHIVIAAI CYIiNBHOTO eKpaHa. MOro mpoBOIATH 3BHUYANHO
OJIHOYACHO 13 IJIOCKOPi13HOIO 0OPOOKOIO IPYHTY.

T'Hi3006uli cnoci6 miependayac BHECEHHS OCHOBHOI 703U J00pUB
KOHIIGHTPOBAaHUMHU oOcepekamMu (THI3AaMH) pi3HUX (GOpM 1 PO3MIpIB,
OpIEHTOBAaHWMHU 111010 HaciHHS (Oy160) abo pociuH (po3caamn).

[Ipu  midicpsouiti nioeooieni noOpuBa BHOCATH CTpiukamMu abo
o0'eMHUMH CTpiuykamu (PiKi MiHEpalibHI 10OpuBa, OC3BOAHUI 1 BOJAHUIMA
amiak, pO3YMHU W CycmeHsii ¥ 1H.) MiJ TUCKOM, MpPH SKOMY BOHHU
MOILIMPIOIOTHCS Ha TMEBHY BIJCTaHb BiJl MICISl BHECEHHS Y BUTJIA1 00'€MHUX
CTPI4OK Pi3HUX (POPM 1 PO3MIPIB y MIKPSIIA MPOCATTHUX KYJIBTYP Y TIEepioj
BereTaitii.

Kopenesa niozooiens mnpuriyckae BHECEHHs JOOpUB (IEpeBakHO
a30THUX) CTPIUKaMU Ha MEeBHY MIMOWHY MOMEPEK PAIKIB POCIMH HaBECHI HA
MOCIBaX 03UMUX 3€PHOBUX KYJIBTYD [4].

Bucnosox. Ha miacraBl pe3yJbTaTiB aHalidy PI3HUX TEXHOJOTIM
BHECEHHSI I0OPUB ONTUMAJIbHUMH TEXHOJIOTISIMU € JIOKAIbHEe No8epxXHese Ta
BHYMPIUWHbOSPYHMO6e BHECEHHS PIIKUX MiHEpaIbHUX JOOPUB.
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ANALYSIS OF METHODS OF FERTILIZER APPLICATION
Summary

The development of agricultural farms is inextricably linked to the chemicalization
of agriculture. In modern conditions, with the ever-increasing cost of fertilizers against
the background of growing demands on the quality of products and the use of
environmentally friendly technologies for crop production, the question of choosing
rational methods of fertilizer application is particularly acute. All applied fertilizers can
be divided into two groups — organic and mineral. Organic fertilizers of animal or
vegetable origin are often called complete because they contain three basic plant
nutrients: nitrogen, phosphoric acid and potassium oxide. Bacterial and green manures
(green) also belong to the group of organic fertilizers. Methods of application of mineral
and organic fertilizers differ depending on their type and form, timing of application,
purpose, form and nature of the location of nutrient cells in the soil. Scientific research
and long-term practice of growing crops prove the feasibility of fractional application of
fertilizers not in one but in several terms. There are basic, initial and preparatory
fertilization. At the basic application use about is 60 %, initial is 20 % and preparatory is
20 % of the total amount of fertilizers planned for crop rotation. In crop rotation,
fertilizers are primarily provided by leading crops (winter wheat, sugar beet, potatoes,
etc.), while others use their aftereffects. The basic fertilizer is the main source of nutrition
for plants and provides them throughout the growing season. It is applied under deep
plowing in autumn or spring when raising early steam. According to the nature of the
placement of fertilizers relative to the soil surface, a distinction is made between surface
and intrasoil, which can be both continuous and local. The paper analyzes various
methods and technologies of fertilizing the soil; determining the optimal.

Keywords: fertilizer, nutrient, method of application, application rate, yield,
analysis.
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ABTOMATHU3ALISA TPAH3UTHOI'O KAJIOPUMETPA JJIA
KOMIVIEKCHOI'O BUMIPIOBAHHA OCHOBHHUX
TEIVIOPIBUYHUX XAPAKTEPUCTUK MOJIOYHHUX
HPOAYKTIB

Anomayis. 3aCTOCYBaHHS METOAY TPAH3UTHOI KAJIOPUMETPIi A€ 3MOTY
MOTJIMONTH 3HAHHS TTPO HEUITKUH (Pa30oBUi epexia B MOJIOUHUX MPOIYKTAX,
YTOYHUTH 1HPOPMAILIIIO TPO TEXHOJIOTTUHI Ta TETUI0(13UYHI XapaKTEePUCTUKHU
MPOAYKTIB, BCTAHOBUTH 3B S3KM MDK HHMH, 3MCHIIUTH CHEPreTUYHI Ta
MaTepiajibHI pecypcd Ha OIWHHUII0 TOTOBOI MPOAYKINi. ABTOMAaTH3AIls
TPAaH3UTHOTO  KAJIOPUMETpPa, 10 HAICKUTh JO TEIUIOMETPUUHUX
KaJIOPUMETPIB Ta MPAIIOE B CKAHYIOUOMY PEXUMI J1a€ MOMKIIUBICTh HE TUTHKH
NIJBUIIUTH TOYHICTb KOMIUIEKCHOTO BHUMIPIOBaHHS  TEmIO(i3UYHUX
XapaKTEPUCTHUK JAOUTbHUX MaTepialliB, a W OAEpX aTu MPHUHIIMIIOBO HOBY
1H(pOpMaIli0 — BCTAHOBUTH (DYHKIIOHAJBHUN 3B’S30K MIXK KUPHICTIO 1
TEIJIONPOBIHICTIO BEPILKIB, TICTEPE3UC TEIUIOEMHOCTI MOJIOYHOTO KUPY
Tomlo. Pi3ke 3MEHIIEHHSI BUMAJAKOBUX MOXMOOK 3a paXyHOK aBTOMAaTH3allli
KaJIOpUMETpa MPU3BEJIO HE TUIBKHU 10 MiJABUIIEHHS TOYHOCTI BU3HAYCHHS
TOX, a i 10 oTpuManHs HOBOI 1H(MOpMarii. TakumM YHMHOM, B Pe3yJbTaTi
JOCIIJKEHb BJAJOCS BUPIINIUTH «3BOPOTHY» 3aladyy — BCTAHOBUTHU
3aJICKHICTh KUPY BT TEIUIONPOBOIHOCTI, OJM3bKY 110 (yHKIIOHATRHOI. [le
BOXJIMBO [JI1 MOJIOYHOT TPOMUCIOBOCTI, OCKUIHKH TETUIONPOBIIHICTH
MO>KHA BU3HAYUTH Habarato mBHAIIE, HIK KUP. Takok BCTAHOBIIECHO, IO
TEIJIOEMHICTh MOJIOYHOTO JKHPY B IHTEpBal TEMIEpaTyp aKTUBHUX
$a30BUX TEPETBOPEHb 3aJCKUTh BiJ TOro, YHM HArpiBa€ThCA, YU
OXOJIOZKYETBCSI MOJIOUHUM kup. Lle mMoxke Ipu3BECTH O BUIIPABICHHS
MOBIIKOBUX  jaHux. [lopiBHSHO mpocTta cXxema  aBTOMaTH3allli
KaJOPUMETPUYHUX  YCTAHOBOK  TMOJIETIIMIA  poOOTy  omeparopa,
MIJBUIIUBIIN TOYHICTh BHUMIPIOBAaHb, JIO3BOJIMJIA OTPUMATH MPUHIIUIIOBO
HOBY iH(opMallio. Ii MOKHA BUKOPUCTOBYBATH B iHIIMX MPUCTPOSIX, KON

© B.T. ®enopos, O. 1. Kenko, B. M. Kenko
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NEPBUHHI TEPETBOPIOBAYl BHUPOOJSIOTH HEBENIWKI CUTHAIU MOCTIHHOTO
CTpyMy.

Knouosi  cnoéa.  ABTOMaTHYHE  yNpaBIiHHS,  TerIO(}i3uyHI
XapaKTePUCTHKU, MOJIOYHUU JKHp, TEIUIOEMHICTh, (a30BUN Tepexis,
TPaH3UTHA KOJOPUMETPisl, TETIOMIp.

Ilocmanoska  npobaemu. 1lpw  mocHipKeHHI  TEMIO(MI3UIHUX
xapakTepucTuk TOX MmiATpUMaHHS CTAI[IOHAPHUX Ta MEPEXITHUX PEKUMIB
PYYHUM  KEpyBaHHSIM IUIQHIMETPYBaHHSM 3  BUKOHAaHHAM  BUMOT
KBa3ICTAllIOHAPHOTO METOJa BpPYYHY MPUBOJUTH JIO TMOSABH, KpIM
CHUCTEMATUYHOI 111€ ¥ 1 BUMIAJKOBUX MOXUOOK, Kl MOYACTy HE BKJIAJAIOTHCS
70 1X HOPMAaJIbHOTO PO3mojaily. B 3B’S3Ky 3 MM BHUHHMKA€ HEOOX1THICTH
MIJBUIICHHS TOYHOCTI BHUMIPIOBaHb IUISXOM aBTOMATH3allll MPOIIECY
BUMIiproBaHHs TOX.

Ananiz ocmanmnix oocnioxcens. bazoBUMHU eleMEHTaMU TPAH3UTHOTO
KaJIOpUMETpa € TEIUIOMIpH — MajorabapuTHI MaJIOIHEPIiiiHI JaTYUKU
I'yCTHHH TEIIOBOIO MOTOKY ¢, BT/M?, po3pobueni B Ykpaini [1], sxi Tenep
3aCTOCOBYIOThCSA B 0araTh0oX KpaiHaxX CBITY, MPUYOMY iX TOBIIMHA Bijg 1-2
MM JIOBEJICHA JI0 KUIBKOX MiKpoMeTpiB [2, 3].

Tpansutnuit kanopumerp TK [3] misi KOMIIJIEKCHOTO BUMIPIOBaHHS
OCHOBHHMX TeII0(h13MUYHUX XapakTepucTuk TAX TBepaux, MacTomoaiOHNX,
PIIKKX, 36pHUCTUX MaTepiaiiB, aKi MOXHa c(POPMyBaTH y BUTIISII IIJIOCKOTO
mapy. Ilo o6uaBi cTopoHM MIapy OAMH HABNPOTU APYTOro pO3TAIIOBYIOThH
JIBa TETJIOMIpa 3 TEPMOTMapaMu, 1110 KOHTAKTYIOTh 3 IOBEPXHELO mapy [4].

Dopmysanns memu cmammi. ABTOMATU3yBaTH NpPOLEC BU3HAYEHHS
TOK 1nuixoM  BUKOPUCTAaHHS  TPAaH3UTHOIO  KaJOpUMETpa A
KOMILJIEKCHOTO BHMIPIOBaHHSA TEIJIO(PIZUYHUX XapPaKTEPUCTUK MOJIOYHUX
MPOJYKTIB.

OcHosna wacmuna. 3a YMOBH CTalllOHAPHOTO TEIUIOBOTO IOTOKY,
HOPMAJILHOTO JIO IIMX MOBEPXOHb, CUTHAIM TEIJIOMIPIB ¢; = ¢> = ¢, 1€ JIa€
MO>KJIMBICTh BU3HAYATH TEIJIOMPOBIAHICTH 4, BT/(M-K) 3pa3ka:

A=gq/At (1)
ne: At = t; — t; — pi3HULA TeMIepaTyp Ha MOBEPXHAX 3pa3Ka.
Ski1o Mixk ABOMA CTAIlIOHAPHUMU PEKUMAMH 3pOOUTH 30ypEHHS 10 ¢

abo ¢ (Ha puc. 1 pi3kum 30LIBIIEHHSM ¢;) Ta QIKCYBAaTH ¢;, g2, ; 1 t2 TO
OZIEPIKUMO 3aMKHYTY 1oBepxHI0 O, JIx/M>

Q= f(ch + q,)dt (2)
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T

Pucynox 1. 3miHa g, Ta ¢, (uk) 11t konopumetpa 13 TK-TK

[le nmae MOXJIMBICTH TiApaxyBaThd o00’€eMHY TemtoeMHIicTh C,
T/ (v K)

¢, = —— (3)

Jie: h — TOBIIIMHA 3pa3Ka.
OCKIUJIbKM HOBUW CTAI[IOHAPHUU PEKUM MOXKE CIY)KUTH TMOYATKOM
HOBOTO ITUKITy, MAEMO MOXJIMBICThH 332 OJHMH JOCIIJ BUMIPIOBATH A Ta ¢, B
3aJIEKHOCT1 BiJl TEMIIEpaTypu 3pa3Ka, 10 € BAKIWBUM JJI JIAOLIbHUX
MatepianiB. TemneparyponpoBiHICTh o = A/c, Ta TEIIOBY aKTUBHICTh b =
VA + ¢, OEepPIKYEMO pO3PaXYHKOM .
binbmr  MBHAKICHUM ~ BHUSBHBCS  KBa3iCTAIllOHAPDHUHM  PEXKHUM
KaJlopuMeTpa (PEeryJSIpHANA PEXUM APYroro poay), KOJIH BHUKOHYETHCS
yMoBa ¢;/q: = const (puc. 2). Jns uporo HeoOX1AHO, HAMPHUKIAI,
HNIATPUMYBATH ¢; = const ab0 TeMIiepaTypy MOBEPXOHb JIHIHO 3MIHIOBAaTH
B yaci [5].
q t, t

— o

T
Pucynok 2. 3MiHa g Ta ¢ y KBa3iCTal[lOHAPHOMY PEXHUMI
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besnepepBHMii 3anuc q;, g2, t; Ta t2, 1a€ MOXIUBICTb B OyIb SKUI
MOMEHT J0CiAy oouncautu oouasi TOX:

A — (Q1+QZ)h_ C.. = Q1_q2_ (4)

24t v ua ’

1e: u = ot/(1>-1;) — WIBUAKICTH 3MIHU TEMIIEpaTypH MOBEPXOHB 3pa3Ka.

bynp sxuit TK ckimanaerses 3 TPHOX 650KiB (pHc. 3): MiABEACHHS Ta
BIJIBEJICHHS] TEIJIOBOi eHeprii 1 BuMipioBaibHOrO Onoka. B Omokax
MiJBEJCHHS TEIUIOTH BHUKOPUCTOBYETHCS TEPMOCTAaTOBaHA Kamepa Ta
eJICKTpOHArpiBHUK a00 iHGpayepBOHE JXKepeso, B 0yokax BiBeaeHHs — TK,
TEPMOCTATOBAaHA IJIaCTHMHA a00 HAMIBIPOBIIHUKOBUN TepMocTaT. Cxema
npwiany 3 Asoma TK HaBeneHa Ha pUCYHKY 4.

Po6oty ycranoBku i3 TK-TK (puc. 4) aBTOMaTH30BaHO HUISXOM il
CIIOJIy4€HHsI 13 KOMIT toTepoM (puc. 5). g [bOr0 BUKOPUCTAHI: CEpIHMIA
arperatHuii komruiekc K484, mio cknamaerbes 13 Taiimepa ®4849 2,
komyTtaropa ®4840 3 Tta tpanckpunropa ®4845 4, a TakoX BOJBTMETPA
®283/2M(5). lleli KOMIUIEKC TMiJa €aHamuM A0 OJIOKa Yy3TrOoJKEHHS, Ta
nepenaBanHs iHpopmaiii b01-10 6 pospobaenoro cnemiamicramu HBJI
«Texnonomicy.

3 | 1
7

4 | 11

5 — 4 — 17

13

1, 13 — perymoBaHHs; 2, 5 — TepMocTaTyBaHHSA: 3 — MEXaHIYHE
HABAaHTAXKEHHA, 4 — TOBIIMHA Mapy; 6 — MIABUIEHHS TeMIepaTrypu; 7 —
BUMIPIOBaHHS; § — BiiBeACHHS TerwioTH; 9, 12 — xuBnenns; 10 — ryctuHa
TEIJIOBOTO MOTOKY; 11 — Temmneparypa.

Pucynok 3. biiok-cxema npuiiaais 1jsi BuMiproBaHHst TOX

Ha BXix TpaHCKpunTopa MOAaBaJIMCh CUTHAJIM TEIJIOMIPIB €, Ta BIJ
TepMmornap e;, MB.
Ha xomyTatopi BCTaHOBITIOIOTH MEpENiK KaHaIB ONUTYBAHHS: ¢/, §2, ],
At Ta KUIBKICTb BHUMIpPIOBaHb. 3a JONOMOIOI0 TailMepa 3aJarThCs
IPOMIKKM Yacy MDK 3alucaMH KaHalllB Ta BUMIPIOBAaHHSIM EJIEKTPUUHHX
CUTHAIB, MICIIS YOr0 OOYHCIIOBAILHO-TIOPIBHSUIBHUNA KOMILIEKC
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1 — TepMmocTaToBaHa Kamepa; 2 — PEryJsITOp MEXaHIYHOTO
HABAHTAKEHHSA;, 3 — TEIIOMIPH 3 TEpMOIIapamu.
Pucynok 4. Cxema xanmopumerpa 3 TK-TK
2 7
7 6 5 4

Pucynok 5. CTpykTypHa cxeMa aBToMaTu3allii KaJJopuMeTpa

NIIKITI0YalTh 10 Mepexi. Jiamor kamopumerpa i3 [IK mae 3BopoTHiit
3B’s130K. Hanmpuknan, SKmo BIAXWUIEHHS ¢;, YU ¢ BiJ TOCTIMHUX 3HAYEHb
NEPEBUIILYE T03BOJECHUMN PIBEHb, MOJAETHCS 3BYKOBUN CUTHAN, OOYMCIICHHS
TOK 3ynuHseTnCA.

Pi3ke 3MeHIIEHHS BHMIAIKOBUX MNOXMOOK BHACIIIOK aBTOMAaTH3aIll
KaJIOpUMETpa MPUBEIO HE TUIBKK JI0 MMIJBHUINCHHS TOYHOCTI BHU3HAYCHHS
TOX, ane ¥ nmo orpumaHHs HOBOi iHopwmamii. Tak, B poboTi [6] me
JTOCTIKYBaIH 3alexHICTh TDX BEpIIKiB Bl KUPHOCTI JK, MPU IIHOMY
BJIAJIOCST PO3B’S3aTH «IHBEPCHY» 3a/layy — BCTAHOBUTU 3aJICKHICTh
YKUPHOCTI BiJl A, OJIU3bKY 110 (yHKIIOHAIBHOI. [le BaXIMBO AJ11 MOJIOYHOI
MIPOMUCIIOBOCTI, OCKIJIbKM BU3HAUYUTH A MOXHA 3HAYHO IIBUAIIE, HIK JK.
BcraHoBieHO TakoX, M0 TEIJIOEMHICTH MoJiouHoro xkupy MXK B
TeMIEepaTypHOMY Jiara3oHi akTUBHUX (pa30BUX NEPETBOPEHB [ 7] 3aJICKUTH
BiJ1 Toro, HarpiBaeThess MK abo oxonmomxkyerbes [8, 9]. Lle moxe mpuBectTu
JI0 KOpEeKIlii JoBiAHUKOBUX nanux [10].

Bucnosok. [TopiBHSIHO npocra cxeMa aBToMaTu3ariil
KaJJOPUMETPUYHUX YCTAHOBOK MOJIETTIIMIIA MPAI0 onepaTopa, 30UTbIINBIIN
TOYHICTh BHUMIPIOBaHb, Jlaja MOKJIHMBICTh OJEPXKATHU NPHUHIIUIIOBO HOBY
inpopmanito. Ii MoXHA BUKOPHCTOBYBaTM B IHINMX NpPUIAax, KOJH
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NEPBUHHI EPETBOPIOBAaY1 BUPOOIIAIOTH MaJli CUTHAIH MOCTIHOTO CTPyMY.
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AUTOMATION OF A TRANSIT CALORIMETER FOR INTEGRATED
MEASUREMENT OF THE MAIN THERMOPHYSICAL CHARACTERISTICS
OF DAIRY PRODUCTS

Summary

The application of the transit calorimetry method makes it possible to deepen the
knowledge about the fuzzy phase transition in dairy products, clarify information about
technological and thermophysical characteristics of products, establish links between
them, reduce energy and material resources per unit of finished product. Maintenance of
stationary and transient modes by manual control before the appearance, in addition to
the systematic and random errors, which often did not fit into their normal distribution.
Automation of transit calorimeter, which belongs to thermometric calorimeters and works
in scanning mode, allows not only to increase the accuracy of complex measurement of
thermophysical characteristics of labile materials, but to obtain fundamentally new
information - to establish a functional relationship between fat and thermal conductivity,
cream hysteresis, etc. The sharp decrease in random errors due to calorimeter automation
has led not only to increased accuracy of TFH determination, but also to obtaining new
information. Thus, as a result of research it was possible to solve the "inverse" problem -
to establish the dependence of fat on thermal conductivity, close to functional. This is
important for the dairy industry, as thermal conductivity can be determined much faster
than fat. It is also established that the heat capacity of milk fat in the temperature range
of active phase transformations depends on whether the milk fat is heated or cooled. This
can lead to the correction of reference data. The relatively simple scheme of automation
of calorimetric installations facilitated the work of the operator, increasing the accuracy
of measurements, made it possible to obtain fundamentally new information. It can be
used in other devices when the primary converters produce small DC signals.

Key words. Automatic control, thermophysical properties, milk fat, heat capacity,
phase transition, transit colorimetry, heat meter.
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PO3POBJIEHHSA CUCTEMMU KPAIIEJIBHOI'O 3POLIEHHSA
HACAPKEHDb YHEPEHLIHI B TOB « CAH MIJIET»

Anomayis. KpanenbHe 3pOIICHHS € €KOHOMIYHO OOIPDYHTOBAaHUM 1
€KOJIOTYHO O€3MeYHHM CHOCOOOM TMOJMBY CajJiB B yMOBaxX BIJKPUTOIO
IPYHTY Ta XapaKTE€PU3YETHCSA HU3KOKO TEXHOJIOTIYHUX OCOOIMBOCTEM, a came
JOKAJIbHUM XapaKTEepPOM 3BOJIOKEHHS TPYHTIB B 30HI PO3BUTKY OCHOBHOI
MacH KOPEHEBOI CUCTEMH.

PoGoTta mpucBsueHa po3poOLll €JIEMEHTIB CHCTEMHU KpamelbHOTO
3pOILIEHHS IUIOJAOBUX HAaca/JKE€Hb YEpEIIHI y TOBAPUCTBI 3 OOMEXKEHOIO
BianoBiganbHIiCTIO KCAH MUIETY mis qocimigHol AUISHKHY muioiero 13,8 ra.

Ha migcraBi mpoBeieHUX po3paxyHKiB BU3HAYEHO OCHOBHI MapaMeTpH
CUCTEMHU KpamelbHOro 3pomieHHs g gochiguoi maisaku TOB «CAH
MUIET» Tta BCTaHOBIEHO, MO Jig 3a0€3MEUEHHS SKICHOTO TOJUBY
HEOOX1THO BUKOPUCTOBYBATH 3pollyBaibHy TpyOky niamerpom 0,09m Ta
ToBXUHOI0 34500 M; KITBKICTB OJIOKIB 3pOUTYBaIbHOL JIISTHKA CTAHOBUTH 3
mTyKd. BcraHoBneHo, 1m0 Juisi 3a0e3MedeHHs NOTPIOHOTO THUCKY B
OCTaHHBOMY TOJMBHOMY TPYOOIpPOBOAI HEOOXiAHO, MO0 PO3paXyHKOBUN
Hamip OyB HaOmmkeHuM 10 20 M. TakoMy 3Ha4yeHHIO BIAMNOBIJAE€ HACOC
KOHCOJIbHUM BiArieHTpoBuii K90/20.

Knrouoei cnosa: 3polieHHs, KpanelbHULS, YEpelIHeBUN caja, OJoK
3pOILIEHHS, TOJIMBHA HOPMA, TOJIMBHUIN TPyOOIIPOBOI.

Ilocmanosxka npobaemu. OHIEID 3 OCHOBHUX arpoOioJIOri4HUX
0COOJIMBOCTEMN TMII0JIOBUX, K1 BUPOUTYIOTh 32 IHTEHCUBHUMHU TEXHOJIOT1SIMH,
€ (hakTOp 30CEepeKEHHS OCHOBHOI MAacH KOPEHEBOI CHUCTEMH y BEpPXHIX
mapax IpyHTY, /e UMOBIpHI pi3Ki KOJMBaHHS 3amaciB BOJIOTU MPOTATOM
POKy Ta BererauiiHoro nepiogy. Tomy, MOCTiiiHE MIATPUMAHHS BOJIOTOCTI
IPYHTY Ha ONTHMAJILHOMY PIiBHI camMe€ y IUX IIapax € HEOOXIAHUM s
dbopmyBaHHS CTaOUIbHOI Ta BHUCOKOI BPOXKAMHOCTI IHTEHCHMBHUX CalliB 1
MOXJIMBE JIUIIE 32 YMOB IITYYHOTO (KPAIJIMHHOIO) 3poieHHs [1].

Kpamnunue 3polieHHsT € eKOHOMIYHO OOIPYHTOBaHHM 1 €KOJIOTIYHO

© JI. 1O. bonpapenko, O. O. Bepmikos
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0e3nevyHrnM crocoboM MOJUBY CaJliB B yMOBax BIAKPUTOTO IpyHTY [1, 2].

[lepeBaroro 11b0T0 CrIOCOOY CTAIM MIUPIIT MOKIHBOCTI PEryIIOBAaHHS
BOJHOTO pexuMy IpyHTY. KOHTponp BOJOTOCTI IPyHTY Ta TpaHCHiparii
BEJICTHCS 32 JOMOMOTOI0 TEH30METPHUUYHHUX IOCTIB, 3a JOMOMOTOI0 SKHX
MOHa YTPUMYBAaTH KOJMBAHHS I'PYHTOBOI BOJOTH B Mexkax 75-85% H.B.
[le o3Havae, MO0 po3Max JaHUX Bapiailiii BOJOTocTi IpyHTY B 3-3,5 pa3u
MEHIIUH, HIK IPU TpaJuLiitHOMY 3poiiieHH1. [IpakTHY4HO KOopeHeBa cucTema
POCIIMH TOCTIHHO TiepeOyBae y MaKCHUMAJIbHO CIPHUSTIMBUX YMOBax. Y
IPYHTI JOCTaTHBO BOAU Ta MOBITpa. CTpyKTypa IpyHTY HE MOPYUIYETHCS.
Bosora nommuproeTbes B MPUKOPEHEBIH 30H1 10 Kanuisipax TpyHTY [2, 3].

KpannuHHe 3polIeHHs XapaKTEpHU3YeEThCS HHU3KOK TEXHOJOTTYHUX
0COOJIMBOCTEM, TOJOBHUMHU 3 SKUX € JIOKAJIbHUI XapakTep 3BOJIOKECHHS
IPYHTIB MEPEBAXKHO TUIBKA B 30HI PO3BUTKY OCHOBHOI Macu KOPEHEBOI
CUCTEMH Ta BUKOPUCTAHHS ISl HAJAIITyBaHHSA BOJOPO3MOJLIBHOT MEPExi
CUCTEM KpameIbHOr0 3pOIICHHS IHEPTHUX BIAHOCHO HABKOJMIIHBOIO
cepeZoBUIIa MaTepiajiB, HacamIepe ] NoJliMepHux [2-4].

Tomy po3poOka Ta OOIpYHTYBaHHS CHUCTEMH 3POILICHHS IUIOJOBUX
HAca/HKeHb Ha MiANPUEMCTBAX IUIOJJOBOTO CaIBHUIITBA T PO3CATHUIITBA €
aKTyaJbHOIO MPOOJIEMOIO 1 MOTPeOy€e MPOBEECHHS I1JI01 HU3KKW HAYKOBUX
JOCTI>KEHb.

Ananiz ocmanHix 0ocnioxcens. 3a TOOMOTOK0 CUCTEMH KPaIJIMHHOTO
3pPOIICHHSI Ta arPOTEXHIYHOTO TOTEHIIIATY, SKUH IaHa CUCTEMa IPUBHOCHUTD
y TPAKTUKY, MOXJIMBE HE TUIBKM MIATPUMaHHS BOJOTOCTI TPYHTY Ha
ONTUMAJILHOMY pIiBHI, @ ¥ IITy4HE 3HW)KEHHS HOro y meBHI (eHodazu
PO3BUTKY POCIMH. 3HM>KEHHSI BOJIOTOCTI IPYHTY B Cajly MiJl 4ac LBITIHHSI
cnpusie 30UTbIIEHHIO BiICOTKA MPOAYKTUBHOI 3aB'sA31. bijiblll HanpykeHHit
BOJAHUI PEXUM IiJT yac AuQepeHIialii mioJoBuX OpyHbOK TaKOXK CIPHUSIE
30UJIBIIIEHHIO KIIbKOCTI FeHepaTUBHUX OPYHBOK [4-6].

CucremMH KparjimHHOTO 3pOLIeHHS (DYHKIIIOHYIOTh TAKMM YMHOM, 11O B
cajax 00'eM 3BOJIOKEHOTO TOPU3OHTY CTaHOBHUTH 30% Bia rOpPU30HTY, IO
3BOJIOKYEThCS 3BHYAWHUMHU criocoOamu 3porneHHs [7]. 3a Hamummu
CIIOCTEPEKEHHSIMUA BUTPATH Ha MOOYIOBY Ta MiATPUMaHHS €(PEKTUBHOI
KOPEHEBOI CUCTEMH Y JIePEB 3 KPAIUTMHHUM MOJUBOM CTAaHOBIIATH OJM3bKO
50% Bix THX, IO TOJIUBAIOTHCA TPAAUIIIHHUM criocoOom [7-9]. BuBinbHeHa
eneprigs nmae Ham 20-30% mepeBUIlIEHHS 3a MPUPOCTOM, OOJIKOBICTIO,
I00BUM yTBOpeHHsM [8]. JlpyruMm 3aco0oM € mporpama >KUBJICHHS
Haca/pKeHb. JloOpuBa BHOCATBCSA JPIOHO 3a JOMOMOTOI CHEIIaIbHOI
cuctemu (depruraiii. 3aBAsku 30aJlaHCOBaHOMY Ta €(EKTUBHOMY
KUBJICHHIO POCIUH (K mpaBuiio, 1e 10 90% 3acBOIOBaHOCTI AOOPUB)
BUPIMIYIOTHCS TaKl BaXXJIMBI MPOOJEMHU SIK IMIJABUIIEHHS 3UMOCTIMKOCTI Ta
Mopo3ocTiiikocTi [7-10]. 3acTocyBaHHSI CHCTEM KpPAILJIMHHOIO 3pOIICHHS
3HAYHO 301UIbIIY€E CTYIIHbL KEPOBAHOCTI CaJOM, 3HWKYE 3aJICKHICTh BiJl
cTpecoBuX (aKTOpPiB, JO3BOJISE MAKCUMAIBHO PO3KPUTH IMOTEHITIAT
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COpPTOBO-TAMIEITHUX KoMOiHari# [11].

OpnuM 13 BaromMux (akTOpiB BHUPOIIYBAHHsS YEpEIIHI € MpaBUIIbHE
oOpizanHs nepeB. HaitBaxxinuBiia BUMOTa - MaKCUMaJIbHANA JOCTYII CBITIa
0 TUIOK Ha BCIX PIBHIX KpPOHHU, OCOOJMBO HIKHIX. Hail0Oinbim
PO3IOBCIOKEHOI0 CUCTEMOIO € «IcraHchkuii Ky (puc. 1). Bona crpumye
CHJTy POCTa JiepeBa y BUCOTY 3a paXyHOK BEJIHMKOi KiIIBKOCTI 00pOCTa0uux
NaroHiB Ta MPUCKOPIOE BXiJ y TMepioJ IUIOJOHOIICHHS Ha 2-3 POKH.
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2) 6) B)
a) 1] Yyac NoCaJKu — paHHbOIO BECHOIO; 0) TpaBEHb-YEPBEHb NIEPILIOTO
POKY; B) BOCEHH 1-TO POKY.
Pucynok 1. ®opmyBaHHS KpOHHU JEpEBA 32 CUCTEMOIO «ICTTaHCHKUI

KYIID»

He nuBnsyuck Ha Te, 110 OTpHMAHO 3HAYHUN 00cCsAT 1H(opMaIli mpo
BIUTUB 3POIICHHS, JIOOPUB TOIIO HAa PO3BUTOK POCIWH, MU HE MOMKEMO
TOBOPUTU TIPO TIOBHE TPOTHO3YBaHHS Ta IUIAHYBaHHA TMPOIECIB Y
CIIBIOCIIBUPOOHHUIITBI. THM HE MEHII MOXHA, BHXOISYH 3 HAsBHOI
iH(dopmarrii, 3HaYHO BIUTMBATH Ha BPOXKAWHICTh MUISIXOM KOPUTYBAHHS
NeBHUX (haKTOPIB.

Tomy po3poOka Ta OOTPYHTYBAaHHS CHUCTEMH 3POIICHHS IIJIOJIOBUX
HacapkeHnb Ha mianpueMctB TOB «CAH MUIET» MeniTonojibChbKoro
paiiony 3amopi3bkoi 00JlacTi € aKTyaJbHOI Mpo0JIeMOI0 1 moTpedye
MPOBEJICHHSI 11101 HU3KW HAYKOBUX JOCIIIKCHb.

Dopmymosannss memu cmammi. Po3poOUTH €JIEMEHTH CHUCTEMHU
3pOIICHHS IIJI0IOBUX HACAKEHB YEPEITHI MIITXOM PO3PaXyHKY PEXKHUMIB Ta
OOIpYHTYBaHHSI MapameTpiB 3POLUEHHS JJI1 AOCHIIHOI MIISHKH IJIOIIEIO
13,8 ra.

OcHosHa yacmuna. JIoTas 3a YEPEIIHEI0 JOCUTh MPOCTHH 1 HE TyXKe
TpyZOMiCTKHI. [ '0lOBHE — CBO€YAacCHO TIOJUBATH, PO3MYIIYyBaTH,
MyJIbUYyBaTH TIPYHT, & TAKOX NPaBWIHHO (OPMYBAaTH KpPOHY JAEPEB Yy
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MOJIOJIOMY Cafy.

Tpusanicts cTBOpeHHs HacamxeHb yepenni y TOB « CAH MIJIET» na
BETETATUBHIN miameri ckinanae 3 poku: 10 2023 poky BkIt0UHO. [IpoekTHa
oUIsiHKa po3mimyeTbest B 1,5 kM Ha na-cx. Bix c. KocTaHTuHiBKa
MeniTononscbkoro paioHy 3amopizbkoi o6Omacti. Kpaiini  Oyaismi
HACEJICHOTo MyHKTY 3a 1,0 KM Ha MIBHIYHUHN 3aXiJ BiJ MEKI HacaPKCHb.

3aranpHa IJI0IA JIOCHIIHOI TIISTHKY ckianae 15,440 ra, y ToMmy yuci
13,824 ra mig HacaKeHHsSMU uepenrHi copty birappo Bbyprnar (moma
HerTo). Ha puc. 2 HaBeneHo cuTyalidHUNA ITUTaH JUISSHKA 3pOIICHHS
HACa/HKCHb YEpEeIIHi.

Keperno 3poleHHA

4| [insHKa 3pOLLEHHs

Pucynox 2. CuryamiiHuii TUTaH JUISHKA 3pOIICHHS HACaKEHb
yepemHi B TOB «CAH MIJIET».

YepemHs He Jyke BHUMOIIMBA JO IPYHTOBOi BOJIOTH. it
MPOTUIIOKA3AaHO HAJAMIpPHE 3BOJIOKEHHS, TPOTE TpPUBAJIEC TEPECHUXaHHS
IPYHTYy HETaTUBHO BIUIMBa€ Ha (opMyBaHHS 1 AKICTh IuoAiB. Tomy B
MOCYIUIMBE JIITO HEOOX1THO MPOBOJIUTH JOAATKOBI MouBH [2, 3]. Pyx Boau
y IPYHTI IIPU KPAILUTMHHOMY 3pPOIIEHH1 B1I0YBAETHCS KAMUISIPHUM ILJISIXOM Y
BCIX HampsiMKax 3a MaJIoro BIUIMBY TpaBiTailii. 3aBIsSKH KamiIsIpHOMY
NepecyBaHHIO BOAM MAaKPOIMOPH TPYHTY 3a3BUYAl 3aIMINAIOTHCS CyXHUMU 1
pPIBEHb BOJIOTOCTI JIMIIE TPOXHU BHUILIE BOJIOTOEMHOCTI 3a BHUHSTKOM
HEBEJIMKOI HACHYEHOI NUISHKUA Oe3mocepeaHbo Ourst kpamnenbHuii. [i
CIPUSTIMBI YMOBU JIO3BOJIAIOTH KOPIHHIO POCIMH HOPMAJBHO <«JIMXATH)
IPOTATOM YChOT'O IIEpioAy pOCcTy Oe3 mepepBu Ha yac mojiuBy [2, 3].

Ha ninsuii 3pomenns HacamkeHbs yepemHi B TOB «CAH MIJIET»
nepeBa po3MmiieHi 3a cxemoro 4,0 M x 1,5 M, mtoria *uBJICHHS] CTAHOBUTH
6,0 M?, KinbKicThb gepeB Ha | ra cknagae 1666 wr (puc.2).

Jnst 3agaHoi IIASHKM 3pOILIEHHS CHUPAlOYUCh HAa HOPMATHUBHI
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nokymeHTH [12-15] 3pobiieHO po3paxyHOK pEXKHUMIB KParuIMHHOTO
3pPOLICHHS.

B YMOBEHRI NOIHAYEHHA
- 4 3 iy
~. -_-" IfE“\ 1 HERAE KEEOTANY, KT
Bl \\_ _'}'I 455 ppcwa nln HacagpeesHERA
|"!. _;:._-u-\'l HEMBD B
'\_';1" ! A nlm HacampresiRr

KTy Al AREA (I PEETyREHHR

T w  beepous neoowyte
BEG0  Haana copTy = dnedote paals

{Blmans Bypnat = 52 ongle}
[

"4 HENpERNAFHA DROI. SYEMa nocagm

'Diﬂ!frﬂﬂﬂ Izl nonepal
acnn

Pucynok 2. I'enepanbHuii J1aH MJI0A0BUX HACAKEHb YEPEIIIHI B

TOB «CAH MUIET».

Jlyist Toro, o0 OIIHUTH CTYMIHL BUKOPUCTAHHS 3€MEllb, 110 HAJIEKaTh
no C3, Tpeba Bu3HayaTu KoedillieHT 3eMenbHOro Bukopucranus (Ky) 3a

3aJICIKHICTIO!

Ant

(1)
Ky=—
ul Abr

ne Aye, Ap, — TUTOIIA TUTSTHKY 3pOIIEHHS BIATIOBIIHO HETTO 1 OpYTTO, Ta.

SBTSATU. 12. 1. 4


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 1

6312

Ky = 13,8/15,4 = 0,90 %

[TonmuBHY HOpMY BM3HAUaIOTh 3AJIEKHO BIJ CHOCOOY 3pOIIYyBAHHS.
Po3paxyHKOBY NOJIMBHY HOPMY My BCTAHOBIIIOKOTH 3 BPaXyBAaHHIM YMOBH
JOBEJICHHS BOJIOTOCTI B PO3PaxXyHKOBOMY IIapl IPyHTY 0 HaWMEHIIOL
BOJIOTOMICTKOCTI: M, = 263M3/ra.

[lomuBHny HOpMy OpyTrro M,, BHU3HA4YaEMO 3 YypaxXyBaHHSIM
piBHOMIpHOCTI BogonoAaBaHHs Ha C3 3a popmyJioro:

My
Mpy =

2)

nKK,EL
ae Ny, — KKJI 3pourysansnoi mepesxi, ny,., = 0,7 — 0,8.

my,, = 263/0,7 = 376M3/ra

TpuBagiCTh MIKIIOJIMBHOTO TEpioAy Tpebda BH3HAYATH 3aJICKHO Bij
MOJIMBHOT HOPMH, 00'€M SIKO1 BUKOPHUCTOBYIOTh POCIMHU 1] 4aC CyMapHOTO
BOJIOCTIOKHBAHHS 3a (POPMYJI0I0:

Mpyy

ZTEWp_'R#
Jie My, — HOIMBHA HOpMa OPYTTO, M*/Ta;
P, — edexTuBHi (OHAK 5 MM) aTMOC(EPHI ONAaM 32 PO3PAXyHKOBHM
nepio, Por = 260 MM,
376
(1680 — 260)

[Tpuitmaemo 3HaueHHss T = 3 q00u.

TpuBanicTh MOMMBY Ha AUISHIN 3pOIICHHS Tpeba MpUuiMaTH 32 YMOBHU
MOJIaBaHHs HA JUISTHKY 3POIICHHS IMOJIMBHOI HOPMHU TMPOTATOM 100U, ajie He
ounbire 18 rog.

Ha minsHITl 3poIneHHsT 3aCTOCOBAHO MOAYJIBHUN MPUHITUIT PO3MOILTY
BoAM (puc. 3), 3a IKUM OJHOYACHOMY TIOJTMBAHHIO MIISATAE TIIBKU TEBHA
YaCTUHA TIOJIMBHUX MOJYJIIB.

MakcuMabHO MOXKJIMBA KUTBKICTH OJIOKIB 3poIieHHs] Ny; Ha JUISHIT
OyJie 3aJIe’KaTH Bl TPUBAIOCTI MIKITIOJIMBHOTO MEP10Ty. 3aJIeKHO BiJ ITLOTO
dbopmytoTh Bo10006ir C3, sikuii MOKHA BU3HAYATH 32 (POPMYIIOL0:

T

10, (3)

10 = 2,6 ni6

t
Ny =T-=, (4)
f
Je t — MOTeHIliiHA TPUBAIICTh OJIMBAHHS Ha 100y, t = 20 rox;
tr— dbakTHYHA TPUBATICTH MOJUBAHHS HA 00y, tr = 18 rox;

T — miknionuBHui nepion, T = 3 n1o6wu.
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Ex = = :
E:Q[ = =y E
= S 5
™ = E
- nr nr nr
e — i ——— — b
129 129 129
399

1— mKeperno 3polieHHs, 2— HacocHa cTaHilis, 3 — ginprpocTanitiss, MT—
Marictpanbauii  Tpybomposin, PT — posmominpumii TpyOGomposin, JIT—
ninsHKoBHiA TpyOonposia, [T — momuBHUN TpyOOTPOBII.

Pucynok 3. CxemMa MOy IbHOT AUISIHKHA KPaneIbHOTO 3pOIIEHHS:

KinbKicTh TIONMBHHX MOIyNiB y Onomi 3pomieHHs Np, MOXHa
BHU3HA4YaTu 3a (HOPMYJIOHO:

N n
pm — 3y ®)
N,
JIe N — 3arajibHa KUTbKICTh TIOJIMBHIX MOJIYJIIB Ha JIUISHIT 3POIICHHS, 1 = 6 IIIT.
Nym = 3= 210T

CepenHiO MJIONTy MOIYJIB y OJOII 3pOIIEHHS MOXKHA BHU3HAYATH 32
dbopmyiioro:
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Ap =7 (6)

ne Ap;— cepenHs mioma 0J10Ka 3poIeHHs, HETTO, Ta;

A, — TUI0IIA IUISTHKY 3pOIeHHs HeTTo, A, = 13,8ra.

13,8
Abl = T = 4‘,6 ra

Butpaty BogonogaBaHHs CUCTEMH 3pOIIEHHS OpyTTO (0 BUSHAYMMO 32
MaKCHMaJIbHOIO BUTPATOIO OJI0Ka 3pOIICHHS 3a (POPMYII0I0:

max
Qo = 2,78 107+ 2 (7)
E
ne Q,— BUTpaTa BOAONOJABAHHS, OpyTTO, M>/C;
Q}%*— makcuMaibHa BUTpaTa Oi0Ka 3pomryBanns, Qp % = 20m3 /rog;

E;— xoedirieHT KOpUCHOI Aii 3poiryBaibHOi cuctemu, E; = 0,98.

20
=278-107%- (
Qo 0,98

) = 0,006 M3 /c.

Butparta BogomnoaBaHHs € po3paxyHKOBOIO JIJIsl BU3HAUCHHS CKIIAMy 1
napaMeTpiB  TIIPOTEXHIYHUX  CIOPYJA, 3acO0IB  OYMIIEHHS  BOJIH,
yCTaTKyBaHHS HACOCHMX CTaHINM Ta 1HIIUX CKIIQJOBUX YACTHH CHUCTEMHU
3pOIIICHHS.

[IpormyckHy  CHOPOMOMKHICTH  HAMIPHUX,  MAriCTPaJIbHUX  Ta
pO3MOAUTFYUX  TPYOOINPOBOMIB  PO3PAaxXOBYIOTh HA  BHUTpaATH, SKi
BI/IMOBIAAI0Th HAWHEBUTIAHINIOMY TTOEIHAHHIO TTOJTMBHUX MOJYIIIB Y OJIOIT
3pOIIYBaHHS 3 HOT0 MaKCUMAaJIbHOIO BUTPATOIO.

['iapomomynb cuctemu 3polieHHs Tpeba BU3HaYaTH 3a (OPMYJIOH0:

Qo
q=103—, 8
0,085 / v
JI/C
=103 (— ) = 0,43 —
1 13,8 ra

OpieHTOBHMI JiaMeTp MaricTpaibHoro TpyOompoBoay d (M)
BU3HAYAETHCS 32 (POPMYJIOFO:

d=113 @, )
v

7€ V — MBUIKICTh PyXy BOJIW B TPYOOIPOBOJI, OOMpAEMO 3 JiamazoHy
0,9...1,9 m/c M/c.
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0,006
1,2

d=113 = 0,08m

[IpuiimaemMo HaWOMMKYMM CTaHIAPTHUM JiaMeTp TPYyOOIpoOBOIY
[14,15] der = 0,09 M.

Busznagaemo (pakTuyHy MIBUIKICTH pyXy BOAM 32 GOPMYJIOH0:

(10)

= 2 004
V= 10092 M/c

KinbKicTh KpamnenbHUIb BU3HAYAETHCA 32 (HOPMYJIOIO:
ll'IO.II
n = on (11)
Al
ne Lo, — AOBXKUHA TOJIUBHOTO TPYOONPOBOAY, Lo, = 129M;
Al — BincTanp Mik kpanensHusaMu, Al = 1,5 m.

129
n =— = 86 1T.
1,5

Po3paxyHOK KUIBKOCTI 3pOIIyBalibHOI TPYOKH (JIOBXXKMHA TMOJIMBHUX
TpyOonpoBoiB Ly ), (puc. 3) BU3HAUYUMO 3a (OpMYJIOIO:

Ayne - 10000
Ly=—7F" (12)
L
ne A, — Iiona, Ky 3aiimae Kynetypa, 4,; = 13,8ra;
L,, — BlACTaHb Mk TpyOKamu, npuitmaemo L, = 4mM;

1000 — xoedinicHT nepeBeeHHs Ta B M2,

13,8-10000
LN ES 4

= 34500 m

Po3paxyHKOBUI  Hamip HAacOCHUX arperaTiB  BU3HAYaEMo, 3
ypaxyBaHHSIM BUKOpUCTaHHs KparenbHoi TpyOku Evci Plastik 50 cm nHa
4n/ron, 3a popmydoro [15]:

Hyc = hyinpu + At + hgr + hpr + Ay + Rpeops (13)
ne hyjny — BUTBHUN HaIip B KiHII MIOJUBHOTO TPYOOTpoBOAY (MiHIMAJIBHO-
JOMYCTUMUI Hamip Ha KpamnejabHUIll), JUIsl KpanelbHOI TPyOKHu
Evci Plastik 50 cm Ha 4 n/ron, hg;,., = 0,1 bap;
hpt — BTpaTu Hamopy B NOJUBHOMY TPYyOOIIPOBOI, M;
hjr — BTpath Hanopy B AUIAHKOBOMY TPyOOIIPOBOII, M;
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hpr — BTpaTu Hamopy B po3MOAUIBHOMY TPYOONPOBO/IL, M;

hyt — BTpaTH HAIMoOpy B MaricTpajibHOMY TPYyOOMPOBO/II, M;

Preoy — DI3HHLSA T€OAE3MYHUX BIAMITOK PO3PaxXyHKOBOI [UISHKU 1
HACOCHOI CTaHIl, ooy = (Zm-ﬂ — ZHC), M.

Hyc =102 + 1,87 + 0,145 + 4,27 + 2,88 = 10,185m

Jlnst 3a0e3nedeHHss MOTPIOHOTO THCKY B OCTaHHbOMY MOJUBHOMY
TpyOOINPOBOI HAWOUIBII BiAJAJICHOTO BiJT HACOCHOI CTaHIli MOJHUBHOTO
MOyl HEOOX1HO, 00 PO3paxyHKOBUH Harip OyB HaOMmKkeHUM 10 20 M.

[nsa copoekroBanoi cucremu 3pomeHHs y TOB «CAH-MIUIET»
npuitMmaeMo Hacoc KoHcosbHHI BimueHTpoBuid K90/20, CnoboxkxaHChKOro
€JIEKTPOMEXAHIYHOT0 3aBOAY, XapKiB, Y KpaiHa.

Bucnosxu. 1. JloBeneHo, mo e€(peKTUBHICTb KPaneabHOTO 3pOIICHHS
BUPAXXA€ETHCS OTPUMAHHSIM BHUCOKHX YPOXKAiB XOPOIIOi SIKOCTI 32 paxyHOK
ONTUMAJIBHOTO 3BOJIOXKEHHS Ta >KMBIIEHHS KOPEHEBOTO IIapy IPYHTY MpHU
BIJIHOCHO HU3bKOMY KO€(III€HTI BOJJOCTIOKHUBAHHSI.

2. Bu3HaueHO OCHOBHI MapaMeTpH CUCTEMU KPareJIbHOTO 3POIICHHS Ta
BCTAHOBJICHO, IO KIJIBKICTh OJOKIB 3pOIITyBajbHOI JUISHKUA JOPIBHIOE 3
IMTYKWA;, CepefHs Iuloma OJioka 3poIleHHs ckiamgae 4,6 ra; KUIbKICTh
MOJIMBHUX MOAYJIB — 2 IIT.; KUIBKICTh 3POIITYBAIBHOI TPYOKHU TMOJTMBHUX
TpyOomnpoBOiB cTaHOBUTH 34500 M.

3. BcraHoBneHo, 1o s 3a0e3Me4eHHs MOTPIOHOrO THCKY B
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HAaCOCHOI CTaHUli MOJMBHOIO MOIYJSI HEOOXITHO, 00 pO3paxyHKOBHI
Hamip OyB HaOmmkeHuM 10 20 M. TakoMy 3Ha4yeHHIO BIAMNOBIJAE€ HACOC
KOHCOJIbHUM BiArieHTpoBuii K90/20.
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L. Bondarenko, O. Vershkov
Dmytro Motornyi Tavria state agrotechnological university

DEVELOPMENT OF THE SYSTEM OF DROP IRRIGATION OF CHERRY
PLANTATIONS IN LLC "SAN MILET"

Summary

Drip irrigation is an economically viable and environmentally friendly method of
watering gardens in open ground and is characterized by a number of technological
features, the main of which is the local nature of soil moisture, mainly only in the area of
root mass development and use drip irrigation systems to adjust the water distribution
network.

The work is devoted to the development of elements of the drip irrigation system
of Bigarro Burlat cherry orchards in the limited liability company "SAN MILET" for a
research area of 13.8 hectares. At the site of irrigation trees are placed according to the
scheme 4.0 m x 1.5 m, feeding area is 6.0 m2, the number of trees per 1 hactare is 1666
pcs. The total area of the research site is 15,440 hectares.

Based on the calculations, the main parameters of the drip irrigation system for the
research area of cherries LLC "SAN MILET" were determined and it was established that
to ensure quality irrigation it is necessary to use an irrigation tube with a diameter of 0.09
m and a length of 34,500 m. The modular principle of water distribution is applied at the
irrigation site, according to which only a certain part of irrigation modules is subject to
simultaneous watering. It was determined that the number of blocks of the irrigation area
is 3 pieces, and the number of irrigation modules in the irrigation block is 2 pieces, the
average area of the irrigation block is 4.6 hectares.

As aresult of hydraulic calculation of pump unit pressure it was found that to ensure
the required pressure in the last irrigation pipeline furthest from the pumping station of
the irrigation module it is necessary that the design pressure was close to 20 m.

Key words: irrigation, drip, cherry orchard, irrigation unit, irrigation rate, irrigation
pipeline.
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MOJIEJIIOBAHHS TA OIITUMIBALISI PAIIIOHY TOJTYBAHHS
JIMHUX KOPIB Y 3MMOBUI TEPIO/L

Anomayis. B crarTi 3anponoOHOBAHO METOAUKY MOJIETIOBAHHS
ONTUMAJIBHOTO palllOHy TOAYBaHHS JIMHUX KOPIB y 3UMOBHI Mepiof 3
JOTPUMAHHSIM  BIATOBIAHMX  300TEXHIYHUX: 1O  EHEPreTUYHOMY,
IPOTEIHOBOMY, MAaKpO- 1 MIKPOEIEMEHTHOMY, aMIHOKHUCIOTHOMY 1
BITAMIHHOMY CKJaJi, & TaKOXX IO CIIBBIJHOIICHHIO PI3HUX TPy, BHIIB
KOPMIB y MOXKHBHUX PEYOBHHAX Ta EKOHOMIYHUX BUMOT. Jl0BEAE€HO, 110 AJIs
IOTO  JOIUIBHO  BUKOPUCTOBYBATH  ONTUMI3AIIAHY  €KOHOMIKO-
MaTeMaTUYHy MOJeNb palloHy TrojayBaHHS TBapuH. llpu wnpomy
BUKOPUCTAHO LUILOBY (DYHKIIIIO — MiHIMajlbHa COOIBapTICTh paiioHy. B
pe3ynbTaTi pillieHHS 3a7a4i JIIHIHHOTO MPOTrpaMyBaHHS CUMILIEKC-METO/I0M
MS Excel orpumano niepenik BH1iB KOPMiB, 110 BXOISTH J0 CKJIaay palioHy
JIMHUX KOPIB MPH 32 33JJaHUX BUX1THUX JaHUX. Po3po0ieHa ta peanizoBaHa
HAa TBAapUHHULIBKOMY TIJIMNPUEMCTBI METOJIMKA JIO3BOJIUTH 3OUIBIIUTH
BUPOOHMIITBO 1 peati3aliio MOJIOKa ITPU MIHIMaJIbHINA cOO1BapTOCTI.

Kntouosi cnosa: monentoBaHHs, ONTUMI3allis, J1iiHA KOPOBa, PaIlioH,
co01BapTICTh, MOJIOKO.

Ilocmanoexa npobaemu. CTBOpEHHS HANIMHOI KOPMOBOI 0aszu y
CUTCHKOTOCTIONAPCHKUX  MIANPUEMCTBAX €  OCHOBOIO  TOJAJIBIIOTO
3pOCTaHHS TBapWHHHIITBA. Bubip 1 CTpykTypa KOpMOBOTO OanaHCy
3aJIeKUTh B TMPUPOTHO-KIIMATUYHUX yYMOB, BHIIB 1 TOPiJl TBapHH, IO
PO3BOJISATH Y TOCHOJAPCTBI, JAOCATHEHHSI HAyKW 1 TEXHIKM Ta JOCBILY Y
oprasizaiiii parioHajabHOI TOyBaHHS CUIBCHKOTOCIIONAPCHKUX TBApHH [1].

[ToBHOIIIHHE TOTyBaHHS € OCHOBOIO BIITBOPEHHS TBAPHH 1, BIAMOBITHO,
3pOCTaHHsI MPOJYKTUBHOCTI JIOPOCIMX TBapHWH, CIPHUSE CKOPOCILIOCTI Ta
30UIBIIICHHST JKUBOI MAacu MOJIOJHSKY, IO B CBOIO Yepry O3Haydae
NiJBUILLIEHHS €()EeKTUBHOCTI BEACHHS raiy3l TBapUHHUITBA. [IpaBuibHe
BUKOPUCTAHHSA KOPMIB € OJHHUM 13 pe3epBiB 30LIbIICHHS 1 3/CIICBICHHS
BUPOOHUIITBA MTPOAYKIIT ragy3i TBApMHHUIITBA [2]. B 3a5exHOCTI BiJl yMOB

© P. B. Cxuisap, b. B. bontsaHchkuit
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KOKHOTO  30KpeMa  CUIbCHKOTOCTIOAAPCHKOrO  MIANPUEMCTBA,  HOTO
MOJKJIMBOCTEH HEOOXIHO PO3paxOBYBaTH ONTHUMAalbHI HOPMH TOIYBaHHSA
TBapHH, BUXOJAAYHU 13 HAYKOBO — OOTPYHTOBAHUX, PO3POOJIECHUX HAa OCHOBI
ONTUMI3ALIMHUX METOIB 1 MOJENel PallioHIB ToJyBaHHSI KOKHOTO BUIY
CUIBCHKOTOCIIOAAPCHKOT TBAPUHH.

Po3paxyBatn Takuii pamioH TpaaULIIMHUMHA METOJaMH MiA00py
KOMITOHEHTIB JIy’€e CKJIaJHO, a TPU 3HAUHOMY HAaOOp1 KOPMIB, TPAKTUYHO HE
MOXJIMBO. Tomy 3ajmady Oa)kaHO BHPIIIYBaTH 3 JOMOMOTOI0 €KOHOMIKO-
MaTeMaTHIHUX METO/1B 3 Bukopructanasam [IEOM.

[luTtaHHa ONEpPaTUBHOIO IUIAHYBAHHS BUKOPUCTAHHA KOPMIB, SKi
3aroTOBJICHI Ha 3UMOBHUH NEpiOJ, MPEACTaBISAIOTh MPAKTHYHUNA IHTEPEC.
OnTuManbHUM IUTAaH TIOBMHEH 3a0€3MEeYMTH HaOUIbLI palliOHATbHUAN
O30T 3aMMaciB KOPMiB MIJK CTaTEBOBIKOBUMH I'PyIIaMH 1 BUIAMH Xy1001
3 OJHOYACHUM BU3HAUYEHHSM PALIOHIB JJI1 KOKHOI Ipyn [3].

Amnaniz ocmannix docniodxcens. IIuTaHHIM €KOHOMIKO-MaT€MAaTHYHOTO
MOJIC/IIOBaHHS B  YIpPaBIIHHI BUPOOHUYO-EKOHOMIYHOK  JISUIBHICTIO
npucssiueHi poootu C. M. Bonkosa, B. [I. Kiproxina, O. O. Bapnamosa,
O. B. Kynuunenko, JI. C. TBepaoscwkoi, P. O. Tpubpara [4, 5], ski
OMKCYBAJIM CUCTEMU MaKPOCKOHOMIUHUX MOJIEJICH IJIaHyBaHHS Ta aHAII3Y
PO3BUTKY  arpolpoOMMCIOBOTO  KOMIUIEKCY.  ABTOpPM  Hamarajucs
MOJICTIOBAaTH OKpEeMi €JIEMEHTH BHUPOOHHUYO-CKOHOMIYHOI JISJIBHOCTI,
HEXTYIOUM TPUHIUIIOM KOMIUIEKCHOCTI. AJie, Cy4yacHl MiIXOIud [0
MOJICJIIOBAHHS Y CIJIbCHKOMY TOCIOJIAPCTBI MalOTh OyTH CIpsSIMOBaHI Ha
PO3BUTOK TAKUX MPUHIIMITIB YIPABIIHHS, IK CACTEMHICTh Ta KOMIUIEKCHICTb,
OaraToBapiaTUBHICTh PO3PAXYHKIB 32 IOMTOMOTO0 3aMPOBAKEHHS CUCTEMU
€KOHOMIKO-MaTeMaTUYHUX MO/IETICH.

Takox, BaXXJIMBY pOJb BIAICPalOTh 3aBJaHHsA onTuMizamii [4-6]:
MOBHOBIKOBOI CTPYKTYpPH CTaJia; palliOHIB TOJyBaHHA XyJI00U; CTPYKTYpHU
KOPMOBUPOOHUITBA,  3a0e3leyeHHsT XyA00M  KOpMaMH  BJIACHOTO
BUPOOHMIITBA B YMOBaX OOMEKEHUX 3eMENbHUX pecypciB. BupimenHs mux
3aBJIaHb IONIOMOKE YHUKHYTH MOTIPIICHHS MOKa3HUKIB BIITBOPECHHS CTA/Ia,
MPOYKTUBHOCTI TBAPHUH 1 IOCATTH MAaKCUMYyM €KOHOMIYHOTO €(EeKTY.

Dopmynosanns memu cmammi. Po3poOka eKOHOMIKO-MaTeMaTUYHOI
MoOJIeJl Ta pO3paxyHOK ONTHUMAJIbHOTO paIliOHy roJyBaHHS IIHHUX KOPIB 3
ypaxyBaHHSM BIAMOBITHUX 300TE€XHIYHUX Ta €KOHOMIYHUX BUMOT.

OcHnosna yacmuna. Ha depmi Benukoi poraroi xymoowm (BPX) s
roJlyBaHHsI TBAPUH BUKOPHUCTOBYIOTh 3€pPHOBI, TPy01 Ta COKOBUTI KOPMH, SIKi
BUPOIIEH1 B Tocnoapctsi [7, 8]. Jlo HUX BITHOCATHCS COJIOMA, KYKypya3a
Ha CUJIOC, KOHIIEHTPOBaH1 KopMHu [9].

Po3po0Kky unciioBOi €KOHOMIKO-MAaTeMaTUYHOT MOJEN MOYMHAIOTH 3
BU3HAYCHHS HEBIJIOMHMX BEJIMYMH 1 apaMeTpiB (BIJOMUX BEJIWYWH) 3a/1adi
[10,11]. BinOip BuxinHOi iH(pOpMaIlii MOBUHEH BKIIOYATH:

- BUJI YU CTaTE€BO-BIKOBA IpyIa TBAPHH, JUI SIKO1 CKJIaJa€ThCs PallioH,
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nepion ( moOa, mekama, MicsIlb), )KUBA Maca, PO TyKTUBHICTH;

- BMICT MO>KUBHHUX PEYOBHH Y pallioH] (HOpMa rOyBaHHs );

- BUJIM KOPMIB 1 T0OABOK, 1110 € B TOCIIO/IaPCTBI;

- HOpMH 3T0JIOBYBaHHs PI3HUX BUAIB KOPMiB TBapUHI1 (TpaHUYHI);

- BMICT TIO’KUBHHUX PEYOBHH Y | KI' KOKHOTO BUY KOPMY;

- iU 1-111 KOpMy 4M iX cOO1BapPTICT.

Ha ocHOBI mnomepegHbOro aHamizy [Jisi poO3B’s3KYy JaHOi 3ajadi
HEO0OX1THO MaTH Taky iH(opmarrito [9-12]:

- BU3Ha4yaloTh J000BY MOTpely CUIbCHKOTOCIOAAPCHKOI TBAPUHU Y
PI3HUX BHJIAX MOKUBHUX PEUOBHUHAX, MAKPO- 1 MIKPOEJIEMEHTIB, BiITaMiHAaX,
aMIHOKHCIIOTaX;

- BU3HAYaI0ThCs BUM KOPMIB BJIIACHOTO BUPOOHMIITBA, X COOIBAPTICTh
Ta HeOOX1AH1 KOPMOBI JOOABKH, BITAMIHH TOIIO, 1110 OYTyTh MOKYITHUMHU Ta,
BIAIIOBIIHO, 1X I[IHH;

- BU3HAYaI0ThCs (P1310J0TTYHO JOMYCTUMI TPAaHULl BMICTY Pi3HUX Pyl
KOpMIB 1 KOPMOBUX J00aBOK Yy PpAalliOH B 3aJE€XKHOCTI BiJ LIJILOBOIO
MIpU3HAYCHHS TBAPUHHUIIBKOT MIPOJTYKITii. BcranoBmoetbes
CIBBIIHOIIIEHHS B PAI[IOH] OKPEMHX MOKUBHUX 1 XIMIYHUX PEYOBUH.

IMocranoBka 3amaui. CkiacTd €KOHOMIKO-MAaT€MAaTHYHY MOJIEhb
ornTtumiszaiii J000BOTO pallioHy TOJYBaHHS JUIsl NIMHUX KOPIB Y 3MMOBHM
Mepioj] 3 CepeIHBbOIO KUBOKO Macor 600 Kr 1 cepeTHb01000BUM HagoeM 20
Kr MoJioka. JIjist 3abe3reueHHsl 3a1aH01 TPOTyKTUBHOCTI HEOOXIIHO, 1100 B
parioHi mictuiocss He MeHme 17,0 kr KopMoBUX oauHMIB, 1700 T
neperpaBHoro mpoteiny, 110,5 r kanwuio, 76,5 r dochopy 1 765 wmr
kapoTuHy. Cyxoi pe4OBHMHM B HIM Mae OyTu He MeHIIe 17 Kr.

Pamion Moxe ckimagatucs 3 JepTi SIUMIHHOI, JEpTI TOpPOXOBOI,
COHAILITHUKOBOTO MIPOTY, BHCIBOK, CiHa JIOIEPHOBOTO, COJIOMH, CHIIOCY
KYKYPYI35SHOTO, CIHaXy JIOLUEPHOBOIrO 1 KOpPMOBOro Oypska. Bwict
MOKMBHUX PEUOBHUH B KOPMI 1 1X MTOKMBHA LIIHHICTh MPECTaBIEH] B TAOIHIII
1.

Maca okpemMux rpyr KOpMiB MOXe nepeOyBaTu B Mexax [7]:

* koHIIeHTpaTH - BiJ 30 10 40% Big CTPYKTYypH paIlioHy,

* rpy01 kopmu - Big 10 mo 20%,

* cokoBwuti 30...50%

* nnpeMikc He meHtre 1%

[lutoma Bara KyKypyI3u B Tpymi KOHIIEHTPOBAHHX KOPMIB MOBHHHA
cxianatu 40...50%, mpoty Bia 20 10 30%, BuciBok He Outbie 6 %, 1epTh
ssuminHa Bij 5 10 10%; conomu B rpymi rpyoux — He Oibiie 20%, cuiiocy —
He MeHuie 50% B rpyIi cOKOBUTHUX [7].

Kpumepiti onmumanvnocmi — minimym codisapmocmi payioHy.

30ip BuxiaHoI iHdopMaiii i MOPAAOK Ii MIATOTYBAHHS

BuxigHow iHpopMalii€ro B JaHOMYy THII 3a7a4d Oyje MOXKHUBHICTh Ta
co0iBapTicTh KopMiB (Tabmwuis 1) [7,12].
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Tabnuys 1
BMicT moKMBHUX peYOBHH B | KI KOpMY 1 cOOIBApTICTh KOPMIB
g | z | =
=~ ’ > —
£ == | = = | = a3
= @ s £ = = | 5§
o —~ (D] :f S o ™ e
2% 55 2| 5| 8| % |&g&
Buau KopMiB ) 22| S g = & | B g
= o H ~ S < < A
& | F ol - -
N7 @) NS
JlepTh ssUMiIHHA 1,08 90 1,6 2,9 0,3 | 0,85 | 3,75
JlepTh rOpoXoBa 1,22 198 2 4.3 0,2 | 0,88 | 2,25
Kykypynza 1,33 78 0,5 5,2 6,8 | 0,85 | 4,2
tpor . 1,18 | 383 | 3,6 | 122 | 3 | 09 | 3,5
COHSIITHUKOBUM
[IIpoT coeBuii 1,21 400 2,7 6,6 02 | 091 | 4,3
BuciBkm nmennuni | 0,86 109 2 6,6 2,6 | 0,84 | 3,1
Cinax monepHosuii | 0,54 38 5,4 1,6 40 | 0,45 | 2,15
CiHO JTIOIIEPHOBE 0,5 70 4,2 2,4 49 10,83 | 1,18
Conoma staMiHHA 0,36 16 3,7 1,0 4 0,85 | 0,11
Croc ) 02 | 14 | 1,5 | 1,1 | 15 | 026|023
KYKYPYJI3STHUH
KopmoBuii 0ypsix 0,12 9 04 04 - 0,13 | 1,68
[Tpemikc - - 90 30 | 1250 - 6,8

Po3poOxa yuci10B0i Mogesti

VY BIAMOBIIHOCTI 3 YMOBaMU 3a/1aui BBEJIEMO 3MiHHI BeJTMYUHM:

X| — JepTh SUYMIHHA, KT

X2 — IEPTh TOPOXOBA, KT

X3 — KyKypy/3a, KT

X4 — WIPOT COHSITHUKOBHM, KT

X5 — IIPOT COEBUM, KT

X — BUCIBKH IIIIEHUYHI, KT

X7 — CIHQX JIFOIICPHOBHUH, KT

Xg — CIHO JIIOIICPHOBE, KT
X9 — COJIOMA STYMIHHA, KT

X10 — CWJIOC KYKYPYA3sIHUM, KT

X1] — KOpPMOBHUI OypsK, KT

X12 — IPEMIKC, KT

Ckiagemo cucreMy 00MeKeHb:
1. 3a KOpMOBUMU OJUHUIISIMU, KT

1,08 x; +1,22 x, +1,33 x3 +1,18 x4 +1,21 x5 +0,86 x6 10,54 x7 +0,5 X3

+0,36x9 10,2 x50 0,12 x1; > 17,0
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’ %@V

2. 3a BMICTOM IIEPETPABHOTO MPOTEIHY, T

90 x; +198 x; +78 x3 +383 x4 +400 x5 +109 x4 +38 x7 +70 x5 +16X9
+14X10 +9 X112 1700

3. 32 BMICTOM KapOTUHY, MT'

0,3x; +0,2x, +6,8 x3 +3 x4 10,2 x5 +2,6 X6 +40 x7 +49 x5 +4X9 +15X1¢
+1250x,2 > 765

4. 3a BMICTOM KaibIIO, T

1,6x; +2x, +0,5x3 +3,6X4 +2,7 X5 +2 X¢ +5,4x7 +4,2x5 +3,7X9 +1,5X10
+0,4X11 +90x,,> 110,5

5. 3a Bmictom docdopy, T

2,9x; +4,3x, +5,2x3 +12,2x4 +6,6 X5 16,6 X¢ +1,6X7 +2,4x5 +X9 +1,1X19
+0,4X11 +30X12 > 76,5

11. 3a emicmom cyxoi peuosunu, k2

6. He menmie

0,85x; +0,88x, +0,85x; +0,9x4 +0,91 x5 +0,84xs +0,45x; +0,83xg
+0,85X9 +O,26X10 +0,13X11 217

1I1. 3a emicmom epyn Kopmie y payioHi, ke

7. KoHneHnTpartiB, HE MEHIIIC

X1 X2 +X3 X4 +X5 +X6 > 0,3(X1 +X2 +X3 +X4 +X5 +X6 +X7 TX5+X9 +X10
+X11 +X12)

2,33X1 +2,33X2 +2,33X3 +2,33X4 +2,33X5 +2,33X6 -X7 -Xg§ -X9 -X10 -X11 =
x12>0

8. Konnenrparis, He OuTbIIIe

X] TXy tX3 +Xg X5 tX6 < 0,4(X1 +X2 +X3 +X4 X5 +X6 TX7 +Xg1X9 X190
+X11 +X12)

1,5x; +1,5x, +1,5x3 +1,5%x4 +1,5x5 +1,5X6 -X7 -Xg -X9 -X10 -X11 -X12=0

9. I'pyOux KOpMiB, HE MEHIIIE

Xs X9 = 0,1(X1 +X2 +X3 +X4 TX5 +X6 +X7 +Xs+X9 +X10 TX11 TX12)

-X1 -X2 -X3 -X4 -X5 -X¢ -X7 T9Xg +9X9 -X10 -X11-X12>0

10. I'pyOux xopmiB, He OlbIIIEe

xg tXo < 0,2(x1 X2 X3 +X4 +X5 +X6 X7 +X51+X0 +X10 +X11 TX12)

-X1 -X2 -X3 -X4 -X5 -X6 -X7 T4X3 +4X9 -X10 -X11 -X12=0

11. CokoBUTHX, HE MEHIIIE

x7 +X10F X11= 0,3(X1 X2 +X3 +X4 +X5 +X6 X7 +Xs1TX0 +X10 +X11 TX12)

-X1 -X7 -X3 -X4 -X5 -Xg +2,33X7 -Xg -Xo9 +2,33X10 +2,33X11 -XIZZO

12. CoxoBUTHX, HE OLIbIIIE

x7 +X10F X11< 0,5(X1 X2 X3 X4 +X5 +X6 X7 +XsHX0 +X10 TX11 TX12)

-X| -X2 -X3 -X4 -X5 -X¢ TX7 -Xg -X9 +X10 +X11 -X12=0

13. [Ipemikc, HE MEHIIIE

x12> 0,01(x; +x2 +X3 +X4 +X5 +X6 +X7 +X5+X9 TX10 TX11 +X12)

-X| X2 -X3 -X4 -X5 -X¢ -X7 -X8 -X9 -X10 -X11 T99X1,>0

1V. 3a emicmom okpemux 8udie KOpMi8 y 2pynax Kopmis, Ke

14. Kykypyn3a B rpymi KOHIIEHTPOBaHHUX, HE MEHIIIE
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x3 20,4 (X; +X2 X3 +X4 +X5 ¥X6) ab0  —X; —X» +1,5X3 -X4 -X5 -X6 >0
15. Kykypya3a B rpyIni KOHIICHTPOBAHUX, HE OLIbIIIE
x3 <0,5 (X1 X2 X3 +X4 +X5 +X¢) abo —X| —Xp TX3-X4 -X5 -X¢ <0

16. HIpoT B rpyIii KOHIIEHTPOBAaHUX KOPMIB, HE MCHIIIC
X4 X5 20,2 (X1 +X, X3 X4 X5 ‘|‘X6)

-X1 X2 X3 +4X4 ‘|‘4X5 -X6 ZO

17. IllIpoT B rpymi KOHIIEHTPOBAHUX KOPMIB, HE O1JIbIIIE
X4 X5 SO,3(X1 +X5 X3 X4 TX5 ‘|‘X6)

-X1 X2 —X3 +2,33X4 +2,33X5 -X6 SO

18. BuciBku B rpyIii KOHIIECHTPOBAHUX KOPMIB, HE OLJIbIIIE
X6 <0,06(x] +X3 +X3 +X4 +X5 +X5)

-X1] —Xp —X3 -X4 -X5 +15,7%x¢ <0

19. Conoma B rpy1ii rpyOux KOpMiB, HE OlIbIIIE

X9 <0,2 (xg +x9)  abo -xg +4x9<0
20. Cunocy B rpyni COKOBUTHX, HE MEHIIIE
x10=> 0,5 (X7 ¥X10+ X11)  abo - X7 TX10 - X11= 0

21. JlepTb A4MIHHA B Iyl KOHIIEHTPOBAHUX KOPMiB, HE MEHILIE
X120,05 (X1 +X5 +X3 +X4 +X5 +X6)

19X1 —X2 —X3 -X4 -X5 -X¢6 ZO
22. JlepTb SUMiHHA B TPyl KOHIICHTPOBAHUX KOPMIB, HE O1IbIIe
Xlzo,l (X] +X2 +X3 +X4 +X5 +X6)
9X1 —X2 —X3 -X4 -X5 -X6§ 0
HinboBa GyHKUisA: MiHiMyM 8apmocmi payioHy, pH.
F=3,75x1+2,25x,+4,2x3+3,5x4+4,3x5+3,1x6+2,15x7+1,18x5+0,11x0+

+0,23x10+1,68x11+6,8X12— min

Bupimenns 3agaudi na IIEOM

[Ticnist IbOTO TOTYETHCS YUCIIOBA MOJICIb 33/1aul, J1aHl SKOi 3aHOCSITh Y
NEPCOHAILHUNA KOMIT IOTE€p 1 BUPIUIYIOTh 32 JOMNOMOroio miaatdpopmu MS
Excel [11].

B pesynbrati pimieHHs 3aadi JiHIHHOTO MPOTpaMyBaHHS CHUMILICKC-
meroaoM MS Excel orpuMani HacTymH1 gaHi B Tabuiii 2.

AHaJi3 pe3yabTaTiB po3B’sI3aHHA 3a1a4i

3TriJIHO ONITUMAJILHOTO TUIAHY B PAIiOH CJIiJT BKJIFOUHUTH (Ta0uIIs 2):

- nepth suminHa — 0,46 Kr

- 1epTh ropoxoBa — 3,23 kr

- KyKypya3a — 3,69 kr

- IIPOT COHSIIHUKOBUX — 1,84 KT

- ciHo JronepHoBe — 4,91 kr

- cooMa suMiHHa - 1,23 kr

- CUJIOC KyKypya3aauil — 14,82 xr

- npemikc — 0,53 kr

3aranbHa Bara 10060Boro pationy — 30,71 kr
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V2 T’r il “
A ’
Ta0mmis 2
o .
OntumanbHUM PO3B’A30K 3a/1a4l
3MiHHiI Buau kopmis O6MeKEeHHA
3 3 K s x
« T 5| 8|5 |58|8|&|&2|%5|g8|s5]|¢
E 2 a g @ 3 o) o 5 Z | s =
I z 9] z El 5 c = = ® > S H
¢ o N < I = s Q e jud Z 3 8
g E 2 = <] g | = s = H < g 5
g §| 8| |5 |5|%|5]2|3|¢|B g
o < g g N |3 S S ] 2 s
g,- HaiimeHyBaHHA 06MeKeHb 3 @ © 5 é g
2 xt | X2 | x3 | xa | xs | x6 | x7 | x8 | Xo | X10 | x11 | x22 % x 3
3HaueHHA 3MIHHUX, Kr 0,46| 3,23 3,69 1,84 0 0 0| 491 1,23| 14,82 0| 0,53 g & 2
I. 5ANAHC MOMUBHUX pe408UH
1{Kopmosux oguHuup, Kr 1,08 1,22| 1,33| 1,18| 1,21 0,86/ 0,554/ 0,5 0,36| 0,2] 0,12 17 2 17
2|MepeTpaBHOro NpoTeiHy, r 90 198 78| 383] 400 109] 38 70| 16 14] 9 2245 > 1700
3[Kapotuny, mr 03 02 68 3[ 02 26 40 49 4 15 1250, 1158 > 765
4|Kanbujio, r 1,6 2| 05 36| 27 2| 54 42| 37 15 04 90| 111 > 110,5
5|®ocdopy, r 2,9 43| 52| 122 66| 66| 16 24 1 11 04| 30 102 > 76,5
11. Bmicm cyxoi pe4o8uHu, Ke
6[He 6inbwe [ o8] o8] o8] 09 091] 084 045] 083 085 0,26] 013 [ 7] > | 1
11l. Bmicm 2pyn Kopmie y payioHi, K2
7|KoHueHTpartis min 2,33] 2,33] 2,33] 2,33| 2,33| 2,33 -1 -1 -1 -1 -1 -1 o = 0
8|KoHueHTpaTiB max 1,5 1,5 1,5! 1,5! 1,5 1,5 -1 -1 -1 -1 -1 -1 -8| < 0
9|py6ux kopmis min -1 -1 -1 -1 -1 -1 -1 9 9) -1 -1 -1 31 > 0
10{Mpybux Kopmis max -1 1 -1 -1 -1 -1 -1 4 4 -1 -1 -1 0 < 0
11|CokoBUTMX Min -1 1 -1 -1 -1 -1] 2,33 -1 -1 2,33] 2,33 -1 19 > 0
12|CokoBUTMX max -1 1 -1 -1 -1 -1 1 -1 -1 1 1 -1 =il < 0
13|Mpemikc min -1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 99 22 > 0
V. Bmicm okpemux 8udie KOpmig y 2pynax Kopmie
14|KyKypyZ3a B rpyni KOHLUEHTPOBaHMX Min -1 1 1,5! 1] -1 1 o =2 0
15|KyKypyA3a B rpyni KOHLLEHTPOBaHUX max -1 1 1 1 -1 1 -2 < 0
16|LLIpoT B rpyni KOHLLEHTPOBAHWUX Min -1 1 1] 4 4 1 o =2 0
17|WpoT B rpyni KOHLLEHTPOBaHMX Max -1 1 1] 2,33 2,33 1 3 < 0
18|BuciBKM B rpyni KOHLLEHTPOBAHWMX KOPMiB max -1 1] 1] 1] -1 15,7 9 < 0
19[{Conoma B rpyni rpybux kopmis max -1 4 of < 0
20[{Cunocy B rpyni COKOBUTUX Min -1 1 -1 15 > 0
21| lepTb AYMiIHHA B rpyni KOHLLEHTPOBAHMX KOPMiB min 19 -1 -1 -1 -1 -1 o > 0
22{[lepTb AYMiIHHA B rpyni KOHLEHTPOBAHUX KOPMIB Max 9| -1 - - - - -5 < 0
MiHimanbHa BapTiCTb paLjioHy, FpH. 3,75 2,25 4,2 3,5 43| 3,1 2,15/ 1,18/ 0,11 0,23| 1,68 6,8 - 44

Bukonanns ymos:

- I rpyna oOmexxeHb - morpeda B KOPMOBHUX OAMHMIIAX 1 KaJbLIIO
3aJI0BOJICHA MO MIHIMyMY, BMICT KapOTHHY, IpOTE€iHy 1 (pochopy 3HAUHO
BHIIIE MIHIMAJILHO HEOOXI1THOTO;

- II'1 Il rpyna - KIIBKICTh CyXO1 pEUOBMHU 1 KOHIIEHTPATIB BIANOBIAA€E
HEOOX1THOMY, IHIIUX IPYIl KOPMIB IEPEBUILYE MIHIMAIBLHO HEOOXIIHE;

- VI rpyna - MmaTemMaTH4Hi CITIBBITHOIICHHS BUKOHAHI.

HinsoBa d¢yHKUifa: 0pu TaKOMy CKJIaJai KOPMIB MiHIMalIbHA
cOOIBapTICTh PaIllOHy CTAHOBUTUME 44 TPH.

Bucrnoexu. Jlna wmomnouHoro mianpuemctBa BPX 3ampomonoBana
METOJIMKa JO3BOJIUTH CKJIACTH Ta PO3B’A3aTH E€KOHOMIKO-MaTeMaTHUHY
Mozaenb. B pesynbrari Oyae oTpuMaHO ONTHMAIBHHK paIliOH T'OJTyBaHHS
JTIWHUX KOPIB MPU MiHIMAJIbHIN Or0 cOO1BapTOCTI.
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R. Skliar, B. Boltianskyi
Dmytro Motornyi Tavria state agrotechnological university

MODELING AND OPTIMIZATION OF DIET FOR FEEDING MILK COWS IN
WINTER

Summary

The article proposes a method of modeling the optimal diet for dairy cows in winter
with the relevant zootechnical: energy, protein, macro-and micronutrient, amino acid and
vitamin composition, as well as the ratio of different groups, types of feed in nutrients
and economic requirements. Complete feeding is the basis of animal reproduction and,
accordingly, increase the productivity of adult animals, promotes precocity and increase
the live weight of young animals, which in turn means increasing the efficiency of the
livestock industry. Proper use of feed is one of the reserves to increase and reduce the
cost of production of livestock products. Depending on the conditions of each agricultural
enterprise, its capabilities, it is necessary to calculate the optimal norms of animal feeding,
based on scientifically sound, developed on the basis of optimization methods and models
of feeding rations of each species of farm animals. It is proved that for this purpose it is
expedient to use the optimization economic-mathematical model of animal feeding ration.
The target function was used - the minimum cost of the diet. The source information was
the content of feed units, digestible protein, calcium, phosphorus, carotene, dry matter
and the cost of feed. As a result of solving the problem of linear programming by the
simplex method of MS Excel, a list of feed species that are part of the diet of dairy cows
with a given initial data. The following conditions are met: the need for feed units and
calcium is met to a minimum, the content of carotene, protein and phosphorus is much
higher than the minimum required, the amount of dry matter and concentrates meets the
required, other feed groups exceed the minimum required. The methodology developed
and implemented at the livestock enterprise will increase milk production and sales at a
minimum cost.

Key words: modeling, optimization, dairy cow, diet, cost, milk.
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PI3AJIBHI IPUCTPOI 1151 3BUPAHHSA HE3EPHOBOI
YACTHUHH BPOXKAIO ITIPU KOMBAHHOBOMY 3BUPAHHI
3EPHOBUX KYJbTYP METOJOM OBYICYBAHHSA POCJ/IMH
HA KOPEHI

Anomayis. OJIHaK OCHOBHUM CTPUMYIOUUM YHUHHUKOM IIIOJIO
IIMPOKOIO BIPOBAKEHHS Y BUPOOHUIITBO HOBOI 3€pHO30MPaIbHOI TEXHIKH
3aJIMIIAETHCS MpobiieMa 301paHHs 00UecaHoro Ha KopeHi credaocroro. J1is
3pi3aHHsS oOdecaHux cTeOesl HaWOIIbII KOMIIAKTHUM 1 TEXHOJOTIYHO
HAJIMHUM € CErMEHTHUW MaJIbIIbOBUU pi3aIbHUN amapar 31 3BOPOTHO-
NOCTYyNAJIBHUM  pPyXOM HOXa, a /i OYHUIICHHS 30HH pi3aHHA
BUKOPHCTOBYETHCS TPAHCTIOPTYIOUNN MEXaH13M, SIKHH BUKOHAHO y BUTJISI
KOHTYpPY HECKIHUEHHOTO JIaHI[I0Ta 13 3aKPIIUICHUMHU Ha HbOMY I'pa0iIrHaMu.
Bonu postamoBaHi Haj pi3ajdbHUM amapaToM MapajielibHO TUIOMIHMHI
CErMEHTIB, Ha SKUX TPAHCIOPTYIOThCS 3pi3aHi oOyecaHi cTebiia 70 30HU
BUKUIHOTO  BIKHa. AJjie TIpd  BUKOPUCTAaHHI  MaJlorabapuUTHOTO
BUIIE3TAJJAaHOTO PI3aJIbHOTO MPUCTPOIO BUHUKAE MPOOIeMa YPIBHOBAKECHHS
MOTIEPEYHUX KOJIMBAHb Ta OUMIIICHHS IpaOauH B 30H1 (hOpMyBaHHS Bajika. B
cTaTTi OOTPYHTOBaHI TEOMETPUYHI TMapamMeTpHu pi3ajbHOTO amapary Ha
OCHOBI HECKIHUEHHOTO JIaHI[IoTa 3 AaKTUBHUM BalKOyTBOpIOBaueMm. B
MpoIleCl BUBYEHHS MEXaHIKO-TEXHOJIOTIYHUX OCOOJIMBOCTEH B3aeMOJIIT
obuecaHnx cTeben 3 poOOUYMMH OpraHamMu pPi3aJbHOIO MNPUCTPOIO OYyIn
BUpILIEH] HACTYIHI 3aBAaHHSA: oOpaHa cXeMa TpPaHCHOPTYBaHHS MacHu
cTebel, 1m0 GopMye 1 YKIIaJae BAJIOK MK PYIIIIMA KOMOaliHa; B pe3yibTaTi
KIHEMaTUYHOTO aHaJi3y TPAHCTIOPTYIOUOTO MEXaHi3My OyJI0 BU3HAYEHO, 10
B MIiCIll PO3BOPOTY TpaOIWHU CKJIQJAIOThCS CHOPUATINBI yMOBH ISt
OYHIICHHS 1IbOTO MEXaHI3My BiJ cteben 1 opMyBaHHs Baika. Po3pobieHa
¢b13u9Ha MOJIETT TTPOIIECY B3a€MOII1 cTe0JIa 3 TOBEPXHEIO BAIKOYTBOPIOBAYA
y BUIJISIII JBOX BiJOMBAIOYMX BaJIbLIB, SIKI YTBOPIOIOTH €IUHE Il 3

© O. M. [okapes, K. O. lllerena, b. B. bontsaucekuid, O. O. [1lokapes
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31pOYKaMH TPAHCHOPTYIOUOTO MeXaHi3My. BukopucTaHHs Takoro amapary
3MEHIIUTH BIOpallilo pi3ajabHOrO MPUCTPOIO Ta MiIBUIUTH SAKICTh OUUIIICHHS
rpabiuH B 30H1 (OpMyBaHHS BaJIKa.

Knwouosi  cnosa: o0dvicyBaHHS POCIWH, pi3ajJbHUM TPUCTPIiH,
BAJIKOYTBOPIOBAY.

Ilocmanosexka npobremu. JIo HOBUX TEXHOJIOTIHA 30MpaHHS 3EPHOBHUX
KYJbTYp BIJTHOCUTHCS KOMOaifHOBE 30MpaHHs METOJOM OOYICYyBaHHS Ha
KopeHi [1, 2].

Po3poOku  Takoro  cmocoO0y  BeayTtbes y  TaBpiiicbkomy
arpoTeXHOJOr1YHOMY yHiBepcuTeTi [1, 3].

Oco0nuBICTh IAHOTO CIOCOOY MOJISITAE Yy TOMY, IO OOYICYyBaJIbHUI
IOPUCTPIA, 0 MPUKPIIUIEHUH A0 KOMOalHy 3aMiCTh JKHUBAapKH, BUKOHYE
OOMOJIOT 3€pHOBHX KyJIbTyp Ha KOpPEHI 3 HaCcTymHMM 300poM Ta
JIOOTIPAIIOBAHHSM 00YiCaHOTO BOPOXY Y KOMOaliHi.

HeszepHnoBa wactuHa Bpokaro (oOdicaHi CTE€OJIMHU) Yy MOJOTHIHHO-
cenapyBajJbHUM TPUCTPiN KomMOaiiHa HE MOTPAIUISIOTh, B PE3YyJIbTaTi YOTO
JOCSITAE€TBbCST  ICTOTHE MIABUIICHHS TMPOIYCKHOI 37aTHOCTI KoMOaiiHa;
3MEHIIICHHSI BTPAT 3€pHa Ta HOTO TpaBMYBaHHS; 3MEHILIEHHS EHEPTOEMHOCTI
KoMOaiiHa.

OpnHak HEBUPIMICHICTh JO TEMEPINTHROTO Yacy MpoOsiemMu 30upaHHs
00YiCaHOTO CTEOJIOCTOI0 BBAXKAETHCS OCHOBHUM CTPUMYIOYHUM (HaKTOPOM
IIpU [IHAPOKOMY BIIPOBAIKEHHI B BUPOOHHUIITBO 3€pHO30MPATILHOI TEXHIKU
00YiCyBaJIbHOTO THITY.

J{nst miABUIEHHSI HAIIMHOCTI TEXHOJIOTIYHOTO Tpoliecy o0uiCyBaHHS
3€pHOBUX KYJIbTYp TpeOa MiJIBUIIUTH B MEPILY YEepry HaIAIHHICTh pOOOUNX
OpraHiB pi3ajbHOrO0 MPUCTPOIO KOMOaiiHa, 30KpeMa TPAaHCIOPTYHYOro
MEXaHi3My.

Ananiz ocmanuix oOocniodxcens. Ha naHuil yac BHKOPHUCTOBYETHCS
pi3aibHUN TPUCTPIA CIILCHKOTOCTIONAPCHKUX MAIIMH, SKUH BKIIOYAE
pi3aibHUMN amapart, HaJ KOTPUM PO3MIIIECHO TPAHCTIOPTYIOUYHM MEXaHIi3M y
BUTJISAJIl HECKIHYEHOT'O THYUKOTO €JIEMEHTY, Ha SIKOMY 3aKpIIUJIeH] rpaOiIuHu
tpancnoptytoui. (A. C. 1601791 CCCP, / A. H. lllokapes, H. H. Jlanuenko,
A. B. Asnees, B. I1. I'aBpunos, B. U. Tapacenko, A. @. bunues).

["00BHUM HEAOIKOM PO3TIITHYTOTO Pi3aIbHOTO MPUCTPOIO € HU3bKA
HAJIWHICTh MPOIECY BaJKO YTBOPEHHS MpH 30UIbIIEHI MUPUHU 3aXBaTy 1
YTBOPEH1 BaJIKa 1O IIEHTPY MPUCTPOIO.

Ile¥t HEMOMIK MOSICHIOETHCS THUM, IO B 30HI BHKHJIHOTO BiKHa (30HA
BaJIKOYTBOPEHHSI), OUMILIEHHS TPAHCHOPTYIOUMX TI'pabiuH BiJl POCIUHHOI
Macu Ta YTBOPEHHS BajKa BiJOYBA€TbCS TUIBKU 33 PAXyHOK Pi3KOi 3MiHU
HampsMy pyxy 1 30UIBIICHHS JIHIAHOT MIBUAKOCTI TPaOauH NOpH iX
noBopori[4, 5].

Y MOMEHT 3MiHHU HampsMy pyxy cTe0Jja BiJOyBa€eThCs HOTO Pi3KUH 3ITIT.
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[le mpu3BOAUTH O TOTO, IIO MOTIPHIYETHCS OIMEpallisi MPOMYCKy 3pi3aHuX
creben dYepe3 BIKHO, 3HIDKYETbCA SIKICTh Ballka, TMOPYLIYETHCS
TEXHOJIOTTYHUN TIPOIIEC PI3aHHI.

TakoX HEIOJIKOM PO3TIITHYTOTO Pi3aIbHOTO MPUCTPOIO € Tpodiema
YPIBHOBAKEHHS MONEPEUHUX KOJMBAHb PI3AJILHOTO amapary 31 3BOPOTHO
MOCTYTMAJILHUM PYXOM.

[Ipu piBHOMIpHOMY 00€pTaHH1 KPUBOIIMITY MEXaHI3My MPUBOJY, HIK
Ta IHIN JeTaJli pi3aJbHOIO amapary MarTh 3MIHHI 3a HamnpsMKOM
MPUCKOPEHHS.

Cunu iHepIlli, sIKl BAHUKAIOTh TP I[bOMY, CIIPUYUHSIOTH JUHAMIYHUIMA
TUCK Y MEXaHi3Max.

[leli TMCK mepenaeThCsl HA BECh PI3AJIbBHUM MPUCTPIN, IO BUKIMKAE
KOJIUBaHHS, K1 MPUBOMASITH O 3MEHIIEHHS HAAIMHOCTI TEXHOJOTIYHOIO
npoliecy 3pi3aHHs CTeOJUH Ta JOBFOBIYHOCTI PI3aJIbHOTO MPUCTPOIO [4, 5].

Dopmyeanus memu cmammi. MeTOO CTaTTi € BIOCKOHAJICHHS
pi3aJbHOrO TMPUCTPOIO, B AKOMY INUISIXOM MOJEpHI3alii KOHCTPYKTHBHO-
TE€XHOJIOTTYHOI CXEMH, OCHOBAHOI Ha HOBIM CYKYIHOCTI KOHCTPYKTHUBHUX
€JIEMEHTIB, X B3aEMHOMY PO3TacCKyBaHHI 1 HasBHOCTI 3B’SI3KIB MK HUMH,
3a0€31euyeThCs  IMIJABHUINCHHS HAMIMHOCTI  TEXHOJIOTIYHOTO  IIPOIIECY
BaJIKOYTBOPEHHSI 3p13aHUX CTEOJIMH 13a0€311eUy€eThCs] YPIBHOBAKEHHSAM CHJT
1HEepIIT Pi3aJILHOTO MPUCTPOIO.

OcHosna wacmuna. [locTaBieHa MeTa MOKE BHPIITYBAaTUCh KIIbKOMa
QTbTEPHATUBHUMH BapiaHTaMH, HAMPUKIA] THUM, W0 B pPi3aJbHOMY
IPUCTPOI, 110 MICTUTh PI3aJIbHUNA anapar Ta TPAHCIOPTYIOUUNA MEXaHI3M Y
BUTJISAI JBOX HECKIHUEHHUX THYYKHX €JIEMCHTIB, BCTAHOBJICHO aKTUBHHM
BAJIKOYTBOPIOBAaY y BUIJISIAI JBOX BIIOMBAIOUMX BaJbIIB, OJUH 3 SIKHX
o0epTaeThcsi 3a TOJUHHUKOBOI  CTPUIKOWO, a Jpyruid — 3a
MPOTUTOAMHHHUKOBOIO.

[le mo3BoJis€ JIKBIYyBAaTH 3JIT 3pi3aHOTO cTe0ja B MOMEHT 3MIHHU
HampsiMy pyXy, II0 B CBOIO YEepry TMOJIMNIIYE YMOBH TPAHCIIOPTYBaHHS
3pi3aHHUX POCIIMH B 30H1 BUKHJIHOTO BIKHA.

BcTaHoBIeHHS TBOX aKTUBHUX BiIOMBAIOYUX BaJIbIlIB, SIKI yTBOPIOIOThH
€IMHE IIJIe 3 31pOYKAMM TPAHCIIOPTYIOYOro MexaHi3my. Pyx BigOuBarounx
BaJIBI[IB CHHXPOHI30BaHA 3 JIBOMA TUIKAMH TPAHCIOPTYIOYOTO MEXaHI3MY,
3a0e3neyye  MIABUIICHHS  HAAIMHOCTI  TEXHOJIOTIYHOTO  MpOIEeCy
BaJIKOYTBOPEHHSI 3pi3aHUX CTEOJIMH.

PizanbHUI pUCTpiii MICTUTD: pi3aJIbHUM anapat CErMEHTHOTO TUMy 1,
BCTAHOBJICHWH MiJ KyTOM JO TOPWU30HTY, HaJ SKUM pPO3TalllOBaHi JBa
TPAHCTIOPTYIOYUX MEXaHI3MH 2 Yy BUIIISII JBOX HECKIHYCHHHX THYYKHUX
€JIEMEHTIB 5 3 KOpPCTKO 3aKpilUIeHUMH Ha HUX TrpabiuHamu 3, sKi
BCTAHOBJIIOIOTHCS TapasiesibHO IUIOMIMHI pi3anbHOTO amapara (puc. 1). Ha
B1JICTaHI, 1110 JOPIBHIOE X0/1y HOXKA BiJ] rpa0IvH 3, Ha THYYKOMY €JIEMEHTI 5
i KyTOM J0 HHUX KOPCTKO KPIIUISATHCS IrpabnuHu 4, siKi BCTAHOBJIIOIOTHCS
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napajiebHOTO TOPH30HTY. ['pabmmuan 3 1 4 BUKOHAHI TaKWMH, IO HE
BUCTYMAIOTh 32 MEpenHI0 KpoMKy Hoxka 1. TpancmopTyroui MexaHi3Mu
MICTSITh BiIOMBaiOYi BaJbIll 6, SIKi YTBOPIOIOTh aKTUBHHUM BaJIKOYTBOPIOBaY
B 30H1 BUKUHOTO BiKHa 7.
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Pucynox 1. Cxema pi3ajgbHOTO MPUCTPOIO, SKUH Ma€ pi3ajbHUI amapat
31 3BOPOTHO MOCTYIOBUM PYXOM

BigOuBaroui Bajiblli yTBOPIOIOTH €AMHE IJIE 3  31pOYKaMHu
TPAHCIIOPTYIOUUX MEXaH13MiB 2.

BinOuBaroui Banpll 6 BIIHOCHO TPAHCHOPTYIOUMX TrpabauH 4
pO3TalIOBaHl MiJ KyTOM, SIKHWA TOPIBHIOE KYTy AO TOPU3OHTY, MiJ SKHUM
BCTAHOBJIEHO pi3aJibHUM amapart 1.

BinOuBaroui BanbIli 6, SIK 1 TUIKM TPAHCIOPTYIOUHUX MEXAHI3MIB 2,
PYXarThCs B IPOTUIICKHOMY HANpsIMy /10 BUKUTHOTO BikHA 7.

PizanpHUi mpucTpiil mpairoe TakuM 9uHOM. CTEOJNIMHU 3Pi3YIOThCS
pizambHuM amapatoM 1. B momeHT 3pi3aHHs rpabmmHa 3 B3aemojie 3
pOCIIMHAMH Ta TEPEOPIEHTYE iX TakK, M0 B PE3yJIbTATi 3pi3aHi CTEOTUHU
NOMAJAl0Th Ha TrpabiuHu 4, sKI 3aKpilVIeHI Ha THYYKOMY €JeMEHTI 3.
3pizaHa maca MepeMilyeThcsi Ha rpabinHax 4 MOHaa 30HO0 Pi3aHHS [0
Mmicus (opMyBaHHS Bajika. 30HA 3pi3aHHS MOCTIMHO OYMILYETHCS BIJ
3pi3aHuX CTeOJUH rpabauHaMu 3. OuuiiyBaHHs rpa0iIuH 4 31HCHIOETHCS 32
PaxyHOK Pi3KOT0 301IbIIECHHS JIHIMHOT MBUAKOCTI B MOMEHT PO3TOpTaHHS
rpabmuH. B 1meil uac 3pi3zaHi crebia B3aEMOAIIOTH 3 BiJOMBAIOYOIO
MOBEPXHEIO Bajblld 6 Ta 3MIHIOIOTH HaIpsSM PyXy B MOTPIOHY 0O0JacTh
POCTOPY — 30HY BUKHAHOTO BikHA 7. [ToBepxHs BiaOuUBaro4oro Baiyblis 0,
sKa PO3TalIOBaHA MiJ TOCTPUM KyTOM [0 TPAaHCIOPTYIOUMX rpaliuH 4,
3arobirae 37Mb0Ty creden y BUKUAHOMY BikHI 7. Ctebmna mpu B3aeMoii 3
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MOBEPXHEIO Bi0MBaya 6 OTPUMYIOTh MPUCKOPEHHS 1 3MIHUBIIU TPAEKTOPIIO
MPOXOMATh CKpi3b BUXiAHE BIKHO 7. TMM caMuM MOJIMIITYETHCS MPOITYCK
3pi3aHuX cTeOe, MOBHICTIO OUYHIIYETHCSA 30HA Pi3aHHSA y paliOHI BUX1THOTO
BiKHA 7, MiJIBUIIY€THCS SKICTh BaJKa.

HactynHuit BapiaHT, 11€ KOJIM METa JIOCSATAEThCS TUM, 1110 B P13AJIbHOMY
IPUCTPOI BCTAHOBJICHO pi3aJbHUN amapaT Ha OCHOBI HECKIHYEHHOTO
JAHIIOTa Ha SIKOMY 3aKpilyIeHl CerMeHTHI HOXI. Pi3anpHuii amapar
o0epTaeThCcsl HaJ MPOTUPI3ATBHUMU NalblsiMU. OUUCTKY 30HM pi3aHHA Ta
BIJIBIJ] 3pi3aHUX CTEOJUH 3I1MCHIOETHCS TPAHCIIOPTYIOUUM MEXaHI3MOM Y
BUTJISIII HECKIHYEHHOTO THYYKOrO €JEMEHTY, Ha SIKOMY 3aKpiIUieHi
rpabaunu [5, 6]. Lle no3Boiige 3a0e3neunTtu Oe3nepepBHUN 3pi3, OUUCTKY
30HU Pi3aHHA 1 TPAHCHOPTYBaHHA 3 HEi 3pi3aHUX CTEOJUH NPHU MMOBHOMY
BPIBHOBAKEHHI MPUCTPOIO, 10 BUKIIIOYAE BIOPALLIO.

Pucynok 2. PizanpHuii mpuctpiii 3 pi3ajdbHUM arapaToM Ha OCHOBI
HECKIHYEHHOTO JlaHItora. Bus 3 6oky

\_/ U/ \_/
Pucynok 3. @parMeHT pi3aJibHOTO MPUCTPOIO 3 Pi3AILHUM anapaTroMm

Ha OCHOB1 HECKIHUEHHOTO JIaHI[tora. Bua 3 Bepxy
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PizanpHuit mpucTpiii MICTHTH: pi3aJbHUN amapaT | Ha OCHOBI
HECKiHYeHHOro JsaHioral0, Ha sKOMy 3akpilJIeHI CerMeHTHI HOoxi 4
(puc. 2, 3). HeckiHUueHHUI JIAHIIOT TPHUBOIUTHCS JO PyXy 3ipoukoro 3 i
o0epraeThcsi 0€3 KOJMBAHb HAJ MPOTHPI3ATBHUMHU MalbLsIMA 5 3
IpOTUPI3AIbHUMH TIacTuHamMu 6. Haja pizaabHuUM anmapatoM po3TaiioBaHO
TPaHCHIOPTYIOUMHN MeXaH13M 9 y BUTJIsiI1 HECKIHUEHHOT'O THYYKOTO eJIeMEHTa
3 JKOPCTKO 3aKpIIJIECHUMU Ha HbOMY IpaOiuHaMu 7, siIKi BCTAHOBIIOIOTHCS
napa’sienbHO IUIOIIMHI pi3aibHOTO anaparta. Ha Bijicrasi, 1o TOpiBHIOE X0y
HOKa BiJ IpabJivH 7, HA THYYKOMY €JIEMEHT1 9 MiJl KyTOM JI0 HUX JKOPCTKO
KpiIuisThesl rpabiauau §. TpaHcnopTyrounii MexaHisM 9 NpUBOAUTHCSA A0
pYXy 31pOYKOIO 2.

Pi3anbHuil nmpucTpiil mpaitoe TakuM 4uHOM. CTEOIMHH 3p13YIOThCS
pi3aJibHUM amapatoM | Ha OCHOBI HECKIHYEHHOTO JaHitoral( 3a paxyHok
B3a€MO/IIi CETMEHTHUX HOXIB 4 Ta MPOTHUPI3AIIbBHUX IUIACTUH 6. B MOMEHT
3pi3aHHs TpabirHa 7 B3a€EMO/IIE 3 POCIIMHAMHU Ta MEPEOPIEHTYE iX TaK, IO B
pe3yJbTati 3pi3aHi CTEOIMHYU MONaal0Th Ha TPabJIuHM 8, K1 3aKPIIJICHI HA
THYYKOMY eJeMeHTI 9. 3pizaHa Maca nepeMillyeTbes Ha rpadiauHax 8 Haj
30HOI0 pi3aHHA 10 Micls (OpMyBaHHsS Bajika. 30Ha 3pi3aHHSA IMOCTIHHO
OUHIILY€EThCS BiJI 3pi3aHUX cTeOMH rpabauHamu 7. OuuiyBanHs rpabauH 8
3MIMCHIOETBCSL 3@ PAaXyHOK PIZKOTO 3O01IBIICHHS JIHIMHOI MIBHAKOCTI B
MOMEHT PO3TrOpTaHHs I'padIInH.

HacTynHuii BapiaHT, Lie KOJIM METa AOCATAEThCS THM, 110 B pi3ajIbHOMY
amapari y BUIJISlI HECKIHYEHOrO TSITOBOTO €JIEMEHTY 3 CEerMEHTHUMU
HOXKaMH, JUIsl OYMCTKM 30HM pI3aHHS Ta BIABOJAY 3pi3aHUX CTEOJUH,
BCTAHOBJIEHO TPAHCHOPTYIOYl TIpalOiIMHU, TAaKUM YHHOM pyX TIpaliuH
CHHXPOHI30BaHMU 3 PYXOM CErMEHTHUX HOXiB. Lle qo3Bosie 3ab6e3neuntu
Oe3nepepBHUIl 3pi3, OYUCTKY 30HM pi3aHHS 1 TPAaHCIOPTYBaHHS 3 Hel
3pi3aHUX CTEOIMH.

PizanpHuii amapat MICTUTh: HECKIHUCHHUH JIaHIIOr 1, Ha HIDKHIN
IUIOIIMHI SIKOTO 3aKpIMJIeHI CEerMEHTHI HOX1 2, Ha BEpPXHINA IUIONIMHI
HECKIHYEHOTO THYYKOTO TSTOBOTO €JIEMEHTY | JKOPCTKO 3akpiIuieHi
TpaHcnopTytoui rpabnuau 3(puc. 4, 5). CerMeHTHI HOX1 2 o0epTaeThes 06e3
KOJIMBaHb HaJ MPOTHUPI3ATbHUMHU NanblsMu. [ 3a0e3meueHHs sKiCHOTO
3pi3y POCIIMH Pi3adbHUMN anapaTr BCTAHOBJICHHUH IT1JT KyTOM JI0 TOPU30HTY.

PizanpHuil amapaTt mpaitoe HacTymHUM 4duHOM. CTebnia 3pi3yroThCs
CErMEHTHHUMHU HOXamu 2. B Muth 3pizy rpabnuHa 3 B3aemojie OOKOBOIO
MOBEPXHEI0 3 POCIMHAMHU Ta TMEPEOPIEHTYE iX TaKUM YHMHOM , IO BOHU
ONMMHSIOTHCA HAa BEpPXHIM moBepxHI rpabnuuu 3. 3pizaHa Maca
nepeMillyeTbes Ha rpadauHax 3 Haj 30HOO pi3aHHs 0 Micls (POpMyBaHHS
Bajika. 30HA pi3aHHSA [OCTIMHO OYHMIIYETbCS BiJ 3pi3aHUX CTEOIMH
rpabnvuHamu 3. OuuiyBaHHs rpabivH 3 31HCHIOETHCS 32 paxXyHOK PI3KOT0O
30UJIBIIICHHS JIIHIAHOT MIBUIKOCTI B MOMEHT PO3BOPOTY T'paliIvH.

[Tpu BUKOpUCTaHHI TBOX OCTaHHIX BapiaHTIB € MOXKJIMBICTh
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Pucynok 4. PizanpHuii npucTpiii 3 OAHUM HECKIHUEHHHUM JIAHLIOTOM.
Bun 3 0oky

o/ et Nt
Pucynok 5. ®parMeHT pi3aibHOTO MPUCTPOIO 3 OJHUM HECKIHUCHHUM

naHioroM. Bun 3 Bepxy

BCTAHOBJICHHSI JIBOX AKTMBHHMX BIJIOMBAIOUYMX BaJIblIB, SIKI YTBOPIOIOTH
€IMHE IIlJIe 3 3IpOYKaMH TPAHCIOPTYIOUOrOo MeXaHi3My. THUM caMHUM
MOJIMIIYETHCS MPOMYCK 3pi3aHUX CTeOel, MOBHICTIO OYMILYETHCS 30HA
pi3aHHs y pailoHl BUX1IHOTO BikHa [7, §8].

Bucnosok. B npomeci  BHUBYEHHS ~ MEXaHIKO-TEXHOJOTTYHUX
ocoOnMBOCTE B3aeMoOAll oOuyecaHux cTebesn 3 poOOYMMH OpraHaMu
pi3aJIbHOTO MPHUCTPOIO OYyJIM BUPIIMICHI HACTYIIHI 3aBJIaHHS: OOpaHa cxema
TpaHCTIOPTYBaHHS MOTOIA0Y0i Macu cteben, mo Gopmye 1 yKkiamae BajJok
MK pylisMd  KomOaiiHa; B pe3yJbTaTl KIHEMaTHYHOTO aHali3y
TPAHCTIOPTYIOYOTO0 MEXaHi3My OyJ0 BHM3HAUY€HO, IO B MICIl pO3BOPOTY
IpalIMHA CKIIAIAIOTHCS CIIPUSTIIMBI YMOBH ISl OUMILIEHHS OT0 BiJl cTe0en 1
dbopmyBanHs Basika. Di3MUHE MOJEIIOBAHHS TPOIECY B3aeMojii credia 3
BIIOMBAIOYOI0 TMOBEPXHEI0 BaJKOYTBOPIOBauYa BHM3HAUMJIO YMOBH, IO
3a0€31euyIoTh 3MiHY HANpsIMy PyXy 3pi3aHuX CTEOJIMH B MOTPIOHY 00J1acTh
IPOCTOPY.

Po3pob6iena dizuuna Mojiens npoiecy B3aeMoii crediia 3 TOBEPXHEIO
BaJIKOYTBOpIOBaYa y BUIJISI ABOX BIJOMBAIOYMX BaJbIliB, SIKI YTBOPIOIOTh
€MHE IIJIe 3 3IpOYKaMH TPAHCIOPTYIOUOI0 MEXaHI3My, Ja€ MOXKJIUBICTh
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PO3pOOUTH 1 BUTOTOBUTH JJAOOPATOPHO - MOJIbOBY YCTAHOBKY IS (hi3UYHOTO
MOJICTIIOBAHHSI TPOIECY B3aeMOJIi 3pi3aHux cTeben 3 00epTarouoro
MOBEPXHEIO BAJIKOyTBOpIOBaya [8].

BukopuctanHs Takoro amapaTy 3MEHIIWTh BiOpaIiio pi3aJbHOTO
MIPUCTPOIO Ta MIJIBUIIUTH SIKICTh OYHUIICHHS T'palOjauH B 30HI (popMyBaHHS

BaJIKa.
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O. Shokarev, K. Sheheda, B. Boltianskyi, O. Shokarev
Dmitry Motornyi Tavria State Agrotechnological University, Ukraine?

CUTTING DEVICES FOR HARVESTING THE NON-GRAIN PART OF THE
HARVEST IN COMBINE HARVESTING OF GRAIN CROPS BY THE
METHOD OF PLANTS AT THE ROOT

Summary

New combine harvester technology for grain crops also includes combing the plants
at the root. However, harvesting of the combed stalks is still a major constraint on the
widespread use of the new harvesting technology. The segmented tine cutter with
reciprocating blade movement is the most compact and technologically reliable for
cutting the combed stalks. A conveyor mechanism designed as an endless chain loop with
rakes attached to it is used to clean the cutting area. Rakes are positioned above the cutter
bar parallel to the plane of the segments on which the cut stalks are transported to the
exhaust window zone. However, using the small-sized above-mentioned cutter bar raises
the problem of balancing transverse vibrations and rake clearing in the windrow
formation zone. The geometric parameters of a cutting unit based on an endless chain
with an active windrower are grounded in the article. A system of equations for
determining the range of possible impact point values on the surface of the reflecting
roller is obtained. This is used in modeling the interaction of the stalk with the surface of
the rollers. This system of equations also makes it possible to determine the maximum
height that the stalk can reach in its turning. This is necessary to substantiate the height
of the rollers. When studying the mechanical and technological features of interaction
between the combed stalks and the working elements of the cutting unit, the following
tasks were solved: the chosen scheme of stalks transport forms and places the swath
between the working organs of the combine harvester; as a result of kinematic analysis
of the transporting mechanism it has been determined that at the place of rake turning
there are good conditions for cleaning this mechanism from the stalks and forming a
swath. A physical model of the interaction of the stems with the surface of the windrower
in the form of two reflecting rollers that form a single unit with the sprockets of the
conveying mechanism has been developed. Using such unit would reduce the vibration
of the cutter and improve the quality of cleaning the rake in the windrow forming zone.

Key words: combing plants, cutting unit, windrower
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3ABE3INEYEHHA JOBIOBIYHOCTI OCHOBHUX JIETAJIEA
I'OMOI'EHI3ATOPIB MOJIOYHHUX NPOAYKTIB

Anomayisn. B cTtaTTi 03Ha4YeHO, 110 HEeHaAiliHAa MalldHA - 116 OCHOBHA
O3HaKa BTpaTU €(PEKTUBHOCTI ii 3aCTOCYBaHHA, TaK SK KOXKHA 1i 3yNUHKa
yepe3 MOIIKOKEHHS MEXaH13M1B 200 3HMKEHHSI TEXHIYHUX XapaKTEPUCTUK
BY3JIB 3 BTPAaTOI0 TEXHIKO-EKCIUTyaTallliHUX MapaMeTpiB MPU3BOJUTH HE
TITBKH JI0 BEJIMKUX MaTeplajbHUX 30MTKIB, a ¥ BIUIMBA€E HA MOTIPIICHHS
CTaHy BHpOOHM4YOi Ta TexHochepHoi Oe3neku. Bwusnadeno, 1o
TOMOT'€HI3aTOPH MOJIOYHHUX MPOJYKTIB MPAIIOIOTh B YMOBAaX CEPEAHBOTO 1
CIWJIBHOTO CTYIIEHS arpeCHUBHOTO BIUIUBY TEXHOJOTIYHOIO CEpelOBUIIA.
JlocniKeHHs MOKAa3yITh HU3bKY €KCIUTyaTalliHy HaIliHICTh KJIAaHHOTO
MEXaHI13My 1 IUIyHXEpPiB BUCOKOIO0 TUCKY TOMOI€H13aTopiB. BcMOKTyBabHI
1 HArHITJIbHI KJIAalIaHU MAloTh CKIaaHY (hopmy 3 moBepxHamu. KoxkHa 3 1ux
MOBEPXOHb Ma€ CBOT OCOOIMBOCTI 3HOIIYBaHHA. HanpsiMHa 3HOLIY€EThCS BiJ
Matepiany, 10 MEePeMIIIAETHCA MO HiM 1 TOMY Ha MOBEPXHI (OPMYIOThCA
pakoBuHH. CTBOPIOBaH1 paKOBUHHM B M1a3aX HAINPSIMHUX OPIEHTOBAHI B3JIOBXK
HAIpPSIMKY TEPEeMIIICHHS MPOAYKTY 1 MOXKYTh OyTH BiJHECEH1 JO XIMIKO-
MEXaHIYHOT'0 3HOIIIYBaHHSI, sIKE B1AMOBI1AA€ OKUCIIOBAJIbHOMY 3HOITYBAaHHIO,
10 BiI0YBAa€ThCS MPU BUCOKOMY THCKY 1 HassBHOCTI MMOBEPXHEBO-aKTUBHUX
pedoBHH. J[0 HalO1TBII IHTEHCHBHOTO 3HOITYBAHHS CXHMJIbHA 3ammipHa (acka,
Ha SKIH 9ITKO MPOTIIAIA€ThC AedopMaltist MaTtepiany 3a Mexi dacku. Cingo
KJlamaHa CXWJIbHE O THX JXK€ pyHHyBaHb, 10 1 KjiamaH. BigmapyBaHHs
MeTaJdy Ha 3amipHid d¢acii aHaJoTiYHe BiAIAPYBAaHHIO Ha KJIAIMMaHi.
['oMoreHi3ytoul KjanaHu 1 CiJjla MalTh aHAJIOTIYHUN XapakTep 3HOCY J0
BCMOKTYIOUHMX 1 HarHITAJIbHUX KJIAMaHIB Ta CiJIell.

Knwouosi  cnosa: wMexaHiuHa 00poOKa MOJIOKA, TOMOI€HI3aTOp
MOJIOYHUX MPOAYKTIB, KIaaHHUN MEXaHi3M, TUTYHXKEp, TOBIOBIUYHICTb.

© O.T'. Cxasp, P. B. Cxisip, O. M. Illokapes, C. B. Cupotrok
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Ilocmanosxa  npoonemu. Ha  cydacHOMy  eTami  PO3BHUTKY
MaIIMHOOYyBaHHS, KOJIM, B OCHOBHOMY, BHpIIICHI MUTaHHS KUIBKOCTI
MaIlIMH, BEJIUKOT0 3HAUYCeHHSA HaOyBae mpoOiieMa MiJABUIICHHSA iX SIKOCTI Ta
HajiiHOCTI. [limBUIIIEeHHS HAAITHOCTI MAITUH € BaXKJIMBUM 3aBIaHHSIM OY/Ib-
AKO1 Tady3l rocmogapctBa. Hayka mnpo HamilHICTh TEXHIKM BHUBYAE
3aKOHOMIPHOCTI 3MIHU IOKAa3HUKIB Mpale3/laTHOCTI MAIlMH 3 4YacoM, a
TakoXX (PI3UYHYy MPUPOAY BIIMOB 1 Ha IIIH OCHOB1 po3po0Jise METOIH, IO
3a0€31euyIoTh MOTPIOHY JOBrOBIYHICTh Ta O€3BIAMOBHICTh POOOTH MaIllWH
13 HaliMEHIIMMM BUTpaTaMu dYacy 1 komTiB [1-4]. HamiliHicTh MaliuH
HEOoOX1Ha I MiABUIIEHHS PIBHS aBTOMAaTH3allli, 3MCHIIICHHS BUTpaT Ha
PEMOHT, 30UTKIB BiJ MPOCTOIO 0OJaAHAHHS, 3a0€3MeueHHs 0€3MeKH JT0EH.
binbmr HazgiiiHa TexHIKa J03BOJSE 30UIBIIMTH NPOAYKTUBHICTH IIpall,
KOe(DILIEHT BUKOPUCTAHHS MAallWH 1 3MEHIIUTH €KCIUTyaTaliliHl BUTPaTH.
BupimenHs npoOiseMu HaIIMHOCTI - L€ 3HAYHMM pe3epB MIABUIICHHS
e¢(DEeKTUBHOCTI BUPOOHMIITBA, 3MEHIIECHHS MaTepialbHUX 30UTKIB 1
3ano0iraHHsl BUHUKHEHHIO BIAMOB MamuH. Oco0JuBICTIO TpoOiIeMu
HAJIMHOCTI € ii 3B'A30K 3 yciMa eTanamMu NPOEKTYBAaHHS, BUTOTOBJICHHS Ta
BUKOPUCTAHHS MAaIllMHU, TOYMHAIOUYM 3 MOMEHTY (opmyBaHHS i€l
CTBOPEHHSI MAIlIMHU 1 IO TPUUHSATTS pimieHHs npo ii cnucanHs. OTxe,
npoOriemMa HaJIMHOCTI € KOMIUIEKCHOI 1 moTpedye BupilieHHs y cdepax
BUPOOHMIITBA Ta €KCIUTyaTallii MalluH, aKyMyJIlO€ 1 CUHTE3Yy€ BCE Te, IO
CIIpHSI€ TM1IBUIIICHHIO MPAaIe3aTHOCTI MaIluH [5-9].

B nmpomeci ekcrutyaramii TEXHIYHMH CTaH MAIIMHU  TTOCTIAHO
3MIHIOETBCA 3 PI3HUMHM IIBUJAKOCTSMHU BTpaTH Mpale3laTHOCTI. SKIIo
MallliHa, i1 MeXaH13MU Ta BY3JIM HEHaAilH1, TO BIIOYAEThCS YaCTKOBa abo
MOBHA BTpaTa Mpale3aaTHOCTI, U0 3MYIIy€E BIJHOBIIOBATHU ii 10 3aJJaHOTO
pIBHA 32 paxyHOK Oprasizailii 1 MpOBEAEHHS TEXHIYHOTO 00CITyroByBaHHS 1
pemoHTy. HenaziiiHa MalminHa - e OCHOBHa O3HaKa BTpaTH €(peKTUBHOCTI 11
3aCTOCYBaHHS, TaK K KOXKHA ii 3yMUHKA 4Yepe3 MOLIKOHKEHHSI MEXaHI13MIB
ab0 3HIDKEHHS TEXHIYHUX XapaKTePUCTHUK BY3JIB 3 BTPATOK TEXHIKO-
eKCIUTyaTalllfiHUX TapaMeTpiB MPU3BOJIUTH HE TIIBKA JIO BEJIHKHUX
MaTepialbHUX 30MTKIB, a i BIUTMBAE HA MOTIPIICHHS CTaHy BUPOOHUYOI Ta
texHocdepnoi 6e3nexu [10-13].

B pesynapTaTi miABUINEHHS ~ JOBTOBIYHOCTI J€Talied  MalluH
CKOPOYYIOTHCS BUTPATH 3allaCHUX YaCTHH 1 MaTepialiB HA iX BUTOTOBJICHHSI,
3MEHIIYETHCS KUTHKICTh MPAIIOIOYUX 1 TPYJOMICTKICTh TP €KCILTyaTarlii,
TEXHIYHOMY 0OCJIyroByBaHHI Ta peMoHTI [14-16]. [IpobGnema HaaIHHOCTI 1
JIOBFOBIYHOCTI € OJHIEI0 3 OCHOBHHUX, II0 BU3HAYa€ €(hEKTUBHICTb POOOTU
OyIb-sIKOr0 BUPOOHUIITBA. AJle ISl MIANPUEMCTB NepEepOOHUX rally3eid BOHA
Ha0yBae 0COOJIMBOTO 3HAUCHHS.

Btparu npane3natHocTi 061aiHaHHS BHACIIOK BIIMOB IMPUBOJIATH 10
MPOCTOIB, 3HAUHMX BUTPAT HA PEMOHT Ta 3alacHl YaCTUHU, & TAKOX [0
NICYBaHHS I[IHHOI XapyoBOi CHPOBUHHM, HAMIBAOPOAYKTIB 1 mpoaykuii [17]. ¥V
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OUTBIIOCT] BUMAJAKIB JOBIOBIUHICTH OOJIaTHAHHS MEpPepOOHUX 1 XapUOBUX
BUPOOHUIITB TOB’sA3aHa 3 MPOOJIEMOIO CHPAIIOBAaHHS OKPEMUX JIeTanel Ta
By37iB. [lomanbine BOpoBaKeHHsI Ta PO3MIMPEHHS 00JACTi 3aCTOCYBaHHS
TOMOTEHI3aIlll,  OCHAIIEHHA  MIJOPUEMCTB  BHCOKOMPOAYKTHBHUMU
YCTaHOBKaMH IS KOMILJIEKCHOI 0OpOOKH MOJIOKa BUCYBAlOTh 3aBJIaHHS 10
CTBOPEHHIO  T'OMOIE€HI3aTOpPiB 3  BHCOKMMH  TEXHOJOTIYHUMHU  Ta
eKCIUTyaTalliiHuMu  ToKa3HuKamu. [IpoBoauthes Benauka pobOoTa 1O
CTBOPEHHIO MAIIIMH CYYaCHUX MOJEJEH I MOJIOYHHX MPOAYKTIB Pi3HUX
BSI3KOCTEH 3 YH1(1KOBAHUMH BY3J1aMHU 1 ICTAJISIMH, , TAKOXK 3 IT1JIBUILICHUMHU
eKCIUTyaTallliHUMHA TTOKa3HUKaMU. TOMy MIiABUIIEHHS 3HOCOCTIMKOCTI
JeTanei By3JiB TEPTS € OCHOBHUM HANpPsIMKOM IIJIBUIICHHS HAAIMHOCTI 1
JIOBTOBIYHOCTI 001agHanH:A [18,19].

AHaJli3 OCTaHHIX JOCHIKEHb. Y 3arajibHid TpoOjeMi HaJIiHHOCTI,
TOYHOCTI 1 JOBFOBIYHOCTI MallMH, MEXaHI3MIB 1 MPUJIAJIB OCHOBHE MICLE
HaAJIC)KUTh MUTAHHSAM TEPTs, 3HOIIYBAHHIO TTOBEPXOHB JEeTajlei 1 poOboInx
OpraHiB, sIKi € MIDK COOOI0 B J1y’K€ CKIaJHUX KOPEJSLINHUX 3aJIEKHOCTSIX.

Hocmimpxennss III. KynoHa cramm OCHOBOWO JIsi  CTBOPEHHS
dbopMallbHOTO BUEHHS MPO TEPTS B MEXaHIIl Ta IHXKEHEpHIN crpasi, B
po3po0ieHHi sikoro Opanu yuacts BueHi [l. Jlecoi, JI. ['tom6Gens, I'. JIeiOHii,
C. K. KorenbHikoB, A. B. Bumnerpaacokuii Ta inmii. [loganeimmii po3BUTOK
HAyKU MPO 30BHINIHE TEPTsI OYB MOB’ I3aHUH 13 3arajIbHUM MPOTPECOM HAYKH
1 TEXHIKH, PI3KUM PO3ITUPEHHSM 1 YCKIAJHEHHSIM YMOB 30BHIITHBOTO TEPTH,
pO3pOOJICHHSIM 1 3aCTOCYBAaHHSIM HOBHUX MaTepiayliB, HAKOMUYCHHSIM
CIIOCTEPEKEHHS, SIKI PEECTPYBAIM BIIXWICHHS BiJ 3aKOHY AMOHTOHA-
Kynona. HaGmmkeHuit xapaktep 3akoHY 1 HOro oOMexeHe 3aCTOCYBaHHS
CTaBajIu Bce oueBUAHIIUMHU [20-23].

3HauHMIA BKJIAJ Y PO3BUTOK CY4YacCHOI CBITOBOi HAyKH TPO TEPTA i
3HOITYBaHHS B MallTMHAX BHECJIA YKpaiHChKa ITKOJIa, IKY CTBOPUB Tipodecop
b. I. Kocreupkuii. BitoMumu ¥ BU3BHAaHUMU MPEICTABHUKAMU II€T KO €
npodecopu JI. 1. bepmancekuii, I. I'. Hocorcekuii, II. B. Ha3zapenko,
I'. A. Ilpeiic ta iami. b. I. Kocreupkuit 1 #ioro y4Hi 3po0Wian A psij
byHIaMEHTAIBHUX BIAKPUTTIB y mpobnemi Tepts. llporecu Ttepts 1
3HOITYBaHHS € CKJIQJHUMH 1 3aJI€KaTh B sy (PakTopiB, ISl pO3YMIHHS
SAKUX HEOOX1THUN CHHTE3 3HAHb B 00JIACTSIX MEXaHIKU, TEOPETUIHOI (13UKH,
Gb13UYHOI X1Mii, TEpMOIUHAMIKH, METAJIO3HABCTBA, (hI3UKH TBEPAOTO Tija Ta
1H. Y 3B’A3Ky 3 UMM HHHI ICHYIOTh pI3HI YSBJCHHS MpO SBHUIIA, 10
B1JIOYBAIOTHCSI HAa MOBEPXHI KOHTAKTY TBEPAMX T MpH TepTi. YHCleHHi
JOCIIIJIKEHHSI 3HOCOCTIMKOCTI MaTepialliB y TEXHOJOTTYHUX CEpPEeAOBHILAX
xapuoBux BupoOHUUTB npoBeneHi I'. O. Ilpeiicom, M. A. Conoryoom,
O. I. Hekozom, O. I'. CyxeHKoM 3 CIIBpOOITHUKAMHU, aJi€ 3aJIMIIAETHCS 111e
PAIl HEBUPIIIEHUX NUTaHb [24-27].

Dopmynrosanns yineu cmammi. JIocnianTu XapakTep 3HOCY OCHOBHUX
JeTajel TOMOTreHI3aTopa MOJIOYHHMX MPOMYKTIB Ta BU3HAYUTH IUIIXHU
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3a0e3MeyeHHs! IX JOBFOBIYHOCTI.

OcHOBHAa  yYacTHUHAa. 3HomIyBaHHA ~ OONAJHAHHA  Xap4yOBOi
MPOMHCIIOBOCTI, MIJKOPSIOYUCH B OUIBIIIOCTI BHUIAIKIB  3araJlbHAM
3aKOHOMIPHOCTSIM, BCTAHOBJICHUM JIJIi KOHTAKTY TBEPAUX TUI, Ma€ CBOIO
cnenudiky, sKa IMOJsrae B TOMY, IO PoOOYl OpraHu 3HOIIYIOTHCS HE
BHACJIIOK KOHTAKTy 3 I1HIIMMHU JETAISIMH, a B pPe3yjibTaTl B3aeMOJIi 3
npoaykTamu nepepooku [28-30].

[Ipouiec 3HOIIyBaHHS JeTaledl - 1€ JOCUTh CKJIaJHE SBUIIE, SKE
CYNPOBOJIKYETHCS JIOKAJII30BAaHUMU B TOHKUX TTOBEPXHEBUX IlIapax JeTaneu
MaluH mnporecamu jAedopmailii, YTBOPEHHS 1 pyWHYBaHHS MICTKIB
3YEIJICHHS, TONOTrpapiuHUMH 1 CTPYKTYpPHUMH 3MIiHAMU TIOBEPXOHb,
XIMIYHOIO B3a€MOJIIEI0 CHOJY4YEHUX JeTalied MDK COOOI ¥ 30BHILIHIM
cepenoBuiieM. OcTaHHe Mae 0COOJIMBE 3HAUCHHS JIJIs1 JIeTajeld o0naiHaHHs
xap4yoBUX BUpoOHHULTB. Ha BiiMiHY B IHIIMX rainy3ei, podoTa o0aaaHaHHS
NepepoOHUX 1 XapyOBUX BHPOOHMIITB XapaKTEPU3YEThCA OE3MOCEPEIHIM
KOHTaKTOM TIOBEPXOHb JIeTaleld 3 CHUPOBHHOIO, HAIMIBIPOAYKTaMH Ta
IPOAYKTaMH, SIKI MOXKYTh 3HAXOAMTHCH Yy PI3HOMY CTaHl (371€OUTbLIOrO B
piakomy). ToMy, B mepiily, 4epry, BIaCTUBOCTI TEXHOJOTIYHUX CEPEIOBUILL
Ta iX B3a€MO/Ii 3 TOBEPXHEBUMH ILIapaMHM JIeTaleld BU3HAYAIOTh XapaKTep 1
0co0uBOCTI 3HOITYBaHHs 00agHadHs [31-33]. TexHonoriuHi cepeaoBuIla
nepepoOHNX  BUPOOHUIITB  BUPIZHAIOTHCS  3HAYHOIO  XIMIYHOKO 1
MOBEPXHEBOIO aKTHUBHICTIO, CIIPABJISIOTh 3HAUHUIN BIUIMB Ha BU3HAYAJIbHUN
BUJ| 3HOUIYBaHHA 1 HOro I1HTEHCUBHICTb. [ OMOreHi3aTopu MOJOYHHUX
OPOAYKTIB TMpAIlOI0OTh B yMOBaX CEpeAHBOTO 1 CHUIBHOTO CTYIICHS
arpeCMBHOIO BIUIMBY TEXHOJOTTYHOTO CEPEIOBUIIA.

3a CBO€IO MPHUPOAOID 0araTo KOMIIOHEHTIB MOJIOYHHMX MPOIYKTIB 1
MHUIOYHUX PO3UYHMHIB € MOBEPXHEBO-aKTUBHUMH PEUOBUHAMH, SIK1, SIK BIOMO,
IHTEHCU((DIKYIOTh MPOLECH IUIACTUYHOTO Je(OpMyBaHHS 1 3HOILIYBaHHS
MeTaniB. JoCHipKeHHd NOKa3ylOTh HU3bKY EKCIUTyaTalliHy HaJliHICTb
KJIAITAaHHOTO MEXaHi3My 1 TUTYHXEPiB BUCOKOTO THCKY TroMoreHizaropis. Lli
CKJIaJaJIbHI OJWHUII 1 JeTail 3a0e3MeuyroTh IPOOJIEHHS 1 PIBHOMIPHHMA
PO3MOT B MOJIOYHOMY MPOIYKTI )KUPOBHUX KYJbOK.

BcMmokTyBanbHI 1 HarHITadbHI KiamaHu OAHAKOBI (puc. 1) 1 MarOTh
cCkIaaHy (opMmy 3 MOBEpXHSMH, SIKI BUKOHYIOTH CBOi (PyHKIIT B mporieci
pob6oTtu. KokHa 3 IIMX MOBEPXOHb MAa€ CBOi OCOOJMBOCTI 3HOITYBaHHS.
HampsiMHa 3HOTIIY€ThCS BiJl MaTepiaily, 0 IEPEMIIIAEThCS 10 Hill 1 TOMY Ha
noBepxHi (opmyroThcssi pakoBUHU. CTBOpIOBaHI pPaKOBUHM B Ma3ax
HaIlpsIMHUX OPIEHTOBAHI B3JIOBX HAIPSIMKY IEPEMIIIEHHS MNPOAYKTY 1
MOXYTh OYTH BIJHECEHI JI0 XIMIKO-MEXaHIYHOTO 3HOIIYBaHHS, SKE
BIJINOBIJIA€  OKUCIIIOBAJLHOMY 3HOILIYBAaHHIO, WO BI1IOYBA€ThCS MpH
BUCOKOMY THCKY 1 HAsIBHOCT1 OBEPXHEBO-aKTUBHUX PEYOBHH.
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Pucynok 1. Kimanman BcMOKTyr04MiA, HarHiTaIbHUHA

Jlo HaWO1IBIT IHTEHCUBHOTO 3HOIITYBAaHHS CXWJIbHA 3amipHa ¢dacka, Ha
AKIH 9ITKO MPOTJsAaeThCs AedopMaliiss MaTepiany 3a Mexi ¢acku. bimbim
TOTO, TPOIECH IUIACTUYHOTO JAe(OpMyBaHHA HACTUIBKM PYHHIBHI, MIO
Opu3BOAATH [0 BiAmapyBaHHs Marepiamy. OcTaHHe 0OyMOBIIIOE
MOPYIICHHST peXUMy ToMmoreHizaimii. ['ooBka kiamaHa Mae XapakTepHi
O3HAKU HaKJIeIy MOBEPXHI.

Cinno xianana (puc. 2) CXWIbHE 10 TUX XK€ PYHHYBaHb, 1110 1 KJIalaH.
BigmapyBanust MeTaity Ha 3amipHid Qaciil aHamorivyHe BiAIIApyBaHHIO Ha
KJ1araHi. 30BHIIIHI MOBEPXHI MAIOTh XapaKTEPHI O3HAKU HAKJICITY.

Pucynok 2. Ciano kinamnana

["oMoreHi3ytoui KJamaHu 1 cijijla MaroTh aHAJIOTIYHUHN XapakTep 3HOCY
70 BCMOKTYIOUMX 1 HarHiTaJbHUX KJamaHiB Ta cigen. Takok 3HOLIyeThCs
3amipHa (acka cijyia 1 KjamaHa, Ha SKAX BHJHO pakoBuHU. Hampsimui
KJIalMaH1B MArOTh I1€ OUTBIN BUPAKEHUI XapaKTep 3HOCY, IO MOB'S3aHO 3
MyJbCalli€l0 MPOAYKTY, IO TIAJAEThCSI TOMOTEHI3alli 1 HecTaauM
CTaHOBHIIIEM KJIalaHa.

[InyHXKep BUCOKOTO TUCKY (pHUC. 3) 3HOIIYETHCS HEpPiBHOMIpHO. Tak,
MOBEPXHs 3 00Ky HOCKa IUTYH)Kepa MPaKTUYHO HE 3HOIIICHA 1 30epirae Ciiau
MEXaHI4HOi 00pOOKH, sIKa CKjiayjacsl IpU BUTOTOBJICHHI TUTyHXKepa (puc. 4,
37iBa), a 3 1HIIOTO OOKy (puc. 4, mMpaBOpyd) MO3JOBKHI PUCKU TaKOX
3aKIHYYIOThCS, HE MOXOISYM M0 KIHIA, IO BIAMOBIZAE pOOOYOMY XOIy
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TUTyHXepa.

—
R

| PHcyHOK 4. XapakTep 3HOCY IUTyHXepa (Iepexi/iHl 30HU)

Ha pucynkax BUIHO, 1110 TTO BCii poOOUYiii MOBEPXHI € JOCUTH IITMOOKI
NO3JOBXHI PHUCKM, XapakTepHl [JIsi BCIX 3HOIICHHX ILTyH)KEpIB.
Haii6inp1mmii 3HOC MOBEpXHI TUTyHXKepa M0 JiaMeTpy BUSBIISETHCS B KpaHiX
TOYKax poOOYOro XoAy, TOOTO TaM, Jie TUIYHXKEP 3YNMHUHSIETHCS 1 3MIHIOE
HanpsaMoK pyxy. CliJl TaKOX BI3HAYUTH TE, M0 TUTYHKEPH MPAIIOIOTh TIPH
rapaHTOBaHOMY 3a30pi 3 IUTYH)KEPHUM OJIOKOM 1 KOHTaKTYIOTh TUIBKHU 3
YIIUTBHEHHSIM, TBEPJICTh SIKOTO 3HAYHO HWKYE Martepiany ruryHxkepa. [Ipu
[[bOMY 30BHIIIHIN BUTJIS] XapaKTepy 3HOCY MOBEPXHI IUTYHXKepa IMij 4ac
MaKpOaHaji3y HOCUTh BUpaKEHUI aOpa3uBHUIN XapakTep.

Ha mnepepoOHux miampueMcTBax TEPMIH CIyXKOW JESIKUX BHUIB
00J1aITHaHHS BU3HAYAETHCS, B 3HAYHIN Mip1, KOPO31MHOIO CTIMKICTIO JIeTaJICH.
Ane B OUIBIIOCTI BHUMAAKIB MPOLEC CIpalIOBaHHS 1 pPyWHYBaHHS
MOBEPXHEBUX IIAPIB JeTalied B yMOBaX TEPTS MAa€ KOPO31HHO-MEXaHIYHUM
XapakTep, SKAM 3aJeXuTh BIJ CKJIaQy 1 KOPO3IMHMX BJIACTUBOCTEH
CepeIOBUIIA Ta IHTEHCUBHOCTI MEXaHIYHOTO HaBaHTa)xeHHs. BpaxoBytoun,
o0 OUIBUIICTh TEXHOJOTIYHUX TMPOLECIB XapyoBOi MPOMHUCIOBOCTI 1
nepepoOHUX BUPOOHUIITB BiIOYBa€ThCs B pilakid (a3i, 3HaYHA YacTHHA
neTanei o0JaHaHHs MANAEThCS il MBUIKOIUTMHHUX TOTOKIB PIAMH, IO
CIOPUYUHSE IX IHTEHCUBHE KaBiTallliHO-epO3iliHe 3HOIIyBaHHA. BHacinok
BOTO BUXOJATH 3 JIaJy JAeTajll MPOTOYHOI YaCTUHU BiILIEHTPOBUX HACOCIB,
1eHTpudyru, cenapaTropm, TOMOTEHI3aTOPH, apMaTypa Ta iH.
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Bimomo, 1o 3a0e3neueHHs HAIIMHOCTI 1 JOBIOBIYHOCTI 0OJIaJHAHHS
IPYHTY€TbCS Ha BHKOHAHHI TIEBHMX YMOB 1 3aXxO/iB Ha eTamax
MIPOCKTYBaHHS, BUTOTOBJICHHS Ta eKCIuTyaTarlii. BpaxoByroum, 1o mpu
Cy4yaCHOMY piBHI MPOEKTYBaHHS ¥ MILHICTHUX PO3PaxyHKIB MMOBIPHICTh
panToBHX BIIMOB JIOCUTh HE3Ha4YHa 1 BOHHM, B OLIBIIOCTI BHUIAJIKIB,
BUSIBJISIIOTBCA 1 YCYBalOThCSl MiJ Yac HaJaro/pKeHHs oOJaaHaHHS,
3HOCOCTIMKICTh JIeTajeli € BHU3HAYAJIBHUM YHWHHHKOM Y BHPIIICHHI
npobsieMu 3a0e3nedeHHsl X JOBroBiyHOCTI. Tomy 3acoO0oM OOpoThOHM 31
CIPALIOBAHHSM JIeTajell MpUIUISEThCA OcCOo0NMBa yBara Ha BCIX BH
3HAUEHUX BHUIIE eTamax. BupimaibHa polib BIABOJUTHCS PAlIOHATBEHOMY
BUOOpY MaTepialiB 1 TEXHOJOTIYHUM METOJaM IOBEPXHEBOi OOpPOOKH
JETaJICH.

Y OpOMHCIOBOCTI iCHY€ Oarato TEXHOJOTIYHUX METOJIB BIUIMBY 1
KEpyBaHHS CKJIQJIOM, CTPYKTYPOIO 1 BJIACTUBOCTSMH TOBEPXHEBUX IapiB
netaneil oOnajaHaHHS. Yce OUIBIIOro IMOIIMPEHHS BOHUM HA0yBarOTh 1 Ha
MIPUEMCTBAX EPEPOOHOTO KOMIUIEKCY. PailioHaibHE BUKOPUCTAHHS LIUX
METO/I1B HE JIUIIIE MPU BUTOTOBJIEHHI, aJI€ TAKOX 1 ITPU BITHOBJICHHI JIeTaliel
JT03BOJISIE 3HAYHO 30UTBIITUTH TEPMIH IX CITY>KOH.

BucnoBku. CTOCOBHO 0OJIafHAHHA TEPEPOOHUX 1  XapUOBUX
BUPOOHUIITB OCHOBHMMH HampsMKaMu 3a0e3leueHHs HaJIiiHOCTI 1
JIOBrOBIYHOCTI OOJaJHAHHS MOXYTh OYyTH: 3MEHIICHHS I1HTEHCHUBHOCTI
KOpO31MHOT B3a€MOJIiIi TOBEPXOHb TEPTA JETaNe 3 TEXHOJOTTYHHUMHU
CEpeIOBUIIIAMU; 3MiHA YMOB 1 TTapaMeTpiB HABAHTAXXEHHS 30HU KOHTAKTY,
ska 0 3a0e3nmeumsia peanizaliio TUIBKH JOMYCTUMUX BUJIB 3HOIIYBAHHS;
MIJBUIICHHS OMOpPY CIHpAILIOBAHHIO JieTalied oO0JagHaHHA 3aBISIKU
3aCTOCYBaHHIO 3HOCO- Ta KOPO31€CTIMKUX MOKPHUTTIB.
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O. SKkliar!, R. Skliar!, O. Shokarev!, S. Syrotyuk?
"Dmytro Motornyi Tavria state agrotechnological university
2Lviv National Agrarian University

ENSURING THE DURABILITY OF THE MAIN PARTS
OF THE DAIRY HOMOGENIZERS

Summary

The article notes that an unreliable machine is the main sign of a loss in the
effectiveness of its use, since each stop due to damage to mechanisms or a decrease in the
technical characteristics of units with a loss of technical and operational parameters leads
not only to great material damage, but also affects the deterioration the state of industrial
and technosphere safety. It has been determined that homogenizers of dairy products
operate under conditions of medium and strong aggressive action of the technological
environment. Studies show low operational reliability of the valve train and high pressure
plungers of homogenizers. Suction and discharge valves are complex shapes with
surfaces that have their own wear characteristics. The guide wears out from the material
that moves along it and therefore pits form on the surface. The created cavities in the
grooves of the guides are oriented along the direction of movement of the product and
can be attributed to chemical-mechanical wear, which corresponds to oxidative wear,
which occurs at high pressure and the presence of surfactants. The valve seat is subject to
the same damage as the valve. The metal delamination on the locking chamfer is similar

SBNSATU. 12. 1.7


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

0 S, HaykoBuit BicHuk TAATY Bun. 12, Tom 1

11311

to the delamination on the valve. Homogenizing valves and seats have a similar wear
pattern in the suction and discharge valves and seats.

Also the sealing chamfer of the seat and valve, which shows pits, is worn out.Valve
guides have an even more pronounced wear pattern, which is associated with pulsation
of the product, which is subjected to homogenization and an unstable valve position. High
pressure plunger does not wear evenly. The greatest wear of the plunger surface in
diameter is at the extreme points of the working stroke, that is, where the plunger stops
and changes the direction of movement. It should also be noted that the plungers operate
with a guaranteed clearance with the plunger block and contact only with the seal, the
hardness of which is significantly lower than the plunger material. In this case, the
appearance of the nature of the wear of the plunger surface during macroanalysis has a
pronounced abrasive nature.

Key words: mechanical milk processing, dairy homogenizer, valve mechanism,
plunger, durability.
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BILJIUB PIBHSI IHXKEHEPHOI IIJITOTOBKU BUPOBHUIITBA
HA AKICTb PEMOHTY MALINH

Anomayis. OCHOBHOIO METOIO pOOOTH OYJI0 BUSBJICHHS 1 JOCIIIIKCHHS
KOMILJIEKCHHX Ta OJWHUYHUX IOKA3HUKIB PIBHS I1HXKEHEPHOI MIATOTOBKH
CEpBICHOTO MIANPHEMCTBA, SIKI BIUIMBAIOTh HA SIKICTh PEMOHTY MAIMH.
[HxeHepHa MiArOTOBKAa BUPOOHMIITBA BKIIIOYAE KOHTPOJIb 1 MIATPUMAaHHS
CTabUIBHOCTI TEXHOJIOTTYHOTO MPOIIECY, OPraHi3alliio poOoUrX MICIb 1 TIpaili
BUKOHABIIB. BHWKOHAaHO paHXyBaHHS TIIOKa3HUKIB, 3a pe3yJbTaTaMH
EKCIIePTHOI OIIIHKK MOOyI0BaH1 aiarpaMu KOEQIII€HTIB BaromMocTi s
(bakTOpiB KOHTPOJIIO 1 MATPUMAHHS CTaO1IbHOCTI TEXHOJIOTTYHOTO MPOIIECY,
opraHizaiiii po6ounx MicCllb BHKOHABIIIB, OpraHizaiii Ipalil BHKOHABIIiB.
PosrisayTi  daktopu A03BONIMIM  C(POPMYIIIOBATH OCHOBHI HAIPSIMKH
M1JIBUIIICHHS IKOCT1 PEMOHTY.

Kniouosi cnosa: SKICTb PEMOHTY MallWH, pIBEHb MIATOTOBKH,
eKCIepTHA OI[IHKA, Koe(IIIEHT BaroMOCTI, JAlarpama, IH>KeHepHa MiJr0TOBKa
BUPOOHUIITBA.

Illocmanoexka npobremu. HallBaXJIMBIIIMM 3aBJAHHAM CEPBICHOIO
MIIPUEMCTBA € 3a0€3MeUEHHS BUCOKOI IKOCT1 MPOAYKIIi1, SIKOO € MaITHH,
arperaTv, BY3JM Ta IHIN OO'€KTH, M0 MAJATAIOTH PEMOHTY abo
00CITyrOBYyBaHHIO. SAxicTh MOCIIyT  CEepPBICHOTO HITPUEMCTBA
XapaKTEPU3yEThCS PIBHUMH TIOKAa3HUKaMH, SKI 3aJeXaTh BIJlT BHUIY
nponaykiii. Tak, Hampukiaa, OCHOBHUMH Ta  HaWBaKIMBIITUMU
MOKa3HUKAMU SIKOCTI PEMOHTY TPAKTOPIB € IX TATOBI 3yCHJUISI, TBUTYHIB —
MOTYXKHICTh T4 €KOHOMIYHICTh TOIIO. 3arajJbHUMU TOKa3HUKAMH SIKOCTI
PEMOHTY 7151 BCI1X 00'€KTIB € MOKa3HUKHU HaAiiHOCTI. [Ipo sSKicTh mpoayKIii
CEpBICHOTO MIANPUEMCTBA CYASITh 3 JOTPUMAHHS TEXHIYHUX YMOB,
kpecneHukiB, JJCTY Ta TeXHOJOTIYHUX MPOLECIB.

[TpyurHamMu, MO0 BUKIMKAIOTh BUIYCK 13 PEMOHTY MPOAYKI[lT HU3bKOI
SAKOCT1, € MOPYUIEHHS TEXHIYHUX YMOB; HECHPABHICTH 3aCTOCOBYBAHOTO

©T. I. Hammens, A. M. bounap, O. B. B’ronuk
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oOnagHaHHSA, WPHUCTPOIB, TMPUIAMIB, PDKYYOro Ta BHUMIPIOBAIBHOTO
IHCTPYMEHTY, a TaKOK BUKOPHCTAHHS HEBIAMOBIIHUX 3acO0IB Ta 3HAPSIb
mpaili; 3acTOCYBaHHS JUIsi BUTOTOBJIGHHS Ta BIJIHOBJICHHA JieTanen
HEBIJNOBIIHUX MaTepiaiiB; HEOPraHi30BaHICTh 1 IOraHa OCHAIICHICTh
pobounx Miclb, Hejbane 30epiraHHs Ta TPAHCIOPTYBaHHSA 00'€KTIB, IO
PEMOHTYIOThCS; ITOTaH1 YMOBU poOOTH — Opy1, 3aXapanieHicTh, HeI0CTaTHS
OCBITJICHICTh POOOYMX MICIlb, HEBIAMOBIIHUN TEeMIEPAaTYpHUU PEKUM Y
MPUMIILICHH], 3a0PY/IHEHICTh TOBITPSHOTO CEPEIOBUINA, TTIIBUILCH] IIIYMH,
BiOpaiii Ta iH. [1].

Jns 3a0e3rnmedeHHsT BHCOKOI SIKOCTI pOOIT HEOOXiAHO BH3HAYWTH
MOKA3HUKU PIBHS 1HXKEHEPHOI MIJTOTOBKU BUPOOHMUIITBA Ta iX BIUIMB HA
AKICTh CEPBICHUX MOCHYT.

Amnaniz ocmanmnix oocnioxcens. Ilpami psny HayKOBLIB, TaKUX SK
FO. II. Agnep, KO. B. bib6ik, P. B. buukiBchkuii, Y. 3. Jlemunr,
JIx. Xapiarron O. M. Kpuopyuko, K. IcikaBa, ®@. Kotnep, T. Harao,
B. [lapeto, M. Iloprep mnpuCBAYEHI NHUTAHHSIM, OB SI3AHUM 3 SIKICTIO
npoaykuii  [1-5]. Cucrema sKOCTI pO3IISANAETBCA K CYKYIHICTb
OpraHi3amiifHoi CTpYKTYpH, IPOIIECIB 1 peCcypciB.

Dopmynosanns memu cmammi: JTOCHIJDKEHHS TOKA3HUKIB PiBHS
1HXKEHEPHOI MiATOTOBKM BUPOOHUIITBA, 1110 BIUIMBAIOTH HA AKICTH PEMOHTY
MallIiH B yMOBaxX CEpPBICHOTO MiIMPUEMCTBA.

OcHosna uacmuna. BUCOKY SKICTh PEMOHTY MAIIUH MOXJIHBO
JOCSITHYTH HAJICKHUM KOHTPOJIEM BCIX CTaJliii TEXHOJIOTIYHOTO MPOIIECY.
BaxnuBe Micue B oprasizaimii KOHTPOJIIO 3ailMae TEXHIYHUH CTaH
pEMOHTHOTO (hOHAY, AeeKTallisl JeTanei Mo rpynax npuaaTHOCTI, Oneparii
3 BIJTHOBJICHHSI IeTaJIEH, BKIIOYAIOYU MEXaHIYHY 0OpOOKY, KOMILJIEKTYBAHHSI
neTtaneu, ckiagaHHsA, ¢GapOyBaHHS 1 BUOPOOYBaHHS TOTOBUX BY3IIB,
arperariB 1 BCi€l MalllMHU B LIJIOMY .

Ha  omepamisix  KOHTPOJIO-COPTYBaHHA  JeTalied  NOBUHHI
3aCTOCOBYBATUCS TPAHUYHUNM 1HCTPYMEHT 1 Ae(PEKTOCKOIiSI MPUXOBAHUX
nedeKTiB, TMpU MEXaHiuHii o00poOIll — 3aco0M aKTUBHOTO KOHTPOJIO
po3MipiB 1 BHUOIPKOBUN KOHTPOJh SKOCTI TIOBEPXOHBH (TBEPIICTH,
IIOPCTKICTh). BuMiproBanbHUl 1HCTPYMEHT, a TaKOX 3aCO0M KOHTPOIIIO
pPI3HMX TMMapaMeTPOBUX BY3JIB 1 arperariB IMOBUHHI MiJJaBaTHCS
MeTpoJioTiuHii mepeBipiii [6]. KoHTposib mpu KOMIUIEKTYBaHHI JieTajieu
MOBUHEH TiependavyaT MepeBipKy migdopy AeTaiiel 3a po3MipoM, Baroro,
OaylaHCyBaHHS JieTaliel 00epTaHHS BIAMOBIIHO 0 TEXHIYHUX YMOB.

TouHICTh CKJIalaHHs BY3JiB, arperaTiB 1 MallMHU B LIJIOMY MOBHHHA
JOTPUMYBATHUCA 1 KOHTPOJIIOBATUCH HAa BCIX OCHOBHI OMEPAllisiX 3 B3aEMHOTO
po3TalryBaHHs JeTajel y BCiX By3Jax i arperarax.

BunpoOyBanHs 310paHuX BY3JIIB 1 arperatiB Ha CHellaIbHUX CTeHIax 1
CyBOp€ JOTPMMAaHHA TEXHIYHUX YMOB Ha BHUIpPOOYBaHHS Mae OyTu
000B'S3KOBOIO0 YMOBOIO 3a0€3MEUCHHS BUCOKOT SIKOCTI.
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Benuke 3HayeHHS y MIJBUIICHHI SAKOCTI PEMOHTY MAIllMH Ma€
TEeXHIYHUH CTaH 00JIaJHAHHS Ta TEXHOJIOTIYHOTO OCHaIeHHs [7]. BepcTaTHe
oOnagHaHHSA 1 KOHTPOJBHI MPHUCTPOI MOBUHHI MiAaBaTUCS MEPIOAUYHIN
nepeBipiii  Ha 3abe3medyBaHy TOYHICTh; MPOBOJAWTHCH MEXaHIYHI
BUMNPOOYBaHHS MaTepiaiiB, CTPYKTYPHUU Ta XIMIYHMN aHaIi3U, KOHTPOJIb
3ac00iB BHUMIPIOBaHHS Ta OOJaJHAHHS, IO MPOBOJATHCS OKPEMHMHU
Crieliai30BaHuMu cepTudiKallifHUMU JadbopaTopisMu [6]. BigomocTi nmpo
HAJIIHHICTh BIPEMOHTOBAHMUX MAIIMH B eKCIUIyaTallli, oOJik Ta aHami3
peKkyiaMalliii 3 pi3HUX BIJAMOB Ta HECIPABHOCTEH CHPUSIOTH BUSBICHHIO
BY3bKHX MICI[b 3 METOIO BXKUTTS HAJCKHHUX 3aXO0JIIB 100 BJOCKOHAJICHHS
oprasizaiii Ta TEXHOJIOT1l pEMOHTY.

B po6orti [8] Oyso po3pobieHo «iepeBo LUIEH» PIBHS BUPOOHUUUX
pecypciB, sKi BIUIMBAlOTh Ha SIKICTh PEMOHTY MAaIllMH, 3a JOMOMOTOIO
po0O0YOT TPyIU EKCIEPTIB (CHEeNIaiCTIB TEXHIYHOTO cepBicy) [9]. B cBoro
Yyepry i KOMIUIEKCHI ()aKTOpU CKJIaJat0ThCs 3 PSAY OJMHUYHHUX.

SAKICTb 1IHKEHEPHOI MIATOTOBKY BUPOOHUIITBA 3aJI€KHUTh B1Jl KOHTPOJIIO
1 MITpUMaHHSA CTaOUIBHOCTI TEXHOJIOTIYHOTO TMpOIEeCy, OpraHi3amli
poOOUYMX MiCIlb BUKOHABIIIB, OpraHi3allii rmpaii BUKOHABIIIB.

PamxyBaHHs BCIX MOKa3HUKIB OyJI0 BCTAHOBJICHO 3a pe3yjbTaTamMu
eKCIIePTHOI OI[IHKA BaroMOCTI KOMIUIEKCHHUX Ta OJMHUYHUX (HaKTOpIB
BUPOOHMUUX pecypciB. bynu BBeneH! OAWHWYHI TOKA3HUKH Ta II'SITh
CTYNEHIB MOXJIMBUX 1X 3HaueHb. CHIBBIIHOIIEHHS MK CTYICHIMH
OJIMHUYHUX (PaKTOPIB (y’Ke BUCOKUH, BUCOKHUH, CEPEIHIM, HU3bKUH, TyKe
HU3bKUI) Oy npuidnsaTi 4 :3:2 :1: 0.

[Ipn mpu3HaYeHHI CTYINEHIO OJMHWYHHUX ITOKa3HUKIB BUXOAWIA 3
HACTYIHUX MIPKYBaHb. SIK Jy’ke€ BUCOKHM pIBHEM NPUWHSTHI TaKuil CTaH
1HKEHEPHOI MIATOTOBKMA BUPOOHUITBA, MPU SIKOMY BUTPUMYIOTHCS YMOBH
HOPMATUBHO-TEXHOJIOTIYHOT JOKYMEHTAI[li Ta 3a0e3MeuyeTbcs SKICTh
PEMOHTY, SIKE BIANOBIIA€ MIBUILIEHOMY PECYPCY.

Bucokwuii piBeHb OpIEHTOBHO BHU3HAuUa€ | KaTeropiro SKOCTI, CEpeIHiM
piBeHb — TOM, IO CKJIABCS B CEPEIHbOMY CTaH BHUPOOHWYHMX PECYpCiB, a
HU3BKUN Ta JyK€ HU3bKUW PIBHI — HENOMyCTHMI 3HAYCHHS 1HXKEHEPHOT
MITOTOBKM BUPOOHHWIITBA, KOJIW CIIJ NpUHMATH TEPMIHOBI 3aXOIud Ha
MIPUEMCTBAX, J€ 1€ Ma€ MicCIIe.

Ha miacrasi tabnuii 1 Oyna po3pobiieHa aHKeTa, 3 SIKOT MPOBEICHO
paHmXKMpPYBaHHsS BCIX TOKa3HWKIB. B Ta0nuili Bka3aHa BCTaHOBJICHA 3a
pe3yabTaTaMu €KCIIEPTHOI OIIHKK BaroMicTh KOMIUICKCHUX Ta OJMHHUYHUX
(bakTOopiB 1HKEHEPHOI MiITOTOBKY BUPOOHHUIITBA.

KoeditieHTr BaroMmocTi BU3HAYAOTHCA Ji (haKTOPIB, IO BXOJATH B
nepeBo nuiei. KoedirieHT Baromocti — KUIbKICHA XapaKTePUCTHKA CTETCHI
3HAYYIIOCTI KOHKPETHOTO MOKAa3HUKA ISl OLIHKH sikocTi [10].

PesynbpTaT po3paxyBaHHA KOe(DIIli€HTIB BaroMocTi (akTopiB, 10
XapaKTepU3yIOTh 1HXKEHEPHY MiArOTOBKY BUPOOHUIITBA, HABEICHI B

SBTSATU. 12. 1.8


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY

Bun.12,Tom 1

4310

Tabnuys 1

O3Haku 1HXEHEPHOT MATOTOBKH BUPOOHUIITBA

HaiimenyBanns

PiBHI 03HaK

1

2

A — KOHTpPOJIb Ta MATPUMKA CTAOLIBHOCTI TEXHOJOTIYHOTO MIPOLIECY

KOHTPOJTb
oneparii
CKJIaJIaHHS,
oOKaTyBaHHS,
BUIIPOOYBaHHS
BY3JIiB Ta IBUTYHA

- Binin TexaigHoro kouTpodto (BTK) Ha Beix
CTaisIX PEMOHTY

- BTK npoBoauTh CT€H10B1 BUIIPOOYBAHHS Ta
IIPOMIXKHI ITEPEBIPKU

- BTK nipoBoiuTh CTEHI0B1 BUTIPOOYBAHHS

- BubipkoBo BTK, a B o0cHOBHOMY TIepeBIpSIETHCS
BUKOHYBaueM

- TUTbKY BUKOHYBayl

KOHTPOJIb PEKHUMIB
PEMOHTY JI€TaJIEH,
MHTTS, 1H.

- noctiiiHo BTK, MaiicTpamu Ta MexaHikaMu
- BuOipkoBo Maiictpamu Ta BTK

- mpu HeoOxigHOCTI BTK

- TUTbKY BUKOHYBa4aMu

- MPAKTUYHO HE KOHTPOIOETHCS

KOHTPOJIb Ta
MIATPUMKA
napameTpiB BOJIH,
3MallEHHS,
MOBITPS Ta 1H.

- IOCTIHO KOHTPOJTIOETHCS Ta 3a0€3MEUyEThCS

- KOHTPOJTFOETHCS, aJle € HEBEITUKE BIIXUIICHHS
BiJ TexHIuHUX yMOB (TY) onHoro mapametpa

- BUOIPKOBO KOHTPOJIIOETHCS, aJl€ € CYTTEBI
BiaxuiieHHs Big TY omHoro abo 2-3 HECYTTEBUX
napameTpiB

- HE KOHTPOJIIOETHCS, € CYTTEB] BIIXWICHHS
KUJIBKOX TTapamMeTpiB

- HE KOHTPOJTIOETHCS

BX1JIHHI KOHTPOJIb
3allaCHUX YaCTHH
Ta MaTepiaiiB

- IOBHUIA, B TOMY YHCJI1 IPUXOBAHUX TE(PEKTIB
- IOBHUI, ajie 0e3 MpuxoBaHuX Je(eKTiB

- BUOIpKOBHI

- 110 HEOOX1THOCTI

- MPAKTUYHO HE MPOBOJAUTHCS

KOHTPOJIb
TPUBAJIOCTI Ta
MOBHOTH omeparii

- CUCT€MaTUYHHUI, HOBHUU

- CUICTEMaTUYHHM, ajJ€ HE TTOBHUM
- BUOIpKOBHIA

- 110 HEOOX1JHOCTI

- IPAKTUYHO HE NMPOBOAUTHCS
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ITponomxenHs Tabdaui 1
1 2

b — opranizairist po604ux MicIlb BUKOHABIIIB

- BIIMIHH1 YMOBH TIparii

oprasi3ariiHo- - Y TIOBHi# BIJIMOBITHOCTI 3 KAPTOI poOOYOTO
TEeXHIYHUH PIBEHBb Micis (HOpMaJIbHI YMOBH TIparil)

MJIAHYBaHHS - He3HAYHI BIJXHWJICHHS 110 €PrOHOMIII, €CTETHII
po60YOTO MicCIIs - CYTT€BI BIJIXUJICHHS 110 €PrOHOMIII, €CTETHIII

- IOraH1 YMOBH Tparll

- IOBHICTIO TEXHOJIOTIYHI Ta ONepaliiiHi KapTu
- IOBHICTIO TEXHOJIOTTYHI KapTH

- 3arajibHl TY 0€3 TeXHOJOTTYHUX KapT

- yacTKoBO TY

- Hemae HT/]

320€3MeYEeHICTh
HT/,

- 3a0€3IMeYyIOThCS TPUEMHA TIPAIls, 3py9IHa 1Mo3a
Ta HEBEJIMKI 3y CUILIA

- 3a0€3MeYyI0ThCS JIeTKa Mpalls, 3py4yHa 1mo3a Ta
BEJTUKI 3y CHJLJIS

- 3aJI0BIJIbHA TIpalls

- CKpyTHa TIparlsl. He3py4yHa 1o3a Ta BEeJIHKI

3YCHJUIS

- Ba)KKa TIpallsi, BAKOPUCTOBYETHCS KyBaJia

MexaH13allis npari

- MIOBHICTIO 3a0€3MeYyIOThCS

- 3a0€3MeYyI0ThCs

- HEJOCTATHICTHh BEHTHJIALIT 00 OCBITIEHHS

- HEIOCTATHICTh BEHTWJIALII Ta OCBITJIEHHSA

- IOraHe OCBITJICHHS, Opy/l, HEMa€ BEHTUIISIIIT

YMOBU OXOPOHU
mparti

B — opranizaiiis npaiii BAKOHYBadiB

- OpurajHa, 3 MOBHOIO 3aIl1KABJICHICTIO B SIKOCTI
Ta KUTBKOCT1 pOOOTH

dopma opranizauii | - Opuragna 6e3 koedilieHTa TPYA0BOi y4acTi

npart - HE 30BCIM BiIpaliboBaHa opuraana gpopma

- TaHKOBa po0oTa

- IHAMBITyadbpHa poOOTa

SBTSATU. 12. 1.8


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 1

6310

ITponomxenHs Tabdaui 1
1 2

- TEXHIYHO OOTPYHTOBaH1 HOPMH, IIPEMitOBaHHSI
3a AKICTh Ta KUIbKICTh

- TEXHIYHO OOTPYHTOBAaH1 HOPMH, MPEMIIOBaHHS B
OCHOBHOMY 32 KIJIbKICTh

- BLApSAHO-TIpEeMiajibHa

- BiApsIHA 200 MOTOIUHHO-TIpEMiaIbHA

- IOTOJIMHHA OIUIaTa Mpari

HOpPMYBaHHS Ta
oriaTa rmpari

poboTa MarcTpiB :
- TIOBI'OCTPOKOBE, YiTKE TIAHYBaHHS

(TuTaHyBaHHS,
- IUIaHyBaHHA HA 1-2 nHA
IMOCTaHOBKA ) . .
- 1HOI1 OpraHi3alliiiii 3puBu poOOTH
KOHKPETHUX 3a/1ay, . )
- IepeBakae caMoOpraHi3allis mpari pooodynx
3a0e3eueHHs : )
. - 4yacTi aBpajibHi poOOTH
MaTepiaaamH)

TabauIsx 2, 3 1 MOKa3aHi Ha JiiarpaMax.
Tabnuys 2
Jiarpamu  KOe(IUIEHTIB  BAaroMoCTI  IMOKAa3HUKIB  1HXKEHEPHOI
M1JITOTOBKA BUPOOHHUIITBA

1arpamMa KoedIIi€HTIB BarOMOCTI
IToka3Huk Aiarp b )
[IOKA3HUKIB
A KoHTponb 1 miaTpuMaHHs 0,4
CTAOUIBHOCTI TEXHOJIOTTYHOI'O
IPOLIECY 0,3
T T
T T
Lo : 0,2 RN
b Opranizaiist po6oYnx Micib
. T T
BHUKOHABII1B 0.1 RN
’ T T
T T
T T
B Opl"aHigauiH Hpaui 0 T T
BHUKOHAaBI[IB A b B

be3 BIIMOBIAHOT 1HXEHEPHOI MIATOTOBKU (po3poOka Ta KOHTPOJb
TEXHOJIOT1i, HaJaro/PKeHHs TEXHOJIOTTYHOTO MIPOLIECy, OpraHi3alis pooounx
MICIIb T T.I1.) MaTepiaiibHa 06a3a Ma€e TUILKU MOTEHIIIAJIbHY 3MOTY peai3ariii
TEXHOJIOT1i, TPAKTUYHO XK € CKJIAJO0M OOJIaJHAHHS, 3alaCHUX YaCTUH Ta
MartepiaiB. [HKeHepHa MIATOTOBKA CIPHUsiE€ TEPETBOPEHHIO «CXOBHUINA» B
po0OoTO31aTHY BUpOOHHUY 0a3y.
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Hiarpamu  koe(ili€HTIB

MiATOTOBKH BUPOOHUIITBA

BaroMocCTI

Bun.12,Tom 1

0

Tabnuys 3

MOKA3HUKIB  1H)KEHEPHOI

Iloka3uuk

Jliarpama koedilieHTiB
BaroMoCTI ITOKA3HUKIB

A KonTposb 1 miATpuMaHHs CTa0lIbHOCTI TEXHOJIOTTYHOTO MPOLIECY

] — BUKOHaHHS KOHTPOJIIO 3aBEP-
ITATBHUX OTIEPAIlii CKJIa1aH-
Hs1, 0OKaTKH, BUIIPOOYBaHHS
BY3JIIB Ta IBUTYHA

2 — KOHTPOJb PEKUMIB
BIJTHOBJICHHS JeTajeil

3 — KOHTPOJb 1 MATPUMAHHS
napameTpiB MaTepialiB

4 — BX1JIHUM KOHTPOJIb 3alTaCHUX
YaCTHH Ta MaTepiajiB

5 — KOHTPOJIb TPUBAJIOCTI Ta
NOBHOTH OIleparliil

0,35

0,3

0,25

0,2

0,15

0,1

0,05

b Oprani3aiiist po604HX MiCITb BUKOHABIIIB

1 — opraHi3aiifHO-TeXHIYHUM
piBEHb IJIaHyBaHHS POOOYOTO
MiCIIst

2 —3abesmneuenicts HT/]

3 — Mmexanizaris mpari

4 — yMOBH OXOPOHH Mpalli

0,35
0,3
0,25
0,2
0,15
0,1
0,05
0

B Opranizaris nip

arl BUKOHABI[IB

1 — dopma opranizariii mparri

2 — HOpPMYBaHHJ 1 OorjIaTa mparii
3 — mpairst MaicTpiB
(MaHyBaHHS, TOCTAHOBKA
KOHKPETHHX 3aBJIaHb,
3a0e3MeUeHHs MaTepiaiaMu)

0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05
0
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B xommiiekcHOMY (hakToOpi 1HXKXEHEPHOI MIATOTOBKM BUPOOHUIITBA HA
mepIne Miclle TIOCTaBJIGHAa OpTraHi3allis Mpalli BUKOHABIIB, TaK SK BiJ
YITKOCTI MOCTAa4aHHA Ta PO3NOPSIKEHb, BMUJIOTO MAaHEBPYBaHHS TPYAOBUMU
Ta MaTepialbHUMHU pecypcaMu, BiJl pPIBHA HOPMYBaHHS, OIUIaTH Ta
caMooprasizaiii mpami 3aJeXHTh KUIBKICTh Ta SKICTh BHPOOJICHOT
MPOYKIIi.

Opranizariist nmpaili BUKOHaBIIIB 0araTo B YOMy BHU3HAYA€ThCS SKICTIO
poboTH MaMcCTpiB 3 Oe3mocepenHIMH BUKOHABIIMH. Ha mepmie wmicie
CTAHOBUTHCS KOHKPETHICTh IJIaHYBaHHS, YITKICTh BKa31BOK MaMCTpiB Ta
MaTepiaibHe 3a0e3neueHHs pooit. Baxiusum dhakTopom, sIKW BILUIUBA€E HA
AKICTh Tpalll, SBISIETbCS HOPMYBAHHS Ta OOJIK KUIBKOCTI Ta SKOCTI IMparl,
TaK K y BUKOPHUCTAHHS SIKICHUX NMOKa3HHUKIB Ta HAYKOBO OOIDYHTOBaHUX
HOpPM B HalOUIbIIIA MIpl MOEAHYIOTHCS IHTEPECH MIANPUEMCTB Ta
BUKOHABIIIB.

Opranizariis KOHTPOJIIO Ta 3a0€3IeUeHHs CTa01ILHOCTI
TEXHOJIOTIYHOTO TMpOILIECY, fKa BKIIOYAE 10 ce0e KOHTPOJIb CIPaBHOCTI
oOnajHaHHS, OCHACTKM Ta I1HCTPYMEHTA, TEXHOJIOTIYHMX M[apaMeTpiB
poboYMX PiUH, KOHTPOJIb TEXHOJIOTIYHOTO MPOIECY Ta pe3yabTaTy poOOTH
BUKOHABI[IB B TIOKa3HUKY 1HXKEHEPHOI MIATOTOBKH BHPOOHMIITBA
nocTtaBieHa Ha npyre Micue. HaiGinemry Baromicts (31%) oTpumas
MOKa3HUK KOHTPOJIO 3aKIIOYHUX OMEpaIliil CKiIaJaHHs, OOKaTyBaHHS Ta
BUNPOOYBAHHS BY3JIIB, arperaTy Ta MalluHu. Y 3B’s3KYy 3 HU3BKOIO SIKICTIO
3allaCHUX YAaCTHH, SKI TOCTaBISIOTHCS, HA JPYyre MiCIe TOCTABJICHHM
BXI1JIHUM KOHTPOJIb 3alTaCHUX YaCTHUH Ta MaTePialliB.

B noka3Huky oprasizaiiii pooouux Micilb HalO1IbIIIe BArOMUI PiBEHb
OpraHi3alifHO-TEXHIYHOr0 IJIaHYBaHHS 3 MO3ULIA HAyKOBOI Oprasi3anli
npatli (podoya 30Ha, KOHCTPYKIIiSl Ta PO3MIIIECHHS CTENaX1B, BEPCTaKIB Ta
iHme). BaxmuBuMm (dakTtopom € 3a0e3nedeHicTb poOodoro  Micus
HOPMATHUBHO-TEXHOJIOTIYHOIO JOKYMEHTAIll€l0 Ta 3aco0aMM MexaHi3allli
pyuHOi mpari (3HIMaui, MiAAOMHO-TPAHCIIOPTHI MPUCTPOI, YCTAHOBYI
MPUCTOCYBaHHS Ta 1H.). [I0O3UTUBHO MMO3HAYAIOTHCS HA SKOCTI PEMOHTY
TaKOX E€CTETHYHICTh POOOYOr0 MICIIs, CTaH OXOPOHM IMpalll Ta TEXHIKU
Oe3nexwu.

Bucrosxu. 3 meToro nociimkeHHs (akTopiB, 10 BIUTMBAIOTH HA SKICTh
IHKEHEPHOI MIATOTOBKA BUPOOHUIITBA, 3a JOMOMOTOI POO0YOI Tpymu
eKCIepTiB  (CMEeMiaiCTIB  TEXHIYHOTO CepBicy) Oyiu  po3paxoBaHi
KOe(]illIEHTH BaroMocTli KOMIUIEKCHUX Ta OJWMHUYHUX (HaKTOpiB, IO
XapaKTEpPU3yIOTh 03HAKK BUPOOHUYMX PECYPCIB, pO3pOOJICH] Alarpamu.

BrumiBati Ha oauHWUYHI (PAKTOPU MOMJIIMBO IUISIXOM BiAMOBIIHOTO
MIHATTS PIBHS 1H)KEHEPHOI MIJTOTOBKU: BAOCKOHAJIECHHSM POOOUYUX MICIb
Ta BIPOBA/PKEHHSIM OUIbII BIOCKOHAJIEHHX (OpM Tpalli, MOCUICHHIM
KOHTPOJIIO 32 BCIMa CTaJ1sIMUA TEXHOJIOTTYHOTO TIPOLIECY .
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Dmytro Motornyi Tavria state agrotechnological university

THE INFLUENCE OF THE LEVEL OF ENGINEERING PREPARATION ON
THE QUALITY OF MACHINE REPAIR

Summary
The most important task of the service company is to ensure high quality repair and
maintenance work. The reasons for the release from the repair of low quality products are
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low levels of engineering training. The main purpose of the work was to identify and
study complex and individual indicators that characterize the level of engineering training
of the service company. Engineering preparation of production includes control and
maintenance of stability of technological process, the organization of workplaces and
work of executors. High quality machine repair can be achieved by proper control of all
stages of the technological process. The ranking of indicators is performed, with a high
level indicating approximately 1 category of quality, the middle level - the current state
of production resources, and low and very low levels - unacceptable values of engineering
preparation of production, when to take urgent measures in enterprises where it takes
place. Based on the results of the expert assessment, diagrams of weighting factors for
control factors and maintaining the stability of the technological process, the organization
of jobs of performers, the organization of work of performers are constructed. In the
complex factor of engineering preparation of production the organization of work of
executors which is in many respects defined by quality of work of masters with direct
executors is put on the first place. The organization of control and stability of the
technological process, which includes control of equipment, equipment and tools,
technological parameters of working fluids, control of the technological process and the
results of the work of performers in terms of engineering preparation of production is in
second place. The control indicator of the final operations of assembly, running-in and
testing of units, unit and machine received the greatest weight (31%). Due to the low
quality of the spare parts supplied, the incoming control of spare parts and materials is in
second place. In terms of job organization, the most important level of organizational and
technical planning from the standpoint of scientific organization of labor. An important
factor is the provision of the workplace with regulatory and technological documentation
and means of mechanization of manual labor. The considered factors allowed to formulate
the basic directions of improvement of quality of repair.

Key words: quality of repair of machines, level of training, expert assessment,
weight coefficient, diagram, engineering preparation of production.
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OLIHKA IIEPCIIEKTHUB PO3BUTKY MOJIOYHUX ABTOMATIB
I EKOHOMIYHOI EOEKTUBHOCTI iX OCHAILIEHHS
I'OMOI'EHI3ATOPAMHU

Anomayis. B cTaTTl 3anpoNOHOBAaHO OCHAIIECHHS aBTOMATy JIs
PO3JIMBY MOJIOKa TOMOT€HI3aTOPOM. 3 METOIO OLIIHKH MEPCIEKTUB PO3BUTKY
MOJIOYHMX aBTOMATIB MPOBEAEHO aHalli3 TMepeBar Ta HEAONIKIB iX
BUKOPHUCTAHHS I poAaBiliB. [IpoBeneHo OIIHKY mepeBar Ta HeJI0JKIB Bij
BIIPOBAHKEHHS MOJIOKOMATIB 3 TOYKH 30pY MOKYIIIIB. 3 METOIO MiABUIIICHHS
HAJIWHOCTI MDKPEMOHTHOI pOOOTH MOJIOKOMATIiB Ta 3a0e3MeueHHS
HACeJICHHS TMPOIYKTOM BHCOKOI SKOCTI HaBEJAEHO aHali3 HaWOUIbII
MOIIUPEHUX Ta MEPCIEKTUBHUX KOHCTPYKIIM romMoreHizatopiB. 3po0ieHo
BUCHOBOK, W0 3a YMOBHM MiHIMI3alli EHEPreTUYHUX BUTPAT MPH
3a0€3MeUYeHH] HAWMEHIIOr0 CEepelIHbOro JilaMeTpa >KUPOBUX KYJIbOK
PEKOMEHJIOBAHO JJisi OCHAIIEHHS MOJOYHOTO aBTOMAaTy TOMOTEHI3aTop
nyibcaliiHoro tumy. IIpoBeneHa oIiHKa €KOHOMIYHOT €(EeKTUBHOCTI
OCHAIIICHHS] aBTOMATiB JUIS PO3JIMBY MOJIOKA CBIJYHTH IMPO HECYTTEBE
30ubieHHss (1,4 Micsii) TepMiHy OKYHOHOCTI TP BUKOPHCTaHHI
MyJIbCAIIITHOTO TOMOTEHI3aTOpa, IO CBIAYUTH MPO BUCOKY EKOHOMIYHY
e(eKTHBHICTh 3aPOTIOHOBAHOTO 3aXO0.Y.

Knrwouosi cnosa: exoHomiuHa e(EKTHBHICTh, amapar, peani3allis
MOJIOKA, MPUOYTOK, BEHIUHTOBUH, TEPMiH OKYITHOCTI.

Ilocmanosxa npobnemu. 3ade3neueHHs 30yTy MOJIOYHOT MPOIYKIIIT 5K
TOBapiB 13 MaJUM TEPMIHOM MPHUIATHOCTI IPYHTYETHCS HA MPOBEACHHI iX
MEXaHIYHOI Ta TeIIOBOT 00POOKH, 10 301IBIIYE PEe3EPB Yacy JJIs peasizaiii
[1]. THmIMM TUISIXOM MIBMAKO1 peatizallii 3HaYHUX 00’€MIB MOJIOKa MOXE
OyTH BUKOPHUCTaHHS BEHJIMHTOBUX KOHCTPYKIIM MOJOKOMATIB (MOJOYHHUX
aBTOMATIB). 3 TEXHIYHOI TOUYKHU 30py poOOTa MOJIOKOMATy 0€3 IMPOBEICHHS
MIHIMAJbHOI MeXaHI4YHOT OOpoOKHM mMpOAyKTy (TOMOTEHi3allii) Moxe

© O. O. Kosanbos, K. O. Camoituyk, H. O. @yuamku, H. O. [Tansauuka
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OPU3BOJUTH /O CKOPOYEHHS TEpPMIHY TMPHIATHOCTI  OOJagHAHHS,
301bIIeHHs 30MTKIB Bl HEpEaTi30BaHOi MPOIYKIil, MPOCTOIO0 00JIaHAHHS,
BUTpAT HAa PEMOHT BEHIMHTOBUX anaparis. L{e MosCHIOEThCS THM, IO HAsBHI
B MOJIOLl HUPOBI KYJbKH BEPIIKIB B MPUPOAHHOMY CTaHI MalOTh JOCHUTH
BEJIMKUN po3Mip (B cepelHhOMY OJM3bKO 3—4 MKM) Ta € CXWJIBHUMH J0
yTBOpEHHs arynoMepaiii [2]. Takum 4YHHOM TIpU BUKOPHUCTAHHI
MOJIOKOMATIB HE 00JIaJTHAHUX TOMOT'€HI3aTOpaMHU 1ICHY€ BUCOKA BIPOT1IHICTh
IIBUJIKOT OO0 iTepallii BHYTPILIHIX MOBEPXOHb TPYOONPOBOIIB IS MOAaul
npoaykry [3].

Ananiz ocmanmix Oocniodicens. lnes peamizariii 3 BHKOPHUCTAHHIM
aBTOMATIB Ui MpPOAAXy MOJOKa 3HAWIUIa OUIBII MEHII MOLIUPEHY
peanizallito Ha TEPUTOpii pO3BUHEHUX KpaiH Ha noyaTtky 21 cT . 3araigpHa
KUIBKICTh MOJIOKOMATIB, $IKI BHUKOPUCTOBYIOTHCS Ha JaHUM Yac He
nepepuirye 15000 oauHue.  OcoOauMBOCTI  poOOTH  MOJIOKOMATIB
BUKJIMKAIOTh JKBaB1 JUCKYCIi B CEPEJOBUILI CIELIANICTIB Ta OCTPaXH 3 OOKY
CKENTUYHUX MOKYMIB. ['0JI0BHOIO MepeBaror0 BEHAUMHIOBUX KOHCTPYKIIiH €
peanizallis IpoaAyKTy 0e3 MPOBEJICHHS MEXaHIYHOI Ta TEMJIOBOi 0OpOOKH,
TOOTO 3a0€3eUeHHST MOKIIMBOCTI MOKYIILS CIIOKUBATH HATypaJIbHE MOJIOKO
Bix gepmepiB [2]. Mixk TuUM, BIJIOMO, 110 YaCTHHA MOTEHIIMHUX MMOKYIIIiB
Ma€ HHU3bKUU pPIBEHb JOBIPH 10 TMPOAYKTIB, IO BHUTOTOBISIOTHCS Ha
CHeIiaTi30BaHuX MIAMPUEMCTBAX, BBAXKAIOUH, 0 IEPEPOOH] MiANPUEMCTBA
319 301IbIIIEHHS NpUOYTKY 37aTHI BJAaBaTHUCh JI0 IIaXpailcTBa Ta
BUTOTOBIICHHSA (QanbcudikariB. JlocTaBka, 3aBaHTAKEHHS Ta peaiizailis
HEOOpOOJIEHOTO MOJIOKA J03BOJISIE YCYHYTH 11 MOOOKOBaHHS. 3BOPOTHIM
OOKOM € OCTpaxy MOKYMIIB BITHOCHO MOKJIMBOCTI CITIO)KMBAHHS MOJIOKA, 110
HE MpoHluo TepMmiuHy o0OpoOky. Tak, Hampukiaa Opodak MOJIOKa 3
BUKOPUCTAaHHSAM BEHIUHIOBUX anapartiB 0yiio 3a0opoHeHo B CIIA, a B psiai
kpain €Bponu jume 3a 2012p Oyno 3akpuTo 3 TOPTIBEIBHUX MEPEXI.
[lepcnekTHBY NOAANBIIOTO PO3BUTKY LBOIO HAMPAMKY peasti3alii MpoayKiii
c/T BUpOOHUIITBA, SIKUW MA€ SIK IEpEBar, Tak 1 HEAOJMIKH, OyAyTh PO3TIISHYTI
HUXKYE.

TunoBuit aBTOMAT TS TPOJAXKY HEOOPOOICHOTO MOJIOKA CKIIAAETHCS
3 €EMHOCTI it 30epiraHHs, sika BUTOTOBIIIETHCS 3 HEP)KABIIOYOi Xap4uyoOBOi
CTajll, MIMIAJKH, $Ka TOMEPEIKyE pPO3IIAPOBYBAaHHS MPOAYKTY Ha
3HEKUPEHE MOJOKO Ta BEPIIKH, CUCTEMH OXOJOKEHHSI, MPUCTPOIO, IO
3a0e3nevyye BUAauy YMCTOI TapH, OJIOKY MHUTTA POOOYUX MOBEPXOHb, IIO
KOHTAaKTYIOTh 3 MPOIYKTOM, OJIOKY JO3YBaHHS Ta PO3JIMBY, MPUCTPOIO IS
NpuMaHHS TOTIBKOBUX Ta 0€3rOTIBKOBUX IUIATEXIB [4].

Sk 3a3HavaNoCh BHUIIE, TTPOBEJACHHS TOMOTEHI3allll 10 HaAXOIKEHHS
NPOAYKTY B MOJIOKOMAT, sIKa SIBJISE COOOO TPOIIEC 3MEHIIICHHS CEPEIHBOTO
J1aMeTpa KUPOBUX KyJbOK B MOJIOII HEOOXITHO JIJIsl 3ar100IraHHs IPOIIECY
obJiiTepariii BHYTpIIIHIX KaHAIIB TPyOONPOBOIB BEHAMHIOBUX amaparisb.
3MEHILEHHS! CEepEeIHBOr0 JiaMeTpa >KUPOBHUX KyJIbOK MPU OJHOYACHOMY
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3pOCTaHHI CyMapHOi IUTONII X TOBEpPXHI MPU3BOAUTH A0 301ITBIICHHS
HAJIHOCTI MOJIOKOMATIB, 3a0€3Ievy€ MOKPaIeHHS CMaKOBUX Ta TOBAPHUX
SKOCTEH MPOAYKTY MicCIs AUCTIEPryBaHHs [5].

Dopmynosanns yineu cmammi (NOCMAHOBKA 3A80aHHs). 3aijis
3HIDKCHHSI EHEPreTMYHUX BUTpaT Ha IMepepoOKy MOJoKa CydYacHi
MIAMPUEMIIT MOXKYTh BJIaBaTHUCh JI0 MOro peaiiszalilii uepe3 BEHIUHTOBI
Mepexi. J{ia 3a0e3nedeHHs HaaiiHOI pOoOOTH IUX amapaTiB, MOKpaIIeHHS
CMaKOBHX Ta TOBApPHHUX SIKOCTEW MPOAYKTY MOXJIMBO OCHAIICHHS
MOJIOKOMATIB TOMOTeHi3aTopaMu. MeTow CTaTTi € OIlHKa €KOHOMIYHOi
e(EeKTUBHOCT1 BiJl BKJIIOYEHHS /10 KOMIUIEKTY OOJaJHAHHS BEHJIUHTOBUX
amapariB Cy4acHHX IucIiepratopiB. [si HOCSATHEHHS TOCTaBIICHOI METH,
HEOOX1THO:

— OLIIHUTHU TMepeBaru Ta HEIOJIKU BUKOPUCTAHHS MOJIOKOMATIB IS
MIMPUEMIIIB, IO HAJACTh 3MOTY 3pOOUTH BUCHOBOK BITHOCHO MEPCIIEKTUB
PO3BUTKY LIbOT'O HANIPSIMKY MIANPUEMHUIBKOIL JISTIBHOCTI;

— OLIIHUTHU TEpeBaru Ta HEJOJIIKM BUKOPUCTAHHS MOJIOKOMATIB IS
MOKYTIIIB;

— TPOBECTU CTUCIHMM aHali3 Cy4acHHX T'OMOT€HI3aTOpiB Ta 00paTu
HaNWOUIBII IEPCIIEKTUBHUM TUIT KOHCTPYKIIIL JJIsi OCHAIIIEHHS] BEHIMHTOBUX
araparis;

— OIIIHUTA EKOHOMIYHY €(QEeKTUBHICTh BIJ OCHAIICHHS amaparTiB
eHeproe(eKTUBHUMH TOMOT'EHI3aTOPAMH.

OcHosHa uyacmuHa. JI7ig OIIHKHA TIEPCIIEKTHB TOJATBIIOT0 PO3BUTKY
BEH/IMHTOBOI peaizallli MOJoKa HeOOX1AHO MpoaHaji3yBaTH MepeBaru Ta
HEJOJIKM JUIsl MIANpUEMIIB Ta mnokymnuiB. Cepen MO3UTHUBHUX PUC
BUKOPUCTAHHS IIOTO CIOCOOYy TpOAaXy MOJIOKA [JIi BJIACHUKIB
MOJIOKOMATIB Ta epMepiB, ciaif Big3HauuTH [1, 5, 6]:

e MiHIMAJIBHY IIJIOIIY ITiJT BCTAHOBJICHHS 00JIaJIHAHHS, 1110 BILIMBAE HA
PO3MIp OPEHIHOT IJIATHI 1 BIIMOBITHO 301JIbIITY€ TPUOYTOK TiAPUEMIIS;

®BIJICYTHICTb TOPTOBUX IIOCEPEIHUKIB MIDK BHUPOOHHUKOM Ta
CTHOXKUBAYeM, 110 3MEHIIY€E COOIBapTICTh MPOAYKTY Ta 30UIbIIY€E MPUOYTOK
BJIACHUKY amapary;

® MO>KJIUBICTh BCTAHOBJICHHSI B OY/Ib-IKOMY BHUT1IHOMY 3 TOYKH 30PYy
JIOJIMHO-TIOTOKY MICIIl 3 OpIEHTAIlIEI0 HAa LUILOBY aydUTOpPiI0 (CIOPTHBHI
KOMILJIEKCH, TOPTIBEJIbHI LIEHTPH, (ITHEC LEHTPH, JIIKapHi, CyepMapKeTH,
OPWIETI 10 BEIMKUX MaraswHiB IUIOINI), IO MOSICHIOETHCS BIACYTHICTIO
HEOOX1THOCTI MAKITFOYCHHS 10 KaHasi3allii abo BOJAOMPOBITHOT MEPEXKI;

®B1JICYTHICTh MEXaHIYHOI Ta TETUIOBOT 00POOKH MPOIYKTY, TPOBEICHHS
SKUX 30UIBIITYE COOIBAPTICTh OMMHMIN MPOAYKITiT HAa 60—70%);

® €KOJIOT1YHICTh peaizailii HeoOpoOJEeHOro MOJIOKa MPU OJJHOYACHOMY
3a0€3IMeUeHH] CaHITAPHO-TITIEHIYHUX BHUMOT JIO MPOJAYKTY, OOpOOKY
MOBEPXOHb, SKI KOHTAKTYIOTh 3 TMPOAYKTOM, MPOCTOTAa KOHCTPYKIIII,
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3pYyYHICTh TPOBEACHHS TEXHIYHOTO OOCIYyrOBYBaHHS Ta PEMOHTY
001aJHaHHS;

®BiJICYTHICTh TPOJABIl, 10 3a0e3leuye MAMPUEMITO 30UIbIICHHS
npuOyTKY BiJl €KOHOMIi Ha 3apoOITHIM IUIaTHI Ta COIIaJIbHUX BUILIATaX
pPOOITHUKY.

[Topsn 3 1MM  Ciifg  BIA3HAYUTH JCSAKI HEJOJIKW, IpPUTAMaHHI
KOHCTPYKIIISIM arapartiB Il peastizallii MoJjioka, 30kpeMa [ 1, 6]:

1. BIJICYTHICTh 3aXHUCTy BiJ MOIIKO/KEHb BaHIATIB, B 3B SI3KYy 3
YUM CJIJ BIJ3HAYMTH, IIIO0 OCTAHHI MOJEIl MOJIOKOMATIB 0OJIagHaHHI
BIJIITOBITHUMH CHCTEMAaMHU;

2. MOXXJIMBE YTBOPEHHS IMIHM TNPH PO3JIUBI MOJIOKA, WIO
MOSICHIOEThCS  JiecTaOumi3aiiero OuikoBoi (a3u mnpu 1i B3aeMojii 3
MOBITPSIHUM CEPEJAOBUIIEM Ta TAKOX HIBEJIIOETHCA B OCTAHHIX MOJESIX
MOJIOKOMATIB 3aBJSKH BUKOPHCTAHHIO B HHUX CIELIATBHOI KOHCTPYKIIIi

J103aTOPa;
3. HEOOXIJTHICTh PETEIILHOTO JOTJISIAY 32 aBTOMATaMU;
4. HAsSIBHICTh 1IMOBIPHOCTI CKHCaHHS MNPOAYKTY INPHU KOJUBaHHI

J0O0BOTO Ta CE30HHOTO IOMUTY, IO HIBEIIOETHCS MOXKIIMBICTIO peati3aliii
TAKOro MOJIOKa JJii NepepoOKH Ha MOJIOKO3aBOAM MICIS HPOXOIKEHHS
KOHTPOJIIO SIKOCTI MPOJYKTY 3TiHO BHUMOT, BCTAHOBJICHHUX BiAMOBIIHUMHU
HOPMATUBHUMU aKTaMHU B Taiy3i;

5. OCTpaxy MOTEHUIWHUX MOKYMIIB MOB’sI3aHI 3 HEAOCTATHHOIO
0013HaHICTIO BIJIHOCHO O€3IMEYHOCTI CIOXUBAHHS CUPOTO MOJIOKA, IO B
OPUHLIUAIII ~ MOXKHAa TIOJMOJIATH  IIISXOM  BIPOBA/DKCHHS  pEKIaMHO-
MPOCBITHUIBKOI JISTIbHOCTI.

Otxe, Ak OauuMo ISl MIANPUEMUIB MPU BIPOBAIKEHHI CHOCOOY
peainizalii MOJIOKa Yyepe3 BEHJUHIOBI arapaTy ICHYIOTh 0arato mnepepar Ta
HE3HAaYHa KUIBKICTh HEJOMIKIB, K1 MOYKHA TOJIOJATH HUIIXOM IpUAOaHHS
MOJIOKOMATIB ~ HOBITHIX KOHCTPYKIIIH Ta TPOBEACHHS PEKIAMHO-
MPOCBITHUILKOI KaMIaHii.

Jlo mepeBar, ki OTpUMY€ TTOKYTIEIb Y BUTIAJIKY MPUAOAHHSI MOJIOKA 32
JIOTIOMOTO0 BEHIMHTOBHX arapaTiB CIIiJI BiHEeCTH [5,7]:

- MOXIIUBICTh ONEPATHBHO B HE3aJEKHOCTI BiJl Hacy no0u Ta 3a
BIJICYTHOCTI Uepr Mpua0aTh CBIXKE MOJIOKO;

- 3a0e3mnedeHHs] TMPU 3HAXO/PKEHHI MOJIOKa B amapaTi CMaKOBUX
SKOCTEM, MOKMBHUX PEYOBUH, BITAMIHIB 1 apOMaTy CBIXXOTO MPOAYKTY;

- BUKOPHUCTaHHS OXOJIO/KCHHS BCEPEIMHI aBTOMATY, 1110 MOTMEPEIKYE
nepeayacHe McyBaHHS MPOAYKTY MpoTsaroM 3 110, 3a0e3nedye Moro BUCOKI
OpraHOJICNTUYHI TTOKa3HUKH;

- MOXJIMBICTb MNPUAOAHHS CBIXOTO MOJIOKA B (epMepChKux
rOCIoAapcTB KHUPHICTIO 3,7-4%, sKke MOXXHAa BUKOPHCTOBYBATH SIK JUIS
MPUTOTYBAHHS CMAYHUX CTPAB, TaK 1 /Il BATOTOBJICHHS B IOMAIITHIX YMOBax
3 HATYPaJIbHOTO MOJIOKAa BUCOKOT JKUPHOCTI TAKUX MPOAYKTIB K Kedip, cup,
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HOTYPT;

- 3Ha4HO HIKYY (70 40-50%) 1iHy pO3IMBHOTO MOJIOKA, B MIOPIBHIHHI
3 BapTICTIO IMAKETOBAHOTO TPOMYKTY, IO JOCSATAEThCS 3a PaxXyHOK
BIJICYTHOCTI BUTPAaT Ha MEXaHIUYHy Ta TEIJIOBY MEPEpOOKYy, YCYHEHHSIM
JIAHIIOTY MOCEPETHUKIB MK ¢/T BAPOOHUKOM Ta CIIOKUBA4YeM, BiJICYTHOCTI
BUTpAT Ha 3apIuIaTy peai3aTopy Ta yHakoBKY FOTOBOIO MPOIYKTY;

- 3a0e3MeueHHs NP pealtizallii MoJIoKa Yepe3 MOJIOKOMATH MPOAaxy 3
JOTPUMaHHSIM BCIX CaHITAPHO-TITI€EHIYHUX BUMOT.

Jlo HemomikiB peaiizaiii MOJIOKa 3 BHKOPHUCTAHHSM BEHJIUMHTOBHX
armapaTiB CJIiJI BITHECTH HE3BUYHUHN CMOCiO 31HCHEHHS MMOKYIIKH, 110 MOXE
CTaTu MpoOJIEMOIO JIJis JII0JIeH MOXUJIoro Biky. BupiieHHs i€l npobiaemu
MOXXJIMBE NUISIXOM BCTAHOBJICHHS HAa MOJOKOMATaX TOSCHIOBAILHUX
THCTPYKIIiH, sIKI IOBUHHI MICTUTH 3pO3yM1JI€ MOSACHEHHSI MOCIIJOBHOCTI A
MOKYIIS Uit BUOOpPY 00’€My IUISIIKA, BHECEHHS IUIaTHI, OTPUMAaHHS
MPOIYKTY.

Cnin  BiA3HAYWUTHU, W0 BUKOPUCTAHHS MOJIOKOMATIB JO3BOJISIE
BUKJIFOYUTH TaKl €TanM MepepoOKH MOJIOKA K OYHUIIEHHS, (PUIbTpaliio,
cemaparliro, rmacTepu3alio/cTepuiIizaiiio, ynakoBky [7]. Mix TUM oOIliHKa
YMOB pOOOTH MOJIOKOMATIB JI03BOJISIE CTBEPJKYBATH, IO 3 TOYKH 30Dy
30UTBIIIEHHST TEPMIHY €KCIUTyaTallli Mi>K TIPOBEICHHSIM OOCIyroByBaHb Ta
PEMOHTIB JOLIBHO KOMILJIEKTYBaTH BEHIWHTOBI arapatu
roMmorexizaropamu. I[IpoBeneHHs aucnepryBaHHsS J0 HaJAXOKCHHS
MPOJYKTY 10 MOJIOKOMATY 3aBJSKH BIJICyTHOCTI MPOIIECY PO3IIapyBaHHS
Oyne mnomnepemKyBaTu OOJITEpalil0 BHYTPIIIHIX TOBEPXOHb KaHaJlB
TpyOonpoBoAiB. PalioHanbHUN TUI TOMOTEHI3aTOpy MAJi OCHAIICHHS
MOJIOKOMAaTy TOBHHEH MAaTH HHM3bKlI TUTOMI EHEpPreTUYHl BUTPATH Ta
3a0e3MnedyBaTl MIHIMAIbHUI CepelHId JlaMeTp >KUPOBUX KYJbOK MIiCIHA
nucnepryBanHg [4, 6]. ns BuOOpY KOHCTPYKIIi, $Ka 3aJ0BOJIbHSIE
BKa3aHUM BHIIIE BUMOTaM, ITpoaHaIi3yeMO JaHi, HaBelIeH1 B Taonuil 1

Tabnuys 1
[TopiBHSsIIIPHA XapaKTEPUCTUKA PI3HUX TUITIB TOMOTEHI3aTOPIB
MiniManbHUAN :
. . ITuTomi
Tun IIponyKTHBHICTS, J1aMETP YaCTOK
roMOTreHi3aropa Q, 1/ron IT1CJIST TOMOTeH13a111 CHEPTOBHTpATH,
’ > | Enur, kKBT*TOI/T
dep, MKM
Kirananauit 1 0,75 7,5
Bakyymuuii | 1,50 1,8
Buxposuii 1 0,77 0,8
[Ipoturediitno-
P . 1 0,75 1,4
CTPYMUHHUU
[lynbcarniitauii 1 0,80 0,7
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AHami3 JaHuX, HaBeICHUX B TaOmuIll | CBIAYWTH, MO 3 TOYKH 30pYy
MiHIMI3aIli1 TUTOMUX €HEPrOBUTPAT MPH 3a0€3MeUeHHI IKOCT1 IPOAYKTY, 110
BIJIMOBIIalla TEXHOJOTIYHO oOrpyHToBaHMM BuUMoram (0,75-0,80 MxMm)
HANOUTBII JIOIUIBHOIO € KOMIUIEKTAllli MOJIOKOMATiB TOMOTEHI3aTOpaMu
BUXPOBOTO a00 MyJbCAIIHHOTO THIMIB. 3BICHO JOCIIKEHHS CY4YaCHHUX
BUCHMX IIPONOHYIOTh BHUpPOOHHWKAM JO BIOPOBA/PKEHHS 1  1HIII
eHeproeeKTHUBHI KOHCTPYKIli TOMOTEHI3aTOpiB, 30KpeMa CTPYMHHHUUN
TOMOT'€HI3aTOp MOJIOKa 3 PO3JAUIBHOIO MO/Iauei0 BEPIIKIB 400 CTPYMUHHO—
IIIJTMHHAA TOMOTEHI3aTop MoJIoKa [2, 8]. AJle iX BUKOpUCTaHHS Iiepeadoavae
pO3IUIBHY TOMOTEHI3aIlilo, M0 Mepeadadyae IMONEPEeaHE IMPOBEACHHS
cemnapailii, 0 B JaHOMY BUIMAJKYy MpHU3BEAE 10 30UIbIIEHHS cOO1BapTOCTI
TOTOBOTO TPOAYKTY ISl CIIOXKHMBayda, OTXKE € €KOHOMIUYHO Hee(eKTHBHUM
pimeHHsMm [9].

3 METO NPUHHATTSA PIMICHHS BiJHOCHO PEKOMEHIOBAHOTO THUITY
TOMOT€HI3aTopa ISl OCHAIICHHS MOJOKOMAaTy pO3IJITHEMO HEIOMIKH
KOXKHOI 3 HaBEJICHUX B TaOauLl 1, HAaHOUIBII NOIIMPEHUX B TPOMHUCIOBOCTI
Ta TEPCHEKTUBHUX KOHCTPYKILIA aucrepraropiB. Jlo HETaTUBHUX pHC
TrOMOT'€HI3aTOpa KJIANMaHHOTO THUITY BIIHOCSATHCS BHUCOKI €HEPrOBUTPATH Ta
MaTeplalOeEMHICTh, HEAOJIIKOM KOHCTPYKIIT MPOTUTEUIHHO-CTPYMUHHOTO
rOMOT€HI3aTopa € CIIHIOBAHHS MOJIOKA, BaKyyMHUW JIUCIIEPTraTop
BIJIPI3HSIETHCS BTPATOIO MOKUBHUX PEUOBUH, IO CIIOCTEPITAETHCS MPHU 3MiHI
poOOYOTO THCKY, a KOHCTPYKIISI BHXPOBOTO THITY € HEJIOCTaTHHO
nociimkeHoro [5, 10]. Otxke, palioHaJIbHAM CJIiJI BBAXKATH KOMILJISKTAI[IO
MOJIOKOMATIB TOMOIE€HI3aTOpamMu MyJbCAI[IHHOTO THUILY, SIKHA MICTUTh
HUJIHJP 3 MaTpyOKaMu MiJBEICHHS 1 BIABEJCHHS €MYJIbCii I BCTAHOBJICHI B
HbOMY MOPIIHI, B SIKUX BHUKOHAHI HACKPI3HI OTBOPH 1 SIKI 3/1MCHIOIOTH
3BOPOTHO-MIOCTYMAJIbHI PYXH 32 JOMOMOIOI0 IMITyJIbCHUX PYXIB IITOKY.

3riiHo 10 ouiHOK ¢axiBuiB [1,7] TepMiH OKYMHOCTI MOJIOKOMATy
CKJIaJla€ He3HAYHY BEIMYMHY 3a yMoBHU peanizanii Big 100 go 400 1 Monoka
Ha 700y. CydacHI KOHCTPYKIIi BEHIWHTOBHUX amapariB OO0JaJHYIOThCS
JBOMa 3MIHHUMH €MHOCTAMH 00’emoM 200 ta 230 1 BiamomimHo. Ilpwm
BCTAHOBJICHHI aBTOMATy B MICIll C JOCTaTHIM JIOJUHO-TIOTOKOM B MEXKax
LIbOBO1 ayIUTOpli MOKYNIB 3a0e3neunTu peanizamito 200 1 Ha 100y He
NOBUHHO SIBJISITH TPYAHOIIIB. 32 YMOBH 3aKyIIiBJIl MOJIOKa B (epmepa 3a
MiHOIO 7 TpH/M Ta TPOJaxy 3a IHOW 15 TpH/T BUTpATH Ta JIOXO
nianpuemus Oyayte ckiagatu 42000 rpa/mic ta 90000 BiamoBigHO.
BinpaxyBaHHS Ha TpaHCIIOPTHI BUTPATH, OPEH/TY MPUMIILIEHHS, TPOBEICHHS
oOcyroByBaHHsl 00JaiHaHHs NpuiiMaiud piBHUMH 15%, BiaTak npuOyTOK
micnas peanmizaunii MPOAYKTY B MOJOKOMAaTl 3a BUPaxyBaHHSIM BUTpaT
cknagatume 34500 rpu/mic. [{ns MOpiBHAHHS BapiaHTIB BUKOPHUCTAHHS
MOJIOKOMATy 0e3 AUCIepraTopy Ta aBTomMary, 00JIaJHaHOTO MyJIbcalliii HUM
FOMOTEHI3aTOPOM  Ta  OIIIHKM  TEpPMIHy  OKYIHOCTI  OOJaJHaHHS
MPOAHAII3YEMO JlaHl pO3paxyHKiB. (71 OOYHCIEHHS TEPMIHY OKYITHOCTI
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Oymno obpano cydacHuir mojokomaTt mozaeni ECO Compact 100 BapTicTio
300000 rpH, mpu 1bOMY IIiHA HA MYJbCAIlii HUH TOMOTEHI3aTOp CKJIaaac
50000 rpu. Ilpu mpubytky 34500 TpH/MIC CTPOK OKYITHOCTI OOpaHOTO
MOJIOKOMATY CKJiazae 8,7 Mic, a BapiaHTy 3 BUKOPUCTAHHSAM IMTyJIbCAI[IHOTO
romorenizaropy 10,1 mic.

Bucnosku. IIpoBeneHnii anasi3 nepeBar Ta HEJIOJNIKIB BIPOBAKEHHS
MOJIOKOMATIB SIK CIIOCOOY peaimizalii CBDKOIO MOJIOKa J03BOJISE
CTBEP/I’KYBAaTH, 1110 33 BUKIIOUEHHSIM MOXJIMBUX 3aKOHOJIABUMX MEPEUIKO
BUKOPUCTAHHS BEHIMHTOBHX arnapariB Mae€ psJll CyTTEBUX MeEpeBar sK s
MIMPUEMITIB, TAK 1 U MMOKYIIIB. BUsSBICHI HEAOMIKH MOJIOYHUX aBTOMATIB
MOXXYTh OyTH YCyHEH1 IPH BUKOPHCTAHHI CyYaCHUX amapariB, pO3pOOKH
IHCTPYKIII1 11 KOPUCTYBaHHS MOJIOKOMAaTOM Ta IPOBEJECHHS ariTaliiiHo-
MOSICHIOBAJIBbHOI KaMIlaHli. 3 METOI0 MIABHUINECHHS HAIIMHOCTI Ta
3a0e3nedyeHHss  Oe3nepeOiiiHoi  poOOTH  BEHIMHIOBUX — amapariB —y
MDKPEMOHTHHM TEploJ, a TAaKOX JUJIS IMIJABUIIEHHS SKOCTI MOJIOKa OYJio
3alpOIIOHOBAHO o0amHyBaTH MOJIOKOMATHU TOMOTEHI3aTOPaAMHU.
[IpoBenenuii aHam3 MOMMPEHUX Ta NEPCHIEKTUBHUX THUINB AUCIEPraToOpiB
M0 CHIBBIJHOIICHHIO MK HHU3BKMMH IMHUTOMHUMU EHEPrOBUTpATaMHU Ta
HallMEHIIMMU 3HAYEHHSMU CEpPEAHBOrO JllaMeTpa >KUPOBHUX KYJIbOK
JI03BOJIMB ~ PEKOMEHIyBaTH  OCHAILlEHHS  BEHAMHIOBUX  amapariB
TOMOT'€HI3aTOpaMH MyJIbCAIIHHOTO TUITY.

[IpoBenennii aHami3 EKOHOMIYHOT €()EKTUBHOCTI BIPOBAHKCHHS
MOJIOKOMATy mpu peainizaiii Ha HboMmy 200 11 MoJioKa Ha 100y J03BOJISIE
orpuMatu uuctuid npubytok Ha piBHI 34500 rpH/Mic. IIpoBenene
NOPIBHSHHS TEPMIHIB OKYMHOCTI MO BapiaHTaX BIPOBAKEHHS JIUIIIE
BEHJMHTOBOTO amapaTy Ta MOJOKOMaTy, OOJIaHAHOTO MyJbCalliiHUM
TOMOT€H13aTOPOM CBIYUTh, 1110 CTPOK MOBEPHEHHSI BKJIAJICHb 110 BapiaHTy 3
BUKOPHUCTAHHSAM JUCIIEpPraTopa MepeBHIlye JaHi 10 BapiaHTy BUKOPUCTAHHS
TUIBKM MOJIOKOMaTy Jume Ha 1,5 mic. TakuM YMHOM OCHAIIEHHS
MOJIOKOMATy 3abe3mnedye Taki mepeBard K 30UTbIICHHS MIXKPEMOHTHOTO
pecypcy oOJagHaHHS, MIJBUIIEHHS OPraHOJENTUYHUX BIIACTUBOCTEN
MPOJYKTY, TEPMIHIB #oro 30epiraHHs, 3MEHIICHHS BTpPaT I[IHHOTO
MOJIOYHOTO KHUPY Ha CTIHKaxX TPyOOMpPOBOIIB Ta BUTPATH HA KOIITOBHE Ta
CKJa/iHe 00CIyrOBYBaHHS BEHUHTOBUX araparis.

Crarta Hagiinuia no penakiii 22.03.2022 p.
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A. Kovalov, K. Samoichuk, N. Palianychka, N. Fuchadzhy
Dmytro Motornyi Tavria state agrotechnological university

ASSESSMENT OF PROSPECTS FOR THE DEVELOPMENT OF DAIRY
MACHINES AND ECONOMIC EFFICIENCY OF THEIR EQUIPMENT WITH
HOMOGENIZERS

Summary

In the article, it was proposed to equip the milk filling machine with a homogenizer.
Based on the method of assessing the prospects for the development of dairy automatic
machines, an analysis was made of the benefits and shortcomings of their choice for
sellers. An assessment was made of the efficiency and short supply of dairy machines
from the point of view of buyers. It is concluded that provided that some minor
shortcomings are eliminated, milk machines are a promising and convenient way to sell
milk. Entrepreneurs are advised to focus on the purchase of the latest designs of dairy
machines, which have a number of advantages, including protection against vandals,
eliminate the formation of foam when pouring the product, equipped with two removable

SBTSATU. 12. 1.9


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 1

939

containers with a capacity of 200 and 230 liters. Recommendations are given regarding
the need to develop instructions and install them on each of the vending machines to
facilitate the use of the device for the elderly. In order to eliminate the fears of consumers
about the consumption of raw milk, it is recommended to conduct an advertising and
educational campaign. In order to increase the reliability of maintenance of vending
machines and provide the population with a high quality product, an analysis of the most
common and promising designs of homogenizers. It is concluded that in the condition of
minimizing energy costs while providing the smallest average diameter of fat globules, a
pulsating type homogenizer is recommended for equipping a milk machine. The obtained
data of calculations which show that to receive profit at the level of 34500 UAH/month
is possible on condition of daily realization of 200 I of milk at the purchase price of 7
UAH/I, the sale price of 15 UAH/I and deductions for car maintenance, operational and
transport costs of 15% income. The assessment of the economic efficiency of equipping
machines for bottling milk indicates a slight increase (1.4 months) in the payback period
when using a pulsating homogenizer, which indicates the high economic efficiency of the
proposed measure.

Key words: economic efficiency, apparatus, milk sales, profit, vending, payback
period
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AHAJITUYHE BUSHAYEHHA NIPOAYKTUBHOCTI
NPOTUTOYHOI I'OJJIOBKU TOMOTI'EHI3ATOPA

Anomayis. B cydacHii MOJIOYHIM NPOMHCIIOBOCTI JOCHUTH TOCTPO
CTOITh MUTAHHS PO3POOKH HOBUX BUIB TOMOI'€HI3aTOpiB. [CHYIOUI MamnHuU
JUTsl TOMOT'€H13allli Mal0Th HU3KY HEJIOJIIKIB, OCHOBHUMU CEpE] IKUX € BEJIUKI]
MIUTOMI BUTPATH €HEPTii Ta HEBEJIMKA CTYMiHb JUCTIEPryBaHHA. EQpekTuBHIM
METOJIOM € 3aMiHa KJIallaHHOi TOJIOBKM Ha MPOTUTOYHO-CTPYMUHHY, B SIKIH
BXIJIHUM TIOTIK €MYJIbCii pO3AUISEThCA Ha JBa 3YyCTPIUYHUX KIJIBIIEBUX
CTpyMeHs. 3aBISKM LbOMY BJIOCKOHAJEHHIO MOJIMBO 3MEHILIUTH
CHeproBUTPaTH 1 3HU3UTH 3HOC JETajeil rojloBKM TromoreHizaropa. s
TaKoi HOBOI KOHCTPYKIII KJIAllaHHOI TOJIOBKM TPOBEICHI MOJICTIOBAHHS
pyXy PIAMHM, 3aBISKH YOMY BJIAJOCS PO3POOUTH (PopMy BHYTPIIIHIX
MOBEPXOHb T'OJIOBKH, fKa 3a0e3leuye MIHIMAJIbHI BTPaTH €HEprii MOTOKIB
piAMHU. AJie 3aJIMIIAI0ThCS BIIKPUTUMH MUTaHHS pO3POOKH MaTeMaTUYHOI

MOJeII IUCIIEpryBaHHS B IPOTUTOYHO-CTPYMHUHHIN rOJIiBII
TOMOI'€HI3aTOpa, 30KpeMa BH3HAYEHHs 1 MPOJYyKTUBHOCTI. Tomy Mmeta
CTaTTI - PpO3pOOMTH  aHATITUYHI  3aJIEKHOCTI  JUIi  BU3HAYCHHS

NPOJYKTUBHOCTI HOBOI BHCOKOE(EKTUBHOI KOHCTPYKIIi  MPOTUTOYHO-
CTPYMHUHHO1 TOJIOBKM TOMOT€Hi3aTopa MoJjioka. Po3paxoBaHa onTumaibHa
BIJICTAHb MDK coOmIaMH (POPCYHOK MPOTUTOYHO-CTPYMUHHOT TOJIOBKH
rOMOT€HI3aTopa, sIka 3 YMOBH OTPUMAaHHS HANOUIBIIOT MPOTyKTUBHOCTI 1
HAaWBUIIIOTO CTyMHEeHS TOMOTeHi3amii (mpu TOCTIHHOMY  3HAYCHHI
HAJUTUIIIKOBOMY THCKY) 3aJIeKUTh BiJ CITIBBIIHOIICHHS BIJICTAaHI MIX
KUIBIICBUMHU KaHaJlaMH Ta IMUPUHU IIUJIMHA 1 TOBMHHA OyTH OLIbIIe
omuHUIN. Po3pobneHi  aHamiTHYHI  3aJCKHOCTI IS BU3HAUYCHHS
MPOJYKTUBHOCTI HOBOI BHUCOKOE(PEKTUBHOI KOHCTPYKIIi  MPOTUTOYHO-
CTPYMHUHHOI TOJIOBKM TOMOreHizaTopa Mojoka. [IpencramieHi dopmyiu
BPaXOBYIOTh KOHCTPYKTHMBHI M TEXHOJIOT1YHI MapaMeTpu TOJOBKH Ta
BJIACTUBOCTI MIPOJYKTY, IO MiIIA€THCA TOMOTeH13al1lii — MOJIOKA.

Kniouosi  cnosea. T'omoreHizatop, TrOMOTEHI3allisl, IPOTUTOYHO-

© K. O. Camoituyk, M. P. JIeGins, O. I1. Jlomeiiko
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CTPyMHHHA TOJIOBKA, MPOJYKTUBHICTh, AHAJNITUYHI JOCHIIKEHHS, TEOopis
TOMOT€HI3allii.

Ilocmanoexa npooremu. B cydacHiit MOJIOYHINA IPOMHUCTIOBOCTI JJOCHUTH
rOCTPO CTOITh MUTaHHSA PO3POOKH HOBUX BHUJIIB TOMOTEHI3aTOpiB. IcHyr0U1
MAaIllMHKM JJIs TOMOTEHI3allli MaloTh HHM3KY HEOJIKIB, OCHOBHHUMH CEpell
SKUX € BEJIMKI TUTOM1 BUTPATH €HEPTii Ta HEBEJIMKA CTYIIHb IUCTIEPryBaHHS
[1, 2]. HaiiG1np1ie momyMpeHHsi y BUpOOHUIITBI B HAIIl Yac MarOTh KJIallaHHI
rOMOT€HI3aTOpH, TOMY IO CaM€ BOHM MalOTh 3aJ0BUIBHY CTYIIIHb
JTUCTIEPTYBaHHS (CepedHit pOo3MIp JKUPOBUX KYyJIbOK TICIHs OOpOOKH
nopiBHioe 0,8 — 1,0 MxkM). Xo4a KJ1anaHH1 MalllMHA MalOTh HAaHO1IbIIT BUCOKI
MOKa3HUKU TUTOMOI €HEPrOEMHOCTI MPOLECY TOMOTreH13alllil, ycl 1HII BUAH
FOMOIE€HI3aTOpIB, Taki SIK BaKyyMHI, MyJbCallliiHi, €JIEKTPOriApaBIiyHI,
yJIbTPa3BYKOBI 1 T.JI. MAIOTh MEHIIY 1 HEIOCTATHIO CTYITIHb TOMOT€HI3alli [3-
5]. Takum uymHOM mpoOIEMa 3MEHUIEHHS NUTOMHX EHEpProBUTpaT Ha
JTUCTIEPTYBAHHS MOJIOYHOI €MYJIbCi IS HaWOIbII PO3MOBCIOIKECHUX —
KJIAMIaHHUX TOMOTEHI3aTOpiB 0€3 ICTOTHUX 3MIH  iX KOHCTPYKINI €
aKTyaJIbHIM MUTAHHSM MOJIOYHOI epepoOHOT MPOMHUCIOBOCTI.

Ananiz ocmanHix 0ocnioxcens. JIns TOCATHEHHS BHCOKOTO CTYTECHS
JUCTIEPTYBAaHHS MOJIOYHOTO JKMPY Ha BUPOOHHUIITBI BUKOPHUCTOBYIOTH
rOMOT'EHI3aTOPH KJIaltaHHOTO TUMy [6, 7]. Aje Taki TOMOTEHI3aTOpH MarOTh
pSiIl HEMOJIKIB sIKI Tpeba YCyHYTH, a caMe: BIUCOKI €HEeproBUTPATH, 3HAYHI
rabapuTHI po3MipHu 1 Macy, MBUAKUANA 3HOC pOOOUYMX MOBEPXOHb KiaraHa,
BUCOKY METQJOEMHICTh 1 JOCUTh BHUCOKY BapTiCTh OOnaaHaHHs [7, 8].
3aBASKM aHANI3y MOXKJIMBUX LUISAXIB  YJIOCKOHAJIEHHS KOHCTPYKIIII
KJIAITAaHHUX FOMOIEHI3aTOPIB MOXKHA 3pOOMTH BHCHOBOK, 110 €(EKTUBHUM
METOJIOM € 3aMiHa KJIAllaHHOi TOJIOBKM Ha MPOTUTOYHO-CTPYMHHHY [8].
3aBASKA 1IBOMY BIOCKOHAJICHHIO MOJKJIMBO 3MCHIIUTH EHEPTOBUTPATH 1
3HU3HUTH 3HOC JIETAJICH TOJIOBKA TOMOTEHI3aTopa.

[IpencraBnena KOHCTPYKILis nependavac (puc. 1), mo rpydboaucnepcHa
€MYJIbCIsI 1T TACKOM uepe3 KaHall MoJ1adl MOJAEThCS B IIEHTPAIbHUHN KaHa,
MICTSL 9Or0 MOTpAIIse B CLIO 1 KJIAMmaH, PO3AUISIOYHCH HA MPOTUIICHKHO
HarpaBiieHI TOTOKH. Ilig 9yac mMpoXoJpKEHHS iX 4epe3 KUIbIEBI KaHAIA
KJIaraHa 1 cijyia BimOyBaEeThCs 3ITKHEHHS MMOTOKIB €MYJIbCli, 3aBISIKA YOMY
YTBOPIOETHCST PI3HULA IIBHJIKOCTEH MIK JIUCIIEPCHOI0 YacCTHHOKIO Ta
nucnepciiiHoro  (a3or, sika HeEoOXigHA JUis pPyHHYBaHHS JMCIIEPCHOI
yactunu [9, 10].
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1 — xaHan mojayi; 2 — MEHTPAJIbHUHN KJ1amaH; 3 — KJamaH; 4 — KUIbIEeBI
KaHaJIM KJIalmaHa; 5 — KUIbIEBHH KaHal cijia; 6 — yIIIbHIOY1 KIIbLS; 7 —
30BHINIHA IIIJIMHA MK KJIamaHoM 1 ciajioM; 8 — cimio; 9 — BHYTpIIIHS
[IIJIMHA MK KJIAIIaHOM 1 C1JIOM

Pucynok 1. 3D-Monens npOTUTOYHO-CTPYMUHHOT TOJTOBKH

Jlns  Takoi HOBOI KOHCTPYKIII KJamaHHOI TOJOBKM IPOBEAECHI
MOJICTIIOBAHHSL PyXy PIAMHH, 3aBISKH YOMY BIAjoCi PO3poOuTH (popmy
BHYTpIIIHIX TOBEPXOHb TOJOBKHM, sika 3a0e3rledye MiHIMajgbHI BTpaTH
€HEprii NOTOKIB PIAMHU. AJl€ 3aUIIAIOTHCS BIAKPUTUMU MUTAHHS PO3POOKH
MaTeMaTUYHOI MOJIEJl NUCTIEPTYBaHHS B MPOTUTOYHO-CTPYMHUHHIN TOJTIBII
TOMOT'€HI3aTOpa, 30KpeMa BU3HAYEHHS il MPOIyKTUBHOCTI.

Dopmyeanns memu cmammi. Po3poOUTH aHAITHYHI 3aJCKHOCTI IS
BU3HAYCHHS TMPOJYKTUBHOCTI HOBOI BHUCOKOE(HEKTHBHOI KOHCTPYKIIiI
IPOTUTOYHO-CTPYMUHHOI FOJIOBKM TOMOTEHI3aTOpa MOJIOKA.

OcHosna yacmuna. BinmoMa 3anexXHICTh Il BU3HAYEHHS 00’ €My
plauHY, 110 BUTIKAE 3 (GOPCYHKH 3a OJUHUINO Yacy [7, 8]. s mpoTuTodHO-
CTPYMHUHHOI F'OJIOBKM TOMOT€H13aTopa MPeACTABUMO ii pO3PaXyHKOBY CXEMY
(puc. 1). lng vei moxHa 3anucatu (puc. 2)

Q=urD,s\2p, - Ap, (1)
ne: g — Koe(ilieHT BUTPAT (3aJ€KUTh BlJ KOHCTPYKIIIT comen);
D, - cepeaHiil JiaMeTp KiIbIeBHX KaHAJIB KilanaHa, M;
p,, — TYCTHHA MOJIOKA, KI/M>;
Ap — HaTMIIIKOBUH TUCK ToMoreHizarii, MIIa.

[lin dYac mpoBeAeHHS MOCHIDKCHHS KIAMaHHUX 1 CTPYMHUHHUX
TrOMOT€HI3aTOpiB  Oyno 3’scoBaHO, MO JUIsl 30UIBIICHHS CTYNEHS
JCTIEPTYBAHHS KUPY HEOOXIHO 30UIbIIYBaTH IIBUAKICTh CTPYMEHIB
MOJIOKa Y MOMEHT 3ITKHEHHSI.
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Pucynok 2. CxemMa mpOTHTOYHO-CTPYMHHHOI F'OJIOBKM TOMOT€HI3aTOpa:
a — 3arajgpHuM niepepis, 0 — Bug A mepepisy.

OdyeBuHO, IO TIPHU 30UIBIICHHI BIACTaHI MK COIJIOM Ta TMOBEPXHEIO
3ITKHEHHS CTPYMEHIB, MIBUIKICTh MOTOKY 3MEHIIYETHCSA, 3aBISKH YOMY
Oyae 3MeHIIyBaThCS 1  CTyINiHb TOMOTeHi3alii. Ane mpu 301rKeHHI
(bOpCYHOK Ha ACSIKY BETHUUHY @min, TUIOIIA )KHUBOTO TIEPEPi3y CTPYMEHIB, 10
BIIBOJISITCS CTaHE MEHIIE IUIOIII OTBOPIB comeil (OPCYHOK, BHACIIIOK
4oro, MpW HE3MIHHOMY 3HAYCHHI HAJIUIIKOBOMY THCKY, 3MCHIIHUTHCS
MPOAYKTUBHICTh TOMOTreH13aTopa (1).

Po3paxyeMo MiHIMalIbHY BIJICTaHb MIX COIJIaMU (DOPCYHOK @min 13
YMOBH 3a0€3MeueHHs HalBHIIOI PO TyKTUBHOCTI TOMOT€HI3aTOpa.

Jnst  oTpuMaHHS HAWOIBIIOI TPOAYKTUBHOCTI MPOTUTEUIHHO-
CTPYMEHEBOTO TOMOTEHI3aTopa HEoOXigHO, MO0 IJIoma MMTIHIAPUIHOT
NOBEPXHi, yTBOpeHa comnamu (opcyHok, §,, Mm%, (Ha puc. 2 BigmiueHa
MITPUXTTYHKTUPHOIO JTIHIEID) OyJia OuIbIIe 3a IUIONTy OTBOPIB (POPCYHOK,
TOOTO:

S,>27nD,s . (2)
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Bpaxosytoun, mwo S, = 27hD,, , micis NepEeTBOPCHb OTPHMAEMO

h>s. 3)
ToOTo
ho=s. @)

3BiJIKH NpU A= s TPOAYKTUBHICTH MPOTUTOYHO-CTPYMHHHOT F'OJIOBKH
BU3HAYAETHCS 3a hopmyroro (1), ampu A< s (puc. 3)

Q=,un'thp«/2pM -Ap . (5)

OpHoyacHO 31 3MEHUIEHHSIM NPOJYKTUBHOCTI TOMOT€HI3aTOpa MpH
30JKeHH1 (DOPCYHOK J10 BIJICTaHI, 1110 MEHIIIE 3a MTOJIOBUHY JllaMeTpa coIuia,
3MIHIOETHCA IIBUJKICTh CTPYMEHSI Y MOMEHT 31TKHEHHS.

Q, kr/ron,
2500 ‘ ‘
— s=0,3 Mm ]
— . = ~
2000 +——— s=0,4 MM —
— = s=0,5 Mm PR
1500 =
-
~ T
1000 =
~ .-
- .-
=
500 LT
—
0
0,1 0,2 0,3 0,4 05 0,6
+ MM

Pucynox 3. 3anexxHiCTh MPOAYKTUBHOCTI BiJl BIZICTaH1 MI3K KUTBLIEBUMHU
COIlJIaMH Ta MHUpUHU coren mpu Ap =5 Ml a.

[Ipu h>s MWBHIKICTH CTPYMEHs Tepel 3ITKHCHHSM 0; (IpUAMai
PIBHOFO IIBUAKOCTI CTPYMEHS TP BUXOJI1 3 PopcyHKH) (puc. 4 a). [lpu h< s
MIBUIKICTh MOTOKY MOJIOKAa 10 3ITKHEHHS ©»3 Oyjae MEHIe 3a »; MpHU
HE3MIHHOMY 3HAY€HHI HAJIJIUIIIKOBOTO TUCKY (pHC. 4 0)

L; <V;. (6)

OcTaHHs HEPIBHICTh BUTIKAE 3 YMOBU HEPO3PUBHOCTI MOTOKY PiAMHH.
I mpu ymoBi A< s oTpUMaemMo HEpPiBHICTH (6), 3 HOTO BUTIKAE 3MEHIIICHHS
CTYTEHs TOMOTEHi3allii, a/pKe caMe MIBHJKICTh 3ITKHEHHS CTPYMEHIB
BU3HAvYae Kputepiii Bebepa 1 cTymiHb nucnepryBaHHS >KUPOBOi (haszu
MOJIOKA.
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Pucynok 4. Cxema 31TKHEHHsI CTpyMEHIB IIpu a) h>s 1 npu 6) h<s.

OTxe, onTuMaabHa BIJCTaHb MDXK COIUIAMH (POPCYHOK MPOTUTOYHO-
CTPYMHHHOI TOJIOBKM T'OMOTI€HI3aTOpa 3 yYMOBM OTPUMaHHA HaOUIbIIOL
IPOJYKTUBHOCTI 1 HAMBUIIOrO CTYyNEHS TOMOTEHi3alli (IpH MOCTIHHOMY
3HAYEHHI HAJIMIIKOBOMY THCKY) 3JIEXKUTh BiJ CIHIBBIAHOLIEHHS BI1ACTaHI
MDK KUJTBLUEBHMMM KaHaJIaMH Ta IIMPUHU IIUIMHUA 1 TOBUHHA OyTH OLibIe
OJIMHUIII.

Bucnosox. Po3poOiieHl aHamITHYHI 3aJCKHOCTI JUIi BHU3HAYCHHS
MPOJYKTUBHOCTI HOBOi BHCOKOE(PEKTUBHOI KOHCTPYKII  MPOTUTOUYHO-
CTPYMHHHOI TOJIOBKM TOMOTeHI3atopa Moisioka. [IpencraBieni ¢opmynu
BPaxOBYIOTh KOHCTPYKTHMBHI W TEXHOJIOT1YHI TapamMeTpu TOJOBKH Ta
BJIACTUBOCTI TMPOJAYKTY, WI0 MIAMA€TbCI TOMOTEHI3alli — MOJIOKA.
BcTranoBneHno, 1o mpu 3MEHIIEHHI BIJCTaHI MiX KUIBIEBUMHU COILJIaMU
(GbOpCYHOK MEHIle, HDK IIMPUHA KUIBIIEBOI UIIJIMHU, 3HMXXYEThCS SIKICTh
JUCIIepryBaHHs (CTYIiHb ToOMOreHizaii). Po3paxoBaHo, 1m0 oOTpuMartu
MPOMHUCIIOBI 3HAYEHHA MPOAYKTUBHOCTI — 2,5 T/TOJl MOKJIMBO TP 3HAYEHHI
HIMPUHHU LIIJIMHYU Ta BIACTaH1 MK GopcyHkamu y 0,5 mwm.
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K. Samoichuk, M. Lebid, O. Lomeiko
Dmytro Motornyi Tavria State Agrotechnological University

ANALYTICAL VALUE OF THE PRODUCTIVITY OF THE FLOW HEAD OF
THE HOMOGENIZER

Summary
In the modern dairy industry the issue of developing new types of homogenizers is
quite acute. Existing homogenization machines have a number of disadvantages, the main
of which are high specific energy consumption and low degree of dispersion. An effective
method is to replace the valve head with a countercurrent jet, in which the incoming flow
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of the emulsion is divided into two opposing annular jets. Thanks to this improvement, it
is possible to reduce energy consumption and reduce the wear of the parts of the
homogenizer head. For such a new design of the valve head, fluid flow simulations were
performed, thanks to which it was possible to develop the shape of the inner surfaces of
the head, which provides minimal energy loss of fluid flows. However, the issues of
developing a mathematical model of dispersion in the countercurrent jet head of the
homogenizer, in particular the determination of its productivity, remain open. Therefore,
the aim of the article is to develop analytical dependences to determine the performance
of a new highly efficient design of countercurrent jet head of a milk homogenizer. The
optimal distance between the nozzles of the nozzles of the countercurrent jet head of the
homogenizer is calculated. Analytical dependences for determination of productivity of a
new highly effective design of a countercurrent jet head of the homogenizer of milk are
developed. The presented formulas take into account the design and technological
parameters of the head and the properties of the product to be homogenized - milk.

It is established that when the distance between the annular nozzles of the nozzles
is less than the width of the annular slit, the quality of dispersion decreases (the degree of
homogenization). It is calculated that to obtain industrial values of productivity - 2.5 t/h
is possible with a value of the slit width and the distance between the nozzles of 0.5 mm.

Key words: homogenizer, homogenization, countercurrent-jet head, productivity,
analytical studies, theory of homogenization.
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PE3YJbBTATH EKCIHEPUMEHTY ®AKTOPIB, II1O
BIIVIMBAIOTH HA ITPOAYKTHUBHICTD IHAUBIAYAJIBHOI'O
JTO3ATOPA KOMBIKOPMIB

Anomayis. Haseneno eKCIIepUMEHTaJbHI OCIIIKEHHS
IHAUBIYyaJIbHOTO J103aTOpa KOMOIKOPMIB 3 BHUKOPUCTaHHSAM TeOpIi
BIJICIBHOTO €KCIIEPUMEHTY METOJOM BHIIaJJKOBOT'O OajlaHCy, (pakTopu piBHI
iX BapilOBaHHs, SIK1 BIUIMBAIOTh Ha KPUTEPIN ONTHUMI3allli, MATPULIIO IUIAHY
Ta PE3yJIbTaTH BiJCIBHOTO EKCIEPUMEHTY, PIBHSHHS U1 BHU3HAYCHHS
edexTiB pakTopiB Ta Pi13MKO-MEXaHIUHI BIACTUBOCTI KOMOIKOPMIB.

Jlnst aHamizy pe3yJbTaTiB BiJICIBHOTO €KCIIEPUMEHTY MOJIaHl JlarpaMu
po3citoBaHHs, e(DEeKTIB Ta 3HAUYIIOCTI (aKTOPIB AKi JAIOTh YSBJICHHS PO
CTYIIHb BIUTUBY KOXKHOTO 3 BOCBMHU (PAKTOPIB Ta MOMJIMBICTH BHJLIUTH 3
HUX HAaWBILUTMBOBIIIIL, a 3 JlarpaMy PiBHS 3HAYYIOCTI ()aKTOPIB 32 KpUTEPIEM
CTpro/IeHTa J1a€ MOKIIUBICTh BCTAHOBUTH 3HAUYIIII 1 HE3HAUYII (PAKTOPH.

B pe3ynbrarti mpoBeieHHs B1ICIBHOTO €KCTIEPUMEHTY 1HAWBIYaTbHOTO
J103aTOpa KOMOIKOpPMIB BCTAaHOBJIEHO 3HAYYILl 1 HE3HAUYIl JOCIIIKYBaH1
dakTopu (miameTp Ta yacToTa OoOepTaHHS KOHYCHOTO poOOYOro opramy,
BHCOTa Ta KUIBKICTh JIONMATOK, KyT TBIPHOI KOHyCa IpH HOro OCHOBI,
KUIBLIEBUI 3a30p MIDXK BHUITYCKHOIO TOpPJIOBMHOIO OyHKEpa 1 KOHYCHUM
pOOOYUM OPTaHOM).

Kniouosi  cnosa: 1HAMBIOyalbHUM [103aTOp, €KCHEPUMEHTAIbHA
yCTaHOBKa, pPoOOYMii OpraH, MPOAYKTUBHICTh, KPHUTEPIM ONTHUMI3AILI,
KOMOIKOpM.

Ilocmanoeéxa npobaemu. Ha BUpOOHMYMN TIpOIIEC OTPUMAHHS
MPOJYKIli TBAPWHHUIITBA BIUIMBAE IIlJIa CUCTEMa PI3HUX (hAaKTOPIB, 3 IKUX
HaiiBaromimux € (akrop kopmy. [omiBis € OAHMM 3 HANOUIBII
TPYJIOMICTKMX TIPOLIECIB HA TBAPUHHUIIBKOMY  MIAMPUEMCTBI (32
TPYAOMICTKICTIO CTaHOBUTH Bifg 25 1o 35% Bcix 3aTpar mnpaii Ha
BUPOOHUIITBO MOJIoKa) [ 1-7].

HaiiiiHH111010 YaCTUHOIO KOPMOBOTO PalliOHy TBAPUH € KOMOIKOPMH.
Jlo mpouecy n03yBaHHS IIUX KOPMIB CTaBJISTh CyBOPl BUMOIHM, OCKUIBKH
BIIXUJICHHSI B/l MOTPIOHOT HOPMH MOYKE€ TIPU3BECTH JI0 TIEPEBUTPATH LIIHHUX

© B. I. banara
SBTSATU. 12. 1. 11


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/
mailto:vasylbanha@gmail.com,

HaykoBuit BicHuk TAATY Bun. 12, Tom 1

2315

KOpMiB 200 /10 HEOCTATHROI pealtizallii MOTeHIIAIBHOI POy KIlii TBAPHH.

HaykoBuMu TOCITIPKEHHSAMH Ta MPAKTUKOIO BCTAHOBJICHO, ITIO B pasi
TOJIiBJI KOPiB KOHIIEHTPOBAaHUMHU KOPMAaMH IT1IBUILYIOTHCS HAJ101 MOJIOKA Ha
10-15 % [8, 9], a noBHOpationHUMHU KoMOikopmamu — Ha 25-30 % [10, 11].
KoxHMI 1IeHTHEp CMOXKUTOr0 KOMOIKOpMY IOPIBHSHO 13 3epHOdypakeM
nae nonarkoBo 25-30 kr mosoka [12, 13]. Tomy mocmimkeHHS poOOUYnX
OpraHiB 1HJAMBIAYaJIbHOTO J03aTOpa KOMOIKOPMIB € aKTyaJbHOI 1
MEPCIEKTUBHOIO.

Ananiz ocmamnHix Oocniodcenb. Baromuii BHECOK Yy BHPIIICHHS
npoOyieMH J103yBaHHsS 3poOWIu Taki Bigomi BueHi, ik C. B. MenbHUKOB,
I'. M. Kykrta, B. I'. Ko6a, b. B. Kononos, {. A. Ky3smiu, B. C. CumanoBuy,
B. P. Kpaycm, JI. {. Crenyk, lO. /I. Bininees, B. 1. Jlobanos ta in. [9-11; 14-
19]. Ananmi3 JocCiiKeHb TUIIB POOOYMX OPraHiB IS JI03YBAHHS CHUIIKUX
kopMiB [1-3; 20-22] noka3as, 1110 B ICHYIOUHUX 00’ €MHUX J03aTOpax Mpolec
JO3yBaHHS TPOXOJWUTH 31 3HAYHUMH BHUTpATaMH IOTY>KHOCTI, HeE
3a0e3MneuyeThCsl BIAMOBIAHA PIBHOMIPHICTB MpOLIECY 103yBaHHA. BincyTHi
€KCIIEPUMEHTAJIbHI  JIOCHIIP)KEHHd pPOOOYMX OpraHiB 1HAUBIIYaJIbHOTO
J103aTOpa KOMOIKOPMIB.

Dopmymosanns memu cmammi. 3aBIaHHS JTOCTIIKEHb — BHJIUIUTH
HaWOIBII HaBaroMiii (pakTopu, K1 BILTUBAIOTH HA KPUTEPIH ONTUMI3aII]
Ta BiA10paTH HE3HAUYIII.

OcHosna  wacmuwna. Jns  gochmigxeHHs  poOOYMX  OpraHiB
1HJIUB1AYaJIBHOTO J103aTOpa KOMOIKOPMIB SIK1 3aXHUIIEHI TaATEeHTaMH Y KpaiHu
Ha BuHaxin [9, 10] y jabopaTopHMX YyMOBax BHKOPUCTAIU
EKCIIEpUMEHTaJIbHYy  YCTaHOBKY, 10  po3pobsieHa Ha  Kadeapi
cibcbkorocnoaapcbkoi TexHiku JIpBiBcbkoro HVYII, no sikoi BXOnsTh:
BUMIpPIOBAaY IMOTOKY KOMOIKOpMY Ta KPYTHOTO MOMEHTY, SIKI 3aXHIIEHI
naTeHTaMu YKpaiHu Ha BuHaxig [7, 8], macu KOMOIKOpMy B OyHKepi
IHIMBIIyalIbHOTO J103aTOpa; MNPUCTPIM 3MIHU HaMpsMy pPyXy IMOTOKY,
TEH3O0I1JICUITIOBaY, OJIOK KepyBaHHsS KpokoBuM aBuryHom, [TEOM, Giok
YKUBJICHHSI, TEHEPATOp YacCTOTU CTpyMy. biiok-cxeMy Ta 3arainbHUI BUTIIS
YCTaHOBKH MOAAaHO Ha puc. 1, 2 [4].

3a kpuTepii oNTUMI3aIlll MPUAHATO MPOAYKTUBHICTh 1H/IUB1TyaIbHOTO
no3aTopa KoMOikopMiB. DaKTOPH, 110 BILTUBAIOTH HA KPUTEPIM ONMTUMIZAIT
1HUBITyaTbHOTO JT03aTOpa KOMOIKOPMIB HaBeAEHO B Ta0. 1.

ExcniepumeHTanbHi  JOCHIKEHHS (AKTOPiB, IO BIUIMBAIOTH Ha
KpUTEpil onTUMi3allii, MPOBOAUIIMN 3 PO3CUITHUMHU KOMOIKOPMAaMH 3 TAKUMHU
G13UKO-MEXaHIYHUMM ~ XapaKTepUCTUKaMH: Bosorictb — 15,5 %,
IPaHyJIOMETPUYHMI CKiax — 1,2 MM, HacumHa TyctuHa — 620 Kr/M°, KyT
npupoAHoro Bigkocy — 40 rpa.

[IpoBoaMIM BiICIBHUI €KCIIEPUMEHT BIJIMOBIAHO 0 METOAUKOIO [14].
Martpuils ninaHy Ta pe3ysibTaTh PO3PaXYHKY BIJCIBHOTO EKCIEPUMEHTY
noKasaHi y Taou. 2.
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1 — iHAuBIAYyaNbHUNA 103aTOp; 2 — KPOKOBUW €JIEKTPOJBHUIYH; 3 —
BUMIpPIOBAY KPYTHOTO MOMEHTY; 4 — BHUMIpIOBaY Mach KOMOIKOpMY B
OyHKepl A03aTopa; 5 — MOpUCTpii 3MIHM HaNpsSMKy PyXy HOTOKY; 6 —
BUMIpPIOBAY MOTOKY CHUIIKMX MaTepiaiiB; 7 — OJOK KepyBaHHS KPOKOBUM
nBuUryHoMm; 8 — 0ok xkuieHHs: BUIT-009; 9 — tenzomiacumoBay SAHY—
7M; 10 —ITIEOM; 11 — reneparop gacroru ctpymy ['3—-111; 12 —pama; 13 —
BIIBITHUM JIOTOK; 14, 15 — 30ipH1 MICTKOCTI J11 HEOOX1HUX 1 HEMOTPIOHUX
MopI1ii KOMOIKOpMY.

Pucynok 1. Briok-cxema €KCIEPUMEHTAIbHOI YCTAaHOBKH IS
JOCITIIKEHHSI pOOOYHX OpPTraHiB 1HAUBITyaTBHOTO J103aTOpa KOMOIKOPMIB
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Pucynok 2. 3aranbHuil BUIIISA €KCIIEPUMEHTANIBHOI YCTaHOBKHM IS
JOCJTIKEHHS 1HIUB1yaJIbHOTO 103aTOpa KOMOIKOPMIB

Tabnuys 1
®dakTopH, U0 BIVIUBAIOTh HA KPUTEPIN ONTUMI3allli 1HIMB1AyaIbHOTO
7103aTOpa KOMOIKOPMiB

@akTOop Ta MOTr0 MO3HAYCHHS PlBle b (baKTO_E;B
X, — ‘laCT_(l)Ta o0epTaHHS KOHYCHOTO Ppo0OOYOro 0.28 1.39
Oprasy, ¢
x,— JlaMeTp KOHYCHOI0 poOoYOoro oprany, M 0,11 0,155
x;— BUCOTA JIONATOK, M 0,005 0,011
x,— KyT TBIpHOI KOHYycCa IIPX Oro OCHOBI, Tpaj. 0 20
xs— Maca KoMOikopMy B OyHKepi J03aTopa, KT 7 12
xg— KUIBKICTB JIONATOK, IIT. 1 4
X,— KUIBLIEBUH 3a30p MIK  BHUIIYyCKHOIO
rOpJIOBUHOI0 OyHKepa 1 KoHmycHuMm poGounm | 0,004 0,008
OpraHoM, M
Xg — KyT IPUPOJHOTO BIAKOCY KOMOIKOPMY, Ipa. 33 40

VY Ttabn. 2 mojaHi cepeliHi pe3ysbTaTH TPHUPA30BOI MOBTOPIOBAHOCTI
3HAYEHHs KPUTEPIO ONTUMI3ALI] ) .
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Tabnuys 2
MaTtpuiis miany Ta pe3yJabTaTH PO3paxyHKY BIICIBHOTO €KCIIEPUMEHTY
No Kpurepiit ontumizaiii
Joc- dakTop [TpOayKTHBHICTB,
niy 0, 107 xr/c
Xp| Xo | X3 | X4 [ Xs| Xe | X7 | X Y V' !
1 + |+ = =+ =1+ = 58,02 | —7,348 | 54,92
2 |+ |+ |+ |+ |-+ +] -] 6783 2,462 | 59,86
3 — |+ [+ = |+ + ]|+ |+ | 5894 | 6,428 | 54,07
4 - |-+ |+ |+ -]-1]+1 5085 50,85 | 45,98
5 |+ - -1+ |-|-1]-1-1 5248 52,48 | 49,38
6 |+ | - |+ | - |+|+ ] -] -] 5455 54,55 | 46,58
7 |- -|-1-|-|+]-1-1 4858 48,58 | 48,58
8 | - |+ |-+ |- -+ ]|+ | 5844 | 6,928 | 58,44
9 |+ |- - -|-|+]|-1+] 52,82 52,82 | 49,72
10 |- |+ ]|+ ]+ |- -]+ ]—-1] 5883 | —6,538 | 53,96

Jiarpama po3citoBaHHsI 3 BpaXyBaHHSIM PiBHS, Ha sKoMy Oyiiu (hakTopu
B TOMY YH 1HIIIOMY JIOCIIi/I1, TOKa3aHa Ha pucC. 3.
Ax Gaummo, HaWOUIbIIE BUAUIAIOTHCS ¢dakTopu X, Ta x7. g ix
KUIbKICHOT OIIIHKY OOy AyBasid Ta0u1. 3 3 ABOMA BXOJaMH.
Edextu pakTopis x, 1 x,po3paxoByBaiu 3a GOPMYIIOLO:
58,856-10° 51,856 107
X, = -
2
58,856 -10° 51,856 -107
X, = —
2
[Ticnss po3paxyHKy eQekTiB BUIAIEHUX (HAKTOPIB MEpeBIpsn iX
3HAYYIIICTh 3a t— KpuTepieM CThIOJEHTA, PO3PaXyHOK SIKOTO 3PYUHIIIE
MPOBOJUTH, 3BIBIIM BC1 pe3yJIbTaTU B Ta0. 4.

=3,5-107;

=3,5-10"°

3HaueHHs ! — KpuTepiro s (akropiB 1 V7

dbopmyroro [14]

BU3HAYA€THCA 3a

-3 . -3
_58,612-10" —51,856 -10 15,08

tx2 1
1,417 -10°° -,/—
10

58612107 —51,856-107°

t.x7 1
1,417 -107 - ‘/—
10

=15,08 .
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[n] [n] [n] [+ [n] (=3

oo o
o B oo B = g
L -1
G o @ o G o
B o @ B ¥

(=3 (=3 [n] [+ (=3 [n] [+
o o u u u U o

4? 1 1 1 1 1 1 ] 1 1 1 1 1 1 !
| TNTOTX T _IE_ ‘I4- "Xs5- "X _I?_ _IS_ EEPELKIDPH;

Pucynok 3. Jliarpama po3CiIOBaHHSI pe€3yJbTaTiB JIOCHIIKEHb 3a

PIBHSIMH (paKTOPiB

TabiryHe 3HaAUYEHHS | — KPUTEPIIO 3 YACIOM CTENEHIB BUIBHOCTI f,= 6

15%-M piBHEM 3HAUYIIOCTI CTAHOBUTD I o5 = 2,447. TakuM unHOM, (haKTOpU

X, 1 X; € 3HAaUymMMHU 3 UMOBIpHIcTIO 0,95.

Toni BUXigHI JaH1 PE3yIbTaTIB HOCIIIKEHb KPUTEPIIO ONTUMI3AII ),

KOpEeKTyBaiu 3a (pakTopamu X, 1 X;1 3aHOCWIM 3HOBY B Ta0xa. 5. [loTim

noOyayBasy JlarpaMmy po3CitOBaHHsS 3a OCHOBHUMU edeKkTamu (puc. 4).

Tabnuys 3

Tabnuiis 3 1BOMA BXOJIaMH J1J1s1 BU3HaYeHHS e(DeKTiB (PaKTOpiB X, Ta X7

OuiHroBaHuii pakTop +X, - X,
56,02-107
58,44-107
58,83-107
by 58,94-107
7 60,83-1073
Z Y1 =293,06-10°
7= 58,612:10° y,=0

48,58-107

50,85-107

52,48-10°

. 52,82:107

7 54,55-10°

Py =0 D ¥e=259,28-10°
V,=51,856-107
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Tabnuys 4
TaGmmurist 171t po3paxyHKy ¢ — KpuTepiro CThrofieHTa 15 (PaKTOPiB X, Ta X7

NQ Zyz (Zyi)z Zin ni S Z_Zyiz (zyl)z
KIIITKH R — -
n; -1 ni(ni _1)

1 293,06- | 85884,16- | 17188,65- | 5 2,954-1073

1073 1073 1073
2 0 0 0 0 0
3 0 0 0 0 0
4 259,28- | 67226,12- | 13465,54- | 5 5,079-1073

1073 103 103

[IpoananizyBaBim aiarpamy po3citoBaHHs (puc. 4), MOXKHA BUIIIUTH
dakTopu x; Ta x3 . s omiHku ¢daktopiB OymyBaiu Tabi. 5. 3 ABOMA
BXOJIaMHU.

Edextu axTopis y, 1 x,BUpaxoByBanu 3a Gopmyoro [14]

L _6L19-107 +54,44.10° 56,2110~ +53,21-10"

: =31-107;
2 2
-3 -3 -3 -3
X, :61,19 107 +56,21-10 _54,44 10~ +53,51-10 _ 472107
2 2
Qe l0°krey s  ° & o 2 ° & 8 o = g
45- & iy il e [n]
38 1
30 1
i —
22 1
14 4
E-
2 l_;'- .'xs- * Xg- * Xs5- '.'_Jcﬁ-. B  haxTopH
[+] B - - =] [+ = = el - (=] |
-10

Pucynox 4. Jliarpama po3citOBaHHSI pe3yjibTaTiB JOCHIKEHb 3a
piBHSIMH (aKTOPIB MICISA NEPIIOTO KOPEKTYBAHHS
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Tabnuys 5
Tabmu1s 3 ABOMa BXOAaMH 715l BU3HaUEHHS €(eKTiB (PakTopiB X, Ta X;
OuiHroBaHUN tx, _x,
dakTop
103
54.55-10° 58,94 10_3
3 50,85-10
67,83-10 3
iR > 3 =122,3810° °8.85°10
1T e DV, =168,62:107
n=oL1v0 ¥,=56,21-107
58,0210
52,4810 48,5810
- X 52,82:1073 58,44-1073
> ¥, =163,32-107 > v,=107,02:107
y;=54,44-10° V4= 53,5110
3HauyUIicTh BUAUIEHUX (DAKTOPIB MEPEBIPSIU 32 | — KPHUTEpIEM

CreronenTa. Pe3ynbratu 3aHocuiu B TaoI. 6.
Tabnuys 6
Tabmuusg i po3paxyHky ¢ — kpurepito CTeroieHTa 17151 GaKTopiB X 1 X,

0 2 2
TS T @y | 2 s o)
KIIT- R o
n, —1 ni(nl.—l)
KU
1 | 122,38 | 14976,86-10° | 7576,61- | 2 88,1810
107 107
2 | 168,62 | 28432,7-10° | 9520,61- | 3 21,52-10°
107 107
3 |163,22- | 26673,42:10° | 8910,42- | 3 3,81-107
107 107
4 1107,02 | 11453,28:10° | 67226,12- | 2 48,61-107
107 107

: X
PospaxoByBaniu 3HaueHHs ! — kputepiro CThioneHTa s pakTopiB 1

i 3 3a popmyioro
 115,63-107 —109,42 -10°°

‘, : =3,08.
6,37-107 - |
10
-3 -3
_ 174107 -107,65-107 _ o)

ZLx3 1
6,37-107 -1/—
10
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Y BUNAAKy 3 YMCIOM CTEMeHIiB BUIBHOCTI f. = 6 Ta 5%-ro piBHSA
3HAYyIIOCTl, TaOmu4Hui Kputepiit CThIOAEHTAa CTAaHOBUTH [jo5= 2,447.
Orxe, akTopu x; 1 x, € 3HauymIMMu 3 iimMoBipHIicTIO 0,95. Toxai BuxinH1
JlaH1 KOPEKTyBaJu 3a (pakTopamu x, 1 x,. Pe3ynbpratu nociigxeHb KpUTEpio

onTUMI3aIli y; 3aHOCKIM B Ta0J. 2, mayi OyayBaJid Jiarpamy po3CirOBaHHS
pe3yJIbTaTiB JOCIIIKEHb 32 OCHOBHUMU edeKkTamu (puc. 5).
Sk 6aunmo, HaWOIbIIE BUIUIAIOTECS (QAKTOPH ,Ta x,. PesynbraTn ix

JOCTIIKEeHb HaBeIeHI B Ta0I. 7.
Edextn BuaineHnx (GaxkTopiB x,Ta . PO3paxoByBalld 3a (POpMysI0I0

[14]

_67,83-107 +55,15-107° 53,7210~ +58,02-10"°

., =562-107;
> 2
-3 -3 -3 -3
x6:67,83 107 +53,72-107  55,15-107 +58,02-10 ~419107
2 2
57 1
55 =0 : ;
53 1
51 4 |
49 A ¢ o : o i ) :
47 1 o & b -
45, - ; ; — ' : '
s x - + X5 - tXg - N

Pucynok 5. Jliarpama po3cCitOBaHHSI pe3yJibTaTiB JOCHIKEHb 3a
p1BHSMH (PAaKTOPIB MICHSA APYTOro KOPEKTYBAHHS

[Ticns po3paxyHKy eQekTiB BUAUICHHX (HaKTOPiB, MEPEeBIpsUIH iX
3HaUMMICTh 3a ¢ — KputTepiem CtbiofeHTa. Po3paxyHOK (— KpPUTEpIrO
3py4HIIIe MPOBOJIUTH 3BIBIITU BC1 PE3yIbTaTH B Ta0M. 7
PospaxoByemo 3HaueHHs ! — kputepito CThiofenTa 1 paxtopis x4 Ta X6
3a (hopmyioro [14]

_122,98-107° -111,74-10°°

2,95-107 - \/T
10

=12,05 5

x4
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~121,55-107 -113,17-107°

tx6 1
2,95-107 - ,/f
10

Bun.12,Tom 1

=8,98.

Tabnuus 7

Tabmuus 11 po3paxyHKy :(— Kputepito CTbroJieHTa i (pakTopiB x,Ta X,

No

) Zyi (Zyi)z Zyiz n; g2 Zyiz (Zyi)2
KIIT- R — -
n—1 n(n—1)
KU
1 67,83-10°| 4600,91- | 4600,91- 1 0
103 10
2 214,89-107 46177,71- | 11599,59- | 4 18,3-1073
103 103
3 220,6-107 | 48664,36- | 12216,07- | 4 16,66-1073
103 103
4 58,02-10° | 3366,32- | 3366,32" 1 0
103 103

3a crenens BUIbHOCTI f.= 6 Ta 5%-T0 piBHS 3HAYYIIOCTI, TAOJIUYHUI

kputepii CTbIOZEHTAa CTaHOBUTH fops = 2,447. OTxe, pakTopu x,1 x, €

3HAUyIIMMH 3 UMOBIpHicTIO 0,95.
JUIs OLIHKM KUIBKICHOTO BIUIMBY (DAaKkTOpIB x, 1 x; MOOyZyBanu

TadmIIo 8.
Tabnuys 8
Tabnuug 3 1BOMa BXOJaMH JJ1s1 BU3HAYEHHS €(DeKTiB PaKTOpIB X5 Ta Xg
OriHtoBaHU N
+ —
dakrop s s
58,94-1073 58,44-107
50,85-1073 52,8210
T > %=1097910° | D y.=1112610%
= 54,89-107 7,=55,63-107
67,83:1073
52,48-107
58,02:107 58,83-107
~ g 54,55-10° 48,58-10°
> y,=112,57-107 >y, =227,72-107
y3=56,28-10° Y4=156,93-107

EdexTu BuaiIeHNX (PaKkTOPIB X5 Ta Xs PO3PAXOBYEMO 3a hopmyJioro [14]
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5489107 +56,28:10"  55,63-10° +56,93-10

Xs 5 5 =—-0,695;
54,89-107 +55,63-10°  56,28-10° +56,93-10"°
Xy = . — : =-1345.

Po3paxyHOK 3HauymiocTi BHIICHHX (AKTOpPIB 3a ¢ —KpUTEpiEM
CrprozieHTa BijjoOpakeHo B TabII. 9.
Tabnuys 9

TabIHLs [T PO3PAXYHKY ¢ — kprTepito CThiofeHTa it dhakTopis ™5 Ta '8

NQ Zyi (Zyz )2 Zyiz ni S 2 Zyi2 (Zyi)z
KIIIT- R — -
n,—1 ni(ni —1)

KA
1 109,79-10° | 12053,84- | 6059,65- 2 32,73-107

10 10
2 111,26-10 | 12378,79- | 6205,19- 2 15,79-1073

103 103
3 112,57-10° 12672- 6342,02- 2 6,02:1073

103 103
4 227.,72-103 | 51856,4- | 13176,04- | 4 70,65-1073

103 103

Po3paxoByemo 3HaueHHs (— KpuTepito CThIofeHTa 11 (PAKTOPIB x, Ta
xg 3a (hopmyioro [14]

= 1072
; ULI7-107-112,56:107 _ o

x5 1
5,59-107° - /—
10

3 103
2110,52 10 113,21-10 1501,

th
\ 10

V BuUNazKy, KOJIU CTEMIHb BUIBHOCTI ;= 6, PIBEHb 3HAYYIIOCTI CArae

5% rabnmaHnii kpurepiit CtorofieHTa piBHuI 4, , = 2,447. OTKe, HaKTOPH
1 x, € HE3HAUYIIMMHU.

Ha puc. 6 1 7 300paxkeni niarpamu e(ekTiB (PakTopiB Ta piBHS
3HAYYIIOCTI IPU BU3HAYEHHI BIUIMBY 1X Ha KPUTEPIA ONTHUMI3allii.

Jlana niarpama (auB. puc. 6.) ga€ ysSBICHHS TPO CTYIiHb BIUIUBY
KOXXHOTO 3 BOCBMH (PAaKTOPIB Ta MOMJIMBICTh BHUJIJIUTH 3 HUX IIICTh

HalBIUIMBOBIMIKX. Sk Oaummo, (akTopum x5 1 Xg, MarOTh HaWMEHIIE

3HAYCHHS.
3 giarpamu piBHS 3HAYYMIOCTI (PaKTOPiB (AMB. PUC. 7.) 32 KPUTEPIEM

CrprofieHTa 6auuMo, 1o aKkTopu X,, X,, X3, X,, Xg, X; € 3HAUYIIl, a X5 1
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Xy HE3HAUYIII.
TakuMm yuHOM, Yy MIIaH1 €KCIIEPUMEHTY OepemMo 10 yBaru (QakTopH X,

xzs x3, x4, x6, x7.

i

5

=

4

-

2 3

=

o r ]

= 2

= arTopn

= 1

E:

o O /1 1 1 — - — - 11 - =
-1 I I I I I I I I I I
R e T -

Pucynox 7. [liarpama edexTiB (axkTopiB, BHIIJICHHX METOJOM
BUIIAJKOBOTO OallaHCy, TIPY BU3HAYEHHI BIUTUBY iX Ha KPUTEPil ONTUMI3aiii

L]

- EpMTepli CreiopenTa

B K & m s o m o @ ROR

-'l-’]_ x- -'l-ag X x X 5 X 'TE —

3 5

Pucynok 8. Jliarpama piBHA 3HAUyImIOCTI (aKTOpiB, BUIIUICHUX
METOJ/IOM BHITaJIKOBOTO OajaHCy, 3a kputepieM CThIOJEHTA.

Bucnosku. B pesynbTaTi TpPOBEJEHHS BIJCIBHOTO EKCIIEPUMEHTY
IHIUBIAyaJIbHOTO  J03aTopa KOMOIKOPMIB BCTaHOBJICHO 3HAYyIml 1
HE3HAYyIll JOCHIIKyBaHi ¢akTopu (IiamMeTp Ta YacToTa OOepTaHHS
KOHYCHOT'O poO0YOro opraHy, BUCOTa Ta KUIBKICTh JIOMATOK, KYT TBIpHOIi
KOHyCa MpHU HOTO OCHOBI, KUIBIIEBUNA 3a30p MK BUITYCKHOIO TOPJIOBHHOIO
OyHKepa 1 KOHyCHUM pOOOYHUM OPraHOM ).
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V. Banha
Lviv National University nature management

RESULTS OF THE EXPERIMENT OF FACTORS AFFECTING THE
PRODUCTIVITY OF THE INDIVIDUAL FEED DISPENSER

Summary

The article proposes an experimental installation for the study of conical and
conical-blade working bodies of the individual feed dispenser, provides the means for
measuring, recording and transmitting information by electrical signals of running values
of mass flow in dynamic mode, display and storage of information and control and
measuring devices. devices for measuring the power of the dosing process and the
unevenness of the feed, the weight of the feed in the hopper of the individual dispenser,
changes in the direction of movement of the feed. Experimental studies of individual feed
dispenser using the theory of screening experiment by random balance, factors of their
variation, which affect the optimization criterion, matrix plan and results of screening
experiment, equations to determine the effects of factors and physical and mechanical
properties of feed.

To analyze the results of the screening experiment, scatter plots, effects and
significance of factors give an idea of the degree of influence of each of the eight factors
and the ability to identify the most influential, and from the diagram of the significance
of factors by Student's criterion
As a result of the screening experiment of the individual feed dispenser significant and
insignificant investigated factors were established (diameter and frequency of rotation of
the conical working body, height and number of blades, angle of the cone at its base,
annular gap between the hopper outlet and conical working body).

Key words: individual dispenser, experimental setup, working body, productivity,
optimization criterion, compound feed.
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JOCJAIIXKEHHS TMHAMIYHOI B*SI3KOCTI HAYUHKH J1JIs1
BUPOBHUITBA BATOHYMUKIB IHOKOJIAJJHUX

Anomayis. CTaTTs NPUCBIYEHA JOCIHIKEHHIO BIUIMBY KOHIEHTPALIM
pEUENTypHUX KOMIIOHEHTIB Ta TEMIIEpaTypd Ha JIUHAMIYHY BSI3KICTb
MOJICJIbBHUX PO3YHMHIB Ha OCHOBI arapy IpU BHUIOTOBJICHI HAYUHKHU IS
BUPOOHUIITBA OATOHUYHMKIB IIOKOJAHUX.

JlocniKeHO MHAMIYHY B’SI3KICTh MOJEJIBHMX CHUCTEM «arap-BOozay,
«arap-Bo/ia-TIILEPUH», «arap-BoJa-TIilepruH-Me I, «arap-Boja-
IJIIEPUHMEI-KYH)KyTHE OOpOILIHO» EKCHEPUMEHTAIbHO 3a JIOIIOMOIOIO
poTaiiiiHuil BiCKO3UMETp. . [JiepuH Jo/aBajii B MOJEIbHI CUCTEMH B
niama3oni 0,1...0,5% 3 xpoxkom 0,1%. BBeneHHs memy B pO3UMH TeIliO
craHoBmwio 15..35% 3 kpoxom 5%. [lomaBaHHS KyH)KyTHOTO OOpOIIIHA
BinOyBanocs B Mexax 10 ... 50% 3 kpoxkom 10%.

Cucremy arap-Boja-TJilepUH TOTyBaJId HACTYITHUM YMHOM. YacTuHy
CYXOTo KOMIOHEHTa BUJIMBaIH y Boay ipu 20 + 2 °C, nepeminryBajid, HOTIM
J0JaBay TIiEepHH 1 1aBanu HaOyxatu npoTsirom 30-40 x 60 c. Jlami uei
PO3YMH HarpiBajid Ha BOJsHIN OaH1 rpu Temneparypi 85-95 °C 1o noBHOTO
po3unHeHHs1 arapy. [licias MOBHOTO pO3YMHEHHS arapy 10 PO3YUHY
nofaBad Mell (MOJIETbHUN PO3YMH arap-BOJa-TNILEPUH-MEN), KYH)KYTHE
OopomiHO  (MOAENBHUIM  PO3UYMH  arap-BoAa-riIilEpHUH-MEI-KYHXKYTHE
OOpOIIIHO) Ta pPETeNbHO TMepeminryBanu. HaykoBo OOIpYHTOBAaHO BILIUB
IJiUEepUHy, MeIy Ta KyH)XyTHOro OOpoIlHa Ha JUHAMIUHY B’A3KICTh
PO3YMHIB arapy Mpy BUTOTOBJICHHI HAYMHOK JUISI BUPOOHHUIITBA OATOHYMKIB
mokonaaHux. HaykoBo oOOIpyHTOBaHO BIUIMB TIUILIEPUHY, MeEOy Ta
KyH)XyTHOTO OOpOIIIHA Ha TMHAMIYHY B’SI3KICTh arapoBHUX.

Busnaueno, 110  B’SA3KICTh  CHUCTEMH  «arap-Boja-TIIIIEPHH»
30UTBIITY€THCS B 2,5 pa3u MpH JI0AaBaHH1 KOHIICHTpaIlii riinepuny nonan 0,3
+ 0,02%, mo Moxe OyTH TMOB’S3aHO 3 CHUHEPreTUYHOIO B3AEMOJIIEI0
[JIIEPUHY 3 arapoM, IO CIPHUSE€ YTBOPEHHIO BEJIUKOI KIJIBKICTh
MIKMOJIEKYJIIPHUX CHOJYK BOAHIO.

30UTbIIEHHST KOHIEHTpALl [IIIEPUHY NPU3BOAUTH A0 301IbILICHHS
IIBUJIKOCTI 3IIMBAaHHS CTPYKTYpH 1 3aHAATO IIBUJKOTO 301IbIICHHS
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MIIHOCTI, IO YCKJIQJHIOE Tporiec 3mimryBaHHsa. [Ipu momaBanHi Meny B
KUTBKOCT1 25 + 2% yTBOPIOEThCA HEOOXITHA CTiiKa CTPYKTypa HAauYWHKH.
301bIIIEHHST BMICTY MEAy MPU3BOIUTH JI0 3HAYHOTO ITiIBUIIICHHS B’ I3KOCTI
Ta TOSIBU HAJITO COJIOJKOTO CMaKy.

Kniouosi cnosa: nuHamiuHa B’SI3KICTh, HAUYWHKA, arap, IIIIEPUH, Me,
KyH)XyTHE OOpOIITHO, MOJICITbHI CUCTEMH, OATOHYHK IIOKOJIa THUH

Ilocmanoska npoonremu. KoHmuTepchbka MPOMHCIIOBICTh € OJIHIEIO 3
OCHOBHMX Tally3eid XapyoBOi MPOMHCIOBOCTI. 3a 00CSIroM BUPOOHHUIITBA
3aiiMae apyre MIcIie Y CBiTI, OCKUIBKHA BUPOOJIsi€ OJM3bKO IBOX THCSY BU/IIB
pI3HHX COJONOIIIB. BOHM MICTATh TNEPEBaXHO BYIJIEBOAH, TOMY,
BpPaxoOBYIOUH YMOBH XUTTS JIIOACH Ta NiTel (HEmpaBUIbHE Xap4dyBaHHS,
€KOJIOTisl, CTpecH), HEeoOX1THO OUIbII palioOHaIi3yBaTH XapyyBaHHS,
BUKOPUCTOBYIOUYU CUPOBUHY, OaraTy No>KMBHUMU Ta 010J10T1YHO aKTUBHUMU
pedoBuHamMu. Cepeql MIKUPOKOTO ACOPTUMEHTY IIyKEPOK OCOOIHMBE MicIle
3aiiMarOTh IIOKOJaJH1 0ATOHUYMKH, K1 JTOCUTh YaCTO BUKOPUCTOBYIOTHCS B
AKOCTI mepekycy. OCKUIbKM CIOXKHUBadl 3BEPTalOTh OCOOJMBY yBary Ha
OpPraHOJIEITUYHI BJIACTUBOCTI MPOAYKLIi, NEpel HaMU IOCTa€ 3aBJaHHA
OTpUMATH MNPOAYKT 3 BIANOBIIHUMU OPraHOJENTHYHHMHU Ta TEXHIYHUMHU
BJIACTHBOCTSIMHU.

BaxnmuBoro TEXHIYHOIO BJIACTUBICTIO JUIS HAYMHKMA OaTOHYMKA €
B’SI3KICTh, OCKIJIbKA BOHA BUCTYTIAE SIK CTPYKTYPHO-MEXaHIYHUM Oap’ €p Mnpu
YTBOPEHHI Ta pyHHYBaHHI T'eJIeBO1 CTPYKTYPH, 0 BU3HAYAE 1i CTAOUTBHICTb.
Bona 00yMmoBiieHa BHYTPIIIHIMUA CHJIAMU 3YEIUICHHS MIX MOJIEKYJIAMH 1
XapakTepu3ye omip iX Macu Mij BIUIMBOM 30BHIIIHIX cuj. ['eneBa maca Ha
BUPOOHMIITBI ~ MPOXOAWTH  MpPOLIEC  3MIIIYBaHHSA, IMepeKauyBaHHS,
pPO3JMBaHHS, 110 NPU3BOAMUTH N0 ii pyilHyBaHHSA. CTymHiHb MOLIKOKEHHS
3aJIeXKUTh B1 0araThoX (PaKTOpiB - KUIBKOCTI CyXOi pEYOBMHH, CKIIATy Ta
CHIBBIAHOLIEHHS PELIENTYPHUX IHTPEAIEHTIB, TEeMIEpaTypu Toulo [ 1, 2].

B's3kicTh,  CTpyKTypa,  TEpPMO3BOPOTHICTH 1  CTaOUIBHICTH
TIIPOKOJNIOITHUX JUCTIEPCIMHUX PO3YMHIB 3aliekaTh BiA iX TUmy 1
KOHIIGHTpAIlli, TeMIIepaTypu 1 TpUBaJOCTi 3acTuranHs, pH cepemosuia, a
TaKO0X HASBHOCTI 1 KOHIIEHTpaIlii 100aBok. JIJIst oCSTHEHHS 0a)KaHOT'O PiBHSA
B’SI3KOCTI OLIBIIICTH MOJIiCaXxapuiB MalOTh Jiana3oH KoHmeHTpaitii Bif 0,1
10 3%. [Tpu BuKOpuCTaHH1 IPIOHOIUCTIEPCHUX TTOPOIIKIB YTBOPEHHS T'EITI0
BiOyBaeThcsi mpoTarom 20-40 xBwimH (1 OLIBIIOCTI TOJTiCaxapuiB).
Crnix maM’TaTH, 10 MIBUAKICTh HA0yXaHHS YaCTUHOK CHUJIBHO 3aJICKHUTh BiJl
IHTEHCUBHOCTI TEpEeMIllyBaHHS Ta TeMIlepaTypu, OpH SKId cucreMa
MIJIIA€ThCS BILTUBY [3, 4].

BripoBaykeHHSI HayKOBUX MPUHIMIIIB 3MIiHUA BIACTUBOCTEH arapy Ta
MO€ETHAHHS HOro 3 THIIMMU XapuyOBUMHU MPOAYKTaMU, TAKUMHU SIK TJILIEPUH,
CTBOPUTH KJAC HOBHUX XapuOBUX TMPOJAYKTIB 3 SKICHO 3MIHEHUMH
(GYHKIIIOHaTbHUMH BIIACTUBOCTSIMH [5].
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B xomi aHamiTHYHOTO OTJsAy OYyJIO BHSABICHO, IO JOCIHIKEHHS,
MOB’S13aH1 3 BU3HAYEHHSM PEOJIOTIYHUX BIIACTUBOCTEH, a caMe JUHAMIYHOL
B’S3KOCTI TeJenoMiOHUX CHUCTeM B yiTeparypi € ¢parmeHTtapHumu. lle
BHU3HAYAE aKTYaJbHICTh 0OPAHOTO HATIPSIMKY..

Ananiz  ocmanuix  Odocniodcenv i nyoaikayit.  JIOCITITKEHHIM
pPEOJIOTIYHUX BIACTUBOCTEH arapoBUX pO3UYMHIB 3alMaiuch 0Oaratro
BITUM3HSHUX Ta 3apYODKHHUX ydeHuX [1-6].

VY xonai orisay 3apyODKHHUX Ta BITYM3HSHHUX JIITEpaTypHHX JKepel
YCTaHOBJICHO, IO MUTAaHHAM BIUIMBY TEMIEpaTypH Ha B S3KICTh arapoBHX
pPO3YMHIB, a TaKOX BIUIMBY Ha HHUX IHIIUX JOMOMDKHHX KOMIIOHEHTIB
NPUALIEHO 0araTto yBaru.

Yyenumu [6] Oynu TpoBeIEHI  JOCHIKEHHS  POEOJIOTIYHUX
BJIACTUBOCTEN — B’SI3KOCTI arapoBHUX Te€JIB 1 BIUIMBY Ha HHUX JIMCaxXapHIIB
(caxaposa) 1 moHocaxapumiB (¢dpykroza). HocmimkeHo, MO B'S3KICTb
CTpykTypHu arapoBoro remo 1 % konuenrtpauii (n0) cranoButh 38,113
Ilaxc. Taka MILIHICTb CTPYKTYypu 1 % arapoBOro reso MmosiICHIOEThCS THM,
10 BUCOKA KOHIIEHTpALllsl arapy CIpHsie CUJIbHIM cTabimi3alii npoiapky
JIUCTIEPCHOTO CEPEIOBHUINA, 1110 3HAXOJUTHCSA MIXK MOJIEKYJIaMu arapy Ta ix
arperatamM, 1 3aBJSIKM IIbOMY 3IIHCHIOETBCA O€3mocepeaHii KOHTAKT
YaCTHUHOK JTUCTIEPCHOI (a3u, 1€ CIpHus€ YTBOPEHHIO HAWOIIBIN MIIHOI Ta
OJIHOYACHO KPUXKOI CTPYKTYPH arapoBoro refto 1 % KoHIeHTparlii.

VY pobGoTi [7] mocmixyroThesa (pakTopu, 10 BIUIMBAIOTh HAa B’S3KICThH
arapoBUX PO3YHMHIB, /10 SKMX B OCHOBHOMY BITHOCSTH KOHIIEHTpAIlIO Ta
TeMneparypy. Y XoJi JOCHIKEHHS BCTAHOBJIECHO, 1110 KOHIIEHTpAIlis arapy,
YKOPCTKICTh BOAM Ta TeMIlepaTypa PO3YMHY MarOTh 3HAYHWUN BIUIMB Ha
B’S3KICTh PO3YMHY arapy, To/l ik pH po3unHy He Ma€ iICTOTHOTO BILTUBY Ha
B’SI3KICTb.

Mertoro aBTOpiB CTATTi [8] AOCIIPKEHHSI PEOJIOTIYHUX BJIACTUBOCTEH
pPO3YMHIB arap-arapy, NMPUTOTOBAHUX 3 BUKOPUCTAHHSAM BOJIH, ITiITaHOI
BIUTUBY €JIEKTPOMArHiTHoro moisis 3 uacrtortoro Big 30 mo 170 MI.
JlocnikeHHs IPOBOAIIN TIPH TeMriepatypi: 25, 35 ta 45 °C, koHeHTparlis
sminroBanacs Bix 0,1 10 0,7 %, MBUAKICTE 3cyBy — B Mexax 100—-1000 ¢/,
JlocnikeHo, M0 y MepeBakHIM OUIBIIOCT] BUMAAKIB 3HMKEHHS B'S3KOCTI
PO3YHMHIB CIIOCTEPIra€ThCs B pe3yJbTaTli BIUIMBY TEMIIEpaTypu Ta
CJICKTPOMArHITHOTO ToNiA. TemrepaTypHa 3alieKHICTh B'S3KOCTI IS
PO3YMHIB, SKI MJIATAIOTH 1 HE MiAIOThCS BIUIUBY EJIIEKTPOMArHiTHOTO
NoJIs, Ma€ PI3HOCHPSMOBAHUN XapakTep 1 ICTOTHO 3aliekUTh, K BiJ
KOHLIEHTpAaIii pO34YHHY, TaK 1 BIJ IIBUIKOCTI 3CYBY, IIPH K1 MPOBOAUIHCS
BUMIPIOBaHHS.

['pynoto ydenux [9] Oyino OOCHIIKEHO PEOJOTIYHI XapaKTEPUCTUKU
MeJy Ta BIUIUB TEMIEPATypH Ha B A3KICThb. Pe3ynbTaTu mokasanu, 1mo Me/,
BUKOPUCTAHUNA Yy 1[bOMY JOCIHIJDKEHHI, I[I0Ka3aB IICEeBAOIIACTUYHI
BJIACTMBOCTI TEKy4OCTi. BIJIMB Temnepatypu Ha B'sI3KiCTh Mely IIOKa3aB, 10
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B'SI3KICTh METy 3MEHIITYETHCS 3 TTiIBUIICHHSAM TEMIIEPATyPH.

ABtopamu ctatTi [10] Oysio BU3HAUEHO 3aJI€KHOCTI BEJIMYUH HANPYTH
3CYBY BiJ HIBHAKOCTI 3CYBY Ta pPO3PaxOBaHO €(PEKTUBHY ITWHAMIUHY
B'SM3KICTh cucteM Bojga-arap (BA), Boma-xkematmn (BXK) Ta Boma-arap-
xenatud (BAXK) y miamasoni msuakocreit 3cyBy 17-1021 ¢/ ta inrepsani
temriepatyp 298-323 K. Orpumani 3anexHOCTI €(heKTUBHOI B'SI3KOCTI JIJIs
3a3HAYEHUX CHUCTEM 3MEHIIYIOThCS 3 IMIJBUIICHHSIM TEMIIEpaTypu Ta
mBUAKOCTI 3¢yByY. [Ipu Temneparypax Buie 315 K cnoctepiraerhcs cimadka
3QJICKHICTh B'SI3KOCT1  BIJ IIBUIAKOCTI 3CyBY, IO TMpPUTaMaHHO JJIs
HBIOTOHIBCHKUX P1HUH.

Y poboti [11] HAOCHIPKEHO PEOJIOTiYHI BIACTUBOCTI arapoBHX
rigporeiniB. Araposi reiii FOTyBajy HUIIXOM 3MIITYBaHHS BOJHOTO PO3YUHY
arap-arapy 3 TJILEPUHOM, COpPOITOM, JIMMOHHOIO KHCJIOTOI, IUTPATOM
HATPIIO Ta XJOPUJOM HATPIIO B PI3HUX KOHIEHTpallisix. Hailoiib1 icToTHHIMA
BILJIMB Ha B'SI3KICTh arapoBHX I'ejliB MaJId HUTPAT HATPIIO, TIMMOHHA KUCIIOTA,
a TakoX ix cymiml. JloJaBaHHS JIMMOHHOI KHUCJIOTH JO arap-reiaeBoi
KOMIO3UIIIi 3MEHIIYyBajl0 B’SI3KICTh, a JOJIaBaHHSA IUTpaTy HaTPilo
30UTBIITYBAJIO ii.

Ilocmanoska 3ae0anns. MeTow CTaTTI € JOCHIIKCHHS BIUIMBY
KOHIICHTpAIlil perenTypHUX KOMIIOHEHTIB Ta TEMIIepaTypu Ha B S3KICTh
MOJICIbHUX PO3YMHIB TIPH BHUTOTOBJICHI HAYMHKH JUIi BHPOOHMIITBA
0OaTOHYMKIB IIIOKOJIATHUX.

Buknao ocnoenozco mamepiany docniodxcenus. Y NOCTIIKEHHIX Oynu
Bukopuctati arap 1200 TM "Fujian Province" (Kurait), riinepus XxapuoBui
TM BASF (Germany), Me COHSIIIHMKOBUW Ta KyHKyTHe OopomHo TM
«Kopucue Oopomno»  (YkpaiHa), [y TPUTOTYBaHHS  PO3UHHIB
BUKOPHCTOBYBAIH JUCTHIHLOBAHY BOAY.

CucteMy «arap-Boja-riilepuH» TOTYBaJld HACTYIHUM YHHOM.
HaBaxky cyXxoro KOMIIOHEHTY BCUIIAJIM y Boay 3a Temreparypu 20+2 °C,
MepeMIITyBaJId, MICJIsl YOTO BHOCHJIU TITIIIEPUH Ta 3aJIUIIAIH JJ1s1 HA0yXaHHS
npotsrom 30-40x60 c. Jani Ha BoasHIN OaH1 HarpiBaIM JaHUA PO3YUH TIPH
temriepatypi 85-95 °C mo moBHOTO po3unHeHHs arapy. [licis Toro sik arap
MOBHICTIO PO3YMHMUBCS BHOCWIM JIO0 PO3YMHY MeJ (MOJICITHHHUI PO3YHH
«arap-BoJia-TIIIEpUH-MEe»), KYHXKyTHE OOpOIIHO (MOJEIBHUN PO3UYHH

«arap-BoJia-TIilepuH-MeI-KyH)KyTHE OOpPOIITHOY) Ta peTenbHO
nepeminryBand. JlocmikeHHsl BIUIMBY TeJliB BU3HAYajil HAa pPOTaLliHOMY
BICKO3UMETPI.

Jlnst  BCTaHOBJIGHHS ~ pallOHAIbHOI ~ KOHLIEHTpalli  OCHOBHHX
peUenTypHUX KOMIIOHEHTIB OaTOHUYMKA IIOKOJAJHOro (arapy, riaiuepuHy,
MeIy, KYHXYTHOTO OOpOIIHA) AOCHIIKYyBalu JAUHAMIYHY B’ S3KICTh
po3uuHiB (puc. 1-3).

SBTSATU. 12. 1. 12


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

Bun.12,Tom 1

5310

t, °C

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70
l-xonTtpons; 2-0,1; 3-0,2; 4-0,3; 5-0,4; 6-0.,5;
Pucynok 1. BB temnepaTypu Ha AMHAMIYHY B S3KICTh PO3YHHY
« arap-Boja» 3a KoHIileHTpalii arapy 1 %; B KOMIT03uIlii 3 TiepuHoMm, %o

Ha xpuBiii pucyHky 1 mokaszaHno 301IbIIEHHS B'SI3KOCT1 PO3YMHY «arap-
Boja-rmnepun» Bix 2,4+0,2 Tlaxc mo 9,7+£0,2 Ilaxc 3 nmomaBaHHSIM
riinepuny Bin 0,1 ... 0,5 % 3 kpokom 0,1 %. B’s13kicTh po34nHYy, 1110 MICTUTH
1 % arapy Oe3 nmomaBaHHs TuilepuHy, ctaHoBwia 2,4+0,2 Ilaxc. Ilpu
noaaBaHHi 10 po3unHy 0,1 % riinepuny B’s3KicTh 3pocia Ao 3,9+0,2 [Taxc.
[Ipu 36inb1IeHH1 BMicTY Tiinepuny 110 0,2 % B’s3kicTh 3pocia 1o 5,2 ITaxc.
[Toganeme 3actocyBanHs 0,3, 0,4 1 0,5 % riinepuHy nOpu3Beio A0
301abmeHHS B s13K0CTl Ha 6,5+0,2; 8,1+0,2 1 9,7+0,2 ITaxc BiAMOBIIHO.

BusnaueHo, 10  B’SA3KICTP  CHCTEMH  «arap-BoAa-TIIIECPUH»
30UTBIITY€EThCS B 2,5 pa3u NpH J0JaBaHHI KOHIIEHTPAIN TIIIEPUHY BHUIIE
0,3+0,02 %, mo Moke OyTH TOB’S3aHO 3 CHHEPTETHYHOI B3aEMOJIEIO
[IIepUHYy 3 arapoM, IO CIHpHUsi€ YTBOPEHHS BEIMKOI KUIBKOCTI
MDKMOJICKYJIIPHUX ~ BOJHEBUX  CIHOJYK. 3OUIBIICHHS  KOHIIEHTpAIii
TIIIEPUHY TPU3BOJUTH 0 301IBIICHHS MBUIKOCTI 31MTUBAHHS CTPYKTYPH 1
3aHA/ITO TMIBUAKOTO 30UTBIIEHHS MIIHOCTI, WO YCKJIATHIOE TMPOIIEC
3MILTyBaHHS.

SAx BUOHO 3 PUCYHKY 2 31 30UIBILICHHSM BMICTY MeENy, B’SI3KICTh
po3uuny 3pocna 3 5,2+0,2 Ilaxc mo 10,8+0,2 Ilaxc. B’s3kicTh po3unHy, 110
mictuth 1,0 % arapy, 0,3 % rminepuny 0e3 Ao/laBaHHS MeJTy, CTAHOBHJIA
5,240,2 ITaxc. IIpu nonaBanHi 10 po3uuny 15 %, 20 % 1 25 % meny, ioro
B’s3KiCTh 3pociia Ha 5,942,0; 6,7+0,2 1 7,6£0,2 Ilaxc. Tlonmanbiie
3actocyBaHHsa 30 % 1 35 % meny npU3BOIUTH 0 30UIBIIEHHS B SI3KOCT1 Ha
9,3+0,2 1 10,8+0,2 ITaxc BiAIOBIIHO.
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Pucynok 2. BrmiuB Temmeparypu Ha JUHAMIYHY B S3KICTh PO3UMHY
«arap-Boja-riinepuH» 3a KoHmenrtpartii arapy 1,0 %; rminepuny 0,3 %; npu
JnoaaBaHHI Mexay, %.

BcranoBneno, 1mo momaBaHHs Meny B KibkocTi MeHie 20+2 % abo
oinbire 30+2 % He yTBOproe 0a)kaHO1 CTa0UII3YI040l CTPYKTYPH HAYMHKH.
30UTbLIEHHS BMICTY M€y NMPU3BOJIUTH A0 3HAYHOIO 301IbIIEHHS B’ SI3KOCTI
Ta HAATO COJIOJKOTO CMAaKYy.
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1 — xonTposnb; 2 — 10; 3 —20; 4 —30; 5 —40; 6 — 50.

Pucynok 3. BB Temriepatypu Ha AUHAMIYHY B SI3KICTh PO3UUHY «arap-
BOJIa-TITILIEPUH-ME 32 KOHIeHTpatlii arapy 1 %; rminepuny 2 %; memy 25 %
IpU J0JJaBaHH1 KyH)XyTHOTO OopoiiHa, %.
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Ha xpuBiii pucyHKy 3 1moka3aHo 30UTbIIIEHHS B’ I3KOCTI PO3YMHY «arap-
Boda-Tinepua-men» Big 7,6£0,2 mo 18,3+0,2 [laxXc, mpu ngomaBaHHI
KyHXyTHoro OopomHa B iHTepBaii 10..50 % 3 kpoxkom B 10 %.
BceranoBieHo, mo B’S3KICTh po34MHY, sSkuid MictuTh 1 % arapy, 2 %
riinepuny Ta 25% meny 0e3 BHECEHHSI KYHXKYTHOro OOpOITHA, CTAHOBUTH
7,6+0,2 Ilaxc. [lpu nomaBanHi 10 po3unny 10, 20 ta 30 % KyHXYyTHOTO
OoporHa, oro B’ a3KicTh 30uIbIIyeThes Ha 9,0+0,2; 11,2+0,2 ta 13,8+0,2
Ilaxc. Ilonanpiie BHeceHHs1 OopoiHa B KuUIbKOCTI 40 Ta 50 % npu3BOAUTH
110 301abmeHHs B s3kocTl Ha 16,0+0,2 ta 18,3+0,2 [1a Xc¢ BiAIIOBIIHO.

BcranoBineHo, 110 1o1aBaHHsI KYH)KYTHOTO OOpOIIIHA B KUTBKOCT1 MEHIIT
HDK 30£2 % He Npu3BOJUTH 10 YTBOPEHHS Oa)KaHOI CTPYKTYPU HAUUHKHU.
301nbIIeHHST BMICTY OopoiiHa 011k HixK Ha 30+£2% mpu3BOIUTH A0 MOSIBU
TIPKOT0 CMaKy Ta 3HaYHOr0 301IbIIEHHS B’ SI3KOCTI HAYMHKH.

Jns  mATBEp/XKEHHS  palllOHAIbHOI  KOHIIEHTpAIlli  OCHOBHHX
pEeLEnTypHUX KOMIIOHEHTIB 0aTOHYHMKA IOKOJIATHOTO, SIKl OEpyTh y4acTh y
mpoIiecax rejaeyTBOPEHHS, MPOBOIUIN HOCTIKEHHS JUHAMIYHOL B’ SI3KOCTI
(puc. 4) po3uMHIB «arap-Bojla», «arap-BoJa-TJILEPUH», «arap-Boja-
TIIIEPUH-ME) Ta «arap-Boja-riIilepuH-MeI-KyH)KyTHe OOpOIIHO» 3a
KoHlleHTpaii arapy 1 %, rmuepuny 0,3 %, mexy 25 %, KyHKyTHOTO
6opomna 30 %, B TeMrnepaTypHomy mianazoni 20...60 °C.

16
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1 —«arap-Boma», 2 — «arap-BoJa-TiilepuH», 3 — «arap-Boia-TiinepruH-
Meny, 4 — «arap-BoJa-TiIilepruH-MeA-KyHKYTHE OOPOIITHO
Pucynok 4. Bruius TeMiiepatypu Ha JUHAMIUHY B SI3KICTh PO3UHHIB:

BcTranoBneHo, 110 miiBUIIEHHS TemnepaTypu B aianasoHi 20...60 °C
3MEHIIIy€ AWHAMIYHY B SI3KICTh PO3YMHY «arap-oga» Ha 1,7+0,2 [laXc,
JOJaBaHHs TIIIEPUHY 301IbIITy€E AUHAMIUHY B S3KICTh 10 5,2+0,2 [la*c 3a
temneparypu 30 °C. [omaBaHHS Meay Ta KyHXYTHOTO OOpoIIHa
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MPU3BOJUTH 10 301IbIIeHHS B’ s13KOCTI Ha 7,6+0,2 Ilaxc ta 13,8+0,2 Ilaxc
BIZIITOBITHO, 3a Temnepatypu 30 °C.

[Ipu BBemenni arapy menme | % HaunmHka He HaOyBae Oa)kaHUX
CTpyKTypHUX BiactuBocteil. [Ipu nogasanni nonan 1,0 % arapy, cTpykTypa
HAYMHKUA CTAa€ HAJTO MPYXKHOIO, M0 YCKJIAJHIOE MOJAbIIe BUPOOHUIITBO
OATOHYMKIB.

JonaBanHs riiuepuHy y KuibkocTi moHan 0,3 % mnOpu3BOIUTH 110
3HAQYHOTO 3OUIBIICHHS B’A3KICTh HAYWHKH, IIBUJKOCTI CTPYKTYPHOTO
3MIMBAHHS Ta HAJMIPHOTO 301IBIIIEHHS MIITHOCTI, IO YCKJIAJHIOE MPOIIEC
3MILTYBaHHS PO3YUHY AJIS TOJ1AJIbIIOT0 IPUTOTyBaHHS HAUMHKH.

3MEHIIeHHS BMICTY MEAY Ta KYHXXYTHOro OoponiHa meHiue 25+2 % Ta
3042 % BIANOBIIHO, MTPU3BOAUTH 10 3MEHILIEHHS KIJIbKOCTI CyXHUX PEYOBUH.
301IbIIEHHST KIJTBKOCTI BHINE 3rajJaHUX KOMIIOHEHTIB MPHU3BOJIUTH O
NOTIPUIEHHS! CMAaKOBHX BJIACTUBOCTEN TOTOBUX BUPOOIB.

Bucnoexu.  JlocmipkeHO — BIUIMB — KOHUEHTpAIlll  pelenTypHUX
KOMIIOHEHTIB Ta TEMIEpaTypd Ha BSA3KICTh MOJEIBHUX CHUCTEM «arap-
BO/Ia», «arap-BoJa-TIIIEPHH», «arap-BojAa-TIILIEPHUH-MEI», «arap-Boja-
TIIIEPUH-ME-KYH)KYTHE OOPOIIIHOY.

Bcranosneno, mo noaasanss 0,3 % riainepuHy A0 pO3UMHY Ha OCHOBI
arapy MiJIBUIIY€ HOT0 B’ A3KICTh, HUMOBIPHO, 3aB/ISIKA CHHEPT1UHINA B3a€EMO/TI]
TJIIEPUHY 3 arapoM 1 CHOpUA€ YTBOPEHHIO 3HAYHOI  KIJIBKOCTI
MDKMOJICKYJIIPHUX BOJIHEBHUX 3B’ SI3KiB.

OTxe, 301IBIICHHS B'SI3KOCTI MOJIEIBHUX CHCTEM 32 PaXyHOK BILIUBY
IJILEPUHY BIAOYBAEThCS 3aBASKUA 3B'A3YBaHHIO BUIBHOI BOJIOTH, IO
3a0e3neduye NABUIIEHY CTPYKTYPHY B'SI3KICTh HAUMHKH.

Takox BCTaHOBJIEHO, IO MPHU JOJABAHHI MENy y KIIbKOCTI 2542 %
YTBOPIOETHCS OaxkaHa CTIKa CTPYKTYpa HAUMHKH. 301JIbIIEHHS BMICTY MEY
PU3BOJIUTH /IO 3HAYHOTO MiABUILEHHS B’ A3KOCTI Ta TIOSIBH HAATO COJIOAKOTO
CMaKy.

OTpuMaHi pe3yibTaTd MalOTh IPAKTUYHE 3HAYEHHS U1 pO3paxyHKy Ta
BCTAHOBJICHHSI Jl1alla30Hy KOHIEHTpaLiid peuenTypHUX KOMIIOHEHTIB Y
IIPOIIECl BUPOOHUIITBA HAYMHKH 11 OATOHYMKIB IIOKOJIAHUX HAa OCHOBI

arapy.
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Bokovets S.P., Pertsevoi F.V.
Sumy National Agrarian University

RESEARCH OF DYNAMIC VISCOSITY OF FILLINGS FOR PRODUCTION
OF CHOCOLATE BARS

Summary

The article is devoted to the study of the influence of concentrations of
prescription components and temperature on the dynamic viscosity of agar-based model
solutions in the production of fillings for the production of chocolate bars.

The dynamic viscosity of the model systems "agar-water", "agar-water-glycerin",
"agar-water-glycerin-honey", "agar-water-glycerin-honey-sesame flour" was
experimentally studied with the help of a rotary viscometer. . Glycerin was added to the
model systems in the range of 0.1... 0.5% in steps of 0.1%. The introduction of honey
into the gel solution was 15 ... 35% in increments of 5%. The addition of sesame flour
took place in the range of 10 ... 50% in steps of 10%.

The agar-water-glycerin system was prepared as follows. A portion of the dry
component was poured into water at 20 = 2 ° C, stirred, then glycerol was added and
allowed to swell for 30-40 x 60 c. Next, this solution was heated in a water bath at a
temperature of 85-95 ° C until complete dissolution of the agar. After the agar was
completely dissolved, honey (agar-water-glycerin-honey model solution), sesame flour
(agar-water-glycerin-honey-sesame flour model solution) was added to the solution and
mixed thoroughly.

The effect of glycerin, honey and sesame flour on the dynamic viscosity of agar
solutions in the manufacture of fillings for the production of chocolate bars has been
scientifically substantiated.

It is determined that the viscosity of the system "agar-water-glycerin" increases
2.5 times with the addition of glycerin concentrations above 0.3 + 0.02%, which may be
due to the synergistic interaction of glycerol with agar, which promotes the formation a
large number of intermolecular hydrogen compounds.

Increasing the concentration of glycerol leads to an increase in the rate of
crosslinking of the structure and too rapid an increase in strength, which complicates the
mixing process. When adding honey in the amount of 25 + 2%, the desired stable structure
of the filling is formed.

Key words: dynamic viscosity, filling, agar, glycerin, honey, sesame flour, model
systems, chocolate bar.
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METOJIUKA OIITHIOBAHHS IKOCTI TOMOTEHI3AIIII
MOJIOYHOI EMYJbCII

Anomayis. 1lpu [OCHIIKEHHI 3MIH JIUCIIEPCHUX XapaKTEPUCTUK
MIKpPOEMYJIbCIH TiJI yac OOpoOKM B JHCHEpraropax, emyJjibcaTopax Ta
rOMOI€HI3aTopax BUKOPHCTOBYIOTh HEMPSAMI METOJH, AKI MPU3BOIATH 10
MOSIBU CYTTEBUX MOXUOOK. 3A1MCHEHO KOPOTKUM aHalli3 OCHOBHMX METO/IIB
BU3HAYECHHS JUCIEPCHUX XapaKTEPUCTUK MiIKpoeMyibciid. Haiioutpm
NEPCHEKTUBHUM BU3HAYEHO METO] TPSIMOT0 BUMIPIOBAHHS JKUPOBUX KYJIbOK
B ONTHUYHOMY MiKpockomi. JIJis BU3HAUEHHS JUCIEPCHUX XapaKTEPUCTHK
MOJIOYHUX (200 1HITUX MIKPOEMYJIbCii) HEOOX1H1: ONTUYHUM MIKPOCKOI 3
BOy10BaHOIO LM(POBOIO KaMepor 1 komm’toTep. Po3pobiena meroauka
BU3HAUEHHS OCHOBHMX JIUCIIEPCHUX XapaKTEPUCTHUK MIKPOEMYJIbCIN
(cepenmuiit  miameTp, CEpEeIHBOKBAJPATUYHE  BIAXWUJICHHS  PO3MIpIB,
Koe(dimieHT Bapiaiii 3 MOOyJOBOI0 TICTOTpaM PO3MOITY), MPUIATHY [0
3aCTOCYBaHHS MPH OI[IHIOBAHHI SIKOCTI TOMOTEHI3a1lil MOJIOKa.

Knrouosi cnosa. Monodyna emyJibCis, MOJIOKO, TUCIIEPCHICTD, )KUPOBA
KyJIbKa, J1aMeTp KUPOBOI KYJIbKH, METOIUKA.

Ilocmanosxka npobnemu. Ilpu AOCHIPKEHHI 3MIH JAUCHEPCHUX
XapaKTEPUCTUK MIKPOEMYJbCIH i Yac OOpoOKM B Jucnepraropax,
eMyJIbcaTopax Ta TOMOTreH13aTopax BUKOPUCTOBYIOTh HEMPSIMI METOMIM, SIKI
OpU3BOJATH 10 MOSBHU CYTTEBUX MOXHOOK. Hampukman, Ay BU3HAUYEHHS
CTYIIEHSl AMCIIEPTYBaHHS MOJIOUHOTO >KHUPY IICIS TOMOTEHi3alii 4acTo
BUKOPHUCTOBYIOTh NOKa3HUK B1JICTOIOBAHHS JKHPY MPOTATOM IEBHOIO Yacy
miicast oOpoOku. J[st MPUCKOPEHHSI OTPUMaHHS pe3yiabTaTy MpoOu MOJoKa
HEeHTPU(YTYIOTh Ta BUMIPIOIOTH BMICT KHUPY Y BEPXHIM Ta HIXKHIX YaCTHHAX
poOipku. Ajie Ipu IbOMY HE BPaXxOBYIOTh CTaH OUTKOBUX (Dpakiriii Mooka,
K1 MOKYTh MaTH BHUCOKY 3[IaTHICTh J0 arjioMepanli (3unaHHs) >KUPOBUX
9acTOK (KyJhOK MOJIOKAa) Ta CYTTEBOTO CIIOTBOPEHHS TOYHOCTI TaKOTO
Meroay. OcoOnuBO 3HA4yHI PO30IKHOCTI pEe3yJbTaTiB TaKUX METO/IB
BU3HAYECHHS JAMCHEPCHOCTI 3 NIMCHUMH 3HAYEHHSIMU HAsIBHI MIPU po3pooi
HOBUX KOHCTPYKIIIM TOMOTeHI3aTOpiB Ta auctiepratopis [1, 2]. Bupimenusam

© K. O. Camoituyk
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HpO6JIeMI/I Morjia 6 Oyt po3poOka JIEPHKABHOTO CTAHNAPTY 3 BU3HAYCHHS
SIKOCTI TOMOTEHi3allli MOJIOKa, IKOTO Hapasi He icHye [3, 4]. B 3B ;13Ky 3 UM
BUHHUKAE HEOOXITHICTh 3HAXOKEHHS MPOCTOTO, HAIIMHOTO 1 MPAMOTo
METOMYy BHUMIPIOBAaHHS JHUCTIEPCHUX XapaKTEPUCTUK MIKPOEMYIIhCIH,
NPUAATHOTO JIJIi BUKOPUCTAHHS Yy HEBEIUKHUX JOCHITHULBKUX IIEHTpax,
y4O0OBMX 3aKjiaJlax Ta Yy BHPOOHHUYHMX YyMOBax (MOJIOKOIIEpEPOOHHUX
MIPUEMCTBAX ).

Ananiz ocmannix 0ocniodxcensb. Buxoasuun 3 BHU3HAYEHHS TEPMIiHY
"roMoreHizaris", mija sIKICTI0 TOMOTeHI3allii CJIiJI PO3YMITH TPH IMOKa3HHUKA:

— TIOKa3HHMK 3MEHIIIEHHS PO3MIpPIB KUPOBUX KYJIbOK;

— TOKa3HHMK PIBHOMIPHOCTI PO3MOALTY KUPOBUX KYJIbOK MO 00’€My
JUCTIEPCIMHOTO cepeoBuIa (TOMOT€HHOCTI);

— TOKa3HHMK CTa0JIbHOCTI 3HOB YTBOPEHHMX OUIbII JPiOHHUX KUPOBHUX
KYJIbOK, BIJICYTHICTb iX KOQJECIEHI[li Ta YTBOPEHHS ariioMepariB MPOTIroM
MIEBHOTO Yacy, MicJisi AUCIepryBaHHs 5, 6].

[lepmmii 3 HHMX XapakTepusye '"CTyMIHb TOMOTIeHi3auii', apyrui
"roMOreHHICTh" 1 TpeTiil — "cTabunbHICTh eMyibeil”. [lyke yacTo 111 Bupasu
OTOTOXHIOIOTb.

KoMIjieKCHUM  TOKa3HUKOM SIKOCT1 €MYJIbCli CIY>KUTh CTIMKICTh
emyJbceii. CTIMKICTh XapaKTePU3YEThCA YacOM, MPOTATOM SIKOTO €MYJIbCis
pyHHY€eThCA, 1 00cAroM aucrepcHoi ¢das3u, Mo BIOKpPEMUIAcs B MPOIEC]
KoasecreHIli Ha ¢poHi eMybcii. KOMITTIEKCHICTh TOKA3HHUKA SKOCT1 eMYJIbCil
MOJIITa€ B TOMY, IO CTIHKICTh €MYJIbCIi 3aJIEKUTh HE TUTBKH BIJ] CTYTICHS
TUCTiepTyBaHHS (ha3u, BOHA TAKOXK BHU3HAYAETHCS CKJIAIOM 1 CTPYKTYpPHO-
MEXaHIYHUMH BJIACTUBOCTSIMU COPOIIMHOrO IIapy Ha Mexi po3auty ¢as,
KOTpUH 3amobirae nmojaibiniid KoalecleHIli JucrepcHoi (asu.

He 3ynuHsAIOYMCH J€TalbHO Ha ICHYIOUHMX METOJIaX OI[IHKU SIKOCTI
rOMOreHi3alii Ta crnocobax iX 3A1MCHEHHS, MepeliyuMO iX 1 BKaKEeMO
OCHOBHI iX BiactuBocTi [1, 3, 7].

EnexTpuuni: (KOHIYKTOMETPUYHI - BUMIPIOBAHHS OTIOPY €JEKTPOIIITY
B MIKPOOTBOpAax MPW MPOXO/HKEHHI Yepe3 HUX HEMPOBITHUX, HAMPUKIIA,
MacCJISTHUX YaCTOK; N1eTbKOMETPUYHI - BUMIPIOBAHHS TPUBAJIOCTI IMITYJIbCIB
CTpyMy BHACJIJIOK 3MIHH €MHOCTI IIJIOCKOTO KOHJIEHCATOpa TpH pyci
YAaCTUHOK M1 OOKJIaJKaMH TUIOCKOTO KOHJICHCATOpa).

OnTuyHi, B TOMYy  YHCH:  MIKPOCKOMIYHHM,  EJIEKTPOHHO-
MIKPOCKOIIIYHUHN, TENEBI3IMHUHN, YIBTPaAMIKPOCKOMIYHUMN, nudpakiiiitHui,
HedeToMeTpUUHMM, 32 XapaKTepOM PO3CISHOTrO CcBIiTIA [4, 8];

AKYCTHUYHI: 110 BUMIPIOBaHHIO KOe(]illi€eHTa MOTJIMHAHHS YJIbTPa3BYKY,
3a pe30HAHCHOIO KPUBOIO MOTJIMHAHHS HAa HEOOX1IHOMY IHTE€pBaJi YaCTOTH
YIBTPA3BYKy, SIKi JO3BOJISIOTh BU3HAYUTH EKCIICPUMCHTAJIBLHO KPHUBY
pOo3MoILTy YacTUHOK [9, 10].

CenumeHTalllHI — BUMIPIOBAHHS IIIBUKOCTI pO3IIapyBaHHs €MYJIbCil
Ha CKJIaJI0Bl KOMIIOHCHTH.
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3 mepepaxoBaHUX  CHOCOOIB  MPAKTHYHO BCl  BHU3HAYAIOTh
XapaKTePUCTHKU TUCIEPCIHHOTO CKIATy €MYJbCiii OMocepeaKoBaHO, IO
OpU3BOIUTH J0 HETOYHOCTeH Ta moxubOok. besnocepenHiM crmocobom
BU3HAYEHHS PO3MIPIB )KUPOBHUX KYJIbOK € ONTHYHUN CIOCI0 — BUMIPIOBAHHSA
I1JT MIKPOCKOIIOM, 200 «MIKpocKomyBaHHs». Llei cmocid 3aBasku BHCOKIN
TOYHOCTI 1 OYJI0 BUKOPUCTAHO SIK HAMO1JIBIII MTEPCIICKTUBHUH.

Dopmyeannss memu cmammi. PO3pOOUTH METOAUKY BHU3HAUYCHHS
JTUCIIEPCHUX XapaKTEPUCTHK MIKPOEMYJIbCiH, MPUIAATHY O 3aCTOCYBAHHS
MIPH OIIHIOBAHHI SIKOCTI TOMOTEHI3alli1 MOJIOKA.

OcHnosna uacmuna. JIns cTBOpeHHs MikpodoTorpadiii >KUpOBUX
KyJIbOK BUKOPHUCTOBY€ThCA LH(poBa Kamepa 3 TNPUCTOCYBaHHSIM IS
3'€IHAHHS 3 OKYJIIpOM Mikpockona (abo 3amicTh Hboro). I{udposi gani
(mosist 30py MIKpOCKOMa 31 3pa3KaMu €MyJIbCli) Iepe1atoThCsl Ha KOMI'IOTED,
ne 30epiraroThCsl Ta MOXKYTh OyTH B 3pyYHMI 4ac (BXKe MICIIs MPOBEACHHS
JOCHTII)KEHB) 00p00JIeH1 3a TOMOMOI0I0 MPOTPaMHOTro 3a0e3reueHHs (B T.4.
OE3KOLITOBHUX BEpCld KOMIT'FOTEPHUX MporpaMm). TakuM YHHOM Jid
BU3HAYECHHS JIHCIEPCHUX XApPAKTEPUCTUK MOJOYHHUX (abo  1HImUX
MIKpOEMYJIbCii) HEOOXiJHI: ONTHYHUM MIKPOCKON 3 BOYJOBaHOIO
nudpoBoro kameporo (abo oxpemMa 1mdpoBa kKamepa 3 MOXKIHUBICTIO
KPIMJICHHS HA OKYJIAP MIKPOCKOIIA) 1 KOMIT'FOTEp.

[Ipn MIKpOCKOMyBaHHI €MYJIbCII0O TICIAS TOMOTEHI3allli PETEeTbHO
NepeMIlyI0Th, HEOAHOPA30BO TMEPEMBAIOYM 13 CYIUHH B CYJUHY,
YHUKAIO4H MTHOYTBOPEeHH: [3, 6]. Y MipHY K00y emHicTiO 250 MJT HalTMBaIu
70 TIOJIOBUHM AMCTHIIbOBAHY BOIYy, MOTIM 1 miul emyibcii. BmicT konbu
nepeMilllyBaJid, JIOBOJSYM BOJOKO JO MITKH, Ta 3HOBY IEpEMINIyBaIUA. 3
KOKHOTO 3pa3ka eMyJIbCii TOTyBaiH 3 pO3BEICHHS, & 3 KOKHOTO PO3BEICHHS
— 2 mpenapaTu. 3 KOXKHOI IpoOu eMyJibCli oTpuMyBanu 6 npenapartis. Jis
30UTbIIEHHS! KOHTPACTHOCTI )KMPOBUX KYJIbOK BUKOPUCTOBYBAJIM MOYEBUHY.
[Ipn HaHeceHHI Kparuli po30aBJIEHOrO0 MOJIOKa Ha MPEIMETHE CKJIO ii
NOKpUBAJIM TMOKPUBHUM CKJIOM, Kpai SKOro TOHKO 3MairyBaiu. Ilpu
HaKpUBaHHI Ipernapary NOKPUBHE CKIIO JIETKO MPUJIaBIIOBAIHN, YTBOPIOIOUU
3aKpUTHI 00’ €M MpemnapaTy, TOBIIMHA SIKOTO CKiIagana 0Jau3bko 70 MKM.

[Ip MiKpOCKOITyBaHHI MOKHAa OTPUMATH YITKE 300pa)KEHHS TUIbKU
BEPXHBOTO IMAPY KUPOBUX KYJTHOK, TOMY IICJS MPUTOTYBAHHS Ipernapar
3anuIany cTosTH npotsaroM 20—30 XBUIIUH, 100 KUPOB1 KYJIbKU CIUIHJIH.
3amipu MPOBOAMIIN 32 IOTIOMOTOF0 MIPHOTO OKYJIsipa Ta 00’ €EKTMIKpOMETpA.

Tak sK >KUpPOBI KyJIbKH TOCTIHHO 3HAXOIATHCS y PycCl MiA 1€l
bpoyHiBcbkux cwi, ang  ix  (Qikcamii 1 TOJANBIIMX —MIAPAXYHKIB
BUKOPHCTOBYBAIM JiYmIbHYy Kamepy lopseBa. J[lns migBUIIEHHS
MPOJYKTUBHOCTI, MOJETIIEHHs BUMIPIOBaHb 1 MiIPAXyHKIB Ta 3MEHILIECHHS
MOXMOOK BHUKOPHUCTOBYBIM MikpodoTorpadyBaHHsl 3 KOMII IOTEPHUM
aHaJI30M OTPUMaHHUX 300paxkeHb [5]. i oTrpumanHs mikpodortorpadiii
BUKOpHCTOBYBau ontuuHuii Mikpockom MUKPOME/I-1 3 mpucrocoBaHoo
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BeO-KaMepolo, sIKy OyJIo I’ €THAHO JI0 MEPCOHAIIBHOTO KOMII foTepa (puc.

).

1 — mudpona kamepa (Web kamepa), 2 — ONTUYHUI MIKPOCKOI
Pucynoxk 1. 3aranpHuii BUTIISIT MIKpOCKOIIA 3 T € JHAHOIO LIU(PPOBOIO
KaMeporo.

st Toro, mo0 OTpUMATH ONTUMAJBHE TOJIE 30pYy Ta OUIBII SKiCHE
300pakeHHs, O00’€KTHB BeO-KaMepu NPUKPIIUTIOBATM JI0 MICIs Ha
MIKpPOCKOIII, SIKe TMpHU3HAYeHE IS npueaHaHHs ¢otoHacaaku . KpatHicTh
30ubIeHHsT ctanoBuia 640 pasiB pu oTpuManH1 Qororpadii po3mipamu
10,8x8,1 cm (mpu po3pilanbHiid 37aTHOCTI Kamepu MiHIMalibHO 640x%480
MIKCENIB).

Kpim crynens noapiOHEHHs Ta pIBHOMIPHOCTI PO3MOILITY IUCTIEPCHUX
Y4aCTOK MO 00'eMy eMyJIbCli, SIKICTh TOMOTEHI3allii BU3HAYA€ThCS 31aTHICTIO
XKUPOBOi (pa3u 3anuImaTHCh CTAOUILHOIO MPOTSATOM MEBHOTO Yacy MiCis
romoreHizaiii. CTaOUIBHICTh KUPOBOI (a3u MEpeBipsIu  CIOCOOOM
cenuMeHTaliinoro anamizy [2]. CytHicTh cmnoco0y 3acHOBaHa Ha
3aJICKHOCTI MIBUJIKOCTI BiJICTOIOBAHHS )KUPOBOI (ha3u BHACIIIOK CTUTMBAHHS
YaCTOK JKUPY Bif ix posmipy [1]. st mporo 250 cM * MOIOKa HamuBaiu y
HWIIHAP Ta BHMCTOMOBanmu 24 abo 48 rox. mpu Ttemmeparypi 4...8 °C.
Busnayanu MacoBy KOHIIGHTPAIIO XUPY CH y HIDKHIX IIapax eMyJbCii
o6'emom 150 cm® B umminapi.

[Toxa3HUK CTaOLIBHOCTI KMPOBOI MOJIOYHOI e€MyJIbCli a00 MOKa3HUK
BiJICTOIOBAHHS JKUPY BU3HAYAIM 3 BUPA3Y

_ 6 —Cqy
- (1)
© 5

Ie: ¢, - KOHLIEHTpAaLis )KUpoBOi (pa3u B MOYATKOBINM eMyJIbCii, Y.
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Bwmict xupy y mononi BusHauases 3a J{CTY ISO 488:2007 "Momnoko.
Busnauanus macoBoi yactku xupy", ACTY ISO 11870:2007 "Mounoxko 1
MOJIOYHI TPOMYyKTA. Bu3HAUYEHHS MacoBOi YACTKU IKUPY. 3arajibHi
pPEKOMEHIAITIT 010 BUKOPUCTAHHS METO/IB 13 3aCTOCYBaHHSM KUPOMIpIB".
JKupoBa emyJibcisi Ma€ BUCOKY CTaOUIBHICTD, SKIIO BIJICOTOK BiJICTOIOBAHHS
Xupy B Hiil He iepesuirye 10%, Todto ¥ <0,1.

JInsi BU3HAUYEHHS JUCHEPCHUX XapaKTEPUCTUK MOJIOYHOI eMYJIbCli 3
oTpuMaHux  Mikpodororpadiii  3aCTOCOByBaHAa METOAHMKA  aHAII3y
TEOMETPUYHUX XapPAKTEPUCTUK >KUPOBUX KYJIHOK HA OCHOBI TEXHOJOTIH
aHamizy 1udpoBUX 300pakeHb. 3 ILIE0 METOI PO3POOJECHO MPOrPaMHOTO
MOJYJIb, IKUU peali3oBaHo B cepenoBuull Microsoft Visual Studio Ha 6a3i
C# 3 3acrocyBanHHsM Habopa 0i6miotek OpenCV Sharp. Excnopr
oTpuMaHux uucioBux aaHux y Microsoft Office Excel ta pospaxynoxk
CTaTUCTUYHHX JaHUX BHOIPKHU.

B pesynbTati npoBeeHoi 00poOKu OyB OTpUMAaHUM PO3MOJILT PO3MIPIB
YKUPOBHUX KYJIHOK MOJIOKA 3 X KUIBKICTIO IIUIIXOM 00pOOKU BUOIPKHU TaHUX.
[TigpaxyHOK OCHOBHHMX IapaMeTpiB BUOIPKU, 3/11MCHIOBAIIU 33 JOTIOMOTOIO
3aco0iB mporpamu Microsoft Office Excel. ¥V xomi o6poOku BU3Hauamu:
CEpellHIi alaMeTp >KUPOBUX KYJIhOK, CEpEIHBbOKBAJIPATUYHE BIJIXUJICHHS,
KoediIieHT Bapiarlii.

Ax nmpaBuno, Ui MOMNIMOJIEHOTO  OLIHIOBAHHSA — JUCHEPCHHUX
XapaKTEPUCTHK MIKPOEMYJIbCIH, SIKI BUBUAIOTHCS HA €Tarll pO3pOOKH HOBUX
rOMOTI'€H13aTOpPiB 200 AUCHEPraTopiB, LIMX XapaKTEPUCTHUK JOCTATHBHOIO.

Bucnosox. Po3pobiieHa METO/IMKa BU3HAUYCHHSI OCHOBHUX JTUCTIEPCHUX
XapaKTEPUCTUK MIKPOEMYJIbCii (CepeaHiil niameTp, CepeIHbOKBaAPATUYHE
BIIXWJIEHHS PO3MipiB, KoeQIilieHT Bapiamii 3 MoO0yJI0BOIO TiCTOrpam
pO3MOITY), NPUAATHY JO 3aCTOCyBaHHS TIPU OLIHIOBaHHI SIKOCTI
roMoreHizamii Mosoka. Ilg Merogmka BIJIPIZHSAETHCS  IPOCTOTOXO,
HAJIHHICTIO 1 JOCTaTHBOIO TOYHICTIO MPSIMOT0 METOJy BHUMIpPIOBaHHS
JTUCTIEPCHUX XapaKTEPUCTUK MIKPOEMYJIbCI 1 TPUAATHA JIJIST BUKOPUCTAHHS
y HEBEJIUKUX JOCIITHUILKHUX IICHTPAX, yI00BUX 3aKjIaax Ta y BUPOOHUUNX
yMOBax (MOJOKOIEPEPOOHUX MiAMPUEMCTBAX).
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K. Samoichuk
Dmytro Motornyi Tavria State Agrotechnological University

METHOD OF EVALUATION OF QUALITY OF HOMOGENIZATION OF
MILK EMULSION

Summary
In the study of changes in the dispersed characteristics of microemulsions during
processing in dispersants, emulsifiers and homogenizers use indirect methods that lead to
significant errors. A solution to the problem could be the development of a state standard
for determining the quality of homogenization of milk, which does not currently exist. A
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brief analysis of the main methods for determining the dispersed characteristics of
microemulsions: electrical (conductometric, dielectric), optical (microscopic, electron
microscopic, television, ultramicroscopic, diffraction, nephelometric, scattered light),
acoustic, sedimentary. The most promising method is the direct measurement of fat
globules in an optical microscope. A digital camera with a device for connection to the
microscope eyepiece (or instead) is used to create microphotographs of fat globules.
Digital data (field of view of the microscope with emulsion samples) is transmitted to a
computer, where it is stored and can be conveniently processed (already after research)
using software (including free versions of computer programs). Thus, to determine the
dispersed characteristics of milk (or other microemulsions) you need: an optical
microscope with a built-in digital camera (or a separate digital camera that can be
mounted on the eyepiece of the microscope) and a computer. A method for determining
the main dispersed characteristics of microemulsions (mean diameter, standard deviation
of dimensions, coefficient of variation with the construction of distribution histograms),
developed for use in assessing the quality of homogenization of milk. This technique is
simple, reliable and sufficiently accurate direct method of measuring the dispersed
characteristics of microemulsions and is suitable for use in small research centers,
educational institutions and in production conditions (dairy plants).

Key words: Milk emulsion, milk, dispersion, fat ball, fat globule, diameter, method.
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PO3IIUPEHHSI ACOPTUMEHTY KUCJOMOJIOYHUX HAIIOIB
3 HIIBUINEHOIO BIOJOI'TYHOIO HIHHICTIO

Anomayis. Jlepam yacTimie CHOXMBadl y BChOMY CBITI BiJJIalOTh
nepeBary XapuyoBUM MPOAYKTaM 3 PI3HOMAHITHUMHU (PYHKI[IOHAIBHUMHU
BJIACTUBOCTAMU. [0 TakuxX TMPOIYKTIB BIJIHOCATHCS KHCIOMOJIOYHI
npoaykTu. B Hamiii kpaiHi peKOMEHJOBaHA KUIBKICTh 1X CIIOKUBAaHHSA
ctaHoButh 500-750 Mn Ha 100y. [lo ckiiajy KHCIOMOJOYHMX HAamoiB
BXOJISITh Maike BCl KOPUCHI HYTPIEHTH, KpPIM XapuyoOBUX BOJIOKOH. XodYa
BIJIOMO, 1110 XapuOB1 BOJIOKHA TO3UTUBHO BIUIMBAIOTh HA QYHKIIT ITyHKOBO-
KUIIKOBOTO TPakTy, BOHM € TOXUBHUM CEPEIOBULIEM Ui KOPHCHOI
Mikpodaopu. Tomy, Ha Hally IYMKY, aKTyaJlbHAM € TUTaHHS PO3POOKH
KHCJIOMOJIOYHUX HAroiB, 30arayeHux POCIMHHUMU J0OaBKaMH, 110 MICTSATh
BEIUKY KUIBKICTh XapyoBHX BOJIOKOH. B skocti J00aBok  Oyiio
3alpOIIOHOBAHO MPOAYKTH MEPEPOOKH POCIMHHOI CHPOBHHU — KYHXXYTHE Ta
pucoBe 6oporrHo. 111 npoaykTu € BiixoaaMu BUPOOHUIITBA 011 Ta KPYIH.
3a3Buuail BOHU BUKOPUCTOBYIOTHCSI B SIKOCTI KOpMY AJig TBapuH. Pazom 3
TUM, 11l IPOAYKTH NEPEPOOKU MICTATH BEJIUKY KUIBKICTh OUIKIB Ta XapUOBHUX
BOJIOKOH. B cTarTi mpoaHanizoBaHO HYTPIEHTHHUM CKJaJ KyHXYTHOIO Ta
pucoBoro OopoiiHa. 3anpornoHOBaHA TEXHOJOTIYHA CXEMa BUTOTOBJICHHS
KHCJIOMOJIOYHMX HaIoiB, 30arau€HuX XapuyoBUMHU BOJIOKHaMH. 3a
CTaHJAPTHUMH METOJIUKAMU JTOCHIKEHO JesKl (PI3UKO-XIMIYHI MOKa3HUKH
SKOCT1 KHCIIOMOJIOYHHX HamoiB (pH, KUCITOTHICTh, MACOBY YacTKy KHUIB,
O1JIKIB, Xap4OBHUX BOJIOKOH). Pe3ynbTaTn mokasanu, mo piBeHb pH y Bcix
3pa3kax 30epiraeTbcs B Mekax HOpMH mpoTsarom 14 nmi6. Ilpu nomaBanH1
0,3% pucoBoro 6opolilHa piBeHb KMCIOTHOCTI MiCHsl CKBallyBaHHs OyB Ha
7,42 °T HWKYe HOPMATHUBHOIO, y 3pa3Ky 13 OOpOIIHOM KYHXYTYy LeH
MOKA3HUK BIAMOBIAB HOpMI MpOTsAroM 7 110, a Ha 14 100y mOCTiKEHHS B
He3HauHid Mipi (Ha 3°T) mepeBuilyBaB HopMy. Y 3paskax 13 go00aBKamMu
cnocrepiraBca Oupmuii  BMicT OUIKiB (4,3 % y 3pa3Ky 13 KyHXYTHUM
oopomHoM Ta 4,1 % 13 pucoBuM ) Ta xapuoBux BoJokoH (0,68 % y 3pa3ky 13
KyHXyTHUM OopourHoM Ta 0,5 % 13 pucoBUM) MOPIBHSIHO 13 KOHTPOJIBLHUM

© M. M. Caminuk, [{uas Croanbcyans, H. B. bonrosa
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3pazkoM. BcTanoBiieHo, 1o goaaBanHs 2 % KyHKyTHOTO O0portHa 1a 0,3 %
pucoBoro  OopomrHa  cmpusie  30UIBLICHHIO  TepMiHy  30epiraHHs
KHCJIOMOJIOYHOTO Haro 70 7 1ib.

Knrouosi cnosa: KucioMoiliouHi Hamoi, MOXIiJHI MEPEPOOKU POCIHH,
pHucoBe OOpOIIHO, KyH)KYyTHE OOpPOIIIHO, XapuoBi BOJIOKHA.

Ilocmanosxka npobremu. KuciomosiouHl Hamoi MaroTh OaraTuid
XIMIYHUM cKJ1aJl. BoHU MICTSATh Maii’Ke BC1 KOPUCHI HYTPIEHTU: O1IKH, )KUPH,
ByriieBoau, Bitamiau A, D, C, E, B, H, PP, minepansni peuoBunu (K, Ca, F,
Cu, Sn, Sr, Mg, Al, Co, Mo), aMiHOKHCIIOTH, JIaKTO- Ta Oidimodakrepii,
anTnokcumadnTyd [1, 2]. PekomeHnmoBana m000Ba KUIBKICTh CITOXKUBAHHS
kucioMosiouHux nmpoaykriB (Hakaz MO3 Vkpainu Big 18.12.2012 Ne 1069)
500-750 mn. Pa3om 3 THM, O/IHI JIMILIE Xap4YOBl HYTPIEHTH HE € OCHOBHUMH
MOKa3HUKaMHU LIHHOCTI k1. CrpaBHS LIHHICTB 1K1 NOJIATAE Y 11 3[aTHOCTI
JI0 caMOIIEpETPaBIIOBAHHS B IIUTYHKY JIFOJUHU 1 OJJHOYACHO 3/IaTHICTh OYTU
MOKUBHUM CEPEIOBUIIEM [ KOPUCHOI MiKpodiopu KHIIKIBHUKA. Taka
BJIACTUBICTh NPUTAMaHHA XapuyOBHUM BOJIOKHaM (OaJlaCTHUM pPEUYOBHUHAM),
K1 HE MICTATHCA Y KUCIOMOJIOUYHUX Hamosix 03 700aBOK.

CrnoxuBayli y BCbOMY CBITI BIJIalOTh IepeBary IMpOAyKTaM, SKi
MOXYThb  JIOTIOMOTTH  3alo0IrTH  3aXBOPIOBAHHSM, TIOB’SI3aHUM 3
XapuyBaHHAM, 1 TOKPAIIUTH caMonouyTTs. [{i o0CHOBY BUHUKIIN 3 KOHIISTITIT
«QYHKIIOHAIBHOI 1K1», 10 O03HAYAE IPOIYKTH, SIKI MOXKYTh NPHUHECTH
KOPHCThH 37I0pPOB’I0, KPIM OCHOBHOTO xapuyBaHHs» [3]. ToMy akTyanpHUM
MUTAaHHSAM € PO3IIMPEHHS AaCOPTUMEHTY KHCJIOMOJOYHUX HAIoiB 13
PI3HOMaHITHUMHM POCIMHHUMHU JO0OABKaMH, [0 MalOThb BUCOKHUWA BMICT
XapUYOBUX BOJIOKOH.

Ananiz ocmanmix oocniodcens. Jig BUpOOHUUTBA Kedipy MOXkKHa
BUKOPHCTOBYBATH KiJIbKA CXEM, SIKi MAIOTh OJTHAKOBHI OCHOBHUI TTPUHITHII.
OnmHuM 13 croco61B BUPOOHUIITBA KMCIIOMOJIOYHUX HAMOIB MO TUITY Kedip €
3MINTYBaHHS JBOX BUIB MOJIOKA, HAMPHUKIIAJ, KOOUJISYOro, KO3I4OTO a0
OBEYOro MoJIoKa [4], abo Jo/1aBaHHS TaKUX A00ABOK, SIK HATUBHUN 1HYIIIH,
o0 TMOKpPAlUTH WOro KOpUCHHM e(eKT 1 KIHIEBY TeKCTypy [5].
AnbTEpHATUBHUM CIIOCOOOM BHUPOOHUIITBA Kedipy € BUKOPUCTAHHS
HEMOJIOYHUX CyOCTpaTiB, TakuX K (PYKTH Ta MaTOKa, JJisi BUPOOHUIITBA
COJIOAKOTO Kedipy, SKHM Ma€ YHIKaJIbHI CEHCOPHI BJIACTUBOCTI, TakKl 5K
OCBIKAIOYMI CMaK 3aBJISIKM HASBHOCTI €TaHOJTY, PPYKTOBHI apoMaTt 3aB/sSKH
HAsSIBHOCTI CKJIAIHUX €(ipIB. a TAKOXK TUIO 1 TEKCTYPY, OB’ sA3aH1 3 BMICTOM
riainepuny  [6].  3a  TpagumidHOIO  TEXHOJOTIE€0  BUPOOHUIITBO
KHCIIOMOJIOYHOTO ~ HAMow  TUMy  Kepip  MNPOBOAUTHCS  ILISAXOM
dbepMeHTyBaHHS MOJIOKAa MOJIOUHOKHUCIMMU Oaktepissmu Lactobacillus
acidophilus 1 npixixi Saccharomyces kefir npu 25 °C no nocsirnenns pH
4,4 [7].

Jlis ctBopeHHS (DYHKLIOHAJIBHUX KHUCIOMOJIOYHHMX HAIoiB O HHX
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JI0JTaBaJIA BEITUKY KUTBKICTh Pi3HOMaHITHUX J100aBOK, HAMPUKIIaJ, OaraTi Ha
aHTOIaHu coku [8], kaBy [9], nenpy manro [10], 3epHa (aBu i BKIIOUCHHS
cnuzy HyTy [11] Tomo.

Kedip ™moxna mnoegnyBaTd 3 OaraTbMa BHJIAMH POCIWHHHUX
IHTpeieHTIB. baraTo BUEHUX MPUCBATWIM ceOE 3J0POBOMY XapuyyBaHHIO,
BBOJISIYM B Kedip pociuHHI iHTpeaieHTu [12]. JlocmimkeHHs moka3aiu, 1110
BBEJICHHSI POCIMHHUX IHTPEIIEHTIB MPU3BOAUTH 10 3HIKEHHS B’ S3KOCTI,
BIJUTIJICHHS CHUPOBAaTKU Ta 3HWXKEHHS uyTiuBocTi. lle mpuzBoguio 1o
HEOOX1THOCT1 3aCTOCYBaHHsSI apoOMaTHU3aTOpiB 1 CcTab1Ii3aToOpiB, BHECCHHS
SAKUX TPHU3BOJIUTH JI0 3MEHIICHHS MOmyJsAiii npoOioTukiB. [lpu mpomy
OloJIOT1YHA IIHHICTh KUCJIOMOJIOYHUX HAmoiB 3HMKyBamacs [13, 14, 15].
ToMy aKkTyaqbHUM 3aBJaHHSIM € BIPOBA/DKCHHS TaKUX POCIUHHUX
IHIPEIIEHTIB, K1 HE MaJId O HETATUBHOT'O BIUIMBY HAa KUCJIOMOJIOYHI HAMOI,
0Cc00JIMBO Ha 1X cTaOuIbHICTHE. OCTaHHIM YacOM ITOMITHOKO TEHJECHIIECIO €
BBCJICHHS B KHCIOMOJIOYHMX HAIlOiB XapyoOBHX BOJIOKOH. XapdoBa
KJIITKOBUHA KOPUCHA JIJIsl 37I0POB s, 1 BOHA BIUITMBA€E HAa MPOPIIAKTUKY PaKy
TOBCTOI KHUIIKH, 3aropy, 3amoOiraHHs Jia0eTy Ta 3HWKEHHS Baru
[16,17,18,19]. Jleski mocaiKeHHs TOKa3aJIM O3UTUBHUIN BIUIMB XapYOBHUX
BOJIOKOH Ha KHCJIIOMOJIOYHI Haroi, BKJIIOYAIOYM BIUIMB Ha MPOOIOTHKH,
peostoriudl Biactuocti [20,21]. BcraHoBIeHO, 110 BBEACHHS Xap4YOBHUX
BOJIOKOH MOXE 3HU3UTH  KHCJIOTHICTh  KHUCIOMOJIOYHHMX  HAIOiB,
MOKpAIyIoud iX CMakoBi BiacTUBOCTI [22]. JlomaBaHHS KJIITKOBUHU
CTUMYJIIOE PO3MHOKEHHS MPo0ioTHKIB [23].

Dopmynosanns memu cmammi. AHaI3 MOKa3aB, U0 y CBITI ICHYE
BEJIMKA KUIBKICTh KHCIOMOJIOYHHUX HAIoOiB, L0 MaroTh (PYHKI[IOHAJIbHI
BractuBOoCTl. [Ipotre, B YKpaiHi aCOPTUMEHT KHUCIOMOJOYHMX HAIoOiB 13
POCIMHHAMH JT00aBKaMH HEBEIWKHK. METOH HaIoro AOCTIHKCHHS €
pO3po0OKa TEXHOJOTIi KHCJIOMOJOYHOTO HAIMOK TMIABUINEHOI 010JI0TTYHOT
I[IHHOCTI, 30araueHoro poCIMHHUMU J0OaBKaMH.

J1y1st BUpIIIEHHS TOCTABJIEHOT METH CJI1JT BUPIIIIMTH HACTYTHI 3aBAaHHS:

- miaiOpaTu POCIMHHI T00aBKH 3 BUCOKUM BMICTOM XapUOBUX BOJIOKOH;

- pO3pOOUTH TEXHOJIOTIYHY CXEMY BHUTOTOBJICHHS KHCJIOMOJIOYHOTO
HAII010, 30araueHoro POCIMHHOIO J0OABKOIO;

- TocTiauTH (i3UKO-XIMIYHI MMOKa3HUKH 30aradyeHuX KHCIOMOJIOYHUX
HAIoIB.

OcHosna wacmuna. JI0 pOCAMHHUX JKEpEsl XapuyoBUX BOJIOKOH 3
TapHUMH CCHCOPHUMH BJIACTUBOCTSMH MOJKHA BIJIHECTH TPOAYKTH
NepepoOKH OJMIMHUX Ta 3EPHOBUX KYJBTYp. bBOpomHO KyHXYTYy €
PI3HOBHIOM TOOIYHOTO TNPOAYKTY, SKHM 3a3BUYail BHUKUIAEThCS abo
BUKOPUCTOBYETHCS SK ia JyIsi TBapuH. [licns excTpakiii KyH)XXyTHOT 0uii
YTBOPIOETHCS HAMIB3HEXKUPEHA KYHKYTHA MaKyXxa, sika MicTuth 50 % Oinka,
BUCOKHUM BMICT KasbIiito (1,5 /100 r) 1 cupoi kinitkoBunu (10,8 /100 1) [24],
(GbeHONBbHI CTONYKH, M0 BUSABISIOTH AHTHOKCHIAHTHY, aHTUMYTareHHY Ta
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AHTUMIKPOOHY aKTUBHICTH [25], JirHaHW 1 MiHEpaJbHI PEUOBMHU: Kallii

(4,6-5.,3 T/xr), hocop (1,7-2,3 T/kr), Marniit (0,018-0,052 r/kr) [26].

BT BT - o R,

Pucynoxk 1. KnycyTHé 6(;p0111H0

PucoBe OopomHO € TOOGIYHUM TPOAYKTOM  PHUCOMOJIOYHOI
MIPOMHUCIIOBOCTI 1 cTaHOBUTH Onu3bko 10 % Bim 3arambHOi Barm rpyooro
pucy. B OCHOBHOMY BOHO CKJIaJa€eTbCsi 3 aJeMpoHy, MEpPUKapIIilo,
niganeiponoBoro mapy Ta 3apoaky. Lllopoxy 90 % pucoBux BHCIBOK,
BUPOOJIEHUX Y CBITI, JCIIEBO BUKOPUCTOBYIOTHCA SIK KOPM ISl BEJIUKOL
poraToi Xy100M Ta NTHULIl, a pEIITa BUKOPUCTOBYETHCS 1JI1 OTPUMAHHS Ol
3 pucoBUX BHUCIBOK [27]. Binku pHCOBUX BHCIBOK € PI3HOBUIIOM
BUCOKOSIKICHUX O1IKIB, BOHM MalOTh BIINIOBIJHMI aMIHOKHMCIOTHHH CKJIa 1
BUCOKY O10JIOTiYHY Aif0, BMICT Ji3uHy npocsrae 5,8 1/100 r. Sk mpasuiio,
PHUCOBI BHCIBKM BCE I MAIOTh OiIBIIY BAKJIUBICTh MOXHUBHUX PEUOBHH,
X04Ya BUKOPHCTOBYETHCS TMPOIEC MOAPIOHEHHSA. 3a MaHWUMH JOCIIHKCHHS
[28] 3Hex)upeHi pucoBi BHUCIBKU MICTATH (% CyXOi OCHOBH): BYTJIEBOIB
(43,5-54,3 %), OinkiB (14,1-18,2 %), xwupiB (1,6-20,9 %), 30mm (12,8-
15,3%), kinitkoBunu (8,4-10,5 %).

Pucynok 2. Pucose opomHo
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Takum duHOM, TO/TAaBaHHS KYH)KYTHOTO Ta PHCOBOTO OoporrHa 110
KHUCJIOMOJIOYHOTO HAINOI0 € JOIUIBHUM 1 MOXE MIABUIIUTH O10JIOTIYHY
IIHHICTh TOTOBOTO NPOoAYKTY. Cepi€ro HalIMX MONepeaHiX AOCTIIKEHb [29]
BCTAHOBJICHO KUIBKICTh JOJAHUX IOPOIIKIB, SKa HE Majga HETaTHBHOTO
BIUIMBY HA OPraHOJENTUYHI TIOKAa3HUKH TOTOBOTO NPOAYKTYy. byio
BCTAHOBJICHO, [0 KYHKYTHE OOPOIIIHO MOKHA J10JaBaTh y KUIbKOCTi 2 % 110
Macu MoJioka, a pucose — jauiie 0,3 %. [Ipu 3011bI1eHH] KITBKOCT1 PUCOBOTO
6opotHa 10 1 %, KUCIOTHICTh MIBUJKO 3pOCTAE BXKE I1J] 4aC CKBAIlyBaHHS,
MEPEBUILYIOUH JIOITYCTUMI HOPMHU.

Hamu  po3poOiieHa  TEXHOJIOTIYHA  CXeMa  BUTOTOBJICHHS
KHCJIOMOJIOUHOTO HAMOIO 13 MiJBUIIIEHOIO O10JIOTTYHOIO IIHHICTIO (puc.3).

3a M€ CcxXeMor ouuileHe oxoiomkeHe 10 4 °C  MOJIOKO
HaIpaBIIIETHCS Ha TUMYacoBe pesepByBaHHs. [lepen cemapyBaHHSAM, AJis
NPUCKOPEHHS TIPOIIECy, MOJIOKO HarpiBaeTbes a0 Temreparypu 35-40°C.
HopwMmasizoBaHe MOJIOKO TacTepu3yeThes Tpu Temreparypi 85-90°C 3
BUTPUMKOIO 2-4 XB. B mporieci nacrepusariii (Ipu TOCATHEHH] TEMIIEPATYPU
70°C) mo MoJIOKa JOJAETHCS CYCIIeH31s KyHKyTHOro (2 %) abo pucoBOrO
(0,3 %) 6opomiHa. [Jani cymim peTebHO MEPEMIITY€EThCS MPOTATOM 5 XB.
Jlns  mpuroTyBaHHS CyCHeH3li y CHiBBigHoOmIeHHI 1:1 3MimryeThcs
nactepuszoBaHe Mosioko (t=75°C) Ta pocmmHHEe OoporiHo. Ilicas
BUTPUMYBAHHS CYMIIIl OXOJIOJIKY€ETHCS 10 TemriepaTypu 25°C, micist 9oro B
HEi BHOCUTBHCS CMMOIOTHYHA Ke(ipHa 3akBacka Ha KepipHMX TpuOKax 1
CKBalIy€ThCS.

CkBarnieHu# KMCJIOMOJIOYHUN HaMi OXOJIOKYEThCs 10 4-6°C 1 micms
BU3PIBAHHS HAIPABJISETHCS HA 30€piraHHs.

B rotoBux mpoaykrax, oapa3y miclisg CKBanlyBaHHs Ta Ha 7, 14 no0y
30epiranHs OyJo AOCHIIKEHO (I3UKO-XIMIYHI TMOKa3HUKHU. Pe3ynbratn
JOCITIKCHHS TIPEJCTaBICHO B TabmuIIi 1.

Pesynbrati mokazanu, Mmoo Tpu JojaBaHHl 2 % 3HEKHPEHOTO
KYHXXYyTHOrO0 OOpOIIHA BC1 MOKa3HUKHU, KPIM KUCIOTHOCTI, 3HAXOJAWJIUChH B
MeXaxX HOPMH MpPOTATOM BChOTO TepMiHy pociigxeHHs. Kpim Toro, B
rOTOBOMY MPOAYKTI CIOCTEpIraeThcss BUCOKMM BMICT Ouika (4,3 % ) ta
xapuoBux BoJOKOH (0,68 %). Takox, MiABUILYETHCS MAacOBa YaCTKa XKUPY.
3a TEXHOJOTTYHOI CXEMOI0 MepeadaueHa HopMaJizallis MOJIoKa 10 MacoBOi
yacTku xupy 3,2 %. IligBuieHHs nporo noka3H1uKa, MMOBIPHO, OB’ s3aHe
3 TUM, IO B KyH)XXYTHOMY IIPOTi, 13 SIKOrO BHUIOTOBJIEHE OOpPOIIIHO,
3aJIMIIAETHCSl TIEBHA KINBKICTh JKUPIB TICHs TmpecyBaHHs omii. [lpwu
nonasanHi 0,3 % pucoBoro OopoiiHa piBeHb KUCIOTHOCTI TICHS
CKBallyBaHHs OyB Ha 7,42 °T Hmx4e HOpPMATHBHOIrO, ajie B IMpoLeci
30epira”Hs, e MOKa3HUK IiJIBUIIYBaBCs 1 BXKE Ha 7-My 700y BiANOBiAaB
HOpMaTUBHOMY 3HadeHHIO (86,15). BBenenns mo6aBok morio 0 pasiode
3HU3UTH 3HaYeHHS pH Ta MiABUILMTH TUTPOBaHY KUCIOTHICTh. B mporeci
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Pucynox 3. TexHosoriuHa cxema BHPOOHMIITBA KHCIOMOJIOYHOTO
HAIOIO 13 MIIBUILEHOI0 010J0TYHOO IIIHHICTIO
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Tabnuys 1.
Pesynpratu ananizy i3uko-XiMIYHUX MOKA3HUKIB
2% 0,3 %
Hopmarysa KOHTposIb | KYH)XYTHOTO | PHCOBOTO
[TokazHuk OopoiiHa OopornrHa
BEJIMYNHA .
Jlo6a mociiKeHHs
1 | 7]14] 1 7 14|17\ 14
pH 4.8-4,0 5,0 4,8/ 4,7|4,4(4,16|4,14/4,7|4,6| 4,5
KucnotHicts, °T 85-130 68 (75|83 112 | 125 |133 (77| 86|91
MacogBa yactka xkupy, % 1-5 3,2 4,1 3,6
MacoBa yactka Ou1Ka, %
HE MEHIIIE HIK 2,7 2,36 4.3 4,1
Bwmict xapuoBux - - 0,68 0,5
BOJIOKOH, %

30epiraHHsl HE CIOCTEPIrajocsi CyTTEBOTO IIJBUIICHHS KHCJIOTHOCTI, 1€
MOX€ OYyTH BHUKIMKAHO HAsBHICTIO XapyOBUX BOJIOKOH, fAKI 3/aTHI
YTPUMYBATH BOTY.

Bucnosku.  BpaxoBywouu  pe3yslbTaTH  OMHCAHUX  JOCIIIKEHb
3ayBaKUMO, 1[0 PUCOBE 1 KYH)KYTHE OOPOIIIHO AOIILHO BUKOPUCTOBYBATH
B AKOCTI MOOABKM 0 KHCJIOMOJIOYHMX HAIIOIB JUIA IMIABHINEHHS 1X
OiomoriyHoi1 IIHHOCTI. Jlo/laBaHHS POCIWHHUX TOPOIIKIB y HEBEIUKIN
kimpkocTi (0,3 % pucoBoro a6o 2 % KyH)XYTHOTO OOpOIITHA) TO3BOJISE
OTpUMATH KHCIIOMOJIOYHI HAmoi 3 BUCOKHM BMICTOM OUIKIB Ta XapuyOBHUX
BOJIOKOH. TepMiH 30epiraHHs TaKuX HAMoOiB MEPEBUIIYE TEPMiH 30epiranHs
Kedipy 1 cTaHOBUTH 7 1i0.
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M. Samilyk, Xuanxuan Qin, N. Bolgova
Sumy National Agrarian University

EXPANDING THE RANGE OF FERROUS MILK DRINKS WITH INCREASED
BIOLOGICAL VALUE

Summary

Increasingly, consumers around the world prefer foods with a variety of functional
properties. These products include dairy products. In our country, the recommended
amount of their consumption is 500-750 ml per day. The composition of sour-milk drinks
includes almost all useful nutrients, except for dietary fiber. Although it is known that
dietary fiber has a positive effect on the functions of the gastrointestinal tract, it is a
breeding ground for beneficial microflora. Therefore, in our opinion, the issue of
developing fermented milk drinks enriched with herbal supplements containing a large
amount of dietary fiber is relevant. As additives, products of processing of vegetable raw
materials were proposed - sesame and rice flour. These products are waste products from
the production of vegetable oil and cereals. They are usually used as animal feed.
However, these processed products contain a large amount of proteins and dietary fiber.
The article analyzes the nutrient composition of sesame and rice flour. A technological
scheme for the manufacture of fermented milk drinks enriched with dietary fiber is
proposed. According to standard methods, some physical and chemical indicators of the
quality of fermented milk drinks (pH, acidity, mass fraction of fats, proteins, dietary
fibers) were studied. The results showed that the pH level in all samples remained within
the normal range for 14 days. With the addition of 0.3% rice flour, the level of acidity
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after fermentation was 7.42 °T below the standard, in the sample with sesame flour this
indicator corresponded to the norm for 7 days, and on the 14th day of the study it slightly
(by 3 °T) exceeded the norm . The supplemented samples had higher protein content
(4.3% in the sesame flour sample and 4.1% in the rice flour sample) and dietary fiber
(0.68% in the sesame flour sample and 0.5% in the rice flour sample) compared to control
sample. It has been established that the addition of 2% sesame flour and 0.3% rice flour
increases the shelf life of the fermented milk drink up to 7 days.

Key words: fermented milk drinks, derivatives of plant processing, rice flour,
sesame flour, dietary fiber.
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YJIbTPA3BYKOBI TEXHOJIOI'Ti Y XAPUOBIN
IMPOMMUCJIOBOCTI

Anomayis. llepepoOka XapyoBHX NPOAYKTIB BiAIrpa€e BUPIILIATIbHY
POJIb y BUPIIICHH] MPOOJIEM MPOAOBOJIBUOT O€3MEKH 32 PAXYHOK CKOPOUYEHHS
BTpaT Ta 3amo0OiraHHs MCYBaHHIO. YIBTPa3BYK — II€ HOBa NEPCIEKTHBHA
TEXHOJIOTISI Yy XapyoBiii NMPOMUCIOBOCTI, fKa MIABUIIY€E MBUIKICTh Ta
€(EeKTUBHICTh JEKUIBKOX MPOLECIB OJHOYACHO.

VYapTpa3BykoBa TEXHOJOTISI BHECJIA PEBOJIOLIID B  XapyoBY
IIPOMHUCIIOBICTD 3aBJISKH 11 LIMPOKOMY 3aCTOCYBAHHIO B PI3HHUX MpOLECaX, Ta
€ TapHOIO aJFTEPHATHBOIO B MOPIBHsHI 3 1HIIMMH. CaMe Taka TEXHOJIOT1A
Ma€e KiJbKa TIepeBar, TaKhX SK IIBUAKICTh TPOIECIB, MiABUIICHA
e(eKTUBHICTh MPOIIECY, OTPUMAHHS BUCOKOT IKOCT1 TPOIYKTY 1 30€pEIKECHHS
BJIACTUBOCTEMN MPOIYKTY (KOHCHUCTEHITI1, XapuoBOi  IIHHOCTI,
OpTraHOJIETITUYHUX BIIACTUBOCTEH ), 301IbIIICHHS TEPMIHY TIPUIATHOCTI.

VY ornamoBiii CTAaTTi y3arajJbHIOIOTHCA 3aCTOCYBAHHS YJIBTPA3BYKY B
KOHKPETHHX HaIpsMKaX XapdoBOi MPOMMCIIOBOCTI, TAKOX PO3TIAIAOTHCS
nepeBarut 1 HEAOJIKM  YJbTpPa3ByKoBOi  TexHojorii.  Oco0iauBo
OOIPYHTOBYEThCSl TOAAIBIINN PO3BUTOK 3aCTOCYBAHHS yJIBTPa3ByKy Ha
MPOMHCIIOBOMY PIBHI.

Kntouosi cnosa: ynbTpa3ByK, yabTpa3ByKoBa 00poOKa, TEXHOJOTTUHHMA
MpoIec,  XapyoBa  MPOMHUCIIOBICTH, (YHKIIIOHATBEHO-TEXHOJIOTTYH1
BJIACTUBOCTI.

Ilocmanoexa npooremu. Ha chOrojiHI B XapyoBid MPOMHUCIOBOCTI
3HAYHA POJIb BIABOJUTHCS HETPAIUIIMHUM Crioco0aM 0OpOOKU CHPOBHUHH,
Kl BHKOHYIOTh PI3HOMaHITHI (YHKI IO CHpUSIOTh I1HTEHCU(IKAIi
BUPOOHMIITBA, TMOKPAIIYIOTh (PYHKIIIOHAIBbHI BIIACTUBOCTI TPOJOBOJIBYOT
CUPOBHMHHM 1 OTPUMAHUX Ha ii OCHOBI Xap4YOBHX MPOAYKTIB, MOJAOBKYIOThH iX
TEpPMIH TMPHUAATHOCTI, JIO3BOJISIIOTH  BIIPOBAIKYyBAaTHU  pecypco- Ta
eHepro3oepiraroyi TexHoJsorii. Pi3Hi Tpaauiliiini MeToau oOpoOKH TaKl SIK:
KOHCEPBYBaHHS, CYIIIHHS, CMa)XCHHS, KOITYCHHS, COJIIHHS, MapUHYBaHHS,
3aMOYYBaHHS 1 T. 1., IK 1 paHille, IUPOKO 1 €PEKTUBHO BUKOPUCTOBYIOTHCS
J71s1 0OOpOOKM HETEPMI30BaHUX XapUOBUX MTPOIYKTIB.

© JI. M. Kpmxak
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OCHOBOMOJIO)KHUNA ~ MPHUHLIMIT ~ OUIBIIOCTI  TPAAUIIMHUX METOIIB
0OpoOKHM XapyoBUX MPOAYKTIB 3aCHOBAHWUN HA BHKOPHUCTAHHI TEIUIOBOI
OOpoOKM i 3MEHIICHHS PO3MHOXKEHHS Ta I1HrIOyBaHHSA NATOTCHHHUX
MIKpOOpPTaHi3MiB, IO MepefaroThcs uepe3 Xapuosi mpoxyktu [1]. s
MIPOBEJICHHSI TEPMIYHOI 0OpOOKH IMOTpiOHA BeIWKa KIJIBKICTh €HEprii, sika
3abe3reuye HU3bKY €(heKTUBHICTh BUPOOHUIITBA, 1 € OTEPAIII€IO sIKa BUMArae
BEJIMKUX 00CST1B 30BHIIIHIX PECYPCIB.

Icnye Ge3miu xap4oBHX MPOAYKTIB, IO 3arpoKyHOTh OaKTEepiaIbHOIO
a00 BIPYCHOIO I1HTOKCHUKAIII€IO, I SKUX OOpoOKa HarpiBaHHSAM €
HeOaxkaHor. Taki XapyoBl MPOAYKTH TPH TEPMIUHINA 0OpOOIl MOXKYTh
3a3HaBAaTU (PI3MYHUX, XIMIYHUX Ta MIKPOOIOJIOTIYHUX 3MIH, TaKUX SK
MoaM(QiKallisl CMaKy, KOJbOPY Ta KOHCHCTEHLIi. B pe3ynbrari 4oro €
notpeda B TOCIIHKEHHSIX Ta pO3pO0Kax sl MAKCUMAJIbHOTO BUKOPUCTAHHS
ICHYIOYMX TEXHOJIOT1IM Ta TOSBM I1HHOBAaUIMHUX 1 e(PEeKTHUBHUX
albTEPHATUBHUX TEXHOJOTI [2].

HoBl Meronu, BHKOpPHUCTOBYBaHI B XapyoBid IMPOMMCIOBOCTI,
BKJIFOYAIOTh OOPOOKY I/ BUCOKUM THCKOM, XOJIOJHY IUIa3My, IMITyJIbCHE
CJICKTPUYHE T0JIe, EKCTPAKIIIO PIAMHH, YIbTpadioIeTOBE ONMPOMIHEHHS Ta
yJIbTPa3BYK.

3BYKOBI XBWJII, 0 MEPEBUINYIOTh YYTHUN Jlama3oH 4YacToT, TOOTO
outbme 20 x['1, Ha3MBalOTHCS «ynbTpasBykom». Koiam akycTuuHi XBuWII
HOILIMPIOIOTECS YEpe3 CEepeJOBUILE, BOHM BUKIUKAIOTh CTUCKYBAHHA Ta
pO3piIKEHHS (IeKoMIipecii) y dacTkax cepenoBuiia. lle, y cBoro uepry,
BUPOOJIsi€ BEIUKY KIJIBKICTh €HEPTii uepe3 TypOYJEHTHICTh Ta 301IbIIEHHS
MacooOMiHy. B OCHOBI1 JI€XKHUTh MPUHLHUI BiIOOPaKEHHS Ta PO3CIFOBAHHS
3BYKOBHX XBHJIb, AHAJIOTIYHUX CBITIOBUM XBUJISIM.

VYapTpa3Byk — 1€ HOBAa MEPCHEKTUBHA TEXHOJIOTIS Yy XapyoBid
MPOMUCJIOBOCTI, SIKa MIJBUINYE MIBUAKICTh Ta €(EKTUBHICTh AEKLJIBKOX
TpOLECiB OJHOYACHO. MOro MoXKHA 3aCTOCOBYBATH Yy TIOEJHAHHI 3
TEeMIIepaTypolo (TepMOMeEXaHiuHa 00poOKa) Ta TUCKOM (YIIbTPa3BYKOBA) JJIs
OTPUMAHHS CHHEPreTHYHOro edeKTy, M0 Ie OUIbIIe IMiJBUIIYE HOTO
ehektuBHICT, [3, 4]. 3amexHO BiJg I1HTEHCHMBHOCTI Ta 4YacTOTH,
YJIBTPA3BYKOBI XBUJIl III0 BUKOPUCTOBYIOTHCS Y XapyOBil MPOMUCIOBOCTI,
MOKHa PO3AUTUTH Ha JB1 KaTeropii: yJIbTpa3ByK HH3bKOI Ta BHCOKOI
IHTEHCHUBHOCTI.

VYapTpa3ByKoBI XBUJII HHU3BKOI IHTEHCHMBHOCTI a00 BHMCOKOi YacTOTH
TaKOXX OMHUCYIOTHCS SIK JIarHOCTUYHI XBHWJII Ta MAlOTh XapaKTEPHY YacTOTY
morax 100 x['11 Ta iHTeHCHBHICTH HWX4Ye | BT/cM?. BIJIMB TakuX XBWIIb
MOXe OyTH BUKOPUCTAHO [JIsl OLIHKK CTPYKTYpH ((popMu Ta pO3MIpiB)
XapyoBOTO MPOJYKTY, BUBHAUEHHS CKJIaly CBI)KOCTI XapyOBUX MPOAYKTIB,
TaKUX K M'SICHUX Ta pUOHUX.

[TpuHiun poOOTH HHU3BKO E€HEPreTUYHOrO YJbTPA3BYKYy IOJIATAE B
TOMY, 110 BiH €()EeKTHUBHO BHUKOPHCTOBYE B3a€EMOJIII0 MK PEUOBHHOIO Ta
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BUCOKOYAaCTOTHHUMH 3BYKOBUMH XBWJISIMA JUJII OTPUMAaHHS JI€TaIbHOI
iH(bOpMaIIil TIPO CTPYKTYPY, PO3MIPH Ta CKJIa] MPOIYKTY, yepe3 KW BiH
MOTITAPIOETHCS.

VY IbTpa3ByKOBI XBWJII BHCOKOi IHTEHCHBHOCTI Ta HH3BKOI YaCTOTH
XapaKTepU3yIOThCS PyHHIBHOIO JTI€10 1, TAKUM YHHOM, 3HAYHO BIUITMBAIOTH Ha
¢bi3uyH1, O0l0XIMIYHI Ta MeXaHIYHI BJIACTMBOCTI XapyOBHX IPOAYKTIB Ha
BiIMiHY BiJl YJIbTpa3ByKy MaJioi MIOTYKHOCTI. IXHs 4acTOTa KOMMBAETHCSA Bijl
20 mo 100 xI'11, a IHTEHCUBHICTH 3HAXOIMUTLCA B Alamna3oHi Big 10 go 1000
Br/cm?. 1le Mae HmIMpOKE 3aCTOCYBaHHS B €MYJILI'YBaHHI, PEryJIOBaHHI
MIKPOCTPYKTYpH Ta MoAu]iKkallii TEKCTYPHUX BIACTUBOCTEHN >KUPOBMICHUX
NPOJYKTIB, KpUCTadi3alii Ta (PYHKIIOHAIBHUX BJIACTUBOCTEN XapyOBUX
OUIK1B. BiH TakoX Mae Ba)KJIMBE 3aCTOCYBAaHHS B YHUCIEHHUX MOOAMHOKHUX
oTIepallisx: 3aMOPOKyBaHHSI, CYIIHHS, KOHIICHTPYBaHHS, PO3MOPOKYBaHHS
[5, 6].

Tomy, niTepaTypHHil OIS IPUCBAYEHUIN 3aCTOCYBAHHIO YIIbTPa3BYKY
B XapyoBli MPOMUCIOBOCTI JJIsi 0OpOOKH XapyOBUX MPOAYKTIB 3 METOIO
MOKpAaIIeHHs! (PYHKIIOHAIBHO-TEXHOJOTIYHUX BJIACTUBOCTEH, MOB'SI3aHO1 3
MOJAJIBIIUMHU TEPCIIEKTUBAMHU KOMeplializallii. ¥Y3arajabHIOIThCS Pi3HI
3aCTOCYBaHHs YJIbTPAa3BYKy B PpI3HUX TEXHOJOTIYHUX Tpolecax Ta
KOHKPETHUX HampsMKax Xap4yoBOi MPOMUCIOBOCTI (M'sICOMOJIOYHOT,
TJI0IO0BOYEBO1, TOIIO), BUSIBJICHHS IEpeBar Ta HEJIOJIKIB TEXHOJIOTI.

Ananiz ocmarntix oocniodxcens. JI0CHiKEHHS BIUIMBY YIbTPa3BYKy Ha
010TE€XHOJIOT14HI CUCTEMH XapuoBOi MPOMHUCIIOBOCTI BiI0OpakeHi B poOoTax
O0aratboX BITUM3HSHUX 1 3apyOixkHuX BueHux: ik Kuenm P., ®miun I,
PozenbGepr JI. JI., Ilepnik O. [., Poit M. O., Exnamiocsuu O. K.,
Cipotiok M. I'.,; Tlpuxonpko M. A., HoBuupkuit b. I'., Kpatum I'. C.,
Arpanar b. A., bamkipos B. 1., Philipp A., Lauterborn W., Lindau O.,
Mettin R., Luther S., Koch P., Lang R, Shirley C. Tsai, Luu P., Childs P.,
Chen S. Tsai Ta iH.

ABTOpM HaBeJEHMX IMyONiKalii JOBEJIM HACTymHE: B  IOJi
YIBTPA3BYKOBUX XBWJIb PO3MOJIII YACTOUOK 3a PO3MIpaMHU 3aJICKHUTh Bi
BUKOPUCTAaHHS aKyCTUYHHX MapaMeTPiB YIbTPa3BYKOBOi OOPOOKH (4acTOTH,
MUTOMOI €HEpTii, TPUBAIIOCTI OOPOOKH).

Dopmysanns yinei cmammi (nocmanoska 3agoarnts). B poboti O6ymo
BUBYCHO CBITOBH JIOCB1JI Ta HAYKOBI pe3yJbTaTU JIOCHIKEHb MPOBITHUX
HAYKOBIIIB 10 BUKOPUCTAHHIO YJIBTPa3BYyKy B XapuoBii POMHUCIIOBOCTI.

Ocnosna  uacmuna.  YnabTpa3Byk  (¥Y3)  1OoCHTh  HIUPOKO
BUKOPHCTOBYEThCSI B XapyoBiii MpPOMHCIOBOCTI. BcTaHoBieHo, 110
yJIBTPa3BYKOBI KOJIMBAHHS 3]aTHI 3MIHIOBATH arperaTHUN CTaH PEUYOBHUHH,
JTUCIIEPTryBaT, €MYyJbI'yBaTH MOro, 3MIHIOBaTH WIBUAKICTh AUQY3Ii,
KpucTamizamii 1  PO3YMHEHHsS  PEYOBWH, AaKTUBI3yBaTH  PeaAKIIii,
iHTeHCcH(1KYyBaTH TEXHOJIOT14HI mporiecu. BrumB Y3 konuBaHb Ha (Pi3UKO-
XIMIYHI TIPOIIECH B Xap4OBiil IPOMHUCIIOBOCTI J1a€ MOXKJIUBICTh T1ABUIIUTH
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NPOAYKTUBHICTh TMpalli, CKOPOTUTH EHEPrOBUTPATH, MOKPAIIUTH SKICTh
TOTOBOI MPOAYKIIii, MPOJOBXKUTH TEPMIHU 30€pIraHHs, a TaKOXX CTBOPHUTHU
HOBI MPOIYKTHU 3 HOBUMH CIIO)KMBUKMMH BJIACTUBOCTSIMHU.

3acmocyeannsa ynempaseyky y xapuositi npomuciosocmi. Ha ocHOBI
MPOBEICHUX HAYKOBHUX JOCHIJKEHb OYyJIO BIJIMIYEHO, IO 3aCTOCYBaHHS
yIBTPa3BYKOBOI 0OpOOKH € e(DEKTUBHUM MpuU OOpoOIll CHPOBHUHU IS
BUPOOHUIITBA PI3HUX XapUOBUX MPOAYKTIB (TabauIs 1).

M’saconepepobrna npomucnogicms. BHUKOpPUCTaHHS yIbTPa3BYKy B
M’SICHIA TIPOMUCIIOBOCTI PO3MOYAIIOCS 3 OI[IHKM CUPOBUHU BEJIMKOT POraToi
xyno6u mpudau3Ho e y 1950-x pokax. YibTpa3ByK HU3bKOi IHTEHCUBHOCTI
3a3BUYall  BUKOPUCTOBYETHCS JUISI  TMOKPAIIEHHS  OPraHOJETUYHHUX
MMOKAa3HHUKIB TaKHX SK CMaK, HDKHICTh Ta SKICTh, SKI BaXKJIWUBI IS
JOCSITHEHHSI TMPUUHATHOCTI JUIsl cHokuBaya. HemaBHI  TOCHIIKEHHS
BKa3ylOTh ~Ha  TEPCIEKTUBHE  3aCTOCYBaHHS  BHCOKOIHTEHCHBHOTO
yIbTPa3BYKy Ha CBLKOMY M'scCl [7], B OCHOBHOMY ISl PO3M'AKIIECHHS [8],
3acoJitoBaHHs M'sica [9], mpurotyBanHs ki [10], 3aMopoxxyBanHs [11] Ta
iHrioOyBanus Oaktepiit [12]. OcrtaHHl HOCHIIKEHHS, CHPSMOBaHI Ha
MOSICHEHHSI BIUTMBY Ha M'SICH1 ITPOJTyKTH 3aCTOCYBAHHS BUCOKOIHTEHCUBHOTO
yJIbTPa3BYKY, 30CEPEIKEHI Ha M's13aX BEJIMKOI poraroi Xya00H, epeBaxHO
Ha HaIMBCYXOKUWJIbHHX 1 HalmoBImMX M'si3ax [13].

[IpoBeneHi qOCIiIKEHHS 30CEPEKEH] MEPEBAKHO HA MIKPOCKOIIIYHUX
3MiHax, 3MIHaX JWHAMIKH COJi, BOJAW Ta TEKCTYpH M'SCHOI TKaHWHH, Ha
3aCTOCYBaHHI BHUCOKOIHTEHCHUBHOTO YJbTpa3ByKy. Kpim Toro, okucHa
CTaOUIbHICTh, OPTraHOJIENTHYHI XapaKTEPUCTHUKU Ta KOJIP € BaKIMBUMHU
XapakTEepUCTHUKaMU M'sica, Ha 5Kl BIUIMBA€ YJIbTPa3BYK. ICHye 4yoBUI
e eKT yIbTpa3ByKy Ha HIKHICTh Ta BOJIHY JIMHAMIKY TKaHUHU [ 14].

Byrno npoaHanizoBaHo BIUIUB yJbTpa3ByKy Ha pH Ta BinmiueHo, mo pH
M'sca MOXke 30UIbIIYyBaTHCS TOPIBHSHO 3 BHUXIJHUM 3HAYEHHSIM 10
IIOCMEPTHOrO 3amybnenns mpu o6poOui yasrpasBykom (10 Br/em?, 2,6
MI'n). Ile moxxe OyTu MOB'si3aHE 3 BHUBIILHEGHHSIM 10HA B LUTOILIA3My 3
KJIIITAH a0o0 31 3MIHAMU B CTPYKTYpl OlKa, 110 MPU3BOJIUTH 0 Bapialliil y
po3TanryBaHHI 10HHUX (QYHKIIA, 10 MPU3BOAUTHL 10 3MiHM pH M's3iB.
YapTpa3Byk CIipusie MABUIICHHIO HIXKHOCTI M'sica Ta CKOPOUYEHHS TIepioLy
J03piBaHHSA, HE BIUIMBAIOYM HA I1HINI mMapamerpu sikocti [23, 24]. Lle
MOB'A3aHO 3 PO3PUBOM MiO(IOpUIISIPHOT CTPYKTYpHU O1IKa, parMeHTaIII€0
MaKpOMOJIEKYJl KOJIareHy, Mirpamiero Oilka Ta 1H., L0 TNPUCKOPIOE
MPOTEO0II3, Ta CYNPOBOIKYETHCS MOCUIICHHSAM Jerpajanii TponoHiny-T Ta
JIECMIHY TIPU YJIbTPa3BYKOBINA 00po0O1Ii m'sica [25].

KaBiTamiss reHepye ynapHi XBWIl, 00 YUIKOJKYIOTb M'SI30BY
CTPYKTYpPY. YJIbTpPa3ByK BHMCOKOI 1HTEHCHBHOCTI 30UIbIIIy€ TOTJIIMHAHHS
Bogu Ta NaCl y B’smenomy M'saci. [IpocTip MiXk BOJOKHAMH MPSMO
MPONOPILINHUN IHTEHCUBHOCTI YJbTPa3BYKy, a BHCOKI KOHIIEHTpaIlli coJii
TICHO TIOB'sA13aH1 3 po3puBOM Miodi0pu [26].
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Tabnuys 1
3acTocyBaHHS yIbTPa3BYKY Y XapyoBiil MPOMHUCIOBOCTI
Kareropis Hponyicrn [lepeBaru Jlxepeno
XapyyBaHHs
M’sconepepobna | M'sico kypku, | [lizcuintoe HIXKHICTD; [12, 14]
IIPOMUCIIOBICTh | KPOJIMKA, 301JIBIIICHHS
SUIOBUYUHA, | BOJOYTPUMYIOUOI
CBHUHUHA, 31IaTHOCTI; TOJIIMIIIY€
KOJTIp;
niaBuiieHHs pH ta
AHTUMIKPOOHUI eeKT;
3MEHIIIY€E TePi0J]
CTapiHHA
[TmonooBoueBa | CBixki Ta 3HUKEHHS MIKpOOHOTO [15, 17]
IPOMHUCIIOBICTh | MIHIMAJIbHO | 3a0pYHEHHS; 3MiHA
00poOeHi KOJIbOPY; 1HAKTUBAITIS
bpyKTH 1 (dbepMeHTIB; MOKpalrye
OBOUI, COKH, | IPOIIEC CYIIIHHS; OI[IHKA
Iope, CTYTICHSI YACTOTH 1 SIKOCT1
padinoBana | omii
oJIis
[Tepepobxka Bopomnsine | OriHka sSIKOCTI TicTa i [17, 18]
3epHa TICTO, orapu: KOHCUCTEHLIS 1
XJ11000YJI0UHI | pE€0JIOTisl, IIUIBHICTB,
BUPOOU 00’eM; MiABUIILY€E
CTIHKICTb, TTIOKPAIIy€
CTPYKTYpY, KOJIip,
CEHCOpHI Ta Bi3yaJlbHI
aCIeKTH
Monouna Moioko, MikpoOHa iHaKTHBAITiS; [19, 20]
MIPOMHUCIIOBICTh | HOTYpT, CUP, | TOMOTEHI3allis;
MOPO3HUBO 3MCHIIICHHSI JKHPOBUX
HIApUKIB; MOKPALICHHS
OpTraHOJICTITUYHUX
MOKA3HUKIB Ta SIKOCTI
MIPOIYKTY, CKOPOUYE
TEpPMiH J03piBaHHS CUPIB
OmiexupoBa | Maiionesu, 301IbIIIEHHS 1IHIEKCY [21,22]
MIPOMHUCIIOBICTD | 3allpaBKH, CTabUIbHOCTI, 00’ €M
KpEMH, eMYJIbCil, 1HIEKC
eMYJIbCT aKTUBHOCTI eMYJIbCIT

MapuHanu ajist M'sica CKIaAaroThCs 13 CoJied y IBOX (opmax, TOOTO
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BOJIOTIM Ta cyxidi. Byjno momideHo, 10 1HTEHCUBHICTH YJIBTPa3BYKY, IO
3aCTOCOBYETHCSI, BU3HAYA€ HOTO BIUIMB HAa CBUHHUHY 1]l 4aC MApUHYBAHHS.
VYnbpTpa3Byk NOpPU3BOJIUTH 10 YTBOPEHHS OynbOaliok, MOTPAIUISioud y
TKaHWHH, 110 MPU3BOAUTH 0 MIKPOIH €KIIIM PO3UMHY PO3COTY Y MPOIYKT.
[luM TMOSCHIOETBCS 30UIBIIEHHS BMICTY COJIi 'y M'sici, oOpoOiieHOMY
yIbTpPa3ByKoM [27].

VYaeTpazBykoBa 00poOKa crpusie aHTUMIKPOOHOMY €(heKTy, a TaKOK
30UIBIIIY€E TEpMiH 30epiraHHsl M SICHUX MPOJYKTIB 3a pPaxyHOK KaBiTallii B
piIKuX cepeaoBuiax [26]. AHTUMIKpOOHUN €(PEeKT TaKOX 3aJeKHUTh Bl
yacy KOHTAKTy 3 MIKpOOpraHi3MaMu, BUJIy MIKPOOPTaHi3MiB, KIJTBKOCTI 1XKi
Ta ii CKJIaay, TeMIeparypu 0OpoOKH.

V3 Takok 3HaXOUTh CBOE 3aCTOCYBaHHS MPU 3aMOPOKYBAaHHI M'SICHUX
INPOJYKTIB, JI€ BIH MOX€ BHUKJIMKATH I1HAYKIIIO YTBOPEHHS 3apOJKIB
KpUCTaJIIB PU NIABUIIEHUX TEMIIEpaTypax mij yac npoiecy. Lle Moxe Oytu
BUKOPHUCTAHE JUIsl KOHTPOJIO PO3MOJAUTY KPUCTANIB JbOIY, X pO3MIpY, a
TaKO0’K BUMOT 4aCy y 3aMOpOKEHUX npoaykrax [11].

VYbTpa3ByK MOKE BHUKIMKATH (PparMEeHTalil0 KpHUCTAIIB JIbOY,
30UTBITYIOYH KIJIBKICTD SJI€p 1 3MEHIITYI0YH PO3MIp KPUCTAJIIB.

IInoooosouesa npomucnogicme. CBIXI QPPyKTH Ta OBOYI CXHWJIBHI JO
NPUCKOPEHOI TICYyBaHHS, 1 MIATPUMAHHS iX SKOCTI B  Xap4yoBii
IPOMUCIIOBOCTI € JAyXe€ CKJIaJHUM 3aBIaHHIM. YJbTPa3BYK BBaXKa€TbCA
HOBOIO TEXHOJIOTI€I0 Y 3HWKEHH1 PI1BHS 10 30MpalbHUX Ta MICIs 30UpaTbHuX
BTpaT. YIbTPa3BYKOBI1 JaHl y (pyKTax 1 oBoUax IHTEPIPETYBATH CKIIATHO,
TOMY IO HasBHI B HUX IMOPHU Ta MOPOKHEUYI BUKIMKAIOTh PO3CIIOBAHHS
yIbTPa3BYKy 1, TAKAM YHWHOM, HaJalOTh HAa HUX MNOCIA0IIOIOYUN €(EeKT.
JlociiKeHHs TOKa3yI0Th, 110 Ha TBEPAICTh CBIKUX (PPYKTIB Ta OBOUIB MOXKE
BIJIMBATH 3aCTOCYBAHHS YJIbTPA3BYKY, IHTEHCHUBHICTb SIKOTO BaplIOETHCS.
KpiMm Toro, B AesKUX BHUIIQJKaX CHOCTEpIrajucs 3MIHU 3a0apBIEHHS, SKI
MOHa MOSICHUTH HMOBIPHOIO 1HAKTUBALI €O (bepmeHTIB
dbenonmnepokcuasu i noxidenomokcuaasu. i ¢pepmeHTr BiaMoBiTaIbHI 3a
3MIHY KOJIbOPY 3aMOPOKEHUX Ta TEPMIYHO HEOOPOOJIIEHUX OBOUIB, a TAKOXK
3a peaKiii MOTeMHIHHS.

OOpoOKa ynbTpa3ByKOM TaKOX Ma€ MPOTHUMIKPOOHY Mdit0, sIka MOXe
OyTu TIOB's3aHa 3 YTBOPECHHSIM BIUIBHUX paJMKaIB Ta Kapitamiero [28],
(b13UKO-XIMIYHI 3MIHU TIOB'S3aH1 3 JO3PIBAaHHAM 1 3pOCTAHHSM, 30MpPaHHIM
ypoxaro Ta TepMiHOM 30epiranHs. KpiM Toro, sk 4ac 30upaHHs BpPOKaro Ta
TEPMiIH MPUAATHOCTI MOXHA MOOIYHO OILIIHUTH, MOB'SI3aBIIHM PE3YJIbTATH
(b1310JI0TIYHUX BUMIPIOBaHb, TAKUX SIK B1JICOTKOBE CHIBBIJIHOUIEHHS CYyXOi
PEYOBHUHHM, IIIIBHICT, 3arajbHa KUIbKICTh PO3YMHHUX TBEPIUX PEUOBHH,
OOpPOIIHUCTICTh, KUCIIOTHICTh, BMICT OJIii 3 BUKOPUCTAHHSM YJIbTPA3BYKY.

B 1iHmMX AOCHIDKEHHSX BMICT IYKPY Ta 3pUIICTh IUIOMIB CIIMBHU
OLIIHIOBAJIM NUIAXOM BHUMIPIOBAHHSI 3racaHHsl YJbTPa3BYKy B TKaHWHaX
IUTOAIB, MOB'A3aHOTO 3 TBEPAICTIO cluBHU [29]. B s3KicTh Ta BMICT LIyKpYy Y
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BIJIHOBJICHOMY alleJJbCHHOBOMY COKY BHMIPIOBAJM 33 JONOMOIOIO
O€3KOHTAKTHOTO yJIbTPa3ByKOBOTO MPOIIECY, SIKUH MpaltoBaB abo B pexuMi
HACKpI3HOI'O MPOMYCKaHHs, a00 B peKUMIi €X0-1MITyJbCy [15].

AKyCTHYHA €Hepris TaKoXX 3HAYHO JIOTIOMarae y BHJIYYE€HHI 3aJIHMIIKIB
MEeCTULIM/IIB 3aBJSKM CBOIM XIMIYHMM Ta (pizmuHuM edektam. Lleit meTon
OuuIlleHHS €(EeKTUBHUM 11 CBDKUX (PYKTIB 1 OBOYIB, TaK SK BHUMarae
MEHIIIE 4Yacy, 30epirae KoJip 1 MOXKUBHI PEYOBHHH, 30epirae TEKCTypy 1
Oe3MeUHMit 111 BUKOPUCTAaHHS B Xap4uoBiil mpomMuciioBocTi [30].

Xnibobynouni ma makapouui eupodbu. IcHye 0e3mid MPOAYKTIB Ha
OCHOBI 3JIaKOBHX, 1€ TICYMBO, CyX1 CHIJJAaHKH Ta OATOHYUKH, XJ11000yI0UHI
BUPOOH, y TOMY YHUCII XJI10 KU € OCHOBHUM NpoayKkToM. Pocc Ta 1H. [31],
MPOJIEMOHCTPYBAJIM TICHUM B3a€EMO3B'A30K MK PEOJIOTIE€I0, 3racaHHsIM 1
MIBUJKICTIO yIbTpa3ByKy. Lle Oymo 3po0ieHo mIIsiXoM BUBUYEHHS CTYTICHS
3MIIIyBaHHS TPbOX BHJIB TicTa 3 OOpOILIHA 3 BUKOPUCTAHHAM 3BUYANHOT
PEOJIOTIi Ta YIbTPa3ByKOBUX METOAIB, IO 3a0€3MEUMIIO JOKa3 3aCTOCYBaHHS
YIBTPa3BYKY JUIsl KOHTPOJIIO SIKOCTI TicTa. B 1HIIOMY JOCITIIKEHH] TOKa3aHO
3aCTOCYBaHHS YJbTPA3BYKY JJISl XapaKTEPUCTUKHU (Pa3u OpoIiHHS Tij yac
BUMiKkaHHA Ximiba [32-33].

JIist  OIIHKM TEKCTYPHHUX BJIACTHUBOCTEHM XJ1100OYJIOUYHUX BHPOOIB
HiAXOAUTh HU3bKOYACTOTHUH MpoleC MPSIMOTO YJIbTPAa3ByKOBOIO BUMIpY,
KWW € HePYWHIBHUM Ta IIBUIKUM. YIIBTPa3BYK TaKOXk MOKE IMOKPAITUTH
TBEPIICTh TiCTa, KOHCUCTEHIIIIO X110a Ta oro koJip. L{e Takox mpu3BoauTh
0 YyJOBOI SKOCTI MPOAYKTIB 3 BIAMIHHUMH Bi3yaJbHUMH Ta
OpPraHoJICNTUYHUMU BJIACTUBOCTIMU [34].

YKpaiHCPKUMH ~ HAYKOBISIMA ~ JIOCHIJDKEHO TPOIeC TpPecyBaHHS
MaKapoOHHUX BHMpPOOIB B TOJII yIbTpa3Byky. Ha oOCHOBI mnpoBeaeHuX
JOCTIPKeHb BCTAHOBJICHO TIO3WTHBHMI BIUTUB YIbTPa3ByKy Ha THUCK 1
HIBUKICTh IPECYBAHHS MAaKapOHHOT'O TICTa PI13HOI BOJIOTOCTI, IM1/IBUILIEHHS
MILIHOCTI MaKapOHHUX BUPOOIB, 3aIIPOIIOHOBAHO MEXAHI3M 3aCTOCYBaHHS
yJIBTPA3BYKOBOTO BIUIMBY JJIS TIIJIBUILIEHHS IIUIBHOCTI 1 IKOCT1 MaKapOHHUX
BUpOOIB. 3acTOCYBaHHS YIbTPa3ByKy 3 ammuntygor A=3010,5 mxwm, 3a
tucky 610,5 MIla 1 3a TeMmmepaTypu NpeCyBaHHS MAaKapOHHOI'O TicTa
45+2°C cnpusie TMIBUILICHHIO aAre31iHOI MIITHOCTI MaKapOHHOTO TiCTa Ta
MIJBUIIEHHIO  IIBUAKOCTI  MPECyBaHHA, a  OTXKE  30UIBIICHHIO
OPOAYKTHBHOCTI  Tpeca.  AHai30M  eKCIEePUMEHTaIbHUX  JaHUX
BCTaHOBJICHO, 110 BUKOPUCTAHHS YIBTPA3BYKy i1CTOTHO 3MEHIIY€E THUCK TIPU
dbopMyBaHH1 B’SI3KO-TIJACTUYHUX MarepiaiiB, MIABUILYE MPOIYKTUBHICTb
oOJnaiHaHHS, MOKPAIY€E SIKICTh BUPOOIB 1 3HWKY€E BUTpATU eHeprii [35].

[IpoBeneHHsT  JTOJATKOBUX  JIOCHIDKEHb  IMOJA0  iaeHTUdikarii
TEXHOJIOTIYHUX  MPOLIECIB  MPUTOTYBaHHA  TicTa 3  JIIKYBaJIbHO-
npoPUIAKTUYHUMH ~ IHTPENIEHTaMH Ta M SCHHUMH  JOJaTKaMu B
TEXHOJOTTYHOMY KaBITAI[IfHOMY TOJI1 yJIbTPa3ByKOBUX KOJUBAaHb HU3BKOI 1
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BHCOKOI YacCTOTH. YJbTPa3BYKOBI KOJHMBAHHS, yTBOPIOIOYM KaBITaIllHO-
aucnepryounii eexT, 3a0e3MneuyoTh PIBHOMIPHUN PO3MOIIT BOJOTH MiX
YaCTMHKaMH OOpOIIIHA, OLIBII MIBUAKE 3BOJIOKCHHS YaCTUHOK JAMCIIEPCHOT
¢da3u — yTBOPIOETHCS PO3CIA0IEHHS KICHKOBHHH, ITI0 BUKJIMKAE aAre31HHUIMA
Ta KOre3iiHui eekTr OOpOIIIHa 3 YACTUHKAMU M’ SICHUX MPOYKTIB.

[lepeminyBaHHSI JUCHIEPrOBaHUX YACTHHOK M’sica 3 YaCTUHKaMU
OopoliHa M €0 yIbTPA3BYKOBUX KOJIMBaHb MPU3BOAUTH 10 YTBOPEHHS
OJIHOPIJTHOTO TeTEPOTCHHOr0 CepefoBHUINA. Y TIpoIeci KaBITaIiitHOTO
JTUCIIEPTYBaHHS YaCTUHOK OOPOIIIHA 1 M’ ICHUX YaCTUHOK B MOTY>KHOMY IOJI
yJIBTPa3BYKOBUX XBWJIb 3 4ACTOTOO 22 K[ 11 BOJIOTa 3 pO3UMHEHUMU O17IKaMU,
IYKPOM, 1HIIMMH IHTpEJI€EHTaMU OyIyTh YTBOPIOBATH HA MOBEPXHI TOHKY
IUTIBKY, SKa MMOKpAIIy€e HE JIWIIE 30BHIIIHIN BUJT BUPOOIB, aje i MO3UTUBHO
BILJIMBA€ HA TEPMIHU 30€pEKEHHSI IHHOBAIIITHOT MpoAyKIii [36].

VYpTpa3Byk TakOX MOXHA BHUKOPHUCTOBYBATH  JIJII  OIIHKH
BJIACTUBOCTEN PIAKOro TicTa (B'3KICTh, PEOJIOTISl, IIUIBHICTH), Ta
BJIACTUBOCTEN KOHAUTEPCHKOrO BUPOOY (TaKUX SIK CHUMETpis, BHCOTA,
HIUTBHICTh, 1HAEKC 00cATy), $KI MOXXHa BUKOPUCTOBYBaTH B TaKuX
MPOJyKTax, K Baduil, MOHYUKH, MIUHII Ta Kekcu [37]. Ilpu moganbmimx
yJIBTPAa3BYKOBUX BHMIpax OyJI0O BCTAHOBJICHO CYTTEBI 3aJIEKHOCTI MIXK
KOHCHCTEHIIIEIO TICTa Ta aKYCTHYHHUM IMITCTAHCOM.

Monouna npomucnosicme. YAbTpa3ByK — i€ €(pEKTUBHA TEXHOJOTI,
sgKa JI03BOJISIE YTPUMYBATH TOXKHMBHI PEYOBUHH, IO MPHU3BOIUTH [0
30UIBIICHHS TEPMIHY TMPUIATHOCTI Ta TIJIBHUINCHHS SKOCTI MOJOYHHX
NPOAYKTIB. Y MOJOYHINA MPOMHCIOBOCTI 1€ OyJ0 KOPUCHO JJIsi MIKpOOHOL
1HaKkTUBaIlll. BHYTpIIHbOKIITUHHA KaBITAIlll BUKIMUKAE TOIIKOIKEHHS
KJIITUHHOI MeMOpaHu MiIKPOOPTaHi3MiB, YTBOPEHHS BUIBHUX pauKaJliB Ta
nomko keHHs JJTHK [20].

VYapTpa3Byk  BHCOKOI  IHTEHCHMBHOCTI  3[aTHMM  MIJABUILYBaTH
KUTTE3AATHICTD MPOOIOTUYHUX IITAMIB JUIsl 3aKBAITyBaJIbHUX KYJIBTYp, IO
BUKOPUCTOBYIOTHCS Y BUPOOHMIITBI KUCJIOMOJIOYHUX HAIOIB Ta MPOAYKTIB.
Bin 3maTHUN TPUCKOPIOBATH TIAPOJI3 JIAKTO3M 332 PAaXyHOK BUBUILHCHHS
dbepMeHTy, JaKTa3u Ta CTHUMYJIALID BUPOOJICHHS KHUCIOTH, TUM CaMHM
CKOpouyro4un dYac ¢epMeHTallli. YiabTpa3BykoBa 0O0poOKa IiBUIIYE
OpPraHOJIENITUYHI BJIACTHUBOCTI KHCJIOMOJIOYHHUX TWPOAYKTIB MOpsA 31X
MOKUBHUMU SIKOCTSAMH 32 PaXyHOK 3017IbIICHHS 010aKTUBHUX MENTHIIIB Ta
OJIITOCaxapuIiB, 3HWKEHHS BMICTY JlakTo3u [38].

V3 TakoX BUKJIUKAE CKOPOUYEHHS Yacy, HEOOX1THOTO JJis JO3piBaHHS
CUPY, 32 paxyHOK BHUBUIbHEHHS BHYTPIIIHBOKIITUHHUX (DEpMEHTIB,
NPUCKOPCHHS  PYWHYBAaHHS  OLIKOBOI CTPYKTYpH Ta  TIOKpPAIICHHS
TEKCTYPHUX,  OPraHOJICNITHYHHUX  BJACTUBOCTEH  Ta  IOXHUBHUX
XapakTepucTuk [39].

Bysno nomideHo, 110 3acTOCYyBaHHSI BUCOKOIHTEHCUBHOTO YJIbTPa3BYKY
3MEHIIY€E PO3MIp KUPOBUX KYJIbOK MPH BUPOOHMUIITBI HOTYPTY, OKpAIILy€e
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B'A3KICTh, 3MEHIIY€E CHHEPE3UC, 301JIbIIY€E MILHICTh Telll0 Ta MPUCKOPIOE
(depmenTanito. BiH Takox cpusie MIHOMY 1 CTa01IIbHOMY YTBOPEHHIO TEIT0
3a paxXyHOK JICHaTyparlii OUTKIB MOJIOYHOT CHPOBATKH, MTOALTY MIIleN Ka3eiHy
Ta pekoMOiHaiii OiTKoBOI (pakiii s OTpUMaHHA OUIBII MIUIBHOT
KOHcHCTeHIIIT Horypry [19].

Oniedxcuposa npomucnosicms. EMynbCii Ta XKupU, Taki sSIK MailoHe3,
3aMpaBKH, BEPUIKH TOIIO, MOXKHA 0XapaKTEPU3YyBATH YIbTPa3ByYKOM HU3BKOI
IHTEHCUBHOCTI. YJIbTPa3BYK HHU3bKOi 1HTEHCHUBHOCTI [II€ SIK MOTY>KHHUNA
aHAJTITUYHUNA METOJ JJIsd OIIHKM XIMIYHUX Ta (PI3MUYHHMX BIIACTUBOCTEH,
TaKHUX SIK BMICT TBEPJIOTO KUPY, BMICT OJIii, TBEPICTh, KpUCTAII3aIlisl, CKJIa]
oJiii Ta kpuctamizaiis [21, 40].

VYapTpa3Byk € €(peKTUBHOIO aJlbTEPHATUBOIO IMIJIBUIICHHS 3JaTHOCTI
eMyibryBaHHsa. B jaHuii 4yac 3acTOCyBaHHS YJIBTPa3BYKYy € I[IKaBOIO
aIbTEPHATUBOIO VISl MOJIMIIEHHS! €MYJIbIYI04O0i 31aTHOCTI. EropoBa Ta iH.
[41], npunycTuim, 10 1HAEKCU aKTUBHOCTI, CTa0UTBHOCTI Ta PO3YMHHICTD
eMYJIbI'YBaHHS 30UIBIIYIOTHCS MICJsI OOPOOKHU yIBTPa3BYKOM.

TakuM YWHOM, TIPEACTABIAIOYM  YIABTPA3BYK SK  IHCTPYMEHT
MOKpaIIeHHs! TEeXHO(QYHKIIIOHATFHUX BJIACTHUBOCTEM OLIKIB TOPOXy. 3
1HImoro 0oky, [42] mnpuUNyCTWIM, 10 €eMyJblyloua aKTHUBHICTH 1
MHOYTBOPIOOYA 37IaTHICTh MiABUIIYIOTHCS, MPOTE MIBHUAKICTH aJCOPOIi
3HIDKYETHCS Yepe3 30UTbIIEHHS PO3MIPY YaCTUHOK, 1[0 HETAaTUBHO BILUIMBAE
Ha eMYJIbI'YI04y aKTUBHICTh. AnbOano 1 Hikonerti [43] moBigommiu, 1o
eMYJIbCisl TIPYMYHOI OJIli, MPUTOTOBJIEHA 3a JOTMOMOIOK0 YIBTPA3BYKY,
MoKa3ajla MOCTIMHY CTaOUIbHICTh B YMOBaX HABKOJIMIIHBOTO CEpPEIOBUIIA
HaBITh MICs Mepioay 30epiranHs 3 micsiiB 06e3 Oyb-IKO1 MOMITHOT 3MIHU
noainy (pakmiid. HalimeHmuit po3Mmip Kpamenb Ta Ouibina cTablIbHICT
emyJibcli crioctepiranucs npu ammnityai 40 % npoTu kpemariii HOpIBHSHO 3
€MYJIbCISIMU, PUTOTOBAHUMH NpH aMIuTiTy 11 20% Ta 30%.

[Ipu 3actocyBaHH1 yiabTpa3ByKy yactotoro 20 kl'm 1 motyxHicTio 80
Br/cm? [21] MOBiZOMIISIOCS PO 3MiHY MOKa3HUKA €MYJIBIYFOUY0i aKTHBHOCTI
Ta TMIJBUIIEHHS MOKa3HUKa CTa0IBHOCTI eMyJbCii. Anpbano Tta HikomneTTi
[43] nomiTmiM, MmO CTaOUIBHICTh €MYJbCli TMEeKTHMHOBOI CyMill Ta
KOHIIGHTpaTy CHpPOBAaTKOBOTO OUIKa TMIJBHINYETHCS TPU  00poOIIi
yJIBTPA3BYKOM 1, TAaKUM YHHOM, MOK€ 3aCTOCOBYBATHCS B CHCTEMax 3
HU3BKUM BMICTOM JKHDY.

Takum 4MHOM, 3arajabHa CTa0lIBLHICTh €MYJIBCIT MOXKE OYTH TTiIBUIIICHA
3a JIOTIOMOT'O0 YJIbTPa3BYKOBOi OOPOOKH.

Ilepesacu i medoniku. YIbTpa3ByK — 1€ TEXHOJOTIS, SIKa YCHIITHO
BJIOCKOHAJIWJIA PI3HI MPOIECH B XapuoBii mpomucioBocTi. KpiM Toro, BiH €
BIJIMIHHOIO 3aMIHOIO JICSIKUM TPAJUIIIHUM TEXHOJIOTISIM, 3aCHOBAaHHM 3
BUKOPHUCTAHHSAM TeIUIa, SKI IMOTIPIIYIOTh SKICTh MPOAYKIli. YIbTpa3ByK
e(EeKTUBHO CIpHUS€ PO3M'SKIIEHHIO Ta COJIHHIO M'sca, TMIJBUILEHHIO
HIUIBHOCTI (PYKTIB Ta OBOYIB, KPAIIOMY IIEPEMIIITYBaHHIO TICTa, IHAKTUBAIII]
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MiKpOOiB, TOMOT€HI3allii, CTeprIi3allii, macTepu3allii Ta eMyJIbI'yBaHHIO.

Y3 nmpu3BOAUTH O OTPUMAHHS MPOAYKTY BHINOI SKOCTI 3a OLIBII
HU3BKUX TEMIIEpaTyp 3 MOKPAIIEHOIO IMIBHAKICTIO TEIUIO- 1 MacOOOMIHY.
YbpTpa3ByKk TPUCKOPIOE TIporiec (inabTpairii, 3017IbIIYE TEPMIH CITyXKOH
Gb1IpTpa, NPUCKOPIOE 3aMOPOKYBAHHS 1 TPU3BOAUTH 0 3MEHIIECHHS PO3MIPY
KpUCTaJiB, OUIbII IIBUAKOTO CYLIIHHS Ta po3TaBaHHS. Y3 3a0esneuye
IIBUJIKY TEXHOJIOTTYHY 00pOoOKY 3 00Me)KeHHIM co0iBapToCcTi mpoaykirii. e
MiJBUINY€E e(PEKTUBHICTh MPOIECY, YCYBalOUM HEOOXITHICTh y eTarax
MIPOIIECY Ta 301IBIITYIOYH BUX1JT MPOAYKTY.

KpiMm Toro, mokpantyerbcs SIKICTh Ta YUCTOTA KIHIIEBOTO MPOIYKTY 3a
paxyHOK MOKPAIIEHHS HOTO OPTaHOJICITUYHHUX BIACTUBOCTEH, TBEPAOCTI Ta
TEKCTYpH, IO CHpHUs€e 30€peKEHHIO MOKUBHUX BIACTUBOCTEH MPOIYKTY Ta
30UTBLIEHHIO TEPMIHY MPUJATHOCTI MPOAYKTY.

VYbTpa3ByK 3a BUCOKOi IHTEHCHUBHOCTI MOKE€ BUIUISATH TEIUIO, IO
HETaTMBHO BIUIMBA€E HAa OPTraHOJNENTHYHI Ta TIOKUBHI XapaKTEPUCTHKU
Xap4oBOTO MPOIYKTY.

KpiMm Toro, eQeKkTHBHICTh YJIbTPa3ByKy MpOTH MIKpOOHOI Ta
(dbepMEeHTaTUBHOI 1HAKTHUBAIlli HE € TOBHICTIO ycmimHow. OHak
CUHEPreTUYHUN eQeKT MopsAa 3 TEMIEpPaTypol0 Ta THUCKOM MOXKe
CIPUYMHUTHU 1HAKTUBAI0. TakoX, yIbTpa3ByK BUCOKOI MOTYKHOCTI MOXKE
HAJaBaTW HECHPUSTIMBUN (PI3UYHUNA Ta XIMIYHUNA BIUTUB HA Xap4yoBi
NpoayKTU. BinbHI pamukanu, MO YTBOPIOIOTHCS B pe3yJbTaTi KapiTallli,
MPU3BOAATE JO0 OKHCJICHHS JIIJIIB, IO CYIPOBOJIKYETHCS IOSBOIO
CTOPOHHIX TpPHCMaKiB Ta 3amaxiB, JeHaTypauii OUIKIB Ta 3HHUKEHHS
3arajJbHOr0 BMICTY (DEHOJIB BHACIIIOK PO3KJIaJaHHS acCKOpPOIHOBOI
kucnotu. CHHEpreTHUHEe 3aCTOCYBaHHS YJIBTPA3BYKYy 3 TEMIIEpaTyporo Ta
TUCKOM TaKOXX NPHU3BOJAUTH JO YTBOPEHHS BUIBHUX PAAWKANIB, IO
KaTaI3YIOTh PeaKilii, IK1 MOXYTb MOLIKOJUTH CTPYKTYpY O1JIKa 1 TUM CAMHUM
HECTPUATINBO BIUTMHYTH HA TEKCTYPY XapuyOBOTO MPOAYKTY. TakuM 4uHOM,
mepes; 3acTOCYBaHHSIM HEOOXITHO ONTHMI3yBaTH IHTCHCHBHICTh Ta
CUHEPTIIO YIbTPa3BYKY.

Maiibymui nepcnekmusu. 3a MUHYJI POKH KUTBKICTIO MPOBEICHUX
JOCTIKE€Hb, HAYKOBISIMU JIOBEACHO €(DEKTUBHICTh YJIBTPA3BYKy B 3aMiHI Ta
MOKPAIICHH] PI3HUX TPATUIIAHUX METOJIB OOPOOKH CUPOBUHU B Xap4OBIi
npoMuciioBOCTi. OTHAK MOEAHAHHS YIBTPA3BYKY 3 IHITUMHU METOJIAMHU A€
Kpami pe3yjabTaTH MI0JI0 3aralibHO1 SIKOCTI KIHIIEBOTO MPOAYKTY Ta MOXKE
CTaTH MPEIMETOM MOAATBIINX JOCTIHKEHb.

[Tomanpmvii pO3BUTOK 3aCTOCYBAHHS YJBTPA3BYKY Ha IMPOMUCIOBOMY
piBHI noTpeOye onTUMizalli napaMmeTpiB Ta OUIbII TJIMOOKUX JOCHIKEHb
aHaJi3y BIUIMBY aKyCTUYHOI OOpOOKM Ha MacoBe€ BUPOOHUIITBO MPOJYKTIB
xapuyBaHHs. JlochmipkeHHS y IIUpHIOMY MaciiTabl IMOBUHHI TaKOXK
BPaXOBYBAaTH ACMEKTH OE3MEKH Ta HECIPUSATIUBUN BIUIUB YJIbTPA3BYKY Ha
JTIOAMHY.
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Takox 111 KoMepIiaizalii Ta iHaycTpiaaizallii yapTpa3ByKy MoTpioHa
BEJIMYE3Ha KUIBKICTh €HEprii, [0 MEepPEeIIKOHKa€E HOro 3acTOCYBaHHIO B
XapyoBld NOpoMHUCIOBOCTI. ToMy AOCHIIPKEHHS 3 BIPOBADKEHHS Ta
BUKOPUCTAaHHS YJIbTPa3BYKy MarOTh OyTH CIELIaJIbHO OpIEHTOBaHI Ha
peaizaliiio y NpoMHUCIOBUX MaciTadax.

Bucnosxu. OcHOBHA i1es1 peani3allii e(eKTiB, K1 CIIOCTEPIratoThCs NpU
yJIBTPa3ByKOBOMY BIUIMBI B Xap4OBiil IPOMUCIIOBOCTI, MOJISITAE B TOMY, 110
eekTH KaBiTallli BUKJIMKAIOTHh 3MIHU (PYHKIIIOHAIBHO-TEXHOJOTIUHHUX
BJIACTUBOCTEH PIJKUX XapyOBUX CHCTEM (XIMIYHUX, TEXHOJOTIYHHX,
GI3UYHKUX, OPraHONENTHYHUX 1 T. J.), IO CHOPHSE JOCSITHEHHIO MEBHOTO
TEXHOJIOTIYHOTO €(EeKTY.

VYbTpa3ByK JIOBIB CBOI MOXJIMBOCTI Y XapyOBId MPOMUCIOBOCTI JIJIs
30€peKEeHHS, BUWIYYEHHsI Ta 0OpOOKU. Y3 BCE YacTillle BUKOPUCTOBYETHCS
JUISL TIOJIIIIEHHS! PI3HUX NPOLECIB Y XapyoBid MPOMHCIOBOCTI Ta CTaB
HaJ[3BUYaliHO 0araToo0IIsI04Y0I0 TEXHOJOTIE B rainy3i oOpooku. BiH crae
NOTYKHIIIUM TPU BHUKOPUCTAHHI Y TMO€AHAHHI 3 I1HIIMMH METOJAMH
30€peKEeHHS MPOAYKTIB XapuyBaHHsS Ta Ma€ HU3KY MepeBar y MOpIBHSIHHI 3
IHITUMU paHilie ICHYIOUUMH a00 TPaJuIIHHUMH TEXHOJOTIAMH. Y3 3 Horo
BJIACTUBOCTSIMU  MIJABUIIYBaTH €(PEKTUBHICTh Ta CKOpPOYYBaTH dac,
HEOOXITHUN JUIsi PI3HUX omepaiiii oOpoOku Ta o0ilsie TPOrpecuBHE
ManOyTHE.
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Vinnytsia Trade and Economic Institute of DTEU
ULTRASONIC TECHNOLOGIES IN THE FOOD INDUSTRY

Summary

Food processing plays a crucial role in solving food security problems by reducing
losses and preventing spoilage. Ultrasound is a new promising technology in the food
industry that increases the speed and efficiency of several processes simultaneously.

Ultrasonic technology has revolutionized the food industry due to its widespread
use in various processes, and is a good alternative compared to others. This technology
has several advantages, such as process speed, increased process efficiency, obtaining
high product quality and preserving the properties of the product (consistency, nutritional
value, organoleptic properties), increasing the shelf life.

The main idea of the effects observed in the ultrasonic industry in the food industry
is that the effects of cavitation cause changes in the functional and technological
properties of liquid food systems (chemical, technological, physical, organoleptic, etc.),
which contributes to a certain technological effect.

Ultrasonic has proven its potential in the food industry for storage, extraction and
processing. It is being used to improve various processes in the food industry increasingly
and has become an extremely promising processing technology. It becomes more
powerful when it used in combination with other food preservation methods and has a
number of advantages over other pre-existing or traditional technologies. UZ with its
properties to increase efficiency and reduce the time is required for various processing
operations and promises a progressive future.

The review article summarizes the use of ultrasonic in specific areas of the food
industry, as well as the advantages and disadvantages of ultrasonic technology. Further
scales of industrial application of ultrasonic are also substantiated.

Key words: ultrasonic, ultrasonic processing, technological process, food industry,
functional-technological properties.
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YJIOCKOHAJIEHHSI CHIOCOBY OXOJIOAKEHHSI HAIIOIB

Anomayis. B XapyoBiii MPOMHCIOBOCTI IIMPOKO 3aCTOCOBYIOTHCS
YCTAHOBKU Il OXOJIOJPKEHHSA, 3aMOpPOXyBaHHS HamiB(paOpHUKaTIB Ta
roroBoi npoaykuii. Ilpukmamamu 3actocyBaHHA OOJaAHAHHS IS
OXOJIO/DKCHHSI BOJAM SIBJISIIOTBCS OXOJIOJPKEHHS MOJIOKA, BHHA, IIMBA,
QJIKOTOJIBHUX Ta OE€3aJIKOTOJIBHMX HAamoiB, IIYKEpKOBOI Macu, KOBOACHUX
BUPOOIB micist TepMooOpoOkH Toio. CTarTs NpucBAYeHa yAOCKOHAIEHHIO
TEXHOJIOT1] OXOJIO/JPKEHHSI HaIlOiB 1 HAaBEJIEHO BaplaHT BJIOCKOHAJIECHHS
coco0y 3 BHUKOPHUCTAaHHSAM IUIIBKOBOTO TEIJIOOOMIHHMKA IIBHJIKOTO
OXOJIOJIKEHHS JUIsl POAaxXKy (PPyKTOBUX, OBOUEBUX, IJI0JI00BOYEBUX COKIB
Ta 1HIIKUX HAIMOIB TAKUX SIK TMBO, KBAC, TMMOHAJ.

Knwowosi  cnosa. Cnoci0  OXOJIOJUKEHHS — HAmoiB, IUIIBKOBUH
OXOJIOZKYBau HaroiB, €pEeKTUBHICTh TEMIO00MIHY, 10Jy4HHUH CIK.

Ilocmanoexka npodnemu. OCTaHHIM 4YacoOM TOILIYK HOBUX HANPSMKIB
pPO3pOOKH OXOJIO/KYBayiB HAIOIB, IO BIJANOBIIal0Th CYYaCHOMY pPIBHIO
PO3BUTKY Xap4OBOI MPOMHUCIOBOCTI € JOCUTh aKTyaJIbHUM. OJIHUM 3 TaKUX
HaIpsSMKIB € CTBOPEHHS TEXHOJOTI MMIBUIAKICHOTO OXOJo/keHHs [1, 2].
EdexTuBHUM crOcOOOM OXOJIOKEHHSI HAIOIB € IIIBKOBUM TETUIOOOMIH,
SKAW J03BOJISIE MaKCHUMaJIbHO IPUCKOPUTH TMpOIEC Yy IO€THAHHI 3
MIBUIIEHOI0 TPOCTOTOI0 CaHITAPHO-TITIEHIYHOT 00pOoOKM 0OIagHaAHHS.
[3.4,5,6,7].

Ananiz ocmannix oocniodicens. Bee OUTBINOT MomyisspHOCTI HAOYBaIOThH
PECTOPaHU 1 IMYHKTH IIBUIKOTO XapuyBaHHs, B IKUX IMPOMOHYIOTh HE TUIbKH
rapsJl Hamoi, Takl SK 4Yail, KaBa, a W OXOJOJ/IKEHI, SKI IPUTOTOBaHI B
0XO0JIOJIPKyBauax HaroiB Jisl (PPYKTOBHUX, OBOUYEBHX 1 TJI0JIOOBOYEBUX COKIB
Ta 1HIIMX HAMoOiB TAaKWUX SIK MUBO, KBac, JUMOHaJ. B TemepimHiii 4vac
CIIOCTEPITa€EThCS 3aIliKaBIEHICTh J0 JOCHTIKEHb 13 CTBOPEHHSI TEXHOJOTIN
IIBUJIKICHOT'O, IPOTOYHOT'O OXOJIOKEHHS HAMoiB [§].

[Ipu 3BM4aitHOMY OXOJIOM)KEHH1 HAIOIB X HAJIMBAIOTh B EMHOCTI, JJIs

© B.T. Tapacenko, H. O. ®yuamxu, O. O. UepBoTKiHa
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IPUCKOPEHHSI TMPOIECY BUKOPHUCTOBYIOTh Mimmanku. Hemomikom 1p0ro
croco0y € TpuBaJMi 4Yac OUIKyBaHHSA. B amaparax 1HIIOrO THIy HaImii
MPOITYCKAIOTh KPi3b 3MIHOBHK, 110 CKOPOYYE Yac OUYiKyBaHHS, OJTHAK PI3KO
HOTIPIIY€E SIKICTh CaHITapHO-TIrl€HIYHOI 00pOOKHM 00MagHAHHS, KPIM TOTO,
BUHHUKA€e HeOakaHa MiKpodIiopa, MPUTHIYYETHCS i (PEepMEHTIB, 10 Pi13KO
3HMKY€E 010JI0T1YHY I[IHHICTh COKY a00 1HIIIOTO HAIOIo.

3BUYAlHUN ~ OXOJIOP)KYBau  HAIOIB  PIAMHU  CKJIAJA€ThCs 3
TEIJI0130JIbOBAHOTO Pe3epByapa, B SKMi BOYI0BaHU 3MIMOBUK BUIIApPHUKA
XOJIOUIBHOT MAalllMHU Hacoca, TPyOW HJisi Mojayl HAmow 1 PO3JIMBHOTO
BeHTW . OJHaK OXOJIO/JKyBad HamoiB O0'€MHOr0 THUILy Ma€ KildbKa
HEJIOJIIKIB: CKJaJHa KOHCTPYKIis, HASBHICTb MPOMIKHOTO TEIUIOHOCIS,
HU3bKa €(QEKTUBHICTh TEIUIOOOMIHY dYepe3 Te, 110 Teronepeaayda
3MIACHIOETBCS B 00CA31, a KOE(IUIEHT TEIUIONPOBIAHOCTI BOIU JyXKe
He3HauHui (0,45...0,51 B1/(M°K)), 1m0 3HMKYy€e KOEPIUIEHT KOPUCHOT Aii 1
HAJIIHHICTh YCTAaHOBKHU B IJIOMY, BOHM MOTPEOYIOTh CKJIAJIHOI CaHITapHO-
TIri€HIYHOT 00pOOKH OOJIa HAHHS.

Dopmyeannsi memu cmammi. AHaI3 TPOIECY TEIIO0OOMIHY B
OXOJIOJIKyBauax HaroiB 1 COCOOIB IIBUJIKOIO 3HM)KEHHS TEMIIEpaTypH B
OXOJIO/PKYBauax HAroiB MPOTOYHOTO THUMY sl (PYKTOBUX, OBOYEBHUX 1
TJI0JTOOBOYEBUX COKIB Ta 1HIIIUX HAIMOIB TAKUX SK TUBO, KBAC, TMMOHA/I.

3aB/aHHSAM CTaTTI € YAOCKOHAJIECHHS CIOCO0Y OXOJIO/KEHHS HAIoiB 3
BUKOPUCTAHHSAM IIBUJIKOTO 3HIDKCHHS TEMIIEpAaTypH COKIB, B SIKOMY
IUISXOM BBEJEHHS B CHCTEMY HOBUX KOHCTPYKTUBHUX €JIEMEHTIB
CIPOIIYETHCSI  KOHCTPYKIIIS,, YCYBA€ThCS  MPOMDKHHMM  TETJIOHOCIH,
NIJBUILYETHCSI €(PEKTUBHICTh TEIIOOOMIHY, 30LIbIIYEThCA KOE(DIIEHT
KOPHUCHOI 1ii 1 HaAIMHICTh YCTAHOBKHU B LIJIOMY, CIPOLIY€ETHCA CaHITAPHO-
ririeHiuHa oopooka oOaagHaHHS.

OcHnosna uacmuna. OXOJIOAKYyBau HAIOIB MPOTOYHOTO THUITY
CKJIQJAETHCS 3 TEIMII0130JIb0OBAHOT0 KOPITYCY, B HHOMY 3MOHTOBAaHI1: 3M1HOBUK
BHUMApPHUKA XOJIOJUIHLHOI MAalllMHU B IMIHAPWYHIN OOOJIOHIN 3 XapyoBOi
HEPKaBIIOYOT CTaJll 1 BEpXHS KUTbIIEBAa KaMepa JJIs HAIoI0, sIka BCTAHOBJICHA
13 NIUIMHHUM 3a30pOM BIJIHOCHO IIWTHAPUYHOI 000soHKH. OKpeMo
pO3TalloBaHUM HacoC, TPYOH JUIsl MOJadl HAMO0, PO3JIMBHUM BEHTUJIb.

®dyHKITIOHAIBHA CXEeMa TUTIBKOBOTO 0XOJI0/KyBaya HAMoiB MPOTOYHOTO
THUITYy TTIOKa3aHa Ha puc. 1.

[TpuHuMn Aii NPOMOHOBAHOTO MPHUCTPOIO MOJSTa€ B HACTYIHOMY.
Hamiii, siskuii HeoOX1AHO OXOJIOAUTH, HacocoM | yepe3 TpyOy 2 niis mojadi
HAIOl0, TOJIA€ThCA y BCTAHOBJIEHY B TEIUIOI30JbOBAHOMY pe3epByapi 3,
BEPXHIO KIJIBLIEBY KaMepy 4 JUIs Haroto. Y BepXHiN KUIbIEBiM KaMmepi 4, sika
OXOILTIOE IUIIHAPUYHY 000JI0HKY 7 3MilloBHMKa 6 BUTIApHUKA XOJIOUIBHO1
MAaIIUHU, M1ITPUMYETHCS TOCTIHHUMN PIBEHb HAIOIO BUILE BEPXHBOT KPUIIIKU
HUJITHAPUYHOT 0000HKHY 7 [9].
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1 —Hacoc, 2 — Tpy0a /14 1o1a4l HaIolo, 3 — TEII0130JIbOBAHUN KOPITYC,
4 — BepxHs KUIbLIEBA KaMepa JJIA HAIO0, 5 — NIUIMHHKAN 3a30p, 6 — 3MIMOBHUK
BUMApHUKA XOJOJAWIBHOI MallIMHU, 7 — MUITHAPUYHA 000JI0OHKA 3M1IIOBHKa,
8 — PO3JIMBHUI BEHTUIb.

Pucynok 1. @yHKIliOHaIBHA CXeMa IIJIIBKOBOT'O 0X0JIOKyBaya HaIoiB

BusHauumMo  KputTepii IUIIBKOBOTO  TEIUIOOOMIHY Ta  OCHOBHI
KOHCTPYKTHBHI MapaMEeTPH 0XOJI0/XKyBaya HAOIB MPOTOYHOTO THITY.

B sKocTi 0XO0NOKYBaJNbHOI PIAMHM, IJs TPUKIALYy, BUOEpeMO
sa0nyunuii cik. Temnepatypa s0ayuHOrO cOKy: Ha Bxoxdl t; = 35 °C, Ha
Buxomi t; = 20 °C. Butpara si6myunoro coky -G¢ = 31 kr / rox a6o 0,52 1/
xB. [IuToma temnoemuicTh s16:1yuHoro coky ¢ = 3,2 kJx/(kr-K). llinpHICTH
1011y4HOr0 coKy p = 1051kr/Mm°. KoedimieHT TermmonposiqHocTi 161y4HOro
coky 4 = 0,554 Bt/(m'K) [10].

TenoBe HaBaHTaXEHHS ISl BiIBOAY TEIJIOTU BiJl OXOJOKYBaHOTO
0JTy4YHOTO COKY

Qﬂ.c. = Gyec (tl - t2) = 313,2(35-20)=1488 KI[)K (1)
[TuToMa X0I0I0NTPOIYKTUBHICTh YCTAHOBKH
qo =h;—hy =340 -268 =72 xJx / kr. (2)

KoeditienT KOprcHOI Al TUTIBKOBOTO TEMI000MiHHUKA - 77 = (,9.
TemnoBuii 6ajgaHC IIIBKOBOTO 0XOJIOMKyBaya:

Qﬂ.c = Qoxﬂ’ nim Gﬂ.c. .C (t] - t2) = GOX]I qo ’7. (3)
3 BUpa3zy TEIJIOBOTO OallaHCy OTPUMYEMO 3HAYCHHS BUTPATH
OXOJIOKyBaua

Gﬂ.c. C (tl _t2)
G, = = 31/36003,2:(35-20)/(0,9:120) = 0,038 xr/c. (4)

77'(h1_h4)
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3a 3HAYEHHSIM MAacOBOi BHUTpPATH BHU3HAYAEMO IIBHUJIKICTh IOTOKY
SOJly9HOTO COKYy, MNpH JilaMeTpl MHIHAPUYHOI OOOJOHKH 3MIMOBHKA
BUIIAPHUKA XONO0AWIbHOT MammHu D = 0,2 m:

G
W =—"5— =(31/3600)4/(3,14:0,2%) = 0,27 m/c. (5)
D

Po3paxyeMo moBepxHIO TEII000MIHY:
Oy
kA (©)
ne: F — miomia moBepxHi TemioooMiny, M2;
Qox, — BUTpaTa TEIIOTH, J3K/C;
k — xoediuient remnonepenadi, Ix / (¢:m*K);
At — pi3HUIS Temiepartyp, K;
7 — 9ac OXOJIO/DKCHHS, C.
Qoxs TemIoBUM e(EKT TUIIBKOBOTO BHUIIAPHUKA, PO3PAXOBYEMO 3a
CHPOIIEHOI0 (POPMYJIOIO:

Ovir = Goxs qo 11 = 0,038:72:0,9 = 2,46 kJIx/c. (7)

Koedirient Temmonepeaadi Bu3Ha4aeMo 3a (opMyior0
1
A1 a1 (8

> 4

a = A a,

A.cC.

1€ Oy.. — KOC(PIIEHT TEIJIOB1/1aul S0JTyYHOTO COKY.

Kpurepiit Pelinonbaca aJist IOTOKY si0JTy4HOTO COKY:

W-D-p
R, = . 0.27:0.2:1051/(109-10°%) = 502679 (9)

€ Py.c. — LIIBHICTE AOTYYHOTrO COKY, 1051k / M3;
ls.c — JMHAMIYHA B'I3KiCTh 101y4HOrO COKy, 109-10° ITa-c.

3a 3HaueHHM KpuTepito PeitHonbaca Bu3Hayaemo kpurtepii [lpanaris
1 kputepiit Hycenpra:

pr_V_HCPp

P 1 (109-10°)-3,2:1051/0,554 = 0,69 (10)

Nu = 0,021 - (R - Pr* )= 0,021-502679°3-0,69%* =66,369 (11)

3BiJIcH, 3HAX0IUMO KOedilIEHT TeTUIOB1A1a4l Bij] TUTIBKH SI0Ty4YHOTO
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COKY JIO CTIHKH 0] 3HAXOIUMO 3a CIIPOIIEHOI0 (HOPMYJIIOIO JJIS ITIBKOBOTO
BUMApHUKA:

A
@ = 5 0,554/0,0002 = 2770 Br/(M*K), (12)

ni
1€ Oy, — TOBUIMHA IUTIBKK SIOJYYHOTO COKY Ha IWIIHIPHYHIA OOOJIOHII
3MIHOBHKA BUMAPHUKA XOJIOIUIBLHOT MAIlIUHHU, J,; = 0,002 M.

KoedirieHT TemioBiaiadi BiJ CTIHKH 10 0XOJO/KYIOUOI PITUHU O
_A-Nu
D

Koedirient temionepeaadi BusHagaeMo 3a popmysioro (7):
k =1/(1/2770+0.002/62+1/145) = 147 B1/(M*K)/
Toai muiomia TMOBEPXHI TEIJIOOOMIHY MWIIHAPUYHOI OOOJIOHKH
3MIMOBHKA BUMApPHUKA XOJOIWIHHOT MaIIMHKU 3a (popmyioro (6), Oyze:

F= S T=2460/(147-45)"1 = 0,277 m>.
k-At

Bucota muniHapudHoi 000J0HKH 3Mi1HOBHKA BUMIAPHUKA XOJO UILHOI
MaITuHu

H = (F-n'D*4)/ n'D = (0,277-3,14:0,2%/4)/(3,14:0,2) = 0,39 m. (14)

Bucnosox. Amnaniz piBHsiHHA (8) moOKazye, 1O MJis IUIIBKOBOTO
BUMApHUKA KOCS(IIIEHT TEIJIOBIAAAY1 B1J] IUTIBKH SIOJYIHOTO COKY J0 CTIHKH
Ha TIOpSIIOK BUINE, HDK Tpu O0'€MHIM Temonepenayi Bil COKY [0
OXOJIO/DKYIOUO1 PITUHU, TOMY JOIJIBHO BUKOPHCTOBYBATH OXOJIO/KYBaui
HAIO1B MPOTIOHOBAHOTO TUITY. MeTO/IuKa BUSHAUYCHHS KPUTEPIiB IJIIBKOBOTO
TEIJI000MIHY 1 OCHOBHHUX KOHCTPYKTHBHUX TMapaMeTpiB OXOJO/KyBaya
HAIoOIB MPOTOYHOTO TUIY MOXKe OaTh BUKOpPUCTAHA TPU TPOCKTYBaHHI
oOJaiHaHHS.

Bapiant ynockoHaneHHs crocoOy MiArOTOBKM HAIOIB 10 MPOAAXKY 3
BUKOPHCTAHHSM IUTIBKOBOTO BHWIAPHHUKA [JIs IIBHUAKOTO OXOJIOKCHHS
(GpPYKTOBHUX, OBOUEBHUX, IJIOJIOOBOYEBUX COKIB Ta 1HIIUX HAIOIB TaKUX SIK
NMBO, KBaC, JIMMOHAJ, Ha TPHUKJIA[l OXOJIO/DKCHHS SOIYyYHOTO COKY 1
MPUCTPOI OXOJIO/KyBavya HAroOiB MPOTOYHOTO THUITY MAalOTh PAKTHIHE
3HAYEHHA 1 MOXKYTb OyTH BUKOPUCTaH1 Y BUPOOHHUIITBI.

&, =0,0730-400/0,2 = 145 B1/(M*K), (13)
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V. Tarasenko, N. Fuchadzhy, O. Chervotkina
Dmytro Motorny Tavriya State Agrotechnological University

IMPROVEMENT IN THE WAY BEVERAGES ARE COOLED

Summary

In the food industry, installations for cooling, freezing semi-finished products and
finished products are widely used. Examples of applications for water cooling equipment
are the cooling of milk, wine, beer, alcoholic and non-alcoholic beverages, candy mass,
sausages after heat treatment. The article is devoted to the improvement of the beverage
cooling technology and a variant of the method improvement using a rapid cooling film
heat exchanger for the sale of fruit, vegetable, fruit and vegetable juices and other drinks,
such as beer, kvass, lemonade.

More and more popular are restaurants and swedish eating places, in which they
serve not only hot drinks, such as tea, kava, but also cold drinks, as if cooked in cold
drinks for fruit, vegetable and fruit juices and other drinks such as beer, lemon, . At the
present time, we are afraid of cycling to reach the end of the creation of the technology
of swedish, flow-through cooling of the water.

The aim of the article is to improve the method of cooling beverages using rapid
temperature reduction of juices, which by introducing new structural elements simplifies
the design, eliminates intermediate coolant, increases heat transfer efficiency, increases
efficiency and reliability of the installation as a whole, simplifies sanitation .

The method of determining the criteria of film heat transfer and the main design
parameters of the instantaneous beverage cooler can be used in the design of equipment.

An option to improve the method of preparation of beverages for sale using a film
evaporator for rapid cooling of fruit, vegetable, fruit and vegetable juices and other
beverages such as beer, kvass, lemonade, for example apple juice cooling and
instantaneous beverage cooler devices are practical and can be used in production.

Key words: method of beverage cooling, film beverage cooler, heat transfer
efficiency, apple juice.
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ICTOPIA PO3BUTKY KEfITEPPI}-II’ ITHJIYCTPII - BI]]
MHUHYJIOI'O BMAUBYTHE

Anomayis. Y cTaTTl IOCHIIKEHO ICTOPUYHHUI PO3BUTOK KEUTEPUHT
IHAYCTpli Ta AOCHIIPKEHO Cy4YacHI OCOOJMBOCTI KEUTEPUHIY, SK HOBOIO
HanpsMy pecTopaHHoro Oi3Hecy B YkKpaiHi. JloBeaeHo, 110 KEHTEPUHTOBI
MOCITYTH 1al0Th 3MOTY 3a0€3MEUYUTH IUPOKHUI CIIEKTP MOCIYT PECTOPaHy 1 €
OJIHUM 13 HAMOUThII TUHAMIYHUX CEKTOPIB PECTOPAHHOIO O13HECY B Y KpaiHi.

CBITOBHI PUHOK KEUTEPUHT-IHAYCTPIl MOYaB aKTUBHO PO3BUBATHCS B
CIIIA Ha mouatky XX CTOMITTS, MiJf 4ac MaclITaOHOTO OyaiBHHUIITBA
XMapo4ociB, JUIsl OpraHizaiii XapuyBaHHS YHCICHHHUX pOOITHHKIB.
OnHoYacHO 17ies1 OTpuMala IIBUJKE MOLIMPEHHS K croci0 3a0e3neueHHs
XapuyBaHHS CIIBPOOITHUKIB BEJIMUKUX TMPOMHUCIOBUX MIANPUEMCTB 1
odicaux mnpaniBHuKiB Oi3Hec-1eHTpiB CIIIA 1 €Bponu 3 MeTOK0 OLIBII
edeKTUBHOI OpraHi3ailii po0o4oro JHS.

OcranHiM dYacoM B YKpaiHi HamiTUJIacs CTIHKa TEHACHIIIS
nepeMilleHHsl TMOCAyr 3 OpraHizamii CHOXXKMBaHHS MPOAYKIIi Ta
OoOCIyroByBaHHs ~ CIIOXHMBayiB 13  3alliB  3aKJaJiB  PECTOPAHHOIO
rocrnogapcTsa 10 podounx Miclb (0(iCH, YCTAHOBH), MICUb BIJIMOYHHKY,
MICLb CBSITKYBAaHHS [OBUIEIB Ta IHIIMX OQIMIAHUX Ta HeoPIiitHuX
CBATKOBHUX MOJ1H, 10 AoMiBKH. [locnmyry 3 “keilTtepuHry” 3a1HCHIOIOTh HE
TUIbKH 3aKJIaJli pecTopaHHOro Oi3Hecy (pecTopanu, kade, 6apu), a TAKOX 1
¢bipmu, siKi CTBOpEH1 Ha 6a3ax pecTOpaHiB.

Ha choromnHi po3pi3HSIOTH Taki OCHOBHI BUJY KEUTEPIHTY:
BUTOTOBJICHHS CTPaB y PECTOpaHi; 1o3a MiJIpUeEMCTBOM (BUI3HE PECTOPAHHE
oOCITyroByBaHHs); KOHTpPaKT Ha TIOCTaBKYy (moctaBka y odicu, Ha
MIIPUEMCTBA Ta 1H.).

KinbkicTh KeHTEPIB y HaIIN KpaiHi 3 KOKHUM POKOM 301JIBIITYETHCS.
BiTunsHsiHl KeiTepuHroBl (pipMu MOMINISIOTHCS HA JBI TPYIMU: Ti, IO
MPaIo0Th IPU pecTopaHi, 1 caMocTiiHI. [IpakTHuHO BCi pecTopaHH1 Mepexi
MalTh BJIACHI KEWUTEpPUHIOBlI areHuli. BWizHUM 00CIyroByBaHHSIM
3aiiMaroOThCA HaBITh 30MTKOBI PECTOPAHHU, SIK1 y TaKUW CIOCIO HAMararThCs
BpsATyBaTHu O13Hec. JIiiepoM yKpaiHChbKOTrO pUHKY KEHTEpUHTY B JaHUM Yac
€ (ppaniy3pka kommanis Sodexo. Takoxx cepen JijiepiB CIiJ 3a3HAYUTH

© O. B. ITaxomcbka
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KeWTepuHroBi  Kommauii:  “€Bpokeitrepinr”’, “Humixanc”, “Ixem
keiirepunr’” “VIP keitepuHr”’. YKpaiHCbKU pUHOK KEUTEPUHTY ITEPEBAKHO
CKOHIIeHTpoBaHM y Kuesi.

[Tocmyrn 3 kedTepuHry B YKpaiHi IIBHAKO PO3BHUBAIOTHCS Ta
YIOCKOHAJIIOIOTh CBOI MPHUMOMU pOOOTH 13 3aMOBHHMKAaMH, PO3LIMPIOIOYU
nepenik nocayr. Keitepunr sBiase €000 BUCOKONPUOYTKOBUM Ta
NEPCIEKTUBHUM BHJ AISUIBHOCTI JUISl  PECTOpaHIB, SKI IUIAHYIOTh
OpraHi30BYBATU IOCIYTH MOCTIHHO, a HE MEPIOAUYHO 3 METOIO JIOJIyUYUTH
JOJJATKOBUM JTOX1]T AJIsl 3aKJIafy.

Knrwouosi cnosa: BUizHEe 00CIyroBYBaHHS, I1HAYCTpisi XapydyBaHHI,
pectopaHHuii 613Hec, VIP-keiTepiHr, mocayru XxapuyBaHHS.

Ilocmanosxka npobnremu. IHRYCTpiss TOCTUHHOCTI B YKpaiHi HaOyBae
JWHAMIYHOTO PO3BUTKY Ta BIIHOCUTHCS JI0 OJHIEI 3 MpUOYTKOBUX cdep
eKOHOMIKH JaepxaBu. Crenu@dika pecTopaHHOro Oi13Hecy SIK Traiy3i cdepu
NoCIyr mepeadadae miJi HOBITHIMU (IHHOBaLIMHUMHU) TEXHOJIOTISIMU HE
TIIBKH TOJIIIIEHHS SIKOCT1 AKUTTS JI0J€H, KpaCUBO 1 CMaYHO MPUTOTOBIIEHOT
DKi, @ ¥ yHpoBa/)KeHHS 1HHOBALIMHUX TEXHOJIOTIH TOCIOJapIOBaHHS B
rajry3i Ta 00J1iK HEOOX1THOCTI KoMepIliaiizailii iHHOBaI[ItHUX pO3pOOOK.

VYV pecropanHomy Oi3Heci 3'SBISIOTBCSA CydacHI I1HHOBAIlli: MOCITYTH
COMEJIbE, TAaCTPOHOMIYHI IOy, ypOYHCTa MPE3CHTAIllsl CTpaB, BIJIKpUTA
KyxHsi, Oap-mioy, pubaika Ta KyJdiHapHE MPUTOTYBAHHS Yy MPUCYTHOCTI
rocTs, Kapaoke, EKOJIOT1YH1 CTPaBH, €IEKTPOHHE MEHIO, BUI3HUN KEUTEPUHT
3 OpraHi3alli€ro JT03BULISA Ta IIUPOKUM CIIEKTPOM PI3HOMAHITHUX MOCIHYT,
KOMIT FOTE€PH1 TeXHOJIOT1i Touo[5].

OcTaHHIMHA pOKaMH TOMIUPHUIACS TEHACHIS MEPEeMIIICHHS MOCIyT 3
oprasizaiii xapuyBaHHS Ta OOCIyroByBaHHS 13 3ajJiB  3aKJIafiB
PECTOPAHHOTO TOCTOAPCTBA 10 poOOoUMX MicIlh (0dicH, yCTaHOBHU), MICIb
BIJIMOYMHKY, MICLb CBSITKYBaHHS IOBUIEIB Ta I1HIMMX O(DIMIAHUX Ta
HeOoQIIHHUX CBATKOBUX MOMAIN, M0 momiBkHU. Ll mocimyra mae Ha3By y
MDKHApOJAHINA 1HAYCTpil rocTUHHOCTI “catering”. Tlocnyry 3 “kedTepunry”
3MIIMCHIOIOTh HE TUIBKHU 3aKJIaJI pecTopaHHoOro Oi3Hecy (pectopanwu, kKade,
Oapu), a Takox 1 (hipMu, sIKi CTBOPEHI Ha Oa3ax peCcTOPaHiB.

Ananiz ocmannix docnioxcens. OKpeMi aCEKTH PO3BUTKY KEUTEPUHTY
K (opmMu pecTopaHHOTO O13HECY BUCBITIIOBANIMCA y Tiparsix B. Apxinos, B.
I'pebdenrok, K. Tloromin, H. Ilpmiena H. IT’stauneka, K. Pamionosa, A.
CmupHoB, ®pancin XanBopceH. Pa3oMm 3 TUM ICHye psii NUTaHb, SKI
NOTPeOYIOTh J0JIaTKOBOTO BHUBYEHHS, 30KpeMa OCOOJIMBOCTEH MOro
CTaHOBJICHHSI Ta IMEPCIIEKTUB HOTO MOJAIBIIOTO PO3BUTKY.

Dopmynosanns yineti cmammi (NOCMAHOBKA 3a60aHHs). MeToro
CTaTTl € JOCHII/DKEHHS 1CTOPUYHOTO PO3BUTKY KEUTEpHHTY, K (OopMHU
BUI3HOTO PECTOPAHHOTO OOCIYrOoBYBaHHS Ta BCTAHOBJIEHHS MOro, sk
1HHOBAIIIHOI (hOopMHU pecTOpaHHOTO Oi3HECY .
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Ocnoena yacmuna. CI0BO «KEHTEPUHT» MOXOAMUTH Bl aHTITIHCHKOTO
Ji€eciIoBa «cater», MO B TEPEKIaal O3HAYa€ «IIOCTABISTH TPOBI3iOY,
«00CIyroByBaTH CIOXH-BadiB», Ta CIOBOCIONyYeHb «publice cateringy» —
pecTopaHHEe TOCIOIapPCTBO, a TAKOXK «catering trade» — pecTopanHuii O13HecC
[5]. CyTh KeiiTepuHroBOoro o0OCIyroByBaHHs MOJSITAE B TOMY, 1110 PECTOPaH
3a CHeliaJIbHUMH 3aMOBJICHHSIMHU (KEHTEpUHTOBAa KOMIIaHIA) 3abe3mnedye
3aMOBHHMKY TMPUTOTYBaHHS 1 JOCTaBKYy TOTOBOi MPOIYKIlli pecTOpaHHOTOo
roCIoJIapcTBa y 3a3HadueHe miclie (1010My, B odic, Ha podode MicIie, B MiCIie
BIJIMOYMHKY TOIIO), @ TaKOX PECTOpaHHE OOCIYyrOBYBaHHS CBATKOBOTO
3ax0Jly 3 HaJIaHHSM PI3HUX CEPBICHUX MOCIYT.

[lonsarrs «xeurtepunr» 3ragyerscs B JCTY 4281:2004 «3axnamu
pecTtopaHHoro rocmnojapcrBa. Kmacudikamis». Y craHgapTi KeUTepuHT
BKJIIOUEHO 110 Tpynu 4.4 «[locTayaHHs iK1, IPUTOTOBAHOI LIEHTPAII30BaHO,
JUISL CIIO’KMBAHHS B THIIUX MICHSIX», SIKA OXOIUIIOE TaKi BUAM MiANPUEMCTB
pecTopaHHoro rocmnojapcTtBa, sk 4.4.1 ((pabOpuka-3aroriBenbhs), 4.4.2
(babpuka-kyxHs), 4.4.3 (momoBa KyxHs ), 4.4.4 (pecTopaH 3a crieliaIbLHUMU
3aMOBJICHHSAMH (catering)). Y cTaHAapTi pecTopaH 3a chelialbHUMU
3aMOBJICHHSIMM  (catering) TpaKTYyeTbCsl SIK 3aKjial PECTOPAHHOIO
rocrofapcTBa, MPU3HAYCHUNM TOTYBaTH 1 IOCTAa4aTH TOTOBY 1Ky Ta
OpraHizoByBaTh OOCIYTrOBYBaHHS CIOXHBa4dlB B IHIIMX MICIIX 34
creriaJbHUMU 3aMOBJICHHSIMU [6]. Takoxx y cTaHmapTi 3a3Ha4€HO, 110 TaKi
3aKIaid MOXYTb O0OCIyroByBatu OaHKeTH, (IpMOBI TPUHAOMH, IiIOBI
3yCTpidi, BECUJUIS Ta IHIII CBSITA y 3ayax, odicax, HAa MPUPO/IL, 1]l TECHTAMH
Tommo. TakuM YMHOM, y CTaHJAPTI KEUTEPUHI BU3HAUEHO SIK OKPEMUUN BUJ
HiAMPUEMCTBA PECTOPAHHOTO TOCHOAAPCTBA, a HE SIK JIOJAATKOBY TOCTYTY
3akiany|[3].

KeiiTepiHnr, He3BaxalouuM Ha CBOIO JIOBTY ICTOpIO, 3'SIBUBCS B HalIil
KpaiHi MOPIBHSIHO HeJaBHO. [lepini BUi3HI OaHKETH OpraHi30BYBaJIUCS 1€ B
XVII cronitti y @panuii. ¥ Toil yac npaBuB KpaiHoto JlronoBuk Benukuii.
Bin perynspHo AMBYBaB CBOiX TOCTEN HE3BUUHO O(DOPMIICHUMH 1 CMAaYHUMHU
cTpaBamu. Bee 11e ocsiranocs 3aBAsKy HeBracarouoi (paHTasii TaTaHOBUTOTO
kyxaps JKana-®pancya Bitemnis. 3 Biagxoaom 3 xutts Kopons-Coniis BuizHI
OCHKeTH cTanu 3a0yTi.

CBiTOBHI PUHOK KEUTEPUHT-IHAYCTPIl MOYaB aKTUBHO PO3BUBATUCS B
CIIA na mowatky XX CTOJNITTA, MiJ 4Yac MacmTaOHOTO OyJiBHHUIITBA
XMapoyocCiB, [JIsi OpraHi3aiii Xap4yyBaHHS YHCJICHHUX pPOOITHUKIB.
OnHovacHO 17iesd OTpUMaJia IIBUJIKE MOUIUPEHHS SK CIOCIO 3a0e3nedeHHs
XapuyyBaHHS CHIBPOOITHUKIB BEJIMKUX MPOMHUCIOBUX MIANPUEMCTB 1
odicHux mnpauiBHUKIB Oi3Hec-ueHTpiB CIIIA 1 €Bponu 3 MeTor OLIbII
eekTUBHOI opranizariii podoyoro jaus [7].

[TocTtynoBo BHi3HI 0aHKETH HAOYJM MOIIMPEHHS 1 B 1HIIUX JIepKaBax.
VY Hamii kpaiHi KEeHTEPUHT 3'SBUBCS B JEB'SHOCTI POKM MUHYJIOTO CTOJITTSL.
Crnouatky BiH OyB mpocTuM. Alle ekoHOMIYHa kpu3a B 1998 poui BHecna
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cBoi 3MiHU. OOCIYroByBaHHS KII€HTIB Ha BHI3[l OTPUMAJO BEJIUKY
nomyisipHicTs. Ha mouatky XXI cTomiTTs mocayraMu KeHTepUHT-KOMITaHii
CTaJIi aKTUBHO KOPUCTYBATHCS HA TEPUTOPIi MOCTPAASIHCHKOTO TIpocTopy. B
AmMepuili 1 €BponenHChKUX KpaiHax Iedl Oi3Hec 3aTpeOyBaHUU BKE IIyXKe
naBHo. MmoB 4ac, i B chepi pecTopaHHOro 6isHecy 3'IBIIANOCS Bce Oinbliie
KeHUTEPUHT-KOMIIaH1H.

Opnna 3 Hux kopnopatist «Compass Group» (BenukoOputanisi) - 1o
BChOMY CBITY Hajaae mociyru VIP-kedtepiHry, 311MCHIOE OpraHizariio
XapuyyBaHHS B aeporopTax Ta opraHizailito corianbHoro xapuyBans[10].

Jpyruii 3a BEIWYMHOIO JIJIEp CBITOBOI KEUTEpUHI I1HAYCTPIi -
MiKHaponHa rpyna "Sodexo" (®panuig) wHamiuye Ouibme 380000
cHiBpoOITHHKIB, O mpauooTh Ha 33900 o0’exktax B 80 kpaiHax CBITY.
Sodexo Hazmae mOCIyrd 3 OpraHizalii xapuyBaHHA ISl PI3HUX Tally3el
0i3HeCy, BKJIIOYAIOYM IMPOMHUCIIOBICTh, BiJJaJieHI 00’€KTH, MEIUYHI Ta
OCBITHI YCTaHOBH, BUIIPABHI1 3aKkj1aau, OyJUHKHN TpecTapiinx[9].

CporojiHi, KEMTEPUHI SIK HOBUM HaNpsiIM PECTOPAHHOrO Oi3HECY B
VYkpaiHi 3apeKOMEH]TyBaB ce0e sIK BUCOKONPHOYTKOBUI 1 BIIKPUBAE MIUPOKI
MEPCIEKTUBH JIJISl TUX, XTO TUIAHY€ 3aiMaTHCs HUM Ha MEePCIIEKTUBRY .

KinbkicTe peitepiB B YKpaiHi 3 KOXHHUM POKOM 30UIBIIYETHCS.
BiTunsHsiHl KeiiTepuHroBl (ipMu MOMIISIOTHCS HA Bl TPYNU: Ti, IO
MPaIoI0Th IPU PECTOPaHi, 1 caMocTiiH1. [IpakTuuHO BCi pecTopaHHi Mepexi
MalTh BIIACHI KeWTepuHromi areHiii. JlizepoM yKpaiHCBKOTO pPHUHKY
KEUTepUHTy B JaHWi Yac € (paniry3bka kommanis Sodexo. Takox cepen
JAEpiB  CHIA  3a3HAYUTH KEUTEPUHIOBl KOMIaHii: “C€BpOKelTepiHr”,
“Hunixkanc”, “Jlxem  kedrepunr’  “VIP  keilrepunr”’, «Confetti
events&catering», «l'etbman  (Qypmier», <«3Hak gkocTi», «Dirapo
keiitepinry, «Best EVENT Catering», «Opion-kentepinr», «LF Cateringy,
«Magic fountainy», «Crenc-Ykpaina» ta iuiii, a y Binaui «Citi»,«KakTtycy,
«IIlacTs €» cTarTh Bce OUTbLIE NOMYISIPHUMHU[2].

YKpaiHCbKUM PHUHOK KEUTEPHUHIY MEPEBAXKHO CKOHLUEHTPOBAHUU Y
Kuegi.

[Ipe3eHTaliist KEUTEPUHTOBOT 1HAYCTPIi 300pa’KEHO HA PUCYHKY.

VY CBiTOBI MPaKTHII BUAUISIOTH BUJIA KEUTEPUHTY:

1. Ke#itepunr y mnpumimeHHi (cCTalioHapHe OOCITyTrOBYBaHHS)
nepeadavae, o MmanpueMeIs Bosoie abo openaye npumimieHHs. Llei Bua
0i3HEeCy 3aCTOCOBYEThCS TIPH OpraHizailii IIOJEHHOTO Xap4yBaHHS
NIJOPUEMCTB, KOMIMaHii, o¢icHUX weHTpiB.. Jlo oOciayroByBaHHS B
NPUMILICHHSAX BIAHOCATH M OpraHizamiio 3axo/iB (0OaHKETIB, MPE3EHTALllH
ToI[O) Ha 0a3i 3akjady XapuyBaHHS, SK€ Ha BIIMIHY BiJ 3BHYAHHOIO
pecTopany, IO MPAIIOE MPOTATOM NEBHUX TOAMH, BIIKPUTE TIIHKU HA Yac
OaHKETIB.
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Pucynok 1. IIpe3enrartiss KeWTepUHTOBOI 1HIYCTPil

2. Keiftepur mo3a NOpPUMINIEHHAM, IO  BITHOCHUTBCS  JIO
HalJMHAMIYHIIIMX BUJIB XapyyBaHHs, nependavae, o y MiIIPUEMCTBA €
OKpeMi ITyHKTH 3 TPUTOTYBAHHS XapYOBHX MPOIYKTIB, 3BIIKH MPUTOTOBJICHA
DKa JOCTaBISIETHCS B MiCIlE, SIKE BU3Hauae KiieHT. [Ipukinagamu gaHOTO
BUJYy KEeUTepuHIy € JocTtaBka oOiIiB y odicu, oprasizamis OapOexio,
BUITYKAaHUX BEUepPh, IIKITLHUX BUITYCKHUX BEYOPIB TOIIO. 5Ky TOCTABIAIOTH
ab0 B 0OJTHOPA30BOMY MOCY/I1 3 TIOJIIPOMiIEHY, 800 B TEPMOOOKCaX.

3. IapuBigyaneHui (COLIANbHUN) KEUTEPUHT — HAJICKUTH JI0
HAWTPOCTIMIMX MOTO BUJIB, KOJM MPUTOTYBAaHHS CTpPaB BUKOHYETHCS B
NPUMIIIEHH] 3aMOBHMKA Ta 1]l KOr0 KOHTPOJIEM, BKIIOYAIOUN TPUOUPAHHS
npuMinieHHs. B 1boMy CerMeHTi KeHWTepuHTy (ipMH TMpaIioTh, HE
BUTpavar4u (piHaHCOBI 3acoOM Ha OYJIIBHUIITBO YM OPEHAY MPUMIIICHD Ta
NpUA0aHHS YCTAaTKyBaHHS, [0 BXKJIUBO ISl MIANPUEMIIIB — TTOYATKIBI[IB Y
oMy 0Oi3Heci. Buau #oro 3acTocyBaHHS — II€ COLIAJIbHI cepH, Takl sK
JUTAY1 CaJIKU Ta IIKOJIH, JIIKAPH1, TPAHCIIOPT 1 0arato iHIIOTO.

4. Po3’i3HUl KelTepuHTr — y 0aratbox BHUITQJKax II€ YacTHUHA OUIBII
3HAYHOTO MIANPUEMHHUIIBKOTO TPOEKTYy B XapyyBaHHI. 3a wi€i ¢dopmu
o0cnmyroByBaHHs HamiB(haOpHUKaTH, 10 JOCTaBISIOTHCS 3 MIAMPHUEMCTBA,
MpOXOMASTh Ha MICII KIHIIEBY OOpoOKy Ta mpomaroThes. [lpukiagom
NoJ1I0HOTO BULy KEUTEPUHTY € TOPTiBis 3 aBTOMOOLITIO.

5. Po3apiOuuii mpomaxx — I1ie MpoJaX MPOMYKTIB Ha CTaAlOHAX, Yy
KIHOTeaTpax Ta 1HIIMX MPUMIIICHHAX 3 BEIMKUM CKyMYeHHsM moaen. Len
BUJI KEUTEpUHTy, K W 1HII, TaKoX Tmepeadadae TMO€IHAHHS HOro
BUPOOHNYOT (BUTOTOBJIEHHS MPOAYKIlIi) TPAaHCIIOPTHOI (JOCTaBKa B MiCIls
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IpOJaKy) Ta TOPTiBENIbHOT (peani3allisi) CKJIaJHUKIB.

6. VIP-keliTepunr nependaydae BUi3HE peCTOpaHHE 0OCIyrOByBaHHS 13
3aJy4yeHHSIM BHCOKO KBali(hiKOBaHHUX KyxapiB, odiiiaHTiB, OapMmeHiB. Y
MPUMIIIICHH] 3aMOBHHMKA 1 i HOTO HATJIAIOM 3IIMCHIOETHCS TONEPEIHS
0o0poOKa TPOAYKTIB 1 MPUTOTYBaHHS CTpaB. BkiroueHi BHWi3HI poOOTH 3
3aMOBHHMKOM B TpuBayie TypHe. Lleli Bua oOcinyroByBaHHS Ma€ Ha yBasi
HaWBHUITY KBaji(ikaiiro 00CIyroByr0UOro NepcoHaly 1 MiHIMaJIbHI BUTPATH
Ha OpraHi3alliio 3aX0/ly 4acy 3aMOBHHKA.

7. KeiitepuHr HamoiB Ta KOKTEWiB (BUi3HUM Oap) — mpolec, IIo
nepeadoavyae MpUCYTHICTh OapMeHa, a TAKOXX HOro MOMIYHHUKIB 1 O(iIliaHTIB.
I, mpuponHO, BChOrO TOro OONAaJHAHHS, SKE€ HEOOXIOHE OapMeHy IS
SAKICHOTO IPUTOTYBaHHs, O(pOpMIIEHHS Ta Mojavi HamoiB[§].

Keiirepunr B YKpaiHi TUIbKY TOYUHAE PO3BUBATHUCS 1 3HAXOIUTh BUPA3,
OPUMIPOM, y JTOCTaBLI IMIIKA 3aMOBHUKaM (i€ NPHKIaJ KEUTEpUHTY I03a
npuminieHHsM). JlogoMy 10 Kil€eHTa AJis CBATKYBAaHHSA JTHA HApPOKEHHS
MO>KHA 3aMOBUTH NIOBapa, 0QILIaHTa, K1 OPraHi3yloTh CBITO HE TiplIe, HIX
y pecTopaHi.

3a TOBHOTOK HaJaHUX MOCIYI KEUTEpUHIOBE OOCIyroByBaHHS
HOJIISIETHCS Ha:

- KeTepuHIroBe 0OCITYrOBYBaHHSI TOTOBUMHM MPOJYKTaMH XapyyBaHHS
(Bu BUiZHOTO OOCITYrOBYBaHHS, MPHU SKOMY PECTOpPaH 3a CIElialbHUMU
3aMOBJICHHSAMH Oepe Ha ceOe 3000B’si3aHHS Y BUPOOHHMIITBI Ta JOCTaBIIi
CTpaB, ajie He Oepe ydacTi B 00CIyroByBaHHI 6€3MmocepeIHb0 Ha MICITl);

- IOBHOCEPBICHE (BUJ BUI3HOTO 00OCIIyTrOBYBaHHS, IIPU IKOMY PECTOPAH
3a CHellaIbHUMU 3aMOBJICHHSIMM a00 KEUTEpiHroBa KOMIIAHISI MOBHICTIO
Oepe Ha ceOe 3000B’s13aHHS Oprasizalii 3aMOBJIEHHS: PO3POOKY CLEHapIIo
NIPOBEJICHHS CBATA, CKIAJaHHS MEHIO, IPUTOTYBAHHS CTpaB Ta HAmMoOiB, iX
JIOCTaBKY Ha MICLE «IpU3HAYEHHS, 0OCIyrOBYBaHHS CIOKHMBayiB Ha PIBHI
PECTOPAHHOTO CEPBICY, 3BEPIICHHS pOOOTH HA MICIll TPOBEJCHHS OaHKETY.

3ajie’kHO B BUY 3aXOJIB Ta (PIHAHCOBUX MOMJIMBOCTEH 3aMOBHHKA
KeWTEepUHroBa KOMIIAHISI MOXKE 3alpOrNOHyBaTH AaCOPTHUMEHT IOCIHYT,
neperik SIKUX HaBeAeHo B Tabymmi 1 [4].

HeoOxinHO 3a3HAuMTH, MO ICHYIOTh YOTHPU TPYNH CIIOXKHBaUiB
KEUTEPUHTOBOTO 0OCITYTrOBYBAaHHS.

Jlo mepiioi rpynu HaJieKaTh KOPIIOPATUBHI 3aMOBHUKH — KOMIIaHI1, sIK1
MPOBOJIATH TMPE3CHTaIlli, KOHPEPEHIil 3 HACTYymHUM (ypIIeToM, a TaKoxX
KOpPHOpaTuMBHI cBATa 1 Beuipku. KelrepuHroBe o0OCIyrOBYBaHHS €
aJbTEPHATUBOIO OpTaHi3allii 3aX0/ly B pecTOpaHi, SKIIO Mo/1i0Ha aKIlisg Mae
MaclTabHUM XapakTep 1 MPOBEACHHS 1i € NPoOJEeMAaTUYHUM Yepes
HETOCTATHIO KUIBKICTH MICIIb.

Hpyra rpyna 3aMOBHUKIB — I'POMAaJIChKI OpraHizailii, siki MpoBOISTH
ceMiHapu, kKoHdepeHI1ii, 0JaroaiiH1 3aX0aH TOIIIO.

Tabnuys 1
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Bunm 3ax0/1B Ta aCOPTUMEHT KEUTEPUHT-TIOCITYT

Hazga 3axony XapaKTepUCTHUKA NOCTYT
KopnoparusHi cBsita, | @ypireTHe MeH0. BCTaHOBIICHHS 3ByKOBOTO Ta
FOBLIET CBiTJIOBOTO 00aaHanHs. OpraHizalis moy-
bipm IporpaMu 3arpoIieHHs My3UdHOTO TYPTY,

apTHUCTIB, BeAy4oro. OpopMieHHs MPUMIIICHHS.
Opranizaitisi 06ciyropyBants. CrenedekTH.

Oypiiety mics ®Oypmerne MmeH0. OPOpMIIEHHS CTOJIIB.
ceMiHapiB, BUCTAaBOK, | Opraizailisi 00CIyroByBaHHSI.

pe3eHTaIll

[IpuBaTHi cBsTa beHkeTHE MEHIO. 3anpoNIEeHHS BEIy4OTro BEYOopa.

BcTaHOBIIEHHS 3ByKOBOTO Ta CBITIOBOTO
obOnaaHanHs. OpraHizailisi po3BaxalbHOI
nporpamu. OdopMIIeHHS TPUMIIIICHHS.
Opranizairist 06ciyroByBanss. CrenedexTH.
CreraibHe BeCUIbHE OEHKETHE MEHIO.
Bianosinne ohopMIIeHHS TPUMIIIEHHS.
Opranizairisi 06ciyroByBanss. Po3poOka
1HJIMB1TyaJIbHOTO CIICHAPIIO.

Becimns [Tocmyru Begy4oro Be4opa Ta apTUCTIB.
BcraHoBIeHHS 3ByKOBOTO Ta CBITIOBOTO
oOyagHaHH U1 AUcKoTeku. CriemianbHi
e(heKTH Ta CIOPIPU3H TOIIIO.

Tpets rpyna — nmpuBaTHI 0COOH, K1 BIAIITOBYIOTh CIMEIHI CBsATa (IH1
HApOJKEHHS, BECULIs, I0BLIEl Ta iH.) y ce0e BaoMa abo B 1HIIOMY MICIT.
UeTrBepra rpyma — TEBHI KOJEKTUBH, $KI BBaXKAIOTh 3a HEOOXITHE
OpraHi30BYBaTH JJIg CBOIX TPAI[IBHUKIB KOMILUICKCHI 00111 (CHIJaHKH,
Beuepi)[1].

3a KOHTHHTEHTOM 3aMOBHHUKIB KEHTEPUHIOBE OOCIyrOBYyBaHHS
pO3paxoBaHe HA YOTUPHU OCHOBHI TPYNH CIOKHUBAYiB Ta MPEACTABJICHI B
Tabmui 2.

KeiitepunroBe oOCIyroByBaHHsI KJIacU(IKyeTbCcsl 32  PI3SHUMHU
O3HAKaMU: 32 KOHTHHT€HTOM 3aMOBHHKIB, 32 MIiCIIEM ITPOBEJCHHS 3aX01Ty, 3a
MOBHOTOIO IUKITY 200 XapaKTepoM HaJaHUX MOCITYT.

3a KOHTHHTEHTOM 3aMOBHUKIB KEUTEPHUHTOBE OOCIyrOBYBaHHS
po3paxoBaHe HA YOTUPHU OCHOBHI TPYIIH CIIOKUBAYIB:

- KOpHOpaTHBHI 3aMOBHHMKHM (0OCIIyrOBYBaHHS JUJIOBHX 3yCTpiuei,
Mpe3eHTallid, KoH(epeHiiil (3 HacTymHUM (QypIIeTOM), CEMiHapIiB,
KOPIOPAaTUBHUX BEYIPOK);

- TPOMAJICHKI OpraHizailii (00CIyroByBaHHS ceMiHapiB, 300piB, OJaroaiitHIX
OaHKeTiB, BUITYCKHUX OajiB TOLIO);

SBTSATU. 12.1.17


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY

Bun.12,Tom 1

8311
Tabnuys 2
OCHOBHI I'pyIiH CTIOKHBAaYiB KEHTEPUHTOBOTO OOCIYTOBYBaHHS
['pynu crioskuBayiB KoHTUHTEHT O0’exT
CIIO’KHMBayiB KEUTEepUHIOBOTO
00CITyroByBaHHs
KopniopaTusHi ®dipMH, yCTaHOBH, JimoB1 3ycTpiul,
3aMOBHUKHU M1ITPUEMCTBA, Mpe3eHTallli,
MIOCOJILCTBA KoHpepeHInii,
ceMiHapu,
KOpIIOPaTUBHI BEYIpKU
I'pomanchki CHiiku, KOMITETH, Cewminapu, 300pu,
oprasi3arii acoIiarmii, IKIJIBHI Ta OnarojiiftHi OCHKETH,
0aThKIBCbKI KOMITETH, | BHUITyCKHI Oajid TOIIO
acolriaifii BUITyCKHHKIB
[nauBinyanpHI [IpuBaTH1 0cOOU CiMmeliH1 cBsITa: QHI
3aMOBHUKHU HApOJIKEHHSI, FOBLIIET,

BECLIUISI TOILIO

KoJiekThBU yCTaHOB,
MIIIPUEMCTB,
HaBYaJILHUX 3aKJIaJI1B

PoGiTHMKY,
CITy>KOOBIIi, CTYJICHTH
TOIIO

KowmiiexcHi 001,
CHIJIaHOK, TOJTYICHOK,
Beuepst

- IHAUBITyaIbHI 3aMOBHUKH (0OCIIyTOBYBaHHS CIMEMHUX CBSIT);

- KOJIEKTMBM YCTaHOB, IMJANPUEMCTB, HaBYAIBHUX  3aKJIaJliB
(koMIuIeKCH1 00111, CHiZaHKH, Bedepi)[6].

3a MiclleM TMpOBEJAEHHS 3aXx0ay KEWTEPUHTOBI O0OCIyroBYBaHHS
M1IPO3AUIAIOTHCS Ha:

- Ti, IO TPOBOJATHCA B MPHUMIIICHHI, - odici, Baoma, OyAHMHKY
KyJIbTYpH, Ha TEPUTOPIi BUCTABKOBOTO LIEHTPY, O13HEC-IICHTPY, IJIaHETapio,
MY3€I0 TOLO;

- T1, 10 MPOBOASITHCS Ha JIOH1 IPUPOJIH, - Ha TAJISIBUHI JIiCY, B OeperoBii
30H1 TOIIIO;

- Ti, IO MPOBOJATHCSA HA TPAHCIOPTIi,- HA TMPOTYJISTHKOBHX KaTepax,
TEIJI0X0/1aX, aBia- Ta aBTOMOOLILHOMY TpaHcnopTi[ 12].

Buxoasuu 3 1ociipkeHHs, MOYKHA BUIUIUTH MEPCIICKTUBHI HAMPSIMHU
PO3BUTKY KEHTEPUHIOBO1 1HAYCTPIi:

- pO3MIMPEHHSI ACOPTUMEHTY CTpaB y MEHIO 3 ypaxyBaHHSIM MOTped
CTHOXKUBAYIB Y 3/I0POBOMY XapuyBaHHI, BXKMBaHHIM HU3bKOKaJIOPIHHOT 1K1
3a peIiriitHuMHU 0COOJIUBOCTIIMU;

- CIIPUSIHHS IHHOBAIIMHUX TEHACHIIIN Ha PUHKY KEHTEPHHTY, 30KpemMa
CTUMYJIFOBAHHS PO3BUTKY «EKOJIOTTYHOTO KEUTEPUHTY).

3a XapaKTepUCTUKOIO KEUTEPUHIOB1 MOCITYTH MOAUISIOTHCA HAa OCHOBHI
Ta J0JATKOBI.

SBTSATU. 12.1.17


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 1

9311

- 10 OCHOBHMX KEWTEPHHTOBHX MOCIYT HalleXaTh: MPUTOTYBaHHS Ta
JIOCTaBKa MPOMYKINI PECTOPAHHOTO TOCIOAAPCTBA, MOCTYyTrd OQIIiaHTIB B
00CITyroByBaHHI.

- 10 JOJATKOBUX: OpraHi3allisi KyJbTypHOTO JO3BULIS Ta AU3aiiHEpChKa
pob6oTta ipu ohopMIICHHI NMPUMIIIEHB, ¢ OyAe MPOBOAUTUCH 3aMOBJICHHM
OaHkeT, MpUOUpaHHS NPUMIIIEHHS Micas OaHketry Tomlo. Pectopan 3a
CHELlaIbHUMHU 3aMOBJICHHSIMU BUKOHY€E POJIb MTOCEPEIHUKA a00 MOBHICTIO
Oepe Ha cebe 3a0e3neueHHs OCHOBHHUX 1 JOJAaTKOBUX mocayr[11].

VY nepuomy BHUNAJKy OpraHi3aTop KEWTEpUHIOBOrO OOCIyrOBYBaHHS
Jla€ 3alliKaBJICHUM 3aMOBHHMKAM KOOPAMHATHU JACKUIBKOX MY3UYHHUX TYPTIB,
BEJly4YHX BEUOPIB, KJIIOYHIB, TU3alHEPIB, (PJIOPUCTIB, PipM, 110 3aiMAIOThCS
IIPOKATOM TEIUIOXO/IIB, BECUIBHUX aKcecyapiB TOILNO. Y APYroMy BUIAAKY
BOHM OCOOHMCTO MOXYTh JOMOBISITUCA MPO YMOBU HAJIaHHS JOJATKOBUX
MOCJIYT 1 X OIiaty, mo30aBUBIIM 3aMOBHHUKA B1J] 3aiBUX TypOOT.

Bucnosxu.  Omxe,  kedtepuHr, ab0  BHi3HE  pECTOpaHHE
0oOCIyroByBaHHsI, HHHI € OJHUM 13 HAWOUIbII TEpPCIEKTUBHUX PHHKIB
pecTtopaHHoro 0i3Hecy B YkpaiHi. CyyacHi pecTopaHd NpPONOHYIOTh HE
JUIE CMauyHy XKy, BOHHM TOPIYIOTh MHOCIyraMH, 3pyYHOCTSIMH,
T00PO3UWINBOIO aTMOC(EPOIO, BIATIOUYMHKOM, 00CTaHOBKOIO, POMaHTHKOIO,
MpisSIMHU, aJPEHATITHOM.

Kpim Toro, BakamBe 3HAUCHHS Ma€ HE JIMINE TMOCTAa4daHHS 1XKi, a i
oprasizaiiisi BiIMOBITHUX MACOBUX 3aX0/1B. TOMY, pO3BUTOK KEUTEPUHTOBO1
iHaycTpli B VYKpaiHi mependadae TOSBY HOBUX TEHICHIIM, IIKaBUX
IHHOBallIMHUX  pO3pO0OK,  YIOCKOHAJIIOIOUHUCh Ta  MIAKOPSIOYHCH
€KOHOMIYHMM 3aKOHAM MOIMUTY 1 MPOIMO3HIi, a TaKoX KOHKYpPEHIl 3a
CIIOKMBAaya.

[lepcrieKTHBHUM HAMPSIMKOM TOJANBIINX JOCHTIIKEHb € JeTalbHe
BUBUYCHHS TEpEeBar Ta HENOJIKIB BEJCHHS KEWTEpPUHIOBOI I1HAYCTpii Ta
IpoAaXk Ha MDKHAPOIHOMY PHHKY KEMTEPHUHTOBUX MOCITYT.
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HISTORY OF CATERING INDUSTRY DEVELOPMENT - FROM THE PAST
TO THE FUTURE

Summary
The article examines the historical development of the catering industry and
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explores the current features of catering as a new direction of the restaurant business in
Ukraine. It has been proven that catering services provide a wide range of restaurant
services and are one of the most dynamic sectors of the restaurant business in Ukraine.

The world market for the catering industry began to develop actively in the United
States in the early twentieth century, during the large-scale construction of skyscrapers,
to organize the nutrition of many workers. At the same time, the idea quickly spread as a
way to provide food for employees of large industrial enterprises and office workers in
business centers in the United States and Europe in order to more effectively organize the
working day.

Recently in Ukraine there has been a steady trend of moving services for the
organization of consumption and customer service from the halls of restaurants to
workplaces (offices, institutions), places of rest, places to celebrate anniversaries and
other official and unofficial holiday events, to home. The catering service is provided not
only by restaurants (restaurants, cafes, bars), but also by companies established on the
basis of restaurants.

Today there are the following main types of catering: cooking in a restaurant;
outside the enterprise (on-site restaurant service); supply contract (delivery to offices,
enterprises, etc.).

The number of catchers in our country is growing every year. Domestic catering
companies are divided into two groups: those that work at the restaurant, and independent.
Almost all restaurant chains have their own catering agencies. Even unprofitable
restaurants are engaged in outbound service, which in this way try to save the business.
The leader of the Ukrainian catering market is currently the French company Sodexo.
Also among the leaders should be mentioned catering companies: "Eurocatering",
"Stagecoach", "Jam catering" "VIP catering". The Ukrainian catering market is mainly
concentrated in Kyiv.

Catering services in Ukraine are rapidly developing and improving their methods
of working with customers, expanding the list of services. Catering is a highly profitable
and promising activity for restaurants that plan to organize services permanently, rather
than periodically in order to raise additional income for the institution.

Key words: exit service, food industry, restaurant business, VIP-catering, food
services.
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PECYPCO3BEPIT'AIOYE KEPYBAHHS HABAHTAXKEHHAM
ACHUHXPOHHMUX EJIEKTPOABUI'YHIB HACOCHHX
YCTAHOBOK B YMOBAX 3HUKEHHSI )KUBJIIUOI HAIIPYTH

Anomayisn. Y CTaTTi MO3HAYEHO HAPOTHO-TOCIOAAPCHKY MpOoOIIeMy
30epekeHHsT peCcypCy aCHHXPOHHUX €JIEKTPOABUTYHIB B YMOBAX 3HIKECHHS
HalpyTW MeEpeXi JKUBJICHHA, fAKa € aKTyaJbHOIO JUIS BiAJajJeHUX
TEXHOJIOTITYHUX OO0’€KTIB a00 THX, W0 OJAEPXKYIOTh >KUBJICHHS BIJ
ABTOHOMHHUX JIPKEpEJ €Heprii, Ta pO3rsSTHYTO OJUH 13 INUISXIB 1i BUPIIICHHS
Ha TIPUKIAJl TPUBOJHUX ACHHXPOHHUX EJIEKTPOJBUTYHIB HACOCHUX
ycTtaHoBOK. IlokazaHo, 10 BCI ICHYIOUl CHCTEMH pecyp30epirarodoro
YOpaBIIHHS HE BPaxOBYIOTh 3HIDKEHHS HANpyrW Ha 3aTUCKadax
MPAIIOI0YOTO €JIEKTPOIBUTYHA, BUJ] MEXaHIYHOI XapaKTePUCTUKH pOOOUO0i
MallliHU Ta 3MIHY TeMIepaTypu HaBKOJHUIIHBOTO CEepeloBHUINA. Y CTaTTi
BCTAHOBJICHO MPUYNHHO-HACIIIKOBHH 3B’ 130K MK 3HIDKCHHIM HANpPyTH HA
3aTMCKayax  MpAaIoldoro  aCHHXPOHHOTO  EJIEeKTPOJABHTYHA  Ta
HEMPUITYCTUMHUM 3HIDKEHHAM #oro pecypcey. Ilpu posrnsai 3HOIIEHHS
pecypcy €NEeKTpOJIBUTYHa OCHOBHA YyBara TMPHUCBAYEHA TEIUIOBOMY
3HOIIIEHHIO PECYPCY, IK OCHOBHOMY B e€KCIUTyaTtallii. Ha oCHOBI MeXaHIuHHUX
MOKa3HUKIB Ta CXEMH 3aMillleHHS aCHHXPOHHOTO EJEeKTPOJBUTYHA
MIPOAHAJII30BAHO TMPOIIEC EJIEKTPOMEXAHIYHOTO TIEPETBOPEHHS EHEprii 3
TOYKH 30py pecypcoszbepexeHHs. B pe3ynpTaTi aHamizy BCTaHOBIICHO
3aJIEKHOCTI TIBUAKOCTI TEIMJIOBOTO 3HOMICHHS 130JIA1li aCHHXPOHHOTO
CJICKTPOJBUTYHA Yy (YHKINI 3aBaHTAKEHHS, TPUKIAJCHOI HAMpyTH Ta
TEMIIEpaTypyd HAaBKOJIMITHBLOTO CEPENOBHINA 3 YpaxyBaHHSIM BHIY
MEXaHIYHOI XapaKTepUCTUKH HACOCHOTO arperaty. Ha 0a3i oTpumaHux
PIBHSIHB, SIKI € MAaTEMaTUYHOIO MOJIEIUIIO PECYPCO30EPEKEHHS TPAIFOI0UNX
ACUHXPOHHUX E€JIEKTPOJABUTYHIB, PO3paxoBaHi Ta MOOYJ0BaHI 3aJeKHOCTI
HIBUIKOCTI TEIUIOBOIO 3HOUIEHHS 130J15li Yy (YHKIT 3aBaHTaKEHHS
eJIEKTPOJIBUTYHA Ta (YHKII TeMIepaTypyd HABKOJUIIHHOTO CEpelOBHUIIIA.
AHani3 JaHuX 3aleKHOCTEH J03BOJMB BCTAHOBUTH TMpaBWia YIPABITiHHA
ACUHXPOHHUM  €JICKTPOJBUTYHOM 3aJIKHO BiJ] BEJIMYMHU 3HKECHHS

© 0. 10. Bosk, C. O. KsiTka
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HAllpyTyd OKUBJIEHHS a00 BIOXWICHHS TEMIEPAaTypud HABKOJUIITHHOTO
CEpEeIOBHUIIA, BUXOISIYA 3 HOMIHAJILHOTO 3HAYCHHS MIBUIKOCTI TEIJIOBOTO
3HOCY 130JIS1I11.

Kniouosi cnoea. ACMHXpOHHHMHN €IEKTPOJABUTYH, BUTpaTa pecypcey,
MIBUJKICTh TEIJIOBOTO 3HOILIEHHS 130JIs1111, HACOCHUW arperar, MexaHi4Ha
XapaKTepUCTHUKA, HABAHTAXKEHHSI, 3HIKEHHSI HAIIPYTH, pecypco30epeKeHHs,
yIIpaBJIIHHS.

Ilocmanoexa npoonemu. Ha croronni npubiuszHo 40% enekTpuyHoi
€Heprii, 1m0 BHUPOOJSETbCS Yy CBITI, CIHOXHBAETHCS ACHUHXPOHHUMHU
CJICKTPOABUTYHAMHU, KUIBKICTh fAKuUX TnepeBuinye 300 wmuH.amTyk [1].
HaiiGinbpm 3a Bce BKa3aHl EJIEKTPOABUIYHI 3aCTOCOBYIOTBHCS y PI3HUX
BUPOOHMYMX IIpollecax MPOMHUCIOBOCTI, crnoxuBaroun g0 80 %
eJIEKTpOEHEPTii JaHOi ramy3i ekoHomiku [2 — 3]. 3HauHa YacTKa II€i
CIIOJKUTO1 €JIEKTPOEHEPT1i MPUIaJa€e Ha HACOCHI CUCTEMH, SIK1 33 TAHUMH [4]
CIIO’KMBAIOTh OJIM3bKO 22 % BijJ] BKa3aHOTO 00CATY.

Take po3MOBCIOXKEHHS K Y IPOMHCIIOBOCTI B LIIJIOMY, TaK 1 30Kpema
B HACOCHHUX YCTAaHOBKAaX aCHHXPOHHI €JIEKTPOJBUTYHU OTPUMAIIU 3aBJSKU
BUCOKIM KOHCTPYKIIIMHINA HaAIMHOCTI Ta MOPIBHSHO HE3HAYHIA BapTOCTI
BUTOTOBJICHHS [5 — 6]. B Tolf ’xe dYac ekcruryaraimiiiHa HaaiHHICTb
ACUHXPOHHUX C€JICKTPOJABUTYHIB y BCIX Tally3iX €EKOHOMIKH €Bponu
nepebyBae Ha HEJIOCTATHHOMY PiBHI, MPO 110 CBIIYUTH HACTYITHE: MOPIYHO
BUXOJISITH 3 JIAJTy Ta PEMOHTYIOThCS y cepenHboMy Bija S 10 10 % 3a3HaueHux
enekTpoaBuryHiB [7 — 8]. Jlns enexkTpoJBHUIyHIB HACOCIB CEpenHii
HapOoOITOK Ha BIAMOBY CTaHOBUThH jumie 2,5 poku [9]. TonoBHUMU
OPUYMHAMM TaKOi HEBHCOKOI eKCIUTyaTalliiiHOi HaJiiHOCTI BKa3aHUX
JBUTYHIB € 30BHIIIHI BIUIMBU Ha HUX SIK 3 OOKY >KHMBJISIY0i MEPEXi, TaK 1 3
00Ky po0OUYMX MaIlIMH, 5Kl He OyJin nependayeHi npu ix npoekTyBanHi [10].
3HaYHUMU EKCIUTyaTal[iiHUMH BIUIMBaMH, OCOOJIMBO Ha €JIEKTPOJBUTYHU
HACOCHUX YCTAaHOBOK, € TEIUIOBE CTapiHHS 13071111 Ta 3HIXKCHHS HANPyTH
KUBIITYOT  MEpeki  HAa  3aTHCKayaX  MPAIMOIOYMX  ACHMHXPOHHHUX
enexTpoaBuryHis [11 — 12].

BinmomMo, 1m0 HaBiTh HE3HAYHE 3HIKCHHS SIKOCTI KUBJISYOI HAMPYTH
MIPU3BOJIATH JI0 HETAaTHBHUX HACHIJIKIB, TTOB’I3aHUX 31 CTAPIHHAM 1301111 1
3HIDKCHHSIM TaKMX CHEPreTUYHUX TIOKa3HUKIB POOOTH aCHHXPOHHUX
JBUTYHIB SIK KoeimieHT kopucHOi nii 1 koedimieHT nmoTykHocTi [13]. Tlpu
BIIXWJICHH] HANpyrd B MeEpexXl BiJ HOMIHAJIBHOTO 3HAYEHHS aKTHBHA
MOTY)XHICTh Ha Bally ACHHXPOHHOTO JIBUTYHa 3aJIMINAETHCS MPAKTUIHO
MOCTIHHOIO, @ B HhOMY 3MIHIOIOTHCSI BTpATU aKTUBHOT MOTY>kHOCTI [14]. Lle
00yMOBITIO€ 3MiHY HarpiBy aCHHXPOHHOTO €JIEKTPOABUTYHA Ta, SIK HACTIIOK,
3MIHY IIBHUJKOCTI TEIJIOBOTO 3HOIICHHS HOTO 130JISIIIHHOI KOHCTPYKIIIi.
TenyoBe 3HOIIEHHS € OJHUM 3 TOJOBHUX YMHHUKIB, SIKE€ BIUIMBAE Ha
CTapiHHS 130JA11iHOT KoHCTpyKIii [15]. ToMy HeoOXinHO 3amponoHyBaTH

SBTSATU. 12. 1. 18


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

HaykoBuit BicHuk TAATY Bun. 12, Tom 1

3315

TaKWH MiIXig 10 KepyBaHHS aCHHXPOHHUMH €JICKTPOJBUTYHAMH HACOCHUX
YCTaHOBOK, SKHM Ou 3a0e3meurB HOMIHAJIbHY IIBUIKICTH TEIIOBOTO
3HOIICHHA iX 1307111 B yMOBax 3HIKeHOi Hampyru. OJHUM 3 TOJOBHHUX
napaMeTpiB, KU MOXXHA 3MIHIOBATH MPHU KEPyBaHHI €NEKTPOJBUTYHAMU
HACOCHMX YCTaHOBOK, € 1X HaBaHTaxeHHS. ToMmy 10 Kpaille THUMYacoBO,
HaIPUKJIAJ], I0JIaTh MEHIIIE BOAW y CUCTEMY BOJOMOCTAYaHHS, HIXK B3araii
3QJIMIIUTUCH 0€3 Hel YNpOJOBX 3HAYHOTO MPOMDKKY 4Yacy BHACIIAOK
B1JIMOBH €JICKTPOJABUTYHIB HACOCHHUX arperarib.

Ananiz  ocmammnix  Oocniddcenp. Ha  cbhOromHI  MPOBOJSATHCS
JOCIIIJIKEHHSI 1 TPOMOHYIOTHCS PEKOMEHAIl BUKIIOUYHO Y HaNpsIMKYy
€HEpro30epiraroyoro KepyBaHHsS HACOCHUMH YCTaHOBKaMHM, SIK MPABWIO B
yMOBaX HOMIHAJIBHOI HAMPYTH, IO 1 NPU3BOJIUTH JO 3a3HAYCHOI BUIIE
poOJIEMHOI CUTYyallii. Y bOMY HaIllpsIMKY MPaLIO0Th 0araTo BYUEHUX, CEPe]
akux bapcekuit B. A., bemta A. C., T'opbaues H. B., S. Mirchevski,
S. Hussein, H. Gavrila, I'ynse 1. B., Tyraes I'. M., bopucesuu A. B.,
Kozapyk A. E., Bacunee B. [0., Ymakos A. C., Koaranos A. P.,
Hasumosa JI. P., M. Jannati, S. A. Anbaran, G. Kohlrusz, D. Fodor i 6araro
IHIIUX, SKUMU OYJIO JOCHIJDKEHO pI3HI acleKTh eHeproz0epiraroyoro
KEepyBaHHSA aCUHXPOHHUX €JIEKTPOJBUTYHIB. JlOCTIHKEHHS 1 peKOMeH i
caMe pecypco30epirarouoro KepyBaHHsS, II€é ¥ B yMOBax 3HI)KCHHS
YKUBJISTYO1 HAMPYTH, BIICYTHI.

Dopmynosanns yineu cmammi. ToMy HEOOXITHO 3aMpONOHYBATH
Takuil Ccrocid KepyBaHHS ACHHXPOHHHUMHU €JIEKTPOABUTYHAMH TPUBOY
HACOCHMX arperariB, KM OM YITKO BKa3yBaB HACTYIIHE: HA CKUIbKH
HEOOXiTHO 3HU3WUTH HABAHTAXCHHS Ha Baly EJIEKTPOJIBUTYHA TPUBOIY
HAcOCy 3 METOK 30epeKeHHsS HOMIHAJIBHOI IIBUJKOCTI TEIJIOBOTO
3HOLIEHHS MOr0 130JSII1HHOT KOHCTPYKIIII B YMOBAaX 3HM)KE€HOI HaIpyru Ta
MiABUIICHOT TEMIIEpaTypH HABKOJIUIITHHOTO CEPEIOBHIIIA.

Ocnoena uacmuua. 3 1IE€I0 METOI PO3TISHEMO OUIBIN JAETaIbHO
rOJIOBH1 €KCIUTyaTalliifHi BIUIMBH HA aCHHXPOHHI €JIEKTPOABUTYHU IIPUBO/IIB
HAacoCHUX arperariB. Uepe3 Te, 1Mo B MpOIEC] EKCIUTyartallii 3a3HaveHi
CJICKTPOJBUTYHH TIepeOyBalOTh MiJ BIUIMBOM 3HIDKEHHS HANpPyTH Ha iX
3aTUCKayaxX, TO MEXaHI3M PO3BHUTKY MPOIECY MOMIKOKEHHS iX 130711
Oyne HacTymHWM. 3HWKEHHS HaNpyrW Ha 3aTUCKayax MPaIIol0YuX
ACMHXPOHHUX €JICKTPOJABUTYHIB IPU3BOJAUTH JI0 301JIbIIIEHHS 1X KOB3aHHA 1,
SIK HACMIJIOK, /1O 3017IbIIICHHS CIIOKMBAaHUX HUMH CTPYMIB Ta BIJMOBIAHO JI0
nepeBaHTaXeHHS 3a cTpyMoM. OcCTaHHE, y CBOIO 4Yepry, BHUKIHKAE
NIJBUILIEHHS BiOpaiii, 301IbIICHHS EJEKTPOAMHAMIYHUX 3yCHJIb MIXK
MPOBIIHUKAMUA OOMOTKH, 3HMKEHHS ONOpPY BUTKOBOI 130JIAII, a TaKOX
neperpiBiB - BUTKOBOi, KOpITyCHO1 130Jsmii  Ta ocepas. Hacmiakom
neperpiBaHHs 130711l € T TernjgoBe 3HOIICHHS, SKE MPU3BOJAUTH JI0
BUHUKHEHHS JJOKaJIbHUX JAe(EKTIB BUTKOBOI 13011111 Y TA30BUX Ta JJOOOBUX
gactuHax. Lli nedektn 0OyMOBIIOIOTH CHOYATKy HE3BEpIIEHI MPOOOi
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BUTKOBOT 130JI:1111, @ TOTIM 1 TOBHI BUTKOBI 3aMHUKaHHS, 5IKi, B CBOIO Yepry,
BUKJIMKAIOTh BIJIMOBY €JIEKTPOIBUTYHIB.

[Ipu upoMy chii BpaxoBYBaTH 3MIHY 3aBaHTAKEHHS HACOCHUX
arperariB, sIKl MPUBOJATH Y PYX ACHHXPOHHI E€JEKTPOJBHUTYHH, a TaKOXK
3MIHy  TeMIepaTypd  HAaBKOJHMUIHBOIO  CEpEelOBUINA.  3OLIbIICHHSA
3aBAHTAKEHHS HACOCHMX arperaTriB  NPU3BOAUTH 10  30LIbIIECHHS
CIOXMBAaHUX  €JIEKTPOJIBUTYHAaMU  CTPYMIB, JI0  IE€PEBAHTAKEHHS
ACUHXPOHHUX €JIEKTPOJBUTYHIB 3a CTPYMOM, JI0 IIABUILEHHS TEMIEpaTypu
OOMOTKH, J0 IeperpiBy BHUTKOBOI 130JIAIii, JO TEIJIOBOIO 3HOIICHHS
1307111111, 1O BUHUKHEHHS CIIOYATKY JIOKAJbHUX J€PEKTIB BUTKOBOI 130JIS1111
y 7000BMX Ta MA30BUX YACTHUHAX, SKI MPHU3BOAATH 10 HE3aBEPIICHUX
po0OOiB BUTKOBOI 130JISI11ii, a MOTIM 1 JO MOBHUX BUTKOBUX 3aMHKaHb Ta
BI/IMOBHU €JICKTPOJABUTYHA. 30UIBLIEHHS TEMIIEPAaTypH HABKOJIUIIHBOTO
CepeIOBHINA MPU3BOAUTH MO0 MIABUIICHHA TEeMIEpaTypu OOMOTKH, 0
NeperpiBy BUTKOBOI 130JIAL1i, A0 TEIJIOBOTO 3HOIIEHHA 130JA11i, [0
BUHHUKHEHHS CIIOYATKY JIOKAJbHUX J1€(PEKTIB BUTKOBOI 13011 Y J0O0BUX
Ta MA30BUX YaCTUHAX, K1 MPU3BOATH 10 HE3aBEPILIEHUX MPOOOIB BUTKOBOI
130/1111, @ M[OTIM 1 JO0 TOBHMX BHMTKOBMX 3aMHKaHb Ta BIJIMOBHU
€JIEKTPOJIBUTYHA.

TakuM yuMHOM, 3 ypaxyBaHHSAM BHUKJIAQJECHOTO BHIIE y MNOJANbIIUX
JOCITIJIKEHHSAX HEOOX1THO BpPaxOBYBaTH MPUUYMHHO-HACITIIKOBUHN 3B’SI30K
3HIKEHHS Hampyrd Ha 3aTUCKayaX aCHHXPOHHHUX €JIEKTPOJBUTYHIB
HAaCOCHUX YCTAHOBOK, IKUW HABEACHUN HA PUCYHKY 1.

Sk BummuBae 3 puc.l TOJOBHHM MPOSIBOM 3HWKCHHS HANpyrd Ha
3aTUCKayaX aCHHXPOHHHUX EJEKTPOJABHUTYHIB HACOCHHUX YCTaHOBOK €
NIJBUILIEHHS 1X HarpiBy, $IK€ MPU3BOJAUTH [0 30UIBIICHHS TEIMJIOBOTO
3HOMICHHA 130711, [lapameTpom, sIKUii XapakTepu3ye TEIUIOBE 3HOIICHHS
130J1511i ACMHXPOHHOI'O  €JIEKTPOJBUIYHA, € IIBUAKICTh TEIMJIOBOTO
3HOIIICHHS 130JIA1I111, IKa BU3HAYA€ThCs Tak [15 — 16]:

e=¢,-exp| B : — : : (D)
it S, +273 1, + 8, +273

cep.H

JI€ &— MIBUAKICTD TEIJIOBOI'O 3HOILIEHHS 130JIs11i1, 0a3.r01./TO.;
&, — HOMIHaJIbHA MBHIKICTH TEIIOBOI'O 3HOIIEHHS 130JIs1111, 0a3.1r01./TO/.;
B — mapameTp, mo xapakrepusye kiac i3ossiii, K;
Ti, — HOMIHAJIbHE yCTaJICHE TIePEBUIIIEHHS TeMIiepaTypu oOMoTkH, °C;
Geep.» — HOMIHAJIBHA TEMIIEPATypa HABKOJIMIIHBOIO cepenoBuuia, °C;
71, — TOTOYHE yCTaJIeHEe TIEPEBUIIICHHS TeMIepaTypu oOMoTkH, °C;

9.p — IOTOYHA TEMIIEPATYpPa HABKOJIMILHBOTO cepenoBuuia, °C.
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3HIKEHHSI HAPYTH Ha
3aTHCKayax eJEKTPOJIBUTYHA

30UIBIIEHHS KOB3aHHS

A 4

'

30UIBIIEHHS 3aBAHTAXKECHHS 361
IBIIICHHS CHJIA CTPYMY

A 4

HACOCHOT'O arperaTy

'

[lepeBaHTa)keHHS 32 CTPYMOM

'

30UTbLIEHHS TEMIIEPATYPH

A 4

301IbIIIEHHS TeMITepaTypyu 0OMOTKH

HaBKOJIMITHBOT'O CCPCAOBUIIA

[TeperpiB 1301111

|

TerutoBe 3HOMIEHHS 13011111

JlokanbHi nepeKTH BUTKOBOT 1301511111

l

HezaBepieHi mpo60oi BUTKOBOT 130711111

'

IToBHI BUTKOB1 3aMHUKAHHS

|

BigmoBa enexkrpoaBuryHa

Pucynox 1. IlpuunHHO-HACHIIKOBHUI 3B'SI30K 3HWKCHHS HANPYTd Ha
3aTHCKaYaX aCHHXPOHHUX €JIEKTPOJBUTYHIB HACOCHUX YCTAaHOBOK

OT)Xe MBHIOKICTE TEMJIOBOrO 3HOMIEHHS 13041 3aJIeXKITh Bl
HOMIHAJIBHOI MIBUAKOCTI TETIJIOBOTO 3HOMIECHHS 130JIAM1 &,, MapaMeTpy, 110
XapakTepu3ye Kiac 130JA1lii, B, HOMIHAJIbHOTO yCTaJEHOTO MEPEBUIICHHS
TEeMITIepaTypu OOMOTKH Ti,, HOMIHAJIBHOI TEeMIEPAaTypH HABKOJHITHHOTO
cepefioBUIAa ey, MOTOUHOTO YCTAJIEHOI'O IEPEBMILIEHHS TEMIEpaTypH
OOMOTKHU 7y, TIOTOYHOI TeMIIEpaTypu HABKOJIMIIHBOTO CepeloBUINA Y.,
TOOTO €= f (&, B, Tiny Feepn> Tiys Feep). SHAUCHHS &, B, Ty, Seepn 3a7€XKATDH
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TUIBKM B1JI KOHCTPYKLII ACMHXPOHHOI'O €JIEKTPOABUIYHA, 3HAUYEHHS U
BU3HAYa€ BIUIMB TEMIEPAaTypPH HaBKOJIHMIITHHOTO CEPEIOBHUIIA HA IIBUIKICTh
TETUIOBOTO 3HOIIEHHS 130JIAIii, a 3HAUYEHHS 7, BU3HAYa€ BIUIMB PEKUMY
poOOTH HACOCHOTO arperary Ha MIBUIKICTh TEMJIOBOTO 3HOIIEHHS 1301111,
TOOTO BIOXWJICHHS HAMpyrd Ha 3aTHCKauax EJEKTPOJBHIYHA Ta CTYMiHb
MOT0 3aBaHTAKECHHS.

[Totoune ycTaneHe MEpPEBUIICHHS TeMIIEpaTypu OOMOTKH cTaTopa
ACMHXPOHHOTO €JIEKTPOJBUTYHA HA MiJCTaBl PO3MIIALY TEIJIOBUX MPOIECIB
y  CNeKTPOABHUIYHI 13  BHKOPHCTAaHHSIM  MOro  eKCIUTyaTaliitHoi
JIBOEJIEMEHTHOI €KBIBAJICHTHOI TEIJIOBOI CXEMH 3amuIIeThes Tak [15]:

APconst.H +k2
=T var.H
» TP AP ’ 2
1+ const.n _aTIH(kZ_l) ( )

1
var.H

1€ AP onst» — HOMIHAJIBHE 3HAYEHHSI IOCTIMHUX BTPAT B €JIEKTPOABUTYHI, BT;
AP, ,, — HOMIHaJIbHE 3HAUEHHS 3MIHHUX BTPAT B €JIEKTPOJIBUTYHI, BT;
k; — KpaTHICTh CWJIM CTPYMY Y OOMOTIII CTaTopa;
O — TEMIEPATYPHUI KOE(ILIEHT ONIOPY MaTepiay MPOBIIHUKIB OOMOTKH
cTaTopa enektpoasurysa, 1/°C.

OTxe, yCTaJleHE NEPEBULICHHS TEMIEPATypU OOMOTKH 7, 3aJIEKUThH
BIJI Kiacy 13o0idmii oOMOTKH, sIka BH3Hauya€ ii HOMIHAJIbHE YyCTaJlleHEe
NEPEBUILEHHS! TEMIIEPATypU 7j, KPATHOCTI CTPyMy €JIEKTPOJABMIYHA K,
BTpaT MOTYXHOCTI APconstn, APyary Ta MaTeplany MNPOBIAHUKIB OOMOTKH,
SKOMY BIJIOBIIa€ TeMmeparypHuil koedimient onopy a. Tobto 71y, = f (71,
ki, APCOI’ZSZ‘.H) APVLI}’.H) a)

3 BKa3aHUX BHIIE TOKA3HHWKIB TIIBKH KpPATHICTH CHUIIU CTPyMY
€JIGKTPOJIBUTYHA 3MIHIOETbCA BIJ] HAmpyrd, NPUKIAICHOI J0 WOro
3aTUCKaviB. J{J1s1 BCTAHOBJICHHS 3aJIe)KHOCTI KBaJpaTy KpaTHOCTI CTPyMy B
OOMOTIIl CTaTopa AaCHHXPOHHOTO EJIEKTPOJBUTYHA B 3aJCKHOCTI BIJ
MPUKIIAJICHOI HANmpyrd pos3risiHeMo ioro ['-momiOHy cxemu 3aMillleHHS,
npeacTaBiieHy Ha puc.2 [17].

Ha cxemi (puc.2) mosHaueHo: U, — KOMIUIEKC J{IOUOTrO 3HAYCHHS
npukaageHoi g0 (a3 HAmpyrH; [— KOMIUIEKC IIOYOTO 3HAUECHHS
CIIOXKHUBAHOTO (Ha30i0 CTPyMy; /17— KOMIIEKC Jil0YOTO 3HAYEHHS CHIH
CTPYMy HABAHTAXyBAJIBHOT BITKH CXeMH; |, — KOMILIEKC J{F0Y0r0 3HAYCHHS

CWJIM CTPYMY BITKM HaMarHidyyBaHHS CXEMH; S — KOB3aHHS €JIEKTPOBUTYHA;
14 ’ 14 ”
x|, x5, x, 1, X,— HapaMETPH CXEMH.
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Pucynok 2. I'-monmibna cxema 3amimeHHs (a3u TpudazHOro
ACHHXPOHHOTO €JICKTPOJIBUTYHA

Cuna cTpyMy y HaBaHTaXyBaJbHIM BITII CXEMU 32 HOMIHAJIBHOI
HaIpyTy 1 HOMIHAJIBHOTO HaBaHTAXXEHHs Oyie IOPIBHIOBATH:

” — U]H . (3)
. (r'+1n/s, )2 +(x1'+x;')2

Cuiia cTpyMy y HaBaHTXKYBJIbHIN BITII CXEMU 3a HEHOMiHAIBHOI
HaIpPYT¥ 1 HEHOMIHAJIBHOTO HaBaHTaXXEHHsI OyJie TOPIBHIOBATH:

- g 2 4)
(7ir+ 7’2" S) + (_xl’ + x;r)
Pospinusum (4) Ha (3) oTpuMaemMo:
kz’ :ku .(71,‘{‘7"2” SH)2+(X1,+X§): > (5)

(rl'+ v 5)2 + (xl' +x;')

ne k,=U, /U, — KpaTHicTb NpHKIafeHOi HANpyrH 10 3aTUCKAYiB
€JIEKTPOJIBUTYHA.

Ak BUIHO 3 (5) KpaTHICTb CTPYMY y OOMOTIII CTaTOpa eIEKTPOABUTYHA
3aJIe)KUTh BiJ KPATHOCTI MPUKIIAEHOI HANIPYTH, HOTO MapaMeTpiB, a TAKOXK
HOMIHAJILHOTO 1 TMOTOYHOTO KOB3aHHS. 3 IIMX BEIWYHH, OKpIM caMoi
KpPaTHOCTI MPUKIAACHOT HAMpPYTH, 1€ ¥ MOTOYHE KOB3aHHS 3aJICKUTH BiJ
OPUKJIAJEHOI  HAmpyrm A0  3aTUCKadiB  €JIEKTpPOJABUIYHA. Tomy
IPOAHAII3yeEMO BIUIMB 3HM)KEHHS HAIPYTH KUBJISIYOT MEPEKI HA TOTOYHE
KOB3aHHSI  €JIGKTPOJIBUTYHa 3  ypaxyBaHHSIM  HOro  KOEQILIEHTY
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3aBaHTAXCHHS Ta BUIY poO0YOi MAIWHM, SKy BIH MPUBOAUTH Y pyX. s
IILOTO CKOPUCTAEMOCH MEXaHIYHUMHU XapaKTepUCTUKAMHU TpH(DA3HOTO
ACHHXPOHHOTO €JIEKTPOJIBUTYHA 1 HACOCY.

Jlineanizyemo po0ody JUISHKY MEXaHIYHOI  XapaKTePUCTHKHU
CJICKTPOABUTYHA Ta MEXaHIYHY XapaKTEPUCTUKY Hacocy. Taki jJiHealni3oBaH1
poboul  IUISHKA ~ MEXaHIYHOI  XapaKTepPUCTUKU  aCHMHXPOHHOTO
CJICKTPOABUTYHA BIAMOBIAHO TPH HOMIHAJIBHIM Ta 3HWXKEHIA Hampysi
JKUBJISIYOI MEpeki Ta JIiHeadi30BaHI MEXaHIYHI XapaKTePUCTHUKU HACOCY
BIJIMOBITHO ITPH HOMIHAJILHOMY Ta 3HUKEHOMY HaBaHTaKE€HHI ITPeICTaBIIeHI

Ha PUCYHKY 3.
A o

v

0 My KM, kM M,

1, 2 — miHeanmi3oBaHl poOOYl AUIAHKM MEXAHIYHOI XapaKTEPUCTUKU
ACMHXPOHHOTO €JIEKTPOJBUTYHA BIAMOBIAHO IPU HOMIHAJIbHINA Ta 3HU>KEHIH
HaIpy31 KUBJIAUOT Mepexi; 3, 4 — IIHea1i30BaHl MEXaH14H1 XapaKTePUCTUKU
HACcOCy BIJMOBIIHO MPH HOMIHAJIBHOMY Ta 3HM)KEHOMY HaBaHTaKEHHI; @y,
@,, @ — BIATOBIAHO CHHXPOHHA, HOMIHAJIbHA 1 MOTOYHA KYTOBI IIBUIKOCTI
ACHHXPOHHOTO €JIEKTPOABUTYHA; M) — OYaTKOBUM MOMEHT OMOPY HACOCY;
M,, M — BiINOBIIHO HOMIHATFHUNA Ta TOTOYHUUA MOMEHTH Ha By

ACUHXPOHHOTO  €JEKTPOJBUTYHA; k; — KOe(DIIiEHT 3aBaHTaKCHHS
ACUHXPOHHOTO €JICKTPOJIBUTYHA.
Pucynox 3.  MexaHiuHi  XapakTEPUCTHKHA  ACHHXPOHHOTO

€JIEKTPOJABUTYHA Ta HACOCY

BukopuctoByroun puc. 3 Ta mNpu3HaK MNOAIOHOCTI TPHUKYTHHKIB,
MO>KEMO 3aITUCaTH:
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w,-o, k-M

H

w, - ki-M, ©)
3Bi/IKM 3HAXOIUMO:
@ ki -
w,—w k, "
abo
2
M=Si-lZ—U-MH. (8)

KoB3aHHsI aCHHXPOHHOT'O €JIEKTPOABUTIYHA BU3HAYAE A1I0YE 3HAUEHHS
CUJIM CTPyMY B OOMOTIII CTaTOpa, BijJ KBaJipaTa SKOTO 3aJIKUTh KIJIbKICTh
TEIUIOTH, 110 BUJUIAETHCS Yy LI OOMOTIII TpU POOOTI E€IEKTPOJABUTYHA.
Hocniaumo, sik OyJie 3MIHIOBaTUCh KOB3aHHS JIBUTYHAa B 3aJ€XKHOCTI Bijl
KOe(DILIEHTIB 3aBAHTAKEHHS Ta 3HWKEHHS HANpPYTW 3 ypaxyBaHHSAM BHY
MEXaHIYHOI XapaKTEepUCTHKU Hacocy. [[ns 1boro CKOPUCTAEMOCH
EMIIIPUYHUM PIBHSHHSAM MEXaHIYHOI XapaKTepUCTUKU Hacocy [15]:

2

Mon:M0+(Mon.H _MO). a)ﬁ D (9)

H

ne M,,, M,,,, — BIAMOBIHO MOTOYHE Ta HOMIHAJIbHE 3HAYCHHS MOMEHTY
onopy Hacocy, H-m.

Axmo miacrasutH (8) y (9) Ta po3aututu Ha M, TO OTPUMAEMO:

2

I-s
: (10)

sk _y +(1-M)-
s, k, ot o* l-s,

ne My =M;/M,— BimHOCHE 3HAYEHHs I[OYATKOBOTO MOMEHTY OIOpY

Hacocy.

Po3B’s130k (10) 110410 KOB3aHHS S UIsl PEKUMY JIBUTYHA B 3aJICKHOCTI
BiJ KOe(iLI€HTIB 3aBaHTAKEHHS Ta 3HIKEHHS HAIIPYTH 3 YPaxXyBaHHIM BUIY
MEXaHIYHOI XapaKTEPUCTHKH HACOCYy Ta HOMIHAJIBLHOTO KOB3aHHS
€JIEKTPOJBUTYHA 1 BIJIHOCHOTO TOYAaTKOBOTO MOMEHTY OIOpY HAacoCy
HACTYIIHUN:
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2
S=1+k—”2- (1-s,) -
k, 2-s,-(1-M,,)
K2 (1=s,) (K2 -(1=s,) +h,-5,-(1-My)) 1=p1,, -5 Ceoan
- I+ — U

415 (1= M) =M,

OTxe mpoBeIeH! AaHANITUYHI JOCHIIKEHHS T03BOJISIIOTH 3pPOOUTH
BUCHOBOK, IO MIBUAKICTh TEIJIOBOTO 3HOIICHHS 130JA111 € (YHKIIIE
KOHCTPYKIIMHUX Ta  €KCIUIyaTallliHUX T[OKAa3HUKIB  aCHHXPOHHOIO
€JIEKTPOJBUTYHA Ta Hacocy. KOHCTpYKIiMHI MOKAa3HUKHU EJIEKTPOJBUTYHA
0OyMOBJIEHI SK MO0 3arajibHOI0 KOHCTPYKLIEIO, TaK 1 MOro 130JsU1AHOI0
KOHCTPYKIII€I0, @ HAcOCy — BHJIOM HOro MEXaHIYHOI XapaKTepUCTUKH,
eKCIUTyaTalliiiHl MOKa3HUKUA HOCSATHh PEXUMHUN XapakTep 1 BpPaxOBYIOTh
3HIDKCHHSI HANpyTM Ha 3aTHUCKayaxX eJIEKTPOABUTYHA, HMOTO KOe(iIlieHT
3aBaHTaXCHHS Ta TEMIEpaTypy HABKOJUIIHLOTO cepenoBuiia. ToOTo
g:f(gH, B, Tlu, lgcep.H, 71,: rzﬂa xllaxg ’ A})const.H, APV(II’.H) a, Su, MO*; kus ks', lgcep)-

BukopucroByroun otpumani 3amexnocti (1), (2), (5), (11)
MIPOMOJICIIFOEMO 3MIHY MIBUIKOCTI TEIJIOBOTO 3HOCY 130JIA1111 B 3aJI€KHOCTI
BiJl EKCIUTyaTallliHUX TOKa3HUKIB PEXHUMHOTO XapakTepy (KoedilieHTy
3HIDKCHHSI ~ Hampyrdu, Koe(iIieHTy  3aBaHTaXEeHHS, TEeMIEepaTypH
HABKOJIMIITHROTO ~ CEPEJIOBUINA) 3 ypaxXyBaHHAM 3a3HAYCHHX BUIIEC
KOHCTPYKIIIWHUX TIOKa3HUKIB JBUTYHa 1 HAcoCy i aCHHXPOHHOTO
esniekTpoaBuryHa tunopo3mipy AMP132S4 npuBoay HacocHOTO arperary.

[IpuitmemMo, 110 KOe(IIIEHT 3aBaHTAKEHHS  JOCIIKYBAaHOTO
ACHHXPOHHOTO €JICKTPOABUTYHA 3MiHIOEThcs Bix 0 g0 1, koedimieHT
3HMKEHHS HaIpyry Ha WOro 3atuckadax Mae taki 3Hadenss: 1,0; 0,95; 0,9;
0,85, TemmnepaTypa HaBKOJHUIIHBOTO CEPEIOBUINA MA€ HACTYIHI 3HAYCHHS:
40°C; 25°C; 10°C.

Pesynbratn MopemtoBanHs 3anexxkHocTi ¢ = f (k) mpu pi3HHUX
Koe(dilieHTaxX BIAXUJICHHSIX KUBJISTYOT HAIPYTH Ta (PiKCOBaHIM TemMmneparypi
HABKOJIMIITHEOTO CEPEIOBUIIA, TPEICTABICHO HA PUCYHKY 4.

Pesynbratn mopentoBanHs ¢ = f (k;) TaHOTO €JNEKTPOABUTYHA IPHU
pi3HHX Koe(]iIlieHTaX BIIXWICHHSX SKUBIAYOT HAMpyrd Ta IHIIHAX
(iKCOBaHMX 3HAUCHHAX TEMIIEPATYPH HABKOJHUITHLOTO CEPEIOBUIIA, MAIOTh
noAi0HMIA 10 pUCYHKY 4 XapakTep.

Taki monenmtoBaHHs OyJid MPOBEEHI JIJIST BCIX €NEKTPOABUTYHIB JaHOT
cepii. AHami3 UMX 3aJIEKHOCTEH MOKAa3aB HACTYMHE: SKIIO Halpyra Ha
3aTHCKayaX AaCHHXPOHHOTO eJEKTPOJBUTYHA 3HIKYEThcs Ha 5% 3a
HE3MIHHOI TeMIepaTypyu HaABKOJIMIIHBOIO CEPEOBHUILA, TO JIJIS 30€pEIKEeHHS
HOMIHAJIBHOI IIBUJIKOCTI TEIJIOBOT'O 3HOIIEHHS 130JIAIi1 €JIEKTPOJIBUTYHA
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HEOOX1THO 3HU3HUTH HoTo 3aBaHTaKeHHS HA 10% y pobodoMy aiama3oHi.

0a3.200/200. &

3.5

0 02 0.4 0.6 0.8 1 1.2

Pucynok 4. 3anexHicts ¢ = f (k;) npu pi3HUX k,, Fp = 40 °C
enexkrpoasuryna ANP13254

k1o BpaxoByBaTH BIUIMB 3HUXKEHHSI HAMNpPyrd Ha AaCUHXPOHHUM
€JICKTPOABUTYHA TMPHUBOJY HACOCy, TO JUIsl 30€pEeKEHHS  HOMIHAJIBHOT
IIBUJIKOCTI 3HOIIEHHS HOTO0 130JISII[ii 3aBAaHTAXKECHHS EJEKTPOABUTYHA Y
pobouoMy Aiana3oHi HEOOX1THO 3MIHIOBATH TaK:

k== (12)

1n

Pesynbratu monentoBanns & = f (k;) enexrpoasuryna ANP132S4 npu
PI3HUX TemIeparypax HaBKOJUIIHbOTO CEepeloBUIla 1 (HIKCOBAaHOMY
KOe(DILIEHT] BIAXUICHHS XKUBJISYOI HAMPYTH MPEACTABICHO HAa PUCYHKY 5.

Pesynbratn MonemtoBanHsa & = f (k;) maHOTO €JIEKTPOJBUTYHA TPH
PI3HHX TeMIIepaTypax HaBKOJMIIHBOTO CEPEIOBHUINA Ta IHINUX (PIKCOBAHUX
3HAUYEHHAX Koe(]illieHTa BIIXWJICHHS >KUBIISIY0i HAMPYTH MAIOTh MOAIOHUH
JI0 PUCYHKY S5 Xapakrep.

Taki monenmtoBaHHs OyJid MPOBEEHI JIJIST BCIX €NEKTPOABUTYHIB JaHOT
cepii. AHaii3 IUX 3aJIEKHOCTEN MMOKa3aB HACTYIHE: SIKIIO TeMIeparypa
HABKOJIUIITHBOTO cepeloBHUIIA ACUHXPOHHOTO €JIEKTPOJBUTYHA
30ubiIyeThest Ha 10°C (abo Ha 25%) 3a HE3MIHHOI HANIPYTH HA 3aTUCKaYax
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CJIEKTPOJBUTYHA, TO JJI 30€pEKEHHS HOMIHAJIBHOI IIBUIKOCTI TEIMJIOBOTO
3HOIICHHSA  130JIAIi1  €NeKTPOJBUTYHAa  HEOOXIMHO  3HU3UTH  HMOrO
3aBaHTaXXCHHS Ha 5 % y poO0oYOMYy Jiara3oHi.

0a3.200/200. &

3

1.5

0 02 0.4 0.6 0.8 | 1.2

Pucynok 5. 3anexuicte & = f (k;) npu pizHUX Feep, ky = 0,95
enexkrpoasuryna ANP13254

Sxmo BpaxoByBaTH BIUIUB 3MIHM TEMIIEpaTypyd HABKOJIHMIIHBOTO
CepeloBUIIlA HA ACHHXPOHHHM €JIEKTPOJABUTYHA TPUBOAY HACOCY, TO IS
30€peKCHHST  HOMIHAJIBHOI ~ IIBHJAKOCTI  3HOIIGHHS  WOro 1301l
3aBaHTAXEHHS EJEKTPOJBUTYHA Yy pPoOOYOMYy Jiama3oHi HEOOXIJTHO
3MIHIOBaTH TaK:

9
k =| =< | (13)

SIKII0 BpaxoOBYBaTH CYKYIHHU BIUIMB 3HIKEHHS HANPYTH Ta 3MiHH
TEMIEpaTypd  HaBKOJMIIHBOTO  CEPEJOBHINA  HAa  ACHMHXPOHHHUU
eJIEKTPOJIBUTYHA TPHUBOIY HAcoCy, TO sl 30€peKEHHS  HOMIHAJIBbHOI
MIBUAKOCTI 3HOIIEHHS MOro 13011l 3aBaHTa)KEHHS EJNEKTPOJBUTYHA Y
pobGouomy Aiana3zoHi HEOOX1AHO 3MIHIOBATH TaK:
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1
U Y, |
kj:(U_IS—pj . (14)
1n

cep.H

Bucnosxku.

1. IIpu poOOTI aCHHXPOHHUX EJIEKTPOABUTYHIB NMPUBOJY HACOCHUX
arperatiB. B yMOBax 3HIDKCHHS Hampyru 1 3MIHA TeMIepaTypu
HABKOJIMIIIHBOTO CEPEOBHINA HEOOX1THO TUMYACOBO, HA MEPi0J] 3HIKEHHS
HaIpPyTH, 3MEHITYBATH iX 3aBaHTAKCHHS 3317151 30€pEKCHHSI HOMIHATBHOI
MIBUIKOCTI TEIJIOBOr'O 3HOIIIEHHS 1X 130JIA1I1].

2. Ilpm 3HWKEHHI Hampyrd Ha 3aTUCKadyax AacCUHXPOHHOIO
CJICKTPOABUTYHA TPUBOAY HACOCHOTO arperary Ha KoxHi S5 % 11010
HOMIHAQJIBHOTO 3HAY€HHS HEOOXIJIHO 3HM)XYBaTH HOro 3aBaHTAXKCHHS Ha
10% st 30epexeHHsT HOMIHAJIBHOI IIBHUAKOCTI TEIJIOBOTO 3HOIICHHS
1307111111 €TIEKTPOIBUTYHA Y poOOYOMY Jiana3oHl HABAHTAXKEHb.

3. Ilpu 30U1bIIEHHI TEMIIEpaTypu HABKOJHUIIHBOTO CEpeIOBUIA Ha
3aruckavyax Ha KoxHI 10°C (ab6o Ha 25 %) 11010 HOMIHAIBHOTO 3HAYCHHS
HEOOXITHO 3HI)KYBATH 3aBaHTAXCHHS ACHHXPOHHOTO €JICKTPOJBHUTYHA
MPUBOJy HACOCHOTO arperaty Ha 5 % g 30€pekeHHST HOMIHAIBHOI
HIBUIKOCTI TEIJIOBOIO 3HOIIEHHS MOro 1301l y poOodoMy Jiana3oHi
HAaBaHTAKCHb.
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Summary

The article outlines the national economic problem of saving the resource of
asynchronous electric motors in the conditions of a decrease in the supply voltage, which
is relevant for remote technological objects or those receiving power from autonomous
power sources, and considers one of the ways to solve it using the example of driving
asynchronous electric motors of pumping units. It is shown that all existing resource-
saving control systems do not take into account the decrease in voltage at the terminals
of a running electric motor, the type of mechanical characteristic of the working machine,
and changes in ambient temperature. The article establishes a causal relationship between
a decrease in voltage at the terminals of a working asynchronous electric motor and an
unacceptable decrease in its resource. When considering the wear of the electric motor
resource, the main attention is devoted to the thermal wear of the resource, as the main
one in operation. Based on the mechanical characteristics and the equivalent circuit of an
asynchronous electric motor, the process of electromechanical energy conversion is
analyzed from the point of view of resource saving. As a result of the analysis, the
dependences of the thermal wear rate of the insulation of an asynchronous electric motor
were established as a function of load, applied voltage and ambient temperature, taking
into account the type of mechanical characteristic of the pumping unit. On the basis of
the obtained equations, which are a mathematical model of resource saving of operating
asynchronous electric motors, the dependences of the thermal wear rate of the insulation
as a function of the motor load and as a function of the ambient temperature are calculated
and plotted. The analysis of these dependencies made it possible to establish the rules for
controlling an asynchronous electric motor, depending on the magnitude of the decrease
in the supply voltage or the deviation of the ambient temperature, based on the nominal
value of the thermal wear rate of the insulation.

Key words: asynchronous electric motor, resource consumption, insulation
thermal wear rate, pumping unit, mechanical characteristic, load, voltage reduction,
resource saving, control.
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KOMIT'FOTEPHE MOJIEJTIOBAHHS Y CYITY THUKOBIN
T'EOJIE3Il TA ABTOMATU3ALISA BUMIPIOBAHD

Anomayin. 1lig 4ac AOCHIKEHHS PO3TISIHYTO METOAM JIa3epHOi
JOTIEPIBCHKOI 1HTEp(PEpOMETPH BUMIPIOBAHHS IIBUAKOCTI Ta TPUCKOPEHHS
BUIBHOTO MaiHHSA B TpaBiMeTpii. Jlo 0AHOTO 3 METOAIB reo]i3uKU BUBYEHHS
CTPYKTYpH 3€MHOI KOpH Ta TIONIYKY KOPHUCHUX KOIAJWH HaJICKUTh
BU3HAUYECHHS MPUCKOPEHHS BUIBHOTO MaaiHHA. Merox  ja3zepHoi
JIOTUIEPIBChKOT  1HTep(EpOMETpU BU3HAUYECHHS MUTTEBOI IIBHAKOCTI €
HAaWOUIBII TOYHMM 1 TepcHeKTUBHUM. [IpoBeaeHO  KOMIT IOTEpHE
MOJICJIIOBAHHSI MIPOIIECY BUMIPIOBAHHS B JIOIUIEPIBCHKOI 1HTEpdepomeTpii 1
aBTOMAaTH3allli BHMIPIOBaHHS, IO 3a0e3Nedye MiABUINEHHS TOYHOCTI 1
aBTOMATHU3aIlII0 BU3HAUCHHS MPUCKOPEHHS y peajbHOMY 4aci. Po3risHyTo
KOMIT'IOTEpHE MaTeMaTU4YHE MOJCIIOBAHHS TIPOIECY BHUMIPIOBAHHS
MPUCKOPEHHSI BUIBHOTO MaJiHHS OanmicTuuHuM MeTojioM. [lpencraBieHo
ONTHYHY CXEMy EKCIICPUMEHTAJILHOI  BHUMIPIOBAIILHOI  YCTAHOBKH
nudepeHIiiaTbHUM ~ METOJOM. 3aCTOCOBAHO JiazepHUil 1HTEphepoMeTp
MaiikenbcoHa ISl BHUMIPIOBAHHS IIBHUJKOCTI  JHU(]y3HOBIAOUBAIOYOL
noBepxHi. s po3poOku mporpaMu  BHU3HAUEHHS TPUCKOPEHHS Ta
3a0€e3MeUeHHs] aBTOMAaTU3allli BUMIPIOBAaHHS Y PEAIbHOMY 4aci MPOBEJICHO
MOJICNIIOBaHHSI (OPMHU  JIOTUJIEPIBCHKOTO CHUTHANy B 3aJ€KHOCTI BIJ
nodatkoBoi (aszu. [IpoBeneHo aHami3 MeTO1iB BUSHAUCHHS IIJIONII TOBEPXHI
JUISTHOK y 3eMiiepoOCTBi ipu )OpMyBaHHI 3eMEJIbHUX KalacTpiB. Y BUMAAKY
KPUBOJIHIAHOT TIOBEPXHI MEPCIEKTUBHUM € METOJ  TPUAHTYJIAIIL
MPEACTABICHHS CKJIQJHOI TOBEPXHI Yy BUIIANI HA00pYy CyMIXKHUX
TPUKYTHUKIB, II0 JIA€ 3MOTy OOYMUCIUTH IUJIOLLYy KOXXHOTO OKPEMOTO
TPUKYTHUKA. 3a JIOMOMOTOI0 BEKTOPHOI alreOpu BH3HAYAETHCS IUIOIIA
JUISTHOK 4Yepe3 BIOMI1 KOOPAMHATH PEMEPHUX TOYOK, IO BU3HAYAIOTHCS
METOJaMH CyIyTHHUKOBOi reojesii Tta GPS-mpuitmauamu. Po3pobieno
QITOPUTM Ta TPOTrpaMmy OOYHMCIEHHS IUJIOINIl KPUBOJIIHIMHOI MOBEPXHI 3
BukopuctanHaMm nakety MathCAD, sikuio Bu3HaueHi 3a gonomororw GPS-
puiiMadiB KOOPJAUHATH BIJTIOBIIHUX PEIIEPHUX TOYOK.

© H. A. Ivomina, M. B. Mopo3zos
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Kniouosi cnosa: koM’ roTepHe MOJIENIIOBAaHHS, CYITyTHUKOBA reoesis,
JOTIIEpiBChbKa 1HTEphEepoOMeTpisi, aBTOMATH3allisl BUMIPIOBaHb, ILIOIIA

MOBEPXHI JUISTHKH.

Ilocmanoska npoobaemu. s BUBYCHHS XapaKTEPUCTUK
rpaBiTaIlifHOrO MOJIst 3eMill Yy TPaBIMETPii BUKOPUCTOBYIOTh OaliCTUUHHMA
METOJI BUMIPIOBAaHHS MPUCKOPEHHS BIILHOTO NafiHHA. HalO11b11 TOUHUM 1
NEPCHEKTUBHUM € METOJ JIa3epHOi JOIUIEPIBChKOI 1HTepdepomeTpu
BU3HAYECHHS] MUTTEBOI IIBUAKOCTI Ta Y TIOJIAIBIIIOMY MPUCKOPEHHS BIJILHOTO
naAiHHsg. MoJentoBaHHs Mpoliecy BUMIpIOBaHHS 3a0e3neuye MiABUIICHHS
TOYHOCTI 1 aBTOMAaTH3AaIll0 BU3HAYECHHSI MPUCKOPEHHS Y peajbHOMY Yaci.
Kpim Toro, 3acrocyBaHHsi CYNMyTHUKOBOi Treojesii Ta GPS-nmpuitmaui
3a0e3nedye NO3ULIOHYBAaHHS 3€MENbHUX [UISHOK, y TEpIly Yepry B
CUIbCBKOMY TOCHOJApCTBI, Ta BU3HAYEHHA mepuMerpy 1 mwiomi. Ilpu
3aCTOCYBaHHI CYNYTHHKOBOI Te€ofe3li y CUIbCBKOMY TOCIOAApCTBI
CYIyTHUKOBI TEXHOJOTIi BUKOPHCTOBYIOTH [UJISl CKJIaJaHHS 3E€MEIbHHUX
KaJacTpiB Ta BHU3HAYCHHS IUIOIII JUISHOK. BIOCKOHaJIEHHS METO/IIB
BU3HAYCHHS IUJIOIIl Y BUMAAKY KPUBOJIHIWHUX MOBEPXOHb € AKTyaJIbHHUM.
AKTyalnbHUMM TaKOXX € IPOrpaMHi PO3POOKH MOJEIIOBAHHSA IPOLECY
BUMIPIOBAHHS MTPUCKOPEHHS BIILHOTO MAAIHHS Y TpaBIMETii.

AHam3 OCTaHHIX JOCHiKeHb. B pobotax [1-4] po3risHyTO
3aCTOCYBaHHS CYIyTHHKOBOI Teoje3ili y 3emMiIepoOCTBI 1 TEXHOJOTI]
MpEr31iHOro BOAIHHA ClIbrocnMaiivH. B ctarTi [5] npencraBiaeHo MeToau
JIa3epHOi  JIOTJIEPIBCbKOT 1HTepdepoMeTpii Ta MOJEIIOBAHHS TMIPOIIECY
BUMIPIOBAaHHA  IIBUAKOCTI  YacTHHOK.  BukopucranHs  ja3epHOi
JIOTIEPIBCHKOI 1IHTEpPEPOMETpIi y rpaBIMETpii JIsl BU3HAYEHHS IIBUIKOCTI
Ta TPUCKOPEHHS BUIBHOTO MAJIHHS Yy PI3HUX TOYKAaX MOBEPXHI 3emil
po3rianaeTbes y crarTsax [6-10]. 3actocyBaHHSI CyNyTHUKOBOI Teofe3ii y
3eMJIepOOCTBI /JIsI BUMIPIOBAHHS TLJIOIII ClJIbCHKOTOCTIOAAPCHKUX AUISIHOK B
MepIry 4Yepry 3 KPHBOJIHIMHOT ITOBEPXHEIO Ta CKIQJaHHS KaJaacTpiB
npeacrabieHi y poborax [11-13]. JlocmimkeHHS TOYHOCTI BHU3HAYCHHS
KOOpAMHAT B CHUCTEMaX TOYHOTrO LU(pPOBOro 3emiepoOCTBa Ta METOAU
MJBUIIEHHS TOYHOCTI Ta 1H(GOPMATUBHOCTI BUMIPIOBAHb IMPEACTABJICHI B
crarTsax [14,15]. B po6otax [16-17] po3rissHyTO METOIU pajioIOKaIiitHOT
iHTepdepoMeTpli Ta AOMIEPiBCbKOI 1HTEpdepomMeTpil mjii MOHITOPUHTY
noBepxHi 3emii 3a JOMOMOTroI0 INTYYHUX CYMyTHHKIB. [ To4yHOrO
BUMIPIOBAHHSI BEJIMKMX OO0’€KTIB LIMPOKO BHUKOPHUCTOBYIOTHCS JIa3epHi
Tpekepu [18-23, 25, 27-31]. JocniiyKeHHs pi3HUX BUMIPIOBAJIBHUX CUCTEM
HaBeJIeHO B cTaTTsax [24, 26, 32-35]. V rpaBiMeTpii HalOLIbII TOYHUM 1
NEPCHEKTUBHUM € METOJ JIa3epHOi JIOIUIePIBChKOI 1HTepdhepomeTpii
BU3HAYEHHS  MUTTEBOI  IIBUAKOCTI Ta  BUIBHOTO  MPHUCKOPEHHS.
MopentoBaHHs Mpoliecy BUMIPIOBaHHSI 3a0e31euye MiABUIICHHS TOYHOCTI 1
aBTOMATH3ALIII0 BU3HAYECHHSI IPUCKOPEHHS Y pealbHOMY Yaci.
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Buxnao ocnosnoco mamepiany. Po3risHeMO KOMI'IOTEpHE MaTeMaTHUYHE
MOJICTIOBAHHSI TIPOIECY BUMIPIOBAHHS MPHUCKOPEHHS g BUIBHOTO MaJliHHA
0amiCTUYHUM METOJI0M. MUTTEBA MIBUAKICTD U TUJIa IPU MAIHHI y BaKyyMi
31 cTaHy crokoro (vo = 0) JopiBHIOE:

v=gt (1)
Bu3nagaemo MBUIKICTH U TiIa B MOMEHT 4acy #7 XTa £z
vV1=v0+ gt1, v2=vo + gt2 (2)

Toni npuckopeHHs BUIBHOTO MAJiHHS JOPIBHIOE:
Up—vy 4av

g = -ty = At (3)

MutTeBa MIBUAKICT BHUMIPIOETBCS 32  JOIMOMOTOI0  JIa3€pHOT
JOTLIEPIBChKOI  1HTEeppepomeTpu. ONTHYHA CXEMa EKCIIEPUMEHTaIbHOI
BUMIPIOBAJILHOI yCTaHOBKHU (qudepeHIliaJbHuil METOJ]) MpEACTaBlIeHa Ha
puc 1. 3actocoByemMo naszepHuil iHTepdepomerp MaiikenbcoHa s
BUMIPIOBAaHHS IIBUIKOCTI AU(PY3HOBIIOMBAIOYO1 TOBEPXHI.

6 a 5 > 7 >

o

1 — nmazep JI'H-222; 2 — cBITIONOAUIBHUK;, 3 — TUIO, IO MaAa€ y
BakyyMi; 4 — Hepyxoma Bi0MBaro4a MoBepxHs; 5 — doronpuiimau; 6 —
octiorpad (C 9-8); 7 — ananmoro-uudposuit nepersoproBau (ALIIT); 8§ —
nepconanbuuii koM torep (I1K); 9 — wactoromip.

Pucynok 1. OntruHa cxema Jia3epHOi BUMIPIOBaJIbHOI YCTAHOBKHU

Hudy3HoBimOMBaO4YI TMOBEPXHI Tila 3 MBHIAKICTE W SKOTO
BU3HAYAIOTh Ta HepyxoMma pedepeHTHa TOBEepXHS 4 OCBITIIOIOTH
chOKyCOBaHUM KOTEPEHTHUM BHUIPOMIHIOBAaHHAM Jaszepa 1. Y mpocropi
peectpamii ¢doTompuiiMauya 5 yTBOPIOEThCS 1HTEp(EpeHIliifHa CIEeKI-
CTPYKTypa JABOX KOT€PEHTHUX XBWJIb. Y TEPIIOMY HAOJMKEHI MPUBEICHA
IHTEHCUBHICTh JOIJIEPIBCHKOTO CUTHAY HACTYITHUM YMHOM 3JICKUTDH BiJ
qacy:

I(t) = Iosin(2mvt + @o) 4)

2v .
acv = T — 9aCTOTa AOIUICPIBCHKOI'O CUTHAIY,
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Iy=1 — BimHOCHA aMILTITYy/ia JOTJIEPIBCHKOTO CUTHAITY;

A =0, 6328 MkM — JOBXHMHA XBWJII KOT€PEHTHOTO BHUIIPOMIHIOBAHHS
reliii-HeOHOBOT O JIa3epa;

Qo — 110YaTKOBAa (1)338,, sJKa 3aJICKHUTD Bi,ZI IOCTHPOBKHA OINTUYHOI CXEMHU.

[Tpu BimpHOMY majliHHI y Bakyymi (U = gt) NOIUIEPIBCHKHUI CUTHAI

JIOPIBHIOE:

I(t) = Iosin(=2 t:+ o)

SIK110 BiIOMUM BUTJISI TOTUIEPIBCHKOTO CUTHAITY, MOKIMBO BU3HAUUTH
3QJIEKHICTh 4acTOTH V(t), mBuakocTi u(t) BiA Yacy Ta 3HAYEHHS
INPUCKOPEHHS 0 BUIbHOrO maaiHHA. {1 po3poOku mporpamMu BU3HAYEHHS
IIPUCKOPEHHS Ta 3a0€3MEeUEHHs] aBTOMAaTH3allli BUMIPIOBAHHS Y pEAIbHOMY
yacli NPOBENCHO MOJEIOBaHHSA (OpPMH JOIJIEPIBCBKOIO CHUTHANY B
3aJIEKHOCT] BiJ Mo4yaTkoBOi (a3u ¢o (puc.2). Jns 1poro BUKOPUCTAHO
cepenoBule nporpamyBanas MathCAD.

\\ A [\f\(\ | | \\' /\[

|~/1
\
./"‘/
S —
e ———
i e ——
S ——
‘r
>

a) 11 BUNaaky @o,1= 0, 6) @o2= 12

Pucynox 2. Burnsn gomniaepiBCbKOro CUrHaIY

MatemaTuyHe KOMIT I0TEpHE MOJICTIOBAHHS I03BOJISIE€ PO3TIISHYTH
QITOPUTM Ta MIPOTpamy BHUPIIICHHS 0OCPHEHOI 3a/1aui - BUBHAUYCHHS
JaCTOTH JOTUIEPIBCHKOTO CHUTHATY, MUTTEBY IIBUAKICTH Ta IPUCKOPCHHS
BUIBHOT'O MaiHHS, SKIIO BijoMa (hopMa JOIIIEPIBCHKOTO CUTHATY. 3a
JIOTIOMOT'OF0 aHAJIOTO-ITU(POBOTO TIEPETBOPEHHS OTPUMYIOTH 3aJICKHICTh
IHTEHCUBHOCTI / BiJl yacy Ta BU3HAYAIOTh Mepiojl 7' Ta 4acTOTy CUTHAIY.
ANTOpPUTM BHU3HAYCHHS iepioAy 7 11 JOBUIBHOTO 3HAYCHHS ITOYaTKOBOT
¢dasu: mo- nepire 3HaXOAATh 3HAYCHHS fy,), IPU SKOMY BEJIMYMHA CUTHAITY
MaKcUMaibHa 71, TOTIM BU3HAYAIOTh Yac f; MPU SKOMY BETTUYHHA
JOTITUIEPIBCHKOTO CUTHAITY nopiBHIOE 0. J{7151 3HaXOIPKEHHS TOTUIEPIBCHKOT
YaCTOTH y TiepiIomMy HabmmkeHi (puc. 3):
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I'(t) = 2mv - cos(2mvt + @) = 8%- L cos(%- t2+@o) (6)
Toni

_I'(tp)
= (7)

Pucynox 3. I'padik 3anexxnocti I'(t)

3a 1OMOMOI0l0 YaCTOTOMIpa BU3HAYAEMO YACTOTY V1 JIOIIEPIBCHKOIO
CUTHAJIy B MOMEHT 4acy ¢1Ta 4acToTy V2 IpH 2, IOTIM MUTTEB] IIBUAKOCTI

viTa v2.
Vi y
V4 = — S
1 > ) (8)
V .
v, =222

9
. . . 2 ( )
Tom IPHCKOPEHHS BUIBHOI'O MNaJAIHHA JOPIBHIOE!

vz=vy _ 4 (v—-vq)
8= tr—t; 2 (G-t (10)
YacToTy IOIUIepiBCHKOTO CUTHAITY Vo(£) Ta ii 3aJIeHICTh BiJl 4acy
MOXJIMBO BHUMIPATH 3a J0moMoror dacrtoromipa (9). Po3pobienumii
QITOPUTM Ta TPOrpaMa BHU3HAYCHHS MPUCKOPEHHS BUIBHOTO MaJiHHS.

SAxio 3a gormomorotro AL BuznaunTu noxiany /'(¢) MOKIMBO BUSHAYUTH
MPUCKOPEHHS BIJILHOTO MaIHHS:

I'(t)a

8mt ('ll)

MeTtonu CymyTHUKOBOI Teojie3li BUKOPHUCTOBYIOTH Il BHU3HAYCHHS
IepuMeTpa Ta IUIOHII  JUISTHOK

CUIBTOCIYTiIb Ta Cag0BO-JTaYHUX
koonepatuBiB. 3a monomororo GPS-mpuiimadiB BU3HAYAIOTh KOOPAWHATH

pEenepHUX TOYOK HAa MEXI IUISHKHM Ta METOJaMH BEKTOPHOI anreopu
PO3paxoBYIOTh IUIONTLY MOBEPXHi. Y BUNAJIKY KPUBOJIIHINHOT TOBEPXHI TUITY

«marop6» (puc. 4a) 1OAATKOBO BUMIPIOIOTh KOOPAWHATHA BepuivHU [15],
NPECTaBISIIOTh TOBEPXHIO Y  BHUIJISII

YOTUPHOX TPHUKYTHHKIB Ta
BM3HAYAIOTh ILIOLTY MOBEPXHi:
SIABCDL) = §1(ABE) 4+ S;(BCE) + §3(CDE) + S4,(ADE) =
1 — — — — — — — —_—
= E(|91 Xey| +[ex X ez| + ez xey| +eqg xeq) (12)
Sxio KpuBOJiHIWHA TOBEPXHS Mae OuThbin ckiIagHy dopmy (puc.40)

BUKOPHCTOBYIOTh METOJ TPUAHTYJSIIT Ta MPEACTaBISIIOTh KPUBOMIHIMHY
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TJIAJKy TOBEPXHIO HA0OPOM BIJIMOBIAHUX TPUKYTHHUKIB Ta OOYHUCIIOIOTH
oty [5,7,8] minsHKY:

§=YN_s.
E[—l L (13)

12 o
si—5 € x €]

JC — IJ1o11a 1-TO TPUKYTHHKA.

D. S,

3
e
/

5"! & !)’

a) MIOBEPXHS TUITY «arop6a»; 0) METOl TPUAHTYJISIIT
Pucynox 4. BuzHaueHHs 11011 KPUBOJIIHIAHOT TOBEPXHI

Po3po6eHo anroput™ Ta nporpamMa 004MCICHHS IO KpUBOIIHIAHOT
NOBEpXHI 3 BUKOpUCTaHHAM mnakeTy MathCAD, skmo BH3HayeH1 3a
nonoMororo GPS-npuitmMadiB KOOpAMHATH BIJIMIOBIIHUX PENIEPHUX TOUOK.

BucHoBku.  Po3rmsiHyTo  MeToAM  Ja3epHOi  JOIUIEPIBCHKOI
1HTEpPEPOMETPH BUMIPIOBAHHS LIBUJKOCTI Ta MPHUCKOPEHHS BUIHLHOTO
najiHHsA B TpaBiMeTpii. BusHaueHHsS NPUCKOPEHHS BUIBHOTO MAJiHHS €
OJIHUM 3 METO/1B reo(Pi3UKU BUBYCHHS CTPYKTYPH 36MHOI KOPHU Ta MOLITYKY
KOPUCHUX KOMNaJIWH. PO3INISIHYTO KOMIT'IOTEpHE MOJEIOBAHHS MPOLECY
BUMIPIOBAaHHS B JIOIUIEPIBCHKOI 1HTEphEpOMETpH 1 aBTOMATH3AIll
BUMIPIOBAHHSA. 3 METOI0 TMOJAJBIIOTO BJIOCKOHAJEHHS METOIB €
aKTyaJIbHUM JOCITIIPKEHHSI Ta 3MEHIIICHHS! TOXUOOK BUMIPIOBAHHS.

3po0JieHO aHali3 METOJIB BU3HAYEHHS IUIONII MOBEPXHI1 AUISHOK Yy
3emyiepoOCTBI Tpu  (OPMYBaHHI 3€MENBHUX KaJacTpiB. Y BHUIAJKY
KPUBOJIHIHHOT TOBEPXHI MEpPCHEKTUBHUM € METOJ  TPUAHTYJIALIL
NPEACTABICHHS CKJIQJHOI TOBEPXHI Yy BUIJIAII HAa00py CYMIKHUX
TPUKYTHUKIB. 3a JOMOMOTOI0 BEKTOPHOI aire0pu BU3HAYAETHCA IUIONIA
JUISHOK, SKIIO BiJIOMI KOOPJAWMHATH PEMEPHHUX TOYOK, SIKI BU3HAUAIOTHCS
METOJaMH CYIyTHUKOBOI Treoje3ii Ta GPS-mpuitmayamu. Y moganbiiomy
MPEACTABIIIE IHTEPEC JOCTIIHKEHHS 3aJeKHOCTI MOXHOOK (BIIHOCHOT,
abCOTIOTHOT) BUMIPIOBAHHS IUIOIII BiJi KPUBUHM CKJIAHOT KPHUBOJIHIMHOI
MTOBEPXHI.
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N. Domina, M. Morozov
Dmytro Motornyi Tavria State Agrotechnological University

COMPUTER MODELING IN SATELLITE GEODESY AND MEASUREMENT
AUTOMATION

Summary

The article is formulated methods of laser Doppler interferometry for measuring the
speed and acceleration of free fall in gravimetry. To study the characteristics of the Earth's
gravitational field in gravimetry use the ballistic method of measuring the acceleration of
free fall. The most accurate and promising is the method of laser Doppler interferometry
to determine the instantaneous velocity and subsequent acceleration of free fall. Modeling
the measurement process provides increased accuracy and automation of real-time
acceleration determination. The use of satellite geodesy and GPS receivers provides
positioning of land, especially in agriculture, and determining the perimeter and area.
When using satellite geodesy in agriculture, satellite technologies are used to compile
land cadastres and determine the area of plots. An analysis of methods for determining
the surface area of plots in agriculture in the formation of land cadastres. In the case of a
curved surface, the method of triangulation of the representation of a complex surface in
the form of a set of adjacent triangles is promising. With the help of vector algebra the
area of plots is determined, if the coordinates of reference points are known, which are
determined by the methods of satellite geodesy and GPS receivers. Mathematical
computer simulation allows us to consider the algorithm and program for solving the
inverse problem - determining the frequency of the Doppler signal, instantaneous velocity
and acceleration of free fall, if the shape of the Doppler signal is known. With the help of
GPS receivers determine the coordinates of reference points on the boundary of the site
and use vector algebra methods to calculate the surface area. If the curved surface has a
complex shape, use the triangulation method and calculate the area.

Key words: computer modeling, satellite geodesy, Doppler interferometry,
automation of measurements, surface area of the site.
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MOJIEJIOBAHHSA @ YHKINIOHAJIBHUX XAPAKTEPUCTHUK
COHAYHHUX EJIEMEHTIB HA OCHOBI ZnO I TiO:

Anomayia. Y CcTaTTl PO3TJISAHYTO OJHOIEPEXITHI KOHQIrypaiii
COHSIYHUX E€JIEMEHTIB, IO ABIIAIOTH COO0I0 TETEPOCTPYKTYPHU 3 OKCHIHUMHU
wriBkaMu ZnO 1 TiO, B SIKOCT1 €IEKTPOHHOTO TPAHCIOPTHOT'O MaTepiaty Ta
HamiBIpoBiTHUKOBI miakIaaku Si, GaAs ta CIGS B SKOCTI MOTIMHAIEHOTO
Martepiany. 3 BUKOPUCTAHHSIM YHCEJIBHOTO I1HCTPYMEHTY MOJICITIOBAHHS
COHSIYHMX eJeMeHTIB mnporpamu WXAMPS otpumano ¢oroBonbraiuni
napameTpu ((pakTop 3aMOBHEHHs, HAMpyra XOJOCTOTO XOJy, IIUIbHICTh
cTpyMy  kopotkoro  3amukaHHs Ta  KKJ[)  rerepomepeximHux
dotoenexkrpuynux mneperBoproBauiB  ZnO/Si, ZnO/GaAs, ZnO/CIGS,
Ti10,/S1, TiO,/GaAs, TiO,/CIGS. MakcumanbpHe 3Ha4eHHS €hEKTUBHOCTI
24,84 % oTpumaHO MpU MOJETIOBaHHI napaMmeTpiB cTpykTypu ZnO/GaAs.
Po3paxoBano  temmepatrypHi  3aiexHocTi KK mocmimkyBaHuX
¢doToneperBoproBauiB y Mmexax temneparyp 280-330 K. BcranosneHo, 110
3MiHa €(EeKTUBHOCTI (POTONEPETBOPIOBAYIB HA OCHOBI TE€TEPOCTPYKTYD
Zn0O/S1 1 TiOy/Si npu 3miHI Temneparypu craHoButh 3,31% 1 3,43%
BIJIMOBIJTHO, [UJISl 1HIIMX PO3MVIAHYTUX CTPYKTYp JlaHa BeJIUYMHA He
nepesuiye 2,7 %.

Kniouosi cno8a: COHSIYHUU €JIEMEHT, reTeponepexis,
HaIIBIPOBITHUKH, KOMIT FOTEpHE MOIeIOBaHHs, WXAMPS.

Ilocmanoska npobremu. CoHSYHA EHEPreTHKa BITHOCHTBCSI J0O
HaWOLIBII MEPCIICKTUBHUX BITHOBIIIOBAILHUX JKEpen eHeprii. OmxHak s
MaKCHMAaJIbHOTO BUKOPUCTAHHS BCIX MOXKJIMBOCTEM TAHOTO JKepea eHeprii
HEOOX1JJHO PO3BUBATH TEXHOJIOTIi (DOTOBOIBTAIKH, sIKa Ma€ BEIUKUU
noteHuian. Ha cporogHi OCHOBHOW 3amauyeto  (OTOBOJIBTAIKH €
3/ICLIEBJICHHSI €JEKTPUYHOI €Heprii, W0 BHUPOOJSIETbCS COHSIYHUMHU
enementamu (CE). st qocsirHEHHS I1i€i METH HEOOXITHO IMiABUIIYyBaTH
edekTuBHICTh Ta 3HMKYyBaTH BapTicTh CE. bnusbko 85 % Bin 3araibHOTrO

© A. @. Ianenuyk, €. B. @ininoBuy
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00csiTy BUPOOHMIITBA CKJIa/JalOTh COHAYHI €IEMEHTH Ha OCHOBI KPEMHIIO.
OpHak Maibke TOJOBUHY 3arajibHOI BapTOCTI KPEMHIEBOTO COHSYHOTO
MOJIYJIS CKJIaJla€ BapTiCTh BUXITHUX KPEMHIEBHUX IJIACTHH, Y 3B SI3KY 3 UUM
BUHUKA€ HEOOXITHICTh 3aMIHM MOHOKPHCTAJIIYHOTO KPEMHIiI0 abo OiibIi
TOHKMUMM  IUIACTUHAMHM  MYJbTUKpUCTaIiyHOro  Si, a00  1HIIMMHU
MEPCIEKTUBHUMH MaTepialaMu.

Cepenl OTHOTIEPEXITHUX COHSYHUX C€JIEMEHTIB BUIUISIOTH KPEMHIEBI,
Ha OCHOBI HaIBIPOBIIHUKOBUX 3’eaHaHb A3B5, A2B6, A1B3C6 Ta
smimadi [1]. ®oroneperBoproBaui (PII) Ha ocHoBl A3BS5 (GaAs, GaAlAs,
GalnAsP, InAs, InSb, InP Ta iHmi) BOJOAIIOTH Maike 1AcaTBHUMU
xapakrepuctukamu, a ix KK][ moxe nocsratu 30 %. Jlng ontumizaiii
napamMeTpiB COHSYHHX €JIEMCHTIB BUKOPHUCTOBYETHCS IMHPOKHHA CIIEKTP
HaIIBIPOBITHUKOBUX 3’€qHaHb A3B5 B pi3HOMaHITHUX KOMOIHAIlSX, alie
YacTillle 3a BCE 3HAXOATh 3actocyBaHHs (GaAs Ta InP. Sk aGcopOiiiinumii
map npyu BUPOOHUUTBI (POTONEPETBOPIOBAYIB MOKE OyTH BHUKOPHUCTAHO
HamiBrpoBigHukoBe 3’ eqHanHs CIGS (Cu(In,Ga)(Se,S),) [2], siki Ha naHuit
MOMEHT 3aiiMatoTh OJIU3bKO 2 % 00CATY CBITOBOTO PUHKY TOHKOILTIBKOBUX
COHSTYHUX €JIeMEHTIB [3].

[Ipy BHUrOTOBJICHHI COHSYHUX €JIEMEHTIB B OCTaHHI JIECATUIITTS,
3aBISIKM  TMepeadadeHoMy  BHCOKOMY — 3HAQYE€HHIO  e(EeKTHUBHOCTI,
3aCTOCOBYIOThHS €JICMEHTH Ha OCHOB1 HAIIBIPOBIIHUKOBUX OKCH/IIB METaJIIB
(Ti0,, ZnO, CuO, Cu;0, SnO, Ta iHmi). 3 ogHOTO OOKY, TOHKI IIIIBKU
OKCHUJIIB IHPOKO BUKOPUCTOBYIOTHCA SIK MPO30PI MPOBITHI €IEKTPOAH B
COHSIYHMX €JIEMEHTax. 3 THIIOTr0 % OOKY, Il TUTIBKY IIPEICTABIIAIOTH 3SHAUHHM
iHTepec sk (¢GotoakTuBHUNA mmap DIl 3aBasku A0OpOMY y3rOJIKEHHIO
CHEKTPIB iX TMOIVIMHAHHS 31 CHEKTpaMu COHAYHOTO BHUIIPOMIHIOBAHHS.
Bupi3HstoThCS cepel] BUIIENepepaxOBaHUX OKCUIIB TUTIBKM OKCHLY LIMHKY
Ta JIOKcUy TuTany [4, 5]. Bukopucranns Tonkux miiBok ZnO 1 TiO; npu
BUTOTOBJICHHI (DOTOEJIEMEHTIB Ha OCHOBI P-N-NIEPEXOJIIB MOXKE 3HAYHO
MIJBUIIUTH €(PEKTUBHICTh MEPETBOPEHHS COHSYHOI €HEprii 3a paxyHOK
PO3IIMPEHHs Jllana3oHy B yiabTpadioieToBy 1 (pi07eTOBY 001acTi COEKTPY
[6, 7].

JlocuTh EPCIIEKTUBHUM HANPSIMOM € JOCTIIPKCHHS OJTHOMEPEXiTHUX
(b oTONEepEeTBOPIOBATILHUX CTPYKTYP, B KX K €IEKTPOHHUHN TPAHCIIOPTHHMA
MaTepiai 3acTocoBYIOThCs OKkcuaHI iBKU ZnO 1 TiO,, a sk mOraTuHaILHUN
map — MIKIaJKu KpeMHio Si, apceHiny raniro GaAs abo ceneHizy Mifi-
1gairo-ramro CIGS.

Ananiz ocmanHix docniodxicensb. MeTaaooKCUIH1 HamiBIpoBiAHUKYA ZnO
1 TiO, MaroTh mUpoKy 3a00poHEHY 30HY (~3 €B) 1 BHCOKI MOKa3HUKH
MPOBIAHOCTI, BOHU MPO30p1 Y BUAUMOMY Ji1aa30H1 ONTUYHOTO CIEKTPY, HE
TOKCUYHOCTI Ta MalOTh HEBUCOKY BapTICTh, 1110 103BOJISIE BUKOPUCTOBYBATH
iX mpu BUpOOHUITBI npuiiaiiB GotoBosbTaiku [8-11]. Ha choroani 6arato
HAyKOBUX KOJIEKTHUBIB MPAIIOE€ HAJ JOCIIKEHHIMH B 0071aCTI ONTHMI3aIii
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napametpiB @Il Ha ocHOBI ganmx okcuniiB. Ilpu mpoMy B mdiTepaTypi
MOBIJOMJIIETBCS  TIPO  MOJICIIOBAHHS  3HAa4eHb €(QEKTHBHOCTI  JIS
reteponiepexoaiB ZnO/Si ta Ti0,/Si B mupokux mMexax Big 6 % mo ~24 %.

Tax B po6oTi [12] orpumano KKJI 17,16 % (Voc=675,8 meB, [5¢=30.24
MA/cm? 1 FF=83,96 %) mpu Bukopucranui n-ZnO sK eIeKTPHYHOIO
BUMNPOMIHIOBaYa Ha TMIAKIAAMI C¢-Si  p-TUIY MPOBIAHOCTI, OJHAK
nociikyBanucst  cTpykrypu ZnO:B(n)/ZnO/c-Si(p). R. Pietruszka i3
CIIBaBTOpPaMU MIATOTYBAJIM COHSYHI €JIEMEHTH Ha OCHOBI FE€TEPOIEPEXOY
atomuuit map ZnO/p-Si, 1m0 neMoHCcTpye epekTuBHICTh 14 % [13]. 3rigHo
imitanii B mporpami PC1D edextuBHicte M=24,8 % COHSYHOI eHeprii
rereponepexony ZnO/Si gocsraeTbesi IpU 3HAUYEHHAX TOBIIMHU 0a3u 400
MKM, TOBIIMHU BUMpOMiHIOBa4a 20 MKM, KOHILEHTpAIlii HOCIiB 3apsmy
1,1-10" ¢m™ Ta 5,1-10'° cm™ B 6asi i BumpominroBaui Bimmosimmo [14].
Jiokcua TUTaHy OOCUTH JOBIHH 4Yac JOCHIIKYBaBCS SIK MPOCBITIIIOIOYA
IUTIBKA ISl KPEMHIEBUX COHSAYHUX eneMeHTIB [15]. IIpoTe aBTopamu mparii
[16] mokaszaHo, 10 HaHeCceHHs Ha m-Si HaHopo3MipHoro TiO, mo3BosiE
3HAYHO MOKPALIUTH €(PEKTUBHICTh COHTUHUX OaTapeii 3 17,18 % no 17,87 %
npu ToBiuHI mapy TiO; 55,2 HMm.

TakuMm 4YMHOM, 3alPONOHOBaHI KOHCTPYKIII COHSYHUX KOMIPOK Ha
ocHoBl ZnO/Si 1 TiO,/Si MOXyTh OYyTH OJIHIEIO 3 KpalluX aJlbTEPHATHUB
3BUYAMHUM KPEMHIEBUM COHSYHUM €JIEMEHTAM.

VY Bumnanaky Bukopuctanus CIGS-minkmamox edexktuBHICTE B 17 %
nocsiraetbest npu ToBimMHI mapy ZnO 100 HM 1 3HAYEeHHI MIUPUHU
3a0opoHeHoi 30HU 3,4 eB [17]. MoxiauBl MapupyTd IJis MiABUILICHHS
BUPOOHMIITBA HA PiBHI epekTuBHOCTI 20 % 00roBoprotoThes B poOoTi [18].
VY nocnimxenti [19] ebekTUBHICTS MEPETBOPEHHS COHSIYHOI €HEprii gocsrae
MaKCUMalbHOTO 3HaYeHHs 12,38 % mpu BUKOPUCTaHHI OKCUIY 1HIS-0JI0Ba
SK BIKOHHOTO OKCHJy, liIoKkcuay TuTaHy T10; gk OydepHoro mapy n-tuiy 1
marepiainy Cu(In,Ga)Se;.

Hemo Bumor € edextuBHicth CE  mnpu  BUKOpUCTaHHI
HaITIBITPOBITHUKOBUX 3’eqHaHb A3BS5, 1 O6e3mocepesHb0 HamiBIIPOBITHUKA
GaAs. Kpim Bucokoro KKJI, nani ¢otonepeTBoproBayi XxapakTepu3yOThCs
BHUCOKOIO CTa0UIBHICTIO TIapaMeTpiB Ta CTIMKICTIO 10 J1i HABKOJHUIITHHOTO
cepenopumia. Xin Jin ta Naiyun Tang micnst ontumizaimii COHSYHHUX
enemeHTiB ZnO/GaAs y mporpami Silvaco Atlas moBimoMiIsItOTE PO
edeKTUBHICTh, mepeTBopeHHs1 eHeprii 22,84 % [20]. Tpoxu HIWKYUM €
sHaueHHs1 KKJ]I 11t consiuHux eneMeHTiB Ha OCHOBI CTpykTypu T10,/GaAs
[21]. Hanuii QoroenemMeHT Jocsrae MiABUIICHOI IIUIBHOCTI CTPyMy
KOpPOTKOTO 3aMuKaHHA Jsc=24,82 MA/cM?, 1110 IIPU3BOAUTH 10 MOKPAIIECHHS
e(heKTUBHOCTI 10 3Ha4YeHHs 19,66 %.

OpnHak aHani3 HAyKOBUX JIKEPEN CBIIUUTh, 1110 MUTAHHS JAOCTIIKEHHS
JAHUX CTPYKTYpP BCE WIE 3aJTMIIAETHCS BIIKPUTUM 1 OTPEOY€E NETaabHOTO
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BUBYCHHS 3 METOI0 TIOJAJBINOI ONTHMI3AIlli KOHCTPYKIIH 1 Miadoopy
MaKCHUMaJbHO €(heKTUBHHUX MapaMeTpiB.

Dopmyniosanns memu cmammi. MeTOIO AOCHIIKEHHS € YUCIOBE
MOJICTIOBaHHSI ~ (DYHKIIIOHAJIBHUX  XapaKTEPUCTUK  TeTEpOINepexigHuX
COHSIYHUX €JIEMEHTIB Ha OCHOBI IJIIBOK OKCUAY LIMHKY Ta JIOKCUAY TUTAHY,
a TaKOX pO3paxyHOK TeMIiepaTypHux 3anexxHoctert KK/,

OcHnosna uwacmuna. Jlyisg anpoOarlii HAyKOBO-TEXHIYHUX pIlICHb B
obyacTi omTuMi3allii IMapaMeTpiB KOHCTPYKIIH (OTOmepeTBOPIOBAYiB
aKTyaJIbHUMH € 33/a4l MOJEJIIOBaHHS MapaMeTpiB COHSAYHUX EJIEMEHTIB 3
BUKOPDHCTAHHSAM IporpamMHOro 3a0e3meueHHs. [  MojemOBaHHA
¢dynkuioHanpHuX xapaktepucTuk DIl MoxyTh OyTHM 3acTOCOBaHI Taki
nporpamu sik AMPS-1D, SCAPS-1D, PC1D, AFORS-HET Ta inmii [22-25].
BiJIbHOPO3MOBCIOIKEHO0, MPOCTOI0 Ta epekTnBHOIO npu BuBYeHH1 CE €
nporpama WXAMPS (Bepcizs AMPS (Analysis of Microelectronic and
Photonic Structures)). Jlanuii mporpamMHuii 3aci0 JO3BOJUB 3MOJCIIIOBATH
(yHKI10HATIbHI XapaKTEePUCTUKH TOCHIKYBaHUX (OTOEIEMEHTIB (puc. 1).

Bepxuiil Konrak

= g

T HikHIN KONTAKT
Pucynox 1. Cxematuune 300pa>keHHS 3MO/IeThOBAaHUX (DOTOEIEMEHTIB
3HadeHHs I BXIJIHUX TapaMeTpiB IIapiB, 10 BUKOPHUCTOBYBAIHCS

st MozemtoBanHa @I, obupanucst niTepaTypHUX JDKEpeNl 1 YHCIOBUX
nanux. Jleski 3 HUX HaBeACHO B TaOaMI 1.

Tabnuys 1
[TapameTpu mapiB AOCTIHKYBaHUX CTPYKTYP

ToBumna | Konuenrpartist [Hupuna JlienexTpuuHa

Marepian | mapy d, JIETYH0Y01 3a00pOHEHOT | MPOHUKHICTH

MkM | gomimku N, cm™|  30HUM E,, eB marepiaiy €
Zn0O 0.2 1,0-10'8 3,30 9,0
Ti0, ’ 1,0-10" 2,26 10,0
Si 1,5-10'° 1,12 11,9
GaAs 3,0 2,0-10" 1,42 10,9
CIGS 2,0-10° 1,15 13,6
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BuwmiproBannust mapametrpiB CE Oyno mpoBemeHo mpu  CHEKTpi
BUMIPOMIHIOBaHHS, 0 BiamoBimae AMI1.5 Ta iHTEerpambHIN OIIIBHOCTI
noToKy Bunpominiosanns 1000 Br/m? [26]. Temneparypa cranosuna 300 K.

3 wxAMPS 3.0 Oyno oTpuMaHO TyCTHHY CTPyMy KOpPOTKOTO
3aMUKaHHA Jsc, HAPyTy X0JIOCTOTO X0y Voc, KoedirieHT 3amoBHeHHs FF 1
KoedilieHT KopucHOi aii 1. OTpuMaHi 3HaYEHHS 3aHECEHO 10 TaluIll 2.
Bonbr-amnepni  xapakrepuctuku  (BAX)  JOCHKEHHX  CTPYKTYp
IIPE/ICTABIICHO HA PUCYHKY 2.

Tabnuys 2
®oTOBOJIBTATYHI MTAPAMETPH JAOCTIIPKYBAHUX CTPYKTYP
I'yctuna ctpymy Hanpyra ®akrop | KK/ n,
CTOVKTYDa KOPOTKOTO XOJIOCTOTO  |3amOBHEHHS | %
PYKTYP 3aMuKaHHs Jsc, | xomy Voc, MB FF, %
MA/cMm?
Zn0O/CIGS 29,31 0,64 79,54 14,92
Zn0/GaAs 30,07 0,95 86,65 24,84
Zn0/Si 30,66 0,51 79,29 12,29
Ti0,/CIGS 29,27 0,63 78,78 14,57
T10,/GaAs 30,20 0,95 85,37 24,39
Ti0,/Si 30,90 0,50 79,72 12,36
30 ,a Zn0O/CIGS
— Zn0O/GaAs
o~ — ZnO/Si
E —— TiO/CIGS
< 91 —— TIO/GaAs
E_ — Ti0./Si
g ;
=
3 104
0 T T T T T T T v T
0.0 0,2 0.4 0.6 0.8 1.0
Voltage, V

Pucynok 2. BonbT-amMnepHi XapakKTepUCTUKH COHSYHUX €JIEMEHTIB Ha
OCHOBI JIOCII/I)KyBaHUX CTPYKTYP

BignoBigHo 10 orpuManux aaHux, sHaueHHs KKJ]I nms omgHOro 1 TOTrO
K HAITIBITPOBITHUKA P-TUITY PYU BUKOPUCTAHH1 PI3HUX HAIIBIIPOBITHUKIB N-
TUITy TMPOBITHOCTI BiapizHstoThes Ha 0,1-0,6 %. MakcumanbHe 3HAYCHHS
epexktuBHOCTI (24,84 %) oOTpuUMaHO TPH MOACIIOBAHHI TapaMeTpiB
cTpykTypu ZnO/GaAs, 1m0 CBIIYUTH MPO MEPCHEKTUBHICTH MOAAIBIIOTO
BUBYCHHSI JTAHOTO Terepornepexony. Lle x crmocrtepiraeTbes 1 B 3HAUCHHSIX
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dakropy 3anoBuenHsa. KK/I nis constunux enementiB ZnO/Si, ZnO/CIGS,
Ti10,/Si1, TiO,/CIGS BiamnoBigae 3Ha4CHHSIM, SIKI HABEICHO B JIITEPATyPi.

OpHi€ro 31 3HAYHUX MPOOJIEM eKCIUTyaTallli COHSYHHX EJEMEHTIB B
yMOBax Oe3MepepBHOTO 1 MPSMOTO MaIiHHSI COHIYHOTO BUIIPOMIHIOBAHHS €
TEeXHIYHE PIIICHHS 1 3acCO0U MOMepe/KEHH 1X neperpipy. ToMy JOMITBHUM
€ JIOCIIDKEHHS BIUIMBY TEMIIEpaTypd Ha BUIJISAJ BOJIBT-aMIIEPHOT
XapaKTePUCTUKU COHSIYHUX eeMeHTIB [27]. BAX COHSYHMX €JIEMEHTIB MpH
PI3HUX 3HAUYEHHSIX TEMIIepaTypy BKa3aHl Ha pUCYHKY 3, a, B, 1l 1 pUCYHKY 3,
0, r, x 111 ZnO 1 TiO, BignoBigHo. /liamazoH TeMreparyp ctaHOBUB 280-
330 K.

ZnO/CIGS TiO,/CIGS
304 304
~ ~
§ 201 S 204
g — 330K g — 30K
= — 220K £ —320K
B — 310K ] ——=210K
= 10 300 K & 104 — 300 K
3 =2 3 290 K
O — 290K O —
— 280K — 280K
0 v T v L L] v 0 v T L v L
0,0 0,2 0.4 0.6 0,0 02 04 06
Voltage, V Voltage, V
a §
ZnO/GaAs TiO,/GaAs
30 30
~
; 5 e
S e
= — 320 K J 310K
§ — 310K fg — 200K
5 10 — 300 K H 10 — 290K
(3] — 290K [3) — 280K
— 280K
0 T v T LA T 0 v T Ll T L2
00 02 04 06 08 10 00 02 04 06 08 10
Voltage, V Voltage, V
B r
ZnO/Si TiO,/Si
30 30
5 20 “5 — 330K
-_— < 20
E 30K E —_— 320 K
b — 320 K - — 310K
& — 310K s —— 300K
5 104 — 300 K 5 10 e 200 K
g — 290K 9 — 280K
— 280 K
0 v T o T T T \ 1
0.0 0.2 0.0 0.2 04 0,6
Voltage, V Volitage, V
bl X

Pucynok 3. BonbpT-amnepHi XapakTepUCTUKU COHSYHUX €JIEMEHTIB
Ha OCHOBI JOCTIPKYBAHUX CTPYKTYp MPHU PI3HUX 3HAUCHHSIX TEMIIEPATypH
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OTpI/IMaHl pe3yNIbTaTH MiATBEPIKYIOTh, III0 TeMIIepaTypa BIUIMBAE Ha
CTPyM 1 Hallpyry COHSIYHOTO eneMeHTa. Hampyra (bOToeJIeMeHTy CHaae.
[TigBumenns temmneparypu aemo 30utbmye crpyMm CE, mo moB’s3aHo 3i
30y IPKEHHSIM BEJIMKOI KUTBKOCTI €IEKTPOHHO-IIPKOBUX Tap, IPOTE 1 3MiHA
1715 00paHoro JianasoHy TemmepaTyp ckiaanae ~0,02 MA/cm?.

3MiHa CTPYMYy KOPOTKOTO 3aMHUKAHHS 1 HAPYTH MPU3BOJUTD JI0 3MIHH
KoedillieHTa 3amoBHEHHS W  €(QEeKTUBHOCTI COHSYHUX  €JIEMCHTIB.
3anexxnocti KKJ[ enemeHTiB Biji TeMiiepaTypu MoKa3aHO Ha PUCYHKY 4.

27 1

) \

o 214 ZnO/CIGS
S

- Zn0O/GaAs
> — ZnO/Si

S 181 TiO,/CIGS
S —— TiO/GaAs
€ 5.

i - -
<

¥ T v T M T v T M T
280 290 300 310 320 330
Temperature, K

Pucynok 4. 3anexHicTh €(EKTUBHOCTI COHSYHHMX €JIEMCHTIB Bif
TeMrepaTypu

-
LN
A

BcranoBneno, mo 3miHa e(eKTUBHOCTI (HOTOMEepeTBOPIOBAaUIB Ha
ocHOBI rerepocTpyktyp ZnO/Si 1 TiO,/Si mpu 3MiHI Temmeparypu
ctaHoBUTh 3,31% 1 3,43 % BianoBigHO. [ pemitu po3riisiHyTUX CTPYKTYP
3MiHa e(PeKTUBHOCTI HE niepeBuuLye 2,7 %.

Bucnosku. TakuM YWHOM, JOCHIIKEHHS TMOKAa3ylOTh, IO OKCHJHI
HamBOpoBiAHUKK ZnO 1 TiO, € nocuTh NEpCleKTUBHUMH MarepiajiamMu
GboTOBONBTAIKM, a BUTOTOBJEHI Ha X OCHOBI OJIHOIEPEXiJHI COHSYHI
CIEMCHTH MOXYTh OyTH OJHIEI0 3 KpaluxX ajlbTepHATHUB 3BHYAWHUM
KPEMHIEBUM COHAYHUM eneMeHTam. OTpumaHi pe3yibTatd OyIoyTb
BUKOPHWCTaHI HAa HACTYITHUX eTarax JOCIiHKSHHS 3 ONTUMI3aIlli mapaMmeTpiB
CTPYKTYp 3aid WIABUIEHHS €e(EeKTHBHOCTI (POTOMEpETBOPIOBAYIB Ta
MOPIBHSHHI OTPUMAHUX I Yac MOJCIIOBAHHS EKCIIEPUMEHTAIBHUX
CBITJIOBUX XapaKTePUCTUK (DOTOCIIEMEHTIB 13 EKCIEPUMEHTAIbHUMHU
XapaKTEPUCTUKAMHU.
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A. Dyadenchuk!, Ye. Filipovich?
'Dmytro Motornyi Tavria State Agrotechnological University
ZNational University «Zaporizhzhia polytechnic»

MODELING THE FUNCTIONAL CHARACTERISTICS OF SOLAR CELLS
BASED ON ZnO AND TiO2

Summary

The article discusses single-junction configurations of solar cells. These cells are
heterostructures with ZnO and TiO; oxide films as electronic transport material and
semiconductor substrates Si, GaAs and CIGS as absorption material. Using the numeral
tools, the modeling of the solar cells of the wxAMPS program obtained photovoltaic
parameters (density short circuit current Jsc, open circuit voltage Voc, fill factor FF and
efficiency n) of heterojunction photoelectric converters ZnO/Si, ZnO/GaAs, ZnO/CIGS,
Ti02/Si1, TiO2/GaAs, TiO2/CIGS. The values for the input parameters of the layers of
heterostructures are taken from literary sources and numerical data. The measurement of
the parameters of the solar cells was carried out during the radiation spectrum
corresponding to AM1.5 and the integral density of the radiation flow of 1000 W/m?. The
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temperature was 300 K. The maximum performance value of 24.84 % was obtained for
the ZnO/GaAs structure. The minimum efficiency (12.29 %) is obtained for the ZnO/Si
structure. The temperature dependences of the efficiency of the studied photoconverters
are calculated. The temperature range was 280-330 K. It was confirmed that the voltage
of the photocell is inversely proportional to the temperature, but the current was directly
proportional. Changing the short circuit current and open circuit voltage leads to a change
in the filling coefficient and efficiency of solar cells. An increase in the current of the
solar cell associated with the excitation of a large number of electron-free pairs for the
selected temperature range is ~0.02 mA/cm?. Changing the efficiency of photoconverters
based on the ZnO/Si and Ti02/Si heterostructures with a temperature change is 3.31 %
and 3.43 %, respectively. For the remaining considered structures, the change in
efficiency does not exceed 2.7 %.

Key words: solar cell, heterojunction, semiconductors, computer modeling,
wxAMPS.
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CUCTEMHMI AHAJII3 SIK IHCTPYMEHT CYYACHOI'O
IH2KMHIPUHI'Y

Anomayia. B cTarTi po3risiHyTO MOXJIMBOCTI CUCTEMHOTO aHali3y, a
caMe IMITaIIfHOTO MOJIEJIFOBAHHS, JJIsl OLIHKU €()eKTUBHOCT1 PO3POOIICHOTO
anapaty 1H(payepBOHOTO MKapeHHsA. 3aco0aMu CHUCTEMHO-AMHAMIYHOTO
MOJICJIIOBAaHHSI TEPEAaHO JIUHAMIYHY TOBEAIHKY CHCTEMH, TOOTO ii
dbyHKIiOHyBaHHS y 4aci. lle 1amo MOXIMBICTH YHMKHYTH YHCIEHHHUX
PECYpCOBUTPATHUX EKCIEPUMEHTIB 3aBJSKA TMOEIHAHHIO AHATITUYHOTO
MOJICJIIOBAaHHSI 3 JaHUMHU TPOBEJIEHUX eKcrepuMeHTiB. [Iporpamuuit
komruieke Vensim PLE 3a0e3nedynB BUKOHAHHS €TalliB KOHIIENITyalli3allii,
noOyJI0BH MoOJei, 1MiTalli, aHamidy Ta omntumizamii. Buxopucranns
IMITalIMHUX MOJEJIe JO03BOJISIE ONTHUMI3yBaTH TPOIEC BUPOOHUIITBA
XapyoBOi MPOIYKIii 32 OOpaHUMH PEAKIISIMU ILISXOM KOMIT I0TEPHOTO
EKCIIEPUMEHTY 31 3MIHOI0 Ta KOMOIHYBaHHSIM 3HA4€Hb KpPUTEPIIB,
3a0e3nedyroun sKICHUA mnpoAaykT. HaBemena B poOOTI K TpUKIAA
CUCTEMHO-IMHaMIYHa  Mojenb  npouecy  [Y-kapeHHs ~ M’siCHUX
HamiBdaOpukatiB y amapati APXM-0.07-1 pana 3Mory BUSIBUTH
3aKOHOMIPHOCTI IIOJI0 TPHUBAJOCTI OTPUMAHHA TOTOBOTO MPOAYKTY,
IPOAYKTHBHOCTI, @ TaKOXX MHTOMHUX EHEPrOEMHOCTI, METAJIOEMHOCTI Ta
BUTPATHOCTI PO3POOJICHOTO amapaTy 3aJie)KHO BiJ HAsSBHOCTI TIEBHHUX
KOHCTPYKTUBHHUX OCOOJIMBOCTEH.

Knowosi cnosa: cucreMHMI aHam3, IMiTaliliHE MOJCIIOBaHHS,
IHXKUHIPUHT, TEXHOJIOT14HI MIPOIIECH, arapaT iHHpauyepBOHOTO KaPiHHS.

Ilocmanoexa npobremu. CucTeMHUN aHalli3 TOB'SI3y€ Ta y3arajlbHIOE
BC1 3aCO0M BJJOCKOHAJICHHSI MPOIIECY BUPOOHUIITBA XapYOBOi MPOAYKIIii, 110
JTIO3BOJISIE HE TUTBKU OJCP>KATH KUTBKICHY OINIHKY, aje i BU3HAYUTHU IUISIXU
onTtuMizaii [1, 2].

ImiTamiitHe MOJCNIOBaHHS € aJIeKBaTHUM 1HCTPYMEHTOM aHalizy
CKJIaJIHUX CHUCTEM 31 cl1a00 (popMasiizoBaHUMHU €JIEMEHTaMU, 10 IKMX MOYKHA
BIJIHECTH CHCTEMH XapuyoOBUX BHUPOOHHMITB. ImiTariiiHe MOCHIIKEHHS
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JI03BOJISIE TIOEHYBATH OCOOJIMBOCTI EKCIIEPUMEHTAIBHOTO MiAXOAY 1
cnenndiky 3aco0iB KOMIT'FOTEPHOI MATPUMKH.

['onoBHI 3a7adi CTBOpPEHHS IMITalIHOT MOJENI — I peami3allis
JTUHAMIKH TIPOTIECY, SIKUM 3IACHIOETHCS Y CHCTEMI, a TaKOX BU3HAYCHHS
30BHIIIHIX yMOB, 3a SKHX OITHUMI3YETbCS  MOJCIBHUN  BIATYK.
BukopucranHs iMiTallifHUX MOJEIEH JI03BOJISIE ONTHMI3YBaTH MPOILIEC
BUPOOHUIITBA XapyoBOi MPOIYKIi 3a OOpaHUMM pEaKIisIMU IUIIXOM
KOMIT FOTEPHOTO E€KCIEPUMEHTY 31 3MIHOK Ta KOMOIHYBaHHSIM 3Ha4yeHb
KpUTEPIiB, 3a0e3Meuyroun AKICHUM NpoayKT [3, 4].

MeTton cucTeMHOT JUHAMIKH TEPEBAKHO OPIEHTOBAHHWM Ha SKICHE
eKCIIEPUMEHTYBaHHS, M0 HE BUKIIOYAE TPOBEJACHHS KIACUYHOTO
KUIBKICHOTO €KCIIEPUMEHTY Ha OCHOBI OJHOTO 3 OOpaHMUX IJIaHIB 3 METOIO
noOyZI0OBU PErpeciiHUX MOJENEH, SIKi OB’ I3yI0Th 00paHy BUXIJHY 3MIHHY
3 eK30reHHUMH (akTopamu, ab0 onTHMi3alii MOBEPXHI BIATYKY, TOOTO
NOIIYKY KOMOIiHaIlli 3HAY€Hb KEPOBAHMX EK30I€HHUX NapaMmeTpiB, SKi
JTIO3BOJIATh MAKCHUMI3yBaTH a00 MIHIMI3yBaTH 3HaYEHHS 00paHOi €HOT€HHOI
3MIHHOI.

[Iporpamumii komrmiekc Vensim PLE 3abe3neuye BUKOHaHHS eTarmiB
KOHIIeNTyaJti3alii, mooyIoBU MOJACTI, IMITaIlli, aHami3y Ta ONTHMI3aIli.
Vensim Mae TAIPYHTSIM IMOTOKOBY KOHIISIIIIO CHUCTEMHOI JUHAMIKH, 3a
K01 00’€KT — 1Ie ITMHAMIYHA CHCTEeMa, 10 CKJIAJIA€ThCs 3 HAKONMMYyBayiB,
MOB’SI3aHUX MK COOOI KEpOBaHMMH TMOTOKaMHU. KiJIbKICHO KOXHHIMA
HAKOIMWYyBa4 OMHUCYETHCS PIBHEM HOTO 3MICTY, @ KOKHUM TOTIK — TEMIIOM
nepeMileHHs] Ha OCHOBI 1HQOpMallii Mpo BMICT pe3epByapiB [5].

3acToCcyBaHHAd MAT€MATHYHUX MOJIEJIEd B XapyoBid 1HXeEHepii
YCKIAAHIOETECA 00’€KTUBHUMU OCOOJMBOCTSAMU MPOILECIB  XapuOBUX
BUPOOHMIITB — CKJIQJIHICTIO CTPYKTYpHU 0araTb0X MpOLECIB, BIICYTHICTIO 1X
(GbopmMalli30BaHOrO OINMMCAHHS, @ TAKOXK CHUCTEMHOrO MIAXOAY 10 BHOOPY
OI[IHOK 1 MPUHIUIIB YAOCKOHAJIEHHS TEXHOJIOriyHuX JiHiki. EdexTuBH1
METOAM YAOCKOHAJIEHHS MPOIIECIB XapYOBHX BUPOOHUIITB MOXYTh OyTH
pO3pO0IICH] JINIlIe Ha OCHOBI KOMILJIEKCHOTO, 200 CUCTEMHOTO MiAXOAY 10
npoOiaemu.

OcHOBHE 3aBIaHHS CHCTEMHOTO TMIAXOAY — BHUSBICHHS HOBHUX
BJIACTMBOCTEH IIbOTO TMOEJHAHHS, HE BIIACTUBUX >KOJHOMY €JEMEHTOBI
okpeMo. OTxe, BUJIU 1H)KMHIPUHTOBUX TOCIIYT, @ CaMe MOCIIyTH, MOB'sI3aH] 3
MIATOTOBKOIO ~ BUPOOHWYOTO  Tporiecy  (MEpeanpoeKTHI, TPOEKTHI,
MICIANPOEKTH1), MOCIYyrH MO0 3a0e3neyeHHs] €(PEeKTUBHOCTI HAasIBHOTO
BUPOOHMIITBA Ta peajiizallii BATOTOBJIEHOI MPOayKIli (po6oTH, cipsMOBaHi
Ha ONTHUMI3AIII0 MPOIECIB EKCIUTyaTalli, MOJINmeHHs (PyHKIIOHYBaHHS
TEXHOJIOTIYHUX JIHI{, 3aJIy4eHHs 10 1H(QOpMAIIHHUX CUCTEM, MOTINIICHHS
MaTepialbHO-TEXHIYHOIO TOCTaYaHHSA, MEHEI)KMEHTY Ta MAapKEeTHHTY,
nia00py 1 MIATOTOBKH KaJpiB, a TAKOXK IMOpadau 3 (PiHAHCOBOI MOJIITHKH)
MOXKHa €(QEeKTHBHO peaji30ByBaTH 13 3aCTOCYBaHHSIM IMITalIi{HOTO
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MOJICITFOBAHHS.

Ananiz  ocmanuix  Oocniodcenb. CHUCTEMHMI  aHaji3  HIMPOKO
3aCTOCOBYEThCSI B 0OaraThox cdepax: OaHKIBCBKMX Ta (iHAHCOBHX
yCTaHOBaXx, opraHax JEP7KaBHOTO yIIpaBIiHHS, MIPOEKTHO-
KOHCTPYKTOPCBHKMX Ta HAyKOBO-IOCHIIHHMIIBKAX OpraHizallisix. 3 I[Oro
MIPUBOJIy € BEJIMKA KUIBKICTh HAYKOBUX IyOJIIKaIlli, SK1 JEMOHCTPYIOThH
nepeBaru Ta YHiBEpCaJIbHICTh METOJIB CHUCTEMHOI'O0 MOJICNIIOBaHHS [6—8].
Anle 3acTOCyBaHHS IMITAI[IHHOTO MOJENIOBAHHS MJii MPOTHO3YBaHHS Ta
onTUMI3aIlli TEXHOJIOTIYHUX MPOIIECIB Ta iX amapaTypHOro 3a0e3MeUeHHS 3
BUKOPUCTAaHHAM MporpamMHoro komruiekcy Vensim PLE € pgocratHbo
IHHOBAI[IMHUM MIIXOAO0M, SKWW 3HAWIIOB CBOE BIIOOPAXKEHHS y JESIKUX
poborax [9, 10]. Tomy akTyaabHUM HAyKOBHUM 3aBIaHHSAM € TOJAIbIIAMA
PO3BUTOK 3aCTOCYBaHHS CHUCTEMHOTO aHali3y, a caMme IMITallifHOro
MOJICJIFOBAHHS SIK IHCTPYMEHTY CYyYaCHOI'O 1H)KUHIPHUHTY.

Dopmynosannss memu cmammi (nocmanoexka 3aeoanus). nsxom
IMITAI[IHHOTO MOJICJIFOBAHHS 3 BUKOPUCTAHHSM MPOTPAMHOTO KOMIUIEKCY
Vensim PLE BukoHaTu cUCTEMHO-AMHAMIYHE OIIHIOBaHHSA €()EeKTHUBHOCTI
po3pobieHoro amapary 1H(Gpa4epBOHOTO JKapeHHS 3  BIIOMBaYeM
npomeHeBoro notoky APKM-0.07-1.

OcHosna wacmuna. Po3po0iieHuii amapar 13 BigOMBaYeM IPOMEHEBOTO
notoky APXM-0.07-1 3acTtocoByeTbcs nisi 1H(PPAUuEPBOHOTO KAPECHHS
M’sicHux  HamiBdaOpukariB. Bukopucranns BijgOuBaua 3a0e3mnedye
PIBHOMIPHY T'yCTHHY ITPOMEHEBOTO TTOTOKY Ha MOBEPXHI MPOIYKTY.

KommiekcHe oriHiOBaHHS €(EKTUBHOCTI PO3p00OJICHOr0 amaparty
1H(paYepBOHOTO >KApEHHs 3 BinOMBaueM IpoMeHeBoro moToky APXKM-
0.07-1 mpoBoMIM B TaKui CIOCIO.

OauHuIEel0 BUMIpY 4Yacy B Mojenl Oyja XBWJIMHA, IO BiANOBIAAIO
TEpMiHy HalMEHIIOi 3aTpUMKHU. TepMiH MOJENIOBaHHS CKJIaaB 15 XBUIIUH.

3aranbHUi BUTIISIA MOJIEN1 HABEAEHO HAa PUCYHKY 1.

TPHBATCTE
nonepe THe0rO
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— =
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Pucynoxk 1. ImiTariiiina Mojienb o1iHIOBaHHs €()eKTUBHOCTI anaparty
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By0 3po6iieHo Taki MPUITYIIIECHHS:

— II0CTaBKa SJIOBUYMHHU OyJia pa30BOIO MYyJIbCYIOUOIO;

— 3aTpUMKM Ha  OMEpalisX BIANOBITAIM  pPEKOMEHJAIlIsIM 3
eKCIUTyaTallii;

— TPUBAJIOCTI TEMIOBOi 0OPOOKH BiIITOBIa1a TAIOBOMY O0JIaTHAHHIO;

— BTpaTH Ha  OIEpallisX  BIANOBIZANM  E€KCIEPUMCHTAIBHUM
JIOCII1JPKCHHSIM;

— SIKICTh IPOJIYKTY HE3MIHHO BHCOKA.

PiBH1 «HamiBpaOpukaT» Ta «CTEWK» BHU3HAYaJIUCSA BIJMOBIIHOIO
PI3HUIICIO KEPOBAHUX IMOTOKIB — BX1HOTO MOTOKY OTPUMAaHHS Ta BUX1THOTO
NOTOKY BianpaBku. OTpumaHHs HamiBpaOpUKaTy BHU3HAYAIOCSd HAPI3aHOIO
SAJIOBUYMHOIO, OTPUMAHHS CTEUKY — )KapeHHsAM HamiBhaOpukary. Bianpaska
HamiBpaOpUKaTy BU3HAYAIACS PIBHEM «HaN1BPpaOpUKaT», BIANPABKA CTEUKY
— PIBHEM «CTEUK.

Ex30reHH1 3MiHHI:

MacoBl KOMIIOHEHTH (Hapi3aHa sUIOBUYMHA, Maca amapara, maca
Bi10MBaYa);

CHEpPreTUYHi KOMIIOHEHTH (MOTY>KHICTh amapara, KOoe(ilieHT
BiJI0MBavya (puc. 2), TPUBAIICTh MONEPEIHBOIO MPOTPIBaHHS, TPUBATICTD
TEMIIEpyBaHH).

PHcyHOK 2. 3MiHHI «Koe(ili€eHT BiIOKMBaYa» Ta «IPOAYKTHUBHICTh

Ennorenni 3minHi:

— BTpATH MiJ Yac kapeHHs Bu3Hadanucs nooytkom 0.33 (33 %) Ta
KoedilieHTa BiqOMBaya;

— TPUBAJICTD KapeHHs BU3Havasacs Jo0yTKkoM 10 XB Ta koedilieHTa
B1J1OMBaya;

— JKkapeHHs HamiBpaOpukaTy BHU3HAYAIOCS (PIKCOBAHOKO 3aTPUMKOIO
BiIpaBKK HamiB)aOpukary Ha CyMy TPUBAJIOCTEH MOIMEPETHHOTO
MPOTPIBaHHS, KAPECHHS Ta TEMIICPyBaHHS;

— TIPOAYKTHBHICTH BU3Hauajgacs 00’ €MOM peatizallii CTeKy 3a TOJIUHY

(puc. 2);
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— MUTOMa EHEPrOEMHICTh BHU3HAUaJacs BIIHONICHHSM MOTY>KHOCTI
amapara J1o mpoayKTHBHOCTI;

— MUTOMa METAJIOEMHICTh BH3HAyanacs BIJHOIICHHSIM CyMH Mac
amapara Ta BiJiOMBayva J10 IPOTYKTUBHOCTI.

Peakiiiero Mmoaeni Oysa muToMa BUTPATHICT, SIKa BU3HAYAIACs
MHOKCHHSIM TUTOMHUX €HEPTrOEMHOCTI Ta METAIIOEMHOCTI.

Byno BukopucTaHO HACTYIHI PiBHI (aKTOPIB:

— Hapi3aHa SUIOBHYMHA CKJIajaacs 3 miBgadbpukaty Macoro 0.4 Kr;

— Maca amapara ckjajana 3.5 Kr;

— Maca BigOuBaua cxitagaina 0.5 kr;

— TPUBAJICTh MOMEPETHBOIO MPOTrPIBAHHS CTAHOBUJIA 2 XB;

— TPUBAICTH TEMITEPyBaHHS CTAHOBHUIIA 2 XB;

— TMOTY>XHICTh BUIIpoMiHIOBaua ctanoBuia 1000 Br;

— koedimieHT BigOuBada crtaHoBMB 10/15, TOOTO BIAHOIICHHS
TPUBAJIOCTI *)apeHHs HamiBpaOpukaTy B €KCIEpUMEHTAILHOMY amaparti 3
BitOuBaveM (10 XB) 10 TpUBaJIOCTI KapeHHs 0e3 BiaOuBaya (15 xB).

ExcniepuMeHT npoBoauBcs 0e3 BigOuBaua (koedimieHT BigOusaya 1,
Maca BigouBaua 0 xr) Ta 3 BijOuBadem (koedimieHt BimOuBava 10/15, maca
Bi1OMBayva (.5 xr). BukopucTtanHs BigOMBaya Npu3BeEJIO 0 HACTYITHUX
pe3ybTaTIB:

— CKOpPOYEHHS qacy OTPUMAaHHS IPOIYKTY Ha
14/11-1=1.27-1=0.27, T0610 27 % (puc. 3-7);
— 30UIbILIEHHA peamizanii CTEUKY Ha

0.31/0.27-1==1.15-1=0.15, To6T0 15 % (puc. 3);
— 30UIbIIeHHS TpOoAyKTUBHOCTI Ha 1.56/1.07—-1=1.46—-1=0.46,
T00TO 46 % (pHC. 4);

— 3MEHIIEHHS MATOMOI €HEePTrOEMHOCTI Ha
0.94/0.64—-1=1.47-1=0.47, To610 47 % (puc. 5);

— 3MEHIIICHHS MMUTOMOI METaJIOEMHOCTI Ha
3.28/2.57-1=1.28—-1=0.28, To6To 28 % (puc. 6);

— 3MEHIIICHHS MUTOMOT BUTPATHOCTI Ha

3.08/1.65—-1==1.87-1=0.87, To6T0 87 % (puc. 7).

CucreMHO-IMHAMIUYHE MOJIeI0BaHHs nponecy [Y-xapeHHs M’ aCHUX
HaniBdabpukatiB y anapati AP2KM-0.07-1 yMOXIMBHIIO HACTYITHI
BHCHOBKU:

— 4ac OTPUMAHHS MPOAYKTY CKOpOTUBCS Ha 27 %;

— npoaykTuBHICTh [Y-xapenns 3pocna Ha 46 %;

— muToMa eHeproemuicts [Y-xapenns ckoporumnacs Ha 47 %;

— MHUTOMAa MeTaJoeMHICTh [U-xapeHHs ckoporuiacs Ha 28 %;

— nuToMa BUTpaTHicTh [Y-xkapenns ckoporuiacs Ha 87 %.

SBTSATU. 12. 1. 21


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

Haykosuit BicHuk TOATY Bun. 12, Tom 1

639

a — >KapeHHs 3 BiA0UBaueM, 6 — xapeHHs O0e3 BigOuBaua
Pucynox 3. Peamnizarnis creiiky (kr):

a — >KapeHHs 3 BiA0UBaueM, 6 — xapeHHs O0e3 BigOuBaua
Pucynok 4. IIponykTtuBHiCTb (KT / T0J1)

a — >KapeHHs 3 BiAOuBaueM, 6 — xapeHHs 0e3 BigouBaua
Pucynok 5. Iluroma eneproemuicts (kBT rox / kr)
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Bucnosxu. TaxkuM 4YHWHOM, IUIIXOM IMITAI[IHHOIO MOJCIIOBAaHHS
MPOBEJIEHO CHUCTEMHO-JAMHAMIYHE OIlIHIOBaHHSA €(EeKTUBHOCTI arapara
APXM-0.07-1 mopiBHsiHO 3 mpucTtpoeM 0e3 pediiekTopa. Busnaueno, 1o
BUKOPHUCTAHHA BiJ0MBava MpOMEHeBOro noroky y amapati AP2KM-0.07-1
CKOpOUYy€ Yac OTpUMaHHA npoaykuii Ha 27 %, 3011bllye MPOAYKTUBHICTD
[Y-xapennst Ha 46 %, 3MEHIIye MUTOMY eHeproeMHicTh [U-xapeHHs Ha
47 %, ntuTOMYy METaJOEMHICTb Ha 28 %, MUTOMY BUTpaTHICTh Ha 87 %.
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S. Kostenko, O. Mayak, N. Fedak
State biotechnological university

SYSTEM ANALYSIS AS A MODERN ENGINEERING TOOL

Summary

The article considers the possibilities of system analysis, namely simulation modeling, to
evaluate the effectiveness of the developed infrared frying apparatus. By means of system-
dynamic modeling, the dynamic behavior of the system, that is, its functioning in time, is
transmitted. This made it possible to avoid numerous resource-intensive experiments due to the
combination of analytical modeling with the data of the experiments. The Vensim PLE software
package provided the stages of conceptualization, model building, simulation, analysis and
optimization. Vensim introduces the flow concept of system dynamics, in which an object is a
dynamic system consisting of drives connected by controlled flows. The main tasks of creating a
simulation model are the implementation of the dynamics of the process carried out in the system,
as well as determined the external conditions under which the model response is optimized. The
use of simulation models allows you to optimize the process of food production according to the
selected reactions through a computer experiment with changing and combining criteria,
providing a quality product. The theory of systems makes it possible to consider in aggregate the
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regularities of each technological operation and to coordinate them with the ultimate goal of the
technological lines functioning. The systematic approach linked and generalized all the mines of
improving the technological process and the infrared frying apparatus, which made it possible not
only to obtain a quantitative assessment, but also determined the ways of introducing it into
production. The system-dynamic model of the process of semi-finished meat products infrared
frying in the ARZhM-0.07-1 apparatus, given in this study as an example, made it possible to
identify patterns in the durations of the product preparation to readiness, productivity, as well as
specific energy consumption, metal consumption and cost of the developed apparatus, depending
on the presence of certain design features.

Key words: system analysis, simulation, engineering, technological processes, infrared
frying apparatus.
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AJI'OPUTM MOAEJIOBAHHSA OAHOBUMIPHUX
OBBOJIB 3A 3AJTJAHUMHU YMOBAMU

Anomayis. B po00OTi po3risigaeTbesi po3pooka crnocodiB popMyBaHHS
IJIOCKOTO Ta MPOCTOPOBOrO TIAAKOrO OOBOAY 3 PETYISPHOIO 3MIHOMO
3Ha4Y€Hb KPUBHHM Ta CKpyTy OCHOBHA BUMOTa J0 NMOBEPXOHb BUPOOIB, SIKI
B3a€EMOJIIIOTh 13 CEPEJOBUIIEM, - 3a0€3MEUYEHHS 3a/laHOT0 XapakKTepy ix
oOrikaHHs. DyHKIIOHAJIBHI SIKOCTI TOBEpPXHI 3a0e3meduyroTbes i
reOMETPUYHUMH XapaKTepucTUKamMH. JlaMiHapHMIl XapakTep OOTIKaHHs
MOBEPXOHb MOKHa 3a0€3MEYUTH 3a PaXyHOK MOHOTOHHOi 3MIHM 3Ha4€Hb
KPUBHHH, CKPYTY, padlyciB CTHYHHX chep y370BX JiHINA, 10 BXOASAThH Y
BU3HAYHUK TOBEpXHI. Buximuumu maHumu s (GopMyBaHHS JHIHHUX
€JIEMEHTIB KapKacy MOBEpPXHI € BUXIIHUN TOYKOBHH pPsii 1 T€OMETpUYHI
BJIACTUBOCTI KpuBoi. Po3pobneno merogu (opMyBaHHS IUJIOCKUX 1
IPOCTOPOBHUX KPUBHUX 13 3aKOHOMIPHOIO 3MIHOIO XapaKTEPUCTUK HA OCHOBI
JOBUIBHOTO TOYKOBOTO psiay. Ha koxHIM [isHLI, fKa oOMexXeHa
MOCHIIOBHUMHA  TOYKaMH, BHU3HAYA€ThCA 0OJACTh, BCEPENMHI  SIKOI
pO3TalIoOBaHi BCl KPUBI JIiHi1, IO BIANOBIAAOTE YMOBaM 3ajadi. OTprumaHa
KpUBa, sIKa TMpEACTaBjIeHAa HOBUM TOYKOBUM pSAJOM  BBaXKAETHCS
c(hOpMOBAHO0O, SIKIIO 00JIACTD i MOXKJIMBOTO PO3TAIIyBaHHS HE IMEPEBUIILYE
3aJ1aHO1 BEJIMYMHHU.

Knrouosi cnosa: o0Bi, nudepeHIliaTbHO-TeOMETPUYHI
XapaKTEePUCTHKH, paJlyC KpPUBUHHM, 3HAUYCHHS CKpPYyTy, XiJI KPHUBOI,
MOHOTOHHICTh 3MIHU XapaKTEPUCTUK.

Ilocmanosexa npobremu. Ha etami pO3BUTKY MAaIIMHOOYIYBaHHS
aKTyaJbHOIO € 3aJja4a MOJENIOBaHHS MOBEPXOHb HA OCHOBI MacuBY TOYOK.
KoopnuHati TOYOK MOXYTh OyTM OTpHMMaHi B pPe3yJbTaTi BUMIPIB Ha
peanbHuX (I3MYHHUX 3pa3kax abo po3paxoBaHi, BUXOJAYU 3 YMOB poOOTH
BUpOoOYy. [Iporiec MoemtoBaHHS MOBEPXHI BKIIIOUA€E HACTYITHI €TaIu:

- Ha OCHOBI BUXIJIHOTO TOYKOBOI'O MAaCHUBY (POPMY€ETBHCS TUCKPETHHM

© €. A. I'aBpunenko, 0. B. Xonogusk, M. FO. MipoutHnueHko
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JTIHIMYAaTUH KapKac TOBEPXHI, JIHIMHI €JIeMEHTH SKOTrO TpeCTaBIICHI
TOYKOBUM PSIIOM;

- ¢opMmyroTbcst Oe3mepepBHI 00BOAM, SIKI IHTEPIOJIOIOTH OTPUMAHI
TOYKOBI PSI/IH;

- B CHCTeMi aBTOMAaTH30BaHOTO IMPOEKTYBaHHS Ha OCHOBI
c(hOpMOBAHOI'0 JIHINYATOTO KapKacy CTBOPIOEThCS MOJEIb IOBEPXHI
BUPOOY;

- OTpUMaHa KOMITIOTEpHA MOJIeIb BHUKOPUCTOBYETHCS B SIKOCTI
BUXIJTHUX JAHUX JJIsI CTBOPEHHS YIIPaBJISAI0YO0i IporpamMu 3 00poOKu BUPOOY
Ha BEpCTaTl 3 YUCJIOBUM MporpaMHuM ynpasiiHasIM (UITY).

OcHOBHa BHMOra JO0 TMOBEPXOHb BHUPOOIB, IO B3aEMOJIIOTH 13
CepelloBUIIEM, — 3a0e3leyYeHHs1 3aJaHOr0 XapakTepy iX OOTIKaHHA
cepenoBuieM [1-3]. C reoMeTpu4HOi TOYKH 30py (PYHKIIOHAJIBbHI SKOCTI
MOBEPXHI  3a0€3MeUyloThCAd 1l T€OMETPUYHHMH  XapaKTEPUCTUKAMM.
JlaminapHuil XapakTep OOTIKaHHS IOBEPXOHb MO)KHa 3a0€3NeYuTH 3a
paxXyHOK MOHOTOHHOI 3MiHH 3HAY€Hb KPUBHUHHU, CKPYTY, PajAlyCIB CTHUHUX
cdhep y30BXK JiHIN, K1 CKIaJal0Th BUBHAYHUK ITOBEPXHI.

Ananiz ocmamnnix oocnioxcenv ma nyonikayiu. Ilpu dopmyBaHHI
KapKacy MOBEpXHI BUHHMKAE 3a/iaya IHTEPIOJISIIT TOUKOBUX PAJIB. 3a1aya
iHTepnoAii Moxe OyTH po3B’si3aHa METoJaMH Oe3MepepBHOTO Ta
JUCKPETHOT'O T€OMETPUYHOTO MO/ICIIFOBAHHSI.

[cayroui meTonu [4-7] Ge3nepepBHOT IHTEPHOJIALIT (METOJ IIMATKOBO-
TJIa KX HaOIMKeHb, KpuBux besbe, B-crutaitn) He 3a0e3meuyioTh 3a1aHuit
XapakTep 3MIHU JU(PEepEeHLIATbHO-TEOMETPUYHUX XaPAKTEPUCTHK Y3IOBXK
KPUBOI.

Metonn QopMyBaHHS KPUBUX JIHIA 13 3aKOHOMIPHOIO 3MIHOIO
XapaKTePUCTHK 3aMPONOHOBaH1 Yy poboTtax [8-11]. BuximiHumu qaHuMu 1ist
dbopMyBaHHS KpUBOI € TOUKOBHUH psiJl Ta 1i reOMETPUUHI BiIacTUBOCTI. Taky
KpPUBY Ha3MBaTUMEMO JTUCKPETHO MpeacTanieHoro kpusoto (JII1K).

Buxigauii TOUKOBUH psig pO30MBAETHCA HaA AUITHKH, SKI MOYKHA
iarepnomoBati JIITK mocTiitHOrO X0y, B3OBXK SKOI pajilyCl KPUBU3ZHH 1
chep, MO CTUKAIOTHCS, MOHOTOHHO 3MIHIOIOTHCS. Takl AUISHKH KPUBHX
HA3MBAaTUMEMO MOHOTOHHUMH.

Jlist otfiHKM 3HAa4YeHBb MUEPEHITIaTbHO-TEOMETPUUHNX XapPAKTEPUCTHK
y By3nax JIITK BUKOPUCTOBYIOThCSI KpUTEPii, 3aIIpONIOHOBaH1 Y poOoTi [8].
Bumoru f0 npu3HaueHHS KOHKPETHUX 3HAYEHb XapaKTEPUCTUK Y BUX1THUX
TOYKaX, IPH SKUX 3a7a4a Ma€e po3B’ 30K, BU3HA4YEHI B poOoTi [9]. YMoBamu
MOJICTIIOBaHHSI KPUBOi € MOHOTOHHA 3MiHa 3HA4eHb KPUBUHHU, CKPYTY,
paaiyciB ctuunux cdep B3nosxk AIIK.

Dopmymosanns memu cmammi. METOW ITOCTIKEHHS € po3poOKa
croco0iB opMyBaHHS IUIOCKOTO Ta MPOCTOPOBOrO TIAJAKOr0 00BOIY 3
PEryJsipHOIO 3MIHOIO 3HAY€Hb KPUBUHU Ta CKPYTY.

OcHnosna uacmuuma. MeTonm, 1O PO3POONSIETBCS, Tiependavae
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dbopMyBaHHS OJHOBHUMIPHUX OOBOJIB HA OCHOBI 00JacTi iX MOXKIHUBOTO
po3ramryBaHHs. [lg oOnacTe BU3HAYAETHCS BUXOJAYM 3  33JIaHUX
T€OMETPUYHUX BIACTHUBOCTEN 00BOY.

OOBin QopMyeThCS y BUTIIAMI JAWCKPETHO TNPEICTABICHOT KPHBOI
(TIK), sika mpeacTaBieHa BHOPSAKOBaHUM psgoM Touok. Ilmocka JIITK
bopMyeTbCS Yy BUIJISIAI TOYKOBOTO PSAY, IO CKJIAAETHCA 3 CKUIBKH
3aBIr'OJIHO BEJIMKOI1 KUIBKOCTI TOYOK. Ile BUXIi/JHI TOYKH 1 TOUKH 3TYIICHHS,
MOJIOKEHHS SIKUX BU3HAYAIOTHCS BUXOJSUM 3 YMOB, I1I0 HAKJIAJAIOTHCS Ha
KpHUBY, 110 (hOPMYETHCH.

[lepen 3ryieHHsIM MPOBOIUTHCS aHAII3 BUX1THOTO TOUYKOBOTO PSY, B
pe3yJIbTaTi SIKOTO BHU3HAYAIOTHCSA NUISHKHA, Ha OCHOBI SIKUX MOXeE OyTH
chopMOBaHa KpUBa 3 MOHOTOHHOIO 3MIHOIO KPUBHHHU. OTpUMaHi TUISHKA
bopMYIOTBCSI OKPEMO Ta CTUKYIOThCS MK c00010. IlojokeHHSI TOuYOK
3TYIIEHHS BU3HAYAIOThCS 3 KOOPAMHAT BHUXIJIHUX TOYOK 1 BHUMOT, SIKI
HaKJIaJaloThcsl Ha o00B1A. TakuMu yMoBaMHM € BIJACYTHICTh OCIIMUJISLIII,
PETYJISIPHICTh MOJIOKEHb IOTUYHUX 1 3HAU€Hb KPUBUHU, MOHOTOHHA 3MIHA
pazalyciB KpUBHHH B3JOBX KPHBOI.

Paniycu xpuBuzHu B Toukax JIIIK OIIHIOIOTBCS 3a JOIMOMOTOIO

- o«
pajiyciB KpUBHHU KpuBOi besbe (R, , R, ) A SKOi KOHTPOJIbHI TOYKH, IO ii

3a/1al0Th, 30iratoThcs 3 BepimHamu OaszucHoro TpukyTtHuka (BT). BT
oOMexxenuid gotuyHumu a0 HIIK, ski mpoxoAsTs yepe3 MOCIiI0BHI TOUKH
Ta XOPA0I0, sIKa 3'€IHYE 111 TOUkH (puc. 1).

N i+1
Pucynok 1. ®opmyBanns bT 3rynieHss

3HadeHHs] pajiyCiB KPUBMHM B TOYKax [ Ta i+/ OIIHIOIOTHCS 3a
dbopmynamu:

= (1)
ne a=|i; T| ta b=|T;i+1| - nosxunu cropin bT (i, 7,i+1); S — nnoma bT.

Ha koxHOMY KpoIlll 3rymieHHs BcepeauHi  BuxigHoro BT
MPU3HAYAETHCS MTOJIOKEHHS TOYKH 3TYIICHHS (i;.) Ta JOTUYHOI 10 00OBOY B
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i touri (z.). B pesynbrari orpumyemo nBa bT srymenns (i;7,i.) Ta
(f50; 1250+ 1).
CxeMa 3TyIIeHHSI TOYKOBOTO PSIAY T03BOJIsIE 3a0€3MEUUTH MMPU3HAYCHI
3HaYeHHA pajiyciB kpuBuHHU y Toukax JIIK. /[ns 11b0TO TOYKM 3rymIeHHS

BcepenuHi BT mpu3HavarThCd TaKUM YHHOM, OO 3HAYEHHS pPajiycCiB
- «—

KPUBUHH R’ Ta R’ y ToYKax iTai+/, aki Bu3Ha4a1oTh bT srymenns, Oynn
-
PIBHMMHU 3HAYECHHAM R; Ta R;+;, IPU3HAYEHUM y IUX TOYKaX, TOOTO R =R,
«—
Ta R =i+1.

st Toro, mo6 3a0e3MneynuTH peryJIsipHICTh 3MIHM 3HAY€Hb KPUBUHU
- «

HEOOX1IHO KOHTPOJIIOBATH, OO 3Ha4YeHHA R Ta R’ , 4Kl y 3aranbHId

toutli Bu3Ha4aroTh bT(i;7;,i;.) 1 BT(is,; T>,i+1), Oynu piBHUMEU. BpaxoByroun
napamerpu bT, g ymoBa Mae BUTIIST

b h,
_12 = (2)
a, h,

ne a;=|i;Ti| Ta b,=|T5,i+1| — noxunu cropin bT(i,; T},is.) Ta BT (is, T5i+1)
BIMOBIAHO; A, Ta hj — BIACTAHI BIJ TOYOK i Ta i+/ 10 JOTUYHOI Z,,.

[Ipu3HAYCHHS MTOJO0KEHB JOTUYHUX Y BUXITHUX TOYKAX BIATIOBITHO JI0
yMOBH (2) 103BOJISIE TICIIS KOKHOTO KPOKY 3TyIeHHs (opMyBaTh 0OBIJ K
CKJIQZIOBY KPUBY 3 IyT KpUBUX be3be, K1 CTUKYIOTHCA 13 3a0€3MEUCHHIM
CHIJIBHOTO CTUYHOTI'O KOJIa B TOUILl CTUKYBaHHs. [IpH 11bOMy KOKHa JIJISIHKA
KpuBoi be3be, oOMexeHa MOCIIIIOBHUMHU TOYKaAMHU, MOXE MaTH AUISHKY
3pOCTaHHS Ta IUISHKY 3MEHIIEHHS pajlyCiB KPUBHHH.

Jlnst toro, mo6 3a0e3neYruTH MOHOTOHHICTh 3MIHU KPUBUHU B3JIOBXK
JIIK, 3anpoBa/pKeHO AOJATKOBI YMOBU. Y BUXIJTHUX TOYKAX MOJIOKEHHS
JOTHUYHUX MPU3HAYAIOTHCA TaK, 00 BcepeauHl kKoxHoro bT moxHa Oyiio

chopmyBatn MoHOoTOHHY JIIIK. V mpormeci 3rymeHHS KOHTPOIIOETHCS
- - “«— «—

BUKOHAaHHA yMOB R <R, Ta R, < Akl depe3 mapamerpu BT

H—] s
BI/Ipa)KaIOTBCSI HaCTyHHI/IM YUHOM
a;<b; ta a,<b,. (3)

B pesymbraTi Ha KOXHOMY KpOIll 3TYIICHHS 3HAYCHHS paaiycy
KPUBHHH, SIK€ BU3HAUAETHCA B TodIl mapamerpamu BT, Oinbiie 3HaUYeHHS
paailycy KpUBHHH B TIOTIEPEIHIN TOUIll 1 MEHINE, HIX y HACTymHINA. Takum
YUHOM, B pe3yJbTari MTOCJTIIOBHUX 3TYIICHb OTPUMAEMO
OJTHOTIApAaMETPUYHY MHOXXMHY TOYOK, B KOXKHIM TOYILl AKOi 1CHYy€ €IuHE
CTUYHE KOJI0. Pamiycm JOTMYHWX KT MOHOTOHHO 3MIHIOIOTBCSI B3IOBXK
AIIK.

®opmyBanHsa npoctopoBoi JIIK 3a pomomorow wmetomay, 1o
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po3po0IsIEThC, mTepemdadae  OOOB'SI3KOBHE — aHAMI3  XapaKTEPUCTUK
BUXIZTHOTO TOYKOBOTO psimy. KoxHI Tpu MOCHIIOBHI TOYKH BH3HAYAIOThH
wionmHay (puc. 2). 1li mIOHMHM HA3WBATUMEMO NPUISTAIOYUMU
riommaamu (I1IT1).

T111i-2, (-1.1’)_

[T+ 1i+2,i+3)

—_ N

Hi-10i+1)
HTGii+1.i+2)

I+2
Pucynok 2. Cxema po3TalnryBaHHs IPWIATAI0UMX TUIOIIHH Y3/I0BXK KPUBOL

HeobOxigno, mo6 kyt Mmixk cymikaumu IIII (¢;), BcepenuHi sikoro
posramoByerthes aisaka JIK, e nepesumrysas 180°. B npomy Bumagxy
HarnpsM noBopoTy i-oi I1I1 mono xopau [i;i+1] Ha KyT ¢; 10 CyMIIIIEHHS 3
i+1-oto I1II 36iraeTncs 13 HanpsiMkom xoay ATIK.

Yotupu nocnigosui III1, mo npoxonars yepes i-Ty Ta i+/-y TOYKA
oOMexyroTh TeTpaep. Llei rerpaenp € 00:1acTIO MOKIMBOTO pO3TaIlyBaHHS
JIIK mocritHoro xoxy Ha pgusHIn (i, i+17). Jlanmior TeTpaenpis,
BU3HAYCHUX HA BCIX JUISIHKAX, € 00JACTIO PO3TaIlyBaHHS TJIAKOiI KPUBOI
JH1T OCTIHOTO XOAY, IO IHTEPIOJIIOE BUXITHUNA TOYKOBUH PSII.

Hotuuna no JIIK (#) po3ramoByeTbcs BCEpeauHl JABOX CYMIKHHX
JBOTPAaHHUX KYTIB: @; Ta @;+;. 1l0JOKEHHS JOTUYHOI #; BU3HAYAETHCS
MJIOIMHAMHU, 1110 € foTuyHuMH 110 JAITK y Tourli i Ta TaKuMH, III0 IPOXOATh
yepe3 nonepeaHto (i-/) Ta HacTynHy (i+/) BUXiJHI TOYKH.

[TonoxeHHsT [OTUYHMX [UIOMIMH TPU3HAYAETHCS 31 3HAYCHD
TUCKpeTHOTo  ckpyty Ha  guisHkax — JIIK, sxki Bu3HauarOThCs
XapaKTEPUCTHUKAMU BHUXIJIHOIO TOYKOBOTO PsiAy. Y MepuioMy HaOJIM>KEHHI

. L . 39;
CKPYT Ha JUIAHII [...i+/ OUIHIOBATUMEMO BEIMYUHOK B = P ,
b +h+hy,
ne @; — KyT MUK CYMDKHUMHM NPUIIETNIMMM IUIOIIMHAMM; h=|i;i+1| —

nosxuHa xopau CJLI.
[Ticns mpu3HayeHHS JOTUYHUX TUIOMIMH IUCKPETHHUH CKPYT Ha i-U
i

notuyHux mwionwH KII(#,i+7) ta KII(#+,) (puc. 3) mpu3HAYarOThCA

ainsani  JAIIK Busnauvaeteca 32 Qopmynor B! = [Tonoxxenns

BUXOJSUU 3 yMOBU B =B/ .
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PI/ICYHOK 3. Bu3HaueHHS IIOJIOKCHHS AJOTHUYHHX IIPAMHUX Ta IIIOIIHUH

[Tnomwmuu KI1(i-1,t;) Ta KI(t;,i+ 1), mo potuuni go JAIK B o1 Tou,
OOMEKYIOTh JianasoH w' (puc. 4) MOMIMBOIO pO3TAIlyBaHHS CTHYHOI
rwiomuuu (CI1;). [onoxenns CI1; npu3HavYaeThCA TAKUM YUHOM, 11100 BOHA
pO3IiIAfia JBOTPAHHMM KyT Wi Ha KyTH W; Ta W; Yy CHIBBIIHOIICHHI
¥

'

Wi v,
Kilin) ="~ _»

e T i+ 1i+2)

oty

I+ | ]' //

W

Kll(iti+1)

[111(i-1,ii+1) Kllt,i+1)

Pucynox 4. /{iana3oH po3TanryBaHHs MIOMIMHU, IO TOTUKAETHCS.

[Ticnst mpu3HaY€HHS AOTUYHUX TJIOLIMH OTPUMY€EMO LIE OJAUH KpUTEPii
. . 3w,
OLIHKM CKpYTy Ha ainsukax JIIK B =—*~—.
h_, +h
[Tpu hopmysanni AIIK, B310BXk SKOi 3HAYEHHS! KPYYEHHSI MOHOTOHHO
3pOCTa0Th, MOJIOKEHHS JOTUYHHUX IJIOUIMH Ma€ 3a0e31euyBaTi BUKOHAHHS

YMOB:

..<B’,<B", <B" <B, <... 4)

[Ipu3HaueHHss OOTMYHUX TAa CTHUYHUX IUIOMIMH YTOYHIOE TETpAEIp
po3zramryBanHs AIIK. B pe3ynbrari oTpuMy€eMo HOBUH JaHIIOT TETPAEIPiB,
rpaHi SIKMX HaJleXaTb JOTMYHUM KPUBUM Ta JOTWUYHHUM IUiomuHam. Llei
JAHITIOT TETpaeqpiB — 00JacTh MOXKIUBOTO po3TanryBaHHs riaaakoi JITK
MOCTIHHOTO XOXy, y BYy3JaX $KOi NPU3HAYEHO TIOJOKEHHS OCHOBHHX

TPUTPAHHUKIB.
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Touka 3ryIieHHs IPU3HAYAETHCS BCEPEIMHI TETpaeapa PO3TalTyBaHHS
JIIK. Buxigauii giama3oH po3TantyBaHHS TOYKHU I;, HA JUIAHIN i..0i+[ -

Binpi3oK [77;;Ti+;], M0 HANEKUTHh TPSAMINA TEPETHHY MOTUYHUX TUIOIIHH
KI1(#,i.) Ta KI1(is,,t+1) (puc. 5).

A ¢

l 32
\ \'

Pucynok 5. Buznauenns zliana30Hy pO3TallyBaHHS TOYKH 3TYIICHHS

IIpusnauenss i,, B Mexax Binpiska [T Ti+;] 3a0e3nedye npuzHaueHy
JUHAMIKy 3MIHM 3Hauy€Hb JUCKpPETHOro ckpyty B3noBxk JIIK, mo
OTPUMYETHCS B pe3yJbTaTi 3rylieHHA. KOHKpeTHe TMONOXKEHHS s
BU3HAYAETHCSI 3 YMOBM MOHOTOHHOI 3MIHM 3Hau€Hb pajlyciB KpPUBHUHU
B310BXK JIIIK.

JinsHKH, B3JOBX SKUX PaJlyCH KPUBUHU 3MIHIOIOTBCS MOHOTOHHO,
BU3HAYAIOTHCA BHUXOJASYM 3 XapaKTEPUCTUK BHUXIJTHOTO TOYKOBOTO PALIY.
Hanpuknan, nns ¢gopmyBanns [IIK, y3moBx skoi paalycu KpUBHHH
MOHOTOHHO 3pPOCTal0Th, Ma€ BUKOHYBATHUCS] YMOBA

<R(i-1,i,i+ 1)< R(i,i+1,i+2)<... (5)

ne R(i-1,i,i+1) — paaiyc YTUCHOTO KOJIa, IO IPOXOAUTH Uyepe3 TOUKH i-1, i,
i+1.

[Tonmoxennss touku 3rymieHHs Ha ausHIl JIK 3 mMoHOTOHHUM
3pOCTaHHSM PaJilyCiB KPUBUHU MPU3HAYAETHCS 3 YMOBH

R(i-1,i,i5)<R(i,i5,i+ 1)< R(is, i+ 1,i+2). (6)

Touku  3rymieHHS  TOCHIJIOBHO  TMPU3HAYAIOTHCS  BCEpPEeAUHI
MaKCHMAaJIBHOTO 3a po3MipaMu TeTpaeapa postairyBanus [AI1K. Bukonanus
yMOB (4) Ta (6) mpu mpU3HAYEHH! KOXKHOI TOYKHM 3TyILICHHS 3a0e3nedye
dbopmyBaHHS TOuYKOBOro psay, mo Hanexutrb JIIK 3 perymnspHoro
MOHOTOHHOIO 3MiHOIO 3HaY€Hb KPUBUHH Ta CKPYTY.

JIIK BBaxaemo cdopMOBaHOIO, SKIIO 007acTb i  MOXKJIMBOTO
po3TamryBaHHS: Oa3UCHUM TPUKYTHHK JJs TUIOCKOT Ta  TeTpaeap
po3TalryBaHHs JIJIsl IPOCTOPOBOT KPUBOI HE MEPEBUIIYIOTH 3a/1aHy TOUHICTb
dbopmyBaHHS 06Boz[y [Ticns 1poro oOBim MOXe OyTH TpeACTABICHHMA
JaMaHOK JIiHI€I0, KOpoOOBOIO JiHI€E Ki1 abo B-cruaitHom, ski
IHTEPIIONIOIOTh OTPUMAHHUI TOUKOBUH PSII.

Bucnosxu. B pe3ynbraTi 10CHIKEHb OTPUMAHO TaKl pe3yJIbTaTH.

1. Po3poGneno croci® popmMyBaHHS MIOCKUX OOBOIIB, SIKi 13 337aHOIO
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TOYHICTIO TIPEJCTABIAIOTh KPUBI JiHII 13 3aJaHUMU TE€OMETPUYHUMU
XapaKTepUCTHKAMU: PETYJISIpHA 3MiHa B3/I0OBXK KPUBOi 3HAYCHb KPUBUHU MTPH
MiHIMaJbHIM 32 yMOBaMHU 3a/ayi KUIBKOCTI OCOOJMBUX TOYOK: TOUYOK
NEPEeTuHy, TOUOK 3MIHM HAalpsiMy 3pOCTaHHS Y3/J0BX KPHUBOi 3HAYEHb
kpuBHHH. C(hopMOBaHi MIO0CKI 00BOJIM YTBOPIOIOTH CIMEHCTBO KPUBHX JIHIM,
11O € MOJIOKEHHSIM YTBOPIOIOYOI JIiHii, SIKa OMKUCYE MPU CBOEMY PYCl IIOBEPXHIO.

2. Po3pobisieHo cmoci6 ¢GopMyBaHHS IPOCTOPOBHX OJHOBHUMIPHUX
00OBO/IIB, SIKI1 13 3a7]aHOI0 TOYHICTIO IIPEACTABIISAIOTH KPUBI1 JiHIT 13 3aITaHUMU
r€OMETPUYHUMU BIACTUBOCTSIMU: PETYJIApHA 3MiHA B3JJOBX KPUBOi 3HAUCHb
KPUBHHHM Ta CKPYTy MpU MIHIMaIbHIA 3a yMOBaMHu 3ajadi KUIBKOCTI
O0COOJIMBUX TOYOK: TOYOK 3MIHM XOAY, TOUOK 3MIHM HampsiMy 3pOCTaHHS
y3[I0BX KpHUBOi 3HaueHb KpuBHHH. CQopMoBaHI MHpPOCTOPOBI 0OBOIU
YTBOPIOIOTh CIMEMCTBO KpPUBHUX, IO € HANPSIMHAMHU JIHISIMH, SKi
BH3HAYAIOTh 3aKOH MEPEMIIIEHHS TBIPHOI.
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Crarta Hagiinuia no pegakuii 22.04.2022 p.

Ye. Havrylenko, Yu. Kholodnyak, M. Miroshnychenko
Dmytro Motornyi Tavria State Agrotechnological University

ALGORITHM FOR MODELING ONE-DIMENSIONAL CONTOURS
ACCORDING TO THE GIVEN DATA

Summary

The formation of one-dimensional contours on the basis on the given conditions is
one of the most popular geometric modeling problems. The problem is solved by variative
discrete geometric modeling, which assumes the formation of intermediate points for the
initial set of condensation points. The discrete model of the curve consists of a point sets,
given geometric characteristics and a condensation algorithm. A discretely presented
curve (DPC) is formed by a condensation of the initial point set of an arbitrary
configuration in areas on which it is possible to ensure a monotonic change in the values
of'its characteristics. Monotone plots are joined at special points. Every three consecutive
points of the duodenum define an adjacent plane. Four adjacent planes passing through
two consecutive points limit the tetrahedron. The chain of consecutive tetrahedrons
defined on all segments is the region of the location of the smooth curve of the constant
stroke line interpolating the initial point sets. The torsion on the sections of the DPC is
estimated by the value of the ratio of the angle between adjacent adjacent planes to the
length of the corresponding chord of the accompanying broken line. The point of
thickening is assigned inside the tetrahedron of the DPC. As a result of successive
condensations, we obtain a continuous bypass of a constant stroke, at each point of which
there is a single position of the main trihedron. The point of condensation is assigned in
such a way that the values of the torsion in the duodenum points change monotonically.
This ensures that the torsion values are regular at the points of the bypass. The imposition
of additional conditions on the DPC formed requires the definition of the corresponding
region of a possible solution within the DPC arrangement tetrahedron.

Key words: contour, differential geometric characteristics, radius of curvature, twist
value, course of the curve, monotony of changes in characteristics
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PEBEPC IH)KUHIPUHI TA BUTOTOBJIEHHSI CKJIAJTHOI
TPUBUMIPHOI IIOBEPXHI

Anomayis. B poOOTi pO3IIISIHYTO METOJIH, 1110 BUBHAYAIOTH MOYKJIMBOCTI
CTBOPEHHSI CKJIAJHUX IIOBEPXOHb 3a JIONOMOTroK  i1H(popMaliiHuX
TEXHOJIOT1H.

CydacHl TeHAEHIIT PO3BUTKY PI3HHX Taly3edl MpPOMHUCIOBOCTI
CTUMYJIIOIOTh PO3POOKY BUCOKOE(EKTUBHUX 1 KOHKYPEHTHUX BUI1B TEXHIKU
1 TEXHOJIOTM, sKi 3abe3medarb KOPCTKI BHUMOTH K SKOCTI Ta
eKCIUTyaTal[liHUM BJIACTUBOCTSIM BUPOOIB MPU €KOHOMIi MaTepiaJbHUX Ta
EHEPreTUYHUX PECypCiB, BATPATH HA POOOUY CHITY, 3HIKEHHS COO1BapTOCTI
BUPOOHUIITBA, 1110 € aKTyaJIbHUMU JIJIs1 MAIIMHOOY Iy BaHHS.

Knwouosi cnosa: Teopili TOHKHX OOOJIOHOK, METON 30yprOBaHHS,
MaTeMaTUYH1 MOJIEN, MPOIIEC MPOCTOTO OOTIATYBAHHS, aJITOPUTM MOOYI0BH,
JMCTOBA IITAMITOBKA.

Ilocmanoexka npobnemu. PO3BUTOK TEXHIKM Ha Cy4aCHOMY e€Talll
XapaKTEPU3YETHCS MUPOKUM BUKOPHUCTAHHIM 1H(OPMAIIHHUX TEXHOJOTH
y Bcix i1 obnactsax. Ha ocoOnmBy yBary 3aciayroByrOTh CKJIagHO-(ACOHHI
00'eMHI BUPOOH, SIKI XapaKTEPU3YIOThCS HE TUIBKU CKIIAIHICTIO PElbedy
OKpPEeMHX €JIEMEHTIB IIUX BUPOOIB, a i HASIBHICTIO HAWPI3HOMAHITHININAX 32
dbopMor0 Ta po3MipamMu BHYTPIIIHIX KaHAJIB, IEPEXOMAIB, 3'€JHAHB TOIIO.
BuroToBienHs Takux BUpOOiB HUHI 0a3y€ThCsl HA BUKOPUCTAHHI BEJTMYE3HOT
KUIBKOCT1 TIpOorpamMHOro 3abe3nedeHHs pi3HuX ¢ipM, CIPSIMOBAHOTO Ha
BUPIIIIEHHST 3aBJaHb, M0 BHUHHUKAIOTH TIPU BUTOTOBJEHHI CKJIAJIHO-
npoiTbHUX BUPOOIB.

[Ticns BiampalfoBaHHs KOHCTPYKIIi BUpOOY MpH MOro MOCTaHOBII Ha
BUPOOHUIITBO 3aJIEKHO BiJ 00CATYy Marepially, KOHCTPYKIli, ¢opmMu Ta
po3MipiB BUpPOOY, BHUPINIYIOTHCA 3aBJaHHS BUOOPY METOAY OTPUMaHHS
3aroTOBOK Ta BHUpOOy B IJIIOMYy, pO3pPOOJEHHS Ta BHUIOTOBJICHHS
TEXHOJIOTIYHOTO OO0JaHaHHS, pOo3poOka mporpam (BUOIp HPOrpaMHOIO

© O. B. Iexenko, I'. B. AuToHoBa
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3a0e3MeyeHHs]) Il OTPUMAaHHs 3aroTOBOK Ta BUPOOIB. Y 3B'A3KY 3 UM
BUOIp €PEeKTUBHOTO MPOTPAMHOTO MPOAYKTY, 1110 3a0e3euye BUPOOHHUIITBO
TOTO YM 1HIIOTO ()aCOHHOTO BUPOOY, € BAXKJIMBUM 3aBJIaHHSIM.

Ananiz ocmanuix Oocniddcenv [ nyonikayiu. Jns geranei, 1o
MIIJAI0TBCA  MEXaHIyHId  o0poOirl, 30UIBIIYETBCA  TPYIAOMICTKICTh
BUTOTOBJICHHS Ta BUTpPATU MaTepiaidy 3a paxyHOK 30UIBIICHHS KiJIbKOCTI
MeTaiy, sika iae y cTpyxky [9-11].

Takum YMHOM, 3 TEXHIYHOI Ta EKOHOMIYHOI TOUKH 30pY YK€ BAXKIUBO
pPO3pOOIISITH  TEXHOJOTIYHUM TIPOIleC TaKuM YHMHOM, I100 BIH OYB
CIPSIMOBaHUM Ha 3MIHY TOBIIMHU 3aTOTOBKH

[3 anaii3y HayKOBO-TEXHIYHOI JITEPATYPH POOMMO BUCHOBOK, 1110 OJJUH
13 palloHaJbHUX MPOIIECIB BUTOTOBJIECHHS TOHKOCTIHHMX OCICUMETPUYHHUX
JeTanei yclueHid 3By KyBaibHIA QopMi € mpouec (GOPMOBKH 13 KOHIUHUX
3arotoBok. [12, 13]. 3 BUKOpHCTaHHSIM METONY 30ypEHHS BHUPILIYETHCS
3aa4a MO0 BHU3HAUEHHIO TEXHOJOTIYHMX MapaMeTpiB MpoLecy MPOCTOro
OOTATyBaHHS.

Dopmyeanns yinet cmammi. MeTa - CIPOEKTYBaTH TEXHOJOTTUHUM
npolec 3 MIHIMaJIbHOK KUIBKICTIO TEPEeXOAiB, BUCOKUM Koe]illi€eHTOM
BUKOPUCTaHHS MaTepially, TOUHUMU T€OMETPUYHUMH TapameTpamu. Kpim
TOTO, BUTOTOBJICHA JI€Tallb Ma€ BIJMOBIAATH BKAa3aHUM EKCILTyaTalliiiHUM
XapaKTEPUCTUKAM.

Ocnogna uacmuna. OCHOBHHUMHM METOAAMU OTPUMAaHHS CKJIQJHO-
npodibHUX 00'eMHMX BUPOOIB a00 1X 3aTOTOBOK €: JIUTTS; - IITAMITyBaHHS;
pecyBaHHs (METOAW MOPOIIKOBOI METaIyprii); MIBUAKE MPOTOTUITYBAHHS;
HIBUJIKE BUPOOHMIITBO; MeXaHIuHa 00poOKa pi3aHHsAM Ha BepcTaTtax 3 UITY.

Bubip MeTomy 3a1eXuTh Bil KOHCTPYKIIii BUpOOY, MpOTpaMu BUITYCKY,
TPUBAJIOCTI BHUPOOHHUIITBA BHPOOY 1 TEXHOJOTIUHUX MOXKIUBOCTEU
BupoOHuka. [1, 5]. AHami3 0coOJMBOCTEH PpO3IJISIHYTHX METO/IIB
BUTOTOBJICHHS TIOKA3ye€, 1[0 OCHOBOIO JJIsI OTPUMAHHS CKIAIHO-TTPO(ITEHUX
00'eMHUX BUPOOIB OYIb-SIKUM METOJIOM € ix 3D-Moeb.

Opnak moGymoBa 3D-moneneit Takumu criocobamMu He 3a0e3mnedye
aXypHOCTH BHpOOy. 3 Orjisigy Ha OCOOJMBOCTI BUTOTOBJICHHS a)XypPHHX
BUpOOIB, [JII JEMOHCTpaIlii Tpolecy iX BUTOTOBICHHA OYyB OOpaHWMiA
BIJIMITHHIA 3HaK (PUCYHOK 1).

Bubip 1mmporo BupoOy 0O0yMOBIIOETHCS MIHIATIOPHICTIO €IEMEHTIB Ha
(dhacoHii MOBEpXHI, KA JO3BOJISIE OMIHUTH MOXKJIMBOCTI CTBOPEHHS TaKHX
CKJIQJIHUX TTOBEPXOHbB 32 JIOMOMOTO0 1H()OPMAIIHUX TEXHOJIOT1H.

Jns orpumaHHs Mozeni OyB BUKOPUCTAHMM OpHTIiHAN 3HaKa, KN
3HaXOAMUThCS B My3ei icTopii Kuesa (puc. 2).

PeBepc 1HKUHIPUHT PO3MI3HABAIIBHOTO 3HAKA OyB BUKOHAHUNA METOJIOM
CKaHYBaHHS OpPUTIHATY 3a JOMOMOrorw BuMiproBaibHOi MamuHu LDIGIT-
300 3 TouHicTiO ckanyBaHHs 0,02 MM.
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Pucynok 2. Touku, oTpuMaHi ol(ppyBaHHSAM NOBEPXHI 3HaKa

Hani BimuudpyBanHs noBepxHi nepepaBainucs B CopyCAD mis
MEepeTBOPEHHST 1X B KOMII'IOTEPHI MOJEN I MOJQIBIIOr0  iX
noomnpaitoBanHss B CAD / CAM-cuctemax. XMapa TOYOK I€HTpaIbHIN
YacTUHI  eJieMeHTa TpejacTaBieHo Ha pucyHky 2. CopyCAD,
BUKOPUCTOBYIOUM (PYHKIIIO «MaiCTep TPIaHTYJIALID MEPETBOPIOE JaH1
CKaHyBaHHsI B TPIAHTYJIPOBaHy MOJIEJb, SIKa MPEICTABISIETEC HA0OPOM
TPUKYTHHUKIB 3 BEpUIMHAMH, L0 JIeXKaTh HAa MIOBEPXHI MOJEI1, CTBOPIOETHCS
STL-daiin.

Lentpansna wactuHa ctBopeHoi STL-mozeni mnpeacraBieHa Ha
PUCYHKY 3.
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Pucynok 3. TpuanrynipoBaHa MOZ€EJb

[ToTiM, Ha OCHOBi TpiaHTYTIPOBAHOI MOXHa CTBOPUTH ITOBEPXHEBY
Mozenb. [Ipu 11boMy MOBEpXHI TEHEPYIOTHCS B MEXKaxX 3aaHOT OXUOKH 1, B
pa3i HeoOX1THOCTI, 3a0€3MEUYETHCSI TOUHE CTIOTYUYCHHSI CYCIIHIX TOBEPXOHb
o kparo. Yepes BUCOKM CKIIATHOCTI MOJIETI 3HaKa, 1 SIK HACTIAKY BEIHKOT
KUTBKOCTI TPUKYTHHKIB, BUKOPHUCTAaHHS 3a3HAUYE€HUX BHIIE CIOCOOIB
MOJICITIOBAHHS JTaHOTO BHUPOOY OyJie BaKKO, TaK SK MOTPIOHO BKa3yBaTH
BeJMue3Ha (MOHAJ 2 MITH.) KIJTbKICTh TOYOK JIJIsi CTBOPEHHS TIOBEPXHI.

3 orJisiAy Ha BUTOTOBJICHHS 3HaKa Ha HAsIBHOMY O0JIaJHAHHI IBUKOTO
npoToTurnyBaHHs mnpoBogutHcs 1o STL-mozmeni, peaaryBaHHS —SIKOi
nporpaMHuUMU npojaykramu Haizpyusime B ArtCAM Pro, 6yno npuitasito
pIIIEHHS BUKOPUCTAHHS CaMe I[bOTO MPOIYKTY.

L e e
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Pucynok 4. Mogenp HarpyIHOTO pO3Mi3HABAILHOTO 3HAKA
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Takum umHom orpumana STL-mojens po3mi3HABaIbHOIO 3HaKa 3
TCOMETPUYHUMHU TIapaMeTpaMH HArpyJHOTO BapiaHTH IMIIOPTyBaJacs B
cucteMy ArtCAM Pro (pucyHok 4) mjis MOJAiBIIOTO JTOOTPAIFOBAHHS 1
PO3pOOKHU KEPYIOUUX MPOTPaM.

B ArtCAM Pro wMozaenb KOMaHIOK «3aJaTd PO3MIp MOJEI»
MaciTadyBajiach 0 pO3MipiB (PpavyHOTO BapiaHTYy.

[Ticns imnopty STL-monmeni B ArtCAM Pro mMopens Buiinuia 6e3
N1BHYTPiHIOW. B 11bOMY BUIaAKy BC1 BHYTPIIIHI €JIEMEHTH aBTOMATUYHO
3akpuBaloThcsi. Tomy 3D-mMonens He MOBHICTIO BIJINOBIJIA€ OpPHUTIHATY.
Opnnak, cuctema ArtCAM Pro no3BoJisie BUTOTOBUTH 1ieH BUPiO HA BEpCTaTi
MeTooM (pe3epyBaHHSA, a TaKOX HEOOXiJHE OCHAIICHHS (IITamIu i
auBapHi ¢GopMu) i OOpaHOTO METOAY BUTOTOBJICHHS (Ml JUTTS TIO
BUIUIABIIOBAaHUX MOJIENISX - MalicTep-11abIoHH, JIJ1sl KapOyBaHHSA - MAaTPUIIO
1 myaHcoH). Jlis mporo mpoBoamsacs o0OpoOka 3a 2 yCTaHOBA,
BUKOPHUCTOBYIOUH BUXiAHY 3D-Monens JUIIbOBOrO OOKY eleMeHTa is
30BHIIIHIX TTOBEPXOHb 1 BiJipeiaroBany (3riIaKeHy 1 mpoMacimTabipoBaHy
Ha BEJIMYUHY TOBIIWHU JETal) - A1 BHYTPIITHIX TOBEPXOHb.

BurorosnenHs takoi ckiagHOi 00'€MHOI TOBEPXHI 3 O€3/1144I0 PI3HUX
JIpIOHUX EJIEMEHTIB IIJIbHOI HE TEXHOJIOT1YHO, TaK SK MOTpiOHA BeHMKa
HOMEHKJIaTypa IHCTPYMEHTY 1 JOTPUMAHHS YMOB €KCILTyaTailii KO>KHOTO 3
HUX.

TexHomnoriyHimow OyJe CKJIagoBa KOHCTPYKIlA, pO3AUICHA Ha
€JIEMEHTH, TaK SIK KOXKEH €JIEMEHT Ma€ CBOIO CTYIiHb CKIAAHOCTI Pelbedy 1
CTpareriro ioro 0OpoOKH.

BincyTHl yacTHM penbedy, 3aKpUTI IHIIMMH €JIE€MEHTaMU 3HAKa,
nooynoByBasiucsi B ArtCAM, 3acTOCOBYIOUM KOMaHAM «BUTSTYBaHHS IO
BEKTOPax», «CKyJbOTOP» 1 T.1. OCTaTOYHI MOJI€JI1 KOYKHOTO €JIEMEHTAa 3HaKa
MOKa3aHi Ha PUCYHOK 5.

a) eJIEMEHT (XpecT) 0) eleMeHT (BIHOK)
Pucynok 5. [ToenemeHTHa MOJENb 3HAKA.

Bucnoexu. 3acTocyBaHHsI IPOTPaMHOI0 3a0€311€YEHHS B HAaBYAJIbHOMY
nporeci Ta HAyKOBO-AOCHIAHIA poOoTi kadeapu MNpU BUTOTOBICHHI

SBTSATU. 12.1.23


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

B Haykoswuii BicHuk TOATY Bun. 12, Tom 1
N J{‘“;L; R 638
CKIaIHO-TIPO(ITPHIX 00'eMHMX BHPOOIB TTOKA3aJI0, IO MPU BUTOTOBJICHHI
BUPOOIB 3 BETMKOIO KIJTBKICTIO MIHIaTIOPHUX €JIEMEHTIB O11bll e(eKTUBHE
Bukopucrtanusa cucremMu ArtCAM Pro, sika ga€ MOXJIHMBICTH MOJICTIOBAHHS
0e3 cremiadbHUX XYyAO0KHIX HABHYOK 1 MalCTEPHOCTI CKyJIbOTOpa, IIO
JT03BOJISIE KOPUCTYBATUCS LI€I0 MPOTPAMOIO ITUPOKOIO Ay TUTOPIELO.
3a/10BOJILHUTH BUMOTaM, SIK1 MPeJ sIBIASIOTHCS 10 JIeTajieil, MOXKIUBO,
SKIIO0 aHAJITUYHO MPEICTAaBUTH YMOBH, 5IKi € (YHKI[IOHAJIOM, a IOTIM

BUPIIINUTH III YMOBH.
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Crarta Hamiinuia qo pegakiuii 20.04.2022p.

O. Ivzhenko, G. Antonova
Dmytro Motornyi Tavria State Agrotechnological University

REVERSE ENGINEERING AND FABRICATION OF A COMPLEX
THREE-DIMENSIONAL SURFACE

Summary

Methods that determine possibilities of creation of difficult surfaces
by means of information technologies are in-process considered.

Modern progress of different industries of industry trends stimulate
development of high-efficiency and competition types of technique and
technologies, that will provide hard requirements to quality and operating
properties of wares at the economy of material and power resources,
expense, on labour force, a decline is a production cost that is actual for an
engineer [1, 5].

An aim of technologist is in that, to project a technological process
with the least of transitions, high coefficient of the use of material, exact
geometrical parameters. In addition, the made detail must answer the
indicated operating descriptions.
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Development of technique on the modern stage is characterized
deployment of information technologies in all her areas. Special attention is
deserved by the difficult-shaped by volume wares, that are characterized not
only complication of relief of separate elements of these wares but also
presence most various in a due form and to the sizes of internal channels,
transitions, connections etc. Making of such wares is presently based on the
use of enormous amount of the software of different firms, sent to the
decision of tasks arising up at making of difficult-profile wares.

After working off the construction of good at his raising on a
production depending on the volume of material, construction, form and
sizes of good, the tasks of choice of method of receipt of purveyances and
good decide on the whole, developments and making of technological
equipment, program (choice of software) development for the receipt of
purveyances and wares [2, 3, 4]. In this connection choice of effective
software product, providing the production of one or another shaped good,
1s an important task.
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OTPUMAHHSA MACTEP-MO/JEJII 3 BOCKIBKH
METOJIOM JIUTTA

Anomayis. B poOOTI pO3TIIIHYTO MOJIMIIEHHS BUPOOHUYOTO UKITY 32
paxyHOK BIMOBH BiJ BHUPI3yBaHHS BpPYYHY MOJENEH, 3acTocyBaHHA 3D-
IPUHTEPA 1 TUTBA Y POPMHU- MOHOJIITH.

B XoIl BUKOHaHHS TMPOEKTy OYyJI0O MPOJEMOHCTPOBAHO €Tanu
BUT'OTOBJICHHS B1J] CTBOPEHHS €CKi3y BUpoOy Ta oTpuMmanHs STL-mozaeni nms
pO3pOOKM  TEXHOJIOTiI MacOBOTO BUTOTOBJICHHS  MOJIENIl  METOJAOM
TUPaXyBaHHS B €IACTUYHUX Tpec-hopMax.

Jis  BUpilIeHHA 1HOTO 3aBAAaHHA TMependadanocs BUKOHAHHS
HacTtynHux etamiB: 1. Po3poOka nuzaiiny, 2. CtBopenns 3D-momeni, 3.
Pospobka STL-moneni, 4. BuroroBnennsi BockiBku Ha 3D-mpunTepi, S.
OTpuMaHHs MalicTep-MOJieil 3 BOCKIBKM METOAOM JUTTS, 6. BurorosienHs
npec-hopMu SISl MAaCOBOT'O BUPOOHMIITBA.

CyyacHl TeHACHINT PO3BUTKY PI3HUX Taly3eil TPOMUCIOBOCTI
CTUMYJIOIOTh PO3BUTOK BHCOKOI MPOAYKTHMBHOCTI 1 KOHKYPEHTO3JAaTHHUX
BUJIIB TEXHIKM 1 TEXHOJOTIH, K1 3a0e3MevyBaTUMYyTh CTPOT1 BHUMOTH [0
AKOCTI 1 eKCIUTyaTalliHUX BJIACTUBOCTEH MNPOAYKTIB MpPU EKOHOMIi
MaTepialbHUX, €HEPreTUYHUX PECypCiB 1 TPYIOBUX BUTPAT, 3HHKECHHS
ceOMCTOMMOCTH  BUPOOHUIITBA, IO Ma€ BaXJIMBE 3HAYCHHS IS
MaluHOOY Ay BaHHS.

VY poOoTi pO3TJIAHYTI 3arajibHi MUTaHHS aHaji3y BHUPOOIB CKJIAJIHOI
dbopMH, OCHOBHI METOIM IX OTPUMaHHS, MHUTAHHS MPOEKTYBaHHS 1
BUTOTOBJICHHS OCHAIICHHS JUIsI TAKUX BUPOOIB, a TAKOXK IMOKA3aHO PIIICHHS
3a/1a4l OTPUMAaHHS OJIHOTO 3 JaHUX BUPOOIB.

3aBASKM Cy4YaCHUM TEXHOJIOTISIM, MOXJIMBO, BUTOTOBUTH Oyab-sKi
HaickimagHinn dopmu. Jlu3aifiHEpoBI 3aBXIM HEOOXITHO MaTH XOPOIIe
ySIBJICHHSI MPO MpoLleC OTPUMAaHHS BUPOOY, B HAIIOMY BHIIAIKYy, 3HATU
TEXHOJIOT1I0 JINTBA MO0 MOAEIISAX, 1[0 BUILIABIISIIOTHCS, Y (POPMU-MOHOJITH.

© L. €. Manynesuy, €. A. I'aBpunenko, FO. B. Xononusk, A. I1. Yamnincekuii
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Maiictep-moaenb BUPIIIEHO BUTOTOBUTH 13 CIUIABY, LIO JO3BOJHUTH
CYIUTH TPO TEXHOJOTIYHICTH BHUPOOY 1 OI[IHUTH MOXJIMBICTb YTBOPEHHS
HaBITh HAWJIPIOHIIINX ACHEKTIB.

Knrouosi cnosa: BuroroBieHHs npec-popmu, ArtCAM JewelSmith,
Ob-monens, wmetomom smtBa, STL-momeni, anroput™ moOyI0BH,
3acTtocyBaHHsA BD-mipunrepa.

Ilocmanoeéxka npobnemu. byna TmocTaBieHa 3agada po3poOUTH
JITOPUTM CHCTEMHU aBTOMATH30BAaHOTO MOJEIIOBAHHSA, Ta CTBOPEHHS
aBTOMAaTU30BaHOTO IporpamMHoro moayJisa APl mporpamu nnst 3MiHu Oyab-
SAKOro mapameTpy aetani. Jyig 3MeHIIeHHs 3aTpaT Ha MOJIEIIOBAaHHS J1eTal
MOJyJib po3paxyHKy B mporpami ArtCAM [lanuii MozlysIb iHTErpOBaHUMN B
CUCTEeMY IMpoeKTyBaHHs noaatky JewelSmith, mo mg03BoJis€ BizyalbHO
CIOCTEPIraTH 3MIHU CTPYKTYPH AETalll MpH ii nepeOya0Bl Ta BHOCUTHU B HEl
3minu [1-5].

Ananiz ocmawnHix oocnioxcensv i nyonikayiu. BypXJIuBHUNA PO3BUTOK
KOMIT'FOTEPHUX TEXHOJIOTI CHpUsiE€ PO3IIMPEHHIO MOKJIMBOCTEH Jis
CTBOPEHHsI 00’€KTIB MPOEKTYBAHHS BHUCOKOI CKJIaTHOCTI. Bim KpomiTkoi
poOOTH 3a KyJbMaHOM /O MAaHIMYJALIH B TPOrPaMHOMY CEPEIOBHIIIL.
["amy3p MammHOOYAIBHUIIBTA TTOCTIMHO PO3BUBAETHCS 1 HA/la€ 1HXEHEpaM
Bce Oulbllle (YHKUIOHATY [Jis BUPIMIEHHS iX MOBCSKIECHHUX 3aJad Ha
BUpOOHMULTBI [6-8]. HOB1 TeXHOJOT1i B aBTOMaTU30BAHOMY MPOEKTYBaHHI,
JIHACHO, MOXHA 3aCTOCYBAaTH Mailke y BCiX cdepax >KUTTA JIOACTBa. B
poboTi  3amisiHI  3M00yTKM  MPOTPAMHOTO  3a0e3Me4YeHHSI  CUCTEM
aBTOMATH30BAHOTO TMPOCKTYBAHHS 1 BEPCTaTH 3 YUCIOBUM NPOrpPaMHUM
KEepyBaHHAM JJI CTBOPEHHSI HOBOTO MIJIX0ly Y BUPOOHMIITBI TU3aHEPCHKO1
3agymku [10-12].

Dopmysanus yineu cmammi. Y nOaHiii poOOTI TPOMOHYETHCS
YAOCKOHAJIEHHS TEXHOJOTIYHOTO TIPOIeCYy BUPOOHUIITBA Ha MPHUKIAMIIL
aBTOMAaTH3allli BUTOTOBJICHHS TU3aliHEPCHKOT0 BHUPOOY 3 BHUKOPUCTAHHSIM
nporpamMHo — amapatHoro komiuiekcy ArtCAM  JewelSmith, 3
BUKOPUCTAHHSAM I[1€1 CHCTEMH MPEJCTAaBICHO MOJIEIIOBaHHA 00'€MHUX
BUPOOIB.

Ocnoena yacmuna. JIna crBopennst BD-mozeni B ArtCAM JewelSmith
HEOOX1THO MPONTH EKIIbKa €TarlB MPOeKTyBaHHs. JJiss CTBOPEHHSI OCHOBU
BUKOpUCTOBYBaHuUM "Malictep cTBopeHHs KUHOK" y Bkiaaui "JewelSmith":
3 O10miorexku muUHOK BHOUpaemo "Kpyriy 3BykeHy HIMHKY'", B OMIisIX
3a/1aeMo rabapuTHi po3Mipu (puc. 1).
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Pucynok 1. CTBOpeHHSI OCHOBU

Jlami, BHUKOPHCTOBYIOYM BeNMMKHN  i1HCTpymeHTapiii  ArtCAM
JewelSmith mo po6oTi 3 BekTOpamH, CTBOPIOEMO OBajbHI (QOpMHU X
BcTaBky [13,14]. Bubupaemo inctpymeHT "3anuBKa BEKTOPIiB" 1 poOHMO
3QJIUBKY TEBHUMHU KojibopaMu. BukopucrtoBytoun "Pemaktop ¢opmu",
IOPUBJIACHIOEMO  KOJbOpaM  BJIACTUBOCTL:  OJAKUTHOMY  KOJbOPY
IPUBJIACHIOEMO TUIOCKY (POPMY 3 MOYATKOBOIO BHCOTOIO 1 MM, 3efeHuil —
OOHYJIIEMO BCEpEANHY Ha yCIo INMOuHY (puc. 2).

[IponoBxkytoun BUKOpUCTATH BeKTopu 3 Bkianku "[lomiuyHuK",
CTBOPIOEMO YC1 MAJIFOHKH Ha MOBEpXHI. [10TIM 3aI1BaEMO KOKEH €JIEMEHT
CBOIM KOJBOPOM, 1 KOXXHOMY KOIbOpPY, BHUKOpHCTOBYIOuM '"Pemaktop
dopmu", 3amaemo mnoTpiOHUN penbed. Tak (DiogeToBOMY KOIBOPY

MPUBIIACHIOEMO OKpPYTIy (opMy 3 OOMEKEHHSM IO BHUCOTI 1 MOYATKOBOIO
BHUCOTOIO | MM.
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Pucynox 2. CtBopeHHs penbedy A BCTaBKU
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[Ticnst cTBOpeHHS] TPUBHUMIPHOI MOAENI MEPCHS ISl MPUBIACHEHHS
Matepiany, 3 sKoro Oyje BHUTOTOBJICHO BHpPIO, Tpeba CTBOPUTH ManCTEp-
Mozenb. Jig 1boro HeoOX1HO, BUKOPUCTOBYIOUN THCTPYMEHT 3arajbHOTro
penaryBanns "[lomatu B wmailictep" y Briaami JewelSmith, mpucBoitu
matepian — " 14ct Gold", BpaxyBatu ycanky — 2 %, a cucrema 3poOUTh
pO3paxyHOK MacH 1 CTBOPUTH MaicTep-mojnenb. Tenep MokHa MPUCBOITH
BUPOOY KOJIIp, BUKOPUCTOBYIOUM 1HCTpYMEHT "OCBITIeHHs 1 marepian" y
BKiaAmi "Mopens" Ha OCHOBHIM TaHedl 1HCTPYMEHTIB, IO YIIPaBIIfE.
Bubupaemo "18ct LightBox Gold", sxuii Haiibnmxue HaOMMKEHUH 0
3a0apBJeHHS TOTOBOI Mozei 3 14ct 3omoTa. I ik BUgHO Ha puc. 9 nepcTeHb
pua0aB 30J10Te 3a0apBIICHHS.

[ToTiM HEOOXITHO CTBOPUTH BCTaBKY, sika B TOTOBOMY BHUPOO1 Oyje
BUKOHAHa 3 YOpHOro oOcuiia"y. JlJis 1bOr0 CTBOPIOEMO HOBY IIMHKY:
BUOMpaemo B 3aroTiBisax "Ilnocky 3-X 0cbOBY HIMHKY", 33a€MO rabapHTHI
po3Mipu. Jlam BHUKOPUCTOBYIOYHM I1HCTPYMEHTH pOOOTHM 3 BEKTOpaMH,
CTBOPIOEMO BCTaBKY OBaJibHOI (hopmu. OTpUMAaBIIM TPUBUMIPHY MOJIEINb
BCTaBKH, HAJa€MO iii YOpHE 3a0apBIICHHS, BUKOPUCTOBYIOUM IHCTPYMEHT
"OcBiTyIeHH 1 MaTepian', SK BUHO HA puC. 3.

ke '
g
L g ]
- = : .l-. b I
) o B j— — —
= = Om mrER T

Pucynoxk 3. CTBOpeHHSI OBAJIbHOT BCTABKHU

Jlami st CTBOPEHHS CKJIQJaHHS 1 BCTABKM BUKOPHCTOBYEMO BKJIAIKY
"I[Ipoext" 1 cTBOproeEMO HOBe ckiamaHHsa. Ilicas woro BimOyBaeThcs
MO€THAHHS OCHOBH 31 BCTaBKOI0. Temnep HE0OX1AHO pO3TallyBaTh BCTAaBKY
Ha TIOBEpPXHl, JUISI YOTO BHUKOPUCTOBYEMO IHCTPYMEHT "3pyuieHHs" 1
MepeMIIaEMO BCTaBKY J0 HEOOXiMHOTO mosoxeHHs. [liqroroBka nanux s
MaliuH MIBUJKOTO MPOTOTUIIUPOBAHUS 3BOJAMUTHCS JO €KCIOPTY JAHUX Y
dopmati STL. Tomy m1st cCTBOpeHHS BOCKIBKH Ha 3D-mipuHTEpE, HEOOX1THO
orpuMmatu dain 3 posmmpeHHsMm .stl. Jns unporo B cucremi ArtCAM
JewelSmith mnepenbauenuii cnemianbHuit Moxysib "CtBopeHHst STL
Mogeni", po3paxyHOK TpHaHTYJIbOBAHOI MOENTI, 0 BUpoOssie. Moayib
poOUTHh pPO3pPaxXyHOK MOJIeNl 3 YypaxyBaHHSM MaTepialy, 3 SIKOTO
BUTOTOBJISITUMETHCA BUPIO, 1 3 ypaxyBaHHSAM YyCaJKU TPHU KpUCTai3aIli
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BJUJITMBaHHSL.

BuxopucroByroun crBopeny STL- moxens, nepemaemo ii Ha 3D-
MPUHTED, SIKUW CTBOPIOE BOCKIBKY MailOyTHHOro BHpoOy. [nes FDM(Fused
Deposition Modeling) ny»e nmpocta — po3iaBajibHa TOMIBKa BUAABIIOE HA
0XO0JIOJKYBaHy IIaT(GOPMy-OCHOBY Kparuii po3irpiToro TePMOILIaCTUKA(SK
MaTtepiail MOXK€ BUKOPUCTOBYBATUCS MPAKTUYHO OY/b-IKUH TPOMUCTOBUI
TEPMOILIACTHK). Kparuii mBUIKO 3aCTUTAIOTh 1 3JIUNAOTHCS OJIUH 3 OJTHUM,
dbopmyrouu mapu MaiOyTHHOTO 00'€KTY(IPYK TYT TE€XK BEACTHCS MO IIapax).
Texnporiecc FDM no3BoJisse 3 JOCHTH BHCOKOIO TOYHICTIO(MiHIMaTbHA
ToBIuHA mapy 0.12 MM) BUTOTOBJISITH TTOBHICTIO TOTOBI 10 BUKOPUCTAHHS
JIeTan JOCHTh Bemukoro posmipy(mo 600x600x500 mm). Ha puc. 4
npencraBienuii 3D-npuHTep, Ha siIKOMY Oyiia BUKOHaHA BOCKIBKA.

BuxopucrtoBytoun 3d-npuHTepr, MOXHA 3HAYHOIO MIPOIO TOJIMIIIATH
BUPOOHUYMIA ITUKJI 32 PaXyHOK BiZIMOBH BiJ BUPI3yBaHHS BPYUHY MOJIEIEH 3
BOCKY. MoskHa mepexoAauTu Oe3MmocepenHbo 0 JHUTBA MO MOJAETAX, IO
BUILTABJISIOTHCS, @00 BUTOTOBJICHHI TYMOBOi (pOopMH.

[Ticnsa oTpumaHHs BOCKIBKM Ha 3d-mipuHTEpE, BCTAHOBIIOEMO ii Ha
wnTi. 3aminryemMo (GopMyBaibHy CcyMill Bpy4dHY Oiu3bko 30 cexyHn 1
3allOBHIOEMO HEIO OIOKY. 3aJMBKY MOTPIOHO BUKOHYBATH JyXkKE aKypaTHO,
100 CyMiII He JuIacs IpsiMO Ha BOCKOBY Mojelb. Ornoka 3armoBHIOEThCS
TITBKH JI0 BEpXy BOCKOBOI MOENl TMepej] BaKyyMyBaHHSM, a TMOTIM
JOTUBAETHCS TICHS OCTAaTOYHOTO BaKyyMyBaHHS. 3alliBKy HEOOXiTHO
IPOBOAMTHU TPHU BKItOUeHOMY BiOpaTopi. TpuBamicTs BiOpoBakyyMyBaHHS
ckianae 3-4 xBuwinHM (puc. 5).

Pucynoxk 4. CtBopeHHs BOCKiBKM Ha 3D-npuHTepi
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1 — BiOpoctul, 2 — BUMHKaY, 3 — Kopiyc, 4 — BAKyyMHUI Hacoc, 5 —
naTpyOoK, 6 — KOBIaK, 7 — BAKyyMMETp, 8 — IepeMHKay, 9 — eJeKTPOABUTYH.
Pucynok 5. Bi6po-BakyyMHa popmyBaibHa yCTaHOBKA

Jaumi, miciist 3aroBHEHHSI OTIOKH CYMIIIIIIIO 1 BATPUMKH (hOPM BIIPOIOBK
2-3 roauH HEOOXIJHO OYMUCTUTH TOHKHI BEpXHINH Mmap Cymimm Jyis
BUJIAJICHHS TJISTHITIO, SIKUI MOKE YTBOPUTHCS 1 IEPEIIKOKATH MOJATBIIIOMY
BUJIAJICHHIO BOJIOTM MiJ 4ac TMepiioi cTajli BUAaJeHHS Bocky. lloTim
BUTPUMYEMO 1 BCTAHOBJIIOEMO JUBapHY ¢GopMmy B cymapHy mady s
BUJAJICHHS BOCKY. JIuBapHY (hopMy BCTAaHOBIIFOEMO BHU3 YalllelO JTUBHUKA 1
pO3IIaBICHUH BICK BUTIKAE.

[Iporiec BUCOKOTEMIIEpaTypHOi 0OPOOKU MTPU3HAUYCHUH /I BUIAJICHHS
OpraHiYHUX pPEYOBHH, CTBOPEHHS MEBHOI MILHOCTI JUBapHOi (HopmH,
HEOOXITHOI MpHU MPUMYCOBIM 3aJUBII PO3IUIABIEHUM METajJOM, HArpiBy
JauBapHOi GopMH 0 TEMIIEpaTypH, JOCTATHBOI JJI 3alOBHEHHS 1i po0040i
nopokHUHU. BeTaHoBII0€MO TUBapHy (POpMY B XOJIOIHY MPOKAJIOUHY iy, 1
MOYMHAEMO HarpiB J0 Temrnepatypu 230-250°C, i BUTpUMy€EMO BIPOAOBXK 4
ronuH. [loganpmmii HarpiB BemyTh 13 mBHAKICTIO 100°C B TOauHy 10
temnepatypu 730-760 °C.

[[maBuMO crutaB B THUTJII 1 3aJIMBAEMO HWOTO B JUBapHy (QopMy Ha
YCTaHOBIII BaKyyMHOTO BCMOKTYBaHHs (puc. 6). 3anuTy JauBapHy (Qopmy
3HIMAEMO 3 TJIABWJIBHOT — 3aJJMBOYHOM YCTAHOBKM 1 BCTAHOBJIOEMO BHU3
Yalier JMBHUKA Uil OXOJIO/UKEHHS. OXOJIOMKy€eMO JHUBAapHY (GopMy [0
KIMHATHOI TeMIIepaTypH, 1 TUTBKH MICJIS LIBOT'O OMTYCKA€EMO B POTOYHY BOJY.
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| ok = E
| B |
1 — ¢popma nuBapHa, 2 — poboya kamepa, 3 — daHelp, 4 — MAaHOMETP,
5 —peciBep, 6 — BaKyyMHUI Hacoc, 7 — CUCTeMa YIIPaBIiHHS, 8§ — BAKYyMHHM
3aTBOp, 9 — KopmyC.
Pucynok 6. 3anuBalibHa YCTAaHOBKA BAKYYMHOI'O BCMOKTYBaHHS

[Ticnsa BuOuBanHHs 3a1UTOI (GOPMH B MPOTOYHIN BOA1 BIJUIMBKA BUMAarae
noaaTkoBoro ouuieHHs (Brpoaosx 40-50 xBunuH B 20-40%-HOM BOTHOMY
pPO34MHI TUIABUKOBO1 KuchoTH). Jlam npoBoaumo BuOimoBaHHs B 10-15%-
HOM pO34YWHI a30THOi KHCIOTH BHOpoaoBk 1-5 xBumuH. Hlmidyemo 1
MOJIIPYEMO B1IJTMBAHHS.

3 METOI MacoBOTO THPAXyBaHHA BUPOOY HEOOXiTHO BUTOTOBUTH

TyMOBY Tipec-popMmy (puc. 7).

Pucynox 7. I'ymoBa npec-dpopma

[Iporiec BUTOTOBICHHS TYMOBOI Mpec-(HOpMH MOJSITAE B HACTYITHOMY.
CrovaTky yKJ1a1aeMo MaliCTeP-MOJIEIbh MK JINCTAMH TYMH y BIJIIOBITHOTO
po3Mipy paMKy. MaicTep-Moienb 13 3aMOBHEHWMHU IIMATOYKAMU CHPOT
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T'YMU BHYTPIIIHIMU TOPOKHUHAMU MTOMIIIIAEMO HA IPUTOTOBaHUH 1m1ap. [Hii
3aroTiBlIl CHpPOi TYMH YKIQJaeMO 3ropu mactep-mozeni. [lotiMm ryma
BYJIKAHI3Y€TbCA MiJiI TUCKOM Ipu Temneparypi 158°C, Bmpomosxk 30-45
xBWIMH. [icis oxonompkeHHs y Bo/l TyMOBY Iipec-QopMy 13 3areyaTaHoro B
HIA MacTep-MOJENbl0 BUTATAIOTh 3 pamku. IIpec-popMy po3pizaroTh Tak,
11100 He OyJ10 3MIIIEHHS IBOX ii MOJOBUHOK (hOPMH IO TUIOITHHI PO3'EMY.

B mnopoxuuny mnpec-hopMu MokHA 0OaraTopa3oBO 3aJMBaTH T[T
THUCKOM BICK, OTPUMYIOYH, TAKUM YHHOM, MOJIEN, 1[0 BUIUIABJISIOTHCS, JIJIS
BUTOTOBJICHHS TUBAPHUX (HOPM.

BucnoBku. B pesynpTari mpoBeieHoi pobotu Oyiia po3poOrieHa
KoM 'torepHa TpuBuMipHa STL-Mo1enb 1711 BUTOTOBJIEHHS BOCKIBKH Ha 3D-
NpPUHTEP], OTPUMAaHA BOCKIBKAa, IO SKIi BIUINTa MOJAENIb-OPUTIHAI,
HEOoOX1Ha JIJIs BYJIKaHI3allll ryMoOBOi mpec-(popMu, 110 JO3BOJISIE MAaCOBO
TUpaXyBaTH BHUpPIO. 3acTocyBaHHs MporpamHoro mnpoaykry ArtCAM
JewelSmith go3BoNMMIIO MWBHUAKO 1 SKICHO CTBOPUTH PEATICTUYHY
Bi3yaiizaimiio Jau3aiiHEepChKOro BUPOOy, 10 JJO3BOJWJIO Ha  CTafli
MPOCKTYBaHHS BHOCUTH KOPEKTHMBUM B MailOyTHIA BHpiO, a TaKoX B
MOJAJIBIIOMY HOTO MOXKHA OyJ1€ JIETKO MOJIEPHI3YBATH 1 3MIHUTH JIU3aMH.

Crarta BigoOpaka€ OCHOBHY 17Iel0 — pO3poOIll CIeliali30BaHOTO
MPOrPaMHOTO MOJYJIS, IO TIO3BOJISIE€ 3MIHIOBATH OY/Ib-IKUI T€OMETPUYHUIN
napameTp MOJENI.
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O. Mazulevuch, E. Gavrilenko, Y. Holodnyk, A. Chaplunskiy
Dmytro Motornyi Tavria State Agrotechnological University

RECEIPT OF MASTER- MODEL FROM BY MEANS OF BEESWAX
METHOD OF CASTHOUSE

Summary

The improvement of productive cycle is in-process considered due to abandonment
from excision by hand of models, application of 3D-mpunrepa and casting in forms-
monoliths.

In hired the design of by volume wares is presented with the use of the system
ArtCAM JewelSmith. During implementation of project the stages of making of fingering
were shown from creation of sketch of good and receipt of model STL- for the system of
rapid protoportschen to development of technology of the mass making of model by a
circulating method in elastic press-forms.

To solve this problem, the following stages were envisaged: 1-development of
design, 2.- creation of a 3D model, 3- development of an STL model, 4- production of a
stencil on a 3D printer, 5- obtaining a master model from a stencil by casting, 6 -
production of a mold for mass production of a product.

Modern progress of different industries of industry trends stimulates development
of high yield and competitive types of technique and technologies, that will provide strict
requirements to quality and operating properties of products at the economy of material,
power resources and labour expenses, decline of production cost, that has an important
value for an engineer.

The general questions of analysis of wares of difficult form, basic methods of their
receipt, questions of planning and making of rigging, are in-process considered for such
wares, and also the decision of task of receipt of one of the examined wares is shown.

Due to modern technologies, maybe, to make any most difficult forms. A designer
always must have a good idea about the process of receipt of good, in our case, to know
technology of casting on the smelted models in forms-monoliths. As a model it is assumed
to pour off from gold, master-model it is decided to make from a gold alloy, that will
allow to judge about a manufacturability ware and to estimate possibility of education
even of shallow defects.

Key words: mold making, ArtCAM JewelSmith, 3D model, casting method, STL
models, construction algorithm, 3D printer application.
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