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OOyxoBcbki untanHsA: XX MixHapogHa HayKOBO-TIpaKTHUYHA KOH(EpPEeHIis,
M. KuiB, 30 Oepe3nst 2026 poky: Te3m koHdbepeHiii. HamionanpHuii yHIBEpCUTET
6iopecypciB 1 mpupogokopuctyBanus Ykpainu. Kuis. 2026. 186 c.

B 36ipHUKY TTpecTaBIeH] TE3U TOTIOBIACH HAyKOBO-TIEIaroTiYHUX MPAIliBHUKIB,
HAayKOBHMX CITIBPOOITHUKIB, acIHipaHTIB 1 JOKTOPaHTIB y4yacHHKIB XX MDKHapoaHOT
HayKOBO- MpakTU4HOi KoH(pepeH i «O0yXOBChbKi YUTAHHS», B SIKUX PO3TIIAIAIOTHCS
HUHIIIHINA CTaH Ta IUIAXW PO3BUTKY MPHUKIIAIHOI reoMeTpii Ta 1HXeHepHOI rpadiku,
IU3aiiHy, TUTaHHS BUKJIAIaHHS TpadidHIX AUCIIUTLIIH.

OPT'AHIBAIIIMHUN KOMITET:

Omuenawko B.B., HauansHUK HayKOBO-A0ciHOT yacTuHU HY Bill Ykpainu, —
roJI0Ba OpPraHi3aliifHOro KOMITeTY;

Hununaka C.@., 3aBinyBay Kadeapu HApPUCHOI reoMeTpii, KOMI IOTEPHOI
rpadiku Ta auzaiiny HVYDBIll Vkpainu, — 3acTynHUK T0JIOBU OpraHi3amiiiHOro
KOMITETY;

Hecegioomin B.M., npodecop kadenpu HapuUCHOI reoMeTpii, KOMIT IOTEPHOI
rpadiku ta au3aiiny HYBill Ykpainu, — cekperap opranizauiiiHoro KOMITeTy.

YJIEHU OPTAHI3BAIIIMHOI'O KOMITETY:

Aoamuyk O.B., nupexrop I'O «ArpapHuii kiy0», rojoBa paau poOOTOIaBIIB
bakynpTeTy KOHCTpytoBaHHs Ta nu3aitny HYBill Ykpainu;

Apak M., TUPEKTOp 1HKEHEPHOTO 1HCTUTYTY ECTOHCHKOTO YHIBEpPCUTETY HAYK
ripo xuTTs (EcToHCHKA Pecmy0umika) (3a 3ro/1010);

baoka B.M., nouent xadenpu HapucHOI reoMeTpii, KOMIT IOTEpHOI Tpadiky Ta
muzaiiny HYBill Ykpainu;

bynzaxkoe B.M., 3aBinmyBau kadenpu mexaniku HVYBill Vkpainu, akagemix
HAAH;

Bonina T.M., noueHt kageapyu HapUCHOI reoMeTpii, KOMII IOTEPHOI rpadiku Ta
muzaiiny HYBill Ykpainu;

I'puwenko LIO., noueHT kadenpu HAPUCHOT FreOMETPii, KOMIT FOTEPHOI rpadiku
ta qu3aiiny HYbill Ykpainu;

Jlceone 1., T'onmoBa mpencraBHunTBa B YKpaini «Hyundai Xitesolution»
(Pecniybmika Kopest) (3a 3romom0);

Jlomenika P., nexaH BIJJUICHHS arpoiHXeHIpIHTY YHiBepcuTery Bitayraca
Benukoro (JIutoBchka Pecry6itika) (3a 3ro/1010);

Kopenko M., ipodecop [HCTUTYTy MPOEKTYBaHHS Ta 1HKEHEPHUX TEXHOJIOT1H
Crnogarpkoro yHiBepcutety c.-T. B HiTpi, (CroBaibka Pecy6iika);

Jlogenikin B.C., 3aBinyBau Kadeapu KOHCTPYIOBaHHS MaIllMH 1 00JiaJHaHHS
HVYBill Ykpainu;

Jlonamoko K.I'., 3aBinyBau kadeIpy TEXHOIOTIi KOHCTPYKIIMHUX MaTepialiB i
marepiano3HaBctBa HYBill Ykpainu;

Hecgioomin A.B., noneHT kadenapu HApPUCHOI TEOMETPii, KOMII IOTEPHOL
rpadiku ta auzaiiny HYbill Ykpainu;
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Hoesuuywvkuii A.B., 3aBinyBau kapenpu Haniinocti texaiku HYBill Ykpainu;

Pozoscokun I.JI., nexan QaxynbreTy KOHCTpytoBaHHS Ta nuzaiiny HYbill
Ykpainuy;

Hlampoe P.B., B.0. 3aBijyBaua Kadeapu TEXHIYHOTO CEPBICY Ta 1HXECHEPHETO
menexkMenTy HYBill Ykpainu,

Axoesenko I.A., 3aBinyBad kabenpu oynisauirsa HYBill Ykpaiau

© HVYBbIll Ykpaian, 2026
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HOJAPYIKKIO ITPO®ECOPIB BIOJIETTH CEPI'TIBHU OBYXOBOI (HYBIIT
YKPAIHH) I OJIEKCIS TEOHTIMOBHYA HNIAI'OPHOI'O (KHYBA), SIKI
OYOJIIOBAJIM KADE/IPU B CBOIX YHIBEPCUTETAX I ITPOBOJAUJIA CIIIJIBHI

OBYXOBA Bionerra CepriiBua (1926-2005)
AOKTOP TeXHiYHUX HAYK, npodecop
Hapogunacs B 23 mrotoro 1926 p. B micTi ToMchKy.
B 1949 porii 3aKIHYMIIA Ypanbchkuit
MONIITEXHIYHUH  IHCTUTYT 3a  CIIEHialdbHICTIO
,,BIIEKTPO-yCTaTKyBaHHS MIPOMHCIIOBUX
mignpuemcts”. B 1955  pomi  3akiHumia
acmipantypy npu  KuiBcbkOMy  iH)XKEHEpHO-
OyaiBenbHOMY iHCTUTYTI. 3 1955 mo 2005 poky
mpaioBaia Ha Kadeapi HapuUCHOI reoMmerpii Ta
MaIIMHOOYAIBHOTO  KpecleHHs  YKpaiHCBKOT
cimpepkorocmionapebkoi akagemii (HuHi HYBill
Vkpainu), sxy ouomoBana B 1980-1991 pp. i
1994-1999 p.p.. B 1955 pomi 3axucruia
KaHJIUAATChKYy aucepTamito, B 1991 pomi —
JIOKTOPCBKY. Byna YJICHOM penkonerii
pecryOIiKaHChKOI ~ HayKOBO-TEXHIYHOT — 30ipKH
“IlpuxnagHa reoMeTpis Ta iHXeHepHa rpadika”,
MPEeIMETHOI HAYKOBO-METOJIWYHOI KOMicCii mpH
MiHocBiTn Ykpainu, BcecBiTHbOI opranizamii
reomerpiB i rpadikiB  (ISGG), ceminapy
3arajJbHOTEXHIYHOro Bimminenus AH BIIY,
[pe3unii Ykpaincekoi acomiariii 3 MPUKIaIHOL
reometpii. IligroryBasia 9 xkanaumaTie Ta 2
JIOKTOpIB ~ TeXHIYHUX  HayK. HaropomkeHna
Mepaasimu “Berepan mpaui”, “B mam’sate 1500-
piuus Kuesa”, narpyaaum 3nakom MBO CPCP
“3a BiAMIHHI ycmixu B POOOTI”, TOYECHOIO
rpamotoro MiHocBiTn VYkpainu. Akagemik AH
BIII Vkpainu. ITomepna 26 mrotoro 2005 poxy

ACHIPAHTCBKI CEMIHAPH, IPUCBAYYETbCAA

MIATOPHUIM Ouekciii JleonTiiioBuu (1929-
2023) 10KTOp TeXHIYHHX HAYK, Mpodecop

Hapomgmecss 30 ©Oepesns 1929 poky B
c. YeueniiBka, ITerpoBcbkoro paiiony
KipoBorpancekoi oomacti. B 1947 pomi moctymus,
a B 1953 p. 3akiHUMB apXiTeKTypHHU (PaKyIbTET
KuiBcbkoro imxeHepHO-Oy/1iBEILHOTO IHCTHUTYTY.
Hdo 1956 poky HaBuaBCcsS B acHipaHTypi MpH
kadenpi HapucHOi reometpii i kpecneHsst KIbI,
IICJIS YOTo MpalffoBaB Ha Tiii ke kadeapi. B 1959
POIIi 3aXUCTUB KaHAUIATChKY JucepTaliio, B 1975
poui — nokropceky 3 1971 mo 2009 poky —
3aBimyBad KadeApu apXiTEeKTYPHUX KOHCTPYKITiH
KuiBcbkoro iHxkeHEpHO-OY/AiBEITbHOTO IHCTHTYTY
(runai KHYBA), 3 2009 poky — npodecop kadeapu.
[linroryBaB 44 xaHgumaté Ta 6 ITOKTOPIB HayK.
Unen croinku apxitekTopiB Ykpainu 3 1975 poky.
HificHuit uneH YKpaiHCBKOT akaeMii apXiTeKTypH
Ta Axaznemii OyaiBHUIITBa YKpainu. Akagemik AH
BIII Vkpainn. YieH MiDKHapOAHOTO TOBapUCTBA
reometpiB 1 rpadikie (ISGG). Bine-npesumeHT
VYkpaiHchkoi acormiarii 3 TPHUKIAIHOT TeoMeTpii
(YAIII"). Haropomxkenuii OpaeHom «3a 3aciyru»
TPETHOrO CTYIEHsI, [BOMa MEJAISIMU Ta 3HAKAMH
«Bunaxigauk  CPCP», «Bigminamk  ocBiTH
VYkpainum». B 1996 poui npod. Iliazroproro O.JI.
YJIOCTOEHO TIOYECHOT'O 3BaHHS «3aciyXEeHUHU s
HaAyKH 1 TexHiku Ykpaiam». [Tomep 19 ciuns 2023

POKYy.
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YIK 514.18

PE3VJIbTATH HAYKOBOI POBOTHU KA®EJIPU HI'KT ]|
Iununaxa C.@.
Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

Bunosuauiocst 100 poku Bia aHs HapomkeHHs mpodecopa OOyxoBoi BioneTTu
CepriiBan 121 pik, sk i He cTano. [IpuitimoBim Ha kadenpy B 1955 porti micis 3aXUCTy
KaHIUAATChKOI JHcepTallii, BOHa Bipa3y K 3amovyaTKyBasia 1 pO3ropHyJa HayKOBY
poboty. 3aBigyBauem kadenpu Ha Toit yac OyB C.B. Po30B, sKkuii akTHBHO 3aliMaBCsI
METOIMYHOIO JisUTbHICTIO. MOr0 HiZipyYHHKH i MOCIOHUKH B TOTO Yacy 6yJIH BioMi He
TIJIBKY B KpaiHi, a 1 3a 1 Mexamu. Take Bane NoeJHaHHS ABOX TBOPUUX OCOOUCTOCTEM
71710 XOPOIlll pe3yJbTaTh: Ha Kadeapi po3BUBaacs 1 METOJAMYHA, 1 HAYKOBa poOoTa.

3rogom OyJoO BIAKPUTO acHipaHTYpy 13 HayKoBOi cremianbHOCTI «IIpuknagHa
reoMeTpis, 1HKeHepHa rpadikay, 3 aBuwincs acmipantu. Bionertoro CepriiBHoto OyB
cOpMOBaHUIl KOJIEKTUB, Y AKOMY IpalfoBaJIM BUKJIaJauyaMu ii KOJMIIHI aclipaHTH.
VY 2000 pomi 3axuiiae JOKTOPCHKY IUCEPTaLll0 M1 HAYKOBUM KOHCYJIbTYBAaHHSM
Oo6yxoBoi B.C. ii xomumHii acnipanT [lmmmmaka C.®., a B 2008 pori (yxe micis
cmepTi Bionertu CepriiBuu) Tex ii konumiHii aciipant Hecinomin B.M. Ha kadenpi
BIIEpIIIE 32 BECh Mepioj il ICHYBaHHS 3’SBUJIOCS JIBa JIOKTOPH HAyK 13 TMpO]uIbHOI
creniaibHOCTI. L{e cTamo HOBUM MOIITOBXOM JAJisi HAYKOBOi poOoTH. 3a 21 ocTaHHIX
POKIB Ha Kadeapi 3axuileHo 16 KaHIUOAaTChKUX aucepTariii, 1 aucepraiist 1oKTopa
¢imocodii 1 onHa AOKTOpPChKa Auceprtamis (KoiauiuHs acmipantka Bomina T.M.).
3aBasgKH LIbOMY Ha Kadeapi B TaHUW Yac Mpaloe TpU JTOKTOPH HAYK 1 TpU KaHAUIaTH
HayK, IOTICHTH.

3HaYHUM KPOKOM BIIEpE]l B TUIaHI PO3BUTKY HAYKOBOI IIKOJIW Kadeapu, Ky
3anoyatkyBaia B.C. O0yxoBa, cTano BIAKPUTTS CHELIaTI30BaHOI paju 13 3aXUCTY
noktopcbkux nucepramii I 26.004.11 B HamoMy yHIBEpCHUTETI 3a JIBOMa
cnemiansHoCcTsIMU: 05.01.01 — Ilpuxanna reomerpis, iHxeHepHa rpadika ta 05.23.01
— byniBenpHl KOHCTpyKIii, OymiBmi Ta crnopyau (romoBa pamu — mpod. C.O.
[Tunumaka). B it pagi B 2025 pori Oyiia 3axuliieHa repia JacepTaliis — TOKTOPChKa
po6ota Bominoi T.M. B 2020 porii BigOyBcs monepeaHii 3aXucT J0KTOPChKOi pOOOTH
Myxksruua M.M., ogHak BoHa He OyJyia 3axHIlIeHa 13-3a TOTO, [0 aBTOpP MEpeIdacHO
MIIoB 13 KUTTA. [[oomparnboBye MOKTOPCHKY IMCEPTAIil0 KOJHUIIHS aclipaHTKa 1
JOKTOpaHTKa Kadeapu, a HUHI 3aBilyBauka Kadeapu y BIIOKPEMICHOMY M1IPO3A1Ji
VYkpainu «HixxuHchkuii arpotexHiunuid iHCTUTYT» T.A. Kpecan. 3akiHUyeThCS TEpMIH
nepeOyBaHHs B JOKTOPAHTYpl KOJIMIIHBOTIO acmipaHTa Kadeapu, noueHta A.B.
Hecinomina. HaykoBo-niegaroriuti npamiBHUKU Kadenpu ycmimHo myOaiKyloTh CBOi
npalll y BUAAHHSX, 110 1HJIEKCYIOThCS HAYKOMETPUUHOI0 6a3010 “Scopus”. Hanpukian,
y A.B. HecBijioMiHa 3a TeMOIO TOKTOPCHhKOT poOOTH omyOsikoBaHo 10 mpartib.

TemaTka HayKOBHX JIOCHIIKEHb OXOIUIIOE TOCUTh LIMPOKE Koo 3amad. Lle
3aJ1a4l 3rUHAHHS JINCTOBOTO MaTepiany 1 moOyA0Ba BUKPIHOK, 3TMHAHHS MaTepiay 13
BpaxyBaHHSAM MpyXUHEHHsA. OkpeMuil HampsM — 3acCTOCYBaHHS CYHPOBITHOTO
Tpurpaniuka @OpeHe B 3ajauax KOHCTPYIOBaHHS IOBEPXOHb Ta KIHEMATHKH 1
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JUHAMIKM MartepiajJbHOI TOYKM. B 1bOMYy IMJIaHI PO3IJISHYTO KOHCTPYIOBaHHS
MOBEPXOHb CEPEIHBOI CTaloi 1 HYJIbOBOI KPUBHUHHU, OOBIJHUX IOBEPXOHb
OJIHOTIapaMETPUYHOT MHOKUHHU IUJIONIMH, JIHIHYATHX MOBEPXOHb MOJIUIIEBOTO THITY
JUISL TPOCKTYBAHHS IPYHTOOOPOOHUX 3HApsAbL TOIO. B moJi 30py HayKkoBIiB Kadeapu
HACTYTHI HAIIPSIMKH JTOCJIIJIPKEHb: allpOKCUMAIlisi HEPO3TOPTHUX MOBEPXOHb Bi/ICIKAMU
PO3rOPTHUX, 3aCTOCYBAHHS 130METPUYHHUX KOOPJAMUHAT, T€OJIE3UYHI JIiHIi TOBEPXOHbD,
KOMIT FOTEPHI MOJIETII CHHTETUYHOI T€OMETpii, BHYTPIIIHS T€OMETpPisl KPUBHUX JiHIH 1
MOBEPXOHb. 3a pe3yJbTaTaMH JIOCIIIKEeHb OMyOIiKOBaHO Tpu MOHOrpadii, B TomMy
YHCIIl OJJHA aHTJIHCHKOI0 MOBOIO. He BifcTae 1 CTyIeHTChKa HayKoBa poOOTa — Hai
CTYJEHTH HEOJHOPA30BO OYyJIU MpU3epaMu BCEYKPATHCHKOTO KOHKYPCY CTYIEHTChKUX
HAYKOBHX POOIT, SIKU MPOBOIUBCSA 10 MTOBHOMACIITAOHOTO BTOPTHEHHS POCIMCHKOTO
arpecopa J0 Hallol Iep>KaBHu.

3 Toro yacy, sk He ctano Bionertu CepriiBau, npoiimos 21 pik. 3a 1eii yac Oyiu
3axXuIeHl HacTymH1 KaHaunarcbki aucepramii: ['pumenko LLEO. (2005), Yepuumiona
E.O. (2007), J3o6a B.B. (2008), Myksuu M.M. (2009), badka B.M. (2010),
[Munmunaka T.C. (2010), Kpecan T.A. (2012), demuyxk 1.O. (2012), boiiko JI.C. (2013),
Bomnina T.M. (2014), [Tununaka O.A. (2014), Kpemens T.C. (2016), Hecinomin A.B.
(2016), Kpemens A.C. (2017), Yenixuuit A.B. (2019), buyok O.B. (2021), Xponoct
B.1. (2025, noktop dimocodii).

3arasiom mpod. OdyxoBa B.C. npompaitoBana Ha kadeapi 50 poxkiB (1955 —
2005). Takum 4YMHOM, ii HaykoBa IIKoJda Big3Hayae 70-TITTS CBOrO ICHYBaHHS
HaBeJleHUMHU 3700yTKamu. Cii 3a3HAUYMTH, 110 B OCTaHHI POKHU 0 NEpEepaxoBaHUX
HaIPsIMKIB HAYKOBUX JOCIIKEHb 100aBUBCS 1€ OJIMH — TEXHOJIOTII BIPTyaJbHOI Ta
JIOTIOBHEHOI PeaNbHOCTI. Ii aKTUBHO TpoCcyBae AK B HABYATIBHHUI MpoOLEC, TaK i y
HAYKOBUX JOCIIIKEHHAX nokTopanT Hecpinomin A.B. Moro crapmmii konera mpod.
Hecpimomin B.M. Takox MiAXOIUIIOE HOBITHI HaMpsSIMKH PO3BUTKY ITU(GPOBUX
TEXHOJIOT1M. BiH JOCHTH TPYHTOBHO po03i0OpaBcs y OCOOJIMBOCTSX PIZHUX BEPCIi
MITYYHOTO 1HTEJIEKTY 1 YCIIIITHO iX 3aCTOCOBY€E B HABUAJLHINA pOOOTI, IPU ILOMY MOXKE
J0pydYaTu iM MepeBIpKy CTYIACHTCHKUX POOIT.

[linBomsun TMiJACYMKH, cKaxkemMo Tak. 3 2025 poky HayKoBO-TieAarorigyHa
TISJBHICTh TIEPEKMBA€ HE MPOCTI dYacu. Emigemis KopoHaBipyCy, a 3roioMm
nmoBHOMAcIITaOHAa BiliHA 3MYCHUJIM HAaBYAJIBHUA TIpolleC TpaHCPOpMyBaTUCA Y
nucTaHiitaui popmar. Jlo nboro go/1aBcs BiATIK MalOyTHIX a0ITypi€HTIB 32 KOPJIOH
Ha (OH1 TOTO0, IO MAJAE MPECTUXK 3100YTTS BUILLOI OCBITH 1 CKOPOUYIOTHCSI TOJAMHH Ha
BUKJIaaHHs TpadiuHux aucuuiuiidH. [{um ¢akropam BakKO NPOTUIISATH, 4Yepe3 Te
kadeapa IIykae NUISIXM BUXOJY 13 CHUTYallli, 110 CKJIajacs, OMaHyBaHHSM HOBITHIX
JOCSITHEHb LU(PPOBUX TEXHOJOTIH Ta IHTETPYyBaHHSAM iX Yy TpaJMIIHI AUCHMIUTIHA

kadenpu.
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3APOJI’KEHHSI B YKPAIHI HABUAJIBHOI JUCIUILITHA
«HAPUCHA 'EOMETPIS»
bynzakoea Oxcana
Hayionanvruii ynisepcumem oiopecypcis i npupodokopucmysanus Yxpainu

MIiXHapOHOIO MOBOIO CHIJIKYBAaHHS 1H)KEHEPIB YCIX YaciB 1 HAPOJIIB HE3MIHHO
Oyno 1 € kpecineHHs. HeBMiHHA uuTaTH ¥ aHami3yBaTH KPECICHUKU, 3HAXOJIUTHU
MOMMJIKA Y HEBIJAMOBIIHOCTI Ha HUX CTaBUTH IiJ] CYMHIB 1H)XCHEpPHY KBalli(hikaIiito
TaKoro «(axiBIsD».

[Tpenmet «HapucHa reoMeTpis» ¥ 10C1 3aTUIIAETHCS OJHUM 13 HAWCKITaTHIIITHX
JUIsl ONaHyBaHHs cTyJaeHTamMu. He3Bakaroun Ha cCyyacHl JOCSTHEHHS Y cdepi
MaTeMaTUYHUX METOMIB, YHUCJIEHHI KOMII IOTEpHI NpOrpaMu M BEJIMKUN BHUOIp
CIEI1ai30BaHO1 JITEPATypH, 1€l KypC BUKJIMKAE TPYHOII i 4acTO CIpUAMAEThCA
CTYJICHTaMH TMEPIINX KYPCIB BUIIIB K Mal03p03yMUInid. JINIIaeTbest TUTBKU YSIBIISITH,
HACKUIbKU BaXKKUM OYyJIO BUBUEHHS HAPUCHOI T€OMETPIi MOHAJ] CTO COPOK POKIB TOMY.
Oco0nuBa CKJIAIHICTh TOJIsSITajia B TOMY, IO B TI 4YacH MPAKTUYHO HE 1CHYBAJIO
METOJMYHUX MaTepiajiB YM HaBiTh JOCTYIIHOI JIiTepaTypu 3 1€l TeMatuku. ba3osi
TEeXHIYH1 010I10TEKH, CTaHIAPTH, TEXHIYHI YMOBH, a TUM OLIbIIIE pECYpCH Ha 3pa3oK
cydacHoro IHtepHery Toal Oynu HemocsbkHOIO Mpieto. Kiacuuna miteparypa B 1
rajxysi 3/1e0UIbIIOrOo 1€ HaBITh HE OyJia HaMmMcaHa.

Opnak, ciij 3a3Ha4uTH, 10 y XapkiBcbkoMmy [IpakTnuHomy TexHOIOTIYHOMY
Iacturyti (XIITI), Binkputromy B 1885 poril, iHxkeHepHA OCBITa OyJia OpraHizoBaHa Ha
JOCUTh BHUCOKOMY piBHI. 3okpema, nepuuii aupekrop XIITI mpodecop Bikrop
JIbBOBHMY KupnuyoB, BUJATHUHN CHELaNICT y raidy3l NPUKIaJHOI MEXaHIKH Ta OMOpY
MarepialiiB, JA00pe YCBIIOMIIIOBaB BAXKIIMBICTh BMIHHS MalOyTHIMHU 1HXXEHEpaMH
KOPUCTYBATHCS «MOBOIO KPECJICHb». YHUTATH I CTBOPIOBAaTH TpadiuHi MPOEKTH.
3aBasku 3ycuiuisim rpogecopa B. JI. Kupnudosa 1o Bukiiananss B [HCTUTYTI Baajgocs
3alyddTH 0araThbOX BHCOKOKBaTi(hIKOBAaHMX HAYKOBINB 1 TMEJAroriB 3 yci€i KpaiHw.
BoHu ycninmHo HaBuajau CTYJIEHTIB HE JIUIIIE HAPUCHOI T€OMETPii Ta KPECIeHHs, a i
mamtoBaHHs. Cepen HUX — Taki 3HaHI B XapKoBl apxiTekTtopw, sk Bomogumup
BacunboBuu XpycransoB, FOmiii CemenoBuu llayne, Bonomumup XpuctussHoBUY
Hemkin 1 Omnekciii MuxonaiioBuy bekeToB, sKI 4YMTanW CTyAEHTaM JEKIii 3
OyIiBeJIBLHOTO Ta 3arajibHOro KpecieHHs. HaByaHHA MUCTEUTBY MaJtOBaHHS
MPOBOAWIM XyA0KHUKU AHpiit IBaHOBMY [laHuniieBchkuil Ta BaseHTHH ABrycroBUY
denpamaH.

Cnin miakpecnutH, 1o 3rigHo «llomoxkenHs» Ta «CTaTyTy» XapKiBChKOIO
MPaKTUYHOTO TEXHOJIOTIYHOTO 1HCTUTYTY (AMB. puc. 1 Ta puc. 2) cepell HaBYaIbHUX
JTUCHUIUTIH Tepea0davyanoch BUKJIAIAHHS CTYyJEHTaM TOJAl ICHYIOUUX TUIBKU JIBOX
¢dakynpTeTiB  (MexaniunoMmy Ta XiMIYHOMY) OKpPEMUX HaBYalbHUX KYpCIB 3
«Hapucnoi reometpii», «Kpecnenus» 1 «MamtoBaHHS.
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MNMOMOXKEHHA

npo XapkiBcbKHii IPAKTHYHUI TeXHOJIOTIYHHI IHCTHTYT

3a npoexkmamu Ionosxcenna ma wmamnozo posnucy
Xapkiecbko20 npaKmuiHo20 MmexHoN02iYHO20 THCMUMYnIy.

16 xeimua 1885 poky.

Crop. 2.

I1l. o BupinIeHHs 3arajbHOro MUTAHHS MPO CITYy>KOOBi
mpaBa, sKi HaJae 3aKiHYCHHS HABYAaHHSI Y BHIIHUX
HABYAIIBHUX 3aKIafaX, JO3BOJUTH 0C00aM, yIOCTOEHUM
3BaHHSA IH)KEHepa-TeXHoJora abo TeXHOJOra, OTPUMYBATH
[PaBO 3aTBEPDKEHHs TIPH BCTYII Ha JepKaBHY CIlykOy Ha
LITATHI OCAJ TEXHIKIB y TaKHX YMHAX: 1H)XEHEP-TEXHOJIOT
—y yuHi X KJ1acy, a TexHosor — y uuni XII knacy; ...

Mema ma 3acoou incmumymy.

8§ 1. XapxiBchkuil TIPaKTHYHMH TEXHOJNOTIYHMHA iHCTHTYT
Ma€e Ha MeTi HaJaBaTH CBOIM YYHSIM BHIIY TEXHOJOTi4HY
OCBITYy 3a CHELIaTbHOCTAMH MEXaHIYHOI0 Ta XIMIYHOIO.
BiAnoBiIHO 10 [OrO IHCTUTYT MOAUIAETHCS HA JBA
BijmineHus.
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§ 3. HapuanbHuil Kypc iHCTUTYTY TpUBA€ II'SIThb POKIiB i
MOALISAETHCS HA 11 ATh PIYHUX KYPCIB.

§ 4. B incrutyTi BuknagaoTecs: 1) 3akoH Boxwuii; 2) Buia
MaTeMaTnka, 3) HapucHa reoMerpis; 4) TeopeTHvHa MeXaHika;
5) pisuka; 6) ximig; 7) adaromis 1 (isiosoris  pociuH;
8) minepaiioriss 3 reornosiero; 9) reonesis; 10) OyaiBenbHe
MHUCTEITBO 3 apXiTeKTypor; 11) mpukiaaHa MexaHika i Teopis
MmamnH;, 12) Mexaniyna TexHojoris; 13) XximiuHa TeXHOJIOTIS
14) meranypris; 15) moONITHYHA E€KOHOMis 1 CTaTHCTHKA,
16) Gyxranrepis; 17) inozemui MoBH (paHily3bKa, HIMEIbKa Ta
anruiiiceka); 18) kpecienns; 19) ManoBaHHs.

§ 5. HesanexHo Bin nepeniueHux y cTarTi 4 mpeaMeris, 10
HABYAJIBHOTO KYPCY BXOAATH TAKOX MPAKTHYHI 3aHATTS 3 Pi3HKH,
XiMii, MeXaHik, icTopii Ta iHmmX qucuuIUnH. LI 3aHATTS
BiIOYBaIOThCS K Y MalicTepHAX 1 JabopaTopisX IHCTHTYTY, TaK i
11032 HUM — Ha 3aBOjiaxX, (paOpHKax i miJ] 9ac OyJiBeTbHUX POOIT.

Puc. 1. TutynbpHa cTopiHKa Ta PparMeHT 3 CTOPIHKH (JI€SIK1 BIIOMOCTI 3 2 CTOPIHKH)
[TomoskeHHs PO 3aTBEPKEHHST XapKiBCHKOTO MPAKTHYHOTO TEXHOJIOTIIHOTO
IHCTUTYTY 13 3a3Ha4CHHSIM (pakyabTeTIB (BIIA1JICHB), 3BaHb, SIKUMU OyIyTh
BIJI3HAYaTHUCS BUITYCKHUKH 1HCTUTYTY, Ta HABYAJIbHUX KYPCIB, 1110 BUKJIAIaTUMYThCS
CTYJEHTaM MPOTATOM I’ SITH POKIB HaBYaHHS (JIBOPYY — POTO apXiBHOTO JOKYMEHTA,
paBoOpyY — MEPEKIIal aBTopa)
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Ha nincrasi Haiieuio 3arseppkesoro 16 ksitHs 1885
poxy ITonoxenns npo XapKiBChKHil TEXHOIOTYHUI {HCTHTYT
3aTBepIUKYI0. 24 nnns 1885 poky.

TTigmucas: MiHicTp HAPOAHOT OCBITH, CTATC-CEKpPETap
1. fenanos.

CTATYT

XapkiBcbkoro TexHo10riYHOr0 IHCTUTYTY.

|. BaraapHi moJiosKeHHs.

§ 1. XapkiBChKuil IPAKTUYHUI TEXHONOTTYHHUII IHCTUTYT Ma€ Ha METi
HAJlaBaTH CBOIM YYHSM BHUIILY TEXHOJOIIYHY OCBITY 3@ CIELiaJIbHOCTSIMH
MEXaHI4HOI0 Ta XimMiuHO (cT. | HaiiBuio 3atBep/pkeroro 16 kBitHs 1885
poxky IlonoxeHHs mpo iHCTHTYT).

§ 2. BiamoBifHO 0 1BOrO iHCTUTYT MOJUIAETHCS HA JIBA BIUIUICHHS:
MEXaHiuHe Ta XiMiYHe.

§ 4. Incrutyr nepebyBae y BizanHi MiHicTepcTBa HApOAHOI OCBITH i
i MOPSIKOBYETBCS  MIKJIYBAJIbHUKY XapKiBCbKOTO HABYAJIBHOTO OKPYTY
(ct. 17 IoN0XEHHS PO iHCTHTYT).

§ 5. YnpapniHHA IHCTUTYTOM JOPYYA€ThCS JUPEKTOPOBI 3a y4acTio, Yy
BI/IOBIZIHMX BUMAJKaX, HABYAIBHOTO Ta TOCTIOAAPCHKOr0 KOMiTeTiB (CT. 18
[TonoxxeHHs Mo IHCTUTYT).

II. HaB4ajbHa YaCTHHA iHCTHTYTY

§ 7. HaByanbHuii Kypc iHCTHTYTY TPUBAE I1’SITh POKIB 1 MOJUIAETHCS HA
I'SITh PIYHUX KYpPCiB (CT. 3 MONIOKEHHS PO IHCTUTYT).

§ 8. B incruryri Bukiamarotees: 1) 3akon boxwii; 2) Buma
MareMmarrka; 3) HapucHa reoMeTpis; 4) TeopeTnuHa MexaHika; 5) disnka;
6) ximist; 7) anaromis i (isionorist pocins; 8) MiHepaioris 3 reorHosiero; 9)
reonesis; 10) OymiBenpHEe MHCTENTBO 3 apxiTekTyporo; 11) mpukimamHa
MexaHika i Teopis MaimmH; 12) MexaniuyHa TexHomoris; 13) ximiuna
texHosoris; 14) meramypris; 15) momithyHa eKoHOMis i CTaTHCTHKa,
16) 6yxranrepist; 17) inosemHi MoBH ((paHIly3bKa, HIMeEIbKa Ta
aHrmiiiceka); 18) kpecnenns; 19) MamoBaHHs (CT. 4 MONOXEHHS PO
iHCTHTYT).

§ 9. HesanexxHo Bix mepeniyeHHX y crarTi 4 MpeIMeTiB, O CKIaLy
HaBYaJIbHOTO KypCy BXOJATh TaKOX NPAKTHYHI 3aHATTA 3 (i3HKH, Ximii,
MexXaHiky, icTopii Ta iHmMX mpexMeTiB. L{i 3aHATTS BinOyBaiOThes SK Yy
MaiCTepHsaX i JlabopaTopisx IHCTHTYTY, Tak i Mo3a HUM — Ha 3aBOJAX,
(abpukax i mij yac OyaiBenbHUX PoOIT (CT. 5 MONTOKEHHS PO IHCTUTYT).

Puc. 2. TurynbHa ctopinka ta pparmenT 2 ctopinku CtaTyTy XapKiBChKOTO
TEXHOJIOTTYHOTO 1HCTUTYTY 13 3a3HAUYCHHSAM OCHOBHUX 3araJIbHUX MOJIOKEHb 1
HaBUYaJbHUX MPEIMETIB, 3aMJIAHOBAHUX JJI BUKJIAJaHHS CTyeHTaM (J1iBopyd — (OTO
apXiBHOTO JIOKYMEHTA, MPaBOPYyY — MEPEKIIal aBTOPA)

[Ipu yomy, He3BaXkarouM Ha Te, 10 B Ha3Bi «[lonoxxenusa» Ta «Cratyty» nen
nepui TeXHIYHUM BUII YKpaiHM HaueOTO Mae pi3HI Ha3BH, OJHAK HA IOYATKY
icHyBaHHS (o(imiiine BIAKpUTTS Bi0Oynocs 27 BepecHs 1885 poky) BiH MaB Ha3BYy, siKa
JeKJIapyBajiach nepimum oPiriiaum gokymeHTom [1, 2].

YV xBitHi 1885 poky mis XapkiBcekoro Ilpaktuunoro TexHOJIOTIYHOTO
IHCTUTYTY OyJIO 3aTBEP/KEHO INTATHUM pPO3MHUC, SIKUM TepeadadaB Takl IMOCAIU:
necath mnpodecopiB, CIM aj IOHKT-TIpodecopiB, OJMH 3aKOHOBUUTENb, MEXaHIK
MEXaHIYHMX MalCcTepeHb, JJabOpaHT XIMIYHUX Jaboparopiii Tta Oiosor. OjHak 13
CamMoro MOYaTKy BUPIIIUTH MpoOJIeMy KOMIUIEKTYBAHHS BHUKJIAQJalbKOIO CKIATy B
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[HcTUTYTI HE BAanocs. [IpuynHOIO LBOTO CTaJIO T€, IO 3 HAOOPOM JIMILE Ha MEPIIHii
Kypc BiJpa3y Micjs 3acHYBaHHs 3akjiajay He Oylio moTpebu y BHUKIaAadax s
CHIeHIJIbHUX JHUCIUIUIIH CTapIIuX KypcCiB, TaKUX sSK 0OpoOKa MeETaliB pi3aHHSM,
IPUTOTYBaHHS JPLK/KIB, METATyprisl UM IIyKpoBe BUpOOHUIITBO. Ha paHHIX eramax
HaBYAJILHOTO TIporiecy (haxiBIIB 13 JACIKMX 0a30BUX JIUCHMIUIIH 3alydaid 3
ImniepaTopchkoro XapKiBChbKOTO YHIBEPCUTETY. 30KpeEMa, 1€ CTOCYBaJIOCs BUKIa/1avuiB
BUIIOI MaTE€MaTHKH, IEOJIOT1i, CTATUCTUKU, (aOpUYHOI TIri€HN Ta HaBITh (I3UKH U
ximii. [lesiki 3 HUX OyJid BUITyCKHUKAMU YHIBEPCUTETY, a IEXTO OJIHOYACHO MPAIIOBaB
1 BUKJIaJIaB Y HbOMY.

Cranom Ha 1885 pik g0 ckmagy memaroriyHoro nepconany XIITI ogimiiino
BXOJMIH: oauH podecop Biktop JIbBoBu Kupnudos (nmpukiagHa MexaHika), BiH e
aupektop [HcTuTyTY, NBa aa’toHKT-podecopu — Pizuk Onexcanap KoctaHtuHoBUY
[Toropenko Ta ximik Omnekcanap [laBnoBuu EnbTekoB; nBa IITaTHI BUKIAgadl —
['puropiii OnexciitoBuu Jlatuies (kpecienns) Ta Onekciit BacunboBud ['peuaninoB
(kpeciieHHs ¥ MexaHika, KUl goeaHaBcsa 0 neaaroriunoro kopnycy XIITI B 1886
polii), a TakoX 3akoHOBUMTENs Bacune MukonaitoBuu Jlo6poBonbebkuii [3, c. 37].
3roziom, 13 pO3UIMPEHHSAM KIJIBKOCTI KYpCiB, 1110 MOYaJId BUKJIAAATUCh B IHCTUTYTI, 1
30L7IBIIEHHSAM CTYJEHTCHKOTO KOHTHUHIE€HTY, IOCTYIIOBO IIONOBHIOBAINUCA M JlaBU
NeAaroriyHoro ckiany [HeturyTy.

[lepmium BHKITagadeM, SIKANA 3aKiaB OCHOBY IS PO3BUTKY TUCIUIUIIH 3
HapUCHOi reometpii Ta rpadiku, craB I'puropiii Onekciifonu Jlarmmes. Horo
neparoriyanil nuisix y XIITI po3noudascs 6e3nocepeanso B 1885 porii, Koy BiH IOYaB
BUKJIA/IaTH NIEPIINUM CTyIeHTaM Builly HapucHy reomeTpito i kpeciaeHHs. Y 1886 poui
BiH JJOJIATKOBO MMOYaB YUTATH KYPC JIEKI[1H 13 CLIIbChKOTOCTIOAAPChKUX MalllvH, a B 1892
— 13 MexaH1yHoi TexHouorii. 3 1893 poky Jlatumes I'. O. 001iiHsAB ocaay aa’FOHKT-
npodecopa 3 HapUCHOI T€OMETpli, a TaKOXK BUKJIAAAB L0 JUCLUILIIHY SIK IpUBaT-
no1eHT B IMmeparopcbkomMy XapKiBCbKOMY YHIBEPCUTETI B Pi3HI poku MK 1891 Ta
1916 pokamu, e TakoX YUTAB Kypc JIEKIH 3 HapucHOi reometpii [4, c. 92]. V¥V 1897
pori ['puropiii OnexciioBruy omyOiKyBaB nepiiuii niagpyunuk «Hapruchaa reomerpisy,
KWW KOPUCTYBABCS BEJIMKUM YCITIXOM 13r01oM JiBidi niepeBuaaBancs (y 1901 ta 1910
pOKax) 31 3HAYHUMH JIOMOBHEHHSMHU Ta OHOBJICHHSMH, 30KpeMa 3 TMPUKIaJIaMH
MPaKTUYHOTO 3aCTOCYBaHHS TpadiuHoil cTaTuku. [{ei miagpydyHUK cTaB OCHOBOIO /IS
BUKIIaJaHHs Kypcy «HapucHa reomeTtpis», KU MPOIOBXKYIOTh BUBUATH CTYACHTU
HTY «XIIl» (Taky Ha3By Ma€ Cy4yaCHUH NOJITEXHIYHUI IHCTUTYT y XapKoBi) U
JoTernep.

3rogom Jlatumes I'. O. 3000yB y 1916-1921 pokax 3BaHHsS 3aciy>KE€HOTO
npodecopa XapKiBCbKOIO TEXHOJOTIYHOTO IHCTUTYTY (Tak IOYaB IMEHYBaTHUCh
XapKiBCbKUM MPAaKTUYHUN TEXHOJIOTTYHUI 1HCTUTYT), 1 3 TOrO 4acy Oijibllla YaCTHHA
HOro  HAYKOBO-TENAroriyHOi  MISIIBHOCTI  Oyja  MPUCBSIYEHA  PO3BUTKY
CLTBCHKOTOCTIOIAPCHKOTO MAIIMHOOYIyBaHHS [5, 6].

[IponmoBxytoun Tpamuiii ['puropiss OnekciioBuua JlaTtuineBa KepiBHUIITBO
BUIITY aKTUBHO 3aCTOCOBYBAJIO y CBOIH MEAroT14H1N MisUIBHOCTI OPUTIHATIBHUAN T IX1]T.
Tak, ynmasa KUTbKICTh BUKJIQ/Ia4uiB CHEI[IAIbHUX MPEIMETIB MOYUHAIHN CBOIO Kap €py
3 MOCAJAM BUKIAJAuiB KPECIEHHSA. A y paMKax yChbOrO HaBYAJIbHOTO MPOIECY, IO
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3MIACHIOBABCS Ha JBOX (pakylnbTeTax (TOOTO MpH BUKIAJAHHI 1HIIUX MPEIMETIB
1H)KEHEpHOTo TMPOodUII0) HEPIJIKO 3aMICTh KpPEClIeHb aOCTpakTHUX (Iryp CTYICHTH
IpalfoBalii HaJ CTBOPEHHSIM KPECIIEHb pPealbHUX JeTalled, BY3/IiB Ta 00JIaJHAHHSA,
30KpeMa MapoBO3iB, MAPOBUX MAIIWH, JETaJe BepCTaTiB, BAKOPUCTOBYIOUM OCHOBHI
MI0JIOKEHHS Ta 3aKOHU HAPUCHOI T€OMETPIii Ta TEXHIYHOTO KpecaeHHs. 3aBsSKU TAKOMY
MIIX0My BCl YYaCHMKHM HaBUYaJbHOTO IIporiecy (TOOTO BHKIajadi Ta CTYJICHTH)
HaOyBaJId HABUYOK KPECJICHHS HABITh HAMCKIAMHINIUX CKIIAIOBUX YACTHH JCTalIeH,
MEXaHI3MIB Ta MalIMH. Y MOJAlbIIOMY, Ha CTAPUINX Kypcax, BUKOHAHHS KPECJICHb,
HaBITh OUIBII CKJIAIHUX KOHCTPYKIIiH, BXK€ HE BUKJIMKAJIO >KOJHUX TPYIHOIIIB.

HaBuanbHi Ta HaykoBi pobotu ['puropis OnexciiioBuua JlaTumieBa 3akianu
OCHOBY MJIi PO3BUTKY BHKJIAJaHHS HApPHCHOI TeOMETpii 1 KpecleHHs, SKI CTalu
CIpaBXHIM BUNPOOYBAaHHSIM Jisi 0aratbOX BHUKJIAMa4iB 1 JaOOpaHTIB Ha IMOYATKY
ixHpoi kap’epu B XIITI ta XTI. BogHouac Benuka KUIbKICTh CTYJIEHTIB 1 BUITYCKHHKIB
LUX 3aKJIaJIB OTPUMYBajdu HAJIMHUN (PyHIAMEHT y BHUIJISIII OMAHOBAHHUX KYpPCIB
KpPECJIeHHs U1 BHUBUYEHHS OUIbII ckiIagHuX aucuuiuiiH. Lle crtocyBamocs Takux
MpeaMeTIB, SK Teopis MEXaHi3MIB Ta MallWH, JAeTall MalldH, ITJHIMaJIbHO-
TPAHCIOPTHI MAIlIMHU, MPOEKTYBAHHS TAPOBUX MAIIIUH, TAPOBO31B, @ TAKOK XIMIYHOTO
oOnanHaHHs. be3yMOBHO, 1110 ycHillIHE BUBYEHHS CLIILCHKOTOCHOJAPCHKUX MAIIMH Ta
3HApA/lb, BUKJIAQ/IaHHS SIKUX BIIepIIe B YKpaiHi CTyJeHTaM BHIIIB BiJOYJIOCH came y
XapKkoBi, BUMArajio BijJ CTYJIEHTIB MOJITEXHIYHOTO 1HCTUTYTY O€3J0TaHHUX 3HaHb
camMe HapHCHOI TreoMeTpii Ta MalIMHOOYIIBHOTO KpeciaeHHs. be3 po3ymiHHS
TEXHOJIOTIYHUX CXEM, KPEeClIeHb KOHKPETHUX KOHCTPYKIIIH 3eMIEepOOCHKUX MAIITUH Ta
ix poOounx oprasis, KpeclieHb 00JIaHAHHS 32 IOTIOMOTOIO SIKOTO MOKHA BUTOTOBJISITH
Il  MallMHHW, 1HXXEHEpHAa  ASUIbHICTH  MaiOyTHIX  (¢axiBmiB B  Taly3l
CLICHKOTOCTIOAAPCHKOTO MAIIMHOOY IyBAHHSI POCTO HEMOXKJIMBA. Takuii Miaxija cTaB
BYXJIMBUM JIOCSITHEHHSIM 1 3HAYHUM BHECKOM y PO3BUTOK BITYM3HSHOI OCBITH.

Takuii >xe camMuil MiAXiJ HEOOXIMHMM 1 y Cy4YacHUW Tepioj MiATOTOBKU
THKEHEPHUX KaApiB I arpapHoi raimy3i Ykpainu. | MaitOyTHI 1HKEHEpU-TEXHOJIOTH,
1 1H)KEHEePU-KOHCTPYKTOPH MAIIMHOOY/IIBHOI Taly3i, 1 1HXKEHEepU-Oy1IBEIbHUKH, 110
3100yBarOTh OCBITY B arpapHHUX YHIBEPCUTETAX HAIIOI Jep>KaBH, IOBUHHI 0€3/10raHHO
BOJIOJIITA 3HAHHSMU B Taly3sX HAPUCHOI TEOMETpii, TEXHIYHOTO KPECJICHHS,
KOMIT FOTepHO1 Tpadiky Ta AU3aiHy.
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4, Kypuno O. JI., Kypuno A.T'. Buknaganus nHapucHoi reomerpii B XTI
Hanpukidil XIX cromitra. «YkpaiHa 1 CBIT»: TyMaHITapHO-TEXHIYHA ejdiTa Ta
COIlaJILHUM TTpoTpec: Te3u JoI. MiKHap. HayK.-Teop. KOHQ. CTy. 1 acmip., M. XapKiB:
7-8 xBiTHs 2015 p., y 3 u. Y. 3. C. 92-93.

5. lepxaBuuii apxiB XapkiBcbkoi obnacti (JAXO). ®@. P-1682. On. 2. Cmp.
179. CrpaBa nipo ciyx0y npodecopa ['puropis Onekciiopuua JlaTuiiesna.

6. bBynrakosa O. B. Butoku 3apoxeHHs B YKpaidi HAaBYIbHOI JUCITUTUIIHHU Ta
dbyHIaMeHTaNbHOI HAyKH 3emiIepoOChKa MeXaHika B KOHTEKCTI (himocodchKoro
acriexty monsats. YACTHUHA 1. XAPKIBCHKUI TIEPIOJI. // «BicHuk Hayku Ta
ocBitu (Cepist «IcTopis Ta apxeosorisi» )»: xxypHai 2025. Ne 11(41). — C. 3531-3554.

YAK 514.18
PO3BUTOK HAYKOBOI IIKOJIX OBYXOBOI B. C.
Bonina T.M.
Hayionanvnuii ynieepcumem oiopecypcis i npupoookopucmyeanusa Yxpainu

[MTunmunaxoro C. ®@. na Hecinominum B. M. y 2000 Tta 2008 pokax BiJIIOBiAHO
OyJI0 3axuIIEHO AOKTOpChbKI auceptanii 31 cnemianbHocTi 05.01.01 «Ilpuknanna
reoMeTpisi Ta 1HXKEHepHa rpadika» (koHcyiabTaHT — mpod. OOyxoa B. C.). lle
BIIKDUJIO HOBI MOXJIMBOCTI PO3BUTKY HAyKOBOI IIKOJM Ha Kadeapi HapUCHOL
reoMeTpli Ta KOMIT toTepHoi rpadiku HaiioHansHOro yHiBepcuTeTy OlopecypciB i
MIPUPOJOKOPUCTYBAHHS Y KpaiHH.

TemaTuka HAyKOBUX JOCHIKEHb 3MIHIOBaJIach MpoTIroM pokiB. Ha
nouarkoBomy etami (2000-2010 p.p.) mpeacTaBHUKaMU HAYKOBOI IIKOJH OyJI0
3MIMCHEHO (yHIAMEHTAIILHUM TepexiJl BiJl KJIACUYHUX TpadiyHUX METOJIB HAPUCHOI
reOMETpIi 0 aHATITUYHOTO ONKUCcy 00’ €KTiB (puc. 1).

Hpyre necstumitts (2011-2019 p.p.) xapakrtepusyBajiocs MOTIHOIECHUM
BUBYCHHIM KIHEMATHKHU Ta ONTUMI3AI] TeXHIYHUX (popm. KitouoBUM BEKTOpOM CTaB
aHaJIi3 CKJIaHOTO PyXy MaTepialbHOT TOYKHU MO MOPCTKUX MOBEPXHAX 13 3alTyUeHHSIM
MaTeMaTUYHOTO arapaTy CynpoBigHOTO TpurpanHuka ®pene ta {apOy. [lapanensHo
AKTUBHO PO3BUBABCS HAMPSIMOK KOHCTPYIOBAHHS PO3TOPTHUX 1 MiHIMAJIbHHUX
MOBEPXOHb, @ TaKOX aHaji3 TEOJE3UYHUX JIHINA, [0 3HAWINUIO MpPaKTUYHE
3aCTOCYBAHHS Yy MIPOEKTYBaHHI pOOOYMX OPraHiB CLIIbCHKOTOCIIONAPCHKUX MAIIIUH.

[IpakTyHa peanizaiis TaKOr0 MAacUBY JOCHIPKEHb CTaja MOXKJIUBOIO
BUKJTIOYHO 3aBJSKH AaKTUBHOMY BITPOBAPKEHHIO CHCTEM KOMII IOTEpHOI anredpu
(CAS). AmnamituuHe OOIPDYHTYBaHHS BHMAarajlo CTBOPEHHS  PO3TalyXEeHHX
OOYHUCITIOBAILHUX ~ aMrOpuTMiB. ba3zoBumMu IHCTpyMEHTaMu JJiS  PO3B’SI3aHHS
nudepeHIliaTbHuX PIBHSHB T4 TOYHOI Bi3yani3allii MpOCTOPOBUX MOBEPXOHBb CTAJH
nporpamHi cepenosuiia MapleSoft, Mathematica Ta MatLAB.
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2000-2008 pp.:

2009-2014 pp.:

dyHaaMeHTalbHI Kinemarunka, [3oMeTpuYHI CITKH,
Moiei, KoH(DOPMHI nudepenItiaapHa nedopmarris
B1JIOOpaKeHHS reoMeTpis

2015-202S5 pp.:

@oKyc: OpTOrOHAJbHI
CITKH, QyHKIIIT
KOMILJIEKCHOI 3MIHHOT,
MiHIMJIbHI TIOBEPXHI

DoKYC: CKIIAHUN PyX
TOYKH, CYIIPOBITHUHN
TPUTPAHHUK KPUBOI,
HaTypaJIbHI PIBHSIHHS

dokKyc: 130METpHUYHI

KOOPJAWHATH, TIPY>KHO-
TuIacTU4Ha fedopmartis,
iaterparis 3 CAIIP

E=TN
dB _

E__TN

e‘.
<P U]
SN

~___CAMNP/FEA
ITerpauin

3n00yBaui: AHaHEHKO
T.A., I'pumienxo LIO.,
3100a B.B.,
Uepnumona E.O.

3n00yBaui: babka B.M.,
boiixo JI.C., Bonina
(3axaposa) T.M.,
Kopogina [.0., MykBuu
M.M., Ilnnunaka T.C.

3x00yBaui: Kpemens T.C.,
budok (Hecinomina) O.B.,
Kpemens T.C., HecBimomin
A.B., Xpomnoct B.I.,
UYenxkuuii A.B., Kpemenn
A.C,

17 3axuineHux auceprailiii, 00’ € JHAHUX €IMHUM HAMPSIMKOM JTOCTIHKEHb —BiJl
a0CTpaKTHUX MAaTEeMaTUYHUX MOJIEJICH 10 PO3B’A3aHHS MPUKIATHUX 1HKEHEPHUX

3a1ad4.

Puc. 1. XpoHoJiorisi HAayKOBUX JOCTIKEHb

Bukopucranuii y HAayKoBUX JOCJIIPKEHHSIX MAaTEMAaTUYHUI anapaT CTPYKTYpPHO
pPO3Taly’Ky€e€TbCsl Ha KUIbKa KIIOYOBUX HAIpPSAMKIB, M0 3a0€3MeuyloTh BCEOIYHUMN
aHATITUYHUNA OMTUC TEOMETPUYHHX 00’ €KTIB (puc. 2).

Andepenyianbha
reoMeTpin KpueuXx i
NOBEPXOHb

Anapam ¢opMyn PpeHe
7,1m,b,k, Kk

ModenwbBarHs mpaekmopiu cknadHozo pyxy

KBadpamuyHi popMu noBepxoHb

ds® = Edu® + 2Fdudv + Gdv?

AHaniz BrympiwHsoi 2eoMempii, 2eade3UyHi AiHIT

QUHKYIT KOMNAGKCHO T 3MIHHO T

f(2) = u(z,y) + iv(z,y)

KoHgopMHi BidodpaxeHHs, izoMempUYHI cimKU

HamypansHi pibHanHs kpubux

™ k=k(s), o=01(s)
InBapianmricms Go0xuru dy2u npu 32UHAHHI AUCMoBo20 Mamepiany

Puc. 2. Oco61MBOCTI MAaTEMAaTUYHOTO anapaTy CUMBOJBHUX OOYUCIICHb
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3biprux me3 donosideis XX MiKHapooHoi HAYKeeo-npaKinuunoi KoHgepenuii

OnuuM 13 6a30BUX IHCTPYMEHTIB € opmysin DpeHe Ta BEKTOPU CYIIPOBITHOTO
TPUTPAHHKKA, BAKOPUCTAHHS SIKUX J03BOJISE 3/I1MCHIOBATH MOJICIIOBAHHS TPAEKTOPIM
CKJIQJTHOTO MPOCTOPOBOTO PyXy Ta Opi€HTallli poOOYMX OpraHiB MAIIKH.

Boanouac 3acTocyBaHHs IEPILOi Ta IPYroi KBaApaTUUHUX (HOPM MOBEPXOHbB J1A€
MOXJIMBICTh PO3PaxoOBYBaTH TI'€OJC3UYHI JIIHIT Ta MPOBOJUTH KOMIUICKCHUM aHai3
BHYTPIIITHBOI TeOMeTPii (HaIpUKJIIal, IPH apMyBaHHI 000JIOHOK).

BripoBaykeHHs B iHKEHEPHY MPAKTUKY anapary QyHKIIA KOMIIEKCHOT 3MIHHOT
BIIKPWJIO MHUIAX JO 3aCTOCyBaHHS KOH(OPMHHUX BiJoOpakeHb, LIO JIO3BOJIMIIO
OyayBaTu 130METPUYHI CITKHU Ta CKJIaAHI Mpodiii 6€3 CHOTBOPEHHS KYTIB.

BukopuctanHs  HaTypaldpbHUX  pIBHSHb KPUBHX  CTajo  €(PEKTUBHUM
MaTEMaTHYHUM anapaToM y 3ajadax 3rMHaHHS JHCTOBOTO MaTepianty, OCKUIbKH Leh
METO/I TapaHTy€ 1HBAPIaHTHICTh JOBXKWHU JYTH MPH TaKUX AepopMarlisx.

JloriyHUM NMPOIOBKEHHAM QYHIAMEHTAIBHUX PO3POOOK HAYKOBOT IITKOJIH CTAJIO
MepeHeceHHsT a0CTpaKTHUX MOJeNIed Yy IUIOIMHUHY NPAKTUYHOI KIHEMATUKH, IO
chopMyBaJIo OKpEMHUI HAMPAMOK — KIHEMAaTHYHY T€OMETPiI0 CKIaHOTO pyXy (puc. 3).
B ocHOBI 1pOro miIXOMy JIEKUTH BUKOPUCTAaHHS MAaTEMaTHYHOrO arapary
Tpurpannuka ®@pene a6o apOy /uist 3M1MCHEHHS MTepeXo/ 1y 10 BHYTPIIIHIX KOOPAUHAT
JOCIIKYBaHOT TOBEPXHI. 3aCTOCYBaHHS TaKOTO METOAY JI03BOJISIE IMPOBOJUTU
MIPOEKITIFOBAHHS BCIX JIIIOYMX CHJI Ta OMHUCYBATH B3a€MOJIII0 MaTepiaibHOI TOYKH 3
MTOBEPXHEIO B IIPOCKIIISIX HA OPTH PYXOMUX TPUTPAHHUKIB.

AT AT S S S
RS AT T SRS I
A S TSN
727 7 7 LA LT 7K TS
V77 £ TETETL T,
777K

PiBHAHHA pyxy:

CknapaHHA avudepeHuianbHuX
PIBHRHb 2-r0 NOPRAKY ANA
MatepianbHOI TOYKMU Ha
LUOPCTKMX NOBEPHRX (AKUCKY,
nonuui NNyrie, TYKOHANPAMHUKM).

Tpurpanuuk ®pene/[lapby:

Mepexia A0 BHYTPILWHIX
KOOpAMHAT NOBEpXHi.
MpoekuiloBaHHA Ailo4MX Cun
Ha OpTU T, 7, bra }3, N.

g = B
Al P '

NP |

i= 1Pn

1B/ i

1 T !

ot Y
A6coNioTHa Ta BiiHOCHA TPaeKTOPIl: Pr
Kom6iHauia nepeHOCHOro pyxy TpurpaHHuka a
i BIAHOCHOTrO pyXy YacTUHKM (3epHa, >

_+_ R06PUB, I'PYHTY) B CTUYHIA NNOLUMHI. (@) z +

Puc. 3. KinemaTnuHa reoMeTpisi CKIaHOTO PyXy TOYKH Ha MOBEPXHIi

[leHTpanbHUM 3aBHaHHSIM I[HOTO €TaIly JOCHIKEHb CTal0 CKJIaJaHHS
nudepeHIliaTbHUX PIBHAHD ISl OMUCY PYyXy MaTepialibHOI TOYKH IO IMIOPCTKUX
nmoBepxHAX. [IpakTWyHA ITIHHICTH IMX MAaTEMATHYHUX MOJEJICH Mojsirae B iXHIM
npsaMid  ajganTaiii 0 TOoTped  CUIBCHKOTOCIOAAPCHKOTO  MAaITUHOOYyBaHHS.
Po3po6iieni anroputMu J03BOJISIIOTH MAaTEMAaTUYHO OOIPYHTYBATH Ta ONTHUMI3yBaTH
MPOCTOPOBI (OPMHU PI3SHOMAHITHHX POOOYMX OPTaHiB (IUCKH BIAIIEHTPOBUX araparis,
PO3KHJ1ayi, TOJIUIII TUTYT1B, TYKOHAIPSIMHUKH TOIIO).
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«Obyx06CHKT Humanmsy

HactynmHuM BaXTMBUM HAIMPSIMOM JOCIIHKEHb HAYKOBOI KON € KOMIUIEKCHE
po3B’si3aHHS 3ama4  (OPMOYTBOpPEHHS, sike O0a3yeTbcs Ha Teopii 130METPUYHUX
KOOPAMHATHUX CITOK (puc. 4).

IzoMempuyHi KoopduHamHi cimKU lipyxHo-naacmuyHa de@oprauin.
Po3zzopmku

- KonyenT: HeckiHYeHHO Mana KOMIpKa CiTKH € KBapaToMm ~ KOHUeNT: KOHCTPYIOBAHHA PO3rOPTHUX NOBEPXOHD Ta
(E=G,F=0). anpoKCHMALIA HEPO3rOPTHHX NOBEPXOHD OAHOTHNHKMM

- 3acrocysanun: Kondopmue BigobpaxeHHn 306paxeHs BifICIKaMMK.
(noroTunis, wxan) Ha xpuBoNiHiiHI nosepxHi 6e3 = Oi3wynmil acnexT: BpaxyBaHHA ABMILA NDYXHHEHHA MeTany
CNOTBOPEHHSA KYTIB. NPH 3ruKaKHi. He3MIKHICTL 06'eMy T2 I30TPONHICTL NPM

~ MNepeTBopeHHA: 3rHaHHA NNOCKHUX I30METPHYHMX CITOK Y NNACTHYHIN Aedopmauii.
UMNIHADK Ta KOHYCH, NEPETBOPEHHA IHBEPCIE. = 3acTocysaHHa: PO3paxyHOK PO3rOPTOK ANA BHIOTOBNEHHS

(WHEKIB, NPYXHH Ta rPYHTO06POGHMX NONKLD.

Puc. 4. ®opMOyTBOpEHHS: BiJ] 130METPIi 10 TOUHUX Ta HAOJMKEHUX PO3TOPTOK

KoHuenrtyanbHO 1el Mmiaxij po3Iiisiae HECKIHYEHHO Mally KOMIPKY CITKH SIK
KBaJpaT. 3aCTOCYBaHHS TaKOTO MAaTEMaTHYHOTO armapaTy JA03BOJISE 3I1ACHIOBATU
KOH(OpMHE BIAOOpaKEHHS 3aJaHUX KOHTYpIB Ha KPHUBOJIHIMHI MOBEpxHI 0e€3
CIIOTBOPEHHSA KYTIB. 3aBISKH IbOMY OYyJIO peanai3oBaHO aJTOPUTMU MEPETBOPECHHS Ta
3TWHAHHSA TJI0CKUX 130METPUYHHX CITOK Y IPOCTOPOBI 000JIOHKH, 3aCTOCOBAHO amapar
MEPETBOPEHHS 1HBEPCIT 1JIs1 TeHepallii HOBUX TEXHIYHUX (popm.

OkpeMuM BaroMuMm 3700yTKOM CTaj0 BHPIIIEHHS TPUKIATHUX TPOoOIeM
KOHCTPYIOBAHHS TOYHHX PO3rOPTOK PO3rOPTHUX MOBEPXOHb Ta AampoKCHMaLli
CKJIQJHUX HEPO3TOPTHHX TOBEPXOHb BiJAcCiKaMu ab0 CMyramMu pO3TOPTHUX.
BigmoBuBImIMCEH BiJ HAOMMKEHUX TpadiyHUX MPOIEAYyp HAPUCHOI T€OMETpii, OyJio
3aMpONOHOBAHO AHAIITUYHI MOJIEI, SIK1 JO3BOJISIFOTH 3aMIHIOBATH CKJIA/IHI IPOCTOPOBI
dbopmu HAOOPOM OJHOTHIHMX BIJACIKIB. Takuil METOJN CYTTEBO ONTUMIZYE
TEXHOJIOTIYHUNA MPOLEC PO3KPOI0 JIMCTOBOTrO Marepiany. OTpUMaHi alropuTMH €
KPUTUYHUMHU JI1 PO3PaxyHKYy TapaMeTpiB TUIOCKMX 3aroTOBOK MPH BHPOOHHUIITBI
ITHEKOBUX MEXaH13MiB, IPyHTOOOPOOHUX MOJIHIIb.

[Ipu nepexoii BiJl TEOMETPUYHOIO MOJEIIIOBAHHS J0 PEaIbHOIO0 BUPOOHUIITBA
OyJI0 TOCIIIPKEHO TEOMETPHUYHI ACTIEKTH NPYKHO-TUIacTUYHO1 nedopmartii (puc. 4). Y
pO3paxyHKaxX PO3rOPTOK 1 MaTpUIb AJS IITaMITyBaHHS OOOB’SI3KOBO BpPaxOBYBaBCS
(GI3UYHMIM acMeKT MPOIIECy: SBUINE MPY>KWUHEHHS METaly IICIs 3TUHAHHS, a TaKOX
YMOBH HE3MIHHOCTI 00’ €My Ta 130TPOIHOCTI MaTepiaiy.

CyvacHuil eTam €BOJIONIi HAYKOBHX JOCTIHKEHb HEPO3PUBHO TIOB’SI3aHUN 13
IMOOKOI0 aJTOPUTMI3AIIEI0 JTOCIIKEHb Ta 1HTErpali€l0 CHUCTEM KOMIT FOTePHOT
anrebpu (CAS) y mpolec I1HXKEHEPHOTO MPOEKTYBaHHSA. 3 OISy Ha BHUCOKY
OOYHMCITIOBAJIbHY ~ CKJIAAHICTh  OMepalii, MNpeACTaBHUKAMH HAYKOBOI  IIKOJIU
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3biprux me3 donosideis XX MiKHapooHoi HAYKeeo-npaKinuunoi KoHgepenuii

IMIUIEMEHTOBAHO METOJ0JIOTiI0 ¢parMeHTalii MporpaMHOro KOJy, J€ TOYHHM
PEHACPUHT CKJIQJHUX TPUBUMIPHHUX TOBEPXOHb 3a0€3MeuyeThcss KOPEKTHUM
MITKJIIOYEHHSAM creriaigizopanux rpadiuaux 010mioTek. YwucenpbHe po3B’s3aHHA
0o0epHEHMX 3a/1ady KIHEMATHUKH YCIIIHO pPeali3yeThbcs 4Yepe3 MaTpU4Hi orepailii B

MatLab i3 noganbmior 3D-Bizyam3zariero B AutoCAD.

LWTy4yHun iHTenekxT (Al)

y nnsaﬁn-npouecax \§
BukopucTaHHA reHepaTUBHUX
anropuTmis LI gna ontuMisauii
Macu Ta MiLLHOCTi NOBEPXOHb Ha

—~/ DonoBHeHa Ta BipTyanbHa
\\\| peanbHicTb (AR/VR)

MNepexip Big 2D ekpaHiB Ao
iMEpPCUBHOro NPOEKTYBaHHSA
CKNaAHWUX TEXHIYHUX POpPM

y BipTyanbHOMy cepefoBMLUi.

AnroputmMu
KNacuy4yHoI
NpUKNagHoi
reomeTpii

Bisyanisauia nonis aedopmadin
y peanbHoMy 4aci.

OCHOBI rPaHNYHUX yMOB, ONUCaHUX
MeToAaMM LUKOoNW.

IHTerpauis 3 CAD/CAM/CAE
cucTemMamm

BeswoBHa nepegayYa aHaniTMHHUX
MaTeMaTUYHUX Mopenen (Hanpuknag,
ONTUMI30BaAHWUX PO3ropTOK LUHEKIB)
6e3nocepenHbo y BepcTaTth 3 YMK.

Puc. 5. lludposi Tpenu Ta MaitdyTHE TPUKIATHOI TEOMETPIi

Hampsimok MaiOyTHIX AOCTIIPKEHb IIKOJM OPIEHTOBAHMM Ha I1HTErpaliio
KJIACHYHOTO MAaTEMAaTHYHOTO arapary 3 HOBITHIMHU ITU(GPOBUMHU TpeHIaMu (puc. 5).
OnHuM 13 MPIOPUTETIB CTA€ BIOPOBAKEHHA IITYy4HOro 1HTenekty (Al) y nuzaiin-
MPOIIECH, IO JO03BOJISIE AaBTOMATHU3yBaTH ONTHUMI3AIlI0 XapAaKTEPUCTUK MOBEPXOHb.
[HIIMM BaroMuM KpOKOM € TIEPEXij 10 MPOEKTYBAHHS CKJIQJHUX TEXHIYHUX (HOPM Y
cepeloBUIIaX JOMOBHEHOI Ta BipTyanbHOi peanbHOCTI (AR/VR), mo 3abesneuye
Bizyamizaiito jaedopmaiiii pobOUMX Opra”HiB y peXHUMI peajbHOTO 4Yacy.
3aBepmiagbHUM ~ eTanioM  IMdpoBoi  TpaHcopmarllii € O€3lIOBHA 1HTErpallis
aHamiTuaHux anroput™miB 13 cydacaumu CAD/CAM/CAE cuctemamu njis npsmoi
nepeaadi MoJIeNiel y CUCTEMH KepyBaHHS BepcTaTamMu.

[TincymMOByrOUH pE3yIbTaTH JiSTIBHOCTI OLIBINE, HIXK 32 UBepTh CTOMITTA (2000—
2026 pp.), BapTO KOHCTATyBaTH, 1[0 HAYKOBA IIKOJIAa 31MCHUJIA BIUIUB HAa PO3BUTOK
MPUKIIAAHOI TeOMETpii B YKpaiHi, OPraHiuHO MOEIHABIIH i1 3 KIHEMATHUKOIO Ta OTIOPOM
Marepiais (puc. 6).

®dyHaaMeHTanbHU 6asuc:
5 HanpsMKiIB focnigyKeHb.

r—————————————y
AudepeHuianbHi Vi )
BNacTMBoCTi B

.
T

KPUBMX NiHii Q

IHHOBaLiA B KiHeMaTuui: CyrnpoBigHUA TPUrpaHHUK.

—— —_—
KoHcTpyloBaHHA f Mpo6nema: 1

Ta nepeTBoOpeHHs - [
3 Po3paxyHOK pyxy V (ronoeHa Hopmarb)

. MOBEPXOHb = oyl 9 = \/\‘
MogepxHi CTanci KpuBMH, ™ HaCTUHKM 11O CKNapHilt B N \[\ _AV T (gotnuHa)
reoMeTpuuHa anpokcUMain KDMBOH\HIMHM \ Nl
MOBEpPXHi Y KNacuuHii AN ¥ 4
(e = [ekapToBii cucTemi AN y— S

r )
PiweHus:
BUKOPUCTaHHA
pyxomoro

. TPUrpaHHuKa
(®peHe/[apby).

A B (6iHopmans)

e =l / \ MpuB'si3Ka cucTemm
T n;;%':j‘é_%""; b (X,Y,Z) npuseopuThb \\ KOOpAWHaT Ao camoil
r 2 \ /i r 3 [0 HEPO3B'AZHMX N YaCTMHKM [103BONAE
AHaniTuuHi meTogu N N KiHemaTuuyHa reomeTpis R!A¢EDEHLU8FIBHMX T TOYHO BpaxyBsaTut
Ta citkn / i Ta MOeNIOBaHHA PYXY PIBHSAHb. cunu iHepujii Ta TepTs.
IsomeTpuHi citkw, A i o S0 el pyx o, E = £ ]
reoneasi nivil —— o | Tosexropirka wopcTka
WOPCTKUX NOBEPXHAX NoBEpXHA
MpuknagHe MOAENIOBaHHS
& 41 an epis, < = ]
T0 0
om

Peaynbrar: CTBOPEHHS TOUHNX KOMN'IOTEPHIUX Moaeneit y cepepnosui Maple ans ontumisauii
PYHTOO6POBHMX Ta cenapytounx MalmvH (aocnipxkerHs HecsipoMika A.B., YenixHoro A.B., Babku B.M.).
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MucTeLTBO i30MeTPUUYHUX CITOK: Bin Teopii 4o MeTany: IHXeHepHi pilleHHs.
KoHdopMHe Bino6pakeHHs. i TEOPETU4HA MOAENb " o ®I3UYHNNA NPOAYKT
v

Lie MaTeMaTWHih anapar, AkWA A03BONRE NEPEHECTH NMOCKE S0BPaXEHHA Ha CKIaAHY

Lo Take i3oMeTpHuHa CiTKa?
3D-N0BEPXHIO i3 NOBHIM 36EPEXEHHAM KyTiB Ta NPONOPWIit (663 CNOTBOpEHS).

= \U . 1
FARIIRIHRR v~ ¥
S 4
1. Mnocka 2D cirka 3 eigepyHkoM 2. Matewmaruana 3D cepa 3. KoHGOpMHe BIROBpaXeHHA Ha
nosepxHi ”
0 3

Matemarinine MoAeNIioBaHHs A03BONUNO iAeanbHo HaHOCUTK noroTMn

aHaKy AKocTi 'UCSM' Ha KpMBONiHifHi NOBEPXHi BUMIDIOBANGHHX
npunapie Ta Tapu (RocnipxenHa Heceigomitoi O.B., Kpemeus T.C.).

Kefc [N <YKpMeTpTeCTCTaHRApT ]

! Mnocxi xpwei,

CuHepria Hayku: KoHBepreHuis MeTofliB B OAHIW MaluMHI.

MpoeKTyBaHHA cy 0 P! i#HOrO C
BMMarae nos CneKTpy r PUYHOTO aHaniay:

onTumMmisauia AMNK: MaTemaTuKa To4HOro 3eMnepo6cTaa.

- S i 1. Mosepxui: CTeopenns i | 3. Kinemaria: Pospaxy-
WA AW A WA WA WAWAWAWAN 0 ineansbHoi popmm HOK IHEPUIANOrO WAsXy
/24 U W W U W W W WY - meranesoi nonari 3epHa Banoax nonari.
_li.'.‘.h\.'."lnvl-nl_'-. | (MinimanoHa nowta). - 8
=
©) NpyHo-nnacTuune
edol HA F
e - 3 4. Cirn: Pospaxyox
2. Kpwsi: OnTumizayin Tennonepexocy Ta
GOPMM KPOMKH ANR HanpyXeHs Ha nosepxHi
| 3axonnexua warepiany. | werany.

AHanis NNACTIANOT ACGOPMALT NPH
wramnysawwi nonari Wa 3a80Al.

Puc. 6. I[ndorpadika oTpumaHux pe3yabTaTiB HAYKOBUX JOCTIKEHb

l 1 1 1 1 1 1 L L 1 1

MNikoewit nepioa: Mikoewit nepiop;

2011-2012 2015-2017

= pr—frpede——
® @®

® © ® ©

® O ®e O o

@ ® & o o ® 6 o o e o

T Ll 1

Ll T Ll L |l L] Ll T L T T T L

I 1
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

TemaTuyHWUM po3noain LocnigxeHo 15 guceprayintHux pobir,
3axuwieHux y nepioa 3 2005 no 2022 pik.

[oBeaeHo AOMiHYBaHHS cnewianbHoCTi
05.01.01 (MpuknapHa reoMeTpis,

OundepeHuiansHa KiHemaTtuka cknagHoro | KoMmn'totepHui iHKeHepHa rpacika) i3 BUXOAaMM B

reoMeTpif NOBEpPXOHb xy (40% AV3aNH i z
(40%) i g Py (0% Tonorpadis (20%) TexHiuHy ecTeTuky (05.01.03).

Puc. 7. CratucTrka Ta TONOJIOris HAYKOBUX pOOIT

Tpanrcdopmairist aOCTpaKTHUX MATEMATUIHUX MO/IEIEH y TPOMUCIIOBI IHHOBAIII1
JUI arpapHOro Ta MalllMHOOYIBHOTO CEKTOPIB Oe33alepeyHo TOBOIUTh IXHIO BUCOKY
OpPUKIAAHYy  LIHHICTh.  3400yTKOM  MIKOJW €  (OpPMyBaHHA  MOTYKHOTO
IHTEJIEKTYaIlbHOTO siipa — YCIIIIHA MiAroToBKa 17 kaHauaatiB Ta 1 JOKTOpa
TEXHIYHUX HayK (puc. 7), Kl MPOJOBKYIOTh 3/IMCHIOBATH HAYKOBI JOCIII>)KCHHS B
HalnpsMKy, oOpaHoMy HaykoBoo 1kosioro O6yxoBoi B. C.
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VJIK 514.18

HEPEITAPAMETPU3ALIA IIOBEPXOHD
Hecgioomin B.M.
Hayionanvnuii ynieepcumem diopecypcis i npupoookopucmyeanus Ykpainu

Y cyyacHMX CHCTeMax aBTOMAaTH30BAaHOTO TMPOEKTYBAHHA  OLIbIIICTb
MPOCTOPOBHUX OO0'€EKTIB MOJEIIOIOTHCS 3a JOMOMOIOI0 MapaMEeTPUYHUX IMOBEPXOHbD,
3alaHuX BEKTOp-(yHKIE€ 7(U, V) NBOX HE3aNeKHUX U, V-3MiHHUX. KoopamHaTHa
U, V-CiTKa Ha TIOBEPXHI BU3HAYAETHCS I MapaMeTpUYHUM pIBHSHHAM 7(U,V) 1 B
HAWTPOCTIIUX BUIAJKAX CKJIAJAETHCS 13 MPAMUX JIiHINA Ta K. [IpoTe, npu BUpillIeHH]
NPUKIATHUX 1HKCHEPHUX 3a7ad (HAMOTYBaHHS, TeHepallis aJanTUBHUX CITOK)
BUHHKAE N0Tpeda y GopMyBaHHI cieUpIYHUX KOOPAUHATHUX JIIHIM HA OJHIN Tiil ke
noBepxHi. Jlocmiaumo croci6 anrebpaiuHoi mepernapamerpu3aitii moBepxHi (U, v)
gepes HiJIeCIpsMOBany JehopMallifo IIOCKOro JOMEHY (00JacTi BUBHAYCHHS U X V).

Hexait maemo perymsapHy mnosepxHoo 7(u,v) = [x(u,v),y(u,v),z(u,v)],
BU3HAYCHY HA MPAMOKYTHOMY JOMEHI D = [Uimin, Umax] X [Vmin Vmax]- CTBOpUMO
TIPOMi’KHHH TBOBHMIipHHIA TIpocTip mapameTpis (il, ¥) Ta Binobpaxkenus f: D — D, mo
3a/1a€ThCs PYHKITISIMU TIEPEXOTY:

u = f1(@,v), v = f2(ii, ). 1)
Toni HOBa mapameTpu3allis OBEPXHI € KOMIIO3UIIEIO BiTOOPAKEHD:
r(4,v) = r(f1(4%,9),) f2(4, V). (2)

OO00B'A3k0BOI0 BUMOTOI0 10 (QyHKLIH f1 Ta f2 € BIACYTHICTh TOMOJOTIYHUX
BUPOJ/KEHb (CKJIAaI0K). AHAIITUYHO II€H BHUMAJOK BU3HAYAETHCA 4Y€pe3 BU3HAUHUK
Matpuli Ako01 B yCiX TOUKAX JOMEHY, KMl HE IOBUHEH PIBHATHUCS HYJIIO.

AHaIITUYHY peai3aliio JaHOTO METOy PO3IJITHEMO Ha MPUKIaAl KPyroBOro
uuniHapa. Knacuune piBHAHHS UMAJIHApPA pajlyca a, 1€ mapaMmeTp U BIJANOBIJIA€ 3a
BUCOTY, a V — 3a a3UMYTaJbHUI KyT, Ma€ BUTJISIL:

r(u,v) = [a cos(v),a sin(v),u]. (3)

3acToCOBYIOUM Di3HI 3aKOHHM BimoOpaskeHHs TOoMeHy f1,f2, Mu oTpuMyemo

MUATIHAPUYHY TOBEPXHIO pajiiyca a, ajie 3 pi3Ho (OPMOI0 U,V — KOOPJAWHATHUX

JiHIA Ha 11 moBepxHi. s Bi3yanbHOr0 KOHTPOJIIO TOMOJIOTIYHUX MEPETBOPEHB BiA

mwiockoi  f(u,v) —ciTkm A0 TOPOCTOpPOoBOi 7 (U, V) — CTPYKTYpH  BUALIAMO
KOOPJIMHATHY JIHIIO U = CONSt CUHIM KOJBOPOM, a JIIHII0 V = CONSt — 4epBOHUM.

B T1abn.l1 psamoxk 1 HaBeneHO 300paxeHHs IUIOCKOI CITKH y BUIVISIAL
npsiMmokyTHUKa 3 BepmnHamu [0,0], [T, 2] mo miaronani. Beprmau mi€i maockoi ciTku
BiIOOpaXKaroThCsl y BEPIIMHHM IIMITIHApA: 1) mpsimi JTiHIT U = const, AKi napaneabHi oci
Ox BioOpakarOThCs B MPSAMOJIIHIMHI TBipHI (YepBOHUEN KOIip); 2) mpsami JiHil v =
const, sxi napanesibHi oci Oy Bi1oOpa)karoThCsl B KOJ1a Ha IWIIHAP1 (CUHIN KOJIIp).

3niliCHUMO TIEPETBOPESHHSI MTPSMOKYTHOT IJIOCKOI CITKH [uU, V] B mapaienorpam
[u + kv,v], ne k-koedinieHT HAXUTY BEPTUKATBHUX MpsAMUX (psaok 2 Tabdn.l). B
IIbOMY BUTAJKY, TIpsiMi mapanenbHi oci OX BiAoOpakaroThCs B MPSIMOJIIHINHI TBIpHI
UUJIHAPA, @ OCh HAXWJIEH] IpsiMi B1I0OpaXaroThCa y TBUHTOBI Ha LIMJTIHJIPI.
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Tabauis 1. Boims ¢opmu (U, v)-CITKM Ha KOOPAMHATHI JIIHIT HUIIHIpA

OO01acTh BU3HAYECHHS

KoopaunatHi U,V-TiHIT HA TUATTHIP1
r(u,v) = [x(w,v),y(u,v), z(u,v)]

MPSIMOKYTHA CiTKa
[w,vJu =0..m,v =0..1

[u, v]
‘-:_ L3 L X
5 e || = |
(‘ <1l 3 =1 =
=l _——— =)
<l ——— 2 =
| T4— #1 1 =
v i =i
25 e
~52 =<0 a2
0 I [ I
o 1 2 3
u 2 2

OpPTOTOHAJIbHA CITKA 13 MPSIMUX Ta KT
[a cos(v),a sin(v), u]

5 7
7
' 2.5 7
7
0 |
0 5

It
KOCOKYTHa CiTKa
[u+ kv,vju =0..r,v = 0..2n

CITKa 13 MPSAMHX Ta TBUHTOBUX JIHIN
[a cos(v),asin(v),u + k v]

KOCOKYTHa CiTKa
[u,v+kul,u =0..r,v = 0..2n

CITKAa 13 K1JI Ta TBUHTOBUX JIIHIHI
[acos(v + ku),asin(v+ku)ul

SOOIy 7 777777
vs-HHHHHHA

0 T \
25 5

0 ;
[u( + kv),v],u=0..T,v=0..21

[acos(v),a sin(v),; (1 + kv)]
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[TponoBxeHHs Tadauii 1

0 2 4
[ucos(v),usin(v)], u=0..7,v
=0..m/2

2 0 2

[f1(w,v), f2(w,v)], u=0..T,v=0..1/2

2.5

g i2dsé T

I I
0 5 10
0

[u+kvr2,v],u=0..m,v=0..21w

W v \
725\
oo\l
7 ZS\\\
A S SR

[u+ksin(lv),v],u=0..m,v=0..21
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Jig BCIX 1MX NepenapamMeTpu3aliil LWIIHAP 3alUIIA€TbCA LUIIHAPOM.
[Mokaxxemo, IO s Pi3HUX HOro anreOpaidyHuUX mepernapamerpusaiin r(u, v) =
r(f1(u,v), f2(u,v)) He Oyne CIIOTBOPEHb MUJIIHApPA K IUIICHOTO 00’€KTa, a JIMIIe
OyIyTh 3MIHIOBATHCS HAMIPSIMKH (TOTIOJIOT1SI) KOOPAMHATHOI CITKM Ha HhOMY. ba3oBwii
croci0 € mepeBipka pIBHOCTI A7 BCIX KX MapaMeTpu3aliil HuiIiHapa paaiycy a:

x(u,v)? + y(u,v)? = a?. (4)

[HmM# cnocid nepeBipKy 1HASHTUYHOCTI TTOBEPXHI € TECOMETPUYHHUIN MPUHITHII,
1o 1 B iAeHTU(]IKAIiT MPOCTOPOBUX KPUBUX. 3TITHO 3 OCHOBHOIO TEOPEMOIO TEOpii
KpUBHUX, JIBl MIPOCTOPOBI JiHIT € KOHTPYEHTHUMH (IICHTUYHUMH), SAKIIO 301raroThes
iXHI BHYTpIIIHI 1HBapiaHTM — KPUBHUHA K Ta KPYYEHHs (CKPYT) T, HE3aJEKHO BiJ
3aKOHY pyXy (MapameTpu3allii) B3I0BXK HUX.

[Tepenecemo 11e¥ MPUHIMI HA TBOBUMIPHI MHOTOBU/IU (TTOBEPXHI), Y KUX POJIb
a0CONIOTHUX JIOKAJIBHUX 1HBapiaHTIB BiAIrpaloTh TOJOBHI KpuBuHu k1 Ta k2.
[TepenapameTpuzariiss moBepxHi uepe3 nedopmariiro gomeHy f(u,v) € aHaIorom
HAHECEHHsI HOBOI, BUKPHUBJIEHOT KOOPAMHATHOI CITKM Ha 00'ekT. JlokanbHuii Gazuc
JOTUYHUX BEKTOPIB 3MIHIOETHCS, 10 3aKOHOMIPHO MPHU3BOJAUTH 10 TpaHchopmarrii
koedimienTiB nepmoi E, F,G ta npyroi L, M, N kBaapatuunux ¢HopM MOBEpPXHi, aje
(13u4HA 3ITHYTICTh CAMOT0 O0'€KTa B KOKHIM MOro TOYIll 3aJUIIAETHCS HE3MIHHOIO.
OO6uncieHHs TOJOBHUX KPHUBHH K KOPEHIB XapaKTepUCTUIHOTO piBHAHHA det(l] —
k-1) = 0 mae ToroxxHuit pesynwtart, ne: I, Il — matpumi 1-1 Ta 2-i KBagpaTHUHUX
¢dbopwm; k - ronoBHi kpuBuHU k1, k2.

Jlnst kpyroBoro HMIIiHApa pajilyca a, He3aJeKHO BiJ CKJIAJHOCTI 3aCTOCOBAHO1
u, v-kaptu (adiHHE IEPETBOPEHHS 3CYB UM HEliHIMHA nedopmartis), roJIOBHI KpUBUHH
B YCIX TOYKax MOBEPXHI aHATITUYHO CIPOIYIOThCA 10 KOHCTaHT: k1 = 0, k2 = 1/a.

Tak ns mapamerpu3zaniil mutiHapa (1) paaiyca a:

r(u,v) = [a cos(v),a sin(v),u + k v], (5)
r(u,v) = [acos(v+ ku),asin(v+ku),ul, (6)
PiBusuns xoedimientis E, F, G 1-i Ta L, M, N 2-i kBagpatuuyHux ¢hopm OyayTh

pizaumH, ane ['aycosa K Ta cepents H KpuBUHU OYIyTh OJTHAKOBI 1 PIBHSIOTHCS:
LN-M? EN-2FM+GL 1
~EG-F? 0, H = 2(E G-F?) ~ % ()

["onoBHi kpuBuHU TIoBepxHI k1, k2 nos's3ani 3 'aycoBoro K Ta cepennboro H

KPUBHHAMH CHUCTEMOIO PiBHSIHb:
K =kl-k2, (8)
{H = (k1 +k2)/2
3BIIKKM OTpuMaeMo ToyioBHI kpuBuHU k1 =0, k2 =1/a, mo mniaTBEepmIKYyE
UMAJTIHAPUYHICTD MOBEPXHI B KOXKHIH 11 TOUII.

BucnoBok. KepyBaHHs TOMOJNOTI€0 KOOPAWHATHUX JIiHIN Ha 3D-moBEepXHIX
e(eKTUBHO MOXKHA 3/IMCHIOBATH IUIAXOM MOIEpeaHboi anredpaiunoi nedopmarrii
mwiockoro 2D-nomeny. Lleit miaxin ycyBae morpedy B CKIQJHOMY TEH30PHOMY
YUCJICHHI Ta pO3B'si3aHHI JU(EpeHIliaTbHUX PIBHSAHb, TAPAaHTYIOUU TPU I[HOMY
17IealTbHY TJIAJIKICTh IOBEPXOHbD (32 YMOBH KOHTpoIt0 SIko6iaHa). Po3pobienuit meTon
JIETKO aJITOPUTMIZY€ETHCS 3aJaHHSIM BUY MIEPETBOPEHHS HA U, V-JIOMEHOM.
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VJIK 514.18

KOHCTPYIOBAHHSA KAHAJIOIIOAIBHUX 'BUHTOBUX ITOBEPXOHb
I3 CMYT TOPCIB
Hununaxka C.@., Hecgioomin A.B.
Hayionanvnuti ynieepcumem 6iopecypcie i npupoooKkopucmyseaunts Yxpainu

HeposropTHi moBepxHI MOXHa ampoOKCUMYBAaTH CMyramu po3ropTtHux. [lpum
IOMY CMYTH MOXYTh OyTH SIK 3MIHHOi, TaK 1 CTaJioi IMMPUHH. SIKIIO HEPO3TOPTHY
TBIpHI PO3TOPTHOI MOBEPXHI OYyIyTh NEPIEHIUKYISIPHUMHU 10 JiHIT noTtuky. lLle
O3Hayae, 110 JiHiS JOTUKY € JIIHI€I0 KPUBUHU K ISl HEPO3TOPTHOI MOBEPXHI, SAKY
alpOKCUMYIOTh, TaK 1 JUIsl PO3TOPTHOI, SIKOIO anpoKCUMYIOTh. Lle gae MOXIUBICTB
BIIKJIAJaTH  OJIHAKOBI  BIAPI3KM  B3JIOBXK  NPSAMOJIHIMHMX  TBIPHHUX  Topca
NEPIEHIUKYIISIPHO 10 JiHIT JOTUKY. TakKUM YMHOM yTBOPIOETHCSI KPUBOJIIHIITHA cMyTa
CTaJoOl IIMPUHHM, OOMEXEHa EeKBIAMCTAaHTHUMHU KpuUBUMHU. He Bcski MOBepxHi
JOMYCKAIOTh alnpoKCUMallil0 cMyramu cranoi mupuHu. B mpami [1] posrmsayrta
anpoKCHUMallisl TOBEPXHI KyJli HENEPEepBHOIO CMYTOKO CTanoi WWHUpUHHU. Taky
anpOKCUMAIII0 TOMYCKaIOTh TpyO4YacTi MOBEpXH1 O€3 JIiHIN caMONepeTrHY.

Axmo Biccro TpyOYacToi MOBEPXHI € TBUHTOBA JIIHIS, TO 1 MapaMeTpPU4HI
PIBHSIHHS MAIOTh HACTYITHUH BUTIIS!

bsinv .
X =acosa — p| COSa COSV —————=SIn @ |;

vJa? +b?
sin v

b
Ja? +b?

Y =asin a — p| Sin ¢ cosv + cosa |; (1)

apsinv

Ja? +b*’
7€ a1V — He3aJeH1 3MiHHI IOBEPXHI, MPU IIbOMY ¢ — KyT TOBOPOTY TOUYKH HaBKOJIO
0C1 TBUHTOBOI JIiHI1 TIpH i1 pycCi MO Hii; V — KyT HOBOPOTY TOYKH HABKOJIO LIEHTPY
TBIPHOTO KOJia MpH ii pyci mo Hpomy. [{o piBHsHB (1) BXOAATH CTall BEIUYUHU: d —
pajiyc IWIIHApa, Ha SKOMY pO3TallloBaHa TBUHTOBA JIiHis, b — TBUHTOBHI mapamerp,
p — pajailyc TBIPHOTO KoJa.

VY noBepxHi, OnucaHoi piBHAHHAMH (1) TUIbKM OJIHA CIM sl KOOPAUHATHUX JIHIN
— CIM’sl KUT — € JiHiAMUA KpuBUHU. CiTKa KOOPAMHATHUX JIIHIA KOCOKYTHA. JIiHIsIMU
JOTUKY CMYT JO MOBEpPXHi OyJe Apyra ciM’s JiHIA KPUBUHHU, AKY HNOTPIOHO 3HAWTH.
Jiist iX 3HaXO/MKEeHHSI MOTPIOHO BBECTH HOB1 3MIHHI 3aMICTh ICHYIOUHX:

S bs

—_— V=W———
/az +b2 a’+p? (2)

7ie S — HOBa He3aJie)kKHa 3MIHHA TTOBEPXHI — JIOBKMHA JYTH JIHIT EHTPIB; W — Ipyra
He3aJIe)KHa 3MIHHA — TEX KYT, AKHI 3MIHIOEThCS B Mexax W=(...2x, 1o 3abe3neuye
3aMKHEHI TBIpHI KoJia Tpy04acToi MOBEPXHi.

20

Z=bo+

o =




«Obyx06CHKT Humanmsy

Ha puc. 1,a nobyaoBanuii oquH BUTOK MOBEPXHI 3a piBHsAHHAMHU (1), a Ha puc.
1,6 — mpu mepexoi 10 HOBUX 3MiHHUX 3a (popMyiamu (2). B nepmioMmy Bumaaky citka
KOOPJIMHATHUX JIIHIM HE OPTOrOHAIbHA, a B APYTOMY OPTOrOHANIbHA, TOMY 1110 OOUBI
CiIM’1 KOOpAMHATHUX JIiHII € JIHIIMU KPUBUHHU. SIKIIO B Jpyriil 3anexHOCTI (2)
OpUHRHATH W=CONSt, TO Ha MOBEPXHI BWIUIMTBCSA JIHIA KPUBUHHM JPYroi cim’i.
ITopiBHIOOUM puc. 1, a 1 puc. 1,06, 6aunMo 110 B JIPyroMy BHUMAJKY JiHIS KPUBUHU

(TOOTO MiHIA TOTUKY), € OJIHIEIO 13 KOOPJAUHATHUX JIIHIH.
8

8

_ 6
6

Puc. 1. TpyOuacta rBuHTOBa MoBepxHs npu a=2; b=1,1; p=1 3 BUAIIICHOO JiHIEO
KPUBHMHHU Ha HIN: a) CIM €10 JIIHIA KPUBUHHU € TIJIbKA KapKac TBIPHUX KiJT;
0) 00uB1 CiM’T KOOPJMHATHUX JIIHIN € JTIHISIMUA KPUBUHH

Ha puc. 2,a B310BX JiHIT KpUBUHU MOOYJOBaHA CMyra pPO3rOpPTHOI MOBEPXHI.
Takux cMmyr Moxe OyTH AeKiIbKa, NMouMHaroud 13 Tpbox. Ll[o6 ampokxcumyBatu
MOBEPXHIO CMyTraMH, MOTPIOHO JiHIT TOTUKY pO3TalllyBaTH HA MOBEPXHI PIBHOMIPHO.
Hanpuknazn, Ha puc. 2,0 TakMX CMyT YOTUPH, a HA puC. 2,B — micTh. CMyIrH B3JOBX
JiHII 10TUKY OyAyBajMcd 3a YMOBH, 11O BOHA € JIIHIED KPUBUHU, & HOpMaib 0
MOBEPXHI B KOXKHIM TOYI[l KPUBOI 3aJa€ JOTUYHY IUIONIMHY, B SIKiil po3TalloBaHa
MpsIMOJTiHIHA TBIpHA.

Byi10 3HaliieHo po3ropTKy KOXKHOI CMYTH JIJIsl CKIIaJIeHOI TOBEPXHI, 300paxeHol
Ha puc. 2,0. 3a OCHOBY OYJIO B3ATO MOJOKEHHS TU(epeHIiaapHOl reoMeTpii mpo Te,
[0 TEOoJIe3MYHAa KpPUBHHA KPHUBOI HE 3MIHIOETHCS TPU 3TUHAHHI TIOBEpXHI. 3a
3HaWJIEHOIO T'€0e3UYHOI0 KPUBOIO OyyBajiacs Mjocka KpUBa, SKa € JIHIEI JOTUKY Ha
posroptii. [licims mporo Ha oOHAKOBIM BiACTaHI B OOWABI CTOPOHHW BiJ KpPHUBOL
OyayBanucsi €KBIIMCTaHTHI KpuBl, sKi oOMexywoTh cmyry. Ilupuna cmyru
BHU3HAYaJIacs TAKUM YMHOM, 100 Ha MOBEPXHI OOMEXYBaJbHI JIIHIT CYCIIHIX CMYT
30iramucs. [IpsMomiHiiiHI TBIpHI Ha PO3rOPTLI, MNEPIEHIUKYJSAPHI JHII JOTHUKY, €
JHISIMU 3TUHAHHS CMYTH.
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Puc. 2. I[ToBepxHi, nodynosaui npu a=2; b=1; p=1

Takox Oyl0 BUTOTOBJIEHO HATYpPHY MOJEINb, sKa MIATBEPIWIIA MPABHIbHICTh
po3paxyHKiB (puc. 4). Jlo Heil He JOTydusiu OAHIET CMYTH, OCKUIBKU HE 0YyJI0 O BUIHO
NPSMOJIHIMHUX TBIPHUX, B3JIOBXK SKUX 3JIMCHIOETHCS 3TUHAHHA CMYT, 1 SIKI

pO3TaIioBaHi BCEPEeANHI alPOKCUMOBAHOI TOBEPXHI.
20

15+

10 1

0 5 10 15

Puc. 4. HatypHa Mozeb, BATOTOBJICHA Puc. 5. [lepiognaHicTh KOHTYPIB
3’ €THAHHSM PO3TOPTOK OKPEMHX CMYT PO3TOPTKUA CMYTH alpOKCUMOBAHO1

ITOBEPXHI IPH 3pOCTaHHI YKCIIa i1 BUTKIB
Jliteparypa
1. A technique for approximating a tubular helical surface with strips of toruses.
Nesvidomin, A., Pylypaka, S., Nesvidomin, V., Babka, V., Shoman, O., Savoiskyi, O.,
Pylypaka, T., Lokhonia, M., Semirnenko, S., Borodai, Y. Eastern-European Journal of
Enterprise  Technologies, 6(1 (138), 64—70. —  Pexmm  gocrymy:
https://www.scopus.com/pages/publications/1050315293347origin=resultslist
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VJIK 514.18

NEPEXITHI KPUBI JIJISI INIABHOT' O 3°€ THAHHSI JITHIM 13
3AJIAHUMHM KPUBUHAMM HA IX KIHIISIX
Hecgioomin A.B.

Hayionanvnuti ynieepcumem oiopecypcie i npupoooKkopucmyseaunts Yxpainu

VY koMn'toTepHOMY IPOEKTYBaHHI (HaNpUKIIad, IIPU IPOEKTYBaHHI Jie3 TypOiH,
aBTOMOOUIBHUX Ky30BiB 200 BEPCTaTHUX TPAEKTOPIil) HEMEPEPBHICT € 00OB'I3KOBOIO
YMOBOIO U €CTETMYHOI MPUBAOIMBOCTI BHUPOOIB Ta SKOCTI (pe3epyBaHHS. 3
MIIBUIIEHHSM TOYHOCTI BUKOHYBAHHUX POOIT 3pOCTAIOTh BUMOTH JI0 3’ €THAaHb KPUBHUX.
Binomoro kpuBolo, fika 3’€JHY€ MPSAMOIIIHINHY 1 KPUBOJIHIAHY IUISHKH 3a APYTUM
MOPSIAKOM TJIAJKOCTI, € KJIOTOina. B Toull 3’€qHaHHs JiHIA JOTUYHA CHIIbHA 1
KPUBHHM iX KiHIIIB MalOTh OJHAKOBE 3HaueHHSA. OIHAK i3 PO3BUTKOM BHCOKOTOYHUX
TEXHOJIOT1H IbOTO MOKe OyTH HEIOCTATHHO, OCKIJILKH KPUBUHA KJIOTOIAN 3MIHIOETHCS
3a JTIIHIWHUM 3aKOHOM. SIKIIO ii Ayra 3’€IHy€ JB1 AYTH KOJIa 13 CTAJIMMHU KPUBHUHAMHU, TO
rpadik KpUBUHHU TaKoi CKJIAJEHOI JIIHII € JaMaHOIO JIIHI€I0, XO4Ya caMa KpHBa Mae
JPYTHUI TOPSIOK TJIAKOCTI y TOUKaX 3’ €JHAHHS.

B 3B’s13Ky 13 MM AOLUIBHO JIaMaHy JIiHIIO rpadika KpUBUHH 3aMIHUTH IJIaBHOIO
KpuBOW. ['padik KpUBHUHH ONHUCYEThCA KyOIYHUM TIOJIHOMOM 13 3aJlaHUMHU
3HAYCHHSAMHU KPUBHH Kpa 1 Kz B TOukax 4 1 B, TOOTO Ha KIHIISX JyTH HMEPEXiTHOI KPUBOT

JIOBKHUHOIO S:
3k, —k 2k, —k
k=k,+ (BSZ A)SZ— (BS3 A)83_ (1)

[To cyri, piBasHHsA (1) € HarypanpHuM piBHSHHSIM K=K(S) kpuBoi. Bono
3abe3reuye MIaBHy 3MiHy rpadika KpUBUHH 13 TOPU30HTATBHUMU IOTUYHUMHU Ha HOTO
kiamsgx. Camy KpuBYy moTpiOHO OymyBaTH 3a JOTOMOTOI0 YHCETHHUX METOIIB
IHTEerpyBaHHs, SK 1 KIOTOIMy. SKIIO 3amath KPUBMHM Ha KIHIMX KPUBOi 13
MPOTHIICKHUMH 3HAKaMH, TO BOHA MaTUME TOUKY TIEPETUHY, B SIKiii KpUBUHA JTOPIBHIOE
Hymto. Ha puc. 1,a mobyoBana Taka mepexijiHa KpuBa 13 OJHAKOBUM a0COJFOTHUM
3HAYCHHSM KPUBUHU Ha KIHIISX, a Ha puc. 1,0 — rpadik 3MiHH i1 KpUBUHHU.

1 y i ' 1 5
O C . . X -5 . . .
2 -1 0 0 2 4 6 8
a §

Puc. 1. I'padiuni imrocTpartiii 10 mepexigHoi KpUBO1 3 KpUBUHAMH HA KIHIAX JTyTH
ka=4, kz=-4 1 noBxuHoro S=8

KpuBa momiOHa 10 KIOTOIAH, ajie He € HEer. Y KIOTOiau rpadik 3aJIe:KHOCTI
k=K(S) € niniitaum, a B 1aHoMy BUnaaky (puc. 1,0) — KpUBOMIHIHHUM IIJIABHHUM.
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VJIK 514.18

HENEPEPBHE 3rMHAHHS BIIKPUTOI'O I'EJIKOIJIA 1151 TTIOBY1OBH
PO3I'OPTKHA
Xponocm' B.L, Mununaxa® C.d., Kpecan' T.A.
L BIT HYFill Yipainu «Hiocuncokutl azpomexniunutl iHcmumymy
2 Hayionanvnutl ynieepcumem 6iopecypcis i npupoooxkopucmyeants Yxpainu

JliHiituaTi HEPO3rOPTHI MOBEPXHI MOXYTh 3a3HABATH HEMEPEPBHOTO 3rMHAHHS
0e3 BTpaTu MpsSMOJIIHIMHOCTI TBIPHHX, 30€piratouu MpH IbOMY CBOIO JIHINYATICTh. Y
poOOTI 1eil MiaX1/1 32aCTOCOBAHO J0 MPSMOTO BIAKPUTOTO T'eNNiKOi/Ia 3 METOIO TOOYI0BH
Horo HaOMMKEHOI pO3ropTKH. JIJiss TOpIBHSHHS PO3MVISTHYTO TBUHTOBUN KOHOI
(1IHEK), AKUH € JIIHIMYATUM JIUIIE B TOYaTKOBOMY CTaHI.

[IpsimMuii 3akpuTHil Tenikoin (ITHEK), MMPOKO BUKOPUCTOBYBAHUN y TEXHIII,
YTBOPIOETHCSI TBUHTOBUM TMEPEMIIIEHHSIM BIJpi3ka 3 TEpeTHHOM oci. Biakputwuii
TeIiKoil (OPMYETHCS aHAJIOTIYHO, OJIHAK MOro TBIpHI HE NEPETHHAIOTh BICh 1
pO3TalllOBaHI Ha CTalid BIiACTaHI BiA Hei. Y MIpy 3MEHIICHHS IIi€l BiJcCTaH1
reOMETPUYHA BIIMIHHICTh MK BIIKPUTHUM 1 3aKPUTUM T€IIIKOITaMH 3MEHIITY€ThCS.

HaiitouHime BIATBOPEHHS BHUTKA BIJIKPUTOTO TEIIKOia  JIOCATAETHCS
HITaMITyBaHHSM, TOJ1 SIK Y Maj0CepiiHOMY BUPOOHULTBI 3aCTOCOBYIOTh (POPMYBaHHS
MOBEPXHI INUIIXOM PO3TATYBAHHS 3BapCHUX IUIOCKHX KiJICIbh Y370BXK Baja, IO
MoTpeOye MonepeHbOro BU3BHAUCHHS IXHIX PO3MIPIB.

120 — 2R
V4
100 /4&; A
80 -
H

60 - — 1
40 - —

20 - —

e—
0- T |’ﬂ v
2r X
-20 - T 1 _ﬂ 1
50 0 -50
a

Puc. 1. IIpoexkuii BUTKa IpsIMOTO BIJKPUTOrO Trefikoiga: a) GppoHTaIbHa IPOEKIIis;
0) ropu30HTaJIbHA MPOCSKITIS

Jlst moOyT0BU PO3TOPTKU ITHEKA SIK OJHIET 3 HAUOIBIN MOMUPEHUX Y TEXHIII
ITOBEPXOHb HAsBHI BIAMOBIAHI JOBIAKOBI Marepianud. BomHodac 11 BIIKPUTOTO
reJiikoija Taki BIJOMOCTI BIACYTHI, TOMY HaOJIMKEHY pO3TOPTKY JOLIIBHO BU3HAYATH
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3 BUKOPUCTAHHSAM MOJIOKEHb AU(epeHIianbHOI TeOMETpii, 30KpemMa BiioMoro (haxTy
PO MO>KJTUBICTh HETIEPEPBHOTO 3TUHAHHS Oy 1b-KOi TBUHTOBOI TIOBEPXHi B IIOBEPXHIO
obepTaHHsA. Y 3B’S3Ky 3 LIMM BHUTOK BIJKPUTOrO TeIIKOijla JOLUIBHO 3ITHYTH Y
BIIMOBIAHUN BIJCIK TIOBEpXHI OOEpTaHHA, SKUM MOXe OyTH anpoOKCUMOBAaHMMA
KoHycoM. /[ KOHiIuHOi TOBEpXHi, K PO3TOPTHOI, iICHyE TOYHA PO3TOpPTKA, MO B
JaHOMY BHWITQJKy CIyTyBaTUMe HaOJIMKEHOI pO3TOPTKOI0 BHUTKA BiJIKPUTOTO
reaikoina.

Hwxue HaBeieH1 mapaMeTprUyH1 pIBHSHHS HETIEPEPBHOTO 3TMHAHHS MTOBEPXHI 13,
KOJIM TTOYaTKOBUM CTAHOM € TOBEPXHS MPSIMOTO BIAKPUTOTO TEIIKOia, a KIHIIEBUM —
MOBEPXHS OJHOTIOPOKHIUHHOTO T1mepoos10iga o0epTaHHs:

5 _ Acos pycos(py—y)cos( cosy SJ_

cosy acos(py —y)

. cosy _

—ucos(py — y)sin s |;

( ) (acos(py—y) j

y  acos pycos(py—y)sin( cosy sj+

cosy acos(py —7) (1)

+ucos(py — y)cos( co5y s];

acos(py - )

Z =ssin py +usin(py —y).
V piBHsHHAX (1) sIK He3aJI€KH1 3MiHHI BUKOPHUCTAHO S, 110 BIAMOBIAA€ JOBXHUHI
IOyTY TBUHTOBOI JIiHI1, pO3TalIOBaHOI HA IMJIIHAPI pajilyca d, a TAKOXK U— JIOBXKUHY
MPSMOJIIHIMHOT TBIPHOI MOBEPXHI, BIUTK SKOI BEAETHCSA Bl 3a3HAYEHOI T'BUHTOBOI
niHii. [HIM mapaMeTpu € cramuMu: yBU3HAYA€E KyT MAMOMY I1i€1 TBUHTOBOI JIiHIT, a p €
napaMeTpoM 3THHAHHA, SIKUM 3MIHIOETbCS B 1HTEpBail Big 1, 1m0 BiAMOBigaEe
MOYaTKOBOMY CTaHy MOBEpXHi, 10 0 — T KiHIleBOMY cTaHy. /s BUOOpy He0OXigHOTO
B1JICIKY TOBEPXHI, 1110 MJIsITa€ 3TMHAHHIO, CJI1]] 33/1aTU 3HAYEHHS CTaJIUX IMapaMeTpiB,
a TAaKOXK MEXK1 3MIHHU HE3aJIC)KHUX 3MIHHUX S 1 U.
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VJIK 514.18

KPHUBI KOJIECA, OJHE 3 AKUX OKPECJIEHE KOJIOM 31 3SMIIIEHUM
HEHTPOM OBEPTAHHS

Kpecan T.A.,' Mununaxa C.d.,> Xponocm B.1., ®eoopuna T.II.*
\BIT HYbill Yrpainu « Hiocuncokuii azpomexmiunuti ihcmunymy
2Hayionanvuuti ynieepcumem 6iopecypcis i npupodokopucmyeans Yxpainu

B mepemadax oO0epTaqbHOrO pyxy SK MDK MNapajJiebHUMHU OCSIMH, TaK 1
MUMOODKHUMH, a TAaKOX 3 TaKUMH, 110 NEPETUHAIOTHCS, BUKOPUCTOBYIOTHCS B POJIL
LEHTPOIJl KpyIJli Kojieca 13 CTaJIUM TepellaBaliIbHUM 4YHCIOM. Taki mepemayl €
HalOIbII TOIMIMPEHUMHU B IHXKEHEpHIM mnpaktumi. OpHaK € MeXaHi3Mu, SKI
noTpeOyIoTh Mepeaad 00epTaJbHOTO PYXy HEKPYIJIMMHU KoJecaMu 13 3MIHHUM
nepenaBaJbHUM 4YnciIoM. KiacMYHMM MPHUKIAI0M TaKUX KOJIC € JBa KOHTPYEHTHI
eNINCH, y SIKUX IEHTPU OOepTaHHs po3TamoBaHi y (okycax. SIKIIO B3STH Kpyrie
KOJIECO, OKpECIIEHE KOJIOM, 1 3a LIEHTP OOepTaHHS B3ATH TOYKY, 3MIIIEHY BiJIHOCHO
HOro IIeHTpa Ha TMEBHY BEIMYHHY, TO KPYyTJE KOJECO CTae HEeKpyriauM. SKimio ioro
BB)KAaTH BEIyYMM, TO BIIIIyKaHHS KOHTYPY BEACHOTO KoJjeca 1 eHTpa oOepTaHHs
notpedye cHemialibHUX pPO3paxyHKiB. B TakoMy Bumaaky BeneHe Kojeco Oyne
OKpECJICHE HE KOJIOM, a IHIIOK 3aMKHEHOI0 KPUBOIO IIPU YMOBI, 110 3@ OJIMH ITOBHUHN
00epT BeIy4yoro Kojieca BeCHE TEX POOUTh OJWH ITOBHHI 00EPT.

3a Bemyde Kojeco OyJo B3STO KPYyr, OKpecleHuM koiioM pazaiyca R=2 i3
3MIIIEHUM IIEHTPOM OOEpTaHHsS BIJHOCHO IIEHTpa Koja Ha BenuuuHy a. Ha puc. 1
nobynoBaHo mapy koisic npu a=1. [Ipu 11boMy MIKIEHTpPOBa BiJICTaHb CTAaHOBUTH
L=4,23. llenTpu o6epTaHHS KOJIIC 3HAXOIATHCS B IOYATKY KOOPIUHAT.

Puc.1. Hexpyr:ni xoseca 13 3MillIeHUM IIEHTPOM OOEpTaHHS BEIy4OTr0 KoJieca,
OKPECIIEHOTO KoJIoM paziyca R=2, Ha a=1 BIZHOCHO IIeHTpa KoJia

Cnin 3a3HauuTH, 1m0 Tpu a=0 o0ujBa KoJieca CTAIOTh KPYTJIUMH 1 JJIsI HUX
MDKIIEHTpoBa BijacTanb L=4. Ilo Mipi 30UIbIIECHHS BEJIMYMHU 3MIIICHHA d
MDKIICHTPOBA BIJICTaHb TEX 3pocTae. O HaK 11e 3MIIIECHHS Ma€ TIEBHY MEXY: BOHO Ma€
Oyt MeHIMM pajiyca R. JIjisg 3HaX0[KEHHSI KOHTYPY BEICHOTO KoJieca MpH 3aJJaHOMY
3MilIEHH] a MOTPIOHO 3aCTOCOBYBATH YMCEIbHE IHTEIPYBAHHS.
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VK 514.182: 514.185.2:519.873

MOJEJb HAIIHMHOCTI OJJHOKLJIBIIEBOI MEPEXKI 3 YPAXYBAHHAM
JETPAJJAIII EJJEMEHTIB
Ycenko B.I.
Hayionanvnuii ynieepcumem «llonmascoka nonimexuixa imeni FOpis Konopamiokay

VY 3amavax aHani3zy 1HKEHEPHUX MEPEX KUIbIIEBA TOIMOJIOTIS PO3IIISIIAETHCS K
onHa 3 (QyHOAMEHTAIbHUX 1 HAWOUTBII eQpeKTUBHUX (GOPM CTPYKTYPHOTO
pe3epBYBaHHS, OCKIUIBKM 3aMHUKAHHS KOHTYPY CTBOPIOE NPUPOJHUN MeXaH13M
AyOroBaHHS NUIAX1B IepeaBaHHs MOTOKY, eHeprii abo iHdopmartii. L{g Tonmonoriyna
oprasizaiisi 3a0e3neuye aJbTEpPHATHBHI MapUIPyTH MDK BY3JaMU CHUCTEMH, IO
CYTT€BO IMIJIBUILYE ii >KUBYYICTh, CTIAKICTh JO BIAMOB OKPEMHUX €EJIEMEHTIB Ta
3IaTHICTh 30epiratu (PyHKIIOHAJIBHICTh HABITh 32 YMOB YaCTKOBUX MOIIKO/KEHb. Y
MPAKTUYHUX 3aCTOCYBaHHIX L€ O3HAYAE, 110 MPU BUXOI 3 JIaJy OJHIE] JUISTHKHU MOTIK
MOKe OyTH IepeHamnpaBiICHUI MO IHIIOMY HUIAXYy Oe3 MOBHOI BTpaTU 3B’ SI3HOCTI
CUCTEMH.

JIns OMHOKIUIBIIEBOI MEpPEkKi ICHY€ BaKJIMBa TOIIOJIOTIYHA BJIACTUBICTH, SKa
3HaYHO CIIPOULIY€ aHAJIITUYHUI onuc i HaaiiHOCTI. BigMoBa olHOrO eneMeHTa He
INPU3BOJIUTH J0 PO3PUBY CTPYKTYPH, OCKIIBKU 30€pIra€ThCsl aJbTEPHATUBHUMN ILIAX,
TOAI SIK BIZIMOBa JIBOX 1 Ouibllie pebep yke pyHHYye 3aMKHEHICTh KOHTYpY Ta
MPU3BOJUTH A0 BTpPaTH 3B’SI3HOCTI. Ll TomosnoriyHa ymoBa [103BOJIsI€E NIEPEUTH BiA
CKJIaJIHOTO KOMOIHATOPHOTO aHai3y MOXJIMBUX CTAHIB MEPEXi J0 KOMIIAKTHOTO Ta
BHU3HAUEHOTO aHAJITHYHOTO MPECTABICHHS.

Hexaii kuiblieBa Mepeka CKIAIaeTbCs 3 P pedep, KOXKHE 3  SIKUX
XapaKTepU3yeThCcsi WMOBIPHICTIO 0e3BiaAMOBHOI pobotu I, Tomi cTpykTypHa
HaJIIHHICTh MEPEK1 BU3HAYAETHCS SIK

p p p
R, =]1r+2 -0, (1)

i=1 i=1 j=1

j#i
I{eit BUpa3 BpaxoBye JiBa JIOIMYCTHMI CTaHH: BIJICYTHICTh BIIMOB Ta HasBHICTh
OJIHI€1 BIIMOBH, 1110 TTIOBHICTIO BIJIIOBIJA€ TOMOJIOTTYHOMY KPUTEPIIO Mpare3aTHOCTI
nukiny. s BpaxyBaHHS Jerpajaiiii eJJeMeHTIB mapaMeTpy HaAIHOCTI € QyHKIISIMU

qacy:

ho=r(t) )
J{st HalMmpOCTIIOTO BUMAAKY €KCIIOHEHIIAIBHOI Jerpaaalii MaeMo
r)=e* (3)

ne Ai — IHTEHCHBHICTH BiZIMOB a00 Aerpanaiiii i-ro eJeMeHTa.
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Toni HaAIHICTE MEpEXXi HAOyBa€ BUTTISTY

p p p
— —At _p At At
Rp(t)_He +Z(l e )He 4
i=1 i=1 j=1
j#i
IaTerpanpHa olliHKa HafiiiHOCTI Ha yacoBoMmy iHTepBam [0,T] BUKOpHCTOBYE
CepeHIO HAIIMHICTD:

R(T) =%jOT R, (t)dt (5)

Bax1uBUM acnieKTOM aHali3y € BUSHAYEHHS KPUTUYHOCTI OKPEMHX €JIEMEHTIB
Mepexi. s boro Ciy>KuTh MOKa3HUK YyTIUBOCTI:

o R
O=25 ©)

SKHI XapaKTepu3y€e BIUIMB 3MiHM HAJIMHOCTI I-T0 peOpa Ha 3arajbHy HAIIAHICTH
cucteMu. Takuit miAXiJ y3roKy€eThCs 13 Cy4aCHUMU TEHACHIIISIMU aHATI3y MEPEeXK, /e
3HaYHA yBara NPUIUISETHCS BUSBJICHHIO KPUTHUYHUX KOMIIOHEHTIB 1 ONTHUMI3aIlii
tomoutorii [1-3].

[{s Monenb M03BOJIIE TMEPEHTH BiJl CTAaTUYHOTO aHami3y J0 JIUHAMIYHOTO
MIPOTHO3YBaHHA HAJINHOCTI, & TAKOX CTBOPIOE OCHOBY JJIS MTOAAJIBIIOTO JIOCII>KEHHS
0araToKUIbLIEBUX 1 CITYACTUX CTPYKTYp. 30Kpema, pe3yibTaTH MOXYTh OyTH
BUKOPHUCTAHI JJI1 OI[IHIOBAHHS JKMBYYOCTI BOJIONPOBIIHUX, CHEPreTUYHUX 1
TEJICKOMYHIKAIIMHUX MEpeX, JIe KubleBl Tormoorii € TunoBumu [1-3]. TloeqHanHs
aHATITUYHOI MOJENI JUIsl LUKy 3 YpaXxyBaHHSIM 4YacOBOi Jerpajamii Ta OLIIHKOIO
KPUTUYHOCTI €JI€MEHTIB (opMye YyHIBEpCAIbHUI IHCTPYMEHT ISl JIOCHIIKEHHS
HaJIIMHOCT1 MEPEXKEBUX CTPYKTYP.
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VJIK 514.8

CTPYKTYPU3ALIA JAHUX Y HABOPAX ITPABUJIBHHUX
BATATOI'PAHHUKIB
Moposzoea M.IO., Cuoopenko O.C.
Hayionanvnuii mexniunuti ynisepcumem « XapKi6CbKuti NOJIMEXHIYHUL ITHCIMUMY M »

Ha cyuyacHomMy erTami pO3BUTKY KOMII'FOTEPHOI MaTEMaTHUKH 3pOCTaE
HEOOXITHICTh CTAaHIAPTH30BAHUX OMHCIB 00 €KTIB B TEOMETPUYHUX HAOOpax MaHUX.
OmHUMY 3 OCHOBHUX CTPYKTY], III0 BAKOPUCTOBYIOTHCS y TAKUX HAOOpaX, € MPaBUIIbHI
0araTorpaHHUKH, IO MAalOTh MPHUKIAJHE 3HAYEHHSA Y IHXKEHepli, apXiTeKTypi,
MaTepiaio3HABCTBl Ta 1HIIMX Talmy3sX. Y poOOTi pO3IISAArOThCS BIAKPUTI HAOOPH
nanmx: Canonical Polyhedra, Off Polyhedra, Netlib Polyhedra, y sxux npeacraBieHo
pI3HI MIOXOAM [0 OpraHizamii reoMeTpuyHoi I1H(QopMalli IIOJ0 NPaBUIbHUX
OararorpaHHuKiB. BaXiauBicTh aHaii3y BIANOBIIHUX HAOOPIB MOJSATAE Yy IXHHOMY
MOJAJIBIIOMY TMPAKTUYHOMY 3aCTOCYBaHHI, 30Kpema JUIsi ONTHUMI3allli MpOoIECiB
Bi3yaJizallii MpaBMUILHUX OaraTOrpaHHUKIB 00 OUIBIN CKIIAJHUX CTPYKTYP, OCHOBOIO
SKUX BOHH €.

He3Baxatoun Ha BiAMIHHOCTI Yy QopMaTax, pO3TJsHYTI HAO0OpU JaHUX
0a3yloTbCcd Ha €IUHOMY TMPHUHIMII OINUCAaX [PaBUIBHUX OaraTorpaHHUKIB Y
TPUBHUMIPHOMY TPOCTOP1 Yepe3 MHOXKHHY BEpIIMH 1 MHOXHUHY TpaHel, 3aJaHuX
1HJIeKCaMU IIUX BepIIMH. B 3araJibHOMY pO3yMiHHI TaKWi MiAX1J BIJANOBiAa€
KJIACHYHOMY TI0JTaHHIO MPaBUIILHOTO OaraTorpaHHUKA K TEOMETPUIHOTO 00’ €KTa, 10
CKJIQIA€ThCS 3 IUIOCKMX 0araTOKyTHHUKIB, 3’€IHaHuX peOpamu [1]. B HaBemeHux
Habopax JaHUX HasgBHI I’ SITh TUIIB MPAaBWJIbHUX OaraTorpaHHUKIB, a caMe: TeTpaeap,
reKcaep, oKraeap, nojaekaenp, ikocaeap [1]. He nuBnsuuchk Ha pisHEe KOOpIMHATHE
MPEJCTaBIICHHS, JJIsl OJJHAKOBUX OaraTOrpaHHUKIB y BCiX HaOOpax CIIBNAAal0Th JAaH1
I10J10 KUJIBKOCT1 BEPIIHH, pedep 1 rpaHei, TOOTO 11 XapaKTEPUCTHKU € T€OMETPUIHUMU
iHBapianTtamu. lle o3Hauae, 110 iICHYE MOXKJIMBICTD MOPIBHSJIBHOTO aHATI3Y 1 OIIHKU
PIBHSI CTPYKTYpPOBAHOCTI MPABHJIBHUX 0AraTOrpaHHUKIB B YCIX PO3TISHYTHX HaOOpax.

3 TOUYKHM 30py aHaNI3y JTaHUX, TEOMETPUYHI HAOOPU MOKYTh OyTH BU3HAUYEH1 K
O0araroBUMIpHI MacHUBM O3HaK. Tak TpaBUJIbHI OaraTOrpaHHUKUA 37e01IBIIOTO
OMHCYIOTHCSI CYKYMIHICTIO MIEBHUX XapAKTEPUCTHK, A0 AKOI MOXKYTh BXOJIUTH HE JIHIIIC
CTaHJapTHI 1HBapiaHTH (KUIBKICTh BEpIIWH, pebdep, rpaHeil), ame 1 J0JaTKOBI
BJIACTUBOCTI (BUJ 00’€kTa, rpymy cuMetpii Toiio). Lle 103BoJisie 3acTOCOBYBATH 0
FCOMETPUYHUX HAO0OpIB J@HMX METOAM CTAaTUCTUYHOIO aHaji3y, HaNpUKIaj,
BCTAHOBJIIOBAaTH CTPYKTYpHI po3moAuIM 1 kopeusmii. OCKUIbKH 1Ji1 MPaBUILHUX
0araTorpaHHUKIB € JIONYCTUMHUM IMPEACTABICHHS y BUMIISAL Tpada, 1€ BEepLIMHU
BIIMOBIIAIOTH By3JiaM, a peOpa — 3B’si3KaM, 1€ BIAKPUBAE MOKJIMBICTH ajarTarii
rpadoBUX aIropuTMIB s IXHBOTO JociipkeHHs [2]. Lle € ebexTuBHUM Ha H00pe
CTPYKTYpOBaHUX HaboOpax IJisi BHpIIICHHS 3a7a4 kiacu@ikailii 6araTorpaHHUKIB YH
IpyIyBaHHS 3a IEBHUMU O3HAKAMH.

OnHi€l0 3 OCHOBHHUX MpOOJEM Cy4aCHUX TIE€OMETPUYHUX HAOOpIB, Yy SKUX
MPE/ICTABJICHO TIPABWIIbHI OaraTOrpaHHUKH, € BIICYTHICTh €IUHOI CTaHAAPTHU30BAHOI
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CUCTEMH MPEJCTABICHHS JaHUX, SIKI OTPUMAHO 3 PI3HUX JpKepel. s 30U1blneHHs
plBHSI OpraHi30BaHOCTI JIaHUX 1 MIABUIIEHHS KUIBKOCTI KJaciB 3aaad, Mo
PO3B’S3YIOThCS 3a JIOMOMOTOI0 TaKMX HAOOpPIB, MOXKYTb 3aCTOCOBYBATHUCS OKpEMI
MIXOIU:

1. Vuidikamis dopmariB. JSON no3Bossie monaBatu iHhOpMaIlito 3a TPUHIIUIIOM
BKJIQJICHOCT1 1 30epiraTu MeTagaHl Mpo O00’€KT, 10 POOUTH MOro MPUIATHUM IJIs
KOMIUIEKCHOTO TPEJCTaBICHHS OaraTtorpaHHuX cTpykTyp [3]. Meramanumu y
reOMETPUYHUX Habopax MOXKYTh BHCTYIIATH, HaINpPUKIAJ, Ha3Ba OaratorpaHHUKA,
rpyna cuMmeTpii, BUA TpaHed, KoHQirypamis BepmuHH TOmO. OCKUIbKH
0araTorpaHHUKH € MPOCTOPOBUMHU 00’ €KTaMu, 1H(OPMALIiIO PO HUX HE € JOLLTEHUM
nonaBatu sk TabmuuHi psagku. Yepes me dopmaru OFF um CSV, mo mmpoxo
BUKOPUCTOBYIOTBCS Yy CYYaCHHUX TEOMETPUYHUX Habopax [aHWX, MOXYTh OyTH
HE3PYYHUMH [JIsl TOJANBIIOTO aHami3y 1 MoTpeOyBaTu OUIBIIOrO 4Yacy OOpoOKH
JIOCJI1THUKOM.

2. Ypi3HOMaHITHEHHS XapaKTEPUCTHK. TakKUMU MOXYTh OyTH, HANpUKIA]I,
rioia adbo 06’ €M MPaBUIIBHOTO OaraTorpaHHUKA, 1110 MPU3BOJIUTUME JI0 30UIbIIEHHS
KUIBKOCT1 KOHTEKCTIB, Y SIKUX Il CTPYKTYPH MOXYTh OYTH PO3TIISTHYTI.

3. JlonaBanus rpadoBuX NaHUX. 30€peKEHHS OaraTorpaHHUKIB HE JIMIIE Y
BUTJISIZII TEOMETPUYHUX OO0 €KTIB, aje 1 y BUMIAL TpadoBUX CTPYKTYp (Takux SiK,
HaIPUKJIaJ, MaTPULl CYMI)KHOCTI), MOK€ MOTEHIINHO J103BOJUTH 3aCTOCOBYBATH 0
HUX OUTBIITY KUIBKICTh aJITOPUTMIB MAIIMHHOTO HaBYAHHS 1, BIJIMOBIAHO, 301IBIIUTh
KUIBKICTb 3aB/IaHb, 1[0 MOKYTh OyTH BUPIIIEH] 33 JOTIOMOT OO0 KOHKPETHOTO HA0O0DY.

TakuM 4YMHOM, pO3IJISIHYTI T€OMETPUYHI HaOOpU MO3BOJSAIOTH JIATH [0
BUCHOBKY, 1[0 CYy4YaCHMM TIAXiJy B Opradizamii MaHUX [ [PaBUIBHUX
OaratorpaHHUKIB 0a3yeThCsl HA iXHIN CTPYKTypH3alli 3a 1HBapiaHTaMu (BEpILIMHAMH,
pebpamu, rpansimu). Ha cydacHoMy eTari po3BUTKY KOMIT IOTEPHUX HAyK II€ MOXKE
CYyTTEBO OOMEXYBaTH KUIBKICTh aJTOPUTMIB, SIKI MOXYTh OyTH 3aCTOCOBaHi st
aHaii3y Takux HaOopiB. JloTpuMaHHs equHOTO M(PpoBOTO (HOpMaTy TIPENCTaBICHHS
JTaHUX, J0JIaBaHHS OlIBIIOT KIJIBKOCTI OOYMCIICHHX XapaKTEPHUCTHK 1 3aCTOCYBaHHS
rpadoBUX METOMIB TOAAHHS 1H(pOpMAalii y TMEepPCHeKTUBlI MOXE IiABUIIUTH
€(eKTUBHICTh BHUBYCHHS TMPABUIBHUX OararorpaHHUX CTPYKTYp 1 PO3IIUPUTH
KUTBKICTh TIOB’SI3aHUX 3 HUMH TIPUKJIQTHUX 3aBIaHb.
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YIK 514.18

MOJEJIOBAHHSI TPAHCMICIMHUX TEIIJIOBTPAT B XO/1
APXITEKTYPHOTI'O ITIPOEKTYBAHHS ITPY ONITUMI3AIII
MMPOIIOPIIN 3EJIEHUX BYJIBEJIb
Mapmunoe B.JI., Mapmuniwok O.J1., Ilonaxk FO.1O.
Kuiscoxuii nayionanvruil yrisepcumem 6y0isHUymea i apximexmypu

Beryn. B ymoBax choronmeHHs YKpaiHU TPOEKTYBaHHS €HEPTroe(EeKTUBHUX
3eNeHNX Oy/iBeb MEPETBOPIOETHCSA 3 MEPCIEKTUBHOI MPAKTHKH HA CTPATETiYHUAN
npioputeT. J[s 3a0e3meueHHsT BUCOKUX €KCIUTyaTalllifHUX TTOKa3HUKIB (axiBIill MalOTh
BUKOHYBAaTH JETallbHE MOJEIIOBAHHS CHEPrOCIOKUBAHHS, BPaXOBYIOUM BCi CyTTEBI
(dhaxTopu excruTyaTalii 00’ exra.

BaxnuBe Micue TyT 3aiiMae aHaji3 TPaHCMICIMHUX TEIUIOBTpAT IpHU
BJIOCKOHAQJICHHI ~apXITEeKTypHHUX pimieHb. lle mnependavyae KUIbKICHY —OIIHKY
e(eKTUBHOCTI BapiaHTIB TEPMO3aXHCTY, aHAJ3 BIUIUBY KOXKHOTO KOHCTPYKTHBHOTO
eJeMeHTa — BiJ MarepiajiiB CTiH /0 BIACTHUBOCTEM CKIIIHHS, a TaKOX BU3HAYCHHS
ONTUMAJIBHOTO  CIIBBIJHOIICHHS TEOMETPUYHUX TapaMeTpiB Ta MPOMOPIIIN
OTOPOJHKYBAIBHUX KOHCTPYKITIH.
Taka cuctemMHa METOHOJIOTISE € 0OOB’SI3KOBOIO YMOBOIO CTBOPEHHSI apXITEKTYPHHUX
O0’€KTIB, y SKHX €CTeTHKa IO€JHYEThCA 3 MAaKCHUMAJIbHOK E€HEPreTUYHOIO
e(hEeKTUBHICTIO KOXKHOTO elleMeHTa. Pe3ynbraTom ctae hopMyBaHHs OyaiBelb HOBOTO
3pa3Kka — EKOJIOTTYHUX, EKOHOMIYHO BUT1JTHUX Ta KOM(MOPTHUX JJIsl KOPUCTYBAUiB, 1110
HaOyBae 0cOOMMBOT Barv B KOHTEKCTI Cy4YaCHUX €HEPreTHUHUX BUKJIHMKIB.

AHani3 HayKOBMX Ipalb 3 €HEproe(peKTUBHOCTI OyaiBelb Ja€ 3MOry
BUOKPEMUTHU KLIbKa OCHOBHUX HAIPSMIB JIOCHII>KEHb.

Y  poboti [1] 3anmpomoHOBaHO CUCTEMHMM TiAXig A0  3HWKECHHS
€HEProCIOKUBAHHS TUIAXOM ONTHMI3allli reOMETPUYHUX MapameTpiB Oy/iBelb, a
TaKOX MPEJACTABICHO METO MOJICITIOBAHHS €HEPrOCIIOKUBAHHS 3€JICHUX Oy/IiBEbh Ha
cTadll TPOEKTYBaHHA 3 BUKOPUCTaHHSIM BaroBux koedimieHTiB. lle mo3Boise
KUIBKICHO  OIIHIOBAaTH  €(EKTHUBHICTh  TEIUIOI30JIALIi,  BHECOK  OKPEMHX
KOHCTPYKTHUBHUX €JIEMEHTIB (BiJ Marepiajdy CTIH JO CKIIIHHS) Ta palliOHAJIbHICTh
Tr€OMETPUYHUX MMapaMeTpiB.

ABTOpH [2] 3anpoBaguiIN KOHIEMIIIO «KBa31KyI» SIK ONTUMAIbHOI (hopMHU JIJIst
MiHIMI3aIli TEMIOBTpaT. Y JoCHiKeHHI [3] 10 17e0 PO3BUHYTO Y BUIJISIL
OaratokpuTepiasibHOI ONTHUMI3alli popMu OyAiBENTb 1 TOBIIMHU TEIJIOI30JSALIT IS
OKpEMHUX Ta OJIOKOBAHUX 00’ €KTIB.

Po6otu [4, 5] npuCBSIYEHO TEOMETPUYHUM MOJEIISIM, 1110 Bi3yali3yloTh 3B’ 30K
MDK TEIUIOBUM OalaHCOM Ta apXITEKTypPHUMH IapaMeTpamMu; BOHM peaii3oBaHl Y
cnemianizoBanoMy I[I3 nnsi apxiTEKTypHOro MPOEKTYBaHHS. Y JIOCHIIKEHHI [6]
3aMpoNOHOBAHO METOAMKY ONTHMI3allli OaraTonoBepXxoBuX Oy/iBesb 3 ypaxyBaHHSIM
dbopmu Ta KOmbOpy dacamiB depe3 BaroBi koedirieHTd. OmHAK T03a YBaroro
3aMUIIMIIAcS KOMIUIEKCHAa B3aeMOMisl KOH(pirypauii crnopyad, YTEIUIGHHS Ta
napameTpiB BIKOHHHX CHUCTEM.
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Oxkpemuii HanpsM CTaHOBJIATH POOOTH [7, 8], MPUCBAYEHI CUCTEMHOMY aHAIII3y
OTOPOKYBAJIBHUX KOHCTPYKIIIM, OINIHIN iX TEIUIOBOi HAIIMHOCTI Ta IMOKa3HHKaM
eHeproe()eKTUBHOCTI B  YKpPaiHCBKOMY KOHTEKCTI. Y Tally3l apXiTEeKTypHOi
terioTexHiku [9, 10] po3poOieHo Mojeni TEIIOBOJIOTONEPEHECEHHS Ta METOU
aHamizy KoOHCTpykKuid. JlocmimkenHus [11] BUPI3HSIETbCS 3aCTOCYBAHHSIM METOMY
MUTTEBO-BEKTOPHUX MEPETBOPEHD JIJIS1 MOJICTIOBAHHS TEIIOBUX MPOIECIB.

[Tonpu 3HayHMil HaykoBUW JOpOOOK, HasSBHI PO3POOKHM HEIOCTATHHO
BpPaxoOBYIOTh KOMIUIEKCHY OIIHKY TpPaHCMICIHHUX BTpaT, OOIPYHTYBAaHHS BaroBUX
Koe(ILi€HTIB Ta MiABUIICHHS €HEproeeKTUBHOCTI MpU 3MiHI Iponopiii OyaiBesnb
pi3HEX KOH(DIrypariii y KOHTEKCT1 BOPOBAKEHHS 3€JICHUX TEXHOJIOTIH.

Meta nochimkeHnsi. BusHaunTH aHaIITHYHI 3aJI€KHOCTI Ta CTBOPHUTH CIIOCIO
Ta JIOBIJKOBI JTaHHI, BaroBi KOoe(IIi€HTH IJs BU3HAUYECHHSA TPAHCMICIHHUX BUTpAT 3
METOIO TIJBUIIEHHI eHeproedeKTUBHOCTI OyaiBelb 3a PaXyHOK 3MIHU MPOIMOPIIii
Oy/iBeIb /sl BAKOPUCTAHHS B X0/l apXITEKTYPHOTO MPOEKTYBAHHS.

OcHoBHuii TekcT. [IpoBeneno nocmimxeHHss [1] Ta BU3HAYEHO 3aX0JU IO
MOKYTb BIUIMHYTH Ha 3MEHIIICHHS! EHEPTeTUYHUX BUTPAT HA OMAJICHHS Ta 3MEHIIICHHS
TPAHCMICIMHUX TEIJIOBTPAT Yepe3 OropoKyBalibHI KOHCTpPYKIi. Ha TpancMiciiini
TerIoBTpatTd AQ: MOXYTh BIUIMHYTH HACTYIIHI UYWHHUKH, IO 3aJIeKaTh BiJ

reOMETPUYHUX MapamMeTpiB OyaiBenb (puc.l).

3AXOAU ANA SMEHWEHHA EHEPFETUYHUX BUTPAT HA ONANEHHA

SMEHWEHHA TPARCMICIAHMX BUTPAT Yepes
OropOKVEANbMI KOMCTDVIUI

| ONTHMIZALR FEOMETPHUHMX NapaMETPIB Kit

} 1ENN0I30NALIAHOI 0BONOHKM
L ! )

et ONTHMILILEA COMETPIHMHOT QOPMI By aMHRY K3z
1
Onrwmizauis nponopuii Gyansny Ky
113
S—— ’
Broxysanua OyamHKis ! Kire
o |
ONTMMIZALIA NAoWI CBITAONPO3IOPHX Kis
—_—— < ~
KOHCTDYRUWIA 3 336e3neyeHHam KMo
: e I
ONTHMIBALA OPHCHTAUN BIKOH ANA HastDINLWOro Kie
L 4
BUKOPUCTIHHA COHAMMOIO ONPOMIHEHHA
YAOCHOHANEHMA CHCTEMM ONANEMHA (TENNOB) Kl 17
e ’
HACOCH, CVMACHI ROTAM)
BHKOPHCTIMMA CHCTEMM 0 POSYMHMA LIM» { K
L—

Puc. 1. 3axoau y1st 3MEHIIIEHHS TPAHCMICIHHUX BUTPAT Oy IiBEIb
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[le onTuMmizamis mapaMeTpiB  TEMJIO3OMALINHOI  OOOJNOHKM  OyAiBelNb,
ontuMizailis ¢opmu OyiiBellb, ONTHMI3AIA MPOIMOPIA Oy/iBeib, OJOKYBaHHS
OyJiBesb Ta 1HIIE.

BB koKHOTO 3axojay 3 MiJABUIIEHHS €HEproedEeKTUBHOCTI Oy/iBENb Ta
3MEHIIICHHSI TeTUIOBTPAT XapaKTepU3yEThCSl BArOBUM KOE(DIIIEHTOM BILUTUBY.

Kiro4oBy posib y 1IbOMY MPOIIEC] BIAITpa€e OIiHKAa TPAHCMICIHHUX BTpaT Teria
1] 9ac ONTUMI3aIlli apXITEeKTYPHUX PIIIEHb, 3MiH1 IPOHOPIIIK Oy IiBIi.

Bacosuii koegiyienm Kz mokasye siky 4acTUHY OyAyTh CTAHOBUTH TpaHMICIHHI
TeroBTpaTH AQqr, BiA icHyrounx Qqp, mpu 3MiHHI Npornopiiil OyaiBii, Ta J03BOJISE
TOYHIIIE TPOTHO3YBAaTH EHEPrOCHOXUBAHHS, ONTHUMI3YBAaTU MPOMOPIIi OYyIUHKY,
OLIIHIOBAaTH €(EKTUBHICTh MICISI €HEPreTUYHOI MOJAEpHi3alii B X041 apXiTEeKTYpPHOTO
MIPOEKTYBAHHS.

[IpoBeneHO MOCHIUKEHHS Ta BHU3HAYEHO AHAJITUYHI 3alIeKHOCTI IS
po3paxyHKy KoediiieHTy BIUIUBY K113 ( CKOPOUEHHS TPAHCMICIMHUX TEIUIOBTPAT) MPU
3MIHU NPONOPIIiH OY/IBII, IKWM BU3HAYAETHCS 32 HACTYMHOIO (hOPMYIIOI0

(Sr.l{.i' - ‘S‘F.H.H.!').{RF.H.!' - (Sr.np.i' - ‘S‘F.IIP.!')XRF.IIP.

Sr.H.a' 4 r'.np.:"

liI'?r'.l«:.i' liI'?r'.n;:r.‘i*
(1)

ae.
1..n — KIIBKICTH TpaHeil OyANHKY;
St — TIJIOIIA HEMPO30pOi YaCTUHU T'PaHi;
St.n— TUIOIIA HEMPO30POi YaCTUHU TpaHi ( TMICIS 3MIHH MPOTIOPITIA);
St.np — TJIOLIA CBITJIONPO30POi YACTUHU TpaHi ;
St.np.n — MJIOIIA CBITJIONPO30POT YaCTUHU IpaHi ( MICJsl 3MIHU MPOTIOPLIif);
Rrx— omip Temtonepenayi HEMPO30pUX KOHCTPYKIIIA;
Rr.np — Omip Teruionepeaadi CBITIONPO30pUX KOHCTPYKIIIi.

Ha pucynky 2 moka3aHO BIUIMB 3MIHM MpoOnopuiid OyaiBiai Ha BaroBHid
koedimieHT K13 Ta HaBeJACHO JIOBIIKOBI JIaH1 JIJIsi BU3HAUCHHS KOe(DiIlieHTa.

Jnst OyAiBenb y BUTTISIII MPSIMOKYTHOTO MapaJielierninea BU3Ha4€HO KOeMIIieHT

Ki13 3MIHM TpaHCMICIMHUX BHUTpPAT TPH palllOHAJIbHIM 3MiHI MpomnopIiid OymiBii
(puc.2). BuzHaueHo Mexi MOXJIMBOro 3HaueHHS Kiiz. BoHu cranoBmsaTe Big 1 10
0,616.
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BapiaHTi 3miHK nponopuiid 6y aisni o6’ emom 1m3 KoediuieHT

BrUIMBY K113

[

Ki1z=1

K113=0,897

w

K113=0,79

i

K112=0,706

wn

K113=0,88

=]

K112=0,616

Puc. 2. BB 3Minu niponiopiriii Oy/1iBii Ha BaroBui koedimieHT Kiis

Jnst OynmiBmi  rpaHHOi GopMH  JUIsl  TIJBHUINEHHS €HEepProe(eKTUBHOCTI
3aMpONOHOBAHO TAKOX CMOCIO BU3HAYEHHS ONTUMAJILHUX MPOIOPIIii Ta KoedimieHTa
K13 3 Touku 30py MiHIMI3ZAIll TPAHCMICIHHUX TEIUIOBTPAT Yepe3 TEIUIOI30JISALINHY
000JIOHKY OyiBTi.

BucHoBok. Y xoal AOCHIPKEHHS OTPUMAHO AaHAJTITUYHI 3aJIEKHOCTI Ta
pPO3pO0JICHO METOAWKY BH3HAUYCHHS BaroBuX KoedimieHTiB Kijz, mo mae 3mMory
OLIIHIOBATH 3MIHY TPAHCMICIMHUX TEIUIOBTPAT 3aJIEKHO BiJ BAPIFOBAHHS MIPOMOPLISIMU
3eneHoi OyAIBII B X0/l apXiTEeKTYPHOTO MPOEKTYBaHHA. [[Jsl 3pydHOCTI MPAKTHYHOTO
3aCTOCYBaHHS 3allpOMOHOBAHUN TMIJX1J CYHPOBOJKYETHCS TaKOX JIOBIJKOBUMH
Marepianamu. [loOymoBaHo MareMaTWyHy MOJEIb IS TOIIYKYy ONTUMaJbHUX
IOpOMOpLINA 3€JIeHuX MpU MiHIMI3aAIll TPAHCMICIMHUX TEIUIOBTpAT OynaiBenb 1
BIIMOBIHOTO 3Ha4YeHHs KoedirienTa Kis.

OTpumani pe3yiabTaTH MOXYTh OyTH BUKOPHUCTaHI CTYJICHTAMU apXiTEKTYPHUX
CHEIiaJbHOCTe  Ta  TPOEKTHUMH  OpTaHi3alisMH i  4Yac  CTBOPEHHS
eHEepProe(peKTUBHUX 1 €KOJIOTIYHO 30aJaHCOBAHMX 3€JCHUX 00’ €KTIB. 3aCTOCYBaHHS
3aMpONOHOBAHOTO  PO3PAaXyHKOBOTO IHCTPYMEHTApil0 JI03BOJISIE  ONTHMI3yBaTH
MIPOEKTHI PIIICHHS Ta MIABUIIUTHA PeCypcoePEeKTUBHICTL Oy IIBHUIITBA.
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YK 004.925.8:726.52

CTPYKTYPHO-ITIAPAMETPUYHE ®OPMOYTBOPEHHS
NNPABOCJIABHUX KAIJVINIb
Bipuenxo' I A., Tepewyx* M.O.
'Hayionanonuti mexuiunuii ynisepcumem Yxpainu «Kuiecokuil nonimexniunuil
incmumym imeni I12ops Cikopcvko2o»
2Kuiscokuti Hayionanbnutl yHieepcumem 6y0ieHUYmea i apximexmypu

Tema myO:ikarii 00yMoBIieHa OTpeOaMH MOJATBIIIOTO PO3BUTKY METOOJIOT]
CTPYKTYPHO-TTAPAMETPUYHOTO TEOMETPUYHOTO MOJCIIOBaHHSA [1] Ta mMOIMMpEeHHS
chepu i TPAKTUYHOTO 3aCTOCYBaHHS. Y JaHOMY pasi 1€ MEBHUM YHHOM TaKOX
00yMOBJICHO Ba)KKOIO CUTYaIli€l0 B YKpaiHi, OB S3aHOI0 3 BIMHOIO, sSIKa MPU3BOJIUTH
70 3aru0eni W KamiTea JIIoAeH, pyHHYBaHHS MICT Ta CUI, 3HUILIEHHS apXITEKTYPHOI
CHAJIIMHUA, KYJIbTOBUX CIOpPYJ 1 T. 1. Uepes 3a3HaueHi TpariyHi 0OCTaBUHU 3HAYHA
KUIBKICTh TPOMAJSiH, Cepell SIKUX TMEepPEeBaKHY OUIBIIICTh CTAHOBIISATH MPABOCIABHI
XPUCTUSIHH, 3BEPTAETHCS 32 TyXOBHOIO MIATPUMKOIO O BCEBUINHIX cuil. OOMExeH1
MarepiaiabHi CTaTKu napadisH CIPUYMHSIIOTh y HAlll Yac MOIMYJISPHICTh 3BEJICHHS HE
BEJIMKUX XpaMmiB, a MaJleHbKMX Karumilb. J[o 1ux 00’€KTIB BHUCYBaIOThCS CyBOpI
peniriifHi  kKaHoOHIYHI BUMOTH [2, 3] CTOCOBHO CTPYKTYpH Ta (YHKI[IOHAIBHOTO
MpU3HAYCHHS ii eleMEeHTIB. ['0JIOBHUMU KOMIIOHEHTaMU € KYIIOJH, SIKI YOCOOJIIOIOTh
HeOecHy CBATICTh. CyTT€BO crpuse 3a0€3MEUYCHHI0O HEOOX1AHOI 1HAMBITYaTbHOCTI,
€CTEeTUYHOI NPHUBAOJMBOCTI Ta TEXHIYHOI €()EKTUBHOCTI 3alPOIIOHOBAHUN CHOCIO
(GbOpMOYTBOpPEHHS KymoJiB mpaBociaBHuXx xpaMmiB [4]. KoukpeTHi acnektu
BUKOPUCTAHHS TE€OMETPUYHOTO MOJEIIOBAHHS Il 30€PEeKCHHS W BiJHOBIICHHS
apXiTEeKTYpHOI CIIaAIIMHN Y KpalHU PO3IIIIHYTI B JOCHIKEeHHI [5].

Merta paHoi Tpalll IOJSATaE y BHUCBITICHHI 0a30BUX TCOPETHYHHX 3acaj
CTPYKTYPHO-TIApaMETPUYHOTO (OPMOYTBOPEHHS NPABOCIABHUX Karumilhb. Puc. 1
UTIOCTpYy€E CTBOPEHY Ha OCHOBI IIi€l MeTojoJiorii BiaAmoBigHy wmoxaenb. Ckimanm ii
KOMITOHEHTIB OMUCYETHCSI MHOKUHOIO

KITTT = (kn; ){%y = (s iy, 1)
ne knai=(QyHIAMEHT, KAWJI2=KOJIOHHU, KAI3=TamnepTh, KNI4=CXOIU, KNIs=IIJJIora,
KNJg=CTIHH, KNJ17=1BEP1, KNIg=BIKHA, KNJIg=1aX, KN/110—0aHHE 3aBEPIICHHS.

HaBenenuii rtpad m03BOJISIE aBTOMATH30BAaHUM CIIOCOOOM  TPOEKTYBATH

NOTPIOHY MHOKHMHY BapiaHTIB
KITTT = (KTIT ) (2)
ne NKIIJT — iXHs KUIbKICTb.

Jlyru momaHoi MojeNni CBOIMH JIOBKMHAMH  XapaKTepPU3YIOTh  TEBHI
JocHiKyBaHl BenuduHU. ONTUMaNTbHUM, 32 HEOOXITHUMHU KPUTEPISIMH, PI3HOBHI
MPaBOCIABHOI ~ KAIUIMIII  BU3HAYAETHCS  CKCTPEMAIbHHM  (MiHIMaJIbHUM  a0o
MaKCHUMAaJIbHUM) MIJISTXOM y Tpadi.
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Puc. 1. CtpykTypHO-TapaMeTpuIHa MOJIETh KaTLIUIT

Ha puc. 2 mokazaHo oauH 13 MOXJIMBUX BapiaHTiB JaHOl OyAiBIl Ha eTami

€CKI13HOTO IPOEKTYBAHHS.
a E:i
_

Puc. 2. ba3oBi cki1ag0oB1 Karumi
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3ayBa)KMMo, 110 Ha HhOMY 300pa)KEHO TUIbKU 0a30B1 apXITEKTYpHI KOMIIOHEHTH.
ToOro, Hampukiana, 1€ HE MPUUHITO OCTATOYHI PIIIEHHS CTOCOBHO KOHKPETHHX
3aCTOCOBYBAaHUX JBEpeil, BIKOH, IEKOPAaTUBHUX Ta O03100JIOBAJIBHUX €JIEMEHTIB.
Oco0sMBO BapTO aKIIEHTYBATH yBary Ha 0araroBapiaHTHICTh TPABOCJIAaBHUX KAIIUIIb,
Ky 3/1aTHa pealli3oByBaTH po3po0jieHa MaremMaTHdHa Mojaenb. lle crocyerbes,
30KpeMa, BUKOPHCTOBYBaHUX (YHIAMEHTIB (CTOBIMYACTHX, CTPIYKOBHX, IJIUTHHUX),
KOJOH (KBaJpaTHOrO, KPYIJIOTO Ta IHIIOTO MOMEPEYHOro IMepepi3dy, 3 LEerH,
3a1i300€TOHY, JepeBa TOIIO), CTIH (HECY4WX, CAMOHECYYHX, OTOpPOKYyBaIbHUX, 3
PI3HOMAHITHOTO Martepiany), OaHHMX 3aBepllieHb (CPEepUUYHMX, SHUIETNOoAI0HUX,
MUOYJIbYACTUX 1 T. J. 3 MECTHU-, CEMU- Ta BOCBMHUKIHIICBUMHU XPECTaAMU).

[IpoanamizoBaHuii MiAXiJ [JO3BOJSE JOJATH HAsBHY CYINEPEUYHICTh MIX
noTpebol0  CyBOpOrO  JOTPUMAHHS  ICHYIOUMX  pENIridHHUX  apXiTEeKTYypHUX
XPUCTUSHCHKUX  KAHOHIB  CTOCOBHO  CakpalbHUX OyJiBelb 1  OakaHOIO
1HIMBIAYaJbHICTIO Ta €CTETUYHOIO NPHBAOIMBICTIO OCTaHHIX. [Ipw 11bOMy Takox
3a0e3neuyeThCs JOTPUMAHHS HaJSKHUX Oy IIBEIbHUX HOPM 1 BIJMIOBITHA €KOHOMIYHA
e(eKTUBHICTb 3BEJCHHS Ta MOJANbBIIOI eKCILTyaTallli 3a3Ha4eHUX 00’ €KTIB.

BucnoBku. IlpencraBieHa 3amponoHOBaHA  METOJOJIOTISI  CTPYKTYpPHO-
napaMeTpuyHoOro (POpMOYTBOPEHHSI MPABOCIABHUX KaIUIMIh XapaKTePU3Y€EThCS
CUCTEMHUM MIJAXOJOM JIO CY4YaCHOTO aBTOMAaTHM30BAHOTO MPOEKTYBAHHS. 3aBASKU
CBOIM IlepeBaraM BapTa IIMPOKOTO BIPOBAIHKEHHS B CepeloBHINE HUHIIMHIX BIM
(Building Information Modeling) TtexHonoriii. OkpeciieHa HayKoBa TeMaTUKa
noTpeOye MPOBEACHHS BIAMOBIIHUX MOJANBIINX JOCTIIKECHb.

Jliteparypa

1. Banin B.B., Bipuenko I'.A. BuzHaueHHs1 Ta OCHOBHI MOJIOKEHHSI CTPYKTYPHO-
NapaMEeTPUYHOTO TEOMETPUYHOIO MOJETIOBaHHA. ['eomeTpuyHe Ta KOMII IOTEpHE
mozemtoBanHs. 2009. Bun. 23. C. 42-48.

2. Kyuesnu B. KanoniuHa cTpykTypa MmoOyJ0OBU TMPaBOCIaBHUX XpPaMiB.
VYkpainceka akagemis mucrenTsa. 2021. Bum. 30. C. 5-13.

3. CnernioB O.C. ApXiTeKTypHE MPOCKTYBaHHS 1 PEKOHCTPYKIIisl PABOCTABHUX
xpamiB. Kuis: A+C, 2014. 272 c.

4. Tepermryk M.O. CrpyKTypHO-TapaMeTpU4HU cmoci0 (HOpMOyTBOPEHHS
KYIIOJIIB MpaBociaBHUX xpamiB. [Ipukiiagna reometpis Ta iHkeHepHa rpagika. 2022.
Bum. 103. C. 201-208. https://www.doi.org/10.32347/0131-579x.2022.103.201-208

5. Tepemyk M.O. [lesiki acneKkTH 3aCTOCYBAaHHS T€OMETPUYHOTIO MOJIETIOBAHHS
1uist 30epeKeHHs] Ta BIJHOBJICHHSI apXITEKTYpHOI craauuHu Ykpainu. [Ipuxnanna
reomeTpis Ta iHkeHepHa Trpadika. 2024. Bun. 107. C. 162-171.
https://doi.org/10.32347/0131-579X.2024.107.162-171
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BATATOHAPAMETPUYHA OIITUMIBALIIA ®OPMHU 3EJIEHUX
BYIIBEJDb JJIA IPSITU APXITEKTYPHO-KJIIMATUYHUX PAMOHIB
YKPAIHU
Mapmunoe B.JI., Cmaoniiuuyk /I.M., bannui T.A.

Kuiscoxuii nayionanvruil ynisepcumem 0y0isHUYM8Ea i apximexkmypu

AKTyallbHICTh TIPOEKTYBAaHHS €HEPTroe(heKTUBHUX 3€JICHUX OymiBesb B YKpaiHi
HaOyBae Bce Outbmoro 3HaueHHs. 3 1 kBiTHSA 2025 poky B YkpaiHi HaOyau YMHHOCTI
HOBI BUMOTH JI0 OY/TiBEJTb 3 MaiiKe HyJIbOBUM piBHEM eHeprocnoxuBanus (NZEB), ski
nepen0avaroTh 3HAYHE CKOPOUYEHHS CHEPrOBUKOPUCTAHHS Ta  O0O0OB’SI3KOBE
3aCTOCYBaHHS BIJTHOBIIIOBAHUX JIPKEPEIT €HEPrii, 1110 HabJIMKa€e HaI[lOHAIbHI CTaH 1apTH
10 eBponeichkux. Takox MacmTaOHI pyHHYBaHHS KUTJIOBOTO (DOHIY BHACIHIIOK
BIMCBKOBOI  arpecii  CTBOpPWIM  Oe3mperepeHTHy IoTpedy y BiaOyAoBl 3
BIIPOBA/HKCHHAM MPUHIMIIB "3€JI€HOI" peKOHCTPYKIli Ta OyAiBHULITBA. [CHYyroUMii
KUTIOBUM (QoH VYKpaiHu, mnepeBakHO 30yJ0BaHUN 3a PpaASHCHKUX YaciB,
XapaKTEPU3y€EThCSI HU3bKOIO eHeproeeKkTUBHICTIO: 0n3bK0 80% KUTIOBUX OyIUHKIB
HE MalOTh HAJIEKHOT 130JIA1111, @ Cepe/IHE SHEPrOCIOKUBAHHS YKPATHChKUX OY/iBEIb
(163 xBT'roa/m? Ha pik) Maiike BIIBIUl IEPEBUIILYE CEPETHBOEBPOIIECUCHKUM MTOKA3HUK.
VYpsnoBa mnporpama TepmomojaepHizamii g0 2030 poky, cxBaiena Kabinetom
MinictpiB Ykpainu, mnependadae CKOPOUCHHS €HEPrOCHOKMBAHHS B KUTJIOBOMY
cekTopi moHaimenIie Ha 30%, 1110 € BaXXKJIMBUM KPOKOM JI0 M1ABUILEHHS EHEPreTUYHO1
HE3QJIEKHOCTI KpaiHM Ta 3MEHILEHHS BHUKHU[IB MMAapHUKOBUX raziB. KpiMm ToroO,
iHTerpamis YKpaiHM [0 €BPOINEUCHKOIO0 EHEPreTUYHOr0 MPOCTOPY 3000B’s3y€
BIPOBAKyBaTH JAUpeKTUBU €C 11010 eHeproeeKTUBHOCTI OyaiBelb, 110 POOUTH
PO3BUTOK 3€JEHOTO OYAIBHMIITBA HE JIMIIE EKOJOTIYHUM IMIEpaTUBOM, a i
HEOOX1THOIO YMOBOIO €BPOIHTErpaIlii

[Ipn mpoexkTyBaHHI 3€lieHUX OyAiBelb y I'ATH apXiTEKTYPHO-KIIMATHUYHUX
palioHax VYkpaiHu Tpeba BpaxoByBaTH KIIMAaTHUYHI OCOOJIMBOCTI, BIIMIHHOCTI
TEMIIEpAaTypPHUX PEXHUMIB, IHCOJSAIIT Ta BITPOBUX HABaHTaXEHb, M0 O€3MOCEPETHBO
BIUTMBAIOTh HA EHEPreTUUHUN OanaHc Oy/aiBenb. Y OymiBisiX Tpeba BUKOPUCTOBYBATH
onTUMalIbHY (hopMy OyIiBeNb JJIs MABUIIICHHS 1X €HEProeeKTUBHOCTI.

VY 3B’s13Ky 3 M Oyra po3poOiieHa MaTeMaTHYHa MOJIeTh OonTUMi3allii popMu
3€JICHO1 Oy/I1BJI1 1110 JO3BOJISIE BPaXOBYBATH PET10HAIbHI KJIIIMATUYH1 OCOOJIMBOCTI ITPU
MOIIyKy OajaHCy MK apXITeKTypHor (opmoro Ta eHeproedeKTUBHICTIO.
3acTOCyBaHHSI  3alpONOHOBAHOIO MIAXOAY TMPU MPOEKTYBAHHI I PI3HUX
KJIIMATUYHUX paloOHIB YKpaiHU CHOPUATHME CTBOPEHHIO HE JIMIIE €KOJOTTYHO
30aJaHCOBaHUX, aJle i aJJanTOBaHUX JI0 MICIIEBUX YMOB apXiTEeKTypHHUX 00’ €KTIB, 110
MIJBUILYE pecypcoeeKTUBHICTh OYIIBHUIITBA Ta BIANOBIJAE CYYaCHUM BUMOTaM
CTaJIOTO PO3BUTKY.

Jlnst migBuilieHHS eHeproedeKTUBHOCTI 3eJeHUX OyIiBeNb 3ampONOHOBAHO
croci®6 OJHOYACHOI OMTUMI3AIli JEKUIBKOX TEeOMETPHUYHUX MapaMeTpiB TPaHHHUX
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eHeproe(eKTUBHUX  OyJiBellb 3 METOI  MIHIMI3aIli  TEIIOBOro  OanaHCcy
OTOPOJIKYBAIBHUX KOHCTPYKIIIH 3 HABKOJIUIITHIM CEPEIOBHUIIIEM.

AQ..,. .

JInst IbOTO CTBOPEHO MaTeMaTHYHY MOJIENb TEIIOBOTO OanaHCy Qvi- koskrof
rpani OyAiBii, IIO BKJIIOYAE napameTpu il mponopuiit (a, b, h, tb, o, a), omopy
Teruonepenadyi  Henpo3opux RcTi i mpo3opux RBi  KOHCTpyKIid Ta TUTONIY

CBITJIONPO30PUX KOHCTPYKIIIH SBi. BpaxoByeTbcst opieHTalisi Ta €HEpreTHYHa
OCBITJICHICTh KOHCTPYKIIiil KOPOTKOXBUIIHOBOIO Palialli€lo.

[Ipy mpomy 1IOIIAa BIKOH Ha T'paHi OyiBII 3a TMONEPEAHIM PO3PaXyHKOM
3HAaXOJIUTKCS 32 (OPMYJIOIO:
= f(S,N,..F-P), (1)

e Sy = f(a ,b, r, o, ®) — TIOIIA mMiIOTK MOBEPXY, IO 3aJICKHUTH BiJl MTApaMETPIB
nponiopiiiit 6yiBii; Npos— KUIBKICTH TOBEPXIB OyiBII; F — CIIBBIIHOIIEHHS TUIOIII
BIKOH 110 rwiomi moBepxy (Big 0,2 go 0,125 mpu momepeaHix po3paxyHKax), IO
HE0OX1HEe JUIsl 3a0e3MeueHHs HOPMATUBHOTO PIBHSI MPUPOJHOTO OCBITJICHHS; P; —
koedirieHT 3ackieHHs ctin oyaisimi (Bix 0 1o 1).

HartomicTs mioia Hempo30poi KOHCTPYKIIIi rpaHi OyAiBiIl BU3HAYAETHCS TaK:

Seri = f(a ,b, s O, (D), (2)

7€ 3MIHHUMH € mapameTtpu ¢opmu OyAiBii, a MaTEeMaTUYHY MOJENb TEMJIOBOrO
Oayilancy ii TpaHl MOXKHA TMPEJCTABUTH y BUIJISII LUIHOBOT (DYHKINT 3 JACKIIbKOMA
3MIHHUMU:

Bj

S

S -7 -D
AQ =—t —|t +—P || LN +—2"9%_Q .K - S 3
rp; R B; 3; o ni6 R ) cp; 1 ! 0; B; ( )

ne i, — daxkTMyHa TemmepaTypa 30BHINIHBOro TOBITps (rpaxm); l,— Temmeparypa

BHYTPIIIHLOrO MOBIiTPs (Tpam.); Fi — ans0eno MoBepxHi rpani OymiBmi; |, —

EHEPreTHYHa OCBITJIEHICTh KOPOTKOXBHJIBLOBOIO pamiamicro (B1/mM?); O,erj —

Koe(ilieHT TemIoo0MiHy MDK 30BHIIIHBOIO TOBEPXHEI  OTOPOJKYBAIbHOI
KOHCTPYKIIIi Ta 30BHIIIHIM TOBITPSIM, III0 BPaXOBY€ OPIEHTAIIIO 1 HAMIPSIMOK BITPY;
R., —omip Teronepenayi HENPO30PUX OTOPOIKYBAIBHUX KOHCTPYKIIIH (M%*K/Br);
N 45 — KimbKicTh 110 omamoBanbHOrO TEpiony; R, — omip Temtonepenaui rpamyco-uio
OIAIIIOBAIIBHOTO MEPioAy; S, a00 (Syj) — IUIoMIa HEMPO30pHUX KOHCTPYKIIiii rpani (M?);
QCpi — KUIBKICTh TEIUIa BiJ COHSYHOI pajiamii, MO HAAXOAUTh MPOTATOM
onamosansHoro nepiony (kBr-ron/m?); K; — koedilieHT AilicHUX yMOB XMapHOCTI, IO
BIUIMBAIOTh HA HAIXOKEHHS COHAYHOI pamiamii; C; — koedimlicHT, m0 BpaxoBye
3aTIHEHHS BIKOHHOIO IPOpPI3y HENPO30PMMHU  €IEMEHTaMH; €, — KOeQIlieHT
BIJIHOCHOTO HAJIXOJDKEHHS COHSYHOI pajiaiii I CBITJIOMPO30PUX KOHCTPYKIIIM;
g =G, - €,— (aKTOp 3aCKIICHHS BiKOH.
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VK 514.18:728.8

IHHOBEPXHSA TOYKHA POCH
30aneeuu B.A., Kynopam T.M., /limuiyskuu C.1., Ilyzauoe € B.
Hayionanvnuii ynieepcumem 600H020 2ocnooapcmea ma npupooOoKOPUCINY aAHHSL

Touka pocu 1, [1-4] — Temmepatypa, ° C, 3a sIKOi MOBITPS AOCSTae CTaHY
HACUYCHOCTI MPU JAHOMY BMICTI BOJSIHOI MapW 1 aTrMocpepHOMY THUCKY, TOOTO
BiIOyBAa€ThCA KOHJEHCALA BOAAHOI Mapu. li MOKHA BH3HAUMTH, KOPHMCTYIOUHChH
TaOJMISAMHU 111 MaKCUMAaJIbHOI MIPYXKHOCTI BOJsiHOI mapu E, sKmio BigoMa peanbHa
NPYXHICTh BOJSHOI Mapu €. 3a 3HaYEHHSIM MPY>KHICTb BOASHOI Mapu € B TaOJIHII
IIYKAIOTh BIAMOBITHE 3HAUEHHS TEMIIEPATypHU MOBITPA, SIKE 1 Oy/Ie TOUYKOIO POCH.

Touky pocH TaKOX MOXHa OOYHCIIUTH 32 €KCIIEPUMEHTAIILHOIO (opMyJToio [4]

1, = (¢/100)%147.(108,8 + t) — 109,8, (1)
a00 Tex excriepuMeHTaIbHOI0 hopmyior Marnycena-TereHca
T, = b-(a-t/(b+t) + In(p/100))/(a - (a-t/(b+t) + In(p/100)), (2)

ne t—remnepatypa nositps, ° C; ¢ —Horo BiIHOCHA BOJIOTICTh, %; a1 b — koedirienTy,
1110 T0piBHIOWTH 17,27 Ta 237,7, BIAMOBIHO.

Sk BUIHO 3 hopMyJI, TEMIIEpaTypa TOUKH POCH 32 HOPMAJIBLHOTO aTMOC(EepHOTO
THUCKY 3aJICKUTh BiJ] JBOX MMapaMeTpiB — TEMIIepaTypH MOBITPs t Ta HOTrO BIAHOCHOT
BOJIOTOCTI ( — 1 TOMY T'€OMETPUYHO € TIOBEPXHEIO B TPUBUMIPHOMY MPOCTOPI.

Bizyanizyemo Ta npoaHaiizyeMo CIIOYaTKy MOBEPXHIO, 3a7any dhopmyiioro (1).
B cepenoBumie koM 'torepHoi MareMatukn MathCad Oyna moOynoBaHa MmOBEpXHS
(puc. 1), 3amana gpopmyioro (1).

TToBepXHS TOUKH POCH

Vi i . O, WO VL VL O

50

4
107 ~ el
%0 31 13

TR
Puc. 1. IToBepxHs Touku pocH, 3a1ana Gopmyioro (1)

[Tpu 3mini Temnepatypu noBitps Bijg -40 g0 50 °C 1 BIAHOCHO1 BOJIOTOCTI BiJl 5
mo 100 % MakcumalibHE 3HA4Y€HHS TOYKHM pocu cTtaHoBwio 50 °C (BiamoBimae
3HaueHHio napametpiB t = 50 °C 1 ¢ = 100 %, T06TO TOUYKa pocHu 30IraeThcs 3
TeMIiepaTyporo nositps 3a 100- BiICOTKOBOT 1OT0 BOJIOTOCTI).
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Ha puc. 2 Ta x mOBepXHs MpeACTaBII€HAa Yy BUIJISAAI NPOHYMEPOBAHHUX
TOPU3OHTAJIEH.

IToBepxHS TOUKH pOcU y BUIISAJI TOPU3OHTANEH

052 57 zé‘i? 3
o0 .5
8

I\

--"'"-‘
|t

667 X
a2 \

57.25 \
525 1&:

477
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335

A
287 \ Y
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192 TS
14.5

9.75

-40 34 12 -2 -1a -10 -4 2 b 14 20 26 2 S

-
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n
=

TR
Puc. 2. TloBepxHs TOUKH pOCH, TIPEACTABIICHA Y BUTJISAI TOPU3OHTAJICH

A Ha pucyHKax 3 1 4 MaeMO TOBEPXHIO Y BHUIJISIII MEpepi3iB IUIOUMHAMH t =
const i ¢ = const.

50
TR(38.9)
TR@6.9) 41
=9 * ;/"_‘__’_—r-
IRC =
TR(30. S
meso o=
TR(Z4¢) ) f % /’J///f__.—f""
IR(S.9) / , /éz’: i
3(16@ -4 ’ -///:7/‘:7‘(5-/7"-{
IR(14.9) '(/ /{; e
IR(2.0)15 r 2 /’ ol
TR(10.0) | B /
TR(8.9) o

-22 7

-31

=40 :

10 20 30 40 0 6 70 80 90 100

Puc. 3. IloBepxHs TOUKU POCH, IPEACTaBICHA Iepepizamu t = COnst
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Puc. 4. IToBepxHst TOUKH pOCH MpeJICTABIIEHA TIepepizaMu (¢ = const

Ha pucynky 3 mepepi3u moBepxH1 MoKa3aHi Juisi TeMiepaTyp noBiTps t = 8-38
°C uepes 2 °C, a Ha puc. 4 — 7151 3Ha4eHb BITHOCHOI BojorocTi nosiTpst ¢ = 30-100 %
yepe3 10 %. 3 pucyHkis 1 14 3p03yMu1o, 110 MOBEPXHS TOUKH POCH € JIHIAYATOIO.

[ToBepxHs, moOynoBaHa 3a popmyioro 2, Mae IPUOJIU3HO TaKy K Gopmy, 10 i
MOBEPXHS, MMOKa3aHa Ha pucC. 1, ane 3HauYeHHs TOUYKH POCH TPOXH BIAPI3HAIOTHCA. Jlis
MOPIBHSHHSA Ha PUC. 5 OKa3aHa MOBEPXHsI PI3HUL 3HaYEHb TOUKHU POCH (Bl 3HAUCHBD,
OTpUMaHUX 3a (popmyJsioro 1, BiAHIMANIKCH 3HAYEHHS, OTPUMaHI1 3a (popmyIioro 2).

[ToBepxHS pI3HUIN MK 3HAUEHHSIMI TOUKH POCH

=1 100

ATR
Puc. 5. [ToBepxHs pi3HUIll 3HAYEHb TOYKH POCH
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S BUAHO 3 pucC. 5, MaKCUMallbHE 3HAUYEHHSI PI3HUIIl CTAHOBUTH MPHUOJIU3HO 3
°C. Ha puc. 6. MmaeMo MOBEpXHIO Pi3HHUIIb 3HAYE€Hb TOUYKU POCHU Yy BiacoTkax (3a 100
B1JICOTKIB IIpUMalcs 3Ha4CHHS, 004K CIeHi 3a popMysioro 1). MakcuManbHa pi3HHILSA
y BIJICOTKax CTaHOBUTH npuOmmu3Ho 2 %. [lpuyoMy BUHHMKae BOHa B Tid 0o0iacTi
rapaMeTpiB, Jie TeMIIEpaTypH MOBITPS BiJI’€MHI, a BiTHOCHA BOJIOTICTh MiHIMaJIbHA.

[ToBepX. pI3HUII MIK 3HA4. TOYKH POcH, %o

ATRPR
Puc. 6. [ToBepxHs pi3HUIIl 3HAUEHb TOYKH POCH Y BIJCOTKAX.

OTxe, MOBEpXHS TOYKA pOCH SK (YHKIIS TeMIepaTypu MOBITPS 1 HOro
BOJIOTOCTI € JIHIAHOIO, a MaKCUMajbHI 3HA4Y€HHS TOYKH POCH BIAMOBIIAIOTH
MaKCHMAJIbHIN BIIHOCHIM BOJIOTOCTI 1 301ral0ThCs 3 TEMIIEPATYPOIO TOBITPSI.

Jlireparypa

1. Kazakos I'. B. ApxitekTypHa (hi3uka: OCHOBHI MOHATTS 1 BeIMYUHU. JIbBIB:
BupaBuuireo JIpBiBChKOI momTexHIKM, 2012. 260 c.

2. Cepreituyk O. B. ApxitektypHo-OyaiBenbHa (izuka. TerorexHika
OTOpPOIKYIOUMX KOHCTpYKIiH OyaunkiB. Kuis: «Taki cipaBu», 1992. 156 c.
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TepMiHOIIOTIYHUI CIIOBHUK-AOBIIHUK 3 OyaiBHMITBA Ta apxiTekTypu. JIbiB, IIII
“Apan”, 2010. 222 c.

4. Blasi W., Ferdinand S., Schlatte K. Bauphysik. Verlag Europa-Lehrmittel,
2022. 524 p.
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JABOBUMIPHA JUCKPETHA IHTEPHIOJIALIA CYIHEPIIO3ULISAMHA
KOOPAUHAT TPHOX TOYOK
Boponuoe O.B., Boponyoesa 1.B.
Hayionanenuii ynieepcumem «llonmascvka nonimexuika imeni FOpis Konopamiokay.
Ilonmascwvkuti konedxc nagpmu i eazy Hayionanenoeo ynisepcumemy «llonmascoka
nonimexuixa imeni FOpis Konopamiokay.

Teepaxennsa. KoopauHatu 10BiIbHOI TOYKHU Oy 1b-SKOi IBOBUMIPHOI UHUCIOBOI
MOCIIJOBHOCTI MOKHA BH3HAUUTU SK CYMEPHO3UIII0 KOOPAWHAT TPHOX JIOBLIBHHX
TOYOK JIaHO1 TIOCITITOBHOCTI TIPH BIIOMIi BETMYUHI PEKYPEHTHOI 3aJIEKHOCTI.

3anuieMo CUCTEMY PIBHSIHb y BUTIIAIL

IZ§=1 ks =1
252:1 kSVS' = V (1)
| Z?:l ksWs =W ’

23 ks +P =T
7 HeBiIOMUMH BenmuruHaMmu OyayTh Ky, Ko, ks, T.
Jlana cuctemMa MICTUTh YOTUPHU PIBHSAHHA 1 YOTUPHU HEBIJIOMI BEJIMYUHU, TOMY
IMOBUHHA MAaTH PO3B’A30K.
Buznaunvku 4 cuctemu (1) MaTUMyTh BUTIISI;
A==V, W3 + VW3 + VW, — VW, =V, W; +V, W, ;
Ay ==V, W3 + VW5 + VW, —VIW, =V, W + VW
A, = VW = VW3 =V, W, + VW, + VW =V, W
Ay =-ViW, + VW, + V,W;, — VW, =V, W +V; W
Ay = —Vi(TzWy = ToW3) + V(T3 W, — T, Ws) + Vo (Ts Wy — TiW3) —
—V(T;W; — T;W3) + Vo, (—PW5; — T, W) — V, (—PW; — T, W) —
—Va(ToW, = TiWp) + V(T Wy — TiWa) — Va(=PW, — T,W) +
+V, (—PW, — T, W) + Vo (—PW; — TyW) — Vo, (—PW,; — T, W).
Koedimientun cynepno3utiii 0ynyTs o0uuciexi 3a Gopmyiamu:
ks, = %; s=1;3.
Sxmo HeBimoMuMH BeiawunHamMu Oyayte Ky, Ko, ks, T, To BHpasu s
BU3HAYCHHS BEJIMYMH KOEQIMIEHTIB CYNEPIO3UIli 3aJaHuX BY3JOBUX TOUYOK
JTUCKPETHOTO KapKaca Ta arulikaTy NIyKaHOi TOYKU T MaTUMyTh BUTIISL:

foo = A1 SV Wa VWAV W, VW= VW, W
L AT WtV Wt Ve Wy —Vy Wy —Va Wy + Vo W
lo = A2 ViWamVWa—V3W VW VWV, W
2T AT WtV WAV Wo—Vy Wy —Va Wy +Vo W
f = 3 _SVAW VWA VW VW Vo WV W
37 4 T WtV Wa Ve WV Wy —Va Wy 4V W,
T =24,/A =

= =V (T3W, — ToWs3) + V(T3 W, — To,Ws) + Vo (Ts Wy — Ty W3) —
—V(T3Wy — TiW3) + Vo (=PW3 — TsW) — Vi (=PW5 — T3 W) —
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—Va(ToWy = TiWp) + V(T Wy — TiW,) — Va(=PW, —T,W) +
+V1(_PW2 - T2W) + V3(_PW1 - T1W) - Vz(_PW]_ - T]_W)/
/_V2W3 + V1W3 + V3W2 - V]_Wz - V3W1 + Vle .

Takum ynmHOM, cucTema piBHSAHB (1) Mae po3B’S30K, IO JOBOJUTH BIPHICTh
TBepKECHHS.

Po3riissHeMo Ipyry MOCTaHOBKY, J¢ HeBimomumu Oyayth K1, Ko, ks, P , a T
BBA)XAETHCS 3aJ]aHUM.

Tonai BenmunHa peKypeHTHOT 3a1€KHOCTI BU3HAYUTHCS 13 BUPa3y:

P=A,/A=
(T—T)X Wy X W5 =V X W)+ (T —T,) X (Vg x W, =V, Xx W;) +
F(T—-T) X (Vi xXW, =V, X W)+ (T; —T,) X (VXW; =V X W) +
+(T, —T3) X (Vo x W =VXW,)+ (T, —T3) X (VXW, =V, XxW))/
[((Vy = V) x W3 + (Vy = V5) x Wy + (V3 —V3) X W) .
A0o, 6e3nocepeHbo, 13 cuctemu (1):
P=T— (kT + k;T, + k3T); .

Pesynbraty gaHuX OCHIIKEHb MOXYTh OyTH BUKOPHUCTaHI I MPOBEACHHS
CYIUIbHOI 1HTEPIOJISIIT YUCIOBUMH TOCIITOBHOCTSIMU JIBOX 3MIHHUX CKJIaJI0BUMHU
SKUX € Oyab-fKi OJIHOBHUMIPHI YHCJIOBI IOCIITOBHOCTI, IO IPEACTaBISIOThH
HECKIHYECHHI JIMCKPETHI (POPMHU NEBHUX aHAMTHUYHUX (QYHKIINA, 13 BpaxyBaHHSIM
3aJ1aHO1 BEJIMYMHH PEKYPEHTHOI 3aJIeKHOCT1 P, 110 TOTOXKHA BEIMYHMHI 30BHIIITHBOTO
(hopMOyTBOPIOIOUOTro HaBaHTaKEHHST KP cTaTnko-reoMeTpudHOro METoy.

OauH 1 TOM camMHil TUCKPETHUW Kapkac, Oylb-1KOi, TBOBUMIPHOI YHMCIOBOI
MOCJIIIOBHOCTI MOke OyTu copmoBanuii popmynamu (1) mpu pizHHX BeIMYMHAX
PEKYPEHTHOI 3aJ1€KHOCTI.
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TEOMETPUYHE MOJIEJTIOBAHHS TA TU®EPEHIIAJBHAM AHAJII3
CIMEHCTBA I'AYCIBCBbKO-MOJU®IKOBAHUX ITUKJIOITAJTBHUX
KPUBUX
Komaasap /I.B.

Hayionanvruii ynisepcumem xopabnedyoysanns imeni aomipana Maxaposa

XapakTepHOIO 0COOIUBICTIO CyYaCHUX JOCITIKEHb Y MPUKIAIHINA reoMeTpii €
OTEepYBaHHS CKJIQIHUMH aHATITHUHUMU PIBHSHHSIMH IS CTBOPEHHS TEXHIYHUX (HOpM
13 3aJlaHUMU BJIACTUBOCTSAMH. Y 3a/ladax aepoAMHAMIUYHOTO MPOCKTYBAaHHS, 30KpeMa
pU KOHCTPYIOBaHHI HOCOBUX KOHYCIB OaNICTUYHHUX CHApPSAIB, KPUTUYHE 3HAYCHHS
Mae He JIMIIE Bi3yasjbHa IUIABHICTh O0BOAY, a M XapakTep po3IMOAlLYy MOro KpUBUHHU.
KrnacuuHi 1uksioiganbHi KpUBI MarOTh KOPCTKO BH3HAYEHY CTPYKTYPY, IIO OOMEKY€
MO>KJIMBOCT1 JIOKaJIbHOT Kopekuii ¢opmu. Y naHii poOOTI 3ampoNOHOBAHO 1
3alpONIOHOBAHO MAaTEMATUYHY MOJIEb LIUKIIOIAM 3 rayCIBCbKOIO MOAM(IKALIELO, sKa
3a0e3nedye IIIECIPSIMOBAHUN BIUIMB Ha JIOKAJIbHI Ta TJ00albHI T€OMETPHUYHI
XapaKTEPUCTUKH 00BOLLY .

MaremaTuuna mojeanb. [IporioHoBaHa Mojenb 0a3yeTbcsi Ha MoAUIKaIi
paniyc-QpyHKIIl LMKIOIAM EKCIIOHEHI[IaJIbHUM MHOKHUKOM ['aycca. BekropHo-
napaMeTpUYHEe PIBHSAHHS KPUBOi BU3HAYAETHCS SIK:

T

h
Y1) =r(t)-(1-cos(t) = |-a(0)-(1-cos 1)) "

ae a(t) = 1 + a exp(—(t — w)? / 20?) — Pynkuis moaudikamii I'aycca, a ¢ Ta h —
TCOMETPUYHI TMapaMeTpH, IO 3aJal0ThCs TPAHWUYHUMH YMOBaMH TPOEKTYBAaHHS.
A= c/(nR) — koedinient macmradyBanns, R = h/2 — pagiyc nuknoinu. [Tapamerpu o, o
Ta ( BU3HAYAIOTH BIIMOBITHO aMILTITYy, ITUPHUHY Ta IMOJI0KEHHS IEHTPY JTOKAIBHOTO
30ypeHHs GOpMH.

AHaJIiTHYHe JOCJHiIKEeHHs YMOBH HecnagHocTi. J[nga 3a0e3nedeHHs
reOMETPHYHOT KOPEKTHOCTI MPpodisito He0OX11HO, 11100 oparHaTa Y(t) Oyira MOHOTOHHO
HecnaaHoro Ha iHtepBaii t € [0, z]. Byab-ska BTpaTa MOHOTOHHOCTI MPU3BOIAUTH 10
MOSIBU JIOKAJbHUX BIAJUH, IO € HENPUIYCTUMHUM IS OOTIYHUX TOBEPXOHb.
Jlocimkenns mepiioi moxiaHoi Y'(t) mokasano, 1o KpUTHIHOIO TUITHKOIO € TIPOMIKOK
t € [0, u], ne moxigHa momudikari a'(t) < 0. BusiBiieHo, 1110 3aBISKH IPagi€HTHOMY
JIOMIHYBAaHHIO TPUTOHOMETPUYHOTO KOMIIOHEHTa Yy HEPIBHOCTI B OKOJII MOYAaTKOBOI
ToukH (mpu t — (), MOHOTOHHICTh OpJMHATH 30€pIiraeThbes IS BCIX 3HA4YECHBb a > -1
JOCIIIKEHOTO J11alma30Hy MmapamMeTpiB, 1110 J03BOJIIE€ (popMyBaTH OMyKJIIi Tpodii.

a(t)-sin(t)=|a(t)|(1—cos(t)). @)

x(t):ﬂ-r(t)-(t_sin(t)):(Ej-a(t)-(t_sin(t)),
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AHaJji3 po3nogily KpuBHHHU. [[s1 HOCATHEHHS BHUCOKMX aepOAMHAMIUYHUX
SKOCTEH BCTAaHOBIICHO J[0JIATKOBY KOHCTPYKTHBHY BHMOTY — MOHOTOHHE CITaJaHHSI
KPUBUHHU k(1) BiJl HOCOBOI YaCTHHU JI0 BUXOIY:

dk(t,a,a,y)/dtSO,Vte[O,ﬁ] (3)

Yepes BUCOKY HETIHIMHICTH BHpa3y, IO MICTUTh moxigHi ¢yHkii ['aycca,
inenTudikaiis odmactelt TIAAKOCTI MPOBECHA YNCEITbHO-CUMBOJIIBHUMU METOJaMH.

Pe3yabTaTi Ta Bidyanizaunis. Y xoai 00YMCITIOBAIBHUX €KCIIEPUMEHTIB OyI10
BIIEpIIIC BHU3HAYECHO TOIMOJIOTIIO MPOCTOPY MapaMeTpiB a, o, M, IO 3ade3neuye
reOMETpUYHy KOpPeKTHiICTb 00BoxiB. I[loOymoBani cimeiicTBa i30miHii (puc. 1)
J03BOJISIOTh  31MCHIOBATH ampiopHUil BuOip KoedimieHTiB Momudikamii A
rapaHTyBaHHs HecriagHocTi opanHaty Y(t). BctanoBieHo, 1o Mexa 30HH HeCIIaTHOCTI
BU3HAYAETHCS KpUTHYHUM cTaHoM Y'() = 0, 3a sSKMM BHHUKAIOTH JIOKAJIbHI
caMOIIepeTUHH MPOdIITIO.
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Puc.1. KonTypu 3anexxHocTi o 1 6 111 PIKCOBAHUX |, 10 BU3HAYAIOTH MEXI1 30HU
HECITaTHOCTI 1Mo 130TiHi1 y'(t) =0

BusiBieHo eheKT «reoMeTprudHOro KapMaHa» — BY3bKOi1 00JIacTi B MPOCTOPI
napameTpiB (puc. 2), e TpH Bi3yalbHIN MJIABHOCTI KPWBOi BUHUKAE TMOPYIIECHHS
MOHOTOHHOCTI KpuBHHH. Le inenTudikyerscs 3a i3ominiero MAXT (DK/DT) =0ie€
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Puc.2. Koatypu 3anexxHocTi o 1 6 171 (PIKCOBAaHUX |, [0 BU3HAYAIOTh
MeKi 30HH HEMOHOTOHHOCTI KPUBHMHH 10 130J1iHIT max; (dr/dt) =0

KPUTUYHUM Ui 3aJa4 aepoJIMHAMIKH, JI€ HEMOHOTOHHICTh KPUBUHU CHPUYUHSE
NepeYacHUi BIIPUB MOTPAHUYHOTO I1apPYy.
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AHani3 TpuBUMIpHUX JaHAMAPTIB AUQEpeHIiaTIbHIX XapaKTepUCTUK (puc. 3)

a) ITpu 3minHOMY « Ta (ikcoBanux (o = 0.8, u =

-0.5
-1.0
-1.5
-2.0

-20

Puc.3. ludepenuianbhi nanamadTH rayciBCbKo-Mo1u(piKOBaHOT
mukstoinn 10g |x(t)| (3miBa) i log |dr/dt| (cipaBa)

JTI03BOJIMB BCTAHOBUTH CTYITIHb BIUIUBY KOKHOTO TTapaMeTpa Ha CTIUKICTh MOJIETI.
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Buxopucranus 3nauens log |k(t)| Ta log |dk/dt| mo3Bonmao HiBearoBaTH 3HAYHI
PO30DKHOCTI B MOpPSAJKAX BEJIWYHMH Ta YITKO 1A€HTH(]IKYBAaTH 30HM €KCTpeMalbHOI
JyTJIIMBOCTI MOJIII J10 Bapiailii mapamerpi ["aycca.

AHaJ3 BIUIMBY amniimyou moougikayii o, (puc. 3, a) CBITYUTH MPO IPSMO
IPOMOPIINHY 3aJEKHICTh MDK TVIMOMHOIO 30ypeHHS Ta IIKOBUMU 3HAYCHHSIMHU
KpuBUHU. BCcTaHOBIIEHO, 1110 TTPH 301IBIIICHH] 0 B1IOYBA€ETHCS JIOKAJIbHE "'3arocTpeHHs "
npodUTI0 B OKOJMI TOYKM MoOAU(IKalii, 0 KPUTUYHO ISl PO3PaxyHKy JIOKaIbHHX
HaIpY’>KE€Hb a00 THCKY MOTOKY.

Hocmimxenuss napamempa aokanizayii ¢ (puc. 3, 0) MO3BOJWIO BHUSIBUTH
XapakTep TMepexoay Bia miobanmpHOI Aedopmarii MUKIOINaTLHOTO OO0BOIY 0
BY3bKOCIIPSIMOBAHOI JOKaIbHOI Kopekiii. [Ipyn Manux 3HadeHHSX o AudepeHIianbHi
XapaKTePUCTUKU 3MIHIOIOTHCSI CTPUOKOMOIIOHO, IO MIATBEPIKYE MOMKIHUBICTD
MPEIU3IMHOTO BTPYYaHHS B T€OMETPII0 OKpeMOi JMUISHKUA Mpodiito 0e3 CyTTEBOTrO
BILUIMBY Ha MOT0 3arajbHy KOH]ITypalliro.

OcoOnuBuii HAYKOBHM I1HTEpPEC CTAHOBUTHb OUHAMIKA 3MIWEHHS YeHmpy
mooughikayii u (puc. 3, B). [IoOymoBaHi MOBEpXHI HA0YHO UIIOCTPYIOTh TPAEKTOPIIO
NEePEeMIIIEHHS! MaKCUMyMy KPUBUHU B3/10BXK Oyru o0Bojay. Lle 10BOIWUTH THYUKICTh
3alpONOHOBAHOI MOJIENl Yy 3ajja4ax ONTUMI3alli TEeXHIYHUX (OpPM, Ji€ MOJIOKEHHS
KPUTUYHOI TOYKH PO3MOJILITy KPUBUHU Ma€ OYTHU YITKO CHHXPOHI30BaHE 3 YMOBaMU
eKcIuTyaTanii  (HampukiaZ, TOYKOK IEpexoqy  JaMIHApHOro IOTOKYy B
TypOyJIEHTHHIA).»

BceranoBieno, mo s 3a0e3nedeHHsT MOHOTOHHOCTI KPHBUHHM IapaMeTpH
moau(ikarii mMaroTh mepedyBatn B Mmexax: o € [-0.81, 0.00], o € [0.27, 0.95],
u € [0, n/2].

BucHoBkH. 3anponoHOBaHO MOJIETh Ta JIOCTIKEHO T€OMETPUYHI BIIACTUBOCTI
rayciBCbKO-MOJAM(DIKOBAHOI LHUKIOIIM 3 YpaxyBaHHSIM TabapuUTHUX NapameTpiB
JOBXHHM Ta BUCOTH 00BOAy. OTprMmaHa Mozenb 3a0e3neuye (hopMyBaHHS TIIaJKUX
00OBOJIIB 13 KEPOBAaHUM PO3MOJIJIOM KPUBUHH, IO € TEOPETUYHUM MIAIPYHTSIM IS
CTBOPEHHS BUCOKOE(EKTUBHUX TEXHIYHUX (POpM.
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ENERGY EFFICIENT NETWORKS FOR SWARMS
OF AUTONOMOUS AGRICULTURAL DRONES
Krushelnytskyi V.V., Skuriatin M.A.
National University of Life and Environmental Sciences of Ukraine

The modern paradigm of Smart Agriculture is rapidly evolving from the use of
single automated machines to the implementation of complex robotic complexes,
which may include swarms of uncrewed aerial vehicles. The integration of soft robotics
technologies into drone design enables the manipulator’s gripper to interact delicately
with plants in agroforestry and horticultural [1].

Effective execution of operations, such as variable-rate fertilisation or
autonomous harvesting, requires not only modern mechatronic solutions but also a
reliable communication architecture.

The integration of cloud computing and the Internet of Things is a fundamental
prerequisite for coordinating mobile agricultural robots [2]. Drone swarm control
involves a combination of reactive and deterministic behaviours. Reliable
communication is essential not only for avoiding collisions but also for the effective
and standardised monitoring of the swarm by a human operator (Human—Robot
Interaction) [3].

The key problem remains the energy dependence of UAVs. Traditional Wi-Fi
and 4G protocols rapidly drain batteries. To mitigate this negative factor, the use of
energy-efficient communication technologies, particularly LPWANs (e.g.,
LoRaWAN) and WPAN:S (e.g., Zigbee), provides an effective solution.

To perform precision application tasks, such as those of mineral fertilisers, which
were conceptually studied for ground-based pneumatic agricultural robots [4], the
swarm, in this case, requires a two-level communication architecture:

Intra-swarm communication (Zigbee): Based on the IEEE 802.15.4 standard [5],
this protocol is suitable for short-range data exchange (up to 100 m) between drones.
The use of a mesh topology enables drones to locally synchronise trajectories, allocate
processing areas, and coordinate fruit capture without delays or the need to call a
central server [6].

Global Telemetry (LoRaWAN): Comprehensive reviews of the development of
LPWAN for the Internet of Things [4] confirm that the LoRaWAN architecture enables
the deployment of low-power networks over large areas. This channel can be used to
communicate between the swarm and the cloud server over distances of up to 15 km.
It transmits task maps, global coordinates, and overall operation status.

The use of low-power networks directly affects the operating time of
autonomous drones. The energy balance of each uncrewed vehicle in a swarm, for
example, a UAV, can be described by the following expressions:

Etotar = Eflight + Emanip + Ecom

o1
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where Etotal is the total available battery energy; Eflight is the energy
consumption on flight; Emanip is the energy to perform agrotechnical operations (e.g.,
sprayer pumps, manipulator actuators); Ecom is the energy spent on communication.

In turn, the energy consumption for data transmission (Ecom) is calculated using
the following expressions:

L
EcomZPtx'E'l'Prx'trx

where Ptx and Prx are the power consumption of the radio module in the transmit and
receive modes; L is the data packet size (bit); R is the data transfer rate (bit/s);
trx— duration in receive mode.

As LoRaWAN and Zigbee protocols significantly minimise Ptx and Prx
compared to broadband networks, Ecom is reduced accordingly. This allows the
battery capacity to be redistributed between Eflight and Emanip, thereby increasing the
UAV's autonomous operating time.

The use of the LoRaWAN protocol for macro control and Zigbee for micro
coordination protocols forms an optimal infrastructure for the operation of agricultural
drones. This approach ensures the execution of agrotechnical operations while
simultaneously reducing the energy consumption of robotic complexes.
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GREENING THE MANAGEMENT OF CONSTRUCTION WASTE
GENERATED BY WAR-RELATED DESTRUCTION: SORTING,
RECYCLING, AND THEIR ROLE IN ENSURING RESOURCE
EFFICIENCY AND SUSTAINABLE RECOVERY IN UKRAINE
Melnyk Valentyna, Bastylo Vladyslav
National University of Life and Environmental Sciences of Ukraine

Under conditions of large-scale destruction caused by military aggression, the
issue of greening construction waste management acquires systemic importance for the
recovery of the national economy and the reduction of anthropogenic pressure on the
environment. The shortage of primary construction resources, limited logistical
capacities, and rising material costs necessitate the active use of secondary raw
materials obtained through the recycling of construction debris. According to analytical
assessments of infrastructure damage, a significant share of destroyed assets consists
of residential buildings, as well as transport, energy, and social infrastructure, which
generates substantial flows of mixed construction waste [1].

The specificity of waste generated by explosive destruction lies in its
heterogeneity and the high degree of mixing of materials of different origins. Unlike
waste from planned demolition, such masses are characterized by deformed structures,
contaminated fractions, and potentially hazardous components, which significantly
complicate sorting and further processing [2]. Particular attention should be paid to
asbestos-containing materials which, in the absence of selective removal, can render
large volumes of waste hazardous and therefore require specialized handling in
accordance with environmental safety requirements [3].

In accordance with the provisions of the Law of Ukraine «On Waste
Management», priority is given to the implementation of the waste hierarchy, which
npeaycMatpue prevention of waste generation, preparation for reuse, recycling, other
recovery operations, and only as a last resort — disposal. Additionally, the regulatory
framework for waste classification is defined by the Resolution of the Cabinet of
Ministers of Ukraine No. 1102 «On Approval of the Procedure for Waste
Classification», which ensures the identification of hazardous components and the
selection of appropriate treatment technologies.

An analysis of the material structure of typical buildings indicates that the
predominant share of waste consists of reinforced concrete and stone materials,
construction mortars, metal elements, as well as wood and polymer-based thermal
insulation materials [1]. In the context of destruction, these components are
transformed into significant volumes of secondary raw materials suitable for reuse after
appropriate processing. In particular, crushed concrete and reinforced concrete can be
used as secondary aggregates, metals as feedstock for metallurgical recycling, and
brick and ceramic materials in road construction or for manufacturing new building
products.
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The formation of an effective waste management system for such materials
requires a phased organization of processes: from initial site clearance and
transportation to treatment facilities, to sorting, temporary storage, preparation for
reuse, and final recovery or disposal [2]. A key element of greening this system is the
implementation of selective demolition, which minimizes material mixing and
improves the quality of secondary resources.

Recycling of construction waste is implemented at several technological levels
— from the direct reuse of homogeneous materials to complex processes of mechanical,
chemical, and thermal treatment. In practice, the most widespread is secondary
recycling, which includes sorting, crushing, and cleaning of materials, ensuring their
further use in construction production [2]. At the same time, the development of
advanced processing technologies opens up opportunities for deeper transformation of
waste into new value-added materials.

The technological implementation of recycling processes requires the use of
specialized equipment, including telescopic handlers, mobile and stationary crushing
and screening plants, as well as separation and fractionation systems that ensure the
production of standardized secondary materials [1]. A complicating factor in the
operation of such equipment is its functioning under conditions of high dust pollution.

The application of these solutions contributes not only to reducing landfill
volumes but also to the formation of local closed-loop material cycles within the
construction sector. From a strategic perspective, the greening of construction waste
management aligns with the principles of the circular economy and corresponds to the
objectives of the European Green Deal. The transition from a linear «production—
consumption—waste» model to a circular model reduces resource dependency, lowers
greenhouse gas emissions, and minimizes landfill burdens. For Ukraine, this represents
not only a solution to environmental challenges but also the creation of new economic
opportunities in the recycling industry.

Thus, the sorting and recycling of construction waste generated as a result of
military destruction serve as key instruments for the greening of reconstruction
processes. Their systematic implementation ensures increased resource efficiency,
reduced environmental risks, and the establishment of a foundation for the sustainable
development of Ukraine in the post-war period.
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4. TlocranoBa KaGinery MinictpiB Ykpainu Nell102 «IIpo 3arBepmxeHHs
[Mopsinky knacudikarii Bigxoai» Bix 20.12.2023.
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HAYKOBO-METO/UYHI 3ACAJIM1 OHIHIOBAHHS TEXHIYHOI'O
CTAHY JABOCTYIHEHEBUX CUCTEM OYNMIIEHHA ITOBITPA
JABUI'YHIB TEJIECKOIIIYHUX HABAHTAKYBAYIB
Hosuuvkuit A.B., Hosuuskuit F0.A., Iliosucouvkuit B.M.
Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauus Ykpainu

Cucrema OUYMILEHHS TIOBITPS JBUTYHIB TEJIECKOMIYHUX HaBaHTaKyBadiB
XapaKTepU3y€eTbCs TMIABUILEHUMH BHMOTaMH J0 €(QeKTUBHOCTI GiibTparii, Mo
00yMOBJIEHO crenn(iKo IX eKCIUTyaTamii y 3alujeHHX yMOBax OyIiBEIbHOTO Ta
arpapHoro BUpOOHHUITBA. [l TeneckomiyHOro HaBaHTaxyBada Manitou MLT-
X735LSU 3acTOCOBY€ThCSI IBOCTYIIEHEBA CUCTEMA OYMIIICHHS MOBITPS, SIKa BKIIOUAE
30BHIIIHIN (TepBUHHUN) GUIBTP 563416 Ta BHYTpilHIA (BTOpUHHUIN) QiabTp 563415.
Taka KOHCTpyKTHMBHA cxema 3a0e3leuye MOeTalHe OYMIIEHHS MOBITPSHOTO MOTOKY,
0 HAaJXOAUTh JO JBUTYHAa BHYTPIIIHBOTO 3rOpaHHs, 1 € €PEKTUBHUM 3acO00M
MIJIBUIIICHHS HOro HaaiiHOCTI [1].

AHaJi3 HayKOBO-TEXHIYHUX JHKEPEN CBIIYUTh, IO CYYaCHI CUCTEMHU OUUIICHHS
MOBITPs 0a3yIOTHCSl HA BUKOPUCTAHHI 0araToCTyneHeBuX (QuIbTpaIiiHuX eJIeMEHTIB 13
BHCOKOIO ¢(PEKTHBHICTIO 3aTPUMaHHs YaCTHHOK PI3HOTO JUCIEPCHOro ckiany [2, 3].
[lepBuHHI D1IbTpHU 3a0€3MEUYIOTh 3aTPUMAaHHS OCHOBHOI MacH MUy Ta MEXaHIYHUX
JOMIIIOK, TOJAl SIK BTOPUHHI BHUKOHYIOTH (DYHKII}O JOOYMIIEHHS Ta aBapiiiHOro
3aXMCTy ABUTYHA y pa3l MEPEBAHTAKEHHA a00 MOIIKOKEHHS OCHOBHOTO (huIbTpa. 3a
JAHUMHU JOCIIKEHb y Tally3l eKCIUTyaTalli JBHUIYHIB BHYTPIUIHBOTO 3TOpPSHHS,
3aCTOCYBAaHHS JIBOCTYTIEHEBUX CHCTEM JO3BOJISIE CYTTE€BO 3HU3UTH 1HTECHCHBHICTD
abpa3MBHOTO 3HOIIYBAaHHS JeTalell UWJIIHAPO-TIOPIIHEBOT TPYyNH Ta IMiABUIIUTH
pecypc IBUTYHA.

B pesynbTaTi nMpoBeneHOro aHajai3y BCTAHOBJICHO, IO 30BHIIIHIN MOBITPSHUI
¢binmeTp 563416 BHKOHYE OCHOBHY (DYHKIIIIO OYMINECHHS TOBITPs, 3a0€3MeUyruu
3aTpuMaHHs 10 99 — 99,9 % nmuIoBKMX YaCTHHOK 3aBJISIKUA 3HAYHIHN 1UIoIT (iasTpartii ta
BHUCOKIM MHUJIOMICTKOCTI. 3OBHINIHIM TOBITPSHUNA GuIbTp 563416 € mnepBUHHUM
eIEMEHTOM JBOCTYNIGHEBOI CHCTEMH OUMIGHHS TOBITpS JBHTYHIiB. Loro
(GyHKIIIOHATbHE TPU3HAYEHHS TMOJsTae y 3abe3nmedeHHl Tpyooro Ta CepeaHbOro
OUYUIICHHS TMOBITPSHOTO TOTOKY, IO HAIXOAUTh JO JBUTYHA, Ta CHPUUHATTI
OCHOBHOTO MUJIOBOTO HaBaHTAXEHHS B YMOBax eKcIuTyarailii. Bin mpaiitoe B ymoBax
MaKCHMaJbHOTO THWJIOBOTO HABAaHTAXCHHS Ta BH3HAYa€ 3arajbHy €(QEeKTUBHICTH
CUCTEMH OYMILICHHSI.

Buytpimniil punetp 563415, sikuii po3TaiioBaHuii BCepeIrHI KOPITYCy, BUKOHYE
(YHKIIIIO TOHKOTO OYMIICHHS TMOBITPS Ta CIYrye IOAaTKOBUM Oap’epoM Jis
Ip1OHOAUCIIEPCHUX YACTUHOK, 3aM00IratouM iX MPOHUKHEHHIO JI0 ABUTYHA, OCOOJIMBO
y BHUMNaJKaX MOLIKOKEHHS a00 HEeCBOE€YACHOI 3aMIHM MEPBUHHOTO ejaeMeHTa. Tum
(GUTBTPYBAIBHOTO MaTepially: CHHTETUYHUN a00 KOMOIHOBaHMI (BUCOKOS(HEKTUBHUM ).
Konctpykiiis nepenbavae BcTaHOBJICHHS (BiIbTpa BCEPEIMHI IEPBUHHOTO €IEMEHTA,
110 3a0e3neuye KOMIAKTHICTD 1 eEeKTUBHY B3a€MO/I1I0 000X CTYTIEHIB OunlIeHHs. Bin
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BUKOHY€E TaKi OCHOBHI (PYHKIIIi: TOHKE OUYMIICHHS TOBITPS BiJ JAPIOHOIUCIIEPCHUX
4acTUHOK (0 1-5 MKM); aBapiiHUN 3aXHCT JBUTYHA Y pasl IOIIKOMKEHHS abo
IIPOPUBY TMEPBUHHOTO (UIBTPA; 3a0e3MeUeHHs] CTa0lIILHOCTI MOBITPSHOTO MOTOKY Y
BITYCKHIA CHCTEMI; 3HIKCHHS 1HTEHCHBHOCTI aOpa3MBHOIO 3HOIIYBaHHS JeTajiei
JIBUTYHA.

EdexTuBHICTh (DYHKIIIOHYBAaHHS CHCTEMH BU3HAYAETHCSA PSAIOM IapaMeTpiB,
cepen SKUX KIIOYOBHMHU € Tepemnaj] TUCKY Ha (iabTpax, CTYMiHb iX 3a0pyAHEHHS,
KOe(ILI€HT OYMIICHHS TOBITPSA, TEPMETUYHICTh YIIIJIBHEHb Ta BiANOBIAHICTD
IrCOMETPHYHUX TapaMeTPiB KOHCTPYKTUBHUM BUMoraMm [3]. OriHIOBaHHS TEXHIYHOTO
cTaHy GUIBTPIB JOIIHHO 31HCHIOBATH 13 3aCTOCYBAaHHSIM KOMIUIEKCHOTO ITiIXO0TY, III0
BKJIIOYA€ 1HCTPYMEHTAJIbHI METOAW (BUMIPIOBAaHHS TMEpenagy THCKY), aHaTITHYHI
MeTOIM (KOHTPOJIb BMICTY MEXaHIYHMX JOMIIIOK y TOBITpi a00 MacCTHIBHOMY
CEpElIOBHUIIl), a TaKOX BI3yaJlbHO-/IarHOCTHUYHI METOAU. BaXIMBUM € TaKoX
JOTPUMAHHS PETJIAMEHTIB TEXHIYHOTO OOCIIYTOBYBAaHHS 3 YypaXyBaHHSIM pealbHUX
YMOB €KCILTyaTartii.

BcranoBneHo, 1o y CKJIaJHUX YMOBax poOOTH, 30KpeMa 3a BHUCOKOTO PIBHS
3aMUJIEHOCTI, peCypc NEPBUHHOTO (PLIbTPA CYTTEBO 3MEHILY€ETHCS, 1110 PU3BOIUTH J10
M1BUILIEHOTO HABAaHTAXKECHHS HAa BTOPUHHUN (IIBTP 1 30UIbIIYE PU3UK MPOHUKHEHHS
aOpa3MBHUX 4YaCTUHOK y JBHUryH. lle oOymoOBIIOE HEOOXITHICTH KOPUTYBaHHS
MEpPIOIUYHOCT]  TEXHIYHOIO0  OOCIYroByBaHHS Ta  BIPOBAIKEHHS  METOJIIB
J1arHOCTYBaHHS, OpPIEHTOBAaHMX Ha (PAKTUYHUU TEXHIYHUU CTaH (UIBTPYBaIbHUX
€JIEMEHTIB.

ABTOpH HaykoBOoi poOotm [4] 3a3HadalOTh, MO CHUCTEMAa TEXHIYHOTO
00CITyroByBaHHS 1 PEMOHTY TPAHCHOPTHUX MAIIMH 32 (PAKTUYHUM TEXHIYHUM CTaHOM
7A€ MOJKJIMBICTb 3HU3UTH HEIOBUKOpUCTaHUU pecypc (inbrpiB. IlpencraBnena
CTpateria Moke OyTH BUKOPHUCTAHOKO JUIsl peai3allii TOBHOTO PEeCypCy MOBITPSHUX
GbiMBTPIB IBUTYHIB Ta 3MEHIIIMTH BUTPATH Ha TEXHIYHE 00CIyroByBaHHS 1 peMOHT [5].

TakuMm YWHOM, JBOCTYNEHEBAa CHCTEMa OYHUIICHHS TIOBITPS JBUTYHA
TEJIECKOMIYHOr0 HaBaHTaxyBaya Manitou MLT-X735LSU, peanizoBana 13
3acTocyBaHHAM GiabTpiB 563416 Ta 563415, 3a0e3nedye BHUCOKUH PIBEHb HOTO
3axXMCTy BiJl 3a0pynHeHb. ParionanibHa oprasizailis TEXHIYHOTO 00CITyTOBYBaHHS, 110
0a3yeTbcs Ha TIO€AHAHHI PETJIAMEHTHOTO Ta JIIarHOCTUYHOIO IIJIXOMdIB, €
BU3HAYAJbHUM YWHHUKOM 3a0€3MEUeHHs] HaJIMHOCTI Ta JIOBFOBIYHOCTI POOOTH
JIBUTYHA.
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THE COPILOT PROJECT AS AN INNOVATIVE MODEL FOR MODERN
HIGHER EDUCATION
Romasevych Yuriy, tsyvenkova Nataliya
National University of Life and Environmental Sciences of Ukraine

The COPILOT project is a European initiative aimed at transforming higher
education institutions into innovation-driven ecosystems, particularly in the field of
Sustainable Energy and Clean Technologies (SECT). Its main objective is to strengthen
the capacity of universities to support deep-tech entrepreneurship, bridge the skills gap,
and foster collaboration between education, research, and industry. The project focuses
on training approximately 1,500 students and 550 academic staff, while also
contributing to startup creation and the development of green technologies aligned with
the EU Green Deal.

The implementation of the COPILOT project is based on a comprehensive
approach that integrates education, innovation, and entrepreneurship. One of the key
mechanisms is the development of innovation-oriented curricula co-created by partner
universities and aligned with real market needs. Additionally, the project introduces a
capacity-building framework that includes staff training, mentoring, and the
modernization of institutional infrastructure. Another important component is the
establishment of strong links with industry through internships, networking, and
startup support programs, enabling students and researchers to apply their knowledge
in real-world contexts.
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Within the framework of the project, a wide range of disciplines is taught,
especially at the National University of Life and Environmental Sciences of Ukraine.
These courses cover both technological and pedagogical aspects of innovation. For
example, courses related to artificial intelligence focus on machine learning, natural
language processing, and intelligent systems, as well as their application in education
and engineering. Other disciplines include innovative teaching approaches, robotics
systems, additive manufacturing, 3D technologies, modern technical systems, and
digital twins. These courses provide both theoretical knowledge and practical skills
necessary for designing advanced technological solutions and implementing them in
professional practice.

The courses are designed for a broad target audience, including students,
academic staff, researchers, and industry representatives. Such an inclusive and
multidisciplinary approach ensures the development of relevant competencies required
by the modern labor market, particularly in the fields of sustainable energy, digital
transformation, and innovation-driven entrepreneurship.

The results achieved by the COPILOT project demonstrate its significant impact
on higher education and innovation ecosystems. Among the key outcomes are the
development of new educational programs, modernization of teaching methods,
strengthening cooperation between universities and industry, and the creation of
innovation-oriented learning environments. Furthermore, these results are not limited
to the duration of the project: they will be actively integrated into existing educational
programs, leading to the modernization of their content and structure. This integration
will ensure that curricula remain relevant to current technological trends and labor
market demands, ultimately enhancing the quality of education.

As a result, the implementation of COPILOT outcomes will elevate educational
activities to a higher level by promoting innovation, interdisciplinarity, and practical
orientation in teaching and learning processes. It will also contribute to the long-term
sustainability of educational reforms and strengthen the role of universities as key
drivers of technological progress and socio-economic development.

In conclusion, the COPILOT project represents an effective model for
modernizing higher education through the integration of innovation, technology, and
entrepreneurship. By combining advanced curricula, practical training, and
international cooperation, it prepares a new generation of specialists capable of
addressing global challenges in sustainable development and driving technological
progress.
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JOCJIIITAKEHHSA IHTEHCUBHOCTI HAKOITMYEHHSA BTOMHOI'O
MOIIKO/KEHHS Y 3PA3BKAX METAJIOKOHCTPYKIIII HA OCHOBI
CTATUCTUYHUX ITAPAMETPIB SAICKPABOCTI CIIEKJIOTPAM
Bounanoeuu*0.B., Ilucapenko’I'.I"., Maiino’A.M., banonosuu’A.B.
'Hayionanenuii ynieepcumem 6iopecypcis i npupoooxopucmyeanns Yxpainu
2[ucmumym npobaem miynocmi imeni I'.C. ITucapenxa HAH Ypainu

Ha iHTEHCHBHICTh HAKONHWYCHHS TOMKOKEHHS VY JeTaIsIX MOOLIBHOT
CLIbCHKOTOCTIOAAPCHKOI TEXHIKM BHU3HAYAJIbHO BIUIMBAIOTH YMOBH 1i €KCILTyaTarii
(cunmoBe HeperyJspHE HaBaHTAXKEHHS, TEMIIEPATypHI PEXUMU pPOOOTH JeTajei,
KOpPO31MHUI BIUIMB TOLIO), TO > IPOTHO3YBAaHHS JOBTOBIYHOCTI (3aJIUILIKOBOIO
pecypcy) TEXHIKM € CKJIAQJHUM HayKOBO-TE€XHIYHUM 3aBaaHHsaM. [I[o0 orinutu
3QJIMIIKOBUNA PECYPC METAIOKOHCTPYKINT MICIsT HEKOHTPOJIHOBAHOTO HAKOIHWYEHHS
BTOMHOTO TIOIIKOJ[KEHHSI 1HXXKEHEPHOI MOBEPXHI, 3alPOMIOHOBAHO BUKOPHUCTOBYBATH
KpUTepii, SKUN TOB'SA3YIOTh CTaH IOBEPXHI 3a E€BOJIOIII IUKIIYHOI MOB3YYOCTI
(HaHOBUMIpPHOTO  MacmTady) METaJOKOHCTPYKLii 3 11  eKCIulyaTaliiHOIo
3aBaHTa)KEHICTIO [1].

[IIo6 KOHTpPOMIOBATH CTYMIHb MOIIKO/PKEHHS KOHCTPYKIIHHOTO Marepiay,
B1JICTE€XKYIOTh KIHETUKY IMOIIKO/XKEHHS Ha PI3HUX CTPYKTYPHUX PIBHSX, 3aCTOCOBYIOUH
CTPYKTYPHO-YYTIUBI METOAM AOCTIKEHHS [2]. Po3BHMBalOThCS HECTaHIAPTHI IXO0IH
UL AOCTIDKEHHS AeopMaliitHoro penbedy MOBEPXHI, HAKOMUYEHOrO MijJ 4ac
[IUKIIYHOTO HAaBAaHTAXYBaHHS, 10 CTBOPIOIOTh HOBI MOXJIMBOCTI KOMILIEKCHO
JOCIIKYBaTH eopMalliifHy MOBENIHKY KOHCTPYKIIHHUX MaTepiaiis [3].

VY miid poOOTI sl aHami3y KIHETHKHM IMapaMeTpiB PO3CISHOI MOIIKOIKEHOCTI
3pa3KiB METAJIOKOHCTPYKIIM OyJI0 BHUKOPUCTAHO METOJ KOTE€PEHTHO-ONTUYHOTO
CKaHyBaHHS MikpojaedopmMoBaHoi ToBepxHI 3paskiB [2]. 11]o06 omiHUTH 3MiHH
napameTpiB MOBEPXHI MIKpopenbedy pPO3BUHEHUX CMYT KOB3aHHS (MIKPOTUIACTUYHUX
nedopmariiii), copMOBaHOT0O Ha IMOBEPXHI 3pa3KiB ISl OKPEMHUX €TariB IUKJITYHOTO
HABAHTAXKYBAaHHS, AaHATI3yBajdd 3MIHU SICKPAaBOCTI CIIEKJIOrpaM BiIOMTOTO Bij
MOBEPXHI KOTEPEHTHOTO MPOMIHHS, SKI PEECTPYIOTh Ha (DOTOMIOMHIA MATpHIl
CHEIIaJbHOTO BUMIPIOBAIIBHOTO MPUCTPOIO. JIJist aHami3y KUIBKICHUX XapaKTePUCTHK
PO3MOLTY CHEKJIIB SCKPABOCTI BUKOPUCTOBYBAIU CTaHAAPTHI MporpamMu mMudpoBOro
OOpOOJISTHHS CTaTUCTUYHUX JIAaHUX, 3aCTOCOBYHOYM METOJMUYHI TMIAXOIU 010
IIOPCTKOCTI 1H)KEeHepHOi TOoBepxHi 3riqHo 3 BuMoramu ISO 25178: Geometrical
Product Specifications (GPS) — Surface texture: areal.

Jns  AOCHIJDKEHHS KIHETUKM BTOMHOTO TIOIIKOMXKEHHS y Il poOoTi
BUNMPOOOBYBAJIM IJIOCKI CTajeBl 3pa3Kd LMKIIYHMUM 3TMHOM 3  YacTOTOIO
HaBaHTaxXyBaHHs 13 k[ y miamasomi 1-10° — 5-107 nuknis. AMIUTITYqy KOJIMBaHb
3pa3KiB MiJ 4ac UUKIIYHOTO HAaBaHTAXKyBaHHS MiITPUMYBAJd CTaJOI0 Ha 4YacTOTI
PE30HAHCY KOJHMBAIBHOI CHCTEMH JI0 MOMEHTY 3HIMKEHHS YaCTOTH pe30HaHCy Ha 3 %
BiJI TOYATKOBOI YaCTOTH BTOMHOT'O BUIIPOOYBaHHS.

59



3bipnux mes donosidei XX Mixnapoonoi nayKpeo-npamuunoi Kongpepenuii

Crymni"e JIOKami3aiii BTOMHOTO TIOIIKOM)KCHHS OI[IHIOBAJW 3a 3MIHAMH
300paXeHHS ~ CHEKJorpaM  37A¢GOpMOBAHOI  IMOBEPXHI, IO KOPEIIITh 3
XapaKTePUCTHKOID PO3MOAUTY CepPEeIHBbOKBAIPATUIHOTO 3HAYCHHS AaMILTITYAd
BUMIPSHOTO 3HAYCHHS JIOKATBHUX MAaKCUMYyMIB (MIHIMYMIB) peibedy TOBEPXHI Y 30H1
MaKCHMAaJIbHUX Jiepopmalriit 3paska.

KopensmiitHi 3a1eXHOCTI CTyNeHI0 HAKONMWYEHHS IMUKIIYHOT MOIIKOKEHOCTI
JOCIIKYBaHUX 3pa3KiB 3 €KCTPEMyMaMH 31e(OPMOBAHOTO peiibedy TMOBEpXHI OyII0
moOyJ0OBaHO 3a pe3yJbTaTaMUd BU3HAYCHHS CTATUCTUYHHUX XaPAKTCPUCTUK PO3TIOILITY
SACKPaBOCTI 300pakeHHs CIIEKIJICTPYKTYpH 371e(hOpMOBAHOI TOBEPXHI 3pa3KiB.

3MiHE  MIKpoJAe(OpPMOBAHOCTI TMOBEPXHI OI[IHIOBATM 3a [apamMeTpaMu
CHEKJIOrpaM, Kl KOPEIOI0Th 31 3MIHAMH aMILIITyl pO3MaxXy JOKAJIbHUX MaKCUMYyMIB
MIKpopenbey TMOBEpXHI 3pa3ka y 30HI MaKCHUMaJbHHX AaMIUNTYA LUKITIYHUX
HarnpykeHb. KOHTypHI TOMOrpaMu KOMII' IOTEPHO OOpOOJICHHX CHEKJIorpam, 1o
B1J100pa)Kat0Th BIIHOCHY 3MIHY ILUIOII JJOKAJIBHUX MIKIB Ta BIAJAUH PeIbe]y MOBEPXHI
3pa3Ka Ha PI3HUX CTaJlisIX HABAHTAKyBaHHS, [TIOKa3aHO Ha puc. 1.

Ll =

\m. : 0 I
a
Puc. 1. KoM’ rotepHo 00po0JieH1 CIIEKJIOBI 300pakeHHs TOBEPXHI 3pa3Ka 3a pi3HOi
KUTHKOCTI IIUKJIIB HABAHTAXKYBAHHS 3 MO3HAYEHHSIM JIIHIN KOHTYPY penbedy
OJIHAKOBUX aMIUTITYA (CBITJIa 00J1aCTh BIJNOBIIa€ 00JaCTl MIKIB penbedy, TEMHA —
o0JacTi BraguH penbedy; MOy CBITIION 00J1aCTl S OI[IHEHO Y BiJICOTKAX 100
I 3aranbHoi Bubipku crekiiB): a — N = 10% uukin, § =72,9%; 6 — N = 10°
ki, S = 70,7%; 6 — N = 108 muko, S = 39,31%.

JI71s1 OLIHEeHHSI KIJIbKICHOTO BIUIMBY TPUBAJIOCTI HABAHTAKYBAaHHS HA KIHETUKY
MOIIKO/I?)KEHOCT] 3alpONOHOBAHO BUKOPUCTOBYBATH 1HJEKC AedopmyBaHHS K, KUl
BH3HAYAIOTh 32 (POPMYJIOIO

K = [~Inin/lmax] - 100%.
ne lpgy — aMIUNTYyAa JOKAJIBHOTO MaKCUMYMY, [y, — aMIUTITya JIOKaJbHOTO
MIHIMYMY Ha CHEKJIOBUX 300paKeHHSX.

Ha puc. 2 y koopauHaTax: Bich aOCHHC — MOTOYHA JOBIOBIYHICTh Y BiJICOTKAx
(10 MOMEHTY 3HUKEHHSI YaCTOTH pe30HaHCy Ha 3% BiJl MOYATKOBO1 YaCTOTH BTOMHOTO
BUNPOOYBAaHHS 3pa3ka); BICb OpAMHAT — IHJAEKC Je(opMyBaHHs IMOBEPXHI 3pa3ka
METaJIOKOHCTPYKIIIi I10JI0 TOYaTKOBOI'O CTaHy MOBEPXHI, MPEACTaBICHO rpadiku, sKi
XapaKTepU3yTh 3MIHEHHS TUION] OKPECIEHUX Ha TOomorpaMax 30H IIKIB Ta BIAJIUH
penbedy MIKpPOIIACTUYHOTO neopMyBaHHS, y pasi 30UIBIIEHHS TPUBAJIOCTI
IUKJITYHOTO HaBaHTa)KyBaHHS 710 BUHUKHEHHSI MAaKPOTPIIIMHU.
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Puc. 2. KiHeTnuH1 3aJIe’)KHOCT1 MapaMeTpiB AedopMaliitHoro penbedy 3pasKib
ayCTEHITHOI CTaJjl 32 HMKJIIYHOTO HABAaHTAXyBaHHS y pa3i IOCATHEHHS KUIbKOCTI
mukimiB N = 2 - 10° qukin (rpadik 1 — Bigmosinae mikam penbedy, rpadix 2 —
BI1aJIMHAM )

Touka nepetruny rpadikis 1 i 2 Ha puc. 2 BiANOBIAA€ TPUBAIOCTI HUKIIYHOTO
HaBaHTaXyBaHHA Njim, KOJIM CyMapHI IUIONIl MMIKIB 1 BOAAUH TOMOrpaM (IJIOLII
eKCTpy3il Ta 1HTpY3ii 3AedhopMOBaHOTO peibedy) AOCITAIOTh CIIBMIPHUX PO3MIpIB,
0  XapakTepu3ye KUIBKICHO CTaH IUIACTUYHOCTI  €JIEMEHTIB  IOBEpXHI,
31e(OpMOBaHUX Y B3aEMHO-TIPOTHIICKHUX HAMPAMKAX MIOJI0 IJIOMUHUA 1HXKEHEPHOI
noBepxHi. Bkazana Touka € Mexer0 BUUEpHaHHs MIKPOIUIACTUYHOTO AehOpMyBaHHS
MOBEPXHI, 10 CBIIYUTH MPO BUYEPIAHHS TJIACTUYHOCTI 371€(pOPMOBAHUX €JIEMEHTIB
MOBEpPXHI Ta TPO TMepexii MIKPOIJIACTUYHOTO JePOpMyBaHHA IOBEPXHI
METaJIOKOHCTPYKIIIi 10 HACTYITHO1 CTa il MOMKUPEHHS BTOMHOT MaKpOTPILIUHHU.
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VJIK 656

TPAHCHOPTHI CUCTEMMU SAK CKJIAAHI ANHAMIYHI CUCTEMMU:
AJIATITAIIA 10 30BHIIIHIX 35YPEHB TA OCBITHI IMIIJIIKAIIII
Maurox H.O.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

TparcnopTHa cucTeMa € OJTHIE€I0 3 KITFOYOBHUX CKJIQIOBUX €KOHOMIKH OyIb-SKO1
Kpainu. HeMOXXITMBO ySIBUTH CydacHy PO3BUHEHY Jep:kaBy O€3 HaJeKHOTO PiBHA
PO3BUTKY TPAHCHOPTHOI 1H(pacTpyKTypu. Y 3B’S3Ky 3 I[HMM BHBYEHHSA TeEOpIi
TPAHCIIOPTY, TPAHCIIOPTHUX IMPOLIECIB 1 TEXHOJIOTIH (DYyHKIIIOHYBAaHHS TPaHCIOPTHUX
CHUCTEM BHCTyNAE HE JHIIEC 0a30BOI0 HABYAIHHOIO IUCITUILUTIHOIO, a W BaKIMBUM
npodeciitHo GopMyBalbHUM YHHHHKOM JIJIs 3/100yBayiB OCBITH 3a CIICI[1aIbHOCTSIMHU
J8 «ABTOMOOLTBEHUH TpaHCTIOPT» Ta « TpaHCTIOPTHI TEXHOJOTIT (32 BUIAMU ).

B ymoBax BoeHHOro craHy YKpaiHa TpoAOBXKye 3a0e3neuyBaTu
(GYHKIIOHYBaHHS Ta PO3BUTOK YCIX Taily3ell €KOHOMIKH, 30KpeMa TPaHCHOPTHOI.
CyyacHui#l TpaHCTIOPT SIBJIsIE COOOIO CKIIAJHY IMHAMIYHY CUCTEMY, 110 00’ €IHY€E Pi3HI
BUJIM MariCTPaJIbHOTO TPAHCIIOPTY 3 MPUTAMAHHUMU IM TEXHOJOTTYHUMH MPOIIECAMH.
Taka cuctema 4yTIuMBO pearye sik Ha BHYTpIIlIHI 3MiHH, TaK 1, IEpeayciM, Ha BILUTUBU
30BHINTHKOTO cepepoBuia [1], [2].

HapuanpHa auciumuiina «OCHOBU TEOpii TPAHCIOPTHHUX IPOLECIB 1 CUCTEM)
B1100pakae TMHAMIYHUN XapakTep PO3BUTKY TPAHCIOPTHOI Taiy3i, il 3[aTHICTh A0
ajganTaiii B yMOBaX HOBHUX BHKJIMKIB, 30KpeMa IOB’S3aHUX 13 MOIIKOIKEHHSIM
TPAHCIOPTHOI 1H(PACTPYKTYPH BHACTIAOK BOEHHHX [1H.

VY mpotieci BUKJIAlaHHA AUCLHMIUIIHA BUHUKAIOThH MEBHI TPYIHOILI, 3yMOBJIEHI
IIBUIKOI0 3MIHOIO 30BHINIHIX YMOB Ta TpaHC(oOpMaIli€l0 peaTbHUX TPAHCIIOPTHUX
npoiieciB. TpaHcropTHa cucteMa mepedyBae y MOCTIHHOMY PO3BHUTKY, ONEPATUBHO
pearye Ha BUKJIMKH Ta aJIaliTye€ThCs IO HUX Y PeXUMI peanbHoro yacy. Lle 3ymonitoe
HEOOXIHICTh TOEAHAHHSA KIACHYHHX aKaJAeMIYHUX TIIXOJIB 13 aKTyali3alli€ro
HAaBUYAJHHOTO MaTepiajly BIAMOBIAHO JIO CYYacHUX YyMOB (DYyHKIIIOHYBaHHS
TpaHncnopTHoi cuctemu [3], [4], [5].

CytreBi Tpancdopmaliii croctepiraroThes K y nacaxkupebkux [6], [7], [8], [9],
Tak 1y BaHTaxHuX nepese3ennsx [3], [10], [11], [12]. TpancnopTHa cuctema Ykpaidnu
JEMOHCTPYE BHUCOKHMI PIBEHb aJalNTUBHOCTI B yMOBaxX BIWHHU, IO MPOSBISIETHCS Y
IIBUJKOMY  T€pelUlaHyBaHHI ~ MaplIpyTiB,  BUKOPUCTaHHI  aJdbTEPHATHUBHUX
JIOTICTUYHUX TUISIXIB, MIJBUIIIEHHI MOOUIBHOCTI CKJIQJICBKUX pIllIEHb, a TaKOX
AKTUBHOMY BIIPOBaIPKEHHI U(POBUX TEXHOJIOT1HA. 30KpeMa, 3aCTOCYBAHHS IITYYHOTO
1HTEJNeKTy Ta TexHojorid Big Data cnpusie migBUIIEHHIO SIKOCTI 0OCTYyrOBYBaHHS,
onTHUMi3allii BUTPAT 1 3pOCTaHHIO €(HEKTUBHOCTI TPAHCIIOPTHHUX MTPOIIECIB.

[aTerparis cygyacHux MuGpoBUX 1HCTPYMEHTIB Y HaBYAIBHUNA MPOIEC CIPHUSE
(GbopMyBaHHIO KOMMETEHTHOTO (HaxiBIls, 3JaTHOTO €(QEKTUBHO pearyBaTH Ha
BHYTPILIHI Ta 30BHIIIHI BUKJIUKHA TPAHCIOPTHOI CUCTEMU Ta 3aCTOCOBYBAaTH HalyTi
3HAHHS Ha MMPAKTHII].
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TakuM yMHOM, CydacHi YMOBH BIJKPHBAIOTh JUIS BUKJIAJa4iB MOXIJIUBOCTI HE
JIMIIe 311MCHIOBAaTH HaBYAJIBHUK MPOIIEC, a i MPOBOAUTH MPUKIIAIHI JOCTIPKSHHS Ha
OCHOBl peallbHMX KeHciB, (opMyBaTH aJbTEpPHATUBHI CIIEHapli PO3BUTKY
TPAHCIIOPTHOI TaTy31 Ta OOTPYHTOBYBATH MEPCIICKTUBHI YIIPABIIHCHKI PIIIIEHHS.
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UDK 631.33:629.113:621.43:658.7

MODERN ASPECTS OF RELIABILITY AND SERVICE LIFE OF OIL
FILTERS IN INTERNAL COMBUSTION ENGINES
Melnyk Valentyna, Novitskiy Andriy, Lisetskyi Vitalii
National University of Life and Environmental Sciences of Ukraine

Oil filters play a crucial role in ensuring the stable operation of internal
combustion engines by removing abrasive particles, wear products, and chemical
contaminants, which directly affects the durability and efficiency of engine assemblies.
Their hydraulic function contributes to pressure stabilization and the prevention of
erosive processes in the lubrication system [1, 2].

Contamination of lubricating oil with particles sized 5-25 pm may account for
up to 70% of wear in the crank-and-connecting-rod mechanism. Exceeding cleanliness
standards increases bearing wear intensity by 1.8-2.3 times. Experimental data indicate
a reduction in engine service life by 12-18% when contaminated oil passes through a
defective filter [1, 2, 5].

Abrasive wear arises from the circulation of solid particles, adhesive wear results
from the breakdown of the lubricating film under pressure drop conditions, and
corrosion-mechanical wear is caused by the accumulation of acidic by-products.
According to standards, an increase of one contamination class level raises bearing
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wear rates by 1.5 times, while the use of filters with a low particle retention coefficient
increases wear of the cylinder—piston group by 25-40% [1, 4, 6].

The main sources of contamination include fuel combustion products, wear
particles, atmospheric dust, and residues of oxidized oil, with a limiting concentration
of mechanical impurities of 0.02—0.04%. Deterioration of the oil cleanliness class leads
to a multiple increase in wear, as demonstrated by empirical data on the relative wear
rate of bearings [6, 7].

Filter service life depends on design factors (type, surface area, material),
operational conditions (load regime, temperature, material quality), and logistical
factors (maintenance intervals, forecasting). Temperatures above 120 °C cause
material degradation, while a pressure drop exceeding 0.15-0.25 MPa activates bypass
valves, allowing unfiltered oil to enter the system [3, 4, 7].

The main failure modes include clogging (46-52%), element destruction (18-
24%), valve failures (12-16%), and loss of tightness (6-10%), which leads to up to
30% of premature bearing failures. Monitoring is performed through differential
pressure control, contamination analysis, ferrography, and vibroacoustic diagnostics,
with a transition toward condition-based maintenance in accordance with standards [3,
4,6, 7].

Key challenges include the use of non-certified filters, violations of maintenance
regulations, lack of monitoring, and logistical disruptions. The transition to logistics-
based resource management grounded in residual service life diagnostics enables
optimization of engine reliability [3, 7].
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YK 621.873.3:531.3:001.891.5

INJIAHYBAHHSA EKCITEPUMEHTAJIBHUX JOCJIIKEHDb IMHAMIKHA
PYX EJEMEHTIB JIABOPATOPHOI YCTAHOBKH BAIIITOBOI'O
KPAHA
Pomacesuu 10.0., Benuxoisanenxo /I.1.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

EdexTtuBHe KepyBaHHS OalliTOBUM KpaHOM IMOTpeOye€ TOYHOTO TIaHyBaHHS
TpaeKkTOpil TEpeMillleHHs] BaHTaXy 3 MiHIMI3aIl€l0 Horo po3roWayBaHHsa. s
BepHudikallii arOpUTMIB KEpyBaHHS Ta OLIIHKU JUHAMIYHUX XapaKTEPUCTUK CHCTEMHU
po3po0ieHo mporpamy (i3HYHOTO EKCIEPUMEHTY Ha jJabopaTopHi MOAel KpaHa.
Merto1o € mnepeBipka aJrOpUTMY IJIAHYBAaHHS TPAEKTOPIii, AOCTIIHKEHHS MOBEAIHKU
CUCTEMHU MpPHU PI3HUX MacaxX BaHTaXy Ta OIIHKA aMIUNITYJAX KOJMBaHb BaHTaXy Y
MIPOIIEC] PYXY.

PeecTparis jaHuX 311HCHIOETHCS 32 JOMIOMOTOI0 8-KaHAJIbHOI BUMIPIOBAJIbHOI
cucTeMHd. BUMIpIOBaHI BEITMUMHU OXOIUIIOIOTH: MOJIOKEHHS (KOOpAMHATH) Bi3Ka Ha
CTpiJIl — 2 KaHamu (€HKOJIEpH); KYT MOBOPOTY CTPLIM — 2 KaHaJW; KyT BIIXWJICHHS
BAHTAXY BiJ BEPTUKAJl y JBOX IUIOMIMHAX (Y IUIOMIMHI CTPUIA Ta MEPIEHIUKYISPHO
70 HEi) — 2 KaHaju; CTPyM €eJEeKTPOoJABUTyHa mpuBoAy — 1 kaHan. CyKyIHICTh IUX
napaMeTpiB J03BOJISIE€ BIATBOPUTH TOBHY KIHEMAaTWYHY KApTHUHY PYXy BaHTaXy Ta
OLIIHUTH €HEPTreTUYH1 BUTPATH MPUBOLY.

Ak HezanexHl (pakTopu 00paHO NOBXKUHY miaBicYy BaHTaxy (1,0 m ta 1,5 M) 1
Macy BaHTaxy (13 kr Ta 24 kr). Pyx Bi3ka 0OMEXEHO MOJOBHUHOIO JIOBKHHU CTPUIH
(150 £+ 10 cm). IToBHMit maH BKiItOYAE 4 cueHapii pyXy, KOXKEH 3 SIKUX peani3yeThCs
pu 4 koMOiHaIAX (PaKTOPiB, IO y CYKymHOCTI jgae 16 mocmimi. sl migBHIICHHS
HAJIHHOCTI Pe3yIbTaTiB KOKEH JOCII]] MOBTOPIOETHCA 4 pa3u — 3arajioM 64 peanizaiiii.

KoxeH mocimij BUKOHYETBhCS B TaKld IOCIIJOBHOCTI: BCTAHOBJICHHS 3aJaHOL
JTOBXWHU KaHATy Ta IJBINTYBaHHS BIAMOBIAHOI Barv;, pPO3CTaHOBKA TEPEIIKO;
MO3UIIIOHYBaHHSA Bi3Ka y MOYaTKOBY TOYKY; 3aITyCK CUCTEMH KepyBaHHS uepes mady 3
YaCTOTHUM IEPETBOPIOBAYEM; BUKOHAHHS PyXY 3a 3aJaHOI0 TPAEKTOpIi€r0. Y mpolieci
pyXy Oe3nepepBHO PEECTPYIOTHCS TOJIOKEHHS Bi3Ka, KYTH BIIXWUJICHHS BaHTaXYy 1
ctpyM asuryHa. Ilicist 3aBepiieHHs AOCHIAY JaHi 30epiraroThCs IS MOJATBIIOT
00po6ku B cepenouiii Wolfram Cloud.

TakuM 4YKMHOM, OTPMMAaHI E€KCHEPUMEHTAJIbHI JaHl NaayTh 3MOTY KUIbKICHO
OIIHUTH C€(PEKTUBHICTh AJITOPUTMY NPHUAYIIEHHS KOJWBAaHb BaHTa)Xy, BCTAHOBUTHU
3aNIeKHICTh TUHAMIYHMX XapaKTePUCTHK CHUCTEMH BiJ MacW BaHTaXy Ta JOBXKUHH
MIJBICY, a TakoXX Bepu(DiKyBaTH MaTEMaTHYHY MOJENb KpaHa ISl MOJAIbIIOrO
BJIOCKOHAJICHHS &JITOPUTMIB ONITUMAJILHOTO KEPyBaHHS.
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VIIK 331.45 (075.8)

3ACTOCYBAHHSA METOHY «1EPEBO BI/IMOB» J1JIAA OHIHIOBAHHSA
JOKOPIHHUX ITPUYUH TPABMATHU3MY CEPE/l ITPALIIBHUKIB
CIUIBCBKOI'O I'OCITIOAAPCTBA
Mapuuwiuna €.1., 3yoox T.0O.
Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauus Ykpainu

CinbChKe TOCHOJAPCTBO HANEXKHUTHh 10 Taly3eil €KOHOMIKM 3 IIiIBHIEHUM
piBHEM NMPOQECIHOTO PU3HKY. 3a JTaHUMHU MI>KHAPOHOT CTATUCTUKH, IIIOPIYHO Y CBITI
B arpapHOMY CEKTOpI1 mpaioe nmoHaja 1,3 miaps ociO, mpu boMy piBeHb BUPOOHUYOTO
TpaBMaTH3MY Y Il chepi cTablIbHO MEPEBUILYE CEPEIHI TOKA3HUKU TPOMHUCIOBOCTI.
3a ouinkamu International Labour Organization, 6mmu3pko 170 THC. cMepTeIbHUX
BUITA/IKIB HA BUPOOHHUIITBI IIOPOKY MPUNIAJAE CAME HA CUTIbChKE IOCIOIapCTBO.

B Ykpaini, BiAmoBigHO 10 CTaTUCTHYHUX 3BITiB State Labor Service of Ukraine,
arpapHuil CEKTOP BXOJUTH J0 I’ SITIPKU HAUTpaBMOHEOE3MEeYHIIINX Taly3eH, /e YacTKa
HEI[ACHUX BUIMAJKIB CTaHOBUTH MpuoOIM3HO 9—-12 % Bix 3araibHOl KUIBKOCTI
BUpoOHMUMX TpaBM. Cepell OCHOBHUX TPUYMH TpaBMaTuU3My (iKCyOThCA
eKCIUTyaTallisi TEXHIYHO HECHPABHOI CIBCHKOTOCHOJAPCHKOI TEXHIKH, HEAOCTaTHIN
pIBEHb IMIJTOTOBKM TMpAlliBHUKIB, MOPYUICHHS TEXHOJOTIYHUX IIPOIIECIB Ta
HEJOCKOHAIICTh CUCTEMH YIIPABIIHHA OXOPOHOIO Mpalll.

Jns  ineHtudikanii  JOKOPIHHMUX HPUYUH BHPOOHMYOTO  TpPaBMaTHU3MY
edexTuBHUM 1HCTpyMEHTOM € MeToJ «JlepeBo BinmmoB» (Fault Tree Analysis, FTA),
SKAW HAJICXKUTh JI0 AaHAJITUYHUX METOJIB CHUCTEMHOI Oe3neku. Meton Oylio
po3pobiieHo y 1960-x pokax y Mexax JOCHIIKEHb HAIIMHOCTI CKIQJHUX TEXHIUHUX
cucteM, 30kpema B kommanii Bell Telephone Laboratories, 1 3romom BiH HaOyB
[IMPOKOTO 3aCTOCYBAHHS Y PI3HUX Taly3sX, BKIIOYAIOYH €HEPTeTUKY, TPAHCIIOPT Ta
arpapHe BUpOOHHNTBO. CyTh METOAY MOJSATaE y MOOYAOBI JIOTIYHOI 1€papXidHOi
MOJIeNIl TOMAIM, IO TPHU3BOJATH A0 HEOAKAHOTO pE3yNbTaTy, € KOXHA MO
OB’ SI3Y€ThCA JIOTIYHUMU ornepatopamu «I» Ta « ABO» 3 1HIIMMH MOIISIMU HUKYIOTO
piBHA. Takuii miaxia J03BOJISIE CHCTEMHO JOCTITATH B3a€EMO3B’ I3KH Mi’K TEXHIYHHMH,
OpraHi3alifHIMU Ta JIOJICBKUMH YNHHUKAMHU.

3actocyBaHHsa MeTony «JlepeBo BiAMOB» y cdepi OXOpPOHH Mpalli B arpapHOMY
BUPOOHMIITBI Tepefdavyae BU3HAYEHHS BEPXHBHOI TOJII, TOOTO HEOaKaHOTO
pe3ynbTaty. Y KOHTEKCTI TOCTIHKEHHS TAKOTO MO/II€I0 MOKE BUCTYIIATH TPAaBMYBaHHS
MpaliBHUKA M1 Yac BUKOHAHHS MOJIbOBUX poOIT. Ha OCHOBI CTaTUCTUYHUX JaHUX
OyJI0 BCTAHOBJIEHO, 1[0 MpuOIKU3HO 38 % HemacHUX BHIAJKIB Yy CLIBCHKOMY
rocroAapcTBi NOB’s13aH1 3 BUKOPUCTAHHSAM MOOUIBHOI TEXHIKH, 30KpeMa TPAKTOPIB Ta
komOaitHiB. [1le 24 % BuMaaKiB BUHUKAIOTH ITi] Yac poOOTH 3 HABICHUM O0JIaTHAHHSIM,
a 6m3bpKo 18 % - yHacniIok majiiHHs a00 KOHTAKTy 3 PyXOMUMH MexaHi3MamHu. [Hiii
20 % moB’s13aH1 3 BIUIMBOM 30BHILIHIX (paKTOPIB, BKJIIOUAIOUU MOTO/IHI YMOBH, BTOMY
MpAaIliBHUKIB 200 MOPYIIIEHHS OpraHi3alii BUPOOHUYOTO MPOIIECY.

[ToOynoBa «aepeBa BiIMOBY» JI03BOJISIE ETANI3yBaTH CTPYKTYpPY HMPUUMHHOCTI
TpaBMaTUYHUX Toniid. Hampukman, TpaBMyBaHHS orepaTopa TpakTopa Moxe OyTH
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pe3yabTaTOM MEPEKUJAHHS MAIIUHH, SKE, Y CBOIO UEpry, 3yMOBIIOETHCS HHU3KOIO
(haKkTOpiB: MEPEBUIICHHAM IIBUIKOCTI PyXy, HEPIBHICTIO peibedy, HECIPaBHICTIO
rajbMiBHOI cucTeMu a00 HEJIOCTaTHROIO KBallidikalliero omepaTopa. IMOBIpHICHMIA
aHaJji3 MoKa3ye, 110 MPH BIJICYTHOCTI CUCTEMH TEXHIYHOTO KOHTPOJIIO PU3UK BIIMOBH
OKpeMHUX BY3JIIB TEXHIKM Moxe 3poctatd A0 0,12, Tomi sIK peryisipHe TEeXHIYHE
0o0CITyroByBaHHs 3/1aTHE 3HU3UTH el mokasHuk 10 0,03. AHaNOriYHO JIOACHKUN
dakTop Bimirpae 3Ha4Hy posib Y opMyBaHHI HEOE3MEUHUX CUTYAIN: TOCIIKEHHS
cBigquath, mo 10 45 % HemacHUX BWIAJKIB BIAOYBalOTbCA Yepe3 MOPYIICHHS
THCTPYKIIIN 3 OXOpOHH mparii abo HeTOCTaTHIN PiBEHb HABYAHHS MIEPCOHAITY.

Bukopucrtanus meroay «/lepeBo BiIMOB» TakOoX Ja€ 3MOTY HPOBOJIUTH
KUIBKICHY OIIHKY pPH3UKY. SIKI0 WMOBIPHICTh BIJIMOBU TEXHIYHOTO €JIEMEHTY
cranoButh 0,05, a iiMOBiIpHICTH TOMIIIKU oniepaTopa - 0,08, To cymapHa HMOBIPHICTD
BUHUKHEHHs HeOe3NeyHoi MoJil MmpH Joriunomy omneparopi «AbBO» moxe pocsratu
0,126. Takum YMHOM, CUCTEMHHI aHaNI3 JO3BOJISE BU3SHAYUTU KPUTHYHI €IIEMEHTH,
YCYHEHHsI a00 MOJIEpHi3allisl SKUX Halie(eKTUBHIIIE 3HIKYE PU3HK TpaBMaTU3MYy. Y
MPaKTULl YIOPaBIIHHS OXOPOHOIO TMpalll pe3yiabTaTH TaKOTO aHajizy MOXYTh
BUKOPUCTOBYBAaTUCh  JIJII  ONTUMI3alii  OporpaM  HaBYaHHSA  MpalliBHUKIB,
YIOCKOHAQJIEHHS! TEXHIYHOTO OOCIYrOBYBaHHS MAIIMHHO-TPAKTOPHOTO MapKy Ta
BIIPOBA/KEHHS CYYaCHUX CUCTEM MOHITOPUHTY O€3IEKH.

EdeKkTuBHICTD 3aCTOCYBaHHS METONY HIATBEPKYETbCA  pe3yibTaTaMHu
JTOCHIDKEHb Yy Taly3l YOpaBIiHHA PU3UKaAMU. Y TOCHOAApCTBaX, J€ BIPOBAIKEHO
CUCTEMHHUI aHami3 NpUYMH aBapiil 13 BUKOpUCTaHHSAM FTA, piBeHb BHUPOOHHYOIO
TpaBMAaTU3MY 3HIXKYEThCS B cepefHboMY Ha 20—30 % nmpoTsrom nepmux TpboX pOKiB.
Lle moB’A3aHO 3 MOXKJIMBICTIO 1IeHTU(IKAI[lT MPUXOBAHUX OPraHi3alliiHUX HEJIOJMIKIB,
Kl YacTO 3aJMIIAIOThCA 11032 YBAarolw IMijJ Yac TPAAULIAHOTO PO3CIITyBaHHS
HEIIAaCHUX BUIIAJIKIB.

OTtxe, meTon «JlepeBo BiIMOB» € e(PEKTUBHUM THCTPYMEHTOM aHaJi3y MPUYHH
BUPOOHHYOTO TPaBMATH3MY Y CilIbCHKOMY TOCIOApCTBi. MOro BHKOPHCTAHHS
JT03BOJISIE CHCTEMHO JIOCIIIUTHA B3a€EMO3B’ 30K MK TEXHIYHUMH, OpraHi3aIllliHIMU Ta
TOJACHKUMHU  (DaKTOpaMy, BHU3HAYUTH HAWKPUTUYHINI E€JIEMEHTH BUPOOHHUYOTO
MpoIieCy Ta 3INCHUTU KUTbKICHY OIIIHKY PU3HKIB. BpoBapyKeHHsS TaKoro MiIX01y B
MPAKTUKY YIPABIIHHSI OXOPOHOIO Mpalli CIPUSTUME 3HIKEHHIO PIBHS TPaBMaTH3MY,
M1JIBUIIICHHIO 0€3MEeKH MPaIliBHUKIB Ta €()eKTUBHOCTI arpapHOro BUPOOHUIITBA.
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One of the primary directions for improving seed quality is the optimization of
drying technology in a suspended state [1, 2]. The use of aerodynamic devices in this
process has demonstrated its efficiency [3].

We have developed an aerotrough dryer [4] operating as follows. At the first
drying stage, seeds with an initial moisture content of 27 - 30 % are fed into the shaft
through a loading hopper onto the gas-distribution grate of the air-supply box. The
material layer height, specific load on the grate, and drying agent velocity are selected
to form a gravitationally moving layer chamber. Within this chamber, seeds are dried
to a moisture content of 25 - 27 % under the influence of a heat carrier stream at 65 -
75 °C supplied through the gas-distribution grate of the upper channel of the box, and
then conveyed via a chute to the second drying stage - a chamber with alternating
pseudo-fluidized and falling layers.

At the second stage, the drying material is positioned between the gas-
distribution grates of oppositely arranged boxes. Exposure to converging streams of
the heat carrier forms an alternating pseudo-fluidized and falling layer that moves
toward the discharge hopper along a trajectory approximating a sinusoid with straight
extremal segments. When the grain flow transitions from one air-supply box to another,
layer inversion and uniform mixing of seeds occur.

To determine the operating modes of the shaft for drying seed, food, and fodder
grains, the dryer was integrated into a conventional grain cleaning and drying line. The
line comprised a receiving section with aerotroughs and bucket elevators, a bulk
cleaner, a shaft-aerotrough grain dryer, a grain cleaning machine, storage bins, a
universal furnace unit TAU-0.75, and a cyclone.

During experiments, the temperature of the drying agent (t, °C) was regulated
by adjusting the fuel consumption in the TAU-0.75 unit. The performance of the
discharge device was varied by changing the rotor speed of the rotary valve (n, min™).
Through the cut-off method, the throughput of the installation was measured and
converted to the nominal dryer capacity (W, planned, t/h). The flow rate of the drying
agent (G, m3/s) was set using inlet dampers in each channel and monitored via dynamic
pressure. Specific energy consumption (qe, MJ/kg of evaporated moisture) was
determined in accordance with industry standard recommendations.

The results demonstrated that, depending on the selected operating parameters,
the actual heat consumption for evaporating 1 kg of moisture in the shaft-aerotrough
dryer module ranged from 11 to 57 MJ.
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An analysis of the causes of high specific energy consumption indicated
unsatisfactory operation of the dryer’s gas-distribution system. A significant portion of
unused heat was lost from the shaft along with the drying agent through the lower
grates of the integrated aerotroughs. Consequently, solid partitions were installed to
replace the perforated grates, and an active overflow threshold was introduced at the
end of each drying box to remove spilled grain [5-7].

To reduce aerodynamic resistance, gas-exhaust boxes replaced the perforated
shaft walls. These structural modifications significantly improved the reliability of the
technological process and reduced specific energy consumption.

The determination of optimal operating modes for drying seed, food, and fodder
grains in the modernized aerotrough dryer shaft was performed using a graph-
analytical method. Two-dimensional response surface sections, reflecting changes in
actual specific energy consumption and seed germination in response to technological
factors, were generated using a PC and superimposed in corresponding scales and
coordinates [8, 9].

The selection of boundary values for technological factors during seed drying
was guided by national standards for sowing quality (germination and moisture
content). For soft wheat (winter and spring), a reduction in germination of up to 90 %
Is acceptable, and final moisture should be 14 - 17 %. These criteria correspond to the
following operational parameters: G = 0.76 - 0.82 m/s; t =58.0 - 64.4°C;n=25-3.2
min ',

Under this mode for a single shaft: specific energy consumption q. = 18 - 22
MJ/kg of evaporated moisture; possible germination change AG = 0-10 %; planned
productivity = 0.6 - 0.7 t/h.

For food (fodder) grain drying: G =0.97 - 1.03 m/s; t =58.0-64.4 °C; n=1.8 -
2.08 min!. Minimum specific energy consumption q. = 14 - 18 MJ/kg of evaporated
moisture; germination variation AG = 0 - 15 %; planned productivity = 0.70 - 1.1 t/h.

It should be noted that gluten quality during drying under these regimes remains
unaffected since the grain does not heat above 70 °C.

Analysis of the operation of a single shaft of the aerotrough dryer demonstrated
that the requirements for drying quality were met. The uniformity of wheat drying in
the seed regime was -0.60 % +1.74 %, and in the food regime - 0.02 % £1.58 %. No
reduction in seed germination or gluten content was observed after storage.

The heat required to evaporate 1 kg of moisture was 5591 kJ. Fuel consumption
was 13.6 kg/t in the seed regime and 10.1 kg/t in the food regime, with corresponding
productivity of 2.18 t/h and 3.9 t/h.
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YK 624.072.2 : 534.1

MOJIEJOBAHHSA KOJIMBAHBb HECKIHYEHHUX ITEPIOANYHUX
BAJIOK IIIJA AI€FO TAPMOHIYHOI'O HABAHTAXKXEHHSA
AJBTEPHATUBHHUM J0 TEOPII ®JIOKE METOJ10M
Kyuenxo'A.I'., Kyuenxo®O.I'., bonoap*M.M.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu
Kuiscvkuu nayionanonuu ynisepcumem imeni Tapaca Lllesuenxa

Y mnpeactaBieHid poOOTI 3aMiCTh aHaNi3y HAMpPYXEHOTO CTaHy OKPEMOro
nepiofy, sIK 1e 3a3Bu4ail poouThes 3a Teopieto droke [ 1], po3rnsgaeTsbes Best 007IacThb
HECKIHYEHHOI OJHOPIAHOI Oankd 3 TMEpIOJAUYHUMH MIAPHIPHUMH  OIOPAMHU.
MaremMaTtiyHa MOCTAaHOBKA 3ajadi 0a3yeThCsl Ha 3acTOCYBaHHI (DYHKIIT BIUIUBY
rapMOHIYHO 3MIHHO{ y 4acl 30CepeKEHO1 IONIEPEUHOT CHIIM OJUHUYHOT aMIUIITY 11 |

w*(x)_L(e—px . ieipx)

a3
4p~EJ , (1)
ne p=vwlc, c=EJ/pA — E, p — BiANOBIIHO MOYJIb MPYKHOCTI Ta TyCTHUHA
Mmatepiany Oanku, A, J — BIANOBIAHO IUIOIIA Ta MOMEHT iHEpIi MONMEPEeYyHOTO

nepepizy Oajnku, () — KOJIOBA YACTOTA KOJMBAHb OaJIKU.
3ajaua 3BOJMTHCA N0 3HAXOMKEHHS aMIUTITY/ peakiii P, n e Zy mapnipax,

[0 BU3HAYAIOTHCA 3 YMOBH BIJICYTHOCTI Y HMX HPOTHHIB. Y SKOCTI HaBaHTAKECHHS
BHCTYTA€ TAPMOHIYHO 3MiHHA y 4aci MolNepeyHa cuia aMiunitygow P, mpuknagena
MocepeInHI MepIIoro npoiasoTy (N=1). Ha 0CHOBI mpUHIIKITY CYTIEpIIO3UIlli YMOBH B
apHipax 3anuCylOThCS y BUIJISAI HECKIHUYEHHOI CUCTEMH JIHIMHUX anreOpaiuHux
PIBHSIHb PI3HULIEBOTO TUITY.

(oo k)l 0 _ginom) nez, (g
K=—c0

e d — JOBXKHHA Mepiofay Oanku (BIACTaHb MIX CYCIIHIMH IIapHIpaMHu).

Cuctema (2) BIZHOCUTBCS JI0 PI3HUIIEBUX, TOOTO TakuXx, iHAekcu K Ta Ny
Koe(dilieHTax $KOi BXOAATH JUIIEe y BUIIAMI pizHuul n—Kk. Jns 3a0e3nedeHHs
301KHOCTI BIAMOBIAHUX PSI/IIB YACTOTHUM MapaMeTp P PO3IIISIAE€THCA IK KOMIUIEKCHE

YHUCJIO 3 MaJIOK0 YSBHOK YaCTHHOIO, siKa (DI3WYHO BIJMOBIAAE€ CHJIaM BHYTPIIIHHOTO
TepTs y Matepiaii Oamku.

JInst 3HAXOJKEHHS PO3B’SI3KYy CUCTEM THUIly (2) 3aCTOCOBYIOTH MEPETBOPECHHS
Jlopana [2]. Po3B’30Kk cHCTeMH IIyKaeThCS depe3 Mepexia y MpocTip oOpasiB Ha
OJIMHUYHOMY KOJI KOMIUIEKCHOI TUIONIMHHU, J€ 3TOPTKa TMOCiAOBHOCTEH
MePETBOPIOETHCS HA TOOYTOK iX 00pa3iB.

3acrocoBytoun nepeTBopeHHs Jlopana
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Alt)= iaktk C(t)= icktk P(t)= ipktk

k=—o0 ’ k=—o0 , k=—o0 (3)

e a, = e npa _ giln[pa cp = —P(e_(r'”/z)'oa — ei(”+j/2)pa), y KOMIUICKCHI} II0oIuHi t

OTPUMY€EMO (PYHKIIIOHATbHE PIBHSAHHS HA OJMHUYHOMY KOJi:
AP(E)=Cl), f=1. 4)

[TpoBiBIIKM HECKIIAJHI MEPETBOPEHHS, B OCHOBY SIKUX IMOKJIaJeHO (OpMYITy s
CYMH YJIEHIB FT€OMETPUYHOI MPOrpecii, AJid KOe(ili€HTa Ta MPaBOi YaCTUHU PIBHAHHS
(4) 3HalimeMo SIBHI BUpa3H:

At 2tsin(pa)  2tsh(pa)
1-2tcos(pa)+t? 1-2tch(pa)+t? (5)

. (@+t)sin(pa/2)  (1+t)sh(pa/2)
= 2F)L—Ztcos,(pa)ﬂz 1—2tch(pa)+t2}

OcraTo4Hi 3HaYEHHS aMILIITY ] PEaKIliii OTPUMYIOTh 3a JOTIOMOT'00 O0EPHEHOTO
neperBopeHHs JlopaHa, 110 3BOUTHCS 10 OOYMCIICHHS BU3HAYEHUX 1HTETPaliB:
1 ¢ P(t 1 C(t
P =3 | POy L | Ol

_tn+1 T or ) At o NeZ. (6)
t|=1 tI=1

OTpumaHi Bupa3zu JUIsl aMIUITYJ peakuid 1IeHTUYHl pe3yibTaTram, L0 Aa€
Teopist Dioke, MpoTe BUBEIEHI 0€3 i1 MPsMOro 3actocyBaHHsA. Cuparoyuch Ha TEOPIIO
(yHKIIA KOMITJIEKCHOT 3MIHHOI, IOBEJICHO, 110 OTPUMAaHE MOJIe MPOTUHIB € €UHUM
OOMEXEHUM PO3B’A3KOM 3aJladyl Ha HECKIHYEHHOCTI. 3amporoOHOBAaHUW MiaXiA
JI03BOJISIE PO3PAXOBYBATH pPEaKIlii HE JIUIIE BiJ CUJIM, MPUKIAIEHOI B CEPEAHHOMY
nepepi3l IeIKoro mpojboTy, a ¥ BiJl JOBUIBHOI CHJIM B OyAb-SKOMY mepepi3i ado
PO3MOIICHOTO HaBaHTAXXEHHS Ha MposiboTax. [linTBepKeHOo, MO Bigpa3y 3a MEKaMHu
HABAHTAXKEHOI JIIJITHKY TI0JIe MPOTHUHIB 3aBXIM HAO0yBa€ BUTIISY KBa3iMepioguIHOI
XBUJI.
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HUDPOBIZALIA CUCTEM TEXHIYHOTI'O CEPBICY OBJA/ITHAHHSA
I'OAIBJII TBAPUH Y KOHTEKCTI TOYHOI'O TBAPUHHHUIITBA
Hoeuuyvkuit A.B.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

AHaJi3 CydyacHOTO CTaHy eKCIuTyaTarlii oomagHanHs 1y roaisii BPX, a Takox
y3araJlbHeHHSl pe3yJIbTaTiB HAyKOBUX JOCIIKEHb B TBapUMHHULBKIN Tranmysi,
J03BOJISIIOTh BUOKPEMHUTH HHU3KY KIIOYOBHUX TMEPEAyMOB, MIO OOIPYHTOBYIOTH
HEOOXITHICTh PO3pOOKH Ta IUGPOBI3AIIl CUCTEMH TEXHIYHOTO OOCIyTOBYBaHHS 1
pemonty (CTOP) obnagnanns s mpurotyBaHHs 1 roxaiBmi TBapuH (3IIPK) y
KOHTEKCTi TOYHOT'O TBapuHHMIITBA [1].

[lepemycim, BCTaHOBJICHO, 110 TPAIUININAHI MIAXOAM JO OpraHizailii TeXHIYHOTO
00CITyroByBaHHs, K1 0a3ylOThCS Ha IUIAHOBO-TIONEPEKYBaJIbHUX pErjlaMeHTax, He
3a0e3MeUy0Th HAJIC)KHOTO PIBHSA aJalTUBHOCTI 10 3MIHHHUX YMOB eKCIUTyataitii/
Bapiaiis ¢izuko-MexaHIYHUX BIACTUBOCTEM KOPMOBHUX MaTepialiiB, HEPIBHOMIPHICTb
HAaBAaHTA)KEHb Ha pPOOOYl OpraHu, BIUIUB JIIOJCHKOTO (DakTOpy Ta 3MIHHICTD
TE€XHOJIOTIYHUX PEXHUMIB MPU3BOAATH J0 CTOXACTUYHOTO XapakTepy BIAMOB, IO
YCKJIQJHIOE TMPOTHO3YBaHHS TEXHIYHOTO CTaHy MAIlMH 1 3HWXKYE €(PEKTUBHICTD
periaMeHTHOTro 00CTyroByBaHHs [2].

BaxnBoio mnepeayMoBOI0 € TaK0X 3POCTaHHS CKJIAQTHOCTI KOHCTPYKIIH
cydacaux 3[1PK, siki moenHyrOTh MEXaHIuHi, T1IPaBIIivYHI Ta €NEKTPOHHI cucTemH [3,
4]. Turerpamis cHCTeM 3BaKyBaHHS, aBTOMATH30BAHOTO YIPABIIHHSA pAaIliOHOM i
IUPPOBUX MOIYJIB KOHTPOJIO CTBOPIOE TEPEAYMOBU [JIsi MEPEXOAy MO
Ki0ep(Di3YHUX CUCTEM, y SKHX BIIMOBA OJHOTO €JIeMEHTa MOKE MPHU3BOIUTH IO
MopyIIeHHS (PYHKIIOHYBAaHHS BCl€l TEXHOIOT1UHOI JiHii. {e 3yMoBIt0€ HEOOX1IHICTh
3aCTOCYBaHHA KOMIUIEKCHOTO MIAXOAY A0 3a0e3leueHHs HaAIHOCTI Ha OCHOBI
0e3repepBHOr0 MOHITOPUHTY Ta QHANITUKU JaHUX. J(OCHIIKEHHS TMOKa3ylOTh, IO
3HaYHAa YacTKa BIJAMOB OOJaJHAHHS TOMIBJII TBApWUH IIOB’S3aHAa 13 3HOIIYBAaHHAM
poOoYMX OpraHiB, JErpajali€lo MiANIMITHUKOBUX BY3J1B, MOPYIICHHSM POOOTH
MPUBOJIIB 1 HETOYHICTIO CUCTEM J03yBaHHs [5, 6]. [Tpu nboMy panHi cTamii pO3BUTKY
Ne(dEeKTIB 4YacTo 3aJMIIAlOThCS HEBUSIBICHUMHM B MEXax TPaJAUIIMHUX METO/IIB
TEXHIYHOTO KOHTpoJito. Lle 00ymoBItO€ HEOOXIAHICTH BIPOBAIKEHHS CEHCOPHUX
CUCTEM J1arHOCTUKH, 31aTHUX (PIKCYBATH 3MIHU MMapaMETPIB y peaibHOMY Yaci.

Cucrema TOP y cepefoBuIll TOYHOTO TBAPUHHUIITBA (HOPMYETHCS SIK
0araToKOMITIOHEHTHUI KOMIUIEKC OpraHi3aliiHO-TEXHIYHUX 3aXO0/1B, CIPSIMOBAHUX HA
MIATPUMAHHS ~ MPalE3JaTHOCTI,  BIAHOBIEHHA  pecypcy Ta  3a0e3ledeHHs
6e3BimmoBHOCTI QynKIiionyBanHs 3[1PK [7, 8]. Ho ii cTpykTypu BXOIATh HE JIHIIEC
TpaAMIliiiHI MEXaHIYHI Ta EJIEKTPOMEXaHIYHl CHUCTeMHU, a ¥ IudpoBi MmIaThopmu
YIpaBIiHHS, CEHCOPHI KOMITJIEKCH MOHITOPUHTY, aBTOMAaTH30BaH1 CUCTEMH J03yBaHHS
KOPMIB 1 poOOTH30BaH1 KOMILICKCH.

KntouoBoto  ocobnuBicTio cydacHoi CTOP € iHTerpamis KJIacHYHHUX
perJaMeHTHUX MIAXOMIB 10 OOCIyroByBaHHS 3 TEXHOJOTIAMH LU(POBOro
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MOHITOPHHTY TE€XHIYHOTO CTaHy oOJaJHaHHSA. BUKOPUCTaHHS CEHCOPHUX CHUCTEM Ja€
3MOTy 3JliCHIOBaTH Oe3NnepepBHUN KOHTPOJb MapaMeTpiB poOOTH MallMH, IO
CTBOPIOE TEPEIyMOBH JJisi BIPOBAIKCHHSI KOHIIEMIi MPOTHO3HOTO TEXHIYHOTO
o0cnyroByBanHsa (Predictive Maintenance). Y crpyktypi CTOP 3aco6iB s
IPUTOTYBaHHS 1 PO3JaBaHHS KOPMIB JOUUIBHO BUILISATH TpH (DYHKIIIOHAJIBHI PIBHI:
eKCIUTyaTalliHui’, CTieliaTi30BaHui CEPBICHHUM Ta 1HKEHEPHO-TEXHOJIOTTYHUH.

Excrutyaramiiinuii  piBeHb  pealli3yeTbCs  O€3MocepeHhO  MEePCOHATIOM
rocrnofiapcTBa 1 BKJIIOYAE BUKOHAHHSA WIOJICHHUX Ta TMEPIOAUYHUX OIeparii
TEXHIYHOTO OOCIYrOBYBaHHSA, 30KpeMa KOHTPOJb POOOUMX MapaMeTpiB, Bi3yalbHHIA
OTJISIT BY3JiB, OYMINEHHS POOOYMX OpraHiB, MEPEBIPKY MPHUBOJIB, TPAHCIIOPTEPIB 1
J03YBaJIbHUX CHCTEM. BaXJIMBOIO CKJIQJ0BOI0 LBOTO PIBHSA € TaK0X KOHTPOJIb
(GYHKIIIOHYBaHHSI CEHCOPHUX CHCTEM 1 MPOTPAMHOr0 3a0e3MeueHHs], 1m0 3a0e3nedye
paHHE BUSBIICHHA BIAXWJIEHBb Yy poOOTI 0OJIaAHAHHS.

Crewiani3oBaHuil CEepBICHMI piBEHb Nepeadavae 3alydeHHS CEepBICHUX
MIIPO3AUIIB ab0 AWIEPCHKUX IIEHTPIB BUPOOHHMKIB TexHIkU. Ha 1poMy piBHI
3IIMCHIOETHCS TIOTIMOJIEHA JIIarHOCTUKA TEXHIYHOTO CTaHy, KaJliOpyBaHHSI CEHCOPIB,
OHOBJICHHS MPOTPAMHOT0 3a0€3MeUYeHHs], HAAIITYBAaHHS aJITOPUTMIB YIIPaBJIiHHS Ta
BUKOHAHHSI MOTOYHOIO PEMOHTY. BaKIMBOIO CKJIaJ0BOK € BUKOPUCTAHHS CHCTEM
JTUCTAHI[IHHOTO MOHITOPUHTY, AKi JO3BOJISIOTH aHAJII3yBaTU TEJIEMETPHUYHI JlaHI Ta
CBOEYACHO TUIaHYBaTH MPOIIAKTUYHI 3aXO0/IH.

[HXeHepHO-TEXHOIOTIYHUI PIBEHb OXOIUIIOE BUKOHAHHS CKJIATHUX PEMOHTHUX
1 MozepHI3aWiiiHuX poOIT 13 3alydyeHHSIM BHUPOOHMKIB 0OOJagHAHHSA a0o
CHelaJi30BaHUX 1HXEHEPHUX LEHTpiB. Ha boMy piBHI 3[1HCHIOETHCS KaIliTalbHUN
PEMOHT, BIJHOBJIEHHS pPECYpCy BY3IiB, MOJIEpHI3allisl MPOTpaMHO-anapaTHUX
KOMILJIEKCIB Ta IHTErpaiisi HOBUX HUGPOBUX TeXHOJOrd. KpiM TOro, mpoBoauThCs
aHadl3 CTaTHUCTHKM BIAMOB 3 METOI0 MIABUUICHHS HAIIMHOCTI KOHCTPYKIIHM 1
onruMmizanii pexxuMmis excrutyaraiii [7, 8]. CyTTeBy poiib y miaBuIIeHHI €(EKTHBHOCTI
CTOP BigirparoTs mudposi miatrGopmMu yrnpaBiiHHSI TEXHIYHUM CTAHOM OO0JIaIHAHHS.
Bonu 3a6e3neuytoTs 30ip 1 00pOOKy aHUX y PEXKUMI peasbHOro 4acy, aBTOMaTHYHE
BUSIBJICHHS BIIXUJICHB, (D)OPMYBAHHSI CUTHAIIB MPO HEOOXITHICTh OOCIYTrOBYBaHHS Ta
NPOTHO3YBaHHS 3aJIMIIKOBOTO pecypcy eneMeHTIiB [7]. Peamizamis xonmerniii Smart
Maintenance J03BOJISIE IHTETPYBaTU MJIarHOCTUKY, AQHAMITHKY BEJIMUKUX JaHUX 1
IHTEJICKTyaJIbHI AJITOPUTMHU TIPUIHATTS PIIICHb.

BaxxnuBuM HampsMoM PO3BUTKY € TaKOXX IiJIBUIIEHHS PEMOHTONPUIATHOCTI
o0JialHaHHS, 10 JIOCATAETHCS 3aBASKH MOAYJIBHOCTI KOHCTPYKIIM, CTaHAapTH3aLlil
BY3JIiB, BUKOPHUCTAHHIO JIUCTAHIIIWHOI MIarHOCTUKKA Ta aBTOMATH3allll CEpPBICHUX
nportieciB [8]. Lle cripusie CKOpOUEHHIO Yacy MPOCTOI0 TEXHIKH, 3HUKCHHIO BUTPAT Ha
il eKcIUTyaTallilo Ta MiBUILICHHIO 3arajibHOI €()eKTUBHOCTI BUPOOHHUIITRA.

Otxe, CTOP o6namHaHHS TOJIBJII TBAapUH y MeEXaxX KOHIICMIi TOYHOIO
TBAPUHHULITBA TPAHCPOPMYETHCS Y BUCOKOTEXHOJOTIYHY 1HTEJIEKTYyalli30BaHy
CUCTEMY, 0 0a3y€ThCsl HA BUKOPUCTaHHI U(PPOBUX TEXHOJIOT1H, CEHCOPHUX MEPEK
Ta MeTozIiB npornosHoi ananituky [9]. Ii epexrusHe QyHKIIOHYBaHHS € HEOOXiTHOMO
yMoBoto 3abesnedeHHs HamiHocTi 3IIPK, crtabimpHOCTI BUpOOHWYHMX MPOIIECIB 1
T1IBUIIIEHHS KOHKYPEHTOCTIPOMOKHOCTI TBapPUHHUIIBKUX 1 ITPUEMCTB.
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Buxopucranas 1udpoBux miIatGopM YOpPaBIiHHSI TEXHIYHUM CTAaHOM CIIPHUSE
3MEHIIEHHIO TPOCTOIB Ta MiBUIICHHIO HAIIMHOCT1 00JIaHAHHS.
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YK 665.112

PAIIIOHAJIBHUH KOMJIEKC OBJIAJTHAHHS JIJISI BAPOBHUIITBA
OJIII B YMOBAX ®EPMEPCBKHX I'OCHIOJIAPCTB
€Epemenko O.1., 3azopoonuii H.b., I puniok B.C.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

["0JI0BHI TEXHOJIOTIUHI MPOIECH MAIIMHHOI MEpPepoOKH OJIIMHOrO HACIHHS Ha
OJI1}0 TaKi: OUMIICHHS B1Jl POCIIMHHUX PEIITOK Ta MEXaHIYHUX JTOMIIIOK, COPTYBaHHS 1
oOpylIyBaHHS, CYyIIIHHSA, TpecyBaHHS (eKCTparyBaHHs), (iIbTpallis, BiHTepi3allis,
rifpaTarlisi, HeWTpasnizaiis, 1e300pailisi, BuOiIrOBaHHs oiii [1, 2].

Hait6inp11 po3noBCIOIKEHUMH, SIK B YKpaiHi, Tak 1 32 KOPJOHOM € mepepooKa
OJIIHOI CUPOBHHH 33 TEXHOJOTISIMU «Trapsdoro» abo «XOJOJIHOIO» IMpecyBaHHA. B
HEJJABHBOMY MHUHYJIOMY HalOUIbII MOIIMPEHU OyB cnocid rapsyoro mpecyBaHHS 3
MOTIEPEIHBOI0 MIATOTOBKOIO HACiHHSA. 3apa3 Bce OUIBIIOT MOMYJSAPHOCTI HaOyBae
croci0 XOJ0AHOTO IPeCyBaHHs 0€3M0CePEIHBO 3 HACIHHS Ha Mpec-eKcTpyaepax [2-4].

BunobyTtok oiii Ha TemepimiHii 4yac - 1e JIyxke 3aTpeOyBaHa rainy3b, TOMy B
KOXKHOMY HaceJIeHOMY IyHKTI € Xoua 06 ogHa a0o JB1 OJIAHUIIL. XO0JIOJHE MPECYBaHHS
oJlii € HaMKOpHUCHIIMM, TOMy Mo npu Temneparypi MeHme 80°C He MOXYTb
BTPATUTHUCS KOPUCHI aMIHOKUCIIOTH, BiTaMiHU 1 MiHepaiu. ONiitHU# pec X0JI0AHOTO
npecyBaHHs mijirpiBae B mexkax 60-80°C 1 Bi)KUMae HACIHHS COHSIIIHUKY, PIMaKy,
JLOHY TOIO0. BHACIIOK 4OT0 BUXOIUTH CBIXkKa ouisl. JIrou, siki MaroTh CBO1 Mai 1 CBOE
3epHO, BBAXKAIOTH 3a KpaIlle 3/1aBaTy COHAIIHUK B OJIMHUIIO, A€ MPAILIOE MACIONPEC
XOJIOTHOTO TPECyBaHHs, TaK SK MPU TapsuoMy BIITUCKAHHI OJIis BUXOAUTH 3 MCHIII
BHCOKHMMH OPTaHOJIETITUYHUMHE BIACTUBOCTSIMH Ta Xap4YOBOIO I[IHHICTIO.

AHani3 poOOTH JIiHII 32 CXEMOIO Tapsiuoro npecyBanss [1, 2, 4] cBITUUTH PO
3HAYHY €HEpPro- Ta METaJOEMHICTb BUPOOHHUIITBA OJIli, OKPIM TOTrO, BUKOPUCTAHHS
oOnagHaHHS MJisi HaArpiBaHHS M'STKH TPU3BOJAUTH 1O 3HIDKCHHS SIKOCTI OJii 1
30UTbIIIEHHST  COOIBApTOCTI  KIHIEBOTO  MPOAYKTY. BIpOBa/KeHHS  TaKoro
TEXHOJOTIYHOTO TPOLECY B yMOBaX TOCHOJApPCTB 3 HEBEIMKUMH OOCsSTramu
BUPOOHMIITBA CHUPOBUHU HENOIUIBHE Yepe3 PO3TalyKEHICTh omeparliii, 110
MPU3BOJUTH 0 3HAYHUX BUTpAT.

TexHonoriyHa cxemMa BUPOOHMIITBA OJIii METOJOM XOJIOJHOTO OJHOPA30BOTO
MIPECyBaHHS BIIPI3HAETHCS BIJICYTHICTIO 00JIaIHAHHS JJIs TEIJIOBOT OOPOOKH M'STKH,
1[0 JICIIO CIPOINY€E TEXHOJIOTII0, ajieé MAa€ JIOCTaTHBO BEJIMKY KUIbKICTh OJUHUIIb
KOMIUIEKTHOTO 00JIaIHaHHS, 1110, B CBOIO YEPTy, BEJIE 10 BEIUKOI METATOEMHOCTI.

3nificHeHHs OUIbII MTMOOKOI0 aHaji3y BIIOMHUX CHOCOO0IB mepepoOKH ONiiHOL
CUPOBUHU BUMAarajio JOCIIKEHHs pillieHb, BAKOHAHUX Ha P1BHI BUHAXOMIB [1, 3, 4].

JI1st cyyacHOTro oJIiiHOTO BUPOOHMIITBA B YMOBaX (pepMepChKHUX TOCIOAAPCTB 3
oJlepKaHHSIM OJIi1 TpH BIJHOCHO HeBenukux eHeprosurparax (100-150 Br/kr) i
BHCOKOMY BIJICOTKY BHXOAY TOTOBOTO MpoAyKTy (35-40%), mpu BMICTY y CHPOBHHI
miniaiB 42-49%, MOUITFHO BUKOPUCTOBYBATH TEXHOJIOTIYHY JIHIIO 3 MPOAYKTUBHICTIO
10 HACIHHIO coHsmHUKa 10 190 Kr/rox 13 3aliMadoro 1iomero 32 M2 [1, 4].
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HacinHs mepeBO3UTHCS BiJ CXOBHII 3€PHOBOTO €JI€BaTOpa 3a JOTMOMOTOIO
BaHTOXXHUX TPAHCIIOPTHUX 3aCO0IB 2 1 PO3MIIIYEThCA Yy MpHiiMaabHOMYy OyHKepi 1
(puc. 1). Jlami 3a 1011oMoror Hopii 3 CUPOBHUHA MOJAETHCS Y MIPOMIXKHUN OyHKEp 5,
3BIIKM TPAHCTIOPTEPOM 4 HANpPaBISETHCS B 3€PHOOYHMCHUN cemapatop 6, ¢ HACiHHA
OUUIIAETHCSA BiJl OpPraHiYHMUX 1 MiHepanbHUX goMimok. I[lotiM moxwmmii 7 i
TOPU30HTAILHUHN 8 TPaHCIIOPTEPH MOJAIOTh OJIIHHE 3€PHO y Mpec-eKCTpyaep 9 MapKu
EK-75/1200, ne BinOyBaeTbcs nepsuHHe Xomoaue (50-80°C) mpecyBanns. OTpumaHa
B EKCTPY/IEpl CUPO-AaBJIeHa OJlisg 3a JOMoMOoro Hacoca 10 mepexadyeTsest y MPOMIDKHY
emMHicTh 11. 3a TEXHOJOTIYHMM pETIAMEHTOM CHpa OIS OYHIIAEThCS Bimx (y3y
wiactunyactTuM ¢iabTpoMm 12 mapku BHII-3 1 ganmi npsiMye 3a 70moMoror Hacoca B
eMHICTh ountieHoi ofii 13. B emHocTsx 11 1 13 piBeHb 01111 perytoeThcsi aBBTOMAaTHIHO
3a JIOTIOMOTOI0 CTIeliaJbHUX JaTYMKIB 1 Hacoca.

Makyxa micis ekcTpyaepa 9 mojgaeThecst Ha Mpec 0CTaTOYHOro BipkumaHHs EK-
[11-120/820 11 gnst BuTsATY 3amumikiB omii. Jlami Makyxa moJlaeTbesi TPAaHCIOPTEPOM
14 B Oynkep 15 nist moaanboro BUKOPUCTAHHS 32 MPU3HAUCHHSM.

OO6CITyroBYIOTh BCIO JIIHIIO 3 IBOX JUISHOK TPY KBaTi(PiKOBAHUX OMEpaTopa.

[Tomanbimuii aHami3 JA03BOJIAE 3pOOUTH MPUIMYIICHHS, IO IS MPOEKTYBaHHS
PEKOMEHJIOBAHOTO OJIITHOTO TMiANPUEMCTBA JOIUJIBHO 3aCTOCYBaTH €(GEKTHUBHY
TEXHOJIOT1UHY JIIHIIO 3 YCTaTKYBaHHSM BITYM3HSIHOTO BUPOOHUKA.
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Puc. 1. ®yHkiioHanpHa cXxema OJIHHUI B yMOBaX (pepMepChKOro rocro1apcTBa:
1 — cxoBwIIe OJIIMHOTO 3€pHA; 2 — TPAaHCHIOPTHHH 3aci0; 3 — Hopis; 4, 7 — IIHEKOBI
TpaHCTIOPTEPH; S5 — MPOMDKHUN OyHKEp; 6 — cemapaTop OJIIHHOTOo 3epHa; 8 1
14 — ckpebkoBi Tpancnoprepu; 9 — mpec-ekctpyaep; 10 — nacoc; 11 — emHicTh cupoi
onii; 12 — ¢pineTp; 13 — €eMHICTh OYHIIECHOT 0J1iT; 15 — OyHKep IJIs MaKyxu
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TexHosor14Ha JIiHIA CKIAAA€THCA 3 IBOX BUPOOHUYMX AUISHOK, a caMe: IUISTHKa
OUYMINICHHS HACIHHSA OJIIMHUX KYyJbTYp BiJ CTOPOHHIX JOMINIOK Ta OTPUMAaHHS
croco0OM XOJIOAHOTO TpecyBaHHs cupo-nasiieHoi onii; JIBPO-EKO-BIO (tabin. 1),
JUIstHKa ounieHHs omii nuisixoM Qinbrparii JIOPO-EKO-BIO (taba. 2).

Hinsaka Bupoonunrsa Pocnuuaux Omiit JIBPO-EKO-BIO npusnaueni 141, 1mo
MiCJIsI OYHWIICHHS TAaKOXX BUKOPHUCTOBYETHCS SIK CHPOBHHA I BUPOOHMIITBA
INU3eIbHOT0 OloMmainBa.

Tabmuis 1. Texuiuni xapaktepuctuku Ausaku JIBPO-EKO-BIO

No Ha3zBa mapamerpa 3Ha4YeHHS
1 [TpoayKTUBHICTB, T/1100. 1000

2 ITnoma miHii, M2 8

3 Bucota ninii, m 2,8

4 Maca mHii, Kr 1800

5 3aranpHa MOTYXXHICTh €JIEKTPOYCTATKYBAaHHS JIHII, 20

kBT
6 OOCIyroOBYIOUHI IIEPCOHA, JIIO]I. 2

PekoMeH10BaHa KOMIUICKTHICTh 00JIa THAHHS TIITHKH:
1. Pymika nacinus BAPC-1044 1
2. Kommiekc ounnienss 3epHa K-b 01-00
3. KonBeep npyxunuuii L= 6 m
4. Ipec-exctpynep EK-75/1200
5. Ipec mmuekoBuit oruckanas EK-I1/1-120/820
6. Tpancnoprep mHekoBHil L=6

N N

Tabmuug 2. TexHiuH1 XapakTepucTUku AUIAHKY PiabTpanii JIOPO-EKO-BIO

No Ha3zBa mapametpa 3HaYCHHS
1 [TpoIyKTUBHICTH, KI/700. 1000
2 [Tnoma minii, M2 24
3 Bucota ninii, m 3,35
4 Maca niHii, KT 1800
3aranpHa MOTYXKHICTh  €JEKTPOYCTAaTKyBaHHS
3) i 18,5
JiHii, KBT
6 OO6CayroByrOUHil IEPCOHAI, JIFO/I. 1

PexomennoBana koMriuiekTHICTh oOaaHanas itk JIOPO-EKO-BIO:

1. ®inmerp BHIT-3 TY V 29.2-14247520-004:2007 1
2. €MHICTB cUpoi oii 1
3. €EMHICTP HAMUBAHHA 1
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4. €EMHICTH X0JIOJ0areHTa

5. Kpucramnizarop

6. €EMHICTB YHCTO OJIii

7. ®INbTP KOHTPOJIBHUH (ITOMIIIEHCHKII)

e

BucnoBkn. Merton «xonoanoro BiaTuckanus» (10 100°C mpecoBoi o:ii) Ha
ChOTOJICHHSI HaOyBae Bce OUIBLIOTO TMOMIMPEHHS Y (EepMEpPChKUX TOCHOIapCTBaX.
OaHOYaCcHO BIPOBAKYIOTHCS TEXHOJIOT1UH1 yI0CKOHAJIEHHS ITpoliecy GiabTparii omii,
HAIPUKIIAJ, BAaKyyMHI (1IbTPU 3aMiCTh BiJCTIHHKIB.

Pe3ynbpratu aHamizy TEXHOJOT1H BUPOOHHUIITBA OJIii CBIAYMTH MPO IOIIBHICTD
BIIPOBA/KEHHS Ha MAJIUX OJIMHUX 1 010IM3eTbHUX MIAMPUEMCTBAX TEXHOJIOT1UHI1 JIiHIi
3a XOJIOAHUM CIIOCOOOM BIATHCKAHHS HACIHHS, OCHAIICH] BITYM3HIHUM 00J1aJHAHHSM.

[lepepoObka HaciHHS Ta OTpPUMaHHS OJii XOJIOAHUM TIPECYBaHHSIM €
MEePCIEKTUBHUM 1 HEBJI’€MHHUM €TaroM OJIIMHUX TEXHOJOTIH, ajie BUPOOHUYO-
METOJMYHI TOJOXKEHHA, KiIacudikaiii oOJaJHaHHS, XapaKTEPUCTUKHU TMPOIECIB Ta
TEXHIYHUX 3acO0IB 4acTO € HEMOBHMMHU ab0 cynepewIMBUMH. ToMy HNpoBeACHUN
aHai3 Ta y3arajlbHEHHS OTPUMAHUX MaTepiaiiB, a TaKoX Kiacu@ikaiis TEXHIKO-
TEXHOJIOTITYHUX O00’€KTIB Mae OyTH WIATPYHTSAM [JIsi BHUOOpPY MEPCHEKTHUBHUX
BUPOOHMYUX JIIHIN NTepepOoOKU HACIHHS OJIIMHUX KYJIBTYpP Ha CUIbCHKOTOCIIOAAPCHKUX
nepepoOHUX MIAMPUEMCTBAX MAJIOi 1 CEPEIHBOI MOTYKHOCTI.
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HEPCHHEKTUBU BUKOPUCTAHHS HITYUYHOI'O IHTEJIEKTY B
OLIHII PUBUKIB TPABMYBAHHJ ITPAIIIBHUKIB HA
MEXAHI3OBAHUX IMPOIIECAX B ATPAPHIN C®EPI
Mapuuwiuna €1, /liouuenxo M.

Hayionanvnuii ynieepcumem diopecypcis i npupoookopucmyeanus Ykpainu

CydJacHuil pO3BUTOK arpapHOTO CEKTOPY XapaKTEPU3Y€ETHCS BHUCOKHM PIBHEM
MexaHi3alli Ta aBToMaTu3allli BApOOHUYUX MPOIIECIB, 110, 3 OJHOTO OOKY, ITiIBUIIY€E
NPOAYKTHBHICTH Tpalli, a 3 IHIIOTO - CYNPOBOKYETHCS 3POCTAHHSIM MOTEHIIHHUX
PHU3HKIB TpaBMyBaHHS MpaIliBHUKIB. OCOOJIMBO 11€ CTOCYEThCS €KCIUTyaTallli CKIaqHO1
CLITBCHKOTOCTIOAAPCHKOT TEXHIKHM, B3a€EMOJI1 JTIOAMHN 3 aBTOMATH30BaHUMH CHCTEMaMU
Ta poOOTH B YMOBAax IIJIBUIIEHOI HEOE3NeKH. Y 1bOMY KOHTEKCTI aKTyaJlbHUM €
3aCTOCYBaHHS TEXHOJIOTH IITYYHOTO IHTEJIEKTY IS MABUIIICHHS PiBHA O€3MEKH mpalii
IUIIXOM [IPOTHO3YBAHHS, aHaI3y Ta 3al100IraHHs BUPOOHUYUM TPABMaM.

[Ty4yauii iHTENEKT sBIsi€ COO0I0 CYKYIHICTh METOJIB 1 aJTOPUTMIB, 3/IaTHUX
aHaTI3yBaTU BEJMKI OOCSATH JaHUX, BUSABISITH 3aKOHOMIPHOCTI Ta (OopMyBaTH
MPOTHOCTHYHI Mojieni. Y cdepi 0XOpOoHHM Mparlll i TEXHOJIOTIi I03BOJISIOTh MEPEUTH
B1Jl PEaKTUBHOIO MIJXOAY A0 YNPABIIHHS pU3HKaMH JI0 IPOAKTUBHOTO, 10 Oa3yeTbes
Ha TONEpEeKEHHI HeOe3NeYHUX CHUTyalid. 30KpemMa, BUKOPUCTAHHS aJIrOpUTMIB
MAallMHHOTO HAaBYaHHS Ja€ 3MOry OOpOOJATHM [aHl MpO MONEPEIH] 1HUUACHTH,
TEXHIYHUI CTaH OO0JIaJIHaHHS, MOBEIIHKOBI ()aKTOPHU MPALIBHUKIB 1 30BHILIHI YMOBH
JUTSl OLIHKK MIMOBIPHOCTI BUHUKHEHHS TPaBM.

VY MexaH130BaHMX Mpoliecax arpapHOro BUpOOHUITBA 3HAYHY POJIb BIAIIPAIOThH
CUCTEMHU MOHITOPUHTY Ha OCHOBI CEHCOPHHUX TE€XHOJIOT1H Ta [HTepHeTy peueil. Bonun
3a0e3neuyroTh Oe3nepepBHUM 301p 1H(OpMamii Npo poOOTy TEXHIKH, NapameTpu
HABKOJIMILIHBOTO CepeloBuIla Ta Aii omeparopa. Ha ocHOBI LMX NaHUX IITYy4YHUN
1HTEJICKT 3/1aTeH BUSBIISITH BIIXWICHHS Bl HOPMaJIbHUX PEXKUMIB PYHKI[IOHYBaHHS Ta
CUTHAJII3yBaTH IPO MOTEHIIMHO HeOe3rmeuHl cuTyarii. Takl MiIxXoau BXKe aKTHBHO
3aCTOCOBYIOTBCS y KOHILEIMII TOYHOTO 3eMJiepoOcTBa, Jne IMPPOBI CHUCTEMH
MIATPUMKA TPUUHATTS PINICHb CHOPHUAIOTH ONTHUMI3AIli MPOIECIB 1 MiABUIIECHHIO
Oe3neKu.

OcoOnuBy yBary ciij OpPUAUIATA BUKOPUCTAHHIO MOJENICH MPOTHO3YBAHHS
TpaBMaTH3My. AHaji3 BETUKUX MAcCHBIB ICTOPUYHHMX HaHHWX O3BOJISI€ BU3HAYATH
KJIIOUOBl (aKTOPU PHU3UKY, Takl AK TEPEBAHTAXKEHHS TEXHIKH, HEAOTPUMAHHS
TEXHOJIOT1YHUX PErJIaMeHTIB, BTOMA MpPAaI[IBHUKIB 400 HECTIPUATIUBI MOTOAHI YMOBH.
[Toxi6HO 10 TOCTIHKEHb Y TPOMUCIIOBUX Taly35X, /e MOJACI MAIIMHHOTO HaBYaHHS
JEMOHCTPYIOTh 3JaTHICTh MPOTHO3YBAaTH aBapiifHi CUTYyallli 3 BUCOKOK TOYHICTIO, Y
CLITBCHKOMY TOCTIOJJAPCTBI TAKOK MOJINBE CTBOPEHHS €()EKTUBHUX CHCTEM PAHHBOTO
MOTEPEIKEHHS, 1110 3HUKYIOTh IMOBIPHICTh TpPaBMYyBaHHsI IEPCOHAITY.

81



3biprux me3 donosideis XX MiKHapooHoi HAYKeeo-npaKinuunoi KoHgepenuii

Boanouac BIpOBaKeHHsI IITYYHOTO 1HTEJIEKTY B CHUCTEMY OLIIHKU PU3HUKIB
CYNpPOBOJKYEThCS HHU3KOIO BHKIMKIB. Cepen HMUX — mpoOsiema SKOCTI Ta
pPENpe3eHTaTUBHOCTI TAHUX, B AKUX 3aJICKUTh TOYHICTH MOJIENEH, a TAKOXK PU3UKU
AITOPUTMIYHOI YIEPEJKEHOCTI, 110 MOXKYTh IPU3BOAUTH JI0 TOMHIJIKOBIUX BUCHOBKIB.
Kpim TOro, HEoOXilHO BpaxoByBaTH OpraHi3aiiiiHi Ta €KOHOMIYHI AaCHEKTH
BIIPOBAKEHHS TAKUX TEXHOJIOT1H, BKIIIOUAIOYN BUTPATH HA 00JaHAHHSA, IHTErPaIlio
CUCTEM 1 MATOTOBKY MEPCOHATY.

He MeH11 BaXKJIMBUM € MUTAHHS B3a€EMO/I11 JTIOAMHH Ta IHTENEKTYaIbHUX CUCTEM.
HITy4anii 1HTEIEKT MOBUHEH PO3TISAATHCS SK 1HCTPYMEHT MIATPUMKH TPUHHSATTS
pillieHh, a HE SK TOBHA 3aMiHA JIOJACHKOTO KOHTPOJ0. EdekTuBHICTH #Oro
BUKOPUCTaHHA 3HAYHOIO MIpPOI0 3aJeKUTh BiA piBHA LU(PPOBOI TPaMOTHOCTI
MpAaIiBHUKIB Ta 1X 37aTHOCTI MPaBUJIBHO IHTEPIPETYBATH DPE3YJIbTATU AHATITUKH.
Tomy BHpOBaKEHHS TaKUX TEXHOJOTIM Ma€ CYIMPOBOJKYBATUCS BIJAMOBIIHOIO
M1TOTOBKOIO KaJPiB 1 JOPMYBaHHSIM KYJIBTYPH OC3MEKU.

TakuM 4YMHOM, BUKOPUCTaHHS INTYYHOTO IHTEJEKTY B OIIHII PHU3UKIB
TpaBMyBaHHsSI TpAIiBHUKIB Ha MEXaHI30BaHMX TMpolecax B arpapHiii cdepi €
NEPCIIEKTUBHUM HAIIPSIMOM, 110 J103BOJISIE CYTTEBO MIABUIIUTHU PIBEHb O€3MEKHU Ipalli.
3aBASKA MOXJIMBOCTSM aHANi3y BEJIUKUX JAHWUX, TMPOTHO3YBAHHS HEOE3MEUHUX
CUTYyalliil Ta aBTOMaTU30BAHOI'0 MOHITOPUHTY, Il TEXHOJIOTI] CIPUAIOTh 3HUKEHHIO
BUPOOHMYOTO TpaBMAaTH3My Ta ONTHUMI3alli ympaBiiHHA puzukamu. [loganbii
JOCJIIDKCHHSI TOBUHHI OyTH CHPSMOBAHI Ha BJIOCKOHAJICHHS MOJEJNEH MITy4YHOTO
IHTENIeKTYy, MIJABUIIECHHSA iX HAIIMHOCTI Ta ajanTainiio A0 chenudika arpapHoOro
BUPOOHMIITBA.
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OCOBJUBOCTI 3BACTOCYBAHHSA METOAY «5 WHY?» B
OLIHIOBAHHI KOPEHEBUX ITPUYUH BUPOBHNUYOI'O
TPABMATU3MY MEXAHI3ATOPIB
Mapuuwiuna €.1., 3yoox T.0O.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauus Ykpainu

BupoOuuumii TpaBMaTu3M y CUIBCHKOTOCIIOAAPCHKOMY CEKTOpl 3aJMIIA€THCS
OJIHIEI0 3 Halcepho3HIMMX mpoOnem Oe3neku mpaii. 3a JaHUMH MDKHApOJIHHUX
oprasizaiiiii, arpapHa raiy3b BXOAHWTHb JO TPIAKH HalOUIbIl HeOe3neyHuXx cdep
€KOHOMIYHOI [isIIbHOCTI. 3HayHAa YacTWHA HENIACHUX BUIMAJAKIB TMPUTATAE Ha
MEXaHI13aToPIB, AKl MPALIOIOTh 13 TPAaKTOpaMH, KOMOailHaMU Ta IHILIOI CKJIAaJHOIO
TE€XHIKOI0. BUCOKa IHTEHCHUBHICTh MOJBOBUX POOIT, BUKOPUCTAHHS MOTYKHUX MAIINH
Ta BIUIMB JIIOJCHKOTO (pakTopa CHPUYUHSIOTH TMIJIBUIIEHUNW PpIBEHb PHUBHKY
TpaBMyBaHHs. 3a CTAaTUCTUYHUMU OILIIHKAMH, Y CTPYKTYPl BUPOOHUYOTO TPABMATU3MY
B arpapHOMY CEKTOp1 YaCTKa MEXaH13aTOPIB CTAHOBUTH OJU3bKO 35—45 %. IIpu upomy
noHaj 60 % HelacHuX BUIIAJKIB OB A3aH1 3 €KCIUTyaTalli€l0 MalluHHO-TPAKTOPHOTO
napky, a npuoyn3Ho 25 % TpaBM BUHUKAIOTh YHACHIIOK MOPYIICHHS BUMOT O€3IeKU
M1]] 4aC TEXHIYHOTO 00CITYyTrOBYyBaHHS TEXHIKH.

EdextuBHe 3amobiraHHd BUPOOHMUOMY TpaBMaTu3My MOTpeOye HE JUIIe
(ikcariii moaii, ajne i rIMMOOKOTO aHali3y MPUYUH 1X BUHUKHEHHS. OTHUM 13 IPOCTUX
1 BOJHOYAC pe3YyJIbTaTUBHUX IHCTPYMEHTIB aHali3y KOPEHEBUX MPUYHH € METOH «5
Why?» («II’sTh yoMy?»), IKUH IHPOKO BUKOPUCTOBYETHCA y CUCTEMAX YIPaBIIHHS
aKkicTio Ta Oe3nekoro. CyTh METOAYy TOJSTaE y TOCHIIOBHOMY BCTaHOBJIEHHI
MPUYUHHO-HACTIKOBUX  3B’A3KIB  IUISIXOM  0Oaratopa3oBoro  (hopMyJroBaHHS
3aMUTaHHS «4OMY?» 10 KOXKHOTO TIOTEPEIHBOTO TMOSICHEHHS Momii. Y cepeaHboMy
3aCTOCOBYETHCS I’ SITh 1TE€palliil 3alUTaHHs, 110 JI03BOJISIE€ TIEPEUTH BiJl TOBEPXHEBUX
(bakTOpiB 0 IITMOMHHUX CUCTEMHUX TIPUUKH.

VY cdepi oxoponm mpari MexaHizaTopiB MeTo «5 Why?» ae MOXIMBICTh HE
JUILIEe BHU3HAUYUTU O€3MOCEepeHI0 NPUYMHY TpaBMYBaHHs, aje I BCTAHOBHUTHU
oprasizailiifHi, TEXHIYHI Ta MOBENIHKOBI (akropu. Hampukian, mig gac aHamizy
HEIIACHOTO BHMAJIKY, MOB’S3aHOTO 3 TpPaBMYBaHHSIM OIeparopa MijJ 4ac PEMOHTY
KATKU 3€pHO30MpPAIbHOTO KOMOailHa, mepiue MOSCHEHHS MOXe 3BydYaTd Tak:
MpaliBHUK OTPMMaB TPaBMY PYKH uyepe3 panToBe oOepTaHHs MexaHi3my. Hactymnne
3alUTaHHS «4OMy 1€ CcTajoca?» MO)Ke TIOKa3aTH, W0 MeXaHi3M He OyB
3HecTpymiieHui. [loganpimmii aHami3 Mo)ke BCTAHOBUTH, IO MPAIliBHUK HE BUKOHAB
nponeaypy OnokyBaHHs oOsagHaHHsa. HacTynmHuil piBeHb NPUYUH MOXE OYTH
OB’ SI3aHMM 13 BIACYTHICTIO YITKUX IHCTPYKIIM a00 KOHTPOIIIO 3 00Ky KepiBHUIITBA. Ha
(diHanbHOMY €Talll MO>KE€ BUSIBUTUCS CHUCTEMHa MpoOJieMa, HalpuKiIaa HEeAOCTaTHIN
piBeHb HaBYaHHS a00 BIJICYTHICTH BITPOBA/KEHOT CUCTEMU YIPABIIIHHS PU3UKAMHU.

[IpakTuHl AOCHIIKEHHS MOKAa3ylOTh, MO 3aCTOCYBaHHS MeToxy «5 Why?»
7103BOJISIE BUSIBUTH TIMOMHHI Tprannn y 70—80 % BUMaakiB BUPOOHUYHUX 1HIIHICHTIB.
VY mporeci aHamizy TpaBMaTU3My MEXaHI3aTOPIB YacTO BCTAHOBIIOETHCS, IO
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Oe3rocepe/iHd TeXHIYHA MPUYMHA CTAaHOBUTH Juile npudmmuzHo 20-30 % Bixg ycix
(dhaxTopiB, TO1 K 0U3bK0 S50 % BUITA/IKIB OB’ S3aH1 3 OpraHi3alliiHUMU HEI0TIKaMH,
a me 20-30 % — i3 mojacekuMm ¢dakTopoM. Hampukmnan, ROCHITKEHHS MPUYUH
NEepPEeKUuaHHsl TPAKTOPiB MOKa3yloTh, M0 npubmmu3Ho y 40 % BUMAAKIB OCHOBHOIO
NPUYMHOIO € eKCILTyaTallisl TEXHIKM Ha cXuiax 0e3 HAJIeKHUX 3aXUCHUX CUCTEM, Y 35
% BUIAJKIB — HEJAOCTATHS MIATOTOBKA omeparopa, a me y 25 % — He3aJ0BUIbHUN
TEXHIYHUI CTaH MAIIIVH.

BaxxnuBoro mepeBaroto Merony «5 Why?» € Horo mpocTora Ta MOXJIMBICTb
3aCTOCYBaHHA 0€3 CKJIAIHUX aHAJTITUYHHUX 1HCTPYMEHTIB. {11 MpoBeneHHs aHamizy
J0CTaTHRO chopMyBaTH podbody rpymy 3 3—5 ¢axiBIliB, SKi BOJIOAIIOTH iH(OpMALIi€I0
PO 0OCTaBUHU MO/, Y cepeHhOMY aHaJli3 OJTHOTO IHIIMICHTY 3a JIOMTIOMOTOI0 METOTY
zaiimae Big 30 mo 60 xBunuH. [Ipm 1mbOMy pesynbTaTd aHalizy MOXYTh OyTu
BUKOPHUCTaHI JJIsI PO3POOJICHHSI KOPUTYBAJIBHUX 3aXO0/lIB, CIIPSIMOBAHUX HA YCYHEHHS
CUCTEMHUX TpHUYUH HeOe3neku. JocBig MmiIpUEMCTB arpapHOrO CEKTOPY CBIAYUT,
[0 BMPOBAPKEHHS CUCTEMHOr0 aHalli3y 1HIUJEHTIB 13 BUKOPUCTAHHIM METOIY «5
Why?» Moxe 3HU3UTH piBeHb TpaBMaTu3My Ha 15-25 % mpoTArom mepuimx JBOX
POKIB 3aCTOCYBaHHS.

Pa3oM i3 THM MeTOX Mae TeBHi OOMexeHHs. Moro e(peKTUBHICTh 3HAYHOIO
MIPOIO 3aJICKUTH BiJl KOMIIETEHTHOCTI €KCIIEPTIB Ta MOBHOTH BUXIJIHOT iH(MOopMartii. Y
CKJIAJJHUX BUPOOHUYUX CUCTEMAX, JI€ MOI1i MalOTh Oararo(akTOpHUM XapakTep, I ATh
iTepariii Moxke OyTH HEIOCTaTHHO JJI BUSBIICHHS BCIX NMPUYMHHUX 3B sA3KIB. Tomy
JOLIVIBHO TMO€AHYBaTH WEH MiAX1[ 3 I1HIIMMU METOAAaMH aHajidy, 30KpeMa 3
MoOyJ0OBOIO IPUYMHHO-HACIIIKOBUX JllarpaM a00 METOJIaMU OL[IHIOBaHHS PU3HUKIB.

TakuMm 4rHOM, 3acTOoCyBaHHA MeToay «5 Why?» y nociiikeHHi BUpOOHUYOTO
TpaBMaTU3My MEXaHI3aTOpiB € €(PEKTUBHUM IHCTPYMEHTOM BUSIBIICHHS KOPEHEBUX
MIPUYMH HEITAaCHUX BUIAKIB. MeTo J03BOJISIE IEPEUTH BiJl TOBEPXHEBOTO aHATI3Y 10
CUCTEMHOTO pO3yMiHHA (DaKTOPIB PHU3UKY, IO CHPHUSE PO3POOJIECHHIO OLIBII
Pe3yIbTATUBHUX NPOMITAKTUYHUX 3axoiiB. MIOro BHKOPHCTaHHSA y IOEIHAHHI 3
IHIMUMU METOJIaMHU aHaJli3y O€3MeKH MOXKe CYTTEBO IMIJBUIIUTH €(HEeKTUBHICTh
VIOpPaBIIHHS OXOPOHOIO Tpalll B arpapHOMY CEKTOpl Ta CIPUATH 3HUKEHHIO PIBHS
TpaBMAaTU3My Cepejl MpalliBHUKIB MEXaH130BaHUX MPOIIECIB.
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OCOBJIMBOCTI NPOBEJIEHHSI ATECTAIIII POBOYNX MICIIb 3A
YMOBAMM ITPAIII Y BOEHHHUM ITEPIO/L
Mapuuwiuna €.1., Ky3zomenxo B.M.
Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

OcoOnuBOCTI MPOBEJEHHS aTecTallii poOOYMX MICIb 32 yMOBaMHu IMpali y
BOEHHMI TeEpioJ  3yMOBJICHI CYTT€BUMHU TpaHCPopMalisiMd BHUPOOHUYOTO
CepeIOBHINA, IiABUILIEHUM piBHeM pPU3UKIB Ta OOMEXKEHHSIMH OpraHi3aliifHOro
XapakTepy. ATtecrartis poOOYMX MiCITh TpaI[I/IHII/IHO CIpsIMOBaHAa Ha KOMILJIEKCHY
OIIHKY (pakTOpiB Bnpo6Hquro CepeloBHINla 1 TPYAOBOrO TMPOILECY 3 METOI0
BU3HAYCHHS iX BIUTMBY Ha 370POB’ S MPAaIliBHUKIB, BCTAHOBJICHHS ITUTBT 1 KOMITCHCAITIH,
a TaKOX PO3pOOJICHHS 3aXO0/1B 1010 MOJIMILIEHHS YMOB Mpalil. ¥ BOEHHHI Nepiof 1l
3aBJaHHs 30€piraloTh CBOIO aKTyaIbHICTh, OJIHAK iX pealti3allis BiI0yBaeThCa B yMOBaxX
MMIBUIIIEHO] HEBU3HAYEHOCTI Ta JUHAMIYHHUX 3MIH.

[To-nepiiie, 3HaYHA KUIBKICTh MIAMPUEMCTB 3MIHIOE MICII€ PO3TallyBaHHS a00
pexuM (QyHKIIOHYBaHHSA. 3a ominkamu, moHan 30-40% mianpueMcTB 3a3HaIU
perokanii ado0 YacTKOBOI 3YNMHHKHM MiSUTBHOCTI, IO Oe3rmocepeaHbO BILIMBAE Ha
oprasizaiiro TpoBeneHHs artectaimii. HoBl BHpPOOHHMYl TPUMIIIEHHS 4YacTO HE
BIJINOBIJIAIOTh TIOTIEPEIHIM CTaHIapTaM Oe3IeKH, 0 MOTpedye mo3a4eproBoi OIIHKU
YMOB Tipaiii. Y TaKuX BUIAIKaX JOMYCKAETHCS CIPOIIEHHS OKPEMUX IIPOIETYP, OHAK
HE MOXKe OyTH 3HUKEHO PIBEHb BUMOT JI0 O€3MEeKH MPALiBHUKIB.

[lo-npyre, CyTT€BO 3MIHIOETBCA CTPYKTypa WIKIJUIMBUX 1 HEOE3MEeUHUX
¢daktopiB. 3poctae BmMB  ¢Gi3U4HUX  (dakTopiB  (mym, BiOpamif, OWia),
MICUXOEMOLIMHOTO HAIpY’>KEHHS, a TaKOX PHU3UKIB, TOB’SI3aHUX 13 MOKIMBHUMH
HaJ[3BUYAHUMH CUTyalisIMu (0OCTpuiv, nepeboi eleKTpornocTadyaHHs). 3a JaHUMU
OKpPEMHX JIOCHTIIKEeHb, PIBEHb NMCUXO(]i310J0TYHOT0 HABAHTAXKEHHS TMPAI[iBHUKIB Y
BOEHHHH Tepios Moxe 3pocratu Ha 20-50%, 1m0 BUMarae BKJIFOUSHHS J0JaTKOBUX
KpUTEPIiB OIIHIOBAHHS J0 MPOIIEIyPH aTecTallii.

[To-tpere, oOMEXEHMI JOCTYN J0 akpeauToBaHUX JjabopaTopiii Ta
CHEIlali30BaHUX  OpTaHi3allii  yCKJIQJHIOE TPOBEACHHS  IHCTPYMEHTAIBHHUX
BUMIPIOBaHb. Y TaKUX YMOBaX 3aCTOCOBYIOTHCS aJIbTEPHATHUBHI MIIXOJHU, 30KpeMa
BUKOPWCTAHHS HASBHUX apX1BHUX JIAaHUX, €KCIIEPTHHUX OIIHOK, 4 TAKOXK JUCTAHIITHUX
METO/IB aHaJi3y. BomHOYAaC 3aKOHOJaBCTBO JTOMYCKAE BiATEPMiHYBAHHS MTPOBEICHHS
aTecTallli y BHUIaJKaX, KOJU 1i BUKOHAHHS € HEMOJIMBUM 3 00’ €KTHUBHUX MPUYMH,
MpoTe poOOTOIaBEIb 30008’ A3aHUM TOKYMEHTaIBHO OOIPYHTYBATH Taki 0OCTaBUHHU.

[To-ueTBepTe, KaapoBHil (pakTOp Biairpae 3Ha4HY pojib. BHacnigok MoOimi3arii
Ta MIrpailii cnocrepiraerbes 1ePiuuT KBani(hiKOBaHUX CHELIaNICTIB 3 OXOPOHU Mparli.
Ile mpu3BOIUTH M0 3HWKEHHS SKOCTI MIATOTOBKK MaTepialliB aTecTallli Ta morpedye
MIBUILEHHS POJIl BHYTPIITHROTO KOHTPOJIIO HA MANPUEMCTBAX. Y NESKUX BHUMAIKaX
GyHKIIT CrIeniamicTiB MOXYTh BUKOHYBAaTH NPALlIBHUKH, K1 MPOUIUIA MPUCKOPEHE
HaBYaHHS, 1110, OJTHAK, HE 3aBXKIH 3a0e3Meuy€e Halle)KHUHN PiBEHb €KCIIEPTHOCTI.
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[To-m’siTe, BaKJIMBUM acIieKToM € HudpoBizallis NporeciB. Y BOEHHUHN Mepion
AKTUBI3YETHCS BUKOPUCTAHHS EJIEKTPOHHOTO JOKYMEHTOOOITy, JHMCTaHLIMHHUX
KOHCYJIbTalll Ta OHJIAWH-THCTPYMEHTIB OIIIHKK PU3HKIB. Lle 103B0IsI€ CKOPOTUTH Yac
IpOBEJCHHS aTecTallli Ta 3abe3meunTd Oe3MepepBHICTh IPOIECY HaBITh 32 YMOB
00MEXEHOTO JOCTYITY O pOOOYHX MICIIb.

SK10 cTpoK MPOBEIEHHS aTecTallii poOo4MX MICIb 332 YMOBaMHU Mpaili HACTaB Yy
nepioJ; BOEHHOTO CTaHy, pOOOTO/aBellb MOXKE YXBaJIUTH PIMICHHS TPOBECTH ii
MPOTSATOM IIECTH MICSIIB 3 JHS NMPUNUHEHHS YU CKACyBaHHS BOEHHOTO CTaHy B
VYxpaini. Lle pimenns po6oToaaBenb MOTOIKYe 3 MPOQCIIIKOIO.

TakuM 4YMHOM, TMpOBenEHHs aTecTalii PoOOYMX MICLb y BOEHHHM Mepiof
XapaKTEPU3y€EThCS AIANITUBHICTIO, CIIPOIICHHSIM OKPEMHX MPOLEIYpP Ta OJHOYACHUM
MOCWJICHHSIM yBaru N0 Oe3MeKku mpamiBHUKIB. OCHOBHUM 3aBIaHHSM 3aJIMIIAETHCS
3a0e3nedeHHs] OallaHCy MDK JOTPUMAHHSIM HOPMATUBHUX BHUMOT 1 pealbHUMU
MOXJIUBOCTAMH TIANPUEMCTB. Y TEPCHEKTHBI JOUUIBHUM € BIOCKOHAJICHHS
HOPMATHBHOI 0a3u 3 ypaxyBaHHSIM KpPHU30BHX yMOB, a TaKOXX PO3BUTOK THYUYKHX
IT1JIXO/I1B JI0 OLIIHKHA YMOB IIpalii.
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yMOBaMHU Tparil.
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YK 535.2

CTAHJAPTHU3AIIA TA 3ABE3NIEYEHHS EKCILTYATAII
BIOI'A3OBHUX YCTAHOBOK
Hee’amko O., /lenucenxo M.
Hayionanvnuii ynieepcumem odiopecypcis i npupoookopucmyeanus Yxpainu

Cranpaptusaiiis nepeabavae (QopMyBaHHS MOJIOKEHb, MOMXJIMBOCTEH II0JI0
BIIOPSIKOBAHOCTI BHKOPUCTAHHS HAasSBHMX 3aBAaHb. JlJIsi  arpompoMHCIOBOTO
KOMILJIEKCY BIJHOCHO TEXHIYHHUX 3aco0iB, fKI 3a0€3Me4yl0Th BIOPSAIKOBAHICTb
nependavyaeThes, U0 1€ € MPaIe3JaTHICTh Mij] 4Yac eKCIUTyaTallii.

Ha cporogni BHKOpuCTaHHS O10Ta30BUX YCTAaHOBOK B TOCHOJApCTBax
aKIIEHTY€EThCSA 3aJIEKHO BiJl COLiaTbHO-eKOHOMIYHHX 3MiH. [XHE OCHOBHE IPU3HAYEHHS
nepenbavae  OTpuMaHHA Olorasy, SIKMA BHKOPUCTOBYEThCS Uil (popMarii
eJIEKTPOCHEeprii, Tera abo OioMeTaHy 3 TEPCHEKTHBOIO NEPEepOOKH BIAXOMIB Ha
opraniuni 106puBa. IX 3actocyBaHHs, Sk 6auMMO, € 3HAPAUIAM, IO JO03BOJISLE MATH
JI0JTATKOBHI HampsiM 3a0e3IeueHHs] Mpale3aTHOCTI TEXHIKU 3 TMO3HUIlli CIOJIYYHOT
(momaTkoBO1) JaHKU 1 1€ HaJa€ M MPIOPUTETHE MICLe B MOTPeOi 3a BIACYTHOCTI
MPSIMUX JIKEPET BUKOPUCTAHHS.

3a10BOIeHHsT TOTPeO 3 BUKOPUCTAHHSAM ajJbTEPHATUBHUX BUIIB €HEPrii B
VYkpaini Ha OCHOBI 010ra30BHX yCTaHOBOK, Ha ChOTOJIHI, 3TiIHO [1], cKiIagaeTses 3
010ra3oBHX 3aBOJIIB Ta OIOMETAHOBMX YCTAaHOBOK 3araJibHOIO MOTYKHICTIO 41 MUIIH.
KyOOMeTpiB Ha piK. BiHOBIIOBaJIbHA €HEPreTUKa € MEPCHEKTUBHUM HAIMPSMKOM,
AKUM HaJae MOXJIMBICTh BHUPIIICHHS NpoOdeM Juisi MPUBATHUX TOCIOAAPCTB
(omuHUYHUX OYAMHKIB) @ TAKOXK MOKPAILEHHS TUTAHHSI €KOJIOTIi.

BaromuM cKkJ1aJoBUM €1€MEHTOM MPU BUKOPUCTAaHHI 010ra30BUX YCTAHOBOK €
(akTopH, sIK1 BILTMBAIOTH HA X TEXHIYHUI CTaH, a caMe:

- 00CJIyrOBYBaHHS;

- IOTOYHUM PEMOHT;

- kBaJi(hikoBaHUM OOCITYTOBYIOUYHI MEPCOHAT;

- 30epiraHHs TeXHIKH 1 3aITaCHUX YaCTHH.

O1iHeHHS TEXHIYHOTO CTaHy BUKOHYIOThH 32 PIBHSIMHU BIiJ BUCOKOTO JIO JTyKE
HU3BKOTO. TEeXHOJIOTIYHA YaCTHHA BHUKOPUCTAHHS 010ra30BUX YCTAHOBOK MICTUTH
BUKOHAHHS MIATOTOBYMX POOIT, IO BXOMAATH JI0 CKJIAAy TEXHIYHOI eKCIUTyararlii.
BukoHnanHs ix OyBae pi3HOMaHITHUM 1 1HOJ1I HE MIANAA€ i OAHY TEXHOJOTIUHY
CXEMy 4epe3 MIHJIUBICTh Oomepartii.

TakuMm 4MHOM, 3aCTOCYBaHHSI 010ra30BHX YCTAaHOBOK Y CKJIAJll TEXHOJOTTYHUX
omeparllii nependadae CIPOMOXKHICTh HIMPOKOI0 BUOOPY CHUPOBHHHOIO Marepiany,
foro mepepoOKa B YCTAHOBIIl Ta HaJalITyBaHHS OCTAHHBOI IIOJI0 TEXHIYHOTO
KOHTPOJTIO0, BUMIPIOBAHHS 1 ONepaTUBHE KEPYBaHHS TEXHIYHUM CTAaHOM BHKOHYETHCS
3TiHO (PYHKI[IOHATHHOTO 3aBJAHHS 32 €KCIUTyaTallliHUMH MOKa3HUKAMH.

Jliteparypa

1. biomeran B YKpaiHi: MOKJIUBOCTI Ta PO3BUTOK — MaTepiayid MOMAIl Ta Te3H
cmikepi. UABIO. URL.: https://uabio.org/news/17950/.
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KOHCTPYKTHUBHI OCOBJIMBOCTI CUCTEM ATI'POBOJIbTAIKH
TI'onyo I''A., HHueenkoea H.M., Pozoecokuii 1.J1., Mapyc O.A.
Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmyeanus Ykpainu

BaromuM 4YMHHHKOM 3HWXEHHS €(EKTHBHOCTI CHCTEM arpoBOJIBTAIKUA TIPH
301IBIIEHHI iX PO3MIpIB € BIJICYTHICTH paIllOHaJIbHUX MOHTXKHUX KOHCTPYKIii. Cin
TaKOX 3rajaTH MpO KIIMATUYHI Ta €KOJOTIYHI YMHHHUKH, SIKi, 3 OJHOTO OOKy, €
MPUYMHOIO 3HIKEHHS CTIMKOCTI KOHCTPYKI[H CUCTEM arpoBOJIbTAIKH, a 3 1HIIOTO —
MOTIPIIYIOTh YMOBHU BEJIEHHSI arpapHoro BupoOHuiuTBa. OTXKe, CydacHl CHCTEMHU
arpoBOJIBTAIKM MOTPEOYIOTHh YIAOCKOHAJICHHS, IO MOB’S3aHO B BUPIMICHHAM HU3KHU
KOHCTPYKTHUBHHUX 3aJ1a4.

MeToto 1oCIIIKEHHS € BA3HAYEHHSI MOKa3HUKIB €(DEKTUBHOCTI TPEKIHTY CUCTEM
arpoBOJIbTATKM B 3aJIEKHOCTI BIJ iX KOHCTPYKTUBHHMX ocoOiuBocteit. lle nmactb
MO>KJIUBICTh BUOOPY HAMOLIBII MPUHHITHUX KOHCTPYKIIHA CUCTEM arpoBOJIbTATKH JJIs
3a0e3nedyeHHss iX e(exkTuBHOro (YHKIIOHYBAaHHA Yy KOHKPETHHUX YMOBax
3aCTOCYBAHHS.

OO0’ €eKTOM JTOCII/KEHHS € CUCTEMH arpoBojbTaiku. [IpeameTom nocmikeHHs €
3QJIEXKHICTh €(PEKTUBHOCTI TPEKIHTY CHUCTEM arpOBOJIBTAIKH BIJl X KOHCTPYKTHBHUX
0COOJIMBOCTEN Ta 3aJEXKHICTh €(PEKTUBHOCTI MOKPUTTA IO (HOTOETEKTPUUYHUMU
MaHeJISIMU BiJl BiICTaHI MIDK MacMBaMU CUCTEMH arpOBOJIbTAIKU MiJl YaCc HAUOLIbIIOT
COHSITYHOT akTUBHOCTI. OCHOBHA TiOTE3a TOCIIIHKEHHS MOJIsirajia B TOMY, 1110 IUISIXOM
YCKJIQIHEHHSI KOHCTPYKIIIT CUCTEMH arpoBOJIbTAIKM MO>KHA JOCSTTH MiABUILECHHS il
€()EeKTUBHOCTI TPEKIHTY aX J10 JOCATHEHHS MaKCUMaJIbHOTO 3HAYCHHS.

3aranbHUNA BUTJISAT JOCHIKYBAaHUX KOHCTPYKIIIM CHCTEM arpoBOJIBTAIKH
npuBeaeHo Ha puc. 1.

A
WEST EAST SOUTH NORTH
A
a
SOUTH pmm NORTH  EAST B WEST
B
E=E
o

88



«Obyx06CHKT Humanmsy

€
o WEST

EAST
Y4

D
» WEST

D EA
s
- ///I
“‘,"«ﬂ' | )

A
Puc. 1. Cxemu 10ociiKyBaHUX KOHCTPYKIIIH CUCTEM arpoBOJIbTAIKU B 3aJI€KHOCTI
B1J1 Opi€eHTalli 0cl 00epTaHHs (HPOTOENEKTPUYHUX MOJYIIIB: @ — BICh TOPU30HTAJIbHA,
Hanpsamok «Cxia-3axiay; 6 — BiCh ropu3oHTaIbHa, HanpsMoK «IliBHiu-IliBneHs»; ¢ —
BICh BCTAHOBJICHA 1]l KyTOM IIHPOTH, HanpsAMOK «IliBHiu-IliBaeHb»; O — Bich
BCTAHOBJIEHA 3 MOKJIMBICTIO PETYJIIOBaHHS Y BEPTUKAIbHIN MJIOLIMHI, HAITPSIMOK
«ITiBH1U-IT1BHEHDB)

Jlnst  Bu3HAyeHHS €(PEKTUBHOCTI TOKPUTTS IUIOMl  (OTOCTECKTPUIHUMHU
MaHEIIIMHU i 4Yac HaWOLIbIIOT COHSYHOI aKTUBHOCTI BHKOPHCTaHA PO3PaxyHKOBa
cxema MpuBeieHa Ha puc. 2.

Pesynbratu MojenroBaHHS 3MIHM KyTa Haxmiy (DOTOENEKTPUUYHUX MOIYIIB
BITHOCHO TUIOIIMHHU 1X O0ci 00epTaHHs B cucteMi arpoBojibTaiku «IliBHiu-IliBneHp» 13
BiCCIO 0OepTaHHs BCTAHOBJICHOIO i KyTOM ITUPOTH MIPUBECHA Ha puUC. 3.

OtpumaHi  pe3yJabTaTH  JIO3BOJIAIOTH BU3HAYUTH OCHOBHI  ITOKa3HUKH
€()EeKTUBHOCTI TPEKIHTY CUCTEM arpoBOJIbTAIKH.

[Toganemuii  pO3BUTOK JAHOTO JOCHIPKEHHS Mae€ IMOoJsraTd y po3poOiri
KOHCTPYKIlii MacHBY CHUCTEMH arpoBOJIbTAIKH Ta TPOBEICHHS CKCIIEPUMEHTAIbHUX
JOCIIKEHb PI3HUX KOHCTPYKTUBHUX PILIEHb.

[IpakTruHe 3HAYEHHS PE3YyJbTATiB JOCTIDKCHb IOJSITa€E B TOMY, IO BOHHM
MOXXYTb OyTH BUKOPHCTaHI JIJIs1 PO3POOKH KOHCTPYKITli CHCTEMHU arpOBOJIHTAIKH.
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Puc. 2. Po3paxyHkoBa cxema JJisl BU3HAaYEHHS! €()EKTUBHOCTI MOKPUTTS IO
(POTOENEKTPUYHUMU MAHEISIMU B CUCTEMI arpOBOJIbTAIKU

byno BcTaHOBIEHO, WO 3HA4YeHHS €(EKTUBHOCTI TPEKIHTY CHCTEMH
arpoBOJIBTAIKY 13 TOPU3OHTAIBHOIO BICCIO OOEPTAHHS Ta OPIEHTALIIEI0 OC1 00epTaHHS
«Cxin-3axin»y craHoBuTh 34,75 %; 1yis cUCTeMHM arpoBOJIbTAiKK 13 OPIEHTAIIIEIO
«ITliBaiu-IliBmenp» — 52,89 %. 3HaueHHs e(EKTUBHOCTI TPEKIHTY CHCTEMH
arpoBoJIbTAiKH 13 opieHTalliero «I[liBHi4-IliBaeHB)» Ta BicCI0 00epTaHHS BCTAHOBIICHOIO
nig kyroM mupotu (50°) ctanoButh 67,95 %, a ipu oci 00epTaHHS BCTAaHOBJICHOIO
TakKUM 4YHHOM, 00 (POTOENEKTPUYHI MOJYJI BIACHIIKOBYBAJIMA TMOTIK COHSIYHHUX
MIPOMEHIB TAKOX Yy BEPTUKAIbHIN TuiomuHl — 69,5 %. [IpoTspkHICTh qHS TiA Yac
poOOTH CUCTEMU arpoOBOJIbTAIKK 3MIHIOETHCS BiJl 12 roaun 21 6epes3ns ta 21 BepecHs
1o 16 rogun 21 uyepBHs. Taka koMOiHAIs Yacy YBIMKHEHHS-BUMKHEHHSI CUCTEMH
arpoBOJIBTAIKK B POOOTY Ta MPOTSHKHOCTI THS MPU3BOIUTE 10 TOTO, IO KYT HaXUIY
(OTOENEKTPUYHUX MOJYJIB BIJHOCHO IUIOIIMHM iX OCl 0O€pTaHHS CTaHOBUTH 45°.
OTpumaHe 3HA4YE€HHS KyTa HaxXWjly MOAYJIB BIJHOCHO IUIOUIMHU OCi OOEpTaHHS B
CHUCTEMi arpoBOJIbTAiKM  JO3BOJIMJIO BH3HAYMTH BIJCTaHh MDK MacHBaMHU
arpoBOJIbTAIKK, fAKa cTaHoBWiIa 3,79 M, a e(EeKTUBHICTb MOKPUTTS ILJIOLII
(hOTOCNEKTPUYHUMHU MaHEISIMHU 111 YaC HAMBUIIOT COHSTYHOT akTUBHOCTI — 52,8 %.

HocnimxenHs O0yno BUKOHaHO B paMkax peanizauii npoekty HEI-COPILOT y
Mexkax iHimiatueu EIT HEI Initiative «Po3BuTOK 1HHOBAIIIMHOT CIIPOMOYKHOCTI BHITIOT
OCBITH», 110 (PiHAHCYETHCS €BporeichkuM COI030M.

Jliteparypa

1. G. Golub, N. Tsyvenkova, I. Rogovskii, V. Chuba, V. Nadykto, 1. Omarov,
Y. Yarosh, | Chuba. Determining the influence of design features in agrivoltaics
systems on tracking efficiency. — Eastern-European Journal of Enterprise
Technologies, 2025, 3/8 (135), Energy-saving technologies and equipment, 14-22.
DOI: 10.15587/1729-4061.2025.329837
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YAOCKOHAJIEHA KOHCTPYKUIA ITIOAPIBHIOBAYA
KOHIOEHTPOBAHHUX KOPMIB
Momnwvko P.B., Ilomanoea C.E.
Hayionanvnuti ynieepcumem 6iopecypcie i npupoookopucmyseanus Yxpainu,

OnHUM 3 OCHOBHUX UYMHHHKIB, 10 BH3HAYAIOTh €(PEKTUBHICTH BUPOOHHUIITBA
NPOAYKTIB TBAapUHHMIITBA, € MPUTOTYBaHHA KopMiB. [IpoTe 1eil mpormec € myxe
CHEeproEMHUM 1 BHMMAara€ 3acTOCYBaHHS CIEIaTbHUX TEXHIYHMX 3aco0iB.
HalinomupenimuM crnoco6oM MiATOTOBKH 3€pHOBHX KOPMIB /O 3TOJOBYBaHHS €
MOAP1OHEHHH.

HuHi B CUIbCBKOMY TOCHOJApPCTBI HAWOUIBII IIMPOKOTO PO3MOBCIOIKEHHS
HaOyIu MOJIOTKOBI Apo6Gapku. IXx poGOYMMM OpraHamMy € HMIApHIPHO 3aKpilieHi Ha
OapabaHl MOJIOTKHM, 3a JOTOMOIOI0 SIKHX BIJOYBAarOThCS YHCICHHI yAapu
nojapiOHIOBaHOrO  Martepiamy. OCHOBHMMHM  HENOJIIKAMU  IIUX  MAaIllUH €
nepenoipiOHeHHsT MaTepially Ta MIBUJIKE 3HOIITYBAHHS MOJIOTKIB.

Tomy HEOOXiTHO pO3pOOISATH HOBI KOHCTPYKIIT IpoOapoK, IO JI03BOJISIOTH
e eKTUBHIIIE TOAPIOHIOBATH 1 CBOEYACHO BUBAHTAXKYBAaTH MOJIPIOHIOBAHUM MaTepial
3a paXyHOK 3aCTOCYBaHHsI YAOCKOHAJIEHUX pOOOUYHMX OpPIaHiB.

Jy1st moipiOHEHHSI KOHIIEHTPOBAHUX KOPMIB HAMH 3aIIPOIIOHOBAaHA KOHCTPYKIIS
IpoOapKu yaapHo-TepeThparoyoi Aii (puc. 1), B Akiii B mpolieci moApiOHEHHs MaTepia
MIIJAEThCS YAAPHIA A1l )KOPCTKO-3aKPIIJIEHUX OMJI 1 OJHOYACHO MEPETUPAETHCS 00
cenapyrouy HOBEPXHIO PEIiT.
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Puc. 1. Cxema npoGapku 3epHa yaapHO-TIEpETHPAIOYOT il
1 — 3aBaHTa)XyBaJNbHE BIKHO; 2 — O6MIIa; 3 — poTOp; 4 — KOXKYX 5 — BUBAaHTaKyBaJIbHUN
naTpyOoK; 6 — TOpIIeBE PEIIETO.

Po6ounii nporiec po3po6IieHoi 1podapku 3epHa BIAPI3HIETHCS HACTYITHUM:
— B SAKOCTI poOOYOro OpraHy BHKOPHCTOBYIOTHCSI HE IIAPHIPHO IMiJIBIIICHI
MOJIOTKH, a KOPCTKO BCTAHOBJICHI Ha pOTOp1 OUIIa;
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— noApiOHIOBaHUHN MaTepiall HAAXOAUTh B KaMepy MOAPIOHEHHS HE Yepe3 OTBIP Y
BEpPXHIM YaCTUHI poOOYO0i KaMepH, a Yepe3 OTBIP B TOPIIEBIM CTIHIIL;

— NoApIOHIOBAaHUIM MaTtepial MiAMAEThCs HE TPSIMOMY yIapy MOJOTKIB, a
B3a€MOJII€ 3 TOBEPXHEI0 OWi, pPO3rOpHYTOI HA MEBHUW KYyT BIAHOCHO iX
ITO310BKHBOT OCI;

— TMICIIA B3a€EMOJIIT 3 TIOBEPXHEIO OWJI MOJPIOHIOBAHUNM MaTepiai CIPSMOBY€EThCS
MepeBaXXHO HE 10 mnepudepifHOro pemera, a PO3MOIIIAETHCS MK
nepudepiitHuM 1 TOPIIEBUM pPEIICTaMHU.

Jpobapka 3epHa yJapHO-TIEPETUPAOYOi i MpaIloe TAKUM YUHOM: 3€PHO, 1110
nijjsarae moJapioOHeHHo 13 OyHkepa 1 depe3 3aBaHTaKyBajbHE BIKHO 2 HAJIXOJUTh B
JTpOOUIIbHY KaMepy, Je MOoTparuise il yaapu o0epToBux 0w poropa 3, B pe3yJibTari
YOro BIAKUJAETHCS HA MPOTUIIEKHY IUIUTY, NOJAPIOHIOETHCS 1 BIABOAUTHCS 3 KaMepu
MOAPIOHEHHS yepe3 pewero 4 1 BUBaHTaXKyBaJIbHUN OTBIp 5.

3anponoHoBaHa KOHCTPYKLIS 3a0e31euy€e OTPUMAaHHS MPOAYKTY BHUIIOI SKOCTI
MOPIBHSHO 3 MOJIOTKOBUMH JpoOapkamMu (MEHIIE MHIOBUAHOI (pakiii, OLIbII
PIBHOMIPHUH T'PaHyJIOMETPUYHUI CKJIaa) IPU HIXKUMX €Hepro3arparax.

Jlireparypa

1. Myhailovych Y., Potapova S., Achkevych O., Achkevych V. Increasing
efficiency of grinding process in single-roller grain mill. “Engineering for Rural
Development”. Volume 20. Jelgava, Latvia University of Agriculture. 2021. Pp. 712-
717. doi.org/10.22616/ERDev.2021.20.TF156

2. Revenko I., Khmelovskyi V., Revenko Y., Rebenko V., Potapova S.
Justification of parameters affecting increase of hammer crusher productivity.
“Engineering for Rural Development”. Volume 22. Jelgava, Latvia University of
Agriculture. 2023. Pp. 714-720. doi.org/10.22616/ERDev.2023.22.TF142

3. MamuHu Ta obnagHaHHA a5 TBapuHHULTBA. HaBuanbuuii nociOuuk /B.C.
XwmenwoBebkuit, B.B. bpartimko, B.I. Pe6enko, O.0. 3abonotsko, C.€. IloTanoga.,
O.M. AukeBnu, B.I. AukeBuu, M.I. Ixanpunk. KuiB: PenakmiiiHo-BUIaBHUYHNIN B1II1IT
HVYBill Ykpainu, 2024. — 235 c.
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METOJM TA NIAXOJIA ONITUMIZAIII PEXKUMY PYXY POBOTA 3
OJHICIO ITOCTYHAJIBHOIO TA IBOMA OBEPTAJIBHUMHA JIAHKAMHA
Jlogeiikin B.C., Kaoukano 1.0., baniok 10.A.

Hayionanvruii ynisepcumem oiopecypcis i npupodokopucmysanus Ykpainu

CydacHU#l PO3BUTOK MPOMHCIOBOI POOOTOTEXHIKM BHMAarae IOCTIHHOIO
BIOCKOHAJICHHS ~ CHCTeM  KepyBaHHA U1  3a0e3MMeUeHHS  MaKCHUMAaJIbHOI
NPOAYKTHUBHOCTI Ta eHeproeeKTuBHOCTI. PoOOTH-MaHIMyJSATOPH, IO MAaOTh
KOMOIHOBaHYy KIHEMAaTU4YHY CTPYKTYpy 3 OJHI€I0 TIOCTYMaJbHOIO Ta JBOMA
oOepTalpHUMHU JIAHKaMH, € CHeHMU(IYHUM KJIacOM MEXaHi3MiB, fAKI YacTo
BUKOPHCTOBYIOTBCS B OTEpAIlisIX COPTYBaHHS, MaJCTyBaHHSI Ta OOCIyrOBYBaHHS
BepcTaTiB. OnTuMmizalisi pPEeXHUMIB PyXy TaKHUX CHCTEM € CKJIaJHHUM HayKOBO-
TEXHIYHUM 3aBJAHHSIM, OCKUJIbKM TO€JHAHHS PIZHUX THUIIB 3’€IHAHb CTBOPIOE
HEJHIMHI JuHaMi4Hl e(eKTH, IO BIUIMBAIOTh HAa TOYHICTh Ta CTaOIBHICTH
MaHInyJsid. JIoCHiPKeHHST METOIB OINTHUMI3alll J03BOJISE HE JIUIIE 3HU3UTH
€HEPreTUYH1 BUTPATH, a ¥ CYyTTEBO 3MEHIIIUTU JUHAMIYHI HABAHTAXKEHHS HA MMPUBOM,
110 TIOJIOBXKYE TEPMIH eKCILTyaTarlii 00J1aIHaHHS.

KoHcTpykiliss poGoTa 3 OJHIED MOCTYNAIbHOK Ta JBOMa OOEpTaIbHUMH
JAHKaMHM 3a3BHYail  peali3ye€TbCsl y BUINISAAI IWINHAPUYHOI abo chepuynoi
koH(pirypamii. IloctynansHa JlaHka 3a0e3neuye 3MIHY BUJIBOTY CTPUIM 200 BHCOTH
nigdoMy, TOII SK oOepTaibHI JIAHKM BIANOBIIAIOTH 32 OPIEHTALI0 Ta KYTOBE
MO3ULI10HYBaHHA poOo4oro oprana. Taka CTpyKTypa JA03BOJII€ 00CIyTOBYBATH 3HAUHI
00’eMr poOOUYOro MPOCTOPY MPH BITHOCHO HEBEJIUKIN IO OCHOBH. OCHOBHUMHU
chepaMu BUKOPDUCTaHHS TAaKWX MAaHINYJATOPIB € aBTOMATU30BaHI CKJIAIW, [I€
HeoOXiJHa BepTUKaAIbHA 10Jlaya BaHTAX1B, Ta CKJIAJajbH1 JIIHIT B MAITMHOOY TyBaHHI.
BoHu MOXXyTh BUKOHYBAaTH POOOTY 3 TOYHOT'O BCTAHOBJICHHS JAeTaliel y MIHOO0KI MasH,
3aBaHTAKEHHS 3aTOTOBOK Y MPECH Ta aKyBaHHs roTOBOI nmpoaykilii. [lepeBaroro Takoi
KOHCTPYKIIi € BHCOKa >KOPCTKICTh MOCTYMAJIbHOI MapH y TMOEIHAHHI 3 THYYKICTIO
o0epTalbHUX CYIJI00IB, IIPOTE HEAOJIKOM 3aJIUIIAETHCS CKIIAJIHICTh JUHAMIYHOTO
OaJlaHCyBaHHSI MPY MIBUIKUX 3MiHaX KOHDIryparii.

OnTtuMizallisi peXuMy pyxy MOYHMHAETHCS 3 MOOYJOBH TOYHOI MaTEMaTUYHOI
MozeNni JuHaMmikd cuctemu. Jlns  poGota 3 KOMOIHOBaHMMH  JIaHKAMH
BUKOPHCTOBYETHCS PiBHSAHHS JlarpaHxa Apyroro pojy, o J03BOJISE BPaxXyBaTH CUITH
iHepIii, 1eHTpoOikHI cuin Ta cuiu Kopiomica. OcoOnMBICTIO € Te, 1O MpHU Pyci
MOCTYMAJbHOT JIJAHKM MOMEHT 1Hepliii 00epTaabHUX JJAHOK 3MIHIOETHCS HETIHIHHO, 110
CTBOPIOE JOJIaTKOBI 30ypeHHs B cuctemi KepyBanHs. [lepmum migxoaoMm [0
onTUMi3allli € IUTAaHyBaHHS TpPAEeKTOpli 3a KpUTepleM MiHIManbHOro uacy. Lle
nependavyae po3B’s3aHHS BapialiiHOl 3amadi, Je¢ OOMEXKEHHSIMH BHCTYIAIOTh
MaKCHMAJIbHI IIBUIKOCTI Ta MPUCKOPEHHS MPUBOIIB. Takui METOT JO3BOJISE JOCATTH
MKOBOI MPOJYKTUBHOCTI KOHBEEPHUX JIHIHN, ajie YacTO MPU3BOJUTH 10 BUHUKHEHHS
BiOpaIliif HampPUKIHII PyXYy.
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Jpyrum  BaxJIMBUM  MMAXOJOM €  ONTUMI3aIlsl 33  KPUTEPIEM
eHeproe(peKTUBHOCTI. Y IIbOMY BHUIMAJAKY TPAEKTOPIs OyAYEThCS TAaKUM YHMHOM, 11100
1HTerpaj KBaJpara Harpyru abo MOMEHTY Ha JIBUTyHax O0yB MiHIMalbHUM. JJ1s1 cucteM
13 MOCTYyNAJIbHUMHU JIAHKaMU 1€ 03Ha4Ya€ BUOIp TaKUX MUISX1B MEPEMIIICHHS, /1€ 3MiHa
paaiyca o0epTaHHs BiAOYBAEThCS IUIABHO, 110 JO3BOJIAE YHUKHYTU PI3KMX CTPUOKIB
CHOXKMBaHHS eHeprii. Takuil miaxi OCOOJHMBO aKTyaJbHUWM [JI1 aBTOHOMHHX
MOOUTPHUX MAaHIMyJATOPIB a00 BENMKHUX 1HAYCTplaJIbHUX CHUCTEM, JI€ BUTpATH Ha
€JIEKTPOCHEPTiI0 CKJIaIal0Th 3HAYHY YAaCTHHY COO01BapTOCTI MPOAYKIIIi.

TperiM HampsIMKOM € BIPOBAKEHHS aJalTUBHUX aJTOPUTMIB KEpyBaHHS Ta
IHTEJIEKTyalbHUX METO/IB Ha OCHOBI HEWpoHHMX Mepex. Tpamgumiiai [TI/1-
PETYJIATOPU HE 3aBKIU MOXKYTh €(DEKTHBHO KOMIICHCYBATH 3MIHHI ITapaMeTpH 1HEpIIii,
0COOMMBO KOJM Maca BaHTaXy 3a3Jaleriib HeBioMa. AJanTHBHE KepyBaHHS
JI03BOJISIE CUCTEM1 IMIJIJIAIITOBYBATU KOE(IIIEHTH IMIJICUJICHHS B pealbHOMY Yaci,
3a0e3mneuyoun IUIaBHICTh pyXy O0€3 mepeperysatoBaHHs. BUKOpUCTaHHS HEUITKOi
JIOTIKK J103BOJIsI€ €(EeKTUBHO OOpoTHCA 3 JoPTamMu B MEXaHIYHMX Ieperadax
o0epTalbHUX JIAHOK Ta TEPTSIM y MOCTynaibHil mapi. [{e 3a6e3neuye BUCOKY TOUHICTD
MTO3UITIOHYBaHHS, SIKa HEOOX1IHA JIJISI BAKOHAHHS HAITOYHUX Olepaliiil y 0ioMeInyuHii
1HXKeHepil a00 MIKPOEIEKTPOHIIIL.

Jns  yemimHOT  peanizaiii  ONTHUMIZAIlli Tak0X 3aCTOCOBYIOTHCS METOJU
CEHCOpHO1 1HTerpauii. BukopucTaHHs akceaepoMeTpiB Ha KIHLIEBOMY €(eKTi Ta
JATYMKIB 3yCHIIJISL y By3J1aX JI03BOJISIE€ pealli3yBaTH 3BOPOTHHM 3B 30K 3a cTaHoM. Lle
J1a€ 3MOT'Y BYaCHO JIeMIT(PyBaTH KOJTMBAHHS, 1[0 BUHUKAIOTH ITPH IIIBUKOMY BUCYBaHHI
MOCTYTAJILHOT JJaHKK. MoIeTTIoBaHHS METOJIOM KiHIIEBUX €JIEMEHTIB JJOTIOMarae Ie Ha
eTarni MPOeKTYBaHHS BUSBUTH PE30HAHCHI YaCTOTH KOHCTPYKIIIi, IO € KPUTHYHUM JIJIST
cTabUIbHOI POOOTH MPU BUCOKUX HIBUIKOCTSIX.

OTxe, onTUMI3AIlis PEKUMIB PyXy poOOTIB 13 KOMOIHOBAHOIO KiHEMAaTHUKOIO €
MYJIbTHAUCIMIUIIHADHUM 3aBJIaHHAM, M0 TOE€IHYE KIACUYHY MEXaHIKY, TEOpiio
aBTOMATUYHOTO KEpyBaHHS Ta cydacHi iH(opmaliiiHi TexHoisorii. Bukopucranus
PO3TJITHYTUX METOMIB JIO3BOJISIE IMIABUIIATA TOYHICTh MAaHIMYJIAIMIN, 3HU3UTH
€HEProCroKUBaHHS Ta 3a0e3MeUuTH HAIIWHICTD POOOTH CHUCTEM Yy CKJIQJIHHUX
BUPOOHMUMX yMOBax. [TomanbIii 1OCHiIKeHHS Yy 1111 raimy3i CIpsIMOBaH1 Ha CTBOPEHHS
CaMOHaBYAJIbHUX CHUCTEM, K1 3MOXKYTh aBTOMaTUYHO BUOUPATH ONTHUMANIbHI PEKUMU
PYXY 3aJI€KHO BiJl TOTOYHOTO TEXHOJIOTIYHOTO 3aBIaHHS.
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AHAJII3 KOHCTPYKUII TA OCOBJIMBOCTEN POBOTH
CTPIYKOBUX KOHBECPIB
Jloseiikin B.C., Kaoukano 1.0., My3uxa H.C.
Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmyseauus Ykpainu

CTpiukoBI KOHBEEpPH € HAWUOUIBbII TOMIMPEHUM Ta e(OEKTUBHUM BHUIOM
TpaHCTIOPTY Oe3MepepBHOI Mii, IKUHi BUKOPUCTOBYETHCS JJISI TIEPEMIIIICHHS CUITYYHUX,
KyCKOBUX Ta IITYy4YHUX BaHTaxiB. [lomynspHICTh HOT0 OOJagHAHHS 3yMOBIICHA
BITHOCHOIO TPOCTOTOI0 KOHCTPYKIli, BUCOKOIO MPOTYKTHUBHICTIO Ta MOXKJIUBICTIO
aBTOMATH3aIlli MMPOLIECIB TPAHCIIOPTYBAHHS HA BEJHKI BIZACTaHI. Y Cy4acHHUX yMOBax
MIPOMHKCIIOBOTO BHUPOOHHMIITBA, CUIBCHKOTO TOCHOJAPCTBA Ta JIOTICTUKH CTPIYKOBI
KOHBEEPH BHUKOHYIOTH pOJb OCHOBHOI CIIOJIy4HOI JIAHKH MK OKPEMHMH
TEXHOJIOTTYHUMH OTEpaIlisMU.

KoHCTpyKIllis THUIOBOrO CTPIUKOBOIO KOHBEEPA CKJIAAAETHCA 3 JEKIIBKOX
OCHOBHHX BY3JIiB, KOKE€H 3 AKUX BUKOHYE€ crieruiuny QyHkiiro. OCHOBHUM poOOUYUM
Ta TATOBUM OpPraHOM € HECKIHUYEHHA THyyka CTpiuKa, sKa OTMHA€ NPUBOJAHUNA Ta
HaTsOKHUU Oapabanu. CTpiuka MIATPUMYETHCS MO BCIH JOBXKHUHI CIEIaJbHUMU
POJIMKOOIIOpaMH, SIKI 3aro0iraroTh ii MPOBHUCAHHIO 1] Baroloo BaHTaxy. lIpuBoaHa
CTaHIIisl, 10 BKJIIOYA€E €JIEKTPOABUTYH Ta PEAYKTOD, Iiepeaae 00epTaJbHUN MOMEHT Ha
MpUBOJAHMIM OapabaH, KW 3aBIAKU CUJIaM TEPTS NPHUBOJIUTH CTPIUKy B pyx. s
eKCIUTyaTallii BUKOPUCTOBYEThCS HATSHKHUM MPUCTPIH, KU MOXe OyTH TBUHTOBUM
a00 BaHTaXHUM. Bcest KOHCTpyKIisl 0a3yeTbes Ha MOPCTKIM MeTaleBll CTaHWHI, 110
3a0e3neuye cTablIbHICTh POOOTH CUCTEMHU.

CTpiuKkOBl KOHBEEPU MAIOTh HAJ3BUYAWHO HIMPOKY chepy BUKOPUCTAHHA. Y
TipHUYOA00YBHINA MPOMUCIOBOCTI BOHM HE3aMIHHI Il TPAHCHOPTYBAHHS BYT1JUI,
pynu Ta mebeHio 3 Kap'epiB Ha 30aradyBasibHi (abpuku. B arpompomucioBomy
KOMILJIEKC1 X 3aCTOCOBYIOTH JIJIsl IEPEMIIIIEHHS 3€pHa Ha elieBaTopax, mojadyi KopMiB
a00 TpaHCMOPTYBaHHS TOTOBOI WPOAYKINI Ha ckiagax. JlorictuyHi MLEHTPHU
BUKOPHUCTOBYIOTh KOHBEEPH JIJIsl aBTOMATHU30BAHOTO COPTYBAHHSI MIOCUIJIOK Ta Oaraxy.
Kpim TOro, cTpiukoBI KOHBEEpH € Oa30BUM €IIEMEHTOM CKJIQJaIbHUX JIHIA Y
MauHOOyIyBaHHI, /e BOHU 3a0€3IeUyI0Th MJIaBHE MEPEMIIICHHS BY3JIiB BiJ] OJHOTO
po60oUYOTrO MicIs 0 1HIIOTO. MOIIMBICTh BCTAHOBJICHHSI KOHBEEPIB 1] KYTOM [0
TPUALSTH IPaaycCiB J03BOJIsE €PEKTUBHO BUKOPUCTOBYBATH 1X JUISl MiIHOMY BaHTaXiB
Ha Pi3HI PiBHI BUPOOHUYMX OY/1BEJIb.

Po6oTa cTpiukoBOro KOHBE€EpA MOJSITae y Oe3nepepBHOMY NEPEMIIIEHH] TOTOKY
MaTepially 3 TOYKH 3aBaHTKEHHS 10 TOYKH PO3BAHTAXKCHHA. 3aBISKH BHCOKIH
HIBUJKOCTI PYXy CTPIYKH, SIKA MOKE JOCAraTH JACKIIBKOX METPIB Ha CEKYyHIY,
3a0e3Mneuy€eThCs BEIMUe3Ha MPOITyCKHA 3/1aTHICTh, HEMOCTYMHA TSI IUKIIIYHUX BUIIB
Tpancnopty. KoHBeepu MOKyTh BUKOHYBATH HE JIUIIIE TPAHCTIOPTHI, a i TEXHOJIOT14HI
oreparlii, Taki K 103yBaHHS MaTepiaiiB, iX OXO0JIO0KEHHs a00 CYIIIHHS MiJ 4ac pyxy,
a TaKoXX 3BaKyBaHHS BaHTaXy 3a JONOMOIOI BOYJOBAaHHX KOHBEEPHUX Bar.
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BukopucTtanHs cy4acHUX MOJIMEPHMX Ta TYMOBOTKAHMHHHUX CTPIYOK JO3BOJISE
IpaIfOBATU 3 arPECUBHUMHU MaTepiajaMu Ta MpU eKCTPEeMalIbHUX TeMIleparypax.

[lepeBarn CTPIYKOBUX KOHBEEPIB POOJATH iX MPIOPUTETHUM BHUOOPOM JIS
Oaratpbox mignpuemctB. [lo-niepiie, 11e BUCOKa MPOTyKTUBHICTb, siKa 3a0€3MeUy€ThCS
oesnepepBHicTIO  Tpouecy. [lo-gpyre, KOHBeepu MarOTh HHU3bKY IUTOMY
€HEPrOEMHICTh HAa  OJUHHULIO TPAHCIOPTOBAHOTO BaHTaXy MOPIBHIHO 3
aBTOMOOUTBHUM TpaHcropToM. [lo-TpeTe, KOHCTPYKILS 103BOJISIE CTBOPIOBATH TPacH
BEJIMKOI MPOTSHKHOCTI IUIAXOM IMOCIIJOBHOTO BCTAHOBJICHHS JEKITBKOX KOHBEEPIB,
0 MiHIMI3y€ KUTbKICTh TMEPEBAHTAXKYBAIbHUX BY3MiB. Takok BapToO BII3HAYUTU
BHUCOKUH piBEHb O€3MEKH Mpalll, OCKUIbKH MPOIeC MOBHICTIO aBTOMATH30BaHMM 1 HE
noTpeOye MOCTIHHOT MPUCYTHOCTI TIEPCOHATY O€3IMOCepeTHBO OIS pyXOMHUX YaCTHH.

He3Bakatoun Ha YHCICHHI TEpeBard, CTPIYKOBI KOHBEEPH MAIOTh 1 MEBHI
Henodiku. OCHOBHMM 3 HHMX € OOMEXKEHHH KyT HaxXxwily TpacH, II0 IpHU
TPaHCIIOPTYBaHHI CUIYYMX BaHTaXIB 3a3BUYail HE NMEPEBUILYE IBAILSATH I'PaayciB,
1HaKIlle Marepiajd MouYyuMHae croB3aTh Hazaa. CTpiuka € HaOUIbII JOPOTUM 1
Bpa3JMBUM €JIEMEHTOM KOHCTPYKLIi, BOHA CXWJIbHA JIO LIBUJIKOTO 3HOCY, OCOOJIMBO
npu poOOTI 3 abpasuBHUMH ab0 TapsyuMu Matepiajamu. Kpim TOro, cTpiukoBi
KOHBEEPU YYTJIMBI A0 HAJIWIAHHS BOJIOTOTO MaTepiainy Ha OapabaHu Ta pOJIMKH, L0
BUMara€e BCTAHOBJICHHS CIELIalbHUX OYMCHUX HNpHUCTPOiB. Takok BOHU MaroTh
OoOMEXeHy MNpUIATHICTh i1 TPAHCHOPTYBaHHS JyXe€ JIMIKUX ab0 HaATO
MAJIONIOAI0OHUX BaHTaX1B 0€3 J0/IaTKOBUX 3aXUCHUX KOXKYXIB.

BHCHOBOK: aHam3 KOHCTPYKIII Ta eKCIUTyaTalliHUX XapaKTepUCTUK
CTPIYKOBUX KOHBEEPIB MIITBEPKY€ IXHIO BUCOKY €(DEKTUBHICTD Y Cy4acH1M 1HTyCTpIi.
[lopanpmmii pO3BUTOK IBOTrO OONAJHAHHS TMOB'S3aHUN 13 3aCTOCYBAHHSIM HOBHX
HaIMILIHUX MaTtepiaigiB sl CTPIYOK, BIPOBAKEHHSIM IHTEJIEKTYyaJIbHUX CHCTEM
MOHITOPUHTY CTaHy MiJIIUIHUAKIB Ta HATATY CTPIYKH, a TaKOX OINTHUMI3AIIEI0
MPUBOJIB I 3HWKEHHS ITyCKOBUX HaBaHTa)keHb. [IpaBunbHuil BUOip THIYy KOHBEEpa
Ta PEeXKUMIB KOro poOOTH JO03BOJIAE 3HAYHO 3HU3UTH EKCIUTyaTalliiiHl BUTpATH Ta
MIJBUIIUTY 3arajibHy PeHTA0CIbHICTH BUPOOHUIITBA.
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METOJM TA NIAXOJIA ONITUMIZALII PEXKUMY PYXY POBOTA 3
TPBOMA HHOCTYHAJIBHUMHA JIAHKAMHA
Jogeiikin B.C., Kaouxano 1.0., M’a3ko M.B.
Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

Po3BuTOK CcydacHOi 1HAyCTpli Ta Tepexig J0 KOHIEMII pPO3yMHOIO
BUPOOHUIITBA BHMAararoTh BIIPOBA/DKEHHS BHCOKOTOYHHMX MEXaHi3MiB, 3JaTHUX
BUKOHYBAaTH CKJIaJHI MaHIMyJSIIHI 3aBJaHHs 3 MiHIMaTbHUMHU noxuOkamu. Cepen
BEJIMKOTO PO3MAITTSI POOOTH30BAaHUX CHUCTEM OCOOJIMBE MICIE MOCIAAI0Th POOOTH 3
TphOMa MOCTYTMAIbHIUMH JIAHKaMH, 1110 MPALIOIOTh y AEKapTOBii CHCTEMI KOOPAUHAT.
3aBISKH CBOI KOHCTPYKTHBHIN >KOPCTKOCTI, JIIHIMHOCTI MEpPEMILEHb Ta BIAHOCHIN
IIPOCTOTI AJITOPUTMIB KEPYBaHHS, TaKl MaHITYJIATOPHU CTaJIX OCHOBOIO JIJIsl cucteM 3D-
IpyKy, (pe3epHUX BEpCTaTIB 13 YHMCIOBUM IPOTPAMHUM KEPYBaHHSM, a TaKOX
aBTOMATU30BaHMUX JiHIA copTyBaHHs. [IpoTe 3pocTaHHS BUMOT A0 IIBUIKOJII Ta
eHeproe()eKTUBHOCTI CTaBUTh Iepej] I1HXKEHEepaMu HOBI BUKJIWKHU, TOB’sI3aHI 3

KoHcTrpykiiss MaHimysTopa 3 TpboMa MOCTyHaJIbHUMH JJAaHKaMH 0a3y€eThCcsl Ha
MOCJIIIOBHOMY a00 MapajiebHOMY 3’ €IHaHHI JIHIMHUX MPUBOIIB, 1110 3a0€3MeUyIOTh
pyx B310BXk oceit X, Y Ta Z. Taka apxiTekTypa 103Bosie€ (hOpMyBaTH poOOUy 30HY Y
dbopmi mapaneneninena, U0 € HAUOUIBII 3pYYHUM JUJISl OLIBIIOCTI MPOMHUCIOBHUX
onepaifii. Cdepa BHUKOPUCTAHHS TaKUX pOOOTIB  OXOIUIIOE  E€JIEKTPOHHY
MIPOMUCTIOBICTh, J€¢ HEOOXIJHa HaJTOYHA PO3CTAHOBKA KOMIIOHEHTIB Ha IIJIaTH,
XapyoBy rajiy3b JJiA MaKyBaHHS NPOAYKUIi Ta MeAUYHY cdepy s J1adopaTopHUX
nociipkeHb. BOHH MOXYTh BUKOHYBATH POOOTY 3 TIEPEMIIIEHHS BaKKHX 3aTOTOBOK,
HAHECEHHs KJICI0 ab0 repMeTHKa 3a CKJIAJHOI0 TPAEKTOPIEI0, a TaKOXK Mpelu3iiiHe
BUMIPIOBAaHHS reoMeTpii BUpoOiB. ['0JI0BHOIO MepeBaroio JeKapToBOi KOHCTPYKII €
BIJICYTHICTh CKJIQJIHUX TPUTOHOMETPUYHUX MEPETBOPEHBb Y CUCTEMI KOOPJWHAT, IO
3a0e3nedye cTalblabHy TOYHICTh y OYyIb-AKid ToYIll pobodoro mpocropy. BomHodac
HEJIOIIKOM € 3HaYHa METaJOMICTKICTb Ta IHEPIIHHICTh MACUBHUX JIAHOK, 1110 OOMEXKY€E
TpaHUYHI TPUCKOPEHHSI.

OnTumizarlisi pe:KuMy pyxXy TaKuX CUCTEM 0a3y€eThCs HAa KOMIUIEKCHOMY aHai3i
TUHAMIYHUX XapakTepucTuk. [leproueproBumM mijixo1oM € po3poOKa 3aKOHIB pyXy,
110 3a0€3Meuy0Th MIHIMI3allil0 «PUBKay (MOX1AHOI MPUCKOpEeHHs ). Bukopucranus S-
MoAIOHUX TPOQITiB MBUAKOCTI 3aMICTh TPAAUIIIMHUX TPaIeuienoaiOHUX T03BOJISE
CYTTE€BO 3MEHIIMTH BiOpallii KOHCTPYKIIi Ta HABAHTAKEHHSI HA MEXaHIYHI Mepeaayi.
[le KpUTUYHO BaXXIUBO AJis1 POOOTIB 13 TPhOMA MOCTYNATBHUMH JIAHKAMHU, OCKIJIBKH
pi3Ka 3MiHA HaMPSIMKY PYXY OAHIET 3 MACUBHUX OCEH MOXKE CIIPUYUHUTH 1ePOpMallio
BCi€i paMu, 1110 TPU3BEJIE A0 BTPATH TOUHOCTI NO3UI[IOHYBaHHS KIHIIEBOTO eeKTopa.

BaxxnmuBuM acriekToM € eHepreTudHa onTuMizailis. OCKUIBKM KOXKHA JIaHKa
poOoTa  MPUBOAWUTBCA B JII0  OKPEMHUM  €JIEKTPOJBUTYHOM,  CyMapHe
€HEPrOCIOXKUBAHHS  3QJICKUTHh BIJ] y3TOJPKEHOCTI ixHBOT pobOoTu. Mertonu
JTUHAMIYHOTO MPOTPaMyBaHHS JJO3BOJISIIOTH PO3PAXOBYBATH TaKl TPAEKTOPIi, IPU IKUX
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IMPUCKOPEHHSI PO3MOIUISIOTBCS PIBHOMIPHO MIXK OCAMH, YHHUKAIOUd TKOBHUX
HAaBaHTA)KE€Hb HA OKpeMi MPHUBOJU. Y JIEKAPTOBUX CHUCTEMax II€ YACTO pealli3yeThCs
yepe3 3ria)KyBaHHS KyTIB TPH MEPEeXOl MK JIHIMHUMU CErMEHTaMH HUITXOM
BIIPOBA/XKCHHsI KpuBUX be3be abo crnaitHiB. Takuii miaxiJg He JHIIE €KOHOMHUTH
CJIEKTPOCHEPTilo, a W J03BOJIAE€ MIATPUMYBATU BHUILY CEPEAHIO IMIBHIAKICTH PyXY
poboyoro oprasa.

AnanTuBHI METOAM KEpYBaHHs CKIIQJalOTh TPETid piBeHb omtuMizailiii. [lonpu
Te, U0 KIHEMaTHKa JIeKapTOBOro poOoTa JiHiIiHA, AMHAMIYHI MapaMeTpu MOXKYTb
3MIHIOBATUCS 3QJIEKHO BiJl MacH BaHTaXy, KU MEPEMIIIye€Tbcs. BrpoBamKeHHS
QITOPUTMIB 13 CaMOHAJIAMITYBAaHHSAM JO3BOJISIE CHCTEMI aBTOMATHYHO KOPETYyBaTH
Koe(irieHTH peryisaTopiB y pasi 3Miau iHepiii. I{e 3a0e3medye ogHakoBHiA pPiBEHb
AMHAMIYHOT TOYHOCTI $IK MpU poOOTI 3 JErKUM I1HCTPYMEHTOM, TaK 1 TpH
TPAaHCIIOPTYBaHHI MacWBHUX 00’ekTiB. CydacHi MIIXOJU TaKOX IMepeadadaroTh
BUKOPUCTAaHHSA METO/I1B MAIIIMHHOTO HaBUYAHHS JUIsl IPOTHO3YBAaHHS 3HOCY HAPSIMHHUX
Ta KOMIIEHCAIIl1 CHJI TEPTSI, 1110 BUHUKAIOTh Y MOCTYNAIbHUX Mapax.

Kpim TOro, onTumizaiiss BKJIOYa€ BHOIp palllOHATBHUX TE€OMETPUUHUX
napamMeTpiB KOHCTPYKIii. BUKOpUCTaHHS JErKUX KOMIIO3UTHUX MaTeplajiiB is
PYXOMUX JIaHOK TIPH 30€PEKEHHI )KOPCTKOCTI CTAHUHM JTO3BOJISIE TIABUIIUTH BJIACHI
4acTOTH CUCTEMU. MO/IETIOBaHHS METOI0M KIHIIEBUX €JIEMEHTIB 1a€ 3MOTY BU3HAUUTH
30HU HAMOITBIINX HAMPY>KEHb Ta MOJETIIUTH KOHCTPYKIIIIO TaMm, JI€ 1€ He 3alIKOAUTh
To4yHOCTI. KOMOiHaI[Is MEXaHIYHOT TOCKOHAIOCTI 3 IHTEJIEKTYJIbHUMH aJIrOPUTMAMHU
IJIaHYBaHHS TPAEeKTOpId pOOUTH JEeKapTOBI pOOOTHM 3 TpbhOMa NOCTYNAJbHUMU
JaHKaMU MaKCUMaJIbHO €()EKTUBHUMHU.

[TincymMOBYyIO4H, MOXHA CTBEPKYBATH, 110 METOJIM ONTUMI3ALI] PEKUMY PYXY
€ KJIFOYOBUM 1HCTPYMEHTOM MIABUIIEHHS KOHKYPEHTOCIPOMOXKHOCTI pOOOTU30BAHUX
cucteM. BrpoBaKeHHS KOMIUIEKCHUX TMIAXOMAIB, IO BKIIOYAIOTh KIHEMAaTHYHE
3rJ1a/KyBaHHs, eHeproe(eKTHUBHE MUIAHYBAaHHS Ta aJlallTUBHE KEPYyBaHHS, JO3BOJISE
JOCSITTA HOBOTO piBHSA mnpoaykTuBHOCTI. Ile 3abesneduye HamiliHy poOOTY
MaHIIMyJISTOPIB y CKJIAHUX ITPOMUCIOBUX YMOBAX, 3MEHIIY€ €KCIUTyaTaIlliH1 BUTPATH
Ta BIAKPHUBAE HOB1 MOXKJIMBOCTI JJIsl aBTOMAaTH3allii BUCOKOTEXHOJIOTTYHUX ITPOIIECIB.
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METOJM TA HNIAXOJIA ONITUMIZAII PYXOM MEXAHI3MY
IHOBOPOTY POBOTA
Jloeeinikin B.C., Kaoukano I.0., Onexcienko /[.B.
Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

CyyacHU#l pO3BUTOK aBTOMAaTHU30BAHMX CHUCTEM KEPYBAaHHS BHUCYBA€ MKOPCTKI
BUMOTH 70 JUHAMIYHUX XapaKTEPUCTUK MOBOPOTHHUX MEXaHI3MIB POOOTHU30BaHUX
npucTpoiB. MexaHi3M TMOBOPOTY € (yHAAMEHTaJIbHHUM BY3JIOM OUIBIIOCTI
MPOMHUCIIOBUX MAaHIMyJIATOPIB, MOOUTHHHX POOOTIB Ta aHTPONMOMOP(GHUX CHCTEM,
OCKLUIBbKH BiH 3a0e3Medye KyTOBY OpI€HTAIlII0 poOouoro oprana abo Bciei muatdopmu
B nipoctopl. EQekTuBHICTh PYHKIIIOHYBAHHS TAKOTO BYy3Ja 0€3MOCEPEAHBO 3AICKUTD
Bl OOpaHOTO pEXHUMY pyXy, SKHI BIUIMBAE HA EHEPrOCIOXXHBAHHS, TOYHICTH
MO3UIIIOHYBAaHHSA Ta TPUBAIICTh 0€3BIAMOBHOI poOOTH TpHUBOMAIB. OnTHUMI3aIsA
IpOLECY MOBOPOTY € CKJIAJAHMM 3aBJaHHSAM, 110 NOTpeOye BpaxyBaHHS HEJIHIMHUX
edeKTiB, TakuX SK 3MiIHA MOMEHTY IHEpIli, TepTsS B MIAUIMIHUKAX Ta MPYXKHI
nedopmailii eJIeMEHTIB Mepeiayi.

KoHcTpykiis MexaHi3My NOBOPOTY 3a3BUyail 0a3yeTbCsi Ha BUKOPUCTaHHI
EJIEKTPOMEXAHIYHOTO a00 TIPaBIIYHOTO MPUBOAA, 3 €IHAHOTO 3 BUXITHOIO JAHKOIO
yepe3 peAayKTop (XBUJIBOBUM, IUIaHEeTapHUM abo uyepB’suHmil). Taki mexaHizMu
IIMPOKO BUKOPUCTOBYIOTHCS B 3BapPIOBAILHUX po0O0Tax, 1€ HEOOX1qHA BUCOKA KyTOBa
TOYHICTb, Y JIOTICTHYHUX POOOTaX JJIsl 3MIHU HAIPSAMKY pyXy IJIaTHOpMH, a TAKOXK Yy
CHUCTeMax CIOCTEpEeKEHHS i TMaHOpaMyBaHHS KaMmep. MOXKIMBOCTI MeXaHi3My
JO3BOJISIIOTH 3A1MCHIOBATH SIK IIBUJKICHI TEPEMIIIEHHS HAa BENMKI KyTH, TaK 1
npenu3iiHe MIKPOKPOKOBE peryJitoBaHHs. ['OJIOBHOIO TepeBaror0 Cy4acHUX
MMOBOPOTHUX MOJIYJIIB € TXHSI BUCOKA IHTETPOBAHICTh Ta 3IaTHICTh HECTH BEJIUKI OChOBI
Ta pajiajibHi HaBaHTaXKeHHs. [IpoTe OCHOBHUM HEIOJIKOM 3aJIUIIAETHCS] BUHUKHCHHS
JUHAMIYHUX aBTOKOJMBAHb MPHU Pi3KiK 3YIHUHIII, 1110 MOTPEOye CenialbHUX METOIIB
nemiyBaHHS Ta ONTUMI3AIlll TPAEKTOPIH.

OpauMm 13 0a30BHUX MIAXOMAIB JI0 ONTUMI3AIlT € BUKOPUCTAHHS MOJIHOMIaIbHUX
3aKOHIB pyXy. TpaauiiiiHi MeToau, IO 0a3yrThCs Ha IMOCTIMHUX IIBHIKOCTSX,
NPU3BOJATh 1O YJIApHUX HABaHTAXEHb y MOMEHTH IIyCKy Ta TaJlbMyBaHHS.
3acTocyBaHHS MOJIIHOMIB M'SITOr0 200 ChOMOTO CTYIIEHS J103BOJIsi€ ChOpMyBaTH TIJIaBH1
npodiii KyTOBOrO MPUCKOPEHHS, 110 MIHIMI3Y€ 3HOILIEHHS 3y0OYacTUX 3a4eruieHb Ta
3ano0irae 30y)KEHHIO PE30HAHCHHUX 4YacTOT KOHCTpyKuii. [{e 0co6imBo akTyanbHO
JUISI MAHIMyJISITOPIB 13 BEJIMKUM BHJIBOTOM CTpPLJIM, JI€ HaBITh HE3HAu4HI BiOpaiii B
OCHOBI MTOBOPOTY MPU3BOIATH /10 3HAUHUX AMIUTITY]] KOJMBAaHb KIHIIEBOTO edeKkropa.
OnTuMizamiss 3a KpUTEpiEM MIHIMAJIBHOIO 4Yacy NpH 3alaHUX OOMEXEHHSX Ha
MOTYXHICTh JIBUTYHa JIO3BOJISIE MaKCHMaJIbHO BHUKOPHCTOBYBATH IOTEHITiaI
o0JIafHAHHS HA MIBUAKICHUX CKJIAJAIbHUX JIHISAX.

[HIIMM BaXXJTMBUM HAMPSIMKOM € €HEPreTHYHA ONTUMI3AIlS PEXKUMY TOBOPOTY.
OckiIbKM 3HaYHA YaCTHHA €Heprii BUTpAavaeThCcs Ha MOJOJAHHS CHJI IHEpIIii mij Jac
PO3rOHYy, aKTyaJbHUM € 3aCTOCYBAaHHS METOJIB JWHAMIYHOTO MPOTpPaMyBaHHS JIs

99



3biprux me3 donosideis XX MiKHapooHoi HAYKeeo-npaKinuunoi KoHgepenuii

pO3paxyHKy eHeproe(eKTUBHUX TpPAEKTOpid. BHpoBajkeHHS aNropuTMIB, MIO
BUKOPUCTOBYIOTh ~ PEKYNEpaTUBHE TallbMyBaHHS a00 ONTUMI3YIOTh KYTOBE
NEepPEeMIIICHHS] TAKUM YMHOM, 1100 YHUKHYTH IMIKOBUX 3HAY€Hb CTPYMY B OOMOTKax
JIBUTYHA, JO3BOJISIE 3HU3UTH TerioBl BTpaTH Ta miasuiutu KK cucremu. ¥V podortax
13 MOOUIPHUM >KUBJICHHSIM 1€ O€3M0Cepe/IHbO BIUIMBAE€ HA TPUBAIICTH aBTOHOMHOI
poboTH 0€3 mia3apsaKy.

CydacHi miIX0¢ 10 KepyBaHHSI TOBOPOTOM TaKOK BKIIOYAIOTh IHTEIEKTYaIbHY
KOMIIEHCaIlilo cui TepTsa Ta JModTiB. OCKUIBKM B MEXaHIYHHMX Mepenadax 3aBikKIu
MPUCYTHI 3a30pH, MiJl 4aC PEBEPCUBHOTO PyXy BUHUKAIOTH TOMUJIKH MMO3UIIIOHYBAHHS.
OnTumizallis B IbOMY BUIAAKY MOJSATa€e y po3po0lli CIIOCTepirayuiB cTaHy Ta BUKOPEHHI
JIITOPUTMIB aJIalITUBHOTO KEPYBAHHS, SIKI B pEAIbBHOMY Yaci OLIHIOIOTh MOMEHT OTIOPY
Ta BHOCSATH BIJIMOBIJHI KOPEKTHUBU B KEPyIOUUil curHai. BukopucTaHHsS HEYITKOi
JIOTIKM Ta HEWPOMEPEKEBUX MOJEJICH J03BOJSE CHCTEMI «HABUATHCS» 1]l 4Yac
BUKOHAHHS TOBTOPIOBAHUX OINEpaliid, MOCTYNOBO 3MEHIIYIOYM BIAXWUJIEHHS BiJ
3aJ1aHOi KyTOBOi KOOpJUHATH.

OxpeMy yBary ciiJi IpUAUTUTA METOAaM MOJIaJIbHOTO KepyBaHHS Ta aKTUBHOTO
npuayIIeHHs: BiOpariii. 3aBasiku BCTAHOBJICHHIO JIOJATKOBUX JAaTYMKIB (T1POCKOITIB
abo akcellepoOMETpIB) Ha PYyXOMIH JIaHIl, CTA€E MOXJIMBUM peali3yBaTH aJTOPUTMU
3BOPOTHOTO 3B’SI3KY, IKI MUTTEBO PEaryroTh Ha BUHUKHEHHS MPYXHUX KOJIUBaHb. Lle
J03BOJISIE 3[IIACHIOBATU IOBOPOT 13 BHUINMMH IIBUAKOCTSIMU 0€3 BTpaTH SKOCTI
BUKOHAHHS TEXHOJOrYHOI omnepamii. OnTumizaiiss MXOpPCTKOCTI MEXaHI3My Y
MOEAHAHHI 3 MPOTPAMHOI0 KOMIICHCAIIEI0 3a0e3Meuy€e CUHEPreTUYHUM edeKT aJis
JOCSITHEHHS MPEMU31MHUX MOKa3HUKIB TOYHOCTI.

[lincymMoOByrO4YM, MOXHA CTBEpIKYBAaTH, WO ONTUMIZAILS PEXKUMY PYyXy
MEXaHi3My MOBOPOTY € KIIOUOBOIO YMOBOIO CTBOPEHHS KOHKYPEHTOCIPOMOXKHOI
pobotorexHiku. IloeaHaHHsS  METOIIB TUIABHOTO  TUJIAaHYBaHHS  TPAEKTOPIH,
E€HepreTuyHoOi €(PEeKTUBHOCTI Ta THTEJNEKTYaJIbHOI aJanTailii J03BOJISIE CTBOPIOBATU
CUCTEMH, IO BIAMOBIIAIOTh HAWBUIMM CTaHAApPTaM CY4YyacHOI aBTOMATH3aIlii.
[Tomanpmii gocmimxkeHHss y 1l cdepl MaioTh OyTH CHOpPSAMOBaHI Ha PO3pPOOKY
YVHIBEpCAJIbHUX QJITOPUTMIB, 3/IaTHUX ABTOMATUYHO TiJIAIITOBYBATUCS IIiJI 3MiHHI
YMOBHU HAaBAaHTAXKEHHS Ta JUHAMIYHI XapaKTEPUCTUKH JIOBKIJLIIA.
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JOCIIIAKEHHA ANHAMIKA MEXAHI3ZMY IIOBOPOTY CTPLJIOBOI'O
KPAHA 3 IOABIMHUM MASATHUKOBHM IIJIBICOM
Jloseiikin B.C., Kaoukano 1.0., Ymyas O.A.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

[1i1 yac BUKOHAHHS MOHTaKHUX POOIT CTPIJIOBUMHU KpaHAMH IIPH BCTAHOBJICHHI1
CKJIQJIHUX KOHCTPYKIIM HIMPOKO 3aCTOCOBYIOTHCSI 3aXBaTHI MPHUCTPOI, Maca SIKUX €
CHIBMIPHOIO 200 OJU3BKOIO0 JO MAacH BaHTaXy. Y TaKMX yMOBaX CHCTEMa «BAaHTaX —
3aXBaTHUM TPUCTPIl — TABICY XapaKTEPU3YEThCS CKIAJAHOIO JTUHAMIYHOIO
MOBEIIHKOIO, 10 YCKIJIAIHIOE TPOIEC KEPYBAHHS Ta IiJIBUIYE€ BUMOTH 0 TOYHOCTI
po3paxyHkiB. Jljis aleKBaTHOTO OMUCY TaKoi CHUCTEeMH THYYKHH MiJBIC BaHTaXy
JOIIILHO MIPEACTABIISATH Y BUTJISAL MOJIEN1 MTOABIMHOTO MaTeMaTUYHOTO MasiITHUKA, SIKa
JI03BOJIsI€ BPaXyBaTH B3a€EMO3B’SI30K MIXK OKPEMUMHU JIAHKAMU CUCTEMH.

VY nauiii pobOTI PO3MIIAHYTO AMHAMIKY MEXaH13My IMOBOPOTY CTPLIOBOTO KpaHa
3 THYYKHM IIiJIBICOM BaHTaxy, IO MOJEIIOETbCS, SK TMOABIMHUNA MAasTHUK.
AKTyalbpHICTh JOCHIIKEHHS OOYMOBJICHa HEOOXIJHICTIO IMIJBUIICHHS TOYHOCTI
poOOTH KpaHIB MpHU BUKOHAHHI MOHTA)XHUX OIEpaliid Ta 3MEHIIEHHS TUHAMIYHUX
HAaBaHTaQXEHb y KOHCTPYKUii. OCHOBHOIO METOI0 JIOCIIKEHHS € 1o0yaoBa
MaTeMaTUYyHOI MOJIeNIl Ta TMPOBEJEHHS IUHAMIYHOTO aHajizy pyXy MeXaHI3My
MOBOPOTY 3 YpaxyBaHHSIM BIUIMBY pI3HUX (PaKkTOpIB Ha XapakTep KOJIMBAIbHHUX
npoiieciB. MexaHi3M NOBOPOTY KpaHa MPEACTaBICHO Y BUTIIAI IUHAMIYHOI CUCTEMHU
3 4OTHpPMa CTYTICHSIMHU BUIBHOCTI, 1110 JI03BOJISIE BPaxXyBaTH, sSIK OCHOBHUHN PYX IPUBO/TY,
TaK 1 KOJIMBAJIbHI MPOLIECH Y MIJBICHIM CUCTEMI.

Ha ocHOBI mpuitHATOT AUHAMIYHOI MO/IEJII 3 BUKOPUCTAaHHSM piBHSAHB Jlarpanxa
APYyroro poay ToOyJAOBaHO MAaTeMaTHYHYy MOJENbh MEXaHi3My TIOBOpPOTY, SKa
OMHCYETHCA CUCTEMOIO HENHIMHUX AU(EepeHIliaTbHIUX PIBHIHB APYTOTrO MOPSAKY. Y
JaHI MOJIeNIl BPaxOBaHO JUHAMIYHY MEXaHIYHY XapaKTEPHUCTHKY €JIEKTPOBUTYHA
MPUBOJLY, 1110 JI03BOJIsIE€ OLIBII TOYHO B1IOOPA3UTH pealibHl YMOBH pOOOTH MEXaHI3MY.
Po3B’si3aHHg  cucTeMH  pIBHSHb  3M1MCHIOBAJIOCS  YHCEJIBHUM  METOJIOM 13
3aCTOCYBaHHSAM CIEIiali30BaHOT KOMIT IOTEPHOI TMporpamMu, M0 3a0e3Mneyuusio
OTPUMAaHHS MOBHOI KAPTUHU PYXY CUCTEMH.

VY pesynabTaTi YMCENBHOTO aHaji3y BH3HAYEHO KIHEMATHYHI, JTMHAMIYHI Ta
EHepreTHYHI XapaKTepPUCTUKH MEXaHi3My MOBOPOTY CTpijoBoro kpana. [IpoBenene
JOCTIPKEHHS TOKa3allo, M0 Y CUCTEMi BHHHKAIOTh, SK BHUCOKOYACTOTHI KOJIMBAHHS
€JIEMEHTIB MepeIaBaIbHOTO MEXaHi3My MPHUBOJY, TaK 1 HU3bKOYACTOTHI MAasSTHUKOBI
KOJIMBaHHs BaHTaXy Ta 3aXBaTHOTO MpUCTporo. [Ipm 1bOMy BCTaHOBIEHO, IO
HU3bKOYACTOTHI KOJIMBaHHS MPAKTUYHO HE 3aTyXaloTh 1 30epiraroTbCs MpPOTATrOM
yChOT0 IEP101Y PYXY, 1110 HETATUBHO BIUIMBAE HA CTIHKICTh, TOYHICTh MO3UIIIOHYBaHHS
Ta SAKICTh BUKOHAHHS TEXHOJIOT1YHUX OTIepaIliii.

Jlo1aTKOBO BUSIBJICHO, 110 TaKi KOJIMBAJIbHI MPOIECH YCKIAAHIOIOTh KEPYBaHHS
PYXOM KpaHa, 0COOJIMBO MPU BUKOHAHHI TOYHUX MOHTaKHUX pobiT. OcoOIuByY yBary
NPUIIJICHO BIUIMBY XapakTepy 3MiHM PYLIIHHOTO MOMEHTY NPUBOAY Ha JHWHAMIKY
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cucteMu. BcTaHoBiieHo, 10 pi3ka 3MiHA MOMEHTY €JIEKTPOJABUTYHA MPU3BOAUTH J0
BUHUKHEHHS! 1HTEHCUBHUX KOJHUBAJbHUX IMPOIIECIB, K1 XapaKTEPU3YIOThCS 3HAYHOIO
aMILTITYJIOI0 Ta TPUBAJIMM YacoM 3aTyxaHHs. Lle, y cBoto yepry, cipuurHs€e 3pOCTaHHs
JUHAMIYHUX HABAHTAXKEHb Yy €JEMEHTaX KOHCTPYKIII KpaHa Ta 30UIbIIECHHS
€HEPreTUYHUX BUTPAT y MPUBO/II MEXaHI3MY MTOBOPOTY.

Kpim Toro, minBuieHi JWHAMIYHI HaBaHTaKCHHS MOXYTb MHPHU3BOJIUTUH O
MIPUCKOPEHOTO 3HOIIYBAaHHS BY3JIB 1 3HM)KCHHS HAAIMHOCTI poOoTu obOnannanus. Le
noTpedye BIOCKOHAJICHHS PEKUMIB KEpyBaHHS MIPUBOJIOM Ta BIPOBAKEHHS 3aXO0I1B
JUTSI 3MEHITICHHST KOJTMBAaHb CUCTEMH.

3 METOI 3MCHIICHHS HETaTHBHOTO BIUIUBY KOJWBAJIBHUX  IPOIIECIB
3aMpoNOHOBAHO 3aCTOCOBYBATH PEKUMHU TUIABHOIT 3MIHU PYIIIHHOTO MOMEHTY IIiJ] 4ac
MyCKy Ta TrajJbMyBaHHS MPUBOAY. BUKOpUCTAHHS TaKMX PEXXHUMIB JO3BOJISIE 3HU3UTU
pIBEHb IMHAMIYHUX HAaBAaHTaXXEHb, 3MECHIIUTH aMIUTITYAy KOJUBaHb Ta 3a0€3MEUUTH
OuIbII CTAaOUIBHUM pyX BaHTaxy. Lle € 0coOIMBO BaXKJIMBUM NMPU BUKOHAHHI TOYHHUX
MOHTaXHHUX OMepallii, e HeoOX1JHa BUCOKA TOUHICTh IMO3UIIIOHYBAaHHS.

3a pe3yibTaTamM MPOBEICHOTO JOCIIKEHHS BCTAHOBJICHO, IO PO3po0ieHa
JUHAMIYHA MOJENIb aJIeKBAaTHO BigoOpa)ka€ TMOBEAIHKY MEXaHI3My MOBOPOTY
CTPUIOBOTO KpaHa 3 YypaxyBaHHSIM B3a€MOJIli MPUBOAY Ta IiJBICHOI CHCTEMH.
JlunamiuHMN aHaI3 MIATBEPAMB HASBHICTh CYTTEBUX KOJHUBAaHb KIHEMaTUYHUX,
TUHAMIYHUX Ta CHEPreTUYHUX XapaKTePUCTHUK, M0 BIUIMBAIOTh Ha €(PEKTHUBHICTH
poboTu KpaHa. Bu3HadeHO, 0 OCHOBHOIO MPUYWHOI0 BHUHUKHEHHS HE3aTyXalOuuX
KOJIMBaHb € XapaKTep 3MIHU PYILIIHHOIO MOMEHTY TPUBOJLY, 30KpeMa Horo pizka 3MiHa.

OTxe, Ul MIJIBHUILEHHS €()EKTUBHOCTI pOOOTH CTPUIOBUX KpPaHIB JOLIIBHO
31MCHIOBATA ONTHUMI3AlII0 PEKUMIB MYCKYy Ta TaJIbMyBaHHSI NMPUBOJY MEXaHI3MY
MOBOPOTY. 3alPONOHOBAHUHN MIIX1J A03BOJISIE 3MEHIIIUTH JUHAMIYHI HaBAaHTaXKECHHSI,
I IBUIIUTH HAIHHICTh KOHCTPYKIIT Ta MOKPAIIUTH €KCIUTyaTaIiiiHi XapaKTePUCTHKH
obnagHanHs. OTpUMaHi pe3yJabTaTH MOXKYTh OYTH BUKOPUCTAHI MPU MPOEKTYBaHHI Ta
MOJIepHI3aIlli MiAHOMHO-TPAHCIIOPTHUX MAIIIMH, a TaKOX TPHU PO3POOIN CydacHUX
CUCTEM KepyBaHHS.
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METOAA IHNIABUIIEHHA TOYHOCTI TA ERFEKTUBHOCTI POBOTHU
POBOTIB-MAHIIYJIATOPIB 3 BA’)KIJ/IbBHUM 3AXBATHUM
HPUCTPOEM
Jloseiikin B.C., Kaoukano 1.0., IOp’es LIO.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauus Ykpainu

Po6oTH-MaHIMyISITOPH € CKIAJHUMH TEXHIYHUMHU CUCTEMaMHu, 10 MPU3HAYeH1
JUIA BUKOHAHHS PI3HOMAHITHUX PYXOBHUX Ta TEXHOJIOTIYHUX (DYHKIIH, SKiI 32 CBOIMHU
XapaKTepUCTHUKaMH TOMIOHI A0 aii mroAchkoi pyku. Ha choromni BoHM cTanu
HEB1JI’€MHOI0 YaCTHHOIO aBTOMATH30BAaHUX BUPOOHWYMX TMPOIECIB, 3a0e3medyroun
BHUCOKY IIBHUJKICTb, TOYHICTh Ta MOBTOPIOBAHICTH omnepauiidi. OCHOBHUM 3aBIaHHSIM
MaHINyJISITOpa € MepeMIllleHHs] 00'€KTIB a00 1HCTPYMEHTIB Y MPOCTOP1 32 3aJaHOIO
TpaekTopieto. KoHCTpyKilisi KOXKHOrO poOOTa BU3HAYAETHCA HOro KIHEMAaTUYHOIO
CXEeMOI0, sika 0e3rmocepeIHbO BILTMBAE HA KOTO (YHKIIOHATIBHI MOXKJIMBOCTI, po0ody
30HY Ta €PEKTUBHICTh Y KOHKPETHIM cepi 3aCTOCYBAHHSI.

OnHuM 13 HAWTMOIMIMPEHIIIUX THUIIB € JEKapTOBl POOOTH, KOHCTPYKIISA SKUX
0asyeTbcss Ha JIHIMHUX  HaOmpsIMHMX, pPO3TAIIOBAaHMX Yy TPhOX  B3AEMHO
NEePHEHANKYJISIPHUX TUIOHMMHAX. Taki MaHIMyJIsSTOpU 3a3BUYail MalOTh BUIJIS
NOpPTalIbHUX a00 KOHCOJBHMX CHUCTEM. BOHM IIUPOKO BHUKOPUCTOBYIOTHCA Y
MeTajao000po0I1Il, Ha BepcTaTax 13 YUCIOBUM MIPOTPAMHUM KEPYBaHHAM, ISl JJa3€PHOTO
pi3aHHs, a TAKOX Yy CKJIAJCBHKIM JIOTICTHULI Uil MaJE€TyBaHHs BaHTaXiB. OCHOBHOIO
MepeBarol0 JeKapToBUX POOOTIB € BHCOKAa >KOPCTKICTh KOHCTPYKLII Ta MPOCTOTa
PO3paxyHKIB IXHBOTO PyXY, OCKUIBKA KOOPJWHATH pOOOUOro opraHa 30iratoThCs 3
¢13uuHrMH ocsiMU. BoHM 31aTHI mepeMilllyBaT BayKK1 BaHTaXk1 3 BEJIMKOIO TOYHICTIO.
[IpoTe TrOJIOBHUM HEIOJIKOM € 3Ha4yHl rafapuTd camMoi YCTAaHOBKH, IO YacTo
MEPEBUINYIOTh PO3MIp PoO0YOi 30HM, a TaKOK OOMEKEeHa MaHEBPEHICTh, IO HE
703BOJIsi€ pOOOYOMY OpraHy MiIXOJUTH 0 JeTalel Mij CKIaJHUMU KyTaMU.

[HIIMM BaXJIMBUM PI3HOBUAOM € IIMUIHAPUYHI POOOTH, KOHCTPYKIIS SIKUX
MOEAHYE OJIHY OO0epTaibHy BICh B OCHOBI Ta JBI JIHINHI oci. Taka cxema J103BOJISIE
po6odoMy oprany oOCIyroByBaTH 30Hy Y (GOpMi IMIIHAPA. X 4acTo 3aCTOCOBYIOTh
JUIsE 0OCIIyTOBYBaHHSI TPECIB, JIMBAPHUX MAIIMH a00 MPU BUKOHAHHI TOYKOBOTO
3BaproBaHHsl. [lepeBaroro Takoi KOHCTPYKIIIi € KOMIIAKTHICTh OCHOBH IIPH JOCTaTHBHO
BEJIMKOMY BUJIBOTI cTpiii. O1HaK 0OMEKeHa KUIbKICTh CTYNEHIB BUIBHOCTI pOOUTH 1X
HENPUJIATHUMH [JIs BUKOHAHHSA CKIAIHHUX CKJIaJajbHUX OTepalliid, ne moTpiOoHa
BHCOKa MPOCTOPOBA OpI€HTAIlI IHCTPYMEHTA.

Oxkpemy rpyny ckiagatotb SCARA-pobOTH, sIKi MarOTh JBa MapalielibHi
o0OepTaibHi WApHIpH, 110 3a0€3MeUyI0Th PyX Y TOPU30HTANbHIN IJIOIIKHI, Ta OJHY
JiHIAHY BICh JJI BEPTUKAIbHOrO mepemimieHHsd. Lle poOuTe iX iaeadbHUMHU IS
omepawiif IIBUAKOrO 30MpaHHsA, JIeTadb 3a JAETALIO. IX BUKOPHCTOBYIOTH B
€JIEKTPOHHIM MPOMUCIIOBOCTI JUIsl MOHTaXY TUIaT, y dapmallii Ta Xap4yoBid Taysi.
I'onosna nepeBara SCARA-poGOTIB — 11€ HaI3BUYAITHO BUCOKA IMBUAKICTH pOOOTH Ta
TOYHICTh TIO3WIIIOHYBAHHS TPU BUKOHAHHI MOHOTOHHUX IIUKIIIYHUX 3aBJaHb.
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HenomnikoMm € By3bka creriaiizaiiis: BOHU paKTUIHO OOMEXKeH1 poOOTOI0 Ha IMJIACKUX
MOBEPXHAX 1 HE MOXKYTh BUKOHYBAaTH MAHIMYJIALIl Y BEPTUKAIbHUX TUJIOLIMHAX ITi]T
HAXUJIOM.

Haii6ineIn yHiBepcadbHUMU € aHTporoMopdHi abo mapHipHi po6oTH. IXHS
KOHCTPYKIIiSl CKJIQAA€ThCS 3 MOCIII0BHO 3'€JHAHUX JAHOK uepe3 o0epTalibHI MapHIpH,
110 32 CBOEIO CTPYKTYPOIO HArajaye aHaTOMIO JIIOAUHU. Taki MaHIMyJIATOPU MalOTh BiJl
I’ SITH 10 ceMu cTyneHiB BuibHOCTI. Cdepa iX 3acTOCYBaHHS OXOIUIIOE aBTOMOOUTbHY
MIPOMUCIIOBICTh, 3BApIOBaHHS CKJIATHUX IIBIB, (papOyBaHHS MOBEPXOHb OBLIHHOI
¢dbopmu Ta HaBiTh Xipyprito. OCHOBHA NepeBara noJisirae y BUHATKOBIA MaHEBPEHOCTI:
pOOOT MOKE OOXOAUTH MEPEUIKOIN Ta MPALIOBATH Y BAXKKOJOCTYMHHX MicIsix. OTHaK
CKJIQIHICTh KOHCTPYKIlIi 3yMOBIIOE BHCOKY BapTiCTh, CKJIaJHE TEXHIYHE
oOCTyroByBaHHsI Ta TMOTpe0y B TOTY)KHMX OOYMCIIOBaIbHUX CHCTEMax s
PO3paxyHKY TPAaeKTOPIN PyXy.

Takoxx BapTo BHAUIMTH JENIbTAa-poOOTH, WO HaleXaTb OO0 CHCTEM 13
napajenbHOI0 KIHEMaTUKOI. BOHM ckanaioTbes 3 TPhOX BaXKeNiB, 3'€HAHUX 3
OnHi€I0 MIaTGOPMOIO. [X BHKOPHMCTOBYIOTH MEPEBAXKHO U COPTYBaHHS IPiOHMX
IpeIMETIB Ha KOHBeepax. [OJIOBHOIO TIepeBarol0 € HEWMOBIpHA IIBUIKICTh
MIPUCKOPEHbB, OCKIIBKHU BC1 IBUTYHH HEPYXOMO 3aKpirieHi Ha pami. [Ipote BoHU MatoTh
Jy>Ke Majly BAaHTaXKOIITHOMHICT 1 00MekeHu poOoumii 00'em.

BaxxnuBuM eneMeHTOM OyJb-SKOi KOHCTPYKLII € 3aXBaTHUI MPUCTPIH, SKHI
MOKe OyTH MEXaHIYHUM, BAKYYMHUM a00 MarHiTHUM. MexaHiuH1 BaXK1JIbHI 3aXBaTH €
HaWIMOMIMPEHIIIMMH 3aBJISIKUA CBOTH HaIMHOCTI TPU pOoOOTI 3 AETAISAMH P13HOI (POPMH.
BoHu 703BOJISIIOTE BUKOHYBAaTH CHWJIOBI omeparii, ajge MnoTpedylTh TOYHOIO
PO3paxyHKy 3yCUJIJIS 3aTUCKAHHS, 1100 HE MOIITKOIUTH 00'€KT.

Sx BUCHOBOK BHOIp KOHKPETHOI KOHCTPYKIi MaHIMyJsATOpa 3aJeXHUTh BiJ
OamaHCy MIDXK IIBHJKICTIO, BaHTaXOMIIHOMHICTIO Ta HEOOXITHOW THYYKICTO.
Buxopucranss poOOTiB-MaHIMyJSTOPIB TO3BOJISIE€ MOBHICTIO BUKIIOUUTH JIFOACHKUAN
(bakTop y HeOe3MeuHnX 30HaX, MIBUIIUTH CTAOUIBHICTh SIKOCTI IPOYKIlli Ta CYyTTEBO
3HU3UTU COOIBApTICTb BHUPOOHUIITBA B JIOBTOCTPOKOBIM mepcrekTuBi. Po3BUTOK
TEXHOJIOT1H 1 Haj1asi Oyje CIpsIMOBaHUI HA MOJIETIIICHHS! KOHCTPYKIIIH Ta ITiABUIIICHHS
iXHBOT IHTEIEKTYaJIbHOI CKJIAJIOBO].

Jlireparypa
1. Siciliano, B., & Khatib, O. (Eds.). (2016). Springer Handbook of Robotics.
Springer International Publishing. https://www.sciencedirect.com/book/
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Prentice, Urte & Bucinskas, Vytautas. (2021). Advanced Applications of Industrial
Robotics: New Trends and Possibilities. Applied Sciences. 12. 135,
10.3390/app12010135.
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HIABUIIEHHSA NPOAYKTUBHOCTI METAJIOOBPOBHUX BEPCTATIB
Iloxunenko I'.M.
Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

[TigBuIIEHHA TPOIYKTUBHOCTI METAJIO00POOHMX BEPCTaTIB JIOCITAETHCS 3a
paxynok BrpoBamxkeHHss YIIK (CNC), aBromaruzaiii 3aTHUCKHUX MPUCTPOIB,
BUKOPHUCTAHHA Cy4aCHOTO 1HCTPYMEHTY Ta KOHIICHTpAIlli TEXHOJOTIYHUX MEPEXOIIB.
Ile mo3Bomsie cKOpOTHTH Yac OOpPOOKH, 3MEHIIUTH MPOCTOI Ta MiABUITUTH TOYHICTH
BUTOTOBJICHHS, YacTO 3aMIHIOIOUM KiJbKa yHIBEpCaJbHUX BEPCTATIB OJHUM
aBTOMATHU30BAHUM KOMILIEKCOM.

B yMoBax cepiiiHOro BUpOOHUITBA MiIX1J 0araThb0X KOMIIaHIi BUKOPUCTaHHS
KOMOIHOBAHOI'O 1HCTPYMEHTY, 1I€ OJWH 13 Halle()eKTUBHIIMINX CHOCOOIB MiBUIIICHHS
npoayktuBHocti Ha VMC  (BeprukanbHux) Ta HMC  (ropu3oHTaJIbHUX)
00poOIIOBAIBHUX IIEHTPAaX, M0 MPU3BOJUTH JO CKOPOUCHHS 4acy 0OpOOKH.

OcHoBHMMHU TmiepeBaraMu Jjsi OOpOOKM € CKOpOUYEHHS dYacy Ha 3MiHY
IHCTPYMEHTY, Hanpukiaj, 3amicth 10-30 cexkyH] Ha KOXKHY 3MIHY 1HCTPYMEHTa BH
BUKOHY€TE KUIbKa OIeEpaliii OJHUM I1HCTPYMEHTOM (HANpUKIAI, CBEPAJIHHA +
3€HKYBAaHHS + LIEKyBaHHs). AOO 3MEHIIEHHS XOJIOCTUX MEPEMIIIEHb IHCTPYMEHTY HE
NOTP1OHO 110pa3y MOBEPTATUCS 10 IHCTPYMEHTAIbHOI'O Mara3uHy Ta 3HOBY IIIXOJUTH
no petani. BukoHaHHS KOMOIHOBAaHMX IHCTPYMEHTIB 3a OAMH MPOXIJ MIHIMI3Y€E
MOXHOKH TO3ULIOHYBaHHS, Kl BUHUKAIOTh IMPU 3MiHI IHCTPYMEHTIB. 3BUIbHEHHS
MICLIb B 1HCTPYMEHTAJbHOMY Mara3uHi KpUTUYHO [JIsi CKJIAJHUX JeTajeH, 1e
ctangapTHux 24—40 no3uniii Ha VMC Moke He BUCTaYyaTHu.

Takox 1CHYIOTh npobsieMu. IIBUIKICTh pi3aHHS 3HUKYETHCS, 100 301TBIIUTH
TEPMIH CIIy>)KOM 1HCTPYMEHTY, KM Ma€e HaWKOpOTIIMWA TepMiH ciyxou. He Bci
IHCTPYMEHTH 3HOLIYIOTbCS OJHAKOBO OJAHOYAacHO. lle oco0nMBO akTyanbHO AJst
TBEPJIOCIVIABHUX 1HCTPYMEHTIB IIiJl Yac TMOBTOPHOTO 3aTodyBaHHs. CTpykKa BiJ
OJIHOTO 1THCTPYMEHTY MO>K€ 3a0MBaTHCS B CYCIHIN 1HCTpYMEHT. OCKUIbKY TapaMeTpu
pi3aHHS HEMOXXJIMBO ONTUMI3YBATH MJisi BCIX I1HCTPYMEHTIB, MOX€ BHHHKHYTH
mpo0JsiemMa 3 oJIOMKOI0 CTpykku. YopHoBa 00poOKa KOMOIHOBAaHMM 1HCTPYMEHTOM €
MPUIHATHOIO, aJIe HE YUCTOBOI), OCKUIBKM HA YMCTOBY OOpPOOKY BILIMBA€E BHUXIJ a00
BXI1J[ 1HIIO1 P1’Ky401 KPOMKH B MPOIIEC pi3aHHS.

[Hmuit miaxin A0 MiABUINEHHS MNPOAYKTUBHOCTI - BrpoBamxkeHHs LCA,
oco0smBo i yac ckiaganpaux onepaiiid. LCA (Life Cycle Assessment)— 1ie orinka
KUTTEBOTO IMKITY, HAyKOBUH METOJ aHami3y EeKOJOTIYHOTO BIUIMBY MPOIYKTY,
MOCIyr abo TpoLecy MpOTIrOM YChOIO IXHBOTO ICHYBaHHS, BIJl BUAOOYTKY
CUPOBUHU, BHPOOHUWIITBA, TPAHCIOPTYBaHHS Ta BUKOPHUCTAHHSA A0 YTWi3alii 4u
nepepoOku (MPUHIUI «BIJ KOJHCKA 10 MOTWiIN»). be3ymMoBHO, 1€ mMiBUILYE
MPOyKTUBHICTH 1 MOTUBYE TpalliBHUKIB. [1{e ofgHi€0 mepeBaroto € Te, 110 11l 3HaHHS
30uparoThcs BiacHUME critamu. st po3pooku LCA noTpiOHI iHBECTHIlIT B HABUAHHSI
nepconainy. [ mporo HEOOXiTHO 1 MOTPIOHO BMPOBAHKEHHHS CHIIBHOI CUCTEMHU 9S
(BmopsinkyBaHHs), puHITMTN Kaizen (6e3nepepBHE BIOCKOHATICHHS) Ta KYJIBTYpa, 10
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CTUMYJIIOE€ pO3BUTOK. Lle 03Havae nmepexi 10 JUCHUIUIIHU, YCYHEHHS BTPAT, YUCTOTU
Ha poOOYHUX MICISAX Ta 3ATyYEHHS KOKHOTO MpalliBHUKA JIO MOKPAIIEHb.

OcnoBHi  ckiagoBi  5S  (CopryBanns, BnopsakyBanusi, Ywucrora,
Cranpaptusanis, IlinTpumanHs), ska 3a0e3nedye OpraHi3OBaHHM, YHCTHH Ta
edhexTuBHUN podoumii mpocTip. Kaizen (besnepepBHe BIOCKOHAICHHS ) - KYJIBTYpa, 1€
KOJKEH (B1J1 KEpiBHUKA J10 pOOITHUKA) MOCTIHHO IIyKa€E MIJIIXH TTOKPAIEHHS MPOIECiB.
Enabling Culture (KynpTypa, IO CTUMYJIOE) - CTBOPEHHS CEPEIOBHUINA,
MPaIliBHUKU MAIOTh MTOBHOBAXEHHS T4 MOTHBAIIIIO BIPOBAKYBATH 3MiHH.

Bubip mnpaBUIBHOrO piLKYYOro IHCTPYMEHTY Ta ONTHUMI3allisl mHapaMeTpiB
pi3aHHs MalOTh BHpIIIAIbHE 3HAYEHHS JJI1 CKOPOUCHHS Yacy MEXaHIuyHOi 00poOKu Ta
3017BIICHHS TEPMiHY CiIyk0u iHCTpyMeHTy. KommaHii iHBECTYIOTh B JOPOXKYi
IHCTpyMEHTH Ta BHKOPHUCTOBYIOTh BHILI IapamMeTpu pi3aHHS, 0 3MEHIIYy€E
coOIBapTICTh OJHOTO BHUPOOY 3aBISKH KpalIOMy BHUKOPHCTAHHIO TOTYXHOCTI Ta
IPOAYKTHUBHOCTI BEpCTaTa, a TAKOK CKOPOUEHHIO Yacy MeXaHI4HOi 00poOku. barato
KOMITaHIi BUKOPUCTOBYIOTH MIAX1J O MOHITOPUHTY HABAaHTAXXEHHS IIMUHJIEIS Ta
3a0e3neyeHHs oro ONTUMaIbHOTO BUKOpUcTaHHs. Llei miaxin notpedye peTeabHoro
300py JaHUX JIJIs IEPEBIPKU PE3yJIbTATIB Ta MEPIOAUUYHOTO MOHITOPUHTY.

CAM-mporpamysanns (Computer-aided manufacturing) — e BUKOpHCTaHHS
CHELIaJIbHOTO MPOTPAMHOI0 3a0€3MEUEHHs AJIsi CTBOPEHHs Kepyrouux nporpam (G-
kon) st BeperatiB 3 UIIK (CNC) Ha ocnoBi 3D-moaeneit (CAD). Bono aBTomaTtuzye
MIPOEKTYBAHHS TPAEKTOPIN 1HCTPYMEHTY IpHU (ppe3epyBaHHI, TOUIHHI, CBEpJUIIHHI Ta
3D-npyky, 3HAUHO MPHUIIBHIITYIOUYN BUPOOHHIITBO, 3HIKYIOUH KUTBKICTh TTOMUJIOK Ta
ONTHUMI3yI0Uu 00pOOKY AeTasiell. BUpOOHUKH JOCTIIKYIOTh TPAEKTOP1IO IHCTPYMEHTY,
110 3MEHIIY€E MEPEMIILICHHS Pi3aHHS MOBITPAM, 3aBJIIKH YOMY LUMUHJEIb PiKEe MeTal
HIBUIIE, HIK TOBITps. [HO1 yepe3 0coOaMBI MPUYMHU B IPOrPaMy BHOCSTHCS PYUHI
3MIHH, 1110 TPU3BOAUTH JI0 3MEHIIIEHHS ONTHUMI130BaHOTO Yacy OOpOOKH.

Jlesiki BUPOOHUIITBA MOJIEPHI3YIOTh MPUCTOCYBAaHHS Ta €JIEMEHTH KPIIJICHHS
JUTsl 301JIBIIIEHHS. HOMEHKJIATypy JAeTalied a00 3MEHIICHHS KIJIBbKOCTI HaJlallTyBaHb.
Jlessxi BupoOHMKH momamu 4™ abo 5™ mogaTKOBY BICh Ha CBOIX BepcTaTax, 100
3MEHIIUTH Yac Ha 3aTHCKaHHS Ta HajalTyBaHHSI. To00TO pO3LIMPIOIOTHCS
TEXHOJIOTIYHUX MOXJIMBOCTEN B)KE HAsSBHUX BEPCTATIB.

3HATTS 33AUPOK MICIS MEXaHIYHOT 0OPOOKH € BETUKOIO TPOOIEMOIO 1 CKIIATHUM

MPOIIECOM Y O1IBIIIOCTI BUPOOHUIITB. ByJi0 BUKOPUCTaHO KJIbKA IMiAXO0/I1B, BKJIFOYAIOUH
PO3pOOKY crelialbHUX IHCTPYMEHTIB JIJIs1 BUJIAJICHHSI 3aIMPOK HA CaMOMY BEpCTaTi 3
YIIK, a TakoX BUKOPUCTAHHS PI3HUX MaTepiajiB JUisl BUAAICHHS 3aUPOK.
Jlist onTuMizalii mapaMeTpiB pi3aHHA Ha BUPOOHHULTBAX IIMPOKO BUKOPUCTOBYIOTH
ANOVA Tta DOE. Bukopuctanus DOE (mnanyBanns ekcnepumeHTy) Ta ANOVA
(nucniepciiHMi aHami3) — 1€ NOTYXHUU KOMIUIEKC METOMIB JUJIs ONTHUMI3alli
MpOoIIeCiB, BU3HAYCHHS BIUMBY (haKTOPIB Ta MiABUINEHHS sSKOCTI mpoaykiii. DOE
cTpykTypye 30ip manux, a ANOVA CTaTUCTUYHO MIATBEPKYE, skl dakTopu (1 ix
B3a€MOJII) 3HAUYyNIO BIUIMBaIOTh Ha pe3ynbrar. OAHaK e BUMAarae TapHOTO
BHYTPILIHBOTO PO3YMIHHS 3MIHHUX MPOLECY Ta 3HAHHS METOIUKU.
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IHOCTAHOBKA 3AJJAYI OIITUMAJIBHOI'O 3A HIBUAKOAIECTO
KEPYBAHHSA MEXAHI3ZMOM ITOBOPOTY BAHITOBOI'O KPAHA
Jogeiikin B.C., Pomacesuu I0.0., Cmexno O.B., Keacnuuwvkuii A.B.
Hayionanvnuii ynieepcumem diopecypcis i npupoookopucmyeanusa Ykpainu

EdexTrBHa Bi10y10Ba pi3HOTO THMY OYyAiBEIb Ta IHPPACTPYKTYPHUX 00’ EKTIB
B YKpaiHi BHUMara€ HasBHOCTI Ha OYJIBHUITBI MPOAYKTUBHUX OAIITOBUX KpaHIB.
[TigBUIIMTH TPOAYKTUBHICT Ta €(PEKTUBHICTD EKCILTyaTallii 0alTOBUX KpaHiB MOKHA
32 paxyHOK BH3HAUEHHS ONTHMAJIHHOTO 3a IIBHAKOIIEI0 KEpyBaHHS MEXaHI3MOM
MOBOPOTY, MPHU SIKOMY MasTHUKOBI KOJHMBAHHS 3aKPIIUICHOTO HAa THYYKOMY IMiJBiCI
BaHTaXy yCYBaIOThCS MPOTATOM MEPEXITHOTO PEXKUMY ITYCKY.

Jlyis mpoBeeHHS TOCIIKEHh BUKOPUCTAEMO JBOMACOBY TUHAMIYHY MOJEINb
MEXaHi3My ITOBOPOTY OaIlTOBOTO KpaHa (puc. 1).

— R -—
|
|
|
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g |

|

MU |
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m |
._.j oy 7

M ]
X )2

Puc. 1. JIsoMacoBa nuHamMigyHa MOJIEIh MEXaH13My TTOBOPOTY OAIITOBOTO KpaHa.

Ha puc. 1 BBeeHO HAaCTyIHI TO3HAUYCHHS: M — 3BeICHUH /10 0C1 TOBOPOTY KpaHa
PYLIIHHUI MOMEHT NPUBOJY €JIEKTPOIBUTYHA; Mo — 3BEJIeHUH 10 OC1 MOBOPOTY KpaHa
MOMEHT CHJI CTaTUYHOTO omnopy; L — nomkuHa rHydkoro miABicy BaHTaxy; R —
JIOBKMHA BUJIBOTY BaHTaXYy; § — MPHUIIBHUIICHHS BUTLHOTO MAaiHHS; J1 — 3BeIEHUH 110
0C1 TOBOPOTY OAIITOBOTO KpaHa MOMEHT 1HEPIIIT €IEMEHTIB IPUBOLY, OAIITH Ta CTPLIU
0ammToBOro KpaHa.

B skocTi y3arajgbHEHHWX KOOpAMHAT y MUHaMiuHiii moxmeni (puc. 1) mpuitHsTI:
3BeJIeHa JI0 OCl 00epTaHHS KpaHa KyTOBa KOOPJIUHATA TIOBOPOTY €JIEMEHTIB MPUBO/LY,
OalTH Ta CTPUIM @1 1 KyTOBa KOOpJAHWHATA MOBOPOTY 3aKPIINIEHOTO HA THYYKOMY
MIiJBIC1 BAHTAXKY 2.
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PiBHSIHHS, IO OMUCYIOTh PYX IMpPEJCTaBICHOI IUHaMidHOT mozem (puc. 1)
MEXaHi3My MMOBOPOTY MalOTh HACTYIHUHN BUIIISL [1]:

Ji-¢p =M -m-R? '%'(q’l —,)— M, 'Sign(¢1);

g (1)
@, = E'((Dl —0,).

Kpanka HaJ CHMBOJIOM O3Hayae AM(EPEHIIOBaHHSA 3a 4acoM. llpeacTaBHMMo

nepie piBHAHHA 3 CUCTEeMH Au(epeHIiiHNX piBHSHD (1) y 1HIIOMY BUTISAL, MiCIs
YOro MaTUMEMO HAaCTYITHUU BUPA3:

J1'¢1+m'R2'%'(¢1_¢2):M_M()- (2)

PozainuBmm niBy Ta mpaBy 4acTHHY pIBHSHHA (2) Ha BENTUYMHY J1, OTPUMAEMO

TaKy 3aJIEKHICTb:
2

i} g M-M,
n 2o —p)=— "0 3
(21 3, L ((01 (Dz) 3, ( )
2
JUISL CIIPOLLEHHS! 3aMeKHOCTi (3), BBEAEMO HACTYIIHi [TO3HAUEHHS QF = RZ9 1a
1
u="-Ms micns yoro MaTuMeMo piBHsHHS [1]:
. 2
G +Q° (g —p,) =U. (4)

Benuunna () o3Havae nepio] BIACHUX KOJMBAHb MASTHUKY 13 PyXOMOIO TOUKOIO
HIABICY, SKHIM BU3HAYAETHCS 32 HACTYITHOO 3aJIEKHICTIO:
a- MR g (5)
I oL
[ToxnaBmm Ji—o0 13 3ajexHOCTI (5) MOXXEMO BHU3HAYUTH MEPiOJ] BIACHUX
KOJIMBaHb MAsiTHUKY 13 HEPYXOMOIO TOUKOIO MIJIBICY, SIKMI BU3HAYAETHCA HACTYITHUM
YUHOM:
=\ (6)
L
3anucaBuM cucteMy AudepeHIInHNX piBHAHD (1) 13 BpaxyBaHHSAM BIJIOBIIHUX
3amiH (4) — (6), orpumaemo [1]:
{¢1+Q2'(¢1_¢2)=U; (7)
P, = Q5 - (@1 — @,).-
I3 npyroro piBHsHHS cucteMu (7) BUpa3sUMO KyTOBY KOOpDAMHATY @1 4Yepes
KOOPJIMHATY (2, MICIISL YOTO OTPUMAEMO:

D=0, + Q(_)Z ", (8)
B3sBium niepity ta 1pyry moxijHi 3a 4acoM BiJ BUpa3y (8), oTpuMaeMo BUpa3H:
DL =P, +Q52 P, 9)
v
O =, +Q62 P (10)

[TincraBumo Bupas (10) y mepmre piBHsSHHS cuctemu (7), B pe3yibTaTi 4OTo
OTPUMAEMO HACTYITHE PIBHSIHHS:
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1\
. ) 2 .. -2
P+ 0, +Q% -0, - Q" =U. (11)
[Ticns BuKOHaHHS nepeTBOopeHb piBHIHHS (11) mpeacTaBiseThCs y BUTIISIL
\Y
.. 2 2 e 2
Pt @, L +Q7 -9, =U Q. (12)
B piBrsnrHi (12) BuHEceMO (), 3a AyKKH Ta OTPUMA€EMO HACTYIHHIl BHPA3:
v
¢2+¢2'(QS+QZ)=U 'QS- (13)
BuxoHaBIu BiMOBIIHI TEPETBOPEHHS, OTPUMAEMO HACTYIIHY 3aJICKHICTh:
2 2 _
Q§+Qz=g+m RE9_[1,MRV9_5 (14)
L J, L J )L

. A . 2 2 .
MincraBusmu ) 3amicts cymu Qp +Q° y Bupas (14), MaTHMEMO PiBHSAHHS:
\Y

P+, Q=U-Q2 (15)
[lepenumemo piBHsHHS (15) B 1HIIOMY BUTIISIL
;2:U'Qg_¢2'é- (16)

Benemo mno3HadeHHs vy, =¢,. [liciie BUKOHAHHS HEOOXITHUX TMEPETBOPEHD
3anutieMo piBHsSHHS (16) y popmi qudepenmianbaux piBHsHb Komi [1]:

Y1 =Y
Y2 = VYas (17)
y; =U 'Q(Z) — Y Q.
KpaiioBi yMOBU pyXy ME€XaH13My BUTJISJAIOTh HACTYITHUN YHHOM:
{yl(o) =Y,(0) = y,(0)=0; (18)
Yi(M) = r; ¥,(T) = y5(T) =0,
1€ wr — ycTalleHa (KIHIEBa) KyTOBa ILIBHUJIKICTh MEXaHI3My MOBOPOTY KpaHa; T —
TPUBAJICTh PO3rOHY MEXaHI3MYy JO YCTAJICHOIO0 3HAYEHHS KYTOBOI IIBUAKOCTI.
ITouaTkoBi ymoBH pyxy (18) BinoBigaloTh CTaHy CIIOKOIO MexaHi3my. KiHlieBl ymoBu
(18) BiAMOB1IAIOTH PYyXy MEXaHI3MY MTOBOPOTY Ha YCTAJIEHIN IIBUAKOCTI 13 BIACYTHIMH
MasgTHUKOBUMH KOJIMBAHHSMH BaHTa)Xy HAa THYYKOMY Mi/IBICIB MOMEHT 4acy 7.
Kpurepiem, mo HEOOXiIHO MIHIMI3yBaTH, BHUCTYIA€ TPHUBAIICTh PO3TOHY
MeXaHi3My IMOBOPOTY BaHTaXy JI0 YCTaJACHOI mBUAKOCTI [1]:

Idt =T = Zslti — min . (19)
0 i=1

3MEHIIEHHS BENWYMHU 7 JAO03BOJUTH MIABUIIMTH NPOAYKTUBHICTH KpaHa 3a
paxyHOK MiHIMIi3allli 4acy BUXOAY MEXaHi3My IMOBOPOTY Ha YCTaJIEHY IIBUJKICTb.
Jl5ig BpaxyBaHHS MepeBaHTaXyBaJIbHOI 3[aTHOCTI IPUBOY MEXaHI13My TOBOPOTY
BaHTaXy OAIITOBOTO KpaHa ONTUMaJIbHE KepyBaHHS U Mae BIAMOBIaTH yMOBaM:
UMIN SU SUMAX;

M -M
UMAX = MA)f] e, (20)
1
-M
U,w=—2,
MIN 1,
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ne Uwin Ta Umax — HIOKHS Ta BEpXHS MeXI1 00acTi 3MiHu KepyBaHHS U; Myax —
MaKCHUMAaJIbHHUI KPYTHHH MOMEHT, IO JIi€ Ha €IEMEHT 13 3BeICHUM MOMEHTOM 1HEPITii
J;. Bemnmumna Uy Biamosigae poOOTI MeEXaHI3My MOBOPOTY 13 BHUMKHEHHM
CJICKTPOJIBUTYHOM, PYX BiIOYBAEThCS BUKIIOYHO TIPH Jii MOMEHTY CHJIM CTATUIHOTO
onmopy Mo Ta cun iHepuii. IlpakTnuHa HEOOXITHICTH BBEJCHHS OOMEXEHHs Ha
ontuManbHe KepyBaHHsS U (20) mop’s3aHa 13 OOMEXKEHHSM KPYTHOIO MOMEHTY
MIPUBOIY MEXaHI3My TTOBOPOTY BaHTAXKY.

BenuunHM OCHOBHHMX MapaMeTpiB JOCITIIKYBAaHOTO MEXaHI3My, TMPHU SKHX
BHUKOHYBABCS PO3B’ 30K ONTUMI3aLIHHOT 33141, 3B€JIEHO 10 TaOJI.

Tabmuis 1. 3HaYeHHsS OCHOBHUX IMapaMeTPiB MEXaH13My MTOBOPOTY OaIllTOBOTO KpaHa

. OnuHuIA YMoBHE Uucnose
HaitmenyBanns mapamerpa .
BUMIPIOBAHHS| TMO3HAYEHHS 3HAYCHHS
MakcumanbHuil 00epTOBUI MOMEHT Hwm Mwmax 129,3-10°
3BEICHUI MOMEHT CHJIM CTATUYHOTO Hwm
I[ MO 12 ,6 b 103
oTIopy
3Be/IeHNI MOMEHT iHepIii KT - M? J1 1,5-108
3BelIcHa Maca BaHTaXKy KT m 500
JloBKMHa THYYKOTO TiBICY v L 5
BaHTAXY
JIOBXXHHA BUJIBOTY BAaHTAXKY M R 30
VYcraneHa KyToBa MIBUJIKICTh
Y A pan/c wr 0,089
IOBOPOTY

JI71st TOoCSITHEHHS KIHIIEBUX KpaoBUX yMOB pyxy (18) mpu nepeximHoMy pexxumi
MyCKY JOCHII)KYBaHOTO MEXaH13My CKJIaJIEHO BINOBIAHUI TEpMIHAIIBHUIA KPUTEPIN:
TER=[A], = (1, (T) - @) +y,(T)* -2 % + (1) -2, (21)
ne Ay — BEKTOp BIIXHWICHHS (pa30BUX KOOPAMHAT Bij X OakaHUX (KIHIIEBUX) 3HAUYCHb
(18). O1xe, KOMIUJIEKCHUN KpUTEPid MiHIMI3allll Ma€ HACTYITHUI BUTIISAL:
Cr=T +TER-y — min, (22)
e W — BaroBUi Koe(illleHT, KOTpUM BijoOpakaec HEOOXITHICTh 3a0e3MedeHHS
KIHIIEBUX YMOB pyxy (21) Ta 3B0AUTH po3MipHICTH KpuTepito TER no po3mipHocTi T.
B HaBeJeHMX pO3paxyHKax BaroBuii koe(imieHT ctanoButh w=10%-cw1?.

Jliteparypa

1. Jlosetikin B.C. Pomaceud H0.0. Crexno O.B. (2025). CuHTE3 ONITUMAIBHOTO
32 MIBUAKOJIEID PEXUMY pPyXy AWHAMIYHOI CHUCTEMH «KPAaH-BaHTaX» MEXaHi3My
MOBOPOTY OAIITOBOTO KpaHa y BUTJISI 3BOPOTHOTO 3B’ s13Ky. [IiAllOMHO-TpaHCTIOpTHA
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VIIK 621.873

PO3B’A30K 3ATAYI OITUMAJIBHOI'O 3A HIBUAKOAIETO
KEPYBAHHSA MEXAHI3ZMOM ITOBOPOTY BAHITOBOI'O KPAHY
Jogeiikin B.C., Pomacesuu I0.0., Cmexno O.B., Keacnuuwvkuii A.B.
Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

JIsi IpOBENICHHS JTOCHIDKCHb BHUKOPHCTAHO BiJIOMY JIBOMAcCOBY JHHAMIYHY
MOJIEIb MEXaHi3My IIOBOPOTY OamToBoro kpana (puc. 1).

—eung- F——

|
|
|
|
g |
| ~
Mo |
] [~ |
\L' m |
j |
i ml J
M L
X §?

Puc. 1. JIsoMacoBa nuHamMigyHa MOJIEIb MEXaH13My TTOBOPOTY OAIITOBOTO KpaHa.

Ha puc. 1 BBeieHO HacTyIHI NO3HAYeHHs: M — 3B€IEeHUI 10 0C1 TOBOPOTY KpaHa
PYIIIIHHUI MOMEHT MPUBOJTY €JIEKTPOIBUTYHA; Mo — 3BEJIeHUH 10 OC1 TOBOPOTY KpaHa
MOMEHT CHWJI CTaTUYHOTO omopy; L — jgoBkuHa THy4koro miABICY BaHTaxy; R —
JOBKMHA BUJIbOTY BaHTaXy; J — MPUILBU/IICHHS BUILHOTO NAAIHHA; J1 — 3BeIeHu 10
OCl MOBOPOTY OAalITOBOrO KpaHa MOMEHT I1HEpIli eJIeMEeHTIB MpHUBOAYy, OamTd Ta
CTpLJIH.

B sikocTi y3arajgbHEHHUX KOOPIUHAT y AMHAMI4HINA Mojaeni (puc. 1) mpuiHATI Taki
KOOpJMHATU: 3BeJeHa J0 Ocl 00epTaHHS KpaHa KyToBa KOOpAMHATa IOBOPOTY
€JIEMEHTIB MpUBOAY, OamTH Ta CTPUIM @1 1 KyTOBa KOOpAMHATA MOBOPOTY
3aKpIIUIEHOr0 Ha THYYKOMY MIJBICI BaHTAXY Q2.

PiBHSIHHS, 110 ONUCYIOTH pyX MpeACTaBiIeHOl AuUHamMiyHOi moneni (puc. 1)
MeXaHi3My ITOBOPOTY, MalOTh HACTYITHUH BUIIIS [1]:

3¢ =M-m-R>-2.(p —p,)-M, sign(p,)
L (1)

?, :%'((01_(02)-

KpaiioBi yMOBU pyXy MeXaH13My BUTJISJAIOTh HACTYITHUN YHHOM:
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{yl(o) =Y,(0) = y,(0) =0; )
yl(r) =@, yz(r) = ysa-) =0,

e wr — ycTajlieHa (KiHI[eBa) KyTOBa IIBHJKICTh MEXaHI3My IOBOPOTY KpaHa; T —
TPUBAJICTh PO3TOHY MEXaHI3My JI0 YCTaJE€HOT0 3HAYEHHS KyTOBOI IIBUJIKOCTI.

JInst mocsTHEHHS KIHIIEBUX KpaOBHX YMOB pyXYy (2) IpH MepexiHOMY PEeKUMi

MyCKY JOCJIIPKYBAaHOTO MEXaH13My CKJIQJI€HO BIJIMOBITHUN TePMIHAIBHUN KPUTEPIi:

TER=[A], = (y,(T) @) +y,(T)*- Q7 +y,(T)* - Q" (3)
ne Az — BEKTOp BiAXWJIEHHS (ha30BUX KOOPAMHAT B1J iX OakaHUX (KIHIICBUX) 3HAUYCHB
(2). OTke, KOMIUIEKCHUHN KpUTEPil MiHIMI3aIlil Mae HACTYITHUN BUTJISII:

Cr=T+TER-y — min, (4)

e W — BaroBui Koe(]illleHT, KOTpUU BiJloOpakae HEOOXIAHICTh 3a0e3IeueHHs
KIHIIEBHX YMOB PyXY (2) Ta 3B0AUTH po3MipHicTh KpuTepito TER 1o posmipuocti T. B
HaBEJICHUX PO3PaxyHKax Barosuii koeQiuieHT cranoButh =108 w1,

MiHiMi3alis KOMIUIEKCHOTO KpUTepiro ontumizanli (4) 3BOAMTBCS 110
3HAXO/[PKEHHSI BEJIMUYMH TPUBAJIOCTI PO3TOHY KOKHOTO 3 €TaIllB PyXy MexaHi3Mmy 1y, to,
t3, ikl B cyMi popmyroTh BennuuHy 7. ToOTO BxomamMu cucteMu € 3HaueHHs 1y, 1o, 13, a
BUXO70M BenmmunHa kputepito Cr (cucremy posrisinaemo sik gynkiito multiple input,
single output).

JIJist BU3HAYEHHSI ONTUMAJIBHOTO MO MIBHJIKOJIII KEPYyBaHHS 3aCTOCYEMO METOJ
ontumizanii RING-ROT-PSO [2]. 3nadyeHHs mnapameTpiB, 3a SIKHX BHUKOHYBaBCS
PO3B’SI30K 3aj1a4i, 3aHECEHO JI0 Tad. 2.

Ta6muig 2. OcHoBHI BenmnunHHU napameTpiB Metony ontumizalii RING-ROT-PSO

Ne .

i [Tapamerpu PosmipHicTe | YwucenbHe 3HAUEHHS
1 3araipHa KUJIBKICTh YaCTOYOK B POl T 30
2 3arangpHa KUIBKICTB iTEpaliii T 100
3 tl, tz, t3 C Bi,[[ 0,1 a0 2,0

Bukopucroytounn Metonq RING-ROT-PSO [2], s3miiicHeHo MiHIMi3allif0
kputepito (4). Ha pucyHky 2 mpouTtocTpoBaHO Pe3ysIbTaT pOOOTH 3a3HAUECHOTO BHIIIE
METOIy ONTHMI3allii.

Qr
104;. o
1000% R
100%
10
,71, — "o 80 -_-molrepaui'l'

Puc. 2. ToukoBa rpadiuHa 3aJIeKHICTh MIHIMI3aI[li BEIMYUHUA KpUTEPito (4) i yac
MPOBEJICHHSI ONTUMI3AIll1
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I3 amamizy rpadiunoi 3ajexHOCTI (puUC. 2) CIOCTEPIraeThCs 3HAXOIKCHHS
rJ100aJIbHOTO MIHIMYMY KpuUTepito (4) 10 cOpoKoBoi iTeparllii. OnTuMalibHi 3HAYCHHS
TpUBAJIOCTI BeMuMH 1y, t; Ta t3 HaBeneHo y Taou. 3.

Tabmui 3. TpuBamicTs 3 eTamiB pyxXy AOCIIKYBAHOTO MEXaHI3My pH
ONTHMAaJILHOMY KEpYBaHHI

Etanu po3rony TpuBanicTs 3 eTamis
MeXaH13My TTOBOPOTY t1, C to, C ts, C
0amToBOTO KpaHa 0,81 1,06 0,81

OTtxe, 3arajbHa TPUBAIICTh PO3TOHY MEXaHI3My IMOBOPOTY BAHTAXy OAIITOBOIO
KpaHa JI0 YCTaJICHOI MBUAKOCTI (1 CTAHOBUTH 2,68 C.

JIJist 3MICTOBHOTO aHali3y OTPUMAHOTO PE3yJIbTATy MPEICTABUMO BIAMOBIIHUIMA
HEKJIaCUYHUH (ha30BUM MOPTPET PYXy MOCIIIKYBAaHOTO MeXaH13My (puc. 3).

0.06 AP, paa
] 0.04

0.00

0.08

0.06

¢2, pap/c
0.04

0.02

0.00

Puc. 3. Hexnacuunuit pazoBuil HOPTPET pyXy MeXaH13My HOBOPOTY BaHTAXY y
KOOpAWHATAX ,,BIIXUJICHHS BaHTAXYy B1J] BEPTUKaJI — MIBUAKICTh BIIXUICHHS
BAHTAXy B1J] BEPTUKAI — IIBUJKICTh BAHTAXY
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Ha puc. 3 xpamnku ciporo KoJibOpy O3HA4aroTh MOYATKOBIM 1 KIHIIEBHM CTaH
CUCTEMH, YOpHA KPUBA 3HAXOJUTHCA Y Pe3yJIbTaTi pO3B’sI3Ky ONTHUMI3allliHOI 3aa4i.
Sk BuAHO 13 puc. 3 KiHIIEBE 3HAYCHHS KPUBOI YOPHOTO KOJIHOPY MOBHICTIO BiAOBIIA€E
KIHIIEBUM ymMoBamu pyxy (2). Lle roBoputs mpo Te, 10 NOAAIBIINN yCTAICHUNH pyX
MexaHi3My OyJie 3aiiicHIOBaTHUCS 0€3 KOJMBaHb BAaHTAXKY.

Pa3om 3 TuM, HaBeieMo rpadgiuny 3anexHIcTh GyHKINT kepyBaHHs U Ta KyToBO1
MIBUKOCTI PO3TOHY MEXaH13My MTOBOPOTY BaHTAXy /10 BEIUYHHU @7 (puC. 4).

U, pap/c?; ¢4, paplc

0.08

0.06¢

0.04:

0.02}

05 10 15 20 25 €

Puc. 4. I'padiuni 3anexxHocTi 3MiHU (YHKIIIT KEpyBaHHs (YOpHA KpUBa) Ta KyTOBa
HIBUJIKICTh IOBOPOTY BaHTaXYy (cipa KprBa) 0aITOBOrO KpaHa

Ax BUIHO 13 pHUC. 4 KyTOBa MIBHJKICTh TMOBOPOTY BAaHTaXy Y KiHIII PO3TOHY
MEXaHi3My € PIBHOIO YyCTaJlecHOMYy 3HadeHHi0 @t (Tabmuig 1). OkpiMm  TOTO,
MpeACTaBUMO rpadiuyHy 3aJeXKHICTh BEIUYMHHM TMOTYKHOCTI, LIO0 CIOKHUBAETHCA
MIPUBOJIOM MEXaHi3My TTOBOPOTY BaHTaxy (puc. 5).
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P, kB
12}

10+

0.5 1.0 1.5 2.0 25 v

Puc. 5. I'padiuna 3anexxHICTh PYHKINT MOTY>KHOCTI, sIKa CIIOKUBAETHCSI TPUBOIOM
MEXaH13My MTOBOPOTY OaIITOBOrO KpaHa

[Ipu anami3i rpadiyHoi 3a€KHOCTI (pUC. 5) CIOCTEPIraeTbcs J1Ba MIKOBUX
3HAYEHHA NOTYXHOCTI. OJUH MakCUMyM Bi0OyBaeTbCd y KiHII Nepmioro eramy tp i
CTaHOBUTH 7,5 KBT, a iHIIMIT MakCUMyM B KIiHII TPEThOrO €Tamny t3, SKMil CTAHOBUTH
11,5 kBt. MakcumanbHl 3HaY€HHSI MOTYXKHOCTEW BiamoBigHo y 1,5 Ta 2,3 pasm
MEPEBULIYIOTh HOMIHAJIbHE 3HAYEHHS MOTY>KHOCTI NPHUBOJY MEXaHI3My HOBOPOTY
OamroBoro kpana. OiHaK MepeBaHTAXKEHHS IPUBOJTY J1€ TMPOTATOM JIOBOJI KOPOTKHX
MIPOMIXKKIB Yacy (KOxeH MeHIe | CeKyHn), 110 He CYTTEBO BIUIMBAE HA HOTO pOOOTY.

BucHoBok. BuznaueHo onTuManbHHI 32 MIBUAKOIIE€I0 PEKUM IMTYCKY MEXaHI13MY
MOBOPOTY BAHTAXy MPH HECUMETPUYHUX OOMEKEHHSX Ha ONTUMAalbHE KEpYyBaHHS,
SIKAUA JTO3BOJISIE TTIIBUIIUTH MPOAYKTHBHICTH OAIlITOBOrO KpaHa y XOJI BUKOHAHHS
HABaHTa)XyBaJbHO-PO3BaHTAXXyBaJIbHUX  omepauiii. Jns po3p’s3aHHs  3ajadi
0e3yMOBHOI ONTUMI3allil, 10 K01 3B€A€HO BUXIAHY 33/1a4y ONTUMAJIbHOTO KEPyBaHHS,
BUKOPHUCTaHO MoauGikoBaHUN MeTo poto yacTouok RING-ROT-PSO.

EdekTrBHA MpakTUYHA peanizallis 3alpOoNOHOBAHOIO PEXUMY MTyCKY MOXKJIMBA
32 YMOBHM BHKOPHUCTAHHSI YaCTOTHOI'O MEPETBOPIOBAYA 13 BIAMOBIIHUM MPOrPaMHUM
3a0€3MEYEHHSIM.

Jlitreparypa

1. Jlosetikin B.C. Pomaceud FO.0. Crexno O.B. (2025). CuHTE3 ONITUMAIBHOTO
32 MIBUAKOJIEID PEXUMY pPyXy AWHAMIYHOI CHUCTEMH «KPaH-BaHTaX» MEXaHi3My
MOBOPOTY OAIITOBOTO KpaHa Y BUTJISI 3BOPOTHOTO 3B’s13Ky. [ligiioMHO-TpaHCTIOpTHA
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YK 004.5:004.89

I ®POBI IBIMHUKHA B CLILCBKOMY I'OCIIOJAPCTBI:
TEXHOJIOI'TYHA PEBOJIIOLIA TA HIJIAX 10 CTAJOI'O
OEPMEPCTBA
Peoenko B.1.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

Y cydacHOMY CBITI CUIbCbKE TOCIOAAPCTBO MEPEXOIUTh BiA TPaTUIIIHUX
pIIICHb.

[Mudposwuii aiitnuk (Digital Twin) — 1e ToyHa BipTyajibHa KOMis (i3UIHOTO
o0'ekTa ab0 cUCTeMH, sIKa JI03BOJISIE B PEKMMI PEaJTLHOTO 4acy MOHITOPUTH poOOTY,
aHaI3yBaTH JaHl, CUMYJIIOBaTH CIIEHapii Ta MpuiiMaT oOrpyHTOBAHI PIIICHHS.

Texnonoris, sika Bnepiie 0yina 3acrocoBaHa NASA y 2010 porri 711 KOCMIYHHAX
amapariB, CbOTOJIHI CTa€ "MalMHow yacy" st pepMepiB, JO3BOJIAIOUH 3a3UPHYTH B
MUHYJI€ (aHaji3 1cTOpii), KOHTPOJIIOBATH TEMEPIIIHE Ta TPOTHO3YBATH MaHOYTHE.

Punok mu@poBux ABIMHUKIB CTPIMKO 3pOCTAE 1, 32 MPOTrHO3aMH, TIEPEBUIIUTD
73,5 minbspaa gonapis 10 2027 poky, 0 CBIAYUTH PO TI00anbHy TpaHChHOpMAIIiio
ramysi.

[uppoBuii nBIMHUK (PYHKIIOHY€E AK "ABOCTOPOHHS BYJHLS'": JaHl MOCTIHHO
nepenaThes Bia (PizuuHOro ob'ekra 10 oro mudpoBoi Komii 1 HaBMmaku. SKIo B
peaibHOMY aKTHBI B1I0YBalOThCSl 3MIHU, BOHU MUTTEBO B1JI00pa’KarOThCsl B MOJENI, a
KOPUTYBaJIbHI [I1i, pO3paxoBaHi B HU(]p1, MOKYTh OYyTH BIPOBAHKEH] B pEATbHOCTI.

OCHOBHI KOMITOHEHTH CUCTEMH:

IaTepuer peueit (IoT): gatuuku Bosorocti, pH, Temneparypu, RFID-miTku Ta
JPOHH.

XmapHi obunciieHHs: 00poOKa BeIMUEe3HUX MACHBIB JJAaHUX Y PEaIbHOMY Yaci.

[ty4ynuit iaTenext (Al) Ta MaliMHHE HaBYAHHS: IJIi CTBOPEHHSI MIPOTHO3HUX
MOJIeJIeH Ta CUMYJISIIIN.

Jsist ctBOpeHHs e(DEeKTUBHOT CUCTEMHU HEOOX1THO MPOMTH MIICTh KIIFOYOBHX €TaIliB:
30ip maHuX y peanbHOMY 4Yaci: BUKOpUCTaHHS AATYMKIB JJiE MOHITOPUHTY
KPUTUYHUX 3MIHHUX (TPYHT, IOr0J1a, CTaH MOCIBIB).

CrBopennst mudpoBoro ayodmikara: [loOynoBa BipTyaiabHOI MOJeNl MO 3
ypaxyBaHHSM ioro tonorpadii, TUIY IPYHTY Ta MIKpOKJIIMATY .

InTerpania nanux: @unpTparlis Ta 00'enHaHHs i1HdOpMaIl ISl OTPUMAaHHS
IUJTICHOI KApTUHU CTaHy TOCIO/IapCTBAa.

CrnocrepexeHHsl Ta aHani3: BusBieHHst XBOpoO pociivH abo 3001B B 001aIHAHHI
Ha paHHIX CTaJisX.

[Iporno3yBanus ta cumyJsiis: Bukopucrtanns LI nius MmoaentoBaHHs TOTO, K
POCIIMHU pearyBaTUMYTh Ha PI3HI CIIEHapii MOJUBY YW A00pHB 0e3 (piHaHCOBUX
PHU3UKIB.

OnTumizarlisi Ta MPUAHATTA piieHb: KopuryBaHHs cTpaTeriii MociBy, ipuraitii
Ta JIOTICTUKH Ha OCHOBI OTPUMAHMX 1HCANTIB.
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KirouoBi cepu 3acTocyBaHHs Ta epeBaru:

Ynpaeninna nonamu ma moune 3emnepoocmeo. 1lubpoBi NBIMHHUKU
J03BOJISIIOTH (hepMepaM TOYHO 3HATH, YOr0 NOTPEOYIOTh KYJbTypHU B KOKEH MOMEHT.
Ile MiHIMI3Yy€E BiAXOU pecypciB (BoaU, JOOPUB) Ta MiABUIIYE BpOXKaiHICTh. B yMoBax
3aKpUTOrO IPYHTY (1HAOP-(hEepMH) TEXHOJIOTIS JIOMOMarae MmjaTpUMyBaTH 1/1€aJIbHUN
MIKPOKJIIMAT, 3HMKYIOUH OTepaliiiiHi BUTpaTH.

Teapunnuymeo. JlaTauku B KOpIBHUKaX a00 Ha CTAHIIISAX TOAIBII BIJICTEXKYIOTh
CTaH 3710pOB'sa KOxHO1 TBapuHH. [{ludpoBuii ABIMHUK AOIIOMArae BUSIBUTH XBOPOOH Ha
paHHIX eTamax, 3armo0iraloyu MOUIMPEHHIO0 1H(EKIN y cTaai, Ta ONTUMI3yBaTu
BUPOOHMIITBO MOJIOKA YH M'sica.

Ooécnyzoeyeanna mexniku ma nozicmuka. Petutikaiis CiTbChKOTOCITOTaPCHKIX
MAIIIMH JT03BOJIAE BIJICTEKYBATH iXHIM CTaH y peajbHOMY 4Yaci, YHUKAIOUU MPOCTOIB
yepe3 panToBl NOJOMKH. Y JIAHLIOTax IOCTa4yaHHsS JBIMHUKH 3a0e3MeuyloTh
MIPO30PICTh: BIACTEKEHHSI MAPIIPYTIB TOCTABKH TapaHTYE, IO MPOIYKTH MOTPATLIATH
710 CTIOKMBaya CBI)KUMU Ta BYACHO.

Knimamuuna cminukicme ma cmanuii po3eumok. TexXHOJOTIS T03BOJISE
CUMYJIIOBATH BIUIMB EKCTPEMAJIbHUX TIOTOJIHUX YMOB, JOMOMararoud Qepmepam
roTyBaTUCA JI0 PU3HKIB. BaXIMBUM acEKTOM € €KOJIOTIYHICTh: MOHITOPUHT PiBHIB
BYTJICIIIO Ta 010pPI3HOMAHITTS CIIPHUSi€ 3MEHIIIEHHIO HETATUBHOTO BIUIMBY Ha JOBKIJUIS.

[Mudposi ABIHHUKYN TpaHCHOPMYIOTH EKOHOMIKY (PepM, aHATI3yIOYH BUTPATH Ta
BUT'OJIM KOKHOTO pillieHHs. BoHu cTBOPIOIOTH "BipTyanbHy micounuiro” mis R&D, ne
MOXHA EKCIIEpUMEHTYBAaTH 3 HOBHMH METOJAMHU BHPOIIYBaHHS O€3 3arpo3u IS
peaIbHOTO BPOXKalo, 1110 3HAYHO MPUCKOPIOE BIPOBAKEHHS 1HHOBALIIM.

OpHiero 3 ronoBHUX podieMm € "13oimsmis nanux" (data silos), ko iHpopMariis
3 pI3HMX JpKepen He noeanyeTbed. s Bupimenns uporo Intellias po3pobuna xmapHy
miatdopmy Intellias Digital Twin, sika iHTerpye aasi 3 Oyab-skux loT-npucTpoiB Ta
Bi3yanm3ye ix y 3D/4D ¢opmarax.

CninbHo 3 Mmepexkero Grand Farm Oyno crBopeno Grand Farm Data Hub —
maTGopMy 3 BIAKPUTHUM KOJOM JJIs LeHTpasi3alli arpoganux. Lle mo3Bossie HaBITH
HEBEJIMKUM TPaBISIM PUHKY OTPUMATH JOCTYII JI0 TIEPEIOBUX aJTOPUTMIB aHATITHKA
Ta CUMYJISIIII.

BnpoBamxenHs: udpoBuxX ABIWHUKIB y CIITIBCbKE TOCMOIAPCTBO € HEMUHYYUM
eranoM eBoJitoiii ramysi. Ll TexHosoris 3abe3neuye CHHEPril0 TPHUPOAN Ta
IHTEJICKTyaIbHUX CHCTEM, BeAy4d arpodizHec 10 OIbII  MPOTYKTUBHOTO,
MPUOYTKOBOI'O Ta €KOJIOTTYHO YHCTOTO MalOYTHHOTO. 3aB/ISIKM 3JaTHOCTI aHAJ13yBaTH
MUHyJIe Ta mependadyatd ManOyTHe, LUHMQPPOBI JBIMHUKK CTAlOTh HAIIAHUM
THCTPYMEHTOM 3a0€e3MeUeHHs rI100aIbHO01 MPOA0BOILYOI OE3MEeKH.
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YIK 621.9.048

TEOPETUYHI JOCJITKEHHSA 3ATAYI ITO3UIIIOBAHHSA
MAHINYJAIMIMHOI POBOTOTEXHIYHOI CUCTEMH
Yepuuw O.M.

Hayionanenuii ynieepcumem diopecypcis i npupoookopucmyeanus Ykpainu

Mera pocaimkennsi. OOrpyHTYBaTH aJrOPUTM PO3pPaxyHKy IOJOKEHHS 1
OpIEHTAIII0 MOJEN TPHJIAHKOBOT MaHIMYJAMIAHOT pOOOTOTEXHIUHOI CHCTEMHU Ha
OCHOB1 MAaTPUYHOTO METOTYy MPUETHAHUX KOOPAMHAT.

PesyabTatu gociigxkennb. [Iutanas po3poOKu 1 CTBOPECHHS MPUKIATHUX
METOMIB PO3paxyHKy y TPOTPaMHOMY CEpPEIOBHII BIAMOBIAHO 10 KOHKPETHHUX
MOCTaBJICHUX YMOB Ha CBHOTOAHINIHIN J€Hb JOCUTHh akKTyadbHi. [ cTBOpeHHS
AITOPUTMY TaKUX OOpaxyHKIB MOXKHA 3ally4MTH, SK 3arajibHOBIJOMI MpPOTrpaMHi
naketu MathCAD, MATLAB, Maple, tax 1 iHmn croemiaaizoBaHi pOrpaMHi
KOMILJICKCH.

VY uinomy BuOip METO/IIB 13ac001B IPOTPaMyBaHHS 1 pO3PaXyHKY KIHEMATUUYHUX
rmapaMeTpiB  poOOTOTEXHIYHHUX CHCTEM MAalOTh MiCIle JJIsg OUIBIIOCTI CY4YaCHHX
TEXHOJIOTTUHUX TporieciB. [Ipu oMy pasom 13 3agauamu 3a0e3MeUeHHs TOYHOCTI 1
IIBUJKOCTI TIO3ULIFOBAHHS 1 MEPEMIIIEHHS POOOYHX OpraHiB pyxy poOOTOTEXHIYHUX
CUCTEM, TIJBUIICHHS SKICHUX TIOKa3HUKIB ICHY€ TaKOX akKTyallbHa 3ajaya
ontumizauii. L1 3amaui MokHa pO3B’SI3aTU LIISAXOM PO3POOKH 1 CTBOPEHHS OLIbII
€(EeKTUBHUX 1 TOUHHUX aJTOPUTMIB KEPYBAHHS MaHIMYJISIIHHUMU POOOTOTEXHIYHUMU
CHUCTEMaMH.

JIoLIBHICTh Ta €(PEKTUBHICTh 3aCTOCYBaHHS MAaTPUYHOTO MiAXOAY B 3ajayax
CTBOPEHHSI aJTOPUTMIB PO3paxyHKY KIHEMAaTHUYHUX IapaMeTpiB OaraToJaHKOBHX
MaHINYJISIIHHAX pOOOTOTEXHIYHUX CHUCTEM IOJISATAE B TOMY, IIIO TYT 3aCTOCOBYETHCS
MIOCJI1IOBHE MEPETBOPEHHS KOOPMHAT MPH MEPEXO/I1 BIJ] OJIHIET JAHKH 10 HACTYITHOI.
[Ipu mpoMy mpoliec TMEpPexoy CKIANA€ThCs 3 TMOCTIAOBHOTO HAa0Opy MaTpHIIb
MIepEeTBOPEHHS, SK1 3B’sI3aH1 3 CHCTEMaMU KOOPJIMHAT JIAHOK KIHEMAaTHUYHOTI'O JIAHITIOTa
MeXaHi3My poOOTOTeXHIYHOI cucTeMu. KokHa crcTeMa KOOpAMHAT KIHEMaTHYHOTO
naHirora gopmyerbest 3a MetogoMm JleHaBiTa-XapTeHOepra mociigoBHOT MOOYI0BH
CUCTEM KOOpJMHAT 13 (pOpMyBaHHSAM OAHOPIIHUX MATPULIb IEPETBOPEHHS.

BukopucTOBYIOUM Takl MaTpulll IEPETBOPEHHS, MOKHA OTPUMATH 3B’ 130K MIXK
KoopauHaTamMu P; Oynab-sfkoi Touku P i-1 JJaHKM MaHIMmyJSIiHHOT POOOTOTEXHIYHOT
CHCTEMH Y CHCTEMI BIJIIKY, III0 pyXOMO 3’€IHaHa i3 CyMixkHOIO (i-1)-F0 JTaHKOO:

Pi_y=""4;-P,
e "1A; — MaTpULS eNeMEHTapHOTO IEPETBOPEHHS LIS CYMDKHHX CHCTEM KOOD/IMHAT;
P;_,, P; — BeKTOpY TOJI0KEHHS JIOBLILHOI TOUKH P ISl CyMi>KHUX CHCTEM KOOPIHHAT.

[le mo3Bosisie omucaTH TOJIOKEHHS KOXKHOI JIAaHKH BIJHOCHO TIOJIOKEHHS
MONEPEAHBO1 JIAHKHA CUCTEMHU.

J1oOyTOK MaTpHIlh YTBOPIOE OJTHOPIIHY MATPHINIO CKIIATHOTO MEPETBOPEHHS:

l_lAi =Tzq," Tza; " Txa; - Tx,a;
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ne i_lAi — JIX-MatpuIis CKJIaaHOTO MEPETBOPESHHS ISl CYMIKHMX CUCTEM KOOPIMHAT,
ai, ai, di, §i — 9oTHPHU TeOMETPHYHI ITapaMeTPH KIHEMAaTHIHOTO JIAHITIOTA, 110 OTIMCYIOTh
3B 130K MK CyMDKHUMHU CHCTEMaMH KOOPIUHAT.

[Tpu oMy Matpuist koopauHaT Touku P B (i-1)-it cuctemi BiUTIKY, 3B’ 13aHOTO
3 (i-1)-t0 maHKOIO0 MOXKE OyTH MpejCTaBlIicHa y BUTIAAL P; -1 = = (X;_1,Yi_q, Z;—1, 1T,
a MaTpHI KOOPAUHAT TOYKH P B i-if cucTeMi BiajIiKy, 3B’S13aHOIO 3 I-I0 JIJAHKOIO — Y
surnani P; = (X;, Y;, Z;,1)T, a onnopinsa matpuns OTi, 1[0 BU3HAYAE ITOJIOKCHHS I-
i cucremMu KOOpAMHAT BITHOCHO 0a30BOi, SBIAE COO0K JOOYTOK IOCHIAOBHOCTI
OJTHOPIJTHUX MAaTPHIIb MIEPETBOPECHHS:

n

. , , . , . 0 0
OTL — OAl . 1A2 o l—lAi — H l—lAi — [Xl Yl Zl PL] — [ RL Pl] )
0 0 0 1 0 1

i=1
i=12,...,n

ne °R; — MaTpHLs, 10 BU3HAYAE OPIEHTALIIO i-i CHCTEMHU KOOPAMHAT 110 BiXHOLICHHIO
1m0 Gasosoi; °P; — BenMdMHA BEKTOpA, IO 3'€HYE MMOYATOK 0A30BOI i i-i CHCTEMH
KOOpAUHAT.

[Ipy 1ubOMYy BH3HAUCHHS TIOJIOKEHHS 1 Opl€HTalll pobdo4Yoro opraHy
POOOTOTEXHIYHOT MAaHIMYJISIIAHOT CUCTEMH 1I0J0 a0COIIOTHOI CUCTEMHU KOOPJWHAT,
TOOTO TMapaMeTpiB MaTpUIll, MPEACTABIsIE CO00I0 TOCHIAOBHICTh HACTYITHUX

MHOXHHUKIB:
n

T="C4-"4,-.  -"4,= H‘_lAi, i=12,..,n,
i=1
1€ N — YKCIO JIAHOK KIHEMaTUYHOrO JIAHLIOTa MaHIMyJSUIHHOT POOOTOTEXHIYHOI
CHUCTEMH.

B 3amaui mo3uIlitOBaHHS TPHUCTYIEHEBOTO MAaHIMylsATOpa 13 00EPTOBOIO
KOJOHOO | 1 JBOMa TOCTyHaJbHUMHU KIHEMAaTMYHUMH TapaMd  B3a€EMHO
MEePHEHANKYJISIPHUX JIAHOK 2 1 3 y BIAMOBIAHOCTI A0 MeTony JleHaBiTa-XapTeHnoOepra,
MaTpuld rnepexoay Bia 1-i cuctemMu KoopaAMHAT A0 3-i MaTUME BUTJISIA!

-Cl 0 Sl 0 C2 _SZ O a2C2_
S 0O ¢ O S c 0 a,s
A = |51 1 , A = |2 2 252
710 -1 0 o0 2710 0 1 d,
0 0 0 1 0 0O O 1
-C3 O S3 a3C3 C4 O _S4 0—
0 —c3; azs S 0 C 0
A. = |%3 3 a3S3 A, = |4 4
7o 1 o0 0 [ 1o -1 0 d,f
(0 0 O 1 0O o0 0 1]
_C5 0 55 0 C6 _56 0 0_
ss 0 —c O S c 0 O
A = |55 5 A = |56 6
*“lo 1 o of "o o 1 4
[0 O 0 1 0 0O 0 11

MaTtpuiist OTHOPITHUX NEPETBOPEHD T MATUME BUTIISL:
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Te =A1 Ay A3+ Ay As - Ag = Agz - Ay,
ne Az = Ay - Ay Az Ayg = Ay As - Ag.
Martpuuis Tg y po3ropHYTOMY BUTJISIIL
Xex Yex Zex Px
T, = Xey Yey Zey Dy

X6z Y6z Zog pz’
0 0 0 1

1e 1i KOMIOHEHTaMU OyayTh
Xex = €1(C23(C4C5C6 — S4S6) — S235556) — S1(S4C5C6 + €4S6),
Xey = 51(€23(€4C5C6 — S4S6) — S2355C6) — €1(S4C5C6 + C4S6),
Xez = —S23(€4C5C6 — S4S6) — C2354C6:
Yox = €1(—€23(C4C556 + S4C6) + 5235586) — S1(—S4C5C6 + C4C6),
Yoy = S1(—C23(CaCsS6 + 54C6) + S235556) + €1(—S4C5¢6 + €4C6),
Yoz = S23(€4C5C6 + 54C6) + C2355C,
Zex = €1(C23€4S5 + S23C5) — 515455,
Zgy = 51(C23€4S5 + S33C5) + €154Ss,
Zgz = —S23C4C5 T C23Cs,
Px = €1(dg(C23€4S5 — S23C5) + Sp3ds + A3C23 + 3¢;) — 51(dgSuSs + dy),
Dy = 51(de(Ca3€4Ss + 523C5) + Sp3dy + A3Cp3 + a3C;) + €1 (dgS,Ss + dy),
Dz = dg(C23Cs5 + 523€4S5) + Ca3dy + A3C23 — A35;,

ae.
Ccosq; = ¢;; sinq; = S;; cos(qi + qj) = Cij; sin(qi + q]-) = Sjj-

B pe3ynbrari mosioKeHHS JIAHOK po0OTa BU3HAYAETHCA NEBHUM JO0YTKOM
OJIHOPITHUX MaTpPHIlb MEPETBOPEHHS MPHU MEPEXO/1 BII PyXOMHUX CUCTEM KOOpPJUHAT
JIAHOK 70 a0COJIIOTHOI. Y CBOiM BM3HAYEHIN MOCHITOBHOCTI HAa0lp Takux IOOYTKIB
CKJIQJIAI0Th aJITOPUTM aHANITUYHUX PO3PaXYHKIB.

TeopeTnyHi [MOCHIKEHHS TPOBOJMINCH, Ha 0a3l €JIeMEHTapHOI Mojeii
MEXaHI3My TPUJIAHKOBOTO MAaHIMyJsiTopa poOOTa 13 3aCTOCYBaHHSIM IMPOTPaMHOTO
nakety MathCAD.

BucHoBKkH. 3a 10TOMOTOI0 MPOBEACHUX aHATITUYHUX JOCIIKEHb PO3B'si3aHa
3aj1a4a TIO3WIIIIOBAHHS TPHUJIAHKOBOI MOl POOOTOTEXHIYHOI MaHIMYJIAIIHHOT
CHUCTEMH, BHM3HAUCHI KOOPJAMHATH 1 Opi€eHTaIlis poOOoYoro oOpraHy BIJHOCHO
a0COJIIOTHOT CUCTEMU KOOPUHAT.

[lepeBipka anroputMmy miATBepAUIa MPaBUIBHICTh MPOrPAMHUX PO3PaXyHKIB,
SIK1 CIIPOILYIOTh 1 MPUCKOPIOIOTH MPOIIEC OTPUMAHHS JaHUX Ta JIal0Th MOXKJIMBICTh 1X
3aCTOCYBAHHS JJIs MOJAJBIIOTO KIHEMAaTUYHOTO 1 JUHAMIYHOTO aHaji3zy B 3ajJadax
KEepyBaHHs MEXaHI3MOM MaHIMyJSALiHHOT cucTeMu poOoTa.
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VK 631.354.2

MEXAHIYHI BTPATH 3EPHA I IX BIIJIUB HA ITPOJJYKTUBHICTD
KOMBAMHA
Haomouiu O.B.
Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

Jnst  edeKTUBHOrO BUKOPUCTAHHS HAsBHOTO TApKy 3€pHO30MpPAIbHUX
koMOaitHiB  (3K) HeoOXigHO 3HATH HE TUIBKM CTapTOBI KOHCTPYKTHUBHI 1
eKCIUTyaTalliiiHi, TEXHIKO-TEXHOJIOT14H1 MOKA3HUKH 1 XapaKTePUCTHUKN HOBUX MAIlIH,
asie 11 3aKOHOMIPHOCTI 1X 3MiHHM 13 301JIbIIEHHAM HapoOITKy (TepMiHy) eKCILTyaTalli.
Ha monsix cinbrocnBupoOHUKIB YKpainu BUKOpUcTOBYIOThCs 3K Oinbine 100 mapok,
Mozenen, MoaugIiKanii BCiX MPOBIIHUX BUPOOHUKIB CBITY PI3HUX KOHCTPYKTHBHUX
cxeM i3 ctpokoMm ekcruryatamii Bix 1 g0 30 pokiB [1...3]. IToka3Huku, 3asBiICHI
BUPOOHHMKAMHU, 32 I TEPMIH €KCIUTyaTallii 3Ha4yHO PI3HITHCS, a TOMY HEJAOULUIbHI JUIs
MOJANIBIIONO TUIaHyBaHHS poOoTu [4]. Binblny MOCTOBIPHICTE MOXKYTh CTAHOBUTH
EKCIIEPUMEHTANIbHI  JIOCHI/DKEHHSI  TEXHIKO-€KOHOMIYHMX  TOKa3HHUKIB  POOOTH
3epHO30MpPATPHUX KOMOAKHIB.

Pe3ynbTaT Takux eKCrepuMEeHTaIbHUX JOCIKEHb Ta PO3paxyHKiB MPUBEICHI
B Tabsumi 1. [Ipu mwmpuHi 3axBaty KaTku /.6 M IpakTUYHA IUPUHA 3MIHIOBAIacs B
sariami +£0.3 M, pobGoya mBuakicTh B Mexkax +200 M. 3amoBHeHHs OyHKepa
BimOyBanocs 1o ropu3oHTy emHOCTi +250..300 xr. IligkoHTponsHUMHU OyiH
IIMPUHA 3aXBaTy >KHUBAPKH, BIAHOCHI BTPAaTH KOHTPOJIOBAIMUCS 32 MOKa3HUKAMU
MoHiTopa. [IIBUIKICTh pyXy 3a CIIIAOMETPOM, Maca 310paHOTO YPOKAK0 MO KBUTAHITISAX
13 rocmomapcbkoi Baru. KimbKicHI BTpaTh 3epHa KOMOAWHIB KOHTPOJIIOBAIMCS
crieriagbHuMu sinkamMu. CoJioma micyisi 0OMOJIOTY BUCHIIANIACS Y BaJIOK.

VY  craOuibHOMY pexuMi poO0OTH KoMOaiiHa, KOHTPOJBHO-MIPHI SIIUKH
po3mipamu 500 X 200 MM = 0.1 M? 3akupammcs 0o Xoxy Kom0OaiiHa 3 JI1iBoi CTOpOHH
MK TIEpeIHIM 1 3aJHIMH MOCTaMU TIiJ MOJIOTapKy 4epe3 BiAcTaHb 5 — 6 meTpiB (5
MTYK) Ha BigicTani 25 — 30 MeTpiB 13 TPhOX KPATHOIO MOBTOPIOBAHICTIO 3 THTEPBAJIOM
B OJIHY. [3 30UJIbIIIEHHSIM IIBUIKOCTI, BIICTAaHb MK SIITUKAMU 301IbIIHMIIACS 10 8-9 M.
[limpaxyHOK KIIBKOCTI BTPAY€HUX 3€pPEH B SIIMKAX 32 MOJIOTAPKOIO MICIs MPOXOAY
KoMOaliHa MPOBOJAMBCS B IPUCYTHOCTI KEPIBHUKA arpoQipmMu, TOJOBHOTO arpoHOMa 1
OpuragHoro arpoHoma. 3a BUCHOBKAMH arpoOHOMIB MiJANPUEMCTBA HEPIBHOMIPHOCTI
yporkaiHOCTI Ha TuToi mostst ckianana +500kr/ra. 3a TakKUMU OIIHKAMU IOy CTHMI
YHCJIOBI BTPATH 3€pHA MOIIM CKIagatv 5 — 6 rpam Ha 1 M2 mromi. Ilpu kinbkocTi
1000 3epuuH ix maca moxe cknanata 40 — 50 rpam. ToOTo Ha 1 rpam B cepeaHLOMY
IPUXOAUThCS ~ 25 3epeH. ['paHnuHa KinbKicTh BTpar Ha 1 M? mIomnti npu yposkaiHocTi
5—6 T1/ra ckmagatumyth 125 — 150 3epen i ckmano 1% Bim BajmoBoro 300py.
PesynbTaTu gociikeHb npuBeeHi B Tabmauii 1.

AHaJi3 eKClepuMEHTaIbHUX MOJIbOBUX JIOCHIIKEHb MOKa3aB, 1110 MpU podoUii
IWBKAKOCTI V,, = 4,6 KM/TOJ CepeiHs TPUBAIICTL POOOTH KOMOANHA Ul HAIIOBHEHHS
1 Oynkepa ckiagana 24 XBUJIMHHU. 3a TEPMIH HAMIOBHEHHS OyHKepa HEOOXigHO OyIio
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3i0patu 1.29...1.32 = 1.31 ra. 3a roguHy yuctoro uacy 36mupanocs 3.22 ra. Yucmnosi
3HAYEHHS MEXaHIYHUX BTPAT 32 MOJOTAPKOK Ha KOHTPOJIbHUM AmuK miomero (0.1 m?)
Bix 9 10 13 3epHuH. (5 KOHTPOJLHUX SAIIMKIB), B CEPENHBOMY ~ 57 3epHuH Ha 1M2,
Po3paxyHkoBi 3HaueHHsl BiIHOCHMX BTpaT nokaszanu 0.38 % Big BamoBoro 300py
ypO’Karo, a po3paxyHKOBE 3HAUEHHS MPOIYCKHOI 3JaTHOCTI MOJIOTapKU CKJallo g =
6.49 Kxr/c 3aBaHTa)XeHHsI IBUTYHa OyJI0 B Mexax =~ 54%.

Taomund 1.
[Tokasnuku edextuBHOCTI BUkopuctanug 3K CH642.
Tokasnury Poboua wsuokicms, km/200
4.6 5.9 6.6 7.6

Cepennili TepMiH HaMOBHEHHST OYHKEpa, XB 72 of o1 42
3i0pano 3a 1 rox. uncroro vacy, ra W 3.22 4.13 4.62 5.40
3i6pano 3a 1 roj. YUCTOrO Yacy, T/Toj 1.2 7.1 6.9 7.15
BinnocHi Brpatn 1 M2,% ,AU % 0.38 0.68 0.91 1.23
YucinoBi 3HaYEHHsI, KUIBKICTb, 1 M2, m 57 102 136 188
[IpomyckHa 34aTHICTb, KI/C, qy 6.49 8.20 9.20 10.34
3aBaHTaKeHHS ABUTYHA, % , N 54 67 74 83
[IponykTuBHICTB, %0, +AW 100 +28 +12 +16,6

[Ipu mBuaxocti V, = 5,9 xm/rox (1.64 M/c) cepenHs TpUBaIiCTh HAIOBHEHHS
OJIHOro OyHKepa moHuzmiacs A0 ~19 XxBuiauH. 3a TOAMHY YUCTOrO 4Yacy 30upaach
wioma S = 4.13 ra/rox; a HamosnoT nigBuiUBCes 10 U, = 23 Tonu. Yucnosi 3HaUCHHS
MEXaHIYHUX BTPAT 32 MOJOTAPKOIO HA KOHTPOJIBHUM SIIMK 3HAXOAWIIUCSA B MEXKaX Bij
95 no 105 3epumn, cepemni 102 3epruHH. [IpomyckHa 3maTHICTH MOJOTAPKU
MiIBUIIWIACE 10 g = 8,2 Kr/c, BIIHOCHI BTpaTH MigBuiuivcs ao 3HadeHHs 0,68%,
3aBaHTAKCHHS JIBUTYHA TIABUINMIIOCT 10 = 67% Bim Ny. Sk Hacaigok, 3
MIJBUILEHHSAM poOOYOi MIBUIKOCTI MPOAYKTHUBHICTH 3a | roauHy 30UIbLIMIIACS Ha
28%.

IIpu wBuakocti V, =7.7 xm/ron (2.14m/c) Oymu oTpuMmaHi HacTymHi
pe3yJIbTaTH eKCIEPUMEHTAIbHUX 3HaUCHb: CEpEHs TPUBAIICTh HAIIOBHEHHs OyHKEpa
3epHOM cKjiasia = 14 XBWINH, 3a TOAMHY YUCTOrO Yacy 30MpaHHs IUIOIIA MIUEHUI S =
5.40 ra, mamonouyBasocs ~ 29 T. 3epHa, YUCIIOBI 3HAUEHHS MEXaHIYHUX BTpaT
sHaxoquucs B Mexax 180 — 190 3epuun (~ 188 wryk) na 1m? (36...38 3epHun) Ha
KOHTPOJILHUI SIIMK; BiIHOCHI BTpaTH 30LIbIIMIMCA A0 3HaueHHA 1,23% Ha 1m?;
3aBaHTAXCHHS JIBUTYHA MABUIIMIOCS 10 3HaueHHS =~ 83% Bim Ny; Po3paxyHkoBe
3aBAaHTAXKEHHS MOJIOTapku 30inbmmmiocs g0 g = 10,34 kr/c Big HOMIHAJIBHOTO
3HA4YCHHS (PO3paxyHKOBOTO) 12 Kr/C.

[Ipn BUKOHAHI MEpIIOrO MPOXOay BHcOTa cTepHi Oyma B 15— 20 cm. I3
301IbIIEHHS] IIBUIKOCTI PyXy MNpH BUCOTI 3pidy <15 cM BHHHKala HeOe3neka
MOIIKO/IPKEHHSI HOXka, MEXaHI13My MPUBOJY, CTOJIA KAaTKHU BiJ paliTOBUX JHUHAMIYHHUX
HAaBAHTAKEHb HA BUMOIHAX, PUTBUHAX, TpeOHAX. TOMy JIJIsl YHUKHEHHSI MOIIKOIKEHb
KATKU 1 OJHOYACHO 3MEHIIEHHS MCHUXOJIOTYHOIO0 HABAaHTAaXKEHHS omeparopa 0yJio
PEKOMEHIOBAaHO KEpIBHUIITBY arpodipMu MiABHIIUTH BUCOTY 3pidy A0 20 — 25cm.
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Takwuii 3axim 703BOJMB 3MEHINIWTH MOMAJaHHS 3€JIEHOT MacH, IO Pi3KO 3pOCTae i3
3aTATYBAaHHAM  CTpOKiB  kHUB. KepiBHUITBO arpodipmMu  moroausiocs 13
3apPONOHOBAHOI0 METOJIMKOI KOHTPOJII0 MEXaHIYHUX BTpaT Ta PEKOMEHJIAIIEl0
MIJABULIMTH IIBUAKICTH 10 V, = 7.0 kM/To.

EdexkTuBHICTh ekcIUTyaTallii BUSBUJIACA Y MOKpAIIEeHHI HACTYMHUX BaroMux
CKJIQJIOBUX >KHUBYBAHHS:

— 3MIHHO1 IPOAYKTUBHOCTI MO 310paHiii momii 1 Mmaci ypoxaro Ha 30 — 35%);
— MOKA3HUKIB SIKOCTI CBOEYACHO 310paHOi KYJIbTYPH;
— 3MEHIIIEHHS BUTpAaT NalMBa Yepe3 ONTHMajbHE 3aBaHTAKECHHSA JBUTYHA

koMOaiina Ha 15 — 20%;

— 3ano0iraHHo O10JIOTIYHUX BTpaT BiJ OCHUMAHHS dYepe3 3aTsAryBaHHS CTPOKIB

KHUB B Mekax 8...14% Big yposkalfHOCTI.

[Ipu po3paxyHKy TepMiHIB 30MpaHHSl 3€pHOBUX KYJbTYp CJiJ BpaxoBYBaTH
TEPMIH €KCIUlyaTalii KOMOalHIB 1 BpaxOBYyBaTM IONPAaBKA B TOKA3HUKH
OPOAYKTHBHOCTI, BPAaXOBYIOUM WMOBIPHE 3HMKEHHS IMOKAa3HHWKA TEXHIYHOTO CTaHy
yepe3 Koe(IilieHT TOTOBHOCTI.
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YK 631.354.2

®OPMYBAHHS KJACU®IKAIIMHUX O3HAK MIABUIIIEHHS
E®EKTUBHOCTI 3SbUPAHHS 3EPHOBUX
Haomouiu O.B.
Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

[Ipy KOMIUIEKCHOMY pO3TJSAl CyKyMHOCTI UYMHHUKIB, IO BIUIMBAIOTh Ha
MOKA3HUKH BUKOPUCTAHHS 3epHO30MpanbHux komoOaitHiB (3K), ciig BpaxoByBatu
TEXHIYHI Ta TEXHOJIOT14YHI1, KIJTbKICHI Ta SKICHI, BAPOOHNYI Ta OCOOMCTI, CKOHOMIUHI Ta
€KOJIOT1YH1 IPUYUHH 3MIHU TIOKa3HUKIB BUKopucTaHHs 3K.

Ha ocHoBi matepianmiB poOit [1..6] BCTaHOBJICHO, IO BC1 11l YAHHUKU MOXHA
PO3AUIMTH HA TPU BEIUKI T'PYIU: OCOOIMBOCTI 3€pHO30UpaIbHUX KOMOAWHIB, IO
BUKOPHUCTOBYIOTBHCS, CTAH 3€PHOBOI KYJbTYPH, 1110 30UpaeThcsa Ta YMOBHU 30UMpaHHIL.
VYcl rpynu UMHHUKIB, CBOEIO YEProro, MOAUIAIOThCA Ha miarpyn u. Tak, rpyma
YUHHUKIB, 1110 BpaxoBye oco0iauBocTi 3K, miarbcst Ha MATPYNHU KOHCTPYKTUBHHX 1
eKCILTyaTal[liHUX.

Jlo miarpynu KOHCTPYKTUBHUX YNHHUKIB HAMHU BITHECEHO:

— TEXHOJIOT1YHA CXeMa 3€pHO30MpPaAIbHOr0 KOMOaiiHa, M0 3aKIaJaeThbes Mija Jac
KOHCTpYIOBaHHA MaiivHi. HailOutebl nmommpeHi 3epHo30upanbHl KOMOAHH 3
KJIACHYHOIO0 CXEMOI0 MOJIOTHIIbHO-cenapyrodoro mpuctporo (MCII): K3C-9,
Lexion 540, PCM-10b "Ilou-1500B", PCM-101 "Bektop 410", PCM-142
"Axpoc 530", John Deere, Tomo. Habynu nommpenns takox 3K 3 akciaibHO-
poropuoio cxemoro MCII (Lexion 570, PCM-181, Tucano 470, New Holland
(CS6090, CSX 7080) Ta iHm1);

— KOHCTPYKTHBHI MapameTpu podouux opranis 3K: qopxuna ta niametp 6apabana
Y1 pOTOPA, KyT OXOIUICHHS JIEKU, TUI COJIOMOTPSACY, KITBKICTh KJIaBIII Ta 1HIIII,

— napamMeTpHu peryJiloBaHHs poOOYMX OpraHiB 3€pHO30MpaNbHOrO KOMOaiiHa:
gacToTa OOEpTaHHA MOJIOTHJIBHOTO OapabaHa Ta BEHTHJISTOpA OYMIICHHS,
CTYMIHb BIAKPUTTS kamto3l Ta 1HmN (kimacuyHa cxema MCII), wacrora
oOepTaHHs pOTOpa, AEKU, BEHTUJISITOPA OUMIIEHHS Ta 1HII (aKClaJIbHO-POTOPHA
cxema MCII).

Jlo miarpymnu ekcruryaTaliiHuX YAHHUKIB HAMU BKJTFOYEHI:

— podoua mBuakicTe 3K. JlaHuii YWHHUK BUOMPAETHCS 3a TEXHIYHUMU
MOKJIMBOCTAMHM Ta JIOMYCTUMOIO MpOIMyCKHOKO crpoMoxHicTio MCII
3epHO30MpAIbHOTO KOMOalHa MpyU 3ajaHOMY PIBH1 BTpaT 3€pHa;

— poboya mMpUHA SKHUBApKU (BUOMpAETbCS 3 YMOBH  ONTHUMAJILHOTO
3aBaHTaxkeHHs: MCII nipu oOpaHiil IIBUAKOCTI pyXy 1 ypoKaitHOCT1);

— napameTpy peryroBaHHS POOOYMX OPTaHiB JIO3BOJSIOTH 3BECTH JI0 MIHIMyMY
KUIBKICHI Ta SKICHI BTpaTH 3€pHa, 3HU3UTH YU TIOBHICTIO BHKIIOYUTH
TEXHOJIOT14HI HECIIPAaBHOCTI KOMOaiiHa;

— CTaX Ta KBami(ikaiis koMmOaiiHepiB Ta 0OCIyroByrodoro nepconamy. Tak, y
poboti [5] mokazaHO, IO YacTKa 4Yacy OCHOBHOI pOOOTH KOMOAMHIB, IO
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00CIIyrOBYIOThCSI KOMOaifHEpaMu 31 cTaxeM poboTu 4 poku, nepepuiiye Ha 41%

BI/IMOBIHUM TTOKAa3HUK JIJI1 KOMOAHEPIB 13 cTaxkeM ofuH pik. Axicts TO Buia

y 3K, 1110 00¢cayroBy0TECS BUCOKONIPOGECIHHUMU MaiicTpaMu-Hala4uKaMHu;
— BIJIHOIIEHHS OOCIYTrOBYIOYOT0 MEPCOHATY O BUKOHAHHS CBOIX O0OB'SI3KIB;

- TEXHIYHUH CTaH 3epHO30MpaNbHOrO KomOaiiHa. Y pa3i BUHUKHEHHS
HECMHPABHOCTEH poOOYMX OpraHiB 3pOCTAIOTh SIK MPsSMI BTpATH 3€pHa, TaK 1
Henpsmi (ApobneHHs, TpaBMyBaHH:) [2]. [lepenivueni BUIlle YUHHUKU KEPOBAHI.
Jlo npyroi rpyny YNHHUKIB - CTaH 3€PHOBOT KYJIBTYPU BKIIIOUEHI: YPO)KaiHICTh

M0 3€pHY 3€PHOBOI KYJIbTYpH, COJIOMHCTICTh, BOJIOTICTh 3€pHA I Yac 30MpaHHI,

3aCMIYEHICTh, MOJIETIIICTh POCINH. YMHHUKH IPYTOi TPYIH YACMKOBO KEPOBAHI.

Tpetst rpyna YUHHUKIB BKIIIOUAE YUHHUKU YMOB 30UPAHHS 3ePHOBUX KVIbMYp Ta
noJIiJIeHa Ha JAB1 MIArPYNH: 00'€KTUBHI Ta Cy0'€KTUBHI.

OO0'eKTHBHI — 1€ TIOKa3HUKU NPUPOAHO-KIIMATUUYHUX YMOB 30HU 30MpaHHS:
TeMIlepaTypa Ta BOJIOTICTh MOBITPSI, KUTbKICTh OMa/IiB, 110 BUMAJIX MiJ Yac 30MpaHHs,
HMIBUJAKICTh Ta HampsiM BITPYy. JlaHl YMHHUKM ICTOTHO BIUIMBAIOTh Ha MOKAa3HUKU
poOOTH KOMOAITHIB 1 BIIHOCSATHCS 10 HEKEPOBAHUX.

YuHHUKK Jpyroi MIArpyHd NOB'3aHl 3 yMoBaMH rocnojaapctBa. [o 1iel
MIATPYIU BITHECEHO: TUIONI, 3aiHATI 3€PHOBUMHU, OpPTaHi3allis, TEXHOJIOTIS Ta CTPOKU
30UpaHHs 3€pHOBOI KyJIbTYPH, HaBHICTh Yy MIANPUEMCTBI PEMOHTHO-00CIyTOBYIOUOT
0a3u, CTymiHb 3a0e3nedyeHocTi 30MpajbHOI0 TEXHIKOI, KomOaitHepamu Ta
00CIIyTrOBYIOUUM MIEPCOHATIOM.

Bimomo [4], o npu He3HAYHHUX PIYHUX HABAHTAKEHHAX HA OJMH KoMOaiH (10
60 ra) moka3HUKU €(PEKTUBHOCTI BUKOPUCTAHHS KOMOAHIB BUIIl MpU 0JHO(AZHOMY
crioco01 30upaHHsi, a TP BEJIMKNX HAaBAaHTAXXEHHAX Ta 30MpaHH1 HACIHHEBUX MOCIBIB —
pu 1Bo(azHoMy.

VY Garatbox HaykoBuX mpansx [1, 2, 3 Ta iH.] 10BeEHO, 1110 OJTHUM 13 YHHHUKIB,
0 ICTOTHO BIUIMBAIOTh HAa TakKl MOKAa3HUKU BUKOPUCTAHHS 3€PHO30MpaTILHUX
KOMOalHIB, K MPOJYyKTUBHICTh Ta BTPATH 3€pHA, € TEPMIHH 30HMpaHHS 3€PHOBUX
KynsTyp. [lpu mepeBuIlieHH1 ONTUMAIbHUX TEPMIiHIB 30MpPaHHS CYTTEBO 3POCTAIOThH
BTpaTU 3€pHA BIJ CaMO OCUIIAHHS Ta 3JaTHICTh A0 APOOJIEHHS Ta TpaBMYyBaHHS,
MOTIpIIy€eThest  AKICTh 3epHa. CyO0'€KTHBHI YUHHUKH TPEThOI TPYIHU UACMKOBO
Kepo8aHi.

Yci  o0paHi YMHHMKMA  BIUIMBAlOTh HA  TIOKAa3HMKM  BHKOPHUCTAHHS
3epHO30MpaNbHUX KOMOAIHIB 1, OTXe, Ha MOKa3HUKHU MPOLECY 30UpaHHs 3€pHOBUX
KyJabTyp Ta ii edeKTHBHICTh. Takuil 3B'A30K MOKA3aHO Ha CTPYKTYpHIA CXeMi
MiIBUIIEHHS e(DEKTUBHOCTI 30MpaHHs 36pHOBUX KyJIbTYp (puc. 1).

[TinBuimenHs e(EeKTUBHOCTI 30MpaHHS 3EPHOBUX KYJIBTYP 3BOJUTHCS [0
BUPIIICHHS HACTYIHOTO 3aBJaHHS:

K.4 (A, B,C) > max K., npu W; € f(W;)

ne A, B, C — YMHHUKY 0COOJIMBOCTEH 3aCTOCOBYBAHUX 3€PHO30MpaTbHUX KOMOAlHIB,

CTaHy 3€PHOBOI KYJbTYpH, IIO YOHpA€EThCs, Ta YMOB 30UpaHHs, IO BIUIMBAIOTH Ha

NOKAa3HUKH BUKOPHCTaHHS 3epHO30MpaibHuX KomOaituiB, f(W;)— oOMexeHHs

MOKa3HUKIB BUKOPUCTAHHS 3epHO30MpaTbHUX KoMOaiHiB W;.
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TakuM 4MHOM, Ha OCHOBI aHa/i3y HAayKOBUX Ipalb BYCHMX, 110 MPALIOIOThH B
rajgy3l eKCIUTyaTallii 30MpalibHOI TEXHIKM, TEOpli JIOTIKM HayKh Ta METOOJIOTil
HAayKOBUX JOCIIKEHb, OOpaHl Ta CHCTEMaTHU30BaHI 3a IpyllaMd YWHHHUKH, IO
BIUTMBAIOTh HA MTOKA3HUKU BUKOPUCTAHHS 36pHO30MpaTIbHIX KOMOANHIB.
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VJIK 658.7:519.86

®OPMYBAHHS EKOHOMIYHUX MOJEJENW HAJJIMHOCTI JIAHIIOT A
IHOCTAYAHDb
3azypcokuit O.M.
Hayionanvnuti ynieepcumem oiopecypcie i npupoooKkopucmyseaunts Yxpainu

Mopenb «monuty 1 mpomno3uiii». Mojaenb 0a3yeTbcsi Ha 3aKOHAaX Teopii
HMOBIpHOCTI. B HiM OIIBHICTh PO3MOILTY CYyMH JJBOX BUIAIKOBUX BEJTUYMH Z =X + Y,
y pasi KOJIM BUMAIKOBI BETUYMHHU € HE3AICKHUMU, BUPAKAETHCS OAHIEIO 3 GOPMYIL.

foo—o0 f'(2) =f (%) f (z = x)dx (1)
a0o f@=1fE-yf(ydy )
ne: f(z) — minpHiCTE po3moniny ckimamosux f1(X) i fz (y).

[Tpu omucCi TOTICTUYHKUX MPOIECIB 3aKyITIBEb Ta YIPABIIHHS 3aMOBJICHHIMH 31
CTOXAaCTUYHUM TIOMUTOM CIOXKHBaviB (Y) Ta MPOIMO3UINEI TMOCTAYaIbHUKIB (X),
HEOOX1THO BPaxOBYBaTH PI3HUIIIO MK [IUMHU BUIIAJKOBUMH BEJIMUYMHAMHU, TOOTO Z = X
—y =X+ (-y). Y upomy Bunaaky supasu (1) i (2) nepeTBoproroThcs y hopmyiy:

f@ =@ f(x—z)dx=[f(y—2)f(dy ®3)

BinnoBigHa MMOBIPHICTH 3aJI0BOJICHOCTI CITOXKMBada (BIJACYTHICTH JIe(IIUTY)
BHU3HAYAETHCS 3AJIEKHICTIO!

Fz)=lfz) dy (4)

YucenbHuit Mmeton po3paxyHky f(z) i F(z) e HaiimommpeHimmm, ae s TIessKux
(bYHKIIIA pO3MOIiTy MOXHA OTPUMATH aHATIITHYHI piteHHs (puc 1).

dopmyna
pO3paxyHKy

IIOIIHUT HpOHOSI/II_IiSI

Hopmanbhnii;
cepeesaens M ;
Vizdy

Hopmanbha;
cpemesansiVy; s,

. ExcnonenmnianpHa
EKCrOHeHIiabHUI; TTapamMeTp Ay .
(31 3cyBOM X, ); mapametp - AX
3akoH po3nosly [TyaccoHiBChKHil 3aKoH po3nobly ITyacCOHBIBCHKUIA; m amk
g ’ Plz=k) = do + 21012:0; = m+r =

Puc.1 ®opmynu 11 po3paxyHKy HMOBIPHOCTI 3a/10BOJIEHHS TIOMUTY (MOJIEIH
«TIOTMUTY Ta MPOIMO3UIII»)

Mopenb «BU3HAYEHHS 171ealTbHOT KIJTBKOCTI 3aMOBJIEHHS». Mojienb 0a3yeThes Ha
BiJIoMiil cTaTuyHii (a00 OJHOMEPIOAWYHIN) 3a7adl yOpaBIiHHA 3alacamu.
Haiinommpenimmuii BapiaHT MOJIEI1 MOKHA BUSHAYUTH (HOPMYJIOKO:

C,=C(s=2) +h[ (s = 2fdx +p [ (x = 5)f ()dx, (5)
Jie: ¢ — IiHa 3aKyIiBii (00 BUpOOHUIITBA) OJIMHHUII PO TYKIIIT;
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S — po3Mip 3aMOBIICHHS;
Z — IOYaTKOBUH 3amac (110 3aMOBJICHHS);
h — muToMi BUTpaTH, MOB'A3aHi 31 30€piraHHsIM Ha UIHIIKIB,
X — BUIIQJIKOBA BEJIWYMHA MTOMUTY Ha TOBAP 13 MIUIBHICTIO PO3IOILTY;
p — MUTOMI BTPATH Bijl HE3aI0BOJICHOTO TIOIHUTY.
3a ymoBu (dC; /ds) = 0 miciist nepeTBOPEHb 3HAXO0IUMO TaK 3BaHE «KPUTHYHE BTHOIIICHHSD)

F(s) =2 (6)

p+h'’
ne: F(s) — kymynaruBHa QyHKIIIS PO3MOLTY HOMUTY.

3 TOYKM 30py OLIHKM HAJIHHOCTI JIaHLIOTa MOCTa4yaHb I MOJENb J03BOJISIE
pO3paxoByBaTH WMOBIPHICTh HeEpeadizoBaHOi MapTii MpOAyKIii abo HMOBIPHICTH
nedimuty P(s) =1 — F(S).

Cnig miAKpEeCIuTH, N0 «KPUTUYHE CIIBBIIHOUIEHHS» 3aJE€XKHTh TUIBKU B
BApPTICHUX TNapameTpiB. TakuM 4YUHOM, pO3Mip MOPSIAKY S OyJe BHU3HAYATHUCA
¢dbyHk1i€e0 po3noauty F(s), 00paHoro AJisi anpoKCUMaIlii OMUTY.

Y rtabmumi 2 HaBeaeHo GoOpMyJM JJisi BU3HAUCHHS S Ta pe3yJbTaTH
MOPIBHSUIBHUX PO3PAXYHKIB IS ICSIKUX 3aKOHIB PO3MOALTY.

Tabnumg 2 — OnTuManbHUNA PO3MIpP 3aMOBJICHHS 32 OAHOPA30BOI MOKYIKU TPHU
PI3HHUX 3aKOHAX PO3MOLTY

3aK0OH PO3IOILTY [TapameTpu 3aKoHy OntumanbHUR PO3MIp
3aMOBJICHHS S
Normal X; Ox . s—X\ p-c
o ) p+h
i 1 1 +h
Exponential =2 g 1,P
: X _ A _c+h
m S=x, [In
c+h
i X +h
Rayleigh M= S = MvZin?t
0.5 cth
Uniform a=x;b=0V3 s=2 - +a
p+h

Mopnens 3a kputrepieM MiHIMyMy BHUTpar. KiacuyHa mporiecHa MoJeb
VOpaBIIHHS JIAHIIOTOM TOCTAa4aHHS 3a KPUTEPIEM MIHIMyMy BUTpaT TIpH
HE3aJICKHOCTI IPOIIECIB MA€ BUTJIST

_ VX ym :
S = Xis1 Xj=1Sij X Xij » min, (7)
32 0OMEXEHb!
7‘:1 Xij = 1,Vi = 1,n Ha KUIBKICTb NPOIIECIB y JIAHIIIO31 IOCTaAYaHb
i=1 2j=1 Pij X X;j = B Ha Ge3BiIMOBHOCTI JIAHIFOTa IOCTAYaHb
7e: N — KUIBKICTh MPOILIECIB Y JIAHIIOTY MMOCTaYaHb;
m = max {Ki}n, Ki — KiTbKiCTh MOYKJTMBHX BapiaHTIB (CTpaTeriii) peasisariii i ro mporiecy;
Sij — BUTpaTH Ha 1-UH IIPOLEC B JIAHIIO31 ITOCTAYaHb 3a peaisalii j-0i cTparTerii;
J
{Sij}x™ — MaTpuIIs BUTpAT HA MPOIIECH;
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[ — HeoOxiaHa 0€3BIIMOBHICTH JIAHITIOTa MMOCTa4aHb (IMOBIPHICTH 0€3B1IMOBHO1
pOOOTH JIaHIIIOTa MOCTaYaHb);

Pi; — BiporigHicTh 0€3B1IMOBHOI peani3allii j-0i cTparerii B i-My HpoIeci;

{Pij}n™ — MaTpuIs iIMOBIpHOCTEW 0€3BiIMOBHOI POOOTH;

Xij— OlHapHa 3MiHHa (3MiHHa BUOOpY), 110 puiiMae 3HaueHHs 0 abo 1

CknagHicTio BUKOpHUCTaHHA Mojeni (7) € HeoOX1IHICTh CTaTUCTUYHHUX
JOCIIKEHb JUI OTPUMaHHS 00'€KTUBHHX OLIIHOK Matpuili {Pj}nm. BomHowac, 3a
NpOEKTyBaHHS JAHIIOra TOCTadaHbh HEOOXiAHO BUPINIYBaTH 3aBIaHHS BHOODPY
MOCTaYaJIbHUKIB (TIPOIIeCy TIOCTaYaHHs) 3 BpaXyBaHHIM BUMOT KiHIIEBOTO CIIOKHBaya
70 HamiHOCTI mocTtadaHb f. ToOTo, mocTae 3aBAaHHS HOPMYBAHHS BUMOT [0
nporecHoi 6e3B1IMOBHOCTI. BupillieHHs IIbOTO 3aBJaHHS MOJIMBO 3a MPUITYIIEHHS,
IO MPOLIECH HEe3aJIeKHi, a MOTOKU BIAMOB — Haimpoctimii. To/ll OCHOBHE pPIBHSIHHS
Ha/IIHHOCTI IEPETBOPIOEThCS Ha BHUpa3 (8).

P(tg) = exp(— Aotg) =B (8)
3BIIKHU
B

1e: Ao — IHTEHCUBHICTb [TOTOKY B1JMOB JIAHI[IOTa [TOCTa4YaHb;
ts — 3HaYeHHS aKTOpy PU3UKY (4Yac, 0OCST TOILIO) 3a f-pi1BHA OE3B1IMOBHOCTI.
3a BIACYTHOCTI B JIQHI[K031 IOCTa4aHb MPOLECIB 3 JOMIHYIOYOK 1HTEHCUBHICTIO
BIJIMOB MO’KHA MOKJIACTHA
Aij = AOwij (10)
ne: Aij — IHTEHCHBHICTh BiJIMOB I-T0 TIPOIIECY TPH J-01 cTpaTeril peaizarlii,
®ij — BaroBui Koe(illieHT BKIAy J-01 cTpaTerii I-ro mpolecy y 3araibHy
IHTEHCUBHICTH BIJIMOB JIAHIIIOTA IMOCTA4YaHb.
BiamosinHo MOBIpHOCTI 6€3B1IMOBHOI peaizailii j-oi cTpaTerii B 1-My mpoIieci
JIOP1BHIOE:
P;j = exp(— Aow; jtp) = explw;; In(B)] (11)
3anuIaeThCa BUSHAYMTH MaTPHIIO BaroBux koediuientis {w; ;1. 3po3ymino,
BHUMOTa JI0 HAJAIMHOCTI Mpoiiecy Mae OyTH THUM BUIIOI0, YUM OUIBIIOT KON 3aBAA€
BIJIMOBa 3a Horo peamizamii. 30MTKH TYT MOXYTh BHUMIPIOBATHCS BUTpaTaMu Ha
BiJJHOBIIEHHs MPOLIECY, BTpaTaMH peajizalii Topapy abo iMiKeBUMH BTpaTaMH. Ix
MOYKHA OIIIHUTH Yepe3 BTpaTH Ha 000poTi Ta Tapudax 3a GopMyIoro:

R=0-d[1-(1-55) (1-55)} (12

ne: Q — o6opoT ToBapy;
d — mina peanizarii ToBapys;
0, € — BTpaTH Ha 000pOTI Ta ITiH1 Y % BiATIOBIIHO.
BaroBi koedilieHTH B IIbOMY BHUIAJKy MOB'Si3aHI 3 BUTparaMu OOEpPHEHO
MIPOTIOPIITHOIO 3AJICIKHICTIO 1 BUBHAYAOTHCS 32 (DOPMYIIOHO:
W = ”;m; (13)
'] L=1Ri,j

ne: R; j — BUTpaTH, TOB'A3aHi 3 BIAMOBOIO NP peai3allii j-0i cTparerii i-ro mpouecy.
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HOBITHI MATEPIAJIM JIs1 BUT'OTOBJIEHHS 3ACOBIB
IHAUBIIYAJBHOI'O 3AXHUCTY NPAIIIBHUKIB ITPOTHU BIBPAIIII
Mapuuwiuna €.1., Taiposa T.M.

Hayionanvruil ynisepcumem oiopecypcis i npupoookopucmysaunus Ykpainu

[Ipobiiema BUpOOHHUUOT BIOpaIlli 3aMUINAETHCS OAHIEID 3 HAWUMOIIUPEHIIINX
(G13UYHUX HEOE3NeK y MPOMUCIOBOCTI. 32 JaHMMH MIXKHApOAHOI OpraHizailii mpairii,
noHaza 25-30 % mnpauiBHUKIB MaIIMHOOYAyBaHHS, TIPHUYOL Ta OyAIBEIbHOI Taiy3en
pEryJISIpHO MiAal0ThCs BIUTUBY JIOKAJIbHOI a00 3araipHoi BiOpariii. J{oBrotpusana mis
MEXaHIYHUX KOJMBaHb y AlanazoHi 4acTtoT 5—1250 [ Moxke Npu3BOAUTH 10 PO3BUTKY
npodeciiiHuX 3aXBOpIOBaHb, 30KpeMa BiOpaliiHOi XBOpOOU, CUHAPOMIB MOPYIIECHHS
nepuepuIHOro KPOBOOOITY, ypaK€HHS HEPBOBOI CHUCTEMU Ta OMOPHO-PYXOBOTO
amapary. 3a CTaTHCTHKOIO podeciiHoi maroJorii B kpaiHax €sponu, 10 12-15 % ycix
BUITAJIKIB TPOeCIHHMX 3aXBOPIOBaHb MOB’sI3aHI caMe 3 BIUIMBOM BiOparlii. ¥ 3B’s3Ky
3 I[HMM OCOOJMBOTO 3HAa4YeHHS HaOyBae po3poOieHHs e(QEeKTUBHUX 3aco0iB
iHauBIAyanbHOrO 3axucTy (313), y SKMX 3aCTOCOBYIOTHCS CydacH1 aHTUBIOparliiiHi
MaTepiaim.
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OCHOBHMM TMPHUHIIMIIOM 3aXHUCTy BiJ BiOpalii € 3MEHIICHHS NepeaaBaHHs
MEXaHIYHOi eHeprii Bij J/Kepena KoiuBaHb 10 Tuta moauHd. lle pocsraerscs
BUKOPUCTAHHSIM MaTepiaiiB 3 BHCOKUMHU JeMI(ipyBaIbHUMH BIIACTUBOCTSIMH,
3MaTHUX TMOIJIMHATA Ta  PO3CIIOBAaTH  €Hepriio  KoiuBaHb.  Kiiacuunumu
aHTUBIOpAIIMHUMK MaTepiajdaMy € TYMH Ha OCHOBI HAaTypaJbHOTO Ta CHHTETHYHOTO
KayudyKy, Koedili€eHT BHYTpIIIHbOro AemidipyBaHHs skux ctaHoBuTh 0,05-0,15.
Opnak cyyacHi BUpOOHMYI YMOBH, 1€ aMIUIITy/la NPUCKOPEHHS BiOpalii Moxke
nepesunryBatu 10-15 m/c?, moTpedyl0Th MaTepiaiiB 3 BUIIUMH XapaKTEPUCTHUKAMU
MOTJIMHAHHS CHEPTii.

YOpoaoBXK OCTaHHBOTO JCCATUIITTS AaKTHUBHO PO3BHUBAIOTHCS IMOJIMEPHI
KOMITO3HITIMHI MaTepiaiu 3 MiABUIIEHOIO 3AaTHICTIO 10 AUcUNalii eHeprii. OmqHuM i3
MEePCIEKTUBHUX HAMPSMIB € BHUKOPHUCTAHHS TIOJIypETaHOBUX  E€JaCTOMEpIB.
[Toniyperan xapaktepusyeTbcsa MoayJieMm mnpyxHocTi 5—-50 Mlla ta xoedimienToM
aemmdipyBanus 10 0,25, o 103BoJIsA€ 3MEHIIUTH TiepeaaBanHs BiOparii Ha 40-60 %
y CEepelHbOYaCTOTHOMY jiama3oHi. JlOCHIPKeHHS TOKa3yloTh, IO 3aCTOCYBaHHS
OararonrapoBUX MOJIIYPETAHOBUX CTPYKTYP Y PYKaBULAX JUIsl poOOTH 3 BiIOIHHUMU
MOJIOTKaMH MO>K€ 3HU3UTH BiOpalliiiHe HaBaHTAXKEHHS Ha PYKH IpalliBHKUKa Ha 35-45
%.

[HImIMM HampsIMOM € BHUKOPUCTAHHSA CHJIIKOHOBHX eniactomepiB. CHIIIKOH
30epirae cTabIbHI MEXaHIYHI BJIACTUBOCTI Y IMIMPOKOMY TEMIIEpATypHOMY Jiana3oH1
Bim —50 no +200 °C, mo 0co0IMBO BaXJIMBO JJIs MpaliBHUKIB OyJIBEIbHOI Ta
ripHUY0A00yBHOI rangy3ed. ExcnepuMeHTanbH1 IOCHIIKEHHS JE€MOHCTPYIOTh, IO
CUJIIKOHOBI reni 3 ryctuHoro 1,05—-1,20 r/cm?® 31aTHi 3MEHITyBaTH TMIKOBI 3HAYEHHS
npuckopenHs: BiOpauii Ha 30-50 %. Kpim TOro, taki marepiaim MarOTh BHCOKY
JOBTOBIUHICTb: IXHI JIeMI(ipyBaJibHI BIACTUBOCTI 3HMKYIOThCS MeHII HIk Ha 10 %
micisa 500 THCSY LUKIIIB HaBaHTAKECHHSL.

OcoOnuBHiA 1HTEpEC BHUKJIMKAIOTh BOCKOEIACTHYHI MOJIMEPH, 30Kpema
Marepianu Tuy Sorbothane Ta iHII1 TOJIypeTaHOBI CHCTEMU 3 BUCOKUM KOe(iIli€eHTOM
BTpaT. [ Takux martepiamiB koedilieHT BTpat Moxe gocsratu 0,4—0,6, 1o 3Ha4HO
MEPEBUILYyE TOKA3HUKU TpaAWIiiHUX TyM. JIOCHDKEHHS TOKa3ylTh, IO
BUKOPUCTAHHA BOCKOETACTUYHUX BCTABOK TOBIMHOI 6—10 MM y KOHCTpyKIIii
aHTUBIOpAIlIMHUX PYKaBHUIb JI03BOJISIE 3HU3WUTU PIBEHb NepeaaBaHHs BiOpamii y
mama3oHi 50-300 I'q za 60-70 %. Came nei miana3soH 4acTOT € HAWHEOE3 MM I
PO3BUTKY CUHJIPOMY «OUTUX MaJbIIIBY.

[TepcieKTHBHMM HamNpsIMOM € 3aCTOCYBaHHS HAHOKOMITO3MTHHX MaTepiaiB.
JlonaBaHHs 10 TOJIIMEpPHOI MATpHUIll HAHOYACTUHOK BYyrJelw, rpadeny abdo
KpeMHe3eMy y KoHueHTpatii 1-5 % no3Bosisie MiIBUILIWTA MEXaHIYHY MILHICTD 1
nemngipyBaibHi BIaCTUBOCTI Marepiany. ExcriepuMeHT cBilyaTh, 1o BBeAeHHS 3 %
rpad)€HOBHX HAHOIUIACTHH 301IblIye KOeDIIiEHT aeMIdipyBaHHS MOJIypeTaHy
npu6au3Ho Ha 20-25 %. IIpu nbomMy Maca MaTepiaay 3pOCTae He3HAYHO, 110 BAXKIUBO
JUTSI @pTOHOMIYHUX XapaKTEPUCTHK 3aCO01B 3aXUCTY.

OkpeMy Tpymy CTaHOBJISTH TaK 3BaHI MeTamaTepiaii 3 KEPOBAaHUMH
MeXaHI9HMMH BJIACTUBOCTAMU. IX CTPYKTYpa CKIaAaeThes 3 HEPioJUIHNX OCEPEIKiB,
Kl MOXYTh €()EKTUBHO TaCUTH XBWII MEBHOTO Jlana3oHy d4acTtoT. JlaboparopHi
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JOCJIIDKEHHS TTOKa3yI0Th, 110 MOJIMEPHI MeTaMaTepialid 3 KOMipYacTOK CTPYKTYPOIO
3/1aTHI 3MEHIIyBaTu nepenaBanHs BiOpamii Ha 70-80 % y By3bKOMY YacTOTHOMY
miarma3oHi. Xowya Taki Marepialid  MOKM 1o mnepebyBaroTb Ha  cTaidil
€KCIIEPUMEHTAIILHUX PO3POOOK, BOHM MAlOTh 3HAYHUI MOTEHITIAN JJ11 BUKOPUCTAHHS
y MalOyTHIX TOKOJIHHAX 3aCO0IB 1HAUBIIYaJbHOTO 3aXHUCTY.

[IpakTH4HE 3acTOCYBaHHS aHTUBIOpaLIHUX MaTepiailiB HAHOIIBII MOMIUPEHE Y
PYKaBUIIX, YCTUIKaX, aMOPTU3YIOUUX MPOKIAJKaX Ta CUIIHHAX OMEepaToOpiB TEXHIKH.
Hanpuxmnan, cyyacHi aHTUBIOpalliiiHi pyKaBUIll MOBUHHI 3a0e3medyBaTtu KoedimieHt
nepexaBanHs  BiOparii He Outeme 0,9 y HuszbpkowactoTHoMy Ta 0,6 'y
CepeIHbOYACTOTHOMY Jiama3oHi BiamoBigHO 10 crapaapty EN ISO  10819.
Buxopucrtanss 6aratomapoBux KOMIIO3HIIHN 3 MOJMypeTaHOBUX Ta BICKOETACTHUYHUX
MaTepialiB J03BOJSIE JOCSATTH IMX TMOKA3HUKIB HAaBITh MPU 3HAYHHUX PIBHSIX
B1OpaIliifHOTO HaBaHTAKCHHS.

TakuM 4YWMHOM, aHaII3 Cy4YaCHUX JOCHIDKCHb TOKa3ye, IO HaHOIBII
MEePCIEKTUBHUMHU aHTUBIOpAIlifHUMU MarepiajaMu JJis BUTOTOBJIEHHS 3aco0iB
IHUBIYAJIbHOTO 3aXHCTy € TOJIypeTaHOBI €JacTOMEpPU, CHJIIKOHOBI Tell,
BiCKOEJIaCTUYHI MOJIIMEPH Ta MOJiMEPHi HAHOKOMIIO3HTH. [X BUKOPHCTaHHS J03BOJISE
3HU3UTU PiBEHb TepenaBaHHs BiOpaiii Ha 40—70 %, 110 ICTOTHO 3MEHIIYE PU3UK
PO3BUTKY MpOQECIHHUX 3aXBOPIOBaHb y MpaliBHUKIB. [loganbmiuii po3BUTOK INi€T
rajiy3i OB’ si3aHUH 13 CTBOPEHHSM JIETKHX 0araromapoBUX KOMIIO3UIIIITHUX CTPYKTYP
Ta MeTamaTepialliB 3 KEpOBAaHUMHU JAEMI(PYBaIbHUMU XapaKTEPUCTUKAMH, 3JATHUX
e(heKTUBHO MPAIIOBATH Y HIUPOKOMY Jiala30Hi 4acToT.
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VIIK: 656.073.43:355.01:629.43](477)

PU3UKHN BOEHHOI'O CTAHY IIPU IEPEBE3EHHI TAPHO-IITYYHUX
BAHTAXKIB Y IPUMICHBKOMY CIIOJIYYEHHI HA TEPUTOPII
YKPAIHU
vomin O.A., Ocaoua O.B.

Hayionanvnuii ynieepcumem odiopecypcis i npupoookopucmyeanus Yxpainu

[lepeBe3eHHs] TapHO-IITYYHHX BaHTaXIB (MPOAYKTOBUX MajeT, OyIiBEIbHUX
MaTepialiB y MilllKax, 00JaJHaHHS B SIIMKaX) y MPUMICHKUX 30HaX Ykpainu y 2026
pOIli CTUKAETHhCS 3 KOMIUIEKCOM pH3HKIB, SKIi MOXXHA TOAUIATH Ha OE3IEeKOB,
JIOTICTUYHI Ta eKoHOMIuH1. [IprMichbKi 30HU € HaOIbII BPA3TUBUMHU, OCKUIBKH BOHU
YacTO CTAIOTh TPAH3UTHUMH BY3JIaMU MI>K THJIOBUMH MICTaMU Ta MPU(PPOHTOBUMH 200
JCOKYTIOBaHUMH TepuUTOpiaMHU. Lle KOMIUIeKC pH3UKIB MOKHA YMOBHO MOIUIATH Ha
TPH BEJIMKI TPYIH B 3aJIEKHOCTI B1JI XapaKTepy 3arpo3u: O€3MeKOB1 pU3UKH, JIOTICTUYHI
PHU3UKH, PU3UKHU JJI BAaHTaXy Ta MOr0 yIaKoBKH.

Po3zrnsiHeMo KOKHY IpyIly pU3HKIB JA€TajIbHIIIIE.

1. besnexosi pusuku - 11e pU3MKH, 1110 XapaKTEpH1 HAsIBHICTIO psiMoizarpo3u. Le
rOJIOBHA KaTeropis pHU3MKIB, IO OE3MOCEPENHbO 3arpoKye€ KUTTIO MEPCOHANY Ta
IUTICHOCTI BaHTaXy. CroAu BITHOCATHCS:

- 3arpo3a BIIJIA Ta paketHux yzaapiB. [IpumMichki JOriCTUYHI UEHTPH Ta ApiOHI

CKJIaM 4YacTO PO3TallOBaHl MOOIHM3Y CTPATEriYHUX PO3B'A30K, MO POOUTH iX

LISAMU JUTS1 BOPOXKHX APOHIB (puc. 1).

Puc. 1. BpaxxeHHs MaricTpaibHOTO CKJIaIy

- Minna HeGe3neka Ha y30iuusix. Ha teputopisx, mo Oynu mij okymnaiier ado B
30H1 OOMOBMX 1M, 3’13/ BaHTAXIBKM Ha y3014usi B MEPEAMICTI 3aJTUIIAETHCS
KPUTHUYHUM PU3UKOM (pHC. 2).

- broknoctu ta nepeBipku. [locunennii peskuM KOHTPOJIIO B IPUMICHKHX 30HAX
MO>K€ TIPU3BOJIUTH JI0 HEMepen0adyBaHUX 3aTPUMOK, 1110 KPUTUIHO JIJIsI TAPHO-
MITYYHUX BAaHTAXIB 3 00MEXEHUM TEPMIHOM MPUAATHOCTI.
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Puc. 2. Mina-nientoctka (AucTaHIliifHE MIHYBaHHS y30144s)

2. Jlocicmuuni puzuxu - IPOBOKYIOTH omepariifai 3001. TapHo-IITy4YHI BaHTaxX1
BHUMAararoTh 4iTKOTO rpadiky, KWl B yMOBax BiifHHM MOCTIMHO mopyryeThes. [lo Takux
PHU3UKIB BITHOCATHCA:

— PyiinyBanns indpactpykrypu (Moctu Ta nepenpaBu): [Ipumicbki mMapuipyTu
4acTOo 3aJIeXKATh Bl OJJHOTO-BOX MOCTIB. ¥ pa3l iX NOIIKOMKEHHS JIOTICTUYHE
"mreyue" MoXke 301IBITUTHCS B 3-4 pasu.

- OOMexeHHSI KOMEHIAHTCHKOI TOAuMHH: HeMOXXIMBICTH 3a1HCHIOBATH HIYHI
PO3BaHTAKEHHS a00 JIOI3IM 0 CKJIAJIIB Y IEPEAMICTI CKOpoUye "poboue BiKHO"
CHUCTEMH MacOBOTO 0OCITyTOBYBaHHSI.

- JepiuuT MaloTOHHAXXHOTO TpaHcnopTy: Benuka KuIbKiCTh OyCIB Ta JIETKHX
BaHTa)XIBOK MOO1T130BaHa JjIsl MOTPeO 0OOPOHU, 110 CTBOPIOE AeMIITUT MAIIHH
JUTSL pO3BE3€HHS MITYYHUX TOBAPIB MO JPiOHUX TOUYKAX.

3. Pusuku s BaHTaxy Ta ynmakoBku. Crenudika TapHO-INTYYHUX BAHTAXKIB
noJisirae B iXHIA KPUXKOCTI Ta YyTJIMBOCTI IO YMOB 30epiranHs. J[o Taku pu3uKiB
BIJIHOCSITHCSL:

- [TopyuieHHs UITICHOCTI YMAaKOBKM 4epe3 IMOraHud cTaH Jopir (BHACTIAOK
Npoi3Ay Ba)KKOi BIMNCHKOBOI TEXHIKM) BIOpalliiiHE HAaBaHTa)XCHHS Ha MaJeTH
3pocTae, 1o MPU3BOAUTH JI0 MOIIKOHKEHHS IITYYHOTO TOBApy BCEPEIUHI TapH.

- [TpocToi 6e3 Tepmoperysnii: SKI10 BaHTaX JOBIO 3HAXOAUTHCSA Y 3aTOpI1 Iepes
O5okmocToM abo depe3 TPUBOTY, BIACYTHICTh CTAOUTHHOTO €HEPTrONnOCTaYaHHS
U1 pedprKepaTopiB MOXKeE 31MICYyBaTH MapTiO TOBAPY.

Jlis HiBeNMIOBaHHS LMX PHU3UKIB KOMIAHISIM PEKOMEHAYETHCS 3A1HCHIOBATU
nuBepcudikailis ckmaniB. ToOTO Ha 3MiIHY BEIMKHX MaracTpalbHUX CKJIAJiB
BUKOPHUCTOBYBATH JICKIJIbKA MAJIUX CKJIAAIB Y pI3HUX NepeaMicTsX. [IpoBoautu rHyuke
MJIaHYBaHHS - BUKOPHUCTAHHS AMHAMIYHUX HABITAIMHUX CHUCTEM, IO BPaXOBYIOTh
3aKpUTTSA IOPIT y peanibHOMY 4aci. [locuiroBaT KpirjieHHsI BAHTaXKy - BUKOPUCTaHHS
JIOIATKOBUX 3ac001B cTab1Mi3al11i1 BaHTaXy Ha MajieTax (CTpIuTyBaHHS, KyTHUKH) 4epe3
MOTIPIICHHS SIKOCT1 TOPOKHBOTO TTOKPUTTSI.
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V]IK: 626.025.4:338.47](477)

HEPCHEKTHUBU IIEPEBE3EHHSI HETABAPUTHUX BAHTAXIB B
YKPAIHI
Hvomin O.A., Oniiinux A.B.
Hayionanvnuii ynieepcumem odiopecypcis i npupoookopucmyeanus Yxpainu

PunoOK nepeBe3eHHs HerabapUTHUX BaHTaXIB B YKpaini'y 2026 poiii nepexuBae
eTan TparcgopMaliii, Mo MoJIATae B MEPEX0/Ii BiJl EKCTPEHOI ajanTallii MepImx poKiB
BIHU JI0 CUCTEMHOI 1HTETpaIlil B €BPONEHCHKY JIOTICTUYHY MEPEXKY.

Kii04oB1 mepcrekTUBU Ta TEHJACHIII [[OTO CEKTOpa MPOJUKTOBAHI B MEPILY
Yepry eHepreTHYHOIO raixy33io Ta BiI0YI0BOIO SIK OCHOBHUMH JpaiBepamMu 3pOCTaHHS
o0csriB  HerabapuTHUX TiepeBe3eHb. (OCHOBHUM 3aMOBHUKOM  HeErabapUTHHX
MePEBE3CHD 3AIMIIAETHCS JIep)KaBa Ta BEMKWN Oi3HEC, 3alydeHHUHA O BiAHOBIICHHS
1HpacTpyKTypH. 30KpeMa B MEPIIY YEpry NepeBO3ATHCA:

- eHepretuyHe obOsagHanHs. [locrtiiiHa moTpeba y TpaHCMOPTYBaHHI MOTYXHUX

TpaHchOpMaTOopiB, TEHEPATOPIB Ta KOMIIOHEHTIB JIJI BITPOBUX €JIEKTPOCTAHIIIN

(puc. 1);

Puc. 1. ABTonepeBe3eHHs1 HerabapuTHOTO O0IaTHAHHS
- CIICLITEXHIKA - MacoBE MEPEMIIIEHHsS AOPOXKHBOI Ta OYIIBEIbHOT TEXHIKH

(exckaBaTopu, KpaHH, OajaKu) JIJIE PEMOHTY MOCTIB Ta aBTOIILJISXIB;

— 00'€eKTH MOJyJIBHOTO OYyMiBHHUIITBA. 3pOCTA€ MOMUT HA MEPEBE3EHHS TOTOBUX

KUTIIOBUX Ta IPOMHUCIIOBUX MOAYJIB.

Ha npyromy Micii 3a pO3BUTKOM HeErabapUTHHX IIE€PEBE3E€Hb € MPOIEeCcU
€BpOIHTETpallii Ta TpaHcrnopTHOro 6e3Bizy. Cranom Ha 2026 pik YkpaiHa 3HAYHO
COpPOCTHJIa BUXIJI Ha MIDKHApOJHUN pUHOK. TyT XapakKTepHI HACTYyIHI HANpsiMu
TISIBHOCTI.
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— Hoctyn no 35+ kpaid: 3aBasgky JiGepamizaiii BaHTaXHUX IIEpPEBE3CHb,
yKpaiHChbKi KoMIaHii MoKy Th nipaitoBatu B €C, Hopserii, Benukiii bpuranii ta
Typeuunni 6e3 cremiaJlbHUX J03BOJIB Ha TpaH3UT (y MeXax CTaHIApTHUX
J16epani30BaHUX MPaBUI).

- ["apmonizaliiss HopM: YKpaiHa aKkTUBHO BIPOBAIKYE €BPOINEUCHKI CTaHIApTU
rabapuTHO-BaroBux OoOMexeHb. lle mosermrye miaHyBaHHS MapuIpyTiB, IO
MEPETUHAIOTH KOPOH.

TperiMm apaiiBepoM pO3BHTKY HErabapuUTHHX IIEPEBE3€Hb € TEXHiuHa

MOIepHi3allis Ta 1udpoBizallis, KyJau MOKHA BKIFOYHUTH HACTYITHI MPOIIECH.

— OnonnenHs napky: nonaja /0% JOriCTHYHUX KOMIMAaHIH TUIaHYIOTh 1HBECTHUIIIT B

MojepHizarito TexHiku y 2026 pomi. [Ipioputer — HU3BKOpaMHI Tpajau
(lowboys) 3 po3cyBHUMHU TUIaTdOpMaMy Ta TOBOPOTHOKO BICCIO JJISI KPaIlOTro
MaHEBpPYBaHHS.

— eQueue Ta WIM - cuctema eYepra (eQueue) /it BAaHTaKIBOK Ta MalJJaHUYUKH
3BaxxyBaHHs B pyci (WIM) crarote 060B'si3k0BuUM cTanaaprom. Lle 3menmrye
KOPYIIIIHI pU3UKU Ta 3aTPUMKH HAa KOPJIOHI.

— [MudpoBi 103BONMM: OTPUMaHHS JO3BOJIB Ha HeErabaputT (SKIIO BaHTaX
NEePEBUILY€E MHUPUHY 2,6 M a00 BUCOTY 4 M) IOCTYIIOBO NEPEXOUTH Y MOBHICTIO
eJIEKTPOHHUM (popmaT uepes cepBicu MiHIHGPACTPYKTYPH.

He nuBnsuuck Ha CyTTEBE 3pOCTaHHS 1 PO3BUTOK HETabapUTHUX MEPEBE3CHb Ha
TEepUTOPIi YKpaiHU Yy 3B'I3KY 13 IOBHOMACIITAOHOIO POCICHKOIO arpeci€ro CIIijl TaKOX
BIIMITUTH JIOCUTh CYTT€BI BHUKJIMKMA Ta PU3UKU TOB'A3aHl 13 CyYaCHUM BOEHHUM
CTaHOM B KpaiHi. 30Kpema, AePIuuT KaJpiB NPUBOJUTH JO HECcTaul KBaIi(hiKOBAaHUX
BOJIiB Ta 1HXEHEPIB-JIOTICTIB, IO 3/1aTHI ()axOBO I'PaMOTHO PO3PaxOBYBATH CKJIaJHI
MapuIpyTH [Jis HEerabapuTHHUX IE€pPEeBE3€Hb, OCOOJIMBO IIiJi MOCTaMH Ta JIHISIMHU
enexktponepeaad. Lle sanuiaerscst 0co6MBO rocTpoto npoodiaemoro. Ha apyromy miciri
cepell BUKIMKIB Ta PU3UKIB € CTaH JIOPOXKHBOTO TMOKPUTTA y OUIBIIOCTI PETiOHIB
Vkpainu. [lpu 1upomy ocHOBHI Marictpani, Hampukian mpoekt GO Highway,
MIATPUMYIOTECS B HAJIEKHOJIMY CTaHl, OPOTH TEPUTOPIATLHOTO Ta PEriOHAIBHOTO
3HAYEHHS JOCUTHh YaCTO HE PO3paxoOBaHI Ha BEJIMKOBAroBl HaBAaHTAXKEHHS BiJ 4OTO
BOHU B TIEPIIYy YEPTy 1 CTPAXAAI0Th. TAKOX CIiJ 0AaTH 30MTKOBICTh 3aJli3HMIIL, 110
BUJIHO 13 TTporHo3iB Ha 2026 pik. 3a 03HAYEHUMHU NMPOTHO3aMH BaHTAKHI MEPEBE3CHHS
3QII3HULEI0 MOXKYTh CTaTH OMEPaLiiHO 30MTKOBUMH ISl YKPATHCHKOI 3aJII3HULIL, 110
CTUMYJIIOE Tepexi] HerabapuTHUX BAaHTAXKIB HA aBTOMOOLIBHI HMIISAXHU 5Kl 1 6€3 TOro
MOTEPITAIOTh BiJl pyHHYBaHHS.
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Y JIK: 631.825-045.85:63

BAHTAXHI ITIEPEBE3EHHS MIHEPAJIBHUX TOBPUB JIJVISA IOTPEDB
ATIK YKPATHM B TIEPIOJ PUBHUKIB BOEHHOI'O CTAHY
vomin O.A., Tonkonoz 1. B.

Hayionanvnuii ynieepcumem odiopecypcis i npupoookopucmyeanus Yxpainu

JlocTaBka MiHEpaIbHUX JTIOOpUB — Iie OaraToakTOPHHI MpoIlec, 1110 BUMarae
BHUCOKOT TexHOJOT1yHOI quciumuiind. Crenudika mosisrae He JIMIie Y BUKOPUCTAaHHI
CIIEITIaTli30BaHOTO PYyXOMOTO CKJIaay, a W y >KOPCTKOMY 3a0e3MedeHH] 130711l
pEarceHTiB BiJ 30BHINITHBOTO CEPEJOBHINA Ta 3aXHUCTy €KOCHCTEM. 3HAYHA YacTHHA
a3oTHUX Ta PochopHUX croyk KiacupikyeTbes sk HeOesmeuHi BanTaxi (ADR), mo
3000B’A3y€ TMEpCOHAT MPOXOJIUTH CIeliaNbHy cepTudikaiito s  JTiKBiAAIii
MOXJIMBUX BUTOKIB UM XIMIYHMX IHIIMJACHTIB M1Jl 4aC TPAH3UTY.

Hosa napanurma TepuTopiaibHOTO pO3NOALTY MiHepanbHUX A00puB st ATIK
VYkpainu npoUKTOBaHa MOYCTIHHUMHU PU3UKAMU 3ac001B BpaxkeHHs (puc. 1).

Puc. 1. bombGapayBaHHs MaricTpajibHOTO TEPMIHATY

Boennuii ctaH BHIC KOPEKTHBU Yy CTpATETii0 HAKOMHYEHHS pecypciB. JlocBin
2022-2025 pokiB MOBIB, IO KOHIIGHTpAIlld THCSY TOHH JOOpUB Ha BEIUKHX
TepMiHaJlaX € KpUTHYHO BpasznuBoio. CydacHa wMojenb mnependavae audys3He
30epiraHHs: BUKOPUCTAHHS MEPEXi MalUX CKIAJACHKUX MYHKTIB, 110 3HAYHO 3HMKYE
PHU3UK BTpaTH BChOr0 00CATY aKTHBIB BiJ] TOukoBUX ynapiB BIIJIA Ta paker.
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VY gaKoCT1 IpUKJIaaAy JOTPUMAHHS 03HAYEHUX BUMOT PO3TJISTHEMO CUTYAIIIO JIJIs
arpoXoJJIMHTY, IO orepye B 3axiiHOMY perioHi. Uepe3 mepexia Ha MOJAENIb Malux
CKJIaJ[IB, BUHUKJIA TOTpeba y mepepaxyHKy MapuIpyTiB MOCTaYaHHS.

Pecypcna 06a3a (Cxinaam):

1. Cxuman Nel (Tepnomniip): 240 T
2. Cxuman Ne2 (Yoptkig): 110 T
3. Crxuman Ne3 (bywau): 150 T (Cymapamii pecypce: 500 T)
Bupobaudi moTpedu BiaijIeHb XOIAUHTY:
— Oimis «Cximy: 180 T
— Oimis «dentp»: 100 T
— Oimis «3aximy: 120 T
— Oinis «IliBaensy: 90 T (3aranbpauit 3anut: 490 T; pezepBHUl 3anuiok: 10 T)

Ha ocHOBi1 aHamnizy Mait04OTO 1 3alONOHOBAHOIO METOIB IUIAHYBaHHS MU
MIPOBEJIH iX TOPIBHSUTBHY XapaKTEPUCTHKY.

1. lirtounii METO/I TUTAaHYBAHHSI CEpeJ] HEOCBITUYEHUX MTEPEBI3HUKIB TPATULIAHO
MOJISITAE Y 3aCTOCYBaHHI METOAY IMMBHIYHO-3aX1THOTO KyTa: JIOTICTHYHWN BT
TaKMOi KOMITaHi1 3alIOBHIOBAB MOTPEOM MEXaHIYHO, TOYWHAIOUH 3 TIEPIIOro CKIIATY 110
nepmioi ¢imi. 3a Takoro IJIaHyBaHHS MapIIPyTH 4YacTO TMEPETHHAIUCS, a MaJIUBO
BUTpavyasiocss HeedekTuBHO. [Ipy 1bOMY pO3paxyHKOBI BHUTpPAaTH B CEPEIHBOMY
crtaHoBwin 142 000 rpH.

2. 3anpomoHOBaHE pIMICHHS TOJIATa€ y BUKOPUCTaHHI METOAY IOJBIMHOI
BUTOJM. MU MPOMOHYEMO alTrOPUTM, JI€ MPIOPUTET BIAJAETHCA MapHipyTam 3
MIHIMaJIbHUM Tapu(oM (HailMeHI1a BiIcTaHb a00 HallKpalla 11Ha 32 TOHHO-KIJIOMETP).

Cepen nepeBar Takoro MjaaHyBaHHS CJiJ BIAMITUTH HACTYIIHI:

- JOTPUMAaHHSI €KOHOMIYHOI MpPO30pOCTi (BUKJIIOYEHHS MeperviaT 3a CKIAgHY

JIOTICTUKY MK BIITAJICHUMHU TOUKAMH );

— CIPUSIHHS TOBTOCTPOKOBOMY MapTHEPCTBY (MOCTAYaIbHUK JIEMOHCTPYE KITIEHTY
€KOHOMIIO, III0 POOUTH CITIBIIPAITIO IOBTOCTPOKOBOIO);

- OMEPATUBHICTh JIOCTABOK (MEHIII B1JICTaH1 JIO3BOJIAIOTH IIBUIIIE pearyBaTu Ha
nepiojid CIPUSATINBUX MOTOJIHIX YMOB JIJIsl BHECEHHS TOOPUB).

BnpoBamkeHHss MeToay MOABIHHOT BHUTOAM JTO3BOJISIE 3HU3UTH JIOTICTUYHE
HaBaHTaXeHHA Ha 15-20% mopiBHAHO 3 0a30BUM TUIAHYBaHHSM, IO € KPUTHIHUM
(hakTOpOM peHTAOEIHHOCTI B YMOBAX 3pOCTaHHS I[1H Ha MaJbHE Ta PU3UKIB BOEHHOTO
qacy.
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HEPEAYMOBHU YAOCKOHAJIEHHA HIATOTOBKU I'PYHTY
10O CIBBU IYKPOBUX BYPSKIB
Tecnwk'B.B., Beuepa'O.M., Ixanvuux’M.1.
'Hayionanenuii ynieepcumem 6iopecypcis i npupoooxopucmyeanns Yxpainu
2BIT HYill Yxpainu "Hiscuncokuii azpomexuiunuii incmumym"

AHami3  TEeXHOJOTiH Ta  TEXHOJOTIYHHX  OMNepamii  BUPOIIYBaHHS
CLIbCHKOTOCTIOAAPCHKUX KYJIBTYp B T. 4. LIYKPOBHUX OYpSKIB, 3 METOIO ONTHUMIi3aLlii
TEXHOJIOTIYHUX 3aTpaT 30epekeHHs a Kpallle MOKpaIleHHs arpodoHiB, 010JI0TTYHUX
CHUCTEM 3eMJIEPOOCTBAa 3 ypaxyBaHHSM TPYHTOBO-KIIMAaTHYHUX OCOOJIMBOCTEH Ta
30HAJIBHUX CUCTEM POCIMHHMIITBA BUMArarOTh MOCTIMHOI 3aTpaT 4acy 1 pecypciB Ha
il peanizaiio.

PesynbratamMmu  GaraTopiyHMX JOCHIJKEHb HAayKOBO-IOCHIJHUX YCTaHOB
BCTAQHOBJICHO, 110 POCIMHHU ILYKPOBUX OYypsKIB XapaKTepU3YIOTbCS BHCOKUMU
BHUMOTaMH JI0 OCHOBHOT'O Ta MEPEANOCIBHOTO 00p0OITKY rpyHTY. OCOOIMBO BIIMIUYEHO
HETaTUBHUW BIUIMB TMIJBUINEHOT HWOTO VIIUIBHEHOCTI, SKa € Pe3yJIbTaToM,
0araropa3zoBuX IMPOXO/dIB XOJOBHX CHCTEM MAIlIMHHO- TPAKTOPHUX arperariB
MIePEeINOCIBHOTO OOPOOITKY T'PYHTY, OCOOJMBO Ba)XKOT'O 3a MEXAHIYHUM CKJIAJOM,
AKUW € HAOUTBIIT CIPUSITIIMBUM JIJI1 BUPOIIYBAaHHSI IIyKPOBUX OYPSIKiB.

HaykoBo nm0ka3aHo, 1110 OCHOBHUMH MOKa3HUKAMU, SIKMX HEOOXI1THO JOCSTTH
MEPEANOCIBHUM 00pOOITKOM T'PYHTY € CTBOPEHHS YLIIJIBHEHOI JpiOHOrpYyUYKyBaTOi
MOBEPXHI TPYHTY TNIMOMHOI0 4-5 cM (rpynodok (pakiieto 1 - 10 mm mae ctanoBuTH 80
— 90 BigCcOTKIB, a TpyAouok moHaa 30 MM He Mae OyTw). 3a TakuX BHUMOT IO
MepPeNOCIBHOTO 00pPOOITKY HEOOXIHO JOCSATTH BHUPIBHEHHS MOBEPXHI IMOJS, KOJIU
HasBHICTh TpeOEHIB BUCOTOIO 2 CM HE Mae OyTH. BcTaHOBIEHO, IO LIIIBHICTD TPYHTY
IMOBUHHA 3HaxojauThcd B Mexax 1,1...1,3 r/cm3. 3a0e3nedyeHHsT TaKWX ITOKAa3HHKIB
BHU3HAYAE ONTHUMAJILHUNM CTAaH 1 BIJIHOIICHHS TOBITPSIHOTO 1 BOJOTOEMHICHOTO CTaHY
TPYHTY, IO € TMEPEAYyMOBOIO APYXKHIX CXOJIB HACIHHS POCIWH Ta CIPHUSTINBOMY
PO3BUTKY POCIIMH B MEP10]1 BETETAIIHHOTO POCTY.

BcranoBneno, TpanuiiiifHa IHTEHCUBHA TEXHOJIOT1SI BAPOOHUIITBA KOPEHETIO 1B
IIYKpOBHX OYpsKiB nepeadavae OJM3bKO JECATKa OIepalliii, a 32 YMOB BHPOITYyBaHHS
Ha TPYHTAX BAXKKUX 3a MEXaHIYHUM CKJIAJOM, 3[JaTHUX JI0 3aIUIMBaHHS 1 1€ OlbIIe,
3aTpaTv NaJMBHUX 1 CEPBICHUX MaTepiaiiB 3a TAKMX YMOB ckiaaaroTh 280-450 kr/ra.

3acTocyBaHHS TPAAULIIMHOI TEXHOJIOTII MIATOTOBKY IPYHTY nepeadayae, mo mijg
4yac BECHSHOIrO MEPeArnociBHOr0 0OpoOITKY TPYHTY MPOBOIAUTHCS HOTO PO3MYIIyBaHHS
3y00BUMHU OOPOHAMM 3 MOCTIAYIOUUM BUPIBHIOBAHHSM MJIeH(-00poHaMu B arperari 3
3yOOBUMH, MPUUOMY [IJII 30HU JOCTAaTHHOTO 3BOJIOKEHHS HEOOXIJHE HACTYITHE
J0JIATKOBE IIIMOOKE PO3MYyIIYyBaHHS KyJIbTUBATOPAMHU JIJIsl CYLINIBHOTO OOpOOITKY. Y
TPaJAUIIITHOMY TEXHOJIOTTYHOMY MPOIIECI BECHSHOT MEPEANOCIBHOL MIATOTOBKH TPYHTY
KIHIIEBUM € KyJbTHBAIlisl Ha TIHOWHY 3apoOKH HACIHHS, a TpH HAIMIPHO
PO3MYLIEHOMY I'PYHTI HEOOX1IHO MPOBECTH KOTKYBAHHS.
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AHai3 JTepaTypHUX 1 NATEHTHHX JDKEpeN CBIIYUTh, IO IEPCIEKTUBU
MEXaHI30BaHOI TEXHOJIOTIi 1 pO3pOOKH TEXHIYHMX 3acOOIB JJis il BUKOHAHHS IpHU
BUPOIIYBaHHI I[yKPOBUX OYypsKIB B HaINpsAMKY 30UIBIICHHS BHUXOMY MPOIYKIIIT
3MEHIIIEHHS €Hepro3aTpaT MOHa 0auynuTH B rpeOeHEBOMY CIIOCO01 IMATOTOBKHU I'PYHTY.
Opnnak B YKpaiHi ajis1 HEl HEMa€ CHeIiagi3oBaHUX MAIIMH 1 POOOYUX OpraHiB I
IIMPOKOT arpoOalrii 1 BIpOBaKEHHs Y BUPOOHHUIITBO.

MeTor0 T0CTIKEHB € MIABUIICHHS €()eKTUBHOCTI BUPOIIYBaHHS KOPEHEIUIOIIB
IIyKPOBUX OYPsIKIB HA BAXXKHX 32 MEXaHIYHUM CKJIaJI0OM IPYHTaxX IMUIIXOM MiHIMi3allii
MePEANOCIBHOTO 00pOOITKY Yy BECHSIHUHN NIEPI0/T 13 MEPEHECEHHAM OIeparlii Ha OCiHb.

Marepiann Ta wmeroau. s AOCHIDKEHHS TEOPETUYHHX TEPEayMOB
3aMpONOHOBAHUX TEXHOJOTIYHHUX OTepaliii MepearnociBHOr0O oOpoOITKY TPYyHTY 3
PO3MOIIIOM Ofeparliif Ha OCIHHIN 1 BECHAHUMN Mep10an Ha TTMOMHY 3apOoOKH HACIHHS i
YpOXKANHICTh  KOPEHEIUIONIB  IYKPOBUX  OYpsIKIB  pO3poOJEHO  Iporpamy
€KCIIEpUMEHTAJILHUX JIOCIIIPKEHb Ta TEXHIYHOTO 3a0€3MeYeHHS IJIs1 iX MPOBEICHHS.

PesynbraTtu. Bocenu Ha (hoHI OCHOBHOTO 1 TOBEPXHEBOTO 0OPOOITKY TPYHTY Ha
MOBEpPXHI  TOJsA KyJbTUBATOPOM,  OOJIalHAHUM  pOOOYMMH  OpTaHaAMH
rpedeHeyTBOpIOBaYaMu MPOBOIUTHCA (POpMyBaHHS rpeOCHIB IMPUHOIO MIKPAIL 45
cM. [lonepenHpo mig rpeOeHs MU B 30HY PSAJIKIB PEKOMEHTYEThCS CTPIYKOBE BHECEHHS
MiHEpaJbHUX JOOPUB 3a JIOMOMOTOI BCTAHOBJICHUX TYKOBUCIBHHMX araparis.
OpieHTyBaHHS PyXy KyJIbTHBATOpa-TpeOECHEYTBOPIOBaYa BiI0YBAETHCS 3a TOIOMOT OO
BCTAHOBJIEHUX MapkepiB. YTBOpeHa Npo(iiIbOBaHA MOBEPXHS MOJIS 3AIHMILAETHCA HA
3UMY.

BecHsHuil nepeAnociBHU 00poOITOK IPYHTY nepeadavae 3pizyBaHHs BEpLINH
rpe0eHIB BUCOTOIO 3...4 CM, BUKOHY€THCS MAILIMHHUM arperaroM y ckiaji Tpakropa |
1 IPOCAITHOTO KYJbTUBATOPA, 3 HACTYITHOIO CIBOOIO HACIHHS TOYHOIO CIBAJIKOIO B 30HY
3pi3aHUX BEPIIUH TPEOHS

[lepeBaramu cpopMOBaHHUX BOCEHHM TpPEOEHIB € IHTCHCHMBHE HAKOMUYCHHS
BOJIOTH, BECHSHE MPUCKOPEHE M03piBaHHS TPYHTY B 30HI TPEOCHIB, sIKE CHpHUsIE
MPOBEICHHS CIBOM B OUIBII PaHHI CTPOKU O3 MPOBEACHHS PEITH OTepariii

OTpumaHi pe3yJbTaTH TOMEPETHIX TOCTIKEHb MIATBEPIKYIOTh MO3UTUBHY
e(eKTUBHICTh 3alPOMOHOBAHOI TEXHOJIOTIi MEepPeaNnoCiBHOTO OOpOOITKY TPYHTY Iijl
ciBOy OypsKiB Ha TPYHTaX BaXXKHUX 32 MEXaHIYHUM CKJIAJIOM.

Jlireparypa

1. I'peukociit B.Jl. [IpoekTyBaHHSI TEXHOJOTTYHUX MPOLECIB Y POCIUHHUIITBI:
HapuasibHUM nocioHuk/ B.J1. I'peukociii, B.J[. Boiitiok, P.B. lllatpos, I.I. MenbHuK,
A.M. Muxainosuy, B.I'. Onanko. — Buna. nentp HYBill Ykpainu, 2011. — 364 c.

2. Boittiok JI.I'. Cinbebkorocnogapcbki Mammau: nigpyyHuk / J1.I°. BolTiok,
JI.B. AnickeBuu Ta iH.; 3a pea. [.I'. Boiitioka. — K.: Arpoocsira, 2015. — 679 c.

3. Tecmoxk B.B. Texuiko-TexHomOriyge 3a0e3medyeHHs MiHIMam3arii
HepenociBHOr0 00pOOITKY TPYHTY mif ciBOY 1ykpoBux Oypskis / B.B. Tecmok, M.b.
IBamuna, M.M. Tlokuasko // 36ipuuk te3 momnosinert XXIII MixHapoaHOT HayKOBOT
koHbepenti " ,,CyuacHi npobiemu 3emiepoochkoi MexaHiku” (16-18 xoBtHs 2022
poky) MOH Vxkpaiau, HYBIll Ykpaiau, )Kuromupcekuii arpoTexHidHUN (axoBHid
konemk. Kuis. XKurtomup. 2022. — C. 54 — 56.
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OBIPYHTYBAHHS KOHCTPYKTUBHOI'O YIOCKOHAJIEHHS BOPIH
JJIA OBPOBITKY I'PYHTY
Tecnrok B.B., Beuepa O.M., Tecawk b.B.
Hayionanvruii ynisepcumem oiopecypcis i npupoookopucmysauus Ykpainu, m. Kuis,

Po3riissHyTO TEXHOJIOT1T OCHOBHOTO Ta IMEPEANOCIBHOTO OOpPOOITKIB IPYHTY 13
3aCTOCYBAHHSAM 3Hapsilib 3 POTAIIHUMH POOOYUMHU OpraHamH. 3ampoIOHOBAHO
3aCTOCYBaHHS IPYHTOOOPOOHOTO 3HAPSAIS OCHAIIEHOTO POTAIliiHO-TOMATEBUMHU
poOOYMMH OpraHami .

CydacHa arpapHa TexHIKa T[IOBMHHA pO3pOOJATHCS 13 BpaxXyBaHHSIM
(YHKIIOHATBHUX, ©CTeTMYHMX Ta  E€pProHOMIYHUX  miaxoAiB.  DakTopom
(hOpMOYTBOPEHHSI CUIBCHKOTOCIIOAAPCHKOI TEXHIKM TMOBUHHA OYTH BIANOBIIHICTD
(GYHKIIIOHATFHOMY TPU3HAYEHHIO, BUKOPUCTAHUM MarepiajiaM Ta KOHCTPYKTHUBHIN
JOoLUIBHOCTI. JlocArHyTH rapMoHii y (hopMi MOKHA JOCSITHYTH 32 JJOTIOMOTOI0 3aC001B
KOMITO3HMIIII: TPOMOpIIii, MacCIITa0HOCTI, CHUMETpid (acumeTpii), CTATUYHOCTI
(IMHAMIYHOCT1), pUTMYy, KOHTpAcTy, HioaHcy Tomio. Llinuii BUpiO yTBOPIOETHCS 3
YaCTUH, YaCTUHU XapaKTEPHU3YIOTbCA PI3HUMH TEOMETPUYHUMHU pPO3MipamMu Ta
3HAXOJATHCS B IEBHOMY BIJTHOIIICHHI OJHA B1J] OJTHOI 1 JI0 IILJIOTO.

B cucremi OCHOBHOro Ta MEPEANOCIBHOTO OOpPOOITKIB IPYHTY IIHPOKOTO
3acTOCyBaHHA HaOyBae OOpOOITOK IPYHTY 3HApAIISIMU 3 POTALIMHUMU POOOUYMMU
opraHamu. HaiiOuabIl MIMPOKO BHKOPUCTOBYIOTHCS IPYHTOOOPOOHI 3HApSAAS THUILY
bJH-1,8, BAT-3, B/IT-7, ocHameHi cepruunumu BupizHUMEU poropamiu [1,2].

BukopuctanHs 1HUX 3Hapsiab 3a0e3neuye CKOPOYEHHS TEPMIHIB MiJATOTOBKHU
IPYHTY [0 TOCIBY, 3HM)KEHHsSI €HeproBurpar Ta BuTpar mnpami Ha 20..25%, B
MOPIBHSHHI, 3 IHIIMMU THUIAaMHU IPYHTOOOpOOHMX MmammH. OAHak, B CHUJIY CBOIX
KOHCTPYKTUBHUX OCOOJIMBOCTEH TPYHTOOOPOOH! 3HApSAIS OCHAIIEHI CEepIMHUMHU
poOOYMMHU oOpraHaMH HE IOBHOIO MIpOI0 3a0€3MeuyloTh arpoTeXHIYHI BHUMOTH
CTOCOBHO 3apO0KHU JI0OpUB, POCIMHHHUX PEIITOK, TepOiuaiB Tomo. Tak, mpu 3apooiIr
JIMCKOBOIO OOpPOHOI0 Ha TMOBEPXHI IPyHTYy, B mapi 0...6MMm, 3amumiaerbest 10 75%
BHECEHHX JIOOpHMB, IO 3HAYHO 3MEHINYy€ e(EKTUBHICTh iX BHKOPUCTAHHS
CUILCHKOTOCTIOIAPCHKUMU POCIIMHAMH. TOMY HEOOX1THUM € O0TpYHTYBaHHS POOOYHX
MPOIIECIB CIPSIMOBAHUX HA MOKPAIICHHS MOKAa3HUKIB 00epTaHHS CKHOM Ta po3poOKka
KOHCTPYKIIIH pOTalifHUX poOOYMX OpraHiB, skl 3a0e3neuyBajiu O JOCTaTHIO SIKICTh
0o0poOITKY 3a TOKa3HHMKaMU 3apoOKM B IPYHT Ha ONTUMAaJbHY IJIMOHWHY CTEpHI,
OpraHIYHMUX Ta MIHEPAIBHUX JIOOPUB TOIIIO.

Merta nocnimkenns: [linBumienHs e)eKTUBHOCTI OCHOBHOTI'O Ta MEPEIINOCIBHOTO
00pOoOITKY TPYHTY.

3a pesynbTaTaMHM TMOMEPEIHIX AaHATITUYHUX JOCHIKEHb 3alpONOHOBAHO
poTamiitHuii poOounii OpraH, OCHAIICHWN HOXKaMH-JIOMATsIMHU, TEpeaHs podoua
MOBEpPXHS SIKMX € KOHoimoMm, yHidikoBanuit no 6opin bJ[H-1,8, B/IB-3, BJIB-7.
BcranoBnieHi onTuManbH1 MEX1 BapiroBaHHA KyTa aTtaku [3=20°...23° GaTapei poboumnx
oprasiB, Ta BiJiIcTaHb Mik poTtopamu B O6arapei 1=0,20...0,22.
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3a pesynapTaTaMu JAOCHIIDKEHHS CTPYKTYpPHO-arperaTHOro CKJIaay IPYHTY
BCTAHOBJICHO, IO KIJIBKICTh arperatiB rpyHTy (d<0,25 1 d>10), sxi He BIAMOBIIAIOTH
arpoBuMoram, y 3amnpornoHoBaHux BapianTtax Nel ta No2 3menmunace Ha 14,5% 1
12,7% BignoBigHo, 10 ¢ony Ta Ha 2,8% 1 1,0% BianmoBigHO, 70 6a30BOrO BapiaHTa a
KOe(iIIEHT CTPYKTYPHOCTI B MOPIBHSIHHI 3 6a30BUM BapiaHTOM 301abIuBCS B 1,14
(Bapiant 1) Ta 1,04 (BapiaHT 2) pa3u.

BceranoBieHo, 1m0 3acTOCyBaHHS TI'PYHTOOOPOOHOTO 3HApAIAS OCHAIICHOTO
POTAIIITHO-JIOMMATEBUMU  pOOOYMMH  OpraHaMH  JIO3BOJISIE  3MEHIITUTH  KIJIBKICTh
epo3iliHO-HeOe3eyHNX arperariB rpyHty Ha 14,5% B mopiBHsAHHI 3 arpodOHOM, Ta Ha
2,8% BiIHOCHO 0a30BOr0 BapiaHTy NOPIBHSAHHSA; KOE(DIIEHT CTPYKTYPHOCTI B
MOPIBHSHHI 3 0a30BUM BapiaHTOM 301Ib1IuBCA B 1,14; aGCoMOTHA BOJIOTICT IPYHTY Y
mrapi 0...20cM B OpiBHIHHAM 3 0230BUM BapiaHTOM OyJia BUIIOKO Ha 5,6%; MIIbHICTD
00pOoOJIEHOTO TPYHTY 3HAPSAISAM 3 TPOINIOHOBAHUMHU POOOYMMU OpraHaMH BiAMOBIIA€
arpoBuMoram i cranoButh 1,198r/cm3, 110 Ha 6,2% MeHIIe HiXK JIJ1s1 6a30BOro BapiaHTy
1 Ha 37% MeHIIe y NOPIBHSAHHI 3 arpoOHOM; BEJIMYMHA OMOPY 3MUHAHHSA IPYHTY
(TBepaicTh) craHoBUTH 49,77kH/M?, mo Mmenme Ha 15,7% y mopiBHAHHI 3 6a30BMM
00po0OiTkoM Ta Ha 43% MeHIIe y TOpIBHIHHI 3 (POHOM.

BucnoBku. [Toka3nuk 3apoOku 1o0OpUB Ta POCIUHHUX PEILITOK, B TOPIBHSIHHI 3
0a3zoBUM BapiaHTOM, 30iIbIIMBCS B 2,07 pas3iB 1 cTaHOBUTH 87% Ta BIJAINOBIgaE
TEOPETUYHO BHU3HAYECHOMY 3HAYCHHIO. MakcuMalibHa TPEOHUCTICTh MIKpopenbedy
npodio  00po0IeHOT MOBEPXHI TMMOJS 3a OOpPOOITKY 3HAPANISIM OCHAIEHUM
MIPOIIOHOBAaHUMHU I'PYHTOOOPOOHUMH pOOOYMMHU OpraHaMu HE NEPEBUILYE 5,6CM.

Jlireparypa.

1. Iu3aiiH Ta eproHoMiKa arpapHoi TEXHIKM : [HaBY. MOCIOHUK JJI CTY]l. BHILL.
HaBu. 3aki.| / B.O. [lyoposiH, B.I'. Muponenko, M.JI. Mensunuyk, JI.®. babinpkui,
B.B. Tecmiok, B.b. Onumenko, O.I1. Cnunasko, C.B. parues. — K: «Arpap Menia
I'pym», 2014. — 157 c.

2. KopaGenwckuit B. M. Texnudeckoe 0OOCHOBaHHE U WCIIOJIb30BAHUE B
HKOJIOTUYECKON MOYBOOOPAOOTKE MOBEPXHOCTEH 3HAKOMEPEMEHHOTO BO3CHCTBUS /
Kopa6enbckuit B.U., KpaBuyk B.U, [1aBnornkas B.A. // Texuuka AIIK. — 2001. - No7-
9.-C.24-26

3. Kyxapeur C.M. KinemaTtuyHa MoOJenb pOTAIifHOTO TIPyHTOOOPOOHOTO
sHapsgas / Kyxapeuns C.M., lenyguenko b.A., 3abpoxacekuit I1.M. // BicHux
JlepxaBHoi arpoekosioriuHoi akanemii Ykpainu. — XKuromup. — IAY. - 2002. — Nel. —
C.133-137.

4. MopgenbHl JOCHIPKEHHS MAaKeTiB  pOTaliMHUX poOOYMX  OpraHiB
rpyHT000p0oOHUX 3Hapsab /C.M.Kyxapeus, b.A.lllenynuenko, B.O.Illy6enko Ta iH. //
"MexaHi3alis CUIbChbKOToCIoiapchbkoro BupooHuirea': 36. Hayk. np. Harr. arpap. yH-
Ty. — K. - HAYV. - 2000. — Ne8. — C.199-202.

5. Hanpilinicte po0GoTH  TPYHTOOOPOOHOTO 3HAPSAAAS 3  “KUIBIEBUMH
pPOTAIITHUMU pOOOYNMHU OpTraHaAMU 33 HAIBHOCTI Y HUX TEXHOJOTIUYHUX TpinwH / b.A.
[Menynuenko, B.O. Hlybenko, C.M.Kyxapeup Ta 1H. // BicHuk Jlep>kaBHOi
arpoekosioriyHoi akagemii Ykpainu. — KXutomup. - JJAAY .- 1999.— No1-2.—C.124-129.
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BIIJIUB 111 PYIIIIB MAIIIMH HACUCTEMY «MAIIIAHA -
BIOCEPEJJIOBHUIIE»
Tecnwk B.B. 1, Ixanvuux M.1. 2, Kpueuuyn M.J]. °
Y Hayionanvnuii ynieepcumem biopecypcis i npupoooxkopucmyeanns Yxpainu
2BIT HYill Yxpainu "Hiscuncokuii azpomexuiunuii incmumym"
SMupozowancokuii azpaprutl (paxosuii Koaeoxc

AmHani3 aii py1IiiB MalivH Ha CUCTEMY «MalTiHa-010CepeIOBUILEY CBIAUUTH PO
3HaYHUII HETaTMBHUN BIUIUB HA TIPYHT: YIIUJIbHEHHS, PyWHYBaHHS CTPYKTYpH,
3HIDKEHHS POIOYOCTI Ta MOPYIICHHS eKoJIOT1yHOI piBHOBaru. EdekTuBHIM MeTOA0M
MIHIMI3allli BIUIMBY € ONTHMI3allisl NapamMeTpiB pyulIiiB (THCK Ha IPYHT, ILIOIIA
KOHTAaKTY) AJIA CTajJoro (yHKI10HYBaHHS arpOE€KOCHUCTEM.

OCHOBHI TTOJIOKEHHS aHATI3y BIUIMBY PYIIIiB (KOJIIC/TyCEHUIb):

dyHKIIOHAIbHA CHCTEMa «MallnHa-0locepenoBuie»: Bkitouae MexaHIuHUN
BIUIMB pyIllisl (TpakTopa, KoMOailHa) Ha IPYHTOBE CEpPEIOBHILE, 10 CIPUYMHSIE
¢b13uuHy gedopmariiro.

®di3uKo-MeXaHIYH1 3MIHU TPYHTY: Pymnii BUKIMKAIOTh HaJIMipHE YUIUIbHEHHS
HIDKHIX IIapiB, 3HWKYIOTh MOPHUCTICTh, IO MOTIPIIY€E BOJHO-TIOBITPSIHUN PEXHUM Ta
00MeXy€e pO3BUTOK KOPEHEBOI CUCTEMH.

Exonoriuni Hacmigku: [lopylieHHsT CTpYKTypu I'PpYHTY HPHU3BOAMUTH 0 €po3ii,
3HM>KEHHSI 3JaTHOCTI I'PYHTY JI0 CAMOBIJTHOBJICHHS Ta MalIHHS BPOXKAWHOCTI.

[nsxu miHIMI3alli BIUIMBY: BUKOpUCTaHHS IIWH HU3BKOTO THUCKY, 3IBOEHUX
KOJIIC, TYCEHUYHUX PYIIIiB, a TAKOK JOTPUMAHHS MPUHIUITY TEXHOJIOTTYHOI KOJIT AJIs
0OME>KEHHS IO YIIIIbHEHHS.

[lepcnekTuBYy pPO3BUTKY TEXHIYHOI KOHIEMIl CLIbCHKOIOCHOAAPCHKOTO
TpaKTopa CJIiJl IPOrHO3yBaTH, IPYHTYIOUHCh, HacaMIepel, Ha PO3BUTKY TEXHOJIOT1H
CLIbCHKOTOCTIOAAPCHKOIO BUPOOHUIITBA 1 MalIMHHO-TpakTOopHUX arperariB (MTA)
3arajom.

AHaJi3 TeXHOJIOTIYHUX 1 arpOTEXHIYHUX (PAKTOPIB, 1110 BUZHAYAIOTH KOHIICTIIIIIO
PO3BUTKY €HEPIETUYHHUX 3aC001B, MOKA3YIOTh, 110 iX NUISXW HEOJHO3HAYHI, a 1HOI 1
CyNepewInBl, TOMY MpParHEHHs MABUIIUTA OJHI BJIACTUBOCTI TEXHIYHUX 3aCO0IB
MPU3BOAATH JIO 3HIDKCHHS 1HIMKX. Tak, OCHOBHI BHMOTH - ITJIBUIICHHS
MPOAYKTUBHOCTI ¥ eHeproocHamieHocTi  MTA,  ckopoueHHS  KUIBKOCTI
00CIIyrOBYIOUOTO TMEPCOHAYy - MOXYTh OYTH peanizoBaHi TUIBKM B pe3yJIbTaTi
MIJIBUIICHHS TIOTY>KHOCTI JBHUTyHa U 30UIbIIEHHA CUJIM TATH, a 1€ BHUMAarae
M1JIBUIIICHHS Bar' €HEPreTUYHOI0 1 TPAHCIIOPTHOTO 3aC00Y.

Meta pocnigxeHHS. 3MEHIIEHHS HEraTUBHOTO BIUIMBY KOJIICHMX pPYILIiB
EHEePreTUYHUX 3aC001B Ha IPYHTOBE CEPEOBUIIIE.

Buknan ocHoBHOTO Marepiany. PaaukanpHuii crnocio 3017IbIIEHHS BiIHOCHOI
JacTKM 34YilHOi Baru B arperari, abo aktuBizamii Barm MTA - ocHamieHHs HOToO
TEXHOJIOT1YHOT YaCTMHU BEIy4YMMH KOJIECaMH, 110 MPUBOJATHCS Y PYX BiJ CUCTEMH
BII0OOPY MOTY>KHOCTI aBTOMOOUISA W TpakTopa. Y IOMY BHIAJIKy TIIbKHM YacTHHA
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MOTY>KHOCT1 JBUTYHA peaji3ye€ThbCsl 4epe3 XOJ0BY CHUCTEMY TpakTopa (BiAMOBIIHO,
oMy He MoTpiOHaA 3Ha4YHa Bara), TOMy HOTO IMUTOMa MaTepiaJOEMHICTh MOXe OyTH
3HIDKEHA 111e OIbIlIe, HIXK MPU MaCUBHUX OMOPHUX KOJIECAX 3YIIMKH.

Pe3ynbpTaT HAyKOBUX TOCITIHKEHB 1 MPAKTUYHUHN JTIOCB1J CBIIUYUTH MPO TICHUMA
KOPEJAIMHNN ~ 3B’SI30K  TMOMDK  YIIUIBHIOIOYOK  JIEI0  XOJIOBUX  CHCTEM
E€HEeProHaCM4YeHO1 MOOIIBHOI  CUIBCHKOTOCIIOAAPChKOI TEXHIKM W  MOOUIBHHX
TPAHCIIOPTHUX arperaTiB 3 MmpoIecaMu Jerpajaliii IpyHTOBOTO MoKpuBy. [1Iupokoro
3aCTOCYBaHHS B arpOBUPOOHUIITBI HA0yBa€ 3aCTOCYBAaHHS BAXKKUX BEITMKOBAHTAKHUX
aBTOMOOLUTIB Ta €HEPreTUYHUX 3aCO0IB MPUBOIY MPUYIMHUX CibCHKOTOCTIOAAPCHKUX
MAIIMH 10 SKUX BIAHOCATHCS BITUMU3HSIHI 1 3apyOiKHI TPAKTOPH, BUKOPUCTAHHS SIKUX
MIPU3BOIUTH IO pPyHHYBAHHS arpOCTPYKTYPHHUX arperaTiB IPYHTY iX MepeymiabHEeHHS
1, IK HACIIJOK, IO 3HAYHOTO MOTipIIeHHs (i3UKO-MEXaHIYHUX BIACTHBOCTEH IPYHTY.
Tomy, OOrpyHTYBaHHS ONTUMAIBLHUX KOHCTPYKIIMHUX MapaMeTpiB KOJICHUX PYIIIiB
EHEepPreTHYHuX 3aco0iB, Ta po3poOKa 3axojiB, 5Kl 3aMo0IraTUMyTh HEraTUBHUM
HaCJIKaM, COPUATUMYTh 30€pIraHHIO POAIOYOCTI IPYHTIB € aKTYaJIbHOIO 3a/1a4€l0.

3HIKEHHS PIBHIB TEXHOTE€HHOTO THCKY MOOUIBHOI CLIBCHKOTOCIIOAAPCHKOL
TEXHIKM Ha TIPYHTH MOXK€ OyTH MOCSATHYTE 3aBISKM KOMIUIEKCHIM omnmTuMizarlii
napameTpiB KOHCTPYKIIii pyIIiiB MOOIFHIX 3aC001B Ta BIAMOBIAHUM HOPMYBaHHSIM X
EKCIUTyaTal[lfHUX BIACTUBOCTEH. 3 METOIO 3HMKSHHS IIKIJIMBOI /111 XOJJOBUX YaCTHUH
€HEepPreTMYHUX 1 TPaHCHOPTHUX arperaTiB MNpPONOHYETbCA MOJEPHI30BaHI pPyLIii
TPakTOpiB 00JaAHYBAaTH IIMHAMHU OUIBIIMX PO3MIPIB 00 CIIAPEHUMU KOJIECaMHU.

BucnoBku. BcraHoBineHo, mo 00’emHa aedopmalisi TPyHTY MiJ PYyLIisIMA
npornoHoBaHoro Bapianty (tpaktop T-150K, oOnagnanuii mmHoro 28,1R26) B
2,73...3,1 pa3sm MeHImAa HDK TMpPU 3aCTOCYBAHHI CEPIMHUX XOJOBUX YaCTHH
3aragbHOBkUBaHUX TpakTopiB (T-150K 3 mmuamu 21,3R24) 1 nume B 1,3...1,5 pasis
OlybIIa B TOPIBHSHHI 3 a0COIIOTHUM KOHTPOJIEM, B TOM Yac, SIK JJIsl CEPIHUX BapiaHTIB
1IeH IMOKa3HHUK Bapitoe B Mexkax 3,9...4,2.
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OBI'PYHTYBAHHSA TAPAMETPIB I PEXKUMIB CEITAPYBAHHSA
3EPHOBHUX KYJIBTYP
Tecniok B.B.Y, Ikanvuuxk M.1.?
Y Hayionanvnuii ynieepcumem biopecypcis i npupoooxkopucmyeanns Yxpainu
2 BI1 HYKill Ykpainu « Hincuncokuii azpomexniviuil incmumymy

[TigroToBKa SIKICHOTO HACIHHEBOTO 1 MPOAOBOJIBYOTO MaTepiany, 3017IbIIEHHS
00csTiB mepepoOKH 3epHa BUMAraroTh MiJBUIICHHS €()EKTUBHOCTI MPOIIECY PEIIITHOT
cemaparii. IcHyroui BiOpamiifHi 1 BIOpOBIAILICHTPOBI cemapaTopu HE MOBHICTIO
3aJI0BOJILHSIOTH 3POCTal04l BUMOTH BHUPOOHMIITBA. AHANI30M JIOCIIKEHb PEUIITHOI
cemapailii BCTAHOBJICHO, III0 TEPCHEKTUBHUM HAMpsIMOM IMIABUIICHHS HOTO
e(EeKTUBHOCTI € 1HTEHCU(IKAIlisl BHYTPIIIHHOIIAPOBUX MPOIIECIB 13 3aCTOCYBaHHSIM
PO3IMyIIyBayiB.

JlocniKEHHIO TIPoLieCy MPOCiOBaHHS HACIHHS 4Yepe3 OTBOpU BiOpariiHuX
pelIiT, Mo 3A1MCHIOIOTh TPOCTOPOBI KOJIMBAHHS, TpucBsdeH1 podotu I1.M. 3aiku [1].
Hum Bu3HayeHi Haiikpalili yMOBH IS TPOCIIOBaHHS HACIHHS TPU  BUIBHOMY
MIPOXOJKEHHI 4Yepe3 OTBIp 1 MpU B3aeEMOAIl HOro 3 KpomMkamu. BcraHoBieHi
KIHEMaTHU4H1 PEXUMU POOOTH PEIIIT, 110 3a0€3MeUyIOTh 11 YMOBH.

AHari3 poOiT 1mokasye, 110 iHTeHCu(IKaIlis cerperaiii HOBUHHA 3/[1HCHIOBATUCS
HUISIXOM 30UIBIIEHHS MOPUCTOCTI 1 MIBMAKOCTI MOMIAPOBOTO pyxy. s 1mporo
JOLIJIBHO 3aCTOCOBYBATH PO3IylIyBadi. TakuM 4YMHOM, OOTpPYHTYBaHHS IMapaMeTpiB
MpOIIECy PEIITHOI cemapallli 3 ypaxyBaHHSM 3aKoHOMipHocTe mnopuctocti 3C 1
MOIIAPOBOT0 PyXy, po3po0Ka HOBUX KOHCTPYKLIM PEIliT, M0 pO3MYyUIYIOTh CYMII, €
aKTyaJIbHUM 3aBJaHHSM JIJI1 PO3BUTKY 3€pHOIEpEepOoOHOT raimy3i YKpaiHu.

JIns MigBUILEHHS NUTOMOI MNPOAYKTUBHOCTI 1 SIKOCTI MPOLECIB cemaparii
3aMpONOHOBAHO YIOCKOHAJIEH] pelieTa, SKi BUATOTOBJICHO 13 CEpiHUX, Ha TIOTIEPEUHUX
MepeMUYKax SKUX, BCTAHOBJICHO pedpa y BUTIIAJI HaBApPEHUX METAJICBUX MPOBOJIOK,
abo BuiTamityBadi| moBracti pudui. Taki pemiera po3mylIylOTh 3€pHOBY CYMIIIL,
1HTEHCU(DIKYIOTh TOIIAPOBUHN PYX 1 CIPUSIOTH MIABUIIICHHIO €PEKTUBHOCTI cenaparii.

Jlist 301bIIIEHHST POAYKTUBHOCTI 1 SKOCT1 cemaparii CUIKUX CYMIIIeH, 110
BAXKKO PO3JUIAIOTHCS PO3POOHHUKHM 3allPOTIOHYBAIM Ha BHYTPIIIHIN MOBEPXHI pOTOpa
BIOpOBIAIIEHTPOBOTO CerapaTopa PyXomi KUTbIENOAIOHI 00MYaiKy 13 3aKpIMJICHUMU
Ha HAX WNWJIbKaMU-pO3ITylIyBayaMu [2].

30ibIICHHS 3aBaHTAKCHHS PEIleTa CyMpPOBOKYETHCS 3POCTAHHIM TOBIIWHU
mapy CyMilni, 1o 3HMKY€ 1HTEHCUBHICTh Cerperallii: MpoXo 0Bl YaCTUHKH 3 BEPXHIX
1apiB HE JOCSTal0Th MOBEPXHI pelieTa 1 He MPOoCiBalOThCs. TakuM YMHOM, MOJabliie
MIJBUILIEHHS €()EKTUBHOCTI MPOLECYy PEUITHOI cemapallii BUMarae iHTeHCHiKalii
cerperaiiii.

[HTEeHCHBHICTh NMPOHUKHEHHS 30UIBLIYETHCS 13 30UIBIIEHHSM 1HTEHCUBHOCTI
3MIHU pOo3MipiB 1 popmu nux mop [3].

Jlnst po3paxyHKy 1 KepyBaHHS SKICTIO 1 MPOAYKTHBHICTIO TMOOYI0OBaHO
MaTeMaTU4yHl MOJIeNl TMPOIECIiB cemaparii 3€pHOBHX CYMIMIed pPO3pOOICHUMH
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UAJTIHIPUIHUMU BiIOPOBIILIEHTPOBUMU perieTamu. OTprUMaHO 3a71€KHOCTI TPAEKTOPIM
1 IMBHJAKOCTEH YaCTMHOK, €(PEKTMBHOCTI cerperailii BiJ KIHEMaTHYHUX IapaMeTpiB
pemnT, iX MUTOMUX 3aBaHTaXXEHb, KOHCTPYKTHMBHUX IapaMEeTpiB pO3IYIIyBayiB,
(h13MKO-MEXaHIYHUX BIACTUBOCTEH 3€pHOBUX cymilel. BcraHoBieHo, 1110 HalO1IbIIa
e(eKTUBHICTh cerperaiii Ha MWIIHAPUYHOMY PEIIETi JOCATA€ThCS MPH MOPUCTOCTI
€=0,59...0,62, rpamienti mBuAKocTi  grad v=60,2...82,7 c-1. 3acrocyBaHHs;
PO3pUXJITIOBaviB 301IbIIye €eKTHUBHICTH cerperaritii Ha 35...40%.

Ha migctaBi pe3ynbTaTiB MPOBEACHUX TEOPETUYHHMX 1 EKCIEPUMEHTaIbHHUX
JOCTIPKEHb BCTAHOBJICGHO, IO 3aCTOCYBaHHS PO3POOJICHHUX PEUNT IHTEHCU(]IKYE
cerperartiro.

JloCHmiKEHHSAM PYXy TMPOXOJOBUX YACTHHOK B IIapi BCTAaHOBJICHO, IIIO
HalOIbIIa €PEKTUBHICTh CEerperailii 1 JO0CSITaeThCs MPU 3aCTOCyBaHHI pedep Ha
MIJICIBHUX peIIeTaX, IPOXOJOBUMHU YACTUHKAMHU SKHX € JpiOHI JOMIIIKH 1
po3apolsieHe 3epHO, a pudIiB — Ha COPTYBAJIBHUX peEIIETax, MPOXOJOBUMHU
YaCTUHKAMM SIKMX € 3€pHa OCHOBHOI KYJBTYPH MEHIIUX po3MipiB. Po301KHICTDH
EKCIIEpUMEHTAJILHUX PE3YyJIbTATIB BiJl T€OpETHUUHUX ckianae 3...5%. IlinTBepmxena
aJICKBaTHICTh MOOYJOBAaHUX MaTeMaTHYHHUX MOJIEJIEH MPOIECy PEIIITHOI cernaparii
3€pHOCYMIIIII.

OtpumaHo 3ayie’KHOCTI mopucTocTi 1 mBuUaKocTi 3C mo rauMbuHi mapy Bij
KIHEMaTUYHUX IMapaMeTpiB PEINT, iX MHTOMUX 3aBaHTAXKECHb, KOHCTPYKTHBHHUX
rapaMeTpiB po3nylryBadiB. BcTaHOBIEHO, 1110 MOPUCTICTH 1 MBUAKICTH 3C HENMHINHO
3MEHIYIOThCS 3 MIIMOMHOK. 3acTOCyBaHHA pedep 1 puuiiB 30UIbLIYE MOPUCTICTH 1
rpaaiedT mBuAKoCTI 3C Mo rIMOuHI mapy.

KoMriiekcHUM  aHajmi3oM pe3yJibTaTiB TEOPETHYHUX 1 EKCIEPUMEHTAbHUX
JOCITIKEHb PEKOMEHJIOBAHO OINTHMAJIbHI 3HAYEHHS KOHCTPYKTHBHHX ITapaMeTpiB
pebep miACiBHOTO 1 pudIIiB COPTYyBaJIBLHOTO pemIiT: aiameTp pedep dped=1,4...1,6 mwm;
Bucota pudnis hpud=1,2...1,4 wmm; BigcTanb MDK pebOpamu 1 psgamu pudis
lpe6=lpup=21 wmm; Bigctanb MK pudussimu 1*=12...14 wmm. lle mae mincraBu
PEKOMEHIyBaTH Pe3yJbTaTH JOCHIKEHbh KOHCTPYKTOpaM, HAYKOBUM POOITHUKAM 1
crieriajgicTaM MalMHOOy1BHOT ramy3i.
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AHAJII3 TA YAOCKOHAJIEHHSA KOIIIPA AITAPATA BOJAIHHSA
KOPEHE3BUPAJBHOI MAIIIMHU
Tecniok B.B.%, bapanoscokui B.M?.
! Hayionanwvnuii ynisepcumem Giopecypcie i npupodokopucmysanns Ykpainu,
2 TeproninbcoKuii HayioHanbHuti mexuiynuil yrnisepcumem im. leana ITynros

BupomryBanas 1mykpoBux OypsikiB B YKpaiHi € CTpaTeriyHOI Taiy33io
arpornpoMHCIOBOTO KOMILIEKCY, sika 3a0e31euye Mpo0BoIbay Oe3MeKy (BUpOOHHUIITBO
IyKpPY ), TPUHOCHUTH BUCOKY MPUOYTKOBICTH (hepMepaM (peHTA0ETBHOCTI) Ta € IIHHUM
MOTIEPETHUKOM Y CIBO3MIiHI, MiJIBUILIYIOUM BPOXKAMHICTh HACTYMHHUX KyJbTyp Ha 30-
40%. Bypsik € mpekpacHUM MOMEPEAHUKOM JJsi 0araTboX KyJbTYp, 30KpeMa s
36pHOBUX, OCKUIbKM 3aJIMIIAE TI0JI€ YHCTHM BiJ Oyp'sHIB 3aBISKH 1HTEHCUBHOMY
norasiay. LlykpoBi Oypsiku € OCHOBHOIO CHPOBHHOIO ISl BUPOOHUIITBA OLIOTO LYKPY.
OxkpiM caMOT0 LYKPY, 3 KOPEHETIOAIB OTPUMYIOTh IMAaTOKY (JJIs1 BAPOOHUIITBA CITUPTY,
JPLKIKIB, TIIIEPUHY) Ta KOM, SIKUA BUKOPUCTOBYIOTH SIK IIIHHUN KOPM JIJIsi TBAPHUH.

BaxxnuBum pe3epBoM 301IbIIEHHS BaJOBUX 300piB 3€pHA, TEXHIYHUX Ta 1HIIUX
CLIbCHKOTOCTIOAAPCHKUX KYJIBTYP € 3pOCTaHHS OCHAIIEHOCTI C1IIbCHKOTOCIOAaPChKOTO
BUPOOHMIITBA BUCOKOIIPOAYKTUBHUMU MAIlIMHAMH, 1 IT1JIBUILIEHHS X €KCIUTyaTaI[iiHuX
moka3HuKkiB [1,2].

3MEHIIeHHs] BTPAT TEXHIYHUX KYJbTYp B KpaiHl juimie Ha 1% piBHO3HAYHO
301JIBIIIEHHIO MOCIBHUX TUIONT HA 1 MUTH. ra.

3a CTaTUCTUYHUMHM JAHUMU BTpPATH KOPMOBHUX OYpsSKIB MiJ 4Yac 30uMpaHHS
KOJIUBAIOThCS B Mexkax BiJl 4 10 13% 1 ix BeJIMUMHA 3HAYHOIO MIPOIO 3aJEXKHUTh Bij
TUIY 30MpaJIbHUX MAalIUH Ta CUCTEM KEpyBaHHsS poOounMMu opraHamu [3].

ToMmy omHMM 13 NUUIAXiB YJOCKOHAJCHHs aBTOMaTa KEpPyBaHHs € 3HAYHE
CIIPOIIICHHS MOro KOHCTPYKIli 1 OJHOYACHO ITiIABUINEHHS TOYHOCTI 1 HAIIAHOCTI
poboTtu

OmHrMH 3 HAMO1IBIT BATOMUX € BTPATH BHACI1IOK MEXaHIYHOT'O TTOIITKOIKEHHS
KOPEHEIUIO/IIB B MIPOIIEC] 1X BUKOMYBaHHS BHACIIIIOK HECIIPABHOCTI, 200 HEJIOCTATHHOI
e(eKTUBHOCTI aBTOMATa KEPYBAHHSI.

ToMy B KOHCTPYKIISIX KOpPEHE30MpaJIbHUX MAIUH, [JIs 3a0e3nedYeHHs
JIOITYCTUMOTO PIBHSI TOIIKOJ/KEHBb 1 BTpat, 3aiiMae cucrema kepyBaHHs (CK), sika
MOBMHHA 3a0€3MeYnTH HEOOXIJHY TOYHICTh BEIAEHHS KOMOailHa MO psAKax Mpu
BUCOKHMX INBHAKOCTSIX 30upaHHsa. lle T03BOJUTH MiABHINUTH TPOAYKTHUBHICTH
MaIlIMHY, 3MEHIIIUTH BTPATH KOPEHIB, @ TAKOK MOJICTIITUTH YMOBH ITpalll MEXaHi3aTopa,
OCKIJIbKM CHCTE€Ma KEpyBaHHS 3BUIbHSE HMOrO BiJl BaKKOi MOHOTOHHOI POOOTH MpuU
KEepyBaHHI MAILIMHOIO M1]] YaC BUKOHAHHS TEXHOJIOTTYHOTO MPOIIECY.

Merta nocnimkenns. [ligBuieHHs eheKTUBHOCTI 30MpaHHs OYpsKIB IIISIXOM
YIAOCKOHAJIGHHS aBTOMaTa KepyBaHHs-arapaTa BOIIHHS.

Ponp xomipa-po3puxiitoBada - BiJICTIKOBYBATH PSAKUA OypsKiB, PO3MYITyBaTH
IPYHT 1 miapizaTu Oyp’stHu. KpiM 11bOTO, 10 MO3UTUBHOTO MOMEHTY CJIiJl BITHECTH T€,
110 KJIMH PO3PUXJIIOBaYa CTa01I13y€e TEXHOJIOTTYHHM MPOIIEC B1JICIIIKOBYBAaHHS PSIKIB
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OypsKIB MPU MaJlii BUCOTI 1X T'OJIOBOK 1 HE JOMYCKAa€ PI3KHUX KOJIMBaHb B MPOIIECI
poOOTH.

Cepiiinuii aBTOMAT KepyBaHHS KopeHe30upanbHoi MamuHu MKK-6 B
HOPMaJIbHUX YMOBaX 30MpaHHs KOPMOBHUX OYPSIKIB 3aJJ0BIJIbHO BUKOHYE CBOT (DyHKIII1.
Opmnak HOro KOHCTPYKIISI HE TPUCTOCOBaHA JJis 30MpaHHs KOPMOBUX OYpsIKIB, SIKi
OyJii BUOUTI THYKO30MPAIBHOIO MAIIMHOIO 1 3HAXOAATHCS B MUKPSIISIX, 110 3HUKYE
HOro eeKTUBHICTh MPHU EKCILTyaTalli.

B pesynbTati anamizy poOoTH Kollipa aBToMaTa KEpyBaHHS KOpEHE30MpaIbHO1
MaIIMHA 3allpOIIOHOBAHO HOBE BUPIIIEHHS TEXHIYHOI 3aJayi, fKe IOJIATaE B
YIAOCKOHAJIGHHI KOHCTPYKINI aBTOMaTa KEpyBaHHS KOPECHE30MpPATbHUX MAIIWH,
IIUISIXOM yJTIOCKOHAJICHHS! KOHCTPYKIIi1 KoTmipa.

Y IOCKOHAJIEHHI aBTOMAT KEPYBAHHS CKIIAIAETHCA 3 JBOX OCHOBHUX YAaCTUH —
KIHEMAaTHKHA MEXaHIYHOI CUCTEMHU 1 TIpaBIidyHOT YaCTHHHU.

[NppaBniyHa cucTeMa € BUKOHABUOIO, sika 3a0e3leuye KepyBaHHS MEpeaHIMU
KOJIeCaMH MaIlIMHU y BIJIMOBIIHOCTI 3 OTPUMaHUMHU CUTHAJIaMH OpI€HTAITI].

Jlns 3abes3reueHHs] HAIIHHOCTI 1 TOYHOCTI BIACIIIKOBYBAaHHS (KOIIFOBaHHS)
PAIKIB HEOOXITHO BCTAHOBUTHU TaKy BiJCTaHb PO3MIIIEHHS JAaTYMKIB, OO0 TUIOCKI
€JIEMEHTH TMep HE 3aTUCKAINCh KOPEHSMU HaNpaBJSIIOYUX PSIKIB, aje # He
3HAXOAMIUCH JIAJIEKO BiJ] HUX, TOOTO OYJIM 3 MIHIMAJIbHUM 3230POM.

BukopucTaHHs 3ampONOHOBAHOTO KOIipa aBTOMara KepyBaHHS KopeHe30mpa-
JbHOI ~ MAllMHM  JO3BOJMUTH  MIJIBUIIUTH  €()EKTUBHICTb  BHKOPUCTAHHS
OypsAKo30UpanbHOi TeXHIKM. PiyHUN eKOHOMIUHMI eQeKT BiJ BIPOBAIKEHHS
3aMpONOHOBAHOIO aBTOMATa BOJIHHSA HA OJIHY MallMHY CKiaB 5962,8 rpH.
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VIIK 656.073

E®EKTUBHICTH CKJIAJICBKOI JIOTICTUKHY NIJJITPUEMCTB
ATPOIIPOMMUCJIOBOI'O KOMILIEKCY: METOJOJIOITYHUHA X1
TA ITPAKTUKA OLHIHIOBAHHSA
Casuenko J1.A., Kynvoaunui |.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauus Ykpainu

Beryn. Ckiazncbka JOTICTHKA € OAHUM 13 KIIIOUOBUX (PYHKIIIOHATBHHUX OJIOKIB
JIOTICTUYHOT CHUCTEMH MIANPUEMCTBA, IO Oe3MOocepeHhO BHU3HAYAE PIBEHb
orepariitHoi €(eKTUBHOCTI Ta KOHKYPEHTOCTIPOMOXHOCTI cy0'exTiB
roCIoflapioBaHHsA. B yMoBax pHHKOBOI HEBH3HAYEHOCTI, CHPUYNHEHOI BOEHHUM
CTAaHOM, TMUTAaHHA ONTHUMI3alll CKJIaJACBKUX THpoLeciB Hal0yBae 0COOJMBOI
aKTyaJdbHOCTI JUIA MIANPUEMCTB arponpomucioBoro komiekcy (AIIK) —
MPOBIHOTO CEKTOpa HAIIOHAJIBHOI EKOHOMIKHM. 3a JaHuMu Jlep:kaBHOI cCityxOu
CTaTUCTUKUA YKpaiHM, YacTKa BUTpaT Ha CKJIAIyBaHHA Yy 3arajibHiil CTPYKTypi
JOTICTUYHUX BUTpAT BiTUM3HIHUX TianpueMctB AIIK cranoButs Bijg 28 10 42 %, mo
3HAYHO TEPEBUIIYE CePEIHBbOEBPOICHChKUM MOoKa3HUK (18—24 %). Ile cBimuuTh mpo
CYTT€EB1 pe3epBH IMIABUIIECHHS €PEKTUBHOCTI CKJIaJICHKOTO TOCIOIapCTRA.

He3Baxaroun Ha 3HaYHUN HAYKOBUU JOPOOOK Yy cepi CKIAICHKOI JIOTICTUKH,
MUTAaHHA KOMIUIEKCHOTO OIlIHIOBaHHS ii €(eKTUBHOCTI 3 ypaXyBaHHSAM Tally3eBOi
cnenugiku AIIK, cyuyacHux UHMQPOBHX TEXHOJOIrIA Ta YMOB BOEHHOIO Yacy
3QJIMIIAIOTHCS] HEIOCTATHHO PO3POOJICHUMU. METOI0 JaHOTO AOCIIIKEHHSI € po3po0OKa
METOJIOJIOTIYHOTO TMIAXO0AYy A0 OIIHIOBaHHS €(PEKTUBHOCTI CKJIAJCHhKOI1 JIOTICTUKHU
nmignpuemMcTB AIIK Ta BU3HaYeHHS IPIOPUTETHUX HAMPSAMIB 11 BJOCKOHAJIECHHS.

BukJiiag ocHOBHOro marepiaJy.

Ckmazncbka JIOTICTHKAa OXOIUTIOE CYKYIHICTh —ONepaliii, MOB'si3aHuxX 13
MpUAMaHHSAM, PO3MIMIEHHSIM, 30€piraHHSAM, KOMILUICKTAI[IEI0 Ta BiJBAHTAKCHHSIM
TOBapHO-MaTepiaibHUX MiHHOCTeH. EdexTrBHA opraHizallis CKIaJIChKHUX IIPOIIECIB
nepeadavae ONTUMAIbHE BUKOPUCTAHHS CKIIAJICHKUX TUIOINI, MiHIMI3aIlil0O BUTPAT HA
BAHTAXKOMEPEPOOKyY, 3a0e3medeHHs] 30€pEeKeHHs SIKOCTI MPOIYKIl Ta CKOPOUYEHHS
yacy BHKOHaHHS 3aMOBJieHb. CTpyKTypa BUTpAT THIIOBOTO CKJIaTy MiANPUEMCTBA
AIIK BimoOpaxeHna Ha puc. 1.
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OpeHpa 3apnnata ObnagH. IT-cuctemu EHeproHocii IHWi
naow nepcoHany Ta TexHika

Puc. 1. Ctpykrypa BuTpar ckiajacbkoi gorictuxu mianpueMmcts ATIK, %
(CKIIaIEHO aBTOPOM)
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Hageneni naHi cBi4aTh, 10 HAMOUIBIITY MUTOMY Bary y CTPYKTYpi CKIAJChKHX
BUTpAT 3aiiMaloTh BUTpATH Ha opeHay mioi (34 %) ta omnaty nparti nepcorainy (28
%). OTxe, came Il CTaTTI € MEPIIOYEProBUMHU 00'€KTaMU ONTHUMI3allli. 3HUKEHHS
BUTpAT Ha OPEHHY JOCSTAETHCS 3aBASKA €(PEKTUBHOMY IUIAHYBAHHIO CKJIAJICHKOIO
IPOCTOPY Ta 3aCTOCYBAaHHIO TEXHOJIOTIH YIIUIBHEHOTO 30epiraHHs, TOIl SK
ONTHMI3allisl BUTPAT Ha TMEPCOHAT — IUIIXOM aBTOMAaTH3aIlil Ta BIPOBAKEHHS
cucteM ynpasiiHHs ckiaaoMm (Warehouse Management System, WMS).

Jlis  KOMITJIEKCHOTO  OIIIHIOBaHHS €(DEKTHMBHOCTI CKJIAACHKOI JIOTICTUKU
MIPOTIOHYETHCSI BUKOPHUCTOBYBATH CHUCTEMY IMOKAa3HUKIB, 00'€THAHUX Y 1HTETPATbHHM
1H7eKC e(DeKTUBHOCTI CKIIAACHKOI JoTicTUKH [ci1. 3aranpHa hopMysia MaTUME BUTIISI:

]CJ'I:(Dl'Ko+0)2'KB+O)3'KH+CO4'KT, (1)
ne Ko — koedirieHT 060poTHOCTI 3amnaciB; Ks — KoedilieHT e(peKTUBHOCTI BUTpAT;
Ks — koeimieHT SKOCTI CKJIaJIChKOro 00cCiIyroByBaHHs; Kr — KOEQILIEHT

TEXHOJIOTTYHOCTI CKJIaJly; ®1-4 — BaroBl KOe(IIIEHTH BIAMOBIIHUX CYOIHACKCIB (2 Wi
=1).

Koedimienr ob6opotHocTi 3amaciB Ko, 10 XapakTepU3ye I1HTEHCUBHICTh
BUKOPHUCTAHHSA CKJIQJCHKUX PECYPCIB, BA3HAYAETHCA 3a (POPMYJIOLO:

Ko = Cpean / Bcep, (2)
ne Cpear — COOIBapTICTh peaji3oBaHOl MPOAYKIIii 3a 3BITHUHM mepion (TpH); 3cep —
CepelHIi 3alMIIOK 3amaciB Ha CKJIaal 3a Toil camuil nepion (rpH). HopmaTuHe
3HaueHHsa Ko 1y mignpueMmctB AIIK pexomenayerbes B aiana3oni 6—12 o00poTiB Ha
pIK.

Koedimient epexktruBHOCTI BUTpaT Kb BioOpakae BIAHOUIEHHS HOPMAaTUBHUX
CKJIQJICBKUX BUTPAT HA OJUHUII0 BAHTAXK0001ry 10 (DaKTUYHHX:

Ks = BHOpM / B(baKT, (3)
ne Buopv — HOPMAaTUBHHMM piBEHb BUTpAT Ha | T BaHTaxo00iry (TpH/T); Boaxr —
(dakTuuHMii piBeHb BUTpaT Ha | T BanTaxoo0iry (rpa/T). [Ipu Ks > 1 — BuTpaTn He
MEePEBUITYIOTh HOpMaTuB; Ks < 1 — rmepeBUTpaTH pecypciB.

KoedimienT TexHomoriunocTi Kr OIiHIOE pIBEHh MEXaH13aIlil Ta aBTOMaTU3aIlil
CKJIQJICPKUX TIPOIIECIB 1 PO3PaxOBYEThCS SK BIJHOIICHHS OOCATY BaHTaXiB,
00po0OJICHNX MEXaHI30BaHUM Ta aBTOMATHU30BaHUM CIOCOOOM Qapr, 10 3arajibHOTO
BaHTaX000iry ckiagy Qsar:

Kr= QaBT / Q3ar x 100 %, (4)

Juuamika BrpoBapkeHHs WMS-cucTeM Ha CKIAQJIChKUX MMANPUEMCTBAX
VYkpainu BiioOpakae 3arajpHy TEHJAEHIII0 A0 nudposizamii ranysi (puc. 2). [Honpu
ynoBUIbHEHHST TeMmiB y 2022 porii, 3yMOBJI€HE BOEHHMMH yMOBaMmH, 3 2023 poky
CIIOCTEPITa€EThCS AaKTUBHE BIAHOBJICHHS TMPOLECIB aBTOMAaTHU3aIlli CKJIaJAChKOTO
MEHEIKMEHTY.
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Puc. 2. Jlunamika BapoBapkeHHss WMS-crucTeM Ha CKIIaJICBKUX MIIPUEMCTBAX
VYkpainu, 2020-2024 pp., % (ckaageHO aBTOPOM)

Pesynbpratu po3paxyHKy IHTETpalbHOTO iHAEKCY [ci Al pernpe3eHTaTHBHOI
BuOipku mianpuemMctB AIIK (n = 47) 3acBigumin, mo aumie 23,4 % 3 HUX JOCSATaloTh
PEKOMEHIOBAHOT'O PIBHS €(PEKTUBHOCTI CKIaAChKoi Jorictuku (I/cn > 0,80). Cepenne
3HAUYEHHA 1HJAEKCY Mo BuUOIpHl cTaHoBUTH 0,64, 1O CBIAYUTH PO 3HAYHHNA
Hepeani30BaHWM mnoTeHHian. HaifHmkdl 3HadeHHs 3adiKCOBaHO 3a CyOIHIEKCOM
texHosoriuHocTi (Kr = 0,38) Ta 0o60opoTHOCTI 3amaciB (Ko = 4,2 00./pik pu HOPMATHUBI
>0).

Armnpo6aiiisi METOJUKH JTO3BOJIHIIA BUSIBUTH TPY TUIOB1 POl TATPUEMCTB 32
piBHEM e(EeKTHBHOCTI CKJIAaAChKOI JoricThkU: «migepw» (len = 0,82-0,94) —
BUKOPUCTOBYIOTh WMS, MarOTh ME€XaHI30BaHHM CKJIaJ, TOTPUMYIOTHCS HOPMATHBIB
Butpart; «cepeausku» (lcn = 0,60-0,79) — 9acTKOBO aBTOMATH30BaHi, ajge MarOTh
pe3epBH 3a BUTpaTaMH Ta 00OpPOTHICTIO; «ayTcaimepu» (Icn < 0,60) — mepeBakHO
pYyuHI omepalii, TOHaJHOPMATUBHI 3aMacH, BIJICYTHI CUCTEMHU OOJIIKY B pPEaIbHOMY
qaci.

BucHoBkn. 3anponoHOBaHUN I1HTErpaJibHUM METOMOJOTIYHUM TiAX1A 0
OI[IHIOBaHHS €(PEeKTUBHOCTI CKJIaAchKoi Jyorictuku mignpuemcts AIIK mo3Boisie
OTpUMAaTH KOMITJIEKCHY KUTBKICHY XapaKTepUCTHKY CTaHy CKIAJAChKOTO TOCTIOapCTBa
32 YOoTHpMa KJIIOYOBMMHU BHUMIpaMHU: OOOPOTHICTIO, BUTPATHICTIO, SKICTIO Ta
TexHoJIOT1uHICcTIO. [IpakTtmune 3actocyBanHs dopmyn (1)—(4) 3abe3neuye
MEHEJ[KMEHT I AMPUEMCTB 00'€KTUBHOIO aHAJIITUYHOIO 0a3010 JIsl IPUAHSATTS PIllICHb
IOJI0  TEpIIOYEepProBUX  HAMpsAMIB  MOJEpHI3amii  CKJIAJChKOi  JIOTICTHKH.
[IpioputeTHuMHU 3axofamMu MIABUIICHHS €(QEKTHBHOCTI €: BOpoOBakKeHHST WMS-
cucteM (moteHIian 3poctanHs Kr Ha 25-40 %); omrumisailis CTpaxoOBUX 3amaciB
meronoMm ABC/XYZ-ananizy (3pocranns Ko Ha 1,5-2,5 00./pik); mepexim Ha
ayTCOPCUHT CKJAACBKHUX TMOCHAYT ISl MIAMPUEMCTB 13 CE30HHMM BaHTa)KOOOITOM.
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Peanizariist 3a3HaUeHUX 3aXO/1B 1I03BOJIMTH CKOPOTUTH JIOTICTUYHI BUTpaTu Ha 18—27
% Ta MABUIIUTH CepeHE 3HAUYCHHS [CI1 IO rajTy3i 10 peKOMEHI0BAaHOTO PIBHSI.
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VJIK 515.24+563.3

MOJEJTIOBAHHS KIHEMATHYHUX ITAP 3YBYUACTOI'O
3AUEILIEHHS B MEXAHI3MAX BIMCBKOBOI TEXHIKH TA
0O3BPOCEHHS 3 BUKJIIOUEHHSIM IHTEP®EPEHIIII
Icmainoea H.II., Mikpwkoe 1.C., Bukoea JL.TI.

Biticoxosa axademisi m. Odeca

CydacHa BIICbKOBa TEXHIKa IparHe 10 BUKOPHUCTAaHHS BCE OUIBII CKJIAJHUX
KPUBONIHIMHUX (QOpM poOOUMX TMOBEPXOHb B MeEXaHi3MaX, sIKa BHUITYCKA€TbCA
BiliCbKOBO-O0OPOHHM KOMIUIEKCOM. 3y0OUacTi mepenadi € HeB1I'€eMHUMU €JIeMEHTaMU
KIHEeMAaTUYHUX CXEM MEXaHI3MIB BIMCHKOBOi TEXHIKH Ta O30pO€HHS: TaHKOBHUX
TPAHCMICIA, TPHUBOJIB OamT, MEXaHI3MIB BEPTHKAJIBHOIO Ta TOPU30HTAIBHOIO
HAaBEJICHHS, TAPMATHUX BIJIKATHUKIB Ta HakaTHUKIB. HanaiiiHICTh 1 TOYHICTH poOOTH
3y04acTHX 3aueryieHb y 00MOBUX yMOBaxX BU3HaYa€e 00€3/IaTHICTh 3pa3KiB 030pOEHHS.

OpHi€ro 3 KIIOYOBUX MPOOJIEM MPU MPOESKTYBaHHI MajiorabapuTHUX 3y0UacTux
nepeaay € inrepdepeHtiis - miapizaHHs HKKHU 3y0a TOJIOBKOIO CIPSKEHOTO 3y0a, siKe
MNPU3BOJUTH /10 MOPYUICHHS] KIHEMATUKH 3auYeIUVICHHS, KOHIIEHTpAlil Halpy>KeHb Ta
nepeI4acHoro pyiHyBaHHs 3yOLiB. 3a yMOB HIABUILEHUX TUHAMIYHUX HAaBaHTaXCHb,
XapaKTEPHUX ISl MOOUTBHUX CUCTEM 030pO€HHS, 1iel e(PeKT 0COOIMBO KPUTUUHUH.

EBonbBenTHUH npodisib 3yO11s € CTaHAAPTHUM JUIsl 3y04acTHX KOJIC Cy4acHOI
BIMCHKOBOT TEXHIKM 3aBISKM IIOCTIMCTBY KyTa THUCKY Ta TEXHOJOIIYHOCTI
BUTOTOBJICHHS. YMOBY BIJCYTHOCTI MiApi3aHHA 3yOLs MpU Hapi3aHHI PEHKOBUM

IHCTPYMEHTOM 3aMHCYIOTh SIK:
2h,,

sina’

z>7" =

7e z - KiTbKicTh 3y6miB koieca; N, =1,0 - koedillieHT BUCOTH TONOBKH 3y0a; O
=20° - kyT npodiII0 BUXITHOTO KOHTYpPY. 3BiJICH MiHIMajdbHa KUIBKICTH 3yOIliB 0€3
MiApi3aHHS CTaHOBUTH Z.,,=17. Jlis miectepeHb 3 MEHINO KUIBKICTIO 3YyOIliB, IO

IIKPOKO 3aCTOCOBYIOThCS B KOMITAKTHHX peayKTopax 030poeHHs (z=8-16),
3aCTOCYBAaHHS HEKOPUTOBAHOTO 3a4CIUICHHS HEMPHUITYCTHME.

['eoMeTpuyHy YMOBY BIJICYTHOCTI 1HTE€p(EPEHIIil MPU 3aUeIyIEHH] JBOX KOJIC
MO>KHA 3aIllCaTU Yepe3 JOBKUHY JIiHI1 3aueruieHHs. [IpakTudHa JiHis 3a4erieHHs He
MOBMHHA BUXOJUTH 3a MEXI OCHOBHUX KiUT 000X KkoiiC. [lopymieHHS 1uX yMmOB
MPU3BOJUTH JI0 MiApI3aHHS, K€ OCOONMBO HeOe3meyHe IS MIeCTepeHb MPHUBO/IIB
MeXaH13MiB HaBEJIEHHS, JI¢ MOTPIOHA BUCOKA TOUHICTh MEPEAATOYHOTO BITHOIICHHS.

Jlnst  BukitoueHHs 1HTepdEpeHIlii B TMPaKTUIl MPOEKTYBaHHS Tiepenay
BIMICHKOBOI TEXHIKM 3aCTOCOBYIOTh TaKi METOAM: MO3UTHUBHE 3MIIIEHHS BHUXIJHOTO
KOHTYpY (BUCOTHA KOpEKIIisl), 3MEHIIEHHS KoeQillleHTa BHUCOTHM TOJOBKU 3y0a,
30UTbLIEHHS KyTa MPOQiII0 IHCTPYMEHTY Ta KOMOIHOBaHI cXeMu Kopekilii. Haioinbi
e(EeKTUBHUM ISl MAJIO3YOHUX LIECTEPEHb € METOJ BUCOTHOI KOPEKIIIi.

[Ipu mo3uTHBHOMY 3MilIeHH] X >0 MiHIMajabHa KUIbKICTh 3yO111B O€3 miApi3aHHs
3HIKY€ETHCS J0:
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2(hy —x)
sina

€ MOXJIMBICTb pO3pOOUTH MMapaMeTPUUHy MoJieib B cepenoBuili SolidWorks 3
IHTErpaIli€l0 aHATITHYHUX 3aJISKHOCTEH /111 BU3HAUCHHS KoeilieHTa 3MileHHs X 31
30€peKEHHAM 3a]aHOTO MI)KOCHOBOT'O BiJICTaHI.

Po3pobnena meToauka anmpoOoBaHa HAa MPUKIAAl ABOCTYIIEHEBOIO PEeIyKTOpa
NPUBOJIYy TOPU3OHTAIHLHOTO HaBeACHHS OONHOBOi MAaIllMHU MIXOTH 3 MEpeJaTOYHUM
BiHOIIEHHAM 1 = 48. [lepummit cTyminb: z1 = 9, 72 = 36, Moyl m = 2 MM; JIPyTH
CTYMiHb: 73 = 12, z4 = 48, moxyns m = 1,5 mm. [ meproro ctynesst zi = 9 < zZpin =
17, mo oOyMmOBIIO€ OOOB'SI3KOBE BBEACHHS KOpEKIli. Pe3ynmpTaTé MomaemOBaHHS
MiATBEPIUIN BICYTHICTD IHTEp(dEpeHIii Ta miIpi3aHHs NPy KIHEMaTUYHOMY aHalli31 B
SolidWorks Motion: mepetus Tixn 3yOI1iB HE BUSBICHO, KOCPIIIEHT TEPEKPUTTS &, =
1,42 mo Bianosigae Hopmam JICTY.

[lopiBHSIHHA HEKOPUTOBAaHOTO Ta KOpUroBaHoro BapiaHTiB B ANSYS
Mechanical moka3ano 3HMKEHHS MAaKCUMaJIbHUX KOHTaKTHUX HanpyxeHb Ha 18,3% Tta
3MEHIICHHS HANpyXeHb y HDKII 3y0a mectepHi Ha 24,7%, 10 MOIATBEPIKYE
e(eKTUBHICTD 3alPOIIOHOBAHOT METOJMKH /JIs YMOB 3HAKO3MIHHUX HaBaHTa)KEHb MPHU
po0OOTI MEXaHI3MIB HaBEACHHS.

Po3poOnena Meronnka KOMITIOTEPHOTO MOJEIIOBAaHHS KIHEMATUYHHUX Iap
3y04acToro 3aderyieHHs JO3BOJISIE HA €Tall MPOEKTYBaHHS rapaHTOBAHO BUKIIOYUTH
iHTepdEepeHIlito g Malo3yOHUX IIeCTepeHb MeXaHi3MIB 030poeHHA. [HTerparris
aHATITUYHUX YMOB BIJICYTHOCTI MiApi3aHHs 3 napamerpudyHumM CAD-MojentoBaHHIM
CKOPOYYE Yac MPOEKTYyBAaHHS Ta MiABUIILY€ HAIHHICTh OTpUMaHUX pitieHb. [IpakTruna
ampoOarris Ha peayKTopi MPUBOLy HaBEACHHS MiATBEPAUIIA 3HIKEHHS HAMpPY>XEHb Y
3yO1s1x Ha 18—25% MOPIBHSIHO 3 HEKOPUTOBAHUM 3a4ETUICHHSIM, IO IMiIBHUIIYE PECypC
nepeaayi B yMoBax 00MOBOT0O 3aCTOCYBaHHS.

Buieza3znaueni TEXHIYHI pllIeHHs CIIPUSATUMYTh M1BULLEHHIO
eKCIUTyaTalliiHO1 HaIIMHOCTI 1 MOXKYTh OyTH peaii3oBaHi 1 J03BOJIUTh YHEMOKIUBUTH
BUHHUKHEHHS 1HTepdEepeHIIii B poieci poOoTH.

Z . =

min
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YIK 514.18

BUKOPUCTAHHA METOAY ANCKPETHUX EJEMEHTIB (DEM) J1JIA
OBIPYHTYBAHHS TEOMETPUYHUX MAPAMETPIB BUCIBHOI'O
JANCKA AK YMHHUKA BE3BI/IMOBHOCTI
Muxaiiniox O.0.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauus Ykpainu

Beryn. ¥V cyuacHux ciBajikax TOYHOTO BHCIBY €KCILTyaTalliiiHy 0e3BiAMOBHICTb
BHCIBHOTO armapara JIOIIJLHO PO3IJIANaTH HE JUIIE SK BIACYTHICTh MEXaHIUYHUX
BIJIMOB, a 1 SIK 3/IaTHICTh CTaOUTBHO 3a0e3MedyBaTh 3a7aHy SKICTh BHUCIBY B YChOMY
poOouomy niama3zoHi MmBUAKOCTeH. JlJig mpocamHuX KyJIbTyp Taka Oe3BIIMOBHICTb
MPOSIBIISIETHCS HACAMITEPE] YePE3 BIJICYTHICTh KPUTUYHUX (DYHKII1IOHAJIBHUX BIIMOB —
MPOIYCKIB 1 3[BOEHb HACIHUH, IO O€3MoCepeHbO MOTIPUIYIOTh PIBHOMIPHICTH
PO3MIIIEHHS POCIUH Y PSJIKY. Y CydaCHUX OTJISIIOBUX IMPAIX MiAKPECIIOETHCS, IO 31
3pOCTaHHSIM BUMOT JI0 BHUCOKOIIBUIKICHOTO BHUCIBY JOCIIIPKEHHS Jenaii Oiiblie
3MINIYIOTHCS Bl CyTO MEXaHIYHOI ONTUMI3aIli] 0 MTHEBMATUYHUX, €JIEKTPOIPUBITHUX
1 YHUCENbHO-MOJICNIbHUX PIIIeHb, CEepeJl SKUX BAXKIWBE MICIE TMOCIIal0Th METO]
muckpetHux enemeHTiB (DEM), mio nmae 3mory MojaentoBaTH PyX 1 KOHTAKTHY
B3a€MO/III0 HaciHHA, Ta noegHanuit miaxing CFD-DEM, sikuil BpaxoBye TakOXk BIUINUB
MOBITPSTHOTO MOTOKY Ha MPOIIEC 3aXOIJICHHS, TPAHCTIOPTYBAHHS 1 CKUJJaHHS HACIHUHU
[1].

Meta poboTu mossirae B OOIPYHTYBaHHI MiIXOAYy A0 BHOOPY I€OMETPUUYHUX
napaMeTpiB BUCIBHOTO JucCKa 3a pesyibratamMmu DEM-MojientoBaHHs 3 ypaxXyBaHHSIM
KPUTEPIiB €KCILTyaTalliitHo1 0€3B1IMOBHOCTI BUCIBHOTO anapara. [{jist focarHeHHs miel
MeTH HeoOX1JHO: 1) BCTAHOBUTH, SIKI T€OMETPUYHI MapaMeTpu AMCKa HanOUIbIle
BIUTMBAIOTh Ha MOBIPHICTh MPOITYCKY Ta 3BOEHHS; 2) MOB’s13aTH pe3ysibratu DEM-
CUMYJIAIIT 3 TOKa3HUKAMHU SIKOCTI BUCIBY; 3) chopmyBaTH KpuTepiit (PyHKITIOHAIBHOT
OC3BIIMOBHOCTI BHCIBHOTO amapara Jjii poOOTH Ha MIABHINCHHX HIBHIKOCTAX. Y
CydJacHil JliTepaTypi OIiHIOBAHHS SIKOCT1 BUCIBY 3/IIMCHIOIOTD Yepe3 SAKICHUM TTOKa3HUK
BuciBy (qualified rate a6o quality index), moka3zuuk nporyckiB (miss index) 1 MOKa3HUK
3nBoeHb (multiple index), a BiAMOBIMHICTh MPOIECY TOYHOTO BUCIBY TEPEBIPSIOTH
3rigHo 3 miaxoaamu [SO 7256-1, ne mporyck Mo’ s3y10Th 3 iIHTepBaJIoM MoHax 1,5 Bif
TEOPETUYHOTO, a 3IBOEHHS — 3 iHTepBajioM MeHiie 0,5 Bl TeopeTHaHoro [4].

OcHOBHa 1J1es TOCHIPKEHHS ToJIIrae B TOMY, 110 TTapaMeTpy BUCIBHOTO JMCKA
BU3HAYAIOTh HE JIMILE MPOAYKTHBHICTh, a 1 CTIHKICTb MpPOIECY OAMHUYHOIO
3axoruieHHs HaciHHS. B xonTekcti DEM 1ie o3Hauae, mo ¢opma il po3Mipu 0TBOpY,
KyTOBI apaMeTpH HaNpSIMHUX €JIEMEHTIB, KyT HAXWIY JUCKa, a TAKOX 4acTOTa HOoro
oOepTaHHs BIUTMBAIOTH HA TPAEKTOPIIO HACIHUHM, 11 OPIEHTAI1}0, KOHTAKTHI B3a€EMO/I11
3 CYCIIHIM HacCiHHAM 1 poOOYMMM MOBEPXHSIMH. SKIIO TeoMeTpiss OTBOpY abo
KiHEMaTHKa JMCKA HE BIAMOBIAAIOTH (hi3MKO-MEXaHIYHUM BJIACTHUBOCTSIM HACIHHS, Y
30HI 3alOBHEHHS BUHUKAIOTh PEXKUMU HE3amoBHEHHS KoMmipku (no-fill) aGo
HAJUTMIIIKOBOTO 3aroBHEHHsS Komipku (over-fill), sxi B peanpHIil ekcruTyaraiii
MPOSIBJISIIOTECS K MPOMycku Ta 3aBo€HHSA. Came ToMy  (YHKIIOHATBHY
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O€3BIIMOBHICTh BHUCIBHOT'O amapara JOLUUIBHO TpaKTyBaTH SK 30epeKeHHs
JIOIYCTUMOTO P1BHSI TOKA3HUKA MPOMYCKIB 1 TOKa3HUKA 3BOEHD Y 33JJaHOMY THTEpBai
MIBUAKOCTEH pyxy arperary. Takuid WiAXin y3rOJKYETbCsl 13 CyYaCHUMU
JTOCIIKEHHSIMA BHCOKOIIBUJKICHUX BHCIBHUX CHUCTEM, Y SIKMX 3HUXKEHHS SKOCTI
BUCIBY MOSICHIOIOTH CKOPOYEHHSIM 4acy 3allOBHEHHS KOMIPKHU, 30LIBIICHHSM 4YHCIIa
MDKHACIHHEBHX 31TKHEHB 1 HECTaOUIbHICTIO TPAEKTOPIi CKUaHHS HaCIHUHU [4].

DEM-MopenroBaHHS TO3BOJISIE JOCIIIATH 111 SIBUIIA HA CTa i1 TPOEKTYBaHHS 0€3
TPUBAIMX EKCIIEPUMEHTAIbHUX BUIPOOyBaHb. Ha BigMiHy Big TpaauifHOTO
eKCIiepuMeHTaIbHoro niaxoay, DEM nae 3Mory npocTexuTH pyX OKpeMoi HaCIHUHH,
BHU3HAUMTH KOHTAKTHI CHJIH, IIBUAKICTh, KyTOBY OpI€HTAIIII0, Yac mepedyBaHHA y 30H1
3aXOIUICHHS Ta XapakTep B3aeMojii 3 oTBOpoM aucka. CamMe TOMy B OCTaHHI POKH
YHCeNIbHE MOJICNIOBAaHHS BUKOPUCTOBYETHCS HE JUIIEC JUISl TOSICHEHHS MPUYUH
MIPOITYCKiB 1 3IBO€HB, a 1 JIJIs1 ONTUMI3aIlli pO3Mipy OTBOPIB, OPMHU BUPI3iB, FEOMETPIi
HaINpsSMHUX Ma3iB 1 peKUMIB 00epTadHs aucka [2]. B ormsami 2025 poky mokasaHo, 1110
CFD, DEM 1 CFD-DEM axkTuBHO 3aCTOCOBYIOTH Jisi OIIIHIOBAHHS MOBITPSHOIO
MOTOKY, KIHETUKH YaCTUHOK, B3a€EMOJI11 HACIHHS 3 OTBOPOM Ta OYHIIyBaueM, a TAKOX
Uist BUOOpY JllaMeTpa MPUCMOKTYBaJbHUX OTBOPIB 1 poOOYOro Bakyymy [2].
Pesynbratv MOCHIDKEHHSI BIALIGHTPOBOTO IMHEBMATUYHOTO BHCOKOIIBHJIKICHOTO
BHUCIBHOTO arapara TakoX MiATBEPKYIOTh, IO PAI[lOHAJIbHE MOEIHAHHS T'€OMETpIi
BHCIBHOI'O JIUCKA, MapaMeTPiB J03aTOpa Ta MOBITPSIHOTO PEKUMY JIa€ 3MOTY 30epiraTu
AKICHUW TOKa3HMK BUCIBY NoHaa 92 % y niamasoni mBuuakocted 10-18 km/rogn,
po31IMpIo0YN 00J1acTh 0€3B1IMOBHOT po0OTH anaparty [7].

XapakTepHUMH JJIs  OIIHIOBaHHsS MoJuBocteil DEM-MonentioBaHHa €
pe3yabTaTH Cy4acHHMX IOCHKeHb BUCIBY KyKypyI3u. 3a gonomororo CFD-DEM
BCTAHOBJIEHO, 1110 JIJIsl THEBMATUYHOTO BUCOKOIIBUAKICHOTO arapaTty OTBIp AlaMeTpOM
4,5 MM 1 BHYTpIIIHIN AlaMeTp HACIHHENMPOBOAY 22 MM 3a0e3MeuyroTh HaNWOUIbII
CTaOUIbHY aepoJAMHAMIKY Ta PIBHOMIpHE MPUCKOPEHHS HACIHWHU; 32 HETAaTUBHOTO
tucky -4 klla 1 momatHoro tucky 3 klla mim dac cTeHIOBHX BHUIPOOYBaHb OYIIO
JOCSITHYTO SIKICHOTO TIOKa3HHMKa BUCIBY 96,48% [3]. V poboti Dong Ta iH. (2025)
DEM-MozentoBaHHS MEXaHIYHOTO BHUCIBHOTO amapary IMOKa3aylo, IO TOMepeaHE
OpIEHTYBaHHS HACIHMHU Ta OMNTUMI3AIlS TEOMETpii HANMPSIMHOTO Ia3a 1CTOTHO
3MEHIIIYIOTh IMOBIPHICTh HE3aIIOBHEHHSI Ta HAIJIUIITKOBOTO 3aIIOBHEHHSI KOMIPKU; TIPH
KyTl po3KpuTTA 21,6° Ta mmpuHi 8,4 MM SKICHUN NOKa3HUK BUCIBY cTaHOBUB 94,8 %,
MOKa3HUK 37Bo€Hb — 1,3 %, a mpocumnanns HaciHHg — 3,9 % y nianma3oni 8—14 km/ron
[4].

VY nocnimxenHi neppopoBaHoro BUCiBHOro npuctporo DEM-cumynsiuist gana
3MOTy OOIPYHTYBATH palliOHAJIbHY T€OMETPiI0 Mep(GOpPOBAHOTO KUJIbLIS; ONTUMYM OYJI0
JOCSITHYTO 3a JIOBXKWHU 3yOus 8,65 MM, IeHTpaiabHOro KyTa 8° Ta mBuakocti 13,55
KM/TOJ1, 1110 3a0e3MeUnsio sIKICHUIA MMOKa3HUK BUCIBY 94,5 %, moKa3HUK 3/1BO€HB 2,7 %
1 MOKa3HUK mpocunaHHs HaciHHSA 2,8 % [6]. biu3bki BUCHOBKM OTpUMAaHO 1 JJis
MMHEBMATHYHOTO BHUCIBHOTO amapara 3 V-MOJIOHUMHU HanpsSIMHUMHU I1a3aMd Ta
ONTHMI30BaHOIO (POPMOIO MPUCMOKTYBAJILHOTO OTBOPY: 3a pe3yibratamu CFD-DEM-
MOJICITIOBAHHS 1 CTEHJIOBOT MEPEBIPKH SKICHUW TMOKA3HUK BUCIBY mocsraB 98,94 %,
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MOKa3HUK 31Bo€Hb cTaHoBHB 0,93 %, a mokasnmk mpomyckiB — 0,13 %, mo
MiATBEP/KY€E €(heKTUBHICTh TEOMETPUYHOI ONTUMI3allil BUCIBHOTO JHcKa [8].

Pa3zom 3 TUM y JOCHIPKEHHSIX HQIIMHOCTI CUIbCHKOTOCIOIAPCHKOT TEXHIKH
HaAroJIONIY€EThCS, IO IJABUINCHHS OE€3BIIMOBHOCTI MAIIMH CIIIJI PO3IVISAATH SK
CKJIQJIOBY 1HHOBAI[IHHOTO PO3BUTKY, 32 SKOTO KOHCTPYKTHBHI YAOCKOHAJIEHHS MalOTh
CYNpPOBOXKYBATUCS OI[IHIOBAaHHSIM HaJIHHOCTI B peaJIbHUX yMOBaX eKcruryaTaii [9].

HaBeneHi pe3ynbTatu Aar0Th MiICTaBU C(HOPMYIIIOBATH HAYKOBO-TIPAKTUYHUMN
BHCHOBOK: T€OMETPUYHI TapaMeTpy BUCIBHOTO JIMCKa TOBUHHI OOTPYHTOBYBATHCS HE
130JTbOBAHO, a SIK YACTHMHA CUCTEMH “‘HACIHHSI — JUCK — MOBITPSHUMN TOTIK — MIBUIKICTh
pyxy”. Ilpu 1poMy KpHUTEpi€EM ONTUMAIBHOCTI Mae OyTH HE JIMIIE MaKCHUMIi3allis
AKICHOTO BHCIBY, a 1 3a0e3ledyeHHs CTiiikoi poOoTH 0e3 mepexony B PEKUMHU
CUCTEMATUIHHUX MPOITYCKiB 200 31BOEHD. TaKM YMHOM, Y KOHTEKCTI €KCILTyaTaIiiHOl
0€3B1IMOBHOCTI (DYHKIIIOHAJIbHY B1JIMOBY BUCIBHOTO anapara JOIIbHO BU3HAYATH SIK
MEPEBULIEHHS IOITyCTUMOTO PiBHS MOKa3HHUKA MPOMYCKIB a00 MOKa3HUKA 3/IBOEHD 32
3aaHoi poboyoi mBUAKOCTI. Y TakoMy paszi DEM-monenmtoBaHHs J1ae 3Mory
MIPOTHO3YBAaTH MEX1 0€3B1IIMOBHOTO ()YHKIIIOHYBAaHHS, @ TEOMETPis BUCIBHOTO JUCKA
PO3IIIAIAE€THCA K OJIUH 13 KIIFOUOBUX KEpOBaHUX (haKTOPIB X po3MIUpeHHs [5].

BucHoBku. BukoprcTaHHS METOIY JTUCKPETHUX €JIEMEHTIB € MEePCIEKTUBHUM
HaIpsiIMOM OOTPYHTYBaHHsI MapaMeTpiB eKCIUTyaTalliHO1 0€3B1IMOBHOCTI BHUCIBHUX
amapariB MMOCIBHUX MallliH TOYHOT'O BUCIBY MPOCAMHUX KYJIbTYp. Y IIbOMY KOHTEKCTI
HOB1 KOHCTPYKTHBHI PIIIICHHS y CIBAJIKaX TOYHOT'O BUCIBY JIOIIJILHO OLIIHIOBATH TaKOXK
3 MO3UIINA PEecypco30epeKeHHS, OCKUIbKU 3HIKEHHS WMOBIPHOCTI MPOMYCKIB 1
3IBOEHb 0€3MOCEPEIHBO TOB’si3aHE 3 €(PEKTUBHICTIO BUKOPUCTAHHS HACIHHA Ta
CTaOlIBHICTIO TexHoJjoriunoro mporecy [10].  DEM-monentoBaHHs 103BOJIsIE
BUSIBJISITH TPUYMHU (PYHKIIOHAJIBHUX BIIMOB BHCIBY Ha MIKpPOpPIBHI, MPOTHO3YBaTU
BIUTMB I€OMETPii OTBOPIB, Ma3iB 1 KyTa HAXWJIy JAMCKA HA MPOMYCKH Ta 3BOEHHS, a
TaKOK BU3HAYATH palllOHAIbHI MapaMeTpu BUCIBHOI'O JUCKA JUIS CTaOLIBHOI POOOTH
Ha MIABUIICHUX IMBUAKOCTSIX. [IpakThyHe 3HAYEHHS TAKOTO MiJIXOJYy IOJsTace B
MO>KJIMBOCTI I1I€ Ha €Tari MPOEKTYBaHHS 0OTPYHTOBAHO BUOMPATH T€OMETPII0 pOOOUNX
OpraHiB, ska 3a0e3rneuye sSKICHMM IMOKa3HMK BHUCIBY ToHan 90-95 % y 3amaHoMy
Jiara3oHi MIBUAKOCTEH 1, BIAMOBIAHO, IMIJBHUIINYE EKCIUTyaTalliiHy O€3BiAMOBHICTH
BHCIBHOTO amapara [1].
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E®EKTUBHICTH 3ACTOCYBAHHS BE3NIJIOTHUX ABIAIIIMHUX
CHUCTEM JJIA YIBTPAMAJIOOB’€EMHOI'O OBIIPUCKYBAHHS B
CYYACHOMY POC/IMHHULTBI
Beuepa O.M., Tecniox b.B.

Hayionanvruii ynisepcumem biopecypcis i npupoookopucmyseauus Ykpainu

CydJacHe CiTbCHKOT0 TOCIIOAAPCTBO TIepeOyBae Ha eTari mepexoy 10 KOHIEMIi1
Agriculture 4.0, ne KIIO40OBY pOJIb BiJirpae TOYHICTh Ta aBTOMaTH3amis. Tpanuiiiiai
METOJIM 3aXHCTy POCIHUH CTHKAIOTbCA 3 BHUKJIMKAMH: TEPEYLIUIbHEHHS TIPYHTY,
MOIIKO/PKEHHS BUCOKHX KYJIbTYp (KyKypy/A3a, COHAIIHUK) KOJICHOIO TEXHIKOIO Ta
Bucoka ButTpata Boau (200-300 isi/ra). BukopuctanHs O€3MIJOTHUX aBlalliiHUX
cucTeM (ApOHIB) MPOMNOHYE AJBTEPHATHBY, IIO 0A3y€EThCS HAa MPUHLMUIIAX TOYHOTO
3emsiepoOcTRa [1, 2].

TexHoor14H1 IepeBaru BUKOPUCTAHHS arpoJIpOHIB:

— KitouoBoro ~ BIAMIHHICTIO ~ JPOHIB €  BUKOPHUCTaHHS  TEXHOJIOTii
yJIbTpamMalloo0’€MHOTO OOIPHUCKYBAHHS.

— JlucnepcHICTh Kpamenb - arpoApoHu (opMyroTh Kpamii po3mipom 100-250
MKM. 3aBJsKU MOBITPSIHUM NOTOKaM BiJ poTopiB (downwash effect), mpenapat
IIPOHUKAE B CEPEJIHI Ta HUKHI SIPYCH POCIIMHH.

— BifcyTHICTh TEXHOJIOTIYHOI KOJii - BUKOPHCTAHHS arpojApOHIB J103BOJISIE
YHUKHYTH MEXaHIYHHMX IMOIIKO/KEHb MOCIBIB, 10 30epirae Bix 3% a0 6%
BPOJKaIo.

- Po6oTta B ckiaHUX yMOBax - arpoJIpOHM MOXKYTb MpAaLOBAaTH BiApaszy MicCis
omajiB (KOJM IPYHT 3aHAATO BOJIOTHM Ul Ba)XKKOI TEXHIKM) Ta Ha MOJIAX 31
CKJIAJTHUM pebeoM.

[TopiBHsIBHUE aHaNI3 €()eKTUBHOCTI:

Iapamemp Tpaouuiininui /[pon-oonpuckyeau (nanp. DJI
oonpuckyeau Agras T40)

Butpara Boau 200-400 n/ra 5-20 n/ra

Burpara Bucoxa (1) Husbka (EnexTpoenepris)

naJuBa/eHeprii

YuwinbHeHus rpyaty  HasBHe BincyTthe

IIpoaykTHBHICTH Bucoka Ha Benukux Bucoka Ha ckinagHuX/Manux
MacHBax TUITHKAaX
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Exonomis 33P Ta Boju - 3aBASKH BUCOKIN KOHIIEHTpaIlli poO0OYOro po3unHy Ta
touHomy mno3uniroBadHo (RTK), edekTuBHICTh Mif0401 PEYOBUHU 3pPOCTaE.
JlociKeHHST TOKa3yl0Th MOKJIUBICTh 3HMKEHHS HOPMU BUKOPHUCTAHHS MIpenaparib
Ha 15-25% 6e3 BTpatu 610J10T14HOT €(hEKTUBHOCTI.

[Torpu o4eBuUIHI IIEpEBaru, ICHYIOTh CTPUMYIOU1 (haKTOPHU:

- Meteo3anexHicTh (IIBHAKICTh BITPY MOHAM S5-7 M/C KPUTHYHO BIUTUBAE Ha
3HECEHHS Mpemnapary).

— Yac moipoTy - HE0OX1IHICTh YaCTO1 3aMiHU aKyMYJISITOPIiB Ta 3alpaBKu Oaka.

— 3akoHonaBctBo: [loTpeba B ceprudikariii mijoTiB Ta 0OMEKEHHS MOJBOTIB Y
MEBHUX 30HAX.

ExoHoMiuHe OOIpyHTYBaHHS - IHBECTHIII B JPOH-OOMPHUCKYBau OKYMAIOTHCS
npoTSIroM 1—2 Ce30HIB 3a paxyHOK: 30UIbIIEHHS BpOXKAWMHOCTI (BIACYTHICTb
BUTONTYBAHHs ), 3HKEHHS BUTPAT Ha JIOTICTUKY BoAM (B 20 pa3iB MEHILIE IT1]IBE3EHB),
3MeHIEeHH BuTpaT Ha [IMM.

Ane moTpiOHO BpaxoByBaTH, IO €(EKTHUBHICTh OONPHUCKYBaHHSA JApPOHAMHU
KPUTUYHO 3aJIeKUTh Bl alrOPUTMIB MMOOYJIOBM MAapHIpyTy, SKI 3a0e3MeuyloTh
MaKCUMaJbHE OKPUTTS TUIOLII ITPU MIHIMaJIbHUX BUTpaTax eHeprii Ta yacy. CydacHi
IT-pimmennst 6a3ytorses Ha inTerpanii ['IC-nanux Ta RTK-no3umionysanus [3, 4]. s
PO3paxyHKy TpaeKTOpli BHUKOPUCTOBYETHCSI METOJ JEKOMIIO3MIIi IOJIITOHIB.
[Tporpamue 3abe3neueHus (Hanpukian, DJI Terra abo ArduPilot Mission Planner)
po30uBae 1moJie Ha MapajieJbHI BEKTOpH (Tajicu) 3 YpaxyBaHHSM HAaCTYIHUX
napameTpis:

— [upuna 3axBary (Swath Width) - po3paxoByeTbcs JUHAMIYHO 3aJI€KHO BiJ
BHUCOTH MOJILOTY Ta cenudiku GopCcyHOK.

- [lepexputts (Overlap) - 3a3Buuail BcTaHOBIIOEThCS Ha piBHI 10-25% nms
3ano0iraHHs «orpixam» npu O1YHOMY BITpI.

— KonTtypna aganTartis - 1715 IOJIiB CKJIAIHOT ()OPMH 3aCTOCOBYIOTHCS aTOPUTMHU
Boustrophedon (pyx 3Miiiko10), 1110 MiHIMI3yIOTh KUIBKICTh PO3BOPOTIB, Ha SIKi
npunaaae 10 15% BTpaT eHeprii akyMyJsiTopa.

s 3D-MoemoBaHHs Ta JOTPUMaHHS BUCOTH - HalckiaaHimuM I T-3aBnanasM
€ pobora Ha peiabedi. BUKOPUCTOBYIOTBCS JIBI OCHOBHI TexHoJjorii: Terrain Follow
(PagapHe ckaHyBaHH#), Jie IPOH y peaIbHOMY Yaci 3a JOIMOMOTOI MIKPOXBHJIbOBOIO
pazapa BUMIPIOE BIJICTaHb 10 POCIMHHOTO MOKPUBY, KOPUTYIOUH BUCOTY 3 TOUHICTIO
1o +10 cm Ta nonepenne 3D-kapTyBaHHS, A€ 32 JOMOMOI'OI0 KapTorpagpiyHOro ApoHa
CTBOPIOETHCS opTodoTomian Ta 1udpoa Moxaenb noepxHi (DSM). Lle nos3Bosnse
OCHOBHOMY arpoJIpoHy 3a3JaJI€Ti/Ib «3HATH» TPAEKTOPI0 00XOAY MEepemKo (Jiepena,
JIEII) Ta mepenanu Bucor, 1o Ha 20% miaBuinye O€3MeKy mojaboTy. [HTeneKTyanbHe
ynpasiiaHs pecypcamu (Smart Swath Control). CyuacHi cucteMu KepyBaHHS
MOJIbOTOM aBTOMATHYHO KOPETYIOTh IIBUIKICTH IMOJadl Mpenapary 3aJieHO BiJ
HIBUIKOCTI pyxy apona. Toukosi Micii (Spot Spraying): Ha ocHoOBi kapT iHIEKCiB
Beretaitii (NDVI), 3aBantaxkenux y c¢opmari .shp ado .Kml, npon pospaxoBye
TPAEKTOPIIO JIMIIE JI0 30H MPUTHIYEHHS TOCIBIB, ITHOPYIOUU 370poBi AunsHKU. Lle
no3BoJisie ekoHoMutH 10 60% mpenapaty. IIpu po3paxyHKy TOYKHM [103alpaBKH -
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AITOPUTM PO3PAXOBYE KTOUYKY IMOBEPHEHHS» TaK, MO0 3apsiay Oarapei BUCTAUYMIIO Ha
NUISIX J10 6a3u, (PIKCYIOYH B MaM’sITI TOYH1 KOOPAUHATH 3yIUHKH OONIPUCKYBaHHS IS
IIPOJIOBXKEHHS MICIT 3 TOXMOKOI0 HE OLIbIIE 2 CM.

BukopucTtanHs IpoHIB A OONPHUCKYBAaHHS € HaWOUIBII BUTIPABIAHUM JIJIst
JecyKailii, BHeCEHHsl (DYHTIIU/IIB Ta 1HCEKTUIIU/IIB, a TAKOX JJIsI pOOOTH Ha TOJISIX 31
CKIagHUM KOHTypoMm. TexHosoriss YMO 3abe3nedye BUCOKY SIKICTh 3aXHUCTy TMpU
3HAYHI €KOHOMIi pecypciB. Y MalOyTHOMY MPOTHO3Y€ETHCS MOBHA aBTOHOMI3allis
IPOIIECIB Yepe3 BUKOPUCTAHHS "IPOHIB-TIOPTIB".
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VJIK 656.073

TPAHCIIOPTHO-EKCHIEAUTOPCHKA NISAJBHICTH B YKPAIHI:
AHAJII3 EOFEKTUBHOCTI TA HAITPSIMU ONITUMI3AILIII
Casuenko JI.A, Bonookesuu A.

Hayionanvnuii ynieepcumem oiopecypcis i npupoookopucmyeanus Yxpainu

KirouoBi cjioBa: TpaHCIOPTHO-EKCIIEIUTOPChKA MiSUTHHICT, JIOTICTHKA,
e(eKTUBHICTDb NIEPEBE3CHb, MYJITUMOAAIBHUN TPAHCIIOPT, IU(PPOBI3aLis.

TpaHcOpTHO-EKCIEANTOPChKA  JISUIBHICTE €  CHCTEMOYTBOPIOBATHHUM
€JIEMEHTOM JIOTICTUYHOI i1H(pacTpykTypu Ykpainu. B ymoBax eBpoiHTerparii Ta
HEOOX1THOCTI TOBOEHHOTO BIJHOBIICHHS 3pOCTa€ MOTpeda y HAYKOBO OOTPYHTOBAHUX
I1JIX0/1aX JI0 OLIHIOBaHHS e(PEKTUBHOCTI pOOOTH MIAMPHUEMCTB raiay3i. MeTor 1aHoTro
JTOCIIKEHHSI € po3po0Ka KOMIUIEKCHOTO MOKa3HHWKa €(PEKTUBHOCTI TPAHCIOPTHO-
EKCIIeIMTOPCHKOTO OOCTYTrOByBaHHS Ta BUABJICHHS pE3€pPBIB HOTO MiABUIIICHHS.

PuHOK  TpaHCOPTHO-EKCHEAUTOPCHKUX  MOCIYr  YKpaiHU  JIEMOHCTPYE
HEPIBHOMIPHY JTUHAMIKY, 3yMOBJICHY SIK 30BHIIIIHBOCKOHOMIYHUMHU YUHHUKAMHU, TaK 1
BHYTPIIIHIMU CTPYKTYpHUMH mpooOsiiemamu (puc. 1). OcoOnuBO 3HAYHE MMaJ(IHHS
o0cariB puHKy BifOynoch y 2022 porii — Ha 40,6 % MOPIBHSAHO 3 MOMEPEIHIM POKOM
— BHACJHIZIOK TIOBHOMACIITAOHOTO BTOPTHEHHS Ta TIOPYIICHHS TPATUIIAHAX
JIOTICTUYHUX MapIIPYTiB.

I 3pocTaHHg / cTabinbHUiA piBeHb

60 X
55.2 B NagiHHs

o (9]
o o
1 1

O6car pUHKY, MApA rpH
w
o

2019 2020 2021 2022 2023
Pik

Puc. 1. Jlunamika o6csiry puHKY TpaHCIOPTHO-EKCIIETUTOPCHKUX MOCITYT Y KpaiHu,
2019-2023 pp.

Jis  KUTbKICHOT OIIHKM ~ €(eKTUBHOCTI TPaHCIOPTHO-EKCIEAUTOPCHKOTO
obciyroByBanHsi (TEO) mponoHyeTbCcsl BUKOPUCTOBYBATH 1HTErpabHUM MOKAa3HUK
KiuT, 110 BpaxoBye 4acoBUil, BApTICHUH Ta SAKICHUI KOMIIOHEHTH. 3araibHa Gopmyia
MaTUME BUTJISA:
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KiHT:(l'Kq+B‘KB+'Y'K5{, (1)
ne Ku — w4acoBuil koedimieHT (BIAHOLIEHHS HOPMATHUBHOTO Yacy BHUKOHAHHS
3aMOBJICHHS 710 (pakTuyHOTO0); KB — BapTiCHUMN KOedIli€HT (BIJHOIIECHHS MJIAHOBUX
BUTpAT 10 pakTuyHMNX); K — sikicHUM KoeilieHT (piBEHb 33JJ0BOJICHOCT] KIII€HTIB,
yacTKa 6e371e(heKTHUX TOCTaBOK); o, 3, Y — Barosi koediuieHtu (o + B +vy=1).

Yacosuii koediiieHT K4y BU3HaYa€eThes 3a (HOPMYIIOL0:
Kq= THOpM / T(baKT,

(2)
1€ Tuopw — HOPMATUBHMUI Yac BUKOHAHHS 3aMOBJIEHHS (roA.); 7(gakT — (pakTHUHUH
yac BHUKOHAaHHS 3aMoBlIeHHA (roxa.). Ilpy Ku > 1 KOHCTaTyeTbCcsi BUKOHAHHS
3aMOBJICHHS B4aCHO a00 TOCTPOKOBO.

CTpykTypa pUHKY TpPaHCHOPTHO-EKCHEAUTOPCHKUX TOCIYr 3a BHUAAMHU
TpaHCIIOPTY € HepiBHOMIpHOIO (puc. 2). JloMiHyioue TIOJIOKEHHS 3aiiMae
aBTOMOOUTbHUN TPAHCIIOPT, 10 3yMOBJIEHO THYYKICTIO MapIIpyTU3allii, JOCTYITHICTIO
Ta MOKJIMBICTIO 3/IICHEHHSI IOCTABKH «B1Jl IBEPEH 10 ABEPEIi».

ABiauUitHWR
MopcbKunn

TpybonposigHWUi

3anisHWUYHWN

ABTOMODINLHMIA

Puc. 2. CtpykTypa TpaHCIIOPTHO-EKCIIEAUTOPCHKUX MOCIYT 3a BUJAaMU TPAHCIIOPTY,
2023 p., %

PenTtabenbHiCTh TPaHCIOPTHO-EKCIIEAUTOPCHKOL JISTBHOCTIL Rren
PO3PaxOBYETHCS 32 CTAHIAPTHOIO (POPMYIIOI0 PEHTA0EIHHOCTI BUTPAT 3 YpaxXyBaHHSIM
crenudiky ramysi:

Rren = ([IrE0 — Bsar) / Bsar X 100 %, (3)
ne /teo— AOXOAM BiJ TPAHCIIOPTHO-EKCIIEIUTOPCHKOTO 00CIyroBYBaHHs (IpH); B3ar
— 3arajibHi BUTpaTH MiApUEMCTBA (TPH).
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Ha migcraBi mpoBeAeHOro aHalily BCTAaHOBJICHO, IO CEPEIHE 3HAYCHHS
IHTerpanbHOro mnokaszHuka edexktuBHocTi TEO nmisi mpoBiIHUX ONEpPaTOpIB PUHKY
ctaHoBUTh Kint = 0,72-0,84, 1m0 € HWKYUM 3a ONTUMaJIbHUK piBeHb (> 0,90).
OcHOBHUMHU pe3epBaMu MiABUILIECHHS €()EKTUBHOCTI €: CKOPOUEHHS TPAH3UTHOTO Yacy
3a paxyHOK oNTHMi3allii MapiipyTiB (moTeHIian 3pocrtaHHs Ku Ha 12-18 %),
BIipoBapkeHHsT TMS-cuctem (3HW)KEHHS JIOTICTHUHHUX BUTpaT Ha 8—15 %) Ta
i IBUIIEHHS IKOCTI cepBicy (3poctanns Ks Ha 10-14 %).

TakuM dYHHOM, 3ampONOHOBAHWUN METOAMYHUN MIAXIJ JO OIIHIOBAHHS
€(EeKTUBHOCTI TPAHCIIOPTHO-CKCIIEANUTOPCHKOT TiSTILHOCTI J03BOJIIE KOMIUIEKCHO
BpaxoByBaTH YacOBi, BapTICHI Ta SIKICHI mapameTpu oOciyroByBaHHs. [Ipaktuune
3actocyBanHa (popmyn (1)—(3) Hamae KepiBHHKAM MiANPHEMCTB raixy3i 00'€KTHBHY
iHpopMalliiny 0a3y UIsi NPUHAHATTS YNPaBIIHCHKUX pillleHb MIOAO ONTHMIi3alli
omepamiifHoi  JISJIBHOCTI Ta  MIABUIICHHS  KOHKYPEHTOCHPOMOXXHOCTI  Ha
HalllIOHAJTBLHOMY 1 MDDKHAPOJIHOMY PUHKaX TPAHCHOPTHO-JIOTICTUYHHUX MOCIIYT.
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V]IK 656.073

YIIPABJIIHHA 3AITACAMU HNIIITPUEMCTB AIIK HA OCHOBI
IHTEI'POBAHOI'O ABC/XYZ-AHAJII3Y
Casuenko JI.A., Posxcowmenxo |.
Hayionanvnuii ynieepcumem odiopecypcis i npupoookopucmyeanus Yxpainu

[IpoGnema ympaBiliHHS 3amacaMy € OJIHIEI0 3 HEHTPAIbHUX Yy JIOTICTHYHOMY
MEHE/KMEHTI MinpueMcTB arponpomucioBoro komruiekcy (AIIK). Hamnumikosi
3aracy MpU3BOJATH 10 3aMOPOXKYBAHHS OOOPOTHHMX KOIITIB Ta 3pOCTAaHHS BUTPAT Ha
30epiranHs, ToAl K iX AEPIIUT — 10 3YNMUHKA BUPOOHMYMX MPOIECIB 1 BTpaTu
BpO’Karo. 3a OLIHKaMH aHANITHKIB, HEpalllOHAIbHE YIPABIIHHS 3aMacaMy CIPUYHHSIE
BTpaTu y po3mipi 12—18 % Big BapTOoCTI TOBapHO-MaTepianbHuX HiHHOCTER (TMLI) Ha
pik. InterpoBanuit ABC/XYZ-ananiz no3sonsie nudepenuiroBata acoptuMeHT TMIL
3a JIBOMa KJIIOYOBHUMH KPHUTEPIIMH — E€KOHOMIYHOIO 3HAYYIIICTIO Ta CTAOUIBHICTIO
MonuTy — 1 opMyBaTH aApECHI CTPATET1i YIIPaBIIHHS ISl KOKHOI TPYIIH.

Meroro  gochmipkeHHST €  po3poOKa  METOJUYHOrO0  IHCTPYMEHTapiro
inTerpoBanoro ABC/XYZ-ananizy 3amaciB Ta oOTpyHTYBaHHS JUQEpEHIIOBaHUX
cTparerii ynpasmiHHs ais mignpuemcts ATTK.

Buxkiaa ocHOBHOTo Mmarepiady.

ABC-ananiz rpyHryerscs Ha mnpuHinumi [lapeto 1 mepenbadae paHKyBaHHS
MO3UIIIH 3aMaciB 3a iX YaCTKOI0 y CYKYyIH1i BapTocTi. Kpurepiem kiacudikaiii cayrye
HAKOMMYEHA MUTOMAa Bara TOBApHOI MO3UIlli y 3aranbHOMYy 000poTi. Dopmyna asns
pO3paxyHKy MUTOMOI Baru (i KOXKHOI 1-1 MO3uIii:

di=0i/ 20i x 100 %, (1)
ne Oi — piuanii 000poT i-i mo3unii (rpH); 20i — CyKynHU# piuHU 000pOT yCiX
no3utlii (rpH). Mexi knaciB: A — nepun 50 % o6opoty, B — nacrynni 30 %, C —
petra 20 %.

XYZ-anani3 kinacudikye mo3uilii 3a CTaOUIbHICTIO criokuBaHHS. KimbKicCHUM
KpuTepieM BucTynae koediiieHT Bapiaiii CV, 1o po3paxoByeThCs 3a POPMYIIOI0:

CV =0/xx100 %, (2)
e G — CepeaHbOKBAJPATUYHE BIIXWUJCHHS OOCSATIB CIIOKHMBAaHHS;, X — CEpPEIHE
3HAYCHHS CIOKMBaHHs 3a aHamizoBanui mepiod. Kmacm XYZ: X — CV <15 %

(crabinpHuii monut); Y — 15 % < CV <35 % (ce3onni konuBanHus); Z — CV > 35 %
(HeperyJIspHUMN TOMHUT).

Tabmuusg 1.PesynbraT inTerpoBanoro ABC/XYZ-anani3zy 3anaciB mianpueMcTBa

AIIK
Iefzravid Haxon. yactka
[To3urist 00opoT, Yactka, % % ’ ABC XYZ I'pyna
THUC. TPH
JobpuBa MiHEpaIbHi 4820 24,1 A X AX
HaciHHS COHSAUIHUKY 3640 18,2 423 14,7 A Y AY
33P (repGiuman) 2190 10,9 53,2 31,4 A 4 AZ

165



3biprux me3 donosideis XX MiKHapooHoi HAYKeeo-npaKinuunoi KoHgepenuii

ITanuBo nu3enbpHE 1870 9,3 62,5 11,3 B X BX

3amyacTHHA 40 TEXHIKH 1540 1,7 70,2 22,8 B Y BY

MacTrbHI MaTepiaiu 980 4.9 75,1 38,6 B Z BZ

Hacinus kykypyasu 720 3,6 78,7 9,4 C X CX

Tapa Ta maKyBaHHS 610 3,0 81,7 18,2 C Y CY

[Hmi matepiammu 3660 18,3 100,0 44,1 Cc Z Cz
Ipumimxa: CV — koeghiyienm apiayii; ckiadeHo asmopom 3a OaHUMU

nionpuemcmaea

Hagpeneni mani Tabnuii 1 cBiq4aTh, M0 TPH MO3UITT Tpynd A (100puBa, HACIHHS
coHsmHuKy, 33P) hopmyrots 53,2 % 3aranbHOro 000OpOTY, TOAI SIK HA HUX IPUMAIA€e
mue 33,3 % HoMeHkiatypu. Bognouac no3uuis «lHmi marepianuny rpynu CZ, Marouu
3HauYHUW KoediuieHT Bapiauii (44,1 %), moTpeOye 3acToCyBaHHSI CTpaTerii «Ha
3aMOBJICHHSD» 0€3 yTpPUMAaHHS MOCTIMHOTO pe3epBy. MaTpuug po3noauty 3a AeB'sTbMa
IpyIiamMu IpeacTaBieHa Ha puc. 1.

I pyna A — NpiopuTETHUIA KOHTPONb
Ipyna B — perynsipHuii MOHITOPUHI

A Mpyna C — cnpoleruit obnik
A/
(50% BapTocTi) i

__.___
i
H
i
¥
1

B
(30% BapToCTi)

ABC-knacudikauis (3a BapTicTio)

C
(20% BapToCTI)

X Y z
(cTabinbHUI (ce3oHHMI) (HeperynsapHwif)

XYZ-knacudikauis (3a cTabinbHICTIO nonnTy)

Puc. 1. Marpunigs ABC/XY Z-knacudikariii 3anacis mnianpueMmcta AIIK (cknageHo
aBTOPOM)

Ha ocHoBi matpuii ¢opMmyroThes audepeHiiiioBani cTparerii ynpaBiIiHHS
3amacamiu. Jjis rpynu AX — cuctema (hikcoBaHOTO PO3MIPy 3aMOBJICHHS 3 IIOCTIHHUM
MOHITOPUHTOM 3ayIKiB. Ontumanbhuii po3mip 3amosieHHs (Economic Order
Quantity, EOQ) ansa nmo3umiit AX ta BX po3paxoByetbes 3a hopmyrioro Bincona:

EOQ=~(2-D-S/H), (3)
ne D — piunuii monuT Ha mo3uMito (01.); S — BUTpaTHU Ha OGOPMIICHHS OAHOIO
3aMoBJIeHHs (rpH); H — BuTpaTu Ha 30epiraHHs OJUHUIIl 3amacy MPOTIrOM POKY

(rpu/oa.). dns mo3utiit rpyn AZ ta BZ peKOMEHAY€eThCS CTPATETisE KTOYHO BYACHOY
(Just-in-Time) 3 MiHIMAJIbHUM CKJIaJICBKUM 3aJTHIIIKOM.
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PiBeHb cTpaxoBoro 3amacy 3erp AJIS MO3UIIHN 13 HECTAOIILHUM MOMUTOM (TPYyNu
Y Ta Z) BU3HAYAETHCS 3 YPaxXyBaHHSAM CTaHAAPTHOTO BiIXHMJICHHS MOIUTY:

3ep=7 - od - VL, (4)
ne Z— koedimienT HaaiiHOCTI (TIpH piBHI cepBicy 95 % —z=1,65); cd — cTanmapTHe
BIIXWJIEHHS JIGHHOTO Tmomnuty (oa./maeHs); L — dac BUKOHAHHS 3aMOBIICHHS

NoCTavyaJbHUKOM (IIHIB). 3actocyBaHHs (popmyin (3)—(4) y noennanni 3 ABC/XYZ-
MaTPHUIICIO J03BOJISIE BCTAHOBUTHU JU(EepEHIIIHOBaHI HOPMATHUBH 3a1aciB JUIsl KOJKHOI 3
9 rpyn.

BucHoBKHU. 3anporoHOBaHUN METOJAWYHUN MIAXiJ JO YIPaBITIHHS 3almacamu
nignpuemctB AIIK Ha ocHoBi interpoBanoro ABC/XYZ-anamizy m03BOJSE: TMO-
nepie, CUCTeMHO KiacudikyBaTH HoMeHKIaTypy TMIL] 3a nges'sitbma rpymnamu 3
ypaxyBaHHSM SIK BapTICHOI 3HAYYIIOCTI, TaK 1 CTa0LILHOCTI CTIOKWBAHHS; TIO-JIPYTe,
nudepeHioBaTH cTparterii ynpaiaiHHs — BiJ cuctemu EOQ mns rpyn AX/BX no
migxoxy Just-in-Time mns tpyn AZ/CZ; mo-Tpere, po3paxoByBaTH HAYKOBO
OOTpYHTOBaHI PiBHI CTPaxOBHUX 3araciB BIAMOBIAHO a0 dopmynu (4). IIpakruuna
ampoOarriss Metoauku Ha mianpueMcTBl AIIK miaTBepauina MOXKIUBICTh CKOPOUYSHHS
3arajJpHOrO 00csAry 3amaciB Ha 19-24 % mnpu OAHOYACHOMY IIiJIBUIIEHHI PIBHS
noctynHocTi TMI no 97,3 %. Ilomaneini AOCHIIKEHHS OIIIBHO CIPSAMYBAaTH Ha
IHTErpallilo 3alporOHOBAHOTO MIJIX0y 3 aBTOMaTu30BaHUMU WMS-cuctemamu 1is
3a0e3neueHHs YIIPaBIiHHSA 3aracaMu B PEKUMI peajbHOTO vacy.
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KIHEMATUYHE OGIPYHTYBAHHSI TAPAMETPIB MOTOBHJIA
3EPHO3BHUPAJIBHOI'O KOMBAWHA ITPU 3BUPAHHI COHSIIITHUKY
Cmenanenxo C.IL, Kyzomuu AA., Anenax M.M.

Inemumym mexaHixu ma agmomamuxy azponpomMuciosozo eUpoOHUYMaEa
Hayionanvnoi akademii aepaprux nayk Ykpainu

Y mpotieci 30upaHHs COHSIIHUKY BaKIUBY POJIb BIIITpae KIHEMAaTUYHUIN PEKUM
poborn MotoBmia [1-4], saxkuii Bu3HAyae e(EKTUBHICTh 3aXOIUICHHS Ta
TPAHCTIOPTYBAaHHS POCIMHHOI MacH J0 Pi3ajbHOTO amaparta >kaTku. KoHCTpyKTHBHI
OOMEKEHHS JKaTKH BHU3HAYAIOTh MaKCUMaJIbHUH pajailyc MOTOBWJA B MeXax R =
0.5-0.55M, a 3 ypaxyBaHHSM HEpPIBHOMIPHOCTI BHCOTHU PO3TalllyBaHHS KOIIWKIB
JOMyCTAMA BHUCOTA TMiAHOMY IIEHTpa MOTOBHWJA HE IOBHHHA IEpPEBHINYBaTH h <
0.25-0.30 m.

AHaJi3 nokasye, 1110 3a TAaKUX YMOB palliOHaJILHUM € 3aCTOCYBaHHS KOPCTKOTO
TpuionareBoro mMoroBwia (n < 3), sike 3a0e3nedye CTaOUIBHICTh KIHEMATUYHOTO
peKUMY Ta MiHIMi3aIlio BTpar [5, 6].

JI71st BU3HAYEHHSI ONTUMAJIBHOI T€OMETPIi JIOTATI PO3MISTHEMO PyX XapaKTepHOI
TOYKH JIOTIATI K CYNEPHO3UIlII0 MOCTYMAIbHOIO PyXy KomOaliHa Ta 00epTaJbHOIO
pyXy MoToBHJIA. TpaekTopis TOYKH ONMUCYETHCS TapaMETPUIHUMU PiBHAHHAMH [8]:

x =Vt +rcos(wt)
y =rsin (wt)
ne V - mBUAKICTh pyXy KOMOaiiHa, 7 - HOTOYHUHN pajilyCc TOYKH JIONaTl, W - KyToBa
IIBUJIKICTh 0OEpPTaHHS MOTOBHUJIA.
3B’S30K MK TOCTYIAJIBHOIO Ta KYTOBOIO IIBHAKOCTSIMH BHU3HAUYAETHCS Yepe3

KOE(]ILIEHT KIHEMAaTUIHOTO PEXUMY:

V_u)R
K

Jle K - xoedillieHT KiHeMaTHYHOTO peXuMy (3a3Buuaii 1.2 - 1.8).
3 ypaxyBaHHSIM reoMeTpli B3a€EMO/IIi JIOMATI 3 POCIUHHOI MACOI0 Ta KPUBU3HU
il Ipod 1110, TPAEKTOPIST YTOUHIOETHCS BBEJIEHHAM KyTa JOTUYHOI 10 MPOQLIIO JOMATI:

T
6 = wt — arcsin (§)
Toni KOOpAMHATH TOYKH JIOMATI HA0YBaIOTh BUTJISY:

r
x =Vt +rcos (u)t — arcsin E),

T
y = rsin (oot — arcsin E)
He S - paaiyc kKpuBU3HU TTPOQ1ITIO JIOTATI.
[TobynoBa TpaekToOpiii (TUIMY TPOXOIiAM) MOKa3ye, M0 XapaKTep pyXy Jomari
ICTOTHO 3aJIEKUTh BiJl CHIBBIAHOLIEHHS V Ta w, a TaKOXK BiJl KpUBU3HU NTPODiIIIO S.

Cnipg BigmiTuTH, mo npu Benukux S—1000 MM TpaekTopis cTae OUIbII
MIOJIOTOF0, 1110 MPHU3BOJUTH JO TIOSBU BEPTUKAIBHOI CKJIAIOBOI CHJIM 1 MOKJIMBOTO
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NEepeKNIaHHd KOIMMKIB; mpu Manux S—500 MM TpaekTopis HaOyBae arpecHBHOIO
XapakTepy, W0 BUKIHMKAaE €(QEeKT BHUIITOBXYBaHHA pociuH; a mnpu S<750 Mm
3a0e31euyeThCs ONTUMalIbHA hopMa TPAEKTOPIT 3 MiHIMAJIbLHUMU BTpaTaMH puc. 1.

['padiuno 1€ BIAMIOBIIa€ MEPEXOY BiJl BUTOBKEHOI TPOXOiaH 10 30aJIaHCOBAHOL
IIUKJIOiIaJIbHOT TPAEKTOPII.
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Puc. 1. TpaexTopist pyXy Jomnari MOTOBUJIA

[IpoananizyeMo yMoBY €(GEKTHBHOTO BHUXOJYy JIOMaTi 3 POCIUHHOI MAacH.
OcobnuBy yBary mnpuaiuieHo ¢asi Buxomy Jonati. [Ipm makcuMambHOMY BHHOCI
moTtoBmwia e = 0.10- 0.15M KyT HaxwuiIy JIOMAaTi 0 TOPU30HTY 3MIHIOETHCS B MEKaX:

. S =1000mMM = a = 80° — 85°;

. S=750MM = o = 90° — 95°;

. S =500MM = a = 95°-100°

OnTuMaIbHUM € MOJ0XKEHHS, OJI3bKE JO BEPTUKAIBHOTO, IO AOCATAETHCS TIPH
S =750MMm.

Ha ocHOBI npoBeIeHOT0 aHalli3y BCTAHOBJICHO: ONTUMANILHUN PajilyC KpUBU3HU
nomarti: S = 750 MM; nomibHa KIJIBKICTH JloMaTeil: n=3; epeKTUBHE 3aCTOCYBaHHSI
€IAaCTMYHUX IIITOK IIUPUHO b=75MM [JI TpPAaHCIOPTYBAaHHS  HACIHHS,
PEKOMEHI0BaHa KOHCTPYKIIIS - )KOPCTKE MOTOBUJIO 3 MPO30OPUMHU MEPETOPOIKAMHU.

Y pe3ynbTari aHAMTHYHHUX JIOCHIDKEHb PO3POOJICHO Ta BHUTOTOBJICHO
eKCIIepUMEHTaJIbHEe MPUCTOCYBaHHS I sKaTKu komOaiiHa Ttumy «Cammo-500», sike
3a0e3mnedye 3MEHIIEHHS BTpPAT HACIHHS 3a PaXyHOK ONTHUMI3AIlil TPaeKTOpii Pyxy
JoTaTe.
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MATEMATHUYHE MOJEJIOBAHHS PYXY 3EPHOBOI CYMIIIII B
POTAIIHHOMY MHEBMOBIAIIEHTPOBOMY PO3KHJIAUI
CEITAPATOPA
Cmenanenxo C.IL, Illéuosn B.O., Ilonaowk I.C., Meavnuxk B.A.
Incmumym mexaHixu ma agmomamuxy azponpomMuciosozo eUpoOHUYMaEa
Hayionanvnoi akademii aepapnux Hayk Yxpainu

VYaockoHaneHui pOTAIifiHUN PO3KKAad MTHEBMOBIALIEHTPOBOTO THILy ABIIAE
cO00I0 CKJIaJHY MEXaHIYHy CHCTEMY, sika 3a0e3neuye KGpOBaHI/II/I p03noz[1J1 3€pHOBOI
CyMIllll 3a paxyHOK IIO€IHAHHS BIJUEHTPOBUX, TpaBITAIlIfHUX 1 CHI TEPTA.
KOHCTpYKTHBHO  MpUCTpi  BKIIOYAE  TOPU3OHTAIBHUNA  OOEpPTOBHH  JWCK,
HaIpaBJISIOUMN  PO3MOJAIBHUMA  KOHYC, PO3KMIHHUA KOHYC 13  MIJBHUILEHUM
Koe(illieHTOM TepTd Ta CUCTEMYy paJlaibHO OpIEHTOBAaHUX JIOMATOK puc.l.
Oco0MuBICTIO KOHCTPYKIIIT € 3a30p 0 M1 HUKHBOIO KPOMKOIO JIOTIATOK 1 IIOBEPXHEIO
PO3KHIHOTO KOHYCa, III0 CYTTEBO BILTUBAE HA CTPYKTYpY NMOTOKY [1-4].

Puc. 1. 'eomeTpis moaeni

PosrnsiHemMo pyX 4aCTMHKH 110 IUCKY B MOJISIPHIM cucTeM1 KOOpMHAT.
[TouaTtkoBu#l eTan pyxXy 3epHOBOI YaCTUHKH BiJI0OYBA€THCA MO TOPU3OHTAIBHIM
NOBEpXHi JucKa. [ Onmucy BUKOPHCTOBYETHCS MOJISIPHA cHcTeMa KoopauHat (p, @),
MOB’si3aHa 3 00epTaHHsAM AucKa [5, 6].
Cucrema nudepeHUIiHUX PIBHAHD PYXY Ma€ BUTJIS!
p

b= plw =) = —frg———u
p2 + pZ(PZ

pP

PP +2p(w = @) = —fi ——=
/pz + p2p2

Jle w - xyToBa MBUAKICTh 00EPTAaHHS MCKA; P - padiajibHa KOOPAWHATA; ) -
BiTHOCHHI KyT TIOBOPOTY YaCTHHKH; f; - KO(DILI€HT TEPTS MO JHUCKY.
3a nouatkoBux ymMoB: t = 0,p = vy, @ = 0. Ta rpaHUYHUX YMOB: p = 1.
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[leit eTan BU3Haya€e po3riH YaCTUHKU Ta (OPMYBaHHS 11 TOYATKOBOI TPAEKTOPIi
nepes1 B3a€MOJIIEI0 3 JIOMAaTKaMHu.

Posrisitnemo pyx y3moBx jonmatku. Ilicis mocsrHeHHs pajiyca po3MIIICHHS
JIOTIATOK YaCTUHKA MEPEXOAUTh Y PEXKUM MPUMYCOBOTO CHPSIMOBAHOTO PYXY B30BXK
jonatku. J[uHaMiKa OMUCY€ThCS PIBHSHHSIM:

p—plw— @) =fi(g+2wp)

Tyt nogatkoBuii wieH 2wp BpaxoBYy€ BIUIMB KOPIOJICOBUX MPUCKOPEHB, IO
CYTTEBO 3MIHIOIOTh XapaKTep Pyxy.

3aBsKU 3a30py O HWKHIN IIap MaTepialy YaCTKOBO «PO3BAHTAXKYETHCS» BIJI /il
JIOTATOK, 10 CTBOPIOE MEPEAYMOBH ISl IAPOBOTO PO3IJICHHS CyMiIIi.

Hactynuuii eram, 11e pyx mo KOHIYHIM MmoBepxHi. [loganpimmii pyX 4aCTHHKH
B1JIOYBA€ThCS IO BHYTPIIIHINA MOBEPXHI PO3KUIHOTO KOHYyCa, JJIA SKOTO JOIIILHO
3aCTOCYBaTH IWIIHAPUYHY cUCTeMy KoopauHart (p, 6, z).

AOcooTHa KyTOBa MBHJKICTE: 6 = W — @.

PiBHSIHHS pyXy YaCTUHKHU B MPOEKIisX [7]:

m(p — pd?) = —N, - F,
m(pd + 2p8) = —F,
mZ =N, —F, —mg

HanpsiMHi KocHHYCH:

p PO

’p.2+p292+z.2 ’p.2+p292+z.2

AOCOIOTHY IIBUJIKICTh YACTUHKU BU3HAUKUMO 32:

v, = \/pz + p202 + 72

KitouoBoro ymMoBOIO e(eKkTUBHOI pPOOOTH pO3KHIa4a € CHIBBIIHOIICHHS
koedimieHTiB TepTs: f, > f;. Januii edekT 3a0e3neuye: ralbMyBaHHS YaCTHHOK OIS
MOBEPXHI KOHYCa; HAKONUYEHHS BaXXYMX Qpakuid y NPUIOBEPXHEBOMY IIapi;
MepeMIIIEHHS JIETKUX YaCTUHOK y BEpXHI mapH (€(peKT «CIIMBaHHA»); (OPMYBaHHS
CTpaTU(PIKOBAHOTO MOTOKY MEPE] BXOAOM y MHEBMOCENapaiiitHy 30Hy. Takum 4nHOM
bopMyeThCs TOTIEPeIHRO CTPYKTYPOBAaHUI MaTepialbHUMA MOTIK.

Crix BiI3HAUMTH 1110, PO3pOOIEHA MaTeMaTUYHa MOJIENIb KOMIUIEKCHO OTHCYE
PYX 3€pHOBOI YACTUHKH Ha BCIX €Tanax: o JUCKY, JIONAaTKaX Ta KOHIYHIM MOBEPXHI, 13
BUKOPHUCTAHHAM MOJIAPHOI Ta IMIIHAPUYHOI CUCTEM KOOPIHUHAT.

BcranoBneno, 1mo AuHAMiKa YacTUHOK BH3HAYAETHCS CYMapHOIO JII€I0
BIJILICHTPOBUX, KOPIOJMICOBUX, TPaBITAIIMHUX CWJI 1 CHJI TEpTs, NOpUUOMY IX
CIIBBIAHOIIEHHS 3MIHIOETHCS Ha PI3HUX JUITHKAX TPAEKTOPII.

KoHcTpykTuBHUI mapaMeTp & (3a30p MK JIOTATKaMHU 1 KOHYCOM) 3a0e3neuye
YaCTKOBE PO3IIAPYBAaHHS MOTOKY III€ IO BXOJIy Ha KOHYC.

[TinBumenuii koedimieHT TepTsa KOHIYHOT moBepxHi ( f, > f; ) € BU3HaYaIbHUM
(dhaxTopoM cTpatudikariii cymilni 3a ryCTUHOIO Ta a€pOIMHAMIYHUMH BJIACTUBOCTSIMHU.

OTpumaHa MozieTb MOKe OyTH BUKOpPUCTaHA JJIA: ONTHUMI3Alli T€OMETPUYHUX
napameTpiB po3KHaaya; miadopy pexuMiB 0OEepTaHHS; MiABUIIECHHS €(PEKTUBHOCTI
ITHeBMOCeTapartii.

z

’p.2+p292+z.2

cosfB, = , COS Bg = ,cos 3, =
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[IpakTiuHe 3HA4YEHHS TIONATAE Y MOXKIMBOCTI KEPOBAaHOTO (hOPMYBaHHS
3€pHOBOTO ITOTOKY 3 IMONEPEIHIM PO3IMOALIOM YaCTHHOK, IO 3MEHIIYE CHEePreTHYHI
BUTPATH 1 MABUIILYE SIKICTh Cenapartii.
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YHUCJOBE MOJEJIOBAHHS MTHEBMATHYHOI CUCTEMHA
BIBPOITHEBMOIMITYJIBCHOI'O CEITAPATOPA
Cmenanenxo C.IL, Boaux /I.A.

Inemumym mexaHixu ma agmomamuxy azponpomMuciosozo eUpoOHUYMaEa
Hayionanvnoi akademii aepaprux nayk Ykpainu

Y poGOoTi pO3TISIHYTO pe3yabTaTH YHCIOBOTO MOJCITIOBAHHS Ta30JMHAMIYHUX
IpoLECiB Yy MHEBMAaTUYHIA cHUCTEMl BIOPOMHEBMOIMITYJIBCHOTO cemapaTopa 13
3aCTOCYBaHHAM MeTOAIB oOuucmoBanbHOl rigpoauHamiku (CFD). MopaenroBanHs
BUKOHAHO Yy JTBOBHUMIpHIA MOCTAHOBII, IO BIAMOBIJAE OCHOBIM TIJIOMMHI CUMETPIi
peanbHOI KOHCTPYKIIi1, [0 JO3BOJISE CYTTEBO 3MEHIIIUTH O0UUCIIOBANIbHI BUTPATH MIPU
30epexeHHi (i3MYHOI aJiekBaTHOCTI nporiecy [1-3].

OO6uucmoBaibHa 00JaCTh MPEACTABICHA Y BUIJSAAlI KaHATy MOCTIMHOTO
Kpyriioro nepepizy aiamerpoM 100 MM, y HEHTpaiIbHIN YaCTHUHI SKOTO PO3TAIIOBAHO
KepyIOUud €JIEeMEHT - O0epTalibHy 3aciliHKy. ['eoMeTpuyHa MOelb JOMOBHEHA
PO3PaxXyHKOBOIO CITKOIO puC. 1. 3 JIOKaJbHUM 3TYIICHHSM Y 30HI pyXy 3aciIiHKU Ta
(dhopMyBaHHS CTPYMEHS, 1110 3a0e3MeUye€ IMiIBUIIICHY TOUYHICTh BU3HAUCHHS IPai€HTIB
IIBUJKOCTI Ta THUCKY.

Puc. 1. 'eomeTpist Mojeni Ta ii CiTKa 3 JOJIaTKOBUMH HaJaIllITyBaHHSIMU

OOepranpHa 3aciiHKa 3MOJIETbOBAHA y BUIJISAL JKOPCTKOI IJIACTUHU, SKa
31MCHIOE MIEPIOJIMYHUM PyX HABKOJIO OC1, NEPIEHIUKYJIISIPHOI 0 IUIOITUHU MOJIEI Ta
TaKoi, 1110 MPOXOJUTh Yepe3 ii reoMeTpuuHuid 1eHTp. s aHami3zy HecTalioHapHOI
TeYil pO3IIIIHYTO MOBHUH LMK KOJIUBAIBHOTO PyXY 3aCIIHKH, SIKUH BKIIOYA€ YOTUPH
XapakTepHi ¢asu.

PospaxynkoBa oOnacTh mpencTaBieHa kaHajioMm miamerpoMm D =0,1M 13
PO3TAIlIOBAHOK B IEHTPAJIBbHIN YacTUHI O0epTalbHOIO 3aciiHKow. (OCHOBHOIO
3MIHHOIO, IO BU3HAYa€ HECTAL[IOHAPHUN XapakTep Tedii, € KyT MOBOPOTY 3aCIIHKH
0 (t), AKWii 3MIHIOETHCS Y Yaci:

0(t) = Bimax - sin(wt),
O max - MAKCUMAIIBHUN KYT BIIKPUTTS;, W - KyTOBA YaCTOTA KOJIMBAHb.
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Y 1no4YaTKOBMI MOMEHT 3aciliHKa 3HAXOJUThCA VY TOBHICTIO 3aKpUTOMY
MIOJIO’KEHH1, TIEPIICHIUKYIIPHOMY JI0 OCi KaHally, IO MPaKTHYHO TIOBHICTIO OJIOKY€
NOBITPSIHUH MOTIK. Y IIMX YMOBax BUTpaTa MOBITPS MiHIMaIbHa Ta BU3HAYAETHCS JIHIIIE
YMOBHHMH 3a30paMu, BpaXxOBaHUMHU y Mozeli [4-6].

[Tix gac da3u BIAKPUTTS 3aciiHKA IHTEHCUBHO 00EPTAETHCS, 110 MPU3BOIUTH JI0
MIBUAKOTO 30UIbIIEHHS MPOXIAHOTO Mepepidy kKaHamy. Y 1eil mepioa dhopMmyeThes
IMIyJTbCHUN CTPYMiHb CTHCHEHOTO TIOBITPS, SKHH CYNPOBOKYETHCS 3HAUHUMHU
rpajiiEHTaMU TUCKY, JIOKAIIbHUM BiPUBOM ITOTOKY Ta PO3BUTKOM BHUXPOBUX CTPYKTYP
y IPUKOPJIOHHHUX 00aCTAX puUC. 2.

R
Puc. 2. KoHTypH IBUJIKOCTI pyXy OO€pTaIbHOI 3aCIIIHKU

VY MO0J0KEHHI MOBHOTO BIJKPUTTS 3acCiliHKAa OPIEHTOBAHA B3JIOBX MOTOKY, IO
3a0e3nedye MIHIMAJIbHUI TiAPABIIYHUN OMNIP CUCTEMU Ta MAKCHUMAJbHY BUTpaTy
noBiTps. lle Bimmomimae cramii cralimizamii Tedii mepej HACTYNMHUM IMITYJIbCHUM
BILJIUBOM.

JlunaMika TIOBITPSTHOTO CEpelOBHUINA OMUCYEThCs piBHsSHHsAMH Hap’e-Crokca

HJIs1 CTUCIIMBOIO I'a3y:

61_7) - - -
Plapt (- V)V | = —Vp + uv4v,

Ile p - rycTHHA TIOBITPS; P - THCK; |4 - TMHAMIYHA B’ SI3KICTb.
OcHoBHUH e(eKT BIOPOMHEBMOIMITYJIBCHOT JIii XapaKTepU3YEThCS IMITYIHCOM
THCKY:

ty
I =j Ap(t) dt,
t

1
e Ap(t) - MUTTEBE MIEPEBUILICHHS TUCKY BIIHOCHO CEPEIHBOTO 3HAYCHHS.

@daza 3aKpUTTA XAPAKTEPU3YETHCS MIBUAKAM 3MEHILIEHHAM MPOXI1THOTO
nepepizy, MO0 BUKIMKAE Pi3Ke TaJIbMyBaHHS TMOBITPSHOTO MOTOKY. Y pe3yJbTari
BUHMKAIOTh SIBUILA 3BOPOTHOTO TIAPOAMHAMIYHOTO yJapy Ta (OpPMYIOTHCS MOTYXKHI
IMITYJIbCH THCKY, SKI TepelarThess y pobody kamepy. Came Il IMITyJbCH €
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BU3HAYaIbHUM (akTopoM (opMyBaHHs BiOpalliiiHO-yIapHOi Jii Ha 3€pHOBUM
Marepial.

[{uxriyHE TOBTOPEHHS MPOIIECIB BIAKPUTTS Ta 3aKPUTTS 3aCIIHKU 3a0e3reuye
TeHepaIlio cepii MHEeBMAaTUYHUX IMITYJIBCIB 13 33JIaHOI0 YaCTOTOIO Ta aMILTITY 100, 10
CTBOPIOE e(peKTHBHE JUHAMIYHE HAaBAHTAXKCHHS HA 3€PHOBY CYMII Ta IHTEHCU(IKYE
IIPOIIECH ceraparii.

JIy1st KOpEKTHOTO OMUCy TYpOYJICHTHHX Ta IMIBUAKOIUIMHHUX HECTAI[lOHAPHUX
SBHILl BUKOPUCTaHO Monaenb TypOynentHocti SST k-w, sika moenHye mnepeBaru
mozeneit k-¢ ta k- 1 3abe3medye MiABUINEHY TOYHICTH MPOTHO3YBAHHS BIJIPHUBY
MOTOKY, OCOOJIMBO B 30HAX 13 PI3KOI0 3MIHOIO T€OMETpii Ta Ha TOCTPUX KPOMKax
3aCIIIHKH.

JloaTKOBO BCTaHOBJICHO, IO MapaMEeTpU pyXy 3aciiHKU (KyTOBa IIBHJIKICTb,
4acToTa KOJIMBaHb, AaMIUIITy/la BIAKPUTTS) O€3MOCEpPEeIHbO BIUIMBAIOTH HA
IHTEHCUBHICTh IMIYJbCIB THCKY, CTPYKTYpPY BHXPOBHUX 30H Ta EHEPreTHYHI
XapaKTEPUCTUKU TIOTOKY, IO BIJIKPUBAE MOXJIMBOCTI JJIsi ONTHUMI3allli PEXUMIB
poOoTH cenaparopa.
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