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HanionanbHuii yHiBepcuTeT 0iopecypciB i NPUPOIOKOPUCTYBAHHA YKpaiHH

Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. Peakou. :
B. C. Jloseiikin (ronoB. pea.) Ta id. Kuis. 2021. Bum. 12. Ne 2. 162 c.

BucsitneHo  pe3yinbTaTd  HAYKOBUX  JOCHIIKEHb, MPOBEACHUX  MpalliBHUKAMU
HamionaneHoro yHiBepcuteTy 0iopecypciB 1 MPHUpPOIOKOPHCTYBaHHS YKpaiHU 1 B cHiBIpali i3
3aKOPJIOHHUMHU HAYKOBIISIMH, MpalliBHUKAaMH HaBUAJbHUX 3akjaaAiB MiHicTepCTBa OCBITH 1 HAYKH
VYkpainu Ta HaykoBo-pociuigaux iHcTuTyTiB HAH VYkpainm, HAAH VYkpainu i MinicrepcTBa
PO3BHUTKY €KOHOMIKH, TOPTiBJIi Ta CUIBCHKOTO TOCIIOapCTBa Y KpaiHHu.

Penakuiiina xouserisi: B. C. JloBeiikin, A-p TexH. Hayk, npod. (TOJIOBHHI pPEIaKTop);
O. 10. CunsiBcbkuii, KaH/. T€XH. HayK, Aoil.; I. JI. PoroBcekuii, 1-p T€XH. HayK, CTapIIMil HayK.
cmiBp. (3aCTYIHHKH TOJIOBHOrO penakropa); B. Il Kupuirok, kaHa. c.-T. Hayk, JIOI.
(BimnoBimanpHU# cekpetap); B. I. Anamuyk, a-p TexH. Hayk, npod.; B. B. Axamuyk, a-p TexH.
HayK, mpod.; JI. B. AnickeBud, 1-p TexH. HayK, npod.; €. I'. AdTanainasHi, 1-p TeXH. HAYK, TPod.;
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npod.; M. M. 3abnoncekuid, a-p TexH. Hayk, npod.; H. A.3aeunp, a-p TexH. Hayk, mpod.;
B. B. Kamnyn, n-p texs. Hayk, npod.; B. B. KoBans, a-p Texn. nayk, npod.; B. B. Ko3upcekuii,
I-p TexH. HayK, npod.; B. I1. Jlucenko, a-p TexH. Hayk, npod.; K. I'. JlomaTeko, A-p TeXH. HAYK,
mou.; [ 1. Hazapenko, n-p TexH. Hayk, mpod.; B. M. HecBimomin, n-p TexH. HaykK, mpod.;
C. @. [lununaka, 1-p TeXH. HayK, nmpod.; B. M. Pemeriok, kaHa. TexH. HayK, joil.; B. PomaHrok,
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PekomennoBano a0 npyky Buenoro pamoro HVYBill VYkpainu, mpotokon Ne 11 Bifg
23 uwepsnsa 2021 p.

Hayxkoswuii xxypuan «Machinery & Energeticsy» Ha miacTaBi Hakazy MiHICTEpCTBa OCBITH 1
Haykn Ykpainu Ne 409 Big 17.03.2020 p. (momatox Ne 1) BHecenuit no Ilepeniky HayKOBHX
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MOXYTh OYTH OIyOJIIKOBaHI pe3yslbTaTH AUCEPTAliMHUX poOIT Ha 300YTTS HAYKOBUX CTYIEHEH
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bion. 20, puc. 3, mab6a. 0.

AHoTAais. 3 METOIO MiABUIICHHS MPOYKTUBHOCTI Ta
HaJIHHOCTI KpaHa-MaHIMyJIATOPA 3 TiAPOIPUBOIOM 3TiTHO
3  HOPMAaTHBHO-TEXHIYHOIO  JOKYMEHTAIli€lo,  sKa
periaMeHTye Oe3leuHy eKCIUIyaTallilo 0araToJaHKOBHX
KpaHiB-MaHIIyJISITOPIB JIOMYCKAETHCS CYMIIIEHHS PYXIB 3
OJTHOYACHUM TIEPEMIIEHHsIM AEKIJIbKOX JIaHOK CTPiIOBOT
CUCTEMH.

B pesyaprari B po0OTI pO3MNISHYTAa METOJIUKA
MIPOBEJCHHS €KCIEPUMEHTAIBHUX JTOCTIHKEHb B TUTONIHHI
3MIHM BWJIBOTY CTPLIOBOI CHCTEMH i3 BaHTaXXEM KpaHa-
MaHIIyJIsaTopa. ExcnepumenTanbHi JTOCTI IPKCHHS
MPOBOAMINCH 33 yMOBH  OJHOYAaCHOTO  KYyTOBOTO
TIEPEMIIIeHHS CTPIN Ta PYKOSITI.

s IpoBeneHHS eKCIEPUMEHTANBHUX JOCIIKEHb
CIPOEKTOBAaHO Ta BUTOTOBJIEHO EKCIIEPUMEHTAIbHY
YCTAaHOBKY  KpaHa-MaHINyJasTopa 3  TiAPaBIiYHUM
npuBozioM. ITiniOpano Ta HajamTOBaHO BUMIPIOBAJIHHO-
peecTpyroue o0aTHaAHHS.

B  pamkax mOpoBENEHHS ~ EKCIEPUMEHTAIbHHX
JOCITI/DKeHb JIMHAMIKH TEPEMIILEHHS] CTPLIOBOT CHCTEMHU
KpaHa-MaHiNyJsITopa 3 BaHTaKeM PO3POOJICHO CHCTEMY
KepyBaHHS MeXaHI3MaMHM TIPHBOJY, SIKa Ja€ MOXIIHUBICTh
peaizyBaTh ONTHMAJIbHI PEKUMHU PyXY JaHOK CTPiIOBOT
CHCTEMH.

B  pesymbrari mpoOBENEHO  E€KCHEPHMEHTAIbHI
JOCII/DKEHHSI 32  YMOBH  OJIHOYAaCHOTO  KYTOBOTO
MEepEeMILlIeHHs] CTPUIM Ta PYKOSTI 3 BaHTaXEM Ha KiHI
cTpinoBoi cuctemu. OTpUMAHO MAKET JaHUX 32 PealbHUMHU
Ta ONTHMAIBHHUMH DPEXHMaMH pyXy JIAHOK CTpiIOBOT
CHCTEMH KpaHa-MaHimyssiTopa. O0pobieHi JaHi HaBeeHi
B rpadidyHOMYy BUTJSAI Ta TPOBEACHO MOPIBHUILHUN
aHaJli3 3a pealbHUMH Ta ONTHMAIBHIMHU PEKUMaMH PYXY.

Po3poGiena METOAMKA MPOBEACHHS
eKCTIEPUMEHTAJILHNAX JOCIIKEHb Jajla 3MOTy BU3HAYHTH
BIUIUB OZIHOYACHOT'O IEPEMIIIEHHs CTPUIM Ta PYKOSTI Ha
KOJIMBaHHS BAaHTaXy, Ta BIUIMB KOJMBAHHSA BAaHTaXy Ha
JUHAMIYHI HABaHTa)XCHHS, SKi BHHUKAIOTH B CTPUIOBIH
CHCTEMI Ta eJIeMeHTax MPUBOAY KpaHa-MaHIIyJsIToOpa.

KurouoBi ciioBa: excriepuMeHTaIIbHI JOCITIKEHHS,
3MiHa BWJIBOTY, CYMIIICHHS pYyXiB, KpaH-MaHIITyJIsATOD,
JIMHAMIYHI HABaHTaXXCHHsI, KOJMBaHHS BAaHTAXKY.

IocranoBka npodaemu

B nmporieci BUKOHAHHS TEXHOJIOTIYHOIO MPOIECY
PO3BaHTaXYBaJbHO-3aBaHTAXKYBaJbHUX  Olepalii B
€JIEMEHTaX CTPIJOBOi CHCTEMH Ta €JIEeMEeHTax HPUBOAY
KpaHa-MaHiMmyJIsaTopa BUHUKAIOTh JUHAMIYHI
HaBaHTAXXCHHs, B HACIIJJOK HEPIBHOMIpPHOrO oOepTaHHS
CTPUIOBOT CHUCTEMHM TpU PIBHOMIpPHOMY HepeMillieHi
OITOKIB  TiApOUWTiHApiB. JlWHAMiYHI HaBaHTaKCHHS
3alekaTh Bl KIHEMaTHYHHX MapaMeTpiB  KpaHa-
MaHImyIsITOpa Ta BiA XapakTepy 3MIiHH OIBHUIKOCTI
MEepPEMIleHHs JIAHOK CTPLIOBOi CHCTEMH 3 BaHTaXEM.
3rifHO 3 HOPMATHBHO-TEXHIYHOKO ITOKYMEHTAI€I0, sKa
permaMeHTye  poOoTy 0araToTaHKOBUX  KpaHiB-
MaHinyaTopis [1, 2] gomyckaeTbesi CyMiLlICHHS onepartiit
OJTHOYACHOTO MepEeMIillleHHs! JIEKUIbKOX JIAHOK CTPiJIOBOT
CHCTeMH KpaHa-MaHimyJisitopa. [Ipu cyMilieHHi oneparii
OJTHOYACHOTO TMEpeMIllleHHs [IBOX JIAHOK CTpLIOBOT
CHCTEMH 3 BaHTAXKEM MOXKHA 3HAYHO 3HU3MTH JIUHAMIUHI
HaBaHTAXXEHHSI 1 BIAMOBITHO IiBUIIUTH ITPOJLYKTUBHICTB,
HaIIMHICTD €JIEMEHTIB CTpiJ0BOi CUCTEMU Ta
TiApaBIIYHOTO OONAJHAHHS KpaHa-MaHimyJsTopa. s
BU3HAYCHHS JIHCHUX IUHAMIYHUX HAaBaHTa)XXCHb B
eNeMEeHTaX  KOHCTPYKUii  KpaHa-MaHimyisTopa IpH
CYMIMIEHI pPyXiB JIAHOK CTPIIOBOI CHCTEMH HEOOXiTHO
MaTu afieKBaTHI MareMaTuuHi moeni [3-8].

AHaJi3 0CTaHHIX T0CTiIKeHb

Bimomi [6-13] meromu mnoOyZOBH MaTeMaTHYHOT
MoOJIeNli KpaHa-MaHinyJisitopa. B naHux po6orax crpisosa
chUCTeMa  KpaHa-MaHIIynsTopa  MpeACTaBleHa,  SK
TOJIOHOMHA MEXaHiuHa CUCTeMa, B sIKii IEHTp Baru JIAHOK
METAJIOKOHCTPYKIi{ cmiBrmajae 3 iX TeoMeTpUYHHMHU
napamerpamu. B poGorax [6-17] po3risiHyTo moOymoBY
MaTeMaTH4HOI MOJIeJi KpaHa-MaHiIyJIsSTOpa, BCTAHOBJIEHO
3BSI30K MK KiHEMAaTHYHMMH 3aJE€KHOCTSIMH ITPHUBITHOL
JIAaHKW KpaHa-MaHiIyIsTopa Ta BaHTaxy. [IpoaHanizoBaHo
BIUIMB  JMHAMIYHMX  HABaHTaXEHb HAa  EIIEMEHTH
METAJIOKOHCTPYKIIi{ CTpinoBO1 CUCTEMU KpaHa-
MaHinysstopa. B po6orax [10, 11] posrisnyro anaii3
BIUIUBY CyMilLlIEHHSI PyXiB TPHOX JIAHOK CTPLIOBOT CHCTEMHU
Ha JMHAMIYHy 3aBaHTa)XEHICTh KpaHa-MaHimyistopa. B
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poboti [18-20] poO3rIAHYTO METOAMKY IIPOBEACHHS
EKCTIEPUMEHTAIbHAX JAOCHI[KEHb B IUIOMIMHI 3MIHH
BHJIBOTY CTPITOBOi CHCTEMH i3 BaHTaXEM 3a YMOBH
OTHOYACHOTO KYTOBOTO TIEpEMIIEHHA pYKOSATI Ta
3MEHIIICHHS JHHIHHOTO TEPEeMIleHHS TEeNeCKOMiYHOl
CeKIIil KpaHa-MaHIMyJsATOpA.

IIpu nocuthk BeawkoMy 00Cs3i PO3IIAAY MPOOIEMHU
JMHAMIYHOTO aHaji3y CYMIIIEHHS OJHOYAaCHOTO pyXy
JIAHOK CTPUIOBOI CHUCTEMH, PO3B’SI30K JNaHOI 3aaaui Juis
KpaHiB-MaHIIyJISTOPIB 3 T'1IPONPHBOIOM HE PO3IIISTHYTO 3
BpaxyBaHHSIM KOJHMBaHHS BaHTaXy Ha KIiHILI CTPilToOBOI
CUCTEMHU.

Merta gociaigkeHnb

Meroro HPOBENICHHS SKCIIePUMEHTAIBHIX
JNOCITIDKEHb TIPH CYMIIIEHHI OJHOYAaCHOTO KYyTOBOTO
NepeMillieHHsI KyTOBOTO MEPEMIILIEHHS CTPLIN Ta PYKOSITI €
OTPUMAaHHS (GakTHYHUX  pe3yNbTaTIB  JWHAMIKK
MepeMillieHHsI  JIJAHOK ~ CTPJIOBOi  CHCTEMH  KpaHa-
MaHIIyJsTopa 3 TiAPaBIiYHUM IPUBOJOM Ta IIApHIPHO
3aKpiIUIGHUM BaHTaXXEM Ha JKOPCTKOMY IijaBici 3a
pCaNbHAM Ta ONTUMATBEHEM PEXKUMAMH PYXY.

Pe3yabTaTn nociaigxeHb

IIpoBeneHi TeOpeTWYHI JOCTIHKCHHS AHHAMIKA
TiIpaBIiqYHOTO MPUBOLLY i3 30JI0THUKOBUM
posmogineHukoM [19] mamM  MOKIMBICT BH3HAYUTH
3aJI@KHOCTI  NPUBIAHUX 3YyCWJb, SIKI PO3BUBAIOTh
TiIpaBiiyHi MWIIHAPH B TOYATKOBUH MOMEHT PyXy HpHU
PI3HUX 3aKOHAX 3MIHH MPOXITHOI IUIONI B 30JOTHUKOBIMH
napi riipaBaivHOro PO3MOJIILHUKA.

Juiss 3a0e3neueHHss ONTHMANBHOTO PEXHAMY PYXY,
HEOOXiTHO BU3HAYHTH 3aJIC)KHICTh 3MiHHU MPOXiTHOT IO
B 30JIOTHHKOBIH TMapi TiApaBIiYHOrO PO3MOAUIFHHKA, IO
3a0e3neunTh HeoOXimHy 00’ eMHY moady poOodol pigrnHA
O KaMepH TiPaBIIYHOTO IIWIIHApPAa Ta THM CaMHM
HAJJacTb HOMY ONTHMaJbHI IOYAaTKOBI YMOBH 3MiHH
py1uiiiHOro 3ycuiuisi. Po3paxyHOk NMpoBOAMBCS AJIsl ABOX
BUIAJKIB TMEPEeMIllICHHsA. B TepioMy BHUMAIKy IITOK
CiPaBIiYHOTO IWIIHApPA TIMOYHUHAB PyX 3 KPaWHBOrO
[OJIOXKCHHS, & B JPYrOMy BHIIQJKY I3 CEpPEeIHbOrO
MOJIOXKCHHS, IS BPaxyBaHHS MiATIIMBOCTI CJICMCHTIB
TiIpaBIiYHOT CHCTEMH Ta BiJIIOBITHO poO0Y0l piAnHU

BuxopucroByroun 0a30Bi 30J0THHKH 3 IHIHHOIO
3aJEKHICTIO 3MIHM TIPOXiJHOI IUIOLI, HEMOXIIMBO
BIITBOPUTH ONTUMAIBHUA PEKHAM pPyXy CIICMCHTIB
cTpioBoi  cmcTtemu.  ToMy — TIOCTae  3aBIAaHHSA,
BUKOPUCTOBYIOUM  JaHWA  KOPIYC  TiJAPaBIiYHOrO
PO3MOAIIBHUKA, CTBOPUTH  30JIOTHHK 13  TaKUMHU
FCOMETPHYHUMH MApaMETPaMH, SIKHH TacTh MOXKIHBICTBH
peainizyBaTH ONTUMAIBHUM pexxuM pyxy. s 1mporo Ha
VIIIJIBHIOYMAX KPOMKAaX IHWIIHAPHYHOTO 30J0THHKA
pamiadbHO OCi 30JI0THHKA BHUKOHYIOTBCS JPOCEJBHI
mriymman. 1e 1ae MOXIUBICTh 3a0€3MEYUTH ONTUMATBHY

00’eMHy MIPOIYCKHY 3/IaTHICTh TiAPaBIIYHOTO
pPO3MOAUTPHAKA B IOYATKOBHA MOMEHT pyXy, Ta
BINIOBITHO 3MCHIIUTH IIIKOBI 3HAYCHHS PYIIIAHUX

3ycuib. CaMe 3a TAKMX YMOB MOSKJIMBO JIOCSATTH IUTABHOTO
ITyCKY Ta TaJbMyBaHHS IITOKIB T1J[paBJIiYHUX HUITIHAPIB.

OCKUTbKM  JpOCENbHI TIUIMHA MOXYTh HaOyBaTh
pi3HOMaHITHOI (opMH Ta BIAMOBITHO pPIZHOMAHITHHX
TEOMETPUYHUX MapaMeTpiB, MPOBENEHO IOCITIHKCHHS 3
YTBOpEHHS JIPOCETBHIX IIUTHH 32 pi3HUMH
TEOMETPUYHUMU MapaMmeTpamu. s AOCATHEHHs AaHO1
METH T[OBHHHI  BHUKOHYBAaTHCh HACTYIHI  YMOBH:
MEPEMINICHHsT KOHCTPYKTHBHO 3MIHCHOTO 30JIOTHHKA
MTOBMHHO BiIOBIIaTH MEPEMIIIICHHIO 0a30BOT0 30JI0THHUKA
(mepemimenHss ~ ©a30BOrO 30JI0THUKA  CTAHOBUTH
Az = 3um ); miaMeTp 30JI0THHKA 3aJTUIIAETHCS HE3MIHHHM,
dsy =14mm; yTBOpEHA
KOHCTPYKTUBHO 3MIHEHOI 30JI0THHKOBOI Tapyh MOBHHHA
JOPIBHIOBAaTH MaKCHUMaJbHIH yTBOpeHi# mwromii 0a3oBoi
30JI0THHKOBOT mapH, To6To: frpoekToBam > foazosa.

3rifHO 3 BHIIE MEPETIUCHUMH YMOBAMH PO3IIITHYTO
HACTYIHI THUIHM YTBOPEHHS [POCENBHHUX MIIIMH HA
LHUTTHIPUYHOMY 30JI0THHKY.

Jns  BU3HAYCHHS 3MIHH  PYLIIHHOTO  3YCHILISA
BUKOPHCTAHO PIBHSHHS PyXy UITOKY TiAPaBIi4HOIO
wumiagpa (1) [19]

d’x _dx
mnpdt—z'f‘Ba:Pa'Aa—Pb Ab —mnp ‘g, (1)

Jc mnp — IpHUBCACHA MaCa PYXOMHX YaCTHUH Ta p060q01

MaKCHMaJlbHa jionia

pioMHU, K2 ; X — IepeMIIeHHs ITOKY TiIPOUWITiHApa, M ;
B — xoedimiedT nemMmndyrodoi cuim, 3B’ 13aHO1 3 HAsBHICTIO
CHJI B’SI3KOTO Ta CYyXOTO TEPTS B €IEMEHTax IiIpaBIigyHO]
cucremu, H/(m/c); § — IPUCKOPEHHS BITBHOTO TAIiHHA,
M/,

PozrnsinyTo TizpaBIigHAN 30JI0THUKOBUH
PO3MOJUIBHHK, Y SIKOTO Ha pOOOYHMX KPOMKaX 30JI0THHUKA
panialbHO pO3MILICHHI APOCENbHI LIIMHUA Yy BHIVISAIL
TPUKYTHOI MPHU3MHU 3MIHHOTO IEpepi3y Mo OcCi 30J0THHKA
Ta KiJIBIIEBOIO MMPOTOYKOIO B KOpITyci (puc. 1).

PR

Az

Puc. 1. Cxema po3MmilleHHs APOCENBHUX IIIJIMH Ha
30JIOTHHKY.
Fig. 1. The scheme of the throttle slots on the spool.

3mMiHa MPOXiaHOT TUTOIII] IS JaHOTO
KOHCTPYKTUBHOTO  BHUKOHAaHHS  JIPOCENBHUX  IMIJIHH
BH3HAYA€THCS HACTYITHUM BHPA30M:
2
fon. A2 v
2-1
Jie N — KUIBKICTh JPOCENbHUX MIinuH, N=4; b — mupuna
npocensHol miinuau, b=4,7 mm; | — noBXKUHA APOCENBHOT
mianad, =3 mm; AZ  — nepeMilleHHS 30JI0THHKA,
Az =3mm .
BukopucToByroun PIBHSHHS Pyxy IITOKY

rizpasnigHoro nuiiaapa (1), orpuMaHo 3aneXxHICTb 3MIHA
PYIIIHHOTO 3yCHILIS, SIKE PO3BHUBAE TiPaBIIYHUH IMIIHIAD
B IIOYaTKOBMH MOMEHT DPyXy B 3aJIeKHOCTI BiJl 3MIHH
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MPOXiAHOI TUIONII B 30JOTHHUKOBIH Tapi TiIpaBIidHOTO
po3noninpHUKa. [lpH IbOMY NPHUIAHATO, IMIO: 30JOTHUK
MepeMIlyeThcsl 3 HEHTPaNbHOTO  TIOJNIOKEHHS B
MakcuMmanpHe pobode 3a wac 1=0,25C; MakcumanmbHa

yTBOpEHa Muoma cTaHoBUTh f=28,2 mm?. PesymbraTu

PpO3paxyHKy 300pakeHo Ha puc. 2.
180000
175000
170000
T 165000
" 160000
155000
150000

0.0 0.5 1.0 1.5 2.0
t, c
a) Uj =1192u
180000
175000
170000
T 165000
" 160000
155000
150000
0.0 0.5 1.0 1.5 2.0
t,c
6) U; =11594m

Puc. 2. 3mina pymiiHOTO 3yCHIUIS IIPH MepeMilleHH]
ITOKY a) 3 KpallHhOTO MOJOXCHHS; 0) i3 CepemHBOro
TIOJIOYKEHHS.

Fig. 2. Changing the driving force when moving the
rod a) from the extreme position; b) from the middle
position.

PosrnsayTO TipaBIivHuU 30JI0OTHUKOBUH
PO3MOJUIBHUK, Y SIKOTO Ha POOOYMX KPOMKaX 30JI0THHKA
paniaibHO PO3MILIEHHI JAPOCENbHI LIUIMHU Yy BHIJISI
MWTIHAPUYHAX BHUTOYOK 3MIHHOTO TIepepizy Mo oci
30JI0THUKA Ta KiJIbIIEBOIO MPOTOYKOO B KOpIIyci (puc. 3).

. DAy,
RS =

Puc. 3. Cxema po3MillieHHsT APOCENbHUX IIUIMH Ha
30JI0THHKY.
Fig. 3. The scheme of the throttle slots on the spool.

3MiHa MPOXiTHOT IUIONI] ISt
KOHCTPYKTUBHOTO  BHUKOHAaHHS  JIPOCEIBHUX
BH3HAYAETHCSI HACTYITHHM BHUPA30M:
- Az
. (3)
r

2 —
f=n r? (Zczrccos[ r AZJ —Sin[Zarccos[ '
r

Je N — KUIBKICTh JpOCENbHUX UIiMH, N=4; I — pazaiyc
OpOCeNnbHOT ImiMHH, F=3 mm; AZ — nepeMilleHHS
3070THUKA, AZ =3Mmm .

JIaHOTO
LILTAH

BuxopucroBytoun  piBHSAHHA  pyXy  IUTOKY
rigpaBmigaoTo MITiHAPA (1), OTPUMAHO 3aJICKHICTH 3MiHU
PYLIIHOTO 3yCHIIIA, SIKE PO3BUBAE TiAPABIIIHAN IAIIIHIP
B TOYAaTKOBHA MOMEHT PYXy B 3aJIe)KHOCTI Bif 3MiHH
MPOXigHOI IUIOMII B 30JOTHHKOBIH Mapi TigpaBIigHOTO
posnoxineHuKa. [Ipy mbOMY NPHIHATO, IIO: 30JOTHHUK
MepeMillyeTbCsl 3 HEWTPAIBbHOTO  TIOJIOKEHHS B
MakcuMaibHe pobode 3a wac t=0,25cC; makcumanbHa
yTBOpEHa MJIOIA CTaHOBUTH f=28,27 mm?. Pesynbratn
PO3paxyHKy 300paxxeHo Ha puc. 4.

180000
175000
170000

T 165000

L 160000
155000
150000

0.0 0.5 1.0 1.5 2.0
t,c
a) Ui 21,192]14

175000
170000
T 165000
W 160000
155000
150000

0.0 0.5 1.0 1.5 2.0
t,c
6) U; =11594m

Puc. 4. 3mina pymiiHOTroO 3yCUIUIS P MepeMileHH]
HITOKY a) 3 KpaHbOro IMOJOXKEHHS; 0) i3 cepelHbOro
ITOJIOKCHHA.

Fig. 4. Changing the driving force when moving the
rod a) from the extreme position; b) from the middle
position.

PozrnsinyTo rigpaBIigYHAR 30JI0THUKOBUH
PO3MOAITBHIK, V SKOTO Ha poOOYMX KPOMKAaX 30JOTHHKA
pamiadbHO PO3MIMICHHI IOPOCENbHI IIIJTHHA Y BHTIIAIL

KOHYCHHX BHTOYOK 3MIHHOI'O Iepepi3y Mo oci 30JI0THHKA
Ta KiJIBIIEBOIO MMPOTOUYKOIO B KOPIyCi (pHc. 5).

N

N/

Az

L

Puc. 5. Cxema po3MillleHHS! JPOCENBHUX IIIJIMH Ha
30JIOTHHKY.

Fig. 5. The scheme of the throttle slots on the spool.

3mina TUTOTI JUISL

MPOXigHOT JIAHOTO
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KOHCTPYKTI/IBHOFO BHUKOHAHHA ,IIpOCGHBHPIX H.IiJII/IH
BHU3HAYAETHCSA HaCTYHHI/IM YUHOM:
2
r r-Az
f=n-—-| 2-arcco -
2 r
4

sin[z : arccos[ r ‘rAZ D sin(p)

e N — KUIBKICTh IpOCEeNpHUX HIiMMH, N=4; I — paziyc
JPOCENBHOI IITHHH, =3 MM; ¢ — KYT yTBOPEHHS KOHYCY,

Q= 30%:Az — TepeMileHHs 3010THUKa, AZ = 3mm .

BukopucroByroun  piBHAHHS ~ pyXy  LITOKY
rigpasnigHoro nuiieapa (1), oTpuMaHo 3aJIeXKHICTh 3MIHU
PYIIIHHOTO 3yCHIIIS, SIKE PO3BHUBAE TiPaBIIYHUH MITIHID
B IOYaTKOBMH MOMEHT pPyXy B 3aJ€XKHOCTI BiJ 3MiHH
MPOXiJHOI TJIONI B 30JOTHHKOBIH Mapi TipaBIiYyHOTO
posnogineHuKa. [Ipy npOMy NpHHHATO, I10: 30JOTHUK
nepeMilyeTbcss 3 HEHTpalpHOrO  TOJNIOXKEHHS B
MakcuMmanpHe pobode 3a wac 1=0,25C; MakcumambHa
yTBOpEHA MIOMA CTaHOBUTh {=28,27 mm?. Pesynbratu
PpO3paxyHKy 300pakeHo Ha puc. O.

175000
170000
T 165000
w 760000
155000
150000
0.0 0.5 1.0 1.5 2.0
t,c
a) U; =1192m
170000
165000
i
w 160000
155000
150000
0.0 0.5 1.0 1.5 2.0
t, c
6) U; =11594nu

Puc. 6. 3mina pymiiHOTO 3yCHIUIS IPH NepeMillieHH1
IITOKY a) 3 KPalHbOTO IOJIOXKEHHS; 0) i3 cepeaHbOro
TIOJIOXKEHHS.

Fig. 6. Changing the driving force when moving the
rod a) from the extreme position; b) from the middle
position.

IopiBHsABIIM MK COOOH OTpHUMaHi pe3yibTaTu
KOHCTPYKTUBHOI'O BHKOHAHHS YTBOPEHHX [IPOCEIBHUX
IIJIMH, BUJHO, IO B YCIX TPHOX BUNAIKaX 3MiHa IPOXiAHOT
ULl NpuiMae BUIJISL] NapaOoNiyHOI KpWBOi, ane 3
PI3HMMH TapaMeTpaMu MPOITYCKHOI 31aTHOCTI poOovoi
pitman B uwaci. BpaxoByroum oTpumani TpadivHi
3aJeXKHOCTI 300pakeHI Ha pHc. 7, 3a SKUX MOXIHUBO
peani3yBaTH  ONTUMalbHUH  pEeXUM  pyxy, U
BUTOTOBJICHHS 30JIOTHHKA IPUIHATO BapiaHT, KOJIU

JPOCETBbHI IITMHU BUKOHAH] y BUTIIAII KOHYCHIX BUTOYOK
3MIHHOTO TIepepi3y 1o oci 30710THHKA. OCKIIBKH 32 TaKUX
TEOMETPUYHUX  THapaMeTpiB  OPOCENbHUX  IMiTHH
HaifiOinpIme  MIHIMI3YIOTBCA — pyHIifiHI  3ycWmis B
MIOYaTKOBUH MOMEHT PYXY.

[puifHABIIM 10 YBard BUIICONHMCaH] IPUIYIICHHS Ta
pO3paxyHKH, OyJl0  BHTOTOBJIEHO  30JOTHHUK i3
JpocelbHUMHU  IminuHamu. Ha puc. 7 300paxeHO
KOHCTPYKTHUBHO 3MiHEHUH 30JI0THHK, 32 JOOMOT'OO SIKOTO
BUKOHYETbCS KEPYBaHHS MeXaHi3MaMH IIPHBOLY Ta
HaJlaHHS JIaHKaM CTPLIOBOI CHCTEMH YMOB ONTHMAIbHOTO

PeXUMY PYXY.

Puc. 7. KoHCTpYKTHBHO 3MiHEHHH 30J0THHK: a) 3D-
MOJIeJTb; 0) BUTOTOBJICHHI 30JI0THHUK.

Fig. 7. Structurally changed spool: a) 3D-model; b)
manufactured spool.

ExcriepuMeHTanbHi  TOCHIJDKEHHS PEXHUMIB  PYyXy
JIAHOK CTPLIOBOI CHCTEMM NPOBOAWINCH Ha BJIACHOPYY
CIIPOEKTOBaHIiH Ta BHUIOTOBJIEHIN eKCIIepUMEHTAJbHIN
YCTAQHOBIII  KpaHa-MaHIIyasTopa 3  TLAPaBIiYHUM
NPUBOJIOM (puc. 8).

Puc. 8. Po3pobieHa ekcrepiMeHTanbHa YCTaHOBKA
KpaHa-MaHiIyJsTopa.

Fig. 8. The experimental installation of the loader
crane is developed.
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ExcriepuMeHTanbHi  TOCHIIKEHHS ~ OJHOYACHOTO
KyTOBOTO TMEPEMIIIEHHS CTPIIA Ta PYKOSTI TPOBOJIUINCH
3a TaKUX MOYATKOBUX YMOB:

- Ilowatox pyxy cTpimu Ta pyKOSTI BinOyBaBcs
OJTHOYACHO;

- TIOYATOK PYXy CTPLIH IIOYWHABCS i3 IOJIOKEHHS

IITOKY TiIpaBIiYHOTO UIWIHAPY HPHUBOAY CTPLIU
U;=0,73m, mo BignoBimae KyToBiifi KOOpAMHATI
a =0,01pao;

- MOYaTOK PyXY PYKOSTI MOYHMHABCS i3 MOJOKEHHS
HITOKY TiJPaBIiYHOTO MWIIHAPY MNPUBOAY PYKOSTI
U, =08lm, mo sBignoBimae xyrtoBiii KoopaMHATI
B =-0,79pao.

- BWIIT TEJECKOMYHOI  ceKuii JOpiBHIOBAB
U3 =0m X

- Maca BaHTaxy ctanoBmia 50 kr (puc. 9).

Y 67

X2

X4

Puc. 9. Cxema kpaHa-MaHiyJsTopa.
Fig. 9. The scheme of the loader crane.

Ha puc. 9 HaBeneHo Taki no3nauenss: l; — moBxuna
ctpinm; |2 — moBxuHa pykosTi; |3 — MOBKHHA MAPHIPHOTO
mijIBiCY; M1 — Maca cTpiiu; M2 — Maca pykosTi; M3 — Maca
TEJICCKOMIYHOT  cekmii; M4 — Maca  BaHTaxy;
6,,0,,605,0,,0; — KyTH, 10 YTBOPEHi T€OMETPHYHUMH
rnmapamMeTpaMu  €JIEMEHTIiB  CTPUIOBOI  CHCTeMH  Ta
MIPUBOJHUX TiApaBIIIHAX LITIHAPIB KpaHa-
MaHIIyJIsITOpa; X1, X2, X3, X4 — TOPU30HTAJIbHI KOOPJUHATH
LEHTPiB Mac CTPUIH, PYKOSTi, TEIECKOIMIYHOI CeKIlii Ta
BaHTAXY; V1, V2, ¥3, V4 — BEPTUKAIbHI KOOPIUHATH IIEHTPIB
Mac BIATIOBITHO CTPiNiK, pyKOATI, TETIECKOIIYHOI CeKii Ta

BAaHTAXYy; a,ﬂ,V — KyTOBi KOOpJUMHATU II0JIOKCHHA

cTpiiv, pykosTi Ta BaHTaxy, Us — IiHiliHA KOOpAMHATA
MTOJIOKEHHS TEJIECKOIIYHOT CeKIIii.

OtpumaHi pe3yJiibTatu €KCIepUMEHTAIbHOTO
JOCITIJDKEHHSI PEeXHUMIB pyXy CTPUIOBOi CHCTEMH MpH
MTO€HAHHI OTHOYACHOTO KYTOBOTO IMEPEMIIIEHHS CTPilIH

Ta PYKOSTI 3 BUKOPUCTAHHSIM 0a30BOI0 Ta KOHCTPYKTHBHO
3MIHEHOTO 30JIOTHHKIB HaBEJACHO B rpadigHOMY BHIJISII
Ha puc. 11 — puc. 16.

30000
+ 28000
% 26000

24000

28000
27000
26000
W 25000
24000
23000
22000

Puc. 10. I'padik 3ycmis sike po3BUBAE TiapaBIidHUI
UWTHAP TPHUBOAY CTpiaM: a) 0a30BHHl 30JIOTHUK;
0) KOHCTPYKTHUBHO 3MiHEHHUH 30JI0THUK.

Fig. 10. The schedule of effort which develops the
hydraulic cylinder of the drive of the boom: a) a factory
spool; b) structurally changed spool.

Amnaizyroun rpadiku 3ycmwus (puc. 10 a), BumHO, 0
Ha TI0YaTKy pyXy CTPiM i3 BHUKOPHUCTaHHSIM 0a30BUX
30JIOTHUKIB BHHHMKA€ MUTTEBE 3pPOCTAHHSA BiANOBIITHO
3yCHIIIA, 3HadeHHs sikoro piBHe F; =31149 H. Ilpm
MOJAJIBIIIOMY TIEPEMIIICHH] CIIOCTEPIraroThCsl KOJIMBAHHS
3YyCWJUISL  3aTyXalo4oro XapakTepy, po3Max SIKOTo
cranoButh AF; =5124 H, mporsirom 2,5 c.

[lpy ranepMyBaHHI pO3Max KOIMBAHHS 3YCHILLS
AF, =5526 H, mnporsrom 4c. Ilpn

raJpMyBaHHI 3HAYEHHS PO3Maxy 3ycwunnst Ha 7% Oinbmri
HIX IIPH IMYCKY.

3a yMOBH BUKOPHCTAHHSIM KOHCTPYKTUBHO 3MIHEHHX
30JI0THHKIB 3 rpadiky 3ycwiuis (puc. 10 6) BuaHO, Mo Ha
MOYaTKy pyXy CTpPIIM BHUHHMKAaE MHTTEBE 3POCTaHHS
3yCHJIIA, 3HAYeHHs sikoro piHe F =28385 H. Ilpu

CTaHOBHUTH:

MOTATBIIIOMY TIEPEMIIIEHH] CIIOCTEePIratoThCsl KOJUBAHHS
3yCWJUISL  3aTyXalo4yoro XapakTepy, po3Max SKOTro
craHoButh ARy = 3265 H, npotsrom 4 c.

IMpn rampmyBaHHI po3Max KOJHMBAHHS 3YCHIUISA
craHoBUTh: AFy = 4773 H, npotsarom 4 c. Ta BignosigHo
IIiJT 9ac TAIbMYBaHHS 3HAYEHHS po3Maxy 3ycuiuis Ha 32%
OB HIXK IPH CTAPTI.

ITpn mopiBHAHHI MK c00010 000X PEXHUMIB PyXy
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BUJIHO, 110 NPH BUKOPUCTaHHI KOHCTPYKTUBHO 3MiHEHHX
30JI0THUKIB TTKOBI 3HAYCHHS 3yCWJIb Ha IOYATKY PyXY
MeHII Ha 9%, a po3Max 3Ha4eHb 3yCHJUIS 3MEHIINBCS Ha
36%. Ilpm rampMyBaHHI poO3Max 3HAuYeHb 3YCHIUIA
3MeHmmBces Ha 14%.
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Puc. 11. Tpadik 3ycmwrs, sKe pPO3BHBAE
TiApaBMiYHAN UWIIHAP TMPHBOAY PYKOATI: a) Oa30BHiA
30JIOTHUK; 0) KOHCTPYKTUBHO 3MiHEHHUI 30JI0THHUK.

Fig. 11. Graph of the force that develops the hydraulic
cylinder of the drive of the jib: a) factory spool; b)
structurally changed spool.

B nouaTkoBUil MOMEHT pyXy pYyKOSTI 0pH
BUKOPHUCTaHHI 0a30BUX 30JOTHUKIB BHHUKAE MHTTEBE
3pocranHs 3ycwuis (puc. 11, a), sike HaOyBae MiKOBOTO
3HaueHHs Fp =12246 H. Hapmami npm mepewmimenHi

PYKOSITI HOMiHaJlbHE 3HA4YEHHs 3yCHWJUIS CTAHOBHUTH

F, =10174 H. Pi3Hnunsg MiX MiKOBUM Ta HOMiHAJIbHHUM

3HAYEHHAM 3ycuuis ckianae 17%.
[Ipomiec raneMyBaHHS BiIOYBa€ThCSI MUTTEBO, ITiCISA

9Oro CIIOCTEPIralOThCS  SIBHO BHPAXKEHI KOJHBAHHSI
BaHTaxy (puc. 14, a)
Ilpu  BUKOpUCTaHi  KOHCTPYKTUBHO  3MIiHEHHX

30JIOTHHKIB 3pOCTaHHS 3yCWIIIS Ha MOYATKy pyxy (puc. 11
0) BimOyBa€eThCS TUIABHO, HA0OYBAIOYH MIKOBOTO 3HAYCHHS

F, =13188 H. Hagaui

HOMIHaJIbHE 3HAa4eHHsS 3yCHUIL ckiamae Fp, =12811 H.

IpH TEepeMilleHHl PYKOATI

Pi3Huig MK MIKOBHM Ta HOMIHAJIBHUM 3HAYEHHSIM
3ycms ckaangae 3%. [Iporec ramsmMyBaHHS BiiOyBaeThCs
IUTaBHO, MICJIsI YOTO0 MAalOTh MICIle BHUpPaXKCHI HE3HAYHI
KOJIMBaHHS BaHTaxy (puc. 14, 6)

IIpu mopiBHSAHHI MiX c000I0 000X PEXHMIB PyXY
BHUJIHO, III0 MPU BUKOPUCTAHHI KOHCTPYKTHBHO 3MIHEHHX
30JIOTHHUKIB MIKOBI 3HA4YEeHHS 3YCWIb Ha IOYATKy PYyXy
3MeHIWINCh Ha 82% B TOpIBHAHHI 3 0a30BUMH

30JIOTHUKAMH.
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Puc. 12. I'padix mBHAKOCTI TEpeMilIeHHS LITOKY
TiApaBIIYHOTO LWITIHApPA TPHUBOAY CTpinmu: a) Oa3oBuil
30JIOTHHK; 0) KOHCTPYKTUBHO 3MiHCHHI 30JIOTHUK.

Fig. 12. Graph of the speed of movement of the rod of
the hydraulic cylinder of the boom drive: a) factory spool;
b) structurally changed spool.
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Puc. 13. I'padik mBHIKOCTI NMEpeMillleHHsS IITOKY
TiIpaBIiYHOrO WIWITIHApPa NPHUBOAY PYKOATI: a) 0a3oBHH
30JIOTHHK; 0) KOHCTPYKTHBHO 3MiHEHHUH 30JI0THHK.

Fig. 13. Graph of the speed of movement of the rod of
the hydraulic cylinder of the drive of the jib: a) factory
spool; b) structurally changed spool.
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I3 rpadigHux 3aJIeKHOCTEH MIBUAKOCTEH
TEepPEeMIllleHHsT BUXITHUX JIAHOK MEXaHi3MiB TPUBOIY
(puc. 12 a, puc. 13 a) BuAHO, IO TIPH 3aCTOCYBaHHI
0a30BUX 30JIOTHHKIB PO3TiH BimOyBaeThcs MHUTTEBO. llpu
MTOANTBIIIOMY TIEPEMIIICHHI CIIOCTEPIraroThCs BiIXUICHHS
IIBUKOCTI BiJl HOMIHAJIFHOTO 3HAYEHHS, SIKI 3yMOBJIEHI
KOJIUBaHHSIMH METAJIOKOHCTPYKIII CTPIJIOBOI CUCTEMH Ta
BaHTaxy. [Ipm oMy cepenHs MIBHAKICTh YCTaJIEHOTO
PYXy IWITOKY TiIpaBIiYHOrO IWJIIHApPA NPHBOAY CTPLIN
cranoBuTh 0,025 m/c, a pykosti 0,021 m/c.

I[Ipn  BuKOpHCTaHHI KOHCTPYKTUBHO  3MIHEHHX
30s10THUKIB (puc. 12 0, puc. 13 6) s cTpinu posrin
BiOYBa€ThCS IUIABHO, ajle 3 HEBEJIHMKHM IIPOBAJIIOM, IO
3YMOBJICHO BiJXWICHHSM BaHTaXy, SKe CIIBOATae 3
HATIPSMKOM TIEPEMIIIeHHS CTPiH.

[IBuAKICTE yCTAJICHOTO PyXy INTOKY TiIPaBIiYHOTO
OWTHAPY NpUBOAY cTpinu craHoBUTH 0,023 M/c. MoMeHT
pPO3rOHYy Ta BHXOJAY Ha YCTAICHHH pyX IUTOKY
TiIpaBIiqYHOrO UWIIHAPY NPUBOAY PYKOSTI BiIOYBa€eThCs
IUIABHO, TIPH IIbOMY IIBHUAKICTH YCTaJ€HOTO pYXY
cranosuth 0,027 m/c.

0.05] | /l\

o 0.00 ﬂU
Q
Q
N -0.05/

-0.10¢

0 2 4 6 8
t.c
a)
0.05! /\

R i
Q
Ny —0.05

-0.10

0 2 4 6 8
tc
0)
Puc. 14. I'padik KyTOBOTO BiIXWIICHHS BaHTaXy: a)
6a30BMH  30JOTHUK; ©O) KOHCTPYKTHMBHO 3MiHEHHUH
30JIOTHHK.

Fig. 14. Graph of angular deviation of cargo: a)
factory spool; b) structurally changed spool.

3a yMOBH OJHOYACHOTO TEpEeMIiIlleHHS CTPITH Ta
pYyKoOSTI BitOyBa€eThcs 3HAKO3MiHHE BiAXWIJICHHS BaHTaXY
Bil BepTHKadi. MakcuMalibHE BiIXHJIEHHS BaHTaXy Ha
MOYaTKy pyXy IpU BHKOPUCTaHHI 0a30BHX 30JOTHHKIB
(puc. 14 a) Habynae 3auenns V =—0,12 pax. IIpu npomy

Av=018 pan.

KOJIMBAHb

po3Max KOJHMBAaHHA CKJIaga€e HpI/I

raJIbMyBaHH1 po3max CTaHOBUTh

Av=0135 pan. Tpusanmicte 3aTyxaHHs KOJNMBaHb
cTaHoBHUTH 1,7 c.
BukopucTtoByroun KOHCTPYKTHBHO 3MiHEeHi

30JI0THUKH, MAKCUMAJIbHE 3HAYCHHS BiIXUJICHHS BAaHTAXKY
(puc. 14 6) na mouatky pyxy cranosuts V =-0,08 pan.
IIpu usomy posmax Bigxunenns ckmagae Av =015 pan.

[lpn rampMyBaHHI pO3Max KOJHMBaHb CTaHOBHUTH
Av =007 pang Tlpu mpoMy TpHUBANiCTh 3aTyXaHHS
KOJIUBaHb BaHTAXY NOpiBHIOE 1 c.

[MopiBHIOIOUM MiXK cO0OI0 OOMIBAa PEXUMH, MOXHA
BIAMITHTH, IO pO3Max 3HAYCHb BiIXWJICHHS BaHTaXy HA
MMOYaTKy pyXy 3a poOOTH i3 KOHCTPYKTHBHO 3MiHEHHM
30JI0THHKOM Ha 17% 3MeHIIMBCS, a TiJT 9ac TalbMyBaHHS
po3Max KOJHMBaHb BaHTaxy 3MeHIUBcS Ha 48%. Ilpm

I[OMY Yac 3aTyXaHHS KOJMBaHb BAaHTa)Xy 3MCHIINBCS HA
41%.
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Puc. 15. I'padix 3arpayeHoi NOTYKHOCTI AJIs
MEPEeMIMIeHHs CTPITM 3 BaHTa)keM: a) 0a30BHUI 30JIOTHUK;
0) KOHCTPYKTHBHO 3MiHEHHUH 30JI0THHK.

Fig. 15. The schedule of the spent power for the
movement of the boom with cargo: a) a factory spool; b)
structurally changed spool.

AmHamizyroun Tpadiky 3aTpadyeHoi MOTYKHOCTI UI
TIEPEMIIIeHHS CTPIIN Ta PYKOATI 3 BaHTakeM (puc. 15 a Ta
puc. 16 a) mpu BUKOpUCTaHHI 6a30BOT0 30JI0THHUKA, BUIHO,
o0 BHUXiJ HAa HOMIHAJBHY CIIO)KHBAaHY IOTYXHICTh

BinOyBa€eThCA MHUTTEBO Ta B MOAAIBIIOMY
CYNMPOBOKYETHCS  HE3HAUHMMH  BiIXHJICHHSMHU  Bif
HOMIHAJIBHOTO 3HauYeHHs. J[usg cTpimm MakcHMaibHi

BIIXWICHHS BiJi HOMIHAJBHOI IOTYXXHOCTI CKJIAJAI0Th
15%, a st pykositi 21%.
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Puc. 16. I'padix 3aTpadeHOi MOTYKHOCTI I
MIepEeMIIIeHHS PYKOSATI 3 BaHTa)XeM: a) 0a30BHiA 30JI0THUK;
0) KOHCTPYKTHUBHO 3MiHCHHH 30JIOTHHK.

Fig. 16. Graph of power consumption for moving the
jib with cargo: a) factory spool; b) structurally changed
spool.

Amnanizytoun rpadik 3arpayeHoi MOTYKHOCTI ISt
NepeMilLlleHHsI CTPLJIM Ta PYKOSITI 3 BaHTaxeM (puc. 15, 6 Ta
puc. 16, 0), BUIHO, III0 BUXiJl HA HOMiHAJIBHY CHOXXHBAHY
MOTYXKHICTh BiIOyBaeThCs IUIaBHO. [Ipw momamsmomy
MIepEeMIMIeHH] CTPLIOBOI CHCTEMH 3 BAaHTAXXEM BiIXHIICHHS
MOTY>KHOCTI BiJl HOMiHaJIbHOTO 3HAYEHHS € He3HAYHUMHU Ta
CTaHOBUTH A1l cTpinn 12%, a aust pykosri 7%.

BucnoBku

1. B pesysnbrari NpoBEICHUX EKCIIEPUMEHTAJIbHUX
JOCII/DKEHb 32 OJHOYAaCHOTO KYTOBOTO IEPEMIIEHHS
cTpim Ta pykosti. [Ipu mopiBHsHHI Mix co0oto 3a oboma
peKMMaMH  pyXy BHIHO, [0 HPH BHKOPHUCTaHHI
KOHCTPYKTUBHO 3MIHEHHMX 30JIOTHHMKIB IIKOBI 3HaYECHHS
3yCHJIb Ha TIOYATKy pyxy MeHIi Ha 9%, a po3Max 3HaYEeHb
3ycuiuisl 3MeHIuBes Ha 36%. Ilpu ranepMmyBaHHI po3max
3HAUeHb 3ycWJUIA 3MeHImMBCS Ha 14%. A s pykosri
IKOBi 3HAYEHHS 3yCHJIb Ha TIOYATKY PYXY 3MEHIIHUIINChH Ha
82% B TOpiBHSHHI 3 0a30BUMU 30JIOTHHKAMHU.

2.Po3Max 3Ha4yeHb BiJXWIICHHS BAHTAXY Ha MOYATKY
pyXy 3a poOOTH 13 KOHCTPYKTUBHO 3MiHEHHM 30JI0THUKOM
Ha 17% 3MeHmMBCSA, a M 4Yac TaJbMyBaHHS po3Max
KOJIMBaHb BaHTaXy 3MeHIIHBCS Ha 48%. ITpn mpomy gac
3aTyXaHHs KOJIMBaHb BaHTa)XKy 3MEHIIUBCS Ha 41%.
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OKCIHEPUMEHTAJIBHBIE UCCJIEJOBAHW A
PEXXMMOB JABMKEHUWS CTPEJIBI 1 PYKOSATU
KPAHA-MAHUITYJIAATOPA
B. C. Jlosetikun, 0. A. Pomacesuu, A. A. Cnoooba,
M. A. Cnoooba
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AHHOTALHA. C LETBIO MOBBILLIEHUS
MIPOU3BOAUTEIBHOCTH " HaJIe)KHOCTH KpaHa-
MaHHUIYJIATOPA ¢ THAPOIPHUBOIOM COTJIACHO HOPMATHBHO-
TEXHUYECKOH  JOKyMEHTalUel, perjaMeHTHpYolen
0€30MacHyI0 JKCIUTyaTallil0 MHOTO3BEHHBIX KpPaHOB-
MaHHUIYJIATOPOB, JOITyCKAETCsI COBMEIICHUE ABHKEHHUH C
OIHOBPEMEHHBIM IIE€PEMEIICHUEM HECKOIBKHX 3BEHHEB
CTPEJIOBOU CUCTEMBI.

B pesynaprate B paboTe paccMOTpeHa MeETOJAWKA
MIPOBEACHUS  JKCIEPUMEHTANBHBIX HUCCIENOBAaHUH B
IUIOCKOCTH M3MEHEHHsI BbUIETa CTPEIOBOM CHCTEMBI
KpaHa-MaHUITYyJIATOpa C TPy30M. OKCIHEpUMEHTaJIbHBIE
HCCIIEIOBaHMS MIPOBOMIINCH npu YCIIOBUH
OIHOBPEMEHHOTO YTJOBOTO TIEPEMEIICHUS CTPEIbl H

PYKOSITH.
Jost MIPOBECHNUS 9KCTIEPUMEHTAIBHBIX
UCCIECIOBAaHUH  CHPOEKTHPOBAHO W H3TOTOBIICHO

9KCTIEPUMEHTAIBHYIO YCTAHOBKY KpaHa-MaHHITyJsTOpa C
THJpaBIMuecKUM MpuBoJoM. I[logoOpaHo M HacTpoeHO
U3MEpUTENbHO-PETUCTpUpYIoIee 000pyAOBaHHE.

B pamkax 1npoBeneHHS ~— IKCIEPHUMEHTAIBHBIX
UCCIIEIOBAaHUM JMHAMUKHA IEPEMEIIEHUS CTPEIOBOMI
CHUCTEMbI KpaHa-MaHMIYJIATOpPa C Ipy30M pazpaboTaHa
CHCTeMa YNpaBICHUS MEXaHM3MaMH IPHBOJA, KOTOpas
JIaeT BO3MOXKHOCTH PEaJIM30BaTh ONTHMAJIbHbBIC PEXKUMBI
JIBYDKCHUSI 3BEHBEB CTPEIIOBOH CHCTEMBI.

B pesympTare TpoOBeAEHBI 3KCHEPHMEHTAIbHBIC
HCCIIEOBAaHMS pu YCIIOBUH OJTHOBPEMEHHOTO
MIEPEMEIIEHNUS CTPENbl M PYKOSTH C TPY30M Ha KOHIE
cTpenoBoi cucteMmbl. [losyueHO mMakeT MaHHBIX IO
peabHBIM U ONTUMAJIBHBIM PEKUMaM JIBHKECHUS 3BCHbEB
CTpPEJIOBOH CUCTEMBI KpaHa-MaHMITYJIATOpA.
OOpaboTaHHbIe JaHHbBIE IPUBEACHBI B Ipa)UuecKoM BHIE
U TPOBEIEH CPaBHHUTEIBHBIM aHAIN3 C pPEaJbHBIMH H
ONTUMAJIBHBIMU PEXXUMaMH JIBUKEHUS.

Pazpaborana METO/IKa TIPOBEICHUS
9KCTIEPUMEHTAIBHBIX HCCIIEIOBAaHNH, TI03BOJIMIIA
OTIPENCTINTh BIMSHUE OJHOBPEMEHHOTO IEpEMEICHHUS
CTpenbl M PYKOSTH Ha KojeOaHMS Tpy3a, W BIUSHHE
KoneOaHMs Tpy3a Ha  JUHAMHYECKHE  HArpy3KH,
BO3HMKAIOIIME B CTPEJIIOBOM CHCTEME M MeXaHHW3Max
IIPUBO/Ia KpaHa-MaHUITYJISATOPA.

Knrouesbie cJoBa: 9KCIEPUMEHTAJIbHBIC
HCCIICIOBAHMs, W3MCHEHHE  BBIJIETA, COBMEIICHHE
JBIDKEHHUH, KpaH-MaHUITYJIATOP, THMHAMHYECKHE HArPy3KH,
koJjebaHus rpysa.

EXPERIMENTAL STUDIES OF THE MOTION
MODES OF THE MAIN BOOM AND JIB OF LOADER
CRANE
V. S. Loveikin, Yu. O. Romasevych, O. O. Spodoba,

M. O. Spodoba

Abstract. In order to increase the productivity and
reliability of a hydraulic-powered loader crane, according
to the normative-technical documentation regulating the
safe operation of multi-link cranes, it is allowed to combine
movements with the simultaneous movement of several
links of the boom system.

As a result, the paper considers a technique for
conducting experimental studies in the plane of changing
the boom system of a loader crane with a load.
Experimental studies were carried out under the condition

of simultaneous angular movement of the main boom and
jib.

To carry out experimental studies, an experimental
installation of a hydraulic-driven loader crane was
designed and manufactured. Measuring and recording
equipment has been selected and adjusted.

In the framework of experimental studies of the
dynamics of movement of the boom system of a loader
crane with a load, a control system for drive mechanisms
has been developed, which makes it possible to realize the
optimal modes of movement of the links of the boom
system.

As a result, experimental studies were carried out
under the condition of simultaneous movement of the main
boom and jib with a load at the end of the boom system. A
package of data on real and optimal modes of movement of
the links of the boom system of the loader crane was
received. The processed data are presented in graphical
form and a comparative analysis with real and optimal
modes of movement is carried out.

The developed method of experimental research has
made it possible to determine the effect of the simultaneous
movement of the boom and jib on the oscillations of the
load, and the effect of the oscillations of the load on the
dynamic loads arising in the boom system and the drive
mechanisms of the loader crane.

Key words: experimental research, change in
departure, the combination of movements, loader crane,
dynamic loads, load vibrations.
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Abstract. The article presents the results of a study of
the effect of slab thickness on the element segregation of
during continuous casting of billets. The process of
accumulation of elements on the surface of dendrites
during crystallization of steel slabs for various thicknesses
is considered. The theoretical dependence of the process of
accumulation of elements on the dendrite surface during
the crystallization of steel slabs for various thicknesses has
been established. It is shown that the efficiency of
accumulation of elements on the dendrite surface depends
significantly from the crystallization and cooling rate of the
slab.

The established dependence makes it possible to
determine the permissible increased element content in
strips, which is equivalent to their content in thick slabs
during continuous casting of billets. The element
segregation searching shows that at pouring of thin steel
strips, an increasing of the element content is possible
compared to continuous casting of thick slabs with an
identical level of segregation.

The elements are arranged as possible to maximize the
impurities content in AISI 1006 carbon steel in the
following decreasing sequence: S, O, N, P, H. Another
sequence is observed for stainless steel AISI 304: O, S, P,
H, N.

The following sequences are observed in the case of
residual elements: for steel AISI 1006 - Pb, Bi, Sn, As, Zn,
Sb, Cu; for steel AISI 304 - Cu, Sb, Sn, Bi, Pb, As, Zn.

The sequences are as follows for the alloying
elements: for steel AISI 1006 - B, Se, Al, Te, Ca, Mg, Ce,
C, La, Nb, Ti, Mn, Ni, Si, Cr; for steel AISI 304 - Ca, Te,
Al, Ti, Mg, C, La, Ce, Nb, Se, V, B, Si, Cr, Mn.

Key words: segregation, steel, chemical composition,
austenite, d-ferrite, element distribution, dendrite, liquid,
solid, phase.

Introduction

Continuous casting technology is one of the
economical ways to produce high quality billets. The
world's leading manufacturers produce by continuous
casting from 81 to 97% of the total steel production [1].

Approximately 2/3 of the total steel volume is produced on
slab continuous casting machines for sheet production.

Currently, there is a tendency in the world to transition
from the manufacture of thick-sheet (150-300 mm) [1] to
thin-sheet (1-5 mm) [2] continuously cast blanks.

This is due to the fact that when pouring of billets with
dimensions close to the final, the number of technological
operations decreases, capital and energy costs are reduced,
and the working cycle is reduced.

Formulation of problem

A thickness decreasing accompanies by a change of
the conditions of the structure formation and the
development of chemical and structural heterogeneity in
the sheet during continuously casting of steel slabs.
However, systemic studies of the peculiarities of the
structure formation and the development of chemical and
structural heterogeneity of thin strip have been
insufficiently performed.

Therefore, the problem of studying the features of the
segregation process of elements during the formation of
thin strip at continuously casting is current importance.

Analysis of recent research results

The segregation of elements in metal, generally for
the equilibrium conditions, depend on the temperature and
the elements solubility in solid and liquid. It is
characterized by the equilibrium coefficient of elements
distribution (koi). In non-equilibrium conditions a very
strong influence exert on these phenomena the forming
condition of dendrite structure and the secondary structure.

The element segregation during the dendrite structure
forming depend mainly on:

- element solubility in solid and liquid phases;

- crystallization rate (Ver);

- mobility diffusion time of elements (D);

- dendrite size (xP);

- kinematic viscosity of liquid phase (v);

- velocity of liquid metal around the dendrites (Ucx).


http://dx.doi.org/10.31548/machenergy2021.01

16 Ye. G. Aftandiliants

Table 1. Distribution of elements between liquid and solid phases for equilibrium conditions.

Element | Atomic | lron | Transformation Solubility, % wt. K
mass, M | type t, °C insolid | in liquid o
Impurities
3 1535 0.00108 | 0.00253 0.43
H 1.0079 v 1401 0.00045 | 0.0009 0.50
3 1536 0.01 0.0451 0.22
N 14.007 v 650 0.702 1.141 0.62
5 1536 0.00344 | 0.0458 0.08
© 15.999 v 1528 0.000869 | 0.00344 0.25
3 1048 2.384 9.425 0.25
P 30.974 v 1150 0.249 0.499 0.50
3 1365 0.175 11.285 0.02
S 32.060 v 1365 0.051 0.175 0.29
Alloying elements
C 12.011 S 1498 0.101 0.497 0.20
y 1153 1.978 3.719 0.53
Si 28.086 S 1250 10.05 12.57 0.8
y 1150 1.96 1.96 1.0
Mn 54.938 S 1473 9.44 12.78 0.74
y 1244 100 100 1.00
Cr 51.996 ) 1507 21.41 21.41 1
v 830 6.98 6.98 1
\% 50.9414 | § 1468 30.09 30.09 1
y 1150 1.28 1.82 0.70
Ni 58.71 S 1512 3.993 5.465 0.73
y 1450 100 100 1
Nb 92.906 S 1372 4.656 17.628 0.26
y 1150 1.663 2.66 0.62
B 10.81 S 1381 0.00135 1.393 | 0.00097
y 1381 0.00116 | 0.00135 0.86
Mg 24.305 S 1515 0.087 0.753 0.125
y 1388 0.0435 0.087 0.500
Al 259815 | § 1232 24.65 0.0744 0.075
y 1160 0.721 0.00558 | 0.250
Ca 40.08 S 1538 0.00395 | 0.0323 0.12
y 1392 0.0179 0.0358 0.05
Ti 47.9 S 1289 8.4 13.72 0.61
y 1100 0.171 0.514 0.33
La 138.906 | & 1400 4.973 24.864 0.20
y 1382 0.137 0.249 0.55
Ce 140.12 S 1390 3.511 27.59 0.127
y 1390 0.0376 0.0627 0.600
Residual elements
Cu 63.546 S 1478 7.62 11.716 0.650
y 1094 8.53 99 0.078
Zn 65.38 S 780 50.32 99 0.48
y 1150 0.0655 0.076 0.85
Sn 118.69 S 1128 17.63 64.37 0.27
y 1150 1.7 3.19 0.53
Pb 207.19 S 1535 0.001 0.0482 0.021
y 1391 0.167 0.260 0.650
Bi 208.98 S 1538 0.0112 0.0935 0.12
y 1391 0.206 0.374 0.55

The element accumulation on boundary surface conditions, depend on the state diagrams Fe-l (element)
between the solid and liquid phases, for equilibrium  and the value of the equilibrium distribution coefficient (Ko
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= percentage ration of element I in solid iron and liquid
iron) in iron.

This coefficient for equilibrium conditions has the
following values as presented in table 1 [3-5].

The data of table 1 are the basis for calculating and
predicting of the thickness influence on the element
segregation in continuously cast steel slabs.

Purpose of research

The purpose of the work is the theoretical and
methodological substantiation to investigate the influence
of slabic thickness on the segregation of elements during
continuous casting of preparations.

Research results

The element heterogeneity during the first time of
equilibrium crystallization (without diffusion) in & and y
fields is shown in table 2.

Table 2. Solubility ratio of elements in liquid and
solid iron (Ciig/Cisol) in the first time of equilibrium
crystallization of iron in & and y fields.

Element Cilig/Cisol Element Ciig/Cisol
S- Y- - Y-
iron iron iron iron

Residual elements Impurities

Pb 47.62 | 154 S 62.50 | 3.45
Bi 8.33 1.82 0] 13.33| 4.00
Sn 3.70 1.89 N 4.55 1.61
As 2.56 1.35 P 4.00 2.00
Zn 2.08 1.18 H 2.33 | 2.00
Sh 2.00 2.33

Cu 1.54 12.82

Alloying elements

B 1030.9| 1.16 Ti 164 | 3.03
C 5.00 1.89 Cr 1.00 | 1.00
Mg 8.00 2.00 \% 1.00 | 1.43
Al 13.33 | 4.00 Mn 135 | 1.00
Si 1.25 1.00 Ni 1.37 | 1.00
Ca 8.33 20.00 Nb 385 | 1.61
La 5.00 1.82 Se 50.00 | 1.49
Ce 7.87 1.67 Te 10.00 | 16.13

Data of table 2 show that the crystallization of iron in
8-phase present more heterogeneity during first time of
crystallization:

- for residual elements — Pb is first (Pb will be 47.62
times more on boundary surface between the solid and
liquid phase than in liquid metal) and less for other residual
elements Bi, Sn, As, Zn, Sb, Cu;

- for impurities — S is first (S will be 62.5 times more
on boundary surface between the solid and liquid phase
than in liquid metal)) and less for other impurities O, N, P,
H;

- for alloying elements — B is first (B will be 1031
times more on boundary surface between the solid and
liquid phase than in liquid metal)) and less for other

alloying elements Se, Al, Te, Ca, Mg, Ce, La, C, Nb, Ti,
Ni, Mn, Si, Cr, V.

Instead, for crystallization in y-phase it is:

- for residual elements — Cu is first (Cu will be 12.82
times more on boundary surface between the solid and
liquid phase than in liquid metal)) and less for other
residual elements Sb, Sn, Bi, Pb, As, Zn;

- for impurities — O is first (O will be 4 times more
on boundary surface between the solid and liquid phase
than in liquid metal)) and less for other impurities S, P, H,
N;

- for alloying elements — Ca is first (Ca will be 20
times more on boundary surface between the solid and
liquid phase than in liquid metal)) and less for other
alloying elements Te, Al, Ti, Mg, C, La, Ce, Nb, Se, V, B,
Ni, Mn, Si, Cr.

The effective coefficient of element distribution (Ke),
in non-equilibrium conditions, has the next dependence
[3]:

Kest = Koi/(Koi + (1 = Koi)exp(=Ver = 8¢/D)) gp, (€Y)
where koi — the equilibrium coefficient of elements
distribution, v¢r — crystallization rate, &. — diffusion
boundary layer, D — coefficient of element diffusion
(usually in melt iron is D = 5-10°+ 1-10® m%s [3])

The thickness of the diffusion layer (&) around
dendrites is found according to next formula:

5. = 8/1.026 - (v/D)*/3, (2)
the thickness of boundary layer (8) in the above formula is
expresed as follow:

5 =4.64-(xP-v/u,)?, 3)
where xP — distance between the dendrite peak, v —
kinematic viscosity of melt, u»— laminar movement speed
of melt flow.

In fig. 1 is shown the velocity distribution of the melt
flow around the dendrite.

¥

Boundary layer

Melt

A —z 0o

Dendrite }
|
A7 g
Fig. 1. Velocity distribution of melt flow nearest to
the dendrite [6].

Strip and thick slab parameters are shown in table 3.
The boundary and diffusion layers are calculated, for the
processes of strip and thick slab casting in the table 4,
according to the data presented in table 3.

Table 3. Strip and thick slab parameters.

. Thick
Parameter Strip slab
Thickness, mm 1.2 | 18 220
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Casting speed, m/min 131 59 2
Total solidification time, s | 0.116 | 0.258 | 1070
Average speed of
crystallization, mm/s 5.172 | 3488 | 0.103
Avera_ge shell cooling rate 1853 | 826 12
in mould, °C/s
Average size of dendrites 06- | 1.0- | 120-
(xP), mm 0.7 1.2 20.0
Speed of melt flow (uw), 0.2-050 0.2-
m/s 0.6
Coefficient of diffusion of 9. 3
elements (D), m?/s 5107+ 110
Kinematic viscosity of
melt, with C = 0.054 % wt., 10.8-107
at 1550 °C (v), m?/s

Table 4. Values of the boundary (8) and diffusion
layers (8¢) and the parameter v¢-8¢/D for the processes of
strip and thick slab casting.

Type of slab
Thick Strip
Parameter Thickness, mm
220 1.8 1.2
5 min 0.68 0.22 0.167
MM ax 153 | 037 | 0285
min 0.110 0.035 0.027
8¢, mm max 0.312 0.077 0.0583
average | 0.211 0.056 0.043
min 2.27 24.4 27.9
Ver-8¢/D max 3.21 26.68 30.15
average 2.74 25.55 29.03

It is observed that from the table 4 the thickness of the
diffusion layer () for strip casting is 3.78 to 4.94 times
less than for the conventional continuous casting and the
integral parameter (v¢r-8¢/D) increases from 9.32 to 10.59
times. This means that for the strip casting the value of the
distribution coefficients increases as shown in figure 2.

Increasing of the value of the effective coefficient of
element distribution (kef) must increase the steel
homogeneity in diffusion layer (Cs), due to the
accumulation of elements on interface dendrites/liquid
steel, that could be calculated by the following formula.

Coc = Clig(l + ———=—, (4

Kefexp (VCBSC
The maximum accumulation of elements is for the
conditions: 8. =0 and C max = C iig/kesr (fig. 3).
Calculations of the effective coefficient of element
distribution (kerf) and maximum segregation of elements
(Ciig/kess) are shown in table 5.

Kot

44 |

7 098 10 24 vd. /7
Fig. 2. Dependence of ke from of the parameter
(Vcr*ac/D).

0, .
C. /°A Dendrite  Diffusion layer
Cona— Chq/keff‘ /

3

X

c

Fig. 3. Distribution of elements on interface

dendrite/liquid steel.

The data of the table 5 show that the increasing of the
cooling and crystallization rate decreases the micro
segregation of steels, and for the strip casting the
transformation of liquid to solid takes place practically
without diffusion, keeping the liquid state.

Experimental data presented in [7-9] table 6, 7
confirm the above calculations (fig. 4).

The dendrite segregation in conventional continuous
castingisnext: S=18-24,C=145-17, Cr=125-
1.75,Mn=1.2-1.45 Ni=1.2-1.35[9].

Instead, for the strip casting the segregation index
aspires to 1. For example, the segregation index for as-cast
strip (AISI 304 stainless steel) is next [10]: Cr = 1, Ni =
0.99, Mn =0.98, Si = 1.

Cmax(i) = Ciiqay - (1 + Le::if)f) = Ciigai/Kettciy (5)

For conventional casting

Cmax(conv)(i) = Cliq(conv)(i)/keff(conv)(i)r (6)
and strip casting
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Cmax(strip)(i) = Cliq(strip)(i)/keff(strip)(i)' (7)
where Ciig (convy) 1S the content of element | in liquid steel
for the conventional continuous casting, Ciiq (stip)() iS the
content of element | in liquid steel for the strip casting, Keft
conv)iy IS the effective coefficient of distribution of element
| for the conventional continuous casting, Keff (sip)) i the
effective coefficient of distribution of element | for strip
casting.

Table 5. Effective coefficient of element distribution
(ker) and maximum segregation of elements (Ciig/Kefr)
respectively for thick slab and strip casting.

Strip casting (thickness | Thick slab (thickness -
— 1.8 mm) 220 mm)
C - - - -
) 5 -iron y -iron S -iron y -iron
"I ke | Cii/ | ke | Cii/ | ke | Ciig/ | ke | Ciiig/
i | Ket | f | Ker | f | Ker | | Kerr
Impurities
H| 1 | 0.003] 1| 0.0010p.92| 0.003D.94| 0.001
N| 1| 0.045| 1| 1.1410p.81| 0.055D.96| 1.186
O| 1| 0.046| 1| 0.003D.56| 0.082p.84| 0.004
P| 1| 9425| 1| 0.4990.84| 11.250.94| 0.531
S| 1] 1129| 1| 0.1750.20| 56.10D.86| 0.203
Residual elements
Zn| 1 99| 1| 0.076p.94| 100.00.99| 0.077
Sn| 1| 6437 1| 3.19D.85| 75.63P.95| 3.372
Pb| 1] 0.048| 1| 0.2600.25| 0.193D.97| 0.269
Alloying elements
B| 1| 139| 1| 0.001p.02| 94.03D.99| 0.001
C| 1| 050 1| 3.72|/08| 0.62[09| 3.93
Mg| 1| 075 1| 0.09/0.7| 1.09/0.9| 0.09
Al| 1| 007 1| 0.01/06| 0.13]/0.8]| 0.01
Si| 1| 126 1| 196p98| 12.8|1.0] 1.96
Cal| 1| 0.03] 1| 0.04p.77| 0.05p.44| 0.08
Ti| 1| 137 1| 051D.96| 14.280.88| 0.58
Crl 1| 214| 1| 6.98|10| 214|10| 6.98
V| 1| 30.1| 1| 1.82|1.0| 30.09D.97| 1.870
Mn| 1| 128| 1 1000.98| 13.0|1.0 100
Ni| 1| 547 1 1000.98| 5.59|1.0 100
Nb| 1| 176| 1| 2.66|0.8| 20.9p.96| 277
La|] 1| 249| 1| 0.25p.80| 31.3P.95| 0.26
Ce| 1| 276| 1| 0.06/0.7| 39.8p.96| 0.07
Se| 1| 7.07| 1| 0.21]0.2| 29.40.97| 0.22
Te| 1| 228 1| 0.38|06| 3.60/05| 0.72
Table 6. Dendrites elements segregation in ingots [7].
Ele- Ratio of content element | in between arm
ment spacing of dendrites to content element I in
arm dendrites, Ca2/Cqy
S 1.50 -2.00
P 1.47-1.65
C 1.45-1.60
W 1.60-1.70
As 1.40-1.60
\ 1.30-1.50
Mo 1.25-1.45
Si 1.17-1.23
Cr 1.17-1.23
Mn 1.12-1.18
Ni 1.00-1.10

In case of considering equal segregation for both
processes of conventional continuous casting and of strip
casting the following conditions will be verified:

Cmax(conv)(i) = Cmax (strip)(i)’ (8)
Cliq (conv)(i) _ Cliq(strip)(i)

- ] (9)
keff(conv)(i) keff(strip)(i)
Keff(strip) (i)
Cliq(strip)(i) = Cliq (conv)(i) .kes¢' (10)
eff(conv) (i)
Table 7. Segregation ratio of as-cast strip [8].
Elements | After mould roll pressing force, ton
0 2.3 20.5 38.8
Cr 0.99 0.99 1.0 1.0
Ni 0.98 0.95 0.89 0.88
Mn 0.97 0.94 0.90 0.80
15
.’; @ | Twin drum cast strip
Z 14} [ =] Conventional slab
E ( ) Cooling rate in conventional slab (3)
c 13F a
K] -
P r
w 1.2F - ™
b a0 e (9
b L _.-~ m(150)
g 1.1 :/',- 0
S 10 o e : :
0.01 0.1 1 10 165
Distance from surface (mm)
' 3000 1000 100 0

Cooling rate (K/s)

Fig. 4. Influence of cooling rate on micro segregation
of Ni for AISI 304 stainless steel.

In according with formula 4 the maximum elements
segregation of element I (Cmax(i)) will be at 5.= 0 (see fig.
3).

The ratio Keft strip)iy/ Keff (convyiy ShOws how many times
is possibility to increase the element content in liquid steel,
for the strip casting process, maintaing the same
segregation index as for the conventional continuous
casting. Results of calculation are presented in table 8.

The data presented in table 8 shown that maximum
possible increase of elements in carbon (AISI 1006) and
stainless (AISI 304) cramsax for the strip casting process
(considering a thickness of 1.8 mm) in comparison with the
continuous casting process (considering a thickness of 220
mm) for the conditions of having equal dendrite
segregation for the both processes are different.

The elements are arranged as possible to maximize
the impurities content in AISI 1006 carbon steel in the
following decreasing sequence: S, O, N, P, H. Another
sequence is observed for stainless steel AlSI 304: O, S, P,
H, N.

The following sequences are observed in the case of
residual elements:

- for steel AISI 1006 - Pb, Bi, Sn, As, Zn, Sb, Cu;

- for steel AlISI 304 - Cu, Sh, Sn, Bi, Pb, As, Zn.

Table 8. Theoretical possibility of increasing the
element persentage in liquid steel for the strip casting
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process (considering a thickness of 1.8 mm) in comparison
with the continuous casting process (considering a
thickness of 220 mm) for the conditions of having equal
dendrite segregation for the both processes.

Percentage increase of elements, %
(This percentage is compared to the element level for
the conventional continuous casting )
Crystallization in 6 phase | Crystallization iny phase
(For example steel AISI (For example steel AlSI
1006) 304)
Impurities
S 497.1 @) 19.4
) 79.6 S 15.8
N 22.9 P 6.5
P 19.4 H 6.5
H 8.6 N 4.0
Residual elements
Pb 401.0 Cu 76.3
Bi 47.4 Sh 8.6
Sn 17.5 Sn 5.7
As 10.1 Bi 5.3
Zn 7.0 Pb 3.5
Sh 6.5 As 2.3
Cu 3.5 Zn 11
Alloying elements
B 6750.3 Ca 222.7
Se 416.4 Te 97.7
Al 79.6 Al 19.4
Te 58.1 Ti 13.1
Ca 47.4 Mg 6.5
Mg 45.2 C 5.7
Ce 44.4 La 5.3
C 25.8 Ce 4.3
La 25.8 Nb 4.0
Nb 18.4 Se 3.2
Ti 4.1 Vv 2.8
Mn 2.3 B 11
Ni 2.3 Si 0
Si 1.6 Cr 0
Cr 0 Mn 0

The sequences are as follows for the alloying
elements:

- for steel AISI 1006 - B, Se, Al, Te, Ca, Mg, Ce, C,
La, Nb, Ti, Mn, Ni, Si, Cr;

- for steel AISI 304 - Ca, Te, Al, Ti, Mg, C, La, Ce,
Nb, Se, V, B, Si, Cr, Mn.

Conclusions

1. The established dependence makes it possible to
determine the permissible increased content of elements in
steel strips, in comparison with thick slabs, at which their
level of segregation is equivalent to the level of their
segregation in thick slabs during continuous casting of
billets.

2. Research on the micro segregation of elements has
shown that for the strip casting process the element content
could be increased too much in steel compared to the
conventional slab casting having the same level of the

micro segregation.

3. The elements are arranged as possible to maximize
the impurities content in AISI 1006 carbon steel in the
following decreasing sequence: S, O, N, P, H. Another
sequence is observed for stainless steel AlSI 304: O, S, P,
H, N.

4. The following sequences are observed in the case
of residual elements:

- for steel AISI 1006 - Pb, Bi, Sn, As, Zn, Sb, Cu;

- for steel AISI 304 - Cu, Sb, Sn, Bi, Pb, As, Zn.

5. The sequences are as follows for the alloying
elements:

- for steel AISI 1006 - B, Se, Al, Te, Ca, Mg, Ce, C,
La, Nb, Ti, Mn, Ni, Si, Cr;

- for steel AISI 304 - Ca, Te, Al, Ti, Mg, C, La, Ce,
Nb, Se, V, B, Si, Cr, Mn.
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BJIMSHUWE TOJIILIMHBI CJISIBOB HA CETPET ALIUIO
DJIEMEHTOB ITPU HETIPEPBIBHOM JIMTHE
3AT'OTOBOK
E. I Apmanounany

AHHOTauusi. B cratbe mnpuBOIATCS pe3yJbTaThl
HCCIICIOBaHMS BIMSTHUS TOJIIUHBI CIIT00B Ha CETPEramnuio
JJIEMEHTOB MpPH  HEMPEPHIBHOM  JIUThE  3arOTOBOK.
PaccMoTpen mpolecc HAKOIUICHHs  DJIEMCHTOB — Ha
MOBEPXHOCTH JACHIPUTOB MPH KPUCTAIUTA3ANUU CTATBHBIX
cis100B pa3IuYHOMN TOJIIIMHEL. VYcranosieHa
TEOpETHYECKass 3aBUCUMOCTh MpOIecCa HAKOIUICHHS
9JIEMEHTOB ~ Ha  MOBEPXHOCTH  JCHIPUTOB npu
KPHUCTAJUTU3AIMH CTAIBHBIX CISI00B pa3IMIHON TONIIIHEL.
[Toxazano, 910 3(PPEKTHBHOCTh HAKOIUICHHUS 3JIEMEHTOB
Ha TIOBEPXHOCTH JACHAPUTOB CYIIECTBEHHO 3aBHUCHT OT
CKOPOCTH KPHCTALIM3AIMA W OXJXKACHUS CIs10a.
YcTaHoBIEeHHass 3aBUCHMOCTH IIO3BOJISICT OIMPEICIUTH
JIOITyCTUMOE TIOBBIIIIEHHOE COJEP)KaHHE »>JIEMEHTOB B
JICHTaX, SKBHUBAJICHTHOC HUX COJCPKAHHUIO B TOJICTHIX
cnsbaXx  TPH HENPEPHIBHOM  JIMThE  3arOTOBOK.
HccnenoBanue cerperaiyu 3J€MEHTOB [TOKa3alio, YTo MpH
Pa3IMBKH TOHKUX CTAJIbHBIX JICHT BO3MOXHO YBEIHUCHHE
COJICpKaHUS JICMEHTOB IO CPAaBHEHHIO C HEMPEPBIBHOM
pa3IMBKOH TOJCTHIX CIS00B MPH HACHTHYHOM YpPOBHE
cerperaruy.

Ilo YPOBHIO MaKCHMAaJIbHOTO YBEIIMYCHUS
COJIepKaHUS IPUMECEH B TOHKHX JICHTAX U3 YTIEPOIUCTON
ctanmu AlS| 1006 ameMeHTBI pacionararoTcs B CIeAyIOIICH
yobBaromeit mocienoBatensHocTH: S, O, N, P, H. [Ina
TOHKMX JIGHT U3 Hepxkaserouied cramu AlSlI 304
HaOroaeTest apyras nocieaoBarenbHocTh: O, S, P, H, N.

B ciyuae 0CTaTOYHBIX 3JICMCHTOB HAOJIOAAIOTCS
CIIE/IYIONIHE 3aKOHOMEPHOCTH:

- g menTsl w3 cranu AlSI 1006 - Pb, Bi, Sn, As, Zn,
Sh, Cu;

- nientsl w3 cranu AlSI 304 - Cu, Sb, Sn, Bi, Pb, As,
Zn.

JUIs  JeTHpYIOMIMX  SJIEMEHTOB  YCTaHOBJICHHBIE
MOCJIEIOBATEIEHOCTH UMEIOT CIICAYIOIIHNHN BHI;

- mertsl u3 cranm AlSI 1006 - B, Se, Al, Te, Ca, Mg,
Ce, C, La, Nb, Ti, Mn, Ni, Si, Cr;

- nentsr u3 cramm AISI 304 - Ca, Te, Al, Ti, Mg, C,
La, Ce, Nb, Se, V, B, Si, Cr, Mn.

KiawuyeBble ¢J10Ba: CTajgb, XUMHUYECKHI COCTaB,
aycTeHHT, O-peppuT, pacmpelelicHHE — 3JICMEHTOB,
JIEHJIPUT, )KUAKUH, Qa3a, TBepIbIi.

BIIJIMIB TOBILIMHU CJIABIB HA CEI'PEI'ALIIIO
EJJEMEHTIB ITPU BE3IIEPEPBHOMY JIUTTI
3ATOTOBOK
€. I Apmanoinany

AHoTamiss. Y cTarTi HaBOIATBHCS  PE3yIbTATH
JOCTIJKCHHST BIUTMBY TOBIIMHH CIISI0IB Ha CETperamito
€IeMEeHTIB TIpu Oe3mepepBHOMY JIUTTSA  3arOTOBOK.
PosrisiHyTO TIpOIIeC HAKOTIMYESHHSI €TIEMEHTIB Ha TIOBEPXHi
JNIEHJAPUTIB TIPU KpHCTadi3alii crajieBux Cisi0iB pi3HOI
TOBIIMHK. BCTAHOBJIEHO TEOPETUYIHA 3aJICIKHICTh MPOIIECY
HaKOTIMYEHHS EJIEMEHTIB Ha TIOBEpXHI NEHIPWTIB MpHU
KpHCTaji3alii cTajneBux Cis10iB  pi3HOI  TOBILMHY.
[Tokazano, 1m0 e()eKTUBHICTh HAKOIIMYCHHS CIIEMCHTIB Ha
MOBEPXHI JCHAPUTIB iCTOTHO 3aJICKUTh BiJ IMIBHIKOCTI
KpUcTamizamii 1 oOXoJlo[keHHs cisiba. BcraHoBneHa
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3aJI@KHICTh  JI03BOJISIE BU3HAYUTH JOIYCTUMHN
IBUIIICHAH BMICT €JIEMEHTIB B CTpiuKaX, eKBiBaJCHTHY
iXHIM 3MICTOM y TOBCTHUX cisi0ax Mpu Oe3mepepBHOMY
JUTTS 3aroTOBOK. JIOCHIIKEHHS cerperaiii eIeMeHTiB
MOKa3aJo, 0 TPH PO3IUBAHHSI TOHKUX CTAJCBHX CTPIYOK
MOJJIHBE 301TBIICHHS BMICTy €JIEMCHTIB B TOPIBHSAHHI 3
0e3MmepepBHUM JIUTTSIM TOBCTHX CIII01B MPU iICHTUIHOMY
PpiBHI cerperarii.

3a piBHEM MaKCHMaJbHOTO 30UIBIIEHHS BMICTY
JIOMIIIIOK B TOHKHX CTpiuKax 3 Byrieuesoi ctaini AlSI 1006
CIIEMCHTH PO3TAIIOBYIOTBCS B  HACTYMHINH  CrajgHol
mochimoBHocTi: S, O, N, P, H. [Ing ToHKMX cTpiuok 3
Hepxkagitouoi crami AlISI 304 cnoctepiraeTbes iHIIA
nochigosHicTs: O, S, P, H, N.

Y pa3i 3aIMIIKOBUX €JIEMEHTIB CIIOCTEPIraloThCS TaKi
3aKOHOMIPHOCTI:

- mist crpiuku 3i crami AlSI 1006 - Pb, Bi, Sn, As, Zn,
Sh, Cu;

- crpiukwu 3i cram AlSI 304 - Cu, Sb, Sn, Bi, Pb, As,
Zn.

JIiss Jleryroumx eJeMEHTIB MOCIIOBHOCTI MAaloTh
TaKUW BUTTIAL;

- crpiukw 3i cram AlSI 1006 - B, Se, Al, Te, Ca, Mg,
Ce, C, La, Nb, Ti, Mn, Ni, Si, Cr;

- crpiukwm 3i crani AlISI 304 - Ca, Te, Al, Ti, Mg, C,
La, Ce, Nb, Se, V, B, Si, Cr, Mn.

KarouoBi cioBa: cramp, XIMIYHAN CKJIaJ], ayCTEHIT,
O-(heput, PO3MOALT EICMEHTIB, NEHIPWUT, PIAKHiA, (asa,
TBEpAUIL.

Ye. G. Aftandiliants ORCID 0000-0001-5864-9855.
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AHoTanis. Huai crioctepiraeTbess TSHISHINS MO0
IHTEHCUBHOTO 30UTBIIEHHS OOCATIB XIMIYHOTO 3aXUCTY
POCTIMH TECTHIMIAMH, SKi € MOTCHIIHHO HEOe3MeUHUMHU
JUIsL TOBKULISA Ta JIIOJUHU. BiNoOBiAHO pU3UKHM OTpPYEHD,
npodeciiiHnX ~ 3aXBOpIOBaHb,  SKi ~ MNOB’s3aHi 3
BUKOPHCTAHHSIM MECTHLUIIB Y CLIBCHKOIOCIIONAPCHKOMY
BUPOOHHIITBI, 3pOCTAIOTb.

B VkpaiHi yxBaJeHO HH3KY 3aKOHOAABYMX 1
HOPMAaTHBHO-TIPaBOBUX JOKYMEHTIB, SKi PErIaMeHTYIOTh
MPaBOBI  BIAHOCWHHW, TIOB’s3aHi i3 3aCTOCYBaHHIM
MECTHIUAIB Y CUTBCHKOTOCIIONAPCEKOMY BHUPOOHHUIITBI.
HepxaBHi canitapri mpasmma JICIT 8.8.1.2.001-98 e
OCHOBHHM HOPMAaTHBHUM JIOKyMEHTOM, KU
periIaMeHTye BHMOTH 10 TPAHCHOPTYBaHHA, 30epiraHHs
Ta 3aCTOCYBaHHS MECTULIUIB HA BUPOOHHIITBI.

HopmaTuBu, po3poOseHi Ta 3aTBepiykeHi Oijiblie,
HDK 4YBEpTh CTOJITTS TOMY, € 3acTapuiuMM 1 He
BpPaxoOBYIOTh OCOONHMBOCTEH HOBUX TexHoJorid. Tomy,
3B@KAKOYM HA CydYaCHI BHMOTH [0 Tiri€HIYHOTO
HOPMYBaHHS Ta OTPUMaHHS HOBHX [JaHUX IIOJO
TOKCHUKOJIOTIYHHX BJIACTMBOCTEH MECTHULIHAIB, 3pOCTa€e
HEOOXIJHICTh TapMOHI3aIlil BITYM3HAHOI HOPMATHUBHOI
06asn 3 BHMoOramMm €BpONEHCHKOTO CIIIBTOBAPUCTBA.
YacTiHa YHHHUX HOPMATHBIB TOTpeOye Meperisamy i
OCy4YacHEHHSI.

Pexomenpanii 11010  BHKOPUCTaHHS  3aco0iB
IHANBIyaTbHOTO 3aXHCTy MPALiBHUKIB JJISI MPOBEICHHS
obmpuckyBanHsi Oyno mpoanamizoBano 3rigao 3 JICIT
8.8.1.2.001-98 Ta macnoptom Oe3mneku QyHrinEAyY
Axanto® Ilmoc BupoOHunTBa [lfomoH IHTepHEIIHNI
Omepeiimaz ~ CH-1218 Le Grand-Saconnex/GE
[Beiinapisi, po3podieHoro 3rizHo 3 Permamenrom (€C)
Ne1907/2006 3i 3MiHamMH.

AHaii3 3aco0iB 0e3meku, a caMe 3aXHCTy O4ed Ta
OpraHiB  JWXaHHSA, I[I0Ka3aB, 110  BHUKOPHCTaHHS
pexomenmaniii JICIT 8.8.1.2.001-98 ans mpamiBHUKIB Ha
poboTax  XiMIYHOTO 3aXHWCTy OONpPHUCKYBaHHAM €
CyNEepEeWINBUMH, 1[0 MOXXE CTBOPUTH HEOE3MEeYHI yMOBH
mpami. JIns geskux BUAIB poOIT Iie 3aBUCOKI BUMOTH,
SKAX Ba)XKO JOTPUMATH 3a peajbHUX YMOB IOJbOBUX
pobit. Tomy, B VYkpaiHi Haspima moTpeda meperisiay

YUHHUX HOPMATUBHHUX Z[OKyMCHTiB moa0 BUMOT Oesmexu

TPAaHCIIOPTYBaHHsA,  30epiraHHs Ta  3aCTOCYBaHHS
MECTULMAIB Ta Y3rOJUKEHHs iX 13 €BpONEHCHKUMHU
CTaH/JapTaMH.

KurouoBi ciioBa: Gesmeka mpaili, HopMaTuBHA 0asa,
MEeCTULINAN, OONPUCKYBaHHS, 3acO0M IHIMBIITYalbHOIO
3aXHUCTY.

HocranoBka npodaeMu

YnpoBajpkeHHSI ~ IHTEHCHBHHX  TEXHOJOTIH Yy
PUTBHUITBI TOTpeOye 3aCTOCYBAaHHS BEIHMKOi KITBKOCTI
XIMIYHUX 3ac00iB, 3HAYHY YacCTHUHY 3 SIKUX CTAHOBIIITH
NEeCTUIMAN — TIpernapaTH, sSKi BUKOPHCTOBYIOTH IS
3HUILIEHHS HIKIJHUKIB CILIbCHKOI'OCIIOAPCHKUX POCIIHH,
KOHTPOJIIO iX aKTHBHOCTI ¥ NOIIUpEHHs, OOpOTHOM i3
Oyp’ssHaMu Ta XBOpoOaMH  CUIBCHKOTOCIOAAPCHKUX
pociuH. Huni B ciibecbkoMy TocrofapctBi Ykpainu (y
T.4. (epMepcbKHX ¥ OJHOOCIOHMX TOCHOJApCTBAX)
BUKOPUCTOBYIOTh Maibke 2000 BHIOIB TECTHIUAIB Ta
arpoximikaris, a Il¢ HETATUBHO BIUIMBA€ HA BUPOOHHWYE U
NIPUPOJIHE JOBKIJUISA Ta 310poB’st oanHU. PiuHa mortpeda
CUIBCBKOTO TOCHOZApCTBA Yy XIMIUHHMX TIpernapaTrax Ha
JAHUM Yac CTAHOBUTH ITOHAJ 35 THUC. TOHH.

Binbmiicts mecTUHUAIB — 1€ OIOJOriYHO aKTUBHI
pPEYOBHHH, TOMY BOHHM HE TUIBKH [il0OThb Ha 00’ €KTH,
MPOTH SKHUX IX 3aCTOCOBYIOTh, 4 € TaKOX IOTEHIINHHO
HeOe3NeYHUMH JUIsS TOBKULISA Ta JOJUHU. ToMy pU3HKU
OTpYy€Hb, TPOQECIHHUX 3aXBOPIOBAaHb, SIKI IOB’A3aHI 3
BUKODHCTaHHSIM  TECTHLWAIB ¥  arpoximikariB y
CUIBCHKOTOCIIOIAPCHKOMY ~ BUPOOHMIITBI,  CTBOPIOIOTH

cepiiozHy  COLiaJIbHO-€KOHOMIUHY npobiemy — H
3aJIMIIAIOTHCS HAATO BUCOKUMU.

3aKOHO/MABCTBO ~ YKpaiHM  BCTaHOBJIIOE  BUMOTH
Oesmexky Tpami MpaliBHUKIB  MMig  4Yac poOoTH i3

oTpyTroximikatamu. Ili BUMOTHM € OOOB’SI3KOBUMH st
pOOOTOIABINIB Ta MPAIBHUKIB, SIKI BUKOHYIOTH po0OOTH 3
BHUKOPHCTAaHHIM OTpyTOXiMikaTiB [1-3].

B Vkpaini yxBaneHO HH3KY 3aKOHOJABUMX 1
HOPMATHBHO-TIPaBOBUX JTOKYMEHTIB, SIKi PeriJaMeHTYyIOTh
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MpaBOBi  BITHOCHHHW, TIOB’si3aHi i3  3aCTOCYBaHHSIM
TIECTUITU/IIB H arpoXiMiKaTiB y CITbCHKOTOCTIONAPCHKOMY
BupoOHMITBI. OHAK, 3HAYHA KUTBKICTh HOPMATHUBIB, SIKi
po3pobieHo Ta 3aTBepmKeHO Ime Bke moHax 30 pokiB
TOMY, TOTPeOYIOTh Meperisay Ta aganTallii 10 CydacHHX
BUMOT.

Oco0MBO  aKTyaJbHUMH 3aJMIIAIOTHCS ITHTaHHS
OLIIHIOBaHHS PU3UKY BHACHIZOK il XIMIYHUX PEYOBUH Y
CHUCTEMI  «JIIOMHA — yMOBHM THpami» Mg 4Yac
TEXHOJIOTIYHUX IpoIIeCiB MeXaHi30BaHOTO
OONpHUCKYBaHHS CUILCHKOTOCIIONAPCHKUX  KYJIBTYp Ta
pO3po0NeHHsT Ha Li OCHOBI NMPOQIIAKTUYHUX 3aXO0JiB

1010 3armobiranHs BHITAJKAM OTpY€HD i
po¢h3aXBOPIOBAHB.
AHaJI3 JiTepaTypHHX TKepet
UuHHE TpYyIOBE 3aKOHOAABCTBO  PErJIAMEHTYE

MPOBEACHHS MEAUYHUX OMIAIB MPAI[iBHUKIB TEBHUX
KaTeropid mix 4ac MPUUAHATTS Ha poOOTy Ta BIPOIOBK
TPYZIOBOI MiSUIBHOCTI; HaBYaHHSA 1 NEPEBIPKY 3HAaHb 3
MUTaHb OE3MEKH Mpalli MOCaJOBUX OCI0 Ta MpAI[iBHHUKIB;
OCOONMMBOCTI ~ BUKOPUCTAHHSA  Mpami  JKIHOK  Ta
HETIOBHOJIITHIX; 3a0e3le4YeHHs MpaIliBHUKIB 3aco0aMu
IHAWBIMyadbHOTO  3aXHUCTY 1 BHMOTH JO  HUX;
BCTAHOBJIEHHS 3HAKIB Oe3lmeKkd i1 II03HA4YEeHHS
HeOe3NMeYHNX 30H; HOPMHU MIOAO DPIiBHSI HEOE3NMEUHUX i
OIKIATMBUX BHPOOHWYMX YHHHUKIB Y BHPOOHHYUX
NPUMILIEHHSX Ta Ha pobo4rx Micsx [4, 5].

PoGoTomaBui 3000B’s3aHi 3a0€3M€YMTH BHKOHAHHS
HOPMAaTHBHUX JOKYMEHTIB 1 OLIHUTH pU3UKH, LIO
BUHUKAIOTh Yy TEXHOJIOTIYHHX IMpOIecax, Ta PO3pOOUTH

BINOBIHI ~ OpraHi3amiiHi  3aX0[H, BHUKOPUCTABIIH
HEOOXIMHI pecypcd i 3amoliraHHs a00 3MCHIICHHS
PHU3HKY TpaBMYBaHHS, OTPYEHHS, npodeciinux

3aXBOPIOBaHb IPAIiBHUKIB, MOIIKO/DKEHHS OOJaaHAHHS,
MpUCTPOiB Ta iHcTpyMeHTiB. OmHaK y BiJIOBiTHIN
HOPMATHBHI JIOKyMEHTalii HE HAaBEJCHO IIepelliK
MOUJIMBHX PHU3UKIB, METOMUKH IX OLIHEHHS 1 3aXOIH
o010 3anobiranss [6, 7].

HenorpumaHHs nOpalieOXOPOHHUX BHMOT  LIOJIO
0e3reyHOro  BUKOPUCTAaHHS  MECTUIMIIB  IiJ  4ac
CLIBCHKOTOCTIOIAPCHKHUX POOIT MPU3BOAUTH 0 TOCTPHX Ta
XPOHIYHHUX OTPYEHB, & B HOAAIBIIOMY i 10 TpodeciiHux
3axBoproBaHs [8].

BpaxoByroun cy4acHi BHMOTH JO Tiri€HIYHOTO
HOPMYBaHHSI Ta OTpPUMaHHA HOBHX [JaHUX IIOJIO
TOKCHUKOJIOTIYHMX  BJIACTMBOCTEH  IECTHUNIMAIB,  Ta
HEOOXiHICT TrapMoOHi3alii BITYM3HAHOI HOPMAaTHBHOI
6a3n 3 BHMOramMm E€BpOINEHCHKOTO CIIIBTOBapHCTBA,
YaCTHHA YHHHHUX HOPMATHUBIB noTpedye mepermsay [9].

[IuTaHHAM €QEeKTHBHOCTI TEXHOJOTIYHUX IPOIECIB,
IOB’S3aHUX 13  3aCTOCYBaHHSAM  INECTHIMIIB |
arpoxiMikaTiB y CiIBCBKOTOCIIONAPCEKOMY BHUPOOHHIITBI,
MIPUCBSIYEHO 0araTo HAyKOBHX Ipailb 1 myomikamii [10, 11
Ta id.].

Ha ocHOBi aHamily TEXHOJOTIYHMX MPOIECIB,
TIOB’SI3aHNX 13 3aCTOCYBaHHSAM IECTHUIUAIB, PO3TIITHYTO
3aX0/IM OXOPOHH Mpalli, 0 CIPSIMOBaHI Ha MiHIMi3alio
HEraTHBHOTO BIUIMBY OTPYTOXIMIKaTiB Ha BUpOOHHWYE U
NIPUPOJIHE JOBKULIA Ta 370pOB’Sl JIIOAWHHU. BHCBiTIEHO
HeOe3mekn ¥ IIKIATMBOCTI, SAKi  BUHUKAIOTh Y

BUPOOHWUYOMY TOBKIJUII TIiJ Yac MPOBEACHHS POOIT i3
XIMI9HOTO 3aXHCTy CiJTbCHKOTOCHOJMAPCHKUX KYJIBTYp Ta
3aX0IM MO/I0 3HWKEHHS BUPOOHUINX pH3uKiB [12-14].
3arampHi METOMM YIPABIiHHS OE3MEKOI0 Mpami y
MPOEKTaX arpapHOTO0 BUPOOHHWIITBA, METOIWKU aHANTI3Y
HeOe3lmeKk  pi3HMX  TEXHOJOTIYHMX  MIpOIECiB Uit
YIOCKOHAJICHHSI YIPABJIiHHS OXOPOHOIO Ipali HaBeAeHO
y mpansx [15, 16]. BogHoyac mMUTaHHAM OO 33aXHCTY
BiJI HEraTMBHOTO BIUIMBY (abo ioro MiHiMizamii) Ha
MpPAIiBHUKIB arpapHOT0 CEKTOPY CKOHOMIKH, MUTAHHSIM
aHamizy Ta  OOIPpYHTYBaHHS  IUIAXiB  PO3BUTKY
HOpPMaTHBHOI 0a3u MPUAIJIEHO HEJOCTATHHO YBart.

Meta gociaiaKeHn

Meta nocmiKeHHS — TpOaHANi3yBaTH YHHHI
BITYM3HAHI Ta MDKHApOAHI HOPMATHBHI aKTH, IO
PETyIIOI0Th MHUTAHHS OC3MEeKH 3aCTOCYBaHHSA XiMIYHHX
3ac00iB 3aXHUCTy POCIMH METOIOM MEXaHi30BaHOTO
OOIIPUCKYBaHHS.

Pe3yabTaTh nocaigxkeHb

Cy4yacHe  CUIbCBKE  TOCHOAAPCTBO  YKpaiHH
XapaKTepU3yeThCs MIMPOKHUM BHKOPHUCTaHHAM XIMIYHHX
3ac00iB 3aXHCTy POCIHH. Y CBOIO 4epry NECTHLUIN €
TOKCHYHIMH PEYOBHHAMH, SKi HETaTHBHO BIUIMBAIOTH Ha
JMIONUHY Ta JOBKULIA. [lecTHiuay 3acTOoCOBYIOTH B
VYkpaiHi Ha 3HAUYHUX IUIOLIAX 1 CYTTEBO BIUIMBAIOTH Ha
CTaH arpoeKOCHCTeM. BHECeHHs TOKCHYHHMX pPEuOBHH
MPU3BOJUTH JI0 3HAYHUX EKOJIOTIYHUX PU3HUKIB Ta PU3UKIB
JUIA 310poB’s moneil. ToMy IMMTaHHS 100 HOPMATHBHO
— MPaBOBOTO 3a0e3NeueHHs] BUKOPUCTAHHS TIECTHLIU/IB Ta
OXOpPOHH TIpalli B YKpaiHi € akTyaabHUM.

Huni B Vkpaini girore dCanlliH 8.8.1.2.3.4-000-
2001 [1], sxi BU3HAYAIOTH JOMYCTHMI JO3H i
KOHIICHTpAIlil MECTHIUAIB, KUTBKOCTI Ta pIiBHI BMICTYy
3aJIMIIKIB AIFOY01 PEYOBHHH TIECTUIHIIB 1 arpOXIMIKaTIiB y
CUIBCHKOTOCIIOIAPCHKIA CHPOBUHI, XapyOBUX MPOJYKTaX,
HOBITpi po00Y0T 30HH, aTMOC(hEPHOMY TOBITPI, BOJOHMAax
Ta IpyHTi. ['OJIOBHUM JEpKABHUM CaHITAPHUM JiKapem
VYkpainun  morojpkeHo  «[lepemik  mecTMUMIIB  Ta
arpoxiMmikariB...» Ta perjJiaMeHTH iX 3acTOCYBaHHS, IO
MUIATaloTh JEPXKaBHOMY CaHITapHO-EIliIeMiOIOT Y HOMY
HAaTJIMy, a TaKoX TIepellik METONIB aHAIiTHIHOTO
BU3HAYCHHS MECTHIUAIB 1 arpoXiMiKaTiB y Xap4oBUX
MPOAYKTaX, MOBITPI poOOYOl 30HH Ta 00'€KTaX JOBKIILISA
Ha 419 npenaparis [1]. Lli caniTapHi npaBuia Ta HOpMH
MiATOTOBIICHO HA BUKOHAHHS 3akoHIB Ykpainu [2, 3] 3
ypaxyBaHHSIM HAayKOBHX JOCSTHEHb B Taily3i Tiri€eHH Ta
TOKCUKOJIOT11 mecTuriuAiB ctanoM Ha 2000 pik.

Huzka HOpMaTHBiB, pO3pOOJICHUX Ta 3aTBEPIKCHHUX
HabaraTo panimre, e 3a yaciB CPCP, He MatoTh odiriiiHo
3aTBEp/XKCHUX  METOJMK  BH3HAYeHHS  (aKTUUHOT
KOHIIEHTpaIlii y moBiTpi pobouoi 30HKM H MOTpeOyrOTH X
po3pobseHHsi. To >k y pasi HEOOXiTHOCTI KOHTPOIIO
3a3HaYCHUX HOPMaTHBIB PEKOMEHIYIOTh
BUKOPUCTOBYBATU odimiitui METOAU aHaJi3y
"Mixnapoaaoi Acormianii odiniiHUX XiMiKiB-aHATITHKIB"
("Official Methods of Analysis of AOAC International™).

UuHHI BHMOTM IIOJO Tiri€HIYHOTO HOPMYBaHHSA



AHAJII3 HOPMATUBHOI BA3U BE3IEKU MMPALII JJ1S1 MEXAHI3OBAHOI'O OBITPUCKYBAHHA ... 25

JOITyCTUMHX 103, KOHIEHTpamii, KiTBKOCTI Ta piBHIB
BMICTy 3aJHUINKIB [if040i PEYOBMHH IECTHLUAIB Y
CLTBCHKOTOCTIONAPCHKif CHPOBHHI, XapYOBUX MPOIYKTaX,
moBiTpi pobouoi 30HW, Ta iH. MOTPEOYIOTH HeEperysimy,
BpaXxOBYIOUH  OTPUMaHHA  HOBHUX  JaHHX  IIPO
TOKCHKOJIOTIYHI BITaCTHBOCTI IpenapaTiB Ta He0OXiTHOCTI

rapMoHizarii 3 BUMOTaMH €BpoTNEeNHCcHKOTO
CIIBTOBAPHCTBA.
OCHOBHUM  HOPMAaTHBHUM  JIOKYMEHTOM,  SIKHii

periaMeHTy€e BHMOTH 10 TPAaHCHOPTYBaHHS, 30epiraHHs
Ta 3aCTOCYBaHHS MECTUIHM/IIB Y HAPOJIHOMY TOCIOAAPCTBI
€ Jlepxasui canitapui nmpasuia JICIT 8.8.1.2.001-98 [17].
[TopymreHHs THMX TpaBWI TATHE 3a COOOK ITUBIJIBHO-

MpaBoOBYy,  TUCHMIUIIHAPHY,  aJAMIHICTpaTHBHY  abo
KpUMiHaJbHY BIINOBIMATBHICTH 3TIIHO 3  YHHHUM
3aKOHO/IaBCTBOM.

B VYkpaiHi 3aCTOCOBYIOTh MECTUIUAN 37COITBIIOTO
IMITOPTHI, 3HAYHY KUTBKICTh 3 HUX BUPOOJISIOTH Y KpaiHax
€C, CHIA Ta Kurai. BogHouac €BpomnenchKi CTaHaapTH
Ha (QUIBTPYBalbHI 3aCO0M IHAMBIMYadbHOTO 3aXHCTY
oprauis auxanss (3130/]) xapakTepu3yoThcsi CyTTEBUMH
BIZIMIHHOCTSIMHU BiJl YMHHHMX B YKpaini. Tak, Hanpukmian,

€Bporeiicbka Knacudikaris MIPOTHAEPO30JIBHUX
¢inprpyBaneanx 3130/ Mae 3BOpOTHE TO3HAYAHHS
epEeKTUBHOCTI - HaWBUIOWI 3a0e3lmedyBaHUA  Kilac

3axHCTy MO3HAYAIOTh K P3, a HaitHmxk4nit - P1. PizHuns
3HAa4YCHb KOC(illieHTa 3aXUCTY, 3a3HAYCHUX Y 3aCTaplInx
CTaHJapTax i CydacHHX (TapMOHI30BaHUX 31 CTaHJAPTaAMH
€C), oOyMoBiIeHa THM, IO METOAWKA BHUIPOOYBaHB
31301 3rigHO 3 €BpoCcTaHJapTaMHU BiAPI3HIETHCSA Bil
YUHHHUX B YKpaiHi HOPMaTHBHUX JTOKYMEHTIB.

Metonuka BuOupanus tuny 3I30J] nepenbauae
ineHTH(IKalilo  IIKIAJMBOI  PEYOBMHHM, a  TaKOX
BHU3HAYCHHS 11 KOHIICHTpAIlii B MOBITPI po0OOY0i 30HU 3a
JIOTIOMOT OO0 CaHITapHO-TITIEHIYHUX JTOCITIKCHbD.
3anexHO B XIMIYHOTO CKIIAAy Ta30MOAiOHHUX PEUOBHH
moTpiOHO oOupaT  THII ~ MPOTHTa3oBoro  abo
KOMOiHOBaHOTO (iTbTpa.

VY nuTaHHAX BUOMpPAHHS MIPOTHUTA30BHX MATPOHIB 10
VHIBepCallbHUX a00 MPOTHTa30BHX PECIipaTopiB THITY
PY-60M a6o PIII'-67 BHHMKAIOTH 1€ OLTBIIN MPOOIEMH,
OCKIUTBKHM JUIS 3aXUCTY BiJ PTYTHOPTaHIYHMX MpenapaTiB
PEKOMEHAYIOTh BUKOPHUCTOBYBaTH MaTpoHU Mapku "PI™,
BiJI XJIOp- 1 OCHOpOpraHiuHUX MECTUIM/IB — MapKu A i
B, xucnux mapiB i ra3iB — Mapku B, amiaky 1 CipkOBOAHIO
—mapku KJI [18, 19].

3rifHO 3 €BPONEHCHKOI  KIacH(DiKaLier THITH
GiTbTpyBaNBHUX  KOPOOOK 32  TMpPHU3HAYCHHSIM 1
MapKyBaHHSM Y OUIBIIOCTI BHNAJKIB BIJIPI3HSAIOTHCS BiJ
THUIIB, MapKyBaHHs Ta INpPU3HAYCHHS NPOTHUTa30BHX Ta
KoMOiHOBaHMX QinbTpiB, siKi BHroTOBISIIOTH 32 ['OCT
12.4.122-83 [18].

Hanpuknan, tun B ¢insTpyBansHOi KOpoOKH (cipunit
KOJIp) 3a €BPOIMENChKOI Kiacu(ikaliero Npu3HaYeHUH
JUIL HEOpTaHIYHUX Ta3iB (xyop ¢rop, O6poM, CIpKOBOJCHB,
CipKOBYyTJIelb, XJIOpIliaH, rajorenn), okpim CO. A mus
HoMy PpagioaKTHBHOTO, METWJIHOAHMIY PaJiOaKTUBHOTO i
PalioaKTHBHAX YAaCTOK, a TaKOXX OpPTaHiYHUX CIIOIyK
pTYTi, mapiB pTyTi ¥ aeposonedd (IMa, UM, TyMaH)
MOTPIOHO BUKOPHUCTOBYBATH TPHKOJIIPHY (SKOBTOTapsuy,
4yepBOHY, Oiny) kopoOky tumy Reaktor Hg-P3, o
yekiaaatoe Bukopuctanns 3130/ i Moxke mpu3BecTH 10
MTOMIJIOK BUOMPAHHS 3aCO01B.

Hopmarusuuii  mokyment [20] st migbupanss
BignoBigHOro Kiacy edextuBHOCTI 3I30/[ BHMarae
croyaTky — OOYHCIIEHHs  HeoOxigHoro  koedimieHTa
3axucty. Ilpomenypa  mependadae  imeHTHQIKAIIIO
MIKIJJTMBOI PEYOBHHHM, 1110 TepedyBae B MOBITPI poOoUOi
30HH, 1 BU3HAYCHHS ii CepeTHLO3MIHHOT KOHIIEHTpAIIii.

3a3HauUMO, 110 32 BUPOOHUYHMX YMOB BHKOHATH I[O
HOpOIeaypy  CKJIAIHO, OCKUIBKA  BOHAa  mOTpeOye
BUKOPHUCTAHHS CICIIaTBHOTO 71a00paTOPHOTO
oOnamHanHsa. ToMmy, Ha Hamly IYMKY, MOCazoBa 0co0a,
sKa BIIMOBIAA€ 32 OONPHUCKYBAHHS y arponpoOMHCIOBOMY
MIANPUEMCTBI, TOBUHHA MaTU TOCTATHBO iH(poOpMaIIii TIpo
BJIACTHUBOCTI 3aCTOCOBYBAHOTO TIECTHIHIY, BPaXOBYBaTH
0COOJIMBOCTI TEXHOJIOTIYHOTO TIPOIIECY Ta TEXHIYHE HOTO
3a0e3MmeueHHs (cTan TPaKTOPiB, 0COOJIMBOCTI
00MpHUCKyBadiB, X PEKAMH POOOTH TOIIO), KIIMATHIHI
YMOBH (TeMmIlepaTypa MOBITPs, BOJIOTICTh, MIBUJAKICTh Ta
HampsiM ~ BiTpy) Ta BignosimHo BuOmWpatu 3I30/I.
BaxnuBo, mo6 mnoBHa iHdopMmalis Mpo 0COOIMBOCTI
OC3MeKH 3aCTOCYBaHHS BCIX BHIIB MECTHIHUIIB Oyia
JIOCTYIHOIO Ul BUPOOHMYHMKIB abo i MoxkHa OyJo
3HAUTH y CYNPOBIAHIA JOKyMEHTAllli Ha MCBHUIA
orpyToximikar. [lepxaBHe BUIIPOOYBaHHS, peecTparis Ta
TepepeecTparlis, BHUIABAaHHS MEPENiKiB MECTHUIHNIIB i
arpoximikariB, JO3BOJICHUX J0 BUKOPUCTAaHHS B YKpaiHi,
3aificHIOTh 3rigHo 3 [21]. Tlectumumu i arpoximikary,

SKi TPOWNIIM BiAMOBIMHI TPOLEAYpH, MiAJIATAIOTH
HepxaBHiii peectpamii y  «JepxaBHOMY peecTpi
IIECTUIIAIIB 1 arpoximikaris, IIO3BOJIEHAX bi (o)

BUKOpHUCTaHHs B YKpaini» [22, 23].

OCHOBHUMH JIOKyMEHTaMH, SIKi MICTATH 1H(pOpMAIIiIO
PO MECTUIMIM Ta arpoxiMiKaTH, LIO 3apeecTpoBaHi i
MOXYTh 3aCTOCOBYBAaTHCS B YKpaiHi, € «JlepxaBHuii
peectp...», «IlocBiI4eHHS MpPO JEpiKaBHY PEECTPALiIO»
ta «Etukerkay. Jlume 1 iHdopMalis € TOCTYIHO JUIs
BUPOOHHUKIB CIJTBCHKOTOCIIONAPCHKOI MPOAYKINT Mia dac
3aCTOCYBaHHS MECTHUHIIB. Y IMX JAOKYMEHTaX BKa3aHO
oOMexxeHy iHQOpMAIlif0 IIOI0 HAMEHYBAaHHS Ta BMICTY

Q0901 pEYOBHHH, BHPOOHHWKA Ipemapary, cdepu
3aCTOCYBaHHS (mepenik CiIbCBKOTOCHOIAPCHKUX
KyIbTyp), = HOPMH  BUTpaTH  IIpemapary,  Kiacy

HeOe3eYHOCTI MecTUIHIIB Ta iHIy iHdopmarito, ska He
JI03BOJIsIE BUPOOHHUKAM CiJIbChKOTOCIOAaPChKOT MPOIYKIIT
B TIOBHI Mipi Oe3Me4HO iX 3aCTOCOBYBAaTH.

BpaxoByrour Cyd4acHi BHMOTH JO Tiri€HIYHOIO
HOPMYBaHHS Ta OTPUMaHHS HOBUX JaHHUX IIOJIO0
TOKCHUKOJIOTTYHUX  BJIACTMBOCTEH  MECTUIHUMAIB,  Ta

HEOOXIJHICT, TapMOHiI3aIlil BITYM3HAHOI HOPMATHUBHOI
0asm 3 BUMOraMH E€BpOIEHCHKOTO CITIBTOBAPUCTBA,
YacTUHA YMHHUX HOPMATHUBIB MOTPEOYE Meperisiay.

MiXHapoaHI CTaHAAPTH BiIOOPaKAIOTh MO3UTHBHUN
JIOCBiJl TMPOMHCIOBOCTi, JOCIHIJIHUKIB, CIIO)KUBAYiB Ta
ayIUTOPIB y BChOMY CBIiTi 1 BIAMOBIZAIOTH 3aralbHUM
notpebam y 6aratbox kpainax. BoHu € ogHUM i3 Ii€BHX
3ac00iB yCyHeHHsA TexHiUHuHX Oap’epiB y CBiToBiH
opranizanii Toprism (WTO/TBT).

B €ppormeiicbkoMy  CHIBTOBapHCTBI  3pOCTaIOTh
BHMOTH IIOJO Tiri€HIYHOTO HOPMYBAaHHS BHKOPHUCTAHHS
nectunuaiB. Tak y 2015 pomi yxBaseHO HOBHH
Pernament Kowmicii (€C) 2015/830 Bin 28 tpasus 2015
pOKy mpo BHeceHHs 3MiH a0 Permamenty (€C) Ne
1907/2006 €sponeiickkoro Ilapmamenty ta Pamm mono
peecrtparii, OIlHEHHs, aBTOpu3alii Ta OOMEKEHHS
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ximignux peuosun (REACH) [24].

€Bponeiickka Kowmicis, BpaxysaBmm Jlorosip mpo
¢yHKIioHyBaHHS €Bponeiickkoro Coro3y, Permament
(€C) Ne 1907/2006 €spometicekoro [Tapmamenty Ta Pamu
Bix 18 rpymHs 2006 poky momo peecrtparii, OmiHEHHS,
no3BOTy Ta oOmexeHHs ximiuHux pedoBmH (REACH),
CTBOpMJIA €BpOTEHiCbKEe ATEHTCTBO 3 XIMIYHUX PEYOBHH,
mo BHOCUTH 3MiHM 10 [upextuBu 1999/45/€C Ta
ckacopye Permamentr Pamum (€EC) Ne 793/93 Ta
Pernament Kowmicii (€C) Ne 1488/94, a takox J{upekTuBy
Panu 76/769 / €EC Ta Qupexrusu Kowmicii 91/155 / €EC,
93/67 / €EC, 93/105 / €C ta 2000/21 / €C.

Honatox II mo Permamenty (€C) Ne 1907/2006
BCTAaHOBJIOE BHMOTH [0 HamaHHA iH(popMamii Tpo
Oe3neky, TO X HOro BHKOPHCTOBYIOTH I HaJaHHS
iHpopmanii Tpo XiMiUHI pPEYOBMHH Ta CyMmimi B
€sporneiicckomy Corozi.  I'mobampHO TapMoHi30BaHA
cucreMa kiacuikamii Ta MapKyBaHHS XIMI9HIX PEUYOBHH
(GHS), sxy pospobimeno y CIIIA, BCTaHOBIIOE
MDKHApOJHI TapMOHI30BaHI KpuTepii Kiacudikamii Ta
MapKyBaHHsI XIMIYHUX PEYOBMH Ta MpaBHia MO0 JaHUX
mpo Oe3mexy.

VY mokymenti «Jlomgarok II Bumoru mo ckiamganHs
macropra  Oe3NeKW»  BUKJIAJEHO  BUMOTH,  SIKi
MOCTaYaJbHUK TOBUHEH 3a0e3MeunTH A CKIIaJaHHS
iHpopManifHOTO TacmopTa Oe3meKH, Mo IependadeHo
JUI pedoBHHU a00 cymimi BignoBigHo 1o crarti 31.0.1.2.
[Hpopmamis, sgKy 3a3HaueHO Yy WACIOpPTi OE3MmeKw,
MMOBMHHA BIANOBigaTy iH(OpMAIli, BUKIAJNCHIH Yy 3BITi
mpo Oesmeky ximiuHoi pedoBuHH. Iledi periameHT
CYyTTEBO IIJBHIIYE BHMOTH JO IIMTaHb O€3MeKu
3aCTOCYBaHHS TICCTUIIH/IIB.

Bumorn mono mnacnopra nepeadavyaroTh HaJaHHS
BUYEPIHOI iH(OPMAITiT 070 Mpenapary i nepeadayaroTh
HacTtymHi po3ainu: 1) Inentudikauis pedoBrHU/CyMmini Ta
kommaHii/mianpuemcra. 2) Inentudikaris nedesnex. 3)
Indpopmaniss mpo ckman Ta iHrpemientd. 4) 3axonm
nepmoi goMenu4yHoi gomomord. 5) IIporumoxexHi
3axoau. 6) 3axoau y pasi aBapifHOTO BHUKHIAHHS
pedoBunn. 7) IloBomkenHs Ta 30epiranas. 8) Konrpons
BIIMBY (ocoOucTuit 3axwer). 9) Di3uuHi Ta XIMIidHI
BiactuBocti. 10) CtabuIbHICTh Ta peakiiiiiHa 3IaTHICTS.
11) Toxkcukomoriuna indopmamis. 12) Exomoriuna
inpopmamis. 13) Vrumizamis. 14) Iadopmariis mpo
TpaHcniopTyBants. 15) HopmartueHa indopmaris. 16)
Inmra indopmaris.

BiTum3HSHUMH ~ HOPMAaTHBHMMH  JOKYMEHTaMH
BCTaHOBJIEHO, IO y pa3i yBedeHHS 10 Jlep»aBHOTO
peecTpy Ipenaparis, 70 MaclopTy HperapaTy 3arucyioTh
peecTpauniiHMii  HOMEp, JaTy BHIaBaHHI,  Cepilo,
HaliMEHyBaHHS Ta BMICT Ji040i PEYOBHHH, TOPTOBY
Ha3By Npenapary Ta II03HA4eHHS HOro npenapaTuBHOI
¢dopmu, kmacudikamilo —mpemapary, HalMeHyBaHHS
3agBHHKAa Ta HOTO aapecy, HallMeHyBaHHSI BHPOOHHKa
mpemnapary, chepy 3aCTOCYBaHHSA (mepemnik
CLIBCHKOTOCTIOIAPCHKUX  KYJIBTYp), HOPMH  BUTpaTu
mpemapary, TepMiH peecTpamii mpemapaTy, JAaTy
cKacyBaHHS (TIPU3YIIMHEHHS) JEpXKaBHOI peecTpamii
npenapary. Sk Oaunmmo, Bumorm Permamenty Kowmicii
(€C) 2015/830 3nauHO iH(pOPMATHBHINI BiJ YMHHUX B
VYkpaini. Y Jlep>kaBHOMY peecTpi IpenapariB po3MilleHO
MOHAJ 5 THC. BUJIB IPENapariB, sSKi BUPOOISIIOTH TOHAJ
200 ¢ipm pizHuX KpaiH cBiTy Ta Ykpainu. Cepen HuX

mumre ¢ipmu kpaim €C 1 CIIIA Ha cBoix odimiitHEX
caiiTax MPeICTaBISIIOTh ACTIOPTH OE3MEKH MperapaTis.

Jus  mpukiamy, TpoaHali3yeMO pPEeKOMEHIOBaHI
3acobu 3axucry 3riguo 3 JCIT 8.8.1.2.001-98 Ta 3rigno 3
macrioptoM  Oesnexu  QyHrinuay Axanto® Ilmroc
BupobOHuiTBa oo [arepremun Onepeiimaz CH-1218
Le Grand-Saconnex / GE IllBeiiiapist, ski 3rigHo 3
Pernamentom (€C) Ne 1907/2006 3i 3MiHaMu HoOAaHO y
Tabmn 1.

He#t ¢ynrinma 3rigHo i3 ceprudikaroMm Ta
JICpXKABHOIO ~ peecTpamliero  Hamexutb a0 1l kmacy
HeOe3eYHOCTI 3a KPUTEpIIMH BIUIMBY 4epe3 IIKIpY,
MOJpa3HEeHHs IIKIpM Ta CIM30BUX OOOJOHOK Y
BianosigHocrti 3 J{Caullin 8.8.1.002-98.

3 T1abmumi 1 HAOYHO BHOHO, 10 YHHHHHA
YKpaiHCBKHI CTaHAAPT HE Hajae iHpopmalii mpo Oesmexy
BUKOPUCTAHHS 3aCc00iB 1HIWBIAYalbIbHOTO 3aXHCTy TIiJT
4ac 3aCTOCYBAaHHS MECTHIIUIIB.

Tak, mis 3axucry oued JICIT 8.8.1.2.001-98
PEKOMEHIYIOTh BHUKOPHCTOBYBATH TEPMETHUYHI OKYJSIpU
tunny "I (TY 381051-78) abo repMeTH4Hi 3aXHCHI
okymsipu tumy I10-2. BopnHouac macmopT Oe3meKH,
miaroropneHuit  3rigHo 3 Permamentom  (€C)  Ne
1907/2006, pexkomeHaye 10 BHUKOPHCTAHHS 3aXHCHI
OKyJsIpH 3 OOKOBUMH INWTKaMH, IO BiIIIOBiZAIOThH
craagapty ENI166. Taki oOkymsipu 3aXWIIAalOTh BiX
MEXaHIYHOTO BIUTUBY Ta KpAIUIMH PigUHH (aepO30III0),
are W y HHUX JIIH3U 3BOJIOXKYIOTBCS, IO XapaKTepHO IS
repMetnyHuX OKyispiB tumy "I (TY 381051-78), i me
YCKJIaJTHIOE pOOOTY TpaliBHHUKA.

Hns 3axucty pyk JCIT 8.8.1.2.001-98 pexomennye
BUKOPHCTOBYBaTH TYMOBI PYKaBHYKH 3 TPUKOTaKHOIO
OCHOBOIO, HEC YTOYHIOIOYHM IHINUX BHMOT. HaromicTh
3aXO0lM 3aXHCTy pYK 3riHO 3 MaclopToM Oe3meKu
nepen0avyaTh BUKOPHCTAHHSI PYKaBHUIlb i3 HITPHIOBOTO
KaydyKy ToOBOIMHOIO Matepiany 0,4-0,7 mm. JoBxuHa
PYKaBHYOK 3 KparaMi Ma€ CTAaHOBUTH 35 c¢M abo Oiipie.
Tepmin 3HOmYBaHHS Oinbie 480 xB, TOOTO iX MIIHICTH
Mae 3a0e3meunTH poOOTy He MEHIIIE OJHI€T 3MiHH.

Jis 3aco0iB 3aXWCTy Tina 1 AWXaNBPHUX IUIAXIB
mpamiBHUKa 1H(pOpMAIis, Ky PEKOMECHIYIOTh HaJaBaTH
cnoxuBagy JICIT 8.8.1.2.001-98, Takox € HEMOBHOIO
mo/10 Oe3nexu npaniBHUKIB. BogHouac nmacnopt Oe3nexn
JIa€ Pi3HI pEKOMEHIAIi MO0 3aC00iB 3aXUCTY 3aJICIKHO
Big BuIiB pobir. Tak oneparopu 3MmimryBadiB Ta
3aBaHTa)KyBa4iB ITOBMHHI HAJAsAraTH TOBHUH KOMIUIEKT
3axucHoro  cmemomsry.  Ilix  wac  BimkpuTOoro
0oONpHCKyBaHHS TPAKTOPHUM o0TpHCKyBadeM,
3aCTOCOBYIOTH 3BHYaliHi 3aco0u 3axucry. Y pasi, SKIIO
BUKOPHUCTOBYIOTh JJIsl OOIIPUCKYBaHHS TpakTop 0e3
KabiHM, TMOTPiOHO 3acTOCOBYBaTH MOBHUH KOMIUIEKT
3axucHoro crenojary. I1ix yac BUKOpUCTaHHS paHLIEBOTO
oOmprckyBadya HEOOXiTHO BHKOPHCTOBYBATH ITOBHHA
KOMIUIEKT 3aXHCHOTO CHEenoAary Tumy 4. 3 eKrOHOMiuHOL
TOYKA 30py NOTPiOHO BUKOPHUCTOBYBATH OaBOBHSAHY
OiMM3HY 3a YMOBHW, IO BEPXHId OJSAT BUTOTOBJICHO 3i
CIIeIiai30BaHUX MaTepiaiiB.

Js 3axucty muxanpaux 1misxiB JICIT 8.8.1.2.001-
98 peKoMeHAYIOTh BHKOPHCTOBYBATH (UIBTPYBaJbHI
npoturasu. BoxHouac macropT 6e3nexy peKoMeHIye IIij
qac poOiT 3 MEXaHI30BaHOTO OOIIPUCKYBAHHS, a TAKOX ITi[]
Yyac 3MilIyBaHHS 1 3aBaHTaXyBaHHS, 1100 orepaTopu
oJirasy HamiBMacky 3 mapoBuM ¢ineTpom Al (EN 141).
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Taonuusa 1. TlopiBHAIBHA XapaKTePUCTHKAa PEKOMEHIOBAaHMX 3acO0iB 3aXWCTy TMpAIiBHUKIB TMia dac
BukopucTanHsa rmectunuaiB Il xmacy nmebesmexkwm 3rimao 3 JICIT 8.8.1.2.001-98 Ta 3rimHo 3 macmoproMm Oe3meku
¢yrrimnaa AxkaatTo® [lirroc BupoOHuITBa [ltonon IaTeprenian 3rigao 3 Permamentom (€C) Ne 1907/2006 3i 3minamu.

Table 1. Comparative characteristics of the recommended workers protective equipment when using pesticides of
Il hazard class according to DSP 8.8.1.2.001-98 and safety data sheet of the Acanto® Plus fungicide manufactured by
DuPont International according to Regulation (EC) Ne 1907/2006 as amended.

3ax0/1 3aXUCTY 3TiTHO 3
JCII 8.8.1.2.001-98

3ax0/1 3aXUCTY, AKi HABEICHO Y MacmopTi Oe3meku 3rigHo 3 PermamenTom
(€C) Ne 1907/2006 3i 3MiHamu

3axHCT OueH:
I'epmernyni okynsipu tumy "I (TY
381051-78) abo repMeTHYHI 3aXHCHi
okynsipu tuny [10-2

3axucT oueH:
3axuCHI OKYJsIpH 3 OOKOBMMHU INUTKAMHM, IO BiINOBIJAIOTh CTaHIAPTY
EN166

3axucT pyk:
I'yMOBI pykaBUUYKM 3 TPHUKOTAXKHOIO
OCHOBOIO

3axuct pyk:
Marepian: HitpunoBuii kayuyk.
Tosmuna Matepiany pykasmuok: 0,4-0,7 MMm. XapaKkTepuUCTHKa PyKaBHUYOK:
PykaBumi 3 kparamu HOBXHHOIO 35 cM abo Outpmie TepMiH 3HOIIYBaHHS:
oinmpie 480 xB. BubpaHi 3aXMCHI pykaBUYKH MAlOTh BiAMTOBIIaTH TEXHITHUM
ymoBam [upextuBun €C 89/686/€EC Ta crammapty EN 374, axuii 3 Hel
TIOXO/UTb.
HoTtpumyiTecss HCTPYKLIHA MO0 MPOHUKHUX BIACTUBOCTEH Ta 3HAYCHD
LIBUIKOCTI TMOIIKO/DKEHHS (pO3pUBaHHs), SKI HaJae IOCTavyalIbHUK
pykaBuuok. Takox OepiTh 10 yBaru crenudiyHi MicueBi YMOBH, 3a SIKHX
BHUKOPHCTOBYIOTh IIPOMYKT, Taki K HeOe3MeKa MOUIKOKeHHS, CTUPaHHS Ta
TPUBAIIICTh KOHTAKTY.
[pupaTHicTh Ui mEBHOro poOoYoro wicus TNOTPIOHO Y3rOAMTH 3
BHPOOHHKOM 3aXHCHHX pYKaBHYOK. PyKaBWYKH HEOOXiTHO TIepeBipuTH
nepes BUKOPHCTAHHSIM. BHUKHHBTE Ta 3aMiHITh PYKaBUYKH, SIKIIO €
HaliMEHII O3HAaKH TIIOIIKO/KCHHA BHACTINOK Mii XIMIYHAX pPEYOBHH.
PykaBumi 3 kparamum MOBXKHHOKO 35 cM abo Ounpmie HEOOXiTHO HAAATATH
ToBepX KoMOiHOBaHOTO pyKaBsa. [lepes 3HATTAM pyKaBUYOK 3MHTH iX BOJIOIO
3 MIJIOM

3axwucr Tina:
Crienioisir 13 MapKyBaHHSIM 3aXHCHHUX
3aco0iB 3rigHo 3 'OCT 12.4.103-83
®Dapryxu Ta HapyKaBHUKHU,
BUTOTOBJICHI 3  BOJOHETIPOHHUKHHX
TKaHMH Ta MarepiayiB, SKi MaloTb
BIANOBITHE MapKyBaHHS 3TiHO 3
I'OCT 12.4.103-83.
I'ymoBi 400OTH 3 TIiJBHIICHOIO
TPHUBKICTIO JO [il TECTHIUAIB 1
ne3iH(pIKyBaTBFHUX 3aC001B

3axwucT Tina:

Omnepartopu 3MilllyBadiB Ta 3aBaHTa)KyBadiB IOBUHHI OJISTaTH:

IToBHMIt KoMIUIeKT 3axucHoro cmenoxsary, tun 6 (EN 13034). I'ymoBwmii
¢apryx. Hitpunosi rymosi wo6otu (EN 13832-3 / EN ISO 20345).

VY pasi BUKOpPHCTaHHS TPAKTOPa 3 OONPHUCKyBaYeM Ha IOJIi:

3a OE3KOHTAKTHOrO BHKOPUCTAHHS MpAl[iBHUKA MalOTh 3aCTOCOBYBAaTH
3BHYAiTHI 3aCO0H 3aXHUCTY.

VY pasi BUKOpUCTaHHS TpakTopa Oe3 KabiHU 3 OONPHCKYBaYeM:

[oBuuii xomriekt 3axwcHoro cmeunomsary, tum 4 (EN 14605). Hitpun
rymoBi yoboru (EN 13832-3 / EN ISO 20345) (EN 13832-3 / EN 1SO
20345).

o6 mocsATTH eproHOMIYHOTO e(eKTy, MOTPiIOHO BUKOPHCTOBYBATH OLITH3HY
3 0aBOBHH, 32 YMOBH, II[0 BEPXHii OJST BHUTOTOBJICHO 31 CIEIiaTi30BaHUX
MmarepianiB. TkaHuHa Mae OyTH TPUBKOIO JI0 BOASHOI Mapu i 3abe3nedyBaru
MaKkcuMalbHUH KOoMQOpT mijg uyac BUKOpHUCTAaHHs. Martepiaiu NOBUHHI
3a0e3nedyBaTd IUIICHICTh, BHUCOKHMII pIBEHb 3aXHCTy Ta HE IPOIyCKaTH
BCEPEIMHY KOCTIOMY OYIb-KHX CTOPOHHIX pEYOBHMH. TKaHWUHY JUIst
CHELOAATY HE3aJEeKHO Big MaTepiasy, 3 SKOro 1ii BHTOTOBJICHO,
PEKOMEHJIOBAaHO MPOTECTyBaTH Ha BUTPHBANICTh, MO0 3abe3neuuTn
HaJIS)KHUH piBEHb 3aXUCTY BiJl crienn(ivHNX YMHHHUKIB BIUIUBY

3axuCT qUXalbHUX IUIAXIB:
®dinpTpyBaNbHI IPOTUTa3H

3axucCT JUXalbHUX IUIXIB:
Omneparopy 3MillyBayiB Ta 3aBaHTa)KyBadiB MOBHHHI ojsraTu: HamiBmacka 3
npornaepo3onbHuM dinerpom FFP2 (EN149).
VY pasi BUKOpHCTaHHS TPaKTOpa 3 OONPHUCKyBaYeM Ha IIOJIi:
Sk mpaBwio iHOWBiOyanbHe pecrHipaTopHe 3axucHe oOJajHaHHSA He
motpioHe.
VY pasi BuKopucTaHHS TpakTopa 6e3 kKabiHu 3 00NpHUCKyBaYeM:
HaniBmacka 3 nositpstanM ¢inetpom P2 (EN 143)

Ilin d4ac BiZKpUTOTO OOMPHCKYBAaHHS TOTPIOHO
BHKOPHCTOBYBATH HAMiBMAacKy 3 TOBITPSHUM (iTbTpOM

P1 (EN 143) ta nporuaepo3onbHuM ¢instpom FFP2
(EN149).
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Ilim wac oOMpHCKYBaHHS MAaIIMHHO-TPAKTOPHUM
arperatoM (TpakTop 3 3aKpHTOI0 KabiHOIO IUTIOC
oO0mprcKyBad) UYMW CAMOXiOZHHM OOIpHCKyBadeM i3
3aKpUTOI0  KabiHOIO, SIK TPaBWIO, IHAWBiTyal bHE
pecmipaTtopHe 3axucHe oOnagHaHHS He moTpioHe. Ilix gac
BIIKPUTOTO OOMPHCKYBaHHSI TpakTopoM Oe3 KabiHH 3
oOnpuckyBayeM HEeoOXiTHO BHUKOPUCTOBYBATH
HamiBMacky 3 moBitpsHuM ¢insrpom P2 (EN 143),
AHAJIOTIYHO JJIsl YMOB PAaHIIEBOTO OOIPUCKYBaHHS.

3a3HauMMoO, M0 EproHOMIYHI YMOBH pOOOTH 3
BUKOPHCTAHHSIM HalliBMackH 3 MOBITPSHUM (inbTpoMm P2
(EN 143) e xpamuMu, HDK TMiJ] 4Yac BUKOPUCTAHHSI
(biTBTpYBaIBHAX MIPOTHTa3iB, K1 00OMEXYIOTh
OTJIOBICTh, OKYJIAPH MOKPHBAIOTBCA BOJIOTONO, IX
MIPAaKTHYHO HEMOXIIMBO BHKOPHCTOBYBATH y TEILLy MOpPY
POKY HaBiTh BIIPOAOBXK 4 TOIUH CKOPOYECHOI TPUBAIOCTI
3MiHH.

Otxe, BukopuctanHsi  pexomenpmamiii  JCII
8.8.1.2.001-98  nna  3a0e3neyeHHs  NpalliBHHKIB
ONHOTHITHUMHU BHJAMHU 3aXUCTy Ul Pi3HUX OIepariii €
HEKOHKPETHHUM 1 3yMOBIIIO€ TIOXUOKH IiJ] Yac BUOMPAHHS
3ac00iB IHAMBIAYalbHOTO 3aXUCTy, IO NPH3BOAUTH [0
HeOe3neyHnx yMoB poOoTH. st neskux BUIIB poOiT Le
3aBUCOKI BHMOTH, SIKUX BaXXKO JOTPHMATH 3a pEalbHUX
YMOB BHKOHAaHHSA MOJHOBUX poOiT. Tomy B VYkpaini
Haspima morpeba Teperisily YHHHUX HOPMAaTHBHHUX
JOKYMEHTIB 100 BHUMOT O€3NEKH TPaHCHOPTYBaHHS,
30epiraHHs Ta 3aCTOCYBAaHHS IECTHIU/IIB Ta y3TOKEHHS
ix i3 cranmapTamMu €Bpornelickkoro Cor3y.

BucHoBku

1. B VYkpaini [ifoTh HOpPMaTHBHI JOKYMEHTH, SIKi

PErIaMeHTYIOTh BUMOT'H 1o TPAHCIOPTYBAHHS,
30epiranas Ta 3aCTOCYBaHHS MECTULIMIIB Ha
BHPOOHMITBI. Y HHX, cepel IHIIUX BIJIOMOCTEH,

HaBEJCHO HAyKOBO OOIPYHTOBaHI pErJIaMeHTH MO0
3ac00iB IHIUBIAYaJIFHOTO 3aXUCTY MPALiBHUKIB, SKi OyiH
aKTyaJbHI B Taily3i Tiri€HH Ta TOKCHKOJOTIi TECTUIHIIB
craroM Ha 2000 pik.

2. 3acrocyBaHHS 3ac00IB 1HIMBIyaJIbHOTO 3aXUCTY
nependayae KOHTPOJIb MPAaBUIBHOCTI 1X BHUKOPHCTaHHS
Ml dYac BHUKOHAHHA poOOIT 13  OONPHCKYBaHHS.
OOrpyHTyBaHHIO TMimjsirae ix BHOIp 3aJeXHO Bif
arperaTHoro CTaHy IEeCTHLMJY Ta HOro IpenaparHoi
(opMU TiT yac BHECEHHSI, a caMe aepo30JIb, ITapoIo1i0Ha

pedoBuHa abo Tra3 Takok TOTPIOHO BpaxyBaTH
KOHILICHTPALI0 Ta JIUCTICPCHICTD MeCTUINAY,
TEMIIEpaTypy i BOJIOTICTh MOBITPSL.

3. Ha cporomni B VYkpaini girote JCanlliH

8.8.1.2.3.4-000-2001, siki BH3HAYAIOTH JOMMYCTUMI JO3H,
KOHIIGHTpAIlii, KIIBKOCTI Ta piBHI BMICTY 3aJIHIIKiB
nifodoi pEYOBMHM TMECTHLMAIB Ta AarpoxiMikariB y
CLTBCBKOTOCIIOIAPChKi CHPOBHHI, XapYOBUX MPOIYKTaX,
moBiTPi po6OY0i 30HM, aTMOC(hEpHOMY MOBITPi, BOII
BOJOMMMIN, TPYHTI, SKi pO3poOieHi 3 ypaxyBaHHIM
HAyKOBUX JIOCSTHEHb y Taly3i Tiri€HW Ta TOKCHKOJIOTi{
nectunuai cranoM Ha 2000 pik.

4. MixHapoIHI CTaHIAPTH BiJOOPaXKAIOTh KpaIIui
JIOCBIJ] TPOMHUCIOBOCTI, OCTIIHUKIB, CIOXXHBAdiB Ta
ayAUTOPIB Y BCHOMY CBITI 1 BIANOBIJAIOTH 3arajJbHUM
morpebam y 0aratboX KpaiHaX, BOHH € OJHUM i3 JTi€BUX

3ac00iB yCyHEHHS TeXHIYHUX Oap’epiB y CBiToBii
oprawnizanii Topriem (WTO/TBT). B €sponeiicbkomy
CIIBTOBapHCTBI 3pOCTAlOTh BUMOTH IIIOJO Tiri€HIYHOTO
HOpPMYBaHHSI BHKOPHUCTAHHS IECTUITHIIB.

5. IIpoaHarnizoBaHO PEKOMEHIIOBAHI 3aC00M 3aXUCTy
srizro 3 JICIT 8.8.1.2.001-98 ta 3 macmopTom Oe3mexu
¢yHrinuny Axanto® Ilnroc  BupoOHuMuTBa /ltomoH
Intepremnn Omnepeiitinz CH-1218 Le Grand-Saconnex /
GE Ilgeitnapis, po3pobieHoro 3rigHo 3 PermamenToM
(€C) Ne 1907/2006 31 3minamu. AnHani3 3aco0iB Oe3meku
mokaszaB, M0 BHKOpucTaHHsi pekomennamiii JICII
8.8.1.2.001-98  gms  3abe3nmedyeHHs  NpaliBHUKIB
OIHOTUITHUMH BUAAMHU 3aXHCTy [UIA PI3HHUX OTIepamii €
HEKOHKPETHHM 1 CHpPUYMHSAIOT TOXHOKM Tix dac
BHOWpaHHA 3ac00iB IHAMBITYabHOTO 3aXHCTY, IIIO MOXKE
HETAaTHUBHO BIUIMHYTH Ha O€3MIEeYHICTH yMOB pobotu. [ns
JIESIKUX BHUIB pOOIT IIe 3aBHCOKI BHMOTH, SKHUX BaKKO
JMOTPUMAaTH 3a pEaJbHUX YMOB BHUKOHAHHS MOJBOBHUX
pobir. Tomy B VYkpaini Hazpiia mnorpeda mneperisagy
YMHHUX HOPMAaTUBHUX ILOKyMeHTiB o100 BUMOT Oe3IeKn

TPaHCIIOPTYBaHHsS,  30epiraHHss  Ta  3aCTOCYBaHHs
MECTULMAIB Ta Y3rOJUKEHHs iX 13 €BpONEUCHKUMHU
CTaHJapTaMH.

Cnmcok Jgireparypu

1. ICanlliH 8.8.1.2.3.4-000-2001. JomycTtuMmi 103w,
KOHIICHTpAIlil, KUTBKOCTI Ta piBHI BMICTY MECTHLUAIB Yy
CUIBCHKOTOCIIOAPCHKIA CHPOBUHI, XapyOBUX MPOJYKTaX,
MmoBiTpi poOouoi 30HH, aTMochepHOMY TOBITPi, BOII
Bojoiimui, rpynti. Jara npuitaarrsa: 20.09.2001. URL:
https://zakon.rada.gov.ua/rada/show/v0137588-01 (mata
3sepHeHH:: 10.04.2020).

2. Ipo 3abe3nedeHHsT CaHITAPHOTO Ta €IiAeMI4HOTrO
Omaromoydysi HaceleHHS: 3akoH Ykpainu Bim 24.02.94
p., Ne 4005-XII. [arta omoenenns: 04.10.2018. URL:
https://zakon.rada.gov.ua/laws/show/4004-12 (mara
3pepHeHH:: 10.04.2020).

3. IIpo mectummay i arpoxXiMikaTtu: 3aKoH YKpaiHU
Bim 02.03.95 p. Ne 87/95-BP. Jlata OHOBICHHSA:
13.02.2020. URL:
https://zakon.rada.gov.ua/laws/show/86/95-
%D0%B2%D1%80 (nara 3Bepuenns: 10.04.2020).

4. Bounanosuy O. B., Jlanin B. M., Jlumeun O. II.
ma in. OXOpOHA Mpalli M Yac 3aCTOCYBAHHsI TIECTUIIHIIB
Ha MiAPUEMCTBAX CLUIBCBHKOTO roCIoJIapcTBa:
monorpadis. Kuis: Enenssetic, 2017. 167 c.

5. Tumouxo B. O., bepezoseyvkuii A. 11., @edopuyk-
Mopoz B. I, Bicun O. O. HopMmyBaHHA BIUIMBY
MECTHIUIB Ha O€3MeKYy XHUTTENISUIBHOCTI 1 TOBKUIIA.
Besmeka XWTTS 1 MISUIBHOCTI JIOMUHM — OCBiTa, HayKa
npakTtuka: Mmatepianu XVIII MixkHap. HayK.-MeTO1. KOH.
(JIyupk, 23-24 ksir. 2020 p.). Jlyusk: IBB Jlyupkoro
HTY, 2020. C. 89-92.

6. Tumouxo B. O. PBepesoseyvkuii A. I,
Topodeyvrkuti 1. M. Amnamiz 4YWHHOI TpaBoBOi i
HOPMAaTUBHO1 JIOKyMEHTAITi i 1010 Oe3nexu

BUKOPUCTAHHS NECTUIMIIB 1 arpoximikariB. be3meka
JKUTTS 1 JISUTBHOCTI JIFOAWHU — OCBITa, HayKa NPaKTHKA:
marepiamn XVIII MixkHap. Hayk.-meton. kKoH(]. (JIyubk,
23-24 kair. 2020 p.). Jlynsk: IBB Jlyuskoro HTVY, 2020.
C. 92-95.


https://zakon.rada.gov.ua/rada/show/v0137588-01
https://zakon.rada.gov.ua/laws/show/4005-12
https://zakon.rada.gov.ua/laws/show/4004-12
https://zakon.rada.gov.ua/laws/show/86/95-%D0%B2%D1%80
https://zakon.rada.gov.ua/laws/show/86/95-%D0%B2%D1%80

AHAJII3 HOPMATUBHOI BA3U BE3IEKU MMPALII JJ11 MEXAHI3OBAHOI'O OBITPUCKYBAHHA ... 29

7. Yoapyesa O. B. UndopmanmoHHble obecrieueHne
CHCTEMBI aHajm3a W o0paboTku WHPOpPMAIUU Mpolecca
a’pO30JILHOTO PAaCIBUICHHS TIeCTUIMa0B. Stredoevropsky
Vestnikrpo Vedua Vyzkum. 2015. T. 53. C. 148-151.

8. Menvnuxkose H. H. CoBpeMeHHas CHTyamus C
TIpUMEHEHHEM TIECTHIHIOB. Xumuaeckas
npoMeinuieHHoCTh. 2014, Ne 2. C. 14-18.

9. Ymum B. /. K mnpobimeme cOOTBETCTBUS
OTCUCCTBEHHBIX METOJMK BBIIIOJIHEHNSI M3MEPEHHH B
00JIaCTH KOHTPOJISI OCTaTKOB JEHCTBYIOUIMX BEIIECTB
CpPEeACTB 3alllUThl PACTEHUU B CEIbCKOXO3AMCTBEHHOM H
IIPOJIOBOJILCTBEHHOM ~ CBIPbE, MHIIEBBIX IMPOAYKTAX U
00BEKTaX  OKpYKaloMmeHl cpempl  MEKIyHapOIHBIM
TpeboBanusaM. CydacHi poOIeMH TOKCHKOJIOTIT, Xa4oBOi
Ta XimigHo1 6e3mnexu. 2014. Ne3/4(66/67). C. 23-31.

10. Ferrari F., Trevisan M., Capri E. Predicting and
Measuring Environmental Concentration of Pesticides in
Air after Soil Application. J. Environ. Qual. 2003.
Vol. 32. P. 1623-1633.

11. Huxumun H. B., Cnupuoonos FO. A,
Coxonose M. C. UHcmnonp3oBaHHE  COBPEMEHHBIX
ONIPBICKUBATENIEH B aJANTHUBHOM 3alllUTE€ PACTCHUM.
Arpoxumus. 2008. Ne 11. C. 51-59.

12. lpooarnuyk M. I, Jlenvowikin 1. B., Kpaguyx O. I1.
PermameHrariisi THOJBOBHUX  TOKCHKOJIOTO-Oi10MOTIYHUX
BHNPOOYBaHh  MECTHLWAIB HAa  TPHUKIAAI  KpaiH
€Bporeiicbkoro cor3y. Buximkn mis YkpaiHu. (orisn
HOPMaTHBHO-TIPABOBUX Ta HAyKOBO-METOIMIHUX
nokyMeHTiB). CydacHi mpoOIeMH TOKCHKOJIOTIT, XapuoBOi
Ta XiMmigHo1 Oe3meku. 2018. No 1/2(64/65). C. 10-26.

13. Cnupuoonos FO. A., Huxumun H. B., Packun M. C.
HoBoMy NOKOJICHHIO TNECTUIMIOB HOBYIO TEXHOJIOTHIO
npumenenus. Arpo XXI. 2008. Ne 3. C. 6-8.

14. Jlenexun H. C., Beneyxuiit 1. H., Karabuna K. C.
OcaxJeHue paclblUICHHONW IKUAKOCTH 3a MpeAeiaMu
OIMPUHBI  3aXBaTa MPH HA3eMHOM  ONPBICKUBAHUH.
Bromterens BU3P. 2008. Ne 44. C. 96-104.

15. I'opooeywruii 1., Bepesoseyvkuii A., I'opodeyvka H.
BuxopucTaHHS METOAMK aHali3y HeOE3MeK MPOIeciB Il
YAOCKOHAJICHHS YIPaBIiHHSI OXOPOHOK Tmpami. Bichux
JIBBIBCHKOTO HAIIOHATHHOTO arpapHOrO YHIBEPCHUTETY:
arpoimxkenepHi nociimkenns. JIpeis. 2014. Ne18. C. 5-8.

16. Kosamuwun C. H., Topodeyvkuii 1. M.,
Tumouxo B. O. Meroau ynpaBiiHHS OE3MCKOI Yy
MPOEKTaX arpapHoro BHPOOHHITBA. Teopis 1 mpakTHKa
PO3BUTKY arporpoMHCIIOBOIO KOMILIEKCY Ta CLIBCHKUX
Tepuropiit: Marepiamu  XIX MikHap. HayK.-TIpakT.
¢dopymy (JIsBiB, 19-21 Bepecus 2018 poky). JIeBis. 2018.
C. 148-151.

17.  Jcri 8.8.1.2.001-98  TpancrnopTyBaHHS,
30epiraHHsl Ta 3aCTOCYBaHHS MECTHLUAIB Y HApOIHOMY
rocriofapeTBi. Hakaz MiHicTepcTBa OXOpOHH 3/10pOB's
Yxpaian 03.08.1998 Ne 1. [Yuunwmii Big 03.08.1998 p.].
URL: https://zakon.rada.gov.ua/rada/show/v0001282-
98#Text. (mata 3BeprenHs: 4.05.2020).

18. I'OCT 12.4.122-83. Cucrema  CTaHIapTOB
0e30MmacHOCTH Tpyna. Kopo6ku ¢bunpTpytomie-
MOTJIOMIAIOIIME Ui TIPOMBIIUICHHBIX —TMPOTHBOTAa30B.
Texuuueckue yciosus. [data eenennst 01.01.1984]. M.
UIIK UsparenscTBO cTanaaptos, 2003.

19. ICTY 7239:2011. Cuctema CTaHAapTiB OE3MEKH
mpami. 3aco0W IHIWBIAYaJEHOTO 3aXHCTY. 3arajibHi
BuMmoru Ta knacudikamis. [Ynuuauit Bix 02.02.2011]. Bus.

odin. Kuis: lepxcnoxusctanaapt Ykpainu. 2011. 10 c.

20. HIIAOIT 0.00-1.04-07 TIlpaBuma BubOOpy Ta
3aCTOCYBaHHS 3aCO0IB 1HIMBIAYaIFHOTO 3aXHCTy OpPTaHiB
muxaHas. [Ywmenit  Bim  28.12.2007 p. ]. URL:
https://zakon.rada.gov.ua/laws/show/z0285-08. (mata
3sepHeHHS: 4.05.2020).

21. TlopsimoK pOBEAEHHS JIepKaBHUX BUIIPOOYBaHb,
JIep>kaBHOT ~ peecTpalii Ta TNepepeecTpauii, BUIAHHS
NeperiKiB MeCTUIH/IIB 1 arpoXiMmikariB, JO3BOJICHHX 10
BUKOpHCTaHHS B  YkpaiHi: IlocranoBa Kabinety
MinictpiB Ykpainun Bix 4 Oepesns 1996 p. Ne 295.
[Penmaxuis Bil 23.10.2019]. URL:
https://zakon.rada.gov.ua/laws/show/295-96-%D0%BF.
(mata 3Bepuenns: 4.05.2020).

22. TIpo 3atBepmkeHHs 3paskiB [locBim4eHHS TpO
JIEpKAaBHY pEECTpaIifo, [O3BONY Ha BHUKOPHCTaHHS
3aJMINKIB TIECTHHOHIIB 1 arpoximikarTiB, I03BONy Ha
BUTOTOBJICHHS Ta 3aCTOCYBaHHS JOCHIIHHUX HapTiit
BITUM3HSHUX NECTHLUAIB 1 arpoximikariB 1 3paska
erukeTky: Haka3 MiHicTepcTBa OXOPOHH HABKOJIMIIHBOTO
MPUPOAHOTO  cepemoBuiia Ykpaium Ne 490  Big
08.11.2006. [Penakirist Bij 20.10.2017].
URL:https://zakon.rada.gov.ua/laws/show/z1226-06.
(mata 3BepHenHs: 10.04.2020).

23. [lep>xaBHUIT peecTp MECTUIHIIB 1 arpoXiMiKariB,
JTO3BOJICHUX bifs) BHKOPUCTAHHS B VYkpaiHi.
[Penaxiiist Bix 04 TpaBus 2020]. URL:
https://menr.gov.ua/content/derzhavniy-reestr-pesticidiv-
i-agrohimikativ-dozvolenih-do-vikoristannya-v-ukraini-
dopovnennya-z-01012017-zgidno-vimog-postanovi-
kabinetu-ministriv-ukraini-vid-21112007--1328.html.
(mara 3Bepuenns: 10.06.2020).

24. Commission Regulation (EU) 2015/830 of 28
May 2015 amending Regulation (EC) No 1907/2006 of
the European Parliament and of the Council on the
Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH) (Text with EEA relevance)
C/2015/3522. URL.: https://op.europa.eu/en/publication-
detail/-/publication/14674eel-05cc-11e5-8817-
0laa75ed71al. (nara 3Bepuenns: 10.04.2020).

References

1. DSanPiN 8.8.1.2.3.4-000-2001. Permissible doses,
concentrations, amounts and levels of pesticides in
agricultural raw materials, food, air of the working area,
atmospheric air, water of reservoirs, soil. Date of
acceptance: 20.09.2001. URL:
https://zakon.rada.gov.ua/rada/show/v0137588-01 (data
of application: 10.04.2020).

2. On ensuring the sanitary and epidemic well-being
of the population: Law of Ukraine of 24.02.94, Ne 4005-
XII. Update date: 04.10.2018. URL:
https://zakon.rada.gov.ua/laws/show/4004-12  (data of
application: 10.04.2020).

3. On pesticides and agrochemicals: Law of Ukraine
of March 2, 1995 Ne 87/95-VR. Update date:13.02.2020.
URL: https://zakon.rada.gov.ua/laws/show/86/95-
%D0%B2%D1%80 (data of application 10.04.2020).

4. Voynalovych O. V., Lapin V. M., Lytvyn O. P.
(2017). Occupational health during the use of pesticides
in agricultural enterprises: a monograph. Kyiv: Edelweiss.


https://zakon.rada.gov.ua/laws/show/z0285-08
https://zakon.rada.gov.ua/laws/show/z1226-06
https://menr.gov.ua/content/derzhavniy-reestr-pesticidiv-i-agrohimikativ-dozvolenih-do-vikoristannya-v-ukraini-dopovnennya-z-01012017-zgidno-vimog-postanovi-kabinetu-ministriv-ukraini-vid-21112007--1328.html
https://menr.gov.ua/content/derzhavniy-reestr-pesticidiv-i-agrohimikativ-dozvolenih-do-vikoristannya-v-ukraini-dopovnennya-z-01012017-zgidno-vimog-postanovi-kabinetu-ministriv-ukraini-vid-21112007--1328.html
https://menr.gov.ua/content/derzhavniy-reestr-pesticidiv-i-agrohimikativ-dozvolenih-do-vikoristannya-v-ukraini-dopovnennya-z-01012017-zgidno-vimog-postanovi-kabinetu-ministriv-ukraini-vid-21112007--1328.html
https://menr.gov.ua/content/derzhavniy-reestr-pesticidiv-i-agrohimikativ-dozvolenih-do-vikoristannya-v-ukraini-dopovnennya-z-01012017-zgidno-vimog-postanovi-kabinetu-ministriv-ukraini-vid-21112007--1328.html
https://op.europa.eu/en/publication-detail/-/publication/14674ee1-05cc-11e5-8817-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/14674ee1-05cc-11e5-8817-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/14674ee1-05cc-11e5-8817-01aa75ed71a1
https://zakon.rada.gov.ua/rada/show/v0137588-01
https://zakon.rada.gov.ua/laws/show/4004-12
https://zakon.rada.gov.ua/laws/show/86/95-%D0%B2%D1%80
https://zakon.rada.gov.ua/laws/show/86/95-%D0%B2%D1%80

30 B. O. Tumouxo, I. M. TI'opoxerekuii, A. I1. bepesoseupkuii, O. B. Boiinanosuu, O. O. Bicun

167.

5. Tymochko V. O., Berezovetskyi A. P., Fedorchuk-
Moroz V. 1., Visin O. O. (2020). Standardization of the
impact of pesticides on the safety of life and the
environment. Safety of human life and activity -
education, science practice: materials XVIII International.
scientific method conf. (Lutsk, April 23-24, 2020). Lutsk:
IVV Lutsk NTU. 89-92.

6. Tymochko V. O. Berezovetskyi A. P,
Horodetskyi I. M. (2020). Analysis of current legal and
regulatory documentation on the safety of pesticides and
agrochemicals. Safety of human life and activity -
education, science practice: materials XVIII International.
scientific method conf. (Lutsk, April 23-24, 2020). Lutsk:
IVV Lutsk NTU. 92-95.

7. Udartseva O. V. (2015). Information support of
the system of analysis and information processing of the
process of aerosol spraying of pesticides. Stredoevropsky
Vestnikrpo Vedua Vyzkum. 53. 148-151.

8. Melnikov N. N. (2014). The current situation with
the use of pesticides. Chemical industry. 2. 14-18.

9. Chmil V. D. (2014). To the problem of compliance
of domestic methods of measurements in the field of
control of residues of active substances of plant protection
products in agricultural and food raw materials, food
products and environmental facilities with international
requirements. Modern problems of toxicology, khachev
and chemical safety. 3/4(66/67). 23—-31.

10. Ferrari F., Trevisan M., Capri E. (2003).
Predicting and Measuring Environmental Concentration
of Pesticides in Air after Soil Application. J. Environ.
Qual. 32. 1623-1633.

11. Nikitin N. V., Spiridonov Yu. Ya., Sokolov M. S.
(2008). The use of modern sprayers in adaptive plant
protection. Agrochemistry. 11. 51-59.

12. Prodanchuk M. G., Lepyoshkin I. V.,
Kravchuk O. P. (2018). Regulation of field toxicological
and biological tests of pesticides on the example of the
European Union. Challenges for Ukraine. (review of
normative-legal and scientific-methodical documents).
Modern problems of toxicology, food and chemical
safety. 1/2(64/65). 10-26.

13. Spiridonov Yu. Ya., Nikitin N. V., Raskin M. S.
(2008). A new generation of pesticides, a new application
technology. Agro XXI. 3. 6-8.

14. Lepekhin N. S., Veletskiy 1. N., Kalabina K. S.
(2008). Spray settling outside the working width for
ground spraying. L. Bull. VIZR. 44. 96-104.

15. Gorodetsky 1., Berezovetsky A., Gorodetska N.
(2014). Use of process hazard analysis techniques to
improve occupational safety management. Bulletin of Lviv
National Agrarian University: agro-engineering research.
18.5-8.

16. Kovalyshyn S. Y., Gorodetskyi 1. M.,
Tymochko V. O. (2018). Methods of safety management
in projects of agricultural production. Theory and practice
of development of agro-industrial complex and rural
areas: materials of the XIX International. scientific-
practical forum (Lviv, September 19-21, 2018). Lviv:
Lviv National Agrarian University. 148-151.

17. DSP 8.8.1.2.001-98 Transportation, storage and
use of pesticides in the national economy. Order of the
Ministry of Health of Ukraine 03.08.1998 Ne 1. [Effective

from 03.08.1998] URL:
https://zakon.rada.gov.ua/rada/show/v0001282-98#Text.
(data of application: 4.05.2020).

18. GOST 12.4.122-83. Occupational safety
standards system. Filtering and absorbing boxes for
industrial gas masks. Technical conditions. [Date of
introduction  01.01.1984]. Moscow: IPK Standards
Publishing House, 2003.

19. DSTU 7239: 2011. System of occupational health

standards. Personal protective equipment. General
requirements and classification.  [Effective from
02.02.2011]. The publication is official. Kyiv:

Derzhspozhyvstandart Of Ukraine. 2011. 10 p.
20. NPAOP 0.00-1.04-07 Rules for selection and use

of personal respiratory protection. [Effective from
28.12.2007]. URL:
https://zakon.rada.gov.ua/laws/show/z0285-08. (data of

application: 4.05.2020).

21. Procedure for conducting state tests, state
registration and re-registration, publication of lists of
pesticides and agrochemicals permitted for use in
Ukraine: Resolution of the Cabinet of Ministers of
Ukraine of March 4, 1996 Ne 295. [Edition of
23.10.2019]. URL:
https://zakon.rada.gov.ua/laws/show/295-96-%D0%BF.
(data of application: 4.05.2020).

22. On approval of samples Certificate of state
registration, permission to use pesticide and agrochemical
residues, permission to manufacture and use experimental
batches of domestic pesticides and agrochemicals and
sample label: Order of the Ministry of Environmental
Protection of Ukraine Ne 490 of 08.11.2006. [Edition of
20.10.2017]. URL:
https://zakon.rada.gov.ua/laws/show/z1226-06. (data of
application: 10.04.2020).

23. State Register of Pesticides and Agrochemicals
Permitted for Use in Ukraine. [Edition of 04.05.2020].
URL: https://menr.gov.ua/content/derzhavniy-reestr-
pesticidiv-i-agrohimikativ-dozvolenih-do-vikoristannya-
v-ukraini-dopovnennya-z-01012017-zgidno-vimog-
postanovi-kabinetu-ministriv- ukraini-vid-21112007--
1328.html. (data of application: 10.06.2020).

24. Commission Regulation (EU) 2015/830 of 28
May 2015 amending Regulation (EC) No 1907/2006 of
the European Parliament and of the Council on the
Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH) (Text with EEA relevance)
C/2015/3522. URL.: https://op.europa.eu/en/publication-
detail/-/publication/14674eel-05cc-11e5-8817-
0laa75ed71al. (data of application: 10.04.2020).

AHAJI3 HOPMATHUBHOM BA3bI BE3OITACHOCTH
TPY A IJISI MEXAHNU3POBAHHOI'O
OITPBICKMBAHM S CEJIbCKOXO3SMCTBEHHbBIX
KVYJIbTYP
B. O. Tvimouxo, U. H. I'opodeyxuil, A. I1. bepezoseyxuil,
A. B. Bounanosuu, E. A. Bucoin

AnHoramusi. CerojHs CyIIECTBYST TEHACHIUI
HHTEHCUBHOTO pOCTa O0OBEMOB XUMHYCCKOW 3aIIUTHI
pacteHuit MECTUIUIAMH, KOTOpBIE SIBIISTEOTCSI
MOTCHIMATIBHO OITACHBIMHU JUISI OKPYXAMOIWIEH Cpeapl U
genmoBeka. [loaToOMy  pacTyT pHCKH  OTpaBIICHHIA,
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npodeccHOHATLHBIX ~ 3a00Je€BaHWM,  CBA3aHHBIX  C
HCIIOJIb30BAaHHEM TIECTHIHIOB B CEILCKOXO3SHCTBEHHOM
MIPOM3BOJICTBE.

B VYkpauHe npuHATO psAx 3aKOHOAATENbHBIX H
HOPMAaTHBHO-TIPaBOBBIX JIOKyMEHTOB, KOTOpBIE
PETJIaMEHTHPYIOT IIPAaBOBBIC OTHOIICHHUS, CBSI3aHHBIC C
IIPUMEHEHUEM MECTUIUAOB B CEIbCKOXO3AHCTBEHHOM
IIPOU3BOJCTBE. ['OCyAapCTBEHHBIC CaHUTapHbIE NpaBUIIA

8.8.1.2.001-98 sBNSAIOTCI OCHOBHBIM HOPMaTHBHBIM
JOKyMEHTOM, pErJIAaMEHTHPYIOIIUM  TpeOoBaHHS K
TPaHCIIOPTHPOBKE, XpaHEHHIO u [IPUMEHEHHIO

MIECTULNIOB Ha TPOM3BOCTBE.

HopmatuBel pa3paboTaHel M yTBEpXKICHBI Ooiee
YETBEPTH BEKa Has3al, YCTapedd W HE YYUTHIBAIOT
0COOCHHOCTEH HOBBIX TeXHOJOTHHA. [103TOMY, y4nTHIBas
COBpEMEHHBIC TpeboBaHUA K THTHEHIYECKOMY
HOPMHPOBAHUIO M TOJYYCHHIO HOBBIX JAaHHBIX O
TOKCHUKOJIOTHYECKHX CBOMCTBX MECTHIUAOB, BO3pPAacTacT
HE00X0IUMOCTh rapMOHM3aIHH OTE4eCTBEHHOM
HOpMaTHBHOW 0a3bl ¢ TpeboBaHusMu EBponelickoro
cooOmiecTBa. YacTh AEHCTBYIONIMX HOPMAaTUBOB TpeOyeT
MIEPecMOTPa U OCOBPEMECHUBAHMUS.

PekomeHmamMu 1O  HCHOJB30BAHUIO  CPEACTB
WHIUBHUIYaIbHON 3alIUThl PaOOTHHKOB JUIS OINEpaIun
OTIPBICKMBAHMA OBUIN NpOaHaIM3upoBaHbl coriacHo JJCIT
8.8.1.2.001-98 m macmopra Oe3omacHOCTH (QYHTHIUAA
Axkanto® Ilmroc mnpousBoxactBa [lromoH WHTepHEmIHT
Omepeiimaz  CH-1218 Le Grand-Saconnex [/ GE
[IIBetinapust, pa3pabOTaHHOTO B  COOTBETCTBHU C
Pernmamentom (EC) Ne1907/2006 ¢ u3MeHEHUSIMH.

AHanu3 cpeacTB 0€30IaCHOCTH, @ UMEHHO 3allUThI
IJ1Ia3 U OpPraHOB JBIXaHMS IOKa3al, YTO HCIOJIb30BaHHE
pexomenmanuii JICIT 8.8.1.2.001-98 nna paboTHHKOB
onepauuii  XMMHUYECKOM  3allUThl  OIPBICKUBAHUEM
MPOTUBOPEYMBBI, YTO MOXKET CO3JIaTh OINACHBIE YCIIOBHUS
pabotsl. [l HEKOTOPBIX BHAOB PabOT 3TO BHICOKHE
TpeOOBaHUS, KOTOpPBIE TPYAHO COOJIOCTH B pPEAIBHBIX
yCIIOBUSIX MOJeBEIX paboT. [Tostomy, B Ykpaune Haspena
HE0OX0IMMOCTh nepecMoTpa JCHCTBYFOIITHX
HOPMAaTHBHBIX JOKyMEHTOB OTHOCHTENBHO TpeOOBaHMMH
6e3omacHoCTH TPaHCTIOPTHPOBKH, XpaHeHHs u
MIPUMEHCHUA NEeCTUIHUI0B u corjiaCoBaHHuC ux C
EBponelickumu ctaniaapramu

KiioueBbie cJioBa: 0e3omacHOCTh  Tpyna,
HOpMaTHBHas 0a3a, MeCTUILIU/IbI, ONIPUCKUBAHKE, CPEJICTBA
I/IHJII/IBI/II[yaHI)Hoﬁ 3alIHThI.

ANALYSIS OF SAFETY REGULATIONS
FOR MECHANIZED SPRAYING
OF AGRICULTURAL CROPS
V. 0. Tymochko, I. M. Horodetskyy,
A. P. Berezovetskyi, O. V. Voynalovich, O. O. Visyn

Abstract. Today there is a tendency of intensive
growth of chemical plant protection with pesticides,
which are potentially dangerous for the environment and
humans. Accordingly, the risks of poisoning and
occupational diseases associated with the use of pesticides
in agricultural production are increasing.

In Ukraine, a number of legislative and safety
regulations have been adopted that regulate the legal
relations related to the use of pesticides in agricultural
production. State sanitary rules of DSP 8.8.1.2.001-98 are

the main normative document that regulates the
requirements for transportation, storage and use of
pesticides in production.

Standards have been developed and approved for
more than a quarter of a century, are outdated and do not
take into account the peculiarities of new technologies.
Therefore, taking into account the current requirements
for hygienic regulation and obtaining new data on the
toxicological properties of pesticides, there is a growing
need to harmonize the domestic regulations with the
requirements of the European Community. Some of the
current regulations need to be revised and modernized.

Recommendations for the use of personal protective
equipment for spraying operations were analyzed in
accordance with DSP 8.8.1.2.001-98 and the safety data
sheet of the fungicide of Akanto® Plus manufactured by
DuPont International Operations CH-1218 Le Grand-
Saconnex/GE Switzerland, developed in accordance with
Regulation (EU) Ne1907/2006 with changes.

The analysis of safety equipment, namely eye and
respiratory protection, showed that the use of the
recommendations of DSP 8.8.1.2.001-98 for employees of
chemical protection operations by spraying is
contradictory, which can create dangerous working
conditions. For some types of work, these are too high
requirements that are difficult to meet in real field work
conditions. Therefore, in Ukraine, the need to revise
existing regulations and harmonize them with European
standards has arisen regarding the safety requirements for
transportation, storage and use of pesticides.

Key words: work safety, safety regulations,
pesticides, spraying, personal protective equipment.
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JOCJIIIKEHHSA PYXY HACTUHKHU 110 OBEPTOBOMY COEPUYHOMY CETMEHTY
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AHoOTamisg. Y cTaTTi po3riHYTO BiXTHOCHUH pyX 4Ya-
CTHHKM TO C(EepUIHOMY CErMEHTY, SKHH 00epTaETHCS
HABKOJIO BepTHKanbHOI oci. CkiameHo audepeHmianbHi
PIBHSHHS BiTHOCHOTO TIEpEMIIlCHHS YAaCTHHKH, SIKi
PO3B’s13aHO YHCEIbHUMH MeToaamu. [loOymoBaHO BigHO-
CHY Ta a0COIIIOTHY TPA€EKTOPil PyXy YaCTHHKH Ta rpadiku
3MIHHM BiZJHOCHOI 1 aOCOJIIOTHOT HIBHIKOCTEH. 3’sCOBaHO
3aKOHOMIPHICTh PyXy YaCTHHKH IpH ii mixiiomi mo mose-
PXHI.

KoarouoBi caoBa: chepuyHHil CErMEHT, KyToBa
LIBUJKICTh 0OEpTaHHs, BITHOCHUI pyX, YaCTHUHKA, IUde-
peHIiaNbHI PIBHAHHS, KIHEMaTHYHI ITApaMeTpH.

IHocranoBka npodaemu

Teopist pyXy YaCTHHOK IO MOBEpPXHAX, SKi o0Oepra-
I0ThCSI HABKOJIO BEPTUKAIIBLHOT 0Ci, BAKOPUCTOBYETBCS IS
MPOEKTYBaHHs MPUCTPOIB BIALEHTPOBOI Aii. 30KkpeMa, 1e
CTOCYETBCSI MPUCTPOIB Ul PO3CIFOBaHHS MiHEpaIbHUX
J00pHB, BUITyYEHHS COKY 13 OAPIOHEHUX OBO4IB Ta (Gpy-
KTiB, OUHMIIIEHHS MOBITPS BiJl YaCTUHOK IHJIY B [IUKJIOHAX.
YactuHKa 3A1HCHIOE CKJIAAHUN PyX, KU € CyMOIO JABOX
PYXiB: IEpEHOCHOTO PYXy HOBEPXHI 1 BIJHOCHOTO PyXy
YaCTHHKH I10 NTOBEPXHi, TOOTO i1 KOB3aHHSA. JJoCUTH TTOBHO
JOCIIKEHO PYX YaCTHHOK 10 TOPU3OHTAIBHIN IUIONIMHI
Ta 1O MOBEPXHI KOHYyCa, SKi 00epTaroThCsl HABKOJIO BEp-
TUKaJIBHOT OCi. PyX 9acTHHOK 1O iHIIMX MOBEPXHSX, IO
00epTaroThCs, Ma€ CBOI OCOOIUBOCTI.

AHaJji3 ocTaHHIX J0CTiIKEeHb

Oxpim pysmamenTansHOl MoHorpadii [1], B sKiit po-
3MISTHYTO TPSMOJIHIHHI 3BOPOTHO-TIOCTYNAJIBHI  KOJIH-
BaHHS, ICHYIOTH IIpalli, MPUCBSYEHI KPUBONIHIHHUM KO-
JMBaHHSM IUIOIMHY. B3arami 3agada pyxy marepiabHOT
YaCTHHKHU T10 IUIOIIMHI, sIKa 3/11HCHIOE KOJIOBHUH KOJIMBa-
JIBHUH pyX, Brepure Oyna po3s’sa3ana M.€. JKyKoBCbKHM
B T€OMETPHYHIN iHTepnperanii [2], y3araJbHeHa i MOIIH-
peHa Ha BUMAAKW eNiNTUYHMX KoiuBaHb [.I. brexmanom
[3]. TI.LM. Bacunenko nudepeHmiaidbHi PiBHAHHI PyXy
YACTHHKH CKJIA/IaB y MPOEKIsIX Ha OCI pyXOMOI CHCTEMH
KOODPJIMHAT, XOPCTKO MPUB’S3aHOT 0 MJIOIIMHHM, [0 KO-
nuBaethes, a LI brexman — y mpoekmisx Ha oci Hepyxo-

Moi cuctemu koopauHat. [I.M. 3aika po3risgaB mepemi-
IICHHS YaCTHHOK O POOOYMX IUIONIMHAX BiOpamiiHMX
3epHOoOounCcHUX MaiuH [4]. BigHocHO ocraHHiX poOiT,
JOCTIKCHHS pyXy MarepiallbHOI YaCTHHKHU 110 MIOPCTKIH
TOPHU30HTAJBHIA TUTONIUHI, SKa 3IIHCHIOE TOPU3OHTANBHI
MOCTYTIANBHI KOJHMBAHHS IO Pi3HUX KPHUBHX, PO3TILTHYTO
B mparii [5], a y npaui [6] BUBYEHO pyX YaCTUHOK MO IO-
XHJIiH IJIOIIMHI, BCI TOYKH SIKOT OTIUCYIOTh CITITICH.

Meta gociaKeHb

JocmianTtn 3aKOHOMIPHOCTI pyXy MaTepialbHOi Jac-
THHKH 10 CHEpUIHOMY CETMEHTY, KU 31 CTalOK KyTO-
BOIO IIBHAKICTIO 00€PTa€THCS HABKOJIO BEPTHUKAIBHOT OCI.

Pe3yabTaTh n0caigKeHb

[MapamerpuuHi piBHSIHHS cepH 3 MOYATKOM KOOP-

JIUHAT B Tl HUKHBOMY TIOJTFOCI MAIOTh BHIJISI;
X =Rsinscosa,;
Y =Rsinesina; @
Z = R(l —cos&E ),

ne R — paxiyc chepu;

& o — He3aIeXHI 3MiHHI cepH, SKUMHU € KyTH, IO
3a/1al0Th TIOJIO’KEHHS TOYKH Ha MOBEPXHI cepr B Hamps-
Mi MepH/IiaHa i mapajieii BiIOBiTHO.

Kyt o 3miHfoeTscs B Mexkax a=0...27, KyT € — B Me-
xax £=0...¢,, A€ BiJ 3HAUEHHS KyTa &, 3aJIKUTh BUCOTA
ceprunoro cermeHnTta. Hampukian, npu €,=a/2 cermMeHT
Oyze 1opiBHIOBATH MOJIOBHHI CepH.

OO0epTaHHs cerMeHTa Oy/IeMO pO3MJISIaTH BiTHOCHO
JIBOX cHcTeM KoopauHatr: Hepyxomoi OXYZ i pyxomoi
Oxyz, sixa Oyne obepTaTHCs pa3oM i3 cerMeHTOM. SIKIo
chepuunnii cerment (1) Oyme obepTaTHCs HABKOJIO Bep-
THKAJILHOT OC1 3 KYTOBOIO IBHIKICTIO @, 3a 4Yac t moBepx-
HS TIOBepHEThCI Ha KyT H=w-t. 3actocyemo Qopmynn
MTOBOPOTY OJIHIET CHCTEMHU KOOPMHAT BiTHOCHO 1HIIIO1:

X =Rsingcosacos@—Rsine sina sinf;
Y =Rsinscosasin@+ Rsingsinacosf;  (2)
Z = R(l —cos 5).

[Micns cpomiens i3 ypaxyBaHHAM H=w-t piBHSHHA

(2) HaOyBalOTh BUTIIALY:
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X = Rsinecos(a + a)t);
Y = Rsinesin(a + at); 3
Z = R(l - coss).

Hexait B mouarkoBmit momeHT mipu t=0 aBi cucremn
KOOpAMHAT 30iratoThes, cepuaHmii cerMeHT (abo IWCK)
He o0epTaeThesl 1 YaCTHHKA 3HAXOAWTHCS Ha MepH[iaHi B
wiomuHi OYZ (puc. 1).

=S
&

Puc. 1. Po3ramyBaHHs YacTUHKH Ha HEPYXOMOMY
chepruIHOMY CETMEHTI Ta cXeMa MPUKIAJCHUX 10 Hel CHIT
y pasi, KOJM HepyXoMa i pyXoMa CHCTEMH KOOpAHWHAT
30IratThCsl.

Fig. 1. The location of the particle on the stationary
spherical segment and the scheme of forces applied to it,
when the fixed and moving coordinate systems coincide.

Jo Hel mpuKnageHi HACTYIHI CHJIM: CWiia Bard Mg
(m — maca yactunku, g=9,81 m/c? — NPUCKOPEHHS Billb-
HOTO majiHHs), peakiuis moBepxHi N, ta cuna teprs N (f
— kKoe(imieHT TepTs), AKa He JO3BOJIIE YACTHUHIII PYXaTUCST
BHHM3 B3JI0BXX MepHIiaHa B HANpsMKy MOYATKy KOOPIH-
Hat. [Ipu obepTaHHI AHCKa 31 CTANO KyTOBOIO IIBUAKIC-
TIO @ 3a 4ac t BiH MoBepHEThCS Ha KYT O=w-t (puc. 2).

Puc. 2. Po3ramryBaHHsI 4aCTHHKH, 10 KOB3Aa€ IO TIO-
BEepXHi 00epTOBOTO CGEpHIHOrO0 CETMEHTa, Ta CXeMa
TIPUKJIAJIEHUX 10 HEl CHIL

Fig. 2. The location of the sliding particle on the ro-
tary spherical segment and the scheme of applied forces.

SIkOu yacTHHKA HE KOB3aJia IO JUCKY, TO BOHA MTOBE-
pHyJdacs 6 pa3oM i3 AuCKoM Ha KyT 61 3aitHsia 6 moso-
JKCHHS Ha TOMY K CaMOMY MepHiaHi miciis Horo moBopo-
Ty. Y pe3ynbTaTi KOB3aHHS YacTHHKA 3aliMe TPOMIKHE
moyioxeHHs. KoB3aHHA YaCTUHKU BiIOYBa€ThCS B MPOTH-
JIOKHY CTOpOHY oOepTaHHs mucka. HampsM BimHOCHOL
MBUAKOCTI V, CIIPSIMOBaHUHN MO JOTUYHIN A0 TpaekTopii
KOB3aHHSI YaCTHHKH (pHC. 2).

PiBHSHHS pyXy YacTHHKH OYIeMO CKJIaJIaTH Yy BH-
raspi; mw=F, e w — BEKTOP NPUCKOpeHHs, F — pe-
3yJBTYIOUHH BEKTOp NPHUKIAJCHUX 0 YaCTHHKH CHI. Yci
BEKTOpH OyIeMO BH3HAYATH B MPOEKIISIX HAa OCi HEPYXO-
MoOi cucteMu KoopauHaT. TpaekTopis BITHOCHOTO PYyXy
YAaCTHHKY MO BiJJHOIICHHIO 0 PYyXOMOI CHCTEMH KOOpAH-
Hat OXYZ ONMUIIETHCS 3aJEKHICTIO MIX KPHUBOJIHIHHUMHU
KoopauHaTaMu cdepu ¢ i a. Taka 3aIexKHICTh MOXe OyTH
3aj1aHa o Pi3HOMY: £=¢(a), a=a(€), ab0 K Yepe3 CIIbHY
sminny t: e=¢(t), a=a(t). s HAIIOTO BUIIAIKY POJIE CITi-
JTBHOT 3MiHHOI Oyie BimirpaBaT poib dacy t.

TakuM 4dYHHOM, TPH TPHUHHATOMY B3a€MO3B’S3KY
e=¢(t) i a=a(t) piBusauus (1) 3a1at0Th BiTHOCHY TPaEeKTO-
pito pyxy 4acTHHKH, a piBHSHHA (3) — abcomoTHy. Bka-
3aHl 3aJIeKHOCTI € HeBIIOMHUMH 1 iX MOTpiOHO 3HaiTH. Y
MOJAJBUIOMY HaM MOTPiOHI OyayTh BEKTOpHU SK BiIHOC-
HOT, Tak i aBCOMOTHOT MBHAKOCTEH. [X MM BU3HAUaTHMe-
Mo audepenuiroBanHaM Bupasie (1) 1 (3) mo yacy t. Pis-
HsHHA (1) 1 (3) B oMHOMY BUNAAKY € PIBHSAHHIMH ITOBEPX-
Hi, KOJIK & 1 0 € He3aJCKHUMHU 3MIHHUMH, a B IHIIOMY —
NiHiAMH (PO3LIYKYBaHUMH TPAEKTOPIsIMA YacCTUHKH) Ha
noBepxHi. [l MOBEPXOHb MU NPUHHSIM ITO3HAYCHHS
PIBHSHD MPOMUCHUMHU JIiTEpaMH, a IS JiHIH — CTPOYHHU-
MU, IPUIOMY JJIS1 BITHOCHOI TpaeKTOpii OyJeMo BHKOpPH-
CTOBYBAaTH IHJCKC «I», a Uil abCOMOTHOI — «@». OTxe,
IUQepeHIIiFOBaHHAM piBHAHL (1) 3HaXOOMMO BiIXHOCHY
MIBUJIKICTh PYXY (KOB3aHHSI) YaCTHHKH II0 TTOBEPXHI ce-
PHYHOTO AWCKa:

Xy =R’ cosecosa—Ra'sine sina;
vy =Rég'cosesina+ Ra'sing cosa; 4)
zy = Re'sine.

I'eomerpuuHa cyma ckiagoBux (4) JacTh BETHYUHY

HMIBUAKOCTI KOB3aHHS YaCTUHKH MO CHEPUUHOMY ITUCKY Y
BiTHOCHOMY PYCi:

2 ' 2 12
Vie=qlxp "+ 42" =
(5)
—RVe? +a'?sin’e.

Onunuunuii Bektop 7' TOTUYHOI 70 TpaeKTOpii Bij-
HOCHOTO pyXy B mpoekuisix Ha oci cucremu OXYZ ozep-
JKUMO JIIJICHHSIM MPoeKIii (4) Ha BeauuuHy BekTopa (5):

g'cosecosa—a'sinesina

T, = ;

* &% +a'tsin’e
T g'cosesina+a'sinecosa

g & 1a’?sin’ s ) ©)
T &'sineg

z

\/5’2 +a'?sin’ e

3naiinemo HanpsiM 1ii peakuii N mosepxHi (1). Bona
crpsiMOBaHa 110 HopMaJi P 10 moBepxHi 1 BU3HAYA€THCS 13
BEKTOPHOTO JOOYTKY JIBOX BEKTOPIB, JOTHYHHX /10 KOOP-
JTUHATHUX JIiHIA MoBepxHi. [IpoekmisMn muX BEKTOPIB €
YaCTUHHI MOXiHI piBHAHB (1):
0X /0g =Rcosecosa;
0Y /0¢ = Rcosesina;
0Z /0 = RSiné‘,‘ (7)
0X /0a =—Rsingsina;
0Y/0a = Rsingcosa;
0Z/0a =0.
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ITicnst BEeKTOpHOTO MHOXEHHS BeKTOpiB (7) 1 puBe-
JICHHSI OTPUMAHOTO BEKTOpa /0 OJUHUYHOIO MPOEKIIT
BeKTOpa HopMai P 110 moBepXHi 3aIHITyTHCS:

Py =—sinecosa;
Py =—sinesina; (8)
P, =cose¢.

JudepenuitoBanasM piBHsIHG (3) 3HaX0aUMO abco-
JIIOTHY IIBHJKICTh PYXY YacCTHHKM MO BiJHOIIEHHIO IO
HEPYXOMOI CHUCTEMH KOODPJHHAT:

x!, = R¢' cos & cos(a + wrt ) -
—R(a' + o)sing sin(a + at);
ro_ ' .
ya =Re cossszn(a+a)t + (9)
+R(a'+ w)sing cos(a + wt);
z, =Re'sine.
JudepenniroBanasam BupasziB (9) 3HAXOIUMO MPOEK-
I_Ill BCKTOpPa abCOJIIOTHOTO IIPUCKOPCHHA Ha oci HEPYXO-
MOI CUCTEMU KOOpAUHAT:

Xy = R[g”cosg—g’z sine —(a'+ a))2 sing]x
xcos(a+a)t)—Rx

x[a"sine +2¢' (o' + w)cos &|sin(a + ot ):

yh =R|e"cose—&'? sine —(a'+ a))2 sing |x
x sin(a + o)+ R[a" sine +2&'(a' + w)cos &)
x cos(a + ot );

(10)

zl = Re"sine + Re'? cose.

OnunnuHi Bektopu 7 (6) HanpsMy BiJTHOCHOI IIBH]I-
kocri V¢ 1 (8) Hopmani 10 noBepxHi P 3Haiineni ans Hepy-
xoMoi moBepxHi. OCKINBKM TOBEPXHS MOBEPTAETHCA HA
KyT =@, TO BKa3aHl BEKTOPHU TEK MOTPIOHO MOBEPHYTH
Ha Ied KyT, 100 BOHM BiIIOBiJalli pPO3TANIyBaHHIO Yac-
TuHKU. [10BOPOT 3IifiCHIOEMO aHANOTiYHO, SK 1 MOBOPOT
moBepxHi 3a Gopmymnamu (2). Ilicas moBopoTy mpoekmii
BKa3aHUX BEKTOPIB 3aMHIIyThCS:

- OJMHUYHOIO BEKTOpa JOTHYHOI IO BiIXHOCHOI
TPaEKTOPII:

3 &' cos g cos(a + wt)—a'sine sinlo + ot)

TX = ;
e va’sin®e
T - &' cos g sin(a + wt)+a'sing cos(a + ot)
- 2. 2 .2 ' (11)
e +a' sin’ ¢
T, - g'sing
e va’sin®e

- OJWMHHUYHOI'O BEKTOpa HOpMaJ’Ii a0 HOBCpXHiZ
Py = —singcos(a + a)t),'
Py =—sing sin(a + a)t);
P, =cose.

(12)

Bekropue piBHsSHHS mw=F B IpOEKUisiX Ha oci
Hepyxomoi cuctemu koopaumHat OXYZ 3amwminerbcs Ha-
CTYIHUM YHHOM:

" __ .
mx; = NP, — fNT,,
"o __ .
myg = NP, — NT,,;
"
mz, = NP, — fNT, —mg.
Ipoexiii OJMHUYHUX HANPSMHUX BEKTOPIB JOTHY-
Hoi T 110 BiZTHOCHOT TpaekTOpii Ta HOpMaJIi /10 MoBepxHi P

(13)

HaBezeHo y (11) 1 (12) BignoBimHO, BUpa3u IPYTUX MOXi-
IHUX abcomroTHOI TpaekTopii — y (10). ITincranoBka BKa-
3aHuX BHpasiB y (13) macte cucreMy TphOX piBHSHB i3
TphOMa HeBimoMuMmu 3aiekHocTaME: o=a(t), e=e(t) i
N=N(t). Poss’sixemo ii BigaocHo o, &", N i orpumaemo:
)
"= [(a)+ a’)2 cose —g}sing —fﬁ;
R RA
!

aB

/r=_2 ’ ’ _ .

a g(a)+a )ctgg f—
N =mB,

(14)

e A= \/8’2 +a'?sin’ e,

B=gcoss+R|s"” +(ca+0:')2 sin’ 5].

Cuctema (14) (hakTUUHO € CHCTEMOIO BOX MEPIIUX
piBHSIHB BITHOCHO HEBIIOMHX 3aneKHOCTEH a=a(t) i
e=¢(t), a 3amexuicte N=N(t) 3Haxomuthcs micns
PO3B’sI3aHHS LI€T CUCTEMHU YHCEIBPHUMHU METOJaMU. 3HAM-
neni 3anexnocTi a=a(t) i e=&(t) moTpibHO migcTaBUTU Y
piBHsgHHES (1) I Toro, MO0 OAepIKaTH BIAHOCHY TPa€EK-
TOpII0 PyXy YACTHHKH MO CQPEPUIHOMY IHCKY, TOOTO
TPaEKTOPiI0 KOB3aHHS, 1 y piBHAHHA (3), MO0 omepikaTH
a0COITIOTHY TPAEKTOPIIO PYXY.

Ha puc. 3 i puc. 4 uncenbHUMHE METOJaMH MOOYI0-
BaHO BITHOCHY i aOCONIOTHY TPa€eKTOpPil pyXy YaCTHHKH
MO JUCKY TPOTSAroM 2 ¢ MpHU HACTYIHUX IapaMeTpax:
R=0,5u, =20 ¢, f=0,3.

g

Puc. 3. BinHocHa (moroBuieHa JiHisl) 1 aOCOIIOTHA
TPaeKTOpii pPyXy YacCTHHKM Ha IOBEPXHI ChepuyHoro
CCTrMCHTA.

Fig. 3. The relative (thick line) and the absolute tra-
jectory of particle motion on the surface of the spherical
segment.

AHai3yl0un TpaeKTopii, MOXKHA 3pOOUTH BUCHOBOK,
0 YaCTUHKA KOB3a€ 1o cdepi, ImiTHIMAIYUCh 10 ITEBHO-
TO TIOJIOXKEHHS, MOTIM «3aJIUIae» i 00ePTAETHCS pa3oM i3
noBepxHero. Lle miarBepapKyeTses rpadikamMu BiTHOCHOT i
a0COJIFOTHOI IIBUIKOCTEH YAaCTHHKH, HABEACHUMH Ha
puc. 5. AGCOMIOTHA MBUAKICTh YaCTUHKA Vo BU3HAYAETh-
cs1, SIK TeoMeTpuyYHa cyMa i1 mpoekii (9) 3a (5).

I3 rpadika Ha puc. 5 BUAHO, MO vepe3 1,6 ¢ micis
MOYaTKy PYyXy YaCTHHKa «3ajUMae», TOOTO MBHIKICTD il
KOB3aHHS CTa€ PIBHOI HYJIO, a aOCONIOTHA IIBUAKICTH
crae piBHOIO Va=10 m/c. I3 rpadika 3minu Kyta ¢ (puc. 6)
BUHO, III0 B MOMCHT 3aJIMIIaHHS YaCTHUHKH 1pu t=1,6 ¢
BiH J0CAra€ MaKCHMAJbHOrO 3HAauYeHHs &£=85° T0O0TO
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YacTHHKA Pa30M i3 CErMEHTOM 00epTaeThes IO KONy, SKe
MIPaKTUYHO IOPiBHIOE eKkBaTopy cdepu, ToOTO pamiycy
chepu R. Buxomsum i3 3amaHmx 3HaueHb R=0,5 m i
©=20 ¢, 3naxomgumo: Va=w-R=10 m/c, T06TO OTpUMaHe
3HAYCHHS IIBUAKOCTI Y3TODKYETHCS 13 rpadikom.

05 08
Puc. 4. BigHocHa (MOTOBIIEHA JIiHIS) 1 aOCOTIOTHA
TPa€EKTOPIi pyXy YaCTUHKH O3 IOBEPXHI CErMEHTA.
Fig. 4. The relative (thick line) and the absolute tra-
jectory of particle motion without the surface of the seg-

ment.

V, a/c
V.

3 Va f, c
0 0.5 1 1.5 2
Puc. 5. I'padiku BimHOCHOI V, 1 abcomoTHOT Va
LIBUAKOCTEH PYXY YACTUHKH.
Fig. 5. Graphs of relative V, and absolute V, veloci-
ties of particle motion.
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40
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Puc. 6. I'padix 3miHu KyTa €.
Fig. 6. Graph of the angle change e.

SIKII0 YacTWHKA IMOYMHAE CBil PyX HE 3 HIKHBOI TO-
YKW CErMEHTa, a JIeNIo BUlle (HAMPUKIIAL, TIPU £,=4J °, sIK
MIOKa3aHo Ha pUC. 7), TO BOHA IIBHUJIIE JJOCITAE BEPXHbOT
I'PaHUYHOI TPAEKTOPii, BUXOAIUYH 3a Mexi miBcepu. s
uporo it morpi6Ho 0,2 ¢ (puc. 8).

Ha puc. 9 nokazanwmii rpadik 3MiHM peakii moBepx-
Hi 1 yacTUHKU Macoro m=0,01 ke.

Pyx 4acTWHKM 10 BHYTpILIHIN CTIiHI ITOBEPXHi, 10
obepTaeThcsi, Mae€ MiClie B HPHUCTPOSIX JJIsI BUTUCKAHHS
COKy i3 TiepeTepTHX IUIOAiB abo OBOYIB. 3a3BHYail Tam
BHUKOPHCTOBYETHCS 3pi3aHUIl KOHYC 3 OTBOPAMH B HbOMY
JUISL BAXOAY COKY. PyX 4acTHHKHM TE€XHOJIOTIYHOTO Matepi-
Ty 10 BHYTPIIIHIM MOBEpXHI KOHYyCa BiJIPi3HIETHCS Bif

AHAJIOTIYHOTO PyXy IT0 TOBEPXHi cerMeHTa. Kos3zaroum no
MOBEPXHI KOHYyca, YacTHHKA Oyne MiJHIMAaTHCA Bropy,
MpUYOMy IIBHAKICTH Mimiomy Oyme 3poctratu [7]. s
cerMeHTa cepu xapakTepHe TalbMyBaHHS MIBUIKOCTI V¢
KOB3aHHS YaCTHHKH TIPH 11 MiTHOMI Bropy ax IO «3ajH-
MaHHA» B OKOJi exBaTtopa (puc. 5). Ane came y 30HI ra-
JbMYBaHHSI BiJIOYBa€ThCs HAMOUIBII IHTEHCHBHE COKOBH-
JIJICHHS, NP0 IO CBIAYMTH pi3Ke 3POCTaHHS TUCKY Ha
4acTHHKY (puc. 9).

0.5 05
Puc. 7. BigHocHa (moToBIIeHa JIiHIsI) 1 aOCOTIOTHA
Tpa€eKTOpii PyXy YaCTHHKH MO OOMEXEHIH IUIAHII cerme-
HTA.
Fig. 7. Relative (thick line) and absolute trajectory of
motion on a bounded area of a segment.

100
a0

&, gpad.

80
70
60
50

40

te
0 .1 0.2 0.3
Puc. 8. I'padik 3MiHN KyTa & IS MOYATKOBOTO 3HA-
YEHHS £,=45°.
Fig. 8. Graph of change of angle ¢ for initial value
£o=45°.

NH

1

tc
0 0.1 0.2 0.3
Puc. 9. I'padik 3MiHK peakiii MOBEPXHi TSI YACTHH-
K1 Macoro m=0,01 ke.
Fig. 9. Graph of change of surface reaction for a par-
ticle with mass m=0.01 kg.

3BUUaiiHO, XapakTep pyxXy TEXHOJOTIYHOTO MaTepia-
7y, AKUM € Me3Ta, BiAPi3HAETHCS BiJ PyXy YacTHHKH. Y
PO3IIIHYTIH MOJENI HE BPaXOBYIOTHCS MEPEIIKOAM IS
PYXY, SIKHMH € OTBOPH Y CTiHII TOBepxHi. O4eBHUIHO, IPH
obOepTaHHI KOHyCa YacTHHA MaTepially pyXaeTbCcs Bropy i
BHXOJMWTh 3a HWOro MeXI, He BIJJABIIM IOBHICTIO CIK.
[Hma yacTuHA «3ayMmaey» i BIOAUSIETHCS BiJl IIOBEPXHI 3a
JIOTIOMOT'OI0 MEXaHIYHOTO HPHUCTPOIO 3 PYYHHM IPHBO-
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moMm. OmHaK TIOBEAIHKA OKPEMOi YaCTHHKH Ja€ SKICHY
KapTUHY PYXY, SIKa TIEBHOIO MipOI0 MOXe OyTH TepeHece-
Ha Ha pyx Marepiairy. 30KpeMa, 3aCTOCYyBaHHS CEpUIHO-
IO CEerMEHTY Ja€ MOXJIMBICTH 3armoOirTH CaMOBUIBHOMY
MTOKHUIAHHIO YaCTHHOIO MaTepiamry po6odoi 30HH.

BucnoBku

1. PyX 4acTHHKH 110 BHYTPILIHIN MOPCTKii MOBEPXHI
c(hepuyHOTO CerMeHTa Mae cBoi ocobnuBocTi. BoHu cro-
CYIOTBCS XapaKTepy KOB3aHHS YACTUHKU IO TOBCPXHI.
[Ipu momanaHHI YaCTHHKN Ha MOBEPXHIO B HIDKHIN dac-
THHI CerMeHTa BiIOYyBaeTbcs ii PO3TiH i3 OJHOYACHUM
migifomoM Bropy. Takuii pyX XapaKTepH3yeThCs 3MiHOIO
JIBOX HIBHAKOCTEM: BIAHOCHOI, TOOTO IIBHMIKOCTI KOB3aH-
Hsl, 1 aOCONIOTHOI.

2. BigHOCHA MIBHAKICTH CIIOYATKy 3pOCTaE, a IMOTIM
3MCHIHy€TI)C$I a0 HyHH B MOMCHT <GaJIUIIaHHA» YaCTUHKU.
AOCOIIOTHA MIBUAKICTh YACTUHKHU BECh Yac 3POCTAE 1 CTae
MOCTINHOMO Ticid T «3aJUIaHHAY. «3aIMIaHHI» YaCTHUH-
KU B1I0yBa€eThCs Ha BUCOTI, OJIM3BKIH 10 ekBaTopa cdepH,
MIPUYOMY BOHA MOXKE 3QJIMIIATH SK HIDKYE, TaK 1 BUIIE BiX
HBOTO B 3aJICXKHOCTI BiJl BUXiTHUX YMOB.
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NCCIEANOBAHUE IBMKXEHUA YACTUYKHU
1O BPAITAIOIIEMY CA COEPUYECKOMY CET'-
MEHTY
T. H. Boauna, C. @. [Tununaxa

AHHOTanus. B craTbe pacCMOTPEHO OTHOCUTEIBHOE
JIBIDKEHNE YacTHYKU IO CPEepHIecKOMYy CEerMEeHTY, KOTO-
PHBIN BpammaeTcst BOKPYT BepTHUKaJIbHOI ocu. CoCTaBIeHBI
nuddepeHMaIbHbIE YpPaBHEHUS OTHOCHUTENIFHOTO Iepe-
MEIIEHUs] YacCTUYKH, KOTOpPbIe pEHICHbl YHCICHHBIMU
MerogaMu. ITocTpoeHO OTHOCHUTENbHYIO U aOCONIOTHYIO
TPAaeKTOPUU JBMXKEHHS YaCTHUYKU M I'paQUKH W3MEHEHHS
OTHOCHUTEIILHOW W aOCONIOTHOH CKOpOocTel. BrIsBiIeHO
3aKOHOMEPHOCTh JBM)KEHUSI YaCTUYKH IpPU €€ MOJbEME
IO MOBEPXHOCTH.

KaioueBble cioBa: cepruecknii CETMEHT, YIiioBas
CKOpPOCTb BpAIllEHUs, OTHOCUTENIBHOE JBMKEHHE, YaCTU4-
Ka, auddepeHnHanbHble YpaBHEHUS, KHHEMaTHYECKHE
mapameTpHl.

INVESTIGATION OF PARTICLE MOVEMENT ON
ROTARY SPHERICAL SEGMENT
T. M. Volina, S. F. Pylypaka
Abstract. The article considers the relative move-
ment of a particle along a spherical segment that rotates
around a vertical axis. Differential equations of relative
displacement of a particle have been compiled and solved
by numerical methods. The relative and absolute particle
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trajectories and the graphs of changes in relative and
absolute velocities were constructed. The regularity of the
particle's movement when it rises on the surface is clari-
fied.

Key words: spherical segment, angular velocity of
rotation, relative movement, particle, differential equa-
tions, kinematic parameters.
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CTATUCTUYHHUIN AHAJI3 ®YHKIIOHYBAHHS PEMOHTHOI CJ1YKBU YKPATHU
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bi6n. 28, puc. 3, maobn. 1.

AHortaniss. EQexkTuBHICTh BEICHHSA CUILCHKOTO
TOCITOIAPCTBA 1 OKPEMHUX HOr0 CEKTOPIB B 3HAYHIA Mipi
3aJICKUTH BiJ 3a0€3MEUCHOCTI TEXHIYHUMH 3ac00aMu IS
BUKOHAHHS  TEXHOJOTIYHHUX TIPOLECIB  BHUPOOHHUIITBA
MIPOTYKITI. 3MeHIIIeHHS KUTBKOCTI
CLITBCHKOTOCIIOIAPCHKUX MAIITHH 1 0018 JHAHHSI, 3HIKCHHS
SIKICHUX MOKa3HUKIB iX BHKOPUCTAHHSI IMPU3BOJIUTH JIO
CKOpOYEHHsI 00CATrIB BMPOOHUIITBA MPOAYKIIi arpapHoi
rajgy3i. Y 3B’S3Ky 3 TOCTIHHMM pO3BHTKOM HayKOBO-
TEXHOJIOTIYHOTO nporpecy, BHUBYCHHS PHHKY
CIIIbCHKOTOCIIOIAPCHKOT TEXHIKHU Ta 3aTpaT Ha PEMOHT MPH
BTpaTi MpAaIe3laTHOCTI BUMAara€ HOBUX JAOCIIIKEHb Ta

CyJaCHHX HAyKOBHX MiaxoniB. B ocraHHi pokn
3aJIMIIAETHCS  aKTyalbHUM  (OPMYBAaHHS — HAIpsMiB
3a0e3rneyeHHsa HaIIMHOCTI CLTBCHKOTOCTIONAPCHKOT

TEXHIKH B CHCTEMi IHHOBAIIfHHX TWpOIECIB HAa OCHOBI
aHai3 BUTPAT HAa PEMOHT.

B pobori HaBeaeHi pe3yibTAaTH  JOCHIHKCHHS
IUHAMIKA BUTpAT KOILTIB Ha PEMOHT
CLIBCHKOTOCTIONAPChKOT  TexHiku B mepiog 2015-2019
poki. 3 indopmariitnux mxepen JlepxaBHOI CiyxOu
CTaTUCTUKM YKpalHM BcTaHoBieHO, 1o 3a 2019 pik
BUTPaTH Ha PEMOHT CIJIbCHKOTOCIOAAPCHKOI TEXHIKH
ckimamu 2127,5 muH. TpH. MakcuMmanbHI 3aTpaTd Ha
PEMOHT cilTbChbKOTOCTONapchkoi TexHikun B 2019 pomi B
VYxpaini cepex obmacteir ckimamu 279,55 MiH. TpH. B
KuiBcpkiii 00macti. Burparu KomTiB Ha peMOHT TEXHIKH
Ha KuiBIuHI MaroTh po3CifoBaHHS B Mexax Bix 1,726 Tuc.
rpH. 10 44866,29 THC. TpH. [Ipr 00pOOII CTATHCTUIHUX
JIaHUX, arpapHi MianpuemcrBa obyacti OyiIM YMOBHO
po3moxminieHi Ha Tpu rpamamii: 1 rpamamin — 42
mignpuemctBa; Il rpamamis — 101 mignpuemctso; I
rpagamis — 43 mignpueMcTsa.

[epcrieKTUBHUMHE HATIPSIMKaMU JTOCHIDKEHD € aHalli3
Ta CHHTE3 BHTPAaT HAa PEMOHT CLIBCHKOTOCIIOJAPCHKOi
TEXHIKH, MOKpAILEHHS cTparerii TEXHIYHOTO
00CITyroByBaHHS 1 PEMOHTY. METONWKHA IOCIiIKEHHS
3aTpaT Ha PEMOHT CIJIbCHKOTOCHOAAPCHKOI  TEXHIKH
NOBUHHI ~ 0a3yBaTMCh HE JIMIIE Ha  pe3yibTaTd
CTaTUCTUYHOTO aHali3y, BpaxOBYBaTH CTaH MallWH B
mporieci eKcIuTyartarlii, TPHUIHATI CcTpaTerii pPeMOHTY,
pe3yIbTaTH MOHITOPHUHTY TEXHIYHOTO CTaHYy.

KuawouoBi ciaoBa: peMoHT, HaJilHICTh, MallWHa,
CHCT€Ma TEXHIYHOTO OOCITyroByBaHHA 1 pPEMOHTY,
CTaTUCTHYHHUH aHAaJIi3.

HocranoBka npodaeMu

3abe3necueHHs eQEKTHBHOI POOOTH Ta ITiJBUIIECHHSI
HaJIHHOCTI CITBCHKOTOCTIOAAPCHKOI TEXHIKM MOJKIIMBE
3aBIIKH 1i SKICHOMY TEXHIYHOMY OOCIyTOBYBaHHIO 1
PEMOHTY B  TCpPEANPONAXHWHA, TapaHTIHHWA  Ta
michsrapaHTiHHAN epiou.

BuBuenns  indopmamii  [epxaBHoi  ciayxOu
CTAaTHCTHKH YKpalHU MMOKAa3ye, 10 CUTbCbKE FOCIOAaPCTBO
Hamoi  Jep)kaBH, OCOONMBO  OKpeMi CeKTopH il
MaTepiallbHO-TEXHIUHE  3a0e3leueHHs,  MOTPeOyIOTh
TEXHIYHOTO 1 TEXHOJIOTIYHOTO YAOCKOHAJeHHs [22, 24,
25]. OcobnrBO B OCTaHHI POKU CIOCTEPIraeThCsl 3HAUHE
CKOpPOUYCHHSA ITapKy TPaKTOPiB, KOMOANHIB, 06a30BUX BHIIB
CUIBCHKOTOCIIONAPCHKOT TEXHIKH, MAIIUH Ta OOJIaAHAHHSA
TBapUHHUIITBA.

Sk ToKazye aHami3 JITEpaTypHHX JDKepen, B
MAaIIMHHO-TPAKTOPHOMY MapKy 3HAUHY YacTKY CKJIaJaloTh
(bi3UYHO 3HOLICHI 1 MOpanbHO 3acTapiii MallMHM Ta
obmagnanns [13, 17, 24, 25]. Ha ¢oni ckopoueHHs
BUPOOHUIITBA 1 MPOIAXKIB BITYM3HSIHOT
CUIBCHKOTOCIIOIAPCHKOT  TEXHIKM 1HTEHCHUBHO 3pOCTAE
iMmopT 3apy0ikHHX aHamoris [13, 22].

PeMOHT CiBCBKOTOCTIONAPCHKOI TEXHIKM B 3HAYHIN
Mipi 3aJeXHUTh BiJ IUJIOTO PsANY NPHYUH, BKIFOYAIOYH
YMOBH, IO  JEKIapylOThb  3aBOAM-BUPOOHMKH 1
3abe3neuyroTh croxkuBaui [9, 12, 23]. lns dopmyBaHHs
[UBLTI30BAHUX  BIAHOCHH MDK  BHPOOHHKAMH  Ta
CHOXWBaYaMH  TEXHIKA  HEOOXiHO  BPaxOBYBaTH
BIJIMIOBIJIHI HOPMATHUBHI aKTH, [0 PErJIAMEHTYIOTh IX
IOPHIMYHY Ta MaTepianbHy BianoBinanbHicTs. HeoOxinHO
MIPOBECTH aHAI3 Ta CHHTE3 YMOB, 110 (POPMYIOTh CTpaTerii
MPOBEJIEHHSI ~ PEMOHTHO-OOCTYroByrOUMX  pobiT  Ta
3a0e3nedeHHs HaJiIHHOCTI CLITBCBKOTOCTIOTAPCHKOT
TEXHIKH, Oe3rocepeiHi 3aTpaTy Ha iX pealizalio.

BaxmmBrUMU CKITaJOBUMU T ABUIICHHS €()EKTUBHOCTI
eKCIUTyaTalii  ClIbCBKOTOCIIOJapChbKOI  TEXHIKH €
BpaxyBaHHS LIJIOTO Psily KOMIOHEHT, sIKi HalpaBjeHi Ha
3abe3neueHHs ii Ipale3aTHOCTI: AMHAMIKM 3aTpaT Ha
PEMOHT; TOKpAIEHHS CTPATeriii pEeMOHTY; BUKOPUCTaHHS
KOMIUIEKCHOTO CHUCTEMHOTO TiAXOAy B IiJABHUIIEHHI
HAAIMHOCT] TEXHIKM SK CKJIAOHUX TEXHIYHHUX CHCTEM
(CTC) «Jrogmaa-Mammaay («JIM») Tta «JlromuHa-
Mammna-Cepenosuiie» («JIMCy») [15, 19].
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AHaJti3 oCTaHHIX J0CTiTKeHb

B ocranHi mecATHimiTTS B YKpaiHi CcriocTepira€Tscs
CHOBUIFHEHE OHOBJICHHS MAalIMHHO-TPAKTOPHOTO MapKy, a
3aJTHIITKOBHH pecypc OinmpIrocTi BHIIB
clIbCBKOTOCTIONAapChKoi TexHikn He mepesurye 20-25%
BuxigHoro. Ce30HHE HaBaHTaKEHHS HA TPAKTOPH,
3epHO30MpaNIbHY Ta KOPMO3OUpANIbHY TEXHIKY B 2,5-3 pazu
MepEBHIIyE HOPMATHUBHI MOKa3HUKH [7, 26]. Anami3 ymoB
eKCIUTyaTarii ~TeXHIKM Ta HAKONMYCHHHA  JTOCBIiJ
MIPOBEJCHHS PEMOHTHO-NIPO(IIAKTUYHUX POOIT MOKa3ye,
IO CHCTeMa TEeXHIYHOro OOCIyroByBaHHS 1 PEMOHTY
(CTOP) cimbcpkorocmomapchbkoi TEXHIKH — MOTpedye
ynockoHaneHHs. Cepes OCHOBHUX NPUYMH MOKHA Ha3BaTH
HACTYIHI: 301IBIICHHS TepMiHY CiIy>x0u 3 5,2 1o 10 — 15
pokiB mpu 3anumikoBiit mpumatHOcTi 30...40%; 3Ha4YHE
3HIKCHHS eKCIUTyaTalliifHo1 HagiHHOCTI; BiICYTHICTB y 50-
70%  cinbCBKMX ~ TOBapOBHPOOHMKIB  MaTepialbHO-
TEXHIYHOI 0a3M JiarHOCTYBaHHsI, IPOBEJCHHS TEXHIYHOTO
obcayroBysanns i pemonty (TOP) [7, 9, 25].

JocnimkeHHsIMu CHiBPOOITHHUKIB I'OCHUTU
BCTaHOBJICHO, 0 YacTKa 3aTpaT Ha TEXHIYHHWHA CepBic
MaliiH B arpapHiii ramysi pgocsrae 20-25% Big ix
GaaHcoBoi BapToCTi, a 3arpati Ha TOP ckiagatots 7,5%
BaprocTi BanmoBoi mpoaykuii [/]. Criig 3a3HauuTH, 110
6mm3pko 38...42% Bin ycix 3atpar Ha TOP TpakTopiB i
56...65% xomOaifHIB mpumanae Ha YCYHEHHS BIIMOB Ta
MPOBEICHHSI MOTOYHOTO peMoHTy [7, 21, 26].

Mertoosorisi BUOOPY Ta YNpaBITiHHS €()EKTUBHICTIO
BUKOPHCTAaHHSl  CIJIbCBKOTOCIOAApPChKOI — TEXHIKM 32
TEXHIKO-€KOHOMIYHUMHU MOKa3HUKAMU Ta
OOTpYHTYBaHHIM HeNiHiitHOrO Xapakrepy BuTpat Ha TOP
MPH EKCIUTyaTanil MalliH IPHBEICHO B MOCTIHKCHHSIX [5,
6, 12]. ABTOpamH TIPEICTABICHO ANTOPHUTM BHOOPY
ONTHUMANIBHOI  CLNBCHKOTOCIIOAAPCHKOI ~ MAIlIMHM — Ta
epeKTHBHOCTI 1[I  BHKOPUCTaHHS B  arpapHOMY
BHPOOHHUIITBI, IKUH HEOOXITHO POOUTH HAa OCHOBI TEXHIKO-
€KOHOMIYHOTO aHaJli3y AJIsl KOHKPETHUX YMOB i poboTn.

[lopiBHsbHA OIiHKA 3aTpaT Ha MIATPAIMAaHHS
aBTOMOOLUTIB B MpaIe3IaTHOMY CTaHi pO3TISHYTO B CTATTi
[12]. ABrop mpencraBuB pe3yiabTaTH  JOCIiIKECHb
aMEPUKAHCHKHUX BUYCHHUX, SIKi 3a3HAYAIOTh, [0 B 3arayibHii
CTPYKTYypi 3aTpaT Ha e(eKTUBHE BUKOPHUCTAHHSI
BaHTOKHUX aBTOMOOUIIB B PO3paxyHKYy Ha OJHY MHUITIO
npoOiry, Butparu Ha TOP BiamoigHo cknanarots 14% i
16%. B crarTi TakoX MpoBeIeHO aHali3 3apyOiKHOTro
JOCBITy OIIIHKH 3aTpaT Ha EKCIUTyaTalil0o BaHTAXHHX 1
JIETKOBUX aBTOMOOLTIB 13 BpaxyBaHHSAM BHTpaT Ha
TEeXHIYHE OOCIYroByBaHHS, 3aMiHy IIHMH, IaJHBO.
Bkazanuii HampsM JIOCHIPKEHb BXKE peasli30BaHO TaKOX
JUISL CLIIbCBKOT'OCIIOIAPCHKOI TEXHIKM HAa CTaTHCTHYHOMY
PiBHI Ta B HAYKOBUX TIpalsXx.

Cri 3ayBaXKUTH, 10 OJHIEIO 3 PUYHH, 1110 CKJIaIacs
B arpapHOMY CEKTOpi €KOHOMIKM YKpaiHM € 3acTapimi
TAXO0I1 hil oprasizarii CTOP napKy
CimbChKOTOCTIONApChKOi TexHiku. (OcoOMMBO 3a3HauYeHi
JOCITIJDKEHHS aKTyallbHI JUIT  CUTBCHKOT'OCHOJAPCHKUX
MaIlIMH Ta 00JIaIHAHHS [UIsl TBAPUHHUIITBA.

Yac mnpocToiB 3 TEXHIYHMX HPUYUH MOOUIBHUX
eHepretnuHux  3acob6iB  (ME3)  craHoBUTH  Ha
ChOTrOHIMHIA AeHb Big 25 mo 30% Big 3arajbHOro
pobouoro wacy [26], B pe3ympTaTi 4YOro TEeXHIYHA
TOTOBHICTh 3HIKYeEThCS Ha 50 - 70%, MOMOBXKYIOTHCS

TEPMiHM BUKOHAHHS TIOJBOBHX POOIT, MOPYIIYIOTHCS
arpoOTEeXHIYHI Ta 300TEXHIYHI BUMOTH, 3pOCTAIOTh BTPATH
MIPOAYKIIT POCTMHHUITBA i TBAPUHHUIITBA.

Sx moka3ye aHami3, B CHOTOIHINOIHIX yMOBax
3a0e3neueHHs ¢PeKTUBHOCTI Ta MPANe3JaTHOCTI TeXHIKH
HEMOXJIUBI 0e3 BIOCKOHAJICHHA ICHYIOUHX Ta IIOIIYKY
HOBUX CTpaTeriii, METOAMK Ta OpraHizaliiiHuxX Qopm
nposenenHss TOP. CepiiozHy mpoOnemy B miaTpUMaHHi
HaJifiHOCTI Ta 3a0e3ledYeHH] Mpane3JaTHOCTI TEXHIKU B
MmpoIleci  eKCIUTyartarii MpEACTaBJIIE€ CBOEYACHICTH 1
e(exTHBHICT, BUKOHaHHs Bcix BuAiB TOP. Ouintoroun
BUTpaTy KomrTiB Ha nposeneHHss TOP ME3, aBTopu crateit
[6, 12] pekoMeHIyIOTH BpaXOByBaTH KOHKPETHI YMOBH iX
BHUKOPHUCTAHHS Ta TEPMiH CITyKOH.

Asropu gnocmimkens [5, 6, 12] BkasyioTeh Ha

HEOOXimHICTE  (QOpMyBaHHA  QJaNTHBHOI  CHCTEMH
TEXHIYHOTO OOCIYrOBYBaHHA 1 pPEMOHTY TEXHIKH Ta
BUKOPUCTaHHS B METOJMKAX PO3paxyHKy

eKCIUTyaTaliifHuX 3aTpat iHOopMAalli]l PO CTaH TEXHIKU Ta
YMOBH 11 BUKOPUCTaHHSL.

MeroauyHi  MiAXOAM  YNpPaBIiHHS — HaAiHHICTIO
TEXHIKM Ul TBAPUHHHULTBA B YMOBaX €KCILITyaTalii, siK
3a3Havaetecst B crarri [8, 9, 10, 20], mepenbauars
po3podky CTOP 3 onTtumambHAMH JTOPEMOHTHUMH 1
MDKpeMOHTHHMH pecypcamu MammH. Cucrema TOP
KiIacu(ikoBaHa Ha TPH OCHOBHI HANPSAMH IIPOBEICHHS
PEMOHTY: 3a BIAMOBH; 3TiHO IIIAHOBO-3aMO01KHOT
CHCTEMH; 3TITHO CTaHy MAallWHH.

OmuH 13 3HAYyOIMX  OUIAXiB  30epeKeHHS
arpoTeXHIYHOTO TOTEHIaly  CLIBCHKOI'OCIIONAPCHKUX
MIANPUEMCTB B HAlIiil Jep)kaBi € BTOPUHHUA PUHOK
TexHiku kpaini [10, 27, 28]. BpaxoByrouu 3apyOixHUI
JIOCBiJ peanmizamii cTapoi TEXHIKM 1 CTaH MAaIIWHHO-
TPAaKTOPHOTO MapKy arpapHux HiINPUEMCTB B YKpaiHi,
BIZIHOBJIEHA  TEXHIKA  KOPHCTYETHCS  IOMUTOM Y
BITYM3HSIHOTO CiUIbCHKOTOCIOAapCchKoro BupoOHuKa [10,
27, 28]. BaxauBUM MOMEHTOM JUIsi OpraHizamii mporecy
pearmizaii BXXKHBaHOi CLIbCHKOTOCIIONAPCHKOI TEXHIKH B
VYkpaiHi € HOCHiKeHHS pPEeHTA0eThbHOCTI KalliTalbHO-
BiZTHOBJIIOBAJILHOTO PEMOHTY Ta BCTAHOBJICHHSI BUTpAT Ha
HOro NMpoBeeHHS.

B cyyacHuX ymMOBax pO3BUTKY BITUM3HSHOI arpapHol
€KOHOMIKH, IIpH po3paxyHKy Butpar Ha TOP iHo3eMHOT
TEXHIKM PEKOMEHIYEThCSI 3aCTOCOBYBAaTH HOPMATHBU
BiZlpaxyBaHb 3riHO MiXHapoaHoro craniaapry ASABE
[1]. Bkasauwmit crammapt, sk Bigmiueno B [1],
BUKOPHCTOBYEThCS y OaraThbOX KpaiHax CBiTy, a Ui
CLTBCHKOTOCIIOTaPCHKOT TEXHIKH BITYH3HSIHOTO
BUPOOHMIITBA Tependadae BBEIEHHS KoeQili€eHTiB, L0
3aTBep/KEHI YUHHUMH HOPMaTUBHUMH aKTaMH.

Ineonoriss  BHIpOBa/KEHHS CYYacHUX IMIOXOMIB B
JIOCHIIJDKEHHSIX ~MEXaHIKO-€prOHOMIYHHX CHCTEM IIpH
npoBeneHHi TOP wmammue  arpapHOro BHPOOHHIITBA
3HAKIIIA CBOE BiOOpaXKEHHSI B HAYKOBHX JIOCIHIKEHHSIX
[15]. ABTOp MOBOAMTH eheKTHBHICTH BUKOpHcTaHHs ME3
0e3 xamiTapHOTO peMOoHTY B Mexkax 7000-7500 moto-ro.
y TepImoro BIAaCHWKAa 3 TMOJAIBIIOI peaji3alli€ero
PEMOHTHOMY MIANPHEMCTBY, SIKE TMICIAs BHUKOHAHHS
BiJTHOBJIFOBAJILHUX POOIT 3a0€3MEUYUTh pecypc HE MEHIIE
0,8 i peani3ye Horo HacTyITHOMY BJIACHUKY 32 MEHIIOIO
[iHOIO. ABTOp JUCEepTaliiHOI POOOTH MiNTBEPIKYE
aKTyaJbHICTh 1 €()EeKTUBHICTh MPOBEICHHS IOCIIIKCHD
3aTpart Ha npoBeneHHs TOP [15]. OcobauBy akTyasbHICTh
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peacTaBisaioTh coboto mocmimkeHass CTC «JIM» mpu
BiIHOBJICHHI ITPAIe31aTHOCTI TEXHIKH.

B crarti [18] 3a3mageno, mo TOP Ta ycyneHHs
HECTIPaBHOCTEH CYy4acHOI CiIbCHKOTOCIIONaPCHKOT TEXHIKH
B TapaHTifHMH Tmepiox 1i eKkcruryartamii BHKOHYETHCS
CHIIaMU AWJICPCHKUX CEPBICHUX IIEHTPIB. AJie pa30oM 3 THM,
CBITOBa NpaKTHKa 1 BITYU3HSAHUI JOCBIJT PO3BUTKY
¢dipMoBOoro  oOCIyroByBaHHS  IOKa3ylOTh, 10 B
micisrapaHTiiHUN Tepio]] eKcIulyararii MammuH Olibina
yacTMHa Tpyaomictkocti podir 3 TOP BukonyeTbes
BJIaCHUKaMH  (EepMEpPChKUX  MIANPHEMCTB abo X
orepaTopamMy MallluH arpapHUX HiMPUEMCTB CaMOCTIHHO.
Asropu crarti [10] 3BepTaroTh yBary Ha METOAWKY 3
pO3paxyHKy OCHOBHHX BapTiCHHX MOKa3HUKiB Ha TOP
MaIlliH [UIS Pi3HUX BHKOHABIIB POOIT 1 KiTBKICHOTO
CKJIaay MapKy arpapHUX MiAIIPUEMCTB.

B mpoMy acmekTi aKTyanbHHMH €  TaKOX
nocrikeHHsx [16], B AKX TPOBEICHO aHANi3 MATOMHX
BUTpaT Ha  TMOUIYK  HECIPAaBHOCTEH  BaHTaXHUX
aBTOMOOLTIB Ta NOPIBHSUIbHUI aHalli3 3a3HAYE€HUX BUTPAT
i e(eKTHBHOCTI 3acTOCYBaHHsS JHMHAMIYHOI cTparerii
aBToMo0O1LTiIB KAMA3. ABTOpPOM BCTaHOBJICHO, IO IS
nuaamigaoi CTOP B mopiBHSHHI 3  IUIAHOBO-
nonepexyBanbaoro (IIIC), cepenHe HanpaltoBaHHS Ha
BiIMOBY BaHTa)XHHX aBTOMOOIIIB MOKe 301NBIIUTHCS Ha
21,7%. 3HauymuM OTpUMAHUM HAyKOBHM PE3yIbTaTOM B
po6oTi [16] e po3pobka Teopil WMOBIPHICHO-TOTIYHOTO
METOJy MOUIYKY HECHpPaBHOCTEH 1 JUHAMIYHOI CHCTEMH
TO i MOTOYHOTO PEMOHTY aBTOMOOLITIB Ha HOTO OCHOBI. SIK
3a3HAYCHO B HAYKOBii poOOTI, MPEACTaBICHA CHCTEMa
3abe3nedye  MiABMIIEHHA  €()EKTHBHOCTI  TEXHIUHOI
eKCIUTyaTaIlii aBTOMOOUIIB Ta 3HIKCHHS [MTHUTOMHX
CyMapHHUX BUTpaT Ha 32,1%.

[TpakTHuHUl iHTEpEC MPENCTaBISAIOTh JOCIiIKEeHHS,
siki mpuBeneni B crarti [3]. B pobori HaBemeHa OIliHKa
BapTOCTi YCTaTKYBaHHS 0 1 MICIIS KaIliTaTbHOTO PEMOHTY.
BukopucranHs TpeICTaBICHOI METOAWKH  JIO3BOJISIE
OLIHUTH  PEHTA0CNBHICTh  KaIliTAJILHOTO  PEMOHTY,
31CTaBUTH HOTO EKOHOMIUHMH pe3ynbTar, po3paxyBaTh
NIPUPICT BapTOCTI YCTaTKyBaHHS 3 BHUTpaTaMH Ha
BIZTHOBJICHHS TIpane3naTHocTi. Lle 103Boisie mpuiHATH
0oOTpyHTOBaHE YHPaBIiHChKE PIllIEHHS MO0 MPOBEICHHS
PEMOHTY KOXHOT KOHKPETHOI OJIMHUIII YCTATKYBaHHS.

HeoOxigHo 3BepHYTM yBary Ha Te, IO Maibke
HEBUKOPUCTAHUM PE3CPBOM IIiIBUIICHHS MMPALE3aTHOCTI
cy4acHOl CLIBCHKOTOCTIOIAPCHKOT TEXHIKH, €
3aCTOCYBaHHS HOBHX IH(OpPMAIIIHUX TEXHOJOTIH, SKi
JO3BOJIAIOTE  00poOIsATH  iHpOpMaIiiiHi MOTOKH Ta
¢dopmyBati 6a3y AaHUX TEXHIYHOI €KCIUTyaTalii MalluH.
Ha cporonui Taka 6a3a Bkimodae B cebe iH(popmariifHo-
JIOBiIKOB1 Marepiainy, iHdopmaiitui CUCTEMU
JIIarHOCTUKM 1 TIPOTHO3YBAaHHS, CHCTEMH aHaJi3y Ta
CHHTE3y BUTpPAT Ha 3a0e3eueHHs npare3aaTHocti [4, 5, 7,
26]. V 3B’s13Ky i3 3a3HaUeHNM, IPOOIIEMA BIOCKOHAIEHHS i
MiIBUIICHAS  e€()EeKTUBHOCTI  CHUCTEM  MIATPUMKH i
BITHOBJICHHS pane3aaTHoro CTaHy
CITBCHKOTOCTIONAPCHKOT TEXHIKM 3a paxyHOK aHalizy
BUTpAaT HA PEMOHT, YAOCKOHAJIEGHHS CTpaTerid i
TEXHOJIOTIYHUX METOJIiB opranizauii CTOP,
BIIPOBA/PKCHHSI HOBHMX 1H(GOPMAIIMHUX TEXHOJOTIH Mae
Ba)KJIMBE HAyKOBE 1 IPAKTHYHE 3HAYCHHS.

Juis peamizarii 3a3HaueHUX HANPSAMIB JOCHIKCHb
MOYKHa CKOPHCTATHCh iH(pOpMallie npo 3MicT Ta (QyHKIIT

MOHITOPUHTY B arpaphiii cdepi, mo BimoOpaxeHi B
baraThbOX HAyKOBHX mociimkeHusx [4, 5, 14, 18] ta
MaTepianax Jlep>kaBHOI CIIy>)kKOM CTaTHCTHUKH Y KpaiHH
[26]. EdextuBHMM € HampsiM MPOBEACHHS MOHITOPHHTY
CTaHy CLIBCHKOTOCIIONIAPCEKOi TEXHIKH B  CHCTEMI
IHHOBAaIliMHUX MpoIeciB 0a3ylounch Ha CTATHCTHIHHA
aHai3 QyHKUIOHYBaHHS PEMOHTHOI CITyKOU YKpaiHH.

Meta gociaKkeHb

MeTa AOCIiIKEHb MOJISTAE Y MiABUICHHI HAIIHHOCTI
CLTBCHKOTOCIIONaPCHKOI TEXHIKA B CUCTEMi 1HHOBALIHHUX
MIPOIIECiB Ha OCHOBI JOCIHIHKEHHS 3aTpaT Ha MiATPUMaHHS
Mpane3qaTHOCTI Ta  TOKpalleHHS  (YHKIIOHYBaHHS
PEMOHTHOT cITyX0m.

Pe3yabTaTh a0caiTKeHb

BpaxoByroun mupoke KoJio MUTaHb, 0 BUHUKAIOTh B
MpoLEeC] MPOBENEHHS AOCIIIKEeHb, BUXOAAYH 3 aHAIII3Y Ta
cuHTte3y iHdopmarii momo eheKTUBHOCTI MiATPUMAHHS
Mpamne3qaTHOCTI Ta 3a0e3neueHHs HaIIMHOCTI
CLTBCHKOTOCIIONaPCHKOI TEXHIKHM, peaii BKa3yloTh Ha Te,
0 PHHOK CLIBCBKOTOCIIONAPCHKOI TEXHIKA B HAIIIH
JIeprKaBi 3aJNIIAETHCS OTHUM 3 HAUOUIBII IEPCICKTHBHAX
y cBiTi [21]. BimmiuaeThbest OCTiiHE 3pOCTaHHS IOMKUTY Ha
CLTBCHKOTOCIIONapChKI MAIlMHU Ta OONaJHAHHA, a IIe
npuBepTae 10 YKpaiHW 3Ha4YHY KiJIbKICTh 1HBECTOpIB Ta
1HO3EMHHX BUPOOHHKIB.

B mpx ymoBax He MOKHA HE 3BEpHYTH yBary Ha CTaH
3a0e3NeueHHs] CepBICHOTO OOCIYrOBYBaHHS TEXHIKH, 1
ocobmuBo Ha pemoHT. OcoOnuBe MICIle B OCTaHHI
JIECSITWIITTS 3aiMarOTh MPOIIECH CBITOBOT ri100ati3ariii, sKi
pearnizyrThes B CLITBCHKOTOCTIONaPCEKOMY
MamMHOOYOYBaHHI IIUIIXOM KOHCONIJAIii ramy3i Ta
(opMyBaHHI KIIBKOX MJECATKIB BENHKHX Ta 0aratbox
MaJIMX MDKHApOTHUX KOMITaHif Ha pUHKY TeXHIKd. Pazom
3 THM, SIK ITOKa3ye€ aHali3 JOCITiHKeHb CTaHy MaTepialbHO-
TEXHIYHOTO 3a0e3MeUYeHHs arpapHoi rajiy3i, 103a yBarorw
BITUM3HSHUX BYEHHUX 3aJMUIMINCh NMUTAHHS aHali3y Ta
CHUHTE3y CTpaTterii Ha 3a0e3lmedeHHs Mpane3JaTHOCTI
MallMH, Ta  3MEHIIeHHS  BUTpaT Ha  PEMOHT
CLIBCHKOTOCIIONAPCHKOT TEXHIKH. YcyHeHHs
HECIIPaBHOCTEH Ta BiIMOB MOXe€ BiJJOyBaTHCS 33 PI3HUMHU
crparerismu CTOP [9, 20, 27]: 3a Bumororw micis
BiIMOBH; 32 PpErIaMECHTHOK TIEPiOANYHICTIO, 3TiTHO
IUIAaHOBO-TIONEpeKyBanbHOi cuctemMu TO 1 peMoHTYy;
MPOTHO3YBaHHS BIIMOB 32 TEXHIYHUM CTaHOM 3TiTHO 3
pe3yabTaTaMu JiarHOCTyBaHHS. KoXHa 3 mpeacTaBiIcHUX
ctpateriii CTOP mae cBoi mepeBaru Ta HEAOMIKH, a TAKOXK
Ppi3HY BapTicTh AJIA ii peamizaiii.

B VkpaiHi B OCTaHHE IECATHIITTS CIIOCTEPIra€ThCs

nojajiblle (hizmuHe i MOpAJIbHE CTapiHHA
CLTBCHKOTOCTIONAPCHKOi  TEXHIKH, CYTTEBO CKOPOTHBCS
napk TPaKTOPIB, KOMOaiiHiB, THIIHX

CLIBCHKOTOCIIOAPCHKHUX MAIIKMH Ta 00naHanHs. biau3bpko
80% HasBHOI y CUIBCHKOTOCIIONAPCHKUX MiANPUEMCTBAX
pisHMX  (QOpM  BIACHOCTI  TEXHIKM  BIANPAIIOBAJIO
aMOpTH3alifHUN TepMiH eKcIuTyaTalii Ta moTpedye
3HAQUYHUX BHUTPAT Ha MIATPUMAHHA ii y INpane3fgaTHOMY
CTaHi.
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[IpoBeneHo mocmimKeHHS OUHAMIKH BUTPAT KOIITIB
Ha PEMOHT CIJIbCHKOTOCTIOAAPCHKOI TEXHIKH, SIKi OTpUMaHi
3a pesyiapratamu JlepkaBHOI CIyKOM  CTaTUCTHKH
Vikpaiuu [27]. 3a mepiox 2015-2019 pokiB piBeHB
3a0e3neueHHsT Npame3gaTHOCTI  CUThCHKOTOCIOAapChKOT
TeXHiKH 3Ha4HO moripmmBca. Crtanom Ha 1 ciuns 2020
poky, (tobto 3a 2019 pik) BHTpaTH Ha PEMOHT
CLIBCHKOTOCTIOAPCHKOT TeXHIKU ckanu 2127,5 miH. TpH.

CLTBCHKOTOCTIONaPChKOi TeXHIKH 3a mepiox 3 2015 poky mo
2018 pik, 3achikcoBaHE 3pOCTAaHHSA HA3BAaHOTO MOKA3HUKA 3
KO)KHUM TIOIIEpeIHIM POKOM B Mexkax Bim 129,9% no
164,4%. 1 mume y 2019 pomi HamiTHIAach TEHICHIIA
3MCHIICHHS BKa3aHUX BUTpPAT Ha PEMOHT
CLTBCHKOTOCIIONAPChKOi  TEXHIKM Yy TOPiBHAHHI 3
2018 poxom — Ha 94,7%.

(puc. 1). Sk moKa3ye aHami3 BHUTpPAaT Ha PEMOHT
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Puc. 1. /luramika BUTpAT KOIITIB HA PEMOHT CLIbCHKOTOCTIOAAPCHKOI TeXHIKH mpoTsaroM 2015-2019 poxkis.
Fig. 1. Dynamics of expenditures on repair of agricultural equipment during 2015-2019.
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Fig. 2. Dynamics of expenditures on repair of agricultural machinery by region.
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Takox, IOCH/HKEHO AWHAMIKYy BHTpaT Ha PEMOHT
CLTBCHKOTOCIIONapPCHKOI TEXHIKH 32 00macTsaMu YKpainu. 3
aHamizy iHpopMamiiHuX mkepen JlepaBHOI CIryKOH
CTaTUCTUKU YKpaiHU BCTAHOBIJIEHO, III0 BUTPAaTH PEMOHT
CLITBCBKOTOCTIOaPCHKOL TEXHIKHA 3a o0JacTAMH
3MIHIOIOTECSI B IIMPOKHUX Mexax: Bixm 11,47 MuH. TpH. B
Yepnisenpkiii Ta 13,06 MitH. TpH. B 3aKkapnaTchbKiii oosacTi
o 279,55 muH. rpH. B KuiBebkiii o6nacti Ta 174,2 MiH.
rpH. B Yepkacbkiii obGnacti. OnHi€l0 3 NpPUYMH, IO
BU3HAaya€ 3HAYHE PO3CIIOBaHHS BUTpPAT € HAasBHICTH Y
3a3HauCHHUX O0JIACTAX 3E€MeNb CIIbCHKOTOCIOAAPCHKOT0
NIPU3HAYEHHS,  BIANOBIHOTO  MAaIIMHHO-TPAKTOPHOTO
MapKy, CTaHy HOro 3HocCy.

[IpoBeneHo gociimKkeHHs BUTPATH KOIITIB HA PEMOHT
CLITBCBKOTOCTIOAPCHKOL TeXHIKH B arpapHuX
mianpueMcTBax KuiBmmawm 3a 2019 pik, ski oTpuMaHi 3a
pe3ynbTaTaMy aHaJli3y CTaTUCTHYHHUX IaHUX ['0JoBHOrO
ynpaBiiaHA cratuctTd 'y KwuiBcpkiii obmacti. 3rigHO
Pe3yabTaTIB OCHTIKEHb 0yJI0O BCTAHOBJICHO, IO 3BITH B

Tabmuusa 1.

Pesynbratn  00poOku

CTaTUCTHUYHOT

SKUX BigoOpakeHi BHUTpaTH KOIUTIB HAa PEMOHT
CLTBCHKOTOCTIONapChKOi TeXHIkM momamm 189 arpapHmx
nianpueMcTBa KuiBcbkoi o0macTi.

[Ipu mpoMy, ciiig BIIMITHTH 3HAYHE PO3CIIOBAHHS
3a3Ha4YCHUX IIOKa3HWKIB. Buxomsum 3 OTpHUMaHUX
CTATUCTHYHUX JaHUX, arpapHi MiATPHEMCTBa 00IacTi
Oy yMOBHO PO3IO/UICHI Ha TPH XapakTepHi rpanaumii:
rpagamis — 42 mninnpuemctBa; Il rpamamis — 101
mianpuemcto; Il rpagamis 43 mipnpueMcTsa.
JocnimpkeHHs MU OyJI0 BCTaHOBJICHO, 110 BUTPATH KOLITIB
Ha PEMOHT CIJIbCHKOT'OCIIOAAPChKOI TEXHIKM MaroTh
po3ciroBaHHs B Mexkax Bin 1,726 tuc. rpH. mo 44866,29
THC. TPH.

Pesynbratn 00poOKHM cTaTHCTHYHOI iH(pOpMAIii po
IUHAMIKYy BHTpaT Ha PEMOHT CIUIbCHKOTOCHONApChKOL
TeXHIKH arpapHuX mianpueMctB KwuiBcekoi obmacTi
mpecTaBicHi B Tabmmi 1.

Pesynbratn 06poOKM cTaTUCTHYHOI iH(OpMAITii Ayt
111 Il rpagauisimu HaBeseHI Ha puc. 3.

iHpopManii nNpo JAMHAMIKY BUTpPaT Ha PEMOHT

CLIBCHKOTOCTIOIAPCHKOT TEXHIKU arpapHuX mianpueMcTB KuiBchkoi obnacri.
Table 1. The results of processing statistical information on the dynamics of costs for the repair of agricultural

machinery of agricultural enterprises of Kyiv region.

Hazssa nmoxasunka I rpapamis 1l rpagamis 111 rpapmarmis

KinpkicTh

CLITBCHKOTOCTIOTaPCHKIX 42 101 45

T ATIPHEMCTB

Mesxi po3citoBaHHS BHITAAKOBOT 1,72 tuc. rpu. - 95,0 100,18 Tuc. rpu. - 983,14 7278,2 Ttuc. rpH. -

BETMIMHA THUC. TPH. THUC. TPH. 44886,7 Tuc. rpH.

CepenHe 3HAUYCHHS BUMAAKOBOT

BETMIMHA 25,6 THC. TPH. 215,17 Tuc. rpH. 4865 TuHc. rpH.

CepenHe KBagpaTHIHE

BIAXWJIEHHS BUIIaIKOBOL 12,9 Tuc. rpH. 112,93 Tuc. rpH. 3607,7 Tuc. rpH.

BCIIMYNHU

Koedirient Bapiarii 0,55 0,52 0,74

TeopeTuuHui 3aKOH PO3MOILTY 3aKOH PO3MOIiTY 3aKOH PO3MOILTY 3aKOH PO3MOALTY
Beiibysua-I'He1eHKO Beiibynna-I'nenenko BeiiOynna-I'Henenko
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Puc. 3. Pesynbprat 00poOku craTucTHYHOI iHGOpMaIlii Mpo JUHAMIKY BUTpAT Ha PEMOHT CITbCHKOTOCTIONAPCHKOL
TexHikM arpapaux mianpuemcts KuiBcrkoi obmacti 3a I (a) i 111 (6) rpanartismu.

Fig. 3. The results of processing statistical information on the dynamics of costs for repair of agricultural machinery
of agricultural enterprises in the Kiev region for the second (a) and third (b) gradations.
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Haii6inpma KinpKicTh TANMPUEMCTB BXOAWUTH a0 11
rpajaimii, 10 HaWKpame XapaKTepH3yIOTh JITHHAMIKY
BHUTPaT Ha PEMOHT CITbCHKOTOCHOIAPCHKOI TEXHIKH. 3a
pe3ynpTataMu  00poOKkM cTratucTHdHOi iHpopMamii I
rpagamii OyJ0 BCTAaHOBICHO, IO MeEXi PO3CIIOBaHHS
BHITAIKOBOI BETTMYUHH CKIanaroTh Bix 100,18 trc. rpH. 10
983,14 THuC. TpH.; cepeoHE 3HAYEHHsS BUIAIKOBOL
ctaHOBUTh — 215,17 THC. TpH.; cepeAHe KBaJIpaTUYHE
BimxwieHHs — 112,93 twuc. rpH., koedilieHT Bapiarii —
0,52; TeopeTHUHHUI 3aKOH PO3MOJITY — 3aKOH PO3MOALITY
BeiiOynna-I'nenenko.

BucHoBku
1. EdextnBHE  (QYyHKUIIOHYBaHHS  arpapHHX
MiANPUEMCTB CTaHE MOXJIMBUM JIMIIE 33 YMOBH
OHOBJIGHHS ~ MarepiajJbHOI 1 TEXHONOTiYHOI  0a3m,

30UIBIICHHS 1HTEIEKTyali3alil TeXHIKN Ta BIIPOBAPKCHHS
IHHOBAI[ITHUX TEXHOJOTIYHMX MPOIECIB, 5Ki CTAIOTh
BH3HAYaJIbHUM (axTopom T IBUILICHHS
KOHKYPEHTOCIIPOMOKHOCTI CLIBCHKOTOCTIOIAPCHKOT
nponykuii.  JlochmijokeHHs,  sIKI  CIpsIMOBaHI  Ha
3a0e3neueH s IPale3laTHOCTI  CUIBCHKOTOCTIONapChKOT
TEXHIKH Ha OCHOBI IOCTI/DKEHHS BUTPAT HA PEMOHT MaroTh
Ba)KJIMBE HAYKOBE 1 IPAKTHYHE 3HAYCHHSL.

2. YTOYHEHO NWHAMIKy BUTpPAT KOINTIB Ha PEMOHT
CLTBCHKOTOCIIONaPCHKOI TEXHIKM 32 OCTaHHI I’STh POKIB.
BcraHoBneHO, MmO BKa3aHI BHUTPAaTH CTaHOBIATH 32
2019 pix 2127,5 mun. tpH. Cepen obmacteit, HalO1IbIII
BUTpaTHu npunanarots Ha KuiBcbky o0nacTh 1 CKJIaaloTh
279,5 MiH. TpH.

3. 3a pesyapraTamMu OOpOOKHM  CTATHCTHYHOL
iHpopmallii OysI0 BCTAHOBJCHO, IO MEXi PO3CIFOBAHHS
BUIAAKOBOI BenwuuHU Juis Il rpamamii ckiagaroTh Bif
100,18 tuc. rpH. 1o 983,14 THC. IpH., CEpEAHE 3HAYECHHS
BUIIAJKOBOI CTaHOBUTH — 215,17 THC. TpH.; cepeaHe
KBagpaTUdHe BiaxwmwieHHs — 112,93 Tuc. rpH.

4. MeTomuKH JOCHIIKEHHS 3aTpaT Ha pPEMOHT
CLTBCBKOTOCIIOTaPCHKOI TEXHIKM MOBHUHHI 0a3yBaTHCh HE
JHUIIe Ha pPe3yJIbTaTH CTATHCTHYHOTO aHalizy, amne M
BpPaxoBYBaTH TEPMIH eKCIUTyaTalil, MpUHHATI cTpareril
TEXHIYHOTO OOCIIyrOBYBaHHS 1 PEMOHTY, pe3yJbTaTu
MOHITOPUHTY TEXHIYHOTO CTaHy.

5. Tlopsin 3 mpeacTaBIeHUMH B CTATTi HANIPSIMAaMHU, 11
HEJIOCTaTHbO JOCIIKeHb, SIKi Oynu O HampaBiieHi Ha
BUPINIEHHS KOMIUIEKCHOI IpOOJIeMH — aHaji3 Ta CHHTE3
BUTPaT HA PEMOHT CUIBCHKOTOCIIONAPCHKOI TEXHIKH,
nokpamienHs crparerii CTOP.
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CTATUCTUYECKUU AHAJIN3
OYHKIIMOHNPOBAHU S PEMOHTHOM CJIVXXBbI
YKPAUHBI
A. B. Hosuyxuii, O. O. Bannuwiii

AHHoOTanusl. DQGPEKTHBHOCTh BEACHHUS CEIbCKOTO
X035MCTBa U OTJAENbHBIX €r0 CEKTOPOB B 3HAUUTEIBHOU
CTEIEHU 3aBHCUT OT OOCCIEYEHHOCTH TEXHUYECKUMU
CpeicTBaMM  JUIS  BBIMIOJIHEHUS  TEXHOJOTMUYECKUX
MPOLIECCOB  MPOU3BOJICTBA TPOAYKIIUU. Y MEHbIIICHUE
KOJINYECTBA CEJIbCKOXO03SIHCTBEHHBIX MallInuH H
000pyI0BaHUS, CHIDKEHIE KAUeCTBCHHBIX TIOKA3aTeIICH NX
UCIIOJIb30BAaHUE MPHUBOJAUT K COKPAIICHHIO O0BEMOB
MIPOU3BOJICTBA MPOAYKIUH arpapHOil oTpaciu. B cBsi3u ¢
IIOCTOSIHHBIM pa3BUTHEM HAYYHO-TEXHHYCCKOTO
mporpecca, HW3y4eHHE pPBIHKA CEIBCKOXO3SHCTBEHHOU
TeXHUKH W  3aTpaT Ha pPEMOHT TpU  TOTepe
paborocmocoOHOCTH TpeOyeT HOBBIX HCCIIEIOBAaHUN U
COBPEMEHHBIX HAY4YHBIX IMOAXOJOB. B mociemHue rombl
OCTaeTCss aKTyaJlbHBIM (OPMUPOBAHWE HaTpaBIECHUI
obecreueHus HaJIC)KHOCTHU CEIIBLCKOXO03SIMCTBEHHOM
TeXHUKH B CHCTEME WHHOBAIMOHHBIX IPOIECCOB Ha
OCHOBC aHaJlN3a 3aTpaT Ha PEMOHT.

B pabGoTte mnpuBencHBI pe3yNbTaThl HCCICIOBAHUN
JTMHAMHUKHA pacxoioB CpelCTB Ha PEMOHT
CEJIbCKOXO03SMCTBeHHONW TexHuKH B mepuon 2015-2019
TOJIOB. J4 3 HH(POPMAIMOHHBIX HCTOYHHKOB
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locymapcTBeHHOH  CIy»OBI ~ CTATHCTHKH Y KPaWHbI
yctaHoBlieHo, 4yTo B 2019 Tomy pacxombl Ha PEMOHT
CEIIBLCKOXO3SIMCTBEHHON TEXHUKH cocTaBuiM 2127,5 MIIH.
TpH. MakcumarnbHbIe 3aTpaThl Ha PEMOHT
cenbckoxo3siicTBeHHON TexHukd B 2019 roxy B Ykpaune
cpemu obmacteit cocrasmnu 279,55 muH. rpH. B Knesckoit
obnacru. Pacxonbt CPEICTB Ha PEMOHT
CeNIbCKOXO3SMCTBEHHONH TexHHKH B KueBckoil obmactu
HUMEIOT paccesiHusi B mpezenax ot 1,726 Teic. rpH. 10
44866,29 TteIc. TpH. [lpm 00pabOTKE CTATUCTUYECKUX
JIAaHHBIX arpapHble NPeanpUaTHs 00JacTH ObUIM YCIOBHO
paszmeneHbl Ha Tpu Tpajaumu: | rpamamms — 42
npeqnpustas; 1l rpamamms — 101 mpenmpustue; 111
rpaganus — 43 npeInpusSTHS.

IlepCeKTUBHBIMM HaNpPaBICHUSIMU HCCIENOBAHUMI
SBISIFOTCSL AHANW3 M CHHTE3 pPAacXoJOB Ha PEMOHT
CEIbCKOXO3UCTBEHHON TEXHUKHM, YJIYUIIECHUE CTpaTerui
TEXHHYECKOTO OOCITy)XHMBaHMS W pEMOHTa. MeToouKu
HCCIIEIOBAHUS 3aTpaT HA PEMOHT CEJIbCKOXO034MCTBEHHOM
TEXHUKHU JOJIZKHBI OCHOBBIBATHCSA Ha pe3yabTaTax
CTaTUCTUYCCKOI'O aHaJIn3a, YUUTBIBATH COCTOSHUEC MaIllUH
B IIpoliecce IKCILTyaTalliy, IPUHATHIC CTPATETHH PEMOHTA,
PE3YJIbTAThl MOHUTOPUHI'A TEXHUYECKOT'O COCTOSHMA.

KaroueBble cjioBa: peMOHT, HaJE€KHOCTh, MAIlINHA,
CHCTEeMa TEXHHYECKOTO OOCIy)XKMBaHHS U PEMOHTA,
CTaTUCTHUYECKUI aHAIHU3.

STATISTICAL ANALYSIS OF FUNCTIONING
OF REPAIR SERVICE OF UKRAINE
A. V. Novytskyi, O. O. Bannyi

Abstract. The efficiency of agriculture and its
individual sectors largely depends on the provision of
technical means for technological processes of production.
Reducing the number of agricultural machinery and
equipment, reducing the quality indicators of their use
leads to a reduction in the volume of production of the
agrarian industry. In connection with the constant
development of scientific and technological progress, the
study of the market of agricultural machinery and repair
costs for loss of performance requires new research and
modern scientific approaches. In recent years, the
formation of directions to ensure the reliability of
agricultural machinery in the system of innovation
processes based on the analysis of repair costs remains
relevant.

The paper presents the results of research on the
dynamics of expenditures on repair of agricultural
machinery in the period 2015-2019. From the information
sources of the State Statistics Service of Ukraine it was
found that in 2019 the costs of repair of agricultural
equipment amounted to 2127.5 million UAH. The
maximum expenses for repair of agricultural equipment in
2019 in Ukraine among regions was 279.55 million UAH
in Kyiv region. Expenditures of funds for repair of
agricultural equipment in Kyiv region have a dispersion in
the range from 1,726 thousand UAH to 44866.29 thousand
UAH. During the processing of statistical data, the
agricultural enterprises of the region were conditionally
divided into three gradations: 1 grade — 42 enterprises; II
grade — 101 enterprises; III grade — 43 enterprises.

Prospective directions of research are the analysis and
synthesis of costs for repair of agricultural machinery,

improvement of maintenance and repair strategies. The
methods of research of agricultural machinery repair costs
should be based on the results of statistical analysis, take
into account the state of machines in operation, the repair
strategies adopted, the results of technical condition
monitoring.

Key words: reliability: repair, reliability, machine,
maintenance and repair system, statistical analysis.
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JIMMOHHOI KUCJIOTH
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bion. 18, puc. 15, maba. 0.

AHoTanis. BupoOHHITBO MeTHOBHX edipiB KUPHUX
kucnot (MEXK), sxi me HasuBaroTh OloamseneM, 3a
TPAIMIIIHHOI0 TEXHOJOTIEI0 BiIOYBAETHCS 32 HASBHOCTI
JY)KHOTO TOMOTEHHOTO KaTali3aropa, SIKHM HE BCTYIIAE B
peaxiifo, a TUIbKA 1i TIPUCKOPIOE, 3aJIMINAKOYKUCH B
BurotoeieHoMy MEXK i BHKIMKAIOUM KOPO3il0 JIBHUTYHA.
Ouriernro MEXK Bifi FOMOr€HHOT0 KaTastizaTopa MoBHHHA
nepeIyBaTu fioro HeHTpasTi3aris. st 1[BOTO
BUKOPUCTOBYETHCSI BOJHMI PO3YMH HEOPraHiuHMX (COJISIHA,
cipuana, QocgopHa TOIIO) i OpraHiYHMX (OITOBA, JIMMOHHA)
KUCIOT.  MeTolo  [OCHI[DKEHHS €  BH3HAUCHHSA
BCTAHOBJICHHS ONTHMAJIBHUX 1 paliOHAIBHUX HapaMeTpiB
meiirpamizanii  MEXK.  [ocmimkeHHS — eQeKTHBHOCTI
HedTpamzanii MEXK mpoBogmmick OUIIXOM - ¥oro
TIepeMilllyBaHHsI 3 BOJHMM PO3YMHOM JIMMOHHOI KHCIIOTH
(00'emHMIi €110CI0) TA MUIIXOM POMMIICHHS BOJHOIO PO3YUHY
JuMOHHOI kuciot Haj mmapom MEXK  (aeposonsauit
croci0). Jlocnmi/pkeHHsT BIUIMBY IapamerpiB MilIalKH Ha
ayxuicte MEXK, mo migmaerbes — He#Tpaimizarii,
npoBommch Tipu temmepatypax 20°C, 40°C, 60°C i
80°C i wactorax obepranHs Baxy mimanku 200, 350, 500
i 650 006./xB. Yac nepemillyBaHHS CTaHOBHB 5 XB.
JlocnijpkeHHsT BIUIMBY [apaMeTpiB  pPO3MWIIOBada Ha
nyxHicTe MEXKK mpoBOIHIIOCh IIISIXOM PO3MITIOBAHHS
6 M1 BogHOro po3unHy 1% nuMoHHOT kucaoTd Ha 100 M
MEXK yepes BiJIIICHTPOBUI [IOBHOKOHYCHUI
posmmtroBad "Disc and Core". Yac po3nmiIeHHsT CTAHOBUB
1,5-3 ¢ mpu Tucky 0,15-0,25 ar. ExcnepuMmeHTaIBHO
BCTAQHOBJICHO, 10 HEWTpaiizamio Oioau3ens IOLIIbHO
3nidcHIOBaTH 00'eMHUM criocoOoM mpu Temrepatypi 40°C
1 pamioHasbHII yacToTi 00epTanHs Baiy mimanku 240-410
00./XB., IpH IIbOMY ONTHUMAaJbHA YacTOTa OOEpPTaHHS Baly
MIIIIAIKKA CTaHOBUTH 323 00./XB.

KawuoBi cnoBa: Oiommsens, MeTHiIOBHH edip
xkupHux kuciaor, MEXK, ouwnmienss, He#Tpamizaris,
00'eMHUH cmoCi0, aepo30JbHHUN CTOCIO, KHCIOTa, COJi
KHCJIOT

IMocTanoBka npodaemu

IIpn BUpOOHMITBI MeTHIOBOrO edipy KHPHHUX

kucinor (MEXK), abo sk #oro mie Ha3HBalOTh —
Olommsens, 3a  TPamWIfHOIO  TEXHOJOTI€O  JUIA
MPUCKOPEHHSI ~ peakmii  MEeTaHoNizy  0OOB’SI3KOBO
3aCTOCOBYETBHCS KaTamizaTop (TOJIOBHUM YMHOM, JIy>KHHUH
TOMOTEHHHUH), SIKUH, OIHAK, CaM HE BCTYNAE B PEAKIII0
METaHoNi3y, a TUIbKM 11 1puckoprwoe. Tomy y
BUT'OTOBJICHOMY 0107M3ei BiH 3aJUINAETHCS MOBHICTIO,
BUKJIMKAIOYM KOpo3ito jBuryHa. [lpomyktn Koposii,
NOTPAIUIIOYM B 3a30p MDK IJJIIHAPOM Ta TOPIIHEM,
NpU3BOMATH JO iX abpa3uBHOro 3HOLIEHHA. B pasi
MOTPAIUISTHHI MPOAYKTIB KOPO3ii B MaJMBHY CUCTEMY BOHH
MOXYTh 3a0uBath manuBHI  QiUTETpH, abo 30BCIM
OmokyBatn po0OOTYy TaNWBHOI amapaTypd BHACIIIOK
HEMOXKJIMBOCTI PO3NWJICHHS ITaIMBa yepe3 (GOpCyHKH.

OnmapM 13 cHoco0iB BUAaleHHs Karamizatopa i3
JIM3EeTBHOTO OlomaiiBa MpH TPaTUIiHHIA TEXHONOTIi Horo
BUPOOHWIITBA € WOro HeHTpamizamis opraHiyHHMHU abo
HEOpPTaHiYHUMHU KHCIOTAMH 3 HACTYITHUM BHJAJICHHIM
YTBOPEHHUX COJIEH.

AHaJIi3 JiTepaTypHUX 1xKepeJt

Jns  ouumieHHs ~ Oiogm3ens  BiJ  3aJIUIIKIB
KaTtaiizaropa po3po0JieHI pi3HI CIIOCOOHM, OCHOBHUMH
cepell SKMX € Tak 3BaHi, "Mokpe" i "cyxe" oyHIICHHS
oloau3ens.

"Cyxi" MEeTOIl OYHUIIEHHS TOCHTh €(EKTHBHI, OJHAK
BapTICTh MarHe3oiy 1 10HOOOMIHHMX CMOJ JIOCHUTh
BHCOKA, 110 3HAYHO MiABHUIIYE COOIBAPTICTH BUPOOICHOTO
6iommsens. KpiMm Toro, BUpOOHHKH 10HOOOMIHHHX CMOJI
PEKOMEHIYIOTh HE TIepEeBHIyBaTH KOHIeHTpalito 500 /T
MWJa B HEOUYHUIIEHOMY Oiogu3eni, iHaKImIe SKiCTh
OYHINEHHS 3HWKYEThCS. TOMY IUIS 3MEHIICHHS 3aTpar
PEKOMEHAYETHCSA TMPOBOIUTH  IOIEPEIHE  OYHUICHHS
Olommsenst iHmmMMU MeTojamu. KpiM Toro, sKmo
Oilosm3ess CHIBHO 3a0pyAHEHHMH, 10HOOOMIHHI CMOJI
IIBUJIKO BTPAavyarOTh CBOI BIACTHBOCTI 1 IIOT@HO
MiATAI0THCS pereHepartii.

Mokpe BojsHE OYHINEHHS Oioau3erst 3adesrnedye
edhekTHBHE  WOTO  OYHWIIEHHA Bil TOMOTEHHOTO
Karajizaropa, OJHAK TPH [bOMY BHKOPHCTOBYETHCS
3HaYHa KiNBbKICTh BOAM, $Ka B TIPOLEC OUYMIIECHHS
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3a0pYIHIOETHCSL 1 CTBOPIOE EKOJIOTIYHI MPOOJIeMHU mpu
CKUJIaHHI 11 B KaHaji3zamiro [1].

PesynpraTt  eKCIIepUMEHTAJIBHUX  JIOCIIKEHb
HelTpamizamii Giomusens ommcadmi B poGorax [2-12].
BcranoBneno, mo s HeHTpamizamii  Oiomm3ens
3aCTOCOBYIOTBCSI K HEOpraHiyHi (CoisfHa, cipyaHa,
optodocdopHa), Tak 1 Opra”iyHi (JMMOHHA, OLTOBA)
KUCJIOTH, J1OKCH] Byriewo. HaiOunpm epekTuBHUMH €
oprodocopra i nuMOHHA KuCIOTU. JloChmimKeHHS
MIPOBOAMJINCh B HIMPOKOMY CHEKTpl Temmeparyp (Bin
20°C mo 70°C) npu 000B's13k0BOMY TiepeminryBanHi. Jlist
MePEIIKOKAHHSI YTBOPCHHIO eMyJbCiit npu
HeWTpamizanii 010n3essl 3aCTOCOBYETHCS AUCTHIBOBAHA
BOJIA.

Pazom 13 TuM, TexHOJOris 1 TEXHIYHI 3aco0u
MPOBEICHHS HEUTpaiizamlii B JTepaTypHHX DKepenax
BHCBITJICHI cla0Ko, 3yCTpid4aeThcs JIMIIE 3rajgka Ipo Te,
10 TIPOBOIIIINCH JOCIIKEHHS HeHTpamizamii Oioau3ers
mpu temnepatypi 20°C, 55°C, 65°C, 70°C i 80°C, a
TakoXX, OO0 B ONHOMY 13 JOCHimiB HeWTpami3aris
3MIACHIOBANIaCh MUIIXOM MEpeMillyBaHHA Oiomu3ens
MEXaHIYHOI0 MILIAJIKOK 3 IiJKUCICHOI BOJOI IpHU
mBuAKocTi nepeminryBanss 1000 06./xB.

Meta gociigKeHL

Mera mocHiPKEHHS — BCTAHOBJIEHHSA ONTHMAJIbHUX 1
patmioHansHUX HapameTpiB HefiTpamizanii MEXKK.

Pe3yabTaTi A0CHiTKEHDb

[poBoawiics JIOCITIDKEHHS e(exTUBHOCTI
HelTparizamii 6ioAn3ens NUIIXOM HOTO IepeMilTyBaHHS 3
BOJHMM pO3YMHOM JIIMOHHOI KHCIIOTH Ta [UBIXOM
PO3NMIICHHS BOIHOIO PO3YMHY JIUMOHHOI KHCIOTH Haj
mapoM Oioau3esL.

OCKUIbKM TIpH  JIOCHI/DKEHHI BHACIIZOK BIJCYTHOCTI
CIIELIJIbHOTO  CIIEKTPOMETpa MM HE Majd MOMKIIMBOCTI
BU3HAYaTH BMICT Jy)XHHX MeTaliB B Oiomuzerns, Oyio
BUPIILICHO BU3HAYATH JIY>KHICTH OioM3ers, sIka HE MOBHHHA
NIePEeBUIITYBaTH 5 MI/Kr. MeTonuka BU3HAYEHHS JTy)KHOCTI
najBa HapeneHa B [15-18].

Memoouka  excnepumMeHmanbHo20  OOCTIOHCEHHS
netimpanizayii MEJKK winaxom 1iozo nepemiuty8auHi 3
B00HUM PO3UUHOM TUMOHHOI Kucaiomu. MeTunoBuit edip
JUTSA JOCIIKEHHS BUPOOIA€TRCA 13 prokioBoi ol (83%),
0 SKOTO JojaeThcs MeTwiar kamiro (17%). Merwnar
KaJlilo TOTY€EThCS NPU CIiBBiAHOMIEHH]I MeTanony 1o KOH
sk 10 no 0,6. KomrnoHeHTH nepeMillyloThCs Ha MarHiTHINA
mimanmi (puc. 1, a) mpu tremneparypi 40°C npotsirom 15
XB., TCJIS YOro INPOAYKTH pEakuil NepeuBaloThCs B
IUTWIBHY JiHAKY (puc. 1, 0), I¢ BOHH HPOTATOM IBOX
TOJAMH pO3JUIIOTECS Ha MeTWIOBHH edip 1 cupuid
TITILEPHH.

B pesymprati orpumyetbes 82% MEXK 1 18%
cuporo riuinepuHy. Cupuil TIIIEpHH 31HBAETHCS, a 3
METHJIOBHU edip MUIIXOM IUCTIILALIT IMpU TeMIIepaTypi
65°C npu mnoCTilHIA aepalii MOBITPSIM BUAAISIETHCS
Haummok MetaHoxry (0,9% Bix 06’emy MEXK).

Puc. 1. Burotosnennss MEXK: a — nepeminnyBaHHsl peareHTiB Ha MarHiTHIH Mitanii; 6 — po3AUICHHs IPOAYKTIB

peaxiiii Ha MeTHIOBUH eip 1 CHPHI TITIIEPHH.

Fig. 1. Production of methyl esters of fatty acids: a — mixing of reagents on a magnetic stirrer; b — separation of

reaction products to methyl ether and crude glycerin.
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BmsHaueHHs BIUIMBY TapamMeTpiB MiIIAJIKH Ha HocmimkyBanuid 3pa30K OYMIIEHOTO BiJf METaHOIY
myxHicte MEXK npu #oro ounmensi mpoBomutbes Ha  MEXK o6’emom 300 M1 HamuBaeThcsi J1abopaTOpHHI
nmabopaTOpHI YCTAHOBII, KA CKIANAETHCA 13 PIGMHHOTO  CTakKaH MicTkicTio 0,5 1, SIKMi 3aKPIIUISETHCS HA IITATHB,
tepmoctara TXK-TC-01/16 i BepXHBONIPUBOAHOI MIIIANKK 1 TOMIMIAETHCS B BOAY, HAJNUTY B PIAMHHUA TEPMOCTAT
EUROSTAR digital. (puc. 2).

Puc. 2. .Ha6oplaTopHa yCTaHOEKa JUIsl BU3HAUYEHHS BIUTUBY IapaMeTpiB Milnanku Ha jryxHicth MEXK.
Fig. 2. Laboratory installation to determine the effect of the stirrer parameters on the alkalinity of methyl esters of
fatty acids.

Ha TOMY xK MITaTUBI 3aKpIIUIAETBCSI  PErysITOpa  BUCTABISAETHCS ~ HEOOXiHA  YacTOTy
BEPXHBOIIPUBOJHA  Milllajika 13  YOTHPHIOMATEBOIO  OOEpTaHHS Baly Mimaiku (puc. 3).
MIITAJIKOF0 13 TMOXWJIMMH JIOTIATSAMH. 3a JOTIOMOTOIO
Pttt

Puc. 3. Bepxusonpusosana mimanka EUROSTAR digital i3 3aganoro gyacrororo obepranns Baiy: a — 201 006./XB.;
0 — 647 06./xB.
Fig. 3. Upper drive mixer EUROSTAR digital with a given shaft speed: a — 201 rpm; 6 — 647 rpm.

HJo MEXK nonmmBaetscsi 1% BomHuil po3umH JocmiKkeHHS BIUIMBY TapaMeTpiB MIITajdKd Ha
JIMMOHHOI KUCJIOTH y criBBigHOIeHH: 5,5 Mt Ha 100 mn  myxuicte MEXK, mo migmaerscst HeWTpasizaii,
MEXK. To6to mo 300 mn MEXK nonusaetsca 16,5 mn  nposomutbess npu Temmneparypax MEXXK 20°C, 40°C,
1% BoaHMIT PO34YNH JINMOHHOT KHCIIOTH. 60°C i 80°C (puc. 4), i wactorax oOepTaHHs Baly
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mimanku 200; 350; 500 i 650 00./xB. (puc. 5). Uac  mnepemilryBaHHS CTAHOBHUTH 5 XB.

Puc. 4. Bucrasnenns temneparypu 40°C na piguanomy tepmocrari TXK-TC-01/16.
Fig. 4. Setting the temperature to 40°C on the liquid thermostat TZh-TS-01/16.

Sx BuOHO 13 puC. 5, 4YacToTa O0€pTaHHsS Bajly  3'IBISETHCS BOPOHKA, INIMOMHA SKOI 30UIBIIYETHCS IMPU
Mmimanku 200 o6/xB. He Bukinkae 30ypenb MEXK, a  3pocTanHi 4acToTu oOepTaHHs Balxy MillajkH, i mpu 650
Horo pyx B cTakaHi Onu3pkuii 10 JyamiHapHoro. IIpu  00/XB. JHO BOPOHKH MaiiKe CSATae JIOMATeH MIIIaaKu.
3pOCTaHHI 4acToTH oOepraHHs Baixy Mimanku B MEXK

d)
Puc. 5. Heitrpanizamis MEXK npu mepemitnyBanHi 3 yacToToro obepranus Bamy mirmanka: a — 200 06/xs.; b —
350 06/xB.; ¢ — 500 06/xB.; d — 650 06/xB.
Fig. 5. Neutralization of methyl esters of fatty acids with stirring with the frequency of rotation of the stirrer shaft:
a— 200 rpm; b — 350 rpm; ¢ — 500 rpm; d — 650 rpm.
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MertuioBuit edip rmicist He#Tpaizamii
IepeuBaeThcs B IOUIMIBHI JTikH (puc 6, a) abo
MOJIeTHIICHOBI TIAMKK (puc. 6, 0) 1 BiACTOIOETBCA
mpotsirom  2-3  nmi6 (mpu  30LTBHICHHI TeMIepaTypH
OBKIIIISA qac BIJICTOFOBAaHHS 3MEHIIYEThCS).

a)

Puc. 6. BincroroBaHHS HeHTpamizoBaHOTO OioAm3erNs: a — B JOUIMJIBHUX JTIHKAaX;

MOJIIETHUIIEHOB] TUISIIKHA

BigcroroBanas MEJXXK B mosmieTHIIEHOBHX —INIAIIKAX
3MIHCHIOETBCS Y BHIAAKY, SKIIO KUTBKOCTI HAasSBHHUX
TUTHIBHAX JIIHOK 1 IITaTHBIB, Ha SIKi BOHU KPIIUIATHECS, HE
BHCTaYae IS BiJICTOIOBAHHSA BCiX MpoO.

0 — Tmpu mepenMBaHHI B

Fig. 6. Defending of neutralized biodiesel: a — in separating funnels; b — in transfused into plastic bottles.

I1lix gac BimCTOXOBAaHHS Ha [HI IUIAIIKKA YU JIHKH
ociJiae COarCTOK — Culb (IUTPAT) Kallito, MUJIO, YTBOPEHE
B pe3yJbTaTi HelTpasizauii TipoKCcuay Kajilo JMMOHHOIO

KuciHoTor0 (puc. 7), a METWIOBHH 13 MYTHOTO CTae
IPO30PHM.

Puc. 7. Ociganus nuTpaTy Kajiro Ha JHO MOJICTHICHOBOT IUISIIKH.
Fig. 7. Deposition of potassium citrate on the bottom of a plastic bottle.

OcBiTiieHNi METHIIOBHH e(dip 31MMBaeThCs. 3MHUBAHHS
MEXK i3 nminwipHOI JHKK 3AIHCHIOETHCS HACTYITHHM
gpHOM. [lif MiMMABHY JIHKY MiICTAaBISETHCS MOCYAUHA,
BIIKPMBA€ThCSI KpaH Ha JUIIBHIA Jidmi 1 3 Hel
3IUBAETHCS IUTpAT Kalito. [IoBHOTa 31MMBaHHS IHUTPATy
KaJil0o KOHTPOJIIOEThcs BidyanbHo. [lpum BincyTHOCTI
OUTpaTy Kajgilo B JUIMIBHIA J#II KpaH Ha Hil
3akpuBaeThes. IlocyaMHa 3 IMTPaTOM Kalifo  3-Tij
IUTHIBHOT JTIHKKA 3a0UPAETHCS 1 Mg HEl MiACTaBISIETHCS
yucta  nocyauHa. KpaH — Ha  AUIMIIBHIN il
BIJIKpUBAETbCS 1 3 Hel 3JIMBAEThCS B IOCYIUHY BECh
METHJIOBHH edip.

3nuBanHsa BincrosHoro MEXK i3 mosietuieHoBo1
IUISIIKA  3J1MCHIOETBCST 4epe3 11 TOpJIOBHHY HIISIXOM
MEPEeXWISHHA IUIAIIKK, HE JOIMYCKAIYH MpPHA IHOMY

MOTPAIUISIHHS B METWIOBMH edip HUTpary Kajiro, sSKHi
HAKOMMYMBCS HA JIHI TJISIIIKH.

B orpumanux 3paskax He#TpanizoBaHoro MEXK
BU3HAYAETHCS HOTO JTYyKHICTh.

Memoouka  excnepumMeHmanbHo20  OOCHIONCEHHS.
neumpanizayii. MEKK wnaxom po3nunenHs HA HbO20
600H020 PO3YUHY JAUMOHHOI Kuciomu. Bu3HaueHHS
BIUIMBY [apaMeTpiB  pO3NMIIOBaYa Ha  JIY)KHICTh
Oiomam3enst  BH3HAYAETHCS  HA  CKCIICPUMEHTAJbHIN
YCTaHOBIII, SKa CKJIAIA€ThCs 13 TiIpaBIiYHOrO Hacoca,
CKOHCTpyHOBaHOTro i3 0aka CcaloBOro OONpPHCKYyBaua,
kommpecopa  "AmmaHt"  Big  XOJOAWIBHHMKA IS
MIATPUMAaHHs 3aJIJaHOTO TUCKY 1 po3mmioBada "Disc and
Core", BCTAaHOBIICHOTO B KOpITyci 3 BijacikaueM (puc. 8).
TUCK pIAMHU KOHTPOJIIOETHCS MaHOMETpoM (puc. 9).
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Puc. 8. ExciepuMeHTaipHa ycTaHOBKA JJIsl BU3HAYCHHS BILIMBY ITapaMeTpiB po3nuiroBada Ha rykHicTh MEXKK.

Fig. 8. Experimental setup to determine the effect of nebulizer parameters on the alkalinity of fatty acid methyl
esters.

Puc. 9. Inaukaiis Trcky 1% BOIHOTO PO3YHHY JTUMOHHOI KACIOTH MPH 1i pO3MIUIIOBAHHI B AOCIIIKYBaHUHN 3pa30K
MEXK.

Fig. 9. Indication of the pressure of 1% aqueous solution of citric acid when it is sprayed into the test sample of
methyl esters of fatty acids.

BmmB mapamerpiB posmuiioBada Ha JIy)KHICTB — Kopmyca 3 omHOlO  Hacaakoro  QJ17560A-NJB,
MEXK Bu3HauaeThCsl HUIIXOM pO3MWIIOBaHHA 6 M OaloHeTHoro koBmauka CP 26277-1-NY, cepmednuxa-
BOJIHOTO po3unHy 1% mmmonHOI kmciotw Ha 100 mm  TypOymizatopa DC-CER, kepamiuHOrO amcKa 3 OTBOPOM
MEXK yepes BIALIEHTPOBUH noBHoKoHycHHH ~ DCER-2 Ta rymoBoro yminsaroBaga CP-18999 (puc. 10).
posmmwaroBau "Disc and Core" dipmu Teelet B criami

29

b) ) d) e)

Puc. 10. Biguenrposuii noBHokoHycHH posnmmoBad "Disc and Core" [66]: 1 — kopryc 3 OAHOI0 HacaJIKoOro
QJ17560A-NJB; 2 — oOaiionetnuii koBnauok CP 26277-1-NY; 3 — cepneunuk-typOymnizatop DC-CER; 4 — muck 3
orBopoM kepamiuauit DCER-2; 5 — rymoBwuii yminsaioBau CP-18999.

Fig. 10. Centrifugal full-cone sprayer "Dis and Core" [66]: 1 — housing with one nozzle QJ17560A-NJB; 2 —
bayonet cap SR 26277-1-NY; 3 — core turbulizer DC-SER; 4 — disk with a hole ceramic DCER-2; 5 — rubber seal SR-
18999.
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JlocmipkyBaHul 3pa30K OYHUIICHOTO BiJi METAHOY
MEXK 06’emom 300 M1 HanMBa€ThCS B J1a0OPATOPHHIA
crakaH wMicTkicTio 500 Mi, SKUH 3aKpilUISIETBCS Ha
IITaTHUB, i TOMIIIA€ThCS B BOXNYy, HAJNUTY B PiAWHHHHA

tepmocrar TXK-TC-01/16. B mocmimkyBaHHit 3pa3ok
MEXK posmwmoetsest 18 M BomgHOTOo po3umHy 1%
JMMOHHOI ~KHCIOTH 3a JOIMOMOIOI  PO3MIIIOBAYa,
3aKPIIUICHOTO )k mrateBi  (pue.  11).

Puc. 11. Po3nujieHHs1 BOAHOTO po3urHy 1% JIMMOHHOI KNCIIOTH B HociipKyBaHnii 3pazok MEXK.
Fig. 11. Spraying an aqueous solution of 1% citric acid in the test sample of methyl esters of fatty acids.

Yac PO3MNUIOBAHHA
CKCIICPUMCHTAJILHO IIIAXOM

BU3HAYAETHCS
BUMIipIOBaHHS  00'eMy

PO3MWIICHOT PiJUHU, siKa 30MpaeThes B J1a0OPATOPHOMY

crakadi (puc. 12, a) mpoTAroM MEBHOTO IMPOMIKKY 4acy,
mo QiKcyeThes 3a JONOMOT o0 ceKyHaomipa "Arat" (puc.
12, 6).

Puc. 12. ExciepuMeHTanpHe BH3HAYCHHS Yacy PO3MIIIOBAHHS BOJHOTO PO34YMHY 1% NMMOHHOI KHCIOTH: a —
PO3MUIIEHHS PO3YHMHY B JlaDopaTopHHii cTakaH; 0 — (ikcallis 4acy po3MUITIIOBaHHS.
Fig. 12. Experimental determination of the time of spraying an aqueous solution of 1% citric acid: a — spraying the

solution into a laboratory beaker; 6 — fixing the sawing time.

Yac posnmineHHs cTaHOBHTS 1,5 ¢ pu TrCKy 0,25 art,
2 ¢ npu tucky 0,2 art, 2,5 ¢ npu ticky 0,15 ar i 3 ¢ npu
tucky 0,1 ar.

Ipn 3amaHOMy THCKY IpPOTATOM (DiKCOBAHOTrO Hacy
NPOBOANTBCS po3nmiieHHs 1% JMMOHHOI KHCIIOTH B
nociimkyBanuii 3pazok MEXK (puc. 13).
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Puc. 13. Posnmnenns 1% nMMOHHOI KHCJIOTH B jmociiukyBaHuil 3pazok MEJXKK mnis BH3HaueHHs BIUIMBY

mapaMeTpiB po3muioBaya Ha nyxHicTh MEXKK.

Fig. 13. Spraying 1% citric acid in the test sample of methyl esters of fatty acids to determine the effect of spray

parameters on the alkalinity of methyl esters of fatty acids.

PesynpTaT  BH3HA4YCHHS BIUIMBY  IapaMeTpiB
Mimmankd Ha edekTuBHicTh Heltpamizamii MEXK mpu

Horo mepeMillyBaHHI 3 PO3YMHOM JHMOHHOI KHCIIOTH
BimoOpakeHi Ha puc. 14.
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Puc. 14. 3anexuicts my>kHocti MEXXK Bif 9acToTH 00epTaHHS MilIaIKK IPU HOTO HEHTpai3aii.
Fig. 14. The dependence of the alkalinity of the setyl esters of fatty acids on the speed of the stirrer during its

neutralization.

Iouarkoa nyxHicte MEXK cranosuia 37,9 mr/kr.
Sk BumHO i3 puc. 14, sHmwkenHs yxHocti MEXK
CIIOCTEpIraeThesl MpU MiIBHILCHHI TeMIEpaTypH, 3a SKOi
NPOXOJWTh TIpoliec  HeHrtpamizamii. Ilpm Temmneparypi
neitpanizanii 20°C He BaaeThest qocsrtu JiyxHocti MEXKK

Hiwk4ye 5 mr/kr (3rigHo cranmapty DIN 51606 [14]) npu
OyIb-SKMX 3HAUCHHSX YaCTOTH OOSPTaHHS BaTy MIIIAIKH.
3anexHicth  nmyxkHOocTi MEXK  Bim  wactotu

oOepTaHHS

MilIaIKU TIpH  HOro HeWrpamizamii 3a

temnepatypu 40°C anpOKCHUMY€ETHCS BUPA30M:

JIY =-1,41-107° -n* +1,37-107° -n®-1,08-10* -n? —0,169-n + 37,6 nmpu R?=0,9998, (1)

me JIU — nyxse uucmo, mr KOH/kr; n — wacrtora
obepranHs, c L.
Koedirient nerepminamii piBasHHsS perpecii (1),

BusHauenuit 3a [15, c. 13, (25)], Bkasye Ha Te, IO
OTPUMaHE PIBHSAHHs perpecii JOCHTh TOYHO BimoOpaxkae
eKCIIepUMeHTaNbHI maHi. [Ipu mepesipmi 3a KpUTEpieM
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®imepa [16, c. 201, (8.52)] BCTaHOBJIEHA 3HAYUMICTH
koedimienTy perepminarii. IlepeBipka 3a KpuTepiem
Cretomenta [16, c. 201, (8.55)] mokasama, mio Bci
KoedimienTn piBHAHHEA perpecii (1), xpiM KoedimieHTY
1,41-10°, 3naunmi. Koediuient 1,41-10°° nenaniiinuii, oqHax
BUKOPUCTAHHSA TIOJTiHOMa 3-TO HOPSAKY Beie O 3MEHIICHHS
TouHocTi anpokcumanii (R?=0,9926).

Oynukmis JY=f(n) Gyna mociimkeHa HA eKCTPEMyM
JI9—min wmetomom muxoromii wa IIK B mporpami
MATHCAD. Anroput™m pocmimkenus JIY=f(n) na
ekctpemyMm JIG—min 8 mporpami MATHCAD HaBeznena
B Joxatky T. BcraHoBneHO, 110 ONTHUManbHa 4YacToTa
obepTaHHs Baly MEXaHI4HOI MIIIAJIKU MPU TeMIlepaTypi
Heifrpamizanii 40°C, mpu sKiff Ty)kHE YHCIO Oiogu3ers
MiHiManeHe (3,7 Mr/kr), craHoBUTH N=323 00/XB.
Jomyctuma parioHajgbHa vacTtoTa OOEpTaHHS —Baily
Mimanku, npu skid ayxsicte MEXK crae Hikue 5
MI/KT, 3HaXOAUThCS B Mexkax 240-410 006./xB.

[Ipu 306imbIIEHH] TeMIepaTypy HEHTpamizalii Touka
ONTUMI3aIli] 3MIITYeThCA A0 OUTBIIMX YacTOT OOCpTaHHS
Bany Mimanku. Tak, mpu Ttemmneparypax 60°C i 80°C
JYXKHICTh O10M3€IIs1 HIDKYE 5 MI/KT CIIOCTEPIraeThCs BXKE
mpu 9acToTi obepraHHs Bary Mimaiku 550 06./xB. [Ipu
30LTBIICHHI YaCTOTH 00epTaHHs Baly MIIIalK{ JTy>KHICTH
HEUTpai30BaHOTO OioxM3eNs 3HIDKYEThCA. BcTaHOBUTH

40,0

KpallHI0O TpaBy TOYKY paliOHAJIBHOTO  Jiama3oHy
HehTpamizamii He € MOXJIHMBHUM, OCKUTBKH JOCTiAN 3
YacTOTOI0 OOepTaHHs Baly Mimanku moHax 650 00./xB.
HE MPOBOMIINCE.

B nocmigax Takoxk CHOCTEPIrajaoch eBHE 301IBIICHHS
My)KHOCTI Oloam3ens TpPH YacTOTi OOepTaHHS Balry
mimanku 500 00./XB., O XapaKTepHO Ui TEMIEpaTypu
Hedtpamizarii  40°C.  OpmHak mpu  TeMmeparypi
Herpamzamii 60°C i 80°C myxHICTP HEHTpaIi30BaHOTO
Oiommsens mpu yacToTi obOepTaHHs Bairy Mmimanku 500
00./XB. OJIM3bKa JJO 3HAYCHHS, BKA3aHOT'O B CTAHIAPTI.

Pezynomamu  excnepumenmanbHo20  00CAIONCEHH S
neumpanizayii. MEJKK winaxom po3nunienHs HA HbO2O
600H020 pO3UUHY TUMOHHOI KUCOMU HABEAEHI HAa pHC.
15. TIlouarkoBa usyxHicte MEXK mnpu pmocmimax
cranoBmna 37,9 wmr/kr. Sk BugHO i3 puc. 15, mpu
30UTBIICHHI THUCKY B  pO3MIIIOBAaYl 1  3pOCTaHHI
TEMIEepaTypH IOCIiIKyBaHOTO 3pa3ka myxHicTh MEJKK
3HIDKYETHCS, OJJHAK Ha BCHOMY JAiala3oHi TOCITIHKyBaHUX
THUCKIB 1 TEMIIEpaTyp HE OITyCKA€ThCS HIDKYEC 5 MI/KT
srizHo crapmapry DIN 51606. Tomy 3actocyBaHHS
po3mmwieHHs piauuu g Heiirpamizanii MEXK He €
e(hEKTHBHUM.
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Puc. 15. 3anexuicts my>xHocti MEXK Bix THCKY po3nmioBada mpu ioro HedTpamisarii.
Fig. 15. The dependence of the alkalinity of methyl esters of fatty acids on the pressure of the spray during its

neutralization.
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UCCJIEJJOBAHUE CIIOCOBOB HEMTPAJIU3ALIMNA
BUO/IU3EJISA BOAHBIM PACTBOPOM JIMMOHHOIM
KHCJIOTHBI
B. H. Honuwyx, J. A. lepesanxo, C. E. Tapacenxo,

E. A. Aumunos

Annotanusi. [Ipon3BoACTBO METWIIOBBIX 3(QHPOB
xupHBIX Kkucnor (MOXK), koropsle eme Ha3bIBaloOT
Onoau3erneM, 1o TpaJULIMOHHON TEXHOIOTHH ITPOUCXOIUT
IIPU HAJIM4YUM MIEJOYHOTO TOMOIE€HHOIO KaTalu3aropa,
KOTOPBII HE BCTYIAET B PEAKIUIO, a TOIBKO €€ YCKOpSeT,
ocraBasick B m3roroBieHHOM MOXK wu BreI3bIBag
kopposuto neurareinsi. Ounctke MOIKK oT roMoreHHoro
KaTajn3aTopa JIOJKHA MIPEIIeCTBOBATh ero
HeWTpanu3auus. J{iIs 3TOro  MCHOJIb3yeTCsl  BOJHBIN
pacTBOp HEOpraHWYecKHX (coisgHasi, cepHas, dochopHas
W 7Ap.) U OpraHuyYecKux (yKCycHas, JIIMOHHAs) KHCJIOT.
Lensto UCCIIeI0BaHUS SIBIISIETCSA orpesiesieHue
ONTUMAJIBHBIX u palnoHaIbHBIX napamMeTpoB
nerrpamm3zanun MOXKK. HccnenoBanue >3dekTuBHOCTH
Heiftpamuzanun - MOXKK  mpoBogunmucs myTeM  ero

MEpEeMEIINBAaHNSA C BOIHBIM PACTBOPOM  JIMMOHHOM
KHCIOTHl (00OBEMHBIH CITOCO0) W TYTeM pacHbUICHUS
BOJHOTO pacTBOpa JMMOHHOM KHCIOTHI HaJ CIIOEM
MO3XK (aspozonsHBIi cioco6). VccnenoBannue BIMSHAS
mapameTpoB Memankd Ha menodHocte MDXKK, dgto
MOZBEPracTCsl  HEWTpanmm3anuy, IPOBOAMINCH  IIPH
temneparypax 20°C, 40°C, 60°C u 80°C m gacroTax
Bpamenus Baja memanku 200, 350, 500 u 650 06./MuH.
Bpemss  mepememmBaHUS ~ COCTaBIUIO 5  MUH.
HccnenoBanue BIUSHUS MapaMeTpPOB PpacHbUIMTENS Ha
menogrocts MOXKK mpoBoamiocs mytem pacislieHus 6
M1 1%BonHOrO pacTBopa JTMMOHHOH KuCI0ThI Ha 100 M
M3XK  uepes  UEHTPOOCKHBIA  MOJTHOKOHYCHBIN
pacueututens "Disc and Core". Bpems pacubuieHHS
cocraBmuio 1,5-3 ¢ mpm pmaBinerunm 0,15-0,25 art.
OKCHEPHMEHTAIBHO YCTaHOBICHO, YTO HEHTpaTM3aLUI0
Omoxm3ens Ienecoo0pa3HO OCYIIECTBISATE OOBEMHBIM
criocobom npu Temmeparype 40°C u parnuoHaNIbHON
gacToTe BpameHus Bayna Memanku 240-410 00./MuH., ipu
3TOM ONTHUMAJbHAs 9YacTOTa BPAIICHHS Bala MEIIAIKU
cocraBmsieT 323 00./MuH.

KaioueBble cioBa: Ononusenb, METHUIOBBIH 3hHp
KUpHBIX kucIoT, MDXK, ouwncrtka, HeHTpamuzanus,
00BEMHBIH CIIOCO0, a3PO30JIbHBIN CIOCO0, KACIOTA, CONU
KHUCJIOT.

STUDY OF METHODS FOR NEUTRALIZING
BIODIESEL WITH AQUEOUS SOLUTION OF CITRIC
ACID
V. M. Polishchuk, D. A. Derevianko, S. Ye. Tarasenko,
le. O. Antypov

Abstract. The production of methyl esters of fatty
acids, also called biodiesel, by traditional technology
occurs in the presence of an alkaline homogeneous catalyst,
which does not react, but only accelerates it, remaining in
the manufactured methyl ester of fatty acids and causing
engine corrosion. Purification of methyl esters of fatty
acids from a homogeneous catalyst must be preceded by its
neutralization. An agueous solution of inorganic
(hydrochloric, sulfuric, phosphoric, etc.) and organic
(acetic, citric) acids is used for this purpose. The aim of the
study is to determine the establishment of optimal and
rational parameters for the neutralization of methyl esters
of fatty acids. Studies of the effectiveness of neutralization
of methyl esters of fatty acids were performed by mixing it
with an aqueous solution of citric acid (volumetric method)
and by spraying an aqueous solution of citric acid over a
layer of methyl ester of fatty acids (aerosol method).
Investigations of the influence of the stirrer parameters on
the alkalinity of the neutralized methyl ester of fatty acids
were performed at temperatures of 20°C, 40°C, 60°C and
80°C and stirrer shaft speeds of 200, 350, 500 and 650 rpm.
The stirring time was 5 minutes The study of the effect of
nebulizer parameters on the alkalinity of fatty acid methyl
ester was performed by spraying 6 ml of an aqueous
solution of 1% citric acid per 100 ml of fatty acid methyl
ester through a centrifugal full-cone spray "Dis and Core".
The spraying time was 1.5-3 s at a pressure of 0.15-0.25 at.
It is experimentally established that the neutralization of
biodiesel should be carried out in a three-dimensional way
at a temperature of 40°C and a rational speed of the stirrer
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shaft 240-410 rpm/min., While the optimal speed of the
stirrer shaft is 323 rpm/min.

Key words: biodiesel, fatty acid methyl ester,
FAME, purification, neutralization, volumetric method,
aerosol method, acid, acid salts.
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Abstract. In recent decades, the world has seen a
rapid increase in the number of vehicles and an increase in
traffic, which leads to an increase in the number of road
accidents and their negative consequences. For example,
according to the World Health Organization (WHO), road
traffic injuries are one of the biggest health problems today.
Road accidents are projected to be one of the top five
causes of death in the world in 2030. In Ukraine, the level
of deaths and injuries due to road accidents is one of the
highest in Europe, and the level of road safety remains
extremely low, as repeatedly pointed out in their reports by
experts from the WHO, the World Bank and other
international institutions. More than 26 % of those killed
and 15 % injured in road accidents in 2019 are pedestrians
(1,414 people died and 8,455 people were injured). In 2019
alone, 329 children under the age of 18 died on the roads
of Ukraine and 7,906 children were injured. Accidents in
Ukraine are the first most common cause of death for
young people aged 15 to 24 and the second most common
cause of death for children aged 5 to 14. Thus, in 2019,
compared to 2018, the number of road accidents increased
by 7 %, as well as the number of dead and injured persons
by 4.2 % and 6.3 %, respectively. Ukraine is also one of
the leaders among EU countries in terms of specific
indicators of accidents and consequences of road accidents.
Thus on average in the EU member states (according to
2017 data) there are 5 fatalities in road accidents per 100
thousand populations, while in Ukraine this figure is
(according to 2017 data) 12.5 people, respectively, which
is more than the European average. 150 %. It is also
important to note that in the absence of quality data
collection on injuries and deaths due to road accidents,
these indicators may not reflect the present figures. A
significant number of road accidents that occurred in
Ukraine during 2017-2019, as well as people injured in
them, affect the economy and health care of Ukraine.

Studies conducted by many countries establish a
general rule that every death costs about 70 gross domestic
products per person, and every serious injury to a person
amounts to about 17 gross domestic products per person. If
we apply this rule to the indicators given above, it becomes
clear that the cost estimate of socio-economic losses of
Ukraine (excluding material costs associated with property
damage and reduced productivity) from these accidents

and their consequences in 2019 alone is about 4.79 billion
US dollars (3.18 % of Ukraine's gross domestic product).

The main reasons for this situation are the insufficient
level of road safety; improper maintenance of vehicles; low
level of discipline of road users; inconsistency of the state
of the road network with the level of traffic intensity;
insufficient introduction of the latest technologies and
technical means of traffic organization; low level of
training of future drivers. The article considers the
problems of the educational process related to improving
the quality of practical training of students in the discipline
"Traffic Rules™ and suggests effective ways to solve them
by differentiating approaches to managing the cognitive
activity of students.

Key words: cognitive activity, exercises, emotional
sphere of thinking, figurative sphere of thinking, motive,
perception, practical tasks, the conceptual and logical
sphere of thinking.

Introduction

Teaching the subject "The Road Traffic Regulations™
at the engineering faculties of agricultural universities
requires a special attitude from the teacher to the student
audience.

This feature is to take into account the unequal
readiness of students to perceive the material to be
mastered. Some students know the rules of the road well,
as they have received training in driver training courses and
have experience in their use both while driving and as a
pedestrian.

Formulation of problem

This is one of the most important factors that help the
student during his studies. Some students have a fairly
rough idea of the rules and use the knowledge gained
before entering the university on traffic rules, which apply
only to pedestrians.

The experience of teaching the discipline "The Road
Traffic Regulations”, gained in the process of theoretical
and practical training, taking into account the listed
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objective circumstances, gives grounds to apply an
individual approach to students during their studies.

Analysis of recent research results

Solving the problem of improving the quality of
professional training of highly qualified specialists in
connection with the scientific developments of such well-
known scientists as S. Arkhangelsky, S. Batisheva,
A Djomyna , B. Yesipova, S. Zinovieva, O. Kondratiuka,
G. Kostyuk, Y. Myleriana, S.Rubinstein, N. Talizina,
D.Thorzhevsky, S. Shaporinsky and others. Solving topical
issues of practical training of students in universities were
engaged in LY. Blozva, A. Bugerko, D. Voitiuk,
V. Gaponenko, A. Gumeniuk, A. Djomyn, G. Zhyvolup,
V. Krasylnykov, P. Laush, P. Luzan, Il.Palamar,
V. Ryabets, D. Smetanin, P. Yaroshenko, L. Yaroshenko
and others.

Purpose of research

Determining the characteristics of the method of
practical training of students during their study of the
subject "The Road Traffic Regulations” and its
improvement, considering the special of students'
perception of the starting material.

Research results

In order to get a clearer idea of the peculiarity of
students' perception of the subject " The Road Traffic
Regulations " according to the level of previously acquired
knowledge of the rules, we divided the second-year
students in field of study "Transport Technologies” in
National University of Life and Environmental Sciences of
Ukraine, where observations were conducted, into three
subgroups:

1) students who are partially known with certain
provisions of road traffic regulations and have to
experience in their use as a pedestrian;

2) students who before studying at the university had
the opportunity to study road traffic regulations in driver
courses, but they have no experience of their use as a driver
of a vehicle, only as a pedestrian.

3) students who before studying at the university had
the opportunity to study road traffic regulations in driver
training courses, have the appropriate driver's license and
have experience in applying the rules as road user.

Students of the third subgroup who studied at driver
training courses and received the appropriate certificate
have an advantage when studying according to the level
of previously acquired knowledge. Students of the third
subgroup who studied at driver training courses and
received the appropriate certificate have an advantage
when studying according to the level of previously
acquired knowledge. It is so much easier to work with
such students, because they have basic knowledge, are
fluent in answering the terms of traffic rules and, of

course, have no difficulty in passing a test or exam in the
discipline.

Difficulties in studying the discipline arise in students
of the first two subgroups. These difficulties in each
subgroup differ like the manifestation.

Students in the first subgroup, who are partially
familiar with certain provisions of the traffic rules and have
experience in their application only as a pedestrian, make
up about 60%, in some cases up to 70% of the total number
on the course. These students are familiar with traffic rules
in preparation for school or because of their curiosity.
Difficulties used in the early stages of learning by students
in this subgroup are related to the lack or absence of
experience in perceiving information about the rules. To
avoid difficulties in cognitive activity, this is due to the
student's insufficient level of prior training.

The level of preliminary preparation of students for
the conscious study of the material is determined mainly
by personal experience. The level of preliminary
preparation of students for the conscious study of the
material is determined mainly by personal experience. And
experience in cognitive activity is characterized by certain
knowledge, skills and abilities that are needed for the
formation of new knowledge and skills [3].

According to scientists, the level of preparation of
students for the conscious acquisition of knowledge is
determined by the presence of such necessary basic
concepts, cognitive changes and navigation and memory
readiness during their implementation. It should be noted
the scientific developments of S. Arkhangelsky,
V. Vergasov, A. Demin, I. Lerner, M. Skatkin,
V. Slastyonin, T. Shamova, G. Schukina in which scientists
considered certain cognitive skills that contribute to the
acquisition of new educational information. The objection
of special scientific research to identify the necessary
cognitive values and skills that students have to master the
knowledge of traffic rules in the process of practical
training were almost not conducted. Thus, the task of our
study is to identify the necessary cognitive values and skills
that must be formed in students for their conscious mastery
of educational information.

In our opinion, the use of cognitive names is a
necessary condition for successful mastering by students of
knowledge of the rules [1-10]:

1. The presence of skills to perceive flat educational
drawings in the form of spatial images of sections of roads
and intersections.

To develop students' ability to perceive flat
educational drawings in the form of spatial images of road
sections and intersections, it is advisable to use the
techniques of comparing drawings on educational posters,
textbooks and test tasks in tickets with specific sections of
roads and intersections on street roads at the initial period
of studying traffic rules. settlement network (fig. 1).

To this end, we offer students exercises through
conversation:

- the poster shows a drawing of a section of road that
has two lanes for traffic in one direction; give an example
of such a section of road that is located in our
neighbourhood;

- draw on the board a section of the road that you
named and show in the picture its main elements;
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- arrange the vehicles in the picture as shown on the
poster.

2. The presence of skills to imagine the trajectories of
vehicles on posters and drawings in test tasks in exam
tickets.

Fig. 1. Skills formation.

We offer students to develop the ability to imagine the
trajectories of vehicles in the pictures in the test tasks in
tickets and fees by performing practical exercises in
business during use using models. The models in the
practical classes are special boards, which depict parts of
roads and cars are fixed with the help of magnets.

For example, when students study the content of
traffic rules in the section "Start of traffic and change its
direction”, students perform the following tasks:

- place vehicles moving in adjacent lanes in one
direction on the carriageway of a four-lane road as shown
on the poster;

- demonstrate the trajectory of vehicles in the case of
adjustment one of them to an adjacent lane, which moves
another vehicle as shown on the poster;

- demonstrate, without using a poster, the trajectories
of vehicles in the case of their simultaneous adjustment.

During the interview, we correct the students' answers
and, if necessary, give additional explanations using the
training manuals (fig. 2).

Fig. 2. Conversation with a student.

Completely different difficulties are found in students
of the second subgroup who have knowledge gained in
driver training courses. In the process of perceiving the
knowledge, they differ significantly from the

representatives of the first subgroup, because they have
already studied the rules of the road and are relatively easy
to navigate in the training material.

However, the behaviour of students of the second
subgroup differs significantly from the rest in practical
classes, they inattentively listen to the teacher, are
distracted, sometimes interfere with others to perceive
educational information. There are difficulties in the
defence of reports on practical work when the student's
answer to the questions posed by the teacher contains many
blunders. Thus, learning difficulties that arise in students
of the second subgroup are based on their own
misconceptions about the level of their knowledge and
skills, unwillingness to work with the group in class, use
textbooks and reference books. To direct the cognitive
activity of such students to the active assimilation of the
necessary educational information, the teacher must timely
restore the driving force of the learning process. To do this,
we create a situation that will allow the student to discover
the true level of their knowledge. It is implemented during
the teacher's conversation with students or during the
performance of a set of practical tasks, which will allow
without the intervention of the teacher to assess the level of
their knowledge. Practical tasks, for example, when
studying the topic “Traffic regulation. Forbidden signs” are
given as follows:

- give the exact name of the road sign on which the
sign points;

- name the conditions of use of this road sign;

- provide a list of vehicles that do not enhance the
effect of this road sign;

give an example of the use of this sign in real road
conditions;

- give the correct answer to the test questions.

Consider some aspects that affect the cognitive
activity of students of these subgroups in practical classes.
It is known that any human activity is not only
characterized by the presence of meaningful goals but also
motivated. The purpose of the activity is what it is aimed
at and what should be its direct result. The reason is what
determines a person's desire to do so, and not any other
goal. This term refers to the motivating reasons that
determine the purposeful activities of people. For students
of these subgroups, the motivating reasons or motives for
learning is the need to learn something new. But the
question arises: why this need for students of the first and
third subgroups causes motivation to acquire knowledge
and for students of the second subgroup this motivation is
lost?

As a result of satisfaction or dissatisfaction of human
needs, certain emotions arise. Psychologists claim that in
cognitive terms a person has three main areas of mental
activity:

« conceptual and logical;

« figurative;

* emotional [9].

The conceptual and logical sphere of thinking allows
the student to perceive and understand patterns, laws,
concrete and abstract concepts that reflect existing
processes, phenomena, objects and other objects being
studied.

Due to this positive property of the conceptual and
logical sphere of thinking, it is based on the main
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subjective loads in learning. In order for a student to be able
to perfectly understand the educational material and master
the knowledge well, the appropriate time of mental work
of his conceptual and logical sphere is required. There are
three interrelated stages in the work of this field of thinking
in the process of acquiring knowledge. The first stage is the
formation of the foundations of concepts, their initial
understanding and memaorization, which requires repeated
repetition of educational information. The second stage - a
comprehensive reproduction and understanding of the
basics of concepts, their addition to new information and
the formation of skills to relate these concepts with
knowledge of new information. The third stage is the
emergence of new problems, hypotheses and the search for
solutions. This is the stage of the creative application of
knowledge. Figurative thinking is based on direct and
indirect sensory perception of information about
phenomena, processes, objects. The emotional area of
thinking alone does not do the job of understanding
information. However, it can significantly affect the
activities of both areas of thinking. The emotional area of
thinking alone does not do the job of understanding
information. However, it can significantly affect the
activities of both areas of thinking. Therefore, the
emotional sphere in the learning process is not used as an
independent cognitive force.

Consider students from another subgroup to
determine the motives for learning. But the impression of
the new has passed. The student has already studied the
content of the rules and applied some provisions on
practice. That is why the needed to learn something new
does not cause motives for learning, this need is met. The
experience of dissatisfaction with the need at the level of
the emotional sphere of thinking has already passed and
therefore the motivation, the desire for action aimed at the
subject of study does not arise. In addition, the emotional
sphere of thinking does not tolerate repetition. During the
teaching of partly material, which is partially familiar to
students of the second subgroup, the emotional sphere
comes into play and causes inhibitory processes in the
cognitive activity of students, emotions are disconnected
from the work of conceptual-logical and figurative sphere
of thinking. To offset the negative effects of the emotional
sphere and connect students to cognitive activities, we have
proposed practical tasks that destroy students' attitude
about the level of their knowledge. Practical tasks open
those aspects of the object of knowledge that are still
unknown to the student and thus restore the motivation to
learn something new.

For students of the first subgroup, the need to learn
something new remained. The experience of dissatisfaction
with the need includes motivation, the desire to act to
master the object of knowledge. The emotional sphere of
thinking of students of this subgroup connects to cognitive
activity the conceptual-logical and figurative sphere of
thinking. For a student to be able to perfectly understand
the educational material and master the knowledge well,
the appropriate time of mental work of his conceptual and
logical sphere of thinking is required. At the first stage of
the conceptual and logical sphere, students passively
perceive the educational material - they listen to a lecture
or explanation of the teacher in practical classes, work with
a textbook, manual. But passive repetition doesnt allow to

give knowledge active properties. Passive repetition is
necessarily replaced by active repetition when the student
reproduces his knowledge during oral answers. Exercises
in the form of practical tasks are an active repetition, which
allows the student to reproduce and systematize
knowledge, to fix them in memory, to show the ability to
apply theoretical knowledge to practical actions.

Students of the third subgroup, the best prepared for
the perception of educational information in the discipline
" The Road Traffic Regulations ", knowledge formed at the
first stage of the conceptual and logical sphere of thinking.
The advantage in the level of knowledge formation over
the representatives of the first and second subgroups is
manifested in a fairly rapid transition of the conceptual and
logical sphere of thinking from the first to the second stage,
the stage of productive reproduction and application of
knowledge in different conditions. The quantities and
content of educational information in practical classes
arouse interest associated with the restoration of
motivation for cognition, there is an experience of need, or
rather the experience of its dissatisfaction. The experience
of dissatisfaction with the need connects the emotional
sphere of thinking, which in turn has a positive effect on
the conceptual-logical and figurative spheres, encouraging
them to active cognitive work. The experience of
dissatisfaction with the need connects the emotional sphere
of thinking, which in turn has a positive effect on the
conceptual-logical and figurative spheres, encouraging
them to active cognitive work.

Conclusions

1. The rules and practical tasks that we propose to
apply during the practical classes are intended to stimulate
the cognitive activity of students during the study of the
discipline " The Road Traffic Regulations ".

2. Rules and practical tasks are a means of activating
students' cognitive activity and compiling an integral part
of the main methodological complex, which directs
students in mastering educational technical information,
which determines the attention of certain parts of students
at low levels of previously acquired knowledge, which
stimulates their active learning.
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[MIOBUILIEHUE KAUYECTBA ITPAKTUYECKOI
[NOJAIOTOBKHU 110 JUCIUITJIMHE “ITPABUIJIA

JOPOXHOTI'O AIBMXXEHM A
U. A. Konocox
AnHoTanus. B Teuenne nociaeaHUX OECATHICTHI B
MUpe  HaONIOJaeTCs  CTPEMHTCIILHOE  YBEIMUYCHHE

KOJIMYEeCTBA TPAHCHOPTHBIX CPEACTB U IOBBIIICHUSA
WHTEHCUBHOCTH JIOPO’KHOTO JABM)KEHHSA, YTO IPHBOIUT K
YBEIMYCHUIO  KOJIMYECTBA  JIOPOXKHO-TPAHCIOPTHBIX
MPOMCIIECTBUI M MX HETaTUBHBIX MocieacTBui. Tak, mo
JaHHBIM BcemupHOW opraHu3anuy 3ApaBOOXPaHCHHS
(BO3), 10p0oKHO-TPaHCHOPTHBIA TPAaBMAaTHU3M Ha CETOIHS
ABISIETCS OJHOW M3 caMblX OOJBIIMX  MPOOIeM
3npaBooxpaneHus. [To mpornozam, B 2030 roay 10poxKHO-
TPAHCHOPTHBIE MPOHCIIECTBUS MOTYT CTaTh OAHOM U3
OCHOBHBIX IIITU NPUYMH CMEPTHOCTH JIOJEH B mupe. B
VYKpanHe YpoBEeHb CMEPTHOCTH U TpaBMaTH3Ma B
pe3ynpTate  JAOPOKHO-TPAHCHOPTHBIX — IPOMCIIECTBHUIL
SIBIISICTCA OJTHUM M3 CaMBIX BBICOKHX B EBporie, a ypoBeHb
OpraHM3any  OEe30MacCHOCTH  JIOPOXHOTO  JIBIDKCHHUS
ocraercst KpaiWHEe HH3KHM, O 4Ye€M B CBOMX OTYeTax
HEOJIHOKPAaTHO MOIYEPKUBAIN JKCIEPTHI BO3,
BcemupHoro 6aHka W APYrHX — MEXIYHapOJHBIX
nHcTHTYTOB. bonee 26 % mponeHtos morubmmx u 15 %
TpaBmupoBanHbix B JTII B 2019 rogy - 3To memexosl
(1414 genoBex moru6mau u 8455 TpaBMupoBaHsl). ToIbKO
3a 2019 Ha moporax Yxkpauwnbel morubno 329 neteii B
Bo3pacte 10 18 ner u 7906 nereit TpamMupoBansl. JTII B
VYkpauHe SBISETCS NEPBOM IO PacIpOCTPAHEHHOCTH
MIPUYIMHON CMEPTH MOJIOZIEKH B Bo3pacTe oT 15 o 24 ner
M BTOPOH IO pPacHpOCTPaHEHHOCTH NPUYMHON CMepTH
nereil B Bo3pacte oT 5 g0 14 ner. Urak, B 2019 rony no
cpaBHeHuto ¢ 2018 romoM 3aMKCHPOBAHO YBEIUUCHHE
kommuectBa JTII wa 7 %, a Takke MOTHOMHNX W
TpaBMHPOBaHHBIX B HuxX Jun Ha 4,2 % u 6,3 %
COOTBETCTBEHHO. o YAEIbHBIM MoKa3aTessM
aBapuiiHoctd u mnocieactBuit HATII VYkpauna taxxe
ABIsieTCs ogHMM W3 jmaepos cpeau crpan EC. Tak, B
cpenHeM B ctpaHax - wieHax EC (mo ganaeiM 2017 rona)
Ha 100 TeIc.HacemeHus mpuxogutcsa 5 mornbmmx B ATII,
TOTAa Kak B YKpawHe TAaKOH IMOKa3aTelb COCTaBISET (IO
nanaeiM 2017 Toaa) COOTBETCTBEHHO 12,5 WenoBeK, 4To
Ooxple cpemaHeeBpomeickoro mokazarens Ha 150 %.
Baxno  Takke  ydecTh, UYTO IpU  OTCYTCTBHHU
KaueCTBEHHOTO cOOpa [aHHBIX O TPAaBMHUPOBAaHHBIX W
norun6bmux B pesynsrate JTII ykasanHble moxasarenn
MOTYT HE OTpaXaTh peasibHble IHU(GPHL. 3HAYMTEIHLHOE
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konmyectBo JTII, xoTophle mpousonum B YKpanHe Ha
npotspkerann 2017-2019 romos, a Takke MOCTPaIaBIIUX B
HUX JIHOJEH, BIMSIOT HAa OSKOHOMHUKY U cdepy
3paBOOXpaHEHUs Y KpauHBbI.

HccnenoBanus, NMpoBEJCHHBIE MHOTMMH CTpPaHaMH,
OTIPEIEIISIOT 00I1Iee MPaBHIIO0, COTTIACHO KOTOPOMY Kaykaast
CMEpPTh OJHOTO YEJIOBEKa CTOMT OKoJio 70 BasloBBIX
BHYTPEHHUX INPOAYKTOB Ha OJHOTO YEJIOBEKa, a KakJI0e
Cephe3HOE  TPAaBMHPOBaHME  4YeJOBEKa  COCTABIIET
IpUMepHO 17 BaJIOBBIX BHYTPEHHHUX ITPOILYKTOB HA OJHOTO
yeJoBeKa. ECU IpUMEHSTh 3TO MPaBUIIO K TOKa3aTesM,
NIPUBEICHHBIM  BBIIIE, CTAHOBUTCS  MOHSATHO, YTO
CTOMMOCTHAsI OIIEHKA COI[MATbHO-3KOHOMHYECKHX TTOTEPh
VYxpaunsr (6e3 yueta MaTepHaIbHBIX  pacXOIOB,
CBSI3aHHBIX C TOBPEXICHHEM HMYIIECTBA U CHIDKCHHEM
npousBomuTenbHOCTH Tpyxa) ot odtux ATl m wux
nociencTBuii Toapko 3a 2019 cocraBister oxono 4,79
mipa.  gommapoB CIHA (3,18% BamoBoro BHYTpPEHHETro
MIPOAYKTa YKpauHsl).

OCHOBHBIMH npuynHaMu TaKoro ITOJIOKCHUA
ABJIACTCA Hel[OCTaTO‘-IHLIﬁ YPOBCHb oOecrieueHust
0€30MacHOCTH JIOPOKHOTO JIBW)KEHHS; HEHaJyIeKallee
obecrieueHue TEXHHYECKOTO 00CITy)KUBaHHUS
TPAHCIIOPTHBIX CPEACTB; HU3KUH YPOBEHb TUCLUIIMHBI

YYaCTHHUKOB HOOPOKHOI'0 ABHIKCHHA; HCECOOTBETCTBUC
COCTOSAHUA YJIUIHO ',HOpO)I(HOﬁ CETHU YPOBHIO
HMHTCHCUBHOCTHU TPAHCIIOPTHOI'O JABHKCHUA,

HEJIOCTaTOYHOCTh BHEAPEHWS HOBEHIINX TEXHOJOTHUH W
TEXHHYECKHX  CPEICTB  OpraHM3allid  JIOPOXKHOTO
JIBIDKCHUSI; HEBBICOKUH YPOBEHb IOATOTOBKU OyIyIIHX
BoauTenell. B crathe paccMaTpuBarOTCs IPOOIEMBI
y4eOHOTOo Mpoliecca, CBsI3aHHbIE C MOBBINICHHEM KauecTBa
Hp&KTH‘I@CKOI\;I IMOATOTOBKHU CTYACHTOB MO JUIHUIIINHE

"[IpaBuna JOPOKHOTO JABIDKEHHUSA" ¥ MPEAJIOKEHBI
NeNCTBYIONINE yTH UX  peuIeHHs 3a cueT
muddepeHnIram MMOJIXOH0B B YIpaBICHUN

IM03HABaTCILHOU ACATCIBHOCTBIO CTYJICHTOB.
KnaroueBrble cioBa: BOCHpUATUC, MOTHUB, MOHATHHHO-
JIOTHUYECKas C(bepa MBIIIJICHUS, MPAKTUYCCKUC 3aHATHA,

06pa3Ha$1 C(bepa MBIIIJICHUA, IIO3HaBaTCJIbHAA
ACATCIIbHOCTb, YIIPA)XHCHHSA, SMOLHOHAJIbHAA C(bepa
MBIIIJICHUS.

HIABUILLIEHHSA IKOCTI [TIPAKTUYHOT
MNIAIOTOBKU 3 ANCHUITIITHA “ITPABUIIA

JOPOXHBOI'O PYXVY”
1. O. Konocox
Amnoranis. [IpoTarom ocraHHIX AECSATUIITH Y CBITI
CIOCTEpIraeTbcsi  CTpIMKE  30UIbIIEHHS  KUIBKOCTI

TPAHCIOPTHUX 3acO0IB Ta MiJBUINCHHS IHTEHCHUBHOCTI
JOPO’XKHBOTO PYXY, IIO MPHU3BOIUTH JIO 30UIBIIEHHS
KUTBKOCTI  JOPOXXHBO-TPAHCIOPTHHX TPHUrox Ta  IX
HeraTUBHMX HacligkiB. Tak, 3a jgaHuMu BcecBiTHBOT
opranizamii oxoponu 3mopo’ss (BOO3), mopoxHbO-
TPAHCIOPTHUH TpaBMaTHU3M Ha CBOTOJHI € OJHIEIO 3
HaOLIBIINX TPOOJIEM OXOPOHH 37I0POB’S. 3a IPOTHO3aMH,
y 2030 pormi AOpOXKHBO-TPAHCIIOPTHI NMPHUTOIN MOXKYThH
CTaTH OJHIEI0 3 OCHOBHMX II'SITH TNPHYMH CMEPTHOCTI
moneit y cBiti. B VYkpaini piBeHp cMmepTHOCTI Ta
TpaBMaTu3My  BHACHIJIOK  JJOPO’KHbO-TPAHCIIOPTHUX
NPUTOJl € OJHWUM 3 HaWBUIIMX B €Bpomi, a piBEHb
opraHizanii 0e3NeKH JJTOPONKHBOTO PYXY 3aJIMIIAETHCS

BKpall HHM3bKHM, TIPO MIO Yy CBOiX 3BiTax HEOIHOPA30BO
HarojomyBanu ekcneptu BOO3, CaiToBoro 06aHKy Ta
iHImMX MikHapogHux iHcTHTymid. [ToHax 26% BimcoTkiB
3arn6mux ta 15% TtpaBmoBanux y ATII y 2019 poui - me
mimoxonu (1 414 oci6 3armaynmo Ta 8 455 ocib
TpaBMoBaHo). Tineku 3a 2019 pik Ha moporax YKpaiHH
3aruHyno 329 nitelt Bikom no 18 pokiB Ta 7 906 nitei
tpaBmoBaHo. JITII B YkpaiHi € mepIor 3a momupeHicTio
MPUYMHOIO CMEPTI MOJIOAI BikoM Bif 15 mo 24 pokiB Ta
JIPYTOI0 33 MOIIMPECHICTIO MPUYMHOI0 CMEPTI JITeH BiKOM
Bixg 5 o 14 pokis. Orxe, y 2019 poui nopiBasHo 3 2018
pokoM 3adikcoBano 30inbineHHs KinbkocTi ATII HA 7%, a
TaKOX 3aruONMx i TpaBMOBaHUX y HUX oci0 Ha 4,2% Ta
6,3%  BigmoBigHo. 3a IUTOMHMH  INOKa3HUKaAMH
aBapiiHocTi Ta HacmigkiB ATII Ykpaina Takox € ogHUM 3
migepiB cepen kpain €C. Tak, y cepeqHpOMY B KpaiHaX -
qneHax €C (3a maammu 2017 poxy) Ha 100 THC. HaceneHHS
npunagae 5 3aru0mmx y ATIL toxi sx B Ykpaini Taxwii
MOKa3HUK CTaHOBUTH (3a maHumMu 2017 poky) BIANOBIIHO
12,5 oci0, 110 GiybIiie cepeIHbOEBPONCHCHKOTO IOKA3HUKA
Ha 150%. BaxximBo Takox BpaxyBaTH, IIO 32 BiJICYTHOCTI
SKICHOTO 300py JaHHMX IIOJ0 TPaBMOBAaHUX 1 3aruOiInX
yHacimigok JITIl 3a3HayeHi NOKa3HUKH MOXYTh He
BimoOpakaTu peanbHi mudpu. 3HauHa Kinbkicts AT, ski
cramucs B Ykpaiai nmpotsarom 2017 - 2019 pokiB, a Takox
MOCTPAKAANNX Y HUX JIIOJeH, BIUINBAIOTH HAa EKOHOMIKY Ta
cdepy 0XOpOHH 3T0POB’st YKpaiHu.

HocmimkeHHs, TmpoBeneHi OaratbMa KpaiHaMmu,
BM3HAYAIOTh 3arajlbHE MPaBHJIO, 3TIJHO 3 SKUM KOXHA
cMepTb onHi€i ocobu kowmtye Onm3pko 70 BajoBHX
BHYTPIIIHIX IPOJYKTIB Ha OJIHY 0CO0Y, a KOXKHE CepHo3He
TpaBMyBaHHS JIIOJJMHU CTAaHOBHUTH NPUOIN3HO 17 BaJOBUX
BHYTPIIIHIX TNPOAYKTIB Ha oaHy o0coly. SIkmio
3aCTOCOBYBATH 1€ NPAaBWIJIO JO TMOKa3HUKIB, HaBEICHHX
BUIIE, CTA€ 3PO3YyMIJO, 10 BapTiCHA OI[IHKa COIiaJbHO-
€KOHOMIYHUX BTpar Ykpaimm (0e3  ypaxyBaHHS
MaTepiallbHUX BHTPAT, IOB’S3aHUX 3 IIOMIKOPKCHHAM
MaifHa Ta 3HIDKEHHSAM MPOAYKTHBHOCTI TpaIli) Bif IUX
ATII Ta ix HacmigkiB Timeku 3a 2019 pik CTaHOBUTH
ommseko 4,79 mupa. momapis CHIA (3,18 % BamoBoro
BHYTPIIIHBOT'O IPOXYKTY Y KpaiHu).

OCHOBHUMH NIPUYMHAMH TAKOTO CTaHY € HEIOCTaTHiH
piBeHb 3abe3redeHHs O€3NeKH JOPOKHBOTO  PYXY;
HEeHaJIe)KHe 3a0e3MEeUYeHHs] TEeXHIYHOTO OO0CIyrOBYBaHHS
TPAHCIOPTHUX 3aCO0iB; HU3bKUN PIBCHb JAUCIHILIIHU
YUYaCHHUKIB JIOPOKHBOTO PYXY; HEBIANOBIAHICTh CTaHy
BYJIMYHO-IOPOXKHBOT ~ MepeXi PpIiBHIO  IHTEHCHBHOCTI
TPAaHCIIOPTHOTO PyXy; HEIOCTaTHICTh BIPOBAPKCHHS
HOBITHIX TEXHOJOTIM 1 TEXHIYHMX 3aco0iB Oprasizamii
JIOPO)KHBOTO ~ PyXy; HEBHUCOKMH piBE€Hb MiATOTOBKH
MaiOyTHIX BoxiiB. B cTarTi posrismarorbest mpodieMu
HaBYAJILHOTO TIpOLECy, IO IIOB’s3aHI 3 MiJBUILCHHAM
SIKOCTi TPAKTUYHOI MATOTOBKHA CTYACHTIB 3 JHMIUAILIIHU
“IIpaBuna KOPOXKHBOTO PyXy~ Ta 3alpoOIOHOBaHI HiHOBI
IUISXY X BUPIMICHHS 32 paXyHOK AndepeHtiamii miaxoais
y K€pYBaHHI Mi3HABAJILHOIO JisUIbHICTIO CTYICHTIB.

KuouoBi cioBa: BmpaBu, emoliiiHa cdepa
MHCIIEHHS, MOTHB, 00pa3Ha cepa MHUCIEHHS, TOHATIHHO-
JoriyHa cdepa MHUCICHHS, Ili3HABaJbHA JiSUIBHICTD,
NPAKTHYHI 3aBAaHHA, CIIPUHMAaHHS.

I. O. Koaocox ORCID 0000-0001-9543-8782.
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bi6n. 15, puc. 5, ma6a. 0.

AHoTanis. B cTaTTi po3misiHyTO B3a€MOJIiI0 TBHHTO-
BOT0 IPYHTOOOPOOHOTO OpraHa i3 YaCTWHKaMH TPYHTY.
3aBIsSIKM Iy’Ke IMMPOKOMY 3aCTOCYBAHHIO y TEXHIimi Mix
TEPMIiHOM ‘TBHHTOBa MOBEPXHS~ 3a3BHYAil PO3YMIIOTh
MMOBEPXHIO TBHHTOBOTO KOHOiga abo mHeka. B pobori
PO3TIITHYTO TOBEPXHIO PO3TOPTHOTO I'eJiKOiAa, siKa TeX €
JIHIHYATOI0, aje CYTTEBO BiApI3HIEThCS Bij IIHeKa. Bif-
MIHHICTb MOJISITAE HE TUIBKH Y TEOMETPUYHIN dhopmi, aje i
B TEXHOJIOTI] BUTOTOBJEHHs. SIKIIO MIHEK BUTOTOBJISIOTH
IITAMIIOBKOIO a00 MPOKATKO CMYTH i3 3HaAYHUMHU e o-
pMalisiMH 3aroTOBKH, TO PO3TOPTHUH TeNIKOiN MOXHA
BUTOTOBHUTH TIPOCTUM 3TMHAHHAM NIPH MIHIMYMi IIIacTH-
yHuX Aedopmariii. 3 TOYKK 30py Teopii IpH HYIHOBIN
TOBIIMHI 3aTOTOBKH IUIACTWYHI Aedopmarii npu ii 3ru-
HaHHI B3araii Oynu O BiICyTHI.

Po6ounit opran mns oOpoOITKy IPYHTY CKIaIaeTbCs
i3 CMyTH pO3rOpTHOI TBUHTOBOI IMOBEPXHI, y SKOT 30BHIIII-
Hs Kpaiika 3aroctpeHa i BUKOHYe (QYHKIIO je3a, a BHYT-
PIIIHS JKOPCTKO KPINHUTBHCS 10 PEITYacTOro IMIiHIpa.
PisHuns Mix paniycoM IBHHTOBOT JIiHIT Jie3a 1 nuiiHapa
BU3Hayae TMOMHY 00poOiTKy. PemriTuactuii muiiHap
3anobirae 3a0MBaHHIO MIKBUTKOBOTO MIPOCTOPY 1 OIHOYa-
CHO BHKOHYE JI0JJaTKOBY (PyHKILiI0 KOTKa. OpraH npaioe
MOJIOHO JI0 TUCKOBHX 3HAPSIb, TOOTO Mpodias 0Opodie-
HOTO TIOJIs1 Mae TpebeHi i BmaanHu. B MOMEHT KOHTakTy
Jie3a i3 MOBEPXHEIO TMOJS HasBHI KyTH, aHAJOTIUHI KyTam
aTaku i KpeHy A JUCKOBUX 3Hapsanb. KoHCTpyKTHBHI
rapameTpy, SIKUMH 3a0e3MedyloThCsl Ii KyTH, MOXHA
poO3paxyBaTy, BUXOJASYH 13 aHATITUYHOTO OIHKCY HOBEPX-
Hi.

Cexkuist, TO0TO GapabaH i3 BUTKOM T'BHHTOBOI pobo-
40i MMOBEpPXHi, PO3TAIOBYETHCS TaK, IO HOTO BiCh CKJa-
Jla€ TIeBHUH KyT i3 HAaIpsMOM pyxy arperary. Lle 3ymoB-
JIIO€ TIOSIBY KyTa aTakW 1 cuJl peakiii, siki 3MymytoTs Oa-
pabaH i3 moBepxHeto obeprarucs. Buxomsun i3 mBuakoc-
Ti pyXy arperary i BpaxoBYIOYH KyT aTakd, MOXHa 3Hai-
TH KyTOBY IIBUJKICTH 00epTaHHs cekiii. [laini ckiamaersb-
csi audepeHLiaNbHe PIBHAHHA PyXy YacTHHKH ITiCIS
BCTyIy ii Ha HOBEpPXHIO, sika o0OepTaeThes. Jndepenmia-
JbHE DPIBHSHHSA PO3MHCYETHCA B TNPOEKILIAX HA TPH OCi
HEpPYXOMOi CHUCTEMHU KOOpJuHAT. J[0 HROTO BXOIATH TPHU
HEBiJIOM1 3QJI)KHOCTI: J[BI 3MiHHI, IO OMHUCYIOTh TPAEK-
TOpif0 KOB3aHHS YAaCTHHKH II0 TOBEPXHI 1 CHJa peaxiii
moBepxHi. CHCTeMy pO3B’S3aHO YHCEIBHHM CHOCOOOM.

[ToGynoBaHO TpaeKTOpii BiTHOCHOTO i a0CONFOTHOTO PYXY
YaCTUHKU Ta rpadikd 3MiHU 11 BITHOCHOI i aOCONFOTHOL
MIBUIKOCTEH.

Kuaro4oBi coBa: po3ropTHHI TeNiKOim, TPYHTO0O-
poOHUMIT opraH, KyTOBa IIBHIKICTb, YACTHHKA, KOB3aHHS,
JudepeHIiaabHi pIBHSIHHS.

ITocTanoBKa npo0aemMu

i1 moBepXHEBOTO OOPOOITKY IPYHTY BHKOPHCTO-
BYIOTBCS AMCKOBiI poOoui opranu. Bin BimcTani Mixk Iuc-
KaMM, iX KOHCTPYKTMBHMMH IIapaMeTpaMH Ta KyTaMu
YCTaHOBKH 3aJICXKHUTH (hopMa Ipodirto 0OpoOIIeHOT cMyTH
IPYHTY Ta BHCOTa TpeOeHiB. JIMCK BCTaHOBIIOIOTH TaK,
00 MiX IDIOMIMHOKO PO3TATyBaHHS Jie3a (KpalKu JcKa)
1 HampsIMOM pyXy arperaTy OyB NMeBHHH KyT araku. Jlis
MOKpPAIIEeHHsI MepeMillyBaHHS JIUCK BIAXUISIFOTH 1€ 1 Bil
BEPTHKAJIBHOTO HAINpPSMy, TOMY KOXEH JAHMCK Ma€ iHIHBi-
JyajbHE KPIIUIEHHsI OCi o0epTaHHsA A0 pamu. SIKiio 3a-
CTOCYBaTH TBHHTOBY IOBEPXHIO, TO MOXXHa O4YiKyBaTH
aHaJIoTi4Hi pe3ynbTatd pobotu. OJHAK B [IbOMY BUIIAIKY
TBUHTOBY POOOYY MOBEPXHIO MOKHA KPIITUTH HA CIIiJIb-
HOMY Bally, moAiOHO Oarapei MUCKIB JymuibHUKa. Lle
CHpOIIy€e KOHCTPYKIIiI0 poO0YOro opraHa.

AHaJIi3 0CTAHHIX J0CJTiIKEeHb

JuckoBi IpyHTOOOPOOHI MAaIIMHHM, iX KOHCTPYKIi,
pobodi opraHM Ta PO3PaxyHOK OCHOBHHX MapaMeTpiB
BHUCBiTIEHO B MoHorpadisx [1-3]. TlpoekryBanHs i po3-
PaxyHOK JHMCKOBHUX IPYHTOOOPOOHMX 3HAPSAIb IPYHTOBHO
posrisiHyTO B mpani [4]. B mpaui [5] po3pobneHo anani-
TUYHY MOJIEJb YCTAHOBKH IPYHTOOOPOOHMX c(hepHIHMX
JIMICKIB JJIs1 BU3HAUCHHS TEOMETPUYHMX Ta TEXHOJIOTIYHUX
XapaKTepUCTUK. Y Mpaisix OUIbII BY3bKOTO CHPSIMYBaHHS
JIOCITIZKYIOTBCSL Pi3HI aCIEKTH TOKpAIIeHHs IKOCTi 00po-
OiTKy IpyHTY Takumu 3HapssamMu [6—8]. IlepcriexkTuBn
MOJAJIBLIOTO yIOCKOHANICHHS JWCKOBUX Ta IHIIMX IPYH-
TOOOPOOHKX 3HAPSAL PO3rIsAHYTO B mpari [9]. B mparsix
[10, 11] mocmimkeHO pyX YACTHHOK IPYHTY IO MOBEPXHI
JUCKOBHX pobounx opraHiB. Teopis KOHCTpYIOBaHHS
JMiHIHYaTUX TOBEPXOHb BUCBiTIeHe y mpati [14]. 3acro-
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CYBaHHS PO3TOPTHOTO TeJiKOifa ISl PO3paxyHKY i BUTO-
TOBJIEHHS POOOYUX €JIEMEHTIB PO3MIIAHYTO B mparsx [12,
13]. V [15] o6rpyHTOBaHA TIPAKTHYHA MOKIJIHBICTH 3aCTO-
CyBaHHSI TBUHTOBOT'O pO0O0OYOro Oprasy.

Meta gociigkeHb

P03po6uTn aHaNITHYHHNA OMUC PYXy YACTHHOK IPYH-
Ty 10 TOBEPXHI PO3rOPTHOrO TeNiKOiNa, SKUl B CKIAIL
I'PYHTOOOPOOHOTO arperaTy pyxaeTbcsi BIEpe[ 1 ofHOYa-
CHO 00epTaeThCss HABKOJIO TOPU3OHTAIIBLHOT OCI.

Pe3yabTaTh gocaigxeHb

TenikoinanbHUi pobounii opraH Ui TTOBEPXHEBOTO
00pOOITKY IPYHTY MPOIIOHYETHCS BUTOTOBIITH Y BUTIIAAIL
PO3TOPTHOTO TENIKOi/A.

Butku poOouoi MOBEpXHI TAaKOro OpraHy MOXKHA
OTpUMaTd 3TUHAHHSIM 1 pO3TATYBaHHSIM PO3TOPTKU Y
BUTJISII IJIOCKOTO KiJIbLISL B3JOBX OCI TelliKoiza.

OTprMaHa TakMM YMHOM IIOBEpXHs Oyje BiApi3HS-
THCS BiJl IHIIOI IIUPOKO BiOMOi TBHHTOBOI JiHii4YaTOl
MMOBEPXHI — TBUHTOBOTO KOHOifa (mrHeka). 1,0). SAxmo y
ITHEeKa TPSMOJIHIMHI TBIpHI MOBEPXHI MEPIICHANKYIAPHI
Horo oci, TO y pO3rOpTHOTO T'eJiKOiZla BOHN CKIIAAa0Th 13
BiCCIO IEBHHH KyT (puc. 1,a).

KoHcTpyKkTHBHIME mapameTpaMu poOodoi HOBEpXHi
€ pajiyc r BHYTPIUIHBOI KPOMKH, pajiyc R 30BHiIIHBOT
(pixy4oi) KpoMKkH, Kpok H, KyT Haxuimy mpsaMoJiHIHHHX
TBIpPHUX.

30BHILIHS 1 BHYTPIIIHSA KPOMKH € TBUHTOBUMH JIiHi-
sIMU 13 KyTamu migiiomy @R i ¢r. Kyt Haxuny ¢ npsmodi-
HIITHUX TBIPHUX IOBEPXHI BHU3HAYAETHCS KYTOM IiJiOMYy
TBHHTOBOI JIiHIi MiHIMAaTbHO MOXIHUBOTO pajiyca p, sKa
HOCHUTH Ha3By pebpa 3Bopory. Came HasBHICTH KyTa Ha-
XWUJTy TIPSIMOJIIHIMHUX TBIPHUX CIIPHSE 3aHYPEHHIO MOBEP-
XHi y TPYHT, SIKIIO ii BiCh PO3TAIIyBaTH TOPU30HTANBHO i
i1 KyToM B 10 HampsMmy, NepHeHANKYIIPHOMY HAIpsMy
V pyxy arperaty (puc. 1,0).

Ha ropusonTanbHiii npoekuii (puc. 1,0) nmoBepxHs
mokaszana 0e3 Baja, IMPUYOMY BICh MOBEPXHI 300pakeHa
Tak, 110 Ma€ HeBUIUMI nistHKY. Lle 3po0aeHo ajst Toro,
00 30pieHTYBATHCS, 1€ BEPXHIH, a 1€ HIKHIH BUTOK
MOBEPXHI. Y OfHIH i3 TOYOK HUKHBOTO BHTKA, IKY MOXHA
YSIBUTH, SIK TOYKY KOHTAaKTy PiKy4oi KpalKd i3 IpYHTOM,
MIOKa3aHo KyT aTakH y. [3 pucyHKa MOXHA 3armcaTi:

y=p+s, 1)

I'mubuna a oOpobiTKy IPYHTY € PI3HHIECIO padiycCiB:
a=R-r. 'mubunra 06poOKu a, BUCOTa rpeOeHiB ¢, BiCTaHb
Mk TpebeHsmu b 3amexaTh Biji KOHCTPYKTHBHHX Mapa-
METpiB MOBEPXHi 1 KyTa aTakH .

PesynbraT pob0OTH TaKOTO OpraHa € aHaJOTiYHUM pe-
3yJIbTaTy pPoOOTH IHUCKOBOTO poboyoro oprany. SIKmio
KOXKeH JHCK JIMCKOBOTO TPYHTOOOPOOHOTO arperary mot-
pedye yCTaHOBKM HOT0 Ha iHIUBIAyallbHil Oci i3 3a0e3re-
YEeHHSIM 33JaHUX KYyTiB aTakM 1 KPeHy Ul HPUMYCOBOTO
3aHypeHHs HOro y IPyHT, TO TBHHTOBa (opMa poboyoi
MOBEpXHI 3abe3neuye ii 3aHypeHHS y IPyHT OuTbII mpoc-
TUM KOHCTPYKTHBHMM BHKOHaHHSIM.

d
Puc.1. TIpadiuni imoctpamii g0  mTOBepxHi
pO3ropTHOr0  rejikoiga  pobGovoro  opraHy Uit

MTOBEPXHEBOTO 00POOITKY TPYHTY:

a) KOHCTPYKTHBHI  TapaMeTpu
BEPTHKAJIbHOIO BICCIO;

0) ¢poHTaTbHA 1 TOPU30HTATIbHA MPOCKIT MOBEPXHI
reikoifa i3 TOPU30HTAILHOIO BICCIO, CIPSIMOBAHOI IIij
KyTOM f3.

Fig. 1. Graphic illustrations to the surface of the
developable helicoid of the working body for surface
tillage:

a) design parameters of the surface with a vertical
axis;

b) frontal and horizontal projections of the surface of
the helicoid with a horizontal axis directed at an angle 4.

MOBEpXHI 13

[TapameTpuyHi PiBHSHHA PO3TOPTHOTO TENIKOima 3
TOPU30HTAILHOIO BICCIO OOepTaHHsS, MapajelbHOK OCi
OX, MaloTh HACTYITHUI BUTJISLI:

X =ha-using;
Y = psina —ucospcosa; @)
Z =pcosa+Uucosesina,
Jie a, U — 3MIiHHI TapaMeTpH TOBEPXHi, IPHUOMY & — KYT
MIOBOPOTY TOYKM HAaBKOJO OCI IMOBEPXHI HpH ii pyci a0

MOTOYHOI TOYKH Ha I'BUHTOBIH JIiHII, sIKa po3TalIoBaHa Ha
ITHAPI pajiyca p; U — JOBXKNHA MPSIMOJIHIHHOT TBIpHOT
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BIJl TOTOYHOI TOYKHA HA TBHHTOBIH JiHII 0 TOYKHA HA IO-
BEpXHi,

h — crana BenuuwmHa (TBHHTOBHI Mapamerp), uepes
SIKOTO BU3HAYAETHCS KPOK MOBepXHi — H=27h;

@ — KyT HaXWIy IPAMOJIHIMHUX TBIpHHUX TeJiKoina,
SKAM MOXHA 3HAWTH duepe3 crami BenwduHH h 1 p:
cosp=p / /p? +h? . Buxonsum i3 mi€i 3amexHOCTi piBHSH-
HA (2) 3amummemMo y OLTbI KOMIAKTHOMY BUTJISIII:

X = (Aa - u)sin Q;
Y = (Asina —ucosa)cos ; 3)
Z =(Acosa +usina)cos g,

ne ctana A=

p®+h?.

Puc. 2. I'padiuni imoctpamii 10 po3KiIagaHHI
IIBUJAKOCTI V), YaCTHHKH, sIKa BCTYIAa€ Ha IOBEPXHIO
reaikoiga, Ha ckiaagosi Vi 1 Vi

a) TeJTIKOI/ TIOBEPHYTO Ha KYT f3;
0) remikoix pa3oM i3 BEKTOpaMH IIOBEpHYTO B
3BOPOTHOMY MPSAKY Ha KyT (—f)

Fig. 2. Graphic illustrations for the decomposition of
the velocity V, of a particle entering the surface of a
helicoid into components V; and Vi:

a) the helicoid is rotated by the angle g;
b) the helicoid together with the vectors is rotated
in the reverse strand by the angle (-5)

B cuy oOMexxeHoro obcary cTarTi BilOMOCTI PO
MMOBEPXHIO PO3TOPTHOTO TeNiKoina € ctucaumu. Jis mo-
JIATBIIIOT0 BUKJIAAY MaTepialy BaXXJIMBHMH € IapaMeTpH-
9Hi piBHAHHEA (3) Hi€l MOBEPXHI.

PosrisHeMo mie pa3 MOBEpXHIO PoOOYOro Oprasy,
MOBEPHYTY IIiJ KyTOM aTaku y=f+@r BITHOCHO HAIPSAMKY
pyxy arperaty Va (puc. 2,a). i HuKkHS yacTHHA B MeKax
rmubuHN 00poOiTKy a Oyne 3HaxomuTucs B IpyHTi. Ha
TOPU3OHTAJIbHIN MPOEKIIi 1 YaCTUHA MOBEPXHI 0OMexe-
Ha NPSIMUMH, TapajeilbHUMH OCi, 1 300pa)keHa IITPUXO-
BUMHM JiHiAMHU. HaliHmkya Touka A moBepxHi (pikydol
KpaliKn) Ma€e KOHTaKT i3 IpyHTOM Ha JHi 60opo3Hu. Touka
B xpaiikn Mae KOHTakT i3 IPYHTOM Ha ITOBEPXHi ITOJI.
SIkmio arperat pyxa€eTbes i3 MBHAKICTIO Va, TO 13 TAKOIO XK
MIBUIKICTIO V, YacTHHKAa TPYHTY BCTyHae Ha pobody
MOBEPXHIO TeNikoifa. Lfo mBHUAKICTE MOXHA PO3KIACTH
Ha  [Bi  B3aEMHO  TNEPHCHIUKYJSPHI  CKIIAIOBi:
V=V, cos(B+gr) 1 Va=Vpsin(f+er). Kyt ataku y=F+pr
IUIA Teaikoifa € 3MIHHUM 1 3aJ1€)KHUM BiJ INIMOMHU MOJIO-
JKEHHSI TOYKHM PiXydol Kpaliku B TpyHTi. Lle 3ymoBieHO
3MIHHMM 3HAa4YC€HHSIM KyTa @r. MexXi 3MiHH LbOTO KyTa €
BIZITHOCHO HE3HAYHHUMHU @R...¢r (pUc. 1,a), TOMy MU IpHii-
MEMO HOro CTaluM 1 piBHUM B HaWHIDKYIN TOYLI PixKy4ol
kpaiiku: pr=arctg(h/R)=arctg(Asing/R).

Jlnst cpomieHHsl po3paxyHKiB MU TeJIKOiZ HE MOBe-
pTaTIMEMO Ha KyT f, sIK IMOKa3aHO Ha puc. 1,0, a BBaXka-
TUMEMO, II[0 Ha HBOTO HACYBAETHCS IPYHT i3 HMIBUAKICTIO
V, pu =0 (puc. 2,6). Taka MozmeIb JO3BOJIUTH CIIPOIIE-
HO OIMCATH MOBEPXHIO rellikoiga 6€3 moBopoTy ioro Ha
KyT S, 3aMIHMBIIN MTOBOPOT TeJIiKOifa Ha MOBOPOT BEKTO-
pa IWBHUIKOCTI arperaty. [HIIMMU clIOBaMH, TeNiKoin pa-
30M 13 [O3HAUYEHUMH BEKTOpaMu (pHC. 2,a) MOBEPHEMO B
3BOPOTHY CTOpOHY Ha KyT (—f). Lle mae MOXJIUBICTh BU-
KOPHUCTOBYBATH MapamMeTpuyHi piBHsHHS (3) rejikoina, He
YCKJIQJTHFOOUYH X TOBOPOTOM Ha KYT f.

3 momnepeyHoIo NIBHAKICTIO Vi, YacTHHKA BCTyIae Ha
MOBEPXHIO TEJiKoima, a BiJ MO3MOBXKHBOI Vi 3aJeKUTH
KyTOBa HIBHJKICTH Horo obepraHHsa. bynemo BuxoanTH i3
YMOBH, IO PiXyda KpaiKa TeJiKoifa NMepeKoYyeThCs 0
JIHYy OOpO3HM B HampsiMi pyXxy arperaty 0e3 KOB3aHHS,
TOMY 3 IEBHUM JIONYIIEHHAM MOkHa 3anmcatu Vi=Rw, ne
@ — KyTOBa HIBHJKICTh 0OepTaHHs renikoina. Llei Bupas
HE € TOYHHUM, OCKUIBKHM PIXKYYOH KpaiKol € IBHHTOBA
JIHISL, a HEe KOJI0, ajie OyeMO BBaXKaTH, 1[0 BiH MPHHHAT-
HU /11l IPAaKTHKH. 3BIICH 3HAXOMMO ('

0=V,-Cos(f+pr)/R=
=V,-cos[p+arctg(Asing/R)]/R. 4)

Benmuuny nomepedHoi mBHAKOCTI Vi, Tak K 1 KyTO-
BY IIBUJKICTh @ 0OepTaHHs relikoina, 0y/IeMo BpaxoBy-
BaTH TIPH YHCEJILHOMY IHTErpyBaHHI JuepeHmianbHIX
PIBHSIHB BITHOCHOTO PyXY YaCTHHKH IO HOT0 HOBEPXHI.

SIkuio He3ayeXxHI 3MiHHI MOBEPXHi U 1 o 3po0OHTH 3a-
JIe)KHUMHM OJTHA BiJ OJJHO1, TO Ha TIOBEPXHI reiikoina Oyme
omnrcaHa JiHis. bygemMo BBakaTH, MO Taka 3aJIeKHICTh
BCTaHOBJICHA Yepe3 iHITy 3MiHHY t — 9ac KOB3aHHS YacTH-
HKM TI0 TIOBEepXHi reinikoina. Toxi BHYTpIIIHE piBHSIHHA
BiTHOCHOI TPAEKTOPii YACTHHKH ONMIIETHCS 3aTEKHOCTS-
mu: U=U(t) | a=a(t). Li 3ameskHOCTI MOTPIOHO PO3IIYKATH.
PiBustHHS (3) € pIBHAHHSAMM HOBEpPXHI, aje IpH BCTaHOB-
neHHi 3anexHocTed U=U(t) i a=a(t) BoHH nepeTBOpIO-
I0TbCsl y PIBHSHHA JiHIi Ha moBepxHi. [1lo0 BinpizHUTH
PIBHSIHHSI TIOBEPXHi Bijl pIBHAHb KPHUBOI Ha Hilf, y piBHSH-
HSIX TIOBEpXHi Oy/1eMO pOOHUTH MO3HAYEHHS «X», «Y», «Z»
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MIPONMCHUMHU JIITEpaMH, a y PiBHAHHAX JIHII — CTPOYHH-
mu. IIpu 3anexsoctax U=U(t) i a=a(t) (moku mo HeBimo-
MUX) piBHAHHA (3) ONMIIYTh HAa TOBEPXHI TPAEKTOPIO
BiTHOCHOTO PyXy YacCTHHKH. 30KpeMa, mpu U=Cconst, Ha
MTOBEPXHI TeiKkoiga Oy/e omrcana TBUHTOBA JIiHis. Pasmiyc
mumieapa R, Ha SKOMy BOHA pO3TaIllOBaHa, MOXHA 3HANTH
ITiIHECEHHSM JI0 KBapaTy OCTaHHIX ABOX piBHSHB (3):

R2=\¥2+2% =(A’+uf cos’p. (5)

3 Bupasy (5) MoXHA 3HANTH 3HAYeHHS U=CONSt mpu
3amaHoMy pamiyci R:

e R* — A’cos’ @ _

cos ¢ _ ©)
B \/RZ —(p2 + hz)c:os2 )

cos ¢

Byno B3sTO HACTYIHI KOHCTPYKTHBHI TApaMETPH Te-
mikoiga: R=0,25 m, r=0,15 m (rmubuna 06poOITKy IPYHTY
a=0,1 m). [1ns 3a0e3ne4eHHs IPUHHATHUX 3HaYE€Hb BHCO-
TH TpebeHiB ¢, Bincrani Mixk rpebensmu b, Gymo mpuiiHs-
TO pelmTy KOHCTPYKTHBHUX HapameTpiB: p=0,0721,
h=0,0416, ¢=30°. Jnsa mux manmx 3a dopmynoro (6)
3HaxouMo 3Ha4eHHs U: U=0,276. Sk y dopmyny (6)
3aMicTh R migcTaBUTHM 3HA4YCHHA [, TO OTPHMAEMO:
u=0,152. Takum 9mHOM, AT MOOYAOBH TediKoiga i3 00-
MEXXYBaJIbHUMHU 30BHILIHBOI 1 BHYTPIIIHHOIO TBUHTOBU-
MU JIHISIMH He3aJeXKHa 3MiHHA MOBHHHA 3MIHIOBATUCS B
Mexax U=0,152...0,276. Jlpyra He3aJie)kHa 3MiHHA — KYT
0. — JUIsl OJTHOTO BUTKA 3MIHIOETHCS B Mexkax a=0...27.

JudepenuitoBanssmM (3) mo yacy t oTpuMaeMo mnpoe-
KIIii BiZTHOCHOT IIBUAKOCTI KOB3aHHS YaCTHHKH IO MOBEP-
XHI renikoina:

X' =(Aa’ —u')sin p;
=[a'(usine + Acosa)—u' cos ]cos p; (7)
=[a'(ucosa — Asin )+ u'sin a]cos .

BenuunHy BiTHOCHOT NIBHAKOCTI OTPUMAEMO i3 reo-

METPUYHOI CyMH CKJIaJ0BHX (7):

V — X/2+y/2+zf2 —

—\/Aa ? +u’a'? cos® ¢

BHacniok KOHTakTy po6oq01 MOBEPXHI reyikoina i3
TPYHTOM BiH 00€pPTAETHCSI HABKOJIO OCI 3 KyTOBOIO IIBUJI-
KICTIO @ 3TigHO (4), BeJIMYWHA KO 3aJeKUTh BiJl IIBHI-
KocTi pyxy arperata V,=V,. 3a 4ac t moBepxHs remikoina
(3) moBepHeThCS Ha KYT yw=w 1. 3acTocyBaBmu (GOpMyIH
TIOBOPOTY, 3aIHIIEMO TapaMEeTPHYHI PIBHSIHHS T'eliKoiza,
SIKI ONHMCYIOTh HOTO MOJIOKEHHS IICIISl OBOPOTY Ha KyT
y=ow-t

(8)

X =(Aa—u)sing;

Y =(Asina —ucosa)cospcosy —

—(Acosa +usina)cospsiny ; ©9)
Z = (Asina —ucosa)cos psiny +

+(Acosa +usina)cospcosy .

Micns mipcranoBku y (9) w=w+t i crnpomeHs mu
OTpUMAa€EMO DIBHSIHHS JIiHIT HA ITOBEPXHI rejikoina, siKa €
aOCOJIIOTHOIO TPAEKTOPIEI0 PyXy YAaCTHHKH, TOMY IIepe-
XO/IUMO JI0 CTPOYHUX JIITEP:

x =[Aa -ulsing;
y = —[Asin(at — )+ ucos(at — a)|cos ¢;
z =[Acos(at — &) usin(at — & )|cos .

Jdudepennianbae piBHSIHHA PyXy YaCTHHKH II0 TIO-

(10)

BEpXHi reyikoina ckiageMo y Burisa mw=Fi, ge m —

Maca yacTHHKH, W - BEKTOp aOCOIFOTHOTO MPUCKOPEHHS,
F - piBHOZIIHMI BEeKTOp MPUKIAJCHUX 10 YACTUHKHU CHIL.
Takumu  cwiamu € CWla  Bard  YaCTHHKHU
mg (9=9,81 m/c?), peaxnis N moBepxmi i cuma Tep-

11 fN , sKa uMHUTL omip KOB3aHHIO YACTMHKM TI0 TOBEP-
xHi renikoina (f — koedinient Tepts). HaBenene BekropHe
PIBHSHHS PO3NHIIEMO B IPOEKIIAX HAa OCi KOOPAWHAT, B
pe3yIbTATI YOTO OTPHIMAEMO CHCTEMY i3 TPHOX TU(epeH-
[iaIbHUX PiBHSHB.

AOCONIOTHE PUCKOPEHHSI YaCTHHKU OTPUMAEMO I10-
CIITOBHUM TU(PEPCHINIOBAHHAM PIBHSAHb a0COJIOTHOL
tpaexropii (10) no yacy t. [lepia noxinHa piBHsHb (10),
TOOTO BEKTOp aOCOJIOTHOI IIBUIKOCTI YACTHHKH, MA€
BUT'JIAN:

X' =(Aa’ —u")sin @;

L U+ Al@—a'))cos(at — a) - RN
y_{—u(a)—a')sm(a)t ) }COS(p’
. U+ Al@—a"))sin(at —a)+ c0s0.

+U(w - ') cos(at — a)

Hudepenuitoemo Bupasu (11) i oTpuMyeMO BEKTOp
a0COJIFOTHOTO TPHCKOPEHHS B MPOEKIIAX Ha OCl KOOPIH-
HaT:

X" =(Aa"—u")sin ;

y' = (Aa” —u"+u(w-a')’ )cos(cot —a)cosp+

+ (A(a)— a') +2'(w-a')- ua”)sin(a)t —a)cosg; (12)

"= (Aa" —u"+u(w-a’)’ )Sin(a)t —a)COS(p—

—(A(co—o:’)2 +2u'(w—a') —ua")cos(a)t —a)COS(p.
Cuna Baru mg CIIpsAIMOBaHa BHU3, OTKE HpOGKHi.I. Ha-

NpsAMHOI0 OAWHUYHOI'O BCKTOpa Ha OPTHU TpUI'PAaHHHKA
3alUIITYTBCA:

{o; o -1} (13)

Peakuist N moBepxHi cpsiMoBaHa 1o HOpMalli 10 Hel

1 BH3HAYa€ThCS i3 BEKTOPHOI'O MOOYTKY ABOX BEKTOPIB,

JMOTUYHUX IO KOOPOUHATHHUX JiHiA moBepxHi. [Ipoekis-
MU [IAX BEKTOPIB € YAaCTHHHI MTOXiAHI PiBHSHB (3):

— =-sSing; %—Asin ;
au 4 Ep ?

usina +
g:—cowcosa; ﬂ= CoS @; (14)
ou a \+Acosa

%zcowsin a; =(ucosa — Acosa).

ou oa
[Ticna BexTOpHOTO MHOXEHHSA BekTOpiB (14) 1 mpu-
BE/ICHHS OTPUMAHOTO BEKTOPA /10 OJMHUYHOTO MPOEKIii
BEKTOpa HOpMaJIi 10 TIOBEPXHi 3aIUIIyThCS:
{—COSgo; sinpcosa; —sin(psina}. (15)
Crnin 3ayBaXWTH, II0 OAWHUYHUN BEKTOp HOpMAai
MOXe OyTH CIpSIMOBaHUH K B O/IHY, TaK 1 y IPOTHIICKHY
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CTOpPOHY BiJl TOUKH HA TOBEpXHi. TOMy MOTPIOHO CTEXH-
T, MO0 WOro HampsM 30iraBcs i3 HAmpPsSAMOM peakilii
MTOBEpPXHI HA YACTUHKY B TOYII i BCTYIy Ha IOBEPXHIO.
Kpim TOro, ommamuHmit Bektop (15) oTpumaHmid it
HEPYXOMOI TOBEepXHi. AJle caMa MOBEPXHS 00epTaeThes,
TOOTO TOBEPTA€ThCS Ha KyT Ww=w-t. s y3Tro/pKeHHS
HanpsiMy OJMHWYHOTO Bektopa (15) 3 Hanpsimom mii iH-
IIMX CHJI, IIO JIIOTh Ha YaCTHMHKY B HMOTOYHUH MOMEHT
yacy t, #ioro Tex NoTpiOHO MOBEPHYTH HA KYT W=@- aHa-
JIOTIYHO MOBOPOTY MOBepxHi (9):
{~ cos ¢;sin g cos(wt — a);sin psin(wt — ) }. (16)
Cuna tepts fN — crpsiMoBaHa B CTOpOHY, IPOTHIIE-

JKHY BITHOCHIN IIBUIKOCTI Vi KOB3aHHS YaCTHHKH, TOOTO
10 TOTWYHIN 710 BimHOCHOI TpaekTopii. [Ipoexii oguand-
HOTO BEKTOpa, B3JIOBX SKOrO CIPSIMOBAaHA IIBHIKICTH
KOB3aHHs YaCTHUHKH, BU3HAYAETHCSA NUICHHAM CKJIAIOBHX
mBuakocTi (7) Ha il Moxynb (8) 3 HACTYITHHM ITOBOPOTOM
Ha KyT ¢=ct B CHIly 3a3HAUYEHHX BHUIIE PUIHH:

(Aa'—u')
J(Aa' —u'} +uta cos? o
_ua'sin(at —a)+ (u' - Aa')cos(at - @)
J(Aa' —u'Y +u2a? cos? ¢
ua' cos(ot —a)—(u' - Aa')sin(ot — )
\/(Aa' —u')’ +u’a'? cos?
Hanpsmu nii cun Barm mg, peakmii moBepxHi N i cu-
mu teprsa fN 3amatotbes omuuHuuHMMHU BekTopamu (13),

sing;

(17)

Cos @;

cos @

(16) i (17). Po3mumeMo BEeKTOpHE PiBHAHHA MW= F B
MPOEKILISAX Ha OCi CUCTEMU KOOPJHMHAT, B3SBLIN JI0 yBarH,
mo cuita Tepts fN cnpsMoBaHa B3XOBXK OJMHHYHOTO BEK-
Topa (17) B mpOTHIIEXKHY 710 HBOT'O CTOPOHY:
mx" = —-N cos¢ —
(A’ —u’)
\/(Aa’— u')? +ua'?cos’
my” = Nsingcosa —
ua'sin(et — )+ (U’ - Aa')cos(wt — )
\/(Aa’ —u'f +ua'?cos? ¢
mz" = —mg + N sin psin(et — o) -
ua’cos(wt —a)—(u' - Aa')sin(wt — o)
\/(Aa’ —u')* +ula'? cos? ¢
[incraBumo y (18) Bupasm apyrux moxigaux i3 (12)
1 po3B’spkeMo cucteMy (18) BiZHOCHO IPyrux IMOXiJHUX
HeBizomMux QyHkuii u=u(t) i a= a(t), a Takox N=N(t).
[Ticis cripouieHb OTPUMAEMO:
o' (2u'+ A(@-a"))(@—a')cosp — g cos(wt —a)
ucosg

- fN sin g;

(18)

- fN Cos@;

- fN CoS .

u(w—a')? cos g + g sin(wt — )

—fa'sing R
(A’ —u')* +u?a'? cos? ¢

u(w—a’)? cos g + g sin(wt —a)+

u”=gcosegsin(wt —a)— fu'sin
goossin( ) ’ J(Aa' —u'Y +u?a’? cos?

Bupasu (19) noTpiOHO poO3TiIsaaTh SIK CUCTEMY JABOX
MePIINX PiBHSIHD. TpeTe PiBHSHHSA — PEAKIlisl IOBEPXHI —
CTa€ BIIOMHUM ITiCIISI PO3B’SA3aHHS CHCTEMH JBOX ITEPIIIX
piBHsAHB. [i TOTPi6HO PO3B’A3yBaTH YMCETPHUMH METO/A-
MH.

Cucrema mepmux nBox piBHIHb (19) Oyma
pO3B’si3aHa YHCENPHUMH METOJaMH B CEpemOBHII «Sim-
ulink» mporpamuoro npoaykry «MatLaby. Bymno npuiins-
TO YMOBY, 11O I'€JKOil, KOHCTPYKTUBHI MapaMeTpHu SKOTO
HaBeJICHI paHille, pyXaeTbes 13 MBHUIKICTIO Va=9 xm/200
(Va=Vp=2,5 mlc). Kyt ycranoBku f=40°, xoediuieHT
teprs  f=0,3. Ha ocHOBi 1BOTO  3HAXOJUMO:
Vi=Vpcos(B+er)=1,62 m/c; Va=Vpsin(B+er)=1,9 m/c.
Orxe, 0=VyR=6,5 c*.

[TouaTkOBI yMOBH iHTErpyBaHHS BHOHPAIOTHCS BHU-
XOJSUW 13 TOTO, B SIKI TOYI PiXKy4Oi KpailKu 4acTHHKA
BCTYIa€ Ha MOBEpXHIO. Llf0 TOUKy MOXHA BHOWpATH B
Me)kax TJIMOWHW a 3aHYpeHHS IOBEPXHI y IPYHT i BOHA
3aJ1a€ThCSl IOYATKOBUMH KOOpAWHATAMHU U, 1 ato. Jist pi-
Ky4oi Kpaku U,=0,276 m. JJis 3HAXOMKEHHS 3HAYSHHS
3MIHHOI ¢, TOTPIOHO BIZHOCHO HEi PO3B’SI3aTH OCTaHHE
piBHsHHSA (3):

Az + u\/(A2 + uz)cos2 p-1°
(A% +u?)cos? @

[ToBepxHi Mo BiamoBimae 3HadeHHA Z=-0,15 m, a
nmHy Oopo3an — z=-0,25 m. IlizcTaHOBKa IWX 3HAYCHB Y
dopmyny (20) mae a,=-0,94 i a,=-1,83. OTxe, moyaTkoBe
3Ha4YeHHs U, IpH iHTErpyBaHHi Oyne U,=0,276 m, a moda-
TKOBE 3HA4YCHHS 0, OyJe 3alexaTH BiJ TJIMOMHU 3HAXO-
JUKEHHSI TOYKHM pKy4oi Kpaiku y rpyHTi. s noBepxHi
IpyHTy @,=-0,94, s nHa Gopo3uu a,=-1,83. Inmi 3Ha-
YEHHS @, 13 JaHOTO NPOMDKKY BiANOBIIATUMYTh NEBHIiH
rIMOMHI 3HAXOJPKEHHSI TOYKHW PKY4Oi KpalKH y IPYHTI.
Bubnparoun mapameTp o, i3 3a3HaYCHUX MEX, MH BHOU-
paeMo TOYKY Ha Jie3i Ha pi3Hiil IMnOWHI 3aHyPECHHS.

[TouaTKkOBHM 3HAYEHHSM MEPIIUX MOXiMHUX U,' 1 o’
BU3HAYAETHCS HAIIPAM BCTYIy YACTHMHKH HA IIOBEPXHIO
reJikoiaa.

INoximHa a,’ 03Ha4yae KyTOBY LIBHIKICTh KOB3aHHS
YaCTMHKM B MOMEHT ii BCTymy Ha Jje3o. SIkOu resmikoin
o0epTaBcsi, a YaCTUHKA 3aJIMINaiacs Ha MiCIi, TO INBUI-
KiCTh KOB3aHHS IO Jjie3y Oyja 0 CTalor, MPOTUIICKHOIO
HanpsiMy oOepTaHHs TeliKoina i piBHOIO o,'=-w. OnHak
e BiZI0YBa€ThCS TIIBKM HA MOMEHT BCTYIy YaCTHHKH Ha
7e30, a Jiajli YaCTHUHKA 3aXOIUIIOEThCS MOBEPXHEI0, pyXa-
€TBCS TI0 Hil 1 KyTOBa HIBHIKICTH KOB3aHHS 3MEHIIYETH-
csl.

(20)

a, = —Arccos

[MoximHa U," 03Hauae NiHIHHY MIBHAKICTH PyXy 4ac-
THUHKH TI0 TTOBEPXHI B3JIOBXK KOOPJIMHATHOI JiHII (TIpsiMO-
niHilHOT TBipHOI) U. JliHilHA mBHAKICTH U, B3OOBX Npsi-
MOJIIHIHOT TBIpHOT TOBEPXHI 3aJIC)KUTH Bifl CKIATOBOI Vi,
ska B HaumioMy Bunaaky piBHa 1,9 m/c. OpHak Hampsm
ckianoBoi Vy He 30iraeThes i3 HaIPAMOM IPSIMOJTiHIHHOT
TBipHOI. KpiM TOTO, Ipn obepTaHHi Temikoima BHHHUKAE
CKJIQJI0Ba MIBUAKOCTI MEPEMIIIEHHs HOTO0 TOYOK B3JIOBXK
oci obepranHsi. YacTHHKa IIOCTyIae Ha TIOBEPXHIO i3
MIBUIKICTIO Vy 1 JOAaTKOBO MOBEPXHS BHACHIZIOK 00ep-

N 2AU (@ — ') cos ¢ — Ag cos(Wt — &)+ (@ — oc’)z(A2 +u?cos? (p)COS(/)IaHHH «HADKIDKae» HA YACTHHKY. 3 OIJIIIy Ha IIe, 3a IO-

ucos

N :msinga[u(w—a')zcos<p+ gsin(wt—a)] .(19)

YATKOBE 3HAYEHHS U,’ MU MPHUIMEMO 3HaueHHs U,"=V,=-
1,9 m/c (3Hak «MiHyC» O3Hayae, IO YACTUHKA PyXaeThCs
B3JIOBXK NPSIMOJIIHIHHOT TBIPHOT MOBEPXHI B MPOTHIICKHY
CTOpOHY ii BIAJIKY), @ TMOTIM JOCTIIUMO 3aKOHOMIPHICTb
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KOB3aHHS YaCTUHKH TIpH 301JbIICHHI IIbOTO 3HaUYeHHs. Ha
puc. 3 HaBeIeHI TpaeKTOpii pyXy YacTHHKH 3a pe3yJbTa-
TaMH YHCEIBHOTO IHTETpYBaHHA AW(EpeHIiabHUX piB-
HaHB (19).

Puc. 3. BigHocHa Ta abCoJIOTHA TPAEKTOpIi pyXy
YaCTHUHKHU:
a) TBUHTOBA MOBEPXHS, BICh SIKOT MPOEKLIIOETHCS B
TOYKY;
0) WBHIKICTE BCTYIYy 4YaCTHHKH Ha IOBEPXHIO
30uIBIIeHa O U,'=-2,5 m/c
Fig. 3. Relative and absolute trajectories of the
particle:
a) screw surface, the axis of which is projected into
a point;
b) the velocity of the particle entering the surface is
increased to u,’=-2,5 m/s

Ha puc. 3,a rBuHTOBa MOBEpXHS 300pakeHa TaKUM
YHHOM, IO i BiCh NMPOEKIIIOEThCS B TOUKY. TpaekTopii
KOB3aHHS MOOYJOBaHI MpH BCTYymi YacTHHKH Ha
MIOBEPXHIO B TPHhOX TOYKAX: HA MOBEPXHI IOJS, Ha JHI
00opo3HH 1 B mpoMiKHIA Touli. CyIUTBHOK IHIEIO
300paXeHO PyX OKpeMOi YaCTHHKH I'PYHTY 0e3 B3aeMonil
13 iHmmMu. OJTHaK B peajbHOMY Hpolieci BinOyBaeThes il
B3a€EMOJis 13 IHOIMMH 4YacTHHKaMH. [CHYIOTH cuimn
MANOPY CYMDKHMX  YacTHHOK, SIKI HPUMYIIYIOTh
YaCTHHKY PYyXaTHCs N0 NOBEpXHi. MOXXHa NPUIYCTUTH,
IO CUJIa MIANOPY J0JIa€ CHITy TePTs 1 B TAKOMY BHUIAJAKY
MOXHA TPUHHATH KoedirieHT Teprss f piBHMM HyIeBi.
[tprxoBoro miHi€I0 300pa)keHi BiTHOCHI TpaEeKTOPii
gacturok mpu f=0. [ Buano i3 puc. 2,a, pi3HANIA MiX
TPAEKTOPISAMU HECYTTEBA.

Heszane)xxHo Bi TOYKM BCTYNy YacTHHKHM Ha
MMOBEPXHIO, BOHA KOB3a€ IO Hii, HAONMKAIOYHCH IPH
IIFOMY J0 BHYTPIIIHBOI mepudepii moBepxHi, TOOTO IO
IITIHAPUYHOTO BaJa.

[Ipu 30UTBIIEHHI MIBUAKOCTI pyXy arperary Ie
HaOmKeHHs 3pocTtae. Hanpukmaz, Ha puc. 3,0 IIBUAKICTD
BCTYIy YaCTHHKHM Ha MOBEpXHIO 30inblmny Big U,'=-1,9
m/c 110 U,"=-2,5 m/c.

Tpaekropiss koB3aHHs Onwxdye HaOmM3MIacs 10
T HAPUYHOTO BaJa.

I'BuHTOBa mOBEpXHS 300pakeHa HAIIBIPO30POIO,
JUIS TOTO, 1100 OYJI0 BUIHO a0CONIOTHY TPAEKTOPIIO PYXY
YaCTHUHKH, fKa 300pakeHa MTPUXOBOIO JiHie0. Crpasa B
TOMY, III0 BOHA HE JISKUTH Ha IMOBEPXHI 1 pO3TalIoBaHa 3a
il TUJIBHOIO CTOPOHOIO.

[1ig gac KOB3aHHS 110 OBEPXHI YaCTHHKA TOJTATKOBO
BiKMTAa€ThCSA HAa3aJ 3a PaXyHOK ii OBOPOTY.

Cyma mHX J[ABOX pyXiB VYTBOPIOE aOCONIOTHY
TpaexTopito. TakMM YNHOM, YACTHHKY I'PYHTY Ha MOYaTKY
pPyXy HiJl 4ac KOB3aHHS IO TOBEPXHI HAOIMKAIOTHCS 110
LIJIIHAPUYHOTO Baja. SIKIIO J1e30 3HAXOJUTHCS B TPYHTI,
TO HYDKHI YaCTUHKHM THCHYTh Ha BEPXHI 1 LUJIIHIPUYHHHA
BaJI CTa€ MEPETIOHOI0 IS iX PyXY.

B obmacti mpuMuKaHHS TBHHTOBOI IIOBEPXHI 10 Bajia
BimOyBaTHMeThcsl 3anumaHHs TpyHTY. Llod6 mpomy

3amo0irTy, Baj Mae OyTH perritdactuM (puc. 4).

Puc. 4. Burmsin cnepeny Ha TeIiKOi[ i3 penriTyacTuM
BaJIOM, ITPOEKIIi1 IKOT0 300pakeHo Ha puc. 1,0.

Fig. 4. Front view of a helicoid with a lattice shaft,
the projections of which are shown in Fig. 1,b.

Pewrituactuit Ban Oyne J0AaTKOBO BHKOHYBAaTH
(yHKIIIIO KOTKa.

Ha puc. 5 1o0ynoBaHO KiHeMaTH4Hi
XapaKTepUCTUKH pyXy UYacTHHKH, $Ka BCTyHmae Ha
MOBEPXHIO TENIKOia y BEpXHIH TOYIi, TOOTO Ha piBHI
mons (puc. 3,a). CyinbHUMHE JIiHIAME 300paKeHO KPHUBI
g f=0,3, a mruxosumu — s f=0.

Ha puc. 5,a mokazaHo rpadik 3MiHM KyTOBOI
MIBUAKOCTI KOB3aHHS YaCTHHKHU TIO TIOBEPXHi, a Ha pHC.
5,6 — BiZHOCHY 1 aOCOJIIOTHY HIBHIKOCTI PyXy YaCTHHKHU
BimnocHy Bu3Havanu 3a ¢opmyoro (8), a aOCOMIOTHY —
SIK TEOMETPUYHY CyMy ckiamoBux (11).

XapakTepHuM Uil pPyXy YacTHHKH € Te, 0 Ha rmova-
TKy, TOOTO 3 MOMEHTY BCTYIly Ha IOBEPXHIO, HaBEICHI
XapaKTEpPUCTHKH 3MEHIIYIOThCS, a IIOTIM IOYHHAIOTh
3poctatd. Bonu BinoOpaxaroTe mpomixok dacy (t=0,11
€) 3 MOMEHTY BCTYITy YaCTHHKH Ha MTOBEPXHIO JI0 11 CXOIy
13 TIOBEpXHi.



PYX YACTUHKU I'PYHTY T10 TTOBEPXHI PO3TOPTHOI'O I'EJIIKOIJIA ... 73

257 -

15 f €
0 002 004 006 008 0.1
0
Puc. 5. I'padikn  3MiHM  KiHEMaTH4HUX

xapakTepuctuk gactuaku npu f=0,3 (cyminema) i f=0
(mTpuxoBa) JiHIT:
a) KyTOBOT IIBUAKOCTI KOB3aHHS YaCTHHKU;
0) BiIHOCHOI 1 a0COFOTHOT IIBHUJIKOCTEH
Fig. 5. Graphs of changes in the kinematic
characteristics of the particle at f=0,3 (solid) and f=0
(dashed) lines:
a) the angular velocity of the particle;
b) relative and absolute velocities

BucnoBxku

1. TloOynoBaHO MareMaTHYHy MOJIENIb PyXy YaCTHH-
KM TPYHTY IO TBUHTOBi po0odiii MoBepxHi IPyHTOOOpO-
OHOTO Oprany, SIKHA 00E€pPTAETHCS HABKOJO TOPU30HTAIb-
HOi oci. 'BUHTOBOIO MOBEPXHEIO € PO3TOPTHUIL I'eTIKOI.

2. Pyx ne3a rBHHTOBOI IIOBEpPXHi IiJl KyTOM aTakH I10
BIZIHOILICHHIO 10 HANPSMY PyXy arperaTty 3aMiHEHO Moja-
Yel0 YaCTMHKU Ha TOBEPXHIO IIiJ TakuUM ke KyToM. lle
CIIPOCTHIIO IPOIIEC CKIAAAHHA AU(EepeHIliaIbHUX PiBHIHD
PyXy.

3. Pe3ynbTaTi YUCENBbHOTO PO3B’SI3KY PIBHAHB MOKa-
3a5d, 10 TpH 30UIBIIEHHI KyTa aTakd BUCOTA IMiTHOMY
YaCTHHOK 3pOCTa€ 1 301JBIIYEThCS IUIONIA PO330Cepe-
JDKEHHS iX 1o pob6ouiif moBepxHi. KoedimieHT TepTs He-
3HAYHO BIUIMBAE HA TPAEKTOPIIO PyXY YACTHHKH.
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JABVXEHUE YACTHUILIBI [TOYBBI 110 I[TOBEPXHO-
CTU PA3BEPTLIBAIOIIEI'OCS 'EJIMUKOUJA
C FTOPM30OHTAJILHOM OCBIO BPAII[EHU A
C 3AJJAHHBIM YI'JIOM ATAKU
T. A. Kpecan

AHHOTanusi. B crathe paccMOTpEeHO B3aUMOAEH-
CTBHE BHHTOBOTO II0YBOOOPAOATHIBAIOIIETO OpraHa C
YacTHIAMM NO4YBEL. briaromaps o4eHs MIMPOKOMY MpHMeE-
HEHHI0O B TEXHHUKE IOJ TCPMHUHOM 'BHHTOBAs IIOBEpPX-
HOCTH" OOBIYHO TOHMMAIOT IOBEPXHOCTh BHHTOBOIO
KOHOUJ WK IIHeKa. B paboTe paccMOTpeHO MOBEPXHOCTh
Pa3BEePTHIBAIOIIETOCS I'SIIMKOMIA, KOTOPask TOXE SBIISETCS
JIMHEMYaTOl, HO CYILECTBEHHO OTJIMYACTCS OT IIHEKa.
OTin4pe 3akiIo4aeTcss HE TOJBKO B T'€OMETPHUYECKON
¢dopMe, HO U B TEXHOJOTHUH H3rOTOBJIEHHSA. Ecim mrHex
M3rOTaBJIMBAIOT IITAMIIOBKOM MIJIM MPOKATKOW ITOJIOCH CO
3HAUUTEIBbHBIMU Je(OpPMAIMIMHI 3arOTOBKH, TO Pa3Bep-
TBIBAIOIUICSA TEIMKOHJ MOXHO H3TOTOBUTH IIPOCTHIM
crubaHueM NPy MUHHMYyME TUIACTHYECKHX AehOpMarui.
C TOYKH 3peHUs TEOPHH NIPH HYJIEBOH TOJIINHE 3ar0TOB-
KU TUIacTHUeCcKKe nedopManuu mpu ee crubaHny BoooIe
OTCYTCTBOBAJIU OBI.

PaGouwnii opran aast 0OpabOTKH MOYBBI COCTOUT M3
MOJIOCHI pa3BepThIBAIOLIEHCS BUHTOBOW TOBEPXHOCTH, B
KOTOpOﬁ BHCIIHAA KpPOMKa 3a0CTpE€HAa U BBIIOJHACT
(GYHKLIUIO JIe3BHSA, a BHYTPEHHAA JKECTKO KPEMHUTCS K
pemieryaToMy IMIMHApPY. PasHuma Mexay paanycom
BUHTOBOM JIMHNY JIE3BUS ¥ IWIIMHJIPA OTIPEJEIsIeT TITyou-
Hy 00paboTku. Pemeryarslii DWIMHAP TNpeoTBpamiaeTt
3a0MBaHME MEXBHTKOBOTO IPOCTPAHCTBA U OJHOBPEMEH-
HO BBITIOJTHACT JOTIOJIHUTENbHYIO QyHKINIO KaTka. Opran
paboTaer o00HO ANCKOBBIX OPYIHi, TO ecTh NpodmIb
00paboTaHHOTO TOJII UMEeT IpeOHM U BHAagUHBL. B Mo-
MCHT KOHTaKTa JIE3BUA C MOBCPXHOCTHIO MOJISI UMCHOTCA
YTJIbl, aHAJIOTUYHBIC YI'JIaM aTaKu U Kp€Ha I JUCKOBBIX
opyauil. KoHCTpyKTHBHBEIE mMapaMeTpbl, KOTOpEIMU obec-
TNMEYUBAIOTCA OTU YIJIbl, MOXXHO pacCUUTaThb, UCXOJA U3
AQHAJTMTHYECKOTO ONMCAHUS TOBEPXHOCTH.

Cexknus, TO ecTh OapabaH ¢ BUTKOM BUHTOBOW pado-
4yell IIOBEepXHOCTH, pacllojaraercsi Tak, 4YTo €ro och CO-
CTaBJISIET ONpPENENICHHBIH YIroJl C HalpaBJICHUEM IBIKeE-
HUS arperaTta. JTo NMPHUBOJIUT K MOSBICHHUIO YIila aTaku U
CHJI peaKIiu, KOTOPbIe 3aCTaBISIOT OapabaH ¢ OBEPXHO-
CTBIO BpargaTbCs. I/ICXO)IH "3 CKOPOCTHU ABMKXCHUA arpe-
rara U y4YuThIBasdg yrojg aTaku, MOXKHO HalTH YriI0BY1O
CKOpPOCTh BpamieHus cexnuu. Jlanee cocraBisieTcs aud-
(epeHIMaIbHOE ypaBHEHHE ABIKCHMS YaCTHIBI ITOCIIE
BCTYIUICHHSI €€ Ha IIOBEPXHOCTh, KOTOpas BpallaeTcs.
JuddepennnanbHoe ypaBHEHHE DPACIUCHIBACTCA B IIPO-
eKIUAX Ha TPU OCH HENOJBM)XHON CHCTEMbl KOOpAMHAT.
B Hero BXOJST TpH HEM3BECTHbIE 3aBHCHMOCTH: JIBE Iie-
pEMEHHBIE, ONMCHIBAIOIINE TPACKTOPUIO CKOJIBKEHHS
YACTHIIBI IO TOBEPXHOCTH M CHJIA PEAKIH ITOBEPXHOCTH.
CucreMy pelieHa 4HCICHHBIMH MeToaamu. IloctpoeHo
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TPAaeKTOPUU OTHOCHTEIIFHOTO M a0CONIOTHOTO IBM)KEHHS
YacTHLBl W TpaduKyu M3MECHEHHS €€ OTHOCHUTEIBHOW M
a0COIIOTHOM CKOPOCTEH.

KitoueBble cji0Ba: pa3BEepTHIBAIOLIUICS TEIUKOMI,
M0YBOOOpabaTHIBAIOIINK OpTaH, YIioBas CKOPOCTh, Ya-
CTHIIa, CKOJIbKeHHE, Tu(PepeHINaIbHbIC YPaBHEHHS.

MOVEMENT OF SOIL PARTICLES ON SURFACE
OF DEVELOPABLE HELICOID WITH HORIZONTAL
AXIS OF ROTATION WITH GIVEN ANGLE
OF ATTACK
T. A. Kresan

Abstract. The interaction of the screw tillage body
with soil particles is considered in the article. Due to its
very wide application in engineering, the term "helical
surface" is usually understood to mean the surface of a
helical conoid or auger. The surface of the deployable
helicoid, which is also linear, but significantly different
from the auger, is considered in the work. The difference
is not only in the geometric shape, but also in the manu-
facturing technology. If the auger is made by stamping or
rolling a strip with significant deformations of the work-
piece, then the deployable helicoid can be made by simple
bending with a minimum of plastic deformation. From the
point of view of the theory at zero thickness of prepara-
tion plastic deformations at its bending in general would
be absent.

The working body for tillage consists of a strip of
developable screw surface, in which the outer edge is
pointed and acts as a blade, and the inner is rigidly at-
tached to the lattice cylinder. The difference between the
radius of the screw line of the blade and the cylinder de-
termines the depth of processing. The lattice cylinder
prevents clogging of interturn space and at the same time
carries out additional function of a roller. The body works
like a disk tool that is the profile of the treated field has
ridges and depressions. At the time of contact of the blade
with the surface of the field there are angles similar to the
angles of attack and roll for disk guns. The design param-
eters that provide these angles can be calculated based on
the analytical description of the surface.

The section, that is the drum with the turn of the
screw working surface, is located so that its axis is a cer-
tain angle with the direction of movement of the unit.
This cause the angle of attack and reaction forces that
cause the drum to rotate with the surface. Based on the
speed of the unit and taking into account the angle of
attack, we can find the angular velocity of the section.
Next, a differential equation of motion of the particle is
formed after its entry on the rotating surface. The differ-
ential equation is painted in projections on three axes of a
fixed coordinate system. It includes three unknown de-
pendencies: two variables that describe the trajectory of
the particle sliding on the surface and the reaction force of
the surface. The system is solved by numerical methods.
The trajectories of relative and absolute motion of a parti-
cle and graphs of changes in its relative and absolute
velocities are constructed.

Key words: developable helicoid, tillage body, an-
gular velocity, particle, slip, differential equations.

T. A. Kpecan ORCID 0000-0002-8280-9502.



76

T. A. Kpecan




Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2021, Vol. 12, No 2, 77-82
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

VIK 631. 362

http://dx.doi.org/10.31548/machenergy2021.02.077

JOCJIJIXKEHHSA T'PABITALIMHOI'O CEITAPATOPA HACIHHSI PIINIAKY

0. B. Boromouios?, M. B. Bparinens!, B. C. Xmeanosebknii?, Q. O. Boromo.os!

IXapkiBchkuil HaLiOHANBHMI TeXHIYHUI YHIBEPCUTET CibCHKOr0 rocrnojgapcTsa imeni Ietpa Bacusenka, Ykpaina.
’Hauionansuuii yHiBepcuTeT 6iopecypci i pUpoAOKOPUCTyBaHHs YKpainu, Ykpaina.

Cmamms 3 cneyianvnocmi. 133 — eanyseee mauurnoOy0y8anHs.

Kopecnonoenyis asmopis: brnivi2020@gmail.com.

Icmopis cmammi: ompumano — civenv 2021, akyenmosarno — uepsenv 2021, onyonicoearno — 30 aunus 2021 poky.

bi6n. 12, puc. 4, maba. 0.

Anotanis. Haciaasa pimaky wmictute no 40...49 %
omi, 21...33 % Oinky, 6...7 % xmiTkoBuHH. Pimakosa
Ollil BHKOPHCTOBYETHCS TMPH BHPOOHWITBI JKHPIB Ta
MaprapuHy, a TaKOXX Yy METanypriiiHii, jgaxohapOoBiii,
MUJIOBApHill, TEeKCTHWIBHIA mpomucioBocTi. HemocratHs
BUBYECHICTh NPOLECY OYMIICHHS HACIHHEBOIO MaTepiaiy
pinaky CTPHUMYIOTH HOTo PO3MOBCIO/DKEHICTh B YKpaiHi.
OcraHHIM uYacoM, O4YHMIIEGHHS HACiHHS pimaky Bif
Ba)KKOBIIOKpEMJIIOBAHUX ~ Oyp'SSHUCTHX  pOCIMH  Ta
JIOMIIIOK 3MIMCHIOEThCS ILUIIXOM YyIapy IO BiIOMBHIN
moBepxHi. MammHy, SKi 3MiHCHIOIOTh OYUIICHHS HACIHHS
pimaKy BHKOPHCTOBYIOTh OIHOKpDAaTHHH ygap 1 MaroTh
HU3BKY SKICTh cemapamii. B po0oTi  po3risHyTO
KOHCTPYKIIIfO TpaBiTaIifHOTO OaraTospycHOTO
cemapaTopa HaciHHSA pimaky Ta OOTPYHTOBaHO HOro
rapamMeTpy 3 MOXIIMBICTIO 0araropa3soBUX yAapiB 4acTOK
BOpOXY 3 BiIOMBHMMHU NOBepXHsMH. Ha mijcTaBi aHamizy
eKCIIePUMEHTAIbHUX JOCITIKEHb NPYKHUX
XapaKTEepUCTUK HACIHHS pillaKy Ta JOMIIIOK, BU3HAUYEHO
paIfioHaIbHy BHCOTY MaJiHHS HACIHHEBOTO BOPOXY, sIKa
3Haxoauthest B Mmexax  0,2...0,4m.  Teopernysi
PO3paxyHKH JO3BOJMIM BH3HAYUTH JOBXKHHU IOJIBOTY
YaCTHMHOK IIpHM 0araTopa3oBHX BiJICKOKax BiA yaapHOI
MMOBEPXHI Ta NAIH MOXJIMBICTH OOIPYHTYBAaTH PO3MipH
YZapHOi JEKH, 10 CTAHOBJIATH: B MONEPEYHOMY HarpsiMi
0,2 M, a B mo3moBkHhOMY - 1,5 M. B pesynprati
MIPOBEJCHNX BHPOOHMYMX BHUIPOOYBaHb BHSBJIECHO, MIO
HaOLIPII TPUIHHATHOI ITOYATKOBOIO MIBHIKICTIO PYXY €
Vo = 2M/c, a kyT Haxuty aekn o = 30°. BupoGuuui
YMOBH pOOOTH cemaparopa JIOBEJIH, 0 MPH 3aCMi4€HOCTI
HACiHHEBOTO BOpOXYy pimaky no 15 % BuXix OYHIIECHOI
¢pakmii cTaHOBUTH 68 % HACIHHS MEPIIOTO KiIacy.

KawuoBi caoBa: HaciHHA pinaky, yaapHUit
ceraparop, cernaparisi, JOMIIIKH, yJapHa JeKa

ITocTanoBka mpodaemu

HacinHs pinaky € BaXJIMBUM JDKEPEIIOM OAEp KaHHS
JICIIeBOi POCIMHHOI OJii Ta BHUCOKOOITKOBHX KOPMIB.
Bono wictute 10 40...49 % omii, 21...33 % O6inky,
6...7 % xmiTKOBUHHM. PimakoBa Oisl HaJ€XUTHh 10 TPYIH
XapuOBUX, BUKOPHCTOBYEThCS B HATYPAJIbHOMY BHIJISII,
IIpu BUPOOHUIITBI KHMPIB Ta MaprapumHy, a TaKOX Y

MeTanmypriiHii, 1akodapOoBiif, MUIOBapHiH, TEKCTHIBHIN
MPOMHUCIIOBOCTI Ta iHmIe. HepocTaTHs BUBYCHICTh IIMTAHb
OYHMILCHHS Ta CYLIIHHS HACIHHA pillaKy CTPUMYKOTh HOTO
PO3TOBCIOKEHICTE B YKpaiHi.

AHaJi3 0CTaHHIX JOCTiIKEeHb

OpHi€l0 3  OCHOBHHMX  HpoOJieM  MiJIrOTOBKH
HAaCIHHEBOIO Marepiany pilaKy € OYMIIEHHS HOro Bif
Ba)KKOBiIOKPEMJIFOBAHOTO HACIHHS Oyp'SHHCTHX DPOCIHH
Ta JOMIIIKIB: WIKyJbHHUKA, MiIMAapeHHUKA YilKOTO,
KpyIJiens METeNnb4yaToro, Kypsdoro mpoca, MHIIIIO,
ropus, ckieponiid Oimoi THMi. He Bupimenumm €
MMUTaHHSA JOOYMIICHHS (pakiiii HACiHHA pilmaKy Micis
OYMIIECHHS HA ITHEBMO-PEUIITHUX CernapaTopax, B SKHX
3ajumiaereesi 1o 20 % 3acMmiuyBadiB Ta BIIXOAIB 3
3acmivenicTio  Oumbme 50 %,  ski  nmpoOIeMHO
BUKOPDHUCTOBYBaTH HaBiTh ISl MEPEepOOKH Ha KOPM
TBapuHaMm Ta nrumi [1, 2, 3, 4, 5].

OmHUM 3 TEpCNEeKTUBHUX CHOCOOIB  OYMINEHHS
HaCiHHS pimaky Bif Ba)KKOBI1JIOKPEMITFOBAHHX
Oyp'SHUCTHX pOCIMH Ta MJOMINIOK € Ccemapamis 3a
TIPY’KHUMH BJIACTUBOCTSIMU. BOHa 31iHCHIOETBCS MITISIXOM
yIapy HaciHHS TO BiIOWBHIN TOBEpXHI W MOUTYy Ha
¢pakmii HACiHHS, IO PYXAlOTHCSA IMICHA BIAOUTTA IO
pi3Hux Tpaektopisx [6, 7, 8, 9]. HemocrarHs BUBYEHICTH
3aKOHOMIPHOCTEH cemapallii HaciHHA 3a NPYKHUMH
BJIACTUBOCTSIMA CTPUMYE MOXJIMBOCTI YAOCKOHAJICHHS
poboYNX OpraHiB NPUCTPOIO, SKUH TO3BOJIMB OH
MiIBUAIIATH €()EeKTUBHICTh BUKOHAHHS TIPOIIECY.

MeTta nociigkeHn

Metoro poOOTH € YIOCKOHAJICHHS CIIOCO0y Ta
oONagHaHHS [ OYMIICHHSA HACiHHSA pilaKy Bif
B2)XKOB1IOKPEMIIFOBAHOTO HACIHHS OYyp'THHCTUX POCIUH
3a MPY>KHUMH BIACTUBOCTSIMHU.

Pe3yabTaTH 10CHiTKeHb

Jns  cemapamii  HaciHHA ~ pimaky ~— OaraTpma
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JOCTIJHAKaMH IPOIIOHYBAJIIOCH BUKOPHCTOBYBATH ITOXHIII
BimOuBHI moBepxHi [2, 4, 10]. VY Oimsmiocti 3 HuX
BUKOPUCTOBYBaBCS  OIHOKPAaTHWH  ymap, aile y
cemapaTopiB 3 OJHOKPATHUM YAapoM, SIKICTh cemapariii €
HU3BKOI0. B pobori [8] Oymo 3amponoHoBaHO cenmapaTop B
SIKOMY BHUKOPHCTOBYETHCS TPUKPATHUH ymap, a B poOOTi
[6, 11] npormonyeThes 3MIHCHIOBATH CEMapaliiio 3epHa Ha
0araTosipyCHMX  TIpaBiTalifHUX cemaparopax. Tox
pO3MIITHEMO B I pOOOTI KOHCTPYKLiiHI Mapamerpu
rpaBiTalliifHOrO  cemapaTopa  HaciHHA  pimaky 3

K

OaraTopa3oBMMH yAapaMH YacTOK CYMIIIi 3 BiqOMBHHUMH
MMOBEPXHSIMHU.

[IIBuaKicTe HACIHHS B MOMEHT yHapy, a ToOTO i
JIOBXKMHA TIOJIbOTY IICHs yaapy 3aleXHUTh BiJl BHCOTH
MaJiHHA Ha IIOBEPXHIO, IO Ccemapye, TOMY OyiH
MPOBEACHI  JOCHIIKEHHS  3ale)KHOCTI  KoedimieHTa
BITHOBJICHHS IIBHJKOCTI TMiJi 4Yac yAapy BiJ BHCOTH
majiHHsA. Pe3ynmpTaTv  JOCHIIKEHb MPEICTaBICHI Ha
puc. 1.
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Puc. 1. 3anexHiCTh KOSQIIIEHTIB BiTHOBICHHS HACIHHS BiJl BACOTH MaIIHHSI

o- rapeseed; Ay - seeds of weeds and sclerotia of white rot
Fig. 1. Dependence of seed recovery coefficients on the height of fall

Sk BuaHO 3 rpadikiB, 31 30UIBIIEHHSM BHCOTH
najiHas, Koe(ilieHT BiJIHOBJICHHS 3HUKYETBCS, IPUIOMY
U1 pinaky e 3HIKeHHA aenio Oiunpme. Jns pimaky
KoedimieHT BigHOBICHHS 3HIKYeThes 3 0,64 mo 0,40, a
st Ooyp’sHiB 3 0,21...0,28 mo 0,17...0,22. LIi xpusi
TaKOX CBiUaTh Mpo Te, IO HAMKpame po3XUICHHS
HACiHHA pimaKy 1 BaKKOBiJOKPEMITIOBAaHUX JIOMIIIKiB
MOXJIMBE B Jiana3oHi magindas 3 sucotd 0,2 m g0 0,4 M.
Tomy, mnpu po3poOli KOHCTPYKLIi OaraTosipycHOro
YyIApHOTO cemaparopa, CJij BpaxoByBaTH I naHi. 3
MIpKyBaHb 3MEHIICHHS BHCOTH MIiJAHOMY HACiHHS LS
BHCOTAa MOBMHHAa OyTH MIHIMQJIbHOIO, a 3 MIPKyBaHb
30UTBIICHHS KiJBKOCTI TMOBTOPHHUX ynapiB ii Tpeba
30UIBIIYBaTH, TOMY JIOLUIBHO BHOpAaTH CEpeiHIO BUCOTY
mamiaaA 0,3 M, sika 1 Oyae BIJICTAaHHIO MiX spycamu
ceraparopa.

Buznauumo po3MipH cemapylouyux IOBEPXOHb 3
ypaxyBaHHAM 0araToKpaTHOCTI yAapiB. YTOYHEHHS
pPO3MIpiB  cemapyroumx IOBEPXOHb BHKOHAEMO 3
BUKOPHCTAHHSIM MaTepiajiB oTpUMaHUX B poOoTi [6], ne
Oynyu TpUIHATI TPYXHI BIAOUTTA YACTKH BiJl MOXHIIO
BCTAHOBJICHOT JEKH TPOTATOM JACKiIbKOX ynapiB. s
CHpOLICHHST  piBHSIHb, NPUHHATO ygap aOCOIIOTHO
MIPY)KHOTO TiJia 3 KOe(DillieHTOM BiJHOBIEHHS IIBHIKOCTI
Ry=1. Cxema pyxy 4acTKH 3a TaKUX yMOB IIpeACTaBICHA
Ha puc. 2.

Bukopucrosyroun

piBHHHHH HaCTKHU B

Pyxy

HPOEKIIsIX Ha OCi:

V.=V, +a,5; vV, =V, +at;

2 at’ (1)
; Y :VOy +T,

X =V, t+
2

e @, =gsina; a, =—gcosa; h - Bucora
najiHHs, t - yac Mix yapamu.
Jns peansHux yactok R #1, a came: R<1. 3

V 2
ormsimy Ha Te, mo N = _07 a MBUAKICTH MICIA yaapy
V = RyV , OJIEPIKAHO:
R2V 2
x, =4n—"sing. @)

g
Ha puc. 3 moxkasaHi pe3ynbTaTH pO3PaxyHKiB
BiJICTaHEH OJILOTY YaCTOK 3 PI3HUMH XapaKTepUCTUKAMU
HaciHHS BUKOHAHMX 32 (OPMYJIOI0 2.
Pesynpratn  po3paxyHKiB  IIOKa3ylOTb, IO B
Jiana3oHi 3MiHM KOedillieHTa BiTHOBIIEHHS Bij Ry =0,2

1o R, = 0,5 (3HaueHHs Asl peajbHUX 3€peH), HalOUIbII
NPUAHATHEMH (3 KOHCTPYKIIIHHOI TOYKH 30py) €
napamerpu: V, =2 M/c, a = 30°. ins Bumanxy V, =3 M/c

BiIOyBa€eThCS 30UIBIIEHHS PO3MIPY MOXWIMX IUIOMIMH, a
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JUIL  PeKUMY 3V, =1 M/C 3MCHIIYETHCS JaJbHICTH

BiJICKOKIB 1 TOMY JIJISl cenapaiii i peXuMu HEPHHHSTHI.

OueBuaHO, 10 Oyp'sTHUCTI JOMIIIKK Ta 3€PHO 3 R, <01

OyIyTh MPAKTUYHO KOB3aTH 3 TIOBEPXHi MEPIIOi JESKH.

Puc. 2. Cxema B3aeMo/Iii YaCTKH 3 MOXUJIOK ILIONIMHOO.
Fig. 2. Scheme of interaction of a particle with an inclined plane.
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Puc. 3. JloB:XKMHA IOILOTY YaCTKU B IpoOLEci I'aTH Bigckokis a = 30°, Vo= 2 m/c.
Fig. 3. The flight length of the particle in the process of five rebounds o = 30°, Vo= 2 m/c.

TakuMm YnMHOM JJIA BU3HAUYUCHHA KOHCprKIIiﬁHHX

napaMeTpiB  cenaparopiB 3
BHU3HAYCHA  JAIBHICTH  MHOJBOTY 32
BuxopucToByroun  3aJeXHICTh  JTAIBHOCTI

6araTopazoBUM  yIapom

N-ynapis.
MIOJIBOTY

YaCTKH, MICJIs IEpIIOro yaapy M H'sATh ynapiB, MOXHa
PEKOMEH/yBaTH TIONEPEYHUI 1 MO3J0BXKHINH po3MipH
CeTMapylo4Ynx IOBEpXOHb. Po3Mmipm ymapHOi neku
PO3pOOIEHOT0 6araTospyCcHOTO yOapHOTO cemaparopa y
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MTONIEPEYHOMY HampsAaMi MOXyTh OyTh moctatHiM — 0,2 M,
a TIO3MOBXHIM — TOBMHEH OYyTH 3HAYHO OITBIIAM B
3B’S3Ky 3 THM, IO YAaCTHHKH pIaKy 3 BEIHKHM
KoedimienToM BigHOBIeHHA 10 R = 0,5 Bxke 3a 5 ymapis
nmpu a = 30° 3parwi MIEPEMICTHTUCh Ha JOBXHHY [0
1,12m. B Toif xe wac, dYacTHHKH Oyp’sHIB 3
koedinienToM HaBiTh 10 R = 0,3...0,4 mepemicTsaThCs Ha

/

a)

BenuuuHy He Oinbmry 0,65 M. BpaxoBytouw, 110 B HOBOMY
pO3po0JICHOMY HaMHu TpaBiTalliiHOMY OaratospycCHOMY
yIapHOMY cemapaTopi KIIBKICTh yaapiB Moxke Oyth
3HaYHO OUTBIIOI0 5, TPHIMEMO IOBXHHY IOBEPXOHb
1,5m.

[MpunmmoBa cxema po3poOJICHOTO TPaBiTAIIITHOTO
0araTosipycHOTO ceraparopa MpejcTaBlieHa Ha puc. 4.

6)

a) — BUTILAT criepeny; 0) — BUTIIT 300Ky
Puc. 4. [IpuHIMImianpHa cxeMa rpaBiTalliifHOTO 0araTospycHOTO YAapHOTO cermapaTopa
a) - front view; 6) - side view
Fig. 4. Schematic diagram of a gravitational multilevel impact separator

Cenaparop CKJIaJaeTbcsi 3  3aBaHTAXKYBAJIBHOTO
npuctporo 1; sApyciB Jek 2; mnpuiiMadiB IPOJYKTIB
po3moainy 3.

Jliist miiBUILICHHS SIKOCTI cenaparii CHITKUX CyMimiei
B OaraTosipyCHOMY ymapHOMy cemaparopi, [12] spyc
CTBOPIOIOTH Tapa JeK, BCTAaHOBJICHUX IapalieIbHO OJHA
JIO OAHOI 3 3a30pOM MiXK HHMH IJIS MPOXOAY 3€pHA, a
KO)XKHHH sIpyCc 3MIMIEHO ONIWH BIiTHOCHO IHIIOTO B
MOTIEPEYHOMY HAIPSMKY JI0 TIOJIOBUHHU HOTO ITHPHHH.

CemnapaTop mparfoe TaKuM YHHOM.

Buxigna cymint 3 GyHkepa 1 caMOIUIMBOM MiJ| Ji€0
rpaBiTallfHUX CHJI NAJ]a€ HAa OJIHY 3 JIEK BEPXHBOTO SIPYCY
2, e 3epHO MIC/Ii yaapy MiJCKAaKye JIOrOpH Ta 3aBISKH
MONIEpEeYHOMY 1 TO3OBXXHBOMY  Haxuily  JA€KH
3MIIIY€eThCA B TOJNBOTI B MOMEPEYHOMY i IO3IOBKHBOMY
HaTpsMKax, MOTIM MaJia€ Ha MOPYY PO3TAIIOBaHy AeKy. B
MEXax OJHOTO SPyCy 3UI3aromnofiOHuMii pyxX Moxe
MTOBTOPIOBATUCH JICKITBbKA Pas3iB.

[ToTim 3epHO Majae Ha HIKYIN IpycC, Je UeH mpoiec
MMOBTOPIOETHCSL 1 TaK Jdaji, IMMOKH YaCTKH CyMilll He
BIAAYTh 3 HIDKYOTO SPyCy IO MpHHAMAdiB TMPOIYKTIiB
TIOJTLITY.

B 3ampomoHoBaHiii KOHCTPYKIIii YJOCKOHAJIEHOTO
cemaparopa KOXXKHHUH SpyC 3MIIIEHO OJWH A0 OJHOTO B
MOTIEpEeYHOMY HAIpPSIMKY Ha BEJIMYHMHY, HE MEHIIY 3a30py
MIDX JIeKaMH 1 He OiTbIIy 3a IMUPHUHY JeKU IIOMHOXXEHY Ha
KOCHHYC MOTIEPEYHOT0 KyTa HAXMITy EK, TOOTO

S<I<b-cosa,
Ie S — 3a30p MiX JIeKaMu;

| — 3mimeHHs SIPyCiB y MOMEPEYHOMY HATIPSIMKY, M;

b — mmpuna nexu, m;

0. — TIOTIEPEYHUH KYT HaXUIy JIEKH.

3aB/sSIKM 1IbOMY, YaCTUHKH CyMIIlIi MiCJIst CHIBYapiB
Ha BEpXHIX JAeKaXx He TOTPaIUIIIOTh B 3a30p MiX
HIDKYUMH JIeKaMH, a TPOLec cenaparii MpogoBKyeThCs
AHAJIOTIYHO i Ha HIHKYUX SIpycax.

Ha BimMiHy Bim cemapatopiB, B SKHX KOXXHA
YacTHHKa 3CPHOBOI CyMmimi Ha KOXHOMY  sIpyci
BAApSETHCS TUIBKM OJMH pa3 B JAaHOMY TpaBiTaliiHOMY
0araTtosipycHOMy  yIapHOMy  cemaparopi,  3epHO
BIAPSAETHCS MO JICKITbKA pa3iB BXKE HA KOKHOMY spyci. 3a
paxyHOK LbOTO, SIKICTh cemnapaiii B 3alIpOIOHOBaHOMY
cermaparopi 3HA4YHO ITiIBUIIY€EThHCSL.

[IpoBeneni BupoOHHMYI BUNPOOYBAaHHS MOKA3aIU
BHUCOKY e(eKTHBHICTb pPO3poOIEHOro cemaparopa Ha
OYMIIEHHI CyMIilllli HACiHHA pIMaKy i3 3aCMIYEHICTIO 10
15 %. Buxin ouwmmenoi ¢pakmii ckiaaB 68 % HaciHHS
TIepIIOTO KIIacy.

BucHoBku

1. B pe3ynbTati eKCriepuMEHTaIbHUX JOCIiHKeHb Ta
TEOPETUYHUX PO3paxyHKiB rpaBiTaIiifHOTO
0araTosipyCHOTO  yIapHOTO  cemapaTopa  BH3HAYEHI
OCHOBHI KOHCTPYKILIHHI NapaMeTpH. MAiana3oHH 3MiHH
koedimieHTa BiHOBJICHHS Bif Ry:0,2 bio) Ry =05,

HalOUTBII TPUIHATHOIO NMOYATKOBOIO IIBHJIKICTIO PYXY €
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Vo= 2 m/c, a KyT Haxuy geku a = 30°.

2.  Posmipm  ymapHOi  JeKH  pO3pOOJIEHOTO
0araTosipyCHOrO YAapHOTO cenaparopa y IOIEepeYHOMY
Hanpsmi 0,2 M, a TO370BXKHBOMY - 1,5 M.

3. Ilpu 3acMideHOCTI CyMmiml HaciHHS pillaKy Jxo
15 % Buxin ounmieHoi ¢pakuii craHOBUTH 68 % HaciHHS
MIEpILIOTO KIIacy.
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HNCCIIEAOBAHUE T'PABUTALIMOHHOI'O
CEITAPATOPA CEMJSIH PAIICA
A. B. Bozomonos, H. B. bpacuneyw, B. C. Xuenesckuii,
A. A. Boeomonos
Annoranusi. Cemena parnca conepxkat 10 40...49%
macma, 21..33% Oenka, 6...7% xieruatku. Parcosoe
Macji0 HCIOJB3YeTCs MNPU IPOU3BOJACTBE JKUPOB U
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MaprapuvHa, a  Takke B METaJUTypTHYECKOH,
JIAaKOKPACOYHOM, MBIJIOBAPEHHOM, TEKCTUIILHOU
TIPOMBIIIIICHHOCTH. Henocrarounas N3ydeHHOCTD
mporecca OYMCTKM CEeMEHHOTO MaTephana  parca

CHEPKUBAIOT €r0 pacnpocTpaHeHue B YKpauHe. B
MocJeTHee BPEMs, OUYMCTKA CEMSIH pamnca OT TsDKEJo
OTJEJSIEMBIX COPHSKOB M MPUMECEH OCYIIEeCTBISETCS
myTeM  ymapa 00  OTpakaTeIbHYH  IOBEPXHOCTb.
MaiuHbl, KOTOPBIC OCYIICCTBISIOT OYHCTKY CEMSIH parica
HCTIONB3YIOT OJHOKPATHBIM yaap W HMCIOT HH3KO0E
KauecTBO  cemapanmuu. B pabore  paccMOTpeHO
KOHCTPYKIIUIO IPaBUTALIMOHHOTO MHOTOSIPYCHOTO
cemapaTopa CeMsH parca 1 000CHOBAHO €TO MapaMeTpHI ¢
BO3MOKHOCTBIO MHOTOKPATHBIX YAapOB YacTHIl BOpOXa
M0 OTOWBHBIM TIOBEPXHOCTSIM. Ha OCHOBaHWM aHamH3a
SKCIEPUMEHTATBHBIX WCCIICTOBAHHH YIPYTHX
XapaKTepUCTHK CEeMSH W TIpUMEced, OIpeaesieHO
pAIMOHANBHYIO BBICOTY TAJCHHS CEMEHHOTO BOpOXa,
KoTopas  Haxoiaurcs B mpexgemax  0,2..0,4 M.
TeOpeTH‘IeCKI/Ie Ppacy€Thl MO3BOJIMIN OMPCACIIUTD AJINHBI
MoJiIcTa 4YacTull HOpU MHOT'OKpAaTHBIX OT6I/IB3HI/IHX oT
yIApPHO# MOBEPXHOCTH U JaJId BO3MOYKHOCTh 00OCHOBAThH
pa3Mepbl yIapHOM NE€KH, YTO CTaHOBST: B IONEPEYHOM
Hanpasiedun 0,2 M, a B mpogoapHoM - 1,5 M. B
pe3ynbTaTe TIPOBEICHHBIX TIPOU3BOJICTBECHHBIX
WCTIBITAHAN BBISBICHO, YTO HamOoJiee MPHUEMIIEMOM
HAYaJbHON CKOPOCTHIO IBIDKEHIUS sBisieTcs Vo = 2 wm/c, a
yroJ HakioHa exu a = 30°. [Ipou3BOACTBEHHbIE YCIOBUS
paboTHl cemaparopa OKa3aiH, YTO IIPH 3aCOPEHHOCTH
CEeMEHHOro Bopoxa pamca 10 15% BBIXOJ OUYHWIIEHHOMN
(dpaknuu cocraBisier 68% ceMsiH epBOro Kiacca.
KiroueBble cjioBa: cemMeHa parica, yIapHbBIH
cemnaparop, cenapanusi, IpuMecH, yJapHas JeKa.

RESEARCH OF GRAVITY SEPARATOR
OF RAPESEE
0. V. Bogomolov, M. V. Braginets, V. S. Khmelovskyi,
0. O. Bogomolov

Abstract. Rapeseed contains up to 40...49% oil,
21...33% protein, 6...7% fiber. Rapeseed oil is used in
the production of fats and margarine, as well as in the
metallurgical, paint, soap, textile industries. Insufficient
study of the process of purification of rapeseed seeds
constrains its prevalence in Ukraine. Recently, the
purification of rapeseed from difficult-to-separate weeds
and impurities is carried out by hitting the reflective
surface using the elastic properties of the seeds. The
cleaning machines used a single blow and have a low
separation quality. The construction of the gravitational
multilevel separator of rapeseed is considered in the work
and its parameters with the possibility of repeated blows
of heap particles with reflective surfaces are substantiated.
Based on the analysis of experimental studies of the
elastic characteristics of rapeseed and impurities, the
rational height of the fall of the seed heap, which is in the
range of 0,2...0,4 m, was determined. Theoretical
calculations allowed to determine the flight lengths of
particles with repeated rebounds from the impact surface
and made it possible to justify the dimensions of the
impact deck in the transverse direction 0,2 mand — 1,5 m
in the longitudinal. As a result of the production tests it
was found that the most acceptable initial speed is

Vo =2m/s, and the angle of inclination of the deck
a = 30° The production conditions of the separator
proved that when the rapeseed seed heap is clogged up to
15%, the yield of the purified fraction is 68% of the seeds
of the first class.

Key words: rapeseed, impact separator, separation,
impurities, impact deck.
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JJISI OYMINEHHSA HA®TOITPOAYKTIB
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AHoTaniss. BuKOpUCTaHHA NaTUBO-MACTUIBHUX
MaTepianiB B YKpaiHi 3pocTae, 0 MOB'SI3aHO, IEPEIyCiM,
3 CTpIMKHUM 30UIBIICHHSAM KIUTBKOCTI TPaHCIOPTHUX
3aco0iB. lle mpw3BOAWTE A0 30UMBIICHHS IKIITABUX
BHUKHIIB, PO3JIUBIB Ta NPOIUBIB HAPTOIPOIYKTIB, IO
HEraTHBHO BIUIMBA€E Ha €KOJIOTIYHUI CTaH HAaBKOJIMIIHBOTO

cepenoBumma. IlokasaHo, mo HadTONpPOAYKTH, SKi
BUKOPHCTOBYIOTBCS B HApOJHOMY  TOCIOJApCTBI,
MOTPAIJIsIFoYd B IPYHT Ta BOAHE  CEPEJOBHIIE

3a0pyAHIOOTH iX. OUHIIEHHS IPYHTIB 1 BOJH 3aJIS)KUTD BiJT
BHOOPY METOJIB, TEXHOJNOTiIH Ta mpuitomiB. OcoOmuBoi
MOMYJSIpHOCTI HaOyBae MeTon copOmii (TOTIIMHAHHS).
CopOmis, mpu BiTHOCHO HEBHUCOKHX 3aTpaTaX, 37aTHa
3a0e3MeunTr, IOBHY OYHCTKY BiJl HAQTOIPOIYKTIB.
OOrpyHTOBaHO €(EKTHUBHICTh BYTJICIICBHX COPOCHTIB
OTPUMAHUX METOIOM KapOoHi3aii 3 BTOpUHHOT MPOIYKIIii
POCIMHHOTO MOX0/KeHHs. CHPOBHHOIO Ul OTPUMaHHS
BYIJICIIEBUX COPOEHTIB MOXYTh OyTH THpCa, CTPYXKKa,
conoma, cTeben, ToNoBa, JTHCTS. X 00'eMH IS CHHTE3y
BYIJICLIEBUX  COPOCHTIB MpPakTHYHO HE OOMEXeHi.
BucBitineHo cyTh mporecy OTPUMAaHHsS —BYIJICLIEBHX
copOeHTiB Ha 6a3i pociMHHOI cupoBHHU. [lomaHo diznko-
XIMIYHI Ta CTPYKTYpHO-COpOLiifHI XapaKTepUCTHKH
POCIIMHHOI CHPOBMHHM Ta OTPUMAaHUX 3 Hel ByIJIenEeBUX
copOeHTiB. PO3KpUTO eKOJIOTIYHI Ta €EKOHOMIYHI MepeBaru
BYTJICLIEBUX cOpOeHTIB IS OYMIIEHHSA BiJT
HapTOMPOAYKTIB, B TOPIBHAHHI 3 IHIIAMH METOIaMHU
OUHIIEHHS.

KiawuoBi cjoBa: ByrjieneBi COpOEHTH, JTOBKIJLIA,
iHppacTpyKTypa, eKomoriyHa Oe3meka, eKOHOMIiYHi
MTOKa3HUKH, KapOoHi3amis, Ha(TONPOAYKTH, COPOEHTH,
copOIrifiHa EMHICTb.

ITocTanoBka mpodaemu

Hadromnponyktn mocuth mnomupeHi 3abpyaHIoBadi

O0iocepu. Sk Brazye [2], 3 3arambHOi KUIBKOCTI
HaTONMPOAYKTIB, 1[I0 BHPOOJISETHCA, Maibke 2%
MOTparuisie B HaBKOJMUIHE cepenoBuiie. Hebesmneky

CTaHOBJIATH HE JIMIIE caMi HA(QTOMPOIYKTH, a TaKOX 1
JIOMIIIKH, SIKi BOHM MOXXYTh MicTUTH. IIpn moTparuisiHHi B
IPYHT Ta BOXY, BOHH, B HaCHiJOK XIMIYHUX peaKIiil Ta
610JIOTIYHOTO TEPETBOPEHb, 3[ATHI MEPETBOPIOBATHCA B

TOKCHYHI PEYOBHHH, IO 3aBAAIOTH IIKiJTUBOTO BILIUBY
OioTi. OunIeHHEs TPYHTY Ta BOAW BiJ HAPTOMPOMYKTIB
METOZOM COpOILii eKOJIOTIYHO Ta EKOHOMIYHO BUTIJTHE.
OcobmmBoi poyi Ta 3HAYCHHS HAOYBalOTh BYTJICLEBI
COpOEHTH Ha OCHOBI POCIMHHOI CUPOBHUHH. JlOCIiPKEHHS
cyTi mporueciB kapOoHi3allii, KOJI1 CUPOBHHOIO SIBIISETHCS
nobiyHa MPOAYKIiS POCIMHHOTO MOXOKEHHS, (hi3uKO-
XIMIYHHUX Ta COPOLIAHUX BJIACTUBOCTEH BYIJICHCBUX
copOeHTiB, mpoleciB copOuii HUMH Ha(TONPOIYKTIB,
€KOJIOT1YHOI Ta €KOHOMIYHOT OLIIHKH 1 aHaIli3y BYTJICLEBUX
copOeHTIB MOTPEOYIOTH MONANBIIOI YBAarH Ta JOCHIIKCHb.

AHaJII3 0CTAHHIX JOCIII:KeHb

BonHe Ta IpyHTOBE cepeloOBHINA HaJ3BHYAHO
CKJIaJIHI TPUPOJAHI KOMIUIEKCH 3 LIMPOKUM CIIEKTPOM
B32€EMO3B'SI3KIB  Ta B3aEMOBIIHOCHMH MK KHBUMH
OpraHi3aMamu Ta IPUPOIHUM CEPEIOBHUILEM, IO CKIATHUCS
B Iporieci eBouttonlii. Bonu HeBix emHa yactuHa Giochepu
B sKid BinOyBaloThCsl 0araToCTOPOHHI, CTaliIbHI
nepetBopernst kutts  [12].  Illupoke 3actocyBaHHS
MPOAYKTIB HAPTONMEPEpPOOKH CBIIOMO YH HECBiIOMO
NPHU3BENO JI0 3HAYHOTO 3a0pyIHEHHS HUMH JOBKILILA [2],
10 BUKJIMKAJIO 3HAYHI €KOJIOTIYHI 3MIHH BOJHOTO Ta
rpyHToBOoro cepemoBuma [1, 2, 9]. HadronmpomykTn
MEPETBOPIIIUCS B [I€BUX 3a0pyIHIOBAYiB JIOBKULIA, B
Hepuly 4epry IpyHTy Ta Boad [1]. OYuIeHHs IpyHTOBHX
Ta BOJHUX €KOCHCTEM METO/IOM COpOLIiT HE BTPATHIIO CBOET
aktyanpHOCTI [13, 14]. Copbentn sK edekTHBHI Ta
Oesmeuni 3acobm Oynmm, a B OCTaHHI JECSATHIITTS
HaOyBaroTh Ie OLTBIIOrO 3aCTOCYBAaHHS B YCiX raiy3six
HapOJHOTO TOCIOAAPCTBA, B TOMY YHCHI 1 JJS OYUCTKH
IpyHTiB 1 Boau Bim Hadtomponykrie [3, 9]. Vmara
NPUAUIAETBCA ~ OTPUMaHHIO, OyJOBi, BIIACTUBOCTSIM,
3aCTOCYBaHHIO BYTJICIIEBUM COpOCHTaM 3 TOOIYHOL
MPOJYKIII CUIBCHKOTO Ta KOMYHAJIBHOTO T'OCIIOJApCTBA,
JepeBoobpoOHoi mpomucnoBocti [5-8, 10, 11]. Ha Bucoky

e(eKTUBHICTb, JIOCTYIHICTb, EKOJIOTIYHY Oe3NeyHiCTh
BYTJICIIEBUX COpPOEHTIB, KOJM CHPOBHHOIO IS iX
OTPUMAaHUX € pi3HOMaHiTHa TOOIYHA  NPOIYKIiA
POCIMHHOTO MOXOJIKEHHSI, 1110 HaKOMHYYETHCS

0e3nocepesHbO B MPOIIECi BUPOOHUITBA BKa3ylOTh [3-8,
10, 11, 15-21]. Ilpore, mpupomy OTpUMaHHs copOiii, B
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MIPOIIECi TIEPETBOPEHHS MOOIYHOT MPOIYKITi POCIUHHOTO
MOXO/KCHHSI, KOMIUICKCHE BHUKOPHCTAHHS PI3HUX BHIIB
BYTJICIEBUX COpPOCHTIB I OYMINEHHS BOIHHX 1
ITPYHTOBHX €KOCHCTeM, iX COpOwLiiiHy, eKOJOTiuHy i
E€KOHOMIUHY XapaKTepUCTHKH Ta OI[iHKY, HEIOCTaTHBO
TIINOO0KO BUBYCHO.

Meta gociigkeHn

MerToro AOCTIKEHb CTaJ0 BUBYCHHS: CTPYKTYPHHUX,
COpOLIfHNX, MOIMMHANBHUX Ta  (PI3MKO-XIMIYHHX,
BJIACTUBOCTEN POCIMHHOI CUPOBUHM Ta OTPUMAaHUX 3 Hel
BYTJICLIEBUX COPOCHTIB; TEXHIKH, TEXHOIOTIIHHUX MIPOIIECiB
Ta TEXHOJIOTIH TPH OTPUMAaHHI BYTIJIELEBUX COPOCHTIB 3
MOOIYHOT TPOMYKINI POCIHMHHOTO ITOXOKCHHS; IIOBHOTH
OYMIICHHS, eKOJOTiYHOI Ta eKOHOMIYHOI MepeBaru
BUKOPHCTAHHS BYTJICIIEBUX COPOCHTIB NpHW  OYHIICHHI
BOJIHOTO CEpPE/IOBHINIA 1 IPYHTIB BiJ] HAQTONPOAYKTIB.

Pe3yabTaTi qociaiikenn

Tupci nepes, MO HAKOMMUIYETHCSA Y 1ePeBOOOPOOHiit
MIPOMHCIIOBOCTI, COJIOMI, TIOJIOBI, SIK BTOPHHHIN TMPOIYKIIil
CLITBCEKOTOCIIOAAPCHKOTO BHPOOHHITBA, JIUCTIO NEPEB,
MpUTaMaHHI CcOpOWiHI BIacTUBOCTI. BOHM MOXYTbH
Oe3rocepelHbO  3aCTOCOBYBATHCSA K COPOCHTH IS
OYHMILICHHS BiJ 3a0pyAHEHHA Ha(TONPOAYKTAMHU IPYHTY
Ta BOJHOTO CEPEIOBHIIA. 3a JaHUMHU (Tabu. 1), CTpyKTypHi
Ta (i3MKO-XIMIYHI XapaKTepUCTHKH, TOTJIMHAJBHI Ta
cOpOIiifHI BIaCTHBOCTI Kpalli Yy THPCH JEPEBHHH, IO
Maia Bosoricte 60%, a Hairipui — y aucts nepes. [lpu
OUHIIEHHS IPYHTIB 1 BOIY BiJ HadTONPOMYKTIB, B pasi
BUKOPHUCTaHHS COPOEHTIB POCIMHHOTO MOXOJKEHHS,
HEOOXiJTHO, BPaXxOBYBATH HE JIMIIIE IX BUCOKI COPOIiitHI Ta
NOIJIMHAJEHI BIACTHBOCTI, a TaKOX MNpPaKTHYHICTh Y
BUKOpUCTaHHI. TOMy IHCTS AepeB 4epe3 Te, IO BOHO
JIETKO TEPEHOCHThCS (3HOCHTHCS) BITPOM, NPAKTHYHO
Ba)KKO BUKOPHCTOBYBATH B PEAIbHUX YMOBaX.

Tadamus 1. IlornuuHanbHi T2 copOwilHi
XapaKTEepPUCTUKU TI00IYHOT POCIMHHOI MpoAyKUil mpu
Bostorocti 60%.

Table 1. Absorption and sorption characteristics of

lant by-products at a humidity of 60%.

IToka3nuk Tupca
<
) < = E E
5 e |2 |8 |2
8 | g2 |& |9 |7
HagroemHuicts, 2,7 2,3 1,9 1,6 1,1
/T
CO€, Mr-exs/r 2,6 1,9 1,6 0,3 0,2
Vs (H,0),em¥r | 10 | 0,05] 0,04 | 0,04 | 0,04
Vs (CeHe), em®r | 0,0- | 0,03 | 0,03 | 0,03 | 0,2
0,07
Sur., M2/T 84 | 79 | 79 73 | 6,2
3a pe3yabTaTH HAMMUX JOCTi/PKeHb Ta 1HIIHMX
nocmigHUkiB  [3, 4, 8], copOeHTH MaiOTh BHCOKY
e(peKTUBHICTb, KOJH COpOIiifHA €MHICTh JOPIBHIOE

2-3 r wmr-eks/r Tta Oimeme. 3 Tabmmii 1 BugHO, IO

MTOBHICTIO BiJMTOBIZA€ TAKUM BHMOTAM JIAIIE THPCA COCHU
Ta JI0 MEeBHOI Mipu ropixa. Buxomsdau 3 Toro, mo THpca
COCHM Mae HaWkpamli (i3uKo-XiMidgHi, cOpOmiliHy Ta
MOTJIMHANIBHI XapaKTepPUCTHUKH Ta BIACTHBOCTI cepen
IHITUX COPOEHTIB POCIMHHOTO IMOXOKEHHS, MU MIPOBEIN
JoCTiKeHHS 11 HahTo €MHOCTI, IpH po3Mipax Qpaxiiit 1-
3 MM Ta Bostorocti (Tabm. 2).

Ta6aums 2. 3anexHicTh HAQTOEMHOCTI TUPCU COCHH
(ppaxuis 1-3 mm) Bif ii BosorOCTI.

Table 2. The dependence of the oil content of pine
sawdust (fraction 1-3 mm) on its humidity.

Ne | BuxigHi MOKa3HUKHA BOJIOTOCTI a, v/t
/Tl | THPCH COCHHU

1 | IIpocymena mpu 90-110°C no 3,6

15%

2 | Booricts 60 % 2,7
[TinBuIIIEHA BOJIOTICTE:

3 | 100% 1,3

4 | 200% 0,6

5 | 400% 0 (Tone y

BOJI )

Sk mokasyroTh HaHi Tabmwmili 2, copOmiiiHa €MHICTh
THPCH COCHH JTy>Ke 3aJie’kHa BifJ BostorocTi. [Ipu Bosorocti
60% T1i copOuiiiHa eMHiICTH Ha(TONPOIYKTIB CTAHOBHTH
2,7 1/r, a BucymeHoi, npu temmeparypi 90-110°C, csrae
BXke — 3,6 1/T. 3pOCTaHHs BMICTY BOJOTH B THUPCI COCHH
NPU3BOJUTH JI0 OOEPHEHO NPOMOPLIHHOTO 3HMKEHHS 11
copOuiiiHoi emMHOCTI, omyckatouuck npu 400% no Hyss.
OTKe, MOKHA 3pOOMTH BUCHOBOK, 1110 THPCY COCHU MOYXKHA
e(peKTUBHO BHUKOPHCTOBYBATH SIK copOeHT
Ha(TOMPOMYKTIB PH BOJIOTOCTI, 1110 He nepeBuirye 60%.

[igBumuT  epeKTUBHICTE COPOIifHOT 3mMaTHOCTI
MarepialiB  POCIMHHOTO  MOXO/KEHHS  MOXIIHMBO
BHUKOPHUCTOBYIOUH TIPOIIEC KapOOHi3allii.

KapOonizamist — mnpuiioM OTpUMaHHS BYTJIEICBHX
COpOCHTIB 3 pOCIMHHOI CHPOBHHH IIpH HarpiBaHHI
BuXigHOI cupoBuHHM noHay 120°C.

OCKUNbKK,  BYIJICBOJHEBA  YacTHHA  MOOIYHOL
NPOJNYKLIT  POCIMHHOI  NPUPOXM  CKJIAJaeThes 3
reMIleIoNio3n Ta LENIJI03d, TO TMpHU KapOoHizawil
BiJIOYBAIOTHCS MPOIIECH JCCTPYKIIT MOITIMEPHHUX JIAHIIFOTIB
3 BUJIUICHHSM CMOJIMCTHX PEYOBHMH CKJIaJHOI OynOBH Ta
BEJIMKOI KUTBKOCTI JIETKHUX CIIONYK.

[pormec kapOoHi3amii MU TOCTiIKYBaIH Yepe3 KOKHI
50°C, B miamaszoni Big 100 mo 500°C.

Hamm BcTaHOBIIEHO, MO TIporec KapOoHi3aril
posmnounHaeThes npu temmepatypi 120-130°C. B mexax
temneparyp 200-250°C imyTh rojiOBHI peakiiii po3mamy
nemoao3n, a B miamasoni 250-300°C  mirHiHy, 1m0
CYNPOBO/IKYIOTBCS BUJIUIEHHAM HPOCTHX BYIJICLEBHX
cnoyyk (OKCHAYy BYIJIEHIO 1 BYIVIEKHCIOTO —Tasy),
3pijukeHol cyMmimi Ta cMmoit. [IpudoMy Ha pi3HUX CTamisx
npouecy KapOoHi3amii BelWYMHAa eHeprii akTHBawil
JIECTPYKTUBHHUX II€PETBOPEHb 3MIHIOETHCS, TOMY IO Y
PI3HUX TeMIepaTypHUX Alara30Hax BiJOyBaeThCS PO3KIIAL
PI3HUX KOMITOHEHTIB POCIMHHUX TKaHWH, TeMIIEIIONI03H,
MOTIM IIEJIOJIO3H 1 JIirHiHY (Tadu. 3).

Takum 4MHOM, OTpHMaHi pe3yJbTaTH BKa3yIOTh Ha
CKIQAHICTh mpomecy KapOowizamii. Ileli  mporec,
OUYEBH/IHO, CKIIQIAETBCSI 3 KOMIUIEKCY €JIeMEHTapHHX
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paIMKaIbHUX peakiii, sAKi MaiTh Pi3HI KiHETHYHI
napameTpHu.
OcobmmBa pomp Tpu  copOIii pi3HOTO poxy

3a0pyAHIOBAaYiB HANC)KUTh JirHiHy. Moro BMICT sK ¥y
BUXIIHI CHpPOBHHI POCIMHHOTO IIOXOJDKECHHS, TaK 1 B
OTPUMAHUX BYTJICIIEBHX COPOCHTaX BiAirpae Ba)KIIUBY
POJIb B COPOLIHHNX XapaKTEpPUCTUKAX COPOEHTIB.

Tadamua 3. Temmnepatyphi
KOMIIOHEHTIB pOCJII/IHHOI TKaAHUHU.

Table 3. Temperature zones of destruction of plant
tissue components.

30HH JIECTPYKIIT

Komnonent Temneparypa | Temmeparypa
30HH MaKCHMyMy
nectpykuii, °C | mBUAKOCTI

poskmaganss, °C

JIICHIH [TOYaTOK 160

po3KIany

aKTUBHUH 280-325 310-320

po3kiaz JirHiny 1

cTamis

AKTUBHUI 325-460 350-360

PO3KIaz JirHiny 2

cTafis

reMilenntoo3a 160-280 250-260

LIEJUTI0NI03a 220-370 290-300

JocnimkeHnss mpoiiecy KapOOHi3amii THPCH COCHHU
JI03BOJIJIO BCTAHOBUTH, IO MPU KOXKHIN JOCIIKYBaHil
TemImepaTypi  mpouecy — kapOoHizaumii Mae  IeBHe
ONTHMAJbHE 3HAYCHHS il TPUBAIOCTI, IPU SIKOMY Ha(pTO
€MHICTh KapOOHiI3aTy € MaKCHMalbHOI, M0 TpadidHO
MOKa3aHO Ha PUCYHKY 1.

a,lr/mT
12 A
10
8 et B e, S
4 Fj Pl ol 3
P :
2 e Sl
f(xa)
3 6 9 12 15
Puc. 1. 3anexHicTb BeMWYMHM HAPTO €MKOCTI

BYIJICLIEBUX COPOEHTI Ha OCHOBI POCIMHHOI CHPOBHHH,
npu Temrepatypi kapoorizanii 300°C, Bix TpuBanocTi:
1 — tupca cocum, 2 — THpca ropixa, 3 — THpca Oepesm,
4 — conoma, 5 — TUCTA

Fig. 1. Dependence of the oil capacity value of carbon
plant-based sorbents at a carbonization temperature of
300 °C, on the duration: 1 — pine sawdust, 2 — walnut
sawdust, 3 — birch sawdust, 4 — straw, 5 — leaves.

[TosBy MakcuMyMiB Ha PUCYHKY | MOXXHa MOSCHUTH
3MIHOIO HOPUCTOI CTPYKTYpH COPOEHTIB Ta XIMIYHUMH

MEPETBOPCHHSIMM TIOBEPXHI BYIJICIEBHX MaTepialiB y
nporneci kapoonizarii.

Tak, Ha TOYATKOBill cTamii mpomecy KapOoHizamii
THpcH 3 pi3HUX nopix gepeB mo 350°C, BHACHiIOK
BIWUIyYEHHS BOJIOTH, JIETKMX HPOCTIMIMX Ta CMOJHCTHX
CKJIQJIOBHX, YTBOPIOIOTBCSI MOpPH, IO IPUBOAWUTH MO
MiJABUIICHHS 11 COpOIiItHOT €eMHOCTI HA(TOMPOIYKTIB 10
JIEIKOTO MaKCHMaJIbHOTO 3Ha4yeHHs. [Ipu mopmanbinii
kapOonizauii  (350-450°C), oueBnaHO, BiIOyBa€eTHCS
BUTOPAaHHS BYIJICHIO Ta, BIANOBIAHO, 30UTBIICHHS
KIJIBKOCTI MakpoIop, 110 3MiHIOE CTPYKTYPY KapOoHi3aTiB
Y CTOPOHY 3MCHIIICHHS MiKPOTIOPUCTOCTI. B commomi 1 iucTi
JIepeB TpollecH KapOOHi3amil pO3MOYNHAIOTECSA IIPH
TeMIepaTypi Iemo HmKiH i 3akiHayrotees 10 300°C. Sk
0aguMo, MiJ BIUIMBOM BHCOKHX TEMIIEPAaTyp YaCTKOBO
JeTpafye TOpUCTa CTPYKTypa, IO NPUBOAWUTH O
3HIKCHHS copOuiftHOi €MHOCTI KapOoHizary.
OnTuManbHAM pPEXHMOM KapOOHi3amii THpcH 3 pi3HUX
nopin zepes € 300 (+ 10°C) Ta yac 8-10 xBwimH, a s
conomu i yucts aepes 250°C.

Sx ToKazamM JOCITIIHKCHHS, OTPHUMaHi BYTJICLEBi
copOeHTH, BHACTIIOK KapOOHi3aIlil pOCIIMHHOI CHPOBUHH,
MalOTh B JEKiNbKa pa3iB BUMY HapTO €MHICTH Ta
BEJIMYMHY COpOIi 10 HaTOMPOMYKTiB, Kpaml (i3uko-
XIMiYHI ~ TOKa3HWKH, B TOPIBHAHHI 3  BHXIJHOIO
npoaykiiero (tabu. 4). Ciig BiAMITHTH, 110 Y BYTJIEIEBUX
cOpOeHTIB 3 JIMCTA Ta COJIOMH COpOLiHA €MKICTh
HEBHCOKA 1 3HaxomuThcs B Mexax 0,3-0,5 Mr-exs/T.
Benunuunna copOirii kapOOHi3aTiB 3 TUPCH TOpixa Ta Oepesu
3HaXOAMTHCS y Miana3oHi 1,9-2,2 Mr-eks/r, a MaKCUMalbHA
BOHa y THPCH COCHH Ta jgocsrae 3,5 mr-exs/r. Crix
3BEpHYTH YBary Ha Te, IO Ha)TO €MHICTh BHXiTHOI
CHPOBHHH THPCH JIEPEB HE IyXKe pi3HHIacs MiDX co0olo.
B Toit yac sk xapOOHiI3aT OTPUMAaHUI1 i3 THPCH COCHU Ma€
Oimpmry HiXK y 2 pa3u HaTOEMHICTh, B TOPIBHAHHI 3
KapOoHi3aTaMH 3 TUPCH ropixa Ta oepesu.

Tadamusa 4. IlornmuHanbHi T2 copOwiiHi
XapaKTePUCTUKH BYTJICIICBHUX COPOCHTIB 13 POCIMHHOL
CHPOBHHH, 1110 MaJia BoJoricts 60%

Table 4. Absorption and sorption characteristics of
carbon sorbents from vegetable raw materials with a
humidity of 60%

[Noka3zuuk Tupca
COCHH | ropixa Oepesn
HadToemnicTs, 1/t 10,8 53 4,2
Vs (CeHs), cm®/r 0,09 0,05 0,04
Vs (H20), cm¥r 0,12 0,09 0,07
CO€, mr-exB/T 3,5 2,2 1,9
S, M2/T 12,8 9,7 9,6
30abHICTE, % 1 2,1 1
[Moka3uuku  copOWiiHOI  3MaTHOCTI  BUXIJTHOT

POCJIMHHOI CHPOBHHHM Ta BYTJIELIEBUX COPOEHTIB MOJlaHi B
tabmuiix 1 Ta 4 cBimyaTh, MO y TpOIECi TepMivyHOT
00poOKM BOHA 301UMBIIYETHCS y MiBTOpa pasd, a HaPTO
€MHOCTI B 2,3-4,1 pa3u i craHOBJISITE Maibke 11 T/r.
BaxnmBe 3Ha4YeHHS Mae OIiHKAa (hiHAHCOBOI Ta
€KOHOMIYHO{ JOIIFHOCTI BUKOPUCTAaHHS copOeHTiB. [Ipn
BUKOPUCTaHHI  MOOIYHOI  CHPOBHHH  POCIHHHOTO
MOXO/DKEHHSI B SKOCTI COPOCHTIB, BUTpPaTH MPH iX
3aCTOCYBaHHI, MOB’SA3aHI 3 BHECEHHSAM Ta 30WpaHHAM.
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OTpuMaHHS BYTJICIIEBUX COPOEHTIB 3 MOOIYHOT MPOIYKITiT
POCIMHHOTO TOXO/KEHHS I'PYHTYETHCS Ha BHKOPHCTaHHI
mporeciB  KapOoHi3alii, Mo O0OYMOBJICHO IOHATKOBHUMHU
CHEePreTHYHIMU BHUTPAaTaMH, a OTXKE 1 3TOPOKCHHIM
copbertiB. IIpore Hamii po3paxyHKH MOKa3ald, IO
BHECCHHSI BYTJICIIEBHX COPOCHTIB OiNbII AOIUIBHE HIXK
MoOIYHOT CHPOBHUHM POCIMHHOIO MOXO/KEHHS, 3 SKUX
BoHM oTpuMaHi. KapOonizoBaHi ByrjeneBi copOeHTH
MaroTh HadTo emHicTIO ¥ 3-4,1 pa3u BuIly, B IOPIBHSIHHI
3 BIANOBITHMMH IOKa3HUKaMM BHXIIHOI CHPOBHHHU
POCIIMHHOTO TIOXO/KEHHSI, TOMY iX BHOCHTBCS BiJIIIOBIIHO
B 3-4 pasu MeHIIe, Npu Ti camili copOLiliHIi Ta HadTO
nornmuHANEHIA  edekTuBHOCTI. PiHAHCOBO-EKOHOMIUHHHA
aHaJIi3 3aCTOCYBaHHA COPOCHTIB TOKa3ye, IO BUTPATH Ha
BUKOPUCTaHHA  MOOIYHOI  MPOAYKIii  POCIMHHOTO
MMOXO/DKEHHS K COpPOCHTIB BHWINI B TIOPIBHAHHI 3
ByrieueBuMu copbenramu. lle oOymoBIEeHO THM, IO
OOIYHOT MPOIYKIIii POCIIHHOTO TTOXOKCHHS HEOOXITHO
BHOCHUTH 1 30upat B 3-4 pasu Olnblle, HDXX BiINOBITHO
BYTJICIIEBUX COPOCHTIB.

BHecenns, a ocoOmuBo 30MpaHHs, COpPOEHTIB
CKJIa[THUII Ta, 0 MIeBHOT MipH, 3aTpaTHUH mporiec. [Iporec
kapOoHizauii no6iyHo1 CHUPOBHHU POCTIHHHOTO
MMOXO/DKEeHHS B 1,5-2 pa3u JemIeBHIWiA, HIX BiIIMOBiTHE
BHECEHHs Ta 30upanHs B 3-4 pasu Oinbiioi Macu (00’ emy)
copbOertiB. KpiM Toro, mpum BHKOpHCTaHHI MOOIYHOI
MIPOAYKIIT POCIMHHOTO MOXOKEHHSI, B SIKOCTI COPOCHTIB,
HEOoOXiTHO 1X MaTu B 3-4 pa3u Oinble, 0 Ha MPAKTHIIL HE
3apkau  OyBae  MoximBuM. [loOiuHa  mpoAyKIis
POCIMHHOTO TIOXOJKEHHS, B 3aJIC)KHOCTI BiJl TEXHOJIOTIH,
4acTO BUKOPHUCTOBYETHCS SIK JDKEPEJIO eHeprii, mnpu
OTPUMAHHI BYIJICIICBHX COPOCHTIB, IO 3/CIICBIIOE IX
BupoOHuuTBO. [Ipomec  yrmmizamii  Oinpmioi  Macu
copOeHTIB MOTpedye TOAaTKOBUX BUTPAT Ta MOB'SI3aHUHN 3
€KOJIOTIYHUMH HaCIIiIKaMH.

BucHoBkH

1. KapOomnizarmiro moOIi4HOI POCIMHHOI MPOIYKIii
JOLUTEHO TIPOBOAWUTH TIPU TemrepaTypi B mexkax 200-
300°C na npoTsi3i 8-10 XB., 1110 MiABUIILYE NOTJMHAIBHI Ta
CTPYKTYPHO-COPOIIiifHI ~ XapaKTEePUCTUKU  BYTJIEIIEBUX
COpOEHTIB.

2. Byrneueri copOeHTH OTpuMaHi B mpoleci
kapOoHizamii MarTh COpOMiiHy emHicTh ¥ 1,5 pasu, a
HapTO €MHIcTE y 2,3-4,1 pasu Bully B TMOpIBHAHHI 3
BINOBITHAMH  TOKa3HWKAMH  BHUXITHOT  MPOIYKIii
POCIIMHHOTO TIOXO/KEHHSI.

3. ByrueneBi copOeHTH OTpUMaHi 3 THPCH COCHH
MaroTh y 1,5-4 pasu BuII COpOLilHI XapaKTEpUCTUKU B
MOpiBHAHHI 3 KapOOHi3aTaMU OTPUMAHUMU 3 THPCH TOpixa
i 6epesn, COJIOMH Ta JIUCTS IePEB.

4. 3actocyBaHHS BYTJICIIEBHX COPOCHTIB (hiHAHCOBO-

€KOHOMIYHO Ta €KOJIOTIYHO OiNbII JOIIJIBHO, HIX
OesmocepeiHb0  MOOIYHOI  MPOAYKIII  POCIMHHOTO
TTOXO/KEHHSI.
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TEXHUKO-CTPAXOBAS OLIEHKA YTJIEPOAHBIX
COPBEHTOB HA OCHOBE PACTUTEJIBHOI'O
CBbIPbA UIA OUMCTKU HE®TEITPOJYKTOB

A. H. Kanusowrxo, H. ®. Kanusouwko

AnHoTanus. Vcrmomp30BaHHWE TOpIOYe-CMa30YHBIX
MaTepHaioB B YKpaWHE YBEIMYHBAETCS, YTO CBA3AHO,
IpeXae BCEro, CO CTPEMHUTEIbHBIM  yBEIHUYECHHEM
KOJIMYECTBA TPAHCHOPTHBIX CPEACTB. JTO NPUBOIUT K
YBEJIMUEHHUIO BPEIHBIX BHIOPOCOB, Pa3iIMBOB U MPOJIHBOB
HE(TENPOIYKTOB, YTO OKa3bIBAE€T BPEIHOE BIMSIHHE Ha
BHemHIOW cpeny. [lokasano, 4YTo He(TEMPOIYKTHI,
KOTOPBIE UCTIONB3YIOTCS B HAPOIHOM XO3SHCTBE, IMOTMaaast
B IIOYBY ¥ BOIY, 3arps3HSAIOT uX. OUUCTKA ITOYBHI ¥ BOJIBI
3aBHCHUT OT BBIOOpa METOIOB, TEXHOJOTHH W IPHEMOB.
Oco0y10 TOMyIAPHOCTh TPHOOPETACT METOJ COpPOIUHU
(mornommenust). CopOIHs, IpU OTHOCUTEIFHO HE BBICOKHX
3arparaX, crmocoOHa 00ECIeYUTh, TMOJNHYK OYHCTKY OT
He(TEMPOIYKTOB. O60cHOBaHO 3¢ (HEeKTUBHOCTH
YIIEPOOHBIX ~ COPOCHTOB  MOJNYYEHHBIX  METOJIOM
KapOOHM3allMKM  BTOPUYHOM MNPOIYKLIHH PACTUTEIBHOTO
npoucxoxkaeHus. CblppeM Ul TOJYYECHUs YIrIIEPOJHBIX
COpOEHTOB MOTYT OBITh OINWJIKH, CTPYXKKa, COJOMa,
crebmm, monoBa, nucTsA. WX 00BeMBI Ui CHHTE3a
YTICPOTHBIX COPOCHTOB MPAKTUYECKA HE OTPaHHYCHEL.
OcBeleHO CyTh Ipolecca TONYyYEHUs YTIJIepOJHBIX
copOeHTOB Ha Oa3e pacTUTENBLHOTO ChIPbs. [IpencraBineHs
(U3MKO-XMMHUYECKHE M CTPYKTYPHO-COPOIIMOHHBIE
XapaKTepUCTUKU  PACTHUTENBHOTO  CHIPhS, a TakKxke
MTOJyYCHHBIX C HETO YITIEPOIHBIX COPOCHTOB. PacKphIThI
9KOJIOTHYECKHE W  SKOHOMHYECKHE  IIPEHMYIIEeCTBa
YTIEPOTHBIX COPOESHTOB IS OYUCTKH OT HEPTETIPOIYKTOB
B CPaBHEHHH C JIPYTMMH METOIaMH OYHCTKH.

KaroueBble  ciioBa:  yriepoaHble  COpPOEHTHI,
BHEIIHSS  Cpefa, HWHPPACTPYKTypa, 9IKOJIOrHYecKas
0€3011aCHOCTH, SKOHOMHYECKUE MOKa3aTeIH,

KapOOHM3anus, HeTENPOYKThI, COPOCHTHI, COPOLIMOHHAS
€MKOCTb.

TECHNICAL AND INSURANCE EVALUATION
OF CARBON SORBENTS ON BASIS
OF VEGETABLE RAW MATERIALS
FOR PURIFICATION OF PETROLEUM PRODUCTS
O. M. Kalivoshko, M. F. Kalivoshko

Abstract. The use of fuels and lubricants in Ukraine
is rising, primarily due to a rapid growth in the number of
vehicles. This results in an increase in harmful emissions,
flowout and spills of petroleum products, which negatively
affects the ecological condition of the environment. It is
revealed that oil products used in the national economy,
getting into the soil and aquatic environment pollute them.
Soil and water purification depends on the choice of
methods, technologies and techniques. The method of
sorption (absorption). Sorption, at relatively low cost, is
able to provide complete purification from petrochemicals.
The efficiency of carbon sorbents obtained by
carbonization from secondary products of plant origin is
substantiated. Raw materials for production of carbon
sorbents can be sawdust, shavings, straw, stems, chaff,
leaves. Their quantity for the synthesis of carbon sorbents
is practically unlimited. The essence of the process of
obtaining carbon sorbents on the basis of plant raw
materials is highlighted. The physicochemical and
structural sorption characteristics of plant raw materials
and carbon sorbents obtained from it are presented.
Advantages of carbon sorbents for purification from oil
products in comparison with other purification methods are
revealed.

Key words: carbon sorbents, environment,
infrastructure, ecological safety, economic indicators,
carbonization, oil products, sorbents, sorption capacity.
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AHoTAaNis. Bukonano OIIiHKY HaJIMBHOT
C€KOHOMIYHOCTI ~ aBTOMOOLIS TpU  eKcIUIyaTamii 3
BUKOPHCTAaHHIM 3MallyBallbHUX MarepialliB (MOTOpHI Ta
TpaHCMICiiiHI 0NMBH) 3 QyJepEHOBUMHU KOMITO3HLIIMH 32
MaricTpajbHUM  13J0BHM IIUKJIOM. OynepeHoBi
KOMIIO3HUINT J0AaBakcs 10 MOTOPHOI Ta TPaHCMIiCIHHOT
onnBH B KoHueHTpauii 10% mac. KepiBHUM JOKyMEHTOM,
SIKM BU3HAYA€ TOPSI0K BUIPOOYBaHb aBTOTPAHCIIOPTHUX
3ac00iB Ha ManuBHY eKOHOMi4HICTh, € [OCT 20306.

BunpoOyBaHHS 1m0  MaricTpagbHOMY  IHKILY
MPOBOIMIINCH Ha BaHTaXHOMY aBToMoOim 3[JI-5301
“BbUY0K” 3a MariCTpalbHUM IUKJIOM HpU TeMIIeparypi
HABKOJIMIIHLOTO cepemopuiia +20°C  (JmiTHIA mepion
eKCIUTyaTaIlil) Ta NpH TeMIepaTypi HaBKOJIUIIHBOTO
cepenosumma -5°C (3MMOBHI TIepio]] eKCILTyaTallii).

BceranoBneHo, mo mpH eKcIuTyararii aBToMoOuTsI Ha
MaricTpajbHUX Joporax 3 ac(aabTOBUM MOKPHUTTIM Y
JITHIN miepio]] eKcrulyaranii 3acTocyBaHHs (ylepeHOBOT
KOMITO3MIIIT OJHOYaCHO B MOTOpHIH 1 TpaHCMICIHHIN
OJIMBAaX 3MEHIIYE BUTpaTy TNajiMBa aBTOMOOLIA Ha
15,43...18,34%. [1pu npomy Benuuuna 18,34% Biamnosimae
npoOiry aBromMoOins Oe3 BaHTaxy (m=0), a BEIUYUHU
15,43% — npobiry 3 BarTaxkeM (m=3000 xr). KoedimieHT
Bapiallii BUMIpIOBaHOI BEJMYMHN BHTPATH NAJIMBa CKJIAB
0,031...0,044. Ile no3BoisAe 3pOOHUTH BHCHOBOK, IO
moXuOKa BUMIPIOBaHb 3HAXOIUTHCS B Mexkax 3,1...4,4%.

IIpu ekcruryaramii aBTOMOOUII Ha MaricTpaabHHX
Joporax 3 ac(halbTOBUM MOKPHUTTSIM Yy 3UMOBHH Tepiof
eKCIUTyaTallii 3acTOCyBaHHS (yIepeHOBOi KOMITO3HUIIi]
(xonnenTpanis 10% mac) oIHOYaCHO B MOTOPHIH OJHBI i
TPaHCMICIffHIM OJMBI 3MEHIIye BWTpaTy IajMBa Ha
14,25...16,14%. I1pu upomy BennuuHa 16,14% Bianosinae
mpobiry aBroMobins Oe3 BaHTaxy (m=0), a BeTHIMHH
14,25% — npo6iry 3 BanTaxeM (m=3000 xr). KoediuieHr
Bapialii BUMIpIOBaHOI BEJMYMHU BHUTPATH NAJIMBa CKJIaB
0,046...0,035. Ile no3Boisie 3pOOHMTH BHCHOBOK, IO
MOXUOKa BUMIPIOBaHb 3HAXOJIUTHCS B Mexkax 4,6...3,5%.

Kmrouosi cJIoBa: eKCIUTyaTalis; BaHTaXXHI
aBTOMOOLTI; MOTOpPHI OJMWBH, TPAHCMICIHHI OJIUBU;
¢ynepenn, ¢QyrepeHOBI KOMITO3UINi; 00’€MHa BHTparta
MIAJIMBA; MariCTPAIbHUH 13M10BHH UK

IocranoBka npodaemu

B ocranHi poku 3’sBuiacsi HU3Ka HAyKOBUX CTaTew,
J€ TpPEACTaBICHO pe3ylbTaTH AOCIIKEHb BIUIMBY
(GynepeHOBUX JOMIIIOK 70 MACTWJIBHHAX MaTepiaiiB Ha
npolecH TepTs 1 3HOIIYBaHHS MeETaliB 1 3po0JeHO
BHUCHOBOK TIPO MEPCIEKTUBHICT BHKOPUCTAHHS TaKHX
JOMIMIOK 0 PIAKMX MAacTWIBHUX MatepiamiB. L{ikaBoto i
BaYXIIMBOYO OCOONIMBICTIO (DyJICPEHOBHX JIOMIIIIOK CTAJIO TE,
mo (ynepeHn no0pe PO3UMHSIOTHCS B IIMPOKOMY Kiaci
OpPTraHIYHHX 1 HEOpPTaHIYHWX pO3YMHHHKIB. [Ipm mpomy
BiJ[3HAYCHO TMOTaHa PO3YMHHICTH (PyIIEpPeHiB B TEXHIYHUX
OJIMBAX (MiHEpaTHHUX, HATIiBCHHTETHYHUX i
CUHTETHYHUX).

[Ile oHUM IIKaBUM SIBUILEM, SIKi CIIOCTEPIraroThCs B
po3unHax ¢ynepeHa C60, e mporecd YTBOPEHHS i
3pOCTaHHS KJIACTEPiB, SKI BKa3ylOTh Ha OJM3BKICTH
Garatbox po3uuHiB C60 10 Kiacy KOJIOITHHUX CHCTEM.
Bu3HaualbHUM MOMEHTOM ILIBOTO SIBHIA CIY)XHUTb TOW
(axr, mo po3Mip ¢yrepeHa IEKUTh HA MEKi BU3HAYCHHS
MOHATTS KOJOiMHOT YaCTHHKHU (3TiTHO KOJOITHOI XiMmil
KOJIOiJHI YaCTHHKY MafOTh PO3MIpH BiJl OJJHOTO HAHOMETPa
0 JEKUTBKOX MIKpOMeTpiB). Benmukuii BIMB Ha I
TIPOIIEC TaKOX HaJ[a€ MOJSPHICTh PO3YNHHHKA.

Bukopucranns n106aBok (ynepeHiB 10 TEXHIYHHX
PIAKMX MAaCTHJIBHUX MaTepialiB CTaBUTH PsiJl MUTaHb IPO
iX e(eKTHBHICTh, TOOTO BIUIMBY Ha IPOTU3HOCHI i
aHTU(PUKIIMHI BIacTHBOCTI. [HTEpec N0 IaHOro sBHUIIA
Mae SK (yHIAMEHTATbHUH, TakK 1 NPUKIaIHUN Xapakrep,
10 JTO3BOJIUTH PO3POOIIATH KOHIIETIIIT IX 3aCTOCYBaHHS.

AHAaJIi3 0CTaHHIX T0CTiTKEeHb

ABropamu pobotn [l] mpexncraBieHO — OTIIAX
JmiTeparypd 3 MACTHIBHHX MartepiaiaiB 3 J0JaBaHHIM
HAHOYACTHUHOK. [IpoaHaTi30BaHO BILUIMB HAHOYACTHHOK Ha
TPUOOTEXHIYHI ~ XapaKTePUCTUKH oiuB. Y  poOoTi
Bi/3HAYEHO, MI0 BHKOPUCTAHHS HAHOAOMIIIOK IO
MAaCTWJIBHUX MaTepialliB TMPU3BOIUTH 1O ITiIBHIIECHHS
BSI3KOCTI ©a30BOTO  CEpeNOBHINA, BHUCOKOI HECydoi
3ATHOCTI  TPHOOCIIONIy4eHb, 3HIDKEHHS KoedilieHTa
TepTs, MIABHIICHHS 3HOCOCTiliKOCTi. PobOoTa [2] MicTUTB


http://journals.nubip.edu.ua/index.php/Tekhnica
http://dx.doi.org/10.31548/machenergy2021.02

90 A.T. Kpasnos, M. B. Kapnayx

BHCHOBKH, III0 OCTaHHIM 9acoM 3yCHIIS 30CepeKeHi Ha
pO3poO0IIi i BAKOPUCTAaHHI BYTJICIIEBUX HAHOMATEpiaiB K
JOMIMIOK [0 TEXHIYHHX OJIMB JUI1  eKCIDTyaTamii
aBTOMOOLTiB. B ormami  mpeAcTaBIeHO — OCHOBHI
JIOCSITHEHHSI 32 PaXyHOK BYIJICHEBUX HAHO3MAIIyBalbHUX
MaTepialiB, sSKi Oy1yTh BU3HAYaTH MalOyTHI pO3pOOKH.

PobGota [3] MpUCBsSIYCHA TPUOOJIOTIYHUM
XapaKTepUCTHKaM BYTJICIIEBUX HaHOYaCTHHOK,
JUCHEProBaHUX Yy  moiianb(aonediHOBIi  OJIMBI.

Pesynbraté MOKa3yOTh MOJIMINEHY TEIUIONEepeaady Bia
KOHTAKTy TpPH HAsABHOCTI HAHOYACTUHOK, HABITH MPH
HU3BKUX PIBHIX KOHIeHTpamii. [le npuBomuTh 10 OibII

BHCOKOi B'SI3KOCTI MACTHJIFHOTO Martepialy, Hecyd4oi
3IATHOCTI 1 3HIKEHHS TEPTHL.
Y pobGotri [4] BHBYABCS BIUIMB BYTJICICBHUX

HaHOMATepiaJiB y pI3HUX KOHIEHTpAWisX Ha JesKi
BJIACTUBOCTI MOTOpPHHX OJNHB. bynu BUBUEHI B’S3KICTB,
TeMIlepaTypa 3acTHTaHHs], TeMIepaTypa crhajgaxy 1
TEIUIONPOBIHICTh K YOTHUPU IapaMeTpu SKOCTi, sIKi
BIUIMBAIOTh HAa (DYHKLIOHAIBHICTh MOTOPHOI OJIMBH.
3riiHO 3 OTPUMaHUMHU Pe3yJIbTaTaMHt, TEIUIONPOBIIHICTS 1
TemnepaTypa cnanaxy HaHoonmuB 3 0,1% wmac, cmpuse
MOJIMNIICHHIO — MapaMeTpiB  skocti Ha  6,7..13,2%
BiJINIOBiJTHO B TIOPiBHAHHI 3 0230BOI0 OJIMBOXO. AHAJOTIUHI
pe3ynbTaTH OTPUMaHI aBTOpaMu poboTH [5], e mokasaHa
e(EeKTHBHICTh 3aCTOCYBAaHHS HaHOMAaTepialiB y 0a3oBHX
CHHTETHYHUX OJINBAX.

ABtopamu pobotu [6] OOIpyHTOBaHO HAampsM, 1€
BUKOPHCTOBYETHCS MONEPEAHE NUCTIEPTyBaHH (yIepeHiB
y PO3YMHHHKAX, HalpHKJIa, POCIIMHHUX
BHCOKOOJICTHOBHX OJisIX, a IOTIM BBEIEHHS TaKHX
KOMITO3HLi# B TexHIuHI onuBU. Ha nyMKy aBTOpiB poboTH,
Take BUKOPUCTAHHS (YJICPEHIB Ja€ Kpalluid MO3UTHBHUM

epexkr, HDK JojaBaHHS  (QyNepeHiB y  BHUIISAL
HAHOIMOPOUIKIB B 0a30B1 MacTUIIbHI MaTepiaiy.
B pobGori [7] HaBemeHO  eKCHEpPHMEHTAIBHI

JOCIIJKEHHST e(pEKTHBHOCTI 3aCTOCYBAaHHS (PYIePCHOBUX
KOMITO3MIIilf y MOTOPHHX OJIMBAaxX i CTYIEHS 1X BIUIMBY Ha
e(peKTHBHY TMOTY)XHICTh 1 THMTOMY BHTparTy IaJInBa
Jau3enpHOrO JBUryHa. Maca ¢ynepeHoBoi KoMIo3uiii
100r ©Ha ommH Kimorpam MoTopHOi oymBH. CKiafg
¢dynepenoBoi kommosuuii — 0,75 r ¢ynepenis i 99,25 r
pocinuHHOI pinakoBoi outii. 3aranbHa Maca (ylepeHOBOi
kommo3uuii 100 r Beoxunacs B 1000 r 6a30Biii MOTOpHIN
omuen  M-10I2x, (10% wmac) [8]. Asrtopamu
eKCIIEPUMEHTAIbHAM [UISIXOM  OTPHMaHi  3aJIe)KHOCTI
e(eKTUBHOI MOTY>KHOCTI 1 MUTOMO{ BUTpPATH MaJHMBA MPH
3aCTOCYBaHHI B  MOTOpHHX OJIMBax  (yJepeHoBOl
KoMro3uuii. BecTaHoBieHO, 0 BUKOPUCTaHHS MOTOPHOT
OJIMBH 3 (yJIEpPEHOBOIO KOMITO3HIIEIO0 JJO3BOJISIE OTPUMATH
HaCTYITHI IIOKa3HMUKH MiJ 9ac BUNpoOyBanHs anzesns [1-243
Ha CTeHi: e(peKTHUBHA MOTY>KHICTh JU3est 301IbIIMIIach 31
3HaueHb 60 kBT n0 3HaueHs 64,56 kBt, T06TO Ha 7,5%:;
MUTOMa BHTpaTa TajuBa 3MEHINWIACS 31 3HA4YCHb
220 r/kBrxrom mo 3HaueHr 186 r/kBTxrom, ToOTO Ha
15,45%. Ha OCHOBI OTpPHUMAaHUX EKCIIEPHUMEHTAIFHUX
pe3ynbTaTiB  3pOO0JIECHO BHUCHOBKH, IO BUKOPHCTaHHS
(dynepeHoBOi KOMMO3HIIi B MOTOPHHUX OJIMBAX JIO3BOJISIE
3HU3UTHU MIUTOMY BUTPATY NaJMBa JABUT'YHOM, IO MPUBEJIE
JI0 €KOHOMIT ITaJIMBa IIiJ] Yac eKCIUIyaTalii TPaHCIIOPTHUX
3ac00iB 0e3 3MEHIIEHHS iX e()eKTUBHOI ITOTY>KHOCTI.

3 aHamizy MpEACTaBICHOTO MaTepialy MOXKHa
3pOoOMTH BHCHOBOK, IO 3aCTOCYBaHHS (yJiepeHOBHX

KOMITO3UIIIH y TEXHIYHMX MACTHJILHUX MaTepianax €
NIEPCIIEKTUBHUM HAaIPsMKOM, HaIpUKIIa, TSt
eKCIuTyaTallii TpaHCHOpTHUX 3acobiB. lle no3BonUTH
3HM3UTH BTPATH Ha TEPTA B arperarax aBTOMOOINIB, IO
MIpHUBEJIE 10 EKOHOMII TaJMBa MPY OTHOYACHOMY 3HIKCHHI
IIBUIKOCTI 3HOIITYBAaHHS MaTepialiB TPHOOCHUCTEM, IO
Oyze crpusTH 30UTBIICHHIO PeCypCy.

Merta nociigkeHn

Mertoto poOOTH € eKClepUMEHTAIbHE JOCIIIKEHHS
e(eKTHBHOCTI 3aCTOCYBaHHA (PyJIEPEHOBHX KOMITO3HUIIH Y
MOTOPHUX Ta TPAHCMICIHHHX ONIMBax arperaTiB 3aco0iB
TPAHCIIOPTY 1 CTYIEH iX BIUIMBY HA BUTPATH NaJIHBa.

Pe3yabsTaTH gociaigxKeHnb

KepiBHUM JOKyMEHTOM, SIKM BHM3HAYae MOPSIOK
BUNPOOYBaHb aBTOTPAHCIIOPTHHUX 3acO0iB Ha MaJUBHY
exoHoMiuHicth, € T['OCT 20306. Ileii cranmapr
BCTAQHOBJIIOE TaKi IMOKAa3HWUKU MNaJMBHOI EKOHOMIYHOCTI
ABTOTPaHCTIOPTHUX 3aCO0IB:

[l KOHTpOJIbHA BUTpATAa I1aJINBa;

[] BUTpaTa magMBa B MaricTpaJlbHOMY LMKl Ha
JIOpO3i;

[l BUTpaTa MaNyBa B MiCBKOMY ITUKJIi Ha OPO3i.

BusHaueHHS ~ 3a3HAaY€HMX ~ BHIIE  IOKA3HHKIB
PEraMeHTYEThHCS BiIIOBIIHOIO IIPOrPaMor0 BUIIPOOYBaHb
— 13IOBUMH IIMKJIAMU.

3rizno T'OCT 20306 st BaHT@XXHUX aBTOMOOLTIB
MIOBHOIO Macol0, sIKa MePeBUILyeE 3,5 T, B IKOCTI IporpamMu
BUIPOOYBaHb 3aCTOCOBYETHCS MAariCTpasibHUN 1310BHI
LUKJI Ha 7opo3i. Homepw omnepaniii mpyu BUKOHaHHI TaAKOTO
UKy, TOCITIJOBHICTh Omepariii 1 BiAMITKa OUIIXY B
MEeTpax IPeCTABIEHO Ha pHc. |, TOBXWHA BUMipIOBAJILHOT
nutaky popisHIOE 4000 M.

BumnpoOyBaieHi 33311 MPOBOAMIKCS HA KINBIEBii
JIOPO31 B OTHOMY HAIPSIMKY 1 JJIS TiIBUIIEHHS TOYHOCTI
BHUMIpIOBaHb ITOBTOPIOBAIMCS HE MEHIIE TPHOX PasiB, IO
BifmnoBigae sumoram crauaapty [OCT 20306.

Bincrans kinbleBoi goporu 3aBaoBxkud B 4000 M
BUOMpasiocss 0e3 yXWIB 1 IOBOPOTIB 1 NONEPEIHBO
poO3Mivanack NPOMOPIIHHO 3 HOMEPOM HOYaTKy Orepariii,
II0 BHKIIOYAJIO TOMHWIIKA BOJIS-BUNpOOyBadya NpHU
BHUKOHAHHI 13710BOTO LIUKITY.

Po3rin, ymoBiNbHEHHS MPH TAIEMYBaHHI IBUTYHOM
abo ciry>k00Be TanbMyBaHHS IPH BKIIIOUCHIN mepenadi i3
3aCTOCYBaHHSAM  poOOYMX  TalbM  3/1HCHIOBAJIHCS
BIJITIOB1JTHO /10 BUMOT 3a3HaYEHOTO BUIIE CTAH/AAPTY.

Y MOMEHT MepeTuHy NO3HAYKU “HYJb~ BKIIIOYAIUCS
MpuIagy peecTparii, SKi BHMIPIOBAIM dYac pyxy 3
touHicTio 0,1 ¢ i 06’eMHY BHTpaTy majwBa 3 TOUYHICTIO
1,0 cMm®.

Jns BuMipy BUTpaTH TNanWBa B YMOBax i3/I0BHX
OUKITIB BUKOPUCTAHUN HACTYITHUH TPUCTPiH, SIKUA
CKIIQIAEThCS 3 TPHOX OJIOKiB. JlaTdymka BUTpaTH MajuBa,
SIKU BCTAHOBJIOIOTBCS TIOpYydY 3 TAJIMBHUM OakoM,
CJIEKTPOHHOTO OJOKa KOMyTamii, OJloKa iHaWKamii Ta
KepyBaHHS. J[aTUYMK BHTpaTH NannuBa BCTAHOBIIOETHCS B
MaricTpaib 11o/1adi nanusa nepes GpiabTpoM-BiACTIHHIKOM
BaHTaxHOTO aBroMoOust 31JI-5301 “buuox™.
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Puc. 1. Cxema MaricTpaibHOTO IUKIY Ha TOPO3i s
BaHTa)KHUX aBTOMOOLTIB TOBHOK Macol0, siKa TICPEBUIILYE
3,5 T: 1 — pyx 3i mBuakictio 30 kM/rox; 2 — po3riH 10
IBUAKOCTI 50 KM/TOJ 1 pyX 3 IIEF0 MIBUIKICTIO; 3 — PO3TiH
no mBHAKocTi 70 KM/Tom 1 pyx 3 I[€0 HIBHIKICTIO;
4 — ynoBiJbHEHHS IBUTYHOM JI0 MIBUAKOCTI 50 km/rof;
5 — pyx 31 mBuAKICTIO 50 KM/T0T; 6 — PO3TiH 0 HIBUIKOCTI
70 km/ronm i pyX 3 Ii€I0 MBHAKICTIO; 7 — PO3TiH 10
mBHAKOCTI 75 KM/Tom 1 pyX 3 Mi€I0 MIBHIKICTIO;
8 — ymoBUNEHEHHS IBUTYHOM IO MIBHIKOCTI 65 KM/ TOI;
9 — pyx 31 mBuakictio 65 km/roxm; 10 — ymoBiTPHEHHS
OBUTYHOM A0 mBHakocti 45 wM/rom; 11 — pyx 3i
UIBUIKICTIO 45 KM/TO/I.

Fig. 1. Scheme of the main cycle on the road for trucks
with a gross weight exceeding 3.5 tons: 1 — movement at a
speed of 30 km/h; 2 — acceleration to a speed of 50 km/h
and movement at this speed; 3 — acceleration to a speed of
70 km/h and movement at this speed; 4 — deceleration by
the engine to a speed of 50 km/h; 5 — movement at a speed
of 50 km/h; 6 — acceleration to a speed of 70 km/h and
movement at this speed; 7 — acceleration to a speed of
75 km/h and movement at this speed; 8 — deceleration by
the engine to a speed of 65 km/h; 9 — movement at a speed
of 65 km/h; 10 — deceleration by the engine to a speed of
45 km/h; 11 — movement at a speed of 45 km/h.

30BHILIHIN

Puc. 2. BUTIISIZT BUMIPIOBAIBHOTO
KOMIUICKCY JIsI BUSHAUYCHHSA BUTPATH MAJINBA: 1- JaTYUK
BHUTpaTH TanuBa;, 2 — EJNeKTPOHHUH OJOK KOoMyTarii;
3 — Onok iHxuKauii Ta KepyBaHHS; 4 — BIyCKHHUH OTBIp;
5 — BHITyCKHHH OTBIp.

Fig. 2. Appearance of the measuring complex to
determine fuel consumption: 1 — fuel consumption sensor;
2 — electronic switching unit; 3 — display and control unit;
4 —inlet; 5 — outlet.

Jatunk BUTpaTH manuBa (YHKIIOHYE SIK 00’ €eMHHH
BUTpaToOMip i peecTpye 00°eM manusa cMS, sakuil npoiiios
yepes3 HbOTO.

Kommexkt obnamHaHHA, KU 3aCTOCOBYBaBCS IS
BUKOHAHHS 3/I0BUX IUKJIB, HABEJEHO Ha puc 2. Sk Onok
IHAWKAIIi 1 yIpaBIiHHI BUKOPHCTOBYBABCS IIEPCOHATHHHUN
KOMI'IOTEp 31 CHCIMiajJbHO HAMUCAHOK MPOrPaMOI0
00poOKu iHpOpMaIIii.

3a BUMIpSHHUM 3HAUCHHSIM Yacy MNPOXOKCHHSI
i3M0BUX MKIIB t, ¢, Ta 06’ eMHOi BUTpaTu nanusa Q, cm®,
sritno  'OCT 20306 po3paxoByBajJMCsi HACTYIHI
MTOKA3HUKY:

- cepemHS UIBHIKICTH PYXy aBTOTPAaHCHOPTHOTO
3aco0y 3a BUpoOyBaTBHIH UK JOBXHHOIO 4000 M:

=3’6'S ,km [ 200, 1)

@

P
- CcepelHs BUTpAaTa MajuBa:

Q, = % /100K 2

ge S — JOBKHHA BHUMIpIOBANBHOI [iNSIHKH, JOPIBHIOE
4000 m; t;, — cepenmHii wac, BHTpaueHHMH Ha MpOi3X
BHMIPIOBAJIFHOI OUISHKY, ¢; Q — 00'eMHa BUTpaTa IajiBa,
sIKa BUMIPIOETBCS BUTPATOMIPOM — 3a BHIIPOOYBATbHUI

LUKJ Ha AUIAHL goBxuHOIO0 4000 M, cMmP,

Pe3yabTaTH 10caiiKeHb

BunpoOyBanHss MO0  MaricTpaJlbHOMY  LHUKIY
MPOBOMMIIKCS Ha BaHTaXHOMY aBToMoOimi 31JI-5301
“BUY0K”, SKMA MaB 3araJbHUM TMPOOIr BiX MNOYATKY
excruryararii 20 tuc. kM. Ha aBToMOOii BCTaHOBICHHN
mm3ensHU  gBuryH  J] 245.12 3 TypOoHammyBOM
MOTYXHICTEO 73 kBT 1 mmTOMOIO BHTpaTOrO ITamMBa
q=245 rp/xBTxroz.

BurnpoOyBaHHs MPOBOIMIKCS HA KiJBLEBiH T0po3i 3
MIPSIMOJTiHIHHOO IISHKOIO. Iepen OYaTKOM
BUNPOOYBaHb TIPOTpiBAIM BCI arperatd aBTOMOOLI
mpo0OiroM KibIEBOO IOpPOrow He MeHme 50 KM mpu
MIBUAKOCTI 2/3 Bij MaKCUMAaJIbHOI.

KoHTponbHi 3ai3aM MOYMHAIKCS Ha aBTOMOOLII, lie
BUKOPHUCTOBYBAJINCS 3MalllyBaJibHI Marepiaiu 3riJHO JI0
KEpIBHHUIITBA 3 eKCIUTyaTalii. B cucremi mamieHHs 1BUryHa
MotopHa onma M-10I2x (API CC, SAE 40), arperarax
TpaHcMicii — TpaHcmiciiiHa omuBa TAJI-17u (API GL-5,
SAE 85W90). KoHTpobHI 321341 MOBTOPIOBAIUCS TPHUYI.
IIpn 1npomy peecTpyBamM Yac BHUKOHAHHS 3ai3dy 3a
JIONIOMOT0I0 TaliMepa 1 00’€MHY BHTpaTy NajiuBa 3a
JIOTIOMOT'Ok0 BUTpaToMipa B cM®,

ITicins 3aBEpIIEHHS TPHOX 3ai3iB, ne
BHKOPHCTOBYBAJIUCS MOTOpHA Ta TpaHCMICiiiHa OJHMBH
3TiTHO 3 KEPIBHUIITBOM 3 €KCIUTyaTallil, OJIMBU i JIsTaln
3aMmiHi. B 3MamyBampHI  Marepiamm  J00aBISUIH
¢dynepenoBy kommosumiro 10% wmac. Ilicns 3miHN
3MalllyBaJIbHUX MaTepiajiB aBTOMOO1Ib BUKOHYBaB POOir
KiJIbLIeBOIO Jiopororo He MeHme 30 KM, Icis 4oro
BUKOHYBAJIM TPH KOHTPOJIBHUX 3ai3/I1 3 PEECTpALIi€l0 yacy
3ai31y Ta 00’€MHOI BUTpATH MaIKBA.

PesynbraTy BUIpOOyBaHb 110 MaricTpajgbHOMY IUKITY
IIPH TEMIIEPaTypi HABKOJIUIIHBOTO TOBiTpst +20°C (IiTHIN
Tepios eKCIuTyaTarlii) mpeacTaBaeHo B Tadmumi 1.
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YV rtabmuui 1 HaBeneHi cepemHi 3HAYEHHS dacy
BHIIPOOYBaHb 1., 32 TppOMa 3aizmamu, 00’€MHOI BHTpaTH
nanmBa Q, 3a pe3ypTaTaMy BUMipIOBaHHS BUTPATOMIpY, a
TaKOX pPO3PAaXyHKOBI 3HAYCHHS CEPEeIHBOI HIBHUIKOCTI
pPyxy, ¢popmymna (1), cepenupoi BUTpaTH majimBa, GopMyia
(2).

CepenHbOKBaZpaTUiHE  BIAXWIEHHS  BEIMYMHU

BUTPATH NaJTHBa BU3HAYATIH 32 (HOPMYIIOIO:

Sq = ,/iianl(Qi _Qcp)z ' @)

e Sq — CepenHbOKBAAPATHYHE BIIXWICHHS BEIMYMHU
BUTpaTH manmBa, /100 KM; N — KUIBKICTH ITOBTOPIB,
nopiBHIOE 3; Qi — BUTparTa majnBa MpH KOXKHOMY 3ai3i,
1/100 xm; Qg — cepenmHs BUTpaTa NayiMBa 3a TpbOMa
3aizgamu, 1/100 kM.

Koediuient Bapiamii BeIMYMHU BHUTPATH IaIKMBa
BU3HAYaIH 332 BUPa30M:

S
V, =—Q. (4)
°Q
cp
BifgcoTok  3MeHIIEHHS BHUTpaTH [aluBa IpH

3aCTOCYBaHHI (yJepeHOBOI KOMITO3HLIT Y 3ManyBajJbHIX
MaTepialiax y TOpPIBHAHHI 3 IITaTHUM PEXAMOM

eKCILTyaTarlii:
Qmm - qu/c

£ = 0% 100,%, ®)

wm

ne Qum — BUTpaTa majgMBa aBTOMOOUIEM B IITATHOMY
pexumi excrutyatanii, /100 km; Qg — BUTpaTa mnanuBa
aBTOMOOLIEM TP 3aCTOCYBaHHI QyIepeHOBOI KOMITO3HUIIIT
B 3MalIyBaJbHUX Matepianax, /100 kM.

3 aHamizy pe3ynbTaTiB, HaBeACHHUX y Tabmumi 1,
MOXXHa 3pOOWTHM  Taki BHCHOBKH. 3aCTOCYBaHHSA
¢dynepenoBoi kommo3uuii (koHumeHtpamis 10% wmac)
OJJHOYAaCHO B MOTOpPHIH OJIMBI 1 TpaHCMICIHHIA ONuBI,
3MEHIIYE BUTPATy MajvBa aBTOMOOUIS B JITHIH mepion
excruryaranii Ha 15,43...18,34%. Ilpu npoMy Benu4yuHa
18,34% Binnosinae mpoOiry aBTOMOOLISI 0€3 BaHTAXKY
(m = 0), a Bemmumnu 15,43% — npoOiry 3 BaHTakeM (m =
=3000 xr).

KoedimienT Bapiamii BHMIpIOBaHOI  BETHYWHU
Butpatd manmBa ckmaB  0,031...0,044. Ile nmo3Bomsie
3poOMTH  BHUCHOBOK, IO TIIOXHOKa  BHMIpIOBaHHSI

3HaXOOUThCS B Mexax 3,1...4,4%.
OTpuMaHuii pe3yabTaT 3MCHIIICHHS BUTPATH TaJIHBa,

piBuuit  18,34...15,43% 30iraeTbcs 3 pe3ysbTaTaMH
CTCHIIOBUX BUIPOOYBaHb mu3sens [[-243, ski HaBEICHO B
pobori [7].

OnHO3HAYHO, 30UIBLICHHS Macu IepeBe3eHOT0

BaHTa)Xy NPU3BOAMTH O 3MCHIICHHS €(EeKTy 3HMIKCHHS
BHUTPATH TMATHBA 1 301IbIICHHS MTOXNOKHA BUMIPIOBaHb, MIPH
OpOMY KOeQIIlieHT Bapiallii HE TNepeBHIIye 3HAYCHHS
0,044.

Tadauus 1. Pesynsrat BunpoOyBaHp aproMo06inst 31J1-5301 “Bruyox” 3a MaricTpaibHUM LUKIOM IIPH TEMIIEpaTypi

HABKOJIMIIHLOTO MoBiTps +20°C.

Table 1. Test results of the car ZIL-5301 "Bichok™ on the main cycle at an ambient temperature of +20°C.

Yac

06’emua

Cepennst

Burpara

CepenHbo

Maca BUIIpoOyBa BUTpaTa HMIBUAKICTH naauBa KBaJ[paTUYHE KOC@)i'LliC'H Biacorox
BAHTAXY . T Bapiamii 3MCHIICHH

M. xo HHS MaJInBa PYXY Qcp, 1/100 BiIXMJICHHS v £ %

’ tep C Q, cm® Vep, KM/200 KM So, 1/100 kM Q '

I TaTHUH pekUM eKCILTyaTamii

0 235,2 2608 61,22 16,30 0,65 0,038 -
1500 239,8 2805 60,05 17,53 0,73 0,041 -
3000 245,9 2944 58,56 18,40 0,86 0,044 -

@DynepeHoBi komno3umii B 3MalyBaabHuX Marepiasax 10% mac.

0 230,3 2130 62,52 13,31 0,58 0,031 18,34
1500 2354 2306 61,17 14,41 0,66 0,033 17,79
3000 240,8 2490 59,80 15,56 0,74 0,038 15,43

Tabauus 2. Pesynerata BunpoOysans aBromo0is 31J1-5301 “brdok™ 3a MaricTpalbHUM IUKIOM TIPU TEMIIEpPaTypi
HABKOJIMIIHLOTO MOBITpst -5°C.

Table 2. Test results of the car ZIL-5301 "Bichok" on the main cycle at ambient tem

perature -5°C.

Maca | | mpers | wmens | namma | sspanane | Kosbiien | Bizeorox
BAHTaXy . T Bapiamii SMCHILICHHA
M xo HHS najuBa pyxy Qcp, 1/100 BIJIXUJICHHS v £ %
’ tep, € Q, cm® Vep, KM/200 KM So, /100 kM Q '
IITaTHUH peXUM eKCIUTyaTamii
0 248,4 2805 57,97 17,53 0,73 0,04 -
1500 252,6 3010 57,0 18,81 0,85 0,043 -
3000 258,6 3154 55,68 19,71 0,97 0,046 -
@ynepeHoBi komMno3uLii B 3MalyBajgbHUX Marepiasiax 10% wmac.
0 240,3 2352 59,92 14,7 0,68 0,035 16,14
1500 248,1 2530 58,04 15,81 0,74 0,039 15,94
3000 252,8 2704 56,96 16,90 0,83 0,041 14,25
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Pesynbrat  BunpoOyBanb aBtomoOums 31J1-5301
“budox” 3a MaricTpaJdbHHM ITUKJIOM TIpH TeMIiepaTypi
noitpst  -5°C, 3umoBHii  mepiox  eKcruryaTauii,
MIPECTaBICHO B TAOMHI 2.

[lepen mouaTkoM BHNPOOYBaHB OyJI0O BUKOHAHO BCi
Bumoru cragmapry ['OCT 20306, BukiameHi Bwiie.
Cuctemy omnaseHHs KaOiHM BOZis Oyno MiAKITIOYEHO IO

pobotu.

3 aHamizy pe3yibTaTiB, HAaBEACHUX y TaOimui 2,
MOXKHa 3pOOMTH  TaKi BHCHOBKH.  3aCTOCYBaHHS
¢dynepenoBoi kommo3uuii (koHueHtpamis 10% wmac)

OJTHOYAaCHO B MOTOpHIH OJIMBI 1 TpaHCMICiHHIM ONuBi, B
3UMOBHUIl TepioJl eKcIUTyartalii aBTOMOOLNs, 3MEHIIye
BUTpary nanusa Ha 14,25...16,14%. IIpu npomy BenmdanHa
16,14% BinnoBimae mpobiry aBToMoOuIs 0€3 BaHTaXy
(m = 0), a Benmunan 14,25% — mpoOiry 3 BaHTa)xeMm
(m= 3000 kr).

Koeoimienr Bapiamii BuUMipIOBaHOI  BEIWYHHHU
Burpatu mnanmuBa ckiaaB 0,046...0,035. lle no3Bossie
3pOo0OMTH  BHCHOBOK, 10 NOXWOKa  BUMIpIOBaHb
3HaXOJUThCA B Mexax 4,6...3,5%.

BucHoBku

1. BukoHaHO OLIHKY TATUBHOI EKOHOMIYHOCTI
apromoOurs 31JI-5301 “Buuox” mpm ekcruryaramii 3
BHKOPHCTAHHAM 3MalyBaJbHUX MaTepiasiB (MOTOPHI Ta
TPAHCMICiiTHI OTUBH) 3 (yJICPEHOBUMHU KOMITO3HIIISMU 32
MaricTpanlbHUM  i3M0BHM  LUKIIOM. DynepeHoBi
KOMIO3MLIT IOAaBaIKkCs OO MOTOPHOI Ta TPaHCMiCiHHOT
oyuBH B KoHIeHTpaltii 10% mac.

2. BcraHoBneHo, o MpU eKCIUTyaTalii aBTOMOOLIS
Ha MaricTpajbHUX JI0porax 3 ac()aJibTOBUM HOKPUTTSM Y
JITHIN mepio]] eKciulyaranii 3acTocyBaHHsS (ylnepeHOBOT
KOMITO3MLIiT OJHOYaCHO B MOTOpHIH 1 TpaHCMICIHHIN
ONMBaX, 3MCHIIYE BHUTpPATy IalWBa aBTOMOOLIA Ha
15,43...18,34%. [Ipu npomy BenmmanHa 18,34% Binmoimae
mpobiry aBTomMoOist Oe3 BaHTaxy (m = 0), a BEeIHINHA
15,43% — nipooiry 3 BaaTaxkeM (m = 3000 kr). KoedimienT
Bapianii BUMIPIOBaHOI BEJIMYMHU BUTPATH IAJMBa CKJIAB
0,031...0,044. Ile no3BoisAe 3pOOHUTH BHCHOBOK, IO
MOXUOKa BUMIPIOBaHb 3HAXOIUTHCS B Mekax 3,1...4,4%.

3. IIpu ekcrutyaTarfii aBTOMOO1JIST Ha MariCTpaIbHUX
Joporax 3 acalbTOBUM MOKPHUTTSIM y 3MMOBHI Iepiof
eKCILTyaTallii 3acTocyBaHHS (yJepeHOBOi KOMIO3HUIT
(xonnentpaiis 10% Mac) 0JHOYaCHO B MOTOPHIN OJIKBI 1
TpPaHCMICIiiHIH OJIMBI, 3MEHIIye BUTpaTy IajuBa Ha
14,25...16,14%. [1pu npomy BenmumHa 16,14% Binmosinae
mpobiry aBTomMoOuIs Oe3 BaHTaxy (m = 0), a BEIHINHU
14,25% — npoGiry 3 BanTaxxeM (m = 3000 kr). KoediuieHt
Bapialii BUMIpIOBaHOi BEJIMYMHN BHUTPATH NAJINBa CKIIAB
0,046...0,035. Ile no3Boisie 3pOOHMTH BHCHOBOK, IO
MOXUOKa BUMIPIOBaHb 3HAXOIUTHCS B Mexkax 4,6...3,5%.
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OLEHKA 53®PEKTUBHOCTU [TPUMEHEHUA
CMA30YHbIX MATEPHUAJIOB
C ®VYJUIEPEHOBbBIMU KOMITO3ULIMAMU
IMPU DKCIUIYATAIIMU B MATUCTPAJIBHOM
LIMKJIE T'PY30BbIX ABTOMOBUWJIEN
A. I'. Kpasyos, H. B. Kapuayx

AHHOTauMs. BrinonHeHa oleHKa  TOIUIMBHOM
SKOHOMHYHOCTH aBTOMOOWJISL TIpH OKCIUTyaTallud C
UCTIONIb30BAHMEM CMA304YHBIX MaTepHaJIoB (MOTOPHbBIE U
TPaHCMHCCHOHHBIE Macia) c ¢bynnepeHoBUMHI
KOMIIO3HIIUSIME 10 MarucCTPaJbHBIM €3/10BBIM IIHKJIAM.
OyniepeHOBbIE KOMIIO3UIINH T0OABISIINCH B MOTOPHBIE U
TPaHCMHUCCHOHHBIE Macyia B KoHueHTparuu 10% wmacc.
PyKkoBOASIITMM JTOKYMEHTOM, OIIPEIEISIOMNUM IOPSA0K
HCTIBITAHUH aBTOTPAHCIIOPTHBIX CPEICTB Ha TOILIUBHYIO
3KOHOMHUYHOCTE, aBiisieTcst 'OCT 20306.

Hcnbrranus 1o MarucTpaitbHOMY LUKITY
NIPOBOAMIIMCh Ha Tpy3oBoM aromoOwre 3UJI-5301
“BbIUOK” 1O MarucTpalbHOMY LMKy IpH TEMIEpaType
OKpyXatomero Bo3gyxa +20°C  (netHmii mepuox
9KCIUTyaTallid) M TIPH TEMIIEpaType OKpYXKaIOIIero
Bo3ayxa -5°C (3UMHHIA TIEPHOT IKCILIyaTaIHN ).

VYCTaHOBIICHO, YTO IIPU 3KCIUTyaTalud aBTOMOOMII
Ha MarucTpajJbHBIX AOpOrax ¢ ac()ajbTOBBIM MOKPHITHEM
B JIETHWA TIEPHOA  OKCIUTyaTallid, IpPUMEHEHHE
($yIepeHOBUX KOMIO3HINI OJTHOBPEMEHHO B MOTOPHBIX
1 TPAaHCMHUCCHOHHBIX MacjiaX YMEHbBIIAET PACX0/ TOTIIINBA
aBromoOmnsa Ha 15,43...18,34%. Ilpu 3TOM BenuuMHA
18,34% cooTBeTcTBYeT mpoOery aBToMOoOmWIss 0e3 Tpy3a
(m = 0), a Bemmuunsl 15,43% — mpobery ¢ rpy3om (m =
= 3000 xr). Kosdpdumment Bapuanum wuzMepseMoit
BENMYMHBI pacxoja Tomiusa coctasui 0,031...0,044. Oto

TO3BOJISIET CHIeNIaTh BBIBOJI, YTO TIOTPEITHOCTh H3MEPECHUN
HaxoauTcs B npexaenax 3,1...4,4%.

[pu sxcrTyaTanmmy aBTOMOOWIIS Ha MaruCTPaIbHBIX
Joporax ¢ ac(aabTOBBIM IOKPHITHEM B 3MMHHH IEPHOJ
SKCIUTyaTaIluy, IPUMEHEHNE QYIUIePEHOBBIX KOMITO3UITHIA
(xoHmeHTpanus 10% macc), OAHOBPEMEHHO B MOTOPHOM
Maclie ¥ TPAHCMHCCHUOHHBIX MacjaxX YMCHBIIACT PacXoj
toruBa Ha 14,25...16,14%. Ilpu sTom Benuuuna 16,14%
COOTBETCTBYET Ipobery aBroMoomiIs 6e3 rpysa (m = 0), a
BenunuuHbl 14,25% — npobery ¢ rpy3om (m = 3000 kr).
KoaddunueHT Bapuarmu n3mMepseMoi BETHYHHBI pPacxoa
toruBa coctaBui 0,046...0,035. DTo mo3BOJILET CclenaTh
BEIBOJ|, YTO TOTPEIIHOCTh W3MEPEHHH HaXOOUTCA B
mpenenax 4,6...3,5%.

KnloueBble ciaoBa: OSKCIUIyaTanus; TIpy30BbIC
aBTOMOOWJIM; MOTOPHBIE Macjia; TPAaHCMHCCHOHHBIC
Macma;  QyiiepeHsl, (yIIepeHOBBIE  KOMITO3HIIHM;

O0BEMHBIM PACXOd TOIUIMBA, MATHCTPaJbHBIN €310BOMH
UKL

ESTIMATION OF EFFICIENCY OF APPLICATION
OF LUBRICANTS WITH FULLERENE
COMPOSITIONS DURING OPERATION IN MAIN
CYCLE OF TRUCKS
A. G. Kravtsov, M. V. Karnaukh

Abstract. The paper deals with the assessment of fuel
efficiency of the car at operation with use of lubricants
(motor and transmission oils) with fullerene compositions
on the main driving cycle. Fullerene compositions were
added to the engine and transmission oil at a concentration
of 10% of the mass. The guiding document that defines the
procedure for testing wvehicles for fuel efficiency is
National State Standard GOST 20306.

Tests on the main cycle were carried out on a truck
ZIL-5301 "Bichok™ having a total mileage from the
beginning of operation of 20 thousand km. The car is
equipped with a diesel engine D 245.12 with a
turbocharged capacity of 73 kW and a specific fuel
consumption q = 245 g/kWh. The tests were performed on
a ring road with a straight section. Before the start of the
tests all units of the car were warmed up by a run on a ring
road not less than 50 km long at a 2/3 maximum speed. The
tests were performed on the main cycle at an ambient
temperature of +20°C (summer period of operation) and at
an ambient temperature of -5°C (winter period of
operation).

Control races began in the car, which used lubricants
according to the operating instructions. In the engine
lubrication system engine oil M-10G2xk (API CC, SAE 40),
transmission units - transmission oil TAD-17i (APl GL-5,
SAE 85W90). Control races were repeated three times. At
the same time, the arrival time was recorded with the help
of a timer and the volumetric fuel consumption with the
help of a flow meter in cm3.

It is established that when operating a car on main
roads with asphalt pavement in the summer of use of
fullerene composition in both engine and transmission oils,
reduces the fuel consumption of the car on 15.43...18.34%.
The value of 18.34% corresponds to the mileage of the car
without cargo (m = 0), and the value of 15.43% mileage
with cargo (m = 3000 kg). The coefficient of variation of
the measured value of fuel consumption was 0.031...0.044.
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This allows us to conclude that the measurement error lies
within 3.1...4.4%.

The operating the car on the main roads with an
asphalt covering in the winter of operation of application
of fullerene composition (concentration 10% of the mass)
simultaneously in engine oil and transmission oil reduces
fuel consumption by 14.25...16.14%. The value of 16.14%
corresponds to the mileage of the car without cargo
(m = 0), and the value of 14.25% mileage with cargo
(m = 3000 kg). The coefficient of variation of the measured
value of fuel consumption was 0.046...0.035. This allows
us to conclude that the measurement error lies within
4.6...3.5%.

Key words: operation; trucks; motor oils;
transmission oils; fullerenes, fullerene compositions;
volumetric fuel consumption; main driving cycle.
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31 3SMIHHUM CKJIAJOM MAIIWH JJIAA JICOTEXHIYHUX POBIT
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bi6n. 26, puc. 2, maobn. 3.

AHoTanisg. B craTTti mpoBemeHO IOCHIIKEHHS Ta
y3arajJbHEHHS  CIIOCOOIB  opradizamii ~ BHPOOHHYHX
MIPOLECIB 31 3MIHHMM CKJIaJJOM yCTaTKyBaHHS MallWH JUIs
micotexHIYHUX poOiT. I[lmanyBaHHS OOYHCIIOBAIBHOTO
EKCTIEPUMEHTY JUISl ONTUMAJIBHOI OpraHizallii BUpOOHHINX
MPOIECiB 31 3MIHHMM CKJIaJOM YyCTaTKyBaHHsA. Jlis
BUPOOHMYMX MPOLECIB 31 3MIHHUM CKJIaJIOM YCTaTKyBaHHS
MallMH IS JIICOTEXHIYHUX POOIT MPOBEJCHHS HATYPHUX
eKCIIEPUMEHTIB  4acTO CTa€ HepalioHaJbHUM  abo
HEMOXXJIMBUM 4epe3 CKJIaJHICTh OpraHi3aiii, BEJMKUX
BHUTpPaT, OOMEXEHOCTI pecypciB, TOMY BimOyBaeTbCs
3aMiHa ~ OOYMCIIOBaJbHUMH  METOAAaMH, B  SIKHX
JOCITIKEHHIO I IIATal0Th MATEeMaTHIHI MOJIEII ITPOIIECIB.
Jo TenepimHBOTO HYacy po3poOIEHO BENUKY KiTBKICTH
METOMIB MaTeMaTH4YHOI'O MOJICJIIOBaHHS, IUIAHYBaHHS
eKCIIepUMEHTy, OOpOOKM pe3ylbTaTiB, ONTHMI3amii. Ix
PI3HOMAHITTSI TOB’SI3aHO 3 THM, IO JUIS BHPIIICHHS,
BUPOOHMYMX 3aBJaHb pI3HUX KIAciB MOTPIOHO 00K
PI3HHX HIOAHCIB, 1 TOMY HEOOX1/THO BUPOOUTH, METOIH, SIKi
BOJIOZIIM O JIOCTaTHBOIO YHIBEpCANbHICTIO. PileHHs
NPakTUYHMX  3aBJaHb 32  JOINOMOIOK  amapary
MO/ICIIFOBaHHS, TUIAHYBAHHS EKCIIEPUMEHTY MOXe OyTh
YCKJIa/IHEHE MOPYIICHHSIM YMOB 3aCTOCOBHOCTI METOJIB,
CKIIAJTHICTIO X peaizalii.

TakuM  4YHHOM, aKTyallbHICTh  MPUBEIEHOTO
JNOCTI[UKEHHS B CTarTi OOyMOBIIEHA HEOOXiTHICTIO
BIOCKOHAJICHHS METOMIB IUIAHYBaHHI 1 0OOpoOKH

pe3yNbTaTiB KOMIT IOTEPHUX €KCIEPUMEHTIB, iX aganTamnii
0 crneuudiky BHUPOOHMYMX TIPOLECIB MAIIUH ISt
jmicoTexHiYHUX  pobit.  EdexTuBHICTF  BHPOOHHYIHMX
mporieciB Moke OyTH JOCSTHYTa TPH IPABHIHLHOMY
CKJIaJIJaHHI KOMILJIEKTIB MaIlIMH 3a TUIIAMH, YHCETBHOCTI Ta
BiJNIOBiTHOI OpraHi3arii po6oTu.

KiaouoBi  cioBa: Meronuka, MallMHU A7
JICOTEXHIYHUX pooir, BUPOOHUYIMH mpolec,
MIPOJTYKTUBHICTb.

ITocTanoBka mpodaemu

OpmHuM 3 BHIIB BUPOOHWYMX TPOIECIB 31 3MiHHHM
CKIIQJIOM YCTaTKyBaHHS € JIiCO3aroTiBli, 110 3aliMaloTh B
eKoHOMIl VYkpaiHu 3HauHe wmicie [1]. Buxomsum 3
pe3yabTaTiB  IOCTI/KEHh BHPOOHMYMX TPOLECIB  3i

3MIHHMM  CKJIaJlOM  YCTaTKyBaHHS  MalldH IS
JMCOTEXHIYHUX POOIT BHABICHO, IO X JOCTIIKEHHS 3a
JIOTIOMOTOK0 ~ HATYPHHX  ©KCICPUMEHTIB Baxko [2].
BukoHaHwMi OTJISA TOCITIIKEHD B 00J1aCTI MATEMATHYHOTO

MOJIEJIIOBAHHSA, ONTHMI3amil KOMIUIEKTIB MamluH 1
oprasi3ariii J1ico3aroTiBenpHuX mpotiecis [3].
3MiHHa  TPOJYKTHUBHICTb xkommiekty  (Pyy)

BU3HAYAETHCS KIJIBKICTIO CUPOBUHH, MEpepo0IeHOT HUMHU
npotsirom 3Miau [4]. TIpoayKTHBHICTE BCHOTO KOMIUIEKTY
MOXe OyTH pIBHOIO TNPOJAYKTHBHOCTI MAaIlWH ISt
JmCOTEeXHIYHUX POOIT Ha KokHy omepaiito [5]. Bin

BiIIIOBiAaE BHUMOTaM IOCIiTOBHOT oprasizamii
BHUPOOHUIITBA:
PSMC = P3M1 = Pst = P3M3 == PSMn (1)

OnHak, sK TOKasye iCHyro4a mpakTtuka [6], He
BIA€THCS MiAIOpaTH KOMIUIEKT MAIlWH i YCTaTKyBaHHS 3
OJIHAKOBOIO [7] a00  HE3HAYHO  BIJPI3HAIOYOIO
npoaykTuBHicTiO [8].

AHAaJi3 0CTaHHIX J0CTIIKEHb

CxemMa  mapajeibHO-TIOCHIJOBHOTO  BHKOHAHHS
BUPOOHMYOr0 TMPOLECY BKJIIOYAE pPSAA  MAIIWH, M0
MPAIIOIOTh MapaJCIbHO OJMH OJHOMY 1 MepenaBajbHUX
06’extH mpari MarmH [9], 1m0 MmpaIorTh MOCTiI0BHO;
MoxIHBi 1 3BopoTHI Bunagku [10] — mepenada 00’ekTiB
Tparli BiJy MaIllH, IO TPAIFOIOTH ITOCIIJOBHO 10 MAIIHH,
110 MPAIIOITH Tapasiensro [11].

3MiHHA TPOJYKTUBHICTh TOCTIJOBHO 3’€THAHHUX
MallMH 1 MEXaHi3MiB TOBHHHa OyTH  piBHOIO
MPOAYKTHBHOCTI MAIIIKH, 0 TPAIFOIOTh MapaieabHo:

|(Pansa = Panza) F+ (Paseyyy = Payy,)| = P =
~ (P3M4a ~ P3M4b) (2)

B mux xe cxemax MoxiauBi Bapiantu [12], xonwm
mapajeidbHO MOXE IPAIOBAaTH Pi3HY KUIBKICTh MAaIlIWH
[13]. TIpm upoMy OakaHO HACTYNHE JOTPUMAaHHS
BiJTHOMIEHHS MPOIYKTUBHOCTI:

P3M1 ~ P3M2 ~ l(P3M3 ~ P3M4 ~ p3M5) + (PaM6 ~ P3M7 J (3)

Cxemu BUKOHAHHS BUPOOHUYIOTO Tpouecy
IpeacTaBieHi Ha puc. 1.
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T3 — TexHi4HI 3ac00U I BUKOHAHHS OTepalliii;
O — omepaTuBHMIA 3amac 00’ €KTIB Mpalli;
3 — 3amac CHpOBHHH.

Puc. 1. CxeMu MOXJIHMBUX BapiaHTIB TEXHOJOTTYHHX
CHCTEM: a) CXeMa MOCIIIZIOBHOTO arperyBaHHs 3 THYYKHMHU
3B’s13kaMHu; O, B) Ti )K€ PO3TAIy’KEHI 1 CXOJATHCS; I') T€ K
3MIIIAHOTO THITY 3 THYYKHUMH 3B’ I3KaMHU.

Fig. 1. Schemes of possible variants of technological
systems: a) the scheme of consecutive aggregation with
flexible connections; 6, B) the same branched and
converging; r) the same mixed type with flexible
connections.

Xapaktep ~ CXeM  KOMIUIGKTIB ~ MamlMH s
micoTexHiuHUX pobitT [14] i Bua ix 3B’s13Ky 00YMOBIIOE
HasIBHICTB 3aI1aciB pecypciB Mix omepartisimu motoky [15],
ix mpusHadeHHs 1 posmimenns [16]. OcoGmuBicTio
NPOTIKaHHS BUPOOHMYMX TNPOLECIB € Te, IO MiX
CYMDKHMMH OTI€pAIliIMUA CTBOPIOIOTHCS 3amacd 00’ €KTIiB
npami [17], pecypcis [18]. Mixomepariiini 3amacu —
OararopiBHeBi. Bynb-siki TexHiuHi 3acoou (T3) HeHaailiHi
B poOOTi, KOKEH Ma€ CBiif KOEQIIiEHT TEXHITHOTO
Bukopuctanus [19]. Haii6inpin HeBUriHA CUTYyallist JUis
Tapy OIepalliif, KOJIH BUXOJUTH 3 Jaxy monepenHiid T3, a
00’eM 3amaciB Ha MiHIMalIbHOMY PiBHI 260 BincyTHii [20].
TexHiYHa NpPUYMHA, IO BHKIHMKAE NOTPEOY CTBOPEHHS
3ar1aciB JaHOTO THITY, BU3HAYMIIA X Ha3Ba — TexHiuHi [21].
VY Toif xe yac, neit 06’eM 3amaciB pecypciB HomepemKae
npocToi moaskiroro T3, Koy monepeHe mpocToroe [22].
Ii 3amacu cTpaxyroTh Oe3nepebiiiny pobdoty T3, Tomy,
HPaBOMIpHO X Ha3UBATH CTPaxoBUMH (Z¢, M°).

3anacy, o 3a0e3neuyoTh KOMIICHCAIIIFO
HEpIBHOMIPHOCTI X HONOBHEHHS CIIOXHUBAHHS, 3pOCTaHHS
SKUX MOTpiOHO oOmexyBatn [23], komu Hopma

BUpPOOJIEHHS TEXHIYHMX 3ac00iB Ha IoINepeaHii oneparii
BUILle, HDXK HAa HACTYIHiif; abo 3017bLIyBaTH 0 HEBHOTO
PiBHS, KOJIM HOpMa BHPOOJIEHHS TEXHIYHMX KOLITIB Ha
MOTIepETHIH omepariii MeHIIe, HiXk Ha HaCTYIIHIH OTpUMain
Ha3By opraHizauiiini (Zg, M%). TapanTiiinuii 3anac (Zp, m%)
e 3amac, IO CKJIAJAeTbess 3 CYMH CTPaxoBOrO Ta
oprasizamiiinoro 3amacis [24]. Oprauizamitiauii 06’em

3araciB IOTIOBHIOE CTPaXOBHH 10 00’eMy, SIKWil TapaHTye
Oe3nepebiliHy poOoTy  TexHigHOro 3acoly, TOMY
MPaBOMIpHO Ha3WBaTH Horo rapaTiiHuM [25]. Taxmm
YUHOM, MXKOTIEpaIliifHi 3a1acu pecypciB MalOTh TPaHUIHY
Ul KOHKPETHHX YMOB BEJIMYUHY, $Ka TapaHTye
Oe3nepebiliny podoty T3, B 3ararpHOMY BHUIIIAI MOXKYTh
OyTH po3paxoBaHi 3a (OPMYJIIOI0:
Iy = 7o + Z¢ 4)
Mosxi1Bi ZBa BapiaHTH pOOOTH KOMIUIEKTY MallIH Y
BUPOOHMYOMY NPOLIEC 31 BMIHHUM CKJIAJIOM YCTaTKyBaHHS
(puc. 2): a) 06’eM BHpOOIICHHS Ha TOMEpenHil omepanil
(Q;, M%) Menuie 06’eMy BUpOOIECHHS MALIMH HA HACTYIHIMH
onepanii (Qg, M%), (Q; < Qy); 6) 06’eM BHPOONECHHSA Ha
ToTIepeTHiN omepamii Oinpire 00’ eMy BUPOOIICHHS MAITHH
Ha HacTymHoI onepartii (Q; > Q).

@)
N /F - Z
apaHTiiHHH 3amac
ZFB M3 v {
Zc, M3 /
I Crpaxosuii 3anac

a
o

t tH 1; ty oni

< > <& > > >

Puc. 2. 3mina 3anacis y PO3paxyHKOBOMY MEpioji:
a) npu Q; < Qs; 6) mpu Q; > Q.

Fig. 2. Change in inventories in the calculation period:
a) for Q; < Q; 6) for Q; > Q.

B neprmomy Bumazky, 3a 4ac t; (3MiH) BigOyBa€eThCs
CTBOPEHHS  TrapaHTiHHOTO  3amacy  MallMHaMu 3
npoayktushicTio Q; (M®). B inTepBani t, (3MiH)
BiZIOYBa€ThCSl BUKOHAHHS JBOX OIEpaliii BUPOOHMYOTO
mpouecy (i,s). Tak sk Q; < Qg, TO 3amac IIBUAIIE
CHOXKUBAETHCS, HIXK ITOMTOBHIOETHCSL.

VY mincymky [26], piBeHb 3amacy 3HHKYETHCS [0
cTpaxoBoi BenmuuHM. [lojanblie 3HWKEHHS BEIMYMHHU
3amacy AOIYCTUTH HE MOXKHA, TaK SIK 3MEHIIYTHCSI BUMOTH
TexHiku Oe3nekn. ToMy, Ha «BimcTarouii» i-Til omeparii
BiIOYBAa€ThCS MITKIIOUCHHS JONATKOBHUX MAIIUH JUIS
JMCOTEXHIYHUX POOIT 1 piBeHb 3amacy 30LTBIIYETHCS IO
rapaHTiiHOTO MPOTSroM Yacy t; (3miH). 3a mepiox t,
(3MiH) BiAOYyBa€eThCS BHUPOOJEHHS 3amacy TEXHIYHUMH
3aco0amMu HACTYITHOI omepartii 3 06’eMoM BUpOOJIeHHS Qg
(M%), KON MaLIMHK NONEPEAHBOT ONEPallii IEPeXoaaTh 10
y4acTi B iHIIOMY BUPOOHMYOMY TPOIIECi.

VY npyromy BUNaiKy, 3a 4ac t; (3MiH) BiOyBaeTbCs
CTBOPEHHSI CTPaxOBOTO 3amacy TEXHIYHHUMHU 3aco0aMu
nonepeiHLoi ornepaii 3 06’emom Bupobierns Q; (M°). B
iHTepBam t, (3MiH) BimOyBa€Tbcs BHKOHAHHA JIBOX
onepartiiii BUpoobHm4oro mportecy (i, s). Tak sk Q; > Qg, TO
3amac IIBUJIIE IOMOBHIOETHCS, HDXK CIOXHBA€EThCA. Y
MiACYMKY, piBeHb 3amacy MiZHIMETbCS 10 TapaHTIHHOI
BesinunHH. [losaneiie 301IbIIeHHS 3anacy HebakaHo, Tak
SIK TeXHIYHI 3aco0M Ha «BifgcTarouiity S-Tit omepanii HE
OynyTh chopaBisATHCS 3 HOro crnoxuBaHHAM. Jlo i€l
oreparii BiI0yBa€ThCS M IKIIOYCHHS JOAATKOBUX MAIIHH,
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1 piBeHb 3amacy 3HWXKYETHCS IO CTPAXOBOTO IMPOTATOM
gacy t; (3miH). 3a mepiom t, (3MiH) BimOyBaeThCs
BHPOOJICHHA 3armacy TEeXHIYHUMH 3aco0aMu 3 00’eMoM
Bupobnenns Qs (m®) [].

JocmimkyBanuii BHpOOHIYIHI Tpotiec Oyze 3aiexxarn
Bi mapaMeTpiB  TEXHIYHMX  3aco0iB  (KUIBKICTb,
NPOXYKTUBHICTb, CTaH), 00’€MiB  MDKOIEpaIiHHIX
3amacis, BUIBHUX IUIOLI, MPU3HAYEHHX JUI 1X 30epiraHHs,
mraty — mianpueMcTBa.  [ligBumuTe  e(eKTUBHICTH
BUPOOHMYMX TIPOLECIB MOXKHA ILIIXOM BU3HAUYCHHS
ONTUMAIIBHUX PEXHUMIB iX (QyHKIioHYyBaHHA. g 11500
HEOOXiZHO  3a0e3MEYUTH  Y3TOMKEHICTh  HA3BaHUX
mapaMeTpiB 1 BHOpaTH HaWKpamiuii BapiaHT B JaHUX
BUPOOHMYHX YMOBaXx. BuzHauntn napameTpu
ONTUMAIIFHOT'O BUPOOHUYOTO MPOIIECY MOXKHA, BUOpaBIIN
e(EeKTHBHI METOAH JOCIHIPKCHHS.

Meta gociigkeHn

Mera nmocmipkeHb — BJIOCKOHAIECHHS METOAWUKH
O00YHCITIOBAILHOTO ~ €KCHEPHMEHTY,  MaTeMaTH4HOTO
MOJICIIOBAHHS Ta YHCENBHUX METOMIB ONTHMIi3amil i
NPaKTUYHOTO 3aCTOCYBaHHS 1O IUIAaHYyBaHHS BUPOOHHUYMX
TPOLECIB 31 3MIHHUM CKJIQIOM YCTAaTKYBaHHS MAIlIUH JUIs
JCOTEXHIYHUX POOIT.

Pe3yabTaTi qociaiikenn

[TporoHyeThCsl METOAMKA IO TIPOBEACHHIO Ta aHANIZY
Pe3yIbTaTIB OOUUCITIOBAIBHUX CKCIICPUMEHTIB, 3aCHOBaHA
Ha TIOJIOKEHHSX Teopil IUIaHyBaHHS EKCIEPHMEHTIB,
perpeciiiHOMY aHai3i.

1. TloOymoBa MaTeMaTHYHOT Mozeni
JOCIIKYBAHOTO BUPOOHUYOTO TIPOIIECY.

Z(z4, 23, ..., Zy) = min(max) (5)

Q(q1,92, -, qm) = 0 (6)

G(QI'QZ""'gm) =0 (7)

ne Z — 1inboBa GYyHKITis, 10 OMCYE BUPOOHUYHIA TIPOIIEC;

Q, G — oOMeXxeHHS MaTeMaTHYHOI MOZENi, IIo

BiIOBINAfOTh crenr(illi JOCIiIKYyBaHOTO MIPOIIECy.

3a OCHOBY B JOCII/DKEHHSX Bi3bMEMO INapayesbHO-
MOCTITOBHUNA BUPOOHWUYWI TMporec 3 MiATPUMAHHIM
00’eMy 3amaciB MK JBoMa (iKCOBaHUMHU piBHAMH. s
KO>KHOT Iapy oTiepariii BU3Ha4a€eThesl piBEHb CTPAXOBOTO 1
rapaHTiiHOrO  3amacy.  BigMiHHOIO  OCOOJNHBICTIO
opranizauii BUpOOHMYOro mpouecy Oynae MNiAKIIOYEHHS
JIOJIATKOBOTO OOJIQ/IHAHHS Ha OIepallisix, BUKOHYBaHUX
TeXHIYHUMH 3ac00aMH 3 IPOTYKTUBHICTIO, BiIMIiHHOIO BiJl
MakCHMalbHOI B KOMIUIEKTi. 3a  JOIOMOTOIO
MaTeMaTHYHOI MOJIeNi BiIOyBa€eThCS BU3HAYCHHS 3HAYCHB
BHUXIIHUX IIapaMeTpiB, TOOTO HATYpHI EKCIIEPUMEHTH
3aMiHIOIOTHCS Ha 00UNCITIOBAIIBHI.

2. BusHaueHHs (axTOpHOTO
eKCIIEPUMEHTY.

Ha mepeGir nociiixyBaHOro MHpouecy BILUIMBAIOTH
pisHi Besmumnm. X Ge3mmiy MokKHA PO3IIMTH HA HACTYTHI
IMHOKHUHH:

a) Kepyroui (aktopy, 3HAYeHHS SKMX MOXHA
3MIHIOBaTH B XOJi MOCH/PKEHHS 1 BCTaHOBJIIOBATH Ha
3ajiaHoMy piBHi (X;, i = 1,7).

pOCTOPY

b) Ilapamerpu Mozei, 3HAYEHHS AKMX 3HAXOMSTHCS
B IIEBHOMY JTialla30Hi, TOCIiTHUK He MOYKE BIUIMHYTH Ha iX
3MiHY, ajie¢ Ma€ MOXJIUBICTb 3a(iKCyBaTH MPUHHATI HIMA
3HAYCHHS B PI3HUX YMOBax. BOHM 3MIHIOIOTECS 3QJICIKHO
Bi yYMOB  TpPOTIKaHHA  BHPOOHHYOTO  IPOIECY,
BHUKOPHCTOBYBAHOTO OOJaJHAHHS, pecypciB. Hampuknan,
3MiHa BHPOOJIEHHS MallMH B 3aJI€KHOCTI BiJl NPHPOIHO-
BUPOOHMYNX yMOB GyHKIionyBanus (X;,j = 1,m).

€) HekepoBaHi 30BHIlIHI BIUIMBY, BIUTUB SKUX Ha
(byHKIIII0 BITyKy HEBiIOMO, ajie HOTo CJIiJl BpaxyBaTH
WV,l=1,p).

d) Benuuueu, sfKi MalOTh IMOCTiIHI 3HAYCHHS B
paMKax gochijkyBaHoro mpouecy (Cp = const, k =
1,7)).

JocniiHuKy CniJi IMPOBECTH aHali3 WX BEJIWYMH 1
BHOpaTH 3 HHX Kepyrodi ¢(akropu. [Ims HuX ciix
BHU3HAYHTH 00J1aCTi BapifOBaHHS.

3. BuzHaueHHA obmacri IUTAHYBaHHS
eKxcriepuMeHTy. DakTopH MOXYTh BapiroBaTUCS Ha JBOX i
Oimpmre piBHsAx. [Ipu Bu3HauYeHHI piBHIB (akTopiB
OOTPUMYIOTBCSL ~ HACTYIHUX  PEKOMEHHAlii [4]:
BpaxyBaHHS TNPUHLUIIOBUX OOMEXEHb Ha 3HAYCHHS
¢axropiB, Ha piBHI (QakTopiB OyAyTh BILUIMBATH TEXHIKO-
€KOHOMIYHI MIpKyBaHHS, OCOOJIMBOCTI YMOB IPOBEICHHS
EKCIIEpPUMEHTIB. 3ajexHo BiJ ocobnuBoCTEH
JIOCITIZPKYBAHOTO TPOLIECY, EKCIIEPUMEHTAaTOp BU3HA4ae
KUTBKICTh PiBHIB (PaKTOPIB i iX 3HAYCHHS.

[puknan aas TPHOX PIBHIB TNpeicTaBiICHHH B
Tabmumi 1.

Ta6auus 1. Hopmaizamis ¢pakTopiB eKCIIEpUMEHTY.
Table 1. Normalization of experimental factors.

X4 X, X; Xy
PigHi = L & o
1BHI = = - =

. |2 8| E|2 Y E|SEE|SE
Qaktopis | =2 | 2 J| B |24 & |=5 825
o 8‘ ] o 8‘ o 8‘ o 8‘ ]

= = = =

BepxHil |[X;,| +1 | X, | +1 | X, | +1 X, +1
HynmboBUH | X;0| 0 [Xo0| O [Xio| O |Xpl O
mwkHid | X;_| -1 |X,_| -1 |X;_| -1 |X,| -1

4. CxJsagaHHS MaTpHUIli IUVITAHYBaHHS €KCIIEPUMEHTY
Juist TOOYTOBU KBapaTHYHOI perpeciiHol Moelt.

5. Jlns nmigBuieHHs HaJiHOCTI 1 BiATBOPIOBAHOCTI
EKCIIEPUMEHTY, MOJXJIMBOCTI IIPOBEJEHHS HACTYIHOTO
CTaTHCTUYHOIO aHajli3y INpH pPO3pPaxyHKy 3Ha4eHb
BUXIZIHOTO Tapamerpa CiiJi NPOBOAWTH MapaieibHi
JIOCJIIAM B TOYKAaxX MaTpuli IulaHy. BoHM BH3HayaroTh
Y3TOJUKEHICTh Pe3yJbTaTiB MPH MOBTOPHOMY IIPOBE/ICHHI
EKCIIEPUMEHTY B CX0)KUX YMOBaX.

[IpoBeneHHs napaneabHUX AOCIINIB MOKE BUSBUTHCS
CKIaAHUM. Y pa3i HaTYpHHX EKCIIEPUMEHTIB CKJIaJHHH
minoip CXOXKHUX MIPUPOTHO-BUPOOHUYNX YMOB,
HETIPUITYCTHMO HEpaliOHaTbHEe BUKOPUCTAHHS PECYpCiB i
JIOPOTOro ycTaTKyBaHHS. [Ipy MpoBeaeHHI KOMIT FOTEPHHUX
OOUYNCITIOBAIBHUX ~ €KCIIEPUMEHTIB,  OYEBUAHO, IO
MOBTOPHUM PO3paxyHOK BUXIJHOTO MapaMeTpa IpH TOMY
* Habopi Bxinuux HE mpussene 1o ioro 3minn. Buaukae
3aIUTaHHS MOJICJIIOBAHHS TapajelbHUX JIOCITIJIB HpH
MPOBEJICHHI KOMIT IOTEPHUX EKCIIEPUMEHTIB.

Hammu  mpomoHyeTbcs — oprasizyBaTé
mapaieiabHi JOCHIOU. Y HHX BapiloIOThCS

YMOBHO-
BXiIHI
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napaMeTpud MoOJeli, 3Ha4deHHS SKUX 3HAXONATHCS B
MIEBHOMY Jliana3oHi, i JOCIITHUK He MOKe BIUTMHYTH Ha iX
3MiHY, ajie¢ Ma€ MOXJIUBICTD 3a(iKCyBaTH MPUHHATI HUMA
3HAYeHHS B PIi3HUX yMoBax. IM OymyTh Bimmosizatu
eKCIIEPUMEHTH, B SKUX JUIS KOXKHOI TOYKH MaTpuULli IUIaHy
BH3HAYAETHCS BUXITHUN MTapaMeTp i3 BpaxXyBaHHIM 3MiHH
napamerpiB X,j=1m. 3HaueHHs Xi.j=
1, m3amatotbest  gochigaukoM.  LTyuno — 3miHIOROUH
3HAUEHHS MapaMeTpiB JaHOro Kiacy, OyIayTh OTpUMaHi
Ppi3HI 3HaYECHHS BIATYKY B JIaHIH TOYI IUIaHy, SIKI MOXKHA
NPUIHATH SK pe3yibTaTh HapalelbHUX JocaimiB. Takum
YHHOM, MOJICJIIOETHCS BapiaOesIbHICTh TapaMeTpiB, 0 Mae
Micle B PEaIbHOCTI. AJBTEpHATUBHUM  CIIOCOOOM
opraizamii yMOBHO-TIapaJebHUX IOCHIIIB € TeHepamis
BIAMOBIMHUX  3HAY€Hbh 3a  JOMOMOTOK  JaT4MKIB
BUITQJAKOBUX dHcel. [IpoBomuThcs TreHepauis 3HAYCHB,
HEOOXiOHMX [IJIsI TIPOBEICHHS yMOBHO-TIAPANICTBHUAX
JOCHIZiB, i3 BpaxyBaHHSAM CTAaTHCTUYHHX [aHHUX IIPO
MOXUIMBI 3MIiHH 3HAa4YCHb MapaMeTpiB i BIUTHBOM
BunagkoBux  QakropiB. Takmii migxig — 03BOISAE
peasi3yBaTy IMPHHIMIT paHI0Mi3allii.

KoskeH j-ii mapajenbHuil AOCBiA B i-il Toulli IUaHy
BIJINIOBiJ]a€ TIOEJHAHHIO TMPHPOTHO-BUPOOHUYUX YMOB,

TOOTO TIOEJHAHHIO SKICHUX 1 KiTbKICHUX XapaKTEPHUCTHK,
IO BIUIMBAIOTh HAa IapaMeTPH MAaTEeMaTHYHOI MOJEII.
MOKITUBICTh TMPOBEACHHS EKCIICPUMEHTY B I-# ToOdII
IUTaHy TPU IPUPOTHO-BUPOOHUYHNX YMOBAX, BiAMIOBIIHUX
J-My mapanenpHOMY IOCIiTy, MoOXe OyTH OIliHeHa 3a
JIOTIOMOT 010 HMOBipHOCTEH P; ;. B peanbHux 3a1a4ax 4yacTo
€ ampiopHa iH(OpMAIlis, IO J03BOJIAE OLIHUTH 1
BUKOPHUCTOBYBATH  DO3MOAIN  HMOBIpHOCTEH  py;.
BpaxyBaHHs HMOBIPHOCTI BHKOHAaHHS OJHOTO 3 cepil
mapajixe’dbHUX JOCHTIAIB B JaHIH TOUI IUTaHy BHECE 3MiHH B
moOyIOBY 1 aHAJIi3 perpecitHiX MOAeTeH.

Sxmo  #imMoBipHOCTI a0  iHIN  CTAaTHCTHYHI
XapaKTepUCTHKH apryMeHTiB HE 3aJaHi, Xoda cami
apryMEHTH €  BHUNQJKOBHMH  BEIMYMHAMH,  TO
PEKOMEHAYEThCSA 3amaBaTHCS (Ha MACTaBI ampiopHOL
iHpopMmarnii) 3akoHOM po3snoniny iiMoBipHOcTeil. Ilpu
BiZICyTHOCTI TMOTpiOHOI iH(popMmawmii ciig  BBaXaTH
HMOBIPHOCTI OJIHAKOBHMH B pa3i TUCKPETHOI BUIIAIKOBOI
BEJIMYMHKM a00 TNpHuiMaTu pIBHOMIPHUHA 3aKOH B pasi
Oe3mnepepBHOI.

Pe3ynpraTy eKCIIEpUMEHTY i3 BpaxyBaHHAM HMOBIpHOCTEH
YMOBHO-TIapaJICIbHUX JIOCTIJIB 3pYYHO MPEACTABUTH Y
BUTIIAMI TaOIHI 2.

Tadauus 2. [[TabmoH opopMIeHHS pe3ynbTaTiB KOMIT FOTEPHOTO €KCIEPUMEHTY i3 BpaxyBaHHSIM HMOBipHOCTEH

MIO€THAHHS TPUPOTHO-BUPOOHNYNX YMOB.

Table 2. Template for the design of the results of a computer experiment, taking into account the probabilities of

combining natural production conditions.

Ne KepoBani paktopu Y MOBHO-TIapane/IbHl KOCIIH 13 Buxijnuii mapamerp
ocniny __ BPaXyBaHHAM HMOBIPHOCTi _
A X, X, | .. | X, £, %, %, Y
m
Y, Y, Vim Yy = Z ~1j " P1j
1 1 1 1 =t
P11 P12 Pim ZPU =1
j=1
m
2 1 1 0 | | T | e | Tom V=) Typy
j=1
m
P21 P22 P2m szj =1
=1

6. VY KOXHIH TOYIl MATpHI TUIAaHY BH3HAYAETHCS
MaTeMaTuy4He CIIOJIBaHHS 1JIbOBOI (YHKIIT MO YMOBHO-
napajieabHUM J0CITiIaM.

HeoOxigHo po3paxyBaTh 3HAYeHHSA. 3 TPUIHHH
0COONMMBOCTEH MPOBENEHHS BHPOOHMYHMX TIPOIIECIB Ha
apryMeHTH MaTeMaTHdHOi Mmozeni (5) HaKJIaJalThCsa
obmexxenHss (6, 7), ski OyxyTp BpaxoBaHi 1 B
KoMIT oTepHiit Mozeni. [Ipu npoBeneHHI KOMIT FOTEPHOTO
eKCIIEPUMEHTY 13 BpaxyBaHHSM YMOBHO-TIApaeIbHUX
JOCI/IIB JIesKi 3 HUX MOXYTh HaJaTH HENPUITYCTHMI B
3B’SI3Ky 3 MOPYIIEHHSAM YMOB MaT€MaTHYHUX MOJEJNEH,
3aKJIaJICHUX B JIOCIHIIPKEHHSX.

Bracmiok Oyne oTpuMaHa MaTpuus IUIaHy, IO
MICTHTB HETIPUITYCTHMI JOCIIIH 1 TOUKH.

Ilin yMOBHO-HENIPHUITYCTUMUMH AOCHigaMu OynemMo
PO3yMITH OKpeMi YMOBHO-TIapaJIENIbHI TOCIiIH, B IKUX HE
Moke OyTW BH3HA4YeHO 3HAaYeHHA (YHKMI{ BIATyKy 3a

JIOTIOMOTOI0 MaTeMaTH4YHUX MOJENeH, IO ONUCYIOTh
pO3TJISIHYTHH ~ BUpOOHMYMit mporec. Jlaui  mocimiau
BU3HAYAIOTHCSI TUIBKH B XOJIi TPOBEICHHS KOMIT FOTEPHOTI'O
ekcriepuMenTy. Il HENpUIyCTUMOIO TOYKOIO I[UIAHY
OymeMo po3yMITH TakKy TOYKY, B SKili BCi YMOBHO-
napajenbHi  JTOCHITA  BUSBHUIUCS  HEMPUITYCTHUMUMHU.
HasBHICTD yMOBHO-HENIPUITYCTHMHUX JOCTIAiB B TOYKax
MaTpHLi IUIaHy BU3HA4Ya€ €KCIEPHUMEHT 3 HEPiBHOMIpPHUM
JTyOJIFOBaHHSM JIOCTI/IIB.

B nirepatypi, npucBsdeHiii Teopil IIaHYBaHHS

SKCIICPUMCHTY HE HAJalOThCd PEKOMEHAAIii 00
[IPOBEJICHHS JIOCITIPKEHb B pasi HasSBHOCTI
HENpUITYCTUMUX TOYOK MiaHy (po3min 1). Hamm

MIPOTIOHYETHCS B CUTYAIli], [0 CKJIAJIacsi BHKOPUCTOBYBATH
OJIMH 3 BapiaHTiB:

a) BukmouuTH HENpPHITyCTUMI
eKCIIepUMEHTY.

TOYKH 3 IUIAHY
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6) OminuTy HAOMMKEHO BEPXHIO MEXKY 3HAUCHHS
¢GyHKIiT  BiATYKy — (IKIOIO  BUPINIYETHCS  3aBIAAHHS
MiHiMi3a1ii) 6e3 BUKOPUCTaHHSI MaTeMaTHYHUX MOJEIeH
(5)-(7). Nani 3HaUEHHS BKIFOUNTH B MATPHITIO TTAHYBaHHSI
EKCIIEPUMECHTY.

[epumii BapiaHT peKOMEHAYETHCS BUKOPUCTOBYBATH
B CHUTYyalisX, KOJH YUCJIO JOMYCTHMHUX JOCIHiJIiB 3HAYHO
nepeBaXkae Haj YHCIOM HETPHUITYCTUMHUX 1 BHKJIFOUCHHS
OCTaHHIX HE NpHU3BEAE A0 3MIHH CTPYKTYpH MaTpHIl

wiany. Jpyruii BapiaHT NpuAaTHAN B THX BUMAIKaX, KOJIH
ICHYIOTh aJbTepHATUBHI CTOCOOM pO3paxyHKy 3HA4YeHb
¢yHKOii  BiATYKY, HampuKiIag 3  BHKOPUCTAHHSIM
CHPOIIEHUX MaTEMATUIHUX MOJIEIIEH.

Pesynbrat mpoBeICHHS €KCIIEPUMEHTIB 3 YMOBHO-
mapajeIbHUMH JOCTIIaMH 1 3 PIBHUMH MOXXJIHBOCTSIMH
YMOBHO-TIAPAIICIbHUX JOCHTIMIIB B TOYI[l IJIAHY MOXKHA
NPE/ICTaBUTH y BUIIISAAL Tabnumi 3.

Tadanus 3. [11a6ioH oopMIIeHHS pe3ysIbTaTiB eKCIEPUMEHTY i3 BpaXyBaHHIM YMOBHO-HETIPUITYCTHMHX JOCIIIIB
13 pIBHIMHU MOXKJIMBOCTSIMH YMOBHO-TIAPAJICITBHUX JOCTI/IIB Y TOYIII [UIAHY.

Table 3. The template for the design of the results of the experiment, taking into account the conditionally
inadmissible experiments and with equal opportunities for conditionally parallel experiments at the point of the plan.

. YMoBHO-TIapajeIbHi JOCTiIH i3 . .
. Keposani ¢akropu . . . Buxiguuii napametp
Ne nocminy BpaxyBaHH;IM HMOBIpHOCTI
Xy X, X, X, X, X Y
mn o
N - - n g
1 1 1 1 Yiq Yi, Yim Y, = M
m
2 1 0 - - - -
m % .
3 1 R I | 7, 7 - y, = 2=t
m

Bracmimox Oynme mnpoBeneHuid OaratodaxTopHHI
eKCIePUMEHT i3  HEpIBHOMIpHUM  IyOIFOBaHHSIM
napajenpHHX JOCHIIiB B TOYKax IUIaHy. B maHOMy
BHIIAJIKY IJIST PO3PaxyHKY Koe(imieHTiB QyHKIIT BIITYKY
HEOOXiZTHO ~ BUKOPUCTOBYBAaTH  3BOKCHUH  MeTOJ
HaliMeHIIMX KBajapaTiB. SIkumo HMoBipHOCTI abo iHIIi
CTaTUCTUYHI XapaKTEPUCTUKHU apryMEHTIB He 3ajiaHi, Xxoua
cami apryMeHTH, sK T[paBWJIO, € BHUIAJAKOBUMHU
BEJIMYNHAMH, TO PEKOMEHIYEThCS 3a1aBaTHCs (Ha MiJICTaBi
anpiopHoi iHpopmalrii) 3aKOHOM po3noaity
nimoBipHocTed. [Ipu BigcyTHocTi mOTpiOHOT iHMOpMarii
BB@)XaTH WMOBIPHOCTI OJHAKOBHMH B pa3i JUCKPETHOI
BUITAIKOBOI BETMYMHY 200 NPUHAMATH PIBHOMIPHUH 3aKOH
B pa3i Oe3mepepBHOI.

BucHoBku
1.  PexomeHIyeTbcs  BpaxOBYBaTH  MOJKIJIMBI
BiIMiHHOCTI  HMOBipHOCTEH  p;j,  J-TO  yMOBHO-

napajiesibHoro JOCBiny B i- i Touwi miany. MIMoBipHOCTI
MOXYyTh OyTH 3aJaHi Ha MiJACTaBi ampiopHOi iH(popMarii
PO JOCIIKYBAHOMY TIpOLIeci. 3HAUCHHS I OpraHi3amii
YMOBHO-TIApaJIeIbHAX ~ JOCHIJIiB 3reHepoBaHi  3a
JIOTIOMOT0I0 JTaTYMKA BUMAJKOBUX 4Mces. Takui miaxin
JI03BOJISIE peasi3yBaTH NPUHLOUN paHpomizauii. [Turanus
po BUOIp OJHOTO i3 CIOCOOIB BUMAarae OnparfoBaHHs JIJIs
KOHKPETHHX 3aB/IaHb.

2. Pesymprat, oTpuMaHi TpH  TPOBEICHHI
OOUYHNCITIOBATBHUX €KCTIEPUMEHTIB ISl JTICO3aroTiBEIbHUX
MPOIIECiB, HE3HAYHO BiAPI3HSIIOTHCS OJWH BiJ OJHOTO,
PEKOMEHAYETbCS BUKOPHUCTOBYBATH MIIXiT 3 pPIBHUMH
MOXJIMBOCTSIMH YMOBHO-TIApaJIeIbHUX JOCIi/IiB.

3. VI0CKOHAIEHO YMCENBHHI METOJ ONTHUMI3alli,
PEKOMEHIIOBaHUI sl  BHpIMIEHHS 3a7a4y  yYMOBHOI
onTuMizalii TpH BUSBICHHI yMOBHO-HETIPUITYCTHMHX
JIOCITi/1iB 1 TOYOK IUIaHy OOYHCIIIOBATIBHOTO EKCIIEPUMEHTY.
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CITIOCOBBI ITOMCKA OIITUMAJIbHBIX
ITAPAMETPOB IMTPOM3BOJCTBEHHBIX
TTPOLHECCOB C TIEPEMEHHBIM COCTABOM
MAIINWH JJ151 JECOTEXHUYECKNX PABOT
JI. JI. Tumosa

AHHOTauusA. B cratbe mpoBefeHO UCCIIEI0BaHUE U
000011IeHHe CIIOCO00B OpraHU3AIUH MMPOU3BOICTBEHHBIX
MPOILIECCOB € MEPEeMEHHBIM COCTABOM O0OPYA0OBaHUS
MAallMH sl JIeCOTeXHUUYeckux pabot. IlnaHupoBanue
BBIYKCIIUTEILHOTO  DKCIIEPUMEHTa JUISl  ONTHMATBbHOU
OpraHu3alu MPOU3BOJICTBEHHBIX MPOLIECCOB C
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HIepEeMEHHbBIM COCTaBOM 000pyIOBaHHS. Jast
HPOU3BOACTBEHHBIX IIPOLIECCOB C IIEPEMEHHBIM COCTaBOM
000pyIOBaHUS MAIIWH I JICCOTEXHHYECKHX padoT
NPOBE/ICHNE HATYPHBIX SKCIIEPUMEHTOB YaCTO CTAHOBUTCS
HEpalMOHAIBHBIM HMJIM HEBO3MOXKHBIM H3-32 CIIO)KHOCTH
OpraHu3alyid, OOJIBIIMX  3aTpaT, OrPAaHHYCHHOCTH
pecypcos, HOATOMY MPOUCXOTUT 3aMeHa
BBIYHCIIUTEIBHBIMA METOIaMH, B KOTOPBIX UCCIIEI0BAaHHIO
MoJIe’)KaT MaTeMaTHueckue Mopenu mnporeccoB. K
HaCTOSIIEMY BPEMEHH pa3paboTaHo OOJIBIOE KOJIUYECTBO
METO/IOB MaTeMaTHYeCcKoro MO/JICTTUPOBAHMS,
TUIAHUPOBAHUS JKCIIEPUMEHTa, 00pabOTKU PE3yJIbTaTOB,
ontuMu3anuy. VX MHOrooOpasue CBS3aHO ¢ TE€M, YTO IJII
peLIeHHs, IPOM3BOICTBEHHBIX 33124 Pa3IMYHBIX KJIACCOB
TpeOyeTcss ydYeT pa3IWYHBIX HIOAHCOB, H II03TOMY
HE00X0IUMO BBIPa0OTaTh, METOBI, KOTOpPEIE 00J1axany Obl
JIOCTaTOYHOM YHUBEPCAJIBHOCTHIO. Pewenne
NpaKTHYeCKUX  3ajad ¢  [OMOIIbI0  ammapara
MOACINPOBAHUA, IIJIAHUPOBAHUA OKCIEPUMEHTA MOXKCET
OBbITh 3aTPYAHEHO HAPYLICHUEM YCJIOBHH MPUMEHHMOCTH
METOJIOB, CJIO)KHOCTBIO UX peaTi3alliH.

Takum 00pa3oM, aKTyaJlbHOCTb IPHBEACHHOTO
HCCIIEIOBAaHMsI B CTaThe OOYCIIOBJIEHa HEOOXOANMOCTBHIO
COBEpIICHCTBOBAHUS ~ METOAOB  IUIAHHPOBaHHA U
00pabOTKH pe3yIbTaTOB KOMITBIOTEPHBIX IKCIICPHMEHTOB,
UX aJanTalMd K Choeuu(HKe MPOHU3BOJCTBEHHBIX
NPOLECCOB  MallWH JUIA  JICCOTEXHUYECKUX  padoT.
D¢ exTHBHOCTS MPOU3BOACTBEHHBIX HPOIECCOB MOXET
OBITh JOCTUTHYTAa TP HPABWIEHOM  COCTaBICHUH
KOMIIJIICKTOB MallluH ja(e] THIIaM, YHUCJIICHHOCTHU nu
COOTBETCTBYIOIICH OpraHU3aluy padoThI.

KiaoueBnie cjJaoBa: MCTOOHKA, MallluHbI JJIs
JIECOTEXHUYECKHX DPaboT, MPOU3BOACTBEHHBIN IPOIECC,
MPOU3BOAUTCIIBHOCTD.

METHODS OF SEARCHING FOR OPTIMAL
PARAMETERS OF PRODUCTION PROCESSES
WITH VARIABLE COMPOSITION OF MACHINES
FOR FORESTRY TECHNOLOGY
L. L. Titova

Abstract. In the article the research and
generalization of ways of the organization of production
processes with a variable structure of the equipment of cars
for forestry works is carried out. Planning a computational
experiment for optimal organization of production
processes with variable equipment. For production
processes with variable composition of equipment for
forestry machinery, field experiments often become
irrational or impossible due to the complexity of the
organization, high costs, limited resources, so there is a
replacement by computational methods, which are subject
to mathematical process models. To date, a large number
of methods of mathematical modeling, experiment
planning, processing of results, optimization have been
developed. Their diversity is due to the fact that to solve
the production problems of different classes requires
consideration of different nuances, and therefore it is
necessary to develop methods that would have sufficient
versatility. The decision of practical problems by means of
the device of modeling, planning of experiment can be

complicated by infringement of conditions of applicability
of methods, complexity of their realization.

Thus, the relevance of this study in the article is due
to the need to improve methods of planning and processing
the results of computer experiments, their adaptation to the
specifics of production processes of machines for forestry
work. The efficiency of production processes can be
achieved with the correct assembly of sets of machines by
type, number and appropriate organization of work.

Key words: methods, machines for forestry works,
production process, productivity.
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Abstract. The article reviews advanced methods for
determining the riskiness of the enterprise. The authors'
approach to assess the risk of economic activity of motor
transport enterprises in conditions of uncertainty,
characterized by a clear and balanced group of factors,
manifested in indicative indices, reflecting the impact of
domestic and external environment on the level of riskiness
of economic activity of a MTE is proposed. The
methodology of a comprehensive indicator of the risk of
MTE has been improved. Proceeding from the
generalizations, there have been formed conclusions and
practical recommendations for evaluating the risk of
economic activity of a motor transport enterprise.

Key words: uncertainty; risk; rating method,
comprehensive risk indicator; risk zones.

Introduction

The profound system of crisis, in what economy of
Ukraine currently is, has a great effect on the negative
changes in the financial situation of both individual
enterprises and entire branches of the economy of the
country. Striving to balance the economic situation, the
managers of motor transport enterprises, begin to pay more
and more attention to financial planning in conditions of
uncertainty of the economic situation to maximize profits
or, in extreme cases to avoid losses and insolvency.

Formulation of problem

The modern economic theory of uncertainty is an
indicator of risk. And if the management of the enterprise
is generally not able to influence the uncertainty, it is
obliged to estimate the risks for making managerial
decisions in the future. Thus, in the absence of full
information and impossibility to predict accurately, risk
management problem becomes extremely urgent.

In particular it concerns the system of risk assessment
indicators, as well as factors that influence it, and the
development of practical recommendations on risk
reduction and minimization, along with the improvement

of risk assessment methods and the implementation of risk
management strategies in the economic activity of road
transport enterprises.

Analysis of recent research results

Theoretical and practical aspects related to economic
risks of enterprises across various sectors of the economy
have been studied by both foreign and domestic scientists.
M.S. Beasley, R. Clune, D.R. Hermanson [8]
S.V. Gutsiylyuk [1], O.N. Zagurskiy [2],
L.V. Krivov'yazuk, S.F. Smerichevsky, Y.M. Kulik [5],
L.A. Ostankova, N.Y. Shevchenko [6], .M. Posokhov [7],
Spréi¢ D. M., Kozul A., Pecina E. [11], S.P. Williams, V.
Hausman [12], etc. The riskiness in the transport industry
has been directly reviewed by A. Conca, C. Ridella,
E. Sapori [10], O.M. Zagurskiy [13] and other scientists.

Purpose of research

The purpose is a scientific-theoretical substantiation
for the need to enhance the methodology of risk evaluation
of business operations of motor transportation industry,
influencing the development and implementation of its
development policies, conforming to the circumstances
and trends of the "uncertain" market economy.

Research results

The modern interpretation of risk is not only about
losses that can be suffered in the realization of an economic
decision, but also about the opportunity to deflect from the
objectives behind the decision [4, p. 12]. In other words,
today's risk is identified by a lack of expected positive
results, rather than by losses, that necessarily reduces the
financial sustainability and stability of the enterprise. The
financial literature determines the stability of the enterprise
as the stability of the economic environment and the
internal state of the enterprise [5, p. 148].

Meanwhile, in order to successfully confront the


http://dx.doi.org/10.31548/machenergy2021.01
mailto:zagurskiy_oleg@ukr.net

106 O. M. Zagurskiy

dynamism and variability of the external environment, the
sophistication and speed of decision-making must match
the complexity and rapidity of the changes taking place.
This means that it i leads to uncertainty risks because of the
lack of complete information and the inability to predict
accurately. But risk, in contrast to uncertainty, is a
measurable value as a quantitative measure of the
probability of an adverse outcome. Such probabilities can
be determined either on the basis of statistical data or on
the grounds of expert evaluations. Let us note that today a
number of mathematical theories are also used to formalize
uncertain information and measure risk, these are:
multivalued logic; probability theory; error theory (interval
models); theory of interval averages; theory of subjective
probabilities; theory of fuzzy sets and so forth.
Nevertheless, regardless of the availability of already
developed methodologies, there are prospects for the
development of new and improvement adaptation of
established methodologies. In fact, some methodologies
for determining risk don't consist of a considerable number

Table 1. Interval rank

(5-7) of indicators, but another ones are burdened with
mathematical functions and proportions, which require
complex calculations on the contrary.

We believe that it is advisable to expand the number
of risk zones to 5, since the vast majority of groups are
formed of an odd number of them and to form the
following risk zones to improve the existing methods for
assessing the risk of economic activity of the road transport
enterprise:

- a risk-free zone;

- minimum risk zone;

- an acceptable risk zone;

- a critical risk zone;

- an unacceptable risk zone.

It is necessary to develop compliance of this scale
with the point system, as well as to determine the range of
each interval - the order of rank of this or that interval,
considering the current riskiness of the economic activity
of the motor transport enterprise (table 1):

Interval scale Indicator target rank value Interval of the company aggregate rank
A risk-free zone [12; 20]

Minimum risk zone [4;12]

An acceptable risk zone [-4; 4]

A critical risk zone -1 [-12; -4]

An unacceptable risk zone -2 [-20; -12]

Source: made by the author

In order to simplify the calculations, the assessment
of the risk of economic activity of the company according
to our opinion should be conducted in the most vital areas:

1. Assessment of enterprise riskiness according to its
legal form (R 1);

2. Assessment of the enterprise's riskiness by the time
of its existence (R 2)

3. Evaluation of the enterprise's riskiness according to
its property status (R 3);

4. Assessment of enterprise riskiness by availability
and level of enterprise profit (R 4);

5. Estimation of riskiness of the enterprise according
to the level of admissibility of material losses (R 5);

6. Assessment of operational risks (R 6);

7. Assessment of riskiness of the enterprise for staff
turnover (R 7);

8. Assessment of enterprise riskiness by enterprise
business reputation (R 8);

9. Assessment of enterprise riskiness by inflation rate
(R9);

10. Assessment of enterprise riskiness by the level of
development of market institutions (R 10);

Thus, we identified the first direction riskiness of the
enterprise organizational-legal form of management:

- corporation, consortium, concern - "2" points

- joint venture, open joint-stock company - "1" point

- closed joint-stock company, additional
responsibility company - "0" points;

- collective enterprise, leased enterprise, peasant
(farmer) economy, limited liability company - "-1" point

- individual enterprise, family business, private
enterprise, entrepreneur - 2" points.

For the second direction of assessing the riskiness of
an enterprise, we will conduct a time of its existence:

- more than 10 years - "2" points

-5-10 years - "1" point

- 3 -5 years - "0" points;

-1 -3 years - "1" point

- up to 1 year - "-2" points.

The third direction for assessing the riskiness of the
enterprise is the level of the current property situation.
Three basic financial indicators are used for determination
of the enterprise's property situation (table 2).

The fourth direction to evaluate the riskiness of the
enterprise is defined as the production risk by us. It is
identified by the availability and income level of the
enterprises for the preceding and accounting periods:

- availability of company profit by the results of the
previous and reporting periods - "2" points

- availability of profit by the results obtained only in
the reporting period - "1" point

- the financial result is zero, i.e. there is no profit and
losses - "'0" points;

- existing losses of the enterprise following the results
of the accounting period - "-1" point

- the existence of enterprises losses based on the
results of the previous and reporting periods - "2" points.

The fifth area of the enterprise's riskiness assessment
is a material risk. Such risks indicate the cumulative
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adverse influence on the quantitative and / or qualitative
integrity of the cargo.

Table 2. The determination of the comprehensive index of asset risk

Interval value of the coefficient across risk zones
Financial ratios A risk-free Minimum risk An acceptable A critical risk | An unacceptable
zone ZOnNe; risk zone; ZO0Neg; risk zone.
Current liquidity ratio
(2.50; ) (2.00; 2.50) (1.50; 2.00) (1.00; 1.50) (-o0; 1.00)
Aut ti
Hionomy ratio (0.65; ) (0.50; 0.65) (0.35; 0.50) (0.20; 0.35) (-o0; 0.20)
Financial stability ratio
NANCIES Stabiity et (0.90; o) (0.75: 0.90) (0.60; 0.75) (0.35: 0.60) (-o0; 0.35)
Score 2 1 0 -1 -2

Source: made by the author

An integrated indicator of the influence on the environment regarding the level of
acceptability of material risks.

v

%

Supervisory staff
existence

Path length and specifics

Weather conditions.

Fig. 1. Integrated index of the the environmental impact on the level of acceptability of material risks.

Source: made by the author

These risks are influenced by the following factors:

1. The existence of supervisory staff. Specially trained
stuff is able to respond in a timely way to violations of the
conditions of perishable goods contribute transportations
to a significant reduction in the potential damage and the
probability of the implementation of the risk situation. The
influence of this factor has an inverse effect on the level of
risk. The degree of influence of this factor can be assessed
using the following indicators:

a. number of controlling personnel. Units of measure
are people. It is measured statistically. The increase in this
indicator leads to an increase in the influence of the factor.

b. qualification of the supervising personnel. Units of
measurement are points. Measured by experts. The
increase of this indicator leads to an increase in the
influence of the factor.

2. length and specificity of the route. With increasing
track length, a probability of quantitative and/or qualitative
damage to cargo increases significantly. An impact of this
factor has a direct character by the level of risk. This
factor's degree of influence can be assessed using the
following indicators:

a. cumulative path length. The unit of measure is km.
It is measured statistically. More of this indicator leads to
an increase in the influence of the factor.

b. number of road accidents committed on the way in
the last 2 years according to the statistics of the Ministry of
Internal Affairs. The unit of measure is pcs. Measured
statistically. A multiplication of this indicator leads to an
increase in the influence of the factor.

3. The weather conditions. Any deterioration of
weather can lead both to violations of the integrity of the
transport package and to a deterioration in the ability to
control the transport process. The impact of this factor is

inverse in terms of the level of risk. The extent of the
influence from this factor can be assessed with the help of
an indicator:

a. qualitative assessment of weather forecast results.
Fr / m-5. The measuring unit is a score. Its measured
expertly. Increasing of this indicator leads to decreasing of
the influence of the factor.

The sixth direction of assessing the riskiness of the
enterprise is operational risks. They describe the
cumulative adverse impact of external and internal
environment factors on the process of operation of cargo
automobile rolling stock. The implementation of these
risks can lead to the realization of environmental risks. At
the same time, these risks are largely technical by their
nature.

The following factors affecting the
operational risks can be identified:

1. Wear and tear of the rolling stock. This factor is
decisive in terms of ensuring the continuity of the
transportation process. The influence of this factor has a
direct character in terms of the level of risk. The degree of
influence of this factor can be estimated by using the
following indicators:

a. ratio of depreciation of rolling stock. This indicator
is calculated as the accumulated depreciation to the original
cost of rolling stock. Units of measurement is%. It is
measured statistically. An increase in this indicator leads to
an increase in the influence of the factor.

b. share of the normative time elapsed since the last
scheduled maintenance of the rolling stock. This indicator
is calculated as the ratio of the time remaining to the next
planned maintenance and the normative time between the
planned maintenance. Unit of measure is %. Measured

level of
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statistically. Reducing this index leads to an increase in the
influence of the factor.

2. Load on the roadway. This factor is purely technical
in nature. Its influence has a well-defined vector and direct
character by the level of risk. The degree of influence of
this factor can be assessed by the following indicators:

a. exceeding the permissible level of axle load.
Calculation of this indicator is carried out by dividing the
current level of load on the axle to its normative value. The
unit of measurement is%. It is measured statistically. An
increase in this indicator leads to an increase in the
influence of the factor.

b. exceeding the permissible load level per 1 meter of
road surface. Units of Measure is %. Measured statistically.

The increase of this indicator leads to an increase in the
influence of the factor.

3. Wear and tear of the road surface. This factor is
exclusively external to the transport enterprise. The
influence of this factor has a direct character on the level
of risk. The degree of influence of this factor can be
estimated by using the following indicator:

a. the proportion of normative time elapsed since the
road was repaired. This indicator is calculated as the ratio
of the time remaining to the next scheduled maintenance
and the normative time between scheduled maintenance.
The unit of measure is %. Measured statistically. Decrease
of this index leads to increase of influence of the factor.

An integrated indicator of environmental impact on the acceptability of operational risks
level
v N
Depreciation of rolling Loads on the roadway Pavement wear and tear
stock

Fig. 2. Integrated indicator of the influence of environment upon the level of admissibility of operational risks

Source: made by the author

The seventh direction of assessment of riskiness of the
enterprise — ssessment of staff turnover at the enterprise
during the year. These risks combine a set of adverse

events, the source of which is the "human factor". The
realization of social risks can lead to operational risks, that
in turn can lead to environmental risks.

Integrated indicator the environment impact on the level of acceptability of social risks

\Z

N4

Staff adequacy Personnel qualifications Staff experience

Fig. 3. Integrated indicator of environmental influence
Source: made by the author

The factors affecting the level of these risks can be
identified as the following:

1. Staff sufficiency. This factor is decisive in terms
of social risk tolerance. The impact of this factor is direct
in terms of risk level. The extent of influence of this factor
can be estimated by means of the following indicator:

a. staffing of the enterprise. The given indicator is
calculated as a ratio of the personnel available at the
enterprise in the quantity necessary for performance of
tasks. Units of measurement are %. It is measured
statistically. A decrease in this indicator leads to an
increase in the influence of the factor.

2. Staff qualification. The effect of this factor is the
inverse of the level of risk. The extent of the influence of
this factor can be assessed using the following indicator:

a. average level of staff qualification. Estimated as a
ratio of the sum of qualification assessments (expressed in
points) and the total number of assessed personnel. The
measurement units are score/person. It is measured by
experts. An increase in this indicator leads to an increase
in the influence of the factor.

on the level of social tolerance risks.

3. staff working experience. Cumulative experience
of work permits to form employee's practical skills in
algorithms of elimination of consequences at realization
of risk. However, the influence of this factor on the
integral result is comparable to the nature of the previous
factor. The extent of influence of the given factor can be
evaluated by means of the following indicator:

a. average work experience of the staff involved. The
calculation of this indicator is similar to the previous one.
Measurement unit is score / person. This indicator is
measured statistically. Rise of this indicator increases the
influence of the factor.

The eighth area of estimation of the enterprise
riskiness will be carried out according to the level of
business reputation according to the enterprise:

- a well-known trademark (brand) presence - "2"
points

- quality of products and services - "1" point;

- quality of management - ""0" points;

- low-known enterprise - "-1" point;

- negative reputation - 2" points.
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The ninth area of risk assessment of the enterprise
determined as a financial (speculative) risk by us,
considered as a risk of inflation and the resulting increase
due to rising prices for raw materials, semi-finished
products, components, changes in the growth rate of
wages and so on.

- no inflation - ""2" points

- moderate inflation - "1" score

- rampant inflation - "0" score;

- hyperinflation - "1" point;

- superinflation - 2" points.

The final tenth direction in evaluating risks of a
motor transport enterprise is institutional risks that are
characterized by the level of development of market
institutions, availability of legal norms, rules and
procedures, level of access to information and securing
market transactions and contracts.

- a high level of development of institutions
guaranteeing the stability, prudence and transparency of
market rules and regulations - "2" points

- properly executed and efficiently used rights, fair
and impartial judicial system - "-1" point

- shortage of institutions, unsatisfactory access to
information and asymmetry of entrepreneurs - "0 points

- incoherence of formal and informal institutions,
blurred property rights, excessive regulation of
entrepreneurial activity - 1" score

- contradictory set of institutions, lack of clear legal
norms, structuring the activity of enterprises, focusing on
the pseudo-market rules of behavior by institutions,
availability of raiding procedures and a high level of
corruption - ""2" points.

Considering each of the directions of riskiness
assessment to be equivalent, a comprehensive riskiness
score of the enterprise can be calculated by the formula:

Z-3R ()
i=1

After comparing the value of the obtained
comprehensive riskiness index with the intervals of the
aggregate riskiness rank, we define the overall level of
riskiness of the road transport enterprise.

Conclusions

1. The risk is a complex, multifaceted and immense
phenomenon. Analyzing a methodological approaches to
assessing the level of risk of economic activity has shown
that all of them are mainly aimed at improving, expanding
and adapting the system of characteristics and indicators
of the activities of enterprises. The characteristics by
which the risks of economic activity of the road transport
enterprise are assessed can be both financial and non-
financial. Nevertheless, they must necessarily manifest,
be identified, assessed and optimized regardless of the
origin of risk characteristics and attributes. And the
earlier they will be revealed, the more time the MTE
management will have for collecting the necessary
information and developing the strategy of preventing the
crisis situation at the enterprise.

2. Taking into account the accumulated experience of
risk management, each motor transport enterprise should

introduce an effective system of risk management in order
to achieve success in solving its tasks. This system should
include:

- development of a procedure for identifying,
monitoring and controlling risks;

- the introduction of existing and development of
independent (and individual for each company) risk
assessment models;

- training
management;

- a set of measures, mechanisms and tools for
minimizing risks (risk avoidance, risk prevention, risk
acceptance, risk diversification, risk insurance, risk
hedging, risk limitation).

3. The author's approach to the assessment of the risk
of economic activity of motor transport enterprises in
conditions of uncertainty is characterized by a clear and
weighed system of factors, expressed in indicative indices,
reflecting the influence of internal and external
environment on the level of riskiness of economic activity
of motor transport enterprises. Based on a indicator
system, a clearly-multiple model for assessing the level of
current riskiness of the economic activity of the road
transport enterprise have been formed.

of qualified specialists in risk
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HAIIPSMUN YIOCKOHAJIEHHA METOJIMKHN
OLIHKH PU3UKIB I'OCIIOJIAPCHKOI
JAIJIBHOCTI ABTOTPAHCITIOPTHHX

M ATIIPUEMCTB

O. M. 3acypcokui
AHoTamis. Y cTaTTi po3TIHYTO Cy4acHI METOTUKH
BU3HAYCHHS PU3UKOBOCTI i IIPHEMCTBA. 3alIPONIOHOBAHO
ABTOPCHKHUH MiAXIM OO OIIHKH PH3HUKY T'OCIIONapCHKOT
JUSUTBHOCTI aBTOTPAHCIOPTHHUX MiJNPUEMCTBA B yMOBax
HEBM3HAUEHOCTI, SIKMH XapaKTepPHU3yeThCS YITKOWO 1
3BaKEHOI0  CHUCTEMOI0  (pakTopiB, BHpPaKEHHUX B
IHAMKATUBHUX TOKa3HUKAX, M0 BiMOOPaXKarOTh BILIUB
BHYTPIIIHBOTO 1 30BHIIIHBOTO CEPEIOBHIIA Ha PIBEHb
pH3MKOBOCTI  rocmojapcbkoi  misutibHOcTi  ATII.
VIOCKOHAJIEHO  METOIWKY  OI[HKH  KOMIIIEKCHOTO
MOKa3HUKa PHU3UKY aBTOTPAHCIOPTHOTO MiANPUEMCTBA.
Ha ocHoBi y3arampHeHbP c(OpMOBaHI BHCHOBKH Ta

MPaKTHYHI ~ PEKOMEHMAIl IIOJ0 OIIHKH PH3HKY
rOCIOIapCHKOT IIsNIBHOCTI ABTOTPAHCIIOPTHOTO
MiATIPHIEMCTBA.

KiaouoBi  ciioBa: HEBU3HAYEHICTD, pH3UK,

PEUTUHIOBUI METOJ, KOMIUIEKCHUM IOKa3HUK PU3HKY,
30HU PU3HKY.

HAIIPABJIEHMA COBEPILIEHCTBOBAHUA
METOAMKHM OLIEHKN PUCKOB
XO3S51ICTBEHHO! AESATEJILHOCTU
ABTOTPAHCITOPTHBIX ITPEJIIPUATHUI
O. M. 3azypckuti

AHHoOTanus. B cTatee paccMOTpeHbl COBPEMEHHbIE
METOJIUKH OIPENECICHUS] PUCKOBAHHOCTU IEATEIbHOCTH
npeanpusaTys. Ilpennoxken aBTOpCKUil NOAXOM K OLICHKE
PHUCKa X039HCTBEHHOH 1E€ATENbHOCTH aBTOTPAHCIIOPTHBIX
HNPEANPUATHS B YCJIOBUSX HEOIPEIEIEHHOCTH, KOTOPBII
XapaKkTepU3yeTcs 4YETKOM M B3BEIIEHHOM CHUCTEMOi
(aKTOPOB, BRIPAKCHHBIX B MHIUKATHBHBIX ITOKA3aTeIAX,
OTpaX<arolMX BIUSHUE BHYTPEHHEN U BHEIHEN Cpebl Ha
YPOBEHb PUCKOBAHHOCTU XO3SIIICTBEHHOHN N€STEIbHOCTH
ATIL

VYcoBepiieHCTBOBaHA MeTOAMKa OLIEHKU
KOMILIEKCHOTO TI0Ka3aTells PHCKa aBTOTPAHCIOPTHOIO
HOPEANpUSTHS.
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Ha ocHoBe 0000meHmii chopMUPOBAHBI BEIBOJABI U
MPaKTHYECKHE PEKOMEHAALMH IO OIEHKE pHCKa
XO3SIICTBEHHOM  JESTENIBHOCTH  aBTOTPAHCIIOPTHOTO
MIPEATIPHATHA.

KnaroueBble cJ10Ba: HEONPEAEIEHHOCTh; PHUCK;
PEUTHHIOBBIM METOJ, KOMIUIEKCHBIN IOKa3aTelb PUCKA;
30HBI PUCKA.
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AHoTanisg. PoO3rIsMHYTO aHANITHYHI JOCIIKEHHS
KIHEMaTHYHUX  TapaMeTpiB  IDIOCKHX  BaXUIBHUX
MEXaHi3MIB Ha TPUKIAl KIHEMAaTHIHOTO pO3PaxyHKY
aKCiaJJbHOTO  KPUBOIIMITHO-TIOB3YHHOTO  MEXaHi3My.
3acTOCOBAaHO AITOPUTM Yy MPOTPAMHOMY CEPEIOBHIL
Mathcad, mo cyrTeBo cmpolinye i MPHCKOPIOE MPOIEC
00paxyHKY 1 J1a€ MOXJIHBICTh BUKOPHCTaHHS OTPHUMAaHUX
JaHUX JUIS TOAAJIbIIOTO aHATi3Y 1 CHHTE3y MEXaHI3MiB.

KiarouoBi cioBa: IIoCKi BaXilbHI MeEXaHI3MH,
KiHEeMaTH4YHI ~ mapamerpd,  KiHEMaTH4YHUH  aHaui3,
AHAITHYHI PO3PAaXyHKH, IPOTPAMHE CEPEIOBUIIIE.

IHocranoBka npodaemu

Komm’rotepHi TexHOJNOTII i MmporpamHi 3aco0u €
Ba)XXJIMBUM €JIEMEHTOM 1H)XEHEPHOT AisUIbHOCTI Cy4acHOIO
¢daxiBusg Ta TOB’s3aHI 3 TMpoLEecaMd MOJENIOBAHHS 1
NPOCKTYBaHHs,  MNOTPeOyIOTh  BUKOHAHHS  3HAYHOI
KUTBKOCTI aHaJITHYHUX 00YHCIIEHb. ImxenepHi
PO3paxyHKH Jie)XaThb B OCHOBI INPOEKTYBaHHsS BHPOOIB.
Bonu € HEOOXITHUM €JIEMEHTOM KOXKHOTO eTaly MpoLecy
NIpoeKTyBaHHA. llepeBaroro 3acTOCyBaHHS NPHUKJIAJHUX
IporpamM IpH PO3B’s3aHHI 33124 KIHEMATHKH 1 TUHAMIKH
MEXaHI3MIB € MBUAKICT i 3pYYHICTh PO3B’SI3aHHSA OLIBII
CKJIQJHUX 3aBJaHb, HAOIMKEHUX 10 pealbHUX YMOB. [Ipn
OPOMY MAaTeMAaTHYHI TPYIOHOIIi, SKi TIOB’s3aHi i3
TPAIUIIHHAMH METONaMH aHAJITHIYHUX PO3PaXyHKIB,
MOXYTh OYTH CYTTEBO CHPOIICHI NPH BHKOPUCTaHHI
CHCTEM KOMIT IOTEPHOT'0 MaTeMaTHYHOT O aHaJi3Yy.

3acTocyBaHHS MPUKIAJHAX TPOrpaM 3 METOI0
aHATITHYHOTO O0YMCIeHHS i rpadivyHOTO BiZOOpakeHHS
iHpopmanii BHMarae TIMOOKMX 3HAHb 1 NPAKTHIYHUX
HaBUYOK y ctepi iX cTBOpeHHS 1 BHKOpuCTaHHA. Tomy
IIUTAaHHS PO3pPOOKM NMPUKIAAHUX METOMIB 1 NMPOBEICHHS
IHPKEHEPHUX PO3PAaxyHKIB y TIEBHOMY IPOTPaMHOMY
Cepe/lOBHIIII BIINOBIHO /0 KOHKPETHHUX HOCTaBJIEHHX
YMOB Ha ChOTO/IHI € aKTyaJbHi.

AHaJji3 ocTaHHIX J0CTiTKEeHb

Y nuTaHHI TPOBEICHHA NPUKIATHUX I1HXCHEPHHUX
pO3paxyHKiB MOXKHa BIiJIMITHTH BUKOPHUCTAaHHS TaKHX

nporpamuux cuctem sik Mathcad, MATLAB, Maple,
Mathematica, a Takox cHUCTEM MpPOrpaMyBaHHS BUCOKOTO
pisast (Turbo Pascal, C++, VC++, Visual Basic o).

B pob6orax [1-14] po3rnsiHyTO nHUTaHHSA MOOYIOBU

pPO3paXxyHKOBHX  MOJENIe  MEXaHIYHHX CHCTEM Y
BIAMOBIJHUX  INPOrPaMHHUX  MNPOJYKTaX,  aJTOPUTMHU
NPOBEACHHS JIESKUX aHAIITHYHUX pO3paxyHKiB Ta

MpuKiIaan KOMH’IOTepHOFO MOACIIOBAHHS.

Mera gocJaigkeHb

[IpoBecTn aHaNMiTHYHI NOCTIIKEHHS KiHEMAaTHIHHX
rapamMeTpiB  KPHBOLIMITHO-TIOB3YHHOTO ~MEXaHi3My i3
3aCTOCYBaHHAM Mporpamuoro nakery Mathcad. 3nificauTu
OLIIHKY METOJMKU BHKOpHUCTaHHs BOymoBanux B Mathcad
(GYHKII MaTeMaTH4HOTO PO3B’sI3KY BEKTOPHHX PIBHSHB,
NpoaHaji3yBaTH  pe3ylbTaTH  OOYUCIEHb  METOJIOM
3aMKHEHHUX BEKTOPHHX KOHTYpIB i3 3aCTOCYBaHHSM
(GyHKIIH aHATIOTIB IIBUIKOCTEH 1 IPUCKOPEHB.

Pe3yabTaTn nociigxeHb

Jis  aHaNITUYHOTO  BU3HAYCHHS KiHEMaTHYHHX
mapaMeTpiB  MEXaHi3MIB  3aCTOCOBAaHO KiHEMaTHYHi
dopMynam, mO MOXYTh OyTH OTPUMAaHI JUIA JIAHOK
MEXaHi3MiB, sIK MEXaHIYHOT cucTeMu TBepaux Tl [15-17].

3 1i€l0 METOI PO3IIISIHEMO KiHEMaTH4YHI MapameTpu
aKciaJIbHOTO (HE3MIIIEHOr0) KPHBOIIMITHO-TIOB3YHHOTO
MeXaHi3My, IKHH 00epTaeThCs 13 KyTOBOIO MIBUAKICTIO (W4
(puc. 1).

BximHuMU TapamMeTpaMd € KyT TOBOPOTY (4
kpuBomuna 1 i JiHilHHI po3MipH JaHOK 1y 11;.

BaxnuBuM  KiHEMaTMUYHHMH  XapaKTEPUCTHKAMHU
JJAHOTO MEXaHI3My € 3aKOHM 3MIHM TNepeMilleHHs,
LIBHJKOCTI 1 NPHCKOPEHHS TOYKM B moB3yHa 3, sKi
HEOOXiTHO BU3HAUUTH.

CucteMy koopauHaTHUX oceil O, x,Y po3TamoBaHO
TakK, 00 MMOJI0KEHHS TOYKH B MOKHa OyJI0 BH3HAYATH 3a
KOOpPAMHATOIO Sp, SIKA BiJIPaxOBYETHCS BiX KpaWHBOTO
IIPaBOTO MOJIOXKEHH MoB3yHa 3 (ToukHu By) 1 3HaxX0ANTHCS
Bil oci obOepraHHs KpuBommmna O Ha BiACTaHI Xp =
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(OAO + AoBo) - BBO = (ll + 12) — Sp (pI/IC 1).

L5 r. 1
) ' T X
An".l D n 10 BO
\
\ /
“\._\ ~ Xp Sp
Puc. 1. Kinematnuna cxema aKCciaJIbHOTO

KPHUBOIIHUITHO-TIOB3YHHOT'O MEXaHI3My.
Fig. 1. The kinematic scheme of the axial crank-slider
mechanism.

Takum ynHOM

sp = (ly + 1) — xp. 1)

BuzHaunMo aHaII THYHNH 3aKOH 3MIiHH Sp TIOJIOKESHHS
TOYKH B moB3yHa 3 mpH HOTo TMepeMilieHHI Horo Bif
KpaHBOTO MPaBOTO MOJIOKEHHS By 10 KpalHBOTO JIiBOTO
nojoxxeHHs B, 1 HaBmaku. [Ipn npoMy 3HauCHHA
TIOJIO’KEHHS TOUKHU B 1oB3yHa Oyzie 3MiHIOBAaTHCh Yy MEKax
Bin 0 g0 (I, + ;) i3H0BY 110 0.

OnycTuMo NMEepHneHAMKYIsp i3 TOYKH 4 Ha Bich X 1
3aIUIIEMO JOBXUHY Xp SIK

xg = lop + lps,
[epemimieHHs Sy BU3HAYA€THCS BUPA3OM:
sp = (L + 1) — (op + Ipp) =
=l +1)—1lcosp, —1,cos6,

J€ @ — KyT NOBOpPOTY KpuBommuma 1; § — KyT Mix
MHUTTEBUAM HampsMoM JiiHiT AB 1 Biccio X (KyT Haxuiy
I1aTyHa).

Kyt Haxuiy matyHna MosxHa 3Haiitu i3 AOAB:

sin§ = 15 e
5]

abo

siné = %sin ®1, (2

1 .. .. .
ne k = 1_2 — KOe(ILIEHT CMiBBIIHOMICHHS MK JOBXHHOO
1

miaTyHa 1 KpuBomMma (Juisi CTalliOHAPHUX IOPLIHEBHX
JBUTYHIB k = 5, B aBTOMOGITBHUX IBUTYHAX Kk =~ 4).

YuMm MeHIIIe Ben4ynHa k, THM MeHII rabapuTH i Bara
JBUI'YHa TpPH  OJHAKOBOMY  3HAU€HHI  JIOBKUHHU
KPHBOILIUIIA.

3 iHmoro OOKy, i3 3MeHIIEHHsM KoedimieHTa k
30UIBIIY€ETHCS KYT HAXWITy MIaTyHa § 1 30UIBIITYETHCS TUCK
Ha CTIHKH HOPUIHS HUIiHApa. ToMy 3MEHIICHHS BETHYUHN
k Bexe 10 OLIBLIOrO 3HOCY JBUIYHA 1 3HIDKCHHS OTO
KoedirienTa KOpucHOT Aii.

Kyt Haxminy matyHa & y Oyab SKOMY IOJIOKEHHI
MeXaHi3My MOXHA BU3HAUUTH SIK

6= arcsin%sin @q. 3)
IpencraBuBmm [, y BUTIISII
L=k-1,
3 (1) orpumaemo
sg =l (k+1—cosq@, —kcos?d). 4)

JIst BU3HAYeHHS IMIBHIKOCTI Up TOYKH B TOB3yHa
po I EPEHITFOEMO TIOTIEPETHIN BUPa3 3a 9acoM:
ds . . as
vg=—=1 (a) sin —ksznd—). 5
B = 4 1\ W1 P1 at )
Jns BU3HaUeHHS KyTOBOI MIBHIKOCTI W, IIaTyHa 2
MpoIUQEpeHIIIoEMO 32 YacoM JIBY 1 NpaBy 4YacTHHHU

Bupasy (2):

as 1 d
cos§ - — = =cos ¢, s
at  k dt
abo
ds wq
cos b -— =—cos
d k (pll
3BIIKH
as w1 COS Pq
w, = — = ———= 6
2 dt kcosé ( )

[Migcransaroun neit Bupas y (4), orpumMaeMo
vg = L, (sm @1+ sin = :;1) =
_ sin(p1+6)
= ho, ( cos & ) )

JI1s1 BU3Ha4eHHsI IIPUCKOPEHHS Ap TOYKU B NOB3yHa,

3aMuIIeMO MOTEPEIHIM BUPa3 Y BUIIISII:
v = Lw,(sin @, + tgd cos ¢,).

[pu YMOBI, o w, = const, micis
IQepeHIiIoBaHHS 32 9aCOM 3HaXOJUMO:
dv
dat
X (cos Q1w —tgdsing, - w; +

ag = = llwl X

cos pq dS)
cos?§ dt

a00 13 BpaxXyBaHHSIM (5), MaEMO:
ag =1, - wl = (cos(<p1 +6) + ;O;Sz(p;) 8)

Tpeba 3a3HAYNTH, 10 TIPH MiIpaXyHKAX MEpEeMillleHb,
HIBUAKOCTEH 1 TpUCKOpeHb TOYKM B TOB3yHa 3a
dopmynamu (4), (7) i (8) kpim KyTa MOBOPOTY KPHUBOIIHIIA
(01 HEOOXITHO TaKOX 3HAWTH KyT HaXWJTy IIaTyHa § 3riHO
i3 Bupazom (3).

Ane BenuuunHa § TEX 3aJ€KHUTH Bifl BEIUYHHU (@, a
TOMY B KiHIICBOMY BapiaHTi IEpPEeMIillleHHs, MBUAKOCTI i
MIPUCKOPEHHs 3aJiekaTh TINBKM Bifl KyTa IIOBOPOTY
KPHBOILUIIA.

VY OaraTh0X BHIIaJKaX IIOJOKEHHS, IIBUAKICTH 1
MIPUCKOPEHHS TOYKM B TOB3yHa 3pyYHO BH3HA4YaTh 3a
HaOMMKEHUMHU (OpMYyIIaMHu.

Jns  oTpuMaHHS  TaKuX
3HaWaEMO i3 (2):

- f 1,
cos§ =V1—sin?é = 1—k—zsm2<p1. 9

SIkmio migcTaBUTH MaHui BUpas y (4), oTpuMaeMo:

sg =1 <k+ 1—cosp, —k ’1 —kizsin2 <p1>. (10)

Bupas xopens (9), mo Bxoautp B (10), moxHa
pO3KIIacTH B psix 3a hopMylioro 6iHoma HeroToHa mpu n =

HaOMKeHUX  hopmy

1 .
> B pesynbraTi Oynemo maru:

(1— sin gol) =
1 1

—sin* ¢, — ——=sin® ¢, —

~ 8k*
I3 BpaxyBaHHAM TOrO, 1110

16k?
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. 1

sin? ¢, =2 —5C0S 29y

.4 3 1

sin® @, =-—2 coS 2@, + = cos4<p1,

. & 5 15 1

sin ¢1=5—5c052<p1+ cos4<p1—§cos6<p1,

OCTAaTOYHO OTPpUMAEMO:

cos b = (1 - %sin2 ‘.01)_ =
3

1 1
= 1—— —cosSZ<p1—m+

cos4 @, — P +—

16k4 cos2 ¢ —

cos 2@, —

15
512k®
——C0S6@Q;—...=

64k4
——cos4 @, +

1 3 5
k 64k 256k

+ +...)c052(p1—

512k6
+.. )cos4<p1+

(4k2 16k4
(64k4
(512k6
Haiinene wHabmmwkene 3HadeHHs kopeHs (9)

MiICTaBUMO y popMyIly BH3HAUEHHS [IEPEMILICHHS TOUKU
B nos3yna (10):
5

sg=1 [(1+ +64k3 256k5+...)—c03<p1—

1 1 15

_(a+16k3+512k5+-..)C052(p1+
1 3

+(64k3+m+"')

256k6

+ )cos6<,o1

cos4 @ —
—+...)cos6 ]
512k5 #1

TakuM 4YMHOM, NepeMillleHHs KOOPJMHATH TOYKH B
NOB3yHa MOXke OyTH TpeAcTaBiIeHAa Yy  BUIJISLII
HECKIHUYCHHOTO PAIY:

sg =1, (Ag+ A cos o + A, cos2 @y +
+A,cos4 @, + Agcos6pi+...), (12)
B IKOMY KO>KeH wieH (okpim wieHa A; = —1) Takox sBIsie
0000 HECKIHYCHUH Ps:
1 3 5
Ao =1+ 105t s
1 1 15
A =— (E+ ox? T sz T )’

1 3
Ap=—s+——+;
47 64k3 ' 256K5 ’

Ag = —(ﬁf..);

Sk BUITHO 13 OCTaHHIX BUpa3iB, KOC]ILi€HTH 13 Py
A mBuIKO 3MeHIIy0ThCs. Hanpukinan, sikiio y Bupasi (11)
BIIKWHYTH WieH Ag oS 6 ¢4 1 BCl 1HIII, IO HAYTH 32 HUM,
TO TOYHICTH PO3PaxyHKIiB OyJe IO I’ATOTO 3HAKY MiCHS
KOMH.

OTXe MPaKTUYHOTO 3HaueHHS HalOyBae HaOIIDKeHa
¢dopmyna i3 TppOMa MEpPUINMH TWICHAMH, SKa HAJa€e
JIOCTaTHIO TOYHICTB HaOIMKEHIX PO3paxyHKiB
TIepPEeMillIeHHS:

)

(12)

sg = 1,(Ay + Ay cos @, + A, cos 2 ¢q). (13)
IIpn mpomy i cami kxoedimientTn A, 1 A, Takox
PO3paxOBYIOTBCS 332 CTAPLUIMMH YICHAMH BiJIMOBiJHUX

pAmiB:

Ay =1 ;
0 i
1
Ay = ——.
2 4k
Toni i3 BpaxyBaHHAM TOTO, IO A; = —1, OCTaTOYHO

OymeMo MaTH HAcTynmHy (GOpMYyNy  HaOIMKEHOTO
PO3paxyHKy MepeMillieHHs] KOOPAUHATH TOYKH B MOB3yHa:

— i cos 2 (pl). (14)

Judepenmniroroun 3a yacoM Bupas (14) MoxHa 3HAHTH
(dhopMyiTy HaOIMKEHOTO PO3PaXyHKY IIBHUAKOCTI TOUKH B
MOB3YHa!

Sp =l1(1+i—cos<p1

d . 1.

d—i =lLw, (sm @1+ -sin 2 (pl), (15)
Amnanoriubo audepeHimiooyn 3a yacom Bupas (15)

MOXXKHA 3HaWTH (OPMYITy HAOIIKECHOTO PO3PaXyHKY

MPUCKOPEHHS TOYKH B MOB3yHA:

UBZ

d 1
ag = d—? =l w? (cos ¢1 +~cos 2 (pl). (16)
Tpeba 3ayBakWTH, IO TOYHICTH HAOIIMKCHUX

dopmy (15) i (16) BHacHizok audepeHIiFOBaHHS 3HAYHO
MeHIIa ToYHOCTi ¢popmynn (14). 3Haku wIroC i MiHYC TYT
BKa3yIOTh Ha HAIIPSMOK IIBUAKOCTI 1 IPUCKOPEHHS.

OtpumMani  (opMynu HaOIIKEHOTO PO3PaxyHKY
MOKHa 3aCTOCOBYBATH, HANpHKIAA, TPH 3HAXOJKEHHI
MaKCHMaJIbHOT HIBHAKOCTI MOB3yHA. Y LBOMY BHNAJKY
NOXiJJHa LIBUAKOCTI (TOOTO BeNWYMHA TPHUCKOPESHHS)
JOpiBHIOE HYJIIO 1 Tofi 13 (16) oTpumMaemo

cos @4 +%c052<p1 =0.
abo

2 1
Ecos2 @1+ cosp; ——=0.

Po3B’si3k0OM 1IbOTO pIBHAHHS € 3HA4YCHHS KyTa
MIOBOPOTY KPUBOLIUIIA (4

—k+Jk?+8
cosS 1 = f’
Jie mepes KOpeHeM BHOpaHHi TINBKM JOJATHINH 3HAK 5K
JIHACHO MOKJIBHIA.

[ligcraBuBImIM OTpUMaHe 3HAYCHHA KyTa (0, y BHpa3
(15), MokHa 3HaAfiTHM [Ba MAaKCHMAJIbHHUX 3HAYEHHS
IIBUJKOCTI Ug, SIKi OYAyTh BiJPi3HATUCH TUTHKH 32 3HAKOM.
OpnHe MakcuMajbHE 3HAYEHHS INBUIKOCTI BHHHUKAE Ha
nusai @4 € [0, ], npyre — wa ninsuui ¢4 € [, 27].

IIpu 1bOMY HMIBHIKICTH Oy/€ MaKCUMAIILHOIO Y TOMY
TIOJIOKEHHI MEXaHI3My, KOJIM KPHBOILMUII 1 aTyH Oy1yTh
MaTu MiXk CO0O00 MPSIMUIL KyT

tg<p1——1—k

Jaimi st KiHEeMaTHIHOTO TOCTIKEHHSI 3aCTOCYEMO
METO/I 3aMKHEHUX BEKTOPHHX KOHTYPIB, MpPEACTABHUBIIN
KIHEMaTHYHY CXE€My MEXaHi3My Y BHTJSAI OJHOTO
3aMKHEHOTO BEKTOPHOT'O KOHTYPY, IKAH YTBOPIOIOTH HOTO
naHkH (puc. 2).

'L.‘

X

Puc. 2. 3aMKHeHHI BEKTOPHHUI KOHTYp MEXaHI3My.
Fig. 2. The closed vector contour of the mechanism.
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BusHaunMo 3akoHHM TIepEeMIlIeHHsI, IMBHIKOCTI Ta
TIPUCKOPEHHS maTyHa 2 Ta moB3yHa 3 (iforo Touku B).

[IpencraBuMo  cxeMy MeXaHI3My Y  BHIIAOL
3aMKHEHOT'0 BEKTOPHOTO KOHTYpY OABO. VY 1eit KOHTYp
BXOJNTH CTPYKTypHa rpymna Accypa Ipyroro Kiacy 2-ro
suny: Il k. 2B. (2, 3).

VMoBa 3amkHeHocTi BektopiB [, [, I3 mporo
KOHTYpY OyJie HaCTYITHOIO:

L+l =1, 17)

Bubepemo npsmokyTHY cuctemy koopauaat XOy, 3a
ITOYaTOK BiITIKY K01 pHiiMeMo HeHTp mapHipa O, a Bich
OX  copsMyeMo  B3/IOBXX  HAmNpsSMHOI  ITOB3YHIB.
CrpoexTtyemMo BekTopHe piBHAHHS (17) Ha oci X Ta Y i
OTPUMAEMO:
lycos @ + 1, cos o, =13, 18
llsin<p1+lzsin<p2=0,} (18)
ne 1y, l, — BimnoBigHO MOBXHUHM JaHOK 11 2; I3 — BifcTaHb
MDK [eHTpoM miapHipa O KpUBOLIMIIA Ta IEHTPOM
mapHipa B moB3yHa; ¢, — y3araJipHeHa KOOpIHMHATa
MexaHi3My (KyT TOBOpOTy KpuBommma 1); ¢, — KyT
MIOBOPOTY JIAaHKH 2.

B cucremi TpuroHomerpuuHux piBHsHb (18) 3HaKM
pu CKJIQOBHX BHU3HAYAIOTHCS 3HAKaMH
TPUTOHOMETPUYHUX (QYHKLIHA. 3a JOmaTHUHA HAIPSMOK
BI[UTIKY KYTIB ¢ 1 (o, IpUHAMEMO HAIPSIMOK IPOTH PyXy
TOJMHHUKOBOT CTPLIIKA (HampsIMOK obepraHHA
KPHUBOIIHIIA).

Tak, mpu kyti @, = 40° Kyt @, = —20° i y upomy
BUIAJKY qpyre piBHsIHHS cucTtemu (18) Oyne maTu BUTIISL:

l;5in40° + 1, sin(—20°) = 0,
lysin40°—1,s5in20° = 0.

Just Toro, mo0 3HAWTH 3B'I30K MK JHHIHHAMHA 1
KyTOBHMH KOOpJMHATaMHU, CKOPHCTYEMOCH
FCOMETPUYHUMH  CIIBBIAHOIICHHSIMH B KiHEMAaTHYHIN
CXEMI JJaHOTO MEXaHIi3MYy.

I3 AOAB maemo:

l,sind =1 sin @,

6 = arcsin (i—lsin (pl), (19)
2

Po3p’s3yroun piBHsHHS (18) BiTHOCHO HEBiTOMEX (0,
i l3, OTpUMAEMO aHATITHYHI 3aJICKHOCTI MOJI0KEHb JTAHOK
2, 3 Bix y3araJibHEHOi KOOpAMHATH (;, TOOTO (yHKIIT
TI0JI0’KEHb JIAHOK JIaHOTO MEXaHi3MY.

Jis  KOHTYpy MmaHOTO MeEXaHi3sMy ¢, =4. B
pe3ynbTati i3 BpaxyBaHHSM HaIpsSMKy BIJUIIKY KYTIB i3
apyroro piBHsHHS cuctemu (18) maemo:

¢, = arcsin (— i—lsin (pl), (20)
2

a 3 mepuroro piBHsHHSA (18):
l; =1 cos @, + 1, cos @,.
Bpaxosyroun, mo

2 .
cos @, = /1—ésmz<pl,

3aKoH 3MIiHH [IOJIO)KCHHS TOYKH B mOB3yHa 3
BITHOCHO HEHTpPYy mapHipa O KpHBOIIHIA MOXe OyTH
TIPEACTaBICHUH Y BUTIISAIL

2
sg=1l3 =1l cosp, +1, ’l—i—%sinz 01 (21)

Bu3nauyeHHs aHAIITHYHUX 3aJ1€KHOCTEN MBUAKOCTEN
JAHOK 1 OKPEeMHX TOUYOK MEXaHi3My 3BOJUTHCA [0
JTU(EPCHIIIIOBAHHS CHCTEMH TPUTOHOMETPUYHUX PiBHSHB
(18), six ckmageHux QYHKIIH, 3a 9acoMm t:

. deq , dg; dls
=l singp;,——1,sinp,—= =—
1 P15 2 P25 dat’
dey dg,
lycosp,— + 1, cos p,— = 0.
1 P14 2 P24;

I3 BpaxyBaHHsM TOrO, 110

dg, dg; dls

— =W —E=w, —=U,=0V

dt L ar 2 a4 3 B
OTPHMAEMO:

_llwl Sin ¢1 - lz(,l)z * Sln (pz = UB;} (22)

lyw, cos ¢ + Lw, cos @, = 0.
CymicHe po3B’si3aHHS JBOX PIBHSHB cucTeMu (22)
JO3BOJISIIOTH BU3HAYHUTH KYTOBY LIBUAKICTh W, MIaTyHA 2 1
JiHIAHY IIBUIKICTH Up TOYKHU B 1moB3yHa 3.
I3 npyroro piBHsHHS cucTeMu (22) BU3HAYAEMO
KyTOBY LIBHJKICTb IIAaTyHA 2:

lyjwq cos @q

Wz = I cos @ (23)
a i3 TIepIIoro PiBHAHHSA cUcTeMH (22):
vp = —(Liw; sin @, + Lw, sin ;). (24)

[MincraBumo y (24) Bupa3 (23). [licna mepeTBOpeHb
OCTAaTOYHO JiHIHHA MIBUIKICTE TOYKA B moB3yHa 3
BU3HAYHUTHCS SIK:

_ hwisin(@z—¢1)
cos @,

Up (25)

VY BuUmajnKy, KOJIM 3aKOH PyXy IIOYaTKOBOI JIAHKHU
HEBIIOMUH, BH3HAYAIOTh AHAJIOTH IIBHIKOCTEH Ta
MIPUCKOpPEHb, AudepeHIiodn cucteMy piBHSHb (18) 3a
y3araJbHEHOI0 KOOPANHATOIO.

[l BU3HaYeHHS NPUCKOPEHb POAH(EPEHIIIF0EMO 32
gacoM t cucreMy piBHSHE (22). B pe3ynpTari oTprMaemMo:

} e

CymicHe po3B’si3aHHS CHUCTEMH DiBHsHB (33) maroTh
(bopMyII BU3HAYECHHS KyTOBOTO IIPUCKOPEHHS &, IIATyHa
2 1 THIKHOTO IPUCKOPEHHS A TOYKH B MOB3yHA 3.

I3 npyroro piBHsHHS cuctemu (26) BU3HAYAEMO:

—lw? cos @, — Lw3 cos @, — L&, sin @, = ag,
—lLiw? sin @, — L,w3 sin g, + L&, cos @, = 0.

e = lyw? sin @1+l w% sin @, @7)
2 1, cos @, !

a i3 mepuroro piBHAHHA cuctemu (34):
(28)
[MincraBuBIy 3HaYeHHS €, i3 (27) B piBHsHHS (28),

MCNIA TEePeTBOPEHb OCTAaTOYHO BH3HAYAEMO JIiHIIHE
MIPUCKOPEHHS TOYKK B noB3yHa 3.

ag = —(w?3l; cos @, + w3l, cos @, + &1, sin @,),

_ Lo} cos(p1-¢7)
cos @, )

(29)

ap =

Koopaunatn Oyap-sikoi iHIIOT XapakTepHOI TOUYKH
MeXaHi3My, 1l IIBUJIKICTh Ta NMPUCKOPEHHS BH3HAYAIOTh,
BUKOPHCTOBYIOUYH PIBHSHHS NPOEKIH JaHOI TOYKH HA OCi
KOOpAMHAT.

Hanpuknan, Uit TOYKM LEHTpa Mac Sy maryHa 2
MOXHa 3aIMCaTu:

Xs, = ly sin @y + lyg, sin @, ,}

30
Vs, = li cos @; + lys, cos @, . (30)
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Mopymi MBHIKOCTEH Ta MPUCKOPEHb IIi€i TOYKH
MOKHA 3HAWTH 32 BiTOMUMH (HOPMYITaMH:

— -2 -2 — .-2 -.2
Us, = /xsz +y5,, G, = ’xsz + Vs,

AHaiTi4He 00YHCIICHHS MIBUIKOCTEH 1 IPUCKOPEHB
KPHUBOILIUITHO-TIOB3YHHOT'O MEXaHi3My IpH BUKOPHCTaHHI
0a3oBuUX JiHIHMX piBHAHE cuctemMu (18) wmoxHa
MIPOBOJINTH TaKOX 3a JIONTOMOTOI0 3aCTOCYBAaHHS aHAJIOTIB
LIBUAKOCTEH 1 HPUCKOPEHb.

Jns  BU3HAUeHHA aHAJOrIB KyTOBOI IBHJIKOCTI
matyHa 2 1 JHIHHOI [IBHAKOCTI TOB3yHa 3,
npoauepeHIitoeMo JIiHiMHI piBHIHHS cuctemu (18) 3a
y3arajJbHEHOIO KOOPAWHATOO (1!

dpp _ dlz

=l sing; — 1, sinp,— =
1 P1 2 () do,  doy’

(31)

ly cos o, + 1, cos gozi—zz =0,
1

. o — !
=l singp; — @, sing, l, = 53,} (32)
lycosp, + p3cosp, 1, =0,
; _ dey . . ol —
Ae @ =~ — AHAIOT KYTOBi WIBHIKOCT] LIATyHa 2; 83 =
1
dl e .
d—3 — aHaJIoT JIiHIHHOT IBUJKOCTI MOB3yHa 3.
P1
I3 npyroro piBHAHHS cucTeMHu (32) 3HaXOIUMO:
1 _ _hcosgq 33
P2 = 1, cos @ (33)

[TincraBuBim Bupas (33) B nepiie piBHAHHI CHCTEMHU
(32), otpumaemo:

s3 = =l sing, — @5l sing, =
, 11 cos @11y sin
=—llsm<p1+1 P1t2 P2 _
I, cos @,
_ —lisingqcos @+l cospysing,

(34)

cos @3
11 (sin @y cos @1—cos @, sin @1)
cos @, '

OcTaTouHO Micisl TPUTOHOMETPUYHHX IEPETBOPEHb
QHaJIOT JITHIMHOT IIBU/IKOCTI MTOB3yHa 3 BU3HAYAETHCSA SIK:
Li(p2—p1)
g =2 P2—P1 ) (35)
coSs @
B pesynbrari KyTOBY IIBHJAKICTH @, LIaTyHa 2 i
JIHIAHY MIBUIKICTh Ug TOYKH B MOB3yHa 3 JIErKO 3HAWUTH
yepes IX aHaloru:

’ lycos gy
Wy = Wyq * Qh = —wq - —T= 36
2 1" P2 1 L cos g’ (36)
’ ly sin(g2—¢1)
Ug =Wy S3 =W - —————== 37
B 1 3 1 cos @ ’ ( )

Jie w1 — KyTOBa MIBUAKICTh BEAy4Oi JJaHKU (KpuBomHa 1).
Sk 6aunmo, otpumani Bupaszu (36) i (37) imeHTHUHI
BiAmoBiHMM Bupaszam (23) i (25).
AHanoriyHo JJsi BU3HAYEHHS aHAJIOTIB KyTOBOT'O
NIPUCKOPEHHs ImaTyHa 2 1 JIHIAHOTO NPUCKOPEHHS

NoB3yHa 3, TPOAH(PEpPEHLII0EMO 32 y3arajJbHEHOIO
KOOPANHATOIO (0, JiHIMHI pIBHAHHS cHCcTeMH (22):
ey , dgz\ _ ds
=l cosp; — 1 (—sm + @y co5 ,—=) = —
1 P1— L2 a0, Py T Py P2 a0, do,’

=l sing; + 1, (Z—Zi cos @, — @5 sin @, Z—zj) =0,
abo
—ly cos 1 — L3 sin @, — 1,(93)? cos @, = ng} (38)
=l sin @y + L; cos @, — L (93)? sing, =0,
dgz _ d%¢s

= = — BIAIIOBIZHO aHAJIIOTH
27 dpy  de?

de;
e (Pé — d_(pl’ " o__

. .. ds}
KyTOBI IIBHUAKOCTI i IPUCKOPEHHs LIATyHA 2; S§ = d—3 =
P1
d?lg s
2z ~ AHAJIOT MIHIHHOrO MPHCKOPEHHA MOB3YHa 3.
1
I3 npyroro piBHsHHS cuctemH (38) 3HaX0UMO:
AL )2 sin @, +1y sin @,
" o__ 2
P2 = . . (39)
2 COS @2

I3 mepmoro piBHsHHs cuctemu (38), mincTaBUBIIN
Bupas (39), oTpuMaemMo BHMpa3 Ul aHaiora JiHIHHOTO
MPUCKOPEHHS TTOB3yHa 3.

53 = —ly cos @1 — L, (95)? cos @, — L@} sin g, =
= —1; cos g1 — L,(p3)? cos ¢, —

2
L (93)" sin @y+1; sing

(40)

—1, sin
2 P2 Iy cos @3
Po3paxyHOK KiHeMaTHuHKuX napamerpis Prmaz ™= 360 deg
P 083y ° My

lpa=0.03

Lyy=0.09

iy s=0.045

bz =loa +14y=0.12

w =10

X DyHKUl NONOKEHHA MEXaHMY

S=60 deg

eile)=¢ ¢ (f)=60 deg

PO3paxyHKy

Puc. 3.
KiHEeMaTHYHUX IapaMeTpiB aKCiaJIbHOr0 KPHBOIIKMITHO-
MOB3YHHOT'O MEXaHI3My.

Fig. 3. Input parameters for calculating the kinematic
parameters of the axial crank-slider mechanism.

BxigHi mapamerpu IS

Pesynpratu mpoBeNeHUX MPOrPAMHUX PO3PAXYHKIB
HaBeJICHO Ha puc. 4 — 7.

o)
vale)
X o)
2l
a(0)
z(p)

Puc. 4. TInan moNOXEHHS MeXaHI3My 1 TpaekTopii
PYXY XapakTepHHUxX Horo To49oK A, B i Ag, (KyT TOBOpPOTY
KpuBomHna @; = 60°).

Fig. 4. The plan of the position of the mechanism and
the trajectories of its key points 4, B and Ag, (the crank
angle ¢, = 60°).

B pesynbrari KyTOBE NMPHCKOPEHHS &, miaTyHa 2 1
JHIAHY WBHUIKICT dp TOYKU B noB3yHa 3 MOXKHA 3HAUTH
yepes X aHaJIOTM HACTYITHUM YHHOM:!
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& = wi - @5 + €03, (41)
ap = w? - s5 + &%, (42)

Ie Wi, €& — KyTOBa IIBUAKICTH i KyTOBE IPHUCKOPECHHS
BeMydol JTaHku (KpuBormumna 1).

Bxigai mapamerpu st TOOYIOBH Yy TPOTPAMHOMY
cepenosuiii Mathcad kiHeMaTHYHHX JiarpaM akciaabHOTO
KPHUBOILLIUITHO-TIOB3YHHOTO ~ MEXaHi3My 13 IMOTOYHHM
TMIOJIOXKEHHSIM Horo KpuBomumna 60° nokasasi Ha puc. 3.

0
30
60
KiHemaTuuHi giarpamMu MexaHiamy 90

7r
38(P) =lnar=Tp(¢)  Pusi=0i 207 Pran=| 180 | deg
210

sple 2
i ( ) 300
330
360 0
0.005
0.019
0.035
0.049
0.057
35 (ras) =| 0.06
0.057
0.049
0.035
0.019
0.005
0

" e sp(f)=0.019

Puc. 5. ®ynkuis i rpadik TiHIHHOTO MepeMilleHHS Sp
BUXIJHOI JaHKU.

Fig. 5. The function and graph of linear movement sz
of the output link.

0
u,5(p) :=L"n(~1’) vp(p)=uup(p) w, 0.194
de 0.305
0.3
0.215
0.106
v (Prar)=| 0
-0.106
2 -0.215
-0.3
—0.305
—0.194
1.973-10

vg(p)

18

i vg(p)

vy(f)=0.305

¢ (deg)

Puc. 6. ®ynkuis i rpadik JiHIHHOI MBHIKOCTI Vg
BUXIZIHOT JTaHKH.

Fig. 6. The function and graph of the linear velocity
vg of the output link.

4
3.127
: ap(p)=uup(p) )’ 1.002
L ~1.061
~1.998
—2.069
ag (\"mh) =|-2
~2.069
~1.998
~1.061
1.002
3.127
4

ag(p)

ag(p)

ag(f)=1.002

¢ (deg)

Puc. 7. ®ynkuis i rpadik JiHIHHOTO IPUCKOPEHHS A
BUXIJIHOI JJAHKH.

Fig. 7. The function and graph of the
acceleration ag of the output link.

linear

0
9.594
16.779
19.471
16.77¢
9.594
2.339-107"° | deg
—9.594
-16.779
-19.471
—16.779
—9.594
—4.678-107"

. @2()

P2 (‘th) =

©,(f)=16.779 deg

(7] (d(zg)

Puc. 8. I'padik KyTOBOr0O MEepeMillleHHS IIIaTyHA.
Fig. 8. The graph of the angular movement of the
connecting rod.

3.333
d 2.928
wa(p)=—w:(p) wy () =wea(p) @, 1.741
ws () di 0
-1.741
—2.928
—3.333
—-2.928
-1.741
—4.455.107"°
1.741
2.928
3.333

Wa (‘Pn.t.) =

E wy (%)

wy(f)=1.741

¢ (deg)

Puc. 9. ®Oyukiis i rpagik KyTOBOi HMIBHIKOCTI W,
maTyHa.

Fig. 9. The function and graph of the angular velocity
w-, of the connecting rod.
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ealp)=sp(p) )’

£, (Prap) =| —3.656-10

&,(f)=~29.237

¢ (deg)

Puc. 10. ®ynkuis i rpadik KyTOBOTO IIPHUCKOPEHHS €,
LIaTyHa.

Fig. 10. The function and graph of the angular
acceleration &, of the connecting rod.

3rilHO KiHEMAaTWYHHX IOCIHKCHb, IO MPOBEICHI,
3aKOH PyXy BHUXIJHOI JJAHKH — IIOB3YHa € TapMOHIHHOIO
GyHKIIEO, SK 1 3aKOH 3MIHH IIBUAKOCTI HOTO pyxy.
[IBuaKICTh MOB3yHA Ma€ MAaKCUMAaJlbHI 3HAYCHHS Y
CepelrHI MBIepioiB HOTo pyXy 3a OAWH LUK, TOOTO MpH
BIINOBITHUX  KyTaX TIIOBOPOTY  KPWBOIIWMA  BiX
MMOYaTKOBOTO TIOJOKEHHS 1 MIiHIMambHI 3HaYeHHS Y
MMOYaTKy 1 KIHII TMIBIEPIOAIB PyXy OJHOTO IIHKITY.
[IpuckopeHHss MOB3yHa Ma€ MaKCHMaJIbHI 3HAUeHHS B
MOMEHT MaKCUMaJIbHOI 3MiHH HOTO MIBUAKOCTI.

BucnoBku

1. IlpoBeneHO aHANITHYHI JOCTIDKEHHS BXITHUX
KiHEeMaTHYHUX TapaMeTpiB  KPUBOIIUITHO-TIOB3YHHOT'O
MEXaHi3My 3a JIOTIOMOT'OI0 MaTeMaTHYHOIO arapary
pO3B’S3aHHSA CHCTEMH BEKTOPHHX pIBHAHBR Ha 0a3i
nporpamuoro makery Mathcad. Hasenmenuii anroputm
CIPOIYye 1 TPHCKOPIOE TIpolec OOpaxyHKiB Ta Jae
MOXIIMBICTh ~ 3aCTOCYBaTH  OTpPMMaHi  JaHHI  JUIst
MOJIAJIBLIOTO aHaJI3y MEXaHI3My aHATITUYHHM IIUIIXOM.

2. llIBuakicTh  BHXIAHOT  JIAHKH  KPHUBOIIKITHO-
MOB3YHHOI'0 MEXaHi3My Ma€ MaKCUMallbHi 3HA4eHHS Yy
cepeauHi miBIEpiofiB Horo pyxy (KyTd TMOBOPOTY
KPHUBOIINIIA BiJ TOYaTKOBOT'O TOJOKEHHS: g i %n) 1

MiHIMaJNbHI 3HAYEHHs Ha MMOYaTKy i B KiHI[l MiBIEpioniB
PYXy (KyTH HOBOPOTY Bij ITI0YaTKOBOTO roJioxeHHs: 0, 7,
2m). IlpuckopeHHs BHXiAHOI JaHKM Ma€ MaKCHMAalbHi
3HAUEHHS IPH KyTax NOBOPOTY KpuBommmna: 0, i, 2.

3. Tounicts AHATI THIHUX 00paxyHKiB, 1o
MpOBEJIeHi, JI03BOJSIE  OTPpUMATH BXiJHI JaHi JIs
AHATITUYHOTO PO3PaxyHKy IWHAMIYHHX MapameTpiB 3
METOI0 POBECHHS CUHTE3Y MEXaHIYHUX MPHUCTPOIB, LIO €
MOIIOHUMHU 32 CTPYKTYPOIO.

4. MOXJIMBICTh MIBHIKOI aHANITHYHOI 0OpOOKH
3HAYHOI  KUTBKOCTI  BXigHOl  iH(opmanii  m03BOIISIE
31iiicHIOBaTH Oe3MepepBHUI KOHTPOJIb TEXHIYHOTO CTaHy
MEXaHi3MiB Ta BU3HAYATH PalliOHATIbHI PEXUMH X pOOOTH.
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AHAJIMTUYECKUE UCCJIIEJOBAHUA
KUHEMATHUYECKUX [TAPAMETPOB ITJIOCKHX
CTEPXXHEBbLIX MEXAHU3MOB
O. H. Yepnouu, H. I'. bepesosuiii., B. B. flpemenxo,

M. M. Kpyenuii

AHHOTALMS. PaccmoTpenst aHAJIIMTHYECKUE
UCCIICIOBAHMS KHHEMATHYCCKUX IapaMeTPOB IUIOCKHX
CTEPIKHEBBIX MEXaHHU3MOB Ha IPUMEpPE KMHEMATHISCKOTO
pacueta aKCHAJILHOTO KPHBOIIIUITHO-I0JI3YHHOTO
MexaHu3Ma. J1Jis HCCIeJ0BaHUi HCIIOIb30BaH AITOPUTM B
nporpammHOi  cpexe Mathcad, uro cymecrBeHHO
yIOpomaeT W YCKOpSET TMPOLECC pacuyeToB M JIaeT
BO3MOKHOCTh WCIIOJB30BaHUS MOMYYCHHBIX TaHHBIX JUIS
JaabHEHIIEr0 aHalnu3a U CHHTE3a MEXaHU3MOB.

KaroueBbie cjioBa: IIJIOCKHUE CTCPIKHCBLIC
MCXaHHU3MBEI, KHHEMAaTH4YCCKUC napamMeTphbl,
KAHEMaTHYEeCKUM  aHaIu3 ,  AHAJIUTUYCCKUC  PACYCTHI,

IIpOrpaMMHasl cpefa.

ANALYTICAL STUDIES OF THE KINEMATIC
PARAMETERS OF PLANAR ROD MECHANISMS
O. M. Chernysh, M. H. Berezowyi, V. V. Yaremenko,
M. M. Kruhlii

Abstract. Analytical studies of the kinematic
parameters of planar (2D) rod mechanisms are considered
on the example of the kinematic calculation of the axial
crank-slider mechanism. The algorithm in the Mathcad
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software environment is used, which greatly simplifies and
speeds up the calculation process and makes it possible to
use the obtained data for further analysis and synthesis of
mechanisms.

Key words: planar rod mechanisms, kinematic
parameters, kinematic analysis, analytical calculations,
software environment.
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PECYPCHICTb BUTPAT BUHOCY 3A HAIIPYKEHUI CLJIbCbKOIOCNOJIAPCHKUI EPIO/I
OBCSAT'Y ONEPAIIINI 3 TEXHIYHOI'O OBCJYTOBYBAHHS CLIBCHKOTIOCIIOJAPChKHUX MAIIIAH

1. JI. PoroBchkmii
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bi6n. 26, puc. 8, mabn. 5.

AHoTanis. B crarTi npoBeAeHO aHANI3 MiATPUMAaHHS
iCHyI04nX CITbCBKOTOCIIOAAPCHKUX MalIuH B
Mpane3qaTHOMY CTaHi, 3a SKAM CJiJ BiIIpamroBaTu
CHCTEMY TEXHIYHOrO OOCIyroBYBaHHS 3 YpaxyBaHHIM
yMOB pehopMyBaHH: arpapHoOro cekropa. I1in TexHiuHIM
00CIyrOBYBaHHSIM PO3YMIEThCS KOMIUICKC pOOIT 1O
MiITPUMaHHIO POOOTO3AaTHOCTI a00 CIPaBHOCTI BUPOOIB
NpU  BHUKOPUCTaHHI 32  NPU3HAYCHHSIM  IIISIXOM
pEryJIIOBaIbHUX, 3HAIOYUX, 3alpaBHUX 1 KPIMMIBHUX
poOiT. J[7st OIiHKK aNbTEpPHATHBHHUX BapiaHTIB JOIIEHO
MPOBOIUTH MOPQOJOTIYHUIA aHaJi3 BCi€i CYKYITHOCTI
MOXKJIMBHX PIlIeHb JOCIiKyBaHOT PoOIeMH, OJaHUX Y
BHTIISAAI MOP(OJIOTIYHOI MaTpHIIi, B Kl TIOAaHI OCHOBHI
¢yHKOii MammmHA 1 BapiaHTH HpeAMeTHHX GopM ix
BUKOHAHHS.

TeopeTHYHUME TOCTIHKCHHSIMH HaTald BiIIOBiIb
Ha /IBa TOJIOBHI NIMTaHHS — SIK Ma€ 3MIHIOBATUCS CHCTEMa
TEXHIYHOTO 00CIYrOBYBaHHS 3aJIEKHO BiJ] PIBHSI PO3BUTKY
arpapHoro BHPOOHHIITBA, a TAaKOX — SKI Hapamerpu
[MOBMHHA MaTU CHCTEMa OOCIyrOBYIOYOI'O CEpBICY, 1100
BUKOHYBaTH BIJNOBIAHI BTpPy4aHHS 3 MiHIMalbHUMHU
TEXHOJIOTIYHO MOTPIOHMMHU BUTpaTaMH pecypciB Ta
KamitTanmoBKIageHHssMu.  OIHKY  piBHA ~ TEXHIYHOTO
00CITyroByBaHHS ClTbCEKOTOCIIOAAPCHKHX ManiuH
nepe0aveHo BUKOHYBATH 33 CYKYITHICTIO OpraHi3aliifHo-
TeXHIYHHX (pakTopiB, popMamizoBaHMX UYepe3 YacTHHI i
KOMIUICKCHI MOKa3HHUKH, B JIBa eTand. [lepiuii — omiHka
Yyepe3 YaCTHHI MOKa3HUKH 10 KOXXHOMY (akTopy OKpeMo.
Jlpyruii — olliHKa KOMILIEKCHOTO IOKa3HMKa (3a BciMa
(akTOpaMH B IIJIOMY).

KawuoBi  caoBa:  meromosoris,  KoedimieHT
TOTOBHOCTI, e(heKTUBHICTb, CIITLCHKOTOCTIOIAPChKA
MaliuHa.

ITocTanoBka mpodaemu

BupoOHunTBO 3¢pHa B YKpaiHi y CydaCHHX YMOBAax
3HAXOMTHCS HA eTalli 3pOCTaHHs Ta 301IBIICHHS BaJIOBOTO
360py [1, 2]. Tak, y 2012-2020 pp. Bin 3pic 3 40 10 60 MiH
ToH 3epHa [3, 4]. ITopsa 3 1M HEOOXITHO BiAMITHTH, IO
MMOKA3HHUKH YCIiXY CYIPOBOKYIOTHCS TAKHM HETaTHBHUM
SBHUIIEM, K BTPATH BHPOIIEHUX YPOXKaiB, AKi CATAIOTH 7—
8 MIIH TOH, a e cknagae 16—18% Bin BamoBoro 360py [5,

6]. JloMiHyIOYOH NPHYMHOI TAaKUX 3HAYHUX BTpaT
YpO’Kalo € IOCTiifHa HecTaya 3epHO30UpaTbHIX KOMOAHIB
[7], Hu3bKa TexHiYHA TOTOBHICTH [8] 1 HEMiATOTOBICHICTE
MIePCOHANy 3aCTOCOBYBATH cydacHy TexHiky [9]. Bimomo
[10], mo B arporepminu 30upatots jume 30 % mociBiB
3ePHOBUX KYJIBTYp, a TPUBAIICTh 30HPATBHOTO CE30HY
nepesulye ix B 3-5 pasis [11].

HaBaHTaxkeHHs1 Ha oMH Qi3MYHUN KOMOAlH CKiIagae
189 ra, Ha TexHI4HO crnpaBHUI — npuOIM3HO 218 Ta abo
770 1 [12]. Tlomaxm 70 % KomOaifHIB MalOTh TEpMiH
ekcruryararii 1o 30 pokiB 3 WMOBIpHHUM 3HAYCHHSIM
koedimienta rotoBHOCTI 0,4—0,7, siki HamomouyroTs 200—
600 T [13]; BTpartH Bijg 0i0JOTTYHOTO OCUIIAHHS TOCATAIOTH
minimym 10 % Bixg BanoBoro 30opy [14]. Ilpuumnamu
3HAYHUX BTPAT BUPOIICHOTO YPOXKAI € BHUCOKE (i3HuHE
HaBaHTAaXXCHHS Ha KOMOallH 1 HH3bKa e(QeKTHUBHICTH
BUKOPHCTAHHS HasBHOT'O MapKy 3a MOTYXHICTIO JIBUTYHA
Ta MPOITYCKHOIO 3[]aTHICTIO MOJIOTAPKH, arpo0ioJIOriuHIM
CTaHOM XJIIOHOT MacH, BTpaTaMM 3epHa 3a MOJIOTApPKOIO
[15]. B ymoBax peanbHOTO0 BHUPOGHMIITBA MOTYKHICTH
JIBUTYHIB 3epHO30UpansHux KoMOaiuis [16] i mpomyckHa
3[aTHICTh MOJIOTApPKH BUKOPHCTOBYIOTHCS MaKCHMalIbHO
mo 57-63 % Bim HOMiHamBHOrO 3aBaHTakeHHs [17].
besymoBHo [18], HuU3bKe 3aBaHTaXXEHHS € OCHOBHOIO
NPUYMHOK  HHM3bKOI  NPOJAYKTUBHOCTI,  3aTATYBaHHI
TEPMiHIB XHHB 1 3HAYHUX BTPAT 3€pHA BiJ O10IOTIYHOTO
ocumaHHs Ta mnepeBuTpar naimmea [19]. Brpatn
BUPOILEHOTO YPOKAI0 Yepe3 OCUIaHHS | HU3bKHH BiICOTOK
30MpaHHs TPOJOBOJBYMX KJIACIB 3€pHa y BCTAHOBJIEHI
arpoTepMiHH € MPUYHMHOI 3HAYHMX 30MTKIB (=1 mupx $)
BiTums3nsiaux arpapiiB [20]. Oce domy Tema pobGotu €
aKTyallbHOIO, a caMa poboTa Mae 3Ha4yHy MPaKTHYHY
IiHHICTE SIK  JUII  BHUPOOHMKIB  3€pHO30MpATBbHUX
KOMOalHIB, Tak 1 Ais IX KOpHUCTYBayiB, a TaKOX Yy
HaBYAJIbHOMY TMpOIECi MpHM TArOTOBLI I1HXXEHEPHHUX
KaJIpiB CiJIbCHKOTOCIONAPCHKOT0 BUpoOHUITBA [21].

AHAaJI3 0CTaHHIX J0CTiIKEeHb
Buxoasuu 3 pe3ynbTatiB Hociimkenb HarioHamsHOT

MporpaMu BUPOOHUIITBA, TEXHOJOTIYHMX KOMIUICKCIB
MaIliH 1 YCTaTKyBaHHSA IJIS CUIBCBKOTO TOCHOIApCTBA,
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Xap4yoBOi 1 mMepepoOHOi TMPOMUCIOBOCTI CHOPMYIHLOBaHI
Taki JOKaJIbHi KpuTepii (MOKa3HUKH) OLiHKH [22]:

1) excrutyaTariiifHi 3aTpaTh;

2) mpsiMi BUTPATH TAJINBA;

3) 3aTpaTH CyKyITHOI €Heprii;

4) MaTepiaIOMICTICTKICTB;

5) npuBeseHi 3aTpaTH.

JlokanpHi TOKa3HWKM BU3HAYAIOTh HA OJWHHMIIIO
MPOAYKINT (A1 TEXHOJIOTIH 1 TEXHOIOTIYHUX KOMIUICKCIB
MamrH) abo Ha OJMHUILIO POOOTH (JUI TEXHOJIOTIYHHX
TiHi#, OKpeMUX MAIIHHHO-TPAKTOpHUX arperatis) [23].

Ha ocHoBI aHaIi3y Cy4acHUX HayKOBHX JOCATHEHb I10
OaraTokpuTepiadbHIA ONTHMi3amii TEXHIYHUX pilIeHb Ta
ICHYIOUMX HOpPMAaTHBHUX HOKYMEHTIB [24, 25] Bu3HaueHO
TaKi KOMIUIEKCHI KpUTEpil OIliHKH:

1) Baiteca-Jlamnaca;

2) I'ypeima;

3) CeBimxa;

4) Xomxa-Jlemana

5) xpurepiii 3a JJCTY I1SO 9000-2.

BiamoBigHO TO TNPUAHATHX JIOKAJIBHUX KpPUTEPIiB
BH3HAUCHAa HOMEHKJATypa MOKa3HUKIB OIiHKu [26]:
MUTOMI eKCIUTyaTalliiiHi 3aTpaT, TPH/OMHHUITI0 MPOTYKIIii
Yl poOOTH; MUTOMI MPSIMi BUTPATH MaKMBA, KI' OJHHHIIIO
MPOAYKIIT Y¥ POOOTH; MMUTOMI 3aTpaTh CYKYIHOI €Heprii,
M/I>K/0qHHALTIO TIPOAYKIIT 9 POOOTH; IIUTOMI MTPHUBEICHI
3aTpaTd, TPH/OAWHUIIO TPOAYKIII 4YM POOOTH, MUTOMA
MaTepialOMiCTKICTh, KT/OIUHUIIFO IPOAYKIII 49U poOOTH.

SIKOI0 € MOXJIMBICTD BH3HAYHUTH INPUOYTOK TIPH
OLIIHIOBaHHI TeXHOJOTii ab0 KOMIUIEKCY MallluH, TO
MOKa3HUKH 32 PEIITOI0 KPUTEPIiB TIIBKKA KOHTPOJIIOIOTS, a
npuOyTOK sIK KpUTEpili OyJe OCHOBHUM ISl NPHUHSATTS
pimenns [12]. Komu x nprOyTOK BU3HAYMTH HEMOXKIHBO
(Ipy  OLIHIOBaHHI TEXHOJOIIYHUX JIHIH, OKpEeMHX
MAaIlIMHHO-TPAKTOPHHUX arperariB), TO BHKOPHCTOBYIOTh
nepiii 5 TOKaTbHUX KpUTEPiiB [2].

Kputepii OIiHKM TEXHIYHOTO pIiBHA BiZOOpakaroTh

KIHIIEB] pe3yIbTaTd BUKOPUCTAHHS KOMIUICKCY MalllMH YH
OKPEMOT0  MAallIMHHO-TPAKTOpPHOro  arperaty  [4].
[Toxa3HMKM BH3HAYalOTh B PO3PaXyHKy Ha OIMHHMIIIO
KIiHIIEBOI CIJIbCBKOTOCTIOAAPCHKOI MPOAYKIii, K MPaBHIO
Ha | 1 mpomykmii [11]. Komm mpoBOASTH OMLIHKY
TEeXHIYHOTO piBHI okpemoi MammaH, MTA abo
TEeXHOJIOTIYHOI JIiHii, TOAI MOKAa3HMKH BH3HAYAIOTh Ha
OJIMHHUII0 00CITy poOIT: HA OAWH reKTap, HA OJHY TOHY
toro [19].

Meta gocixKkeHb

Merta
AQHWIITUYHUX IiTXO/IB 10 PECYPCHOCTI BUTPAT BUHOCY 32

IOCHIIXKeHb — OIMcaTA  OCOOJIMBOCTI

HaIIpy>XeHUH CLIBCPKOTOCIIONAPCHKUI IIepiof obcary

oreparrii 3 TeXHI4HOTO 06CITyTOBYBaHHSA

CiJIBCI)KOI‘OCHO,ZLElpCLKI/IX MalllnH.

Pe3yabTaTh a0caiTKeHb

Jani MeToIn4HI peKOMEHAAIIi i MOITHUPIOIOTHCS Ha
Jns po3paxyHKY €KOHOMIl BHUTpAaT BiJ BHHOCY 0OCSTY
orepariif 3 TEXHIYHOTO 0OCITyTrOBYBaHHS 32 HAIPY>KCHHUH
CUIBCBKOTOCIIONAPCHKUN  Tepiol Uil TOCHOAAPCTB:
Tl'ocnopapctso Ne 1, 'ocnonapcrso Ne 2, "'ociogapctso Ne
3 - OyB BukoHaHMH po3paxyHok Butpar Ha TO-2, TO-3 i
YCYHEHHsS BIIMOB B HampyXeHW 1 HEHAroJouIeHUH
nepiogu (tabmuus 1) i3 3acTocyBaHHSIM nporpamu MS
Office Exel 2010.

Po3paxyHOK  4YacTKM  €KOHOMii  NpHOYTKY
TOCIIOJIapCTB BiJl BHHOCY 00CSTY omepariii 3a Harpy>XeHun
CLTBCHKOTOCIIOIaPCHKHNA TIepiol BUKOHAHWN Ha MiICTaBi
BUTpaT, NpeAcTaBIeHHX B Tabmumi 1. Pesymeratm
PO3paxyHKy IpeACTaBJICH] B TaOIHUI 2.

Ta6mung 1. Pesynbratn pospaxynky Butpar Ha TO-2, TO-3 i ycyHEeHHs BiZMOB Bil BHHOCY oOIepauiid 3a
HaIpy»XEeHUH CLITLCHKOTOCIIONaPCHKUIA TTepio 11 rocnoaapcets KuiBcbkoi oonacTi.
Table 1. The results of the calculation of costs for TO-2, TO-3 and the elimination of refusals to carry out operations

for a busy agricultural period for farms in the Kiev region.

T'ocnoniapcTBa
[Toka3uuk T'ocnonapctBo | I'ocnogaperBo | ['ocogapcTBo
No 1 Ne 2 Ne 3
Cymapui Burpatu Ha TO2, TO-3 i K701 2782269 391950 3825184
Z;ZHQHHS[ BIMOB B HANIPYKEHUHA MEPIOA, | 3 0 oo ar00 268800 i )
Cymapui  Butparu Ha TO-3 B K701 156845 41605,2 156845
HEHAIPYXEHUI Nepioj, THUC. TPH. John Deere-8420 17400 - -

Tadauus 2. PesynpraTi po3paxyHKy 9acTKH eKOHOMIi MpHOYTKy Bix BUHOCY omepariif mo TO-2, TO-3 i ycyHeHHS
BiJIMOB 3a HaNpyXEeHUH Tepio] it rocogapcTe KuiBcbkoi o0nacTi.

Table 2. The results of calculating the share of profit savings from the removal of operations on TO-2, TO-3 and the
elimination of failures during the stressful period for farms in the Kiev region.

IToxa3znuk
T'ocnogapcTBo -
ExoHOMIsI BUTpAT, IpH. YacTka eKOHOMIi TPUOYTKY
T'ocnopapcTtBo Ne 1 2906824 0,12
Tl'ocrionapctBo Ne 2 350344,8 0,09
Tl'ocniopapctBo Ne 3 3668339 0,13
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Ha puc. 1 npencraBnenuii rpadik 3ajeKHOCTI Bif

IJIONIi TOCTIOAAPCTBA YACTKH TPHUOYTKY, SKy MOXHA

BHKOPHCTOBYBATH pH nepenadi pobit o
00cITyroByBaHHS TPaKTOPiB CHeIiaTi30BaHOMY
M ATIPHEMCTBY.
A
0.14
TocnogaperBoN: 3
0.13 /
012 "
A}Iﬂapﬂ'so_\‘al
0.11
0.1
0.09 | @
TocmoagapcreoN: 2
0.08
4000 9000 14000 19000 24000 F’ ra

Puc. 1. 3anexHicTh 4acTKH NMPUOYTKY I'OCIONAPCTB

Bij 1X 1wIoLi.

Fig. 1. Dependence of the share of farm profits on

their area.

AHai3 mokasye: 9uM OiTbIIe TOCIIOAapCTBO 1 BHIIE
HOTO BUPYYKa, TUM OJIbIIIE YACTKH CBOTO MPUOYTKY BOHO

Oyne BHKOPHCTOBYBAaTH Ha Iepegady poOiT 1o
o0cITyroByBaHHS TPaKTOPiB cremniagi3oBaHuM
i ATIPEEMCTBAM.

Po3zpaxyHok  wacTkm  poOiT 3 TEXHIYHOTO

00CITyroByBaHHs, SIKi MOXJIMBO IE€peaTd MiANPUEMCTBY
CrewLiali30BaHOTO  TeXHIYHOro cepBicy. PospaxyHox
3AiCHEHUI Ha MiACTaBl MoKa3aHb BUKOHaHHA TO-2 s
tpaktopiB Mapok K-701 1 John Deere-8420 Ha
CUIBCHKOTOCIIOJAPCHKOMY  MIJNIPUEMCTBI 1 B yYMOBax
MIANPUEMCTBA  CIEI[AIi30BAHOTO TEXHIYHOTO CEPBICY
(tabmuns 3).

Ha mincraBi momanoi B po3xpimi 3.7 MeTOIUKH
BHKOHAHO po3paxyHok Butpar Ha TO-2 tpakropiB K-701,
a takox John Deere-8420 ma CTO (Z) i B rocnogapcTsi
(M) (Tabmuns 4).

Honst pobit mo TO-2, ki MOXIMBO TepenaTu
HIANPUEMCTBY CHELiaIi30BAHOTO TEXHIYHOTO CEPBICY, IS
tpaktopiB K-701 i John Deere-8420 BiamoBigHo ckiazne
0,71 10,40.

Tadanusa 3. Buxinni naHi 1u1s po3paxyHKiB BUTpaT 1o rocrogapctsy Ne 1 mis TO-2.
Table 3. Initial data for calculations of farm costs Ne 1 for TO-2.

S C— K701 John Deere-8420
CTO Tl'ocnomapcTBo CTO T'ocniopapcTBo

tyo; - TpuBanicts TO, Tox 4 6,4 4,5 10,4
S,- cobiBapricts TO, rpH./TOA 550 475 600 500
C,,- BapTICTh TOJAMHH TPOCTOIO 2100 2100 2100 2100
TPAKTOpa, FPH.
Ry jp- BiJICTaHb 130 0 130 0
TPAHCIIOPTYBAaHHS TPAKTOpa Ha
TOP, km
Vinp - MIBUJIKICTh 60 0 60 0
TPAHCIIOPTYBAHHS TpaxTopa,
KM/TOJT
Conp- BapTiCTh TOJIMHH 1000 0 1000 0
TpaHCopTyBaHHs arperary TO
(TpakTopa), rpH.
troj - TPyROMicTKicTh TO, moj.- 9,6 11,6 4,1 53
rox
turo - THUTOMAa TPYAOMICTKICTh 0,14 0,08 0,145 0,12
TO, moa.-rox/rox
H,- HampaifoBaHHs Ha BiJJMOBY, 200 150 482 320
roj
tyeyu~ TPHMBANCTB  YCYHEHHs 6,92 28 6,95 31
HACJIIIKIB BiIMOB, roj
Hp, - MIKPEMOHTHHH 3500 2500 4570 3010
HAIPAIOBAHHSI, TOJI
t, — TpHUBamiCTh PEMOHTY 40 160 39 196
TPaKTOpa, roj

Tadanus 4. Pesynpraru po3paxyHky Burpar Ha TO-2.
Table 4. The results of the calculation of costs for TO-2.

K701

John Deere-8420

TToka3Huk CTO (2)

Tocniomapctso (M)

CTO (2) Tocniomapctso (M)

Burpary, rpH. 32397,38

110072,7

27335,68 45642

JI0JISL 0,71

0,40
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Ha migcTaBi naHux, OTpUMaHHX IO TOCIOIAPCTBax
Nol, No2, Ne3 MoXHA BCTAaHOBUTH 3aKOHOMIpPHICTh 3MiHU
@ = f(R) (puc. 2) i 3anucatu y BUTIsiAL GOPMYITH

@ = —0,0021-R + 0,9628, Q)
Ie R — BicTaHb BiX cIiemianizoBaHOTO TEXHIYHOTO CEpPBICY
JIO0 TOCTIOapPCTBA 1 Ha3all, KM.

¢
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Puc. 2. [Iporao3yBaHHs 3aJIe)KHOCTI YaCTKH POOIT IO
TO-2, mepenanux Ha CTO, Big paniyca.

Fig. 2. Forecasting the dependence of the share of
work on TO-2, transferred to the service station, the radius.

[Tpu 36inbIICHHI BiAcTaHi R 10 KpUTHYHOI TO3HAYKH
(=200-230 kM), nepenaua podit no TO-2 Ha CTO He mae
CEHCY, TaK sIK BUTPATH B F'OCIIOIAPCTBI MPAarHyTh A0 BUTPAT
Ha CTO, a mpu mopamemioMy 30iTBIICHHI BifcTaHi (10
~458-459 kM) cTaroTh TakUMU XK. [Ileperonka TpakTopiB Ha
CTO i Ha3ag 00XOAMUTHCS 3aHAATO TOPOTO.

AHaNOriYHO 3JIHCHIOETBCS PO3pPaxyHOK BHUTPAT Ha
BrukoHaHHA TO-3 y rociogapcTsi Ne 1 3rigHO 3 BUXiTHUMH
naHuMu (Taburuis 3).

Ha  mixcraBi  mpoaHami3oBaHuxX — JaHUX 110
oprasizamisix, ki BAKOHYIOTh TEXHIYHE 00CIyroBYyBaHHS;
TPAKTOPIB 1 CLIIbCHKOTOCIIONAPCHKOT TEXHIKH HAa TEPUTOPIT
KuiBcbkoi ~ obmacti,  BCTaHOBIEHO, 10  (axiBii
MIATPHEMCTB  TEXHIYHOTO CEpBICY BHDKIKAIOTH Ha
MIEPEeCYBHUX arperarax TEXHIYHOTO OOCIyroByBaHHS Ha
Bizcranb 10 500 xm. Umm BigmalieHO 3HAXOMUTHCS
TOCIIOZapCTBO BiIT cremniaaizoBaHol oprasizamii
TEXHIYHOTO CEPBICY, THM JIOPOXK4Ye OOXOJUTHCS TEXHIUHE
oOciryroByBaHHs. [loopoKYaHHSI KOMIIEHCYE CIIOKHBad
MOCTYT, IO CTaBUTh B HEPIBHOWIHHI TMapTHEPCHKI
BiIHOCHHHM T'OCITOIAPCTBA 1 TEXIICHTPH.

[ITob6u posmoximutu yactky (@) oOcsary mepemadi
pobiT Ha MiANPHEMCTBA CIEMiali30BAaHOTO TEXHIYHOTO
cepBicy 3a cQOpPMOBaHMMH TpymaM TOCIOAAPCTB,
BU3HAYMMO 3AJISKHICTh (9 BiJl €KOHOMIiI, OTPUMaHOI IpH
BUHECEHHI OMepaliif CKIaJHUX BHJIB TEXHIYHOTO
00CITyroByBaHHS 3a HaIpy>KeHUH Nepio. CKOpHCTAaEMOCS
CHIBBITHOIICHHSIM.

z
p=1-51 3
ne Z — 3arpatm Ha TO2 i TO-3, BuKOHyBaHi Ha
i IPUEMCTBI CIEIiali30BaHOTO TEXHIYHOTO CEPBICY;

Y. E - cymapHa €KOHOMis TiIANPUEMCTBA Bij
nepenecenHs omepariii TO-2 i TO-3 3a HanpyxeHwi
Tepioz.

3anexHICTP ¢ BiI eKOHOMii, OTpPHMaHOi WpH
BUHECEHHI Omepamii CKIAQAHUX BHUAIB TEXHIYHOTO
00CITyroByBaHHs 3a HalpyXeHUH Nepioj, po3paxoBaHa 3a
¢opmyoro (2), mpeacrasieHa Ha puc. 3.

@ 1
0.95
0.9

0.85

0.6

0 0.3 1 15 2 23 3 335 ZE, Man. opH.

Puc. 3. [IporaHo3yBaHHs 3aJIe)KHOCTI 9acTKHA 00CATY
pobiTt, mepenanux Ha CTO, Bix eKOHOMIT BUTpAT.

Fig. 3. Forecasting the dependence of the share of
work transferred to the service station on cost savings.
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K-701 John Deere-8420

Jlo 3acTOCYBaHHS TEXHOJIOTI1
M [Ticnst 3acTOCYBaHHS TEXHOJIOTI]

Puc. 4. Hanpairoanns Ha BimMoBy H,, ros.
Fig. 4. Operating time on refusal H, h.

Joxin miampueMcTBa 0€3MOCEPEIHBO 3ATCKHUTH Bif
€KOHOMIi BUTpaT NMpH BUHECEHHI POOIT CKIQJAHUX BHIIB
TEXHIYHOTO O0OCITyrOoByBaHHS 3a HAaNpYXEHHH TNepioj.
OTxe, YUM BUIIE €KOHOMisl BUTpAT, TUM OiTbIIUiK oOcsT
poOIT TOCTOIAapCTBO MOXKE IepenaTH MiANPHEMCTBAM
CIeMiai30BaHOT0 TEXHIYHOTO CepBicy.

Ha mizcraBi BHKOHaHMX PO3PaxyHOK MOXKHA JaTH
HACTYITHI pekoMmenaaii: mpu ¢ = 0,5 Bci pobotu no TO-
2 1 TO-3 nepenaroTbest MANPUEMCTBY CIIELialli30BAHOTO
TEXHIYHOTO cepgicy. e miaBUIINTG HalIIHICT TPAKTOPIB
1 3BUIBHMTH MeXaHi3aTopa BiJ y4acTi y BHKOHaHHI
omepauiit 3 TexHiuHoro obcayroByBanus (TO-2, TO-3).
OOciyroByBaHHSI ~ TPakTOpiB ~ Ha  MiANPHEMCTBAX
CHeLiali30BaHOTO TEXHIYHOTO cepBicy MiABHINYE 1X
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HaJIHHICTD 1 CKOPOYY€E KIIBKICTh BiZIMOB, HAIpaIFOBAaHHSA
Ha BimMoBy 30impmryetscst Ha 30%  (puc. 4),
MDKpeMOHTHHI HanpamoBands Ha 40% (puc. 5).
MexaHizaTop Ha OCHOBHY poOoTy Oyzme BHTpaydaTd
6mm3bK0 73% pobodoro gacy (puc. 6), a BUTpaTH 4acy Ha
MPOBECHHS TEXHIYHOTO OOCIYrOBYBaHHSA, PEMOHTY
MallliH, YCYHEHHS Ta OYIKYBaHHS YCYHEHHs HAaCJiJKiB
BIZIMOB CKOPOTSTHCS 10 25%, 110 TO3BOJIUTH ITiIBUIUTH
NIPOJXYKTUBHICTh MAaIIMHHO-TPAKTOPHUX arperariB  Ta
SIKICTh BUKOHYBaHHUX POOIT.
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3500
3000
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2000
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500

0

K-701 John Deere-8420

Jlo 3acTOCyBaHHS TEXHOJIOTI1
B [Ticist 3acTOCYBaHHSI TEXHOJIOTIT

Puc. 5. MixxpemoHTHe HampaioBanus Hp,, ro.
Fig. 5. Inter-repair time Hp,, h.

2%

B YcyHeHHs HACIKIB BiIMOB

B OuikyBaHHS YCYHEHHS BiZIMOB
DO T

BlIposenenns TO

Puc. 6. [liarpama 3aifHATOCTI MeXaHi3aTOpa MPOTATOM
POKy.

Fig. 6. Chart of employment of the machine operator
during the year.

Opranizamis  TEeXHIYHOTO  OOCIyroByBaHHS B
Koomnepanii 3 crHeniajli3oBaHUMH IEHTPaMH J03BOJHTH
30UTBIIUTH JOXiJHICT MIiAIPHEMCTBA.

QdaxkTHyHa 3MiHHAa TMPOAYKTHUBHICTH 3aJICKHTHh Bif
Koe(ilieHTa TeXHITYHOT TOTOBHOCTI:

MCl'l
kr‘ = T (3)

ne M, — KUTBKICTB CITPaBHUAX MAIlWH, IIT;
M — 3aranpHa KiIbKICTh MAIIIKH, IIIT.

OnHak maHuii Koedili€HT 3a BiIHOCHO KOPOTKHM
MPOMIXOK 4acy (1ociBHI poboTy, 3510;1eBa opaHka i iH.) He
B MOBHIll Mipi BimoOpaxae (akTUUHY KIiJIBbKICTh
NpaloIOYNX MAalIMHHO-TPAKTOPHUX —arperatiB  uepes
HEJIOCTATHIO KUJIbKICTh MEXaHi3aTOpiB, a TaKOX HPOCTOIO
TPAaKTOpiB HAa TEXHIYHOMY OOCITyTOBYBaHHi, pPEMOHTI,
YCYHEHHS BiIMOB i OdiKyBaHHI. ToMmy OuIbII Kpamoro
XapaKTepUCTUKOI0 TOTOBHOCTI TEXHIKH, Ha HAaIl IOTJIAL,

MOXe OyTH KOe]illieHT TEXHIYHOTO BHKOPHUCTAHHS
TEXHIKH:
w
Ky =2 4
= (4)

j
ne Wy, — dpaxTtuuHa 3MiHHA IPOXYKTHBHICTB, Ta/CM;

W; — HomiHanbHa 3MiHHA TIPOTYKTHBHICTB j-1 MANIMHH,
ra/cM.

KoedilieHT TEeXHIYHOrO BHKOPUCTAHHS TEXHIKH
3aJIeKHTH BiJl 4acy, BUTPAu€HOT0 Ha BUKOHAHHS OTepalii
3 TexHiYHOro obOcmyroByBaHHs (3). Ilpm cBoeuacHOMY
MPOBEJCHHI TEXHIYHOTO OOCIyrOByBaHHS B IIOBHOMY
00cs31  MABHINYEThCS  MPOAYKTHBHICTH  MAIIMHHO-
TPAaKTOPHUX arperariB, 30UIBIIYIOTbCS HaNpamiOBaHHS
TPaKTOPiB Ha BIIMOBY 1 X MI’>KpeMOHTHHUI HApOOITOK.

BuHOC omepamiifi CKIaAHUX BHIIB TEXHIYHOTO
00cCITyroByBaHHs 3a Hanpy>keHui nepiox i Bukonauus TO-
2 B o0cs3i TO-3 Bexayrh n0 30UIbLICHHS Yacy HOTo
NPOBEJCHHS, IO TMiJBHIIYE HAIIWHICTh TPaKTOPIB,
BIAMOBITHO 1 NPOXYKTUBHICT MAIIMHHO-TPAKTOPHUX
arperaTiB MPU BUKOHAHHI TEXHOJOTTYHUX OIEpaIriii.

3anexHicTh Koe(illieHTa BUKOPUCTAHHS TEXHIKH K.,
Bijl 4acy Ha TeXHi4He 00CITyroByBaHHA T, IIpEACTaBICHA
Ha puc. 7.

kTB
0.85 —

0.83
0.81

0.79 /
0.77 {/

0.75 T T T T T
30 40 50 60 70 80

T, TOT
Puc. 7. 3anexHicTs KoedimieHTa BUKOPHUCTAHHS
TEXHIKH K., Bijl 4acy Ha TeXHIYHEe 00CIyroByBaHHs Tp,.
Fig. 7. Dependence of the utilization factor of
technology k., on time for maintenance T,.

BusnauenHst (akTHUHOI 3MIHHOI TPOIYKTHBHOCTI
MalIMHO-TPAaKTOPHOTO arperary 3AiHCHIOBAJIM B JBOX
rocniofapcTBax KwuiBcbkoi oOmacti Nel Ta Ne3 mpm

BUKOHAHHI TOJBOBUX OTEpaliii: IOCIBy 3EpHOBHUX 1
3s01eBoi  opanku. Ha mociBi B rocmomapcTBax
BUKOPHUCTOBYBAJINCA MIOCiBHI MAaIIWHHO-TPaKTOPHI

arperaT B CKJiadi TpakTopiB Mapku «Kwuposers» i John
Deere-8420 3 m’aTeMa yHiBepCAIBPHUMH 3€PHOBHUMH
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ciBalkaMH; Ha 340J7€BOi OpaHKH — TpakTopa MapKd
«Kuposems» i John Deere-8420 3 mryramu ITJIH-9-35.
BcraHoBieHO, 110 MMiciIst BIPOBAHKEHHSI HOBOI TEXHOJIOTIT
TEXHIYHOTO OOCIYrOBYBaHHS IiIBUIIYETHCA (haKTHIHA
3MIiHHA OPOJYKTHBHICTh MAIIMHHO-TPAKTOPHOTO arperary

Tadanus 5. ®akTuuHa 3MiHHA IPOAYKTHBHICTB, I'a/CM.

Table 5. Actual variable productivity, ha/cm.

3a  paxyHOK CKOPOYEHHS  4acy Ha  TEXHiYHe
00CITyroByBaHHS TPAKTOPiB, YCYHEHHS iX BiTMOB, PEMOHT,
TPAHCIOPTYBaHHA 1 OYiKYBaHHS BHKOHAHHS ITHX POOIT.
PesyneraTtu npeacrasieHi B Tabmumi 5.

Nel Ne3
I'ocniopapcTBo . Micns
Jo 3acrocyBanns | [licns 3actocyBanns | [lo 3acrocyBaHHs
3aCTOCYBaHHS
IociB 3epHOBUX 35,5 40,5 34,9 39,8
3s1051eBa OpaHKa 29 33,1 27,9 31,8
I3 ananizy Tabnuuni 4.10 BunHO, o0 GakTHyHa 3MiHHA  NPOBEACHHS, 110 MiJBHIIYE HAJIWHICTE TPaKTOPIB,

MIPOJYKTUBHICTb MaIIMHHO-TPAaKTOPHHUX arperaris
30utbInyeThess Ha 14%, mpsMO TPONMOPUIHHO 3MiHi
Koe(illieHTa TEXHIYHOTO BUKOPUCTAHHSI TEXHIKH K.
(puc. 8), a TakoX MOKpamniiIacs IKicTb BUKOHAHHS POOIT.

072 074 076 078 08 082

0.84 086 k
TB
=l=Nol efif=No3
Puc. 8. @aktnyHa 3MiHHa TPOJYKTUBHICTb

MAaIlIMHHO-TPAKTOPHHUX arperariB Mpu 3MiHi KoedimieHTa
TEXHIYHOTO BUKOPUCTaHHS TEXHIKH.

Fig. 8. The actual variable productivity of machine-
tractor units when changing the coefficient of technical use
of equipment.

BucHoBkH

1. Ha mincTaBi BUKOHAHHUX PO3PaxXyHOK MOJKHA JaTH
HacTyITHI pekoMeHaauii: mpu ¢ = 0,5 Bci podotu o TO-
2 i TO-3 mepenaroThCs MiIIPUEMCTBY CIICIIaTi30BaHOTO
TeXHIYHOTrOo cepBicy. Lle miaBUIINTD HAaIIHICT TPAKTOPIB
1 3BUIBHUTH MeXaHi3aTopa BiI ydYacTi y BHKOHaHHI
omepariiit 3 TexHiuHoro o6cayrosysanus (TO-2, TO-3).
OOciyroByBaHHsT ~ TpPakTOpPiB  Ha  MIANPHUEMCTBAX
CHEeLiaJli30BaHOT0 TEXHIYHOTO CepBicy MiABHINye iX
HAQIIHHICTD 1 CKOPOYYE KiBKICTh BiZIMOB, HAIPAIFOBAHHS
Ha BigMOBY 30iumbmyerbesi Ha 30%, MiDKpEMOHTHHH
HanpairoBaHas Ha 40%. MexaHi3aTop Ha OCHOBHY pOOOTY
Oyne BuTpadatu 0:1m3b6Kk0 73% pobodoro yacy, a BUTpaTH
yacy Ha TIPOBEICHHSA TEXHIYHOTO OOCITyrOBYBaHHS,
PEMOHTY MalllMH, YCYHEHHsS Ta OYiKyBaHHS YCYyHEHHs
HACTIIKIB BiIMOB CKOPOTATHCSA 10 25%, MO T03BOJIUTH
MiIBUIIUTH ~ OPOJIYKTUBHICTH  MAIIMHHO-TPAKTOPHUX
arperaTiB Ta SIKiCTh BUKOHYBaHUX POOIT..

2. BuHOC omepamiii CKJIagHHX BHIIB TEXHIYHOTO
o0cIryroByBaHHS 3a Halpy>keHHH nepiox i Bukonanus TO-
2 B o0csa3i TO-3 Bemyrb 10 30iIbLIEHHS Yacy HOro

BIAMOBITHO 1 NPOXYKTUBHICT MAaIIMHHO-TPAKTOPHUX
arperariB Ip¥ BUKOHAHHI TEXHOJIOTIYHUX OIepamii.

3. dakTtnvHa 3MiHHA TNPONYKTUBHICTH MAIIMHHO-
TPaKTOPHUX arperartiB 30inbInyeTbes Ha 14%, mpsmo
MIPOTIOPIIHHO 3MiHi KoedirieHTa TEXHIYHOTO
BUKOPUCTaHHSA TexHiku k., (puc.8), a Takox
MTOKpAIIMIIACS SKICTh BHKOHAHHS POOIT.
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PECYPCHOCTH PACXOJIOB BLIHOCA
3A HAIIPSIKEHHBIU CEJIbCKOXO3IMCTBEHHBINA
[IEPMOJ] OFbEMA OITEPALINIA
[10 TEXHUYECKOMY OBCJIYKUBAHMUIO
CEJIbCKOXO3SMCTBEHHBIX MAILIMH
U. JI. Pocosckuu
AHHOTaumMsa. B  crarbe mnpoBeneH — aHamu3
HOI[,Hep)KaHI/Ie CaneCTBYIOHII/IX CCHLCKOXOBHﬁCTBeHHBIX
MaAlllMH B pa6OTOCHOC06HOM COCTOAHHH, 3a KOTOpLIM
cnenyeT OTpa60TaTB CI/ICTeMy TCXHUYECCKOT' O
o0CITyXMBaHHs C YYETOM YCJIOBHH pedopMHUPOBaHUS
arpapﬂoro ceKTopa. HOI[ TEXHUYCCKUM 06CJ‘Iy)KI/IBaHI/IeM
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[OHMMAETCA  KOMILIEKC paboT M0  IOANEPKAHHIO Key words: methodology, availability, efficiency,
paboTOCIIOCOOHOCTH WJIM MCOpaBHOCTH u3geiamid npu  agricultural machine.
HCIIONB30BAaHMH 110 HA3HAYCHHIO ITyTEM PETYJIUPOBOYHBIX,
3HAMOIINX, 3aIPaBOYHBIX M KpPEMeXHbIX pabor. i
OIICHKH aJbTePHATUBHBIX BapuaHToB menecoobpasHo L JI. PoroBebkuii ORCID 0000-0002-6957-1616.
IIPOBOJUTH MOP(HOIIOTHIECKUI aHaJIN3 BCel
COBOKYNHOCTM BO3MOXKHBIX pEIICHHH HCCIeayeMon
npoOJIeMbl, MPEACTaBICHHBIX B BUAE MOP(OIOrHYECKON
MaTpHILbl, B KOTOPOH MPEACTaBICHBl OCHOBHbBIC (DYHKIMN
MAIIWHBI ¥ BAPUAHTHI PESIMETHBIX POPM HX BBIOTHECHHS.
TeopeTnyecKUMH HCCIEIOBAaHUSAMH IPEIOCTABUIN
OTBET Ha JIBa IIaBHBIX BOIPOCA — KaK JOJDKHA MEHSATHCS
CHCTEeMa TEXHUYECKOT0 0OCITyKHBAHUS B 3aBHCHMOCTH OT
YPOBHS Pa3BUTHS arpapHOro MPOU3BOJACTBA, a TaKKe —
Kakue mapameTpel  JOJDKHa ~— HMETh cucTeMa
00CITy)KMBAaIOIIETO ~ CEepBHCA,  YTOOBI  BBIOJHSTH
COOTBETCTBYIOIMIE BMELIATEIECTBA C MHHUMAaJIbHBIMU
TEXHOJIOTUYECKH HEOOXOAUMBIMH 3aTpaTaMH PECypcoB H
KaIIuTaJIOBJIOKCHUAMU. OHCHKy YPOBHA TEXHUYECKOT'O

o0CITy)KMBaHUs CEJIbCKOXO03SHCTBEHHBIX MalIiH
IIPESYCMOTPEHO BBINOJIHATH o COBOKYITHOCTHU
OpTraHM3aIHOHHO-TEXHIUECKUX (axTopoB,

(opMaTM30BaHHBIX Yepe3 YacTH M  KOMIUICKCHBIC
MoKasaTesu, B JiBa dTamna. [lepBblif — OlleHKa Yepe3 4acTu
MoKasaTenau 1o Kaxaomy (akTopy OTAenbHO. Bropoii —
OIICHKAa KOMIUIEKCHOTO ToKa3arens (1o BceM (hakTopam B
ICIIOM).

KaioueBble cjioBa: METOAONOTHS, KOIPPHUIUCHT
TOTOBHOCTH, 3(G(PEKTUBHOCTh, CEIbCKOX03IHCTBEHHAS
MaIlIiHa.

RESOURCE OF REMOVAL EXPENSES
FOR STRONG AGRICULTURAL PERIOD
OF VOLUME OF OPERATIONS
I. L. Rogovskii

Abstract. In the article the analysis of existing
agricultural machines in a healthy state, followed by work
on the maintenance system subject to the conditions of
reforming of the agrarian sector. Under maintenance refers
to the complex of works on maintenance of working
capacity or serviceability of the products during use by
adjusting, knowledgeable, filling and retaining work. For
the assessment of the alternatives it is advisable to conduct
morphological analysis of the entire set of possible
solutions to the research problem presented in a
morphological matrix, which presents the basic functions
of the machine and options the subject of the forms of their
implementation.

Theoretical research has provided the answer to two
fundamental questions — how to change maintenance
system depending on the level of development of
agricultural production, and what parameters must have the
system maintenance service to perform the appropriate
intervention with the minimum technologically necessary
costs of resources and investment. Assessment of the level
of maintenance of agricultural machinery is provided to
carry on the totality of organizational and technical factors,
formalized through parts and complex indicators, in two
phases. The first evaluation of using of the indicators for
each factor separately. Second — assessment of a complex
indicator (for all factors).
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Anotanis. OmHIM 3 HAWHOUTEIT IPOOJIEMHUX MicIb B
arporpomucioBomy komiuiekci (AIIK) e cucremHicTs
BIOPOBAJUKCHHS  pecypco30epekeHHs  30Kpema B
CLTBCHKOTOCIIONapCEKOMY  MammHOOymyBaHHi. s
NOMONIaHHA JaHOi MpOOJIeMH aBTOPOM 3alpoNOHOBaHA
cxeMa BHOOpY pecypco30epirarodoro mpoeKTy Ui TOro
100 OLIHUTH €(EKTUBHICTh TEXHOJIOTIH M0 30epEeKECHHIO

pecypcis.
ABTOpOM CTaBUJIACh MeTa MpoaHasi3yBaTu
e(eKTUBHICT, ~ BIPOBAIKEHHS  pecypco3depiraroumx

3axofiB y koMrutekci epmioi cpepu AIIK. s geramizamii
MeTH OyIT0 TIOCTaBIICHE 3aBIaHH arpooarii cxemu BHOOPY
pecypco3depirajoyoro  MpOEKTy ~ Ta  BH3HAYCHHSA
epeKTHBHOCTI  pecypcos30epiraroumx  3axomiB. B
pe3ynbTati Oyia oIiHeHa MOJeNb 0araTOKpUTEpPiaIbHOTO
00TpyHTYBaHHSA T TBUTIECHHS pecypco30epekeHHS
mianpueMctB AIIK sik Taka, 1110 € aIcKBaTHOIO JJIs OIIIHKH
e(eKTUBHOCTI BUPOOHUIITBA 1 PIBHS pECYpCO30epesKeHHSI.

Po3paxoBana €KOHOMIYHa e(eKTUBHICTh
pecypco30epirarodoi  TEXHOJIOTIi  MOCIBY  MPOCAIHHUX
KyJbTYp BHCIBHHM amapaTtoM 3 J103aTOPOM CIIPSIMOBAHO1
nii.  Cepenuiii  piuHWii  npupict  npuOYTKY  BiX
BIIPOBA/KCHHS YIOCKOHAJIEHOTO BHUCIBHOTO amapara Juis
OCHOBHHMX TEXHIYHHX IPOCAITHUX KYJIbTYp (KyKypyn3a,
COHAIIHUK, COsi, OypsK) ckiamae 1216,45 y.o. Ha mociBi
omHOro Trekrapy. Ha mpuxiani mociBy omHi€ei 3 KyJIbTyp
HAWOUIPIIUI eKOHOMIUHHHA edekT mae Kykypymsa — 1,6
MJIH. Y.0. Ha piK, HAWMEHIITHH — COHSIITHUK (266 THC. V.0.).
BogHouac HaKpammM YHOM JOCHTITHUNA 3pa30K MOKa3aB
cebe mpu ciBOi coi, 3MEHIIMBIIK BTPAaTH y BapTiICHOMY
Bupasi Ha 98 %.

KurwouoBi cjoBa: TEXHOJIOTIS, TOYHHUH BHCIB,
ITHEBMOMEXaHIYHU T BUCIBHUI arapar, J103aTOp
CHpsIMOBaHOI 1ii, HACIHHS, KOMIpKa, pecypco30epexeHHs,
HMOBIPHICTH IPOYCKiB, HMOBIPHICTb JIBIHHHKIB.

ITocTanoBka mpodaemu

OpraHi3amiifHo-eKOHOMIYHU I PO3BUTOK
arpoIrpoMHUCIIOBOTO KOMITIEKCY IIPEACTaBIsE€ COOOI0
nporiec 0e3MmepepBHOTO BIOCKOHAJICHHS OpraHi3alliitHo-
TEXHOJIOTIYHOI ~CTPYKTYpH 1 TEXHIYHO-EKOHOMIYHHX
mapamMeTpiB  (QyHKIIIOHYBaHHS BHPOOHHYHX CHCTEM.

TakuM YWHOM, KOHUENUis (OPMYBaHHA CHCTEMH
pecypco3bepirarogoro (QyHKIIIOHYBaHHS arpOCKOHOMIKH
MIPOJOBKYE 1 po3BUBAE CPOPMOBaHI HAYKOBI ITOJIOKCHHS B
o0xacTi epeKTHBHOTO BUKOPUCTAHHS PECYPCIiB 1 BHpIITye
HaBaXIMBINTY MM JACpKaBU  COIIAIbHO-CKOHOMIUHY
npoOyieMy emepikeHTHOT B3aemoii ramyseit AITK.

BinmoBigHo 10 i€l koHuenili 0ya0 oOGIpyHTOBaHO
MOCTaHOBKY HOBOi HaykoBoi TmpoOsemu (opMyBaHHs
pecypco3oepiratoqoro tumy AIIK sk pesynbraTy
CHCTEMHOI i CKJIaJOBUX aKTHUBHOI pecypco30epiraryoi
nomituky. s 3agada Oyna BUKOHAHA IIUIIXOM CTBOPEHHS
COIIaTbHO-€KOHOMIYHUX, OpTaHi3alifHNX 1 MpPaBOBUX
YMOB Uil €(QEKTUBHOTO BiITBOPEHHS, pO3BUTKY W
BUKOPHUCTAHHS MOTEHIiaTy pecypco30epexeHHs
arporpoOMHCIIOBOTO BUPOOHHMIITBA. OCHOBHUMH
HanpssMaMM  TiJBUIIEHHS €()EeKTUBHOCTI BHUKOPHCTaHHS
pecypciB €:

— (dopMyBaHHI 1 peaizallisi AepKaBHUX, raly3eBUX,
perioHalbHUX Ta MICUEBMX THporpaMm 30epexeHHs
pecypcis;

— CTBOpEHHS HOpPMAaTUBHO-NIPaBOBOI 0a3u Ta
E€KOHOMIYHHUX MEXaHi3MiB IS MIATPUMKH i
CTUMYJTIOBAHHS MPUCTOCYBAHHS IHHOBaNiHHOT
pecypco30epirardoi isIbHOCTI,

— TOTOBHICTh yKpaiHcbkoro AITK BHKOpHCTOBYBaTH
NepeloBUi  JOCBII  3aCTOCYBaHHS  €(EKTHBHOTO
30epeKeHHs Ta BUKOPUCTaHHS PECypCiB.

EdexTuBHUM METONOM BHSBJICHHS HOBHX JKEpel
320IAKCHHS PECYPCIB MPHU PO3pOOII TEXHIYHUX 3aC00iB
g cpep AIIK, a Takok TPOEKTIB BUTOTOBJICHHS a0o
BiTHOBJICHHS OKPEMUX JeTaleH CLTbChKOTOCIIOAAPCHKHX 1
nepepoOHMX MAIllMH € MaTeMaTUYHEe MOJENIoBaHHsI. B
OCHOBY MOJIENbHHX MOOYJOB IMOKIAJIEHO MaTeMaTHdHi
cucteMu, npencTasieHi B pobori [1]. [Ipu BUTOTOBICHHI
a00 BITHOBICHHI JIeTalicil CUIBCHKOTOCIIONAPCHKHUX 1
MepepoOHNX MAalIMH HEOOXiTHO HE TUIBKH 3aKiIajaTd
rapaMeTpy ONTUMalIbHOI HaJIWHOCTI, ajie 1 MparHyTu a0
JIOCSITHEHHSI ~ MIHIMQJbHAX  BHTpPaT  pecypciB  Ipu
JIOTPUMAaHHI YMOB iX BiZITBOPEHHS 1 €KOJIOTIYHOT CTIIKOCTI.

EdextuBHicTh 30€peKeHHS pECypCiB B arpapHOMY
BHUPOOHHUIITBI HEPO3PHBHO TIIOB'S3aHA i3 3aCTOCYBaHHSAM
IHHOBAITIMHUX METOIB, TEXHOJIOTiH, 3aco0iB Tpaili.
HeoOxigHicTe BHpIMICHHS TEOPETHYHHX 1 MPAKTHIHUX
3aBJjaHb, CIPSIMOBAaHMX HAa BUSIBICHHS 1 BHKOPHUCTaHHS
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pe3epBiB 3poctaHHs edekTrBHOCTI manpueMct AIIK 3a
pPaxyHOK 3HIDKEHHS PECYpPCOMICTKOCTI BHPOOHHUIITBA
BH3HAYMJIA aKTyaJIbHICTh JAOCIiIKYyBaHOI TPOOIEMH.

OO6’€XTOM JOCIHIIKEHHSI € BIPOBAHKCHHS CHCTEM
30epeXeHHSI pPecypciB B arporpoMHICIOBOMY KOMIDIEKCI,
30KpeMa B Mepmrii #oro chepi — MaIIMHOOYAyBaHHI IS
CUIBCBKOTO TocmojapcTBa. Sk HaWOIbII XapaKTepHUM
JUISL  JTIOCSATHEHHST METH JIOCHIJDKeHHs Oyno oOpaHo
TEXHOJIOTII0 TOYHOTO BHCIBY amaparoM 3 J03aTOpOM
CHPSIMOBaHOT Aii.

Bubip 006’ekTy 3yMOBUB TOH (akT, 110, MO JaHUM
CTPYKTYpH BUTpAT CLIBCHKOTOCIIOIaPCHKOTO
BupoOHHMITBa y 2019 porii, BUTpaTH HA MOCIBHAN MaTepia
craroBwid Bif 11,1 mo 21,2 % B 3aneKHOCTI BiJ KyJIBTYpH.

OmHrM 3 HaWOUTPII  TWPOONIEMHUX  MICHb €
CHCTEMHICTP BIIPOBaKeHHs pecypco3depekerns B AIIK.
Jost MMOJOJIaHHS HaHOT npobaeMun aBTOPOM
3aMpOTNOHOBAHUIMA ANTOPUTM BUOOpY
pecypco3bepirarodoro  mpoekty  chepd  TEXHIYHOTO
00CITyroByBaHHs, IS TOTO 100 OLIHUTH €(EKTUBHICTH
TEXHOJIOTIH pecypco30epeKeHHs..

AHaJIi3 0CTAHHIX JOCIII:KEeHb

Pi3Hi acmektu crparerii 30epexeHHS pecypciB
JOOCH/DKYBAJICA ~ BYCHHMH Y  HpaIpix [2-4].
CUIBCHKOTOCTIONAPCHKE PECYpCO30EpPEKEHHS aHATI3yBaB
apTop [7], ame B mnojadplIOMy LEd HanpsAMOK He
po3BuBaBca. OKpeMi aclekTH pecypco30epekeHHs B

KOHTEKCTI  IHHOBAaIliIfHOIO  PO3BHUTKY  JTOCIIIKYBaJIH
asTopu [8].

BinpIricTh JIOCITIKEHD, B SIKUX TeMa
pecypco3bepeskeHHss Oyna poO3TJsSHYTa, CTOCyBaslacs

rnobansHOro acmekty [9-13]. 3okpema aBTop mpari [9]
aHai3yBaB pecypco30epexeHHs TMOmiOHO 1O aBTopa
pobotu [5], B paMKax CTpPYKTypHOi TpaHchopMaril
HaIllOHAIbHOT eKoHOMikH. ABTop mpami [10] 3poOus
TPYHTOBHHI aHali3 pecypco30epeskeHHS Y  po3pisi
perionanmpHOoro  acmekty. Apropu mpanp  [11-13]
aHAII3yBaJl pecypco30epeKeHHs B aClIeKTi HOrO BIUIMBY
Ha €KOHOMIYHMI PO3BUTOK YKpaiHU.

Pazom 3 TuMm, Juisi OUIBII MMOBHOTO PO3KPUTTS METH
JIAHOTO JIOCITIJDKSHHSI, 30KpeMa, /I LiJiel aHasi3y nepuioi
cdepu arponpoMHUCIOBOrO KOMILIEKCY, OyJIH PO3IJISIHYTI,
KpiM MpsSMUX JOCIIJKEHb MO 30EpEeKEHHI0 PecypciB,
JOTHYHI Teopii i cepu HayK, 30KpeMa TeXHIdHi.

Pazom 3 TrM, Garato nuTaHp e(heKTUBHOI OpraHizarii

MarepialbHO-TEXHIYHOTO 3a0e3ne4yeHHs
CUIBCHKOTOCTIOIAPCHKOTO  BHPOOHMIITBA,  CTBOPEHHS
e(eKTUBHOI  CHCTEMH  30€peXeHHs  pecypciB  sK

NIPIOPUTETHOTO HANIPSIMKY peasti3amii moTeHniary arpapHoi
chepu Ha iHHOBAIIHHIN OCHOBI BUMAararTh MOJATBIIOTO
BUBYEHHS Ta OOTPYHTYBaHH:.

Merta gociigKeHn

MeTor0 1aHOTO JOCIiKEHHS € aHaii3 e(peKTHBHOCTI
BIIPOBAJKEHHS pecypco30epiraloynx 3axo/iB y KOMIUIEKCI
nepmoi chepn AIIK. [na pmeramizauii metn Oyio
TIOCTABJICHE 3aBJIaHHS CTBOPEHHSI aJITOPUTMY BU3HAYCHHS
pe3epBiB  €(EKTUBHOCTI pecypciB Yy BHPOOHHITBI,

HEeoOXiTHUX JUIs JOCATHEHHS KOHKYPEHTHHX Iepesar. Lle
JTIO3BOJIUTH PO3POOMTH THYYKI CIIEHApii CTPYKTYpyBaHHS
CTpaTeTiYHUX PillIeHb, OLIHUTH €KOHOMIYHY e()eKTUBHICTD
BITPOBAKCHHS TEXHOJIOT1H 1Mo 30€peXeHHI0 PecypCiB.

Jns  HOCATHEHHS TIOCTaBJIGHOI METH HEOOXiTHO
BUPIIIUTH HACTYIIHI 3a7adi:

1. OwiHUTH aJEeKBATHICTH 3aMPOMOHOBAHOT MOMAEII
IS OLIIHKH e(eKTUBHOCTI BUPOOHUIITBA Ta
OOIpYHTYBaHHSI IIPIOPUTETHUX HANPSIMKIB 30€peKEeHHS
pecypcis.

2.  PospaxyBaT  €KOHOMIUHY  e€(EKTUBHICTh
TEXHOJOTIT TIOCIBY MpOCANHUX KYJIbTYp BHCIBHHM
amapaToM 3 103aTOPOM CIIPSIMOBAHOT Jii.

PesyabTaTH qocaigKeHn

Hani MeTonn4Hi peKOMEHJAIlil MOUIMPIOIOTECS Ha
Jlns po3paxyHKy €KOHOMIi BUTpar BiJ BHHOCY 00cCATY
orepariiii 3 TEXHIYHOrO 0OCITyrOBYBaHHS 33 HaIPyKEHHUIH
CUIBCBKOTOCIIONAPCHKUN  Mepio Uil TOCHOAapCTB!
I'ocnionapctso Ne 1, 'ocnionapctso Ne 2, "'ociogapctBo Ne
3 - OyB BukoHaHMH po3paxyHok Butpar Ha TO-2, TO-3 i
YCYHCHHS. BIJMOB B HANPYXCHUH 1 HEHAroJomIeHHH
nepionn (tabmumsa 1) i3 3acrocyBaHHAM mporpamMu MS
Office Exel 2010.

Juis BupimieHHS 3amadi po3paxyHKy EKOHOMIYHOT
e(eKTHBHOCTI pecypco30epiratodoi TeXHOJOTii TOYHOTO
MOCIBY TEXHIYHHX KyIbTYp BHCIBHHM amapatoMm 3
JI03aTOPOM CIIPSIMOBaHOI Aii Oyiia BUKOpHCTaHa po3polka
BYeHUX [ 1], sk Taka, 10 3 yCiX albTepHaTUBHUX BapiaHTIB
HaWOUIBIIOID Mipol0 MoOXke OyTH 3acTocoBaHa B
YKpaTHCHKUX peaisix.

-
Texuiunmii Hanpatiosanns 1o SxicTs omepanii,
pecype, T BiUIMOBH, Ty T onepauii, t,
e J <~ — A J
Excnnyarauiiini xapakTepueT ik MALIHHIL

A

= o Come o
Wintiumi > < DisHuHl \-‘_( TPVETYPHI > Mexanian
(i e N Jwvee ) ( Mesaniwi_)
[MpoekTopani BlACTHBOCTI poboMoro

" - \‘/_
\‘( upl aHy

Exonoriuna Deanexa TpoekT BRrOTORTEHHA = .
- . notenuiany, Ry
TPOEKTY, ¥ Y
[ Pecypeit Ha BHIOTORIEHHS ]

T BinTeopenus
CLUILCHROMOCTIOAAPCEEOT MALMHH
. s
Tpyaoei: |
I } s [nui sirpara O,
TpyaoMicTkicTs T, |
——

i B pecypeHoro
Dinanconi: Enepreriuui:
eHeproMicTricTs &i

KamitanomicTricTs K Marepianshi:
) MareplanomicTicTs M,
e S
Puc. 1. Cxema BHOOpPY TpPOEKTy MO 30epeKEHHIO
pecypcis [16].
Fig. 1. The scheme of project selection for resource
conservation [16].

B sAKocTi  eKOHOMIUHHMX  ITIOKa3HHUKIB  Oynu
BUKOPHCTaHI TPYIOMICTKICTB, METaIOMICTKICTB,
€HEeProMiCTKICTh, KaIiTAJIOMICTKICTh Ta IHINI MHTOMI

BUTpaTH 1O i-iif TexHomorii BHUrOTOBIEHHA a0o
BiJHOBJIEHHS.
B 4KOCTI TeXHIYHMX TMIOKa3HUKIB — pecypc

(HampamoBaHHS BiJ MOYATKYy eKCIDTyaTalii MallMHH 0
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JOCSTHEHHS HEI0 I'PaHMYHOrO CTaHy), HaIllpalIOBaHHS 10
BiIMOBH, SIKICTH OJIEp’KyBaHOI MPOXYKIii (BHKOHYBaHOI

MaIlFHOI0 ~ Omeparii) 1 NPOAYKTHUBHICTE poOOYOro
nporecy.
Cxema Mopeni BHOOPY TIPOEKTy 30epeskeHHS

pecypciB crocoBHO mepmioi cepu AIIK BimoOpakeHa Ha
puc. 1.

CinbChKOrOCIIONApChbKi  Ta  INepepoOHI  MalIMHU
MOBUHHI MaTH ONTHMAaJbHMH TEXHIYHMH pecypc i
HalpawioBaHHsI /10 BiIMOBH, BOJHOYac 3abe3redyBaTu
HEOOXiMHy  SIKICTb  oJepKyBaHOi  mpomykmii i
MIPOYKTUBHICTH POOOYOrO IpoLecy.

Jns BUMIpy IOCSTHEHHS 3aaHHX XapaKTePHCTHK

MIPONIOHYETHCSI  KOMIUICKCHUM — KOeiIieHT ¢  SKUiA
BU3HAYAETHCS 31 CIIIBBIHOIIEHHS:
g =L fz Tin Tie 1)
Tnl THZ Tn3 TH4
Hdus  BuOOpy  pecypco30epirarouoro  MpOeKTY
BUTOTOBJICHHS (BiTHOBJICHHS) nerainei

CLTBCBKOTOCIIONaPCHKIX 1 MepepoOHUX MAaIlMH 3arajbHa
MaTeMaTH4yHa MOJETb oInTuMizarii
CLTBCHKOTOCIIONapCHKOTO BUPOOHUIITBA, Omucana B [3],
TpaHC(HOPMYETHCS 3 YpaxyBaHHSIM BBEICHHS HACTYITHHX
MapaMeTPUYHUX [TO3HAYCHD:

[ — BUJ TEXHOJIOTIi BUTOTOBJICHHS (BiJHOBJICHHS)
MAaIllMHU ~ CLTbCHKOTOCIIOAAPChKOro abo0  mepepoOHOro
MIPU3HAYCHHS;

X; — IHTGHCHBHICTh 3aCTOCYBaHHS 1-01 TEXHOJOTIT
BHTOTOBJICHHSI (BiIHOBJICHHS ), 3MiH;

T; — TPyIOMICTKICTh i-01 TEXHOJOTIl 3 OTUHHYHOIO
IHTEHCUBHICTIO, JIFOJI.- TOI;

M; — MeTaloeEMHICTE 1-01 TEXHOJOTII 3 OJUHUYHOIO
IHTCHCHBHICTIO, KT

E; — eHeproeMHicTh i-01 TEXHOJIOTII 3 OJUHHUYHOIO
IHTEHCHUBHICTIO, KBT-ro;

K — KamiTaJloMiCTKICTb 1-01 TEXHOJIOTIT 3 OIMHUYHOIO
IHTCHCHUBHICTIO, V.0.;

D; — iHmi OUTOMiI BHTpaTd MO i-d TEXHOJIOTIi 3
OJIMHUYHOIO IHTCHCUBHICTIO, Y.0.;

a; - TPOAYKTHUBHICTb i-01 TE€XHOJOTIi 3 OJUHUYHOIO
IHTEHCUBHICTIO, IIT.;

Ti1, Tus - TEXHIYHUHA PECypC MallMHU, BUTOTOBIICHOT 32
i-0I0 TEXHOJIOTIEFO 1 32 HOPMATHBOM;

T2, Tu2 - HATIPAITFOBaHHS 10 BiZIMOBH HOBOT MAITUHH 11O
i-i TeXHOJIOTIi 1 38 HOPMaTHBOM;

Ti3, Ty3 - NOKA3HUK SIKOCTI mpoaykuii (omeparii), 1o
OTPUMYETHCS HA HOBIM MalllMHI 1 IO HOPMATHUBY;

Ti4y Tu4 - UPOJYKTHBHICTH HOBOI MAaIIMHM 1 3a
HOPMAaTHBOM.

Bynp-skuii  BHCIBHMH amapaT TOYHOTO BHCIBY
MTOPIBHSHO 3 1/IeaJIbHUM MTOCIBOM BHOCHTH CBOT HEHAOIKH y
BUTJISIJII «IPOITYCKIB» 1 «ABIMHUKIBY. [yt 3po3ymiHHSA i
OLIIHKM HENOJIKIB pOOOTH MHEBMOMEXaHIYHUX BHCIBHUX
amapariB BBOJMMO TMOHATTS «IIPOIYyCK», TOOTO 301l y
(opMyBaHHI  pETyISIPHOTO  OJHO3CPHOBOIO  MOTOKY
HaciHHs (HaciHMHA HE BUCIBAETHCS) TA «IBIHHUK» - BUCIB
JIBOX 1 O1JIbIIIC HACIHUH B OJJHE THI3/0 MPH OJHO3EPHOBOMY
BuciBi. Kpamum cepen anmapaTiB CiIil BBAKATH TOW, SIKHIA
BHKOHY€E TIOCiB ONIDKYE 110 11€aIbHOTO, a €KOHOMIUHHUH
epexT Bix HOro poOOTH € pI3HUI B CKOHOMIYHHX
MMOKAa3HUKAX TMMOPIBHSHO 3 0a30BUM (CEPIHHUM).

IpoBeneHus eKCIIePUMEHTAIBHHUX HOJILOBUX
JOCTIDKEHb BHCIBHOI CeKIii OOJagHAHOI [103aTOpPOM
CIpsAMOBAHOI i TOTpedye MesKUX ii JOOMpPaIfOBaHb.

JoomnpartoBaHHsl Iepen0davyaloTh JHIIE BBEICHHA B
KOHCTPYKIit0 BHCiBHOrO amapara ciBamku CTBT-12/8M
J103aTopa 3 CIPSMOBAHOI Mii.

Jnst 1poro 1OCTaTHHO 3aMiHMTH CepiiiHUIT BUCIBHUI
JIICK 3 TepudepiiHIMU KOMipKaMu (puc. 2, a.) y BUTIISII
OTBOpIiB HEOOXigHOTrO niameTpa i (opMH, Ha J03aTOP
cnpsiMoBaHoi fii. (puc. 2, 0).

3amiHa  CepifHOrO  BHCIBHOTO
eKCIIEpUMEHTAIbHUH ~He  THoTpelye
KOHCTPYKIIii BUCIBHOTO arapara.

THCKa Ha
3HAYHUX

3MIH

Puc. 2. JTuckoBi 103aTOpH HACIHHS: a — CePIHUHT
BHCIBHHUH THCK; O — J03aTOpP CIIPSIMOBAHOT JIii.

Fig. 2. Disk seed dispensers: a - serial sowing disc;
b - directed dispenser.

Jlozatop cmpsMoBaHOi [ii MO CBOIM OCHOBHUM
TEOMETPUYHUM pO3MipaM aHaJOTiYHWI cepiiiHOMY i
BCTaHOBJIIOETHCS 3aMiCTh HOTO Ha JIOMAaTEeBOMY POTOPI, L0
po3MileHnH y KOpITyci BakyyMHOI kKamepu (puc. 3).

A TS il 3 J
Puc. 3. Jlocnigauii BUCIBHHH amapar.
Fig. 3. Experimental seeding machine.

BcTaHoBeHHS 103aTOpa CIPSMOBAHOI JTii HE BUMAarae
3MiH  ¢GopMu 1  00’eMy  BakyyMHOi  KamepH.
JloompallfoBaHHIO TiJIATae TiTbKU HACIHHEBAa Kamepa, B
SIKi¥l BCTAHOBJIFOETHCS HEPYXOMUI KOTIP.

3araneHuit Ui nociBHoro MTA 300paxkeHo Ha
puc. 4.
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Puc. 3. TlociBauii MTA: tpaktop MT3-82.1 Ta
ciBasika CTBT-12/8M.

Fig. 3. Sowing AIT: MTZ-82.1 tractor and STVT-
12/8M seeder.

TakuMm 9HHOM, TIPH OJHAKOBOMY BIUIHBI BCIX 1HIIHX
(akTOpiB OCHOBOIO EKOHOMII CTa€ Pi3HUIS B €(h)eKTUBHOCTI
poboTtu mociimHOTO i cepiifHoro BHUCiBHUX amapartis. [Ipu
ObOMY HEOOXITHO pO3IISHYTH JBa AacHeKTH, LIO
BU3HAYAIOTh  KIHIEBUI  pe3yibTar:  Nepuud  —
OesrnocepelHE BUKOHAHHSA TEXHOJOTIYHOTO IpoLecy
MOCIBY 1 JPYruil — OTPUMaHHS YPOXKAaHHOCTI KyJIbTYp NPU
ix 30upanHi. [Ipu Takiii MOCTaHOBII 3aBIaHHS 3arajbHi
30MTKH BiJ POOOTH BHCIBHOTO amapara IOpPIBHSIHO 3
ilcaJbHUM  T[OCIBOM IO  BCIM  KyJbTypam, IIO
BUPOIIYIOTHCS, MOYKHA TIPEJICTABUTH CYMOIO:

3, = i3 @

Je 3; — 30uTKM Big poOOTH amapara, [0 OTPUMYIOTh NpU
BUPOIIYBaHHI I-TOT KYJbTYPH;

K — kiBKicTh KyJBTYD.

ExoHOMIist ans KOXHOI i3 KyImbTyp TpH POOOTI
YIOCKOHAJEHOTO JOCHIAHOTO arapara y HOPIBHSHHI 3
IITATHAM CEPiHUM CKIIaJIa€:

E=3,-3, 3
ne 3, — 30UTKH BiX OOCIHITHOTO amapara ais i-Toi
KyJIbTYpH;

3. — 30utku Bix cepiitHoro amapara ais  i-TOi
KYJbTYpH.

B 3aransHOMY 30MTKM CKIaaroThes SIK 3 BUTPATHOI,
Tax 1 3 J0XO{HOT YAaCTHHHU, TOOTO MOJKHA 3aIUCATH:

3=1-8, (4)
ne /] — 1oXo/Ha 4acTHHa,;

B — BuTpaTHa YacTUHA.

Henonixamu B poO0Ti BUCIBHHX anapaTiB € MOKJIMBI
MIPOITYCKH, a TAKOK 0sIBa IBIHHKKIB. 3 TOUKH 30pYy HPSMOT
€KOHOMII TpOIYCKH 3MEHIIYIOTb BHUTPAaTH IIOCIBHOTO
Mmarepiary Q.. OO6G’em  mociBHOro  Marepiany
36KOHOMJIEHOTO Ha MPOMYCKax, MOXe OyTH MigpaxoBaHIM
3TigHO (HOpMYIH:

Q, =6, Q ()
ne Q — 3amnaHoBaHuWii 00’eM BuCIBY Ti€i uM iHIIOT
KYJIBTYpH;

{np — IMOBIPHICTB MPOITYCKIB.

3ammaHoBaHui  00’€eM  BUCIBY
JTO0OYTKOM:

BHU3HAYAETHCA

Q=S-q, (6)

Je S — IIomIa BiJiBe/ICHA ITiJ] TOCIB KYJIbTYPH;

g — BCTAaHOBJICHAa HOPMa BHUCIBY.
TakuMm dYHHOM, EKOHOMis IIOCIBHOTO MaTepiamy
BHACJIIZIOK YTBOPEHHS MPOITYCKiB CKIIA/IAE:

an =§np'S.q’ (7)
a eKOHOMis, BUPa)KeHA B TPOIIOBHUX OIMHUIIIX, TOPiBHIOE:
Hnp = Qup L, (8)

ne L],y — 1iHa MOCIBHOTO MaTepiaiy.
[MincraBmnsiroun ckianosi 3 (8), MaeMo:
Hop = Cop+ S+ q * L 9)
JBiliHMKM Tpu CiBOI JalOTh OpsAMiI  30MTKH Y
JIOZIATKOBIM BUTpATI ITOCIBHOTO MaTepiaiy.
[To amarorii mi 30MTKH MOXYTh OyTH migpaxoBaHi
HACTYITHUM YHHOM:

Qde = C()S : Q (10)
[MincraBnsroun ckimamoBi 3 Bupazie (7)) 1 (9)
OTPUMAEMO:
Qz)s = C()e S q, (11)
abo
By = Cds S q- lln/wy (12)

ne (9 — IMOBIPHICTP MOSIBH JBIHHHUKIB,

Bys — nipsiMi 30MTKM y JJOAAaTKOBIM BUTPATi HOCIBHOTO
MaTepiainy.

HacTymHuM eramoM Ticnsi IMOCIBY € pO3BUTOK i
JO3piBaHHS POCIHH, SKi B KIHIICBOMY pE3ylbTaTi i
(hopMyroTH MaitOyTHIH yposkail.

[Ipomyckn  BHACHiOK  BIACYTHOCTI  HACiHWHHU
NPUBOIUTH IO HPSMUX BTPAT MOXKIUBOTO BPOXKAO, SKi
BU3HAYAIOTHCSI HACTYITHUM YHHOM:

an = Cnp -S-Y, (13)
ne ¥V — ypoxaiHiCTh KyJbTYpH.
B rpolIoBux OIUHUIIX LI BTPATH CKIIaJal0Th:
Bup=Gp SV L. (14)

ne [, — 1ina 3a 1 ToHy BpoXaro, y.o.
Takum YHHOM, TMIpH TIOCiIBI MPOMYCKH JarOTh
E€KOHOMII0 TIOCIBHOTO Marepialxy, IO Moxe OyTu
migpaxoBana mo Qopmymi (9), a ABIHHUKK — TONATKOBI
BUTPATH, SKi BU3HAYAIOTHCS 3TiTHO BUpazy (12).
OCOONMUBICTIO TPOITyCKIB € Te, IO BHACHTIJOK
BiJICYTHOCTI HACiHMH Ha TOTpiOHOMY iX MICHi IDIOIIA
KMBJIGHHs JJIsI CyCimiB 3pocrae 1 iX BpOXaWHICTh
miABUINY€EThCS Ha BenmuduHy AY. Tak SK KOXHOMY
NPOIYCKY BiJIIIOBIIAIOTH JIBI CYCIIHIX HACIHUHH, TO:
Aynp:2-§np-K A

. (15)
ne Ky, ¢ — xoedillieHT npupocTy BpOXKAWHOCTI CyCiliB
nponycky. Ky, ,=0,15.

B rpomoBux oquHUIEIX TPUOYTOK CKIAJac:

A, =AY, -S-I, (16)

ITicist miACTaHOBKHY CKIIAZOBUX MAacMoO:
A =26,-K,, ¥V-S-1, 17)
[lossBa nBIHHMKIB 3HWXKXYE pIBEHb  MOJKIIMBOI

BpoxaiiHocti. lle o3Havyae, 00 BHACHIZOK MOSBU
JIBITHUKIB BpPOXalHICTh BTpadaeThCs

Ayd@ = 503 : K()g 6" y’ (18)

ne Kj ¢ — Koe(imieHT MigBUIIEHHS BPOXKAMHOCTI Yy
CyCImHIX pPOCIMH MiX SKAMH YTBOPHBCS MABIHHUK,
K()gg=0,3-

A0G0 B rpOIIOBUX OJMHUIISIX

B :AS/()s.Usp.S

o8y
3BiAKIIg
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B&syzgda.Kﬁb’s.y.Hr;p.S (19)

TakuM 4MHOM, TakWi HENOJIK B poOOTI BHCIBHOTO
amapata, SK TIO0sABa JBIMHUKIB, TPUHOCUTH IOJBIHHI
C€KOHOMIYHI 30UTKH: JOJATKOBI BHUTPAaTH IOCIBHOTO
Marepiaiy, a TaKoX HeJl00ip BpoKaro.

Buxonsun 3 BHKIQIEHOTO 1 MOBEPTAIOYHCH IO
piBHsHHS  (4), 30MTKM BHUCIBHOIO amapara IpH
BHPOIIYBaHHI Ti€l Y iHINOI KyNTbTypH 3 BHKOPHUCTAHHS
CepiiHOi YHM JOCHiTHOI CIBAJIOK MOXHA TIPEACTaBUTH
CYMOIO IOXOIHUX 1 BUTPATHUX YaCTHH.

31' = ﬂnp _Bnp +ﬂnpy - B, _Bdey (20)

KoxeH 3 amapaTiB He € TOBHICTIO JIOCKOHAJIOIO
KOHCTPYKII€I0, MI0 BHKOHYE TIOCIB 0€3 HEIOJIKiB.
Hepmomiku, sk BimoMO, CKIIaNAlOTh MPOITYCKH 1 IBIHHHUKH.
Toli amapat, y sSIKOTO HEJONIKA OyIyTh MEHIIMMH, 1aCTh
Kpalll pe3ynbTaTd y BUpPOLIyBaHHI Bpoxato. [Ipu npomy
€KOHOMIYHa e(EeKTUBHICTh (DOPMYETHCS K PIZHULS MiXK
30uTKamu Bif poboTu amapatiB. Tomy Ha miacraBi (3)
MIPAXOBYETbCS ~ E€KOHOMIYHa  e(EeKTHBHICTH  BiX
BIIPOBAJPKEHHS JIOCIITHOTO arapara Jjsi KOXKHOI 3 i- TUX
KyJBTYD.

Tabmuusa 1. [Jlami 1md mpoBeOeHHS pPO3PaxyHKY
€KOHOMIYHOI e(eKTHBHOCTI BIIPOBAKCHHS PE3YJIbTaTiB
IIOCITIKEHD.

Table 1. Data for calculating the cost-effectiveness of
implementing research results.

3arambHa €KOHOMiIYHA €(DEKTUBHICTh BUKOPHUCTAHHS
BHCIBHOTO arapara 3 J103aTOPOM CIIPSMOBAHOI il /I BCiX
MPOCAIHUX KYJBTYP PO3PAXOBYETHCS K CyMa

E, =) E,.
i=1

[puknanomM po3paxyHKy MoOKe OyTH BH3HaYCHHS
€KOHOMIYHO{ e()eKTHBHOCTI BiJl MPOBAIKEHHS JOCIi THOTO
amapara. Po3paxyHOk mpuBOAWTBCS Ha 1 ra mociBHOI
ot (S = 1), nani Juis po3paxyHKy HaBeJeHi B Ta0. 1.

PesynbraTi po3paxyHKiB 3Be/ieH] B Ta0I. 2.

(21)

Tadanus 2. PesynpraTu po3paxyHKy €KOHOMIYHOI
e(eKTHUBHOCTI BIPOBAHKCHHS JOCIITHOTO BHCIBHOTO
amapata 3 JJ03aTOpOM CHIpsMOBaHoOi 1ii Ha 1 ra.

Table 2. The results of calculation of economic
efficiency of implementation of experimental sowing
machine with a dispenser of directed action per 1 ha.

Kynberypa ExoHoMiuHa e(DeKTHUBHICTS, y.0.
1. Cos 1198,11
2. Kykypynza 2087,58
3. COHSIIHUK 346,79
4. Bypsx 1232,11
CepeaHe 3HaYSHHS 1216,45

TToxazauk Bennuunna
1 2
Bupo6anya moryxuicte CTBT-12/8M
Piune 3aBaHTa)KE€HHS CiBaJIKH, IO, 160
IIponyKkTUBHICTP CiBaJNKH, Ta/TO. 3-5
Inomra nocisy, ra, (S) 786

Burparu mociBHOTO Matepiany, (, mT./ra (Kr/ra),

Cost 500000 (130)
Kyxypynsa 80000 (25)
Comnsturauk (pu Mixpsiaai 70 cm.) 150000 (8)

LlyxpoBuii Oypsk 100000 (3,5)
Iina mociBHOTO Matepiany I, y.o./ra (y.0./Kr)
Cost 1950 (15)
Kykypynza 500 (20)
CoOHSIITHAK 280 (35)
IykpoBuii Oypsik 1400 (400)
VYpoxaiiHicTs, V, T/Ta.
Cos 2,16
Kykypymnza 6,16
COHSIITHUK 1,94
LyxpoBwuii Oypsix 47,65
Iina 3a ToHy BpoXxaro, [{zp, y.0./T.
Cos 18500
Kyxkypynsa 6450
COHSIIITHUK 19500
IyxpoBuii Oypsik 1120

CepeniHe 3HaUSHHS! €EKOHOMIYHOT e()eKTHBHOCTI Ha 1
reKTap P BUKOPUCTAHHI TOCIITHOTO arapaTa CTAHOBHUTh
1216,45 y. o.

Jlyis BU3HAYCHHS €KOHOMIYHOT €()EKTHBHOCTI OMHIET
CIBaJIKH B PiK HEOOXiTHO:

N=E;- S,
ne Ej — exoHomiuHa eheKTHBHICTD TICBHOI KYJIBTYPH;

S¢ — 3arajpHa IJIOIIA TIOCIBY OJIHI€T CIBaJIKH B PiK, SKa
BU3HAYa€THCS 32 HopMyInoro:

Sc=P-T, (23)
ne P — mpoaykTUBHICTS CiBasKH, 1110 ckianae 4,8 ra/ro.;

T — piuHe 3aBaHTa)XEHHS OJHIET CIBAJIKH, 10 CKJIAAAE
160 ron.

Toni, Buxoasuu 3 (23), MmaeMo:

Sc =P -T=4,_8-160 =786 ra. (24)

Buxonsun 3 momepenHix poO3paxyHKiB, MOXKHA
3ammcaTd eKOHOMIYHY e(eKTUBHICTH oxHiei ciBainku (N)
JUISl aHAJII30BAHUX KYJIBTYP:

Neoi=1198,11-786=920145,89 y. o.

Niyx=2087,585-786=1603259,94 y. o.

Neor=346,79-786=266334,6 y. 0.

Neyp=1232,11-786=946259,15 y. o.

Neep=1216,45-786=955891,95 y. o.

SIK TIOKa3yroTh HaBeAEHI pO3paxyHKH, Haiibinpma
€KOHOMiIYHa €(EeKTHBHICTh BHKOPHCTAHHS JOCHIIHOL
ciBanku mpu ciB0i KyKypyA3H, IO Ja€ 3MOTY OTpHUMAaTu
1,6 MiTH. y. 0. mpUOYTKY HA PiK 3 OHIi€T CIBAJIKH.

(22)

BucHoBku

1. Ha mincTaBi BUKOHAaHUX PO3paxyHOK MOXKHA JaTH
1. B mporeci maHOro IOCHTI[KEHHS OYJIO TpPOBEICHO

OIIHIOBaHHS  €(QEeKTHBHOCTI  30EpeXeHHs  pecypciB
arpapHoi cdepu i BUPOOHUIITBA OCHOBHUX TEXHIYHHUX
KYJBTYP. [IpaxTrane BITPOBAKEHHS CHUCTEMU

30epesxxeHHs pecypciB B AIIK 3aBnsiku CHHEPTreTHUYHOMY
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MTOETHAHHIO IHTEpaKTHBHUX IHIUKATOPiB
pecypcoeeKTHBHOCTI JIO3BOJISIE e(heKTHBHO
BHKOPHCTOBYBATH MeXaHi3M 30a1aHCOBAaHOTO
iHHOBaIiIfHO-pecypco36epirarodoro PO3BHTKY.

BinnoBigaroun mpu mpOMY pi3HHM e€TalmaM BHUPOOHHYO-
nepepoOHnX mukiIiB mignpuemcts AlIK y  Burmanmi
KEpoBaHOTO nepeTikanHs (1udy3ii) pi3sHUX BUIIB pecypciB
B CEKTOp 3 HaiOUIbIl e(QEeKTHBHUM pPO3BHTKOM.
BripoBapkeHHsT 1€l CHUCTEMH JIO3BOJIUTH CTBOPIOBATH
ONTHMAJIbHI YMOBH 1Sl €pEeKTHBHOCTI BUPOOHHIITBA.

2.  PospaxoBaHa  e€KOHOMi4Ha  €(EKTHUBHICTbH
pecypco30epirarouoi TEXHOJOTil BHCIBHOTO amapara 3
no3atopoM crpsMoBaHoi mii. CepenHiil piyHHH mpHpiCT
npuOyTKy  Bil  BOPOBAaKEHHS  MOJEPHI30BAHOTO
BHCIBHOTO armapara TOYHOTO BHCiBy IJII OCHOBHHUX
MIPOCAITHUX KYIBTYp (KyKypyaA3a, COHSIIHUK, COsI, OYpsIK)
ckianae 1216,45 y. 0. Ha 1OCiBi OHOTO TEKTapy.

3. Ha npukiazni mociBy ofHi€l 3 KylIbTyp HaHOUIBIINI
€KOHOMIUHUI e(eKT 1ae KyKypya3a — 1,6 MIIH. y. 0. Ha DIk,
HallMeHIMi — COHAMHHUK (266 Tuc. y.o0.). BomHouac
HaWKpalM YMHOM IOCIIIHUMA 3pa30K Moka3aB cebe mpu
ciBOI cOi, 3MEHIIMBIIY BTPAaTH Y BapTiCHOMY Bupa3i Ha 98
%.
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CHUHEPI'ETUKA MHTEPAKTHUBHBIX
NHJIMKATOPOB PECYPCOO®DPEKTMBHOCTU
TOYHOCTHU ITOCEBA OCHOBHBIX
TEXHNMYECKUX KYJIBTYP AIIIIAPATOM
C JIO3BATOPOM HAIIPABJIEHHOI'O JIEMCTBUSA
I1. C. Ilonux

Annoranusi. OnHuM 13 HauboJsee MpoOIEeMHBIX MeCT
B arponpomsinuieHHOM Komiuiekce (AIIK) sBmsercs
CHUCTEMHOCTb ~ BHEIPEHHS  pecypcocOepekeHusi, B
YAaCTHOCTH, B CEJILCKOXO3SHCTBEHHOM MallMHOCTPOSHHHU.
Jns  mpeononeHWs — JAHHOM — MPOOJEeMBI  aBTOPOM
MpeUIo’keHa CcXeMma BBIOOpa  pecypcocOeperaromnero
MPOEeKTa I TOTO, 4YTOOBI OUEHUTH 3(PPEKTHBHOCTD
TEXHOJIOTHH M0 COXPaHEHUIO PECYPCOB.

ABTOpOM  CTaBWiIach ILenb INPOAHAIN3UPOBATH
3G GEKTHBHOCTh  BHEAPECHUSA  pecypcocOeperaronmx
MeponpusaTHd B KoMmIuiekce mnepBoit coepbr AIIK. [lns
JIeTaJau3aluy Lenu Oblia IMOCTaBJIeHa 3ajJada anpoOariiuu
CXeMbl BbIOOpa pecypcocOeperammero mnpoekra |
ompenenenue  3(G(HEKTUBHOCTH — pecypcocOeperaronux
MeporpusiTuidi. B pesynbrare ObLIa OLEHEHA MOJENb
MHOTOKPUTEPHATIBHOTO 000CHOBaHUs TIOBBIIICHUS
pecypcocoepeskernus npennpusatuii AIIK xak amexBaTHas
JUIl OIEHKH 3((EKTHBHOCTH IIPOM3BOJCTBA U YPOBHSA
pecypcocOepeskeHusI.

Paccunrana SKOHOMHUYECKAs 3G PEeKTUBHOCTH
pecypcocOeperaronieli TEXHOJIOTHH I0CEBa IPOMANTHBIX
KyIbTyp BBICEBAIOIIMM  ammaparoM C  J103aTOPOM
HampaBJieHHOTo JneicTBus. CpeaHuii TOA0BOH MPUPOCT
npuOBIIM  OT  BHEJPEHUs  yCOBEPLICHCTBOBAHHOTO
BBICEBAIOLIETO armapara JJisi OCHOBHBIX TEXHMYECKUX
NPOMAIIHBIX KYJIBTYp (KyKypy3a, IOJCONHEYHHK, COSl,
cBekna) coctaBiusier 1216,45 y.e. Ha mOceBe OJHOTO
rekrapa. Ha mpumepe moceBa OAHOM W3 KyJIbTyp
HanOONBIIAN 3KOHOMHYCCKHHA PPEKT maeT KyKypy3a —
1,6 MyH. y.e. B TOJ, HAMMEHBIINIA — ITOJICOTHEYHUK (266
ThIC. y.e.). Hawmmyummm oO6pa3oM oOmbBITHBEIA 00pasern
MoKaszay ce0si Mpu I0CeBE COW, YMEHBIIMB TOTEPH B
CTOUMOCTHOM BbIpaXkeHHU Ha 98%.

KnaioueBble cjoBa: TEXHOJOTHS, TOYHBIH BHICEB,
ITHEBMOMEXaHUYECKUIl BBICEBAIOLIMI ammapar, 103aTop
HAINPAaBJIEHHOTO JIeHCTBUS, CEMEHa, sTuehKa,
pecypcocOepexeHue, BEPOSATHOCTH MPOITYCKOB,
BEpPOSATHOCTh ABOIHUKOB.

SYNERGETICS OF INTERACTIVE INDICATORS
OF RESOURCE EFFICIENCY OF SOWING
ACCURACY OF MAIN TECHNICAL CULTURES
WITH DEVICE WITH DISPENSER OF DIRECTED
DIRECTION
P. S. Popyk

Abstract. One of the most problematic places in the
agro-industrial complex (AIC) is the systematic
implementation of resource conservation, in particular in
agricultural engineering. To overcome this problem, the
author proposed a scheme for selecting a resource-saving
project in order to assess the effectiveness of technologies
for conserving resources.

The author aimed to analyze the effectiveness of the
implementation of resource-saving measures in the
complex of the first sphere of agriculture. To detail the
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goal, the task was to test the scheme of choosing a
resource-saving project and determine the effectiveness of
resource-saving measures. As a result, the model of multi-
criteria justification for increasing the resource saving of
agro-industrial enterprises was evaluated as one that is
adequate for assessing the efficiency of production and the
level of resource saving.

The economic efficiency of resource-saving
technology of sowing of row crops by the sowing device
with the batcher of the directed action is calculated. The
average annual increase in profit from the introduction of
an advanced sowing machine for the main technical row
crops (corn, sunflower, soybeans, beets) is 1216,45 c.u. on
sowing of one hectare. On the example of sowing one of
the crops, the greatest economic effect is given by corn —
1,6 million c.u. per year, the smallest - sunflower (266
thousand c.u.). At the same time, the experimental sample
showed itself best in sowing soybeans, reducing losses in
terms of value by 98%.

Key words: technology, precision sowing,
pneumomechanical sowing machine, directional action
dispenser, seeds, cell, resource saving, probability of
omissions, probability of duplicates.
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Abstract. The main indicator used for reliability
research is hardware systems of technical control of
parameters of technical condition of self-propelled
sprayers, which means the probability that a self-propelled
sprayer will be operational at any time, except for planned
periods during which the use of self-propelled sprayers is
not expected. Derivation of analytical expression for
hardware systems of technical control of parameters of
technical condition of self-propelled sprayers is a rather
time-consuming operation. The complexity increases with
the complication of the graph, ie in an effort to take into
account more technical conditions, factors that affect the
process of technical control of self-propelled sprayers.
Therefore, it is advisable to solve the problem of such a
plan using a simulation model. Using the stateflow
modeling tool of the MatLab software package, a model
has been developed that allows modeling discrete-event
models. Model of self-propelled sprayers among Stateflow
for estimating the coefficient of readiness during technical
control of programs. The results of simulation modeling
are the values of hardware complexes of technical control
of parameters of technical condition of self-propelled
sprayers in various technical control programs, which
allows to draw conclusions about the influence of technical
control program of self-propelled sprayers on the readiness
factor. It is quite justified in cases when the technical
control differs only in the place of measurement of the
parameter of technical condition, and the means of
measurement are the same. The author found that the
hardware systems of technical control of the parameters of
the technical condition of self-propelled sprayers are
sensitive to errors of the second kind in this case. Ways of
further research are found in the study of other programs of
technical control of self-propelled sprayers, in which the
readiness factor is sensitive to the probability of errors of
the first kind.

Key words: simulation model, parameter, self-
propelled sprayer, technical control, technical condition.

Introduction

The analysis of existing instrumental and software
systems for determining the operational characteristics of

technical objects of self-propelled sprayers was carried out
[1].

The methods of mathematical modeling of the states
of the technical object of self-propelled sprayers are
analyzed [2].

The advantages of using an acoustic signal coming
from the investigated technical object of self-propelled
sprayers in order to identify the operational state are
determined [3].

The methods of filtering, spectral and wavelet
analysis and artificial intelligence algorithms that allow
automatic processing of audio signals are analyzed [4].

Formulation of problem

The analysis of existing complexes of vibro-acoustic
analysis of technical objects of self-propelled sprayers was
carried out [5]. The advantages and disadvantages of these
software systems are revealed [6].

Known software package Discriminant, designed to
analyze the state of the mechanisms of the cyclic type [7].
The complex implements a set of methods for analyzing
the results of vibroacoustic measurements:

- the method of S-discriminants, which implements a
multiband analysis of vibration signals clipped in
amplitude and is used for early detection of changes in the
vibration signal under study [8];

- methods of spectral analysis for the study of the
spectral characteristics of the vibration signal [9];

- methods of statistical analysis [10].

One of the main features of the software package is
the implementation of wide possibilities for post-
processing the results of the calculations [11]. The software
package allows you to identify trends in vibration signal
changes [12], formulate hypotheses linking these changes
with the technical condition of the equipment [13], and test
these hypotheses using the results of several alternative
analysis methods [14]. Thus, the software package solves
not only monitoring tasks [15], but also identifies
individual problems of diagnosing the control object [16].
For example, sharp changes in the value of the S-
discriminant in any of the frequency bands indicate the
occurrence of technical problems in the operation of the
test object [17]. Using the result of the analysis of the
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frequency distribution of the vibration signal [18] and the
dependence of this distribution on the operating time, it is
possible to test various hypotheses that explain the increase
in the values of S-discriminants [19].

The complex does not implement
diagnostics.

automatic

Analysis of recent research results

Known software-tool complex for diagnosing the
technical condition of Watson [20]. This complex ensures
the collection, storage and processing of measurement
information coming from sensors when conducting
research on the service characteristics of engineering
products [21]. With the help of this complex it is possible
to produce: vibration monitoring; diagnostics; sorting and
comparative evaluation of the quality characteristics of
engineering products; identify the causes of deviations in
performance characteristics from the specified ones and
carry out their refinement, which makes it possible to
reduce the volume and terms of tests created and studied
samples of complex technical systems [22]. The
disadvantage of this complex is the lack of automatic
diagnostics of components and assemblies [23].

A known system of vibroacoustic monitoring of the
technical condition of reciprocating machines [24].
Functionality of this complex: determination of vibration
velocity and vibration displacement signals; analysis of the
spectral characteristics of the signal; analysis of the
spectral composition of the signal envelope; correlation
analysis; determination of damping properties of structural
elements; time-frequency signal analysis and detection
[25]. The software package implements a new method for
linking frequency-time representations of signals to the
phase of machine operation, which is used in the synthesis
and calculation of a frequency-time quadratic detector for
monitoring the technical condition of the object under
study, which does not require additional hardware [26].
The operator completely determines the set and sequence
of actions performed on the signals, choosing the
fragments of the signal that are of interest to him and
setting the transformation function [27].

The disadvantage of this complex is the need for
complete control of the analysis process by a person [9].
The inability to diagnose technical objects of non-
reciprocating action [2].

The analysis of existing complexes showed the need
to create a software and hardware complex that can
automatically determine the state of a technical object, be
able to clean diagnostic signals from noise, and also adapt
to diagnosing a wide range of technical objects [17].

Works are devoted to the study of methods of
mathematical modeling of the states of technical objects.
There are several types of models that can be used to
describe the properties of some given signal [11]. These
types of models can be divided into a class of deterministic
and a class of stochastic models. Deterministic models use
some known specific properties of the signal. For example,
the signal may look like a sinusoid, or it may be represented
as a sum of exponentials [3]. In such cases, determining the
signal model is not a difficult task, since for this it is only
necessary to estimate the values of its parameters, such as

amplitude, frequency, phase, exponent, etc. The second
class of models are stochastic models that describe the
stochastic properties of the signal [14]. These models
include Gaussian processes, Markov processes, hidden
Markov processes, Bayesian networks, neural networks,
etc. These stochastic models are based on the assumption
that the signal can be described by some parametric
random process and that the parameters of this process can
be estimated with a sufficient degree of accuracy [7].

The state of the technical system is determined using
a set of parameters or features. The studied parameters are
characterized by physical quantities that have a continuous
distribution of feature values [2].

The set of parameters x,,, characterizing the state of
the technical object, forms a set of parameters [24]:

X ={x, %5, ..., %} 1)

The observed real state of the object corresponds to
the actual values of the parameters, due to which, as a
result, each instance of the object corresponds to a set of
parameters [9].

For research, the range of possible values of the
measured parameter is divided into intervals, and the main
thing is the presence of the parameter in this interval. The
result of a quantitative study can be represented as a feature
that takes several possible states [19].

In general, the sign of k,, is the result of observation,
which can be expressed in one of the digits. We are
interested in systems in which states are characterized by a
set of features [1].

A sign that has one possible state (n = 1) is single-
digit. It does not carry any practical value, and is not
considered in the problem of determining the state of an
object [25].

The statement of the recognition problem in the
probabilistic approach is as follows:

- there is a system that is in one of n random states D,.
The possible states of the system (D; diagnoses) are
assumed to be known a priori [14];

- a set of parameters X is known, each of which
characterizes the state of the system with a certain
probability [2];

- it is required to build a decision rule, with the help
of which the result of the inspection of a technical object is
determined [9];

- it is desirable to assess the reliability of the decision
and the degree of risk of an erroneous decision [21].

In the deterministic approach, the recognition
problem can be conveniently formulated as follows:

- if the system is characterized by a multidimensional
vector, then any state of this system is a point in the n-
dimensional space of parameters (features) [8];

- it is assumed that each possible diagnosis D;
corresponds to some area of the considered feature space
[4];

- it is required to find a decision rule, according to
which the presented (implemented in the object under
study) vector X will be assigned to a certain area of
diagnoses [22].

Thus, in the deterministic approach, the problem of
recognition is reduced to the distribution of the feature
space into areas of diagnoses [18].

The areas of diagnoses in the deterministic approach
are usually considered non-overlapping, i.e. the probability
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of one diagnosis is equal to one, and the probability of
others is zero. Similarly, it is assumed that each feature
either occurs in a given diagnosis or is absent.

Purpose of research

Purpose of research is description of the analytical
position of the evaluation of hardware complexes for
technical control of the technical condition of self-
propelled sprayers.

Research results

Probabilistic recognition methods are more general,
but require a much larger amount of preliminary
information. However, the results obtained using these
methods are more accurate. In the case of building systems
for monitoring phenomena, the probabilistic approach is
the most promising.

Tire noise is a continuous, non-stationary signal
distorted by interference and reverberation of vehicle
components and assemblies, aerodynamic noise.

Therefore, it is relevant to develop a mathematical
model for determining the state of tires by analyzing the
sound signal. The signal model can be used to create a
system that will optimally remove noise and these
distortions. Second, the signal model is important because
it provides information about the source of the signal (the
operating state of the bus that generated the signal). Not
having direct access to the bus. This property is especially
important, since the cost of diagnosing a tire is very high.
With a good signal model, you can simulate the source and
study it with the degree of accuracy that such simulations
provide. And finally, the most significant reason for the use
of signal models is that in practice they often provide
exceptionally good results, enabling the effective
implementation of important practical systems of
prediction, recognition, and identification.

With a non-contact method for determining the state
of the tire during operation, noise is always present in the
recorded signals, so the first stage of signal processing
should be associated with the removal of noise.

To obtain a clean signal that excludes noise, various
filtering methods are used. Direct Filtration Method:

s+n - Filter » §
where s — signal, n — noise, $ — cleaned signal.

Usually, direct filtering is used as methods for
obtaining a clean signal. In this case, two approaches are
usually used for direct filtering.

In the case when the structure of the signal and noise
is known, fixed filters are usually used that pass the
frequencies containing the signal and block the frequencies
corresponding to the noise.

To clean the signals of technical objects, which in
most cases are non-linear, non-stationary, from ambient
noise, adaptive filtering is used. Filtering does not require
any prior information about signal and noise properties.

The adaptive filter automatically adjusts to the noise
impulse response to minimize the error. The criterion for
assessing the quality of filtration is the mean square error.

/
Adaptive Noise Removal

input

Signal R CEE LR LR L R TR TR "
source  Main i s+n lf\ i S .
éntrance " —

| Pa . :
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i e

Fig. 1. Scheme of the adaptive filter

As shown in fig. 1 adaptive filter has two inputs: main
and auxiliary. The signal under study s + n is fed to the
main input.

A noise signal n is applied to the auxiliary input. This
noise signal is not correlated with the main signal, but has
a relationship with the noise component n. The noise n,
passing through the adaptive filter, is converted to 7 in
order to approximate the noise contained in the signal n.
This noise is subtracted, and the signal S is obtained at the
filter output.

The goal of the output noise filtering system is to
obtain the signal § = s + n — A, which will be the best
approximation to the signal s, in connection with which the
calculated result at the output again passes through the
adaptive filter, where the least squares method minimizes
the discrepancy between the result and reference signal s.

Let us represent s, ny, 7 and y as statistically
stationary, and having arithmetic means equal to zero. The
signal s is uncorrelated with n, and 7, but 1 is correlated
with ng, then:
S=s+n-1-82=s>+(n—n)?—-2s(n—1). (2)

Hence the signal energy at the output E[SZ] is equal
to:

E[$?| =E[s*] +E[(n—A)?*] —2-E[s- (n—7)] =

E[s?’] + E[(n — 7)?] ©)

The signal energy E[s?] will not be distorted if the

filter is set to minimize E[$2]:
minE[8?%] = E[s?] + minE[(n — 7)?]. (4)

Herefore, if the filter is set to minimize the energy of
the output signal E[$2], then the energy of the noise
component of the signal E[(n — 7)?2] will also be minimal.

Since the output signal remains stationary, the
expression is true:

(s=8)=m-n). (5)

This corresponds to the condition that § is the best
approximation to s by the method of least squares.

Consider the filtering algorithm. Let the input discrete
random signal s(x) be processed by a non-recursive
discrete filter of N order, the coefficients of which are
represented by the vector (wg,wy,...,w, )T. Then the
output of the filter is:

$(0) =uT(x) - w, (6)
where u(x) = [s(x),s(x — 1), ...,s(x — N)]” the content
vector of the filter delay line per step. In addition, there is
an exemplary signal d (x).

The error during reproduction of this signal will be
equal to:

e(x) =d(x) —8(x) =d(x) —u"(x) -w. (7)
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It is necessary to choose such coefficients w that
would minimize the expression (7). Thus, the optimization
problem is reduced to the following expression:

Jw) = min[e?(x)]. ®)

The square of the error is:

e?(x) = [d(x) —u"(x) -w]* = d*(x) —2-d(x) -

ul () -w+wh-ulx) ul(x) w. 9)

Averaging this expression statistically we get:

Jw)=e?(x) =d?(x) —2-d(x) - uT(x)-w+

wT - u(x) - uT(x) W, (10)

where d2(x) = o2 — mean square of the reference signal,

d(x)-uT(x) = kT — the transposed vector k of the

correlation between the reference signal sample and the
contents of the filter delay line.

u(x) -uT(x) = Rs(m) — signal correlation matrix
with dimensions (N + 1) - (N + 1). It looks like:

Rs(0) Ry(1) Ry(2) ... Rs(N)
RS(O) RS(O) Rs(z) RS(N - 1)

Rs(m) = (11)

where R,(m) = s(x)-s(x—m) - random process

correlation function {s(x)}. Taking into account the new

notation, (10) takes the form:
Jw)=0c?=2-kT-w+wT-R,(m)-w. (12

One of the most common adaptation algorithms is the
least mean squares method. In this case, the vector of filter
coefficients w(x) must be updated recursively:

wlx +1) =w(x)—0,5 u-gradJ(w{x})] = w{x} +

pk—pe Rg(m) - wix} (13)

where  grad[J(w{x})]=2-k—-2-R,(m) -w{x} -
gradient vector; u — gradient step.

The algorithm converges if 0<u < (2-A;1,),
where 1,,., — the maximum eigenvalue of the correlation
matrix R,(x). In practice, to calculate the gradient, it is
enough to know the estimates of the values R;(x) and the
vector k. The simplest such estimates will be the
instantaneous values of the correlation matrix and the
cross-correlation vector:

Rs(x) = u(x) - u” (x), k(x) = d(x) - u(x). (14)

The using such estimates, expression (13) takes the
form:

whx+1D) =wk)+pu-dx)-ulx)—p-ukx) - -ul(x)-
w(x) = wx) + p-ulx)  ul)[dx) —u’(x) - wgg’%

The expression in brackets, according to (10), is the
difference between the reference signal and the output
signal of the filter at step x, which is the filter error e(x).
Then expression (15) takes the form:

wkx+1D) =wk)+u-ulkx) - -elx). (16)

The algorithm based on expression (16) is called LMS
(Least Mean Square, least squares method). LMS
convergence analysis shows that the upper step limit in this
case is smaller than when using true gradient values.

tmax =2 Q)™ =2-[(N+1)- 0], (17)
where 2, — eigenvalues of the correlation matrix Ry(m),
and a2 — the mean square of the filter input.

The main advantage of the LMS algorithm is its
extreme computational simplicity - to adjust the filter
coefficients, (N + 1) pairs of multiplication and addition
operations are performed at each step.

Based on the analysis carried out, it can be concluded
that in order to solve the problem of developing
mathematical modeling methods for automating the
process of analyzing the technical condition of an object of
self-propelled sprayers from ambient noise, the adaptive
filtering method is suitable, since, unlike conventional
filters, cleaning by removing certain frequencies
corresponding to noise component of the signal, the
adaptive filter adapts to changing noise characteristics,
which makes it possible to achieve effective signal filtering
under conditions of randomly changing noise components.
This method should be used to filter the acoustic signal
from ambient noise in mathematical modeling to automate
the process of analyzing the technical condition of an
object of self-propelled sprayers.

Conclusions

1. The most promising systems for analyzing the
technical object of self-propelled sprayers are in-place
diagnostic systems by removing sound or vibration
information. There is a need to develop mathematical
modeling methods to automate the process of analyzing the
technical condition of an object of self-propelled sprayers
in order to increase its efficiency.

2. The study of modeling methods has shown that the
most promising approach in solving the problem of
determining the technical condition of an object is a
probabilistic one. This method is universal, but requires
much more preliminary information than the deterministic
approach. Nevertheless, the results obtained within the
framework of the probabilistic approach are more accurate,
which is the key point in creating a system for determining
the state of a technical object.

3. Analysis of existing software and hardware systems
showed that with a wide range of mathematical tools for
analyzing signals, the results of diagnosing technical
systems of self-propelled sprayers, these complexes allow
monitoring the current state, but do not solve the issues of
automatically determining the state of a technical object,
and therefore there is a need creation of a software package
for automatic determination of the state of the technical
object of self-propelled sprayers.
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AIIITAPATHBIE KOMIIJIEKCBI TEXHUYECKOI'O
KOHTPOJIAA TAPAMETPOB TEXHUYECKOI'O
COCTOSHUA CAMOXOAHBIX

OITPBICKMBATEJIEN
U. C. Jliobuenko
AHHOTaN M. OCHOBHBIM MoKa3aTejeM,
I/ICHOJ’II)?;yeMI)IM IS HUCCIICOJOBAHUA HaJAC)KHOCTH,
SBIISTIOTCSL ~ amllapaTHbIe  KOMIDIEKCH — TEXHHUYECKOTO
KOHTPOJSI ~ [apaMeTpOB  TEXHHYECKOTO  COCTOSIHHS
CaMOXOJIHBIX OTIPBICKUBATENEH, b1 (O KOTOPBIM
MOHUMAETCS BEPOSATHOCTH TOTO, YTO CaMOXOJHBIN
OTIPBICKUBATEIh OKaXKeTCs B paboTocriocoOHOM

COCTOSIHUM B IPOU3BOJIBHBIE MOMEHT BpPEMEHH, KpOMe
3aIUTAHUPOBAHHBIX TEPHOIOB, B TEYEHHE KOTOPBIX
NPUMEHEHHE  CaMOXOAHBIX  ONIPBICKMBaTeNed 1O
Ha3HAYEHHIO HE IpeaycMaTpUBaeTCs. BriBon
AHATUTHYECKOTO BBIpQXKEHUS  JUIA ammapaTHBIX
KOMIUIEKCOB ~ T€XHHYECKOTO KOHTPOJII  IapaMeTpoB
TEXHUYECKOTO COCTOSIHUSI CAMOXOJIHBIX OTPBICKHUBATEIECH
— JIOBOJIBHO TPyJO0€MKas onepanus. TpyaoeMKOCTb pacTeT
C yCIOXXHEHHEM rpada, TO eCTb IPH CTPEMIICHUH y4YECTh
OoJIbIIe TEXHUYECKUX COCTOSIHHM, ()aKTOPOB, BIHUSIONIIMX
Ha TIPOIECC TEXHUYECKOTO KOHTPOJIS CaMOXOJHBIX
ornpeIckuBaTeneld. B 3Toii CBs3M pelieHue 3a/aud Takoro
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IUlaHa ~ [enecoo0pa3sHo  HPOBOJUTH € [OMOILBIO
UMUTAOUOHHOM Mogenn. C IOMOIIBI0 HMHCTPYMEHTa
MonenupoBanus Stateflow mporpammuoro makera MatLab
pa3paboTaHa MOZENb, IIO3BOJIAIONIAS MOZIEIUPOBATH
JMCKPETHO-COOBITHIHBIE MOJETIH. MozIenb caMOXOIHBIX

ompeickuBaTeneit  cpemm  Stateflow  ama omeHkH
KO3 purreHTa TOTOBHOCTH npu MIPOBEICHUH
TEXHUYECKOTO KOHTPOJIS HaxI poTrpaMMaMHu.
Pesyneraramu MMUTALMOHHOTO MO/JICJTUPOBAHHS
SBIIAIOTCS 3HAYEHUS arnmapaTHbBIX KOMIIJIEKCOB
TEXHUYECKOTO KOHTPOJS IapaMEeTPOB TEXHUYECKOTO
COCTOSIHUS CaMOXO/IHBIX OMPBICKUBATEINCH npu

Pa3IMYHBIX MPOrpaMMax TEXHHYECKOTO KOHTPOJS, YTO
MO3BOJIICT CAENATH BBIBOJ O BIWSHUM IPOTPaMMBbI
TEXHUYECKOT0 KOHTPOJIS Ha CAMOXOAHbIEC ONPBICKMBATENN
Ha 3HadeHWe Kod(pQHUIHEHTa TOTOBHOCTH. Bmoixe
00OCHOBAHHEI B CIydYasX, KOTJa TEXHHYSCKHH KOHTPOJb
OTIMYAeTCs TOJNBKO MECTOM HM3MEpPEeHHs Mapamerpa
TEXHHYECKOTO COCTOSIHUSI, @& CPEACTBA HM3MEPEHHs IpH

9TOM  OAMHAKOBBl.  ABTOPOM  YCTaHOBJIEHO,  YTO
anmnapaTHble  KOMIUIEKCHl ~ TEXHHUYECKOIO  KOHTPOJISL
1apaMeTpoB TEXHUYECKOIO COCTOSHUS CaMOXOJHBIX

ONPBICKUBATENEH YyBCTBUTENIBHBI K OTMOKE BTOPOTO pojia
B JaHHOM cnyvae. [lyTu panpHeHmMX wHcciaeaoBaHUN
BCTPEUAIOTCA B  HUCCIENOBAaHUM JPYrMX Iporpamm
TEXHUYECKOI'0 KOHTPOJISl CAMOXOAHBIX ONPBICKUBATENEH, B
KOTOPBIX KOA()(QUIIMEHT TOTOBHOCTH YYBCTBUTCICH K
BEPOSATHOCTH OIIHOOK IIEPBOTO POJA.

KaroueBple cjoBa: HMUTAIlMOHHAsS  MOJIEIb,
rnapaMeTp, CaMOXOJHBIM OINpBICKUBATENb, TEXHUYECKUH
KOHTPOJIb, TEXHHYECKOE COCTOSIHHE.

ATTAPATHI KOMITJIEKCU TEXHIYHOT'O
KOHTPOJIIO ITAPAMETPIB TEXHIYHOI'O CTAHY
CAMOXIAHUX OBITPUCKYBAUIB
1 C. Jl6uenxo

AHoTauis. OCHOBHUM IMOKa3HUKOM, 110
BHKOPUCTOBYETBCS TSI TOCHIDKCHHS HANIHHOCTI €
amapaTHi KOMIDIEKCH TEXHIYHOTO KOHTPOJIIO MapameTpiB
TEXHIYHOTO CTaHy CaMOXITHHX OONPHUCKYBadiB, il SKUM
PO3YMIETBCSA  WMOBIPHICTH  TOTO, IO  CaMOXIiIHUIA
OoONpHCKyBay ONWHHUTHCS Yy Mpale3JaTHOMY CTaHi y
JIOBUILHUI MOMEHT 4acy, KpiM 3aIIJaHOBaHUX IEpioJiB,
MPOTSTOM SIKMX 3aCTOCYBaHHS CAMOXIZHUX OOIPHCKYBayiB
3a TpU3HAYCHHSIM He Tependadaetbes. BuBeneHHs
AHANITHYHOTO BHpa3y U1 AalapaTHUX KOMILUICKCIB
TEXHIYHOTO KOHTPOJIO TMapaMeTpiB TEXHIYHOTO CTaHy
CaMOXiIHUX OONpPHCKYBayiB — JOCHTh TPYJOMIiCTKa
omeparist. TpynomicTkicTh 3pocTae 3 YCKIaJHEHHAM
rpadga, TOOTO TpHM TparHeHHi BpaxyBaTH Oiiblue
TEXHIYHUX CTaHiB, YUHHUKIB, SKi BIUIMBAKOTH IPOIEC
TEXHIYHOTO KOHTPOJIO CAMOXiIHMX OOMpHUCKyBadiB. Y
3B’SI3KY 3 IMM PO3B’sI3aHHS 33]1a4i TAKOTO IJIaHY JOIIITHHO
MPOBOJUTH 3a JIOTIOMOTOIO iMiTamiiiHoi Mopenmi. 3a
JOTIOMOTOI0  IHCTPYMEHTY MopemroBaHHA  Stateflow
nporpamMHoro mnakery MatLab po3pobineHo mopaens, sika
JIO3BOJIIE  MOJICTIOBATH  JUCKPETHO-TIOAIMHI ~ MOJEN.
Mopgenbs camoxigHuX obnpuckyBadis cepen Stateflow s
OIIIHIOBAaHHS KOe(illieHTa TOTOBHOCTI ITiJI 4aC IPOBEICHHS
TEXHIYHOTO KOHTPONIO 3a IporpaMamu. Pesynpraramn
IMITaIHHOTO MOJICNMIOBAaHHS € 3HAYEHHS arapaTHUX
KOMIUIEKCIB ~ TEXHIYHOTO  KOHTPOJIIO  HapaMeTpiB

TEXHIYHOTO CTaHy CAaMOX1THUX OONPUCKYBAYiB MPH Pi3HUX
MporpaMax TeXHIYHOTO KOHTPOJIA, IO JT03BOJISIE 3pOOUTH
BUCHOBKH IIPO BIUIMB HPOrPaMH TEXHIYHOTO KOHTPOJIIO
CaMOXiTHUX OOTNPHUCKYBa4iB Ha 3HAYEHHS KoedilieHTa
rotoBHOCTI. Llimkom OOIpyHTOBaHO y BHIIAJKaX, KOJH
TeXHIYHUA KOHTPONb BIIPI3HAETHCS JIMIIE MiCIEM
BUMIPIOBaHHS TapaMeTpy TEXHIYHOTO CTaHy, a 3acoou
BUMIpDIOBaHHS TP  LOMY  OJHAKOBi. ABTOPKOIO
BCTaHOBJICHO, 110 amapaTHi KOMIUIEKCH TEXHIYHOTO
KOHTPOJIIO TapaMeTpiB TEXHIYHOI'O CTaHy CaMOXIJIHUX
oONpHCKyBayiB YyTJIMBI O MOMHIKH JAPYroro poay B
JaHoMy Bumanky. Llnsxu momampiux — JOCHiIKEHb
3yCTpi4alOTBCA Y  JAOCHIDKEHHI  IHIOIMX  TIporpam
TEXHIYHOTO KOHTPOJIIO CAaMOXIJIHUX OOIPHUCKYBaYiB, y
SKUX KOe(iIlli€eHT TOTOBHOCTI YYTIMBHHA IO HMOBIpHOCTI
MOMMJIOK HIEPILIOTO POLY.

KuarouoBi cjoBa: imiTtamiifiHa Mozenb, TMapamMmerp,
caMOXimHWi  oOmpHCKyBad, TEXHIYHHA  KOHTPOJb,
TEXHIYHHUI CTaH.

I. C. JIro6uyenxo ORCID 0000-0001-5259-1760.
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Abstract. The article conducts research and
generalization of storage efficiency of combine harvesters.
The most efficient storage of machines is provided indoors
by agro-industrial enterprises. However, about 60% of the
combine harvester fleet is stored in open areas. Due to
limited economic opportunities in many organizations
there are cases of non-compliance with the rules of storage
of machines and low quality of work on corrosion
protection. Due to corrosion during storage of machines
and equipment, their durability is reduced, the complexity
of maintenance and repair operations is increased. The
most susceptible to corrosion are gear teeth and bush-roller
chains, threaded connections, working parts of tillage
machines: plowshares, cultivator legs and others. Due to
corrosion, the cost of maintaining the fleet increases. Costs
for maintenance and repair of working tools of tillage
implements in organizations range from 32 to 78% of the
cost of machines. In recent years, there has been a tendency
to reduce the cost of corrosion protection in the use of
waste preservatives. However, there are no specific
recommendations in the literature for the preparation of
such preservatives and the results of their tests for combine
harvesters.

Key words: durability, efficiency, storage, corrosion,
nanopowder, mineral oils, resource-saving compositions.

Introduction

Based on the analysis of the results of monitoring the
storage conditions [1] and corrosion damage of combine
harvesters [2], it is necessary to monitor the storage
conditions and corrosion damage of combine harvesters
[3]. To analyze modern domestic and world trends in the
creation of conservation warehouses to protect combine
harvesters from corrosion during storage [4].

To date, no theoretical prerequisites have been
developed for the selection of rational conservation
compositions for corrosion protection of combine
harvesters during storage in different natural and climatic
conditions [5].

To do this, many researchers suggest using the
corrosion rate of the machine surface after applying the
composition [6].

Formulation of problem

The optimal conservation composition is the one that
will provide the minimum cost to ensure the maximum
possible protection of the machine from corrosion [7].
However, when choosing preservatives [8], keep in mind
that when the machine is put into operation after storage,
preservatives are removed [9]. Therefore, we proposed a
technical and economic criterion for the effectiveness of
conservation warehouses [10], according to which the
optimal composition is considered to provide sufficient
durability (rational protective capacity, taking into account
the corrosive environment of the region where harvesters
will be stored) at minimum cost [11].

Cys/Kq = min 1)
where C,, — specific cost of conservation composition,
UAH/Kg;

K, — rational protective ability, which provides the
necessary durability of the conservation composition.

Analysis of recent research results

For storage of combine harvesters are exposed to a
large number of external and internal factors [12], but the
rate of atmospheric corrosion is mainly determined by
temperature and humidity [13]. The section summarizes
mathematical models developed by various scientists to
determine the protective ability of conservation
compositions by the rate of atmospheric corrosion [14].
Their analysis allowed us to choose a regression equation
that describes the corrosion rate of steel parts depending on
the parameters of the environment [15]. It is obtained on
the basis of statistical processing of long-term observations
and corrosion tests:

V=078-RH+122-T+0.173-Cl+0.3-S—52.68
)
where RH — average annual relative humidity
T — average annual temperature, °C;
Cl — average annual concentration of chlorides,
mg/m?;
S — the average annual concentration of sulfur
dioxide, mg/(m? per day).
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Analysis of the state of air pollution by harmful
emissions in the regions [16], taking into account the
maximum allowable concentration in Ukraine (sulfur
dioxide 0.05 mg/m?, chlorides 0.1 mg/(m? per day) and our
comparative calculations of atmospheric corrosion showed
that the impact of harmful emissions absorbed in
0.3...0.5%. Therefore [17], to determine the rate of
atmospheric corrosion of combine harvesters, you can use
the equation of influence of meteorological factors only:

V=0.78-RH +1.22-T — 52.68 3)

Based on the obtained formula, it is proposed to
compile maps of atmospheric corrosion of machines in
different regions [18]. Based on the corrosion maps,
different preservatives with different corrosion resistance
can be recommended [19], depending on the corrosion rate
in the region. It is proposed to take into account the
corrosion aggressiveness of the region by the correction
factor Corrosion aggressiveness of the region [20]. It is
defined as the ratio of the corrosion rate in the i-region to
the corrosion rate in the base region [21]. For the base
region, data on the protective effectiveness of conservation
formulations are obtained experimentally [22].

Thus, taking into account the proposed criterion, the
rational composition in the i-region will be a composition
that will satisfy the requirement:

Cisi/ (Kap - Kap) — min, (4)
where Cy; — specific cost of the i-composition of the
conservation composition, g kg;

Ky, — rational protective capacity of the
conservation composition for the base region;

Kq, — he coefficient of corrosion aggressiveness of
the i-region, which is defined as the ratio of the corrosion
rate in the region to the corrosion rate in the base region
(determined taking into account the developed maps of
corrosion regions).

The analysis of the obtained model shows that in order
to increase the efficiency of corrosion protection of
combine harvesters, low-cost warehouses are required
[23], which provide the necessary durability. To reduce the
cost of conservation compositions [24], it is advisable to
use as their components waste vegetable oils [25] and
waste mineral oils [26]. However, the proposed approaches
require experimental and production testing.

Purpose of research

The purpose of research is to create resource-saving
conservation warehouses for corrosion protection of
combine harvesters during long-term storage.

Research results

The comparative tests of anticorrosive properties of
compositions with addition of nanopowders are carried out
in the article. A laboratory stirrer with an electric motor
was used to make the preservative compositions. The
viscosity of the compositions was determined according to
DSTU 8420 "Methods for determining the conditional
viscosity" to obtain corrosion inhibitors as a raw material
used waste rapeseed oil, and as a solvent spent motor and

transformer oils. Based on this technology, a new corrosion
inhibitor and preservative composition have been
developed. When performing research used samples of
steel Article 3 coated with preservatives. The samples were
rectangular plates measuring 50x50 mm and 3.0 mm thick.
The samples were degreased with acetone and dried in the
open air. To apply preservative compositions, the samples
were immersed for 30... 40 s in the preservative material
at room temperature. Then the samples were removed and
kept in air in a suspended state for 24 hours. The diameter
of the spreading drop of the preservative composition
applied to the steel surface was taken as the wetting
characteristic. The hydrophobicity of the preservative
compositions was evaluated by the wetting angle of a drop
of water on a coated metal surface using an installation
whose main components are a catheter and a cuvette
measuring cell, using software.

The adhesion strength of preservatives to the metal
surface was measured on a PosiTest AT adhesiometer. The
comparative resistance of preservative coatings to washing
away was determined by irrigating them at the same
intensity in the shower in a certain sequence. The criterion
for resistance of coatings to washing was the difference in
the weight of the samples before and after irrigation. BP-
310S scales of the second class of accuracy were used for
weighing of samples. For comparative corrosion tests of
preservative compositions as a thermal-moisture chamber
used air sterilizer HS62A. The duration of the tests was set
before the appearance of traces of corrosion on the
samples. Electrochemical studies using the IPC-ProMF
potentiostat were performed to study the mechanism of
corrosion inhibition by preservative compositions.

Field tests of conservation compositions were
performed on samples in Cherkasy, Kyiv and Khmelnytsky
regions. Plates with applied preservatives were hung in a
vertical position on the rods with nylon thread. The
distance between the plates was at least 150 mm. The tests
were conducted outdoors, as well as under a canopy and
indoors (metal garage). The total duration of the tests was
12 months. During the tests, the plates were inspected to
determine the time of appearance of the first corrosion
center.

Corrosion destruction was considered corrosion cells
on the surface of metal plates in the form of individual
points, spots, threads, ulcers. The ratio of the area of
corrosion foci to the area of the tested plate in percent was
used to assess the protective ability of preservative
materials.

Of the studied compositions, the best wetting of the
steel surface are compositions containing mineral oils.
Increasing the content of corrosion inhibitor in the
preservative composition increases the hydrophobicity of
the surface of the coated sample (Fig. 1).

Corrosion inhibitor Telaz-L, obtained from rapeseed
oil, has the best adhesive strength and resistance to
washing. The effect of the content of corrosion inhibitor in
the spent engine oil on the adhesive strength of the
preservative composition is shown in Fig. 2.

The effect of the content of corrosion inhibitor in the
spent engine oil on the corrosion resistance of the
preservative composition is shown in Fig. 3.
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Fig. 1. The effect of the content of corrosion inhibitor in the preservative composition on the edge angle of wetting
the surface of the coated sample.
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Fig. 2. Influence of corrosion inhibitor content in spent motor oil on the adhesive strength of the preservative
composition.
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Fig. 3. Influence of corrosion inhibitor content in spent engine oil on corrosion resistance of preservative composition
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Studies show that the greatest corrosion resistance of According to the results of electrochemical studies, it
samples is observed in the content in the conservation can be concluded that the addition of bemit nanopowder to
composition of 20...40% corrosion inhibitor. waste oils reduces the corrosion rate (Table 1).

The effect of boehmite nanopowder content in spent
mineral oils (motor and transformer) on corrosion
resistance is shown in Fig. 4.
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Fig. 4. Influence of boehmite nanopowder content in waste oil on corrosion resistance of preservative composition:
1 — motor oil; 2 — transformer oil
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Fig. 5. Dependence of the area of corrosion damage on the content of corrosion inhibitor in spent engine oil
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Table 1. The results of electrochemical measurements on steel 3 in 0.5 M NaCl solution

The studied composition Corrosiqn current density| Corrosion rate Protective
(ikor), A/M? Ker, g/(m? hour) | effect Z,%
Used transformer oil 0.0631 0.0658 -
Spent transformer oil + boron nanopowder (5%) 0.0316 0.0328 50.15
Corrosion inhibitor (20%) + waste engine oil (80%) 0.0002 0.0002 99.69

After 12 months of indoor testing, no traces of
corrosion were found on the samples covered with oil
production waste. The addition of boehmite nanopowder to
waste engine oil also eliminates the appearance of
corrosion foci during the year. When stored under a
canopy, preservatives based on oil production waste are
completely protected from corrosion for 3 months. After
12 months of testing, all samples covered with oil
production waste showed minor traces of corrosion. When
tested in the open atmosphere, uncoated samples begin to
corrode during the first month, after 3 months the area of
corrosion foci reaches 20%, and by the end of the year -
95%. Waste motor oil and vegetable oil waste also cannot
provide reliable protection of steel surfaces during outdoor
storage. After 12 months of testing, the area of corrosion
damage is at least 50%, and in some cases reaches 90%.
The results of corrosion tests of samples in the open field
show that the optimal conservation composition contains
25% corrosion inhibitor "Telaz-L" and 75% spent engine
oil. In this case, the area of corrosion damage after 12
months of testing is 5% (Fig. 5).

To determine the protective effectiveness of the
developed compositions, tests were performed in
production conditions. No traces of corrosion were
detected on the surfaces treated with preservatives during
storage of the machines.

Conclusions

1. The greatest corrosion resistance of samples is
observed for the content in the conservation composition
of 20...40% corrosion inhibitor. When bemite nanopowder
is added to waste mineral oils, their corrosion resistance
increases slightly. The corrosion resistance of the
preservative composition is most intensively increased by
changing the concentration of boehmite nanopowder in
waste oil in the range from 4 to 8%, then its growth slows
down. The results of electrochemical studies show that the
addition of boehmite nanopowder to waste oils reduces the
corrosion rate.

2. The results of tests of corrosion resistance of
samples in open areas show that the optimal conservation
composition contains 25% corrosion inhibitor "Telaz-L"
and 75% spent engine oil. In this case, the area of corrosion
damage after 12 months of testing is 5%. With a further
increase in the content of corrosion inhibitor in the IMO,
the protective ability of the preservative composition
deteriorates.

3. The stored indoors after 12 months of testing on
samples covered with waste vegetable oil, no signs of
corrosion. The area of corrosion foci of samples coated
with waste engine oil after 12 months was 5%. The
addition of boehmite nanopowder to waste engine oil
eliminates the appearance of corrosion foci during the year.

4. During storage under a canopy After 12 months of
testing, all samples covered with vegetable oil production
waste showed minor traces of corrosion. The area of
corrosion foci of samples coated with waste engine oil after
12 months was 8%. When booze nanopowder was added
to the spent engine oil, the area of corrosion damage
decreased to 5%. When using a composition containing
25% corrosion inhibitor "Telaz-L" and 75% spent engine
oil, the area of corrosion damage after 12 months of testing
is 2%.
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AJITOPUTMIYHICTb BUSHAUYEHHSA
E®EKTUBHOCTI 3BEPITTAHHA
3EPHO3BUPAJIBHUX KOMBAHIB
I M. Kyzvmuu

AHoTamisg. B craTTti mpoBeneHO JOCHIDKSHHS Ta
y3arajabHEHHs e(eKTHBHOCTI 30epiraHus
3epHO30MpanbHUX KoMOalHiB. Haiibinpm edexTuBHE
30epiraHHs  MamMH  3a0e3MeYyeThCsl Yy  3aKPUTHX
MPUMIIIEHHSIX AarpONpPOMHUCIOBUX MigmpueMcTB. IIpote
omm3pko  60% mapky 3epHO30HMpANIbHUX KOMOAiHIB

30epiraeTeCsi Ha BIAKPUTHX MaigaHuukax. Yepes
oOMEeXeHI eKOHOMIYHI MOXIHMBOCTI y  Oaratbox
OpraHizalisfix € BUIAAKKH HEJOTPUMAHHS  MpPaBUI

30epiraHHs MalluH Ta HU3bKOI SIKOCTI BUKOHAHHS POOIT 13
NPOTUKOPO3iHHOr0 3axucTy. BHacmigok koposii mnpwu
30epiraHHi MamIMH Ta OOJIQJHAHHS 3HIDKYETBCS IX
JIOBTOBIYHICTD, MiABHINYETHCS TPYIOMICTKICT OMeEparii
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156 1. M. Kuzmich

TEXHIYHOTO OOCJIYyrOByBaHHS Ta peMOHTYy. Haibimbir
CXWJIBbHI JIO KOpO3ii 3yOu ImecTepeHsb 1 BTYIIKOBO-POITUKOBI
JAHIOIOTH, pi3b0OBI  3’e¢mHaHHA, poOOYl  OpraHu
IPYHTOOOpPOOHMX  MAamIWH: JIEMIXH IUTyTiB, JIalH
KynbTHBaTOpiB Ta iHmI. Yepe3 KOpO3il0 3pOCTArOTH
BUTpPaTH HAa YTPUMaHHA MapKy MamuH. Burpatm Ha
TEXHIYHE OOCIIyroBYBaHHS Ta PEMOHT POOOYMX OpraHiB
I'PYHTOOOPOOHMX 3HAPsIIb B OpraHi3alisiXx CTAHOBIATD BiJ
32 no 78% Baprocti MammH. OCTaHHIMH pPOKaMu
3HW)KEHHST  BHTpaT Ha  INPOTHKOPO3IMHUHA  3aXHCT

CHOCTEpIraeThes TEHJICHIIis BUKOPHCTAHHS
KOHCEepBalIHHUX CKJIadiB 3 BimxoxiB. [IpoTe KOHKpeTHi
peKoMeHaril 10110 MIPUTOTYBaHHS TaKHX

KOHCEpBAIlIfHAX CKJIAiB Ta pe3yibTaTH iX BUIPOOYBAaHB
CTOCOBHO 3€pHO30MpaNbHMX KOMOAiHIB y JIiTepaTypi
BIZICYTHI.

Kao4oBi cjioBa: OBroBiUHICTB, €(QEKTHBHICTB,
30epiranHs, KOpo3is, HAHOMOPOIIOK, MiHEpAIbHI OJIMBH,
pecypco30epirarodi cKiaaau.

AJITOPUTMUYHOCTD OITPEJEJIEHU A
SOPEKTUBHOCTU XPAHEHU A 3EPHOCBOPHBIX
KOMBAIHOB
U M. Kyzemuu

AHHOTanusl. B craTbe mpoBeneHbI HCCIENOBAHUS U
0000meHne 3h(HEeKTUBHOCTH XpaHSHHUS 3epHOYOOPOUHBIX
koMmbOaitHoB. HambGonee >¢¢exkTnBHOE XpaHSHHWE MAIIHH
obecrieunBaeTcs B 3aKPBITHIX TTOMETIEHUAX
arpoIpoOMBIIIICHHBIX Hpeanpuatuil. OqHaxko oxoio 60%
napka 3epHOYyOOpOYHBIX KOMOAaWHOB XpaHHUTCS Ha
OTKPBITHIX IUIOIIaIKax. Uz-3a OrpaHHYEeHHBIX
HKOHOMHUYECKHX BO3MOKHOCTEH BO MHOTHX OpTraHH3aLUsIX
€CTh CJIy4au HECOOJIOJICHHs TPaBUJI XpaHEHHs MalluH U
HHU3KOI'0 Ka4yecTBa BBITIOJIHEHHS pabor o
IIPOTUBOKOPPO3MOHHON 3amuTe. B pesynprate Koppo3un
NP XPaHCHWW MallMH U OOOPYIOBAaHUS CHIKAECTCS MX
JIOJITOBEYHOCTD, TIOBBIMIAETCS TPYIOEMKOCTh OIEparui
TEXHHMYECKOTO OOCIy)XMBaHMs M peMoHTa. Hambonee
TIOJIBEP’KEHBI KOPPO3MM 3yObsl IIECTEPEH M BTYJIOYHO-
POJIMKOBBIE IIE€NH, pPe3bOOBBIE COEAMHEHHUs, paboune
OpraHbl IOYBOOOPA0ATHIBAIONIMX MALIHH: JIEMEXH ILUTYTOB,
Jlanel KyJlbTHBAaTOPOB M Jpyrue. M3-3a koppo3uu pactyr
pacxoabl Ha colepKaHHe Mapka MaiuH. Pacxonusl Ha
TEXHUUECKOe 00CITy)KMBaHHE U PEMOHT pabO4YMX OPraHOB
MOYBOOOpaOATHIBAIOIIMX ~ OPYAWH B OpraHM3aLUAX
coctaBisTIoT oT 32% no 78% cromMocTd MamuH. B
TIOCIIEHUE TO/IBI CHIDKEHHE 3arpar Ha
MIPOTUBOKOPPO3HOHHYIO 3aIUTY HaOJII0AaeTCs TEHICHIINS
UCTIONIb30BAaHMS KOHCEPBAILIMOHHBIX COCTABOB M3 OTXO/IOB.
OnHaKo KOHKPETHBIE PEKOMEHJAllMH MO IPUTOTOBJIEHHIO
TAaKUX KOHCEPBAlIMOHHBIX COCTABOB M PE3YJIbTATHl HX
HCTIBITAHAH TI0  3epHOYyOOpPOYHBIX  KOMOaiHOB B
JIUTEPAType OTCYTCTBYIOT.

KoueBblie cjoBa: JIOJITOBEYHOCTb,
3¢ (EeKTHBHOCTD, XpaHEHHWE, KOPPO3Hs, HAHOIIOPOIIOK,
MUHEpaJIbHBIE Maciia, pecypcocOeperaromye COCTaBh.

I. M. Ky3smuu ORCID 0000-0003-1718-6123.
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