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AHoTanig. Y cTaTTi HaBeJeHO OIMHUC JTabopaTOpPHOI
MOJeNi  CTPUIOBOI  CHCTEMH  OallTOBOIO  KpaHa,
BUMIpIOBAJILHO-PEECTPYIOUE  oOOJlajaHHs  (JaT4YHKH,
cucrtema 300py JaHUX, OJIOK JKHBJICHHS TOIIO), CHJIOBE
Kepytode oOnagHaHHA (YacTOTHMH IIepeTBOpPIOBaY),
nporpamMHe 3a0e3neueHHs A 300py JaHUX Ta JUIst
KEepyBaHHS 4YacTOTHUM IiepeTBOproBaueM. IIpoBeneHo
MJIaHyBaHHS EKCIICPUMEHTIB 3 JIOCIIIKEHD
ONTHMAIBHOTO  KepyBaHHI  pyxy  Moxem.  Beci
eKCTIEPUMEHTH TTOIUICHO Ha JB1 cepii: U ONTHMAaIbHOTO
3a IIBUAKOMIEI0 KEPYBaHHSI Ta U1 ONTUMAaJIbHOTO 32
IHTETpaJbHUM KpHUTEpieM KepyBaHHA. [ mepmioi cepii
eKCTIEPUMEHTIB HE3aIeKHUMH (hakTopamu oOpaHO Macy
BaHTaXy (BapifoBajlaCh Ha TPHOX PIBHAX) Ta IOBXUHY
THY4YKOrO MifiBicy (BapiroBajach Ha JBOX piBHsX). [list
Jpyroi cepil eKcliepuMEHTIB OyJ0 BpaxoBaHO 1€ OAMH
He3ale)kHUH  (akTop  —  TpUBAJNICTH  PO3rOHY
(ranemyBanHs1) Bi3ka. Lled ¢axTop BapiloBaBCsA Ha THOX

PpiBHSX.
AHani3 ekcHnepUMEeHTAIbHUX JIOCHIKeHb  OyJIo
MPOBEACHO 3a BeIWMYMHaMH KoedimieHTa  Bapiamii

(BIIXMIJICHHS TEOPETHYHUX Ta €KCIICPUMEHTAIBHUX JAHMUX )
Ta 13 BHKOPHCTaHHAM TpaiuHuX  3aJIC)KHOCTEH.
Pesynbratn aHamizy mokasaiid JOCHTH BHCOKY 301KHICTBH
OTPUMaHUX y XOAi EKCIEepHMEHTa JaHWX Ta JAaHWX, SKi
Oynu OTpPHMaHi pPO3pPaXyHKOBHM IIIsXOM. HasiBHi
BIIXMJICHHS BUKJIMKAHI HETOYHICTIO 3aJ[aHHS MapaMeTpiB
CUCTEMH, HEBPAXOBAHICTIO BCIX 3HAYMMHUX (DAKTOPIB, SIKi
BIUIMBAIOTh HAa PyX CHCTEMH, a TaKOX HE SKICHOI
peamizaiii€ero KepyBaHHS Tij] 9ac Pi3KUX 3MiH IIBHKOCTI
PyXy Bi3Ka.

HaBeneno pexomeHparii, sKi JO3BOJSATH YCYHYTH

BKazaHi  ¢akTopm Ta  3a0e3MeUUTH  IOJAJIbIIe
BJIOCKOHAJICHHSI ~ TEXHIKM  peaji3amii  ONTHMalbHOTO
KepyBaHHS Ha MPAKTHIII.

KarouoBi cioBa: OamToBui KpaH, MeXaHi3M
TiepeMileHHs Bi3Ka, ONTHMAJIbHE KepyBaHHS,

CKCIICPUMCEHT, KOJIMBAHHSA BAHTAXY, OLIiHKa.

ITocTaHoBKa MpoGIeMu

OnHuM i3 (hakTOPIB, SKi BIUIMBAIOTH Ha €(DEKTUBHICTD
eKCIlTyaralii OallTOBUX KpaHiB € NPUHOMH Ta METOIH

KepyBaHHSA pPyXOM IX MeXaHi3MiB. Y 3B’S3Ky 3 IUM
NpaKTUYHA  peai3alisi  ONTUMAIBHOTO  KepyBaHHS
JIO3BOJISIE  BUKOPDHCTATH  HAasBHI  Pecypcu  LIOJO
MOKpAICHHST yMOB OE3MCKH MEPEMIIICHHS BaHTAXIB,
NiIBUIIUTA ~ NPOAYKTHBHICTH  poOOTHM  KpaHa Ta
3a0e3neUnTH  CHEProePEeKTHBHICTH  POOOTH  HOro
NPUBOIHUX MEXaHI3MIB.

[MpakTnyHiid peanmizamii ONTUMAJIBHOTO KEPyBaHHS
TOBMHHI TepefyBaTH EKCIICPUMEHTANbHI JOCIIHKCHHS
pyxy MmexaHi3miB. Ha cporomHimHiii neHP B yMOBax
LIBUJIKOTO 3BEJICHHS OYAIBEIBbHUX CIIOPY Pi3HOTO TUITY Ta

CKJIaJTHOCTI, NPOBENICHHS eKCIIePUMEHTAIEHHUX
JOCITIDKEHb Ha peajbHOMY OamToBOMY KpaHi € TOBOII
CKIagHOK  3ajmadero. KpiMm  Toro,  mpoBeneHHS

eKCIIEPUMEHTAbHUX JOCTI/PKEHb 13 BHKOPUCTAHHIM
peasbHOTO 0alTOBOTO KpaHA YCKJIAJAHEHE dYepe3 BUMOTH
TEXHIKA OC3MEeKH, CKIIAQJHICTh MOHTaXXy BHMIipPIOBAIbHO-
peecTpyrodoro oO0JagHaHHS TOmO. TOMYy JOLIIBHO
NPOBOJUTH  EKCIEPUMEHTAJIbHI  JIOCHIJDKEHHA 13
BUKOPHUCTAaHHAM JnabopaTopHux Monened. lle muranHs
BH3HAYA€ TPEAMET JAHOTO JOCIIIKSHHS.

AHaJi3 0CTAHHIX JOCHIAKeHb

VY po6ori [1] po3po6iieHo KOHTPOJIED, SIKUH TA€ 3MOT'Y
KEpyBaTH PyXOM MEXaHI3MIB IIOBOPOTY Ta 3MiHH BHJIBOTY
GarroBoro kpaHa. TyT HaBeJICHO Pe3yJbTaTH YHCEIHLHOTO
PO3PaxyHKY KEpyBaHHS Ta BiJIMOBIJHI EKCIIEPUMEHTH.
BcTanoBieHO, 110 PO3pOOISHUIA MiAXia 1a€ 3MOTY JOCUTH
e(peKTUBHO BHKOHYBaTH KEPyBaHHs TaKUM YHHOM, 1100
3a0e3neunTH MiHIMalbHE BIIXWIICHHS TPAEKTOPIi pyxy
BaHTaXYy BiJ] 3aJJaHO{ TPAEKTOPIi.

V crarTi [2] npoBeieHO pO3paxyHOK ONTHMAIIBHUX 32
LIBHJIKOAIEI0 KEpyBaHb PYXOM I MoJeli OalToBOro
KpaHa i3 40TUpMa CTYIICHATH BUIBHOCTI. Y JOCIHIKEHHIX
BpaxoBaHO OOMEXEHHS Ha pPyX OKpPEMHUX EJEMEHTIB
CUCTeMH. EKCIepUMEHTaJIbHO JIOBEJACHO BaJliHICTH
po3polOsieHux migxomiB. st mboro excrepuMeHTasbHi
JIOCIIJKEHHS TTPOBEACHI MPH 3MIHHIN Maci BaHTaxy, MPH
pI3HMX TOJOXXKEHHSX Bi3Ka HA CTPUNl Ta TpPH PIi3HIA
JOBXHWHI THYYKOro TiaBicy BaHTaxy. Kpim Toro,
po3po0eHI Yy HAyKOBid pOOOTI MigXOAU O3BOJISIOTH
YCYHYTH KOJIMBaHHS BaHTaXy Ha THYYKOMY IiJIBICI.
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Jis Toro, mo0 BHKOHYBaTH e()eKTHBHE KepyBaHHS
TaKOI0 HENHIHHOIO CHCTEMOIO K OAIITOBUH KpaH, B SKil
MOXYTh OYTH TpPHCYTHI HEBH3HAYCHOCTI (HAIIPHKIA,
CTOCOBHO ITapaMeTpPiB CHCTEMH Ta 30BHINIHIX BIUIUBIB Ha
mei), y crarti [3] NpOMOHYETBCS amalTHBHA CXeMa
KepyBaHHS MeXaHi3MaMH O0amToBOr0 KpaHa 3 METOI0
TIO3UIIIIOBAHHS BAaHTAXY 3 YCYHEHHSM IOTO KOJMBaHb.
Onwucani y poOOTi eKCIepUMEHTalbHI pe3yibTaTu
MOKA3yI0Th, IO PO3POOJICHUIA MiaXil € e(EKTHBHHUM i
3abe3rnedye 3a/10BiJIbHY POOACTHICTH KEpyBaHH:.

Moxibuuii minxia 3ampornoHoBaHo y podoti [4] ne
KpaH TaKOX pO3MISIAEThCS SIK HENIHIHHUE 00’€eKkT
KepyBaHHS. Y IIbOMY AOCIHIPKEHHI I KOMIICHCALlii TepTs
Ta IHIINX HEBPAXOBaHUX (AKTOPIB 3aMpPOIOHOBAHO
BHUKOPHCTOBYBATH IHTEIPAJbHUH KOIOHEHT Y alrOpUTMI
(opMyBaHHS KEpyHOUOTO BIUIMBY. EKCIepHIMEHTaTbHI
JOCIIKEHHS, Ki TpOBeNeHi y abopaTOpHHX YMOBaX,
MiATBEPAWIH €(PEKTHBHICTH TEOPETUIHUX PO3PAXYHKIB.

Y po6orti [5] A0CiKEHO ONTUMI3AIIIIO TEPEMIIICHHS
Bi3Ka Ha CTpiii OaIITOBOTrO KpaHa Ta IiiioM BaHTaxy. TyT
TaKOXX  BUKOHaHa  CKCIIEPUMEHTaJbHAa  IepeBipka
pPO3paxoBaHMX ONTHUMAaJbHUX 3aKOHIB PyXy MEXaHi3MiB
3MIHM BWJIBOTY BaHTaXy Ta MiAHOMy BaHTaxy. Bona
NoKas3aja, IO HPOrpaMHE ONTHUMAJbHE KepyBaHHS
J03BOJISIE YCYHYTH MAsTHHKOBI KOJIMBAaHHS BaHTaXy Ha
THYYKOMY TMIABiCi TpW MiHIMI3amii iHTErpaibHOTO
ONTUMI3AIIITHOTO KPUTEPIIO.

TakuM YHHOM, NPOBEOCHHS EKCIICPUMEHTAIBHUX
JOCITIDKEHb € HEOOXITHOI BHMOTOIO U IPaKTHIHOL
peaiizaiiii TeOPETHYHHUX JOCIIIKCHb, OCKUIBKU J03BOJISE
BCTaHOBUTH (AKTOPH, SKI MalOTh HETaTWBHHUU BIUIMB Ha
SIKICTB peaizallii ONTUMAIbHOTO KePYBaHHS.

MeTta gociaigKeHn

Mera  JOCHI[DKCHHS  TOJsira€ 'y  OTPUMaHHi
peKOMEHAAMIN M0N0 SIKICHOI peaii3almii ONTHMaIbHOTO
KepyBaHHS pPYXOM Bi3ka MeXaHi3My 3MiHH BHJIBOTY
BaHTaXXy OAIITOBOro KpaHa. J[is JOCATHeHH TOCTaBICHOT
METH HeoOXiTHO BHUPIMIMTH HACTYIMHI 3amadi: 1) oOpatu
BHUMIPIOBAJILHO-PEECTPYIOYE OONAIHAHHSI Ta PO3POOUTH
MIpOrpaMHe 3a0e3mneueHHs JUTST MIPOBEICHHS
€KCIIEPUMEHTIB; 2) IIPOBECTH IUTaHyBaHHSA
eKCIICPUMEHTABHUX JIOCHTI/KEHb; 3) BHKOHATH aHai3
OTPUMaHUX JaHUX Ta BKa3aTH pPEKOMEHJallii CTOCOBHO
peaitizariii ONTHMaIbHOTO KEPYBAaHHS HA IPAKTHUII.

Pe3yabTaTn nociigxeHb

ExcrniepumeHTalbHi 0CIiKEHHsT OyJIM IPOBEIeH] Ha
ICHYIOWiif KOHCTPYKIii (¢i3ngHOi Momem CcTpijoBoi
cucteMu OamiTOBOrO  KpaHa, sKa 3HAXOJUTBCS Y
nabopaTopii TMHAMIKE MamWH Kadeapu KOHCTPYIOBAHHS
MamuH 1 oOmagHanHs HarioHampHOTO YHIBEPCHTETY
6iopecypciB 1 mpupogoKOpHuCTyBaHHS YKpainu (puc. 1)
[5]. NpuBoana nebinka BCTaHOBJEHA Ha JIabOPAaTOPHIiH
MOJIEII 1 CKJIaIa€THCS 13 aCHHXPOHHOTO EJIEKTPO/BUTYHA 13
KOPOTKO3aMKHEHUM poTOpOM 4AA56B4VY3,
JIBOCTYIIEHEBOT'O IMITIHAPHUYHOTO PEIyKTOpa Ta KAHATHOTO
6apabany pagiycom 6,5 cM.

0)
Puc. 1. 3oBHiNIHI# BUTISAA 1ab0paTOpHOT MOJEII: a)
CTpina; 0) JiebinKa 3 IPUBOIOM.
Fig. 1. Appearance of lab installation: a) boom; b)
winch with drive.

Jlis poBeNeHHS €KCIePUMEHTAIBHUX JOCIIKEHD
BHKOHAHO TiA0ip Ta 3MOHTOBAaHO HEoOXiTHE 00JIaJHAHHS,
10 JI03BOJIMTH 3iMCHIOBATH KEPYBAHHS ACHHXPOHHUM
ENIEKTPOJBUIYHOM  TIPH YaCcTOTHO-
KEepOBaHOMY ITyCKy (puc. 2).

npsMOMY  Ta

Puc. 2. 3oBHiHIA BUrsLg oOJagHAaHHSA IS
MIPOBEACHHS CKCIIEPHMEHTIB.

Fig. 2. Appearance of equipment for lab researches.

Ha puc. 2 300paxeH0 HACTYIIHI SIEMEHTH: 1 — IIUTOK
3 yacToTHUMHE neperBoptoBadamu (FR-E700-060-EC [6]);
2 — BWIKA JKUBJICHHS €JIEKTPOJBUTYHA MEXaHI3My 3MiHU
BHJIBOTY BaHTaxy; 3 — gatuuk ctpymy (MICRO SWITCH
FREEPORT CSLA1SD 1314 MEX); 4 - wmepexa
JKUBIICHHs enekTpooOmamHanas (220 ta 380 B); 5-—
naboparopuuit 0nox kuBneHHs (HYELEC HUA YI
ELECTRINICS DC POWER SUPPLY HY3003M-3); 6 —
npuctpiii 36opy pannx (m-DAQ 14); 7 — nepcoHanbHui
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KOMIT'TOTEp 13 BiAMOBITHUM MPOTPaMHHUM 3a0e3MedeHHIM
(m-DAQ 14 Reader v 1.2).

Jnst BHU3HAYEHHS MIBAIKOCTI TepeMiIIeHHS
BaHTA)KHOTO Bi3Ka BUKOPHUCTOBYBABCS CHKOZEP JiHIHHOTO
nepemimenuss ENC Autonics [7], sikuii BCTaHOBICHO Ha
BaHTA)KHOMY Bi3Ky TaKHM YHHOM, 1100 o1lHE 3 HOTO KOITic
TOpKaJIOCS TIOJIMII KYTHHKA, II0 SIKMHA Oe3rnocepesHbo
BiIOYBa€THCS MEPEMILICHHS Bi3Ka (puc. 3, a).

KyT BigxuieHHS BiJl BEpTHUKaIi 3aKpilUIEHOIO Ha
THYYKOMY IiJBICI BaHTaXy BH3HAYEHO 3a JIONOMOTOIO
eHkojiepa kyroBoro nepemimenas MOL-40 Megatron [8]
(puc. 3, 06).

Puc. 3. 30BHINHIA BUITLSII EHKOJEPIB: a) A
BHUMIPIOBaHHS ITEPEMIIICHHS Bi3Ka; 0) UL BUMipIOBaHHS
KOJINBaHb 3aKPIIJICHOTO HA THYYKOMY ITiJIBiCi BAHTAXKY.

Fig. 3. Appearance of encoders: a) for trolley position;
b) for load oscillations.

Peaxnizamis oNTHMaIbHUX PEXHMIB IMYCKY CHCTEMH
BHKOHAaHA 3a JOTIOMOTOI0 PO3POOJIEHOTO MPOTPaMHOIO
3abesneuenns «Optimal control of derricking mekhanism
of tower crane» (puc. 4).

3B’A30K MK MEpCOHAJIBHUM KOMIT IOTEPOM Ta
YaCTOTHUM TNIEPETBOPIOBAYEM BiZIOYBAETHCS 38 JOTIOMOTOIO
BignoBigHoro COM-mopty [9]. Bim mnepcoHanbHOrO
KOMIT'FOTEpa JI0 YacTOTHOTO IepeTBOpIoBaya i3 MEBHOIO
MTOCTITOBHICTIO BiZOyBa€ThCS HAIXOKCHHS BiAMOBIIHUX
KEpYIOUMX CHTHAJiB, KOTpl MNpPH3BOAATH JIO TOTO, IIO
3MIHIOETBCSI YacTOTa 1 aMIUNITYJa HANpyTH >KUBICHHS
SJICKTPOABHUIYHA, a 1€ NMPHU3BOAUTH 10 3MIHU BEIMYHHHU
HWOTO KyTOBOT IIBHJIKOCTI.

3anponoOHOBAaHO  JTOCHITUTH  BIUIMB  TPUBAIOCTI
PO3TOHY 10 YCTaJICHOI MIBUAKOCTI pyXy Bi3Ka 11, JOBXHHU
THYYKOTO MiABICY BaHTaXxy L i Macu BaHTa)Xy M, Ha SKICThH

BiAIIPAllbOBYBaHHS ONTHMAJIBHOTO KepyBaHHS
MexaHi3MoM. JIns 3amadi ONTHMaibHOI IIBHUAKOIII PyXy
Bi3Ka 3 BaHTaxeM [10] BUKOHYBaJOCH BapitOBaHHS JIUIIE
IBOX (hakTOpiB: JOBXKHHU THYYKOro mifBicy L ta macu
3aKpiIUIeHOTO BaHTaxy My (Tadm. 1). Lle 3ymMoBI€HO THM,
o0 TPHUBATNICTh pPO3roHy {1 BH3HAYAEThCA Yy XOMi
PO3B’sI3aHHS 331241 ONTUMATBHOT IIBUIKOIIT.

Tpacpiv 3wy vacmomu 14 nid vac poszony deueyra

[come ™ -] asma noera ] " u Yocmome
X2 Tousanicme poseouy E
10 Ipueanicme pyxy wa wou.
KEPYBAHHS —
e 1o Moumwoss uinpyes ¥ eid
 Bouars O] | o gy || s ol /
q || g /
Yawamy,
— 405" | ptac samman A
— cranpens
i pr— 7 o
 snopeHmi
= BNEPER
 NOBNA SN0 i /
— ONTMMANGN
% Bydyeama spaiv /
OMTHMATHA LIBHEKOS s
" OMTHMATEHAI PEXHM (cumeps) nyck | 00 o0m o4 0% lL;ﬁ L0 40 160

Puc. 4. [arepdeiic nporpamu i KEpyBaHHS PYyXOM
J1a00paTOPHOT YCTAHOBKH.

Fig. 4. Interface of the developed software for control
of lab installation movement.

Tadmuus 1. [lman exkcrepuMeHTIB MpH peajizarmil
ONITUMAITFHOI IBAIKOIT pyXy YCTaHOBKH.
Table 1. Plan of the experiments for optimal duration
implementation of installation movement.
JoBxuHa
THYYKOTO TiJBiCY 1,2 2
BaHTaXYy, M
Maca BanTaxy, kr | 13 | 27 | 40,5 | 13 | 27 | 40,5

Homep 112 3 |a|s5] s
EKCIIEPUMEHTY

Jist nOCIHiPKEHHST ONTHUMAJIBHOTO KEPYBaHHS IpH
MiHIMi3allil cepeAHbOKBAAPATUYHOT BEIMUMHU PYLIIHHOTO
3yCWIISL  IUIaH ~ TOBHO(AKTOPHOTO  E€KCIIEPUMEHTY
NpeACTaBieHo y Tabu. 2.

Tabmuusa 2. [lmaH ekcrieprMeHTIB MpH peaji3armil
ONITHMAJIHOTO KEPYBaHHS 3a IHTErpaJIbHUM KPUTEPIEM.
Table 2. Plan of the experiments for optimal integral
criterion implementation.
JloBXX1HA THYYKOTO
MiABICY BAHTAXY, M
Tpusamicts
pO3roHy, ¢
Maca BanTaxy, kr | 13 | 27
Howmep
EKCIIEPUMEHTY
Tpusamicts
pO3roHy, ¢
Maca BanTaxy, kr | 13 | 27

1,2 2

40,5| 13 | 27 | 40,5

40,5| 13 | 27 | 40,5

Howep 718 | 9 |10]11] 12
EKCIIEPUMEHTY

Tpusanicts 27

PO3roHy, ¢
Maca Bantaxy, kr | 13 | 27 | 40,5| 13 | 27 | 40,5

Homep 13|14 | 15 |16 | 17 | 18
EKCIEPUMEHTY
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KoxeH eKcrepuMeHT TpPOBOAMBCS y TPUKpATHIH
TTOBTOPIOBAHOCTI.

[IpoBenemo aHami3 aMIUTITYZ BiIXWJICHHS KaHATY i3
3aKpITUICHUM BaHTAXEM BiJl BEpTHUKAII NpU PIi3HUX
peXnMax pyxy CUCTEMH «Bi30K-BaHTaXK) MEXaHI3MY 3MiHU
BUJIBOTY BaHTAXY.

HaBeznemo 3HaueHHs aMIUTITY BIAXWJICHHS KaHATy i3
3aKpIiIUIGHUM BaHTAXXEM BiJl BEPTHKAJl NpU peamizamil
ONTHMAIBHOI  MIBHAKOAIl CHCTEMH  «BI3OK-BaHTaX»
MeXaHi3My 3MiHM BWJILOTY BaHTaxy (Tabm. 3).

Tadanmua 3. AMIUIITYOM KOJMBaHb BaHTaXy IpHU
peautizartii onTEMaIbHOI MIBUAKOIT, TpaI.

Table 3. Amplitudes of load oscillations during
optimal duration control, deg.

Howtep 1023 4| 5|6
EKCIIEPUMEHTY

Eran pyxy:
- MycK 2,71 34128| 28 | 30 | 22

- rajJbMyBaHHs 26| 40| 30| 38 | 34 | 2,7

" MG SYIMHKH | gl n 8l 06| 12 | 06 | 05
Bi3Ka

&, 2pad

-4

6)

Puc. 5. I'padiuni 3anexHOCTI BIIXHICHHS KaHATy i3
BaHTaXXEM BiJ BEPTUKAJII IPH peanizalii ONTHMabHOT
LIBUAKOAIT pyXy YCTaHOBKH JUIsl eKCIIEpUMEHTIB: a) Nel; 6)
Ned.

Fig. 5. Plots of load deviation under implementation
of optimal duration control of the installation for
experiments: a) Nel; b) Ne4.

HaBenemo Takox rpadidfi 3a1eXHOCTI BiIXHUICHHS
KaHaTy i3 BaHTaXeM BiJl BEpTHKaJi IJI EKCIEPUMEHTIB
Nel Ta Ned4 gns rteopermuHux (cipa KpuBa) Ta
eKCIIEpUMEHTAIIbHNX (YOpHA KpUBA) NaHUX (pHC. 5).

Crocrepirarorbest HE CYTTEBI BiIXWJICHHS
eKCIIEPUMEHTAIbHUX  3HA4YeHb y  TOPIBHAHHI 13
TEOPETUIHUMH, OCOOJIMBO IIiJ Yac MEePEXiTHOTO MPOIECy
ranmpMyBaHHS (puc. 5). 3HaueHHS KoedimieHTa Bapiamii
aMIUTITYZ BIAXWICHHS KaHATY 3 BaHTAXEM JUIS Cepii BCix
eKCIICPUMEHTAJIBHUX ~ JOCHIIKEHb  3HAXOOUThCA Y
niarmasoHi Bix 2,8 no 26,5 % — ni1a posrony Ta 8,8...23,1 %
— JUIsl pe)KUMa TalbMyBaHHS.

Hagseenmo aHaJIOTI4HI pe3yapTaTu JUIst
eKCIIePUMEHTAITbHUX JOCIIKEHD 3 peanizartii
ONTUMAJILHOTO 3a IHTETPAJILHUM KPHUTEPIEM KepyBaHHSI
(tabm. 4).

Tadauusa 4. AMIUIITYOM KOJHMBAaHB BAaHTAXy IIPH
peami3aifii ONTHMAaJIbHOTO 3a IHTETPATbHUM KpHUTEpieM
KepyBaHHS, TPaj.

Table 4. Amplitudes of load oscillations during
optimal by integral criterion control, deg.

Howmep 10213 4|5 |6
EKCIEePUMEHTY

Eran pyxy:
- IyCcK 283025 24 | 24 | 36

- TaJbMyBaHHS 3412224 26 | 28 | 3,0
- MGBSYRKE | 61 06| 05] 0,8 | 07 | 1,1

Bi3Ka

Howep 718|910 | 11| 12
EKCIIEPUMEHTY

Eran pyxy:
- IycK 24119124 24 | 22 | 28

- raJbpMyBaHHS 29| 17| 24| 26 | 2,8 3,0
~ MCBSYIMEK ) 661 061 04| 08 | 08 | 08

Bi3Ka

Howep 13| 14| 15| 16 | 17 | 18
eKCIIEPHMEHTY

Eran pyxy:
- myex 22122]20] 20 | 20 | 20

- TaJbMyBaHHS 24121126| 24 | 20 2,4

" MICWASYMHKA | 55| 53] 03] 05 | 05 | 05
Bi3Ka

30UIbIIEHHST TPUBAJIOCTI PO3TOHY CHUCTEMH «Bi30K-
BaHTaXx» Bix 1,7 10 2,7 ceKyHI HE CYTTEBO BILIMBA€E Ha
MiHIMI3aIlif0 ~ aMIUNTyId  BIOXWJICHHA  KaHaTy i3
3aKpITUICHUM BaHTaKEM, OJHAK MOXXE MPU3BOJUTH [0
3HIDKCHHS TIPONYKTUBHOCTI pOOOTH KpaHa, IO €
HeOa)kaHUM.

HaBememo mopiBHsIbHI — rpadivni
BIIXWICHHS KaHATy BiJg BepTHKAII
eKCIIePUMEHTAITLHUX JOCTiKEeHb (puc. 6).

Jnst  tpuBasocti posroHy 1,7 ¢, 3HadeHHsA
koedimieHTa Bapiamii pPo30DKHOCTI TEOPETHYHUX Ta
EKCICPUMEHTAIbHUX ~ 3HAYCHb  aMIUNTYX  KOJIMBaHb
BaHTAXYy IS PSKUMY IYCKY 3HAXOMUTHCS Yy Jiara3oHi
3,2...17,2 %, a mis pexxuMy TalbMyBaHHS B Jliama3oHi
3,2...28,1 %.

AHanoriyHi NOKa3HUKH JUIS TPUBAJIOCTI pO3roHy 2,2
¢ cranosmiate: 0,5...20,8 % — mia pexumy posrony i
4,1...259 % — s pexxuMy TaabMyBaHHsS. Y BHUIAIKY,
KOJIA TPUBATICTh PO3TOHY CTAHOBHTH 2,2 C OTPUMAHO TaKi
3HayeHHs koedimienrta Bapiamii: 0...9,0 % — aus pexuma
posrowny, 0...16,6 % — ni1st pexxumy ranbMyBaHHS.

3aJI€KHOCT1
A IESIKUX
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Puc. 6. I'padivni 3a1eKHOCTI BiIXWICHHS KaHATY 13
BaHTa)KeM BiJl BEpTHKAIII TIPU pealtizallii ONTHMAaIbHOTO 3a
IHTErpaabHUM KPUTEPIEM KepYBaHHS ISl eKCIIEPUMEHTIB:
a) Nel; 6) Ne3.

Fig. 6. Plots of load deviation under implementation
of optimal integral ceriterion control for experiments:
a) Nel; b) Ne3.

Ha BennunmHy oOTpMaHHX pO3ODKHOCTEH MOXYTh
BIUIMBATH HACTYNHI (aKTOpU: HETOUHICTh 3aJlaHHs
3HAYCHb [ESIKAX MapaMeTpiB cucteMu (Macd BaHTaXKY,
JIOBKMHU THYYKOTO MiIBiCy TOIIO), HESKICHA peasizaris
ONTHMAIBFHOTO PEXKHUMY pO3rOHY Ta TalbMyBaHHS,
HEBPaxoBaHi y Mozieni GpakTopu (TepTs, HEPiBHICTH IIIAXY,
10 SIKOMY pyXae€TbCsi BI30K, KOJHMBAHHSA BaHTaXy SK
MOJIBIHHOTO MasTHUKA (pHC. 5, 6) TOIIO).

[IpoBenemMo aHami3 eKCIEPUMEHTAJIBHUX JaHUX
IIBUAKOCTI NEpeMillleHHsl BaHTaXHOro Bizka. Jlms
ONTHMAJIBHOTO 3a IIBHJKOJIEI0 KEPYBaHHSI HAaBEIEMO
rpadiuHi 3anexxHOCTI (pHC. 7).

I3 ananmizy mpezncraBieHHX TrpadidHUX 3aJeKHOCTEH
(puc. 7), cmocTepira€Tbcs JJOBOJI SKICHA TPaKTHIHA
peaitizarlisi ONTHMAaJIBHOTO 3a IIBUAKOMIEI0 KEPYBAHHS.

3HayeHHs KoedimieHTIB  Bapiamii  po30iKHOCTI
TEOPETHYHUX Ta EKCHEPUMEHTAIPHHX JaHWUX I LUX
JIOCITi/IiB HaBeeH1 y Tabi. 5.

Jns peani3oBaHMX ONTHUMAaJIbHUX 32 IHTETAIbHUM
KpHUTEpiEM KepyBaHb TpadiyHi 3aJeXHOCTI IIBUAKOCTI
TiepeMillleHHs! Bi3Ka IpeJICTaBlIeH] Ha puc. 8.

Jng nux mociimkeHb Oylno po3paxOBaHO BEIMYHHU
KoedilieHTiB  Bapiallii, $Ki BKa3ylOThb BIIXWJICHHA
TEOPETUYHHX Ta EKCIIEPUMEHTANBHIX JaHUX (Tabdi. 6).

Po3paxoBani mokasHukHM Koe(illieHTiB Bapiallii He
nepeBuIIyoTh 29,5%, a me ToBOpUTH NMPO JOBOMI AKICHY
peatizaliito ONTHMAaIbHUX PEKUMIB PyXy CHCTEMH «Bi30K-
BaHTaXX» MEXaHI3My 3MiHM BWIBOTY BaHTaxy. Ha
BIJIXWJICHHSI TEOPETUYHHUX Ta EKCIIEPUMEHTAIbHUX TaHUX
BITMBA€ HU3Ka (aKTOPiB, siKi OyTH BKa3aHi paHille.

X, mlc

0.4

0.3

0.2}

X, Mlc

0.4

0.3

0.2

0.1

2 < 6
0)
Puc. 7. I'padiuni 3a1exXHOCTI IBUAKOCTI PyXy Bi3Kka
TIpH peai3alii ONTHMAaNTBEHOTO 32 MIBUAKOAIEI0 KepYBaHHI
JUIsl eKcriepuMeHTiB: a) Nel; ©) Ned.
Fig. 7. Plots of trolley velocity under implementation
of optimal duration control for experiments: a) Nel; b) Ne4.

Tadaunsa 5. Koedinientn Bapianii TeopeTHIHNX Ta
eKCIIEPUMEHTANIbHUX ~JIAaHUX TP  ONTUMAlIbHOMY 3a
IIBUKO/I€I0 KepyBaHHS, %0.

Table 5. Coefficients of variation of theoretical and

experimental data under optimal duration control, %.
Howmep 1|23 4|5 |6
E€KCIIEPUMEHTY
Eran pyxy:
- IyCcK 8343|119 21| 11| 1,2
- ranpmyBanus |13,1 16,1/ 16,6/ 106 | 8,3 | 11,8
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Tadoauusa 6. KoedirnieHTn Bapiamii TeOpeTHUHUX Ta
eKCIEPUMEHTANBHUX JaHUX TIPH ONTUMAIBFHOMY 3a
iHTEeTpaHUM KpuTepieM kepyBanH:, %.

Table 6. Coefficients of variation of theoretical and
experimental data under optimal by integral criterion
control, %.

Howmep

CKCIICPUMCHTY
Eran pyxy:
- IyCK
- raigpMmyBaHHs | 4,3
Howmep
CKCIICPUMCHTY
Eran pyxy:
- IycK 8,5(22,2/121,4 115| 83 | 3,3
- rampMmyBaHHs |12,5)29,5/25,9| 285 | 17,6 | 20,5
Howmep 13 14| 15| 16 | 17 | 18
EKCIIEPUMEHTY
Eran pyxy:
- IyCcK 95]153/ 76| 66 | 83 | 28
- ranpmyBanHs |10,5/11,1] 9,3 | 10,7| 85 | 14,2

153/ 42| 38| 45
12,5[13,7| 26,6

20,5
28,5

20,5
20,8

x, mic

0.4

0.3

0.2

0.1

X, mlc

0.4

0.3

0.2

0.1

Puc. 8. I'padiuni 3amexKHOCTI MBHUIKOCTI PyXy Bi3Ka
Y peati3ariii ONTUMAaIbHOTO 32 IHTeTPaIbHUM KpUTEpieM
KepyBaHHS JUII eKCIIepuMeHTiB: a) Nel; 6) Ne3.

Fig. 8. Plots of trolley velocity under implementation
of optimal by integral criterion control for experiments:
a) Nel; b) Ne3.

OgHuM 13 3ax0JiB, SKi JO3BOJISIOTH IIiABUILIUTH
SKICTh peaiizalii ONTHMaIbHUX 3aKOHIB PyXYy CHCTEMH €
BBE/ICHHS 3BOPOTHOTO 3B’SI3KYy 32 HMIBHAKICTIO PyXy Bi3Ka.
Kpim Toro, sKkicTe peamizallii ONTUMAaJIbHOTO KEPyBaHHS
MOXHA WiABUIIATH MUIIXOM OiJbII TOYHOTO 3aJaHHS

rapameTpiB CHCTEMHU. Jnst BOTO HEOOXI1IHO
BUKOPUCTOBYBATH NATYHKH BiAMOBITHUX BEIHUYWH (Macu
BaHTaXy, JOBXHHU THYYKOTO Ii/IBiCY TOIIO).

BucHoBku

1. VYV nocmimkeHHI NPOBEAEHO OIKC J1a0OpaTOPHOI
MOJIeli MeXaHi3My 3MIHM BWJIBOTY BaHTaXy OallITOBOTO
KpaHa Ta  MiAiOpaHO  BHUMIpPIOBAJILHO-PEECTPYIOYE
o0JiasiHaHHS. [TpoBeneno TUTaHyBaHHS
EKCIIEPUMEHTAIBHUX JIOCIIIKEHb JJIsI ONTUMAIBHOTO 32
IIBHIKOMIEI0 Ta U1 ONTHMAIBHOTO 3a IHTEIPaIbHAM
KpHUTEpieM KepyBaHHb.

2. Amnanis BIIXWJIEHD TEOPETHIHHUX Ta
eKCIICPIMEHTAJIBHUX JAHHX KOJNWBAaHb BAaHTAXY Ha
THYYKOMY IIiJBiCi, a TAKOX IIBUIKOCTEH PyXy Bi3Ka IpH
pearniasmii ONTHMaHUX KepyBaHb IOKa3aB JIOBOJI SKiCHY
KapTHHY peatizalii IuX KepyBaHb Ha MPAKTHLII.

3. PazoMm 3  THM, icHyKO4Yi  BIAXHJICHHS
XapaKTepPUCTUK MOXXKHa 3MEHIIMTH LUISIXOM BBEICHHS
3BOPOTHOTO 3B’SI3Ky (HANpHUKIAJA, 33 IIBUIKICTIO PyXY
NPUBOAY MEXaHi3My 3MiHM BHIJIBOTY BaHTaxy), OUIbII
TOYHIIIOTO 33/IaHHS MapaMeTPiB CHCTEMH (MacH BaHTAXYy,
JOBXMHHU THYYKOTO IMiJIBICY BaHTa)Xy) Ta BHKOPHCTAHHS
OUTBII CKIIAJHUX MATEMaTHYHUX Mojenedl (HalpHKIas,
BaHTa)X Y IIOCTAHOBOYHIH dYacTWHI 3amad HEOOXiTHO
NPENCTaBIATH K ITOIBIHHINA MaTEeMaTHYHUH MasTHHK).
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AHAJIN3 SKCIHEPUMEHTAJIBHBIX
UCCJIEJIOBAHUI OTITUMAJIBHOTO
YIIPABJIEHU A IBXKEHMEM MEXAHU3MA
NEPEMEHIEHMS TEJEXKHN BAIHIEHHOI'O KPAHA
B. C. Jloseiixun, FO. A. Pomacesuuy, A. B. Cmexno

AnHotanusi. B cratbe mpuBeneHO omucaHue
71a00paTOPHOM MOJIENN CTPEIIOBON CHCTEMBI OaIlIeHHOTO
KpaHa, HM3MEpUTEIbHO-PETHCTPHUPYIOIIee 000pyI0BaHHE
(maTumku, cucrema cbopa JaHHBIX, OJIOK IMUTAHMS H T.I1.),
CHJIOBOE  yIpaBiiifomee o0opymoBaHWe (4acTOTHBIN
mpeobpa3oBaTels), IporpaMMHOe obecrieueHue s coopa
JAHHBIX u JUTs YTIpaBICHUS YaCTOTHBIM
npeobpa3oBaTeieM. [IpoBeneno TUIAHUPOBaHKE
OKCIICPUMEHTOB o HUCCICA0BAHUIO OIITUMAJIBHOI'O
YIpaBJIEHUs [BUXKCHUEM MOJeIU. Bce IKCIepuMEHTH
paszeneHbl Ha JBE CEpPUU: ISl ONTHMAIBHOTO IO
OBICTPOJICHCTBHIO YIPABJICHUSI U JUIA ONTHMAIBHOTO IO
HMHTETpaJbHOMY KpPHUTEpHIO ympasineHusa. g mnepBoi
CepHM  JKCIIEPUMEHTOB  HE3aBUCHMBIMH  (PaKTOpaMu
BEICTYHAJII Macca Tpy3a (BappHpoBajlach Ha Tpex
YPOBHSX) M JUIMHa THOKOTO rojBeca (BapbHpOBasiach HA
JBYX YpOBHSIX). [[y1s1 BTOpO# cepuyn SKCIEPUMEHTOB YUTECH
eIlle OJIMH HE3aBUCHMBIH (haKTOp — JUINTEIBHOCTh Pa3rOHa
(TopMOKEHHST) TEIeKKH. DTOT (aKTop BapbUpOBAJICS HA
TpeX YPOBHIAX.

AHanu3 3KCIEpUMEHTAIbHBIX HCCIEAOBaHUNA OBLIO
NPOBEACHO 110 3HA4Y€HMM KOX(HIMEHTa Bapualuu
(OTKJ'IOHeHI/ISI TCOPETUUCCKUX U OKCIIEPHUMCHTAJIIbHBIX
JaHHBIX) H C  HCHOJB30BaHHEM  IpadUUecKux
3aBUCHMOCTEH. PesynpraTel  aHamM3a  IMOKa3aiH
JIOCTaTOYHO BBICOKYIO CXOJIMMOCTH ITOJYYE€HHBIX B XOJI€
9KCIIEpUMEHTa JaHHBIX W JaHHBIX, KOTOpbIE ObLIM
TIOTy4eHbI PAacUYeTHBIM ITyTeM. MMerommecs OTKIOHCHHMS
BBI3BaHBl HETOYHOCTHIO 33JaHHSI MapaMeTpOB CHCTEMBI,
HEYYTCHHOCTHIO BCEX 3HAUMMBIX ()aKTOPOB, BIHSIOMINX HA
JBIDKCHUE  CHCTEMbl, a Takke HEKayeCTBEHHOU
peanu3aiyiell ynpaBiieHHs TpPH PE3KHUX HM3MEHEHUSX
CKOPOCTH JIBM)KEHUS TEJIEKKH.

HpI/IBe}IeHLI PEKOMEHAIINHU, KOTOPBIE TIO3BOJIAT
YCTPaHUTh  yKa3aHHbIE  (PAKTOPBl W OOECIEeYHUTH
JlanbHElIIee COBEPUIICHCTBOBAHWE TEXHUKH paN3alin
ONITHMMAJILHOTO YNPABJIECHUS Ha MPAKTHKE.

KaioueBble cioBa: OallleHHBIH KpaH, MEXaHU3M
MepeMeIIeHUs  TEJIC)KKH, OINTHMAJILHOE  YIIpaBIICHHE,
9KCIIEPUMEHT, KOJIeOaHMs Tpy3a, OLICHKA.

ANALISYS OF EXPERIMENTAL STUDIES
OF OPTIMAL CONTROL OF TOWER CRANE
TROLLEY MOVEMENT MECHANISM

V. S. Loveikin, Yu. O. Romasevych, O. V. Stekhno

Abstract. The article describes the laboratory model
of the tower crane boom system, measuring and recording
equipment (sensors, data collection system, power supply,
etc.), power control equipment (frequency inverter), and
software for data collection and for the frequency inverter
control. Planning of experiments for investigation of
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optimal control of lab model movement was carried out.
All experiments are divided into two series: for time
optimal control and for control optimal by the integral
criterion. For the first series of experiments, the weight of
the load (has been varied at three levels) and the length of
the flexible suspension (has been varied at two levels)
acted as independent factors. For the second series of
experiments, one more independent factor was taken into
account — the duration of the trolley acceleration
(deceleration). This factor has been varied at three levels.

The analysis of experimental studies was carried out
in terms of variation indicators (deviation of theoretical and
experimental data) and graphical dependencies. The results
of the analysis showed a sufficiently high convergence of
the data obtained during the experiments with those that
were obtained by calculation. The existing deviations are
caused by the inaccuracy of setting the parameters of the
system, the failure to take into account all the significant
factors affecting the movement of the system, as well as
poor-quality implementation of control with rapid changes
in the speed of the trolley movement.

Recommendations are given that will eliminate the
described factors and ensure further improvement of the
technique for implementing optimal control in practice.

Key words: tower crane, trolley movement
mechanism, optimal control, experiment, load oscillations,
evaluation.
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Abstract. The study showed that the influence of
alloying elements on the secondary structure formation of
the steels containing from 0.19 to 0.37 wt. % carbon; 0.82-
1.82 silicon; 0.63-3.03 manganese; 1.01-3.09 chromium;
0.005-0.031 nitrogen; up to 0.25 wt.% vanadium and
austenite grain size is determined by their change in the
content of vanadium nitride phase in austenite, its alloying
and overheating above ti3, and the dispersion of ferrite-
pearlite, martensitic and bainitic structures is determined
by austenite grain size and thermal kinetic parameters of
phase transformations. Analytical dependencies are
defined that describe the experimental data with a
probability of 95% and an error of 10% to 18%.

An analysis results of studying the structure formation
of structural steel during tempering after quenching show
that the dispersion and uniformity of the distribution of
carbide and nitride phases in ferrite is controlled at
complete austenite homogenization by diffusion mobility
and the solubility limit of carbon and nitrogen in ferrite,
and secondary phase quantity in case of the secondary
phase presence in austenite more than 0.04 wt. %.
Equations was obtained which, with a probability of 95%
and an error of 0.7 to 2.6%, describe the real process.

Key words: structural steel, chemical composition,
heat treatment, austenite, ferrite, perlite, martensite,
bainite, phase transformations.

Introduction

The structural steel main operational properties are
structurally sensitive. They depend on the characteristics of
the structure that are formed during the casting
solidification,  their =~ subsequent  cooling  and
recrystallization in the solid state during heat treatment.

The primary structure parameters determine such
important elements of the secondary structure as the
dispersion and distribution of non-metallic inclusions, as
well as the dispersion and distribution of segregation of
alloying elements and impurities [1]. However, the main
contribution to the formation of the secondary structure is
made by the influence of alloying elements, impurities,
modifiers, the type and conditions of heat treatment on the
thermokinetic parameters of the secondary phase
transformations and the decomposition kinetics of the

supersaturated solid solution.

In the case of structural low- and medium-alloy steels,
the formation of the casting structure during heat treatment
can be carried out by diffusion pearlitic, diffusion-free
martensitic, or mixed bainitic transformations and
decomposition of a supersaturated solid solution.
Structural quantitative characteristics are determined by
the laws of nucleation of centers of new phases and their
growth, in this case. These parameters were studied in
studies [2-12].

Alloying elements and modifiers affect to nucleation
rate of ferrite centers during pearlitic transformation [6, 8]
and the growth rate of perlite [10, 15] as a result of changes
of austenite stability to supercooling, specific energy of the
interface, diffusion activation energy and degree of crystal
structure defectiveness matrices.

It follows from the foregoing that, for all heat
treatment types, structure formation in low- and medium-
alloy structural steels is significantly affected by changes
of alloying elements of parameters such as austenite grain
size, its stability to supercooling, chemical interaction of
elements, their solubility and diffusion mobility in solid
solution, the defectiveness of the matrix crystal structure.

A lot of researches has been devoted to studying the
influence of alloying elements, modifiers, and impurities
on these parameters and their effect on the structure
formation process [2-5, 10, 13, 14, 15]. However, the bulk
of research covers dual and triple alloying systems. This
excludes quantitative analytical forecasting of the
influence of alloying elements, modifiers and impurities on
the process of structure formation and structure
characteristics in multicomponent industrial structural
steels.

Formulation of problem

Based on the well-known conditions of the theory of
alloying and modification [2-5, 13, 14], we can only
qualitatively determine the direction of their influence on
the structure formation process. Achieving the required
steel structure requires experimental substantiation of the
steel chemical composition, the type and thermal temporal
conditions of their heat treatment.

Great theoretical and practical interest to conduct


http://dx.doi.org/10.31548/machenergy2020.04

14 Ye. G. Aftandiliants

researches in direction of determination of the possibility
of analytical prediction of the main structure characteristics
for various types and thermal conditions heat treatment
because it is absence of systematic studies of the
relationship between the activity of alloying elements,
modifiers and impurities and the process of structure
formation in low- and medium-alloy structural steels.

The advantage of this approach to the problem is a
significant reduction in the number of difficult to determine
and controlled factors.

Analysis of recent research results

The formation of the required of the properties and
operational characteristics of steels is achieved by alloying
and modifying elements to reduce the structural
heterogeneity of steel, increase the strength properties of
the solid solution and the degree of dispersion hardening of
the metal.

The secondary phase precipitation is the most
effective hardening of such hardening mechanisms as the
effect of elements on the strength of the solid solution, the
density of dislocations, grain-boundary and dispersion
hardening [16].

The main task of alloying and modification is to
ensure dispersed and uniform second phase precipitation
during heat treatment from the point of view of increasing
strength. This is achieved as a result of the structure
dispersion for account of increasing of alloying of austenite
stability to supercooling, a decreasing activity and
diffusion mobility of carbon, and a change of the type and
crystallographic parameters of the carbide phase.

The performed analysis shows that for the complex
formation of a favorable ratio of a high level of strength
and plastic properties of steels with a minimum
consumption of alloying elements, the chemical
composition of the steel, the modification and heat
treatment regimes should ensure dispersion of all structural
elements.

In connection with the foregoing, it is necessary to
study the effect of alloying and modifying elements, heat
treatment regimes, thermodynamic and kinetic parameters
of phase transformations on the laws of structure formation
and characteristics of dissolution and precipitation of
secondary phases in solid solution.

Purpose of research

The article presents a method for solving the problem
of eliminating the oscillations of the load on the articulated
suspension during the simultaneous movement of the two
links of the boom system, namely the lifting of the handle
and reducing the departure of the telescopic section.

Results of research

Austenitic structure. After the austenite formation
austenite grains increase during further heating or
isothermal aging. A result analysis of the works devoted to
thermodynamics, kinetics, and the structure of grain

boundaries [17-19] shows that the speed of movement of
grain boundaries is mainly associated with two integral
factors: a change in the free energy of the system and the
efficiency of interaction of grain boundaries with atoms of
elements in a solid solution and particles of the secondary
phase.

Based on the above assumptions, we determined the
quantitative regularity of the factor influence such as the
content of elements in the solid solution (C, Si, Mn, Cr, V,,
Na), steel overheating above the temperature of the end of
austenite formation At), and the content of the nitride-
vanadium phase in austenite (qvna) on the dispersion of the
austenitic structure (Daust) in the temperature range from
900 to 1050 °C after exposure 2 hours.

The quantitative regularity of such an influence has
the following form:

Dayst=24,7-410-q,,, .- 132-C- Si+24,2-C-Mn+
+11210-C-N,+15,2-Si-Cr-326-Si-V,+2589-Si-N,+
0,0529-Si-At+410-Si-q,,,,-1,76-Mn-Cr-0,0158-Mn-At+
+420-Cr-V,-4494- CrN -546- qVN -Cr-2,31-At-V,+

+1,02-107%AC + 3048-q,,,* + 3,71Atq,,, (1)

R =0.942; 5 = 18%; F.=54,9>Fr = 1.8.
where: R is the multiple correlation coefficient; & - the
average relative error of approximation; Fp, Fr are the
estimated and tabulated values of the Fischer’s criterion.

The established regularity (1) makes it possible to
differentiate the effect of the steel chemical composition
associated with solid-state action and a change of
secondary phase quantity in austenite at various degrees of
its overheating. The calculation results show that the
combination of initial factors is such that alloying of
20KhGSL steel by C, Mn, Cr, V leads to dispersion, while
by nitrogen and silicon lead to an increase of the austenite
grain of structural steels under the studied conditions

(fig. 1).
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Fig. 1. The influence of the carbon (a), manganese

(b), vanadium (c), nitrogen (d), vanadium and nitrogen

in austenite (e), vanadium nitrides in austenite (f) on
austenite grain sizes.

The base steel contains (wt.%) 0.2C, 1Si, 1Mn, ICr.
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The nitrogen and silicon abnormal effect is associated
with a change of the carbon thermodynamic activity.
Nitrogen and vanadium substantially grind of the austenitic
structure upon joint alloying of both solid solution and in
the form of a secondary phase.

Comparing the solid solution action of alloying
elements with the influence of the nitride-vanadium phase,
it should be noted that with increasing overheating, the
effectiveness of the influence of elements dissolved in
austenite decreases, and the effect of the nitride-vanadium
phase is characterized by a different pattern. Figure 1 data
show that when the content of the nitride-vanadium phase
in austenite is up to 30% (of its maximum possible
quantity), overheating above tacz up to 135 °C leads to a
slight coarsening of the austenite grains, the sizes of which
is subsequently stabilized by vanadium nitrides and
practically does not change.

1 J
Fig. 2. Austenite grains of the steels 20KhGSL (a),
20KhGSAFL (b), 40KhGSL (c), 40KhGSAFL (d),
20KhGS3L (e), 20KhGS3AFL (f), 20KhG3SL (g),
20KhG3SAFL (h), 20Kh3GSL (i), 20Kh3GSAFL (j),
after holding during 2 hours at 950 °C.
Magnification 500 times.

It should be noted that with increasing heating
temperature, the nitrogen and vanadium dispersing effect
increases. Alloying steel by nitrogen and vanadium and
obtaining a sufficient quantity of nitride-vanadium phase
(at least 30%) is an effective method of increasing the

structural steel uniformity, stabilizing and dispersing of
austenite grains. At the same time, by targeted alloying of
steels containing nitrogen and vanadium, it is possible to
enhance or weaken the effect of nitrogen and vanadium,
since steel alloying by silicon leads to an increasing, and
carbon, manganese, and chromium to a decreasing of the
nitride-vanadium phase quantity in austenite. Examples of
the element effect on the nitrogen and vanadium dispersant
effect are shown in fig. 2.

It should be noted the significant influence of the
quantity of alloying elements in steel. For example, a
change in the chemical composition of base steel from
20KhGSL to 30Kh2G2S2L leads not only to a change in
efficiency, but also to the direction of the alloying effect on
the dispersion of austenite grain. Calculations show that in
this case, the carbon influence increases, the nitrogen
action direction changes, and the effect of silicon,
manganese, chromium, and vanadium becomes extreme.
Alloying by chromium to 2.4% and vanadium to 0.1%
leads to a decreasing, and subsequently to 3% and 0.2%,
respectively, to an increasing of the austenite grain size.
Silicon and manganese have the opposite effect with
maximum efficiency at 2.4% of the quantity of each
element in steel.

Ferrite-pearlite structure. Accept to attention that the
ferrite-pearlite structure grain size (Dy) depends from the
dispersion of the austenitic structure (Daust) and the
thermokinetic parameters of y — o + perlite
transformation, we determined the quantitative laws of this
effect. Multiple correlation analysis shows that the
considered factors influence to grain size of the ferrite-
pearlite structure as follows.

Dfy = 1,27-Dgysr — 20,3 — 0,654, + 0,661 t,5 —
-5,75-1,, €Y)

R =0.901; 8 =16.9%; F, = 21.7 > Fr = 2.9, )
where ta3, tarr and t are start and finishing temperature, and
duration of diffusion austenite dissolution, respectively.
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Fig. 3. The influence of the carbon (a), vanadium
and nitrogen (b), vanadium (c), vanadium and nitrogen,
in austenite, vanadium nitrides in austenite (d) on ferrite
— perlite grain sizes.

The base steel contains (wt.%) 0.2C, 1Si, 1Mn, ICr.
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The formula 2 analyses shows that the ferrite-pearlite
structure dispersion occurs with an increasing of carbon,
manganese, chromium, vanadium and nitrogen quantity in
steel, and enlargement - silicon. The element effect laws
are shown on fig. 3 at different temperatures of
austenitizing heating (t.) and cooling at a rate of 40 °C/min.

The established regularity shows that on the ferrite-
pearlite structure grain size the element effect is associated
not only with their content in steel, but also with the
temperature of austenitic heating. The elements can be
arranged in the following sequence: Mn, Cr, C, V, N
according with the specific efficiency of grinding the
structure after heating to 900 °C, and -Cr, Mn, C, V, N after
heating to 1050 °C.

Fig 3 data show that the joint alloying of steel by
nitrogen and vanadium leads to their almost additive effect
and is the most significant in the alloying systems
considered. Moreover, the maximum dispersing effect is
observed when about 50% of nitrogen and vanadium are
dissolved in austenite and their same content in the form of
vanadium nitrides (fig. 3d).

On fig. 4, 5 are shown the examples of element effect
on the ferrite-pearlite structure dispersion.

Fig. 4. Ferrite-
: pearlite structure of
» Steels 20KhGSL (a),
¢ 40KhGSL (b)
. 20KhGS3L (c) after
- %] austenitization at 900
c °C. The cooling rate is
40 °C/min.
Magnification-300

Fig. 5. Ferrite-pearlite structure of steels 20KhGSL
(a) and 20KhGSAFL (b) after austenitization at 900 °C.
The cooling rate is 40 °C/min. Magnification-100

Martensitic structure. The martensitic transformation
is a diffusionless transition of austenite to a supersaturated
solid solution of carbon ferrite. Martensite crystals grow
within the original austenitic grain. However, their length
is determined not only by the dispersion of the austenitic
structure, but also by the presence of defects in the crystal
structure, since it is known that an increase in
imperfections in the crystal structure leads to dispersion of
the martensitic structure [10].

Consequently, the effect of the chemical composition
of steel on the dispersion of the martensitic structure should
be associated with a change of the austenite grain size and
the development of crystal structure defects. Assuming that
the number of defects in the crystalline structure of a solid
solution is proportional to the content of alloying elements
and secondary phases in it, we determined the law of such
an effect on the dispersion of the martensitic structure of
structural steels. The integral characteristic of the
martensitic structure was the length of the martensite
needles (Im).

Mathematical analysis showed that the dispersion of
the martensitic structure with a probability of 95% is
determined by the austenite grain size (Dawst) and the
nitrogen content (N,) in it.

L, = 3,8+ 0,856:Dgys — 298N, (3)

R =0.99; 6 = 10.3%,; Fp = 655 > Fr = 3.4,

The formula 3 analysis shows that alloying of
20KhGSL steel by carbon, chromium and vanadium leads
to dispersion, and silicon, manganese to the enlargement of
the martensitic structure (Fig. 6).

Fig. 6. The influence of the carbon (a), silicon (b),
manganese (c), chrome (d), vanadium (e), nitrogen (f),
vanadium and nitrogen in austenite (g), vanadium
nitrides in austenite (h) on length of martensite needles.

The base steel contains (wt.%) 0.2C, 1Si, 1Mn, ICr.
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The nitrogen content increasing in 20KhGSL steel has
practically no effect on the dispersion of martensite
(Fig. 6).

The complex alloying of 20KhGSL steel by nitrogen
and vanadium leads to efficient grinding of the martensitic
structure (Fig. 6). It should be noted that alloying steel by
nitrogen and vanadium more than V-N = 8-10° (wt., %),
the austenitization temperature of steel in the range from
900 to 1050 °C practically does not affect to the martensite
needle length.

Analyzing the solid-solution (Va-Ng) and dispersion
(qvn) effects of nitrogen and vanadium, it should be noted
that the maximum modifying effect is achieved at 40-50%
nitrogen and vanadium content in the form of nitrides and,
correspondingly, 60-50% dissolution of elements in
austenite (Fig. 6).

Differentiation of the effect of nitrogen and vanadium
in the solid solution state (Va-Na) and in the form of a
secondary phase (qun) shows that the maximum effect is
observed at 40-50% of the contribution of each factor
(Fig. 6).

Examples of the influence of the chemical
composition and austenitization temperature on the
dispersion of the martensitic structure of structural steels
are shown in fig. 7, 8.

Fig. 7. Martensitic
structure of the steels
20KhGS3L (a),
20KhG3SL (b)
20Kh3G3SL (c) after
normalization of 1000 °C.
Magnification 300 times.

Fig. 8. The nitrogen and vanadium (b) influence on
the martensitic structure of steel 20KhG3SL (a) after
normalization from 1000 °C.

Bainitic structure. Between the zone of high-
temperature pearlitic and low-temperature martensitic
transformations, there is an intermediate or bainitic
transformation zone, which proceeds in a complex
combination of shear displacements for formation of a

body-centered o - iron lattice with carbon diffusion
movement for forming carbide particles. The bainitic
transformation in alloy steels consists of the carbon
diffusion redistribution in austenite, the diffusionless y—>a
- iron transition, and the formation of carbides in ferrite.

The diffusion and diffusion-free  austenite
decomposition depends of substantially from defect
numbers in the crystalline structure of the solid solution
and the austenite grain dispersion. Therefore, the influence
of alloying elements on the formation of a bainitic structure
should be associated with their change of the defect
numbers in the austenite crystalline structure, its grain
sizes, and also the diffusion carbon mobility in austenite at
the start of bainite formation.

Assuming that in the austenite crystalline structure the
defect numbers are proportional to alloying element
quantity in it, the above assumption was checked on steels
containing from 0.19 to 0.37 wt. % of carbon; 0.82-1.82
silicon; 0.63-3.03 manganese; 1.01-3.09 chromium; 0.005-
0.031 nitrogen; to 0.25% vanadium, after normalization
from 950 °C. The response function was taken the ferrite
needle length (lt,) in bainite.

A performed analysis of the experiment results show
that the dispersion of a bainitic structure is described by the
following quantitative regularity, with a probability of 99%

lrn = 4,85 + 1,19-Dyys + 516:N, +
+0,017- Dgyse'InD — 8,34107* - Dyyyr ~ tpr  (4)
R=0.821; 8 =15.8%; F, = 13> Fr=4.2,
where: Df — carbon diffusion coefficient in austenite, ts, -
bainite start temperature, °C,

Fig. 9. The
temperature and carbon (a), silicon (b), manganese (c),
chrome (d), vanadium (e), nitrogen (f) on length of
ferrite needles in bainite.

The base steel contains (wt.%) 0.2C, 1Si, 1Mn, ICr.

influence of the austenization
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The influence of the element effectiveness was
determined on the ferrite needle sizes of the bainitic
structure of structural steels after normalization at various
austenitization temperatures. The base was steel
20KhGSL. The calculation results are shown in fig. 9.

It is seen that an increasing of chromium, carbon and
vanadium quantity in steel leads to a decreasing of ferrite
needle sizes in bainite, silicon has practically no effect, and
manganese and nitrogen alloying leads to an enlargement
of the bainitic structure.

Joint nitrogen and vanadium alloying leads to
dispersion of bainite needles at additives of less than V-N
=(3-4)-10°wt. %. The ferrite needle sizes does not change
at large additions of nitrogen and vanadium in steel,
practically, and it increases with additions more than V-N
= (8- 11)-10°wt. %.

An analysis of the nitrogen and vanadium effect
dissolved in austenite (Va-Na) and in the form of vanadium
nitrides (qvn) shows that the maximum modifying effect is
achieved when 20-30% vanadium nitrides of the maximum
possible quantity in steel are present in austenite.

Examples of the influence of the chemical
composition and austenitization temperature on the
dispersion of a bainitic structure are shown in fig. 10.

A‘J{._
Fig. 10. The austenitization temperature (ta)
influence on the bainitic structure of steels 40Kh3GSL
(a, b) and 40Kh3GSAFL (c, d). Magnification — 300
times. a, ¢ - t; =900 °C; b, d - t, = 1000 °C.

Structural steel structure after quenching and
tempering. During tempering of quenching steel,
redistribution of carbon atoms in martensite to dislocations
and interstitial sites of the crystal lattice occurs, martensite
decomposes with the formation of carbon enriched areas,
and then carbide precipitates; changes in the structure and
composition of carbides, their relationship with the matrix,

and the precipitation of dispersed carbide and nitride
particles from a solid solution (secondary hardening).

During low-temperature (up to 350 °C) tempering, the
process of martensite decomposition is limited by the
redistribution of carbon and relaxation of elastic stresses.
As a result of this tempering, the tempered martensite
structure does not practically differ from the quenching
martensite structure [15].

A metallographic analysis of the martensitic structure
of structural steels after quenching and tempering at 350
°C showed that the established law of the alloying element
influence on the martensitic structure dispersion was
formed during continuous cooling is also preserved for
tempering martensite.

Steel microstructures are shown in fig. 11.

Fig. 11. Microstructure of steels 20KhGSL (a),
20KhGSAFL (b) 20KhGS3L (c), 20KhGS3AFL (d),
20KhG3SL (e), 20KhG3SAFL (f) after quenching and
tempering at 350 °C. Magnification — 300 times.

The research results show that at carbon quantity
increasing carbides grow and carbide phases accumulate.
The dispersion and distribution uniformity increase in the
case of additional steel alloying by manganese, chromium
and silicon (Fig. 12).

Analysis of the morphology of the secondary phases
formed during the doping of the metal with nitrogen and
vanadium shows that in addition to the carbide particles in
the steel, the nitride phase VN is isolated (Fig. 13).

In this case, a more uniform distribution of the
dispersed carbide phase is observed.

Taking as independent factors the solubility of carbon
and nitrogen and their diffusion mobility in ferrite, as well
as the content of vanadium nitrides quantity not dissolved
in austenite (quna) and precipitated in ferrite (Qunr),
quantitative laws of the influence of these factors on the
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dispersion and distribution of the carbide and nitride-
vanadium phases were determined.

Fig. 12. Carbide phases in steels 20KhGSL (a),
40KhGSL (b) 20KhG3SL (c), 20KhGS3L (d) after
quenching at 950 °C and tempering at 650 °C.
Magnification — 19000 times.

Fig. 13. The nitride and carbide phases in steels
20KhGSAFL (a), 40KhGSAFL (b) 20KhG3SAFL (c),
20KhGS3AFL (d), 20Kh3GSAFL (e) and vanadium
nitrides in Armco iron (f) after quenching at 950 °C and
tempering at 650 °C.

Magnification: a-e — 27000 times; d — 39000 times.

The mathematical analysis results show that in the
absence of a secondary phase in ferrite prior to the
initiation of nitride or carbide formation, the dispersion and
distribution of the carbide and nitride phases in ferrite is
determined by diffusion mobility and the solubility limit of
carbon and nitrogen in ferrite according to the following
equations:

d, = 294,8 + 23,8InDf + 0,48-(InDf)’, 5)
R =0.952; § = 3,7%; F, = 28,8> Fr = 10,1.

dyy = 0,9 +5-10"2InD} + 7,4-1075-(InD})", (6)

R=0.95;8=5,7%; Fp = 14> F; = 9,6.

Ae = —4,9 + 29:1g[C]4 + 1,2-1g[C]4-InDf +9-d., (7)

R =0.999; 6 =0,7%; Fp, = 59,1> Fy = 19,2.

Avy = 2,31g[N]y + 3107 21g[N]4-InDY +23-dyy —
-1, ®)

R =0.994; 8 =2,6%; Fp, =51,5> Fy = 19,2.
where: dc, dvn and Ac, Avn — Size and interparticle distance
between vanadium carbides and nitrides, respectively;
[Cl4, [N]a and D,?,D}V — solubility limits and diffusion
coefficients of carbon and nitrogen in ferrite, respectively.

Taking 20KhGSL steel as the base, we determined the
efficiency of the influence of elements and tempering
temperature on the dispersion (fig. 14, 15) and distribution
(fig. 16, 17) of the carbide (fig. 14, 16) and nitride-
vanadium (fig. 15, 17) phases in the improved structural
steels.

The calculation results show that according to the
dispersion efficiency of the carbide and nitride-vanadium
phases, the elements can be arranged in the following
sequence: for carbides - Si, Mn, Cr; for vanadium nitrides
- Mn, Cr, C, Si. In the case of interparticle distances,
chromium and silicon increasing leads to a regular
decreasing, and manganese - leads to an increasing of the
distance between the particles of vanadium nitrides and
carbides.

Analysis shows that tempering temperature influence
on the changing of the distance between carbide particles
and the process of their formation ends mainly at 650 °C
and a further tempering temperature increasing is
accompanied by coagulation of the carbide phases.
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Fig. 14. The carbon (a), silicon (b), manganese (c),
chromium (d) and tempering temperature influence on
carbide sizes.

The base steel contains (wt. %) 0.2C, 1Si, 1Mn,
ICr.

In the case when a secondary phase is present in the
solid solution, for example, vanadium nitrides (Qunausy),
which did not dissolve at heating for quenching, in a
quantity of 0.039 to 0.070 wt. %, the the carbide formation
regularities are controlled by the quantity of vanadium
nitrides. The quantitative laws are following for effect of
vanadium nitride (Quneusy), Which did not dissolve at
heating for quenching:
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Fig. 15. The carbon (a), silicon (b), manganese (c),
chromium (d) and tempering temperature influence on
sizes of vanadium nitrides.

The base steel contains (wt. %) 0.2C, 1Si, 1Mn,
ICr.
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Fig. 16. The carbon (a), silicon (b), manganese (c),
chromium (d) and tempering temperature influence on
distance between carbides.

The base steel contains (wt. %) 0.2C, 1Si, 1Mn,
ICr.

dc = 1-=241-qyn@ust) + 195'qVN(aust)2' €))

R=0.972;5=1,8%; Fp,=16,8> Fr=9.

Ae = 1,5 = 12-qyn(aust) + 1,9-10'3-lg[C]d-lanC, (10)

R=0.974; 6 =2,4%; Fy = 18,2 > Fr = 9,0.

A metallographic analysis shows that at alloying of
structural steel by nitrogen and vanadium, there is not only
dispersion of the carbide phase and an increasing of its the
distribution uniformity (Fig. 17), but also a significant
decreasing of structural heterogeneity.

For example, the Armco iron ferritic structure is
grinded more than 2 times at alloying by nitrogen and
vanadium (fig. 18 a, b), and in the case of steel 40KhGS3L
- 3.2 times (fig. 18 c, d). An even more effective effect is
observed at alloying by nitrogen and vanadium of the steel
40KhGSL (fig. 18 e, f).
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Fig. 17. The carbon (a), silicon (b), manganese (c),
chromium (d) and tempering temperature influence on
distance between vanadium nitrides.

'I?'he base steel contains (wt. %) 0.2C, 1§i,~1Mn, ICr.
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Fig. 18. The carbidic phase in steel 20KhG3SL (a)
and 20KhG3SAFL (b) after quenching of 950 °C and
0 times.
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Fig. 19. Microstructure of Armco — iron (a, b),
steels 40KhGS3L (c), 40KhGS3AFL (d), 40KhGSL (e),
40KhGSAFL (f) after quenching of 950 °C and
tempering at 650 °C.

Magnification: a, b — 200 times; ¢, d — 100; e, f - 2000.
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Conclusions

1. The study showed that the influence of alloying
elements on the secondary structure formation of the steels
containing from 0.19 to 0.37 wt. % carbon; 0.82-1.82
silicon; 0.63-3.03 manganese; 1.01-3.09 chromium; 0.005-
0.031 nitrogen; up to 0.25 wt.% vanadium and austenite
grain size is determined by their change in the content of
vanadium nitride phase in austenite, its alloying and
overheating above ts3, and the dispersion of ferrite-
pearlite, martensitic and bainitic structures is determined
by austenite grain size and thermal kinetic parameters of
phase transformations. Analytical dependencies are
defined that describe the experimental data with a
probability of 95% and an error of 10% to 18%.

2. An analysis results of studying the structure
formation of structural steel during tempering after
quenching show that the dispersion and uniformity of the
distribution of carbide and nitride phases in ferrite is
controlled at complete austenite homogenization by
diffusion mobility and the solubility limit of carbon and
nitrogen in ferrite, and secondary phase quantity in case of
the secondary phase presence in austenite more than
0.04 wt. %. Equations was obtained which, with a
probability of 95% and an error of 0.7 to 2.6%, describe the
real process.
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MOJEJIMPOBAHUE ®OPMHUPOBAHNA
CTPYKTYPbLI B KOHCTPYKIITMOHHBIX CTAJIAX
E. I Apmanounany

AHHOTAIMSL. HUccnenoBanuem BIIMSTHUS
JIETUPYIOMIMX JJIEMEHTOB Ha IIpounecc (OpMUpPOBaHUS
BTOPUYHON CTPYKTYpHI cTanel, comepxkamux ot 0,19 no
0,37% wmaccoBoit gonmu yriepona; 0,82-1,82 kpemuus;
0,63-3,03 maprana; 1,01-3,09 xpoma; 0,005-0,031 a3ora;
no 0,25% BaHangwsd, YCTaHOBIEGHO, YTO pa3Mep 3€pHa
ayCTCHHUTA ONpelelsieTcs N3MEHEHHEM HMH COJICpIKaHU
HUTPUIBaHAIUEBOH (a3bl B AayCTCHHUTE, CTEICHU €ro
JETHPOBaHHS M IIeperpeBa Haja TeMIepaTtypoi tuc;, a
JCTIEPCHOCTE  (PePPUTO-TICPIUTHOW, MAPTCHCUTHOH W
OCHUTHOH CTPYKTYp - pa3MepoM 3epHa ayCTCHHTa H
TEPMOKMHETHYECKUMHU napaMeTpamu (a3oBbIxX
NIPEBPALLEHUM. OmnpeneneHbl AHAIIUTUYECKHE
3aBUCUMOCTH TAKOI'0 BJIUAHUSA, KOTOPBIC C BEPOATHOCTHIO
95% wu morpemHocthio oT 10% mo 18% omuceiBaOT
OKCIICPUMEHTAJIbHBIC TaHHBIC.

AHanmm3om pe3yIbTaTOB HCCIICTOBaHHS
(GOpPMHUPOBaHHS CTPYKTYPbl KOHCTPYKLIMOHHOH CTaJId B
mporecce OTIMyCKa IOCNe 3aKajJKH YCTaHOBJICHO, 4YTO
JHCIIEPCHOCT W OJHOPOJHOCTH  PAacCIpeACsICHHUs
KapOuIHOM 1 HUTPUIHOH (a3 B eppuTe KOHTPOIUPYETCS
NPH TOJTHOH TOMOTEHH3alMKN aycTeHUTa AU(PQy3HOHHOI
MOJIBIYKHOCTBIO U TIPEJESIOM PacTBOPUMOCTH yriiepoja 1
azora B ¢eppuTe, a B CiIyyac NPHUCYTCTBHUS B ayCTEHUTE
Bropu4yHoi a3l Gonee 0,04 % mac. gomm ee
KOJIMYCCTBOM. HOJ’Iy‘IeHLI YpaBHCHUA TaKOI'0 BJIMAHUA,
KOTOpBIE C BEpOSATHOCTBIO 95% 1 norpemHoctsio 0,7-2,6%
OIMCHIBAIOT pealibHBIN Mpolecc.

KiloueBble cj10Ba: KOHCTPYKUMOHHAs — CTajb,
XAMHYECKHH COCTaB, TepMHUYecKas 00padoTKa, ayCTCHHT,
deppur, TEpIUT, MapTCHCHUT, OCHHUT, (Ha30BBIC
npeBpalIeHHsI.

MOJEJIIOBAHHS ®OPMYBAHHS CTPYKTYPU B
KOHCTPYKLIMHUX CTAJISIX
€. I'. Apmanoinany

AHoTanig. J{ochmi/pKeHHAM  BIUIMBY  JIETYIOUHX
€JIEMEHTIB Ha Tpouec GOpMyBaHHSI BTOPUHHOI CTPYKTYPH
craieii, mo wmicrate Big 0,19 mo 0,37% macoBoi yacTKu
Byraemnto; 0,82-1,82 kpemsito; 0,63-3,03 mapranio; 1,01-
3,09 xpomy; 0,005-0,031 azoty; mo 0,25% BaHamito,
BCTaHOBJICHO, 110 PO3Mip 3€pHA ayCTEHITY BU3HAYAETHCS
3MIHOIO HUMH 3MICTY HITpH]I BaHa 1i€BOi (ha3H B ayCTEHITe,
CTyIEHs HOro JIeryBaHHs 1 eperpiBy Haj TEMIEpPaTyporo
tac3, @ AMCTIEPCHICTD (DEPPHUTO - MEPITITHOT, MAPTEHCUTHOT 1
OCHHITHOI CTPYKTYp - pO3MIpOM 3€epHa ayCTeHITy i
TEPMOKIHETHIHUMH MTapameTpamu (Ppa3oBUX IEPETBOPEHb.
BusHadueHO aHaNITHYHI 3aJI€KHOCTI TAKOTO BIUIUBY, SIKi 3
“MoBipHicTIO 95% 1 moxubkoto Bix 10% 10 18% onucyroTh
eKCIIepUMEHTAIbHI JTaHi.

AHami3oM pe3yibTaTiB AOCHKEHHS (HOpMyBaHHS
CTPYKTYpH KOHCTPYKIIHHOI cTaji B IpoLeci BiAIycKy
ICNsl TapTyBaHHS BCTAHOBJIEHO, IO JHUCIEPCHICTH 1
OJIHODIJHICTh PO3MOALTY KapOimHOi 1 HUTpuAHOI (a3 B
(depuTi KOHTPOJIOETHCS, NPU IOBHIH TrOMOTEHi3aril

ayCTeHITy, MU Y31HHOT pyXITUBICTIO 1 MEXKEIO PO3UMHHOCTI
BYIJIEII0 1 a30Ty B (epuTi, a B pa3i NPUCYTHOCTI B
aycteHiTi BropmHHOI (asm Oimpm 0,04% wmac. momi ii
KimpkicTio. OTpuUMaHI piBHSHHS TAaKOrO BIUIMBY, SKi 3
nmoBipHicTIO 95% 1 moxmbkoro 0,7-2,6% omucyroTh
peanbHui mpoLec.

KoarouoBi cioBa: KOHCTpyKIiHHa CTanb, XIMIYHHUN
CKJIJI, TepMiuyHa o0O0poOKa, aycTeHIiT, (epuT, MNepuIiT,
MapTEeHCHT, OCHHIT, (ha30Bi MEPETBOPEHHS.
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MO/JIEJIIOBAHHS LIEHTPOI HEKPYT'JIUX KOJIIC I3 BHYTPIIIHIM I 30BHILIHIM
KOYEHHAM I3 YT CUMETPUYHUX KPUBUX

T. A. Kpecan, C. ®@. I[Tunnnaka, L. 10. I'pumenko, 5. C. Kpemeun
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Icmopis cmammi: ompumano — aunensv 2020, akyenmosano — scosmenv 2020.

bi6n. 10, puc. 21, mabn. 0.

AHoTanisg. B craTti po3risiHYyTO KOHCTPYIOBAaHHS
HEKpPYTJINX KOJIC, SIKi CIy)XaTh LEHTPOIiNaMH MPH MPOEK-
TyBaHHI 3y04aTux 3aderieHb. LleHTpoinn ckiamaroThes i3
KOHI'PYEHTHHUX IyT 3aJaHOi CHMETpHYIHOI KpuBoOi. Yucio
IUX Jyr, TOOTO €JIEMEHTIB LEHTPOInW, BU3HAYAETHCS
BUJIOM 3aueIrvieHHs (BHyTpimHe abo 3oBHimHe). [Ipn
30BHILIHBOMY 3a4YeIUICHHI KUIBKICTh €JIeMEHTIB 000X
LEHTPOIN MOXe OyTH JOBLIBHOIO, NOYMHAIOYH 3 OJHOTO
enemMeHTa. [Ipy BHYTpIIIHBOMY 3a4eIUICHHI KUIBKICTb
€JIEMEHTIB BHYTPIIIHBOI IIEHTPOiqM MOBHWHHA OyTH Ha
OIMHUIII0O MEHIIIOK BiJ KIIBKOCTI €JIEMEHTIB 30BHIIIHLOT
OEHTPOigu. SIKIO KITBKICTh EJNEMEHTIB OJHAKOBa, TO
LEHTPOi T 30iraroThCS.

KodeHHs nieHTpoin oHA MO O/HIN BiAOyBa€eThCS PU
BIZICYTHOCTI KOB3aHHS. Lle MOXXJIMBO 32 yMOBH, IO JTOB-
KIHA OYT OKPEMHUX €JIeMEHTIB 000X LIEHTPOi[ piBHI MiXk
c00010. KoHCTpyIOBaHHS HIEHTPOI[ 3AIMCHIOETECS Y TOJS-
pHiit cuctemi koopmuHat. OOHMIBI IEHTPOIAH YTBOPIO-
FOTHCSI TIOBOPOTOM Ti elleMeHTa, TOOTO Jyrd KpHBOi, Ha
3aJlaHuil KyT HaBKOJIO MoJifoca. BennunHa KyTa 3a1euTh
BiJl KIIBKOCT1 eJIeMeHTIB IieHTpoimu. [Ipu koueHHI ogHiel
LEHTPOIIH 10 IHIIIN MOJIC PyXOMOT IICHTPOIAH MOBUHEH
onmMCcyBaTu KoJo. B TakoMy BUManKy KOYEHHS PyXOMOi
LEHTPOIN 10 HEPYXOMili MOXKHA 3aMiHUTH 00epTaTbHIM
PYXoM 000X IIEHTPOi] HABKOJIO HEPYXOMHX LEHTPIB (I10-
mociB). Touka KOHTaKTy HEHTPOIM Mif 4ac iX oOepTaHHS
3HAXOJUTHCS Ha BIAPi3Ky, IO CIIOIyYae IIEHTPH oOepTaH-
HS i KU Ha3MBA€THCS MDKICHTPOBOK BiicTaHHIO. Lls
TOYKa JUI HEKPYTIHMX KOJIC TpH iX oOepTaHHI 3MiHCHIOE
[IeBHE NEepEeMIiIeHHsI TI0 BKa3aHOMY BiPi3Ky, a IS KPyT-
JIMX 3aJIMIIAETHCS] HEPYXOMOIO.

JloBkrHa OyTU eleMeHTa OJHi€l MEeHTPOiau BU3HA-
Ya€eThCsl BEJIMYMHOIO IIEHTPAIBHOTO KyTa, Ha SKU BOHA
cnupaeTbes. e sk cTocyeThest 1 eneMeHTa qpyroi HEeHTPo-
imu. SIKmO0 JOBXMHU JYT €JIEMEHTIB LEHTPOiJ PiBHI,TO
BEJIMYMHM BiJIOBIIHUX KYyTiB HE € PIBHUMH i nepedyBa-
I0Th y TEBHIH (YHKIIOHAJIbHIN 3aJIe)KHOCTI. 3HAXOKEH-
HS i€l 3aJIeKHOCTI 3BOJUTHCS 10 IHTErpyBaHHS BUpasy,
OTPUMAaHOTO Ha OCHOBI PIBHOCTI JudepeHmianiB ayr Bia-
MOBITHUX eNeMEHTIB IeHTpoix. Llei Bupasz moxe OyTH
MIPOIHTETPOBAHNUN HE JJIS BCIX KPUBHUX, 3 AYT SKHUX (HOp-
My€EThCsl BHXigHa ab0 BeAaydya IeHTpoima. SIkmo Bupas
MIPOIHTETPYBaTH HE BJAETHCA, TO IOOYAOBY BeIEHOI
IEHTPOIN TOTPIOHO 3MIMCHIOBATH YHCEILHUMH METOJa-

MH. B cTaTTi po3rIsiHyTO KPUBY HA OCHOBI TimepOoIiaHO-
ro KOCHHYCa, A SIKOi OTPUMAaHUH BHpa3 IHTETPYETHCS.
HaBeneno mapamerpuyHi piBHSHHSA KPUBHUX, 13 OYT SKUX
CKIIQIAEThCS K BEAyda, Tak 1 BegeHa HeHTpoinu. [loka-
3aHO, IO JJIsI LEHTPOIN i3 3aJaHWM CITiBBiIHOUICHHIM
CJIEMCHTIB MIKIICHTPOBA BiJICTaHh BU3HAYAETHCS OJIHO-
3HauHO. [100y/OBaHO PUCYHKH LIEHTPOIX i3 PI3HUM YHC-
JIOM €JIEMEHTIB JJIsl BHYTPIIIHBOTO i 30BHIIIHBOTO 3a4el-
JICHHSL.

KuouoBi citoBa: nieHTpoinu, HEKpyriii Kojieca, BHY-
TpiITHE 1 30BHINIHE KOYEHHS, MDKIICHTPOBA BiICTaHb,
TapaMeTPUYHI piBHSHHS KPUBHUX.

IocranoBka npodaeMu

Kouennst 6e3 KOB3aHHs LMIIHAPUYHHUX TOBEPXOHb
OJlHA TIO OJHIA MOYHA 3aMIHUTH KOYCHHSIM IIEHTPOIm —
KPHMBHX IONEPEYHOro nepepizy nux nwiinapie. I[Ipocro-
poBa 3amaya KOYEHHS JIiHIUYaTHX HEPO3TOPTHHX IOBEP-
XOHb OJIHA 10 OJIHIM B JaHOMY BUIaJKy MOXe OyTH 3aMi-
HeHa Iwiockoro. Ilepenaui, ski mepenaroTs 0O0epTaTBHUN
PYX 3a paxyHOK TepTs MDK ITOBEPXHSIMH, Ha3WBAIOTHCS
¢pukniiauMu. )11 HUX XapaKTepHUH CYTTEBUHA HEIONIK:
BOHM HE MOXYTbH I€PeAaBaTH KPYTHHUH MOMEHT BEJIHMKOI
MOTYKHOCTI, ajne € 0a30BHUMH JUI1 IPOEKTYBAaHHS HOTYX-
HUX 3yO4YacTHX 3a4ellyIeHb.

LleHTpOiny NEesIKMX HEKPYTIHMX KOJiC JOCHTH J00pe
BUBUeHI. SIK MpaBuIIO, BOHW KOHCTPYIOIOThCS HE 3 OKpe-
MHUX KOHTPYSHTHHX JIYI, a 3 HEHNepepBHOI 3aMKHEHOI
KpHUBOi. XapaKTEepHOIO iX OCOOJHMBICTIO € HETepepBHICTH
nepenaBanbHOi PyHKINIT, TOMI SK IS CKIaIEHUX IIEHTPOIT
nepeaaBagbHa (QYHKIIS HE € HemepepBHOM. OmHAK Ui
MeXaHi3MiB HOTPIOHI IIEHTPOIAM i3 PI3HUMHM Nepe/laBajb-
HUMH (QYHKITISIMH.

AHAaJI3 0CTaHHIX J0CTiIKEHb

TeopeTuduHi MMTaHHSA aHATITUYHOTO ONHCY IIEHTPOIN
HEKPYTIUX KOJIiC Ta MPOEKTYBaHHA Ha iX OCHOBI 3y0Od4a-
THUX 3a4YellieHb JIETAIbHO BHUCBITIEHO B mparsx [1, 2].
3arayibHOBIIOMUMHY € TIPUKIAIN KOYCHHS KPUBOIIHIHHOTO
podiTEo 1Mo TPSAMIiA 1 HABITAKK — KOYEHHS TPSIMOJIiHIHHO-
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ro Bifpi3ka 1o KpuBiid. KimachaHuM 11t Iepioro BUIaI-
Ky € KOYEHHs KoJia 0 MPAMiH, B pe3ysbTaTi SKOTO TOYKa
KOJIa ONHKCY€ IHMKJIOIMYy i KOYEHHS MPsAMOi MO KONy, B
pe3yIbTAaTi IKOTO TOYKA MPSMOI OMICY€E CBOJIBBEHTY KOJIa
[3].

l'eomeTpuuHe MOZETMIOBAaHHS LEHTPOIN HEKPYTIIHX
KOJIiC po3risiHyTOo B mpausix [4-6]. Hexpyrii komeca B
3yOuaTHx nepefayax po3risHyTo B mpansx [7, 8], B maH-
IIOTOBUX MPHUBOJAaX — B MOHOTpadii [9]. Jeski mapu KoH-
IPYEHTHHUX LEHTPOINl HEKPYIIIUX KOJIIC OTPUMAHO B Iparli

[10].

Merta gociigkeHnb

Po3pobutn aHamiTHYHUN OMHMC i MOOYIYyBaTH LIEHT-
poimy HEKPYTIMX KOJiC i3 BHYTPIMIHIM 1 30BHIIIHIM KO-
YEHHSM, YTBOPEHHX 13 KOHIPYCHTHHX IYI CUMETPHYHUX
KPUBHUX.

Pe3yabTaTi qociaiikenn

MopentoBaHHA Oyr KPHBUX OylneMo 3IifCHIOBATH B
NOJSIPHIA cHcTeMi KoopauHAT. [loyaTkoM KOOpIHMHAT
(momocom) onHieT KpUBOi, 3amaHOi paniyc-BEKTOPOM
p=p(a) € Touka O, i Apyroi, 3amaHol paniyc-BEKTOPOM
p1=p1(p) € Touka O1. MixueHTpoBa Bigcranb OO:1 BHO-
paHa TaKUM YMHOM, 1[0 IPH HYJIEOBOMY 3HA4YCHHI MOJISAP-
HUX KYTIB @ 1 ¢ KpUBI JOTHKAIUCS OJHA IO OJHOI B TOYIII
T (puc. 1). Sxwo ¢yHKUIT p 1 p1 OyAyTh MAPHUMU, TO MIPU
BiJl’€MHHUX 3HAYCHHSAX IMOJIIPHUX KYTiB MOJLSIPHI paaiycu
MaTUMYTh Ti & cami 3HaYECHHSI, 10 1 P TOJATHUX KyTax
1 KpuBa OyJie cuMeTpU4HOO (Ha puc. 1 cUMeTprYHa BiTKa
300pakeHa MTPUXOBOKO JTIHIEIO).

y

Puc. 1. I'padiuna imocTpamis 10 MOJETIOBaHHS
KpUBUX 13 CIIIBHOIO TOYKOIO JAOTHUKY IIPpHU HYJIBOBUX 3HA-
YEHHSIX MOJISIPHUX KYTiB.

Fig. 1. Graphic illustration for modeling curves with
a common point of contact at zero values of polar angles.

IIpz ymOBi BHYTPIIIHBOIO KOYEHHS Oe3 KOB3aHHS
KpPHUBOi p1 10 KpuBil p mosxuHu nyr 771 1 TT> mOBUHHI
Oytu piBHUMHE. [Ipn a=¢p=0 MoxHa 3anucaT: p—p1=r, 1e
4yepe3 I mo3HadeHa MixieHTpoBa Binctanb OO:. Ilocta-
BUMO yMOBY, 00 Il piBHICTh BHKOHYBaJlacs Uil BCIiX
BiJINIOBiTHUX TOYOK 000X KpuBHX. TOII MOXHA 3aIHCaTH:
p1=p—. 3anMIIeMO TapaMeTPHYHi PIBHIHHS KPUBUX:

X = pcosa;

. 1)
y = psina.
x =(p—r)cosg+r; @)
Y, =(p~r)sing.

[Ipu KOHKpeTHOMY 3HA4YeHHI KyTa ¢ 3TiTHO PiBHAHB
(1) orpumaemMo TOUKYy Ha KpHBiH, HampUKIan, TOUKy 71
(puc. 1). dns Toro, mo0 orpumatu TouKy 7> Ha ApyYrid
KpHBIH 3riIHO piBHSHB (2), MOTPIOHO MiACTaBUTH IEBHE
3HAUCHHS KyTa ¢. bynemMo BBaxkaTH, IO KyT ¢ 3aJIS)KHUN
BiJl KyTa @, TOOTO ¢=¢(0). 3aJIeXKHICTh p=¢(0) 3HAAEMO
Ha OCHOBI piBHOCTI ayr 771 1 TT> 1Jist HOTOYHOTO 3HAYCH-
Hi KyTa . [loXigHy NOBXHHM AYTrd Ui 000X KPUBHUX
3HaXOMMO 32 BiZlOMOO (POpMYJIOI0:

:—S=\/x'z+y’2. 3)
a
Jis BU3Ha4YeHHA TOXimHUX AyT 3a (opmymoro (3)
3HaiiaeMo moximHi kpuBux (1)1 (2):
X'=p'cosa — psing; @)
y'=p'sina + pcosa.
X, = p'cosp—g'(p—r)sing; ©)
yi = p'sing+¢'(p—r)cose.
[Micna migcranoBku moximaux (4) 1 (5) y dopmymy
(3) onmepkuMO BHpa3u NOXiJHUX AYT KPUBHX:

9 _ (6)

da
& e (o). )

da
[pupiBasiemo Bupazu (6) 1 (7) mix coboro i
PO3B’SKEMO BiJTHOCHO 3aJIEXKHOCTI p=¢(a):

Q= ijida. (8)
p—r
PosrisHemo npukiiaz. Bisbmemo napHy QyHKIIi0O:

p=p, +acoshbe, 9)

I€ Po, a, b — crami Benmmumnun. 3a popmysioro (8) 3Hax0u-
MO:

_J- P, +acoshba dor —
4 P, +acoshba —r
2r (10)

—_—— %
b az_(po_r)z

x Arctg MTanh ba +a+cC.
a-r+p, 2

Buxonsun 3 ymoBH, mo npu a=0 Kyt ¢=0, 3HaX0-
JUMO 3Ha4YeHHS CcTajoi iHterpysaHHA. c¢=0. [licng mixc-
TaHOBKH Bupasy (9) y (1) orpuMaemo mapameTpudHi piB-
HSHHS BUXIZHOI KPHUBOI, SIKY YMOBHO Ha3BEMO BEIy4OIO.
[Mincranoska Bupasis (9) i (10) npu ¢=0 nacTs napamer-
pUYHI PIBHSAHHS PO3IIYKYBAaHOI KPHBOI, 5Ky Ha3BEMO
BEJICHOIO.

Ha puc. 2 noOyznoBano Benydy (mo3HaueHo 1udporo
1) i Beneny (nmo3HaueHo uugporo 2) kpusi. Bonu mobyno-
BaHi MPH HACTYIHUX 3HaueHHsx cramux: a=I, b=0,5,
p0=0,2, r=0,5. He3zanexxna 3miHHa (KyT &) 3MiHIOBajIacs B
Mexax a= —7u/2... /2. JIOBKUHHU Ayr 060X KPUBHX PiBHI
MK c000f0. 3JiiCHUMO TepeKOYyBaHHS KpHUBOI 2 IO
kpuBiii 1. Jlng mporo motpiOHO, 11100 MpU MEBHOMY 3Ha-
YeHHI TapaMeTpa ¢ BiIMOBIIHI TOYKH KPHBHX (HampH-
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knazg, Touku 71 1 T, puc. 1) 36irmmcs, npuaoMy KpuBy 2
MOTPiIOHO MMOBEPHYTH TakK, MO0 y IIUX TOUYKaX Oyia CIiib-
Ha JOTHYHA O 000X KpUBHX. Lle 3BOIHUTHCS T0 MOBOPOTY
KpHUBOi 2 Ha TEBHUH KyT 1 ii mapaienbHOro mepeHeceHHs.
KyT moBopoTy BH3HadaeThCs pi3HHUILEIO KyTiB o 1 ¢. [Ipu
MepeKOvyBaHHI KpUBOi 2 1o KpuBii 1 Touka O1 pyxaru-
METhCSl IO KOJI pajiyca I, sSIKUM € 3ajJiaHa MDKIIEHTPOBa
BiZicTaHb. [ HOBE TMONOKEHHS BUSHAYUTBCA i3 PiBHAHD |
IIpY MiZICTAHOBILI B HUX 3aMICTh p BEIMYUHHU pajniyca I.
3HaiineHi KoopAUHATH 1 OyIyTh TUMHU BiJpi3KaMH, Ha SIKi
MOTPiIOHO 3MICTUTH KPUBY 2.

1.5¢ YA .
.|
05
0
05
-1t
15

-1 0 1

Puc. 2. CumeTpu4Hi KpHBi piBHOT TOBXKHHH.
Fig. 2. Symmetrical curves of equal length.

Ha puc. 3 moOynoBaHo KpuBY 1 1 TpU NPOMIKHHX
MOJIOKEHHsI KpuBOi 2 mpH 1i mepekouyBaHHi: npu a=0,

o=nl4 i a=nl2.

1.5

-1.5 .
-1 0 1
Puc. 3. IIpomixkHi I0T0KEeHHS KPUBOi 2 TIpH 11 BHYT-
pilIHOMY 0OKOUYBaHHI 1O KpUBIif 1.
Fig. 3. Intermediate positions of curve 2 during its
internal rolling along curve 1.

Sxmo nentpu O 1 O1 3poOUTH HEPYXOMHUMH, TO KpH-
Bi OynyTh OOKOYyBaTHCS OJHA MO OJHIH, OJHOYAaCHO
00epTar4rch HABKOJIO WX TOYOK (puc. 4).

CyminpHIMHY JTiHISIMH TIOKa3aHi KpHBI y BHXiJTHOMY
MIOJIOXKEHHI, a IITPUXOBUMH — IICIS TOBOPOTY KPUBHUX:
KpuBa | moBepHynacs HaBKoJO Toukd O Ha KyT a=n/2, a
KpuBa 2 — HaBKoJI0 01 Ha KyT ¢, SIKHI BU3HAYAETHCA 3a
¢dopmynoto (10) npu a==/2. SIk6u kpusa 2 (puc. 2) Oyna
3aMKHEHa, TO 1l 00KOUyBaHHS MOXHa OyJI0 O IPOJTOBKUTH
IO iHINIH KpUBiH, CUMeTpUUHiH 10 KpuBoi 1 BimHOCHO oci

Oy. s mporo motpibHO, m00 NpH 3MiHI KyTa ¢ B PiB-
HSHHAX BUXimHoi kpuBoi (1) Bixm Hyns mo 90° xyT ¢ 3Mi-
HIOBaBcs Bix Hynsa 1o 180°. Lle o3Hauae, mo npu miacra-
HOBHiI B Qopmyny (10) 3HaueHHS o=n/2 MU TIOBUHHI
OTpPUMATH Q=T.

05 P

05¢

-1 05 0 05 1
Puc. 4. [IBa monoXeHHS KpUBUX TpH iX oOepTaHHI
HaBKOJIO HEpYyXoMHX To4oK O i O1.
Fig. 4. Two positions of the curves as they rotate
around the fixed points O and O;.
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Puc. 5. IlpoMixkHI TOJOXEHHS 3aMKHEHOI KPHBOI
npu ii oOkouyBaHHI (irypH, IO CKIANAETBCA i3 JTBOX
CUMETPHYHHX IyT BUXIJHOT KPHBOI.

Fig. 5. Intermediate positions of a closed curve when
rolling a figure consisting of two symmetrical arcs of the
original curve.

Takoro pesynbraTy MOKHAa BOOWTHCS KOMOiIHAIIEO
MEBHUX 3HAYCHb CTAJMX, IO BXOJATH 10 Gopmynu (10).
Skmo BuXigHAa KpWBa 3amaHa, TOOTO cTajii a, b, po BKe
BH3HAYEHI, TO 3QJIMIIAE€THCS 3HAWTH MOTpiOHE 3HAYCHHS
cramoi I, TOOTO 3HAWTH MUKIEHTPOBY BiJCTaHb.
Po3B’s3atu piBHicTh (10) BimHOCHO cTanoi I He BAA€THCH,
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ToMy i1 3Ha4eHHA TMOTPIOHO 3HAXOAUTH YHUCEIbHUMH
meronamu. Hanpukman, npu a=1, b=0,75, po=0,2 3Ha-
xogumo: r=0,694. 3a My narrMu Ha puc. 5 ToOyHoBa-
HO 3aMKHEHY (irypy i3 ABOX CHMETPHYHHX YT BUXiITHOL
KpPHUBOI 1 HeTlepepBHY 3aMKHEHY KPHBY 3 Pi3HHAMH TOYKa-
MH JOTHKY.

[Ipu BHYTpPIIIHEOMY OOKOYYBaHHI 3aMKHEHOI KPUBOi
[0 CUMETPUYHOMY KOHTYpY ii LIEHTp 00epTaHHsS ONHCYE
KoJlo paaiyca r. Takum 4MHOM, 3a 3aJaHHUM KOHTYPOM
¢bopmMa BHYTPINIHBOI KPHBOi 1 MIDKICHTPOBA BiJCTaHb
BU3HAYAIOTHCSI OJIHO3HAYHO. MOJKHA 3MIHIOBATH Mapame-
TPH BHUXIHOI KPUBOi, HAPUKIIAJA, KYT MK CUMETPUYHH-
MH ZyraMH B TOYLI IX IEPETHHY.

Ha puc. 6 300pakeHi TOCTiJOBHI HOJOXEHHS KpH-
BHUX, KOJIX BOHH 00epPTAIOTHCS HABKOJIO HEPYXOMHX LIEHT-
piB O i O1. Ha xo)XHOMY HacTyImHOMY 300pakeHHi MOBO-
POT CKITaZieHOTO KOHTYPY 30umbmryerscs Ha 30°. [Ipu fioro
3araJlbHOMY MOBOPOTI Ha 90° BHYTpIIIHS KPHBA IIOBEPHY-
nacst Ha 180°.

2 "

O [ )
-1
2 .
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1
0.5 1
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151 : : . .
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Puc. 6. [IpomikHI MMONOXKEHHS 3aMKHEHHX KPHBHX
pu ix oOepTaHHiI HaBKOJIO HEPYXOMHX TodoK O 1 O1.

Fig. 6. Intermediate positions of closed curves when
they rotate around fixed points O and O;.

Ha puc. 5, 6 nyru cuMeTpUYHUX KPHUBHX, IIO YTBO-
PIOIOTHh 30BHIITHINA 3aMKHEHUH KOHTYp, MEPETHHAIOTHCS
i TynuM KyToM. BenmumHy 1mboro KyTa MOXHA 3aJaBa-
TU. B po3risHyTUX BUNAAKaX KOHTYP YTBOPEHMM ABOMa
KOHIpyeHTHUMH xyramu. OmHaK HOTro MOXKHA yTBOPHTH
JOBUTBHAM YHCJIOM YT, SIKi OyIyTh TEPETHHATHCS IIif
3aaHUM KyToM. Po3risiHeMO y3arajgbHEHMH BHUNAJIOK,
KOJI YHCJIO KOHIPYEHTHUX JIyT JOPIBHIOE N, a KyT Hepe-
THUHY MK HUMH PiBHUH .

Ha puc. 7 nyra (enxeMeHT KOHTYpY) CHHPA€eThCs Ha
UEeHTpaJbHUN KyT BedamuuHoto 2z/n. Kyt y Mix motwmd-
HUMHU JI0 AYT B TOYLI iX IEPETUHY OyAeMO 3a/aBaTtu.
OpHa i3 cTOpiH, IO YTBOPIOE KYT ¥, CKiIagae 3 Biccio Oy
KyT &. Bimomo, 1o tg é=y'/X'. 3amuemMmo 3HaYEHHS KyTa &
gepes 3aaHui KyT ¥ 1 BiJoMe 3Ha4eHHA KyTa a. SIK BHI-
HO i3 puc. 7, B KpaiHiil Toumi ayru o=n/N. Takoxx MOXHA
3amucatu: e=y/2—o=y/2—x/N. 3anumemMo BUpa3 TaHTeHCA
KyTa & 4epe3 CIIiBBITHOMICHHS NEePIINX MOXiaHUX (4):

p'sina + pcosa “tge (11)

p'cosa — psina

Puc. 7. Jlo BU3HAYCHHS KyTa & 4yepe3 KUIbKICTh N 3a-
JIAaHUX €JIEMEHTIB KOHTYPY 1 331aHOT0 KyTa i.

Fig. 7. To determine the angle ¢ through the number
n of given elements of the contour and a given angle y.

Hamni migcraBumo y (11) 3anexHicts p=p(a) (9) i mo-
XimHYy 1€l 3anexHocTi p'=absinhba npu a=n/h, a Takox
BUpa3 KyTa & e=y/2—m/M. Ilicng mporo oTpuMaeMo pis-
HSHHS, JI0 SKOTO BXOAMTH 3aJaHUd KyT y 1 TpW crami
BEJIMYUHH: p,, &, D. Tligbopom 1ux cranux MoxkHa 3a0e3-
MEeYUTH 3ajlaHe 3HA4YeHHs KyTa . MOKHa pO3B’s3aTH
OTpHUMaHe PIBHSHHS BIJIHOCHO OJHI€T i3 BKa3aHUX CTAIIMX
i oTpuMarH moTpiOHe ii 3HaveHHs. Lle BmaeThes 3pobOUTH
T cTanoi p, abo a. Ilpote TyT € ocobuBicTs. CripaBa B
TOMy, MO0 KyT & MOXe€ NpUHAMaTH SIK JOAATHi, TaK i
Bix’eMHi 3HaueHHs. Hampukan, sxmo y Bupas e=y/2—a/n
MIICTaBUTH KYT Y=n/2 1 KIIBKICTh €JIeMeHTiB N=4, To MU
orpumaemo ¢=0. Ilpu n<4 3HaueHHs KyTa & Oyzne
Bix’eMHUM, 1pu N>4 — noxpatHuM. lle o3Havae, mo pis-
HsaHHA (11) moTpiOHO po3B’s3yBatn npu +tge. B pesynb-
TaTi MM OTPUMAEMO JIBa po3B’3kH. [ist cTaioi p,:

—  TIpH JOJATHOMY 3HAUYCHHI &:

Do = —a(cosh b7 | bsinh 2% tg AM//) ; (12)
n n 2n

IIpH BiJ €MHOMY 3HAY€HHI €.
Po = —a(cosh b7, bsinh 2% tg Zj - (13)
n n

Hnst cranoi a:
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—  TIpH JOAATHOMY 3HAYCHHI &

cosh 7 + bsinh b—ﬂtg dz—ny
n n 2n
—  TIpH Bix’€MHOMY 3HA4CHHI &:
a= — o (15)

cosh bT” + bsinh b—”tg L4

Ha puc. 8 moOymoBaHO EHTPOIAHN i3 BHYTPIIIHIM 3a-
YeIUICHHSIM, Y SKHX BHXIZHa CKJIAJAa€ThCs i3 IBOX eeMe-
HTIB (N=2), 0 MEPeTHHAIOTHCS MiJ 3aJaHUMU KyTaMH
w=120° i w=160°. Jlns 060X BUMAAKIB cTaii a i b piBHi:
a=0,5, b=15. Crany p, 3aaxoaumo i3 popmyiu (12). s
NepIIoro BUNAnKy p,=4,13, mns apyroro — p,=19,576.
MiXIeHTpOBa BIJICTaHb ' i BHYTpPILIHA KpWBa 3HaiileHi,
SIK y TorepeiHboMy Bunazaky. [lopiBHroroun puc. 8,a1 8,0
06ayrMo, 10 MO Mipi 30UIBIIEHHS KyTa ¥ SIK 30BHILIHIN
KOHTYp, TaKk 1 BHYTpILIHs KpHBa Bce Olmblle 3a GpopMoro
HaOIMKAIOTHCS 10 KiJI.

Puc. 8. LlerTpoinn i3 BHYTpIOIHIM 3a4eIICHHSIM, Y
SIKMX 30BHIITHIH KOHTYp CKJIAJA€ThCS i3 JBOX CJICMEHTIB,
10 ePETHHAOTHCSI ITiJ] PI3HUMH KyTaMu:

Fig. 8. Centroids with internal gearing, in which the
outer circuit consists of two elements that intersect at
different angles:

a) w=120° p,=4,13, r=2,561;
6) y=160°, p,=19,576, r=10,358

[NoOGynyemo meHTpoiny, y SKUX OyT'M BUXIJAHOI KpH-
BOI NMEPETHHAIOTHCS Mia MpIMUM KyToM. CkopucTaemocs
dopmynoro (14). Ipu p,=3, b=1,5, n=2, y=90° orpuma-
emo: a=1.1909. Ha puc. 9,a npu 1ux crajaux no0yJ0BaHO
KOHTYpP BUIXIIHOI LIEHTPOIAM Ta OKPEMI MMOJIOKESHHS BHYT-
pimHBOI IpH 1 00KOYyBaHHI BCepeIUHI BUXiTHOI. Xapak-
TEPHOI0 03HAKOIO € Te, 1110 BEPILIHHA MPSMOro KyTa BHYT-
pimHBOI HEeHTpOiAN HpH i KOYEeHHI 3 MEBHOIO TOYHICTIO
OKPECITIOE€ KOHTYP 30BHILITHBO].

Ipu iHmmx 3HaYeHHAX cTanmux b i p,=3 3a popmy-
noro (14) orpumyemo iHmIe 3HaYeHHs ctanoi a. Ha puc.
9,6 moOymoBaHo e oAHYy mapy neHTpoin. @opma BuXij-
HUX KPMBHX BIJPI3HAETHCS MK C00010, aje B 000X BUIIa-
JIKax CKJIaJ0Bi J{yTH NEPETHHAIOTHCS IiJT IPSIMUM KYTOM.

BuxigHuii KOHTYp i3 ZBOX Iyr MOXHA 33/1aTH IUIS
BiJI’€MHOTO 3HAa4eHHs KyTa &. IIpy 1IbOMy MU OTpHMaEMO
iHIy Gopmy 30BHImHKOI neHTpoinu. Ha puc. 10 moGyno-
BaHI LEHTPOIMM i3 Pi3HMM KyTOM TEPETHHY CKIAIOBUX

ayr. Jlns 000X KOHTYpiB crtami a i b e ogHakoBumu, a
craa p, BU3Havanacs 3a popmyoro (13).

Puc. 9. llentpoinu i3 BHYTPIIIHIM 3a4eIICHHSAM, Y
SIKMX 30BHIIIHIA KOHTYp CKJIAHAETHCS i3 IBOX EJIEMEHTIB,
SAKI IEPETUHAIOTHCS il MPSIMHUM KYTOM:

Fig. 9. Centroids with internal gearing, in which the
outer circuit consists of two elements that intersect at
right angles:

a) a=1,19085, b=15, w=90° p,=3, r=2,555;
6) a=0,00097, b=5, w=90° p,=5, r=2,5678

Puc. 10. LenTpoinu i3 BHYTPILIHIM 3a4€TUICHHSM, Y
SIKMX 30BHIIIHIA KOHTYD CKJIAJA€ThCS i3 JBOX €JICMEHTIB,
110 MEPETUHAIOTHCS i/l PI3HUMHU KyTaMu:

Fig. 10. Centroids with internal gearing, in which the
outer circuit consists of two elements that intersect at
different angles:

a) y=90° a=-0,5, b=1,5, p,=6,582, r=2,65;
6) y=120° a=-0,5, b=1,5, p,=9,453, r=4,12

Hamu po3rmisiHyTO HEHTpoinu i3 BHYTPIIIHIM 3a4er-
JICHHSIM, Yy SIKMX 30BHIIIHS LEHTPOifa CKJIANA€ThCS 13
JIBOX IyT, @ BHYTPIIIHA — i3 oxHiel. BoHM MaroTh pi3HY
(opMy B 3aJIe)KHOCTI BiJ] 3HaKa KyTa &, YTBOPEHOTO JOTH-
YHOIO JI0 AYTH B KpalHbOMY MOJIOXKEHHI i3 Biccio Ox. [{na
JIOZIATHOTO 3HAYeHHs XapakTepHa (opma, MpeicTaBlieHa
Ha puc. 8, a 1 Bix’emHOro — Ha puc. 10.

MosknuBi 1 iHIII TTOEXHAHHS AYT SIK 30BHIIIHBOI, TaK
1 BHyTpimHbo1 neHrpoin. Ha puc. 11 30BHImHS neHTpoina
CKJIQIA€THCS 13 TPHOX CUMETPUUHUX AyT. [Ipu npuitHATHX
3HaueHHsx y=90° a=-0,2, b=2, n=3 3a popmyoro (13)
3HaX0qUMO: p,=2,4238. Jlyry xpuBoi Oymyemo 3a piB-
wsaHsIMA (1), (9) npu 3MiHI KyTa a B Mexax a= -7/3...
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7/3. 11106 xoHTYp OYyB 3aMKHEHMM, OTPUMaHy Iyry IIOTpi-
O0HO ToBepHYTH Ha £120°.

a 6

Puc. 11. IlenTpoiny i3 BHyTPIIIHIM 3a4€IUICHHAM, Y
SIKMX 30BHIITHIM KOHTYp CKIQAA€ThCA i3 TPHOX €JIEMEHTIB,
110 NE€PETUHAIOTHCA HiI[ OpAMUM KYTOM:

Fig. 11. Centroids with internal gearing, in which the
outer contour consists of three elements intersecting at
right angles:

a)a=-0,2, b=2, p,=2,4238, r=1,3209;
6) a=-0,2, b=2, p,=2,4238, r=0,6719

JoBXMHA IyrH eleMeHTa 30BHILIHBOT LEHTPOIinu
JOPIBHIOE TOBXKUHI IYTU eEeMEHTa BHYTPIIIHBOI IEHTPO-
inu. BHYTpimIHSA LEHTpOifa CKIANAEThCs i3 OTHOTO elle-
MeHTa (puc. 11,a) i xBox enmemenrtiB (puc. 11,0). Binmo-
BiTHO TIOTPiOHO IIe BpaxoBYBaTH IIPH PO3B’S3yBaHHI PiB-
HsHHA (10). MDKUEHTPOBY BiJICTaHb I' 3HAXOIUMO 4YKCE-
JBHAMHM METOJaMH IIPU MiJICTAaHOBLI B HBHOTO 3HAYCHHS
o=n/3 (1e BiANOBIa€ My3i €JIEMEHTA 30BHIIIHBOT IICHTPO-
imn) i p=n (puc. 11,a) Ta p=n/2 (puc. 11,0), mo Biamnosi-
Jla€ TOBXXMHAM JAyr EJIEMCHTIB BHYTPIIIHIX IEHTPOIN).
SIKIIO YKCIIO eNIeMEHTIB BHYTPIIIHBOT LEHTPOINH 3a1aTu
piBHE TPHOM, TO BHYTPIIIHS i 30BHIIIHS LEHTPOimu 30i-
xKatbes 1 po3B’s30k piBHAHHES (10) macte pesymbraT r=0.
Lle crocyeTbest BCiX LHEHTPOIN BHYTPILIHBOTO 3a4CIUICHHS
i3 pIBHIM YHCIIOM €JIEMEHTIB 30BHIIIHBOI 1 BHYTPIITHBOT
LIEHTPOI.

B

Puc. 12. IlenTpoinyn i3 BHYTpILIHIM 3a4ETUICHHSM, Y
SKMX 30BHIIIHIA KOHTYp CKIJIQIA€ThCs 13 YOTUPHOX elle-
MEHTIB, III0 IEPETUHAIOTHCS i MPIMUAM KyTOM:

Fig. 12. Centroids with internal gearing, in which the
outer contour consists of four elements intersecting at
right angles:

a) a=-0,2, b=2, p,=1,4224, r=0,8203;
0) a=-0,2, b=2, p,=1,4224, r=0,5569;
B) a=-0,2, b=2, p,=1,4224,r=0,2801

[MoniOHMM dYWMHOM MOXHA OyIyBaTH LEHTPOINU
BHYTPIIIHBOTO 3a4eIUIeHHS 13 PI3HUMH KOMOIHAIisIMU
yucna ix enemenTiB. [Ipu upomy B piBHsHHI (10) moTpio-
HO 3amaBatu o=n/N i ¢p=n/M, 7€ N — YHUCIO ENEeMEHTIB
30BHIIIHBO{ HEHTPOIAN i M — YHCIO eNEeMEHTIB BHYTpImI-
HbOT HeHTpoian. Ha puc. 12 moOGymoBaHi MOKIUBI KOMOi-

HaIlil BHYTPIIIHBOTO 3a4eIUICHHS LEHTPOiN, V SKUX 30B-
HIITHS MEHTPOiga CKJIAJAEThCS i3 YOTUPHOX EIIEMEHTIB,
IO TePETUHAIOTHCA MiA MpAMHAM KyToM. lIpsmuii KyT €
MiHIMaJFHAM 3HAYCHHSAM KyTa MEPeTHHY IyT eJIEMEHTIB,
IpH SKOMY MOXJIMBE KOYEHHs LEHTPOIx 0e3 3aKInHIO-
BaHHSL.

SIKmo KyToBi Y HaxaTHh Bi'€MHOTO 3HAY€HHS, TO
MOXHa NOOyayBaTd IeHTpoiny iHmoi ¢opmu. Hanpu-
Ki1aj, npu miacraHoBui y dopmyiay (15) snauens b=3,5,
pPo=2, y= —m/2, Nn=6 orpumaemo: a=0,2684. 30BHIIIHS
LEeHTpoina, NoOynoBaHa 3a HABEACHUMH JaHUMH, Mae
bopmy, 300pakeHy Ha puc. 13.

-y
<

Puc. 13. Uenrpoinu misn a=0,2684, b=3,5, p,=2,
w=-n/2, r=1,9942, n=6, m=1.

Fig. 13. Centroids for a=0,2684, b=3,5, p,=2,
w=-n/2,r=1,9942, n=6, m=1.

301IBIIYIOYM  YUCIO M  €JIEMEHTIB BHYTPIIIHBOT
LHEHTPOINM, OJECPKUMO MapH UEHTPOiJ i3 BHYTPILIHIM
3a4eIuIeHHsIM, 300paKeHHX Ha pHc. 14.

B r

Puc. 14. [Tapu neHTpoin BHYTPIIIHBOTO KOYECHHS i3
OJTHAKOBMM 30BHIIIHIM KOHTYPOM, IOOYZOBaHUM NpH
a=0,2684, b=3,5, p,=2:

Fig. 14. Pairs of centroids of internal rolling with the
same external contour constructed at a=0,2684, b=3,5,
Po=2:

a) r=1,6103;
B) r=0,8098;

0) r=1,2123;
r) r=0,4054
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3HaxXO0HKEHHS MIXKIICHTPOBOI BijfcTaHi I' 3iHCHIOBA-
JIOCSI TaK SK 1 JUIA 1HIIWX BUTAAKIB — ITJCTAHOBKOIO Yy
piBustHES (10) cramux p,, a, b BuximHOi KpHBOi Ta 3Ha-
YeHb KyTiB a=r/N 1 p=n/M.

PosrnsiHeMo meHTpoiny i3 30BHIMIHIM 3a4EIUICHHSM
(abo i3 30BHINMIHIM KOHTakTOM). [IpH bOMY BHHHKAIOTH
JIesKi 3MIHM B aHAJIITHYHOMY OIMCI PO3LIYKYBAHOI LIEHT-
poimu i Bupasy kyta ¢. lle BUILTHBAE i3 3MIH T€OMETPUY-
HUX napaMeTpiB puc. 1. s 30BHIIIHBOTO KOHTAKTy pHC.
1 mae BurmSLA, HaBEJACHUMN HA puc. 15.

y

Puc. 15. I'padiuna imrocTpamis 10 MOICTIOBAHHSI
KPHBHUX 13 CIIJIBHOIO TOYKOIO JOTHKY TPH IX 30BHIIIHBO-
MY KOHTAaKTi

Fig. 15. Graphic illustration for modeling curves
with a common point of contact at their external contact

BigMiHHOCTI MOJISTAIOTh B HACTYIHOMY: 1) MIXKIICH-
TPOBA BIJICTaHb I € CYMOIO BEKTOP-PaiycCiB p i p1; 2) IpH
JOAaTHOMY 3pPOCTaHHI KyTa o KyT ¢ 3MCHIIYEThCS, TOOTO
Ma€ TIPOTHIICKHMH 3HaK. I3 BpaxyBaHHSAM IIbOTO BHpA3
JUI1 BU3HAYCHHS KyTa ¢ (puc. 15) mpuiiMae HaCTYITHHHA
BUTJIISAL;

2r

—— %
b az_(po_r)z

x Arctg /wTanhb—a.
a-r+p, 2

[TapameTpuuHi piBHSAHHS BEJCHOI LEHTPOINU MaIOTh
BUTJISAN;

p=a+mr-—
(16)

X, = (r — p)cos@ +r;

Y, =—{r - p)sing,
Jie 3ajexHocTi p=p(a) 1 p=p(a) HaBeneHi y (9) i (16)
BIJINOBITHO.

IToGynoBa Bemydoi i BeieHOI NEHTPOIA I iX 30B-
HIITHBOTO KOHTAaKTy BifOyBaeThCS 3a THUM K€ aJTOPHT-
MOM, IIIO i JJIsI BHYTPIIIHBOTO KOHTaKTy. Ha meBHi Bif-
MIHHOCTI MM 3BE€pPHEMO yBary y MOTpiOHMX BHIaJKax.
[Touynemo i3 Begy4oi HEHTPOiqH, SIKa MOXe CKIagaTucs i3
OJIHOTO €JIEMEHTA Ha BIIMIiHY BiJl BHYTPIIIIHHOTO KOHTAK-
Ty UEHTPOiJ, A€ MiHIMaabHE YHCIO EJIEMEHTIB BHXITHOT
LEHTPOIN CTAHOBMIIO JIBa.

3a yMOBH NepeTHHY KPHUBOI IiJ MPSIMHUM KyTOM IIPH
a= -15 b=05 3a dopmyroro (13) s3HaXx0IUMO:
o=5,4897. Buxinny kpuBy O0yayemo 3a piBHsHHsIMH (1) i
(9) mpu 3miHi KyTa o= —7x...7, TOOTO 3a MpaBwiIoM a=7/N.
Jlns moOynoBU BeeHOI NMEHTPOIAW MOTPIOHO CIOYATKY
3HAHTH MiIXKIEHTPOBY BiacTaub I. Ii 3HAX0mMMO uMCENB-
HHUM po3B’si3aHHsAM piBHAHHS (16) pu a=x 1 p=0. Ilosic-
HIOETBCSI 1€ THM, LI0 TP HOBOPOTI pajiyc-BeKTOpa p

(17

(puc. 15) Ha KyT a=r paaiyc-BeKTOp p1 VI OJHOTO eJie-
MEHTa BEACHOI LIEHTPOINY TeX IIOBUHEH NOBEPHYTHUCS Ha
TakWi ke KyT B MPOTHIIC)KHY CTOPOHY, TOOTO BiJ IModYat-
KOBOTO TIOJIOKEHHS p=7 10 KiHIeBoro ¢p=0. B pesymprari
po3B’sa3aHHA oTpuMyeMo: =6,804. BuxinHa nieaTpoina ta
OKpeMi IOJOKEHHS BEIEeHOI LEHTPOInu 3a OTPHMaHUMHU
JIaHUMU MO0YI0BaHO Ha puc. 16.

-101 : : :
-10 -5 0 5 10

Puc. 16. 30BHIIIHE KOYEHHS IEHTPOIN, OTPUMaHUX
npu a=-1,5, b=0,5, p,=5,4897, r=6,804.

Fig. 16. External rolling centroid obtained at
a=-1,5, b=0,5, p,=5,4897, r=6,804.

[Ipu po3s’s3yBanHi piBHAHHA (16) BeMM4nHY KyTa @
B 3QJIC)KHOCTI BiJl YMCJIa SICMCHTIB M BEACHOT ICHTPOIAH
3HAXOJMMO HE TaK, SIK JUIsl LEHTPOIN 13 BHYTPIIIHIM KOH-
TAaKTOM. 3BaKalO4W Ha 3BOPOTHHI BIIIIK KyTa ¢, HOTO
BEMUYMHA BH3HAYa€ThCs 3a (opmynoro: @=x(m-1)/m.
st ogsoro enementa ¢=0, st 1BoX — ¢=n/2 i T.1.

[MoOynyeMo LIEHTPOIAM NpU CTAIOMY 3HA4YEHHI CTa-
noi a. Hexait a=0,1, b=2. 3a dpopmymnoro (12) mis w=90°
3HAXOAUMO: p,=26,774. LleHTpoinu 3a HaBEeICHUMH Ja-
HUMH T00Yy10BaHO Ha puc. 17.

Puc. 17. 30BHIIIHE KOYEHHS IEHTPOIA, OTPUMaHHUX
npu a=0,1, b=2, p,=26,774, r=65,72.

Fig. 17. External rolling centroid obtained at a=0,1,
b=2, p,=26,774, r=65,72.

Ha puc. 18 300paskeHo mapu HEeHTpoi[, y SIKMX KpUBi
MEPETHHAIOTHCS MiJ] KyTOM =120° BUXigHI LEHTPOiIH
KOHTPYCHTHI 1 BeJIeHI MalOTh Pi3HE YHCIIO EIIEMEHTIB.
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OV

a
Puc. 18. Ilapu ueHtpoin, y sSKuMX BUXiJHA KpUBa
CKJIaJa€ThCA 3 OOHOI'0 CJIEMCHTA, OTPUMAHOIO IIpU
a=0,1, b=2, p,=65,975:
Fig. 18. Pairs of centroids in which the original
curve consists of one element obtained at a=0,1, b=2,

po=65,975:
a)ym=1, r=141,9;
6) m=2, r=211,61;

Ha puc. 19 300pakeHO EHTPOIAH, y SIKUX KPUBI T1e-
peTHHAIOTBCS A KyToM w=90°. BuxigHi meHTpoimu
KOHTPYCHTHI 1 CKJIQJal0THCS 13 IBOX CJICMEHTIB, a BEICHI
MAaIOTh PI3HE YUCIIO CJICMEHTIB.

i

A
-

B

Puc. 19. 3oBHIIHE 3a4eriecHHS IEHTPOIA, Y SKHX
BI/IXiZ[Ha KpUBa CKJIAAA€TbCA 3 JABOX GHGMGHTiB, OoTpuMa-
nux npu a=0,7939, b=1,5, p,=2:

Fig. 19. External gearing of centroids, in which the
original curve consists of two elements obtained at
a=0,7939, b=1,5, p,=2:

a) m=1, r=6,5958;
B) m=3, r=9,864;

6) m=2, r=8,102;
r) m=4, r=11,689

AmHanoriyti 300pakeHHs1 11 N=3, TOOTO 30BHIIIHE
3a4eruIeHHs JUTS BUXIHOI IIEHTPOIAM i3 TPhOX €IEMEHTIB
HaBezeHo Ha puc. 20.

300pakeHHs 30BHINIHBOTO 3adeIuleHHs s N=12 i
BiZ’€MHOTO KyTa Y= —90° HaBeieHO Ha puc. 21.

Aﬁ

N _

B
Puc. 20. 30BHIIHE 3a4erieHAS ICHTPOIA, Y SKHX
BUXIJTHA KPHBA CKIAJAETHCA 13 TPHOX EIEMEHTIB, OTpUMa-
nux npu a= -0,2, b=2, p,=2,4238:
Fig. 20. External gearing of centroids, in which the
original curve consists of three elements obtained at a= —
0,2, b=2, p,=2,4238:

a) m=1, r=2,772; 6) m=2, r=3,4377;
B) m=3, r=4,1126; r) m=4, r=4,7901
a 6

Puc. 21. 30BHINHEE 3a4eIUicHHS IEHTPOIN, Y SKHX
BUXIiJTHA KPUBA CKJIAJA€THCS 13 12 eeMeHTIB, OTPUMaHUX
npu a=0,8988, b=3,5, p,=2:

Fig. 21. External gearing of centroids, in which the
original curve consists of 12 elements obtained at
a=0,8988, b=3,5, p,=2:

a) m=4, r=4,061;

6) m=12, r=6,07

BucHoBku

1. B craTTi po3po0ieHo anroput™M NOOYIOBH LIEHT-
POix HEKPYTIMX KOJIiC, SKi CKIaJafoThCs i3 IyT CUMETpH-
YHHX KPUBHX. BenmmuuHy KyTa B TOull iX 3’€AHaHHS MO-
JKHa 3agaBaTH. LIeHTpoinun MOKHAa KOHCTPYIOBAaTH SIK i3
BHYTPIIIHIM, TaK 1 30BHINIHIM 3aueruieHHsM. [ BHyT-
PIIIHBOTO 3a4eIUICHHST KUIBKICTh Iyr (€JIE€MEHTIB) BHYT-
pimHBO{ IEHTPOigu MOBMHHA OyTH HAa OJUHHIIO MEHIIA
BiJl KIJTBKOCTI €JIEMEHTIB 30BHIIIHBOT IIEHTPOIIH.

2. Jlns 30BHINIHBOTO 3aYCIUICHHS CIIIBBIIHOIICHHS
€JIEeMEHTIB JUIsi 000X IIEHTpoin Moxe OyTu 3amaHe Oe3
oOMexxeHb. 3MiHOIO (pOpMH KPHBOi MOKHA OTPUMYBATH
pi3HI MoegHAHHSA Map HeHTpoin. Ha KpuBy HakIagaroThCs
neBHi 0OMeeHHs: 1) BOHa MOBUHHA OyTH CUMETPUYHOIO;
2) 1i aHamiTHYHUI OIMC ITOBHHEH JIONYCKaTH 1HTETrpyBaH-
HSl OTPUMAHOTO B CTaTTi BUPa3y.
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MOJIEJIMPOBAHUME HEHTPOUJ] HEKPYTJIbIX KO-
JIEC C BHYTPEHHHMM U BHEIITHNUM KAYEHUEM
N3 AVT CUMMETPUYHBIX KPUBBIX
T. A. Kpecan, C. @. Ilununaxa, U. FO. I puwenxo,

A C. Kpemey

AHHOTanusl. B cTaTree paccMOTPEHO KOHCTPYHPO-
BaHUE HEKPYTIBIX KOJIEC, KOTOPBIE CIIy>KaT LEHTPOUIAMU
pH HMPOEKTUPOBAHNU 3y09aThIX 3aLEIUICHUH.
Lentponasl cOCTOAT W3 KOHIPYIHTHBIX AYT 3aJaHHOU
CUMMETPUYHON KpUBOM. UHCIIO 3TUX AYT, TO €CTh dJIeMe-
HTOB LIEHTPOMIBI, OMNpPEIENAETCS BUAOM 3alEMICHHS
(BHyTpeHHee WM BHelIHee). [Ipu Hapy»XHOM 3aleTyIeHUH
KOJINYECTBO 3JIEMEHTOB OOOMX LEHTPOHJ MOXET OBITh
IIPOU3BOJIbHBIM, HAUMHAS C OJHOrO 371eMeHTa. IIpu BHYT-
PEHHEM 3aLEeIUIEHMH KOJIMYECTBO JIEMEHTOB BHYTPEHHEH
LEHTPOUABI JOJDKHO OBITh HA €MHUILY MEHBIIIE KOJIHYec-
TBa JIEMEHTOB BHELIHEN LIEHTpouIbl. Eciu koimdecTBo
9JIEMEHTOB OJMHAKOBO, TO LIEHTPOHIbI COBNAIAIOT.

Kauenus nenrpous oiHa no Apyroi NpoOUCXOAUT
IPHU OTCYTCTBUM CKOJIbXKEHHUS. DTO BO3MOXKHO IIPH yCIIO-
BUM, YTO JUIMHBI JIyI' OTJAEJBHBIX OJJIEMEHTOB 000X
LHEHTPOM paBHBI Mexay coboil. KoncrpympoBanne
LEHTPOUJ OCYLIECTBISETCA B MOJSPHON CHCTEME KOOP-
nuHaT. O0e IEeHTPOU bl MOIYYarTCsl TOBOPOTOM €€ dJie-
MEHTa, TO €CTh AYI'M KpHUBOM, Ha 3aJaHHBIN Yrojl BOKPYT
noJiroca. BenuunHa yriia 3aBUCUT OT KOJIMYECTBA 3JIEMEH-
TOB LiEHTpouIbl. IIpu kadeHHM OJNHOM LEHTPOUABI IO
JIpyroil  TMOJIOC  MOJBMXKHOM  IIEHTPOUJBI  JOJIKEH
ONHKCHIBATh OKPYKHOCTb. B TakoMm cirydae xaueHHe Moa-
BIOKHOM ILIEHTPOUBI N0 HETOABHXKHON MOXHO 3aMEHHTh
BpallaTeJbHBIM JBWXKEHHEM O0EHMX IEHTPOH] BOKpPYT
HETOJIBIDKHBIX LEHTPOB (TosocoB). Touka KOHTaKTa
LEHTPOUJ BO BPEMs UX BpAIll€HHs] HAXOAUTCS Ha OTpe3Ke,
COEIUHSAIONIEM LEHTPBl BPALEHUs U KOTOPBIA Ha3bIBae-
TCS MEXIICHTPOBBIM PACCTOSIHHEM. JTa TOYKa JUII He-
KpYTJbIX KOJEC IPU UX BPAlEHUU OCYLIECTBISIET OIpe-
JIEJICHHOE NIEPEMELLIEHUE 110 YKa3aHHOMY OTpE3Ky, a JJIs
KpYTJIbIX OCTA€TCs HENOABUXKHOM.

JnuHa yru sneMeHTa OgHOM LEHTPOUABI ONpeeis-
€TCsl BEJIMYMHOW LIEHTPAJIbHOIO yIJIa, HAa KOTOPBIA OHa
onupaercs. OTO ke KacaeTcd M DJIEMEHTa BTOpOH
neHTpouasl. Ecu IauHBEI Oyr 271€MEHTOB LIEHTPOU PaB-
HBI, TO BEJIMYUHBI COOTBETCTBYIOIIUX YIJIOB HE PaBHBI U
HaxOZSTCS B OPeIeICHHON (DyHKIIMOHAJIBHOW 3aBUCHMO-
cti. HaxoxaeHnue 3Toil 3aBUCHUMOCTH CBOAMTCSI K MHTET-
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PHUPOBAHHUIO BBIPAKEHUSI, TTOJyYCHHOI'O HA OCHOBE PaBeH-
ctBa auddepeHanoB Iyr COOTBETCBYIONIUX AJIEMEHTOB
LEHTPOU. JTO BBHIPAKECHHUE MOXKET OBITH MPOMHTETPUPO-
BaHO HE JJISl BCEX KPHBBIX, U3 YT KOTOPBIX (hOpMHUPYETCs
MCXOJIHAST WM BeAylnas IeHTpounaa. Eciu BbIpaxkeHHe
MPOMHTETPUPOBATh HE YAACTCS, TO MOCTPOCHHUE BEIOMOM
LEHTPOUIBI HY)KHO OCYLIECTBIISTH YHCICHHBIMU METOZA-
MU. B cratbe paccMOTpeHO KpHBYIO Ha OCHOBE Tumnep0o-
JIMYECKOT0 KOCHHYCA, JUIsl KOTOPOH MOJTYy4YeHHOE BhIpake-
HHUe uHTerpupyercs. [IpuBeneHsl napaMeTpuueckue ypa-
BHEHHUSI KPUBBIX, C JIYI' KOTOPBIX COCTOMT KaK BeIyllas,
TaK U BeroMa HeHTpousl. [lokazaHo, 4TO ISt HEHTPOH]T
C 3aJaHHBIM COOTHOILICHUEM 3JIEMEHTOB MEXIICHTPOBOE
paccTosiHue ompeenseTcs oqHo3Ha4Ho. [locTpoeHo pu-
CYHKHU LIEHTPOHUJ C Pa3JIMYHBIM YHCIOM DJIEMEHTOB IS
BHYTPEHHET0 U BHEIIHETO 3allCTUICHHS.

KaroueBble cjioBa: IIEHTPOU/IBI, HEKPYTIIBIE KOJIECa,
BHYTPEHHEE M BHEIIHEE KaYCHUE, MEKIECHTPOBOE PACCTO-
SHUE, MMapaMCTPUYCCKUC YPABHCHUA KPUBBIX.

SIMULATION OF CENTROIDS OF NON-CIRCULAR
WHEELS WITH INTERNAL AND EXTERNAL
ROLLING FROM ARCS OF SYMMETRICAL
CURVES
T. A. Kresan, S. F. Pylypaka, I. Yu. Grischenko,

Ya. S. Kremets

Abstract. The article considers the design of non-
circular wheels, which serve as centroids in the design of
gears. Centroids consist of congruent arcs of a given
symmetric curve. The number of these arcs, that is the
elements of the centroid, is determined by the type of
gearing (internal or external). In external gearing, the
number of elements of both centroids can be arbitrary,
starting with one element. In the case of internal gearing,
the number of elements of the internal centroid must be
one less than the number of elements of the external
centroid. If the number of elements is the same, then the
centroids coincide.

Rolling centroids one by one occurs in the absence
of sliding. This is possible provided that the lengths of the
arcs of the individual elements of both centroids are equal
to each other. The construction of a centroid is carried out
in a polar coordinate system. Both centroids are formed
by rotating its element, that is the arc of the curve, at a
given angle around the pole. The magnitude of the angle
depends on the number of elements of the centroid. When
rolling one centroid on the other, the pole of the moving
centroid must describe the circle. In this case, the rolling
of a moving centroid on a stationary one can be replaced
by the rotational motion of both centroids around the
fixed centers (poles). The point of contact of the centroids
during their rotation is on the segment connecting the
centers of rotation and which is called the center-to-center
distance. This point for non-circular wheels when they
rotate makes a certain movement along the specified
segment, and for round wheels remains stationary.

The length of the arc of an element of one centroid is
determined by the magnitude of the central angle on
which it rests. The same applies to the element of the
second centroid. If the lengths of the arcs of the elements
of the centroid are equal, then the values of the
corresponding angles are not equal and are in a certain

functional dependence. Finding this dependence is
reduced to the integration of the expression obtained on
the basis of the equality of the differentials of the arcs of
the corresponding centroid elements. This expression may
not be integrated for all curves from which the arcs of the
original or leading centroid are formed. If the expression
cannot be integrated, then the construction of the driven
centroid must be carried out by numerical methods. The
article considers a curve based on the hyperbolic cosine,
for which the obtained expression is integrated. The
parametric equations of the curves of which the arcs of
both the leading and the driven centroids consist are
given. It is shown that for a centroid with a given ratio of
elements the intercenter distance is determined
unambiguously. Centroid drawings with different number
of elements for internal and external gearing are
constructed.

Key words: centroids, non-circular wheels, internal
and external rolling, center-to-center distance, parametric
equations of curves.
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AHoTanis. Po3rmsaHyTi  MUTaHHA ~ BHKOHAHHSA
TEXHOJIOTIYHOTO MPOLECY NPHUTOTYBAaHHI KOPMOBHX
KOMITOHEHTIB JI0 3TOMOBYBAaHHS JUIi BEIHMKOI poOraToi
xyno6u. ['oloBHUME (paKTOpaMH MOBHOIIHHOI TOJIBII €:
moBHHH  Halip He3aMIHHHX TIO)XMBHHX  PEUYOBHH,
CBO€YACHE, Ta y JOCTYIIHOMY BHIJISII 1 ONTHMAIbHO
Y3TrO/KCHE Y KITbKICHOMY BiTHOIIICHHI, HAJXOKCHH X B
opranismMu TBapuH. [lponec moOApPiIOHEHHS KOPMOBHUX
KOMIIOHCHTIB, B 3HAUYHIN Mipi, 3aJeKUTh Bil 1X (i3uko-
MeXaHIYHUX BIacTUBOCTEH. OJIHI€I0 3 YMOB IPUTOTYBAHHS

KOPMOBOi ~ cyMimii €  MiHIMaabHE  BHKOPHCTaHHS
JIONAaTKOBHX  MAIIMH, SIKi  BUKOHYIOTH  omepauii
monpiOHCHHS, 3MIIIyBaHHA Ta pPO3OaBaHHSA TOTOBOL

KOPMOBOi CYyMillli, ayKe I¢ NPUBOAUTH OO OUTBIINX
SHepreTHYHUX Ta TPyAoBuX 3arpat. Lli 3aTparu mos’s3aHi
13 I0IaTKOBUMH PO3BaHTAXKyBaJIbHO-HABAHTAXKYBAIbHIMHU
omepamisMi KOPMOBHX KOMITOHEHTIB. [Ipu mocmimkeHHi
NpoLeciB MOJPIOHEHHS KOPMOBHX MaTepiajiB, 3riIHO
TEXHOJIOTIT TIArOTOBKM KOPMIB [0 3TOJIOBYBaHHSI, 3
BHUKOPHUCTAHHAM MOOLTBHUX KOMOIHOBaHHUX
KOPMONIPUTOTYBaJIbHUX ~ arperartiB, 3a yMOBH IX
MOJIPIOHEHHS, 3aBaHTAXXEHHSI KOPMOBHMX KOMIIOHEHTIB
NPOBOAMJIM B Takiil MOCHIJOBHOCTI: B TEpUIy Yepry
3aBaHTAXYBAIU Ipy0i KOPMH, ITOTIM KOPEHEOYITHOOTIIO M,
3 METOI 30epiraHHs COKy, SKHi BHIUIZEThCA. OmHAK
JOCTITU TOKa3and, Imo Trpydi KOpMH, B Iporeci
MIOJPiOHEHHS, PAIIOIOTh K aMOPTH3ATOP, OM'SIKIITYI0UH
yAapHI HaBaHTa)XXEHHS Ha KOpeHeOynpOormioan 3 OOKy

HOXIB, TpoTupi3iB 1 criHOk OyHkepa. [lpwm
MEePIIOYEePTOBOMY 3aBaHTKEHHI KOPEHEOYIHOOIIIOIB
mporec  moApiOHeHHs ~OyB  OiNbIl  iIHTEHCHBHUM.

ExcniepuMeHTH i3 JTOBrOBOJIOKHHCTHMH MaTepiajlaMH Ta
KOPEHEIUIOJaMH TIOKa3ajii, II0 HAasSBHICTh HOJIPiOHEHMX
KopeHeOyIp0omIoNiB B OyHKepi, MpH 3aBaHTaKEHHI
rpyOuX KOpMIB, Ha TPUBAJIOCTI MOAPIOHCHHS OCTAHHIX HE
no3Havaetkcest. s inTeHcndikanii npouecy noapioHeHHs
JIOBrO-BOJIOKHUCTHX ~ MaTepiamiB  (conoma),  Oynu
MPOBEACHI JOCTiAN 3 IOAaBaHHSAM KOPMIB i3 OLIBIIONO
00’eMHOI0 Macor (cuiocy), sKi BHOCHIIHCS —MICIS
py#HHYBaHHS pyJioHy. Pe3ynbpraTu 1ociipKeHb JOBEIH, M0
JI0JIaBaHHS CHJIOCY JIO3BOJISIE TiABUIUTH IHTEHCHUBHICTS i
CTYIiHb TOAPIOHEHHS CcoMOMH, e BiAOyBaeThCS, 3a
PaxyHOK YIIIIbHEHHSI MacH B aKTUBHIH 30Hi pi3aHHs. Take
PpiIIeHHs T03BOJIsIE 3MEHIIUTH TEXHOJIOTTYHUI 9ac poOoTH
arperary i 30UTbIITUTH HOTO MPOXYKTHBHICTb.

Kiaw4oBi ciaoBa: monpiOHeHHs, CiHO, TOMIBIA
TBapHH, CEPEeIHIN PO3Mip YaCTOK, MIUTEHICTh, arperart.

IocranoBka npodaemu

Huni Ha depmax BPX, 3 po3BUHEHNM MOJIOYHUM Ta
M’SICHUM HarpsMOM TI'OCIIOJIapIOBaHHs, I 3a0e3eYeHHs
TOMIBJI TBapuH, K4 € OCHOBOIO IHTEHCHBHOI'O PO3BUTKY
TBapUHHUIITBA, BHUKOPUCTOBYIOThCA CTalioHapHi
KOPMOOO €KTH 13 MOOUIBHUMH PO3/1aBauaMH Ta MOOLUIBHI
KOMOiIHOBaHI KOPMOIPUTOTYBaNBHI arperati. ['onoBHIMH
(haxTopamMu TOBHOLIHHOI ToAiBMi € [1, 2, 3]: moBHMIT HAOIp
He3aMiHHHX ITO’KUBHHUX PEYOBUH, CBOE€JACHE 1 ONITUMAIBHO
Y3TO/KeHE, Y KUTbKICHOMY BiTHOIICHHI, HAJIXODKEHHS X
y OpTaHi3MH TBapHH.

Pe3ynpraTy HAyKOBHUX JIOCHIKEHb Ta 0araTopiaHOro
BUPOOHMYOTO JIOCBiAy CBigYaTh, MI0 3 MaKCHMAaJbHOO
TEXHOJIOTIYHOI e(EeKTUBHICTIO (32 BHXOJOM HPOIYKIIT
TBapUHHUIITBA) KOPMOBI PECYPCH JIMIIIE Y IEPEPOOIICHOMY
BUTJISII, B CKJIaai [OBHOPAI[IOHHHX 30alaHCOBAHHMX
CYMIILIOK, JIal0Th MaKcHMalbHy Bijmauy. Takum 4YHHOM,
HiBUILIEHHS! €(EKTUBHOCTI TBAapUHHHUIITBA HEMOKIIUBE
6e3 IpaBHIIbHOI IMArOTOBKH KOPMIB JI0 3rOIOBYBaHHS [4,
5]. Leit mpomec Moke BKIIOYATH pPi3HI TEXHOJOTIUHI
oreparii, cepex SKAX HAHBAXIUBIIIUMH 1 MPAKTHIHO
000B’I3KOBUMHU € MOJPiOHCHHS BUXiTHUX KOMITOHEHTIB i
MIPUTOTYBAHHS 3 HUX 30aTaHCOBaHUX CYMIMIOK [6, 7].

B IEAKAX THIIAX KOMOIHOBaHUX
KOPMOIIPUTOTYBaJIbHUX arperatiB KOPMOBI KOMITOHEHTH:
rpy0i KOpMH, 3eJIeHa Maca, CiHaX, CHJIOC Ta KOPEHETUIOAH
mepes; 3aBaHTA)KEHHSAM TIOTEPEeIHBO MOAPiOHIOITHE. B
TaKOMY BHIAJKy KOMOIHOBaHHWH KOPMOIPHUTOTYBAaJIbHHIA
arperar JIMIIIE 3MiIlye MiXk cOOOF0 MPUAHATI KOMITOHEHTH,
MaJIO BIUTMBAIOYH Ha iX CTPYKTYDY.

B xpoHosOriuHOMY IIIaHi PO3BHTKY KOHCTPYKIIH

KOMOIHOBaHUX KOPMOIPUTOTYBAJIbHUX arperaris,
CrouaTKy OiiblIa yBara HpPUAITSIIACH 3aCTOCYBAHHIO B
3MIlIyBaJIbHUX OyHKepax pobounx OpTaHiB,

TIPUCTOCOBAHUX JI0 POOOTH 3 MOTNEPEIHBO MOIPIOHEHUMHU
KOMIOHEHTaMu. [7]

TexHomOTisI 3 BUKOPUCTAHHSAM JOJAaTKOBHUX MAIIUH,
AKi BUKOHYIOTH OIEpalil0 TOAPIOHEHHS Mae OuTbIIi
EHEepreTHyHi Ta TpyaoBi 3aTparu. Li 3aTpaTu moB’s3aHi i3
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JONaTKOBUMH PO3BAaHTA)XXyBaJIbHO-HABAaHTa)KyBaJIbHUMHU
oreparissMi KOPMOBHX KOMITOHEHTIB [9].

Y 3B’A3Ky 3 BigMiUeHHM, MOTPiOHO WpPOBECTH
JNOCITIDKEHHS, AKi Moriam O JOBecTH e(QeKTHUBHICTH
BHKOPHCTAHHS MOOITFHOTO KOMOiIHOBaHOTO
KOPMOIIPUTOTYBAalbHOTO arperarty sl IPUTOTYBaHHS
KOPMOBHUX KOMIIOHEHTIB Ta pO3/[aBaHHs TOTOBOI KOPMOBOT
CyMillli TBApHHAM.

AHAaJi3 ocTaHHIX JOCTiIKEeHb

CydgacHi MoOOUTBHI KOMOIHOBaHI  KOPMOHIPHTO-
TyBaJlbHi arperaT BUKOHYIOTH psit onepartiit [9, 10]: 3a6ip
i3 cxoBumm] CTeONOBHX Ta COKOBHTHUX  KOPMIB;
3aBaHTKEHHS B NMPUHMaIbHAN OYHKEp arperaty rpyonx
KOPMiB (B TOMY YHCHi i ¥ BUIJIAII PYJIOHIB), 3€JICHUX UH
KOHCEpBOBaHMX  KOpMiB  (CiHaXy Ta  CHIIOCY),
KOPEHEIIOIB; KOMOIKOPMiB-KOHIICHTPATIB, 3
OJTHOYACHUM 3Ba)XKyBaHHIM 3aBaHTAXKECHOT MOPIIii KOXKHOTO
KOMIIOHCHTA; TOAPIOHEHHSIM CTCOJOBUX Ta COKOBHUTHX
KOpMiB;  3MIIIYyBaHHSM  KOPMOBHUX  KOMIIOHEHTIB;
TPAaHCIIOPTYBAHHSIM  KOPMOCYMIIIl 70  BHPOOHHYHUX
NPUMILIEHb; BHAady KOPMY B TpHHMalIbHUI OyHKEp
CTaIliOHApHOTO posnaBada abo BUKOHAHHS
Oe3mocepeTHBO1 po3adi KOpMY B TOMIBHHUII TBAPHHAM.

3Bakaroul Ha pPO3MAITTA TEXHIYHHX 3ac00iB LIS
TOJIBIII TBAapWH 1 Pi3HY KOMIUICKTALII0 IX POOOYNMH
OpraHaM¥ Ta BYy3JIaMH, a TaK0X MICTKiCTIO OyHKepa Bix 2
110 45 M3, Ho1aHa BUILE TEXHOJIOTIS 3aCTOCOBYEThCS TAKOMK
y BHI03MiHeHHX BapiaHTax [12, 13].

binpuricth  KOMOIHOBaHMX KOPMOIPHIOTYBAJIBHUX
arperartiB NpU3HA4YeHI [0 arperatyBaHHs 3 KOJIICHUMH
TPaKTOPaMH, aJie € BapiaHTH CaMOXiJHOrO BUKOHaHHs [8].

B mporeci KOpMONPUTOTYBaHHS SIKICTh IPOAYKTIB
MOJpiIOHEHHST BU3HAYAIOTh 33 NOKA3HUKaMH CEPEIHBOTO
PpO3Mipy KOPMOBHX YaCTOK Ta PIBHOMIPHOCTI (hpaKIiifHOTO
CKJIaIly; KPUTEPIEM SKOCTI 3MIIIyBaHHS € PiBHOMIipHICTBH
PO3MOALTY KOPMOBHX KOMIIOHEHTIB MiXK COOOIO y CKIIai
KOpMOBOi cymimri. OcTaHHIA TTOKa3HUK Ma€ BaKIHBE
3HAYEHHS B pa3i MPUTOTYBAaHHS KOPMOBUX CYMIIIIOK HE JUIs
OKPEMUX TBAPHH, a JJIS [IJIMX TEXHONOTYHuX TpyI. [14]

3a crocoooMm 3aBaHTaKEHHS, KOMOiHOBaHI
KOPMOIIPUTOTYBaJIbHI arperatd MOXXYTh MpAIfOBaTH B
MOEJHAHHI 3 CAMOCTIHHMMH  3aBaHTa)KyBaJIbHUMHU
3aco0aMy, IO HAaBIIIYIOTbCS Ha KOJICHI TpPakKTOpH,
CKpeOKOBMMHM TpaHCIIOpTepaMu a00 3aBaHTaKyBaTHCh
BIIACHUMHU TipucTposiMu (ppe3dapadan). OcTaHHIi BapiaHT
Ma€e TepeBary, OCKUIBKM He TMoTpedye JI0JaTKOBHX
SHepreTHYHHUX 3aco0iB Ta poboyoro mepconany [2, 7, 9,
10, 11, 12].

Ha BimMiHy Bij iHIIUX KOPMOBHX KOMIIOHCHTIB,
KOHIIGHTPAaTH IOJAl0Th B OyHKep KOMOIHOBaHHX
KOPMOTIPUTOTYBJIBHUX arperaTiB  MOApPiIOHEHUMH, y
BHUIJISINI  3a3[aJieTilb  NPUTOTOBJICHUX IMOBHOIIIHHUX
PO3CUITHUX CYMIIIIOK, 3 BBEIGHUMHU JIO 1X CKJIay OiTKOBHUX,
MiHEepaTbHUX J00ABOK Ta MPEMIKCiB.

Kombinosani KOPMOTIPUTOTYBaJIbHI arperaTtu
OCHAIIYIOThCS IPUCTPOSIMU BaroBoro ao3yBaHHs [12, 14],
NPUIHATHX KOMIOHEHTIB Ta CUCTEMaMH IIPOIPaMOBaHOTO
YIPaBIiHHS NPOLECOM 3MIIyBaHHS Ta BHAA4l KOPMOBOI
cyMili, 3a 331aHOI0 IPOTPaMOIo0, JUIS Pi3HUX BIKOBUX IPyII
TBapMH Ta iX BHPOOHMYMX HANpPsAMIB. 3acCTOCYBaHHS

CJICKTPOHHHUX Bar TrapaHTye TOYHHUH pPE3yIbTaT BMICTY
KOPMOBHX €JIEMEHTIB B CyMIlIi HaBiTh MPH JTOJATKOBIH
mo1a4i MiHepaJIbHUX KOPMOBHX TOOABOK.

KombinoBani KOPMOTIPUT OTYBaJIBHI arperaTu
TOPU30HTAIBHOTO THITy MalOTh OOMEXEHE 3aCTOCYBaHH,
TOMy IIO: PYWHYIOTH 1 pO3MaBIIOIOTH KOpM (TOOTO
BiZIOyBa€TbCSl MEPEMIllyBaHHS 3 MPECYBaHHSIM); MaloTh
BHCOKY €HEPrOEMHICTB; Mepioj 3MillyBaHHS ckiangae 20
XB. 1 OlyIbIIIe; HEJOCTATHHO MIEPEMILIYIOTh BOJIOTHI CiHAX.
Camo3aBaHTaXyBaJIbHI TOPU3OHTAIbHI KOPMOpO3JaBayi
TaKOX CKJIaJHI B 00CIyrOByBaHHI Ta €KCIUTyaTarlil.

Crioci6 BepTUKAILHOTO 3MIITYBaHHS Ha ChOTOMIHI €
HaOLIBII JOCKOHAINH, SIKIIO MAaTH Ha yBa3i BCl BUCYHYTI
no weoro Bumoru [12, 15]. BeprukansHi kKoMOiHOBaHi
KOPMOIIPUTOTYBaIbHI arperatd IO3BOJIAIOTH OAEPKAaTH
OUTBII TOMOTEHHY KOPMOBY Macy. BOHM CXWIbHI 10
HE3HAYHOTO 3HOIIYBaHHS pOOOYMX OpradiB, a 3aTpaTd
eHeprii Ha YpPyXOMIICHHS pPOOOYMX OpraHiB MOPIBHIHO
MEHIII.

B arperarax movanu 3acTOCOBYBaTH HOXOBI poOoui
OpraHu, SKi JO3BOJSIOTh MOAPIOHIOBATH KOPMH IO
HEOOXIZHOTO pPO3Mipy Mix dac 3MimryBaHHs. Hwumu
OCHAIIYIOThCS TOPH3OHTAJIbHI Ta BEPTHUKAIbHI IITHEKH,
nomnati. Hoxi 3akpimmroroThest Ha iepudepii BUTKIB, a cami
BUTKHM BCTaHOBIIOIOTH B TaKOMY IOPSAAKY, 0O BOHU B
MpoIIeci 3MINTyBaHHS, YTBOPIOBAIX IBa 1 OLIbIIE KOHTYPH
OUPKYIANii KopMOBoro Matepiamy. Hoki MaroTe pi3Hi
reoMeTpuyHi GOPMHU: y BUTTISI KOJIa, KBapaTa, CErMEHTa,
NPSAMOKYTHHUKA, E€KCIEHTPHUYHOTO KOJIA, IIO€JIHAHHA
BUITYKJIUX JIyT Ta 1HIII.

KinbKicTh TOPU3OHTAJIBHUX HOXXOBUX UIHEKIB 3
pI3HOHAINIpaBJIEHNMH BUTKaMu OyBa€ B OJHOrO [0
YOTHPHOX, a TypOOIIHEKIB - BiJl OHOTO 10 TphOX. byHKepn
BEPTHKAJIBHOTO THIy MAalOTh KOHYCHY Qopmy (Tpu
HAsIBHOCTI OJHOTO TypOOIIHEKa) 1 BHIOBXKEHY, KOJHU
TypOoIIHeKiB aBa 4 Tpu. HaBemeHa pi3HOMAaHITHICTH
KOHCTPYKIIMHUX pillleHb, NOB’s3aHa i3 IIONIYKaMH
MiHIMaJILHUX 3aTpaT €Heprii Ha mporec MmoApiOHeHHS Ta
MiABUIECHHSIM CTIHKOCTI 10 3HOIITYBAaHHS i JIOBTOBIYHOCTI
pobounx opraniB. XapakTE€pHOIO Ul IbOTO THITY MallWH
€ MOXIMBICTH BHKOPHUCTAHHA iX B KOpPIBHHKax Ta
TENSITHUKAX 3 OOMEKEHMMH [0 INHPHHI KOPMOBUMH
npoizmamu [1, 2,7, 9, 11, 15].

Bunaua [IPUTOTOBIEHOL KOPMOBO1 cymimri
3MIACHIOETHCS HA OJHY, YHM JBI CTOPOHHM OJHOYACHO, 33
JIOTIOMOTOI0  JIAaHIIIOTOBO-CKPEOKOBHMX, CTPIYKOBUX Ta
CTPIUYKOBO-TUTAHYATHX TPAHCIIOPTEPIB.

ITopsin 3 BUKOPHUCTAHHSIM CBITOBOTO JOCBiTy, IS
MOJIaJIbIIIOT0 BAOCKOHAJIEHHS KOHCTPYKTHBHHUX pillIEHB,
MiJJIATal0Th BUBYCHHIO 1 BIANPAIFOBAHHIO TaKi BY3JIOBI
TTUTAHHS:

- BWSIBUTH HaiOUIbIy e()EeKTHBHICTD MOJPiIOHEHHS
KOPMOBUX KOMIIOHEHTIB y OyHKepi MOOiTBHOTO
KOMOIHOBaHOTO KOPMOITPUTOTYBAJIBHOTO arperary;,

- BuUOIip iHTEepBaJiB KYyTiB HaXWJIy CTiHOK OyHKepa
Ha BCHOMY MPOMDKKY HOoro po0ouoi TOBXHHH, TIPH SIKHX
3a0e3neuyeTbcss CXO/DKEHHS KOPMOBHUX Mac /10 HOXIB
ITHEKOBOTO 3MilllyBaya;

- OOIpYHTYBaHHS pAaIliOHANBHOI  KOMIUICKTAI{
IIHEKiB ~ poOOYMMH  OpraHamMd  Ta  BH3HAUYCHHS
TreOMETPUYHUX 1 KIHEMaTHMYHUX IIapaMeTpiB MIHEKa:
JIOBXKMHH HOXIB Ha BCIX PIBHAX BHCOTH ILIHEKA, PO3MipH
614HOT TOBEpPXHi BHYTPIIIHHOT O KOHYCA, TOE€AHAHHS HOXKIB
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3 OPSIMUMH Ta KOCOHAIIPABJICHUMH JIE3aMH, KyTH HAXUITY
IUTOIIMH HOXIB, IPHU SKHUX 3a0e3MeuyeThCs IUPKYIAIiiiHe
TepeMilIeHHs KOPMOBUX IOTOKIB.

Merta gociaigkeHnb

Mertoro  poboru  Oyio: BHABUTH  HaWOUIbIIY
e(eKTUBHICTh MOJPIOHEHHS KOPMOBHMX KOMIIOHEHTIB Y
OyHkepi MOO1UIBHOTO KOMOIHOBaHOTO
KOPMOIIPUTOTYBaJIbHOTO ~ arperaty  IUIIXOM  3MIHHU
TIOCITIZIOBHOCTI 1X 3aBaHTa)KEHHSI.

ITixg gac gocmimkeHHs BUKOPUCTOBYBABCS MOOLTEHUH
KOMOiIHOBaHHHN KOPMOTIPUTOTYBAIbHUH arperar,
BupobHunTBa TJIB «Bpannasy», 3 06°eMoM OyHKkepa 9 M3,
SIKHA  YPYXOMITIOBAaBCS BiI Baily BigOOpy MOTYXHOCTI
tpakTopa MT3-80 Ta rpetidepHuit HaBaHTaxKyBad, Ha 0a3i
tpaktopa MT3-80 [3, 8]. O6’em OyHkepa mae 3Mory
NPUTOTYBAaTH pa3oBy mnopuito kopmy it 200 romi
NIMHOTO cTana.

J1s1 BU3HAauUeHHs yacy, KUK IIPUIafa€ Ha BUKOHAHHS
TEXHOJIOTIYHUX oreparii, BUKOPHUCTOBYBAJIH
OaraTokaHaJbHUI ENEKTPOHHMI Taiimep. JlocmimkeHHs
NPOBOAWINCH TP TEMIIEPaTypi  HaBKOJIHIIHBOTO
cepenosuma Big + 7 °C mo + 17 °C.

Pe3yabTaTn nociaigxeHb

[Tpu mocmimKeHHI MPOECIB MOAPIOHCHHS KOPMOBHX
MarepiaiiB, 3TiJHO TEXHOJOTIi MiJrOTOBKH KOPMIB [0
3r0JI0OBYBaHHs, 3 BUKOPHUCTaHHAM MOOUIBHUX
KOMOIHOBaHMX KOPMOIPHIOTYBAJIbHUX arperartie, 3a
YMOBH 1X TOApIOHEHHS, 3aBaHTAXEHHS KOPMOBHUX
KOMITOHEHTIB IMPOBOJIMJIM B TaKii MOCIIIOBHOCTI: B EpLLY
4epry  3aBaHTaXXyBaJd rpy0i KOpMHU, MOTIM
KOpeHeOyIb00IUIoNN, 3 METOI 30epiraHHs COKY, SKHMA
BUIISETHCS.

I[Iprn monmpiOHeHHI KOpeHeOympOomIonis (puc. 1)
BAMIpIOBaJIM iX JiHIWHI po3Mipu (miaMeTp 1 BHCOTY)

300 M, yum

(mocrmiib, He MeHIIe 25 IIT.) i MOPIBHIOBAIHM 3 PO3MipOM
YaCTHHOK KiHI[EBOTO MPOIYKTY.

Fig. 1. Preparation of root crops in MCFPU.

IIpu mpoBeAcHHI OOCHIAIB 3 MOAPIOHEHHS ILTHAX
KOpeHeOyNbOOIIIOAIB,  YacTKH  BUMIpIOBaIMCS 32
HaWOUTBIIUMHY JIIHITHUMH pO3MipaMH: JOBKHHOK d Ta
niamMeTpoM (IIMPHHOK) 6, BHUMIPSHUMH B OJHIN 3
NepreHAUKYsipHuX  ommH.  CepenmHii  po3mip
KOpEHEIUIONY Ta NOAPIOHEHMX YacTOK BH3HAYaBCAd 32

(bopmyoro:
x=+a’®+¢&? (€D)]

OpHak Jociigy Ioka3aind, o Tpybi KopmH, B
mporeci MoApiOHCHHs, MPAIOITh SK aMOPTHU3aToOp,
TIOM'SIKITYFOUH ynapHi HaBaHTAXKCHHS Ha
KOopeHeOynb0omIoan 3 OOKY HOXKIB, MPOTHPI3IB 1 CTIHOK
Oynkepa. Ilpm  mnepumioyeproBoMy  3aBaHTaXKCHHI
KOpeHeOyIL00IUIoNiB TIpolriec MOoApiOHeHHs OyB OLIBII
IHTCHCHMBHUM. XapaKTep 3MEHIICHHS CePeIHbO3BAKECHUX
pO3MIpiB YaCTOK KOPEHeOYIBOOIUIONIB, Bl TPHBAJIOCTI
o/IpiOHEeHHs, HaBeIeHO Ha (puc. 2).

M = 0,064t3 - 2,2413t2 + 7,2808t + 273,21
R?>=0,9997

250

200

150

100

50

O T T T T T T T T T

o 1 2 3 4 5 6 7 8 9

10 11 12

13 14 15 16 17

18 t, xs.

Puc. 2. I'padik 3MiHH CEPEIHHOrO PO3MIPY YaCTOK KOPEHEIUIOMIB BiJl TPHBAIOCTI OAPIOHEHHS
Fig. 2. Graph of the change in the average particle size of the roots from the duration of grinding
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Otrpumany KpuBY (pHC. 2) MOKHa armpOKCHMYBATH
¢ yHKII€I0 TIOTiHOMA 3 TTOPAAKY,
M =0,064 t2—-2,2413 12 +7,2808 t + 273,21  (2)
3 goctopipHicTio R? = 0,9997, npu HbOMY i1HTEHCHBHICTb /
Iporecy cKiIaze:

1=22=0,192t — 44826, 3)

TpuBamicts e(pEKTHBHOTO TMpoOIlecy NOAPiIOHEHHS,
TOOTO dac, MIiCisA SKOTO TMOJaiblle TMOApPiIOHEHHS
NIPaKTHYHO HE BiIOyBa€Thcs, CTAHOBUTH ¢ = 23,35 xg, a

450
400
350 -+
300 -+
250 -+
200 -
150 -
100 -
50 -

cepenHiii po3Mip 4acTOK (38  JOBXKHMHOIO)  ITiCIIA
monpibaerns M = 36,00 mu.

ExcrniepuMeHTH i3 JOBrOBOJIOKHUCTHMH MaTepiaramMu

Ta  KOPEHEINIOAAMHM,  IIOKa3ajid, IO  HAsABHICTh
monpiOHEeHNX KOopeHeOymsOoIoNiB B OyHKepi, IpH
3aBaHT@XXEHHI  IpyOMX  KOpMiB, Ha  TPHUBAIOCTI

MOJIPiOHCHHST OCTAHHIX HE MO3HAYAETHCA. |HTCHCHBHIIIIE,
IIporecH NoApiOHEHHsI MPOTIKAIOTh IPH POOOTI HA CYyXOMY
JIIOI[CPHOBOMY CiHi (BOJIOTICTh CiHA MiJI 4aC EKCIICPUMEHTY
3Haxojaunack B Mexax 11,2 - 16,8 %) (puc. 3).

Mc = 3,6131t? - 77,538t+ 462,67
R2=10,9962

0 T T T T
0 1 2 3 4

5 6 7 8 9 L. x6.

Puc. 3. I'padix 3MiHKA po3Mipy YacTOK CiHA BiJ TPUBAJIOCTI MOAPIOHEHHS: A - IPOMIDKOK PYHHYBaHHS ILTiICHOCTI

pYyJIOHY 3HaxXoauThCs B Mexax 2,0 — 2,3 xB.

Fig. 3. The schedule of change of the size of particles of hay from duration of crushing: And - the interval of

destruction of integrity of a roll is within 2,0 - 2,3 min.

AmpokcumyeMo oTpuMaHy KpuBy (puc.3) Ta
OTPUMAEMO BUpa3 y BUTJISI TTOJITHOMA JPYrOTO MOPSIIKY:

Mc =3,6131t2- 77,538t + 462,67, (@)

npu npoctoBipHocTi R? = 0,9962, mpum wnpomy
IHTEHCUBHICTB / TIPOIIeCy CKIIaje:

1=2=723¢t —77,538. (5)

dt

3rifiHO OTpPUMaHUX PIBHSAHD Yac 3aKIHUCHHS IPOLecy
moIpiOHEHHS TPyOUX KOPMIB 3HaXOIUThCs Ha piBHI 10,72
XB., IPY [IbOMY BEJIMYMHA YACTOK 32 JIOBKHHOIO CTAHOBHUTH
Mc = 46,68 mm.

[[IBunke moapiOHEHHS MOXKHA TOSCHUTH THUM, IO
CyXe CIHO € KPUXKHM MaTepiajoM 1 TOMy 3aMiCTh pi3aHHS
nepeBaXkae IpOLEC MepellaMyBaHHS Ta I[ePEeTHPaHHS
(posmerutenns). [logpiOHeHe CiHO B TakOMy CTaHi
HEOOXiHO 3MilIyBaTH 3 BOJOTMMH CHJIOCOBAaHHMH
KOpMaMH, KOpPEHEIUIOJaMy, a TI0TIM pO3/laBaTH TBapHUHAaM.
Lle mae MOXIMBICTh YaCTKOBO IIPUTYIHTH TOCTPI KDOMKH
cTebed, SIKUX € 3aHaATO 0araTto y KOpMOBIH cymini.

I'padix 3MiHM cepesHbOi AOBXKHWHHM YAaCTHHOK IIpU
NO/IpiOHEHH] SUMIHHOI Ta IIIEHUYHOI COJIOMHU Yy HaKax 3
TUTHHOM 4acy TpejcTaBieHuii Ha (puc. 4).

Anpokcumyemo kpuBy Ha (puc. 4), orpumaemo
(G yHKIIO ToJIiHOMA 2 TIOPSIIIKY:

Mnc = 2,2786 t* - 60,57 t + 459,52, (6)

npu pocrosiprocti R? = 0,9989.
[HTEHCHBHICTH TIPOIIECY

1=21 = 45572 ¢ — 60,57. @

[MpupiBHSABIIM MOXiMHY JO HYJIS, OTPUMAEMO
TPUBAIIICTh MOAPIOHEHHs sfuMiHHOT cosomu t = 13,29 xB.
Ta mijgcraBuBmIM { y Bupa3 (6), OIepKHUMO OYIKYBaHy
JOBXHUHY MPpoAaykTy Mmc= 57,0 Mmm.

SIk BuUAHO 3 BUIIEONHMCAHOTO, I1HTCHCHBHICTDH
TIO/IpiIOHEHHS COJIOMHM I0CUTh HU3bKa. Lle moB's3aH0 3 THM,
o0 sYMiHHA COJOMa Ma€ HHU3bKY IMUIBHICTB, 1
TpaBiTAIlIfHUX Ta IHEPIIMHUX CHJI HEJOCTaTHRO, MIO0
MOJIaTH Macy B 30HY aKTHBHOTO pi3aHHS, TOMY IlepeBaXkae
e(heKT pO3pUXJICHHS.

Hna  i#reHcudikamii  mpomecy — moapiOHEHHS
JIOBrOBOJIOKHHCTHX MarepiamiB (comoMa, ciHO), Oynu
MPOBENIeH] JOCTIAM 3 NOJaBaHHAM KOPMIB i3 OiIbIIIOIO
00’eMHOI0 Macoto (CHIIOCY i KOMY), SIKi BHOCHIJIMCS TTiCIISI
pyiiHyBaHHS pyJioHy. Tak, B OIHOMY 3 jgociimiB, Ha 1
PYJIOH coiomu Macoro 255,5 kr Oyio 3aBaHTaxeHO 848 kr
cHIIoCy.

BuznaueHo, 1m0 JOBKMHa  TOJAPIOHEHHS 10
CepeHpOro po3Mipy yactok Mcc = 43,26 MM 3rigHO 710
300TEXHIYHUX BUMOT, IPOXOJIUTH 3a Yac MepepoOKH, KU
noBHHEeH OyTH He MeHie 9,34 xB. (puc. 5).

OTpHrMaHy KpUBY alipOKCHMY€EMO BHPa30M:

Mcc = 6,0931t? - 113,8t + 574,66, (8)
3 moctoBipHicTIO R* = 0,9727.
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450 Mnc, mm

400 A
350 - l

300 -
250 -
200 -
150 -
100 -

50 -

Mg = 2,2786t? - 60,57t + 459,52
R2=10,9989

t xs.

5 6 7 8 9 10

Puc. 4. I'padix 3MiHN PO3Mipy YaCTOK SIMMIHHOI COJIOMH BiJl TPHBAJIOCTI MTOAPIOHEHHS: A - TOUKa pyHHYBaHHS

LIUTICHOCTI IMaKa.

Fig. 4. Graph of change in the size of barley straw particles from the duration of grinding: A - the point of

destruction of the integrity of the pack.

700 1 Mcc, mm
600 - Mc = 2,8555t2 - 64,902t + 461,7
R2=10,9981
500 -
A B == (e3 cuiocy
400 -\-\l l 3 CHIIOCOM
300 -+ =g Mcc = 6,0931t2 - 113,8t + 574,66
R2=10,9727
200 -
100 -
O T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 t, xs

Puc. 5. 3miHa po3MipiB 4aCTOK COJIOMH B 3aJI€)KHOCTI BiJl TPHBAJIOCTI MOIPiOHEHHS 11 B CyMilll 3 CHIIOCOM: A - TOUYKa

IIOBHOTO PyMHYBaHHS PYJIOHY; B - TOuka [oJlaBaHHS CHIIOCY.

Fig. 5. Changing the particle size of straw depending on the duration of grinding it in a mixture with silage: A - the
point of complete destruction of the roll; B - the point of addition of silage.

Bu3HauMBIIY IHTEHCUBHICTH POLIECY:
M

I==121862t — 1138. 9)
OTpumaeMo 4ac 3aKiHYCHHS IPOIECY MOAPIOHEHHS
t=9,34 xB., a TOBXUHY 4acTOK X = 43,26 mMm.
PesynbraTi JOCHiKEHb JOBENH, IO JOAABAHHS
CHJIOCY JI03BOJISIE MIJBUIIMTH IHTEHCHBHICTH 1 CTYIiHB
MOJPIOHEHHST COJIOMM, 1€ BIIOYBAa€ThCA 3a PaXyHOK
YIIUTEHEHHS Macu B aKTUBHIN 30Hi pizaHHA. Take pilieHHs
JI03BOJIsIE 3MEHIIINTH TEXHOJIOTTYHUI Yac poOOTH arperaty

1 301TBIINTH HOTO MIPOAYKTHBHICTB.

BucHoBkH

1. Ilpu mozxpiOHEHHI KOPMOBHX MarepialliB, 3 METOO
30epiraHHs COKY, KW BUAUISETHCS 13 KOPEHEIUIOMIB, B
Mepiry 4Yepry 3aBaHTaXyBalu TIpy0di KOpMH, TOTIM
KopeHeOynpoomoan,. OIHAK JOCHIIM TOKa3ald, M0
rpy0oi KOpMH, B Mpolieci MOAPIOHEHHS, MPAIOIOTh K
aMOPTH3aTOp, MOM'SKIIYIOYHM YAAapHI HaBaHTAKEHHS Ha
KOpeHeOynp00IuIoan 3 00Ky HOXIB, MPOTHPI3iB i CTIHOK
OyHKepa. [Ipu MePIIOYEePTOBOMY  3aBaHTAKEHHI
KOpeHeOyIb00TIoNiB Mpoliec MoApiOHeHHs OyB Oiibin
IHTEHCUBHHM.
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2. TlopiBusiHHS TmpolleCy THOAPIOHEHHS CyXOro
JIIOLIEPHOBOTO CiHAa Ta SYMIHHOI COJIOMH ITOKa3aiu, IO
IHTCHCUBHIIIE TIPOIleCH MONAPIOHEHHS MPOTIKAIOTH MpPH
poOoTi i3 ciHOM, AK€ € KPHXKHM MaTepiaJioM i ToMy
3aMICTh pi3aHHS IIepeBa)Kae€ MPOIEC IEepeTaMyBaHHA Ta
TepeTHPaAHHS (po3mernieHHs). [HTeHCHBHICT
MOJIPiIOHEHHS COJIOMHM JIOCUTh HU3bKa. Lle moB'si3aHo 3 THM,
o SYMIHHa COJOMa Ma€ HH3bKY MIUIBHICTB, 1
rpaBiTAllifHUX Ta IHEPUIHHMX CHJI HEJOCTAaTHHO, MI00
MOJIaTH Macy B 30HY aKTUBHOT'O Pi3aHHS.

3. JlonmaBaHHS CHJIOCY JO3BOJISE  IiIBHIIUTH
IHTEHCHBHICTh 1 CTyHiHb NOAPIOHEHHS COJIOMH, 32
PaxXyHOK YIIUTFHEHHS MacH B aKTHBHIN 30Hi pi3aHHs. Lle
JI03BOJISIE€ 3MEHIITNTH TEXHOJIOTIYHUN Yac poOOTH arperary
1 30UTBIINTH HOTO TIPOAYKTHBHICTB.
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NCCJIEAOBAHUNWE MOBUJIBHOI'O
KOMBUMHHWPOBAHHOI'O
KOPMOITPUT'OTOBUTEJIBHOI'O ATPET'ATA
B. C. Xmenesckuii

AnHoOTanusl. PaccMOTpeHBI BOMPOCH! BBHITIOTHECHUS
TEXHOJIOTHIECKOTO TPOoIlecca MPUTOTOBICHUSI KOPMOBBIX
KOMIIOHCHTOB K CKapMJIMBAHHUIO KPYITHOMY pPOTaTOMY
cKoTy. [ maBHBIMU (DaKTOpaMH TIOJTHOIIEHHOTO KOPMJICHHS
SIBIISIFOTCS: TIOJHBIA HA0Op HE3aMEHMMBIX IMUTATEbHBIX
BEIIIECTB, CBOEBPEMEHHOE, M B JOCTYIHOM BHJIE U
OITHMAJIBLHO COIJIacOBaHO B KOJINYECTBEHHOM
OTHONIIEHWH, TOCTYIUIEHUH UX B OPTaHU3Mbl KHUBOTHBIX.
IIpomecc wu3MeNbUeHUS] KOPMOBBIX KOMIIOHEHTOB, B
3HAYUTEIBHOW CTEMeHW, 3aBHUCHT OT WX (HU3UKO-
MEXaHUYECKHUX CBOMCTB. Onanm 3 yCIIOBUH
MIPUTOTOBIICHHUS KOPMOBOM CMECH, SIBJISIETCS
MHMHHUMAJIbHOE HMCIOJIb30BAHUE JTOMOJHUTEILHBIX MAaIIliH,
KOTOpBIE BBIIOJIHSIOT orepanuu M3MEJIbYEHUS,
CMEIIMBAHUS W Pa3/layd TOTOBOH KOPMOBOW CMECH, BEIb
9TO MPUBOJUT K OOJBIIUM YHEPTETHUECKUM U TPYIOBBIM
3aTpaTam. OTH 3aTpaThl CBS3aHBI C JOMOJHUTEIbHBIMHU
Pasrpy304HO-TIOTPY309YHBIMU  OTMEPAIUIMU  KOPMOBBIX
KOMIIOHEHTOB. ITpu HCCIIEIOBAHUH MPOLIECCOB
U3MENBYCHHUsI ~ KOPMOBBIX ~ MaTepuajoB,  COTJIACHO
TEXHOJIOTUH TOJTOTOBKH KOPMOB K CKapMIIBAaHHIO, C
HCIIOJIB30BAaHUEM MOOWIIBHBIX KOMOWHUPOBaHHBIX
KOPMOIIPUTOTOBUTEIIBHBIX arperaToB, HOpU YCIOBUH HX
U3MENbYeHMsI, 3arpy3Ky  KOPMOBBIX  KOMIIOHEHTOB
MPOBOJWJIM B TaKOH IOCJIEOBATEILHOCTU: B IEPBYIO
ouepeab 3arpyxaiu rpyObIe KopMma, 3aTeM
KOPHEKITYOHETITO IbI, C TIEJIbI0 COXPAaHEHHSI COKa, KOTOPBIH
BeiensieTcsl. OJHAKO OIBITHI MOKa3ald, 4YTO TpyOble
KOpMa, B Tporecce U3MeNbueHus, paboTaroT Kak
aMOpTH3aToOp,  CMsTyYasi  yJapHble  HAarpy3kKd  Ha
KOPHEKITYOHETTOIbI CO CTOPOHBI HOXEH, MPOTHBOPE30B U
creHOoK OyHkepa. IIpum mepBoouepenHoO  3arpyske
KOPHEKIYOHEIUIONOB IPOIECC U3MENbYCHUsT ObLI Oojee
MHTEHCUBHBIM. DKCIEPUMEHTHI C JJIMHHOBOJOKHUCTBHIMU
MaTepuallaMi ¥ KOPHEKIYOHCIUIOJaMH TOKa3alH, YTO
HAJIMYHE U3MEIBYCHHBIX KOPHEKIYOHEIUION0B B OyHKEpE,
IpH 3arpy3ke IpyObIX KOPMOB, Ha MPOJOJIKHTEIBHOCTH

M3MeNbUeHHsl  MOCIeOHMX  He  ckasbiBaercs.  Jlis
HHTEeHCH(UKALNT npoiecca H3MEIbUCHHUS
JONTOBOJIOKHUCTBIX ~ MaTepuajoB  (comoma),  ObLIH

MIPOBEICHBI OIBITHI C TOOABICHHEM KOPMOB C OOJBIINM
00BEMHBIM BeCOM (CHJIOCA), KOTOPBIE BHOCHIINCH TIOCIE
paszpyuieHust  pyJioHa.  Pe3ynbraThl  HCCIEeI0BaHUM
MOKa3alH, YTo JI0OaBICHUE CHIIOCA TI03BOJISIET TIOBBICHTH
WHTEHCHBHOCTh M CTENCHb HM3MEJIBbYCHUSI COJIOMBI, 3TO
MIPOMCXOJIUT 3a CYET YIUIOTHEHUSI MACChl B aKTHBHOW 30HE
pe3annsi. Takoe pemieHne MO3BOJSIET  YMEHBIIUTH
TEXHOJIOTHYECKOe BpeMsi paboThl arperata M yBEJIHYHTh
€ro MPOMU3BOUTEIBHOCTD.

KiroueBble c10Ba: U3MeNbYCHHE, CCHO, KOPMIICHHE
JKIBOTHBIX, CPEAHUHN pa3Mep YacTHIL, TNIOTHOCTH, arperar.

RESEARCH OF MOBILE COMBINED FEED
PREPARATION UNIT
V. S. Khmelovskyi

Abstract. The issues of implementation of the
technological process of preparation of feed components
for feeding for cattle are considered. The main factors of
complete feeding are: a complete set of essential nutrients,
timely and affordable and optimally coordinated in
quantitative terms of their entry into the bodies of animals.
The process of grinding feed components, to a large extent,
depends on their physical and mechanical properties. One
of the conditions for preparing the feed mixture is the
minimum use of additional machines that perform the
operations of grinding, mixing and distribution of the
finished feed mixture, because it leads to higher energy and
labor costs. These costs are associated with additional
loading and unloading operations of feed components. In
the study of the processes of grinding feed materials,
according to the technology of preparation of feed for
feeding, using mobile combined feed preparation units,
provided their grinding, loading feed components was
carried out in the following sequence: first loaded
roughage, then root crops, for storage stands out. However,
experiments have shown that roughage, in the process of
grinding, act as a shock absorber, mitigating the impact
loads on the roots of tubers from the knives, cuttings and
walls of the hopper. At the first loading of root tubers the
process of crushing was more intensive. Experiments with
long-fiber materials and roots, showed that the presence of
crushed roots in the hopper, when loading roughage, the
duration of grinding of the latter does not affect. To
intensify the process of grinding long-fiber materials
(straw), experiments were conducted with the addition of
feed with a larger bulk density (silage), which was
introduced after the destruction of the roll. The results of
research have shown that the addition of silage can increase
the intensity and degree of grinding of straw, this is due to
the compaction of the mass in the active cutting zone. This
solution allows you to reduce the technological time of the
unit and increase its productivity.

Key words: grinding, hay, animal feeding, average
particle size, density, aggregate.
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Auotamis. B craTTi mpencraBieHO pe3yabTaTH
MOJBOBUX  CKCIICPUMEHTAIBHUX  JOCH/KEHb IO
BCTAaHOBJICHHIO  BIUIMBY  IIBHAKOCTI  NEPEMIICHHS

JI03YI0UOT0 eJIEMEHTa Ha IIMOBIPHICTh ITOSIBU POITYCKIiB Ta
NBIMHMKIB TIpH BHUCIBI HACIHHS ITHCBMOMEXaHIYHHM
BHCIBHUM ariapaToM OCHAIL[EHUM KOMIpKaMK HarpaBiieHOT
i

OO’eKTOM JIOCHIJDKEHHST € BHCIBHUH amapaTr 3
JI03aTOPOM HarpaBJIeHoi Aii, IHHOBaliiiHe KOHCTPYKTHBHE

pitmeHHs SIKOTO II03BOJINTD MOKPAIIATH
CLTBCHKOTOCTIOTapPCHKE BHPOOHHUIITBO Ha OCHOBI
pecypco30epeskeHHs.

B pe3yibTarti BHUKOPHCTAHHS HOBOTO
KOHCTPYKTUBHOTO  pIlIEHHS  J03aTopa, IiJBHUIICHA
TOYHICTB BUKOHAHHS TEXHOJIOTIYHOT'O mporecy
(GopMyBaHHS  PEryJsIpHOTO  OJHO3EPHOBOTO  TOTOKY
HaCIHHS.

KiarouoBi cjioBa: mHEBMOMEXAHIYHUN BHCIBHHI

arapart, IBUIKICTh IEepeMillleHHs, J03aTOp HampaBlieHOT
i1, HaCiHWHA, TPOIYCK, ABIMHUK, KOMIpKa, TOYHHUN BUCIB.

IHocranoBka npodaemu

[THeBMOMexaHIUHI ~ amapaTW 3HAWNOUIM  [IMPOKE
PO3MOBCIOKEHHS [l BUCIBY HACIHHS Pi3HUX KyJIbTyp [1,
2]. OcCHOBHOI0 oOmepaii€ro, Bil SKOT  3aIEKUTH
e(peKTUBHICTE POOOTH amapary, € J03yBaHHS HACiHWH,
TOOTO BiOKpPEMJICHHS BiJI 3arajsbHOi MacH OKPEMHX
YaCTMHOK 1 HamlpaBleHHSA iX y OOpO3HY peryJspHHM
motokom [3-6].

[IpUHIMNIOBUMH  HEIOJIIKaMH I[THEBMOMEXaHIUHHX
arapatiB KJIaCHYHOI CXEeMH IOOYJOBH 3 IJIOCKHM JHCKOM
o0ajiHaHUM OTBOpaMH ISl IPUCMOKTYBAaHHs HAaCiHHUH €
KOpOTKMII 4Yac BiZBeJeHMII Ha 3axBaT HACiHWH
OpUCMOKTYrouMM oTBopoM [7, 8]. Tak, npu niHilHiN
LIBUAKOCTI PyXy OTBOpPY (KOMIpKM) BIHOCHO Macu
HaciHHS B 3aBaHTaXyBaJbHIH kamepi V = 0,3 m/c i
JiaMeTpi caMoro OTBOPY KOMIpKH B 3 MM, 9ac €KCHO3HIIii
(3axBary) ckiajgae Bcboro t = 0,01 ¢ [9]. Ipu upomy, s
ciTijtye 3 KOHCTPYKTHBHOTO DPIIIEHHS amapary BEKTOp Aii
MPUCMOKTYIOUOi CHJIM HAlpaBlICHUH HEePIEeHANKYIISIPHO
BeKTOpY IBUAKOCTI pyxy komipku [10, 11]. Ha wmam

HOIJIAAA LI IPUHIMIOBA HENOCKOHATICTh alapaTiB TAaKOro
THILY, IO 1 TOPODKYE 1X Hemoniku [12].

3BakarouM Ha Iie, B 000X HampsMax BJOCKOHAJICHHS
TEXHIKH Ta OOIPYHTYBaHHA pecypco30epiraroamx
napamMeTpiB ICHYIOTh HCBHPIIICHI YaCTHHH, SKi aBTOP
JOCTIIKY€E B JaHIi CTATTI.

AHAaJi3 0CTaHHIX J0CTIIKEHb

Juis aHamizy TeXHIYHHX 3aco0iB HAaIpaBICHUX Ha
JIaHW# 9ac TMPOBEIEHO BEJIMKY KUIBKICTH JOCIHIIKEHb MO
BUKOPUCTAHHIO MIBHIKICHUX AarperaTiB MpW OpaHIIi,
NMYIIiHAI 1 KyJIbTHBAIil IPYHTY, NMPH IOCIBi 1 30WpaHHI
TexHiuHUX KynbTyp [13, 14]. BukopucranHs miJBUIICHAX
(o 9 km/ron) 1 Bucokux (12-18 km/rox) MWIBUIKOCTEH TPU
MOCiBi MIPOCAINHUX KYJIBTYD MEPEeKOHINBO
MIATBEPKYETHCS BUCOKMM EKOHOMIYHUM edekToMm i
MEPCICKTUBHICTIO MIBUAKICHAX METOJIB Tpalli B HOBUX
yMoBax rocroaaproBanus [15].

SIkicTh pO3MOJIiTy HACIHHS NPH BHCIBI 3aJIEKUTh Bil
0araThOX MOKA3HHKIB poOOTH mociBHOI MammHu [16].
OCHOBHY pOJIb IIPH HEOMY Bifirpae e(peKTHBHICTH poOOTH
BuciBHoro amapata [17]. KijbkicHO 11 BHpakaeTbcs B
PIBHOMIpHOCTI BHCIBY HACIHHH 10 TOBXKHHI psijikiB [18].

Amnauri3 (hakropis, 1o BIDTHBAIOTH Ha
HEpiBHOMIPHICTh BUCIBY HAaCiHHH BKa3y€ Ha Te, [0 BOHU
MOXYTh OyTH MpEICTaBJICHI JBOMA IPyIIaMHt 3 BapiamisiMu
M0 MIBHAKOCTI i MOMEHTY 9acy CKumaHHs HaciHuau [19].
Bkasyroun Ha BaXIHMBICTH IMX IpOIECiB B (hOpMyBaHHI
PIBHOMIPHOCTI 3€pPHOBOTO TIOTOKY, OYEBHIHUM € T€, IO
PO3CifOBaHHS IIBHAKOCTI i Yacy CKHAAHHS OOYMOBIIEHi
TeOMETPUYHUMH 1 (i3uko-MexaHiyHuMH (KoedilieHToM
TEepTs1) BIACTUBOCTSIMHU MOBepXHi HaciHuH [20].

BcranosneHo, 110 OJTHOIO i3 TIPUYNH
HEpIBHOMIPHOCTI pO3MOJTy HAaciHUH € PO3CiIOBaHHS
HaCiHUH Yepe3 KOYEeHHs 110 JHY 00po3HH. [1J1s 3SMEHIIeHHS
poro eheKkTy HeOOXiTHO 3HU3UTHU IIBUIKICTh BIINIICHHS
HACIHMH BiJI 103yr090TO enementa [21].

BcraHoBneHo, 1m0 CiBaJKH TOYHOTO  BHCIBY
PO3MOAINISAIOTs HACIHMHM B 33JaHOMY IHTEpBaji JUII Ha
18...29 % npu HeobOxiguiit Hopmi 90 % [22]. OcobnmBo
TOYHICTh BUCIBY 3HWKYETHCSI NP 30UTBIICHI MIBUAKOCTI
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pyxy ciBanku no 2,5...3,0 m/c [23]. Ile wHacammepen
IIOB’S3aHO 3 HEJOCKOHAJICTIO KOHCTPYKIi BHCIBHUX
amapaTiB i HEIOCTATHBOK CXOXKICTIO HaciHus [24].
TouHiCTP AOTpUMAaHHSA IHTEPBANIB MK HACIHUHAMH B
pAAKax TMO3WTHBHO BIUTUBAE Ha YpOKaiHICTH, 0COOIHMBO
P MaJIUX HOPMAaX BHCIBY 1 BY3bKHX MIKPSIIAX.

Meta gociigkeHn

MeTor0 1aHOTO JIOCHI/PKEHHSI € JOCTIIUTH BIUIUB
LIBUIKOCTI TIEPEMIIlEHHS JIO03YI0YOro ejeMeHTa Ha
HMOBIpPHICTh TOSBU TIPOITYCKIiB Ta IBIHHHUKIB IPH BHCIBI
HACiHHS OCHOBHHX TE€XHIYHHUX KYJIBTYP.

Pe3yabTaTi A0ocHigKeHb

OCHOBOIO CiBaJIKM TOYHOT'O BUCIBY € BHCIBHHMH JlJist
3pO3YMIHHS i OIHKH HEJIOJTIKIB pobotu
ITHEBMOMEXaHIYHHUX BUCIBHUX anapariB BBOAUMO HOHSTTS
«IpomycKk», TOOTO 301l y (GopMyBaHHI pEryJsipHOro
OIHO3EPHOBOTO  TIOTOKY  HaciHHsA  (HaciHMHA  He
BHCIBA€THCSA) Ta «IBIHHUKY» - BUCIB IBOX 1 O1JIbIIIC HACIHUH
B OJIHE THI3/I0 NP OJTHO3EPHOBOMY BHUCIBI.

BriciB mpoBoAWBCS B IITATHOMY PEKAMIi eKCILTyaTartii
CIBaJIKH B Jlana3oHi MBHAKOCTEH Big Ve = 6 — 12 xm/200.
B mepepaxyHKy MIBHAKOCTI pyXy CiBaJKH Ha IIBUAKICTBH
MepeMilIeHHs 103yrdoro aucka Bix Vy = 0,2 m/c no V,y =
0,6 m/c, Ta ipu po3pimkenHi Big P = 2 klla no P = 5 klla.

BuciB 3pilicHIOBaBCS y NIATOTOBICHHH IPYHT —
yopHo3eM Bosorictio 22,0-25,0 % i minbHicTIO 1,2-
1,3 r/em®.

Jociiayn BUKOHAHI /J1sl HACIHHSL TEXHIUYHUX KYJIbTYP:
coi, KYKypyaA3H, IIyKpOBOTO Oypsika 1 COHSIIHHKA.

Puc. 1. 3aranpuuii Burisig MTA (tpaktop MT3-82.1
+ ciBanka CTBT-12/8M) ju1s mpoBeieHHS TOCTIKEHb.
Fig. 1. General view of AIT (tractor MTZ-82.1 +
seeder STVT-12 / 8M) for research.

Ha puc. 2 npejicTaBieHo HaNAIMITYBaHHS AOCIIIHOTO
BHCIBHOTO anapaTa 00JaJHaHOTO JJ03aTOPOM CIIPSIMOBAHOT
Ui,

BIuiiB MIBHIKOCTI MEPEMIICHHS aKTHBHOI KOMIPKH
BIJIHOCHO 3€pPHOBOT MacH Ha YTBOPEHHs HPOITYCKiB MpHU
BHCIBI TpadiuHO NPEACTABICHO HA PUC. 3.

Puc. 2. Jocmin
HaImpaBJIeHOT i

Fig. 2. Experimental sowing machine with directional
metering unit.
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HUM BHCIBHMH amapaT 3 J03aTOpOM

0,03
om = ‘.-M
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®©2xlla M3xIla A4xlla ®5xlla
B) HACIHHS IIyKpPOBOTO OypsKa
Puc. 3. VIMOBipHiCTH TpOMycKiB Bif IIBMAKOCTI
MepeMillleHHsI aKTHBHOI KOMIPKH JI03yI0YOT0 €IeMEHTa.
Fig. 3. The probability of omissions from the speed of
movement of the active cell of the dosing element.
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Jis HaciHWH €Ol HE BCTAHOBIIEHO IIPOIYCKiB B
3aJIeKHOCTI BiJl IIBHUAKOCTI 1 CTyNEHS PO3PIIKEHHS Yy
BaKyyMHIiH Kamepi.

BusiBneHo, 0o HaciHHA KyKypyA3d 4YyTJIHBE [0
YTBOPEHHS TIPOITYCKIB TUNBKH TICHSA IIBUAKOCTI, IO
nepebinbirye V > 0,4 m/c (puc. 3, a). OcobmuBo 1 cTae
OUEBHJHHUM TIPH HEBEJIHMKHX pO3pLLKEHHsX. Tak, npu
P=2«xlla 1 mwmBuakocti V =0,6m/c ¥WMOBIpHICTh
nporyckis pocsrae &,, = 0,1.

Binpm  3rpymoBaHi  pe3yapTaTH 3 MEHIIOIO
PO30DKHICTIO OTpUMaHi JAJsl HACIHHA  COHSIIHHUKA.
BigxuneHHs HMOBIpHOCTEH IPOITYCKiB y BCbOMY IHTEpBaTi
3MiH mBHIKocTe# (V=0,2...0,6 m/c) ckianae He OubIIe

ni A, = 0,09.
[loBeninka HaciHHS OypsKIB IO XapakTepy 3MiHH
HMOBIpHOCTEH MPONYCKIB OJIM3bKa 10 HACIHHS COl.
Pesynbrat «IIPOILYCKIB» npu (dbopmyBaHHI
OJIHO3EpHOBOTO ITOTOKY HACIHHA MPEACTABJICHO HA puUC. 4.

Hpenyck

/

Puc. 4. PesynpTar «miporrycky» npu BUCiBi HACIHHSL.
Fig. 4. The result of "skipping" when sowing seeds.

3 TOYKM 30py mNpsAMOi EKOHOMIi MPOMYCKH
3MEHIIYIOTh BUTPATH MOCIBHOT'O MaTepiaiy, a B KIHIEBOMY
pe3yJbTaTi BTPAaTH BiJ| IPOIYCKIB — HEJIOYPOIKa.

BuBueHHsS yTBOpeHHS NBIHHHKIB, B 3aJ€KHOCTI Bif
OIBUJIKOCTI  MEPEeMIlICHHS  KOMIpKH,  IiITBEpAWIH
TIoTiepeIHbO OTpHUMaHi JaHi. J[OTOBHEHHSM 10 IHOTO €
BUIIJICHHS] HACiHHA KyJbTYpH SIK 0cOOIHMBOCTI (opMH i
CTaHy IX 3OBHIIIHIX TIOBEpXOHb. Pe3ymbraTé HaHUX
JIOCIIIPKeHb TIpeJIcTaBlIeHi rpadivyHo Ha pHc. 5.

3 rpadikiB BHAHO, IO 30UIBIICHHS MIBHIKOCTI
BIJTHOCHOT'O TIEpPEMIIlleHHs] aKTHBHOI KOMIPKH 3HHWXYE
MOXIIMBICTh YTBOPEHHSI IBIHHHUKIB NP JFOOMX 3HAYCHHSIX
po3pimxeHb. [liist pi3HUX BUIIIB IOCHIPKEHUX KYJIbTYp el
niepernaj WMoBipHOCTEH A &y, TEX pI3HHIA:

cos — Big 0,0025 no 0 klla;

Kkykypyn3a — Big 0,06 no 0,025 klla;

constiHuK — Bin 0,14 o 0,09 klla;

HaciHHs Oypsika — Bix 0,06 o 0,04 klla.

[IpencraBnsie mnpakTWYHUKA iHTEpec Te, IO 3i
3HIDKEHHSIM ~ PO3pIDKEHHS  [efl  mepemajg  Takox
3MEHINY€EThCA. TOo0TO, HACIHHS KYJIbTYp CTalOTh MEHII
YYTJIIMBAMH JI0 YTBOPEHHS IBIHUKIB.

Pesynbrar «IIBIHUKIB» pu ¢dbopmyBaHHi
OJIHO3EPHOBOTO MTOTOKY HACIHHS MPEICTaBIEHO Ha pHC. 6.

ITo abconroTHUM  3HAYEHHAM  WMOBIPHOCTEH
YTBOPEHHS ABIMHUKIB, 3aXBaTH MAPHUX HACIHUH YacCTIIIe
3yCTpiYaloThCsl y COHSIIHMKA 1 HACIHHS OypsKa, 1 3HAYHO B
MEHIIIH Mipi XapaKTepHi Ul col 1 KyKypyI3u.
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Puc. 5. 3anexHicTh yTBOpPEHHS JBIHHHKIB BiJ

MIBUIKOCTI TEPEMIIICHHsSI aKTHBHOI KOMIPKH T03YHOYOIr0
CJICMCHTA.

Fig. 5. The dependence of the formation of duplicates
on the speed of movement of the active cell of the dosing
element.
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Puc. 6. PesynbraT «1BiifHUKIB)» NPU BUCIBI HAaCiHHSI.
Fig. 6. The result of "twins" when sowing seeds.

IlosiBa nBilHWKIB TIpu ciBOi Jae mpsiMi 30WTKH Y
IOATKOBIM BUTPATI MOCIBHOTO MaTepialry Ta 3HIKY€EThCS
PiBEHb MOKIIMBOT BPOKAHHOCTI.

MmosgipHOCTI .fnp i &, € xapakTepucTukamMu po6oTu

BHCIBHOTO amapara TOMY iX JaHI B3iTi 3 pe3yibTaTiB
MOJIOBUX HOCIIKEHD.

3a OmiHKY SKOCTi BHCIBY HpHHHITa TOYHICTH HOTO
BUKOHAHHS, YHCENBPHOIO XapaKTEePUCTHKOK SKOI €
HMOBIpHICTH TOYHOCTI BHCiBY. B IO3HaUeHHIX IPUHHATHX
B JaHiii poOoTi, GopMmyna i BU3HAYCHHS HMOBIPHOCTI
TOYHOCTI BHCIBY 3aIIUCY€ThCSl HACTYITHUM YHHOM:

&,=(1-¢,)-(1-&,)-En<#h} @

e 5 {77 < ih} — HMOBIPHICTH TOTO, IO BIAXHJICHHS
JIIFICHOTO MOJIO’KEHHS BUCISTHOTO HaciHHs 7] Bix Oa’kaHOTO

TIOJIOXKEHHS He NepeOiIbIINTh KPOK BUCIBY h.

Kpox BuciBy h 3a1aeThbces 3riJHO arpOTEXHIYHUX YMOB
Ha BHCIB, a00 MOXe OYTH MiJpaxOBaHUN BUXOMSIYU 3
BCTaHOBJICHOT HOpMH BHCIBY. Tak uum iHakmie, OaxaHi
TOYKH BHUCIBY (pO3TallyBaHHS HACIHHMH) MOXYTb OyTH
BU3HAYCHI, SIK MICISl TEOPETHYHOTO iJeajbHOro IX
TOJIOXKCHHS y 00p03Hi. BiXuieHHs Bil IbOTO MOJOKCHHS
i J]ae po3CiroBaHHS TOYOK (DaKTHYHOTO BHCIBY HABKOJIO
GaxaHoTO.

ﬁMOBipHiCTB BIIXUJIEHHS IIOJIO)KEHHS HACIHMHHU B1JI

HEOOXIIHOTO 5{77 < ih} 3HAXOIHUTHCS IO Pe3ylbTaTaM

3aMipiB BUKOHAHHUX 0€3M0cepeTHbO B TOCTI/Ii.

Puc. 7. BIOXWIEHHS AificCHOro

BumMiproBaHHs
ITOJIOYKCHHSI BUCISTHOT'O HACIHHS B3IOBXK PSIKA.

Fig. 7. Measurement of the deviation of the actual
position of the sown seed along the row.

CratuctnuHa o00poOka TIMX JaHUX  JIO3BOJISIE

po3paxyBaTu HMOBIpHOCTI é: {77 < ih} JUIsl cepiiHoTO 1

JIOCITITHOTO anapara.

BucHoBkHu

1. 30impmIeHHS MIBHAKOCTI, SK MPaBUIO, CIIPHIE
T ABUIICHHIO POITYCKiB 1 HABITAKX 3MEHIITYye HMOBIPHOCTI
YTBOPEHHS JBIHHUKIB.

2. Ha OCHOBI MIPOBEACHUX IOCHIIKEHD
MEPCHICKTHBHAM IS TTOAAJBIIOTO 301NMBIIEHHS TOYHOCTI
BUCIBY Ta pecypco30epexeHHs Tpu CiBOI OCHOBHUX
TEXHIYHUX KyJIbTYp € BIPOBA/PKCHHS B TEXHOJOTIIO
CLUIBCBKOTOCIIOAPCHKOTO BUPOOHHIITBA
MHEBMOMEXAHIYHOTO BHCIBHOTO amapara 3 J03aTOpOM
HarpasJeHoi Jii.

Cnucoxk Jgitepatypu

1. Honux II. C. OmpenencHue yCIOBHHA cOpoca
JUIIHAX ~ CEMSH ITHCBMOMEXaHMYECKAM  BBICCBHBIM
anmaparoM ¢ MepU(epUitHBIM TOPIEBBIM PACIONIOKEHIEM
npucaceiBatonux  saeek. MOTROL. Commission of

Motorization and Energetics in Agriculture. Lublin-
Rzeszow. 2015. Vol. 17. No 3. P. 316-321.

2. Csipenb M. MeToauKa OINHKH  SKICHHX
MOKAa3HHWKIB  POOOTH  BUCIBHUX  CHCTEM  TOYHOTO

3emiiepoOcTBa. TexHika i TexHomorii AIIK. 2012. Ne 8.
C. 35-39.

3. Ionux II. C. TlHeBMOMEXaHIYHMA  BUCIBHUH
amapar 3 J103aTopoM HampasieHoi aii. HaykoBuil BicHHK
HamnionansHoro YHIBEPCUTETY 6iopecypcis i
NPUPOJIOKOPUCTYBaHHA YKpainu. Cepid: TexHika Ta
enepreruka AITK. 2018. Bum. 282. C. 244-248.

4. Dubbini M., Pezzuolo A., De Giglio M,
Gattelli M., Curzio L., Covi D., Yezekyan T., Marinello F.
Last generation instrument for agriculture multispectral
data collection. CIGR Journal. 2017. Vol. 19. P. 158-163.

5. Yata V.K., Tiwari B.C., Ahmad, I. Nanoscience in
food and agriculture: research, industries and patents.
Environmental Chemistry Letters. 2018. VVol. 16. P. 79-84.

6. Rogovskii 1., Grubrin O. Accuracy of converting
videoendoscopy combine harvester using generalized
mathematical model. Scientific Herald of National
University of Life and Environmental Science of Ukraine.
Series: technique and energy of APK. Kyiv, Ukraine. 2018.
Vol. 298. P. 149-156. doi: 10.31548/me.2018.04.149-156.

7. Viba J., Lavendelis E. Algorithm of synthesis of
strongly non-linear mechanical systems. In Industrial
Engineering — Innovation as Competitive Edge for SME,
22 April 2006. Tallinn, Estonia. P. 95-98.

8. Zagurskiy O., Ohiienko M., Rogach S., Pokusa T.,
Titova L., Rogovskii 1. Global supply chain in context of
new model of economic growth. Conceptual bases and
trends for development of social-economic processes.
Monograph. Opole. Poland, 2018. P. 64-74.

9. DrgaR., Janacova D., Charvatova H. Simulation
of the PIR detector active function. Proceedings of 20th
International  conference on  Circuits,  Systems,
Communications and Computers (CSCC 2016), July 14-



BIUIMB BE3BIIMOBHOCTI JJO3YIOUOI'O EJIEMEHTA 3 KOMIPKAMU HAIIPABJIEHOI 11 ... 45

17, 2016, E D P Sciences, 17 Ave Du Hoggar Parc D
Activites Coutaboeuf Bp 112, F-91944 Cedex A, France,
Vol. 76. UNSP 04036.

10. Novotny J. Technical and natural sciences
teaching at engineering faculty of FPTM UJEP.
Proceedings of 15th International Scientific Conference
“Engineering for rural development”. Jelgava, Latvia, May
23-25, 2016, Latvia University of Agriculture. Faculty of
Engineering. Vol. 15. P. 16-20.

11. Pinzi S., Cubero-Atienza A. J., Dorado M. P.
Vibro-acoustic analysis procedures for the evaluation of
the sound insulation characteristics of agricultural
machinery. Journal of Sound and Vibration. 2016.
Vol. 266. Issue 3. P. 407-441.

12. Rogovskii I. L. Systemic approach to justification
of standards of restoration of agricultural machinery.
Machinery & Energetics. Journal of Rural Production
Research. Kyiv. Ukraine. 2019. Vol. 10. No 3. P. 181-187.

13. Rogovskii I. L. Consistency ensure the recovery of
agricultural machinery according to degree of resource’s
costs. Machinery & Energetics. Journal of Rural
Production Research. Kyiv. Ukraine. 2019. Vol. 10. No 4.
P. 145-150.

14. Pozoscekuii I. JI. AATOPUTMIYHICTS BU3HAYCHHS
MIEPiOANIHOCTI BITHOBJIEHHS Mpane3JaTHOCTI
CiJ'ILCBKOFOCHOZ[apCLKI/IX MalivH 3a CTYIICHCM BUTpAT ix
pecypcy. Machinery & Energetics. Journal of Rural
Production Research. Kyiv. Ukraine. 2020. Vol. 11. No 1.
P. 155-162.

15. Rogovskii I., Titova L., Novitskii A., Rebenko V.
Research of vibroacoustic diagnostics of fuel system of
engines of combine harvesters. Engineering for Rural
Development. 2019. Vol. 18. P. 291-298.

16. Kalinichenko D., Rogovskii . Decision for
technical maintenance of combine harvesters in system of
RCM. MOTROL. An International Quarterly Journal on
Motorization and Energetics in Agriculture. Lublin. 2017.
Vol. 18. No 3. P. 179-184.

17. Kalinichenko D., Rogovskii 1. Modeling
technology in centralized technical maintenance of
combine harvesters. TEKA. An International Quarterly
Journal on Motorization, Vehicle Operation, Energy
Efficiency and Mechanical Engineering. 2017. Lublin—
Rzeszow. Vol. 17. No 3. P. 93-102.

18. Kalinichenko D., Rogovskii 1. Method for
determining time of next maintenance of combine
harvesters. TEKA. An International Quarterly Journal on
Motorization, Vehicle Operation, Energy Efficiency and
Mechanical Engineering. 2018. Lublin—Rzeszoéw. Vol. 18.
No 1. P. 105-115.

19. Kaninivenxo /1. IO., Pocoscekuii I. JI.  Anaini3

chUcTeM 1 CTparerii  TEXHIYHOro  OOCIyrOBYBaHHS
3epHO30MpanbHUX KOMOalHIB Ta X CKJIaJOBHX YaCTHH.
HaykoBuit  BicHuk  HarmioHambHOTO  YHIBEPCHUTETY

6iopecypciB 1 mpupomokopucTyBaHHS Ykpainu. Cepis:
texHika Ta eHepretmka AIIK. Kwmis. 2017. Bum. 258.
C. 380-390.

20. Kaniniuenxo /]. 0., Pozoscokuii I. JI.  1lTyuHi

KOTHITHBHI ~ CHCTEMHM B  IIpoliecaX  TEXHIYHOTO
00CITyroByBaHHS 3epHO30MPATEHUX KOMOaMHiB.
HaykoBuii  BicHnk  HamioHansHoro  yHiBepcHTETy

GiopecypciB 1 mpupomokopucTyBaHHs Ykpainu. Cepis:

texHika Ta eHepretuka AIIK. Kuis. 2017. Bum. 262.
C. 353-361.

21. Rogovskii I. L. Probability of preventing loss of
efficiency of agricultural machinery during exploitation.
HaykoBuit  Bichmk  HamiomampHOTO  yHIBEpCHTETY
GiopecypciB 1 mpuponokopucTyBaHHS Ykpaianm. Cepis:
texHika Ta eHepreruka AIIK. Kwuis. 2017. Bum. 258.
C. 399-407.

22. Pozoecwbkuti I. JI. MeTOL0NOTYHICTE BUKOHAHHS
TEXHOJIOTIYHUX OIepaIliii BiHOBICHHS MpaIe3IaTHOCTI
CITBCHKOTOCIIOIAPCHKUX ~ MAIlMH ~ NPH  0OMEXKEHHUX
pecypceax. Haykosuit BICHUK HarrionansHoro
VHiBepcUTeTy OiopecypciB 1 MPHPOJOKOPHUCTYBAHHSI
VYkpaiau. Cepis: Texnika ta enepreruka AITK. Kuis. 2015.
Bum. 212. Y. 1. C. 314-322.

23. Rogovskii lvan.  Graph-modeling when the
response and recovery of agricultural machinery.
MOTROL. Lublin. 2016. Vol. 18. No 3. P. 155-164.

24. Rogovskii I. L., Titova L. L., Trokhaniak V. I.,
Solomka O. V., Popyk P. S., Shvidia V. O.,
Stepanenko S. P.  Experimental studies of drying

conditions of grain crops with high moisture content in
low-pressure environment. INMATEH. Agricultural
Engineering. Bucharest. 2019. Vol. 57. No 1. P. 141-146.

References

1. PopykP.S. (2015). Determination of the
conditions for dumping excess seeds by a pneumatic-
mechanical sowing device with a peripheral end location
of suction cells. MOTROL. Commission of Motorization
and Energetics in Agriculture. Lublin-Rzeszow. 17(3).
316-321.

2. Sviren M. (2012). Methods for assessing the
quality of sowing systems of precision farming.
Machinery and technologies of APC. 8. 35-39.

3. Popyk P.S. (2018). Pneumomechanical sowing
machine with directional metering unit. Scientific Herald of
National University of Life and Environmental Science of
Ukraine. Series: Technique and energy of APK. Kyiv. 282.
244-248.

4. Dubbini M., Pezzuolo A., De Giglio M.,
Gattelli M., Curzio L., Covi D., Yezekyan T., Marinello F.
(2017). Last generation instrument for agriculture
multispectral data collection. CIGR Journal. 19. 158-163.

5. Yata V.K., Tiwari B.C., Ahmad, I. (2018).
Nanoscience in food and agriculture: research, industries
and patents. Environmental Chemistry Letters. 16. 79-84.

6. Rogovskii 1., Grubrin O. (2018). Accuracy of
converting videoendoscopy combine harvester using
generalized mathematical model. Scientific Herald of
National University of Life and Environmental Science of
Ukraine. Series: technique and energy of APK. Kyiv,
Ukraine. 298. 149-156. doi: 10.31548/me.2018.04.149-
156.

7. Viba J., Lavendelis E. (2006). Algorithm of
synthesis of strongly non-linear mechanical systems. In
Industrial Engineering — Innovation as Competitive Edge
for SME, 22 April 2006. Tallinn, Estonia. 95-98.

8. Zagurskiy O., Ohiienko M., Rogach S., Pokusa T.,
Titova L., Rogovskii 1. (2018). Global supply chain in
context of new model of economic growth. Conceptual


http://www.findpatent.ru/patent/247/2475854.html
http://www.findpatent.ru/patent/247/2475854.html

46 I1. C. TTonuk

bases and trends for development of social-economic
processes. Monograph. Opole. Poland, 64-74.

9. Drga R., Janacova D., Charvatova H. (2016).
Simulation of the PIR detector active function.
Proceedings of 20th International conference on Circuits,
Systems, Communications and Computers (CSCC 2016),
July 14-17, 2016, E D P Sciences, 17 Ave Du Hoggar Parc
D Activites Coutaboeuf Bp 112, F-91944 Cedex A, France,
76, UNSP 04036.

10. Novotny J. (2016). Technical and natural sciences
teaching at engineering faculty of FPTM UJEP.
Proceedings of 15th International Scientific Conference
“Engineering for rural development”. Jelgava, Latvia, May
23-25, Latvia University of Agriculture. Faculty of
Engineering. 15. 16-20.

11. Pinzi S., Cubero-Atienza A.J., Dorado M.P.
(2016). Vibro-acoustic analysis procedures for the
evaluation of the sound insulation characteristics of
agricultural machinery. Journal of Sound and Vibration,
266 (3). 407-441.

12. Rogovskii 1. L. (2019). Systemic approach to
justification of standards of restoration of agricultural
machinery. Machinery & Energetics. Journal of Rural
Production Research. Kyiv. Ukraine. 10(3). 181-187.

13. Rogovskii I. L. (2019). Consistency ensure the
recovery of agricultural machinery according to degree of
resource’s costs. Machinery & Energetics. Journal of Rural
Production Research. Kyiv. Ukraine. 10(4). 145-150.

14. Rogovskii I. L. (2020). Algorithmicly determine
the frequency of recovery of agricultural machinery
according to degree of resource’s costs. Machinery &
Energetics. Journal of Rural Production Research. Kyiv.
Ukraine. 11(1). 155-162.

15. Rogovskii I., Titova L., Novitskii A., Rebenko V.
(2019). Research of vibroacoustic diagnostics of fuel
system of engines of combine harvesters. Engineering for
Rural Development. 18. 291-298.

16. Kalinichenko D., Rogovskii I. (2014). Decision for
technical maintenance of combine harvesters in system of
RCM. MOTROL. An International Quarterly Journal on
Motorization and Energetics in Agriculture. Lublin. 18(3).
179-184.

17. Kalinichenko D., Rogovskii 1. (2017). Modeling
technology in centralized technical maintenance of
combine harvesters. TEKA. An International Quarterly
Journal on Motorization, Vehicle Operation, Energy
Efficiency and Mechanical Engineering. Lublin—-Rzeszow.
17(3). 93-102.

18. Kalinichenko D., Rogovskii 1. (2018). Method for
determining time of next maintenance of combine
harvesters. TEKA. An International Quarterly Journal on
Motorization, Vehicle Operation, Energy Efficiency and
Mechanical Engineering. 18(1). 105-115.

19. Kalinichenko D. Yu., Rogovskii, I. L. (2017).
Systems analysis and strategies for technical maintenance
of combine harvesters and their parts. Scientific Herald of
National University of Life and Environmental Science of
Ukraine. Series: Technique and energy of APK. Kyiv. 258.
380-390.

20. Kalinichenko D. Yu., Rogovskii, I. L. (2017).
Artificial cognitive systems in the processes of technical
maintenance of combine harvesters. Scientific Herald of
National University of Life and Environmental Science of

Ukraine. Series: Technique and energy of APK. Kyiv. 262.
353-361.

21. Rogovskii I. L. (2017). Probability of preventing
loss of efficiency of agricultural machinery during
exploitation. Scientific Herald of National University of Life
and Environmental Science of Ukraine. Series: Technique and
energy of APK. Kyiv. 258. 399-407.

22. Rogovskii I. L. (2015). Metodological
performance of technological operations of restoration of
working capacity of agricultural mashines at limited
resources. Scientific Herald of National University of Life
and Environmental Science of Ukraine. Series: Technique
and energy of APK. Kyiv. 212(1). 314-322.

23. Rogovskii lvan. (2016). Graph-modeling when
the response and recovery of agricultural machinery.
MOTROL. Lublin. 18(3). 155-164.

24. Rogovskii I. L., Titova L. L., Trokhaniak V. I.,
Solomka O. V., Popyk P. S., Shvidia V. O.,
Stepanenko S. P. (2019). Experimental studies of drying
conditions of grain crops with high moisture content in
low-pressure environment. INMATEH. Agricultural
Engineering. Bucharest. 57(1). 141-146.

BJIMSIHUSI CKOPOCTU ITEPEMEIIEHUM S
JIO3ATOPA HAITPABJIEHHOI'O BO3I[EI7ICTBI/I}I
HA TOYHOCTbD BBICEBA OCHOBHBIX
TEXHUYECKUX KYJIBTYP
I1. C. Ilonux

AnHoOTauusi. B craThe mpeacTaBieHbl Pe3yabTaThl
MOJIEBBIX  DKCIEPUMEHTAIBHBIX  HCCICIOBAHHMA  T0
YCTAaHOBJICHUIO  BJIMSHHUA  CKOPOCTH  IEpeMelleHUs
JIO3UPYIOLIETO DJEMEHTa Ha BEPOSTHOCTh TIOSBJICHUS
MpPOMYCKOB W JBOMHUKOB TpPH  TIOCEBE  CEeMSH
IMTHEBMOMEXAHUYECKHM BBICEBAIOIIUX anmaparom,
OCHAIIICHHBIM sTYeHKaMU HATIPABICHHOTO JEHCTBUSI.

OOBEKTOM HCCIEIOBAHUS SBIAETCS BBHICEBAIOIIMI
ammapar ¢ J03aTOPOM  HalpaBIICHHOTO  JIEHCTBHA,
WHHOBAIIIOHHOE KOHCTPYKTHBHOE pEIIEHHE KOTOPOTrO
IT03BOJIUT VIIy4IIATE CEJIbCKOXO03IMCTBEHHOE
MIPOU3BOJICTBO Ha OCHOBE pecypcocOepekeHus.

B pe3ynbrate HCIOJIB30BaHUs HOBOTO
KOHCTPYKTMBHOTO pEIICHUs J103aTopa, TMOBBIIIEHHAS
TOYHOCTh BBIMIOJIHEHUSI TEXHOJIOTUYECKOTO TMpoliecca
(GhOpMUPOBAHUS PETYISAPHOTO OJHO3EPHOBOTO IMOTOKA
CEMSIH.

KiaroueBbie cjoBa: ITHEBMOMEXaHUIECKUI
BBICEBAIOMINI aIllapaT, CKOPOCTh MEPEMEIIEHHSI, 103aTOP
HalpaBJICHHOTO JIEHCTBUS, CEMsl, MPOIYCK, JIBOMHUK,
sIYEHKa, TOUYHBII BBICEB.

INFLUENCE OF SPEED OF DISPENSER
MOVEMENT OF DIRECTED IMPACT
ON ACCURACY OF SEEDING
OF MAIN TECHNICAL CROPS
P. S. Popyk
Abstract. The article presents the results of field
experimental studies to establish the effect of the speed of
displacement of the metering element on the probability of
the appearance of gaps and twins when sowing seeds with
a pneumatic-mechanical seeding device equipped with
directional cells.
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The object of the study is a seeding device with a
directional metering unit, an innovative design solution of
which will improve agricultural production based on
resource conservation.

As a result of the use of a new constructive solution
of the dispenser, the increased accuracy of the
technological process of forming a regular single-grain
flow of seeds.

Key words: pneumatic mechanical sowing device,
travel speed, directional dispenser, seed, pass, double, cell,
precision seeding.
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Abstract. The article is devoted to the theoretical and
practical use of the business game method for the
professional activities of future professionals who need the
necessary real practical skills, apply practical skills, using
and practicing, as well as complying with the law, which
requires the use of inappropriate today and organizational
measures. Appointed that the problems of using the game
in socio-pedagogical work are widely represented in terms
of pedagogy in general research. At the same time, we
consider the shortage of domestic people dedicated to the
manufacturers of theoretical foundations and improved
activities, using the business game as an active
occupational safety training method for future
professionals. Identified specialized play activities that
added a touch of detail, pre-working, as a methodology that
changed learning among students.

The purpose of the research is to develop,
scientifically substantiate and experimentally test the
methodology of the business game "Providing of first aid
to victims in accidents at production”, aimed at working
out a sequence of actions to provide first aid in order of
urgency and ability to maintain basic life functions. before
the arrival of the emergency. The result of such games can
be both the direct development of personality qualities and
the demonstration of practical training of future
professionals. Playing certain situations, involving game
participants in the situation of choice is a real way to self-
confidence, the ability to properly navigate in an extreme
situation and use the tools at hand to help victims.

This article analyzes the degree of assimilation of
educational material by students after conducting practical
classes in the form of a business game in comparison with
students of control groups, in which this topic was
presented in a lecture. The form of student certification
consisted of answers to test tasks and descriptive questions
of the training module. We compared the average scores on
the 100-point system with the results of the assessments in
the control groups, taking into account the overall score of
students for the academic year.

Key words: business game, occupational safety and
health, providing first aid to victims, extreme situation, de-
gree of mastering of educational material.

Introduction

Global trends of humanization, integration and
globalization of society determine new priorities for the
development of education. The tasks facing modern
education today determine a new quality of education
focused on intellectual and creative development, the
formation of a competent person capable of innovation,
which is determined not only by the amount of knowledge
gained, but also the ability to use them, independent
activity, learning and self-improvement throughout life.
This can be achieved by forming the personality of the
student, who at work will ensure compliance with safety
and health, guided by current regulations on labor
protection, to confidence in their abilities, the ability to
navigate in an extreme situation. A rationally organized
system of education in the study of occupational safety
disciplines should become the basis and one of the
determining factors in shaping the personality of the
modern production manager.

Formulation of problem

The relevance of writing the article is due to the ever-
growing need to find new, scientifically sound, practically
significant and methodologically appropriate ways of
successful training [1, 2] during the study of the discipline
"Occupational Safety". Together with modern teaching
methods (explanatory-illustrative, —sign-context, case
method, etc.), game methods belong to effective innovative
technologies [3] during training [4-8], which allow to form
a flexible, conscious, successful personality, capable of
non standard think, solve urgent issues and act correctly in
production situations.

The business game simulates a real situation, which is
extremely important for the practical sphere of activity.
General goals of business games in higher educational
institutions: to immerse students in the atmosphere of
intellectual activity, as close as possible to professional
practical work, to create a game atmosphere that changes
dynamically, depending on right and wrong actions and
decisions [8, 9].
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The discrepancy between the state of development of
communication skills of future professionals, their ability
to effectively solve problems in various areas of
professional activity with mandatory consideration of labor
protection requirements and guarantee the preservation of
life, health and ability to work, as well as the role of
business games in this process direction of our research.
Note that the business game is aimed at developing the
ability to analyze specific, specific practical situations and
solve professional problems, encourages students to seek
solutions to production problems.

Analysis of recent research results

The essence of active teaching methods is that the stu-
dent acquires the necessary knowledge by studying and an-
alyzing various sources of information related to the prac-
tical activities in which the training is conducted [8]. The
peculiarities of the methods of active learning are the
forced activation of the student's thinking, he is obliged to
be active, regardless of whether he wants it or not and takes
an active part in the learning process for a long time. The
degree of motivation and emotionality, independent deci-
sion-making increases [4, 9]. Active teaching methods
combine forms of individual and collective development of
educational material that use the actual data of a particular
problem and its theoretical generalizations. The most ef-
fective of them are situational methods: analysis of specific
situations, solving practical problems, staging, analysis of
incidents, business games [6]. The game method has a
number of advantages in comparison with traditional meth-
ods of teaching in high school, because the purpose of the
game is more consistent with the practical needs of stu-
dents. This method allows you to connect a wide range of
problems and the depth of their understanding, corresponds
to the logic of activity, includes a moment of social inter-
action, prepare for professional communication [8]. The
game is full of feedback and stronger in comparison with
traditional methods, professional skills are formed, stereo-
types are easier to overcome, and self-esteem is adjusted
[9]. In the course of a business game the whole personality
of a student is manifested, while traditional methods as-
sume the dominance of only the intellectual sphere. It is
possible to interpret, comprehend the results [10].

Business games have components that fundamentally
distinguish them from other types of educational
technologies, they have an algorithm of "correctness” and
"incorrectness" of the decision, ie the student-participant of
the game sees the impact of his decision on future events [
11]. Although business games are primarily designed to
prepare students for professional activities, immersing
them in real practice, the game simulation model inevitably
simplifies this task, mainly in the direction of providing
experience in interpersonal and business relationships [12].

At the same time, business games, as a kind of
simulation method, open for the university teacher the
opportunity to study decision-making processes taking into
account the individual characteristics of the student.

Business games have a lot to do with tests, performing
detection and evaluation functions. However, if the tests
involve answers to questions or mental solutions to the
problem, the game is based on certain behaviors and

actions, in addition, the game is usually the interaction of
two or more subjects, ie collective, group interaction [3].
The game differs in complexity and interdependence of the
solved problems, and if tests have fragmentary character,
the game on the design covers a complex of interconnected
actions in which the previous decisions, in many respects
determine the following [13]. The game involves the
simulation of a real situation, which is characterized by
dynamism and variability, which allows you to identify
such behavioral traits of the student, which can not be
detected by conventional tests. The game is
multifunctional: along with the function of assessing the
qualities and knowledge of students, it can perform the
functions of teaching, training and education of its
participants, as well as solving research problems [14].
Evaluation of the effectiveness of a business game directly
depends primarily on the process of its course, while the
test is evaluated by the results of its implementation.

Business game brings the desired result when it is
based on theoretical knowledge, the idea of the field of
knowledge that it simulates, and is a logical continuation
of the educational process, the transition to a practical
behavioral stage [15]. Students receive and learn more
information based on specific examples, which contributes
to the acquisition during the game of skills of constructive
decision-making, increases the motivation of students to
learn innovative knowledge. Students' self-esteem
increases, and for those who had overestimated self-esteem
before the game, it becomes more objective [12]. The
experience gained in the process of business game makes
it possible to more accurately assess the probable real
situations [16].

The use of business games in such disciplines as civil
protection, life safety or occupational safety will promote
the practical use and acquisition of theoretical knowledge
that can be used in the further activities of the student as a
specialist [5].

Purpose of research

The purpose of the research is to develop,
scientifically substantiate and experimentally test the
methodology of the business game "Providing first aid to
victims in case of an accident at production”, aimed at
working out a sequence of actions to provide first aid in
order of urgency and ability to maintain basic life
functions. before the arrival of the emergency medical
team.

Research results

As noted above, a business game is a way to enhance
the educational and cognitive activities of students, which
encourages them to intensive mental and practical
activities in the process of mastering the material, when
active not only the teacher but also students. The basis of
the traditional explanatory-illustrative approach to learning
is the principle of transferring knowledge to students in a
ready form. In the case of the use of active methods there
is a shift of emphasis in the direction of activating the
mental activity of students [18]. Methods of active learning
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can be used at different stages of the learning process: the
first stage - the initial acquisition of knowledge. These can
be a problem lecture, heuristic conversation, educational
discussion, etc. The second stage - control of knowledge
(fixing), such methods as collective mental activity,
testing, etc. can be used. The third stage - the formation of
professional skills, knowledge-based skills and the
development of creative abilities, the possible use of
simulated learning, game methods [16].

Consider the step-by-step algorithm of the business
game "Providing first aid to victims in case of an accident
at production”, which was conducted with students of
higher education after studying the topic. Technical
equipment: cards with tasks, bandages, splints, bandaging
material, first aid kit, mannequin-simulator for practicing
techniques of cardiopulmonary resuscitation.

Stages and sequence of the business game:

Stage I. Introduction to the game. Participants get
acquainted with the content, goals and objectives of the
game, the general rules. The teacher provides counseling
and instruction.

Stage II. Separation of roles among students. The
optimal group size is 3 - 4 people. Each group receives a
specific problem situation, distributes roles among group
members who interact with each other through discussion,
exchange of experience

Stage III. Immersion in the game. Students get
acquainted in detail with the proposed situation.

Stage I'V. Study and systematic analysis of problems.
The participants of the game analyze the situation, the
"highlight" is that no one but the student who portrays the
"intellectual victim" knows what happened to the victim.
They should determine this only by indirect signs - a brief
description of the victim's condition by the teacher, the
explanations (often specifically confusing) given by the
"victim", as well as the actions taken by the victim, such as
screaming "in pain" when touching a broken legs, or
"suffocating"”, etc.

Stage V. Gameplay. There is a search or development
of solutions, forecasting potential problems, risks and other
consequences of the problems and specific actions. During
the discussion, a collective decision is made, a clear
algorithm for providing first aid to the victim is developed.
The main points of the lesson are recorded in the
notebooks.

Stage VI. General discussion. Players present and
justify their decisions. The result of the work is evaluated
by participants of other groups. The teacher can also speak
about the results of the discussion, but only with
commentators on the content of the discussion, and not on
the whole game.

Stage VII. Summing up the game. The need for this
stage is especially important, at this time the decisions of
teams and algorithms for providing first aid to the victim
are evaluated, there is an acquaintance with different
approaches to care, their effectiveness and competitiveness
are determined. At this stage, points, penalties and
incentives are calculated, the best players are identified, the
game is logically completed.

Stage VIII. "Unloading" from the game. The final part
of the game is devoted to the participants' thoughts on the
prospects of using such learning technologies in the
educational process.

In a business game, action is always characterized by
problem analysis, weighing alternatives, developing
strategies and making decisions [19]. Accordingly, in a
model that simulates the solution of a problem, it is
necessary to make simplifications to some important
decision-making processes and, thus, to important data,
structures and processes. Conflicts that require decision-
making within one group or between conflicting parties or
decisions that go beyond the conflict are best suited for
this. The selection of game groups is very important and
therefore it needs to be considered especially carefully. The
role of moderator of the game is not performed by the
teacher, but in our example, the head and leader of the
group, and to some extent competent listeners. The game
leader gives the participants freedom of action, he allows
them to follow the learning path and make mistakes. Tasks
of the game manager: 1) to conduct separate phases of
game and to provide with necessary materials. It cannot
influence the group's decisions, but it can bring in new
additional information, materials and suggestions; 2)
represents groups that are not engaged in the game,
monitors compliance with time and proximity to reality; 3)
he is a mediator in case of violation of the rules of the game
and in the event of conflicts. The business game requires
certain conditions in terms of premises and time, it also
requires technical equipment, which is often difficult to
create in the daily learning process.

Our research was conducted among students of the
Faculty of Veterinary Medicine of NULES of Ukraine
(Kyiv). Three control groups were selected, in which the
topic "Providing first aid to victims in case of an accident
at production" was presented in lecture form, and three
research groups, where practical classes were conducted in
the form of a business game. The degree of assimilation of
educational material by students on a 100-point system in
research and control groups was analyzed.

Checking the effectiveness of the implementation of a
new method of training, the assimilation of the material
took place through the preparation of reports on the work
performed, demonstration of algorithms for providing first
aid to the victim

After conducting practical classes in the form of a
business game, the degree of assimilation of educational
material by students was analyzed in comparison with
students of control groups, in which this topic was
presented in lecture form. The form of student certification
consisted of answers to test tasks and descriptive questions
of the training module. We compared the average scores of
responses on a 100-point system with the results of
evaluations in the control groups, taking into account the
overall score of the groups for the school year (tab. 1).

The obtained data showed that the level of knowledge
of students in groups, where practical classes were
conducted in the form of a business game, was much higher
compared to students of control groups. (fig. 1). Statistical
analysis of the results of the research was performed using
the Microsoft Excel 2003 computer program. The average
score of the responses in the control groups was 72.25
points, and in the experimental groups - 80.45. The
standard deviation from the mean is £ 0.954 and + 0.12,
respectively.

We identified Student's unrelated (odd) criterion to
compare groups formed from different people, it was
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6,445. The reliability of the measurements had the highest
level of significance (p <0.001).

Table 1. Results of the conducted assessment of stu-
dents' knowledge on the topic "Providing of first aid to
victims in accidents at production™ and the average score
of groups for the academic year, in the control and research

groups.

Control groups Study groups
group | group | group | group | group | group
1 2 3 4 5 6
91 98 95 98 91 91
94 90 90 98 84 95
90 95 82 95 98 95
74 90 90 92 90 77
86 92 90 85 80 90
60 84 90 80 92 87
71 82 76 88 90 90
69 84 76 89 74 84
60 82 75 78 90 88
60 74 60 93 85
69 74 76 78 81
60 82 60 80 77
60 62 74 85
60 90 80

60
60

The average values of the control module

7261 | 74,82 | 7533 | 804 | 803 | 80,66
Average performance values

58,92 | 69,46 | 71,35 | 7517 | 71,1 | 69,38

Comparing the data of average scores of responses
from the control module of students on a 100-point system

5.3
72,61 74,82 7533
69.46 .35
58.92
Control 1 Control 2 Control 3
Groups

I Business game

- 5,17

Study 4

Traditional methods

with the overall score of groups for the academic year, a
direct correlation was established between the two data
sets.

The strength of the correlation bond was 0.707877, ie
it is in the range from = 0.7 to = 0.99, according to the scale
- this is a strong dependence, as evidenced by the level of
significance. The overall success of students from all
disciplines during the year in the control and research
groups was lower than the results of the control module on
"Providing first aid to victims in case of an accident at pro-
duction”. This may be due to students' personal interest in
learning about this topic. Almost everyone has faced
situations where someone needs urgent help, some have
seen help already provided, and sometimes we need it
ourselves. Everyone should know the basics of first aid,
because it is before the arrival of doctors often comes a
precious time when you can save lives or prevent
deterioration.

The activity in the form of a business game turned out
to be extremely interesting and useful for all students, as
they had the opportunity not only to hear the rules of first
aid for victims in case of an accident, but also to feel like
real rescuers. The game provided an opportunity to test the
acquired knowledge and skills. On special mannequins,
future specialists learned to do cardiopulmonary
resuscitation, stop bleeding and provide first aid for burns
and frostbite. Game participants learned how to use
improvised means, items of clothing, and other items to
provide first aid. Most importantly, students realized that it
was important to pinpoint symptoms and, without wasting
time, make decisions about actions.

Students asked questions and actively participated in
training sessions.

90

[y
=
(¥¥]

60

50

40

30

20

The average score of the group

10

Study 5 Study 6

Overall performance score

Fig. 1. Comparison of average scores of answers from the training module on a 100-point system for different
methods of teaching the discipline and the overall score of groups for the academic year.
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All participants of the game noted that such classes
provide an opportunity to receive very useful information
and acquire the necessary skills, because now they can use
their knowledge in difficult and extreme situations in the
workplace, as well as in everyday life. People often die
because others are unable to help them in time due to lack
of basic medical knowledge. So you need to know how to
keep yourself and other people healthy.

Assessment of students involved in the business game
also had some benefits for the teacher. Often, in written or
oral tests, we are faced with the problem of learning, in
which the student does not understand the essence of the
material, has difficulty using it in practice in the future.
Conducting a business game makes it possible to assess the
readiness of students more objectively, to identify all the
"weaknesses" or gaps in the knowledge of students, which
can later serve to organize a more detailed analysis of a
material.

It was found that the use of the developed business

game in the educational process allowed to increase the
level of assimilation of material for providing first aid to
victims in case of an accident by 7.7%.
The above method of preparing and conducting a business
game "Providing first aid to victims in case of an accident
at production™ can be used as one of the active teaching
methods that allow students to act independently for some
time in a simulated situation, to obtain the necessary skills
and rules for providing first aid to victims in case of an
accident. The analysis of different ways of solving the
situation, actions, methods and ways out of the simulated
situation contributes to a significant improvement in the
quality of the educational process and the accumulation of
experience. Business games in the educational process
allow future professionals to form not only certain
professional skills, but also certain moral traits of the
individual in terms of professional duties: initiative,
principledness, diligence, honesty [12, 20].

Conclusions

1. Assessment of the assimilation of the material
allows to state, although not significant, 7.7%, but a
probable increase in the efficiency of the assimilation of
the material when applying the methodology of the
business game " Providing first aid to victims in case of an
accident at production." The peculiarity of the use of
business games in teaching students is that this approach
allows to elaborate both theoretical knowledge and
practical skills of providing first aid to victims in case of
an accident.

2. Inaddition, conducting practical classes in the form
of a business game is more interesting for students, because
it involves not only identifying the level of theoretical
training, but also the use of knowledge in a simulated
situation close to reality, allows students to avoid certain
fears that sometimes arise work in an emergency. And also,
in particular due to the emotional component, leads to a
much deeper assimilation of the material.

3. Conducting a business game provides an
opportunity to more objectively assess the readiness of
students, to identify any "weaknesses" or gaps in the

knowledge of students, which can further serve to organize
a more detailed analysis of a material.

4. The above method of preparing and conducting a
business game can be used as one of the active teaching
methods, which is an effective pedagogical tool aimed at
forming thinking and can be recommended as an
alternative form of classroom work.
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JIJIOBA I'PA SK CIIOCIb [IJIBUIHEHHS
E®EKTUBHOCTI HABUYAJIBHOI'O I[TPOLIECY
[TPU BU-BUEHHI TEMU HAJAHHS JIOMEJUYHOI
JOINIOMOT'M IIOTEPIIUIMM ¥V PA3I HEIHACHUX
BUITAIKIB
C. M. I'ononypa, I1. O. Ymapa

AHortanisg. CTaTTi0O NPHUCBSIYEHO TEOPETUYHOMY Ta
MPaKTHYHOMY aHaJi3y BUKOPHCTAHHS METOAY JIIOBOI rpu
JUTst ipoeciiiHOl MiAroTOBKKM Mai0yTHIX CHEIialiCTiB, SKi
3a CBOIMH CIIy>)KOOBUMHU OOOB’s3KaMH MOBUHHI BOJIOIITH
OCHOBHUMH NPAKTHYHUMH HABUUKAMH 3 PSITYBaHHs Ta 30e-
PEKEeHHS )KUTTS JIOJUHM y pa3i HElIacCHOTO BHIAJIKY Ha
BUPOOHHMIITBI, Ta BIANOBIJHO IO 3aKOHA 3000B’s3aHi
3MIACHIOBATH HEBIAKIAAHI Mii Ta OpraHi3alliifHi 3aXOJH.
3a3HaueHo, 1m0 MpoOJeMy 3aCTOCYBaHHS TPU B CHUCTEMI
coliaTbHO-TIeIaroriYHOi pOOOTH IIMPOKO MPENICTABICHO 3
TIOTJISITy TIEJarOTiKY B 3arajIlbHUX JOCHIIKeHHAX. PazoM i3
THM CIIOCTEpiraeMo Ne(iluT BITIU3HIHUX JOCIIIKEHB,
MIPUCBSIYCHNUX PO3POOJIEHHIO TEOPETUYHMX OCHOB i BIOC-
KOHAJICHHIO MPAKTHKH BUKOPHCTAHHS JIJIOBOT I'PU SIK aK-
TUBHOTO TPallEOXOPOHHOTO METO/y HaBYaHHS MaiOyTHIX
cneuianictiB. BuzHayeHno cneundiky irpoBoi IisuIbHOCTI,
sKa TOJIATae B HAmNpsiMi NMpodigakTUUHOI, MPEBEHTUBHOT
CHPSIMOBAHOCTI I'PU SIK METOJy OpraHizaiii 3MiCTOBHOTO
HaBYaHHSI MalOyTHIX (axiBIliB.

Merta mocnimkeHb — pO3pOOHTH, HAYKOBO OOTPYHTY-
BaTH Ta €KCIIEPUMEHTAIBHO IIEPEBIPUTH METOANKY JIIIIOBOT
rpu «HagaHHS TOMEANYHOI JONIOMOTH MTOTEPIUINM Y pasi
HEIAaCHOTO BHIAJKy Ha BUPOOHMITBI», CHPSMOBaHy Ha
BiJIIIPAIfOBaHHS CTYJCHTAMH ITOCIIJIOBHOCTI il IIOIO
HaJlaHHS JOMEIUYHOT IOIOMOTH B MOPSIKY TEPMiHOBOCTI
Ta BMiHHS MiATPUMYBATH OCHOBHI )KHTTEBHX (YHKII{ MO-
TEPIILJIOTO J0 MPHi3ay OpUraan eKCTpeHOI MeINYIHOI T0TI0-
Moru. PesynbraToM Takux irop mMoxke OyTh sk 6e3moce-
penHii PO3BUTOK SIKOCTEH 0COOMCTOCTI, TaK i IEMOHCTpa-
IIisl MPaKTUYIHOI MiATOTOBKM MaitOyTHIX ¢axismis. [Iporpa-
BaHHS MIEBHUX CUTYyallili, 3aTy4eHHs] YIaCHUKIB TPH JI0 CH-
Tyanii BUOOpPY € peabHMM LUISIXOM JI0 BIIEBHEHOCTI Y
CBOIX CHJIaxX, BMiHHIO IPaBHJIbHO OPiEHTYBAaTUCh B €KCTPE-
MaJIbHI cUTyallii Ta BUKOPUCTOBYBAaTH HiApydHi 3acoOn
JUISL HA/IAaHHS JIOTIOMOTH TTOTEPIIUTHM.

VY naHiif poOOTI MPOaHATI30BAHO CTYITIHb 3aCBOEHHS
HaBYAJILHOTO MaTepially CTYIACHTaMH ITCIsl MPOBEISHHS
MPaKTUYHAX 3aHATH y (OpMi AiJIOBOI TpH MOPIBHIHO 3i
CTYJCHTaMH KOHTPOJIBHHX IPYI, B SKUX IO TEMy IOZa-
BaJM y JeKIiitHOMy BUrisiai. @opma aTtecrarii CTyAeHTIB
MoJIsTaa y BiIIOBIASX Ha TECTOBI 3aBIaHHS Ta OIHCOBI
3alMTaHHs HaByaJbHOTO Monyis. [lopiBHIOBanu ycepen-
HEHI OI[IHKY BiAmoBiael 3a 100-0aibHO CHCTEMOIO 3 pe-
3yNbTaTaMH OLIHIOBAHHS Yy KOHTPOJIBHMX Tpymax 3
BpaxyBaHHSM 3arajbHOr0 Oaiy YCIIIIHOCTI CTY/AEHTIB 3a
HaBYAJILHUH PIK.

KarouoBi cnoBa: finosa rpa, oxopoHa mpani, Ha-
JaHHA JOMEIMYHOI JOIOMOTH IIOTEPIIIMM, ESKCTpHMa-
JbHA CHTYyalis, CTYIIHb 3aCBOEHHS HAaBYaJBHOTO MaTe-

piaiy.

JEJIOBAA UTPA KAK CITIOCOB ITOBBIIIEHUE
SOPEKTUBHOCTU YYEBHOI'O [TPOLIECCA
TP U3YUYEHUWU TEMBI ITPEJJOCTABJIEHU A

JIOMEIULIMHCKOM ITOMOIIU [TOCTPAJIABIIUM
TP HECUHACTHBIX CIIYUAAX
C. H. I'ononypa, 11. A. Ymapa

Annotanus. CTaThs MMOCBAIICHA TEOPETHUCCKOMY U
MPaKTUIECKOMY aHAIN3Y UCTIOIb30BaHUSI METO/IA ISIIOBOU
UTPHI 11 TPO(heCCHOHANBHON OATOTOBKY OYIYIINX CIIe-
IIUATUCTOB, KOTOPHIE II0 JONTY CIYKOBI TOJDKHBI BIAJCTH
OCHOBHBIMH HaBBIKAMH II0 CHACEHUIO H COXPaHECHUIO
JKU3HH YeIIOBEeKa B CITydae HECYACTHOTO CITydasi Ha MPOM3-
BOJICTBE, M B COOTBETCTBHHU C 3aKOHOM 005I3aHBI OCYIIIECTB-
JIATh HEOTJIOKHBIE NEHCTBUS U OpraHM3alMOHHBIC MEpO-
npusatus. OTMedeHo, 4To mpobiaeMa IPUMEHEHHUsS! UIPHI B
CHCTEME COIHAIIBHOIIEJaTrOTUYHOH pabOThI IIMPOKO Mpe-
CTaBJICHBI C TOYKH 3pCHMS [I€AArOTMKH B OOIINX HCCIeI0-
BaHMsiX. BMecte ¢ TeM HaOmoaeM neUIUT OTeYECTBEH-
HBIX HCCIIEJOBAaHUA, IOCBAIICHHBIX pa3padOTKe TeOpEeTH-
YECKUX OCHOB M COBEPIICHCTBOBAHUIO MPAKTUKH HCIIOJh-
30BaHMA JIEJIOBOH HWIPHI KaK aKTUBHOTO TPYIOOXPAHHOU
MeToAa oOydeHuUs Oymymmx crenuanuctoB. OmnpenencHa
cnenn(rKa UTPOBOI IEATEIFHOCTH, KOTOPAst 3aKTI0YACTCS
B HAmpaBIiCHUH MPOQPIIAKTHYECKOW, TPEBCHTUBHOU
HaIpaBIEHHOCTH UIPHI KaK METOJla OpTaHU3aIlMH COlep-
KATEILHOTO 00y4YeHUs Oy IYIIUX CTIEIIUATUCTOB.

ens uccnenoBanuii — pazpaboTarh, HAYYHO 0OOCHO-
BaTh M HKCIIEPUMEHTAIBHO NTPOBEPUTH METOUKY J1€ITOBOM
urpel «lIpegocraBieHue AOMEIULIMHCKOW IIOMOIUM I10-
CTpaJaBIINM IIPH HECYACTHOM CITydae Ha IMPOU3BOJCTBEY,
HaIpaBJICHHYI0O Ha OTPabOTKy CTYyIEHTaMH IOCIIEeIOBa-
TENbHOCTU JEHCTBUI MO NPENOCTaBICHUIO JOMEIUIMH-
CKOH IOMOILY B HOPSAKE CPOYHOCTU U YMEHUE MOAJIEPIKU-
BaTh OCHOBHEBIC )KM3HEHHbBIC ()YHKIIMU [TOCTPATABIIETO 10
npuesna Opuragbl SKCTPEHHOW MEIUIMHCKOW IOMOIIH.
Pe3ynpTaTom Takux UTp MOXKET OBITH, KaK HETTOCPEICTBEH-
HOE pa3BUTHE Ka4deCTB JIMYHOCTH, TaK M JEMOHCTpAIHs
MPAaKTUYECKON TOATOTOBKH OyIyIIMX CIEIMAINCTOB.
[IpourpeIBaHus ONpeNeNeHHBIX CUTYAIHi, TPUBICYCHUS
YYaCTHHKOB HIPHI K CHUTYaIlMHd BBIOOpA SIBIAETCS peajib-
HBIM ITyTE€M K YBEPEHHOCTH B CBOMX CHJIaX, YMEHHIO IIpa-
BUJILHO OPUEHTHUPOBATHCS B HKCTPEMAJIbLHOM CUTyalluu U
HCIOJIb30BaTh MOJPYYHBIE CPEACTBA Ui OKa3aHWs IO-
MOIIIY OCTPaJaBIIUM.
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B nannoii paboTe mpoaHanM3UpoOBaHa CTENEHb YCBO-
eHnsl yueOHOTO Marepuana CTYAEHTaMH IIOCIE HpPOBEAe-
HUS TIPAKTUYECKUX 3aHATHH B (QOpME IEIOBOW HWIPHI TO
CPaBHEHUIO CO CTYAEHTaMH KOHTPOJIBHBIX TPYMII, B KOTO-
PBIX 3Ty TEMY NOAABAJIN B JEKIMOHHOM Buae. Popma are-
CTalMM CTYICHTOB 3aK/II0Yajach B OTBETaX HA T3CTOBBIC
3aJaHusl U ONKCATEJbHBIE BOMPOCH y4eOHOTO MOJIYIIA.
CpaBHHMBalIM yCpeIHEHHbIE OIIEHKM OTBeToB mo 100-
OaJIbHOW CHCTEME C pe3yJbTaTaMM OLCHUBAHUS B KOH-
TPOJIBHBIX TPYMIAaX ¢ y4eToM ooriero Oajuia ycreBaeMo-
CTH CTYJICHTOB 32 Y4€OHBIH roJ1.

KiroueBble ciioBa: fenoBas Urpa, OXxpaHa Tpyna,
MIPEAOCTaBICHHE OMEIUIMHCKON IOMOIIM IIOCTPAazaB-
MM, SKCTPUMAJIbHAs CUTYaIHs, CTEIICHb YCBOCHHS y4e0-
HOTO MaTepHaa.
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Abstract. Competitiveness indicators for transport
services are changing under the influence of both intra-
industry factors and the conditions of the transport market
and macroeconomic conditions. At the same time, under
the conditions of continuous improvement of quality and
differentiation of transport services of the competing
companies, the requirements put forward by freight
owners to trucking companies change.

The article proposes a new method of assessing the
competitiveness of a motor transport company by the
transport service quality indicators. The developed model
allows to assess the competitiveness of the motor
transport enterprise on the basis of the transport service
quality indicators, taking into account both the importance
of the individual factors of quality in the general system
and their various changes.

This model can be used to provide an indicative
assessment of the quality of transportation in various
segments of the freight market.

Key words: efficiency, competitiveness, freight,
transport services, quality of service.

Introduction

The study of the quality of road transport services is
possible using different approaches, for example, both
from the point of view of the process of rendering the
road service and from the point of view of the
consumption of the road service. If the road transport
service is provided by qualified enterprises under the
conditions that meet all the requirements of scientific and
technological progress, then, all else being equal, the
result will be the best, and therefore the quality level will
be the highest.

Formulation of problem

This view takes into account three components of the
quality of road transport services: quality of the structure
(organizational and technical quality of resources:
material and technical base, staffing, etc.); the quality of
the process (timely delivery of goods and passengers, the

choice of an adequate strategy of technology of rendering
services, compliance with rules and standards, etc.);
quality of the result (socio-economic effect of the
measures taken).

Analysis of recent research results

Recently, based on the specific nature of services,
scientists seek to distinguish from the general concepts of
enterprise competitiveness - the competitiveness of the
service industry. Thus, I.V. Dragunov concludes that the
competitiveness of a service organization is determined
by its potential, sufficient to retain or expand its market
share in a competitive environment [2]. B. Seyoum's
competitiveness of organizations in the sphere of
transport and tourist services is determined by their
comparative advantages over their competitors [9].
Instead, W. Song and C. Pang point out that the
competitiveness of the service sector is primarily
determined by the quality of the services provided. In
particular, the impact of quality is stronger for large
companies and when the global environment is
characterized by high dynamism and complexity [10].

Based on the specific nature of road transport
services, the methods of assessing their competitiveness
also have some differences. Their study is given the
attention of T.A. Vorkut, O.E. Bilonog, A.M.
Dmitrychenko and Yu.O. Tretynichenko [1], O.I. Zorina,
O.V. Sivolovskaya [6], V.G. Shynkarenko, T.E. Lazarev
[8]. Some aspects of this problem have been considered
by us in previous works [3, 4].

However, the breadth of tasks entrusted to the road
transport market, especially in terms of improving the
quality of transport services, requires further research in
this area.

Purpose of research
The purpose of the work is to develop a method of

assessing the competitiveness of the motor transport
company by the quality of transport service.


http://dx.doi.org/10.31548/machenergy2020.04
mailto:zagurskiy_oleg@ukr.net

58 O. M. Zagurskiy

Research results

Almost all developments in the field of assessment
and quality assurance of road transport services are in one
way or another related to the use of such approaches as
structural, process and effective. It is also important to
note that such categories as "price" and "quality" are
closely linked, but quality is one of the determining
factors in the competitive struggle of motor transport
companies for the consumer of services. Therefore,
assessment is the final part of quality management, which
involves analyzing the economic and social effectiveness
of the road transport services provided. Social efficiency
has a broader meaning.

The criteria for social efficiency are indicators of the
country's (region's) development and satisfaction of the
population with the received motor transport services.
Cost-effectiveness is determined by the ratio of effect
(output) and cost. Cost-effectiveness analysis is necessary
to improve the quality of services when the most
important problem is to achieve maximum results with
limited costs.

Competitiveness indicators for transport services are
changing under the influence of both intra-industry
factors and the conditions of the transport market and
macroeconomic conditions. At the same time, under the
conditions of continuous improvement of quality and
differentiation of transport services of the competing
companies, the requirements put forward by freight
owners to motor transport companies change.
Accordingly, only the users of transport services can give
the most objective assessment of the competitiveness of a
motor transport enterprise in terms of quality of transport
service.

In this case, it is advisable to use a graphical method
to perform analysis on specific indicators. Its advantage is
a visual representation of all indicators, which allows to
analyze their dynamics both mathematically and visually.
The disadvantage is the inability to account for the impact
of individual quality indicators in the overall system. That
is, a differentiated change of individual indicators towards
improvement or deterioration may not affect the complex
indicator, which is geometrically expressed by the area of
the figure.

In this method, the competitiveness of road transport
can theoretically be represented on a plane in the form of
a multidimensional coordinate system, in which specific
indicators of the quality of transportation are
distinguished, the quantity of which may be unlimited
(al... a2... ai) (see Fig. 1).

In the transition from the theoretical model to the
practical assessment, the number of analyzed indicators is
limited by the available statistical information on the
quality of freight traffic and the quality of transport
services.

At the same time, for the convenience of
competitiveness analysis and ensuring the comparability
of all indicators, the measurement of indicators is carried
out in the range from 0 to 1 (a value equal to 1, which
corresponds to the provision of regulatory or planned
level of the indicator). Therefore, even when the figure
exceeds one, it is considered equal to 1.

4]

¥
Fig. 1. Multidimensional coordinate system for the
quality of road transport.
Source: Compiled by the authors.

In our view, the quality of transport services is fully
characterized by the following system of indicators:

- delivery time;

- safety;

- security;

- completeness of transportation demand satisfaction;

- regularity (rhythm) of cargo delivery;

- comprehensiveness of transport services;

- transport accessibility of users;

- transport security of the territories;

- environmentally friendly transportation.

So, we build an n-dimensional system of transport
service quality in space (Fig. 2).

Fig. 2. Spatial pattern of the transport service quality
system.
Source: Compiled by the authors.

To do this, we select the principal analyzed
parameter a0 and depict it as a vector emerging from the
origin of this system and pointing upward perpendicular
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to the horizontal plane in which the other vectors are
located. They will display metrics that can be analyzed in
two-dimensional space (al, a2, ..., ai).

The spatial model allows us to obtain an additional
parameter - the total vector of the acym which length and
direction in space allows us to assess the complex change
of the analyzed indicators. The total vector is determined
by the formula:

N _
Aeom = Zi:l a'i + aO ) 1)

Therewith, > a[i is a projection of a_,, vector ona

horizontal plane, as a, vector; is perpendicular to this

plane.
As can be seen from Fig. 3, the figure formed by the

connection of the end of @, vector; with the ends of the
projection vectors, will be an n-corner pyramid.

uh

a
o (y
(l/v «
£ ‘l,v
-~ |
a; a;

Fig. 3. Spatial pattern of the equilibrium system of
service quality indicators.
Source: Compiled by the authors.

The angles between the vectors lying on the plane
can be determined by the formula:

360
a, = — = const 2)
n
In this case, the correct n-angular figure can be
obtained only in the case of equilibrium influence of

quality indicators on competitiveness, in which all indices

al ... ai are equal in modulus, and the total vector a,,,,

coming from the origin will coincide with the vector a,

and will play a role of height in this pyramid, being
clearly perpendicular to the plane, because in this case

Z g;i =(. Let's call this vectora "perfect”. This

cym

equality will also be observed when the number of indices
analyzed on the plane is equal, if the values of all pairwise
opposite vectors are equal in modulus.

Based on the analysis of the theory and practice of
assessing the quality of freight traffic, it is advisable to
send upward a vector that characterizes the indicator of
reliability of cargo delivery as the most significant, and to
consider other indicators on the plane. It provides an
opportunity to assess their importance in the system and
identify problem areas that need priority.

As the basic indicators of competitiveness of freight
transportation are reduced to eight summarizing indicators
of quality of transport service, using a multidimensional
spatial vector, let us imagine in space a multidimensional
coordinate system consisting of eight axes on a plane, and

the vector of reliability of supply itself a,; will be

clearly perpendicular to the plane. The total area of the
figure can be determined by the formula:

Scom - Zin:lsai Ay %Zin—l & X8,y ¥ sin a; 3)

By analyzing changes in metrics over a period of
time, you can compare the areas of the resulting figures
for each period. However, this comparison does not allow
us to assess the impact of individual indicators on the
overall system.

In contrast to the plane model, in the spatial model,
in addition to the parameter of the area, there is a
deviation of the total vector from the vertical, which is
characterized by the vector of its projection onto the
plane. The less actual quality indicators are balanced, the
greater the deviation of the total vector from the vertical,
ie.

3 a0 (4)

where a,, isthe "perfect” total vector,

Aot is the actual total vector.

Thereat, the deviation a,,, from a,,, indicates what

quality indicators will negatively affect the complex
competitiveness indicator.

a %
Fig. 4. Spatial pattern of the nonequilibrium system
of service quality indicators.
Source: Compiled by the authors.
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To determine the parameters of the total vector a_,

and its projections Z a{i , We use relations from vector
algebra [5].
1) The coordinates of the total vector a_, are

determined by of the following formulas:
X =>"" a,xcos(a x (i—1)) )

Y =>" axsin(ax(-1), (6
Z=a, ()

where X, y, z — are the coordinates of the total vector;
ai— is the value of the i-th quality indicator;
a;— is the angle formed by vectors.

Thus, if z a{i =0, then x=0 and y=0, z = ao, the

coordinates of the projection of the total vector on the
plane will take the value (x; y; 0).

2) The length of the total vector a,, and its
projection > g[i are determined b y the formulas:
_ 2 2 2
| _\/x +y +ay ®)

8ot

_[,2 2
IS TNy ©
8
3) The angle B between the vector and the horizontal
plane is determined by the formula:

do
9f=—07,
pE:!
4) To determine the angle y, which shows the

direction of projection of the total vector on the plane,
you can use the formula:

(10)

tgy = X,
X
And since it is not always possible to accurately
visually determine in which segment the projection of the
total vector lies, it is advisable to quantify the position of

the plane formed by the total vector a,, and the main

(11)

vector a, by the angle vy.

Given the length of the total vector and the angle
between it and the horizontal plane, the system of criteria
for maximizing the quality level is presented as follows:

la, ->18—90, (12)

The position of the vector z zii on the plane

allows you to determine the segment in which the quality
indicators have a negative impact on the complex
indicator of competitiveness. The direction of the

projection of the total vector indicates a segment where
positive dynamics of quality indicators were observed,
and the opposite end of this projection - to a segment with
indicators that lag behind the complex dynamics of
growth.

As already mentioned, it is important for the
distribution of factors in the coordinate system to
structure them according to the nature of the analysis.
Thus, for analysis from the point of view of the freight
enterprise, a multidimensional system with structured
quality of transport service on the plane will take the
following form (Fig. 5).

The analyzed indicators are divided into two groups:

- indicators of completeness of transport service
(speed or term of delivery of cargo; completeness of
transportation demand satisfaction; fulfillment of supply
conditions; complexity of transport service; transport
accessibility of users);

- indicators of stability of transport services
(regularity or rhythm of delivery of goods, availability of
vehicles, condition of wvehicles, safety of transported
goods, safety of transportation; transport security of the
territory).

It should be noted that the proposed system also
takes into account such indicators as transportation
security and accessibility, which are not directly
dependent on the activity of the freight enterprise, but do
not take into account the environmental indicator, since it
is not directly relevant for each specific type of cargo and,
accordingly, its owner. In this case, the quality of
transport services and, in general, the competitiveness of
freight traffic will be influenced by the zone of
overwhelming influence of the carrier and the zone of
overwhelming influence of the owner of the
infrastructure.

The use of freight transport service providers to
characterize the quality of freight transport indicators is
fundamentally important not only from the point of view
of market practice, because it reflects the principle of
customer orientation, but also from the point of view of
fundamental provisions of economic theory. Another
founder of the

Austrian  School of Economics, K. Menger,
emphasized that the value of benefits is "the judgments
that managers have about the value of the goods at their
disposal" [7]. In our view, K. Menger's proposition
underlying the subjective theory of value fully applies to
the assessment of the individual qualities of these goods,
in particular, the quality of freight.

We analyze the parameters (a1 + ai2) on the plane,
grouping them in the following directions: completeness
of transport service, speed and regularity of deliveries,
stability of transport service, interaction with users of
transport services.

As the main parameter that goes up from the origin,
we choose "cost of services" (ao;).

Thus, the formed system will comprehensively
characterize the price and quality of transportation, and
the vectors characterizing the quality indicators will be
located in the horizontal plane (Fig. 6).
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Fig. 5. System of indicators of transport service quality.
Source: Compiled by the authors
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The deviation of the projection of the total vector
from the axis indicates the following:

- the segment with lagging growth dynamics in
2017 is shifting from indicators of completeness of
transport service in the direction of indicators of speed
and regularity of deliveries, and in 2018 it covers both of
them, and at the same time this year the indicators of
“completeness of demand satisfaction” and “safety of
transported cargo” are growing significantly;

- the direction of the total vectors shows that the
quality indicators that belong to the group “interaction
with users of transport services" have improved to a
greater extent than other indicators;

- the speed and regularity of deliveries, as well as
the completeness of transport services, deserve more
attention than the sustainability of transport services,
which should be taken into account when designing
measures to improve the competitiveness of freight
services.

Conclusions

1. The proposed model for assessing the
competitiveness of freight services allows to assess the
competitiveness based on the quality of transport service,
taking into account both the importance of individual
quality indicators in the overall system and their various
changes.

2. This model can be used to provide an indicative
assessment of the quality of transportation in various
segments of the freight market. In addition, one of the
key strengths of the competitiveness assessment model is
that the number of analyzed indicators that affect
competitiveness is potentially unlimited.

3. It also allows us to assess the competitiveness
both in terms of customer-centric approach and price-
quality ratio, as well as from the position of the freight
carrier enterprise taking into account the factors of
transportation security and accessibility.
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METO/ OLIIHKM KOHKYPEHTOCITPOMOXHOCTI
ABTOTPAHCIIOPTHHUX ITEPEBE3EHb HA OCHOBI
BATATOBUMIPHOI BEKTOPHOI MOJEJII
[NIOKA3HUKIB SAKOCTI TPAHCIIOPTHOI'O
OBCJIYTOBYBAHHA
O. M. 3azypcoruti

Anoranis. [Toka3HUKM KOHKYpEHTOCIPOMOKHOCTI
TPAaHCIIOPTHUX MOCIYr 3MIHIOIOTBCS IMiJl BIUIMBOM SIK
BHYTPIIIHBOTATY3€BUX (aAKTOpPiB, TaK 1 KOH'IOHKTYpH
TPaHCIIOPTHOTO pHUHKa i MaKpOEKOHOMIYHOT
KOH'IOHKTYpu. [lpm momy B ymoBax Oe3mepeBHOTrO
MiBUINCHHS SAKOCTI 1 audepeHmiamii TpaHCHOPTHUX
MOCTYT KOMITaHi-KOHKYPEHTIB 3MIHIOIOTBCS i BHMOTH,
110 BHCYBAIOTHCS BaHTa)KOBJIACHUKAMH pi (]
aBTOICPEBI3HUKIB.

B crarTi 3ampomoHOBaHO HOBHH METOX OLIHKA
KOHKYPEHTOCHPOMOXKHOCTI ABTOTPAHCIIOPTHOT'O
HiIIPUEMCTBA 332 MOKA3HHKAaMHU SKOCTI TPAHCHOPTHOTO
obOcnyropyBanus.  Po3pobnena  Mojenb — TO3BOJISE
OLIIHIOBATH KOHKYPEHTOCIPOMOKHOCTI
aBTOTPAHCTIOPTHOTO MiAMPUEMCTBA Ha OCHOBI
MOKa3HUKIB SIKOCTI TPAaHCIIOPTHOTO OOCIYyroByBaHHS 3
ypaxyBaHHSIM K 3HAYyIIOCTI OKPEMHUX YHMHHHKIB SKOCTI
B 3arajpHii CHCTEeMi, TaK 1 iX pi3HOCHPSIMOBAHUX 3MiH.
Lls Mozxens Moxe OyTH BHKOPHCTaHA JJIS IHIUKATHBHOT
OIIIHKH PIBHS AKOCTI MEpeBe3eHb Ha PI3HUX CErMEHTaX
PHUHKY BaHTQ)XHHX HEPEBE3CHb.

Karwuosi caoBa: e(CKTHBHICTB,
KOHKYPEHTOCHPOMOXXHICTh, ~ BAaHTQXHI  HEpEeBE3CHHS,
TPAHCIOPTHI MOCIYTH, SIKICTh 00CITyrOBYBaHHS.

METO/I OLIEHK1 KOHKYPEHTOCIIOCOBHOCTH
ABTOTPAHCIIOPTHBIX ITEPEBO30OK HA OCHOBE
MHOT'OMEPHOM BEKTOPHOI MOJIEJIN
[TOKA3ATEJIE KAYECTBA TPAHCIIOPTHOI'O
OBCJIYKMUBAHUSI
O. H. 3azypckuii

AHHOTa[II/lSI. [Tokazarenu KOHKypeHTOCHOCO6HOCTI/I
TPAHCIIOPTHBIX YCJIYI' UBMCHSAIOTCSA I1I0J BJIMAHHUEM KakK
BHYTPHOTPACIEBHIX (DaKTOPOB, TaK M KOHBIOHKTYPHI
TPAaHCIIOPTHOTO  PbIHKA W MaKpPOIKOHOMUYECKOMU
KOHBIOHKTYpBL. IIpn 3TOM B YCJIOBUSIX HENPEPHIBHOTO

MOBBIIIECHUS KauecTBa u nuddepeHInaImn
TPaHCHIOPTHBIX ycIyr KOMIIaHUI-KOHKYPEHTOB
MEHSIOTCS " TpeGoBaHuS, MpeIbABIsEMbIE

TPYy30BJIa/IeNIbIIaMHU K aBTONEPEBO3UHKAM.

B cratee mpemnoxkeH HOBBI METOI OLEHKH
KOHKYPEHTOCIIOCOOHOCTH ABTOTPAHCIIOPTHOT'O
MIPEATIPUSATHS 110 OKA3aTeIsIM KauecTBa TPAHCIOPTHOTO
0o0cTy)KHBaHUSI.

PazpaboranHass Mojenb  KOTOpas  HO3BOJISIET
OIICHUBATh KOHKYPEHTOCIIOCOOHOCTh
ABTOTPAHCIIOPTHOTO NpEeANPUATHS Ha OCHOBE
IoKa3aresel KauecTBa TPAHCIOPTHOTO OOCITY)KHBaHUS C
YYETOM KaK 3HaYMMOCTH OT/IENIbHBIX (haKTOPOB KayecTBa
B oO0mei cuctemMe, Tak M WX pPa3HOHANPABIICHHBIX
M3MEHEHHH. ITa MOJENh MOXKET OBITH UCITOJIL30BaHA ISt
WHJIMKaTUBHOHM OLIEHKHM YPOBHSI KayecTBa IEPEBO30K HA
Pa3JIMYHBIX CErMEHTaX PhIHKA TPY30BbIX NEPEBO30K.

Kiouesnle cJI0Ba: 3¢ PEeKTUBHOCTS,
KOHKYPEHTOCIIOCOOHOCTB, Tpy30BBIE MIepEeBO3KH,
TPaHCIIOPTHBIE YCIIYTH, KAYECTBO OOCITYKNBAHHUS.

0. M. 3arypeskuiit ORCID 0000-0002-5407-8466.
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AHoTanig. MeTor IOCHIKEHHS € BCTAHOBJIEHHS
BIUIUBY KOHCTPYKTHBHHX 1 TEXHOJIOTIYHHX HapaMeTpiB
PO3pO0JICHNX BapiaHTiB OOPOHH 3 TBUHTOBUMH POOOYUMHU
opraHaMd Ha e(QeKTUBHICTh 3apOOJITHHS POCIUHHUX
PELITOK.

OO0’€KTOM [JOCTIIKCHHS € TEXHOJIOTIYHHUN MPOIEC
00pOOITKY TIPYHTY OOPOHOIO 3 TBHHTOBHMH POOOYMMU
opranaMu. IIpenmMeToM MOCHIIKEHHS € 3aKOHOMIPHOCTI
mepediry mpomecy 3apoONSHHS POCIMHHUX —PEIITOK
3aJICKHO Bi 3MIHHM KyTa aTaku po0Oodoro oprasy,
BEJIMYNHU KPOKY T'BHHTOBOIO poOOYOro opraHy Ta
TIIMOWHU 00pPOOITKY TPYHT.

Ha OCHOBI MIPOBEJIEHOTO KOMIUIEKCY
eKCIIEPUMEHTAJIbHUX JIOCII/DKEHb BUBEJIEHO perpeciiui
3aJI©KHOCTI JUIsi BU3HAYEHHS BIJICOTKA IUIOLI TOBEpPXHI
Nojs 3 TOBHUM 3apOOJISIHHSIM POCIMHHHX PEIITOK
OOpOHOI0 13 T'BMHTOBMMH pPOOOYMMH  OpraHaMu.
[ToOynoBaHi MOBEpXHI BIAryKy 3alie)KHOCTI BiJCOTKa
IUTOLI MOBEPXHI MOJIsl 3 HOBHUM 3apOOJISTHHSAM POCIHHHUX
pemtok ¢ pu 00poOITKY IPYHTY OOPOHOIO i3 TBUHTOBUMHE
pobounmMu opraHamm.

Pesynbrat: BceTaHOBIEHO, MO JTOMIHYIOUHH BILTHB
Ha BEJIMYMHY BiJICOTKA IUIONII MOBEPXHI IOJIS 3 TIOBHUM
3apOOJITHHAM POCIMHHUX pEmToOK ¢, Mae TIuOuHa
00pobiTKy TpyHTY h, mani Kyt araku f 6aTapei TBUHTOBHX
poOounx opraHiB i HaliMEHIIE BIUIMBAE BEIMYMHA KPOKY
TBUHTOBOTO poOo4oro oprany 7.

Kiro4uoBi cioBa: 0opoHa 3 TBUHTOBUMH POOOYHME
opraHamMmu, KyT aTaku, KpOK FBHHTOBOTO po0040ro opray,
mmbuHa 00pOOITKY TPYHTY, 3apOOJISTHHS POCIMHHUX
PELITOK.

ITocTanoBka mpodaemu

IpyHTooOpo6Hi poGoYi  OpraHd  CilbCHKOTOCIO-
JApChKUX MAIIMH CTBOPIOIOTh HEOOXigHI YMOBH JUIs
IHTEHCUBHOTO POCTY 1 PO3BUTKY POCIWHHU: Yy 3B'SI3KY 3
00p0OITKOM TPYHTY TMOJETIIYEThCS JOCTYN KHCHIO 1
BOJIOTH y IPYHT, KOPEHEBa CHCTEMa ILIBU/IIIE PO3BUBAETHCS
1 THM CaMUM POCJIMHOIO IHTEHCHBHO 3aCBOIOIOTHCS MAKpO-

Ta MiKpOGJ’IeMeHTI/I 3 IPYHTYy, 1IO BE€AC 10 IMBHIANIOTO

PO3BUTKY PpOCIMHM 1, SK pe3yibTaT, MNOTEHIial
010JIOTIYHOTO  BpOXkaw  3poctae. IloXimHMUMH  Bif
i IBUILICHHS e(eKTUBHOCTI BHUKOPUCTAHHSA
CUIBCBKOTOCIOZIAPCHKOT ~ TEXHIKM €  BPOXKaHHICTh

(3abe3nedenHst MoTped POCIMH B LIJIOMY) i COOIBapTICTH
OpOAYKII (BUTpATH MaIMBHO-MACTHIBHUX MaTepialis,
MPOAYKTUBHICTH, 3aTpaTH pPoOOIOTO Yacy).

AKTyallbHUM  TIOCTa€  IUTAaHHA  3MEHIICHHSA
co0iBapTOCTI BHUKOHAHHS TEXHOJOTIYHUX OIepamid mpu
30epexeHH1 MPOJTYKTHBHOCTI pobotu
CUTBCBKOTOCIIOZAPCHKOT TEXHIKM Ta SKOCTI X BUKOHAHHSI.
Tomy AKTyaJIbHIM € CTBOpPEHHS HOBHX
CUIBCHKOTOCIIOJIAPCHKUX MAIIHMH, IX poOOYMX OpraHiB Ta
NPOBEACHHS BIANOBIHUX JOCIIIDKEHb 1 PO3pPOOICHHS
pexoMeHaliit 11 eh)eKTUBHOTO BUPOLIYBaHHS MPOIYKIIT
POCIIMHHUIITBA.

AHaJi3 0CTAHHIX JOCIIIKEeHD

Jns obepraHHS 1 KpHWIIIHHSA TPYHTY, Hepepi3aHHs
MOXXHUBHHUX PEIITOK, TEpeMillyBaHHA iX i3 IPyHTOM
BHKOPHCTOBYIOThCSA cpepuuHi IpyHTOOOpOOHI mucku [1—
3]. Bim BigctaHi MiXK IHCKaMH, X KOHCTPYKTHBHHX
rmapaMeTpiB 1 KyTiB YCTAaHOBKH 3aJISKUTH Gopma mpodimto
00po0iieHo1 cMyru TpyHTy Ta BHcOoTa rpebeHiB. Jluck
BCTaHOBJIIOIOTH TaK, 00 MK IUIOIIMHOIO PO3TAITyBaHHS
ne3a (Kpallky JUCKa) 1 HampsIMKOM pyXy arperaty OyB
NMEeBHUH KyT aTaku. J[Jsl MOKpalleHHs IepeMilllyBaHHs
JICK BIAXWIAIOTH 1€ W Y BEPTUKAIBHIN IUIOMIKUHI, TOMY
KOXKEH JIMCK Ma€ iHIMBITyabHE KPIIJIEHHs 0ci 00epTaHHs
J0 pamH. SIKIIO 3acTocyBaTW TBHHTOBY ITOBEPXHIO, TO
MOJKHa OYiKYBaTH aHaJIOTI4HI pe3yJabTaTH poboTH, ane ii
MOJKHa KpIIIUTH Ha CHUJIILHOMY Baily, Ioai0HO 1o Gartapei
JIMCKIB JIyIIHJIbHUKA.

- Jlnsg moBepXHEBOTO OOPOOITKY IPYHTY IIMPOKO
3aCTOCOBYIOTH JTUCKOBI poboui opranu. IlpoexTyBaHHS i

pPO3paxyHOK  JAWUCKOBHX  TIPYHTOOOPOOHHMX  3Hapsiab
rpyHToBHO po3kpuB II.M. 3aika [4]. Takox po3poGieHo
AQHATITHIHY  MOJENb  YCTAaHOBKH  IPYHTOOOpPOOHWX
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chepuuHUX IUCKIB Ui BU3HAYCHHS TE€OMETPHYHHX Ta
TEXHOJIOTIYHAX XapakTepucTuk [5]. Y mpamax Oimbmn
BY3BKOTO CHPSMYBAaHHS TOCTIDKYIOTBCS Pi3HI acIeKTH
MOKpAaIIeHHs!  SIKOCTI  OOpoOITKy  TIPYHTY  TaKHMH
3HapsamsaMu  [6-9].  BusHaueHO — HAyKOBISIMH |
MIEPCIIEKTHBH TTOJANIBIIOTO BIOCKOHAIECHHS JHUCKOBUX Ta
IHIIUX IpyHTOOOpOOHMX 3Hapsap [10, 19, 20, 21, 22]. B
nparsix [11,12] reopeTHyHO OOIpYHTOBaHO KOHCTPYKIIIO
IPYHTOOOPOOHOTO 3HApSALS, B SIKOMY, B SIKOCTI poOOUYMX
OpraHiB BHKOPHUCTAHO TBHHTOBI TOBEpXHI 13 BIiCIKY
PO3rOPTHOrO remikoiga.

Merta gociigkeHnb

MerTor0 [JOCHIIUKEHHS € BCTaHOBJICHHS BIUIHBY
KOHCTPYKTUBHHUX 1  TEXHOJOTIYHHX  IapaMeTpiB
po3pobiIeHnX BapiaHTiB OOPOHH 3 TBUHTOBUMH pOOOUNMH
opraHaMd Ha e(QEeKTUBHICTh 3apOOJITHHS POCIMHHHUX
pemToK, ToO0TO BU3HAYEHHs BIICOTKA IUIONII MOBEPXHI
Mojs 3 TOBHUM 3apOOJISIHHSIM POCIMHHHX PEIITOK
3aJI@KHO BiJl 3MIHM KyTa aTaku poOo4yoro oprasy,
BEIMYMHH KPOKY TI'BHHTOBOIO po0OYOro opraHy Ta
TIIMOWHU 00pOOITKY IPYHTY.

Pe3yabTaTn nociaigxeHb

Ha ocHOBI TeOpeTH4HO ofepKaHUX KOHCTPYKTUBHUX
mapaMeTpiB  BUTKIB  relikoiga, Oyio  po3poOsieHO
KOHCTPYKIIIO 1 BUTOTOBJEHO TBHUHTOBI po0OYi OpraHu
OOpOHH, KOHCTPYKIIiIO SKHUX MOKa3aHO Ha puc. 1, a TaKox
eKCIIEPUMEHTAJIbHUI BapiaHT OOpPOHM 3 TBUHTOBHMH
pobounmu opranamu (puc. 2) [11, 12]. B rtabmumi 1

NPE/CTABICHO TEXHIUHY XapaKTepUCTHUKY OOpOHH 3
TBUHTOBUMH POOOYHNMH OpPTaHAMHU.

3

=& : i Tt
S 28 ) " i
Puc. 1. 3arampHuii BHIIISAJ TBHHTOBOTO POOOYOTrO
oprasy.

Fig. 1. General view of the screw working body.

OnHUM 13 BaroMUX pe3epBiB IMiIBUIIICHHS POJAIOYOCTI
IPYHTIB € BUKOPHCTaHHS COJIOMH W 1HIIMX POCIMHHUX
pemTOK, SK OpraHiyHUX JOOpUB, OCKIIBKK HUHI
TBapUHHUIIPKA Tally3b 1 OJNM3BKO HE CIPOMOXKHA
MPOAYKYBATH JOCTATHHOI KiIJIBKOCTI OPTaHIYHUX JTOOPHB.
HaTomicTh MiHepadbHI JOpOTi i He 3[4aTHI 3a0e3NCUUTH
TUX TIepeBar, sKi Jlae BHECeHHs THo1. Lle mepemycim
YTBOPCHHS OpPraHiYHOI PEYOBHHHA Ta  MOJINIICHHS
MEXaHIYHUX BIIACTHBOCTEH IPYHTY, IO BHUSBISETHC Yy
MiABHINCHIH 31aTHOCTI abcopOyBatu i 30epiraTu BOJIOTY.
Tomy mnosie, Ha SKOMY DEryJisipHO BHOCHUTBCS OpraHika,

3apkaAu OyAe TEepCIeKTHBHIMM Y IDIaHi BPOXao y
MOPIBHSAHHI 3 THM, i€ 3aCTOCOBYETHCS JIHINE «XIMis».
BukopucTaHHS TMOXXHUBHUX PEHITOK 3i0paHUX KyIbTyp
Jia€ 3MOTY 3a0e3MeYnTH HaIX0DKEHHS Y IpyHT 10 60—70%
OpTraHIYHUX PEYOBUH, PAKTHIHO aHAJIOTIYHUX 32 [[IHHICTIO
JO KIACHYHOTO IMiACTHIKOBOrO THOMO. Ilpm mnpomy,
HAWBUIIUN TMO3UTHBHUN e(EeKT CIOCTEPIracThCs Ha
pinaky, COHSMIHNUKY, 0000BHX, KyKypy/3i Ta KapTOILII.

JocmimkeHHss i3 BU3Ha4YeHHS  e(EKTUBHOCTI
3apOOJISIHHS POCTMHHUX PelTOK ¢ (BU3HAYEHHS BiJICOTKA
VIO MOBEPXHI JUISHKH MOJS 3 HOBHHM 3apOOJITHHSAM
POCIMHHUX pPEWTOK, %) NPOBOAWINCH B IOJHOBUX
yMOBax, TpH OOpoOITKy CTEpHI MIICHHII B YMOBax
rocriogapctBa @I «BikTopis 92».

bl = e e 2 ¥ S
Puc. 2. 3aranpHuil BWIIIAL eKCICPUMEHTAIBHOTO
B3ipIls OOPOHU 3 TBUHTOBUMH POOOYUMHE OpraHAMH.
Fig. 2. General view of an experimental sample of a
harrow with screw working bodies.

Tabmumusa 1. TexHiuHa XapakTepucTHKa OOpOHH 3
BUHTOBUMHU POOOYHMMH OpraHaMH.

Table 1. Technical characteristics of the harrow with
gunt working organs.

[Mapametp 3Ha4yeHHs
KoHCTpyKTHBHA IIMpUHA 3aXBaTy, M 1,3
HeoOxitHa NOTYXHICTh TPaKTOPA, K.C. Big 40
IArperaTyBaHHs 3 TPAaKTOPOM HauilHe
Maca , kT 172
KijpKiCTh BUTKIB T'€liKOifa, T 10
SOBHINIHIN TiaMeTp TeNiKoiga, MM 562-570
CmubuHa 06pobiTKy, cM 3-12
IPoOoYa MIBUAKICTE, KM/TO 7.17
["aGapuTHi po3MipH B TPaHCIIOPTHOMY 2090x1430
MOJIOKEHHI (JJOBXHMHA X IMUPUHA X BUCOTA). %1250

OOpoOiTOK  TIpyHTY TPOBOAMBCS OOpOHOK i3
TBUHTOBUMH POOOYMMM OpraHaMM, B SIKi II04eproso,
micnst 00poOiTKy NMEeBHOT AUISHKK (IUIOLICI0 MPHOIM3HO
100 m?), 3amiHrOBaIM po604i opranu (pi3HUX KOHCTPYKILiii
1 TUIOPO3MIpiB) Ta MPOBOAWMIM TEPEHATATOKEHHS iX
BIZTHOCHO HAaIIPSIMKY PYXY.

ITporpama eKCIIEPUMEHTAIbHUX JOCTIDKEHb
nependadana MPOBEASHHS JOCTI/KEHb 3MiHU BEIMYUHU
BIICOTKA IUIONII TOBEPXHI MUISHKH MO 3 IOBHUM
3apOOJITHHSAM POCIMHHUX PEMITOK ¢ BijJl BEJIMYUHU KyTa
po3mimieHHss Oarapei TBHHTOBHX pOOOYHX OpraHiB
BIZTHOCHO HampsiMy pyxy (KyTa aTaku f5), BETMYHHU KPOKY



BIVIMB KOHCTPYKTUBHUX I TEXHOJIOITYHUX ITAPAMETPIB PO3POBJIEHUX BAPIAHTIB ... 67

TBHHTOBOTO pobodoro oprany 7 Ta rTHOHHA 06po6iTKy h.

Jns  onepkaHHS 3HAY€Hb JIOCTIKYBAaHOI BEIHIHHU
BHKOPHUCTOBYBAJIM TIKOBI (MakcHMaibHI) 3HAYCHHS,
OTPUMaHI B pe3yJIbTaTi JOCTi)KEHb TaHUX.

Ominka e(eKTHBHOCTI 3apOOJITHHS — POCIMHHUX

PEIITOK BUKOHYBAJIaCh METOIOM CHEKTPAIBHOTO aHATI3y
iHpopMarlii, onepxaHoi i3 cepii POTO3HIMKIB, 3pOOIICHHX 3
Bucotn 10 M (mpu 3a0e3mnedeHHi NOB3JOBXKHBOTI'O
MEPEKPHUTTS 3HIMKIB He MeHIe 60% BiIMOBITHO 10 BUMOT
¢dororpammeTpii [345]), kameporo KBaJIpOKONTEpa MOJEII
DJI Phantom 4 nuisixom 00poOKH pe3yIbTaTiB 3HIMaHHS Ta
noOynoBu KaprorpadiyHUX MarepiaiiB y KOMI IOTepHil
mporpami Agisoft Photoscan. /[ Bu3HadeHHs BimcoTKa
IUTOINI TOBEPXHI AUISHKH TIOJI 3 TMOBHHM 3apOOJISTHHSM
POCIMHHUX pEmToK BHUKOPHCTOBYBANIACh
reoinpopmanitina cuctema (I'IC) QGis 3, y skii
BHKOHYBaJIach KepoBaHA KIacH(piKaIlisl MOBEpXHI IPYHTY
METOJIOM HAaBYAJILHOI BUOIPKH.

J1n1st KO)KHOTO 3 (haKTOPIB EKCIIEPUMEHT MPOBOIUBCS
He MeHIe 3 pasziB, MiCIs YOro BU3HAYAJOCS CEPEIHE
3HAUEHHS pe3yJbTaTy, SKe BHKOPHUCTOBYBAJIOCH IS
MOJAJBIIOr0 CTATUCTHYHOTO OOpOOJIEHHS pe3yJbTaTiB
EKCIIEPUMEHTY.

Jns  BU3HAYEHHA BIUIMBY KOHCTPYKTHBHHX Ta
TEXHOJIOTIYHUX MapaMeTpiB TBUHTOBUX POOOYHX OpraHiB
OOpoHH (He3aNleXHHX (AKTOpPiB X, ) HAa BEIHYUHH

BIiICOTKA IUIONII TOBEPXHI MUISHKH OIS 3 TIOBHUM
3apOOJIIHHSM ~ POCIMHHHX  pemTok ¢ NPOBEACHO
MMOBHO(AKTOPHI  €KCIICPUMEHTH, TOOTO BH3HAYCHHS
BiJICOTKA IUIONII TIOBEPXHi MOJA 3 TOBHUM 3apOOJITHHIM
pociuHHUX pemTok ¢, % BiI 3MiHM TPhOX OCHOBHHX
¢dakTopiB: KyTa aTaku poOouoro opra”y pf, epao.,
BEJIMYMHHU KPOKY TBUHTOBOrO pobodoro oprany 7, m Ta
rubuHI 06po6iTKY h, M, TO6TO =f(, T, h), sixi HaBeneHO
Tabmi 2.

icnst koxyBaHHs (HaKTOPIB CKIAAAIH [IIAH-MATPHIIIO
BIZIMOBITHOTO 06araTroakTOPHOrO0 EKCIEPUMEHTY THILY

TI®E 33 st unca gocnigis N = 32,

3arajpHUIl BUIUISA PIBHSHHS perpecii  BiJICOTKa
IUTOLII MOBEPXHI MOJIsl 3 HOBHUM 3apOOJISTHHSAM POCIMHHUX
PEIITOK 3aJIeXKHO BiJf 3MIHH KyTa aTakd poOOYOro opraHy
[, BEIMYMHU KPOKY I'BHHTOBOro poboyoro oprany 7 Ta
rubuHl 06po6iTKy h, To6TO0, E=Ff(f, T, ) Mae Burmsi:

& =81.205—-33.33T —245.32h + 2.84 $h +1639.61h°.

Otpumane  piBHaHHA  perpecii (1)  moxke
BUKOPUCTOBYBAaTUCh [UIsl BH3HAYCHHS BiJCOTKAa ILUIOLII
NOBEpXHI MOJs 3 TOBHUM 3apOOJISHHAM POCIMHHHX
pemtok &, % Bix 3MiHM TPHOX OCHOBHHX (hakTOpiB: KyTa
aTaku poOOYOro oprasy f, BEITMYHMHU KPOKY TBUHTOBOI'O
po6ouoro oprany T Tta raubuuE 00pobiTKy h, mpm
00po0ITKYy TIPYHTy B TaKHMX MeEXax 3MiHH BXiJTHUX
(axTopis:
20 < <40 (rpan); 0,18< 7'<0,26 (m); 0,08 <h < 0,12 (m).

3a  J0MOMOTOI0  TpOTpamMHOro  3abe3nmedeHHs
Statistica-6.0 mst ITIK o6y ayBanu rpadivse BiATBOpEHHS
MIPOMDKHUX 3arajbHUX PETPECiHIX MOJAEIeH y BUIIIII
KBaZIpaTUYHUX IIOBEPXOHb BIATYKY Ta iX JIBOMIpHHUX
mepepi3iB  BiCOTKA IUIONII IOBEPXHI TOJNS 3 ITOBHHM
3apOOJISTHHSIM POCIIMHHHX PEIITOK &, K (DYHKILIO Bij 1BOX

3MiHHUX (haKTOpiB Xiz) » 3@ MOCTIHHOTO HE3MiHHOTO

PiBHS BiAIIOBIHOTO TPETHOTO (haKTOpa Xz =const .

Tabauus 2. XapakrepucTuka GakTopiB Ta 3HAYSHHS
iX piBHIB IJI1 TPOBEACHHS  EKCIEPUMEHTaIbHUX
JIOCITiKEHB 3 BU3HAYCHHS IIIOIII IIOBEPXHI ITOJIS 3 IOBHUM
3apOOJISIHHSIM POCIMHHHX PELITOK.

Table 2. Characteristics of factors and the value of
their levels for experimental studies to determine the
surface area of the field with full earnings of crop residues.

KomoBane mo3Ha4yeHHs i 3HaueHHs

HaliMeHyBaHHs (hakTopa piBHIB (akTOpa
X, Kyt arakn pobouoro oprany S,

20-30-40
2pao
X, Belm4MHa KpPOKYy TBHHTOBOTO 0.18-0.22-0,26
pobouoro oprany 7, m
X, I'nmubuna o6pobiTky h, u 0,08-0,10-0,12

M =52
M - 52
B <81
B <80
=79
<78
<77
=<6
[ B
B <74
M <73

0,26
T
0,25

023

0,22

I c2
e
I 50
= 7o
178
[k

=
B 74
e

0,21

20 22 24 28 28 30 32 34 36 38 40
B tpan

0

Puc. 3. [ToBepxHs BiAryky (a) Ta ABOMipHHH epepi3
MOBEpXHI BiArYKy (0) 3aJIe)KHOCTI BiJICOTKA IUIOIII
MOBEPXHI TOJI1 3 TOBHMM 3apOOJITHHSAM POCIMHHHUX
pewrok E=£(5, T) BiJ 3MiHU KyTa aTaku poOOYOro oprany
S Ta BENMYMHM KPOKY I'BUHTOBOTO poOouoro oprany 7
(h=0,1m).

Fig. 3. Response surface (a) and two-dimensional
cross-section of the response surface (b) dependence of the
percentage of field surface area with full earnings of crop
residues & = f (8, T) on changes in the angle of attack of the
working body B and the pitch of the screw working body T
(h=0,1m).

AHamni3  OTPUMaHOrO  perpeciiHoro  piBHSIHHSA
MMOKa3ye, 0 HAHOIBIINI BIUTUB HA 3MiHY BiJICOTKA ILIOIII
MOBEPXHI TIOJII 3 TOBHUM 3apOOJITHHSAM POCIMHHHUX
pewTok & YuHATH GakTopH X3, X1, (N, f) Ta kKoMOiHALIT HX
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¢akropi. 36imbmienHs BenmunmHH (aktopa Xz (h)
MIPU3BOANTE A0 30UIBIICHHS BiACOTKA IUIONII ITOBEPXHIi
HoJI 3 TOBHMM 3apOOJISIHHSAM POCIMHHUX DEIITOK Ha
7,4%. B 3aranpHOMY, A7 301MBIIEHHS BiZCOTKA ILTOMII
MOBEPXHI IO 3 TOBHHUM 3apOOJISHHSAM POCIHHHUX
pemToK, HeoOXimHO 30iNMpIIyBaTH TIHOWHY OOpOOITKY i
BEIMYMHY KyTa aTakyd Ta 3MEHIIYBaTH KPOK I'BHHTOBOTO
pobouoro oprany.

Il 21,0074
T Bl
B =0
B 79
/s
77
78
75
B 74
B 7
B 2

0,120
hoM

0,115
0,110
0,105
0,100

B 1
B =0
B 70
78
77
76
B 75
B 74
| RE
[

0,095

0,090

0,085

0,080

20 22 24 268 28 20 32 24 36 40

a8
B tpax

0

Puc. 4. [ToBepxHs BiAryKy (a) Ta ABOMipHHH nepepi3
MOBEpXHI BIATYKY (0) 3aleXHOCTI BIACOTKA IDIOIII
MOBEpPXHI MOJs 3 TOBHUM 3apOOJISHHAM POCIMHHHX
pewrtok E=f{f, h) Bix 3MiHH KyTa ataku poOOYOro oprany
p ta rmubuau 06pobitky h (7 = 0,22 m).

Fig. 4. Response surface (a) and two-dimensional
cross-section of the response surface (b) dependence of the
percentage of field surface area with full earnings of crop
residues & = f (B, h) on the change of angle of attack of the
working body P and tillage depth h (T = 0.22 m).

3TiIHO OTpUMaHWX pPIBHSIHBb perpecii MmoOymoBaHO

NOBEpXHI  BIATYKy Ta  JABOMIpHI  iX  mepepisu
MPOAYKTUBHOCTI  Bil 3MIiHHM JBOX (PaKTOpiB  JUIs
X, =const .

I'padiuni  3HaueHHS  pe3yNbTaTiB  3aJEKHOCTI

MPOJyKTUBHOCTI, OJIEpP:KaHOT 3 BUKOpUCTaHHsIM Statistica-
6.0 HaBeeHo Ha puc. 3 — 5.

3 puCyHKIB 3 - 5 BUIHO, 11O i3 30UThIIICHHSIM TITHONHI
00pOOITKY BEIMYMHA BiJICOTKA IUIOMNII MOBEPXHI MO 3

MMOBHUM 3apOOJISIHHAM POCIMHHHX PEIITOK 3pOocTae i
HalOinpIe 3Ha4YeHHS cTaHOBUTH 84 %. MiHimManbHe
3HAYCHHS BIJICOTKA IUIOMII TOBEPXHI OIS 3 TOBHHM
3apoOJSIHHSIM POCIMHHMX PEINTOK cKiamae 67 % mpu
MiHIMaILHOMY KyTi aTaku 1 MaKCHUMaJbHOMY KpOIi
TBHHTOBOTO poOOUYOTO OpraHy.

Il 701852
7o
78
77
[ 76
75
74
=73
72
[ k&l
I 7o

025 4
026
0,080

0,120
M

0,115

0,110

0.105

0,100

0,095 | kg
[ ke
™ kel
[ 76
[7s
174
73
72
[~ k4l
o

0,090

0,085

0,080
0,18 0,19 0,20 0,21 022 0.23 0.24 0,25 0,26

T M
0

Puc. 5. [ToBepxHs BiAryKy (a) Ta ABOMipHHI Tepepi3
MOBEpXHI BIATYKY (0) 3aleXHOCTI BIACOTKA IDIOIII
MOBEPXHI MOJsI 3 TOBHUM 3apOOJISHHAM POCIUHHHX
pemrrok E=f(T, h) BeIM4nHU KPOKY TBUHTOBOTO POGOUOTO
oprany 7T ta rmbunan 06pobitky h (8 = 30 2pad).

Fig. 5. Response surface (a) and two-dimensional
cross-section of the response surface (b) depending on the
percentage of field surface area with full earnings of crop
residues & = f (T, h) step size of the screw working body T
and tillage depth h (B = 30 deg).

BucHoBkH

1 Ha OCHOBI TIPOBEJIEHOTO KOMITJIEKCY
EKCIEPUMEHTAIBHUX JIOCIIPKEHh BHBEICHO perpeciiHi
3JIEKHOCTI NIl BU3HAYCHHS BiJICOTKA TUIONI MOBEPXHIi
Mojst 3 TOBHUM 3apOOJISHHSIM POCIMHHHX PELITOK
OOpOHOI0 i3 TBHHTOBUMH pOOOYMMH  OpraHamH.
BcTaHoBieHO, 1O JOMIHYIOYMI BIUIMB Ha BEIWYUHY
BIJICOTKA IUIONII TIOBEPXHI MOJSA 3 TOBHUM 3apOOJITHHIM
POCITMHHUX pelIToK &, Ma€e riaubuHa o6podiTKy IpyHTY h,
Jaii KyT ataku f 6atapei rBUHTOBMX POOOYMX OpraHiB i



BIUVIMB KOHCTPYKTUBHUX I TEXHOJIOITYHUX ITAPAMETPIB PO3POBJIEHUX BAPIAHTIB ... 69

HalflMEHIIIE BIUIMBA€ BEIMYMHA KPOKY T'BHHTOBOTO
pobodoro oprany 7. ITloOymoBaHi TMOBEpPXHi BiATYKY
3aJIeKHOCTI BiJICOTKA IUIOMII MOBEPXHI OIS 3 TOBHUM
3apOOIITHHAM POCIMHHUX PEIITOK ¢ TIPH 00pOOITKY IPYHTY
OOpOHOIO i3 TBHHTOBUMH pPOOOYMMH OpraHamu, i
BCTaHOBJICHO, MIO i3 30UTBIICHHSIM TIHOWHU OOPOOITKY
BEJIMYMHA BIiJICOTKA IUIOIII IMOBEPXHI MO 3 IOBHHUM
3apoOJISIHHSIM POCIMHHUX PEIITOK 3pOCTaE 1 HaiOinblie
3HAYCHHSA CTaHOBUTH 84 % MiHiManbHe 3HAYCHHS
BIJICOTKA IUIOIII TOBEPXHI MOJS 3 TMOBHUM 3apOOJISTHHIM
POCIIMHHUX PELITOK ckiaznae 67 % rmpu MiHIMaIbHOMY KyTi
aTakd 1 MaKCUMaJbHOMY KpOILi TBHHTOBOTO pPOOOYOro
oprasy.
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HUCCIEJJOBAHUE BJIMSAHMA KOHCTPYKTUBHBIX
U TEXHOJIOTUYECKUX ITAPAMETPOB
PA3BPABOTAHHBIX BAPUAHTOB BOPOHbI
C BUHTOBBIMU PABOYNMU OPT’AHAMU
HA DODPEKTUBHOCTDH 3APABATBIBAHU S
PACTUTEJIbBHBIX OCTATKOB
M. b. Knenouui, M. U. Knenouu, P. B. [llampos

AnHoranmsi. llenpro  uWCClaeqOBaHUS — SIBIISIETCSA
YCTaHOBJICHUE BJIMSTHUS KOHCTPYKTHBHBIX u
TEXHOJIOTHIECKUX rnapaMeTpoB pa3paboTaHHBIX

BapHUaHTOB OOPOHBI C BUHTOBBIMHU PaOOYHUME OpraHaMH Ha
3¢ GEeKTHBHOCTD 3apabaThIBaHHsI PACTUTEIbHBIX OCTATKOB.

O0BeKTOM HCCIIeIOBaHUS SBJIACTCS
TEXHOJIOTHYECKUH Tporiecc 00paboTKH OOpOHOH ¢
BUHTOBBIMH  paboynmu  opraHamu.  [Ipeamerom

HCCIIEIOBAHMS SIBIISIIOTCSI 3aKOHOMEPHOCTH HPOTEKaHMS
npouecca 3apabaTbiBaHMS PACTUTEIBHBIX OCTATKOB B
3aBUCHMOCTH OT M3MEHEHHUsI yTJIa aTaku pabodero opraa,
BEJIMYMHBI I1ara BUHTOBOI'O pabodero opraHa M riTyOHHbI
00paboTKH TOYBY

Ha OCHOBE MPOBEIECHHOTO KOMILIEKCa
SKCIEPUMEHTATBHBIX HCCIIeIOBaHUI BBIBEJICHO
perpeccuoHHBIE 3aBUCUMOCTH JJISI OTIPE/IEJICHHUS IPOIIEHTA
TUTOIIA I TIOBEPXHOCTH TOJIS C TTOJHBIM 3apabaThiBaHHEM
pacTUTENBHBIX ~ OCTaTKOB ~ OOpPOHOW €  BHHTOBBIMHU
pabounmu  opraHamu. IlocTpoeHHBIE  IOBEPXHOCTH
OTKJIMKA 3aBUCHMOCTH HPOLEHTA IUIOMAAN MOBEPXHOCTH
TIOJISI C TIOJTHBIM 3apabaThIBAHUEM PACTUTEIILHBIX OCTaTKOB
& mpu BO3JENBIBAHMM IOYBBI OOPOHOW C BHHTOBBIMH
pabouumMu opraHamu.

YCTaHOBNEHO, YTO JOOMUHHUpYIOIIEe BIMSHHE Ha
BEIMYUHY IMPOICHTA IUIOMAAN IIOBEPXHOCTH TOJIS C
MOJTHBIM  3apabaThIBaHUEM pPACTHUTEIBHBIX OCTATKOB &,
nMeeT TayonHa 00paboTku mouBH h, Janmbie yros ataku
[ 6atapen BUHTOBBIX PaOOYMX OPTaHOB M MEHBIIE BIUSAET
BEJIMYMHA I1ara BUHTOBOTrO pabouero oprana T.

KaioueBble c10Ba: 00poHa ¢ BAHTOBBIMHU pabOYMMHU
OpraHamH, yroj aTaky, I1ar BAHTOBOTO pabo4ero oprasa,
riryouHa 00paboTku MOYBHI, 3apabaTbIBaHHE
pacTUTENBHBIX OCTATKOB.
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RESEARCH OF INFLUENCE OF CONSTRUCTIVE
AND TECHNOLOGICAL PARAMETERS
OF DEVELOPED VARIANTS OF SCREWS
WITH SCREW WORKING BODIES RABBIT
M. B. Klendii, M. I. Klendii, R. V. Shatrov

Abstract. The purpose of the study is to establish the
influence of design and technological parameters of the
developed variants of the harrow with screw working
bodies on the efficiency of earning plant residues.

The object of research is the technological process of
tillage with a harrow with screw working bodies. The
subject of the study is the patterns of the process of earning
crop residues depending on the change in the angle of
attack of the working body, the step size of the screw
working body and the depth of tillage

On the basis of the complex of experimental
researches the regression dependences for definition of
percent of the area of a surface of a field with full earning
of the vegetative rests by a harrow with screw working
bodies are deduced. The response surfaces of the
percentage of the surface area of the field with the full
earning of crop residues & during tillage with a harrow with
screw working bodies are constructed.

It is established that the dominant influence on the
percentage of the field surface area with full earnings of
crop residues & has the depth of tillage h, then the angle of
attack B of the battery of screw working bodies and the
least affected step size of the screw working body T.

Key words: harrow with screw working bodies, angle
of attack, step of screw working body, depth of tillage,
earning of plant remains.
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Abstract. The question of efficiency of transport
systems is one of the actual questions of present time.
Performing the duty from moving loads and providing the
various blessing for an economy and population, transport
become a source of the strongest contamination of
environment simultaneously. Accordingly, to the basic
task of "green" logistic, which consists in balancing of
ecological and economic problems, in determination of
optimal decisions at that at unchanging (or near to them)
charges it is sorry inflicted by transport it will be an
environment.

The studies about a factor is undertaken in the
article, that influence on efficiency of transport systems of
cities, especially from the point of view of ecological
constituent, and mathematical model have built, that
allows to put and decide the task of forming and
optimizations of functioning of transport systems of cities.
Realizable practical development of complex algorithms
that give an opportunity to expect the parameters of
transpor- ecological processes, that is optimized with the
aim of reduction of ecological contamination of city.

Influence of a transport factor on the environment of
city is considered on the example of city Mykolaiv, that
has the wide, powerful system of transport, permanent
freight and passenger streams and middle level of
ecological contamination. For the complex decision of
transport- ecological problems cities are applied approach
is built on a pine methods of the dynamic programming
and imitation design. His application does possible to put
a task to optimization of functions of traffic control on the
backbone network of transport highways with the
different degree of working out on detail of municipal.

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

Introduction

The issue of transport system efficiency is one of the
most pressing issues of today. While performing its
function of moving goods and providing various benefits
for the economy and the population, transport on the same
time is one of the sources of the most serious
environmental pollution. It is the main acoustic
disturbance and pollutant of the atmosphere and

hydrosphere. According to estimates by foreign experts,
transport accounts for more than 24% of the total carbon
dioxide emissions on the planet [16], 27% of greenhouse
gas emissions [11]. Transportation is also a major source
of NOx, SOx, and particulate matter or fine dust [15].

Formulation of problem

The motor transport is a leader among other modes
of transport. It is a major air pollutant associated with:
large quantities of exhaust gas, solid emissions, excessive
noise, vibration waves, dust generated by wear and tear,
etc. In this regard, the introduction of "green"
technologies at any stage of transport and logistics
activities will make a significant contribution to
maintaining the climate on the planet, suitable for human
life.

Analysis of recent research results

The analysis of scientific literature showed that in
general understanding of the essence of "green™ logistics
formed, defined principles and system of indicators of
environmental effect of logistics activities, which
testifies to the formation and development of the
concept of "green” logistics. 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 [10], in green logistics, companies pay more
attention to external externalities related to climate
change, air, water and soil pollution. in order to strike a
sustainable balance between the economy, the
environment and society.

In recent years, problems of "green logistics" have
been given sufficient attention by both foreign and
domestic scientists [5; 12; 14] and many others.

For the purposes of our study, we identify those
that are directly related to research on the environmental
impact of transportation for residents and ways of
overcoming it. Among these studies, the work of
M. Averkina [1], A. Hnatov, Shch Argun, and
O Ulyanets [2; 3], O. Stepanchuk and A. Belyatinsky
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[8], S. Bellekom [9], W. Xiaogang, H. Chen and
Ch Jingfu [13].

Purpose of research

The purpose of the study is to learn the factors that
affect the efficiency of urban transport systems, especially
from the point of view of the environmental component,
and to build a mathematical model that allows to set and
solve the problems of forming and optimizing the
functioning of urban transport systems. Practical
development of a set of algorithms that allow to calculate
the parameters of transport-ecological —processes
optimized to reduce the environmental pollution of the
city.

Results of research

The influence of the transport transport factor on the
environment of the city is examined by the example of the
city of Mykolaiv, which has a wide, powerful transport
system, which has included into its system all types of
transport.

Mykolaiv region is an important center of national and
international transport complexes. The length of solid
roads is more than 4.8 thousand km.

Considering the indicator of freight traffic of road
transport in Nikolaev and the region. (Fig. 1) we note that
from 2010 to 2018, no significant changes occurred, with
each year the turnover slowly increased.

Freight traffic by road

5000000

0 _IJ_I_I_I_I_I_I_I_
201020112012201320142015201620172018

B Mycolaiv Mycolaiv region

Fig. 1. Freight traffic by road, thousand tons.

Source: data from the main statistics department data
in the Mykolaiv region URL:http://www.mk.ukrstat.
gov.ua.

With the exception of 2011, when the turnover in the
city was 1580694 thousand tons, and in the Mykolayiv
region it was equal to 2156045 thousand tons, which is
70-80% above the average.

Analysis of the volume of goods transported by road
in the city of Mykolaiv and Mykolaiv region (Table 1)
shows that no significant changes have taken place either.
Comparing the volume of transportation in 2018 with
2010, one can find an increase in Mykolayiv by 16.9
thousand tons, and a fall in the volume of transportation
in the region by 522.2 thousand tons.

Inhabitants of Mycolaiv always took care of the
ecological state of the city. The actual distribution of the
use of modes of transport in Mykolayiv shows that public
and individual transport accounts for 60.9% of the total

(Fig. 2)

Table 1. The volume of goods transported by road, thousand tons.

Region 2010 2011 2012 2013 2014 2015 2016 2017 2018
I'}:;%c:alv 21866 21835 20540 19469 19404 19485 22971 20498 21344
Mycolaiv 7222 8374 6756 6715 6611 7433 7598 6797 7239

Source: data from the main statistics department data in the Mykolaiv region URL.:http://www.mk.ukrstat.gov.ua.

60
40
20 44,6
0 Fll 4 1
M bike ® Individual transport ® Hiking B Public transport

Fig. 2. Current distribution of use of modes of
transport in Mykolaiv.
Source: Compiled by the authors.

It should be noted that the Nikolaev area is not
included in the list of regions with high pollution of
atmosphere in the absence of the enterprises of the
chemical and coal industry. Indicators of the level of
technogenic load on the environment of the Mykolaiv

region are lower than the average in Ukraine. According
to the Ecology Department in Mykolaiv region, in 2018,
13,098 thousand tons of atmospheric air from stationary
sources of pollution were received, which is 7.6% (1080
tons) less pollutants than in 2017. This is due to the
reduction of emissions during the transportation of
methane to the Mykolayiv LWUMG of PJSC
"UKRTRANSGAZ" and PJSC "Mykolayivgaz" [6]. The
largest share in the structure of hazardous emissions is
made by the processing industry 41.4%. Emissions from
transport, warehousing, postal and courier activities
account for a large proportion, nhamely 17,7%. Emissions
from agriculture, forestry and fisheries account for the
smallest share in the cost structure, accounting for 6%.
(Fig. 3).

In view of the above, we can say that the amount of
emissions into the atmosphere from the operation of
transport is quite high and significant in the overall
structure. Therefore, control bodies and administrations
of the region need to take measures to reduce these
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indicators, which will further improve the environmental
status of the city and the region as a whole.

Other
13.6%

Agriculture,

forestryand Manufacturi

fisheries 6% ngindustry
41.4%
Transport,
warehousin
8
17.7%

Electricity
supply
21.3%
Fig. 3. Emissions of pollutants into the atmosphere by
type of economic activity.
Source: data from the main statistics department data
in the Mykolaiv region URL:http://www. mk. ukrstat.
gov.ua.

The main problem for residents of the city of
Nikolaev is the problem of transit traffic. Trucks moving
grain crops and industrial loads from Kherson, Odessa,
Kiev, Dnipro, Kropyvnytskyi, Mariupol, Zaporizhzhya
should pass through the historical center of the city of
Nikolaev. Due to the fact that in the south of Ukraine the
cities were built densely enough, there are no free
corridors in the residential and industrial zones of
Mykolayiv for the construction of new motorways. The
city has a partial detour that combines roads to Kiev,
Kropyvnytskyi, Kryvyi Rih and Kherson, bypassing the
road to Odessa sideways (Fig. 4).

Analyzing the scheme of freight transport in
Mykolaiv, we can say that the Varvarovsky and Ingulsky
bridges, which are bridges of international destination, the
historical center of the city is quite loaded, especially a
large amount of congestion in the season of grain exports,
which leads to a large number of harmful emissions into
the atmosphere, melting the road surface from overloaded
vehicles.
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The complex structure of the relationship between
these factors suggests that TGC problems are complex in
nature and require a systematic approach to solving them.

However, we note that in addition to the systematic and
consistent resolution of these issues, it requires significant
financial costs for transport companies and city budgets,
which are not always ready to compensate consumers.
Therefore, in our opinion, one of the main areas of green
logistics is to balance environmental and business
(economic) problems. According to L. Gurets, "the basis for
solving problems is to develop a logistic concept of freight
forwarding services, which is based on routing” [4]. It is to
determine the optimal (not worse) solutions for which, at
constant (or close to them) costs, environmental damage to
the environment will be reduced. Such solutions are called
environmental. These include:

- reduction of the total mileage of transport during
cargo transportation;

- cargo consolidation, especially for small-shipment
cargo ("Less-Than-Truckload™" (LTL));

Hosa Ogeca

- car sharing;

- routing associated with the calculation of the time
of transportation in order to avoid traffic jams and
congestion;

- use of environmentally friendly vehicles;

- the inclusion in the transport system of cities of
intermediate points of transshipment, in which the
movement of goods from large trucks to environmentally
friendly city trucks with lower carrying capacity will be
carried out.

Taking into account the presence in Mykolayiv of a
powerful transport system with passing highways of
regional importance, relatively stable freight and
passenger flows and the average level of environmental
pollution, it is proposed to apply the approach based on
pine methods of dynamic and dynamic programming.

Figure 6 shows the scheme of the transport network
in  Mykolayiv according to which the graph was
constructed.
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In the graph (Fig. 7), the vertices (indicated by
circles) represent objects (neighborhoods of the city)
having an internal structure. The parameters of these
objects determine the level of car traffic between them
and, accordingly, the traffic load on the highways. Each
such object has its own system of inputs and outputs, and
the total inbound traffic is not equal to the output. The
second type of vertices, indicated by squares, specifies the
control and traffic routing function.

The total traffic on all inputs and outputs of such
vertices, for a certain period of time - T (management
period), should be zero. Each such vertex is given by a

Fig. 6. Scheme of the transport network in Mykolaiv.

control function, which, ideally, is periodic in time, but in
the general case, the control period can be a discrete
function of time. The topology is given by the system
connection matrix.

K=>"m +M
i=1 (D)
where: n — number of cluster vertices;
m; — degree of vertex;
M — number of routing nodes
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Fig. 7. The graph of the transport network in Mykolaiv.

Source: Compiled by the authors.

In the model considered, the edges of the graph are
sections (races) of roads (streets) of urban, district or
regional significance, which do not contain intersections,
traffic lights and entrances and exits. It is assumed that
the movement on these sections is limited only by the
properties of the vertices that connect these edges and the
parameters of the line. We will assume that the weight
parameters of the edges do not change at this interval.
Further, a vector is a set of independent line parameters
between vertices (i, j). Under the system of independent
parameters we mean a set of such characteristics of an
edge that cannot be expressed through others. Thus, with
respect to the graph (Fig. 6), the components of the
vector will be a set of matrices whose dimension is
determined by the dimension of the connectedness
matrix. Then to describe the transport-distributed system
of the city this vector can be represented in the following
form:

Rij = R(Lij’ Pij7Vij) @)
where: Ljj — matrix of lengths of sections (races) between
vertices (i,j);

Pij — matrix characterizing the capacity of the line
from top i to top j;
Vij — speed limit matrix on a given section of road /

These parameters are basic for this model in the
sense that they can be considered constant over a
considerable period of time. They can be used to
calculate boundary characteristics for constraint matrix
construction. For example, the minimum time interval of
the vehicle on the line (i, j) can be calculated by the

formula:
|_./
ty=1
A ®)

If we further introduce the parameters of filling the
road with vehicles we will be able to calculate the
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maximum number of vehicles that can be on the road at a
time. For this, suppose that | k=1.,r a set of

dimensions of vehicles that carry out traffic in a
settlement. And rijk— the probability that a vehicle is

moving in the direction (i,j), has dimensions |, Then the

average length of the vehicle, taking into account the
interval of movement A, in the direction (i,j) can be
calculated by the formula:

_ 1 <&
=2 A
@

Accordingly, the maximum number of vehicles that
can be on the highway (i, j) simultaneously

g; = Lij Pij /Iij 5)
Similarly, you can enter many of the necessary
parameters required to solve a specific problem.

Conclusions

1. Therefore, the analysis of the transport systems in
Mykolaiv showed that it has a wide, powerful transport
system, steady cargo and passenger flows and medium
level of environmental pollution. According to these
criteria, an approach is formulated in the paper that
allows to set and solve the problems of forming and
optimizing the functioning of urban transport systems.
The presented set of algorithms allows to calculate the
parameters of transport-ecological processes that are
optimized. Based on the presented approach, it is
possible to set the task of optimizing the traffic
management functions on the basic network of transport
highways with different degree of detail of municipal
objects. This problem can be solved by dynamic
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programming and simulation methods.

2. Analysis of the road transport infrastructure and
the strategic plan for the development of the city of
Mykolaiv makes it possible to summarize the main
measures that will contribute to the reduction of
atmospheric emissions and improve the ecological
condition of the city, namely: construction of a bridge
over the Southern Bug River, in order to reduce the level
of freight traffic through the historic city center ;
improving the intersection of transport at the intersection
of Zhovtnevy and railway stations, in the market area
and the Ship district of Nikolaev on the Kherson
highway by construction of bridges; laying a durable and
high quality coating on the Ingulsky Bridge, through
which the highway of international importance passes;
construction of bypass roads and system of intermediate
crossing points; development of alternative modes of
transport including cycling.
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MIAXOAU 10O OITUMIBALT ®YHKIIIOHYBAHHA
TPAHCIIOPTHUX CUCTEM MICT 3A
EKOJIOITTYHUMU KPUTEPISIMU
O. M. 3azypcwruii, A. M. Ozienko

Anoraunis. [IutaHHs e(peKTHBHOCTI TPaHCIIOPTHUX
CHCTEM € OJHUM 13 Hall aKTyalbHIHMIAX UTaHb
CBOTOJICHHA.  BHKOHyIOYH  CBOWO  (QyHKIIO 3
MepeMilIeHHs BaHTaXIB Ta 3a0e3Medyroun pisHOMaHITHI
Omara JUIT ©KOHOMIKM 1 HAceJeHHS, TPaHCIOPT
OIHOYACHO CTa€ OIHUM i3 JDKepel HaHCHIBHINIOrO
3a0pyIHIOBaHHSA HaBKOJIUIITHHOTO CepeOBHUIIA.
BiamnoBigHO OCHOBHE 3aBIAHHS «3€JIEHOI» JIOTICTHKHU
moJisirae 'y 30alaHCYBaHHI CKOJIOTIYHHX 1 €KOHOMIYHHUX
mpobJieM, y BU3HAYEHHI ONTUMAIIbHUX PIICHHS, 33 SIKUX
npu He3MiHHMX (ab0 ONMM3BKMX JIO HHUX) BHTpaTax,
LIKOJIa ~ HAaHECeHa  TaHCIIOPTOM  HABKOJHIIHBOMY
cepenoBuILy OyJie 3MEHIITYBATHUCS.

B crarTi mpoBeneHO AOCHIIKEHHS (PEKTOPIB, SKi
BIUIMBAIOTh HAa E(QEKTHBHICTh TPAHCHOPTHUX CHCTEM
MICT, 0COOJIMBO 3 TOYKH 30Py E€KOJIOTIYHOI CKJIaJ0BO1, Ta
moOyIOBaHO MATUMATHYHY MOJENb, IO JIO3BOJIIE
CTaBUTH 1 BHUpINIYBaTH 3aBOaHHA (OPMYBAaHHSA Ta
ontuMi3amii (QyHKIIOHYBaHHS TPAHCIIOPTHHX CHUCTEM
MIiCT. 3ailiCHEHa TNpPaKTHYHA pPO3POOKA KOMILIEKCY
AITOPUTMIB 1110 JIaI0Th MOJXJIMBICTh PO3PaxOBYyBaTH
mapaMeTpd TPAHCIOPHO-CKOJOTIYHUX TMPOIECiB, sKi
ONTUMI3YIOTECS 3 METOK 3MCHIICHHS EKOJOTIYHOrO
3a0pyAHEHHS MiCTa.

BmmiB TpaHCHIOPTHOTO TPAaHCIIOPTHOTO (PAaKTOPY Ha
HABKOJIMITHE ~ CEPENOBHINE MiCTa pPO3MIITHYTO Ha
MpUKIaaAi Micta MUKONAIB, IO Ma€e MOTYXKHY CHUCTEMY
TPAHCIIOPTY, CTalli BAaHTAXKHI Ta IMACa)KMPCHKI IMOTOKH H
CepelHii piBEHb EKOJIOTIYHOTO 3a0pymHeHHS. J[is
KOMILUIEKCHOTO ~ BHPIIICHHS TPaHCIIOPHO-CKOJIOTIYHUX
mpo0yieM MicTa 3aCTOCOBAaHO MigXiA TMOOyIOBaHW Ha
COCHOBI METOJIB JAWHAMIYrOro TPOTPaMyBaHHSI Ta
IMITAaIIHHHOTO  MOJEJIFOBAHHS. Horo 3aCTOCYBAaHHS
poOUTh MOXKJIMBAM CTaBUTH 3aBJaHHS ONTHMI3allii
¢GyHKOiA ympaBiiHHS pyXoM Ha 0a30Biif  Mepexi
TPAaHCHOPTHHUX  MaricTpajiel 3 pIi3HUM  CTyIeHEM
JeTanizamii MyHIIUIATbHIX 00'€KTIB.

KawuoBi cjioBa: eKOHOMIYHICTh, €KOJIOTIUHICTb,
MapIIpyTHU3allis, ONTHMI3aIlisl, IIKi MBI BUKIJIH.

MNOAXOAbI K OIITUMU3ALIMN
OYHKUMOHNUPOBAHU A TPAHCIIOPTHBIX
CUCTEM I'OPOJOB I10 5KOJIOI'MYECKUM

KPUTEPUAM
O. H. 3aeypckuii, A. H. O2uenko

AHHOTAUMSA. Bompoc 3¢ PeKTHBHOCTH
TPAaHCIIOPTHBIX CHCTEM SIBISETCS OJHUM U3 CaMbIX
aKTyaJIbHBIX BOIPOCOB COBPEMEHHOCTH. BbIMoOnHssA
CBOIO  (QYHKIHMIO MO TNEpPEeMEIIeHUI0 Tpy30B U
obecrieunBas pa3iuyHble Onara s SKOHOMHMKH U
HaceJleHHs, TPAHCIOPT OJHOBPEMEHHO CTAaHOBUTCS
OIHMM 13 HCTOYHUKOB  CHJBHOTO  3arps3HEHHE
okpysxaromteit cpensl. COOTBETCTBEHHO OCHOBHAs 3a1ada
«3EJICHO» JIOTUCTHKH 3aKIIIoYaeTcs B cOalaHCHPOBaHUU
IKOJIOTHYECKHX W  JKOHOMHYECKMX mpobiieM, B
OIIpe/IeNICHUH ONTHUMAIIBHBIX PEILCHUH, B KOTOPBIX NPH
HEM3MEHHBIX (WM ONM3KHX K HHM) pPacxojax,
HAHECCHHBIIl TAHCIIOPTOM BPEX OKpYXXaroLlell cperne
OyaeT yMeHbIIaThCsI.

B cratbe mnpoBeneHo wmcciienoBaHue (GakTopoB
BIMSIOMNX Ha 3()(EKTHBHOCTh TPAHCHOPTHBIX CHUCTEM
rOpoJIOB, OCOOEHHO C TOYKH 3pPEHHS DKOJOTHUECKOMN
COCTaBJSAIOUICH, M TOCTPOCHO MaTUMATHYHY MOJEJb,
MO3BOJIAIOIIAS CTABUTh M PeIaTh 3a1a4d GOPMHUPOBAHUS
U ONTHUMHU3aLUH (YHKIMOHHPOBAHHS TPAHCIIOPTHBIX
cucteM  roponoB.  OcymiecTBieHa  MpaKTHYeCKas
pa3paboTKa KOMIUICKCAa aJITrOPUTMOB  ITO3BOJISFOLINX
PacCUUTHIBATH MApaMeTphl TPAHCIIOPHO-IKOJIOTHYECKHX
NPOLIECCOB, KOTOPbIE ONTUMHU3UPYIOTCS C  IIEJBI0
YMEHBIIECHHUS 9KOJIOTHYECKOTO 3arps3HEeHHs TOPOIa.

BnusiHue TpaHCIOPTHOTO TPAaHCIOPTHOro (hakTopa
Ha OKpYXAaIOUIyl0 Cpely Tropoja paccMOTPEHO Ha

npuMmepe ropojna HukomaeB, HMEMOLIET0 MOIIHYIO
CHUCTEMY TpPaHCIOPTa, YCTOWYMBBIE TpPY30BBIE H
MACCAXHUPCKHE  TIOTOKM W CPeJHMH  YpOBEHb
9KOJIOTHUECKOTO  3arpsisHeHus. [l KOMIUIEKCHOTO

peIIeHus TPAHCTIOPHO-YKOJIOTUIECKUX TPOOIIieM ropoja
MPUMEHEH MOJXOJ MOCTPOCHBIH HAa COCHOBBIE METOJOB
MUHAMUYTOTO MPOTPAMMHUPOBAHHUS H HMHUTALUHHHOTO
MonenupoBaHua. Ero mpuMeHeHHe nenaeT BO3MOXKHBIM
CTaBUTh 3a/la4d ONTHMHU3AIMH (DYHKIUA YIpaBICHUS
JBIDKEHHEM  Ha  0a30BOi  CeTH  TPAHCHOPTHBIX
MarucTpajieil ¢ pas3jIMyHOM CTENEHbI0 JleTaau3aluu
MYHUIOHUIAJIBHBIX O6'I)CKTOB.
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AHoTanig. MeTor0 HOCHIUKEHb € BHU3HAYEHHS
ONTHMAIBHUX KOHCTPYKTHBHHX IapaMeTpiB IIApHIPHOTO
3’€THaHHS CEKIIHHOr0 TBHHTOBOTO POOOYOro OpraHy, a
TAaKOX BHU3HAUWTH BIUIMB IIMX [apaMeTpiB  Ha
eKCILTyaTalliiiHi XapaKTePUCTHKH JIaHOTO MEXaHi3My

O0’ekToM JIOCITIIPKEHHST € npoLecH
TPAHCIIOPTYBAHHS CHIKMX MaTepiaiiB KPHUBOJTIHIHHUMHU
TpacaMy THYYKHMH IIapHIpHO-CEKI[IHHUMH T'BHHTOBUMH
KoHBeepamHu. [IpenMeToM IOCHIPKEHHS € IIapHIpHO-
CeKIIifiHi TBUHTOBI po00Yi OpraHu Ta iX mapaMeTpH.

B poGoTi 3amponoHOBAaHO METOIUKY PO3PAXyHKY
IIapHIPHOTO 3’€IHAHHS TBUHTOBOTO CEKIIHHOTO pod0o4yoro
oprany. IIpoBemeHi po3paxyHKH 1 aHami3 3MiHH
KoedilieHTa KOpPUCHOI Mii IapHIPHOTO MEXaHi3My B
3aJeKHOCTI BiA HMOro OCHOBHHX KOHCTPYKTHBHHUX
rapameTpiB, TaKHX, SIK CIIIBBIJIHOLICHHS PaiyCiB KyJIbKH i
LMJITHIPUYHOI BTYJIKHA B TOYI JOTHKY, KyTa BiIXHJICHHS
oceli IapHipa, KyTa KOHIYHOI moBepxHi JiyHKH. Ha ocHOBI

TEOPETUYHHMX  JIOCHIDKEHb  1oOyJoBaHo  rpadivHi
3aJIeKHOCTI.

Pesynbrarn. Bcranosneno ONTHMAaJbHI
KOHCTPYKTHBHI ~MapaMeTpH JaHOi KOHCTPYKIIi, Ta

BH3HAYCHO BIUIMB [UX IIapaMeTpiB Ha EKCILTyaTalliiHi
XapaKTePUCTHKH.

Karu4osi cioBa: mrapHipHe 3’€IHAHHS, CEKIIHHUI
poOoumii opraH, TBUHTOBA CITiPAITb.

ITocTaHoBKa MpodIeMHU

I TBMHTOBI KOHBEEPH € OJHUM i3 OCHOBHHX 3aC00iB
JUI TPAHCTIOPTYBAaHHS PI3HOTO POAY CHIIKUX MaTepiaiB.
BukopucTaHHS CeKIIITHUX THYYKHX TBUHTOBUX KOHBEEPIB
TIPY BiTHOCHO HEBEJIMKHX Ia0apuTHUX PO3Mipax JA03BOJISIE
TPaHCIIOPTYBaTH  CUNKI ~ BaHTaXi 3  BHCOKOIO
MIPOJYKTUBHICTIO Ta HU3BKUM CTYNEHEM ITOUIKOKEHHS
Marepiany. Jlo HemONIKiB IIMX KOHBEEPIB CIiJ BiJHECTH
CKJIQJHICTh KOHCTPYKLII Ta 3HAYHYy METAJIOMICTKICTh
MIOPIBHSIHO 3 CYIIJIHLHUMH aHaloraMu. ToMy MOXIIHMBICTh
CIIPOIIEHHSI KOHCTPYKIIii, 3MEHIICHHS METATOMICTKOCTI 1,
K HACNiZOK, 3MEHIICHHA EHEeproBUTPaT 1 CTyHEHA
MTOIITKOJKEHHS MaTepiary IpH He3MiHHIM IPOTyKTHBHOCTI

Ta eKCHHyaTaHiﬁHHX XapaKTCpUCTHUKAX € 0CO0JINBO
AKTyaJIbHUMU HalIpAMKaMU AJIs1 TIOAAJIbIINX I[OCJ'IiZ[)KeHL.

AHaJi3 0CTaHHIX JOCTiIKEeHb

Ha oganumii dYac BeAyThCs aKTHBHI  IMOIIYKH
MOXJIMBOCTI  BJOCKOHAJICHHS  CEKIIMHMX TI'BHHTOBUX
pobouux  oOpraHiB 3  METOK  MIABHINCHHI  iX

eKCILUTyaTaIlifHnX MoKa3HuKiB [1, 2, 3, 4], ocKimpku
Oe3BaybHI TBHHTOBI po0O0dYi OpraHW, HE3Ba)KAOYM Ha
MPOCTOTY KOHCTPYKIIi, HE 3a0e3NmeuyroTh BiAMOBIITHOL
MPOAYKTUBHOCTI a00 MaloTh HU3BKHHA pecypc poOOTH.

OCHOBHI ~ HamlpsIMKM  BJOCKOHAQJICHHS ~ KOHCTPYKLIi
pobouux  opraHiB, TPOBENCHHA TCOPETHYHHX 1
eKCIIePUMEHTAITbHUX JIOCITiPKEHb OB’ s13aHi1 i3

3MEHIIIEHHSIM €HeproBUTpAT Ha IPOIEeC TPAHCHIOPTYBAHHS,
CIIPOILEHHS KOHCTPYKIIIH Ta 3MEHIIEHHS ix
MaTepialOMiCTKOCTI, a TaKOX MM ABUIIIEHHS
eKCIUTyaTaIlifHUX MOKa3HUKIB [3, 4, 5].

Mera gocaigkeHb

Mertot0 IOCHi/KEHb € BH3HAYEHHS ONTHMAJIbHUX
KOHCTPYKTUBHHMX IapaMeTpiB IIApHIPHOTO 3’€JHAHHSA
CEeKIIHHOTO TBHHTOBOTO POOOYOr0 OpraHy, a TaKoX
BH3HAUWTH BIUIMB IHMX IapaMeTpiB Ha eKCIUTyaTamiiHi
XapaKTepUCTHKH JAHOTO MEXaHI3MY.

Pe3yabTaTn 10ciigxeHb

3 METOI0 3a0e3neueHHs IIPaBHILHOTO
(YHKI[IOHYBaHHS IapHIPHOT'O By3Jla HEOOX1THO MPOBECTH
JOCII/DKEHHSI HOT0 KOHCTPYKTHMBHHX HapaMmeTpiB, MIO
3a0e3neuyroTh B3a€MHE OOepTaHHs, HeoOXiHEe KyTOBe
3MIIIEHHS OCEH Ta BiZICYTHICTH 3aKJIMHIOBAHHS.

[Tix vac oOepTaHHS LEHTP KYIBKHU OMICYE ENINTHIHY
JiHIIO B MPOEKIii Ha IUIOMUHY, NMEPIEeHAMKYIAPHY OCi
TpyOu. Benmka miBBich emrinica ctaHoBUTh & = R, a mama —
BigmnosinHo b = R cosa.
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Puc. 1. PospaxyHkoBa cXxema  KOHCTPYKIUII
LIAPHIPHOTO 3’€THAHHS TBHHTOBOTO pOOOYOTr0 OpraHy.

Fig. 1. Estimated design of the hinged joint of the
screw working body.

OTxe, BHYTpIIIHIHM Ta 30BHIMIHIN pamiycu TpyOdacToi
YacTHHH TOBHHHI OyTH Yy BIAMOBITHUX MeEXax 3
BpaxyBaHHSAM HEOOXITHOTO TapaHTOBAHOTO MEPEKPHUTTS A

Ri=R+A (1)
Ro=Rcosa—-A (2)

BinmoBigHo, pagiyc BWIKHM, SKa TPUMAa€e KyJIbKU B
JIyHKaX, TMOBMHEH OYTH MEHIIWH 3a BHYTPIIIHIN paaiyc
TpyOu Ha MEBHY rapaHTOBaHy Mporanuuy h

R3=R;—h=Rcosa—A—-h (3)

Jnst oOuncneHHs KyTa TBIpHOI KOHIYHOI HOBEpPXHIi
JYHKH 7y BHKOPHCTAEMO YMOBY KOHTaKTy KYJIBbKH 3
KOHIYHOIO TIOBEPXHEI0 HIDKYE KPOMKHM Ha TIHMOMHI S.
Bimomum € paniyc meHTpa Kyiabku R Ta pamiyc KymbKH I
(puc. 2). I3 TeoMETPWYHHX CIIBBITHOUICHb BHTIKA€E
PpiBHICTB

R—Rs=rsiny-s 4

r
TR <
(IS N e

i’%-::

Puc. 2. Po3paxyHkoBa cxema JjIsl BU3HAYEHHS KyTa
TBIPHOI KOHIYHOI OBEPXHI JIyHKH.

Fig. 2. Calculation scheme for determining the angle
of the conical surface of the hole.

3BiZIKM BU3HAYAEMO MiHIMAJIBHO HEOOXiTHUHN KyT
siny=(R(1-cosa)+A+h+s)r (5)

IIppy wMeHmoMy 3HauYeHHI Kyrta y He Oyxae
3a0e3neueHII MPABIIIBHIA KOHTAKT KYJIBKH 13 IOBEPXHEIO
nasa TpyOuacTtoi uyacTMHM mapHipa. binbmie 3HaYeHHS
KyTa y € MOXIUBHM, MPOTE 1€ 3HAYHO 30UIBIIYBATHME
HABAaHTaXXCHHS HA KYIBKY Ta JIYHKY 32 PaxXyHOK CYTTEBOI
pazmianbHOT CKIaI0BOi peakiii B KoHIUHIN ayHIi. [Iporte, 3
KOHCTPYKTUBHHX Ta TEXHOJOTTYHUX MipKYBaHb HasIBHOCTI
MIEBHOTO Pi3albHOTO IHCTPYMEHTY, KyT ) MOXe OyTH
HECYTTEBO 301IBIICHUI.

IIpu oOpanoMy KyTi TBipHOI KOHIYHOI TOBEPXHI
JIYHKH y 1 3a7aHi¥ TMOWHI TIOCaIKN KYJIbKHU S, BA3HAYNMO

JiaMeTp OTBOpY JIyHKH 0 Ha IIOBEPXHi BHJIKH JJIS
TEXHOJIOTIYHOTO KOHTPOJIIO BUTOTOBJICHHS
d=2(rcosy+stgy) (6)

Jlns BU3HAYEHHS CHJIOBHX IAapaMETpPiB PO3TIISTHEMO
3YCHJUIA, IO AiIOTh Ha KYJBbKY IPH Iepenadi 00epToBoro
MoMmeHTYy (puc. 3). Cmna F1 — 1ie peakuist Ha KyJIbKy 3 00Ky
KOHIYHOT TIOBEPXHI JIYHKH - HarpasjeHa
MepHEeHANKYJSIPHO J0 TOBEPXHI B HAIPSAMKY IEHTpa
Kkynbku. Cuna Fo — cipuduHsie TUCK Ha TpyO4acTy 4acTUHY
mapHipa a8 nepenadi - o0epToBoro  MomeHty. |,
BIIMOBiTHO, cuia F3 — peakmis 3 OOKy 30BHINIHBOTO
KOXXyXa Ha KyJbKy, sKa YTpUMye ii Big Buxomy i3
3auerieHHA. [Ipu obOepraHHI mIapHipa i3 3MIMICHAMH Ha
KYT @ OCSMH BiIOYBa€TbCs MEPEMIIICHHS KYIBKH IO
MTOBEPXHI KOXKyXa Ta IMOBEPXHI ITa3a TpyOJacToi YacTHHH.
Bigmosigue nepeMi-IeHHs BinOyBaeThCA 3
TIPOKOB3YBAHHSM, III0 CIIPUYNHSIE HASIBHICTD CHJI TEPTH, SIKi
3aJexaTh Bij OaraTpox (akTopi. Cria TepTs HampaBlieHa
B3JIOBXK  MHTTEBOTO  HANpsMKy  pyXy  KYJbKH,
HEPIEeHANKYSIPHO 10 il BHIIE3a3HAYEHUX CHJI THUCKY.
Cunu teprs, Binmosinuo Fa, Fs 1 Fe, 300paxeni Ha puc. 3.
HanpsiM iX 3MIHIOETBCS y TpoIleci 0OepTaHHS HIAPHIPY.
[lpu HapmiiHOMY 3MallleHHI iX BEJIMYMHA € JOCTATHHO
MaJIOl0, TIPOTE, B PEAJbHUX YMOBaX, TPAHCIIOPTYBaHHS
CHITKOTO Matepiany CHpHs€ 3aCMidyBaHHIO TTOBEPXOHb 1
MoTpedye TO0JAaTKOBHX 3aXHCHHUX EIEMEHTIB.

Puc. 3. PozpaxyHkoBa cxema [UIsi BU3HAYEHHS
CHJIOBHUX TIapaMeTpiB IO JIF0Th Ha KYJIbKY IpH Tepeaadi
00epToBOrO0 MOMEHTY: 1 — cTiHKa ceprudHOi BTYIKH; 2 —
UUJIHPUYHA BTYNKA; 3 — cepHYHU Maielp.

Fig. 3. Calculation scheme for determining the force
parameters acting on the ball when transmitting torque: 1 -
the wall of the spherical sleeve; 2 - cylindrical sleeve; 3 -
spherical finger.

PiBHsHHA piBHOBarm KoxHOI i3 N Kympok mpu
nepenadi 00€pTOBOr0O MOMEHTY | MOXKHa 3alHcaTH y
NepiioMy HaOJMKEHHI y BHIVIINI CHCTEMH PiBHSHB
MIPOEKLIH cvit 0e3 BpaXyBaHHs CHJI TEPTS

Ficosy=F; (7
F. sin Y= F3 (8)
F2=T/(NRcosa) 9)

3BigKu
Fi=Fy/cosy=T/(NRcosacosy) (10)
Fs=Ftgy=Ttgy/(NRcos a) (12)
Jnsa  BpaxyBaHHS 3MIHHHX CHJI  TepPTS TpHU

MIPOKOB3YBaHHI KYJIbKH HEOOXiTHO BU3HAYUTH ILIBHIKOCTI
Ta HAIPSIMKH B3a€EMHOTO MEPEMILICHHS KYJIbKH B3/I0BXK
BIJIIOBITHUX [OBEPXOHb TepTsa. J[md OJHO3HAYHOCTI
BHOOpY MOBEPXHI TEPTS BBAXKATUMEMO, 110 KYJIbKa B JIyHII
HepyxoMma, a IPOKOB3YBaHHS BiZIOYBAETHCS 110 MTOBEPXHIX
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KOXyxa Ta TpyOJacToi yacTUHM IapHipa (B 30Hi 1ii cw F2
Ta Fs).

BinmosinHi cumu Tepts Fro Ta Fr3 , mpu Bimomux
KoediIieHTax TepTs M0 IUX MOBEPXHIX U2 1 U3,
BU3HAYAIOTHCS 3QJICKHOCTSIMU:

Fro=u2F2 (12)
Fra=u3 F3 (13)

BHacniiok ckiamHOl 3aJIeKHOCTI MiX HamnpsIMKaMu
Jii CHII TepTs Ta CHIT KOPUCHOT poOOTH, 110 3a0€3MeYyI0Th
nepenadyy  HeoOXiZHOTO  00EepTOBOrO  MOMEHTY T,
NIPOBEJEMO OIIIHKY BTpaT €Heprii, mo BigOyBa€eThCs
BHACJIJIOK TepPTs Ta BU3HAYUMO KOE(ILiEHT KOPUCHOT Iii
HIApHIpY B KO’KEH MOMEHT 4Yacy Ta B CEPEAHbOMY 33 OIHMH
o0epT mpuBiAHOI OCi mapHipa.

3a paxyHOK BIOXWJICHHS OCEH IIapHipa Ha KYyT a
KyJbKa TIpu 0OepTaHHI MIapHipa BUKOHYE KOJIHBAaJIHHHN
PyX 1 IpPOKOB3Y€E O MTOBEPXHAX TEPTA HA KyT 2 a. JlyroBe
nepeMilleHHs KyJIbKH 10 000X MOBEPXHIAX TEPTS MOXKHA
OIUCATH PIBHSIHHAMU:

X2 = R sin a cos wt (14)
X3 = (R+r) sin a cos wt (15)

BiamnoBigHo, MIBUAKICTh MEPEMIIICHHS B3IOBXK IYTH
KOXHOI KyJIbKU CTAHOBUTHUME:

V2 = - @R sin a sin wt (16)
V3 = - w(R+r) sin a sin wt an

[oTyXHicTh CHJ TepTd B KOXEH MOMCHT 4Yacy
0o0umcINMO SIK TOOYTOK BINMOBIMHOI CHIM TepTs Ha ii
MIBUJKICTE 1O MOAYJIIO (CHIIa TEePTsA 3aBXKIOH IPOTHUAIE
PyXOBi i Tl poboTa Bix’eMHa)

W2 =|Frv2 |
W3 = | Fr3 V3 | (19)

CyMapHa MOTYXXHICTb, SIKy IOBHHEH IEpeAaTH
LIApHIp, JOPIBHIOE CyMi KOPHUCHOI MOTYXHOCTI wT Ta
MOTY>KHOCTI CHJI TEepTsA, SKi MarwTh OyTH mepebopeHi.
KoedirieHT KoOpucHOi mii mapHipy OOYHCIMMO 33
(dopmyoro:

(18)

n= olT/(oT+N W+ Ws))(20)

3BiACH BUIUIMBAE, IO OOEPTOBMH MOMEHT Ha

BEIy4OMY Baiy |1, OUTBIINH Bil MOMEHTY Y HABAaHTAXKCHHI
T:

Ti=Tly (21)

[Ticnst mizcTaHoBKY Y (hOpMyITy 3HAYEHB CHII TEPTS Ta
BIJINIOBITHUX MIBUAKOCTEH 1 IHTErpyBaHH 10 Yacy 3a BECh
nepiojJi, OTPUMAEMO KiHIIEBI BUpasu s KoedilieHTa
KOPHCHOI /i Ta MOMEHTY Ha BEy4OMY Bajy:

n = 27l(2x + A uz+us (1+ r/R) tg 7] tga) (22)
T1= T(2r+4[u2+us (L+r/R)tgy] tg a)/2z (23)

Amnani3 ¢opMmynu nokasye, mo npu o = 0 10JaHOK,
SIKMIA BiJIOBIJa€ CHJIAM TEPTsS, 3HUKAE 1 OOEpTOBHIA
MOMEHT 3aJIMIIA€THCS HE3MIHHUM (KOe(ilieHT KOpPHCHOT
i piBHuit 1).

OOepToBHiI MOMEHT Ha KOXHIA 13 JUISHOK
BU3HAYAETHCS 3aBaHTAKEHHAM i€l IUITHKA
TPAHCIIOPTOBAHMM MaTepianoM Ts Ta MOMEHTOM, SIKHH JTi€
BiJl TOMNEpeNHbOI YACTUHU IITHEKOBOTO TpPaHCIOpTEpa.
Tomy, 3arampHuEl 00epTOBHH MOMEHT Yy KOXHOMY
nrapHipHOMy 3’€[HaHHI (3 HOMEpPOM |, MOYHMHAIYH 3
BIJIBHOTO KiHIII TPAHCIIOPTEPA) MOXHA 3aIHCATH SIK:

Ti= (Tis + Tsi) / 7 (24)

3 ¢Qopmynu BHWIUIMBAE, IO MOMEHT Ha Baly
NIPUBIZIHOTO MEXaHi3My CYTTEBO 3pOCTaTUME BHACIIIOK
masoro KKJI mpm moranmx ymoBax 3MallyBaHHS Ta
BEIMKMX KyTax IIOBOPOTY MEXaHi3My, TOMY IIO HpH

CyMyBaHHI KOE€QIIi€HTH KOPUCHOI Mii MPaKTHIHO
MIEPEMHOXKYIOTHCSI 1 00EpTOBHI MOMEHT CYTTEBO 3POCTAE.

Ha ocHOBiI oTpuMaHHX TEOPETUIHUX CITiBBiIHOIICHD
CTBOpeHa mporpamMa Ha MoBi [lackamp y cepemoBHIIi
Delphi Ta mnpoBemeHi po3paxyHKH 1 aHami3 3MiHH
KoedirieHTa KOpHCHOI Aii IapHIPHOTO MEXaHi3MYy B
3aJ@KHOCTI BiA HOro OCHOBHHMX KOHCTPYKTHBHHUX
rapameTpiB:

- CIIBBITHOIICHHS PaliyCiB KYJIbKHU 1 IMIIHAPHIHOL
BTYJIKH B TOUL JJOTHKY;

- KyTa BIIXWJICHHS OCeH IIapHipa;

- KyTa KOHIYHOT IIOBEPXHI JYHKH.

Po3paxyHku 1mpoBedeHI AN TAKUX  YHCIOBHX
mapaMeTpiB IIapHipa, SKi BBaKAJINCh HE3MIHHUMH IPH
3MiHI OJJHOTO 3 HUX:

- ciiBBigHOIIEHHS paaiycis - 0,25;

- koedimienTu tepts - 0,2;

- KyT po3xmity oceii - 20 rpaaycis;

- KyT KOHIYHOi TIOBEpXHI JIyHKH
PO3paxyHKOBO.

BHU3HA4YaBCs
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Puc. 4. 3amexnicte KKJ| Big croiBBigHOMIECHHS
paniyciB KyJIbKH Ta HATIHIPAIHOT BTYIIKH.

Fig. 4. Dependence of efficiency on the ratio of the
radii of the ball and the cylindrical sleeve.

Iepura i3 3amexxHocTe#t 300pakeHa Ha puc. 4.
PesynbraT oOuMCleHb IOKa3ye, WO ICHYe MiHIMajbHE
BIJIHOLICHHS pajiyciB, KOJM KOeQilieHT KOpPUCHOI il
UIApHIpY Ppi3Ko crmagae 10 Hyiusd. lle MOsSCHIOEThCs
HEMOJJIMBICTIO ~ ICHYBaHHS ~ MeXaHi3My  IIapHipHOI
nepenadi IpU 3HAYHOMY 3MEHIICHHI pajiyca KyJbKH,
TOOTO  KyJbKa BHXONUTHME 13  3auelUICHHS 3
LWJTHAPUYHOIO BTYJIKOK, MPUYOMY PO3PAXyHKOBUH KyT
KOHIYHOT TOBEPXHi JYHKH TaKOXX 3HAYHO 3pPOCTATHUME.
Bin0OyBaeTbcs epepo3oi 3ychilb y mMapHipi 3a paxyHOK
3MIHM KyTa JyHKHM 1 3HauHO moripmyerbess KKIA. YV
peaJbHUX MexXaHi3MaX CIIiBBIJHOIIEHHS pajiyciB Moxe
cranoButu 0,2...0,4. Tomi KKJI nexatrume B Mexax
0,89..0,93 mpu cranux 3HAYEHHSIX BKA3aHUX BUIIE

rmapameTpis.
OcoOnmuBuii  iHTEpeC  CTAHOBUTH  BHU3HAYEHHS
3aJIeKHOCTI  KoedirieHTa KopucHOi mii  Big KyTa

BIIXWJICHHSI OCEH WIapHIpHOro MexaHi3my (puc. 5.).
OueBuHO, 110 NPYU 3HAYEHHI KyTa, piBHOMY Hyit0, KKJI
CTae piBHMH OJMHHULI, TOOTO BTPaTH 3a PaxXyHOK
KOHCTpYKIIi ImMapHipa BiACYTHI - BCi €IEMEHTH IapHipa
o0epTaloThcss  AK  €IUHE Ile  0e3  B3aEMHOTO
MpOKOB3yBaHHs. [IpoTe, 30LNBIIEHHS KyTa BiAXHJICHHS
oceil MPU3BOAUTH JI0 B3aEMHOTO HPOKOB3YBaHHS KYJIBOK
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BiTHOCHO TIOBEPXOHb KOHTaKTy 1, BIAMOBIAHO, IO
3menmrenHs KK/, Criogatky, mpu 3HaUe€HHAX KyTa MEHIIIE
15 rpanycis, KK]I criagae He3Ha4HO 1 BiTHOCHO JiHIHHO.
ToOTo, B mpOMy [iama3oHi KyTiB po0oTa mIapHipy €
MOXIIMBOIO 1 HE CHPUYMHIE 3HAYHUX HABAaHTaKCHb.
[onmanpime 30iMpIICHHS KyTa MDK OCSIMH IIPH3BOIHTH
cnoyatky no 3HauHoro 3menmeHns KK/, a morim i go
HEMO>KJIMBOCTI pobotu MeXaHi3My BHACJI IOK
3aKJIMHIOBaHHS Ta pO3’€JHAHHS €JEMEHTIB IIapHipa.
KpurnuHe 3Ha4YeHHS KyTa CyTTEBO 3aJIC)KUTh Bij 1HIIMX
KOHCTPYKTHUBHHX ITapaMeTpiB MIapHipHOTO 3’ €1HaHHs. [ist
BU3HAa4YeHHS po0OO0Y0i 30HM KOHKPETHOTO IIapHipa
HEOOXiJTHO BUKOPHUCTOBYBAaTH KOHCTPYKTHBHI IapaMeTpH,
npu axux 3HaueHHsS KK/ ve menmi 3a 0,9. Hampukmnan,
Ui 30UTBIIEHHS KyTa  PO3XWIYy OCeH  JIOIIJIBHO
30UTBPITYBAaTH pafiyc KyJAbKH TPH HE3MIHHOMY pamiyci
OWTHAPUYHOI BTYIKH. Ase, B OyIOb-IKOMy pasi,
30itpITyBaTH KYT BHIIe 30 rpagyciB HEAOIIBEHO.

g iy v sy

—
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Puc. 5. 3anexnicts KK/l Bix xyTa BiaxuieHHs oceit
LIAPHIpY.

Fig. 5. Dependence of efficiency on the angle of
deviation of the hinge axes.

IR

IS

Puc. 6. PospaxynkoBa 3anexuicte KKJ[ Big kyra
KOHIYHO{ JTYHKH.

Fig. 6. Estimated dependence of efficiency on the
angle of the conical hole.

Ha puc. 6 300paxkeHO 3ajJeXHICTh KoedimieHTa
KOPHCHOT Z1ii BiJl 3MiHHM KyTa KOHIYHOT JIYHKH, III0 YTPUMY€
KyJIbKY B c()epHUHOMY Hajblli mIapHipa. Bemmuuna kyTta
3aJIeXKHTh, B IIEPIILY YEPTY, Bil TEOMETPHUYHMX HTapaMeTpiB
3’eqHaHHA. MIHIMaJIbHO MOXJIMBa BEJIMYMHA KyTa
BH3HAYaeThCS 3a popmyrnoro (5). MeHmn 3Ha4eHHS KyTa,
HDK OTpHMaHi 3a mi€lo (HOpMysor, He MOXYTh OyTH
BUKOPHCTaHI, TOMy IO Y LOMY BHUIAJKy KyJibKa
KOHTAaKTyBaTHMeE HE 10 KOHi9HiH MOBEpXHi, a 0 KPOMIIi

yHKU. [{UM TIOSICHIOETBCS MTOYATOK KPHBOi Ha puc. 6 B
touni 40 TpamyciB - me MiHIMalbHE PO3PaXyHKOBE
3Ha4YCHHS KyTa KOHyca JYHKH, IPH SKOMY MOMJIUBHI
KOHTAKT KYJBKH 3 KOHIYHOIO IIOBEPXHEIO (IIPH BKA3aHUX
BHIIIE TEOMETPHYHIX ITapaMeTpax MmapHipa).

Po3paxyHok moKka3ye, mo 30iIbIIeHHS KyTa KOHyca
JIYHKH 3MeHIIye Koe(illieHT KOpUCHOI 1l MexaHizMy. Lle
MOB’si3aHE 13 IEepepo3NOALIOM 3yCHib Yy Iepenadi,
30UIBIICHHAM panianbHOl CKJIaI0BOT 3YCHILIA,
BIJIMIOBITHOTO 301JBIICHHS CHJ TEPTS Ta MOXKJIMBOTO,
BHACIIIOK LIbOTO, 3aKJIWHIOBaHHA. {11 PO3paxyHKOBOTO
BUNAJIKy , NPU MiHIMaJbHOMY 3HAuUeHHI KyTa KOHYca
nyakn 40 rpamyciB, MOXXHa BB@XaTH JOMYCTUMHM
30iIpImeHHI KyTa 10 60 TpamxyciB, 0 HE3HAYHO 3MEHIIYE
KKJ[ i 30impmrye pamiambHy CcKIagoBy 3ycwuisi. Kyt
KOHyCa JIyHKH 3aJIeKHTh BiJ TNEBHUX TEXHOJOTIYHHX
MOJKJIMBOCTEH Ta HASIBHOTO iIHCTPYMEHTY, IIPOTE, AOIIIEHO
obupaTi HOTO 3HAYCHHA MIiHIMaIbHO JOITyCTUMEM, 3
METOI OTpuMaHHs MakcumanbHoro KKJI ta minimizamii
3YCHJIb Ta KOHTAKTHUX HANPYKEHb Y IApHIpi.

™S

Puc. 7. 3amexHicTh KoedimieHTa KOPUCHOT il Bif
3MiHH KOe(illi€HTIB TePTS.

Fig. 7. Dependence of efficiency on change of
coefficients of friction.

Ha puc. 7 HaBeneHO 3anexHicTh KoedilieHTa
KOPHMCHOI Jii BiJ 3MiHM KOe(illieHTIB TepTs KyJIbKH IO
NOBEPXHAX JAeTajell 1mapHipa. Po3paxyHok mokasye, 1o
30UTPIICHAS KOC(QIMi€HTIB TEPTS CIPUYMHSIE 3HAYHE
smeHmenHs KKJ[. Bkazana 3anexHicTh OJIM3bKa JI0O
TiHIHHOT, 0COOIMBO B 30HI MalMX 3HAYeHb KOC(II[iEHTIB
TepTs. PeanbHi 3HaYeHHS KOe(IIiEHTIB TepTs B MIapHIpI
mpu  go0poMy 3MalieHHI Ta  TepMeTusamii He
nepeBuiyBatumyth  0,1. IlomagaHHS  CTOPOHHBOTO
MaTepially ~ BCepeIWHy INapHipa Ta  BiJACYTHICTBb
3MallyBaHHS MOXYTh 30iJBIIUTH CHIIM TEPTS y JCKiTbKa
pasiB, 110 HETATHBHO BINTMBATHME Ha KOS(DiIlieHT KOPUCHOT
ii.

B pesynprati mpoBeneHNX OOYMCIEHB Ta iX aHAJI3y
MOJKHA 3pOOUTH HACTYIHI BUCHOBKH.

JloninsHO 00MpaTH CIiBBIHOMIEHHS PaiyciB KyJIbKH
Ta UWIHAPUYHOI BTYJKHM MAaKCUMAJIbHO BEIHKUM 3
KOHCTPYKTUBHHX MipKyBaHb, He MeHme 0,3.

Kyr Haxwly KOHIYHOI MNOBEpXHI JIYHKH OOHMpaTH
MiHIMaIbHO MOJKJIUBUM, BpPaxoBYIOUH o0pany
KOHCTPYKTHUBHY CXeMY HIapHIpy.

V mpotieci MpoeKTyBaHHs Niepenadi 3a0e3MeUYnT! KyT
po3xmity oceit He G6inbire 20 .. 25 rpaxyciB, mepeBipuBIIN
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po3paxyHnkoBe 3HadeHHs KKJI, ske He MOBHHHO OYyTH
ripmum 3a 0,9.

Y BUNAAKY 3aCTOCYBaHHS HOBTHX TPAaHCIOPTYIOUHX
IIHEKiB 13 3HAYHOIO KIJBKICTIO €JIEMEHTIB [OIIIBHO
3MEHIIIYBaTH KyTH PO3XHIY Oceil (30UIbIIyBaTH pajiyc
3TUHY IIHEeKa) Uil nokpameHas cymapaoro KK/ Bcroro
TpaHcnopTepa. Pi3kuii meperuH TpyOW IIHEKa, HaBiTh B
OJTHOMY MICIIi, MOKE IPU3BECTH 0 3aKJIMHIOBaHHS BCHOTO
MEXaHIi3MYy.

BucnoBku

1 3anpornoHoBaHO METOAWKY  pPO3PaxyHKY
IIapHIPHOTO 3’ €THAHHS CEKILiHHOTO TBUHTOBOT'O pOOOYOT0
oprany. BcraHoBieHO onTMManbHI  KOHCTPYKTHBHI
napaMeTpy JaHOi KOHCTPYKLI{, Ta BU3HAYEHO BIUIUB IIHX
mapaMeTpiB Ha eKCIUTyaTalliiiHi XapakTepucTukd. Ha
OCHOBI OTpPHUMaHUX pe3yJbTaTiB moOynoBaHo rpadivHi
3aJ@KHOCTI 3MIHM KOe(ilieHTYy KOpPHCHOI aii Bif
CHIBBIIHOIIEHHS pajiyciB KyJIbKH Ta IMIIHIPUYHOT
BTYJIKH, KyTa BiJXWJICHHS Oceil IapHipy, KyTa KOHIYHOI
JIYHKH, 3MiHH KOe(III€HTIB TEPTH.
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ONPEAEJIEHUE XAPAKTEPA HATPY3KU
HA IIHEK TP TPAHCIIOPTHUPOBKE CBITYUMNX
MATEPHAJIOB

U. U Yeapmayxuii, A. B. [ pabap, P. B. [llampos

AnHotanmsa. llenpto wuccnenoBaHus — SABIAETCS
YCTaHOBJICHHE XapaKTepa Harpy3Ku Ha LIHEK 110 BCEH ero
JUIMHE W  BbIBOJA  AHAJUTUYECKOH  3aBUCUMOCTH
ONpeeNICHUs] BEIMYUHBI KPYTSILIEr0 MOMEHTA Ha LIHEK C
Y4eTOM 0COOEHHOCTEH Tpy3a, HETOYHOCTH M3TOTOBIICHHUS
3JIEMEHTOB BHUHTOBOIO MEXaHHM3Ma U TPEHHUS B OIOpax.
OOBEKTOM WCCIIEIOBaHUS SIBISICTCS TEXHOJOTUICCKUN
MPOLIECC TPAHCIOPTUPOBKU CHIMYYUX I'PY30B BUHTOBBIMHU
koHBelepamu. IIpenMerom uccinenoBaHUs — ABISIOTCS
3aKOHOMEPHOCTH IIPOTEKaHUs mporuecca
TPAHCIIOPTUPOBKU U XapaKTep HArpy3KU Ha IIHEK I10 BCEH
€ro JJIMHE.

VY CTaHOBJIEHO XapaKTep Harpy3ku Ha IIHEK IO €ro
JUIMHE B  BUHTOBOM  TpaHcnoprepe.  BriBeneHa
aHAJIUTUYECKas 3aBHCHUMOCTb OINpPEAENIEHUs] PEaTbHOrOo
3HAUEHUS! BEJIMYMHBI KPYTALIETO MOMEHTa Ha IIHEK C
YYeTOM 0COOCHHOCTEH Tpy3a, HETOYHOCTH MU3TOTOBICHHUS
BUHTOBOM TPaHCIOPTHO-TEXHOJOTUYECKOW CHCTEMBI U
Tpenust B omopax. OmnpeneneHbl M TOCTPOEHBI  Psf
3aBUCUMOCTEH BEJIMUMHBI KPYTSIIEr0O MOMEHTa Ha LIHEK
IIPU YCTAHOBJICHHOM [BWXXCHHU IPy3a OT Pa3IU4HbIX
[IapaMeTpoB.

Pe3ynbTaThl: yCTaHOBJIEH XapakTep HArpy3Kud Ha
LIHEK II0 BCEM €ro JJIUHE U BBIBEICHO aHAJIUTUYECKYIO
3aBUCUMOCTb  OIPENEICHUS  BEJIMYUHBI  KPYTALIETO
MOMEHTA Ha UIHEK, YTO MOXHO LIMPOKO UCII0JIb30BATh IPU
MPOEKTUPOBAHUH BUHTOBBIX TPaHCIOPTHO-
TEXHOJIOIMYECKHUX CUCTEM.

KiroueBble cjioBa: ITHEK, BUHTOBBIE TPAHCIIOPTHO-
TEXHOJOTMYECKHE  CHUCTEMBbl, HAarpy3kd, BeJIHYMHA
KpYTSIILEro MOMEHTa, YacTULA.

RESEARCH OF HINGED JOINT OF SCREW
SECTIONAL WORKING BODY
I. I. Chvartatskiy, A. V. Grabar, R. V. Shatrov

Abstract. The purpose of research is to determine the
optimal design parameters of the hinged connection of the
sectional screw working body, as well as to determine the
impact of these parameters on the performance of this
mechanism
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The object of research is the processes of
transportation of bulk materials along curvilinear routes by
flexible articulated screw conveyors. The subject of the
research is hinged-section screw working bodies and their
parameters.

The method of calculation of hinged connection of
screw sectional working body is offered in the work.
Calculations and analysis of changes in the efficiency of
the hinge mechanism depending on its basic design
parameters, such as the ratio of the radii of the ball and the
cylindrical sleeve at the point of contact, the angle of
deviation of the hinge axes, the angle of the conical surface
of the hole. Graphic dependences are constructed on the
basis of theoretical researches.

Results: The optimal design parameters of this
structure are established, and the influence of these
parameters on operational characteristics is determined.

Key words: hinged connection, sectional working
body, helical spiral.

I. 1. YBapranskuii ORCID 0000-0001-5689-4603.
A. B.T'paéap ORCID 0000-0001-8208-6212.
P. B. llarpos ORCID 0000-0002-3596-0146.
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Abstract. Improving the reliability of structures of
transport mechanisms and other elements, reducing metal
content, improving performance, expanding functionality
and technical capabilities is a priority area of work to
improve existing and develop new machines for beet
growing. The dynamic model of the chain conveyor which
considers the basic movement and fluctuations of elements
of the drive and a working cloth is developed in work. The
model is represented by a system of discrete masses with
eight degrees of freedom.

The operation of chain conveyors is characterized by
the presence of dynamic forces arising from the pulsating
movement of the chain at a steady rotation of the drive
sprocket. At the start-up site, dynamic forces from
increasing the speed from zero to a certain constant value
are added to these forces. Under such conditions,
significant alternating dynamic loads can occur in the
chain, which as a result of the accumulation of fatigue
phenomena can lead to its premature destruction.

Key words: conveyor, weight, model.

Introduction

In the existing theoretical and experimental
researches of rod conveyors their constructive
parameters, productivity, damage of root tubers and
separating ability are proved. However, not enough
attention is paid to the study of current dynamic loads,
their nature of change over time and the impact on the
drive elements of the conveyors, the working canvas and
root damage.

During unstable operating modes, the traction
elements, as well as the drive elements are under the
action of dynamic loads. The greatest dynamic loads
occur when starting the conveyor, its output at operating
speeds, as well as when stopping or jamming the web.
Such loads are undesirable and are significant factors that
accelerate the wear of the conveyor belt and drive
elements, as well as affect the damage to the roots when
interacting with the working elements of the conveyors.

The study of dynamic processes in the operation of
conveyors is an urgent task, the solution of which will
assess the dynamic loads acting on its elements and drive
during transients, as well as on this basis to modernize

existing structures and develop new ones that will ensure
high efficiency of beet harvesters.

The dynamics of the movement of chain conveyors
are characterized by variable oscillating loads during
transients and after the exit of the conveyor to steady
state. The study of these loads makes it possible to
determine the most favorable modes of movement of the
conveyor during start-up.

Formulation of problem

The practice of operation of root harvesting machines
confirms that about 30% of all failures are on conveyor
belts. Conveyors of some machines sometimes do not
provide even seasonal operation and need to be repaired or
replaced during operation [1]. During unstable operating
modes, the traction elements as well as the drive elements
are under dynamic load. It is known that significant
dynamic loads are observed when starting the conveyor, its
output at operating speeds, as well as when stopping or
jamming the web [2]. Significant dynamic loads are an
undesirable phenomenon and are among the significant
factors that accelerate the operation of the conveyor belt
and drive elements.

During the start-up of the chain conveyor in the
traction link of the web there are dynamic loads, the
magnitude of which mainly depends on the excess force or
duration of start-up. Under the action of pulses that create
acceleration, small elastic oscillations occur in the
elements of the system. The latter lead to an increase in
inertial loads in comparison with their average values,
which are determined by the laws of motion of an
absolutely rigid body. In the conditions of inconsistency of
speeds of all or some elements of the car such sizes, as
duration of the periods of start (acceleration) and braking,
overload of the engine and transfers, can be defined only
on the basis of dynamic calculations at which both
instability of speed during movement, and inertia of
masses, involved in the movement process

The aim of the work is to increase the efficiency of
chain conveyor by reducing the dynamic loads acting on
the drive elements of the bar conveyor and the working
bodies of the canvas.
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Analysis of recent research results

A significant number of works by domestic and
foreign scientists are devoted to the study of conveyors
with a chain traction body. The main attention is paid to the
issues of wear and strength of the chain traction body, the
theory and calculation of chain engagement, kinematic and
dynamic calculation, as well as the development of new
structural schemes of conveyors operating in a steady state.

Studies of the dynamic processes of the conveyor are
carried out by using different research models. The
application and use of dynamic models to calculate the
loads of conveyors and their drives are considered in many
works, for example [3, 4, 5]. However, these works did not
take into account the modes of operation of the drive,
which affect the uneven movement of the blade, which in
turn accelerates the speed of the mechanism as a whole [6-
14].

Purpose of research

During transients (start, stop), as well as in the area of
steady motion in the structural elements and the drive -
there are significant dynamic loads, which can be several
times higher than the average static loads.

The purpose of the work is to increase the efficiency
of chain conveyors by reducing the dynamic loads acting
on the drive elements and the working bodies of the chain
CoNveyors.

Results of research

It is advisable to take into account the dynamic
calculations the influence of the drive on the characteristics
of the closed circuit of the conveyor belt. Therefore, this
work aims to develop a dynamic model of the bar
conveyor, which simultaneously takes into account the
nature of the movement of the drive mechanism and the
working canvas with the transported cargo. A dynamic
model of a bar conveyor is proposed, which takes into
account both the dynamics of the drive and the dynamics
of the working web, taking into account the elastic
properties of their individual elements. In this dynamic
model (Fig. 1) the bar conveyor is presented as a
holonomic mechanical system with eight degrees of
freedom (n = 8) of discrete rotating 4, I, 13, and 17 and
translational ms, ms, ms, and mg masses. Here Iy, I, I3, I7
moments of inertia, respectively, of the rotor of the drive
motor, the rotating parts of the gearbox, the drive shaft with
sprockets, reduced to the axis of the drive shaft and the
guide rollers relative to its own axis. The working branch
of the conveyor is represented by three discrete masses ma,
ms, m6 connected to each other and asterisks by elastic
elements with stiffness Cas, Cas, Css, Ce7, and the idle (non-
working) branch is replaced by one mass mg which is
connected to asterisks and guides. Rollers elastic elements
with stiffness Czg and Cgs. The motor shaft is connected to
the input shaft of the gearbox via a power take-off shaft
with a stiffness Cio, and its output shaft is connected via a
resilient safety coupling with a stiffness Cys to the drive
shaft.

M

Fig. 1. Dynamic model of a chain conveyor.

The generalized coordinates of the proposed dynamic
model are: g1 = @1, 02 = @2, 03 = @3 and gz = @7 are the
rotational coordinates of the drive motor rotor, the reduced
mass of the gearbox, the drive shaft and the guide rollers of
the conveyor; s = Xs, 05 = X5, Js = X6 and (s = Xg -
translational coordinates of the respective masses mgs, ms,
me and mg into which the branches of the working and idle
part of the canvas are divided.

To compile the differential equations of motion of the
conveyor, the Lagrange equation of the second kind is used

dd o o k=12,.m; 1)
dtog, g,
where t is the time; L = T-P - Lagrange function; T, P -
kinetic and potential energy of the conveyor; gk - (k = 1,2,
. 8) generalized coordinate of the system; Qx is a
generalized force.

The kinetic energy of the system is represented as the

sum of rotational T and translational Tyecr masses
T= T06+THOCT =

)
2 2 2 2 2 2 2 2
Potential energy is defined as the deformation energy
of the elastic parts of the conveyor
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where Mj is the driving moment of the motor drive,
reduced to the axis of the drive shaft; F4, Fs, Fe, Fs - forces
of resistance to movement, respectively, the masses ma, ms,
me and mg; D is the diameter of the star.

After substituting the kinetic (2) and potential energy
(3) of the conveyor and the generalized forces (4) in
equation (1) we obtain a system of differential equations of
motion of the conveyor (5):

1§, =M, - C,(p, —9,);

Iz¢z:C12(¢]1 _goz)_czs(gaz _¢)3);

D D:
_C78(E(p7 _Xs)zy

. D D D D
Is¢3:023(¢2 _¢3)_C34(3¢'s —x4)3+C33(x8 _5¢’3)5;

.. D D
mx,=—F, +C34(?¢3 _x4)3_C45(x4 —-X5);

mg¥s=—F + Cp5(x, —x5) — Cig (x5 — X))

. D D
mgxg=—Fg + Cys (x5 —x4) = Cer (x4 _3‘%)7;

.. D D
L¢; = Cir (xg _EQ'J)*

D D
B _C73(3(p7 _xs)i;

2

mg¥y = — By +C7g(§¢7 _xg)g_cm(xs

These equations can be used to describe dynamic
processes in the elements of the conveyor both in the areas
of transients (start, braking) and in the area of steady
motion.

Different initial motion conditions can be used to
solve equations (5) depending on the section of motion. For
example, the process of starting from the standstill of the
conveyor includes several stages.

The first stage is performed by rotating the mass with
the moment of inertia I1 from the time t = 0 at @1 = 0 and
@1 = 0 to the moment t = t;, at which the elastic force
between the masses |1 and I, with the driving moment M1
is balanced. At this point, the coordinate @1 will reach the
value @11 = M3 / C1o, which will be the initial condition for
the second stage of start-up. At this stage, only the first
equation of system (5) is used, provided that the coordinate
@2 = 0 during the entire period of motion of the first mass.

The second stage - rotating masses 11 and 1, with all
other masses stationary from the time t = t; at @1 = @11, ¢1
= ¢, ¢2 = 0 and ¢z = 0 to the moment t,, at which the
elastic force between the masses I, and |5 is balanced with
driving moment M. At this moment, the coordinate @1 will
reach the value @12, the coordinate @2 = @2, and their
derivatives (|51 = (|512, and q;z = q;zz. Here @12, 922, ([;12, q;zz
are the final values of the coordinates ¢1 and ¢ and their
velocities of the second stage of start-up, which are the
initial conditions of the third stage of start-up. In the second
stage of start-up, a system of the first two differential
equations of system (5) is used. During the entire second
stage of start-up, the coordinate @3 = 0.

Similarly, the initial conditions of motion for all other
masses of the adopted model of the conveyor are
determined. To do this, in addition to the considered stages,

DD
PR

it is necessary to consider the stages of the beginning of the
movement from the third to the eighth mass. The start-up
process ends at the time when the working line of the
conveyor (masses ms, ms, M) reaches a stable value of the
steady speed.

The operation of chain conveyors is characterized by
the presence of dynamic forces arising from the pulsating
movement of the chain with a steady rotation of the drive
sprocket [6]. At the start-up site, dynamic forces from a
speed increase from zero to a certain constant value are
added to these forces. Under such conditions, the chain
may experience significant alternating dynamic loads,
which as a result of the accumulation of fatigue phenomena
can lead to its premature destruction.

Therefore, the aim of this work is to determine such a
mode of start of the chain conveyor, in which the total
dynamic force in the chain would be minimal.

The total force F acting on the chain consists of a
static component F¢, which is a constant value and does not
depend on the mode of movement of the conveyor and a
dynamic component Fq, which is a variable function
depending on the parameters of the sprocket and chain and
the mode of movement of the drive mechanism.

F=F.+F,. (6)

The static component F¢ includes: 1) resistance on the
supporting rollers; 2) resistance to friction forces in the
supports of the stars; 3) resistance to chain stiffness during
bending. These components of resistance are determined
by known methods [6] and in practical calculations are not
in doubt.

The dynamic component is greater the greater the
length of the chain link and its speed, the smaller the
number of teeth of the drive sprocket and the greater the
moving weight of the load and the conveyor itself. These
loads increase the effort in the traction body and, as a result
of repeated application, cause fatigue in the chains. The
dynamic component of the force in the traction body can
be determined by the dependence [7].

F, = mWL, (7)
where m is the consolidated mass of the moving elements
of the bar conveyor and cargo [7];

W - linear acceleration of the traction body of the
chain.

According to the method described in [7], the
consolidated mass m is determined by the dependence

m=(d, +yo)L ®)
where g, - running weight of the cargo; qo is the running
mass of the moving parts of the conveyor; L is the length
of the conveyor; y is the coefficient of mass reduction,
which takes into account the fact that not the entire mass of
the conveyor moves with the acceleration Wy, and also
takes into account the influence of elasticity and sagging of
the chain.

To determine the acceleration of the chain Wy, consider
the scheme of interaction of the latter with the asterisk
(Fig. 2). Asterisk 5 rotates with an angular velocity ®, and
its circular velocity is determined by a known dependence

V=wR, 9)
where R is the initial radius of the asterisk; o is the angular
velocity of the asterisk.

Then the horizontal component of the chain speed
changes according to the law
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Vi =Vcosp=wRcosy, (10)
here ¢ is the angular coordinate of the rotation of the star
between adjacent teeth, which is calculated from the
bisector of the angle between the teeth and varies from - go
to o, i€ -po<=<@o. The central angle between the teeth can
be determined by the dependence 2o = 21t/z, where z is the
number of teeth of the leading star. Then gpo =1/ z.

TN
M —} ‘45
5

[ () 7

123

Fig. 2. Circuit conveyor drive scheme: 1 - engine; 2 -
clutch; 3 - reducer; 4 - safety clutch; 5 - sprockets with a
drive shaft; 6 - traction chains; 7 - conveyor belt.

The angular coordinate of the asterisk o is divided into
n sections. At the zero section 0<a<2qo. In this case, -
@o<@<@o. In the first section 2¢@o<0<4po, and - -Qo<E=<o.
In the k-th section, the angular coordinates a and ¢ change
within the following limits

2k po<a=<2(k +1)po, —po<p=<po, k=0, 1, 2, ..., n. (11)

Taking the time derivative of the dependence (10), we
determine the law of change of the linear acceleration of
the chain

W _dv, de do

Rcosgo—wERsingo (12)

T odt dt
If do _
dt
W, = R(Z—?cow —w?sin (oj (13)

The analysis of the dependence (13) shows that to
determine the acceleration of the chain it is necessary to
know the law of motion of the leading sprocket (Fig. 2) in
all areas of motion during the start of the conveyor.

To determine this law of motion, it is necessary to
solve the second problem of the dynamics of conveyor
motion. To do this, in the first approximation, we consider
the pipeline as a dynamic model with a nonlinear position
function (the relationship between the Kkinematic
characteristics of the drive sprocket and the chain is
nonlinear) and one degree of freedom. For the generalized
coordinate we take the coordinate of the rotation of the star
between adjacent teeth on the k-th (k = 0, 1, 2, ...., n)
section of the rotation of the star.

This model does not take into account the elasticity
and sagging of the chain, because they are indirectly taken
into account by the coefficient y in the total mass of the
moving parts of the conveyor, which is determined by the
dependence (9).

We compose the equation of motion of such a
dynamic conveyor model for each section of motion using
the theorem on the change of kinetic energy [8].

T-To:Ap—Ao, (14)
where Ty, T - functions of the kinetic energy of the system
at the beginning of motion and at a certain point in time;
Ap, Ao - work of driving forces of the drive and forces of
resistance to movement of the conveyor on the considered
site of movement.

Dependence functions (14) have the following form:

1 : 1
T0=5|p(—(oo)a)§’ T=§Ip(go)a)2v (15)

A= [Mdp A= TFORCOS(/Jd(p (16)

—%0 4
where, Ip (-9o), Ip (¢) - reduced to the axis of rotation of
the drive star moments of inertia of the moving parts of the
conveyor in the initial position and at any time; o is the
angular velocity of the asterisk in the initial position.

M is the driving moment of the drive, reduced to the
axis of rotation of the drive sprocket; Fo is the total
resistance of the static forces of resistance to the movement
of the web.

Substituting the dependences (15) and (16) in
equation (14) and taking from the left and right parts of this
equality derivatives in the coordinate @, we obtain the law
of motion of the chain conveyor in the form of differential
equations [9]:

|p0'—“’+3wdI p(q))zl(M _F,Reosp) 17
dp 2 de w
I, =1y +mR?cos’ p (18)

where lo is the moment of inertia of the rotor of the engine
1, the clutch 2, the gearbox 3, the elastic clutch 4 and the
drive shaft with sprockets 5 reduced to the axis of rotation
of the sprocket (see Fig. 2).

Equation (17) taking into account the dependence (18)
is a nonlinear differential equation of the first order with
variable coefficients and a complex right-hand side. Such
equations cannot be analytically integrated, so humerical
methods must be used to solve them. To use the finite
difference method [8], equation (17) is presented as
follows

1 1
I p((/))da) + Ewdl p((p)= ;(M — FyRcosg)dep (19)
Divide the conveyor interval —po<e<qo into n parts
and assume that —deo=A¢ = 2¢o/ n on each part. Then the
coordinate @i+ 1 = @; + Ap. Here and - the number of the
position of the drive star, which varies from 0 to n. For any
position of the conveyor ¢ = @i, Ip (¢) =1Ip (i), ® = ©;, M
= M, dly () =Ip (i + 1) -lp (@i). Substituting these
substitutions in equation (19), we obtain (20):
Wy :ﬁ a)ii(Mi - FyRcosg, )A(l’*%[3I p((l’i)* I p((oi+l)]'wi:|
The movement of the conveyor during start-up begins
with the position @i = -@o; while ®; = wo = 0. For this
position, 1p (¢i), lp (i + 1), M; are determined and are
substituted into the dependence (20), from which w; + 1 are
determined. Calculations ®; + 1 are performed until o;
becomes equal to @o. Then the calculations are performed
for the next section of the movement 2@o<o<4¢o with the
repetition of all procedures performed on the previous
section. Moreover, the initial value of the velocity wo in this
section is taken to be the value of the velocity found at the
end point of the previous section, wo = @n.

Conclusions

1. As a result of the solution of the system (5), the
coordinates, velocities and accelerations of each of the
masses are determined for the found initial conditions of
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motion. With the help of these characteristics the dynamic
loads in the elastic elements of the conveyor are
determined. The analysis of these loads will allow to
establish rational inertial and elastic characteristics of the
conveyor and to reach the most favorable mode of the start
of the conveyor.

2. The conducted researches allowed to recommend the
system of the controlled start of the rod conveyor which
gives the chance to reduce considerably dynamic loadings:
coefficient of dynamism in 2.4...2.6 times, coefficient of
unevenness of movement on 10-15%, starting moment - in
1.8...2.2 times.
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JNCKPETHA MOJEJIb JMUHAMIKU PYXY
JJAHIIIOT'OBOI'O KOHBEE€PA
M. M. Kopobko

AHoTauis. Y mporieci mycKy JaHIIOTOBUX KOHBEEPIB
y TATOBiii JaHIi TOJOTHA BUHHUKAIOTH IUHAMIYHI
HABAHTAKCHHS, BEIMYMHA SKHX, TOJOBHUM YHHOM,
3aJICKUTh BiJl HAIJIUIIKOBOI CHII a00 TPUBAJIOCTI MYCKY.
[Mix niero iMImynbCiB, IO CTBOPIOIOTH NPUCKOPEHHS, B
eJIEMEHTaX CUCTEMH BUHUKAIOTh MaJll IPY>KHI KOJIMBaHHSI.
OcraHHi  OPUBOAATH A0  3POCTAHHS  IHEPUIHHHUX
HaBaHTAXXCHb Y MOPIBHAHHI 3 1X cepenHIMU 3HAYCHHIMHY,
SIKI BU3HAYAIOTHCS 3aKOHAMHU PYXY aOCOJIFOTHO TBEPIOTO
Tima. B yMoOBax HEMOCTIHHOCTI IIBHAKOCTEH BCiX abo
JeIKHX €JIEMEHTIB MalllMHH TaKi BENWYNHH, SIK TPUBAIICTh
TepioIiB ITyCKY (posrony) i raJbsMyBaHHS,
NIepeBaHTaKCHHS ABUTYHA 1 Mepeaad, MOKHAa BU3HAYUTH
JUIIC HA OCHOBI JUHAMIYHHX PO3PAaXyHKIB, TPH SKAX
BPaxXOBYETHCS SK HETOCTIHHICTh IIBUAKOCTI ITiJT 9ac pyxy,
Tak W 1HEPUIHHICTh Mac, 10 OepyTh ydacTh y MpoIeci
PyXy.

Takox pobora JIAHIIOTOBUX KOHBEEPIB
XapaKTepU3y€EThCsl HASBHICTIO JUHAMIYHHMX 3YCHJIb, IO
BUHHMKAIOTh y PE3YJIbTATI MyJbCYIOUOI'O PYXy JaHIIOra
Ipu  ycTajeHoMy oOepTaHHI mpuBOJIHOI 3ipouku. Ha
OUIAHII MyCKy A0 [UX 3YCHIb NONAIOTHCS IHHAMIYHI
3YCHIIIS BiJl 3pOCTAaHHS MIBUAKOCTI 3 HYJIbOBOTO 3HAUCHHS
JI0 TIEBHO{ yCTaJIeHOT BEJIMYMHH. 32 TAKMX YMOB Yy JIAHIIIOTY
MOXYTh BHHHKATH 3HAYHI 3HAKO3MIHHI JHHAMIivHi
HaBaHTAXKEHHS, SKi B pe3yJbTaTi HAKONMYEHHS BTOMHUX
SBUII MOXYTh NPHUBECTH O TNEpPeauyacHOro Horo
pyHHYBaHHS.

Y  pob6oTri po3po0iieHO  JUHAMIYHY  MOAEIb
JIAHIIOTOBOTO KOHBEEPA, SIKa BPAaXOBYE OCHOBHHUI pyX i
KOJINBaHHSI €JICMEHTIB MPUBOIY Ta POOOYOro MOJIOTHA.

KuarouoBi ciioBa: xoHBeep, MOzieNb, Maca.

JANCKPETHAS MOJIEJIb IMHAMUWKU ABMXXEHU A
IIETIHOI'O KOHBEMEPA
H. H. Kopobko

AnHoTauus. B npoiecce mycka 1ienHbIX KOHBEHEPOB
B TSITOBOM 3BEHE IIOJIOTHA BO3HHUKAIOT JHHAMHUYECKHUE
Harpy3kd, BEJIMYMHA KOTOPBIX, TJIABHBIM 00pa3oM,
3aBUCHUT OT M30BITOYHON CHIIBI WU TPOAOKUTEIHHOCTH
nycka. Ilog pgeiicTBUeM  HUMITYJBCOB, CO3/JAIOLIUX
YCKOpEHHE, B JJIEMEHTaX CHCTEMBbl BO3HUKAIOT Mallble
ynpyrue konebanus. [locnenHue NPUBOAIT K POCTY
MHEPLMOHHBIX HArpy30K MO CPaBHEHHUIO C UX CPEIHUMU
3HAUEHUSIMU,  KOTOpbIE  ONPENENAIOTCS  3aKOHAMU
JBIDKCHUsT a0CONIOTHO TBEPIOro Tela. B ycrnoBusx
HEMOCTOSIHCTBA  CKOpPOCTEH  BCEX WM  HEKOTOPBIX
3JIEMEHTOB MAaIITHHBI TaKue BEJIUYUHEIL, KakK

MPOJOJDKUTEIIFHOCTS  TIEPUOJIOB  ITycka (pa3roHa) u
TOPMOXKEHHSI, TIEPETPY3KH JBUTATENs U Hepenad, MOKHO
OTIPEICTNTh JINIIb Ha OCHOBE ITUHAMHYECKHX PACUETOB,
MPU KOTOPBIX YIUTHIBACTCS] KAK HEMOCTOSIHCTBO CKOPOCTH
BO BpeMs [BIDKCHHS, TaK W WHEPIMOHHOCTh Macc,
YYaCTBYIOIINX B TPOLIECCE NBIDKCHUS.

Taxoke paboTa IETTHBIX KOHBEHEPOB XapaKTepU3yeTcst
HaJlMYMeM JMHAMHWYECKUX YCWINH, BO3HHKAIOUIMX B
pe3ynbTate MyNbCHPYIOIIErO JABW)KEHHS LENH IpH
YCTaHOBHMBIIEMCS BpallleHWH NPUBOAHOW 3Be3nouku. Ha
yyacTKe TMycKa K OTUM YCHIHMAM  J00aBIIsIOTCS
JMHAMHYECKHE YCHIIMS OT POCTa CKOPOCTU C HYJIEBOTO
3HAUEHUs] [0 OIpPENEICHHONW YCTOSBILEHCS BEIUYUHBI.
IIpm Takmx yCIOBHAX B IIEMM MOTYT BO3HHKATh
3HAYUTEIIbHBIC 3HAKOIICPEMEHHBIE JTMHAMHYECKHE
Harpy3kd, B pE3yJbTaTe HAKOIUICHUS YCTaJIOCTHBIX
SABICHUA MOTYT NPUBECTH K NPEKICBPEMEHHOMY €TO
Ppa3pyIICHHIO.

B pabore paspaborana auHaMu4yeckas MOMEIH
LEMHOT0 KOHBeWepa, KOTOopas YYUTHIBAET OCHOBHOE
JIBIOKCHUE U KOJICOAHUS 3JIEMEHTOB NPUBOJA B pabouero
MOJIOTHA.

KaioueBble ci10Ba: KoHBeliep, MOJeINb, Maca.
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AHortauisi. PO3INIIHYyTO NUTaHHS BIOCKOHAJIECHHS

KOHCTpYKHii OyHKepa TpOTpyloBada HaciHHA. B
pe3ynbTaTi NPOBEACHHX MJOCTIDKEHb 3alpONOHOBAHO
MOKpAICHHs. MPOAYKTHBHOCTI OyHKepa 3a paxyHOK

3aIpOMOHOBAHOI 3MiHH (OPMH Ta BU3HAYCHHS HEOOXITHUX
napaMeTpiB I MOKPAIIeHHs POIYKTHBHOCTI OyHKepa B
NPOTpyIOBayax HACiHHS. 3alpOIIOHOBAHE BJIOCKOHAJICHHS
JIO3BOJISIE  MIJBUIIATH TMPOAYKTUBHICTH OyHKepa -
J03aTOpa HACiHHS  CUIBCHKOTOCIOJAPCHKUX  KYIBTYP
HE3aJIe)KHO BiJ BUCOTH 3allOBHEHHS HUM OyHKepa Ta
3ePHUCTUX MaTepiajliB B IHIIMX Tany3sx, 3MEHIICHHs
METAIOEMKOCTI 1 Ta0apuTIiB BIAMOBIAHUX MAIWH, ¥ SKUX
3aCTOCOBYIOTBCS TaKi OyHKEpH.

KawuoBi ciaoBa: OyHkep,
TEPTsI, TUCK, PIBHOMIiPHICTb.

rinep6ooinanpHAH,

ITocTaHoBKa MpodeMu

Y pi3HMX BHUPOOHHMLTBAaX MOLIMPEHI onepaiii
BaHTa)KEHHS-PO3BAHTAXKCHHS CHITKUX 3ePHUCTHX
MarepiaiiB B TEXHOJIOTIYHI 1 TPAHCIOPTYIOYi MPHUCTPOI.
HeBig'eMHOI0O YacTHHOIO YCTAaTKyBaHHA JJsl TaKuX
orepariiii € pi3HOro pogy OYHKEpH, 110 BCTAHOBIIOIOTHCS
B MICIIX CIIOJIydEHHS OCHOBHOTO, TPAaHCIIOPTYIOYOTO i
JOTIOMDKHOTO ycTaTKyBaHHSA. OKpiM IhOTO OyHKepH
3aCTOCOBYIOTBCS Uil 30epiraHHs pi3HUX MaTepiaiiB, a
TaKoX A 1X 00'€eMHOro 1 BaroBOro JI03yBaHHS,
HaIpHKIaJ, K y IPOTPYyIOBadax HaCIHHS.

Cunki 3epHHCTI MaTepiany ayke Pi3HOMaHITHI IO
CBOEMY  TPaHYJOMETPUYHOMY  CKIady, IIiJIBHOCTI,
BOJIOTOCTI 1 iHITUM (hi3iKO-MEXaHIYHIUM BIACTHBOCTSIM i IO
3IaTHOCTI BUTiKaHHA 3 OyHKepiB. [Ipu poOoTi 3 Bomorumu,
JIMIIKAMH, TaKHMH, IO 3JIEKYIOThCS MaTepialaMu JTyxke
YyacTi BHUINAJAKH TOPYIIEHHS Ta HecTaOLIbHICTE poboTH
OyHKepiB, IO IOJIITAIOTh B YTBOPEHHI 3BEICHb HaJ
BUITYCKHHM OTBOPOM OyHKepa, BHACIIIOK YOTO BUTIKaHHS
Marepiary 4acTKOBO a00 IOBHICTIO NPUMHHSEThCA. [HIIOI0
MIPUYMHOIO TTOPYIIEHHS HOPMasIbHOI po0OOTH OyHKEpIB €
YTBOPEHHS NACHBHHUX 30H, KOJM BHTIKAHHS MaTepiaiy
BiIOyBa€ThCA TUIBKM 13 30HH, PO3TAlIOBAHOI HAJ
BHITYyCKHAM OTBOPOM (TpyOOYTBOPIOBAHHSA), IO iCTOTHO
3MEHIIIyE MPOXYKTHBHICTh, CTAOUIBHICTH 1 KOPHCHY
€MHICTh OyHKepa.

Jlo3aTopu, 10 TOETHYIOTH AO3YyBAaHHA HACIHHS 3
PO3TOAIICHHSAM Ta POPMYBaHHAM HOTO MOTOKY MOTPiOHOT
IIITPHOCTI BHACHIOK TaNbMIBHOI [il PO3MOIUTEHUX
MPUCTPOIB 3HAYHO 3MEHIIYIOTh MOTCHIIHY
MPOIYKTUBHICTh NMPOTpYIOBada. ToMy MOTPiOHO BUBYATH
Ta  BAOCKOHATIOBATH  KOHCTPYKLilO  OyHKepy 3a
JIOTIOMOTO0 ONTHMAJILHOT 3MiHM HOTO KOHCTPYKTHBHHUX
napameTpiB, OCOOJMBO NPU BHUKOPUCTAaHHI IPOTOYHOTO
Jo3aTopa, moO 3abe3NneunuTH pPIBHOMIpDHE HEIepepBHE
JIO3YBaHHS HACIHHS CLIBCHKOI'OCIIONAPCHKUX KYIBTYP
HE3aJIe)KHO BiJl BUCOTH 3allOBHEHHS HUM OyHKepa ax I0
MOBHOTO HOTO CITIOPOXXHEHHS.

AHaJIi3 0CTAHHIX J0CJTiIKEeHb

PesynbraTi nociimpKkeHb NPOIecy BUCUITAHHS CHITKIX
MmarepianiB i3 MicTkocteil (OyHKepiB) cBiayarh, MO
reOMETPUYHI XapaKTePUCTHKH MICTKOCTEH 1 J03yBalbHUX
npuCTpOiB (OTBOPIB) Ta iX CITIBBIJHOMIEHHS, a TaKOXK
pIBEHb 3alOBHEHHS MICTKOCTEW CYTTEBO BILIMBAIOTh Ha
NPOJYKTUBHICTh Ta PIBHOMIPHICTh JO3YBaHHS CHIIKHX
MarepiaiiB NPOTOYHHMH J103aTOPaMH O00’€MHOI0 THILY.
AHai3 J03yBaIbHUX IPUCTPOIB CEPIHHIX MPOTPYIOBaYiB
CBIUUTH, MO B IX KOHCTPYKIAX IIi 3aKOHOMIpHOCTI He
BpaxoByIOThcs. [IpoyKTHBHICTH 03aTOPIB 3 MACHBHUMU
PO3IIOJITPHAKAMHM ~ HAaCiHHA  BHM3HAYa€ThCS  IUIOLICIO
JKMBOTO  ITIEPETHHY KUIBIIEBOTO OTBOPY  BHITYCKHOI
TOpJIOBMHU OyHKEpa Ta KOHCTPYKTHBHHMH IapaMeTpaMu
po3mnoxinsHUKAa HaciHHA. IIpomyKTHBHICTH 103aTOpiB 3
AKTUBHUMHU DO3MOJAIIbHUKAMH 3aJIe)KUTh BiJl YacTOTH
obOepTaHHs pO3MOIUTEHUKA Ta HOTO KOHCTPYKIII (IHUCK ab0

KOHYC), a J03aTOpiB  THPOTPYIOBauiB  iHEPIiiHO-
¢pukuniiinoro tumy [1], y sikux poOo4uii opraH 0HOYaCHO
€ AaKTHUBHHM pO3MOAUTLHHKOM HACiHHA — MIe # BiA

KOHCTPYKTHUBHHX IIapaMeTpiB O0KOBOI TOBEpXHi poOoyoro
opraHa Ta KOHCTPYKIII 103aTopa .

Haiibinpbmr moBHO (hi3MYHA CYTHICTH MPOLECY
BUCHITAHHS 3€pHA Yepe3 OTBOPH B MICTKOCTSIX BUBYAIIHCS
B. M. Aromstaom [2] Ta I'. M. By3zenkoBum i C. A. Ma [3],
SKAM BJIAJIOCS KAPTUHY BIUCHIIAaHHS HACiHHS OOTPYHTYBaTH
HampsAMKaMH 1 IBUIKOCTSAMH PYXY HACiHHS B KOXKHIH 30HI
[2] i B3aeMHHM pO3MIIIECHHSM YaCTHHOK CHIIKOTO
Marepialy B MICTKOCTI Ta CHJIaMH THCKY CHITKHX
MaTepialliB Ha JHO 1 CTIHKK MIiCTKOCTI [3] Ta yTBOpEHHSM
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CKIIeTIiHb. [IpHYUHOI0 YTBOPEHHS CKIICIIIHHS 3 9aCTOYOK €
3aKJIMHIOBAHHS iX CHJIaMH BHYTPIIIHBOTO TEPTS IO JiHiT iX
yKkIagkd. Ynm MeHmmH KoeinieHT BHYTPIITHBOTO TePTS 1
guM OUTBIOUI AiaMeTp OTBOPY, THUM CKJICTIHHS MEHII
CTiliKe i TOMY YTBOPEHHS HOTO MOXJIMBE JIMIIIE Y BUIIAAKY
BUCHIIaHHS CHIIKOTO Marepially 4epe3 OTBOPH Malloro
niamerpa. Bucora oTBopy mpu HOCTIHHOMY JiamMeTpi He
BIUIMBA€ Ha BUTPATY CHITKOr0o Marepiainy [3].

PoGoui mpouecn cydacHUX NPOTPYIOBAa4iB HAaCIHHS
HerepepBHOi Jii BKIIOYAIOTh HEllepepBHE 1 pIBHOMIipHE
JIO3YBaHHS HACIHHA 1 po00YOl pIAMHU - TECTUIUAY,
OCKIJIbKM BOHU € HEOOXI/THOIO MepeyMOBOI0 PIBHOMIPHOT
0OpOOKHM HACiHHS TperapaTroM, a OTKe 1 JOCATHEHHS
BHCOKOT e(peKTHBHOCTI TIPOTpyroBaHHs [7].

3rigHO 3 pe3yibTaTaMy AOCHIIKeHb [2-4] BIUIHB
YMOB BUTIKaHHS HACiHHS 3 OyHKepa Ha IPOTyKTHBHICTH Ta
PIBHOMIPHICTh TOTOKY BH3HAYAETHCSA KOHCTPYKTHBHUMH
napamerpamMu OyHKepa, BHIIYCKHOTO OTBOpPY, BHCOTOO
3aMOBHEHHS OYHKEpa HACIHHSIM, a TaKOX HOTo (hi3uKo-
MeXaHIYHUMH BJIaCTHBOCTSIMHU.

JlociipkeHHIO BIUTMBY NOCTYHAJIbHUX BEPTHKAIBHUX
KOJINBaHb HA 3aKOHH BUUICHHS TIPUCBsUcHa poboTa [6] Ta
ifmi [8-15].

Merta gocJigkeHb

3100yTTs SKICHOI OLIHKA BIUIMBY KOHCTPYKTHBHHX
mapaMeTpiB OyHKepiB Ha ITUHAMIKY PYyXy 3€pHHICTOTO
Marepiany, TOOTO BHBYEHHS BIUIMBY (OpPMH OYyHKEpIB,
(0co0NMBO 3 3YCTPIUHMM KOHYCOM, SIK y MPOTPYIOBayiB
HACIHHS  iHepUidHO-QpHUKLiAHOTO  THmy) Ha  IX
MPOJXYKTIBHICTb.

Pe3yabTaTn nociaigxeHb

CyTTEBUM pe3epBOM 3 IMiABUIICHHS e(heKTUBHOCTI Ta
3abe3neueHHs Oe3mepebiifHOi poboTm OyHKepiB € ix
KOHCTPYKTHBHI napameTpH, Y3TODKeH] 3
3aKOHOMIPHOCTSIMM ~ BHUTIKaHHA 3 HHX 3€PHHCTHX
MaTepiaiiB, 0COOJUBO 3 OYHKEpiB CKIAAHUX (POPM, IO
JI03BOJISIE TIOCTABUTH Ta BUPIIINTH BAXJIMBY MPAKTHYHY
3amady — BU3HAUUTH ¢opMy OyHKepa, SKHH Mae
HaUOUIBITY NPOYKTUBHICTD.

B 1npoMy Bumaaky HeoOXimHO BuA (GYHKIT IJIOII
neperuny F=F(x) BuOparu Ttakoro, mob MakcumaabHa

BATpaTa KOXHOTO CIHigylo4oro (OUTII  BY3BKOTO)
NIepeTHHY J0pPiBHIOBaa TPAHUYHIH BUTpPATI IIOTIEPEHEOTO
MIepEeTHHY.

B pesynbrari 3aga4a 3BOANTHCS A0 MOIIYKY (OPMHU
OyHKepa, 'paHuYHa IPOAYKTHBHICTB SKOT0 OyJie 0IHaKoBa
y BCIX TepeTHHaX, BpaxOBYIOUH KOHCTPYKTHBHI
ocobmuBOoCcTi  OyHKepa-mo3aTopa  HIpOTpyOBadiB. Y
BHIIA/IKy BHKOPHCTaHHS AKTHBHUX PO3MOIUIBHHUKIB (SK
MIPaBHJIO0, O0EPTOBHMX ITUCKIB ab0 KOHYCIB) TaJbMiBHHA
Omip BHCHIIAHHIO HACIHHA 3 BHITYCKHOI TOPJIOBHUHH
OyHkepa TIIi PO3MOAUILHUKH CTBOPIOIOTH BHACTIIOK
HAKONMYEHHS B 30HI ITiJ] BUITyCKHOIO TOPJIOBHHOIO HIapy
HaciHHs, IO HE €BaKyIOETbCA 3 Ii€i 30HW aKTHBHUMHU
pO3MOAUIBHUKAMK. B 1pboMy BUNAAKy IPUYHHOIO
3MEHIIEHHS TOTEHIIHHOI NPOAYKTHBHOCTI J103aTOpa €
HEY3TrOJDKEHICTh KOHCTPYKTHBHHUX IapaMeTpiB J03aTopa

Ta PEKUMIB pPOOOTH aKTHBHOTO PO3MOAUILHUKA 1
BHUITYCKHOI TOpJOBHHH [5]. 3 METOI0 MNPUCKOPEHHS
eBaKkyallii HaCiHHA i3 30HU CXOJYy HOTO 3 PO3IOIITEHIKA B
JEeSKUX TIPOTpyroBauax Haciuus (Hanpukiaan [THY-4)
3aCTOCOBYIOTh [JIOJIaTKOBI KOHCTPYKTHBHI EIEMEHTH —
AKTHBATOPH.

JIBi OCHOBHI 3a/1a4i TUHAMIKH 3CPHUCTUX MaTepiajiB
(3aKOHM BHTIKaHHS 1 3aKOHM PO3IOJIUTY THUCKIB Ha JHO 1
CTIHKM CHJIOCIB 1 OyHKepiB) po3rmmganucs B [5] B
NPUITYILCHHI ICHYBaHHS JIOCUTH BEJIMKUX KOe(illi€HTOBI
BHYTPIIIHBOTO 1 30BHIMIHBOrO TepTs 3epeH. TuMm vacom,
KyT 30BHIIIHBOTO TEPTs 3epeH 00 CTIHKy OyHKepa i KyT
BHYTPIIIHBOTO TEPTS 3€PEH Y Pi3HUX CHUITyYNX MaTepialiB
3MIHIOIOTECS B IIHPOKAX MeEXaxX, a MOXYyTb OyTh W
ManmuMu. MokHa ysSBHTH co0i 1 Takuil 3epHUCTHA
MaTepial, MK 3EepHaMH SIKOTO € pigiHa, HAIPHUKIA,
MaclisiHa IUTiBKa. Y CTaTHIl Takui matepian Oyne BecTd
cebe Tak, K HIOM CHJIM 30BHINTHBOTO 1 BHYTPIITHHOTO
TEPTs MPAKTHYHO BiJCYTHI.

B koniuHOMy OyHKepi 3 pajiiycoM BUXiJHOT'O OTBOPY
f1 Ta KyTOM Haxwiy TBIpHHX 10 Bici KoHyca Pi=arctg b:
(puc. 1) BcTaBneHHE KOpPYC MO3YIOUOrO TPUCTPOIO 3
paziycoMm ocHOBH Iz (f2 < r1 ) Ta Kytom o = arctg bo.
BusHauyaeMo rpaHUYHY DIBHAKICTD BUTIKaHHS.

Puc. 1. Bynkep 3 3ycTpi9HAM KOHYCOM.
Fig. 1. Hopper with a counter cone.

[Tnomy moToyHOTo NONEPEYHOTro Nepepizy OyHkepa 3
a0CIMCOI0 X 3HAXOMMO SIK PI3HHIIIO IJIOLI JABOX KiJI:
— 2 2
F=7[(r,—b,x)" —(r, +b,x)], 1)
i moxijHa:
4 —
F'=-27[b,(r,—b,x)+b,(r, +b,x)]. )
VY mocniJuKeHHI NMPOIYCKHOI CIPOMOXKHOCTI Pi3HUX
nepepiziB  OyHKepa B JaHOMY BHIIQJKy HEMae
HEOOXIJTHOCTi, OCKUIBKA OYEBHIHO IO HaWMEHITY
MPOIYCKHY CIPOMOXHICTh Ma€ KUIBIICBUA OTBIp 3

aberucoro X = 0. [oknasum x = 0 y popmynax F ta F°
BU3HAYMMO MApaMEeTPU OTBOPY:

2 2y.
Fo=7(r"—r); Fp==2zx(b, +b,r,). (3)
[Ticns woro BHpaxoBYEMO IpaHWYHY IIBHJIKICTH MO
dopmyii [6]:
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V = |-=—=. 4

_ g(rlz B r22)
* 2(b1r1 + bz rz) l

B oxpeMux Bunaakax:
- TIpH BificyTHOCTI 3ycTpiuroro kouyca (b2=0, r.=0)

gn
V= |21 (6)
77\ 2b,

- Yy 3O0BHIWIHI UWIIHAP BCTaBIEHUH 3YCTPIYHUI
waiagap (b2=0, r#0):

VA g(r12_r22) @
v 2o,

-y 3OBHIIIHIA LWIHAP BCTABICHUH 3yCTPIUHUI
konyc (b2=0, ri>r2):

r2 _r2
O i v
272

Y  Bumagky, komu OyHKep Mae  ¢opmy
OIHOTIOPOKHUHHOTO  Timepboioina  oOepTaHHA 3
pambIlycoOM TOPJIOBUHM Y 1 HAliBY»K4ilf YaCTHHI I 1 BEpXHIM
paniycom R (puc. 2) 3HaiiieM0 IPOMYCKHY CPOMOKHICTb.

Otpumyemo:

(%)

yd
/ 0 R A Y
X
z H
s ey b/\/5
~—1—1B T
X

Puc. 2. Bynxkep rimepOomnoigansHuii.
Fig. 2. Hyperboloid bunker.

PiBHsHHS Tinep6osu (KpUBOT), IEHTP SKOi 3MiIIEHUH
o oci abcuuc Ha BifcTaHb H, 3anmmemo y BUTTISII:
2 2
y. _(x=H)" _
2T R T 1 ©)
r b
Tyt b - ysBHa miBBich Tinepbonu, sika MOxe OyTH

3HaliJicHa 3 YMOBHU MpOXO/KeHHS KpuBoi (119) uepes
touky A (O;R).

OTpumaemo:
rH
R°—r
IInomry  MOTOYHOTO  TOMEPEYHOTOo  Mepepisy

rinep6osoina BHIUCINMO 1O (OPMYITi:

(x—H)?

F=ny?=nr’[l+ o2

]. (11)
Bignosiguno:

27r?

b2

2
F'=—2g§ (x—H); F"=

(12)

incraBuBmm 3HaueHHs, P' i P" B pisusannasa (IID),
ompenenniee adCIMCy PO3PUBHOTO TEpepizy, MpHilIeMo
IO KBaIpaTHOTO PiBHAHHA BiTHOCHO X, SIKE Ma€ JBa KOPEHI:

b
X=H+—.
V5

Kopinp, mo Bignosizae 3Haky "+", 3HaXOOUTHCS 32

(13)

MeXaMH po0Oo4oi vacTMHM OyHKepa, - B YacTHHI
rimepbonoima, [0 pPO3MMPIOETBCA, - 1 Mae OyTH
BigkuHyTHH. OTXE:!
X =H—£-F(x )=§7zr2 (14)
p \/g ) p 5 ’
27r?
Fo=F'(x,)=- (15)

b5

I'pannyHa BuTpaTa TrinepOOJIOINANBHOTO OYHKEpA,
BIAMOBITHO 10 BioMuXx (OopMyJ1 BU3HAYCHHS MPOIYCKHOT
3natHicTh OyHKepa [6], Moxe OyTh 3anucaHa y BUIIISII:

6 >
., =——=7",/3bg . (16)
A 3 BpaxyBaHHSIM 3Ha4eHHs D:
q - 6ar’./3rgH an
2p 5%(R2 _ r2) '
[opiBHsieMO MIPOJyKTUBHOCTI q i q-

rinep6010ianbHOro 1 KOHIYHOTO OYHKEPIB B PUITYILEHHI,
10 BOHM MalOTh OJIHAKOBI reOMeTpHYHI napamerpu I, R i
H.

[TpoxyKTUBHICTh KOHIYHOTO OYHKeEpa:

q“ = 7zr2\/E L (18)
2b 2R-1)

Tak, sk y KoHyca!

R-r
g H (19)
BiZ[HOHIeHHfI HpOHYKTHBHOCTeﬁ /1 BU3HAYA€ETHCA.
_q =6\/E4 1-5 _ (). @
q° 545V1+68

ne 6=r/R.

B pesysbrarti gocnimkeHs i3 3HaitneHoi popmynu (20)
MOXITBO 3pOOUTH BUCHOBKH, 1[0 TIPH MAJIMX 3HAYEHHAX O
rinep6osioifanbHi OyHKEpH NMPOAYKTHBHIIII HIK KOHIYHI.

6/6

—= 1,97
55
OyHkep Moke OyTh Maibke BJABIYl
KOHIYHOTO.

3i 30UTBIICHHSAM O BEIMYMHA A 3MCHIIYETHCS Ta IPHU

6°-5°
T 645

Ipn 6 — 0, L — - Tinep6onoiganbHui

MIPOTyKTUBHIIIIE

o

~ 0,875 mponaykTtuBHOCTI 000X OyHKepiB
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onHakoBi, a mpu ©6>0,875 KoHiIYHWK OyHKEep OiNbII
MIPOYKTUBHUH, HIX TirepO010ifaTbHAMN.

Axne 3actocyBaHHs OyHKepiB 3 mapamerpom 6>0,875
MPaKTUYHO He JouimbHO. OTXKe, HpH NPOCKTYBaHHI
OYHKEpHUX IPUCTPOIB HEOOXITHO BPaxOBYBATH, IO B YCiX
pearpHIX BHIIAIKaX rinep6ooinHmit OyHKep
MIPOXYKTUBHINIMN HIXK KOHIYHHH.

B mpotpyroBauax iHepuiiiHO-(GpUKIIHHOTO TUILY, SIK1
MOEHYIOTh JI03YBaHHS, PO3MOIUICHHS 1 00pOOKY HaCiHHS
PIAKAMHM  TNECTUIMIAMH OIHUM pPOOOYHMM  OpTaHOM,
BUKOPHCTOBYIOTh ~ KOHIYHMHA OyHKEp 3  KOHIYHHM
PO3MOIUIBHUKOM (J103aTOPOM) B CepeluHI OyHKepa, SIKHA
BHKOPUCTOBYETBCS B MOMU(IKOBAHUX KOHCTPYKIIISX
npotpyroBadis tumry [THY -4, [THY-10 [4] npoxyKTHBHICTE
J03aTopa BU3HAYAIOTH Ti XK (DaKkTOpW, OO W B IHIINX
NPOTOYHHUX J03aTOPiB 3 AKTUBHUMHU PO3NOAUIEHHKAMH,
BEJIMKEC 3HAYCHHS MAIOTh MapaMeTpu OOKOBOI KOHIYHOL
MoBepXHI pobodoro oprany [2, 3]. Y3romkeHHs Aii ycix
mux  ¢axktopiB 3 OOOB’SI3KOBUM  BpaxyBaHHSIM
XapaKTEepUCTUK HACIHHS, IO JO3YEThCS 1 00poOIseThCs,
3abe3mneuye HaAIHY pOOOTY MPOTPyIOBaYa B I[JIOMY, sKa,
OUEBHJHO, MOXJIMBA Yy BUMAAKY, KOJIM HACiHHSI 3
JIOCTaTHBOIO HIBUJIKICTIO OY/ie pyXaTUCs BBEPX IO TBIpHIiH
KOHIYHOTO POO0OYOTO OpraHa.

BucHoBkH

1. B pesymbTarti JOCHiKEHB i3 3HANICHOT (OpMyIH
(20) MOXIMBO 3pOOUTH BHUCHOBKH, LIO MPH MaluX
3HAYEHHSX O rinep0ooinasbHi OYHKEPH MPOAYKTHUBHIII

66

HDK KoHiuHi. Ilpy 6 — 0, L —» ——==
545
rinepOonoinansHuii OyHKep MoOXke OyTh Maibke BIBiui
MPOYKTUBHIIIE KOHIYHOTO.
2. 3i 30UIbIICHHSIM O BEIMYMHA A 3MEHIIYETHCS Ta
6°-5°

npu O = —5 = ~ 0,875 npoxykrusHOCTI 060X GyHKEpIB
6+

1,97

omHakoBi, a mpu &>0,875 KoHIUHUI
MPOIYKTUBHUH, HIXK Tinep0Oos1oinaabpHuil.
3. Ane 3actocyBaHHs OyHKepiB

OyHKep OUTBII

3 mHapamMeTpoM

6>0,875 npaktmyHo He JjouineHO. Omxke, mpu
NPOEKTYBaHHI ~ OYHKEPHHX  HPHUCTPOIB  HEOOXiTHO
BpaxoByBaTH, IO B YCIX peaJbHUX BHIAJIKaX

rinepOonoiHui OyHKEp MPOIYKTHBHIIINN HI)K KOHIYHUIA.
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VIIYUIIEHME KAYECTBA PABOTHI BYHKEPA-
JJO3ATOPA ITPOTPABJIMBATEJIA CEMSH

O. H. Beuepa
AHHOTAIHSA. PaccmoTpensl BOIPOCHI
COBEPIICHCTBOBAHUS KOHCTPYKIIUU OyHKkepa

NPOTpaBIMBaTENs CeMsH. B pesynprare mHpoBeAeHHBIX
HCCIE0BaHNI MPEATIOKEHO yIyqIIeHue
MPOM3BOIUTENBHOCTH OyHKEepa 3a CYeT MpeaIaraeMoi
GopMBEI M ompenesieHbl HeoOXOIMMBIE IapaMeTphl s

YITydIIeHUS] MIPOU3BOANTEIBHOCTH OyHKepa B
MIPOTPaBIHUBATEINAX CEMSIH. [IpeanoxenHoe
YCOBEPILECHCTBOBAHHE MO3BOJISIET HIOBBICUTh
MIPOU3BOUTEIHHOCTD OyHKepa-go3aTopa CeMsiH

CEJIbCKOXO3SIICTBEHHBIX KYIbTYP HE3aBHCUMO OT BBICOTHI
3alofiHEHUs MM OyHKepa M 3€pHHCTBIX MaTepHajioB B
JIPYTHX OTpacisiX, YyMEHBIIEHHE METAUIOEMKOCTH H
radapuToB COOTBETCTBYIOIIMX MAIIMH, B KOTOPBIX
MPUMEHSIOTCS TaKue OYHKEPHI.

KnaioueBbie cioBa: OyHkep, rumepO0IONIaIbHBIN,
TpPEHUE, JaBIIEHNE, PABHOMEPHOCTb.

IMPROVEMENT OF QUALITY OF WORK OF SEED
TREATER BUNKER-DISPENSER
O. M. Vechera

Abstract. The issues of improving the design of the
seed treater hopper are considered. As a result of the
research carried out, it was proposed to improve the
productivity of the hopper due to the proposed shape and
determined the necessary parameters to improve the
productivity of the hopper in seed treaters. The proposed
improvement makes it possible to increase the productivity
of the bunker-metering seeds of agricultural crops,
regardless of the filling height of the bunker and granular
materials in other industries, reducing the metal
consumption and dimensions of the corresponding
machines in which such bins are used.

Key words: bunker, hyperboloidal, friction, pressure,
uniformity.
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JOCJIJIXKEHHA PYXY YACTUHKH IO 30BHIIIHIN MTOBEPXHI IIUJITH/IPA
1] YAC MO0 MOCTYNAJBHUX KOJUBAHb B TOPU3OHTAJIBHUX IJIOIMHAX

T. M. Bouina, C. ®. [Tniaunaka
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bion. 7, puc. 5, maén. 0.

AHoTanisg. Y craTTi ckianeHo AudepeHIianbHi piB-
HSHHSI BIZIHOCHOTO TIEPEMIIICHHS YaCTHHKH IT0 30BHIMIHIN
MMOBEPXHI MOXWIOTO IHJIIHIApA, AKUHA 3MIHCHIOE KOJHMBA-
JBHUHA pyX. YCi TOYKH LMITIHAPA OMHUCYIOTh KOJIa B TOPH-
30HTAJIBHUX IUIOIIMHAX. PIBHSAHHS PO3B’A3aHO YHCENBHH-
MU METOJ]aMH 1 MOOYA0BaHO TPAEKTOPIl BITHOCHOTO PyXy
YaCTHMHKU 110 TMOBepxHI wwiiHapa. HasemeHo rpadiku
IHIIUX KIiHEMAaTUYHUX XapaKTEPUCTHK Yy (YHKII dacy.
Po3risiHyTO 4acTKOBI BHIAJKH, KOJHU BICh IIMIIIHApA PO3-
TalloBaHa TOPH30HTAIBEHO a00 MiJ KyTOM TEpTs 10 TOpH-
30HTAJBHOT IUIOLIHHH.

KarwuoBi ciioBa: BiTHOCHUH pyX, TMOXWIHN ITHITi-
HIOp, 3OBHIIIHSA IIOBEpXHS, YacTHHKA, Aw(epeHmianbHi
PIBHSHHSI, KIHEMATH9HI TApaMETPH.

ITocTaHoBKa MpodeMu

VY mpari [1] 3a3Ha4eHo, 1110 MOXUIIA MJIONIMHA € YHi-
BEPCAIIbHUM  KOHCTPYKTUBHHMM  €IIEMEHTOM 0araTbox
CLIBbCHKOTrOCTIONAPChKUX MamkH. [1o 1iomuHi, 1o Koiau-
BaETHCS, Y MPOIIECi 0OPOOKH MEePEMIlyeEThCS TEXHOJIOTIY-
HU# Marepian. HalOimbIn qOCTiIKEHUM € pyX YaCTHHOK
[0 TOPU3OHTANBHIN TUIOIINHI, KA 3MIHCHIOE KOJIHBAaJb-
HUHM TpSMONIHIHHUA a0o konoBud pyxu. i moxwimoi
IUTOLIIMHU JIOCJIIJPKEHHS! B OCHOBHOMY BEIYyThCA TIPH il
NIPSMOJTIHIHHAX 3BOPOTHO-TIOCTYMAIbHAX KOJHMBAaHHAX B
PI3HUX HaNpsMax IO BiJHOIICHHIO JO JIiHIT HAHOUTBIIOTO
Haxmy [1]. LlikaBuM 3 mi3HaBaJIbHOI TOYKU 30py € PyX
YaCTMHOK N0 NWIHAPWYHIA TOBEPXHi, OCKIIBKH MpH
BEIMKOMY pajiyci LumiHApa oOMeXeHa IiIsIHKa HOoro
MTOBEPXHI, /I¢ BiAOYyBae€ThCS BIJHOCHHUH PyX, Oyae Oim3b-
KO0 JI0 TUIOIIMHU. BiAmoBimHO i TpaekTopii BiZHOCHOTO
PYXy B TakOMy BHIIQJIKy MaroTh OyTH MOJIOHMMH JUIs
IUTOIIMHY 1 IWTIHApA.

AHAaJIi3 oCTaHHIX JOCTII:KEHb

Oxpim pysmamenTanpHOi MoHOTrpadii [1], B sKiit po-
3TIIIHYTO TPSIMONIHIAHI 3BOPOTHO-TIOCTYIANBHI  KOJH-
BaHHS, ICHYIOTh Hpalli, IPUCBSYEHI KPUBOIIHIHHUM KO-
JUBaHHAM IUTOIIMHY. B3arami 3amada pyxy MaTepianbHOI
YaCTHMHKH 10 IUIOLIMHI, sIKa 3AIMCHIOE KOJIOBHH KOJIMBA-

JTBHHUN pyX, BHepire Oyna po3s’s3ana M.€. JKykoBChKUM
B TEOMETPHYHIH iHTepmpeTamii [2], y3araibHeHa i MOIH-
peHa Ha BUMAAKH eIMNTHYHNX KonuBaHb l.I. Brexmanom
[3, 4]. [1.M. Bacunenko audepeHIianbHi piBHIHHSI PyXy
YaCTHHKH CKJIaJaB y MPOEKLiAX Ha OCi pyXOMoi cHCTeMH
KOODJHMHAT, XKOPCTKO IMPHB’S3aHOI 0 IJIOMIMHHM, IO KO-
nuBaethes, a 1.1 BiexmaH - y npoekiisx Ha oci HepyXxo-
Moi cucremu koopauHat. [1.M. 3aika po3risgas nepemi-
IIEHHS YaCTMHOK MO POOOYMX IUIOIIMHAX BiOpamiiHUX
3epHOOUMCHUX MawuH [S]. docmimkeHHs pyxy Marepia-
JbHO{ YaCTHHKH TI0 HIOPCTKIM TOPU30HTANBHIN IUIOMIKHI,
sKa 3[11CHIOE TOPU30HTANIBHI ITOCTYTAIBHI KOJTUBAHHS MO
PI3HUX KPHBHX, PO3TIIHYTO B mpami [6]. Y mpami [7]
BHUBYCHO PyX YACTHHOK IO MOXWIIIH IUTOIIWHI, BCI TOYKH
SIKOT OTUCYIOTb EJITICH.

Meta gocjaiaKeHn

JocnianTi 3aKOHOMIPHOCTI pyXy MaTepiajbHUX Ya-
CTHHOK IO 30BHIIIHIA MOBEPXHI IWIIHAPA, SKUH 3iic-
HIOE KOJIOBI MMOCTYyMajbHI KOJUBAHHS B FOPU3OHTAIBHUX
[UTOIIMHAX, [TPU PI3HUX KyTax HOr0 HAXUITY.

Pe3yabTaTh nocaigxkeHb

Po3ramryemo BepxHIO IMOJIOBHHY HIJTIHIPA Tak, mI00
Horo Bich Oyna HaxWJIEHA O TOPU3OHTAIBLHOT TUIOMIWHU
mig kytom B (puc. 1). CrouaTKy 3amumemMo piBHSIHHS
MUTIHIPA 13 TOPU30HTAIBHOIO BicCHO, KOO € Bich OX:

X=u, Y=Rcosa; Z=-Rsina. 1)
ne R — paniyc mmminmgpa;

o, U — He3aJIexHi 3MiHHI TOBEPXHi, JIe ¢ — KyT IOBOPOTY
TOYKH HIJIIHIPA HABKOJO HOTO OCi; U — JOBXKHHA MPSIMO-
JHIHHOT TBIPHOT IHJIIHIIpA.

[oBepuemo tmminap (1) Ha xyT S HaBkono oci OY.
[TapameTpudHi piBHAHHSA MOBEPHYTOrO IWIIHApA 3aIH-
IIYThCS:

X =ucosf + Rsinfisine;
Y = Rcosa; ()
Z =usinfl — Rcosffsina.
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Puc. 1. CxemMa pyxy TOYOK MOXMIIOTO IMTIHApA MO
KOJIaxX i3 KYTOBOIO IIBUAKICTIO (.

Fig. 1. The scheme of movement of the points of the
inclined cylinder by circles with angular velocity ®.

Humiagp 3aiiicHIOE TOCTYMANbHI KOJMUBAHHS TaKUM
YHHOM, 1[0 BCi HOr0 TOYKHM OIMCYIOTH KOJIa B TOPU3OHTA-
JMBHUX IDIOMHKHAX (Ha puc. 1 moxaszaHi TpaekTopii mepe-
MIIIEHHS! YOTHPHOX TOYOK INMIIIHApa). AOCOMIOTHUI pyX
YAaCTUHKU OYyAEMO PO3IIANATH MO BiJHOLICHHIO O HEpy-
xoMoi cucremMu koopmuHat OXYZ. Skmo wmuaiHap
NPUB’A3aTH J0 PYXOMOI CHCTEMH KOOpIMHAT, TO MNpPHU
KOJIMBAaHHI IMIIHApA OCi pPyXOMOi i HEpyXOMOi cHUcTeM
Bech yac OynyTh napanenbHumu. Lle o3nauae, mo adco-
JIIOTHY TPA€EKTOPil0 YACTHHKU MOJKHA 3aIlUCaTH K CyMY
NEPEHOCHOTO PYXY IMJIIHApA, TOYKH SKOTO OIHCYIOTbH
KOJIa, 1 BITHOCHOTO PyXy TOYKH IO TIOBEPXHI HUTiHpA!

X=X, +Xg;
V=Yt Yes (3)
z=z,+2z,,
ae xe= xe(t); Ye= VYe(t); ze= Z.(t) — TpaexTopis nmepeHOCHO-
ro pyXy OWIiHApa Y QyHKIIT gacy t;
xe= xi(t); yr= yi(t); z= z/(t) — TpaexTopis BiJHOCHOTO
PYXY YaCTHHKH IO TTOBEPXHI MIIHApa y QyHKIIT gacy t.

[No3HauuMoO pajiyc Kijl, MO SKHX PYXarOTbCS TOYKH
muTieApa, 9epe3 . Toli mepeHOCHU# pyX TOYOK IUTIHA-
pa Oy/ie OnKMcaHo PiBHSIHHAMHU:

Xy =1 COSWIE,;
Yo =rsinat; 4)
z,=h,

8
Jie ( — KyTOBa HIBHJKICTh 00epTaHHS TOYOK ILMIIHApA MO
KOJIax;
h=const — BucoTta TOYKM IMJIIHpA 1O BiAHOLIEHHIO 0
MOYaTKy KOOp/IMHAT.

[To muiHApY TOYKa KOB3aTUME IO TIEBHIH TPAEKTO-
pii. PiBHSHHA TpaekTOopii MOXHa OTpPHMATH, SKIIO
3B’S13aTH MK COOOI0 He3ale)kHI 3MiHHI o 1 U TOBEpXHi
(2). Lleii 3B's130K 3anuiemMo uepes vac t, To0To KoopanHa-
TH YaCTWHKHU Ha TOBEPXHI IWIiHIpa OynyTh (QyHKLISIMU
gacy: a=a(t) i u=u(t). ¥ takoMy BUNAJKy BiTHOCHHH pyX
YaCTHHKHU OyJIe ONTMCAHO PiBHSIHHSIMM:

X, =ucosf + Rsinffsina;
¥, = Rcosa; (5)
z, =usinf — Rcosfsina.

Cymytoun niepeHocHuil (4) i BigHOCHHUH (5) pyxu 3a
¢dopmymoro (3), oTpuMaeMo PiBHAHHS aOCOIIOTHOT TPa€eK-
TOpil YaCTHHKU:

x=ucosf + Rsinfsinc + r coswt;
y=Rcosa +rsinawt; (6)
z=usinf — Rcosfsina + h.

Banexxuocti a=a(t) i U=uU(t), sKi OMUCYIOTH TPAEKTO-
pito BiZHOCHOTO PyXy (KOB3aHHSA YaCTHHKHU IO TOBEPXHi
IWITIHApA), € HEeBIZOMUMH (YHKIISIMH, SKi TOTPiOHO
3HaitTH. Ilicna mudepeHmiroBanHs piBHIHE (6) mo yacy t
3HaHAEMO MMPOEKIlii a0COMFOTHOT IMBUAKOCTI YACTUHKH:

x'=—rwsinwt +u'cosf + Ra'sinfcosa;
y' =rwcosot — Ra'sina; (7
z'=u'sinff — Ra'cosf cosa.

JudepennitoBanns BupasiB (7) macTh MpoekIii ad-
COJIFOTHOTO NTPUCKOPEHHSL:

x"=—ro’ coswt — Ra'*sinfBsina +

+u"cosf + Ra"sinf cosa; (8)
" =—ro’sinot — Ra'*cosa — Ra'sina;
z"=Ra'*cosfsina + u"sin B — Ra"cosfeosa.

CKJ1aieMo PiBHSHHA PyXy y BUIIISIL mw = F , Ie M —
Maca YaCTHHKH, W — BEKTOp aOCOIIFOTHOTO MPUCKOPEHHS,
F — pe3yJbTylounil BEKTOpP TPUKIAACHUX 10 YACTHHKH
cun. Takumu cunamu € cuia Baru mg (g=9,81 m/c?),
peakitisi N moBepxHi mtinapa Ta cuna tepts fN mpu xoB-
3aHHI 4aCTUHKH 10 moBepxHi mumingpa (f — koedimient
TepTs). Yci CHIM MOTPIOHO CHPOCKINIOBATH HA OCi CHCTe-
Mmu koopamHaT OXYZ.

Cuila Baru copsiMOBaHa BHHW3, OTXe 11 mpoekuii 3a-
MUY ThCS:

{0, 0, —mg). 9)

Peaxuis moBepxHi nmninapa N crnpsiMoBaHa 10 HOp-
Mali 0 HBOTO i BH3HAYAETHCS i3 BEKTOPHOTO HOOYTKY
JIBOX BEKTOPIB, TOTUYHUX 10 KOOPAMHATHHUX JIHIN IHIIi-
Hapa. [IpoekmisiMH IMX BEKTOPIB € YacTHHHI MOXiJHI
piBHAHB (2):

% = Rsinff cosa;
oa

a—Y =—Rsina;

oa

z _ —Rcosf cosa; (10)
oxX

— =cosf;

ou p
o,

ou

oz .

— =sinf.

ou s

Bekropre MHOKeHHs BekTopiB (10) Moxe matm mBa
MPOTWJICKHO CHPSIMOBAaHMUX BEKTOPH HOpMaii — abo Bce-
penuHy ITiHApa, a00 Ha 30BHI Big HbOrO. Lle 3anexutsh
BiZ 3aMiHM MicisMH BekTopiB (10) y BU3HAYHHMKY BEKTO-
pHOro nooOytky. Ilepmuit 10OyTOK BiINOBifAE pyXy Hac-
TUHKY 0 BHYTPINIHII MOBEpXHI HUTIHAPA, a IPYTUH — 110
30BHIMHIA. [3 ypaxyBaHHSAM IOTO 3HAIIEHO BEKTOP
HOpMaJIi i MPUBEACHO HOTO 10 OMHIIHOTO:

{sinBsina; —cosfsina . (11)

OCKINIbKY CHJIa TepTs CHpsIMOBaHA IO JIOTHUYHIH 110
TPA€eKTOpii BIAHOCHOTO pPYyXYy YAaCTHHKH B TPOTHIIECKHY
CTOpOHY, 3HalJeMO IpoeKIii BekTopa JoTHYHOI. BoHun
BU3HAYAIOTHCS MEPIIMMHU MMOX1THUMHU PiBHSHB (5):

cosa,;
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P [ .
x, =u'cosf + Ra'sinffcosar;
v, =—Ra'sina;

[ r
z,. =u'sinfl — Ra'cosf cosar.

(12)

I'eomerpuuna cyma ckiaagoBux (12) macte BeTHUUHY
IIBUKOCTI KOB3aHHS YaCTWHKHU IO TIOBEPXHI HWTIHIpPA y
BIZTHOCHOMY pYCi:

Vv, :\/xLz +yt4zl? =\/u'2 +R*a'?. (13)
OnuHUYHUI BEKTOp JOTUYHOI B IPOEKLIAX Ha oOci

cucremun OXYZ onepxxumo aineHHsM npoekuiil (12) nHa
BeMuuHYy BekTopa (13):

u'cosf+ Ra'sinficosar
[i? 4 R2a"?
Ra'sna
IMIZ + Rza,z
u'sinf — Ra'cosf cosa
’uIZ + R2a/2
Posnuiemo BekTopHe piBHAHHA "W =F B npoeki-
SX Ha OCl CHCTEMHM KOOpJAMHAT, B3SBIIM JO YBard, IO
cwta tepTs fN crpsiMoBaHa B3I0BX OJTHHHYHOTO BEKTOpA
(14) B mpoTHIIEKHY Bill HBOTO CTOPOHY:
mx" = Nsinfsina —
N u'cosf + Ra'sinffcosa
IMIZ + RZaIZ
Ra'sina
my" =N cosat — fN —————7
lu/2 + R2a/2
mz"=-mg — N cosffsina —
w u'sinf — Ra'cosff cosa
[u!Z + R2a72
[lincraBumo B piBHAHHSA (15) Apyri moximHi (TIpoek-
uii abcomoTHOTO TpUCKOpeHHs) i3 (8) 1 oTpumaeMo cuc-
TEeMYy i3 TPbOX PiBHSHB:

(14)

(15)

m(—rw® coswt — Ra'*sinfsina +
+u"cosf + Ra'"sinf cosa ) =
= Nsinfsina —
u'cosf + Ra'sinfcosa
m(—rw*sinot — Ra'*cosa — Ra'sina ) =
Rasina
m(Ra'*cosfsina +u"sinf — Ra"cosfeosa ) =
=-mg — N cosfsina —
u'sinf — Ra'cosf cosa
Jo cucremu (16) BXOoauTh Tpu HeBimoMi (yHKIi:
N=N(t), u=u(t) i a=a(t). Po3s’s3yroun ii BinHOCHO N, 2" i
a", OTPEMAEMO HACTYITHI BHpa3u:

(16)

=Ncosa — fN

1 L .
a"= E[—ra)zsma siner + (ro’sing coswr +
Afa’ ,
[i2 4 R2a"?

u" =rw*cosf coswr — g sinfl +

+ gcosf Jcosa ] + a7

N =-mA,
2 :
e A=Ra'* + gcosfsina +
+ ro’ (cosasiner + sinf sinacosar ).

Cucrema (17) He Moxe OyTH TpOiHTErpOBaHA B aHa-
TITHYHOMY BHUTJIAMI. Ii TMOTpiGHO pO3B’A3yBaTH UHCEIb-
HUMH MeETOAaMH. 3HaMmoBIIK 3ajexHocTi a=a(t) i
u=u(t) i migcraBuBIIK iX y PiBHSAHHS (2), MH OJEPKAMO
BiTHOCHY TPA€KTOPIiI0 pyXy YaCTUHKH IO TIOBEPXHI IIHJIi-
HZApa, TOOTO TPAEKTOPil0 KOB3aHHI. PO3TIsTHEMO OKpeMi
BUIIAJIKH.

Bunanok nepmmit. Kyt =0, To6T0 muinap posra-
IIOBaHUH TaK, W0 BCi HOro MpsMOIiHiiHI TBipHI mapaie-
JbHI TOPU3OHTANBHIM TUIOmMHI. [HTErpyBaHHS cHCTEMH
(17) 3niticaroBamu npu r=0,05 m, R=5 m. Ha puc. 2 no-
OyzmoBaHi BiTHOCHI TPa€eKTOpii YaCTHHKY, sIKa MOMNagae Ha
MTOBEPXHIO HWTIHpa OiIsT HOTO HAWBHIIOT MPSIMOITIHIHHOT
TBipHOI. KoOnmBampHWMIA pyX YacTHHKH BiIOYBaeThCS B
HaTpsMi, TepIeHINKYIIPHOMY TBIpHUM OWTIHApPA, TOOTO
B HampsMmi JiHii HalOinpIoro Haxmiry. B 3anexHOCTI Bix
TOYKH IIONAJIaHHS YaCTHHKA PYyXaeTbesl B OJHY abo Ipo-
THJICKHY CTOPOHY, IPUYOMY aMILTITYAa KOJHMBAHb 3pOC-
Tae. Sk BUAHO i3 pUC. 2, BITHOCHUI PyX YaCTHHKH Iy)Ke
YYTJIMBUH 710 YaCTOTH KOJHBAHb: MPU 3POCTaHHI @ 3
10 ¢ no 11 ¢* nomxuHA IPONHAEHOro LIIAXY CYTTEBO
3pocTae.

0.2

Puc. 2. Tpaekropii BiTHOCHOTO PyXy YAaCTHHKH IO
MOBEPXHI TOPHU3OHTAIBHOTO LWIIHApA, SKHHA 3IiHCHIOE
KOJIMBAIBHUHN pyX HMpoTsroM 5 ¢ mpu R=5 wm; r=0,05 m;
f=0,3.

Fig. 2. Trajectories of relative movement of a parti-
cle on the surface of a horizontal cylinder, which per-
forms oscillatory motion during 5 s at R=5 m; r=0.05 m;
f=0.3.

Bumnapgox ppyruii. Huniaap HaxweHWH i KyToMm f
JI0 TOPU30HTY i € HepyxomuM (w=0).

Puc. 3. TpaexTopii pyXy 4aCTHHKH 110 HEPYXOMOMY
ITHAPY, HaxWwieHoMy mij kytom Tepts (R=5 u,; f=0,3;
B=arctg f=16,3).

Fig. 3. Trajectory of particle movement on a fixed
cylinder, inclined at an angle of friction (R=5 m; f=0.3;
B=arctg; f=16.3°).
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Ko xyT 8 nopisHioe kyty Tepts (f=arctg f), To pyx
YaCTHHKHU 3aJICKUTh BiJl MOYATKOBUX YMOB. SIkmio ii
HaJaTH TOYaTKOBY MIBHIKICTh PyXy B3AOBXK HalBHIIOI
MIPSIMOJTIHIMHOT TBIpHOT IMITIHAPA, TO BOHA 13 II€f0 IIBUA-
KICTIO 1 Jjati MpOJOBXKyBaTUME PyX MO Hiil (Tpaekropis |
Ha puc. 3). UncenpHe iHTETPYBaHHS CHCTEMH TU(PEPEHITi-
anpHUX piBHAHB (17) nae nel pesynprat. SKimo moyarko-
BY IIBHAKICTh HAJIaTH B IHIIOMY HAampsiMi, TO TPAEKTOPIs
pyxy Oyzae KpuBOJiHIHHA 1 pyx nmpuckopeHuM. Ha puc. 3
300pa)XeHO 11e JIBI TPAEKTOpii, sIKI MOYNHAIOTHCS 31 CIIi-
JbHOT TOYKM HA BepxHiil TBipHiH mmiinapa. ITowatkoBa
LIBHJKICTh YaCTHHKH, SIKa OMKcaNa TPAEeKTopito 2, 3aja-
BaJlacsl IOYATKOBUMHM 3HAUEHHSIMHU CTAJIHNX IHTETPyBaHHS
a'=0,2 1 u'=0. Li crani 3a1al0Th BEITUYNHY IIBHIKOCTI B
MIOTIEPEYHOMY 1 MO3IOBXKHBOMY HAampsMaxX B MOYATKOBIH
touri. Tpaekropis 3 mobynosana npu a'=-0,15 1 u'=0,5.

SIKIIo KyT HaXwly HUIiHIpa MEHIINH KyTa TEpTs, TO
ICHYIOTh HINITHKA Ha HOTO IMOBEPXHI, KOJM IMOYaTKOBa
LIBUJKICTh 3MEHIIYETHCS JI0 HYJIsI, TOOTO YaCTUHKA 3YIH-
HSEThCS 200 XK HE MTOYMHAE PYX 13 CTaHy CIIOKOIO.

SIKIIo KyT HaXWily HMTIHAPA OUTBIINK KyTa TEpTs, TO
YaCTHHKA NOYHMHAE PO3TaHATUCS 3 OY/b-5SKOi TOYKH IOBE-
PXHI HE3aJIe)KHO BiJl BEIMYMHU MOYATKOBOT NIBH/KOCTI.

Bumanok tperiit. Llyninap HaxwineHWit min KytoM
JI0 TOPU3OHTY i 3[IHCHIOE IOCTYTAIbHI KOJTUBaHHS.

IIpu BimcyTHOCTI KyTa HaXWwily IHJIIHIpa YacTHHKA
KOB3a€ II0 HBOMY, PyXalO4HCh B ITONIEPEYHOMY HANpsMi
(puc. 2). Lleit BUMagok TakoX MOKa3aHO Ha TOPU30HTAIb-
Hill mpoexuii (puc. 4) nmpu w = 10 ¢. Hanpsam npocysan-
HSl YaCTUHKHM B KOJMBaJbHOMY PYCi 3HaYyHOIO MIpOI0 3a-
JIOKUTh Bil KyTa Haxwiy f rpurinapa. Haxwun munmisgpa
BCBOTO Ha | Tpajyc CyTTEBO BIAXWJISIE TPAEKTOPIIO PyXy
YaCTHMHKU B CTOPOHY Haxwiy (Ha puc. 4 JiHIS Haxuiy
HalBHUIOT TBIpHOT LMJIIHApA CIPSIMOBaHA B CTOPOHY TrO-
PHM30HTANBHOI IUIOIIMHMA 1 TO3HaueHa cTpuikoro). [lpu
30UTBIICHHI KyTa [ HApsM IPOCYBaHHS YaCTUHKHU B KO-
JUBAILHOMY pyCi Bce OLTbIIEe HAONMKAETHCS IO BEPXHBOT
TBipHOI IIUTIH/pA.

0.2
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Puc. 4. Tpaekropii BiZTHOCHOTO PyXy YaCTHHKH IIO
WWIIHAPY, HAXUJICHOMY Wi pi3HuMH KyTamu S (R=5 m;
r=0,05 m;, £=0,3; @ =10 c?).
Fig. 4. Trajectories of relative particle movement on
a cylinder, inclined at different angles g (R=5 m;
r=0.05 m, f=0.3; w=10 s1).

3’cyeMo, SIK BIUIMBAaE Ha TPAEKTOPIIO BiTHOCHOTO
pyxy 4yactuuku koedimient teprs f. Ha puc. 5 mobymosa-
Hi TpaekTopii A YaCTHHOK i3 PIi3HUM KoedilieHToM
Teptsa. byno B3aTo mumiHAp i3 pamiycom R=5 m i kyTom

ifioro maxuny A=I10°. YactoTa KONHBaHb (» CTaHOBHUIA
20 ¢*. Ha puc. 5,a mo6ynoBaHi TPAEKTOPii A1l YACTHHOK
i3 pizHUM Koe(]imieHTOM TepTs i 3 PI3HUMHU 3HAYCHHIMHU
paniyciB I' Ki, SKi OMMHMCYIOTH TOYKH IFIJIIHApA MIPH HOTO
KOITUBaJIbHOMY pyci. 3HaueHHs koedimieHta tepts f Opa-
mm B mexax Bix 0,25 o 0,35. Jliopyu Ha puc. 5,a mooy-
JoBaHi TpaekTopii st r=0,02 m, siKi MaiKe 3JIMBarOTHCSL.
Skmo x paxaiyc r xonuBanb 3MeHmmTH 10 0,01 am, To
TPA€eKTOpii BIIHOCHOTO PyXy YacTHHOK HO Mipi iX KOB-
3aHHS [0 TMOBEPXHI LWJIIHApa BIIJANSIOTHCS OJHA BiJ
oJHOT Ha 3HauHy Bincranb. Lli Tpaekropii moOynoBaHi Ha
puc. 5,a npaBopyd. OTxxe MOXKHa MiiOpaTH Taki mapame-
TPH UWIHIPA 1 HOTO KOJMBaHb, SIKi MOXKYTh 3a0€3NCUUTH
cemapyBaHHS TEXHOJOTIYHOTO MaTepialy B 3aJIe)KHOCTI
Bix koedimieHnTa Teptsa. Ha puc. 5,6 300paxkeHo moBepx-
HIO OWJIHJpPA 1 TpaekTOpil pyXy YaCTHHOK IO HHOMY IpH
r=0,02 m. Hudpamu mo3HadeHO TPAEKTOPII I YACTHHOK
i3 pisauM koedimientom teptsi: 1 — f=0,25; 2 — f=0,3;
3 —=0,35. Pisuuns L y BizcTani Mix KpailHIMH TOYKaMH
Y MOMEHT CXOJly YaCTHHOK i3 00MEKEHOIr0 BIICIKY ITHJIi-
HJpa CTAaHOBUTH OJIU3BKO [ M.

15f |

b
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1.5} \\\/y/r\ ]

/s )

2} , 3
28 2 x 0

0)

Puc. 5. TpaexTopii BIiTHOCHOTO PyXy YacTHHOK 3 pi-
3HUMHU Koe(illieHTaMH TepTsd MO TOBEPXHI MOXHMIOTO
muningpa (R=5 u; f=10% w = 20 c¢*): a) r=0,02 u (niso-
py4) i r=0,01 m (npaBopyu); 0) TpaekTopii Ha TOPU30HTA-
JBHIA MPOEKITiT.

Fig. 5. Trajectories of relative movement of particles
with different coefficients of friction on the surface of an
inclined cylinder (R=5 m, f=10°; =20 s): @) r=0.02 m
(left) and r=0.01 m (right); b) trajectory on a horizontal
plane of projections.
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BucHoBkn

1. IIpn KOMUBAIFHOMY PYCi TOPU30HTAIBHOTO M-
HIpa YaCTHHKA TEX 3MIHCHIOE KOMMBAILHUH PyX, IIepecy-
BalOYNCh MO HOTO 30BHIIIHIM MOBEPXHI B IMOMEPEUYHOMY
HampsAMi 10 BiIHONICHHIO A0 TPSAMOJIHIHHUX TBIpHUX
mwriaapa. [Ipn Haxwimi NUATIHIPA HABITH HA HE3HAYHHIMA
KYT TPa€eKTOpisi NEepPEeMillleHHsI YaCTHHOK CYTTEBO 3MIHIO-
€THCSl, BIAXWISIOYUCH BiJl MMONEPEYHOr0 HANpsIMy B CTO-
POHY Haxwiy IwiIiHApa. YacTUHKHM i3 Pi3HUM KoedimieH-
TOM TEPTS PYXalOThCS IO PI3HUX TPAEKTOPISX, MPUIOMY
BiZICTaHb M)XK HUMH 301IBLIYETHCS 1O Mipi KOB3aHHS 110
moBepxHi. Lle Moxke OyTH BHUKOPHCTAHO Ui Cemaparii
TEXHOJIOTIYHOTO MaTtepially 3a Horo (GpHUKIiHHUME Biac-
THUBOCTSIMH.
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NCCIEJOBAHUE IBMXEHUA YACTUYKHU I10
BHEILIHEM [TOBEPXHOCTHU LIWJIMH/PA ITPU ETO
IMOCTVYITATEJIbHBIX KOJIEBAHMAX
B I'OPU30HTAJIBHBIX ITJIOCKOCT SIX
T. H. Boauna, C. @. Ilununaka

AnHoTanusi. B cratbe cocraBineHsl nuddepenim-
albHble ypaBHEHHS OTHOCUTENIBHOTO IEepeMelIeHHs dYa-
CTHYKHU 0 Hapy)KHOM NMOBEPXHOCTU HAKIOHHOTO IWJIMH-
Jipa, KOTOPBIH OCYIIECTBJISAET KOJIeOaTeNbHbBIC ABHKCHUSL.
Bce ToOukM IUIMHZIpa ONMUCHIBAIOT OKPY)KHOCTH B TOPH-
30HTAJIBHBIX IJIOCKOCTAX. YPaBHEHHS PEIICHbI YHCIICH-
HBIMH METOJAMH M IOCTPOCHO TPACKTOPHU OTHOCHTEINb-
HOTO JBIDKCHUS YAaCTHYKH MO ITOBEPXHOCTH LIWIMHIPA.
[TpuBenens! rpaduKu APYruX KMHEMATHUECKUX XapakTe-
pUCTHK B (YHKONM BpeMEHH. PaccMOTpeHBI YacTHBIC
Cllydad, KOTJa OCh NMJIMHIpPAa pPAacHoJOXEeHa TOpU30H-
TaNbHO WIM MOJ YIJIOM TPEHHs B TOPU30HTAJIBHOI Ijoc-
KOCTH.

KiroueBble cJIOBa: OTHOCHUTEIBHOE JIBHXKCHHE,
HaKJIOHHBII IMIMHJP, BHEIIHAS TOBEPXHOCTH, YACTHUKA,
nuddepeHMaIbHbIE YpaBHEHUs], KHHEMaTHUECKUe napa-
METPBHI.

RESEARCH OF PARTICLE MOVEMENT ON
CYLINDER OUTER SURFACE DURING
ITS PROGRESSIVE OSCILLATIONS
IN HORIZONTAL PLANES
T. M. Volina, S. F. Pylypaka
Abstract. The differential equations of relative
movement of a particle on the external surface of the
inclined cylinder which carries out oscillatory movement
were received in the article. All points of the cylinder
describe circles in horizontal planes. The equations were
solved by numerical methods and the trajectories of the
relative motion of the particle on the surface of the cylin-
der are constructed. Graphs of other kinematic character-
istics as a function of time are given. Partial cases when
the axis of the cylinder is located horizontally or at an
angle of friction to the horizontal plane are considered.
Key words: relative motion, inclined cylinder, outer
surface, particle, differential equations, kinematic parame-
ters.
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AHorauisa. BcraHoBneno, 1o gurecrat 0i0razoBHx
YCTAQHOBOK € IIIHHMM OPTaHIYHUM JT0OPHBOM, SIKE IIBHIKO
3aCBOIOETHCS] POCIMHAMH, MICTUTh KOMIIIEKC HEOOXiTHIX
JUIL POCTY POCIMH Makpo- Ta MIKpPOCJIEMEHTIB, Mae
BUCOKHII BMICT JIETKOJOCTYITHOTO a30Ty AJIsl POCJIMH, Ma€e
piBeHb pH, Onu3bKHI 10 HEHTpaJIbHOTO, Ta HE MICTUTH
JKUTTE3AATHOTO HACiHHA Oyp’siHIB Ta  [ATOrCHHOL
Mikpodopu. BHocuTi HeoOpoOJieHHi turectaT B IPyHT
TEXHIYHO CKJIQJIHO, TOMY HOTO TONEPEJHbO PO3ALISAIOTH
Ha TBepHay 1 piaky ¢paxuii Ha cemapatopax. Bemmkoro
po0JIEMOI0 KOMEPIIIHHOTO BHKOPHCTaHHS JUTYCTAaTy B
Vkpaini € BiacyTHiCT Horo craHmaptuzanii. [lpu
BHECCHHI JWTeCTaTy Ha BJIACHI IOJII KOMIIAHIl, SKii
HaJIe)KUTh 0iora3oBa YCTAHOBKA, CTaHAApTH3alis HOro
SKOCTI He € KpuTHYHOI0. ONHAaK BIJCYTHICTH CTaHIApPTY
Ha JWreCTaT SK BHCOKOSKICHE OpraHiune J00pHBO
CyTTEBO OOMexye Horo BHKOpHCTaHHA. [IpoBenene
BU3HAYCHHS MMOTpPeOd B Jurectari sl BiJHOBIICHHS
POJFOYOCTI TPYHTY i I JOKUBJICHHS
CUIBCHKOTOCIIONIAPCHKUX ~ KYJIbTYp B 1 i3  cragom
1000 ronie BPX (500 roniB amiiiHux kopiB i 500 romis
MOJIOMHAKY 1 HeremiB) i 3 rwiomero pimt 1800 ra.
BcranoBneHo, 10 1 KOMEPLIHHOTO BHKOPHCTaHHS
ITiCIIST BHECEHHSI Ha TOJIS 3aJIMIIAEThCS JIMIIE OJ{HA TOHHA
JUrecTary, NpUOYTOK BiI NPOJaXy SKOI CYTTEBO HE
BIUIMBAa€ HA PEHTAOEIBHICTH 0i0ra3oBOTO BHPOOHHUIITBA.
TepMmin OKymHOCTI 0i0ra30BOI yCTAaHOBKH IPH IHOMY
CTaHOBUTh 6,4 pOKM 1 3alNeXuTh Big coOiBapTOCTI
BHpoOHHMIITBa Oiora3y. [Ipu komepIiitHOMy BUKOPHUCTAaHHI
BCHOT'O BUPOOJICHOTO 32 PiK AUTECTATy TEPMiH OKYITHOCTI
6i0ra30BOi yCTAaHOBKHM 3HIDKYETBCS IO OJHOTO POKY 1
HUXYE 1 HE 3aJeKUTh Biff cOOIBapTOCTI BUPOOHUIITBA
Oiorazy, a BmIMB '"3eieHoro" Tapudy Ha TepMiH
OKYIHOCTI 0i0ra30B0Oi YCTaHOBKHU HiBEIIOETHCSI.

KoarouoBi ciaoBa: murecrar, pinka ¢pakuis, TBepaa
¢paxkuis, Oiora3, Oiora3oBa ycTaHOBKa, KocyOcTpar,
cyocrpat, rHii BPX, TepMiH OKymHOCTI, €KOHOMiYHa
€(PCKTHBHICTb.

ITocTaHoBKa NpodieMu

Buxopucranas BIZIXOMIB TBapUHHUIITBA €

HAHBAKIIMBINIO NPOGIEMOI0 CydacHOCTi. IX MoKHA
MepepoONsITH B EHEPreTHYHO MiHHWKA Ta3 — Oioras, a
BiIXOIW Bix BUPOOHUITBAa 0i0ra3y BHKOPHCTOBYBAaTH B
SKOCTI  I[IHHMX  OpraHiYHUX  I0OpHUB. Binxomn
TBApUHHUITBA  J0Ope  MiAJAlOThCS — aHaepoOHOMY
METaHOBOMY 30pO/KYBaHHIO, OJHAK JalOTh BIJHOCHO
HeBEJMKUH BuXin Oiorasy. Sk 3a3HadeHo B pobdori [1], B
CLIbCHKOTOCIIOIaPCHKOMY M ATPHEMCTBI JIOLITIBHO
BIPOBAJKYyBaTH NepepoOHi BUPOOHUIITBA, HANPHKIAL
nepepoOKy MOJIOKa Ha MOJIOKOIPOIYKTH 1 BUPOOHUIITBO
KpPOXMAJIIO i3 KapTOILIi, SKa TYT BHPOIIYeThCS. Bimxonn
UX TepepoOHMX  MiANPHEMCTB 3[aTHI  IOBHICTH
3a0e3NCYUTH 6iorazoBy YCTaHOBKY
BHCOKOIIPOyKTUBHUMH KOCYOCTpaTamu, IO I03BOJHTH
OTPUMATH TEPMIH OKYITHOCTI 0i0ra30BOi YCTaHOBKH Ha
piBHS 6,4 POKH.

Pazom i3 THUM, HEe y BCIX CLIBCHKOTOCIOJAPCHKUX
MIANPHEMCTBAX € B HAABHOCTI JOCTATHS KUIBKICTh
KoCcyOcTpariB, 1100 I(JIOPIYHO 3a0e3MeYuTH HUMU
OiorazoBy ycTaHOBKY. ToMy B TakuxX TroOCHOJapCTBax
OCHOBHHMM CyOCTpaTtoM Juist 30pOKyBaHHSI B 0iora3oBiid
YCTaHOBII € THIH CLIBCHKOTOCIIONAPCHKUX TBapHH (SIK
MPaBUJIO, BENUKOI porartoi XymoOu abo cBHHEH, 49U iX
cymimr). OpgHak Buxing Oiorasy i3 mux cyoOcrtpariB 0e3
JIOZIABaHHA  KOCYOCTpaTiB  CYTTEBO  3HMIKYETHCH,
3MEHIIYIOTbCS TNPHOYTKM TOCIOAAPCTBA, a Mepioj
OKYITHOCTI 0iorazoBoi  yCTaHOBKH HaBITh i3
BUKOPHUCTAHHSIM "3e51eHoro" Tapudy MOXe
nepesumyBati 10 pokiB. Tomy B Takux rocmogapcTBax
MOTPIOHO  BUKOPWUCTOBYBATH  JUTECTAT  0iOra30BHX
YCTaHOBOK HE JIUINE [UIS BiTHOBJICHHS POAIOYOCTI TPYHTY
Ha TOJISIX TOCIOAPCTBA, a M IS TIPOJIaXy HACENIECHHIO Ta
B IHIII CLIBCHKOTOCIIONAPCHKI MIIIPUEMCTBA, 1110 CYTTEBO
30UIBIINTE  JOXOAM  BiA  ekcruyartamii  6iora3zoBoi
YCTaHOBKH, a OTXKE 1 3MEHIINTH Nepiof ii OKyIHOCTI.

AHAaJI3 0CTaHHIX J0CTiIKEeHb

B nmocmimxkenni [2] maHe BH3HAYEHHS JUTECTaTy,
3TiOHO 13 SKUM IIeé TPOIYKT OiOKOHBEpCii OpraHi4HHX
MarepiajliB y Tpoleci MeTaHOBOrOo OpOIiHHS, B
pe3ysibTaTi dYoro KOMIUIEKCHA OpraHidHa peYOBHHA


http://dx.doi.org/10.31548/machenergy2020.04
mailto:polischuk.v.m@gmail.com
mailto:derevyanko.dmutro@gmail.com
mailto:sosdok@i.ua

108 B. M. onimyxk, 1. A. deper’suko, C. A. IlIsopos, €. O. [Iopuuk, T. C. JlaBuaenko

pO3MaNa€ThCs 10 OUIBII MPOCTUX OPTaHIYHUX CIOJYK,
MiHEpaJli30BaHUX PEYOBHH, MikpoOHOI Oiomacum Ta
Oiorasy. Bmracmimok po3mamy OpraHiqYHOI pEYOBHHH,
mporieciB  MiHepawizamii Ta BHBUIBHEHHS Oiorasy, B
MOpIBHSAHHI 3 BXIZHOIO CHPOBHHOIO, B YTBOPCHOMY
IUTeCTaTi 3MEHIIYEThCS BMICT CyXOi PEYOBHHH, i
BiJINIOBiTHO MiIBUIIYETHCS BOJIOTICTh (MOXKE 3HAXOIUTHCH
B Mexax 92-99%, aine, sk mpaBuio, CTaHOBUTH 94-96%0)
Ta 3HWKYEThCS B s3KiCTh. 30umbImyeThcss Ha 10-70%
BMICT aMiaqHOTO a30Ty (0Oe3mocepeIHbO JTOCTYITHOTO IS
JKHMBJICHHS POCIIMH). 30UIbIIEHHS] YaCTKH aMiaqHOTO a30Ty
3aJIeKHUTh Bl HOro MOYaTKOBOTO BMICTYy B CHPOBHHI —
MEHIIWH Tpupic B Tpomeci OpOMIHHSA XapaKTepHHIMA
rHOIBII cBuHEH Ta BPX, Oinpmmii — xapuoBUM Bigxomam
Ta POCIMHHIA CHPOBHHI. 3MEHITYETHCS CITiBBIIHOIICHHS
C/N 3a paxyHOK BHBUIFHEHHS YaCTHHH BYTJICIIO 3
6iorazom. OnrumanbHe [UIA TPOIECY METaHOBOTO
Opominas cmiBBimHOomeHHs C/N  na piBai 20-30
BBXKAETHCS ONTUMAILHUM TaKOXK IUIs O10I[CHO3Y IPYHTY.
3MEHIIYETECS  BMICT  NATOTEHHOI  Mikpoduopu Ta
KUTTE3JaTHOrO  HAciHHA Oyp’sHIB Yy  pe3yibTari
OJIHOYACHOTO BIUIMBY TeMmImepaTrypu (iAk mpaBuio 38-
40°C) Ta KHCJIOTHOCTI B METAHTEHKY IPOTITOM
TpHuBajoro 4yacy (e menme 25-30 xi6). Omxke, aurecraTt
Ma€ TakKi BaJIMBI [UIS IPYHTIB Ta arpoBHPOOHHUIITBA
XapaKTePUCTUKU: MICTUTh KOMIUIGKC HEOOXITHHX IUIs
pocty pociuH Makpo- Ta MikpoenemeHTIB (N, P, K, S, Co,
Mo, Zn, Fe, Mn Tomo); Ma€e BHCOKHH BMICT
JIETKOJIOCTYIHOTO a30Ty A pociuH (60-80% BMicTy
a30Ty 3arajbHOro); mae 306amancoanuii ckiaan C/N (20-
30); mae piBeHp pH, Onu3bkuit 1o HedrpambHOro (6,.5-
8,0); He MicTHTh (MIHIMalIbHUH BMICT) >KHUTTE3IATHOTO
HaciHHs Oyp’siHIB Ta maToreHHol MikpoduiopH (3a yMOBU
JOTPUMaHHS HEOOXiJHOT TPUBAJIOCTI Ta TeMIEpaTypu
MPOIIECY).

Tak, B poborax [3], [4] BkazaHo, O 1LIAM
010ra3oBUX BHPOOHHITB 3aBISKH BHCOKOMY BMICTY
noxuBHEX pedoBHH (N, P, K) Moxe OyTtn BHKOpHCTaHHN
B SIKOCT1 OpTaHIYHOTO no0puBa TUTS
CLTBCBHKOTOCIIOIapChKUX 3eMenb. B mpami [5, c. 27]
MOSICHEHUH MEXaHi3M YTBOPEHHS TaKOro sIKiCHOT'O
opraHiyHoro  Jo0puBa B  MpOLECI  METaHOBOIO
30pOKYBaHHS BIAXOIB, 3TiAHO 13 SKAM B MpoIeci
OpOmiHHS aMiak BHIUISETbCS 3 OPraHiYHHUX a30THCTHX
CHOJAyK 1 pasom 3 crnomykamu (ochopy 1 Kaiito,
HasBHUMH B CyOCTpaTi Ta TaKMMH, 1[0 YTBOPIOIOTHCA B
pe3ynbTaTi pO3KIamaHHs, IEPETBOPIOE IIEPEPOIKEHY
Macy B OaraTe IIO)KMBHMMH pPEUOBHHAMH OpTraHidHE
nobpuBo. Kpim  TOoro, 3amexxHO  BiIl  CTYHCHA
30pOJKYBaHHSI, 3MEHIIYETHCSI BMICT BYIJICIIO TTOPIBHIHHI
3 Horo BMICTOM y BuXigHOMY cyOcrtpati. OOymoBieHe
uuM  3MmeHmeHHs craiBBigHomenHs C/N  BusBiIseTbCs
CHOPUSTIMBUM IIPpU BHUKOPUCTAHHI [IJaMy B SIKOCTI
nobpusa. Ilig 9ac METaHOBOTO PO3KJIQJAaHHS OPTaHIYHUX
peYOBHH BifOYBa€ThCs PO3KIAN OPTaHIYHUX 3'€THAHb,
BIMOBIJAILHUX 32 HAsABHICTh HEMPUEMHHX 3amaxiB B
mo4yatkoBoMy cyOctpari. Tomy mmiam  6iora3zoBux
BUPOOHMITB, SK MPaBWIO, TAaKOro 3amaxy, SKHH
XapaKTepHUH JUIl II0YaTKOBOTO MPOJYKTY 10 Horo
METaHOBOT'O 3aPO/PKEHHSI.

CrTymiHb  pO3KJIAJaHHS  OPraHiYHUX  PEYOBUHU
(OiokoHBepcisi) OE3MiACTHIKOBOTO THOK 3alICKUTh Bij
ekcrio3unii. MakcuManpHa ~ CTymiHb  OioKOHBepcii

opranigyaoi pedoBuHU 53% (TexHiUHE 30pPOIKYBaHHI)
JIOCSITAETHCS JUIIE TPU JTOBTOCTPOKOBIH €KCIO3HIIii i Ha
MPaKTUIlI HE BUKOPUCTOBYeThCHA. Kpami opraxiuHi
modprBa  TpH  METAaHOBOMY  30pO/KyBaHHI B
Me30(iIEHOMY PEXUMi OTPUMYIOTbCSI TPH CTYIIEHi
GiokonBepcii opranidyHoi pedoBuHH 30-33%. Jlns
JIOCSITHEHHS TaKoro piBHS 0i0KOHBepcii opraHidyHOi Macu
B IPOTOYHHX PEAKTOPAX IMOBHOTO 3MIiLlyBaHHS HEOOXiaHA
excrio3uuis 20-22 ni6 [6, c. 19]. IIpu npomy ciix Matu Ha
yBa3l, IO B  YycTaHOBKax  Oe3mepepBHOI i
KBa3i0e3mepepBHOI Mii YaCTHHA CyOCTpaTy MOXE BUITH 3
YCTaHOBKH B He TepepobneHomy Burmsiai [5, ¢. 28]. B
YCTaHOBKAaxX TMEpiOAWMYHOI Jii cepemHss TPHUBAJICThH
OponiHHs CHPOBUHH npu ICUXpODiTbHOMY
TEeMIIepaTypHOMY pexXuMi cTaHOBUTH Bix 30-40 i Oinpmie
16, mpu Me3odpirpHOMY pexumi — B mexax 10-20 ni0,
npu TepmodinbHOMY — B Mexkax 5-10 1i6 [7, c. 24].

B nocmimxenni [8] BkazyeThbes, 1m0 HAHMPOCTILIMM
CIOCOOOM 3aCTOCYBAaHHS «CHpPOTO» JUTECTaTy B SIKOCTI
OpraHiYHOTO MOOpWBa € IHOro BHECEHHS Ha MoNsA 0e3
nornepenHboi  00poOku. OpHak, Taka TNPaKTHKa Mae
MEBHUIA Psili OOMEKEHb Ta HEIOMIKIB, a TOMY He HaOyna
3HAYHOTO MOIKpeHHs. biorazoBi ycTaHOBKH, SIK IPaBHJIO,
NPALOIOTh MPOTATOM POKY O€3IepepBHO, IO 3YMOBIIOE
noTpedy y HAaKONMYEHHI AWIeCTaTy B Mepioa MiX Horo
OCIHHIM Ta BECHSHUM BHECCHHSMH B SIKOCTI OPTraHiYHOTO
mobpuBa Ha mona. Take 30epiraHHsS —Haiimemiesmie
30IMCHIOBATH y HETEPMETHYHHUX BIIKPHUTHX pe3epByapax
(yraryHax), mo 49acto 1 BigOyBaeThCS B TOCIIOAApCTBaXx.
OmHak mpu TpuBaIOMy 30epiraHfHi JIurecTary y
BIIKPUTUX JIaryHaX BiNOYBa€TbCAd OCINAHHA TBEPIUX
YacTOK Ta iX HaKOMWYEHHs Ha JHi JaryHu. [Ipn npomy B
MPOIIECi METAaHOBOTO OPOIiHHS PO3KJIATAETHCS HE OibIie
50% opraHiyHMX pPEYOBHH, TOMY 30UIBIICHHS MacH
HEpO3KJIAaJICHUX OpPraHIYHUX PEYOBUH IIPH TPHUBAIOMY
30epiraHHi JMrecTaTty B JIaryHi TakoX 30LIbLIYIOTHCS
BUKHUIIU B aTMOc(epy NapHUKOBOro razy metany (mo 10%
Horo moTeHIiady y cupoBHHI). Takox, 3BaKa4d Ha
JIOCUTh 3HAYHUI BMICT KPYIHHUX OpPraHIYHHUX YacTOK B
«CHPOMY» TUTECTAaTi, iICHYIOTh 0OMEXXEHHS IPH BHECCHHI
HOro B IPYHT, (PaKTHYHO JIMIIAIOYH MiCIE JIMIIE PO3JIHBY
abo moBepxHEBOMY po30pu3KyBaHHIO. Ilpm 1BOMY
BTPAYaETHCSl CYTTE€BA YacTHHA JIETKOAOCTYITHOTO ISt
pPOCIIMH a30Ty, a TaKOXX MOXYTh MOIIMPIOBATHCh Ha
3HAuHI BifcTaTi HempHeMHi 3amaxu. Tomy B OuIbIIOCTI
BUIAJIKIB HEOOXIHOIO € TOmepeaHs oOpoOKa «CHPOroy
JIUrecTaTy, sKka Ha OULIBIIOCTI 0iOra3oBHX YCTaHOBOK
00MeXy€eThCS pO3IUTIEHHSAM HOro B cemaparopax,
MepeBakHO IITHEKOBOTO THITY, HA Ha JBi (pakmii: piaky Ta
TBepAy. Pinka ¢paxiis 30araueHa kajieM Ta a3oToM 1
Mmictuth 1-8% cyxux pedoBuH, TBepaa Qpaxiis 30aradyena
¢dochopom Ta Byrimemem 1 wmictute 20-40% cyxoi
pedoBHHH. MeHII TOIMpeHi iHm crnocodu mnepepoOkn
JIUrecTaty, B pe3yJbTaTi SKUX OTPHUMYIOTh BHCYIICHY
TBepAy (Qpakiifo gurecrary, TpaHyJd 3 IMIECTary,
cynsdar amoHiro, N-30iqHeHNI QUrecTart, amiauHy BOIY
TOILIO.

B po6ori [9] crBepmKyeThes, M0 TBEPAY (HpaKIIito
qurectaty abo KOMIIOCTYIOTh 3 IHIIMMH OpraHIYHUMH
BixogamMu, abo0 3aCTOCOBYIOTh JUISi TPUTOTYBaHHS
rpyHTiB. Tak, B po6ori [10] Big3HagaeThCs, IO TUTECTAT
€ XOpOIIMM OpraHiyHMM J0OpHBOM, aje HOro SKicTh
MoOXe OyTH IMOKpalleHa MIJISIXOM PO3AiieHHs Ha (pakiii
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a00 KoMITOCTyBaHHs, a B poOoti [11] BkaszaHo, IO
TIOIIAPEHOIO0 TEXHOJIOTIEI0 € cemapaltis TBEpaoi Ta pigkoi
CEpPEIOBHINIEM 3 BUKOPHCTAHHSIM I'BHHTOBHUX CENapaTopis
1 JeKaHTepHWX NeHTpU(yYT; Momampim oOpoOKH i
TEXHOJIOTii MOXYTh 3aCTOCOBYBATHCA Ui cTalimizamii
TBeproi Qpakmii abo momambmoi TMepepoOKH  pimKoi
¢pakuii. B poboti [12] mnpoBemeHe OOCTiMKCHHS
BUKOpPHCTaHHS TBepaoi ¢pakuii nulamy 0Oiora3oBux
BUPOOHHLTB JUISl MOJAIBIIOTO KOMIIOCTYBAaHHS, SIKE LIS
3HUILIEHHS MaToreHHoi Mikpodopu meBHUE  4yac
npoBommiock mpu Temmeparypi 70°C. 3arampHuU bac
KOMIIOCTYBaHHs ~ cTaHoBMB 51  no0y. B mpami
CTBEPIUKYEThCS, IO KOMIIOCTYBaHHS TBepaoi ¢pakuii
MOJKE BHUPIIINTHA NHTAHHSI BUKOPHCTaHHS Jurecrary. B
po6ori [13] mpoanaizoBaHa MOKINBICTS BUKOPHCTAHHS
3aNMINKIB Ticis BHpOOHMITBA 0Oiorasy B  SIKOCTI
opraHiyHuX n00puB. JlOCTiKeHHS MPOBOIIINCE 0e3
cemaparii Ta TiCIS pPO3OUIEHHS Ha TBEPAY 1 PIOKy
¢pakmii. Big3zHauaeTtbes, MmO OCOONMBO HETAaTHBHUUN
BIUIMB Ha TECTOBaHI OPraHi3MH ToAi OyIJI0 BiJ3HAYECHO ISt
pinkoi ¢a3m micns cemapauii. Y 0OaraTboX BHIagKax
JqUrecTat 0e3 MOMALITY TaKOXK HANaBaB HECTIPHUSTIMBHIMA
BIUIMB Ha TECTOBaHI opraHi3mMu. Pinka ¢asa micis moaity
1 HEepO3/AUICHI MaTepialii BUKJIUKAIH rabMyBaHHS POCTY
kopeHiB L. sativum i S. alba Ha piBHi 17,42-100% i 30,5-
100% BinmoBizmHO, a TaKOX iHTiOyBaHHS po3MHOXKEHHs F.
candida B miamaszoni Bix 68,89% mo 100%. Y OinbinocTi
BHIIA/IKIB €KOTOKCHKOJIOTIYHHH e(eKT He CHOCTepiraBcs
It TBepnoi (hazm AN TECTOBaHMX OpraHi3MiB. TBepaa
¢aza miciud TOAUTY BUSBIDUIA HAWOUTBII CIPUATIUBI
BractuBocTi. B pobGoti [14], oOkpiM moCHimKeHHS
BHUPOOHHUIITBA 010Ta3y, TAKOXK MPOBOIIOCH TOCIIIKCHHS
BUKOPHCTAHHS UTeCTaTy Ticist 30pOJUKYyBaHHS CTIYHUX
BOJl NHBOBapHOrO 3aBOjAy. BcTaHOBJIEHa BHCOKa
KOHIICHTpAIlii MOXKUBHUX pPEYOBUH: azoTy — 3,2-4, 2%,
¢dochopy — 1,9-3,2%, xamiro — 0,95-0,96%. Peakuis
Takoro OpraHiyHoro Jg00puBa, OTpUMaHa  MICHIS
30pOJUKYBAaHHS 3aJHIIKIB KOHBSYHOTO BHUPOOHMIITBA, —
nyxua (pH 7,2-7,8), six 3asnaueno B [15], mo poGuth
HOro o0coO0JMBO KOPHCHUM JJis KUCIMX IPYHTIB. Y
MOPIBHSIHHI 3 JOOPHUBOM, OJICPKAHUM 13 THOO 3BHYANHUM
crocoboM, ypokaiHicTe 30iUmbmyerbess Ha 10-15%.
IMponaxx Takux 1OOPUB HA 30BHINIHHOMY PHUHKY J03BOJISIE
JOBECTH OKYITHICTh KalliTaJIOBKIIAACHh Yy 0iorazoBy
YCTaHOBKY JI0 BOX poOkiB. Y crarti [16] mpomonyBanock
BUKOPHCTOBYBATH JUTECTAT Bifl 30pOPKYBaHHS 3aJIHIIKIB
BHPOOHHUIITBA JKepo-ropirdanoi MPOAYKIIiT
(micasiciupToBOi Oapam) SIK opraHiuHe a30THE n0OpHBa.
[TonmpoBHI eKCIIEpUMEHT MPOBOAMBCS HA BECHSHO-JITHIX
coprax canary. byio BCTaHOBIEHO, II0 BHKOPHUCTaHHS
JUTeCTaTy B SKOCTI OPTaHIYHMX Aa30THUX [OOOpWUB HE
3MIACHIOE HETaTMBHOTO BIUIMBY Ha pICT POCIHH,
30epiraroun sIKiCHI acnekTu 6e3 3MiH. Bmict HiTpariB OyB
HIDKYUM BiJ] HaPKOPCTKIMINX OOMEXeHb, BCTAaHOBJIEHUX
pernmamentom €C. VY pobGoti [17] Oymo 3pobieHo
BHUCHOBOK, IO NPH BHUKOPHCTaHHI JWUTECTAaTy B SKOCTI
OpraHiuyHuX J00pHB MpH BUPOILYBAHHI MIIEHHII, BiH OyB
OaraTM TOXXMBHUMH PEYOBMHAMH 1 HHM3BKHM BMICTOM
Ba)KKMX METaNIIB 1 MMAaTOTEHIB, 1 HE BIUIMBAB HAa BUKHUIU
METaHy 1 BYTJICKHCIIOTO Ta3y MpH BHECEHHI Ha TPYHT,
00poOneHunii  TINEHUIel0, ane 30iIblIyBaB  BUKH]
niokenay a3oTy. EdexTuBHICTE BUKOPHCTAHHS AWTECTATy
micas 30pojpKyBaHHS THOIO BEIMKOI poraroi XyaoOu

MOPIBHAHO 3 €(PEKTHBHICTIO BUKOPUCTAHHS KOMEPIIHHNX
OpraHiyHMX 1 MiHEpalbHUX ITOOPWUB TNPH BHPOIILYBaHHI
cadmopy nmocmimkyBaigock B poboti [18]. Byma
BCTAaHOBJICHA OIMBII BHCOKa BPOXKAWHICTH cadiopy mpu

BUKOpUCTaHHI nurectary. [lopiBHSHHA e(eKTHBHOCTI
3aCTOCYBaHHSA  OlomIIaMy  OpPraHIYHHX  MOOYTOBUX
BIAXOMIB, KOMIIOCTY 1 KypsS4oro MOCHIAy HpHU

BUPOLIYBaHHI IUOYyi-nopeto Oysio mpoBeneHe B poOOTi
[19]. OOunsa excnepuMeHTH Oyau TpPOBEICHI Ha
YOTHPHOX THIAX IPYHTY (IICOK, JABa THUNU CYIJIMHKIB 1
rinuHa). [licns 168 nHIB iHKyOalii HEOPraHIYHOTO a30Ty
BiJl 3araJibHOTO a30Ty ctaHoBUB 40-60% s murectary,
15% mna xommocty i 20-30% 11 Kyps4oro TOCIHITY.
Tinpku TIpu BUKOPHUCTAHHI KypsS9OTO TIOCHITy YHCTa
a30THa MiHepawizamis Oyma IOCATHyTa B yCiX YOTHPHOX
TpyHTax B KiHHi iHKyOamii. PocmmaamMu 1mulymi-niopero
Oyno Bukopuctaso Big 5% mo 20% asoty gurectary, 1%
azoty kommocty N 1 6% a30Ty Kyps4oro MOCIHiTy.
BHecenHs jgurecraty = aHaepoOHOro  30pOIKYBaHHS
BiJIXO/1iB 0OPOOKH TYHIIS Ta TBEPAUX MOOYTOBHUX BIAXOIIB
NPy BHUPOIIYBaHHI KyKypya3ud Ha ocTpoBi TyTyina
(Amepukancpke CamMoa) BUKIMKAIO 30UTBIIECHHS BPOXKAIO
IpsSIMO TPOTOPIIMHO 10 301IbIICHHS HOPMH BHECEHHS
[20]. B pobGori [21] mopiBHIOBAaBCS BILIMB JWTECTATY i
MiHEpaNbHUX JOOpHB Ha  YpPOXKAMHICTE KOPMOBHUX
KynbTyp: JIONepHH 1 TpsActumi 30ipHOiI.  Bymo
BCTAHOBJICHO, 1[0 NPW BHPOILYBAaHHI JIOLUEPHH HE OYI0
BUSIBJICHO CYTTEBOI PI3HHUII CyMapHOI CyXOi BarW pOCIHH
IpY BUKOPHCTAaHHI BKa3aHWX HOOPHB, TOIl SIK CEpemHS
NPOJIYKTUBHICTh TPSICTHULI 30ipHOT IPU BHECEHHI LUIAMy
6iorazoBux BHpOOHHMUTB Oyja BHILIOI, B HEPIIMH PiK Ha
41,3%, a B npyruit pik — Ha 23,0%. B poboti [22]
BUBYABCS BIUIMB JUIeCTaTy Ha BPOXKAWHICTH POCIHH,
TOTJIMHAHHS a30Ty, MIKpOOHY 0ioMacy IpyHTY, TPYHTOBI
rpubHM 1 KOpEeHeBl MIKpOOpraHi3MH MNpHU KyJIbTHBYBaHHI
ITaNIiACHKOTO pairpacy. bysio BCTaHOBJICHO, 1[0 BHECCHHS
B SKOCTI OpraHiyHoro nmoOpwBa TBepHOi (pakmii
Jurectary 30IMBIIMIM CEPEAHIO 3arajbHy Ha/J3EMHY
pociuHHy Giomacy Ha 66%, HecenmapoBaHOTO AUTECTATY —
Ha 35% TMOpIBHSIHO 3 KOHTpoJIeM 0e3 BHECEHHS H0OpHUB.
CepenHe 3HA4YeHHS TOTVIMHAHHS a30Ty POCIMHAMH
30UTbIIMIIacST  TPU  BHUKOPUCTaHHI TBepmoi  (Qpakmii
qurectaty Ha 166%, HecemapoBaHoro — Ha 65%
MOPIBHAHO 3 BUPOIYBaHHAM iTaNiCBKOTO pairpacy 0e3
ynoOpeHHs. BmimB  3acrocyBaHHA — BijcenapoBaHOi
TBepAol ¢pakuii i HeBiJAcenapoBaHOrO JHrecTary Ha
IPYHTOBI MIKpPOOHI TOKa3HUKHM OyJO aHaJOTiYHUM, 32
BUHATKOM HIDKHBOI Oiomacm rpubiB. Ha BiamiHy Bix
TBepoi (paximii TurecTary, HeBiACemapOBaHUN AUTECTAT
3HaYHO  30imbmIyBaB  MIKpoOHy  OiomMacy  TpyHTY
(mpubmmsHo Ha 25%) mMOpIBHAHO 3 KOHTpoieM 0e3
BHeceHHs 100puB. B pobori [23] posrmspanock
3aCTOCYBaHHS KOMIIOCTY 1 JUrecrary B  SIKOCTI
NOTEHLITHNX ~ albTEepHATUBHHUX OPTraHIYHUX JDKepell
a3o0Ty, sIKi MOXKYTh BUKOPHUCTOBYBAaTHCS O3 HETaTHBHOTO
BIUIMBY Ha BiacTuBOCTi rpyHTy. HaiiBummii piBeHs
BUKOPHCTaHHS a30Ty OyB BHSBIEHMH B BapiaHTax, Jie
Oynm 3acTocoBaHe cyMmicHe BHeceHHsA paurectaty (150
kr/ra N) 1 komnocty (150 kr/ra N), mjo Ha 20% BuIIe B
MOPIBHSHHI 3 BapiaHTOM KoHTpouto (6e3 1o6puB) i 35% —
3 BapiaHTOM BHECEHHSI MiHEPaJIbHOTO a30Ty. B poboTi
3po0JIeHHH BHCHOBOK, IO 3aCTOCYBAHHSI JIUTeCTaTy
3MIMCHWIO TIO3WUTHBHWK BIUIUB Ha PO3BUTOK Oiomacu
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pPOCIIMH, a 3aCTOCYBaHHS KOMIIOCTY — Ha IIiJABHIICHHS
POIOYOCTI TPYHTIB.

PesymbraT;  mochimkeHh BHUKOPUCTAHHS — PiIKoi
¢pakmii gurectaTy AnsA  OKHBIGHHS POCIMH —TIpHU
BHPOIIyBaHHI IOy Ha TIepo B TPYHTI ONHCaHi B poOOTi
[24], a B ymoBax riapomoHiku — B poGoti [25].
BcranosieHo, o Haii0iIpIma BPOXaHHICTh
CIIOCTEPITaeThCsl TMPH  THKUBICHHI CYMIIIIIIO PiAKOi
¢pakuii murectaty 3 Bomoro KoumeHtparieto 1:500. Ipu
30UIBIICHHI KOHICHTpAIii piKkoi (pakiii Turecraty Ta
IDKUBJICHHI POCIMH BOJHUM PO3YMHOM MiHEpaIbHUX
J0OpHB BPOXKAMHICTh JEIIO0 3MEHIIYEThCs. [1ipKUBICHHS
POCIIMH KOHIIEHTPOBAHOIO PiJKOI0 (hpaKii€ro aurecraTty
MIPU3BOJNUTH JI0 YacTKOBOI 3arMOesi POCIHMH 1 3HIKCHHS
Bpoxato. [Ipy MiIKUBICHHI POCIMH YHCTOIO BOJOIO
BPOXAWHICTh IUOYNI Ha TEepo TMOPIBHAHO i3 BapiaHTOM
MiDKUBJICHHS  POCIMH  CYMININIIO  pigkoi  ¢pakmii
JIUrecTaTy 3 BOJOI0 KoHIeHTparieno 1:500 3HmKyeTbCs
HamNoOJIOBUHY. Bwmict HiTpaTiB B 1muOym Ha Iepo He
nepesumnye I'JIK mpu moaeHHOMY IiPKUBJICHHI POCIIHH
CyMIOImio  pigkoi  ¢pakmii aurecraTy 3  BOJOHO
KOHLIEHTpALIEI0 1:100-1:500. [pu  306imbLIeHH]
KOHLeHTpawuil piakoi ¢pakuii aurecrary monax 1:50
BMICT HiTpaTiB B pocinunax nepesuiye I'JIK.

Jurecrar 06iora3oBUX yCTaHOBOK, HONPH LIiHHICTH B
SIKOCTI JDKEpesa KOMIUIEKCY MIKpO- Ta MaKpOEJIEMEHTIB,
OpPTaHIYHOTO BYTJCHIO, TOTPIOHUX IS POCTY POCIHH,
BOJIOZIE 1 PAIOM OCOONMBOCTEH, SIKi OOMEXYIOTH HOTO

3aCTOCYBaHHS Ta KOoMepIliaTizarito. OCHOBHOIO
OCOONMBICTIO, KA 3HIDKYE KOHKYpPEHTHO3IATHICTBH
IUTeCTaTy, € MIHIUBICTE HOTO  (i3UKO-XIMIYHHUX

BJIACTUBOCTEH, IO 3yMOBIIOETHCS KOMOIHAIIEIO PI3HUX
(aKkToOpiB: MIHJIMBICTIO CKJIQAy BXIiIHOI CHPOBHHH Ta
o0csry 1l BHECEHHS B METAHTEHK, CKJIJIHICTIO KOHTPOIIIO

OioXiMIYHMX  mpoleciB, siKi  BigOyBalOTbCcS  MPH
aHaepoOHOMY OpoiHH, nocthepMeHTaIiiiHa
(3aymmikoBa)  xiMiuHa Ta  0ioJIOriYHA  AKTHBHICTH

yTBOpeHoro aurecrary. [1in yac BHeCeHHs Jqurecratry Ha
BJIACHI IIOJsT KOMIaHIl, #KIM HaJIeXUTh Olorasosa
yCTaHOBKa, CTaHAApTH3alis HOro SKOCTI HE €
KPUTHYHOIO, X04a 0 1 J03BONMIIA 3IHCHIOBATH SKiCHIIIE
VOpaBIiHHS CTaHOM IpPYHTIB, a OTXKe, 1 BPOXKaHHICTIO
CLTBCBKOTOCIIONAPCHKUX KYIBTYp. s BUTBHOTO 00iry
MIPOJYKTH 3 JIUTecTaTy HeoOXinHO cTaHmapTu3ysaTH. Lle
JI03BOJIUTH MIJIBUIIMTH KOHKYPEHTO3/IaTHICTh JUTeCTaTy
Ha PUHKY JOOPHB, PO3LIMPHUTH TEPETIK IPYI CIIOKUBAYIB
Ta puHKOBUX Hill. OJHaK B YKpaiHCHKOMY 3aKOHOJIABCTBI
He CcOpPMYyIbOBAaHO aHi  y3arajJbHEHOrO  IOHATTS
«aMrecraty», sike O OXOIUTIOBAJIO BCi TOTOKH JTUrecTary,

SKHH  YTBOpPEHMH 13 CHpOBMHM TBapMHHOTO Ta
POCIIMHHOTO ~ TTOXOJKCHHS, HI  BUMOT  IIOJO
CTaHaapTu3auii JaurecraTy YW TPOAYKTIB 13 HBOTO.

3BaXkaloyM Ha IOCTYIOBE 301IbIICHHS IOPIYHUX 00CSTIB
yTBOpeHHs B YKpaiHi aurecraty (B 2019 p. — 6mm3pKo 2
MJIH. T) Ta HEOOXIiJHICTh CIPHUSHHSA KOMepliamizamii Ta
BiIbHOMY 00iry, TIMTaHHS CTaHJapTH3allii SKOCTI
JMrecTaTy i IHpPOXYKTIB 3 HBOTO IOTpPeOye IIBHIKOTO
BHpIIICHHA Ha HAIllOHAJIHHOMY DPiBHI. 3Ba)ar0ouu Ha PyX
VYkpaiHH 10 TOCTYNOBOI rapMOHi3amii 3aKOHOJABCTBA 3
€C, nouinsHO Oyno 6 TapMOHI3yBaTH TaKOXK 1 MUTaHHS,
AKi TIOB’s3aHI 1 cTaHIapTH3aIli€l0 SKOCTI aurecrtary. B
kpainax €C sKicTh JWTECTaTy MOXHA MiJTBEPAUTH
BiAMOBiMHUMHU cepTudikaTamMu. B ocrtanHi 25 pokiB y

nmeBHUX kpaiHax €C Oynm  BOPOBAaIKCHI  CXEMH
3a0e3MeueHHsT  SKOCTI TMPOIYKTIB 3 JWrecTary Ta
kommnocty (B Itamii — CIC, Himeuunni — BGK, Bensrii —
Vlaco, Asctpii — KBVO). Ha 3aransHOeBpomneiichkomy
piBHI icHye cxema JOOpOBINTBHOI cepTHdikalii qurectaTy
ta xommocty ECN-QAS [26]. Hasite B Hamoro
HaiiOmmkdoro  cycima —  Pocilicekoi  @enepartii,
BIPOBADKCHUM CTaHIAAapT Ha pigkuii awmrecrar [27],
3aBIIIKH YOMY BiH sBIS€ COOOK  MOBHOI[IHHHA
KoMeplliiHuit npoaykr [28-35].

Meta gociiaKkeHb

MeTa MOCTIIKEHHS — BCTaHOBIICHHA e€()EeKTHBHOCTI
JIOLITPHOCTI BUKOPUCTAHHS IWUTECTaTy B KOMEPIIiHHHUX
OUIAX 3apafyl IIBUIIEHHS pPEeHTAa0eNBHOCTI 0i0Ta30BUX
YCTaHOBOK.

Pe3yabTaTh n0CaiTKeHb

B po6ori [1] npoBeneHe pociimkeHHs e)eKTUBHOCTI
BUpOOHMIITBA  Oiorasy B CLIBCHKOTIOCIIONAPCHKUX
MIANPUEMCTBAX Ha MPUKIAJl MOJEIBHOTO TOCIONapCTBa
i3 cragom 1000 ronie BPX (500 romni niitanx xopis i 500
TOJiB MOJIOJHSKY 1 HETEINiB) 3 BUKOPHUCTAHHSIM B SKOCTI
KoCyOCTpaTy BiOXOHNiB BHUPOOHHUIITBA KPOXMallO 1
MoJokomnepepoOkn. OcCHOBHUIT TpuOyTOK Oiorasoa
YCTaHOBKa B [JbOMY JOCTI/DKCHHS OTPUMYE BiJl MPOIaKy
€JIeKTPOeHEepPTii, OTPIMaHOi BiJ CIaJOBaHHA Oiorasy B

KOreHepaliifHii ycTaHoBLi, 3a "3eiaeHuUM" TapudOM.
Tepmin  okymHocTi  0iora3oBoi  yCTaHOBKM NP
30pomkyBaHHi  rHOW0 ~ BPX 3 BHKOpHCTaHHSM

KocyOCTpariB 3HWXYETbCs 1O 6,4 pOKIB, OJHaK BiJ
ONMM3bKMK 10 TPaHUYHOTO, NPU SIKOMY IHBECTHLIl B
CHOPYIKEHHS HOBOT YCTaHOBKH BBaYKAFOTHCS
HepeHTa0enbHUMH. BHpoOneHnil aurectaT NpU IBOMY
Maiike MOBHICTIO BHOCHTBCS Ha TOJSI TOCIIONAPCTBA JUIS
BiTHOBJCHHS pOMAIOYOCTI TPYHTY 1 MiIKUBICHHS
CLTBCHKOTOCIIONapCEKUX pociuH. lle mae MOXIHMBICTH
BHPOIIYBATH EKOJIOTIYHO YHCTY MPOAYKIIO, BapTiCTh
gKol 3HAYHO BMIIA BiJ MNPOAYyKLii, OTpuMaHoi i3
BUKOPHCTAaHHIM MIHEpaJbHUX JTOOPUB.

OTxe, HOpMa BHECCHHS CBIXKOrO THOIO CTaHOBHUTH
30-40 1/ra (B cepenupomy 30 T/ra). Bibin BUCOKUX HOPM
BHECEHHs 3a3BMYaii BUMAaramTh OBOYEBI 1 CHIIOCHI
KynbTypu. Hopma BHecenHst kommnocty — 15-30 T/ra min
o3umi, 20-40 T/ra — mix oBodi i KopeHeoan. B Hamomy
BUNIAJKy IS BITHOBIEHHS  POMAIOYOCTI  TPYHTY
IUTaHY€THCSI BHECEHHS MEepeOpOKEHOT0 THOIO — TBEpIOoi
¢dpakuii gurecrary, Uil MiIPKABICHHS POCIUH — PiAKOI
¢pakuii qurecrary.

Jnst BiTHOBJIEHHS POJAIOYOCTI BUCHAKEHHX TPYHTIB
MiHIMallbHA 1032 TBEPAWX BHIIB JUTECTaTy CTaHOBHTH
0,5 xr/m? [27], a6o 0,5-10000=5000 xr/ra, a6o 5 1/ra. Ins
BiHOBJIEHHs poarodocti 960+500+368+12=1800 ra pimti
notpi6HO 1800-5=9000 T TBepAOTO qUTECTATY.

I3 pepmu ruiit BPX nocrynae Bosnorictio 87% [28].
B MeraHTeHKY BoJIOTiCTh CyOCTpaTy HUISIXOM JO/aBaHHS
BOAM a00 PiJIKOTO JAUTECTaTy MOBOAUTHCS 10 92%. Ilicis
BUBAaHTaXXEHHS 13 010Ta30BOi yCTAaHOBKM JWTECTaT Ha
cemnaparopi po3AUIAEThCS Ha TBepAy (pakilito BOJOTICTIO
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6mu3eko 60% [29, c. 158] i pinky ¢paxkmito.
Po3paxyHOK KIIBKOCTI BIATHCHYTOT'O Ha cemapaTtopi

TBEPIOTO 1 PIOKOTO JWTeCTaTy MPOBOJUTHCA 32
bopmymaMu:
— PIJKOTo JUrecrary:
m _ m, - (Wnoq _Wxiﬂ) (1)
pio.oue !
(100 _WKiH )
— TBEPJIOTO IUTeCTaTy:
mme.duz = m(’, - mpiz)‘duz ' (2)

JIe M, — Maca THOI, T/I00Y; Myue oue — Maca TBEPIOTO
IUrecTary, T/m00y; Mpipou. — Maca AWTECTaTy, T/m00Y;
W0y — OYaTKOBa BiTHOCHA BOJOTICTH cyOcTpaty (92%);
W.ix — KiHIIEBa BiIHOCHA BOJIOTICTH TBEPIOTO OiomImaMmy
(60%).

KinpkicTh BIATHCHYTOTO Ha CemapaTopi TBEPAOTO i
pinkoro nmurecrary micisi 30pojKyBaHHS CyOcTpaTy Ha
ocHoBI rHOI0 BPX 3 nomaBanHsAM KocyOcTpaTiB HaBeqeHa
B Tabm. 1.

Tadmuusa 1. KirekicTe BIATHCHYTOTO Ha cemapaTtopi TBEpAOTO 1 PiAKOTO AWTECTaTy Mmicis 30pomKyBaHHS
cyOcTpaTy Ha ocHOBI rHOtO BPX 3 momaBaHHsIM KOCyOCTpaTiB.
Table 1. The amount of solid and liquid digestate pressed on the separator after fermentation of the substrate based

on cattle manure with the addition of co-substrates.

IToka3Huk 3HaYCHHS
JloOoBe 3aBaHTaXeHHS CyOCTpary, BCOro, T/100y, i3 HUX 58,8
— THOIO, /100y 40,0
Maca pigkoro murectary, /100y 32,0

Maca tBepaoro aurecraty (Bosnoricts 60%), /100y 8,0

Maca pinkoro gurecTary, T/pik 10880
Maca TBepJ0oro AUTECTaTy, T/piK 2720
B Giorazosiit yctaHoBIi 3a pik BUpoOmseTbes 2720 T mpyroro MmiIpKWBICHHA Hopma BHeceHHs KAC-28

TBEPJOTO ITUrecTary, sSIKWi MpH HOPMI BHECEHHS 5 T/ra
MoXKe 3a0e3neyuTH opraHiuHuM nob0puBoM 2720/5=544
ra puun. Hemomik opradiuHoro moOpuBa  Oyze
KOMIICHCYBAaTUCh IPHOPIOBAHHAM COJIOMH 1 creben
KyKypya3u. B €Bponi pekoMeHIyeThCsl Uil OpPraHiqHOTO
JnoOpuBa Ha MO 3anumiatd He MeHme 60% Bif BChOroO
BpOXArO COJOMH i creben Kykypym3u. ToOto morpiOHa
comoma st 1800-544=1256 ra pimi.

Jnst  yHEeMOXJIMBIICHHS YTBOPEHHS TOKCHYHHX
3'€MHaHP B TPOLECi PO3KIANaHHA COJIOMH, a TaKOXK
TOTIpPIICHHS YMOB a30THOTO JKHMBJICHHS POCIUH MpH
3aKpilUIEHHI TPYHTOBOTO  a30Ty  MIKpOOpraHizMaMu
coJIOMa BHOCHThCS Pa3oM 3 MiHEpaJbHUMH J0OpUBAMHU
a00 TBEpPIUM UM PiAKHM THOEM.

Hopwma BHeceHHs colloMH sipuX — 2-3 T/ra, 03UMUX —
3-5 1/ra [30]. OCKiIBKH Pa30M i3 COJIOMOIO BHOCHTBHCS
TaKOX 1 TBEPIWH IUrecrar, MPUIMaeMO MEHIIYy HOPMY
BHECCHHSI COJIOMH B sIKOCTi moOpmBa — 3 T/ra. Ha I T
cosomu BHocuThkesi 10-20 kr miHepanbHOTro azory [31, c.
434]. B amiauHiii cemitpi mictuthest 34,5% MiHepaaIbHOTO
azory. Tobto, Ha 1 T coloMH TOTPIOHO BHECTH
(10...20)-1,345=13,45...26,9 xr amiaunoi cemitpu. Jljis
BHECEeHHs1 Ha mmomi 1256 ra motpiono 3-1256=3770 1
COJIOMU un creben KYKypyI3H i
3-(0,01345...0,0269)-1256=50,68...101,34 1 amiauHoOi
cenmitpu. Ilpu Baprocti amiaunoi cemitpu 9352 rpH./T
3aTpaTH OyIyTh cTaHOBHTH 479-955 THC. TpH.

JUis  mipKUBICHHS POCIMH B TEpioJ Bereraril
PEKOMEHIYETBCSI OJIMH pa3 Ha MICsLb B Iepio]] Bereramii
HABKOJIO POCIMH a00 B MUDKPSAOS BHOCHTH DPiIKHA
murectat B go3i 0,5 kr/m? [27], a6o 0,5-10000=5000
kr/ra, abo 5 1/ra. Ha 1800 ra cuThCHKOTOCIOMAPCHKHAX
KynbTyp [UIS OJHOPA30BOTO IMi/DKUBIEHHS MOTPiOHO
1800-5=9000 T amrecrary. Ha wacTuHi OpHHMX 3eMenb
MOXHa TIpOBeCTH JBopa3oBe mmijkuBieHHS 10880-
9000=1880 1 murecraty, a came Ha 1880/5=376 ra. Ha
pemti 1800-376=1424 ra miKUBIEHHS TPOBOJUTHCS
MiHepaJIbHUMHU JoOpuBamu, Hamnpukiamx, KAC. s

cranoButh 10 20 xr N/ra. To6to, Ha 1424 ra motpioHO
BHecTH 1424-20=28480 xr asora. B mo6pusi KAC-28
mictutbest 28% aszory. Omxe, Ha 1424 ra c.-r. yrigp
motpibHo BHectn 28,48-100/20=102 T KAC. Bapricts
KAC-28 cranoutes 7300 rpH./T. OTxe, 3aTpaTH Ha
3aKyMiBJIIO PIIKUX MiHEpaJbHUX HOOPHB CTAHOBUTHMYTh
7300-1424=10 400 000 rp=H.

Heenuky kinbKicTb aurecrary (6m3pko 1 T) MoXHa
i3 yCIIXOM TPOJaTH HACEJICHHIO IIPHU YMOBI PEKIaMH HOTo
e(eKTUBHOCTI 1 NPUIHATTA JEpPKAaBHOTO CTaHIApPTy Ha
BUKOpHUCTaHHS nurectary. lLlina pigkoro murecraty B
Pociiicekiit @enepanii cranoButh 300 pyo. 3a 5 1, a6o 60
py6/i1., mo npu Kypcei 2,33 — 60/2,33=25,8 rpa/n(kr), abo
25800 rpH/T. 3a yMOBH mpomaxy | T piAKOTO AWTECTATY
mpuOyTOK Moske ctaHOBHTH 25800 rpH.

SAxmo x Bcro ¢pakmiro pigkoro murectary (10880 1)
MyCTUTH Ha TPOJax (3a YMOBH HOro CTaHIAapTH3Aamii i
ceptudikanii), 3aMiHMBIIM T PIIKUMH MiHEpAIbHUMHU
JIOOpHBaMH, TO PiYHI I'POLIOBI HAAXOIKESHHS MPH LBOMY
cranoButuMyTh  10880-25800=280 704 000 TpH.
BpaxoBytoun piuHi rpomIOBi HaIXOJDKEHHS BiJl TPOIAKY
enekrpoeHeprii B cymi 39 533 219 rpH. 6e3 "3eneHoro"
tapudy i 63 234 267 rpH. i3 "3enenum" TapudpoMm Ta
coOiBapricTp Giorazy — 15 416 612 rpu. [1], npubyTok
Bil Mpomaxy piakoi (pakxiii AWrecTaTy CTaHOBHTHME:
280 704 000+63 234 267-15 416 612=328 521 655 rpH. i3
"3e51eHUM Tapudom", 280704000+39533219-
15416612=304820607 rpu. 6e3 "3enenoro" tapudy. IIpu
KaIiTaloBKJIaJIeHHAX B OiorazoBy ycraHoBky 307016667
rpH. [1] ii TepMiH OKyHmHOCTi HaBiThb 0€3 BHKOPHUCTaHHS
"3eenoro" Tapudy 3HU3UTHCS hit)
304820607/307016667=1,0  poxy, a 3 fioro
BUKOpHCTaHHIM — 10 304820607/328521655=0,94 poku.
ToOTo, peHTabenpHICTH 0i0Ta30BHMX YCTAHOBOK MpHU
NPOJIaKy BHPOOJICHOTO JUTecTaTy CYTTEBO 3pOCTaE, a
BIUIMB '"3emeHoro" Tapudy HA TEpMiH OKYIHOCTI
6iora3oBo1 YCTAaHOBKH HiBEIOETHCS.
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BucHoBkn

1. BukopucTaHHS IUTECTaTy B KOMEPUIHHHUX MiJISX
JUTS TIPOJIAXKY B SAKOCTI BHCOKOE()EKTHBHOTO OPTaHigHOTO
nobpuBa Ccrpusie CYTTEBOMY MOKPAILECHHIO
peHTa0embHOCTI 0i0Ta30BMX YCTAaHOBOK, MPH HBOMY iX
TEPMiH OKYITHOCTI 3HW)KYETHCS IO OJTHOTO POKY 1 HMXKYE 1
BiInamae HEOOXiTHICTh B BHUKOPUCTAHHI '"3eJICHOTO"
tapudy. OxHak s HpOro B YKpaiHi Ha JepKaBHOMY
piBHI HEOOXITHO 3AIMCHUTH CTAHNAPTU3AIII0 TUTECTATy
010ra3oBUX yCTaHOBOK.
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SODPEKTHBHOCTD NCITOJIb30OBAHU A
JUT'ECTATA BUOT'A30OBbIX YCTAHOBOK
B. H. Honuwyx, /1. A. lepesanxo, C. A. [lleopos,
E. A. Jeopuux, T. C. [Jasudenko

AHHOTanusi.  YCTaHOBJIEHO,  4YTO  JMIecTar
0OMOTa30BbIX YCTAHOBOK SIBJISIETCS IIGHHBIM OPraHMYECKUM
yA00peHneM, KOTopoe ObICTPO yCBaMBAETCS PACTCHUSIMU,
COJIEPKHUT KOMIUIEKC HEOOXOIUMBIX IUIS POCTa PACTECHUH
MakKpo- U MHUKPOAJIEMEHTOB, UMEET BBICOKOE COJIEpKaHHe
JIETKO/IOCTYITHOTO a30Ta UIA PAacTeHUH, UMEET YPOBEHb
pH, Onm3kmii K HEWTpadbHOMY, ¥ HE COJIEPKHUT
KHU3HECTIOCOOHBIX CEMSIH COPHSIKOB M IaTOTCHHOMN
MUKpodiopel. BHocHTh HeoOpaboTaHHBIN aurecrar B
MOYBY TEXHUUYECKH CJIOKHO, MI03TOMY ero
NPEABAPUTEIbHO PA3JeisIoT Ha TBEPAYI0 M IKUAKYIO
¢pakiuu  Ha cemaparopax. bombmoil  mpoOiemoit
KOMMEpPYECKOr0 HCIIOJIb30BAHUS JUTycTaTa B YKpauHe
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SBISIETCST  OTCYTCTBHE €ro  craHaaprusanuu. Ilpum
BHECEHHH [HUIecTaTa Ha COOCTBEHHBIC MOJS KOMIIAHWH,
KOTOpOH  TPHHAIICKAT  OHOra3oBas  yCTaHOBKa,
CTaHAAPTHU3ANNS €TO Ka9eCTBA HE SIBIISIETCS] KPUTHIECKOH.
OmHako OTCYTCTBHME CTaHAapTa Ha JUTeCTaT Kak
BBICOKOKaUECTBEHHOE OPTaHUIECKOE ynobpeHne
CYIIECTBEHHO  OrPaHMYMBAECT €ro  HCIIOJb30BaHHE.
[IpoBeneHo onpeneneHrne NOTPEOHOCTEH B qUrecTare Juis
BOCCTAHOBJICHUS IIJIOIOPOJHS TOYBBI M MOAKOPMKH
CENILCKOXO3SIICTBEHHBIX KYJIbTYp B XO3SHCTBE CO CTaJOM
1000 ronos KPC (500 rosos moitaeix kopoB u 500 romaos
MOJIOAHSIKA U HeTenel) u ¢ rwiomansto namuau 1800 ra.
VYcTaHOBNIEHO, [0 A1 KOMMEPUYECKOTO HCIOIb30BaHMS
IOCJIe BHECCHMS Ha MOJA OCTAeTCsl TOJIBKO OIHA TOHHA
JWUTecTarTa, MPUOBLIL OT MPOJaKH KOTOPOTO CYIIECTBEHHO
HEe  BIMSIET Ha  pPEHTA0eTbHOCTH  OHMOTa30BOTO
mpousBonacTBa.  CpOK  OKymaeMocTH  OHMOra3oBOi
YCTQHOBKH TIPH 3TOM COCTaBIsieT 6,4 Tola M 3aBUCHUT OT
ce0ecTonMoCTH MPOU3BOJICTBA Ouorasa. [pu
KOMMEPYECKOM HCIIOJIb30BaHMH BCETO IPOHM3BEICHHOTO
3a ToJ JAWrecrata CpOK OKYyIIaeMOCTH Ouora3oBoi
YCTAaHOBKHM CHIDKAETCsl 10 OJHOTO Toja M HIDKE M He
3aBUCUT OT Ce0ECTOMMOCTH IIPOM3BOACTBAa Ouorasa, a
BIMSHHUE «3€JICHOro» Tapuda Ha CpPOK OKYIIaeMOCTH
O1ora30BON YCTAaHOBKH HUBEIUPYETCH.

KaroueBble ciioBa: aurecrar, Xuakas Qpaxmus,
TBepmas (¢pakuus, Owora3z, OwWorazoBas YCTaHOBKA,
KocyOcTpar, cyoctpar, HaBo3 KPC, cpok oxymaemocTH,
SKOHOMIYECKast (P (HEKTUBHOCTb.

EFFICIENCY OF DIGESTAT OF BIOGAS PLANTS
V. M. Polishchuk, D. A. Derevianko, S. A. Shvorov,
Ye. O. Dvornik, T. S. Davydenko

Abstract. It has been established that the digestate of
biogas plants is a valuable organic fertilizer that is quickly
absorbed by plants, contains a complex of macro- and
microelements necessary for plant growth, has a high
content of readily available nitrogen for plants, has a pH
level close to neutral and does not contain viable weed
seeds and pathogens. microflora. It is technically difficult
to make untreated digestate into the soil, so it is pre-
divided into solid and liquid fractions on separators. A
major problem with the commercial use of digestate in
Ukraine is the lack of its standardization. When applying
digestate to the company's own fields, which owns the
biogas plant, the standardization of its quality is not
critical. However, the lack of a standard for digestate as a
high-quality organic fertilizer significantly limits its use.
The needs for digestate were determined to restore soil
fertility and fertilize crops in and with a herd of
1,000 cattle (500 heads of dairy cows and 500 heads of
young cattle and heifers) and with an arable land area of
1,800 hectares. It is established that only one ton of
digestate remains for commercial use after application to
the fields, the profit from the sale of which does not
significantly affect the profitability of biogas production.
The payback period of the biogas plant is 6.4 years and
depends on the cost of biogas production. With the
commercial use of all digestate produced during the year,
the payback period of the biogas plant is reduced to one
year and below and does not depend on the cost of biogas

production, and the impact of the "green" tariff on the
payback period of the biogas plant is leveled.

Key words: digestate, liquid fraction, solid fraction,
biogas, biogas plant, cosubstrate, substrate, cattle manure,
payback period, economic efficiency.
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Anotanis. CraTTs TpPHUCBAYCHA AaKTYaJIbHOCTI
JUCTAHIIMHOTO  HAaBYaHHS B  CYJacCHHX  pealisiX.
PosrnsHyTi pi3HI MiAXOOM AWCTAaHIIMHOTO HABYAHHS Ta
pearyBaHHS CTYACHTIB TEXHIYHHMX CIEIiaJbHOCTEH Ha
Taky (opMy HaBYaHHS, TMepeBard Ta HEHOJIKH
JMCTAHIIIHOTO HAaBYaHHs, MPOOJIEMH, L0 MOBCTAIN MPU
MOBHOMY JIMCTaHLilOBaHHI. Bunineni ocHoBHI akTopwy,
IO BIUIMBAIOTH Ha SIKICTh 3aCBOEHOIO MaTepialy MNpu
JUCTaHINHHINA (OpMi HABYAHHS.

KarouoBi  ciaoBa: cydacHi  TeleKoMyHikauii,
iHpopMamiiiHe OCBITHE CepemOBHINE, OCBITHIM mporec,
METOIWYHI Ta CTPYKTYpHO-(DYHKIIOHATBHI BHUMOTH,
eNeKTPOHHI Kypcw, elearn.nubip.edu.

IHocranoBka npodaemu

OctaHHi MBpPOKYy HE 3HUKAE€ 3 BYCT BUYMTENIB,
BUKJAQMA4iB T4, B3araji, TIPOMAJSH HaIIOi KpalHu
CJIOBOCITOJIYYCHHST «TUCTAHIlIiiHe HaBYaHHs;». | TUTbKH 3
OISy Ha OCTAaHHI MOJIl, MIO MOTPSCIN BECh CBIT, IX
3aTSDKHUW  XapakTep, JMCTaHLiiHAa ¢GopMa HaBUaHHS
HaOynga HOBOTO 3BYYaHHS, HacaMIepel, SIK peaizamis
HaBYaHHS 3a JIOTIOMOTOI0 BUKOPHUCTAHHS iH(POPMAIIHHIX
TEXHOJIOTiH, CHUCTEMH YIpAaBIIHHA HABYAHHAM, IO
CTBOpEHI Ul pO3pOOJICHHS, YNPABIIHHS Ta IOIINUPEHHS
HaBYAJbHUX MaTepialiB OHJNAHH i3 3a0e3MeYeHHSIM
CIUIBHOTO JOCTYITy 0araTboX KOPUCTYBAYiB.

AHaJji3 ocTaHHIX J0CTiIKEeHb

TeopeTudHi AOCTIHKEHHS 3 MHUTaHb JAWCTAHIIHHOTO
HaBYaHHS O0a3ylOThCS HA METOMNOJIOTIYHUX  MpaIsIX
C. Apxanrenscekoro, 0. Babancekoro, C. ['oHuapeHka,
M. MaxmyToBa, €. [Tonora, B. Carapnu,
JI.  Burorcekoro, II. Tamemepina, I'. Kocrroka,
O. Marromkina, H. Tanu3izoi Ta iHmnX. 3HaYHUX 3YCHIIb
10 (GOpMyBaHHS CHCTEMH JUCTAHIIHHOTO HaBYAHHS
nokianu BueHi C. barumes O. Kipcanos, Y. Kynmcesuu,
I.  OropomuikoB, O.Ilexora, JI. PomanummuHa,
I'. Cixopcekuit, 1. Xapnamos; mcuxosiorn b. AHaHbEB,
I'. banmn, B. BuroBcbkuii, M. JlanwmoB Ta iHm, y
TBOPUOMY  JOPOOKY  SKHUX  aHATI3YEThCS  IPOIEC

IHAMBiTyami3amii OCOOHCTICHO Opi€EHTOBAHOTO HaBYAHHS
[1-5].

Merta gociiakeHb

[NopiBHsiibHA OLHKA Pi3HUX (OpM AMCTAHIIHHOTO
HaBYaHHS, SIK CaMOCTiHHOT poOOTH, Tak 1 HABYaHHS NpPHU
MOBHOMY  [UCTAHI[IIOBAaHHI IiJi Yac BHMYIICHOIO
KapaHTHHY, 3[1HCHEHHS MOHITOPHHTY SIKOCTI 3HaHb NpPHU
pi3HUX peanisiX HAaBYaHHS], a TAKOX BHUIUICHHS OCHOBHHUX
mepeBar Ta HEAONIKIB JAWCTAHIIHHOrO HaBYAHHSA HPH

BUKJIAJaHH1 JTUCIIUTILUIIHA «besmnexa pari Ta
JKUTTEMISIIBHOCTI UTS CTYICHTIB TEXHIYHUX
cHeniaJIbHOCTEN.

Pe3yabTaTH a0caiTKeHb

Jucraniiiine HaBYaHHs BHHUKIO y 1840 porri, konu
Icaak IliTMan 3anpornoHyBaB HaBYaHHS Yepe3 MOIITOBUI
3B'30K sl cryneHTiB Aurmii [2]. Y 70-i poku Taka
(dopMa HaBUaHHS IMOYaNa CBid PO3BHTOK B €Bpor Ta
Awmepuri. 3 2000 poxy 3ampoBaIKYETbCSA IUCTAHIlIIHA
dopmMa HaByaHHA 1 B VYKpaiHi Ta pETYIIOETHCS
Konmermiero po3BUTKY AMCTaHIIHHOI OCBITH B YKpaiHi i
[Monmoxennssm mpo auctaHniiHy ocBity MOH VYkpainm,
ske Oymo 3atBep/pkeHe Hakazom Ne 40 MinicTepcTBa
ocBiTy 1 Haykn Ykpaiam Bix 21.01.2004 p. o peui, came
B 1bOMY JOKYMEHTI HaBEJICHO BH3HAYCHHS MOHATTS
«IMCTaHIIiHE HABYAHHSY 1€ 1HIMBIIyalli30BaHUN TIPOIEC
nepenaHHs 1 3aCBOEHHS 3HaHb, YMiHb,  HaBHYOK 1
Croco0iB  Mi3HABAJIbHOI  JISUTBHOCTI  JIFOAWHH,  SKHH
BiJOYBA€THCS 32 OMOCEPEIKOBAHOI B3a€EMOIIT BIIAIICHUX
OIMH  BiJ ~ OJHOTO  yYacHUKIB  HaBYaHHI Yy
Crewiajli30oBaHOMy CEpeIOBHIII, K€ CTBOPEHE HA OCHOBI
Cy4acHHMX TIICMXOJIOrO-TIe/IaroTiYHUX Ta iH(pOpMAaIliifHO-
KOMYHIKaI[IfHUX TEXHOJIOTiH.

B HauionansHoMy yHiBepcureTi OiopecypciB i
NIPUPOJTOKOPUCTYBAHHS VYkpainu 3HAOMCTBO 3
JTUCTaHIIHOIO (opmoro posmoumHamock me y 2005-
2008 pokax. 1 Ha naHmii yac, came 3aBISIKM Hakaszy
peKTOpa B HAmIOMY YHIBEPCHTETI Oyli0 3aBYacHO
BpPETYJIbOBAHO THUTAHHSI OOOB’SI3KOBOCTI PO3pOOKH i
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ceptudikallii eIeKTPOHHOTO HABYAJbHOTO KypCy IS
KOXKHOI JMCHHMIUIIHM, a TaKO0X BIIJAJIEHOTO JOCTYIy 1O
IBOr0 Kypcy. B yHiBepcHTeTi CTBOpPEHHI BCi YMOBH IS
PO3BUTKY 5K IH(PPOBOI KOMIIETEHTHOCTI BUKJIAadiB, TaK
i CTBOpeHHsS  MaTepialibHO-TeXHIUHOI  0asm  [uis
BIIPOBA/KCHHS iHpOpMaLiHHIX TEXHOJIOTIH B
YIOpPaBIiHCBKY Ta HAYKOBO-OCBITHIO MisuThbHICTH [1, 2].
Tpeba BIIMITUTH, IO 332 OCTaHHI POKH BIPOBAIKCHHS
MOBHOI[IHHOTO JUCTaHLIHHOTO HaBYaHHS B YHIBEPCHTETI
rajJbMyBaJOCh CIa0KUM IPOPOOJICHHSAM METOJOJIOTIYHUX
Ta MCUXOJIOTO-NIeIaroriyHUX 0COOINBOCTEH ANCTAHIIHHOT
OCBITH, JIy’K€ BHCOKMMH BHUMOTaMH JI0 «BIPTYaJIbHOTO»
BHKJIanava. BumingeTscs ¢akTop MEBHOI HEIOCTaTHBOL
KBawi¢ikamii BUKIanaviB Ta MpoodiieMy iX MiATOTOBKH Ta
MIEPEeMiATOTOBKH, KOHCEPBATU3M Ta HE TOTOBHICTH IO
HOBOBBeIeHE [6]. Ocob6mBoOIO POOIEMOIO € HEJOOIIHKA
MOXJIMBOCTEN IHMCTAHIIMHOIO HaBYaHHS BHKJIaJadaMK
CTapIIUX BIKOBHX TPYI, SIKi BBaKalOTh JHCTAHIIHHY
OCBiTY, fK, BTIM, 1 3a04Hy (opMy HaBUYaHHS,
HEMOBHOLIHHOIO, TaK $K MJ dYac AWCTAaHLIHHOTO
CKJIaJIaHHsI TeCTy a00 iCITUTY HEMOXKIIMBO BiJICTCIKUTH il
crymenrta [7]. Jlyxe CKIagHO 00’€KTHBHO JaTH OI[HKY
3HaHb JIFOJUHI SKa I/l 4ac CKJIaJaHHs TecTy abo iciuTy
MOXKE BHKOPHCTOBYBAaTH [HTEpHET, HaBYAIbHI MaTepiaiy,
JOIIOMOTY ~ TpeThoi ocobm Xowa 1 mpobiema
BHPIIITYETHCS.

CaMme B HamIOMy YHIBEpCHTETi, B TOJOXEHHI IpO
OOMK 1 IUTaHYBaHHSA TIEJArOTiYHOTO HABAHTAXKCHHS
BPaxOBYIOThCS TOJMHN, BUTPAUEHI HE JMIIE HA CTBOPCHHS
Ta OHOBJICHHSI €JIEKTPOHHUX HaBYAIBHUX KYpCiB, a U X
BUKOPHCTaHHS y Tpoleci HaB4aHHA cTyJeHTiB. Lle
CTBOPIOE MOTHBALfHUII piBeHb SIK JO pPO3pOOKH
JMUCTAHI[IHHOTO  KypciB, Tak 1 g0 pobotu 3
JMCTAHIIHHUMHM TEXHOJOTiIMH. Buxoasdu 3 Hamoro
MOTIepeIHbOro  JIOCBiy ~ poOOTH 3 HaBYaJbHO-
iHpOpMaLifHIM  TOPTajoM, 3BEPTaEMO yBary Ha
HEOOXIJHICTh MOCTIHHUX MPaBOK i OHOBJICHb Ha KOKHOMY
Kypci, OCOONMBO BHXOIIYH 3 pealiii BigmaneHoro
HaBYaHHSA. TiTbKM 3aBOSKHM HENEpepBHIA poOOTI 3
JUCTAHIIMHUMHM ~KypcaMH BJAJIOCh, IIPAaKTHYHO, HE
MIHATH TEMIy 1 SKOCTI BHKIAQJaHHSI MaTepiainy.
3BHYaiiHO, MOCJHAHHS  JUCTAHIIMHUX  METOMIB 1
ayAUTOpPHOI pOOOTH - 1€ HE TUIBKM CKIIAQJHO, alie i
3abupae 6arato 0coOUCTOro vacy. Ase, B HaJ3BUYalHUX
YMOBax KapaHTHUHY, CTpaTeris YyHiBepCUTETy Ha
BIIPOBAJIKEHHS iHpopManiifHuX TEXHOJIOTiH B
HaBYAJIbHHUN TMPOIEC V MOETHAHHI 3 TPOQecioHaTi3MOM i
caMoBiJIader0 BUKIagadiB QakynpreTy [H(popMariiHux
TEXHOJIOTiI 3 BJIOCKOHAJICHHS €-OCBITHBOTO KJIacTepy
YHIBEPCUTETY JO3BOJMJIO 3 YECTI0 BHPIIIUTH BCi
po0JIeMH He 3HWKYIOUH SIKICTh HaBYaJIBHOTO TIPOIIECy.

3rinHo IlonoskeHHs PO OpraHi3amilo OCBITHHOTO
mporiecy B HVYBIll Vkpainu(3arBepmxeno BueHoro
panoro HVYBIll VYkpaiam Big 27 OGepe3ns 2015 p.
mpotokos Ne7) iHTerpoBaHa HaBYajbHA JUCIHITIIHA
«besmeka mpari Ta >KATTEMISUTBHOCTI» MICTUTh MOAYII
«besmeka KUTTEMIAMBHOCTI», «OXOpoHa mpami» Ta
«IuBineHa obopona» (4 kpemutu €KTC). BuxnagaHss
JMCUMILTIHK  3a0e3neuytoTh ABI Kadenpu: 3aranbHOl
€KOJIOTIT Ta Oe3IeKH KHUTTEMISUIBHOCTI Ta OXOPOHU Tparli
Ta IH)KEHepii CepeNOBHINA, BiIIOBITHO ICHYIOTH pi3HI
JUCTaHINHHI Kypcu 3 «be3leku >KUTTEMISUIBHOCTI» Ta
«OXOpOHHU mpari».

Jnst  Oimbm  00’€KTHBHOI  OIIIHKM  BUKOpPHCTaHI
pe3ysbTaTH HaBYalbHOI poOoTH CTyneHTIB I cemectpy:
Ha MeXaHIKO-TeXHOJIOTIYHOMY (bakympTeTi -
cnemiaipHiCTE «ArpoimkeHepis» (Al) — 1 kype, Ha
mefarorivHoMy (pakynbTeTi — cnenianbHicTh «CotianpHa
nemarorikan(CII), 3 kypc; Ha daxynpTeTi iHPOpPMAIHHIX
TEXHOJIOTiH — crnenianbHicTh «ExOHOMIYHA KibepHeTHKa»
(Exx) — 3 xypc; Ha ropunuaHomy — I[IPABO, (1 kypc); Ha
€KOHOMIYHOMY — CHemianbHicTh  «lliAnmpueMHHUIITBO,
TopriBiss Ta OipxoBa mismbHicTE» (BJ) - 1 kypc. B
oiloMy, 3a Hepliui ceMecTp Oynu —ompanboBaHi
pe3ynpTaTé ycmimHOCcTi 263 crymeHTiB. B apyromy
cemecTpi Ha Kypc aumciumuiinm «be3meka mpami Ta
KUTTEASUIBHOCTI» Oyno 3apaxoBano 320 CTyIOeHTIB:
MEXaHIKO-TeXHOJIOTIYHNH (aKynmbTeT — CIeMialbHICTh
«Tpancnoptai Texaonorii» (TT — 1 kypc); ekoOHOMIgHIIA
¢akymprer, 1 Kypc, cmemiampHOCTI — «EKOHOMIKa
mianpuemctBay (EKO), «O6mix i aymur» (OiA),
«DinaHcu, OaHKiBChbKa cnpaBa Ta crpaxyBaHHs» DiK;
Jicorocnopapchkuit dakynbrer, cneuianbHicTh «CanoBo-
napKoBe rocronapctBo» — 1-if ta 2-it kypcu; QakyabTer
iHpOpMAaIIHHIX TEXHOJIOTIH, cHeuiaibHICTh
«Komm’rotepHa imxenepis» (KI) — 3-i kypc.

3a mepmmii cemecTp Ul MOPIBHAJBHOI OIIHKM Ha
HapuanpHo-iHQOpMAamiitHOMy mOpTajIi BUKOPUCTaHHI JaHi
pe3ynbTaTiB  ycmimHOCTI 3 amcnumuiinn - «besmexa
KUTTERSIBHOCTI». B Tabmmmi 1 momaHi pe3ynbTaTé
YCIIITHOCTI, 1€ BiAMIY€HO TEPMiHM BUKOHAHHS 3aBJaHb,
BiJMOBITHO KaJICHAAPHOMY IUIaHI Ta BiICOTOK CTYIEHTIB,
mo cnpaBwiMCh 31 3aBmaHHsmu. 1o crocyerbes
ayauTopHOi poOOTH 000X AMCIMIUIIH - B KOXHIHN rpyti, 3
NepIIuX 3aHsATh, BUAULUIOCH B cepenHboMy 25 %
CTYZIEHTIB, SIKI 3aBXIU TOTYBaJHCh JO 3aHATh, HE
NPOINYyCKalIK Hi JIEKLiH Hi NPakTHYHMX 1, 3a3BHYaid, BCe
BYaCHO 31aBanu Ha mwiargopmi elearn. Ille, npubauzuo 30
% - me CTymeHTH, sKi, JEIIo, 3aTATyBalld 3 TEPMiHAMH
3madi  poOiT, ame, 0coONMBO TiCIA  HaraayBaHb,
BUKOHYBAJIH TIOCTABIICHI 3a7adi. ¥ BCIX IHIIMX CTYICHTIB
NPOKHMIAJach HECTepIIHAa JKara J0 HaBYaHHA Iepen
MPOMDKHOIO aTecTamiero, abo 3a HEOUIF0 10 TOYaTKy
cecii. 3BepraeMo yBary, YCHIIIHICTh CTYACHTIB 3
JMUCHHIUTIH TPAKTHYHO 30irayiach. Buaiisuiack Koropra
CTYZIEHTIB, 1[0 MPOMYCKaJX ayTUTOpHI 3aHATTs (Oarato
CTYJICHTIB MPAIIOIOTh) 1 HEe OYJIM JOMYIICHI 3 AUCIUILIIHH
«OxopoHa mpaii», ajie TaK, sSK MPaIoBaIl JUCTAHIIHHO,
BYACHO IMepecyaBmu poboTH, 3 aucuuruiiHg «besneka
KUTTEAISUTFHOCTI» OTpuManu cepenHi 6amu. L{s mepesara
JMUCTAHIIITHOTO HaBYaHHs Oylla BiIMiYeHa CTyICHTaMH,
aJDKe, IPaKTHYHO, HEe TIOKUIAal0YM CBOTO POOOYOTO MICIIs,
MOXHA  IATPUMYBaTH  PETYISIPHUH  KOHTakT 3
BUKJIaJla4eM 3a  JIONIOMOTOI0  TEJIEKOMYHIKaI[iHHUX
TEXHOJIOTIH, Yy TOMY YHMCII Bil€03B’SI3Ky, Ta OAEPXKYyBaTH
CTPYKTYpOBaHUH HaBYAJILHUK MaTepiall, TpeCTaBICHUI
B EJIEKTPOHHOMY BWIJIAi. JlWcTaHIiliHE HaBUaHHS
CHOHYKa€ pO3LIMPIOBATH CBOT 3HAHHS, OBOJIOAIBIIN
HOBUMH CYYaCHUMH METOAAaMH KOMYHiKallii, J03BOJIsIE
MIPAIIOBATH Y BIIACHOMY TEMITi.

B nmpyromy cemectpi HaBYaHHS I0YaJoCh Y
3BHYaifHOMY pycii. Jo ToYaTKy MIOBHOTO
JIICTAHIIIOBaHHS CTY/AEHTH IPOCIyXaJd TPH JIEKI],
O3HaHOMHJIMCh 3 TPbOMAa IPAaKTHYHUMH, IOYAIN
npamoBatd 3 HaByanbHO-iHQOpMaiHHUM MOPTAJIOM.
Jlnst 3nificCHeHHST MOHITOPHMHTY, TaKoX, IpOaHali30BaHa
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YCHIMIHICTh CTYACHTIB pi3HUX (aKyabTETIB Ta KypCiB.  IMOKa3yroTh Tabmuii 1 1 2, HABYAHHS CTYICHTIB, 3arajioMm,
3aMImaeTbcss  TEHIEHINS  YCHMIIIHOCTI — CTYAGHTH  OUIbIN  Opradi3oBaHimie, a TepMiHH 34a4i  poOiT
MepIIoro Kypcy IMOKa3yIoTh Kpamli pe3ylbTaTH, SAK i3  IPAaKTUYHO  BIAMOBINAIOTH BCTAHOBIEHOMY  Tpadiky
TEPMIHOM 3124l TaK i 3 AKICTIO BUKOHAHUX POOIT. AJle, IK  HABYAIBLHOTO IIPOIIECY.

Ta6muust 1. YcminmHicTs cTyeHTiB 3 Aucuuintiny «besmneka kutTeaisuibHOCTI» Ha ruiatdopmi elearn.
Table 1. Student performance in the discipline "Life Safety" on the platform elearn.

1 cemectp
Bepecens ’KoBTeHn JIMCTOIIA, IrpyJEHb
';1 E THXKHI Iy | v I II I | 1v | I | 1ur|1v I II 111
& & [ Nepodir | 1 2 3 (G |4 5 |6 |7 8 | C
= 1* 10 | 15 18 18 |23 |43 144 |44 |46 |47 |47 |48 |98
B 2 15 14 |14 |23 |24 |42 |43 |43 143 |44 |97
° 3 15[ 15 18 | 20 25134 135|136 [41]96
% o 4 10 | 25 26 | 46 | 47 | 47 | 48 | 92
= S 5 1515|16 |30 | 36|94
2 o 6 152021 [28]093
g | 7 35|36 |43 |98
3 8 26 | 93
E C1** 15| 15 | 15| 15 |15 |15 (45|45 |45 |90
© C2 24 | 24 | 24| 24 |24 12414041 |41 |67
' 9123124 |26 34 138 |45 48 67 |68 |74 | 78 84 | 89 98
R 2 24 | 25 30 | 32 32149 |54 |58 |71|74 |[94]098 99
,'S 3 22 | 39 60 |64 |65|66|74 |75 89 | 97 99
g . 4 28 |43 | 45|66 |69 |75 94 | 98 98
E é 5 27 129 | 34 | 76 90 | 98 98
a 6 27 | 34 | 76 90 | 98 98
2 7 28 | 46 86 | 89 97
2 8 27 190 98
g Cl 45 67 70 78 | 88
= 2 67 | 70
*Hymeparist mpakTHIHUX pooiT. ** CaMocTiiiHI poOOoTH, 0 HEOOOB I3KOBI [IJIsI BAKOHAHHS.
Taduuust 2. YcninHicTs cTyAeHTiB 3 aucuumtinu «OXopoHa mpaili» Ha ratdopmi elearn.
Table 2. Success of students in the discipline "Occupational Safety" on the platform elearn.
2 cemectp
Jlroruit bepesenb KBiteHnp TpaBeHb
'? 5 THXKHI I I | ar | v | II I | 1v 1 I | uar|1v I II 111
§ E [Nopodir | 1 2 3 [C |4 5 |6 |7 8 | C
1 8 22|24 27 35|38 |46 )48 68 |69 | 79 | 81 85 | 90
o 2 23 | 25 32 134 3652 56 | 57 | 713 | 76 95 | 98
E S 3 28 |40 |60 |61 66 | 67 | 78 | 79 89 | 97
2~ 4 28 |41 | 45|61 |68 )87 93 | 97
S A 5 27 130 | 36 | 76 87 | 98
5 6 27 34 (76|90 | 98
= 3 7 28 46 |89 |94
ol 8 22 | 86
= Cl1 35 |39]57 68 | 70 | 71 | 76 79 190
C2 28 29 129 |30 |30 |34)47
1 20 | 34 |37 |49 98
9l .. 2 18 | 39 65 | 97
e : 3 45 | 90
89 4 48 | 90
g & 5 36 | 97
ol § 6 20 | 87
g e 7 15 | 67
E g 8 22 | 78
=
@) C1 5 |15 20 | 23
C2 13|14 |23 |24
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VYCHinmHICTh CTYACHTIB 3JIUIIAETECA CTAOUTLHOIO —
25%-28% ciyxa4iB y KOXKHii IpyIi NOKa3ylOTh BiAMiHHI
3HaHHS, BIAMNOBIAHICT TOCTABJICHHUM 3aBIAaHHAM 1
OTIpAIFOBAHHSA JICKIIHHOTO MaTepiary JaHol TEMHU.

Axmo  crymentn 3 gumcmmmiinkn - «besmeka
KUTTENISTIPHOCTI» 3 MOYaTKy CEMeCTpy HaBYAIHCH |
AyJUTOPHO 1 MPAIFOBAIH JUCTAHIIIHHO, TO 3 JUCIUILIIHU
«OxopoHa Tmpami» MoYajad MpaloBaTd Ha Iuatdopmi
Elearne  Tinbkm  micns  mepexoqy — Ha  IIOBHE
NUACTAaHLIFOBAHHS.

SIkmo 3BepHyTH yBary Ha TabmMmio 2, IO
XapaKTepU3y€e YCHIIIHICTh CTYACHTIB 3 «OXOpOHH Iparti»
IOMITHA 3HIDKCHAa AaKTHBHICTH CTYIEHTIB MPOTITOM
BCchOro cemectpy. Tomy, Ha Hamy OyMmMKy, edekr
MUACTAHIIMHOTO HaBYaHHS 3aJI€KHUTh BiJ TOr0, HACKIIBKU
pEryJIsipHO HaBYAETHCS CTyIEHT. [1ociiJOBHE BUKOHAHHS
KOHTPOJIbHO-IarHOCTUYHKUX 3aB/aHb, MIIAHOMIpPHA 3/1a4a
TECTOBHX 3aBJaHb Ta >OPCTOKAa CAMOJUCLUILIIHA i

CaMOKOHTPOJIb  3a0e3Nedye YCHIlIHICTh y 3aCBOEHHI
MaTepiaiy. 3BepTaeMo yBary Ha CTY/CHTIB
JIICOTOCIIOAAPCHKOTO (daxynbrery, CreLiabHICTh

«CaoBo-apKoBe rocmoaapctBo» 2 kypcy. CryneHTH
MMO3HAWMOMMIIUCH 3 BUKJIAaueM TUIBKH IICIIS MEPEeXoay Ha
IUCTaHIiHY ¢opMmy. Pesympratm ix  ycmimrHOCTI
TOBOPSATH caMi 3a cebe 1 MiIKPEeCIIOI0Th OIHH i3 HETOIIKiB

MOBHOTO JWCTAHLIIOBAaHHA — HEMOXIIMBICTb HPSIMOTO
CNJIKYBaHHA MDK CTyIGHTaMH Ta BHKJIaJadeM, II0
mo30aBise  eMomiiiHOTO  3adapOyBaHHS  IOTAHOTO

MaTepiary. AJpkKe OUIBINICTE TpamuIlifHUX — JIEKIIH,
CeMiHapiB Ta TPEHIHTIB HaWOiNbIIe 3amam’ s TOBYIOTHCS
HE 3HAaHHSIMH, SKI OTPHUMYIOTBCS, a EMOLIsIMH, SKi
BiZIYyBaJIMCS B IPOLIEC HABYAHHSI.

Ha noyatky AMCTaHLIHHOIO HABYAHHS OJpa3y X
3BEPHYJIM YBary Ha CKJIaIHICTh PO3YMIHHS CTYICHTaAMH
3aBlaHb, 110 IPU3BOAMIO 10 30UIBIICHHS HaBAHTAKCHHS
Ha BHUKJIAAAYiB (CTYJCHTH YACTIllle BUXOIMIN HA TIPSIMUMA
koHTakT uepe3 Viber i TenedoH, pO3MUTYIOYH TIPO
BUKOHAHHSA THX YH IHIIUX 3aBAaHb). |HKONIHM BHUHHKAIH
OYMKH, IIOJO HAmoi KOMIIETEHTHOCTI  abo XK
BIIMIOBITHOCTI KYpCY KpPHUTEPisiIM HAayKOBO-3MiCTOBHHX,
METOJMYHHX, CTPYKTYpPHY-(QYHKIIOHATHPHHX BHMOT. Yu
HE JIONYIIECHI NMOMWJIKK y TNpOLECi CTBOPEHHS PecypciB
came TeJIaroriYHoro xapakrepy?

Ipu onpaifoBaHHi MHUTaHb, SKi 33Jal0Th CTYICHTH,
3BepTAIU yBary Ha Te, IO HE 3aJeKHO BiJ KypCcy Ta
cnemianbHocTi  21%  (cepemHe 3HAYCHHA 3 JABOX
JTUCHUIUTIH) CTYICHTIB 3 KOXHOI TpymHu 0e3 KOTHUX
3alMTaHb 1 BYaCHO HAJCHJIAIOTh BUKOHAHHI 3aBJaHHS.
OTXe, CYMHIBH IIOJO BANiTHOCTI CKIQJCHUX 3aBJaHb
Bignmamae. HameBHO, chnpanboBye NpPUHINIL, SKAA MU
Ha3BaH «IpuHIHI 12 kimacy». CTyIeHTH MepIIuX KypciB
(GaIMINAIOTBCS» y CTiHAX IIKOJHM, Ji€¢ HABYAIbHUMA
Marepiall TOJAEThCsI, SO B iHIIOMY PYCITi.

IIpo 1e cBiMYUTH TaKoX i 30iMbIIEHHI aKTHBHOCTI
CIyxadiB MicJIA MPOBeNEHHs Bineosiekmii. Tomy, gKmo a0
BBEICHHS KapaHTHHY CTYyICHTH MpalioBald  Ha
HaBuasbHOMy Toprami  elearn.nubip.edu, To mimguac
BimgasieHoi poOOTH MAyXe JIETKO aJanTyBajiuch 10
BIZICOJIEKIIH, NPAKTHYHO HE 3MIHIOIOUH aJITOPUTMY
po6otu (puc. 1).

BinMideHo, [0 KUIBKICTh CTYIEHTIB, sKi Oymu
NIPUCYTHI Ha BiICOJEKILIAX 3pocTalia, SKIIO 3a JIeHb, a0o,
HaBiTh, 332 KUIbKa TOIWH, OYJO HaraJyBaHHS BHKJaJIada

cTapocram, abo IoBimoMIIeHHS y Viber-rpymax, ocoOIMBO
cepen cTyaeHTiB 1 kypcey. Lle, me pa3 10BOANTH, IO MpH
HasABHOCTI MoTHBamii i OaxxaHHA 3a0€3MEYUTH SAKICHE
HaBYaHHS, CTYICHTH MOJIOANIMX KypCiB MOTPEeOyIOTh
OKpeMoi yBard i OLTBIIMX BUTPAT Yacy Ha MiATOTOBKY IO
3aHATh. HamisITHCh Ha CBIZOMICTHP Ta CaMOCTIHHICTH
CTYJICHTIB Ta iX CAaMOJUCIHUILTIHY HEMA€e CCHCY.

gy
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Puc. 1. Bineosnekuis Ha miatdopmi Moodle.
Fig. 1. Video lecture on the Moodle platform.

OpHiero 3 HaHBAXIUBINX MpoOJIeM HaBYaHHS B
CHCTEMI JUCTAHIIIIHOI OCBITH € SKICTh CAMOTO MPOIIECY.
B Oinpuiocti BUIAAKIB BOHO BU3HAYAETHCS pPIBHEM
3aCBOEHHSI TEOPETUYHOI'O Marepiany, SIKMH CTyIeHT
OTPUMYE TIPH CaMOCTIHHOMY YHTaHHI cnaiin-nexuiin. He e
CEKpEeTOM, IO JEsKi CTYJIeHTH BIAKIANAIOTh IO POOOTY
Ha «Kpail yacw», a iHOZl i 30BCIM HE YHTAIOTh JICKIIiH
o6 YCYHYTH TaKi HerapasJu, HEOOXiTHO
OpraHi3OBYBAaTH TIOCTIHHWH 1 [il04Mii KOHTPOJH 32
JIOTIOMOTOIO CITEIialIbHO IMirOTOBICHUX TecTiB. [lopsy i3
3BUYAalHUMHM TeCTaMW 3 3aBIaHHSAMHU 3aKPUTOTO THUILY,
JIOLIJIBHO 3aCTOCOBYBATH 1 Taki (hOpMH KOHTpOIIIO, sIKi O
JIO3BOJISUIM JIaBaTH MPH TECTYBAHHI PO3TOPHYTY BiIOBi/Ib
(BimKpHTI Ta IHTETPaTHBHI TECTH).

[Ipu migBeneHHI KiHIEBUX PE3yNbTaTiB MU 3BEPHYIH
0COONMBY yBary Ha YCIINIHICTh CTYJIEHTIB INpH 37adi
ek3aMeHiB Ta 3amikiB. Came, 3a3HadyeHH BHIIE (BakTop
MIPOAYMAaHUX TECTIB, ITOKa3aB BCIO MPOOIeMy caMOCTIHHO1
MiJrOTOBKHU CTyNeHTiB. Ha xaib, Sk cBiguaTh pe3ylbTaTH
(puc. 2 i puc. 3), MOPIBHSHO 3 HEPUIUM Y BECHSIHOMY
CeMECTpi CTyJICHTH IOKa3ali Habararto ripii pe3ynbTaTu

YCIHIITHOCTI.
[Ipn MoHITOpHHTY BiANOBiAEH HA 3aJ1iKOBI NUTaHHS,
0cOONMMBO ~ TEOPETMYHOrO  Marepiasy,  BigMmideHa

HEJIOCTATHICTh MiATOTOBKH. Benuka KiIbKICTh CTYJCHTIB,
KOPHCTYIOYHCh MOJJIMBICTIO O€3MIpHHM JOCTYIIOM JO
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IaTepHeT — pKepen, naBand HEBipHI, HeoOmyMaHi
BIMOBIi, IO MOSICHIOBAJIOCHh HEOKAHHSAM TPAIIOBATH 3
TEOPETHYHNM MatepiasioM. I, xoda, Oynm mpoBeneHi Bci
BiJICOJIeKIii, IO BiINOBigaN KaJeHIApHOMY IUIaHi, aje,
MO-TIepIIe BiZICOTOK CTYNEHTIB, MPUCYTHIX Ha JEKIIiSIX

OyB Habarato MEHIIMM, TO-APYre TIAbKH HE3HAYHA
KUTBKICTh CTYIEHTIB TICHIs BIiZCOJEKIiH, CaMOCTIiHO,
MIePEYNTYBAIH, OOTIPAIILOBYBAIIN TPOHICHHUIA MaTepiall.

80%
70% —
60%
°T — OBigminHo
50% + — 06
o6pe
40% 1 pe
30% 12 O3aposinbHo
20% OHesaposinbHO
6 4+
10% 1 —|—
o% T T T
Mpaso 1k EKK 3K Cn 3k BA 1k
Puc. 2. AtecraniifHa yCIiIIHICTh CTYICHTIB pi3HUX (akyabTeTiB I cemectpy.
Fig. 2. Certification success of students of different faculties of the first semester.
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Puc. 3. AtecrariifHa yCIinHICTh CTYICHTIB pi3HUX (akynbTeTiB I cemecTpy.
Fig. 3. Certification success of students of different faculties of the second semester.

BucHoBkH

1. JlucraHiiiiHa OCBiTa MO3WTHBHO BIUIMBAE Ha
CTYJICHTA, 301IBIIYIOUH Horo TBOpUYUH Ta
IHTEJCKTYaIbHU I MOTEHITia 3a paxyHOK
camooprasizanii, NparHeHHs 10 3HaHb, YMIHHS BOJIOJITH
KOMIT'FOTEPHOI0 TEXHIKOI0 1 caMocCTiiiHO mnpuiimMaru
BIINIOBIJAJIbHI PillICHHS;

2. Cucrema JHCTaHOIHHOTO HaBYAaHHI HE €
MIPOTHOOPYOI0 CTOCOBHO ICHYIOWMX OYHOI Ta 3a04YHOI
(opM HaBYaHHS, HE 3allepedye HasBHI OCBITHI TEHICHIT
i, BUXOJISYM 13 CHOTOJHINIHBOIO HAA3BHYAWHOTIO CTaHy
IHTErpyeThCs B Il CUCTEMH, JIOTIOBHIOIOYH 1 PO3BUBAIOYN
iX.

3. Ilpu moOpiBHAHHI 3 AayIUTOPHMM HABYAHHSM
CTYICHTIB HaBYaHHA TP TOBHOMY IHMCTaHIIFOBaHHI
BiJPI3HSIIOCH OIIBIIO0 IIIABHICTIO Ta OPTaHi30BaHICTIO;

4. Pe3synbTaTH AWMCTAHILIHHOTO HABYAHHS 3aJIC)KATh
Bil 3JaTHOCTI CTYAEHTIB JO CaMOCTidHOI poboTH, iX
CBIJJOMOCTI Ta CaMOJUCLMILTIHU;

5. HasBHICTP TOCTIHOTO KOHTPOIIO 3
BHKJIAJlaya  MiJBUINYE  MPOAYKTUBHICTH i
JUCTAHI[IITHOTO HABYAHHS;

00Ky
SIKICTB

6. Bucoka KBaiiKaris BUKJIaa4iB npu
BiJIaJICHOMY MUCTaHI[ITHOMY HaBYaHHI 3a0€3MedyeThCs
6araTopiuyHOIO MPOJYMAHOI CTPATETIEI0 YHIBEPCUTETY Ta
MOCTIHHOIO ~ MOJICPHI3AIi€l0  Ta  BIOCKOHAJICHHSIM
EJIEKTPOHHHX KYPCIB.
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®OPMbI IMCTAHLIMOHHOTI O TTPEIIOJAOBAHN A
JUCHUTTJIMHBI «<bE3OITACHOCTD TPYAA 1
KUSHEAEATEJIIBHOCTU» CTYJEHTAM
CIIELIUAJIBHOCTH ATPOMHXXEHEPI A
JI. E. [Tuckynosa, T. A. 3ybok

Annortanusi. CraThsi NOCBSILIEHA aKTYalIbHOCTH M
npobiiemam JMCTaHIIMOHHOTO o0pazoBaHus B

COBPEMEHHBIX pealnsax. PaccMOTpeHbI pasHble HOAXOIbI
JUCTAaHIMOHHONH y4eObl ¥ pearHpoBaHHE CTYICHTOB
TEXHUYECKHUX CHEeIHAIBHOCTEH Ha Takylo Gopmy ydeOsl,
NPEUMYIIECTBA M HEJOCTATKH AWUCTAHIMOHHOH Y4eOsl,
npo06IeMbl, BO3HHUKIINE IIPH MOJIHOM AWUCTaHIMPOBAHHH.
OmnpeneneHbl OCHOBHBIE (aKTOPHI, KOTOPHIEC BIHSIOT Ha
KayeCTBO YCBOGHHOIO MaTepHasia IpH JWUCTAHIMOHHOMN
(dopme 0Opa3oBaHuUsL.

KoueBsie cjioBa: COBpEMEHHBIE
TEJICKOMMYHHUKaIUK, MH(GOpPMAalMOHHasi ydyeOHas cpena,
yueOHBII Ipollecc, METOJMYECKHe W  CTPYKTYPHO-
(GyHKIMOHANBHBIE TpPeOOBaHUS, 3JIEKTPOHHBIE KYypCHI,
elearn.nubip.edu.

FORMS OF DISTANCE EDUCATION
OF DISCIPLINE "LABOR AND LIFE SAFETY"
FOR STUDENTS OF SPECIALTY
AGROENGINEERING
L. E. Piskunova, T. O. Zubok

Abstract. The article is devoted to the relevance and
problems of distance education in modern realities.
Different approaches to distance learning and students'
response to this form of learning, the advantages and
disadvantages of distance learning, the problems that
arose with complete distance are considered. The main
factors that affect the quality of the learned material in the
distant form of education are determined.

Key  words: modern telecommunications,
information learning environment, educational process,
methodological and structural-functional requirements,
electronic courses, elearn.nubip.edu.
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Abstract. Development of new steels in mechanical
engineering to create alloys with predetermined properties
that can minimize material and labor costs during their
processing.

Optimization of the chemical composition of the alloy
based on the analysis of the impact of complex alloying on
the structure and consequently on the manufacturability of
steel. This will reduce the level of internal intensities in the
heat treatment process.

Based on the analysis of existing trends in mechanical
engineering, it is established that the complexity of modern
parts of gearweels imposes on the material increasing
technological requirements for stamping, machinability,
weldability, hardenability, cementation and gouging in the
hardening process which explains the need for alloying
steel via a certain group of chemical elements. The
influence of different compositions of steels for gearweels
on the level of internal intensities occurring in parts during
heat treatment is studied. The optimal composition of
complex-alloyed cementing steel is established.

Key words: alloying, steel, gouging,
intensities, gearweels, cementation, austenite.
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Introduction

Modern technology makes higher and higher demands
in terms of operational properties on construction
materials, and serial and mass engineering does in terms of
their manufacturability. Development of new compositions
with the optimal ratio of physical, mechanical and
technological capabilities in the field of cementing steels is
complicated due to insufficient information about impact
of their composition on these characteristics. In addition,
the information available is inconsistent and is mainly of a
qualitative nature.

There is still insufficient data on relationship between
various properties of cementing steels. This does not allow
to predict these properties significantly increasing the
efforts required when choosing a material with a given set
of properties.

At the same time, insufficient manufacturability of
steels for gearweels, namely the high level of gouging
during chemical and heat treatment requires additional

finishing operations which significantly reduces the
economic performance of production.

Formulation of problem

The practice of operation of root harvesting machines
confirms that about 30% of all failures are on conveyor
belts. Conveyors of some machines sometimes do not
provide even seasonal operation and need to be repaired or
replaced during operation [1]. During unstable operating
modes, the traction elements as well as the drive elements
are under dynamic load. It is known that significant
dynamic loads are observed when starting the conveyor, its
output at operating speeds, as well as when stopping or
jamming the web [2]. Significant dynamic loads are an
undesirable phenomenon and are among the significant
factors that accelerate the operation of the conveyor belt
and drive elements [3].

During the start-up of the chain conveyor in the
traction link of the web there are dynamic loads, the
magnitude of which mainly depends on the excess force or
duration of start-up [4]. Under the action of pulses that
create acceleration, small elastic oscillations occur in the
elements of the system [5]. The latter lead to an increase in
inertial loads in comparison with their average values,
which are determined by the laws of motion of an
absolutely rigid body [6]. In the conditions of
inconsistency of speeds of all or some elements of the car
such sizes, as duration of the periods of start (acceleration)
and braking [7], overload of the engine and transfers, can
be defined only on the basis of dynamic calculations at
which both instability of speed during movement [8], and
inertia of masses, involved in the movement process [9].

The aim of the work is to increase the efficiency of
chain conveyor by reducing the dynamic loads acting on
the drive elements of the bar conveyor and the working
bodies of the canvas [10].

Analysis of recent research results

Choice of steel grade is determined by the operating
conditions as well as based on the technological
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capabilities of equipment [11]. A comprehensive analysis
of steel grades used for heavy-duty gearweels is performed
in [1]. Analyzing this work, we can conclude that the
choice of material largely determines use of the appropriate
reinforcement technology [12]. Medium-carbon steels
from which high-modulus gearweels are made are subject
to surface reinforcement via reinforcement by high
frequency currents followed by low or medium tempering
[13]. This process is highly productive. In addition, it is
characterized by a minimum level of gouging of parts in
the heat treatment process which significantly simplifies
the finishing operations [14].

However, comparative studies of the microstructure,
thickness and hardness of the reinforced layer, internal
intensities, contact fatigue strength, wear resistance [15],
the effect of tempering temperature on the hardness of the
surface layer of gearweels reinforced by volumetric
reinforcement, induction surface reinforcement and
chemical heat treatment have showed that induction
reinforcement can not be used for critical parts due to
possibility of such phenomena as self-tempering, edge and
root cracking of teeth, overheating, melting and spotting.

Use of chemical-thermal treatment provides an
increased performance of the reinforced layer in
comparison to induction surface reinforcement [2, 5]. It is
noted that the surface reinforcement via chemical-thermal
treatment doubles the service life of gearing versus the
volumetric hardening [16]. Therefore, the chemical heat
treatment should be considered as the most promising
technology for gearweels’ strengthening.

Japan has been a recognized leader in the
development of cementing steels for the last two decades
[3, 4]. To prevent appearance of anomalous structures
during chemical-thermal treatment, the steel with the
following content of alloying elements (in percent) is
proposed: carbon (0.10...0.40), silicon (0.50), manganese
(0.05), chromium (0.35), aluminum (0.01), nitrogen
(0.0045), nickel  (0.20..0.50), or molybdenum
(0.10...0.25), as well as boron (0.003...0.005), or niobium
(0.01...0.15), vanadium (0.01...0.10). This reduces the time
of cementation and increases the fatigue strength.

It is observed by analyzing the chemical compositions
of cementing steels that there is a tendency to reduce the
content of nickel in steel. This is dictated primarily by
economic considerations. Decrease in content of alloying
elements such as silicon, manganese and chromium in steel
is determined by their high chemical activity against
oxygen which increases the internal oxidation at high
temperatures  occurring during cementation and,
consequently, reduces the full range of performance [17].
The presence of niobium, cerium, titanium, vanadium, and
boron alloys in chemical compositions is explained by
desire of the above studies’ authors to improve not only
mechanical properties but also technological requirements
for new materials.

Purpose of research
To improve economic performance of production in

mechanical engineering by enhancing the
manufacturability of steel by complex alloying.

The method of determining internal intensities is used
to determine the value of internal intensities in the
reinforced layer of complex-alloy steels after chemical-
heat treatment.

The point of the measuring internal intensities method
is that the intensities on two opposite sides of a sample are
mutually balanced in the initial state. When removing the
reinforced layer from one of the surfaces to a certain depth,
a sample bends under the action of internal intensities of
the reinforced layer of the opposite side.

Results of research

The research is carried out on samples and completed
parts made of serial steels and complex-alloy steel. The
method of repeated etching with 20% nitric acid ethanol
solution is used to reduce the impact of mechanical factors
on the research accuracy when removing the reinforced
layer.

The formula for calculating the value of internal
intensities is based on the dependence of the bending
torque caused by unbalanced compressive intensities in the
direction of the longitudinal axis of a bar after removing a
certain layer on the opposite side of a sample and
mechanical properties of a material. Based on this:

M, =, (1)
where: Mx — torque; EI — elasticity modulus of the first
type; | — moment of inertia of the cross section of the bar;
p — the deflection radius of the sample;

In turn:

2 3
p= (é) + (p — 4x)?; M, =N"Th;1=%; (2)
where: Nx — the force caused by the compressive intensity
in the direction of the longitudinal axis of a bar;
x — the amount of deflection after removal of the layer
in which the intensities are determined,;
h — a bar thickness after removing the layer in which
the intensity is determined;
b — a bar width;
| —a bar length;
given that

Oy = 3k ®)
where: on — intensity in the investigated layer;

bAh — the cross-sectional area of the removed layer;
we can derive the following dependence to determine the

internal intensities in the reinforced layers:
4E-h?-Ax
OH = Sizan )

An optical instrumental microscope UIM-1 is used to
increase the accuracy of the proposed method when
measuring the deflection. This ensures the accuracy of
measurements up to — 10 mm.

Grooving of parts during heat treatment is also
measured. Change of an angle of inclination of the
gearweel tooth on the gearweel measuring device 1500 is
determined. To ensure comparability of the results, the
measurement length is 100 mm. Repeated experiments
allow an error reduction down to 2%.

In addition to determining of the parts’ grooving
during the chemical-thermal treatment, the intensities’
distribution in the cemented layer is also studied as a
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consequence of the processes that occur during
reinforcement. Steels with the same compositions of
alloying elements as for the determining hardenability and
grooving are selected. This is done to establish the
relationship with other parameters that are determined
during the study of processes occurring during bending of

parts as well as to study the residual intensities in the
reinforced layer. The results of samples’ measurement after
etching part of the cemented layer along with the
calculations of internal intensities in the extracted layers of
metal are summarized in table 1.

Table 1. Distribution of internal stresses in the reinforced layer.

Steel brand Measurament depth, mm Deflection change, mkm Tensions o, kPa

0.1 21.1 86.7

0.3 19.4 78.4

12HN3A 05 10.9 41.8
0.7 4.1 16.2

0.9 1.2 43

0.1 23.8 98.2

0.3 22.9 90.2

15HGN4 0.5 9.8 38.2
0.7 3.9 14.9

0.9 15 5.2

0.1 9.9 46.5

0.3 6.6 27.9

15HGN 05 55 22.7
0.7 1.7 6.7

0.9 11 35

0.1 19.7 79.9

0.3 11.0 43.7

15HGNBTCH 0.5 53 20.7
0.7 11 4.0

0.9 0.1 0.4

0.1 15.3 63.2

0.3 13.9 55.4

18HGT 05 3.7 14.2
0.7 3.6 135

0.9 11 4.0

The steel 15HGN4 has the highest intensity on the
surface. Whereas the steel 12HN3A has a lower level of
residual intensity which is explained by a decrease in the
degree of its alloying. The lowest residual intensities in the
surface layer are discovered in the steel 15HGN which
contains the least amount of Nickel. In the 15 HGNBTCH
steel developed by us, the intensities in the surface layer
are lower than in the high-alloy steel 15HGN4 and are
almost at the same level with the serial steel 122HN3A. It is
hard to compare degrees of alloying of these steels because
titanium and niobium in small quantities strengthen steel
much more than nickel does.

Comparison of the residual intensity levels in the
steels 15HGN and 18HGT with a lower content of alloying

elements could confirm the above considerations. As we
can see, the steel containing only 0.05% titanium has 1.5
times higher level of internal intensities in the surface layer
than the steel with 1% Nickel.

However, if we compare internal intensities in the
experimental steel 15HGNBTCH and the serial steel
12HN3A with their mechanical properties, then there are
some inconsistencies. l.e. steels with almost the same level
of internal intensities have different levels of strength
characteristics. This is due to the fact that the mechanical
characteristics are determined on samples reinforced via
volumetric reinforcement with low tempering, and the
surface layer which determined the internal intensities is
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strengthened by cementation and, as a result, differs in the
chemical composition and structure.

In addition, according to the working hypothesis, the
magnitude of the residual internal intensities should
indirectly relate to the propensity of steel to gouge. But if
we compare the obtained data with the results of studies of
the propensity of steel to gouging obtained both in
laboratory and in mass production, we will see the
discrepancy between the results of these studies.

In any case, let’s define intensities value as their
identified maximum on the surface. However, the
deformation of a sample or parts is affected by intensities
occurring throughout the cross section. For this reason,
intensities are identified not only on the surface but also
along the entire depth of the reinforced layer. Graphical
dependences are constructed (Fig. 1) to study the nature of
the change in the absolute value of the residual internal
compressive intensities.

100 { —— 12HN3A
=
&f 80 1 == 18HGT
3
2 ]
2 60 == 15HGN4
I~
LV
& 40

KISHGNBTCH
20
0 - - - .
0 0.2 04 0.6 0.8 1

Depth of removal of the fortified layer, mu

Fig. 1. Distribution of residual compressive intensities
in the reinforced layer.

The nature of the obtained curves suggests that the
complex-alloy steel has a sharper decrease in intensities
levels as it moves away from the surface compared with
the serial steel 12HN3A.

Computer processing of the summarised intensities of
the entire reinforced layer shows that this index is 1.5 times
higher in the serial steel 122KHN4A.

Development of a high-tech steel is a task of not only
qualitative but also quantitative measurament of such
technological characteristics as the propensity of steels to
gouge in the process of chemical heat treatment. Given that
and based on the analysis of comparative studies of
gouging parts from different steels the results of which are
presented in the histograms in fig. 1, it is proposed to
introduce a single characteristic that determines the
susceptibility of steel to deformation during reinforcement.
It is a coefficient determined as a ratio between the number
of parts embedded in the allowable size of the gutter
(according to the technical documentation) to the number
of parts not embedded in the allowable technical
documentation deviations (defective parts). Such a
quantitative characteristic is in this case the Riemann
integral (it is a curvilinear trapezoid area in terms of
Darboux sum boundary). It is done using the indicator-
function of a variable “x” belonging to a set. The latter is
defined as follows.

1 ={y teh ©

Therefore, we can represent a step graph of the
function J(x):
S(X) = Z;‘il(ni)((ai;a”l) (S))
Let nj be a value of the function on a semi-closed
interval (a;, aj44].
The introduced characteristic is then could be written
in the following form:
b
% ofiie NiX(aza;,,)(S)) ds
mm=m@&»=“;i‘““ﬂ))=
fa( i=1(nix(ai€ ai+1)(s)) ds)

m
Yicj+1

m-j

j:xE(a]-, aj+1]

(ni43i+1 +7nj (aj+1_x)>

(6)

Zji;ll niAai+1+—nj X_éj))
j:xE(a]-,aj+1]
where: y,(x) = {0 XE A" a function-indicator of a

variable x belonging to a set A,;

nj — a value of the function on a semi-closed interval
(@), a741], I = 221 (MiX (o a () - @ functional
dependence which corresponds to a step graph based on the
experimental data.

For the steel 12HN3A, the calculations are as follows:
101 — 18x €, 1]

18x " ’
107 — 24x
24x — 6

115 — 28x

28x — 14’

79 — 16x €@, 4]
Tex+22°° 5%

51 —9x €@, 5]
9x+50° - "
36 — 6x ¢ 6
6x +65 " =\

101 — 18x

18x
107 — 24x

24x — 6
115 — 28x
28x — 14"’

79 — 16x €@, 4]
Tox+22'F 5

51 — 9x €, 5]

9x + 50" % ° VY

36 — 6x €, 6]

6x +65 " -

And for the steel 15HGNBTCH,

29(1 —x) + 61 € 1]
29x X ’

48(2 —x) + 23

48(x — 1) + 29’

213 —x)+2

21(x—2) + 77’

2(4—x)
2(x —3) + 98’

,x € (1, 2]

x € (2, 3]
R(x) =

,x € (0, 1]
,x € (1, 2]

x € (2, 3]
Rx) =

x € (1, 2]
R(x) =
x € (2, 3]

x € (3, 4]



OPTIMIZATION OF CHEMICAL COMPOSITION OF STEELS FOR GEARWEELS ... 127

2Rk + €O U

119 + 19R,

BRrD L2
*=165-35R,

28R, +1) < €@ 3

—Z(SRO igg"),x € (3, 4]

Ry, = 0.03 = x = 2,956.

In our specific case, with the allowable percentage of
quantitative characteristics of defective and non-defective
parts within — 3%, the steel 15SHGNBTCH having a low
propensity to gouge will provide tolerances of 0.029 mm,
and the steel 12HN3A will do 0.055 mm.

And in the case when the steel 12HN3A provides the
same tolerances as the complex-alloyed, the number of
defective parts will be up to 30%.

Conclusions

1. Complex alloying with titanium, niobium and
cerium allows to increase the manufacturability of steel
and, as a consequence, to enhance the economic
performance of production by reducing the number of
finishing operations.

2. Itis established during the research that the level of
gouging of parts in the process of chemical-thermal
treatment is directly dependent on the level of internal
intensities.

3. It is necessary to minimize the propensity of the
alloy to grow austenitic grain for cementing steels which in
the process of chemical-heat treatment are exposed to long-
term high temperatures. This is achieved by complex
alloying elements such as titanium and niobium that form
a carbide phase resistant to high temperatures.
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3pOCTal0Yi TEXHOJOTiYHI BHMOTH JI0 IITaMITyBaHHS,
MEXaHIYHOT 00po0ITFOBaHOCTI, 3BapIOBAHOCTI,
3arapToBYBaHOCTI, IEMEHTAIli] Ta nuTihyBaHHIO B MpoIieci
3aTBEPIIHHS, [0 TOSICHIOE HEOOXITHICTh JIETYBaHHS CTali
32 JIONIOMOTOI0 TII€BHOI TPYNH XIMIYHHX €JEMEHTIB.
JlocitipkeHo BIUTUB PI3HUX CKJIAJIIB cTallel It 3y0uacTux
KOJIC Ha piBeHb BHYTPIIIHIX I1HTEHCHBHOCTEH, IO
BUHHMKAIOTh B JIETAIIX INpPH TepMiuHiil  0OpoOui.
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BcraHoBNIEHO ONTHMaNIBHUN CKJIaJ] KOMILIEKCOJIETOBAaHOT
LEMCHTYI0UO1 CTaJI.

KoarouoBi cioBa: neryBaHHs, cranb, OUTI(YBaHHS,
BHYTPIIIHS iHTEHCHBHICTH, 3y09acTi Kojeca, IIeMEHTAIlis,
AyCTCHIT.

OIITUMN3ALIMSA XUMNYECKOI'O COCTABA
CTAJIN JJI1 IHECTEPEH
CEJIbLCKOXO3SIMICTBEHHOT'O
MAUIMHOCTPOEHUA
0. E. Cemenosckuii, JI. JI. Tumosa

AnHoTanusi. Pa3paboTka HOBBIX cTaiedl B
MAIIMHOCTPOCHHUHU ISl CO3J]AHUS CIUIABOB C 33aJJaHHBIMH
CBOMCTBaMH, TO3BOJISFOIIUMH MHUHUMH3HPOBATh
MaTepHalbHBIE U TPYIOBBIE 3aTPATHI IIPH UX 00paboTKe.

OnTuMu3anus XMMHYECKOIO COCTaBa CILlaBa Ha
OCHOBE aHajM3a BJIMSHHS CJIOXHOIO JISTUPOBAHUS Ha
CTPYKTYPY H, CISI0BATEIBHO, HA TEXHOJIOTMYHOCTh CTAIIH.
DTO YMEHBIINT YPOBEHb BHYTPEHHEUW WHTCHCUBHOCTU B
mporiecce TepMooOpPadOTKH.

Ha ocHoBe aHanu3a CylIeCTBYIOINUMX TEHACHLUU B
MAIIMHOCTPOCHUH  YCTAHOBJICHO, 4YTO  CJIOXKHOCTh
COBPEMEHHBIX JeTaliell 3y0UyaThlX KOJeC HaKJIaJIbIBaeT Ha
MaTepuall PpacTyIIUE TEXHOJOTHYECKAE TPEOOBaHUSA K
IITaMIIOBKE, MEXaHUYECKOH 00pabaThIBACMOCTH,
CBapUBAEMOCTH, 3arapTOBYBAaHOCTH, IIEMCHTAllUd U
undoBKe B MPOIECCe 3aTBEPACBAHUS, YTO OOBICHSIET
HEOOXOAUMOCTh  JICTUPOBAaHHS CTAlld C  IOMOIIBIO
OMpPEJENCHHON  TPYNIBl  XUMHYECKHX  AJIEMEHTOB.
HccnenoBaHo BIUSIHUE Pa3IMYHBIX COCTABOB CTAllCH ISt
3y0UaThIX KOJIeC Ha YPOBEHb BHYTPCHHHUX
HHTEHCI/IBHOCTeﬁ, BO3HHUKAKOIINX B AcTaasax npu
TepMUYEeCKO 00paboTKke. YCTaHOBJEH ONTUMAaJbHBIN
COCTaB KOMITIEKCOJIETOBAHOHU [[EMEHTHPYIOIICH CTallH.

KiueBble c10Ba: JETHPOBAHNS, CTANb, NUTH(OBKA,
BHYTPEHHSAA VHTEHCHUBHOCTB, 3yOuatsle KoJIeca,
LEMEHTAIHSI, aYCTEHHUT.
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AHoTanisg. [lana crTaTTS TpPUCBAYCHA aHANI3Y
HafiOUIPII  MOIIMPEHWX METOMIB  ONTHMi3amii, Mo
BUKOPHCTOBYIOTHCS B NPAKTUYHUX IHXCHEPHHUX 3aJadax
MOIIYKYy  eKCTpeMyMy  OaratomipHuX  (QYHKIH i
(¢opMyBaHHS Ha OCHOBI BHSBJIECHHX BIACTHBOCTEH
PEKOMEH/ AL 110,10 BUOOPY KPaIoro Ha Pi3HUX Habopax
JaHux. B mpouneci aHamizy Oynu po3mIsHYTI pi3Hi
peanizanii METOAIB TPaJiEHTHOTO CITYCKY, IMITYJIbCHI
METO/IH, aJalTUBHI METOIH Ta KBa3iHLIOTOHIBCEKI METOIH,
y3arajbHEHI MepeBaru Ta MpoOJIEMH KOXKHOTO 3 METOJIIB
mpu  iX BHUKOpUCTaHHI. Po3poOiieHa KOMIT IOTE€pHa
mporpama, siKa peaji3ye BCi PpO3TISHYTI METOIM.
ITpoBenennii oOUMCTIOBaIBPHNIN EKCIIEPUMEHT 3a TPhOMa
(YHKIISIMA TTOKa3aB, M0 Halile()eKTUBHIITUME BUSBUIINACS
METOJM HYJIBOBOTO MOpsAAKy — Po3eHOpoka Ta HyIb0BOTO
nopsiaky — [layemnna.

KiarouoBi cjoBa: Merogu ONTHMI3alii, METO
IPalliEHTHOTO  CIIyCKY,  CTOXaCTHYHHUH  TpaJIi€HT,
KBa3iHBIOTOHIBCHKI METO/IH, LiJbOBA (QYHKILIS.

ITocTaHoBKa MpodeMu

B micompoMucIioBOMy KOMIDIEKCI ICHYE BeIIMKa
KUTBKICTh 3a/a4, SKi MOXYTh OyTH BHpIIOICHI 3a
JOTIOMOTO0  KOMOIHATOPHHX  METOJIIB  ONTHMI3allii:
3aBIIaHHSA (dhopmyBaHHS KOMILIEKCIB
CLTBCHKOTOCIIOIAPCHKUX MAIIMH, TOOYZOBH CiBO3MIH,
3aBJIAHHSA BHU3HAYEHHS peHTabenpHOCTI
CLTBCHKOTOCTIOIaPCHKUX MiAMPHEMCTB 1 T.11. Lle mos's3aH0
3 IUCKPETHOIO TPHUPOJIOI0 MHOXKHH, Ha SIKHX 311HCHIOETHCS
OITHMI3Allis.

Hanpuknan, — muckperHi 6e3midi KymbTyp, OB,
JI03BOJICHUX 1 HENPUIYCTHUMHX CiBO3MIH, Oe3miui
JICOTOCIOIAPCHKOT TEXHIKH 1 TEXHOJIOTIYHUX OTIepalliii Ha
BHUKOHAHHS JIICOTOCIOAAPCHKUX PoOiT, Tomo. OCHOBHOIO
METOI0 OpraHi3alii TEXHOJIOTIYHOTO MPOIECy IPH LIbOMY €
MOUIYK  TO€AHAHHS  IIyKaHWX  IapaMeTpiB,  SIKUH
3abe3nedye eKCTpeMyM IO OJTHOMY 3 KpHUTepiiB SIKOCTI —
KPHUTEPIIO MiABUIIEHHS 610J0T19HOT0 NOTEHIIaTy POCIIHH,
3MEHILICHHS C€HEPrOBUTPAT YM 3MEHIICHHS BIUIMBY Ha
exocrucTeMy. Bubip mIBHAKOTO Ta HAAIHHOTO aNTOPUTMY
MOUIYKY TAKOTO €KCTPEMYMY € aKTYaJlbHHUM.

AHaJII3 0CTAHHIX J0CJaiIKEeHb

B mporeci npoekTyBaHHS IHTEIEKTyaIbHUX CHCTEM
VIpaBIiHHA YacTO BHHHWKAE 3aBAAHHA BH3HAUCHHSA
HaWKpalux 3HaueHb MapaMeTpiB 94U CTPYKTYPH OO0'€KTIB.
Take 3aBmaHHS Ha3MBa€ThCS omnTHMi3auiero. ChoromHi
onTHMi3aliifHi 3ajadi 1 3a7a4i OPUIHATTA pillIeHb
MO/ICTIFOFOTHCS 1 BUPIIIYIOTHCSI B CAMUX PI3HUX 00JaCTIX
TexHikH [1]. JIo HABUYOK MaTeMaTHYHOTO OOIPYHTYBaHHS
NPUIHATTA PillIeHb BiTHOCATHCSI HABUYKH MaTeMaTHYHOTO
MOJETIOBAHHS ONTHUMI3AIIHHIX 3a1a4, BHOODPY
aJIeKBaTHOTO MaTeMaTHYHOro 3abe3nedeHHs (MeTomy,
ANTOPUTMY, TPOTPAMHOI CHCTEMH) 3 HEOOXiTHHM
OOIpyHTYBaHHSIM, aHai3y OTPUMAaHHUX PE3yJbTaTiB Ta ix
iHTepIpeTalii B TepMiHaxX MPeAMETHOT 00JIACTi.

Jnst OLiHKM HaOIPKEHHS JIOKAJIbHOTO €KCTPEMYMY,
OTPUMAHOTO 3aCTOCYBAHHSIM METOJIB KIIACHYHOTO 1
CTOXaCTUYHOTO TPAJIEHTHOTO CIYCKY, IMITyJbCHHX,
aJIaNTHBHUX Ta KBa3iHbIOTOHIBCBKUX, IO 3BYXKYIOTh
OKOJIMIFO 1 BEKTOp chaay. BusHauuMo 3aliexHICTh
PO3MIpHOCTI 3a/aui i TUMYacOBUX BUTpAT MpPHU MOIIYKY
I7100aJIBHOTO eKCTpEeMYMY (DYHKITT MeTH.

Metomn MiHIMI3amil QYHKOIT TpH  HENHITHEX
0OMeXeHHSIX MOXHa po30uTH Ha /1Ba KiacH. Jlo nmepmioro
KJacy BIJHOCATBCS Ti 3 HUX, B SIKUX IOIIYK YMOBHOTO
MIHIMYMY 3BOJHUTECS A0 O€3yMOBHOI MiHIMI3aIlil (yHKIIIT,
10 BUXOAWTH JOJABaHHAM IITpady 3a HEy3TroJDKEHICTh
oOMeXeHb [0 IUTbOBOI (YHKIII. Y Meromax ApYyroro
KJIacy OOMEXEHHSI BpaxOBYIOThCS 0O€3MOCEepPEeNHbo, i
MOUIYK WHAe MO JOMYyCTUMHUM TOYKaM 3 MOHOTOHHO
3MEHIIYBAHUMHU 3HAYEHHSMHU MiIboBOi QyHKIiI. Jlo
MEepIIOro  KJIACy BIAHOCATBCA MeToau Oap'epHHX 1
mrpaduux ¢yHKIii [5]. Jlo apyroro kiacy BiIHOCSTHCS
METOJIY IPSIMOTO 1 BUITAJJKOBOTO TOLIYKY JUISl BUPIIICHHS
3aBjaHb 3 oOMexenHsmu [1, 2, 3, 6-22].

Merta gociiakeHn

Meta  gocmiKeHHS — ToJsranma y  aHamisi
OaraToMipHMX METOMAIB  ONTHUMI3alii MOIIyKy Ta
3HAXOPKEHHS ONTHMAJIBHOTO 32 IIBHAKICTIO CXOKEHHS
(kimpKicTIO iTepamiif), TOYHICTIO TONIYKY MIiHIMyMy
GYHKIIIT Ta IIBUAKICTIO BUKOHAHHS airoputMmy. Ilpm
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bOMY  IUIAaHYBajJoCsi  HPOBECTH
eKCIIEPUMEHT Ui TPhOX  (DYHKITIH
Ppo3pobiIeHOT KOMII FOTEPHOI ITPOTPaMHL.
MeTo10 HBOTO OOYMCIIOBAILHOTO EKCIEPHMEHTY, 3
omHOro OOKy, € BaXJIUBE CAMOCTiifHE 3HAYEHHS IUIS
OTPUMAHHS YMOB 3aCTOCYBaHHS METOMIB MiHiMi3amii
GYHKIIH 10 BUpIMIEHHS NPAaKTUYHUX 1HXEHEPHHX
3aBJaHb, a 3 IHIIOIO II€ JACTh MOXKJIMBICTH 3IIHCHUTH
MOUIYK  IJIOOAJIBHOTO  €KCTPEMyMy Ul peallbHOI
(Hait61pII0T) pO3MIPHOCTI PO3B'A3yBaHOI 3a1adi.

Pe3yabTaTn gocaigxeHb

3aBmaHHA ONITUMI3AIIi] B IIIIOMY 3BOIUTHCA 10 3a/1a4i
MOIIYKY eKCcTpeMyMy (MiHIMymMy abo MaKCUMyMYy)
oitboBoi  (YHKIII 3 3amaHUMH  OOMEKEHHSIMH. Ti
MaTeMaTHYHa MOCTAHOBKA BUIIAJA€ HACTYITHUM YHHOM:
HEOOXiHO BU3HAYMTH 3HA4YEHHS BEKTOPY 3MIHHHUX
x = (X1, X5 ...X,), SAKi 3aJ0BOJBHAIOTH OOMEXEHHSIMHU
BUJLY:

fitx1, %5 ) < by, @)
st Beix § = 1 ...k mpu SIKMX IOCATAETHCS MAaKCHMyM YH
MIHIMYM I{JTEOBOT (PYHKIIIT:
fi(x1, x5 ... %) = (min).

JomycTuMuM pileHHAM 3aadi Oyae Take pilleHHS,
sKke 3ajoBojbHsie 11 oOmexeHHs (1). CykynHicTh
JOINYCTUMHX pIlleHb 3aJa4yl Ha3MBalOTh OO0JIACTIO
nonyctumux pimeds (OJIP) D. OcratoyHum pilieHHAM
3apnaHHg € mapa (x°Pt, fOPY(x°PY)), mo ckimamaeThes 3
ONTHMAJIBHOTO DIlIEHHS 1 ONTUMAJIBHOTO 3HAYCHHS
UTBOBOT (DYHKIIIT.

Mertoau MaTeMaTHYHOTO IPOTPAMYBAaHHS IalOTh
BEJIMKY Pi3HOMAaHITHICTH alTOPUTMIB BHPIIICHHS JaHOTO
3aBIaHHsA. B miloMy anropuTMHM NOHIYKY pealli3yloTh
METOIU CHYCKY A0 EKCTpEeMyMy, HpH SKHX 3HAuCHHS
OUTBOBOI (PYHKIIT ITOCTIZOBHO TIONIMIIYETBCA axX [0
JOCSATHEHHS EKCTPEMyMy. 3aJieKHO Bil MOXJIHMBOCTI
3HAXOJ/PKEHHSI aJITOPUTMOM JIOKAJIbHOTO YH TJ00alIbHOTO
EKCTPEMYMY, BOHHU IUIATHCS HA aJrOPUTMH JIOKAJIBHOTO i
r7100aJIbHOTO TIOMIYKY.

Jist moyky JIOKajJbHOTO €KCTPEMYMY YH OJIHOTO 3
JIOKQJILHUX €KCTPEMYMIB Ha 0e3Jiul JOMyCTHMHX pillieHb
MIPU3HAYCHI allTOPUTMH, B SKUX IUTH0Ba (PYHKITIS TpUiiMae
MakcuMalbHe a00 MiHiManbHe 3HaueHHs. [1pu ix moOynoBi
MOXYTh BUKOPHCTOBYBATHCS SIK AETEPMIHOBAHUH CIIYCK B
o0acTe excTpeMyMy, Tak i BUmaakoBui nomyk. Cepen
JICTEpMIHOBAaHMX  METOMIB  PO3PI3HAIOTH  METOAU
HYJBOBOTO HOPSAKY 1 rpamieHTHi (1-ro i 2-TrO MOpAAKY).
Ilepmi  oOpaxoByroTh  3HaueHHS  (yHKOI,  fKa
ONTUMIi3y€eThCs. J{pyri BUKOPUCTOBYIOTH ITPUBATHI MOXIiTHI
BIZMOBINHOrO mOpsiAKy. st TMOLIYKYy eKCTpeMyMmy B
BHITA/IKaX, KOJIM BHJI ONTHMI3yeThbCs PYHKIIIT BitoMHl HE
MOBHICTIO, abo 1 CTPyKTypa 3aHaATO CKJIAJHA,
3aCTOCOBYIOTHCS METOJM CTOXaCTHYHOTO MPOTpaMyBaHHS
abo HeWpoHHMX Mepex. EdekTuBHICT npoueaypu
MIOUIYKY ONTUMYMY — MO>JINBICTD BiALIYKaHHS PillIeHHS 1
30DKHICTh JIO BHUPINICHHS MO MIBHIKOCTI 3aJ€KaTh BiJ
Buny (yHKOiI 1 3acTocoByBaHOro Ui Hei MeTony.
PosrisiHeMo cTparerito KoXXKHOTO MeTO.ly OUIBIII IeTaIbHO,
JOCTIDKYIOYN 111 BU3HAYEHOCTI MIHIMI3aIiio IiIbOBOT
byHKII.

IIpssmi Metomm (HYJIBOBOTO TOPSAIKY). 3 TPSIMHX
METOJMIB HaWOIMbII BiZOMiI METOAW: KOOPIMHATHOTO
CIYCKy — TIOYeproBa OINTHMi3allis IapaMmeTpiB y3IOBXK
oced OOHMM 3 BIIOMHX OJHOBHMIPHHX METOIB;
CHIpalbHOTO ~ KOOPAWHATHOTO  CITyCKY;  OOEpPTOBUX
koopauHaT (Meton Po3eHOpoka); MOMIyKy IO CHMILIEKC;
Xyka-J[xuBca 3 mourykoM 3a 3pa3koM; PoseHOpoka;
[Tayena, Tomro.

MeTo/1 KOOPJMHATHOT'O CIIYCKY IOJISITAE B TOMY, 1110 B
SKOCTI HAaIIPSIMKIB TPAaeKTOPil CIYCKy BiJ MONEpPEAHBOT
Touku monryky x*~1 1o momanemoi x* mpuitmarotscs 1o
uep3i HANpAMKH KoopauHatHux ocedl x; (i =1..m).
[Ticnst chmycky Ha OIOMH KpPOK IO KOOPAMHATI X
BiIOyBa€ThCS TMEpexil 0 CIyCcKy Ha OOWUH KPOK II0
KOOpAWHATI X, 1 Jaii, IMOK: He Oyne 3Haii/leHa HaCcTyITHa
TouKa TomyKy x* 3 koopmumaTamm xX, xK .. x¥. Pyx mo
TPAEKTOPii CIYCKy TPHBA€E OO TUX Iip, TOKU HEe OyayTh
JIOCATHYTI OKOJIMII TOYKM MiHiMymy x°P' winboBoi
GyHKIIT, 10 BU3HAYAIOTHCS TOYHICTIO OOuYMCIeHb. JlJist
TIOIIYKy KOOPAMHAT TOUYKH X* Ha KOKHOMY Kpoui iTepanii
MOXHA BUKODHCTOBYBAaTH Oynb-fKMii 3  METOIIB
OIHOBHMIpHOI MiHIMi3aIlii: METOA 30JI0TOTO MEPETHHY,
METOJ TOMUTY BiIpi3Kka HABIIJ, METOA IHTEPHOJIALMIi-
EKCTPaIIoIsLii, TOIIO.

Merton  cHipadbHOTO  KOOPIAMHATHOTO  CITYCKY
BIZIPI3HAEThCA BiA PO3TISIHYTOTO BUIIE JIMIIE THM, IIO
KpOK h 3MIHIOETBCS KOXXKHOTO pa3zy INpH IEpexoni BifJ
NOIIYKY MIHIMyMy MO OJHIM 3MiHHI 40 TOIIYKY
MIiHIMyMY 32 iHIIOIO 3MiHHOK0. Y TPHUBUMIPHOMY IPOCTOPi
IIe Harajye CIyCK J0 BOAJHWHU IO CIipaii. 3a3Bu4ail mei
METOJl Jla€ JIesIKe CKOPOUYEHHS Yacy MOIIYKY Xod4a el
MeTOJl MeHII e()eKTHBHUI NpH HASBHOCTI MOBEPXOHH 3
"spamu”. Cripoba mpocyBaHHS B OyIb-SKOMY HAIPSIMKY
MOJKe BUKJIMKATH "TIOTipIIeHHS" MUTHOBOI QYHKIT. Y ToH
)K€ dYac INpPOCYBaHHA Y3I0BX '"dpy" MOxKe JaBaTu
"mokpamieHHs" MUTbOBOI (DYHKIIIT.

Meton PozeHOpoka copsMoBaHWI Ha yCYHEHHS
OJTHOTO 3 HEIOJIIKIB METONy KOOPJIMHATHOTO CIIYCKY -
BUCOKY YYyTJIMBICTb JI0 BHOOpY CHCTEMH KOOpAMHAT. B
nporeci momyky MeTogoM Po3eHOpoka MpPOBOIUTHCS
MIOBOPOT KOOPJIMHATHUX OCEH Tak, 1100 ofHa 3 oceit Oyna
HampaBleHa B3HOBX HampsaMKy "sapy". PosrmsHemo
ITOPUTM METOJy B pa3i OJHOBHMMIpHOI MiHimizauii. Ha
KOKHIH iTepalii mpouemypa 3IiHCHIOE iTepaTHBHHA
TIOIIYK B3/0BX N JIHIHHO HE3aJeXHUX 1 OPTOTrOHAJIBHUI
HanpsMKiB. Konm oTprMaHa HOBa TOYKa B KiHIII iTeparii,
OynyeTbcss HOBa MHOXXHMHA OpPTOTOHAIBHHX BEKTOPIB

(puc. 1).

X2

! X

X =

Puc. 1. Cxema moOyoBH HOBOI CHCTEMH KOOPAWHAT
3a MerozioM Po3enbpoka

Fig. 1. The scheme construction a new coordinate
system by the method of Rosenbrock.
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IToOymoBa HampsMKiB mornyky. Hexait di ..d, —
JHIHHO He3aJeXKHI BEKTOPH, 32 HOPMOIO PiBHI OIMHHIIIL.
[pumyctnmMo, 1m0 i BEKTOPH B3a€EMHO OPTOTOHAIBHI,
10610 d;*d; =0 nna i #j. Ilounnaroun 3 MOTOYHOI
Touku Xx¥, wineoBa (GYHKIIS TOCTIJOBHO MIiHIMI3y€eThCS
Y3IOBX KOXXHOTO 3 HaIpsSMKIB, B pE3ylbTaTi dOTrO
BUXOAUTH Touka XX, Hopuit Habip HANPAMKiB q; ... Gy,
OyayeThbes 3a nonomororo npouenypu I'pamma-IIminra:

d],IFALZO
%= imjdi A IF 4 # 0 _ b 9
a,IFj=0 “=pr @
b j—

! aj—Zf:—ll(ai'qL')'ql'JFjZZ

HoBi HampsiMky, nmoOymoBaHi ONMHCAaHUM YHUHOM, €
JIHIHHO HE3aJeXHUMH 1 OPTOroHaNBLHUMHU. | Xo4a mMeron
Po3enOpoka ycyBae mpoOiieMu, MOB's13aHI 3 OTPUMAHHIM
pIlIEHHS 3aJaHOi TOYHOCTI, NPOTEe TAaKUM MiIXif
MOPIBHAHO 30UIBLIYE Yac TMOIIYKY, IO € BiIHOCHUM
HEJ0JIIKOM OIUCAHOTO METO.Y.

Meton Henmepa-Mina (mOImyKy IO CHMILIEKCY)
BHKOPHUCTOBYE  TE€OMETPHYHY  KOH(pirypamiro,  sKka
Ha3MBa€Thcsl CUMIUICKC. CHMIUIEKC — Le  OIyKIHi
GaraTorpaHHUK 3 YHCIOM BEpIINMH, piBHUM n + 1, me n -
pO3MipHicTh TpocTopy. Moro BaMIMBOIO BIACTHBICTIO €
MOXKIJIMBICTh TIOOYIOBH HOBOTO CHUMILIEKCY Ha OyIb-sKiii
rpaHi BUXiJJHOTO, LIJISIXOM MEPEHECCHHs 00paHoi BEPILIMHN
Ha JIesKy BIJCTaHb Y3JOBX MPSAMOi, IO 3'€IHYE IO
BEpLIMHY 3 IEHTPOM Baru iHIIMX BEPLIMH CUMILICKCA.

AJITOPUTM TOYMHAETHCSA 3 MOOYHOBH PETYISPHOTO
CHUMIIIEKCa B TIPOCTOPI HE3aNe)KHUX 3MIHHHX 3amadi i
OIIHIOBAHHS 3HAYCHHS IUIbOBOI (QYHKIiI B HOro
BepmuHax. [ToTiM Todka X; 3 HAHOUTBIIMM 3HAYCHHIM
(GYHKIIT BiAM3EPKATIOETBCA dYepe3 MEHTP BarW 1HIINX
TOYOK:

Xe = % N jiz0 Xi- @)

HoBa Touka BUKOPHCTOBYETHCS SIK BEPIIMHA HOBOTO

cuMIUIekca. Itepanii TpuBaOTh 70 TUX Mip, MOKH abo He

Oyne IOCsATHYTa To4Yka MiHIMyMy, a00 HE IIOYHEThCS
OUKTIYHAA PyX MO JBOX a0 OLbIIIe CHMIDIEKCaX.

Cepen meroniB aedopMariii BHXIZHOTO CHMILICKCA

(sxa BigOyBaeThCA TICHA BIAKHOAHHA HAUTIPIIOID
BEpIIMHM 1 MOJANBIIOMY IOUIYKY HOBOI MiIXOISsIIOT
BEPIIUHM) 3YCTPIYAETHCSA:  BiOOPaXCHHS  BEPIIMHH

(BepmmHA TPOCTO BiIOMBAETHCS IIOMO OIHIET 31 CTOPIH
CUMIUIEKCa), peayKlis (cuMILIeKe 30epirae cBoro (opmy,
ale  po3MipH  HOTO  3MEHIIYIOTHCS), PO3TATHEHHS,
ctucHeHHs. OJIHaK 1 [iel MeTo/1 He IUBJISTYMCH Ha TIPOCTOTY
MICTHTB NIEBHI HEJOTIKH: BUHUKAIOTH TPYAHOIII MOB'A3aHi
3 MacmTaOyBaHHAM 3aBJaHHS (B pealbHUX 3aJadax pi3Hi
3MiHHI 4acTO HE CIBCTaBHI MK COOOIO 3a 3HAUCHHSIMH);
AITOPUTM TIPALlOE TIOBUILHO (HE BUKOPHCTOBYETHCS
iHpopMmanis monepenHix iTepariif); He iCHye MPOCTOTO
croco0y 3MiHM PO3MipiB CUMILIEKca Oe3 epepaxyHKy BCix
3Ha4eHb [ILOBOT QYHKIII.

Meton Xyxka-/xuBca sBisie co0OK KOMOIHAIIIIO
JIBOX THUIIB TOMIYKY: JOCTIUKYBAaHHH MOIIYK i HOIIYK 3a
3paskoM. llepmmii  opieHTOBaHWIA Ha  BUSBIICHHS
XapakTepy JIOKaJIbHOI TMOBEMIHKH IIHOBOI (YHKINT i
BH3HAUYEHHS HANpsAMKiB y370BX "sapyr". 3amaeTncs
BEIMYMHA KPOKY, SKa MOXKe OyTW pPi3HOI0 I pi3HUX
KOOpAWHATHHUX HANpPSAMKIB 1 3MIiHIOBaTHCS B TMIpoIieci
TIOLIYKY.

SIkmo 3HaYeHHS MUTLOBOI (QYHKINI B MPOOHIN TOYII
HE TEePEeBUINYE 3HAYCHHS y BUXIiIHIA, TO KPOK IMOIIYKY
pO3TISImAEThC K ycmimHuE. B iHmomy Bumanky,
HEOOXiZTHO MOBEPHYTHUCS B IMOMEPETHIO TOYKY 1 3po0OHTH
KPOK B IIPOTWICKHOMY HanpsiMKy. [Ticis nepebopy Beix N
KOOpAWHAT  JOCTI[UKYBAaHHH  IONMIYK  3aKiHIYETHCS.
OTprMaHa TOYKa Ha3UBAETHCS Oa30BOIO.

[Momyk 3a 3pa3koM mojsrae B peajizauii €IMHOTO
KPOKY 3 OTpHMaHoi 0a30BOi TOYKM B3HOBX HPSAMOI, LIO0
3'eqHYye i 3 momepeHbOI 0a30BOI0 TOUKOK. | HOBa TouKa
Oynyetbes 3a Gpopmyioro:

xft = xk + 4 (k= xkY), 4)
ne x¥ — motouna 6a3oBa Touka; x¥~! — nonepenns 6azona
Touka; XK1 — Touxa, moGymOBaHa MpH pyci 3a 3pazKoM;
A — mapameTp aJropurmy.

SIkmio pyx 3a 3pa3koM HE NPUBOAUTH 10 3MEHIICHHS
ninboBoOi dyHKuii, To Touka xK*1 dikcyerhcs B sKocTi
TUM4YacoBoi 0a30BOi TOYKM 1 3HOBY HPOBOIUTHCS
JIOCTIKYBaHUH MOMIYK 3 i€l Toukw. SKIo B pe3ymnbraTi
BUXOJIMTH TOYKA 31 3HAYCHHAM (DYHKIIIT MEHIIINM, HIXK Y xk,
TO BOHA PO3IIIANAETHCA K HOBa 6a3oBa Touka x K1, Akmo
JOCTIKYBaHUH TMOIIYK HEBIANHA, TO BigOyBaeThCS
TIOBepHEHHS B X i IPOBOUTHCSA MOMYK B IPOTHIEKHOMY
HanpsMKy. SIKIIO BiH TaK0XX HE NPUBOAMTH 0 YCIIXY, TO
BEJIMUNHA KPOKY 3MEHIIYEThCS 1  BiJHOBIIOETHCS
JOCHIKyBaHUW TOIIyK. Ilommyk 3aBepuIyeThcs, KOJIH
BEJINYMHA KPOKY CTa€ AOCUTh Masioro. [lepeBaramMu naHoro
METOZly € MPOCTa CTpaTeris IOLIYKY 1 HeBEIHKHUH 00cCsT
HeoOxinHol mam'siti. OJHaK anropuT™M 3acHOBAaHMH Ha
IUKTIYHOMY PYCi [0 KOOpIUHATAM, a [Ie MOXKE MPUBECTH
JIO  BHUPO/DKEHHS  aIrOPUTMY B HECKIHYECHHY
MOCTIIOBHICTE. {71 3amobiraHHs CTaBIATE OOMEXyBad
iTepariii, mcis SKOTO aNTOPUTM 3YITHHSAETHCS.

Ile He BCi MeTOAM HYNIBOBOTO TMOPSAKY, MPOTE
OCHOBHI MU PO3TJISTHYJIH.

I'pamientri meromm. ['pyma MerTomiB, iTepamiiiHi
NpoLecH SKHUX JJisi BHUpIIIEHHS 3aBIaHb 0e3yMOBHOI
onTuMizalii, Ha KOXHOMY KpoIi 30iraiotecs 3
AHTUrPAIi€eHTOM (YHKIII, HAa3MBAIOTHCS TPATIEHTHUMH
METOJIaMM, YM METOJaMH CIyCKy. IX Ile Ha3HBaIOTh
METOJ[AMH TIEPIOro MopsAKy, abo mMetomamu crycky. Lli
METOJIM BHKOPUCTOBYIOTH $IK 3HaueHHs (QYHKIIl, Tak i
3HAUCHHS NPUBATHUAX MOXITHMUX MEPIIOTO MOPSIKY, TOMY
MOXYTh OYTH 3aCTOCOBaHi IJIs MiHIMI3aIil (yHKIIN, SKi

mudepeHnioOTCA. MeToam  Mepmoro  MOPSAKY
CXOJIITHCS IIBHUJIIE METOIIB MPSIMOTO IOIIYKY, TaK SIK B
HUX BpaxoOBYIOTBCS IOXiJHI, IO XapaKTepU3yIOTh

HANpSMOK HaWOUTBII [IBUIKOTO CITaJaHHA (YHKIIII.
PosrisineMo nesiki 3 HUX:

ANTOPUTM  HAWMIBHANIOTO  CIYCKy  peaizye
iTepamiiiHy mpouexypy pyxy IO MiHIMyMy 3 JOBUIBHO
BHOpaHOi IOYAaTKOBOi TOYKH B HANPAMKY HaHOimbII
CHJIPHOTO 3MEHIIeHHS (PYHKIIil, BU3SHAYCHOMY B OKOJIHIII
MOTOYHOTO  3HAYEHHA  apryMeHty  (QyHKmii, 1m0
MiHiIMi3yeTbes. Takuii HampsiM NMPOTWIICKHUH HAIPSIMKY,
O 3a7a€Thesi BeKTopoM rpamienta grad f(x) = Vf(x)
¢yHKil, mo MiHiMi3yeTbes f(x). 3aransHa Gopmyna s

3HaXO/KCHHA 3HAYCHHA apryMCHTY xk+1 3a 3HAYCHHAM

x¥, swmaiinenomy na k-My Kpoui poGOTH anroputMy
HANIIBUALIOIO CILYCKY:

xR+ = xk 4 gk gk
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k

ne s® — BekTOp ONMHMYHOI [OBXHHH B HANPAMKY,
MIPOTHIIEXKHOMY HAIpPSIMKY rpajieHra VF(xh),
Bu3HAaueHOMy B Toum x¥; AF KPOK TpajieHTHOI
NPOLEAYPH.
k- () (5)
[vr (xRl

ne |V£(x*)| — Hopma BekTOpY rpamienTa.

ANTOpUTMH HAHIIIBUIIOTO CITYCKY PO3PI3HAIOTHCS 32
crocobom Bu3HaueHHs Kpoky AF. Skmo xpox AF me
3aJIeKUTH Bij K (€ TOCTIHHIM), TO B OKOJIMIIAX EKCTPEMYMY
BUHMKAIOTh HE3racaldi KOJHMBAaHHA, aMIUNTyda SKHX
3aJICKUTh BiA BenwmuuHH A 1 Bix Qopmu ¢yHKIIi, ska
MiHIMi3y€eTbCS.  BUKOpHCTAaHHSA  TOCTIHHOTO  KpOKY:
JO3BOJIIE MOOYAyBaTH HAWOUIPII TPOCTHH  BapiaHT
ATOPUTMY; TPH BEIUKUX 3HAYCHHAX A 3a0e3medye
HWIBUAKHHA PyX 1O EKCTPEMyMy, IIPOTE HPU3BOIHUTH 0
MOMITHUX 3MIiH Ha OKOJHULSAX EKCTPEMyMY; HPH MalluX
3HAYCHHSAX A TPHU3BOIUTH JO HU3BKOI IIBHIKOCTI
301KHOCTI /10 eKCTpeMyMy; iHdopMalis mpo MpUHHATHY
BEJIMYMHOIO KPOKY A OTPHUMYETHCSA Y XOJI HaJATrOKCHHS
anropuTMy. SIKio naneko Bij ekcrpeMyMy GyHKUis f(x)
Ma€e Maluil Tpami€HT, MIBUAKICTE 301KHOCTI MOXe
BUSIBUTUCST HENPHUITYyCTHMO TMOBiNbHO. Ifo mpobiema
BHPIIITYIOTH IIJIIXOM MOIU(IKAI] aITOpUTMY.

Meton cromyuenux rpaxgieHTiB ®@uetyepa i Pieca
HampsIMOK CIIYCKY y SIKOTO BIAXWIISIETHCS BiJ HANpPSIMKY
AQHTUTPaJi€HTa 32 PaXyHOK JOJaBaHHS J0 HHOI'O BEKTOPY
HarnpsiIMKy, BUKOPUCTOBYBAHOTO Ha MOIEPEIHEOMY KpOIli,
MOMHOXKEHOTO Ha JesKe IO3UTHUBHE 4Hcio. Hampsimu
MOUIYKY Ha KOXKHIH iTepallii BU3HAYaroThCs 32 JI0IOMOT0I0
dbopmynu:

sk =-Vf(x) + 3 tal- st (6)
3HaueHHs MapaMeTpiB BUOUPAIOTHCS TAaKUM YHHOM,
1100 HampsIMOK OYyB IMOB'A3aHUM 3 yciMa MOOYyIO0BaHHUMHU
paHinie HampsMKamMM nomyky. lLle MoxiamBo KoM
BUKOHYETHCSI HACTYITHA YMOBA!
_ ()’ @)
T ()

Mpakriuni gocmikennst [13] mokaszanu, mio e
METOJ CXOIWThCS IIBHINIE METOAY HAWIIBHIIIOTO
CIYCKy, HpHYOMYy HOro eQeKkTHBHICTh 3pocTae Ha
3aBepIIANBGHUX eTanax MOIIyKy MiHiMyMy ¢yHKmii. Kpim
LBOTO, CJiJ] 3a3HAYMTH, LIO JAHUH METOJ MOXe OyTh
BUKOPHUCTaHWI mpu MiHimi3awii (yHKUI 3 pO3pUBHUMU
noxigaumu. [Tonryk "He 3aBucae Ha 3nmami", a ¥ije y310BxK
JHIT, M0 3'€JHYyE€ TOYKH 3JIaMiB JIiHIA pIBHSA, sKa, SK
MIPaBUJIO, POXOJIUTh Yepe3 TOUKY MIHIMyMY.

I'panienTHi MeTOM € NOCUTHh €(DEKTHBHUMH, aje Ha
MOYaTKOBOMY erarmi MiHiMizamii. Ha HacTymHuX eramax,
KOJIM TIOIIYKOBI TOYKM 3HAXOIATHCS I00JNNM3Y TOUYKH
MiHIMyMy, HEOOXiTHO 3aCTOCOBYBATH METO/IH, 110 MalOTh
Oi7pII BHCOKY IIBUIKICTH 30DkHOCTI. LluMu metonamu €
METOJH JIPYroro MOPAAKY, IO SKUX BIIHOCATHCS METO[
HeroToHa i moB'si3aHi 3 HUM KBa3WHBIOTOHIBCHKI METO.IH.

Meton HploTOHa 3acHOBaHMM Ha KBaJpPaTUYHOI
ampokcuMarii (yHKIil, 0 MIiHIMI3yeTbCS B OKOJIHII
Touky x*, MiniMyM KBapaTH4HOT YHKIIT JIETKO 3HANTH,
npupiBHIOIOYK ii rpagieHT 10 Hynas. Mo)kHa Bigpasy X
OOYHCIUTH TIOJIOKEHHS eKCTpeMyMy 1 BHOpaTtu HOro B
AKOCTI HACTYMHOTO HAOMIKEHHS IO TOYKH MIiHIMyMYy.
OO0UHnCIIOI0YN TOYKY HOBOTO HAOIMKEHHS 32 POPMYIIOL0:

A—1

x*+t = x* 4+ Ax*, a posknasmm f(x**1) y pan Teitnopa,
OTPUMA€EMO KBa/IPaTHYHY alPOKCHUMALLiIO.
fig () = f() +
+(Vf(xk))Txk +
1
+ LTV (), ®)
3a yMOBH MiHIMyMy IIyKalOTh TOBKHHY KPOKY X
xf = =[Nt v (x5). 9)

[epeBaru metony HploToHa:

- SIKIO (DYHKIIisI, IO MiHIMI3YETBCS € KBaAPaTUYHOIO,
METO]I I03BOJINTH 3HAWTH MiHIMYM 32 OIUH KPOK;

- KO (YHKIiS HAICKUTh IO KJIACy MOBEPXOHb
obepraHHs (TOOTO BOJIOJIE€ CHMETPI€I0), TO METOI TaKOXK
3a0e3mneyye 301KHICTh 3a OJMH KPOK;

- AKmo (QYHKIOiIT HECHMETPHYHA, TO METOA He
3abe3mnedye 30DKHICT 3a KIiHIIEBE YHCIO KPOKiB. AJe Iis
OaraTpox (YHKLIH mocATaeThcs Habarato OULTBII BHCOKa
IIBUIIKICTh 301KHOCTI, HDK TNIPH BUKOPHCTAaHHI I1HIINX
Mo udikamii MeToy HalIIBUAIIOTO CITYCKY.

Hepnoniku MeTony  HeioToHa  moB's3aHi 3
HEOOXiTHICTIO OOYUCIIEHb 1 0OEPHEHUX MAaTpPUIb JIPYTUX
noxigHux. Ilpm 1bOMYy He TIIBKM BHUTPava€ThCs
MalIMHHUHA 4Yac, OCKUIbKM MOXYTh 3'SIBUTHUCS 3HAuHI
O0YHCTIOBAJIBHI  MOXUOKH, SKIIO MAaTPHIII sz(xk)
BUSABUTHCSI TOTAHO 0OYMOBIICHOIO.

Meron [leBinona-®neruepa-Ilayesnna 3BaHuil TaKOXK
METOJIOM 3MIHHOI METPUKH MOTPAIUISE B 3arajbHUN KIiac
KBa3iHBIOTOHIBCBKUX TIPOLENYp, B SKUX HAaIpPIMKH
nomyKky Ha K — Tiii itepamii 3amarothcs y Burmsami: sk =
—thf(xk). HanpsiMok rpajiieHTa BiIXWISETHCSA 3aBISKU
MHOKEHHIO Ha h¥, fka € TO3HTHBHO BH3HAYECHA
CHUMETpUYHA MaTpPHUL HOPAAKY 7T X N, ampOKCHMY4Ya
3BOpOTHY Matpuio ['ecce. Ha koxHOMY Kpowi MaTpHIs
OHOBITIOETHCSA, TOOTO Tpuitmae Burasaa: K+t = h* + a* +
bk.
ak Axk-(Axk)T

() agk’
pk = _ hk-(Ak)T-Agk-hk
Axk-nk(axk)"

Axk = xk 4 xk+t
Agl = VfQ) = VF (k)

(10)

Asroputm [eBinona-®neruepa-Ilayemnna iHoai Moxe
MPUBECTH JIO CHTyallii, KOJM MATPHUIl CTa€ IOTraHO
obymoBiieHa ab0 X MOPYUIYETHCS YMOBA TMO3UTHBHOI
BHU3HaueHocTi. [IpmumHOI0 1HOTO € HeBaamuii BHOIp
MMOYaTKOBOTO HAONIKECHHS, a TAKOX HAsIBHICTH MTOMHUJIOK
OKpyTJIeHHs. Jlns TMomoNaHHA IMX TPYAHOLIB CIiJ
MiABUIIUTA  TOYHICTHP  OOYHCIEHb 1  IEPiOJHYHO
OHOBIIIOBATH iTepalifHIIA Tpolec.

Meton  JleBimona—®rieruepa—Ilayenma  mmpoxo
BHUKOPUCTOBYETHCS JUIA BHUPINICHHI HaWPi3HOMaHITHIIINX
3aBJaHb 1 BIIPI3HAETHCS BUCOKOIO.

OTxe, X0ua HEMa€ KOHOTO YHIBEPCAIBHOTO METOY,
SIKWI JT03BOJISIE YCIIIIITHO BUPITyBaTH BCi 3aBIaHHS, NEsKi
METOJIM Kpallle TMPHUCTOCOBaHI JJIs BUPIIICHHS 3aBIaHb
NIEBHOTO THUITy. PeTenpunii BUOip BiANOBIAHOTO alrOpUTMy
9acTo JIO3BOJISAE 3A0MIAUTH | MAIIUHHUAN Yac, i 3yCHILIA,
BUTpayeHi 1H)KEHEPOM Ha BHpILICHHS 3amadi. Y po3ziur
JlaHl peKOMEHAIIi SIKi aTOPUTMH BiJIIaTH TIepeBary, IUis
94Oro PO3MJISIHYTI METOIU MPSMOTO MOIIYKY, TPai€HTHI
METOJIH 1 METOJIU IPYTOTO MOPSIKY.

[Ipu cTBOpeHHI 1 TOOYHOBI CHCTEM NPUHHATTS
pilliecHh ~ BHHWKA€  HEOOXiMHICT, Yy  BHUpIIIEHHI
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Hapi3HOMAaHITHIIINX 3aBIaHb onTHMi3amii. Po3rmsnyti
MeTrond  0araTOBHUMIpHOI  ONTHUMI3amii SIK  METOIH
BHUPIIICHHS 3arajlbHOTO 3aBJAHHS MOIIYKY JOKAIbHOTO
eKCTpEeMyMy, Ta MPOBEACHI MOPIBHIHHA iX e()eKTUBHOCTI
HE JaJy OJHO3HAYHOI BIAMOBIAI HA MUTAHHSA KOJHU 1 SIKUH
came Mae OyTH BUKOPHCTaHUI MeToA. Pe3ynpTar aHamizy
3aCTOCOBHOCTI PO3IJISIHYTHX AalTOPUTMIB JOCIIIKCHHS
CIIOHYKAB J10 OUTBII MTHOOKOTO YHCIOBOTO SKCIICPUMCHTY
HATIPABJICHOTO HA BUSABJICHHS HAWIIBHUIIIIOTO aTOPUTMY 3
MaKCHMaJIbHOIO MTPaBJIONOAIOHICTIO.

UucnoBi ekcniepuMeHTH (TpakTHYHA peai3allis).
Jnsg  mpakTHYHOTO BHUKOpPHCTAaHHSA Oyna po3poOiieHa
nporpama Ha MoBi iporpamysanus Delphi (puc. 2).

Po3pobnernit  iHTEepdeiic mporpamMm  IJO3BOIISIE
omepaTuBHE BBEICHHSA MiUTbOBOI (DYHKINI 1 3miHCHEHHS
MIOIIYKY PillleHHs OAHUM 3 15 MeToziB. PesymbraT Takoro
MOIIYKY MICTUTh Yac 3aTpayeHHid Ha pO3paxyHOK Ta
YHCIJIOBI 3HAYEHHSI TPOMI>KHHUX 3HAYEHb Ha KO)KHOMY KPOII
(irepauii) po3paxyHky (tabm. 1).

| Misimizatop rpadiunmii - [Haiiwswauoro cryexy (MeTog, Koui)]

daln  Metop

MiHinizaLia

1 |CraTyc: 47342 mc

TouHICTE m

Mleki noSypoem madikie: x, v 20

- . [NQ iTepaui ][ =) ][ ) ][ CERPE ][ MpagieHT ][ i
| 1 - e 1 Bl 1000 (4.000; 10,0000 4506 1.000 (0.811; -0.486) I
| I = ,( 2.000 (4811, 8.514) 3326 1.000 (0.511, -0 486)
- \ 1 = i 3.000 (6282, 5.882) 0185 1.000 (1.470, -0.532)
T 4.000 (8831, 5.509) -5.477 1.000 (2.349, -0.383)
5.000 (10 647, 8.790) -7.985 1.000 (2.015; 0.191) =
[hadik noeenxHi dyHEUI T3 DRI MIHIMizaW oW yky BileHHA A EipefeHHA dyHKWITABOK SMIHHME ANA MiHIMiZELT
Strface Hanawryeanns DyHKUiA: £ = fix;, v)
a I8 4 4 BeecTi
z=flxp) MoHETHOBS TOYKE L l—J
e
<0 400 4o 1000 SN0 B cos(0. 18]+

0.0 (20 div 2320 div 2)) -
15%epl-0.04" sqrix-{ 20 div 2))+sqriy-{20 div 2]3))+
10%esp(-0 02 sqrix-{20 div 3))+sqriy-320 div B))))-1

Yucno Touok 30

E][ SHak anepayl ][Onwc ]

7
g ITepayi 242 wM1n) A0BYBaHHA KOPEHA N-r0 CTYNEHA 3 X
B 7 . - KOHCTAHTH
4 FYMMHER MK J0C ATHEHHI a9 iTepaui Q Pi wueno M= 3.141592..
3 Comtorr ;:; expll) yucno () Ednepa =2 7“18281. .
5 z= ) | i In2) ROrapHdiM HAaTYpaneHWi Bin, 2
L2 In{10) norapudim HaTypaneHni Big 10
! Q srti2) KBaApaTHUA KopiHe 3 2
z 0 L2 srt(3) KBAAPATHUA KopiHe 3 3
-1 L2 sr(3) KBAAPATHUA KOpiHe 3 3
2 5 dyHii
3 4 sqrt(x) KBAAPATHUA KOPIHE 3 X
2 abs(x) afCoNKTHE 2HaYBHHA (MOAYNE]) X
-4 z 0 Inix) HATYRENEHUA NOrapHdim ¥
-5 = log2(x) norapHdiM 33 0CHOBOK 2 Bif ¥
-B lgix) AecATKOBWA Norapndim x
7 - expix) NiAHECEHHA YMcna Efnepa A0 cTynexA x
3 -6 sin(x) CHHYC 3pMYMEHTY X, NApaMETP ¥ 343ETC..
R - cosx) KOCMHYC ApryMeHTy X, NapameTp ¥ 3afac. .
E tan(x) TAHTEHE ANTYMEHTY X, NAPaMeTh X 33086T..

KOTAHMEHC apryMEeHTY X, NapamMeTp x 3a4a...

|MeTop onTumizaU HaMw EMgwon cnycky (MeTog Kowi)

Puc. 2. Buj romosHoro BikHa nporpamu MinGraph (mixiMizarop rpadidmmii).
Fig. 2. View of the main window of the minGraph program (graphic minimizer).

Taduuus 1. Pesynbrar reHepaliii npoMiXKHUX 3HA4SHb PO3paxyHKy mporpamoro minGraph.

Table 1. The result of generating intermediate values of the calculation program minGraph.

Zx =8'x*—4-xy+5'y*+8:- 5 x+2-y +64
Merton: ITo koopauHATHUM CITycK (30J10THI NIEpeTrH) - MeToa ["aycca - 3aiinens

Yac pospaxysky: [2.2292 mc

Itep. x,y) Z=1(x,y) CKaJISIPHHIA aprymeHT™* rpajiieHT
1 (-15.000; 10.000) 3053.443 0.000 (-15.000; 10.000)
2 (-4.868; -5.525) 13.869 1.000 (-4.868; -5.525)
3 (-2.499; -4.578) -35.501 1.000 (-2.499; -4.578)
4 (-2.263; -4.482) -35.995 1.000 (-2.263; -4.482)
5 (-2.239; -4.473) -36.000 1.000 (-2.239; -4.473)
6 (-2.237; -4.473) -36.000 1.000 (-2.237; -4.473)
7 (-2.236; -4.472) -36.000 1.000 (-2.236; -4.472)
8 (-2.236; -4.472) -36.000 1.000 (-2.236; -4.472)

IMpumitka * — ckanspuuii apryment K ckansproi ¢pyskiii Buny: W (k) = f (F +k- ;’?)

MeToauka YHCIOBOTO EKCIEPHUMEHTY IoJisiraja B
HACTYHMHOMY: JUI TPHOX HUTBOBHX (YHKIIN MpPH MEBHUX
ITOYaTKOBHX YMOBaX (TabJI. 2) OCIHIIKYBATUCS IBUAKICTD
Ta TOYHICTH CXOJDKEHHS IPH BHKOPHCTaHHI 15 meronis
MOUIYKY MiHIMYMY: 1 — 110 KOOpIMHATHUI CITyCK (30J0THH
nepetuH) — Mmeron [aycca-3aiinens; 2 — BHIAAKOBOTO
TIOUIYKY; 3 — IPAJI€HTHOTO CIYCKY 3 APOOJIEHHSIM KPOKY;

4 — gaitmBuamoro cnycky (Meron Komri); 5 — mos'a3annx
HanpsamKkiB; 6 — dmeruepa-Pisca; 7 — JPII (/laBizoHa-
Oneryepa-Ilayenna); 8 — HUKIIIYHOTO MO0 KOOPAMHATHOTO
coycky; 9 — HyiboBoro mopsiaky — Xyka-/xuBca;
10 — mynpoBoro nopsinky —PoszeHopoka; 11 — Hymb0BOTO
nopsaky —Ilayemna; 12 — HeperyisipHMil CHUMILIEKC —
Hemnepa-Mina; 13 — merox Herorona; 14 — ymMoBHOrO
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rpamienTa; 15 — mpoexmii anturpaxmieHTa. IIpm 1mpomy
¢ikcyBamuCcsS HACTYIHI MapaMeTpH: KiIBKICTh iTepamii,
Yac 3aTpadeHUil Ha MOIIYK pillleHHs, 3HaliieHe 3HaYCHHS
¢yHKOIi 1 HACTYIIHE MOPIBHAHHSA 3 TOYHHM 3HAYCHHSIM
IUITXOM TIOITYKY aOCOMOTHOT MOXUOKH (Tabi. 3).

[Ipr momyky MiHIMYMy QYHKIIH iTepamiifHuM
METO/IaMH OJIHUM 3 BUPILIATbHUX YNHHUKIB CJI1Jl BBRKATH

cTabinbHICTE pe3yipTaTiB. lle o3Hauae, mo HeBETHKi
BIIXWJICHHS BiJl IOYAaTKOBMX 3HAYCHb ITyKaHWX (YHKIIN
HE TMOBWHHI TPU3BOAUTH IO iCTOTHOI 3MIHHM KiHIIEBOTO
pesynmprary. s HAOYHOCTI BHI  MOBEPXOHb i
00YHCITIOBAIFHUM TMpOIec MiHIMi3aIil A7 TBOX 3MiHHHX
MOKa3aHWH Ha puC. 3.

Tadanus 2. Buxingsi 1aHi MOJETIOBaHHS MOUIYKY KPaIIoro ajlrOpUTMY ISl TPbOX (pyHKIIH.
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Y 1npoMy 0OYMCIIIOBAIFHOMY EKCIIEpUMEHTI Oyio
BHKOPHUCTAHO HAaBMHCHE CKJIaIHI yMOBH pobOotu. s
BOTO TIOYATKOBI TOYKH Oy BHOpaHi sIKHaWjami Bix
HWMOBIPHOTO MiHIMyMY.

Table 2. The output of the simulation search for the best algorithm for the three functions.

Dyuxyia 1 — f;:
flo,y) =100- (y* —x*)? + (1 — x)?

[TouaTkoBi maHi:

[MTouarkoBa Touka — (x0 = —19.00; y0 = 0.00)
Tounicts — e = 0.001

Yucmo Touok — 30

Mesxi moOynoBu rpadika — X, y = 20

Dyukuyia 2 — f,:
f(x,y) = 8x? — 4xy + 5y% + 8V5 - (x + 2y) + 64

ITouaTkoBi AaHi:

IMovarkoBa Touka — (x0 = —15.00; y0 = 10.00)
Tounicts — e = 0.001

Yucno Touok — 30

Mesxi moOynoBu rpadika — X, y = 20

Dynxyisn 2 —f3:
flo,y) =100-(y —x*)?+ (y - 1)?

IToyaTkoBi HaHi:

[MouarkoBa Touka — (x0 = —19.00; y0 = 0.00)
Tounicts — e = 0.001

Yucmo Touok — 30

Mesxi noOynoBu rpadika — X, y = 20

[Micnsa 3HaxomKeHHS onTUMyMy OYHKIIH (puc. 3)
OyJi0 MpOBeIEHO MOPIBHSHHS PE3yNIbTAaTiB 0OpaxyHKy 3a
METOJIaMH1 JJIsl TPhOX (DYHKIIH Ha MIBHJKICTh CXOPKCHHS,
TOYHICTH CXO/IKCHHS.
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Tadonuusa 3. Po3paxyHKOBI MiHIMaJdbHI 3HAYEHHS
(YHKIIH 17151 pi3HUX aITOPUTMIB.

Table 3. Estimated minimum values of functions for
different algorithms.

Me- | 3naiinene ITeBa- Yac, mc A
TOJl | 3HAYCHHS i
@ynkuyin — f1 (min = 0)
1. 323,997 3 6,4131 | -323,997
2. 0,059 74 116,97 -0,059
3. 3592310 2 4,2522 | -3592310
4. 0,771 5 6,4882 -0,771
5. 0,771 4 5,5555 -0,771
6. 0,771 8 21,8611 -0,771
7. 0,557 98 159,5394 -0,557
8. 99,994 3 202,1436 -99,994
9. 110,249 4 7,2663 | -110,249
10. 0 5 6,6056 0
11. 0 5 6,6534 0
12. 0,001 2 4,4209 -0,001
13. 0,771 16 29,3393 -0,771
14. 0,049 143 223,6698 -0,049
15. 4 308 480,2124 -4
dyuxyin — f, (min = —36)
1. -36 8 15,32 0
2. -35,745 79 142,667 -0,255
3. -36 29 58,9249 0
4. -36 9 22,9714 0
5. -36 3 8,9138 0
6. -36 3 5,9635 0
7. -36 3 4,7089 0
8. -36 8 214,511 0
9. -36 12 20,3669 0
10. -36 7 24,5134 0
11. -36 3 11,0239 0
12. -36 2 4,3565 0
13. -36 3 4,8218 0
14, -20,22 3 4,9149 -15,78
15. -34,997 7 25,2023 -1,003
gynxyin — f3 (min = 0)

1 0,15 99 180,254 -0,15
2 4,977 74 134,857 -4,977
3 3586954 2 14,4432 | -3586954
4. 0,361 98 160,222 -0,361
5. 0,478 49 104,287 -0,478
6 43,643 99 162,982 -43,643
7 0 92 156,589 0
8. 0 987 7604 0
9. 0,044 480 1867,2 -0,044
10. 0 135 248,126 0
11. 0 6 30,9801 0
12. 0 2 8,6935 0
13. 0 22 43,0731 0
14, 0 17 39,3458 0
15. 0 371 570,204 0

OO06unCTIOBATBHUHN EKCIIEPIMEHT ITOKa3aB, 110 MepIia
(yHKITIST BUABWIIACH JOCUTH CKJIQJHOIO Maike Ui BCiX
anroput™iB  (minimym npu: x = 1;y = 1). Haiiripury
MIBHKICTh CXOKEHHS MOKa3anu metonau 7, 8 Ta 141 15.
i Meromu MarwTh O TOTO X HE3aIOBIIBHY TOYHICTB.
OntuManbHe pillIcHHS He OYyJIo 3HAiIeHO, a 3HAYCHHS

HaOJMKeHHsT 10 MiHiMymy ckiamu Bim 0,049...99,994.
Haii6inem edekTuBHO cede mokazanu metoau 10, 11 ta 11.
Tounicte manmx meromiB ckinana 100%. Hemomyctumo
BUKOPUCTOBYBATH IS TIOIIYKY MiHIMyMy i€l QyHKIii 3
MeTOZOM (TPaJi€eHTHOTO CITYyCKY 3 IpOOJEHHSM KPOKY).
3BiCHO SKIIO BpaxyBaTH 3HaYeHHS (YHKIIIi Y MOYATKOBIN
touni (13032500), To 3naiinene 3Hauenus 0,049..0,771 (ue
Maibke MiHIMYM, 3 IESIKMM NPUITYIIEHHSIM MOXHA BBOKATH
JIOCTaTHIM pilllecHHsM Metonamu 2,4,5,6,7, 13 ta 14.

Hpyra ¢yukuiss (minimym = -36) BusBHiacs
NPOCTIIIO IS TOINYKy pimenHs. Lle mnosicHIoeTbes
Ol BUpa)XKEHUM IIKOM MiHIMyMY (Tabu1.2). I3 3amauero
HE chpaBwimcs jiume Tpu meromu 2, 14 i 15. Bei iHmi
MOKa3aJi BUCOKY TOUHiCTh. 11010 IIBHIKOCTI CXOMKEHHS
TO 2 i 3 Meronu BHKOHAIU poboTy 3a 79 i 29 itepamiii
BignoBigHo. Yac Ha poOOTYy anropurMy INpH IHOMY
3aJie’kaB He Tak BiJ KUTBKOCTI iTepalliif, K BiJ CKJIaJHOCTI
AITOPUTMY.

3aJIe)x]HOCTI HIBUIKOCTI CXO/PKEHHSI TPhOX (DYHKIIH
Jutst 15 anropurtmis (puc. 4) mokasas HaAWKpaIi MOKa3HUKH
st 11, 12 ta yactkoBo 3 meroaiB. OHaK, BpaxoBYIOYH
Cy4yacHy WIBHAKICTb pPOOOTHM KOMI'IOTEPIB KIJIBbKICTh
itepauiii HabnmmkeHy 1o 100 He € TakoIO BXKE BayKJIUBOIO,
xo4a pi3HHIA B 4Yaci (puc. 5) € Oumpm pastodoro (8 i 9
Meronn — 2000, 8000 mc). Binbm BH3HAYaNBHOIO IS
METOJIB € TOYHICTH MOIITYKY MiHIMyMY.

Tpers excnepumeHTanbHa (QYHKIII TPH TOMIYKY
MIHIMYMY TIOKa3aja BiAMiHHY poOoTy metomiB 7—15. I me
3Ba)KAIOUM Ha CKIAAHICTh QyHKIiT PosenOpoxa. Ls
GyHKIIsT — KIacMyHa mpodOjeMa ONTHMI3allil, TaKoXK
Bizjoma sik OaHaHOBa (yHKuis. BoHa Mae BesMke MOBUTLHO
criajaiode Iuiato. 3HAWTH IUIATO — TPHBialbHA 3ajadya,
OJTHAK KOHBEPTeHIlisl O IJI00ajJbHOTO ONTUMYMY BaXKKa.
Ll ¢yHKIIST BHKOPUCTOBYETHCS JUIS OLIHKH POOOTH
ITOPUTMIB ONTUMI3allil, a TOMY i Oysa Hamu oOpaHa JyIst
JOCTIKeHHS. Bcei IHIN METOMW CHITKHYJNHCS Ha INH
¢yHKIIi 1 TMOKa3aqu CyMHIBHI pe3yiabTaTH, OCOONHBO 3
MeToz. OcoOMHBY 3aIliKaBICHICTh BUSBIUIH B POOOTi 8 1 9
MeToau (IUKJIIYHOTO TI0 KOOPAWHATHOTO CITYCKY 1
HYITBOBOTO TOpsAAKy — Xyka-J[xuBca). BimmigaeTscs
JIOCUTh TIOTaHE CXO/DKCHHS Ta BEJMKUH 4ac Ha poOOTy
anroputmy. [Ipore pe3ynbraT BUSBUBCS BIIMIHHUM JUIs 8
Ta JIOCTATHIM Ui 9 METOAY.

[IpoBeneHi OOYMCHIOBAJBbHI  €KCIIEPUMEHTH  T10
MiHiMizamil Tppox QyHkmii (Tabn. 2) ans 15 meronis
onTuMizalii IMoKaszanu, MO Ui BCIX JIOCIIPKYyBaHHX
GyHKIOIH MOXHa pekoMeHAyBaTH 1Ba wmeromu: 10 —
HYJTHOBOTO TOpPSOKy —PoszenOpoka ta 11 — HympoBoOrO
nopsaky —[layesna (puc. 3).

Lle moOsICHIOETBCS THM, IO J[aHi aJrOPUTMH Bipasy
pPYXaloThcsl Ha JIOKaJbHUH MIHIMYM 1 MaroTh HaiOUIbII
MIAPOKY OOJIACTh TSDKIHHSA, B CHJIy 4Oro 3 OiJbLIOIO
AMOBIpHICTIO Xoua O ofHa 3 iTepalliii moTpamise B
3a3HadyeHy O0JacTh i YMHUTh MAaKCUMAIbHUW BIUIMB Ha
MOJAJIbIIY MTOBEIHKY aIrOPUTMY MOLIYKY.

Jlume 1i MeTOAM TOKa3zanmW Ui BCiX (QyHKIH
HaWKpally CXOJDKEHHs Ta TOYHICTh oO4ucieHHs. [Hmri
METOJIM YacTKOBO TIOKa3aldW BiJMiHHI pe3yJIbTaTH st
NEeBHUX (YHKIIH, TOMI SIK IS iHIIKMX QYHKIIH HE 30BCIM.

Cnij 3a3HaYMTH, O JOLUILHO BUKOPHCTAHHS IMX
METOIIB Ha OUIBII CKIATHUX (QYHKIIAX, SKi OKpPIM
rJ00aJIbHOTO MIHIMYMY MICTATh JEKiJIbKa JIOKaIbHUX
MIiHIMYMIB, III0 MOKE CTAaHOBUTH IHTEpEC NPH BHUPIIICHH]
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Puc. 3. MHOXunHa 300pakeHb MOUIYKY MiHIMYMY Jiist QyHKUIT f1 PI3HUMH METOJIaMH.

Fig. 3. A set of minimum search images for a function f, by different methods.
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Fig. 5. Speed histograms of 15 search methods for three experimental functions.
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METO/I ITIONCKA SKCTPEMYMA
MHOTI'OMEPHBIX dDYHKI_II/Iﬁ TTPU PEILIEHWI
MHXEHEPHBIX 3AJJAY MAIIIWH J1J151
JIECOTEXHMYECKUX PABOT

JI. JI. Tumosa, A. B. Haomouui

AHHoOTauusl. J[aHHas CTaThsl IOCBSILEHA AHAIHU3Y
HauOoJice PACIPOCTPAHCHHBIX METOJOB ONTHMHU3AIUH,
HCTIONIb3YEMBIX B MPAKTUUYECKHX HHXKEHEPHBIX 3aJadax
MOWCKAa  JKCTPEeMyMa  MHOTOMEpPHBIX  (QYHKIMHA |
(dbopMHUpOBaHHME Ha OCHOBE BBISIBICHHBIX CBOWCTB
PEKOMEHIANWI MO BBIOOPY JIYYIIETO0 HA Pa3IHYHBIX
Habopax JaHHBIX. B mpomecce aHanm3a — ObUIH
paccMOTpEHBI pa3nuvHbIe peanu3anyu METOIO0B
TPaAUEHTHOTO CITYCKa, UMITYJIbCHBIC METOMBI, aJalITUBHBIC
METOABl M KBa3sHHBIOTOHOBCKHE METOMBI, OOOOIIEHHBI
MIPEUMYIIECTBA U MPOOIIEMBI KaXXIOTO U3 METOOB IPH UX

HCIOJIb30BaHUU. PazpaboTannas KOMIIBIOTEpHAst
porpaMMa,  pealu3yrolas  HCHOJb30BaHHE  BCEX
PacCMOTPEHHBIX METOJIOB. [IpoBeneHHbIiI

BBIYHMCIIUTEIbHBIA JKCHEPUMEHT sl TpeX (QYHKIMN
nokasain, 4ro Haubonee SPPEKTUBHBIMU OKa3aJHCh
METOJBl HYJEBOIO MOpsifika -Po3eHOpoka M HYIEBOrO
nopsanka -Ilaysmia.

KaroueBble coBa: MeTOABl ONTHMH3ALMH, METOJ
TPaJCHTHOTO  CITyCKa, CTOXACTHYECCKUHA  IpaJHeHT,
KBa3MHBIOTOHOBCKHE METOJbI, IIeeBast (yHKIHSL.

METHOD FOR SEARCHING THE EXTREMUM
OF MULTIDIMENSIONAL FUNCTIONS IN
SOLVING ENGINEERING PROBLEMS OF

MACHINES FOR FORESTRY WORKS
L. L. Titova, O. V. Nadtochiy

Abstract. This article is devoted to the analysis of the
most common optimization methods used in practical
engineering problems of finding the extremum of
multidimensional functions and the formation on the basis
of the identified properties of recommendations for
choosing the best on different data sets. In the process of
analysis, various implementations of gradient descent
methods, pulse methods, adaptive methods and quasi-
Newtonian methods were considered, and the advantages
and problems of each of the methods in their use were
summarized. Developed computer program that
implements the use of all considered methods. The
computational experiment performed for the three
functions showed that the zero -Rosenbrock and zero -
Powell methods proved to be the most effective.

Keywords: optimization methods, gradient descent
method, stochastic gradient, quasi-Newtonian methods,
objective function.
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Abstract. The analysis suggests that to solve the
contradiction between the need of ensuring the required
level of serviceability of combine harvesters and
capabilities of existing system and repair management of
the technical state of combine harvesters at the present
stage, there is a need to improve the subsystem recovery
combine harvesters subject to the requirements of
readiness to perform tasks on purpose and financial
capacity for its maintenance.

Analysis of scientific literature showed that today the
unsolved problem of search and introduction of effective
methods and repair combine harvesters are: development
of mathematical models of the process and repair, which
would allow comparative assessment of technical and
economic efficiency of different modes, and repair objects
combine harvesters, alternative strategies for their repair,
with the aim of improving the quality of control of
technical condition of the vessel in conditions of limited
funding.

Consideration of the process of technical
maintenance of combine harvesters as a set of stages and
repair objects combine harvesters allows to identify
possible directions of improving the system restore. The
analysis allowed to determine four basic options for its
organization and to make a qualitative assessment of the
benefits and disadvantages of each of these options.

Reduced operating costs in the operation of combine
harvesters, along with other measures of organizational
and technical nature require greater automation of control
of technical condition. Automation of technical state
control of combine harvesters developed in the following
areas: embedded systems control, on-board automated
control systems, specialized control systems and universal
control systems dismantled equipment. A large share of
false failures in equipment, violation of industrial
relations in the repair network on-board equipment, the
shortage of maintenance fund requires implementation
and operation.

Most fully able to examine the efficiency of the
process of operation of complex technical systems using
analytical models.

Existing approaches to the assessment of the
recovery system can be classified also according to the
used indicators of effectiveness: the number of

constructive variables of units that are replaced (restored)
for a predetermined period of operation of the control
object, repair cost of the constituent elements of the
functional system for a specific period at different depths
of the control and completeness of the recovery, the
downtime of the test object within a certain period, for
comprehensive reliability, such as coefficient of
readiness, coefficient of technical use.

Key words: analyze, effectiveness,
operation, technology, reliability, combine.

process,

Introduction

As is known, the choice of indicators to assess the
effectiveness of the process, which is investigated, is an
important part of the analysis, the quality of which depend
the results of the analysis and the objectivity of rational
choice (optimal for the modern period) solutions.

Formulation of problem

In this regard, in the modern period in literature,
which is devoted to techno-economic analysis of the
efficiency of operation of complex technical systems
(CTS), has developed three main approaches [1-12]:

- evaluation of the effectiveness of one composite
index (scalar),

- based on a number of indicators (vector),

- evaluation metrics used in common, the most
important indicators.

Analysis of recent research results

Under the effectiveness of any technical system
understand the degree of completeness of implementation
of the tasks set before her, and the magnitude of costs
associated with its implementation under certain
conditions and time interval [13-20]. Efficiency is
characterized by the intensity of its manifestation, which
is called the index of effectiveness [21]. Thus, the
efficiency index W is a measure of the degree of
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conformity of real result Y the result is what you want
(goal) SW. In turn, based on the goal of the recovery
subsystem on-Board equipment of the vessel [22], the
goal of the process and R, and hence the process of
technical operation (PTO) SK associated with the costs of
various resources: material C, Tr employment, financial
F, time T, and the resource. Therefore, when evaluating
the effectiveness of the recovery process objects combine
harvesters it is necessary to consider, in addition to the
target score g, and the costs of different resources (C, Tr,
F, T) occurring when executing operations. It follows that
the efficiency indicators of operational modes of the
objects combine harvesters must have a technical and
economic nature [23].

Purpose of research

In paper carried out the analytical and generalization
analysis and evaluation of performance indicators of
process operational and technological reliability of
combine harvesters.

Results of research

Thus, the results Y the recovery process, combine
harvesters, what is studied, is an R-dimensional vector of
characteristics result the operating rules including the
appropriate groups component R =+, +r3+...:

Y<R> — (g<l’1> ’C<r2>, Tr<r3>!F<r5>"") 1)

That is, the result required, should also be
represented by a target vector to lodging,

Y§R>:(gg”>,CQ2>,Trg3>,Fg5>,---)' (2

what sets the boundaries of permissible values of the
corresponding indicators Y® of real result of the
operation process that is studied.

To describe the correspondence between Y and Y,
use some numerical function o on the set of the results
of the recovery process that is considered, and that is a
function matching:

p=p (Y(),Ye), ueU.
where: U the many options for organizing the recovery
process, which represent the system of rules of control of
technical condition of the objects combine harvesters for
maintenance or repair, which directly determine the scope
(volume) the type and frequency of recovery operations.

The magnitude of the correspondence between
elements of the same name the component Y and Y,:

(01,91,
p3(9,.9,,.)

pg(gﬁ’gﬁ@-)

pE(Trrg, ’Trrs 6 )

define the set of partial performance indicators Wérﬁ,

Wc<r2>, W14<r4>’ WF<'5>, WT<r6>, ..., each of which may

represent a scalar or more generally a vector that is
created by group of indicators of the effectiveness of this.

Partial indices W, r=1,R efficiency, reliability
(reliability), economic, social and other types of

5
performance form a vector efficiency W index of
restoration of objects of combine harvesters in the process
and repair management

e d -

W (u) =W, (U)W, (u),... W, (u),...,Ws(u)), r=1R,
where R is the total number of partial indicators of the
effectiveness of the recovery process.

Indicators in the evaluation of the effectiveness of
the process of technical operation of the vessel, and hence
the operation of the recovery system combine harvesters,
as a rule, divided into the indicators of technical
efficiency and economic efficiency.

Indicators of technical efficiency. In accordance with
the purpose of functioning of the repair system,
effectiveness of the recovery system on-Board equipment
of combine harvesters we understand its ability to
maintain a given level of readiness of combine harvesters
to carry out tasks as directed.

Thus, the problem reduces to the selection of
indicators to quantify the quality of recovery of the
system and its impact on the efficiency of the process of
technical operation of combine harvesters.

A property of the system of technical maintenance
and repair of grain harvesters to complete the task
relatively continuous maintain a given degree of readiness
of combine harvesters to carry out tasks is determined by
its effectiveness which includes the technical perfection
of design and operational reliability of grain harvesters.

Numerous studies evaluating the effectiveness of the
process of technical maintenance of combine harvesters,
show that the willingness of harvesters to use is largely
determined by its reliability. Moreover, the reliability
depending on the purpose of the study refers to the
combination of such elements as: reliability,
maintainability, durability and persistence.

Since the main function of system restore is the
translation of the object of repair to a healthy state, it is
logical to assume that system restore affects the efficiency
of the object through the characteristics of its reliability.
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On the other hand, the main requirement when
selecting a performance indicator is a compliance
indicator the purpose of the study the aim of this study is
to improve the system of technical maintenance and repair
of combine harvesters, so that as the main figure should
choose one of the indicators of reliability.

All the components of reliability are assessed using
quantitative parameters.

In the practice of evaluation of reliability of combine
harvesters used the figures given in the table 1.

Table 1. Main indicators of reliability of combine
harvesters.

Property | Index | Marking
Single
Probability of failure P(t)
Failure rate /”t(t)
o Parameter flow of (t)
Reliability failures @
Average time to T
failure 1
Average time to
failure To
Average resource T,
Service resource
Durability (average service Te
resource)
Gamma-percent Too
service resource 7e%
Probability of P.
recovery
Maintainability Recovery rate ,u(t)
Average duration of Te
recovery
Average time T,

persistence

Persistence

Gamma-percent T %
resource persistence
Integrated
Availability K.
Reliability and Coetficient of Ko
maintainability |-oPerational readiness
Coefficient of K

technical use

As can be seen from table 1, the individual indicators
of reliability characterize one of the properties of a
technical object (e.g., reliability) while integrated
indicators characterize several properties.

The main indicators of reliability of non-renewable
combine harvesters in accordance with DSTU 2862 is the
probability of failure, failure rate, mean time between
combine harvesters to failure. The probability P(t) of
failure-free operation of combine harvesters is the
probability that within a given experience of failure will
not occur, that is, the object began to work at time t =0,
to perform reliably over time 1 :

P(t)=P(§ >t)=1-F(t).

where: & — random operating time of combine harvesters

to failure, F;(t) — distribution function developments

combine harvesters to failure.lt is obvious that the
distribution function of the achievements of combine
harvesters to failure | g(t) the probability of failure of

the object over time 1.
In differential form the law of distribution of time to
failure is called the density of distribution of time to

failure fg(t):

oP(t)
f.t)=—""--2
)=——
Value characterizes fg(t)ﬁt the probability of

failure over a range (t + 6t) of developments combine

harvesters, taken at random from the set of identical
harvesters.

It is unknown whether this functional object to the
beginning of the interval at the time t, was denied

informed. It's not always convenient in practice fé(t),

as an independent indicator finds limited application.
Often used similar definition of failure rate:
f.(t
ﬂ,(t) — & .
P(t)
Failure rate, generally regarded as the relative rate of
reduction in the value of the reliability function P(t) with

increasing .
Performance elements of the combine harvesters
(functional ~ systems, modules, assemblies, parts)

characterized by their serviceability, that is, the condition
that meets the requirements of normative-technical
documentation. Any deviation from the technical
requirements is considered as a fault and is defined by the
term rejection.

Combine harvesters and their functional systems
relate to the recovery of objects, the performance which in
case of detection of failure to restore these conditions by
repair or replacement of nodes or elements, that had
failed. The process of their functioning is described by
continuous random variables characterizing the length of
time of correct operation, T, the duration of the recovery

period TgiaH , or time between failures and updates
Ts =T +T

6ion "

In addition, we introduce a discrete random variable
characterizing the number of failures n(ti_l,t) or
recoveries N, (ti_l,t) over a period of time [ti_l,t].

As features the average number of failures expected
in a small period of time for recovery of objects using a
parameter of stream of refusals a)(t) that for ordinary
stationary flow failure is determined by the formula

(O(t) = :I/To )
ie. a)(t) — expected number of failures of combine

harvesters with the recovery per unit time for steady-state
operation.
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Usually in the theory of reliability, as a rule, do not
distinguish between intensity and parameter flow of
failures, due to the fact that the stream of refusals is
physically there always ordinary. Therefore, the
parameter of stream of refusals is asymptotically equal to

the probability of failures in the interval At .

One of the quantitative indicators of reliability of
combine harvesters being restored is the average time
between failures:

7= T
" Mn()]
where: M [n(t)] — the expected number of failures over

a given period of operating time 7.

The individual indicators of reliability have a
peculiar technological character: they are necessary for
use in calculations of integrated (operational) indicators
of reliability of combine harvesters. These indicators are
intended for subsystems (elements) of complex technical
systems (CTS). For example, if CTS is convenient to
characterize the availability (operational metric), each of
the constituent elements must be characterized by a single
performance — distribution practices and the recovery
time (or their main parameters such as mathematical
expectation) as they allow to calculate the reliability index
of the system as a whole, taking into account features of
the processes of operation and maintenance.

It should be noted that the statistical material these
parameters are calculated by the operating time of
combine harvesters excluding downtime for operations
and R.

To account for periods of repair and maintenance are
calculated complex indicators of reliability. These include
the coefficient of readiness, coefficient of operational
readiness and the coefficient of technical use.

Awvailability factor Kg(t) is defined as the likelihood
that harvesters will be in working state at any time, except
the planned periods during which the use of combine
harvesters for the purpose not provided.

For any distribution of achievements between failure
and recovery time can prove that the stationary
availability factor is equal to:

— M (TO) , (3)
M(To)+M(T,)
where: M(T,) - average time of finding combine
harvesters in good condition,
M(T,) average

harvesters.

The dependence of K.(t) on time is often called the
nonstationary availability factor (function ready). To
obtain the expression for non-stationary coefficient of
readiness in the analytical form is quite complicated in the
General case

K.(t)= P(t)+ iP(t —17)- @, (r )t

where: @g(7) — parameter of stream restorations.

In DSTU introduce also the notion of the coefficient
of operational readiness K.(t, t + 7) as the probability that
the object will be in working order for any period of time,

K-

recovery time combine

except for planned periods during which the use of
combine harvesters for the purpose provided, and from
this point on, will work flawlessly within a given time
interval .

K.(tt+7)= P(t + T)+}P(t +T— X)~a)8(x)dt-

Along with the availability factor in the study of
influence of methods and regimes of maintenance on the
efficiency of the process of technical operation used
K e the coefficient of technical use is equal to the ratio

of mathematical expectation (MO) time interval of stay of
combine harvesters in a healthy state for a certain period

of operation M (T) to the sum of the MO residence

time of combine harvesters in working condition and the
total downtime in all types of maintenance and repairs is

M(7,,):
M(To)

M(To)+M(7),)
where: M(7,,) — the sum of mathematical expectations

K"‘I@ =

of downtime of combine harvesters on a periodic, regular,
seasonal work, when carrying out improvements, repairs,
Troubleshooting and so on.

The analysis of the advantages and disadvantages of
the above indicators of technical efficiency shows that as
the indicator that characterizes the efficiency of
organizational structures, from the point of view of
providing the required level of readiness of combine
harvesters to the application, it is advisable to choose a

stationary coefficient of readiness K, , characterizing the

readiness of combine harvesters to be used in an arbitrary
sufficiently remote period of time and defined as the
value of the coefficient of readiness defined by the
working conditions of combine harvesters, when the
average parameter flow of failures and the average
duration of the recovery remain constant. Stationary
availability factor is a complex indicator of reliability that
characterizes simultaneously two different object
properties — reliability and maintainability.

It is clear that when using this indicator, the impact
of the system recovery determines the average recovery
time depends on many factors (comprehensiveness and
technological cooldown system, logistics, etc.).

The next task is the selection of the indicators, giving
a guantitative estimate on the price achieved or that the
value of the stationary coefficient of readiness for the
chosen variant of the organization of the recovery system

u,uel.

Under the economic indicators of complex
engineering systems understand the indicators of the
expenditures for the development, manufacture and
operation of products and economic efficiency of its
operation.

Abroad, in the practice of the design and operation of
combine harvesters found a use method of assessing the
effectiveness of the concepts developed according to the
indicator life-cycle costs.

Under the life cycle cost of a system refers to a
specific type of integral discounted the cost of its
development, production and operation.
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Under the life cycle (LC) system is the calendar time
period covering the stage of research, development and
testing stage of production the required number of
systems and the operational stage.

The leading foreign construction firms have
developed a number of methods for evaluating the
lifecycle cost of the ship and engines on the basis of
mathematical models, allowing to calculate the values on
the electronic computing machines (computers).

So, according to foreign sources known to the
analytical model of the lifecycle cost of combine
harvesters and engines of combine harvesters, which were
used to optimize the tactical and technical parameters of
the prospective combine harvesters, as well as operational
and technical characteristics of hell to them.

As a rule, the indicator of life cycle cost is used as
objective function for optimization of the processes of
development, production and operation of combine
harvesters on the stage. It is an integrated indicator,
giving the opportunity to more fully consider the costs
and effects at all stages of the life cycle. Cost analysis of
life cycle objects combine harvesters allows to obtain at
the early stages of creating the information necessary for
the evaluation of the decisions taken at various stages of
the life cycle.

Because the harvesters not a manufacturing sector
and does not give a positive economic effect resulting
from its operation, to evaluate the economic efficiency of
functioning of system operation of grain harvesters it is
advisable to use only those indicators that reflect the
magnitude of different cost elements (material, energy E
and labour Tr, F financial, etc.) presented in any form
(absolute, relative, specific, reduced), to achieve a certain
result.

In the proposed to evaluate the economic efficiency
of the process of technical operation of combine
harvesters in the parameters of the cost and complexity of
IT and R.

TO . .
(the ratio of the complexity
num

that is mathematical expectation of the total labor costs
for maintenance of combine harvesters for a certain
period of operation to mathematical expectation of the
developments of combine harvesters during this period:

" Mg

where TrTOi the effort required to conduct the i-th,

Labour intensity Tr

N - number of works for the period of operation,
which is considered

tOi — life object as a part of combine harvesters in

the i-th cycle of operation.
Taking into account the above notation, we get:

J K P F
M{ZTFO.Oﬁc.j + kZ:Trﬂ.Oéc.k + zTrﬁiaeﬂ.p + ZTF 3. f :|
=1 =] p=1

o —

— period of operation of combine

T " (T):

num

where Tr0.06c N

harvesters is considered:

TrH.06c.k —labor for K operational services,
Tfﬂiazn.p — work on the periodic maintenance,
effort required to perform the robot, the diagnostics of
combine harvesters,

Tr35 f - work on the execution of works on the

first save.

The specific complexity of the repairs T, Pert- (the
num.

ratio of the complexity of the repairs) is the mathematical
expectation of the total labor costs for carrying out all
types of repairs of objects of combine harvesters for a
certain period of operation to the mathematical
expectation of the operating time of the object during the
same period:

H V
M|:szBi()H.h + ZTF IZW.PL’M.V:|
h=1 v=1
|
M/ |
i=1

— the effort at elimination on the h-th

T PEM.(T):

r num.

where: TrBiaH h

failure or refusal,
T —work v-th planned maintenance.

It is obvious that the figures Tr;?m and

I Iin.PemN

T Pem

I num
expressed by the formula value that will correspond to the

unit cost of maintenance CnTgn (T) and the unit cost of

repair of combine harvesters C ,5;2’ (T ) respectively.

Integrated assessment process the technical operation
of combine harvesters from the point of view of economic

efficiency, regardless of the adopted strategy and C ,ZZE

combine harvesters, use the index of unit costs of process
of technical exploitation as the ratio of expected costs of
the process of technical maintenance of combine
harvesters during the period of operation expressed in
value or complexity, the mathematical expectation of the
operating time of the object during the same period, and
that taking into account the accepted notation takes the
form

) K H v
C Z‘T; (1)=M) ¥ Copies* Y. Crones + 2 Camen + 2 Crupus |
j=1 k=1 h=1 =1
: ' M{Ztg_i}.

z p W F Q
) Crpat Y Cluonp ) Conn DNETED) Coug
=1 p=1

w=1 f=1 =1
D cost of j operational services,

where C

0.06c.
C, ., — the cost of k-th periodic maintenance,

Chiun _ the cost of restoration of h-th failure or

refusal,
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C iy, peny — the cost of carrying out the n-th planned X él )
maintenance M [Cs (T )]_ EC@- _QGi M [ni(T )]
C iaon p — the cost of performing work at the p-th o\ [C,(T)] - the mathematical expectation of costs

object diagnostics of combine harvesters,
Cuop.z — the cost of performing j-th job,

CTpn.W
combine harvesters,
Cs.¢ — the cost of the f-saving (idle period in good

condition) objects combine harvesters ,
Coug ~ costs associated with the expectation of

combine harvesters of various types and repiar.
As can be seen from the expression rate in contrast

CHTE  T0 gnd C”e" allows to take into account one

num. num

indicator of the redistribution of the costs of the process
of technical operation (PTO) combine harvesters between
operational, periodic types and scheduled, unscheduled
repairs with the economic assessment of different
strategies and repiar.

But considering the purpose of the study, when
determining the cost of recovery of combine harvesters
during operation due to the fact that the process of
recovery combine harvesters does not affect the regimes
and the adoption of the strategy and repiar, cost
accounting at operational, periodic, seasonal works,
planned repairs and improvements does not make sense.
Additionally, if you select one option or the other
organizations of the recovery process, more important is
the definition of a direct cost recovery system for
reaching a specified level of serviceability combine
harvesters.

Recovery system for combine harvesters as an
integral part of the system of technical maintenance and
repair has a significant impact on quantitative and
qualitative characteristics of the exchange Fund combine
harvesters. Therefore, when determining the cost of
recovery of grain harvesters, it is necessary to consider
the cost of the system to ensure (supply) for the creation,
storage, transportation and replenishment of the exchange
fund combine harvesters.

Thus the costs for repairing the combine harvester
during operation is proposed to determine how the total
cost of the recovery system and supply system according
to the expression

M[C,s (T)|=M[C,(T)]+mlc ()}
where: M [CBZ (T )J — the average total recovery cost of

combine harvesters during the period under review,
M[C,(T)] — average cost for the restoration of

combine harvesters during the period under review,

M[C36 (T)J — the average cost of the assurance

system in the reporting period.

The cost recovery of complex technical systems,
consisting of a large number of blocks, modules, circuit
boards or other structurally-replaceable units (the COA),
without considering the cost of Troubleshooting the
failure of the block in the operating organization, it is
advisable to assess by using the expression:

— the cost w-transportation (delivery) of

for recovery of combine harvesters during the period
under review,
C, — the purchase price of the object of combine

harvesters (unit, unit, unit) of the i-th type,
Q . — complete reconstruction of the i-th unit in the

61
operating organization,
M [n,(T)] — the average number of substitutions of
the i-th block (COA) system for the period of operation of
K — the number of types, the user will be restored.
Costs of providing system using the define method,
as described by the expression:

M[C35(T)]=ti{l' 'ng -k + M[(Cmpn) +C3 {k T .efN.m— +

Kk

I (RIS Y11 ]

i=1 - j=1
where: M [C36 J — the average cost of the assurance

system during the period under review,
C —the purchase price, COA,
34

M[(Cmpn)] — the average cost of the system to

ensure transportation of spare parts for the period that is
investigated,

C - notional value saves one CC for one hour,
3

N _ the number of objects of a particular type of
operation,

A —the failure rate of an object combines harvesters,

T _ the period of time that is considered,

t3 — interval AF procurement,

M lfjJ — the expected time to the occurrence of the

first failure in a finite time interval T ,

k — the scope of supply (procurement) during the
study time, which is defined as

=M[n(T)]-1),

where: | — point of order.

Based on the analysis of existing indicators of the
effectiveness of complex technical systems and the
objectives of the study proposes to assess the influence of
the recovery system of combine harvesters on efficiency
of their maintenance and repair using the following
indicators:

KZ — stationary coefficient of readiness of combine
harvesters,

M[C,, (T
of combine harvesters during the period under review,

M[ng(t)] — the average number of substitutions
(recoveries) combine harvesters for a certain period of
operation.

Thus, the selected basic indicators of efficiency of
functioning of systems of combine harvesters, which fully

)J — the average total cost of recovery
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reflect its impact on the efficiency of the process and R
combine harvesters that operated.

Existing approaches to the assessment of technical
and economic efficiency of combine harvesters differ in
the degree of the given set of objects, which are
investigated, and the period of their functioning.

As practice shows techno-economic assessment of
complex technical objects define four approaches in
which last seen:

1) as a single object,

2) the totality of the Park of the same objects,

3) in a certain operating organization,

4) in the aggregate of organizations operating the
same type of objects.

The first and third approaches generally relate to the
formulation in statics, i.e. relative to some fixed point in
time, the second and fourth approaches involve dynamic
methods of solving the problem by evaluating the
technical and economic efficiency of technical objects.

The choice of a particular approach is determined by
the purpose of the task, which is solved.

In addition, analysis of these approaches shows that
the choice of a particular one depends essentially on the
completeness and volume of the original information of
the monitored process of technical operation of technical
objects at the time of the study.

Detailed and complete source of information about
the process under study, allows to receive more accurate
and complete characterization of the operation of the
facility and make the most informed decisions for
management of the technical condition of the exploited.

However, in practice, have only a limited amount of
input data, usually determined by the stage of the life
cycle of the object on which the research is being
conducted. For example, during the development phase of
a technical object provides the least amount of
information regarding actual operational performance of
the new object, while at the stage of mass exploitation on
the basis of the results of the statistical evaluation of the
functioning of the park of the same objects there is the
most complete and reliable information.

In this regard, it is advisable to use different
approaches towards techno-economic assessment of the
process of technical maintenance of combine harvesters.

From the analysis of literature, devoted to technical-
economic estimation of objects of the combine harvesters,
the methods currently used to predict the performance of
their efficacy at various stages of the life cycle, are
divided into three groups.

1. Methods based on the collection of statistical
information and evaluation of actual values of indicators
of technical and economic efficiency of existing models
of technical objects, as well as methods of extrapolation
and interpolation based on the use of the principle of
analogy to objects that are created. At the core of these
methods is the study of the relationship of the key
operational and technical characteristics of analogues
(prototypes) with indicators of technical and economic
efficiency, extrapolation and interpolation of these ties on
the parameters of the objects that are investigated.

2. Structural-logical methods and decision trees
(methods of examination), are to determine the trends in
the indicators of technical and economic efficiency on the

basis of expert assessments. This uses the questionnaire
survey, the weighted estimates, metric methods, the
method of paired evaluations, etc.

3. Methods of mathematical modeling allow to
investigate the dynamics of performance indicators in key
operational and technical characteristics of combine
harvesters, modes and repair, maintenance strategy.

Each of these methods has its advantages and
disadvantages, which determine their degree of
applicability to predict the performance indicators for
different stages of the life cycle combine harvesters.

So to predict the technical and economic indicators
at the stages of development and production is most
commonly used in domestic and in foreign practice,
methods of analogies and expert estimations, while for
forecasting the costs of maintenance and repair uses
different methods of modeling.

The main disadvantage of the methods of the first
group is the necessity of practical implementation of
methods and modes, and repair to obtain the statistical
data that is associated with the risk of significant material
losses.

Structural-logical methods are quite simple to apply,
but require a large number of experts to develop
appropriate schemes of decision-making that is not
always possible.

In addition, these methods have the following
disadvantages: subjective views of experts, the inability to
assess the adequacy of the decisions taken, the solution of
the problem only on a qualitative level, without a
guantitative assessment of performance indicators.

Basic research tool of efficiency of processes of
technical maintenance in conditions of rapid development
of computer technology are the methods of the third
group. Distinguish between analytical, simulation and
combined mathematical models. Simulation models of
operating processes based on simulation, usually with the
help of computers, accumulation products developments,
operations and repair, write-off, the formation of reserves
and the like. Simulation models are largely adequate to
the processes that are investigated, but require a much
larger volume of information than analytical, the time of
preparation of source data and calculation.

Methods of simulation allow relatively easy to
quantify the efficiency of the process of maintenance of
technical system construction of complex models, and
successfully complement analytical methods of solution
in the case of the bulkiness of the latter.

But simulation has the following significant
drawbacks: the impossibility of obtaining optimal
solutions in a compact mathematical form, low visibility,
large amounts of computation.

Most fully able to examine the efficiency of the
process of operation of complex technical systems (CTS)
using analytical models.

Analytical models (in discrete or continuous form) of
processes of functioning of CTS that uses the theory of
recovery, the theory of random processes, sequential
analysis, theory of inventory management, mathematical
programming can solve a wide range of tasks that are
limited by the difficulties of computational character.

The development of computational techniques has
allowed to generate and implement on a computer more
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complex analytical models of operational processes of
CTS, represent a system of integro-differential equations
which are reduced to the recurrent differential procedures
and are solved by numerical methods.

In the analytical models of the process of functioning
of object of the research is presented in the form of
certain functional relations or logical conditions.

The most complete study can be carried out while
obtaining the explicit dependencies linking activities
performance indicators with the parameters that
characterize a process of technical operations, and the
initial conditions of the study.

The analysis suggests that the most rational approach
to evaluation and forecasting of technical and economic
efficiency of the process of technical maintenance of
combine harvesters in the assessment of the effect of the
introduction of hardware-software means of control and
diagnostics of its technical condition, the effects of
different operational parameters and modes, and repair,
alternative recovery strategies marine systems is
mathematical modeling of the process that is investigated.

Conclusions

1. To assess the effectiveness of the process of
technical maintenance of combine harvesters have
developed and applied a wide range of indicators.
Therefore, to implement a comprehensive assessment of
the impact of the recovery process dismantled due to the
failure of equipment combine harvesters on technical and
economic efficiency of the process of technical operation
of grain harvesters it is necessary to use a vector
performance indicator that includes a number of private
utilization, reliability and economic efficiency with the
isolation of the group overall, the most important
indicators.

2. Comparative analysis of different methods and
approaches showed that the task of estimation and
forecasting of technical and economic efficiency of the
process of technical operation of modern combine
harvesters, taking into account various operational factors,
the strategy they then repair must be solved with the use
of the concept of mathematical modeling.
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AHAJI3 EOEKTUBHOCTI ITPOLIECY
EKCILUIY ATALIIMHOI I TEXHOJIOITYHOT
HAJIIMHOCTI CUIbCbKOI'OCITOJIAPCHKHX
MAIIVH
P. @. Osuap

AHoTauis. [IpoBeneHnit anasi3 CBIAYUTH PO Te, M0
JUIA  BUPIMNICHHSA MPOTHPIYYS MK  HEOOXigHICTIO
3a0e3neueHHs  HEOOXiTHOTO  DIBHA  Mpane3qaTHOCTI
KOMOalHIB 1 MOJMJIMBOCTSIMU ICHYIOUOi CHCTEMH 1
YIPaBIiHHAM PEMOHTOM TEXHIYHOTO CTaHy KOMOaiHiB Ha
Cy4acHOMY erarmi HEeoOXiHO BJIOCKOHAJIIOBATH
IiIcKCTEMY BiJHOBJIEHHS KOMOAlHIB 3 ypaxyBaHHSIM
BUMOI TOTOBHOCTI /10 BHUKOHAaHHS 3aBAaHb 32
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MpPU3HAYCHHAM Ta (DIHAHCOBUX MOXIIUBOCTEH s 11
00CITyTOBYBaHHSI .

AHami3 HayKoOBOI JiTepaTypH TIOKa3aB, IO Ha
CBOTOMHIMHI  JCHP  HEBHUPIMICHWMH  IPOoOJIeMaMu
MIONTYKY 1 BIIPOBA/KCHHA €()eKTUBHUX METOIIB PEMOHTY
3epHO30MpaNTEHIX KOMOAHHIB €: po3poOKa MaTeMaTHIHUX
MoJieJield TIPOLeCy 1 PEMOHTY, 1110 JO3BOJISIOTH IIPOBOUTH
MOPIBHSUIbHY OILIIHKY TEXHIKO-€KOHOMIYHOI €(peKTUBHOCTI
pI3HMX  peXuMiB, OO'€KTIB PEMOHTY KOMOaiHiB,
AIBTEPHATHBHUX CTpaTerii iX peMOHTY, 3 METOI0
MIBUIIEHHS  SIKOCTI KOHTPOJIIO TEXHIYHOTO  CTaHy
MaIllMHU B YMOBaxX 00MeKeHOTro (hiHaHCYBaHHSI.

Posrmsim  mpomecy  TEXHIYHOTO — OOCITyTOBYBaHHS
3epHO30MpANEHIX KOMOAWHIB SK CYKYITHOCTI eTamiB i
00'eKTiB peMOHTY KOMOAlHIB J0O3BOIISIE BUSIBUTH MOIIUBI
HalpPsAMKH ~ BJOCKOHAJEGHHA CHCTEMH  BiIHOBJCHHSL.
[IpoBenenuit aHami3 [OO3BOJIMB BHU3HAYHTH YOTHPH
OCHOBHI BapiaHTH HOro opraizamii i SKiCHO OLIHUTH
JIOCTOTHCTBA 1 HEJOJIIKM KOXKHOTO 3 IIMX BapiaHTiB.

3HWKEHHS eKCIUTyaTaliitHuX BUTpAr npu
eKCIuTyaTarfii KoMmOaifHiB, MOpsJ 3 IHIIAMH 3aXOJaMHU
OpraHi3aniifHO-TEXHIYHOTO XapakTepy, BUMarae OiuIbIIOl
aBTOMATH3aLil KOHTPOJIIO TEXHIYHOTO CTaHy.
ABTOMaTH3AIlisI KOHTPOJIFO TEXHIYHOTO CTaHy KOMOaiHiB
po3pobiicHa 3a HACTYIHHUMH HampsMKaMu: BOyIOBaHi
CHCTEMH KOHTPOJIO, GOPTOBi aBTOMaTH30BaHi CHCTEMH

KOHTPOJIIO, CIEIialli30BaHi CHCTEMH KOHTPOIIIO Ta
VHIBEpCalbHI ~ CHCTEMH  KOHTPOJIO  JIEMOHTYETHCS
obnanHaHHsA.  Benmuka YacTka MOMHJIKOBHUX BiJMOB
00JaHAaHHS, TOPYIICHHS BHPOOHMYMX BIAHOCHH B
PEMOHTHIH Mepexki OOpTOBOro oONagHaHHS, Ae(IIUT
peMoHTHOTO  (G)OHAY  BHMarae  BIPOBADKCHHA 1
eKCIUTyaTarfii.

Haii6inbim MIOBHO 3MaTHUN JIOCITIKYBaTH

e(eKTHBHICTh TMPOIECY POOOTH CKIAMHUX TEXHIYHHX
CHCTEM 32 JIOTIOMOTOI0 aHAJITUYHHUX MOJIEIICH.

IcHyrO4UI miIXOAW MO OIHKH CHCTEMH peKymepamii
MOXKHa KJIACH(iKyBaTH TaKOX IO BHKOPHCTOBYBaHHX
MMOKa3HUKaMH e()eKTHBHOCTI: KUTBKOCTI KOHCTPYKTHBHUX
3MIHHMX OJIMHHUIb, 3aMIHHUX (BiJHOBIIOBaHHMX) 3a
3aJaHui TepioJ] eKcInryaramii o0'€KTa  YIpaBIiHHA,
PEMOHT BapTICTh CKJIAJIOBHX €JIEeMEHTIB (pYHKIIOHAIbHOT
CHUCTEMM 3a KOHKPETHMH Nepio] mpH pi3Hid TiuOuHI
KOHTPOJIIO 1 TOBHOTH BiJIHOBJICHHSI, Yac MPOCTOI0 00'€KTa
KOHTPOJIIO TPOTITOM IEBHOTO ITIepiojly, Ha KOMIUIEKCHY
HAAIWHICTh,  HANPUKIAJ,  KOCQIIIEHT  TOTOBHOCTI,
KOEQIIiEHT TeXHIYHE BUKOPHUCTAHHSL.

KiarouoBi cioBa: anami3, eQeKTHBHICTH, IPOIIEC,
poOoTa, TEeXHOJIOTIs1, HATIHHICTh, KOMOAITH.

AHAJIA3 SOPEKTHBHOCTH ITPOLECCA
SKCIUTYATALIMMOHHOU 1 TEXHOJIOTUYECKOU
HAJIEXKHOCTHU CEJIbCKOXO3MCTBEHHbBIX

MAIIWH

P. @. Oguap
AHHOTaNMA. IIpoBeneHHbIi aHaIu3
CBUJIETEIILCTBYET O TOM, 4YTO [UIsl  pa3pelieHus

MPOTHBOPEYHS MEXIY HEOOXOTUMOCTBIO OOeCIeUeHHS
HEOO0XOIUMOT0 YPOBHS PabOTOCIIOCOOHOCTH KOMOAiHOB

u BO3MOXXHOCTAMHU CyIIICCTByIOIlICﬁ CHUCTEMBI n
yIpaBJI€HUEM  PEMOHTOM  TEXHHUYCCKOI'O COCTOSAHHUA
KOMOaWHOB Ha COBPEMECHHOM  3TallC H€06XOHI/IMO

COBEpPILIEHCTBOBAThH MOJCHCTEMY BOCCTAHOBIICHUS
KOMOaifHOB ¢ ydeToM TpeOOBaHW TOTOBHOCTH K
BBITIOJTHEHHUIO 3a/laHUH 0 HA3HAUYCHHWIO W (MHAHCOBBIX
BO3MOXKHOCTEH [UIs €€ 00CTyKUBaHHUS.

AHanu3 HaydYHOM JMTepaTyphl IIOKasal, YTO Ha
CETOIHAIIHUK JICHb HEPEIICHHBIMH IPOOIEMaMH ITOHCKa
n  BHeapeHusT A(PQEKTHBHBIX  METOZOB  pEMOHTA
3epHOYOOpPOYHBIX KOMOAHOB SIBJIAIOTCS: pa3paboTka
MaTeMaTHUeCKUX Mojened Imporecca U PEMOHTA,
MO3BOJISIIOIUX ~ IPOBOJAUTH  CPAaBHUTEIbHYIO  OLECHKY
TEXHUKO-DKOHOMUYECKOH 3((HEKTUBHOCTH  Pa3IMYHBIX
PEXUMOB, 00BEKTOB peMoHTa KOMOaifHOB,
IbTEPHATHBHBIX CTPATETHH MX PEMOHTA, C LEIBI0
MOBBIIIEHUST ~ KadecTBa  KOHTPOMSI ~ TEXHUYECKOTO
COCTOSHASI MAIIMHBI B  YCIOBUSAX OTPAHHYCHHOTO
(UHAHCUPOBAHHS.

Paccmotpenne npouecca TEXHHYECKOTO
o0CIy)XMBaHUsI ~ 3CpHOYOOPOYHBIX  KOMOAiHOB  Kak
COBOKYITHOCTH 3TalloB U OOBEKTOB peMOHTa KOMOailHOB
MO3BOJSIET  BBIABUTH  BO3MOJKHBIE HalpaBICHUSI
COBEpPIIICHCTBOBAHU CUCTEMBI BOCCTAHOBJICHUSI.
IIpoBeneHHBIM aHaNU3 IO3BOJIMI OIPEIEIUTh YEThIPE
OCHOBHBIX BapHaHTa €ro OpraHM3alliil ¥ KadeCTBEHHO
OLICHUTh JOCTOMHCTBA W HEIOCTATKU KaXJOr0 M3 3THX

BapHaHTOB.

CHIDKEHNE  OKCIUIyaTallMOHHBIX  PacXoJOB  IIPH
SKCIUTyaTallid  KOMOaiHOB, Hapsiy ¢  JOpYTHUMH
MEPOIPUATHIMH OPraHU3aMOHHO-TEXHMYECKOTO

Xapakrtepa, TpedyeT OoiblIell aBTOMAaTH3alUU KOHTPOJIS
TEXHUYECKOTO COCTOSIHUSA. ABTOMATH3aIMsl KOHTPOJI
TEXHHUYECKOTO COCTOSHMSI KOMOalHOB pa3paboTaHa IO
CIEIYIOUIMM HAIPAaBICHUAM: BCTPOEHHBIE CHCTEMBI
KOHTPOJsI, OOpTOBBIE aBTOMATHU3UPOBAHHBIE CHCTEMBI
KOHTPOJISI, CHEeNHMaIU3UPOBAHHBIE CHCTEMBI KOHTPONIS U
YHHUBEPCAJIbHBIE CHUCTEMBI KOHTPOJS JIEMOHTHPYEMOTO

obopynoBanus. bonbmmast  1onst  JOKHBIX  OTKa30B
o0opynoBaHus, HapylIeHHe MIPOM3BOICTBEHHBIX
OTHOIICHUH B PEMOHTHOI cetn 6opToBOTO

o0opynoBaHus, AepUIUT PEeMOHTHOTO (GoHIa Tpedyer
BHEJIPEHHS ¥ SKCIUTyaTaI|H.

Hanbomnee TIOJTHO criocobeH HCCIIeI0BATh
3¢ HEeKTUBHOCTH mporecca paboThI CIIOXHBIX
TEXHUYECKUX CHUCTEM C TOMOLIbI0 aHAIUTHYECKUX
MoJIeNen.

CyliecTByIOIME TOAXOAbI K OIEHKE CHCTEMBI
peKylepauuy MOXHO KiIacCH(UUMpOBATh TaKKe MO
UCTIOJIb3YEMBIM MOKa3aTeIsIM 3¢ PEKTUBHOCTH:
KOJIMYECTBY KOHCTPYKTHBHBIX IEPEMEHHBIX E€AWHHIL,
3aMEHsIeMbIX (BOCCTAHABIMBAEMbIX) 32 3aJaHHBII ITEPHOJ
9KCILTyaTalii 00BbEeKTa yIpaBleHUs,, PEMOHT CTOMMOCTh
COCTaBHBIX JJIEMEHTOB (DYHKIMOHAJIBHOW CHCTEMBI 32
KOHKPETHBIH TepHoJ| NPH pa3HOH TiIyOWHE KOHTpOJS U
MOJIHOTBI BOCCTaHOBIICHHsI, BpeMsi MNpPOCTOsi 00BEeKTa
KOHTPOJISI B TEUEHHE ONpEIeIEHHOT0 MepHojaa, Ha
KOMIUIEKCHYIO HAJEXHOCTh, Hampumep, KodpduuueHt

TFOTOBHOCTH, KO3 PHUIHEHT TEXHUUYECKOE
UCTIONIb30BaHME.
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AHoTauis. Y gaHiil CTaTTi IPeNCTaBICHO PE3yIbTaTH
AQHATITUYHOTO JOCHIPKEHHS! KIHEMaTHYHHX Ta CUJIOBHX
XapaKTepUCTUK PYXYy IIApHIPHO-34ICHOBAaHOI CTPiNOBOI
CHUCTEeMHM KpaHa Ha TOo4YaTKy pyxy. JocmimkeHHs
MIPOBEJICHO ITi/l Yac PO3TrOHY EJNEKTPOJBUTYHA MEXaHI3My
3MIHM BIJILOTY 31 CTaHy CIIOKOIO 10 YacTOTU OOCpPTaHHS,
0 BIAMOBIa€ HOMIHANBHIA POOOUIA  MIBHIKOCTI
nepeMilIieHHs BAHTaXYy. [Ipy IbOMy ITycK €JIeKTpOIBUTYHA
BiOyBa€ThCSA MPU YMOBI PyXy BCi€i CTpijoBOi cucTeMH
pa3oM 3 BaHTa)KEM 3a 3aKOHOM OITHMi3allii pUBKIB.

BukopucraHHs =~ BKa3aHOTO  3aKOHY  JO3BOJIIE
TIOBHICTIO 3TJIAINTH PO3TOMIyBaHHS BaHTAXY Ha IOYATKy
pyxy. Kpim Toro, min kiHems poO3roHy 3a0e3MedyOThCS
OJIHAKOBI IIBUJIKOCTI Ta HPUCKOPEHHS MIX KIHIIEBOIO
TOYKOIO X000Ta KpaHa Ta BaHTaxeM. Lle mo3BoIsie
3a0e3MeunTH BUCOKY IUIABHICTh PYXY CTPIJIOBOi CHCTEMH
Ta YHUKHYTH pO3rOWAyBaHb BaHTaXy IICIsl BUXOIY

poTOpa  €JEeKTPOJBUIYHAa HAa HOMIHAIBHY 4YacTOTY
oOepTaHHs.

Takok TPOBENEHO  JOCIHI/DKEHHS  CTaTHYHOTIO,
JUHAMIYHOTO Ta TMOBHOTO 3YCHJUIL B 3yOYacTiii pewii
TIPUBOLTY.

Bxazani gocmimpkeHHS TPOBEACHO TIpU  Pi3HIH

TPHUBAJIOCTI TPOLECY MYCKY €JIEKTPOABUTYHA 32 3aKOHOM
omrumizamii  puBkiB. Ile J03BONMIO  BCTAHOBUTHU
3aJIeKHICTD JOCIHIKYBAHUX KIHEMaTHMYHUX Ta CHIIOBHX
napameTpiB BiJl TpPHBaJOCTi mepexijHoro mnpouecy. Ha
OCHOBI IILOTO PO3POOJIEHO PEKOMEHJAIlii 100 BHOOPY
TPHUBAJIOCTI PO3TOHY EJIEKTPOJBUTYHA MEXaHI3MY 3MiHH
BUJIBOTY.

VY xox4i nocmipkeHHs 1oOynoBaHO Tpadiku 3MiHH
JOCI/KYBaHHX IIapaMeTpiB CTPUIOBOI CHCTEMH B daci.
I'padiuni  3amexHOCTI  OTpUMaHi HpPH  HAKOUIBII
NIPUIHATHIA TPUBAIOCTI PEKUMY PO3TOHY 3 TOYKH 30pY
3MEHIICHHS JUHAMIYHMX HaBaHTAXXCHb HA  JIAHKU
CTPUIOBOT ~ CHCTEMH, TIOKpPAIEHHS  TEXHOJIOTIYHOTO
npotiecy poOOTH KpaHa Ta HOro eproHOMIKH.

KiarouoBi cioBa: mapHipHO-34JI€HOBaHA CTPiJIOBa
CcHCTEMa, MeEXaHi3M 3MiHH BHWILOTY, ONTHMAaJbHE
KEpYBaHHS, PO3rOiJyBaHHsI BAHTAXKY, 3yCHILIS.

IocranoBka npodaemu

[Tin wac 3MiHM BWIBOTY IIApHIPHO-34JIEHOBAHOT

crpinoBoi  cucremun  (III3CC) kpaHa  BUHHKAaIOThH
pO3roiilyBaHHs  BaHTaXy Ha KaHaTHOMY  MiJBICi.
MakcumanbHi  BIAXWJICHHS  KaHaTy BiJ  BEpPTUKai

CIIOCTEPIraloThCs MiJl 4ac pyXy CTPLIOBOI CHCTEMH Ha
MePeXiTHUX pexXnMax i qocsraroTs 3HadeHHs 10...12°. Ie
SIBUIIE HETaTHBHO BIUIMBA€ HA TEXHIKO-CKOHOMIYHI Ta
eproHoMiuHi moka3HuKH kpaHis 3 [1I3CC.

30KkpeMa, pO3TOWAYBAaHHS BaHTAXy BHKIHKAIOTh
BTOMJICHE PYHHYBaHHS €JIEMEHTIB METaJIOKOHCTPYKIIH
CTpUIOBOi CHCTEMH Ta TIPU3BOIATH 1O 3OLIBIICHHS
JMHAMIYHMX HAaBAHTA)XXCHb Ha €JEMEHTH pEeHKOBOTro
MeXaHi3My 3MiHHM BHJIbOTY. Lle Hepigko npu3BoauTh 10 1X
TIOJIOMOK, $IKi, B CBOIO YEpry, € IPUUUHAMH IIPOCTOIOBAHHS
Ta JIOPOTMX PEMOHTIB Bcboro Kkpany. Kpim Toro,
pO3rOi/lyBaHHsI BaHTaXy CTa€ IMPUYUHOI YTPYAHEHHS
HOro TOYHOrO TMO3MILIIOBaHHS, IO MPU3BOJUTH JIO
3HIW)KEHHS  HIPONYKTHBHOCTI  poOOTHM  KpaHa  Ta
VCKJIAAHEHHS  YMOB  POOOTH  CTPONAJNbHHUKIB i
TaKeJaKHHUKIB, a TaKOX 3MYIIye KpaHiBHHKa-ollepaTopa
BECh Yac MPAIIOBaTH Y IICUXOJOTTYHOMY HANpPYXEHHI.

KpiMm Toro, Ha TpakTHUIl TpPH TPOBEICHI
NEepPEeBaHTAXKYBAIBHUX POOIT JOCHTh PiIKO BUHUKAE TaKa
CHUTYyaIlisl, KOJIM MEPEMIIICHHS BaHTAXY 3MIHCHIOETHCS BiJl
MIHIMQJILHOTO BHJIBOTY JI0 MaKCHMAJILHOTO. 3/1€011b1IOTO
MEPEMIIIeHHS] BaHTaXy KPaHOM 3JiHCHIOETHCS Ha TEBHY
BiJICTaHb, 1[0 CTAHOBUTH TPOXH OibIlIe IMOJOBUHU BiJ
MaKCHMaJIbHO MOJIMBOTO TEXHIYHOI'O BUIILOTY. B 3B’s13Ky
3 UM, JIOLUIFHO TPOBECTH JOCHIIPKEHHS PYXY CTPiIOBOT
CHCTEMH 32 3aKOHOM, SIKU BIAIOBITa€ ONTUMI3AIlil PHBKIB
JIMIIE Ha AUSHII ITyCKY.

AHAaJIi3 0CTaHHIX JOCTiIKeHb

Y po6Gori [1] mnpoBeAeHO JOCTIIKEHHS PYyXY
CTPUIOBOi CHCTEMH IiJ 4Yac MYCKy 3a 3aKOHOM, SKHU
BiAMOBigAE onTHMi3aIlii 3a KpUTEpieEM
CepeAHbOKBAAPATHIHUX 3HAa4YCHb MPHUCKOPEHB.
BcraHOBIEHO KiHEMAaTHYHI Ta CHIIOBI XapaKTEPUCTHKH
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MI3CC 3a pi3HOi TPUBATIOCTI IHOTO TEPEXiITHOTO PEKUMY
pyxy.

Y wmoHorpadii [2] mpoBemeHO OCTIHKEHHS PYXY
CTPIJIOBOI CHCTEMHM 3a Pi3HUX 3aKOHIB, SKi BiIIOBITAarOThH

onTUMI3alii 3a KPHUTEPisIMH CepeIHhOKBAIPATUIHUX
3Ha4YeHb KIHEMAaTUYHHX XAPaKTEePUCTHK, TaKHX K
NepeMillleHHs], LIBHJKICTb, IPHCKOPEHHS Ta PpHUBOK.

BcTaHOBIEHO MOJKIIMBICTE HPAKTHYHOTO BUKOPHCTaHHS
HaBEJCHUX PEXUMIB pyxy. OjHaK, BKazaHi JOCIIIKEHHS
MIPOBE/ICHI IIPH NEPEMIIIIEHHI BaHTa)Xy Ha MOBHUH BUIIIT.
VY crarti [3] po3rSgAEThCA MUTAHHS ONTHUMI3aIlii
HaBaHTA)XCHb Ha JIAHKW CTPUIOBOI CHUCTEMH 3 METOIO
3HIDKCHHS €HEProCIOKUBAaHHS ENICKTPOBUTYHA
MexaHi3My 3MiHN BHIhOTy. OnmHaK, BKa3aHHU criocid He
MOBHICTIO PO3KPMBAa€ MPUYMHW BUHUKHCHHS Ta 3MiHY
JUHAMIYHAX HAaBaHTa)KEHb I/l 4ac TMEpeXiTHuX pekKnMiB

pyxy II3CC kpana.
Y  pobori [4] 3ampomOHOBaHO  3MEHIIUTH
eHeproemuictb kpana 3 III3CC mnpu mnposeneni

NepeBaHTAXYBAILHUX POOIT y MOpTax 3a paXyHOK 3MiHHU
KoH(irypawii cTpinioBoi cHcTeMH Ta MEPepo3NOALTY
CUJIOBUX HAaBAaHTAXXCHb Ha JIAHKH CTPLIOBOI CHCTEMH Ta
KpaH B Lutomy. HenomikoMm Takoro miaxoay € Te, LIO
3aIpOINOHOBAaHI PilIEHHSI MOXKYTh OyTH BUKOPHUCTAHI JIUIIIC
TIPH IPOCKTYBaHHI HOBHUX KpPaHIB.

[ix yac ananizy po6otu [5] BUsSBIEHO HOBI IPYHTOBHI
MAXOAW MO0  eKCIEPUMEHTANbHHUX  JOCIHiIKECHb
TUHAMIKH pyXY KpaHiB 3 Pi3HUMH CTPUJIOBUMHU CHCTEMaMH.
TyT 3ampomnoOHOBAHO CHCTEMH KEpyBaHHS MEXaHi3MaMu
KpaHiB, 110 MPAIIOIOTh Y PEXKUMI PeabHOTO Yacy.

TakuM 4YHMHOM, BHSBIICHO pIi3HI MIAXOAM, LIOMO
MOKpAaLIeHHs TUHAMIYHUX XapaKTEPUCTUK PYXy CTPIJIOBUX
CHUCTEM, a, BIIMOBIAHO, 1 3MEHIICHHS EHEPreTHYHUX
BUTpPAT TEXHOJOTIIYHOTO MpOLECY TPaHCIOPTYBaHHS
BaHTaXYy ITiJ] yac pOOOTH KpaHa.

Mera gocJigkeHnb

Meta  OOCHiDKEHHS — TOJIATaE y  OTPHMaHIi
peKoMeHaamnin IIOJI0 MO>KJIMBOCTI MPaKTUIHOTO
3aCTOCYBaHHS  3aKOHY pyXy CTPIJIOBOI  CHCTEMH

3HAMIEHOr0 B pe3ysbTaTi ONTHMI3alil 3a KpUTepiem
CepeIHbOKBAIPATHYHUX 3HAYEHb PHBKIB IIiJ[ Yac ITyCKY
EJIEKTPOABUIYHA MEXaHI3MY 3MiHH BHJIbOTY.

Pe3yabTaTn nociaigxeHb

Panimre BctaHOBJIEHO [2], 0 pexuM pyxy CTpinoBoi
cUcTeMH, SKHMH 3abe3rnedye MiHIMaIbHY PI3HHIIO MiX
pPUBKaMHM KiHIIEBOI TOYKH Xo00oTa A4 1 LEHTPOM Mac
BaHTaxy B (puc. 1), BU3HAYa€THCSI HACTYITHOIO YMOBOIO

n
Y% = Xa| > min, 1)
i=1

ae X — TOpU30HTaNbHA CKJIAJ0BA PHBKA BaHTAXY, Xp —

TOpU30HTaJIbHA CKJIaJI0Ba PUBKA KiHIIEBOT TOYKH X000Ta; N
— KUIBKICTb ITOJIOXKEHB CTPLIOBOT CHCTEMH B IIPOLIEC] 3MIHM

BUJIBOTY.
Ha puc. 1 BuKOpPHCTaHO HACTYIHI IO3HaYECHHS
TE€OMETPUYHUX  XapaKTEPUCTUK CTPUJIOBOI  CHCTEMHU:

Y1, ¥Y2.,Y4 BEpPTUKAJIbHI KOOPJAMHATH LEHTPiB Mac
BIJINIOBIZIHO CTPiJIK, X00O0Ta Ta PyXOMOi IPOTUBATH; Xy, X
— TOPW3OHTAIBHI KOOPIMHATH LEHTPIB Mac BiATIOBIITHO
x000Ta 1 BaHTaxy; 0. — KyTOBa KOOpJMHATa MOBOPOTY

CTPINN; ¢, 3,04 — KyTOBI KOOPJMHATH TIOBOPOTY
BIJIMIOBiTHO X000Ta, BIATSKKH Ta KOPOMHUCIIA MIPOTUBATH;
L — mosxuna crpinm; | — moBxkuHa x060Ta; I — JTOBXHUHA

KOHTpX000Ta; R — momxkwHa BiATsOKKH; H — momkuHa
MABICY BaHTaXy; Y — KyTOBa KOOPAWHATA BiAXWMICHHS
BaHTa)KHOTO KaHATY Bi/l BEPTHUKAII.

y - 5
| b’
3 N
<+ 2
A
N N
b & =
[ =
l/]
=
= e B
p--3 X 5 T
4] 6/ 1 * 5

Puc. 1. Cxema mapHipHO-3WICHOBAHOI CTPUIOBOT
CHCTEMH 3 PpEHKOBUM MEXaHI3MOM 3MiHH BWIBOTY:
1 — crpinma; 2 — mpsAMONiHIAHWA X000T; 3 — BIOTSDKKA;
4 — mpoTtuBara; 5 — BaHTaX; 6 — MPUBIHA [IECTEPHS.

Fig. 1. Horse-head jib system with raked luffing
mechanism: 1 — main jib; 2 — straight jib; 3 — tieback;
4 —movable counterweight; 5 — cargo; 6 — the driving gear.

Jlist MaTeMaTHMYHOrO MasTHHKA, L0 Mae pPyXxoMmy
TOYKY 3aKkpilUICHHS 3 JOBXHHOK mmigBicy H, €
CTpaBeNTUBUMHU Taki CIiBBiHOLIICHHS [2]:

H_ . S -
Xp = X+—X;Xp = X+—X;
g

v HV @
Xp=X+— X Xy =X+—X, 2
g g

ae Xp, Xp, Xap — KiHEMaTH4HI XapaKTePUCTUKH KiHIEBOT

TOYKH X000Ta A4, BiJIIIOBITHO TOPU30HTAIEHA KOOPIMHATA,

. o 7] aee IV V
MIBUAKICTH Ta MPUCKOpEHHd;, X, X, X, X, X , X —
KiHEeMaTH4YHI XapaKTePUCTHKU IIEHTPY Mac BaHTaXy,
BIJINIOBITHO TOPW3OHTAJbHA KOOPAMHATA, IIBHJKICTB,
MIPUCKOPEHHsI, PUBOK Ta 4YeTBEpTa 1 IT’sTa IMOXIAHI BiX
KOOpAWHATH.

YMoBa MiHiMi3amii cepeaHbOKBAAPATHYHOI PIi3HHUII
PUBKIB 3a0€3MeYy€eThCSl IHTETPATBHUM (PYHKIIIOHAIOM,
AKAH BigoOpaskae cyMy KBaJIpaTiB BIIXWICHHS PUBKIB Ha
BCIM JUISTHIT TePEeXiHOTO MPOIeCy

t 24V
82 =Lj-s)Pdt=0-[ld, @)
bo 97t 0

Je t; — TpuBaJicTh IEPEXiIHOrO PEXKUMY PyXy CTPiIOBOI

CUCTCMHU.
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[ligiaTerpanbauii  BUpa3 MbOro  (QYHKI[IOHATY
BimoOpakae KIHEMaTH4YHI CIHIBBIHOIIICHHS MIX
TOPH30HTATFHIMH KOOpAWHATAMH BaHTaXy X 1 KiHIIEBOI
TOYKH X000Ta X, Ta BHCOTOIO TMijABiCy BaHTaxy FH.
Bxazannii ¢ynxmionan 3amucano i [II3CC cygacHoro
moptansHOro Kpana MAPK-40, mo Mae Taki TexHi4Hi
napameTpu:

—  MiHIManbHHH BHIIT Sy, =7,4M;

— MaKCHMaJIbHHH BHIT Sypy =30M;

— HOMIHAJIbHA HIBUAKICTH
nepemimenHs Baataxy V =1,05wm/c;

TOPU30OHTAJIBHOI'O

— dYac 3MiHH BHWIBOTY Big MIHIMAIBHOTO MO
MakcuMainsHoro t =22c;

— noexuHa cTpimn L = 25,76 m;

— posxuHa xo6ota | =10,16 m;

— JOBXHWHA miaBicy BaHTaxy H =14,7m;

— Maca ctpimn My =12650 kr;

— Maca xo0ota (B 300pi pa3oM 3 KOHTPXOOOTOM)
m, =5423 kr;

— Maca BigTsDkku Mg = 3114 kr;

— Maca nporuBaru My =13525xkr;

— cepemHs  BaHTAXOIMIAHOMHICTH
ocHoBHOMY Taky M = 20000 kr.

KpaHu Takoro THIIy BUIOTOBIISIOTBCS —CIUJIBHO
QirngHIier0 Ta YKpPaiHOIO i BiAMOBINAIOTH BCIM CydacHUM
BUMOTaM YKPaiHCHKOTO Ta €BPOIICHCHKOTO 3aKOHOIABCTBA
1070 Oe3MeKH, eproHOMIKH Ta eHepro30epeKeHHS.

Oynkiionan (3) mocsrae MiHIMYMYy Tpu (YHKIIAX,
sKi € po3B’si3koM piBHsHHA Eiinepa-Ilyaccona i maroTh
BT

KpaHa Ha

\Y Vv \Y
ox> d8x2+d2 ox?
ox dt ox g2 oX
\ \Y \
d® ox? d* ax® d° ox?
T3 ax  qwh N 5V =0. ()
X
dt dt o x dt ox
[MpuBenene PIBHSHHS 3BOJINTHCS JI0
JudepeHIiaNbHOrO PIBHSIHHS JIECATOTO MOPSIIKY BUAY
X
x =0. (5)
[licns iHTeTpyBaHHS LHOTO PIBHAHHSA 32 YacoM,
OTPUMAaHO CUCTEMY 3 JIECATH PiBHSIHb:

IX VI VII 1 2
X =Dy; x =Dit+Dy; X :EDlt + Dyt + Dg;
VI
x:%D1t3+%D2t2+D3t+D4;
\>/<—iD1t4+1Dt3+1Dt2+Dt+D-
24 6 2 23 4TS
v 1 1 1
x:—Dt5+—Dt4+—Dt3+—Dt2+Dt+D;
120 & T4 % Tg T Tt ST
o 1 6 1 5 1 4 1. .3
X=——Dit" + —Dot” + —Dat™ + =Dyt~ +
720 1t T g P2t T Pat g De

+%D5t2 + D6t+ D7,

o 1 7 1 6 1 5 1 4
X=——Dit' +—Dot” + —Dqat” + —Dyt™ +
5040 I 750 D2t T pg Pat o P

+% D‘r_.')t3 +%D6t2 +D7t+ D8’

o1 8
X = t
20320 L

1 5 1 4 1 3 1 2
+——Dyt” + —Dct™ + — Dgt” + — D4t + Dgt + Dg ;
120 4 T4 > T 0 Tt E
1 D.t° 1 D.t8 1

X= Wt + 7+ —— D3t7 +
362880 40320 5040

1
+
5040

1 6
Dt7+—Dt +
2 T70 3

+i D4t6 + L1 D5t5 + el D6t4 + 1 D7t3 +
720 120 24 6

+%D8t2+D9t+D10, (6)

ne  Dy,Dy,D3,D4,D5,D6,07,05,09,D19  —
IHTErpyBaHHs, SIKi BU3HAYAIOTHCS 32 KPalOBUMH YMOBaMH
pyxy.

[Mig gac pyxy cTpiJIOBOI CHCTEMH Ha OUIAHII IYCKY
KpaioBi yMOBU MarOTh BUIJISIA:

MOCTIiiHI

v
t=0,x=%X),X=X=X= X =0;
v Vv
t=f,X=v,X=X=x =x=0, @)

J€ Xg — TOPU30HTAIbHA KOOPJMHATA BAHTAXY HA IIOYATKY
PYyXy cTpinoBoi cucTemu; t; — yac po3roHy 10 BHXOIy Ha

yCTaJeHy MBHUAKICTh; V — IMIBHIAKICTH TOPHU3OHTAIEHOTO
MEePEMIIIEHHS BAHTAXY [IPH YCTAICHOMY PYCI.

Ilpn BKazaHWX KpalOBMX yMOBax IOCTIiiHI
IHTerpyBaHHsI HA0YBalOTh TAKUX 3HAYEHB!
1411200v | —604800v _ 100800v |
D=——g i Dp=—7— D=5
L b [
—26880v | 1680v |
Dy=—5—iDs=—5—
4 )
D6=D7=D8:Dg=O; DlO:XO' (8)

[ligcraBUBImIM OTpUMaHi TOCTIHI IHTErpyBaHHS Y
cuctemy (6), BU3HAYMMO TAKHH PEKHUM PYyXy BaHTaXYy, LI0
3abe3neuye MiHIMalbHE CepeIHbOKBAIPATHIHE
BIIXMJICHHSI MDDK PUBKOM BaHTaky Ta PHUBKOM KiHIEBOT
TOYKH X000Ta Ha JUISHII PO3TOHY CTPLIOBOT CHCTEMH:

vt 20vt° dovt” 112vt® 14wt

X=p+X%+ +
o t 3t t}
3ot 1e0vt’ 280vt° 224vt®  7ovt’
A & SO
. 280vt’ 1120vt® 1680vt® 1120vt*  280vtd
X=—% 7 T 5 T4 -
L'} L'} L} L' L}
.. 1960vt® 6720wt 8400vt* 44800vt® 840wt
X = - + - + ;
tf t/ tf t t}
1 1 1 1 1

V' 11760vt° 33600vt* 33600vt® 13440vt?  1680vt |
T
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[lincraBuBIIM, BU3HAYCHI 32 JJOTIOMOTOO PiBHSHB (9),
KiHEMaTH4HiI XapaKTEepHUCTHKH BAaHTaXy y cHCTeMYy (2),
BH3HAYMMO KiHEMAaTHYHI XapaKTEePUCTHKH PYXy KiHIIEBOL
TOYKH X000Ta .

[Ipn mpoMy KyTOBa KOOpAWHATa HAXWIy CTPIIH 10
TOPU30HTY BU3HAYAETHCS 3 HACTYITHOTO BHPa3y

o =arccos z, (10)
Jie Z — € pO3B’SI3KOM [TOBHOTO KBaJPAaTHOTO PIBHSHHS, IO
XapakTepu3ye KiHEMAaTH9HI 3aJIeKHOCTI MK OKPEMHUMH
maakamu II3CC xkpana Ta crpimoro. BuzHaueHHS
mapamerpy Z B TOBHOMY 00Cs3i HaBeieHo B po6oTi [2].

KyroBa mBUAKICTE CTpinK B OyIb-SIKHIl MOMEHT 4acy
posrony LHI3CC Bu3HavyaeTbes 3a BUpa3oM

G=——t, (11)
1-22
ne z — mapamerp Z 3 Bupazy (10), o
npoaudepeHIiiiioBanuii 3a yacom [2].
KyToBe NpHCKOpEeHHs CTPIJIK Ma€ BUIIISA
. )
PR (12)

3 l

\/1— 72 (1_ 22)5

e Z — apyra IMOXiJHa 3a 9acoM Bif XapaKTePUCTHKH Z.
OpHi€lo 3 HAWOUTBII HABAHTAXKCHUX JIAHOK MPHUBOIY
MexaHi3My 3Minu BuiboTy [II3CC kpaHa € 3yO4acTa peiika
npuBoAHOro MexaHisMy 6 (puc. 1). Tomy nouinsHO
JOCIIINTH 3MIiHY BHYTpILIHBOTO 3yCW/UIS B HIiM Iij yac
pyXy Ha IinsHUI po3roHy. [ToBHe BHYTpIlIHE 3yCHIUIS B
3yOuacTiil peiIli 3HAXOUTHCS 33 TAKOIO 3AJICHKHICTIO

F=Fc+Fg, (13)

ne Fc, Fy, — BiINOBIgHO cTaTHYHA Ta JUHAMIYHA CKJIa10BI
BHYTPIIIHBOTO 3ycwiuisi B peidni. IloBHi Bupasu s
3HaxopkeHHs Fc ta F 7 HaBeaeno B poborax [2, 6].

BukopucroByroun 3anexuocti  (9),...,(13), Oyno
MPOBEJCHO JIOCHI/PKEHHSI KIHEMAaTHYHUX Ta CHJIOBUX
xapakrepuctuk II3CC kpaHa 3a 3akOHOM, SIKUH
BIIOBIIAE MiHIMI3aIil KpuTepiro, MO BigoOpaxkae
CepeIHbOKBAJpaTHYHE 3HAYCHHS PUBKIB i/ Yac pyxy Ha
JUISHI ITYCKY.

Ilin wac aHamizy OTpUMaHHX 3alle)KHOCTEH
KIHEMaTHYHUX XapakTEPUCTHK CTPUIOBOI cucTeMu Oyio
3aikcoBaHO MiHIMalbHI Ta MAaKCHUMAallbHI 3HAYEHHS
HACTYNHUX  Xapaktepuctuk: X,X,X — BignmoBimHO
TOPU30HTaJIbHA KOOPAMHATA, IIBUJIKICT Ta IPUCKOPEHHS
Xp Xp,Xp — BIANOBIJHO TOPH30HTAJIbHA
KOOpP/JMHATA, MBUAKICTh Ta IPUCKOPEHHS KiHIIEBOI TOUKU
xo0ora; «@,0, — BIANOBIOHO KYTOBI KOOPIHMHATA,

BAaHTAXYy;

IIBUJAKICTE Ta mpuckopeHHs crpim; Fe, Fp F -
BIIMOBIZHO CTaTWYHE, JWHAMIYHE Ta IMOBHE 3yCWUIS B
3y09acTiii pefti.

AHaNITHYHI JOCTIJDKEHHS PyXy HPOBOIWINCH IIPH
pi3HI TPUBAJIOCTI PO3TOHY CTPUIOBOI CHUCTEMH [0
ycTasieHoi IBUAKOCTI. Byio o0paHo TpuBaicTs po3roHy B
Mexax 3...5 ¢, o BiIMOBiJa€ BUMOTAM Ta PEKOMEHAIIiSIM

J0 NIEKTPOJBHUI'YHIB KPaHOBOI'O THIYy Ta IXHIX CHCTEM
kepyBanus [7, 8].

Bkazani xapakrepuctuku 0yno oOpaHO 3 OIIIAy Ha
Te, II0 BOHH Y HAHOUIBII MOBHOMY 00Cs31 BiqoOpakaroTh
KapTHHY KiHEMaTHKH Ta JUHAMIKA pPyXy CTPLIOBOL
CHCTEMH Ta BaHTaXy Ha KaHatHomy mmimeici [9, 10].
OtpuMaHi po3paxyHKOBI JlaHi JOCIIDKEHHs 3BEJCHO JI0
tabun. 1 3 kpokom vacy 0,5 c.

AHaNi3yI0UM OTpPUMaHi Pe3yJbTaTH OCIIKCHH,
BCTAaHOBJICHO, 11J0 TPUBAICTh po3roHy f) =3C GaxaHo He

BUKOPUCTOBYBATH 3 OIJLALY Ha Te, IO Ha MOYaTKy PyXy
BUHUKAIOTh 3HAYHI pYMIiHHI TPHCKOPEHHS CTPLIOBOI
cucremu [11, 12]. [ns BUXOMY Ha YCTaJeHY IIBHIKICTH
CHCTEMa IIBUJIKO PO3TaHAEThCS 1 IIOTIM raJbMy€eThCs — e
MPU3BOANTE 10 3MiHH HANPSAMY HIBHAKOCTI pyXy KIHIIA
xo0orta. Takwii MBHAKAN PO3TIH CIPHYUHIOE BEJHKE
3HAYEHHS AMHAMIYHOI CKJIaJ0BOi BHYTPIIIHBOTO 3YCHILIS
B 3yOuacTiii peiiri. BHacmiok 1bOro BigOyBa€eThCS 3MiHA
MOBHOTO  BHYTPINIHBOIO 3yCHJUIA B  MeXax  Bij

F=—4417 kH no F =122 82 xH.

Taémuus 1. Pesymbratu mochimKeHHS TpH pi3Hii
TPHUBAIIOCTI MYCKY.

Table 1. Results of the study at different length of
start.

Yac nycky 4,C

Hapaverp e e g
X, [min| 85 8,5 8,5 8,5 8,5
max | 10,25 | 10,54 | 10,83 | 11,13 | 11,42

X, |min 0 0 0 0 0
m/c |max| 1,05 | 1,05 | 1,05 | 1,05 | 1,05

X, |min| 0 0 0 0 0
m/c® |max| 0,82 |0,705| 0,62 | 0,55 | 0,49
Xa, |Min| 85 8,5 8,5 8,5 8,5
| max 10,25 | 10,54 |1 10,83 | 11,13 | 11,42

Xa, |Min| -0,49 | -0,13 0 0 0
we |max| 1,74 [1,301] 1,05 | 1,05 | 1,05
XA min| -3,14 | -1,79 | -1,05 | -0,63 | -0,36
e |max| 382 [ 241 | 1,63 | 1,15 | 0,84
a, |min| 1,26 |1,257 | 1,25 | 1,247 | 1,242
pao |max| 1,29 | 1,29 | 1,29 | 1,29 | 1,29
¢, |min| -0,03 | -0,02 | -0,02 | -0,02 | -0,02

pao/c |max| 0,008 | 0,002 | O 0 0
&, |min| -0,05 | -0,03 | -0,02 | -0,02 | -0,01
pao/c?|max| 0,05 | 0,03 | 0,02 | 0,009 | 0,005
Fo, [min|-44,17 [-44,17[-44,17[-44,17 | -44,17
g |max| -27,4 | -25,4 |-23,65|-22,11|-20,76

Fr. min| 0 0 0 0 0
oF max | 164,75| 109,4 | 81,05 | 75,19 | 76,57
F, |min[-44,17 [-44,17]-44,17|-44,17|-44,17
xkH |max|122,82| 67,95 | 46,9 | 43,67 | 43,88

IIpu TpuBanocti posrony t; =3,5C BinOysaerbcs

OinbII TIIABHUH PO3TiH cTpiioBoi cuctemu. IlnaBHuit pyx
JIOCSITAa€ThCS 32 PAaxyHOK 3MEHIIEHHS MAaKCHMaJbHOTO
npucKopeHHst BauTaxy Jjo X=0,705 wm/c% Take
MIPUCKOPEHHSI NPU3BENIO 10 3MEHIICHHS MaKCUMaJbHOTO
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BHYTPIIIHBOTO 3yCHJIIA B PEHIli Maibke B/ABIYI B IOPIBHAHI
3 TPUBATICTIO pO3ToHy f; =3C.

Habararo cripusaTiuBinIi TIBUAKICHI XapaKTePUCTUKA
CTpiJIoBa CHCTEMa Ma€ IPH TPHUBAIOCTI IycKy t) =4C —
BiZI0yBa€THCS IUIaBHA 3MiHA IIBUJIKOCTI Ta MPHCKOPEHHS
KiHIeBoi Toukn xobora. [lpm 1poMy BHaeThCs
3a0e3MeunTH CUMETPUYHHNA IUKJI 3MiHM BHYTPIIIHBOTO
HaBaHTaXXCHHs B pei y mexax F =-4417..46,9 kH.

[Ipr nmoganmemoMy 301TBIIEHI TPUBAJIOCTI IYCKY IO
ty=45c Tta t=5C xapakTep  KiHEMAaTHYHHX

xapakTtepuctuk [1I3CC i BaHTaxy Malike HE 3MIHIOEThCS.
Xoua criocTepiraerbes AesKe NOKPaIeHHs TUIABHOT 3MIHK
HaBaHTaXEeHHS 3yO4acTtoi peliku. OpHak, 30UIBIICHHS
TPUBAJIOCTI MYCKY MPU3BOJIUTE IO CYTTEBOTO 301IBIICHHS
TPUBAJIOCTI BWJIBOTY CTPioBOI cuctemu. Lle, sik HacIioK,
MIPUBOANTH JO 3MCHIICHHA IMPOAYKTUBHOCTI pobOodoro
porecy.

ToMy HaHOUTBII TPHUHHATHOIO TPUBANICTIO IYCKY
Oyne gac y Mmexax ) =3,5...4¢C.

Jns moBHOro BimoOpa)KeHHs KiHEMAaTHYHHX Ta
CWJIOBHX XapaKTePUCTHUK MmiJ 4ac mporiecy mycky I3CC
KpaHa mOOyI0BaHO TpadiuHi 3aJeKHOCTI 3MIHH —
TOPU3OHTAJbHUX KOOPIUHAT BAaHTaXy Ta TOUKU 4 xo0oTa
(puc. 2), TOpu3OHTAIBHUX MIBUAKOCTeH (puc. 3) Ta
MIpUCKOpeHb (puc. 4) nux xe Touok. ['padivHi 3amexHOCTI
noOyJ0BaHO 332 YMOBH TPHBAJIOCTI ImycKy t =4cC.

X, X4, M
154

) 1 3 3 af
Puc 2. I'padiku 3MiHN TOPH30HTATEHUX KOOPIMHAT.
Fig. 2. Graphs changes of horizontal coordinates.

i, i, Mfc

b f 2 i a7
Puc. 3. I'padixu 3MiHM MIBUIKOCTEH.
Fig. 3. The schedule change of speeds.

Jns ananizy KiHEMaTHKH PyXy CTPLIH i 9ac MycKy
moOymoBaHo rpadiyai 3aJeKHOCTI 3MiHM 1i KyTOBOI
KoopauHaTH (pHC. 5), KyToBOi ImBHAKOCTI (puc. 6) Ta
KyTOBOTO IIPHUCKOpeHHS (puc. 7).
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Puc. 4. I'padixu 3MiHH IPHCKOPEHb.
Fig. 4. The graphics changes of acceleration.
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Puc. 5. I'padik 3MiHN KyTOBOT KOOPIAMHATH CTPIiJIH.
Fig. 5. Graphs changes of angular coordinate of
arrow.
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&, pao/c
Puc. 6. I'padix 3MiHN KyTOBOI IIBUAKOCTI CTPIiJIH.
Fig. 6. Graphs change in angular velocity of arrow.

I3 rpa¢iuanx 3anexHocTel Ha puc. 3 Ta puc. 6 BUAHO,
o0 Ha TIOYaTKy pyXy BiIOYyBa€Tbcs MIBHIKHH PO3TiH
CTpiIM, a Ti3HIille I[UTaBHE TIpUranbMoByBaHHA. Lle
JIO3BOJISIE TOYHO TMO3WILIOBATH BAaHTaAX B MOMEHT
3aBepILeHHS IycKy (puc. 2).
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I3 rpadiunux 3amexHOCTEH Ha puUC. 8§ BUAHO, IO
CTaTHUYHA CKJIafoBa Fc BHYTpPIIIHBOTO 3yCWIIIS B peHIl
MPOTATOM BCHOTO Yacy PO3rOHY 3aJUINAETHCS MaiKe
cTayoro. 3HaYCHHS TUHAMIYHOI CKIamnoBoi Fj; 3aiexuTh
BiJl IPUCKOPEHHS JIAHOK CTPiJIOBOI cucTeMu. BunmHo, mo
3araipHe BHYTPIOIHE 3YCWDII B 3yOwacTid pewmi
3MIHIOETBCS TUIABHO.

&, pao/ct
0.02]

- 0.0R

= 0.0

- 0.03
Puc. 7. I'padix 3MiHM KyTOBOTO IPUCKOPEHHS CTPLIIH.
Fig. 7. Graphs changes the angular acceleration of
arrow.
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Puc. 8. I'padiku 3MiHM BHYTPIIIHIX 3yCHIIb B PEHLII.
Fig. 8. Graphs of internal change efforts of rail.

BucHoBkH

1. V pobori MIPOBEACHO TOCITKEHHS
KiHEeMaTHYHHX Ta cuIoBUX xapaktepuctuk HI3CC min yac
MEPEXiTHOTO PEeXUMY MYCKy, SKHH 3IIHCHIOETBCS 3a
3aKOHOM, IO BiAMOBiJIa€ ONTHUMI3amii PeXUMY PyXy 3a
KPHUTEPIEM CEPEAHbOKBAIPATUYHOIO 3HAUSHHS PUBKIB, SIKe
MOKa3aio JOUUIBHICTh BHUKOPHCTAHHS TAKOTO PEKUMY
PYXY CTPilIOBOi CHCTEMH B IIPOLIEC] TYCKY.

2. Bu3HayeHO B3aJeXHICTh PyXy KIHIIEBOI TOYKH
x000Ta, 10 $KOi Ha KaHATi MABIIIEHO BaHTaX. 3a
JIOTIOMOTOI0 ~ BCTaHOBJICHOI ~ 3aJIEXHOCTI  IPOBE/ICHO
KiHeMaTHYHHUH Ta CHJIOBUH aHAaJI3 IMiJ] yac pyXy CTpilIoBoi
CHCTEMH 3a PI3HOI TPHUBAIOCTI IPOIECY ITYCKY, 3 SIKOTO
BCTaHOBJICHO JOILIJIbHY TPUBAJICTh IIYCKY.

3. BcranoBieHO, MO HAWOUTBII CHPUSATIHUBOKO, 3
TOYKH 30py 3a0e3ledueHHs IJIABHOCTI PyXy BaHTaXy Ta
6a)kaHO1 MPOIYKTUBHOCTI KpaHa, € TPHBAJICTb PO3TOHY,

mo craHoBUTh 4 c¢. Ilpm Takidi TpPUBAIOCTI PO3TOHY
3a0e3MmeuyeThesl TUTaBHA 3MiHA BHYTPINTHHOTO 3YCHIUIS B
3yOuacTii pedri MpUBOAY, IO IMO3UTHBHO BIUIMBAE Ha
3araneHy auHaMmiky pyxy LI3CC ctpinoBoi cucremu Ta
MABHUIYy€E€ HANIHHICTE POOOTH NPHUBOTHOTO MEXaHI3My
3MiHM BHJIBOTY Ta KpaHa B MIJIOMY.

4. Jlns  BCTAaHOBJEGHOI  TPUBAJIOCTI  PO3TOHY
moOymoBaHo rpadiuHi 3a1eKHOCTI 3MIHM KiHEMATHYHUX
XapaKTEepUCTUK BaHTaXy, KiHIEBOI TOYKM XoborTa Ta
CTPiJIH, IO JO3BOJIWJIO OLIHUTH KIHEMAaTHKy PyXy BCi€l
CTPIJIOBOT CHCTEMH KpaHa B IPOLECi 3MIHU BUJIBOTY .
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AHAJIN3 [TYCKA [IIAPHUPHO-COYJIEHEHHOM
CTPEJIOBOM CUCTEMBI ITPU OTITUMAJIBHOM
PBIBKOBOM PEXXHMME JIBIKEHU A

B. C. Jloseuixun, /. A. llanamapuyx, IO. A. Pomacesuu

AHHoTanusa. B gaHHOH craThe mpencTaBlICHBI
pe3yabTaThl AQHAJIUTUYECKOTO HCCIIeIOBaHUS
KMHEMaTUYeCKUX M CHJIOBBIX IIapaMETPOB JABMKECHHUS
IIAPHUPHO-COYWIEHEHHON CTPEIOBOM CHUCTEMBI KpaHa B
Hadale JBIKEHHA. VccriemoBaHWe MPOBEINCHO MpHU
pasroHEe  NIEKTPOJBHIATENI MEXaHHU3Ma H3MEHCHHSA
BBIJIETA M3 COCTOSHMSA IOKOS IO YacTOTHl BpAIlEHHS,
COOTBETCTBYIOIICH HOMHHAIBHOH pabodell CKOpoCcTH
nepeMerieHus rpysa. IIpi 3ToM ImMycK 3JIeKTpOABHIaTENs
MIPOUCXOJUT NPU YCIOBUU JIBUXKEHUS BCEH CTpPENIOBOM
CHCTEMBI BMECTE C TIPy30M [0 3aKOHY ONTHMM3ALUU
PBIBKOB.

Vcnonp3oBaHue yKa3aHHOTO 3aKOHA II03BOJIAET
MOJHOCTBIO CIVIQJANTh pAcKauyMBaHUS TIpy3a B Hadale
nBmwkeHus.  Kpome  Toro, K KOHIy  pas3roHa
00€eCcIeunBalOTCSl OJMHAKOBBIE CKOPOCTH W YCKOPEHHS
MEXIy KOHEYHOH TOYKOH X000Ta KpaHa W Tpy30M. ITO
MO3BOJISIET OOECIEUYNTh BBICOKYIO IUIABHOCTH JIBIDKCHHMS
CTPENIOBOH CHUCTEMBI M H30€KaTh pacKadeBaHUs TIpy3a
Iocie  BBIXOAAa  pOTOpa  3JEKTPOJBHUTaTeNs  Ha
HOMUHAJIBHYIO YaCTOTY BpalllCHUS.

Takxe NPOBEICHO MCCIEJOBaHUE CTaTUYECKOTO,
JUHAMHYECKOTO W TIOJHOTO YCWIMS B 3yO4aTod peiike
IpUBOJIA.

Vka3zaHHBIE  HMCCIEIOBAaHHUS,  IPOBEICHO  IPH
pa3IMYHON  TPOJODKUTENIBHOCTH  TIpoliecca  Iycka
JIEKTPOJBHUIATEIIS TIO 3aKOHY ONTUMM3AIMH PHIBKOB. JTO
MO3BOJIMVIO  YCTAHOBHTH  3aBUCHMOCTb  HCCIEIYEMbIX
KMHEMaTHYeCKUX W CHJOBBIX  I1apaMeTpoB  OT
JUIMTEIBHOCTH TIepeXxojHoro mponecca. Ha ocHoBanum
MIPOBEJCHBIX MCCIIE0BaHUI pa3padoTaHbl peKOMEH AN
10 BBIOOPY JJMTEIILHOCTH pa3roOHA 3JIEKTPOJBHUraTeNs B
MeXaHH3Me U3MEHEHHUS BBIJIETA.

B xome wuccinenoBaHMs  IOCTPOEHBI
U3MEHEHHS  MCCIEAYyEeMBIX  IapaMeTpoB
CHCTeMBl BO BpeMeHH. [paduueckue 3aBHCHUMOCTH
HOJIy4YEHBI pu Haunbosee IPUEMIIEMO
TIPOJIOJDKUTENEHOCTH PEKMUMa PA3roHa C TOYKH 3PCHHUS
YMEHBIICHUS JIMHAMHYECKHX Harpy3oK Ha 3BEHBS
CTPEJIOBOH CHCTEMBI, YJIy4lIEHHE TEXHOJIOTHYECKOTO
nporecca paboThl KpaHa U €ro 3pPrOHOMHKH.

KaioueBbie cjaoBa: [IAPHUPHO-COUICHEHHAS
CTpENoBasl CHUCTEMa, MEXaHW3M W3MEHEHHs BBUIETa,
ONITUMAJIFHOE YIIPaBJICHHUE, paCKauNBaHHE TPy3a, YCHUIHS.

rpaduku
CTpEJIOBOM

ANALYSIS OF STARTING IN HORSE HEAD
SYSTEM AT OPTIMAL JERKING MODE
OF MOVEMENT
V. S. Loveikin, D. A. Palamarchyk, Yu. O. Romasevych

Abstract. This article presents the results of an
analytical study of the kinematic and power parameters of
the movement of the articulated boom system of the crane
at the beginning of the movement. The study was carried
out during the acceleration of the electric motor of the
mechanism for changing the departure from the state of rest
to the rotation frequency corresponding to the nominal
operating speed of the load movement. In this case, the start
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of the electric motor occurs, provided that the entire boom
system moves along with the load according to the law of
jerking optimization.

The using of this regularity allows you to completely
smooth out the swinging of the load at the beginning of the
movement. In addition, towards the end of the acceleration,
the same speeds and accelerations are provided between
the end point of the crane trunk and the load. This makes it
possible to ensure high smoothness of movement of the
boom system, and to avoid the load swinging after the rotor
of the electric motor reaches the rated speed.

Also, a study of static, dynamic and total force in the
drive gear rack was carried out.

These studies were carried out at different duration of
the process of starting the electric motor according to the
law of jerking optimization. This made it possible to
establish the dependence of the studied kinematic and
power parameters on the duration of the transient process.
Based on the above, recommendations have been
developed for choosing the duration of the acceleration of
the electric motor in the mechanism for changing the
departure.

During of the study, graphs of changes in the studied
parameters of the boom system in time were built.
Graphical dependencies were obtained with the most
acceptable duration of the acceleration mode from the point
of view of reducing the dynamic loads on the links of the
boom system, improving the technological process of the
crane and its ergonomics.

Key words: horse head system, drive change
mechanism, optimal control, load oscillations, efforts.
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JOCJILIKEHHS POTALIIMHOI CTPUTAJIBHOI MAILIMHKHA

B. C. XmeaboBcbknii, K. /1. BeceiBebkuii

HamionaneHuiil yHiBepcHTeT 6i0opecypciB i MPUPOIOKOPUCTYBAHHS YKpaiHu, YKpaiHa.
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Icmopis cmammi: ompumano — uepsenv 2020, axyenmosano — sxcosmens 2020.

bi6n. 7, puc. 6, maén. 0.

AnoTtaunis. EQeKTUBHICTh CTPIDKKY OBEIb B 3HAYHIN
Mipi 3aJIeXKHUTH BiJl MPOAYKTUBHOCTI CTPHUTAIIB. 32 paXyHOK
MEXaHIYHOI eHeprii MAaIIMHKH BigOyBa€ThCSA TUIBKH
nepepizaHHs LMIEPCTSHUX BOJIOKOH, a ii MepeMileHHs 1o
MOBEPXHI Tija TBAPHHH 3AIHCHIOETHCSA JIOAWHOKD —
crpurageM. CrTpuramsiMd BHCOKOi KBamiQikamii mpu
CTPWXKIII TOHKOPYHHHX OBElb 3 ULIMPOKO3aXBaTHOIO
rpebinkoro (b=76,8 MM) BHKOPHCTOBYETHCS TPHUOIH3HO
90% 1i mmpuHYU, HU3BKOT Ta cepeauboi 50-75 %. Haioinbm
npodeciiiHi  cTpurami — NpamiolTh,  SK  HPaBHIIO,
By3bKO3axBaTHUMH Tpebinkamu (b=57,6 Mm), Tomy mio
BY3bK0O3aXBaTHA I'PEOiHKA YMHUTH, TIPH CTPYIKII, MEHIINH
OTip Ha PYKY CTPHUTAA i J]a€ MOXIUBICTh MEpEMIITyBaTH
MaIliiHKy 3 OUIBIIOI IIBHIAKICTIO, Yy TOpPIBHSHHI 3
mMpoKo3axBaTHOIO. OTXe, Npane3fgaTHICTh CTPUTas
3aJICKUTh B HACTYMHHX (AKTOPiB: CHIH TATH — P,
IIBUIKOCTI pyxy — V, 9acy pobotu (TpuBaiicTh pob04oro
nporiecy) — t. TeopeTHuHi po3paxyHKH MOKa3aIH, 0 NIpU
MaKCHMMaJIbHOMY  3yCWJUII  CTpHrajsl  ONTHUMajbHa
MIBUAKICTH Mozdadi ckiaamae 0,93 m/c, a HaBaHTa)KEHHS Ha
pyKy cTpurais He IOBHHHO mepeBumyBatu 30,6 H.
301bIICHHS HABAHTAKEHHS Ha PYKY CTpUTas OlIbII Hix
30,6 H Bukiukae 3HIDKEHHS IIBHAKOCTI mojadi, Ta
BiJINIOBiTHO, 3MEHIIICHHS IPOTyKTHBHOCTI.

B cBITOBIl paKTHUIli CTPIKKA OBEIb BUIUIAIOTH [BA
HafiOUIPII BOANMX TEXHIYHUX PIMICHHA: 3BOPOTHO
MOCTYMAIBHAHN Pi3abHUH amapaT Ta pOTaIliifHuNA. AHai3
KOXKHOTO 3 BapiaHTIB IIOKa3aB, IO Yy 3BOPOTHO-
MOCTYNAJIBHOTO Pi3aJIbHOTO arapara, MpH HEeAOTPUMaHHI
TEXHOJIOTIYHAX TapaMeTpiB, PIi3KO 3HIDKYETHCS SKICTh
poGoTu  (30UIBLIYETHCA BMICT CIUKHM) Ta 3pOCTa€
CIIOKMBAaHA MOTYXKHICTb.

Ciuka, sk i mepecTpur, HebaXkaHi B MPOIIECi CTPUKKH,
iX cyMapHHI BMICT y pyHi He TOBHHEH NepeBHUIyBatu 1%.
SIKIo ocTaHHIN 3aNeXHUTh BiJ KBaXi(ikallii cTpurais, TO
mepiia IepeBakHO BiJl CYKYHHOCTI T'€OMETPHYHHX,
KOHCTPYKTUBHMX  Ta  TEXHOJOTIYHMX  IapaMeTpiB
PI3aJIBHOTO anapary Ta CTPUrajbHOI MaIIMHKH.

Pi3anHs BOBHM 3 00€pTOBUM XapakTepOM pyXy HOXa
nependavyae, MO TPH TOBTOPHOMY IIPOXOJI IO BXKE
OCTPIDKEHIM MOBEPXHi JIMIIIE PO3dicye BOBHY, B HACIIIOK
HE BUKOHAHHS YMOB 3alleMJICHHS MaTepiany. Porariitanit
pyX HOXa J03BONS€ T030aBUTHCH BiJ IOBTOPHOTO
3pi3aHHS BOBHHU (YTBOPEHHS CIUKH) Ta IPHBOAWTH [0
3MEHIIIEHHS eHePTOMiCTKOCTI Tporiecy B Mexax 20 %.

Hamn ©Oynmo po3poOneHo cTeHn, SKHH — Mae
MOJJIMBICTh BHM3HAUWUTH CHIy OIOpPY IE€pPEMIIICHHS
CTPHUTaJbHOI MAIIMHKY y BOBHAHOMY Iapi Ta CHOXXHUBaHY
MIOTYXHICTh YPYXOMJICHHS MAIIMHKH, sIKa 3aTpadaeThbes
Mg 9ac CTPWKEHHS, HUIAXOM 3MIHH IIBHIKOCTI PyXy
CTPHUTaJIbHOI MaIlIMHKH.

[Mopieutoroun MCY-200 Ta poTaniiiHy CTpUrajbHY
MalIMHKY MOYKHA BiJIMITHTH, IO CIIOKUBAaHA MOTYXHICTh
po3pobneHoi MaliMHKHM, B MOpPIBHAHHI 3 0a30BoO,
3MeHmmiIack B 2,2-2.3 pasu. Cuiia onopy nepemilleHHs
3MeHmuiIach B 1,2-1,4 pa3u, a TakoX 3MEHIIMIACS
KUTBKICTH ciuku B 3,2-3,5 pasiB.

KoaiouoBi c1oBa: cTprkka oBellb, BOBHA, CTPHTaIbHA
MAIlIMHKa, TOBTOPHUH 3pi3, YTBOPEHHS CIUKH.

HocranoBka npodaemu

EdekTuBHiCT CTPWXKKM OBElb B 3HAYHINH Mipi
3aJIeKHTh BiJl NPOJYKTUBHOCTI cTpuraiiB. Hamararouuch
MiBUIIMUTA MPOAYKTHUBHICTH Mpalli TIIBKH 33 PaxyHOK
NOKpAIIEHHsS MAalIMHKUA O3 BJIOCKOHAJEHHs TEeXHOJIOTIT
CTPIKKH, OpraHi3aliii mpaii ta miaBuieHHs kBatidikarii
BUKOHABISI - IIUJIKOM NPHUPOJHO, aie Ha Kajlb Ie
HEMOXITUBO Ta Masio eekTuBHO. [Ipu 1boMy HEoOXiqHO
BpPaxoBYBaTH, IIO CTpPUTaJbHA MallMHKA — L€ PYyYHHH
IHCTpyMeHT. 3a paxXyHOK MEXaHIYHOI eHepril MaIllnHK{
BiIOYBA€ETHCS TUTBKH Iepepi3aHHs MIEPCTIHIX BOJIOKOH, a
11 mepeMilIeHHs 0 MMOBEPXHI Tijla TBAPHHHU 3[IHCHIOETHCS
JFOAWHOTO — cTpuranem [1, 2].

BcraHOBIEHO, IO CTPHUTAISIME BUCOKOI KBamidikamii
MIPU CTPUXKII TOHKOPYHHHX OBELb 3 LIMPOKO3aXBATHOIO
rpebiakoro (0=76,8 MM) BHKOPHCTOBYETHCS MPHOIH3HO
90% 11 mupwan. Crpuraini HU3BKOI Ta CepeaHbOl
kBaniikamii BAKOpUCTOBYIOTH TUIbKK 50-75 % 3aranpHol
LIIMpUHKU 3axBary Takoi rpebinkm [1, 2, 3]. HaitGinbm
npodeciiiHi  cTpurami  NpamiolTh, K HPaBHIIO,
By3bKO3axBaTHUMHU rpebinkamu (0=57,6 mm). Lle mMoxHa
TIOSICHUTH TUM, 1110 BY3bKO3aXBaTHA IpeOiHKa YHHUTD NPU
CTPWKII MEHIIMH omip Ha pyKy CTpuraias i Jgae
MOXUJIMBICT TEpEeMIIlyBaTH MAIIMHKY 3  OLIBIIOI0
IIBUKICTIO Y IOPIBHSHHI 3 IIHPOKO3aXBaTHOIO.

Omxe, Tmpane3fJaTHiCTh CTPUTals 3aJeKUTh Bif
HACTYHHHX (PaKTOPiB: CHIIN TATH — P, MIBUAKOCTI pyxy — V,
gacy po0oTu (TpuBaiicTh pododoro nporecy) — t.
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Hnst OLIIHKHA Mpare3aaTHOCTi
3aIPOTIOHOBAHA 3aAJICKHICTE Ve = f(P) [2]:

CTpHUTAIA

3
+099.[1- Lo | @)
80

ne Vemp — MBUAKICTE PyXY PYKH CTPUTAIS TIPU POOOIOMY
X0/l MaIlIMHKHU, M/C;

Pewp — cuna monaui (T4ra), 1Mo pO3BUBAETHCS PYKOIO
CTpUrasst MU MWBUAKOCTI Vemp, H.

IToTyXHICTh, MO PO3BHUBAETHCS PYKOK CTPHUTAIs,

OMHCYETHCS (POPMYIIOF0:

cmp

P
V, =114.[1- "o
80

Ncmp :chp 'Pcmp (2)
Pos3B’s30k BupasziB (1) ta (2) mokasa, mo mpu
MakCHUMaJbHOMY  3yCW/UII  CTpHrajsl  ONTHUMajbHa

MBHAKICTE Hojgaui ckiaagae 0,93 M/c, a HaBaHTaXKEHHST Ha
pyKy cTpurais He MOBHHHO nepeBumyBatu 30,6 H.
30ibIICHHS HAaBaHTa)KeHHS Ha PYKY CTpUTais OUIbII HiXK
30,6 H Bukaumkae 3HIOKEHHS IIBMAKOCTI IIOJadi, Ta
BINIOBITHO, 3MCHIICHHS TPOAYKTUBHOCTI. 3HIDKCHHS
HaBaHTaXeHHs MeHII HiX 30,6 H mae 3mory 30itpmuTa
HIBUKICTh MMOJa4i Ta MPOAYKTHBHICT cTpurais [2].

AHAaJii3 oCcTaHHIX JOCTiIKEeHb

B cBiTOBI#1 IpakTULll CTPYIKKK OBEIb BUIUISIOTH Ba
HAMOUIBII BAANMX TEXHIYHUX pIIICHHS: 3BOPOTHO-
MOCTYNAJbHUI pi3aNpHUl amapar 3 eKCLIEHTPUKOBUM
MEXaHI3MOM Ta pOTamiHUM pi3aJpHUI amapar 3
MexaHI9HOI0 mepemadero. Crix 3a3HauuTH, MO 0OWIBa
BapiaHTH MAaIOTh ABUI'YH CyMICHHUH 3 pyKosTKoo [3, 4].

[Ipu Ginpm geTanbHOMY aHaJIi31 KOYKHOTO 3 BAPiaHTIB,
MOXHa BIIMITUTH, IO Y 3BOPOTHO-NOCTYIAJIHHOTO
pi3aJIbHOTO amapaTa NMpH HEAOTPUMAaHHI TEXHOJIOTIYHMX
napaMmeTpiB  pi3K0  3HIKYETbCS  SIKICTh  POOOTH
(301bIIyETBCS BMICT CIYKHM) Ta 3pOCTAE CIIOKMBAaHA
MOTYXHICTb [3], 1110 BUITHO 3 PUCYHKY 1.

/ J

Puc. 1. IIpomec pi3aHHS BOBHHU Pi3aJBbHOIO MapOro 3i
3BOPOTHO-TMIOCTYHAJIbHUM PYXOM HOXKA.

Fig. 1. The process of cutting wool with cutting steam
with reciprocating movement of the knife.

Ciuka sk 1 mepecTpur Heba)xxaHi B TIPOIIECi CTPHIKKH,
iX cyMapHHH BMICT y pyHi He IOBHHEH NepeBUITyBatH 1%.
SIkmo ocTaHHIN 3aNeXUTh Bix KBamiikallii cTpurais, To
mepma MEepeBaXXHO BiJ CYKYHMHOCTI TEOMETPHYHHX,
KOHCTPYKTUBHHX  Ta  TEXHOJOTIYHHUX  IapaMeTpiB
PI3aJILHOTO amnapaTry Ta CTPUrajibHOI MalllMHKH.

BennunHa ciukm, TOBTOPHOTO 3pi3aHHS BOBHH,
BKazye Ha €(EeKTHBHICTb pi3aJIbHOTO amapary iHakKIIe
KaXy4d Ha WOro JOCKOHAJICTh, JMOBEPIICHICTh. 3a
HasiBHOCTI MOBTOPHMX MNpOOIriB (3pi3iB) — 30UIbIIyeTHCS
cuna  pi3aHHS, 1[I0 TPHU3BOAMTH 1O  30UIBIICHHS
eHeprozaTpar Ha mpolec. Tak IUIOlIa I[OBTOPHHX
MIPOXO/IiB HOXA B CTPHUTaJbHUX MAIIMHKaX 31 3BOPOTHO-

TOCTYMAJIBHIM XapaKTepoM pyX HOXka ckianae a0 33,6 %
oCTpHKeHOI rmoBepxHi, puc. 1 [2].

Jis 3MeHIIeHHs U0 HOABIHHOTO Tpobiry HOXa, a
BIAMOBITHO 1 KIMBKOCTI  CiUKH, PpPEKOMEHIYETHCA
MepeMill[aTH CTPUrajbHy MAIIMHKY 3 ONTHMAJIbHOIO
mBuakictio [1, 2]. Ame moTpuMaHHsS BHWKOHAHHS IIi€l
YMOBHM Ha MPAKTHIll HEMOXIHMBO, OCKUIbKH 3HAYEHHS
IIBUJAKOCTI MOJa4yi MamuHKu Vi, B  OCHOBHOMY,
BU3HAYAETHCS CTAHOM BOBHSHOTO MOKPOBY TBApUHU Ta
kBauidikarieto crpurais [3, 4].

PosrissHeMO  cxeMy MpOLECY pi3aHHS BOBHHU
PI3IBLHOI0 MApOo0 3 00EPTOBUM XapaKTEPOM PyXy HOKa,
MPE/ICTABICHY HA PUCYHKY 2.

Puc. 2. IIponec pizaHHS BOBHH pi3ajibHOIO Maporo 3
00epTOBHM XapaKTEPOM PyXOM HOXKa.

Fig. 2. The process of cutting wool with cutting
steam with the rotational nature of the movement of the
knife.

Hix oOepraeTtbcss B OAHOMY HampsIMKy, a HpH
MOBTOPHOMY MPOXOJi IO BXKE OCTPIDKEHIM MOBEPXHI —
JMIIE PO34iCye BOBHY, B HACNIIJOK HE BUKOHAHHS YMOB
3anieMIIeHHs1 MaTepiany. PoTauiitauit pyx Hoxa 103BoJIsIE
1030aBUTHCH BiJl IOBTOPHOTO 3pi3aHHs BOBHHU (YTBOPEHHS
ciukm). lle Moxe mpu3BecTH 1O  3MEHIICHHS
€HeproMiCTKOCTI ITpolecy pizaHHs B Mexax 20 %, a Takox
3MEHIIICHHS BMICTY CIYKH Y PYHI — ITiABUIUTH SKiCTb.

Mera gocaigkeHb
Metoro poboTH Oys0: BHU3HAYUTH CHIY OIOpPY

HepeMillIeHHs CTPUralibHOT MAIlMHKKA B BOBHSHOMY LIapi
Ta CIIOKMBAaHy IOTYXHICTh MNpPHBOJAa MAIIMHKH, SKa

3aTpavyaeTbCcsl IMiJ Yac CTPWKEHHs, LUIIXOM 3MIHH
HIBUJIKOCTI PyXY CTPUTAIbHOI MAIIMHKH.
Iix qac JIOCITI KSHHS BUKOPHUCTOBYBaBCS

pO3pOo0NeHNT HaMHM CTeHJ A BHIPOOYBAaHHS PYYHHX
pi3adbHAX 1HCTPYMEHTIB, Ha SKOMY IPOBOIMINCH
71a00paTOPHO-EKCIIePUMEHTAIbHI JIOCITIPKEHHS
crpuragbHux MamuHok MCY-200, MCO-77B, Nl1J-
GMO01-76 Ta porauniifHOTO THITY.

Jlns BHW3HAYCHHA CIIOKMBAHOI IOTY)KHOCTI Ha
YPYXOMIICHHSI CTPUTaJIbHOT MAIIMHKN, BUKOPHCTOBYBAJIN
aHanoroBo-un¢posuii mepersoprorad (ALIT) Ta ctpymoBi
kimimi. JlocmiDKeHHS TPOBOMWINCH NPH  TeMIIeparypi
HABKOJIMIIHLOTO cepeaoBuina Bix + 14 °C no + 25 °C.

Pe3yabTaTn 10ciigxeHb

ITlin eHepreTMYHMMH  XapakTEPUCTHKAMH MU
PO3YMIEMO CHJIy OHOpY HEpEeMIIIeHHS CTPUTaIbHOI
MaIIMHK{A B BOBHSHOMY MIapi Ta CIIOKMBaHY HOTYXXHICTh
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Ha YPYXOMJICHHS MAaIllMHKH, SKa 3aTpadacTbecs i 4Yac
CTPIDKCHHSA. 3 METOI0 BHU3HAYEHHS OCTaHHIX Ta
BCTAQHOBJICHHS 3aJIS)KHOCTEH MK HUMH, T€OMETPHIHUMU
Ta  TEXHOJOTIYHUMH  [apaMeTpaMd, HamMH  OyB
po3pobieHnii  cTeHm ANA  BHNPOOYBAaHHS — PYYHHX
pi3albHUX {HCTPYMEHTIB, CXeMa SIKOTO TpEICTaBIIeHa Ha
pucyHky 4 ta 5. Ha sxomy npoBoxsiThesi 1a00OpaTopHO-
EKCIIEPUMEHTAJIbHI JIOCIIPKEHHS! CTPUT'aJIbHUX MAIIHHOK
MCY-200, MCO77B, N1J-GM01-76 Ta poraliifHoro
TUy pucyHok 3 [5, 6].

/4

é
!
P
v

F— /

Puc. 3. JocmimkyBaHi cTpUTanbHi mammuku: N1J-
GMO01-76, MCVY-200, MCO-77B Ta cTpurajibHa MalinHKa
pOTaLifHOTO THITY.

Fig. 3. Researched clippers: N1J-GM01-76, MSU-
200, MSO-77V and rotary shearing machine.

8 rimng & 7

Creny 3abe3neqye:

® MOXIHUBICTH 3MiHH Ta KOHTPOJIIO MIBHIKOCTI
moja4yi CTpUrajbHOi MAIlWHKH y miamazoni Vg = 0,1—
2,5 M/c;

¢ MOXIHUBICTP 3MIiHH Ta KOHTPOJIO YacTOTH
obepranHs Hoxa y piamaszoni Ny = 500-4000 06/xs,
ny=8,33-66,70 ¢*;

® MOXIHUBICTH 3MIHM Ta  KOHTPOJIO  KyTa
BXOJ/DKCHHS pi3ajlbHOTO amapary B BOBHY Yy Jiama3oHi
a = 0-20°

® MOJKJIMBICTH KOHTPOJIIO CII0’)KUBAHOI MOTY>KHOCTI
YPYXOMJICHHSI ~CTPUTQJIBbHOI MalIMHKK Y Jiana3oHi
Ng: = 1-4000 Br;

®  MOXIHUBICTH KOHTPOJTIO CHJIH
nepeMimieHHs B gianazoni For= 1-375 H.

Crenp [7] cknagaersest 3 HampsAMHOL pamu 1, B3IMOBXK
Kol mepecyBaeTbcs Bi3ok 2. Ha Bi3Ky po3MimieHuit
TpuMad 3 3 MOXKJIMBICTIO BEPTHKAIBFHOTO ITepecyBaHHsA. Ha
TpuMadi 3 BCTAaHOBIIOIOTh MOCTIKYBaHUH IHCTpyMeHT 4
(HanpuKIlaj, CTpUrajbHa MaIIMHKa) 3 MOXKJIHMBICTIO
peryjioBaHHsS KyTa WOro Haxwily 1O ropu3oHty. Ha
pobouomy cromi 5 € mpuctpiit 6  KpiruieHHs
JOCHTiKyBaHOro Matepiany 7 (oBumHa). Bizok 2
3’€HAHUA 3 ypyXOMJIIOBaJIbHUM OapabanomM 8 3a
JormoMororo kanaty 9 uepe3 posmmkaud 11. Bapaban 8§
BCTAaHOBJICHHH Ha CTONI 5 1 TPUBOOUTBECA B IO
enekrpoxpsuryHom 10. Ha pami 1 BcTaHOBIEHO TaKoX
crorop 12 mus Bizka 2. Ha Bi3ky 2 € TeH30MeTpHIHHI
matunk 13 (Ha 3ycwimis po3TsAry-cTUcKaHHs). Ha Bamax
mpuBoAiB iHCTpyMeHTy 4 Ta enekrponsuryna 10
BCTaHOBJICHI AaTYMKK 00epTiB BiAmoBiaHo 14 ta 16.
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Puc. 4. Cxema crenza A BUNPOOYBAaHHS PYyYHHX pi3aJIbHUX IHCTpyMeHTIB: 1 — pama; 2 — Bi3ok, 3 — TpuMady,
4 — cTpuraipHa MallMHKa, 5 — cTLT; 6 — TpUMayd OBUMHM; 7 — OBUMHA (IITy4YHA BOBHA); 8 — nmpuBinHMIA GapabaH (Bich),
9 —poc, 10 — npusiz, 11 — po3’eanysay, 12 — ctonop, 13 — TeH30MeTpryHMI AaT4nK, 14 — naTunk Xomia, 15 — ctpymoBi
ki, 16 — marumk obepri, 17 — enekrpomepexa 220B, 18 — ananoroBo-mudposuii nepersoproBau, 19 — I1K 3

IporpaMHuM 3a0€3MeYCHHSIM.

Fig. 4. Scheme of the stand for testing hand cutting tools: 1 — frame, 2 — trolley, 3 — holder, 4 — clipper, 5 — table,
6 — sheepskin holder, 7 — sheepskin (artificial wool), 8 — drive drum (axis), 9 — cable, 10 — drive, 11 — disconnector,
12 — stopper, 13 — strain gauge, 14 — Hall sensor, 15 — current clamps, 16 — speed sensor, 17 — 220V electrical network,

18 — analog-to-digital converter, 19 — PC with software

YpyxomiieHHs iHcTpyMeHTy 4 Ta enektpoasurys 10
mia’eaHyrOThes 10 Mepexki 17. IlapameTpu crouBaHOT

MOTYXHOCTI TNPHUBOJIOM IHCTpyMeHTa 4 (CTpUrajibHOT
MallMHKK) 3anucytoTthes o I[IK 19 3a pmomomororo



164

B. C. XmenvoBcbkuid, K. JI. BeceniBcbkui

aHasoroBo-uudposoro nepersoproada (AIIT) 18 uepes
cTpyMoBi Kiirmi 15. (puc. 5).

21

5]

8

19

Puc. 5. 3aranbHuil BUMIA CTEHAA JUIS BUIPOOYBAaHHS PYYHHMX pi3ajibHUX IHCTPYMEHTIB: 1 — pama, 2 — BI30K,
3 — tpumay, 4 — cTpuranpHa MaliMHKa, 5 — cTill, 6 — TpMay OBUMHH, 7 — OBYMHA (LITYYHa BOBHA), 8 — IpHBiqHUI OapabaH
(Bice), 9 — tpoc, 10 — npuBin, 11 — po3’eanyBau, 12 — cronop, 13 — ren3omerpuynuii aatuuk, 14 — natuuk Xosia, 15 —
cTpyMoBi Kiinii, 16 — natyuk obepriB, 17 — enekrpomepexa 220B, 18 — ananoroso-uudposuii nepersoprosau, 19 — I[MK
3 mporpaMHUM 3a0esnedeHHsM, 20 — 4acTOTHWH mepeTBoproBad, 21 — MeXaHIYHMI IycKad NMPUBOIY CTPUTAIBHOT

MAaIllWuHKH.

Fig. 5. General view of the stand for testing hand cutting tools: 1 — frame, 2 — cart, 3 — holder, 4 — clipper, 5 — table,
6 — sheepskin holder, 7 — sheepskin (artificial wool), 8 — drive drum (axis), 9 — cable, 10 — drive, 11 — disconnector,
12 — stopper, 13 — strain gauge, 14 — Hall sensor, 15 — current clamps, 16 — speed sensor, 17 — 220 V mains, 18 — analog-
to-digital converter, 19 — PC with software, 20 — frequency converter, 21 — mechanical starter drive.

Ha ocHOBI momnepesHbO0 NPOBEAECHUX TEOPETUUHHX
JIOCIIZPKeHb, MalO4YH 3MIHHI KOMILJIEKTH pi3allbHUX Tap Ta
KEepYIOUM 4YacTOTOI 00epTiB HOXa, KyTOM Haxwily a0
OCTPM)KEHOT TMOBEPXHI Ta LIBHJKICTIO IMOJa4yi MalIMHKA
BU3HAYAEMO TaKi CHEPTeTHYHI IIOKa3HHUKH, K CHJIa ONOPY
NEepeMillleHHs CTPUrajbHOI MANIMHKH Ta BEJIHYUHY
CHOXKMBAHOI TOTY)KHICTh €JIEKTPOJBUIYHOM Ha IIPOIEC
3HSTTS BOBHH.

CrnovaTKy BU3HAYa€MO 3aJI€KHOCTI 3MiH CHIIH OTIOpY
MepeMilIeHHs Ta  CIIO)KMBAaHOI  MOTYKHOCTI  0e3
HABAHTAXXCHHS, MOTIM TPH HAaBaHTAXKCHHI. PI3HUI Mix
OCTaHHIMHM JIa€ 3MOTY OLIHUTH pPOOOTY pi3anbHOrO
anapary npH pi3HHX pexuMax.

Ipotsarom pochixy no IMK 19 yepes ALl 18 Bin
naruukis 13, 14, 15, ta 16 HaaxoadTh Taki MOKa3HUKH, 10
3MIHIOIOTBCS B 4aci: yacToTa o0epTiB enekrpoasuryna 10
Ta NPUBOAY IHCTPYMEHTY 4, CHila ONOpY NepeMillleHHs
Bi3ka 2 (iHctpymeHTy 4). Takox ALII 18 peectpye 3miny
CHOXKMBaHY IOTYXHICTh enekTpoypyxomseHns 4. Lli
nokasHuku o60pooOmsatoreest IIK 19 1 BignoBimHO 10
BCTAQHOBJICHOI NPOTPaMH MOJAIOTHCS B BHUIJISI TAaONHUIB,

rpadikiB 4M piBHSIHb perpecii. SIki B mopanbIIOMy
BHUKOPUCTOBYIOTBCS MPH aHaJi31 BILUTUBY IOCIIIKYBaHUX
¢daktopie  Ha  e(eKTUBHICTH pOOOTH  PIi3aTBLHOIO
IHCTPYMEHTY.

Ha ekpani IIK 19, B pexumi peanpHOro wacy,
OynyroThcst Tpadiku 3MIHH CHJIH OIOpPY MEPEMIICHHS,
CIIOKHMBAHOI MOTYKHOCTI BiJl 4acy INpPH 3aJaHUX: 4acTOTI
o0OepTaHHS HOXKa Ta MIBHIKOCTI MOJAYi 3 ypaxXyBaHHSIM
KOMILIEKTY Pi3aJIbHUX TIap .

Ilicnst BiacitoBaHHS MaeMO OCTAaTOYHI PiBHSHHS
perpecii:

2

¥y =106,06+1,25X; +175X 5 + X3 +295X1 —35X1 X, +25X,X5 (3)

Yy, =414 -1,25Xq +2,25X5 + 9X3 +1,5X 5 X5 (4)
2

Y3 =4-1,25X1 —0,875X5 —1125X3 +5,125X +

®)

2
+1875X5 + 25X X5 —15X1 X3 +3,75X5 X3

Ilicnst po3koOBYBaHHS PIBHSIHHS perpecii MaroTh
BHUTJBSL:
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N =183,68.187 — 3,05625z — 23,75v — 0,0383333n + 3 MeTo TOpIBHAHHA €(QEKTUBHOCTI  POOOTH
2 (6)  crpuranbEmx MamMHOK 3 3BOPOTHO-TIOCTYNANBHUM
+0,08333nv —8,75zv + 0,184375z . .
PYXOM Ta pOTamifHUM, HaMHU MOOymoBaHO Tpadik, IIO0
7 XapakTepu3ye 3MiHy CIHOXXHBAaHOI TIOTYXHOCTi, CHIJIH
F = 23,2125 -0,31252 — 112,5v + 0,005n + 0,05nv 7 omopy TepeMilleHHA Ta SKOCTi poGOTH Bif 3MiHH
OIBUAKOCTI Tojadi. TakoX Ha HBOMY BiI3HA4EHO
k = 376,695 —13,51562 — 665 — 0,03999n — 0,001252n + ® MYHKTAPOM  TEOPETHYHY  3aEKHICTH  CHOKHUBAHOT
4 0.125vn + 6,252v + 0,322 + 187 5v° noTyxHocTi (prc. 6).
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Puc. 6. I'padik 3anexHOCTI CHOXKUBAHOT MOTYKHOCTI, CHUIIM ONOPY IEPEMIILIEHHS Ta SKOCTI pOOOTH CTPHUIaJIbHUX
mammnHok MCY-200 Ta poTaniiisoi Bij mBuaKoCTi ii noxadi, npu onTuManbHux Z = 25 ta (N = 3000 06/x8), n =50 ¢,

Fig. 6.

Graph of power consumption, displacement resistance and quality of work of MSU-200 and rotary

shearing machines on its feed speed, at optimal z = 25 and (n = 3000 rpm), n =50 s,

[Mopieutoroun MCVY-200 Ta porauiiiHy CTpUrajibHi
MAaIIMHKKA MOXKHA BIIMITHTH, IO CIIOKMBaHA MOTYXHICTh

po3po0iieHo1 MamMHKA B TOPIBHSAHHI 3  0a30BOIO
3MEHIInIach B 2,2—2,3 pasu.

Cuna onopy nepeMIIIECHHSI 3MEHIIIIIACH
B 1,2—1,4 pa3u. Tak camo 3MeHIIMIIACS 1 KiTbKIiCTh CIYKH B
3,2-3,5 pasis.

Takoxx  cmig — BIAMITHTH, oo  po30iXKHICTH
TEOPETHYHHX Ta  CKCICPHUMCHTAIBPHUX JaHUX  HE
nepesumye 3%. Ilo mae 3Mory TOBOPUTH IIPO

BIIMOBITHICT  €KCIIEPUMEHTAILHUX 3 TEOPETUUYHHMHU
3aJISKHOCTSIMH Ta MOJKJIMBOCTI 3aCTOCYBaHHSA OCTaHHIX
IIPY JAOCIIPKEHHI MPOIeCy CTPIKKU OBEIb PI3HUX MOpPix
30KpeMa.
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TEXHOJOTIYHI ~ [apaMeTpd  CTPUTAIBHOI  MAIIHHKA
poraniiiHoro Tuily: yactota obepris Hoxa 48,3-50,0 c?

(2900-3000 06/xB), KimbkicTh 3yOmiB rpebinku 23-25,
uBHAKiCTh moxaui  0,6-0,7 M/c, 1m0 MOpU3BEIO 10
MIIBUIICHHS SIKOCTI CTPUXKHU B 3,6—4 pa3u, 3MCHIICHHS
CIOXXHMBAaHOI MOTY>KHOCTI ypyxomieHHA y 1,5-2 pa3u Ta
CHJIM oTopy nepemimenHs B 1,2—1,3 pasu.

Cnucok airepatypu

1. Pesenko U., Becenusckuul K. AHaIN3 TEXHUYECKUX
CPEJCTB JUIsSl CTPHXKKHU OBELl C BO3BPATHO-TIOCTYNATEIbHBIM
XapakTepoM JIBIKeHHs Hoxka Ha Tepetopun CHI'. Motrol.
commission of motorization and energetics in agriculture.
2013. Vol. 15. No 3. P. 52-59.

2. Kpwiciox B. M. TexHonoruueckue M HHKEHEPHO-
TEXHHYECKHE OCHOBBI MPOIECCAa CTPHKKH OBEIl: HC.
Jokropa c.-x. Hayk: 05.20.01. Craspomnosis. 1983. 385 c.

3. Pegenxo 1. I, Beceniecoxuii K. J]. Po3poOka
CTpUTrajbHOI ~MAaIlMHKK poTaliiiHoro tumy. Ilpami
THATY. 2011. Bun. 11. T. 5. C. 65-67.

4, Pesenxo I.I., Binvko B. B. Tlatentr Ne
Vkpaina. MamuHka Ji8  CTPHXKKH — OBELb.
15.04.2005. broi. Ne 4.

72772
Ony6ur.



166

B. C. XmenvoBcbkuid, K. JI. BeceniBcbkui

5. Kmoes C.B., Kuoes A.B. OnruMmaiabHOe
NPOCKTUPOBAHHE  KOHCTPYKIMH C  yd4eToM  HX
ycroitunBocti. Germany. Lambert, 2011. 141 c.

6. Pesenxo 1.1, Beceniscokuii K. /]. TlateHT Ha
kopucHy wMogens Ne 70018 Vkpaima, B26B 25/00.
CrpuranpHa MaIlMHKA pOTAIIHOTO THWIy; 3asBHUK 1
MIATEHTOBJIACHUK HaunionansHoro YHIBEPCUTETY
OiopecypciB |  NPHUPONOKOPHUCTYBaHHS  YKpaiHu.
Ne u 201113005; 3aseiaeno 04.11.2011 ; omyGuikoBaHO
25.05.2012. Brom. Ne 10.

7. Beceniscoxuu K. /[. TlaTeHT Ha KOpUCHY MOZETH No
73169 VYkpaina, GO1IM 99/00. Crenn anst BunpoOyBaHb
pPYYHHX  pi3aNbHHX  IHCTPYMEHTIB,  3asBHHK 1
nateHtoBnacHuk BecemiBcbkuii K. JI. Ne u 201203657;
3ageneHo 26.03.2012 ; omyGmikoBaro. 10.09.2012,
Brom. Ne 17.

References

1. Revenko I., Veselivsky K. (2013). Analysis of
technical means for shearing sheep with the reciprocating
nature of the movement of the knife on the territory of the
CNG. Motrol. commission of motorization and energetics
in agriculture. 15(3). 52-59.

2. Krysiuk  V.Il. (1983). Technological and
engineering-technical bases of the sheep shearing process:
05.20.01. Stavropol. 385.

3. Revenko I. I. (2011). Development of a rotary type
shearing machine. Proceedings of TSATU. 11(5). 65-67.

4. Patent Ne 72772 (Ukraine). (2005). Sheep shearing
machine. I. I. Revenko, V. V. Bilko. Publ. 15.04.2005.
Bull. Ne 4.

5. Klyuev S. V., Klyuev A. V. (2011). Optimal design
of structures taking into account their stability. Germany.
Lambert. 141.

6. Revenko I.1., Veselivsky K.D. (2011). Utility
model patent Ne 70018 Ukraine, B26B 25/00. Rotary type
shearing machine; applicant and patent owner of the
National University of Life and Environmental Sciences of
Ukraine. Ne u 201113005; filed 04.11.2011; published
25.05.2012. Bull. Ne 10.

7. Veselivsky K. D. (2012). Utility model patent Ne
73169 Ukraine, GO1M 99/00. Stand for testing hand
cutting tools; applicant and patent owner Veselivsky K. D.
Neu 201203657, filed 26.03.2012; published. 10.09.2012,
Bull. Ne 17.

UCCJIEJOBAHME POTALIMOHHOM
CTPUT' AJIbBHO MAILIMHKA
B. C. Xmenesckuii, K. /]. Becenusckuti
AnHOoTauusA. D(DPEKTUBHOCTH CTPHKKH OBEI B
3HAYUTEJIBHOW CTEIIEHH 3aBUCHUT OT NMPOU3BOAMTEILHOCTH
cTpuraneif. 3a cueT MeXaHMYeCKOW SHEPrud MallMHKU
MIPOMCXOIUT TOJIBKO MEpepe3aHne MIEPCTSIHBIX BOJIOKOH, a
€e TepeMelleHHe 110 IOBEPXHOCTH Tejla >KUBOTHOTO
OCYIIECTBIISIET YeIOBEK — CTpuraiib. CTpUraib BBHICOKOU
KBaIM(UKAIMU TIPU CTPWXKKE TOHKOPYHHBIX OBEIl C
LIMPOKO3axBaTHOH rpedenkoit (b = 76,8 mm) ucnonszyer
npumepHo 90% ee mmpuHBI, HU3KOH U cpexnHeit 50—75%.
Haubonee npodeccroHanbHble CTpUraiy pabdoTaloT, Kak
NIPaBUJIO, C y3K03aXBaTHBIMHU rpebemkamu (b = 57,6 Mm),

MIOTOMY YTO Y3KO3aXBaTHbIE I'DEOCHKH OKa3bIBAIOT IPU
CTPHIKKE MEHBINEE CONPOTUBIICHHE HA PYKy CTPHTAII U
JAal0T BO3MOXKHOCTH IIEPEMEINaTh MAIIMHYy ¢ OOJbLIeH
CKOPOCTBIO IIO CPAaBHEHMIO € LIMpOKo3axBaTHOM. UTak,
paboTOCTIOCOOHOCTD CTPHUTANL 3aBHCHUT OT CIEIYFOIINX
(akTopoB: cmibl TATH — P, ckopoctH ABIKEHHI — V,
BpeMeHH paboTel  (IPOAOIDKUTENBHOCTH  pabodero
npouecca) — t. Teoperndeckue pacyersl MOKa3aid, YTO
IIPU MaKCUMaJbHOM YCWIMHM CTPHUTajsi ONTHMajbHas
CKOpPOCTH moauu coctasiseT 0,93 m/c, a Harpy3ka Ha pyKy
cTpuranst He noibkHa npessimate 30,6 H. Yeenuuenue
Harpy3kd  Ha  pyKy  cTpuraas  Oomee  4eMm
30,6 H BrI3pIBaeT CHIKCHHE CKOPOCTH IMONAYH, |
COOTBETCTBEHHO, YMEHBIICHNE TPOM3BOANTEIHHOCTH.

B MupoBO#i IpakTUKE CTPUKKH OBEL] BBIACISAIOT ABa
Hamboylee yNAYHBIX TEXHUYECKHUX peIIeHus: oO0paTHO
MOCTYIATENbHBIM pPEXYyIUH annmapar U pPOTALMOHHBIM.
AHanm3 Ka)kI0To U3 BAPHAHTOB IT0Ka3all, 4TO B BO3BPATHO-
HOCTYNaTeIbHOM PEXYIIEM armnapare Ipyu HeCOOI0ICHUU
TEXHOJIOTHYECKHX  [apaMeTpPOB  PE3KO  CHUXKACTCS
Ka4ecTBO pabOoThl (YBEIHMUUBACTCS COJCPKAHUE CCUKH) U
pacteT notpebisiemMast MOIIHOCTb.

Ceuka MM NEPEeCTPUT HEXKENaTeNbHBI B IIpolecce
CTPIKKH, UX CyMMapHOE COJEp)KaHHE B PyHE HE JIOJDKHO
npeBpiliaTh  1%. Ecim  mocnegHuilt  3aBUCUT  OT
KBaM(UKAIUU CTPUTAIS, TO TEpBas MPEHMYIIECTBEHHO
OT COBOKYIHOCTH T€OMETPHYECKNX, KOHCTPYKTHUBHBIX U
TEXHOJIOTHYECKHX TapaMeTPOB PEXYILIEro ammapara u
CTPHUTaJIbHOM MAITHHKH.

CrpuXKa IIEpCTH C BPAILAIONIMMCS XapaKTepoM
JABMIKCHUA HOXa MpeaAyCMaTpuBacT, 4TO MPHU IMOBTOPHOM
NPOXOJE MO YK€ OCTPIIKCHHOW MOBEPXHOCTH, LIEPCTh
TOJIBKO PpacyCChbIBACTCA, B CJICACTBUMU HEBBIIIOJHCHUA
yCIIOBUM  3amieMiIeHHs ~ Marepuana.  PoranuonHoe
JBHKCHHC HOXa ITO3BOJISACT H30aBUTLCS OT IMOBTOPHOT'O
cpe3anusi mepctd (0Opa3oBaHHME CEYKH) W IMPUBOJIHUT K
YMEHBIICHUIO SHEPrOEMKOCTH Tipoliecca B npenenax 20%.

Hamn Obutl paspaboran CTEHZ, KOTOpBIH HMeEeT
BO3MOXKHOCTh ~ ONPEAEIUTh  CHIYy  CONPOTHBICHHS
TepeMeIIeHHs CTPUTaIbHOI MAIIMHKY B IIEPCTSIHOM CIIOE
1 TIOTPeOIIIeMYI0 MOIIHOCTD MPUBOJIA MAIIMHKH, KOTOPast
HCTIOJIB3YCTCA MTPU CTPUIKKE, IMTYTEM U3MCHEHHUA CKOPOCTHU
JABUXKCHUS CTpPIFaJ'II:-HOﬁ MallUuHKH.

CpasauBasg MCY-200 1 poTariioHHYIO CTPUTAIBHYIO

MaIIMHKY, MOXXHO OTMETHTh, 4YTO MoTpediseMas
MOIITHOCTh Pa3pabOoTaHHON MAIMHKH, 10 CPaBHEHHUIO C
0a3oBoif, ymeHpmmiack B 2,223 pasa. Cmia
COIPOTHUBIICHHS nepeMeIeHHs YMEHBIINIACh
B 1,2—1,4 pa3a, a Takke€ yMEHBIINIOCh KOJIMUECTBO CEUKU
B 3,2-3,5 pas.

KiroueBble ciaoBa: CcTpuXkKKa OBell, ILEPCTh,

CTpUTaJIbHOI'O MalllMHKa, HOBTOpHLIﬁ cpes, 06pa30BaHI/I${
CCYKH.

RESEARCH OF A ROTARY CUTTING MACHINE
V. S. Khmelovskyi, K. D. Veselivskyi

Abstract. Shearing efficiency is highly dependent on
the performance of the shearers. Due to the mechanical
energy of the machine, only the cutting of woolen fibers
occurs, and its movement on the surface of the animal's
body is carried out by a person — the shearer. A highly
skilled shearer when shearing fine-wooled sheep with a
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wide-grip comb (b = 76.8 mm) uses about 90% of its width,
low and medium 50-75%.

The most professional shears usually work with
narrow gripping combs (b = 57.6 mm), because narrow
gripping combs provide less resistance on the shear's hand
when clipping and make it possible to move the machine at
a higher speed than wide-gripping combs. So, the shear's
performance depends on the following factors: traction
force — P, movement speed — V, operating time (duration
of the working process) — t. Theoretical calculations
showed that with the maximum shear force, the optimal
feed rate is 0.93 m/s, and the load on the shear arm should
not exceed 30.6 N. An increase in the shear arm load of
more than 30.6 N causes a decrease in the feed rate, and,
accordingly, a decrease in productivity. In the world
practice of shearing sheep, there are two most successful
technical solutions: a reverse translational shearing device
and a rotary one. The analysis of each of the options
showed that in the reciprocating cutting device, if the
technological parameters are not observed, the quality of
work sharply decreases (the content of the cut increases)
and the power consumption increases.

Cutting or re-trimming is undesirable during the
cutting process, their total content in the fleece should not
exceed 1%. If the latter depends on the qualifications of the
shearer, then the first depends mainly on the combination
of geometric, design and technological parameters of the
cutting apparatus and the shearing machine.

Shearing of wool with a rotating character of the knife
movement provides that when passing over an already
trimmed surface, the wool is only combed due to failure to
meet the conditions for pinching the material. The rotary
movement of the knife allows you to get rid of repeated
cutting of the wool (chapping) and leads to a decrease in
the energy intensity of the process within 20%.

We have developed a stand that has the ability to
determine the force of resistance to the movement of the
clipper in the woolen layer and the power consumption of
the drive of the clipper, which is used for clipping, by
changing the speed of the clipper.

Comparing the MSU-200 and the rotary shearing
machine, it can be noted that the power consumption of the
developed machine, in comparison with the base one, has
decreased by 2.2-2.3 times. The force of resistance to
movement has decreased by 1.2-1.4 times, and the amount
of cut has also decreased by 3.2-3.5 times.

Key words: sheep shearing, wool, shearing machine,
re-cutting, chaffing.

B. C. Xmeasoscskuiit ORCID 0000-0002-6018-8821.
K. . BeceaiBeskuii ORCID 0000-0002-4168-976X.
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AHoTanis. Po3risHyTO MiIXoam 10 oOTpyHTYBaHHS
ONTHMAIBHOTO MAIIMHHOTO arperatry Uil BHUKOHAHHS
OpaHKH Ha OCHOBI aHaNi3y TEXHIKO-TEXHOJIOTIYHO-
C€KOHOMIYHHX ITOKAa3HHUKIB, JI¢ BPAXOBaHO B3a€MO3B’SI3KH
MiX TBEPIICTIO IPYHTY, pOOOYOF0 MIBUIKICTIO, TOBKUHOIO
TOHYy Ta  IJIMOWHOMO MPOBEACHHS  OOpOOITKY.
OOrpyHTyBaHHsI IPOBOJMTHCS HA MIACTABI aHATI3Y JaHUX
[0 TMPOAYKTHBHOCTI, 3aTparaM Ipalli, BATpaTtaMm IajuBa,
NpsSIMUM ~ €KCIUTyaTalliiHUM  3aTpaTaM Ta IIOKa3HMKa
koediieHTa sikocTi. BiqmoBinHi pe3yabTaTi OTpEMaHi Ha
MiACTaBI TPOBENEHHX PO3PAaXYHKIB 3 ypaxyBaHHIM
TEXHIYHMX TapaMeTpiB MallMH Ta YMOB IIPOBEICHHS
MEXaHi30BaHOI TEXHOJIOTIYHOI oleparlii, SKi XapaKTepHi
st yMoB CyMchKoi 00macTi.

Otpumani aHi JI03BOJISIFOTH BHPOOHHUKAM
CUIBCHKOTOCTIONIAPCHKOT  MPOMYKIii ~ BU3HAYUTUCH 3
ONTHMAJIBHUMHU TapaMeTpaMu Ta pEeKUMaMH poOOTH
NPOBEJCHHS OpPaHKH Uil KOHKPETHOro mnojs. Takox
JIOBEJICHO BIUIMB MapaMeTpiB Ta PeXKUMIB pOOOTH Ha SIKICTh
BUKOHAHHS OPaHKH.

Po3poOniennit  MeTon  J03BOJISIE  MIPOAHAII3yBaTH
€(EeKTUBHICTh BUKOPHUCTAHHS OYIb-SIKOTO MAIIMHHOTO
arperarty BiAIIOBiTHO O YMOB.

KoarouoBi cioBa: cimbcbKorocnogapcbka KynbTypa,
YMOBHM BHUPOIIYBaHHS, MalIMHHUH arperar, MOKa3HUKH
SIKOCTI.

ITocTaHoBKa MpodIeMHu

EdexTuBHICTS  BUKOPUCTAHHS  CUIBTOCHTEXHIKH
ToJIsirae y 3abe3neueHHi SIKOCTI BUKOHAHHS
TEXHOJIOTIYHHX  omepamliii  (motped pociuH) TpHU

JOTPUMaHHI ONTUMAIIbLHUX TEXHIKO-€KOHOMIYHUX
nokasHukiB. Po3podueni IBH B.2.8-12-2000 Ta naykoBo-
METOJIMYHI Ta HayKOBO-NIPAaKTU4HI 30ipHMKKH HOpM HJI
«YKparponpoMnpogyKTHUBHICTE» ~ Ha  ChOTOAHIIIHIH
MOMEHT BTPayaroTh CBOIO edekTuBHicTh. Lle moB’s13ano 3
TUM, 110 IHTEHCHBHO 3MIHIOETHCSI TAPK MAalIWH, YMOBH
BHUPOIIYBaHHA  arpoKyibTyp (MeXaHiKO-T€XHOJIOTi4Hi
BJIACTUBOCTI  IPyHTY, Horo  Gi3MYHMHA  CKIaf,
TeMIepaTypHUH PeXUM Ta BOJOTICTH i iH.), 3MIHIOIOTBCA
30HM. JImf KOXXHOTO MIKPOPETiOHy iCHYIOTH  CBOf,
ONTHMAITBHI JJI1 HHOTO, TEXHIKO-TEXHOJIOTIYHI IMapaMeTpu

BUKOHAHHS TEXHOJOrIYHOI omepalii. Aje mpu LbOMY
BAOXIIMBUM € B33a€MO3B’S30K 3MIHH PEXHMIB poOOTH
MalliHH, poOOYHX HalAITyBaHb arperaTy Ta BIUIMB LUX
3MiH Ha SKICTb.

Hamu OyB TIpOBEACHUI 00YHCITIOBATEHIH
EKCIIEPUMEHT 3 BUKOPUCTAHHSIM pPO3POOJIEHOT0 METOIy
BU3HAYCHHS  TEXHIKO-CKCIUTyaTal[lfHUX  MOKa3HHKIB
poboTi MamMHHUX arperatis [12].

AHaJi3 0CTAHHIX JOCIIIKEeHD

[IpobnemamMu mOCHiIKeHHST POOOTH MANTHHHUME
arperaTaMyd Ha pPI3HUX TEXHOJOTIYHHX OIepaIisax Ta y
PI3HHX TPUPOAHO-KIIMATHYHUX YMOBAX 3aiiMaimcs Taki
BueHi, sk Memsenes B.B. [1, 2, 3], Ilonos ILM. [4],
[ponin A.®. [5], Kuprbas F0.K. [9, 10], ®inu E.A [11],
Menpnuk LI [6], [Tactyxor B.I. [8], Ko3zauenko O.B. [7].

JloCiIKeHHSAMH BUSBJICHO, 110 POOOTH, MPUCBSUCHI
e(eKTHBHOCTI [IPOBEJICHHS MeXaHi30BaHUX
TEXHOJIOTIYHUX OIMepaliif, He MicTATh iH(popMalii mpo
BIUIAB SIKOCTI BUKOHAHHS MEXAHI30BAHUX TEXHOJIOTYHUX
omepailiii Ha Bpoxaiinicts [13, 14, 15, 19, 20, 21].

Pe3yabTaTn n1ociigxeHb

Ha ocHOBI TeOpeTWYHMX BHKIAJOK Ta OTPHUMAHHUX
EeMITIPUYHUX 3aJIeKHOCTEH, BIAMOBITHO O CydYacHOT
arpapHoi TeXHIKM Ta YMOB ii poOoTm, po3pobieHa
MaTemMaTuyHa MOJelb Ta KOMIT'IOTepHa MporpaMa
PO3PAXyHKY SIKICHUX Ta TEXHIKO-€KOHOMIYHHX MTOKa3HHUKIB
pobOTH  MamIMHHMX  arperaTtiB, fKka  mependadae
JIOCITI/KEHHS PI3HUX [TapaMeTpiB Ha Pi3HUX peXUMax, Ipu
pi3HMX yMoOBax poOOTHM MaIIMHHHMX arperatiB Ipu
BUPOOHMIITBI arpapHoOi MpoayKuii.

OOpaHHsI MalIMHHUX arperaTiB il TEOPETHYHHX
JIOCITI/PKEHb O0YMOBJIEHO PO3IOBCIOJUKEHHSIM TaKHX Ta
MOJIOHUX arperariB Jyis NMPOBEJICHHS OPAaHKH y PETioHi.
BopHouvac, 3 mpe/cTaBieHUMH MAllMHHUMH arperatamu
HAMH TPOBOJIINCH OaratopiuHi AOCHipKeHHSI. Mu
JOCTI/DKYBAIKM Pi3HI MAIIMHHI arperatu, IpH IbOMY
MpeICTaBIeH] BUIIE arperatv MaroTh HAMBUIIUNA TOKa3HUK
AKOCTI ~ BHKOHAaHHS  MEXaHI30BaHOI  TEXHOJOTIYHOI
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oneparii. Jlns TpoBeACHHS PO3PAaxXyHKY TOKa3HUKIB
€(EeKTUBHOCTI BHWKOPUCTAHHS MAIIMHHOTO arperary
TOTyeThbcs 0aza [aHWX BIONOBITHOTO arperary, ska
CKIIAIA€TbCA 3 TapaMeTpiB  EHEepreTHYHOro 3acoly
(Tabmums 1) Ta mapaMeTpiB arpoMarmuHu (TaOmuIs 2); A

Tadanus 1. Enepreruuni 3acoou.
Table 1. Tractors.

JIOCTOBIpHOi  iHpoOpMaIlii po3paxyHKy (BiIMOBiTHOCTI
TEOPETUIHHX PO3PaxyHKIB 1 MapaMeTpiB peasbHOT POOOTH
MaIlIMHHOTO arperaty IpH BHKOHAHHI MEXaHi30BaHOI
TEXHOJIOTIYHO{ omeparlii) 3amaroTbCI YMOBH POOOTH
arperaty (Tabmmmi 3).

Koeditient
Mapka [oTyxHICTB .y banancosa .. 3a0e3neueHHs
Excrutyarariitna . Koedirient
CHEPreTUYHOTO JIBUTYHA, BapTICTh, S . arpoOBHMOT
Maca, T HATIHHOCTI
3aco0y kBt y.o. (moTped
POCIMH)
John Deere 6095 B 70 4,60 40000 0,95 0,96
CASE 340 301 12,88 213000 0,93 0,95
CASE 500 410 19,88 386880 0,93 0,93
Tadauus 2. ArpoMaluuHu.
Table 2. Agricultural machine.
o Makcnmaib Koedimient
OcHoBHMIT bamancoa ..
Mapka S Ha Maca, . KoedimienT 3a0e3neueHHS
TEXHOJIOTIYHUH . BapTICTh, o .
arpoMarinHu IIIBHU]IKICTB, T HATIHHOCTI arpoBUMOT
mapameTp y.o.
KM/TOJ (moTpebd pocnuH
EurOpal 5 1,05 12 0,71 19853 0,90 0,98
VarDiam 10 2,45 12 3,22 50714 0,90 0,97
Euro Titan 10 8 4,56 12 5,28 134019 0,9 0,95
Tabauus 3. BXigai 7aHHI 1718 TPOBEACHHS OPAHKH.
Table 3. Input data for plowing process.
Ha3Ba nokaszHuka Po3mipHicTh
@DoH MOBEPXHi IPYHTY 3
Teepaicts Ipynty, k[la (kH/M?) 25-95
YMOBH poOOTH MAITHHHOTO arperary 3
Penped,% 3
['muOuHa 00pOoOITKY IPYHTY, CM 25
JloB>XKHHA TOHIB, M 400-1200
Crmiocib pyxy arperary B3TiH
Binmans Bix mapky 0 TOJS, KM 1

[Ticns BHOOpY MAIIMHHOTO arperaTy Juis IpOBeICHHS
OpaHK{ Ta BHECEHHS HOT0 MapaMeTpiB A0 PO3PaXyHKOBOI
0a3u; BU3HAUCHHS 1 (DiKCYyBaHHSI YMOB Ta PEXHMIB HOTo
po0OTH, MEPEeXOAUMO JO JOCHIHKEHHS 3MIHH HOro
OCHOBHHX TEXHIKO-TEXHOJIOTTYHO-€KOHOMIYHHX
nmoka3HukiB (ITpomyktuBHOCTI, 3aTpar mpami, Burparn
nanmBa, CobiBapTOCTI) Ta SIKICHUX IMOKa3HUKIB BUKOHAHHS

TEXHOJIOTIYHOI ~ omeparii MAamIMHHUMH  arperatamm.
3MIHIOIOUYM PEXUMH poOOOTH arperatie. Ta yYMOBH
BUKOHAHHSA MCXaHI30BaHOI TEXHOJOTIYHOI omeparlii,

MIPOBOAAUMO JIOCIIJDKEHHSI, OTPHUMYEMO pe3yibTaTh Ta
a"amizyemo ix. Ciig YiTKO pO3yMITH, IO HapaMmeTpu
(TexXHIYHI XapaKTepUCTUKH) MAllIMHHOTO arperaTy, yMOBH
po0OTH, TOKa3HUKU SIKOCTI Ta PEKUMHM TICHO MOB’s3aHi
MIDXK cO00TI0 1 3aJI€KAaTh OAUH Big OJHOTO.
JlocnipkeHHSIMH ~ BCTaHOBJICHO, 10  HAWBHIIHM
MOKa3HUK SIKOCTI BUKOHAHHS OpPAHKA MAalOTh MAaIlUHHI
arperatd y ckiazai: John Deere 6095B + EurOpal 5
LEMKEN (mryr 3 xopmyca), CASE 340 + VarDiam 10
LEMKEN (mryr 7 kopmycis) Ta CASE 500 + EuroTitan 10
8+3+1 L 100 LEMKEN (rutyr 12 kopmyciB). Pe3ynbratu

3MIHA TEXHIKO-TEXHOJIOTIYHO-€KOHOMIYHUX TOKa3HUKIB
poOOTH OpHUX arperaTiB IpeAcTaBieH] y Tabmumsax 4-6.

3alleKHICTh TEXHIKO-€KOHOMIYHMX ITOKA3HHUKIB Bif
YMOB po0oTH:

- NPOOYKMUBHICMb

Jochipkyloun  3MiHy TPOAYKTUBHOCTI  OPHOTO
arperary John Deere 6095B + EurOpal 5 LEMKEN, y
3aJIeKHOCTI BiJl YMOB BHKOHAHHS OPAaHKH BCTAHOBIICHO,
10 TIPH MiABHINEHHI TBEPAOCTI IpyHTY Bix 35 mo 75 klla
MIPOIYKTUBHICTh 3HIDKYETBCS B Mexax 6,9%, npu
30UIBIICHHI TIHOWHM 00poOiTKy Bim 22 mo 28 oM
MIPOyKTUBHICTH Majaae Ha 2,8%, MpH 3pOCTaHHI TOBXHHU
roHy mosst Bix 600 1o 1000 M npoyKTHBHICTB 3pOCTaE HA
1,4%. BomHovac, HalOIMBIIKI BIUIMB HA MPOIYKTUBHICTH
MIpH OpaHIli Ma€ poOOYa MIBUAKICTH: PH 3MiHI IIBUIKOCTI
Bix 6 mo 10 kM/Tof. MPOAYKTHBHICTH 3pocia Ha 65,1%.

Jochipkyoun 3MiHy TPOIYKTHBHOCTI MAaIIMHHOTO
arperary 3 myrom CASE 340 + VarDiam 10 LEMKEN, y
3aJIeKHOCTI BiJi YMOB BHKOHAHHS OPAaHKH BCTaHOBIICHO,
10 TIpH TiABHUINEHHI TBEpIOCTI IPpyHTY Bin 35 o 75 xlla
NIPOXYKTUBHICTh 3HIDKYETBbCS B Mexax 4,2%, npu
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30UTbIIeHHT TIMOWMHM 00poOiTKy Bim 22 mo 28 cm
MIPOAYKTUBHICTH Majgae Ha 1,8%, mpu 3pOCTaHHI JOBKUHH
rony mois Bix 600 o 1000 M IpOTyKTHBHICTH 3pOCTaE Ha

2,5%. Ilpu ipoMy, HaHOITBINNI BIUTHB HA TPOAYKTUBHICTD
TIPH OPaHIl Mae poOoYa MBUIKICTh: TIPH 3MiHI IBHIKOCTI
Bix 6 1o 10 KM/TOJ. MPOAYKTHBHICTE 3pocia Ha 65,3%.

Tabauus 4. 3MiHa TEXHIKO-€KOHOMIYHHUX ITOKa3HUKIB POOOTH MaIIMHHOTO arperaty y ckiani John Deere 6095B +
EurOpal 5 LEMKEN.
Table 4. Changing technical and economic parameters of John Deere 6095B + EurOpal 5 LEMKEN.

Teepmicth ['mubuna Jlossxuna v W 33;53?“ Burpara E3 Koedi-
Bapiantn IPYHTY, 00poOITKY, . ’ ' ’ MaJINBA, ’ LIEHT
TOHIB, M | KM/Tox. | ra/ron. JoA- TpH./Ta .
kITA cM ron/ra KT /ra SIKOCTI
Pista 35 25 800 8 0,73 4,12 15,75 2181,70 0,84
- 55 25 800 8 0,71 4,24 20,37 2473,72 0,81
75 25 800 8 0,68 4,44 25,41 2856,97 0,76
Pista 55 22 800 8 0,72 4,19 18,71 2361,45 0,80
S 55 25 800 8 0,71 4,24 20,37 2473,72 0,81
55 28 800 8 0,70 4,31 22,12 2604,37 0,80
Pista 55 25 600 8 0,70 4,26 20,49 249469 0,80
55 25 800 8 0,71 4,24 20,37 2473,72 0,81
plopata 55 25 1000 8 0,71 4,22 20,30 | 2461,72 | 0,82
Pista 55 25 800 6 0,43 6,98 21,82 4189,40 0,78
IBHAKICTS 55 25 800 8 0,57 5,25 20,42 3067,84 0,81
55 25 800 10 0,71 4,24 20,37 247372 0,81
Taduuus 5. 3MiHa TeXHIKO-eKOHOMiYHUX moka3HukiB podotu CASE 340 + VarDiam 10 LEMKEN.
Table 5. Changing technical and economic parameters of CASE 340 + VarDiam 10 LEMKEN.
Teepaicte | ['mubOuna Jlossxuma v W 32;2 ETH Burpara E3 Koegi-
Bapiantu TpyHTY, 00po0iITKY, . ' ' ’ TaJINBa, ’ Li€HT
IOHIB, M | KM/TOA. | ra/rom. JIFOJT- TpH./Ta .
kITA cM rox/ra KT /Ta SIKOCTI
Pista 35 25 800 8 1,66 1,81 21,85 1992,07 0,85
TBepticTh 55 25 800 8 1,62 1,85 26,98 2142,85 0,82
75 25 800 8 1,59 1,89 32,29 2312,04 0,79
Pista 55 22 800 8 1,64 1,83 25,13 2085,67 0,81
——_— 55 25 800 8 1,62 1,85 26,98 2142,85 0,82
55 28 800 8 1,61 1,86 28,88 2204,85 0,81
Pista 55 25 600 8 1,60 1,88 27,40 2185,99 0,81
55 25 800 8 1,62 1,85 26,98 2142,85 0,82
JLOBIHA 55 25 1000 8 1,64 1,83 26,74 | 2118,76 | 0,83
Pista 55 25 800 6 0,98 3,05 31,10 3689,85 0,79
IBHKICTS 55 25 800 8 1,31 2,29 27,98 2690,51 0,82
55 25 800 10 1,62 1,85 26,98 2142,85 0,82

Taoauus 6. 3MiHa TEXHIKO-€KOHOMI

yHuX noka3HukiB podoru CASE 500 + Euro Titan 10 8+3+1 L 100 LEMKE.

Table 6. Changing technical and economic parameters of CASE 500 + Euro Titan 10 8+3+1 L 100 LEMKE.
. TBepuicTb FHI/I@/IHa Jossxuna V, W, 31?;{; ET,H Burpara TE3, qu(bi-
Bapiantu IPYHTY, 00pobiTKY, romie, M | xw/rox | ra/ron o= HajauBa, rpH./ta LIEHT
kITA cM ’ ’ ’ KT /ra ’ SIKOCTI
rojd./ra
Pisna 35 25 800 8 2,37 1,27 20,46 2611,70 0,84
TBepicTS 55 25 800 8 2,31 1,30 25,51 2750,26 0,81
75 25 800 8 2,24 1,34 30,98 293111 0,77
Pisna 55 22 800 8 2,34 1,28 23,68 2694,93 0,80
. 55 25 800 8 2,31 1,30 25,51 2750,26 0,81
55 28 800 8 2,29 1,31 27,45 2815,36 0,80
Pisna 55 25 600 8 2,24 1,34 26,31 2849,66 0,80
55 25 800 8 2,31 1,30 25,51 2750,26 0,81
plomia 55 25 1000 8 2,35 1,27 2507 | 2696,75 | 0,82
Pisna 55 25 800 6 1,74 1,72 27,83 3699,31 0,78
S 55 25 800 8 2,31 1,30 25,51 2750,26 0,81
55 25 800 10 2,87 1,05 25,05 2215,08 0,81
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Jlocmipkyoun 3MiHy TPOAYKTHBHOCTI MAaITHHHOTO
arperary 3 cepeansoro mryrom CASE 500 + Euro Titan 10
8+3+1 L 100 LEMKE N, y 3amexHocTi Bim ymoB
BUKOHAHHS OPaHKH BCTAHOBJEHO, IO TPH IIiIBHIICHHI
TBepHocTi IpyHTY Big 35 mo 75 klla mpoayKTHUBHICTH
3HUXKYETBCSI B Mexkax 5,5%, mpu 30UIbIICHHI TIMOWHU
00poOiTKy Big 22 1m0 28 cM NPOAYKTHBHICTH Majgae Ha
2,1%, ipu 3pocTaHHi TOBKUHHU roHy nosst Bix 600 xo 1000
M MPOAYKTUBHICTE 3pocTae Ha 4,9%. O1xe, HalOLIbIINI
BIUIMB Ha NPOAYKTHBHICTH IPHU OpaHIl Mae pobdoua
IIBUJIKICTh: TPU 3MiHI IIBHUAKOCTI Bix 6 mo 10 km/ro.
MIPOXYKTUBHICTH 3pocina Ha 64,9%.

- 3ampamu npayi

Jocmimkyoun 3MiHYy 3aTpaT mpani MamnHHOTO
arperary 3 tryrom John Deere 6095B + EurOpal 5
LEMKEN, y 3amexHOCTi Bii YMOB BHKOHAHHS OpaHKH
BCTaHOBJICHO, IO TPH MiABHUIINCHHI TBEPAOCTi IPYHTY BiX
35 no 75 kIla 3atpartu mpaiti 30UIBIIYIOTHCS B Mexkax 7,8%,
npu 30UIbIIeHHI MMOWHM 00pobiTKy Bim 22 nmo 28 cm
3aTpatd mpami 3pocraroTh Ha 2,8%, TpU 3pOCTaHHI
JOBXHHH ToHY nonst Binm 600 mo 1000 m 3arpatu mpaui
3MeHInyoThes Ha 0,9%. BoaHovac, HailOIIbIINIT BIUIUB Ha
3aTpaTu Mpami IMpU OpaHIi Mae poOoya IMIBUAKICTE: MPH
3MiHI MBHUAKOCTI Bix 6 mo 10 km/ron. 3aTpaT mpari
3MEHIIYIOTbCA Ha 39,2%.

Jocmimkyoun 3MiHY 3aTpaT mpaii MAaIlldnHHOTO
arperary 3 ruyrom CASE 340 + VarDiam 10 LEMKEN, y
3aJIeXKHOCTI Bil yMOB BHKOHAHHS OpPaHKH BCTAaHOBJICHO,
[0 MPH MiJABHIICHHI TBEPAOCTI IPpyHTY Bif 35 mo 75 klla
3arpatd mpaii 30imbmwinck Ha 4,4%, npu 30UTBIICHHI
rIHOUHU 00pOOITKY Bif 22 10 28 CM 3aTpaTH mparti 3pociu
Ha 1,6%, mpu 3pocTaHHi JOBXHUHH TOHY nois Bix 600 1o
1000 M 3aTpaty nparii 3MeHIIyoTscs Ha 2,7%. Ipu 1isomy,
HAMOLIBIINI BIUIMB HA 3aTpaTH Mpalli OpU OPaHI[ Mae
poboya MBHAKICTH: TPU 3MiHI MBUAKOCTI Big 6 mo 10
KM/TO/I. 3aTpaTH Nparli 3MeHITyoThes Ha 39,4%.

Jocmimpkyoun 3MiHY 3aTpaT mpani MAaIldnHHOTO
arperary 3 miyrom CASE 500 + Euro Titan 10 8+3+1 L
100 LEMKE, y 3anexHOCTI Bii YMOB BUKOHAHHS OpaHKU
BCTaHOBJICHO, IO MPH MiJABHUIICHHI TBEPAOCTI IPYHTY BiX
35 no 75 kIla 3atpartu npaiii 30UIBIIYIOTECS B MEKax 5,5%,
npu 30UIbIIeHHI MIMOWHU 00pobiTKy Bim 22 nmo 28 cm
3aTpaTH mpari 3pocTtaloTh Ha 2,3% Tmpu 3pocTaHHI
JOBXHHHU ToHY mnonst Binm 600 mo 1000 m 3arpatu mpaii
3MEHIIyIOThcs Ha 5,2%. OTxe, HaWOUIbIINN BIUIUB Ha
3aTpaTu Mpali IMPU OpaHIi Mae poOoda MIBUIKICTh: MPH
3MiHI MBUAKOCTI Bix 6 mo 10 kM/ron. 3aTpaT mpari
3MEHIIYIOTbCA Ha 38,9%.

- gumMpamu naiuea

Jocnijkyodn 3MiHy BHTPaTH NajluBa MAallMHHOTO
arperary 3 rmiyrom John Deere 6095B + EurOpal 5
LEMKEN, y 3amexxHOCTi Bii YMOB BHKOHAHHS OPaHKH
BCTaHOBJICHO, 11O MPY 3POCTaHHI JOBKUHU TOHY TOJISI Bif
600 mo 1000 M BuTpaTh manuBa 3MeHIIyeThes Ha 0,95%,
IIpH 3MiHi MIBUAKOCTI Bif 6 10 10 KM/TOA. BUTpATH MMaInBa
3MeHImIack Ha 6,7%. BogHodac, HalOIaIbIINKA BIJIMB Ha
BHUTpaTH TaluBa NpPH OpaHIIi Mae 3MiHa TBEPAOCTI Ta
rnubuHa o0poOiTKy. Tak mpH MiJBHINEHHI TBEPAOCTI
IpyHTy Bin 35 no 75 klla BuTpaTH manuBa 3poCTaloTh Ha
61,3%, npu 30inp11eHH] rMOUHN 00poOITKY Bix 22 1o 28
CM BUTpPATH MaJMBa MiBUITYIOTECS Ha 18,2%.

Jocnimkyodn 3MiHYy BHTpaTH IajldBa MAallMHHOTO

arperary 3 myrom CASE 340 + VarDiam 10 LEMKEN, y
3aJIeKHOCTI BiJl YMOB BHKOHAHHS OPaHKH BCTAHOBIICHO,
10 TIPH 3pOCTaHHI JOBXHUHU roHy o Bix 600 1o 1000 m
BUTpPAaTH NalMBa 3MEHIIYeTbcs Ha 2,4%, mpu 3MiHi
mBHAKOCTI Bix 6 mo 10 Km/roa. BUTpaTH TajnBa
3MmeHmmiIack Ha 13,3%. [Ipn npoMy, HalOIIBIINIA BIUIMB
Ha BUTpPATH MaJWBa IPH OpaHIi Mae 3MiHa TBEPJOCTI Ta
rmubuHa o0poOiTKky. Tak THpW MiIBHIIEHHI TBEPAOCTI
rpyHTy Bix 35 no 75 klla BuTpaTH majuBa 3poCTaloTh HA
47,7%, nipu 30UTBIICHHI TTHOUHU 00pOoOITKY Bix 22 mo 28
CM BUTpPATH NaJIMBa MiABUILYIOThCS Ha 14,9%.

Jocmimkyoun 3MiHy BUTPATH IajHBa MAIIAHHOTO
arperary 3 mwryrom CASE 500 + Euro Titan 10 8+3+1 L
100 LEMKE, y 3ayeXHOCTi Bii yMOB BUKOHAHHS OpaHKH
BCTaHOBJICHO, IO TIPH 3pPOCTAHHI TOBXHWHU TOHY IOJIS Bif
600 no 1000 M BuTpaTn manuBa 3MeHIIyeThes Ha 0,9%,
mpu 30iMbIIeHH] TTHOMHU 00poOiTKY Bim 22 mo 28 cm
BUTpPAaTH MNanuBa miABuinytotbess Ha 4,7%. Orxe,
HAWOUTBIINI BIUTMB Ha BUTPATH MAJMBA MPU OPAHIN Mae
3MiHa TBEPAOCTI Ta IMIBUAKICTb. Tak MpH MiABHUIICHHI
TBepaocTi IpyHTy Bin 35 mo 75 klla BuTparm manmBa
3pocraroTh Ha 51,4%, mpu 3MiHI MBUIKOCTI Bix 6 10 10
KM/TOJI. BUTPATH TajrBa 3MeHImIack Ha 10%.

- sapmicms pOOOMU MAUWUHHO0 d2peamy

Jocnimkyoun 3MiHy co0iBapTOCTI OPHOTO arperary
John Deere 6095B + EurOpal 5 LEMKEN, y 3anexnocti
BiJl yMOB BHKOHAHHS OpAaHKM BCTAHOBJICHO, IO IIpU
MiIBUICHHI TBepHocTi IpyHTY Bim 35 mo 75 klla
cobiBapricTh  30unbHIyeTBCS B Mexax 31%, npu
30UIbIIeHHI MOMHK 00poOiTKy Big 22 10 28 cm
cobiBapricTb 3pocTae Ha 10,2%, npu 3poCcTaHHI JOBXKHHH
rony noss Bijg 600 no 1000 M coGiBapTicTh 3MEHIIYETHCS
Ha 1,3%. BosHovac, HalOIbIIMIA BIUIMB HA 3aTPaTH Mpari
IPH OpaHILli Mae podoya MBHUJKICTh: TIPH 3MiHI IIBUKOCTI
Bim 6 mo 10 km/roxm. 3aTpaTw Tpalli 3MEHIOYIOTHECS Ha
40,9%.

Jocmimkyoun 3MiHy coOiBapTOCTI MAIIMHHOTO
arperary 3 cepeanim mryrom CASE 340 + VarDiam 10
LEMKEN, y 3amexHOCTiI Bii YMOB BHUKOHAHHS OpaHKH
BCTaHOBJICHO, IO TPH MiABHUINCHHI TBEPAOCTI IPYHTY BiX
35 mo 75 kIla cobiBapTicTh 30UIBIIYETHCS B Mexax 16%,
npu 30inbleHH] rTUOUHM 00pobiTKy Bin 22 1o 28 cm
cobiBapTicTh 3pocTae Ha 5,7%, MpU 3pOCTaHHI JTOBXKHHU
rony noJist Bix 600 10 1000 M coOiBapTiCTh 3MEHIIYETHCS
Ha 3,1%. Ilpu upomy, HalOLNBbLIMH BIUIMB Ha 3aTpaTu
mpami MpH OpaHIi Mae po0dOYa MIBUAKICTH: MPU 3MiHI

mBHAKOCTI Bimx 6 mo 10 xm/rox. 3arparm mparmi
3MEHIIYIOTbcA Ha 41,9%.
Jocnmimkyoun 3MiHy co0iBapTOCTI MAIIMHHOTO

arperary 3 wiyrom CASE 500 + Euro Titan 10 8+3+1 L
100 LEMKE, y 3anexHOCTi BiJi YMOB BUKOHAHHS OPaHKH
BCTaHOBJICHO, III0 MPH MiABHUIIEHHI TBEPAOCTi IPYHTY Bix
35 no 75 xIla cobiBapTicTh 301IBITY€ETHCS B Mexkax 12,2%,
mpu 30imbIIeHH] TMHOMHU 00poOiTKYy Bixm 22 mo 28 cm
coOiBapTicTh 3poctae Ha 4,5%, Mpu 3pOCTaHHI JOBKHUHU
rony mois Bix 600 mo 1000 M coGiBapTiCTh 3MEHITYETHCS
Ha 5,4%. Omxe, HAHOUTBIINI BIUTMB HA 3aTPaTH Iparl mpu
OpaHIli Mae po0OYa MIBUAKICTB: MPH 3MiHI IIBHIKOCTI BiJ
6 1o 10 xm/rop. 3aTpaty npaiti 3MeHIyoTscst Ha 40,1%.

- Koeiyieum saxocmi

Jocnimxyoan 3MiHY koedimieHTa SKOCTI
MmaniHHOrO arperary John Deere 6095B + EurOpal 5
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LEMKEN, y 3amexHOCTi Bii YMOB BHKOHAHHS OPaHKH
BCTAHOBJICHO, IO TpU 3MiHI IBHAKOCTI Bim 6 mo 10
KM/TOZ. KOeQili€HT [KOCTi 3HWXyeTbcs Ha 3,9%, mpu
30impmenHi TauOMHE 00pobiTky Bim 22 mo 28 oM
KOeQiIlieHT SIKOCTI HE 3MIHIOETHCS, MPH 3POCTaHHI
JOBXHUHHU ToHY 1o Bix 600 mo 1000 M xoedimieHT sTKOCTI
3pocrae Ha 2,5%. BopmHouac, HalOUITBIIMI BIUIMB Ha
Koe(illieHT SKOCTI TBEPHMICTh IPYHTY: NpPH IiJBUILECHHI
TBepAocTi IpyHTY Bixg 35 mo 75 klla koedimieHT skocTi
3HUXKYETbCA B Mexkax 9,5%.

Hocnmimxyoun 3MiHy KoedillieHTa MAaIIMHHOTO
arperary 3 cepeanim muiyrom CASE 340 + VarDiam 10
LEMKEN, y 3amexHOCTi Bi YMOB BHKOHAHHS OpaHKH
BCTaHOBJICHO, IO NPH 3MiHI IIBHUAKOCTI Bim 6 mo 10
KM/TOZ. KoeQilieHT [KocTi 3HWXKyeTbes Ha 3,8%, mpu
30umpmenHi TauOMHE 00pobiTky Bim 22 mo 28 oM
KOe(QiIlieHT SIKOCTI HE 3MIHIOETBCS, MPH 3POCTaHHI
JOBXHWHHU ToHY 1o Bix 600 mo 1000 M xoedimieHT sTKOCTI
3pocrae Ha 2,5%. Ilpu npomy, HaWOUIBINIKN BIUIUB Ha
Koe(iLlieHT IKOCTI Ma€e TBEPICTh IPYHTY: NPH IiIBUICHH]
TBepaocTi IpyHTy Big 35 g0 75 klla xoedimieHT sKOCTI

ST

VW

£

oo Fppdophe

3HIXKYETHCA B MeXKax 7%.

Jocmimkyoun 3MiHy KoedillieHTa MAaIIHHHOTO
arperary 3 cepennim wryrom CASE 500 + Euro Titan 10
8+3+1 L 100 LEMKE, y 3anexHOCTi Bil yMOB BUKOHAHHS
OpaHKH BCTaHOBJICHO, IO MPH 3MiHI IIBUAKOCTI Bix 6 10
10 xkm/roz. KoedimieHT SIKOCTI 3HIKYETHCS Ha 3,9%, npu
30UIbIIeHHI TMOMHM 00poOiTKYy Bim 22 10 28 cm
Koe(illieHT SKOCTI HE 3MIHIOETBCS, IIPU 3POCTaHHI
JOoBXHHH ToHy nots Bix 600 no 1000 M koediwieHT SKOCTI
3poctae Ha 2,5%. Omxe, HaMOIBIINA BIUIUB Ha
Koe(iLlieHT SKOCTI IPH OpPaHI Ma€ TBEPIICTh IPYHTY: MPU
MiBUINEHHI TBepaocTi IpyHTy Big 35 mo 75 klla
KOe(DILEHT SKOCTI 3HIKYETHCS B Mekax 8,3%.

[ToBepxHi BiATYKY BHBYAIHM 32 TOITIOMOTOI0 TrpadikiB
MTOBEPXOHP 3 BUKOPHCTAaHHSIM IporpaMu Statistika Version
10.

[ToBepxHi BiATYKY, IO XapaKTEePHU3YIOTh 3aJICKHICTH
rmMOWHN 00pOOITKY TpyHTY, COOIBapTOCTI Ta SKOCTI
BUKOHAHHS TEXHOJIOTIYHOI oOmeparlii MpeacTaBicHO Ha
pUCYHKY 1.

I =60
Bl <48
<8

B < -32
B <-72
B <-112
B <-152

Puc. 1. I'padix 3anexHocTi TAMOMHU O0OpOOITKY IPYHTY, COOIBapTOCTI Ta SKOCTI BHKOHAHHS TEXHOJIOTIYHOI

omepartii.

Fig. 1. Graph of the dependence of tillage depth, cost and quality of technological operation.

BucHoBKH

1. TIpoBeaeHUM IOCIHIHPKEHHSIM JOBEICHO, IO TPH
IUTaHyBaHHI POBEIEHHS OPAHKH HEOOXiTHO BPaxOBYBaTH
TBEPHICTh IPYHTY, TaK SK il BIUIMB Ha SAKICTh JIOBOII
Bucokuid. Ilpm 3miHi TBepmocti 1pyHTYy Bim 35 xlla
1o 75 klla, noka3Huk sikocTi 3HMIKY€EThCs Ha 7-9%.

2. Ha mizcraBi mpoBeIeHOTO aHai3y MOYHa 3po0UTH

BHUCHOBOK, IO HaWOUNbIMKA BIUIMB Ha coOiBapTiCTh
MIPOBEJICHHS OPaHKU Ma€ IIBUJKICTH i BUKOHaHHS. Tak,
3MIHIOIOYM IIBUIKICTE BCHOIO Ha 2 KM/TOH., MAaeMoO
3HW)KEHHsI CO0iBapTOCTI B cepeiHboMy Ha 25-28%.

3. BcraHoBieHO, IO HAa MPOXYKTHBHICTH OPHOTO
arperary iCTOTHUH BIUIMB Ma€ poOoda MBUAKICTh. Tak,
3MIHIOIOYM IIBUIKICTH BCHOIO Ha 2 KM/TOH., MAaEMO
30UIBIICHHS MTPOJYKTUBHOCTI B cepenHbomy Ha 27-30%.
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I[Ipy 1bOMY TPOMYKTHUBHICTH arperatiB 3 OUIBIIOIO
LIMPUHOIO 3aXBaTy Oy/ie MaTH HMKYY HPOJYKTHBHICTD Ha
3-5% 3a paxyHOK 30iIbIICHUX TOBOPOTHUX CMYT.
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3ABUCUMOCTH TEXHHUKO-

BKCIUTY ATALIMOHHbBIX TTOKA3ATEJIEN
IMTAXOTHOI'O ATPET'ATA OT TBEPAOCTHU
[NOYBBLI, I''TYBMHBI OBPABOTKU, JJIMHBI TOHA 1

PABOYEM CKOPOCTU
B. H. 3ybxro
AHHOTaADMA. PaccmoTpensl TIO/TXO/IBI K

00OCHOBaHHIO ONTHMAJIBLHOTO MAIIMHHOIO arperara JJist
BBIIIOJIHEHUS MAaXOThl HAa OCHOBE aHalnW3a TEXHUKO-
TEXHOJIOTHYECKO-)KOHOMHUECKUX  TIOKa3aTeneil, rae
YYTCHBl B3aHUMOCBS3M MEXIY TBEPJOCTHIO IIOYBHI,
pabodeit CKOpOCTBIO, [UIMHOH TOHAa ¥ TIYOMHOM
npoBeaeHus 00padoTku. OOOCHOBaHHME IMPOBOIUTCS Ha
OCHOBaHMH{ aHaJM3a JAHHBIX 110 HPOU3BOJUTEIHHOCTH,
3aTtpaTaM  TpPyAa, pacxoAaM  TOIUIMBA,  NPSIMBIM
9KCITyaTallHOHHBIM 3aTpaTaM M II0Ka3aTelsl KadecTBa.
CoOTBETCTBYIOIIHE PE3yIbTAThI MOJYyYSHbI HA OCHOBAHUH

MPOBEJEHHBIX  PacyeToB C YUYETOM  TEXHHUYECKUX
rnapaMeTpoB MaIliH " YCJIOBUH TIPOBEICHUS
MEXaHU3UPOBAHHOM TEXHOJOTHYECKOMN oIepanuu,

KOTOpBIE XapaKTepHBI s ycioBuid CyMcKoif 06macTy.

[osny4eHHbIe JaHHbBIE MO3BOJISAIOT MPOU3BOJUTEINSIM
CEIIbCKOXO3SIICTBEHHON ~ NPOAYKIHMU  ONpPENEIUThCS  C
ONTHMAIBHBIMHM TIApaMETpaMH M PeXHMaMH PabOTHI
NIPOBEJICHUSI BCIANIKM JUIS KOHKPETHOTO mos. Taroke
JIOKa3aHO BIIMSIHME TapaMeTpoB M PEXKHUMOB pabOTHI Ha
Ka4eCTBO BBIIIOJIHEHUS [TaXOTHI.

KyJIbTYpa, YCIOBUSI BBIPAIBAHUS, MAIIMHHBIA arperar,
MoKa3aTeIl KauecTBa.

DEPENDENCE OF TECHNICAL AND OPERATING
INDICATORS OF THE PLANTING UNIT ON SOIL
HARDNESS, TILLING DEPTH, RUN LENGTH AND
OPERATING SPEED
V. M. Zubko

Abstract. Approaches to substantiating the optimal
machine unit for plowing based on the analysis of
technical, technological and economic indicators, which
take into account the relationship between soil hardness,
working speed, rut length and depth of processing, are
considered. Justification is based on analysis of data on
productivity, labor costs, fuel consumption, direct
operating costs and quality index. The corresponding
results were obtained on the basis of the calculations,
taking into account the technical parameters of the
machines and the conditions for carrying out a mechanized
technological operation, which are typical for the
conditions of the Sumy region.

The obtained data allow producers of agricultural
products to determine the optimal parameters and
operating modes for plowing for a particular field. The
influence of parameters and operating modes on the quality
of plowing is also proven.

The developed method allows you to analyze the
efficiency of using any machine unit in accordance with the
conditions.

Key words: agricultural crop, growing conditions,
machine unit, quality indicators.
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