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TP CYMIIIIEHI PYXIB

B. C. JloBeiikin, O. O. Cnogoda
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bion. 18, puc. 19, maba. 0.

AHoTais. 3 METOIO MiABUICHHS IPOTYKTHBHOCTI 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
cucremu. B pesynbrari B po0OoTi po3misiHyTa METOAMKA
MPOBEJCHHS €KCIIEPUMEHTAIBHUX TOCIIKEHb B IUIONIHHI
3MIHM BHJIBOTY CTPLIOBOI CHCTEMH i3 BaHTaXeM KpaHa-

MaHIIyIsaTopa. ExcniepumenTanbHi JTOCTI JPKCHHS
NPOBOJMJIACE 32 yYMOBH  OJHOYACHOTO  KYTOBOTO
MepeMilieHHs ] PYKOSATI Ta  3MEHIIEHHS  JIHIHHOTO

TIepeMIIIeHHS TEIeCKOIIYHOI CeKIIil.

Jis TpoBeNleHHS €KCHEPUMEHTANBHUX JOCIIIKEHb
CIPOEKTOBAaHO Ta BUTOTOBJIEHO EKCIIEPUMEHTAIbHY
YCTAaHOBKY  KpaHa-MaHINyJasTopa 3  TiAPaBIiYHUM
npuBozioM. ITiniOpano Ta HajamTOBaHO BUMIPIOBAJIbHO-
peecTpyroue o0aTHaAHHS.

B  pamkax TpOBEICHHS  EKCICPUMEHTAIbHUX
JOCITI/DKEHb JIMHAMIKH TEPEMIIEHHS] CTPLIOBOT CHCTEMHU
KpaHa-MaHIIyJsITOpa 3 BaHTaKeM PO3POOJICHO CHUCTEMY
KepyBaHHS MeXaHi3MaMH HPUBOIY, sIKa Ta€ MOXKJIHBICTH
peaizyBaTH ONTHMAIBHI PEXUMH PYXY JaHOK CTPiJIOBOT
CHUCTEMH.

B  pesymbraTi mpOBeEHO — EKCIEPHMEHTAIBHI
JOCII/DKEHHSI 32 YMOBHM OJJHOYACHOTO IEPEMIILEHHS
PYKOSTI Ta TEISCKOMIYHOI CEeKIlii 3 BaHTaXeM Ha KiHIIi
cTpinoBoi cuctemu. OTpUMAHO MAKET JaHUX 32 PealbHUMHU
Ta ONTHMAJIbHAMH PEXKUMAMH pyXy JaHOK CTpPiJIOBOT
CHCTEMH KpaHa-MaHimyssiTopa. O0pobieHi JaHi HaBeeHi
B rpadidyHOMYy BUTJSAI Ta TPOBEACHO MOPIBHIBHUN
aHayi3 3a peaIbHUMHU Ta ONTHUMATEHUME PEKUMAMH PYXY.

Po3poGiena METO/INKa MIPOBEACHHS
EKCIEPUMEHTAIEHUX JOCIHIPKEHb Jlajla 3MOTy BH3HAYHTU
BIUIMB OJHOYACHOTO MEPEMIIEHHs CTPUTH Ta PYKOSTI Ha
KOJINBaHHS BaHTaXy, Ta BIUIUB KOJWBAHHS 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,
JUHAMIYHI HABAHTAXXCHHS, KOJMBAHHS BAHTAXKY.

IocranoBka npodaemu

B nmporieci BUKOHAHHS TEXHOJIOTIYHOIO MPOIECY
PO3BaHTaXYBaJbHO-3aBAaHTAXKYBaJIbHUX  Olepalii B
€JIEMEHTaX CTPIJOBOI CHUCTEMHM Ta €JIeMEeHTax HPUBOAY
KpaHa-MaHiMmyJIsaTopa BUHUKAIOTh JMUHAMIYHI
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
MEepPEMIlIeHHs JIAHOK CTPLIOBOi CHCTEMHM 3 BaHTAXCM.
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 TMEpEeMIllleHHs [IBOX JIAHOK CTpLIOBOT
CHCTEMH 3 BaHTAXKEM MOXKHA 3HAYHO 3HU3MTH JIUHAMIUHI
HaBaHTAXXEHHSI 1 BIAMOBITHO IiBUIIUTH ITPOJLYKTUBHICTB,
HaIIMHICTD €JIEMEHTIB CTpiJ0BOi CUCTEMU Ta
TiApaBIIYHOTO OONAJHAHHS KpaHa-MaHimyssTopa. [l
BU3HAYCHHS JIHCHUX IUHAMIYHUX HAaBaHTa)XXCHb B
eNeMEeHTaX  KOHCTPYKUii  KpaHa-MaHimyisTopa IpH
CYMIMIEHI pPyXiB JIAHOK CTPIIOBOI CHCTEMH HEOOXiTHO
MaTu afieKBaTHI MareMaTuuHi moeni [3-8].

AHaJi3 ocTaHHiX J0CTiTKEeHb

Bimomi [6-13] meromu mnoOydOBH MaTeMaTUYHOT
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
mapameTpamu. B poborax [6-18] posrisiHyTO TMOOYHIOBY
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 JMHaMIiYHYy 3aBaHTa)XEHICTh KpaHa-MaHimysitopa. [Ipn
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IOCUTh ~ BEIIMKOMY  00Cs3i  po3mmsimy — mpoOiemMu
IUHAMIYHOTO aHaJli3y CYMIIIEHHS OJHOYaCHOTO pyXy
JIAHOK CTPIJIOBOI CHCTEMH, PO3B’SA30K MaHOI 3amadi Ui
KpaHiB-MaHIIYJIATOPIB 3 TiAPOIIPHBOAOM HE PO3TIISIHYTO 3
BpaxyBaHHSAM KOJWMBaHHS BaHTaXy Ha KiHII CTPLIOBOI
CHCTEMH.

Meta nociigkeHn

Meroro MIPOBECHHS EKCIIePUMEHTAIBHUX
JIOCHI/DKEHb TPU  CYMILIEHHI OJHOYACHOTO KYTOBOTO
MepeMilIeHHs] PYKOATI Ta JIHIHHOTO IIepeMillCHHS
TENEeCKOMIYHOI  CeKmii € OTpuMaHHA  (PaKTHIHHUX
pe3ynbTaTiB TUHAMIKH TIEPEMIIICHHS JAHOK CTPijIoBOi
CHCTEMH KpaHa-MaHIITyIsTopa 3 TigpaBIidHIM IPHUBOIOM
Ta IMMApHIPHO 3aKPiIVICHNM BaHTAaXEM Ha >KOPCTKOMY
TiABICI 32 peabHIM Ta ONITUMAIFHAM PEKUMaMH PyXy, Ta
NPOBEJCHHS  TOPIBHSUIBHOTO — aHamizy Mk oboma
PEKUMaMH PyXy.

TS P R et B -
00JIeHa eKCIIepUMEHTAIbHA YCTAHOBKA KpaHa-MaHIMyJIATOpa 3 TiAPaBIiYHIM IPUBOIOM.
Fig. 1. The experimental installation of the loader crane with the hydraulic drive is developed.

A 9

Puc. 1. op

Pe3yabraTn gocaigkeHb

MeTanoKOHCTPYKIis CTpiJIOBOT CHCTEMHI
eKCIIEPHMEHTAJIEHOT YCTAaHOBKU BUT'OTOBJICHA 13 CTAIBHHX
THYTHX IIBEJIEPiB TOBIIMHOIO 6 MM, 3 JIETOBaHOI CTali
Mapku 091'2. Jlnsg mmapHipHOTO 3’€JHAHHS JAHOK MIiX
co0010 Ta KpIIJICHHS €JIEMEHTIB NPHUBOJY BHKOPHCTAHO
NIPUBapHi €JIEMEHTH KpIIUICHHS, $IKi BUTOTOBJEHI i3
nucToBoi crani ToBmMHOIWO 6 MM, Mapku 09I2. Bci
3BaprOBaJIbHI pobotu BUKOHYBAaJIUCh pyYHUM
HaliBaBTOMAaTUYHUM €JIEKTPOIYyrOBUM 3BapIOBaHHSIM B
cepelloBHINi 3axHIIeHuX ras3is. [Ipu npomMy 3BaproBanbHUI
Ipit BukopucToByBaBcsi Mapku CB-082C ta raz COa.
JlaHKH CTPiIOBOI CHCTEMH 3’ €THAHI MIX COOOFO MAapHIPHO.
[Mampmi mrapHipiB BUTOTOBIIEHO i3 CTalli MapKH CTab 45.
B  4KOCTI MiIIIUMHWKIB  KOB3aHHSA  BHUKOPHCTAHO
metanononimepni BTynku SKF PCM-455040-M, PCM-
404440-M Ta PCM-353940-M. KoHCTpyKTHBHa cxema
pO3po0aeHOl  eKCIIepUMEHTalbHOI yCTAHOBKM KpaHa-
MaHiIyJsiTopa 300pakeHa Ha puc. 1, a ripaBiiiyHa cxema

Ha puc. 2.
‘ !
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Puc. 2. TigpaBiiyHa cxeMa eKCIEPUMEHTAIbHOT
YCTQaHOBKM  KpaHa-MaHimynsaTtopa 3  TiApaBIiyHUM
IIPUBOJIOM.

Fig. 2. Hydraulic scheme of experimental installation
of the loader crane with the hydraulic drive.

lppaenmiuaa cucrtemMa (i3U9HOI YCTaHOBKH KpaHa
MaHIIyIaTopa CKiIagaeThes 3 0aka b, B skoMy po3MimeHo
smuBHUHA QinbTp © Ta Tepmometp T. [igpaBiigHmii Hacoc
H narnitae pobouy pignHy 4epe3 pykaB BUCOKOTO THCKY
PBT1 nmo rigpaBrigHOTO 30JIOTHUKOBOTO PO3IIOALIBHAKA P.
Manomerp MH BCTaHOBIEHO [UIsl KOHTPOJIIO THUCKY
pobouoi piguau. 3amoOikHHUIE KianaH K BCTaHOBICHO
0e3mocepeIHLO B KOPITYCI TiAPABIIYHOTO PO3MOAITBHUKA.
BinmoBigHO 10 CeKIliil TigpaBiIiyHOrO PO3MOAiIbHUKA P
yepe3 pykaBa Bucokoro Tucky PBT2...PBT9 mpuennano
rigpaniyHi nwiigapu npusoxny crpinu L1, npuony
pykositi I'lI2 Ta mpuBoxmy Tteneckomiunoi cekmii ['13.
PykaB Hmspkoro tHcky PHT ciyrye nmnst BigBeneHHs
po06oy0i pitMHY BiJl TiAPAaBIIYHUX HUIIIHAPIB B OaK.

Jns  mpuBOmy TiApaBIIYHOTO IIECTEPEHYACTOIO
nacocy UN-16L-R08-D12 BukopucraHo acHHXpOHHHH
enektponBuryn mapku AQO2-31-2Y3 3 HOMiHAJIBEHOIO
MOTYXHICTIO 3 KBT Ta HOMIHaJIBHOO YaCTOTOI0 0OEpTaHHs
portopa 2830 00/xB.

Ilepenaua MOTYXXHOCTI BiJi €JIEKTPOJIBUTYHA JIO
TriIpaBIivYHOrO HACOCY BUKOHAHA Yepe3 MOJIKINHOIACOBY
nepenaydy 3 NepeJaTouYHUM BiHOIIEHHsIM 2:1.

B pamkax mpoBeleHHS — EKCIEpHUMEHTaJIbHUX
JIOCIHI/PKeHb TUHAMIKH TIePEMIIeHHsI CTPLUIOBOI CHCTEMHU
KpaHa-MaHiIyJsiTopa 3 BaHTAXXEM 3a peaJbHOro Ta

ONTUMAJIBEHOTO peXUMIB 192:4% BUKOPHUCTAHO
LIECTUCEKIIMHUI MOHOOJIOYHUIA 30JIOTHUKOBHIA
PO3MOAUTEHUK OLEODINAMICA O.R.T.A.

S.R.L. MB 25/6, sxuii 300pakeHO Ha puc. 3, a cam
30JI0THUK 3aBOJICBKOTO BUKOHAHHS 300pakeHui Ha puc. 4.

Jauuii  rigpaBmidyHUNA  PO3MOAIIBHUK  JT0O3BOJISE
BUKOHYBATH KEPyBaHHS SIK OKPEMUMH JIAHKAMHU CTP1IOBOT
CHCTEMH, TaK 1 KepyBaHHS JaHKaMH CTPIJIOBOI CHCTEMH
IIPU CyMIIIIEHHI iX pyXiB.

Buxopucrosyroun JaHUN TiApaBITiYHHNA
PO3IMOJUIBHHK, KEPYBaHHS TiJpaBIiYHUMHU LMITIHAPAMHU
BUKOHYETBCS 32 PaxyHOK 00’€MHOi BHTpaTH poOOoYO0i
piiMHM uepe3 Jpocenb, a 30JIOTHHK 0Oe3NocepesHbo

BHKOHYIO (YHKIIIIO JPOCETISL.

U
P = A

Puc. 3. FiapaBJIqu‘?I 30JIOTHUKOBUH PO3MOAITBHUK.
Fig. 3. Hydraulic spool distributor.

Puc. 4. 3onotauk 3aBOACHBKOI'O BUKOHAHHH.
Fig. 4. Spool of factory execution.

Jnsg HamaHHS JAaHKaM CTPIIOBOI CHCTEMH KpaHa-
MaHiIyJsiropa ONTUMAIIbHUX PEeKUMIB pyxy
CIIPOEKTOBAHO Ta BUTOTOBJIEHO KOHCTPYKTHBHO 3MiHEHHUH
30JIOTHHK pHC. 5.

Puc. 5. KonctpykTrBHO 3MiHeHHi! 30;I0THHUK.
Fig. 5. Structurally changed spool.

Ilin yac mepeMillleHHs] JAaHOK CTPLIOBOI CHCTEMHU
KpaHa-MaHinyJsiTopa 3 TiZpaBlIiuHHM IIPUBOJIOM 32 Pi3HUX
PeXUMIB pPyXy B €JIEMEHTax METaJOKOHCTPYKLIl Ta
MeXaHi3Max [pHUBOJy BHMHHKAIOTh 3HA4YHI JAMHAMIYHI
HaBaHTa)XCHHs. BH3HAuYeHHs JaHMX HaBaHTAKEHb 3a
PI3HHMX PEXHUMIB PyXy JIAHOK CTPIJIOBOI CHCTEMH Hajae
MOJJIMBICTh PEANBHO OIIHHUTH ONTHMAJIBHICTE POOOTH
CHCTEMH KEepPYBaHHS Ta BUSIBUTH HeOa)kaHi HEJOJNIKH, sSIKi
MOXHa  TOMEPEeJWTH  Ha  erami  [POEKTYBaHHS
METAJIOKOHCTPYKII CTPIJOBOi CHCTEMH Ta CHCTEMHU
KepyBaHHS MeXaHi3MaMH MPUBO/IY.

Tlpu mpoBeAeHHI EKCHEPUMEHTAIBHUX HOCIIHKEHb
XapaKTEPUCTUKU DPEKUMIB pPyXy MEpeMIillleHHs JIaHOK
CTPIIOBOI CHCTEMH, BHIOTOBJICHOI (i3MYHOT MoOJei
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KpaHa-MaHIIyJIsATOpa 3  TiAPaBIiYHUM  TIPUBOJIOM,
3aCTOCOBYBAJIOCH BUCOKOTOYHE €JIEKTPOHHE 00JIalHAaHHS.
Cxema po3TamIyBaHHS BHMIPIOBIFHUX [aTYMKIB Ha
¢izngHId MozeTl KpaHa-MaHITyJIATOpa 3 TiApaBIiYHAM
MPUBOJIOM HaBEJICHO Ha pHC. 6.

Jlaruuk Jarunk
THCKY
Jarunk
JIHIHOTO Jlatunx

W\ niniiiHOro
R /epcmimcm-m

Jlatunk
KyTOBOIO
nepeMiteHHs

Puc. 6. Cxema posramyBaHHA BHMIPIOBIBHUX
ATYUKIB Ha (QI3WYHIA MOAeNl KpaHa-MaHIyIsATOpa 3
TiApaBIiYHAM IPUBOIOM.

Fig. 6. Diagram of the location of measuring sensors
on the physical model of the loader crane with hydraulic
drive.

Jlist BU3HAYEHHSI XapaKTEPUCTHK TUCKY Ta BiJIIOBIIHO
3yCWib, SIKI ~ PO3BUBAIOTH  TiAPaBIIYHI  LWIHIPU
BUKOPHCTAaHO TPH OJHAKOBI TEH30METPUYHI JaTYUKU
tucky mapku BOSCH 0281 002 522. [lat4uku THUCKY
BMOHTOBaHI B HANipHy TiJgpaBiiyHy JIiHII0O dYepe3

BHTOTOBJICHI Pi3p0OBI amanrTepu. Po3MIIeHHS MaTYUKiB
TUCKY Ha (Qi3M4YHIA Mozeni 300paxeHo Ha puc. 7.

B)

Puc. 7. Po3mimeHHs paTuukiB THCKY Ha (i3W4HIN
MOJIENI: a) AaTYMK BUMIPIOBAHHS THUCKY B TipaBIiYHOMY
LWJTHJIPI IPUBOLY CTPiNH; 0) NaTYMK BUMIPIOBaHHS THCKY
B TiZpaBIiYHOMY LMIIIHJAPI NPUBOAY PYKOSTI; B) JATUHK
BUMIPIOBaHHS THUCKY B TiZpaBJIiYHOMY IMITIHAP] NPUBOIY
TEJIEeCKOMIYHOT CeKITil.

Fig. 7. Placement of pressure sensors on the physical
model: a) pressure sensor in the hydraulic cylinder of the
boom drive; b) pressure sensor in the hydraulic cylinder of
the jib drive; ¢) a sensor for measuring the pressure in the
hydraulic cylinder of the drive of the telescopic section.
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[lomepenup0 maTIWKH THCKY OyiM BigTapoBaHi
3aBOIOM BHPOOHHKOM IIPO IO 3aCBiAYCHO B IX MAaCHOPTIi.
IIpore BOHM Oynu BigTapoBaHI Oe€3MOCepeAHBO Ha

eKCIIepUMEHTAJbHIN YCTaHOBIII 3a JIOTIOMOT OO
€TAJIOHHOTO aHAJIOTOBOTO MaHOMETDA.
B mopmamemiomy — eranmoHHHMEE ~ MaHOMeTp  OyB

BMOHTOBaHUH B TiJpaBIJIiYHy JIiHII0 BUCOKOTO THUCKY JUIs
MIPOBEJICHHS Bi3yaJlbHOTO KOHTPOJIO CTBOPEHOTO THCKY
po6o4oi piiMHM B TiIpaBiiYHid CHCTEMI NPUBOAY JIAHOK
CTPIJIOBOT CUCTEMHU.

Ha puc 8 300paxkeHa moOynoBaHa XapaKTEPHCTHKA
JaT4MKa THUCKY 32 JAHUMH 3HATHMH 3 ETaJOHHOTO
MaHOMeTpa. XapaKTepUCTHKa pO3paxoByBajach 3a
HACTYITHOIO 3AJICXKHICTIO:

p_125P (U-01U,)
Uy

ne P, — nominanbHwuii tuck Bumiprosanns; U — manpyra

, 1)

BI/IXiI[HOI‘O CUTrHally, UV — Hampyra XUBJICHHS JaT4YHKa.

1.5 x 105}

© 1.0 x 108}

f1

% 50x107]

1 2 3 4
u B

Puc. 8. TapyBanbHa XapakTepHCTHKA TATIYUKY THCKY.
Fig. 8. Calibration characteristic of the pressure
sensor.

Jnist BU3Ha4YEHHS MOJIOKEHb Ta MepeMilleHb ITOKIB
TiIpaBlivYHUX [WIHAPIB NPUBOAY CTPUIM PYKOATI Ta
TENECKOMIYHOI  CeKIii  BHKOPHCTaHO aHAJIOTOBUI
pesuctuBHuit gatuuk CII5-39A. Hatuuk CII5-39A mae
oOMmexeHy KinmbkicTe 00eptiB (10,5 moBHHX 00epTiB).
Tomy ajist 3HATTS XapaKTEPUCTUK MEPEMINICHHS IITOKIB
TiIpaBIiYHAX [WIIHAPIB MPUBOLY CTPUIM Ta PYKOSATI HA
poTop nmaTdnka OyIO0 BHUTOTOBJICHO KOJIECO IiaMETPOM
d=11,323 mwm, 110 BiAMOBiJa€ TIEPEMILICHHIO ITOKA Ha 320
MM TIpH 9 TIOBHUX 00epTax JaT4uKa. A IS TiApaBIigHOTO
LUIHIPY MPUBOAY TejeckomiyHol cekuii d=17,692 mwm,
0 BiAMOBimae mepemimieHHio mToka Ha 500 MM mpu 9
MOBHUX o0eprax Jarduka. JlaT4Wkd BCTAHOBIICHO
OesrocepeiHbO0  Ha IITOK TiAPABIIYHOTO  LUIIHIPY
npuBoAy cTpinu (puc. 9, a) Ta IWITOK TigpaBJIivHOTO
HIIHIPY NPUBOAY pyKosti (puc. 9, 6). [nst BU3HauSHHS
TOJIOKEHHS. Ta TMepeMillleHHs WLITOKY TiApaBlidHOTO
OWIHAPY TPHBOAY  TEIECKOIIYHOI CEKIil JaT4uK
BCTAaHOBJICHO  Oe3MocepeqHh0 HA  BHXIJHY  JIAHKY
TEJNEeCKOMIYHOi ceKuil (puc. 9, B).

TapyBaHHS JaTYMKIB BHKOHYBaJIOCh 0OE3IIOCEPEIHBO
Ha CKCIICPUMCHTAJBHIN YCTaHOBII NpPH TOYATKOBUX
MPOMDKHHX  Ta  KIHIEBMX  IOJOKEHHSX  IITOKIB
rigpaBniyHuX wWiniHApiB. TapyBajbHI XapaKTEPUCTHUKH
JATYUKIB 300pakeHi Ha puc. 10.

B)
Puc. 9. Posmimenns IATYUKIB JIHIAHOrO
nepeMinieHHss Ha  (Gi3WuHIA  MOZedmi: a)  JaTYHK

MEePEMILIIeHHsI IITOKY TiIPaBIiYHOrO LHJIIHAPA MPUBOIY
cTpinu; 0) JaT4MK MEpeMillleHHsl LITOKY TiJpaBiIivyHOTO
LUIHIPa OPUBOAY PYKOSTI; B) JaTYUK TMEPEMIlCHHS
LITOKY TiJPaBJIIYHOrO LMJIIHIPA MPUBOJIY TEJIECKOIIUHOT
CEKIIil.

Fig. 9. Placement of linear displacement sensors on
the physical model: a) the sensor of movement of a rod of
the hydraulic cylinder of the drive of the boom; b) the
sensor of movement of a rod of the hydraulic cylinder of
the drive of the jib; c) the sensor of movement of a rod of
the hydraulic cylinder of the drive of telescopic section.
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Puc. 10. TapyBampHa XapakTepHCTHKa JaTYMKa
JMHIAHOTO TepeMillleHHs: a) TiOpaBIIYHUX IHJIIHIPIB
NepeMillieHHsT CTPUIM Ta pyKosTi; 0) TiApaBiidHOTO
LIJTIH/PA MTEPEMIILIEHHS TeIECKONMIYHOT CeKIIil.

Fig. 10. Calibration characteristics of the linear
displacement sensor: a) hydraulic cylinders for boom and
jib movement; b) hydraulic cylinder moving the telescopic
section.

XapakTepucTHKa NaTYMKy JIHIHHOTO TNepeMileHHs
IITOKY TiJpaBJiYHOIO IWUIHIAPY NPHBOAY CTPIIM Ta
PYKOSITI pO3paxoByBajach 3a HACTYITHOIO 3aJICKHICTIO:

1,291-L,-(U -01-U,)
L = ’ (2)
Uy

ne L,, — Hominanbhumii noBxkuna BumiproBanus; U —

Hanpyra BuxigHoro curnainy; U, — Hampyra »KHBICHHS

JaT4uKa.

A 3aJIeXKHICTh XapaKTEPUCTUKH JaTYMKa JIHIHHOTO
NepeMillleHHs] IITOKY TiAPaBIiYHOTO LWIIHAPY MPHBOAY
TEJIECKOTIYHOT CEeKIIil Ma€ HACTYITHUN BUTIISI;

L=1,2072-Ln-(U—0,l~UV)' @)
UV

[Tpu nepeMimeHHi JaHOK CTPiIOBOT CHCTEMH BUHUKAE
KOJIMBaHHS BaHTAXY, SIKUHA 3aKpIiMICHUH Ha >KOPCTKOMY
MapHIpHOMY IIiJBiCi Ha KIHII CTPIJIOBOi CHCTEMHU.
KpiruteHHs BaHTa)Ky BUKOHAHO TaKUM YHMHOM, IO BaHTaX
MOJK€E 3IIMCHIOBATH KOJMBAHHS TIIBKY B IUIOIIMHI 3MiHU
BWIBOTY. TOMY Al BiACTIIKOBYBaHHS BEIHMYMHH KyTa
BIIXWJICHHS BaHTaXy BiJl BEpPTUKaJi BHKOPHUCTaHO
aHAJIOTOBH PE3UCTHBHUH JATYMK KYTOBOTO MEPEMIIICHHS
DDR RFT 5KTGL39x28/2,5W. Kopnyc narumka
HEPYXOMO 3aKpIIJICHHH Ha KIiHI[l TEJCCKOIMYHOT CeKIii
CIIBBICHO NIAPHIPHOTO KPIIUICHHS BAaHTaXy, & PYXOMHIA
poTOp naTdyMKa 3’€QHAHO 3 BAHTAXXEM dYepe3 KOPCTKY

mrranry (puc. 11). Omxe, Ipu KOPCTKOMY 3B 3Ky pOTOpa
JaT4iKa Ta BaHTaXy, NPH BiAXIICHHI OCTaHHBOTO, Oyze
NPOBEPTATHCh POTOP HAaT4MKA, THM CAMHM 3MiHIOIOYH
BHXIJIHY HAmpyTy.

11. Po3mimeHHs [gaT4yHKa
KYTOBOTO BIAXWICHHS BaHTaXy Ha (QI3W4HIA Momeri
KpaHa-MaHiIyJsTopa.

Fig. 11. Placement of the sensor for measuring the
angular deviation of the load on the physical model of the
crane-manipulator.

Puc. BUMIpIOBaHHS

TapyBaHHSI JaTyMka BHKOHYBAJIOCh 32 JOMOMOTOIO
kyromipa YH-127. XapakrepucThka AaTYUKY KyTOBOTO
BIIXWJICHHSI BaHTaXy BiJl BepTUKaJi BH3Ha4ajach 3a
HACTYITHOIO 3aJICXKHICTIO

L L1291 vy U-01U,)
UV

fe V,, — HoMiHambHuil Kyt Bumiproanns;U — mampyra

: (4)

BUXIJIHOTO CUTHAIY; UV — HaIpyra *UBJICHHS JaT4UKA.

TapyBasibHa XapakTepHCTHKa JaTdUKa KyTOBOTO
BIZIXWJICHHS TIpeJicTaBJIeHa Ha puc. 12,

1 2 3 <
U B
Puc. 12. TapyBanbHa XapakTepHCTHKa JaT4MKa
KYTOBOT'O BiJXWJICHHSI BAHTaXKY BiJl BEpTHKAII.
Fig. 12. Calibration characteristic of the sensor of
angular deviation of cargo from a vertical.

JKuBreHHS! BCTAHOBJICHUX JATUYUKIB BUKOHYETHCS Bif
JoKepena TocTidHoro cTpyMy emHictio 100 Ah Ta
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HOMiHaJIbHOIO Hampyroto 12 B. HactymHa crabimizaris
BHXiHOI HAIIPYTH BUKOHYETHCS 3a JJOTIOMOTOIO JIIHIHHOTO
crabinizaropa 142EH5A i3 dikcoBaHoro Hanpyroro 5 B ta
noxuOkoro crabinizanii Hanpyru 0,05%.

Jis oTpuMaHHS aHAJIOTOBHX CHTHAJIB 3 IAaTYHKIB
3aCTOCOBAaHO Mikpocxemy 30opy mammx m-DAQ14,
«XOJIUT™ JIsiita Cucremey, ska Oyia mia’eqHaHa 9epes
USB 2.0 High Speed inrtepdeiic no mnepcoHaIbHOTO
komm’'rorepa HP Elite Book 8440p i3 BcraHoBICHHM
MIPOTrPaMHUM 3a0€3MeUEeHHSIM.

B mpomeci mpoBeneHHS — €KCIEpHUMEHTAIBHHX
JOCII/DKEHb OTPUMaHI YHUCJIOBI JaHi BUMIPIOBaHHS 3
JAT4NKiB, o0OpoOieHi MikpocxemMow 300py HaHUX,
nepefaBagich Ha  I[EPCOHANBHMH  KOMI'IOTEp Ta
30epirasuchk B HOMY y (opMaTi «txt» JOKyMeHTa I iX
IO TAITBITIOT 0OPOOKH.

OTtpumani pe3yapTaTu eKCIIepPUMEHTAITBHOTO
JOCITIDKEHHSI PEXUMIB pyXy CTPUIOBOI CHCTEMH MpH
MOEJIHAHHI  OJIHOYACHOTO TIEPEMIIICHHS pPYKOATI Ta
TEJIECKOMIYHOT CeKIil 3 BUKOPUCTAHHSM 3aBOJCHKOIO Ta
KOHCTPYKTUBHO 3MIHEHOI'O 30JIOTHHMKIB HaBelIeHO B
rpadigHomMy BUTIIsLAL Ha puc. 13 — puc. 19.

15000

I 10000
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15000

10000

F H

5000
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Puc. 13. I'padik 3ycrminist sike po3BUBAE TiapaBIidHUI
LUJIHIP TPHUBOJY PYKOSITI: a) 3aBOJCHKHUN 30JIOTHHK; O)
KOHCTPYKTHUBHO 3MIHEHHH 30JI0THUK

Fig. 13. The schedule of effort which develops the
hydraulic cylinder of the drive of the jib: a) a factory spool;
b) structurally changed spool.

Amnanizytoun rpadiku 3ycuus (puc. 13 a), BUIHO, 10
Ha MOYaTKy PYXY PYKOSTI i3 BUKOPUCTAHHSM 3aBOJICHKHX

30JI0OTHAKIB BHHHKA€ MHUTTEBE 3POCTAHHS 3YCHIUI,
3HaYeHHA fAKOro cTaHoBUTh: [, =16202 H. B
MOIANBIIOMY BiZIOYBa€ThCS 3HAYHUM CHaa, a TMOTiM

3pPOCTaHHs 3HAYEHHS 3YCHIUL, PO3Max SKOTO CTAHOBHTH
AF, =7536 H. Ilpm momanpmoMy TepeMilieHHi

CHOCTepiI‘aETLCH 3HA4YHC 3yCHILIA. 3a YMOBHU
BUKOPUCTAHHSA KOHCTPYKTUBHO 3MIHEHHX 30JIOTHHUKIB 3

rpadiky 3ycmmis (puc. 13 06) BHOHO, MO PO3TiH
BiOyBa€eThCA TJIABHO, a IO HOro 3aKiHYeHHi, HA0YBarOTh
iKOB1 3HaueHb 3yCUILIA, Ki JopiBHIOWOTE Fp, =15750 H.
[lpn nopmampmIOMy  MEpEMIILIEHHI  CIIOCTEPIrarThes
KOJIUBAHHS 3aTyXalouoro XapakTepy 3yCHIUIL, po3Max
AKUX cTaHOBUTh AF, =1432 H.

[Ipu mopiBHSHHI MK cO00I0 000X pEXHMIB PyXy
BUJIHO, IO NPH BUKOPUCTaHHI KOHCTPYKTHBHO 3MiHEHHX
30JIOTHUKIB 3HAYCHHS MIKOBUX 3YCWJIb Ha MOYATKy PYXY
MeHm Ha 3%, a po3Max 3ycuib 3MeHIIHBCs Ha 81%.
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Puc. 14. T'padik  3ycmmis, sike  pPO3BHBAE
TiIpaBiIivYHAN NUIHIP IPUBOJY TEJIECKOIIYHOT CeKlii: a)
3aBOACHKUH 30JIOTHUK; 0) KOHCTPYKTHBHO 3MiHCHHH
30JIOTHHK.

Fig. 14. Graph of the force that develops the hydraulic
cylinder of the drive of the telescopic section: a) factory
spool; b) structurally changed spool.

B mnowarkoBmii MOMEHT 3MEHIICHHS BHIBOTY
TENIECKOIIYHOT CeKLii NpH BUKOPHUCTAHHI 3aBOJACHKUX
30JIOTHUKIB BUHUKA€ MUTTEBE 3pOCTaHHs 3ycuiuis (puc. 14
a), sike HaOyBae MiKOBHX 3HaueHb F3 =784 H. [Ipn mpomy
HOMiHalIbHE 3HAUEHHs 3yCHJId CTaHOBUTh F3 =746 H,
10 Ha 5% MeHIIe BiJl MKOBUX 3HaueHb. [Ipu mogansmomy
MepeMillieHHi BinOyBaeThCs 3HAYHUN CMajJ, a TMOTIM
3pOCTaHHs 3HA4YeHb 3YCHIUISA, PO3Max SKUX CTAHOBHUTH
AF3=77 H. Ilpu BUKOPHCTaHHI KOHCTPYKTHUBHO
3MiHEHHX 30JIOTHUKIB 3yciuist (puc. 14 0) 3pocrae 1m1aBHO
Ta B KiHIT pO3TOHY TEJIECKOIIYHOI CeKIlii HabyBae MKOBUX
3HaueHb F3 =778 H. Ilpu 1poMy HOMiHaNbHE 3HAUEHHS
3ycHuiIs cTaHOBUTh F3 =754 H, mo na 3% meHme Bix
MIIKOBOTO 3HAUEHHS. ITopanemie nepeMilIeHHs
CYIPOBOJIKYEThCS HE3HAYHUMH KOJMBAHHSMH 3YCHILIS.
AHanizyroun rpadiky MBUIKOCTEH MEPEeMIllleHHs MTOKIB
TiApaBMiYHMX  OWIHAPIB  NPHBOAY  PYKOATI  Ta
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TEJIECKOIIYHOI cekItii (puc. 15 Ta puc. 16) BHIAHO, 110 IpH
3aCTOCYBaHHI 3aBOJICBKMX 30JIOTHHKIB Ha TEPeXiTHHX
peKUMaxX pyxy Ta BUXOIy Ha YCTAICHHH PyX BHHHUKAIOTh
MIKOBI 3HAYEHHS IIBUIKOCTI, SIKi 3HAYHO TEPEBHIIYIOTH
HOMIiHaJIbHI 3HAYCHHS.
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Puc. 15. I'padix mBHIKOCTI TEpeMilIeHHS MITOKY
TiApaBIIYHOTO MIITIHAPA IPUBOAY PYKOSTI: a) 3aBOICHKHIA
30JIOTHUK; 0) KOHCTPYKTUBHO 3MiHECHHUI 30JI0THHUK.

Fig. 15. Graph of the speed of movement of the rod of
the hydraulic cylinder of the jib drive: a) factory spool; b)
structurally changed spool.
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Puc. 16. I'padik mBHAKOCTI NMEepeMilIEHHS IITOKY
T1IPaBIiYHOrO LUJIHJPA MPUBOIY TEIECKOMIYHOI CeKIil:
a) 3aBOJACHKHI 30JI0THHK; 0) KOHCTPYKTHMBHO 3MiHEHUIi
30JIOTHHUK.

Fig. 16. Graph of the speed of movement of the rod of
the hydraulic cylinder of the drive of the telescopic section:
a) factory spool; b) structurally changed spool.

[IBUIKICTh TMEpeMilleHHs MTOKY TiApaBiIidHOTO
OWIIHAPY TPUBOMY PYKOSTI Ta TENECKOMIYHOI CEKIlii Ha
MMOYaTKy pyXy CTPIMKO 3pocTae Ta HaOyBae MIKOBOTO
3HAa4YeHHSA, sKe BigmoBigHO popiBHioe 0,037 M/c Ta
0,054 M/c. TIlpm ©poMy HOMiHAIbHA  IIBHUAKICTH
MEPEeMIIIeHHs] MITOKY TiAPaBIIYHOTO IUIIHApPA MPUBOILY
pykositi cranoButh 0,025 M/c, a TeneckomiyHOl ceKuii
0,036 mM/c. Pi3HUIII MiX HOMIHAIGHUMH Ta IIKOBHMH
3HAYCHHSAMHU JUIS MIBHJIKOCTI INTOKY TiJpaBIidHOTO
LWWIHIPY TPUBOAY PpYyKosTI  cTaHoBUTH 32%, a
TeneckomniyHoi cekuii 33%.

3a yMOBHM OJHOYAaCHOTO KYTOBOTO IEpEMillICHHS
PYKOSITI Ta 3MEHIICHHS BWJIBOTY TEJIECKOMIYHOI CeKmii
BimOyBa€TbCs  3HAKO3MIHHE  BIOXWICHHS  BaHTaXy
(puc. 17).
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Puc. 17. I'padix KyTOBOTO BiIXWJICHHS BaHTaXYy: a)
3aBOACHKHN 30JIOTHHUK, 0) KOHCTPYKTHBHO 3MiHCHHHA
30JI0THHK.

Fig. 17. Graph of angular deviation of cargo: a)
factory spool; b) structurally changed spool.

MakcumasbHe BIIXWICHHS BaHTaXy Ha IOYaTKy
PYXY IIpY BUKOPUCTaHHI 3aBOJCHKUX 30JI0THHUKIB (puc. 17,
a) Habysae 3Hagenns v =—0,34 pax. [Ipu boMy pozmax
Bigxunenns cknagae Av =0,64 pan. IIpu ransmysanui
po3max kosBanb craHoBuTh Av =0,06 pan, a pusasicts
3aTyXaHHs KOJIMBaHb CTaHOBHTH 1 c. BukopuctoByroun
KOHCTPYKTUBHO  3MiHEHI 30JIOTHHKH  MaKCHMaJbHE
3HA4YCHHS BiIXWJICHHSA BaHTaxy (puc. 17, 0) Ha modaTKy
pyxy v=-0,2 pan. Ilpu upomy po3Max BiIXHJIEHHS
cknmagae Av=0,36 pan. Ilpu rambMyBaHHI po3max
konmuBanb craHoBuTh AV =002 pax, a TpuBamicTs
3aTyXaHHsA KoJuBaHb gopiBHioe 0,8 c. [TopiBHIOIOUN Mik
c00010 00HM/1Ba PEKUMH , MOJKHA BIIMITHTH, 110 32 pOOOTH
i3 KOHCTPYKTHUBHO 3MIHEHHM 30JIOTHUKOM BiJIXHMJICHHS
BaHTaXy Ha M0YaTKy pyXy 3MeHIMI0ch Ha 41%, a po3max
BIAXWICHHS BaHTAXY Ha MOYATKY PyXy 3MCHIUMBCS Ha
44%. I1in yac ranbMyBaHHS pO3Max KOJIMBaHb 3MEHIIMBCS
Ha 67%, a TpUBANIICTH 3aTyXaHHS KoJ1BaHb Ha 20%.
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Jlnst  OmiHKM eHeproeeKTUBHOCTI MepeMilleHHS
PYKOATI Ta TENECKOIMYHOI CeKIlii 3 BaHTaKeM 3a
BUKOPHCTAHHS 3aBOJICBKHX T4 KOHCTPYKTHBHO 3MiHEHHX
30JIOTHHKIB Ha puc. 18 ta puc. 19 HaBegeHO pe3ynbTaTH
CIIOXKMBAHOT IMTOTYKHOCTI.
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Puc. 18. I'padik 3arpadeHoi NOTYKHOCTI s

MEPEMIIICHHsT PYKOSATI 3 BaHTa)XeM: a) 3aBOJCHKHIA
30JI0THUK; 0) KOHCTPYKTUBHO 3MiHEHHIA 30JI0THUK.

Fig. 18. The schedule of the spent power for the
movement of the jib with cargo: a) a factory spool; b)
structurally changed spool.
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Puc. 19. I'padix 3arpadeHoi NOTYXHOCTI ISt

NepeMillleHHs] TEJEeCKOIMIYHOI CeKIil 3 BaHTaXeM: a)
3aBOACHKAN 30JIOTHUK; 0) KOHCTPYKTHBHO 3MiHCHHH
30JIOTHHUK.

Fig. 19. Graph of power consumption for moving the
telescopic section with cargo: a) factory spool; b)
structurally changed spool.

I[Ipy  BUKOpHCTaHHI  3aBOACHKHUX  30JOTHHUKIB
CIIOCTEPIra€TbCI  MUTTEBE  3POCTAHHSA  CIIOKMBAHOL
MOTYKHOCTI, SIKE TEPEBUINYE HOMIHANBHI 3HAUCHHS IS
nepeMinIeHHs pyKosATi Ha 35% Ta TelIecKOIiYHOi CeKuii Ha
33%. Ilpu momanmpmIOMy MEPEMIMIEHHI CHOCTEPIraroThCs
3HaYHI  BIAXWIEHHS CIIO)KMBAaHOI TOTYXHOCTI  Bij
HOMIHaJBHOTO 3HauyeHHs. lle BHMKIMKAaHO KOJMBaHHIMHU
THCKY pPO0OO0YOi piIWHM, METaJOKOHCTPYKIIi CTPilnoBOT
CHCTEMH Ta BaHTaXy. BUKOpHUCTOBYIOUM KOHCTPYKTHBHO
3MIHEHHI 30JIOTHUKH, JajJ0 MOXJIHBICTh 3a0C3MCUUTH
IUIABHE  3POCTaHHS  CHOXXHMBAaHOI  IOTYXHOCTI 10
HOMIHAJIBHOTO 3HAYEHHS Ta B MOAAIBIIOMY PiBHOMIpHE Ti
CIIOXKMBaHHS 3 HE3HAYHHMH  BIAXWICHHAMH  BiJ
HOMiHAJIBHOTO 3HAYCHHSI.

BucHoBkH

1. B pe3ynbrari NpOBEAECHUX EKCIIEPUMEHTAIbHUX
JOCII/DKEHb 32 OJHOYAaCHOTO KYTOBOTO IEPEMIILCHHS
PYKOSITI Ta 3MEHILCHHS! BUWJIBOTY TEJIECKOMIYHOI CEKIil, Ta
IpU TMOPIBHSAHHI MK c000I0 00OMa pEeXUMaMHU PYXy
BUJTHO, 1110 MPU BHUKOPUCTAHHI KOHCTPYKTUBHO 3MiHEHHX
30JIOTHHKIB TTIKOBI 3HaU€HHS 3YCHJb JUIA NEPEMIIICHHS
PYKOSITI Ha MOYATKy PyXy 3MEHIIMINCH Ha 3%, a po3Max
3ycuiis — Ha 81%.

2. BinxunenHs BaHTaXy Ha TII0YaTKy pyxy
3MEHIIMIOCh Ha 41%, po3Max BIAXWIICHHS BaHTaXy - HA
44%, a mimgac ranpMyBaHHI Ha 607%. Ilpm mpomy
TPUBAJIICTh 3aTyXaHHS KOJIMBaHb 3MeHIIMIAach Ha 20%.

Cnucok aitepatypu

1. PykoBoacTBO MO  OJKCIIyaTalMu  KpaHa
Manumyisitopa OMTJI-70.00.000P3 u ero MouguKarmii:
BeO-caiit URL.: http://service-palfinger.ru/images/OMTL-
70.pdf (lata 3Bepuennst 09.06.2019).

2. I1b-10-257-98  IlpaBmma  ycTpoiicTBa W
0e301MacHOi SKCIUTyaTallidl TPY3O0IOJbEMHBIX KpPaHOB-
MaHunysaTopoB.[Y1eepxkaeH 31.12.98]. T'ocrexnaazop.
Mocksa,1998. 172 c. (Mudopmaius 1 JOKyMEHTAIHA).

3. Kosanvckuii B. @. MaremaTHueckoe
MO/JICIUPOBAaHNE TUHAMUKHA MaHHUITYISALHOHHOW CHCTEMBI
MOOUJILHOW TPaHCTIOPTHO-TEXHOJOTUYECKON MAIIUHBI C
y4eTOM ynpyrocTH 3BeHbeB. M3Bectns MAMMU. 2016. Ne3.
C. 9-15.

4. Munvmo A. A. JluHaMUYecKUil W TPOYHOCTHOM
aHaNN3 THPABINYECKIX KpPaHO-MaHHUITYJIITOPHBIX
YCTAaHOBOK MOOWJIBHBIX TPaHCHOPTHO-TEXHOJIOTHYECKUX
MallUH: Jucc. ... KaHJ. TexH. Hayk: MockBa. MAJII'TY
(MAJN), 2016. 172 c.

5. Bakau b. A TlomepenHe mpeacTaBIeHHS
PIBHSHHA AWHAMIKN MaHIyJIsTopa MeTonoMm Jlarpamka-
Eitnepa. Haykosmit Bicumk HIITY Vkpaian: JIeBiB.
Bunagaunrso HITY Vkpainu, 2011. Bum. 21.18. C. 322-
327.

6. Jloseiixin B. C., Miwyx /]. O. MaremaTinuHa
MOJIeNb JUHAMIKH 3MIiHM BHJIBOTY KpaHa MaHIIyJsiTopa 3
KOpPCTKUMU JlaHkamu. TexHika OyamiBHuITBa. KHYBA,
2006. Bum. Ne19. C. 26-29.

7. Jlogeuxin B. C., Miwyx /]. O. MaremaTnuHe
MO/IEIIIOBaHHS 3MiHH BWJIBOTY BaHTaXy MaHIMYJIATOPOM 3


http://service-palfinger.ru/images/OMTL-70.pdf
http://service-palfinger.ru/images/OMTL-70.pdf

14 B. C. Jloseiikin, O. O. Crogo6a

rigponipuBogoM. [ipHWYi, OymiBenbHi,
MemopatueHi Marmmad. Kuis. 2012. C. 9-15.

8. Jlazepes U. A. MopenmupoBanue pabounx
MPOIIECCOB  MAHWUMYJLIIHOHHBIX CHCTEM MOOHMIIBHBIX
MHOTOIIEJIEBBIX TPAHCTIOPTHO-TEXHOJIOTHYECKIX MAIIUH U
KoMmIuiekcoB: MoHorpadus. bpsack u3a. PUO BI'Y. 2016.
371c.

9. Jloseiixin B. C., Muwyx /I. O. ExciepuMeHTalIbHE
JOCIIJDKCHHS JMHAMIKM pPyXy INTOKA TiApONMIiHIpa
migioMy  IMIapHIPHO3WIEHOBAHOI  CTPLIOBOI  CHCTEMH
KpaHa-MaHinmyjsitopa 3  TigponpuBogoMm  [ipHuui,
OymiBeNbHI, JOPOXHI Ta MemiopaTuBHi MammHu. 2011,
Ne 78. C. 28-34.

10. Emmuine 3. K. bapmenes H. M., Tamapenxo A. I1.
O BiWgHHWE TONATIMBOCTH pabodeidl JKHOKOCTH U
JJIEMEHTOB THUIPOIIPHUBO/IA Ha JTUHAMHUIECKYIO
Harpy>XCHHOCTh THUAPOMAHUITYJIATOpA TPH COBMEUICHHU
IBIDKeHNH 3BeHbeB. Tpymer @DOPA  (Dmsmueckoro
OomectBa Pecniyonuku Anpires) Maiikon: M3n-so AI'Y,
2000. Ne 6. C. 83-87.

11. Emmueine 3. K., bapmenes U. M, [panniox M. B.,
Tlonuxoe Il. U., Tamapenxo A. II., Byxmospoe JI. ][].
I'mapoMaHUMYNIATOPHU | JIECOTEXHUYECKOE 000pYI0BaHNUE:
MoHorpadusa. Mocksa. ®JIMHTA: Hayka, 2011. 408 c.

12. JJobpaues A. A., Paesckas JI. T., Llsey A. B.
Kunematndyeckne  CXeMBI, CTPYKTypl H  pacder
mapaMeTpoB  JIECONIPOMBINUICHHBIX MaHHUITYJIATOPHBIX
MamumH: MoOHorpadusa. ExarepunOypr: VYpamn. roc.
JIecCOTeXH. yH-T, 2014. 128 c.

13. Miwyx /1. O. JlocmimKkeHHs TUHAMIYHOT MOJENi
TiPaBIIYHOTO  IMMIIHAPA 00 €MHOTO  TiJPOIPUBOIY
IipHunyi, OyAiBeNbHI, TOPOXKHI Ta METIOPaTHBHI MaIMHU.
2016. Ne 87. C. 74-81.

14. Tepmuwiunviii-ZJaypu B. IO. Junamuka
pobororexanuyeckux cucteM. Cankr-Ilerepoypr. HUY
HUTMO, 2012. 128 c.

15. 3abonomnwiii K. C. Cupuenxo A. A. Kynues A. JI.
Hcnonp3oBaHue mpsMoOi 3aauvl IUHAMHKH JJIS pacyera
MaHUITYISITOpa TOHHENHHOTO VKIaguuka. BiOpamii B
TEXHIlll Ta TEXHOJOTisAX. HamioHanpHUH TipHHYUHA
yHiBepcuret. 2016. No2 (82). C. 22-27.

16. Dobrachev A. A., Raevskaya L. T., Shvets A. V.
Simulating the dynamic reaction of manipulator supports.
Russian Engineering Research. 2010. Vol. 30. No. 1. P. 11-
16.

17. Jlosetixun B. C., Muwyx J]. A. CuHTe3
ONTUMAIIFHOTO  JHHAMHYECKOTO PEXHMa JIBIKCHUS
CTpeNbl MaHUMYJATOpPA, YCTAaHOBICHHOTO HAa YIPYTrOM
ocHoBanuu. Hayka u Texnuka. 2019. Tom 18. Nel. C. 55-
61.

18. Loveikin V., Romasevych Y., Shymko L.,
Ohiienko M., Duczmal W., Potwora W., Titova L.,
Rogovskii I. Agrotronics and optimal control of cranes and
hoisting machines: monograph. Opole: The Academy of
Management and Administration in Opole. 2020. 164 p.

JIOpOXKHI 1

References

1. Operation manual of the crane of the OMTL-
70.00.000RE manipulator and its modifications: website
http://service-palfinger.ru/imagessfOMTL-70.pdf  (Date
beast 09.06.2019).

2. PB-10-257-98 (1998). Rules for the Construction
and Safe Operation of loader crane [Approved 12.31.98].
Gostekhnadzor.  (Information and documentation).
Moscow.

3. Kovalsky V. F. (2016). Mathematical modeling of
the dynamics of the handling system of a mobile transport-
technological machine, taking into account the elasticity of
the links. MAMI. 3. 9-15.

4. Milto A. A. (2016). Dynamic and strength analysis
of hydraulic crane-manipulators of mobile transport-
technological machines (Unpublished candidate thesis).
Moscow.

5. Bakai B. Ya. (2011). The previous presentation of
the dynamic of the manipulator by the Lagrange-Euler
method. Vidavnitstvo NLTU Ukraine. 322-327.

6. Loveykin V. S., Mishchuk D. O. (2006).
Mathematical model of dynamics of change of departure of
a crane of a manipulator with rigid links, Journal of
Construction Engineering. KNUBA. 19. 26-29.

7. Loveykin V. S, Mischuk D. O. (2012).
Mathematical modeling of changes in cargo departure with
a hydraulic drive. Girnichi, budivelni, dorozhni i
meliorativni mashini. 9-15.

8. Lagerev I. A. (2016). Simulation of workflows of
handling systems of mobile multi-purpose transport and
technological machines and complexes. Monograph. RIO
BGU, Bryansk.

9. Loveykin V. S., Mishchuk D. O. (2011).
Experimental study of dynamics of the stock of a hydraulic
cylinder for lifting a hinged articulated boom system of a
crane-manipulator with a hydraulic drive. Girnichi,
budivelni, dorozhni i meliorativni mashini. 78. 28-34.

10. Emtyl Z. K., Bartenev N. M., Tatarenko A. P.
(2000). About the influence of the flexibility of the
working fluid and the elements of the hydraulic drive on
the dynamic loading of the hydraulic manipulator when
combining the movements of the links. Physical Society of
the Republic of Adygea. 6. 83-87.

11. Emtyl Z. K., Bartenev I. M, Draplyuk M. V.,
Popikov P. I., Tatarenko A. P., Bukhtoyarov L. D. (2011).
Hydraulic  manipulator and forestry equipment:
monograph, FLINTA, Nauka, Moscow.

12. Dobrachev A. A., Raevskaya L. T., Shvets A. V.
(2014). Kinematic schemes, structures and calculation of
parameters of timber processing manipulator machines:
monograph, Ural state forestry University Yekaterinburg.

13. Mishuk D. O. (2016). Research of a dynamic
model of a hydraulic cylinder of a volumetric hydraulic
drive. Girnichi, budivelni, dorozhni i meliorativni mashini.
87.74-81.

14. Tertychny-Dauri V. Yu. (2012). The dynamics of
robotic systems. NRU ITMO.

15. Zabolotny K. S. Sirchenko A. A. Zhupiev A. L.
(2016). Use of the direct problem of dynamics for
calculating the manipulator of a tunnel stacker. Vibration
in technology and technology. National Mining University.
2 (82) 22-217.

16. Dobrachev A. A., Raevskaya L. T., Shvets A. V.
(2010). Simulating the dynamic reaction of manipulator
supports. Russian Engineering Research. 1. 11-16.

17. Loveykin V. S., Mishchuk D. A. (2019). Synthesis
of the optimal dynamic mode of movement of the boom of


http://service-palfinger.ru/images/OMTL-70.pdf

EKCITEPUMEHTAJIBHI JOCJIIJDKEHHS PEXXUMIB PYXY KPAHA-MAHIITYJISITOPA 3 BAHTAXEM ... 15

the manipulator mounted on an elastic base. Science and
Technology. 18(1). 55-61.

18. Loveikin V., Romasevych Y., Shymko L.,
Ohiienko M., Duczmal W., Potwora W., Titova L.,
Rogovskii I. (2020). Agrotronics and optimal control of
cranes and hoisting machines: monograph. Opole: The
Academy of Management and Administration in Opole.
164,

OKCIHEPUMEHTAJIbHBIE NCCIIEAOBAHU A
PEXXKUMOB JABMXKEHW A
KPAHA-MAHUITYJIAATOPA CTPY3OM
1P COBMEILEHHOM JIBVDKEHUI
B. C. Jlogeuxun, A. A. Cnoooba

AHoTanus. C LEIbI0 [IOBBILIEHUS
MIPOU3BOIUTEIBHOCTH u HAJE)KHOCTH KpaHa-
MaHUITYJIATOpa ¢ TUAPOIIPUBOIOM COIVIACHO HOPMATHBHO-
TEXHUYECKOW  JOKYMEHTAllueld, perjiaMeHTHpYIolen
0e30MacHyl0 JKCIUTyaTallil0 MHOTO3BEHHBIX KpPaHOB-
MaHUITYJIATOPOB, JOIyCKA€TCsI COBMEIEHUE IBUKEHUH C
OIHOBPEMECHHBIM TIEPEMECIICHUEM HECKOJIbKUX 3BCHLCB
CTpenoBoii cucteMsl. B pesynbrare B pabote paccMoTpeHa
METOAMKA MIPOBEJICHUS SKCIIEPUMEHTAIIBHBIX
HCCIIENOBAaHUM B IUIOCKOCTH  WM3MEHEHMsI  BbUIETA
CTPEJIOBOM CHCTEMBI KpaHa-MaHUIYJIATOpa € TIPY30M.
OKCHEpUMEHTAJIBHBIE HCCJEIOBAaHUS MPOBOIWINCH MPU
YCIOBUM OJHOBPEMEHHOI'O  YIJIOBOTO IEpPEMEIIECHUs
PYKOSITU W yMEHBLIEHUS JIMHEHHOrO MepeMEIleHUs
TEJIECKOIMYECKON CEKIUU.

JIJ'IH MIPOBEACHUA OKCIICPUMEHTAJIbHBIX
HCCIICIOBAaHUHA  CIPOEKTHPOBAHO M H3TOTOBICHO
DKCIIEpUMEHTAIILHYIO YCTaHOBKY KpaHa-MaHHUITYIsATOpa C
THIpaBIMYECKUM MpuBoaoM. IlogobpaHo u HacTpoeHO
H3MEPUTENBHO-PETHCTPHUpYIolee 000pyJ0BaHHE.

B pamkax npoBeAeHHS ~ SKCIIEPUMEHTAJIbHBIX
HCCIIEIOBAaHUM JIMHAMUKHA MEPEMELIEHUs] CTPEIOBOM
CHCTEMBI KpaHa-MaHHITYJISATOpPa C TPY30M pa3paboTaHa
CHUCTEMa YNpaBIEHUS MEXaHU3MaMH MNpPHUBOJA, KOTOpas
JIA€T BO3MOXHOCTb PEaJM30BaTh ONTUMAJIbHBIE PEKUMbI
JIBUKEHHSI 3BEHBEB CTPEJIOBOM CUCTEMBI.

B pesynpTare mpoOBEAEHBI OKCIEPHUMEHTAIbHBIC
HCCIIeTOBAHUSA npu YCIOBHHU OJTHOBPEMEHHOTO
MEpPEMEIEHNs] PYKOSTH M TEJIEeCKOMUYECKOH CeKUIUH C
IPy30M Ha KOHIIE CTpEJIOBON cucTeMsl. IlomydeHo maker
JaHHBIX 110 PpE€aJbHBIM W ONTUMAJBHBIM PEXKUMaAM
JBUKEHHUSI 3BEHBEB  CTPEJIOBOM  CHCTEMBI  KpaHa-
MaHumyisitopa. OOpaOboTaHHBIE NaHHBIE TNPHBEICHBI B
rpau9ecKoM BHJC M IPOBEACH CPAaBHUTEIHHBIN aHAIN3 C
peabHBIMU M ONTUMAIbHBIMU PEXXUMAMU JBUKESHHUSL.

Pa3paborana METO/IUKa MPOBEICHUS
SKCIIEPUMEHTAIBHBIX HCCIIeI0BAaHUH, 103BOJIMJIA
ONPEACINTEG BJIIUAHUC OAHOBPEMECHHOIO TMCPEMEUICHUA
CTpenbl M PYKOSTH Ha KoyjeOaHUs Tpy3a, W BIUSHUE
KomebaHus Tpy3a Ha  JUHAMHYECKHE  HArpy3KH,
BO3HHUKAIOIIME B CTPEIOBOM CHCTEME M MEXaHH3Max
MIPHUBO/Ia KpaHa-MaHUITYJISTOPA.

KiroueBbie cjaoBa: 9KCHEPUMEHTAIEHBIC
HCCIIeIOBaHUsl, M3MEHEHUE  BbUIETA, COBMEILEHUE
JBUKEHHUM, KpaH-MaHUITYJISITOP, IMHAMUYECKHE Harpy3KH,
KOJICOaHUs TPy3a.

EXPERIMENTAL RESEARCH OF MODES

OF MOVEMENT OF MANIPULATOR CRANE

WITH LOAD AT COMBINATION OF MOVEMENTS
V. S. Loveikin, O. 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 jib and
a decrease in the linear movement of the telescopic section.

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 the simultaneous movement of the
jib and the telescopic section 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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TEPMIHA PEMOHTHHX POBIT TA TIPOI'HO3YBAHHSA CTPOKIB CJIYKBH KOHTAKTIB
PO3BIPHOI'O THUITY 3A YMOB HEINIOBHOTHU BUXIJHOI IH®OPMAIIII

C. M. Bojommn
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bion. 17, puc. 6, maéa. 0.

Anortanisg. Po30ipHi KOHTakTHI 3’€HaHHA €
HAHOLIBII YUCICHHUMH €JIEMEHTAMU CJICKTPOYCTAHOBOK.
[pame3naTHICTh KOHTAKTIB, 1X HAAIWHICTD y 3HAYHIN Mipi
3aJICKUTh BiA PEXKHAMIB  €JIEKTPUYHOTO CTPyMy i
TeMIepaTypH, KOHTAKTHOTO THCKY Ta iH. 3MiHA PEXHMIB i
TPUBAJICTh eKCIUTyaTamii HPU3BOIATH IO 3POCTAaHHS
NEePEeXiJHOTO ~ OMOpY  KOHTAKTIB, TEMIepaTypH ix
HarpiBaHHA 1 MOXJIMBOTO TEIUIOBOTO pPyHHYBaHHS.
TpaauuiinuMu 3aco0aMu AJsl PEryJIOBaHHS THCKY B
KOHTaKTax IPH 3MiHI TEMIIEpPAaTYpPHOT'O PEXXUMY € CTalbHi
Tapimyacti mnpyXuHU. [lomepeHiMU  OCTIKCHHIMHU
BCTAaHOBJICHO, IO IIi 32CO0M TIJIbKH YaCTKOBO BUPIIIYIOTh
npobiaemy peryJroBaHHs KOHTaKTHOTO THUCKY.
AJbTEpHATHBOIO TpAIULIHHUM 3aco0aM € iHHOBalliiiHa
po3poOka 3aco0iB AMHAMIYHOTO YTIPABIIHHIM TUCKOM Ha

OCHOBI BHKOPHCTaHHA (YHKIIOHATBHUX CIUIaBiB 3
epexToM mam’ATi HopMu.
Y poboTi TpoBemeHO MaTEeMATHYHUH  aHaji3

TEPMiHIB TIPOBEICHHSI PEMOHTHHX pOOIT Ta CTPOKIB
CIIy’)kOM KOHTaKTiB PO30ipHOTO THIY 3 BUKOPHCTaHHIM

Teopii WMOBIPHOCTI 32 YMOB HENOBHOTH BHXIIHOT
inpopmamii.  JIOCHiDKEHHSIMH ~ OOTPYHTOBAHO, IO
3aCTOCYBaHHS  JMHAMIYHOTO  METOAY  YIIPABIIHHS

TEPMOMEXAHIYHUM PEKUMOM  PO30IPHUX  KOHTAKTIiB
JI03BOJISIE  CTaOLIi3yBaTH THCK Ta MOJOBXHUTH TEPMiH
eKCILTyaTaIlii po30ipHUX KOHTAKTIB ¥ 3-4 pa3w.

Kawu4osi ciaoBa: po30ipHi eneKTpuyHI KOHTAKTH,
MepexiqHui omip, (QYHKIIOHANBHI CIDIABH 3 e(eKTOM

mam’siTi ¢opMmH, Teopis HMOBIPHOCTI, HEpiBHOCTI
Yeburuena.
IMocranoBka npo6Jaemu
Tpanuritini eTann HMOBIPHICHOTO aHamzy

BHITAJIKOBUX TIOJiH y TEXHIYHUX CHCTEMaX mepeadavyaroTh
3HAHHS BHXIJHMX BEJIMYMH Y BHUIJSI CTaTHCTHYHOT
indopmarii [1-5].

OnHak OTpHMaTH JIOCTAaTHIM 00’€M JOCTOBiIpHOT

iHpopMmamii, sSKka JacCTh  MOXIHUBICTH  BH3HAYUTHU
y3arajibHEHI KOPEKTHI OIIHKH BHIAJKOBUX MO,
NPaKTUYHO HEMOXKIIHBO [6-9].

Tomy  WMOBIpHICHMH  aHali3  HPOIOHYETHCS

3IiCHIOBATH HA OCHOBI Takux mojoxens [10-17]:

e 0a3zylouuch ~ Ha  YHCIGHHHMX  pe3yibTaTax
CTaTHCTUYHOTO aHaNi3y BHIAAKOBUX (HaKTOpiB, SKi
OyayTs GirypyBaTH y TMOAaJbIIOMY B MaTEeMAaTHIHUX
MOJENIAX, HNPUIMAEThCA CTBEPKEHHS, L0 PO3IOLT
HMOBIPHOCTI  BHIAIKOBUX  (AKTOPiB  BU3HAYAETHCS
3ak0HOM ["ayca (HOpMalbHUIA 3aKOH PO3IIOALTY);

® 00NaCTh  MOXJIMBHX  3HAYCHb  BHIIAJKOBUX
¢dakTopiB 3amaeThCcs iHTepBallamMH (HAIpUKIAL, 3a
METOJIOM €KCIIEPTHHUX OLIHOK CIICIiaJIiCTiB);

e iiMOBipHICHA  OI[iHKa  iHTepBamiB  (QyHKIIT
BUIIAJIKOBUX (AKTOPIB 32 MPUHHATHX yYMOB HEMOBHOTHU
BUXigHOI iH(pOpManii BHM3HAYAETHCS 3a HEPIBHICTIO
Yebuiena;

® [IPOBOJUTHCSl aHA3 4YyTJIMBOCTI MMOBIPHICHOTO
3HAaYeHHS (YHKIII TpH pI3HUX 3aKOHAX PO3MOILITY
HMOBIpHOCTI ~ BHUIAAKOBUX  (akTopiB (3  MeTor
TOPIBHIHHSA).

AHAaJi3 0CTaHHIX J0CTIIKEeHb

OOrpyHTYBaHHSI TEpMIiHIB PEMOHTHHX pOOIT Ta
MPOTHO3yBaHHS CTPOKIB CIyXOM KOHTaKTiB po30ipHOTO
TUITy nepeadayae HACTYIHI y3arajbHeHl YMOBH: IPaHUYHI
3HAUEHHs] BIJIHOCHOI BEJIMYMHHU IIEPEXiTHOT0 OMOopy IJIst
NPOBEJICHHS] PEMOHTHHX POOIT KOHTAKTIB NPHHAMAETHCS
Rpep = 2, CTPOKY CIy’0M KOHTakKTiB — Rfe, = 3 [5, 8];
BpaxyBaHHs BIUIMBY Ha WMOBIPHICHY BEJIMYMHY TEPMIiHIB
BCiX (hakTopiB, 10 HOCATH BUINAAKOBHH xapakTep [11].

Pe3yabTaTh 10ciigxeHb

B ocHoBy aHani3y 3amaui oOIpyHTYBaHHSI TEPMiHIiB
JIOLITBHO TIOKJIACTH MAaTeMaTHYHy MOJENb, SKa Jae
MOJKJIMBICTH MOJIETIOBATH TIPOLIEC CTApPiHHSI KOHTAKTIB y
Jaci.

ITicns BiAMOBiTHUX 11 MEpEeTBOPEHD BiTHOCHO Hacy f,
OTPUMAEMO:


http://dx.doi.org/10.31548/machenergy2020.03
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Cepenne KBaJIpaTUIHE BIIXAJIEHHS

00YHNCITIOETHCS 32 BUPA30OM:

ot =Mt - (Mt)2 : @)

BinmoBimHO 110 TPHUAHATHX TONOXKEHb aHANI3Y
HMOBIpHICHY YHCENIFHY OIIHKY iHTepBadiB dacy { 3a ymoB

qacy

HETIOBHOTH  BHXimHOI  iHpopmamii  oTpuMaemo 3
BHUKOPHUCTAHHAM HepiBHOCTI YeOnmena.
Hns ymoBu:

Pﬂt—Mt\sk.ct}m—iz, P>095=k=v20" O
k

inTepBan yacy (imoBipHocTi P>0,95) Oyzne Bu3HauaTHCh:
Mt-+/20 -6t <t<Mt++20-ct. (9
OOunCTIOBANEHAN ~ €KCIIEPUMEHT  WMOBIpHOCTEH
iHTepBamiB Yacy { MOCATHEHHS NepeXiTHIM OIIOPOM
TPaHMYHUX 3HAYEHb Rpe, =2 Ta Rje, = 3, pO3IISHYTO
Ha TPHUKIQAI KOHTaKTHOI CHCTEMH pO30ipHOTO THILY
amoMiHieBUX mmH. [lpm  1mpOMy mepembadaeTbes
BpaxyBaHHS PpI3HOTO XapakTepy BHUXIAHUX MJaHHX:
JIETePMIHOBaHI, BHUIAJKOBI 3 HOPMAJIBFHIM 3aKOHOM
pO3MOALTY; BHMANKOBI 3 PIBHOMIPHUM PO3MOILIOM

IIJIBHOCTI; JETepMIiHOBaHI 1 BHIAIKOBI 3 PI3HUMHU
3akoHaMK po3nominy. Buxigai mani: N=16000 H;
K=1,33-10%; D=10"% U=0,5-10"%; 0e[25;100];

tme[0,5;0,55]; B0[5;30]; Sme[0,25;0,3]; Ho[450;550].

Ha puc. 1 npexncraBieHO pe3yinbTaTH PO3PAXyHKY
IHTEepBaJiB 4Yacy IpU YMOBI HOPMAIBHOTO PO3HOALIY
HIJTBHOCTI IMOBIPHOCTI BUMaAKoOBUX (akropis. I3 puc. 1
BUJIHO, III0 CBOJIIOLS MEPEXigHOrO Omopy y uaci (mpu
YMOBI cTabimi3amii KOHTAKTHOTO THCKY) 3 HMOBIPHICTIO
P>0,95 mocsarme piBHA Rﬁep = 2, Ha TpPOTs3i BIOpPi3KYy
qacy t = 6369...7871 romuH, Ta BiANOBIHO PiBHA Ry, =
=3, — Ha mpora3i Bigpi3ky wacy t = 11323...
13994 ronus.

t,x10°
roa
20

15 t=13994

*
t=11323Roe3
10
t=7871

R=2

t=6369

06 07 0.8 09  Py.o.

Puc. 1. 3anexHicTs iHTepBaNy 4acy t Bij BeTUUMHM
imoBiprocTi juis: 1 — Ry, = 2,2 — Ry, = 3.

Fig. 1. Dependence of time interval t on probability
value for: 1 — Ry, = 2,2~ Rfep = 3.

Hns xmacuyHOi MoOzeNli KOHTAakTy 0e3 HpHCTpoiB
YIIPaBIIiHHS THCKOM i3 CILIaBiB 3 e()eKTOM IaM’siTi hopmu
aHaJOTiIuHI ITOKAa3HUKHM CTAHOBIIATH, BiamoBimHo — 1993
roguH Ta 3094 rogmH. Y mopanelioMy B SKOCTI

eKCILTyaTaIiiHuX MMOKA3HUKIB yacy TIPOBEICHHS
PEMOHTHHX poOOIT Ta CTPOKYy CHyXOHM KOHTaKTiB
HEOOXiTHO  TPHUHHATH  HIDKYI  KpaiiHi  3HAa4eHHA

BIJIMOBIIHMX IHTEPBANIB Yacy, TaK SIK 32 MEXaMH JaHHUX
3’€THAHHS 10 CTaHy TEIMJIOBOTO PYHHYBaHHSI.
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Puc. 2. BB iHTepBajy HEBH3HAYCHOCTI BHUXIJIHMX YMHHUKIB Ha HMOBIpHICHY BEJIMYMHY IHTEpBaJly 4Yacy:
a — HOPMAaJIBHUI 3aKOH PO3MOALTY INUILHOCTI BHIIAJKOBOI BENWYMHM; O — PIBHOMIPHUI 3aKOH PO3MOJLTY IIIIBHOCTI
BUNAJIKOBOT Benuuunu; 1 — Ry = 2,2~ Ry = 3.

Fig. 2. Influence of the source factor uncertainty interval on the probabilistic magnitude of the time interval.

Tadanus 1. Pe3ynpraTi 004HCIIIOBAIBHOTO €KCIIEPUMEHTY BU3HAUSHHS HMOBIPHICHHMX HTEPBaJiB Yacy €BOJIOLIT
TIEPEXIIHOTO OMOPY 110 PiBHIB Ry, = 2 Ta Ry, = 3.
Table 1. The results of a computational experiment to determine the probable time intervals of the evolution of the

transient resistance to levels R;., = 2 1a Ry, = 3.
Riep =12 Buxinsi ¢pakTopu Riep =3
1 6369< t< 7871 | X1...X5 — HOPMAJbHO PO3MOAUICHI BETHIYUHH 11323<t< 13994
2 3872< 1< X1 — HOpMAIIFHO PO3MOIiIeHa BETHYHHA 6883< t< 18111
10188 X2...X5 — PIBHOMIPHO PO3IOALICHI
3 1150< t< X2...X4 — HOPMAJILHO PO3MOIiICH] 563< t< 28977
16299 X1, X5 — pIBHOMIpHO pO3MOIiIeH]

4 6404< t< 7532 | X1 — HOPMAJIBHO PO3MOALICHA BETHYHHA 11383< t< 13391
Xo...X5 — J€TEPMiHOBaHI

5 6816<t< 7112 | X2 — HOPMaJIBHO PO3IO/IiJICHA BETMYHHA 12117<t< 12644
X1, X3...X5 — IETEPMiHOBaH1

6 6866< t< 7062 | X3 — HOPMaJIBHO PO3IO/JICHA BETMYHHA 12207< t< 12554
X1, X2, X4, X5 — ICTEPMIHOBaHI1

7 6788< t<7140 | X4 — HOPMaJBHO PO3NOAIIEHA BEIUINHA 12067< t< 12694
X1, X2, X3, X5 — JICTEPMIHOBaHi

8 6877<t< 7051 | X5 — HOPMaJIBHO PO3IOiJICHA BETMYMHA 12225< t< 12536
X1, X2, X3, X4 — ICTEPMIHOBaHI1

9 | 1405<t<13209 | X1 — pIBHOMIpHO PO3MOIiJicHa BEIHYNHA 2656< t< 23811
X2...X5 — IeTepMiHOBaHI

10 | 5261<t<8698 | X2 — PIBHOMIpHO PO3IOiICHA BEIHYNHA 0354< t<15463
X1, X3...X5 — JIETepMiHOBaHi

11 5830< t<8134 | x3 — piBHOMIPHO PO3MO/Ii/icHa BEIMIHHA 10364< t<14460
x1, x2, x4, x5 — nmerepmiHOBaHi
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[Ipomorxenus Tadaumi 1.
Continued of table 1.

R;‘lep =2 BuxinHi dpaxTopu R;ep =3
12 4941<t<9032 | X4 — pIBHOMIpPHO PO3MO/IiicHa BEIMYHHA 8784< t<16056
X1, X2, X3, X5 — ICTCPMiHOBaHi
13 5960< t<7979 | X5 — pIBHOMIpPHO PO3MO/IiJICHA BETHYHHA 10596< t<14185
X1, X2, X3, X4 — ICTCPMiHOBaHi
Ha puc. | Takoxx HaBe#eHO imrocTpamiro BIUIMBY /871 rogmH  HEOOXiOHOCTI  TPOBEINCHHS  PEMOHTY

3BYKCHHS IHTEpBay BHUXiIHUX BEIUYWH Y 2,5 pa3u (IUB.
puc. 1, 3001 A).

OOpannii MeTON aHaNi3y TMpoIecy CTapiHHI
po30ipHUX KOHTAKTHHX CHCTEM Ja€ MOXJIMBICTH [aTH
HMOBIpHICHY OWIHKY BIUIUBY pO3Mipy IHTepBaiy
HEBM3HAYEHOCTI BHXIJHHX (AKTOPIB Ha pPO3PaXyHKOBI
MOKa3HUKH CTapiHHS KOHTAKTiB. AJTOPUTM JaHOTO
aHamizy HacTynmHui. [lo4eproBo BHXIJHI MOKA3HUKU
(muBuCh TonepenHii npukian) (IKCyOThCS Ha PpiBHI
MaTeMaTUYHOTO CIIOJIBaHHS 33 BHKJIIOYECHHSIM OJHOTO,
SAKAl yYMOBHO HOCHTHh BHIIQJKOBHH XapakTep, Mae
iHTepBaJ HEBU3HAYCHOCTI, IO BCTAHOBIIOETHCS METOIOM
eKCIIEPTHUX OLIHOK Ta HOPMANBHHI 3aKOH PO3IMOILTY.
AHANOTIYHUH  OOYMCIIOBAIBHAN  EKCIIEPHUMEHT  OyJo
MPOBEJCHO 33 YMOBHW, MIO INUIBHICTH 1MOBIPHOCTI
BUITQJIKOBOTO (DaKTOPY XapaKTePH3YETHCS PIBHOMIpHHM
posnofinoM. Pe3ynbraTH po3paxyHKiB NpeNCTaBICHO Ha
puc. 2 itabm. 1.

Ha  ocHOBI  pe3ynbTariB  OOYMCIIIOBAJIBHOTO
eKCrepuMenTy (puc. 2 Ta Tabn. 1) HEoOXigHO 3pOOHTH
OCHOBHHMI BHCHOBOK, IO IpOLEC CTAPiHHSA KOHTaKTIB
HaHOIbIIC TMOB’SI3aHUN 3 TEMIIEPATYPOK KOHTAKTHOTO
3’ € THAHHS.

HaiiOinpinii BIUIMB Ha WMOBIPHICHY BEIHYHHY
iHTepBaJIy 4acy CTBOPIOE (GaKTOp TEMIIEpaTypH KOHTAKTY.
Jns yMOB HMOBIPHICHOTO aHANi3y HaHUH (GakTop He
SIBIIETBCS.  KePOBaHUM, TOOTO HOTO BHUXIiTHI 3HAYCHHS
OOyMOBJIIOIOTBCSI ~ NPHUPOAHUMHM  Ta  TEXHIYHUMH
OOMEXEHHSIMH 1 MOXYTh OYyTH 3MiHEHI Ipu BBeIEHI
HOBUX HOPMATHMBHHMX JIOKYMEHTIB, IO CTOCYIOTHCS
TEMIEPATYPHUX PEKHUMIB KOHTAKTHHX CHCTEM. IHImi
BUXIiZHI ()aKTOPU MOXYTh TiepeadadaT CTail yTOUHEHHS
1, BIAMOBITHO, 3BY>KEHHSI IHTCPBAIiB MOXJIMBHUX 3HAYCHD.
Hamnpuxnan, KOHTaKTHI CHCTEMH MOXKHa KiacH(piKyBaTh
3a TIGBHMMH O3HaKaMH — MaTepiaJloM KOHTAKTiB,
TEXHOJIOTI€H0 ix BUTOTOBJICHHS, OCHAIIICHHAM
JIOaTKOBUMH €JIEMEHTaMH VISl YIPaBIiHHS KOHTAKTHUM
THCKOM, Tomo. Jlmsd OKpeMuxX TWiAKIaciB KOHTAKTiB
OoOIpyHTYBaHHSI TEPMiHIB MPOBEJCHHS PEMOHTHHX POOIT
Ta CTPOKIB CIIy)KOM MaTHMe MEHITY MOXHOKY i HOCHTHUME
OUTBII KOPEKTHUH y3aralbHEHUH XapakTep.

BucHoBku

1. [ocnijmxeHHs Tpoliecy CTapiHHS KOHTaKTiB
JIOLIIBHO pO3MJIAJaTH 32 yMOB HENOBHOTH BHXiJIHOT
iHpopmanii Ha 0a3i 3acrocyBaHHS METOIB Teopil
HMOBIPHOCTI.

2. 'paHnYHNM PiBHSAM NEPEXiJHOTO ONOPY 32 YMOBH
3aCTOCYBAHHS YIPaBIiHHS KOHTAKTHUM THCKOM Ha OCHOBI
ebekrie mam’sati GOpMM Ta HAAMPYKHOCTI: Rpe, = 2
BiNIOBi/la€ HMOBIpHICHMI iHTepBan wacy t = 6369...

KOHTaKTY; Ry, = 3 Bianosigae AMOBipHiCHUH iHTepBan
yacy t = 11323...13994 ronuH — CTpOK CITy’KOM KOHTaKTYy.

3. 30impIIeHHS TPAHUYHUX TEPMiHIB IPOBEICHHS
PEMOHTHHX pOOIT Ta CTPOKIB CIy’)KOM KOHTaKTiB Yy
MOPIBHAHHI 3 KIIACHYHOIO MOAECIUTIO PO30ipHOTO KOHTAKTY
ckianae 3-4 pas3u.
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TEPMWHbBI PEMOHTHBIX PABOT U
ITPOI'HO3UPOBAHUE CPOKOB CJIY>KBbI
KOHTAKTOB PA3BOPHBIE TUITA B YCJIIOBUAX
HEITOJIHOTbI HCXOZ[HOVI NHDOOPMALINN
C. M. Bonowun

AnHOTanus. Pa30OpHBIC KOHTAKTHBIC COCIMHEHUS
SBIAIOTCS HauOoJiee MHOIOYHUCIEHHBIMH 3JIEMEHTAMU
ANIEKTPOYCTAaHOBOK. PaboTOCIIOCOOHOCTE KOHTAaKTOB, UX
HAJCKHOCTb B 3HAUYHUTEIBLHON CTENEHH 3aBHCUT OT
PEXKUMOB  JJIEKTPUUECKOTO TOKA H  TEeMIepaTyphl,
KOHTaKTHOTO JaBJICHUA W Ap. VI3MeHeHHe pPEeXUMOB W
MPOJOIHKUTEIFHOCTh JKCIUTyaTallud MPUBOAAT K POCTY
MEPEXOTHOTO COIMPOTUBJICHUS KOHTAKTOB, TEMIEPATYPhI
WX HarpeBa W BO3MOXXHOTO TEIJIOBOTO pa3pyIlieHUsI.
TpalAullMOHHBIMH ~ CPEICTBAMU  JJISI  PETYIHPOBAHUSI
JIaBJI€HUs] B KOHTAKTaX MPH U3MEHEHHH TEMIEPATYpPHOTO
peXKHUMa SBISIETCS CTalbHBIC TapellbyaThie IPYKUHEL.
[IpenBapuTenbHBIM HCCIEAOBAHUAMU YCTAaHOBJIEHO, YTO
STH CpPEICTBa TOJBKO YACTUYHO PEIIAIT MPOodIieMy
pPEeryiupoBaHusl KOHTAKTHOTO J1aBieHUs. AJIbTepHATUBON
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TPAaIMIMOHHEIM CPEJCTBAM SIBISICTCSI WHHOBALMOHHAS
pa3paboTKa CpEACTB AWHAMUYECKOTO  yNPaBICHUEM
JIaBJICHUEM Ha OCHOBE HMCIIOIB30BaHUS (DYHKIMOHAIBHBIX
CIUTaBOB € APPEKTOM MaAMATH POPMEIL.

B pabote npoBeneH MaTeMaTHIECKUH aHATH3 CPOKOB
MPOBEICHUS PEMOHTHBIX pPabOT W CPOKOB CIIYKOBI
KOHTaKTOB pa30OpPHOr0 THIA C MCHOJIB30BAHUEM TEOPHU
BEPOSITHOCTH B YCJIOBHSAX  HEMOJHOTHI ~ MCXOJHOU
ndopmanmu. HccnenoBaHusmMu  0OOCHOBAaHO,  YTO
NPUMEHEHHE  JUHAMHYECKOTO  METO/a  YIpaBJICHHUS
TEPMOMEXAaHUYECKUM PEXHMOM pPa30OPHBIX KOHTaKTOB
MO3BOJISIET CTAOMIIN3NUPOBATH JIABJICHUE U MPOIIHUTH CPOK
9KCIUTyaTau pa300pHBIX KOHTAKTOB B 3-4 pasa.

KnaroueBble cioBa: pa3OOpHBIE DIEKTPHIECKUE
KOHTaKTBHI, HepexoIHOE COINPOTHUBIICHHE,
(yHKIMOHAJBHBIE CIUIAaBBI C 3(PPEKTOM MaMATH (HOPMBL,
TEOpHsl BEPOATHOCTH, HEpOBHOCTH UeObIeBa.

TERMS OF REPAIR WORKS AND FORECASTING
OF TERMS OF SERVICE OF CONTACTS
OF DISASSEMBLY TYPE IN CONDITIONS
OF INCOMPLETE OF OUTPUT INFORMATION
S. M. Voloshin

Abstract. Collapsible contact joints are the most
numerous elements of electrical installations. The
efficiency of the contacts, their reliability to a large extent
depends on the modes of electric current and temperature,
contact pressure, etc. Modification of modes and
operation time lead to an increase in the resistance of the
contacts, the temperature of their heating and possible
thermal destruction. Traditional means for controlling the
pressure in the contacts when changing the temperature
regime are steel plate springs. Previous investigations
have established that these means only partially solve the
problem of regulation of contact pressure. An alternative
to traditional means is the innovative development of
dynamic pressure control tools based on the use of
functional alloys with the shape memory effect.

The mathematical analysis of terms of carrying out
repair works and service life of collision type contacts
with the use of probability theory in the conditions of
incompleteness of the initial information is carried out.
The research substantiates that the use of dynamic method
of control of the thermomechanical regime of collapsible
contacts allows to stabilize pressure and extend the life of
collapsible contacts by 3-4 times.

Key words: collapsible electrical contacts, transient
resistance, functional alloys with memory effect of form,
probability theory, Chebyshev inequalities.

C. M. Bosomua ORCID 0000-0002-4913-7003.
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Abstract. Storing grain quality materials in post
harvest handling and storage is largely dependent on
correctly implemented the drying process. In agricultural
production mainly use costly convection dryer. The main
share of wasteful energy consumption accounts for heat
drying agent, some heat is lost to the environment through
the working surface of the dryers and spent coolant. Ways
to reduce these energy costs is to reduce the amount of
drying agent in the process to the level necessary to
absorb and remove moisture from the dryer and the
working volume of the principles of targeted "delivery" of
energy to vysushuyemoho material. Last principles
successfully implemented using contactless energy supply
of electromagnetic fields in a material exposure by
microwave or infrared radiation. The article deals with the
theoretical background processes of drying material in
cyclic mode with infrared heating and high frequency
electromagnetic field. The equations change over time
settings grain material by heating using high frequency
electromagnetic field or infrared light and ventilation in
the grain does not allow heated air drying cycle count
process. The algorithm calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs. The article deals with
the theoretical background processes of drying material in
cyclic mode with infrared heating and high frequency
electromagnetic field. The equations change over time
settings grain material by heating using high frequency
electromagnetic field or infrared light and ventilation in
the grain does not allow heated air drying cycle count
process. The algorithm calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs. The article deals with
the theoretical background processes of drying material in
cyclic mode with infrared heating and high frequency
electromagnetic field. The equations change over time
settings grain material by heating using high frequency
electromagnetic field or infrared light and ventilation in
the grain does not allow heated air drying cycle count
process. The algorithm calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs. The equations change
over time settings grain material by heating using high
frequency electromagnetic field or infrared light and

ventilation in the grain does not allow heated air drying
cycle count process. The algorithm calculating the overall
process of drying cycle to determine rational modes of the
process, providing minimize energy costs. The equations
change over time settings grain material by heating using
high frequency electromagnetic field or infrared light and
ventilation in the grain does not allow heated air drying
cycle count process. The algorithm calculating the overall
process of drying cycle to determine rational modes of the
process, providing minimize energy costs.

Key words: infrared heating, microwave heating,
ventilation, drying grain, cyclical drying.

Introduction

The problem of maintaining the quality of grain
materials in post harvest handling and storage is largely
dependent on correctly implemented the drying process
[1]. Currently in agricultural production mainly use costly
convection dryer [2]. The main share of wasteful energy
consumption accounts for heat drying agent, some heat is
lost to the environment through the working surface of the
dryers and spent coolant [3]. Ways to reduce these energy
costs is to reduce the amount of drying agent in the
process to the level necessary to absorb and remove
moisture from the dryer and the working volume of the
principles of targeted "delivery" of energy to the material.

Formulation of problem

Last principles successfully implemented using
contactless energy supply of electromagnetic fields in a
material exposure by microwave or infrared radiation [4].
The prospects of using high frequency electromagnetic
field (EMF SHF) and infrared (ICHV) during heat
treatment and drying grain materials such as independent
energy sources defined experimental results [5]. But the
search combined methods of treating materials in which
energy is supplied only to the material in an amount
necessary to achieve a specific action (heating, remove
surface moisture or internal) is very relevant and timely
[6]. The prospects of wusing high frequency
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electromagnetic field (EMF SHF) and infrared (ICHV)
during heat treatment and drying grain materials such as
independent energy sources defined experimental results
[7]. But the search combined methods of treating
materials in which energy is supplied only to the material
in an amount necessary to achieve a specific action
(heating, remove surface moisture or internal) is very
relevant and timely [8]. The prospects of using high
frequency electromagnetic field (EMF SHF) and infrared
(ICHV) during heat treatment and drying grain materials
such as independent energy sources defined experimental
results [9]. But the search combined methods of treating
materials in which energy is supplied only to the material
in an amount necessary to achieve a specific action
(heating, remove surface moisture or internal) is very
relevant and timely [10].

Analysis of recent research results

Viability use directional energy to obroblyuyemyy
material, namely heating and drying processes through
targeted energy supply ultra high frequency
electromagnetic radiation is described in [11].

The implementation process of microwave drying
grain in specific units described in publications [12].

Energy and technological feasibility of energy of
ultrahigh frequency electromagnetic field to intensify the
drying process grounded in [11-13].

Question mathematical description and calculation
drying processes discussed in scientific studies [14].

Analysis of publications [10, 12, 14] proved the
effectiveness and drying cycle pulsed electromagnetic
field on the material. But research in theoretical terms no
matter the mathematical description of the combined—
cycle drying grain materials.

Purpose of research

The purpose of the study is form a simplified model
of the mathematical description of the process of cyclic
heat treatment and drying grain material to determine
energy efficient modes of infrared and microwave
systems processing grain material.

Results of research

Experience in carrying out lifting works testifies that
In general, the processes of heat transfer and mass in
capillary—porous bodies terms of microwave and infrared
heating system describing two or three differential
equations. A. Lykov a partial, solution of which is
considerable difficulty in practically useful forms can be
obtained only by numerical methods. Since the solution of
difficulties associated with the process parameters at
rozpodilenistyu gradient forms of transport, using the
approximate concentration hyphenation volume can be
obtained analytical solutions for specific processing
conditions of the product. Considering loose (particulate)
material that moves or is moved in a thin (1-3 grains) for
which microwave or infrared heating can be considered

uniform in volume corns can be greatly simplified
description of the process of heating and drying taking
these simplifying assumptions:

- gradients of temperature and humidity are so
small that they can be ignored and considered medium
volume temperature value 6c(z) and humidity U(z)
material,

- excess pressure in the capillaries of the material
caused by the effect of EMF is a function of the
temperature of the material and recorded via the
temperature dependence of mass transfer coefficient
(drying),

- existing patterns of distribution of the radiation
absorbed in the thickness of the material can also be
averaged by volume (thickness) assuming uniform
heating.

Under such conditions, the solution interrelated
equations of heat and mass transfer leads to the integral
equation heat transfer Alexander Lykov [11]:

du dé
qf(r)zrpoRV7°+ponC -
dr dr =

where: Ry=V/F — hydraulic radius, V — volume (particle
layer), F — surface, po — density completely dry body, C —
specific heat, r — enthalpy of vaporization, 6, U —
temperature and moisture content of the material, q(z) —
average heat flux through the surface material.
Dividing all the members of (1) to obtain Ry:
du do
a,(2)=rp,——+pC 2)
dr dr
where: gv(z) — specific volumetric thermal output.
The values of g¢(z) and gv(z) — defined by the known
formulas [11, 13] for IR energy supply:

T 4 T 4
qf(T)= Aﬂaocnp ( j _(ZJ ' (3)

1
100 100
q,(r)=0.555-10"¢TE?gs , 4)

where: cpp=(e1l+£,1-1)? — shows the emissivity of, &,
— degree heat emissivity surfaces, oo — was the Stefan—
Boltzmann, A, — absorption coefficient of the material
infrared rays, & — dielectric permeability, tgs -
dissipation factor, f, E — the frequency and intensity of the
electromagnetic field.

Repeat grain drying material provides for periodic
heating of grain microwave source material, followed by
blowing air layer material (with heating and without
heating). To determine the outpouring of heat exposure of
the material and the length of its forced ventilation
(blowing) without heating and hot air drying for basic
characteristics (temperature and humidity of the material
during heating and purging) and the total time periodic
review process mode setting and continuous.

For the entire volume of the material (in the chamber
drying) process of heating the internal power source P
(P=Np, where N — power microwave sources of EMF, n —
efficiency Megatron) in the presence of heat exchange
between the material and still air in the chamber heat
balance equation look like:

PoViCo dﬁ—porvm d—UJraf (6-1)=P, @)
dr dr
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dat_ 4 (6-1), )
dr
where: Vi, Vy — the volume of material and the air in the
chamber, cm, ¢y — specific heat of the material and air, o —
heat transfer coefficient, 6, t — the temperature of the
material and air.

For closure system (4)—(5) equations, using criteria

P vVv C,

Rehbinder Rb=cdf/rdU, obtain the equation of
communication:
du c dé
= (6)
dr rRbdr

Substituting the value of dU/dr in equation (4) and
solving (4) and (5) in the initial conditions: =0, t=ty,
=6, we get:

0(z)=6, +§T—Q[§—TO)(1—e_irj, @

where: Q=PlaF, A=(mc mcp)l/(aF)?, B=(mc+mcy)/aF,
¢’=c(1+Rb1), To=(P/mc)+(aF/mc)(to-0o).

The equation describes the change in temperature of
the grain material during heating in the microwave EMF.
Using the experimentally obtained dependence [6] The
moisture content of the criterion Rehbinder material:
Rb(U)=R¢e?" rewrite equation (6) as:

Roeau diu = E dﬁ

. (6a)
dr rdr
Prodifferentiative dependence #(zr) and substituting
the value obtained in equation (6a) after differentiation
within U/—U, 0—1 get:

e 4+

Q . (Q
22T
,ca BT+(B ij ®)

Equation (8) describes the change in moisture content
in the process of heat when exposed to EMF MVCH.

During the heated grain ventilation air temperature at
the inlet of the layer t1 heat balance equation is written as

G,c,n(t,—0)= em 99, )
dr

where:  n=(t1-t2)/(t1-0)=1-exp(-aF/G\Cp), t1, to — the
temperature of the input and output layers of the grain
material.

Changing moisture Alexander Lykov by the formula:

—‘lezk(e)(u -U,).

Solution equation (9) with the initial conditions: =0,
=60, will look like:

or)=t,+(6, -t T,
where: T=c 'm/GyCpn.
Using linear approximation dependence of drying
temperature: k(6)=k:6 of equations (10) and (11) we get:

(10)

(11)

(:lli = kl{tl +(0, —tl)eT}dr .12

Integrating the conditions: =0, U=U, after
transformations have:
U(r)=U,+

(13)

+(u,-u p)exp[kltlr —(6, —tJI'e_T)

Equation (13) describes zmine moisture content of
grain heated during ventilation.

For continuous process using equation (7, 8) and (11,
13) replacing =xV*! (where V — the velocity of the
material, X — coordinate direction of the material). At the
zonal method of calculation equations replace Ati=AxV1.

The equations change over time settings grain
material when heated in the microwave EMF and with
aeration of grain not allow heated air drying cycle count
process as follows (Fig. 1).

When using moist heat radiation in the infrared
material equation (4) the value of the power source,
define internal formula (3) and rewrite it as:

ACL108(T =TS F, =m.c, a9

qu T (4a)
—m, f——+af (0-1)

dr

For analytical solution of the system (3) — (4a)
linearizes the left part of the equation (4a) using a [13]
linear coefficient of heat transfers by radiation:

= L0 (T2 +T2)+ (T, +T,),
and therefore substitution:
A 10°(T T} F, = o, F, (6, -6),

where: T, =273+6,, T,=273+60, 6, - radiator
heating temperature in steady state (after warming up).

eout

‘ Ug | T Uout
tl

Fig. 1. The scheme of calculating the cyclical drying
grain material.

Puc. 1. Cxema po3paxyHKy HUKJIIYHOTO BHCHXaHHS
3€pHOBOT'O Marepiaiy.

We write the equation of kinetics heating material
and ambient air chambers in the form of:
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Tld—0+a1¢9—b1:t, (14)
T
T, $+ at—b,=60 (15)
dr
m_cC
where: leimmcm , T,=-"7"
aF +aF, aF
aF +a,F, o, F KR, +afF
— Iw,bl: Ingla2= 0 ,
ok aF aofF
bZ—KFOt
oF

Combining equations (14) and (15) to one that is
relatively solving system H(T) and t(r) will have two
equations:

2
Ad—§+Bd—H+C0=D1, (16)
dr dr
A9t g oo a7)
dz? dz'

where: A=TT,, B=Ta,+T,a, C= (aiaz -1),
D, =b,+a,b, D, =b +apb,.

Solving ordinary differential equations (16) and (17)
with the initial conditions: 7 =0, =6, t=t,, will

have the following changes:
Co,-D
O(r)= =701

[ Y4 nr D]_
—2 e —ret ]+—, (18)
c(r-r,) C
Ct,-D D
tlr)==2"2|re” —re™ |+—2. (19)
€)= e b
Using  experimental  approximation  criterion

depending on humidity Rebinder Rb'(U ) Equations (6a)
and derivative dﬁ(z')/dz' (18):
dH(T)

dr
drying Kinetics equation we get:

LT nr
= Klrlrz(e2 —e* )

—Rgealud—U_Krr(rZ’ eﬁ”). (20)
T
Ccg,-D
Where K. = Z20 " =1
e -r)

Solution of equation (20) with the initial conditions:

7=0,U=U:

&ealuo _
3
Ur)==In2|—Kpl-e)+|. @
Qo b
+ Klrl(l_e2 )

Equation (21) determines the change in moisture
content material with infrared irradiation temperature

radiator @, = const in air temperature t = const .

Changes in temperature and moisture content of the
material at the heated grain aeration is determined by the
equations (11) and (13).

The algorithm for calculating the cyclical drying
process consists of sequential calculation curves heating
and drying formulas (7), (8) for microwave irradiation,
and the formulas (11), (13) calculated temperature change
material and its moisture content mode ventilation layer
material. The initial (input) values of the parameters 61(x)
and U;(x) for each of the following areas will be the final
parameters 0,(x) and Ux(x) the previous zone. For
example, in the first zone of microwave heating in the
direction of the grain bed just formulas (7) and (8) that are
accepted in the diagram (Fig. 1) notation written in this

fom (with 0<x<L, x=L. 6,(x)=6,,
u,(x)=u,):

Q. A(Q ;
O(xX)=0 + =X——| =-T, |1-e VA |,(22
1(x) ' Bv B(B ]{ @)

Qs
Bv
a,  C@ Q
u(x)==Inle™ + —| +| =-T (23
) (2T e
B
><ée_NX

For the next first zone ventilation (air filtration)
Kinetics equation heating and drying written in the form

(in0<x<L,, x=L,, 8(x)=6,, u;( )=u,):

6l(x) =t +(6, ~t)e
uj(x)=u, +(u, —u, )x

X exp(kltlxvl —(6, - tl)e_ﬂxj '

For the second zone microwave heating (with

0<x<L,x=L, 6,(x)=6,, u,(x)=u,):

L0+ AQ g Y 1ew
92(x)_03+Bvx B[ 3j[l e j,(26)

(24)

(25)

(27)

For the second aeration zone (at O0<x<L,,

x=L,, ‘92,()(): Os, U;(X): Us):

1y
95 (X) =t + (94 _tl)e T (28)
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up(x)=u, +u, —u, )x

_1).
><exp(kltlxvl—(494 ~t)e V7 J

The third area of microwave heating (with
0<x<L, x=L, 6,(x)=6;, u,(x)=u,):

6,(x)=6, +Qx—A(Q—95)(1—eVAXj . (30)

(29)

Bv B\ B
. Ca
e +—x
( ) | R,
Uy(x)==1In 5\ |-(3D)
a —X
X gX+(9—6’5jée A
Bv B B
6, °C
80
60
40
20
0

0 1 2 3 4 5 6 X, mn

Fig. 2. Change the temperature grain drying under
cyclic heating in the microwave power was 400 watts
(weight 0.12 kg) and ventilation air 21 °C.

Puc. 2. 3miHa TemmepaTypu CYIIiHHS 3epHa HpHU
LUUKJIIYHOMY HarpiBaHHI B MIKPOXBWJIbOBIH Tedi Oyna
noryxHicTio 400 Bt (Bara 0,12 kr) i BeHTHIISALIT NOBITPs
21 °C.

0.25
U,

kg/kga,
0.2

0.15

0.1 >
0 1 2 3 4 5 6 X, m

Fig. 3. Change the grain moisture content during the
drying cycle.

Puc. 3. 3miHa BMicTy BOJOTM B 3€pHI NPOTATOM
LUKy CYIIiHHS.

For the third venting zone (at 0<X<L,, Xx=1L,,
‘99:()() = gout ! U;(X) = uout ):

B(x)=t,+(6~t)e .

(32)

us(x)=u, +(us —u, )x

_1.
><exp[k1t1>0/1—(<94 ~t)e VT j
where: 6

ot U — final temperature and moisture

content of the material.
Fig. 2-3. is shown graphic changes depending on
parameters of drying cycle.

(33)

out

Conclusions

1. As a result of theoretical research formulated a
mathematical model of drying material in cyclic mode
and simplified formula for calculating the heating and
drying process using microwave heating and infrared
heating.

2. Algorithm for calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs.
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MOJIEJIIOBAHHS 1 PO3PAXYHOK
EHEPT'O3BEPII'AIOUNX PEXMMIB CYIUIHHS
3EPHOBUX MATEPIAJIIB I AI€IO
EHEPI'ETUYHUX ITOJIIB
B. O. I'puwenxo

AHoTanis. 30epexeHHs sIKOCTI 3epHOBHX MarepialiB
IpU Tics30upasibHOT OpOoOKM 1 30epiraHHs B 3HAYHIN
Mipi 3aJISKUTh BiJ NPaBHJILHO PEaji30BAaHOTO MPOLECY
cyminHHi. B arpompommcioBoMy  BHpPOOHHITBI B
OCHOBHOMY BHUKOPHCTOBYIOTH 3aTpaTHI KOHBEKIIHHI
3epHocymapki. OCHOBHA JIOJIsI HEMPOAYKTHBHHUX 3aTpat
eHepril MPUXOANUTHCS Ha HArPiBaHHS CYIIMJILHOTO areHTy,
YacTHHA TEIUIOTH SIKOTO BTPAa4YaeTbCsi B OTOUYIOUE
ceperoBumie Yepe3 poOOUi IOBEPXHI CyMAapKH 1 3
BIANPAalbOBAaHUM TEIUIOHOCIEM. PanukambHUM criocobom
3MEHIIEHHS TAaKUX BUTpPAT €Heprii € 3MEHIIEeHHS
KIJIBKOCTI CYHIMJIBHOTO areHTy B IPOIECi /0 BEITHMYMHHU
HEeOoOXiJTHOT JJIsl TOTJIMHAHHS Ta BHUAAICHHS BOJIOTH 13
pobodoro 00’eMy cymapkd i BHUKOPHCTaHHS NPHHIHIIIB
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anpecHoi  «JIOCTaBKH» €HEprii 110  BHCYIIYEMOTO
marepiany. OcTaHHI TPHWHIUIN YCITITHO PeaTi3yIThCs
IUIIXOM BUKOPHCTAHHS OE3KOHTAKTHOTO ITiJBEICHHS
€HepTii eTeKTPOMArHiTHUX IIOJIiB Y BUTIISAAI ONPOMIHEHHS
MaTepiary  MIKpOXBHJIBOBUM  a00  iH(pauepBOHHM
BHIIPOMIHIOBaHHAM. B CTaTTi pO3MIAHYTO TEOpETHYHi
NepelyMOBH MPOLIECIB CYLIIHHS MaTepially y IUKIIYHOMY
peKIMi 3 iHppauepBOHUM Ta HarpiBom
SJNICKTPOMArHiTHUM  TOJE€M  HaJBHCOKOI  YacTOTH.
OtpuMaHi piBHSHHS 3MIHM B 4aci mapaMeTpiB 36pHOBOTO
Marepialy [pW  HarpiBaHHi 3  BUKOPHUCTAHHIM
€JICKTPOMArHiTHOIO TIOJIsI HAJIBUCOKOi YacToTH abo
iH(ppadepBOHNM BHIIPOMIHIOBAHHSM 1 IPH BEHTIUTIOBAHHI
3epHa HE MiIrpiTUM TOBITPSM JO3BOJSIOTH PO3paxyBaTh
mporiec MUKITigHOTO cynriHaA. ChopMyIp0BaHO ANTOPHTM
3arajibHOTO PO3PaxyHKY IPOLECY IMUKIIYHOTO CYIIiHHSA
JI03BOJISIE BU3HAYUTH PaliOHANBHI PEXUMH NPOBEICHHS
TIpoIIeCy, SKi 3a0e3MeUyI0Th MiHIMI3aIlif0 BUTPAT CHEPTIi.
KawouoBi  cioBa: [Y-narpis, = HBU-narpis,
BEHTWJIIOBAHHS, CYLIIHHS 3epHa, IMKITIYHE CYILiHHS.

MOJIEJIMPOBAHUE U PACYET
SOHEPI'OCBEPET'AIOIINX PEXXMMOB CYIIKH
3EPHOBLIX MATEPHAJIOB IIOJJ AENCTBHUEM

SHEPTETMYECKMX ITOJIEN
B. A. I'puwenxo
AnHotanusi. CoxpaHeHHE KadecTBa 3EpPHOBBIX
MaTepHaioB TNpH  MOcIeyOOpOYHOH  OOpaboTKH ¢
XpaHeHHUs B 3HAYUTENBHOM CTENEHH 3aBHCHT OT
NPaBUJIBHO PEAM30BaHHOIO MpoLiecca CYIIKH. B
arpoNpOMBIIIJICHHOM  TIPOU3BOACTBE B OCHOBHOM

HCHOJIB3YIOT 3aTpaTHbIC KOHBCKIITMOHHBIC 3€PHOCYIINIIKHU.
OcHoBHas J0JIA HEIMPOU3BOAUTCIILHBIX 3aTpaT J3HCPIHUU
NpUXOAUTCA Ha HArpeB CYMWIBHOIO0 areHra, 4acTb

TEIUIOTHl KOTOPOTO TEpSIeTCSl B OKPY’KAIOLIYI0 Cpeny
yepe3 pabouyne  TOBEPXHOCTH  CYNIMJIKH H  C
0TpabOTaHHBIM TEIIOHOCHUTEJIEM. PagykansHbIM

crocoOOM  YMEHBIICHHS TAaKHX PpAcCXOIIOB DHEPTHH
SIBIISICTCS YMEHBIIICHNE KOJMYECTBA CYIIIIIFHOTO areHTa B
mporiecce 1O BETUYHWHBI HEOOXOAMMOW ISl TIOTJIOMICHHUS
U yJaJeHus BIaru u3 pabouyero oObeMa CYMIWIKH HU
WCTIONB30BaHUSl  TPUHIMUIIOB  aIpECHON  «IOCTaBKH»
9HEPrMHM [0 BHUCyHIyemoro wmarepuaia. Ilocnennue
MIPUHIIMIEI YCIIEITHO PeaTu3yIOTCs IyTeM UCTIOIh30BaHUS
OECKOHTAKTHOTO MOJBOJA JHEPTHH DJICKTPOMATHUTHBIX
moJyied B BuAe OONyYeHHS MaTepHania MHUKPOBOIHOBHIM
W HHPPAKPaCHBIM HU3Iy4YeHHEM. B cTaThe pacCMOTPEHBI
TEOPETUYECKUE  MPEANOCBUIKA  MPOLECCOB  CYLIKH
MaTepualia B NUKIMYSCKOM PEXUME C MHPPAKPACHBIM H
HarpeBOM JJIEKTPOMArHUTHBIM TOJEM CBEPXBBICOKOH
yacToThl. [lojydeHHblE ypaBHEHHS HM3MEHEHHUS BO
BpEMEHH TIapaMeTPOB 3EPHOBOTO  MaTepuaia MpHu
HarpeBaHWM C UCIOJb30BAaHUEM OJEKTPOMArHHTHOTO
MOJII CBEPXBBICOKOH YacTOTHI WM HHMPAKPaCHBIM
M3TyYeHWEM W TPU BEHTWIMPOBAHUM 3€pHA  HE
ITOJIOTPETHIM BO3yXOM ITO3BOJIIIOT PAcCYUTATh IPOIECC
nuknuaeckoro  cymku.  ChopmynupoBaHO — anropuTM
o0mero pacdera Tmpolecca NUKIMYSCKOrO CYIIKH
MO3BOJISIET  OMNPEAETUTb  pallMOHANbHbIE  PEXHUMBI
MPOBEACHUS  Mpolecca,  KOTOpPbIE  OOECIECYMBAIOT
MUHHMU3ALHMIO 3aTpaT SHEPTUH.

KnwueBble caoBa: UWK-narpes, TBY-narpes,
BEHTHISAINH, CYIIKH 3€PHA, ITUKINIECKOE CYIITKH.
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TAHAMIYHA MOJIEJB IPOLECY JE®OPMAIII MPYKHOI CTIMKHA JUCKATOPA
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AHoTanis. Y cTarTi NpeACTaBICHO pe3yNbTaTh
TEOPETUYHMX IOCTIKCHb JAMHAMIYHOI MOJENI MpOIeCy
nedopmanii  mpyKHOT CTIHKM JUCKOBOTO — 3HAPSIJISA
JIOBUILHOT (opMH, CKIIaNeHO cUcTeMy audepeHIiHHIX
piBHSIHH B  3araJpHOMY BHIJIAAI 1  po3poOieHo
BIINOBITHUI TIPOTPaMHHUN KOA B TPOTPaMHOMY ITaKeTi
Mathematica, sxuii D03BOJsI€ BH3HAYMTH HAIPY>KCHHS,
BiTHOCHI 1 aOcomroTHi nmedopMmalii B KOXHIA TOUII
mpyXHOi  cTilfikm  muckatopa. [lpuitmatoun  (opmy
MpY’KHOI CTIMKHM IucKaTopa 3a crmipaidh ApxiMmena, KOId

fl(e)=;—i+b, fz(e)::—i+b+h, me 0,<0<0;, me

mapaMeTpu T'eOMeTpUYHOi dopmu a (Kpok cmipani), b
(3MimeHHs cmipami B3IOBX palianbHOi KoopauHath), h
(TOBmIMHA TIPY)KHOI CTIHKW), BU3HAYCHO ii CKBIBAIICHTHY
(hi3MKO-MaTEeMaTH9IHy MOJENIb Y BHIJBAAI JKOPCTKOTO
MaTeMaTUYHOTO MasTHHKA JIOBXHMHOIO |, 70 BaHTaxy
SIKOTO 3aKpIIICHO JIBI MPYXUHH B370BX oceit Ox i Oz i3
koedirientamu xKopcTtkocti kx 1 kg, BimmoBimHo, sKi
BIIXWJISIFOTh WOTO Ha KyT ¢. BcraHoBneHi 3ajeXHOCTI
koedimienTiB xopcrkocti ky 1 k,, moBxkunm 1 i kyra @
eKBIBaJICHTHOT (Pi3MKO-MaTeMaTH4YHOI MOl HPYIKHOT
CTIMKHM JTMCKATOpa i3 MapamMeTpamMy TeOMEeTpUYHOi hopMu
a=0,8M b=0mM h=0,01 m Bix 3HaueHb CHI Fex 1 Fey,
IO TIFOTh Ha BUIBHMI KiHEIh CTIMKM B3I0BX ocell OX i
Oz.

Karwu4osi cioBa: nuck, mpykHa CTiiika AECKaTopa,
JIICKOBE 3HApsAANs, IHUCKaTop, aAedopMallist Ipy>KHOI
CTIHKH.

ITocTaHoBKa MpodIeMHu

OpmHOIO 3 TOJOBHMX 3amad OOpOOITKY TIPYHTY €

CTBOPCHHA  CIIPUATIMBUX YMOB UII  HAKOIIWYCHHSA
TIOKUBHUX PEHOBHH i, OCO6J'II/IBO, BOJIOTH JJIA
HOpMaJIbHOT'O PO3BUTKY CiHBCBKOFOCHOHapCLKI/IX

KyJIbTYp. 3alopyKolo YCIIIIHOTO MPOTIKAHHA JaHUX
NIPOLECiB, 3a TBEP/UKEHHSIM HAYKOBI[IB arpoOHOMIB i
I'PYHTO3HABIIIB, € OJHOPIAHUN arperaTHUi CKiaj IPYHTY
mo Bciit rnubuHi 00pobiTKy. BimmoBimHO 1m0 IBOTO
HEOOXiTHO  BJOCKOHAJIOBATH  CUTBCHKOTOCHOAAPCHKi

MaIlMHK 1  3HapsiaAs 3 METOK  3a0e3MeycHHS
ONTHMAJIPHUX PEXUMIB IX poOOTH NpPU 3MEHIICHHI
€HEepreTUYHUX BUTPAT HAa BUKOHAHHS TIPOLIECY.

Oco0auBoro 3HaueHHs HaOyBae BHPIIMICHHS IUX
3aBlIaHb A IPYHTOOOPOOHOI TEXHIKHM, B TOMY YHCII 3
JUCKOBUMH pOOOYMMH  OpraHaMH, OCKIJIbKH BOHH
3abe3nedyrote 60—80 % momepenHhOro Ta OCHOBHOTO
00poOiTKy TIpyHTY mTpum 3MeHmeHHi 10 20 %
€HEeproBUTPAT Ha BUKOHAHHS TEXHOJIOTIYHOTO TPOIIECY.

[lepcrieKTHBHUM HANpSIMKOM MiJBHUIIECHHS SKOCTI
00poOITKY TIPYHTY TIpH 3MCHIICHHI CHEPrOEMHOCTI
npolecy € 3acTOCYBaHHsS JUCKOBUX — 3HApsIp i3
IHIUBIya JbHUM  KpPIIUICHHSM pOOOYMX OpraHiB Ha
npyHuX criikax. Lle 3ymoBimoe 1X  KOJMBaHHSI
BHACJIIZIOK HEPIBHOMIPHOCTI CHJI OINOPY IPYHTY Ta HOro
pYHHYBaHHSI TP MEHIIUX BUTpaTax eHeprii Ta Kpauiii
MPUCTOCOBAHOCTI /IO pempe]y IO, IO ITiJBHUIILYE
MOJKJIMBICTh 32a0€31IeYeHHS 3a/1aH01 IKOCTI 00pOOITKY.

3 METOI MiABHINCHHS €(QEeKTHBHOCTI TUCKOBHX
3HapsAAb BAXIMBUM € BCTaHOBJEHHsS 3aKOHOMipHOCTEH
BIUIMBY HIapaMeTpiB NMPY>KHOI CTIHKK TUCKOBOTO 3HAPSS
BiJl 11 TCOMETPUYHUX PO3MIpPIB 1 3HAYCHD 30BHIIIHIX CHII,
IO JIFOTh Ha CTIHKY IPH BUKOHAHHI TIPOLIECY.

AHaJii3 0CTaHHIX TOCTiTKeHb

AHami3 JOCHiKCHP B HANPSMKY IIiIBUIICHHS
e(EKTHBHOCTI TPYHTOOOPOOHUX 3HAPSOh 3 ITUCKOBHMH
pobounmMu  opraHaMuM  BKasylOTb Ha  JIOLUIBHICTB
3aCTOCYBaHHS I1X IHOMBIAYaJIbHOTO KpIIUIEHHS Ha
npyxHux cridkax [1, 2, 3]. B [4] pospobneHo
MaTeMaTudHy MOJENb pyXy THPYXKHOTO CTOsika 31
c(epUIHNM JMCKOM, BCTAHOBIIEHO HOT'O KOHCTPYKTHBHI
rmapaMeTpy 1 IWHAMiYHI XapaKTepPUCTHKH Ta iX BIUIMB Ha
KOJMBaHHSA CTOSKa 3 TPHYHUH  HECTAI[iOHAPHOCTI
TEXHOJIOTIYHOTO TIPOILECY 1 3MIHM CHJIM OHIOpPY IIiJ Yac
(yHKIIOHYBaHHS arperaTy. ABTOPOM BCTAQHOBJICHO, IO
3aCTOCYBaHHS NPYXHHUX CTOSKIB 3  BH3HAYCHUMH
rapamMeTpamy, y TOpIBHSAHHI 13 THUIIOBUM NPYXXHUM
CTOSIKOM, TIapaMeTpH SKOr0 OOIPYHTOBAaHO JHMIIE 3a
(YHKI[IOHAJBHOIO HEOOXIMHICTIO 3axHcTy po0OOYoro
OpraHy BiJ IlepeBaHTaKEHHS, 1a€ MOKJIMBICTh 3MEHIIUTH
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€HEepPrOEMHICTh Tporecy o0pobitky Ha 7 %
JTOTPUMAaHHI arpOTEXHIYHUX BUMOT 00pOOITKY TPYHTY.
Posrnmsgaroun  XapaKTepUCTHKH BIAHOBHOI — CHIIH
MIPY>KHOI CTiliku OyAb-sK01 KOHQITYpallil Ha OCHOBI TeOpii
HETHINHNX 3a]a4 CTaTHMKA TOHKHX CTEepkHIB B [5, 6]
pOo3poOIeHO aHANITHYHUA MeTOox i BU3HAYCHHS, KOJH
NIPOCKTOBAaHMH CTOSIK pO30MBAaIOTH Ha TEBHUH Pl
BIZIPI3KiB, MPSIMUX 1 JYT 3 HEBHUM PajiycoM.
KymrHapboBiM  po3poOJICHO aHANITHYHUN METox
BU3HAYCHHS! XapaKTEPUCTHKH BiJHOBHOI CHIIM CTOSKa
Oynp-sk01 KOH(QIrypalii Ha OCHOBI TeOpil HENiHIHHUX

npu

3aja4  CTaTMKA TOHKHX CTepxkHIiB [5, 6] [Jug
aHAJIITUIHOTO BHU3HAYEHHS BITHOBHOT CHIH
MIPOEKTOBAHUI CTOSIK Oynp-sKoi KoHpiryparmii
po30MBaIOTh Ha PsA BigPi3KiB, MPSAMHUX 1 AYT 3 MEBHUM
paxiycom.

ABTtopoM [7] mocmimKeHo XapaKTep aBTOKOJIHBAHHB,
10 BUHUKAIOTH B MPY)KHUX CTiliKax B mpoueci B3aeMomil
poGoyoro oprany 3Hapsaand 3 IpyHToM. B poborti

pPO3BUHEHA METOAUKA PO3paxyHKy OCHOBHHUX
XapaKTePUCTHK Ta IMMapaMeTpiB KOJUBHOI CHCTEMH Ha
OCHOBI BiZOMOTO B HEJIHIAHIT MeXaHini

AMPOKCHMYIOUOTO METO/Iy TApPMOHIYHOTO OajaHcy.
3a pesynbTaTaMu JOCITIPKEHHS BUKOHAHO YHCEITbHE
PO3B’s3aHHS AU(PEPEHITIATBHAX PiBHAHB, IO OIHUCYIOTH

MaTeMaTHYHy MOJENh CHUCTEMH, KONH pi3HI (asu
KOJMBaHb 3a 4Yac IIepiOfly OIHCYIOTHCS Pi3HUMHU
mudepeHniaTbHAMU PiBHIHHIMH.

B pobGori 1. A. Illepuenko [8] posrisaHyTa

HEaBTOHOMHa 3ajiaua Jii IpyHTy Ha poOoYMi OopraH, KOJIu
B IIepUIOMY HAOJKEHHI poOOuMi opraH 3Hapsaas 3 S-
MOMIOHAM CTOSIKOM TPEJACTABJICHUI SK MarepiajbHa
TOYKa 3 HAKIaJCHUMHU Ha Hel TNPYKHO-B SI3KUMHU
3B’sI3KaMH, 110 CHIBMAAAIOTh 3 HANPSIMAMU y3aralbHEeHUX
KOOpPJMHAT.

B nmocmimkennsax [8] 3 aHamizy CHEKTpajbHOT
OIITBHOCTI TSATOBOTO OIOpPY MMM BHCHOBKY, MIO
BHIIAIKOBY (YHKIIIO OMOpYy pyXy poOodoro oprany B
I'PYHTOBOMY CEpPEIOBHINI MOXXHA 3aMIHUTH TapMOHIYHOIO
(YHKIIEI0 YU CYMOIO ABOX, TPHOX TAPMOHIYHUX (PYHKIIiH
P(t) =0, cosw;,t+0, CosSw,t+0g;Ccoswst . Ilpm mpomy
YKOPCTKICTh CTOSIKIB

S-nonioHUX ATPOKCHMYETHCS

KyOiuyHOIO TapaboJIol0 BHUIIIALY: F=aq+bg®, ne a —
KOSQIIiEHT  JKOPCTKOCTI, MO0  TOB’SA3ye  JiHIAHY
nedopMalliro 3 NPUKIAJEHO CWIow; b — koedimient
JKOPCTKOCTi, 110 BimoOpakae He JIHIAHICTE 3B’S3KY
BIZTHOBITIOBAJILHOT CHJIH 3 TIEPEMiLIIEHHSIM.

Posrisim  BimomMmux — Monened  (yHKI[IOHYBaHHS
pobounx opraHiB rpyHTOOOpOOHUX 3Hapsgb [9], y Tomy
YyuCNIi W Ha NPY)KHOMY CTOSIKY, BKa3ye Ha JOLUIBHICTH
BpaxyBaHHS EeMITIPUYHAX XapaKTepUCTUK Ta
KOHCTPYKTUBHHMX HapaMeTpiB 00’€KTy JOCITI/DKEHHSI 3
MaTpUISIMH Koe(illieHTiB, 30kpema B [8].

3acTocyBaHHS TP TMPOBEASHHI MOCTiIHKEHb O1TbIIT

CKIamHUX Mopene [6, 7] 3yMOBIIOE TPaKTHIHO
HEMOXJIMBUM  aHAJITHYHE PO3B’S3aHHSI MOCTABJICHOI
3ajadi.

Ile 3yMOBJIIOE JOIINBHICTD MPOBEACHHS MOMABIINX
TEOPETHYHHUX  JIOCTI/UKEHb  O3HAUYEHOT0  HAayKOBOTO
HarpsIMKY.

Merta gocjiakeHb

Metoro € TeopeTHuHe IOCHUKEHHS IPOIeCcy
nedopmanii TpykHOI CTiKM AmMcKaTropa Oyab-sKoi
¢opMHu Tmin Oi€0 30BHIMIHIX CHI, OO0 BHHUKAIOTH B
mporeci B3aemomii pobOodoro opraHy 3HapsAnOsS 3
IPYHTOM.

Jdns peanmizarii
BUPINIMTH TaKi 3a7ayi:

- JOCHIIUTH  TUHAMIYHY  MOJCIb  IPOIECY
nedopmanii  mpyxHoi CTIHKM Jguckaropa  Oyab-sKOi
(hopMu mif TiEFO 30BHIIIHIX CHIT,

- CKIIAacTH cHcTeMy JudepeHmiiHuX pIiBHAHD B

IIOCTaBIEHOI METH HeoOXiZHO

3arallkHOMy  BHUIJIAII 1 PO3POOMTH  BiANOBiTHUIHA
NIpOrpaMHUN KOJI, SIKAH JI03BOJISIE BHU3HAYUTH
HamIpy>XeHHs, BITHOCHI 1 abcomoTHI nedopmamii B

KOKHIH TOYIII IPY>KHO CTIMKH TUCKaTopa;

- BI3HAYUTH 3aJICKHOCTI MTapaMeTpiB €KBiBaJICHTHOL
¢di3uKo-MareMaTH4HOT ~ MoOJIeNi  MPYXHOi  CTIHKH
JMCKaTopa BiJ il I'€OMETPUYHUX pPO3MIpIB 1 3HA4YEeHb
30BHIIIHIX CHIIL, 110 JiFOTh Ha BIALHUN KiHEIL CTIHKH.

Pe3yabTaTn nociigxeHb

JocmimkernHs nporecy aedopMariii mpyXHOI CTiHKH
JuckaTopa  OyAaeMO  po3MIsiaTH 3 ypaxyBaHHAM
HACTYITHHUX MPUIYIIEHb i CIIPOIICHB!

- TpYyXHA CTiliKa € aOCOIFOTHO TPY>KHOIO, TOOTO ii
CTaH MOYKHA OITMCATH PiBHSAHHSAM PIBHOBAaru, piBHIHHAMHU
3aKkoHy ['yka 1 3aJIe)KHICTIO MK KOMIIOHEHTAaMH TEH30pa
nedopmariii i KOMIOHEHTAMH BEKTOpa MepeMiLlICHHS;

- mnpomec nedopmarii  BiaOyBaeThCs B JIBOX
HarpsMKax, TOMy OylIeMO pO3INISAATH IUIOCKY CHCTEMY
KOOP/IMHAT;

- TpYyXHA CTiiiKa Mae (popMy cIipaii i Moxe OyTH
ornurcaHa (QYHKII€I0 B TIOJISPHIN cUCTeMi KOOPIUHAT.

Po3paxynkoBa cxema rnporecy aedopmariii npyxHoi
CTifiku TmpencTaBieHo Ha puc. 1. LleHTp XkoopmuHAT
3HaXOAUThCSA B Touli O. OyHKIIO, IO OMHCYE TPaHMIII
MIPY’KHOT CTIMKH 3aIMIIIEMO y BUTIIAI:

— B IOJISIPHIN cucTeMi KoopauHar (T, 0):

rpammns A'B': r =f,(0,), ne 0 < 01 < 0, 1
rpamuns AB: 1, =,(0,), e 0s < 0, < 0y, )
rpanung AA™: 6~ 0, =const, (©))
rpanuust BB': 0~ 0; =const, 4)

Jie T — paziajdbHa KOOpAWHATA TOYKH B TOJSIPHIA CHUCTEMI
KOOpAMHAT, M; 6 — KyTOBa KOOPAMHATA TOYKH B IOJISIPHIH
cUCTeMi KOOpOWHAT, pan; iHgekcn «1» 1 «2»
BIJINOBI/IAIOTh BHYTPINIHIN 1 30BHIIIHIA rpaHUIl MPY>KHOT
CTIMKH; 1HIEKCH «S» 1 «f» BINNOBINAIOTh MOYaTKOBOMY i
KIHIIEBOMY KyTaM TPaHUI MPYXKHOI CTIHKH; BPAXOBYIOYH,
o BifcTaHb MK rpaHuisiMu A'B’ 1 AB (ToBmnHa)
MPY>KHOI CTIHKM 3HAYHO MEHIIe 3a il iHII TeoMEeTpUYHi
po3mipw, i rpanuii AA' i BB' ToToXHUI 3HAK «~»;
— B JIEKapTOBiil cucTeMi KOOpIUHAT (X, Z):
X, = ,c0s;= ; (6, )cose,
rpanuusg A'B: 1z =1,Sin6; = fl(el)sin 0;, (5)
0,<0,<6;,



JIMHAMIYHA MOJIEJIb [TPOLIECY JE®OPMALIIL [TPY)XHOI CTIMKU JMUCKATOPA 33

X, =1, C030,=f,(0,)cosh,,

rpanung AB: {Z, =1,Sin0,=1, (ez)sin 0,, (6)
0,<6,<6;,

rpanuipst AA': Z =const, @)

rpanuipt BB': X =const, (8)

Jae X, Z — KOOpIWHaTa TOYKH B JAEKapTOBIH cHCTeMi
KOOPJHHAT, M.

OkpiM 3a3HaYEHOr0 ONHCY TPaHHLb NPYNKHOI
CTIWKH, 11 MOXXHA TPEJCTaBUTH y BUIJISI €KBIBaJICHTHOT
(i3UKO-MaTEeMaTHIHOT MOJIEINI: KOPCTKUH MaTeMaTHIHUH
MasTHHUK JIOBXXHHOIO 1, 10 BaHTaXy SKOTO 3aKpiIUIeHO IBi
mpyXuHH B370BXK oceii Ox 1 Oz i3 koedimienTamMu
XKopcTKocTi Ky 1 k; BiAMOBiAHO, AKi BiIXHUIISIOTH HOTO Ha
KyT ¢. ToOTo Ha BaHTaXX MaTEeMaTHYHOTO MasTHHKA
JIIOTh TOJATKOBO JIBi CHIIM MPY>KHOCTI B3IOBXK Bici OX i
Oz: Fex i Fe; BINMOBIMHO, SIKI MOXKHA TMPEICTABUTH 3a
3akoHOM 'yka st mpyskunu y Burisiai [10]:

Fox = K AXg, 9)

R, =K,Azg, (10)
ne Axg, Azg — abcomIoTHI mepeMimnieHHs Touku B (abo B’)
B JEKApPTOBI CHCTEMi KOOpPAWHAT B  Pe3yIbTarTi
nedopmarii npyxHoi CTIHKH, M.

r,

Puc. 1. Po3paxyHkoBa cxema mporecy aedopmarii
TIPY’KHOT CTIMKH.

Fig. 1. Calculation scheme of the process of
deformation of the elastic strut.

Jns mepexonmy Big peasibHOT 10 E€KBiBaJICHTHOT
(i3uKO-MaTeMaTHYHOT MOJENi HEOOXiTHO BH3HAYHTH
3aJIeKHOCTI aOCONIOTHUX TmepeMimeHs Axp, Azg i
koe(imieHTiB wopcTkocTi kx 1 k; Big reomeTpuyHHX
rmapaMeTpiB HPYKHOI CTIKH 1 NMPYXHHUX BIIACTHBOCTEH
Marepiany. A TakoX BCTAHOBUTH 3JICKHICTh JOBXUHH |
BiZ KyTa Q.

[Tpuitmarodi MacoBi CHJIM PIBHUMHU HYJIIO PiBHSHHS

piBHOBarm TOYOK TIPYXKHOi CTIMKH B  TOJSPHUX
KoopauHaTax mMae Bursi [11]:
oo, 1loo G, — O
arr - aere_'_ 1§ 9 _,
r r r
11)

aGreJr}aGee 425
o r oo r

JIe G, Ogp — HOPMaJIbHI HampyxeHHs, [1a; 6y — JOoTHYHE
HanpyxeHHs, [1a.

3ajexHOCTI MK KOMIOHEHTaMH TeH3opa Jedop-
Maliid i KOMIIOHEHTaMH BEKTOpa MEpeMIIeHHS B TOJISIp-
HHUX KOOpJMHATAX MOKHA MPEACTABUTH y BUIIsiAi [12]:

:0,

Srr:%v
or
Seezlau_e ﬁ’ (12)
roo r
6y = £[1%+%_ﬁ)
2\roo or r
1€ €4, Eggr Erg, — BIOHOCHI medopmanmii; U, Uy -

abcoumroTHI nedopmarii.
PiBHsiHHS 3akoHY ['yka B MNOJSpHMX KOOpIMHATax
mae puriif [ 13]:

€y :é((l_vz)grr _(1+V)Vcee)
€09 :é((l—vz)see —(1+ v)vcr,)

1
€r9 :E(1+V)Grev

ne E — moayne mpyxsocti FOHra marepiany mnpysxHOT
criiku, klla; v — koedinient Ilyaccona wMatepiany
NPYXKHOT CTIAKH.

Jns BupimmenHs crinbHO piBHSHE (11)-(13) BBememo
¢yekmiro Epi B momsipaumx koopamHatax @(r, 0). Ilpm
BOMY HANPYXXEHHS MOXHA BH3HAYUTH HACTYITHUM
yuHOM [ 14]:

(13)

100 1 0%
(e
Gee—az_q)' (14)
or?
_o(100
" _E(FEJ

106 ¢yHKLiT G, Ge, Ore BidmoBiamy Bupasam (14)
¢ynkuist Epi B nomsapaux koopaunarax @(r, 0) moBuHHA
HiIIopsAAKOBYBaTHCS OirapMOHIYHOMY piBHSHHIO [15]:

> 10 10 |d*® 1lod 1@
Py ave [y e Sl Ry
orc ror rooe° o ror r° o0
3rigHo nocmimpkeHb [16-18]: amst kpyroBoro Kinblst
abo HOro 4acTHHHM HAaIpy>KeHHS HporopuiiHi cos® abo
sin6, To0TO QyHKIir0 Epi MO’KHA IIPEICTABUTH Y BUIJISIL:
@(r,0) = (R,(0)cos6 + B,rosin ) + (16)
+(R,(6)sin 6+ B,ro cos6)
ne Ri(0), Rx(0) — mimbHi o¢ymkmii; Bi, By — BinbHi
KOHCTaHTH.

=0. (15)
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Ilincrasmsroun (16) B (15) 1 BupinIytoun oTpuMaHe
piBHAHHS B  mporpaMHOMy Tmakeri Mathematica
OTPUMYEMO 3HAUCHHS BITbHUX (PYHKITiH:

A
Rl(G) = _11 + A21r + A31r3 + A4ll’ In (r),
r
N 7
r
ae A, Aoi, Asy, Ag, A, Az, Az, Az — BiBHI
KOHCTaHTH.

Mincrasmsroun (17) B (16) otpumyemo dynkuito Epi
JUTSL TIPY>KHOT CTIMKH:

@(r,0)= (% + AT+ AT+ AT In(r)) cos 0+

B,rosin (9+(&+A22r+A32r3 +A42rln(r)j>< (18)
r

xSin 6+ B,rocosé.

3 cucremu piBHSIHD (14) i oTtpumanoi ¢yskmii Epi
(18) 3maxommMo ¢yHKIIi BCiX HANpyXeHb, IO
BUHMKAIOTH B IIPYXKHIN CTiLi:

1 .
Gy = r_3(_ 2A;; COSO—2A,Sin 0+

+ r2(2A31r2 C0S0 + 2A4,r2sin 0+

+ Ay C0S0+ A, sin 0+ 2B, cos6 — 2B, sin 0)),
Ggy = 2B;rcos6—B,rosin 6 — B,ro cos6 —
—2B,rsin 6 —cosH x

x(ﬂ+ r(A21+A31r2 +A0n r)j— (19)
r

—sin 9(& + r(A22 +Apr2+ Al r)j
r

O = r%(_ 2All Sln 9 - 2A12 0089 +

+ r2(2A31r2 sin 0 — 2A4,r? cos0 +
+ Ay Sin 06— A, cos)).

HacrynHum etanom € BU3HAa4eHHsS KOHCTAHT A,
Az, Asi, A, A, Az, A, Ap, Bi, Bz Bpaxosyoun
HACTYITHI FPaHUYHI YMOBH MPY)KHOI CTIHKU:

:0,

=Sulr,0)

)= 0kt =0

Stlr-t,6)

Gr9|r:f1(9
()
r9|e 0,

f,(6)

f,(0)
_["ee|e o, =0
f,(6
f,(0
(

=0,

(20)

= =

J.Gre|9 =0; ex’
(0

(
f,(0
J699|9 =6, = ez
f,(0)

= =

[Mincrapnsroun (19) y piBasHHES 3akoHy ['yka (13) i
3anexHocTedt (12) orpumyeMo cucteMy TuEpeHIIIHHNX
pIBHSIHB BiMHOCHO abCOMOTHUX medopmartiii Ur(r, 0) i
Ue(r, 9)2

% = é((l— Vz)r%(_ 2A; €080 — 2A,,sin O +
+ r2(2A31r2 €030 + 2A5,r?sin 6 +

+A,, €080+ A, 5in 0 + 2B, cosO — 2B, sin 0))
—(1+ v)v(2B,rcos6 — B,rosin 6 —
-B,rocos6—2B,rsin 6 -

- cose(— + r(A21 +A5r2+ A, 0N r)j -
r

—sin e[ﬂ + r(AZZ + A32r2 + A42 In I‘)D],
r

%a;_ee + U_rr = é((l—VZXZBerOSB -

- Blresin 0 - B,rocosd — 2B,rsin 6 -

r

—sin e[ﬂ + r(A22 +ALr + A, r)D -
r

—(1+v l—2A c0s0—2A,,sin0 +
( )Vrg 11 12

+ r2(2A31r2 €050 + 2A5,r?sin 0 +

+ A4, C0S0 + A, Sin 0 + 2B, c0s0 — 2B, sin 0))),
1@%4%L&
2\roe or r
~2A,C0s0 + r2(2A31r2 sin 6 — 2A5,r? cosh +
+ A, 5in0— A, cosb)).

Bupimyroun oTpuMaHy CHCTeMy pIiBHSHb B
mporpamMHOMy makeTi Mathematica orpumyemo (yHKIIIT
abcomorHx nedopmariit Ur(r, 0) i up(r, 0):

u,(r,0)= 1+V( A, (2 )+A31vr4+

(21)
) é(“v)rl (-2A;sin6 -

+2A, 2 Inr +4Inrx
X (VAu - (V _1)(A41 +2B, ))+
+ 122y — AP (v —1)— v(A,, +4B,))

u,(r,0)= 1E+r2v (0(2+@2+r?)n)a, +

2 (2 vag, -2+ (2 -2)v)Ay )+
#-1=r2vir)A, + 21417 v)B, )+
+c0s0 (4(v-1)A, —2r*(v -1)A,, +
+4r AL, +4r° A, +Artv A, -

(22)

2
AV AL, + 20 Ay 1 Ay — Tt VA, f 4
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+2r'lnr A, —2r*vinrA,, +2r* 6B, -
—2r" Qv B, +2r* B, —2r' vB, )+
+sing (-4 1A, +12 (-2A,, +

22 -1 Ay 412 —1)-v Ay +
+(v-1)(@+2Inr)A, -2B, +26B,)))).

Bpaxosyroun orpumani abcomoTHi aedopmarii (21)
OTPUMYEMO HOBi KOOPAWHATH TOJOXKEHHS TOUOK B micis
nedopmarii Ipy>KHOI CTIHKH

{XB = (f2(6r )+ u,(f (01 )0 ) cosoy,

zg = (F (05 )+ u,(f (65 )05 ))sin oy
Toni nosxuHa lk 1 KyT ¢ 3rigHo puc. | mpeacraBuMo

y BUIJISAI1 BUpazy:

= \/(XB ~Xpa)? +(2g—2p)" =

= (200 )+ uy 501 ) oty 1,(6, )eos, P+ (2)

(8000, 1,00, )sinoy 1,0, )sino, )
0= arctg ﬁ =
Xg —Xa

(10 0, 1,(0,)00)Js0, 1,00, )50,

(fZ(ef )+ U (fz(ef )’ef ))COSOf _fz(es )COS@S
AOcomfoTHI TIepeMimieHHS Touku B B mexapToBiit

CHCTEMI KOOPIOMHAT B pe3yibTaTi aedopmamnii mpyKHOi

CTIMKHU € HACTYITHUMHU:

AXg = Ur(fz(ef )aef )Cosef '
Azg = u,(F,(65 )0 )sin6y .

(22)

(23)

(25)

= arctg

(26)
(27)

Bpaxosytoun (9), (10), (26), (27) orpumyemo
KoeiIieHTH )OpCcTKOCTi Ky 1 k;
F
k, = & , 28
* ur(fz(ef)lef)cosef 2%)

k, = Fe - .
U, (F,(6 )0 )sin

CrijpHe pilIeHHS OTPUMaHHUX CHCTeM PiBHSHB (19)-
(29) B 3arayibHOMY BHIVIS/II AHAIITHYHUMH METOJAMH €
Jy’Ke€ CKJIQJIHUM IIPOIIECOM, TOMY NepeiieMo 10 PillieHHs
KOHKPETHOI 3a/1aui.

[lpoBenenuii  aHami3  OPYXKHUX  CTIHOK s
JUCKATOPIB  J03BOJISE B TMEPIIOMY  HaOJIMXKEHI
anpokcuMyBatH ix Gopmy 1o ¢yHkuil cipani Apximena,
T00TO

(29)

fl(e):@er,ue 0, <0<,
2n

(30)

f2(6)=f1(6)+h=:—e+b+h,;1e 0, <0 <0, (31)
Y

Je a — War cmipaii, M; b — 3MillleHHs CHipani B3IOBK

panianbHOI KOOpAWHATH, M; h — TOBIIMHA TPYXXHOI
CTIHKH, M.

Jiss BU3HAYEHHS IMOYAaTKOBOrO Os 1 KiHIIEBOTO Of
KyTiB CKOPHCTAaEMOCS yMOBAMH TOPH30HTAIBHOI 1
BEPTUKAJIBHOI TOTHYHOI 10 QyHKMIT cripani Apximena:

3—)2((95)=O,[[e 039532, (32)

dz 3n
— (07 )=0, 16 — <0 <27,
% 0)=0.2 L <,

B pesynbrati neperBopenus (32), (33) orpumyemo
PIBHSIHHS:

(33)

ctgo, =6, + ZnE ;e 06, < (34)
a

N

tg0; = —[Of + ZTEE) , e S?N <0; <2m, (35)
a

Tak, wanpukian, npu a = 0,8 M, b =0, h = 0,01 m
Bupimryroun piBHsHHEA (34), (35) B mporpaMHOMY MaKeTi
Mathematica oTpuMyeMo HAcCTyHmHY GOpMYy NPYKHOL
CcTiiiku (puc. 2):

0,80
f,(0)=——,
10)-22
0,80
f,(0)=——+0,01 (36)
2n
0,8482<6<4,9126.
Z,M
o —
0,2
] 0,1
0 X
x,M 01 0 -1 -02 -03 -04 -05
-0,1 j)
-0,2 y
-0,3 A
MY
-0,5 /
4/
=y—0,6
-0,7
Puc. 2. ®opma npyxHoi criiiku (36).
Fig. 2. The shape of the elastic rack (36).
[Ipuiimaroun TpyXHI  BIIACTHBOCTI  MaTepiamy

npykHoi criikn (crams 60C2A: Moamynb TPYXKHOCTI
E = 212000 MIla, xoediuient Ilyaccona v = 0,28) i
napamerpu reomerpudnoi ¢popmu a = 0,8 M, b = 0 M,
h = 0,01 M mpoBegeMo po3paxyHOK B MPOTPaMHOMY
nmaketi Mathematica piBustab (19)-(29) mig giero pizHHX
cuil Fex 1 Fez.

OkpiM 116010, JUTs Bidyamizarii nporecy aedopmarii
MPY’KHOI CTIMKH IMPOBEIEMO MapajieslbHe MOJICITIOBaHHS B
nporpamaomMy makeTi SolidWorks 3 BukopuctaHHIM
Simulation. MakcumanbHe HaBaHTa)XEHHS BHOMpajacs 3
ypaxyBaHHSM ITUTOMOI ONOPY IPYHTY, TJIMOMHU XOay i
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OIMPUHA 3aXBaTy poOOYOro OpraHy Ha PO3TILIHYTIH
MpyXHIN cTidni i Oyma mpuiiasara 3a 2000 H. Iatepsan
3MiHK HaBaHTaxeHHSA — 250 H. Cxema po3MiIeHHs CUIT ’
KpITUTEHHS TIPY’KHOT CTiHKHU IIpEICTaBIICHO Ha pHC. 3.

dikcoBaHa rpaHULs

BinbHa rpanuis

Puc. 3. Cxema cnit 1 KpiTUICHHS CTIHKH.
Fig. 3. The scheme of forces and fastening of a rack.

Pesynbrati  po3paxyHKy gedopmarii MpyKHOO
CTIWKM B mporpamMHOMy makeTi Mathematica Ta mpukian

Bisyamiszaumii B mporpamHomy makeri  SolidWorks
npe/cTaBieHi Ha puc. 4
Axy 6. MITa

021 '
018 3

0,15

400 l
350 -<

300
250
200 I
150 |
100 l
50

= |

Puc. 4. Posmoain HampyXeHHS G 1 aOCOJIOTHHUX
nepeminieHb Axg, Azg nipu aedopmarii npyKHO CTIHKK
i3 mapamerpu reomerpuunoi dpopmu & = 0,8 M, b = 0 M,
h=0,01 m npu Fex = 500 H, Fe; = 250 H.

Fig. 4. Distribution of stress o and absolute
displacements Axg, Azg at deformation of an elastic rack
with parameters of a geometrical forma=0.8m, b =0m,
h =0.01 mat Fex = 500 H, Fe; = 250 H.

ATNpOKCUMYEMO OTpUMaHI JaHl y BHIIISAI PIBHSHB
Juist KoeditieHTiB sopcTkocTi Ky 1 ks, moBxkunu 11 kyta ¢
€KBIBAJICHTHOTO  MasTHMKa  MpPY)KHOT  CTiKkH i3
napameTpamu reoMeTpuuHoi ¢popmu a = 0,8 M, b = 0 M,
h=0,01 M Bix 3Ha4eHD cH Fex i Fez:
kx = 3457,45 + 5,16807 Fex —0,000617126 Fe,® —
—3,32741 Fe; + 0,000073511 Fex Fe; +

+0,000723372 Fe.2 (puc. 5), (37)
, = 5525,65 — 4,40952 Fey + 0,000854536 Fey? +

+3,92764 Fe, + 0,00114218 Fex Fe; —

~0,00134798 Fe2 (puc. 6), (38)

| = 0,681292 + 0,00011208 Fex — 1,4104-10° Fo, +

+0,000152196 Fe; — 3,16275-10°® Fox Fez +

+3,4585-10° Fo2 (puc. 7), (39)

¢ =1,47517 — 0,000129246 Fex + 1,85543-10® Fe,® —

—0,000115739 Fe; + 3,89549:1078 Fey Fe, +
+1,71867-108 Fe/? (puc. 8).

Koeoimienr xopermsmii
ckmamae R =0,99.

(40)
(37)-(40)

JUIsL  PIBHSHB

2000

Puc. 5. 3anexnicte kKoedimieHTa JKOPCTKOCTI Ky TpH
nedopmarii Mpy»XHOI CTIMKH i3 mapaMeTpy reOMETPUIHOL
dopmu a=0,8 M, b=0m, h=0,01 m Bix cuit Fex i Fez.

Fig. 5. Dependence of the stiffness coefficient ky at
deformation of an elastic rack from parameters of a
geometrical forma =0.8 m, b =0 m, h =0.01 m from the
forces Fexand Fe;.

72000
71500

2000

Puc. 6. 3anexHicTb KoedilieHTa xopcTKocTi K, npu
nedopmarii npy»HOT CTIHKH 13 MapaMeTpy reoMeTpHYHOT
dopmra=0,8m,b=0m, h=0,01 mBix cun Fex i Fe.

Fig. 6. Dependence of the stiffness coefficient k; at
deformation of an elastic rack from parameters of a
geometrical forma =0.8 m, b =0 m, h =0.01 m from the
forces Fexand Fe;.

TakuM YHHOM, 3a pe3yJbTaTaMU BUKOHAHHX
TEOPETHYHUX JOCIIUKEHb JAMHAMIYHOI MOJEi mpolecy
nedopmanii  mpyxHoi  cTikm  JOBiIBHOI  (opMmu
JIUCKOBOTO  TPYHTOOOPOOHOTO  3HAPSIAAS  OJIEPIKaHO
cucremMy AudepeHIifHIX PIBHAHB B 3aralbHOMY BHIJIAIL
i po3po0JieHO BIAMOBIAHWN NPOTPAMHUM KOO B
nporpamMHoMmy Takeri Mathematica, skuit 103BOIIsAE
BU3HAYWTH  HANpPYXEHHS, BIAHOCHI 1  abCOJIOTHI
nedopmarii B KOXKHI#M TOUIl MPYXKHOT CTiKu. Po3risHyTi
MPUKIaAN Ui OOpaHUX KOHCTPYKTHBHHX MapaMeTpiB
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MIPYKHOT CTiliKH JICKaTopa MiATBEPIKYIOTH
aZICKBATHICTh OTPHMAaHUX TEOPETHYHHUX 3aJISKHOCTEH 1
OUIBHICTE iX 3aCTOCYBaHHS B IPHKIAJTHOMY ACIEKTi
TIPHU CTBOPEHHI IUCKOBHUX pOOOYNX OpTaHiB.

140'1
Lya 090
0.8

72000

/1500
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Puc. 7. 3amexHicTh OOBXKHHH | €KBiBaJ€HTHOTO
MasTHHKA TPYXHOI CTIMKH i3 MapamMeTpH TeOMETPHIHOL
dopmu a = 0,8 M, b =0 m, h = 0,01 M mpu ii gedopmarrii
Bixx el Fex 1 Fez

Fig. 7. Dependence of the length | of the equivalent
pendulum of an elastic rack on the parameters of the
geometric shape a=0.8 m, b =0 m, h = 0.01 m during its
deformation from the forces Fexand Fe,.

3aekHICTh

Puc. 8. KyTa  IIOBOPOTY @
€KBIBaJICHTHOTO MasTHHKA MPY)KHOI CTIMKH 13 mapaMeTpu
reometpuyaHol Gopmu 8 = 0,8 M, b =0 M, h = 0,01 M mpu
i1 nedopmarii Big crit Fey 1 Fey.

Fig. 8. Dependence of the angle of rotation ¢ of the
equivalent pendulum elastic rack with the parameters of
the geometric shape a =0.8 m, b =0 m, h=0.01 m during
its deformation from the forces Fex and Fe..

BucHoBku

1. B pesympraTi  aHANITUYHUX  JOCIIJKCHb
JIMHAMIYHOT Moieni nporecy nedopmanii IpyKHOT CTIHKK
JIUcKatopa  Oyap-sikoi  (GOpMH  CKIaJEHO  CUCTEMY
mudepeHiiHNX PpIBHIHb B 3arajJbHOMY BHIVIAL Ta
po3po0IeHO  BIAMOBIAHWI  TPOTpaMHUA  KOA B
nporpaMHoMy TiakeTi Mathematica, skwii 703BOJSIE
BU3HAYWTH  HANpPYXEHHS, BIAHOCHI 1  aOCOJIOTHI
nedopmartii B KOKHIN TOYI TPYKHOI CTIHKH.

2. Tlpuitmatouu GopMy HpYKHOT CTIHKK IuUcKaTtopa
3a cmipans Apximena, To0To ¢yHKIi 11 TpaHUIs 3a1aHi y

MOJAPHAX KOOpANHATAX f (6) = :—e +b,
T
a0 .
f,(0)= P +b+h, ne 6,<0<0;, i3 mapamerpu

reoMeTpuuHOi QGopmu a (mar cmipam), b (3mimeHHs
cmipan B3TOBX pajiansHOi KoopawHatH), h (ToBIIMHA
MPY’KHOI CTIMKM), BH3HAYCHO ii EKBIBaJICHTHY (i3HKO-
MaTeMaTH4Hy  MOZAENb y  BHUIJIOI  JKOPCTKOTO
MaTeMaTUYHOrO MasTHHKA JIOBXHHOIO |, 7O BaHTaxy
SIKOTO 3aKpIIJIEHO JBi MPYXHUHH B3J0BX oceit Ox 1 Oz i3
KoedirienTamu KOpcTKOCTi ky 1 k; BimmoBimHO, sKi
BIJIXWJISIIOTH HOTO Ha KT .

3. Bcranosneni 3aJIeKHOCTI KoediLieHTiB
XKOpPCTKOCTI Ky 1 k7, moBkuHHM 1 1 KyTa ¢ eKBiBaJIeHTHOT
¢isuko-MaTeMaTHYHOT ~ MOJeNi  TpPYXHO{  CTIHKH
JicKaTopa i3 mapaMeTpu reoMeTpuyHoi hopmu a = 0,8 M,
b=0mMm h=0,01 M Bix 3Ha4eHb cril Fex i Fez, 1m0 aitoTh
Ha BUIBHHUH KiHENb CTIHKHK B310BXk oceil Ox 1 Oz.

Cnucok airepatypu

1. I'auoenxo O., Kepnaciox FO. OniHka IHCKOBUX
arperatie. The Ukrainian Farmer. 2013. Nel0, (47)
xoBTeHb. C. 94-95.

2. [Tpunenxo O., Mapunin C. JlOUNBHICTD
BUKOPUCTAHHSA IPYHTOOOPOOHHX arperaTiB 3 THYYKHM
KpilUTeHHSM poOoumx opra”iB. TexHika 1 TEXHOIOTIi
ATIK. 2011. Ne2, (17). C. 32-33.

3. Ilesuenxko 1. A. KepyBaHHs arpodizsmaHuM
CTaHOM TPYHTOBOTO cepenoBuma. Kui. BumaBamumii nim
«Biniuenkoy, 2016. 320 c.

4. Tanomenxo O. I. OOIpyHTYBaHHS TapameTpiB
MIPY>KHHUX CTOSIKIB JUCKOBHX I'PYHTOOOPOOHHUX arperaris:
aBToped. Juc. kaHa. TexH. Hayk: 05.05.11. Ham.
yHIBEpCUTETY OiopecypciB 1 NPHPOAOKOPHCTYBAHHS
VYkpainn. Kuis, 2017. 23 c.

5. Kywmnapes A., Ilesuenxko H., [qoowcaes B.,
Kywnapes C. Mexanuka B3auMOJACHCTBUS padOUMX
OpraHoB Ha ynpyroi noasecke ¢ nousoil. Texunka AIIK.
2008. Ne8. C. 22-25.

6. Kywmnapvos C. A. OOrpyHTYBaHHSA
eHeprozoepirarouoro TEXHOJIOTTYHOTO npotecy
00pOOITKY IPYHTY Ta NapameTpiB NPYKHUHHUX POOOYHX
OpraHiB Jisl YMOB MiBJEGHHOI CTENOBOi 30HM YKpaiHu:
nc. ... kKaaa. TexH. Hayk.: 05.20.01. [a-T mexanizamii Ta
enektpudikarmii cim. rocn-ea YAAH. I'meBaxa, 1999.
189 c.

7. Jlonuenko M. A. BnusHue aBTOKOJNCOAHHU W
penaKkcaloHHbIX  KoJieObaHMH  Ha  3(QQPEKTUBHOCTH
MIPUMEHEHHSI YIPYTUX CTOEK INpPH KYJIBTHBAI[UHM ITOYBBI:
aBToped. auc. KaHJ. TexH. Hayk: cmen. 05.20.01.
Cesepo-3anaaHblit Hay4HO- HCCIIeI0BATENbCKUI
WHCTUTYT MEXaHM3aIMd M SJIEKTPU(PHUKALUKN CEILCKOTO
xo3siicta. Cankr-IlerepOypr-Ilasmosck, 2004. 18 c.

8. ILlesuenko H. A.  DKCIEepUMEHTAILHO-
TeopeTuieckoe 00OCHOBaHHME TMapaMeTpoB  padodmXx
OpPTaHOB C YNPYTUMH CTOHKaMu KyJIbTHBATOPOB IS
MPEIIOCeBHON 00pabOTKU TMO4YBHI: aBroped. uc.
kaHz. TexH. Hayk: 05.20.01. Mocksa, 1988. 19 c.



38 0. B. Kozauenko, K. B. Ceaux

9. Jlabamiox I0. M., Anice E. b. MaremaTuune
MOJICITIOBAHHS TIPOIleCY B3aeEMOJii POOOYOro Oprany
rMOOKOpO3MylIyBada 3 TIpyHTOM. HaykoBwii BiCHHK
Tagpiiicekoro JIepKABHOTO arpoTeXHOJIOTIYHOTO
yHiBepcurety. 2015. Bum. 5. T. 2. C. 133-140.

10. besyxos H. Y. Teopus yrpyrocTu u IIACTHIHOCTH.
Mocksa. TUTTJI, 1953. 420 c.

11. Jlemuoos C. II. Teopus ympyroctu. Mockga.
Bricmas mxona, 1979. 431 c.

12. Caycsenn P. B. BBenieHUE B TCOPHUIO YIPYTOCTH IS
WHXEHepoB 1 (u3ukoB. Mocksa. MIHOCTpaHHas auTeparypa,
1948. 667 c.

13. Tumowenxo C. II, Iyovep [lc. Teopus
ymnpyroctu. Mocksa. Hayka, 1973. 576 c.

14. Hlemaxun E. M. JluHaMuueckue 3amaddl TEOPHUH
ynpyroctd u 1actmaHoctd. HoBocmOmpek: HITY. 1968.
338 c.

15. Bupeep U. A., Masmomos P. P. ConpoTHBIeHHE
MartepuanoB. Mocksa. Hayxka. 1986. 560 c.

16. Tumowenxo C. I1. Kypc teopun ynpyroctu. Kues:
HaykoBa nymka, 1972. 508 c.

17. Rogovskii l. L., TitovaL.L., Trokhaniak V..,
Haponenko O. I., Ohiienko M. M., Kulik V. P. Engineering
management of tillage equipment with concave disk spring
shanks. INMATEH. Agricultural Engineering. 2020.
Bucharest. Vol.60. Nol. P.45-52. doi: 10.35633/
INMATEH-60-05.

18. Rogovskii I. L., Titova L. L., Trokhaniak V. 1.,
Rosamaha Yu. O., Blesnyuk O. V., Ohiienko M. M.
Ohiienko A. V. Engineering management of two-phase
coulter systems of seeding machines for implementing
precision farming technologies. INMATEH. Agricultural
Engineering. 2019. Bucharest. Vol. 58. No 2. P. 137-146.
doi: 10.35633/INMATEH-58-15.

References

1. Haidenko O., Kernasiuk Yu. (2013). Evaluation
of disk aggregates. The Ukrainian Farmer. 10(47). 94-95.

2. Hrynenko O., Marynin S. (2011). Expediency of
use of tillage units with flexible fastening of working
tools. Tekhnika i tekhnolohii APK. 2(17). 32-33.

3. Shevchenko I. A. (2016). Management of agro-
physical condition of the soil environment. Kyiv.
Vydavnychyi dim «Vinichenko». 320.

4. Haponenko O. 1. (2017). Substantiation of
parameters of elastic risers of disk tillage tools: avtoref.
dys. ... kand. tekhn. nauk: 05.05.11. Nat. universytetu
bioresursiv i pryrodokorystuvannia Ukrainy. Kyiv, 23.

5. Kushnarev A., Shevchenko Y., Diuzhaev V.,
Kushnarev S. (2008). Mechanics of interaction of working
tools on elastic suspension with soil. Tekhnyka APK. 8.
22-25.

6. Kushnarov S. A. (1999). Substantiation of
energy-saving technological process of tillage and
parameters of spring working tools for the conditions of
the southern steppe zone of Ukraine: dys. ... kand. tekhn.
nauk.: 05.20.01. In-t mekhanizatsii ta elektryfikatsii sil.
hosp-va UAAN. Hlevakha, 189.

7. Donchenko M. A. (2004). Influence of self-
oscillations and relaxation oscillations on efficiency of
application of elastic racks at soil cultivation: avtoref. dys.

... kand. tekhn. nauk: spets. 05.20.01. Severo-Zapadnsii
nauchno- yssledovatelskyi ynstytut mekhanyzatsyy y
slektryfykatsyy selskoho khoziaistva. Sankt-Peterburh-
Pavlovsk, 18.

8. Shevchenko Y. A. (1988). Experimental and
theoretical substantiation of the parameters of working
tools with elastic tines of cultivators for presowing soil
cultivation: avtoref. dys. ... kand. tekhn. nauk: 05.20.01.
Moscow, 19.

9. Labatyuk Yu. M., Aliyev E. B. (2015).
Mathematical modeling of the process of interaction of
the working tools of the deep cultivator with the soil.
Naukovij visnik Tavrijskogo derzhavnogo
agrotekhnologichnogo universitetu. 5(2). 133-140.

10. Bezukhov N. Y. (1953). The theory of elasticity
and plasticity. Moscow. HYTTL, 420.

11. Demydov S. P. (1979). Elasticity theory:
uchebnyk. Moscow. Vysshaia shkola, 431.

12. Sausvell R. V. (1948). An introduction to
elasticity theory for engineers and physicists. Moscow.
Ynostrannaia lyteratura, 667.

13. Tymoshenko S. P., Huder D. (1973). Elasticity
theory. Moscow. Nauka, 576.

14. Shemiakyn E. Y. (1968). Dynamic problems of
the theory of elasticity and plasticity. Novosybyrsk: NHU,
338.

15. Byrher Y. A., Mavliutov R. R. (1986). Strength of
materials: Uchebnoe posobye. Moscow. Nauka, 560.

16. Tymoshenko S. P. (1972). Elasticity theory
course. Kyiv: Naukova dumka, 508.

17. Rogovskii I. L.,  TitovaL.L.,  Trokhaniak V. 1.,
Haponenko O. I,  Ohiienko M. M.,  Kulik V. P.  (2020).
Engineering management of tillage equipment with concave
disk spring shanks. INMATEH. Agricultural Engineering.
60(1). 45-52. doi: 10.35633/INMATEH-60-05.

18. Rogovskii I. L., Titova L. L., Trokhaniak V. 1.,
Rosamaha Yu. O., Blesnyuk O. V., Ohiienko M. M.
Ohiienko A. V. (2019). Engineering management of two-
phase coulter systems of seeding machines for
implementing precision farming technologies.
INMATEH. Agricultural Engineering. 2019. 58(2). 137-
146. doi: 10.35633/INMATEH-58-15.

JMHAMUWYECKAS MOJEJIb ITPOITECCA
JEGOPMAIMH YIIPYTOM CTOMKHU JIMCKATOPA
A. B. Kozauenko, K. B. Ceovix

AHHOTanusi. B crathe mpencraBieHbl pe3ysbTaThI
TEOPETUYECKUX HUCCIENOBAaHUNA JIUHAMHMYECKOH MOJENH
npouecca JedopmManuy  ynpyrod CTOMKH JIMCKOBOTO
OpyAusl IIPOM3BOJIEHOM (OPMBI, COCTaBJIEHA CHCTEMa
midepeHnInanbHbIX  ypaBHEHHH B o0meM Buie U
pa3paboTaH COOTBETCTBYIOIIMHA MPOTPaMMHBIN KOX B
nporpammuoM makere Mathematica, kotopsrit mo3BossieT
OTIPEIeNIUTh HampsDKEeHNE, OTHOCHTEIILHBIE u
abcommoTHBIE JeopMaruil B KaXXAOH TOYKE YIPYyro
CTOMKHM auckaropa. [IpumHnmas ¢opmy ynpyroil CTOHKH
JUCKaTopa 3a crnupaib Apxumena, kKorma (QyHKIUU ee

T'paHUIl 3aJlaHHBbIC B TOJIAPHBIX KOOpAUHaATax
10)=2%1b, £,0)=2%b+h, xe 0, <6<0,
27 2

,[Ie W TapaMeTpsl reoMeTpuyeckoil (opmbl a (mar
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coupanu), b (cMelieHuwe crnmpand BHOJNb PagHalbHON
KoopauHaThl), h  (ToJm[MHA  yOpPyro  CTOHKH),
OTIpE/ICIICHBI €€ SKBUBAJICHTHAS (PM3WKO-MaTeMaTHIecKas
MOJIeNb B BHIC JKECTKOTO MaTeMaTHYECKOrO MAasTHHKa
muHOM |, K Tpy3y KOTOpPOTO 3aKperuIeHBI [BE MPYKHUHbI
BHoIb oceit OX u Oz ¢ koahuIeHTaMu KecTKOCTH Ky 1
Kz, COOTBETCTBEHHO, KOTOPBIC OTKIOHSIOT €ro Ha yroi ¢.
Y CTaHOBIICHBI 3aBHCUMOCTH KO3(P(QUIIUCHTOB KECTKOCTH
kx u k;,, munel | u yrma ¢ SKkBUBaNeHTHOH (H3UKO-
MAaTeMAaTUYCCKOW MOJICNIN YIPYroi CTOWKH AMCKaTopa C
napamerpamu reomerpudeckoit gopmer a=0,8 M, b=0 M,
h=0,01 m or 3nHauenwmii cun Fex u Fer, melicTByrommx Ha
CcBOOOIHBIN KOHEL CTOMKH BIOJb ocelt Ox 1 Oz.

KiroueBble  cjoBa:  OuCK, ynopyras CToWKa
IFICKAaTopa, IFCKOBOE OpYIHe, IUCKATOp, xehopMarus
YOPYIroi CTOMKH.

DYNAMIC MODEL OF PROCESS
OF DEFORMATION OF ELASTIC RACK
OF DISK CULTIVATOR
O. V. Kozachenko, K. V. Siedykh
Abstract. The article presents the results of
theoretical studies of the dynamic model of the process of
deformation of the elastic rack of a disk tool of arbitrary
shape, a system of differential equations in general and
developed the corresponding program code in
Mathematica software package. Taking the form of an
elastic discus disk for an Archimedean spiral, when the
functions of its boundaries are given in polar coordinates

fl(ﬁ):gntb, fz(ﬁ):ngbJrh, where

0, <0<6;, where the parameters of the geometric

shape a (spiral pitch), b (spiral displacement along the
radial coordinate), h (elastic column thickness) are
determined by its equivalent physical a mathematical
model in the form of a rigid mathematical pendulum of
length I, to the load of which are attached two springs
along the axes Ox and Oz with stiffness coefficients kx
and k;, respectively, which deflect it by an angle ¢. The
dependences of the stiffness coefficients kx and k;, the
length 1 and the angle ¢ of the equivalent physico-
mathematical model of the elastic stand of the disc with
the parameters of the geometric shape a=0.8 m, b=0 m,
h=0.01 m on the values of Fex and Fe;, acting on the free
end of the rack along the axes Ox and Oz.

Key words: disk, elastic disk rack, disk tool, disk,
deformation of elastic rack.
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PYXOMMUI I HEPYXOMMM AKCOIiJIM TPUTPAHHUKA ®PEHE HAIIPSIMHOI KPUBOI
HA IPUKJIAJI HWJITHAPAYHOI JITHIT

T. A. Kpecan, C. ®. [Tuinnaka, B. M. ba6ka, 5. C. Kpemeunb

HamionansHuiil yHiBepcHTET 0i0pecypciB i MpUPOAOKOPUCTYBAaHH YKpaiHu, YKpaiHa.
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bi6n. 9, puc. 10, ma6ba. 0.

AHoTanisg. SKmo TBepae TiO 3IIMCHIOE MPOCTOPO-
BUI pyX, TO B KOXXEH MOMEHT 4acy e pyX MOKHA PO3K-
JIacTH Ha 00epTaJbHUN 3 KyTOBOIO IIBUAKICTIO 1 IMOCTYyIa-
JMBHUHN 13 JiHIHHOIO mBHAKICTIO. Hampsm oci oGepTaHHs i
BEJIMYMHA KyTOBOI IIBHIKOCTI, TOOTO BEKTOp 00EpTaib-
HOTO PyXy B JJaHHI MOMEHT 4yacy He 3MIHIOEThCS He3aje-
JKHO BiJl TOUKH TBEpJOro Tijia (IOJI0Ca), BiTHOCHO SIKOTO
3MIACHIOETHCS PO3KIaJaHHs IBHIKOCTEH. It JiHIHHOT
LIBUKOCTI TOCTYNAJBbHOTO PYyXy BiZOYBaeThCsl BCe Ha-
BIIAKM — MOJYJIb 1 HATPSAM BEKTOPa 3aJICXKAaTh Bl BUOOPY
moitoca. B TBepaoMy Timi MOKHa 3HAWTH TOYKY, TOOTO
TIOJTIOC, TI0 BIAHOLIEHHIO JI0 SIKOTO 00HMBa BEKTOPH 00ep-
TIFHOTO 1 IIOCTYNMAJBHOTO pPYXiB MAalOTh OJHAKOBHH
HanpsiM. CHlbHY TIpsIMYy, SIKY 3aJafoTh IIi JIBa BEKTODH,
HA3WBAIOTh MHUTTEBOIO BIiCCI0 0OepTaHHS i KOB3aHHS, abo
KiHeMaTHYHUM TBHHTOM. BiH Xapakrepm3yeTbcs Hampsi-
MOM 1 mapamMeTpoM — CITiBBIJJHOILICHHSM JIiHIHHOT 1 KyTO-
BOI MIBUAKOCTI. SIKIIO JiHifHA MIBUAKICT IOPIBHIOE
HYJIIO, @ KyTOBa Hi, TO B JaHUH MOMEHT 4acy TijJo 31iiic-
HIOE TUIbKM 00epTanbHUi pyX. SIKio *k BigOyBaeTbcs
HaBIAKH, TO TIJI0O PYXa€eThCs MOCTYNaNbHO 0e3 obepTasb-
HOT'O PYXY.

[Ipu pyci cympoBigHOTO TPUTPAHHUKA 0 HATIPSIMHIH
KpHUBIill BiH 3IiHCHIOE MTPOCTOPOBHUI PyX, TOOTO B KOXKEH
MOMEHT 4Yacy MO’KHA 3HAWTH IOJOXXEHHS OCi KiHeMaTnd-
HOTO TBHHTA. MOr0 po3TamIyBaHHs y TPUIPAHHHKY, 5K y
TBEPIOMY TiJi, I[LIKOM BHU3HAYEHE i MOBHICTIO 3aJICKUTh
Bil MU(EpEHIIaTbHAX XapaKTEPUCTHK KPHBOI Yy TOYI
pO3TalIyBaHHS TPUTPAHHUKA — ii KPUBHHH 1 CKpPYTY.
OCKinbKH B 3aralbHOMY BHITQAKY KPHBHHA i CKPYT 3Mi-
HIOIOTBCSI TI0 Mipi pyXy TpPHUTpaHHHKA IO KPHUBiH, TO i
TIOJIOKEHHS 0C1 KIHEeMaTUIHOTO TBUHTA TEX OyJie 3MiHIO-
BaTUCSI. MHOXHMHA IMX TOJOXEHb YTBOPIOE JIHIHYATy
NoBepxHI0 — akcoix. Ilpu 1poMy poO3pi3HSIOTH akcoin
HEpYXOMHMH 110 BiJIHOIIEHHIO /0 HEPYXOMOI CHCTEMH
KOOPJHMHAT, 1 PyXOMHH — SIKHH yTBOPIOETHCS B CHCTEMI
TPUTPaHHUKA | PyXa€eThCs pa30M i3 HUM.

®dopma pyxoMOro i HEpyXOMOT'O aKCOINiB 3aJIEKUTh
BiZ BUAY KpuBoi. CaMy KpUBY MOXXHa BIITBOPUTH OOKO-
YyBaHHSIM PYXOMOTI'O aKkcoiza 1o HepyXOMOMY 3 OJIHOYaC-
HUM KOB3aHHSM B3J0BX CIIJIBHOI JIiHII JOTHKY i3 JIiHIN-
HOIO IIBUAKICTIO, KA T€X BU3HAYAETHCA Yepe3 KPUBUHY i
CKpPYT KpWBOi B KOHKPETHIii ToUIll. JIJIs1 TNIOCKUX KPHUBHUX
KOB3aHHSI BiJICYTHE, TOOTO PYXOMHMIA aKCOiJ EPEKOUY€ETh-

cs T0 HepyxoMoMy Oe3 KoB3aHHA. € Kiac KPHWBHX, IS
SKHX KyTOBa IIBHIKICTH OOEpTaHHS TPUTPAHHHKA € CTa-
joro. Jlo HUX BiTHOCHTHCSA 1 TBHHTOBa JiHisA. B cTarTi
PO3TISIHYTO aKCOiM¥ IITIHAPHIHIX JiHIA Ta TOOYJOBaHO
JEeSAKI 13 HUX.

KurouoBi ciioBa: pyxomuii 1 HepyxoMmuil akcoinm,
KiHEMaTHUYHHUIA TBUHT, TpUrpaHHUK DpeHe, NUTIHIPUIHA
JIiHisl, KPUBHHA, CKPYT.

HocranoBka npodaeMu

AKCOInu BiIrpatoTh BaXKIIMBY POJIb Y BUBYCHHI PYXY
TBEpIOTO Tijla. 3a3BHYail aHANITHYHHN OIHC PYyXy Tija
3IIMCHIOETBCS 3aJIS)KHOCTAMH Yacy. B HamoMmy Bumaaky
PYX TBEpIOTro TiNa, 3a sIKe MPHUHHATO CYNPOBIAHUHA TpH-
IPaHHUK KPUBOT, MOBHICTIO 3aJIEKUTH BiJI CaMOi KPUBOI.

AKcOinuM € OCHOBOIO Ul NPOEKTYBaHHS 3yOuaTHX
nepenad. J{ns nepenadi o0epTaNbHOTO PyXy MiX OCSIMH,
10 NEePETUHAIOTHCS, aKCOIAaMH CIYXaTh KOHYCH, a MIX
MHUMOODKHUME OCSMH — OJHOMOPOKHHHHI TinepOoIoiau
obepranHs. JlOCHiKeHHsI aKcOiliB CYNpPOBIIHOTO TPH-
rpaHHUKa HAIPSIMHOI KPUBOI JIa€ MOJIMBICTh BUBYATH 1X
(dopMy B 3aJ€KHOCTI BiJ KIIacy KpUBHUX, 30KpeMa, IIHITiH-
JIPUYHHX.

AHaJIi3 0CTAHHIX J0CJTiIKEeHb

B npuxutagaiii reoMeTpii KOUSHHS PyXoMOTo akcoina
10 HEPYXOMOMY BHKOPHUCTOBYETHCS ISl KOHCTPYIOBAHHS
KiHEMaTHYHHUX TIOBEPXOHB, 30KpeMa, POTATUBHUX i CIipo-
imampHux. [Ipm yTBOpEHHI NHEpHIOTO Kiacy MOBEPXOHBb
oOkouyBaHHs BiJIOyBaeTbCs Oe3 KoB3aHH: [1], a B npyro-
My BUNAJKy KOB3aHHS NPUCYTHE [2].

JocnijpkeHHsT CTOCOBHO KiHEMAaTHKH TpPUTPaHHHUKA
®pene HaBeneHo B npausx [3-9]. B mpani [3] HaBeneHo
€JIEMEHTH KiHEMaTHKH 4Yepe3 KPUBHHY 1 CKPYT KpHUBOI, B
npami [4] mocmifpkeHO PyXOMHH 1 HEpyXOMHH axkcoinu
IUTOCKOi KPHBOI, B Ipai [5] — mpocTopoBoi KpHUBOi yKOCY.

[Ipaus [6] mpucBsiueHa OCOONMBUM BHITQAKaM Ha-
MPSIMHUX KPUBUX, U SIKUX PyXOMUH aKCOil TpUTpaHHH-
Ka [IEPETBOPIOETHCS Y INIOCKUN ITYUOK.
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Mera aocjaigKeHb

Po3poburn aHamiTH4HME ommc i MOOyIyBaTH pyxo-
MU 1 HEPYXOMHUH aKCOiqu NESKNX NWTHAPWIHAX JTiHIA
i3 3a0e3MeYeHHsIM CIUIBHOI JIiHIT KOHTaKTy B3IOBXK BiA-
MTOBITHUX MPSIMONIHIHHUX TBIPHUX B KOKEH MOMEHT 4acy
PYXy TpPUTpaHHHKA.

Pe3yabTaTn n0ociigkeHb

[apamerpuyHi piBHAHHS IUJIIHIPUYHOI JIiHIT MalOTh
HACTYIHUU BUTIISAL!

X =TrC0Sa;
y=rsina; (1)
z=12(a),

Je I — pajiyc IMIiHIpa, Ha IKOMY PO3TallloBaHa TBUHTO-
Ba JIHIs;
0 — He3aJle)XHa 3MiHHA — KyT IOBOPOTY TOYKH KPHBOI
HaBKOJIO OCI IIWJIIHJpA, Ha IKOMY PO3TallloBaHa JIiHisL;
z=7(a) — 3aKOHOMIPHICTh TIEPEMIIIICHHST TOYKH [HITiHI-
PpHUYHOT JiHii B3JJOBX OCI HWITIHADA.
B motouHiit Touri A miHii po3TamoBaHUN CYIpPOBiA-
Hull TpurpanHuk @pene (puc. 1). OCKiTBKH TPUTPaAHHHUK
PYXaeThes MO KPHBil B HampsiMi opra ZOTHYHOI 7, TO i
JIHIHA MBUIKICTH V MOCTYMAIBHOTO PYXY CIPSMOBaHA B
HampsMmi nporo opta. Jms cmpomienHs npuiiMemo V=1
mlc, MO He Bele A0 CHPOIICHHS 3arajJbHUX BHCHOBKIB.
MurtTeBuii BEKTOp 0OEpTaHHS ( PO3TAIIOBAHUN y CIIps-
MHIif [IOIIHMHI, yTBOpeHiii opTamu 7 i b . Moro Hampsmui
KOCHHYCH BH3HAYalOThCs 4Yepe3 KpUBHHY K 1 CKpyT o
KpHBOI B IOTOYHI TOYII:
w N S— o, =0; 0] :7k . )
" k4ol ’ , ’ Vk? +o?
3HaMeHHHUKOM mpoekiii (1) € Moaynb BekTopa, T00-
TO BEJIMYMHA KyTOBOI IBHIKOCTI 0OEpTaHHS TPUIPaHHU-
Ka B IIOTOYHIN TOYI.

Puc. 1. Tpurpanank ®peHe KpuBoi i3 BeKTOpaMHu
00epTanbpHOTO 1 MOCTYNATBLHOTO PYXIiB.

Fig. 1. Frenet trihedral of the curve with vectors of
rotational and translational motions.

Biceh kiHEMaTWYHOTO TBHHTa . MapajiedbHa 0

MHTTEBOI OCi 00epTaHHA @ 1 MPOXOAUTH Yepe3 TOYKY B
Ha rosioBHIH HopMmauti (puc. 1). Bincrane AB Tex BH3Ha-
YaeThes uepe3 KpuBHHY K i ckpyT o kpuBoi [5]:

k
kf+o
Taxum YHUHOM, IIIO6 BU3HAYUTHU IIOJIOXKCHHA 1 Ha-
npsam OCi KiHCMaTI/I"IHOrO TBUHTA B TPUI'PAHHUKY q)peHe,

MOTPiOHO 3HATH BHMpasH KpuBuHH K i ckpyry o. Bonum

BH3HAUYAIOTHCS 4epe3 MepIi, APYTi i TpPeTi MOXixHi piB-

HSHB HAIIPAMHOI KPHBOi. 3HAX0INMO TOXiTHI piBHSIHB (1).
[epmmi:

X'=-rsina;
y'=rcosa, (4)
7' =7'(a).
HApyri:
X"=-rcosa;
y'=-rsinea, ®)
2"=17"(a).
Tperi:
X" =-rcosa;
y"=-rsina, (6)
Zlﬂ — Zm(a),
Kpusuny K i ckpyT o 3Haxoaumo 3a Bigomumu ¢op-
mynamu [7]:
2 12 "2
K :r—W”tZ. ©)
(r2 +z’2)4
2'+7"
o= (8)
r2+z'%+2"

Jnst 3HAXOJDKEHHST HEPYXOMOIO aKcoima, SIKHi €
MHOXXHHOIO Ocell KiHEeMaTHYHOTO TBHHTA, MOTPIOHO Tie-
pEUTH Bil KOOPANHAT OKPEMOI OCI B CHCTEMI TPUTPAHHH-
Ka J0 KOOpIWHAT IIi€ei oci B Hepyxowmii cuctemi. J{is
IIBOTO MOTPIOHO 3HATH JIEB’SATH KYTIB, SKi YTBOPIOE KOXKEH
OpPT TPUTPAHHUKA 13 OCAMHU HEPYXOMOI CHCTEMH KOOPH-
HaT. SIKIO MO3HAYUTH Yepe3 ., Br, y: KYyTH, IO yTBO-
proe opt gotuynoi 7 3 ocsamu OX, Oy, i Oz Hepyxomoi
CHCTEMHU KOOPJIMHAT 1 QHAJIOTIYHO JJIs TOJIOBHOI HOpMaJTi
n 1 GiHopmaii b - wepe3 an, fn, yn 1 @b, Pb, Yb, TO Ha-
MpSMHI KOCHHYCH IIHX KYTiB 4epe3 MOXIJHI 3aluryThes

[7]:

rsina
cosq, = ————,
r2 4z
rcosa
cos f3, :ﬁ’
r‘+z
Z!
COSy, = ——,

r2 4z
B z'z”sino:—(r2 +z'2)cosa_
n— )
\/(rz + Z’ZXr2 +2'% 4+ z”)

! ”cosa+(r2 + z’z)sina_

Cosa

7

\/(r2 + z’ZXr2 +2'% 4 z”)

rz'z"

\/(rz + z’Zsz +2'% 4 z”)

z"cosa+12'sina |

cosf, =—

cosy, =

cosay, = ;
Vr2 42?4 7"
z"sina—2'cosa .
cos B, T,
re+z°+z"
(9)
r
CoSy, =

Nri+z? +7"
SIKIIO TOYKA B CHCTEMi TPHIPaHHUKA (HAMPUKIA,
KiHelb BekTopa (2)) 3amana koopauHaTamu {w. wn, wp},
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To il KOOpPAWHATH B HEPYXOMill CHCTEMi 3HaWIEMO 3a
dbopmyaamu riepexony [7]:
o, =, COSa, +m, COSa, + m, COSa;

o, =, C0S B, +®, COS B, + @, COS f,; (10)
w, =, COSy, + @, COSy, + @, COSY,,
[Ticnsa migctanoBku (2) B (10) orpumaemo:
o, = (rcosa, +kcosa, );
k?+o?
(11)

(rcos . +kcos 3,);

. =

1
g vk +o?,

w, = (rcosy, +kcosy, ).

1
" K+ o7
Bupasu (11) € mpoexuisMud OAMHMYHOTO BEKTOPA,

SKMH 3aJja€ HampsiM OCi KIHEMaTW4HOTO I'BHHTAa B HEpY-
XOMi#l cucteMi koopauHaT. Cama BiCh NMPOXOAUTH Yepe3
TOUYKy B Ha ronoBHiii Hopmadii (puc. 1). OTxke B cuctemi
TPUTPaHHHKA BOHA Ma€ TUIBKH OIHY (CepenHI0) KOOpIu-
HATy, a JIBi iHIII JOPIBHIOIOTH HYJIO. [limcTaBuMo Bupas
(3) uiei koopaunatu 1o Gopmyn nepexoay (10) i orpuma-
€MO:
_kcosa, .

k?+o?’
_ kcos g, .

k?+o%’
_ kcosy,

k?+o0?"

Bupasu (12) 3amatoTh KOOpAWHATH TOYKH B B Hepy-

XOMill cMCTeMi 32 YMOBH, IO MMOYATOK KOOPIMHAT 000X
cucreM 30iraeTbcs. OJHAK MOYATOK KOOPAWHAT TPHUTPAH-
HUKA 3HaXOAWTHCS B MOTOYHIHM Toumi kpuBoi (1), Tomy 1o
BupasiB (12) noTpiOHO 10AaTH KOOPIMHATH IOTOYHOT
touku (1). Uepe3 opepixaHy TOUKY B HEPYXOMiid cucTeMi
MOTPiOHO TPOBECTH TpPSAMY MapajelbHO HAMPSIMHOMY
BekTopy (11). I3 BpaxyBaHHSIM LbOTO MapaMeTpUYHI PiB-
HSIHHSI HEPYXOMOTO aKcoi/ia 3aIuIyThCs:
k cos a,

k?+o?

(12)

B

B

X,=rcosa+

+ (rcosa, +kcosay) ;

u
Vk? + o2
0S 5,

: kc

+

ﬁ (rcos B +kcos B,) ;

k cosy
Z =2(a)+——>
H ( ) k2+O'2

u
+————(rcosy, +kcosy,),
Vk? +o°
JIe U — Japyra HesaJie)kHa 3MiHHA TIOBEpXHI — JOBXKHUHA
MIPSIMOITIHIHOT TBIpHOA.

Kpusuna K i ckpyT ¢ HampsiMHOI KpHBOi BH3HaYa-
IOTBCS Yepes3 MepIli, APYTi 1 TpeTi moxinHi ii mapameTpmy-
HUX PiBHSHB 32 BIIOMUMH (YOPMYJIAMH.

PyxoMuM akcoizoMm € MHOXHHa Ocell KIHeMaTHYHOTO
I'BHHTA B PyXOMiil cuctemi koopauHar. Pyx oci kiHema-
TUYHOTO T'BHHTA B CHCTEMi TPHUIPaHHHKA IIIJIKOM BH3Ha-
YEeHU: BIH HOBEPTAETHCA HA KyT ¢ HABKOJO TOJOBHOI

HOopMani n (puc. 1) i KoB3ae B370BXK Hel HA BiACTaHb AB
srinHo i3 3anexHicTio (3). Ilpu takomy pyci niHiiiuara
MOBEPXHs (PYXOMHIl aKcOim, SIKMH pyXaeTbcs pa3oM i3
TPUTPAHHHUKOM, ajie B HOT0 CUCTEMI € HEPYXOMHM) YTBO-
PIOETBCS BIIOMHM CHOCOOOM, XapaKTepHHUM JUIsl 00y 10-
BU KOHOiJa: mpsMa JIiHis (BiCh KIHEMaTH4HOI'O T'BHHTA)
MEPETUHAE HANPSAMHY MNpsMy (TOJOBHY HOpMallb TpH-
TPaHHHKA) i TMPSAMUM KyTOM, KOB3a€ B3JIOBX HEi i Of-
HOYacHO oOepTaeThcsi HaBKoNo Hei. B cucremi Tpurpan-
HUKa yTBOPIOETHCA JIiHiIUaTa MOBepXHA (PyXOMHH aKco-
im), BCi IPSAMOIIiHIMHI TBipHI SKOI IEPETUHAIOTH TOJOBHY
HopMmains. [loOymoBy pyxomoro akcoima Oymemo 3mific-
HIOBATH B HEPYXOMiil CHCTEMi KOOPJMHAT, y AKOi OPT T
36iraethes i3 Biccto Ox, opT n — i3 Biccio Oy, opTr b — 3
Biccto Oz. B TakoMy BHNaaKy napaMeTpUuHI pPiBHSHHS
MOBEPXHI 3aIHIIYTHCS:

X = ur
P \/k2+02’
14
YD:L; (14)
k?+o?
7 - uk

NP
Je U — apyra He3aleXHa 3MiHHA MOBEPXHI — IOBXHHA
MPSIMOITIHIHOT TBIPHOX.

PosrnsHemo npukiragu. Hexait z=a-b-o2 Toni 7'=a-
2b-a, z"=a-2b. [lincTaBiseMo 1i 3aJIe)KHOCTI y BUIIEHA-
BeZieHI (opMynH, a motiM 3a piBHsHHIMHE (13) 1 (14) Oy-
JIlyEMO HEpYXOMHH 1 pyxoMuii akcoigu (puc. 2).

Ha puc. 2 cama kpuBa He mokaszaHa. [loToBiieHOO
JiHie0 300pakeHa TpaekTopis pyxy Touku B. Ha Hepy-
XOMOMY aKCOiJli BOHa € IPOCTOPOBOIO, & HA PYXOMOMY —
NPSIMOIO, OCKITBKH PYXa€ETHCS 10 MPsAMiit JIiHIT — rOJIOBHIN
HOpMaJli TpUrpaHHuka. Akcoimu moOynoBaHi Juisi ¢par-
MEHTa KPHBOI NP 3MiHI mapamerpa a B Mexax a=—m/2...
7/2. Crani BeNWYMHHM MalOTh HACTYIHI 3HAYeHHs: =5,
a=2, b=15.

Jis Toro, mo0 BIiOTBOPHUTH pPyX TBEPAOTO Tilla B
mpocTopi (B HalIOMy BHIIQJKY — TpurpaHHuka Dpene),
HEOoOXi/THO 00KOYYBaTH PYXOMHH aKCOIJ 110 HEPYXOMOMY
3 OJJHOYaCHUM KOB3aHHSM OCT@HHBOTO B3/IOBX CHIIBHOT
NPSMOJTIHIHOT IPsIMOT AOTHKY (MUTTEBOI OCI KiHEMaTHY-
HOro rBuHTA). JIiHiIliHAa MIBUIKICTH KOB3aHHS V. TEXK BU-
3HAYAETHCSI Yepe3 KPUBHHY K 1 CKPYT o HAIPSMHOI KPUBOT

[5]:
v -2 . (15)

" VK +o?

1106 moOyayBaTH IBa aKCOiMH i3 CHUTBHOIO MPSIMO-
JHIHHOIO TBIPHOIO JOTHKY, IMOTPIOHO NEBHUM YHHOM
NepeMiCTUTH pyXxoMuii akcoin. Lle mepemimenns ckiana-
€TbCA 13 ABOX pyxiB. Ilepmmii pyx — MOBEPHYTH PYXOMHMA
aKcoij Tak, mo0 BiAMOBIIHI MPsMi JOTHKY 000X aKCOImiB
Oynm mapanensHUMH. HacTynmHMA pyx — 3iHCHHUTH TOC-
TyNaJibHe MepeMIllleHHsI PyXOMOTO aKCOiJia TAKMM YHHOM,
00 BiAMOBIIHI IPSIMi TOTHKY 30iraincs.

Pyxomuii akcoin ommcaHuil mapaMeTpUYHHMH pPiB-
HaHHAMH  (14). BoHM ommcyloTh oJHOIApaMeTpHUHY
MHOXXHHY TOJI0)KE€Hb 0Ci KIHEMAaTHYHOTO TBUHTA B CHCTE-
Mi TpUTpaHHMKa, SKa B JAHOMY BHIAJKY 30iraerbcs i3
HEPYXOMOI0 crcTeMoro koopauHart. 1100 BuninuTu oxpe-
MY BiCb, siKa OyJie CIIJIBHOIO MPSIMOIO JIOTHKY, HEOOXiTHO
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3aJaTH KOHKpETHE 3HA4YeHHs KyTa o, HapHKIaL, a=0p.
ITpu 3aganomMy 3HadeHHI o 3a ¢popmynamu (9) moTpidbHO
3HANTH JI¢’BATh HANPSIMHUX KOCHHYCIB JJI Ili€] KOHKpET-
HOi oci. [I]o0 BiApi3HUTH IIi KOHKPETHI 3HAYEHHS HAarps-
MHHUX KOCHHYCIB BiJl 3arajlbHOTO 3amucy y gopmynax (9),
nobaBUMO y iX Mo3HadeHHS HWKHINA iHAeke «Oy». Ilicns
LILOTO MOBEPHEMO PYXOMY CHCTEMY pa3oM i3 akcoilnoM
(14) 3a popmynamu (10) B moTpiOHE TTOJIOKEHHS:

x _urcosa, kcose,, ukcose,, .
po 2 2 !
Vk*+o? K't+o Vk? + o?

(16)

v uz cos S, N k cos ., +ukcosﬁb0_
" JK2+o?  K+o? k4ol

_urcosy, . k COS 7,0 . uk cos 7,

7 -
Kot Kot Ko
2.
Vd
0.
2
-4
1\ -
LI y __—
0 — 4 6
1 N — 2
2 9]
b :
X
of e |
1 -
Y
5 | . | . | |

-1 0 1 2 3 2 5 6
Puc. 2. AxcoHomerpuyHe 300paxkeHHs (Bropi) Ta
TOPHU30HTAJIbHA MPOEKIlis (BHHU3Y) HEPYXOMOTO (JIiBOPYH)
1 pyxoMmoro (mpaBopyd) axCOiiB NHMIIHAPHYHOI JiHii,
3aJ1aHoT 3aIeKHIiCcTIO Z=a-h-a?2.
Fig. 2. Axonometric image (top) and horizontal pro-
jection (bottom) of fixed (left) and moving (right) axoids
of a cylindrical line given by the dependence z=a-b-o.

Pyxomuii akcoin (16) opieHTOBaHMIA TaK, IO BHIi-
JeHa mpsiMa (BiCh KIHEMAaTWYHOTO TBUHTA) NapajelibHa
BIJIMOBIIHIA NpsIMili HEPYXOMOTO aKcoina, sIKy MOXHa
3HaNTH i3 MapaMeTpUIHUX PiBHAHB (13) Tex mpu a=op.

Hactynnuii eran — nepeHecTy Mo4yaToOK KOOpAWHAT
CHCTEMH, B sKill onmcaHo pyxomuii akcoin (16) Tak, mo0
MOYaTOK BEKTOpa BHUIUIEHOI oci (Touka B) 36irmucs. Lle
CTaHEThCs, SIKIO [M0YaTOK KOOPAMHAT CHUCTEMU Pa3oM i3

pyxomuM akcoimom (16) mepeHeceMo B MOTOYHY TOYKY
KpHUBOi, Ky 3HaxomuMmo i3 piBHsIHB (1) mpu a=ao. s
IIBOTO TIOTPIOHO 3HATH PI3HUIIO KOOPAWHAT MK IMMH
TOYKaMHU B HepyxoMili cucteMi koopauHat (13) i moBep-
HyTi# (16). Koopaunatu Toukn B B 000X cucTeMax 3Haii-
nemo npu U=0 i a=ao. Ix pisHunEIO € KOOPAUHATH TOUKH
Ha kpuBiit (1) nmpu a=ao. Takum uyuHOM, OO OTpUMATH
nmapaMeTPUYHI PIBHSIHHS PYXOMOIO aKCOina, KU JIOTH-
Ka€eThCs JI0 HEPYXOMOTO B3JIOBXK BHJLICHOT OCi, HEOOXi-
HO JI0 piBHsHB (16) moOaBuTH 3HalAeHy pi3HuIo. [licms
LILOT'O OTPHUMAEMO:

_urcosa,, kcosea,, . ukcose,,

X =
k2+O'2 1’k2+(72

+ rcosa,,
P 0’
Vk? +o?
_urcosf,  Keosf,  ukeosfy o (17)
P 2 2 0’
Vk?*+o? kit+o" JKP+o?
_urcosy, kcosy,, N uk cosy,,
P 2 2
Vk?+o? kito k*+0°
Ha puc. 3 3a piBusnnsimu (13) i (17) noOyznoBaHi ak-
coinu, siki 300paxxeHi Ha puc. 2 okpemo. CrinbHa mpsiMa

JIOTHKY, 300pakeHa MOTOBIICHOIO JIiHI€I0, BIiANOBiIa€
00=0°.

Y

Z +2(ety).

Puc. 3. Akcoinu i3 CHIBHOIO JIHIE TOTUKY TpU
00=0°, siKi 300paxkeHi Ha pHC. 2 OKPEMO.

Fig. 3. Axoids with a common contact line at ae=0°,
which are shown in Fig. 2 separately.

Axkcoinu, 300paxeni Ha puc. 2,3, moOynoBaHi npu
3MiHI mapamerpa U B Mexax U=0...2. IIpore MoxxHa H0-
OmuTncs Kpamioi HAOYHOCTi, MOOYTyBaBIIM BiACIKH LHX
AKCOIZIB TPH IHIIMX MeXaxX 3MIHM [bOro Iapamerpa,
Hanpukian, U=2...4, abo u=—4...—2. Taki Biaciku OynyTh
3HaXOJMTHUCS Ha MEBHIN BIJICTaHi BiJ TpaeKTOpil Touku B
1o pi3Hi croponu Bij Hei. Hampukitan, Ha puc. 4 nobyno-
BaHi aKCOioM 1 LWIIHAPUYHA HAIpsSMHA KpHBa, 3aJaHa
3aexkHICTI0 Z=a-b-0. Hesanexkna 3MiHHA ¢ B 3MiHIOETh-
cst B Mexkax o=—4xl5... 4z/5. Crami BeJMYHHH MAarOTh
HACTymHi 3HaueHHs: (=5, a=2, b=1. JlosxuHa TpsiMOITi-
HIHUX TBIpHUX 3MIHIOETBCS B MeXax U=2...4. B omHOMY
BHUIAAKY (puc. 4, Bropi) JOTHK aKCOiliB BiOYyBa€eThCs
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B30BX oceit ipu ao=0°, B iHmomy (puc. 4, BHU3Y) — TIpH
o0= —n/2. lluppamu no3navyeHo: 1 — HanpsMHA KpUBa, 2—
HEpYXOMHH akcoix, 3 — pyxomuil akcoim, 4 — cmiirpHa
mpsiMa JIiHIS AOTHKY i KOB3aHHA (BiCh KiHEMaTHYHOTO
TBUHTA).

Puc. 4. Axcoimu i3 CHUTbHUMH JiHISIMH JTOTHKY
B30BX OCi KiHeMaTI/I‘IHOFO T'BHUHTA

Fig. 4. Axoids with common contact lines along the
axis of the kinematic screw

Jist noOynoBM akcoiniB TpurpanHuka dpexe 1uIiH-
JpUYHOT JIiHIT 32 pO3pOOJICHOI0 IPOrpPaMoOI0 JOCTATHBO
3a1aTh 3aJeXHICTh Z=2(¢) 11 moxixHui. [To6ymyemo akcoi-
IV TPUTPAHHUKA JJIS UTIHAPUIHO] JTiHii, OTpAMaHOI pu
3anexxHocti z=asinba. Ilpu a=I Takow KpuBOW Oyxe
eJlirc — IIOCKUit mepepi3 nwitiHapa. Bin 3HaueHHs cranoi
b 3anexwuTs criBBiHOIEHHS #oro oceil. Ha puc. 5 mo0y-
JIOBAHO caM eJiIc i akcoinu npu a=1, b=4.

I3 pucynka 5 BUmHO, 10 BCi OCi KIHEMATUYHOTO TBU-
HTa mapanenbHi Mixk cob6oro. [le o3Havae, 110 BOHU € IU-
JIHIPUYHUMHU OBEPXHSIMH, IIPHYOMY PYXOMHUM aKCOIIOM
€ mionHa. Pyxomuii akcoin moOymoBaHO B JIBOX TOJIO-
JKEHHSIX: B OJHOMY BiH JOTHKAETHCS 10 HEPYXOMOI'O MpHU
o0= ml4 (no3HaueHHs 3a), B qpyromy — npu ao= 67x/5 (1o-
3HaueHHs 30). Pemta mo3HaueHp aHaJOriYHa MO3HAYEH-
HSIM Ha puc. 4.

B mpaui [4] noBeneHo TBepKEHHS, IO IS UIOCKOT
KpPHBOI HEPYXOMHUM aKCOiZIOM € IOJSIPHUI TOpPC HAIPSIM-
HOi KpHMBOI, a PyXOMHM — HOro posroprka. 3rigHo ¢op-
myiu (15) 1 mnockoi KpuBoi, y K0T CKPYT ¢ JAOPIBHIOE

HYJIt0, KOB3aHHS BifACyTHE. lle 0ueBHIHO, OCKIIBKH TOPC
IO CBOIl PO3TOPTIIi KOTUTHCS 0€3 KOB3aHHS.

Puc. 5. Akcoinu cynpoBiTHOTO TpUTpaHHHKA EIIiTIca.
Fig. 5. Axoids of the accompanying trihedral of el-
lipse.

IlonsipHuUM TOpPCOM IIOCKOiI KPUBOI € E€BOJIIOTHHM
LWIHAP, MPSMOJIHIAHI TBIpHI SIKOTO INMEPHEHIMKYISPHI
IUTOLIMHI, B SIKii po3TamoBaHa KpuBa. B Takomy BUMaaky
MPOCTOPOBY 3aJa4y KOYEHHs IOBEPXOHb aKCOiJiB MOXHA
3BECTH O IUIOCKOI 3a/1ad KOYCHHS IX mepepisis, TOOTO 10
B3a€EMHOTO KOYEHHS IUIOCKHUX JiHiH. KodeHHs pyxomoro
aKcoifia M0 HEpyXoMOMYy (TOOTO PO3TOPTKH IO EBOJIOT-
HOMY LWJIIHJPY) MOKHA 3aMIHUTH KOYCHHSAM MPSIMOI IO
KpUBIll — eBOJIOTI mepepizy Hepyxomoro akcoima. [liar-
BEpP/DKEHHS 1[bOT0 MOYKHA MPOJEMOHCTPYBAaTH Ha IPHK-
nangi puc. 5, sKmo HOro MOBEpHYTH Tak, 100 akcoian
CTaJM TPOEKIIOBAJbHUMH, TOOTO CIPOEKIIIOBAIMCS Y
niHii. B TakoMy BHUNagKy KOYECHHS aKCOIMiB, SIKi € I[HITiH-
JPUYHUMH TIOBEPXHSIMH, 3BOJIUTHCS 10 KOYESHHS] OPTOTO-
HAJIHUX MEpepi3iB HUX MUIIHIPiB, TOOTO meHTpoin. Ta-
KW TIOBOPOT 371 CHEHO Ha pHC. 6.

i

Puc. 6. llenTpoinu cymnpoBiIHOro TpUrpaHHHUKA elli-
Ica.

Fig. 6. Centroids of the accompanying trihedral of
ellipse.
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Hepyxomoio HEeHTpOino0 € eBOJI0Ta exirca, a py-
XOMOIO — TIpsiMa JTiHisL. SIKio i1 mpoaoBXKHUTH 0 erirnca i
TOYKY 3YyCTpidi 3 HHM TPHUB’SI3aTH IO NPAMOi, TO TPH
MepeKodyBaHHI IpsMoi (TOOTO PyXOMOi LEHTPOimu) Io
KPUBOJIHIMHIA HEpyXoMili HEeHTpoimi I TOYKa BiATBO-
PUTB elirc.

Skmio y 3anexHocti z=asinba mis b HagaTu iHIIOrO
3HAYEHHS, TO MM OTPUMAEMO IPOCTOPOBY KPHBY, MPUYO-
MY JUISI LJIOTO 3HAYeHHs ctanoi b kpuBa Oyne 3aMKHEHa.
Ha puc. 7 noOynoBaHO KpHBY i HEpYXOMHH aKcoif Ipu
r=5, a=0,75, b=2. fx BuaHO i3 puc. 7, HOBEPXHs aKcoiga
Mae JIiHIT CaMOTIePETHHY.

Puc. 7. Hepyxomuii akcoin TpUrpaHHHUKa 3aMKHEHOT
LU HPUYHOT JTiHIT, 3a1aH01 3anexHicTio 2z=0,75sin2a.

Fig. 7. The fixed axoid of a trihedral of the closed
cylindrical line given by the dependence z=0,75sin20..
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l
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/
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Puc. 8. Biznciku HepyxoMmoro akcoinga, 300paxeHOro

Ha pHC. 7, 1 IX TOpU30HTAJIbHA TIPOEKILis.
Fig. 8. Compartments of the fixed axoid shown in
Fig. 7 and their horizontal projection.

Ha puc. 8 myisg Ha0UHOCTI cepeHs YacTHHA TOBEPXHIi
i3 JIHIAMH caMONepeTHHY He TMokazana. OmuH BiACIK
MOBEPXHI MOOYIOBaHO IIpH 3MiHI MmapameTrpa U B Meax
u=3...5, iHmmii — mpu U=-5...-3.

Hepyxomoro akcoina, sikoro 300paskeHo Ha puc. 7, 8,
moOyI0BaHO TIPW 3MiHI mapaMerpa o B Mexax a=0...27.
Voro moBepxus Tex 3aMkHeHa. Ha puc. 9 moGynoBaHo
pyxoMmuil akcoin (JliBopy4) Ta (parMeHTH HEPYXOMOTO i
PYXOMOT'O aKCOiJiB 13 CHIJIBHOIO JIHIEIO JOTUKY IpH
ao=3nl4.

7
h-'-
AN,
3 - - - 2 0 2 4 5
Puc. 9. Pyxomuii (JliBopy4) Ta gparMeHTH HEPyXO-
MOTO 1 PyXOMOTO aKCOIMiB i3 CIHIJbHOIO JIIHIEI IOTHKY
(paBopyy).
Fig. 9. Moving (left) and fragments of fixed and
moving axoids with a common touch line (right).

'

-5
5

Ha puc. 10 pyxomuii i HepyXxoMuid akcoinu, mo 30-
OpakeHi Ha puc. 9 mpaBopyd, MOKa3aHi B IPOCKIIisIX.

Puc. 10. ®poHTanbHa i FOPU30OHTANIbHA MTPOEKIIIT aK-
CO{JIiB i3 CIIJIBHOIO MPSMOIO JOTHKY.

Fig. 10. Frontal and horizontal projections of axoids
with common touch line.
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Hudposi mo3uayeHus Ha puc. 9, puc. 10 taki x, SK i
Ha puc. 4.

BucHoBkn

1. Pyx cymnpoBiZHOTO TpUTpaHHHKA 10 HANpsIMHIH
KpHBiH MOXHa PO3IJIIaTH, SIK IPOCTOPOBUH PyX TBEPIO-
ro tina. Takuil pyXx XapakTepu3yeTbCsl HasBHICTIO JBOX
JHIHYaTHX MTOBEPXOHb — PYXOMOTO i HEPYXOMOI'O aKcoi-
niB. dopma nUX aKCOINiB MOBHICTIO 3aJICXKUTH Bif qude-
peHIIaNbHUX XapaKTepUCTHK HampsMHOI kpuBoi. 11106 ix
moOyIyBaTH 3a PO3pPOOJICHHM AJTOPHUTMOM i CTBOPEHOIO
MIPOTPaMoi0, TOTPiOHO BBECTH MapaMeTPUYHI PIBHIHHA
HaTPSAMHOI KPHUBOI, 1X IepIi, IpyTi i TPeTi MOXiaHi.

2. JIns mumiHAPIIHOI KpUBOI MOTPiOHO BBECTH TiJb-
KM OJTHY 3aJICXKHICTB 1 11 MOXiJHi, OCKUIBKU JIBi IHIII BXKE
BpaxoBaHI pa3oM i3 pamiycoM IIiHApa. Y BHIAAKY
IUIOCKOT IIMJTIHAPUYHOT KPUBOT — PyX TPUTPaHHUKA MOXK-
Ha BUBYATH 32 JOMOMOTOK PyXOMOI 1 HEpyXOMOT1 IICHTPO-
in, siKi € pe3yJbpTaToM MONEPEYHOTo Nepepidy BiANOBII-
HUX aKCOI/iB.
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OABVKHBIN U HETIOABVKHBIN AKCOU/IbBI
TPEXTPAHHUKA ®PEHE HAITPABJISIOILENA
KPUBOW HA TIPUMEPE LIJIMHIPUUYECKOM

JIMHUU
T. A. Kpecan, C. @. Ilurunaxa, B. H. Babxa,
A C. Kpemey
AHHoTaumsa. Eciu TBepAoe Teno coBepIIaeT Mpo-
CTPaHCTBEHHOE ABIKCHHE, TO B KaXKIbII MOMEHT BpeMe-
HU 3TO IBIDKCHHE MOXKHO Pa3JIOKHUTh HA BpallaTeIbHOE C
YIJIOBOW CKOPOCTBIO M MOCTyNaTENbHOE C JIMHEIHOU CKO-
pocthio. HanpaBnenue ocu BpallleHUsl U BeIMYHHA YTIIO-
BOM CKOPOCTH, TO €CTh BEKTOP BpalllaTeIbHOIO ABHKEHUS
B JAaHHBII MOMEHT BpEMEHHU HE MEHSETCSI He3aBUCHUMO OT
TOYKH TBEPAOro Temna (IoJoca), B OTHOIIEHUH KOTOPOTO
OCYILECTBIISIETCS PA3NIOKEHUsI CKOpocTel. [l TMHeHHOH
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CKOpPOCTH IOCTYNATCIBHOI'O0 ABMXXCHHUA MPOUCXOAUT BCE

HaO60p0T — MOAYJIb U HAallpaBJICHUC BCKTOpA 3aBUCAT OT

BEIOOpa mooca. B TBepmoM Tene MOXXKHO HAWTH TOUKY,
TO €CTh IIOJIFOC, IT0 OTHOIIEHUIO K KOTOpOMY 00a BEKTOpa
BPAIIATENbHOTO W TIOCTYNaTEIBHOTO ABMXCHUH HMEIOT
onMHAaKOBoe HampasiieHHe. OOIIyI0 TPsAMYI0, KOTOPYIO
3a7al0T 3TH JBa BEKTOpPAa, Ha3bIBAIOT MTHOBEHHOH OCBIO
BPAIIEHHS U CKOJBXCHUS, NN KHHEMAaTHIECKIM BUHTOM.

OH XxapakTepu3yeTcsi HalpaBICHUEM M IapaMeTpoM —

COOTHOILIEHUEM JIMHEMHONM M YIJIOBOM CKOpocTH. Eciu
JUHEHHas: CKOpOCTh paBHA HYNIO, a YIJIOBas HET, TO B
JITAaHHBI MOMEHT BPEMEHM TEJI0 COBEpIIAaeT TOJIBKO Bpa-
maTeabHOE JBWOKeHHE. Ecim ke mpoucxoaut HaoOOpoT,
TO TEJIO JBIDKETCS MOCTYyNaTeNbHO 0e3 BpallaTeiabHOro
JIBYDKEHHUSL.

IIpy nBMKEHUH CONPOBOXKAAIOUIETO TPEXTPaHHHKA
10 HANPABJISIOIIEN KPUBOI OH OCYIIECTBISET MPOCTPAHC-
TBEHHOE JBIXKCHHE, TO €CTh B Ka)KJbIii MOMEHT BPEMEHU
MOKHO HaWTH IMOJIOKEHHE OCH KMHEMAaTHYECKOTO BHHTA.
Ero pacnonoxxeHue B TpeXrpaHHUKE, KaK B TBEPAOM TeJle,
BIIOJTHE OTIPEJICJICHHOE M MOJHOCTHIO 3aBUCHT OT AnuQde-
PEHIMANBHBIX XapaKTepUCTUK KPUBOHW B TOYKE PacCIoJIo-
KEHHS TPEXTPaHHUKA — ee KPUBU3HBI M KpydeHus. [loc-
KOJIbKY B OOIlEeM cilydae KpUBH3HA M KpYy4YEHHE H3MEHSI-
IOTCS TI0 Mepe JBIDKEHUS TPEXTPaHHUKA 110 KPUBOH, TO U
MOJIO)KEHHE OCH KHHEMAaTHYECKOro BHHTA TOXe OyJer
H3MEHAThCA. MHOXECTBO 3THUX TOJNOXKEHHIl o0pasyer
JMHENYaTy0 MOBEPXHOCTb — akcoun. IIpu atom pasnu-
YaroT aKCOWJ HEMOABMKHBIN 110 OTHOIIEHUIO K HENOJBH-
JKHOW CHCTEME KOOPIMHAT, Y MOJBMKHBIM — KOTOPBIH
oOpasyercst B CHCTEME TPEXTPAHHHUKA U IBHKETCSI BMECTE
C HUM.

®opmMa NOABHKHOTO U HEMOJBUKHOIO aKCOUIOB 3a-
BHUCHUT OT BUja KpuBoi. CaMy KpHUBYIO MOXKHO BOCHPOH-
3BECTH Ka4deHHMEM IIOJIBIKHOTO aKCOHWJa MO HETOJBHXK-
HOMY C OJHOBPEMEHHBIM CKOJIbKEHHEM BJOJb OOIIei
JIMHUYU COIIPUKOCHOBEHUS C JIMHEHHOM CKOPOCTBIO, KOTO-
pas TOXe OIpeJeNaeTcs] 4epe3 KPUBH3HY M KpydeHHe
KpUBOW B KOHKPETHOM TouKe. [IJI MIOCKUX KPUBBIX CKO-
JIB)KEHUE OTCYTCTBYET, TO €CTh IOABMKHBIN aKCOUI Ka-
TUTCS TI0 HEMOABIXHOMY 0e3 ckombxeHus. EcTh kitacce
KPUBBIX, AJISl KOTOPBIX YIJIOBasi CKOPOCTh BPAIEHUS Tpe-
XTPaHHUKA SIBISiETCS MOCTOSIHHOW. K HMM oTHOcUTCA U
BHUHTOBas ITUHHUA. B cTaThe paccMOTPEHBI aKCOUBI IUITU-
HAPUYECKUX JTUHUHN U TOCTPOCHBI HEKOTOPHIE U3 HUX.

KiroueBble cji0oBa: TOJBIDKHBIH W HETIOABMKHBII
aKCOM/bl, KNHEMAaTUYECKUI BUHT, TpeXrpaHHuk @DpeHe,
LHMIMHAPUYECKas TNHASA, KPUBU3HA, KPYIECHHUE.

MOVING AND FIXED AXOIDS OF FRENET
THRIHEDRAL OF DIRECTING CURVE
ON EXAMPLE OF CYLINDRICAL LINE
T. A. Kresan, S. F. Pylypaka, V. M. Babka, Ya. S. Kremets
Abstract. If the solid body makes a spatial motion,
then at any point in time this motion can be decomposed
into rotational at angular velocity and translational at
linear velocity. The direction of the axis of rotation and
the magnitude of the angular velocity, that is the vector of
rotational motion at a given time does not change
regardless of the point of the solid body (pole), relative to
which the decomposition of velocities. For linear velocity

translational motion is the opposite: the magnitude and
direction of the vector depend on the choice of the pole.
In a solid body, you can find a point, that is, a pole with
respect to which both vectors of rotational and
translational motions have the same direction. The
common line given by these two vectors is called the
instantaneous axis of rotation and sliding, or the
kinematic screw. It is characterized by the direction and
parameter - the ratio of linear and angular velocity. If the
linear velocity is zero and the angular velocity is not, then
at this point in time the body performs only rotational
motion. If it is the other way around, then the body moves
in translational manner without rotating motion.

The accompanying trihedral moves along the
directing curve, it makes a spatial motion, that is, at any
given time it is possible to find the position of the axis of
the kinematic screw. Its location in the trihedral, as in a
solid body, is well defined and depends entirely on the
differential characteristics of the curve at the point of
location of the trihedral — its curvature and torsion. Since,
in the general case, the curvature and torsion change as
the trihedral moves along the curve, then the position of
the axis of the kinematic screw will also change.
Multitude of these positions form a linear surface - an
axoid. At the same time distinguish the fixed axoid
relative to the fixed coordinate system, and the moving -
which is formed in the system of the trihedral and moves
with it.

The shape of the moving and fixed axoids depends
on the curve. The curve itself can be reproduced by
rolling a moving axoid over a fixed one, while sliding
along a common touch line at a linear velocity, which is
also determined by the curvature and torsion of the curve
at a particular point. For flat curves, there is no sliding,
that is, the movable axoid is rolling over a stationary one
without sliding. There is a set of curves for which the
angular velocity of the rotation of the trihedral is constant.
These include the helical line too. The article deals with
axoids of cylindrical lines and some of them are
constructed.

Key words: moving and fixed axoids, kinematic
screw, Frenet trihedral, cylindrical line, curvature, torsion.
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BIIJINB POBOYHUX OPI'AHIB TEXHIYHUX 3ACOBIB HA TPABMYBAHHJI I AKICTh HACIHHSA
3EPHOBHUX KYJIBTYP

H. A. Jlepen’sinko’, B. M. Hoaimyx?, O. JI. JlepeB’sinKo!
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bi6n. 14, puc. 2, maobn. 1.

AHoTauis. Teopernuni pO3paxyHKu Ta
eKCIepUMEHTANBHI TOCII/DKEHHS CBig4aTh, MO MiA dYac
TEXHOJIOTIYHOTO MPOLECY TPAHCIOPTYBaHHSA HACIHHA
TEXHIYHIMHU 3acobamu, 30KpemMa KOBIIOBUMH
TpaHCIIOPTEpPaMH, BHHHKAE  Makpo- 1  0cOOIMBO
MIKpPOTpPaBMyBaHHS 3€pPHIBOK, IO BIUIMBA€ Ha 3HIDKCHHS
SIKICHUX TTOKa3HHUKIB.

AHani3 10ciiKeHb CBITYHTb, 110 HA TPAaBMYBaHHS 1
SKICTh HaCiHHS BIUIMBAIOTh KOHCTPYKLIHHI Mapamerpu
pobouux oprauiB, Oiojoriuni Ta (Hi3MKO-MEXaHIUHI
BJIACTHBOCTI 3€PHIBOK, a TaK0X Marepiajl BUTOTOBIICHHS
a00 MOKPUTTS POOOUNX EIICMEHTIB.

ExcriepumenTanbHi JaHi TIOKa3aIy, 110
MIKpOTPaBMYBAaHHS 3CpPHIBOK O3MMOi IIICHHI 10
TPaHCHOPTYBaHHs 3HaXoAuiaoca B Mexax 22,9-23,5%, a
Tmicis 3aBEepIICHHS TEXHOJIOTIYHOTO npouecy
TpaHCIIOPTYBaHHS ~ craHOBWIO  45,3-46,4%, TOOTO
30UIBIIMIIOCS Y JIBA Pa3H.

[Mogasnpini KOCHiHKEHHS MIOA0 MiIBUILEHHS SAKICHUX
MOKa3HUKIB HACIHHS 3€PHOBHX KYJBTYpP, 3MEHIICHHS
LIKIJUIMBOT /11 MIKpOOPraHi3MiB Ha 3epHIBKH Ta 3HIKEHHS
Makpo- 1 MIKpOTpaBMYyBaHHsI HEOOXIJHO NPOBOIUTH Y
B33a€EMO3B’SI3Ky Ta KOMIUIEKCI OionoriyHux 1 (izuko-
MEXaHIYHUX 0co0IMBOCTEN i qac BCHOTO
TEXHOJIOTIYHOTO TIPOIIECy.

Karo4oBi ciioBa: HaciHHS, 3epHIBKA, TEXHOJOTTUHUI
mpoIiec, SKiCTh, MIKpPO- i MaKpOTpaBMYBaHHS, TEXHIUHI
3aco0u, MBUAKICT PYXY.

ITocTaHoBKa MpodIeMHU

Bupimennas MIPOIOBOIILYOTO 3abe3nedeHHs
HaceleHHs € OJHUM i3  TOJIOBHHX  3aBJaHb
arponpoMHCIOBOrO KOMIUIEKCY KkpaiHu. Jlins  ioro

BHKOHAHHS HEOOXiTHO 30UTBIINTH BaJIOBE BUPOOHHIITBO
3epHa 10 100 MIH. TOHH, y TOMY YHCIi O3UMHX 3€pPHOBHX
KyJnbTyp. JJIs mMociBy MpPOTHO30BaHMX Ta 3aIUIAHOBAHUX
on] i OTpUMaHHsS 30IJBLICHHS YPOXKaHHOCTI O3MMHX
36pHOBHUX Ta iX BaJIOBOTO BHPOOHHIITBA, HEOOXiTHO
IIOPOKY TIATOTOBJIIOBATH  Oijble 2 MIH. TOHH
BUCOKOSIKICHOTO HACIHHSI, a/pKe€ BIJOMO, IO O3MMa
MIIIEHUI], )KUTO Ta IHII Ay)Ke BaKJIHMBI IHIHHI 3€PHOBI
KyJAbTYpH, SKi 3aliMalOTh BEJUKI IUIONI TMOCIBY i
BiIIrparoTh 3HAYHY POJIb, HACAMIIEPE], Y MPOJAOBOIHLIOMY

3a0e3necueHHi. Y 3B’SA3KYy 13 MM BHHHUKAE HaraibHa
morpeba y 3ale3rmedeHHI HACIHHAM 13 BHCOKHUMH
IMOKa3HUKaMH SIKOCTi. BiZoMoO, IO TIJIEKH BHCOKOSKICHE
HaciHHS 3a BCIX IHIOMX OJHAKOBHX MOXKJIMBOCTEMN
3abe3neuye GOpPMYBaHHS OLTBIIOI YACTHHHA MaiOyTHHOTO
Bpokato. ITopsi 3 UM BaXKJIMBUM € TOW (akT, 1m0 iCHYE
JO TeBHOI MipM BiACTaBaHHS 13 YAOCKOHAJCHHSM,
BUPOOHHUIITBOM 1 3aMpOBa/KCHHSIM HOBITHIX TEXHIYHHX
3aco00IB Ta TEXHOJIOTiH 30WpaHHs, MiJrOTOBJICHHS Ta
CIBOM 3epHOBHX KYJIBTYD.

AHaJIi3 JiTepaTypHuUX JxKepeJ

VY crBOpeHHI (yHIAMEHTY HAayKOBHX OCHOB TeOpii
B3a€MOBIUINBY pOO0OYNX TOBEPXOHb MEXaHI3MIB Ta Pi3HUX
MaTepialiB, B TOMY YHCIi 3€pHOBOi MacH, 3HAYHHA
BHECOK 3pOOWIJIM BIJIOMi BYEHi, pe3yJbTaTH IOCIiIKEHb
SIKMX HaBeJleHi B mpaiyx [1, 2, 5, 6].

JocmimkeHHs [2-4, 9-14] CBigUaTh, 110
TpaBMYBaHHSI 3€PHIBOK IIiJj 4ac OOMOJIOYYBaHHS csrae
20%

3a ganumu [5-7], TpaBMyBaHHS 3€PHIBOK 3HAYHO
3pocrae, iHKomH csirae 60—80%, mim 9ac 0OMOOYyBaHHS
— mo 30-35%, a mpu MArOTOBI[ HACIHHSA HABITH
nepesuirye 50%, 3aleXHO BiJ BOJOTOCTI CTPYKTYpH
3€pPHOBOT'O BOPOXY Ta MEXaHIYHUX HABAHTAXKEHb.

Hocmimkenns  [6, 8] cBiguath, MO TpHU
KOHTaKTyBaHHI 3€pHIBOK 3 pOOOYOI0 IOBEPXHEI0 TBHHTA
IIHEKOBOTO TPAHCHOpPTEpa 3aJISKHO B MiTHATTS BHUTKA
HallMeHIIa 1HTEHCHBHICTh NPUTHCHEHHS, a 3HAYHUTbH
MIKpOTpaBMyBaHHS HaciHHs, TiepeOyBae B jiama3oHi
0=5-10°. Tlpm 306impmeHHi KyTa mAHATTS a0 15° i
OinpIe, IHTEHCUBHICTh 3POCTAaHHS MPOMOPITiHHA O KyTa
MiTHATTS] BUTKIB TBUHTA [ITHEKA.

3a mammmu [10] mpm miaCynryBaHHI Pi3HUX BHIB
HaciHHS HEOOXiJHO BHOMpPATH ONTHUMAJbHI PEXHUMH 3
MiHIMQJIPHUMH ~ BUTpaTaMH  €Heprii, MeXaHIYHHUMHU
HaBaHTAXXCHHSIMH JUTSL OTPUMAaHHS SIKiICHOTO HaCiHHSI.

Pesynpratn nocnimkens [11] roBopsATs Hpo BILIMB
CTPECOBHX YMOB Ha SKICTh HAaciHHS, TOOTO CBiTIa,
TEMIIEpaTypH, OKHCIEHHS. A y NO€HaHHI 3 MEXaHIYHUMHU
HaBaHTAXCHHAMH, TpaBMaMu 1 jaedopMaliisiMu SKiCTh
HAaCiHHS 3HM)KYETHCS.
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Hocmimkenns [12] cBiguaTh, M0 CXeMHU CiBO3MIH Ta
Pi3HI €KCTPaKTH OJHOYACHO i3 MEXaHIYHHUMH BIUIMBAMU i
neopMamisMi 3HIDKYIOTh SIKICTh HACIHHS OBOYEBHX Ta
3€PHOBHX KYJBTYD.

TakuM unHOM, THHOOKE 1 BCeOIUHE BUBUYEHHS
(i3uKO-MeXaHIYHUX, O10JIOTIYHUX OCOOIMBOCTEH HACIHHS
1 po3poOieHHS HOBUX TEXHOJOTIH Ta MOJEpHi3alis
pobouux oprasip, 3a0e3MEYUTh MiHIMAIBHY KUIBKICTh
MIKpOTpaBMyBaHHS 3€PHIBOK, TPILIHH, NedopMariiii.

Cutiz 3a3HaYUTH, IO KOMIUICKCHUX TEOPETHYHUX Ta
EKCIIEPUMEHTAIbHO-BUPOOHUYMX  JIOCHIIKEHb  BIUIMBY
pobounx opraHiB Ha MiLIHICTb, pyHHYBaHHs, nedopmarito
1 TpaBMyBaHHS 3€pHIBOK I dYac 30MpaHHSI 1 BCIX
HACTYIHHUX TEXHOJOTIYHMUX TPOILECIB IiATOTOBICHHS
HaciHHA 1 ciBOM He TNPOBOAWIHCH. TOoMy pe3ynbTaTH
JNOCTI[UKEHHS TIOBHHHI BHIIPABUTH 1  TIOKPAIIUTH
BHpIIMIEHHS ITi€] HAA3BUYAHHO BaXKIIMBOI IpoOIeMu.

Merta nocaigkeHb
Mera nocnmiKeHHs — TOKpalleHHsT SKOCTI HaCiHHS

LUISIXOM 3HIDKCHHSI HOTO TpaBMYBaHHS Ha BCIX CTaisx
mporiecy 30upaHHs, 0OpPOOIITHHS, MiATOTOBICHHS 1 CiBOH

Ta pPO3pOONIeHHA OONamHaHHA JUI1 peamizamii X
TIPOIIECiB Y BUPOOHHUIITBI.
Pe3yabTaTn nociaigxeHb
Jns  nocsrHeHHST MeTH Oynu TIOCTaBlIeHI  Taki

3aBJaHHS:

— TIPOBECTH TEOPETHUYHI PO3PAXyHKH IIOJIO BILUTUBY
pobouux  oOpraHiB  TEXHIYHHX 3aco0iB  mig  Yac
MITOTOBJICHHS HACIHHS Ha HOTO TPaBMYBaHHS 1 SKiCTb;

— 3IIACHHUTH 1HKEHEPHI pIMIeHHs 3HIKEHHS MaKpo- 1
MIKpPOTpaBMyBaHHsS 3€PHIBOK Ta MOKPALIEHHsS SKOCTI
HACIHHS IiJ yac MOro migroTOBIEHHS,

— TIPOBECTH CKCIIEpUMEHTaJbHi, BUPOOHMYI Ta
ma0opaTOPHI JOCHTIHKCHHS BIUIMBY TEXHIYHHX 3acCO0iB i
TEXHOJIOTIYHAX TIPOLIECIB HA TpPaBMyBaHHSA 1 SKICTh
HaCiHHS 36pHOBHX KyJbTYp IiJ] yac HOTO IMiATOTOBICHHS.

Teopernuni  JOCH/KEHHS  Ta  PO3paxyHKH
BUKOHYBAINCS NUITIXOM MaTeMaTHYHOTO MOJIEJIIOBAHHS
MpoIIeciB poOOTH TEXHIYHMX 3acO0iB Ta TEXHOJOTIYHUX
MPOIIECiB, BUKOPUCTAHHS OCHOBHUX 3aKOHIB MEXaHIKU Ta
Cy4YacHHX METOJIIB KOMII FOTEPHHUX PO3PaXyHKIB.

ExcriepuMeHTanbHi  JOCTiPKEHHST TPOBOJIWINCH B
a00paTOPHO-BUPOOHMYNX YMOBaX 13 BHUKOPHCTAHHSIM
HaTYpHHX  3pa3KiB Ta  TEXHIYHHMX 3aco0iB  3a
PO3pO0OICHUMH 1 CTAaHIAPTHUMH METOJUKAMHU.

Amnani3 pobiT 1o BUSBICHHIO NMPUYMH Ta (aKTopiB,
110 BILIMBAJIM HA TPaBMYBaHHS 1 AKiCTb HACIHHS IpH HOTO
30upanHi, 00poOJIeHH], TpaHCIOPTYBaHHI, 3aBaHTa)KCHHI
Ta ciBOl TEeXHIYHMMH 3aco0aMM 1 TEXHOJIOTIYHUMH
JMiHIAMM 1I0Ka3aB, IO ICHYIOTH PIi3HI HOTIAIM IO
3HID)KEHHIO X HEraTHBHOTO BILIUBY.

BinpmiicTh TOCHIAHMKIB BIAMIYAIOTh, IO IS OLIBII
00’€KTHBHOTO Ta TIMOOKOTO HAYKOBOTO OOIPYHTYBAaHHS
3aXO0JiB 3HIDKEHHS TPaBMYBaHHSI HaCiHHSI poOOYNMH
OopraHaMu HEOOXiTHO NPOBOAWUTH TEOPETHYHI PO3POOKH
MPOIECiB MAKpo- 1 MIKpO TpaBMyBaHHS, 3HAXOAWUTH i
JOCII/KYBaTl TOJIOBHI (akTOpH, IIO BIUIMBAIOTH Ha

HBOTO, a TaKOXX OOOB’S3KOBO BpPaxOBYBAaTH CTaH
3E€pPHOBOTO  BOPOXY, OioyoriuHi Ta (izionoriuHi
BJIACTHUBOCTI 3CpHIBKA Ta Marepiaji BHUTOTOBICHHS

pobounx oprasiB, abo X TOKPHUTTS T'yMOIO, INIACTMACOIO,
HENIIOHOM.

JocmimkeHHs CBiIYaTh, M0 PYWHYBaHHS MaTepiary
BiIOYBAa€ThCA, SKIIO MEXaHiyHA Mis CHJ, IO Ji€ Ha
Mmarepian, Ourpmma 3a  HOro  MINHICTh,  TOMY
PO3paxyHKOBUM  [UIIXOM  BH3HAUYEHO  BEJIUYUHY
KOHTAaKTYIOUOi CWJIM 3aJIe)KHO BiJ MAacH, HIBUAKOCTI,
NPY>KHOCTI TiJI, IO CIIBYIAPSIOTHCS, @ TAKOK 30BHIIIHIX
(hakTOpiB KOHTAKTYBaHHS.

HeoOxigHO 3a3HaYWTH, MO0 B OCHOBY HayKOBHX
peKOMEHAAIliil 3HIKEHHS TpaBMYBaHHS 3€PHIBOK JAEsKi
JOCTITHUKA Opaid TEOopif0 KOHTAKTYIOUMX aedopMariii
JUTA OTHOPITHIX MaTepialiiB, aje 3epHiBKa, a TUM OiibIie
3epHOBHII BOpPOX, HE BIZHOCATBCA [0 OIHOPIIHUX
MaTepialiB Hi MO CTPYKTypi, OymoBi, a TUM OiiblIe 1O
OiosoriuHoMy 1 XimiuHOMYy ckiangy. OOOB’s3k0BO
HEOOXiJTHO B JIOCJIDKEHHSX BPaXxOBYBaTH KOHCTPYKTHBHI
napamMeTpH, MaTepiaiy, peXKUMHA POOOTH Ta 1HII TEXHIYHI
ocobmmBocTi  MammH.  Ilpm  TpaHCHOpTYBaHHI  Ta
3aBaHTa)XEHHI HACIHHA KOBLIOBUMHU TpPaHCIIOPTEpaMu
BimOyBaeThCS  B3aeMOIisS  3€pHIBOK 3  pobodmmu
MOBEPXHSAMH IIPH 3aBaHTAKECHHI KOBIIIB, IIBUIKOCTI PyXy
CMyTH,  3BOPOTHOTO  BHCHIAHHS,  CIIBYAApsSHHS,
pO3BaHT)XEHHA Ta yAapiB 3 KOXYXOM TOJIOBKH
eneBaTropa, IO CYKYHO BIUIMBa€ Ha TpPaBMYBaHHS,
nedopmarito i 0co0IMBO MiKpOTPaBMYBaHHS 3€PHiBOK.

BesyMoBHO, ny)ke BaKIMBUI BIUIMB Ha Makpo- i
MIKpOTpaBMyBaHHs 3pHIBOK BiJirpae KUIBKICTh HACiHHS,
0  pO3MIIIyeThCS B  KOBII M 4ac  HOro
TPaHCIIOPTYBaHHSI.

Hanana cxema 3amoBHEHHsT HaciHHsIM KoBima (puc. 1)
MOKasye, 110 TOBEPXHs HasBHOCTI HAciHHSI Mae (opmy
JOTapu(pMITHOTO BUTKA ITiJ KyTOM 3pi3y 25-30°.

BinmoBigHO IBOTO PUCYHKA, IUIONII KOHTAKTYBAaHHS
HACiHHSA 13 BHYTPIIIHBOIO TIOBEPXHEI0 KOBIIA MOXHA
BU3HAYUTH, PO3IJIHYBIIM ITOBEPXHI KOHTAaKTYBaHHS 3
ypaxyBaHHSM JOBKHHH TI€PEJHBO] YACTHHH KOBIIA, HOTO
IIMPUHM, IDIOMII JHA Ta IUIONII KOHTAKTYBaHHA 13
MOBEPXHEI0 338/ {HhOT YACTHHHU KOBILIA.

JocmipkeHHsT  MOKa3yoTh, 10 pajiyc OapabaHa,
paliyc OKpYIJIeHHs JIHa KOBILA, KYT 3aXOIUICHHS HACiHHS,
3BOPOTHE 3CHUIIaHHs, KPOK PpO3MILICHHS  KOBILIB,
HMIBUAKICTh PyXy Ta 3aTHCHEHHS 3€pHIBOK MK KOBLIEM i
CMyror  BIUIMBAaIOTb Ha  Makpo- 1  OCOOJIMBO
MIiKpOTpaBMyBaHHS HaciHHs (auB. puc. 1).

3po3yMino, 1o 30UIBIIEHHS PO3MIpIB  KOBIIA
30UIbIIye IUIONIY KOHTAKTYBaHHS 3€pHIBOK 13 Horo
TIOBEPXHEI0, ajle 3POCTaHHS KOHTaKTYI4oi KUIBKOCTI
HACiHHS  BigOYBa€TbCs  MEHII  IHTCHCHBHO,  HIX
30UTBIICHAS] KUTBKOCTI HACiHHS B KOBII TIPH CTaJOMY
KoeilieHTi  3amoBHEHHA, a TOMY 3MCHIIYETHCA
IMOBIpPHICTh TPaBMYyBaHHS HACIHHS.

KoHTakTyBaHHS IpY 3BOPOTHOMY BHCHIIaHHI MOXHA
BHPA3UTH PIBHAHHSIM:

K, :M , @)
100
ne K, — KOHTaKTyBaHHS INPH 3BOPOTHOMY BHCHIIAHHI
HaciHHA, %; M — KUIBKICTh HACIHHA NPH «3BOPOTHOMY
BHUcHIIAHHI», %; V — KiJbKICTh HACIHHSA, 10 KOHTAKTYE i3

nmoBepxHero, %.
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Puc. 1. Cxema 3armoBHEHHS KOBIIIa HACiHHAM: 1 — mepeHst yacTuHa; 2 — 3a/IHs YaCTHHA; 3 — OOKOBI YaCTHHU;

4 — THO KOBILIA; 5 — BEPXHE PO3MIIlICHHS HACIHHSI.

Fig. 1. The scheme of filling the bucket with seeds: 1 — front part; 2 — back part; 3 — side parts; 4 — the bottom of

the bucket; 5 — upper seed placement.

BigmoBimHO M0 mapaMeTpiB  KOBINA, HACiHHA
KOHTAKTY€ 3 IePeAHbOI0, 3aIHhOF0, OOKOBUMH YaCTHHAMHU
i mHoM. Ilmoma KOHTakTyBaHHS i3 3aJHBOIO CTiHKOIO
3aJIe)KHUTh BiJI BEIMYMHH 3aII0OBHEHHS, 3 TOMY BHYTPIIIHIO
IUTOLIY MOKHA PO3paxyBaTH 3a BUPA3OM:

Spen =S, +S,+S5+S,, (2)
ne S, S;, Ss So — IUIONII KOHTAKTYBaHHs HACIHHS 13
NepeHbol0,  3aJHbOI0,  OOKOBUMH  BHYTPILIHIMH
YaCTHHAMH Ta THOM KOBIIA, M2,

Ilin wac BHpPOOHMYMX TmporeciB  00poOIeHHS
3epHOBOTO BOPOXY 1 MIATOTOBIICHHS HACIHHS, 3CpHIBKA
NPOXOIATh JCKUIbKa pa3 4epe3 MeXaHi3MH, TOMY iCHye
IMOBIpHICTh X TOTpPAIUITHHSA Y KOHTaKTYHOUHWH Immap, a
BIINOBITHO  BOHM  OTPHUMYBaTHMYTh  MAakpo- i
MIKpOTpaBMyBaHHSI.

IMOBipHICTH HAsSBHOCTI HE MIKPOTPaBMOBAHOI'O Mg Ta
HE MaKpOTPaBMOBAaHOrO0 Ng HACIHHA Y MOYaTKOBOMY
36pHOBOMY BOpPOCI BH3HAYAEMO IMPU aHAMi31 SKOCTI
3€pPHOBOTO BOPOXY ITiCIIsi 30UpaHHSI.

KimpkicTh HaciHHA, IO HE TpaBMyBajacs NpH

TEXHOJIOTIYHAX  TpoIlecax, 3MIHIOETBCI 1  MOXKe
BHM3HAYATUCH 3AJIEKHOCTSIMM:
ml — mO . M 7C1PKHMI
—CoPeni )

nj =ng-M
Je M; — IMOBIPHICT HABHOCTI HE MIKPOTPaBMOBAHHUX
3epHIBOK Iiicnst X o0OpoOstHHS; N; — IMOBIPHICTB
HasiBHOCTI HE MaKpOTPaBMOBAHMX 3€PHIBOK TMmicis IX
o0poOisiHHS; Mo —  IMOBIpHICTP  HAsABHOCTI He
MIKpPOTPaBMOBaHHX 3€PHIBOK y IOYaTKOBOMY BOPOCi; Ng
— IMOBIpHICTH HasIBHOCTI HE MAaKPOTPaBMOBAHHX 3€PHIBOK
y MOYaTKOBOMY BOpoci; M — KiNBKICTh 36pHOBOT MacH, 110
00poobserses, mt.; C1 Ta C2 — eMIipuyHi KoeQilieHTH;
P — iMOBIpHICTH HassBHOCTI MaKpoO- Ta MiKPOTPaBMOBAaHHUX
3€pHIBOK Y IIapi HACIHHSI.
Takum dYHWHOM, MIKPOTpPaBMYyBAaHHS 1 MOAPIOHEHHS
3epHIBOK MeXaHi3MaMH MOKHA BH3HAYUTH 32 BUPA3aMHU:

m; =mg-M L
P @
ni = no M 2TKHI

AHaii3 IOCTiKEeHHST TI0Ka3ye 110, MPH 3IiHCHEeHH]
TEXHOJIOTIYHUX TPOIECIB Ha SIKICTh HACIHHS BIUIMBAIOTh
KOHCTPYKILIHHI MapamMeTpu i pexxuMu poOOTH 30MpaHHsS
Ta WIATOTOBICHHA HaciHHA, abo IHMMX Oyab-IKHX
oriepariiif TpaHCIIOPTYBAHHS 1 3aBaHTAXXCHHS.

3rigHOo Teopii IMOBIPHICHOTO XapakTepy, OIliHCHHS
TpaBMYBaHHS HACiHHS pPOOOYMMH e€IEeMEHTaMH MAIluHA
3aJIEXKHUTH BiJI SIKOCTI IOYaTKOBOTO 3€pPHOBOTO BOPOXY Ta
Bi  IMOBIPHOCTI  NOTpalUIsHHS  #oro y  map
KOHTAKTYBaHHS 13 MOBEPXHSAMH LIUX MaIIKH.

MiHiMaJIbHI 3HAY€HHS «3BOPOTHOTO BHCHUITAHHS
CIOCTEPIraloThCsl MPU LIBUAKOCTI pyxy crpiuku 1,3-1,5
M/C, a NpU 3HMWKEHHI WIBHIKOCTI pyxy MeHme 1,3 m/c
MepeBakae TpaBiTalliiHe pPO3BAHTAKCHHS KOBIIB. Y
IIbOMY BHUNAIKy 3€pHOBa Maca, He JOCSITHYBIIU
BUBAHTa)XYBAIBHOTO TNAaTpyOKa, 3CHMAeThCs MO 3aiHIid
CTIHIII KOBIIA B KaHAJI XOJIOCTOI YacTHHU CTPIYKH.
3pocTaHHSA MIBHIKOCTI PyXy CTpiuku moHam 1,6 wm/c
MPU3BOJUTH J10 301TBIICHHS «3BOPOTHOTO BHCHUITAHHA», B
IIbOMY BHIIJIKy IE€pPEBa)Ka€ BiLEHTPOBE 3aBaHTAKCHH,
BHACJIIZIOK SIKOTO 3€PHIBKH, BIApAIOYNCH IO KOXKYXY
BEPXHBOI TOJIOBKH, uepe3 IIiJCKaKyBaHHsS 3CHIIAIOTHCS
Ha3ax y Oammak HoOpii. 3MEHIICHHS IIBHUIKOCTI PYyXy
cmyru Big 2,55 m/c no 1,4-1,6 M/c 3MeHIIye «3BOPOTHE
BrucumanHm» B 1,6-1,7 pasu. Kpim mporo, npu nocriitHomy
3aBaHTa)XEHHI HOPIii i3 3MEHIICHHSAM IIBHIKOCTI PyXy
CTpIUKH 3pOocTae KoOe(il[ieHT 3alOBHEHHS KOBIIB i
3MEHIIYETHCS WMOBIPHICTh KOHTaKTYBaHHS 3E€pPHIBOK 3
pobounMH elneMeHTaMHu, M0 B KIHIEBOMY paxyHKY
CHpHsi€ 3HIKEHHIO TpaBMyBaHHS 3epHa. [Ipu migBumeHHi
MIBUAKOCTI PYyXy CTpIUKH eJieBaTopa HACiHHEOYHCHOI
Maman CM-4 Ta Koe]illieHTiB 3alOBHEHHS KOBIIIIB JI0
0,6 m/c, «3BOPOTHE BHUCHUIIAHHS 36pHOBOI MacH CIIOYaTKy
3MEHILYETHCS, & MOTIM 3pOCTae, puc. 2.
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Puc. 2. 3anexHiCTh «3BOPOTHOTO BHCHUIIAHHS»

HaciHHS B HACIHHEOYMCHIN MAaIMHI BiJ MIBHIKOCTI PyXy
CMyTH TpH KoeQillieHTi 3amoBHeHHs KopmiiB: 1 — 0,2;
2-03;3-04;4-05;5-0,6.

Fig. 2. Dependence of "reverse shedding” of seeds in
the seed cleaning machine on the speed of the lane at the
coefficient of filling of buckets: 1 - 0,2; 2 -0,3; 3 - 0,4;
4-05;5-0,6.

HeoOxigHO 3a3HAUMTH, [0 3HAYEHHS IIBHIKOCTI,
IpU  SKii  CIIOCTEepIraeTbcsi MiHIMalbHE «3BOPOTHE
BUCHITaHH», 30UIBIIYETHCS TPH 3pOCTaHHI KoedimieHTa

3aIIOBHCHHS KOBIIIB. 3HaUHE 3HIKEHHS IIBHIKOCTI PYXY
CTPIYKM MOXK€ MPU3BECTH 10 3BOPOTHOTO 3CHIIAHHA 3€pPHA
B XOJOCTHH KaHaJ, IO CIpHATAME 30iJbIICHHIO HE
TIJIBKHM HOTO TpaBMYBaHH:, aje i moapiOHeHHs. Benmunna
TAaKOTO  «3BOPOTHOTO  BHCHIIAaHHA»  3pOCTaE i3
301TBIICHHSAM KOoedillieHTa 3alIOBHEHHS KOBIIIB, a 3HAYHE
30UIBIICHHS] TAKOTO CTaHy HpU KOe(illieHTI 3alOBHEHHS
koBwIiB mnoHang 0,5 BHUKIMKAETbCS THM, LIO €JIeBaTOp
o0JlaHaHMKi MaIlMHAMHU 13 MIUJIKMMHU KOBIIAMH, SKi HE
MOJKHA 3alOBHIOBATH OunbIne HiXK Ha 60 %. Y 3B’s3Ky i3
UM KOe(illiEHT 3alOBHCHHS KOBIIB HE  MOXE
nepesuinyBatu 0,5, a IBUIKICT PyXy CTPIYKHM MOBHUHHA
OyTH B MeXax 710 2 M/C.

AHali3 TEOPEeTHYHHUX IOCHTIHKEHb MOKA3ye, IO TPHU
MIPOXO/KCHHI TEXHOJOTIYHMX IIPOILECIB MiATOTOBICHHS
HaCiHHA Ha MOTo SKICTh 1 TpPaBMyBaHHS BIUIMBAIOTH
KOHCTPYKLIHHI ~ mapaMeTpH, 3alOBHEHHSI  KOBIIIB
HAaCIHHSM, 3BOPOTHE 3CHIIAHHS, IOBHIKICTE PYXY,
3aTHCHEHHS MDK pOOOYHMMH IOBEPXHSMH, 3ITKHEHHS
Toio (auB. puc. 1, puc. 2).

ExcniepumenTanbHi, BuUpoOHMYI Ta J1labopaTopHi
JIOCITIZPKEHHS BILIMBY TEXHIYHHX 3aC001B Ha TPaBMYBaHHS
1 AKICTh HACIHHS MiJ Yac OOPOOJICHHS 3EPHOBOIO BOPOXY
(tabm. 1) npoBoamnucs y arpo3onax Jlicocremny i [Momicest
VYkpainu.

Tabanus 1. TpaBMyBaHHS HAaCiHHS 03UMOTO KUTA MiJl YaC TPAHCIIOPTYBAHHS KOBIIOBUMH TPAHCIIOPTEPaAMH.
Table 1. Injury of winter rye seeds during transportation by bucket conveyors.

[ignpuemcTBoO, Ha3spa Makpo- MikpoTpaBmMu
copt nponecy TpaBMH 3apOoJIOK 000JT0HKa BCBOTO be3 tpaBm
TpaBM
111 * Canexe-Arpo”, | 0 3aBaHT@KCHHS 6,45 6,05 8,25 27,90 72,10
Kuromupcrka KogBIIia
o0nacTs, ITicis 3aBaHTaKCHHSI 10,05 10.95 12.95 57.15 42,85
c. Bepxusmpke- 34 KOBIIIA
COr * Jluinpo * | 1O RBMIMXCHIL | g 45 6,95 8,75 28,75 71,25
UYepkacbka 067acTsb, I
¢. Bepuampke - 34 I 985 11,45 13,95 59,75 40,15

JaHi pe3yipTaTiB eKCHEPUMEHTAIFHUX HOCIHIIKEHB
MMOKa3yloTh, 1[I0 TiCIAd TPaBMYBaHHA  KOBIIOBHM
TPAHCIIOPTEPOM KUTBKICTh MaKpOTpPaBMYBaHHS HACiHHS
xwura 3pocia 1o 10,05% i 9,85%, ToOto OuibiIe, HiX 110
TexHoJoriuHO onepariii Ha 3,6% i 3,7% (quB. Tabmn. 1).

Takox 301IBIIUIUCS MOIMIKOKEHHSI 3apoJiKa, 0 B
3HAYHId Mipi BIJIMBAE Ha TIOJBOBY CXOXICTh, aJKe N0
TPAHCHOPTYBaHHS BOHO cTaHOBWIO 6,05% 1 6,95%, a
micas po3BaHTaXKEHHS 3 KOBIIIB Bigmosimuo 10,95% i
11,45%, To6T0 Olnbmre Ha 4,9% 1 4,5%.

Jani Ttabm. 1 cBiguaTh, OO0 OCOOJMBO CYTTEBO
3pociu MakporpaBmu i3 27,30% ta 28,75% mo 57,15% i
59,75%. Takum 4UHOM, IiCIIs BUBAHTAKEHHS HACIHHS 13
KOBIIIB, HETPABMOBAHOTO HACiHHS 3amummioch 42,85% i
40,15%.

PesynbraTamMu  TOCTIKEHb OKA3YIOTh, MIO ITiJ Yac
BHKOHAHHS TEXHOJIOTIYHUX OIepariii MiAroTOBICHHS
HACiHHA O3MMOTO JKMTA, BHACHIJOK KOHTAKTYBaHHA 1
3ITKHEHHS 3 pOOOYMMH TOBEPXHSAMH, 3EpHIBKH JKHTA
TPaBMYIOThCSI CHUIBHIIIE, HI’K 3€pHIBKH O3MMOI IIIICHHMIII.
Ie Tako MOACHIOETHCS THM, IO 3aPOJIOK 3€PHIBOK KHUTA

BUXOAWTH 32 30BHINIHI MapaMeTpH IOBEPXHi, a IpH
MEepeMillleHHl Ta 3iTKHEHHSX HACIHHS OpPIEHTYETHCS B
Nepiry 4epry 3apoiKoM, BiJ 4YOro mepmui 1 3a3Hae
OinpIre TpaBM.

Bce me B CykymHOCTI crpuse 301TBIICHHIO
TpaBMyBaHHsSI HACiHHS O3MMOTO  JKMTa IiJi 4Yac
TEXHOJIOTIYHHX MPOIECIB HOTO MiITOTOBJICHHS. Y 3B 3Ky
i3 1M HEoOXimHO  mimbupaTH M’AKI  PEKUMH,
CHUCTEeMATHYHO 3/iHICHIOBATH PETYIIIOBAIbHI pOOOTH 11010
pobounx arperaris, Ta BUKOPHCTOBYBATH
MOM SIKIITyBaJIbHI MaTepiajal MpH iX BUTOTOBJICHHI, abo
TIOKPHTTI, TaKi SIK JIepeBO, IJIacTMaca, KalpoH, HEWIIOH,
TOIIO, a/Uke Oynb-sKe TPaBMYBaHHS Ta pyHHYBaHHS
CIpHsi€ 3HIKEHHIO $KOCTI HaciHHS, OcOoOJHMBO HOro
CXOXOCTi, 10 0E3yMOBHO CYTITEBO BIUIMBAaE Ha
YpOXXalHICTh 3€pHOBOI KYJIBTYPH.

BucHoBku

1. V pesynbTaTi TEOPETUUHUX AOCHTIKEHb BILTUBY
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TPAaHCTIOPTYBAJILHUX TEXHIYHUX 3aco0iB Ha 3EpHIBKH
BHSIBJICHO, IIO TIPH MEXaHIYHIN [ii CHJI, 110 BUHHUKAIOTH,
OUTBIIKX 32 1i MIITHICTB, TO BEJIMYHHA KOHTAKTYIOUOi CHIIN
3aJIeKUTh BiJ MIBUOKOCTI pPyXy, MacH, MPYKHOCTI
3€pHIBOK 1 TLJT, [0 CHIBYJApSAIOTHCS, a TAKOXK BiJl BIUTUBY
30BHIIIHIX (aKTOpiB y B3a€EMO3B’SI3KYy 1 CYTTEBO
BIUIMBAIOTh HAa MIKpPO- 1 MaKpOTpaBMYBaHHS HACiHHS.
Hanpy>xeHHsl, 1110 BUHUKAE BiJl MEXaHIYHOT JIii, Ta TUCK Ha
3CpHIBKY MpH 3IiTKHEHHI 3 pPOOOYMMH TOBEPXHIMH 1
B3a€EMOYIAPSIHHSAX CIIPUSAIOTh MIKPOTPaBMYyBaHHIO.

2. llIBuakicTh pyxXy CMYIH, 3allOBHEHHS KOBIIIB
HaCiHHSM, 3BOPOTHE BHUCHIIAHHS, IUIOII IIOBEPXOHb
poOounx opraHiB, 3aTHCHEHHS 3€pHIBOK MK IIUTHHAMH
Ta iHMI (aKTOPH y CYKYNHOCTI i B3a€EMO3B’SI3KY 3
GionmoriYHIMHI Ta MEXaHIKO-T€XHOJIOTIYHUMH
BJIACTUBOCTSIMH HACIHHS 3€pHOBHUX KYJbTYp BIUIUBAIOThH
Ha TPaBMYBaHHS 3€PHIBOK i X SKiCHI ITOKa3HUKH.

3. ExcmepuMeHTanmbHI  JaHi  TOKa3aiHW, IO
MIKpOTpaBMyBaHHsS 3€pHIBOK O3UMOTO JKUTa bi (o)
TPaHCHOPTYBaHHs 3HAXOAWIOCh B Mexax 27,9-28,75%, a
IICJISE 3aBEPIICHHS TEXHOJOTIYHOTO TMPOIECY CTaHOBHJIO
57,15-59,75%, TOOTO 30iBIIMIOCS Y JIBA Pa3H.

4. Pe3ynbTaTi TEOPETHYHUX Ta EKCIIEPUMEHTAIBHUX
JOCIIKeHb CBiAYaTh, IO IIiJ Yac TPAHCIOPTYBaHHS i
KOHTAKTYBaHHS 3€pHIBOK 3 pOOOYMMH IOBEPXHIMH
KOBLIIB, 3BOPOTHOTO 3CHIAHHS, MIBUAKOCTI PYXY,
3aTUCHEHHS 1 3ITKHEHHA  BiAOyBaeThCS  CYTTEBE
30LTBIICHHS MaKpO- Ta MIKpOTPaBMYBaHHS HACiHHS, IO B
KiHIIEBOMY pe3yNbTaTi HETaTHBHO BILUTUBAE HA HOTO SKIiCHI
mokasHUkH. OcoOJIMBO IIe  CTOCYETbCA  3HMIXKCHHS
ITOJIbOBOT CXOXKOCTI HACIHHS, IO BIIMHE HAa 3MEHIICHHS
ypoxaiHOCTI Oy/b-1K01 36pHOBOT KYJIBTYPH.
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BJIMSHUE PABOYNX OPTTAHOB TEXHUYECKUX
CPEJICTB HA TPABMHWPOBAHUE 11 KAYUECTBO
CEMEHA 3EPHOBGBIX KVJIbTYP
. A. Jlepessanxo, B. H. I[lonuwyx, A. /1. lepessanko

AnHoranusi.  Teopernueckue  pacuersl U
SKCIICPUMCHTANBHBIC MCCICIOBAHUS IMOKA3bIBAIOT, YTO BO
BpeMsI TEXHOJIOTHYECKOTO IIpollecca TPAHCIOPTHPOBKH
CeMSH TEXHUYCCKUMH  CpPEICTBaMH, B  YaCTHOCTH
KOBIIIOBBIMH TPAHCIIOPTEPaMH, BO3HHKAET MaKpO- W
0COOCHHO MHKPOTPaBMHPOBAaHUE 3EPHOBOK, YTO BIIUSCT
HA CHW)KCHUE KAaUYECTBEHHBIX ITOKA3aTEIICH.

AHanu3 WcClIeNOBaHWU  TOKa3bIBaeT, uYTO Ha
TpaBMUPOBaHUE u KauecTBO CeMSH  BIIUSIOT
KOHCTPYKIIMOHHBIE ~ TIapaMeTpsl  pabodWx  OpraHoB,
Ouornorndeckne W  (PU3MKO-MEXaHUYECKHE CBOHCTBA

36pHOBOK, a TaKkKe MaTephal W3TOTOBICHHUS HWIIU
MTOKPBITUS pabOYMX IEMEHTOB.
OKclepUMEHTaNbHbIE  JaHHblE  IOKa3ajdHd, 4To

MUKPOTPaBMUPOBAHHUE 3€PHOBOK O3UMOM MIICHUIBI 0
TPaHCHOPTUPOBKH HAXOAMIIOCH B mpeaenax 22,9-23,5%, a
IoclI€  3aBEpUIEHUs  TEXHOJOTHMUYECKOro  Ipolecca
TPaHCHOPTUPOBaHUS cocTaBuno 45,3-46,4%, 1O ecThb

YBEJMUYMIIOCH B JIBa pasa.

JlampHEHIIINE  WCCIIEIOBAHUS 110  TOBBIIICHUIO
Ka4eCTBEHHBIX IOKa3aTeled CeMSH 3epHOBBIX KYJIBTYD,
YMEHBIICHUIO BPEIHOTO BO3JEHCTBUS MHUKPOOPTaHHU3MOB
Ha 3epHOBKH n CHIDKEHHE Makpo- n
MHKPOTPAaBMHpPOBAHHSA HEOOXOAMMO TPOBOJUTH  BO
B3aMMOCBSI3M M KOMIUICKCE OHMOJIOTHUCCKUX U (DU3UKO-
MEXAHUYECKUX OCOOEHHOCTEH BCEro TEXHOJIOIMYECKOTO

mporecca.
KaroueBbie cJIoBAa: CEeMCHa, 3€pHOBKA,
TEXHOJIOTHYECKHI  MpOLIeCC, KadyecTBO, MHKpPO- H

MaKpOTpaBMHUPOBAHUE, TEXHUYCCKUC CPEACTBA, CKOPOCThH
JBUXKCHHUA.

INFLUENCE OF WORKING BODIES
OF TECHNICAL MEANS ON INJURY AND
QUALITY OF SEED OF GRAIN CROPS
D. A. Derevianko, V. M. Polishchuk, O. D. Derevianko

Abstract. Theoretical calculations and experimental
studies show that during the technological process of
transporting seeds by technical means, in particular ladle
conveyors, macro- and especially microtrauma of grains
occurs, which affects a decrease in quality indicators.

Analysis of the studies shows that the structural
parameters of the working bodies, the biological and
physico-mechanical properties of the kernels, as well as the
material for the manufacture or coating of the working
elements, affect the trauma and quality of the seeds.

Experimental data showed that microtrauma of winter
wheat grains before transportation was in the range of 22.9-
23.5%, and after completion of the transportation process
was 45.3-46.4%, that is, doubled.

Further studies to improve the quality of seeds of
grain crops, reduce the harmful effects of microorganisms
on caryopsis and reduce macro- and microtrauma should be
carried out in the relationship and the complex of biological
and physico-mechanical features of the entire technological
process.

Key words: seeds, caryopsis, technological process,
quality, micro and macro trauma, technical means, speed.
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Abstract. Negative changes in the environment,
leading to public pressure and environmental legislation
require fundamental changes in the industrial practice of
business. Survey of the environment in 22 countries found
that: in half of the countries surveyed, the environment is
considered to be one of the three most serious problems of
concern to society. In most countries, the overwhelming
number of citizens surveyed indicated that the state of the
environment had an impact on their health, and an even
larger proportion stated that the environment had an
impact on the health of their children.

The article deals with the problem of increasing the
level of environmental friendliness of transportation in
supply chains. With the modern requirements in the
integrated green supply chain, the reduction of the
harmful impact of production and logistics activities on
nature should be considered at all stages of the
technological cycle of product development and its
promotion through the supply chain.

It is determined that the key technologies for reducing
the anthropogenic impact on the environment are the
optimization of transport processes due to the reduction of
distance during transportation at all stages of the supply
chain; the increase in the use of local resources (reducing
fuel costs and harmful emissions); the use of modern
environmentally friendly energy-efficient vehicles.

The basic principles and approaches of the
consolidated cargo transportation model have been
substantiated, which balances environmental and
economic problems and their testing has been carried out
in the supply chain of the Epicenter hypermarket chain.

Key words: economy, environmental friendliness,
supply chain, routing, optimization, harmful emissions.

Introduction

Negative changes in the environment, leading to
public pressure and environmental legislation require
fundamental changes in the industrial practice of business.
For example, a survey of the environment in 22 countries
found that: in half of the countries surveyed, the
environment is considered to be one of the three most

serious problems of concern to society. In most countries,
the overwhelming number of citizens surveyed indicated
that the state of the environment had an impact on their
health, and an even larger proportion stated that the
environment had an impact on the health of their children.
In 16 out of 22 countries, citizens have stated that they are
avoiding products that harm the environment. Under these
conditions, the local and direct impact of products and
processes on nature can no longer be considered
acceptable or cost-effective; there is a need for a
comprehensive analysis of the lifecycle goals of all
products and processes and for improving their
environmental friendliness.

Formulation of problem

Accordingly, the number of organizations planning to
integrate environmental practices into their strategic plans
and daily operations is steadily increasing. Regulatory
requirements and consumer pressure drive the
development of green supply chains (GrSCM) forward.
Now their scope varies from monitoring of general
environmental management programs to more biased
practices through various “green” processes in production
(reuse, recycling, recovery, reverse logistics, etc.).

Analysis of recent research results

Overseas scholars have conducted a wide range of
studies on various aspects and problems of GrSCM
application: Bektas, T., Laporte, G. (2011) [4], Chaabane
A., Ramudhin A., Paquet M., (2012) [5], Christof, Dr., &
Ehrhart, E. (2012) [6], Dekker R., Bloemhof J., Mallidis I.
(2012) [7], McKinnon, A., Cullinane, S., Whiteing, A., &
Browne, M. (2010) [12], Zhuravskaya M. (2016) [17].

The issues of inclusion of ecological component in the
system of logistic management are considered in the
works of Ukrainian Scientists N. Margita, U. Bilonizhka
[1], O. Mnykh, B. Grechina [2] O. Zagurskiy, S. Rogach,
L. Titova, 1. Rogovskii, T. Pokusa [16] and some others
[18].
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Purpose of research

The goal of the work is to substantiate the basic
approaches of the model of transportation of consolidated
cargoes, which balances environmental and economic
problems and its testing in the supply chain of the
Epicenter hypermarket network.

Results of research

Experience in carrying out lifting works testifies that
Modern researchers are looking at reducing the adverse
impact of production and logistics activities on the natural
spheres at all stages of the product cycle and supply chain
links. And virtually all of them agree that the "green”
supply chain is a supply chain in which at least several
units use "green” (environmentally friendly) technology.
Basically, we are talking about “green” production or
purchasing, and there are practically no works on “green”
transportation of goods. Suppliers, manufacturers, and
customers associated with the supply chain may be
neglected at short distances from each other by
environmentally harmful transport.

However, if the transportation process takes a
significant share in the total volume of supply chain
logistics operations, even in the presence of green
production, procurement and sales oriented on eco-
marketing, then this chain is not considered to be green, in
our view.

After all, according to experts, transport accounts for
about 14% of the total carbon dioxide emissions on the
planet, for storage facilities another 3% [14].
Transportation is also a major source of NOx, SOx, and
particulate matter or fine dust [15]. In this regard, the
introduction of "green" technologies in the logistics
activities will make a significant contribution to
maintaining the climate on the planet suitable for human
life.

The urgent need to reduce the adverse effects of
transport and logistics activities on the environment has
led economically developed countries to taking decisive
action. In 1994, the European Parliament and the Council
introduced the Directive 94/62 / EC of the European
Parliament and of the Council on packaging and
packaging waste, which at the legislative level obliges
companies to increase the use of reusable containers, to
process waste from production and logistics activities, to
introduce packaging management systems. [9].

At the municipal level, cities and regions of EU
countries make decisions to ban the movement of old and,
in some cases, new generation diesel vehicles in European
cities. So, in Germany, after suing Deutsche Umwelthilfe,
it was forbidden to enter certain streets for diesel and
gasoline vehicles of old models in Stuttgart, Hamburg,
Berlin, Cologne, Bonn, Frankfurt am Main and some
other cities. These are diesel vehicles with Euro 4 and
Euro 5 environmental standards. Moreover, the
governments of Denmark and Ireland plan to ban diesel
and gasoline vehicles from 2030 altogether [8].

It should be noted that the principles of green logistics
are widely promoted by the European Logistics
Association, which conducts a European ranking of

logistic projects annually. In 2012, the Green Freight
Europe (Green Freight Europe) project was launched,
initiated by shippers and logistics companies, with the
aim of developing a unified approach to identifying the
emission factors and comparing the environmental
parameters of different transport operators.

In science, the beginning of the development of
"green” logistics in 1989 was provided by the German
scientist E. Miiller, who also proposed the term "green
logistics" (from English green logistics). Together with
his colleagues, he paid great attention to transport
logistics, noting the strong link between logistics,
environmental protection and natural resources. Later,
scientists at Dresden Technical University continued their
research and examined the relationship between business
and the environment.

The urgency of considering this issue by scientists
emerged along with the emergence of the concept of
"social responsibility of business”, which is inherent in
the duality and dialectical unity of contradictions. Indeed,
social responsibility, on the one hand, is an intrinsic
motivation, an innate and acquired capacity that gives the
actions a socially considered, socially significant, spiritual
and moral character.

On the other hand, social responsibility emerges as an
institution that provides for sanctions for socially
inappropriate actions or for inaction. From these
positions, research from foreign scientific sources has
made it possible to distinguish the interpretation of
"green" logistics, which scientists most often rely on.

Thus, according to P. Murphy, R. Braunschweig and
D. Charles "green" logistics directs standard logistical
requirements for the rationality, efficiency and speed of
processing and movement of goods, and takes into
account environmental measures” [13]. Within this
concept, logistic activity is limited to a transport system
of distribution that must be carried out on environmental
principles.

Logistics has traditionally been the planning,
execution and control of the movement and placement of
people and/or goods within the economic system to
achieve certain goals [10]. And if the main function of
traditional logistics is to coordinate all types of logistics
activities to meet the needs of customers with minimal
cost, then in green logistics, companies pay more
attention to external externalities related to climate
change, air, water and soil pollution in order to achieve
sustainable balance between economy, environment and
society [11]. The basic principles of environmental
logistics include environmentally safe transportation and
storage of material resources [3].

If we consider transport separately, the key tasks to
reduce the harmful effects of transport on the environment
will be:

- reducing the harmful effects of transport on human
health by reducing the amount of impacts, emissions and
discharges, the amount of waste on all modes of transport
(training and streamlining of routes);

- reduction of energy consumption of transport;

- motivation for the transition of wvehicles to
environmentally friendly fuels.

Solving certain tasks is directly related to the
significant financial costs that consumers are not always
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ready to compensate. So, one of the most important issues
in green logistics is balancing environmental and business
(economic) issues. Improving the environment is
expensive, so the question is what trade-offs arise
between the consequences of economic activity and its
value, and what solutions can balance environmental and
economic problems? That is to say, the main task in this
area is to identify solutions in which, at constant costs,
environmental damage only decreases. Such solutions are
called environmental.

Among them, an important transport concept in terms
of environmental friendliness is "Vehicle Routing and
Planning (VRSP)", i.e. the search for the most optimal
routes and means of transportation of goods.

In this concept, the process of optimizing the supply
chain can be represented as finding the best option for the
functioning of the supply chain from the many possible.
In order for the supply chain optimization process to take
place, it is necessary to clearly understand what and how
to achieve the end result, i.e. a "perfect” model, once
created and tested in managing other supply chains (best
practice methodology), or designed in "laboratory"
conditions, to which the parameters must be sought. An
"ideal" supply chain model assumes the existence of a
single information system that manages orders based on
the fact that:

* the time of the order fulfillment cycle should be
minimal in terms of deviations from the terms stated by
the customer (ideally zero);

* the amount of inventory in the supply chain should
be minimal (ideally zero);

* the impact of the human factor must be minimal,;

* the use of environmentally-friendly transportation
technologies should be maximized.

Depending on the desired results, each optimization
has its own separate goals. In the supply chain of the
Epicenter hypermarket chain we have studied, the
transport process has been optimized in such a way that
symbiosis of efficient, economic and environmental
transportation of products has occurred.

I e — d )
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Fig. 1. Optimized schedule of deliveries of goods to
Epicenter stores in Kyiv.

Technological operations during the execution of It
should be noted that such a supply option is possible and
entitled to life. It significantly reduced the time and

distance of supply, with all customers satisfied. However,
this decision is not the only one. The shortest path is only
possible if there is no ambiguity in the choice of arcs in
the algorithm. In this example, such ambiguity has arisen
and accordingly there is an alternative solution:
(s.e)={(s:a).(a.d),(d.e)} 1)

That is to say, to fully implement the "ideal” model in
the practice of the transport company "Epicenter” is quite
difficult. This is because it fails to accurately reproduce
all the conditions in which the "ideal" model of another
supply chain operates, and, moreover, it is impossible to
embody a specially created "ideal" model, since it cannot
take into account all real, and constantly changing,
parameters of external and internal business environment.

Therefore, in order to get as close as possible to the
parameters of the desired "ideal" supply chain model, it is
necessary to be able to respond quickly and effectively to
increasingly complex consumer requests, but without
losing the idea of achieving the goals of balancing cost-
effectiveness and environmental friendliness.

However, the Vehicle Routing and Planning (VRSP)
problem is only about identifying routes and schedules for
a fleet of vehicles to meet the demands of many
customers. Reducing the overall distance of transportation
itself will undoubtedly provide environmental benefits by
reducing the consumption of fuel and pollutants.

However, the relationship between routing and vehicle
emissions is not so straightforward. For example, the time
spent in traffic jams by a vehicle with a cold engine can
have a significant impact on environmental pollution.

Another solution to the problem of improving the
environmental performance of transportation is to
consolidate, especially when transporting goods in small
lots ("Less-Than-Truckload" (LTL). In this case, when it
goes about long-distance transportation, smaller lots are
combined with larger ones to achieve both economic and
environmental efficiency.

The inclusion of intermediate transshipment points in
this system, which will move goods from large trucks to
environmentally friendly wurban trucks, will further
improve the quality of environmental management in
transportation. In addition, consolidation efficiency can
also be achieved by combining transportation from
different suppliers to neighboring stores, i.e. the use of
car-sharing systems, such as modifying business thinking
and facilitating the economic benefits of creating an
integrated "green" supply chain.

Combining certain approaches, the task of building a
transportation model is to optimize the routing of a fixed-
capacity vehicle fleet to deliver consolidated cargo over a
period of time. Optimization is determined by finding a
solution that minimizes the number of cars used and the
total travel time.

Travel time is calculated knowing the time of
departure and an accurate estimate of the average speed of
the car when driving on a certain route (arc). Thus,
minimizing the total travel time, the resulting solutions
will direct vehicles to roads on which they can move
quickly instead of standing in traffic jams.

For the supply chain of the Epicenter hypermarket
chain, the transport pattern for a certain model may take
the following form (Figure 2).
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Fig. 2. EpicenterHypermarket Supply Chain.

However, when it comes to time constraints such as
delivery time scales for customers, optimal solutions
known for the classic case become unworkable and the
degree of impracticability increases with the variability of
traffic conditions. So, the added benefit of this approach
is that it allows you to more reliably perform time-
window constraints. For a time-dependent model, travel
time may also depend on other factors, such as day of the
week or time of the year.

Conclusions

1. With the modern requirements in the integrated
green supply chain, the reduction of the harmful impact of
production and logistics activities on nature should be
considered at all stages of the technological cycle of
product development and its promotion through the
supply chain.

2. From the point of view of transport logistics
directly, the key technologies for reducing the
anthropogenic impact of transport on the environment are
the optimization of transport processes and networks,
namely:

— the reduction of distance during transportation at all
stages of the supply chain;

— the increase in the use of local resources (reducing
fuel costs and harmful emissions);

— the use of modern environmentally friendly energy-
efficient vehicles.

3. This optimization should bring the company a triple
benefit: reducing environmental load, improving image
and reducing costs across the supply chain.

4. To ensure the efficient functioning of the Epicenter
hypermarket network, the logistics system must be
represented by the ratio of not one, but the complex of the
results of such a system to the costs of its operation, and
therefore methods that require multicriteria evaluation of
the efficiency of the logistics system by the criteria of
"cost", " consumer satisfaction/quality”, "time",

"assets","technology".
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OITUMI3BALIA TPAHCIIOPTHUX ITPOLIECIB
B JIAHIJIOI'AX IOCTAYAHb MEPEXI
I'TTEPMAPKETIB «EIILIEHTP»

O. M. 3azypcoxuil, T. C. XKypakoecvka

Anorania. HeratusHi 3MiHM B CTaHI HABKOJIMIIHLOIO
CepeloBHINA, IO MPU3BOIATE 10 THCKY 3 OOKy
T'POMAaJICBKOCTI Ta €KOJIOTIYHE 3aKOHOJABCTBO BUMAraroTh
(yHOAMEHTANIPHUX 3MIHH Yy BHPOOHHYIN TpaKTHIl
Oi3Hecy. OO6cTexxeHHs CTaHy HABKOJIUIITHBOTO
cepemoBuima B 22 KpaiHaX CBITy IIOKa3ano, WO: Yy
MOJIOBHHI  OOCTE)KEHUX KpaiH JOBKUIISA BBAXKAETHCS
OJIHIEI0 3 TPHOX HAMOLIBII CEepUO3HHX MPOOJIEM, IO
TypOyIOTh CyCIIUIBCTBO.

B crarti po3rnsHyTO T1pOoONeMy MiABUINEHHS PiBHS
€KOJIOTIYHOCTI TapHCIIOPTHUX TMEPEBE3CHb B JIAHIIOTAX
MOCTa4aHb. 3a CYYaCHHX BHMOT Y IHTEIPOBaHOMY
«3EJICHOMY» JIaHII031 MOCTa4aHb 3MEHILIEHHS
IIK{JTMBOTO BIUIMBY BHPOOHHYO-JIOTICTHYHOI MisITPHOCTI
Ha TIPUPOAY Ma€ pO3MIAJATHCA Ha YCiX eTamax
TEXHOJIOTIYHOTO LMKy BUPOOJICHHS INPOAYKTYy Ta HOTO
MIPOCYBAHHS I10 JIAHKaX IMOCTavyaHHsI.

BusnaueHo, 1O KIIOYOBUMM TEXHOJIOTISIMH  JUIS
3HW)KEHHS aHTPONOTEHHOTO BIUIMBY HA HAaBKOJIUIIHE
Cepe/IOBHIIIE € ONTHMI3alliss TPAHCIOPTHUX IPOLECIB
4yepe3 3HWKEHHs BiJCTaHi NMPU NEepPeBEe3CHHI BaHTAXIB Ha
BCIX  CTamifX JIAHIIOTa  TOCTa4aHb;,  30iTbIICHHS
BHUKOPHCTAHHS JIOKAIBHUX PECYpPCIB (CKOPOUEHHSI BUTPAT
Ha TAJIMBO 1 WKUUIMBI BUKHOM B arMocdepy);
3aCTOCYBaHHS CyYaCHMX EKOJIOTIYHHMX €Hepros0epiraroumx
TPaHCIOPTHHX 3aCO0iB.

OOrpyHTYBaHO OCHOBHI NPWHIUIH 1 MIXOAH MOJENTI
nepeBe3eHb KOHCOJIJOBAaHUX BaHTAXKIB, 10 30aJaHCYBYE
eKOJIOTIYHI W EKOHOMIYHI HpoONeMH Ta TPOBEAEHO iX
arnpoOarliro B JIaHII031 NOCTaYaHb MEPEeXi rinepMapKeTiB
«EmineHTpy.

KurouoBi cioBa:
JIAHIIOT  [OCTa4yaHb,
IIK1UITMB1 BUKIIA.

€KOJIOTIUHICTb,
ONTHUMI3allis,

€KOHOMIYHICTb,
MapuIpyTH3alis,

OIITUMM3ALINA TPAHCIIOPTHBIX ITPOLIECCOB
B LIEITAX ITIOCTABOK CETU 'HITEPMAPKETOB
«SIULEHTP»

O. H. 3azypckuil, T. C. JKypaxosckas

AnHoTtanusi. HeraTtuBHble M3MEHEHUS B COCTOSHHHU
OKpYXXalolleH cpelpl, NPUBOJSLIME K JABJICHUIO CO
CTOPOHBI 0O0IIECTBEHHOCTH u 9KOJIOTUYECKOE
3aKOHOJIATEIbCTBO TpeOyroT (dyHIaMEeHTaTbHBIX
W3MEHEHHs] B TIPOM3BOJCTBEHHOW IpaKkTHKe OuW3Heca.
OOcnenoBaHNE COCTOSIHUSL OKpYKalolled cpeasl B 22
CTpaHaXx  MHpa  T[IOKa3ajo, d9TO: B  IIOJOBHHE
00CNeI0BaHHBIX CTPaH COCTOSIHHE OKPY)KAIOIIECH cperrsl
OTHOCHUTCSI OZHOHW M3 TPEX CaMBIX CEPBE3HBIX MPOOIEM,
KOTOpBIE BOJIHYIOT OOIIECTRBO.

B crarse paccMoTpeHa npoOiieMa NOBBIICHHUS YPOBHS
9KOJOTMYHOCTH TapHCIOPTHHUX TIEPEBO30K B  MEIX
nocraBok. Ilpu  coBpeMeHHBIX  TpeOOBaHHMAX K
MHTETPUPOBAHHOM «3EJICHON» LENnu IIOCTaBOK
YMEHBUICHUE BPEAHOTO BJIUAHUA TMPOU3BOJACTBCHHO-
JIOTUCTUYECKON JEATEIIbHOCTH Ha IPUPOAY JOJKHO
paccMaTpuBaThCsi Ha BCeX JTamax TEXHOJOTHMYECKOTO
IIUKJIa TIPOM3BOJICTBA MPOIYKTa U €ro IPOABHKEHHUE IO
3BEHBSIM TIOCTABKH.

OmnpeneneHo, YTO KIIOYEBBIMH TEXHOJIOTHSAMHU IS
CHIKCHUS AHTPOIIOT€HHOTO BO3/ICHCTBHA Ha
OKPYXKaIOIIYIO cpeny SIBIISICTCSI ONITHMHU3ALHS
TPaHCIIOPTHBIX IPOLIECCOB YEpe3 CHIDKCHUE PacCTOSHMS
NPU TIEPEBO3KE I'PY30B HA BCEX CTAaHAX LEMH MOCTABOK;
YBEJINYCHUC HCIIOJIb30BaHUA JIOKaJIbHBIX peCcypcoB
(cokpariieHrE pacxoI0B Ha TOILIMBO U BPEIHBIC BHIOPOCHI
B aTMocdepy); NIPUMEHEHUS COBPEMEHHBIX
9KOJIOTMYECKHX  JHEProcOeperaronx  TPaHCIIOPTHBIX
CpPEACTB.

OOOCHOBaHO OCHOBHBIE IPUHOWNBI M MOAXOIBI
MOJIEM  TIEPEeBO30K  KOHCOJMIMPOBAaHHBIX  T'PY30B,
KOTOpBIE OAJIaHCUPYIOT KOJIOTHYECKHE U SKOHOMHUYECKHE
npoGuiemsl. IIpoBeneHo nux anpobanyio B IEMH MOCTABOK
CEeTHU TUIEPMapKETOB «DMHULEHTPY.

KaioueBble cj10Ba: 5KOHOMUYHOCTb, 3KOJIOTHYHOCTb,
1CHb MOCTABOK, MapIIpyTusanus, ornTuMusanus, BpEIHbIC
BBIOpOCa.
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AHoTanis. JlochmimKeHHS CHOpSAMOBaHI Ha IIiABH-
IIeHHS e(DeKTUBHOCTI TEXHIKO-TEXHOJIOTIYHOTO MPOIECy
BHCIBY CHICpabHUX IPIOHOHACIHHUX KYJNBTYp IO€THAH-
HSM TEXHOJIOTIYHUX OMepalliil IpyHTOOOPOOHO-TIOCIBHIM
arperaTtoMm Ta BJOCKOHAJICHHSAM KOHCTPYKIIMHUX mapame-
TpiB po3citoBaya. 3alpONOHOBAHO CXEMY IPYHTOOOPOOHO-
MOCIBHOTO arperaTa 3 po3ciloBaueM Ta KepiBHUM 3ac000M
i BU3HAYEHO KOHIEMI0 (YyHKLIIOHYBaHHS TEXHOJOIiY-
HOT'O MPOIIeCy IPYHTOOOPOOHO-TIOCIBHOTO arperara.

Jnst moCiKEeHHS TEXHOJOTIYHOrO IpOoLecy CiBOM
NpiOHOHACIHHUX KYyIbTYp, SKHH peani3yeTbcs IPyHTOOO-
pob6no-nociBaumM arperatom (I'TIA), BaxknuBo modyyBaTu
MaTeMaTHYHy MOJEIb JUHAMIKH TPOIECy I NOAAIbIIOT
ONTHUMI3AIIi] K CaMOTO TIPOIIECY, TaK i MapaMeTpiB BUCIB-
HOTO arapara.

MopenoBaHHS BKJIIOYa€ PO3pOOIICHHS MOAENI JHHA-
Miku pyxy ['TIA monem, BpaxoByIOYM BIAIOBIAHI CHIIN
TSTH 1 OTIOPY, MOMEHTH TIOBOPOTY i MOMEHTH OIIOPY MOBO-
POTY TPakToOpa, a TaKOXX PO3PaxXyHKH MapaMeTpiB BUXOIY
MOCIBHOTO MaTepiajly 3 HACIHHEBOI'O OYHKepa, OL[IHKH -
HaMiKM HOT0 pyXy HACiHHEMPOBOAOM JI0 TOUYKH KOHTaKTY
3 po3citoBaueM i pOpMyIIH PO3CiFOBaHHS HACIHHS HA IPYHTI
IICJIST BUXOMY 3 HACIHHEIIPOBOY.

OTprMaHUMH MOAEISAMHI MOKHA BU3HAYUTH TEXHIYHI
rapaMeTpy pi3HUX poOOUNX MPUCTOCYBAHb, SIKI BXOJATH B
I'TIA, 3 ToukH 30y iIXHBOT Y3TOKEHOCTI (PYHKIIOHYBAHHS
JUISL IKICHOTO BUKOHAHHS 3aBIaHHS.

OcHOBHa yBara CKOHIIEHTPOBaHa Ha BH3HAYCHHI
KOHCTPYKIIHHUX mapameTpiB enemenTiB I TIA Ha 6a3i mo-
OyZIOBH Ta IOCITiKEHb BiIMOBITHUX MaTeMAaTHYHUX MO/Ie-
JIeH Ta pOo3paxyHKOBHX BHPa3iB.

Y mpoMy HampsMKy 3a MUTTEBOI mBuakocTi ['TIA
(V4.) IPOBOAMIOCH HOCTIIKEHHS 3 BA3HAYEHHSI ONITHMAJTh-
HUX KOMIOHEHTIB: TEOMETPHYHNX KOHCTPYKIIHHUX apa-
METpiB Ta KyTOBOI IIBHUAKOCTI KOTYIIKH ( @), TOYaTKOBOL
IIBUJIKOCTI HACIHHS B HACIHHENPOBOII, 33aHOI MOBITPO-
HarHiTadeM (V,,), KyTa Haxuly IUIaCTHHH po3citoBaya ()
Ta BUCOTH HOTO YCTaHOBKH HaJ| IOBEPXHEI IpyHTY (Hy).

VY I0OCKOHAJICHOI0 MaTeMaTHYHOI0 MOJIEIUTI0 MOJKHA
MOJIEITIIOBATH IPYHTOOOPOOHO-TIOCIBHI arperatu 3 pizHOIO

po0OY0I0 MIMPHHOIO.
KarouoBi cioBa: po3scitoBaui, rpyHT000p0oOHO-TIOCI-
BHHI arperar, KOHIIEMIlis, MaTeMaTudHa MOJellb, OJIOK

SIKOCTI, OJIOK TEXHOJIOTIYHOCTI, MiHIMIi3aIlis (GyHKIIOHATIB,
PIBHOMIPHICTH PO3CIFOBaHHS.

HocranoBka npodaeMu

B ymMoBax 3HMKEHHS BUKOPUCTAHHS OpraHIuHUX J00-
PHMB aKTyaJbHUM € 3a0e3MeYCeHHS IPYHTY NOXXUBHUMH pe-
YOBHHAMHM Ha OCHOBI QJIbTEPHATHUBHUX Ta JTOCTYIHHUX JKe-
pen. HadinpocTimuii, HalO1IbI1 eKOHOMIYHHHN, KOJIOTIYHO
YHCTHH, «IPUPOIHHUI CIOCIO — 16 BAKOPUCTaHHS CHJIepa-
JBHUX KYJIBTYpP, TOOTO POCIHUH, SKi IIBUAKO (POPMYFOTH 3e-
JIEHy Macy 1 BUPOLIYIOTHCS CHELIaIbHO JUIS BiJHOBJICHHS
IPYHTY.

Ha meit yac B YkpaiHi HamigyeThcst OMU3BKO 46 THC.
MaJliX Ta CEpeAHiX TOoCIoNapcTB 3 po3MipaMu YTifb IO
2000 ra, i A5t IKUX aKTyaJbHUM € 3aCTOCYBaHHS 3€JICHHX
no6puB. Jlo 50 % Takux rocrnomapcTB 3aCTOCOBYIOTH 3€-
neHi goopusa, 1 20 % BEIMKHUX FOCMOAAPCTB 3 PO3Mipamu
yriap noHaj 2000 ra BUKOPUCTOBYIOTH 3elieHi o0puBa. Y
€Bporii mij sApi KyJIbTYPHU 3aCiBAETHCSA CHIEPAaTAMK Maike
100 % yriab.

bazoBumu cuaepanbHUMH KyJIbTypamu B ymoBax Jli-
COCTENy € TIpUHIld, pirmak, Qamermis, sSKi BiIHOCATHCS IO
JpiOHOHACIHHUX KYJNBTYp, 8 JONOMIXHUMH — TOPOX, JIFO-
ITUH, TPEYKa Ta iH.

Haii0inpm mommpeHuMH cXeMaMu CiBOM cuaepalb-
HUX KYJIBTYD €:

- TpaumiiHa (TUCKYBaHHS + CiBOa 3BHUAlHUMHU Ci-
BaJIKaMU+KOTKYBaHHS);

- cyMimeHa (JUCKyBaHHS, ciBOa Ta KOTKyBaHHS Bif-
OyBaeTbcss KOMOIHOBAaHHUMH IPYHTOOOPOOHO-TIOCIBHUMH
arperaramu).

BupoOHHLTBa TAKHX IPYHTOOOPOOHO-TTOCIBHUX arpe-
rariB B YKpaiHi HeMae, BOHHM IMIIOPTHI i TOpOTi.

AHAaJI3 0CTaHHIX J0CTiIKEHb

AHaJITHYHUMU ~ JTOCHIKCHHSIMH  MPOaHaIi30BaHO
KOHCTPYKIIHHO-KOMITIOHYBaJIbHI CXEMH TPYHTOOOPOOHO-
nociBHux arperartiB (I'TIA), BHacmigok 4oro 3amporoHo-
BaHO cxemy ['TIA (puc. 1), xa mae 3MOTy BHKOPHCTOBY-
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BaTH MOUTUPEHI Ha PUHKY cepiifHi abo crerianizoBaHi Ipy-
HTOOOPOOHI 3HAPAIS, SIK IPYHTOOOPOOHI MOIYJIi 3 BiATIO-
BiTHMMH UTSI 3aTOPTaHHSA APiOHOHACIHHUX KYJIBTYp arpo-
TEXHIYHAMH TOKAa3HUKAMH, SIKi JOOCHAITYIOTHCS BHUCIB-
HUMH MOIYJISIMH 3 pO3CilOBa4aMH Ta 3ac000M KepyBaHHS
MIPOIIECOM BHCIBY.

1/ £/ 819

Puc. 1. Y3araneHeHa cxema I'pyHTOOOPOOHO-TIOCIB-
HOTO arperata JuUis CiBOM CHACpalbHUX KyIbTyp: 1 — x0-
JI0Ba crcTeMa, 2 — KOHTPOIbOBaHUI OopToBHUil iH(QOpMa-
LifHIIA KOMIT F0Tep, 3 — BUCIBHUI MOIYJIb, 4 — BUCIBHA KO-
TYIIKa, 5 — IOBITPOHATHITa4, 6 — HACIHHENPOBIN, 7 — IPY-
HTOOOPOOHI CeKIil chepruIHHUX TUCKIB, §, 9 — TapiTdacTHii
po3ciroBad, 10 — KOTOK.

Fig. 1. Generalized scheme of soil-tilling and plant-
ing unit for sowing green manure crops: 1 — undercarriage,
2 — controlled on-board computer, 3 — sowing module,
4 — seed roller, 5 — compressor fan, 6 — seed line, 7 — soil-
tilling sections of concave disks, 8, 9 — dished scatterer,
10 —roller.

Takox TmpoaHai30BaHO KOHCTPYKIi pPO3CilOBadiB
(Tabm. 1) pisHEX MoIudiKaIlii, SKi 32 aHATI30M EKCIepT-
HUX BUCHOBKIB HE B TIOBHIH Mipi 3a0€31euyIoTh piBHOMIp-
HicTh BUCIBY. TOMY 3alpONOHOBAHO CXEMY Tapilldactoro
po3ciroBaya Ta ONTHMI3AIlii0 HOTO MapaMeTpiB.

Tadamua 1. Cxemu Mmomudikamiii poscitoBauiB Ta
TXHI XapaKTepUCTUKH

Table 1. Schemes of modifications of scatter-
ers and their characteristics

Cxema po3- Hepmomiku
ciroBaua
Va Benuka KiJbKICTh PO3CiIFOBaYiB 1 pyKa-
BiB. 301JIbIIIEHA MTOTYXHICTh MPUBOJIA
<— V| KOTyIIKH Yepe3 3ByXKEHy CIIOpy pPo3-
kugaHas. [TomKoMKEeHHs HACIHHS Ye-
pe3 HaOIIKeHe 10 MPSIMOTO KyTa Po-
L 3MIIIEHHS TUIACTHHU
«—V \/ HasBHICTP He3acCiTHUX MIKpsIb Ha

KpasXx pPO3BOPOTHUX CMYI Ta iHEpT-
ﬂ% & HICTh 3yITUHKH ITOTOKY ITOBITPOHACIH-

HEBOI CyMiIlIi Ha PO3BOPOTAX
Bucoka HepiBHOMIpHICT

PO3KH-

vV JTaHHA HACiHHS 10 TMOBEPXHI IPYHTY

<+—Va .y .

vV yepe3 BUHOC (QUIyKTYyalliil moBiTpoHa-
|¢ I CIHHEBOI CyMillli, CIPUYMHEHUX Bif-

OWBaHHSM BiJl IBOX IUIOIIMH PO3Cito-
Baya i 3’€JHYBaIBHOI 1X IUIONIMHA

BaxxnBo 3a0e3mequTy piBHOMIPHICTh PO3IOAITY Ha-
CIHHSI Ha TIOBEPXHI IPYHTY IPYHTOOOPOOHO-TTOCIBHUM ar-
peratoM, ONTUMI3YIOUH TPOLIECH PYXY arperara Ta HOpMH
BHCIBY 1 KOHCTPYKIIi}HI TapaMeTpy po3CiroBadiB, 3aCTOCO-
BYyIOUH iHpOpMaIiifHO-KepiBHMIA 3aciO.

Merta gociiaKkeHn

Mera wiei pobotu mosnsirac y mifiBUILEHHI epeKTHB-
HOCTI TEXHIKO-TEXHOJIOTIYHOTO IIPOLIECY CIBOM cuaepaib-
HUX KYJIBTYP IO€JHAHHSM TEXHOJIOTIYHUX Omepanii IpyH-
TOOOPOOHO-TIOCIBHIM ~ arperaroM Ta BJIOCKOHAICHHSIM
KOHCTPYKIIHHUX apaMeTpiB TaplIdacToro po3citoBaya.

PesyabTaTH qocaigxKeHn

s monemtoBanus ['TIA 3anpornoHoBaHa KOHIICTIITIS,
sKa BH3HAYa€ IOCTIJOBHICTh TEXHOJOTIYHUX IIPOLECIB
(TIepeTBOpEeHb) Ta aBTOMATH30BAHC YIPABIIHHSI PEXKH-
MaMu poOOTH CKJIQJIOBUX MOJYJIB y pealbHOMY Yaci, Bi-
Jo0pakae HOKPOKOBUI TEXHOJIOTIYHUIT ITPOLIEC BUCIBY 3a
KPHUTEPIsIMH CHCTEMHOTO Y3TOJKEHHSI BUMOT arpoOTeXHO-
Jorii, a TakoX po3poOJeHa CHCTEMO-aHAJIOTOBA MOJENb
(YHKIIOHYBaHHS JIAHIIOTOBHX TEXHOJOTIYHHX TIEPETBO-
peHb K (YHKIIOHANBHUX OJIOKIB: TEXHOJOTIYHOCTI Ta
SIKOCTI BHCIBY.

Brok TexHonoriunocTi (F1) 3abe3neuye cTabuTbHICTR
TEXHOJIOTIT — JOCSITHEHHsI BCTAHOBJIEHOI HOPMH BUCIBY Ha-
cinns N, 3a1eXHO BiJ MIBUAKOCTI pyxy arperara Var y BH-
3HAYCHUX KOOpAnuHATAX (X,Y).

Brnok sikocTi BUCIBY HaciHHs MOB’s13ye pOOOTY IHEB-
MaTHYHOT'O HACIHHEMPOBOY Ta KOHCTPYKIiiHI MapaMeTpu
TapiTyacToro po3citoBayua (KyT pO3KpHUTTS pO3CioBaya, BHU-
coTa WOro yCTaHOBKH Ta IIBHJKICTh MOBITPOHACIHHEBOT
cyMiri).

JocmimkeHHsT mapaMeTpiB (QyHKIIOHATBHUX OJOKIB
MPE/ICTABICHO MAaTEeMAaTHYHUMH MOJENIMH. J{MHaMIiKy
pyxy I'TTA Ta mapamerpu BHCIBHOTO amapara KOTYIIKO-
BOTO THITy B CKJali TpakTopa (3 KOJICHOIO (HhOpMYJIO0
4K2) i nociBHOro arperara aJlaliTOBaHO 0 YMOB KPHUBOJIi-
HifiHOTO pyXYy (32 aHanoTier mociimkens A. M. €Emenbsi-
HoBa). /Iyl BU3HAYEHHS pyXy arperata Ha IuiomuHi x0y
BUKOPHUCTOBYBaJIM CHCTeMY piBHSIHB Jlarpamxa Ipyroro
POy 3 ypaxyBaHHSAM YCiX CHJI | MOMEHTIB CHJI KPUBOJTiHI -
HOTO pYXY.

PimmeHns miei cucteMu Jlae 3MOTy po3paxyBaTH Ha-
npsm cuiu Tsru TTIA 10 ocHOBHOI oci pyxy [, MUTTEBY
MIBUAKICTB Va, HOTO IIEHTpa Mac y KOOpJIUHATAX X, Y:

m-(jé+ll-(cosﬁ-/?2 +sin/3-ﬁ)) =
= Z(Pki — Py;) - cos(B + a)

izl
+Z(Pki - Pfl) . COS,B _Pkp

-cos(B - 1);
)
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m- (y + 1, - (sinf - B? — cosp ,6’)) =
2
= Z(Pki - Pfl) " Sin(ﬁ + (Z)

i=1
4
+Z(Pki_Pfi)'SinB+Pkp

=3
“sin(B —vy);
m-ly - (%-sinp —3-cosp+1,-f) =
2

= Z(Pki — Pfl) ' ll -sina

=1
4
B
D (P = B) -5 = Py (lp + 12)
i=3

-siny — M,

ne Pys, 1 Pug - moTuuHi cuim TAroBux Kodiic, Pr Rf - cuia
oropy KOUYEHHIO KoJiic, Pyy— cuia Ha raky Tpakropa, Men
- MOMEHT CHJIHM OIIOpy MOBOPOTY HaBKOJO TOYKH O -
LIEHTpa OCi TATOBUX KOJIic, l2 — BiCTaHb BiJ 3aaHBOI OCI
110 3BeZIeHOTo IIeHTpa Mac MTA TpakTopa, M; ¥ — KyT MiXk
HanpsiIMKOM Jii KprokoBoi cuiid Pip Ta OCHOBOIO JIiHIEIO
TPaKTOpa, Tpam; 3 — KyT MiK TOPH30HTAIUIIO 1 JIIHIEIO CHITH
TATH, Tpaj, lyp — BiACTaHb BiJ 3aJHBOI OCi /0 3YiMHOTO
MPUCTPOIO (TaKa), M; X, y - KOOPAWHATH MicCIsl PO3Tallly-
BaHHs neHTpa mac ['TIA Ha miceBocTi.

Jpyra wactuHa OJOKY TEXHOJOTIYHOCTI - 3abe3me-
YeHHS HOPMH BUIa4i HACIHHA IO € (PYHKIIEI0 XapaKTepH-
CTHK IIOCIBHOTO MaTepiaily, mapaMeTpiB Ta PeXHMiB po-
00TH KOTYIIKH Ta BKJIIOYAIOTh KYTOBY ITBHIKICTh BUCIBHOT
KOTYIIKH O Ha KOXKHIW i-1i JUISHII, XapaKTepH3yThCs
BupasoM (2) (3a mapaMeTpamu JIOCHIIPKEHUMH B po0OOTax
JI. B. Tloropinoro, I1. B. Cucozina, JI. B. AnickeBuua):

(Dri = H3,»/(Q0 ' Ti)! (2)
ne Hai - TOTOYHI BUTpaTH MOCIBHOTO MaTepiany 3a BU3HA-
YEHOI0 HOPMOIO BHCIBY, HEOOXiIHA JUIs i—1 JUISHKH, T; (o -
KIUJIbKICTh HACIHHS, SIKY BHIITOBXYE KOTYIIKAa 3 HACiHHE-
Boro OyHkepa 3a 1 00epr, r/00; T; - yac 111 TEXHOJOTIYHOT
00pOOKH IIISHKY TOJIS TUIOIEI0 AS; c.

VY 3anpornoHoBaHiil cxeMi po3ciBaHHs MOCIBHOTO Ma-
Tepiay 3a0e3NeyuyeThbesi MHEBMOIPOBOJAMU. Y TTHEBMO-
MIPOBOJIi HA HACIHWHY Ji€ HH3Ka CHJI, SKi B MOEJTHAHHI 3
KOHCTPYKUIHHUMH ITapaMeTpaMH ITHEBMOIIPOBOJa 3a0e3-
MIEYYIOTh il KIHETUYHY SHEPTilo, a iX CYKYITHICTh, CTHKAO-
9HCh MiXk c00010, (popMye MOTiK, 6a30BOIO XapaKTEPHUCTH-
KOIO SIKOTO € (DYHKIIiS IMITBHOCTI PO3MOALTY. Y 3araib-
HOMY BHWIIQJIKy BBa)KQEMO PO3IOJIUI HACIHHS B IOTIEped-
HOMY Iepepi3i Ha BUXO/Ii BiAmoBigae HopMaibHOMY (["ay-
COBOMY) 3aKOHY PO3MOJiIy Ta OMHUCYEThCS BHUpazoM (3a
aHaJoTi€ero 3 nociimkenasmMu Manogeesa B. 1O):

1 _3xtge

f(x,)’)=ﬁ'e @zo (3)
ne R — paniyc TpyOku HaCIHHENIPOBOY, M; 0.~ KOE(IIi€HT,
SIKM{ BpPaXxOBY€ BTpATH €HEpTii Mmij 9ac 3iTKHEHb; Zo— BU-
coTa Ia/liHHs HaCIHWH Ha TapidacTHi po3ciroBad 3 MOMe-
HTY BXOJly B HAaCiHHENPOBiJ, M; (¢ — KyT HaXwIy TpyOKu
HaciHHENPOBO/A, I'Pal.

JociipkeHHsT CKOHIIEHTPOBaHI Ha PO3CiroBadi, IS
poro OyJIo BHOpaHO palioHaIbHY KOHCTPYKIIO PO3Cito-
Baya Tapirgacroro tuiy (puc 2). bazoBumMu YMHHHKaMH
po3ciroBaua 00paHO: HE3MiHHI TAPAMETPH - JiaMeTp PO3Ci-
foBada (d) Ta KyT ycTaHOBKHM po3citoBada (¢); 3MiHHI -

MIBUAKICTh TOBITpOoHACiHHEBOT cyMinti (V,,), KyT pO3K-
puTTs po3citoBada (B) i BUCOTa HOro yCTaHOBKH Ha arpe-
rari (Hp).

-

X
Puc. 2. Po3paxyHkoBa cxema 3MiHU PyXy HAaCiHHS B
TapiTIacTOMy PO3CiIOBaYi.
Fig. 2. Analytic model of seeds travel changes in a
plate scattered.

JinsHka po3citoBaHHS MiJ] Yac pyxy IPyHTOOOPOOHO-
MOCIBHOTO arperatra XapaKTepU3YEThCsS BIJICTaHHIO BiJC-
KOKY HACIHHS Xpqo MICJIS TIAIIHHS HA HIDKHIO IJIACTHHY PO-
3ciroBava (TadbHICTIO OJBOTY):

V0~cosy-<V0-siny+ /Voz-sin2y+2-g-Hﬂ)
Xnao = g ’ (4)

Jie MIBUIKICTh HACIHHSA, Ky BOHO HAOyIO Micls yaapy o0
HIDKHIO IDIACTHHY po3ciroBadaVo, M/C; KyT Y Mi>K BEKTOPOM

[I0YaTKOBOI IIBUIKOCTI VO i Biccto Ox, Tpaj; BUCOTA yCTa-
HOBKH PO3Cit0Baua Haj MOBEPXHEIO IPYHTY Hp M.

AHaIITHYHI BUPA3H T03BOJISIOTH BU3HAYUTH TAITbHICH
Ty HACiHHS MiJ PI3HUMH KyTaMd BiAOHTTS BiJl HWKHBOT
IUTACTHHU PO3CiI0BayYa, 30Ha PO3CIIOBAHHS Ta IUIOILY 3a-
ciBy.

[Tmomi 3aciBy ciry’kaTh MpeACTaBICHHAM MIUTBHOCTI
pO3MoAiNy, Ky IpUitMaeMo OJM3HKOIO 10 MILUTHHOCTI HO-
PMaJIBHOTO PO3IO/IiNy 3a 3aKkoHOM ["aycca i B [[bOMY BHIIA-
JIKYy OTPUMAJIH BUpa3:

1 (x— x)z
(oY) = fre(x) 'fny(y) = mexp (_ %) :
B (y—myf) _ (e
oyV2m p ( 203 T 2maxoy exp 202 +
(y—my)z)
20'32, ! (5)

Jie My, My — MaTeMaTHYHE OYiKYBaHHS Ta GxOGy — CEPEIHi
KBaJIpaTU4H| BIIXWIEHHS HOPMAaJIBHO PO3MOAUIEHUX BH-
MaJIKOBUX BEJIMYUH B KOOpAUHATAX X,Y.

Takoxk MOXeMO po3paxyBaTH KUIBKICTh HAaCiHHA
(Kni), sIKe MOTpanuiIo Ha €JIeMEHTapHY AUITHKY Sy; B KOOp-
JUHATaX X,y 32 HOPMAJIFHOTO PO3MOILTY:

ol exp (- (52 +

y oTi

21Oy 0 204

Kni:K

O )axay, @)

2
Zay
ne K — KinbKICTh HACIHHSA 32 BCTAHOBJICHOK) HOPMOIO BU-
ciBy, /M2,
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B3aemonis QpyHKIIOHATBHUX OJIOKIB TEXHOJIOTIYHO-
cti F1 Ta sikocTi BHCIBY F2 mocsraeThes peamizaliiero mpo-
LeAypy MiHiMi3amii.

Minimizarist 6moky TexuonorigHocti F1 (Ve, Ns)-
CyMH KBaJpaTiB BiIXWJICHHS PEaTbHO BUTPAYCHOTO ITOCIB-
HOTO MaTepialxy 3a 4ac BiJ IMOYaTKy IPOIECy 0 MOTOY-
Horo yacy T'3aBcimai=/,2,3... eneMeHTapHIUMH YaCOBUMHU
KpPOKaMH BiJl HEOOXIIHUX BHUTpAT IOCIBHOTO MaTepiaiy
AH,;, po3paxoBaHUX BUXOJSYH i3 33/1aHOI HOPMH BHUCIBY
N,:

Fy = ¥;B? - V2 - AT;? - [Ny, — N,]* = ¥, AS;* - [N, —

N2 ()

ne Ny - KUTbKiCTP HACIHHEBOT'O MaTepiary, MaKCHMaJbHO

HabmKeHa 10 3a1aHoi HopMu, t/M2; N, - 3amaHa HOpMa,
wT./M% Syi — TIoma i-oi JisHKH, M2,

Minimizauis 6;10ky sikocti Fa (Vaur, Hy, B) - cyma kBa-
JPATIB PI3HUII MiXk KUTBKICTIO HACIHHS, SIKE MOTPATIHIIO Ha
JUISTHKY Syi, U1 HOPMaJIbHOT 1 piIBHOMIPHOT IIUIBHOCTI PO-
3MOALTY Ha BCiX M AiIsTHKAX:

F, ZZigl[Kri_Kni]Z =K?- 5
1

[ i |
M (x—Rx)? dxdv (8
i=1JMg.. —2+ xay ( )

Ti 1 | _ 205 |
| 2M0x0y exp (y—??ly)2 |
l \ ]

BuxopucToByBany migxij omnTHMI3aIlii MmapamMeTpiB
CKJIATHOT CHCTEMH 3a JOIOMOTor0 (YHKIIOHAIIB, KpUTe-
pieM SIKMX y IIbOMY BUIAJKy € 3a0e3NeueHHs] HOPMH, Ha-
OmmKeHol 10 3a7aHoi Ta PiBHOMIPHOCTI, HAOJIMKEHOT /10
PIBHOMIPHOTO PO3HOALTY.

MiHiMmi3ytoun (QyHKIIOHATN MU 3HAX0AUMO ONTHMA-
JIbHI TIApaMeTpPH.

BucHoBkH

1. Konmenmisi Ta cHCTEMO-aHAJIOTOBa MOJEINb IIe-
pendadaroTh CHHTE3 IBOX OJIOKIB Uepes cucreMy iHpopMa-
uiitHo-kepiBHoro 3aco0y (IK3), To6to kiacuuHuil miaxin
JI0 BU3HAYCHHS B3a€EMO3B’3KiB OKPEMUMH MiJCHCTEMaMHU
00’ekTa, TOOTO Mo€HaHHS POOOTH ABOX (YHKIIIOHATBHUX
OJIOKIB: TEXHOJIOTIYHOCTI, 3a0e3MEeUYeHHs] yCTaHOBJICHOT
HOPMH BHCIBY y pa3i 3MiHHM IIBUIIKOCTI arperaTa Ta 0JIOKy
SIKOCTI BHCIBY, 1110 BU3HAYAETHCS IapaMeTpaMu HOBITps-
HOT'O HACIHHENPOBOJY 1 TAPLIYacTOTo po3citoBaya.

2. AmamiTyHi  JOCHIJDKCHHSA  (DYHKI[IOHATBHOTO
0JI0KY TEXHOJIOT1YHOCTI BU3HAYAIOTh ITapaMeTpy (MOEINb)
JuHaMiku kpuBomiHiitHOro pyxy I'TIA. Otpumano mate-
MaTHYHI MOJIEJIi TEXHOJIOTIYHOTO MPOIIECY BiIMOBIIHO 0
PO3pOOIEHOTO aNrOpUTMY CHHTE3Y NMOKAa3HUKIB (yHKIIIO-
HaJIBHUX OJIOKIB 1 CXeMH KepyBaHHS; BU3HAYAIOTHCA Pi3HU-
[IEI0 MMOKa3HMKIB JBOX OJIOKIB, ONTUMI3YIOUH 3aJI€KHICTh
HOpMHU BHUCIBY Bix pyxy I['TIA, poboTn KOTYyIIKOBOTO ama-
pata i piBHOMIPHOCTI PO3CiIOBaHHS, IO € MOXiTHOIO BiJ
rmapamMeTpiB i pexkuMiB poOOTH HACIHHEPOBOAA 1 Tapinya-
CTOTO pOo3CitoBaya.

3. YaockoHaneHa maremarndHa Mozenb pyxy I'TIA
Ha TOJIi, MOJIeNTb TMHAMIKHM BHCIBHOTO amapara KOTYIIKO-

BOTO THIY Ta BUKOHAHO OILIHIOBaHHS TUHAMIKH PyXy Ha-
CIHHSI HACIHHEITPOBOJIOM Ta aHATITHYHI BUPA3H IS PO3pa-
XYHKY CMYTH pO3CIIOBaHHS HACIHHEBOTO MaTepiaiy.
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MOJIEJIMPOBAHUE ITOYBOOBPABATBIBAIOIIIE-
ITOCEBHBIX AT'PET’'ATOB
T. B. I'atioau

AnHoranusi. B pmamHOI paboTte wmcciemoBaHUS
HaTpaBJICHBl Ha TMOBBIIMICHHE 3()()EKTUBHOCTH TEXHUKO-
TEXHOJIOTHYECKOTO TIPOIlecca BBICEBAa CHACPAIBHBIX MEJ-
KOCEMSIHHBIX KYJBTYp 32 CUET COYCTaHHS TEXHOJIOTHYC-
CKHX OIlepannii MOYBO0OpadaTHBAOIIEC-TIOCEBHEIM arpe-
ratoM (I1ITA) u coBepiIEHCTBOBAaHHEM KOHCTPYKTHUBHBIX
napaMmeTpoB paccemBaTels.

[Ipeanoxkena cxema MOYBOOOpaOATHIBAOLIE-TIOCEB-
HOTO arperaTta ¢ pacceuBaTelleM W YMNPaBISIONIUM CPEJ-
CTBOM, a TAKXXe OTpe/Ie/ieHa KOHIICTIIU (PYHKITHOHUPOBA-
HUSI TEXHOJIOTHYECKOTO Tpoliecca MouyBooOpadaThIBarOIIIE-
MTOCEBHOT'O arperara.

Jis uccnefoBaHMs TEXHOJIOTHYECKOTO MpoIiecca Mmo-
CceBa MEJIKOCEMSHHBIX KYyIbTYp, KOTOPBIH peann3zyercs
[IITA, BaXHBIM SBJSIETCS MOCTPOEHHE MaTeMaTHYeCKOM
MOJIeNIM THHAMUKH TIpoIiecca U JaTbHEUIIeH OTHMHI3a-
UM KaK CaMoTo Tpoliecca, TaK W MapaMeTpOB BEICEBAIO-
[IEeTO ammapara.

MojenupoBaHue BKIIOYAET pa3paboTKy MOAETH JIU-
Hamuku awkeHus [1ITA monem, yduTbIBas COOTBETCTBY-
IOIIMUE CHUJIBI TATH U COMPOTHBIIEHUS, MOMEHTHI TIOBOPOTA
Y MOMEHTBI COMPOTHUBJICHHS TIOBOPOTA TPAKTOPA, a TAKIKE
pacueTsl mapaMeTpoB BEIXOa TOCEBHOTO MaTepHala ¢ ce-
MEHHOTO OyHKepa, OICHKH TUHAMUKU €r0 IBHKCHHUS Ce-
MSIPOBOJIOB K TOYKE KOHTAKTa C paccewBaresieM U (op-
MYJIBI PACCESTHHS CEMSTH Ha TIOYBE ITOCIIC BBIXO/IA U3 CeMsI-
MIPOBOJIOB.

ITonydyeHHble MOJENH TMO3BOJSIIOT ONPEAEIUTh TEX-
HUYECKHE TMapaMeTpPhl Pa3InYHbIX pabovnX MpucrIocode-
HuH, Bxoasmux B [1TTA, ¢ TOUKH 3pE€HUS MX COOTBETCTBUS
JIEATEIPHOCTH JIJISl KAY€CTBEHHOTO BHITIOTHEHHS 3a/IaHUSI.

OcCHOBHOE BHUMaHUE CKOHIIEHTPUPOBAHO Ha OTpeie-
JIEHUW KOHCTPYKTHUBHBIX MapameTpoB diemMeHToB [ TIA Ha
0a3e MoCTPOSHUS M UCCIeIOBAHUN COOTBETCTBYIONTUX Ma-
TEMATHICCKUX MOJICICH U PACUCTHBIX BBIPAKCHHI.

B 3TOM HampaBIeHHUHN POBOIMIIOCH UCCICAOBAHKE 110
OTIPE/ICIICHUIO ONITUMAIILHBIX KOMIIOHCHTOB: T€OMETpHYC-
CKUX KOHCTPYKIIMOHHBIX ITAPAMETPOB U YTIOBOH CKOPOCTH
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KaTyIIKK (), HAYaIbHONH CKOPOCTH CEMSIH B CEMSIIPOBO-
JI0B, 33J]aHHOI Bo3MyxoHarHerareneM (Vy,), yria HakJIoHa
IUTaCTHHEI pacceuBaTess () ¥ BBICOTHI €r0 YCTaHOBKH HAJl
MOBEPXHOCTHIO TI0uBHI (Hjp).

YcoBepIIeHCTBOBaHHAS MaTeMaTHUIECKasi MOJIEINb
MTO3BOJISIET MOJCIMPOBATH OYBOOOpadaTHIBAIOIIE-TIOCEB-
HBIE arperartsl ¢ pa3Hoi pabodel MHUPHHOIL.

KioueBble ciioBa: paccenBaTteny, oYBooOpadaThHI-
BaIOIIE-TIOCEBHOI arperar, KOHLENLUs, MaTeMaTHYecKas
MoJieNb, OJIOK KadecTBa, OJIOK TEXHOJOTMYHOCTH, MHUHH-
Mu3anus GyHKINOHAIOB, PABHOMEPHOCTh PacCeHBaHMUSI.

MODELING OF SOIL TILLING AND PLANTING
UNIT
T. V. Gayday

Abstract. This research is aimed at increasing the ef-
ficiency of the technical and technological process of
small-seeded green manure crops sowing by combining
technological operations of a soil-tilling and planting unit
(STPU) and improving the design parameters of the scat-
terer.

A scheme of a soil-tilling and planting unit with a
scatterer and a control means is proposed, and a concept of
the functioning of the technological process of a soil-tilling
and planting unit is determined.

To study the technological process of small-seeded
crops sowing, which is implemented by the STPU, it is im-
portant to build a mathematical model of the dynamics of
the process for further optimization of both the process it-
self and the parameters of the sowing apparatus.

The simulation includes the development of a model
of the dynamics of the STPU travel on the field, taking into
account the corresponding traction and resistance forces,
the turning moments and the moments of resistance to turn-
ing of the tractor, as well as the calculation of the parame-
ters of the seed output from the seed hopper, the dynamics
of its travel in the seed tubes to the point of contact with
the scatterer and the seed scattering formula on the soil af-
ter exiting the seed tubes.

The obtained models allow us to determine the tech-
nical parameters of various working devices included in the
STPU, from the point of view of their compliance with the
activities for the quality of the task.

The main attention is focused on determining the de-
sign parameters of STPU elements based on the construc-
tion and research of relevant mathematical models and cal-
culation expressions.

In this direction, a study was carried out to determine
the optimal components: geometric design parameters and
the angular velocity of the seed roller (oK), the initial seed
speed in the seed tubes specified by the compressor fan
(Ver), the angle of inclination of the diffuser plate () and
its height above the soil surface (Hs) )

An advanced mathematical model allows you to sim-
ulate tillage and sowing units with different working
widths.

Key words: scatterers, soil-tilling and planting unit,
concept, mathematical model, quality block, processability
block, minimization of functionals, scattering uniformity.
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AnoTanis. Ha 0CHOBI CHCTEMHOTO aHANI3y METOIIB
TiABHUIICHHS JOBTOBIYHOCTI Ta 3HOCOCTIHKOCTI pobodnx
OpraHiB IPYHTOOOPOOHHMX MAIIMH BCTAHOBIICHO, IO iX
masumendss B 90 %  BHIamkKax — JIOCSATa€ThCS
TEXHOJIOTIYHAMH METOJ]aMH. B cBOIO uepry 1e notpedye
3aCTOCYBAaHHS JOPOTHX 3MII[HIOIOYMX MaTepiajiB, IO
MPU3BOANTh JO 30UIBIICHHS COOIBAPTOCTI KiHIEBOT
npoxykuii. BupimeHHs Takoi ckiagHoi mpoOiiemu He
MOXE IPYHTYBaTHUCS Ha BUKOPHCTaHHI OjHIET Tpynu
METOJiB, a TOTpedye KOMIDICKCHOTO MiAXody 3
BHKOPUCTAHHAM CIIEKTPY JAOCTYIMHHX TPYI METOIIB.
BimmoBimHO MeTa poOOTH TONSITaE y  BH3HAYCHI
eKCIICPUMCHTAIEHAM  [IISIXOM MOIJIMBHX METOJIB
IiABHUIICHHS JOBFOBIYHOCTI Ta 3HOCOCTIHKOCTI pobodnx
OpraHiB TIPYHTOOOPOOHHX MAIIUH 3 YpaxyBaHHIM
I'PYHTOBO-KJIIMaTHYHUX YMOB iX ekcrutyaraii. B po6ori,
Ha OCHOBI I'PYHTOBO-KJIIMAaTHYHHX YMOB €KCIUTyaTailii
pobounx OpraHiB IPYHTOOOPOOHNX MaIlliH,
€KCIIEPUMEHTAIbHUM HIISIXOM BCTAHOBJICH]
eKCILTyaTalliiiHi, KOHCTPYKTHMBHI Ta TEXHOJOTI4Hi
METOAM IIiJBMILEHHS 3HOCOCTIMKOCTI JIEMIIIHHX Ta
JIMCKOBUX poOoYmx opraHiB. Pesympraté poboTh
BITPOBAKCHI y arpapHUX M ATPHEMCTBAX
Kurtomupcrkoi obmacTi.

Karuosi ciioBa: pobodi opranu, IpyHT, MalliHA,
3HOCOCTIMKICTb, JIOBIOBIYHICTb, 3MII[HEHHS,
eKCILTyaTarlis.

IMocTaHoBKa mpoGieMu

AOpa3uBHE 3HONIYBaHHSI € PO3MOBCIOIPKEHUM
SIBUIIEM B MPOMUCIIOBOCTI, Oy/MiBHHUITBI Ta CiIbCBKOMY
rocrosapcTi. B pesynbrari abpa3suBHOTO 3HOIIYBaHHS
BTPaTH B PO3BHHYTHX KpaiHaX [OCSraloTh YOTHPHOX
BiJICOTKIB BBIL B CLITBCHKOTOCIIOIAPCHKOMY
BUPOOHMITBI HalOibIIe aOpa3sMBHOMY 3HOIIYBAaHHIO
migaThest poboYl OpraHM I'PYHTOOOPOOHMX MAIlWH.
Po6oui opranu rpyHTO00pOOHUX MaITuH Oe3MocepeTHbO
KOHTaKTylOTb 3 a0pa3MBHMMH YaCTHHKaMH, IO
MPU3BOJUTH 10 IHTEHCHBHOTO abpa3uBHOTO
3HOIIYBAaHHA. B pe3ysbTaTi 9oro MOTipUIyeThCs SIKICTH
00poOITKYy TpYHTY, MNIBHINYIOTHCS  3aTpaTd  Ha

00poOITOK, MOPYIIYIOTBCS AarpOTEXHIYHI CTPOKH Ta
BHHHUKAIOTh MPOCTOI IPYHTOOOpPOOHOI TexHiku. Bee 1e
NPU3BOAUTE 10 3HAYHUX BTPaT BAJIIOBOI NMPOAYKLIl B
cinbcpkoMy — rocmomapctBi.  ToMy — mpoBeneHHS
JOCIHI/DKEHb 10  TIJIBUIIEHHIO JOBrOBIYHOCTI Ta
3HOCOCTIMKOCTI po0OYMX OpraHiB IPYHTOOOPOOHHX
MalluH, € 6e3yMOBHO aKTyaJbHOIO MPOOIEMOIO.

AHaJi3 0CTAHHIX JOCIIIKEeHD

[TuragHsIM  MOiOBUINEHHS  JOBIOBIYHOCTI  Ta
3HOCOCTIMKOCTI POOOYHX OpraHiB IPYHTOOOPOOHUX
MaIllliH B pi3uuii yac 3aiimanucs R.C.D. Richardson [1],
Kocrenpkuit  B.I.  [2, 3], Txawor B.H. [4],
CesepuboB M.M. [5], Cizopos C.O. [6], Ayaiu B.B. [7],
Hogikos B.C. [8], Kozauenko O.B. [9] Moore M.A. [10],
MuxanpueakoB AM. [11], Ta immi. [ligBunuTu
JIOBIOBIYHOCTI Ta 3HOCOCTIMKICTH POOOYMX OpraHiB
IPYHTOOOPOOHMX MAIIMH MOXXJIHBO TPhOMa TPYyHaMH
METOJ[IB: TEXHOJOTIYHUMH, KOHCTPYKTHBHUMH Ta
ekcruryatarifiamvMu. Ha  pgaEmii  4Wac  mepeBakHa
OUTBIIICTH CYJ9aCHHUX POOIT, MPUCBIICHA TEXHOIOTIYHIM
METOIaM ITiABUIIEHHS JOBIOBIYHOCTI Ta 3HOCOCTIMKOCTI
pobouunx opraniB rpyHT000poOHMX MaruH [8, 9, 12-18].

B poGorax [7, 8] kKoXHOMY THIy TpYHTY, B
3aJICKHOCTI  Bi BMICTY KBapUOBHX aOpa3sHBHUX
YaCTHMHOK,  BU3HAYEHO  BIJHOCHY  3HOIIYBaIbHY
3aTHICTh. 3a3Ha4YeHE MOXE OYTH BHKOPHCTAHO TiTBKH
JUTS XapaKTePUCTUKU OHOTO i3 CTaHiB IPYHTY, OCKLUIBKH
HOro 3HONIyBalbHA 3[aTHICTh IPYHTY 3aJIe)KUTh HE
TUTBKH Bif BMicTy aOpa3sWBHHMX YaCTHHOK aie 1 Bix:
CTYIIEHIO iX 3aKpiIIeHHs], pOpMHU aOpa3UBHUX YACTHHOK,
BOJIOTOCTI I'PYHTY Ta BMicTy 0i0JI0Ti4HOI (ha3u B HOMY.
[NomepenHi excriepiMeHTaIbHI JOCTIDKEHHS CBiI4aTh,
IO 3HOUIyBaJbHA 3JIaTHICTh IPYHTY € BEIMYHHOIO
3MIHOIO 1 MOXXE KOJMBAaTHCS B IEBHHX MeXax, IO
3aJIeXKHTh BiJl CTaHy B SIKOMY 3HaXOJUThCS IPyHT. Ilpu
pO3poOIll  eKCIUTyaTalliiHUX  METOIB  ITiABHIIEHHS
3HOCOCTIMKOCTI Ta JJOBrOBIYHOCTI HEOOXIJHO TaKOX
BpaxyBaTH MOJIIMBOCTI IIPOIECiB caMoopraHizamii
CepelOBHUINA IPYHTY.
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Bupimrennst Ttakoi ckmagHOi mpobiemwu,  SIK
ITiABHUIICHHS JOBTOBIYHOCTI Ta 3HOCOCTIMKOCTI pobodnx
OpraHiB  IPYHTOOOpOOHMX  MAaIIWH, HE  MOXE
TPYHTYBaTHCS Ha BHUKOPHCTAaHHI OJHOTO i3 METOMIB, a
MMOBHHHO TPYHTYBATHUCS Ha CHCTEMHOMY WimXomi 3
BUKOPHUCTaHHSM YCBOTI'O CHEKTDPY AOCTYITHHX METOIB.

Meta nociigkeHn

Merta poboTH — eKCIIEpUMEHTaJIbHUM IIUIIXOM
BU3HAYUTH MOJKJTUBI METO! I IBUILCHHS
JTIOBTOBIYHOCTI Ta 3HOCOCTIMKOCTI poOoumx oOpraHiB
TPYHTOOOPOOHMX MAIIMH 3 ypaxyBaHHSAM IPYHTOBO-
KIIMAaTHIHAX YMOB IX eKCIUTyaTartii.

Pe3yabsTaTn qocaigxeHnb

B po6oTi At nociigKeHb BAKOPUCTOBYBAINCS JIBa
TUIH pOOOYHX OPraHiB IPyHTOOOPOOHHMX MAIlIUH:

a) BUPI3HUIA IUCKOBUIT poOOUMii OpraH;

0) JeMiI miyra.

IIpu peamizamii cHCTEMHOTO MiAXOXYy HEOOXiTHO
BpaxyBaTH BCi ICTOTHI YMHHHKH, SKi BIUIMBAIOTH Ha
JTIOBTOBIYHICTH Ta 3HOCOCTIMKICTh POOOYHX OpTraHiB.

B gesxux pobGota [9, 19] cTBepmKyeThCA, IO
reomeTpuyHa (opMa  HaHECEHHS  3HOCOCTIHKOTO
MIOKPHUTTSI Ma€ BUPIIIAIbHE 3HAYECHHS JUIA ITiABUINCHHS
3HOCOCTIMKOCTI po0OYMX OpraHiB IPYHTOOOPOOHHX
MaiuH. /{15 BU3HAUYEHHs BIUIMBY F€OMETPUYHOI popmu
HAHECCHHS 3HOCOCTIMKOrO IOKPHUTTS Ha IOBEPXHIO
pobounx OopraHiB JAMCKOBUX I'PYHTOOOPOOHHX 3HApsIb,
3aIpOIIOHOBAHO Pi3HI TEXHOJIOTI4YHI BapiaHTamu (puc. 1).
HaneceHHsI 3HOCOCTIHKOTO IMOKPHUTTS BHUKOHYBJIM Ha
JIMCKOBI po00Yi OpraHn BUTOTOBIIEHI 31 cTami 651 .

Bcranosneno, 1o reoMeTpuyHa popMa HaHECEHHS
3HOCOCTIMKOTO TIOKPUTTSl Ha TOBEPXHIO TEPTS HE Mae
BUPIMIATEHOTO 3HAYEHHSA JUIst T IBUIIICHHS
3HOCOCTIMKOCTI poOOYMX OpraHiB IPYHTOOOPOOHMX
MallMH Ha BCIX THUMNAxX IPYHTIB. BimMiHHICTE momsrae
TIIBKH B MEXaX CTaTHCTHYHOI mnoxubku (10 3%)
(puc. 2). 3pasok 2 (puc. 2) 3HOUIYETbCS OUIBII
IHTEHCUBHO, OCKIJIbKH 00’ €M HaHECEHOTO 3HOCOCTIHKOTO
MOKPUTTS 3HAYHO MEHIIMH 3a 00’€M MOKPHUTTA

HAaHECEHOTO Ha IHIN 3pa3kud poOOYMX OprasiB
TPYHTOOOPOOHMX MAIlNH.

Hns IHIIAX TUTIB poboumx OpraHiB
TPYHTOOOPOOHMX MAIlIMH CHOCTEePIraeThCs 1IEHTHIHA
3aJIeKHICTP (puc. 2).

3MinHeHHS poO0YMX OpraHiB BUKOHYBAIHd TphOMa
Bugamu enekrpomaiB T-620, T-590 ta M-Fe 6 ximiunuit
CKJIaJI SIKUX TIPEJICTaBICHO B Tab. 1.

Ta6mums 1. XiMigHUN CKITa]] 3HOCOCTIMKOTO IIapy
Ha MOBEPXHi pOOOYHX OpraHiB IPYHTOOOPOOHMX MaIInH.

Table 1. The chemical composition of the wear-
resistant layer on the surface of the working bodies of
tillage machines.

XimiqHUH Mapxka enexkTpomy
SIEMEHT T-620 T-590 M-Fe 6
Mn 1...15 1...1,5 <3,0

Si 2..25 2..25 -

C 2,9...3,5 2,9...3,5 <25

P <0,04 <0,04 <0,04

S <0,035 <0,035 <0,04
Cr 22...24 22...27 <10
Ti 0,5...1,5 - -

B 0,5...1,5 0,5...1,5 -
Mo - - <3,0
Nb - - <10

Micas CIIPALFOBaHHS mrapy — HaHEeCeHOTo

3HOCOCTIMIKOrO TMOKPHUTTS IHTEHCHBHICTh 3HOIIYBaHHS
CTaHOBMJIA PIBHOIO cepiiiHOMYy poOodomy oprany. Takox
BIJIC/TITKOBYETHCS IUHAMIKA 3MCHIIICHHS IHTEHCUBHOCTI
3HOIYBAHHSA MPH 3MCHIICHHI jJiamMeTpa mucka. lle
TMOSICHIOETHCSI 3MEHIIICHHSIM TUCKY Ha KPOMKY pO0O0OYO0To
OpraHy B 3B’SI3Ky 31 3MEHIIEHHSM IIIMOUHE 0OPOOITKY.
HaneceHnHs 3HOCOCTIHKOTO TOKPUTTS Ha ITOBEPXHIO
JMCKOBHX POOOYMX OpraHiB OLIBLI CYTTEBO IIiABHINYE
3HOCOCTIHMKICTh Ha CYIIIIAHWX Ta MIMIAaHUX IPYHTaxX B
MOPIBHAHHI 3 CYIMIMHKaMH Ta TIMHUCTUMH IPyHTaM
(Tabn. 2). B cBowo depry 1€ MOSICHIOETHCS PIZHUMH
MeXaHi3MaMH aOpa3WBHOTO 3HOIIYBAaHHS MOBEPXHI: Ha
MIAaHUX 1 CYHINAHUX IPYHTax IepeBakae MpolecC
MIKpOpi3aHHs, a Ha IHIIMX THUIaX IPYHTIB — MpOLEC
noJigedopmaniiHoOro pyitHyBaHHs OBEPXHI METaIy.

Puc. 1. BapianTu HaHECEHHS 3HOCOCTIHKOTO MOKPUTTS Ha TUCKOBI poO0OYi OpraHu.
Fig. 1. Options for applying a wear-resistant coating on disk working bodies.



HIJBUILEHHS JJOBIOBIYHOCTI TA 3HOCOCTIMKOCTI POBOYNX OPT'AHIB IPYHTOOBPOBHUX ... 69

0,08
s 0,067
£ o7 0,066
= 0,06
= 0,049 0,051 0,049 0,048
g 0,05
2,
50,04
o
5 0,03
5002
= 0,01
=~
% O T T T T T
= Cepiiini Cepiitni 1 2 3 4
- (crams 65T)  (cranb

28MnB5)

Bapiantu nuckoBux poOouux opraHiB

a)

0,032

0,04
0,035 0,032 0,034 0,032

0,03
0,025

0,02
0,015

0,01
0,005

0 . . .
1 2 3 4

CepmHl Cepmm
(cramp 65I')  (crams

[HTEHCHBHICTH 3HOITYBAHHS I/Ta

28MnB5)
BapianTtu auckoBux poOO4YHMX OpraHis
0)

0,03
£
= 0,025 0,024
£
3 0,02 - 0.019 0,019
5
Z 0,015
B
= 0,01
m
=
Q
§ 0,005
=

0 .
Cepiiii Cepiitai 4
(ctams 65T) (cTamn
28MnB5)

BapianTtn 1uckoBUX poOOYHX OpTaHiB

6)

Puc. 2. [HTeHCUBHICTh 3HOIIYBaHHS CepiiHUX Ta 3MinHeHuX (enektpomoM T-590) auckoBuUX poOOYHMX OpraHiB
I'PyHTOOOPOOHHX MalKH pu 00podiTKy nepumx 500 ra arperatom Y IA-4,5 ot miciist 30MpaHHs KyKypy/A31 Ha CHIIOC
(BapiaHTH HaHECEHHS 3HOCOCTIHKOr0 MOKpUTTA 1, 2, 3, 4 mpeacTaBiieHi Ha puc. 1): @ — CymilllaHuid IPYHT; 6 — cepeaHii
CYIVIMHOK; 6 — T'JINHA JIETKa.

Fig. 2. Intensity of wear of serial and strengthened (electrode T-590) disk working bodies of tillage machines at
processing of the first 500 hectares by the UDA-4,5 field unit after harvesting of corn on a silo options of drawing of a
wearproof covering 1, 2, 3, 4 are presented in fig. 1): a — sandy soil; 6 — medium loam; ¢ — clay light.
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Taoauusa 2. [TigBuIimeHHs 3HOCOCTIMKOCTI JUCKOBUX
poOounx opraHiB IpyHTOOOPOOHHUX MAIIHH BUTOTOBICHUX
31 crami 65T

Table 2. Increasing the wear resistance of disk
working bodies of tillage machines made of steel 65T,

Mapka enextpony
Tpynr T-620 T-590 M-Fe 6
Cymimammit | 1,35..142 | 1,31...1,39 | 1,32...1,39
Cepeiii 124...135 | 1,20...128 | 1,19...1,25
CYTJIMHOK
Tmwa 1,16...121 | 1,04..126 | 1,13..1,21
JICTKA

AHaJoriyHa 3aKOHOMIPHICTB CIIOCTEPITraeTbes i Ipu
HAHECCHHI 3HOCOCTIHKMX TMOKPUTTIB HA IHINI BUAH
pobounx oprasiB IpyHTOOOpOOHMX MamuH (Tadum. 3).

Taoauusa 3. ITigBuIEHHS 3HOCOCTIMKOCTI JIEMIIIIB
BUI'OTOBJIEHUX 31 cTami 651 .

Table 3. Increasing the wear resistance of plowshares
made of steel 65T.

Tpymr Mapka enextpony
T-620 T-590 M-Fe 6
Cymimanmit | 3,20..3,33 | 3.21..3,32 | 2,95...3,07
Cepemniit | 5 o5 5g7 | 284,285 | 2.64..2.71
CYTITHHOK
[mna 2,77.2,82 | 2,78..2,83 | 2,41...2,50
JICTKa

Haiixpame U1 MiIBUINEHHS ANWCKOBUX POOOUYMX
opradi 3apekoMeHayBau cede enexrpoau T-620 (Tabm. 2),
OCKIJIbKY BOHH TIPH3HAYEH] JJIsl HATUTABJICHHS IeTajeH, sSKi
NPaIfoloTh B yMOBaxX a0pa3WBHOTO 3HOUIYBaHHS 3
TIOMIpHUMH yJapHUMH HaBaHTaXEeHHsMU. [Ipy 3MinHeHH]
nmemimiB enektpomamMu T-620 Ta T-590 pisHum He
croctepiranu (tadiu. 3). HaliMeHIry 3HOCOCTIHKICTh Mau
poboui opraHu TIPYHTOOOPOOHHMX MAIIMH 3MIilHEHHI
enektpoaom M-Fe 6.

Cnig  BIAMITHTH, UI0 BHKOPUCTAHHS HUCKOBHX
pobounx opraHiB, BUTOTOBJICHUX 3 J0POroi OOpOBMiCHOT
crami 28MnBS5, nae cyrreBuit edexT miIBUILEHHS
3HOCOCTIMKOCTI TIMPKA HA TJIMHSIHUX 1 CYTJIMHKOBUX
rpyHTax. [Ipm ekcmmyararmii AMCKOBHX TIPYHTOOOPOOHMX
MalllMH Ha CYMIIMIaHKX 1 MIaHUX IPyHTaX BUKOPUCTaHHS
poOounx opraHiB BUTOTOBJICHHUX 3i cTani 28MnB5 He nmae
TIO3UTHBHOTO €(eKTy.

CyTTeBUil BIUIMB Ha MWIJBHIICHHS JIOBrOBIYHOCTI
pobounx opraHiB TIPYHTOOOPOOHMX MAIWH 3IIHCHIOE
woma Ta 00’€M HAaHECEHOTO 3HOCOCTIMKOTO MOKPHUTTS
(puc. 3).

B pe3ynpraTi = HaHECEHHsM  JIDYroro  mapy
3HOCOCTIMKOTO OKPHUTTS JOBrOBIYHICTH pOOOYMX OpraHiB
JMCKOBHX I'PYHTOOOPOOHHMX MAIIMH IiJIBUIYETHCS HA!

- 13,1 % npu excruryaTanii Ha CyIilIaHOMY IPYHTI;

- 9,3 % mpu excIuTyararii Ha cepeIHbOMY CYTIIMHKY;

- 7,1% npu excrutyaTanii Ha JIETKii IJIMHI.

Sk BimOMO, TpU EKCIUTyaTallil ITUCKOBHX pPOOOYUX
OpraHiB MOXJIMBO BUHUKHEHHS JBOX TPAHUYHHX CTaHIB!

- TIpH 3aTyIUJICHI JIe3a;

- TIpY 3MEHIIEHH] 30BHIITHBOTO JliaMeTpa.
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Cynimannit  CepenHiit

TPYHT CYTJIMHOK

B OauH map nokpuTTs ® J[Ba mapu NOKPUTTS

Puc. 3. HampairoBanHs poOodYnx OpraHiB arperary
YIA-4,5 1o TpaHMYHOTO CTaHy (CXeMa HaHECEHHs
nokputTst Ne4, 3mirHeHHs enexrpogom T-590).

Fig. 3. Operating time of the working bodies of the
unit UDA-4,5 to the limit state (coating scheme Ne4,
strengthening of the electrode T-590).

B nepmomy Bumaaky po0odi opraHu 3aroCTpIOIOTH i
NPOJOBXKYIOTH  ©KCIUTyaTyBaTH, a B JAPyroMy —
BUOPaKOBYIOTh. HasBHICTH MEPIIOro IPaHUYHOTO CTaHY
MIPU3BOJUTS JI0 MIPOCTOIO TEXHIKH Ta 3pOCTaHH: 3aTpaT Ha
o0ciyroByBaHHs arperaty. J[is yHUKHEHHS BUHUKHEHHS
MepIIOT0 TPaHWUYHOTO CTaHy HEOOXIAHO IpPaBUIIBHO
BHOpaTH CTOPOHY 1 KyT 3arocTpeHHs. B pe3ynbTarti
NPOBEACHUX JOCHTIHKEHb PO3pPOOJICHI peKOMEHalil 1o
3arOCTPEHHIO JJUCKOBHUX POO0UYUX oprauis (Tabi. 4).

30UTPIICHAS  BOJIOTOCTI  IPYHTY, B  OUIBIIOCTI
BUII4/IKiB, IPU3BOJMTH JI0 3POCTAHHS HOTO 3HOLIYBAIBHOT
3gatHocti. JlaHe sBHINE TpHBaE A0 JOCATHCHHS
KPUTHYHOTO CTaHy, KOJHM Ha IOBEPXHi poOOYMX OpraHiB
Oyze BuIUIATHCS BiibHA Boaa. [licis 4oro iHTEHCHBHICTh
3HOIIYBaHHS TIOBEPXHI CYTTEBO 3MEHIIYEThCS, OCKLIbKU
IPyHTOBa BOAa Oyle BHCTYMAaTH B POJIi 3MallyBajbHOT
pinuan. IIpoBoautu 0OpOOITOK IPYHTY B LILOMY CTaHi
HEMOJKJIMBO 4epe3 HEBHKOHAHHS arpOTEXHIYHMX BHMOT.
J1ist BCIX THUIIB IPYHTIB BU3HAYEHO ONTHMAJIbHY BOJIOTICTh
npu  siKiii  3a0e3nevyyeTbesi HaliMEHIa 1HTEHCHUBHICTb

3HOIIYBaHHS TIOBEPXOHb pobounx OpraHiB
IpyHTOOOpOOHUX MamuH (Tadi. 5).
3pocTaHHS IIBUJIKOCTI IepeMimeHHs poOodmnx

OpraHiB BIJIHOCHO TIPYHTY NPHU3BOIUTH JO 3POCTaHHS
IHTGHCUBHOCTI ~ 3HomyBanHsa. s 3a0e3meveHHs
MiABUIIEHO] 3HOCOCTIMKOCTI HEOOXIAHO, 110 O MIBHAKICTH
arperary Oyna sKoMora MiHIMalbHOIO. B  peanbHHX
YMOBaxX eKcCIUTyaTalii I'pyHTOOOpDOOHMX MAamIWH Iie He
MOJXJIMBO, OCKUIBKM 31 3MEHIIEHHSM  IIBHUIKOCTI
3MEHINYEThCS TMPOAYKTUBHICTH arperary, IO MOXe
MIPU3BECTH J0 HEBUKOHAHHS SKICHOI omepamii B »KOPCTKi
arpoTEeXHI4HI CTPOKH.
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Tadonuusa 4. HeoOXigHi reoMeTpudHi MapameTpu
po0oUYnX OpraHiB IUCKOBUX IPYHTOOOPOOHMX MAIIIVH, JIJIs
3a0e3MeyeH s X MiIBUILEHO] JOBIOBIYHOCTI.

Table 4. Necessary geometrical parameters of
working bodies of disk tillage machines, for maintenance
of their increased durability.

=
=
S
- la
5
IpyHT 5 § KyT 3arocrpenss,
2K
=
<
A
< Baxka
= Cepe s 30BHIIIHIN
= 10°...20°
~ Jlerka
y Baxxkuit C
= 30BHINIHIA
= ‘o 10°...20°
S Cepenniit
5
o Q
O Jlerxwuii 2 \
[
)
o N
< Baxxkuit ~ =
& =
IS O . - e jon
§ 5| Cynimanumii 2y S
=l I =& Q
S = 5™ |
== - = S :
E ‘g ITicox 5 % S
9 ~ —
3 3B’ s13aHUI = " =
Z T
v H
T = g
=l =
. . . > =
ITicok BinbHMI E T o
= m o
o,
=

Tabauus 5. Bomoricte TpyHTY,
HalMEHITY IHTEHCUBHICTb 3HOLITYBaHHSI.

Table 5. Soil moisture, which provides the lowest
intensity of wear.
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[Ticnst 30MpaHHs CLTBCHKOTOCTIONAPCHKHUX KYJIBTYP Ha
TIOBEPXHI TPYHTY 3aJMIIAIOTHCS MOXKUBHI PEHITKU 1 NpH
B3a€MOii 3 pOOOYMMH OpraHaMH I'PYHTOOOPOOHHUX MaIINH
BOHM  MOXYTb  BHAULITH  COKH, sIKi  OynyTh
iHTeHCU(}iKyBaTH TMporec aOpa3WBHOTO 3HOIIYBaHHS.

OO6poOITOK IpyHTY HEOOX1JHO MPOBOJUTH MPH HAMMEHIITi it
BOJIOTOCTI TIOKUBHUX PEIITOK CLIbCHKOTOCIIONAPCHKHUX

KYJBTYD.

BucHoBku

1. 3HomyBaHHA POOOYMX OpraHiB IPYHTOOOPOOHMX
MalliH HOCHTh  CKJIQJHUH  xapakrtep. [Ipobmema
MiJBUICHHS 3HOCOCTIMKOCTI Ta JOBTOBIYHOCTI po0OOYMX
OpraHiB, IO B3aEMOJIIIOTh 3 TPYHTOBUM CEPEIOBUILNEM HE
MOKe OYTH BHPIIICHO 32 PaXyHOK BUKOPUCTAHHS TUIBKU
TEXHOJOTIYHUX METOMIB IMABHUIINEHHS 3HOCOCTIMKOCTI Ta
JIOBrOBIYHOCTI.

2. Jlng NOCATHEHHS IOCTaBJICHOI METH HEOOXITHO
3aCTOCYBAaTH KOMIUIEKCHUH MiAXi, SKU Oy/e BKIIOYaTH B
cebe po3poOKy TEXHOJIOTIYHIX, KOHCTPYKTUBHAX METOIIB

MIBUINEHHS  3HOCOCTIMKOCTI Ta  JOBIOBIYHOCTI 3
BpaxyBaHHIM IPYHTOBO-KIIMAaTUIHHUX YMOB Ta
BIOPOBaKEHHS  HAYKOBO  OOIPYHTOBaHMX  METOJIB

eKCILTyaTalii poOoYuX OpraHiB IpyHTOOOPOOHHUX MaIlWH.
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I[MOBBIIIEHUE JOJIIOBEYHOCTHU 1
M3HOCOCTOMKOCTU PABOUMX OPTAHOB
IMOYBOOBPABATBIBAIOIINX MAIIINH
K. B. bopax

AnHoranusa. Ha ocHoBe cuCTEMHOro aHanusa
METO/IOB TOBBILIEHHUS J0JTOBEYHOCTU U U3HOCOCTOMKOCTH
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paboumx OpraHoB MOYBOOOPAOATHIBAIOIIMX  MAITUH
YCTaHOBIIEHO, YTO HUX mNoBbmIeHHEe B 90% ciydasx
JOCTUTAETCS TEXHOJOTMYECKMMU MeTojamMH. B cBoro
ouepenp  3T0  TpeOyeT  INpPUMEHEHHS  JOPOTHX
YIPOYHSIOIINX MaTEPHAIIOB, ITO IPUBOAUT K YBEINICHHIO
cebecTonMOCTH KOHEYHOH mponaykuuu. Pemrenme Taxoin
CIIO)KHOM TpoOJIeMbI HE MOXET OCHOBBIBaTbCS Ha
UCIIONIb30BAaHUK OJHOM TPYNIIBI METO/AOB, a Tpedyer
KOMIUIEKCHOTO IOJX0Ja C HCIHOJB30BAHUEM CIIEKTpa
JOCTYNHBIX rpynn MerooB. COOTBETCTBEHHO IIENb
paboTsI 3aKJIF0YaeTCs B orpeieJIeHHbIe
9KCIIEPUMEHTAIbHBIM ~ IIyTEM  BO3MOXKHBIX ~ METOZOB
MOBBIIICHUSI JOJIITOBEYHOCTH U H3HOCOCTOHKOCTH pabodmnx
OpTaHOB II0YBOOOPA0ATHIBAIOIINX MAIIUH C YYETOM
MOYBEHHO-KJIMMAaTHYECKUX YCIOBHH MX 3KCIUTyaTanuu. B
paboTe Ha OCHOBE NOYBCHHO-KIMMATHYECKHX YCIOBHH
AKCIUTyaTaIliH PadOYHX OPTraHOB ITIOYBOOOPA0ATHIBAFOIIIX
MalllfH, JKCIEPUMCHTAIBHBIM IYTEM YCTAHOBJICHBI
OKCILUTyaTaluOHHBIC, KOHCTPYKTHBHBLIC n
TEXHOJOTHYCCKHUEC METOIbI ITOBBIIIICHUS H3HOCOCTONKOCTH
JIEMEXOBBIX M JUCKOBBIX Pa0O4MX OpraHoB. Pe3ynbTarhl
paboTel  BHEApPEHBI B arpapHbIX  HPEANPHUATHAX
JKuromupckoii ob6nacT.

KnaroueBble ciioBa: pabouwe Oprassl, I04YBa,
MaIlINHA, H3HOCOCTOWKOCTh, 10JITOBEYHOCTD, YIPOUHEHHE,
9KCIITyaTaIHs.

IMPROVEMENT OF TOTAL RUNNING TIME AND

WEAR RESISTANCE OF TILLAGE TOOLS

K. V. Borak

Abstract. On the basis of a system analysis of
methods of total running time and wear resistance
improvement of tillage tools it has been found that in 90%
of cases their improvement is achieved by technological
methods. In its turn, it requires the use of expensive
hardening materials that results in production cost increase
of final output. The solution to a problem cannot be based
on using one group of methods, it requires a complex
approach when using a range of available groups of
methods.

Correspondingly, the purpose of the research is to
identify experimentally some feasible methods of total
running time and wear resistance improvement of tillage
tools with due regards to soil and climatic conditions of
their operation.

On the basis of soil and climatic conditions of tillage
tools operation, the research identifies experimentally
some operational, constructional and technological
methods of wear resistance improvement of share and disk
tools. The research results have been introduced at the
agrarian enterprises of Zhytomyr oblast.

Key words: tillage tools, soil, machine, wear
resistance, total running time, hardening, operation.
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Abstract. The level of transport at safety, energy
consumption, and impact on the environment in Ukraine
do not meet modern requirements. In recent decades, the
world has seen a sharp increase in the number of vehicles
and an increase in traffic, which leads to a stolen increase
in the number of traffic accidents and their negative
consequences. There is a whole range of issues that need
to be solved, such as high mortality and injury rates as a
result of road accidents; a significant part of obsolete
vehicles operated by Ukrainian carrier, that is inefficient
and harm the environment; the imperfection of the
transport safety management system and the absence of a
single coordinating body for road safety management,
which is the reason for the lack of an integrated system of
state road safety management; low level of coordination of
actions and institutional capacity of state authorities and
local governments to plan and conduct actions in the field
of road safety; the imperfection of traffic accident
monitoring systems, their statistics, and risk management;
ineffective approach in solving the problem of high
accident rate and severity of its consequences and creating
a scientific basis for activities in the field of road safety;
lack of specific measurable goals to increase the level of
road safety, the relevant coordinated action plan in this
area; unsatisfactory technical condition of a significant
number of vehicles and the lack of a system for monitoring
the safety of vehicles during their operation; low level of
introduction and practical application of the latest
technologies and technical means of traffic organization,
automated means of control and regulation of traffic;
insufficient funding of measures aimed at preventing and
reducing the level of accidents, reducing the number of
road accidents with real consequences; low level of driver
training and lack of effective control over the activities of
driving schools; low level of education of the society in the
field of road safety, own responsibility and observance of
traffic rules, etc.

The car has advantages over other types of vehicles:
high mobility, relative ease of operation, the ability to
deliver passengers and goods "door to door". It is these
advantages of the car that are associated with the negative
phenomena that accompany motorization where the lack of
traffic safety is in the first place. We can name three
important characteristics of modern road transport, which

determine the low-level of safety: insufficient provision of
road transport with appropriate in their parameters roads;
insufficient isolation of traffic flows from other road users;
mass driver's profession, which causes a low average level
of qualification.

Key words: accident rate, traffic accident, road
inspection, traffic-signs, traffic flow.

Introduction

The growth of the motor-vehicle pool in our country
— as a result of the increase in road users leads to an
increase in the number of traffic accidents. According to
the Strategy for Improving Road Safety in Ukraine till
2020, the level of deaths and injuries due to the road
accidents is the highest in Europe and a level of road safety
organization remains extremely low, as experts from the
WHO, the World Bank and other international institutions
have repeatedly pointed out in their reports.

Formulation of problem

Over the last six years (2011-2016), about 170.8
thousand road accidents with victims are registered in
Ukraine in which 26.7 thousand people died and, 210.4
thousand people were injured. In 2016, the number of road
accidents increased by 5.1 per cent and the number of
injured people by 6.4 per cent compared to 2015. Of
particular concern is the fact that more than 42.6 per cent
of those killed in road accidents in 2016 were pedestrians
and cyclists.

Analysis of recent research results

The work of many domestic and foreign scientists is
devoted to the problem of road safety: Babkova V.F.,
Badalyana A.M., Gavrilova O.A., Dzyuba O.P.,
Divochkina O.A, Drew D., Derekha Z.D., Eresova VI.,
Klinkovshteina G.l., Lanovogo O.T., Lobanova E.M.,
Lukyanova V.V., Polishchuk V.P., Silyanova V.V.,
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Fishelson M.S., Halberta S., Chetverukhina B.M.,
Sheshtokasa V.V., Yudena K. And other [4-11].

The great concern is the fact that 1.4 thousand
children under the age of 18 have died on the roads of
Ukraine over the last six years, and road accidents in
Ukraine are the first most common cause of death among
young people aged 15 to 24 and the second most common
cause of death of children aged 5 to 14 years [3].

Purpose of research

The purpose of our study is to identify and analyze the
factors influencing the occurrence of road accidents in rural
areas.

Results of research

A large amount of information is required to analyze
to identify those that significantly affect the commission of
an accident. One of the causes of accidents is insufficient
investigation and their timely study. The task requires a
large number of observations for the manufacture of soil
bran. To conduct research, we have included the necessary
information regarding the state of emergency of students
who were preparing to defend their bachelor's and master's
theses. In the process of analysis, together with students,
we worked up the results in (Yagotynsky, Boryspil, Kyiv-
Sviatoshynsky, Fastiv, Zgurivsky District), Khmelnytsky
(Novoushitsky, Starokostiantynivsky districts), Vinnytsia
(IMinetsky, Sharrogrodzhivsky).

According to the results of the accident, it established
that it was possible to obtain the maximum number of traf-
fic accidents in each village during the year in the range
from one to three. However, there are periods when there
were no accidents during the year. The main types of acci-
dents are - collision, collision with a pedestrian, collision
with an obstacle, collision with a standing vehicle, collision
with a cyclist.

The aim of the study has analyzed the areas of the
main and residential streets of rural settlements in order to
determine the compliance of the characteristics of the pa-
rameters of the elements of the cross-sections with state
building codes. We concluded that the width of the lanes
and their number, meet the normative values, but sidewalks
are absent, available only on one side of the street or it is
impossible to move, which significantly affects the safety
of pedestrians and vehicles (Fig. 1). The outlook of the
roadway in the settlements is breaking down (Fig. 1,
Fig. 2).

Following the Law of Ukraine "On Road Traffic",
there is one uniform order of movement to ensure safety
for all its participants in Ukraine. Traffic signs are the most
popular and one of the main means of organization and
management of traffic and designs to inform its
participants about the conditions, modes and directions of
traffic [2].

Drivers who are unfamiliar with the road use signs to
obtain the necessary information about the road situation.
That is why the unreasonableness of the installation of
traffic signs or their absence leads to emergency situations.
Traffic signs in combination with road markings focus the

driver's attention on the road conditions and force them to
take the right steps to choose the mode of movement of the
vehicle. Pay attention - means to be active about a certain
range of objects. Lack of attention is the cause of a
significant number of accidents. To conclude we can see
that in most areas of streets and roads of rural settlements
there are no damaged or selectively traffic signs. Road
marking is absent or has not been updated for a significant
period, it is invisible (Fig. 3, Fig. 4).

-"""‘ e S

Fig. 1. Section of the road on the str. In Franko in
the village Malkivka (no sidewalks, destroyed the road
overview).

Fig. 2. Section of the road on Skvyrska Street in the
village Berezyanka, Ruzhyn district, Zhytomyr region (de-
stroyed the road overview).

Fig. 3. Intersection in the village. Vyshniv, Volyn re-
gion (no priority signs and markings).

In particular, in most villages on the roads there are
no: previous signs - "Dangerous turn to the right", "Dan-
gerous turn to the left", "Turn direction”, "Road guide",
"Children™, "Pedestrian crossing”, priority signs - "Give
the way", “The main road”, prohibited - “Maximum speed
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limit”, information-indicative - “Pedestrian crossing”,

“Central bus point”, etc. There are no road marking lines,
for example, those that determine the order of location on
the carriageway of vehicles, mark the boundaries of unreg-
ulated pedestrian crossings, identify places where it is nec-
essary to stop the vehicle to give preference to traffic, and
S0 on.

Fig. 4. The section of the main road Kitaygorod, Vin-
nytsia region (no previous signs 1.1 “Dangerous right turn”
and 1.4.1 “Right turn”, the road marking is invisible).

The traffic flow dominated by bicycles, motorcycles
without wheelchairs and mopeds, cars, trucks with a load
capacity of 1 to 8 tons, road trains with a load of up to 12
tons, wheeled tractors with trailers up to 10 tons, buses.
Depending on the economic activity within the settlement,
self-propelled machines and mechanisms that move from
field to field may appear on the roads and streets as part of
the traffic flow. Under the influence of trucks, road trains,
tractors, self-propelled vehicles, the carriageway has be-
come polluted, and the road overview has destroyed.

The maximum values of traffic intensity are in the
range of 11-44 cars per hour. By embracing of agricultural
production and the given flow, there are seasonal fluctua-
tions in intensity and low speed, traffic density provoking
drivers of motorcycles, cars and trucks to increase the per-
mitted speed in some areas.

As a result of the research, it is established that the
current state of road safety in rural settlements is influ-
enced by a number of factors, among which the following
can be distinguished: non-compliance of parameters of
road cross-section elements with regulatory requirements,
unsatisfactory condition of road overview, partial or com-
plete absence of technical means of traffic regulation, lack
of artificial lighting of the carriageway or its obsolescence
and inefficiency, peculiarities of the traffic flow, weak con-
trol by the relevant authorities over the drivers' compliance
with traffic rules, as a result of which faulty vehicles appear
on the roads or driven by persons who don't have driver's
license, or are in a state of intoxication.

The materials of the Organization for Economic Co-
operation and Development in recent years highlight the
four most significant periods of development of views, ap-
proaches and practices of ensuring BDR in the leading
countries of the world and, accordingly, four consecutive
paradigms. The paradigm is a system of views, ap-
proaches, practices in the field of providing BDR, which
takes place in certain periods of adaptation of society to
peaceful coexistence with a growing number of cars. The
concept of successive paradigm shifts to ensure BDR was

formed by a number of British and American experts at the
turn of the 1960s and 1970s.

The first paradigm of BDR was formed during the in-
itial growth of motorization, ie until about the mid-1920s
in the United States and before World War 1l in Western
Europe, Canada, Australia. The key term of the first para-
digm is traffic engineering. In the period between the in-
vention of the wheel and the advent of the automobile, the
main purpose of road construction was to "free the traveler
from the dirt."

The second paradigm prevailed in the United States
until the beginning, and in other developed countries until
about the mid-1960s In connection with the recognition of
the key causes of accidents of individual characteristics of
drivers, their inadequate moral qualities and skills, the con-
cept of "three E's" (Enforcement, Education, Engineering -
coercion, training, design), proposed in the 1920s by the
American auto insurance expert Julian Harvey. Accord-
ingly, emphasis was placed on the skills, abilities and psy-
chology of drivers. At the same time, the concept of "3D"
(Dangerous, Drunk and Drugged Driving), the essence of
which is to identify and stop the facts of dangerous driving,
as well as driving under the influence of alcohol and / or
drugs.

The era of the third paradigm occurred in the United
States in the 1970s. In other highly motorized countries, it
lasted from the mid-1960s to the mid-1980s. During that
period, the most interesting scientific results were ob-
tained, which allowed to determine the physical nature of
the traffic flow, and the corresponding engineering conse-
guences. Some of these results have influenced the ideol-
ogy of modern traffic control systems.

The fourth paradigm of providing BDR - the period of
validity of this paradigm in most countries is still ongoing,
although in general today it is possible to determine some
formal criteria for its completion. The main reason for the
persistence of deaths in road accidents is a purely
humanitarian category - "risks of insecurity.” In all cases,
these are some rules and practices that shape or contribute
to further increase the BDR and reduce the "risks of
insecurity.” A key role in the wide range of measures taken
at the local and municipal levels was played by planning
decisions aimed at curbing speed and minimizing the risks
of pedestrian insecurity. We are talking about streets or
other spaces in settlements that are as convenient and safe
for pedestrians and at the same time do not provoke intense
and high-speed traffic.

The main trends of the fifth paradigm (in those
countries to which it directly applies) will be: adaptation to
the new transport reality, which is due to the consistent
compression of the road space, reducing traffic and road
traffic; adaptation to the new ICT-reality, which is due to
the total penetration of IT-systems and 1T-gadgets in the
structure of the car, as well as in the arrangement of roads
and urban space; further increase the role and importance
of institutional and humanitarian factors in ensuring BDR.

Given the characteristics of the fourth and promising
fifth paradigms of BDR, it should be noted that on the roads
of our country, especially in rural areas, measures to
improve road safety should be consistent with world
practices within the fourth paradigm - curbing the speed of
vehicles and minimizing the risks of pedestrian insecurity.
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Conclusions

1. The process of forming road safety is multifaceted
and multifactorial. Our analysis has based on a limited
amount of information and the need for further research for
more comprehensive and objective factors influencing the
occurrence of road accidents in rural areas. Materials and
conclusions of the research are used in the educational pro-
cess.
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®AKTOPH, 1110 BIVIMBAIOTH HA BUHMKHEHHS
PU3UKY YV IOPOXHBOMY PYCI
1. O. Konocox

AHoraiss. PiBeHb Oe3nexu mepeBe3eHb, 00car Cro-
’KMBaHHS €Hepril Ta BIUIMB Ha HABKOJIMIIHE TIPUPOIHE Ce-
penoBumie B YKpaiHi HE BiANOBiZAaIOTH CydaCHUM BHMO-
ram. IIpoTarom ocTaHHIX IECATHIITH y CBiTi crocTepira-
€TBCS CTPIMKE 30UIBIIEHHS KIBKOCTI TPAHCIOPTHHX 3a-
co0iB Ta MiJBUIIEHHS IHTEHCUBHOCTI PyXy, IO HPHU3BO-
JUTH 10 301IBIICHHS KUTBKOCTI TPAHCIIOPTHHX MOMIN Ta iX
HEeraTUBHMX HACIi/KiB. IcHye winmii KoMIuleKc rpoodiem,
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10 MOTpedye po3B’sI3aHHSA, a cCaMe: BUCOKHI PiBEHb CMep-
THOCTI Ta TpaBMaTU3My B Pe3yJIbTaTi TOPOKHBO-TPAHCIIO-
PTHHX TIPUTOJ; 3HAYHA YaCTHHA TPAHCIIOPTHHX 3aco0iB,
II0 €KCILTyaTyIOThCA YKPAaIHCHKUMHU NEPEBI3HUKAMY, € 3a-
CTapinuMu, Hee()eKTUBHIMH Ta CIPABISIOTh 3HATHAHN He-
TaTUBHMI BIJINB Ha HaBKOJMIIHE IPUPOJHE CEPENOBHIIE;
HEJIOCKOHAICTh CUCTEMH YNpPaBJIiHHS 0€3EeKOI0 Ha TpaH-
CHOPTI Ta BiZICYTHICTh €IMHOTO KOOPAWHAIIITHOTO OpraHy
YIIPaBJIiHHS 0€3MEK0I0 JOPOKHBOTO PYXY, IO € IPUINHOIO
BIZICYTHOCT] IUTICHOT CHCTEMH JEP)KaBHOTO YIPaBIiHHS
0€3IeKOI0 JIOPOKHBOTO PYXY; HU3BKUH PiBEHb KOOPIUHA-
il Ji#f Ta iIHCTUTYIIIHHOT CIIPOMOKHOCTI OpPTaHiB JepKaB-
HOi BIIQJIX Ta OPTaHiB MiCIIEBOTO CaMOBPSIYBaHHS 00
IUTaHyBaHHSA 1 MPOBEICHHA Il y cepi Oe3mexkn TOpoxk-
HBOTO PyXy; HEIOCKOHAJICTh CHCTEM MOHITOPHHTY JIOpPO-
XKHBO-TPAHCHOPTHHUX MPUTOJ, iX CTATHCTHKH Ta YNpPaB-
JHHS pU3UKaM{; Hee()eKTUBHUM MIIXiN IO PO3B’S3aHHSI
poOJIeMH BUCOKOTO PiBHS aBapiifHOCTI Ta TSHKKOCTI i Ha-
CHIAKIB 1 CTBOPEHHSI HAYKOBOI'O IMIAIPYHTS IisUTBHOCTI Y
cepi Oe3nekn JOPOKHBOTO PYXY; BIACYTHICTh KOHKpET-
HUX BUMIpPHHX I[UJICH 3 MIJABHUIICHHS PiBHS OC3MEKH JI0pO-
YKHBOTO PYXY, BIIAMOBIAHOTO CKOOPAMHOBAHOTO IUIAHY Ail
y 3a3HayYCHI cdepi; He3a0BITbHUN TEXHIYHUN CTaH 3Ha-
YHOI KUTPKOCTI TPAHCIOPTHUX 3aCO0IB Ta BIACYTHICTh CH-
CTEMHU 3[IICHEHHSI KOHTPOJIIO 33 OE3MEYHICTIO TPAHCTIOPT-
HUX 3ac00iB i 9ac iX eKCIuTyaTallii; HU3bKUH piBeHb 3a-
MIPOBAKCHHS Ta MIPAKTHYHOTO 3aCTOCYBAHHS HOBITHIX Te-
XHOJIOTIH 1 TEXHIYHHX 3ac0o0iB oprasizarii JTOpOKHHOTO
PYXy, aBTOMAaTH30BaHUX 3ac00iB KOHTPOJIIO Ta PETYII0-
BaHHS JOPOKHBOTO PYyXy; HejocTaTHE (piHAaHCYBaHHS 3a-
XO/1iB, CIIPSIMOBAHMX Ha 3aro0iraHHs Ta 3HWKEHHS PiBHS
aBapilHOCTI, 3MEHIIICHHS KITBKOCTI JOPOKHBO-TPAHCIIOP-
THUX TPUTOJI 3 TSHKKUMU HACHIIKaMU; HU3bKHUI PIBEHb ITiJ-
TOTOBKH BOJIITB Ta BiJICYTHICTh €()EKTHBHOTO KOHTPOJIIO 32
JISUIBHICTIO aBTOLIKII; HU3bKHUI PiBEHb BUXOBAHHS CYCIIi-
JMBCTBA y cdepi Oe3NneKku JOPOKHBOTO PyXY, BIaCHOI Bifl-
TIOBIZAJIBHOCTI Ta JOTPUMAaHHS ITPAaBUII JOPOKHBOTO PYXY
TOIO.

ABTOMOOLTH BOJIO/Ii€ TIEpEeBaraMu Iepe.l iHIUME BH-
JAMH TPAHCIIOPTHHX 3aC00iB: BHCOKOI MOOLIBHICTIO, Bif-
HOCHOIO TPOCTOTOIO0 KEPYBaHHS, 3/aTHICTIO JIOCTABISTH
MacaXupiB Ta BaHTaxi “Bij ABepeil mo asepeir”. Came 3
[UMH [IepeBaraMyu aBTOMOOLIS OB’ sI3aHI HaBeICHI Hera-
TUBHI SBUINA, 110 CYIPOBOKYIOTh aBTOMOOLTI3AIli0, 1 B
Heply Yepry HeJOCTaTHIH piBeHb Oe3neku pyxy. MoxHa
Ha3BaTH TPU BAXKIIMBHX XapaKTEPHUX PHCU Cy4acHUX aB-
TOMOOUIPHUX TI€PEBE3CHb, M0 BU3HAYAIOTh HU3BKUH pi-
BEHBb Oe3leKd: HeIoCTaTHs 3a0e3MeueHICTh aBTOMOOITh-
HOTO TPAHCIIOPTY BiANOBITHUMH 32 CBOIMH IapaMeTpaMu
JIOpOTraMHM; HEIOCTaTHS i30JISIisl TPAHCIIOPTHUX MOTOKIB
BiJl IHIIMX YYaCHHUKIB JOPOXKHBOTO PYXY; MAaCOBICTb HPO-
¢ecii Bozis, sika 00YMOBIIIOE HEBUCOKUH cepeiHiil piBeHb
KBaJiQikarii.

KurouoBi ciioBa: aBapiiiHiCTh, JOPOKHBO-TPAHCIIOP-
THa TPUTOAA, JOPOKHIN OIIAT, TOPOKHI 3HAKH, TPAHCIIOP-
THHHN TOTIK.

OAKTOPBI, BJIIMAOIINE HA BO3HNKHOBEHHME
PUCKA B IOPOXXHOM JIBUJKEHUN
U. A. Konocox

AHHOTaUusl. YpPOBEHb OE€30IMaCHOCTH IIEPEBO3OK,
00BeM TOTpeOJICHNST SHEPTHH W BIMSHHAE HA OKPYXKaro-
Y0 cpey B YKpanHe HE COOTBETCTBYIOT COBPEMEHHBIM
TpeboBaHUAM. B TeueHue nocneJHUX AECATUICTHH B MUPE
HaOMI0aeTCs CTPEMUTEIbHOE YBEIMYEHHE KOJIMYEeCTBA
TPAHCHOPTHBIX CPEACTB M IOBBIIICHUS HHTEHCHUBHOCTU
JIBUDKEHUS, 4TO MPUBOIUT K YBEIMUEHUIO KOJIMUECTBA Tpa-
HCTIOPTHBIX MPOUCIIECTBUI M MX HETaTHBHBIX MOCIEICT-
Buil. CylecTByeT LNkl KOMILIEKC Mpo0sieM, KOTOpPbIH
TpeOyeT pemeHns], a UMEHHO: BBICOKHH YPOBEHb CMEPTHO-
CTH W TpaBMaTH3Ma B pE3ylbTaTe AOPOKHO-TPAHCIIOPT-
HBIX TIPOUCIIECTBUH; 3HAYUTENIbHASA YAaCTh TPAHCIIOPTHBIX
CPEACTB, 3KCIUTyaTHPYEMBIX YKPAaWHCKHMH HEpPEBO30YH-
KaMH, SBISAIOTCS YCTapeBIIMMH, He3()(EeKTHBHBIMUH U
OKa3bIBAIOT 3HAYUTEIILHOC HETaTHBHOE BO3ICHCTBHE HA
OKPY’KaIOIIYIO Cpey; HECOBEPIICHCTBO CUCTEMBI yIIpaB-
JIeHHus 0e30MacHOCThIO Ha TPAHCIOPTE U OTCYTCTBHUE €U~
HOT'O KOOPAWHAIIMHHOTO OpraHa yIpaBjieHus 6e30macHoC-
TBIO JOPOXKHOTO JBIDKEHHS, SBISIETCS TNPUYUHON OT-
CYTCTBHS IIEIOCTHONH CHCTEMBI FOCYJapCTBEHHOTO yIpaB-
JeHusT 0e30MacHOCThIO JOPOXKHOTO IBIDKCHUS; HHU3KHH
YPOBEHb KOOPJIWHAIMH ACHCTBUI U MHCTHTYIIMOHAIBHON
CIIOCOOHOCTH OpPTaHOB TOCYIapCTBEHHOH BJIACTH M Opra-
HOB MECTHOT'O CaMOYIPaBJICHHS 110 TUIAHUPOBAHUIO U IIPO-
BEICHUIO JIeHCTBUH B cepe Oe30macHOCTH JOPOXKHOTO
JIBIDKCHNS; HECOBEPIIEHCTBO CHCTEM MOHUTOPHHTA J0PO-
KHO-TPAHCIOPTHBIX MPOHMCUIECTBUN, MX CTATUCTHKH H
yIpaBJeHUs pUcKaMu; Hed((HEKTHBEH MTOIXO0/ K PEIICHUIO
MPpo6JIEMBbI BEICOKOTO YPOBHS aBAPUHHOCTH U TAXKECTHU €€
MOCTEACTBUNA M CO3/IaHNE Hay4YHOIl 0a3bl IeSTEITbHOCTH B
cepe 0€30MaCHOCTH TOPOKHOTO JBHIKEHUSI; OTCYTCTBHE
KOHKPETHBIX M3MEPHUMBIX IIeJICH 10 MOBBIIICHUIO YPOBHSA
6€3011acHOCTH JIOPO’KHOTO ABM)KEHHS, COOTBETCTBYIOIIETO
CKOO-PJIMHOBAHOTO IIJIaHa NEHCTBHH B yKa3aHHOH cdepe;
HEY/IOBJIETBOPUTEIEHOE TEXHUYECKOE COCTOSHHE 3HAYH-
TEJIHOTO KOJMYECTBA TPAHCIIOPTHBIX CPEACTB M OT-
CYTCTBHE CHCTEMbI OCYIIIECTBICHHSI KOHTPOJIA 32 Oe3omac-
HOCTBIO TPAHCIIOPTHBIX CPEACTB BO BPEMsI MX JKCIUTyaTa-
IIUH;, HU3KUH YPOBEHb BHEIPEHUS M MPAKTHYECKOTO MIPH-
MEHEHHS HOBEHIIINX TEXHOJOTMH U TEXHUYECKHUX CPEACTB
OpTraHU3aIlK JOPOXKHOTO JIBM)KEHHUS, aBTOMATHU3UPOBAH-
HBIX CPE/ICTB KOHTPOJIS ¥ PETYINPOBAHUS TOPOKHOTO JBH-
KEHHUS; HeI0CTaTOYHOE (PMHAHCHPOBAHHE MEPONPHUATHH,
HarpaBJIeHHBIX Ha TPEIyNPeXIeHIe U CHI)KEHHE YPOBHS
aBapUHHOCTH, YMEHBIICHNE KOJMYECTBA JOPOKHO-TPAHC-
HMOPTHBIX MPOUCIIECTBUH C TSKEIBIMU IOCIEICTBUSIMH;
HU3KUN ypOBEHb HOATOTOBKU BOAMTENEH U OTCYTCTBHE
5(QPEKTUBHOTO KOHTPOJIS 3a JIESATEIHFHOCTBIO aBTOILIKOJ,
HHU3KHH YpOBEHb BOCIIMTaHUS 0011ecTBa B cepe Oe3omnac-
HOCTH JOPO>KHOTO JIBHKECHHUS, COOCTBEHHOH OTBETCTBEH-
HOCTH B COOJFOHMH TPABUII JOPOKHOTO JBIDKEHHS U TOMY
0J00HOE.

ABTOMOOWITH 001a/1a€T MPEUMYIIIECTBAMH MEPET IPY-
TMMHU BUAAMBI TPAHCIIOPTHBIX CPEICTB: BEICOKOI MOOMIIB-
HOCTBIO, TPOCTOTOM yIpaBIEHUS, CIOCOOHOCTBIO JOCTAB-
JISITh MACCAXKUPOB U TPY3bl "OT ABepH A0 Asepu". IMeHHO
C 9TUMH NIPEUMYIIECTBAMH aBTOMOOMIIS CBSI3aHbI HETaTH-
BHBIE SIBJICHUSI, COIPOBO>K/AAIOIINE aBTOMOOMIIN3AINH, U B
MIEpBYIO OYepe/ib HEIOCTATOYHBIH YpPOBEHb O€3011acCHOCTH
JIBIDKEHNSI. MOXKHO BBIJICITUTH TPH BaXKHBIX XapaKTepHbIE
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YepThl COBPEMEHHBIX aBTOMOOMIBHBIX IIEPEBO30K, KOTO-
pbIe ONpeeNA0T HU3KUI ypOBeHb 0e30MaCHOCTH: HEeHOC-
TaTOYHAsI 00ECIIEYeHHOCTh aBTOMOOMIBHOTO TpaHCIIOpTa
COOTBETCTBYIOIIMMH IO CBOMM [TapaMeTpaM A0poram; He-
JOCTaTOYHasE M30JLILUSI TPAHCHOPTHBIX IIOTOKOB OT Ipy-
T'HX YY9aCTHUKOB JOPOXKHOTO ABH)KEHHUS; MacCOBOCTB IIPO-
(deccun BoaMTens, KOTOpas OOYCIOBIMBAET HEBBICOKHIA
CPEIHUH ypOBEHb KBATU(PHUKALIIH.

KaroueBble cioBa: aBapHiiHOCTb, JOPOXKHO-TPAHC-
MIOPTHOE TIPOUCLIECTBHE, JOPOXKHASL OJEKIA, JTOPOIKHBIC
3HAKH, TPAHCIIOPTHBIH MOTOK.
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BILJIMB XIMIYHOI'O CKJIAJTY HA TEILIOCTIMKICTh KOHCTPYKIIMHOI CTAJII

€.T'. Apranainsuig

HauionaneHuii yHIBepcHTET 610pecypcCiB i MPUPOJIOKOPUCTYBaHHS YKpaiHu, YKpaiHa.

Cmamms 3 cneyianvrocmi: 131 — npuknadoua mexauixa.

Kopecnonoenyis asmopa: aftyev@yahoo.com.

Icmopia cmammi: ompumano — keimensv 2020, axyenmosano — cepnensv 2020.

bio6n. 10, puc. 4, mabn. 2.

Amnorauis. Ha ocHOBI aHami3y nporiecy ekcruryaTarii
KOHCTPYKUIHHHUX CTaJlel MpH MiJBUIICHUX TeMIlepaTypax
1 Hampy)XeHHSX BCTaHOBJIEHO, L0 iX PoOOOTO3IATHICTH
3aJICKUTh BiJl XIMIYHOTO CKJIAny CTajel, Hampy>KeHH,

yacy Ta TeMIepaTypu ekciuryaranii. JleryBaHHs
TEIUIOCTIMKNX KOHCTPYKLIMHHUX CTajiell HalpaBIeHO Ha
3HIKCHHS IHTCHCHBHOCTI PO3BHUTKY TPOIIECiB

3HEMIITHCHHS, TOOTO epepO3MOILTY JIETYIOUHX SIEMEHTIB
MDK TBEpOUM pPO3YMHOM 1 (a3aMl BHOUICHHS, IX
KoaryJsiuii i 3MiHH 1epeKTHOCTI KPUCTANIIYHOT CTPYKTYPH.
Y crarTi UpUBOAATHCS — pPe3yJbTaTH  JIOCHIHKEHHS
e(eKTUBHOCTI BIUIMBY XIMIYHOTO CKJIaay, TEMIEpaTypH,
HATNpY>KEHHsI 1 Yacy eKCIUTyartallii Ha IOB3Y4iCTh 1
JIOBrOBIUHICT KOHCTPYKLIHHHX cranei. PospaxoBani
AQHANITUYHI 3aJIeKHOCTI BIJHOCHOTO BHJOBXKEHHS Y
MpoIieci MOB3YYOCTI Ta 4Yacy, MPH SIKOMY BiIOyBa€ThCS
pYWHYBaHHS B XIMIYHOTO CKJIAQAY TEIUIOCTIHKHAX
KOHCTPYKIIHHUX CTallell 1 TaKkuX eKCIDTyaTamiiHuX
(akTopiB, SIK TEeMIEepaTypa, HANpPY>XCHHS Ta BUTPHMKA.
BcraHoBieHO, 10 TOB3YYiCTH 1 JIOBTOTPHBAIICTH
TEIUIOCTINKUX ~KOHCTPYKLIHHUX CcTayell, B yMOBax
eKCIIepUMEHTy, Ha 61-64 % BH3HAYa€ThCS IX XIMIYHUM
ckiagom, 7-18 % remnepatyporo, 11 % yacom BUTpUMKH,
18-21 % nanpysxerHum cTanom. IToka3aHo, 1110 JeryBaHHs;
a30TOM 1 BaHaJieM OUIbII e€()EeKTHBHO 3HIKYE CTYIMiHb
3HEMIIHEHHS TEIUIOCTIMKOI CTali B Mpoleci NOB3y4OCTi,
HiX JISTYBaHHS MOJIOJJCHOM, OCKUIBKH IIPOIIEC KOATYJIISIT
KapOiiB i HITPHUIIB B CTAJIAX 3 a30TOM 1 BAHA/IIEM OTPHMYE
MEHIINH PO3BUTOK, HIX KapOiliB B CTAJAX, SKi JIETOBaHi

MOJTIOICHOM.

KuarouoBi cioBa: crtajb, TEIUIOCTIMKICT, XIMIYHUN
CKIall, TeMIlepaTypa,  HampyXEHHs,  IOB3YyYICTb,
JIOBTOTPUBAITICTb.

ITocTaHoBKa MpodaeMu

JlocmipkeHHS. BIUIMBY JIETYIOUMX €JIE€MEHTIB Ha
TEIUIOCTIMKICTh CTajJi BUKOHAHI B YHCIEHHHX pOOOTax,
Hanpukian [1-8], oqHak crHiBBiTHOIICHHS ¢(EeKTHBHOCTI
BIUIUBY XIMIYHOTO CKJIaJy CTajlMl i yMOB EKCIUTyaTailii
(Temmeparypa, Hampyra, 4ac) Ha HOB3Yy4icTb 1
JIOBrOBIYHICTH BUPOOiB BUBYEHO HEJIOCTATHBO.

AHAaJIi3 0CTaHHIX JOCTiKEeHb

HaniitHicTb 1 JOBrOBIYHICTh KOHCTPYKIIHHUX CTaJIeH,
110 TPANIOIOTh IPH TPHBAJIOMY TEMIIEPATYPO - CHIIOBOMY
BIUIMBi, BU3HAYAIOTHCS PIBHEM 1 CTaOUIBHICTIO (i3uKO-
MEXaHIYHUX BIJIACTUBOCTEH CTallel, sKI 3ajeXaTb BIJ
BIaCTHBOCTEH TBEpAOTrO PpO3UMHY, Je]eKTiB Horo
KpUCTaTiyHOi ~ OyZOBH,  BIACTHBOCTEH,  KIIBKOCTI,
JUCTIEPCHOCTI 1 pO3MOIIIOM TIEPBHHHUX 1 BTOPUHHUX (a3
Buinenns [1-4].

[Ipu BucoOKI# Hampy3i 1 TeMreparypax JOBrOBIUHICTh
Tem1oTpUBKICT,  CTAIM  HEBENWKAa 1  pyWHYBaHHS
BiZI0YBAETHCS TPAHCKPHUCTAIITHO. 31 3HWKEHHSM Harpyru
i TeMmmeparypu JOBIOBIYHICTH 3HAYHO 30LIBLIYETHCS 1
pyiiHyBaHHS B pa3i BIZIHOCHO BEJIMKUX HAaNpyXeHb 1
HU3BKHX TEMIIEpPAaTyp KOHTPOJIOETHCS YTBOPEHHSIM Ha
MeXaxX 3epeH KIMHOBHIHMX TPIIIMH, a INIPH BiIHOCHO
HU3BKHX HalNpyrax i BACOKUX TEMIIepaTypax — Mmop.

3aKOHOMIPHICTh TIEPEXOIy BiJ BHYTPI3EPEHHOTO MO
MDK3€pPEHHOTO PYHHYBaHHS EKCTPEMalbHO 3aJIC)KUTDH BiJ
(i3MKO-MEXaHIYHUX BJIACTUBOCTEH crami. [limBUmIeHHS
MEXI TEKy4OCTi BHIIE ONTUMAJbHOTO PIBHI MOXE
NPU3BOAWTH O OUIBII  PAHHBOTO MEPEXOAYy  BiA
BHYTPI3€PEHHOTO  JI0  MDK3EPEHHOr0  pyHHYBaHHS,
OCKUJIbKH B IIbOMY BUIAJKY JeopMallis JIOKaTi3yeThCs B
NpUKOpIOHHIA o6aacti. C iHmOro OOKy, mpu OuIbII
HU3BKOMY WOTO 3HA4eHHI BiH MOXeE 3MIIIyBaTHCS
BHACJIIOK 301IBIIEHHS MIBHIKOCTI 3HEMIIIHEHHSA MEX, IO
MOB'SI3aHO 3 IHTEHCH(]IKAII€I0 TPOIECy iX MOIIKOIKEHHS
KIMHOTOAIOHUMHY TPIilTHHAMY 1 TOPAMH.

KnuHoBHaHI TPIIMHY YTBOPIOIOTHCS B OCHOBHOMY Ha
MeXax, M0 PO3TallOBaHi MEPHEHIAMKYJSIPHO HANpsIMKY
MIPUKJIaIeHOI HAIIPYTH, BHACHIIOK peJaKcanii HarmpyXeHb
3CYBY B3/IOBXK Mexax 3epeH. KoHueHTpallisi HanpyKeHb
3CyBY Iepeq MekaMH BiZOyBaeThCsS B 3B'A3KY 3 THM, IO
BOHH OJIOKYIOTH IIJIONUHI KOB3aHHsI AUCIIOKallii. B ymoBax
OJIHAKOBOI1 3arajbHOi Aedopmariii CKymIeHHs AUCIOKAIlii
nmepea  1HOUBiAyadbHOI TPAaHHUIEI0 3HIKYETHCS IPH
3MEHIIEHHI po3Mipy 3epHa i 30IbIIEHHS IEPEIIKO]] B HOT0O
00csi31, 110 OJIOKYIOTH IX pyX.

Otxe, 3MEHIIEHHS PO3MIpYy 3€pHA 1 MiJABHIIECHHS
CTYNEHS JNCIIEPCIHHOrO 3MIIHEHHS TETIOTPUBKOI CTan
BXE TPH TEPMiuHIH 00pOOLi MOBMHHO INPHU3BOAUTH IO
VIOBUIBHEHHsST TPOLECY PO3BUTKY 3€PHOIPAHUYHHUX
KIMHOBUIHUX TPIMIUH. 3apo/DKeHHS TIOp IOB'SA3aHO 3
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KOB3aHHSAM II0 MEXaX 3epeH 1 KOHTPONIOEThCS IIUM
nporecoM. KoB3aHHS BiIKpUBa€ TMOPOXHHUHY OIM3BKO
CXOIMHKH, IO YTBOpHJAcid HAa MeEXi IUIIXOM
BHYTPI3€pPEHHOTO KOB3aHHA. 3apOKCHHS ITOPOKHUHH
MOJKe BifOyBaTHCS TaKOXK OJM3BKO YACTHHKU TYXKOPiTHOT
(a3m, po3TamoBaHOi Ha MEXi, BHACTIJOK TOTO, IO HpPHU
KOB3aHHI 3MIMCHIOETBCSA BIJPUB MATPHINl BiJ] YaCTKH.
KoB3anHs  mo  Mexax  3epeH  IOB'3aHO 3
HEKOHCEPBATHUBHUN PYXOM TIPaHUYHHMX AMCIOKalii. Unm
JpiOHiIIe 3epHO, TMM MEHIIE Hampyra HeoOXigHa Juis
koB3aHHs. OTXe, 3MEHILEHHS PO3MIpy 3epHa 3 OJHOIO
00Ky, MOXE CHpUSTH 3apOJDKEHHIO TIOp, Tak SK
3HIDKYETbCS TpaHMYHA HAIpyra, a 3 IHOIOrO, -
HEPeIIKOKAaTH BHACIIOK 3HIKCHHS PIBHS JIOKaIbHOT
KOHIICHTpAIIil HAIIPyT Ha MEXi.

3pocTaHHA TOp B TEMIEpaTypHOMY IHTepBai
eKCIUTyaTallil TeIIOCTIHKUX KOHCTPYKIIMHMUX —cTanel
3MIACHIOETECS OUQY3IHHUM NUIIXOM B PE3yIbTaTi CTOKY
HA/UIMIIKOBUX BAaKaHCiH, IIOPOPKYBaHUX KOB3aHHIM
3epCH, Ha 3apOJKHU MOp. 3 IFOr0 BUILIMBAE, [0 HE TUILKU
3apOKEHHSI, ajie 1 3pOCTaHHs NOop OYAyTh 3ajJexaTd Bix
CHIBBIHOIIGHHSI 3HIDKEHb IIOPOTOBOTO  HAINPY>KEHHS
KOB3aHHSM, MOB'SI3aHOT0 31 3MEHIIEHHSIM PO3Mipy 3epHa, i

piBHA HampyXeHb Ha MeXKax, 0 BU3HAYAETBCS
MiABUICHHAM CTYIIEHS BHYTpPi3epeHHOT JIOKami3amii
HaIpyXeHHs JUCIIEPCHOIO (a3oro.

B ymoBax ekcimuiyarauwii OpH  HiIBHIICHHX

TeMIepaTypax BIIACTHBOCTI HE CTaOUIbHI, TOMY IO IIiJ
BIUTMBOM TEMIIEPAaTypO-CHIOBOTO BIUIMBY PO3BUBAIOTHCS
MPOIIECH MEPEPO3MOALUTY JISTYIOUMX CJIIEMEHTIB MK
TBEpJMM PO3YMHOM 1 (pazaMu BUAIJICHHS, X KOAryJsii i
3MiHM ~ Je()EeKTHOCTI  KpUCTalNi4HOI  CTpyKTypH. B
pe3ysbTaTi 3HMKYETbCS Yac JOCATHEHHS JOMYCTHMHUX
nedopmartiit, pyiiHyBaHHs 1 JOBroBiYHICTh cTaiieil. Tomy,
JIETYBaHHSI TEIUIOCTIMKHUX CTalled Ma€e BHUPILIyBaTH, MepIl
3a BCe, 3aBIaHHs 3HIKCHHS IHTCHCHBHOCTI PO3BUTKY
MIPOIIECiB 3HEMIITHEHHS TIPH SKCILTyaTAIlii.

3HEeMIllHeHHs] TPH BIUIMBI TEMIIEPaTypoO CHIIOBUX
HaBaHTaXXCHb BiJOYBa€ThCS BHACIHIIOK pEKpHUCTai3allii,
MEPepo3MOIUTy JIETYIOUHX EJIEMEHTIB MK TBEpINM
po3dMHOM 1 (pa3amMu BUAUICHHS, KOATYJLAIii YacCTHHOK

3MinHOI040i  ¢asu. Temmeparypa — pekpucramizamii
3aJIeXKHUTh BiJl CHJI MDDXKATOMHOI B3a€MOJIIT 1 B 3Ha4YHIN Mipi
BH3HAYAETHCSA  TEMIIEPATypor0  modatky  depuro-

AyCTCHITHOTO TEPEeTBOPEHHs. MIIHICTh MIKATOMHHX
3B'A3KIB B (DePHTI 301IBIIYETHCS JIETYIOUUMH €JIEMEHTaMU
B mochimoBHocTi Mo, Cr, W, a Temmeparypa MOYaTKy
(eppuTO-ayCTEHITHOTO TEPETBOPEHHS IIJIBUIYETHCS B
mociioBHocTi neryBanHs V, Cr, Mo, W. Bananiii e
MOCWIIIOE  MDKAaTOMHY B3a€MOJIII0, a HaBMakW, IpH
JIETYBaHHI iM BOHO JIEIIO 3HIKYEThCsA. Pazom 3 TuM
TeMIepaTypa pexpucTamizanii JIOCUTB TIOBHO
Y3rOJUKYEThCSL 3 LUMH (aKTOpaMH TiJIbKM B YHCTOMY
3amizi. Ilpm 1mpoMy TemmepaTypa peKpHcTamizamii
MiBUIITYETHCS JIETYIOUUMU €JIeMEHTaMH B MTOCIiJJOBHOCTI
V, Cr, W, Mo. Ilpu HasgBHOCTI ByIJICLIO IIf
3aKOHOMIPHICT MOpYyIIyeThcsl. Hampukinan, mpyu BMICTi B
cram 0,35% C Bona Bxe HacTynHa Cr, Mo, W, V.
MexaHi3M IIBOTO SBHIIA MOB'SI3aHUN 3 TAIEMYBaHHSIM
PO3BUTKY HEHTpPIB  pEKpHCTaii3alii  AWCIEPCHUMH
KapOinamu. ['anbMyBaHHS MMoYaTKy peKpHcTaiizamii THM
ICTOTHIIIIE, YUM OiNbllle BiTHOLICHHS 00'€MHOI YacTKH
YaCTHHOK JI0 iX pajiycy, TOOTO YMM MEeHIIe MiKYacTHIHA

BifcTaHb. BIUmMB 1p0r0 (akTopa 3HAYHHMH, TaK SIK
mocimigoBHicth  Cr, Mo, W, V y3romkyerscs 3
MOJIIIIIIEHHAM TEePMOANHAMITHIX 1 KIHETHYHUX

mapaMeTpiB  BUAUICHHS BHCOKOIHMCIIEPCHOT
¢azm.

[opsin 3 WIBUIIEHHSM CHJI MiKaTOMHOI B3a€MOil
3MII[HEHHSI TBEPJOTO PO3YMHY NPH JIEryBaHHI XpOMOM,
MoiibseHOM,  Boimb(ppamMoM, a TaKOX  BaHaJieM,
BiZI0OYBa€THCS B pe3yibTaTi BiIMIHHOCTI pO3MIpiB aTOMIB
3aji3a 1 JIEryIOYMX €JIEeMEHTIB, II0 NPUBOAWUTH 1O
NPY>KHOTO ~ CIIOTBOPEHHSI ~ KpUCTaJliyHOi Tparku. B
pe3ynbTaTi MiABHINYEThCS HAIpyra pyxy JAWCIOKaIlii,
TOOTO MIIHICTH CTaIIi.

3a 3poCTaHHSAM CTYIEHS BIUIMBY Ha 3MiHY IIapameTpa
KpPHUCTATIYHO1 pemriTKI Jeryrodi eJIIEMEHTH
PO3TamIOBYIOTECS B HacTymHiN nocuigosHocTi: Cr, V, Mo,
W. Opnak MOTEHINHI MOMJIHUBOCTI TBEPAOPO3UNHHOTO
3MII[HEHHS B TEIUIOTPUBKOI CTalld HE pealli3yloThCs,
OCKUJIBKM TIpH  €KCIulyaTamlii OTPHUMYIOTh PO3BUTOK
MPOIIECH  MEPEPO3MOALUTY JISTYIOUMX CIIEMEHTIB MiX
TBEPAMM PO3YMHOM 1 KapOinHOi (a3oro, IO SK MPaBHIO
301HIOE TBEpIWH PO3YMH, 3MIHM XIMIYHOTO CKiamy i
nepexojy KapOiliB 3 OTHOrO CTPYKTYPHOTO CTaHy B iHIIE
B tociitoBHOCTi M3C — M7C3 — M23Ce.

Hampuknan, B TepMooOpoOieHOMY CTaHi craui
12XIM® mnpucytHi dYotupu KapbOimai dasm  MsiC
(ocuoBHa), VC B BHCOKOIUCIIEPCHOMY CTaHi i HEBEIIMKa
KimpKicTh M7C3 1 M23Cs. Y mowaTkoBHil Tmepion
eKcIuTyartarii  BinOyBaeTbCs  3OUTBIICHHS  KUTBKOCTI
ckiIagHOTO Kapoixy M7Cz Ha OCHOBI XpOMY Ta MONiOACHY,
a TaKoX He3HauHe 30UThIIeHHSA KapOimy M23Cs. 3i
30UIBIIEHHSAM TPUBAJIOCTI eKcIutyarauii Kinbkictb M7Cs
MPaKTHYHO HE 3MIHIOETHCS, @ M23Cs - IOCITIZIOBHO 3pOCTAE.

[Ipu iHTEHCHBHOMY PO3BHUTKY IpOLECy KapOiIHHX
NepeTBOPEHb 3HEMIIIHEHHSI MOKE BiZIOYBATHCS HE TUTLKH B
pe3ynbTati 301IHeHHS TBEPJOro PO3YMHY 3MILHIOOUYUMHU
€JIEMEHTaMH, ajle 1 3HIDKEHHS CTYINEHsI JUCIIepCiifHOro
3MinHeHHs. Lle MoB's13aH0 He TUTBKH 3 THM, IO PsIJi HOBUX
KapOiniB, Hanpukian M23Cs, GOPMYIOTECS B OCHOBHOMY Y
BUTIISAI  JIAHIFOXKKIB 200 OKPEMHUX IOCHUTh BEIHKHUX
YTBOPEHB 10 MEXKaX 3ePeH.

Kinetmka  mpomecy — KapOimHUX  IIePETBOPEHB
3JIEXKUTh Bij PO3YMHHOCTI BYTJIELO i
KapOiIOyTBOPIOIOYMX EJIEMEHTIB B TBEPAOMY PO3UHHI,
00'eMHOT 1 3epHOrpaHn4HOi Ju(y3iiiHOI PyXJIMBOCTI X
aToMiB, TOOTO BiJ YHHHHKIB, SKi 3yMOBIIOIOTH
IHTEHCHUBHICTh PO3BUTKY Koaryisiuii kapOignoi dasm.
Pazom 3 TM HEOOXiHO BpaxOBYBaTH BIUIMB JOMIIIOK Ha
TEIUIOBY  KPUXKICTh  CTajel, SKy TOB“SI3YIOTb 3
3€pPHOTPAHUYHOI CErperarieio JOMilloK.

3 orysmy Ha Te, IO BaHAMiH, K IPaBUIIO, TIOB'I3aHUN
B HITpUIM, KapOingu abo KapOOHITPHIH, 3MEHIIEHHS iM
TEIJIOBOTO OXPYITYMBAHUS MOXKHA BITHECTH Ha paXyHOK IX
BUCOKOI CTIMKOCTI 1 KOarysiii mpu eKcIutyaTarii, Tak siK
PO3BUTOK  3€pHOrPaHUYHOL cerperamii ~ JOMIIIOK
MOB'I3aHUN 3 TPOIECIB BUAO3MIHM KapOimHOI (asm.
Hanpuknan, mpu po3unHeHHI KapOixiB, IO iCHYIOTH Ha
Mixk(aszHo1 TTOBEPXHi cerperartii dbochopy
PO3CMOKTYIOTECS, aTOMH (Gochopy IepexoaaTs B Gpepur i
CerperyroTh Ha MeXi 3epeH.

st orpuMaHHs cTabiIbHOT CTPYKTYPH TETUIOCTIHKHX
KOHCTPYKUIHHMX  cTajied  iX  JIeTYIOTb ~ XpOMOM,
MOJ1i6/1eHOM, a30TOM, BaHA/II€M Ta IHIINMH €JIEMEHTaMH, a

KapOigHOi
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BINMMYCK, B TPOIECi TOJINIICHHS, TPOBOMITH IPHU
TeMriepatypi, sika Ha 100-150 °C Bume Ttemmeparypu
eKcIuryaTtarii BHpoOiB. Y IMX yMOBaxX IHTEHCHBHICTh
PO3BHUTKY TIPOIIECIB EPEPO3NOILTY JETYIOUNX CIEMEHTIB
MDK TBEpAWM pO3YMHOM 1 (azaMm BHUAICHHA, IX
KOAryJsii i 3MiHU Ae()eKTHOCTI KPUCTANIYHOI CTPYKTYPH
BU3HAYAEThCA XIMIYHUM CKJI3JOM CTaji, HaIlpyroo,
TEMIIEPaTypOIO Ta YaCOM EKCILTyaTarlii.

ParionansHuil BMICT gyeneyio B TEIUIOTPUBKOT CTATU
3aJeKHUTh Bi yMOB eKclulyarauii. 3i 30UIbIICHHAM
TEMIIEpaTypH 1 TPUBAJIOCTI EKCIUTyaTalil BOHO 3HHKYETHCS
no 0,08-0,12%. lle cmopusie YHMOBUTBHEHHIO IIPOLIECY
MEPEepO3NMONUTy JIETYIOUMX €JNEeMEHTIB MK TBEpINM
po3unHOM i KapOimHOi (a3oro i ii Koarymsmii.

Xpom, 5K 1 MomiOeH, BOIbppaM raibsMye OuQy3iro
Byrieno B (epuri, a TaKoX MiABHILYE TEMIIEPaTypy
pekpucramizarii. OqHaK Horo BIUIUB HAa TPUBAITY MIIHICTh
MeHIIe. XpoM € 000B'SI3KOBHM €IEMEHTOM B TETIIIOTPUBKOT
KOHCTPYKIIIAHOT CTaji i BBOAUTHCS IS IMiJBUINCHHS il
KAPOCTIHKOCTI 1 KOPO3iHHOT CTIMKOCTI.

Moni6oen € oHAM 3 OCHOBHHUX JIETYIOUMX €JICMEHTIB
B KOHCTPYKLIHHHMX TEIJIOCTIHKMX CTamsax. MexaHi3m
MIABUICHHS MOJIOICHOM TPHBAJIOi MIITHOCTI MOB'sI3aHUI
31 3MIIJHEHHAM TBEPJOTrO PO3YMHY BHACTIJOK 3HIDKCHHS
Iudy3iiHOI PYXIMBOCTI aTOMIB i BaKaHCIH i MIBHIKOCTI
PYXy OMCIIOKalid, a TakoX 3 BHIUICHHSAM AWUCIIEPCHUX
kap6iniB Mo2C, ski rajJpMyrOTh pyX AHCIOKalii [5, 6].

JleryBaHHs  gonbhpamom  TIABHILYE  TPUBATY
MIIHICTh MEHII e()eKTUBHO, HIK MONIOIeHOM. 3MilHCHHS
TMOB'SI3aHO 3 BUAUICHHSIM B (pepUTi AUCTIEPCHUX KapOiniB
W,C. Sk npaBuio, JeryBaHHsl BOJIb(GPaMOM 3. CHIOIOTH
OJTHOYACHO 3 MOJIIOICHOM JIJIsl TOCSITHEHHS! OUTBII BUCOKOT
TpuBaioi MiHOCTI. Ille OUIBII BHCOKOK TPHUBAIOKO
MitHicTio Bonozirots Cr-Mo-V- i Cr-W-Mo-V cranu.

Banmaoiii € OUIbII  aKTMBHUM, HIDK MOJiOAeH
KapOH10yTBOPIOIOYNM €JIEMEHTOM. Bupinenns
nucriepcHuX kap6iniB VC, mo OUTBII CTiHKi 10 KOATYJISIIIT,
HDK Mo2C mpu3BOAMTH 1O MiIBUIICHHS BKIATY
JUCIIEPCIHHOTO 3MIIHEHHS B TEIDIOCTIMKICTD CTai.
JleryBanus V miaBHIIYE, SIK CTYIIHb TBEPIHHS TBEPAOTO
pO34HMHY, TaK i AuCHepciitHoro 3MinHeHH: [7, 8].

[IpucyTHICTH aTOMIB BaHAQIIFO B PEILIITII O-TBEPIOTO
PO3YKMHY MOCIA0II0e€ MIKAaTOMHI 3B'SI3KYy 1 HE CHpuse
MIBUIIEHHIO TEMIepaTypu MOYaTKy peKpHcTaiizauii.
3MilHeHHsI PU MIJBUILEHUX TEMIeparypax IOB's3aHe 3
YTBOPEHHSIM JIUCIIEPCHUX KapOiiB BaHAIO.

BHacnimok #oro He3HayHOro PO3YMHEHHA B
LEMEHTUTI BHIUIEHHS KapOigy BaHaIil0 BimOyBaeThCA
Oe3rnocepeiHbO 3 O-TBEPIOr0 PO3YMHY I B OCHOBHOMY
3aBEpUIYETHCS IIPH BiJITyCKY.

[ligBumeHHs BKJIAAy TUCIIEPCIHHOTO 3MIITHEHHS B
TEIUIOCTIMKICTh CTali CIPHSE TaKoX Te€, IO 3HWKEHHS
BaHAJiEM PO3YMHHOCTI BYIVIEII0 B TBEPAOMY PO3YMHI
3HW)KY€ MIBHAKICTH TIpollecy Koaryisimii kapOimHux
YaCTHHOK, HANpUKJIad, NpU JIETYBaHHI BaHaJieM B
kinpkocti 0,09-0,23% mBuaKicTh pocTy 4acTUHOK M23Cs
3HIXKYETBCA B 5 paziB. OMHOYACHO YTBOPIOIOTHCS YMOBH i
JUISL TIJIBUILIEHHS BKJIJy TBEPAOPO3YMHHOTO 3MIlHEHHS,
OCKUTBKM TP KOMIUIEKCHOMY 30alaHCyBaHHI BMICTy
ByIJeio, MoumiOAeHy, Boibdpamy 1 BaHAmiO
CIIIBBIZTHOIICHHS BaHAJII0 1 BYIJIEII0 BHU3HAYAE YACTKy
ydacti MoniOneHy i1 BoibdpaMy B 3MIIJHEHHI TBEPJOTO
PO3UHHY.

Y Cr-Mo cranmn 30imIHEHHS TBEPAOTO PO3UYHHY
MoJ1i0eHoM 3HayHo Ounbine, HiK B Cr-Mo-V. Bananii,
3B'SI3YIOYH BYTJICIb, IEPEIIKOKAE YTBOPEHHIO KapOiliB
MonibneHny. Hampuknax, mpu 30iTbIIEHHI BiITHOUICHHS
V/C Bix 1 mo 3,5 BMicT MONiOAeHY B TBEpAOMY PO3UYHHI
micist HarpiBauHA cranu npu 540 °C mpotsrom 100 Tuc.
rojuH 30inbiryerses Big 0,1 mo 0,2%.

Pazom 3 TuM BupimIagbHUM (AKTOPOM € 3MIIHEHHS
kap6inamu VC, Tak sk piBeHb TpuBasoi MirHocti Cr-Mo-
V cranu BHM3HAYa€THCSI B OCHOBHOMY 3aKOHOMIPHICTIO
BuaitenHss VC mpu  Bimmycky, TOOTO KUIBKICTIO,
JIICIIEPCHICTIO, (POPMOIO 1 PO3TAIIyBaHHIM YaCTHHOK.

YKpyImHEHHS 9acTHHOK Kap0Oixy BaHaxiro 3 70 mo 150
HM 1 30UIBIIEHHS BifcTaHl MK HUMH 3 137 mo 2950 M
3HIKYE Yac pyHHYyBaHHS 3pa3KiB MaibKe Ha /IBa MOPAIKY.
IIpi Bigcrami Oimpmiit 150 HM YacTHHKH BXE HE
BIUIMBAIOTh Ha TeIutocTiikicts Cr- Mo-V- cramm.

Y pasi Cr-Mo-V- cramm Outen  eeKTHBHO
peati3yeThCsi MEXaHi3M 3MillHCHHs (h)a30BHM HAKJICTIOM.
BumineHHsT  BHCOKOAMCHEPCHHX  TEPMIYHO  CTIHKHX
gacTuHOK VC MO JUCIIOKAIliSIX 1 cyOrpaHuisx cradimizye
ued BUI 3MinHEHHs. JIOCHIKEHHS CTPYKTYpH IIiCIs
ekcrutyatanii nporsirom 100 THC. TOJMH [TOKa3y€e HE3HAYHY
Koarynsmito kapOigBaHamieBoi ¢a3m 1 30epexeHHs
(parMeHTOBaHUX NITHOK B 00cs3i OCHHITHUX 3epeH. Y
Cr-Mo cranmn mucnokanii eeKTHBHO HE 3aKpiILTIOIOTHCS
SIK TIPH BIIITYCKY, TaK i B mpomeci mos3yvocTi. JucnepcHi
yacTHHKA Mo2C, 1m0 BHAUIOTECS HAa CKYIMYCHHIX
JICIIOKaMil, MBUAKO KOAryJIOKOTh, IO IMPU3BOIUTH 1O
301IBIICHHS BiZICTAHI MK HUMHU.

Takum 4YMHOM HaBEAEHO, 110 AUCTIEPCiiHE 3MIITHEHHS
€ BU3HAYAJIbHUM (AKTOPOM TPHUBAJIOI MIIHOCTI CTajH,
TOMY, 3 OINIAAy Ha OUIBII BHCOKY TEPMOAMHAMIUHY
CTIMKICTh HITPHUIIB 1 KapOOHITPHUIIB BaHAiI0, HIX HOro
KapOifiB, a TakoX IX BHUIUICHHS OE3MOCEPEIHBO 3 O-
TBEPAOT0 PO3YUHY IPH BHCOKOMY BIiJIyCTKY, IIPUPOIHO
PO3IIISIATH JIETYBaHHS KOHCTPYKIIHHOI cTami a3oToMm i
BaHAMIEM SK METOJ IOJAJbIIOrO IiIBIIICHOI TPHBAJIOL
MIIIHOCTI ~ TEIJIOCTIHKMX  cTale. bimem  Toro, 3
ypaxyBaHHSIM piBHS 3HIDKEHHS 3BOPOTHOI BiJIITYCKHOT
KPUXKOCTI KOHCTPYKIIHHOi cTajli 3 HITpiABaHAIICBIM
3MII[HEHHSIM, PO3MJISAATH HOTO SK METOJl CTBOPEHHS
BHCOKOSKICHOT TETIOTPUBKOI 0€3MOITi01€HOBOT CTaJi.

Meta gocjaigKeHn

Meroro IaHoi poboTu 3 IOCIHIIDKEHHS
CHIBBITHOIIEHHSI €()EKTUBHOCTI BIUIUBY XIMIYHOTO CTaHy
TEIUIOCTIHKOI cTali, TOOTO MOJiIOeHY, BaHAIIO Ta a30Ty,
a TaKOX TeMIIepaTypH, HaIpy>KEHHs Ta yacy eKCIUTyaTallii
Ha TOB3YYiCTb 1 JIOBIOTPHBAJICT, BHPOOIB  Ta
BCTaHOBJICHHsI 3aKOHOMIPHOCTI TaKOTO BILIHBY.

Pe3yabTaTh a0caigKeHb

TemnocTiiiki KOHCTPYKWiWHI CTami BHIUIABISUTH B
160 kr iHgykiiitHOl meuyi 3 OCHOBHOIO (yTEpOBKOIO Ta
3aIMBAJIM B CyXi MICOYHO-TIMHUCTI TpedoBinHI dopmu 3
KOTPHX BHTOTOBISUIM 3pa3kd nJiamerpom 10 MM i
PO3paxyHKoOBOi HOBXHHOIO 50 MM Ui JOCIIDKEHHS
MOB3YYOCT] Ta JOBIOTPHBAJIOCTI MijJl HABAHTAXKEHHAM NPHU



84 €. I'. Apranginsaan

MiIBUIICHUX TemIiepaTypax Ha mpuctpoi «ATS 2320».
I'panienTt Temmneparyp npu icIUTaX CTAHOBUB He OijbIe =+
0,1 °C, TouHicTh BH3HAa4YeHHS HaBaHTakeHHs <0,5%, a
nepopmamii < 0,2 wmkm. [iarpamMm  moB3ydoCTi
3aIMCyBAJIMCS B PEXKUMI peabHOTO Yacy.

XimMiuHUH ~ CcKiam  CcTaled, TeMIeparypm  ixX
rapTyBaHHS Ta BiJlTyCKy HaBeIeHI B Ta0mmi 1.

Tadanusa 1. Ximiunuii ckiaj (Mac. yactka %), TeMreparypy rapTyBatHs (trapr, °C) Ta BIIIYCKY (tsim, °C) cTaneil.
Table 1. Chemical composition (wt.%), Tempering temperature (trapr, °C) and tempering (tsix, °C) steels.

No C Si Mn | Cr Mo Vv N trapms °C | tasuns °C
T1aBkH Mac. 4acTka %

1 031032063 11| 0,2 0 | 0,006 880 630

2 0,30 10,33 |065| 1,0 0 |0,11 | 0,018 930 650

3 0,20 1 0,58 | 0,57 | 536 |052| 0 | 0,006 940 700

4 0,23 056|043 |544| 0 |0,14| 0,020 | 1020 700

5 0,22 1056|044 |537| 0 0 | 0,007 | 1020 730

6 0,22 1056|044 |537| 0 |0,14| 0,021 | 1050 700

7 0,23 056|043 |544| 0,2 | 0,14 | 0,020 | 1020 700

8 0,21 055|054 |527| 0 |0,13] 0,019 950 680
ExcriepuMeHTH BUKOHYBAIHU IPH TeMreparypax (tin, 2

°C) Bixg 500p/:[0 600 °C (cegezlﬁe —ESOOC), HI;H[?,}?)KGH(HﬂX T, = 88978- Sm —65387- Cm + 3)

(o, MIla) Big 65 mo 240 Mlla (cepenne — 100 MIla), a 'y
BUIAJKy IOB3Y4OCTI Yac BHUTPUMKH 3paskiB (T, ron)
3MiHtOBaBcsA Bif 18 1o 4390 roxun (cepenue — 673 rox).

3HaYCHHS BiIHOCHOTO BUIOBKEHHS 3paskiB (O, %) y
TpoIieci MOB3YYOCTI MOCTIKEHUX CTalel CKIajaid Bif
0,3 10 55 % (cepenne — 5,5 %), a yacy (1p, TOA), IPU AKOMY
BimOyBamock pyiHYBaHHI — Big 22 no 4500 romun
(cepemue — 1360 rox).

Bimomo, mo npu aHami3i BIDIUBY XIMI9HOTO CKIIAQAy
3aJTi30BYTJICIICBHX CIUIABIB, HA PI3HOMAaHITHI BIACTHBOCTI,
MOUIMPEHO  BHUKOPUCTOBYIOTH  TakUi  eMIIpUYHHN
nmapameTp, siK BYTJICIIEBHI €KBIBAIICHT, IKUI B 3aJIC)KHOCTI
BiJl pU3HauYeHHs Mae pizHy Gopmyny. OnHak, eKBIBAJICHT
XIMIYHOTO CKJIaJy MaTepiaiy, BIJIHOCHO OYIb-SKOTO
€JIEMEHTY, BHM3HAUa€ThCs, K cyMa J00yTKYy MacH i-ro
€JIEMEHTY Ha BIJIHOUICHHS AaTOMHOI MacH eJIeMEeHTa,
BIJTHOCHO SKOTO PO3PAaXOBYETHCS XIMIUHMH CKIaa, 10
aTOMHOI MacH i-To ejemeHTa [9].

ByrneneBuii  exBiBaJeHT
BUIICHABEACHNX TETUIOCTIHKHX
HaCTYITHOIO (JOPMYJIOI0:

C, =C+0,429-Si+0,218-Mn +

€eKe

+0,231-Cr +0,235-V +
+0,125-Mo + 0,857 N

PesymbraTn perpeciifHoro aHamizy IOoKa3aiu, IO
BIUIMB XIMIYHOTO CKJIamy TeTIOCTiHKuX cTane (Cexs, Mac.
gac. %) Ta TaKMX eKCIUTyaTallifHuX ¢axTopiB, SK
temrepatypa (ticn, °C), Hanpyxenss (o, MIla), BuTpumMka
(T, romx) Ha BiTHOCHE BUIOBXKEHHS Y MPOLECI MOB3YYOCTi
(8, %) ta wac (tp, rom), mpu SKOMY BiIOyBa€TbCS
pYHHYBaHHSI, OTIUCYETHCS HACTYITHUMH PIBHSAHHIMU.

§=0104-t +0,105-c+0,002-7 -

~217,6- CeK@ -359- sz +16,8- CWB . (2,

R=0,838; Fg/179=70,4> FT(99%)=1,5.

(Cews, mac. wac. %)
cTajieil  BHPAXKAETHCS

, .

+15611-C_ " —601-t—29,3-5

R=0,858; Fs/35=19,5> Fr(99%)=3,5.

EdexruBHicTh BIUIMBY (aKTOpIB OI[HIOBAINA TI0
kpurepito Ctbronenra [10], 3HaUeHHS SKOTO HaBEJIEHO B
Tabuuni 2.

Tadoauusa 2. 3uauenns kpurepis CrterogeHTa (ts)
dbaxropis piBasHH (2) 1 (3).

Table 2. The value of the Student's criterion (tst)
factors of equations (2) and (3).

: Ne Cexs CZCKB Csexs ticn (&) T
PiBHSIHHS
2 (8) 4,7 5,0 62 | 20| 44|29
3 (1) 51 4,9 41 | 42 | 49 -
Kpurnune 3nauenns kpurepis CTbIoJIeHTa B yMOBax
EKCIIEpUMEHTIB, IIpu BiporigHocTi 95%, ckmanano 2,0

AHauti3 e()eKTHBHOCTI BIUTHBY (paKTOpiB ITOKa3aB, M0
MPOIIEC MOB3YYOCTi TEIUTOCTIHKUX cranei (8), B ymoBax
ekcriepuMeHTy Ha 64% BH3HaAuyaeTbcs I1X XIMIYHAM
ckiagoM, 7% temnepatyporo, 11% vacom ButpumMku, 18%
HaINpy>XeHUM CTaHOM. Y BHUIIAJKy JOBrOTPUBAJIOCTI BKIIA]
XIMIYHOTO CKJamy crajei ckimamae 61%, Temmeparypu —
18%, a nanpyxenus 21%.

3 BHKOPHCTAHHSAM OTPHMAaHUX 3aKOHOMIpHOCTEH (2)
i (3) mopiBHSIIM e(pEKTHBHICT BIUIMBY MONIOIEHY,
BaHAJI0 Ta CYMICHOrO BIUIMBY BaHaJil0 Ta a30Ty Ha
noB3yuicte (puc. 1) 1 posrorpuBaiicts (puc. 2)
TEIUIOCTIHKNX CTaseH.

Pe3ynpraT BUKOHaHMX JIOCIIPKEHb MOKA3yIOTh, 110
CTYMNiHb 3HEMII[HEHHsS TEIIOCTIHKOI cTaimi 3 a3oToM i
BaHaJi€eM B Tpolieci MOB3y4OCTI MEHIIE, HDK cTaili 3
MonioneHoM. JleroBani MoJiOJECHOM CTallM, HaJIalOTh
MEHIIIE OTIip PO3BHUTKY Jedopmarii (puc. 1) i, IK HACHTIIOK,
MAalOTh MEHIINH Jac 10 pyHHyBaHHSA (pHUC. 2), HIK CTalH 3
a30TOM 1 BaHaJieM.
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Puc. 1. BomuB XiMiuHOTO CKIIaAy HAa TIOB3YYiCTh
TEIUIOCTIHKOI cTaji micnsa BHUTpUMKH mpotsarom 1000
roauH npu temmepatypi 300 °C Ta Hanpysxensi 100 Mla.
bazoBuii xiMiuHmii cki1an crai (Mac. yactka %): C = 0,2;
Si=0,5Mn=0,5; Cr=1,0; N =0,006.

Fig. 1. The effect of chemical composition on the
creep of heat-resistant steel after exposure for 1000 hours
at a temperature of 300 °C and a voltage of 100 MPa.
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Puc. 2. Brums XiMIi9HOTO CKIIaAy Ha JOBTOTPUBAIICTD
TEIUIOCTiHKOT crami mpu Temmeparypi 500 °C Ta
HanpykeHHI 65 MIla. ba3oBwii XiMiuHWI cKIaa crami
(mac. gactka %): C = 0,2; Si = 0,5; Mn = 0,5; Cr = 1,0;
N = 0,006.

Fig. 1. The effect of chemical composition on the
creep of heat-resistant steel after exposure for 1000 hours
at a temperature of 500 °C and a voltage of 65 MPa.

Mertanorpadgiuanii aHami3 MOKa3zye, IO CYMiCHHH
BIUIMB a30TY 1 BaHAIIIO TOB'S3aHO 3 OLTBEII e(peKTUBHOIO,
HDK TpH  JIeTYyBaHHI  MONIOJEHOM, CTalumi3ami€ero
BTOPUHHOI CTpYKTypH (puc. 3, 4). 3 puc. 4 BUAHO, IO
TpoIiec KoaryJrimii KapOidiB i HITPHUIIIB B CTANAX 3 a30TOM
i BaHAJiEM OTPUMYE MEHIIMH PO3BHUTOK, HDK KapOiliB B
cTajsIX, sIKi JIeroBaHi MOJIiOIeHOM.

ITicns noyimimieHHs B crajed, M0 JIeroBaHi
MOJTIOICHOM, Bif3HA4YarOThCs KapOigu posmipom 0,03-0,3
MKM, SIKi pO3MOJIisieH] B 00¢s31 1 IO Meax 3epeH.

TpuBanuit HarpiB NPU3BOAUTH HO 30UTBIICHHS
po3MipiB kapOifiB B MaTpumi i iX KUIBKOCTI MO MeKax
3epeH (puc. 4 a, B). Y AUISHKAX OUTI MEX 1 Ha MeXax 3epeH
BiJ[3HAYAEThCA 3HAYHE 30UThIICHHS BUALICHb KapOiliB
po3mipis 0,3-0,5 MKM.

Puc. 3. MikpocTpyKTypa TCIIOCTIHKUX CTajIeH micis
BUIPOOYBaHb Ha TPUBALy MIIHICTh INPH TeMIEpaTypi
500°C (a, 6) u 600°C (B, r) i HampyxenHi 180 MIla (a, 0)
u 100 MIla (B, 1). a, 6 x 500; B, r x 400. XimiuHui cCKIaL i
PEKXHMH TEPMIYHOT 00pOOKH cTalieil 3riaHo 3 Tabnunero 1.:
a - iaBka 1; 6- 2; B - 3; 1 - 4. Yac no pyiiHyBaHHI: a —
2383 rom; 6 - 4390 rox; B - 317 rox; r - 578 rox;:

Fig. 3. Microstructure of heat-resistant steels after
long-term strength tests at a temperature of 500 °C (a, b)
and 600 °C (c, d) and a voltage of 180 MPa (a, b) and
100 MPa (c, d). a, b x 500; c, d x 400.

VY cramsgx 3 a30TOM 1 BaHamieM 3MilHIOIOYa (asza
po3mipom Bigx 0,01 mo 0,05 MKM pO3MOAUIAETHCS, B
OCHOBHOMY, B 00cs131 3epHa (puc. 4 0). [Ticist BunpoOyBanb
po3Mip yacTok 30unbmryerhes o 0,02-0,07 mxm (puc. 4 1).

Tt

B r

Puc. 4. Posmonin BropuHHHX (a3 B TEIUIOCTIHKHX
cransax 1o (a, 0) i micns (B, T) BUIIPOOYBaHb HAa TPHUBATY
MirHicTh Tipr Temreparypi 600 © C i Harpysi 100 MITa. x
9000. Yac go pyinysauus: B - 317 rom; r - 578 ron.
XiMiuHMH CKJaJ 1 peXXUMH TepMidHOI 0OpOoOKM crajei
3rigHO 3 Tabnwuiero 1: a, B - IutaBka 3; 0; 1 - 4.

Fig. 4. Distribution of secondary phases in heat-
resistant steels before (a, b) and after (c, d) tests for long-
term strength at a temperature of 600 ° C and a voltage of
100 MPa. x 9000.

BucHoBku
1. PesynbTatu BHUKOHAaHUX EKCIICPUMECHTIB
MOKa3yloTh, IO 3 OMIIAy Ha OUIBII  BHCOKY

TePMOAWHAMIYHY CTIHKICTh HITPHIIB 1 KapOOHITPHAIB
BaHAJIi10, HIX HOTO KapOiliB, a TAKOXK KapOimiB MOIiOACHY,
JIETYBaHHS CTaJIM a30TOM 1 BAaHA II€EM MOKHA PO3TISAIATH SIK
e(heKTUBHUI METOJ] MiJBUIICHHS TPHUBAIOI MIIIHOCTI
TEMJIOCTIHKOT CTaJIHN.
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INFLUENCE OF CHEMICAL COMPOSITION ON
HEAT RESISTANCE OF STRUCTURAL STEEL
Ye. G. Aftandiliants

Abstract. It is based of process analysis of structural
steel operation at elevated temperatures and stresses, it is
established that their workability depends with the
chemical composition of steels and operation stress, time,
temperature. The heat-resistant structural steels alloying is
aimed for reducing the intensity of softening processes,
that is, the redistribution of the alloying elements between
the solid solution and the separation phases, their
coagulation and changes of the crystal structure defects.
The results of the study of chemical composition effect,
temperature, stress and operation time on the creep and
durability of structural steels are presented in the article.
Analytical dependences of the relative elongation in the
creep process and time at which the destruction of the
chemical composition of heat-resistant structural steels and
such operational factors as temperature, stress and holding
are calculated. It is established that the creep and durability
of heat-resistant structural steels, in the experiment
conditions, are determined by their chemical composition
in quantity 61-64 %, temperature 7-18 %, holding time
11 %, stress state 18-21 %. Nitrogen and vanadium
alloying have been shown to more effectively reduce the
softening degree heat-resistant steel during creep process
than the molybdenum alloy, since the coagulation process
of carbides and nitrides in steels with nitrogen and
vanadium receives less development than carbides in steels
alloyed by molybdenum.

Key words: steel, heat resistance,
composition, temperature, stress, creep, durability.

chemical

BJIIMAHUE XUMHWYECKOT'O COCTABA
HA TEIIVIOCTOUKOCTb KOHCTPYKIIMOHHOU

CTAJIN
E. I Apmanounsany
AnHoranusi. Ha ocHoBe aHanmza mporecca
9KCIUTyaTaI[HK KOHCTPYKIIMOHHBIX cTanei npu
MOBBIIIICHHBIX TeMmepaTypax u HATPSKCHUAX

YCTaHOBJICHO, YTO WX paboTOCHOCOOHOCTH 3aBHCHT OT
XUMHYECKOTO COCTAaBa CTAJ€H, HANPSLKEHUsS, BPEMEHU U
TEeMIIEpPaTypbl 3KCILIyaTaluu. JlerupoBanue
TEIUIOCTOMKHNX KOHCTPYKLIMOHHBIX CTaJel HapaBIeHO Ha
CHU)KCHME  MHTCHCHUBHOCTM  DPa3sBUTUS  IIPOLIECCOB
pa3ylpOYHEHH, TO €CThb nepepacpeiesIeHus
JIETUPYIOIIUX 3JIEMEHTOB MEXAY TBEPIABIM PacTBOPOM H
¢da3zamMy BBIOENCHUS WX KOArymsUH ¥ H3MEHEHHS
JIe(EeKTHOCTH KPUCTAJUIMIECKOH CTPYKTypel. B craThe
MIPUBOJATCS. PE3YNIbTaThl MCCIeN0BaHUSA IPPEKTUBHOCTH
BIMSHUSL ~ XMMMYECKOIO  COCTaBa,  TEMIIEpaTypshl,
HaIpPsDKEHUS. U BPEMEHM JKCILTyaTalluy Ha MOJI3Yy4ecTb U
JIOITOBEYHOCTh KOHCTPYKIMOHHBIX cTajed. PaccuuTansl
aHAJIUTUYECKUE 3aBUCUMOCTHU OTHOCUTEJIBHOIO
YAJIMHEHUs. B IIPOLECCE IOJ3Y4ECTH U BpPEMEHH, IIpU
KOTOpOM IIPOUCXOAMT pa3pylIEeHUE OT XHMUYECKOIO
CcOCTaBa TEIUIOCTOMKUX KOHCTPYKLIMOHHBIX CTajed u
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TaKUX JIKCIUTyaTaIllHOHHBIX ()aKTOPOB, Kak TEMIIEpaTypa,
HamnpspKeHUE W BBIIEP)KKA. Y CTAHOBJICHO, YTO TOJI3Y4eCTh
H JUTATEIbHAS MIPOYHOCTH TEIIOCTONKMX
KOHCTPYKIIMOHHBIX CTalIeH, B yCIOBUAX IKCIIEPIMEHTA, Ha
61-64% ompenenseTcs NX XUMHYECKIM cocTaBoM, 7—18%
Temnepatypoi, 11% mpomomKUTeIbHOCTRIO WCTIBITAHUH,
18-21% wHanpspkeHHBIM cocTosiHMeM. IlokazaHo, dTO
JICTUPOBaHKWE a30TOM U BaHagueM Oonee 3PQEeKTUBHO
CHIDKAET CTEINCHb Pa3yIpPOYHCHUS TEIIOCTOMKON CTallu B
MpoIecce MOJI3YYSCTH, YeM JICTUPOBAHHUS MOJHOICHOM,
MTOCKOJIBKY MPOIIECC KOAryJsAIiKu KapOuI0B U HUTPUIOB B
CTalIiIX C a30TOM H BaHAIUEM I[OJIy4acT MCHBIIICE
pasBuTHe, UYeM KapOMIOB B  CTalsAX, KOTOpPHIE
JIETHPOBaHHBIC MOJUOICHOM.

KaroueBble cjaoBa: cTallb, TEINIOCTOMKOCTD,
XAMAYECKHH  COCTaB, TEMIlepaTypa, HalpsDKeHHE,
MTOJI3y4YeCTh, JOJITOBETHOCTb.
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AHoTanis. Po3rmaHyTi  MUTaHHA =~ BHKOHAHHSA
TEXHOJIOTIYHAX TPOIECiB MPUTOTYBAaHHA Ta PO3/JaBaHHI
KOPMOBOi cymimri, 3rigHo i3 TpadikoM BHKOHAHHS
TEXHOJIOTIYHHAX OTepaliii TBAPHMHHUIIBKOTO KOMIUICKCY.
[Iponecu mpuUroTyBaHHA Ta pO3AaBaHHSI KOPMOBOI CyMiIi,
B 3HaYHIA Mipi, 3HAXOMATHCS MiJ BIUTMBOM MPUPOIHO-
KIIMaTUYHUX YMOB, a BIJOBIZHO, IIOJCHHE BUKOHAHHS
TEXHOJIOTIYHUX OIepallii Mae MEBHI BIAXWJICHHS B Yaci
3TiHO PO3MOPSIIKY POOOTH TBAPUHHUIIBKOTO KOMILIEKCY.
OnHi€r0 3 0COOJMBOCTEH MPOIECIB MPUTOTYBAaHHS Ta
pO3MaBaHHA  KOPMOBOI  CyMimi €  TepeMilleHHS
KOPMOTIPUTOTYBJIBHOTO ~ arperaTry MiK CXOBHIIAMH
KOpPMIB 3a pI3HHX TOTOJHHUX YMOB, SKi BIUIMBAIOTh Ha
IIBUIKICT pPyXy arperaty. 3a pe3ylbTaTaMd OILIHKA
XapakTepy 3aTPIMOK BUKOHAHHS TEXHOJIOTIYHUX OTIepaIlii
B Tpolecax IPHUTOTYBaHHA Ta PO3JABaHHI KOPMOBOL
CyMillli, METOJOM  MAaTeMaTHMYHOTO  MOJIEJIOBaHHS,
BU3HAYEHO  BIUIMB HAa  MPOAYKTHUBHICTh  TBapHH,
OOIpyHTOBaHI ONTHUMAaJbHI, 3 TOYKU 30pY 300TEXHIYHUX
BUMOT, IHTEpBaJM 3aTPUMKH BHKOHaHHS OIepaliil, npu
SKMX TBapUHM HE BTPAyarOTh IMPOAYKTUBHICTH Ta
3alpONOHOBAHO LUISXM iX KOMIIGHCAlil NpU BUKOHAHHI
TEXHOJIOTIYHUX MPOIIECIB.

PesynbraTu niTepaTypHUAX TOCTIIKEHb CBITYATH, IO
3aTpUMKa y pO3JaBaHHI KOpMOBOI cymimii Ourpmie 10
XBUJIMH, TPUBOJUTH JIO CTPIMKOTO 3pPOCTaHHS BTpar
MOJIOYHOI TPOAYKTHBHOCTI TBapWH, a dYac Ha IX
BITHOBJIEHHS CKJIafae Om3bpKko 4-5 nio.

Ha ocHOBI IpoBeNeHUX AOCII/KEHb TOBEACHO, II0
KOMIIEHCYBAaTH 3aTPUMKH BHKOHAaHHS TEXHOJIOTIYHHX
omepallii MpOLECiB MPUTOTYBaHHS Ta PO3JaBaHHSI
KOPMOBOi CyMiIlli MOXHa YacoM, SKHH TpHUIafae Ha
3MiITyBaHHS KOPMOBHX KOMIIOHEHTIB, i Moxe OyTu
YacTKOBO a00 TIOBHICTIO CKOpPOYEHHWH, (3a yMOBHU
0JIHOYACHOT'O0 BUKOHAHHS OTIepalliif TPaHCIIOPTYBAHHS, BiJl
OCTaHHBOTO 3aBaHTa)XEHHS KOPMOBOTO KOMIIOHEHTa Ta
3MIIIyBaHHS).

Po3paxyHOK MakCHMaJbHOTO 4Yacy BIAXHJICHHS
BUKOHAHHS TIPOLECIB TIPUTOTYBAHHS Ta pO3/aBaHHS
KOPMOBOI CyMiIlli, TPOBEAECHUI METOAOM MaTeMaTHIHOTO
MOJICIIFOBaHHS, BU3HAUMB, L0 MaKCHMallbHa TPUBAJICTh
3aTPUMKH, 3 BpaxyBaHHSM dYacy, Ha SIKUi TBapUHU He
pearyiote, Moke craHoBUTH 22-27 % Big dacy
MIPUTOTYBAaHHS KOPMOBOI CyMIIIIi.

Kiro4uoBi cjoBa: romiBis TBapWH, TEXHOJOTIYHUI
mporec, rpadik poOOTH, TPHUTOTYBaHHA KOPMIB,
pO3/1aBaHHI KOPMOBOI CYMITIIi.

ITocTranoBKa MpodaeMu

Bucoki oka3HUKH B Tainy3i TBApUHHUITBA 3aJI€XKaTh
HE TUIBKM BiJi NMPOAYKTHBHOIO IUIEMIHHOTO CTaja Ta
KOpMOBOi 0a3u, a ¥ Big BHCOKOIPOAYKTHBHOI'O
yCTaTKyBaHHS Ta 00JaqHaHHS, 110 3a0e3neuye BUKOHAHHS
TexHonoriunux mpouecis [1, 2]. Ha choromui, ogaum i3
BXIIMBUX HAMpPAMIB  MiJBUINEHHS MPOXYyKTHBHOCTI
BEJIMKOi poraroi XymoOu € mpodeciiiHe BHKOPHUCTaHHS
Cy4JacHUX 3acoOiB JJIsi TOMIBII TBapWH, 3a JOIMOMOTOIO
SKMX MOXHa IIPUTOTYBaTH Ta pO3JaTH 30araHCcOBaHi
KOpMOBi cymimi [3].

B ckoTapcTBi OCHOBHHMM CIIOCOOOM YTpHUMaHHS KOPIiB
€ 6e3npuB’si3uuit (Oinbm HiX 95 % depm nmpommucioBoro
BUPOOHUIITBA TpoayKIli) [4, 5]. 3a maHoro cmocody €
MOXJIMBICTh ~ BHKOPUCTOBYBaTM  Cy4acHi  CIOCOOM
NPUTOTYBaHHS 1 pO3JABaHHS KOPMIB, IO JIO3BOJISIE
3MEHIIYBaTH 3aTPaTH Mpalli Ha BUPOOHUITBO 1 11. M sica 110
0,2-0,6 mrom.-ro.

Ha d¢epmax 3 cydacHUMH  TEXHOJOTIYHHMH
PIIICHHSAMH UISl IPUTOTYBAHHS KOPMiB BHKOPHCTOBYIOTH
MOOTBHI ~ KOPMONPUTOTYBAJbHI ~ arperatéd  (Mikcep).
[IpoBiBo  BIiAMOBIAHI PO3pPaxXyHKH TMPOTYKTHBHOCTI
KOPMOIIPUTOTYBaJIbHUX arperariB MOXHa CTBEpPIKYBaTH,
o oJHAa MalMHa 3 00’eMoM OyHkepa y 8 M3 Mowke
3a0e3neUnTH KOPMOBOIO CYMIIIKOIO, 3aJIe)KHO  Bij
KpaTHOCTI po3naBaHHsA, 200-400 xopiB, mpu IBOMY,
BIAMOBIZHO /O 300TEXHIYHMX BHMOT, TPUBAIICTh
MIPUTOTYBAHHS Ta pO3/1aBaHHs KOPMiB He Oyzae Ourbiue 1,5-
2,0 ron. [3].

[Mpoecu  KOPMONPHUIOTYBAaHHS Ta  PO3JaBaHHS
CyMillli TBAPHHAM IIOJISITAIOTH Y BAKOHAHHI TEXHOJIOTTYHUX
3axoniB (#id, omepamii), cIpsIMOBaHMX Ha KOPMOBY
CHPOBHHY, 110 00POOIISIETHCS, 3 METOIO HA/IAaHHS T HOBHX
BJIACTUBOCTEN.

IIpu BuOOpi TexHOJIOTII KOPMONPUTOTYBAaHHS Ta
po3IaBaHHA KOPMOBOI CyMiIli TBapHHAM, JOIUIEHO
JIOTPUMYBATHCh PEKOMEHJAIli, sKi mependadaioTh He
TIOTipIICHHS YMOB BHUKOHAHHSA HAaCTYITHOTO
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TEXHOJIOTIYHOTO TPOIECy, HANPUKIIAJ, THOENPUOUPAHHS
Ta BUKOHYBaTH YyCi TEXHOJOTIYHI omepamii 3TigHo
PO3MOPSIKY poOOTH TBAPHHHHUIIBKOTO IMiAIprHeMCcTBa [4, 5,
6, 7].

AHAaJIi3 0CTAHHIX JOCTITKEeHb

MornoyHa NpoayKTUBHICTh TBAapWH, B 3HAUHIM Mipi
3aJIeKHUTh BiJl YITKOTO JIOTPUMAaHHs rpadiky BUKOHAHHS
TEXHOJIOTIYHUX OTIepalliif, a came, IPOIeCy TOIIBIIL.

BenuunHa BTpaT MpOXyKTUBHOCTI TBapHH 3aJICXKUThH
BiI Miclsd omepamii B TEXHOJOTIYHOMY MpoIleci
NPUTOTYBaHHS Ta pPO3AAaBaHHA KOPMIiB, a TaKOX,
TPHUBAJIOCT] 3aTPIUMKH KOXKHOI OTepariii.

Sk Bimomo 3 JiTeparypHUX mkepen [8], 3aTpuMKa y
po3maBaHHI KOpMOBOi cyMimni g0 10 XBHIMH CYTTEBO HE
BIUIMBA€ HA BTPAaTH NPOAYKTHBHOCTI TBapuHamHu. Ilpm
3arpumui Outbire 10 XBHJIMH, CTPIMKO 3pOCTalOTh BTPaTH
MOJIOYHOI MNPOAYKTHBHOCTI TBapWH, a dYac Ha iX
BIZIHOBJICHHSI CKJIajae O1m3bKo 4-5 nio.

3 METOI0 MPOTHO3YBaHHsI KIHIIEBOI MPOAYKTUBHOCTI
TBapWH, BHACIIJOK 3aTPUMKH BUKOHAHHS TEXHOJIOTIYHUX
orepariii mpouecy TOMIBII TBapuH, BUKOPHCTOBYIOTh
MaTeMaTHdHe MOJETIOBaHHA. BOHO 103BOJsiE BUBYMTH
KIJBKICHI B3a€MO3B’S3KH 1 B3a€MO3aJIEKHOCTI CHCTEMHU,
KA MOJEIIOETECA 1 BIOCKOHATIOBATH 11 IONANIBIINAN
pO3BUTOK 1 (yHKIiOHYBaHHA. AJsle g TOro, mio0
MOJICTIFOBAHHS CTajl0 IIF0OYMM IHCTPYMEHTOM ITi3HaHH,
HEOOXiTHO MPaBUIILHO OOy IyBaTH MaTEMAaTHIHY MOJEINb,
aJIeKBaTHY CHCTEMI, 1[0 BUBYAETHCH.

[Ipouec mNpUroTyBaHHS KOPMIB JIO 3TOJIOBYBaHHS
JOCTaTHBO MOBHO HiIaeThCs MaTreMaTHyHOMY
MO/IEIIFOBAHHIO, OCKIJIBKH € CTallIbHUM Yy TOCIIiOBHOCTI
BUKOHAHHS OIEpalliii, a MAIIUHH, Ki BAKOPUCTOBYIOTHCS,
MaroTh BUCOKY ITPOIyKTHBHICTb, BiJITIOBITHO Yac 3aTPUMOK
MOYKHA 3TJIaJJUTH YaCOM BUKOHAHHS HACTYITHUX OIlepamii.
[pote, 1eii vac Mae TakoXk OOYMOBIICHHI BIIXHIJICHHS [9,
10].

MarematiuHa MOJENIb  SIBJISIE  COOOIO  CHUCTEMY
MaTeMaTHYHUX BHpa3iB, sKi 3 TEBHOK TOYHICTIO
ONHUCYIOTh SIBUIA 1 TIpOLECH, IO BiAOYBAIOTHCS B
pearbHOCTI Ha TBAPUHHUIIBKOMY KOMITIEKC.

MeTta gociigKeHn

Metoro pobGotm Oyiio: TOCHIAATH MOXKIHBICTH
BUKOHAHHA BHPOOHMYMX IIPOLECIB IPUTOTYBaHHS Ta
poO3aBaHHs KOPMOBOI CyMillli TBApHHAM, 3TiJHO rpadiky
po0OTH  TBAapMHHMIBKOTO  KOMIUIEKCY, ©0e3  BTpar
MIPOyKTUBHOCTI TBApHH.

Jns  AOCHiIKEHHS  BUKOHAHHS  TEXHOJIOTTYHHUX
omnepalliii BUKOPUCTOBYBABCS MOOUTbHUNA KOMOIHOBaHWI
KOPMOTIPUTOTYBalTlbHUN ~ arperar, BupoOHuITBa TJIB
«bpamnasy, 3 o0’emom OyHkepa 9 ™S,  sxwuii
YPYXOMITIOBABCS Bijl BTy BiIOOPY MOTYKHOCTI TpakTopa
MT3-80 ta rpeiideprnii HaBaHTa)KyBad, Ha 6a3i TpakTOpa
MT3-80 [3]. O6’em OyHkepa lae 3MOTry IPHUIOTYBaTH
pa3oBy nopiiiro kopmy uis 200 TouiB aiitHOTO cTaga. 3MiHa
HOPMH BHJa4i KOPMOBOI CyMiIlli PeryyoBanach BUCOTOIO
BIZIKPUTTSl BUBAHTA)XXyBaJHHOIO BiKHA Ta HUIIXOM 3MIHH
LIBHKOCTI PyXy arperary.

Jli1st BU3HAUEHHS Yacy, IKAH MpUTagac Ha BUKOHAHHS
TEXHOJIOTTYHUX onepartii, BHKOPHUCTOBYBaJIH
OaraTokaHaJNBPHUHA E€JIeKTPOHHUHA Taiimep. [locmimkeHHS
MPOBOMIINCH TPH PI3HAX TEMIEPATypHUX peKAMax
HABKOJIMIIHBOTO cepenoBuma Big — 12 °C go + 23 °C Ta
CHDKHUM TIOKPOBOM, B 3WMOBHH IIepiof, i JomeM y
BECHSIHUH.

Pe3yabTaTi qociimkeHb

[Tpouecu mpuroTyBaHHS Ta pO3JaBaHHS KOPMOBOI
CyMilli B 3HA4YHI Mipi 3HAXOIATHCSA IIiJ] BILTHBOM
MIPUPOJTHO-KIIMATHYHUX YMOB, a BIJTOBIIHO, IIOJCHHE
BUKOHAHHS TEXHOJOTIYHHX OIepaliii MamoTh TeBHI
BIIXWJICHHA B 4aci, 3TiAHO PO3MOPIAKY pOOOTH
TBapUHHUIIBKOTO KOoMIUTekcy. OmHi€o 3 ocobOamBocTei
MPOIIECIB Y IPUTOTYBaHHI Ta PO3/JaBaHHI KOPMOBOI CyMiIlIi
€ TIepeMIllleHHs KOPMOIPUTOTYBaJbHOIO arperatry Mix
CXOBHIIAMH KOPMIB, 3a PI3HUX IIOTOJHHX YMOB, SIKi
BIUIMBAIOTh HAa LIBHJKICTH pyXy arperatry. Ha ocHoOBI
NPOBENCHUX JOCIIKEHb CHOPMYIbOBaHI 3aJICKHOCTI JIst
BU3HAYCHHS JONYCTUMOTO 4Yacy 3aTPUMKHU T, BAKOHAHHS
OCHOBHHMX TEXHOJIOTIYHHMX OMepaliii MpPUrOTYBaHHS Ta
PO31aBaHHs KOPMOBOI CyMillll TBapHUHAaM.

JomyctumuiA  9ac  3aTPUMKH  omepamid T
OB ’SI3aHUX 13 3aBaHTAXKCHHAM Ta 00pPOOITKOM KOPMOBHUX
KOMITOHEHTIB, CTAHOBHUTh

301 YV mi _tnop.dwzi’ (1)
ne Pps.ic — pa3oBa KUIbKICTh i-TO KOPMY, KT}

W, - MPOOYKTUBHICTh MAIlMHH, SIKa BUKOHYE i-Ty
TEXHOJIOTIYHY OIIepaIifo, KI/ToI.;

K,; — 3aTpuMKa poBeJeHHS i-01 onepallii, To/1.;

tuop ousi — HOPMATUBHMH Yac, 3a KUl BUKOHYETHCS
3aBaHTaXXEHHsS Ta 00poOKa i-ro KOpMy pa30BOi TOJiBIIi
TBapuH, TO/I.

Jonyctumuii 4yac 3aTpUMKH omnepauid T pi,

MOB’s3aHUX 13 Mepei3naMu MK CXOBHUIAMH Ta 0 MICISI
po3naBaHHS

L. .
T — KOle+k

mpi mi

- tHop.nep.l' ! (2)
azpmp

e Luopw i BiACTaHb MK CXOBHMIIAMH Ta IO MicLs
PO3/aBaHHsI, KM;

Viepmp — WBHUAKICTH PYXy arperaty Hnpu BUKOHAHHI
omepartii, KM/TOJ.;

tuop.nep.i — HOPMATUBHUM 4ac, 3a SIKUA BUKOHYETHCA
mepei3 MiXK CXOBHUIIAMH Ta J0 MICIS PO3JaBaHHI KOPMY
TIpY pa30Biii FOIBII TBAPUH, TOI.

Honyctumuii  4Wac  3aTpUMKM  omepamiid T
TIOB’SI3aHMX 13 3MIIIyBaHHSM KOPMOBHX KOMITOHEHTIB!
P
T, =k, t ©)

3m.min !

ne Pp,.; — pa3oBa KUIBKICTE KOPMOBOT CyMillli, KT

Corv.min 9ac, 3a AKUA BHKOHYETHCS 3MIITyBaHHS
KOPMOBHUX KOMIIOHEHTIB, O MiHIMaJbHO JOMYCTUMOTO
MTOKa3HHKA, 3T1/THO 300TeXHIYHUX BHMOT, TOJI.
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Puc. 1. Yac, mio npumnasae Ha BAKOHaHHS TEXHOJIOTTYHUX OIepaliii IpoleciB IPUTrOTYBaHHS Ta PO3AaBaHHs KOPMIB.
Fig. 1. Time to perform technological operations of feed preparation and distribution processes.

Yac, skuii mnpumagae Ha TIpoOLEC 3MINIyBaHHS
KOPMOBHUX KOMIIOHCHTIB, MOXE OyTH dYacTKoBO a0o
MOBHICTIO CKOPOYEHWH, (32 yYMOBH OIJHOYACHOTO
BHKOHAHHS OTIEpaliif TPaHCIIOPTYBAaHHS, BiJ OCTaHHBOTO
3aBaHTa)XKEHHs KOPMOBOT'O KOMITOHEHTA Ta 3MILIlyBaHH).

Yac 3arpumku onepauid  Tp,;, TOB’S3aHUX i3
PO3JaBaHHSIM KOPMOBOT CyMIIlIi:
P
_ _ paz
Tpo3 - W + kMi _tpo:fﬁ}mi' (4)

mi

€ o5 onsi — HOPMATUBHUH 4ac, 3a SKUH BHUKOHYETHCS
poO3aBaHHsI Pa3oBOi KITBKOCTI KOPMOBOT CyMillIi, TO/I.
3araibHUM 9ac 3aTPUMKH MPOIECY T, MPUTOTYBaHHA Ta
poO31aBaHHs KOPMOBOT CyMilIi:

T3az = Tsoi + Tmpi + TzoM + Tp03 - tpaa()mi’ (5)

ne  tws owe — dYac, 3a SKUH BUKOHYETHCS pa3oBe
NPUTOTYBAHHS Ta PO3JIaBaHHS KOPMIB TBapHHAaM, 3TiJHO
PO3MOPSIIIKY JHSI TBAPUHHUIBKOTO MiAPUEMCTBA, TOI.

MakcuManbHO JOMYCTUMHHA 4Yac Ts,, 3aTPUMKH
Npoliecy PpO3JaBaHHS KOPMOBOI CyMilli, A0 TOYarKy
CIIO’KMBaHHS TBapuHaMHu, ctaHoBUTH 0,17 rox. (puc. 1).

BincraBaHHs B yaci, Mpy BUKOHAHHI TEXHOJOTIYHUX
omeparid, MOXHa CKOPOTUTH 3aBJISKH IUIAHYBaHHIO
BUKOPUCTaHHSA OJHOTHITHOIO arperary, HaIlpHKIAJI,
HaBaHTaXXyBaya, SIKUA Mae pi3Hy MNPOAYKTUBHICTH Ha
PI3HHUX KOPMOBHX KOMITOHCHTAX.

Cepents npoyKTHBHICTD Uce, TBApHH, O0€3 3aTPUMKH
MIPOIIECiB MPUTOTYBAHHS Ta PO3/1aBaHHSI KOPMOBOI CyMimIi
BH3HAYAETHCS 32 GOPMYIIOIO:

|
U, = u,)/d, (6)
i=1

ne U, — pa3oBa MoJOYHAa TNPOAYKTUBHICTH TBApHH

KOXHOTO JTHSI, TIPY BYaCHOMY BHKOHAHHI TOMIBIIi TBapHH;

d; — KiTpKiCTh OHIB BYACHOTO BHUKOHAHHS TOZiBII
TBapuH.

[MoKa3HUK 3HMWKEHHS MOJIOYHOT MPOJYKTUBHOCTI
TBapHUH K, IPU HE BYACHOMY BUKOHAHHI TOMIBII TBApHH
BHU3HAYAETHCS 32 (POPMYJIIOHO:

U
_1_ cep;
Ko =11G ) ()
3nm
e Usm 3allJJaHOBaHa MOJIOYHA MPOAYKTHBHICTH
TBapHHU.
3aranpHuii MOKa3HUK 3HMKEHHS MOJIOYHOT
MPOAYKTHBHOCTI cTaja  TBapUH  PO3PAXOBYETHCS
HACTYITHUM YHHOM:
n
_ k36,-
3az.36 ’ (8)
i—1 n
Je N — KUTBKIiCTh TBapHH B CTaJi, IIT.
SaranpHuii  MMOKa3HUK  3HIKEHOI  MOJIOYHOT
MPOAYKTUBHOCTI CTa/ia TBAPUH CTAHOBHUTH:
n
Koo =135 2
3az.36.cm - 9
—~| n ©)]
dakTyHa MOJOYHA MNPOAYKTHBHICT, TBapuH, IIPH
2
3aTPUMIII BUKOHAHHS TEXHOJIOTYHHUX oreparii
O0YHCITIOETHCS:
U(j).c) =U3nm _(U snm k361~ ) (10)
Mounem IPYHTYIOTBCS Ha BHKOPHCTaHHI
y3araJlbHEHUX  BIIACTHBOCTEH  IPHUPOJHO-BUPOOHUYUX

YMOB, TEXHOJIOTIYHUX IMPOIECIB Ta MANIMHHUX arperariB
JUISL IPUTOTYBAHHS KOPMOBOT CyMIllIi.
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BucHoBkn

1 PesynpTaTu miTepaTypHHUX JOCITIIKEHb CBiT4aTh,
0 3aTpUMKa y po3AaBaHHI KOpMOBOi cymimi Oinpme 10
XBWIHMH, TPUBOAWTH IO CTPIMKOTO 3pPOCTaHHA BTpaT
MOJIOYHOI TPOAYKTHBHOCTI TBapWH, a dYac Ha IiX
BIZTHOBJICHHSI CKJIajae 01m3bKo 4-5 nio.

2. Ha ocHOBI IpoBeIeHNX TOCTIKEHb JI0BEICHO, 110
KOMIICHCYBAaTH 3aTPUMKH BHKOHAaHHS TEXHOJIOTIYHHX
omepariii TpoleciB NPUTOTYBaHHA Ta PO3JABaHHS
KOpPMOBOi CyMillli MOXXHa YacoM, SKHH Ipunagae Ha
3MIlIyBaHHS KOPMOBHX KOMIIOHEHTIB, 1 MoOxe OyTu
YacTKOBO a00 TIOBHICTIO CKOpPOYEHHH, (3a yMOBH
O/THOYaCHOTO BUKOHAHHS Oleparliii TpaHCIIOPTYBaHHSA, BiJ
OCTaHHBOTO 3aBaHTa)KCHHS KOPMOBOTO KOMIIOHEHTa Ta
3MIITyBaHHS).

3. Po3paxyHOK MaKCHMANbHOTO Yacy BiIXWICHHS
BUKOHAHHS TIPOIECIB TIPUTOTYBAaHHA Ta pO3JABaHHSA
KOPMOBO{ CyMillli, TPOBEICHUI METOJIOM MaTeMaTU4YHOTO
MOACIKOBAaHHs, BH3HA4YWB, IO MaKCHMaJlbHa TpI/IBaJ'IiCTI)
3aTPUMKH, 3 BpaxyBaHHSAM 4acy Ha SIKUH TBApUHU HE

pearyioTb, Moxe crtaHoBuTH 22-27 % Bim dacy
MPUTOTYBaHHS KOPMOBOI CyMillIi.
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OBOCHOBAHUME JOITYCTUMOI'O OTKJIOHEHUM I
BBITTOJHEHUS TEXHOJIOTUUYECKUX OIEPAITAN
B ITPOLIECCE KOPMJIEHUM S X KUBOTHBIX
B. C. Xmenesckui

AnHOTamusi. PaccMOTpEHBI BOTIPOCHI BBITOJTHECHUS
TEXHOJOTMYECKHUX MPOLIECCOB MPUTOTOBICHUS U pa3aayvu
KOPMOBOW CMECH, COIJIACHO Tpa(uKy BBITOIHCHHUS
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TEXHOJIOTHYECKUX ormepauit SKMBOTHOBOIYECKOIO
KoMIUiekca. [Ipolecchl TPUTOTOBICHUS W pa3jgadu
KOPMOBOH CMECH, B 3HAUUTEJILHOM CTENEHW HAXOISATCS
MOl BIMSHAEM NPUPOJHO-KIMMATHICCKUX YCIOBUH, a
COOTBETCTBEHHO, €KeITHEBHOE BBINOJIHEHUE
TEXHOJIOTHYECKHAX  OIepaluii HMMEeT OMpeIcICHHEIC
OTKJIOHCHHUS BO BPEMCHH COTJIACHO PACIOPSAKY PadOThI
’KMBOTHOBOTUECKOTO KOMILIEKCA. OnHoit u3
OCOOCHHOCTCH MPOLIECCOB MPUTOTOBICHUS U pPa3lavu
KOPMOBOH cMecH SIBIIIETCS nepeMeneHue
KOPMOTIPUTOTOBUTEIHHOTO arperara MEXIY
XpaHWINIIAMHA KOPMOB TIPU  Pa3IUYHBIX TOTOJHBIX
YCIIOBHSIX, BIHMAIONINX HA CKOPOCTH IBMIKCHHUS arperarta.
[lo pesympTaTaM OIEHKH 33JCPKKH  BBHITOJHCHHS
TEXHOJIOTHIECKUX OTIEPAIlii B IPOIIECCaxX MPUTOTOBICHUS
1 pa3gadu KOPMOBOM CMECH, METOJIOM MaTeMaTHYECKOTO

MOJIENNPOBAHHS, OIIPENIENEHO BIIMSIHUE Ha
IIPOAYKTUBHOCTh JKUBOTHBIX, 000CHOBaHHBIC
ONTUMAJIbHBIE, C TOYKH 3PEHHS 300TEXHHUECKUX
TpeOOBaHUH,  HWHTEPBAJIBl  3aJEPXKKU  BBINOJHEHUS
omepanuii, TpPHU KOTOPBIX JKUBOTHBIE HE TEPSIOT
MIPOU3BOJUTEIBHOCT W NPEAJIOKEHBl  MyTH  HUX
KOMIIGHCAIlUM TPH  BBINOJHEHUH  TEXHOJOTHYECKUX
IIPOLIECCOB.

PesynbraTs! JIUTEPATyPHBIX UCCIIeT0OBaHUN

CBUJETENBCTBYIOT, YTO 3aJE€piKKa B pasfade KOPMOBOM
cmecu Oomee 10 MHUHYT, MPUBOJUT K CTPEMHUTEIHLHOMY
pOCTy MOTEPh MOJIOYHON MPOAYKTHBHOCTH JKUBOTHBIX, a
BpeMsi HAa HMX BOCCTAHOBICHHE COCTABISIET OKOJO 4-5
CYTOK.

Ha  ocHOBaHMM  IPOBEIEHHBIX  MCCIECIOBAaHUMN
JIOKA3aHO, YTO KOMIICHCHPOBATh 3a/EP’KKU BBIITOJHEHUS
TEXHOJIOTHYECKUX OTMEePAITHH MPOLIECCOB MPUTOTOBICHUS U
pa3gaud KOPMOBOH CMECH MOKHO BpPEMEHEM, KOTOpoe
MIPUXOUTCS HAa CMEIINBAaHUE KOPMOBBIX KOMIIOHEHTOB, U
MOXKET OBITh YACTHYHO MJIM ITOJHOCTBIO COKpAIIEHO, (TTpH
YCIIOBMM  OJHOBPEMEHHOTO  BBINOJIHEHHMS  OHEpaIUii
TPAHCHOPTUPOBKH, OT MOCIEAHEH 3arpy3Ku KOPMOBOIO
KOMITOHEHTA M CMEIINBAHMUA).

Pacyer MakcMManbHOrO OTKJIOHEHHS BBIIOIHEHUS
IIPOLIECCOB IPUTOTOBJIEHUS U Pa3laud KOPMOBOW CMECH,
IIPOBEACHHBII METOJIOM MaTEeMaTHYECKOTO
MOJICIUPOBAHMS,  ONpENeNui, YTO  MaKCHUMajbHas
MIPOAOIKUTEIBHOCTD 3a/IePKKH, C y4EeTOM BpEMEHH, Ha
KOTOPOE KUBOTHBIE HE PEarupyroT, MOXKET COCTABIATh 22-
27 % oT BpeMeHH NPUTOTOBJICHUSI KOPMOBOW CMECH.

KiaoueBble  coBa:  KOpMIIEHHE — JKHBOTHBIX,
TEXHOJIOTUYECKUI mporecc, rpadux paborTsl,
IIPUTOTOBJICHHUA KOPMOB, pa3ada KOPMOBOH CMECH.

JUSTIFICATION OF PERMISSIBLE DEVIATION
OF PERFORMANCE OF TECHNOLOGICAL
OPERATIONS IN PROCESS OF FEEDING ANIMALS
V. S. Khmelovskyi

Abstract. The issues of implementation of
technological processes of preparation and distribution of
feed mixture, according to the schedule of technological
operations of the livestock complex are considered. The
processes of preparation and distribution of the feed
mixture are largely influenced by natural and climatic
conditions, and accordingly, the daily performance of

technological operations has certain deviations in time
according to the routine of the livestock complex.

One of the features of the processes of preparation and
distribution of the feed mixture is the movement of the feed
preparation unit between the feed storages under various
weather conditions that affect the speed of the unit. Based
on the results of evaluating the delay in the execution of
technological operations in the preparation and distribution
of the feed mixture, using the method of mathematical
modeling, the influence on the productivity of animals was
determined, justified optimal, from the point of view of
zootechnical requirements, delay intervals in the execution
of operations in which animals do not lose productivity and
ways of their compensation are proposed when performing
technological processes.

The results of literary studies indicate that a delay in
the distribution of the feed mixture for more than 10
minutes leads to a rapid increase in the loss of milk
production of animals, and the time for their recovery is
about 4-5 days.

On the basis of the studies carried out, it has been
proved that it is possible to compensate for the delays in
the execution of technological operations of the
preparation and distribution of the feed mixture by the time
that falls on the mixing of the feed components, and can be
partially or completely reduced, (provided that
transportation operations are performed simultaneously,
from the last load of the feed component and mixing).

The calculation of the maximum deviation in the
execution of the processes of preparation and distribution
of the feed mixture, carried out by the method of
mathematical modeling, determined that the maximum
duration of the delay, taking into account the time to which
the animals do not react, can be 22-27% of the preparation
time of the feed mixture.

Key words: animal feeding, technological process,
work schedule, feed preparation, feed mixture distribution.
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Abstract. In the present circumstances, increasing
of the motor transport enterprises efficiency contributes
to the growth of its own competitiveness, has a
significant influence on the competitiveness of their
counterparties and the general level of competitiveness
of the country's economy too. Therefore, the issue of
improving the methods of evaluation of motor transport
enterprises efficiency and search for new approaches of
measuring of their investment potential is relevant.

The purpose of the article is to develop economic
and mathematical methods for evaluation of motor
transport enterprise investment potential

The approach to generalizing the system of
indicators for evaluation of motor transport enterprise
investment potential was developed in the article.
Procedure for conducting an investment potential
analysis is based on the calculation of qualitative and
quantitative indicators of the efficiency of motor
transport enterprises activity. Function of desirable is the
main tool of this methodological approach, that is
complemented by the integrated coefficient calculation
and using an objective-structural approach to reduce the
subjectivity of non-formalized indicators.

The proposed integrated indicator of the motor
transport enterprise investment potential level gives an
opportunity to comprehensively approach to an activity
efficiency and enterprise management evaluation and
identify the individual processes that need to be
improved. Realization of the developed measures gives
an opportunity to increase the overall efficiency of a
motor transport enterprise management and increase its
investment attractiveness for potential investors.

Key words: motor transport enterprise, efficiency,
investment potential, integrated indicator, complex

analysis.
Introduction
Under modern economic  conditions and
globalization processes, the enterprise has been

increasingly becoming a complex, dynamic system
which is able to improve and self-organize on account of

increasing the efficiency of production processes. The
importance of efficiency in production, investment and
financial activities, the equilibrium and flexibility of
strategic and tactical management decisions of business
entities have been objectively increasing.

Formulation of problem

For the enterprises in the motor transport sector, as
participants in the production processes for the
movement of various cargoes in space and time, the
responsibility for management decisions taken and the
consequences of their economic activity has a special
meaning. Since, their effectiveness contributes not only
to the growth of their own competitiveness, but also
significantly affects the competitiveness of customer
enterprises and the overall level of the country's
economy competitiveness. Thereby the role of
operational analysis of the activity of the motor transport
enterprise which should occupy a central place in the
enterprise management system in general.

Analysis of recent research results

Features of performance evaluation and realization
of investment potential of motor transport enterprises
have been highlighted in the writings of AV Bazylyuk
[1], VP Gudkova [2], O.D. Shcherban [3]. Modern
approaches to assessing the logistic activity of
enterprises are devoted to the attention in the works of
T. Wang [4], J. Koyla [5], R. Larina [6] and others [7-
10]. But these directions of analysis can provide only
internal decision making on the effective the enterprise
potential usage, the need for innovation, and respectively
investment needs (real or financial). For potential
investors, these data are not enough or in reverse their
versatility and diversity do not make it clear if the
company is attractive for investment and if so, to what
extent is it. That is an investor faces uncertainty while
making a decision which can lead to worse consequences
than a false decision. Therefore, there is a need for
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continuous improvement of evaluation methods and
analysis of new approaches regarding measuring the
investment potential of motor transport enterprises.

Purpose of research

The purpose of research is economic-mathematical
methods development for assessing of a motor transport
enterprise investment potential, searching for a new tools
for determining its level.

Research results

Increasing the efficiency of motor transport
enterprises, the ability to adapt to modern requirements,
and respectively the ability to keep up a high level of
development in the long run are the main criterion for
ensuring the formation of prerequisites for the
progressive and sustainable development of both the
transport industry and the Ukrainian economy. The
transformation of social relations and the formation of
the knowledge economy are especially actualizing the
question of assessing the level of efficiency of motor
transport enterprises as they have a specific two-way role
in economic processes. On the one hand they are the
service industry which is providing transport services to
organizations and population. On the other hand,
carrying out transit it is a branch of material production,
since they continue the production process and recently
they are increasingly taking on non-transport functions,
freeing consumers from sales and distribution operations.
So shipping ceases to be a separate sector of the
economy. Given this the level of performance of the
functions of the motor transport enterprise significantly
depends on the availability of certain knowledge and the
ability to use them as innovative products and
technologies. Combination of transport services and
logistics services is one of these modern technologies,
that is the creation of enterprises capable of of giving
integrated transport and logistics services, since
"increasing the efficiency of transport can change the
overall efficiency of the logistics system™ [7, p. 1671].
Under such conditions the content of the activity of
transport enterprises changes itself which is now
determined not so much by the technical and commercial
exploitation of vehicles, how the ability to effectively
manage product and information flows whose quality are
extend depended on the qualifications and skill of the
staff. The estimation of investment potential level of
such enterprise should accordingly take into account not

Table 1. Characteristics of investment potential.

only economic and technical indicators, because they do
not take into account many important intangible benefits
and substantial intangible costs which accompany
transport activities. Beside that it is important to integrate
into the system and indicators of the implementation of
specific logistic actions and indicators of the professional
characteristics of employees. So the general system of
criteria for investment potential of motor transport
enterprises should take into account the indicators of
both internal and external influences, and therefore it
should be more complex and balanced.

Complexity in  this section suggests a
comprehensive assessment of the enterprise economic
potential, or, in other words, it allows to provide
identification of its place in the economic environment of
the industry, region, etc. For the complex analysis of the
enterprise it is typical estimation of trends of the most
common indicators, which characterize its condition
from different directions. In return, "the balance
determines the company's ability to achieve the purpose
of the activity, since the different levels of individual
components development of potential opportunities
complicates, or even makes it impossible the process of
effective operation of the enterprise " [8, p. 72]. And in
aggregate the usege of both criteria makes it possible to
build a holistic system for estimation of enterprise
activity efficiency which most accurately reflects its
investment potential.

An approach that most closely meets these
requirements when making managerial decisions under
uncertainty is a cognitive approach which aimed at
identifying dependencies and patterns of potential and
behavior of the business entity. It essentially relies on
both the management system and the human
consciousness and takes into account both internal and
external factors that have an impact on the enterprise.
That is, it simultaneously uses both SWOT-analysis to
identify the strengths and weaknesses of the enterprise
and PEST-analysis to assess the external economic
situation.

However, the effectiveness of such analysis depends
on the possibility of constructing an adequate system of
unambiguity of the  mathematical processing
interpretation results of a defined group of target
indicators in order to prevent and avoid the double-
meaning of the conclusions, contradictions in the views
of individual experts regarding the object state
identification of research. In order to ensure an adequate
transfer of the quantitative value of the generalizing
indicator of the motor transport enterprise efficiency we
used the so-called desirable function (Harrington scale)
in our qualitative assessment [9].

Performance level values Characteristics of investment potential levels
1.00 - 0.80 High level of investment potential
0.80 - 0.63 Average level of investment potential
0.63-0.37 The level of investment potential below average
0.37-0.20 Low level of investment potential
0.20-0.00 Unacceptable level of investment potential

Source: Harrington E.C.Jr. The desirability Function / E.C.Jr. Harrington // Industrial Quality Control, 1965.

April. V. 21. Ne 10. pp. 494-498
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Analysis procedure by using the desirability
consists of three stages:

1. Analysis options selection;

2. Parameter values obtaining;

3. Merging of the obtained values into the
generalized indicator, which characterizes the current
level of investment potential in general.

The choice of specific methods and criteria for
assessing the economic efficiency of vehicles companies
first of all depends on the specifics of the situation and
customer needs analysis. We proposed to use five groups
of indicators as the general criteria of the integrated
performance appraisal of vehicles enterprises.

1) economic potential of the Company (e);

2) technical potential of the Company (T);

3) organizational and intellectual potential of the
Company (O);

4) Information potential of the Company (i)

5) External operating conditions of the Company
(2).

According to the absolute value of the fading
integrated indicator is calculated by:

n n n
Z=a, XZﬂiE xXE; +ar XZﬁiT xT, +0‘1X2ﬁil x1I
i=1 i=1 i=1

n n
+aoXZﬁa°Xoi +0‘zXZﬁizxzw M)
i=1 i=1
where — ¢, —the coefficients of the research directions;

S.— The coefficients of weight targets in

separate directions.

Each group, in its turn, is formed from the
parameters of the group, which together meet the
requirements of the complex characteristics of the
company current state and the prospects for its
development in terms of development goals balance. In
this case usage of a large number of indicators on the

one hand can cause loss of time for mathematical and
analytical maintenance of the investigations of
functionally interdependent indicators, and on the
second hand in the case of lack of interdependence
between them lead to a large error in calculations.
Therefore, it is offered reasonable usage (sufficient) of
quantity (3), (4) indicators that are closely correlated
with each other. The formula of the company’s capacity
to achieve a defined potential in groups is:

ZXi X o
Ki =1
M n (2)
where R; — is the level of the indicator; o; — the

significance of the indicator;

n-is the number of indicators within the
corresponding component of potential opportunities of
the company.

Moreover, by the condition we assume: increasing
of a separate indicator X is connected with the efficiency
increasing of considered motor transport company
activity. If there is an opposite tendency for this metric,
then in the analysis it should be replaced with the
associated opposite value.

Each indicator X; compares the level of its
significance for analysis ri. To estimate this level, you
need to arrange all the indicators in descending order of
significance so that rule out

n=r =..r (3)
Ranking occurs using the Fishburne’s rule [10]:
[ 2(N-i+1)
" (N-1)N (4)

To assess the effectiveness and level of investment
potential of vehicles enterprises we build a system of 15
most important, in our opinion, for the automotive
transport industry indicators.

Table 2. Performance indicators and level of investment potential of vehicles enterprises.

No Indicator Capacity Group Weight of the|  Calculation
group method

X1 [Coverage coefficient

X2 [|Profitability Rate Financial 4

X3 |its provision coefficient

X4 |Wear coefficient of production facilities =

X5  |The coefficient of transport performance Technical 4 %

X6  [The coefficient of transport costs L

X7  |Level of information support

X8  |[Number of sources of information Information 3

X9  |Number of users information

X10 [Business reputation of the enterprise

X11 [Management level of the enterprise Organizational-

X12  |Qualification level of company employees intellectual 3 E

X13 [The level of investment attractiveness of the S
region in which the company operates External =

X14 [Development of market institutions in the country where | conditions of 2
the company operates operationof the
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X15 |[Conditions of operation of transport for the
natural-ecological state of the region

enterprise | | |

Source: Compiled by author

And if the indicators of the first three groups are
calculated by the formalized methods of describing
analytical procedures on the basis of clear dependencies
on the use of the mathematical apparatus of economic
and financial analysis, the last two figures take into
account the subjectivity mal constructed depending on
the logical level of the use of expert opinions and
assessments, and therefore can be subjective.

To reduce the subjectivity of indicators of the last
two groups is possible by means of objectively-
structural approaches. In particular, those based on the
rules of Fuzzy logic. Fuzzy-multiple method uses
linguistic quantities and expressions to describe a
defined potential of the company and it is ideally suited
for planning factors in time, when their future
assessment is blurred and has insufficient grounds for
reliability. The task of deviations in the factors causes or

Table 3. Taxonomy of current x values.

consequences in the form of fuzzy sets is used in cases
where an expert cannot accurately determine the
deviation of the factor-consequences caused by a
deviation of a factor. The function of affiliation of the
value of the deviation of the factor-effect is given by a
fuzzy set:

ﬂ[o;l](Xsr):{xsrl/Vstrz /Vzr----varn IV} (5)

where, XD X! — value factor after increasing,

V1,..., Vo — subjective estimates of possibility of
corresponding increments of factor at a given increment
of factor-cause.

According to the unclear of plural approach, the
classification of the current values of X indices as
criteria for splitting the full set of its values into a subset
of V are constructed.

Name of Subset criterion

indicator Bi Bi, Biz Bis Bis
X1 X1<bii b11< x1<biz b12< x1<byz b13< x1<bis b1u< X1
XN XN<DN1 brni< Xn<bnz brn2< Xn<bnz bnz< Xn<bna bna< Xn

Source: Compiled by the author on the basis of vague-of plural approach.

Further, the assessment of the current level of
indicators is conducted and the classification of their
values, where 7\.ij =1, if bi(j.1)<Xi<bij, i 7\.ij =0, and 7\4] =0

Table 4. Classification of the level of indicators.

otherwise (when the value does not fall into the selected
classification range), and the obtained results are
reduced in the table.

Name of indicator Classification result for subsets
Bi Biz Bis Bis Bis
X1 A1 A2 M3 A4 A1s
XN ANL AN2 AN3 AN4 AN5
weight (g) 0,1 0,3 0,5 0,7 0,9

Source: Compiled by the author on the basis of vague-of plural approach.

Completing formal arithmetic actions to assess the
level of potential g:

[N (6)

Table 5. Classification of current value of G indicator.

We classify the obtained values of the degree of
their level on the database table.

G-Value Interval Subset
08<gx<1 G5-Extremely high level
0.6<g<0.8 G4-High Level
04<g<0.6 G3-Medium level
02<g<04 G2-Minor level
0-0.2 G1-Extremely low level

Source: Compiled by the author on the basis of vague-of plural approach.
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Thus, our conclusion about the level of potentials
of the motor transport enterprise of the third and fourth
groups acquires a linguistic form. So, as a result of the
above procedures it is possible to become an attempt to
combine and formalized methods of analyzing the
potential of the motor transport company to the effective
activities.

Conclusions

1. The developed approach generalizes a system of
indicators of evaluation of investment potential of a
motor transport enterprise and serves as a tool for
determining its level. The procedure for carrying out an
analysis of the effectiveness of the organization of
transportation, based on the calculation of qualitative
and quantitative performance indicators, the main tool
of the proposed methodological approach is the
desirability function, supplemented by the calculation of
the integrated coefficient.

2. The proposed integrated indicator of the level of
investment potential of an automobile enterprise gives
an opportunity to comprehensively approach to the
estimation of activity and management of an enterprise
and to specify separate processes which need to be
improved. Implementation of the developed measures
will enable to increase the overall efficiency of
management of the motor transport enterprise and,
accordingly, increase its investment attractiveness for
potential investors.
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IHHOBALIIMHWH MIIXIT 10 OLIHKH
IHBECTHULIHOTO ITOTEHLIATY
ABTOTPAHCIIOPTHOI'O NIAITPUEMCTBA
O. M. 3azypcokuil
AHoTanisg. 3a cydacHHX EKOHOMIYHHX YMOB Ta

rmofamizamifHNX — MPOIEciB  MiANPUEMCTBO  IeIali
OlJpIllE CTAa€ CKJIALHOIO, JIWHAMIYHOIO CHCTEMOIO,
3MATHOI0 32 PAaxyHOK MiJBUIIEHHS €(eKTHBHOCTI
BHPOOHMYHMX  TIPOLECIB 10  YIOCKOHAJICHHS i
camoopranizanii. OO'eKTHBHO  3pocTae  3HaYCHHA
e(eKTUBHOCTI y  BUpOOHMYIH, IHBECTHMIIHHIH 1
¢iHaHCOBIl  AisBHOCTI, pIBHOBa3i 1  T'HYYKOCTI

CTpaTeriyHuX 1 TAKTUYHHUX YIPaBIIHCBKUX pIlICHBb
TOCIIO/IaPIOI0YNX CYO'€KTIB.

Jns mianmpueMCTB aBTOTpPaHCHOPTHOI cdepH, K
YY9acHHUKIB BHUPOOHMYMX MPOIECIB 3 MEepeMillleHHS B
mpocTopi Ta B dYaci pI3HOMAaHITHUX BAaHTaXIiB,
BiINIOBiJAJIEHICTD 32 MPUIHATI YIPABIIHCHKI PIIICHHS Ta
HACIIJKU X TOCIOAApPCHKOi MisTBHOCTI Mae ocoOimBe
3Ha4YeHHA. AJpKke X e(eKTHUBHICTD CIpHSAE HE JIHIIe
3pOCTAaHHIO  BJAcHOI KOHKYPEHTOCIPOMOXKHOCTI, a
CYyTTEBO  BIUIMBaE Ha  KOHKYPEHTOCIIPOMOXKHICTh
MIANPHEMCTB  3aMOBHHKIB Ta  3arajibHUi  pIiBCHb
KOHKYPEHTOCIIPOMOKHOCTI €KOHOMIKH KpaiHH.

B crarti po3poOieHO METOMOJOTIUHUE  MifXif
3aCHOBaHMI Ha pO3paxyHKY SIKICHHMX 1 KIJbKICHUX
MOKa3HUKIB e(eKTHBHOCTI JISUTBHOCTI
ABTOTPAHCIIOPTHOTO MiIIPHEMCTBA, IO Yy3araJbHIOE
CHUCTEMYy TIOKa3HUKIB OWIHKH HOTO iHBECTHIIHHOTO

MIOTEHITIAITY.

OCHOBHUM iHCTPYMEHTOM IPOIOHOBAHOTO MiAXOIy €
¢yHKIiT  OakaHOCTI, JOTIOBHEHA  OOYHCIICHHSAM
iHTerpoBaHOro  koe(illieHTa Ta  3aCTOCYBaHHSIM
00’€KTHBHO CTPYKTYPHOTO MIiAXOAy JUIA 3HMKCHHS
cy0’eKTUBHOCTI He(hOpMaTi30BaHHUX TOKA3HHUKIB.

Po3poOnennii X y3arajibHIoE CUCTEMY
MOKA3HWKIB  OIIHKK  IHBECTHUINHHOTO  MOTCHIATY
ABTOTPAHCTIIOPTHOTO T IpUEMCTBa i CITyXHTh

IHCTpYMEHTOM BH3HA4YeHHS 1i piBHA. 3amporOHOBaHUI
IHTeTpOBaHMH MMOKA3HUK PiBHS IHBECTHIIIHHOTO MMOTCHIIATY
ABTOTPAHCIOPTHOTO ~ MIATIPHEMCTBA  JIA€  MOXJIMBICTB
KOMIUTEKCHO TMiTIiHTHA O OWIHKH iSUTBHOCTI 1 yIpaBIiHHS
MIIPHEMCTBOM Ta BHOKPEMHUTH OKpEeMi MPOIECH, SKi
MOTPiOHO BJOCKOHAIIIOBATH.

Peanizaris po3pobieHux 3aX0/IiB JIaCTh
MOXIIMBICTh  MIJBUIIMTH  3arajbHy  e(EeKTHBHICTh
YIPaBIiHHS ~ aBTOTPAHCIIOPTHUM  MIiJNPHEMCTBOM 1
BIIOBIIHO 301JIBIITUTH Horo IHBECTHUIIIHHY

MIPUBAOIUBICTH I OTEHIIHHUX iHBECTOPIB.

Kiro4oBi cjioBa: aBTOTpaHCIIOPTHE IiAIPUEMCTBO,
e(CKTHBHICTh, IHBECTHIIMHUI MOTEHINAJ, IHTETPOBAaHUN
MTOKa3HHK, KOMIUICKCHHI aHaIi3.

MHHOBALIMOHHBIN ITOXO/I K OLIEHKE
MHBECTHUIIMOHHOTI O ITOTEHIIMAJIA
ABTOTPAHCITIOPTHOI'O ITPEAITPUATHA
O. H. 3aeypcruii

AHHOTauuMsA. B COBpeMEHHBIX 3KOHOMHUYECKHX
YCIIOBHAX u JI00aTN3aIMOHHBIX mporeccax
MpEeAnpusITHe BCe OOJbIIe CTAHOBUTCS  CIOXHOM,
JUHAMUYHOW CHCTEMOH, CITOCOOHOM 3a CUCT IMOBBIIICHUS
3¢ (GEKTUBHOCTH  MPOU3BOJACTBEHHBIX  IPOIECCOB K

COBEPIIICHCTBOBAHUIO U camoopranm3anuu. OObEKTUBHO
BO3pacTaeT 3HaYEHUE 3¢ deKTHBHOCTH B
MPOU3BOJICTBCHHOW, WHBECTUIIMOHHON H (DUHAHCOBO
JIESTEIBHOCTH, PABHOBECHH M THOKOCTH CTPATETHYCCKUX
u TaKTHYECKUX YIIpaBIEHICCKAX pereHui
XO3SIMCTBYIOIINX CYOBEKTOB.

Jis mpeAnpusTHii aBTOTPAHCIIOPTHOHM cepsl, Kak
YY9aCTHHKOB  IPOW3BOJICTBEHHBIX  IPOIECCOB IO
MEepEeMEIIeHHI0 B TIPOCTPAHCTBE W BO  BpPEMEHHU
pa3IMYHBIX TPY30B, OTBETCTBEHHOCTh 3a TIPUHSATHIC
YOpaBIIEHYECKUE  pElIeHUs] M MOCIEACTBUS  HX
XO3SHACTBCHHOM JEATEIILHOCTH UMEET 0C000e 3HAYCHUE.
Benp ux 3 hekTHBHOCTH CIOCOOCTBYET HE TOJIBKO POCTY
COOCTBEHHOW KOHKYPEHTOCIIOCOOHOCTH, & CYIICCTBEHHO
BIMSIET Ha KOHKYPEHTOCIOCOOHOCTh MPEIIPUATHIHA
3aKa34YMKOB M OOUIHMIA YPOBEHb KOHKYPEHTOCIIOCOOHOCTH
SKOHOMHUKH CTPAHBI.

B cratbe pa3zpaboTaH METOIOJIOTHYICCKHN ITOAXO]

KOTOpPBI OCHOBaH Ha pacyere KaueCTBEHHBIX U
KOJTHMYECTBEHHBIX nokasaTesnei 3¢ pekTUBHOCTH
JIEITEIIbHOCTA ~ aBTOTPAHCIIOPTHOTO  MPEIIPHSTHS,
0000maer cucTeMy  ToOKazaTeleld  OLEHKH  €ro
HHBECTUIMOHHOTO TOTCHIIAIA.

OCHOBHBIM HHCTPYMEHTOM npeaIaraeMoro
MOJIX0Ma  SIBISCTCS GbyHKIUA KEIATeIbHOCTH,
JTOTIOJTHCHHAS BBIUUCIICHUEM HHTETPUPOBAHHOTO
K03 duiueHTa u MIPUMEHEHHEM 00BEKTHBHO

CTPYKTYPHOTO TOIXO0Ma JJISI CHIDKEHUS CYOBEKTHBHOCTH
He(POPMAaII30BaHHBIX MTOKA3aTeICH.

Pa3paboTannblii  momxom  0000maeT  cHCTEMY
MoKa3aTejaeld OIEHKH HMHBECTULIHMOHHOIO IOTEHIIHAIA
aBTOTPAaHCIIOPTHOTO TPEIIPUATHS u CITY’)KUT
HHCTPYMEHTOM OTpeIeeHuUs ee YPOBHSI.
IIpennoxeHHbIH MHTETPUPOBAHHBIN TI0KA3aTENlb YPOBHS
HHBECTUIMOHHOTO  MOTCHIMANAa  ABTOTPAHCIIOPTHOTO
MPEANPHUSITHS TaeT BO3MOXHOCTh KOMIUIEKCHO MOJ0NTH
K OIICHKE JCATEIbHOCTH U YIPABICHUS MPEAIPUITHEM U
BBIICJIUTh OTHCJIBHBIC TIPOILECCHI, KOTOPBIC HYIKHO

COBEPIIEHCTBOBATE.
Peanmuszanus pa3paboTaHHBIX MEpOIIPUATHI
TTO3BOJIAT MOBEBICHUTH o0mryto 3} PEKTHBHOCTD
YIpaBICHUS]  aBTOTPAHCIOPTHBIM  TIPEINPHATHEM U
COOTBETCTBEHHO YBEIMYWTh €r0 HMHBECTHIMOHHYIO
MPUBJICKATEIBHOCTD AJISl TOTEHIMAIBLHBIX HHBECTOPOB.
KioueBbie cjioBa: aBTOTPAHCIIOPTHOE
NpeAnpusITHE, 3¢ (HEeKTHBHOCTS, WHBECTUIIMOHHBIN
MOTEHIHA, MHTETPUPOBAHHBIN HOKa3aTeJb,

KOMIUIEKCHBINA aHaIu3.

0. M. 3arypebknii ORCID 0000-0002-5407-8466.
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AHoTamisg. Y cTaTrTi MpOBEACHO aHami3 SIKOCTI
peamizamii ONTHMAaJbHUX 3aKOHIB CYMICHOTO pyXy
MeXaHi3MiB [TIOBOPOTY OAIlITOBOTO KpaHa Ta MepeMIilleHHS
Bi3ka 1o Oanouniit crpimi. OuiHka mnpoBeneHa 3a
MaKCHMaJIbHUM Ta CEepeIHbOKBAIPATHYHUM 3HAYCHHIMU

BIIXWJICHh  TECOPETHYHHX Ta  CKCIEPHUMEHTATbHUX
xapakTepuctuk. KpiM  Toro, omiHeHo  rpadiuHi
3ajexHocti.  OniHka  JaHUX — NPOBOJIWIAch 32

XapaKTepUCTUKAaMM MIBUAKOCTI IIEPEeMINICHHS Bi3Ka Ta
MIOBOPOTY KpaHa, a TaKOXX KyTiB BIAXWJICHHS BaHTaXy y
HOPMaJIBHOMY 1 TaHT€HIIaJbHOMY HAaIpPsSMKaxX OKPEMO y
PEeKHMax PO3TOHY Ta IaJbMyBaHHS MEXaHI3MiB.

Y pe3yabTaTi IpOBEACHOTO aHAJi3y BCTAHOBIICHO, IO
OCHOBHI ~ NPWYMHHM  BIAXWIECHHS  TEOPETHYHUX  Ta
eKCIIEPUMEHTAJIbHAX ~ JaHWX 33  JOCIiKYBaHUMH
XapaKTepUCTUKaMH TOJISITAlOTh Y TOMY, L0 HE BpaxOBaHi
MKOPCTKICHI XapaKTEPUCTUKU METAIIOKOHCTPYKIIii KpaHa,
HE TOYHO BH3HAYCHI IApaMeTPU MEXaHi3MiB, a TaKOXK
BIZICYTHI ~ 3BOPOTHI 3aB’3KM 32 KePYKUHMH
XapakTepucTukamMy (IMIBUAKICTIO IOBOPOTY KpaHa i
IIBUJIKICTIO TIEpEeMilIeHHs Bi3ka mo crpimi). OmHak, mpu
peaiizamii OoNTUMaNIbHOTO KEpyBaHHS 3aC00aMH 4YaCTOTHO-
KEpPOBAHOTO NPUBOAY MASTHUKOBI KOJMBAHHS BAaHTAXY B
HOpMAITBHIH i TAaHTeHIIabHIN TUTOIUHAX YCYBaIOThCS.

Kpim Toro, mpoBemeHO aHami3  CTPyMOBHX
HaBaHTAXKEHb MPHUBOJIB MEXaHI3MIB Ta IPHCKOPEHHS
CTpinu  KpaHa. BusBieHo, 10 IpU ONTHMAIBLHOMY
KepyBaHHI BiIOYBA€ETHCS CyTTEBE 3MEHIIEHHS
MaKCHMMaJIbHUX 3Ha4€Hb IPHUCKOPEHHS, IMI0 O3Ha4ae
3MEHILICHHS JWHAMIYHUX HAaBaHTAXXEHb HAa KPAHOBY
METaJIOKOHCTPYKIIit0. TakoX 3HIKYIOTHCS MaKCUMaJbHi
CTPYMH, IO MPOTIKAFOTh Y 00MOTKAX JIBUT'YHIB MEXaHI3MiB
KpaHa, 1o, Oe3lepeyHo, MO3UTHBHO BiJOOpasHThCS Ha
€Heproe)eKTHBHOCTI MEXaHI3MIB KpaHa.

KarouoBi cioBa: OamToBui KpaH, MeXaHi3M
[IOBOPOTY, MEXaHi3M nepeMilIeHHs Bi3Ka,
eKCIePUMEHTANBHI  JOCHIDKEHHS, aHali3, OIIHOYHI
MTOKA3HHUKH.

ITocTaHoBKa NpodieMu

BamroBi kpaHW OTpUMaiM 3HAYHE IIOIIUPEHHS Y
pi3HMX Tamy3sx BHpoOHHuTBA. OcoOiMBO wacTo IX

BUKOPUCTOBYIOTH [UIsl 3BEICHHS BHCOTHHX CHOpPYZ i
Oynisens [1].

EdexruBnicTh excrutyaTamii OaliTOBUX KpaHIB y
3HAYHIM Mipl 3aJeXHUTh BiJ PEKUMIB POOOTH TXHIX
MexaHi3MiB. OTxe, ONTUMAIbHE KEPYBaHHSI pPyXOM
MeXaHi3MaMHM MOBOPOTY KpaHa Ta MepeMillleHHsI Bi3Ka I10
OaJouHIi CTpiNi J03BOJISIE MOKPALIMTH EKCIUTyaTaliiHi
NOKa3HUKH KpaHa: Horo NPOIYKTHBHICTb,
C€HEpProeeKTHBHICTh,  30UTBIIUTH  CTPOK  CITYXKOH,
T IBUIUTH KEPOBAHICTH TOIIO.

BaxJIMBHM IHTaHHAM 3aCTOCYBaHHS ONTHMAIILHOIO
KepyBaHHS pyXOM MeXaHi3MaMH KpaHa € iXHS
eKcriepMMeHTaJIbHa TlepeBipka. [i MeTa mosisrae y omiHii
pO30DKHOCTEH MiXK TCOPETHIHHMHU (ONTHMATBHUMH) Ta
eKCIIePUMEHTAILHUMH XapaKTepUCTHKAMHU Ta
BCT@HOBJICHHI PUYUH iX BUHUKHEHHSI.

AHaJii3 oCTaHHIX J0CTiTKeHb

Y pobori [2] Oymo po3pobiIeHO NeKiNbKa METOJIB
KEpyBaHHS PyXOM MEXaHi3My IT0OBOPOTY OAIITOBOTO KpaHa
Ta MEXaHi3My IepeMIlIeHHs Bi3Ka IO CTpiI, sKi
I'PYHTYBAJINCh HA MMIJX0JaX aKTUBHOTO YCYHEHHs 30ypeHb
(ADRC) y cykymHocTi 3 npomopuiiianm Taxkari-CyreHo
fuzzy-xoutponepom. Bei excriepumenTu Oyinu mpoBeseHi
Ha J1abopaTopHiil Mojeni kpaHa. Y pe3yibTari aBTOPH
OTpUMaJIM 3HIKEHHS €HEepProcroXXHMBaHHs JlabopaTopHOT
MOZeNi  KpaHa, W0 MiATBEPKEHO  MOPIBHIHHAIM
TEOPETHYHUX Ta EKCTIEPUMEHTAIBHUX JaHUX.

V¥ crarri [3] rpyma aBTOpiB pO3poOHMIIa MiAXi MO0
yCyHEHHS e]eKTy ,,II0JIBIHOTO MasTHUKA”, KU TOCHTh
4acTO MOJKHA CIOCTEpiraTd y BHIIQJKy KOJHM TaKoBa
mjBicKa KpaHa Mae 3HauyHy Macy. TeopernuHi
PO3paxyHKH, sIKi IPyHTYIOTbCS Ha CHHTE31 ONTUMAaJIbHOTO
peryiiaropa pyXy CHCTEMH, Oynu TIOpiBHSHI 3
pe3yibTaTaMu  €KCIICpUMEHTAJIbHUX  JIOCHI/DKeHb  Ta
JIO3BOJIMJI BCTAHOBUTH €(QEKTHBHICTE POOOTH CHCTEMH
KepyBaHHSI.

Y pobori [4] 3a JormoMororo MeToay ,,input shaping”
Ta HEUPOHHOT MepeXi PO3pOOJIEHO CHCTEMY KepyBaHHS
JUTS 3MEHIIICHHS KOJMBAaHb BAHTA)XXy Ha THYYKOMY TiJBici
IIpY TIEpeMIllleHH] Bi3ka Ta IOBOPOTI KpaHa. JloBkHHA
KaHaTy IpHU LbOMY 3MiHIO€ThCs. JIabopaTopHa nepeBipka
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3aCTOCYBaHHS CHCTEMH TIOKa3aja JIOCHTh TapHHU 30ir
TEOPETUYHHX Ta EKCIEPUMEHTAIBHHUX JaHHX.

V HaykoBi#i mparii [5] 6ys10 poBeIeHO ONTHMI3AIII0
pPeXHMIB TigiioMy BaHTaXy Ta TIIEPEeMIIICHHS Bi3Ka
OamroBOoro Kkpana. /[l BCTaHOBICHHA IPAKTHIHOL
3aCTOCOBHOCTI OTPHUMAaHHUX TEOPETUYHHUX pPe3yJbTaTiB
OyJ10 IPOBEICHO CEPir0 EKCIIEPUMEHTATBHUX JOCIIIKEHb,
SIKI TOKa3ald JOCTaTHhO BHCOKY SKICTh peaii3ariil
ONTUMAJIBHOTO KePYBaHHS PyXoM MexaHizmamu [6-8].

3arasom, MPOBEICHHS EKCIIePUMEHTATBHUX
JOCII/DKEHb € OAHI€I0 3 (iHAJIBHUX CTajail po3poOOK
CUCTeM KepyBaHHs MeXaHi3MaMH 0alToBUX KpaHiB. Bonn
JAf0Th 3MOTY BISIBUTH NPUYMHU HESKICHOI peaiszamii
KepyBaHHS MeXaHi3MaMH Ta HagaTH peKOMEHMamii
CTOCOBHO il MOKpAILECHHS.

Merta gocJaigkeHb

Mera  gocnmimkeHHs — mojisirae  y  po3poOri
pPEKOMEHALIl CTOCOBHO TOKpAIIEHHs SIKOCTI peaiizawii
ONTHMAJIBHOTO  KEpPYBaHHS  PyXOM  MeXaHi3MaMu
NepeMillieHHsI Bi3Ka Ta MOBOpOTY KpaHa. J[is qocsrHeHHs
MTOCTaBJICHOI METH HEOOX1THO BUPIIIUTH HACTYIIHI 3a1adi:
1) po3paxyBaTu MOKa3HUKH PO30IKHOCTI TCOPETHYHHX Ta
eKCIICPHIMEHTAJIBHUX TaHHX; 2) MPOBECTH aHANII3 NPHYNH
po30OixkHOCTEW; 3) TPOBECTH  aHANi3  CTPYMOBHX
HaBaHTa)XCHb Ta IIPUCKOPEHB CTPLIM KpaHa Mpu peaizanil
ONTHMAJIbEHUX KEPYBaHb PyXOM MeXaHi3MaMHu.

Pe3yabTaTi qociiikeHb

Jlnist moCSATHEHHS TIOCTaBJIEHOT METH OYJI0 MPOBENIEHO
IUTaHyBaHHSA eKCIIEPUMEHTIB npu peadizanii
ONTHMAJIBHOTO KEPYBaHHS PYXOM MEXaHi3MiB MOBOPOTY
KpaHa Ta IepeMinieHHs Bi3ka (tadi. 1).

oci obepTaHHs
KpaHa, M
JloBxxuHa
rayukoro migsicy |1 181 (1,81 18| 1 |18
BaHTAXY, M
Howmep
SKCIIEPUMEHTY
* pyX BIATIOBIIHOTO MEXaHi3My ITOYMHAETHCS TIPH YMOBI,
10 1HIMHA MEXaHi3M PYXa€ThCs 13 yCTaIECHOO IIBUAKICTIO,
a KOJMBAaHHSI BaHTQXy Yy TaHTCHLIaJbHOMY Ta
HOPMaJIbHOMY HaIlpsIMKaXx BiICYTHI.

9110|1112 |13|14 |15]| 16

ITix yac npoBeeHHs EKCIIEPUMEHTIB 0YJI0 BUMIPSHO:
KyTOBY IIBHJKICTb IIOBOPOTY KpaHa, UIBHIKICTh
NepeMillieHHs] Bi3Ka, KOJMBAHHS BaHTaXy Ha THYYKOMY
Ii/IBiCI Y HOPMaJBHOMY 1 TaHTEHIIaJbHOMY HaIpsSMKaXx,
KyTOBE IPHCKOPEHHS CTPiJM, a TaKoX CIIOKMBAaHHI
MpUBOAOM  CTpyM (OCTaHHI [BI  XapaKTCPUCTHKH
Oe3mocepelHFO HE BIIHOCATBCS 1O SKOCTI peaizarii
ONTHUMAJBHHX 3aKOHIB PYyXy, OJHAK IAlOTh JOJATKOBY
iHpOpMalil0  CTOCOBHO  HAaBaHTa)XXEHOCTI  KPaHOBOI
METaJIOKOHCTPYKIIii Ta CTPYMOBUX HaBaHTa)KEHb IIPUBO/IIB
KpPaHOBUX MEXaHI3MIB BiJIIIOBIIHO).

J1J1s1 OLIHKHY SIKOCTI peajti3alii onTUMaibHUX PEXKUMIB
NOBOPOTY Ta IIepeMilleHHs Bi3ka OyJlM po3paxoBaHi
OI[IHOYHI IIOKa3HMKH, fAKi 3aHeceHo g0 Tabin. 2
(po30iXHICTB 32 IBUAKOCTAMHE) Ta Ta0. 3 (pPO301XKHICTH 32
KyTaMH BiIXWJICHHS KaHATY BiJl BEPTHKAIIL).

Tabmuus 2. OIiHOYHI TOKAa3HUKH pPO30DKHOCTI
eKCIICPHUMEHTAJBHUX Ta TEOPSTHYHUX IIBHUIKOCTEH pyxXy
MEXaHi3MIB ITOBOPOTY KpaHa Ta IEepPEeMIlIeHHs Bi3Ka MpH
peamizamii ONTHUMAaJbHUX 3aKOHIB CYMICHOTO pYXy
MeXaHi3MiB.

Table 2. Estimation indicators of deviation of
experimental and theoretical velocities of mechanisms of
slewing and trolley movement under optimal control.

MexaHi3M mepeMileHHs MexaHi3M IOBOPOTY

Tab6muus 1. [Inan ekcriepuMeHTIB. E BizKa KpaHa
Table 1. Plan of the experiments. o
daktop PiBHi BapiroBaHHS (aKTOPiB = Mo RMS, m/c | max, paz/c | RMS, pan/c
MexaHi3M, KUt é P I P r P r P r
[0YHHAE PyX nepeMilleHHs Bi3ka* 1 [0,051 [0,058 [0,012 [0,014 |0,050 0,088 [0,022 [0,029
nepimii 2 ]0,032{0,035 (0,010 [0,011 0,042 [0,064 [0,017 [0,023
Maca BaHTaxKy, KT 6 14 3 [0,04010,038 {0,016 {0,016 [0,061 [0,078 [0,023 0,022
TTouatkoBe 4 10,028 10,030 0,009 0,011 [0,046 [0,067 {0,015 [0,019
TI0JI0XKEHHS Bi3Ka 5 0,053 {0,051 [0,015 [0,016 |0,057 [0,055 0,017 [0,020
Ha cTpini Binnocwo | 1,9 | 3,14 19 3,14 6 |0,0210,018 0,010 0,012 0,032 0,046 [0,019 0,022
oci obepraHHs 7 10,063 0,065 [0,019 {0,019 {0,052 [0,079 0,021 [0,027
KpaHa, M 8 [0,04110,047 [0,011 0,012 [0,027 [0,044 {0,017 0,019
Josskuna 9 0,055 (0,059 [0,014 0,013 [0,048 [0,069 0,018 [0,021
rryakoro mixsicy (111811 118|1 (181 18| [1070,0310,0360,010 |0,011 |0,038 |0,056 |0,019 0,023
BaHTaxy, M 11 {0,043 [0,050 0,012 {0,015 [0,053 [0,088 [0,017 [0,019
Homep 112131lals5l6!l7]8 12 0,026 [0,029 [0,007 {0,010 [0,041 [0,055 [0,020 [0,019
CKCTICPUMEHTY 13 0,053 [0,052 [0,015 0,016 [0,051 [0,077 {0,020 [0,024
Mexanism, axui . 14 {0,022 [0,021 0,011 {0,012 [0,055 [0,089 {0,019 [0,017
TIOIMHAE PyX TOBOPOTY KpaHa 15 [0,065 0,069 [0,017 [0,016 0,049 [0,044 0,015 [0,019
[CpIIMH 16 0,031 [0,037 [0,008 {0,009 [0,031 0,036 {0,017 [0,025
Maca BaHTax)y, KT 6 14
HOanKOB? OIliHKa MpoBEACHA 3a MaKCUMAJIbHUMHA Ta
HOHOX_(e_HH_H BI3Ka 19 3,14 19 3,14 cepeHbOKBAIPATUIHUMU PO301KHOCTSIMHU 3aJaHUX
Ha CTPUI BIJTHOCHO (omTHMaNbHMAX) Ta EKCIEPUMEHTANBHUX (OTPHUMAaHUX Y
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X0l BUMIpIB) XapakTepuCTUK. Y Tabi. 2 Ta 3 BOHH
MMO3HAYeHi BiANOBiTHO max Ta RMS.

Kpim Toro, mokasHHKH, SIKi 3aHECEHI O TaONHI,
Oynn po3paxoBaHi OKpPEMO [UII DPEXHMY pPO3TOHY Ta
rarbMyBaHHS MeXaHi3MiB (BOHM MO3HaueHi ,,P” — mui
peXuMy po3rony Ta .|’ — U pexuMy TalbMyBaHHS).

AHani3 gaHux, siKi 3aHeceHi y TadJ1. 2, IIoKa3ye 10BOJI
SKICHY pealizalliio ONTUMAaJbHOTO KEPYBaHHSI pYXy
MeXaHi3My nepeMileHHS Bi3Ka. [Tokazuuku
CepeHbOKBAIPATUYHUX  BIAXWJICHb TEOPETHYHHX Ta
eKCIIEPUMEHTAJIbHUX JIaHUX € He3HaYHuMH. binpon
3HAUEHHS MalOTh MaKCHMAalbHI BIJXWJICHHS 33/aHOl Ta
eKCIePUMEHTAIFHO BHUMIPSHOI MIBHAKOCTEH Bizka. Jlms
TOTO0, MO0 3’SACYyBaTH NPUYMHU TAKOTO BiAXWICHHS
o6y ayeMo Tpadiuni 3amexuocTi (puc. 1).
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Puc. 1. T'padiku onTumanpHOI (cipa KpuBa) Ta
eKCTIEPUMEHTAIbHOI (JOpHA KpHBa) IMIBUAKOCTEH pPyXy
Bi3Ka TpPH peaizamii CYMICHOTO ONTHUMAIBHOTO PyXy
MeXaHi3MiB KpaHa (excrepuMeHT Ne 3).

Fig. 1. Plots of optimal (gray curve) and experimental
(black curve) velocities of the trolley under optimal control
implementation of simultaneous movement of the crane
mechanisms (experiment Ne3).

3 puc. 1 BuUAHO, [0 MAaKCUMaJbHI BIAXHICHHS
HIBUIKOCTEH CIIOCTEPIralOThCS Y MOMEHTH KOJH 3aJaHa
(omTEMaNbHA) MIBHIKICTH Pi3KO 3MiHIOEThCA. OYEeBHUIIHO,
II0 TpU I[bOMY IMPHBOJA HE BCTHTA€ BiIIpAIfOBAaTH TaKi
IHTCHCUBHI 3MIHM IIBUAKOCTi, IO CHPUYHHSE IIOCHUTH
BEJIVKI BIIXHUJICHHS peajbHOI IBUAKOCTI Bix 3amanoi. s
TOro, MO0 YCYHYTH Il HeIoNiK HEOOXiIHO BBOIUTH
3BOPOTHI 3B’ 530K 32 MIBUAKICTIO Bi3Ka. Y IbOMY BHITAIKY
peaiizaiisi ONTHMaJIbHOT IIBUAKOCTI PyXy Bi3ka Oyze
kpamoro. Kpim Toro, ams pexuMy raibMyBaHHS OI[IHOYHI
MMOKa3HUKH (TabJI. 2) € MENI0 TipIIMH.

[IpoBenemo anami3 SKOCTi peasnizallii ONTHMAaIbHOTO
pPyXy MexaHi3My IOBOpPOTY KpaHa. J[lng mporo
BHKOPHCTAEMO JaHi, sIKi 3aHeceHi 10 Tabi. 2. Bonu garoth
3MOTY CTBEp/KYBATH, IO JJIS peali3amii onTUMalbHOTO
PYXyY MeXaHi3My MTOBOPOTY KpaHa OaxxaHo
BHKOPUCTOBYBATH 3BOPOTHIH 3B 530K 3a mBuakicTo. Lle
IOB’S33aHO0 3 THM, IO EKCIICPUMCHTAJIbHO BH3HAYCHA
IIBUJKICT PYXy MEXaHi3My BiIXWISE€THCS BiJ 3adaHOL
(onTuManbHOT). [IpHYMHOIO TaKOTO BiAXHMIICHHS, HA HAIIY
OYMKY, € iHepIiiiHuK (aKkTop: 3BEACHUI MOMEHT iHepIlii
MeXaHi3My IMOBOPOTY KpaHa € 3HAYHHM 1 1€ 3yMOBIIIOE T€,
10 MIBHJKA 3MiHa IIBHUAKOCTI PyXy MEXaHI3My HE MOXKe
OyTtu peamizoBaHa ayxe TO9HO. OcOOIMBO 1€ MOMITHO Y

pekuMi  TanbMyBaHHsA (Tabm.  2). Jlns  imoctparii
BiIXWJICHb MIBUAKOCTEH HaBejemo rpadidHi 3aaeXKHOCTI

(puc. 2).
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Puc. 2. T'padikn onTmmanbHOI (cipa KpuBa) Ta
eKCTIEPUMEHTAIbHOI (JOpHAa KpHBAa) MIBUAKOCTEH PYXy
MEXaHI3My IOBOPOTY KpaHa IIpH peaiisamii CyMiCHOTO
ONTUMAJILHOTO PYXYy MEXaHI3MIiB KpaHa (€KCIIEpUMEHT
Ne 1).

Fig. 2. Plots of optimal (gray curve) and experimental
(black curve) velocities of the slewing mechanism under
optimal control implementation of simultaneous
movement of the crane mechanisms (experiment Nel).

3 puc. 2 BUAHO, IO peaii3allis po3roHy MeXaHi3My
BimOyBaeTbcss OuThIn sikicHO. lle MOXHa TOSCHUTH
(hakTOpOM BIICYTHOCTI TalbMIBHOTO peocTaTra y CKIami
YaCTOTHO-KEPOBAHOTO IIPUBOJY MEXaHI3My IIOBOPOTY
kpaHa. Lle, y cBOIO 4epry, 3yMOBIIIOE T¢, IO TaIbMyBaHHS
MeXaHi3My BiJJOYBA€ThCS 3 MEHIIIOK IHTCHCHUBHICTIO, HIXK
pO3TiH, IO 1 BIUIMBAE HA BIIXWICHHSA 3aJaHOl Ta
€KCIIEPUMEHTAIbHO BH3HAYEHOI IIBUIKOCTEH MeXaHi3My
HOBOPOTY KpaHa.

3arajgom, Uil MIOBHMINGHHS SKOCTI  peaizamii
ONTHMAJILHUX 3aKOHIB PyXy MeXaHi3MiB HeoOximHO: 1)
BBOJUTH y CHCTEMY KEpyBaHHS 3BOPOTHIH 3B’SI30K 3a
KEPYIOUOI0 XapaKTePUCTUKOIO (IIBUJIKICTIO 00 KPYTHUM
MOMEHTOM) — Ui 000X MeXaHi3MiB; 2) oOnagHyBaTH
YaCTOTHO-KEPOBAHUH MTPHUBOJ MEXaHI3MYy IIOBOPOTY KpaHa
TaIBMIBHIM PEOCTaTOM a0 3BOPOTHHM iHBEpTOpOM (TIei
BUIAJIOK € JTONUIBHUM 3 TIO3UIiT eHeproe()eKTUBHOCTI, ajie
noTpeOye OLIBIINX KaliTalbHUX BUTPAT).

OpHi€to 3 inieid peaizaiii ONTHMaNIbHOTO KEpyBaHH:I
PYXOM MeXaHi3MiB IOBOPOTY KpaHa Ta IepeMillieHHs Bi3Ka
€ YCYHEHHs KOJIMBaHb BaHTa)Xy Ha THYYKOMY TiJBICi y
TaHTEHIIATbHOMY 1 HOpPMaJbHOMY HampsMKax. Jlns
aHaNi3y XapaKTEpPUCTHK KOJHMBAHHS BaHTAXy HaBEIEMO
naHi (tabm. 3). Kpim Toro, mnpexacraBumo rpadiuHi
3aJIeXKHOCTI TEOPETHYHUX Ta EKCIIEPUMEHTAJIbHUX JTaHUX
32 XapakTepUCTHKaMU MAasTHUKOBUX KOJHMBaHb BAaHTAXY
Ha THy4YKOMYy TinBici (puc. 3). AHali3 YMCENbHUX JIaHUX,
SKi HaBeJieH] y Tabi. 3, a Takok rpadivHuX 3aJeKHOCTEH
(puc. 3) mokasye, 0 HU3bKOYACTOTHI KOJIMBAHHS BAHTAXKY

y o000x IiomuHax (HOPMaidbHIM 1 TaHTEHIIAJIBHIN)
YCYBAlOTBCSI TPOTATOM TEPEXiTHUX PEeXHUMIB PyXy
MeXaHi3MiB.

He nmBasumce Ha Bi}IXI/IHeHHSI TCOPECTUIHUX Ta
CKCIICPUMEHTAJIbBHUX JaHUX CTOCOBHO I(yTiB BiZ[XI/IJ'IGHHSI
BaHTaXy Bi,ﬂ BepTI/IKaHi MOKEMO BBaXXaTH, 1110 np06neMa
YCYHCHHS MAasgTHUKOBUX KOJIMBAHb BAHTAXKy Ha THYYKOMY
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MiBICI TPW CYMIiCHIHA poOOTiI MEXaHi3MiB IOMOPOTY KpaHa
Ta MEePEeMIIeHHS Bi3Ka € BUPIIICHOIO.

Tabauusa 3. OmiHOYHI MOKA3HWKH PO30IKHOCTI
eKCICPUMEHTAIPHUX Ta TEOPETHYHHX KYTIB BiAXWICHB
KaHaTy B BepTHKaNi NpH pealizamil ONTHMaIbHUX
3aKOHIB pyXy MEXaHi3MIB KpaHa.

Table 3. Estimation indicators of deviation of
experimental and theoretical angles of deflection of the
wire rope from the vertical under optimal control.

: VY HOopManbHOMY | Y TaHreHUiaIbHOMY

HanpsIMKy HaIpsIMKY
max, RMS, max, RMS,
rpan rpan rpan rpaj

p| TP T | P|T]|P|T
0,21/0,35/0,20|0,27 |0,18|0,40|0,180,33
0,15/0,22/0,22|0,27 |0,11|0,22]0,14 0,30
0,1910,33/0,19|0,21 |0,15|0,42|0,150,27
0,13/0,20/0,12|0,16 |0,09|0,270,13|0,26
0,20/0,34/0,19|0,21 |0,17|0,45]0,170,25
0,18|0,32/0,15|0,23 |0,14|0,380,12 0,22
0,24|0,3910,14]0,19 |0,3410,3710,16 /0,29
0,16|0,20)0,14]0,21 |0,18|0,36|0,15/0,20
0,20|0,2910,18]0,24 |0,19/0,48 0,21 /0,27
0,17|0,3410,13|0,23 |0,12]0,26 0,19 |0,24
0,210,35)0,18|0,22 |0,23]0,290,15/0,29
0,12|0,23)0,12|0,18 |0,21]0,290,11 0,26
0,23/0,2810,19/0,29 |0,26|0,370,12/|0,31
0,14|0,2110,16]0,19 |0,10]0,25|0,16 /0,22
0,2710,2910,23|0,31 |0,1810,270,11 0,37
0,210,2610,20/0,27 |0,12]0,18|0,12 0,27
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OueBHIHO, MIO TOJOBHOIO MPUYMHOIO BiJXWIJICHD
TEOPETHYHUX Ta EKCIIEPUMEHTAIbHUX JaHWX MOXHA
BBAKATH HETOYHICTH peali3allii ONTHMaJbHHUX 3aKOHIB
pyxy o0ox wmexaHi3MiB. OCOONMBO II€ CTOCYETHCS
MeXaHi3My MOBOPOTY KpaHa.

[TopiBHSIHHSL JaHMX CTOCOBHO PEXKHMIB PO3TOHY Ta
rajbMyBaHHS TIOKa3ye OUIbIN 3HAYCHHS OIIHOYHUX
MOKa3HUKIB JIJIsl OCTaHHBOTO. [IpHuuHa 1OTO TOJIsITaE B
TOMY, LIO Ha TI0YaTKY raJbMyBaHHs BaHTaX KOJIMBAETHCS
(xoua 1 3 HE3HAYHOIO aMILTITY/1010). MOXHa CITO/IiBATHCh,
II0 peKOMEeHAalil, sIKi HaBeJeHi BHIIE JUIS ITOKpAICHHS
peamizamii ONTUMaTbHUX 3aKOHIB pPyXy MEXaHi3MiB,
MO3UTHBHO BIUIMHYTh HA 3MCHIICHHS 3aJMIIKOBHX
KOJINBaHb BAaHTA)Xy Ha THYYKOMY Mi/IBici.

BucokouacToTHI KOJIMBaHHS BaHTAXY, SIKi BUKIIMKAHI
KOJIMBaHHSMM  METAJIOKOHCTPYKLii ~ KpaHa,  MaroTh
TEHJICHIIIO JI0 TOCUTh HIBUIKOTO 3aryxaHHs. O4eBHIHO,
110 /1715l TOTO, 11100 MOBHICTIO YCYHYTH KOJIMBaHHS BAHTAXKY
HEOOXiTHO BBOJUTH Yy PO3TIA[ MaTeMaTW4dHI MOJedi
CYMICHOTO pyXy MeEXaHi3MiB, $Ki O BpaxoByBajH
MiIAATINBICTE METATOKOHCTPYKINi kpaHa [6]. Lle macth
3MOTY y MOCTaHOBOYHIN YacTWHI ONTUMI3alliMfHUX 3a1a4
3aJlaTH TakKi KpaiioBi YMOBH pyXy 3BEI€HHX Mac CUCTEMH,
IIPU SIKAX HU3bKOYACTOTHI 1 BHCOKOYACTOTHI KOJIMBaHHS
BaHTaXYy, a TaKOXK KOJIMBAHHS KpaHoBO1
METaJIOKOHCTPYKI] OyAyTh YCYHYTI.

Jns anamizy CTPYMOBUX HaBaHTaXXEHb IPHUBOJIIB
MEXaHi3MIB TEpeMIllleHHs] Bi3Ka Ta MOBOPOTY KpaHa
HaBeJIEMO OIiHOYHI MOKa3HUKH (Tab. 4).

AHami3yroun JaHi, SKi HaBegeHO y Tab0m. 4,
MPUXOJAUMO 10 BHCHOBKY, IO 30iJbIIIEHHS TPUBAIOCTI
pPO3TOHY 1 TalbMyBaHHS MEXaHI3MIiB MPHU3BOAWUTEH [0
3HAYHOTO 3MCHIICHHS MIKOBHUX CTPyMiB ix mBuryHiB. Lo
TCHJCHIIII0 MOKHA TaKOXX CIIOCTEPIraTé 3a MOKa3HUKaMU
MaKCHMAaJIbHIX CTPYMIB, SIKi BiAMIOBiNAIOTh ONTHMAaIbHUM
3aKOHaM pyXy. 3TiIHO YMOB NPOBEACHHS EKCIIEPUMEHTIB
JUIL  HETapHUX HOMEpIB EKCIIEPUMEHTIB TpPHUBAJICTh
PO3rOHY i rajJbMyBaHHs CTaHOBHJIA 1,5 ¢, a Ui mapHuX —
2,1 c. 3 Tabi. 4 BUAHO, 10 Y EKCIIEPUMEHTAX 3 HEApPHUMHU
HOMEpaMH KpaTHOCTI MaKCHMaJbHUX CTPYMIB JBHUTYHIB
OLTBIIII.
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Puc. 3. I'padikm, sKi BiAMOBINAIOTH TEOPETHIHHM
(cipa kpwBa) Ta EKCHEPUMEHTAIFHUM (YOpHA KpPHBa)
maanM (excriepuMeHT Nel) KyTa BIIXWJICHHS KaHATy 3
BaHTa)XXEM BiJl BEpTHKANl y IUIONIIUHI: a) HOPMAaJbHIH;
0) TaHTeHIIaTbHII

Fig. 3. Plots, which correspond to theoretical (gray
curve) and experimental (black curve) data (experiment
Nel) of angle of deviation of the wire rope from the vertical
in the plane: a) normal; b) tangential

3arasnom, 3 Taby. 4 BUAHO, IO HE3aJIESKHI (HakTOpH
(Maca BaHTaXy Ta IOYATKOBE IOJIOXKEHHS Bi3Ka Ha CTPLJI
BIZTHOCHO OCi 00epTaHHs) HE MAOTh 3HAYMMOT'0 BIUIUBY Ha
MakCHUMaJIbHI ~ 3HA4eHHS  CTpyMiB  JBUTryHiB. /[lis
imocTpanii miei Te3u HaBeAeMo rpadiuHi 3aJIeXKHOCTI (pHC.
4), mo noOynoBaHi JIsl eKCIIEPUMEHTIB, K1 TPOBEICHI IPH
pi3HHX Macax BaHTaxy (6 Kr — Juisi ekcrepumeHty Ned;
14 xr — mns exciepuMeHTyY Ne 5) Ta pi3HHX MMOYATKOBHX
MOJIOKeHb Bi3ka Ha cTpidi (3,14 M — Ang eKcrnepuMeHTy
Ned; 1,9 m — mnst excriepumenty Ne 5).

Amnamizyroun rpadiuHi 3anmexHocTi  (puc. 4),
HEOOXiHO BiAMITHTH, IO AJs1 000X BUMAKIB (i s BCiX
eKCIePUMEHTIB B IIJIOMY) XapaKTe€pHAa HasBHICTH MKy
CTpyMy Ha TIIOYaTKy pO3roHy MexaHi3miB. Jlis
excriepuMenTy Ne 4 (puc. 4, a) BiH npuxoauThcs Ha 4 ¢, a
s excriepumeHty Ne 5 (puc. 4, 6) — Ha 4,1 c. Bin
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MOB’SI3aHUH 3 aKkTUBaIielo  (QyHKmi  9acTOTHHX
NepEeTBOPIOBAYIB, SKa JO3BOJSIE IOJOJATH 3HAYHHI
MTOYaTKOBHH OIip PyXy Ha MOYATKy PO3TOHY MeXaHi3MiB

[6].

Tabauusa 4. OIiHOYHI TIOKAa3HUKH CTPYMOBHX
HaBaHTa)XEHb NPHUBOJIIB MEXaHI3MIB KpaHa Ta IMOKa3HUKU
KOJIMBAaHHS CTPIJM NPU peattizauii onTHMaNbHUX 3aKOHIB
PYXY MeXaHi3MiB.

Table 4. Estimation indicators of current loads of
drives of crane mechanisms and indicators of oscilation of
the boom under optimal control.

E| Kparuicth MakcHManbHOTo CTpyMy
5 JBUryHa* MakcumasbHe,
s TIPUCKOPEHHS
2 MeXaHi3My MeXaHi3My cTpiny,
| mepeMileHHs Bi3Ka|HOBOPOTY KpaHa rpan/c?
1 1,8 2,1 13,8
2 1,6 1,6 13,3
3 1,8 2,0 16,2
4 1,6 14 11,9
5 1,8 2,2 154
6 1,6 17 10,9
7 1,8 2,0 19,1
8 1,4 1.2 10,9
9 1,8 18 12,3
10 15 11 13,1
11 1,8 2,1 15,0
12 1,4 15 9,7
13 1,7 2,2 14,5
14 1,4 1,7 13,7
15 1,8 2,1 15,4
16 1,6 1,6 14,0

* KpaTHICTh MaKCHUMallbHHX CTPYMIB MPHBOMIB 000X

MEXaHi3MIB BH3HAUCHO SIK BiJHOLIEHHS MaKCHUMalbHOTO
(TIiKOBOTO0) 3HAYEHHS CTPYMY, SIKUH CIIOKUBAE YACTOTHUH
NIepeTBOpIOBayY, Ta AaMIUINTYAM YCTAJICHOTO 3HAYCHHS
CTpyMy, SIKE€ BH3HAYA€THCS PO3PAXYHKOBUM IIISIXOM
BUXOJISTYN 3 NTACTIOPTHUX JIAHHUX JBUT'YHA MEXaHI3MYy.

AHaI3YI0YM MaKCHMajbHI 3HAYEHHS IPUCKOPEHb
CTPUIH, MOXXEMO BCTAaHOBHTH, IO y CEpEIHbOMY Lieii
MTOKa3HUK (3a BCiMa eKcIiepUMEeHTaMH) 3MeHIBes y 3,04
pas3u y NOpiBHSIHHI 3 JAHUMH MIPSIMOTO MycKy. Take 3HaYHe
3MEHIIECHHS KOJIMBaHb CTPUIN, OYEBUIHO, € PE3yIbTaTOM
TIOJIOBKEHHS TPHUBAJIOCTI IYCKY MEXaHi3My IIOBOPOTY
KpaHa. Xouya TYT HE MOXHA TOBOPUTH MpO HPsAMY
MIPOTIOPIIMHICTE: TPUBAJICTh PO3roHy 3pocia y 5...7
pasiB.

AHamni3yloun I[pUYMHM, SKI ~ BHKJIMKaIM  Taki
pe3ysbTaTH, 3BEPHEMO YBary Ha TPHUBAIICTh PO3TOHY.
ITopiBHIOIOYM MK co0ot0 maHi y Tabm. 4, MOXeMo
BCTaHOBUTH, MAaKCUMaJbHE MPHUCKOPEHHS Ul HEMapHHX
EKCIIEPUMEHTIB y cepelHboMY Ha 24,5% OinbIre, HiX 11
MApHUX, Y TOW Yac SIK TPHUBAJIOCTI MEPEXiTHUX PEKHUMIB
pizusaTees Ha 40,0%.

Jns Toro, mo6 BCTAaHOBUTH NPHUYMHNA BUHUKHEHHS
MaKCHUMaJIbHUX TPUCKOPEHb CTPUIM KpaHa NoOyIyeMo
rpadivHi 3a1eKHOCTI (puc. 5).

Amnani3 rpadiuHUX 3aJIeKHOCTEH, SIKi IpeNCTaBIeH]
Ha pHC. 5, TMOKa3ye, IO MAaKCHUMallbHI 3HAYeHHS

MPUCKOPEHb CTPUIM BHHHUKAIOTH TPOTITOM PO3rOHY
MEXaHi3My IIOBOPOTY KpaHa.

05

0.0

05}

10}

- 6 8 10 12

1.0

0.0

-05-

10k

t,c
0)

Puc. 4. TI'padiku cnoxuBaHux J1abOPaTOPHOIO
YCTaHOBKOIO CTPYMIB TMpH peaiizamii ONTHMaJIbHUX
3aKOHIB PyXy MEXaHi3MiB: a) AN ekcrepuMmeHnty Ne 4;
0) s excriepuMeHTy Ne 5.

Fig. 4. Plots of the consumed by lab installation
currents under optimal control of the mechanisms: a) for
experiment Ne 4; b) for experiment Ne 5.

OueBHIHO, MO0 3MEHIIMTH 3HAYCHHS  ILIHOTO
HeOa)XaHOTO TOKAa3HMKAa MOXJIMBO JIMIIE  3aBISKH
MOJANIBIIIOMY  30UTBIICHHIO  TPHUBAJOCTI  MEPEXiTHUX

pexxumiB pyxy. OHaK, TaKui coci6 € e)eKTHBHUM JINIIIE
JI0 TIEBHOi MipH, OCKIIBKM HEOOIPYHTOBAaHE 3POCTaHHS
TPUBAJIOCTI TMEPEXiJTHUX PEKHMIB pyXy MeXaHi3My
TIOBOPOTY KpaHa 3HIKYE NMPOAYKTUBHICTH pOOOTH KpaHa.

IHmmii  migxix g0 3MEHIIEHHA  JUHAMIYHOI
HaBaHTAKEHOCTI CTPiIM OalITOBOrO KpaHa IIOJsrae y
MIOBHOMY YCYHEHHI KOJIMBaHb BaHTaXy Ha THYYKOMY
Ii/Bici, PO 110 Be OyJo cKa3aHo paHiue. BiH nonsrae y

BpaxyBaHHI JKOPCTKICHHX XapakTEPHCTUK KPaHOBOI
METaJOKOHCTPYKIIi y MOCTAHOBII 3a/Ja4 ONTHUMAILHOTO
KepyBaHHS pyXOM MeXaHi3MaMH Ta BHKOPUCTAHHI
3BOPOTHHX 3B’SI3KiB 32 OJHHUM a00  JIeKiIbKOMa
XapaKkTepUCTHKaMU MPH  peaizalii  ONTHMalbHOTO
KepyBaHHS.



106

B. C. Jloseiikin, 0. O. Pomacesuy, /. [. Mymtun

t.c
a)
10FT
]
(S
?6 V
@
&
& -
10+ u
-15 u |
0 10 1
t.c
6)

Puc. 5. I'padiku mpuHCKOpeHs CTPUIM KpaHa IpH
peaiizariii ONTHMaXbHAX 3aKOHIB PyXYy MEXaHi3MiB: a) s
excriepuMmenty Ne 3; 0) s ekciepumenty Ne 13

Fig. 5. Plots of the acceleration of the boom under
optimal control of the mechanisms: a) for experiment Ne 3;
b) for experiment Ne 13

BucHoBkn

1. Tpm peamizamii ONTHMAIBHOTO KEPYBaHHS
MeXaHi3MaMH IIOBOPOTY KpaHa Ta MepeMillleHHs Bi3ka
BCTaHOBJICHO HE3HAYHY pPO30DKHICTh TEOPETHYHHX Ta
eKCIIEPUMEHTAJILHNX JAaHNX 11010 IIBHIKOCTEH PyXy Bi3Ka
Ta MEXaHi3MYy IMOBOPOTY KpaHa, a TAKOXK KyTiB BIAXMICHHS
BaHTaXy BiJl BEpPTUKAIl y HOPMAaJbHIA 1 TaHTeHIIaIbHINA
IUTOII[MHAX. Biipmn BiAXWIIEHHS NaHUX BIAHOCATBCS [0
PEKUMY TalbMyBaHHS ME€XaHi3MiB. XapakTepUCTHKH PyXY
JUIL MeXaHi3My IIOBOPOTY KpaHa € TipIIMMH, HDK Ui
MEXaHi3My TIepeMIllleHHs Bi3Ka, 10 3yMOBJICHO 3HAYHUM
3BEJICHUM MOMEHTOM iHepIii MeXaHi3My, HeBpaXOBaHHUMHU
3a30paMH y TIPUBOJII Ta IHIIMMU (paKTOpamH.

2. JIns migBHWINCHHS SKOCTI peaizalii ONTHMaTbHUX
3aKOHIB PyXy MEXaHi3MiB HEOOXiJJHO BBOJUTH Yy CHCTEMY
KEepyBaHHS  3BOPOTHIH  3B’30K 32  KEPYIOUHMH
XapaKTepUCTUKaMH (IIBU/IKICTIO 200 KPyTHIM MOMEHTOM)
— mna 000X MexaHi3MIB Ta 00JagHyBaTH YacTOTHO-
KEepPOBaHMII NPUBOJ  MeXaHi3My [OBOpOTY  KpaHa
TaIbMIBHIM peocTaToM abo 3BOPOTHHM iHBEpTOpOM (IIei

BHITAJIOK € TOMUTBHINTNM 3 TIO3HIIH eHeproeheKTHBHOCTI,
ajie moTpedye OUTHIINX KaIliTaJbHUX BUTPAT).
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AHAJIN3 SKCIIEPUMEHTAJIBHBIX
UCCJIEJOBAHUI OIITUMAJILHOI'O
VITIPABJIEHUA IBWXXEHUEM MEXAHW3MOB
ITOBOPOTA FAIIEHHOI'O KPAHA 1
IMEPEJIBVDXKEHU A TEJIEXKU

B. C. Jlosetixun, 1O. A. Pomacesuy, /]. 1. Mywmuin

AnHoTanusi. B crathe mpoBeneH aHaNM3 KadyecTBa
peanu3ali  ONTUMAJBHBIX  3aKOHOB  COBMECTHOTO
JBIDKCHHSI MEXaHW3MOB IMOBOPOTa OAlllEHHOTO KpaHa U
MepeMeIeHnsT TeNeXKH 1o OanouyHoil ctpene. OneHka
MPOBE/ICHA MO0 MAaKCHMaJbHBIM U CPEIHEKBAIPATUUHBIM
3HAYEHHUSAM OTKJIOHEHU I TEOPETUICCKUX u
SKCICPUMEHTAIBHBIX — XapakTepucTuk. Kpome Toro,
oreHeHbl rpaduveckne 3aBucuMocTH. OICHKAa JaHHBIX
MIPOBOIIIACH o XapaKTePUCTUKAM CKOpPOCTH
MIepEeMEIICHISI TEJICKKH U TIOBOPOTA KpaHa, a TAKXKE YTII0B
OTKJIOHEHHUS Tpy3a B HOPMaJIbHOM H TaHTCHIUAIHEHOM

HanpaBJCHUSIX OTAENBHO B pEeXHMMax pasroHa H
TOPMOKEHHS MEXaHU3MOB.

B pe3yibTare MPOBEZCHHOTO aHaIn3a
YCTaHOBJIEHO, YTO OCHOBHBIE€ NPUYHUHBI OTKJIOHEHHS

TEOPETHYECKNX W OKCIEPUMEHTAIBHBIX HTAaHHBIX IIO
HCCIIeAyeMbIM XapaKTePHCTHKAM 3aKITI0Yal0TCS B TOM, UYTO
HE YYTEHBI JKECTKOCTHBIE XapaKTePUCTHKH
METAIOKOHCTPYKIIMM KpaHa, HE TOYHO OIPEAEICHBI
rapamMeTpbl MEXaHM3MOB, a TAKXKe OTCYTCTBYIOT OOpaTHbIE
CBSI3U IO YIIPABJIAIONIMM XapaKTEPUCTHKaM (CKOPOCTH

MOBOPOTa KpaHa M CKOPOCTH TEPEMEIICHHUS TeACHKKHU 10
ctpene). OpHako, TpWU peanu3alWi  ONTHUMAaIHLHOTO
yIOPaBICHUS  CPEACTBAMH  YaCTOTHO-YIPABISIEMOTO
MPUBO/Ia MasSTHUKOBBIE KOJIeOaHHs Ipy3a B HOPMAIIbHOM 1
TAHT'CHI[MAJIbHON MJIOCKOCTSX YCTPAHSIOTCS.

Kpome Toro, mpoBefieH aHaiu3 TOKOBBIX HATrPYy30K
MPUBOJIOB MEXAaHM3MOB U YCKOPCHHUS CTpENbl KpaHa.
BobisiBieHO, 4YTO TpU  ONTUMAIBHOM  yIPAaBICHHH
MPOUCXOUT CYIICCTBEHHOEC YMCHBIICHUE MaKCUMATbHBIX

3HAUEHUN YCKOPEHHUsS, YTO O3HA4YaeT yMEHbIIECHUE
JTMHAMHYECKHX Harpy3oK Ha KpaHOBYIO
METaNIOKOHCTPYKIHIO. Taxxke CHIDKAIOTCS
MaKCHMalbHBIE TOKH, MPOTEKAoIme B OOMOTKaxX
IBUTATENCl MeXaHH3MOB KpaHa, dYTO, O0e3yCJIOBHO,

MTOJIOKUTEIPHO OTPA3UTCA Ha SHEProd(p(eKTHBHOCTH
MEXaHH3MOB KpaHa.

KioueBble cjioBa: OameHHBIH KpaH, MEXaHU3M
TIOBOPOTA, MEXaHNU3M HepeMeIeHHs TEIEeKKH,
OKCIICPUMEHTAJIbHBIC UCCJICAOBAHUA, aHAJIU3, OLICHOYHBIC
HOKa3aTelH.

ANALISYS OF EXPERIMENTAL STUDIES
OF OPTIMAL CONTROL OF TOWER CRANE
SLEWING AND TROLLEY MOVEMENT
MECHANISMS

V. S. Loveikin, Yu. O. Romasevych, D. I. Mushtyn

Abstract. The article analyzes the quality of the
implementation of the optimal laws of simultaneous
motion of the tower crane slewing and the trolley
movement mechanisms. The estimation was carried out
according to the maximum and root-mean-square values of
the deviations of the theoretical and experimental
characteristics. In addition, the graphical dependencies
have been built. The data were estimated according to the
characteristics of the speed of movement of the trolley and
the rotation of the crane, as well as the angles of deflection
of the load in the normal and tangential directions in the
modes of acceleration and deceleration of the mechanisms.

As a result of the analysis, it was found that the main
reasons for the deviation of theoretical and experimental
data on the characteristics under study are that the stiffness
characteristics of the crane metal structure have not been
taken into account, the parameters of the mechanisms are
not accurately determined, and there are no feedbacks on
the control characteristics (the speed of rotation of the
crane and the speed of trolley movement). However, when
implementing optimal control by means of a frequency-
controlled drive, pendulum oscillations of the load in the
normal and tangential planes are eliminated.

In addition, the analysis of the current loads of the
drives of mechanisms and the acceleration of the crane
boom was carried out. It was found that with optimal
control, there is a significant decrease in the maximum
values of acceleration, which means a decrease in dynamic
loads on the crane metal structure. Also, the maximum
currents in the motor windings of the crane mechanisms
have been reduced, which, of course, will have a positive
effect on the energy efficiency of the crane mechanisms.

Key words: tower crane, slewing mechanism, trolley
movement mechanism, experimental research, analysis,
performance indicators.
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bi6n. 8, puc. 5, maén. 2.

AnoTtanis. CTaTTs NpuCBIYCHA BUPIIICHHIO MTPAKTH-
YHOI 3a/adi 3 ONTHMi3anii KPUBOIIUITHO-KOPOMHUCIIOBOTO
MEXaHi3My XHWTaHHS pPaAiaIbHO-TIOBOPOTHOTO KOHBEEPaA,
SIKHH BUKOPHCTOBYETHCS AJISL PO3MOIUTY CUIIYYHX MaTepi-
aniB o 1y3i koina. I[lix onTuMizamieto B JaHOMY BHIIAAKY
PO3YMI€ThCS MA0Ip TAKMX PO3MIPIB MEXaHI3My XHUTaHHS,
3a SIKUX 3BEACHUH MO Nepluoi JaHKK MOMEHT Bill CHJI
OTOpY, BUKIMKAHWUI TOJIOBHUM YHHOM IHEPIiHHUMHU Ha-
BaHTa)XEHHAMH, 1[0 BUHHKAIOThH BiJl KOJUBAIBLHOTO PyXY
w1aThOpMHU 31 BCTAHOBJICHUM Ha Hiil KOHBEEPOM, € MiHIMa-
mpHUMHA. [y BHpIMIEHHS i€l 3agadi CIIOYaTKy IIPOBO-
JUThCSI KIHEMAaTHYHUN CHHTE3 MEXaHI3My XWTaHHS, AKHH
ToJIATa€e y 3HaXOPKEHH] pO3MIpiB JTAHOK 32 yMOBaMH CHH-
Te3y (3MiIMCHEHHS MOTPIOHOTO PyXY), MOTIM — KiHEMaTH4-
HUH aHani3, B Pe3yJbTaTi SKOTO BH3HAYAIOTHCS NPHCKO-
PEHHSI JIAHOK, BiJI IKUX O€3110CcepeaHbO 3a1eXKaTh CUIIN iHe-
puii, i HapeTi — CUJIOBHUII aHaIIi3, B pE3YJIbTATI SKOTO BU-
3HAYAETHCS 3BEJCHUI JI0 MepIIol JaHKU MeXaHi3My Mo-
MEHT Jitounx cwi. Ha OCHOBI NmpoBeNEHUX pO3paxyHKIiB
o0OupaeThCs BapiaHT MEXaHi3My 3 TAaKUMH pO3Mipamu Jia-
HOK, 32 SIKHX 3BEJICHUIl MOMEHT OIOpY € MiHIMaJbHUM. B
pe3yJsbTaTi onTHUMI3alil 3a paXyHOK BHOOPY paliioHaIbHUX
PO3MipiB TAHOK 3MEHIIYETHCS OIip PYXy Ta, K HACIIJIOK,
HEeoOXiJJHA OTYXKHICTh IPUBOYy MEXaHI3MY XUTaHHS KOH-
Beepa.

Karwu4osi cioBa: ontumizailiss MexaHi3MiB, KpHBO-
IIMITHO-KOPOMUCIIOBUIT MEXaHi3M, CHHTE3 MEXaHi3MiB,
iHepIIiifHI HaBaHTaXCHHS.

ITocTaHoBKa MpodIeMu

KoHBeepu ayxe MHUPOKO 3aCTOCOBYIOTHLCS Ha ITi IITPH-
€McTBax pizHoro npogimo. B 3anexHocTi Bix GyHKIIOHA-
JILHOTO TIPU3HAYEHHS BOHHM MAalOTh JJOCHTH PI3HOMAaHITHI
KOHCTPYKIIIi Ta TEXHIKO-€KOHOMIYHI MOKAa3HHKH. B i
CTaTTI PO3MIANAETHCS PaJlialIbHO-IOBOPOTHHI KOHBEED,
CXeMy KOro HaBeleHO Ha puc. 1,a. KpuBommn 1 3a nomno-
MOTOI0 JIBUT'YHa 00epTaeThcs HaBKOJIO Hepyxomoi oci O
(cTifikM) 3 TOCTIHOIO KYTOBOIO INBHAKICTIO wq = 12
pan/c. Uepes maTyH 2 pyx nepenaerhbes miatdopmi 3, Ha
AKii BCTaHOBJICHWH KOHBeEP 4. 3aBASKH KOJTUBAILHIM PY-
xaM wIaTGopMu HaBKoJIO oci O1 3 KyTOBOIO aMILTITY010

6 = 16° koHBe€ep 3MIHCHIOE PO3MOILI CHITYJOT0 MaTepiamy,
1[0 TPAHCTIOPTYEThC, 1o ay3i C' — C''.

CymapHa Maca miaTgopMu 3 KOHBEEPOM M3 CKIIAIA€
3200 xr, nMTOMa Bara CTpH)KHEBUX JIAHOK (KPUBOLIMITY Ta
niatyny) my nopisatoe 200 kr/m. BinHocHe po3rairyBaHHs
TouoK cTifiku O Ta O1 BU3HAYa€eThCA po3Mipamu @ = 1,0 M,
b =22 M. Po3amipu CTpWKHEBUX JIaHOK MEXaHI3My XH-
TaHHS KOHBEEPA MOXYTh 3MIHIOBAaTHUCh Y Miala3oHi
0,3...1,6 m.

AHaJII3 0CTAHHIX J0CJHiIKEeHb

Onrumizalisi € BAYXKIJIMBOIO CKJIAJI0BOIO NPU MPOEKTY-
BaHHI (CHHTEe31) Oy/b-1KMX MEXaHI3MiB. AJKEe BOKIMBO HE
TIJIbKW BUKOHATH OCHOBHI YMOBH (YMOBH CHHTE3Y), SIKUM
000B’SI3KOBO TOBHMHEH 3aJ0BOJIBHATH MEXaHI3M, aie i
MPOAHATI3yBaTH ONTHMABHICTh OJCPIKAHOTO TEXHIYHOTO
piLIEHHS 3 TOYKHU 30py MaTepiaJIbHUX Ta CHEPIreTHYHUX BH-
Tpar, HaAIHHOCTI Ta TEXHOJIOTIYHOCTi. TOMY IUTaHHSM OTI-
TUMI3aIil TpaaWIiiiHO BiABOAMTHCS CYTTEBA yBara IpU
CTPYKTYPHOMY, KIHEMATHYHOMY Ta JMHAMIYHOMY CHHTE31
MexaHizmiB [1-7].

[TutaHHs 3MEHIICHHS AiI0YMX HABAHTAXKECHb, B TOMY
YHCITl 1HePIIHHKUX, HA JIAHKA MEXaHI3MY, € YaCTHHOK JIH-
HaMiYHOTO (CHIIOBOTO) aHami3y Ta CHHTE3y. B MexaHi3mi
XHUTaHHS KOHBEEPA, 10 PO3IIISIAaeThCs, 3HAYHI IHEPIiHI
HAaBaHTAXXCHHS CTBOPIOIOTHCS MACHBHOIO ILIATGOPMOIO 3
KOHBeepoM. Ta mepes MpoBeEHHSM CHUIIOBOTO pO3paxy-
HKY CIIOYaTKy He0OXiJHO BUKOHATH KIHEMaTHYHUI CHHTE3
Ta aHaJli3 MEXaHi3My.

Merta gociiakeHn

HeoOxigHo mimiOpaTt onTUMaibHI pO3MipH MeXaHi-
3My XHTaHHS, 32 SKUX 3BEJCHUH JI0 TEPINoi JaHKH (KpH-
BOIIMITY) MOMEHT BiJ] CHJI OIIOPY, BUKJIWKAHUI TOJIOBHUM
YHHOM iHEpIiHHMMH HaBaHTAKCHHAMH, IO BHHHUKAIOTH
BiJl KOJIMBAJIBHOTO PYXy MaT(opMu 31 BCTAHOBICHUM Ha
Hilf KOHBEEPOM, Oyin O MiHIMaJILHUMH.
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Pe3yabTraTn AoCaiIxKeHb

Po3paxyHKOBY cXeMy MeXaHi3My XHUTaHHS KOHBEEPY,
0 PO3TIIAAETHCS, MPENCTaBUMO Y BUTJIAAL, 300paxe-
HOMY Ha puc. 1, 6. Toukamu S; MO3HAYMUMO IICHTPH Baru
JaHoK. /Ing cTpuxHeBux naHoK 1 (xpuBommm) Ta 2 (ma-
TyH) Il TOYKH DPO3TAllOBaHi MOCEPEAMHI, JUII TPEThOi
nmaHKU (TutaTgopma 3 KOHBEEPOM) LIEHTpP Bark BH3Haua-
€TbCSl MOCTIHHMMHU po3Mipamu ¢ =1 M Ta d = 1,2 M. 3a
CTPYKTYPOIO MEXaHi3M, 300pakeHHi Ha puc. 1,6, € KPUBO-
IIATHO-KOPOMHUCIIOBUM.
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Puc. 1. Cxema MexaHi3My XHTaHHS PagialbHO-TIOBO-
POTHOI'O KOHBEEPY.

Fig. 1. Scheme for the crank-rocker swing mechanism
of the radial-rotary conveyor.

3TiHO 3 BUXiTHUMH JaHUMH, TOTPIOHO BUKOHATH CH-
HTE3 TAKOTO MeEXaHi3My 3a JIBOMa KpalHIMHU ITOJIOKEH-
HSMH, SKi BU3HAYAIOTHCS PO3TAITYBAHHSAM BHXiTHOI JaHKH
(0,C" Ta 0,C") 3 ypaxyBaHHIM MaKCUMAJIBHOIO KyTa XH-
TaHHsA Kopomucina 26 = 32° (puc. 2). B nux moyoxeHHsIX

MEXaHi3My KpHBOIIUM 1 po3TamoBaHWi HA OJHIH JiHIT 3
aTyHOM 2.
BBezeMo HACTYIHI O3HAYCHHS:

Ly =loa; I = lyg;
l3 = lBOl; l4 = Vaz + bz = 2,42 M. (1)

3MiHIOIOYH BIJICTaHb [3, KOO BH3HAYa€THCS PO3Ta-
IIyBAaHHS TOYKH [TO€THAHHSA IIIATGHOPMH 3 IATYHOM BiJHO-
cHO crifikn O1, MOYKHAa OJHO3HAYHO BU3HAYUTH PO3MipH
nmaHok [, ta l, (nuB., Hanpukiaz, [1]):

L= op" = lop)/2; 1 = (lopr + lop)/2, 2)

Posmipu l,pr Ta lyprr MOXKHA BU3HAYUTH aHANTITHYHO
abo rpadiuHo, 3a cxemoro puc. 2. [Ipu rpadiuHomy cro-
co0i BI3HAYCHHS ITUX PO3MipiB MOTPiOHO MOEAHATH TOUKU
B’ ta B" y kpaiiHix NOJ0XeHHIX MEXaHi3My 3 Toukoro O.

Bincranp l; Oymemo 3MiHIOBATH 3a PaxyHOK 3MiHH
JOBXHHH lco1, BHKOPUCTOBYIOUH 3aJICKHICTb:

l; = q/l o1 + 12 3)

abo Bu3Hauarouu l; rpadivHo.

20

“h
Puc. 2. CxeMa 10 CHHTE3Y KPUBOIIUITHO-KOPOMHUCIIO-
BOro MexaHi3My XHUTaHHA KOHBEEPA.
Fig. 2. Scheme for the synthesis of the crank-rocker
swing mechanism of the conveyor .

PosrnsHemo HacTymHi 3HadeHHS [lcgi: 0,6M; 1,2M;
1,4m; 1,6Mm; 1,8M. Toxi po3aMipa ycix TaHOK KPUBOIIHITHO-
KOPOMHCJIOBOTO MeXaHi3My OyIyTh TAKMMH, K HaBEJICHO
B Tabm. 1.

Tadanus 1. Bapiauty po3MipiB JJaHOK MEXaHI3MY XH-
TaHHA.

Table 1. Size variants for elements of the crank-
rocker swing mechanism.

Ne Ba- Po3mipu, M
pia- lcos l3 L l ly
HTY

0 0,6 1,17 0,06 1,35 2,42
1 1,2 1,56 0,35 1,27 2,42
2 1,4 1,72 0,44 1,30 2,42
3 1,6 1,89 0,51 1,35 2,42
4 1,8 2,06 0,57 1,44 2,42

JlonaTKOBUMHM yMOBaMH CHHTE3Y, SKi Bi3bMEMO 10
yBary, OyayTh: yMoBa OOMEXEHHS MAaKCUMaJIbHOTO KyTa
THCKY, YMOBa iCHYBaHHS KPHBOIINITY Ta KOe(ili€HT 3MiHU
cepenHbO1 KyTOBOT MIBUIKOCTI BUXiTHOT JTAaHKH.

KyT THCKY 11€ KyT Mi’X BEKTOPOM CHIIH, TIPUKIACHOT
JI0 BiZloMO{ JTaHKH (KOpPOMICTIA), Ta BEKTOPOM IIBHIKOCTI
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TOYKH NpUKIANeHHS pymIiifHoi cuim. Ha puc. 2 KyT THCKY
MMO3HAYCHHUHN Yepe3 Y, a HOro MaKCUMaJlbHe 3HAUYCHHS BiJI-
TIOBi/Ia€ TIOJIOKECHHSIM MEXaHi3MY, KOJIM KpUBOIIHII | CITiB-
nazgae 3 aiHiero 00,, Mo MOETHYE TOYKH CTikH. Pekome-
HIIOBaHE MAKCUMAaJIbHE 3HAYEHHS KyTa TUCKY [V]max 15
KPHUBOILIUITHO-KOPOMHCIIOBIX MEXaHIi3MiB jopiBHIOE 60°
(muB., HanpukIan, [4]).

YMoOBa iCHyBaHHSI KPHMBOILUMITY BU3HAya€ CIiBBiIHO-
LIEHHS MDXK pO3MipaMU JIAHOK MEXaHi3My, 3a SIKUX Iepiua
JlaHKa MaTHME MOJKJIMBICTH IOBHOTO 00EpTy HaBKOJIO
cBoei oci. 11 criBBIIHOIICHHS, 1[0 HA3MBAIOTHCS TAKOXK TE-
opemoro I'pacroda, y npuitHITHX TO3HAYEHHAX MArOTh BU-
DI

L<ly L+bL<L+l;, L-L>l-1; @)

KoedirienT 3minn cepeHboi KyTOBOT ITBUAKOCTI BH-
X1THOT JIJAaHKH BHU3HAYAETHCS (HOPMYIIOIO:

o = Tag (5)

ne f — kyr Mix nminismu OB’ Ta OB", 9ki BU3HA4YarOThH
KpaifHi OJI0XKEHHS MeXaHi3My (puc. 2).

3Ha4YeHHA IOJATKOBHX YMOB CHHTE3Y, 3HaICHUX
rpadidHO, 11 TPUHHATHX BapiaHTIB HaBeJCeHi B Ta0MI. 2.

Tabauus 2. [lapameTpn MeXaHI3MY U TPUHHATHX
BapiaHTIB.

Table 2. Mechanism parameters for accepted
variants.
Ne Bapi- | Makcumanb- | Koedimient | Buxonanss
aHTy HUH KyT TH- | 3MIHHM KyTO- | YMOBH iCHY-
kY [V]max » | BOIWIBHA- | BaHHA KpH-
° KocTi K, BOIIUITY

0 69 1,35 Tax

1 65 1,29 Tak

2 52 1,19 Tak

3 39 1,09 Tax

4 26 1,01 Tax

AHaizyroun gaHi Ta0. 2, MOKHa 3pOOUTH BUCHOBOK
po Te, Mo BapiaHTH MexaHi3My O Ta 1 MarOTh OLIBIIHIA
KyT THCKYy, HDK Ile peKoMeHaoBaHO. Bapiant 0 Bukmo-
YIMO, aJie YCi 1HIIi BapiaHTH 3aUIIAMO JUIS IT0aTBIIOr0
KIHEMaTHYHOTO Ta CHUJIOBOTO aHai3y.

3piBHOBaXXYBaJbHUN (3BEIICHIIT) MOMEHT, TIFOYHIA Ha
MIepITy JIAHKY MeXaHi3My (KPHBOIIUII), JOPIBHIOE:

M, = Py, (6)
ne P, — 3piBHOBaKyBalbHE 3YCHJUIS, SIKE Jli€ Ha IEpUIy
JAaHKYy Ta BU3HAYAa€TbCs, HAINPUKIIAL, METOMOM BaXKels
KykoBcbkoro.

JIst IbOTO BU3HAYUMO 3YCHIUIS, SIKi TIFOTh HA MeXa-
HI3M:

- 3BeleHUIl MOMEHT ONOpPY OIOP
M, = f,,GD /2, @)
ne fy, =0,01 - 3Benennii koediieHT TEPTA Ti KOYEHHS B
ynopaomy migmunauky; G =~ 32000 H — Bara muiatdo-
pmu 3 kouBeepom; D = 0,3 M — cepeHiii giaMeTp Himunm-
HHKA.
- Cunu iHepIii TaHOK:
F; = mag, 8
Jie M — Maca JaHKH, 4, — IPUCKOPEHHS IEHTPY Mac JIAHKH.

- MowmeHTH cui iHepIil:
M; = Js¢, )
Zie J; — MOMEHT iHeplii JaHK! BIHOCHO OCi, SIKa MPOXO-
JIUTH Yepe3 LEHTP Mac; € — KyTOBE NPUCKOPEHHS JIAHKH.
JInist CTpYIKHEBHX JIAaHOK (KPUBOILIUII Ta INATYH) MO-
MEHT iHepIii [, MOXHa 3HAWTH 32 POPMYIIOLO:

mi?
Js ="

(10)

ne m = myl — Maca JJaHKH; TYT M, — IMTOMA Bara CTPHX-
HEBUX JIAHOK.
Jns tpetboi sanku (ruiatrdopma 3 KOHBEEPOM) MO-
MEHT iHepii [, TpUOIH3HO MiIpaxyeMo 3a GOPMYIIOI0:
Js = msd?, 11)
ne my = 3200 kr — cymapHa Maca miaTGopMu 3 KOHBEE-
poM; d — TOJNIOBHHA JOBXWHH IIaTGOPMHU 3 KOHBEEPOM

(puc. 1, 6).

KyToBe nepemiweHHA
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Puc. 3. KinemaTn4Hi XapaKkTepUCTHKH PYXY TPEThOI
JIAHKH MCX&HiSMy XHUTaHHA.

Fig. 3. Kinematic characteristics of the third element
of the crank-rocker swing mechanism.

Ha puc. 3 moka3aHi KiHEeMaTH4YHI XapaKTEepUCTHUKH
PYXY TpeTboi JIaHKH (T1aThOPMH 31 BCTAHOBJIEHHM KOHBE-
€pOM), OTpUMaHi rpapivHIM METOOM IUIaHIB JJIs 8 TOJIOo-
JKCHb MEXaHI3MYy.
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Puc. 4. I'padiku KyTOBOI IBUAKOCTI (@) Ta KyTOBOTO
MPUCKOPEHHs (6) TPEThOI JIAHKK ISl TIEPIIOTO BapiaHTy
MexaHi3My, ofiepkaHi B cuctemi Mathcad

Fig. 4. Graphs of angular velocity (a) and angular ac-
celeration (b) of the third mechanisms element, obtained in
the Mathcad system, for the first variant of the mechanism

Ha puc. 4 naBeneHi rpadiku KyToBOi IIBHUAKOCTI Ta
KyTOBOT'O IIPHCKOPEHHSI TPETHOI JJAHKH, OTPUMaHI IS TIep-

IIOTo BapiaHTy MeXaHi3My B cuctemi Mathcad 3a gomomo-
TO0 AHATITUYHUX 3AJIEKHOCTEH Ta METOAMKOIO, BUKJIA Ie-
HOMO B [8].

Od4eBHIHO, IO AHATITHYHI METOAU Y TOE€THAHHI 3i
CIeMiai30BaHUM MIPOTPAMHHAM 3a0€3MEYEeHHSIM JO3BOJIS-
IOTh OTPUMATH OLIBII TOYHI PE3yNBTaTH. 30KpeMa, MaKCH-
MaJIbHE 3Ha4E€HHS KYTOBOI'O ITPUCKOPEHHS, SIK 1I€ BUIHO 3
puc. 4, npunagae Ha TOYKY, sika HE MOTpaNWia B aHAJi3
rpadiyHIMH METOJaMH Ta PO3TAIllOBaHa MK MOJIOKEH-
HsMu 7-0, HaBeleHUMU Ha puc. 3. B Toii ke Jac 3aranpHuit
XapakTep KiHEMaTHYHUX XapaKTepHCTHK Ta pe3yJbTaTH,
OTpHUMaHi TpaiYHUMH Ta aHATITUYHUMHU METOAAMH, CITiB-
Ma/1af0Th.

I'padixu 3piBHOBaXKYBaIEHOTO (3BEICHOTO) MOMEHTY
HaBEIEHO Ha puc. 5.

3piBHOBAKYBaNbHUI (3BEAEHNI) MOMEHT
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Puc. 5. I'padiku 3piBHOBaXXYBaJIbHOTO MOMEHTY JIJIsI
YOTHPHOX BAPiaHTIB MEXaHI3MYy XMTaHHS

Fig. 5. Balance torque graphs for the four variants of
the crank-rocker swing mechanism

Sk BHOHO 3 puC.5, 3piBHOBaXXYBAaJIbHUIA MOMEHT €
3HaKO3MIHHHMM, TOOTO Ha MEBHUX €Tarax pyxy BiH € py-
IIHAM, a B IHIIHX — MOMEHTOM omopy. HaiOinpmmii omip
CHJIH 1HEpIiT CTBOPIOIOTH HA IOYATKOBUX €Tanax pyxy Tpe-
THOI JIJAHKHU BiJl KpaiHiX IOJI0KEHb, HABEIEHUX Ha pHC. 2.
Posrisigatoun pe3ysnbraTv po3paxyHKIB Uit MPUHHATHX
BapiaHTIB MEXaHi3My, MOKHa 3pOOHUTH BUCHOBOK IIpO T€,
110 HaiMEHIIMI Omip iHepUiiiHi HaBaHTa)XEHHSI CTBOPIO-
I0Th JUIsl MeXaHi3My y BapiaHTi 1. He3Bakarouu Ha Jemnio
3aBUILEHNH BiJl PEKOMEHIOBAHOTO MAKCUMAIIbHUN KYT TH-
CKy ISl IbOTO BapiaHTy, BiH € onTuMaisHuM. Jlani 3a omn-
TUMAJIBHICTIO 11yTh BapiaHTH 2, 4 Ta 3.

BucHoBku

1. IpoBenenuii onTUMi3aliiHUN PO3PaXyHOK IOKa-
3aB, IO PaIliOHANBHUH MiAOIp PO3MipiB TaHOK B MEXaHI3Mi
XWTaHHS PaiabHO-IIOBOPOTHOTO KOHBEEpa MOXKe Ha 5-
40% 3HU3UTH CHIN omopy (iHepIliiiHi HaBaHTa)XEHHS) Ta,
SIK HACJTiJJOK, HEO0OXiJHY MOTYKHICTh MIPHUBIIHOTO IBUTYHA.

2. TlepcrieKTHBHUM € MPOBEJICHHS OLIbII JIETAILHOTO
ONTHMI3aIIfHOTO PO3PaxyHKY i3 MEHIIMM KPOKOM 3MiHH
6a30B0i TOBXNHH g4, IKMI OaKaHO BUKOHYBATH 13 3aCTO-
CYBaHHSM aHATITHIHUX METOJIB y MO€EIHAHHI 31 CIeIiati-
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30BaHMM IIPOTPAMHUM 3a0€3MEeUCHHSM, IO JO3BOJISIE OJie-
PKaTH MaKCUMAaJIbHO TOYHI PE3yIbTaTH
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OIITUMM3ALINA MEXAHNU3MA KAYAHUA
PAIUAJIBHO-ITOBOPOTHOI'O KOHBEMEPA
3A CHET CHWKEHIM A MTHEPLIMOHHBIX
HATPY30K
A. B. I'aspiokos, A. H. Knen

AnHoTanusi. CTaTbs TOCBSIICHA PEUICHUIO MPAKTH-
4eCKOH 3aJjaul M0 ONTHUMHU3ALUN KPUBOIIUITHO-KOPOMBIC-
JIOBOTO MEXaHM3Ma KauaHUs paJuabHO-IOBOPOTHOTO
KOHBeliepa, KOTOPBIM HCIONb3yeTcs Ui pacHpeeeHus
CBIITyYUX MaTepUaJIOB MO Ayre okpykHocTH. Ilog ontumu-
3anueill B JaHHOM Cllyyae TIOHUMAaeTcsl ToA0Oop TaKuX pas-
MEpOB MEXaHU3Ma KadaHus, IPU KOTOPBIX IPUBEACHHBIN K
MIEPBOMY 3BEHY MOMEHT OT CHJI COTIPOTHBIICHUS, BHI3BaH-
HBII TTTaBHBIM 00pa30M HHEPINOHHBIMH HAarpy3KaMH, BO3-
HHUKAIOIIIMH OT KOJICOATEIbHOTO IBIKCHHUS IUTAT(GOPMBI C
YCTaHOBJIEHHBIM Ha HEW KOHBEWEpPOM, MUHUMAJBHBL. J{Js
pEeLICHNUs 3TOH 3a/1a4X CHavaja MPOBOAUTCS KMHEMAaTHUE-
CKHH CHHTE3 MEXaHNW3Ma KadyaHMs, KOTOPBIH 3aKIF0YacTCs
B HaXOXKJCHUM pa3MepOB 3BEHBEB 110 YCIOBUSAM CHHTE3a
(ocyiecTBIeHHE HEOOXOIUMOTO JIBUXKEHHMS), 3aTEM — KH-
HEMaTU4eCKUI aHaJu3, B Pe3ysIbTaTe KOTOPOTO OIpeaeis-
IOTCSI YCKOPEHHUS 3BEHBEB, OT KOTOPBIX HETIOCPEACTBEHHO
3aBUCAT CUJIbI MHEPILIUH, 1 HAKOHEI — CUJIOBOM aHaJlu3, B
pe3ysbTaTe KOTOPOTO ONpEEIsieTCs TPUBEACHHBIN K Hep-
BOMY 3BCHY MEXaHM3Ma MOMEHT jeiicTByrommx cwi. Ha
OCHOBE IIPOBEACHHBIX PAaCUCTOB BHIOMPAETCS BapUaHT Me-
XaHU3Ma ¢ TAKMMH pa3MepaMy 3BEHbEB, IIPH KOTOPBIX IPH-
BE/ICHHBI MOMEHT CONPOTHBIICHUS SIBISICTCS MHUHUMAJb-
HBIM. B pe3ynbpTaTe onTUMu3amy 3a cYeT BHIOOpa panno-
HAJIBHBIX Pa3MEpOB 3BEHBEB YMEHBINAETCS CONPOTHBIIE-
HHUE JBIDKCHUIO W, KaK CIJEeJICTBHE, HEOOXOAMMas MOII-
HOCTh NIPHBOJIa MEXaHU3Ma KadyaHUs KOHBeiepa.

KiioueBble cjioBa: ONTUMU3alNAd MEXaHU3MOB, KpU-
BOIHPIHHO-KOpOMBICHOBLIﬁ MCXaHHU3M, CHHTC3 MCXaHMH3-
MOB, UHEPIIUOHHBIC HATPY3KH.

OPTIMIZATION OF ROTARY CONVEYOR SWING
MECHANISM BY REDUCING INERTIAL LOADS
0. V. Gavryukov, A. M. Klyon

Abstract. The paper is devoted to solving a practical
problem of the crank-rocker swing mechanism optimiza-
tion of the radial-rotary conveyor, which is used for the dis-
tribution of bulk materials along the radial arc. Optimiza-
tion in this case means the selection of such dimensions of
the mechanisms elements, in which the moment of the re-
sistance forces, reduced to the first element and caused
mainly inertial loads arising from the swing motion of the
platform with a conveyor mounted on it, are minimal. To
solve this problem, first of all a kinematic synthesis of the
crank-rocker swing mechanism is perform, which consists
in finding the dimensions of the mechanisms elements un-
der the conditions of synthesis (implementation of the de-
sired motion). Next step is kinematic analysis, which de-
termines the acceleration of the mechanisms elements on
which the forces of inertia directly depend. Finally, the
force analysis is perform, as a result of which the moment
of the acting forces, reduced to the first element of the
mechanism, is defined. On the basis of the carried-out cal-
culations the variant of the mechanism with such sizes of
elements at which the consolidated moment of resistance is
minimum is chosen. As a result of optimization due to the
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choice of rational sizes of mechanisms elements the re-
sistance of movement decreases and the required capacity
of the conveyor swing mechanism drive is reduced.

Key words: mechanisms optimization, crank-rocker
mechanism, mechanisms synthesis, inertial loads.
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AHoTamis. Y crarTi ToOKa3aHa cxemMa poOoTu
TBHHTOBOTO  KOHBeEpa 13  3amoODKHOIO — My(TOMO,
MPOBEACHUN NWHAMIYHUNA pPO3paXyHOK HOTO pPOOOTH.
PosrnsHyTi rpadivHi 3aeKHOCTI, 32 pe3ylbTaTaMu SKUX
MOXHA OIIHWTH BIUIMB pPIi3HOMAaHITHHX IapaMeTpiB
CHCTEMHM Ha JWHAMIYHI HAaBaHTAXCHHSI Y MPUBIIHUX
JIaHKaX KOHBeepa. Tako)K NpeACTaBICHUH CTeHX IUis
eKCIIEPUMEHTAJIbHUX ~ BHIPOOYBaHb  MEXaHI3My  Ta
MPOBEJCHO TMOPIBHSHHS OTPUMAaHUX TEOPETUUHHUX Ta
eKCIIEPUMEHTAJIbHUX JIOCHTIPKEHb pPOOOTH TBHHTOBOTO
KOHBE€Epa 13 3amo0iKHOI0 My(TORO.

KurouoBi cjioBa: TBUHTOBUH  KOHBEEp,
My(Ta, KaHaBKa, KDYTHHI MOMEHT.

IIIHEK,

IHocranoBka npodaemu

3 MEeTO0 MiJBUIIEHHS eKCIUTyaTaliiHUX OKa3HHUKIB
IBUHTOBUX  KOHBEEPIB  pO3pOOJIIEHO  KOHCTPYKIIIO
3ano0iKHOT My(TH Ui TBUHTOBOTO KOHBEEpA, L0 JIA€
MOXIIMBICTh Y BHIAJKy BUHHUKHEHHS IEPEBaHTaKCHHS
3a0€3[e4YUTH OChOBE BiIBEJEHHS POOOYOr0 OpraHy B
HaIpsIMKy MPOTUIICKHOMY JI0 HAIPSIMKY
TPAaHCIOPTYBaHHA Marepialy IpH aBTOMAaTHYHOMY
BiTHOBJICHHI p0O0YOTO CTaHy.

AHaJIi3 0CTAHHIX JOCIII?KeHb

PeBepcyBaHHs  3aKIIMHEHOrO pPoOOYOro  OpraHy
MOXKHa BHKOHATH 33  JIONOMOTOI0  IUIaHETapHHX
3armo0DKHUX TPHUCTPOIB, IO 3a0e3MeuyroTh 3BOPOTHE
MPOBEPTaHHS IIHEKa BiJ] HE3HAYHOTO KyTa IOBOPOTY IO
JeKiTbKOX MOBHUX 00EpTiB 3 HACTYIHHUM BiJHOBIICHHSAM
MOYAaTKOBOTO TMOJIOKEHHS. TakoXX MOXIJIMBUH CIOCiO
OCBOBOTO  BiIBEICHHS  3aKIIMHEHOTO  TI'BHHTOBOTO
poboyoro opraHy 3a JIOMOMOT'OI0 KyJIbKOBHX 3arl001KHIX
MYQT 3 MPOUILHUM BUKOHAHHSIM JIYHOK, SIK IIPH BUXOJI
i3 3a4eIUICHHS, TaK 1 TP 1X BXOJKCHHI.

AHaii3 BioMHX JociipkeHs [1; 2; 3] moka3as, 1o
OCHOBHMMH  HEJOJIKAaMH  ICHYIOYMX  3alO0DKHHUX
MPUCTPOIB, K1 320€3MeuyIoTh peBepcyBaHHS
MepeBaHTAKEHUX POOOYMX OPraHiB € iX KOHCTPYKTHBHA
Ta TEXHOJIOTIYHA CKJIaJHICTD, BEJINKA
MaTepialoMIiCTKICTh, HEHAIIHHICTh B poOoTi. Takox BOHU

MaloTh 3Ha4yHi Ta0apuTHI po3Mipu, a mpu iX poOoTi
BHUHHUKAIOTh BEJIHKI JMHAMIYHI HaBaHTa)KEHHS, BHACIIIOK
3HAYHUX CHJI IHEpIii BeJCHHWX JIAHOK MPHUBOLY Ta
poGodoro opraHy 3 aBTOMATHYHUM BIJHOBIICHHSM HOTO
ITOYaTKOBOT'O TIOJIOKEHHS.

Meta gocigKeHb

[MinBumenHss  eQeKTUBHOCTI (byHKIIOHYBaHHS
IBUHTOBUX KOHBEEPIB B  EKCTPEMaJIbHUX  YMOBax
eKCIUTyaTallli IUIIXOM PO3POONICHHS Ta OOIPYHTYBaHHS
parioHaTBEHIX mapameTpiB 3armo0iKHOT Myt
LIHEKOBOT'O POOOYOr0 OpraHy.

Pe3yabTaTn nociigxeHb

Jliss BUpINICHHS MOCTABJICHOI 3aaadi po3poOJeHO
KOHCTPYKIIIO 3ar00KHOT MypTH T'BHHTOBOIO KOHBEEpA.
Ha puc. 1 mokasana cxema ii pobotu. IIpu 3aximHeHHI
poboyoro opraHy BiIOYBa€eTbCs OCHOBHE PO3UYCIUICHHS
niBMy(T, TOOTO 3HIHCHIOETHCS BUXIJI KYJbOK 3 JIYHOK Ha
BenmunHy h mo uniHil ab, mo cnpuyuHsIE PO3MHKaHHS
KiIHEeMaTH4YHOrO  JIaHIfora mnpuBoxy. Jlami  KyJIbKu
HEePEeMIlIAI0ThCS 110 MOXHINX POOOYNX KaHaBKaX (3 KyTOM
Haxuny f) Benenoi miBMy(TH (JTiHis D), 1 TakuM YrHOM

«M’sIKe» OChOBE BIJIBEICHHS
Oprany Ha MaKCHUMAaJbHY
CYTTEBO 3MEHIIyE JAWHAMidHE

3IIMCHIOETbCA  IUIaBHE
TBHHTOBOTO  poOOYOro
BENMYUHY X,, IO

HaBaHTa)XEHHS Ha TIPUBII KOHBeepa. Bnacmigok
MOJaIbIIoro oOepTaHHs Bexydoi MiBMYy(DTH KyJIbKH
3aX0/ATh Y II0YATKOBE IIOJIOXKEHHS, PyXarouuch MpH
LIOMY MO MOXWJIMX 3BOPOTHUX KaHAaBKaX 3 KyTOM HaxWiy
¥ Ha TOpLEBil moBepxHi BeaeHol miBMydTu (ninis de) i
3IIHCHIOEThCS TIEPEMIIIEHHs ITHEKAa Ha BEJNMUMHY X;,

TOOTO BiOYBaeThCS IUIABHE BiTHOBICHHA pPOOOYOro

CTaHy TBUHTOBOTO KOHBEEpa.

IIpn BHU3HA4YEeHHI KOHCTPYKTHBHUX IIapaMeTpiB
3ano0iKHOT My(GTH TBHHTOBOTO KOHBEEpa HEOOXiTHO
BpPaxoOBYBaTH TaKOX [0 JUHAMIYHMX HaBaHTa)KCHb,
aOCoIOTHI 3HA4YeHHS SKAX OYAyTb BIAPI3HATHCS Bij
CTaTHYHHUX.
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Puc. 1. Cxema po6oTH 3amo0ixHOT MyPTH.
Fig. 1. The scheme of operation of the safety clutch.

Jns  1poro  po3rmiIsHEMO — JMHAMIYHY — MOJENb
IpUBOJA, 300paXEHOr0 Ha pHC. 2, IO ONHUCYETHCH
cucteMoro qudepeHiatbHUX PiBHIHB pyxy [4]:

J.o =T, _Cl( 1 _(/’2);
1b, =cle—0,)-T,; (6)
3,0, =T, _Cz( 3 _(/74);
‘]3¢4 =C2( 3 _¢4)_Tr'
ne T, — obeproBuil MOMeHT npusony; I, — obepToBHit

MOMEHT B3aeMmogii miBMydt; T

.\ — MOMEHT OIIOpY Ha Bajy

pobodoro oprady; ¢, — HpHBEJEHAa KPYTHAa XKOPCTKIiCTh

€JIEMEHTIB
niBMY(TOI0;

MPUBOAY MDK JBUTYHOM 1 BEAydYOIO

¢, — TIpUBEIEHa KpyTHA JKOPCTKICTh
€JIEMEHTIB TIPUBOAY MiX BEICHOK IMIBMY(TOIO i BajJoM
pobodoro oprany; ¢, — KyT 3aKpy4dyBaHHS BaJly IPUBOLIY;

@, — KyT 3aKpydyBaHHS Befydoi MmiBMyQTH; @, — KyT

OGepToBuii MoMmeHT B3aemoxii miBMypr T

m
BU3HAyaeTbcs ~ OaraTbmMa  mHapa-MeTrpamu — My(QTu:
TreOMETPUYHIMHU po3MipamMu TiBMypTH Ta npodizem
€JIEMEHTIB 3a4eIUICHHS; JKOPCTKICTIO Ta MOYaTKOBUM
HaTATOM IIPUTHCKHOI TMPYXHHH; Macol pyXxoMmoi, B
OCbOBOMY HAaNpsSMKy, YacTHHM MiBMY()TH pa3oM i3
[IHEKOM Ta YacTWHOIO BaHTaXy; BIUIMBOM CHJI TEpTs
(mpote, TpHW SIKICHOMY 3MaIlleHHI, BiH JOCTaTHHO MaJMi i
HHUM MOXKHA 3HEXTYBATH).

BcranosieHo, 110 3aJIeXKHICTD MOMEHTY
BU3HAYA€ThCA  KOHCTPYKTHBHUMHM,  MAacoBHMH  Ta
MPY)KHAMH ~ XapaKTepUCTUKAaMH  My(dTH, a TaKOX

pI3HHUIICI0 KYTiB B3a€MHOTO IOBOPOTY MIBMy(PT 1 iX
MTOX1THUMH.

Puc.

2. JluHamiyHa MopeNnb 3ano0iKHOT MydTH
IBHHTOBOI'O KOHBEEPA.

Fig. 2. Dynamic model of the safety coupling of the
SCrew conveyor.

[Ticns miACTaHOBOK Ta BIAMOBIAHUX TEPETBOPEHB
OTPUMAHO BUpa3 JUIsS BU3HAYCHHS 0OEPTOBOrO MOMEHTY

T

3aKpydyBaHHA  BeieHoi  miBMydTH; @, —  KyT m
3aKpyJyBaHHs Bally poOouoro oprany; J, — 3BeneHHI T = M; (1)
MOMEHT iHepmii mnpuBony; J, — 3BEIEHHH MOMEHT E
iHepuii Bemydoi miBMydTH; J,, — 3BEIEHMH MOMEHT JIe CKJIaJIOBi TaHOI PiBHOCTI 3aITUITyTHCS:
iHepuii BeneHoi miBMydTH; J, — 3BeleHMH MOMEHT
iHepuii Basry pobo4oro oprasy.
DH . D ’
m = ||rsing,——(p,—o,)
A= (2 ’ 2 ’ ’ |:C1((/)2_¢3)+C2(¢2_¢)3):|. (2)
B ? J J '
rz—[rsin Ho—g(wz—gos)} a 2
DY,. . . D
m(zj ((02 —§03)2|:I'Sln 00 _?((pz —Q, ):|
B=- 2 ; (3)
) . D
r _|:r5|n 60 _E((oz - ¢3\):|
DY, . . . D ?
m(z) (¢, - %){rsm 6~ (2.~ )}
C=- — 4)
2
{ r2 —[rsin 90 _%((pz _(ps):| }
. D
2 r3|n90_7(¢2_¢3)
D:C% /10+h—r+\/r2—{rsin&o—%(@—%)} 2 ; ®)

\/rz {rsin 0, —%(goz —403)}2
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DY . D ?
m[) [rsm 90 _7((02 _(03):|
Eo1s 2 2 [J“”“J. (6)

. D ’
r* —|:rSIn ‘90 _E(¢2 _(03):|

Ha pumc. 3 300paxkeni rpadikd 3MiHH KPYTHOTO
MOMEHTY IpU TIPOBEPTAHHI HIBMY(QT.

IIpu m =8 kr; n =60 006/xB
. . . - . _ \
52 112
a2
32 T
22 1y

0 0,003 0,006 0,009 0,012 tc

a

Ilpum =8 kr; n=140006/x8

T, Hm
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B
IIpum =14 xr; »n =100 00/xB

T, Hm

100

75

45

15

0 0,003 0,006 0,009 0,012 tc
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‘] 21J 22

Ilpu m =8 kr; »n= 100 06/xB

T, Hm
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0
Ilpum =8 kr; »n= 180 00/xB
T, Hm
T,

100

70
T

\T
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10
0 0,003 0,006 0,009 tc

r

Ipu m =20 kr; n= 100 06/xB

T,

0 0,003 0,006 0,009 0,012 0,015 t,c

[~

Puc. 3. I'padixu 3MiHE 00€pTOBOTO MOMEHTY IIPH MIPOBEPTaHHI MiBMY(PT.
Fig. 3. Graphs of torque change when turning the couplings.

Mowment T, =c, (¢, —¢,) xapakTepusye oGepToBHii

MOMEHT NPUBOJY; MOMEHT ], = C,(; — LIE€ MOMEHT, IKHH
BHHHUKAaE B 3aKIIMHEHIH BeleHill miBMy(dTi Ta pobodomy
oprani. [Ipu mpoBeneHHI AOCHIHKEHh OyIU MPUHHSITI
Taki 3HA4YEHHS mapameTpiB: J, =40xrm%;

J,, =0,0157 kr-m?; J,, =0,00925 kr-m?;

¢ =c¢, =1600 Hm/pan; ¢=10000 H/m; h=4,6 mm;
r=12 mm; D=115 mm; o, =15 mm. Ilpu mpomy
gacToTa oOepTaHHS # 3MiHIOBaJach B Jiama3oHi
60...180 00/xB, a Mmaca M — Bixg 8 kr m0 20 Kr.

3 rpadikiB BCTAaHOBICHO, IO 30UIBIICHHS YaCTOTH
o0epTaHHS 7 TIPU3BOAUTH 1O 3POCTAHHS O00EPTOBHX
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MOMEHTIB cucTeMHd. IIpu 3MiHI 4acTOTH OOepTaHHS Bif
60 06/xB 10 180 00/xB 0bGepToBHil MOMeHT T, 3pocTae

Ha 52,3 %, T, 30imburyetscs Ha 59,8 %, a T, 3pocTae

Ha 51,9 %. Takox BCTaHOBJICHO, IO 30IJIbIICHHS MacH
PYXOMHX JIAHOK M  TIPU3BOAWUTH O 3POCTAHHS
HaBaHTa)KEHb Ha IPHBIJ.

Ipu 30inbmeHHi Macu Big 8 kr 10 20 Kr 00epTOBHIA
MomeHT 7', 3pocrac Ha 36,7 %, T, —na 15,6 %,a T, —
Ha 34,5 %.

Jns  mpoBeneHHs — JOCHIDKEHb  PO3pO0JIEeHO
eKCIIEPUMEHTAJILHNN CTEH/T JUIsl BU3HAYCHHS TapaMeTpiB
Ta PpEeKUMIB poOOTH 3amoODKHOT My(TH, SIKHHA
npecTaBiIeHo Ha puc. 4. Bin ckiapaeTbes i3 pamu 10, Ha
SIKIfl pO3MINICHUH TBHHTOBUH KOHBEEp, IO MiCTUTh
HATIPaBJIAIOYY TPYOy 7, B AKill pO3TAIIOBAHUN ITHEKOBHUN
poOounii opran 6. 3i CTOPOHH 3aBaHTXXEHHS MaTepiamy
BCTaHOBJICHHH OYHKep 5, a B 30HI HOTr0 BHUBaHTaXCHHS
BIKHO 3 pPETyJIbOBAaHOIO 3acIiHKOIO 9 Ta rampMma Baly
maeka 8. IlpuBig poOodoro opraHy 3IIHCHIOETBCS BiX
SJIEKTPO/IBUTYHA 3 depes3 3armo0ikay MypTy 4.

Jlns mycKy BUTYHA Ta peryJIIOBaHHS 9acTOTH HOTO
o0epTaHHs BHKOPUCTOBYBAJIM IEPETBOPIOBAY YaCTOTH
Altivar 71 1 nporpamue 3abe3neueHns Power Suite
v.2.5.0.

Meroauka  NpOBENEHHS  EKCIEPHUMEHTAIbHUX
JoCIipkeHs nossirae B HactynHoMy [5-8]. KyckoBuid
a0 cumKWil MaTepian 3aBaHTaXyeTbCs y OyHKep i3
TBHHTOBUM POOOYHMM OPraHOM i TPAHCTIOPTYETHCS Y 30HY
BUBaHTa)XCHHSA. HaBaHTaXXEHHS MOXE 3aJaBaTHCh SK
TabMIBHAM €JIEMEHTOM, TaK i MEePeKpUTTAM MHOEPHOL
3aCIIHKH.

Puc. 4. KoHcrpykTuBHa cxema (a) Ta 3arajJbHUN
purisig (0) creHmy Ui TOCHIDKCHHS KOHBeepa 13
3aro0iHOI0 MY(PTOIO.

Fig. 4. Structural diagram (a) and general view (b)
of the stand for the study of the conveyor with a safety
coupling.

PesynbTaTél eKCIIEpUMEHTATBHUX JOCHIDKEHb MPHU
CHpanioBaHHI 3amo0DKHOI My(pTH y BHIVIAI KPUBHX

3MiHHM YacTOTH O0OepTaHHS NPHBIIHOTO Baly, KPyTHOTO
MOMEHTY Ta TOTY)XKHOCTI (iKCyIOTbCS Ha JucIiel
KoMI'foTepa. 3MIHIOIO-YM Ti YH IHOI TapaMeTpH
BCTAQHOBJIIOBAJIM BIUIUB Ha 3HAYCHHS KPYTHOTO MOMEHTY
T Ta motyxHOCTi ABUryHa N B 3aJIe)KHOCTI BiJl 9aCTOTH
obepranHs  poboworo oprany N  mpu  Horo
TepeBaHTaKEeHHI. Hns o0yA0BH rpadiyHux
3aJIe)KHOCTEH BUKOPHCTOBYBAJINCH MIKOBI (MaKCHMalIbHi)
3HAUEHHS OTPUMAHMX B PE3YNbTaTi JOCIHIIKEHb JAHUX.
Jocniay npoBOANINCH /ISl YOTUPHOX 4acTOT 0O0epTaHHS
pobouoro oprany, a came: N = 60; 100; 140 i 180 06/xB.

Ha puc. 5 npexacraBieHi pe3ysibTaTH ITOPiBHSIHHS
TEOpeTHYHHNX (CyHiIbHA JiHisA) 1 (WITpuUXoBa JIiHisA)
JIOCTIDKeHb 3amoOiKHOI My¢TH. BcTaHoBmeHO, 1m0
MoXHOKa MK pe3yimbTaTaMH MPOBEIECHUX TOCHiIKCHb
3HAXOJUThCA B Mekax 4,5...18,6%.

Lt D=145 mm -
BOV———d=12 mm = -
h=4,6 mm e
710 e=10000 H/m i
g=15mum 7
G ——m=8 ke ;"”4__’4
/
il 7
s
7~
50 =t
60 00 o 160 n ao/x6

Puc. 5. I'padix 3MiHE 00EpTOBOTO MOMEHTY Bix
3MiHH 4aCTOTH 00epTaHHs poOOYOro OpraHy TBUHTOBOTO
KOHBeEepa.

Fig. 5. The schedule of change of a torque from
change of frequency of rotation of a working body of the
SCrew conveyor.

TakuMm 4YHHOM, 3a pe3yJbTaTaMd IOPiBHUIBHUX
JOCTIDKEHb BCTAHOBJICHO, IO MOIEPEIHBO MPOBEACHHUI
JTUHAMITHHAN PO3paxyHOK 3armo0iHOT MydTa
TBUHTOBOIO KOHBEEpa aJCKBATHO BiJOOpaxkae peasbHi
MIPOIIECH CTIPAIIOBAHHS PO3p00JIeHOT 3amo0ikHOT MyPTH
B EKCTPEMAIIbHUX YMOBAX eKCIUTyaTallii.

BucnoBku

1. Ha ocHOBI NpOBEAEHOr0 MaTeHTHOTO OIVIAY, Ta
AHAN3Yy ICHYIOUMX KOHCTPYKTHBHO-TEXHOJIOTTYHHX CXEM
3aIPOTIOHOBAHO HOBY KOHCTPYKIIO 3amoObKHOI My(hTH
TBUHTOBOTO KOHBEEpa sIKa Yy BHIAIKy BHHHUKHEHHS
TIEPEBAHTAKEHHS JI03BOJISIE 3/1IMCHUTH OChOBE BiJBENICHHS
IIHeKa B HANpsSMKy MPOTWIEKHOMY [0 HalpsSMKy
TPaHCIIOPTYBAaHHS ~ Marepialy IpH  aBTOMaTUYHOMY
BiTHOBJIEHHI POOOYOTO CTaHy.

2. TlpencraBneHa cxema poOOTH 3aro0DKHOT My(TH
TBUHTOBOT'O KOHBEEPA, MIPOBEICHUI JAHAMIYHAT
po3paxyHok ii pobdoTtu. Ha OCHOBI SIKOTO BCTaHOBJIEHO, ITIO
30UTBIICHHST YacTOTH 1i OOepTaHHS # TPU3BOIUTH JIO
3pOCTaHHS O0CPTOBHX MOMEHTIB CHCTEMH. TaK, MpU 3MiHi
yacTotTn oOepTaHHA Myt Bim 60 00/xB mo 180 06/xB
obeproBuii Moment I 3pocrac Ha 523 %, T,

30inpLIyeThes Ha 59,8%, a T, 3poctae Ha 51,9 %. Takox

BCTaHOBJICHO, IO 3OUTHIICHHS Macd PyXOMHX JIaHOK M
MIPU3BOJIUTE N0 3POCTAHHS HABaHTaKCHb HA mpuBin. [Ipu
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30inbenHi Mack Bin 8 kr 1o 20 kr oOepToBuii MOMEHT T,
3poctae Ha 36,7 %, T, Ha 15,6 %,a T, Ha 34,5 %.

3. Takox NpeICTaBICHUM CTEH]L ULt
eKCIIepUMEHTAITFHIX BUTIPOOYBaHb MEXaHI3My Ta TIPOBEICHO
TIOPiBHSAHHS OTPHMAaHNX TEOPETUIHHX Ta

eKCIePUMEHTATPHAX ~ JOCTIHKEHh  POOOTH  3armoObKHOT
My(TH TBHHTOBOTO KOHBeepa. BcraHoBieHO, mo moxuOka
MDK pe3yJIbTaTaMi TPOBEACHNX JOCHTIHKEHb 3HAXOUTHCS B
Mexax 4,5...18,6%.
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JUHAMUWYECKHI PACYET BUHTOBOI'O
KOHBEWEPA C ITPEJJOXPAHUTEJIbHOI
MY®TOU
A. H. Tpoxansax

AnHoranusa. B cratee mpexacraBieHa cxema
paboTBl BHHTOBOTO KOHBeHepa C IpEIOXpaHHUTEIbHOM
My(TOH, TPOBEACHHBIH JWHAMHUYECKHH pacyeT ero
paborsl. IlpencraBieHsl rpaduyeckie 3aBUCUMOCTH, MO
pe3yiabTaTaM KOTOPBIX MOXHO HCCIEIOBAaTh BIIUSHHUE
Pa3NUYHBIX IapaMeTpPOB CHCTEMBI Ha JUHAMHYECKHE
Harpy3ku B IIPMBOJHBIX 3BEHbX KOHBeillepa. Takxke
MIPECTaBIICH CTeHI I 9KCIEPUMEHTATBHBIX
WCIBITAHWH MeXaHW3Ma ¥ TIPOBEJCHO CpaBHEHHE
MONTyYCHHBIX TEOPETHYECKUX M OIKCIIEPUMEHTAIbHBIX
HCClieoBaHUA  paboTel  BHHTOBOTO  KOHBeHepa C
MIPEAOXPaHUTEILHON My(QTOM.

KitoueBble cjioBa: BUHTOBOM KOHBeiWep, IIHEK,
My(Ta, KaHaBKa, KPYTSIIUA MOMEHT.
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DYNAMIC CALCULATION OF SCREW
CONVEYOR OF SAFETY CLUTCH
O. M. Trokhaniak

Summary. The article presents a scheme of screw
conveyor of the safety clutch, the calculation carried out
by a dynamic of its work. Graphically depending is
present on the results of which can investigate the
influence of various parameters of the system on the
dynamic loads in the drive links of the conveyor. Also
presented stand for the experimental test engine and a
comparison of theoretical and experimental research
work overload clutch of screw conveyor.

Keywords: screw conveyer, screw, clutch, groove,
torque.
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AHoTamis. 3 MeToI0 3a0e3NeUCHAs HOPMOBAHOTO 1
PIBHOMIPHOTO BHYTPIITHEOTO CEPEIOBHINA B NTAITHUKY,
JUI BENWKUX BHUPOOHHITB, HEOOXiTHI HOBI CHCTEMH
BeHTIWIANII. B pamkax mporo mociimkeHHA OyIo
MIPOBEJICHO YHCEJIbHE MOJICNIOBaHHSI OOKOBOI CHCTEMHU
BEHTWIAII] B MTAIIHUKYy Yy 3UMOBHUH mepiox poky. B
pe3yabTaTi OTPUMAHO MOJISA INBUAKOCTEH, JIHIN TOKY i
TUCKIB y nTamHuky B 3D mocraHoBii. 3HaiigeHo, 110
NIPUILTMBHI KJIalaHa siki po3MillytoThesi Ha Bucoti 200
MM BiJ HEpPEKPUTTS MPALIOIOTh 3HAYHO €¢(EKTHUBHIIIE
HDK B TpaAWIiiHIA moctaHoBHi Ha BUCOTI 400 MM.
MoHTaxX CTiH i3 BHYTpIIHEOTO OOKy KapKacy
NTAITHAKA, a TAaKOX 3MEHIICHHS BUCOTH IEPEKPUTTS
MTOKPAIIYIOTh a¢POJANHAMIKY B ITAITHUKY.

KualouoBi ciaoBa: uyucenbHe  MOJETIOBAaHHSA,
aepoaMHaMIiKa, MTAIIHUK, OOKOBa CHCTEMa BEHTHJISILIT,
NIPUILTUBHI KJ1anaHa.

ITocTaHoBKa npodaeMu

TermoBuit peXUM NTAIIHUKIB € OXHUM i3
BHpIIIATEHUX (axkropis, SIK1 BH3HAYAIOTh
MIPOYKTUBHICTH Li€T rayry3i TBAPUHHUITBA. Y TPUMAHHS
NTHLI B XOJOJHHUX, BOJOTMX MPUMIMIEHHAX 3
HE3aJIOBIIBHOI0  BEHTWIALIEI0  TPHU3BOAUTH [0
3MEHIIEeHHs npupocTy ii Baru Ha 20-30 %, 3HMKEHHS
HecyvocTi Ha 3035 % Ta miABHIICHHS 3aXBOPIOBAHOCTI
MOJIOTHSIKY B 2—3 pa3H, a TaKOX MEPEBUTPAT KOPMiB Ta
MEPEBUIICHHSI CTPOKIB BHPOIYBaHHS, BCTAHOBIICHUX
300TE€XHIYHUMH HOpMaMH. TeIIOBHI PEXKUM NTAITHUKA
BCTAaHOBJIOETHCS B Pe3yJIbTaTi  TEIUIOOOMIHHUX
MIPOLECIB, IO MPOTIKAIOTh K BCEPEANMHI NMPUMILIECHHS,
Tak 1 uepe3 HOro 30BHINIHE OrOPOJUKEHHSA. BiH
(dopMyeTbcs TiJ BIUIMBOM CHCTEMH OIIJeHHS Ta
BEHTWIALIT 3aJIS)KHO BiJl METEOPOJIOTIYHHX NapaMeTpiB
30BHILIHBOTO TIOBITPS i TEIIOTEXHIYHUX
XapaKTEepUCTHK Oy 1IBEIbHUX KOHCTPYKIIIH.

Ha puc. 1 300pakeHo TpagumiiHy KOHCTPYKILi
NTalIHUKA. Y Hifl CTIHM pO3TamIOBaHi i3 30BHIMIHBOL
CTOpOHM OETOHHOTO Kapkacy. Ilepekpurts He €
3MeHIIeHUM. TakuM YMHOM aepoArHaMiKa Cepe/IOBHIIA
B NTAIIHUKY € TOTipmeHor. BimOyBaroTbes 3acTiiiHi

30HH TMOBITPSHOTO TMOTOKY, IO IPU3BOIATH IO
3aXBOPIOBAHHS NTHUIII Ta iX HEBIIOBITHOTO YTPUMAaHHS.

Puc. 1. ®parmeHT TpagumiiHOI KOHCTPYKIIT
IITalllHUKa 3 NPpUIUIMBHUMU  KJIallaHaMU 60KOBOIT
BEHTHIIALT.

Fig. 1. Fragment of a traditional design of a poultry
house with supply valves of lateral ventilation.

Tomy po3pobka BIOCKOHAJIEHUX OOKOBUX CHUCTEM
BEHTWISIII € aKTyaJbHOK MpoOJIEMO 1 TMOTpedye
CBOT'O BHUPILICHHS.

AHaJII3 0CTAHHIX JOCTIIKeHb

ABtopamu [1] Oynm mpoanamizoBaHi edeKTH
Bucotu (0,4 M, 0,55 M, 0,7 M, 0,85 Mm i 1 M) i iHTepBaIiB
6 ™M 9 M 12 M, 15 M i 18 M) nmedmextopiB Ha
OIBUJAKICT 1 PO3MOJIT TOBITPS B KIITKOBHUX 30HAX.
JocnijpkeHHsT TOKa3zayo, 1o JAeGIEKTOPH MOXKYTh
3HAYHO HANpPABIIATH HOTIK MOBITPS BHU3. 30UIBIIyBaTH
IIBUJKICTH MOBITPSI B KIITKOBHX 1 HPOXiAHIA 30HI Ha
0,66 m/c 1 0,91 m/c BimmoBigHO, HiX 0€3 AeQIEKTOPIB,
Ko gedaexTopu Oy 3aBBUIIKH | M 3 iHTEpBaa 6 M.

ABTOpH y myOmiKkarisx [2-4] 3amponoHyBaan HOBY
CHCTEMY OXOJIO/DKEHHS B ITALIHUKY 3 BUKOPHUCTaHHAM
TEMJIOOOMIHHMX arnapaTiB clieiaabHoi KOHCTPYKIIT [5-
8]. IlpoBemn CFD MmopentoBaHHsS TOTOKIB TOBITPS 1
TeIJI0- MacooOMiHy B MPHUMILIEHH] NTalIHUKa. B HUX B
SIKOCTI ~ OXOJIOJUKYBaya  BHKOPHCTOBYETHCS — BOJa
MiI3eMHUX CBEPJIOBHH. JlaHO peKoMeHallii mo BUOOpy
KOHCTPYKIIi CHCTeM BEHTWIALII B NTalmIHUKax. B
MPOAOBXKEHHI  maHux  mociaimkens [9]  aBropu
ONTHMI3yBaJM  BHCOTY BHUTSDKHHX  BEHTHIISITODIB.
TToka3aHo, 10 BEHTHIIALiHE OOJaJHAHHS OIIBHO
BCTaHOBMIOBAaTH Ha BucoTi 1,5 ™. Ilpu 1pomy
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BeIMYMHA  3acTiHHUX  30H  Ta
pO3MOMIMY  HIBHAKOCTI  TOBITPS

3MEHIIYETHCS
HEPIBHOMIPHICTh
MOONH3Y NTHUII.

3 MeTor 3HWKEHHS BHUTpPaTH CHEprii Ta
MiABUINCHHA  SKICHUX  IIOKAa3HUKIB  TOBITPSHOTO
cepenoBUIIa i Yac 3a0e3ledeHHs] HeOOXiTHUX yYMOB
YTPUMAaHHS OTHULI [10] aBTOpHU IIPOBEIU
eKCIIEpUMEHTaJIbHI ~ JIOCHI/DKEHHS  Ta  YHCEJIbHE
MOJeNIoBaHHsA. B mpomeci jgociikeHb JOCATHYIH
3MEHIICHHS ~ CHEpProBUTparT Uil 3a0e3redeHHs
MIKpOKJIiMaTy TMiJ 4Yac BHUPOLIyBaHHS Opoiiiepis.
ITigBuimmim SIKICTB MOBITPSTHOTO cepenoBuIIa
MTarHAUKIB. Jlamo 3MOTy 3MEHIINTH BUTPATH KOPMIB Ta
BTPAaTH TOTONIB'A NTHII i, SK Pe3yIbTaT, ITiJBUIIUTH
eKOHOMIUHY e(EeKTHUBHICTh BHUPOOHHWIITBA Ta SKICTH
TOTOBOT MPOIYKIIii.

Asropu [11, 12] BBaxkatoTh, MO MeTOJ OOKOBOL
MEXaHIYHOI CHCTEMH BEHTHJIAIII € OUThIl epeKTHBHUM
MOPIBHSAHO 3 iHIIUMK Metonamu. MonemoBannsi CFD
MoKa3ajy IUPOKUHN JAiana30H Bil 3HAYCHb MIBUIKOCTI
MMOTOKY TMOBITPs. BigHOCHO MIBHMIKOCTI TOBITPS B
NpUMILIeHH] OyJu 3po0JeHi Ba OCHOBHI BUCHOBKH: | -
HaJIMipHa HEOJHOPIJHICTh B IUIOIIMHI, Ie 3HAXOAMUIUCS
TBapyWHM; 1 2 - HEAOCTATHIN PyX MOBITPs, MO0 BHECTH
CBilf BHECOK B TEPMOPETYJISIIFO 3 IITHIII.

B po6ori [13] mpencrasneHo pimenas CFD mns
pisHEX KOH(QIrypamiifi mOTOKy 1 (OpMH NTAIIHHKA.
Edextn momepedHoi 1 MO3MOBXKHBOI  BEHTIUIALII
MOETHYIOThCST 31  3MiHAMH  HANpsIMKIB  BXIiTHUX
MOBITPSHUX TMOTOKIB, a TaKOX 3 pPi3HOK (HOPMOIO
MONIEPEeYHOr0  Tepepisy, OTPUMaHOi 3a JOIOMOTIO0
KianaHiB. B naHiii poOoTi poO3risnaeThCsi KOHCTPYKIiS
NTAIIHUKA TaKUM YHHOM, LIO CTiHM DPO3TallIOBaHI Ha
30BHIIIHIA  CTOpPOHI  OCTOHHOTO  Kapkacy. Taka
KOHCTPYKIIisSl TOTIpUIyE aepoJMHAMIKy B CepeanHi
nramHuKa. J{yxke 0arato 3acTiiHUX MOBITPSHUX 30H. 3a
paxyHOK BHCOKOTO TEPEKpUTTS, TEIUI0 Yy 3HUMOBHI
niepiof; 3ocepemkene Hax nrunero. 1o cympoBomxye
30UTBIICHHS ~ €HEPreTHYHHX  BHUTPAT HA  HArpiB
TIPUMIIIICHHS.

Meta gocaixKeHn

MogepHizalisi KOHCTPYKIIii NTAIIHMKA, IOLIYK
e(eKTUBHOTO pO3TallyBaHHS MPUILIUBHUX KIANaHIB Ta
BIOCKOHAJICHHS aepOJMHAMIYHUX XapaKTePHCTUK B
NPUMIIIEHH] NTAIlHUKa 33 JOMOMOTOK YHCEIBEHOrO
MO/ICTIFOBAHHS.

Pe3yabTaTn gocaixkeHb

3rigHo TEXHIYHOTO 3aBJIaHHSA BHUKOHAHO
IF)KEHepHUH PO3paxyHOK MOBITPOOOMIHY y 3MMOBHMA
nepiof poky. Jlis BHIOANeHHS BYIJIEKUCIOrO rasy,
BOJSHUX TapiB Ta WIKAJIMBUX JOMIIIOK HEOOXiTHO
3a6€3MeunTH BUTPaTH NOBITPA 6nm3bko 155 e M3/ron
IIpy 30BHiIIHIA Temneparypi -10 °C.

I'eomerpist moOynoBaHa B peanbHUX po3Mipax. s
3MEHIIEHHS PO3PaxyHKOBOTO dYacy B CepeiuHi o
JIOBXHHI TPUMIIIEHHS 3aCTOCOBaHO cuMeTpiro. ToOTo
MOJICTIIOBAHHS IPOBEAEHO JIMIIE JUIS  ITOJIOBHHH

NTalrHAKa. PoO3paxyHKW TIPOBEIEHI TpH  BUTpaTi
noBiTps 45,2 kr/c. Temneparypa 30BHIITHBOTO TOBITPS
npuiiMaeTscst piBHOIO -10 °C Ta BBOAATH HapameTpu
TEIUIOBOTO BUIpoMiHIOBaHHS. CTiHM BUKOHaHi 3 OeTOHY
Ta yTemnedi miHomiacToM 35 kr/M®  TOBIIMHOIO
BimnmoBigHo: 60/150/60 wmm. IlokpiBis HammiieHa
ninonosiyperanom 100 mm 45 xr/m3. Tlijyiora yrernena
niHononictuposioM 45 kr/m3  ToBmmHOoro 100 MM Ha
LIMPHHY 2 M BiJ] CTIHM N0 TIEPUMETPY NTAIIHHUKA, peITa
wromi — 50 mM. JloBxuna nramuuka 120 M, mmpuHa —
22,36 M (guB. puc. 2). Y nraxiBHHYHX NPUMIILEHHAX
NITHLS TIPH IT1IJIOTOBOMY YTPUMaHHI B KijbkocTi 41 Tuc,
Maca — 3.3 kr. BoHa € mpkepenoM TeIUIoTH i BignoBigae
+41 °C. BUKOpPHUCTOBYEThCS BEHTWIALIMHUN KIanaH
Wilotpowietrza 857x337 mm 3000-VFG Przepustowocs
2900 m3/ron. Bouwu po3TamioBaHi Ha OIYHHX CTiHKax B
3aranmpHifl kimpkocTi 79 mr (puc. Sa). Ilepmi 10
BEHTIJIAIIITHAX KJIamaHiB po3TamoBaHi Ha Bucoti 0,2 M
Bix mnepekpurts (aumB. puc. 30, puc. Sa). Pemra
KJanaHiB Ha BHCOTI 0,4 M Bix mepekputTTs (IUB. puc. 3a,
4, 5a (HS5)).OmHuM i3 KOHCTPYKTOPCBKHX pIlLIEHb €
BCTaHOBJICHHS, HaJl IPUIUIMBHUMHU KJIallaHAMU, CHOIep
min KyToM Haxwiy 75° Big Beprtukami (auB. puc. 4
(A20)). Hopxwmna cmnoinepa 0,8 M (L9). Bursmkai
BeHTIUIIATOpH Munters EM50 1,5 Hp B 3arambwiii
KimpkocTi 18 mT. Y  3uMOBHEI mepiom  poky
BUKOPHCTOBYEThCI 6  mT. 13  TPaAWIiHUM
po3TanryBaHHsIM (AuB. puc. 50), y BEpXHBOMY psIi
3MiIeHi Omkde 10 HeHTpy. Taki BeHTHIATOPH MOXKYTh
BUTPUMYBAaTH MaKCHMaJIbHE JIOBrOTpHBaJe
HaBaHTakeHH: 110 58 Ila.

11195

3900

2220

22360 [

Puc. 2. 3anponoHoBaHMi MJIaH KOHCTPYKTUBHHUX
PO3MIpiB NTAIIHUKA B TIONIEPEYHOMY Iepepi3i.

Fig. 2. The plan of the constructive sizes of a
poultry house in cross section is offered.

1423

Puc. 3. Micus posramryBaHHS KJIANaHIB MO
MO3/I0BXKHIX CTiHAX: a — Majl KiamaHd, 0 — KianaHu
TYHEJIBHOT BEHTHIIAIII.

Fig. 3. Locations of valves on longitudinal walls
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Ha puc 4 cxemMaTHYHO MOKa3aHO BHIIILL 300Ky
KyTa Haxwly KiamnaHa. KOHCTPpYKTHMBHO cxema
BEeHTIIALI] mMoOymoBaHAa Tak, MO I HOpMai3amii
aepoAWHAMIYHIX MapaMeTpiB y MTAaITHUKaX B 3UMOBHMA
mepiox  poKy TMOTIK TMOBITPS  NOCATaB  LEHTPY
puMiIIeHHs. BUKoprucTaHHS JaHOTO cIToco0y T03BOJIIE
3HM3UTH BTPAaTH THUCKY TPHUIUIMBHOTO TOBITPS B
NpUMiLIeHH] nTamHuka. ToMy BHECEHO KOHCTPYKTHBHI
3MiHM, IIMPUHY OpUMINIeHHS 30utbmieHo 3 21 M, B
TpamuIliifHid TOCTaHOBI, 10 22,36 M B HOBIH
noctanoBli. Ha puc. 4 mnokazaHO MaKCHMallbHE
BimKkpuBaHHs KianaHa Ha 0,1 M (H16).

|| Dimensions: 7

A20 255°
e H16 oim
H16 HS 04m
11 0002m

3 12 0,002m
114 0,04m ©
dE /:D‘& 19 0,08 m =y

\,Lm 0,000 0,050 0,100 (m)
I .
0,025 0075

Puc. 4. Kyrn Haxwiy NpUILIMBHHUX KIATIAHIB Ta
croitnepa.
Fig. 4. Tilt angles of supply valves and spoiler.

o R T

Puc. 5. BokoBa (a) Ta 3aaHs TopueBa (0) CTIHKH
ITaloHUKA.

Fig. 5. Lateral (a) and rear end (b) walls of the
poultry house.

KinbkicTh €JeMeHTIB Ta rpaHeil JOCTaTHRO BEIINKA
(Tabn. 1). BpaxoByioun BelMKi po3MipH NpHUMIIIEHHS,
po3Mip ereMeHTa Ta TpaHi 30UTBIICHO HE Ha OaraTo i3-3a

-

OOMEXEeHHS ~ IPOAYKTHBHOI  Ta
MTOTY>KHOCTI KOMIT TOTepa.

PpO3paxyHKOBOL

Tabmuusa 1. Ilapamerpm moOymoBW CITKH s
MITaXiBHAYOTO MPHUMIIICHHS.

Table 1. Parameters of construction of a grid for a
poultry house.

[TapameTpu HaCTpoOIKU ITokazHuk
HOK?)K‘II/IK sIKocCTi ciTku (orthogonal 0,234
quality)

KinbKicTh eieMeHTIB, T 3812864
KisnpkicTh By3:iB, T 4005172
Merton CutCell
MakcumanbHUI po3Mip TpaHi, M 0,11
MiHiMaJIbHUH pO3Mip IpaHi, M 0,0275
MiHimansHHI po3mip enemenTa 0,0276
MIPUILTMBHUX KJIalaHiB, M
MiHiMalIbHUNA PO3MIp eleMeHTa 005
BUTSHKHHX BEHTHISITOPIB, M '

Ha puc. 6 300paxkeHo mnoOynoBaHy CITKY

MITaXiBHUYOTO TPUMIIIEHHS 3 (pPOHTAIBFHOI Ta OOKOBOI
CTOPOHH, OTBOPH TPHUILIMBHOTO TIOBITPS Ta BXIiTHUX
Bopit. CiTKa JeIo 3MEHIICHA BiTHOCHO PEMITH IDIOLNIi
cTinku. JlaHi 3aX0oAM 3aCTOCOBaHI IS TMOKPAIICHOTO
po3paxyHKy rigpommHamikd.  Takox — 3miHCHIIH
3BI3KY 3

STYNICHHSA CITKH MOONHM3y MiIJIOTH Yy
pO3TAalIyBaHHIM Ha Hil ITHII.

[
§
Puc. 6. Citka 3 6iuHOi cropoHu (a) Ta i3 3agHBOT
TOpIIEBOT CTOPOHH (0) MTANIHUKA.
Fig. 6. Mesh on the side (a) and on the rear end
side (b) of the poultry house.

BHKOpUCTOBYIOUM METOJ KIHIEBHX €JIEMEHTIB
Mo0OyZ0BaHO PO3paxyHKOBY CiTKy 3D B mporpamMHomy
komiuiekci ANSYS Meshing nnst po3B'sizky 3azmau
TiIPONMHAMIKM 1 TEIUIONIEPEHOCY B NTaXiBHUUOMY
npuminenHi. B pesynbraTi moOynoBH pi3sHOMaHITHHX
CITOK JUIi YHCEIBHOTO  MOJICNIIOBaHHS, BHOpaHO
HAWOUIBII ONTHUMANBHI Ta SKICHI, IO MJAlOTh 3MOTY
OTpPUMATH JOCTOBIPHI Ta TOYHI Pe3yJIbTaTH PO3PAXYHKY
BEHTHW/LILIIHUX IOTOKIB y NTalIHMKY. MopeoBaHHS
MPOBOMIOCEH 6€3 I01aTKOBOI CHCTEMH OIIaIeHHSI.
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Pyx B’s13k01 pinunau abo rasy (MOBITPsI) OMKCY€EThCS
CHCTEMOIO  piBHSHB, sIKa  BKIIOYA€  PiBHAHHA
HEPO3PHUBHOCTI 1 PiBHAHHA 30€pPEeKEHHS KUTBKOCTI pyXy
B IIPOEKIISAX Ha OCi KOOpAWHAT. SIKIIo pyX cepenoBUIa
CYIPOBOIKYETbCSA  TEIUIONEPEHOCOM, 1O  CHCTEMH
Ha3BaHUX PiBHSAHB J00ABIAETHCS PIBHSIHHS 30€peKECHHS
eHeprii (piBHSHHS TEIUIONEPEHOCY).

B ocHOBI MaTeMaTH4HOi MOJENI JIe)KaTh PIBHAHHS
Hap'e-Ctokca 1 piBHSHHS TepeHOCYy €Heprii s
KOHBCKTHBHHMX Te4iil. Y pO3paxyHKax 3acTOCOBaHA
Mojenb TypOymeHTHocti Crnanmapra-AiuiMapaca Ta
Mojienb BunpomintoBanHs Discrete Ordinates.

HaBezneHi pesynpTaTH YHCENBHOTO MOJCTIOBaHHS
nramHuKa B 3D, [Ki Jal0Th MOKIIMBICTh TIOPIBHATH TPH
PI3HOBHIM BIAKPWBAHHS KJIaMaHiB Ipu OOKOBIiH cucTemi
BEHTWIALI] NTamHuKa. J{Is NpOBEAEHHS YHCEIHEHOTO
MOJICIIOBAHHS, TMOINEPEIHBO 3IIHCHIOIOTE TO0YAZOBY
citrku 3D MeromoM kiHneBux enemeHtiB B ANSYS
Meshing.

Ha puc. 7-12 noka3aHo pe3yiabTaTH YHCEIHHOTO
MOJICTIIOBaHHSl MTAallHMKAa Ha JBOX JUISHKAax II0
nmoBkuHI mpuMinienHs — 10,3 M. 1 52,3 M., npu BUTpaTi
noBiTps 45,2 kr/c.

NNSYS

Temperature
Caontour 1
15.000
13.529
12.059
10.588
9.118
7.647

6176
4706 &
3.235
1.765
0.204
1176
2,647
-4.118
5,588
-7.059
-8.529 I_..
-10.000
€]

[ 2000 4000 (m)
1.000 3.000

IARKY &)
Temperature
Contour 1
15.000
13.629
12.059
10.588
9.118
7.847

-8.529 .
-10.000

0 2000 4000 m)

Puc. 7. Tlone temneparyp (°C) B mnpuMmilieHHi
MTAallHKKA [PYU BUTpaATi HOBITps 45,2 Kr/c Ha BimcTaHi
BiJl MepeaHboi TOpieBol crinku: a — 10,3 m; 6 — 52,3 m.

Fig. 7. Temperature field (°C) in the poultry house
at an air flow rate of 45.2 kg/s at a distance from the
front end wall.
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Puc. 8. Ilosne mBuaxocTed (M/C) B NpHUMIilEHHI
NITalIHMKA NPU BUTpaTi MoBiTpst 45,2 kr/c Ha BijcTaHi
BiJl mepeIHbOi TOpIeBol cTinku: a — 10,3 M; 6 — 52,3 m.

Fig. 8. Velocity field (m/s) in the poultry house at
an air flow rate of 45.2 kg/s at a distance from the front
end wall

Ha puc. 7 noka3aHo HoJie TeMIepaTyp B NTALIHUKY
Ha BigcraHi 10,3 M. (puc. 7 a) moBiTps sIKE 3aXOAUTH B
NpUMIIEHHs, IUIABHO  HAmpaBieHe 1O  LEHTpa
MPUMIIICHHS | MUHAIOYA OCHOBHUN MacuB NTHUI. A Ha
Bifcrani 52,3 M. (puc. 7 0) 1o JOBXKHHI NPUMIIICHHS
TaKoi KapTHHH HE CIIOCTEpiracThcs. X0JI0AHE HOBITPS 3
TemrepaTypor Big -5 go -2 °C HampasiseTbes JI0
LEHTpPa IPUMIIIECHHS | OMHBAE MTHIIO.

Ha puc. 8-9 mnokazaHo rizpognHamMiKy MOTOKY
MOBITPs B NTAIIHUKY. SIK y)Ke 3rajyBanoch BHIIE, HOTIK
MOBITPS ~ HAMpaBIeHWt y  Tropy  NPUILIMBHUMH
ki1anaHamMu. OfHaK 3a paxyHOK MajHMX THCKiB 1
IIBUJIKOCTEH HA BXO[i, MOBITPS MICISA MPOXOMKCHHS
TPETHHH NPHUMIICHHs Najae BHU3. JIWIIe KiamaHu sKi
3HAXOMAThCss Ha Bucori 200 MM. BiX MEPEKPUTTS
(puc. 8 a, puc. 9 a) MmIABHO MNPOXOJHUTH MNOOIHU3Y
MMOBEPXHI TEPEKPUTTS 1 HANPaBISEThCS OO0 ICHTPa
npuMinienss. Kiananu siki 3Haxoa1Thest Ha BucoTi 400
MM. BiJl IEPEKPUTTS HE DAIOTh Takoro edexry. Lle moxke
OyTu BU3BaHO 30YPEHHSM sIKe BiIOYBA€THCS 38 PaXyHOK
BeNMMKNX 00’eMiB mpuMimeHHs. CepenHsi IIBUIKICTH
TIOBITPsl HA BXOJIi TPH CTAaHOBUTH 9,63 m/c.
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Puc. 9. JliHii Toky (M/C) B MPUMIILEHH] NTalTHUKA
npu BUTpati moBiTps 45,2 kr/c Ha BiAcTaHI BiA
nepeHbo1 TopieBoi cTinku: a — 10,3 M; 6 — 52,3 M.
Fig. 9. Current lines (m/s) in the poultry house at
an air flow rate of 45.2 kg/s at a distance from the front
end wall.

Ha puc 10 mnokaszaHo mosie MIBUIKOCTEH IO
WIomuHI npuMimeHHs Ha Bucoti 0,7 M. Bim piBHA
migmorn.  JlaHi  pe3ynapTaTH  MMOMOXYTH  OLIHUTH
HIBUKICTh TMOBITPs Ham nruiiero. CepenHs IBUAKICTD
moBitps  — 0,696 w™/c, 110 BIAMNOBIZa€ HOpPMaM
TEXHIYHOTO MpOeKTyBaHHs. Jluiie moOin3y BUTSHKHHX
BEHTWJISATOPIB  IIBWJAKICTH Jemio Oumpma 2 M/c.
OcHOBHHMII MacMB mnTHLI He OyayTh BiadyBatu
TUCKOMQOPTY.

Ha puc. 11-12 npencraBneHo mniHII TOKy Ta
00’€eMHMX BHTpaT TMOBITpS Ui mnrTamHuka B 3D.
[MpuBeneni pe3ynbTaTH MOKa3ylOTh MO KIANAHU SIKi
posramoBani Ha 400 MM. Bijl IEPEKPUTTS NPALOIOTH HE
epekTuBHO.  BpaxoByroum  Take  po3TaulyBaHHS
BUTSDKHUX BEHTHJISITOPIB, TOBITPSl HANPABISIETHCS 10
MPUMIIIEHHI B TypOyJIE€HTHOMY pEXHMi, CTBOPIOIOYH
Tak 3BaHy, MOBITPsAHY TpyOy — O6mu3pKko Ha 22 M. ITicis
BOTO TIOBITPS (OPMYETHCA B OMHOPITHUMA TMOTIK i
BHUXOINTH Ha 30BHI. BUIBII IeTaabHO MOYKHA MOOAYNATH
Ha puc. 9 6.

Ha puc. 10 mokazaHo BTpaTH THCKY y IPUILUIUBHUX
kiananax. [Taginasam tucky € 56,81 IMa — npu 45,2 xr/c.

20.00
. s
1551

0

Puc. 10. Brpatu Tucky (Ila) B mpurmBHOMY
KJIallaHI MPUMIMOICHHI MTAIlHUKA TPU BUTPATi TOBITPA
45,2 xr/c Ha BiACTaHi BiJ HMEpEAHBOI TOPIEBOT CTIHKH:
a—10,3m;0-523 m.

Fig. 10. Pressure loss (Pa) in the supply valve in
the poultry house at an air flow rate of 45.2 kg/s at a
distance from the front end wall.

Y Tabmuii 2 mpencTaBieHO OUTBII  IETANbHY
iHpOopMaIii pe3ynbTaTiB YUCETHHOTO MOICTIOBAHH.

Tadmmusa 2. CepegHi IMOKa3HUKH TOBITPS B

MITAITHUKY.
Table 2. Average air in the poultry house.
[Tapamerpu Pesynbrar

Burpara moBiTpst Ha BXOi IS 452
[TOJIOBMHH NTAIIHKWKA, KI/C !
Burpara nosiTps Ha BXOZi 1Jis
Honcl))snfm ?‘IT:I?IHHI?&, 1\/(1)‘°:[/[r())1;[I 1216344
Burpara nosiTps Ha BXomai It
HOBI—II)CE)IF(? ngamgmcaaj MS;)F}?))IHH 2432688
Tuck Ha Bxogi, [1a 56,80748
Tuck Ha Buxoni, I1a -3,9018
Temneparypa Ha Bxozi, K 263,961
Temmeparypa Ha Buxozi, K 272,241
IIBuaKiCTE HA BXOMI, M/C 9,633385
IIBuAKICTE HA BUXOMI, M/C 9,010783
IIBuaxicts Ha BucoTi 0,7 M Bi
piBHﬂﬂHi;HOFI/I, M/ZO g ! 0,696554
I'ycTuHa Ha BXOMi, KI/M3 1,337779
I'ycTuHa Ha BUXOMI, KI/M° 1,296898
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Puc. 11. Jlinii Toxy 3D (M/c) B mpuMIIIICHHI ITAITHAKA TIPH BUTPATi MOBITps 45,2 Kr/C.
Fig. 11. Current lines 3D (m/s) in the poultry house at an air flow rate of 45.2 kg/s.
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Puc. 12. Bizyanizaris 06’eMHOT BUTpaTH TOBITPs NTaIIHUKA B Mexax Bix 0 1o 2 m/c.
Fig. 12. Visualization of poultry air volume flow in the range from 0 to 2 m/s.

VY 3uUMOBHIi 11EpPio]] TyCTHHA MIPUILTUBHOTO MOBITPS €
Oinbmior0 HiXK y JiTHiH. Tomy mnomada mOBITps mpu
OOKOBIfi CHCTEMI BEHTWIIALII JO IEHTpPA MNTAIIHHKA €
BaXKKO 311CHEHHOIO.

ABTOPOM PEKOMEHIYETHCS B MOJAIBIIOMY Ha €Tari
MPOBEJICHHSI MPOSKTYBAHHS OOKOBOI CHCTEMU BEHTHIIALIIT
BpaxyBarTu, 10 MPHUIUINBHI KJIAllaHA BCTAHOBJIIOBATH HE
HIKYE HiX Ha BUCOTI 200 MM Bijl piBHS IEPEKPUTTS.

BucHoBkH

1. MouepHi30BaHO KOHCTPYKI[iI0O NTAalIHUKA —
3aIIPOIIOHOBAHO: BCTQHOBHUTH croiinepu HaJ
MIPUIUTUBHAMHE KJIalIaHaMH TIi1 KyToM 75° BiJ| BEpTHKAIi;
30BHILIHI CTIHM 3MOHTYBATH 13 BHYTPIIIHBOI CTOPOHH
0OETOHHOTO Kapkacy; 30UIBIINTH IIUPUHY NTAIIHUKA 10
22,36 M; BUCOTY NEPEKPUTTS 3MEHIIUTH 10 BUCOTH 3,9 M
HaJ piBHEM IIiJIJIOTH.

2. IlpoBeneno nonryk eeKTHBHOTO PO3TallyBaHHS
NPUITHBHUX KJIallaHiB Ta BIOCKOHAJICHHS
ACpONMHAMIYHMX  XapaKTePHUCTHK B  MPHUMIIICHHI
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NTAITHAKA 32 JOMOMOTOI0 YHCEIHHOTO MOJIEIIOBAHHS.
HatiMenmim mamiaasM THCKY € 56,8 Ila mpu Burparti
moBiTps 45,2 Kr/c.

3. I3 mpoBemeHWX AOCHIIKEHb BCTAHOBJICHO, IO
KJIamaHu sAKi 3HaxomdaTbess Ha BucoTi 200 MM BIX
MIEPEKPHUTTS MPALIOIOTh 3HAYHO edexTrBHinIe. Knanann
sIKI 3HAXOAAThCSA Ha BHCOTI 400 MM Bil MEpPEKPUTTS HE
JTAFOTh TAKOTO EKTY.
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UMCJIEHHOE MOJEJIMPOBAHUE KAK METO/
UCCIEJOBAHUA 1 COBEPIIEHCTBOBAHUA
BOKOBOM CUCTEMbI BEHTUJISLIMU
B IITUYHUKE C TPAJULITNNOHHbBIM
PACIIOJIOXKEHWEM BBIT SIKHBIX
BEHTUJISITOPOB
B. U. Tpoxansax

AHHOTaUMS. C LENbIO obecrnieueHus
HOPMHPOBAHHOI'O U PaBHOMEPHOI0 BHYTPEHHEH Cpebl B
OTUYHUKE, IS KPYIMHBIX IIPOW3BOACTB, HEOOXOIUMBI
HOBBIE CHCTEMbl BEHTWISILMM. B paMmkax 3toro
HCCIIeI0OBaHUS OBLI MIpOBEJIEH YHCJIEHHOE
MOJICIPOBaHNEe OOKOBOH CHCTEMBI BEHTHIAINH B
NTUYHUKE B 3UMHHUI nepuon roxa. B pesynbraTte
MOJYYEHO TOJIA CKOPOCTEHM, JNUHUI TOKa W JaBJIEHUS B
ntuuarke B 3D mocranoBke. HaiieHo, 4To mpUTOYHBIE
KJIaflaHa, KOTOphle pa3memarorcs Ha Bbicote 200 MM OT
MEPEKPBITUS PabOTAIOT 3HAYMTENHLHO J(PQPEKTHBHEE B
TpaJAUIIMOHHON MOCTaHOBKe Ha BeicoTe 400 MM. MoHTax
CT€H C BHYTPEHHEHW CTOpOHBI KapKaca NTHYHHUKa, a
TaK)K€ YMEHBIIEHHE BBICOTBHI MEPEKPBITUS YIYYILAIOT
a’POJAMHAMUKY B ITUYHUKE.

KiloueBble c¢ji0Ba: 4YUCIEHHOE MOJEIUPOBAHUE,
a’poJAMHAMUKA, NITUYHUK, OokoBast cuctema
BEHTWJISILIUM, IPUTOYHBIE KJIalaHa.

NUMERICAL SIMULATION AS METHOD
OF RESEARCH AND IMPROVEMENT
OF SIDE VENTILATION SYSTEM IN POULTRY
HOUSE WITH TRADITIONAL RANKING OF
EXHAUST FANS
V. I. Trokhaniak
Abstract. In order to ensure a normalized and
uniform internal environment in the poultry house, for
large productions, new ventilation systems are needed.

As part of this study, numerical simulations of the lateral
ventilation system in the poultry house during the winter
period of the year were performed. The result is the
fields of velocities, current lines and pressures in the
poultry house in a 3D setting. It was found that the
supply valves located at a height of 200 mm from the
floor work much more efficiently than in the traditional
setting at a height of 400 mm. Installation of walls on the
inside of the poultry house frame, as well as reducing the
height of the floor improve the aerodynamics in the
poultry house.

Key words: numerical simulation, aerodynamics,
poultry house, side ventilation system, fresh air valves.
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Abstract. Transport processes research are closely
related to the economic and operational performance of
road transport. During planning road transportation, the
most important factor is the transport services cost.
Known fact that most of the transportation costs are car
fuel. The share of car fuel in the transport tariff cost can
be 25-50% (depending on the working conditions of vehi-
cles). Therefore, research that is associated with improv-
ing the vehicles efficiency by reducing variable costs is
appropriate and relevant. The article presents the results
of research on the planning of transport processes in the
road transport performance in international road transport
for the return flight and calculating methods the demand
for the amount of fuel purchased in different countries
with different prices.

The author presents the results of theoretical and ex-
perimental research the adequacy of the mathematical
model (methodology). The specified mathematical model
consists in substantiation of a technique of calculation of
quantity of car fuel, definition of the variable factors in-
fluencing volumes of fuel expenses, calculation of correc-
tion factors (total) received on the basis of technical and
operational indicators of vehicles and the influencing fac-
tors connected with features of road transport work. . The
second part of the research contains the results of the de-
velopment of an algorithm development to calculate the
total cost of automotive fuel, which was purchased at dif-
ferent prices in several countries. Thus, the main purpose
of research is the task of substantiating the algorithm
(mathematical model — methodology) for determining
fuel costs by the criterion of the highest use of fuel in
countries at the lowest prices.

Key words: international road transport, road
transport, transport costs, fuel cost, transport cost plan-
ning.

Introduction

In a market economy and globalization of produc-
tion, operations of enterprises involved in foreign eco-
nomic activity (FEA) in the supply chain will become
more widespread not only in trade but in the industrial
production and especially agricultural products also.

The market shares of international transportation of
finished products by road between Ukraine and its partner
countries reaches over 60%.

According to the reporting data of the International
Road Transport Union (IRU), the distribution of cargo
transportation on regular international road routes (with
the participation of Ukraine) is occupied by the territories
of countries: two — 25.1%, three — 38.9%, four 21.4%, five
—only 4.8% for the period 2014-20109.

This clearly means that the share of road freight
transportation within three and four countries is the larg-
est, so The scope of the research, these routes were con-
sidered.

Formulation of problem

Among the costs items in the performance of road
transport costs of motor fuel is the highest among others.
Therefore, to forecast transport costs, it is necessary to
have such a calculation algorithm that the results are cal-
culated with minimal deviations in certain operating con-
ditions of rolling stock. Scientific and research work on
the substantiation of methodological approaches to calcu-
lating the total fuel consumption in road transport are rel-
evant and such that currently remain a priority research
area for researchers. The main purpose of these researches
is to find an algorithm that can adequately achieve the
goal of the planned research.

Problems related to the calculation of fuel consump-
tion in commercial vehicles by carriers and scientists are
solved by different approaches. It is known that the total
fuel consumption of a road train depends on many opera-
tional and design factors, such as engine design (effi-
ciency), cylinder capacity and piston stroke, excess air ra-
tio, etc. Also an important factor is the quality of fuel,
which differ in density and combustion temperature. The
fuel consumption is influenced by the operating condi-
tions - the quality of the hard road surface, terrain, speed
of traffic, seasonal factors, the use of additional equip-
ment, the own weight of the cargo and the equipped
weight of trailers.

The vast majority of factors influencing fuel con-
sumption are controlled and have small deviations of up
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to 2%. But uncontrolled factors such as road and weather
conditions, driver qualifications cannot be predicted and
taken into account in algorithms with a certain probabil-
ity, is deviations from the basic indicators.

The share of the road transport market in interna-
tional traffic between Ukraine and its economic partners
reaches 60%. Volumes of cargo are transported by road
through the territory, mainly 2, 3, 4 countries. Taking into
account the passage of international routes on the territory
of 3 and 4 countries is the largest, so these studies are per-
formed for the specified conditions of the routes.

Analysis of recent research results

Fuel consumption rates and motor oil in road
transport are regulated by the order of the Ministry of
Transport of Ukraine dated February 10, 1998 N 43 with
the latest changes of the Ministry of Infrastructure of
Ukraine by order dated January 24, 2012 N 36. In practice,
fuel consumption rates may differ - may be higher or
lower depending on the influence of a complexity of sub-
jective and objective factors [1-12].

The paper analyzes research on the calculation of
fuel consumption. We pay special attention to the works
devoted to the search for adequate mechanisms to increase
fuel efficiency in the operation of vehicles, calculating
fuel consumption in road transport depending on different
operating conditions, using experimental, statistical and
analytical models [2-9]. The authors [2-6] hold the view
that analytical techniques have an advantage over experi-
mental in terms of natural causes and are rational for prac-
tical use by workers in the automotive industry. Another
approach is analytical-experimental, adopted for the con-
ditions of research [5, 6, 8]. In the works of researchers, a
common approach to optimizing fuel efficiency in the per-
formance of transportation is the selection of vehicles
with appropriate parameters and, based on this, adapt an-
alytical techniques for calculating fuel consumption
[2,6,7,9].

The algorithm for determining fuel consumption can
be set directly for the operation of a particular rolling
stock with the maximum approximation. However, there
are operational factors that cannot be predicted with high
accuracy, so the analytical dependences introduced cor-
rection factors [2-9]. Correction factors are best deter-
mined using statistical research methods and then intro-
duced into the method of calculating fuel consumption,
process maps, accounting programs, etc. [6-8].

A review of recent studies has concluded that the cal-
culation of fuel consumption for the operating conditions
of the car company should be determined by an algorithm
that takes into account the technical characteristics of the
car (rolling stock) and a number of influencing factors
with mandatory determination of adjustment factors ex-
perimentally.

Purpose of research
In order to ensure adequate forecasting of fuel con-

sumption in the performance of international road
transport, it is planned to theoretically substantiate the

model and experimentally test it in operating conditions,
namely: to perform research to determine the amount of
fuel consumption on the route; experimentally confirm
the adequacy of models to determine the amount of fuel
consumption; determine the conditions for the distribution
of prices by country of the route; analytically determine
fuel costs by the criterion of their minimum prices on the
route.

Results of research

The author analyzes a multiple research devoted to
the search for adequate methods for determining fuel con-
sumption in road transport, directly experimental, statisti-
cal and analytical. Most authors are of the opinion that an-
alytical techniques have an advantage in terms of natural
causes and are rational for practical use by workers in the
automotive industry [1, 2]. Another approach is analytical
and experimental.

The essence of this approach is the adaptation of the
analytical model to the experimental research results of
fuel consumption. The experimental part is based on ob-
taining reliable cost data by installing special measuring
equipment flow, mechanical, pulse and reciprocally incor-
porated (mechanical recorders + remote pulse waveforms)
flow meters, as well as the so-called fuel-air receivers,
which are widely available of different manufacturers on
the market today.

The results of the research are processed by engi-
neers and adjustments are made to the values of the ele-
ments of the adjustment factor. Therefore, the experi-
mental part of our research to determine fuel consump-
tion, we conducted using a car/fuel log DFM 100D. The
basis of the car/fuel log DFM 100 D measuring volume
chamber of the ring type. When the fuel flows, the sensor
begins to generate a pulse that will be equal to the volume
of the measuring chamber. It can be used both autono-
mously and as a part of GPS / GLONASS systems of mon-
itoring of transport and control of fuel consumption. In
research, the car/fuel log worked autonomously.

Every engineer, manager, logistician must know not
only the technical and operational parameters of rolling
stock, but also the specifics of freight conditions in which
the company specializes and take into account the partic-
ularities, calculating the adjustment factor for selected op-
erating conditions and routes [2]. In terms of scientists, it
is possible to solve a multicriteria problem with many dif-
ferent factors that accompany the transport process, but
with a fairly approximate result, in the universalization of
these processes is not accurate. Therefore, there is an in-
dividual approach, which we have chosen for research.

Due to researches it is established, that the classic,
proven in practice analytical model for calculating the to-
tal cost of automotive fuel on the selected route is fully
suitable for achieving this goal. Therefore, the calculation
of total fuel consumption Qzag define:

Qtor = (%' lior + % ’ W) "kq 1)
where lio: — total mileage on the route, km; Qw - additional
specific fuel consumption rate per 100 ton km; W — per-
formed amount of transport work, t - km;
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W = Q¢ lioe, t - km; (2
where Q. — weight of transported cargo, ton; Qran - linear
rate of fuel consumption for the mileage of the road train:

QLan=QL+Qw ‘Gg, 1/100 km (3)
where Q. - basic linear rate of fuel consumption,
I /100 km; G - equipped weight of the semi-trailer, ton;
ki — adjustment coefficient.

The correction coefficient is the average value ob-
tained from the results of experimental measurements
with DFM 100 D. The results of the research were con-
structed through highlight the influence of certain main
influencing factors (for example, such as the average
speed of vehicles; road conditions (route specificities),
seasonality, weight of the transported cargo and much
more) on the additional fuel consumption on the route.
The obtained of fuel consumption by factor research were
summed up and included in the total correction factor (ka).

To calculate the fuel consumption of trucks on sec-
tions of the pendulum route in both directions, it is neces-
sary to determine the cost per kilometer passed way, and
therefore we have get in general terms:

Quotgemy = (222 4+ 206m . ) - ey, Likm (4)

Given the restrictions on the import of fuel into the
countries of the route, the limitation of the standard tank
vehicle volume (standard, manufacturers), determine the
conditions of refueling in the countries of the route, de-
pending on its cost. The main goal is to refuel the vehicle
in such a way as to maximize the use of fuel at a lower
cost.

Let's draw a pendulum route through the territory of
three countries in the form of vector graphics (Fig. 1).

a b c

Fig. 1. Scheme of the pendulum route in the form of
unified vectors. A - point of departure; D - point of arrival;
B and C - customs checkpoints at the borders of neighbor-
ing countries; a, b, ¢ - the countrys of passage of the route;
Va, Vb, Vc - cost of fuel by countries of routes; La, Lb,
Lc - the distance of the route through the countries of the
route.
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The next task of the research was to determine the
conditions of fuel price distribution in the countries of the
route. We present the conditions as follows:

1) Ba<Bb<Bc;

2) Ba>Bb>Bgc;

3) Ba<Bb>Bc; npu Ba>Bc;

4) Ba<Bb>Bc; mpu Ba<Bc.

5) Ba>Bb<Bc; npu Ba>Bc;

6) Ba>Bb<Bc; npu Ba<Bc.

For further calculations, the initial data are: fuel con-
sumption in the forward and reverse directions per one
km; distances by countries of the route; standard tank ca-
pacity; the minimum technological stock of fuel in a tank.
In practice, to determine fuel consumption by the criterion
of the minimum price in the countries of the route can be
a specialist "manually”. therefore, drawing up a scheme
of the route, calculating the fuel cost by country depend-
ing on the distance traveled, taking into account the fuel
cost by country of passage of the route and then the
scheme of minimization. The result of such calculations
is a recommended table (place) of refueling vehicles with
the exact indication of the fuel volume before or outside
the customs borders of countries and at intermediate refu-
eling points.

We conducted a full cycle of analytical research to
calculate the cost of international transportation in three
and four countries under all possible conditions of the dis-
tribution of fuel prices in the countries of the route. The
obtained results were appropriately processed, checked
for adequacy and entered in the form of appropriate algo-
rithms into the computer program Microsoft Excel, which
performs the necessary calculations in a split second for
all possible options (Fig. 2).

To achieve this goal, Microsoft Excel was chosen for
the reason that this program is on any PC. The set purpose
of researches is executed in full, and the analytical model
on definition of expenses of means for performance of the
international routes, under various conditions of distribu-
tion of the prices on the countries, on criterion of their
minimization, is realized in the computer program Mi-
crosoft Excel not only for scientific purposes, but for prac-
tical use at car companies and logistics organizations also.

14

Calculating the cost of fuel volume for three countries

Terms of price distribution by country * (click and go
to the calcul page)

15 Basic linear fuel consumption rate, | / 100 km

22,1

Ca=Cp=Cys

16 Total correction coefficient.

17 Equipped weight of the semi-trailer, ton

1324

6.8

G C3> C,
Ca=Cyp= Coimpt 05> €y

18 Cargo welight, ton

19,1

C,<Cy>C . mpu C,<C,.

19 Valume of the tank
Minim. technalogist, fuel reserve, |

The name of the country

600

60

Distance by country, km

o= CpSCol Pl €3> Cy;

Co=CW< Oy mpt C,<Cy;

Fuel price by country, EUR /|

22 Ukraine

280

0,88

23 Belarus
24 Lithuania

100
417

0,61
1,02

Fig. 2. View of the main page window with the initial data of the program for determining fuel costs by the criterion
of using fuel with a minimum price for international transportation through the territory of three countries.
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Thus, the article substantiates the analytical mathe-
matical algorithm for determining the minimum cost of
fuel, in the implementation of the international pendulum
flight, on the criterion of maximum use of its volume with
the minimum price in the countries of the route.

Conclusions

1. Research substantiates and confirms the effective-
ness of adequate methods for calculating fuel consump-
tion in road transport.

2. The conditions of modification of the price distri-
bution by the countries of the route are determined in or-
der to substantiate the algorithm for determining the min-
imum fuel costs in the implementation of the international
road pendulum route.

3. Analytically substantiated and tested in practice
the algorithm for determining the minimum fuel con-
sumption in the implementation of the international pen-
dulum flight, taking into account the difference in fuel
prices by country of route.
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METO/I1 ONTUMI3ALI EKCITTY ATALIIMHUX
BUTPAT HA ABTOMOBIJIbLHOMY TPAHCIIOPTI
NP1 MIXKHAPO/IHUX NTEPEBE3EHHAX
C. I. Bonoapes

Amnoranis. [locniypkeHHsI TPaHCIIOPTHUX IPOLECIB
TICHO TIOB’sI3aHi 3 €KOHOMIYHHMH ¥ eKCIUTyaTaIiiiHIMHU
MTOKa3HUKaMH pOOOTH aBTOMOOITEHOTO TpaHcmopTy. [Ipu
IUTaHyBaHHI aBTOINEPEBe3eHb HAWOUIBII BaYKIUBUAM (hakx-
TOPOM € BapTiCTh TPAHCIIOPTHOI Mociyru. Bimomo, mo
HaliOLIpIIa YacTHHA TPAHCIOPTHUX BUTPAT € aBTOMOOI-
JIbHE TajJbHe. Y BapTOCTI TPAHCIIOPTHOTO TapH(y YacTKa
ABTOMOOUILHOTO TAIbHOrO MOXe ckiamatu 25-50 % (B
3aJIeXKHOCTI Bl yMOB po0OTH TpaHcnopTy). Tomy mocii-
JOKEHHS, SIKI [TOB’s13aHi 3 MiABUIICHHSM e()eKTUBHOCTI PO-
00TH aBTOTPAHCIIOPTY 32 PaXyHOK CKOPOYEHHS IepeMiH-
HHUX BHUTpAT € JOUUIBHUM 1 aKTyalbHUM. Y CTaTTi HaBe-
JICHI pe3ynbTaTh JOCHIIKeHb 3 IUIaHYBaHHS TPAHCIIOPT-
HUX MPOLECIB NMPH BUKOHAHHI aBTOIEPEBE3CHb Y MKHa-
POIHOMY CIIOyYeHHI 32 0OOPOTHHH peiic i METOIH PO3-
PaxyHKy HOTpeOH KiIbKOCTi MaJILHOTO, SKe Mpuadanu B
pi3HUX KpaiHax 3 Pi3HOIO IIHO0.

ABTOPOM TIpENICTABJICH] PE3yIbTaTH BUKOHAHUX Te-
OpPETUYHHX JIOCITI/DKEHb Ta EKCIIEPUMEHTAJIbHO IepeBi-
PEHO aJeKBaTHICTh MaTeMaTHYHOI Mozeni (METOJHMKH).
Bxa3zana MaremaTHYHa MOJIEITb MTOJIATAE Y OOIPYHTYBaHHI
METOJIMKH PO3PAXYHKY KIJTBKOCTI MaJbHOTO, BU3HAUCHHSI
BapiaTMBHUX (DaKTOPIB, IO BIUTMBAIOTh HA 0OCATH BUTpAT
Ha MajbHe, PO3PAaXYHOK KOPHUTYBAIBHHX KOe(illi€HTIB
(cymapHUX), OTpIMaHUX Ha OCHOBI TEXHIYHUX 1 €KCILTya-
TaI[ifHUX ITOKa3HUKIB aBTOMOO1IIIB Ta BIDTMBOBUX (haKTO-
piB, IO TOB’s13aHi 3 OCOOIUBOCTSIMH POOOTH aBTOTpaHC-
nopty. /Jlpyra 4acTuHa JOCIIUKEHb MICTUTH pe3yJIbTaTH
PO3pOOKH anropuTMy, MPU3HAYCHOTO A OOYMCICHHS
CyMapHHX BUTPAT KOIITIB HA aBTOMOOUIBHE MaibHe, SKe
Oyyo mpumbaHe 3a Pi3HOIO I[IHOK B JCKIIBKOX KpalHax.
OTKe roJIOBHOIO METOIO JIOCIII/PKEHD € 3aj1a4a, 110 MOoJIs-
rae y oOrpyHTYBaHHI alropuTMy (MareMaTHIHOT MOJEi
— METOJUKH) 3 BU3HAYEHHsI BUTPAT Ha MaJibHE 33 KpUTe-
pieM HaMOLTBIIOr0 BUKOPUCTAHHS MAJIHOTO B KpaiHax 3a
HaliMEHIIMMU LiHAMHU.

KoaiouoBi cioBa: MiXHapOIHI aBTOIIEpEBE3CHHS,
TIepeBe3eHHs] aBTOTPAHCIIOPTOM, TPAHCIIOPTHI BUTpPATH,
BapTICTh NMaJBbHOTO, IUIAHYBAHHS TPAHCIIOPTHUX BUTpAT.

METOAbI OITTUMU3ALINUN SKCITITY ATAIITMOH-
HBIX 3ATPAT HA ABTOMOBWJIBHOM
TPAHCITIOPTE TP MEXJITYHAPO/IHbBIX
ITEPEBO3KAX
C. Y. bounoapes

AHHoTaums. VccienoBaHue TpaHCHOPTHBIX IPO-
1IECCOB TECHO CBS3aHbI C dKOHOMMYECKUMU U 3KCIUTyaTa-
LUOHHBIMU TOKA3aTeNsIMH pabOThl aBTOMOOMIBHOTO
TpancnopTa. [Ipu maHHpPOBaHUM TEPEBO30K Hamboee
BaXXHBIM (DAKTOPOM SIBIISICTCS CTOMMOCTh TPAHCIOPTHOM
ycnyru. M3BecTHO, 4TO OOJbIIasi 4acTh TPAHCHOPTHBIX

Pacxo/oB SABJIAETCSA aBTOMOOMIBHOE TOILTHBO. B cTronmo-
CTH TPAHCIIOPTHOTO TapHuda I0JIsT aBTOMOOHILHOTO TOTI-
JMBa MOXET cOCTaBIATh 25-50% (B 3aBHCHUMOCTH OT
ycrmoBuid paboTsl TpaHcnopta). [losToMy mcciemoBaHus,
CBsI3aHHBIE C IOBHIMICHUEM 3P PEKTHBHOCTH PabOTHI aB-
TOTPAHCIIOPTA 33 CYET COKPALICHHS IEPEMEHHBIX Pacxo-
JIOB LieJIeco00pa3Hbl M aKTyajbHbL B cTaThe npuBeieHb
pe3ynbTaThl HCCIECIOBAaHMH MO IUIAHWPOBAHUIO TPaHC-
MOPTHBIX IPOLIECCOB MPH BHIOJHEHUH aBTOMOOHIBHBIX
MEPEeBO30K B MEXKTyHAPOJHOM COOOIICHUH 32 00OPOTHBIH
peiic u MeTolbl pacueTa NOTPEOHOCTH KOJIMYECTBa TOII-
JIMBa, KOTOPOE MPUOOPEIH B Pa3HBIX CTPaHaX 32 Pa3HbIMHU
[EHaMH.

ABTOpPOM IIPEZICTaBICHBI PE3YIbTAaThI BHITTOIHEHHBIX
TEOPETHUYECKUX HCCICNOBAaHUH M 3KCIIEPUMEHTAIBHO
MPOBEPEHO aAEKBATHOCTh MaTEMATHYECKON Moeny (Me-
TOJVKH). YKa3aHHAs MaTeMaTHIECKash MOJEIb 3aKI0qa-
eTcsl B 00OCHOBaHMH METOJMKH pacyeTa KOJMYecTBa TOII-
JiMBa, OMPCACIICHUA CMCHHBIX (baKTOpOB, BIIUAIOIINX Ha
00BEMBI PACX0JIOB TOIUIUBA, KOPPEKTHUPYIOMINX KO3(D(Du-
[UEHTOB (CYMMAapHBIX), IOJYUYEHHBIX HA OCHOBE TEXHHU-
YeCKHX U KCIUTyaTallMOHHBIX ITOKa3aTeleil aBToMoomIeit
U BIIUATCIBHBIX (baKTOpOB, CBs3aHHBIX C OCO6CHHOCT}IMI/I
paboThl aBTOTpaHCHOpTa. BTOpas dacTe MccienoBaHmit
COJICP)KUT PE3yJbTaThl pa3pabOTKK aJropuTMa, mperHa-
3HAQUEHHOTO MJIsI BBIUUCICHUS CyMMapHBIX 3aTpart
CPEACTB Ha aBTOMOOMJIBHOE TOIUIMBO, KOTOpOE OBLIO
IMPUOOPETEHO 1O pa3HOil LIeHEe B HECKOJBKHX CTPaHaX.
ITosToMy T7aBHOW NENBIO HCCIIEAOBAHUM SBISICTCS 3a-
Jlaya, KOTopasi 3aKJIH4aceTcsi B 000OCHOBAaHMU ajrOpUTMa
(MaTeMaTHYECKOW MOJIENH — METOJJUKH) 110 ONPE/ICIICHHIO
CYMMBI 110 KPHUTEPHUIO HAHOOJBIIEro UCTIOIb30BaHHs 00b-
eMa TOIUTMBA B CTPaHax I/l ero [ieHa HauMeHbIIasl.

KaoueBble cjioBa: MeXIyHapoJHble aBTOIEpe-
BO3KH, II€PEBO3KH aBTOTPAHCIOPTOM, TPAHCIIOPTHBIC
pacxoypl, CTOMMOCTh T'OPIOYETro, IUIAHMPOBAHHUE TPaHC-
MOPTHBIX PACXOJIOB.
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Abstract. Anaerobic digestion (AD) is a promising
option for the environmentally friendly recycling of
agricultural by-products. However, overloading of the
digester with sugar, starch or protein might cause
inhibition of the anaerobic processes. The aim of the
present project was to investigate the influence of sugar
beet by products on biogas yield from a typical mixture of
energy crops and animal manure.

The investigated substrates have been: cattle slurry,
maize, sorghum and grass silage, sugar beet pulp e (SBP)
and sugar beet tail silage (SBT). The difference between
untreated SBT to processed SBP. All substrates were
digested in 1 | eudiometer-batch digesters at 37.5°C
during 28 to 38 days. The specific methane yield of
mixtures and various substrates exanimated. The
experiments showed that edition of sugar beet by product
to energy crop and slurry mixture results in high methane
yield even the achieved methane yield of the mixture was
lower the expected.

Key words: anaerobic digestion, biogas, methane
yield, by-products, sugar beet pulp, sugar beet tail, potato
peel pulp, potato fruit water.

Introduction

Except of the present project, little work on AD and
methane yield of by-products from the sugar and starch
industry has been done [1].

The low pH value and the high protein and sugar
contents in these substrates may cause an acidification of
the digester and therefore an inhibition of the methane
production [2].

Formulation of problem

To avoid this danger in biogas plants, these by-
products need to be investigated in laboratory
experiments and the development of important process
parameters has to be recorded [3-5].

Analysis of recent research results

The most important parameters to indicate a possible
inhibition of the AD process are: pH, volatile fatty acids
and ammonia concentration [6-9]. Beside these process
parameters, it is also important to have knowledge about
the development of the biogas composition (methane,
hydrogen sulphide and carbon dioxide) during the AD
[10].

Purpose of research

The objectives of the present project were to
determine the suitable volume and the co-fermentation
effects of sugar beet by products within the mixture of
other agricultural substrates and manure for biogas
production.

Results of research

Substrates. Sugar beet pulp (SBP) and sugar beet tail
(SBT) were collected as silages from the AGRANA
Zucker Ges.m.b.H. in Tulln, Austria. The proofed mixture
of agricultural substrates consists of cattle slurry, maize
and sorghum was collected on the Farms in Lower
Awustria.

Inoculum. Active sludge from a commercial biogas
plant in Lower Austria (table 1) was used as inoculum.
The substrates of the biogas plant were vegetables, maize
silage and sunflower silage. The inoculum was collected
from the last part of the horizontal fermenter into a 50 |
heatable container. Before sampling the transport
container was filled with argon to insure anaerobic
conditions inside.

Table 2 shows the nutrient content of the inoculum. In
the course of the AD experiment in the laboratory, the
specific methane potential of the inoculum was measured
as well. The inoculum showed a low specific methane
potential of only 15 I (kg VS) ..

Determination of methane potential (Experiment A).
The present study included 14 experimental variants.
There of six variants were explored in mono digestion.
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Sugar by-products were analyzed as silage an as dried
material. To determinate the co-fermentation effects of
sugar by-products 6 mixtures with different content (30,
50 and 70% DM) of SBP and SBT were also digested. In
the course of the experiment the fermentation process was
detailed monitored to recognize any inhibitions or co-
fermentation effects of different variants.

Table 1. Parameters of the biogas plant from which
the inoculum was taken

Parameter
Digester type | Horizontal plug flow digester
Digester 1 mixing tank 193 m3
4 horizontal plug flow digesters 160
md each
1 vertical second stage digester 1885
m3
1 storage tank (uncovered) 4825m?®
Digested Energy crops, vegetables
substrates

Temperature in|37°C

the digester

%) hydraulic | 15 days h. digester + 55 days second
retention time | stage

Electrical 330 kW

output

Energy 2 475.000 kWh at

production

Anaerobic digestion experiments - Determination of
the biochemical methane potential. The biochemical
methane potential of the by-products was determined in 1
| eudiometer-batch digesters at 37.5°C. The experiments
were carried out in accordance with VDI 4630 [xx] and
DIN 38 414-8. Prior to AD, samples of all substrates were
analysed for pH, DM, VS, crude protein, crude lipids,
crude fibre, crude ash, N-free extracts, nitrogen and
carbon using standard analysing procedures according to
VDLUFA Band Il.I [xx] and VDLUFA Band Ill. The
gross energy content was measured with a calorimeter.
The substrates were digested together with 350 ¢
inoculum. That means on average the DM ratio between
substrate and inoculum was 1:3. The DM content in the
digesters with SBP and SBT ranged from 3.8 to 4.0%, the
DM content in the digesters with PP, PPP and PFW from
3.0t0 3.1%. DM.

Each eudiometer consists of six digesters connected
to equilibrium vessels, with a septum for gas extraction
(fig. 1). The digesters were placed on magnetic stirrers in
a tempered water bath. Specific methane yield from each
substrate was measured in three replicates. During AD,
the digester content was mixed for 10 minutes every 30
minutes. Biogas was collected in gas-collection tubes

Table 2. Nutrient content of inoculum

connected to the digesters. The amount of biogas
produced was monitored every day. Biogas quality
(methane, hydrogen sulphide and ammonia) was analysed
six times during the experiments. Methane (CHa)
concentration in the biogas was measured using a NDIR
analyser (Driager X-am 7000, Driager Safety, Liibeck,
Germany) with an accuracy of =+ 1-3% of the
measurement reading. Before each measurement, the
analyser was calibrated with CH, calibration gas
containing 60% CH4 and 40% CO,. NDIR readings were
validated at regular intervals with gas chromatographic
analysis. Hydrogen sulphide (H.S) and ammonia (NHs)
concentration in the biogas were analysed with the NDIR
analyser in combination with Dréger tubes (accuracy + 5-
10% and 10-15% of the measurement reading,
respectively). The biogas and methane production from
the inoculum alone was also measured and subtracted
from the biogas and methane production from the
digesters containing the substrates and inoculum. The
specific biogas and methane yields were calculated on the
basis of norm conditions: 273 K and 1013 mbar and are
given in norm litre per kg of volatile solids (In kg VS). In
addition, the coefficient of energy efficiency of AD (1)
was calculated for each substrate. This coefficient relates
the produced methane energy to the gross energy of the
substrate.

To control the quality and stability of the
fermentation process, measurements of pH were done
every second to third day and volatile fatty acids were
measured twice during the experiment, at the beginning
and at the end using gas chromatography. The fatty acid
spectrum examined was C1-C6: acetic acid (HAC),
propionic acid (PRO), iso butyric acid (i-BUT), butyric
acid (n-BUT), iso valeric acid (i-VAL), valeric acid (n-
VAL) and caproic acid (CAP).

Statistical data analysis. Statistical data analysis was
carried out using the software package SPSS (version
12.0, SPSS Inc. 2006). In a first step, the descriptive
statistics were done, determining means, standard
deviations and frequency distributions of the data.
Differences in the specific biogas and methane yields
were tested with a pair wise comparison of regression
parameters by the Tukey-HSD-Test and T-Test. The level
of significance was set to 0.05.

Volatile fatty acid concentrations and pH during
anaerobic digestion. The AD process of all substrates was
carried out under optimal mesophilic conditions. The
average temperature was 37.5°C and the pH values in the
experiments ranged between 7.29 and 7.85. Average pH
values and concentrations of volatile fatty acids at the
beginning and at the end of the AD are shown in Table 5
and 6.

XP XL |XF |XA |xxX |N C GE CIN |pH |DM |vs
Substrate % % (% % % % (% MJ % %

DM |DM [DM |DM |[DM |[DM |DM |kg! DM FM  |DM
Inoculum 145 |08 (100 [472 275 |63 [27.7 |180 |44 |74 |24 |528

XP = crude protein, XL = crude lipids, XF = crude fiber, XA = crude ash, XX = N-free extracts, N = nitrogen,
C = carbon, GE = gross energy, DM = dry matter, FM = fresh matter, VS = volatile solids.
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Fig. 1. Eudiometer-batch digester system.
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Fig. 2. Concentration of fatty acids in the fomenters to begin and to the end of digestion.

For SBP and SBT, at the beginning of the
experiment the pH was 7.29 and 7.85, respectively
(table 5). At the end of the experiment the pH for SBP
and SBT was 7.34 and 7.79, respectively. That means
during the whole experiment, the pH was lower in the
digesters with SBP compared to digesters with SBT.
From the beginning to the end of the experiment, the
concentrations of acetic, propionic and butyric acid
decreased in the digesters with SBP from 969 to 96.7, 113
to 4.2 and 8.8 to 0 mg I, respectively. For SBT the
values decreased from 791 to 58.0, 114 to 4.7 and 11.0 to
0 mg I, respectively. The high concentrations of acetic
and propionic acid at the beginning of AD are typical for
the batch digester experiments. The low concentrations of
acetic and propionic acid at the end of AD is a sign that
the AD was not inhibited and the substrates were almost
completely digested.

The pH was in all experimental variants in the range
of 7.1 at the beginning of fermentation to 7.7 to 8.2 at the

end of fermentation. Thus, there was optimum pH
environment for the bacteria in the fermenters in
experiment from the perspective of the. The optimal
environment for the bacteria to a pH is between 6.4 and
8.0 (VDI 4630). If the pH is outside this range, there may
be a worse gas yield and gas composition with a higher
CO; content.

According to Wellinger, the AD runs optimal if the
concentration of acetic, propionic and butyric acid is less
than 1000, 200 and 50 mg I, respectively and the value
for HAC/PRO lies between 5 and 10. When the total
concentration of volatile fatty acids exceeds 3000 mg I?
or the propionic acid concentration becomes higher than
300 mg I}, an inhibition of the AD can take place. In the
present experiments, except for PFW, the measured acetic
acid concentrations were less than 1000 mg I** (fig. 1).

However, with SBT the total concentration of
volatile fatty acids did not exceed 3000 mg I"* and with
none of the substrates a propionic acid concentration



138

Ye. O. Dvornik

higher than 300 mg I* was measured. This demonstrates
that in the present experiments the AD should not be
inhibited.

Composition of the produced biogas. Table 3
displays the average composition of the biogas produced.

Six times during the experiment the concentration of
methane, hydrogen sulphide and ammonia were
measured.

The differences between the variants were not
significant because the composition of the produced
biogas varied during the experiments.

In both experiments the concentrations of methane,
hydrogen sulphide and ammonia increased during the first
five days, then were more or less stable for the following
20 days and slightly decreased towards the end of the
experiments.

The present data are comparable with literature data.
With regard to the by-products of sugar beet processing,
SBP had higher concentrations of methane, hydrogen
sulphide and ammonia compared to SBT (table 3).

Table 3. Concentration of methane (CH.), hydrogen sulphide (H2S) and ammonia (NHs) in the biogas.

. CHs-Content H,S- Content NHs- Content
Variant

% n % n + % n +
cattle slurry 53.0 7 8.8 267 6 112 26 3 11
maize 55.1 7 3.7 214 6 58 29 3 16
sorghum 57.2 7 213 6 49 29 3 13
grass 57.6 7 4.2 281 6 149 32 3 30
pressed beet pulp silage 50.9 7 7.1 321 6 74 37 3 11
beet-tail silage 49.6 7 174 6 100 30 3 7
Mix 1 30% 56.7 7 3.7 209 6 23 33 3 1
Mix 1 50% 57.0 7 2.9 362 6 51 35 3 4
Mix 1 70% 57.3 7 3.3 176 6 97 32 3 10
Mix 2 30% 53.6 7 5.4 358 6 118 16 3 8
Mix 2 50% 54.7 7 387 6 45 16 3 13
Mix 2 70% 55.0 7 7.3 350 6 82 17 3 10
pressed and dryed beet pulp silage | 46.2 7 12.8 250 6 127 41 3 38
dryed beet-tail silage 54.2 7 5.1 355 6 99 31 3 20

Table 4: Specific biogas and methane yield
Biogas yield Methane yield
Variante [NI *(kg 0TS)-1] [NI *(kg 0TS)-1]
Av n St.div Av n St.div

cattle slurry 249 3 2.6 132 3 0.5
maize 782 3 86.8 431 3 42.5
sorghum 608 3 26.8 348 3 14.9
grass 668 3 155 385 3 9
pressed beet pulp silage 845 3 33.3 430 3 18.1
beet-tail silage 970 3 68.7 481 3 32.4
Mix 1 30% 372 3 27.1 211 3 16.1
Mix 1 50% 405 3 15.5 231 3 8.1
Mix 1 70% 517 3 9.2 296 3 16.1
Mix 2 30% 668 3 24.0 358 3 10.2
Mix 2 50% 707 3 23.3 387 3 14.3
Mix 2 70% 812 3 50.0 447 3 24.9
pressed and dryed beet pulp silage 641 3 21.4 296 3 13.2
dryed beet-tail silage 506 3 27.9 274 3 14.9
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[l Mix 1 — cattle manure, maize silage, sorghum, grass +X % of sugar beet pulp silage SBP
450 Mix 2 - cattle manure, maize silage, sorghum, grass +X % of sugar beet tale silage SBT
| @ Methane yield (measured)
400 [0 Methane yield (calculated)
350
300 =
250 puu
N
200+
150+
100+
50+
0 T T T T T T
Mix130% Mix150% Mix170% Mix230% Mix250% Mix 2 70%

Fig. 2. Measured und calculated methane yeild of agricultural substrates (determination of co- fermentation effects)

As we can see the average methane concentration of
grass and sorghum was higher then from the other
substrates. The drying of sugar beet pulp silage reduced
the methane content. It could be caused by the
evaporation of fatty acids during drying process. The
Mixtures with SBP shown a little higher methane content
in biogas compared to the mixtures with SBT.

Specific biogas and methane vyields as well as
energetic efficiency of the investigated substrates. Specific
biogas and methane yield of by-products of sugar beet
processing (Experiment A). The specific biogas and
methane yield of the sugar by-products: sugar beet pulp
silage (SBP) and sugar beet tail silage (SBT) were
measured over 30 days. The measurements were carried
out until the specific methane yield per day was less than
1% of the cumulative specific methane yield.

The specific biogas and methane yields of SBP and
SBT were significantly different (table 3). With SBT the
specific biogas and methane yields were higher. On
average a specific methane yield of 481 Iy (kg VS) * was
measured for SBT, whereas for SBP the specific methane
yield was 430 Iy (kg VS) L. In the literature similar values
were reported. For sugar beet silage gave the methane
yields between 400 and 468 Iy kg VS.

Table 4 also gives results for m, the energetic
efficiency. For SBP on average 87.4% of the gross energy
was converted to methane energy. The average value for
SBT was 88.5%. SBT silage showed the highest methane
yield of 480 NI CH 4 (kg VS) L. The lowest methane
yield was achieved from cattle manure. The standard
deviation of the average methane yield for the SBP-silage,
meadow and Sudan grass silage was significantly lower
than of SBT silage and corn silage. This indicates a
different homogeneity of the samples.

In the literature we found, for SBP silage a specific
methane production potential of 400 NL CH, per kg VS.

SBT silage for a specific methane production potential of
96 m* / t FM is, 52% CH4, 17% TS and 75 m* / t FM
indicated (no indication TS). The specific methane yield
from cattle manure, maize and grass silage were also in
the folding back from the fields of literature.

The efficiency of methane digestion was calculated
in accordance with the methane yield and the gross
energy content in the biomass. It was 24% for cattle
manure, 84% for maize, 64% for sudan grass, 73% in
meadow grass, 85% for SBP silage and 89% for SBT
silage. The efficiency of methane fermentation shows the
energy recovery and fermentability of constituents of
biomass in anaerobic fermentation process. The formula
is described in chapter "Material and Methods. "

To identify the optimal mixture ratio of SBP silage
and SBT silage in the mixture of cow manure, corn silage,
to see Sudan grass and grass silage, were digested
separately and in the mixtures. The measured specific
biogas and methane yields with the standard deviation of
three replicates are shown in Table 4. As shown in table
4, the biogas and methane yield of the mixtures increased
with increasing amount of sugar by-products in the
mixture.

Determination of co-fermentation effects. To clarify
the cofermentations effects caused by the addition of SBP
and SBT silage to the mixtures of cattle manure, maize
silage, Sudan grass and meadow grass the substrates were
digested in the mixture were digested in the mixture and
separately. Based on the determined specific methane
yields of the individual separately digested components
and their content in the mixtures the expected specific
methane yields were calculated.

Figure 2 shows the measured specific methane
production potential of the mixtures 1 and 2 with different
proportions of sugar beet by-products compared to the
expected specific methane yield of these mixtures. As we



140 Ye. O. Dvornik

can see in the fig 6 there was now co-fermentation effect
achieved. The lower achieved as calculated specific
methane yield of the mixtures with SBP silage could be
possibly caused by reduced activity of cellulolytic
bacteria, and thus lower recovery of nutrients from corn,
Sudan grass and meadow grass silage. In animal nutrition
we know that allowance of slightly soluble carbohydrates
(sugars and starches) in ruminants may reduce the
digestibility of other nutrients, particularly of protein and
crude fiber. This decrease is referred to as "general
digestive depression”. According to primarily the
cellulotic bacteria (cellulotische activity) coul be
inhibited. This could explain the reduced actual methane
yield of the mixtures with SPB silage.

The mixtures of Group 2 with SBT silage showed
only slight co-fermentations effects. The addition of 70%
of the ZR-top silage, resulted maximal additional methane
yield of 6%. Optimal mixing ratios:

Conclusions

1. The fermentation of all variants was uniformly
and stably without significant inhibition of methane
fermentation. With increasing content of SBP silage in the
mixture the specific methane production potential of the
mixture increased. The addition of SBT silage (70% of
DM fraction) to the mixture of energy crops and manure
resulted in comparison to the mono-digestion of the
substrates — in a slightly higher methane vyield as
calculated. In other mixtures there was no co-
fermentations effects achieved or they were even
negative. For recommendations of the suitability of the
ZR-pulp silage as performance-enhancing additive for
biogas production, it is reasonable to test the
transferability of the present test results in continuous
experiments at laboratory scale.

2. Drying of sugar beet by-products. The effect of
drying of sugar beet-pulp silage and silage on top of their
methane potential was tested in the present experiment
compared to the non getrocknenten ensiled biomass. The
results indicate that the drying of pulp silage-ZR and ZR-
top silage to reduce the methane production potential of
30 and 43% resulted. The drying process causes the
steaming out of free volatile fatty acids, which were
formed during the ensiling process and can thus reduce
the methane production potential of biomass.
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BIOTEXHOJIOI' T KO®GEPMEHTALIIT LIYKPOBUX
MNOBIYHUX IMPOAYKTIB 13 TUTIOBUMU
CIIbCBKOI'OCIIOAAPCBKUMU CYBCTPATAMU

€. 0. Jsopnux
AHoTAaNif. AmnaepoOHe BHUBAPIOBAHHS -
0araTooOilgroya MOJXIIMBICTh IS HEMIKIIIUBOI IS
HaBKOJIMIITHBOTO cepenoBHIna peIMpPKYIALIT
CLTBCBKOTOCTIOIaPCHKUX MOOIYHMX MpOoAyKTiB. OmHAak,
MepeBaHTAKEHHS cHUCTEeMaTH3aTopa 3 ITyKpPOM,

KpoxmainieM abo OinkoMm Moria O BHUKIMKAaTH 3a00poHa
aHaepoOHMX IPOIIECiB. Meta iCHYIOYOTO TIPOEKTY
moyiirajia B TOMY, WIO0 JOCHIITUTH BIUIUB IYKPOBHUX
OypsIKiB TIpOAyKTaMH Ha Bpokai Oiorasy Bim THIIOBOT
CyMillli eHEpreTHYHHUX 3€PHOBHX KYJIBTYP 1 FHOIO.
Hocnijkeni migcTaBu Oymm: piIkuil THiH poraroi
XynoOH, KyKypysA3a, COpro Ta CHJIOC TpaBH, I[YKpOBi

Oypsikn TepeTBOpIOE B M'SIKy Macy 1 CWJIOC T'HYKH
nykpoBux OypsikiB (SBT). PisHuus Mi HEeBHJIIKyBaHHM
SBT 1o o6pobnenoro SBP. Bci mincraBu  Oynu
nepeBaperi B 1 1 cucremaTtmsaTtopa eudiometer-maprii B
37,5 °C mpotsarom 28-38 nmHiB. [leBHUI ypoxail MeTaHy
cyMimied 1 pi3HHX TMiJICTaB eKc-kBaBWH. ExcrepuMeHTH
MOKa3ali, 0 BHUITYCK IIYKPOBUX OypsIKiB MPOIYKTOM JO
SHEPreTHYHOT0 YpOXKal 1 IIUIAaMOBHX pe3yJbTaTaMHu
CyMimni B BHCOKOMY MeTaHI IIOCTYHAeThCs, HAaBITh
JIOCSITHYTHH ypo’kail MeTaHy cymiili OyB HIDKYUM 3a
OYiKyBaHHH.

KurouoBi ciioBa: aHaepoOHe BHBapIOBaHH:, 0ioras,
MeTaH, MOOIYHI NMPOAYKTH, M'SKOTH I[YKPOBHX OYpSKiB,
0a IS IyKpOBUX OYpSIKiB, KAPTOILIA.

BMOTEXHOJIOT M KO®EPMEHTAIINU
CAXAPHbBIX HOBOYHBIX ITPOAYKTOB
C TUIIMYHBIMHU CEJIbCKOXO3ANCTBEHHBIMUA

CYBCTPATAMU
E. A. Jlsopnux
AHHOTanusi.  AHa’poOHOe  BbIBapHBaHHE  —
MHOT000€IIaomas BO3MOKHOCTb JUIsi O€3BpEIHON st
OKpy>Karouien cpeasl peLUpKYISIUN

CEJIbCKOXO3SIICTBEHHBIX MOOOYHBIX MPoAyKTOB. OnHaKo,
neperpysKa CHCTeMaTH3aTopa ¢ caxapoM, KpaxMaJloM WU
OenkoM Morya OBl BBI3BATH 3allpelleHHE aHa’POOHBIX
npoueccoB. Llenp CymecTByIOmero mpoekra cocTosia B
TOM, 4YTOOBI HCCIENOBAaTh BIHMSHHE CaXapHOW CBEKJIBI
NpOXYKTaMH Ha ypokae Ouorasa OT THIIMYHOH CMECH
SHEPreTUYECKUX 3€PHOBBIX KyJIbTYp M HABO3A.

HccnenoBanHble OCHOBaHUS OBLIM: XHUIKHHA HaBO3
poratoro Cckora, KyKypy3a, COpPro Hu CHJIOC TpPaBbl,
caxapHasi CBEKJia IPEBpaIlaeT B MATKYIO Maccy M CHIIOC
6oTBbl caxapHoi cBeksbl (SBT). Paznuume wmexay
HeBbUicueHHbIM SBT k oOpaborannomy SBP. Bcee
ocHoBauus ObutH mepeBapeHsl B 1 | cucremarmsarope
eudiometer-naprun B 37,5°C B Teuenue 28-38 jHeid.
OrnpeneneHHbId ypokail MeTaHa CMeCed M pPasiIUyHbIX
OCHOBaHMH 3KC-0XKHBJIEH. DKCIIEPUMEHTHI [TOKa3aIH, 4TO
BBIITYCK caxapHOH CBEKJIBI MIPOJyKTOM K
SHEPreTHUECKOMY YpPOKal0 M MIIAMOBBIM pe3yJbTaTaM
CMECH B BBICOKOM METaHE YCTYIAeT, AaXe JOCTUTHYTHIH
yposkaii MeTaHa CMECH OBLIT HIDKE 0XKHIaeMOTO.

KiroueBble ciaoBa: aHa’poOHOE BBIBapHBAHME,
6moras, MeTaH, MOOOYHBIE NMPOIYKTHI, MSIKOTh CaxapHOU
CBEKJIbI, 00TBA CaXxapHOU CBEKIIbI, KAPTOQEb.

€. 0. Isopunk ORCID 000-0003-4904-1076.
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AHoTanis. B crarTi npoBeAeHO aHANI3 MiATPUMAaHHS
ICHYIOUHX CLITBCHKOTOCTIONaPCHKIX MAaIuH B
Mpane3JaTHOMY CTaHi, 3a SKAM CIiJ BiJIpaIfoBaTH
CHCTEMYy TEXHIYHOTO OOCIYyTrOBYBaHHS 3 YpaxyBaHHIM
YMOB pedOopMyBaHHS arpapHOro cexropa. [lig TeXHITHuM
00CIyrOBYBaHHSIM PO3YMIEThCS KOMIUICKC pOOIT 1O
MiITPUMaHHIO POOOTO3AaTHOCTI a00 CIPaBHOCTI BUPOOIB
NpU  BHUKOPUCTaHHI 32  NPU3HAYCHHSIM  IIISIXOM
pEryJIIOBaIbHUX, 3HAIOYUX, 3alpaBHUX 1 KPIMMIBHUX
poOiT. J[7Ist OIiHKK aNbTEpPHATHBHHUX BapiaHTIB JOIILHO
MPOBOIUTH MOPQOJOTIYHUIA aHaJi3 BCi€i CYKYITHOCTI
MOJJIMBHX PIlIeHb JOCHTIKYBaHOI IPOOJIEMH, TOJaHUX Y
BHTIISAAI MOP(OJIOTIYHOI MaTpHIIi, B Kl TIOAaHI OCHOBHI
¢yHKOii MamwHA 1 BapiaHTH mOpeaMeTHHX (opM ix
BHKOHAHHS.

TeopeTHIHUMH TOCTIKCHHSIMHA HAAIHA BiJIOBiIh
Ha /IBa TOJIOBHI NIMTaHHS — SIK Ma€ 3MIHIOBATUCS CHCTEMa
TEXHIYHOTO 00CIYrOBYBaHHS 3aJIEKHO BiJl PIBHSI PO3BUTKY
arpapHoro BHPOOHHIITBA, a TAaKOX — SKI Hapamerpu
[MOBMHHA MaTU CHCTEMa OOCIyrOBYIOYOI'O CEpBICY, 1100
BUKOHYBaTH BIJNOBIAHI BTpPy4aHHS 3 MiHIMalbHUMHU
TEXHOJIOTIYHO IOTPIOHMMH BHUTpaTaMH pecypciB Ta
KamitTanmoBKiIageHHssMu.  OIIHKY  piBHA ~ TEXHIYHOTO
00cITyroByBaHHS CLITBCHKOTOCTIOTAPCHKIX MaIIiH
nepe0aveHo BUKOHYBATH 33 CYKYITHICTIO OpraHi3aliifHo-
TeXHIYHHX (pakTopiB, popMamizoBaHMX UYepe3 YacTHHI i
KOMIUIEKCHI TIOKa3HUKH, B JiBa eTamd. [lepmmii — oIiHKa
Yyepe3 YacTHHI MOKAa3HUKH 10 KOKHOMY (PaKkTOpy OKPEMO.
Hpyruii — oriHKa KOMIUIEKCHOTO MOKa3HHWKa (3a BCiMa
(akTOpaMH B IIJIOMY).

KawuoBi  caoBa:  meromosoris,  KoedimieHT
TOTOBHOCTI, e(heKTUBHICTb, CIITLCHKOTOCTIOIAPChKA
MalllfHa.

ITocTanoBka mpodaemu

OnHi€r0 3 IepeIyMOB 3a0e3MCUeHHS MPaIe3IaTHOCTI
1 €KOJIOTIYHOCTI CUTBCHKOT'OCIIOIAPCHKUX MAIITHH B yMOBaX
icHylounx oOMeXeHb (DIHAHCOBHUX PEeCypciB 1 HH3BKHX
MTOKAa3HUKIB O€3BiIMOBHOCTI NHWX MAIIMH € MOUIYK
pamioHambHUX pimieHb 3  e(peKTHBHOCTI  TEXHIYHOL
eKCIlTyaTarlii, ki O JO3BOJWIM BHKOHATH HEOOXiHi
00’emMu  poOIT 3 TEXHIYHOTO OOCIYrOoBYBaHHS 3a

MiHIMaTBPHUX 3aTpaTax (pIHAHCOBHX 1 TPYHOBUX pecypciB
[1-4].

IIpobnema  migBuieHHs  HafgifiHOoCcTI  [B] #
e(eKTUBHOTO BHKOPUCTAaHHA CLIBCHKOTOCIIOJAPCHKUX
MaImyH mepedyBac B TICHOMY 3BSI3KYy 13 IpoOIeMOro
OpraHizamii ¥ TEXHOJIOTI€I0 3IIHCHEHHS BCiX MPOIECiB
nepe0a4eHNX CHCTEMOI0 TEXHIYHOrO 0OCIyrOBYBaHHS B
arpapHoMy BUPOOHHIITBI [6, 7]. PamioHansHa opranizaiis
eKCIUTyaTalii MallMH HEMOXJIMBA TIPH BIJCYTHOCTI
HEOOXiTHUX BiZIOMOCTEH MpPO NEePIOAUYHICTD 1 TEXHONOTIT
BUKOHAHHS NPO(MUIAKTUYHHX PpoOOIT. Y LBOMY 3B'S3KY
CTBOPEHHSI METOAMKHA OOIPYHTYBaHHS NEPIOAMYHOCTI
TEXHIYHOTO OOCIYrOBYBaHHsS € aKTyaJbHUM HayKOBO-
MPaKTHYHUM 3aBaaHHsM [8-16].

BuBueHHst (akTopiB, 110 BHSBISIOTH BIUIMB Ha
TPUBAIICTh POOOTH JaHOTO BY3Ja JO MOMEHTY, KOJH
JIOLJIBHO MPOBOAUTH NPOLIAKTHYHI pOOOTH ITOKA3YE, 110
B I[OMY TIMTaHHI ICHYE CBOEPITHANA  TPUHIIMII
HEBM3HAUEHOCTI: YMM IOBHIIlIE i TOYHIIIE BPaXOBYIOTHCS
3a3HaueHi (pakTOpH, THM MEHII € IOCTOBIPHIM OTPUMaHHI
pe3yJIbTar. Binpm JIOCTOBIpHOT BUSIBIISIETHCS
nepioguunicTs TO, ycTaHOBNICHA 3 ypaxXyBaHHSM BHMOT,
chopMmyboBaHa 3 OUTBII 3arajabHUX Mo3uMii. Hampukian,
YCTAHOBJICHHS TEPIOJUYHOCTI 3MIACHEHHS OIeparlii
TEXHIYHOrO OOCIYrOBYBaHHS 3 YpaxyBaHHSM BHMOT
palioHaJbHOI  OpraHizailii BHKOPHUCTAHHS MaIlUH B
YMOBax, IO CKJIAQJIUCA arpapHUX MiANPUEMCTBaX. Y
3B'A3Ky 13 LUM Yy JOCIDKeHHI po3mnodarta crpoba
BpaxyBaTH BeCb OCHOBHMH KOMIUIEKC (DaKTOpiB, MIO
BU3HAYAIOTh IIEPIOMYHICTh TEXHIYHOTO 00CIyroBYBaHHS
3a aHoto MamuHow [17-20].

3rigHo HaI[lOHAJbLHUX CTaHJIAPTIB )10(e31 (6}
CUIBCBKOTOCIIOJAPCHKHUX MallInH nepenoayeHo
MPOBEJICHHS MEBHUX BH[IB TEXHIYHOTO OOCIYrOBYBaHHS,
AKi KJIACH(IKYIOTBCS 32 €TalloM ICHYBaHHS MAallWHHU 1
XapaKkTepU3yI0ThCs YiTKO periiaMeHTOBaHOO
nepiomuuHicTio TipoBeaeHus [21-25)]. OxHak 11 BennauHA
MepiOANIHOCTI copmoBaHi 3TiAHO IIJIAHOBO-
HOIePe/KYBAITBEHOT CUCTEMH AJI1 BUPOOHUUHMX YMOB [24].
CrporozieHHs TOTpedye HOBUX pillleHb MO0 HAYKOBOTO
OOTpYHTYBaHHS BEJMYUH TEPIOAUIHOCTI TPOBEIACHHSI
TEXHIYHOTO OOCIYrOBYBaHHS CiJIbCHKOTOCTIOAAPCHKHX
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MalllMH 1 Ha JYMKY aBTOpa BHXIJHHUM €TarnoM MOBHHHA
crati opmaizallis BIUIMBY TOKa3HUKIB HAIHHOCTI.

AHAaJIi3 0CTAHHIX JOCTITKEeHb

Ha nmpakrtuii 10cuTh 4acTo 3yCTpiuaroThCsl IPOLECH,
10 MAIOTh CTOXAaCTHYHY 3aJICKHICTh MK KOMIOHEHTaMHU
BEKTOpA SIK BXIIHUX, TaK 1 BUXiTHUX 3MIHHUX. [Ipn 1ibomy
HI XapakTep, Hi CTPYKTypa 3aJIe)KHOCTI HaM HEBIIOMi.
O0’ekTH, 10 BOJIOAIIOTH MOMIOHOIO  OCOONMBICTIO,
Ha3MBAIOTh «TPYOYaCTUMI.

Ilepma 3ramka Tmpo TmpomecH  «TpyddacToi»
crpykrypu (H-mporiecax) 3’siBisterbest y po6oti [3]. Ili
mpomecn — OynM — TOMiYeHI  NPH  MOJENIOBAaHHI

TEXHOJIOTIYHUX TIpoIleciB B Metanyprii. bymo BusBieHo,
110 KOMIIOHEHTH BEKTOPA BXOY AOCHIiI)KYBaHOTO IIPOLIECY
NOB’s13aHi CTOXAaCTUYHOIO 3aJICKHICTIO, BHACIIJOK YOroO
mpoIiec TMPOTIKae HE Yy BCil 00MacTi, BCTaHOBJICHOT
TEXHOJIOTIYHUM PErIaMeHTOM IMiANPUEMCTBA, a JIMIIE B
Jesikifi  foro mimobmacTi. Y 1MX yYMOBax MpOIEC
MO/ICIIFOBaHHS Ta YIPABIIHHS YCKIIQJHIOETCS.

Po3risiHeMo croxacTHYHHMI OaraTOBUMIpHHHA 00’€KT,
npeacTaBiIeHui Ha puc. 1.

uy(t) R lé(t)
e X(t)
() > 00’ekm >
Un(t)
A
g_ul(t)) Gut Gu2 g@ Gum ﬂ G 1L(t)
Uzt Ut Unt Xt

Puc. 1. Cxema 0araToBUMIpHOTO CTOXAaCTHYHOTO
mporecy BiJTHOBJICHHS npare3aaTHOCTI
CLIBCHKOTOCTIOIAPCHKOT MAIINHH.

Fig. 1. Scheme of multidimensional stochastic
process of restoration of working capacity of agricultural
machine.

TyT npuAHATI HACTYIHI MO3HAYEHHS: A - HeBiOMUI
oneparop 06’ekra, x(t) € Q(x) € R! — Buxigna 3minHa
TporIecy, u(t) = (u;(t),i=1,m) € Q(u) c R™
BEKTOPHUI BXigHHUI BIUIHB §(t) - BEKTOPHUH BUIIAIKOBUI
BILNB, (t) — Ge3nepepsHuii uac, GY,i = 1, m, G¥ - kananu
3B’S3Ky, SKi BIANOBIZAIOTH PI3HUM 3MIHHUM, LIO
BKIIIOYAIOTH B cebe 3acobu koHTpomo, gUi(t),i= 1,m,
g% - BHIIQJKOBI MEPENIKOAUW BHUMIPIOBAHb BiIIMOBIIHUX
3MIHHMX TpoOlLecy 3 HYJIbOBUMH MareMaTUYHHUMH
OYIKyBaHHAMH i 0OMEXEHOIO TUCTIEPCIEI0.

Merta gociigKeHn

Mera  gocimipkeHb —  ONHMCAaTH  OCOOJIMBOCTI
AQHANITHYHUX IIIXOMIB J0 y3aralbHCHHS MaTeMaTHYHOI
Moen CTOXaCTHYHOT'O mporecy BiJHOBIIEHHS
MPaNe3JaTHOCTI  CUTbCHKOTOCHONAPChKOI  MAIlMHK B

Oe3iHepIifHIX cucTeMax i3 3aIli3HeHHSIM.

Pe3yabTaTi A0CHiTKEHDb

BumMiproroun 3HaYCHHS BXiTHHUX i BUXITHAX 3MIHHHX
gepes iHTepBan yacy At. OTpuMaeMo HaBYaNBHY BHOIpKY
(uj, x;,i =1,5), ne s - obear BUGIpKH.

3BepHEMO yBary Ha OIHY Ba)KIIUBY
00CTaBHHY - KOMIIOHEHTH BEKTOpa BXITHHX 3MiHHUX
u(t) moB’A3aHi CTOXaCTUYHOIO 3aJIEKHICTIO.

Bumajok, Koid KOMIIOHEHTH Bekropa Bxomy u(t)
He3aJIeKHI, MOKe OyTH MpPOUTIOCTPOBAaHO HACTYIHUM
puc. 2.

Au,

++ +++ 44T H @

\

0 1
Puc. 2. Bunamok He3aJIe)KHOCTI KOMIIOHEHT BEKTOpa
Bxoay u(t).

Fig. 2. The case of independence of the components
of the input vector u (t).

Ty, 3 MipKyBaHb IPOCTOTH,U;, U, € [0; 1]. 3Hakom
«+» TO3HAYEHI TOYKHM Tporecy. SIK BUAHO 3 PHUCYHKY,
TOYKH MPOLECY MOXKYTh OyTH PO3TAIIOBaHI 11O BCIi MJIOMI
JTAHOTO OJMHUYHOrO KBajgpara. OJHOMY 3HAYCHHIO
KOMITOHEHTH U4 (t) MOXe BiAmoBimatu Oe3/iy 3HAYEHb
KOMIIOHCHTH U, (t), 1 HaBIIaKH.

SIKo MK KOMIIOHEHTAMH BEKTOpa BXOJY ICHYE
Jlesika  3aJIeXKHICTh, TO B SKOCTI UIOCTpamii MOXKHA
PO3TIISIHYTH TPUKJIAJ, MPEJICTABIEHUNA Ha puc. 3, je

KOMOoHeHTH U4 (t), u,(t) moB’s3ani MiX c0600
CTOXACTHYHOIO 3aJI€KHICTIO.
Sk BMOHO 3 MpPEACTaBIEHOIO PUCYHKY, TOYKHU

MPOIIECY PO3TAIIOBYIOTHCS HE MO BCiil IJIOIII OJMUHHYHOTO
kBaapara Q(u), a nmume B ioro obaacti QF (u) € Q(u).

OpHOMY 3HAYEHHIO KOMIOHEHTH U; BiINOBiJTa€ TYyT
BK€ 3HAYHO MEHIIIE YHCIIO 3HAY€Hb KOMIIOHEHTH Us.

Yum wmenma o6macte QF(u), Tum  Ginbme
OJTHO3HAYHHUM CTA€ BIJHOIIEHHS MK KOMIIOHEHTaMH U, 1
U,.

Bimnaumnmo, mo obmacti QF (u) mocmigauky 3aBxmu
HeBiloMa, OCKUIBKM 1i po3Mipu 1  TOJOXKEHHS
BU3HAYAIOTHCSI BHJOM 3B 53Ky MIX 3MIHHHUMH ITPOLECY,
PO SIKYy MM HIYOTO HE MOXKEMO CKa3aTH HareBHO.

PosrissHemo puc. 4, Ha SKOMY [OKa3aHO IpoIec
«Tpy0UYacToi» CTPYKTYpH.
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Puc. 3. CroxacTmyHMil 3B 30K MDK BXIJTHUMH
3MIHHUMH NPOLIECY.

Fig. 3. Stochastic relationship between input process
variables.

X
QH, x)
Q(u, x)
— Q)
———
Puc. 4. CroxacTHYHMH TIpOIEC  BiAHOBIECHHS
Mpare3gaTHOCTI  CLIBCHKOTOCTIOAAPCHKOT  MAallMHA 3

«Tpy0YacTOi» CTPYKTYPOIO.
Fig. 4. Stochastic process of restoring the efficiency
of an agricultural machine with a "tubular" structure.

Sk BUAHO 3 PUCYHKY, 00JIaCTh MPOTIKAHHS MPOLECY
Q(u,x) sBise coboro 0e3 MOPYWIEHHS CHUIBHOCTI,
onuHMYHME rinepky6, ne u = (uy,Uu,) € R2. O6nacts
npoTikaHHA nporecy (U, x) Ha MPaKTHII BiloMa 3aBXK/IH.
Hanpukianm, Ui TEXHOJOTIYHOTO MPOIECY 3HAYCHHS
«BXITHUX-BUXIJHUX» 3MIHHUX BHU3HAYAIOTHCS pPaMKaMH
TEXHOJIOTi9YHOTO perJIaMeHTy. Onnax SIKIITO
JOCTIDKYBAaHUN TIPOIIEC Mae «TpyOodacTy» CTPYKTYPY,
TOOTO HOTrO BXiAHI 3MiHHI TIOB’s3aHI MK C€000IO

CTOXACTUYHOIO 3aJISKHICTIO, TO 00J1aCTh HOTO MPOTIKAHHS
00OMEXYEThCSI HE TUIbKH MpocTopoM rinepkyda Q(u, x),
are i gesikoro Horo migo6mactio QF (u,x) € Q(u, x), axa
HaM HiKOJIH He BifloMa. OCKimbku i o6macts QF (u, x) ne
BiJOMa, TO i TOYHO CKa3aTH MpPO Te, IO JOCITIHKYBaHHHA
00’€KT Ma€ TaHOI0 OCOOJIMBICTIO, MU HE MOXEMO. Y IIbOMY
IOJISITa€ OCHOBHA CKJIAJAHICTE MOJIENIOBAHHSA IOLIOHOTO
POy TpoIIeciB.

Ha mpaxrtuii, nmpu moOyzoBi Mozaemi 3a HasBHUMH
JTAHUMH, BUKOPUCTOBYIOTH ITAPAMETPHUHI OLIHKHU THITY

xo(t) = A%(u(t), )

ne A% - mapaMeTpuyuHa CTPYKTypa MOJIENi, a & - BEKTOP
napameTpiB. [Ipu 1bOMy A7 NESIKUX 3HAYCHb BXIITHUX
3MiHHEX Tporecy u € Q(u) € R™, Ski omHOYacHO
3a70BONBHAIOTE YMOBi U & QF (1). Mu MosxeMo oTpuUMaTH
ouinku x, & Qf(u,x) abo 30BciM x, & Q(u,x). lleii
e(eKT NpoJEeMOHCTPOBAHUH Ha pHC. 5.

Quy, uy,x)

Puc. 5. MogenioBaHHs CTOXaCTUYHOIO MpoIecy
BITHOBJIEHHSA npaue3z[aTHOCTi ciHLConrocnonapCLKO'l'
MAIIIIHH 3 «TPYOTacCTOi» CTPYKTYPOIO.

Fig. 5. Modeling of the stochastic process of restoring
the efficiency of an agricultural machine with a "tubular”
structure.

Tyt touku A, B, C - me pi3Hi 3HaYCHHS BUXIIHOT
aminHoi  x(t), Otpumani B pe3ysibTaTi yIpaBIiHHS
TEXHOJIOTIYHUM IPOLIEeCOM. SIK BUIHO 3 PUCYHKY, TOUKa A
HaJIeKUTh 00JacTi «Tpyd4acToro» mpouecy, To0to A €
QH(u,x), Touka B He Biydyae B 001acTh «TPyOKH», ane
nepebyBac B TexXHONOTiUHOMY pernamenti (B & QF (u, x),
ane B € Q(u, x)). Touka, kpanka C & Q(u, x), To6To BoHa
BUXOAUTH 32 PaMKH TEXHOJOTIYHOro mporecy. SKicHuit
pe3ynbTaT BiJ BEACHHS IPOLECY MOXIMBHH JIMIIEC MPU
OTPUMAaHHI TOYOK, MOAIOHUX sIKii ToUi A, TOOTO TaKWX,
AKi B MiZICyMKy NIOTPAMMIM B IpocTip «Tpy6xm» QF (u, x).
Touky, MmO HE NOTPANWIA B PaMKH TEXHOJOTIYHOTO
peryiaMeHTy, Taki sk Touka C, MOXKHA JIETKO TOMITHTH i
BUKJIIOYMTH 3 po3risiny. Hampukian, MoXKHa OTpUMAaru
HeraTHBHI 3HAYSHHS BiTHOBJICHHS MAIIIKH, 1110, TIPUPOIHO,
He € peanbHuM. HailGinpmm CcKIagHUN  BHIAJOK
NPEJCTABIAIOTh 3HaYeHHs X(t), AKi BIUCYIOTHCA B 00CT
rimepky6a Q(u, x), ajie He HAJIEKATh MPOCTOPY KTPYOKH»
QO (u,x) (mampuknan, Touka B Ha pucynky). Lli ouinkm
33JI0BOJIGHSIIOTH YMOBAaM TE€XHOJIOTIYHOTO PETIaMEHTY, a,
3HAYUTh, MU HE MAEMO IJCTaB A IX BHKIIOYECHHS, 1
BpaxoByeMO IpHu yrpasiinHi. [Ipu npomy pesynsrar Oyne
HE3aJ0BIJIbHUM.

Posrismemo me onHy obcraBuny. Hexait Ham
HEOOXiJTHO BITHOBHTH JIIHIIO B JIBOBUMIPHOMY IPOCTODI.
Jlst sixicHOTO 1i BiTHOBJIEHHS HaM OyJie MOTpiOHO BHOipKa
3 JEKITBKOX JECATKIB TOYOK. SIKIIO MM TparroeMo B
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TPUBUMIPHOMY TIPOCTOpPi 1 OO’€KTOM BIJHOBICHHS €
IUIOLMHY, TO MOBa € PO [EKilbKa COTEHb TOYOK.
TakuMm 4mrHOM, 31 30UTBIIEHHSIM PO3MIPHOCTI HPOCTOPY,
o0csru BUOIpoK S, HEOOXIHI IS SIKICHOTO OLIHIOBAHHS,
30UTBIIYIOTECS HA TIOPSOKHA. AJie Ha TMPaKTUIl He
MOOJUHOKI BUMAJKH, KOJM PO3MIPHICT 3aBHaHHs k
BeIMKa B TOPIBHSAHHI 3 00CATOM HasBHOI BUOIpPKH S.
Hanpuknan, B NpakTHYHMX 3aBJAHHSIX YacTO BHHHUKAE
cutyaris, koma k = 20 + 30, a s = 900 + 1000. ¥ mux
CUTyallisiX MaTeMaTH4YHa CTaTUCTUKAa HE MOXKE JaTu
3aI0BUTbHE pimeHHs 3afadi imeHTH(ikamii. Ile o3Hauae,
10 OTPUMaHi MojieNi OyAyTh TOCUTH TPYOUMHU.

Icaye npyxe BaxkimBa mpoOnemMa, SK 3pOOUTH
BHCHOBOK Ha ITACTaBI MajJoro - B CEHCI MaTeMaTHYHOI
CTaTHCTHKH - KIIBKOCTiI JaHWX. Y Hac Oyla pO3TILIHyTa
3amada mpuomm3zHo 3 20 mapamerpamum 1 Bchoro 600
JaHUMH. 3a BCiMa NpaBWJIaMH, HE MOXHA pOOUTH
BHCHOBOK mo 600 maHuMH, SKIIO 3MiHIOIOTECA 20
napameTpiB. Ane ae B3t Oiabmie? 600 mamua Oyiu B
€KCILTyaTaIlil - oCh 1 Bcs craTHCTHKA. JKUTTS Taki 3aBJaHHs
CTaBUTb.

VY Bunmaaky HasBHOCTI y 00’ekta «TpyOdacToi»
CTPYKTYpH  KOMIIOHGHTH WOro BXOLy  IOB’s3aHi
CTOXaCTUYHOIO 3aJICKHICTIO. [HIMMHU ciIoBaMu, MO CyTi,
PO3MIpHICTh 3aBIAaHHS B [bOMY BHIAAKy 3HA4HO
CKOPOYYETHCH, 1 IPU MaJiil KUTBKOCTI TOYOK MH MOKEMO
OTPUMATH 33I0BLIBEHI MOJIEIT.

Posrasnemo npuknazn. Hexail ctoxacTuuHuil npouec
BITHOBJICHHSI  IIPAIC3IaTHOCTI  CUILCHKOIOCIOIAPCHKOT
MAIlIMHU OIUCYETHCS PIBHSIHHSM:

x(u) = f(ug, uz uz) 1
Jle TPMBUMIpHUIL BekTop U = (Ug, Uy, Us) € R € Bxinuuit
3MiHHOI, a X =€ R! - BuxizHa 3minHa. Sk ToBopmIOCS
pasile, npu napaMeTpUIHOL inenTudikamii
JIOCITIKYBAHOTO TPOIECY HEOOXIMHO BHU3HAYHMTH KJIac
napameTpuuHuX 3anexuocter x*(u) = f(uy, uy, Uz, ) 1
OIIIHATH TOW 4YM IHIIWI crmocoOoM mMmapaMeTpu o 3a
BHGIpKOIO crocTepeskens (U;,X;),i = 1,s, ae s - obcar
BHOIPKH.

Hexaii xoMmoHeHTH BekTopa BXoay U = (Uq, Uy, Uz)
CTOXaCTHYHO HISK HE IOB’s3aHi, TOOTO He3alexHi. B
[[LOMY BHITQJIKy BUXijHa 3MiHHA X (t) € QYHKIIis BiX TPhOX
3MIHHHX U = (U4, Uy, U3). [IpunmycTuMo, o KOMIIOHEHTH
BEKTOpa BXIJHHMX 3MIHHHUX IOB’s3aHi (YHKIIOHAIBHO,
HarpHKJIIa

Uy = @(uy), uz = @(uz) = @z(@1(uy)) (2)

Tabdauusa 1. Kopensmiiina matpuns.
Table 1. Correlation matrix.

3BUYAHO K, MOCHITHUK HE 3HAa€ TPO HAABHICTH
3aJIeKHOCTI (2). Y 3BOPOTHOMY BUNAAKY MOXKHa Oyio O
migctaHoBkoio (2) B (1) orpumatu:

x(u) = f(u1“P1(u1),(Pz(‘P1(u1))) (3)

Takum ynHOM, TpUBHMIpHA 3anexHICTh (1) Morna 0
Oytn 3BegeHa [0 OmHOBHMIpHOT 3amexHocTi  (3).
AwuanoriganM yuHOM 3anexkHicTh (1) Moke GyTH 3BeeHa
1 10 TBOBUMIpHO].

SAx Mu 0aumMo, TpW HASBHOCTI (YHKIIOHAIHHOI
3aJIeKHOCTI MDK KOMIIOHEHTAMH BEKTOpa BXOAYy U =
(uq, uy, usz) pO3MIpHICTE  pO3B’s3yBaHOl  3amadi
CKOpOYYy€eThCs. AHAJIOTIYHO CIpaBa #je 1 3a HasBHOCTI He
(YHKIIOHAJIBHOT 3aJIeKHOCTI, a CTOXacTUYHOI. AJie mpo
HAsBHICTh MOAIOHMX 3aJIe)KHOCTEH JOCITITHUKY HI4Or0 HE
BiZIOMO.

Ipuknag mpomecy  «TpyO4actoi»  CTPYKTYpH.
PosrnsHeMo pesynerat ogHOTO HocimkeHHS. 00’ €KTOM
IOCHKeHH pobotu OyB TpoIec  BiAHOBICHHS

Hpane3faTHOCTI 3epHO30upanbHOro kombaiiHa CiaByTHY
K3C-9M. Ilpu TpuBanmiii ekciuryaramii komOaliHa B HOTO
TEXHIYHOMY CTaHi  BiZOyBaeTbCS  psAA  TIPOLECIB,
PE3yIbTaTOM SIKHX € HAaKOIMYEHHS HalpYXeHb, Ne(eKTiB,
CKOJIIB, 3JIOMIB, 3HOCIB BEJMKOI KIJBLKOCTI CKJIaJHHX
BiJIMOB. BiJIbIITICTh IIUX BiZIMOB € aBapiiHUMH i CTAHOBJISITH
HeOe3MeKy /I MOBHOT BTPATH Mpare3IaTHOCTI KoMOaiiHa.
B xoxmi nmocnmimpkeHHs Oylio BHIIUIEHO PsiA 3MIHHHX
(u;),i =1,8, mo BIIMBAIOTh HA MpPOIEC BTPATH
nparne3JaTHoOCTI: TPUBAIICTh BiJTHOBJICHHSI
Mpane3IaTHOCTI CHJIOBOT €HEPreTHYHOI YCTaHOBKH (),
TPUBAJICTH BiTHOBJICHHS MPAIE3AaTHOCTI KHUBAPKHU (U,),
TPUBAJICTDh BITHOBJICHHS NPaLe3IaTHOCTI COJIOMOTPYCY
(u3), TpuBadicTh BIAHOBICHHS MPAIE3JATHOCTI XOIOBOI
cucremu (U,), TPUBAIICTh BiAHOBICHHS MPAalE31aTHOCTI
TiJPOCTATHYHOT TpaHCMicii (Ug), TPUBATICTD BiHOBJICHHS
Tpane3IaTHOCTI KOMHyBaya (Ug), TPUBATICTh BiTHOBICHHS
Mpare3aTHOCTI MOJIOTAPKH (uy), TPHUBAJICTh
BiIHOBJICHHS NIPaLle3IaTHOCTI TOXKJIOT Kamepu (Ug).
3HaueHHsI 3MIHHHUX HAJIS)KaTh HACTYITHUM YHCEIBHUM
iHTepBaiax: u; € [4;16], u, € [0.1;0.2], uz € [15;360],
uy € [0.05;0.4], us € [1.4;1.5], ug € [0.9;0.95], u, €
[3; 8], ug € [8; 356]. Bubipka «BXiA-BUXiI» 3MiHHUX Ma€
BArIs {1y, Uy, Usi, Uag Usis Usi Uz Ugis 1 = 1,9
3 METOI0 TOCIIKSHHS B3a€MO3B 3Ky MiXK 3MiHHAMHU
Oyna po3paxoBaHa KOpeJALiiiHa MaTpHIs 32 HasBHUMH
nmaauMu. OTpuMaHa MaTpHUL TpeAcTaBieHa B Taom. 1.
PesynbraTH ekcriepyMMEHTy MOKa3alH, 110 3HAYSHHS
koedimienTiB Kopessil gocuts Beuki (= 0.74 + 0.99).

Uy U, Usg Uy Usg Ug U, Ug
t 0,94 0,98 0,89 0,94 0,91 0,87 0,96 0,96
Uy 1 0,93 0,83 0,96 0,87 0,87 0,95 0,84
U, 0,93 1 0,84 0,96 0,9 0,84 0,97 0,94
Us 0,83 0,84 1 0,74 0,89 0,87 0,79 0,94
Uy 0,96 0,96 0,74 1 0,86 0,8 0,99 0,84
Usg 0,87 0,9 0,89 0,86 1 0,89 0,92 0,92
Ug 0,87 0,84 0,87 0,8 0,89 1 0,82 0,86
Uy 0,95 0,97 0,79 0,99 0,92 0,82 1 0,89
Ug 0,84 0,94 0,94 0,84 0,92 0,86 0,89 1
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Ile roBopuTh TPO HASBHICTh CHJBLHOI JIIHIHHOT
3aJIeKHOCTI MiX (haKTOpaMH, IO BIUTMBAIOTh Ha IMPOIIEC.
IpYHTYIOUHCH Ha IIOMY, K 3aJEKHOCTEH, IO OMHMCYIOTh
poriec, OyIIo 3aIpPOMOHOBAHO B3SATH TaKi piBHAHHS:

Ugr = Ay + AUy + azUz + auuy + asus + aglg + asu,

+ agug,
Uz = Po + Prus + Bsus + Bty + Bsus + Pelis + frUs
+ Bsusg,
Ugz = Yo T V1Us + VaUz + VaUy +VsUs + Vele + V7U7
+ YslUsg,
Ugg = Mo + N1lUy + MUy + N3Uz + NsUs + NelUp + 17Uy
+ NglUs,
Ugs = Ko + KUy + KUy + KaUs + KUy + Kglg + KoUy
+ Kgug,
Uge = Ao + L uy + Auy + A3us + Auy + Asus + A;u,
+ Agug,
Ugy = Ho + HaUy + HplUy + UaUz + Uy + HsUs + Uellg
+ Uglsg,
Ugg = Po T P1Uy T PoUz + P3lUs + Py + PsUs +

Pels + p7Uy, 4
nea,S,v,n, K, A, U, p - IIyKaHi mapaMeTpH.

[licns 3HAXOMKCHHS 3HAYCHb IIapameTpiB  OyB
MIOCTABJICHUH HACTYNTHUH €KCIIEpUMEHT. byia po3risHyTa
napaMeTpudHa CTPYKTypa Mojeni JleTanbHo po3TiIstHeMO
napaMeTpUYHY CTPYKTYPY Ha MPUKIAAl MOICT Ugq:

Ugr = —47.2 — 2.4u, + 0.03u3 + 32.5u, + 14.2us +
30.9ug + 0.08u; + 0.03ug (5)

B ortpumany mojens Uy (5) Oymm mimcraBieHi
3HaueHHs ¢akTopiB u, = 0.1, uz =15, wu, =0.05,
us =14, us =09, u;, =3, ug==8 3 HOMyCTUMHUX
iHTepBaJliB BWU3HAYCHHS 3MIHHHX, OTPHMaHO Uy = 4.
JlaHe 3HaU€HHS BiATIOBIZA€ TOMMyCTUMUX MEX BU3HAUCHHS
(dakTopa u;, MaKCUMalbHE 3HAa4YCHHS sKoro 16. B xomi
eKCTIEPUMEHTY aHAJOTIYHI pe3yNbTaTH OTPUMAaHI IS
(bakTopiB Uy, Us, Uy, Us, Ug, Uy, Ug.
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MOJEJIb CTOXACTUYECKHUX ITPOLIECCOB
BOCCTAHOBJIEHUA PABOTOCIIOCOBHOCTH
CEJIbCKOXO3MCTBEHHbBIX MAILIMH
B BESMHEPLIMOHHBIMU CUCTEMAX
C OIIO3AAHUEM
H. JI. Pocosckuii

AHHoTanus. B  cratee mpoBemeH — aHamu3
MOJIEP)KAaHUE CYIIECTBYIOIIUX CEJIbCKOXO03SHCTBEHHBIX
MallMH B PabOTOCIIOCOOHOM COCTOSIHUHM, 33 KOTOPBIM
crenyer oTpaboTaTh cucreMy TEXHUYECKOTO
o0CITyKHMBaHHUsl C YYeTOM YCJIOBHH pedOopMHUPOBaHUS
arpapHoro cekropa. [lon TexHHYecknM 0OCITyKMBaHHEM
MOHUMAETCs KOMIUIEKC pPadOT 1O  TOAJCep KaHUIO
paboTOCTIOCOOHOCTH WM HCIPAaBHOCTH H3ICNUN IIpH
WCTIONBE30BAaHUH IO HA3HAYCHHIO ITyTEM PETyIUPOBOYHBIX,
3HAIOMINX, 3alpPaBOYHBIX M KpPEMEeXHBIX paboT. s
OIICHKM aJbTCPHATUBHBIX BapHAHTOB IEIECO00pa3HO
TIPOBOIUTH MOP(hOTOTHYECKIH aHaIn3 Beelt
COBOKYITHOCTHM BO3MOXHBIX PEIICHUN HCcclelyeMoil
npoOJieMbl, MPEACTaBICHHBIX B BUIE MOP(OIOTHIECKON
MaTpHIbl, B KOTOPOIl NpEICTaBICHBI OCHOBHBIE (DYHKIIMU
MAIIIMHBI ¥ BAPUAHTHI TIPEAMETHBIX ()OPM UX BBITIOJTHCHUSL.

TeopeTuueckuMH HCCIEIOBAHUAMHU TPEAOCTABUIH
OTBET Ha J[Ba TJIaBHBIX BOIIPOCA — KaK JOJDKHA MEHATHCS
CHCTEMa TEXHIUYECKOTO 0OCITYy)KHUBaHUS B 3aBUCHMOCTH OT
YPOBHSI Pa3BHUTHS arpapHOTO IPOM3BOACTBA, a TaKKE —
KaKue mapamMeTps JOJDKHA HUMETh cucreMa
00CITy’)KHBaIOIIETO cepBruca,  YTOOBI  BBINOJHATH
COOTBETCTBYIOIIIMC BMEIIATEIFCTBA C MHHHMAIbHBIMA
TEXHOJIOTHUECKH HEOOXOIUMBIMH 3aTpaTaMU PECYPCOB U
KalUTAJIOBIOXKEeHUAMHU. OIIEHKY YpOBHA TEXHMYECKOTO
00CITyKUBaHHA CeJbCKOXO03HCTBEHHBIX MalimH
MPEIYCMOTPEHO BBITOJIHATH o COBOKYITHOCTH
OpraHMU3aIMOHHO-TEXHIYECKUX (baxTopoB,
(dopMamTM30BaHHBIX Yepe3 YacTH M  KOMIUICKCHBIE
moKasarteid, B 1Ba dTamna. [IepBEIif — oleHKa depe3 YacTH
MoKa3aTen Mo KaxaoMmy (QakTopy OTmenbHo. Bropoit —
OIIeHKa KOMIUIEKCHOTO TIOKa3arens (1o BceM (hakTopam B
IEJIOM).

KaroueBble ciaoBa: wmeromonorus, Ko3(QHUIMEHT
TOTOBHOCTH, 3(PEeKTHBHOCTh, CEIBCKOXO3SIHCTBECHHAS
MaryHa.

MODEL OF STOCHASTIC PROCESS
OF RESTORATION OF WORKING CAPACITY
OF AGRICULTURAL MACHINE
IN INERTIAL SYSTEMS WITH DELAY
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.
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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).

Key words: methodology, availability, efficiency,
agricultural machine.
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AHotanis. B craTTi HaBemeHO aHami3 CyJYacHUX
HAyKOBHUX  JOCSTHEHb o OaraTokpuTepianbHii
onTuMi3amii  TeXHIYHHX  pIiOIeHb Ta  iCHYIOUYHX
HOPMAaTHBHUX JOKYyMEHTIB Ta BH3HA4YCHI KOMIUICKCHI
KpHUTEpil OMIHKH CLTECHKOTOCIIONAPCHKOT MAIIMHH; OI[IHKH
ix eekTHBHOCTI y B3a€MO3B’SI3KY 3 aKTyaJIbHUMH LIUISIMA
1 3aBJaHHSIMH, NPU3HAYCHUMH JUII BHUKOPUCTAHHS B
JCpKaBHUX  KEpIBHUX  YCTaHOBax, BUPOOHMYHMX
MIAPUEMCTBAX, HAYKOBHX YCTAHOBAX, KOHCTPYKTOPCHKUX
opraHizamisix Npu OOIPYHTYBaHHI I BU3HAYCHHI Kpallux
TEXHOJIOTIiH 1 MammH Jnd  BHUPOOHWNTBA, IIPU
OOTpYHTYBaHHI  HampsAMKIB ~ CTBOPCHHS  HOBHX 1
YAOCKOHAJICHHS ICHYIOUMX TEXHOJOTiM 1 MamuH, IMpH
0oO0TpyHTYBaHHI TpuAOaHHA 3apyOiKHOI TexHIKW. Taxwit
MiAXig 3MyIOIye TpH BHUPIMICHHI OyIb-SIKOi HayKOBO-
TEXHIYHOI 3a7adi 10 CTBOPEHHIO HOBOTO TPOJYKTY
po3MIIsIaTH 1el NPOOYKT He TUIbKM Ha eTari HayKoBO-
JOCTITHUX 1 JOCIIIHO-KOHCTPYKTOPCHKHX poOIT abo
MOCTAHOBKM HAa BHPOOHHUITBO, & i MPOTSIrOM YChOTO
MOXIIMBOTO TEpioJy IIOJANBIIOTO ICHYBaHHS ILBOTO
NPOJXYKTY, TOOTO MPOTArOM YCHOTO JXHTTEBOTO IMKILY

MPOAYKTY.

JlaHi METOOJIOTIYUHI TOJO0KECHHS MOIIUPIOIOTECS Ha
CLTBCBKOTOCIIONapChKE  BHPOOHUIITBO —  TEXHOJOTIl
BHPOOHHMIITBA TPOAYKIIi, TEXHOJOTIYHI KOMILICKCH

MallWH, MallMHH i ManlMHHO-TPaKTOPHI arperatd, LI0
BHKOPHUCTOBYIOTh B POCIMHHHUITBI 1 BHPOOHHIITBA
CLITBCEKOTOCTIOAAPCHKOT MIPOIYKIIIi.

KirouoBi cinoBa: mMeTonosnorisi, TEXHIYHUN piBEHB,
KOMIUIEKC MaIlIlH, ClIbCHKOTOCIIOapChKa MallIiHa.

ITocTaHoBKa MpodIeMHu

3MiHM ~ METOZOJIOTI  YNpaBIiHHSA  HpolecaMu
JOCSITHEHHsI ~ IiJied: K Ha  piBHI  JepkaBHOI
iHppacTpyKTypH, Tak 1 Ha piBHI 1H(pacTpyKTyp

Oe3rocepe/iHIX BUKOHABIIIB, NEPII 3a BCE NMPHU BUPILIEHHI
3aBIaHb GOpMYBaHHS Ta peaizalil Jiep>kaBHOI HayKOBO-
TexHigHOI moiThku [1-4]. 3MiHu 11i TTONMATarOTh, TEpI 3a
BCce, B MEPEXOJi BiJ TPAJAWUIIMHUX METOJIB yMpaBIiHHSI

(mporiecHOTO,  (YHKI[IOHATBHOTO) 10 TPOEKTHHX 1
MPOTPaMHO-IIIIBOBUX ~ MeTojaM  ympasminas — [5-8].
MeTtomoorist TPOEKTHOTO YIIPaBIiHHS cTaya

(dbopMyBaTHCS 1 BIPOBAPKYBATHCS B CBITOBY MPAKTHUKY IIIE
B 50-60-x pokiB XX cromitts [9-12]. 3a HacTymHuU# nepion
PO3BUTKY  METOJOJOTIi  MPOEKTHOTO  MEHEKMEHTY
chopMyBajocs 1 CTali0 3arajlbHOBU3HAHUM  HOBHH
HAYKOBUH HAIpSM - «HAyKa MPO YIPABIIHHS TPOEKTAMID
[13-18]. B VkpaiHi OCHOBHI MPUHIUIN MPOEKTHOTO
(IPOEKTHO-IIILOBOTO) ~ YNPaBIiHHS ~ 3HAWILIA  CBOE
ycBigomiieHe 3acTocyBaHHS 3 moyatky 2000-x pokiB
HOBOTO CTOJIITTS 3 NEPeXOJIOM Ha PHHKOBI BHPOOHHYO-
ekoHoMivHi BigHocHHH [19-21]. CaMe MpOEKTH 1 IPOEKTHI
NporpamMH CTald OCHOBHHUM IHCTPYMEHTOM peai3ariil
MacuTaOHUX YHIKAIbHUX 3aBaHb, [IOCTABICHUX B PAMKax
HayKOBO-TEXHIYHOI Iep)KaBHOI MOJITHKH YKpaiHH, He
JUBITINCH HA T€, [0 ChOTOIHINTHS OpraHi3allis peaizarmii
IHHOBAI[ITHHUX MPOIIECIB He TT030aBIIeHa TEBHIX HEJOMIKIB
[22-23].

Ilig TeXHIYHMM pIiBHEM TEXHOJOrIl, KOMIUIEKCY
MallllH, MalIMHHO-TPAKTOPHOTO arperaty po3yMiloTh
BIZIHOCHY XapaKTEPUCTUKY SKOCTi 00 €KTY, 1[0 3aCHOBaHA
Ha MOPIBHIHHI 3HAYCHb MOKA3HHUKIB, SIKi XapaKTePU3yIOTh
TEXHIYHY JOCKOHATICTh 3pa3ka, 10 OI[iHIOITh, 3
BiANIOBiIHUMHY 0a30BUMU 3HAYEHHIMH

» TepMiHH, 110 BUKOPUCTOBYIOTBCS B
pexomenaanisx - 3a JJCTY 3278.

> TOKAa3HHUKM OLUHKM TEXHOJIOTM 1 MAallIuH
CKJIAIAI0Th IPYITy JIOKAIbHUX KPUTEPITB OIIHKH.
> BHU3HAUYEHHA [OKA3HUKIB 3a  BU3HAYEHUMU

Kputepismu npoBoasaTh 3rigHo JCTY 3230.

» OCHOBHMM METOJIOM BHU3HAYEHHS KOPHUCHOCTI
TEXHOJIOTiH ¢ TpUOYTOK. SIKmo mpHOyTOK HEMOXKIHUBO
BHU3HAYNTH, BUKOPHUCTOBYIOTH KOMIUICKCHI KpHTepii i
MamiH  MeTox  OararokpuTepianbHOi  OLIHKKA 32
KOMIUIEKCHHMH MTOKa3HUKAMH.

» KOMIUIEKCHHX  IIOKa3HHKIiB  HepeadavdaeTbes
3aCTOCYBATH I’SITh, a PE3yJbTaTH OLIHKH OJECPXKYIOTh Y
BUTJISII PEKOMEHAIH JUTS MPUAHATTS PIillICHb.

Buxopnsuu 3 pe3ynpTatiB qociimpkeHs HarioHanpHOT
NporpaMH  BUPOOHUIITBA, TEXHOJIOTIYHUX KOMIUIEKCIB
MallMH 1 YCTaTKyBaHHS JUIS CUIBCHKOTO T'OCIIO/IapCTBA,
Xap4yoBOi 1 MepepoOHOT MPOMHCIOBOCTI CPOPMYITHOBaHI
Taxi JJOKaIbHI KpuTepii (TOKa3HUKN) OIIHKH .

1) excruryarariifai 3aTparu,

2) mpsMi BUTpaATH MAJINBA,

3) 3aTpaTu CYKyIHOI eHeprii,
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4) MaTepiaJIoMiCTICTKICTh,

5) mpuBeeHi 3aTpaTy.

JlokanpHI TOKa3HUKM BH3HAYalOTh HAa OAWHUIIO
MPOAYKINT (A1 TEXHOJIOTIH i TEXHOIOTIYHUX KOMIUICKCIB
MamyH) abo Ha OAWHUINO POOOTH (AN TEXHOJOTIYHUX
TiHIH, OKpEMHUX MAIIMHHO-TPAKTOPHUX arperartis) [24-26].

AHAaJIi3 ocTaHHIX JOCTiIKeHb

Ha ocHoBI aHaIi3y Cy4acHUX HayKOBHX JOCATHEHb I10
OaraTokpuTepiaibHIi onNTHMIi3alii TEXHIYHUX PIlIeHb Ta
ICHYIOUMX HOPMAaTHBHHX JOKYMEHTIB BH3HAUEHO TaKi
KOMIUIEKCHI KpUTepil OIiHKH:

1) Baiteca-Jlammaca,

2) I'ypeina,

3) CeBimxka,

4) Xomxka-Jlemana,

5) kpurepiit 3a 'OCT 22732.

BiamoBigHO TO NPUHHATHX JIOKAJIBHHUX KpPUTEPIiB
BH3HAUCHA HOMCHKJIATypa MOKa3HUKIB omiHku [27-31]:

1) nuTOMI ekcrulyaTamiiiHi 3aTpaTH, TPH/OJUHULIO
MPOJYKLIT YU podOTH;

2) muTOMi TpPAMI BHUTPaTH TaliBa, KT OJWHHIIO
MPOAYKIIT 94U poOOTH;

3) muToMi 3aTpaTH CYKymHOI eHeprii. M I>x/o iuHUITIO
MPOAYKIIT 94U poOOTH;

4) rmmTOMi TpUBENEHI 3aTpaTH, TPH/OAWHUIIO
MPOAYKIIT 94U poOOTH;
5) mnHMTOMa  MAaTEepiaJIOMICTKICTh,  KI/OJUHHMIIO

MPOJYKLIT YU poOOTH.

SIKIO0 € MOJKJIMBICT BH3HAYUTH NPUOYTOK IpH
OLIIHIOBaHHI TEXHOJOTii abo KOMIUIEKCY MalluH, TO
MOKa3HUKH 33 PEIITOI KPUTEPIIB TIILKH KOHTPOJIIOKOTh, a
NpuOYTOK SIK KpUTEpili OyJe OCHOBHUM ISl NPUUHSTTS
pimenns  [32-34]. Komu x mnpubyTOK BH3HAYUTH
HEMOXIMBO (TIpM OLIHIOBAaHHI TEXHOJOTIYHUX JIiHIMH,
OKpEeMHX  MAIIMHHO-TPAaKTOPHHX  arperatiB),  TO
BHUKOPHCTOBYIOTH TEPII 5 JToKanbHUX KputepiiB [35-37].

MeTta gociigKeHn

Meta AOCHIPKEHh — MPEACTAaBUTH METOJOIOTIYHI
MOJIOKEHHST TEXHIYHOTO PiBHS BUKOPHCTAHHS KOMIUIEKCY
CLILCHKOTOCTIOJAPCHKUX MAIUH.

Pe3yabTaTn n0ciaigxeHb

Kpurepii omiHKM TEXHIYHOTO PIiBHS BiZOOpa)karoTh
KIHIEBI PE3yJIbTaTH BUKOPUCTAHHS KOMIUIEKCY MAIlMH Y1
OKPEMOr0 MalIMHHO-TPaKTOpHOro arperary. I[lokasHuKH
BU3HAYAIOTh B PO3PaxyHKy Ha OJHMHUIIIO KiHIEBOT
CLTBCBKOTOCIIOIAPChKOi MPOAYKMIii, SK MpaBmio Ha 1 11
mpoxaykiii. Konwr mpoBoasTe OLIHKY TEXHIYHOTO piBHA
okpemoi mammHd, MTA abo TexHOJOTiYHOI JiHii1, TOII
MMOKa3HUKM BWU3HAYAIOTh HA OJMHUINIO 00CATY pOOIT: Ha
OJIMH TeKTap, Ha OJTHY TOHY TOIIO.

[TuToMi 3aTpaTy mpalli Ha OJUHHIIO MPOITYKIIIT:

3
3= FO , IIOI-T/11, (1)
ne 3 — IpsiMi 32 piK 3aTpaTH Npalli o KOMIUIEKCY;

[1 — BupoOneHa 3a pik MPOIYKILis 1I.
3aTpaTty mpaii Ha OJMHUIO0 pOOOTH BHU3HAYAIOTH 3a
¢dopmyoro:
b
3p=—, MOoa-T. 2
L. 2\ (2)

ne W,, — TpOAYKTHBHICTH 3a TOIMHY 3MIHHOTO Yacy
arperaty a0 MamuHH (Ta. TOH. TOJIB, Ta iH.).

JI — KUTBKiCTh BUPOOHUYOTO TICPCOHANTY, JIFOICH.

Butpatn manuBa BHM3HAYalOTh 32 ICHYIOUMMH
TUIIOBUMH HOPMaMH JUIsl OKPEMHX arperaTiB 3 MOAaIbIINM
CKIauaHHsM iX g Bchoro Komiuiekcy. Ilpore 3a
TUIIOBUMH HOPMaMH MOXKHa BH3HAuyaTH NMPOAYKTHBHICTH
MTA i BurpauaHHs namuBa i (DIKCOBaHMX 3HAYEHBb
HOPMOYTBOPIOIOYNX (PakTopiB. s MpoMiXKHUX 3HAYEHB
HOPMOYTBOPIOIOYUX (DaKTOpiB MOTPIOHO 3aCTOCOBYBATH
ICHyI0Y1 MaTeMaTHIHI MOJIETI 1 MporpamMHe 3a0e3MeUeHHS,
SIKe pO3po0IIeHe Ui OCHOBHUX MONB0BUX MTA 1t Beix
30H 1 IPHPOTHO-EKOHOMIYHHAX YMOB YKpaiHH.

[Turomi puBeeHI 3aTpaTH Ha OJAWHHMITIO MTPOAYKIIi:

P
p =, IpH./L, 3)
ne Pr — piuHi npuBeeHi 3aTpaTu 0 KOMILIEKCY:
PF = CO +E- K, T'pH., (4)

ne Co — pivHi eKcIuTyaTamiiftHi 3aTpaTH MPH BUKOPHUCTaHHI
KOMIUIEKCY, TPH.,

E — HopmaruBHMH
KaIliTalbHUX BKJIa/JICHb,

K — GanmancoBa BapTiCTh KOMIUIEKCY MAaIlHH, I'PH.

Jiis okpemoro MTA nipuBecHi 3aTpaTH Ha OJMHHUIIIO
BUPOOITKY BH3HAYAIOTH 32 (YOPMYJIOIO:

I=I1+K-E, rpu, (5)
ne | — mpsmi exciutyaramiidiHi 3aTpaTh Ha OJMHUIIO
BHpPOOITKY, TPH.,

K — kamiTanpHi BKIIaJIeHHS Ha. OJWHUIIO BUPOOITKY,

KoeQimieHT e(peKTHBHOCTI

IpH.

[psmi  ekcruryaramiiiHi  3aTpaTd  Ha  OJHMHUIIO
BUPOOITKY BH3HAYAIOTH 332 (HOPMYJIOIO:

[=3+T+P+A+ ®, rpu, (6)

ne 3 — 3aTpaTd Ha OIUIaTy Mpami OOCIyrOBYHOYOTO

NepcoHaly, rpH.,

[' — 3arpary Ha NMAJIMBHO-MACTWJIBHI Marepiaiu Ta
€JIEKTPOEHEPTII0, I'PH.,

P —3aTparn Ha TexHiUYHE 00CIYrOBYBaHHS, HOTOYHHUH
Ta KaIliTaJbHUA PEMOHT, TPH.,

A — 3aTpary Ha peHOBaIlio, TPH.,

@ — iHON npsiMi 3aTpaTH Ha OCHOBHI 1 JOTOMIXKHI
Mmarepianu (HaciHHs, J00pWBa, MECTHIHUAW, MPOBOJIOKY,
mraraT, Tapa Ta iH.), TpH.

3aTpaTd Ha OIUIATy TMpami  O0OCIyrOBYIOYOTO
MIepCOHATY HA OJMHHIIIO BUPOOITKY BU3HAYAIOTh TaK:

3= [Z] JIjr; - kﬂ]/MéM, IpH., (7
ne W,, — MpOayKTHBHICTh arperary abo poOiTHuka 3a 1
TOZMHY 3MIHHOTO 9acy, 0J. BUPOOITKY/TOAHHY,
7; — Tapu(Ha CTaBKa OIUIATH MPaIli 06CIyrOBYKOYOTO
MEPCOHANY 34 | — THM PO3PSAOM, IpH//TIOA-T,

k; — xoediuient, skuii BpaxoBye nomnaTé 3a
MPOJIYKIIIO, ITpeMii, J00aBKH 3a KIACHICTH 1 CTax poOoTH,
kBami(ikaliro, OIUIaTy BiJIyCTOK 1 HapaxyBaHHS 3a
CYCIiJIbHE CTpaxyBaHHS,

JIj - KUIbKiCTBb J-TO O0OCIYyrOBYIOHOTO MEPCOHANY,
JFOJI.
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3aTpaTd Ha TAJWBHO-MACTHJIBHI Marepianm i
€JIEKTPOCHEPTiI0 Ha OJMHUITI0 BUPOOITKY BH3HAYAIOTH 3a
¢dopmyoro:

['=gq-1, rpn. 8
€ g — BHUTpa4daHHSA ITaJHBHO-MACTIJIFHIUX MaTepiaiB,
eJIEKTPOeHeprii, Kr/oa. BUpoOiTKy, KBT-r/01. BUpOOITKY,

I — mina 1 xr manuea, 1 KBT-r enexkrpoeHeprii, sAki
BKJIIOYAIOTh ~ KOIUTH MAacTWJIBHMX  MaTepiaiiB, MIo
NpUXOJATECS Ha | Kr ocHoBHOro manmea abo 1 kBr-r
eNeKTPOeHepril; IpH./KT, TpH./KBT-T.

3arpat Ha TeXHIYHE OOCITyrOBYBaHHS, MOTOYHUH i
KaIliTaJIbHUH PEMOHTH 3a HOPMAaTHBHUMH
BipaxyBaHHSAMH Bil OallaHCOBOi BAapTOCTI MAIIMHH
BH3HAYAIOTH 32 (OPMYIIOIO:

P=5B"(r + 1)/ (We " To), TpH. €)
ne b — 6anancoBa BapTiCTh MaluHU, TPH.,

W, — IPOAYKTHBHICTB arperaty abo poOiTHuKa 3a 1
TOJIMHY €KCIUIyaTalliiiHOTO Yacy, 0], BUPOOITKY/TOI.

7; — Koe(illieHT BiIpaxyBaHb Ha IIOTOYHUN PEMOHT 1
TeXHiIYHe 00CITyTOBYBaHHS,

T, — KoeQiieHT BigpaxyBaHb Ha KalliTalbHUAN
PEMOHT,

T, — HopMaTHBHE piYHE 3aBaHTAKECHHS, TOJIVH.

3arpaTH Ha peHOBalil0 MamuHU (A) Ha OJUHUIIO
BUPOOITKY BU3HAYaIOTh TaK:

A= (B-a)/(We " Ts), rpH. (10)
ne a — koe(iIlieHT BiipaxyBaHb HA PCHOBAIIIFO MAIIIMHU.

T, — 30HaNBHE piuHE 3aBaHTAXKEHHS, TOJIHH.

[Hmmi mpsimi 3aTpaT Ha OCHOBHI (HACIHHS, JOOpHBa,
repOiNuAN, MECTUIUAN TOIIO) Ta JOMOMIXHI (IIPOBOJIOKA,
mmarat, Tapa Tomo) Marepiamn (D) Ha OIUHHINO
BHPOOITKY BU3HAYAIOTH 32 (HOPMYIIOI0:

o= Zi hi ' ]-[Mi’ I'pH., (11)
ne h; — muTOMI BUTpATH i-TO BUAY Marepiany, KI/of.
BHPOOITKY, T/0JI. BUPOOITKY, IIT./0]]. BUPOOITKY,

L[y, — onroBa HiHa OAMHKLI i-r0 BUy MaTepiaiy, mo
BUTPAYAETHCS, TPH.

I[IutomMa  MaTepiaJOMICTKICTB
arperary:

KOMILUIEKCY  abo

M = (M1 + M2)/II, kr/m, (12)

ne M1 — npuBemeHa Maca MamvH 1 OONAgHAHHA, SKi
MOCTIHHO BUKOPHUCTOBYIOTH Y TAHOMY KOMIUIEKCI, KT,

M2 — mpuBeneHa Maca MamuH i oOJagHAHHS, IO
3ay4aloTh JJIs1 BAKOHAHHS POOIT.

M1 =36 - Ky, = BiLa[Gi/Ti), v, (13)
ne G; —Maca i-i MalmHu y Komiuiekci abo MTA, 3aranbpHa
KUTBKICTh SIKHX JIOPIBHIOE N

Krl. — koe(imieHT peHoBaii i-i MaIuHY,

T; — CTpPOK BHKOPUCTaHHA (HOPMATUBHMH) i-i
MAIIIMHH, POKIB.

M2 =", D]-/DT]. - K, xr, (14)
ne G; — Maca i-1 MaIluHY, SKa 3ay9aeThes I POOOTH Y
JaHOMY KoMIuTekci abo MTA, 3aranbHa, KiTbKICTh SKHUX
m.

D;j — piue 30HabHE 3aBAHTAXKCHHS j-I MAIIMHA HA
JIaHiif onepailii a00 B KOMIUIEKCI MaIlluH, TO/IMH,
Drj — piYyHE HOpPMaTHBHE 3aBaHTAXXECHHS j-1 MaIlINHH,

TOJIMH.
[Turomi 3aTpaTn CyKynmHOI eHeprii JOpiBHIOIOTS;

E = Z;ill E;, xr, (15)
ne E; — eHepreTuyHi 3aTpaTH TEXHOJIOTIYHOTO HPOIIecy Ha
ouHHUIIO pooiT, MIx.

Cknanoi popmyinu (15) €:

E,=Eq+Ey+ (Ex+Er+Ey+ E)/W,y,, (16)
ne Ep — 3arparu mpsiMoi eHeprii, L0 BHpaXKeHi
BUTpavyaHHsIM nanusa, MJx/oa. BUpoOiTKy,

Ey — 3arpatm eHeprii, siki MICTATbCA y moOpHBax,
SMOXIMHKaTax, HaciHHI, repoinuaax, MJIx/on. BuUpoOiTKy,

E, — eHepreTH4Hi 3aTpaTH >XKMBOI Ipami Ha O
BUpOOiTKY, MK,

Er — eHeproMicTKiCTh E€HEpreTMYHHX 3aco0iB Ha
OJIMHHUIIIO TOAMHU podoTu, Mx/rox,

Ey, E; — eHeproMmicTKicTh MalldH, 34YillOK Ha
OJIMHHUIIIO 3MiHHOTO Yacy, MJ[x/rox,

W,y — 3MiHHa TIPOXYKTUBHICTH arperary, oOf.
BHPOOITKY/TOI.

EHepromicTkicTe BKa3aHHX CKJIAIOBHX BMIIleHa B
Tabmumi 1.

Tadanus 1. Bxinui nani Ui po3paxyHKy MOBHUX €HEpro3arpar.

Table 1. Input data for calculating total power inputs.

IToxasHuk | Eneprernunuii exsiBasieHT, M/JIx/Kr
[TanBo (€HEPreTUUHUI eKBIBAJICHT pa30M 3 €HEPrOBMICTOM)
JusenbHe 52,7
Bensun apiariinmii 54,4
Ben3uH aBTOMOOIIBHUH 54,4
KepocuH tpakropHuit 53,9
biora3 36,2
Enexrpoeneprist 15,6 MJIxx/xBt.r
TemoBa eHepris 0,0055 MJTx/kkan
TpakTopu, koMOaiiHK caMOXiIHI 86,4
ABTom001ITi 79,3
CilTbChKOTOCITOIAPCHKI MAITMHHM, 3UITTKH 75,0
Bynipi i ciopyau 39,5 MJIx/m?
Bupo6uuui ciopyau 21,7 M]Tx/m?
AJMIiHICTPAaTHBHI i KyTbTypHO-TIOOYTOBI CHOPYIH 21,7 MJTx/m?
Jlo6puna: MJDx/KT 1.p.
OprasxiyHi | 0,42
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IIpooosocenns mabauyi 1

TopdoreperniiHi KOMIIOCTH 1,70
BamHoBi MaTepianm 3,80
MicreBi MiHepaIbHi JOOpHBa 2,90
AzoTHi 100pHBa 86,80
DocdopHi 1odprBa 12,60
Kaniitai no6pusa 8,30
KomnuekcHi (HiTpoamodocka Ta iH.) 51,50
TMectnumon MJIx/KT 1.p.
Tepbinmmn:

Macna, o 3MIIIyroThes 419,6
[Topomok, 1o 3MOYy€eThCS 263,6
I'panymm 363,7
IHTEeKCULTMIN:

Macna, o 3MIIIyroThes 365,0
[Topomok, o 3MOYy€eThCS 258,2
I'panymm 312,1
OyHTIinUAN:

Macna, oo 3MIiIIyroThes 272,6
[Topomok, o 3MOYy€eThCS 116,6
I'panymm 216,7
Boprmoceka pimuna: MJx/KT 1.p.
Bamnro (ramene) 11,6
Migauit Kymopoc 86,0
3arpatu xuBoi mpari, pobora: MJx/m-1
Jyxe nerka 0,6
Jlerka 0,9
Cepenus 1,26
Baxka 1,86
Jyxe Baxka 2,52
KepyBaHHs TpakTOpoM, KOMOaltHOM 1,26
PobGora Ha ciBankax 0,90
HaBaHTa)XeHHS, TONOMDKHI poOOTH 0,60

Tabéauus 2. EHeproBMicT NPOAYKIIiT pOCTHHHUIITRA.

Table 2. Energy content of crop products.

Hasga npomyxmii

Eneprosmict, M/Ix/kr

[Iponykiist poCTHHHALITBA

IMmenwnts (3epHO):

O3uma 16,45
Mosirka sipoBa 16,61
TBepaa spopa 16,76
ComoMa 10,60
2Kuto (3epHO) 16,76
Samine (3epHO) 16,45
Ogec (3epHO) 16,17
IIpoco (3epHO) 16,94
I'peuxa(zepHo) 16,67
Puc (3epHO) 16,85
Ksacoust (3epHO) 17,78
T'opox (3epHO) 17,69
Copro (3epHO) 15,77
Kykypynza (3epHO) 15,14
Kykypynza (3enena maca) 4,10
JIbOH-TOBryHEIb (BOJIOKHO) 18,01
JIpoH-0BryHeup (HaciHHs) 20,68
IlykpoBi Oypsiku 2,56
CoHsITHUK (HACIHHS) 17,83
CoHsIITHUK (3eJIeHa Maca) 4,20
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IIpooosorcennss mabauyi 2

Cost (3epHO) 18,10

Kapromns 3,66

baxua 1,64

OBoui 1,44

Kopmogi xoperermoan 4,10

Bararopiuni TpaBu Ha CiHO (KpiM JIFOIICPHH) 3,78

JlroriepHa Ha CiHO 5,46

OnHOIITHI TpaBH HA CIHO 3,28

JlykoBi TpaBu 3,24

3epHO(dypakHi KyIbTYpH Ha 3/Macy 4,62

Tabak (Maxopka) 9,09

KoHoris (BOJIOKHO) 17,64

Hacinns:

ITmenuns o3uma (3epHO): 29,61

Kuto (3epHo) 30,17

Samine (3epHO) 29,61

Ogec (3epHO) 29,10

IIpoco (3epHO) 30,50

I'peuxa (3epHO) 30,00

Puc (3epHO) 28,78

T'opox (3epHO) 31,84

Cos (3epHO) 32,58

Kykypynza (3epHO) 27,74

JIbOH-TOBryHEITh (HACIHHS) 20,68

COHSTIHYK (HACIHHS) 32,09

IyxpoBi Oypsiku 18,40

Kapromns 6,58

Baxua 18,70

OBoui 18,70

Baratopiuni TpaBu 19,70

OMHOIITHI TpaBH Ha CiHO 19,70

Tabak (Maxopka) 17,60

Konormis (HaciHH:) 18,48
CriBBiTHOIICHHS MiXK OJMHUIIMH €HEpTii:

1 kimokajopis =427 xt™

1 kijoBaT-roguHa = 3,6M]Ix

1 MIx =0,034 kr y.m.

1 KT YMOBHOTO IaJIMBa = 7000 xxax

1 xBT. roguna =0,12 xry.m.

1 xinokamnopis =4,19 x/Ix = 0,00419M Ix

1 xiymoxamopis =1,163 Br.r

1 KT YMOBHOTO ITaJIMBa =29,33 MIx

1 K.C.-TOOUHY = 2,65 M]JIx

1 MIx =0,278 kBt.r

1 Kr IU3€IHOTO HajJuBa =1,45xry.m.

1 kr aBTOOCH3MHA =1,52 kry.m

3a JOKaIPHUMH KPHUTEpisIMHM, HaBEJCHHUMH BHIIE,
YTBOPIOEMO  MAaTpHII0 pillleHb, fAKa € KIiHIEBOIO
CYKYITHICTIO BapiaHTiB pimeHb. Takux BapiaHTIB pillleHb
Oyne m, mnpudaomy m > 1. Tlo3HauumMo BapiaHTH
E\,E,, ..., Ep. [lpuiiMeMo yMOBY, III0 KOXXHIM BapiaHTOM
E; onHO3HaYHO BHM3HAYAETHCS NESIKHH pe3ynbrar (To0To
MaIIMHHO-TPAKTOPHUH ~arperar, TEXHOJOTIYHA JIiHis,
TEXHOJIOTIYHUI KOMIUIEKC MaIInH) e;. 3HaYeHHs CTPOYKU
€;, CKJIaJIaf0Th TIOKa3HUKH JaHOTO TEXHIYHOTO PIillIeHHS 3a
BH3HAYCHUMH JIOKUIBHUMH KpuTepismu. Taky Tabmmirio
po3mipom m * n (M — KiIbKICTh BapiaHTiB, N - KiIBKICTh
JIOKaJIbHUX KPUTEPiiB) HA3MBAIOTH MATPHUIICIO PIlICHb.

IMosnaunmo ii e;; € E.
[epmr 3a Bce marpumto E moTpiOHO HOpMami3yBaTH
enij = eij — eSj/Sj, (17)

€ en;; — eNIEMEHTH HOPMOBAHOi MaTpuLi Ey, ,

€;j — €NIEMEHTH BXiJHOi (MepBUHHOT) MaTpuui E,

es; — cepeiHi 3HAYEHHs KPUTEPIiB BXiqHOi MaTpwili,

Sj — CepeIHbOKBAPATUIHI BiJIXWJIEHHS KPHTEPIiB.

BigmituMo, 10 3HAYEHHS €S; Ta S; BHPaXOBYIOTh 3a
KpuTepisiMM, TOOTO mo croBmipix. Haramaemo, mo y
HOPMOBAHOI MaTpHIi CepeJHi 3Ha4yeHHs (110 CTOBIILIX)
JIOPIBHIOIOTH HYITIO, a JUCIIEPCii JOPIBHIOIOTH OJIHHIII.
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Mu OynmemMo TIyKaTH BapiaHT 3 HaWOUIBIIAM
3HAUEHHSAM pe3yibTary, To0To Meror BuOOpy E (max
en;). Slkmo moTpibHO MiHIMI3yBaTH NesKi Kputepii (a y
HAIIOMY BHITAJKy BCi JIOKaJbHI KpHTepii MOoTpeOyroTh
MiHiMi3amii), TO 3HaUYeHHS IX IIOKa3HUKIB OepyTh
Bi’€MHUMH, TIpHYOMY TIOMHOXHTH Ha (-1) Taki
MOKa3HUKH NOTPIOHO HOPMaJTi3yBaTH.

IIpn 3acrocyBaHHI 5-TO KOMIUIEKCHOTO KpHTEpis
BUKOPHCTOBYIOTh NEPBUHHY, HEHOPMaIi30BaHy MaTPHIIO
pillICHB.

Marpunst pillieHb MaTHME BUTIISA

Ne mokasHuKa X3 Xa Y
1 -1 -1 Y1
2 +1 -1 Y,
3 -1 +1 Y3
4 +1 +1 Yy

[Ipasuno BuOOpy 3a kpurepiem baiteca-Jlamnaca
IHTEpIPETYIOTh ~ TaKMM  YHHOM: MAaTpHUI  pIlIeHb
JIOTIOBHIOETHCS II€ OJTHUM CTOBIIIIEM, SIKUI YTBOPIOETHCA 3
MaTeMaTHYHUX OYiKyBaHb 3HAUCHb KOXHOI CTPOYKH,
ITIOMHOKEHIX Ha BaroMicTh KpuTepiiB. BuOmparoTsh Ti
BapiaHTH, B CTpPOYKax SKUX 3HaXOIAThCS HAWOUIbILI
3HAYEHHS 1IbOTO CTOBIILIS.

Toxmi QyHKINs, 3a. JOMOMOTOI SKOI OI[IHIOHOTH
pe3yNbTaTh, Ma€ BUIIISIA:

Z(BL) = maxey,, (18)
— n .
€ir = Lj=1€ij " 4j, (19)
Je q; — BaroMicTb ¢-TO KpHUTEpir. 3a3HAYUMO, MIO
000B’5I3K0BO:
n —
Xiai=1, (20)
IpaBmwio  Bubopy 3a  kputepiem  [ypsima
(OPMYITIOETBCS TaK: MATPHILS PillieHb JAOTIOBHIOETHCS 1IE
OJIHUM CTOBIILIEM, SIKMH MICTUTh CEpeAHi 3Ba)KeHi
HaiMEHIIOro 1 HaHOLIBIIOro pe3yNbTaTiB  KOXKHOT

cTpoukH. BuOuparoTe Taki BapiaHTH, B CTpPOYKax SKHUX
3HAXOAATHCS HAWOUIbIII 3HAYEHHS [[bOTO CTOBIILIA.

Toni GyHKIIiS OIIHKY Ma€ BUTIIS;

Z(HW) = max e, (21)

e, = c-maxe;; + (1 —c)-maxe; (22)
JIe ¢ — BaroMicTh Kputepii. Sk mpasuio, ¢ = 0,5, To6TO 32
¢dopmynoro (22) BU3HAYAIOTh CEpeAHE apupMeTHUHE
3HAYEHHSI.

[IpaBuno  BubOpy 3a
(hOPMYITFOETHCS TaK:

KoskeH eneMeHT Marpulli pillleHb BiJTHIMAETHCS BiJ
HaAMOLIBIIOTO Pe3yIbTATy BiAMOBITHOTO CTOBMI. Pi3HMII
yTBOPIOIOTH ~ MarTpuiio  pemrok. Llg  martpuus
JIOTIOBHIOETHCSI  CTOBIIIEM  HAWOUTBIINX  PI3HUIIb.
BubuparoTh Taki BapiaHTH, B CTPOUYKAX SKUX 3HAXOIATHCS
HalMEHII 3HaY€HHS I[bOTO CTOBIILIS.

OyHKIIiS, 32 TOTIOMOTOI0 SKO1 OLIHIOIOTh PEe3yIbTaTH,
Ma€e BUIJISIA:

Z(S) = mine;, = min[max(max e;j — eij)], (23)

kpurepiem  CeBimpka

Ta e, = Maxe;; = max[max e — eij], (24)
[IpaBuno Bubopy 3a kpurepiem Xomka-Jlemana
(OpPMyIIOETBCS  Tak: MaTpPULA pIlIEHb JIOTIOBHIOETHCS
CTOBHIEM, SKHH CKJIQJEHO 3 CEepeAHIX 3BaXEHHX
MaTeMaTHYHOTO OYIKYBaHHS i HaWMEHIIOTO pe3yJbTaTy
KOXXKHOT cTpouku. BubupatoTs Taki BapianTH pimens Ej,,
CTPOYKAX SIKMX 3HAXOAATHCS HalOUIbII 3HAYCHHS LIBOTO
CTOBIILIS.

DyHKIIis, 32 JOTIOMOTOI0 SIKOT OIIHIOIOTh PE3YIIbTATH,
Mae BUITIA:

Z(HL) = max e, (25)
ey = [Z e;jWes; + min(Normij/Z)] (26)
ne Wes; — BaromicTs i-ro Kputepiro.

[IpaBuio BubOOpy 3a UM KpUTEpieEM (HOPMYITIOETHCS
TaK: yTBOPIOIOTH MATPHIIO (;p, €IEMEHTH SKO1 € BiTHOCHI
3MIHHM JAHOTO MOKAa3HWKA IO BIJHOIIEHHIO OO 0a30BOTO
Bapianty. ba3oBuM BapiaHTOM mNpHHMalOTh mepIIe
pitreHHs. BiqHOCHI 3MiHM BU3HAYAIOTH 32 (POpMyIIaMHu:

qij = p6;/po; (27)

qij = po;/p6; (28)
e po; — 3HAYCHHA i-TO JIOKAJILHOTO IOKa3HWKa, pO; —
3HAYEHHS TOTO X MOKa3HHKa, 0a30BOTO BapiaHTY.

3 dopmyn (27) i (28) BuOHMparoTh Ty, SIKa BigIOBigae
30iNbIIEHHIO  BiIHOCHOI 3MiHM TOKa3HMKa  ¢;; U
MOKpAIIICHHI BapiaHTa, IO OILIHIOKTh. Tak K JOKAaIbHI
kpurepii 1-5 moTpedyoTh 3MEHILIEHHS BCIX TOKa3HUKIB, TO
3aCTOCOBYIOTH (popmyiy (27).

Marpuns BIZHOCHUX 3MiH @y, MJOIIOBHIOETHCS
CTOBIILIEM, SIKMH YTBOPIOETHCS 3 3BAKCHUX MaTeMaTHYHUX
OUIKyBaHb 3HAYCHb KOXHOI CTpOYKHA. BuOuparoth Ti
BapiaHTH, B CTPOYKaX SIKHUX B3HAXOMATHCA HANHOLIBIII
3HAYEHHS LIOTO CTOBIILI.

DyHKIIiA, 32 JOTOMOT OO SIKO{ OLIIHIOIOTh Pe3YJIbTATH,
Ma€e BUIJISIA:

Z(GOST) = maxK;, (29)
Ki = Z qu ' WeSj, (30)
ne WE'S]' — BaroMmicTh j'FO JIOKAJIBbHOTO ITOKa3HHUKa

(xpurepis).

Jus  peamizamiii ONMCaHUX METOMIB PO3POOICHO
cnemianpHe mnporpamHe 3abe3meueHHs TUROW, 3a
JIOTIOMOT 010 SIKOTO PO3pPaxOBYIOTh 3HAUEHHS 3a BCiMa 5-Ms
KOMIUIEKCHIMH KPHUTEPISIMH 1 OJEpXKYIOTh Pe3yibTaT y
BurysiAl Tabsuii 4. [lpu 11b0My BapiaHTH PIillIeHb IS BCiX
KpHUTEpIiB 3alMCYIOThCS B OKPEMHMH TEKCTOBHW (haii.
Po3ramryBanHs pimieHs B (aiii pe3ynbTaTiB BUKOHYETHCS
3a mpiopUTeTaMH, TOOTO Imeplie BHUJIAHE pILICHHS €
HaMKpaIyM, a OCTAaHHE - HAHTipIINM.

3acTocyBaHHS ~ METOAMKM  IPOLTIOCTPYEMO  HA
JIEKUTBKOX MPUKIIANAX.

[Ipukmag OLIHKKA TEXHOJIOTIH 30WpaHHS 3epHOBHX
KynbTyp. OuiHKy mnpoBenemo 3a 4-Ma JIOKaIbHUMHA
KpUTEpisiMH, IO HaBeleHi B Tabmumi 3. Tam ke HaBeeHO
1 BArOMOCTI JIOKaJIbHUX KPUTEPiiB. YMOBH 30MpaHHs: 30Ha
Cren Ykpainu, KyJIbTypa — 03uMa MIICHHUIs, BPOKaHHICTh
- 60 /ra.

TexHomOTi{ pO3TIITHEMO TaKi:

1. TIlpsme xomOaiiHyBaHHS 3 MOJPIOHEHHSM,
TpaHcnoptyBaHHs cojmomu CIIC-4 (60 xy6.m) i
ckuptyBanHs Y CA-10.

2. llpsme xombOaiiHyBaHHS 0Oe3 mOApiOHEHHS,

TpaHcrioptyBaHHs conomu BKH-11 i ckupryBanns I10-
0,5.

3. Ilpsime xomOaifHyBaHHS 3 IOJPIOHEHHSM,
TpancniopryBanus coimomn ['KB-8876 (40 wm%) i
ckupryBanus YCA-10.

Sk BUIHO 3 pe3yJbTaTiB, HaBeIeHUX B Tabmuii 4, 3a
BCIMa KpUTEPIsIMU Kpallla TEXHOJIOTis 2 (KOMUIEeBa).

3acTocyBaHHS ~ METOAMKM  MPOUTIOCTPYEMO  Ha
MPUKJIaAi BU3HAUEHHS TEXHIYHOTO PIiBHA OONPUCKyBadiB
MOJILOBUX KYJNBTYp. BXinHi nani HaBexeHi B Tabmui 5.
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3HaueHHS 32 KPUTEPIEM SKOCTI HE BPAaXOBYBAIIH, TOMY
oo BCi OOMpHCKyBadi 3a IOKAa3HUKOM  SKOCTi
HEPiBHOMIPHICTh OONpPHUCKYBaHHA - OJWHAKOBi. Jlis
BiTum3HAHKX obmpuckyBadis OCIII-2500 i OI1-2000-2-01

PO3NMITIOBaYaMy, TPYyOOIPOBOJAMH,

MIPUCTPOT [T cTabimi3aIii IMTaHTH.
3a HaBeACHOK BHINE METOIAMKOI BH3HAYMIN

3HAYCHHS KOMIUICKCHHX KpHTepiiB 1-5, sKki HaBeoeHO B

a TaKoX MarTh

e TIOSACHIOETBCSA THM, IO BOHM YKOMIUIGKTOBaHI  TaOmwili O.
IMIOPTHOO €JIEMEHTHOIO 6azoro: HACOCOM,
Ta6mums 3. TexHooril 30UpaHHs 3¢PHOBUX KYJIbTYP.
Table 3. Grain harvesting technologies.
. . Texuomnorii
JlokanpH1 kpurepii BarowmicTs 1 5 3
1. 3aTparu npari, ja-r/ra 0,10 4,8 4,0 9,3
2. Ilpsimi BUTpaTu najinBa, Kr/ra 0,35 44,1 32,9 43,4
3. CykymHi eHepro3arparu, MJx/ra 0,20 1888 1409 1860
4. MatepiaJIoMICTKICTb, KI/Ta 0,15 206,2 180,7 189,2
5. [lpuBeneHi 3aTpaTh, TpH/Ta 0,20 197,2 180,3 222,0
Tadawnus 4. OniHKa TEXHOJOTiH 30UpaHHs 3ePHOBUX KYJIBTYP.
Table 4. Evaluation of grain harvesting technologies.
E:ﬁ;ﬁia I'ypsina CeBimxka ﬁ:ﬁfja ACTY
Ne Z(BL) Ne Z(G) Ne Z(S) Ne Z(HL) Ne Z(GOST)
2 +1,02 2 +0,93 2 0,00 2 +0,45 2 +1,25
1 -0,44 1 -0,33 1 +1,96 1 -0,53 1 +1,00
3 -0,48 3 -0,46 3 +1,99 3 -0,68 3 +0,5

Tadauus 5. TexHIK0-eKOHOMIUHI MOKa3HUKHN OOIPUCKYBAYiB MOIBOBUX KYJIBTYp TPH HOPMi BHECEHHS PO3UHHY

nectuiunis 100 i/ra.

Table 5. Technical and economic indicators of field sprayers at the rate of pesticide solution application of 100 I/ha.

. IToka3HUKH 33 KPUTEPISIMU
Mopens ®ipma, nepxana 1 > 3 n 5
3000x18 S-300 BBG, ®PH 1,803 7,13 0,060 1,803 183
3000x21 S-300 BBG, ®PH 1,748 6,64 0,053 1,748 181
Spidomat D2 20 RAU, ®PH 1,796 6,40 0,070 1,796 171
Spidomat D2 30 RAU, ®PH 1,798 7,49 0,065 1,798 175
Spidomat D2 40 RAU, ®PH 1,919 7,49 0,065 1,919 172
2400x18 Hardi Hardi, danis 1,528 6,89 0,080 1,528 173
2400x18 Hardi Hardi, danis 2,049 7,13 0,077 2,049 174
2600x21 Hardi Hardi, danis 1,775 6,40 0,066 1,775 170
2500x18 Sprau FARNGER,YropuiuHa. 2,130 6,89 0,088 2,130 172
OCI1I1-2500-18 ®perar, Ykpaina 1,046 6,89 0,082 1,046 179
OI1-2000-2-01 JIpBiBXiMciTbrocmmar, YKpaiHa 0,974 6,52 0,103 0,974 181
Tabauus 6. 3HaueHHAS KOMIUICKCHUX KPUTEPiiB OOTPUCKYBAYiB.
Table 6. The value of complex criteria for sprayers.
baiieca-Jlamiaca I'ypsina Cesimxka Xomxka-Jlemana JACTY
Ne Z(BL) Ne Z(G) Ne Z(S) Ne Z(HL) Ne Z(GOST)
10 0,76 10 0,73 6 1,89 11 0,01 11 1,38
11 0,63 8 0,69 2 2,08 2 -0,04 10 1,34
2 0,48 11 0,57 8 2,16 3 -0,09 6 1,07
8 0,47 2 0,49 10 2,17 6 -0,23 2 1,06
3 0,22 3 0,18 3 2,22 1 -0,30 8 1,04
6 0,16 1 -0,01 1 2,36 10 -0,32 3 1,01
1 -0,16 6 -0,36 5 2,80 7 -0,51 1 1,00
4 -0,49 4 -0,46 4 2,80 9 -0,62 4 0,98
5 -0,64 5 -0,46 7 2,90 5 -0,82 5 0,95
7 -0,68 7 -0,48 9 3,11 4 -0,82 7 0,92
9 -0,75 9 -0,58 11 3,86 8 -1,36 9 0,89

Sk BHAHO 3 pe3yabTaTiB ONTHMI3allil BITYU3HSHI
oOmpucKyBadi  JOMIHYIOTH  Iepel  3aKOPIOHHUMH,

0COOJIMBO 32 KPUTEPiEM eKCIDTyaTalliiHUX 3aTpaT Maixe B
2 pa3u, TOMy BUCHOBOK MOX€ OYTH JJOCHTh BarOMHM MPO
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Te, MO I CUTBCHKOTO TOCTOJapcTBa YKpaiHW Hemae
MoTpeOW 3aKyNoOBYBaTH IMIIOPTHI MAaIlMHU, JOCUTH
3aKyNOBYBaTH e€JEeMEHTHY ©0a3zy, a oOmpuckyBadi
BUTOTOBJIATH Ha MIANPHEMCTBAX JACPIKABH.

[puknang 3acTocyBaHHS METONWKU IPH BH3HA4YCHHI
TEXHIYHOTO PIBHS TEXHOJOTIH I 30MpaHHS ITyKPOBHX
OypsikiB. Bu3Ha4YamM MEPCIEKTUBHICTh  TEXHOJOTIMH,
HaBeIEeHUX B Ta0auwi 7.

Jns  BuOpaHMX TexHoJOTid BUOpanu Kpurepii
omruMizanii: 1) ekcrulyaramiiiHi - 3aTpaTtH, TpH./Ta,
2) MarepialOMICTKICTbh, KI/Ta, 3) IpsiMi BUTpaTH TaJHBa,
Kr/ra, 4) 3arpatu eneprii, kBr-r/ra, 5) 3arpatu npari,

Tabauus 7. TexHomorii 30upaHHS IYKPOBUX OYPSIKiB.
Table 7. Sugar beet harvesting technologies.

JIFOML.-T/Ta. 6) KamiTaJoBKIaICHHS, THC. TPH., 7) MPUOYTOK,
THC. TPH.

B nmaHmii mepemik BKIIOYEHO MPHOYTOK, TIPOTE
PO3paxyHKH MPOBOAMMO 32 BCIMa KPHUTEPiSIMH, TOMY IO
3HAYCHHS MPUOYTKY IJIs BCIX TEXHOJOTIH Bigpi3HAIOTHCS
He OuIblIe K Ha 3 BimCOTKH. IIOKa3HMKH TEXHOJIOTIUYHHUX
KOMIUIEKCIB MallIiH Juis riomti 30upanHs 800 ra HaBeieHO
B Tabnuni 8, mpuuoMy 9-y TEXHOJIOTIIO NPHUHHATO SIK
KOHTPOJIbHY, a TIOKa3HUKH PEIITH TEXHOJIOTiH BUpaXXeH] B
JIOJIAX IO KOHTPOJIBHOI.

Pospaxynku  3a
HaBeJIeHO B Taduumi 9.

KOMIIJICKCHUMH KpI/ITepiﬂMI/I

Ne texHoIOTI1 Hassa Texnonorii KinmpkicTh psakiB
1 OpnodaszHa koMOaltHOBa 1
2 OpnodaszHa koMOaltHOBa 2
3 OpnodaszHa koMOaltHOBa 3
4 OpnodaszHa koMOaltHOBa 6
5 JBodasHa, po3xminpHa 2
6 JBodasHa, po3xminpHa 3
7 JBodasHa, po3xminpHa 6
8 JBodasHa, po3xminpHa 12
9 Tpudazna BamkoBa 6
Tabauus 8. [Toka3HUKY TEXHOIOTIH 32 BUOpPAaHIMH KPUTEPisIMU.
Table. 8. Indicators of technologies according to the selected criteria.
Kpwurepii
1 | 2 | 3 | 4 | 5 | 6 | 7
TexHomnorii -
Baromicth kputepiiB
0,159 0,143 0,143 0,127 0,111 0,158 0,159
1 2,50 13,90 10,11 8,75 8,64 1,74 0,97
2 2,87 4,09 2,71 3,10 2,94 1,08 0,96
3 2,37 3,55 2,02 2,53 1,23 1,26 0,97
4 0,93 1,67 1,36 1,33 0,23 1,26 0,97
5 0,95 1,00 1,17 411 3,71 0,27 0,97
6 1,54 1,85 1,76 2,17 2,00 0,72 0,98
7 0,98 1,49 0,84 0,96 0,51 1,20 0,98
8 0,52 1,07 0,40 0,85 0,14 0,83 0,98
9 1,00 1,00 1,00 1,00 1,00 1,00 1,00
Tadanusa 9. 3HaueHHsS KOMIUIEKCHMX KPUTEpIiB TEXHOJOTIYHMX KOMIUIEKCIB MAIUH Ul 30MpaHHS I[yKPOBHX
OypsiKiB.
Table 9. The value of complex criteria of technological complexes of machines for harvesting sugar beets.
. ey
Ne Z(BL) Ne Z(G) Ne Z(S) Ne Z(HL) Ne Z(GOST)
9 +0,58 9 +0,80 3 2,65 9 -0,10 8 13,04
8 +0,53 5 +0,66 6 2,91 6 -0,14 4 6,89
7 +0,28 8 +0,32 4 2,96 7 -0,18 7 5,57
6 +0,20 6 0,21 7 3,00 8 -0,24 9 4,36
5 +0,17 7 0,14 8 3,10 4 -0,31 5 3,37
4 +0,10 4 0,11 5 3,12 5 -0,31 6 2,63
3 -0,24 1 -0,01 9 3,12 3 -0,54 3 2,52
2 -0,52 2 -0,31 2 3,54 2 -0,91 2 1,81,
1 -1,10 3 -0,70 1 3,57 1 -1,34 1 1,00

Amnaniz pesynprariB Tabmuuni 9 mnokasye, mo 3a
OinpricTio KpuTepiiB (3) mepeBaru Mae BaJIKOBHH criociO
30upanHs OypskiB - 9-a TtexHonoris. Bona 1 €

MPIOPUTETHOIO Ui TOCHOAapcTB YKpaiHW mpu obcsrax
BupoOHuITBa 600-800 ra.
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BucHoBkH

1. SIx BUAHO 3 pe3yNbTATIB ONTHUMI3AIlil HA MIPHUKIIAII
BITYM3HAHHAX OONPHCKYBadiB, SKi IOMIHYIOTH Tepen
3aKOPIOHHUMH, OCOOJIMBO 32 KPUTEPIEM eKCIDTyaTaIliHHIX
3aTpaT Maibke B J[Ba pa3HW, TOMY BHCHOBOK MOXe OyTH
JIOCUTBH BarOMHUM IIPO T€, 110 JUIS CLIBCHKOTO TOCTIOIapCTBa
VkpaiHu Hemae TOTpeOM 3aKyNOBYBaTH IMIIOPTHIi
MalllMH{, JOCHTh 3aKyIlOBYBaTH e€JIEMEHTHY 0a3y, a
oOnpHCcKyBadi BUTOTOBIISATH Ha MIANIPUEMCTBAX JEPIKaBH.

2. AwnHami3z pe3yiabTaTiB 3HAYEHHS KOMILIEKCHUX
KPUTEPIiiB TEXHOJOTIYHMX KOMIUIEKCIB MalluH  JUIs
30mpaHHs IMYKpPOBUX OYpsKiB ITOKa3aB, IO 3a OLTBIIICTIO
KputepiiB (3) mepeBaru Mae BaJKOBHH croci® 30mpaHHS
OypsakiB — 9-a TexHouoris. BoHa i € TpiOpUTETHOIO IS
rocnofapcTB Ykpainn mpu obcsrax BupoOHmITBa 600-
800 ra.

3. Jlns BuOpaHHX TEXHOJOTIH BHOpamu KpuTepii
omruMizanii: 1) ekcrulyaraumiidHi - 3aTpatH, TpH./Ta,
2) MaTepiaoMICTKICTbh, KI/Ta, 3) IpsiMi BUTPATH IajiuBa,
kr/ra, 4) 3arpatu eneprii, kBr-r/ra, 5) 3arpatu npari,
JIOJ1.-T/Ta. 6) KamiTaJoBKJIaJCHHS, THC. TPH., 7) MPUOYTOK,
TUC. TpH. POo3paxyHKH NpOBOAMIM 32 BCiMa KPUTEPisMHU,
TOMY IO 3HAYeHHS MPHOYTKY A BCIX TEXHOJOTIH
BiZIPI3HSAIOTECS He Ounpmie sk Ha 3 BimcoTku. IlokasHUKH
TEXHOJIOTIYHUX KOMITJIEKCIB MAIIWH IS TUIOMII 30MpaHHs
800 ra, me 9-a TexHOJNOTIA MPHUHHATA SK KOHTPOIBHA, a
MOKA3HUKHM PEIITH TEXHOJOTIH BHpPaXeHI B HONAX OO
KOHTPOJIBHOI.
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METOJOJIOTUYECKUE ITOJIOXKEHUA
TEXHUYECKOI'O YPOBHA UCITOJIbB3OBAHU A
KOMITJIEKCA CEJIbCKOXO3SMCTBEHHbBIX
MAIINH
JI. JI. Tumosa, . M. Huuau

AHHoTaumMsa. B  crarbe mpuBeNeH — aHaIu3
COBPEMEHHBIX Hay4YHBIX JIOCTHKEHU N o
MHOTOKPUTEPHUAIbHON ONTUMU3AIUU TEXHUYECKHUX
pElleHNi U CYIIECTBYIOIIMX HOPMATHUBHBIX JIOKYMEHTOB U
OIpe/ICIICHbI KOMILJIEKCHBIE KpUTEpUU OLIGHKH
CEJIbCKOXO3SIMCTBEHHOW ~ MAIIHEIL; OLICHKKM  MX
3¢ (GEKTHBHOCTH BO B3aUMOCBSI3H C AKTyaJbHBIMH [IEISIMU
W 3a7a4aMH, NpeJHa3HAY€HHBIMHU Ul MCIOJIb30BAaHUS B
rOCYJJapCTBEHHBIX PYKOBOISAIIUX YUPEKICHHUSX,
TIPOU3BO/ICTBEHHBIX MNPEANPUATHSAX, Hay4YHBIX
YUPEKICHUAX, KOHCTPYKTOPCKMX OpraHu3alusX IpHu

00OCHOBaHMH U ONPENEICHUN JYYIINX TEXHOIOTHH U
MallMH A7 [OPOW3BOACTBA, NPH  OOOCHOBAaHHU
HaNpaBICHUN CO3JaHUsI HOBBIX W COBEPIICHCTBOBAHMS
CYIIECTBYIOIIIX TEXHOJIOTHH U MallIHH, TPH 000CHOBAaHUA
npuoOpeTeHne 3apyOeKHOH TEXHHKH. Takod Moaxon
3aCTaBISIET NPH PEHICHUU 000N HaydHO-TEXHHUYECKOH
3a7la4M 10 CO3JaHMIO HOBOTO IPOAYKTA PaccMaTpUBATh
3TOT TPOAYKT HE TOJBKO Ha JTale  Hay4HO-
UCCJIEJIOBATEIbCKUX M OIBITHO-KOHCTPYKTOPCKUX paboT
WY TIOCTAaHOBKHY Ha MPOM3BOJICTBO, HO M B TEUCHHE BCETO
BO3MOXXHOTO TI€pHOJa JaJbHEHIIETO0 CyHIeCTBOBaHMUS
3TOr0 MPOAYKTA, TO €CTh B TEUEHUE BCETO IKU3HEHHOIO
IIMKJIA TTPOIYKTA.

JanHbIe METOJIOJIOTHIECKHUE TIOJIO>KEHHS
pacIpoCTpaHsIOTCs Ha CEITbCKOXO3SICTBEHHOE
MPOMU3BOJICTBO - TEXHOJOTUH MPOHU3BOJICTBA MPOIYKIIHH,
TEXHOJIOTHYECKHE KOMIUIEKCHl MAIlWH, MAIINHBl U

MAIIMHHO-TPAaKTOPHBIE  arperaTtsl,  HCHOIB3YIOT B
PacTEHUEBOCTBE u IIPOU3BOJCTBA
CEeJbCKOXO035UCTBEHHOU MTPOSYKIIMH.

KitoueBble cnoBa: METOMOJIOTHS, TEXHUYECKUI
YPOBEHb, KOMIUIEKC MalllUH, CEJIbCKOXO35HCTBEHHAs
MamiuHa.

KnroueBble cioBa: meromonorus, Ko3¢GQHINUEHT
TOTOBHOCTH, 3((EKTUBHOCTh, CEIbCKOX03HCTBEHHAS
MalllHa.

METHODOLOGICAL PROVISIONS OF TECHNICAL
LEVEL OF USE OF COMPLEX
OF AGRICULTURAL MACHINES
L. L. Titova, I. M. Nichai

Abstract. The article presents an analysis of modern
scientific achievements in multi-criteria optimization of
technical solutions and existing regulations and identifies
comprehensive criteria for evaluating the agricultural
machinery; evaluation of their effectiveness in relation to
the current goals and objectives for use in government
agencies, manufacturing enterprises, research institutions,
design organizations in the justification and determination
of the best technologies and machines for production, in
justifying the creation of new and improvement of existing
technologies cars, when justifying the purchase of foreign
equipment. This approach forces to solve any scientific and
technical problem to create a new product to consider this
product not only at the stage of research and development
or production, but also during the entire possible period of
further existence of this product, ie throughout product life
cycle.

These methodological provisions apply to agricultural
production — production technologies, technological
complexes of machines, machines and machine-tractor
units used in crop production and agricultural production.

Key words: methodology, technical level, complex of
machines, agricultural machine.
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AHoTanis. B cTarTi mpoaHami3oBaHO 3aCTOCYBAaHHS
HOBITHIX TEXHOJOTI TOYHOTO BHCiBy Ha NpUKIAIi
BUKOPHCTaHHS  BHCIBHOTO  amapaTy 3  J03aTOpOM
HampasieHoi nii. i nporo Oyso mpoaHami3oBaHO TaKHi
napaMeTp B CUIBCHKOTOCIIONAPCHKOMY BHPOOHHITBI SIK
BUTpaTH IIOCIBHOTO Marepiayy, IO BIUIMBa€ Ha HOTO
Pe3yIbTaTUBHICTD.

OO0'eKTOM JOCHI/KEHHS € BHUCIBHUIM amapar 3
JI03aTOPOM HarpaBJIeHOi Aii, IHHOBalliiiHe KOHCTPYKTHBHE

PpilIeHHS SIKOT'O JI03BOJIUTE MOKPAIIUTH
CLTBCHKOTOCTIOTapPCHKE BHPOOHHUIITBO Ha OCHOBI
pecypco30epeKeHHs..

B pe3ynbTarti BUKOPHUCTAHHS HOBOI'O
KOHCTPYKTUBHOTO  DIillIEHHsI  J03aTopa,  IiJBHIICHA
TOYHICTb BUKOHAHHS TEXHOJIOTIYHOrO potecy
(OopMyBaHHS  PETYISIPHOTO  OJHO3EPHOBOTO  IOTOKY.
BcraHoBIEHO 3B'130K MK BiJCTAHHIO Bij HACIHUHHU [0
KoMipku 1 cuioro ii  mpucMokTtyBaHHsA. OTpHMaHO

PIBHSIHHSI JUHAMIKM PyXy HACIHMHM 1 4acy eKCIO3MLii
HACiHMHU 3 KOMipKkoro. [IpoBemeHO aHai3 3yCHIIb, IO
JII0OTh HA HACIHMHY IpU MNepeMillieHHI X J03aTopoM
HarpaBJIeHoT Jii.

OOrpyHTOBaHO parioHanbHi (pa3u poOOTH BHCIBHOTO
amapaty 3 J03aTOpOM HampaBIeHOi [Hii 1 BU3HAuYCHI
rapamMeTpH Horo poOOTH.

Kurouosi cjoBa: pecypco30epexeHHs,
ITHEBMOMEXAHIYHUH  BHCIBHMH  amapar,  J03aTop
HaTpaBJIeHOl Jii, HACIHMHA, TIPOIYCK, ABIHHUK, KOMIpKa,
TOYHHI BUCIB.

ITocTaHoBKa MpodIeMHu

B HOBMX yMOBax TOCHOIApIOBAHHS BiAYYTHO
TIOCHITIOETBCSL  Ae(IIUT CHPOBHHH, TOMY OILIAJUINBE
BUKOPHCTaHHS PECYpCiB IOBHHHO CTAaTH OCHOBHHMM
JOKEpEIIoM 3a/I0BOJICHHS 3pOCTAlUUX noTtped
TOCIIOJIapChKOTO KOMIUIEKCY B CHpPOBHHI, Marepianax,
nmanuBi M eHeprii, IO cHi pO3risNaTH SK OCHOBHY
MepeayMOBY MiABHIICHHS €()EeKTHBHOCTI W IMOAAIBIIOrO
po3BUTKY BupoOHHITBA [1-7].

3  yCKIAQAHEHHSIM  BHPOOHMYMX  IIPOLECiB i
30UTBIICHHS BapTOCTI BHKOPUCTOBYBAaHWUX y TIpOIleci
BHPOOHHUIITBA  PECYpCiB,  aKTyali3ye€ThCS  MHUTAHHS

CTUMYJIIOBaHHS OINAJHOIO BHKOpHCTaHHA. Crenu¢iuni
ymoBU (QyHKIioOHYyBaHHsA Tamy3zedl AIIK meBHUM wmHOM
OOMEXYIOTh IHHaMIKy, OOCATH pPECypCHHX IIOTOKIB,
OpraHi3allil0 Ta PEryIIOBaHHA. AKTHBI3YBaTH Ili ITOTOKU
MOKJIUBO 32 PaXyHOK PeCypco30epekeHHs Ha BCIiX CTaIisIx
BUPOOHHYOTO IPOIIECY B arpapHOMY CEKTOpi Ha OCHOBI
no0yIoBH pecypco30epiraloyux JOTiCTUYHUX CUCTEM, L0
MOYKHA PO3IJIAJATH SIK NEPCIIEKTUBHUI HAIPSIM HAYKOBHX
Jociimkens [8-14].

OCHOBHUMH HanpsIMKaMu BIIOCKOHAJICHHS
TEXHOJIOTI B 3eMJIepOOCTBI BH3HAYCHO: 3aCTOCYBAaHHS
pamioHaTPHUX  CXEM  pPO3MIMIeHHS  pPOCIHH, MI00

HalieeKTHUBHIIIe BUKOPUCTOBYBATH 3EMENbHY ILIONIY i
TEXHIKY; 3MEHIIICHHS KUTBKOCTI arpOTEXHIYHUX MPUHOMIB
Ha OCHOBI iX IIO€THAHHS B KOMOIHOBaHIX arperatax (ciBoa
1 BHECEHHsI HOOpHB); NOTOKOBE BHKOHAHHS Olepaliiii B
MeXaX OKPEeMHX TEeXHOJOTIYHUX onepauiid (30upaHHs
BpPOXKA 3CPHOBHMX, OYHIICHHS TMOJIIB BiJ COJIOMH,
JIMCKYBaHHS 1 T.JI.); 3aCTOCYBaHHsS HOBUX TEXHOJIOTIH y
TEXHII[I Ta IpOoIlecax, 30KpeMa TEXHOJIOTIi TOYHOTO BHUCIBY
[15-21].

AHaJIi3 0CTAHHIX J0CJHiIKEeHb

Juis aHamizy TeXHIYHHX 3aco0iB HAIpPaBICHUX Ha
MiABUIICHHS TOYHOCTI BHCIBY PO3IJIAHYTO iCHYIOUI
CrocoOn Ta arpoBHMOTH [I0 BHCOKOSIKICHOTO BHCIBY
HACiHHS TpocamHux KymbTyp [22]. TlpoanamizoBaHO
KOHCTPYKIIi Ta 0co0nMMBOCTI OyIOBM BHUCIBHHX amapariB
MPU3HAYCHUX TSt (dhopmyBaHHs PeryJsipHOTO
OJIHO3EPHOBOTO BHCIBY HACIHHS 3 METOI0 CTBOPEHHS
amapara, SKAW BigmoBimaB OW CydyaCHHMM BHMOTaM JI0
ToyHOCTI BuCiBY. OcoOnuBa yBara npuiijieHa amaparam,
AKi B CBOIX KOHCTPYKLISIX BKJIIOYAOTh €JIEMEHTH
YHIBEpCAILHOCTI IIPH 3aXBaTi HACIHUH Pi3HOT GopmH.

B ocramHi pokum ans  mociBy Bce  Oinmblune
BUKOPUCTOBYIOTBCS ~ CIBAJIKM TOYHOTO BHUCIBY, sKi
BIANOBINAIOTh, BHIINECKA3aHHM BHMOTaM 1 J03BOJSIOTH

BIIPOBQ/KYBAaTH IHTCHCHMBHI Ta pecypcosdepirarodi
TEXHOJIOTii TIPH BHPOIIYBaHHI CUTECHKOTOCIIONAPCHKUX
KynbTyp. Ilepexix Bix mBHAKOCTI mociBy 5—9 Km/rox 1o
18 km/ron i3 30€peIKEHHSIM SKOCTI BHCIBY € PE3yJIbTaTOM
wIiaHOT GaraTopiuyHoi po6oTH O6araThox BueHHX [22].
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Jns  pO3KpUTTS  MaKCUMAaIbHOTO  HOTEHLialy
KyJIbTypH HEOOXiTHO 3aCTOCOBYBaTH CiBalKy, ska ©O
BHKOHYBaJa PIBHOMIPHUHA pO3IONIT HACIHHSA IO BCid
IUIOMIi 3 TMIiABHINCHOIO NPOAYKTHBHICTIO 0€3 BTpar
TouHOCTI Ta sKocti BuCiBy [23]. IlHeBMoMmexaHidHI
amapatu, poOoTta Hax SsKuMu Oyna posmodara B 30-Ti poku
MUHYJIOTO CTOJIITTS, 33JJOBUIEHO CIIPABISIOTHCS 3 BUCIBOM
HeKaJliOpoBaHOTO HACiHHS 1 HACIHHS, SIKE Ma€ IMIOPCTKY
moBepxHio. [0 mepeBar MHEBMOMEXaHIYHHX aNapaTiB CIIij
BIZITHECTH TaKOX X BHUCOKY YHIBEpPCAIBHICTb, JOCTaTHIO
MIPOCTOTY KOHCTPYKIII 1 HAIHHICTE B pOOOTI.

Baromuii HaykoBHMH BKJaJ B PO3BUTOK IIOCIBHOI
TeXHIKH  BHECEHHH  aBTOpaMH, [0  PO3MILINaId
HMOBIPHOCTI Ta 3aKOHOMIPHOCTI TOCiBY B poGoTi [24].

Opnak mpoOreMa IMOSIBM MPOMYCKiB 1 IBIHHHKIB B
PAAKY Ta HEPiBHOMIPHOCTI B iHTepBaIax 3aJIMIIA€THCS Ha
CBOTOJHI 1€ HE IMOBHICTIO BHpIMIEHOIO 1 TMOTpedye
NPOBENICHHS PSAAY IONATKOBUX JOCIIiIKEHb.

3BaxkalouM Ha Iie, B 000X HamnpsMax BJIOCKOHAJICHHS
TEeXHIKM Ta  OOIPpYHTYBaHHs  pecypcosdepiraroumx
rapaMeTpiB ICHYIOTh HEBHpILICHI YacTHWHH, SIKI aBTOp
JIOCIIDKYE B JIaHIN CTATTI.

Merta gocJigkeHb

MeTor0 [IaHOTO [IOCHIIUKEHHS € OOIpyHTYBaHHA
mmapaMeTpiB 3aCTOCYBaHHS HOBITHIX TEXHOJOTiIH TOYHOTO
BUCIBY Ha NPHUKJIAIi BUKOPUCTAHHS BHCIBHOTO amapara 3
JI03aTOPOM HAIPABJICHOT Mil.

Pe3yabTaTH 10CTiTKeHb

OCHOBOIO CIBAJIKM TOYHOTO BHUCIBY € BHCIBHUIA
amapar, SKU TOBHHEH 3a0e3meunTn Oe3mepeOiiHuid,
OJTHO3CpHOBHH TOTIK HAaciHHA B OOpO3HY IpH pi3HUX
YMOBaxX BUKOPHCTaHHSI.

B ciBaikax BUKOPHUCTOBYIOTH HACTYITHI BHCIBHI
armapaTH: KOTYIIKOBI, KOTYIIKOBO-IITH(TOBI, KOTYIIIKOBO-
JICKOBI, KOMIpKOBO-AHCKOBi, KOMipKOBO-OapabaHHI 3
TOPU3OHTAJBHOK  BiCCIO  OOEpTaHHs,  BiJLEHTPOBI,
JIUCKOBO-TAIbYHKOBI, JINCKOBO-JIOKKOBI,
MMHEBMOMEXaHIUHI, THEBMOMEXaHIYHI 3 IIEHTPaTi30BaHUM
JI03yBaHHSIM.

3a TUIOM BHCIBHOTO anapaTra CiBaJIku TOYHOT'O BUCIBY
OyBalOTh IMTHEBMOMEXaHIYHUMHU (HACiHHS BiIOMpaETHCS
3aBJISIKM CTBOPEHHIO BaKyyMy a00 HaJTUIIIKOBOTO THUCKY) 1
MeXaHIYHUMH (BHCIBHA HACIHUHA OPIEHTYETHCS B KOMIPKY
3a po3Mipamn).

B cBoro uepry nmHeBMOMeXaHi4HI BHCIBHI amaparu
TIOJIJISIIOTH HA BaKyYMHI Ta HA/UTMIIIKOBOTO THCKY (pHc. 1).

IIpuHIKTIOBO BaXKJIMBUM KOHCTPYKTUBHUM
€JIEMEHTOM CiBaJKH TOYHOTO BHCIBY € BHCIBHHHU amapar
(puc. 2: 1 — BakyymmpoBig; 2 — BakyyMHa Kamepa; 3 —
HaciHHeBa Kamepa; 4 — KOpIyc; 5 — BUCIBHMI IWCK), IO
CKJIaJIa€Thcsl 3 Kopmycy 4, B SIKUi BXOJAWTHh BaKkyyMHa
KaMepa 2 Ta HaciHHeBa Kamepa 3, B sKid oOepTaeThcs
BHUCIBHUHM IUCK 5. BHUCIBHUI IUCK pO3ZiNse Ii Kamepw.
BeHTHIATOPOM  CTBOPIOETHCSI  PO3PIIKEHHS, SIKE IO
BaKyyMIIpoBOJax | MOmaeTbecsl 1O amapara i 3abesnedye
MIPUCMOKTYBaHHSI HAaCiHHS JI0 BUCiIBHOTO aucka. Ckupaui
MOXYTh BHKOPHCTOBYBAaTHUCh Pi3HOI KOHCTPYKIIi, i came

BOHM KOPHTYIOTh MOXUIMBI TOMBIHHI NPWINIAHHS
HaciHuH. BiniOpane 3 Macu HaciHHS CKHIAE€THCS 3 IUCKA Y
comHuk. [IpaBuiapHE MiIcCIe BiJICIKaHHSI BaKyyMy €
MepeayMOBOIO HEOOXITHOT TOYHOCTI YKIIaaHHS HACIHHA i
TIPH TiIBHIICHIH MIBUAKOCTI CiBOH.

- i g
Puc. 1. VYHiBepcaibHa ciBayika

BaKyyMHa
MyHKTUPHOTO (TOYHOTO) BrciBy CTB-12.

Fig. 1. Universal vacuum seeder of dotted (exact)
seeding STV-12.

Po3pioscenna

Wi

Puc. 2.
MTHEBMOMEXAHIYHOTO BHCiBHOTO amapara BaKyyMHOTO

[Ipunuunosa cxema pobotu
THILY.
Fig. 2. Schematic diagram of the pneumomechanical

seeding apparatus of vacuum type.

TTociB mHEBMOMEXaHIYHUMU CiBAJIKAMH ILBUIKO CTAE
OIHMM 13 caMHX e(QEeKTHBHHX 3a pPaxyHOK BHCOKOI
MPOJyKTUBHOCTI 1 YHIBEPCAILHOCTI BUKOPUCTAHHS, SIK PU
TpPaAMLIHOMY, TaK 1 IpU HYJIBOBOMY OOpOOITKY IPYHTY
(no-till).

Le#t meron 3abe3nedyye BHCOKY INpPOAYKTHUBHICTB 1
TOYHICTh TEXHOJIOTIYHOTO MPOLECY BHUCIBY TEXHIYHHX
KyJIbTYp (KYKYpy/3a, COHSIIIHUK, COSI, COPTO TOIIO).

TounicTe BHUCIBY Mae BeJMKe 3HAYECHHS IS
OTPUMAaHHS MaKCHMAaJbHOI BPOXKAHHOCTI.

IneanpHOIO € cHTyamis, KONM BCi POCIMHHU
pO3TaIIoBaHi Ha OJHAKOBiH BiJCTaHi OJIHA BiJl OHOI, TUM
CaMHM CTBOPIOIOTBCS OJHOTHITHI YMOBH Ui peaitizarii
MOXKHMBHOTO MOTEHIIIANY KOKHOT POCIIHNHH.

[HKONIM ABI pOCTMHM PO3TAIIOBaHI TyXe OIU3BKO
OJlHAa BiJl O/HOI. YTBOPIOETHCS TaK 3BAaHUH «IBIHHHMK»:
BiJICTaHb MiXk JIBOMa POCIMHAMH CTAaHOBUTH MeHIIe 50 %
BiZl cepemHbOro iHTepBady. JIBi POCIMHH B ABIHHHKY
OynyTh KOHKYpYBaTH OJHA 3 OJHOIO, IO TPHU3BENE /0
3HW)KEHHS BPOXKAIO.
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B inmomy BUMaaxy, MOXKIIMBHIHA BEIUKAN PO3PUB MiXK
nBoMa pocimHaMu. CroCTepiraeTbcs MPOITYCK: BiJCTaHb
MDX BOMa POCIWHAMH CTaHOBUTH Outbmie 150 % Bix
cepenHporo iHTepBary. OTXe, 3aNIIAETEC HEe3aWHATHIA
TpYHT.

BinMoBu B po0OTI THEBMOMEXaHIYHHX BHCIBHHX
amapariB IPeJCTaBICHO Ha puc. 3.

Puc. 3.
ITHEBMOMEXaHI9HOTO BUCIBHOTO arapara.

XapakTtepHi  BiAMOBH B poOOTI
Fig. 3. Characteristic failures of the

pneumomechanical seeding machine.

Taki He oNTHMI30BaHI IIOCIBU MPU3BOJATH JIO
CYTTEBOTO 3HMKECHHSI BPOXKAHHOCTI.

3arajgpHa TEHACHIIS PO3POOOK CIBAJIOK TOYHOTO
BUCIBY BKa3y€ Ha MOCTYIOBHH Hepexil Bil MeXaHIYHHX
amapariB /10 ITHeBMOMEXaHIUYHHMX, XO04a OCTaHHI MaroTh
IIEBHI HEJOJIKH.

[Ilnpoke po3MOBCIOJUKEHHS Ha YKpaiHI Ta 3a
KOPAOHOM OTpUMajHd ITHEBMOMEXaHI4Hi (BaKkyyMHi Ta
HAQ/UIMIIKOBOTO THCKY) amapatd 3 BEpPTHKAIBHUMH
IUIOCKUMHY BUCIBHUMH JUCKaMU. I3 3akopmoHHUX (ipM, 1110
BUITYCKAIOTh  CIBAJIKM  TOYHOIO  BHUCIBY  IIHPOKE
BukopucTanus 3Haiinum: AMAZONE (HimeuunHa),
KINZE (CIIA), Monosem (®panuis), Gaspardo (Itanis),
John Deere (CILIA), BOURGAULT (Kanana) ta iHmi.
AHaii3 KOHCTPYKLIH pI3HUX amnapariB 1 IOKa3HUKIB

pobotT  ngaB  MOXUJIMBICTE  BimiOpatm  HaOLIBII
pamioHAIPHY ~ CXeMy  amapara, mo  mirae
€KCIIEPUMEHTAIBHO-TCOPETHYHOMY JIOCJTIIPKEHHIO,

HAMITHTH 3a/1a4i JOCi THUIBKIX POOIT.

l'imore3a po3poOku BHCIBHOTO arapara 3 103aTOpOM
HAMpaBIeHOT i noJjsrae B CTBOpPEHHI
ITHCBMOMEXAHIYHOT0 amapara 3 KOMIPKO, IO 3MIHIOE
CBO€ TOJIOKEHHS IS KPaIoi CBO€ET opieHTali BiIHOCHO
JIO3YIOUMX HaCiHWH. Imes po3poOku Takoro amapara
MoJIArae B MiJIBUIIEHHI TOYHOCTI BUCIBY.

Cxemu CHJIOBOT B3aeMoIil HACIHUHU 3
MPUCMOKTYIOUOI0 ~ KOMIPKOIO ~ CepiifHOro  JOCIiIHOTO
BHCIBHOTO JIMCKA MMTHEBMOMEXaHIYHOTO BUCIBHOTO amapara
(3D mozens) mpeacTaBieHo Ha puc. 4 i puc. 5.

BaxmuBUM pU  JTOCHI/DKEHHSAX TPOIECY 3aXBaTy
HACIHHA € BCTAHOBIICHHS 3aKOHOMIPHOCTI  3MiHH
NPUCMOKTYIOYOT cHitH Bix Bigcrani o komipku F = f(ly).

Jiist  CIIpOILeHHST MAaTeMaTHYHOTO MOJISITIOBAHHS
npotiecy i MOJAJIBIIAX BUKJIAJI0K HAaciHMHA

Npe/CTaBIsIEThC Y BHUIIsAL  chepu  paxaiyca p, IO
BignoBinae opMi HaCIHWH TOPOXY, CO1 Ta TPaHyIHOBAHOTO
BHCiBHOTO Matepiany. [IpaBomipHO TakoX MPUHHSITH, IO
MIPUCMOKTYIOYa CHJIa, IEPEeBaKHO, Ji€ Ha KpaiHIo OIMKTy
HaciHuAHy (puc. 7).

Pospioxcenns

Puc. 4. OpTroronanbsHe po3TallyBaHHs BEKTOPIB.
Fig. 4. Orthogonal arrangement of vectors.

Puc. 5. KonineapHe po3raiyBaHHs BEKTOPIB.
Fig. 5. Collinear arrangement of vectors.
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Puc. 6. Koopaunatai oci i
JIOCJIITHOTO JUCKAa.

Fig. 6. Coordinate axes and directions of the angles of
the experimental disk.
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Puc. 7. Cxema B3aeMo/1ii KOMipKH 3 HACIHHHOIO.
Fig. 7. The scheme of interaction of a cell with seeds.

[Ipu npuitHATHX (opMax MPUCMOKTYIOUHX KOMipOK
Ha BIJHOCHO HEBEIMKMX BIJCTAHAX MIDK HACIHMHOKO 1
KOMIPKOIO NPUCMOKTYIOUHIl ITOTIK MOBITPS (POpMyeETHCS
ONMM3bKMM 110 KOHIYHOTO, 1 PO3LIMPIOEThCS MO Mipi
BiJIIaJICHHS BiJl BEPIIMHU. TakuM YMHOM, IUIOIIA OCHOBU
KOHyca 30imbliyeThcss 3i 30UIbIICHHAM Bifcrtani li, a
pO3pikeHHS B HiM TpH He3MiHHIH Fmax mocTymoBo
3MEHIIYETHCSI.

B momoxenni 2-2, mo BimoOpaxye 301IbIICHHS
IUIOII KOHYCa IPU eJEMEHTAPHOMY HPHPOCTY BiACTaHi
dl > TUTOIIIA MPEICTABIIAETHCS CYMOTO

S, 5= 7T|:|'2 +2r.dr+(dr)2]

Toni crna, o Ai€ Ha HACIHUHY B IIEPETHHI KOHYyCa 2-
2 3rigso (1) gopiBHIOE
F = > |:max P ,02
zr<+2zr-dr
[Ticnst  iHTerpyBaHHs 1 aireOpaidyHUX CHPOIICHD
3aMMIIEMO

F= —szax p>+C
r
ne C - mocriliHa iHTETpYBaHHS, KA 3HAXOIUTHLCS 3
ITOYaTKOBUX YMOB:
[lincraBnsgroun 3HAYCHHS B KiHIIEBOMY BHTIIAII AJIS

CUJIM IPUCMOKTYBAHHS Ma€MO:

Foe Fma 2. p (1—%c052 @)

2
I+ P | g%
(K sinaj g

IIpu |K =O, F= Fmax'
Ipu |, > 0; F = Fmax(l—%cos2 a) -

SIkmo HaciHMHA BXXE 3aXOIUIeHa KOMIpKOIO i
NIepeMIlLyeThCSl pa3oM 3 JO3yIOYMM JHMCKOM, TO Ha Hel
JUIOTh HACTYIHI CHMJIM: CHJa NpPUCMOKTyBaHHS F, cumia
TsokiHHS G Ta BinneHnTposa cuia R (puc. 8).

Jist aHanizy yMOB yTpUMaHHS HEOOX1IHOT JUIsl BUCIBY
OofHi€l HACIHUHM 1 CKHUJAHHS MOKJIMBUX 3aiBHX, IO
BEAyTh 10 YTBOPIOBAaHHsS JBIHHMKIB, IpOaHai30BaHO
BIUIMB BCiX BKa3aHHUX CHJI. YMOBOIO YTPUMAaHHS HACIHUH B
IUTOIIMHI KOMIPKH € PiBHICTh a00 mepeBara cuiiu TepTs 1’
HaJ CYMOIO 1HIIMX CKJIAJIOBUX CHII, IO JIFOTh IO TOTHYHIH
IUTOINAAKY KOMiPKH 7-T.

T220y. @)

[IpaBoMipHO TPUOYCTHTH, IO IS HACIHUHHU
6113bK01 0 (opMi 10 Tija obepTaHHs OLIBII HMOBIPHUM

MIpY TIEPEMIIIeHH] M0 TOBEPXHi TUIOIIMHA KOMIpKH Oyre
nepexovyBaHHs. TO/I TS CHITH TEPTS KOYCHHS 3aMUILIEMO"
T>20m A 1p. (2)

Puc. 8. Cxema cmi Ta iX mpoekmii, MO AilOTH Ha
HaCIHUHY B IIPOLIECi IEPEMIIIEHHS J03YI0UOT0 eIEMEHTA.

Fig. 8. Scheme of forces and their projections acting
on the seed in the process of moving the dosing element.

Cuuty, 1110 IPUKIIaEH] 10 HOPMaJli JOPiBHIOIOTS!
2y =F +Rn +Gn; Rh =R sin 8 ; Gn = G-cos (¢ + ),
ne 6@ — KyT opieHTamii KOMIPKH; ¢ — KyT IOBOPOTY

BUCIBHOTO JIUCKA.

[paBa cropoHa ymMoBH (1) € CyMOKO CKIaJOBHX CHII,
M0 MPUKIAICHI TI0 TOTHYHIN 0 MOBEPXHI KOMipKH, TOOTO
O caMiif TOBEpXHi:

Z(T-T) = ?‘r + G‘r

neR;=-R cos 8; G.=G sin (p + 6).

[Micns BigNOBITHWX IJCTAHOBOK 1 anreOpaigHmX
NepeTBOPeHb NpUCMOKTyroua cuia 3 (10) BU3HA4aeThCs
HACTYITHUM YHHOM:

F>p/[-Rcos O+ Gsin(p+0)]—-R-sing-

-G cos(p+6). (3)

3MIHHUM MapamMeTpoM B OTpuMaHiid yMOBi (3) € KyT

o0epTaHHsI @, IKUH MEePiONYHO 3MIHIOE CBOE 3HAUCHHS 32

[IOBHUI1 TOBOPOT AMUCKA. YIPABIAIOYUM NIAPAMETPOM, 1110

MOXE  BIUIMBAaTH HA  YTPUMAaHHA  HACIHMHH €

NPUCMOKTYIo4a cwiia F, sika Jii€ TUTbKY Ha €INHY OCHOBHY

HACiHHWHY, IO 3aXOIUIeHa KOMipKor. Bci iHIN MOBWHHI

OyTH ckMHYTI, SIK 3aiiBi npu (OpMyBaHHI pEryJspHOTO
0JTHO3EPHOBOT'O TIOTOKY.

Bennunna cunmm F rapanTye yTpuMaHHS HaciHUHH Y
Bcix (pazax mepeMilmieHHs JO3YIOUWM JHUCKOM. Te sk
3MIHIOETBCS TIPUCMOKTYIOYa CHJa B 3aJI€KHOCTI BiJ
MOJIOKEHHsI HACIHMHU IIPU KOJIOBOMY pPyCi MOKa3aHO Ha
puc. 9. 3 puc. 9 BuaHO, MO MAaKCUMYM CHJIH, SIK 1 BeChb ii
po3moxin, MoXke 3MimryBaTHCs B Oimbiry abo MeHIry
CTOPOHY 32 PaXyHOK KyTa Opi€HTAIlil IJIONUHU KOMIpKH 6.

Takum umHOM KyT oOpieHTamii 6 Moxe OyTH
BUKOPHCTAHO SIK PETYJIOIOYMH TapameTrp INpH BHOOpI
paliOHAILHOTO TIOJIOXKEHHST 30HM CKUAAHHS 3aiBHX
HACIHHH.

BaxnmuBuM eranoM (yHKIIOHYBaHHS BHCIBHOTO
amapaTy, [0 CYTTEBO BIUIMBAE Ha SKICTh IIOCIBY, €
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cBo€yacHe 1030aBieHHs BiJ 3alBUX HACIHMH, SKI
00YMOBITIOIOTH HETIOTPIOHWH BUCIB ABIHHUKIB.

EH

0,002 \

0,001

\;‘»
0
- 30 //‘b///gl'{ 120 150 180 110\ \2\\\178\ \300 330
(=Y 77%777 NRNANANNYN -
/Y /K7 AR\ =
2 V7 YNY R
SN NN NN
hotd i NNNNNNN 4
0,002 = 1 AN\ \4;24
N
-0,003 T
I )i 1 v ‘
—~—@=0° WO =10°) =@ =-10°; ==@=20°; =0 =-20°; —+~0 =30°, 0 =-30°

Puc. 9. 3anexHicTh NpUCMOKTYIOUOi criH F Bix kyTa
MMOBOPOTY [103aTOPa ¢ MPHU PI3HUX MOJOKESHHAX TUIOMIAIKH
koMipk# 0: p=2,5 mm, 1=0,85 mm, r=110 mm, m=0,2 ¢,
®w=3,63 c.

Fig. 9. The dependence of the suction force F on the
angle of rotation of the dispenser ¢ at different positions of
the cell site 9. p=2,5 mm, 1=0,85 mm, r=110 mm,
m=0,2 g, ®=3,63 s*.

SIkmo Ans  HAciHMHM, 3aXOIUICHOT  KOMIpKOIO,
BR)XJIMBUM € YTPUMaHHS JI0 MOMEHTY CKHIaHHSA B
HaCIHHEMNPOBI, TO IS 3aiiBUX HACIHMH HAaBIIAKH, TOBUHHA
BUKOHYBATHCSl YMOBA iX CKUAAHHS 3 TUIOMIMHI KOMIPKH.

T< 2(,,,). (4)

OpHak cnif BIAMITHTH, IO Ha 3aifBy HAacCiHUHY
NPaKTUYHO HE Ji€ CHJIa MPUCMOKTYBAHHS 1 HEIO MOXHa
3HEXTyBaTH. BaXuBuM € Te, 00 17 CKUAAHHS 3aliBHX
HACiHUH TepeMilleHHs BinOyBanocs B HaNpsIMKY Bil
LEeHTpy oOepTaHHs AWcKa. Buxonsum 3 mpuBeneHoro i
Toro, mo G = mg, a R = mw?r i mizicTaBNsA0uM 3HAYEHHS B
(4) micns mepeTBOPEHb 1 COPOIICHh BU3HAYCHO TPAHUYHY
KYTOBY IIBHJIKICTb:

A .
. ® ®
g{p cos(p+®) +sin(p+ )] (5)

r(cos@—i-sin 0)
Yol

TakuM YHHOM HEOOXIJHOI YMOBOI CKHIAHHS €

W > Wzp.

I'padiku 3anexxHocTi 0,=f(p) mnpencraBieHi Ha
puc. 10.

3rifHO NPOBEJCHUX BHUIIE JOCHIIKEHb, MPU

(opMyBaHHI PEryJISIPHOTO IIOTOKY HAacCiHHA HaHOLIbII
e(EeKTHBHO BIATOBIAAIOTH MOJOXKEHHS IPHCMOKTYIOYOT
KOMIpKH, SIKi BU3HAYAIOTHCSI KyTOM opieHTamii 6.

[Ipr ympaBiiHHI TEXHOJIOTIYHHMH TIPOIECAMH B
POCTMHHUIITBI TOBUHHI BUPIIIyBaTHCS TaKi 3aBAAHHS:

1. edexTuBHE BUKOPHUCTAHHS BCIX
CLTBCBKOTOCTIOIAPCHKAUX YTiIb Ui OAEP/KAaHHS BUCOKHX 1
CTaOUIBHHUX ypOXKaiB;

2. TmocrTiiiHe IiJBUIIEHHS POAIOYOCTI IPYHTIB;

3. pauioHanbHe BUKOPUCTAHHSA 3emuti 3
ypaxyBaHHSAM  BHUMOT  OXOPOHH  HaBKOJIMIIHBOTO
TIPUPOJTHOTO CEPEIOBUINA 1 IPYHTY.

16,0
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Puc. 10. BrumB KyTa MmOBOPOTY ¢ Ha TpPaHUIHY
IIBUJIKICTh CKUIAHHS 3alBUX HACIHUH (. TPH PI3HAX
KyTax Opi€HTaIlii MPUCMOKTYI090i KoMipku &: 1. 8 = 10
2.0=0°,3.0=-10°;4.0=-20"

Fig. 10. Influence of the angle of rotation ¢ on the
maximum rate of discharge of excess seeds wgr at different
angles of orientation of the suction cell ¢: 1. § = 10°,
2.0=0°;3.0=-10°;4.0=-20°

Hns MIPOTPECUBHOTO HaCUYEHHS
CUIBCHKOTOCIIOJAPCHKOTO  BHPOOHHITBA  CHCTEMaMHU
MallMH 1 TEXHOJIOTiH, pa3oM 3 yJOCKOHAJICHHSAM
oprasizarmii BHPOOHUIITBA, e(eKTUBHIIINM

BUKOPUCTAHHSAM BCiX BHIIIB BUPOOHHYHX PECYPCIB, Y T. 4.
3eMJIi Ta mparli, HeOOXiJHO 3aCTOCOBYBAaTH HOBI TEXHIUHI
pimenHsi. KpiM TOro, NMpUHIMIOBUM KOHCTPYKTHBHHM
HEJIOJIIKOM TTHCBMOMEXAHIYHMX BHCIBHUAX amapaTiB €
HEOOXiJTHICTh  YIIUIBHEHHS  0€3  SKOr0  MOJXKJIMBE
3aCMOKTYBaHHS NIy 3 aOpa3sMBHUMH yacTUHKamu. [Ipu
MOCTYMIOBOMY  HakomM4yeHHI a0pasuBy B  amapari,
IHTCHCHBHO 3HOIIYIOTHCS €JIEMEHTH KOHCTPYKIII, 10
MPHU3BOANTE IO BTPAT TOYHOCTI BHCIBY 1 B KIHIIGBOMY
pe3ybTaTi BIIMOBH amapara.

PosrnsHyBImM 1 TpoaHaNi3yBaBIIM KOHCTPYKINI Ta
0COOJIMBOCTI CyYaCHUX BHCIBHUX aIlapaTiB, OUYCBUIHUM €,
0 HAWOUIBIl TpPHIATHUM Ta MEPCIEKTHBHUM JUIS
YIOCKOHAJICHb SBISIETHCS BUCIBHUII amapaTr BaKyyMHOTO
tuny ciBanku CTBT-12/8M Bupobuuirtea [TAT «Tomak»
(Ykpaina).

OcoOuBICTIO BHUCIBHOTO amapara € HasBHICTb
poTOpa, IO PYXa€ThCS B TOMY K HAIPSAMKY 1 3 TIi€K0 K
MIBUJIKICTIO, SIK 1 BECh MOCIBHUI arperar. TakuM YWHOM,
HaciHHS MOTPAIUISE y IPYHT 3 JIONATi pOTOpa MPaKTHIHO
TIPH HYJIBOBIH BITHOCHO 3eMJIi IIBHIKOCTI. 3aBISKH IIbOMY
3amo0iraeTbcs  iHEpUiHE CKOYYBaHHS HACIHHSA IO
HacIHHEBOMY JIOXKE B3JIOBXK ps/IKa.

Came TOMY, ciBayika CTBT-12/8M 3
ITHEBMOMEXAaHIYHUMH BHCIBHHMH  amapaTtamMH, MOXe
MpaImfoBaTH HaBITh HA MiJBHINEHUX MIBHIKOCTIX 10 9
KM/ToJ] 6€3 BTpaT SIKOCTi 1 TOYHOCTI BHCIBY.

[IpoBenenHs eKCIIePUMEHTATbHUX MOJBOBHX
JIOCITI/PKeHb BHUCIBHOT ceKiii 00mamHaHol 103aTopoM
HampaJIeHO] Jii moTpedye AesKuX ii JOOTpaIOBaHb.

JoompaifoBaHHs nepea0avyaroTh JIWIIE BBEACHHS B
KOHCTPYKIIit0 BHCiBHOTO amapara ciBamku CTBT-12/8M
Jl03aTOpa 3 HampaBIeHMM BekTopoM jii. [lns mporo
JIOCTaTHBO 3aMIHUTH CCEpIMHUA BUCIBHHA JIHCK 3
nepudepiiHuMu Komipkamu (puc. 11) y BUrIsAlI OTBOPIB
HeoOxiTHoTOo JiamMeTpa i hopMH, Ha 103aTOP 3 AKTUBHUMHU
KoMipkaMu Hanpasinenoi aii (puc. 13). 3amina cepiiiHoro
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BHCIBHOTO JWCKa Ha EKCIEPUMCEHTAIbHUI HE IOTpedye
3HAYHHUX 3MiH KOHCTPYKIii BUCIBHOTO amapara.

Puc. 11. Cepilianii BUCIBHUIA JHCK. »
Fig. 11. Serial seeding disc.

Jo3arop HampaBieHOi [Iii 1O CBOIM OCHOBHUM
TCOMETPUYHUM pPO3MipaM aHAJOTIYHUIM cepiiHOMY i
BCTaHOBIIOETHCS 3aMiCTh HOTO Ha JIOMATEBOMY POTOPi, IO
po3MilleHHuH y KopITtyci BaKyyMHOI kamepu (puc. 12).

Puc. 12. BuciBHUI IHCK 3 aKTHBHUMH KOMipKaMH
HarpaBJIeHOT Jii.

Fig. 12. Sowing disk with active cells of the directed
action.

IloBopoTHa KOMipKa Ma€ OCbOBE Ta pajiajbHe
CBEpPJUICHHS, SIKi yTBOPIOIOTH [ -o1iOHMI KaHaNl, B IKOMY
NIPUCYTHE PO3PI/DKEHHS, IO CTBOPIOE IPHCMOKTYIOUY
cuny. Iloyarok pazmianbHOTO CBEpAJICHHS Ma€ KOHIYHOT
(dopmu 3arnmOIeHHs, SIKe YTBOPIOE KOMIpKY. DiKCyeThCs
MIOBOPOTHA KOMipKa Ha JIUCKY 3a JOTIOMOT'O0 IITOMOPHOTO
Kigpus.  [IpucMmokTyroua — KOMipka 32 paxyHOK
MIANPYKHHEHOTO Ba)XkKedsl KOMIIE pPo00Yy MOBEPXHIO
HEPYXOMOTO KOITipa.

B mpoodine xomipa 3akiazeHi panioHanbHI 3HAYEHHS
KyTa opieHTamii KoMipku 6 He3aJeXHO BiJ] 3MiHH KyTa
MIOBOPOTY BHCIBHOTO JWCKAa ¢ s BCiX (a3 poboTH
IMHEBMOMEXaHIYHOTO  BUCIBHOTO amapara. Baxkiuse
MIPAaKTUYHE 3HAYCHHS Ma€ IPaBIIbHA OPIEHTAIlIST KOMIPKH,
o HeoOXigHa JuId HaAiHHOTO 3aXBaTy HAaCiHUHH,
TPAaHCIIOPTYBAaHHS, MOXJIMBOCTI  CKHJIAHHS  3alBUX

HACiHWUH BIiJIIIEHTPOBOIO CHJIOI0 Ta CKUIAHHSI OCHOBHOI
HACiHWHH Y COIIHUK.

Takum  wmHOM, Qasm pobotm mo3aropa 3
HaIpaBICHUM BEKTOPOM [Iii TMPHCMOKTYIOYOI CHIIH
3QITUIIAIOTECS K B CEPIfHOMY, A€ BiIKIIOYEHHS BaKyyMy
3MIHCHIOETECS B HEOOXIMHMI MOMEHT dYacy Ui
HarpaBJIeHHs HACIHUHU B COLITHUK.

Ha puc. 13 mpencraBiieHO BHCIBHI amapaTH CiBajKu
CTBT-12/8M 3 cepiiHUM J03aTOpOM HaciHHS Ta
JIOCJIIZTHAM 3 aKTHBHUMH KOMipKaMH HarpasJeHoi Jii.

Puc. IOCIIIDKEHHS TOYHOCTI

13. TlopiBHsubHI
O3YBaHHS HACiHHA CepiifHOro 1 IOCHigHOTO amapata
ciBanku CTBT-12/8M.

Fig. 13. Comparative studies of seed dosing accuracy
of serial and experimental apparatus of STVT-12/8M
seeder.

3anpornoHoBaHa KOHCTPYKIIiSi BUCIBHOTO amapara 3
JI03aTOPOM HAIPABJICHOI il 3aXHICHA JBOMA MAaTCHTAMHU
VYkpainu.  YCKIagHEHHS ~ KOHCTPYKLIl  J103YyH4YOro
€JIEMEHTa KOMIICHCYEThCSI HOT0 YHIBEpPCAIBHICTIO MNpHU
BUKOPHUCTaHHI JUIs BUCIBY HACiHHSI PI3HHX KYJNBTYp Ta
(hpaxiii.

BucHoBku

1. TlepcueKTUBHUM ISl TOAATBIIOTO 30LTBIICHHS
TOYHOCTI BHUCIBY Ta pecypco30epexeHHss mnpu CciBOi
NPOCANHUX KYyJbTYp € BIPOB3KEHHS B TEXHOJIOTIIO
CLIBCHKOTOCIIOIAPCHKOTO BUPOOHHIITBA
MHEBMOMEXAHIYHOTO BHCIBHOTO amapara 3 J03aTOpOM
HampaBJIeHol .

2. B pesynbraTi AOCHIDKEHb BCTAHOBJICHO, IO
NPUCMOKTYIOYa CHJIa JOCSTa€ MakCHMyMy B iHTepBall
KyTiB TOBOpOTy no3aropa ¢=140°...200°. Tlpu domy,
MaKCHMYM CHJIM SIK 1 BeCh i pO3IIOJIiT MOXKE 3MIL[yBaTHCS
B OUTbITy 200 MEHIIy CTOPOHY 3a paXyHOK KyTa OpieHTail
IUIOIIMHN KOoMipku 6. BenwuwHa miel cwiM TapaHTye
YTpUMaHHs HACiHMHM Yy BciX ¢a3ax mepeMimieHHs il
JI03aTOPOM.

3. CkuaaHHS 3aiBUX HACIHUH IOIJIbHO BUKOHYBATH
B IpYril deTBepTi pyxy Jo3aropa NpH KyTax HOro
noBopoty 92° < ¢ < [110° Tlpm mpoMy pamnioHaJbHE
3Ha4YeHHS KyTa opieHTamii KoMipku ckiamae 6 = -10° a
JIOCTaTHS TpaHWYHAa KyTOBAa HIBHAKICTH JOPIBHIOE
wp=1,3 ¢l
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AJJATITUBHOCTb HAJJEX)KHOCTH
BBICEBAIOIINX AIMITAPATOB C JJO3ATOPOM
HAIIPABJIEHHOI'O JEMCTBUS KAK
HATIPABJIEHUE PECYPCOCBEPEXEHU A
I1. C. Ilonux

AnHotanusi. B cratee  mpoaHaNM3UpOBaHBI
NIPUMEHEHNS] HOBEWIINX TEXHOJIOTHH TOYHOTO BHICEBA HA
IIpUMepe HCIONB30BAHMSA IIOCEBHOTO  ammapara ¢
JI03aTOPOM HAIPaBICHHOTO NeHCTBHA. [l 3TOTO OBLIH
MIPOAHATU3UPOBAHbI TaKoH apaMmeTp B
CENIbCKOXO3SIIICTBEHHOM ~ IIPOM3BOJCTBE KaK  PAaCXOJbI
IIOCEBHOTO MaTepuaa, BIMsIET Ha €T0 PE3yIbTaTHBHOCTb.

OOBEKTOM HCCIEIOBAaHUA SBIAETCS BBICEBAIOIIMIA
ammapar C  J03aTOpPOM  HAaIIPaBJIEHHOTO  JAEHCTBHS,
MHHOBAI[MOHHOE KOHCTPYKTHUBHOE pEILICHHE KOTOpPOTo
MIO3BOJIUT YIIYy4IIUTh CEJIbCKOXO35IIICTBEHHOE
IIPOU3BOJICTBO Ha OCHOBE pecypcocOepeKeHusl.

B pe3ynbTare HCIIOJIb30BaHUS HOBOTO
KOHCTPYKTUBHOTO pEIIEHHUs J[03aTOpa, MOBBIIICHHAS
TOYHOCTh BBINTOJHEHHS TEXHOJOTHYECKOro Mpolecca
(OpPMHPOBaHUS PETyJSIPHOTO OJHO3EPHOBOTO IMOTOKA.
VYcraHOBIIEHA CBSI3b MEXIY PACCTOSIHUEM OT CEMEHH K
srdelke 1 CUIIoH ee mpucachiBanus. [lomydeHsl ypaBHEHHS
JVWHAMUKN JBIDKCHHS CEMEHa W BPEMEHH O3KCIO3WIMN
ceMeHa ¢ sueidikod. [lpoBemeH aHanu3  yCWIHH,
JEHCTBYIOIUX Ha ceMsl IPH NMePEeMELIeHUH X J03aTOPOM
HaIpaBJIEHHOTO JIEHCTBHUS.

OOOCHOBaHHO  palWOHaJbHBIE  (a3bl  PabOTHI
BBICEBAIOIIETO afapaTa C J03aTOPOM HAIPaBIEHHOTO
JIeMCTBUS U OTIpeJIeIeHHBIE TapaMeTphl ero paboTHI.

KioueBble cJoBa: pecypcocbepexeHue,
ITHEBMOMEXAaHWYECKNII BBICEBAIOIINI ammapar, a03aTop
HanpaBJIeHHOTO MIEHCTBUS, CEeMs, NPOIYCK, IBOMHUK,
sTYeiKa, TOYHBINA BEICEB.

ADAPTABILITY OF RELIABILITY OF SEEDING
DEVICE WITH DISPENSER OF DIRECTED ACTION
AS DIRECTION OF RESOURCE SAVING
P. S. Popyk

Abstract. The article analyzes the application of the
latest technologies of precision seeding on the example of
the use of a seeding machine with a directional metering
unit. To do this, we analyzed such a parameter in
agricultural production as the cost of sowing material,
which affects its effectiveness.

The object of the study is a sowing machine with a
directional dispenser, an innovative design solution which
will improve agricultural production on the basis of
resource conservation.

As a result of using a new design solution of the
dispenser, the accuracy of the technological process of
forming a regular single-grain flow is increased. The
connection between the distance from the seed to the cell
and the force of its suction is established. The equation of
dynamics of movement of seeds and time of exposure of
seeds with a cell is received. The analysis of the forces
acting on the seeds when moving them by the dispenser of
the directed action is carried out.

Rational phases of work of the sowing device with the
batcher of the directed action are substantiated and
parameters of its work are defined.

Key words: resource saving, pneumomechanical
sowing machine, dispenser of the directed action, seed,
pass, double, cell, exact sowing.
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Abstract. It is shown that in order to justify the
extension of the service life of the machine beyond the
resource set by the developers, it is necessary to focus on
the allowable risks of accidents that can lead to accidents.
After all, today for mobile agricultural machinery, the
operation of which is associated with high-risk work, the
concept of acceptable (acceptable) risk is not used, which
does not allow to assess the danger of being on fields,
farms and roads without machinery, with exhaustion of
installed resources.

The purpose of researches is to justify the
permissible risk of exploitation of mobile agricultural
machinery, in array of details and elements of
constructions which have accumulated defects (damage).

This paper analyzes the kinetics of accumulation of
operational defects in the array of parts of individual
components (systems) of tractors. MTZ-80 tractors (82)
were chosen as the object of research, as one of the most
common in Ukraine. To detect cracks, a developed eddy
current flaw detector was used, the sensitivity of which
allowed to find cracks several millimeters or larger in
length without preparing the surface of the controlled
parts.

It is shown that the Kinetic dependences of the
accumulation of operational defects in the parts of tractor
units in the analyzed range of service life are
monotonically increasing, which can be described by
exponential functions with a sufficiently high reliability.
It is noted that the obtained dependences are similar to the
kinetic dependences of the accumulation of static and
dynamic (fatigue) damage obtained as a result of
laboratory tests of samples of construction materials,
which allows to use approaches to the criteria of the limit
state of laboratory samples due to the power load to
establish the boundary life of mobile agricultural
machinery.

However, the Kkinetics of the intensity of the
occurrence of operational cracks in the array of tractor
parts is not monotonous and has a maximum in the range
of about 11-13 years of operation. This service life can be
used as a criterion to stop the operation of the tractor, to
carry out defectoscopy of parts and to replace defective
parts. With such a long service life of the tractor, there is

the greatest probability of sudden destruction of the
tractor components and the creation of emergencies.

Key words: technical condition diagnostics,
operational defects, risk of exploitation, mobile
agricultural equipment, accidents.

Introduction

According to the current regulations on Occupational
safety and Health [1-3], the employer must monitor and
assess the technical condition of production equipment
(machines, mechanisms, high-risk equipment), ensuring
their safe operation. In particular, it is necessary to adhere
to the assigned service life (resource) of machines
(mechanisms) of increased danger, in case of which they
are decommissioned, conduct an expert examination to
decide on the establishment of a new service life with or
without repair.

Formulation of problem

It is important not only to establish the degree of
efficiency of the machine (mechanism), but also to
determine the magnitude of the risk of its operation for
the operator or other employees, which should not exceed
an acceptable level. Currently, acceptable levels of risk
are generally established for industries and subsectors of
the economy on the basis of statistics on occupational
injuries, as well as for large high-risk facilities for nuclear
energy, chemical and metallurgical industries [4-6]. For
mobile agricultural machinery, the operation of which
also belongs to high-hazard works, the concept of
permissible (acceptable) risk is not applied, which does
not allow to assess the danger of being on the fields,
farms and roads of machinery without safety equipment,
with exhaustion of the installed resource.

Analysis of recent research results

Currently, the issue of assessment and management
of production risks in various sectors of the economy of
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Ukraine is given considerable attention [3, 4]. These
issues were and remain the main ones at conferences,
seminars and round tables, where there were issues of
improving Occupational safety and Health [5, 6].

Among Occupational safety and Health professionals
(scientists, managers of large enterprises with foreign
capital, etc.) it is already generally accepted that the
recommended measures to prevent occupational injuries
and occupational diseases should be based on a risk-based
approach.

Extremely important issues of reducing production
risks to the level of "zero injury" for exporting companies,
because the quality management system, which is crucial
for the prospects of promoting the product to consumers
in Europe and America, must include an integral part of
the production risk management system [2].

However, in many industries, including the agro-
industrial complex, the development and implementation
of a system of production risk management is in its
infancy, and employers consider them too complex and
costly [7]. This can be largely explained by the high
degree of formalization of basic documents on risk
management, both international and domestic.

Trying to cover all types of economic activity in the
country and translate international documents as close as
possible to the original text, the developers of risk
management strategy highlight and enhance the concepts
such as "enterprise policy"”, "process approach”, "goals",
"analysis and improvement"”, etc. are abstract for many
business leaders.

Also in many aspects, the risk assessment procedure
remains unclear for contractors, where it is proposed to
determine the significance of existing hazards, predict the
severity of losses from possible accidents and incidents,
adjust accident prevention plans without clear criteria for
individual stages [8].

Risk assessment in the workplace, if this procedure
is not carried out formally, involves the involvement of
managers of all levels of the management vertical and
employees of the enterprise [9].

They also need to explain the interaction of all actors
in the production risk management system, the validity of
each of the elements, that is to make the production risk
management system a clear and effective tool for
preventing occupational injuries and diseases [10].

To initiate work on risk management by order of the
Director, a working and expert group on risk management
is created, which includes leading specialists with high
qualifications, experience in building and managing a
quality management system and able to perform work on
developing a management system and continuous risk
control [11].

In this aspect, it is important to illustrate the training
of employees on the implementation of the production
risk management system - that is, along with the dry text
of legal documents, employees should use flowcharts,
comparative tables, formalized figures, which will
highlight and clearly describe the basic and auxiliary
concepts, to present the general course of executive
operations, to systematize documents, etc [12-15].

Purpose of research

To substantiate and present in the form of block
diagrams the main procedures for assessing and managing
production risks to increase the level of perception by
employees (students, listeners) of the principles of risk-
oriented approach in Occupational safety and Health.

Research results

In accordance with the principles set out in Annex D
of the British Standard BS 8800, the procedure for
assessing industrial risks can be presented as block
diagram (Fig. 1). The block diagram shows the main
stages of the procedure for assessing production risks and
proposes as a final result to develop a plan of appropriate
occupational safety measures with its necessary
adjustment in case of changes in the parameters of the
production environment and conditions of work.

The procedure for assessing the
production risks in the workplace

{

Classify production activities

I

Identify dangers

I
Identify risks
I
Determine whether the risks exceed the permissible
levels
I

Develop a plan (measures) for risk management
(reduction)

l

Improving the plan in accordance with the existing
conditions of work

Fig. 1. The procedure for assessing industrial risks in
the workplace.

The same algorithm can be represented visually in a
slightly modified form (Fig.2).

Stage 1. Stage 2. Stage 3.
Detection of Identification of Developm
hazards in the j occupational j ent of
workplace risks in the preventive
workplace measures
Step 5. Reassessment Stage 4.

Monitoring the
implementatio
n of planned
activities

of risks after
implementation of
measures and their

adjustment

(=

Fig. 2. Algorithm for assessing industrial risks in the
workplace.
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Indicative is the block diagram in fig. 3, which
presents two different approaches to the implementation

especially relevant for forecasting the technical condition
of long-term units.

of the enterprise risk assessment and management system.

management system

Implementation of a risk assessment and H

- J
Y
Why? Why? Machi ~ » Perso E Enviro
\ \ ne : n P ”l  nment
Pass OHSAS certification Increase safety in
the workplace v v \ 4
v Ensuring Prevention of Reduction
Why? strength and injuries and of negative
Why? reliability deterioration action of
/ parameters of health of mechanized
Facilitate \ during the tractor agricultural
. = design, drivers and technologie
cooperation revent >
. . Reduce the iniuri commissioning support son the
with foreign injuries and ) {
t / frequency of illnesses, and operation of environmen
par nleor;]ge & 1| inspections by keep agricultural
supervisory employees
authorities healthy \ 4 v
i Risk Qualitative and
< v v theory guantitative
Prevgnt the Prevent Ic_)sses Theory of Theor aspects of the
termination of the due to accidents strength y of man-machine-
enterprise and illnesses and reliab environment
(|nd|V|dua}I units) durability ility analysis
due to the imposed svstems
penalties y
] Social v v
_ Donotincrease effect Forecastin || Evaluati | Y
insurance premiums to g of ng the Constru Quantit
the SSF of Ukraine residual probabil || ction of ative
resource of ity of an event descript
_ Do not involve compongnt n_ode tree and ion of
Economi - . s and units failure a operator
additional workers in .
¢ effect of (system decision errors
the workplaces where aggregate ) table
the victims worked
A A
Prevent material losses |4
Probabilit Non-destructive
Fig. 3. Socio-economic orientation of measures y theory methods of control

within the system of risk assessment and risk management
of the enterprise.

In the block diagram of fig. 4 shows the directions
(reliability of equipment and Occupational safety and
Health) of the modern methodology of analysis of the
system "machine - man - environment", based on the
same probabilistic models for assessing the risk of failure
or the risk of accidents [12]. Therefore, to assess the risk
of accidents, it is necessary to use developed
methodologies of the theory of reliability, based on
statistics of machine or equipment failures, in particular
obtained by defectoscopic control methods, which is

Reducing the risk of injuries and morbidity
of machine operators during the operation
of agricultural machinery

Fig. 4. Methodology for reducing the risk of injuries
and occupational diseases of machine operators during the
exploitation of mobile agricultural machinery.

Repair shops and maintenance departments of
agricultural enterprises, inspections of state technical
supervision over the condition of tractors and other
agricultural machines must be equipped with such flaw
detectors. Based on the results of the inspection, it is
necessary to compile and constantly update the database
of places of potential defects in the details of the units of
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agricultural units. Separate correctly formed databases
can be generalized, which will allow to quickly assess the
risk of further operation of mobile agricultural machinery
after detection of cracks of critical or subcritical length.

The given examples of block diagrams allow to
reveal the basic directions of stages of the process
approach in an estimation of industrial risks.

The procedure for assessing the degree of
serviceability of mobile agricultural machinery is
presented in fig. 5. Such procedures must be performed in
stage 1 (Fig. 2), identifying hazards in the workplace.

Managers of agricultural enterprises must organize
proper control over the technical condition of mobile
agricultural units. In particular, this applies to units that
have been in operation for a long time [13].

To control the defects of parts and structural
elements of agricultural units (to detect visible damage,
dents and cracks) are now mostly used visual inspection.

Instrumental control is to determine with a ruler or
caliper changes in configuration and size (magnitude of
the surface, curvature, twist, beating, warping, non-
perpendicularity and other violations of the mutual
arrangement of axes and surfaces) parts. At the same
time, in the practice of maintenance and repair of
agricultural machinery it is important to introduce modern
defectoscopic devices that allow to find hidden defects
(cracks, sinks, unboiled places, etc.), which can cause
sudden equipment failures and emergencies that lead to
accidents.

Ensuring the safety and injury safety
of mobile agricultural machinery

Control cards of safety

4

indicators of mobile
agricultural machinery

Tracking the serviceability of mobile
agricultural machinery

The list of details which
are subject to
defectoscopic control

Daily Technical
Overview

Overhaul

Visual control of parts and
elements of structures of mobile
agricultural machinery

Assessment of the risk of
injury in the case of
operation of mobile

agricultural machinery in

the presence of defective
parts

Defectoscopic control of details
of units and systems of mobile
agricultural machinery

—

Rejection of parts

Rejection of parts

T~

Replacement of (4]
defective parts

Database on the presence of

y

cracks of dangerous length in
the details of nodes and systems

V

Continuation of the service life of
mobile agricultural machinery

of mobile agricultural machinery

Fig. 5. Algorithm for assessing the serviceability of mobile agricultural machinery

The study of the principles of the system of
assessment and management of industrial risks at the
enterprise is aimed not only at acquainting employees
with the practical aspects of risk-oriented approach, but
also at mastering a high level of knowledge and skills in

occupational safety. All employees of the enterprise must
ensure compliance with occupational safety and health
standards, guided by current regulations on Occupational
safety and Health, being able to develop and implement
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them taking into account the existing hazards and residual
risks in the workplace.

Conclusions

1. One of the conditions for the effectiveness and
efficiency of risk management in the enterprise is the
establishment and maintenance of an appropriate system
of implementation, control and evaluation of this process.
The function of organizing the risk management process,
providing it with the necessary resources, including
qualified personnel, systematic monitoring and evaluation
of risk management activities is the responsibility of
senior management. The risk management process is
integrated into the overall system of interacting processes
of the agricultural enterprise.

2. Block diagrams of basic procedures for assessing
and managing production risks allow increase the level of
perception by employees (students, listeners) of the
principles of risk-oriented approach in Occupational
safety and Health.
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OBIPYHTYBAHH: PU3UK-OPIEHTOBAHOT' O
MIAXOOY EKCIUTY ATAIIT MOBIJIBHOI
CIbCBKOTI'OCTIOAAPCHKOI TEXHIKH,

HA TIPUKJIAJII IETAJIEW OKPEMUX BY3JIIB

TPAKTOPIB
O. B. Botinanosuuy, C. M. I'ononypa

Anotanis. [TokazaHo, mo 118 OOTpYHTYBaHHS TIPO-
JIOB)KEHHSI TEPMiHIB €KCIUTyaTallil MallMHK 110338 BCTaHO-
BJIEHUH pO3POOHUKAMHU pecypc HEOOXiIHO OpiEHTYBATHCS
Ha JIOIyCTUMI PU3MKHU LIOJ0 HAaCTaHHS aBapiiHUX CUTya-
i, sIKi MOXYTh NPU3BECTH [0 HEIIACHUX BHIIAJIKIB.
AJoKe HHHI JUIS MOOITBHOT CLIBCBKOIOCIIONAPChKOT TeX-
HIKH, €KCIUTyaTallisl K01 HaJeXXHUTh 0 POOIT IMiIBUIICHOT
HeOe3MeKkH, NOHATTS TOMYCTHMOTO (IIPUHHATHOTO) PU3U-
Ky HE 3aCTOCOBYIOTH, III0 HE J03BOJISIE OIIHUTH Hebe3me-
Ky nepeOyBaHHS Ha MOJIX, pepMax i Joporax Mamiue 0e3
TeXHIYHHUX 3ac00iB Oe3IMeku, 3 BUUEPIaHHSIM BCTAHOBJIE-
HOTO pecypcy.

Merta nocinijKeHb — OOTPYHTYBATH JIOIYCTUMHUN pH-
3MK eKcIulyaTanii MOOUIBHOI  CUIBCHKOTOCIIONapChKOT
TEXHIKH, Y MacuBi JieTaJieil Ta eJIEeMEHTIB KOHCTPYKIiH
SIKOT HAKOTTUYMIIHCS 1e(DeKTH (TTOMIKOKCHHS).

VY nmaHiii poOOTi NMpoaHaTi30BaHO KiHETUKY HAKOIIH-
YeHHS eKCIUTyaTaiiHuX nOedeKTiB y MacuBi JeTanei
OKpeMHuX BY3JiB (cucTeM) TpakTopiB. SIk 00’ekT mocii-
JokeHo Oyno BuOpaHo Tpaktopu MT3-80(82), sk omHi 3
HaOUTPII TIOmMpeHNX B YKpaiHi. Jnsd BHUABICHHA Tpi-
IIMH BUKOPHUCTAHO PO3pOOJICHUN BHUXOPOCTPYMOBHH Ie-
(heKTOCKOI, YYTJIHMBICTH SKOTO J03BOJIUIA 3HAXOAMUTH
TPIIUHKA JIOBXKHHOI KibKa MUTIMETpIB Ta OuhImi 0e3
MATOTOBKY ITOBEPXHI KOHTPOJIHOBAHUX JETaJIeH.

[TokazaHo, 110 KiHETHYHI 3aJE€XKHOCTI HAKONMUYEHHS
eKCIUTyaTallifHuX Je(eKTiB y JeTasixX By3JiB TPAKTOPIB y
MpOaHali30BaHOMY Jiana3oHi TPUBAIOCTI eKCILTyaraii €
MOHOTOHHO 30UTBIIYBaHUMH, SIKI MOXKHA OIICATH EKCIIO-
HEHIIIHHUMHU (QYHKITISMHA 3 JTOCTAaTHHO BHCOKOIO TOCTOBI-
pHicTIO. BigmiveHo, 110 oTpuMaHi 3aJeXKHOCTI TIOII0HI 10
KIHeTHYHUX 3aJIOKHOCTeH HAaKONMMYEHHS CTATHYHOIO 1
JMUHAMIYHOTO (BTOMHOTO) IOIIKO/KCHHSI, OTPUMAaHUX B
pe3ynbTati TabopaTOpHUX BUNPOOYBaHb 3pa3KiB KOHC-
TPYKUIHHUX MaTepiaiiB, 10 J03BOJISE BUKOPUCTATH IIiJI-
XO/IM HIOJO KPUTEPIiB TPaHUYHOTO CTaHy JIaOOpaTOPHHUX
3pa3KiB BHACJIIZIOK CHJIOBOIO HABaHTa)KyBaHHS Ul BCTa-
HOBJICHHSI TPaHUYHUX TEPMIHIB eKciutyararii MoOiIbHOT
CUIBCHKOTOCIIONAPCHKOT TEXHIKH.

Pasom 3 TMM KiHETHKa IHTEHCHBHOCTI 3apOKCHHS
eKCIUTyaTallifHuX TPIIIUH Y MacHBi AeTalei TPaKTOpiB He
€ MOHOTOHHOIO 1 Ma€ MaKCHMyM Y Jiama3oHi 61au3pko 11-
13 pokiB ekciuryaramii. JlaHuil TepMiH eKcIuTyaTamnii Mo-
e OyTH BHUKOPUCTaHUH SK KpUTepiil Uil NpUIAHCHHS
eKCILTyaTallil TpakTopa, MPOBEACHHA AC(PEKTOCKOIMl ae-
TaJeil Ta 3aMiHU Ie(eKTHUX AeTalieid. 3a Takoi TpUBAJIOC-
Ti eKCITyaralii Tpakropa icHye Haii0inbIia HMOBIpHICTH
panToBOro 3pylHYBaHHS BY3JIB TPakTopa Ta CTBOPEHHS
aBapiHUX CHUTYaIlii.

KaouoBi cioBa: jgiarHoCTyBaHHsS TEXHIYHOTO CTa-
HY, eKCIUTyaTaliiiHi AeeKTH, pU3HUK eKCILTyartarii, Mooi-
JIbHA CiTbCHKOTOCIIOAAPChKa TEXHIKa, HEIaCHI BUMAIKH.

OBOCHOBAHUE PUCK-OPUEHTHUPOBAHHOI'O
[IOXOJIA DKCIUTY ATALIMA MOBUJIBHOM
CEJIbCKOXO3SI1ICTBEHHON TEXHUKU
HA TIPUMEPE JIETAJIE OTJIEJIbHBIX Y3JI0B
TPAKTOPOB
A. B. Bounanosuu, C. H. I'ononypa

AnHoTanus. [TokazaHo, 4TO 11 000CHOBAHUS MPO-
JUIEHUS] CPOKOB IKCIUTyaTalluy MAIIWHBI BHE YCTaHOBJICH-
HBIH pa3pabOTYHKaMU peCypchl HEOOXOAUMO OPUECHTHPO-
BaTh Ha JONYCTHMBIC PHUCKHA HACTYIUICHHUS aBapUIHBIX
CUTyallUd, KOTOPbIE MOTYT NMPUBECTH K HECUACTHBIM CITY-
qasiM. Benp ceifuac it MOOMIBHON CEITBCKOXO3SIHCTBCH-
HOW TEXHHKH, SKCILTyaTaIusl KOTOPOH OTHOCUTCS K pado-
TaM TMOBBILIEHHONW ONAaCHOCTH, MOHATHE JOMYCTHUMOIO
(TIpuremMiIeMoro) pucka He MPHUMEHSIOT, OH HE IMO3BOJISET
OIIGHUTHh OIACHOCTh NPEOBIBaHMSA HA MOJIX, (pepmax H
Jloporax MamIMH 0e3 TEeXHHYECKHX CPEeICTB Oe30macHoC-
TH, C UCYEPIIaHIEM yCTaHOBJIEHHOTO pecypca.

Iens wuccnemoBaHnii — 00OCHOBATH JOMYCTHUMBIN
PHUCK DKCIUTyaTallud MOOWJIBHON CeJIbCKOXO3SICTBEHHON
TEXHUKH, B MacCHUBE JIeTaJlell U 3JIEMEHTOB KOHCTPYKLUN
Y KOTOPOH HaKOMMINCH Ne(eKTHI (OBPEXKICHUS).

B nanHO# paboTe mpoaHATH3UPOBAHBI KHHETHKA Ha-
KOIUICHUSI JKCIUTYaTallMOHHBIX NEe(EKTOB B MAaCCHBE Jie-
TaJNel OTICIBHBIX Y3JI0B (CHCTEM) TPaKTOpoB. B xauecTBe
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00BeKTa HCCIIeAOBaHMiA ObLTO BEIOpaHo TpakTopa MT3-80
(82), xak omHW W3 HanboJiee pacIpOCTPaHEHHBIX B YKpa-
nHe. J{7s BBIABICHUS TPEIINMH HCIOIB30BaHO pa3paboTaH
BHUXPETOKOBHIH A€()EeKTOCKOI, TYBCTBUTEIEHOCTE KOTOPO-
IO TO3BOJISUIa HAXOAWTH TPEUIMHBI JIMHON HECKOJIBKO
MUJUTAMETPOB W Ooubie 0e3 IMOATOTOBKH ITOBEPXHOCTH
KOHTPOJHUPYEMBIX ICTAJICH.

IToka3aHO, YTO KMHETUYCCKUE 3aBHCUMOCTH HAKOII-
JICHHUS SKCIUTYaTAllMOHHBIX Je()EKTOB B ACTANAX Y3JIOB
TPaKTOPOB B IMPOAHATU3UPOBAHHOM JHAMA30HE MPOJIOJI-
JKUTENBHOCTU SKCIUTyaTalldH SBJISIETCS MOHOTOHHO YBe-
JINYUBAIOIIUNACS, KOTOPhIE MOXKHO OIKCATh 3KCIIOHCH-
OUATFHON (PYHKIIH C JOCTaTOYHO BBICOKOH JOCTOBEPHO-
cThio. OTMEUYeHO, YTO MOJTy4YCHHBIE 3aBUCHMOCTH TOH00-
HBIE KHHETHYECKIX 3aBHCUMOCTEH HAKOIUICHHS CTaTH4e-
CKOTO ¥ TUHAMUYECKOTO (YTOMHUTEIHHOTO) MTOBPEXKICHHS,
MONMYYCHHBIX B pe3yJbTaTe JaOOpaTOPHBIX HCITBITAHHHA
00pa3IoB KOHCTPYKIMOHHBIX MaTepHAIOB, YTO IMO3BOJIS-
€T HCIOJIB30BaTh IOJAXOJAbl OTHOCUTCIBHO KPUTCPUCB
MIPeeIHLHOT0 COCTOSIHUS JIA0OPATOPHBIX 00Pa3IOB BCIIEI-
CTBHE CUJIOBOM Harpysku [Jjid yCTaHOBJICHUA NPEACIbHBIX
CPOKOB 3KCIUTyaTallud MOOWIBHON CEIbCKOXO3SHCTBEH-
HOM TEXHUKHU.

Bwmecre ¢ TeM KMHETHKAa WHTCHCHBHOCTH 3apO’KIc-
HUSl DSKCIUTYaTAaI[MOHHBIX TPEIIMH B MAacCHBE [eTajlei
TPAKTOPOB HE SIBIISICTCS MOHOTOHHOM M UMEET MaKCHMYM
B auamnaszoHe okosno 11-13 ner skcmnyarauuu. JlaHHBIA
CPOK JKCILTyaTallid MOXKET OBITh MCITOJB30BaH B KadeCT-
BE KPUTEPHUS IS MPEKPAISHHUS KCIUTyaTallii TPaKTopa,
MpoBeAeHUS Ne(SKTOCKONHHU JeTalici U 3aMEHBI e(EKT-
HbIX getanei. IIpu Takoil NpOIOJIKUTEIBHOCTH JKCILTya-
TallUd TPaKTOpa CYIIECTBYET HamOOJbIas BEPOSTHOCTDH
BHE3AIMHOTO PAa3pyILICHUs Y3J0B TPAKTOpa M CO3JaHUS
aBAPUMHBIX CUTYaIIM.

KiwueBble cJjoBa: JAMArHOCTUPOBAHHE TEXHHUYE-
CKOTO COCTOSIHUSI, 3KCIUTyaTallHOHHBIE Ie(EKTH, PHCK
SKCIUTyaTallud,  MOOWIBHAsT  CEIbCKOXO3SIMCTBEHHAS
TEXHHKa, HECYACTHBIC CIyYau.
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AHoTanis. Y po0OoTi poBeICHUI aHANI3 BUMYIICHIX
KOJNIMBaHb Ta  XBWJICYTBOPEHb  B@KKHUX  KaHATIB
BaHTAXKOII JHOMHIX MEXaHI3MiB KpPaHiB y IpoIecax IycKy
ocTaHHIX. Bu3HaueHI OCHOBHI IapaMeTpy BHHHUKAIOUHX
IIPY IbOMY XBHJICYTBOPEHb y KaHATaX 3a Pi3HUX CIIOco0iB
miIHOMY BaHTaxy («3 MiAXBATOMY, «3 Baruy). JlociikeHo
BIUIMB CWIM TSDKIHHS Ha KaHAT Ta BHHUKAIOUi y HbOMY
MO3/I0BKHI KOJIMBAHHS, TAKOK HAa BHUHUKAIOYI BCEPEIHHI
HBOTO MIO3/I0BXKHI XBHJICYTBOPECHHSI. Kanar
BaHTaXXOIiJHOMHOTO MeXaHi3My, npu I[BOMY,
PO3TISIHYTHH, SK PO3TSHKHAN CTPIKECHb. BcTaHOBICHI
3aKOHHM PyXy IONEPEYHUX Mepepi3iB KaHATiB, 3a SKUX
MiHIMI30BaHI y TIepioA MYCKY BaHTaKOMiTHOMHHUX
MeXaHi3MiB KpaHiB 3yCHIUIS, BUHUKAIOTi Y KaHaTax. Takox
JOCIIDKEHO 3aCTOCYBaHHA IHTerpoaudepeHIialbHOTO
PIBHSHHS, SIKE aJE€KBATHO OINMCYE KOJMBAHHS KaHATHOI
CHUCTEMHU BaHTQ)XXHUX KPaHIB, a TAKOXK BPAaXOBYE YaCTOTHO
He3aJIe)KHe BHYTPIILIHE TePTs Y BKa3aHUX CUCTEMax, KOTpe
CYNpPOBO/IKYE KOJIMBHI IPOLIECH Y KaHaTax IPOTATOM
MEepeXiJIHNX peareHTiB X IU(EpeHIIOBaHHI 3a DPi3HUX
€Hoco0iB NiIiioMy BaHTaXIB.

Bu3HaveHi mapaMeTpu BCTaHOBJIEHUX T'apMOHIYHHX
KOJIMBaHb KAHATHOI CHCTEMH KPaHiB JUII TPUBAJIOTO Y Yaci
migiioMy  BaHTaXy 1  BpaxyBaHHS  IHEPIIHHUX
BJIACTHBOCTEH caMOro KaHaTy(3HauyHOI JOBXXHHM), a TAKOXK
BEJIMYMHYU CTATUYHOTO TNEPEMIIIeHHS KaHaTy([uIsl pi3HUX
croco0iB miAHOMY BaHTaXiB).

KarouoBi cioBa: anamiz, BUMYIIEHI KOJMBaHHS,
BKKI KaHATH, BAHTAXKOI IHOMHI MEXaHi3MH, KPaHH, ITyCK,
XBWJIE YTBOPCHHS, ONTHMIi3amis, IWHAMIYHI 3yCHIIIA,
iHTEerpoAn(epeHITiaTbHE PIBHIHHS.

IMocTanoBka mpodaemu

OCHOBHI IapaMeTpy BUHUKAIOYNX XBUIICYTBOPEHb Y
KaHaTaXx 3a pI3HUX CrIocoOiB  MigiioMy BaHTaxy,
MOTPEOYIOTh JTOCHI/PKEHHS Ta BCTAHOBJICHHSI 3aKOHIB PyXY
TIONIEpeYHHX Tepepi3iB KaHaTiB, 3a SKUX MiHIMi30BaHi
3yCWJUIS, 110 BHUHMKAIOTh y KaHartaXx B MEpiojl ITyCKy
BaHTAKOMITHOMHIX MEXaHI3MiB KpaHiB.

AHaJII3 0CTAHHIX J0CJaiIKEeHb

VY maHiit poOOTi BUKOPUCTAHI MiAXOIU Ta PE3yIbTaTH
pocmimkens asropiB  [1, 2, 3], sKki mnpakTUKyBanu
3aCTOCYBaHHs PIiBHSHb MaTeMaTHYHOI (Qi3UKH IS Omucy
BUMYIIEHUX  KOJMBaHb. [MpuHounu  iHepUiitHKUX
BJIACTHBOCTEH Ta BEIMYMHU CTaTUYHOTO MEPEMILCHHS
KaHaTy oOIpyHTOBani y poboti [4]. Asropu [5]
JOCHIIKYIOTh  iHTerpojaudepeHIiagbie  yHnpaBliHHA
KOJIMBaHb TPYNOK CHCTEM 3 MAacCOHE3ICKHHM 1
BHYTpimHiM Teptam [6, 7]. Cruig 3a3HauuTH, 010
pe3ynbTaTH  BKa3aHHX  poOiT  OyayTh  9acTKOBO
BUKOPUCTaHHI Yy JaHOMY JOCHI[DKCHHI 1 CYTTEBO
BIOCKOHAJIEHI.

MeTta gocjiaKeHn

MeTa poOOTH MOJArae y aHami3i W JOCHiKEHHI
BUMYIIICHUX KOJINBAHb Ta XBUJICYTBOPEHb BAXKKUX KaHATIB
BaHTAKOMITHOMHIX MEXaHI3MIB KpaHiB y ix mporecax

IIyCKY.

Pe3yabTaTh nocaigxeHb

1. IlpunycTtiMo, IO MM MaeMO CHpaBy 3 JOBOJI
B)XKMM KaHATOM BaHTaKOMiAHOMHOTO MEXaHi3My KpaHy,
KU y TOM caMUii 4ac € pO3TSHKHUM CTPUIKHEM, JOBKUHA
KOTPOIO ¥ HE PO3TATHYTOMY cTaHi nopisaroe |. [linBucumo
Jioro 3a kinenp x=0, a kinenp x=| 3anumumo BinbHUM. ITig
BIUIMBOM CHJIM TSDKIHHS TaKuil CTPWKEHb [OYHE
3MIMCHIOBATH TIO3/I0BXKHI KOJMBAHHSI, a BCEPENNHI HHOTO
BUHMKHYTh  TIO3/IOBKHI ~ XBWJIEYTBOpPEHHS.  SIKIIO
Mo3HauuTH 4eped U (X, t) mepemimieHHs mepepizy 3
abcuco0 X y MOMeHT uacy t, Tomi nudepeHmiagbHe
PIBHSHHS TakMX BUMYIIECHHX KOJIMBaHb PO3IIISAYBaHOTO
CTPIDKHS Oyzie MaTH BUIL:

u(xt) _ o 9%u(xt) _|E
iz A * oz t9.a= o (1)

Jie: g — IPUCKOPEHHS CHIIH TsDKiHHA, t — gac, E — Momyns
MPY)KHOCTI MaTtepialy CTPIDKHS/KaHATy, p — MLIUIBHICTD
Mmarepiairy.
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OCKUTbKM TIOYaTKOBI TIEpEMINIeHHs W TOYaTKOBI
MIBUIKOCTI JOPIBHIOIOTH HYJIIO, TOI 33 Qi3UIHUM 3MiCTOM
MTOCTaBJICHOI 33734l HaMm Tpeba 3HANTH Takui PO3B’SI30K
piBasHHES (1), XKOTpuii 3amOBONBHAB OM TpaHUIHUM

YMOBaM:
ou
=070 aX/x=e=0 )
Ta IOYaTKOBUM YMOBAM:
du
_ ox _
Ye=0=0 x/tzo—O ®)

BuxopucroByroun miaxix podotu [ 1], Takuit
PO3B’A30K MOXKHA MTOJIATH y HACTYIHIH (opMmi:

u(x,t)

_grx@l=x) = |cos 2k -Eel)rcat] - sin [(Zk + l)nx]

- T 242 @)
16912 L 2k + 1)

T ez

3a nonoMororo (4) MOXXHA OOUUCITUTH, Y TKAX MEXKaAX
OyIie 3MiHIOBATHCh JJOBXHHA YChOT0 CTPIKHA. [ToknaneHo

y Gopmymi (4) x=Il, Tomi oTpuMaeMo BimHOCHE
nepeMillleHHs! KiHIIEBOTO Hepepi3y CTPHKHS:
et _1\k
w3 D
X =e€T%q2 o (2k + 1)3 (5)
16912 k=
B - cos {(Zk +1)- nat}

21
[TpaBa yacTuHa i€l piBHOCTI IOCSATAE CBOIO
MaKCHUMaJIbHOI'O 3HAYCHHA Y MOMCHTHU YacCTy tn:
2k+1)mat
G = 1+ 2nmn = 01,2 (6)

[Nepmmit makcumyM peanisyersest mpu N=0:
21

(2k+1)'ﬂa't0 _ T e
T = aer1 o =7 )
[puiimatoun 1o yBaru, mo [1]:
(_1)k 7T3
= (8)

L (2k+ 1) 32
3HaleMO HaHOIJIbIIE MEPEMIIIICHHS KIHIIEBOTO TIepepi3y:
o ©)

a2
3BicH  BUWIDIMBAaE, MO TPH  PO3TILIIYBAHUX

HOB,I[OB)KHiX KOJIMBAHHAX HOBXXHWHA CTPUIKHA 3MIHIOETBCS

Unax =

. 12
y mexax Bim | 1o l+i—2. Jlnst cTaneBoro CTPHIKHS

JIOBXXHHOIO

11 1 2
|=104M3(12=E/g =2 /8-103 =Z-108M /C2
a;-108-8-103

Sroit = 39,2 ™

BuMyimeHi KoiuBaHHS BaKKOTO KaHATy I €O
npukiaaeHoi crm Q (Ha OJUHMITO TUIOIII), CIIPSIMOBAHO1
B3JIOBXK CTPYKHA. [1ifioM BaHTaxXy «3 MiAXBATOMY.

Taki KonmBaHHSA CTOCYIOTBCs piBHsAHHAM (1) 3
HaCTYITHUMH [T0YaTKOBHMH Ta I‘paHI/I‘lHI/IMI/I YMOBaMI/I'
U(x,0)=0; 222 = 0; U(0,)=0; 202 = £; Q="2, (10)
Je m — maca BaHTamy, S — moma nonepetmoro Hepeplsy
CTPWXHA / KaHATY.
Bynemo po3mrykyBatu po3B’s30k (1) mpu ymoBax (10)
HACTYNHUM YUHOM [1]:

U=V (x, t) + W(x,t), (112)
ne V(x,t) e po3p’s30k miel 3amayi (HEOTHOPITHOTO
piBHAHHS (1)), 1110 3310BONBHSIE JIMIIIE TPAHMYHUM YMOBaM
(10), a W (x, t) — po3B’A30K OJHOPIJHOTO PiBHAHHI:

2w _ 5 9w
v ﬁ B . ﬁ .
SIKMH 3a]I0BOJIbHSIE TPAHUYHI YMOBH:

MaeMoO: Upgy =

(12)

ow
W/x:():()! ax/xze=0,
1l IOYaTKOBUM YMOBaM:

(13)

ow

W/ o= f@ ==Y, o ¥y g=FG) =

ow
%
t=20

(14)
Po3B’s130k V(x,t) MOXHA MOJIATH Y BUTIISAL:
V(ix,t) =A-x*+Bx +C; A—-ZLZ,B—— ; C=0,
(15)
TOJII 33J0BOJIBHSIOTHCS SIK piBHAHHA (1), Tak i rpaHWYHI
ymosH (10).
3BiJCcH BUILIMBAE, IIIO:
f(x) = —{Ax? + Bx}, F(x)=0. (16)
Hast W(x,t) maemo [1]:
- 2k + Drat 17
W(x,t) = z ay - cos [Q]
k=0
. {(Zk +1) -nx}
sin T
ne Koe(biuieHTH ak 3HAXOIMMO 31 CITiBBIJHOIIICHb:
(2k + D (18)
f f(x)-sin — dx

OCTaTquo, PO3B’SI30K 3ajadi y IbOMY BHIAIKY
IpuiiMae BU;

Ux,t) = Ax + Bx + C + $ig a - cos [220].
[M] = Ax? + Bx + X5 o0 COS [—(2k+zll)nat] .
sin [(2k+1)11:x] (19)

BumyiieHi KoJMBaHHS BaXKKOTO KaHATy IMiJ| Ji€r0
mifBimieHoro BaHTaky Baroto P. Ilimiiom BaHTaxy «3
Barmy.

Hexait mo kinig X=| npyxHOTo CTpxkHS (MOJENb
KaHaTy BaHTaXOIiHOMHOTO KpaHy), 3aKpilICHOTO Y
toumi X=0, miaBiNIeHuid BaHTaX Barot P (Macoro m=P / g-
Jocniaumo MO3JJOBXKHI KOJINBAHHS CTPHKHS,
NPUITYCKalO4H, 1[0 HAa HBOTO Ji€ 30BHIIIHI cHiia p - (g,
T00TO BiacHe Bara camoro kanary (Pk=p-g-S-1).

Otxe, 3a/1a4a y [IbOMY BUIAJIKY 3BOJUTHCS 10
PO3B’s3Ky piBHSHHA (1) 32 TpPaHUYHIX YMOB:

2%u ou
g g, = ¢z e _ [oms
/xzo—ov x=e=—C"" x=e C= |

ES(20)
a TaKOX IIPH MMOYAaTKOBUX YMOBAX:
ou
Ui _o=0, y_g=0. (21)

Mepemimenns mepepizy crpmwkas U(X,t) v manomy
BHUIA/IKY BUPAXKAETHCS CYMOIO:

U(x,t)= U1 (x,t)+ Uz(x,1), (22)
ne Ui(x,t) € po3s’si30k HeomHOpiaHOTO piBHSHES (1), KMt
3aI0BOJIBHSIE TiIbKK TpaHngHnM ymoBam (20), a Ua(x,t) -
PO3B’A30K OJTHOPiXHOTO PIBHSAHHS:

2 2

o @)
1110 3a/T0BOJIbHSIE TPAHUYHUM YMOBAM:

duy
Uz/ =0=0’ 6x/x=l=0’

a TaKOXX MOYaTKOBUM YMOBaM:

(24)
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duy

o= Fe =

duq
ol
(25)
3Haiinemo po3s’szok Ui(X,t) y HacTymmHOMY BHTIISII:

U,
/t=0=f<x>="1/t:0,

Ui )=fie+px+ X of=-2; =2 x=0, (26)
Tomy ocratogno st Ui (X,t) Ma€M0
Uix=-(-5) 2 + 5 7)
3BifCH:
_ l —_
fx) = (2%) x? — g—x F(x)=0. (28)
Po3s’si30k Ua(X,t)Mae BI/IL[
C05[(2k+1)71:at] m[(zk+1)n:x]
Uax )= 50 @ { e } (29)
IIe @), 3HAXOTUTHCS 31 CITiBBITHOIICHHS:
@ =1 J FG0 - sin [P dx (30)

OcTtaTouHO, pO3B’SI30K 33/1a4i y IIbOMY BHIIAJIKY
NpuiiMae BUL:

U(x,t)= ( ) x? +— X+ DreoQr

s [(2k+1)11:at] .

H[M] y (31)
21

BumyieHi koMBaHHS KaHATY i Ti€F0 CHCTEMH CHIL,
MPUKITaAeHUX 10 000X #toro kinmis (X=0; x=I). [Tixiiom «3
Barm» BaHTAXY.

Buxopucraemo minxix pobotru [2]. HeobOximHO
po3B’s3aTi HacTynmHy 3amady. Ciin 3HAWTH pPO3B’SI30K
piBHsHHES (1) 32 HACTYITHUX TPAHUIHUX YMOB:

a%u ou
) ™ ES
atz/x:l=_C12.ax/x—li Cl _g_l (32)

9%u ou
3e2 _ 2. 0x 2 _ Y9ES
6t/x=0_C2 ax/x=0’C2_ :

Phasn.
ne Pui=Pp-P, a P, — pyuwiHHA 3ycwils NpUBOLY

BaHTAXKOIII JHOMHOTO MeXaHi3My [3], i MOYaTKOBHX YMOB:

ou
9 = U —
t/t=o—0' [t=0=0 (33)
Po3B’s130k 32 ymoB (32), (33) mae HaCTYIHMI BUA:

U= Zf { fo fi - sinla A (¢ = lde} X (o), (34)

fo=——-g- ['X()dx;  X.(x) = H-sin(A; - X) +
[1Xr 112 0
Ak -cos(A, - X); (35)
S __ G o123
azlii azlil - ) i e

ne>0e po3B’ﬂ3KaMI/I PIBHSIHHS TPAHCLCHACHTHOTO THUITY:
A h
cig(h: l)_(H+h) (E B Z)’ (36)

a || X, ||?- xBaapar HopMu yHKIIT Xk 3HAXOAMMO 3i
CITiBBiHOIIICHHS:

l
X2 = f X2)dy, k=123..

0
ts

f{m1§1 — Poagn. — P}zdt - min;

0

fots{m2§2 + P}zdt - min. (37)

TOOTO Ak — BIacHi umcna, Xk — BIacHI QYHKINI 3amadi,
[| Xy ||- HOpMa BracHoi ByHKIIiI.

2. OnruMizamist pexuMIiB pyXy BaXKKHX KaHaTiB

BaHTAXXOMIJHOMHUX MEXaHI3MIB KpaHiB 3a Ppi3HHX

croco0iB mimiioMy BaHTaxy. JIMCKpeTHO-KOHTHHYaIbHI
MOJIEJT.

2.1. Tligiiom BaHTaXy «3 Barm».

Buxopucraemo muckperHy monenb podotu [3] mms
MOJICTIFOBAHHS TIPOLECY TMiAHOMY BaHTaXy «3 Barm»
OpYy)KHUM ~ KaHaTOM, alieé BHECeHO Yy Hei 3MiHW.
BBaxkaTuMemM0o  KaHaT, 110 BUKOPHUCTOBYETHCS Y
BaHTA)KOMIJHOMHOMY MEXaHi3Mi KpaHa, KOHTHHYaJIbHOIO
CHUCTEMOIO (CUCTEMOIO 3 PO3MOIICHUMH ITapaMmeTpaMu). Y
pe3ynbTaTi MOAENb CTaHe JUCKPETHO-KOHTHHYAaIbHOIO
(abo TibpuaHOI0). 30KpeMa, sl BKa3aHOTO Y Ha3gi m. 2.1
crocoO0y MmigioMy BaHTaXy, MAaeMO HACTYIHY CHUCTEMY
mudepeHIiaJbHAX PiBHIHb:

ou
ml-Sl—E-S-ax/x:():PHa6n_+P;

(38)
— 4%,
™ a2
. Ju . s,
m252+ESax/x:l=_P, 52=F,

e S1 ¥ Sy — HezanexHI MepeMillleHHs MPUBEICHOT MacH
MeXaHi3My TMpPHBOAY BaHTAXOIITHOMHOTO MEXaHi3My
KpaHa My Ta BaHTaXxy mo=F /g- 3 cucremu (38) merko
3HAaXO0IUMO:

Ju
E-S- ax/x_o_m1 -8 -
ou
E-S-"x/xz | =—P—my- 5,
BBenemo no3HaueHHs:
ou au
E-S-0x x=0=F1(t); E-S-0x
F,();  (40)
Busnaunmo 3akonu pyxy Si(t) it Sa(t), 3a sxux sxicTb
[UX PYXiB 33/I0BOJIbHSIE HACTYITHHM KPHTEPiAM:
Jy SR (©))dt - min; (41)
(41)f [F,(t)]?dt — min,
ge ts — TPUBANICTH MpPOLECy IyCKy BaHTAXOIMIAHOMHOTO
MexaHi3My KpaHa. i3muHmii 3MicT kpuTepiis (41) monsrae
y Tomy, mo y Ttoukax X=0 # x=| mepepisy kanary
MIHIMI30BaHI 3yCHIDII Yy  TPYXHOMY  CJIEMEHTI.
BpaxoBytoun (39) kpurepil skocti pyxy cucremu (41)
IPUNMAIOTh BUIL:
HeoOxigHot0 yMOBOM peanizariii kputepiiB (42) €
mudepenuianbhe piBasinus Eiinepa-Ilyaccona:
vy _ vy _
S =0; S, =0. (43)
PipasiHHs (43) cimig po3B’si3aTH MpPH HACTYIHHX
rpaHNYHUX (MIOYAaTKOBUX/KIHIIEBHX) YMOBax MigiHoMy
BaHTAXY «3 Barm»:

Sl/t:0=0? Sl/t:0=0? Sl/t=ts=Vi

Haﬁn P;

(39)

x=1"

§ S P15
e=ts=0 =8 =55 = 0=0
2/t=tS=V; 2/t=tS=0' (44)

nie V- HoMiHaJIbHa NIBUAKICTH MiAHOMY BaHTaXY.

Y pesynpraTi OTpEMyeMO onTUManbHI (y CceHci
KkputepiiB (42) 3akonu pyxy Si(t) it Sa(t):

S =L t2 - L 13; §,(t) = AS + = 3. (45)

ts 3tZ 3t2

BusHaunMo 3aKOH PpO3MOBCIOKEHHS y KaHaTi
BaHTAXKOIIIHOMHOrO MexaHi3My KpaHa U(X) xBuie
YTBOPEHB/KOJIMBAHb 3a 3aKOHIB pyXy Horo kiHIiB (X=0 Ta
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X=I) tumy (45) npu migiiomMy BaHTaxy «3 Barw». Jjst moro
Ci 3HAWTH PO3B’sI3kM piBHAHHA (1) TIpM HACTYNMHHUX
MTOYATKOBHX 1 KiHIIEBUX/TPAaHHYHIX YMOBAX:

U —0 U -0 U —
f=0=0% “/r=0=0 “/y=0=

50 U/ =1 =520, (46)
BuxopucroBytoun mixxix poboru [1], matumemo

HACTYIHHHU PO3B’SI30K:
u(x,))=V(x,)+W(x,t); W(x,t)=S1(t)+[S2(t)- Sl(t)]%;

VO)=Ei {5 fy fe@ - sinla- Ay (¢ = lde +
@i+ cosla- A - t]}Xk(x); 47)

P X 'Xk(x)dx; fk(t)
”Xk(x)l

"”‘zuxk(x)n'of ‘s-E
l
f 2V 2V - t}
tS
0
- X (x)dx;

X)=sin(“E); k=123..;

lall? =155 A=
T[z'kz
lZ

2.2. TligifoM BaHTaXy «3 MiIXBATOMY.

Y pexxumi migioMy BaHTaXYy «3 MiIXBATOMY PiBHSIHHS
JUIsl BU3HAYCHHS 3aKOHIB pyxy Si(t) # Sy(t) 3anumarorscs
TaKHUM X, K 1 y HOIepeAHbOMY BHIIAJKY (ITiIHOM BaHTaxy
«3 Barm»), To0TO 1 piBHAHHA TUMTY (43). [IpoTe BHMAnmKy
ninﬁOMy BAaHTAXY «3 MiIXBaTOM» ITOYAaTKOBI YMOBH PYXY
3MIHIOIOTBCS 1 HAOyBaIOTh HaCTyHHOFO BULY:

S 5

1/t—O—O /t—O_VO' /t—ts=VF
S S, S,
Yi=ts=0 /t—O_O 2y = 0= Vos

S/t—ts_VS/t—ts_O (48)
ne Vo — moyatkoBa MBHIKICTH mifiioMy Bantaxy (Vo<-V)
(Skmo mpu migiOMI BaHTaXy «3 Barm» KaHAT Mepej
MOYaTKOM pyXy BKe Mae aedopMaliiio po3Tsary Bil
CTATUYHOTO HaBaHTaKEHHS - AS, a MIBUIKICTh CHCTEMHU
JIOPIBHIOE TIPH IIbOMY HYJIIO, TO MPH MiZHOMI BaHTaXy «3
MiXBATOM» y MOYATKOBUNA MOMEHT aedopMarlisi KaHaTy
JOPIBHIOE HYJIFO (OCKIIBKHM Bara BaHTaXy CIPHUAMAETHCS
OCHOBHOIO), aJie¢ TIpPHBEIeHa Maca NpUBOJa y TMpoIeci
pUOMpaHHs CIA0MHU KaHATY MBHIKICTH Vo, OMU3BKY 10
HoMiHanbpHOT V (migiiomy BanTaxy), Vo<V). Tomy, 3
ypaxyBaHHsM ymoB (48) mst Si(t) i So(t) maemo:

S1(t)= Sa(t)= Vo- tJV ). p2 203 (49)
3
OcTtarouHo, BI/IKOpI/ICTOByIO‘II/I miaxig poboru [1], ais

U(x,t) MaeMo HaCTyImHHIN PO3B’A30K:

Ulx,t) =TV (x,t) + W(x,t); W(x,t) =5,(t);

Vix,t) = i

k=1
l V-Vo) V-Vo)
fie(@®) = IIXk(x)ll fo {g —%+M} X (x)dx (50)

Maca kaHaTy M 00UHCITIOETHCS 32 HOPMYIIOIO:
m=px Sx |

ne [ - minpHICTh MaTepiamy(kaHaty).

PiBHSIHHS KOJMBAHB IS BUMAIKY, KOJIH:
Q(t) =my()+(Q_0 ) +xsinwt Q, O +cos wt Q,9, (52)
ne Qp-mocTiliHa cHia, He3alexHa Binm QO(S)ﬁ QO(C)-
aMIUTITYAW, W-KyToBa 4YacTOTa BHYTPIMIHBOI CHIIH,
3aIyCKa€eThCSl HACTYITHUM YHHOM [3]:

%k-ojﬁ((r)-sin[a-/lk-(t—r]dr X (x);

(51)

_ t y(r)dr (S) t sin wrdr (c)
y() =-Ax fO (t— r+u) fo (t- 7’+U) %
t coswrdr t dr
fO (t-T+0) Xfo (t-r+v)’ (53)
Jc:
() ©
= m (5):yCT (C):yCT = &
A=y Ho g Mo g ko \E
() ©
)= |, (©=2" %
yCT CO CO > QXCO 1 (54)

ko-xyTOoBa uYacTOTa BIACHMX HE3aTUXAIOYUX KOJIUBAaHb
(xaHATHOT) CHCTEeMH; Vor (), Vo, () -nepemimenns cucremu
mix giero  crarmuHo npukmageHoi cmwm Q) um
Qo BixnosizxHo.

®opMynu mst ko MOKHA JELIO CIPOCTUTH:

C EoxS _1 E

ko= [2= 072 _—-x |2
0 m IXBxSx1 1 B (55)
Hwxkue, y Tabnuii HaBeJCHI 3HAYCHHS ko,c_1 s
cTajeBuXx  KaHariB  pi3Hoi  goBxkuHM  (E(=2,1X

10'TIa; B=7,8% 103kr/m®)

OrmiHKa OCTaHHBOTO WiIeHa Y piBHAHHI (54),yTBOpeHa
y [1], ms craneBux kanatiB (Q>>1) mo3BoIIsI€ 3HEXTYBATH
PO30IXKHICTIO IBOTO IHTEPBALY B Yaci i BBaXaTH IO BiH

Q
Mae OyTH OCTaHHIH y BUTIISMIL Y oxce Tozu piBHsHHES 54

HaJJaHO B TAKOMY BI/IFJ'I?[Z[I

S (DA () [Esinwrar
y(t) AfO (t-r+v) FHo X fO (t—r‘+v)+l‘lO

ft coswrdr
0 (t-r+v)

Tabaunsa. 3uauenns ko, c™?
CTaJICBUX KAHATIB.

JUTSL pi3HUX JOBXHH |, M

Table. The values of kg, ¢! for different lengths
I, m of steel ropes.
I,m ko, ¢t
10 518.9
50 103.8
100 51.9
200 26.0
300 17.3
500 10.4
1000 5.0
2000 2.6
3000 1.7
5000 1.0
10000 0.5
BBCI[CMO IIO3HAYCHHA
y(®)-r=Y(1). (57)

Toni nerko mnokasatu ,mo () =Y (t), ockimbkm
y=const y (56).
Ockinbku 1ust Y (t) OTpuMaeMo HaCTyITHE PIBHSHHS :

_ EOA O x [, ©
Y()=-21x [ Torre THo x [, s X
t coswrdr
J‘0 (t-r+v) (58)

Tyxaemo po3B’s30k (58):
Y(t) = A X sinwt + Bcoswt; Y(t) = Yy X sin(wt + B); -
A=Yy X cosP; B = Yo X sin; Yo = VAZ + VBZ; tgB = 7. )
Hocnigumo ycraneHi BUMyIIeHI KOJIMBaHHSA i Ai€l0
TapMOHIYHOI BHMYIIEHOI CHJIHM, JUIA SIKHX U SIKHX
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cripaBeyiuBe PiBHAHHA (58) 31 3MiHEHWM 3HAYCHHSIM
HIDKHBOT IpaHuii inTerpysanss (0— —oo) [4].
Jns Bu3HaueHHS KoedimieHTIB A Ta B mizcraBumo

po3B’s30k (59) y piBrsaHHS (58).MaTtnmeMo piBHICTB:
coswrdr

Asinwt +Bcos cos wt — 1 X f dr =
© (t—r+v)

(s) sinwrdr + © coswrdr

Ho f o (torto) | P07 X f ® (t-r+v) (60)

Baenemo HaCTynm MO3HAYEHHS:

sinwrdr _ t coswrdr

h=f 11 (t=r+v) ’ 2= e (t-T+v) (61)

Micns  3amiam  3MiHHHX 1 =WX (t — 7 + V)

inTepBasiamu [ {Ta I, 3BeeMo 110 BUAY:
_ o0 sin(ry—v) o cos(r,—v)
L= L= S, oy dr, (62)
Iokpusatoun Sin(r; — v) # cos(r; — v), 3HalEEMO:
I; =cosyx Si(wt)-sinyxCi(wt) , I, = —siny X
Si(wt) — cosy x Ci(wt) (63)
Tyt Si(X) ta Ci(X)- iHTerpanbHi CHHYC i KOCHHYC
KOTPI BBOJATHCSI HACTYITHUM CITiBBITHOIICHHSIM:
. oo sinx —Wvu sinx
Sl(wu)=—fwu7dx=——+f —dx

M o cosx
Ci(wv) = = [ ——dx = C + lnwv + ||
C=0,57723...- nocriiina Eitnepa, wo=wu, xexp(-Q)
VY noganpiomy npuiiMaemo A = wt, ockinbku Y[1]
OyI10 nokaszaso, 1o wu = 0.
36upaemo y (60) Bci uimenu mpu Sin wt it coswt,
MaTUMEMO:
[4+ (vAw? + +1$) Citwv) + (YBw? + +p7) x
Si(wv)] xsin wt +
(yAw + +u(5))51(wu) + (YBw? + +u(c)) X
Ci(wv) |xcos wt=0 (65)
OCKilTbKY BUPA3H y KBAIPATHUX JYXKKaxX HE 3aJIeXkKaTh
BIJ 3MiHHOT t, TOAl 3BiaCH BUIUTHBAE:

(64)

WU COSX

A+ (yAw? + +p(5))Cl(wu) + (yBw? + +u(c)) X Si(wv) =0 (66)
B — (yAw? + +1$?)Si(wv) + (yBw? + +p{) x Ci(wv) = 0
Po3B’s13aBmim, mo  cuctemy (66)  miHIHHUX
anreOpaiyHUX piBHSIHB, 3HAIEMO A Ta B.
A= ﬁ-B = E' A= [1 + Aw? X Ci(wA)]? + 12 w*Si%(wv);
A = [— X Cl(WU) - p(c) X Si(wu)] x [1 4 Aw? x Ci(wv)] —
- [ u ) x Si(wuv) — u(c) X Ci(wu)] X Aw? X Si(wv); (67)
AB = [[1 + Aw? x Ci(wv)]] x [u(s) x Si(wv) — u(c) X Ci(wu)] +
+[—Aw? x Si(wv)] x [p(s) x Ci(wv) + p(c) X Si(wu)].

Takum gwmuoMm, pimenus y(t) (56) mae Burmsin
y(t)=x+Asinwt+Bcoswt. (68)

J1st BaHTaxy cTajeBUM KaHAaTOM 3 Baru~ (SKIIO
KaHAT BBAXKAETHCS IPUPYIHNM ) MAEMO HACTYITHI 3HAYCHHS
QO! (S)Ta Q(C)

Q mZXPHa;ul mZXPHa;Ln .
0 = —_

CxX(mq+m,
© = ’ (my 2)’
mqXmy
ne, C-xopcrkicTh KaHaty; (my,m,)- NpUBEACHI Macu
HPUBOJLY i BAHTAXY BilMOBifHO; Q-BanTaxy Bana; Py,,, =

(my+mgz) ’

(69)

(mq4+my)

(Pp - Q) — Ha//IMIIKOBE 3yCUJUIS IpUBOAY; B, —
pyLIifHe 3yCUJJIS IPUBOAY.

[ BapiaHTy migiioMy BaHTaXy CTQJIEBUM KaHATOM 3
migxBaToM” (SIKIMIO KaHAT BBAXAE€ThCS MPUPYIHUM)
3HaYeHHA Q) SS)Ta Qéc)
YUHOM:

Q_()_

BU3HAYAIOTBCA HACTYITHUM

mZXPHaA/l mZXPHaA/I _

+Q; QP =% 0 = Q, (70)

(mq+my) (my+my)

ne V-HomiHabHA(UH OJIM3bKa IO HEl) MBUAKICTH I AHOMY
BaHTaXY.

BucHoBku

1. BwusHaueHi OCHOBHI IapaMeTpH BUHUKAIOUHX MIPH
IIbOMY XBMJICYTBOPEHb y KaHaTax 3a pI3HHX CIIOCOOIB
iAoMY BaHTaxXy («3 MiIXBaTOMY, «3 Baruy). JlociipkeHo
BIUIMB CHWJIM TSDKIHHS Ha KaHAT Ta BHHUKAIOYi y HbOMY
MO3/J0BXKHI KOJIMBAHHS, TAKOXK HA BUHHMKAIO4i BCEPEIHHI
HBOTO TO3]JOBXKHI XBHJICYTBOPECHHSI. Kanar
BaHTaXXOMiHOMHOTO MeXaHi3my, pu LBOMY,
PO3TISIHYTHH, K PO3TSHKHUH CTPWXKEHb. BcTaHOBICHI
3aKOHH pPyXy MONEPEeYHHX IIepepi3iB KaHATiB, 3a SKUX
MIiHIMI30BaHI y Tepiox MYCKy BaHTaKOIiTHOMHUX
MeXaHi3MiB KpaHiB 3yCHIUIS, BHHUKAIOUi y KaHaTax. Takox
JOCTIDKCHO 3aCTOCYBaHHS  IHTETpOIr(pepeHmiaTbHOTo
pIBHSIHHS, SIKE aJCKBAaTHO OIMCYE KOJMBAHHS KaHATHOI
CHCTEMHU BaHTQ)KHUX KPaHIB, a TAKOXK BPAaXOBYE YAaCTOTHO
He3aJIe)KHE BHYTPILIHE TEPTS Y BKa3aHUX CUCTEMAaX, KOTpe
CYNPOBOJIKYE KOJIMBHI IPOLIECH Y KaHATax IPOTAIOM
MEepexXiIHUX peareHTiB ix JudepeHIifoBaHHs 3a Pi3HUX
CHoCO0iB MiIHOMY BaHTaXIB.

2. Busnaueni napameTpu BCTAQHOBJICHUX
TapMOHIYHUX KOJNMBAaHb KAaHATHOI CHUCTEMH KpaHIiB Ui
TPUBAJIOTO Yy dYaci migiioMy BaHTaXy 1 BpaxyBaHHA
IHepUIHUX  BIIACTHBOCTEH CaMOro  KaHaTy(3HaYyHOL
JOBXXHHH), & TAKOXX BEJIMYMHHU CTATHYHOTO TEPEMillICHHS
KaHATY (U1 pi3HUX CIIOCO0IB migiioMy BaHTaXiB).
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JUCKPETHO-KOHTHHY AJIbBHOE
MOJEJIMPOBAHUE 1 AHAJIN3 BbIHYXXAEHHbBIX
KOJIEBAHMU (TSKEJIAST) KAHATA
I'PY3OIIOABEMHOI'O MEXAHU3MA KPAHA B
MMPOLECCE ETO ITYCKA
1O. B. Yosnrox, . H. Cusax

AnHotanusi. B pabore rmpoBeneH — aHanu3
BBIHYX/ICHHBIX ~ KoylebaHMH ¥ BOJHOOOpa3oBaHWM
TSDKEJBIX KAHATOB I'PY30II0ABEMHBIX MEXaHHU3MOB KPaHOB
B Iporieccax Irycka nocienHux. OnpenenaeHsl OCHOBHBIC
IapaMeTphl BOSHUKAIOMINX IIPH TOM BOJTHOOOpA30BaHNE B
KaHaTax MpH Pa3jMyHBIX crmocobax moabemMa rpysa («C
MTOJIXBATOM», «II0 BeCy»). VcciaenoBaHO BIMSHUE CHIIBI
TSHKECTH Ha KaHAT M BO3HUKAIOIIME B HEM IIPOJIOJIHHBIE
KonebaHns, a TaKkKe Ha BO3HHUKAIONIME BHYTPH HETO
MIPOAOJIEHBIE BOJIHOOOpa30BaHUs. Kanat
IPy30I0JJbEMHOIO MEXaHHU3Ma, HPU 3TOM, PACCMOTPEH,
KaK pacTsDKUMBIM CTepKeHb. Y CTaHOBJICHHBIE 3aKOHBI
JIBMDKCHUSI TIOTIEPEYHBIX CEYEHHH KaHATOB, IPH KOTOPBIX
MHUHAMM3MPOBaHbl B TIEPHOJ IIyCKAa TI'PY30IObEMHBIX
MEXaHM3MOB KPAaHOB YCWJIWS, BO3HMKAIOIIHE B KaHATax.

Taxxe HCCIIeIOBAHO IpUMEHEHHE
nHTeTpomndHepeHITMATLHBIX ~ ypaBHEHUE,  aJleKBaTHO
OIICHIBAET KOJICOAHUsI KAaHATHOW CHCTEMBI I'PY30BBIX
KpPaHOB, a TaKXKe YYUTHIBAET YaCTOTHO HE3aBHCHMOE
BHYTpEHHEE TpPEHHE B YKa3aHHBIX CHCTEMaX, KOTOpOe
CONPOBOXKIACT KOJICONIOIIMECS MPOLECChl B KaHATax
TEUCHHE TEPEXOAHBIX PEeareHTOB MX AU(QEepeHIPOBKU
NP pa3IMYHbBIX crioco0ax Mo beMa rpy3oB.

OmnpeneneHsl napameTpsl YCTaHOBIICHHBIX
rapMOHMYECKHX KoJieOaHMH KaHATHOH CHCTEMBbI KPaHOB
JUISl JUTUTEJIFHOTO BO BPEMEHM MOABEMa Ipy3a U ydera
WHEPLUUOHHBIX CBOWCTB CaMoOro KaHata (3HaYMTEIbHON
JUIMHBI), @ TaK)Ke BEJIUYNHBI CTATHYECKOTO MEepeMeLIeHHs
KaHaTa (71 pa3HBIX cCOCO0O0B IMOIBEMa TPY30B).

KnroueBsle  ciaoBa:  aHaium3,  BBIHYXKICHHBIC
Koje0aHus,  TKeNble  KaHAThl,  IPY30II0JbEMHBIC
MEXaHM3MBI,  KpaHBl, IIyCK,  BOJIHOOOpa30BaHWS,
ONITHMH3ALIHS, JMHAMHYECKHE YCUITHS,
uHTerpoAnPpepeHINaIbHBIX YPaBHEHHUS.

DISCRETE-CONTINUOUS SIMULATION AND
ANALYSIS OF FORCED OSCILLATIONS
OF (HEAVY) ROPE OF CRANE LOADING

MECHANISM IN ITS PROCESS
Yu. V. Chovnyuk, I. M. Sivak

Abstract. The analysis of forced oscillations and
waveformations of heavy ropes of hoisting mechanisms of
cranes in the processes of starting the latter is carried out.
The main parameters of the resulting waveforms in the
ropes for different ways of lifting the load ("'with a pickup",
"by weight") are determined. The influence of gravity on
the rope and the longitudinal oscillations arising in it, as
well as on the longitudinal waveforms arising inside it are
investigated. The rope of the lifting mechanism, in this
case, is considered as a tensile rod. The laws of motion of
cross-sections of ropes are established, according to which
the forces arising in ropes are minimized during the start-
up of hoisting mechanisms of cranes. The application of
the integrodifferential equation, which adequately
describes the oscillations of the rope system of cargo
cranes, and also takes into account the frequency-
independent internal friction in these systems, which
accompanies the oscillatory processes in the ropes during
transient reagents for their differentiation by different ways
of lifting loads.

The parameters of the established harmonic
oscillations of the rope system of cranes for long-term
lifting of the load and taking into account the inertial
properties of the rope (considerable length), as well as the
magnitude of the static movement of the rope (for different
ways of lifting loads) are determined.

Key words: analysis, forced oscillations, heavy
ropes, lifting mechanisms, cranes, start-up, wave
formation, optimization, dynamic forces,
integrodifferential equation.
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AHoTanisg. Y craTTi ckiameHo audepeHiianbHi piB-
HSIHHSL PyXY YaCTHUHKH MiJ Ii€l0 CHJIM BJIACHOI Barw Mo
LIOPCTKI TMOBEPXHi, sika yTBOPEHA TBHHTOBUM PYXOM
cunycoinu. CHHyCOI/Ia IPH [[bOMY € OCBOBUM MEpepizoM
IBHHTOBOI TMOBEPXHI Ta PO3TALIOBAHA Y BEPTHKAIbHIN
rwronuHi. OTpuMaHi pIBHSHHS PO3B’S3aHO YUCEIBHUMH
METOJIaMH, a TaKOX MOOYJI0BaHO TPAEKTOPIi pyXy 4acTH-
HKH I10 TBUHTOBIN noBepxHi. Kpim Toro, HaBeaeHo rpadi-
KM 3MiHH IIBHJIKOCTI PyXy YaCTHHKH Ta 11 BiATAJICHHS Bij
OCl MOBEpXHi, B Pe3yJIbTaTi YO0 3HAWICHO YMOBH, MpH
SIKIX MOXITMBa crabimizamis pyxy wactuHkH. [TokaszaHo,
IO y 3arajJbHOMY BHUIAJKYy Y Pe3yJIbTaTi PO3rOHY YaCTH-
HKa BIINANAETHCS Bill OCI MOBEpXHI Ta 3YNHHAETHCA B
omHOMY 3 ii >koN00OiB. ['MMOMHA Ta MITBHICTE XKOJIOOIB €
KEepPOBaHUMH 32 JOMOMOTOI 3MiHH MOCTIHHUX KoedimieH-
TiB mapaMeTpamu. PO3MIISHYTO Tako)X YaCTKOBHIl BHIIa-
JIOK TpH HYyJIbOBiM TNMHOMHI jk0J00a, KOJIM CHHycoina
[IEPETBOPIOETHCS HA TPSAMY Ta YACTHHKA PYXAETHCS IO
ITOBEpPXHI TBUHTOBOTO KOHOia.

KawuoBi cioBa: kpuBa nepepisy, cuHycoina, Koe-
(bili€eHT TepTsl, YaCTUHKA, PYX, PIBHSIHHS.

IHocranoBka npodaemu

['BUHTOBI MOBEpXHI MIMPOKO MOMIMPEHI B TEXHIMI 1
CIIyTYIOTh POOOYMMHM OpraHamMu 0araTboX MamiMH. Y
TIpHUYOPYIHIN MPOMUCIOBOCTI JJisi 30aradeHHs KOPHC-
HHUX KOIAJIMH BUKOPUCTOBYIOTHCS MPUCTPOT 3 BEPTHKAIb-
HUM BUHTOBHUM JK0JOOOM, SIKi HA3MBAIOTHCSl TBUHTOBHUMH
cenaparopamu [1]. XKomoOu rBUHTOBOI TOBEPXHI MOXKYTh
MaTH pizHy popmy. Bix mporo 3anexuTh XapakTep pyxy
TEXHOJIOTIYHOTO MaTepialy MO0 TBHHTOBIH mosepxHi. Do-
pMa xoJ100y 3aJIeXKUTh BiJl KPUBOi HOro OCHOBOTO Tepepi-
3y. Y IaHOMY JOCIIIKEHHI 332 KPUBY OCHOBOTO IIE€pepisy
npuitHATO cuHycoiny. OTpuMaHa MOBEPXHS CKIAIA€ThCs
3 OJIHAKOBHX >K0JI00iB, PO3TAIlIOBAaHHUX Ha Pi3HIN BixcTaHi
BiJl OCi IIOBEPXHI.

[t TOYHOTO ONMCY pYyXy TiJIa 10 TBUHTOBIN MOBEp-
XHI He0OXiTHO BpaxOBYBaTH JOJATKOBI CHIIM iHEpIii Bix
1oro oOepTaHHs, 0 3pOOUTH HAI3BHUYAHHO BaXKKO. Tomy
B 0araTboX BUMAJKaxX Ili CHIM ITHOPYIOTBCS MPHU MaJUX
po3Mipax Tina [2, 3] a0 X Mpu MaTuX KyTOBUX MIBUIKO-
CTSAX HWOTO 0oOepTaHHS, SK, HANPHKIAI, MPU iX TepeMi-

IIEHHI 3a JOIOMOTOI0 MiTHOMHO-TPAHCHOPTHUX MAalIWH
[4]. ¥ GaraTpox BHIamgKax Ui CIIPOIICHHS PO3PaxXyHKIB
NPUMHATO TpUIMaTH TUTO 3a MarepiaJbHy YacTHHKY.
ToYHICTE OTpHMaHMX pE3YJIbTAaTIB LIIKOM MPHUHHSITHA
JUIS TIDAKTHKH.

AHAaJi3 0CTaHHIX J0CTiIKEHb

ITig yac poOOTH MAIlMH TOCTIHHO BUHUKAE KOHTAKT
YaCTHHOK MaTepialy 3 MOBEpXHAMH poOOUYMX OpraHiB. Y
CUIBCHKOTOCIIOAPCHKOMY BHPOOHHITBI II€ CTOCYETHCS
30KpeMa TIPYHTOOOpOOHUX 3Hapsaab [5] Ta 3HapAOs MO
BUAaNIeHHIO HaBo3y [6]. Ilpu cemaparii Marepiamy gacTh-
HKH PyXaloThCsI 110 TIOBEPXHi, sIKa 3/1HCHIOE KOJMBAJIbHI
pyxu [7, 8].

YacTuHKY Marepiany, sIKi KOHTaKTYIOTh 3 MOBEPX-
HEI0, MOXYTh MaTH pi3HE MOXO/PKEHHS: YaCTHHKH Yy py-
XOMOMY TIOTOIll, MEXaHIYHI YaCTUHKH, YACTHHKH PIiTHHA
abo rasy [9-11].

Pyx 4acTHHOK, 5IKi KOHTaKTYIOTh 3 PyXOMHMH CIIipa-
JBHUMH POOOYMMHU OpraHaMH, PO3MIISHYTO y Mpausax [8-
10]. Crarrst [12] npucssiueHa AOCIIHKEHHIO PYyXY YacTH-
HOK I10 TOBEPXHI BEPTHKAJIBHOTO TeJKOina, KU 37iiic-
HIOE 00epTaIBHUH PyX.

Merta gocJaiakeHb

Po3pobuty aHamiTHUHUN OmMC i MOOYIyBaTH PyXo-
MUK 1 HEPYXOMHH aKCOIMM ACSIKUX IMWIHIPUIHUX JiHIN
i3 3a0e3meueHHsIM CIUIBHOT JIiHIT KOHTaKTy B3JOBX BiJI-
MOBITHUX MPSIMOJIIHIHHIX TBIPHUX B KOKEH MOMEHT 4acy

PYXy TpUTPaHHHKA.

Pe3yabTaTh nocaigxkeHb

Cunycoiny, siky npuiMaeMo 3a KpUBY OCbOBOIO Iie-
pepi3y TBHHTOBOi HOBEPXHi, 33Ja€EMO MapaMeTPUIHUMHU
PIBHSHHAMH y BEPTHKAJIBHIN IJIOMMHI. Y CHCTEMi KOOp-
quHat x0z (puc. 1) piBHAHHA cuHycoinn y (yHKHii He3a-
JISKHOI 3MIHHOI p MAaTUMYTh BUTIISA:
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x=p; z=csinap, (9]
Jie @ 1 ¢ — cTai, mo 3a1al0Th aMILTITYy 1 TIepioJl CHHYCO-
inu;
p — He3aJe)KHa 3MiHHA, 10 33Ja€ BiJICTaHb BiJ MOTOYHOL
TOYKH CUHYcOinu 10 oci 0z (puc. 1).

05}
ol
-05

0 19 2 3 4 5

Puc. 1. Kpua ocroBOTO TIepepizy TBHHTOBOI ITOBEp-
XHi, ¥ SKiii KPHBOIO OCBHOBOTO Iiepepisy € cuHycoina (1)
pu a=3, ¢=0,4.

Fig. 1. An axial cross-section curve of the helical
surface with a sinusoid axial cross-section curve (1) with
a=3, ¢=0.4.

Jns yTBOpEHHS TBHMHTOBOI IIOBEPXHI HEOOXiTHO
IUIOIKHY 3 cuHycoimoo (1) piBHOMiIpHO oOepratu Ha-
Bkoiio oci 0z 3 OZHOYACHUM TMEpeMIICHHAM i y3IOBXK
i€l oci, TOOTO HAaIaTH TUIOIIMHI TBHHTOBUH pyX. besmiu
TIOJIO’KEHb KPHUBOi B TAKOMY PYCi OITHIIE TBHHTOBY ITOBE-
pxHIO. MaTeMaTHYHO TaKa MOBEPXHS OINHUCYEThCS Iapa-
METPUYHAMH PiBHSHHAMHU:

X = pcosa;
Y= pp sine; )
Z =csinap+ba,
ne b — rBuHTOBHE mapaMeTp — MOCTiHA BeNWYMHA, MO
3aj1a€ KPOK T’BUHTOBOI MOBepXxHi (kpok H=27b);

o — JApyra He3aje)XHa 3MiHHA ITOBEpPXHi (KyT MOBOPOTY
IUTOLIMHY, B sIKid PO3TalllOBaHAa CHHYCOia, HABKOJIO BEp-
TuKajapHOI oci OZ).

Ha puc. 1 BepTukanbHa Bich MO3HAYEHa MaJIOKO JIiTe-
PO¥O «z», a AT Oceit moBepXHi (2) OymeMo 3acTOCOBYBAaTH
BelHKy «Z». 11100 po3pi3HATH PiBHSHHS ITOBEPXHI 1 JIiHIT
(30Kpema, TTiHIT Ha MTOBEPXHi, KOJIH iX PiBHSIHHS MOBHICTIO
30iraroThCs), U TIO3HAYCHHS OCel 1 piBHSAHB MOBEPXHI
OyneMO BHKOPHCTOBYBATH BeJHKI JiTepu «X», «Y», «Z»,
a JuIsl oceld 1 piBHSIHbB JIHIH — MaJi «X», «y», «Z».

Ha puc. 1 mobymoBana myra cuHycoimu mpu a=3,
¢=0,4 1 3miHi Biicrahi p B Mexax p=0,2x...1,57, a Ha
pHcC. 2 — BiJINIOBiIHA 'BUHTOBA MOBEPXHS Y MEXKaxX OJJHOTO
kpoky mpu b=0,5.

0-

4 -4
Puc. 2. ['BUHTOBA MTOBEPXHS B MEYKaX OJHOTO KPOKY.
Fig. 2. The screw surface within one lead.

HudepenmianbHe piBHIHHS PyXY YaCTHHKH IO TBHH-
TOBii IOBepxHi (2) ckmajgeMo y BUMISAI mw = F , ie M —
Maca YaCTHHKH, w — BEKTOP NPUCKOPEHHS, F — Pe3ylb-
TYIOUHMH BEKTOP MPHKIIAJCHHUX J0 YaCTUHKH CHJI. Takumu
CHIIaMU €: CUJa Bard YacTHHKU Mg (g=9,81 m/c?), peak-
uist R moBepxHi i cuna tepts fR, 1o Hagae omip KOB3aHHIO
yactiHKY 1o noBepxHi (f — koeditient Teprs). HaBenene
BEKTOpPHE PIBHSHHS PO3IMHUIIEMO B MPOEKINsAX HA OCi KO-
OpAMHAT, B Pe3yJIbTaTi YOTO OTPUMAEMO CHUCTEMY 3 TPHOX
IudepeHIiaTbHAX PiBHIHb.

Juis cknmagaHHs piBHSAHD HEOOXiTHO 3HATH ONWHIYIHI
BEKTOPH, [0 33aI0Th HANPSIMOK IIpuKiIageHux cui. Cua
Baru YaCTWHKM MQ cHpsMOBaHa BHH3, TOOTO y MPOTHIIE-
JKHY CTOpOHY HampsiMKy oci OZ, tomy i ogMHUYHHN
BEKTOD 3aIHIIEThCA:

{0, 0, —1} (3)

Cunma peakuii R cmpsMoBaHa Y300BX HOpMami 10
noBepxHi. KoopmHaTy BekTopa N HOpMaJi 10 MOBEPXHi
3HaXOJATBCS SK BEKTOPDHHH HOOYTOK IBOX BEKTOPIB,
MOTUYHUX 10 KOOpOWMHATHUX JiHiA. [Ipoexmismu nmux
BEKTOPIB € YaCTKOBI MOXIi/HI MEPIIOTO MOPSAAKY MOBEPXHIi

(2):

ro_ .
X, =cosa;
Y, =sina;
Z' =accosap;
P (4)
' : .
X, =—psina;
Y, = pcosa;
!
Z,, =b.

HwkHiM iHIEKCOM MO3HAaYeHa 3MiHHA, IO SIKiil mMpo-
BOJUTHCS AndepeniitoBantsi. HampsMok BekTopa HOpMa-
Ji 10 TOBEPXHI 3MIHIOETHCS Ha TMPOTHIICKHUM, SKIIO Y
BU3HAYHHUKY BEKTOPHOTO JOOYTKY Pk (4) MOMiHATH
MmicusiMu. ToMmy THOTpiOHO CTeXHTH, 100 MPOEKIis Ha
Bick OZ oTpuMaHOro BekTOpa Oyja MO3UTHUBHOIO, IO
BiAnoBinae QizuyHili cyTi mpouecy. 3HaXOJUMO BEKTOP-
HUH 100YTOK JOTHYHUX BEKTOPIB (4):

X Y Z
N=\X, Y, Z,|=
X, Y, Z, (5)
bsina — acp cosap cosa,
=<—bcosa —acpcosapsina; |.
p.

[IpuBenemo BekTop HOopMalli (5) 10 OJMHUYHOTO, Mi-
CJIsl YOTO FOTO MPOEKLIT 3aMUIITyThCSL:
bsina —acpcosapcosa

N, = ;
\/b2 +p2(1+a2c2cos2ap)
N = bcosa +acpcosapsina (6)
y - s
\/b2 + p2(1 + azczcoszap)
N, = L

’ \/b2 +p2(1 + azczcoszap)

Cuita TepTs cpsiMOBaHa MO JTOTHYHIN 10 TPAEKTOPIi
PYXy YacTHHKH B MPOTHJIC)KHY BEKTOPY MIBHUAKOCTI CTO-
poHy. SIKIo He3aleXXHi 3MiHHI p 1 o MOBEPXHI 3B'A3aTH
MiX CO0O00 TIEBHOIO 3AJIEKHICTIO, TO OTPUMAEMO PIiBHSH-
Hsl OJHi€T 3MIHHOI, TOOTO JIiHII0 HA TMOBEPXHi. 3B'SHKEMO
3MiHHI p 1 00 MiX CO0OIO 3a JONIOMOTOI0 HOBOI 3MiHHOT —
yacy t. OTpuMaeMo /BI HOBI 3aJI€XKHOCTI p=p(t) 1 a=a(?),
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SIKl 3a71af0Th TIepea0adyBaHy TPAEKTOPIIO PyXy YaCTHHKH.
Bonmn € HeBimoMnMH QyHKIISIMH, SKi TOTPiOHO 3HANTH.
3HalieMo MPOEKIii MBHUIKOCTI pyXy YaCTHHKH ITH-
(epeHIIiToBaHHAM PiBHSIHB (2), BBYKAIOUH, IO I1i PIBHAH-
Hi € DIBHSIHHAMH TPAEKTOPil, 3aJeKHAMHU Bif OIHIel
3MiHHOI — gacy
x' = p'cosa — pa'sina;
y'=p'sina + pa’ cosa, ()
z' = acp'cosap+ba’.
3Haii1eMo BeIMYMHY MBUIKOCTI V pyXy YaCTHUHKH:

V= xv2 +y72 +212 _ (8)

= \/p’2 +p’a? + (acp' cosap+ boz’)2 .

OnWHUYHUN BEKTOP IIBHUAKOCTI 3HAMIEMO MUITXOM
IiTeHHS MpoeKii (7) Ha BeIMIUHY IBUAKOCTI (8):
p'cosa — pa'sina

T, = :
\/p'2 +pad? + (acp’ cosap+ boz’)2
T - p'sina + pa’ cosa . 9)
y - E
\/p’2 +pa? + (acp’ cosap+ ba')2
T - acp'cosap+ba’

. .
2. 212 2
\/p' +pa +(acp’cosap+ba’)
[IpucKOpeHHsI YaCTHHKU B MPOCKIIsIX HA OCi KOOp-
JUHAT 3HaiiieMo nudepeHIliFoBaHASIM BHPa3iB MIBHIKOCTI

(7):

x"=\p" - pa'? Jcosa — (pa" +2p'a’)sina;

v =|p" - pa'? Jsine + (pa" +2p'a’)cosa; (10)
Z"= ac(p”cos ap—ap'*sin ap |+ ba".

Posnuimemo BEKTOpHE DiBHAHHS mw = F B HPOEK-
misfx Ha oci koopaunat OXYZ, 6epyuu 10 yBary, 1o cuia
TEPTs i€ B3IOBXK BEKTOpa MIBHAKOCTI Yy MPOTHICKHY
CTOpPOHY:

mx"=—fRT,.+RN,;
my"=—fRT, + RN ;
mz"=—fRT, + RN, —mg.

[Micnsa mincranoBku y (11) HanpsAMHUX KOCHHYCIB (6)
i(9) orpumaemo:

= fR(p'cosa - pa'sma)

\/,0’2 +p2a"? + (acp' cosap+ boz’)2
bsina —acp cosap cosa
\/b2 + p2 (1 + azczcoszap)
. fR(p’sina + pa’ cosa)

(11)

+

+R

>

my

=" - 12
\/p'2 +pla’ + (acp’cosap+ ba’)2 (12)

bcosa +acpcosapsina
\/b2 + p2(1+a2c2c0s2ap)
" fR(acp’cosap+ ba')
\/ 02+ pla’

+R P

\/b2 +p2(1+ azczcoszap
[Ticna migcranoBkH y piBHAHHA (12) Apyrux moxin-
Hux (10) orpmmaemo cucremMy AuEpeHIiaIBHUX PiB-
HSIHB, [0 ONHCYIOTH PYX YaCTHHKH. P0o3B’s3aBmiu ii Bia-
HOCHO HeBizomnx QyHKUIH a"=a"(1),p"=p"(t) i

-R

mz +

+(acp’ cosap+ ba’)2

)

R=R(t), orpumaemo:

A vV

_Lfakp b,
A\ VA

a,,:2ap {aﬁ)—j(l+a2czcos2ap)}—

2csin ap+ g)'

= 0:'2,0[/)2 +52 B p’pacfcosap}r (13)

x (a’zpaccosap— p'%a

A A 14
+i fi+paccosap “
AV A

x (Zba'p' —gp+p'tatesin ap)‘

R= ﬂ[a’zpzaccosap— 2ba'’p’ +

+ p(g - p'?a’esin ap)]

VYV mudepenmiansaux piBHAHHAX (13) cumBoiom V
MO3HAYEHO MIBHUKICTh PYXy YaCTHHKH, BUPA3 SIKOi HaBe-
neHo y (8). KpiM Toro, BBeieHO Iie OAMH CUMBOI A, KU
3aMiHIO€ BHPA3, 1110 TTOBTOPIOETHCS:

(14)

[lo6 3Haiiti 3amexHocti a=a(t) i p=p(t), mocutsh
PO3B’sI3aTH CHCTEMY IIEPLIMX JBOX piBHIHB (13), 00 BOHM
MiX co0O0I0 MOB's3aHi, a peakiisi NoBepXxHi R BU3HaYaeTh-
sl 3 UX pO3B’sA3KiB. J1s po3B’si3aHHS CUCTEMH MOTPIOHO
3aCTOCOBYBATH YHCEIbHI METOIH.

Posrnsaemo mpuximann. Hexalt ockoBHM mepepizom
IBHHTOBOI MOBEpXHI Oyne CHHycoOina, NMpeACTaBICHa Ha
puc. 1. Hactunky Oyaemo mojgaBatu B Touky A (puc. 1),
TOOTO Ha BEPUINHY T'PeOHA, IO BIINOBIAA€ IIOYaATKOBOMY
3HA4YeHHIO BinctaHi py=2,6 m. [loyaTKOBY IIBHAKICTBH
3aJa€MO B paJialbHOMY HAIMpPSAMKY (BiX OcCi i 10 oci T'BHH-
TOBOI MOBepxHi), T00TO p'y==%1 m/c. Ilpu p's=—1 m/c uac-
THUHKA TIOYWHAE PYXaTHCS 3 TOYKU A 10 OCi MOBEpXHi i
OIYCKAETHCSI B KOJIOO, MO SKOMY IPOJOBXKYE PYX BHH3
(puc. 3). Ilpu p’4=1 m/c 4acTHHKA NOYMHAE pyXaTHUCS 3
TOYKHA A Big OCi MOBEPXHI 1, MOMONABIIM TEBHUN MUISAX,
3ynuHAEThCA. Lle BUIHO Takox Ha Tpadiky 3MiHH MIBHI-
kocri V (puc. 4).

A= \/azczpzcoszap + p2 +b2.

W
i
i
.g‘
2

Ay R
SOOI SRR i\
@%“““ﬂ‘é%i\;%?:.‘,‘:g‘;‘nll‘\\\\\\\‘ﬁl
I iy s
. M /s, S5 ONINTILT /7
3 : N z /
A N 4
SN 4

Puc. 3. Tpaekropii pyxXy YacTHHKH MO TI'BHHTOBIH
TIOBEPXHI, 110 MMOYMHAIOTHCS B Toulli A (4ac pyxy t=8 c,
koediuient tepts f=0,3).

Fig. 3. The trajectory of the particle movement along
a helical surface, starting at the point A (motion time
t=8 s, friction coefficient f=0.3).
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V, m/c

0 2 4 6 8
Puc. 4. I'padiuni 3minn mBuaKocTi V pyxy 4acTHH-
KU TI0 TBHHTOBII moBepxHi (4ac pyxy t=8 c, koediuieHT
tepts f=0,3).
Fig. 4. The graph of the changing in the speed V of
particle movement along a helical surface (motion time
t=8 s, friction coefficient f=0.3).

Y mepmomy BHIAAKY IIBHAKICTh CTaOUTI3yeThCS
(xpuBa Ha rpadiky no3HadeHa nudpporo 1) i HabIMKAETH-
¢l 10 mocTiiiHOro 3Ha4eHHs O0mm3bko 2 wm/c. Ilicns crabi-
Ji3auii TPaeKTOPi€0 PyXy € TBUHTOBA JIiHisS HA MMOBEPXHI.
VY apyromy Bunaixy (kpuBa Ha rpagiky nmo3HauyeHa nud-
pOI0 2) yacTHHKa 3ymuHsEThCs micns 2,5 ¢ pyxy. Ilosic-
HIOETBCS 1I€ THUM, IO MO Mipi BiAJaJeHHs BiA OCi KyT
HaXWIy TBUHTOBUX JiHIH (MMOBIPHUX TPAEKTOPIH pyXy)
3MeHmyeTscs. Komn KyT Haxwiny TBHHTOBOI JiHIT aHA
XKoyio0a CTae MEHIIE KyTa TEPTA, PyX CTA€ HEMOXIIBHM.
Leit xyT MOXKHA 3HAWTH 32 JOIIOMOTOIO BiTOMO1 (hopMyiH
p=arctg(b/p). Ana Hamoro Bumaaky p=3,7 m, TOOTO
p=arctg(0,5/3,7)=7,7°. lle 3HaYHO MEHIIE KyTa TEPTA
pi=arctg f=arctg 0,3=16,7°. Y nepiiomMy BUNAIKy KyT ¢
mepeBepIIye KyT TepTs, a came, it p=1,5 m (puc. 1) BiH
CTAHOBUTH 18,4°.

Po3risiHeMo, SIK 3MIHIOETHCS TPAEKTOPIS PyXy dac-
TUHKM 31 3MeHmeHHsM Koedinienta teprs f. Ha puc. 5
mo0OyI0BaHA TPAEKTOPIS PyXy YaCTHHKH 3 KOe(illieHTOM
tepts f=0,1, sika nounHae pyx 3 qHa xos0ba npu p=1,5 m
1 mouaTkoBiii mBuakocti Vo=0.

-15

5
Puc. 5. Tpaekropist pyXy 9aCTHHKH NpH KoedimieHTi
tepts f=0,1.
Fig. 5. The trajectory of the particle with the friction
coefficient f=0.1.

AHAII3YIOUH TPAEKTOPIIO, TIPUXOIUMO JIO BUCHOBKY,
[0 YaCTHUHKA PO3TaHSAETHCSA IO JKOJIO00Y A0 Takoi MipH,
0 MOJAIBIIHAN ii pyX TPUBA€E BiJ OCi MOBEPXHI 3 MMOJIO-
JIAaHHAM JESKOTO YHCIIa JKOJIOOIB 1 3aKiHUYeThCS 3yNHH-

KOI0O B OCTaHHbOMY >k0y100i. Ile miaTBepmxye rpadik
3MiHM IIBUAKOCTI pyXy YaCTUHKH (pHC. 6).

7

00 5 10 15 20

Puc. 6. I'padix 3minm mBuakocti V pyxy 4acTHHKA
(uac pyxy =18 ¢, koediuient teprs f=0,1).

Fig. 6. The graph of the particle movement speed V
(motion time t=18 s, friction coefficient f=0.1).

[Ipu pyci yacTHHKYM 1O TpaekTOpii, OMU3bKIH JO TBU-
HTOBOI JIiHIi poTsiroM 5 ¢ (puc. 7), cuia peakuii € mo3u-
TUBHOIO BenuuuHOI0. Konm yacTuHka 371MCHIOE XBHIIE-
noAiOHUH pyX NMpH HOAOJIAHHI )KOJOOIB (Ha puc. 5 st
€1 TUITHKA TPAEKTOPIi MOBEPXHIO YMOBHO HE MTOKA3aHO),
peaxIisi MoBepxHi R 3MIHIOETBCSA BigNOBITHUM YHHOM,
MpUMAroud 1 HeraTUBHI 3HadeHHs. Li 3amexHOCTI OTpH-
MaHi, BUXOJMYM 3 MAaTeMaTHYHOI YMOBH, IO YaCTHHKA
3aB)KAM 3HAXOOUTHCSA Ha moBepxHi. Lle Oyno 6 cmpasen-
JIMBO, SIKOW YacTHHKa mnepedyBajia MK JIBOMa €KBiuCTa-
HTHUM TIOBEPXHSIMH, PEAKII] IKUX YePTyBaJIHCs y 3aJIeK-
HOCTI Biji 3HaKy. OCKIJIbKH OBEPXHS OJIHA, TO 1€ 03HAYAE
BiJIpMB YaCTUHKH BiJl HE1 B MOMEHT 3MIHM 3HAKY peaKilii 3
MO3WTHBHOTO Ha HEraTHUBHUI. Y 3B'S3KY 3 UM XBHJIEMO-
Ji0Ha YacTHHA TPAEKTOpil pyXy YaCTHHKH MOXKeE BiIpi3-
HSTHCS BiJ] peabHOI.

10

R N
8.

T

0 5 10 15

Puc. 7. I'padik 3minu cumm peakiii R ams yacTHHKH
Macoro m = 0,1 ke (dac pyxy t=18 c, koediieHT TepTs
f=0,1).

Fig. 7. The graph of the changing of the reaction
force R for a particle of mass m=0.1 kg (motion time
t=18 s, friction coefficient f=0.1).

L c

3MEHIIICHHS TIepioly CHHYCOINU Bee O 3MEHIIICHHS
PI3HUIN BifCTaHi p MiX HIKHIMH TBUHTOBUMH IIHISIMH
CYCIZHIX >KOJIOOIB MOBEpXHi. BHACTIIOK MBOTO 3MEHIIY-
€ThCS PI3HUI MiX KyTaMH ix Haxwiy. MO)KHa MPHITyC-
TUTH, IO IIe 3MIHUTh XapakTep pyXy YaCTHHOK 3 Pi3HUM
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Koe(ilieHTOM TePTS 1 JO3BOJIUTH iM PyXaTHCS IO PI3HUX
)oJo0ax 0e3 3yMUHKH.

Ha puc. 8 moGynosana cuaycoina mpu, a=15 i ¢=0,2,
TOOTO TIEpPio/T 3MEHIIEHO ¥ 5 pa3iB (IIpH IIbOMY aMILTITyIa
3MEHIIICHA Yy 2 pa3y, IO TeX BIUIMBAE HA XapakTep pyxy
9YaCTHHKH). [ BUHTOBHI TIapaMeTp MOBepXHi b mpuitHsTHI
piBHEM h=35 m. Ha noOynoBaHy 3a MU JTaHUMH TBHH-
TOBY IOBEPXHIO IOJIABAJIMCS YAaCTUHKH 3 HYJIBOBOIO I10-
YaTKOBOIO MIBHUAKICTIO 1 PI3HUMH Koe(illieHTaMH TepTs B
OJIHY 1 TY X caMy HIDKHIO TOYKY B HalOImX4oro 110 oci
noBepxHi xonoba (puc. 8). Lliif Touli BixmoBimae Bijc-
taub p=0,31 m.
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0.1F
0 L

01
-0.2k L
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Puc. 8. Cunycoiga — ocpoBHil nepepi3 TBUHTOBOI
MTOBEPXHI IPH 3a1aHuX cTanux a=135, ¢=0,2.

Fig. 8. Sinusoid is the axial cross-section of the heli-
cal surface for given constants a=15, ¢=0.2.

ITo mipi po3roHy uYacTHHKa BiINaIA€ThCS B OCI,
TOOTO BiZICTaHB p MPOTATOM JESKOTO Yacy 30UIbIITY€EThCH,
a micis HacTae crabimizaiist pyxy (mpubausHo uepes 5 ¢,
1110 BUIHO Ha puc. 9).
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Puc. 9. I'padix 3MiHK BiICTaHi p BiA OCi MOBEpXHi
(wac pyxy t=15 ¢, BiacTaHp mojmadi YaCTUHKU HA ITHO
xoo6a p=0,31 m).
Fig. 9. The graph of the changing of the distance p
from the surface axis (motion time t=15 s, particle feed
distance to the gutter bottom p=0.31 m).

Ha puc. 9 noGyznoBani rpadiku 3MiHu BijcTaHi p s
YAaCTHHOK 3 PI3HUM KOe(illieHTOM TepTs. 3 HbOTO BHJIHO,
IO YaCTUHKHU 3 Pi3HUM KoedinienToM Tepts f micns cra-
Oimizanii pyXxaroTbcst Ha pi3Hii BiJcTaHi BiJl 0Ci HOBEPXHI.
Bincranp p npu f=0,4 cxnagae 0,4 m. Lo Bigcranb mos-
HAueHO Ha pHC. 8, SK p1, 1 BKa3ye TOYKY Ha CHHYCOII,
yepe3 sSIKy NPOXOANUTH 'BUHTOBA JiHIS — TPAEKTOPIS PyXy
yactuHKU. J1s gactuHOK 3 Koedirienrom tepts f=0,3 i
f=0,2 ui Bigcrani mo3HaueHi yepes p; i ps. I3 puc. 8 Bua-
HO, L0 TPAEKTOPIsi PyXy YAaCTUHKH HPOXOAUTH BUIIE JHA

xoJoba. JlocmimKeHHs TIOKa3aH, 0 BOHA HE MOXKe OyTH
Bunie To9ku B (puc. 1). Ilg Touka € TOYKOI NEepeTHHy
CHHYCOI¥ 1 TiCNs HEi MOYMHAETHCSA 3MEHIICHHA KyTa [
(puc. 1). Tpaekropis pyxy YacTHHKH NIPH TEPEXiTHOMY
nepioni Moxke OyTH BHUIE TOYKH B, 3aIUIIAIOYHCH B Me-
JKax jkomoOy, a micis crabimizamii BoHa pyXaeTbes MO
I'BUHTOBIH JIiHIT, po3TanioBaHiii HX4Ye TOUYKH B.

Ha puc. 10 nmoGynoBano rpadik 3MiHM IIBHIKOCTI
PYXy 4YacTMHOK 3 pi3HMM KoedimieHToM TepTs. Ilicms
crabimizauii pyXy MIBHIKOCTI CTalOTh CTAJIUMH 1 Majo
BIZPI3HSIOTHCS MiXK CO00I0.

Vv, I.u/c

=04

=02

PreadiiiiN

f=0,3

tc
0 5 1l(] 15

Puc. 10. I'padix 3mMiHM mBUAKOCTI V pyXy YaCTUHKH
(uac pyxy t=15 ¢, BiAcTaHp mojadi YAaCTUHKH Ha JHO
sxonoba p=0,31 u).

Fig. 10. The graph of the changing of the particle
movement speed V (motion time t=15 s, particle feed
distance to the gutter bottom p=0.31 m).

Ha puc. 11-13 moOynoBaHi TpaekTopii pyxy U da-
CTHHOK 3 Pi3HUM Koe(illieHTOM TepTsa. Y HIDKHIM JacTHHI
puc. 11 Ta puc. 12 BuaHO, IO YACTHHKA PYXa€ThCSA MO
pizHEX >xomobax. Ha puc. 13 mis Hao4HOCTI TMOKa3zaHa
TOPU30HTAIIFHA TPOCKIIis TpaeKTOpii 6e3 moBepxHi. I3 Hel
BUJIHO, K 3MIHIOETBCS BIJICTaHb p 1 SIK BOHA MOYHHAE
cTabimi3yBaTHCsl IIiCJIsl TOMAJaHHsS YacTHHKA B JIPYTid
’K0J100, HAOMKAIOUNCh 10 To3Hauku 0,8 M, 110 BiAMOBI-
nae puc. 9.

LN

Puc. 11. Tpaekropiss pyxy YacTHHKH IO ITOBEPXHI
npu f=0,4.

Fig. 11. The trajectory of a particle movement on the
surface at f=0.4.



192

T. M. Boaina

Puc. 12. Tpaekropis pyXy YacTHHKH MO IIOBEPXHIi
npu f=0,2.

Fig. 12. The trajectory of a particle movement on the
surface at f=0.2.
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Puc. 13. T'opusoHTanbHa NPOEKLs TPAEKTOPIl pyXxy
yacturku npu f=0,3.
Fig. 13. The horizontal projection of the trajectory of
a particle movement at f=0.3.
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Puc. 14. Tpaexropis pyxXy YacTHHKH MO ITOBEpPXHI
IBHHTOBOI'O KOHOIAa (dac pyxy t=2,5 ¢, b=0,35 u, f=0,3).

Fig. 14. The trajectory of the particle movement on
the surface of the screw conoid (the motion time t=2.5 s,
b=0.35 m, f=0.3).

Cripn 3ayBakwtH, 1o npu a=c=0 noBepxHs (2) nepe-
TBOPIOETHCSI Y TBHHTOBUH KOHOIA. CucteMa piBHSIHB (13)
3HAYHO CIIPOIIYEThCA. Pe3ynpraTr i po3B’sA3aHHS Tpea-
cTaBleHM Ha puc. 14 Ta Ha puc. 15. I3 HBOTO BHAHO, IO
YaCTHHKA CIOYaTKy PO3TaHSAETHCS 10 MIBUAKOCTI MOHAT 2
M/c, IpA TIbOMY BiJIaJSIETHCS BiX OCi MOBEPXHi, MOTIM 11
PYX CHOBUIBHIOETBCS 4Yepe3 3MEHIICHHS KyTa HaxWiy
noBepxHi. [IpubnusHo vepes 2,5 ¢ micis MoOYaTKky pyxy
YAaCTHHKA 3YMHHSIETHCSL.

25 T T T T
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Puc. 15. I'padix 3mMiHM mBUAKOCTI V pyXy YacTHHKH
M0 TIOBEPXHI TBHHTOBOTO KOHOIma (wac pyxy t=2,5 ¢,
b=0,35 x, =0,3).
Fig. 15. The graph of the changing of particle
movement speed V on the surface of the screw conoid (the
motion time t=2.5 s, b=0.35 m, f=0.3).
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BucHoBku

1. Orpumani nudepeHianpHi PiBHIHHS JO3BOJITIOTH
ONMCYBAaTH PyX YACTHHKH IO TBUHTOBIH MOBEPXHIi 3 KpH-
BOIO OCHOBOTO Mepepi3y y BUINIAAL cuHycoinu. YucenpHe
PO3B’sI3aHHS CHUCTEMH IM(EepeHNialbHUX pPIBHAHL Ja€
MOXIIMBICTh BUBYHUTH XapaKTep PyXy YaCTHHKH MO TaKii
MOBEPXHI i Ii€f0 CujiM BiacHoi Baru. [Ipu momagaHHi
YAaCTHHOK 3 PI3HUM KOe(illieHTOM TepTS B OJHY 1 Ty X
TOYKY IOBEPXHi X TpaekTopil NpH MOAANBIIOMY pyci
PO3PI3HAIOTHCS MK c0000. MOXKHA MiAIOpaTH KOHCTPYK-
THBHI MTapaMETPH IOBEPXHi TaKUM YHUHOM, IO IICJIS CTa-
Oimizamii pyXy IpynH 9acTHHOK 3 ONU3BKHAM Koe(illieH-
TOM TepTs OyoyTh pyXaTHCS 1O OKpeMux xosobax. o
Mipi 3MEHIICHHS KoedillieHTa TepTs, BiJICTaHb IO JKOJO-
0Oy, 1O IKOMY PyXaroThCs TPYNN YaCTUHOK, 30UIBIIY€EThCS.
Ie mae MOXIHMBICTD OUNBII SIKICHO PO3AUISATHA TEXHOJOTi-
4YHUIl MaTepian 3a ¢pakuisiMu 10 (QPUKLIKAHIA o3HAaIl Y
MOPIBHAHHI 3 ICHYIOUMMH CENapaToOpaMy 3 OJHUM JKOJIO-
6oM. B okpemomy BHIIaJKy CHHYCOiTalbHa KpPHBa OCHO-
BOTO Tepepi3y MOBEPXHI MOXe MEPETBOPUTHUCS B MPAMY.
Toni TOBepXHS TEPEeTBOPIOETHCS Y TBUHTOBHH KOHOIN,
JUIA sIKoTo cTabimizamis pyxy HemosxiuBa. Ilicis mouar-
KOBOTO PO3TOHY YacTHHKA 3YIUHSAETHCS HA JISSIKOMY Bijl-
JaJIeHHi Bijg #oro ocl.
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HNCCJIEJOBAHUE ABMXXKEHUA YACTUYKU I1O
IIEPOXOBATOM [IOBEPXHOCTHU, OBPA3OBAH-
HOM BUHTOBBIM JBDKEHUEM CUHY COUJIbI,

[10]1 AEMCTBUEM CUJIbl COBCTBEHHOI'O BECA
T. H. Boruna

AHHoTanusi. B cratbe cocraBneHsl nuddepenim-
albHbIE YPAaBHEHMS JBHKEHUS YaCTHUKU O] ACHCTBHEM
CHJIBI COOCTBEHHOTO BecCa I10 IIEPOXOBATOI ITOBEPXHOCTH,
00pa3oBaHHOW BWHTOBBIM JBIDKEHHEM cHuHycOubl. Cu-
HyCOH/JIa P 3TOM SIBJISIETCS] OCEBBIM CEUCHHEM BUHTOBOM
MOBEPXHOCTH ¥ PACIIOJIOKEHA B BEPTHUKAIBHOM IIIIOCKO-
ctu. IlomydeHHBIe ypaBHEHHS PpEIICHBl YHCICHHBIMH
METOJAMH, a TaKXe MOCTPOEHO TPACKTOPHUU JBHKECHUS
YaCTUYKH [0 BUHTOBOM moBepxHocTH. Kpome Toro, mpu-
Be/IeHbl TpaUKn W3MEHEHHS CKOPOCTH JIBIDKCHMS dYa-
CTHYKU U €€ YAAJICHUs OT OCU MIOBEPXHOCTH, B pE3yJIbTaTE
Yero HaiIeHbl YCJIOBHUS, NIPHU KOTOPHIX BO3MOKHA CTaOH-
TM3anysl IBMXKEeHUS JacTHdku. IlokazaHo, 4rto B 00mieM
CiIydae B pe3ysIbTaTe pa3sroHa YacTHYKa YAAISETCS OT OCH
MTOBEPXHOCTH M OCTaHABIMBAETCS B OTHOM U3 €€ XKEIo-
60B. ['myOMHA ¥ TIIOTHOCTH KeJIOOOB SBISIOTCS YIPABIIS-
€MBIMH C TIOMOIIBIO W3MEHEHHUS IMMOCTOSTHHBIX K03 duIu-
€HTOB IIapaMeTpaMmu. PacCMOTpPEHO Takke 4acTHBIN CIy-
Jaii TpH HyJeBOH TyOMHE »emoOa, KOorjaa CHHYCOHAA
IpeBpalaeTcs B NPSIMYK M 4acTHYKa ABHXKETCA MO IO-
BEPXHOCTH BUHTOBOTO KOHOU/IA.

KiloueBnble ciioBa: KkpuBas CEUCHHs, CHHYCOHJA,
K03(h(UIMEHT TPEHUs, YaCTHUKa, IBI)KEHHUE, YPAaBHEHHS.
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RESEARCH OF PARTICLE MOVEMENT ON ROUGH
SURFACE FORMED BY SCREW MOVEMENT
OF SINUSOID UNDER ACTION OF OWN WEIGHT
T. M. Volina

Abstract. The differential equations of particle
movement on a rough surface which is formed by the
helical motion of a sinusoid under the action of the force
of own weight were obtained in the article. The sinusoid
is the axial cross-section curve of the helical surface and
is located in the vertical plane. The obtained equations
were solved by numerical methods and the trajectories of
the particle on the helical surface were constructed. In
addition, graphs of the change in the particle velocity and
its distance from the axis of the surface were found, as a
result of which the conditions when stabilization of the
particle movement is possible were found. It is shown that
in the general case, as a result of acceleration, the particle
moves away from the axis of the surface and stops in one
of its gutters. The depth and density of the gutters are
controlled by changing the constant coefficients parame-
ters. Also, a partial case at zero depths of the gutter, when
the sinusoid turns into a straight line and the particle
moves on the surface of the helical conoid, were consid-
ered.

Key words: cross-sectional curve, sinusoid, coeffi-
cient of friction, particle, motion, equation.
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