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bion. 23, puc. 6, mabn. 2.

Amnoranis. Ha ocHOBI monepeaHbOro JIUHAMIYHOTO
aHali3y BHWSBICHO, IO MiJ 4ac POOOTH  MeXaHi3My
MIOBOPOTY OaIITOBOTO KpaHy BHHHUKAIOTH KOJIMBAHHS
BaHTa)XXy Ta 3HAYHI [JWHAMIYHI HAaBaHTA)XCHHSI B
eIeMEHTaX KOHCTpyKHii Ta mpuBoxy. Lli sBuma
BHHUKAIOTH MiJ Yac MEePeXiTHuX PEKUMIB pyXy (IIycKy Ta
rampMyBaHHA). g iX  MiHIMi3amii  TIpoBeneHO
ONTUMI3AIliI0 TPOIIECy ITyCKY 3a MIEBHUM ONTHMI3alliifHIM
KputepieM. B naniii craTTi po3s's3aHa 3aqa4a onTUMIizaLii
PeKUMY TOBOPOTY CTPIJIOBOTO KpaHa 3a KPHUTEPieEM
CepeIHbOKBAIPATUYHOIO  3HAYEHHS  MPHUIIBH/ILICHHS
3MIHM 3yCWJUIS B HPUBOJIHOMY MexXaHi3Mi. Po3B’s130k
BapiariiHoi 3a1ay4l OTpUMaHHI y BUIIISAAL
(GYHKI[IOHAJIBHUX 3QJIE)KHOCTEH PEXUMY PYXY OKPEMHX
JIAHOK MEXaHi3My I0BOpOTy OalITOBOrO KpaHa, SIKHH
MIpeCTaBICHAN Y TpadigHOMY BHTIISII.

OTtpumani 3aKOHHU PYXY 3a KpHUTEpieM
CepeHbOKBAIPATUYHOTO  3HAYECHHS  NPHUIIBHLICHHS
3MIHH 3YCHJUISL B TMPHBOJHOMY MexXaHi3Mmi (pexum 2)
MaloTh 3HauYHi MepeBary MOPIiBHSHO 3 3aKOHAMH PYyXy 3a
KPHUTEPIEM CepeTHbOKBAIPATHYHOTO 3HAUEHHSI IIBUIKOCTI
3MIHM TPY)XHOTO MOMEHTY B IPHUBOJHOMY MEXaHi3Mi
(pexxum 1). B pesynbTaTi MpOBEIEHOrO aHaiizy OyIo
BHUSBICHO, W0 3a peXUMy 2 MaKCHMalbHI Ta
cepelHbOKBaIPATUIHI 3HAYEHHS OimbIIoCTI
KIHEeMaTHYHUX 1 CHJIOBHX XapaKTEpPHCTHK IPHHMArOTh
MEHIIIi 3HAYEHHS B MOPIBHAHHI 3 PSKUMOM 1, TIO JIESIKUX
MIOKa3HUKax Il mapaMeTpy piBHO3HauHi. OJTHaK XapakTep
3MIHM [MX NOKa3HHUKIB NpH peXHMi 2 Mae IUIaBHUN
Buriad. OTpuMaHuil ONTUMAIbHUM  pPEeXHUM  pyXy
MEXaHi3My TOBOpPOTY KpaHa JIO3BOJIIE  YCYHYTH
KOJIMBaHHS BaHTa)Xy Ha FHYYKOMY IiBICi mig 9ac pobotu
MEXaHi3My TOBOPOTY, a TaKOXX 3MEHIINTH IWHAMIYHi
HABaHTAXKCHHS B PUBO/I Ta METAJTOKOHCTPYKIISIX KpaHa.

Crnin 3a3HaYWTH, 10 BUKOPUCTAHHS ONTHUMAIBHUX
3aKOHIB PyXy Ja€ MOXJIHMBICTh 3HAYHO ITiJIBUIIUTH

HAAIWHICTP Ta MNPOAYKTHBHICTE poOOTH KpaHa i
3MCHIIIUTH aBapiifHi CHUTyamii ImiJ] Yac BHKOHAHHS
PO3BaHTaXXYBAIbHO-HABAHTAXYBAIBHUAX oTeparrii.

Pearmizaniss OTpUMaHUX ONTHMAIbHHUX PEXHMIB PYyXy
3IIMCHIOETBCST 3a JIOTIOMOTOI0 MEXaTPOHHUX HPUCTPOIB
CHCTEeMH KepyBaHHS IPUBOJAHUM MEXaHiI3MOM.

KarouoBi cioBa: OamroBuii/cTpinoBuil  KpaH,
MEXaHi3M TOBOPOTY, BaHTax, OOCpTaHHS, JUHAMIYHI
HABaHTAXXCHHS, ONTHMI3allisl, MiHIMI3aIlisg, KpPHUTEpii,
3YCHJUIS, KOJNHMBAHHS, TPYXHHH  MOMEHT, 3MiHa
LIBUIKOCTI, IPUCKOPEHHS, ONTHMAIIbHE KEPYBaHHSL.

IocranoBka npodaemu

ITpu po6oTi MexaHi3Ma 00epTaHHS CTPIJIOBOTO KpaHa
B HOro ejeMeHTax Ta METaJIOKOHCTPYKIIl KpaHa
BUHHKAIOTh 3HAYHI JWHAMIYHI HaBaHTaxeHHs [1-9], ski €
IPUYMHOI0 OOMEXEHHS pPOO0YMX IIBHAKOCTEH 1, SK
HACJIJIOK, 3MEHILIEHHS IPOJYKTUBHOCTI ~ BHKOHAHHSI
HaBaHTaKyBAJIbHO-PO3BAHTAXYBAJIBHUX onepaniil. Kpim
TOTO, HAsIBHICTh JJMHAMIYHUX HAaBaHTA>KEHb IIPHUBOAUTD 10
3MEHIIICHHST HAIIHOCTI POOOTH MeXaHi3Ma oOepTaHHA i
kpaHna B 1iyiomy [10-13]. 3HauHO 3MEHIINTH 1[I AUHAMIYHI
HaBaHTAKEHHS MOXKHA IIISIXOM BHOOPY PEXHMY PYyXy
NIPUBOJy MeXaHi3Ma IIOBOPOTY KpaHa Ha JUITHKax
HepexiHUX MpoleciB (IIyCK, raJbMyBaHHS).

HeoOxinuuii pexxuM oOepTaHHS KpaHa MoOxe OyTh
BUOpaHMH ILIAXOM ONTUMI3alil MepexilHUX IMPOLEeCiB 3
BUKOPHUCTAHHSIM THX a00 IHIIMX KPUTEPIiB B3aJeKHOCTI
BiJI MOCTaBJCHUX 3a/lau MPOEKTYBaHHS KpaHa abo yMOB
fioro BukopucTaHHs [21]. s 3MEHIICHHS IWHAMIYHHAX
HaBaHTaKCHb B €JEMEHTaX MeXaHi3Ma IOBOPOTY KpaHa
HEeoOXiTHO BHOMpaTh KpuTepii, sKi BinoOpaXkaroTh Iito
LMX HaBaHTaXEHb IPOTATOM MEBHOTO IPOMIKKY dacy
pobotn kpana. TakuMu KpUTEpIsIMH MOXYTh OyTH
cepeHbOKBaIPaTHIHI 3HAYCHHS JUHAMIYHHX
HaBaHTAXEHb Ta IXHIX MOXIAHMUX 3a YacoM MpPOTITOM
MPOXOJKEHHS MepexiqHuX mporiecis [22-24].

Oco6nuBO HEOE3NMEUHHMHM € HaBaHTAXKCHHS, SKi
3MIHIOIOTBCSL 3 YacoOM 1 MPUBOIATH JO0 BHUHHUKHEHHS
KOJIMBaHb B  €IIEMEHTaX  MeXaHi3mMa  obOepTaHHS,
METaJIOKOHCTPYKI[Ii KpaHa Ta BaHTaXy Ha THYYKOMY
migsici. Tomy mnpm onrtumizamii pexuMy IOBOPOTY
HEOoOXiTHO oOHMpaTh B SKOCTI KpHUTEpIiB omnTUMizawii
cepeHbOKBaIPaTHIHI 3HAYCHHS HaBaHTaKCHb
KOJIUBAJILHOTO XapakTepy.
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AHaJti3 ocTaHHIX J0CTiIKEeHb

IIpu poGoTi MexaHi3Ma 00epTaHHS CTPIIOBOTO KpaHa
CIIOCTEPIrafOThCs 3HAYHI POTOWAYBAaHHS BaHTaXy Ha
THYYKOMY TMiBiCi Ta KOJHMBAaHHS €JIEMEHTIB NPUBOIY 1
KOHCTpyKIi# [1-9]. HasBHICTD IIMX KOJUBAHb MPHBOIHUTH
JI0 HEPIBHOMIPHOCTI pyXy €JEeMEHTIB MPUBOJY MeXaHizMa
MOBOPOTY, IO BIUIMBAE Ha  SKICTh  BUKOHAHHS
HaBaHTa)KyBaJIbHO-PO3BAHTAXKYBAILHUX orepanii,
MIPOJXYKTUBHICTh Ta HAJIMHICTH POOOTH KpaHa, a TaKOX
30UIbIy€e IMOBIPHICTh BUHMKHEHHSI aBapiiHUX CUTYyalid
[10-13].

IToxparmieHHsT KOHCTPYKTHBHHUX Ta EKCIUTyaTalliiHIX
XapaKTepUCTHK MexaHi3Ma oOepTaHHsS i KpaHa B LIJIOMY
JIOCSATAEThCS 338 paxyHOK omrtuMizamii [14-16]. B po6ori
[17] 3ampormonoBana MeToIMKa 3MEHINCHHS BiIKJIaICHB

KOPHCHOTO HaBaHTAXKCHHS 3 BUKOPHCTaHHSIM
HAMOTYBAaHHS 1 pPO3MOTYBaHHS IIJHOMHOTO KaHATYy.
3MEHILIEHHS! ~ KOJMBaHb BaHTaXy Ta JUHAMIYHUX

HABaHTA)XEHb MPEJACTABICHO pI3HUMU METOAaMH Ta
mimxonamu [18, 19]. B po6Goti [20] mokasani pe3ynabratu
AQHANTITUYHUX Ta YHUCENbHUX MJOCIIDKEHb YIPaBIiHHS
IUIOCKUMH KOJIMBaHHSIMH KpaHa BEJMKOI aMILTITY/H.
[IponoHyeThCs Ta ONMKMCYETHCS HOBA KOHICMMIS, sKa
HA3WBAE€TBCA MEXaHIYHMM QimpTpoM. [HINI migxoxm
TPYHTYIOThCS Ha ONTHUMI3aIlil peKUMIB pyXy Ha AUITHKAX
nycky Ta ranbmyBaHHs [21]. Tlpu ontumizarii pexumis
PYXy KpaHOBHX MeXaHi3MiB BHHHKAE MpodiieMa BUOOPY
KputepiiB onrumizamii [22-24]. Haitbinpm momineHO
BUOUpaTH KpUTepil I1HTErpajbHOrO Xapaxkrepy, sKi
OIIHIOIOTh POOOTY KpaHa abo HOro OKpEeMOro MeXaHi3my
NpOTArOM NEBHOI MAUIIHKM pyxy. B skocTi Takux
KpHUTEpIiiB BHKOPHUCTOBYBAJIUCH KpHUTEpialibHi i, sKi
MPEACTAaBISIOTE CO00K0 iHTerpanbHi (yHKmioHanu [25-
27]. Takox g0 iHTErpaJbHUX KPUTEPIiB BiJHOCATHCS
CepeIHPOKBAIPATHYHI 3HAYCHHS JIOYUX JUHAMIYHHX
HaBaHTa)XeHb Ta iXHi MMOXiaHi 3a acom [26, 27].

Cepen METOIIB ONTHMI3allii PEXKHUMIB PyXy CIif
BHIUTATH METOIU BapiallifHOTO YHCJICHHS, AUHAMIYHOTO
NporpaMyBaHHs Ta NPHHLUMUI MaKcUMyMy. i1 KpuTepiis,

SKi  BiZOOpakalOTh CEpeAHBOKBAAPATHYHI  3HAUCHHS
NIFOYUX HABAaHTAXKEHb Ta IXHIX MNOXIAHUX 34 4YacoM
JIOLIIbHO ~ BHUKOPHCTOBYBAaTH  BapialliiHi  MeToau

ONTUMI3AIlil, OCKIIbKM BOHH 3a0€3MeUYyI0Th JI0CTATHBHO
BUCOKHMI1 PIBHSHBb IJIABHOCTI PEXHUMIB PyXy EJIEMEHTIB
KpaHOBHX MexaHi3miB [22-28].

Merta nociigxkeHn

Merta pobotu mossirae B ONTHMI3alil pexXumy

MIOBOPOTY CTp1JIOBOTO KpaHa 3a KpHUTEepieM
CepeIHBbOKBAZAPATUYHOTO  3HAYCHHS  NPHUIIBUALNICHHS
3MIHM 3yCWUII B MPHUBOAHOMY MexaHi3mi. Jlocartu

IIOCTaBJICHOI METH MOXJIMBO 32 pPaxXyHOK BHpIIICHHS
HACTYNHHX 3a7a4: 1) moOymyBaTH MaTeMaTH4YHY MOJIENb
MexaHi3Ma MoBOPOTY CTPioBoro kpauna [1];

2) obpatu KpuTepiii onTUMI3allii peKUMY TTOBOPOTY
KpaHa Ta BCTaHOBUTH YMOBH HOTrO MIiHIMyMy, 30Kpema
KpaioBi yMOBH; 3) BU3HAYUTH ONTHMAIILHUHA PEXUM PyXY
MeXaHi3Ma MOBOPOTY; 4) NpOBECTH aHali3 OTPUMAHUX
pe3ynbTaTiB.

Pe3yabraTn gociaiaxKeHb

MexaHi3M TOBOPOTY KpaHa MPEACTABICHO Y BUTIISAIL
muHaMigHol Mozmemi (pmc. 1) [1]. IIpm moGymosi
OUHAMIYHOI MOZET BBaXA€EMO, IO VYCi EJIeMEHTH
MeXaHi3Ma TIOBOPOTY TBEpIi TiJla, OKpPIM EJIIEMCHTIB
nepefaBaIbHOTO MeXaHi3Ma IpUBOJa, a BaHTaKHHUN
KaHaT MpPEe/CTaBISETHCA THYYKOI HEPO3TSHKHOIO HUTKOIO.
[lpn 1BOMY HEXTYyeEMO pajialbHUMU BIIXUICHHSIMHU
KaHaTa BiI BepPTHKaNi, BUKIMKAHUMH BiALIEHTPOBUMH
CHJIaMH, a BPAaxOBYEMO JIMIIE BIIXWICHHS B JOTHYHOMY
HaIpsIMKY PyXy BaHTaXy I10 KOJTy.

Puc. 1. luramiuHa MO MEXaHi3Ma TIOBOPOTY.
Fig. 1. Dynamic model of the turning mechanism.

3a y3aranpHEHI KOOPIMHATH AWHAMIYHOI MOJei
MPUIHATI KYyTOBI KOOPAMHATH MOBOPOTY 3BEJACHOI 710 OCi
npusoay  Qg,
HOBOPOTHOT OaiiTH 3i CTPUJIOI0 BIIHOCHO BJAacHOI oci
00epTaHHsA ( Ta BAHTAXY @5 .

MOBOPOTa KpaHa MAacH CJICMCHTIB

PiBHAHHA pyXy, OO BIANMOBINAIOTH i MoOAeNi,
MAaroTh HACTYITHUIN BUTIISII:

lo$o=Mq _C'((Po _(Pl);
2

g'(‘l’l — 9 )-My; @)

1161=C-(¢o — @1 }-mr I

$2 :%(@1 -¢2),

e M — maca BaHTaxy; |, — MOMEHT iHepuil HPUBOJHOTO

MeXaHi3Ma, 3BEIEHMH 10 oci NMOBOPOTy KpaHa; |; —
My —
pyIIIHHUNH MOMEHT ABWI'YHA, 3BEJECHHH 10 OCi MOBOPOTY
kpaHa; M; — MOMEHT omnopy B HOBOPOTHIH YacTHHI
kpana; C - koedimienT xopcTKOCTI
MexaHi3Ma, 3BEJICHHWU 10 BiCi TOBOPOTY KpaHa;

MOMEHT iHEepLii MOBOPOTHOI YAacCTUHM KpaHa;

IIPUBOJIHOTO
r —

noBxkuHa CTpim; | — JNOBXKMHA THYYKOro MiABICY

BaHTaxXy; ( :9,81/\4/ - MIPUCKOPEHHS  BIJIBHOTO
magiHHs.
3a Kkpurepii onTuUMizamii peXUMYy TOBOPOTY

CTPUIOBOTO KpaHa 00epeMo 3HAuYeHHS MPUIIBUALICHHS
3MIiHH 3yCHJUII B NPUBOJHOMY MexaHi3Mi. BuxonaBmm
MEBHI MaTeMaTHYHi il 3HAMIEMO MPUIIBUIIICHHS 3MiHH
3YCHJIISI B IPUBOJAHOMY MEXaHi3Mi
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B LW
M01=|1'§' Ptk -, |, @)

Iy +mr 2
ae k= || —=————|— w4actoTa BIACHUX KOJIUBaHb
I1-1/9
CHCTEMH.
Toni kpuTepiit onTHMizalii peKMMy NOBOPOTY KpaHa
MaTHMe BUTJIAA

1/2
. 1h.,
M01cx=t—fM01dt ,
10
2

, (1) lyw VY d '
Mo =| —|li=]| | @2+k“ @, [ dt| —min, (3)

151 9/ ¢

ne t —uac; t; — TpuBaiicTh MEpexigHOrO mpouecy
(rycKy, radbMyBaHHSA).
Minimym kputepito (3) BHU3HAYAETBCS MIHIMyMOM

iHTETpana
T , v 2
I'=]] 0tk o, | dt. 4)
0
SIKII0 MO3HAYUTH
ViV 2
f=l @tk @, , ()

TO YMOBOI MiHIMyMy iHTerpana (4) Oynae piBHSHHS
Ilyaccona

d* df  d® df
WV T ©)

ITicist 3HAXOMKCHHST HEOOXIAHUX MOXIAHUX [UIst (6)

df \ \Y
v :2k2(q)2+k2 PAE

do,
df A 2 v
T=2((P2+k PAE
d (PZ
d4 df 2 X 2 Vil .
dt_4T:2k [‘P2+k A EE
dos,
d® df X1l 2 X
dt_GTZZ{(P PRSP
desy
OTPUMAEMO YMOBY MiHIMyMYy IS Kputepito (3)
X1 2X 4VIII

Pos3B’s30k  nudepenuiiiHoro piBHsHHA (7) Mae
BUIJISA

(0F) ZCl +C2t +C3t2 +C4t3 +C5t4 +C6t5 +C7t6 +

: | ©
+ Cgt + (Cg + Clot)sm kt + (Cll + Clzt)COS kt
ze G (i = 12,...,12) — TOCTiMHI, SKi BU3HAYAIOTHCS 3
KpaloBHUX YMOB PYXY.
Juin  BusHaueHHs noctiiEux  Cj (i =l,2,...,'].2)

BHKOPHUCTAEMO KPAOBi YMOBH PYyXYy:

t=00 9o=01=02=0; §g=01 =0, =0;

(Dytl . . . (9)
G0 =01=02 :T; Po=01=02 =0,
Jie ®,, — ycTaleHa WBUIKICTb IOBOPOTY KpaHa.

tztl:

3eenemo ymoBu (9) m0 xoopauHatd @, Ta i
MTOX1THAX 32 9aCOM, B Pe3yJIbTaTi YOT0 OTPHUMAEMO:

.Y Vo Mg
(=00 92=02=0, =, =0, =0 9=~
1
ol LoV Vo Mg
t=ti: g, =——, Gp=0,, Br=0y=0,=0, ;=-—->
2 Il
Po3B’s30k (8) piBHsHHA (7) MicTHTh 12 HOBUIBHHX
cramux  Cj (i:l,2,...,'l.2) i 118 iXHBOIO BHU3HAYEHHS

(10)

3amaHux KpaioBux ymoB (10) mocraTHbO.
KpaitoBi ymoBu (10) BH3Ha4arOThH
3alIeXHICTE @, (t) 3 cimeticTsa (8).

OaxxaHy

Ockinbku B ymoBH (10) BXOAATh MOXiAHI 32 4acoMm
Bin QyHkiii (8) BKIIOYHO 10 II’SITOTO MOPSAKY, TO
3aIMIIEMO 11 3aJIeKHOCTI:

(g =Cy +2C4t +3C,t% +4Cet® +5Cet* +6C,t° + 7Cqt° +
+(Cyg = Cpik = Cypkt)sin kt + (Cqp + Cgk + Cyokt)coskt;

{p =2C3 +6C4t +12Cst? + 20C4t3 +30Ct* + 42C4t° —

- (2C12 + Cgk + Clo kt)k sin kt + (2C10 - Cllk — C12 kt)k cos kt,
$» =6C, + 24C t +60Cgt? +120C,t3 + 210Cgt* —

— (3010 - Cllk - q_zkt)kz sin kt —

—(3Cyp +Cgk +Cyokt )k coskt;

v
@ » = 24C5 +120Cgt +360Ct% +840Cgt> +

+ (4012 + Cgk + Clokt)k3 sin kt —
- (4C10 - Cllk - ClZ kt)k3 coskt;

\%

@, =120Cg + 720C7t + 2520Cgt2 +
+(5C1g — Cq1k — Cqokt )k # sin kt +

+ (5C12 + Cgk + ClO kt)k4 coskt

(11)

[MincraBasroun kpaioBi ymoBu (10) B 3anexHOCTI (8)
ta (11), orpuMaemMo cucTeMy JiHIHHUX anreOpaidHUX

piBHsIHB JuIst BU3Ha4eHHs nocTiitHux C; (i :ZLZ,...,'].Z), SIKI

3a0e3MeuyroTh ONTUMAIBHUNA PEXUM IIOBOPOTY CTPLIOBOL
CHCTEMH KpaHa 3a KPHUTEPieEM CepeIHbOKBAIPATHIHOTO
3HAYCHHS MPUIIBHIMICHHS 3yCHIUIA B MPYXHIA CHUCTEMI
MIPUBOJHOTO MEXaHI3MY:

Cy+Cyg =0; Cy +Cyp +Cok =0; 2¢,+(2c,y-C, k k=0
6C, —(3C;, +Cok k2 =0;
24C5 —(4Cy0 — Cypk k¥ = - M.

120Cg +(5Cy5 +Cok k* =0;
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Cl + Cztl + C3t12 + C4tf + CStf + Cetf + C7t{3 + Cgt]? +

+(Cg +Cyoty Jsin kty +(Cyq +Cyoty Jcoskt; = %tl;
C, +2C3ty +3C4t2 +4Cstd +5C4t, +

+6CtP + 7Cgtf +(Cyo — Cy1k — Cpokty )sin kty +
+(Cqz +Cok +Cyokty Jeosky = ;

2C5 +6C 4ty +12Cst2 + 20C4t +30Ct; +
+42Cgt? —(2C;, +Cgk + Cyokty )k sin kt; +
+(2C1 — Cy1k — Cyokty Jk coskty =0;

6C, + 24Cct; + 60Cgt2 +120C,t° +210Cgt; —
—(3Cyg — Cy1k — Cypkty k2 sin kty —

—(3Cyp +Cgk + Cygkt; k2 coskt; =0;

24Cs +120Cqt; +360C,t2 +840Cgts +
+(4C15 +Cgk + Cyokty k3 sin kt; —

—(4Cyg — Cy1k — Cyokty k> coskty = _Mag.

120Cg + 720Ct; + 2520Cgt2 +
+ (5C10 = Cllk - C12 ktl)k4 sin ktl +
+ (5C12 + Cgk + ClO ktl)k4 COS ktl =0.

Jlns MexaHi3Ma MOBOPOTY cTpiioBoro kpana QTZ-

(12)

80 3 napameTpamu Iy =71626115xe -m?;
I, =4920738,85«e - MZ; C =6626669,045 H - m/ pao;
m=2000xe; r=40m; |=30m; M;=128879H - nm,
M, = 36,8H - v, u=13552; 1n=0,86;
o, =0,071padc; t; =15¢; o, =95pad/c;

o, =9504 pad/c; L=28;, g= 9,81/14/02 B pe3yJbTaTi
(12)

OCHOBI

PO3B’SI3Ky  CHUCTEMH BH3HAYeHI  MOCTIiiHI

Ci(i=12..12), wma
ONTHMAJIBHUIA DPEXHUM IOBOPOTY KpaHa Ta MOOYI0BaHO
rpadiyHi 3a1eXHOCTI, KOTpi MOPIBHSHO 3 ONTHUMAIbHUM
PEKHUMOM MIOBOPOTY 3a KpHTEpieEM
CepeHbOKBAIPATUYHOTO 3HAUYEHHS IIBHJIKOCTI 3MiHH
MPY’KHOTO MOMEHTY B MPHUBOJHOMY MeXaHi3mi (puc. 2 —
puc. 6) Ha UMX PUCYHKAax NPUHHATI Mo3Ha4YeHHS: (---)
ONTUMAIIbHE KepyBaHHS 1 (xputepiit
CepeIHbOKBAIPATUYHOIO 3HAYEHHS MIBMIKOCTI 3MIHH
NpPY>KHOTO MOMEHTY B MNPHBOJHOMY MeXaHi3mi); (—)
ONTUMAJIbHE KepyBaHHS 2 (xputepiit
CepeIHbOKBAIPATUYHOIO  3HAYECHHS  MPHIIBH/IICHHS
3MiHHM 3yCHJIIS B IPUBOAHOMY MEXaHi3Mi).

3 oTpuMaHuX rpadidHUX 3ajeKHOCTeH (puc. 2 —
puc. 6) MokHa 0auWTH, IO MPAKTUYHO yCi KiHEMaTHUHI,
CHIIOBI Ta €HEPreTH4YHi XapaKTePHCTHUKH CTPLIOBOi
CHUCTEMH Ha AUISMHII ITyCKy MeXaHi3Ma IOBOPOTY HpH
MepIIOMy Ta JpPYroMy ONTHMAJIBHHX PEKUMAX PYyXy
MaloTh IUIABHUHM XapakTep 3MiHM, IO BKa3ye Ha
BIZICYTHICTh 3HAYHHUX AMHAMIYHUX HABAHTAXKEHb.

SIKUX BCTaHOBJICHO

&y, padje
0.07
0.06
0.05
0.04
0.03
002 .
0.01}

@, padjc

0.06

0.04

0.02

&5, padjc
0.07
0.06
0.05
0.04
0.03
0.02
0.01

t, ¢
2 4 6 8 10 12 14

Puc. 2. 3anexHocTi 3MIHM KyTOBHUX HIBUAKOCTEH:
a) poropa [BUTYyHa; 0) IOBOPOTHOI YAaCTHHHM KpaHa;
B) BaHTaXy

Fig. 2. Variation of angular velocity.

&, paa/cz
0.012f™,
0.010f %
0.008f
0.006
0.004
0.002

0.0107 %

0.005
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&5, padlc’ P, Bm
4000

0.015

3000

0.010

2000

0005 1000

Puc. 3. 3anexHOCTi 3MiHH KYTOBHX MPHUCKOPEHB: Puc. 5. 3anexxHOCTI 3MiHU: a) IPYKHOTO MOMEHTY B
a) poropa IBUTYHa; O) IOBOPOTHOI YaCTUHM KpaHA;  MPUBOJI; 0) MOTYKHOCTI IPUBOY.
B) BaHTAXY Fig. 5. Variation

Fig. 3. Variation of the angular accelerations.

A, paolc
001s| &
0010

0.005}

—0.005
—0.010
—0.015
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Ag, paolc®

0.010
0.005

—0.005
—-0.010

Ag, pao
0.05

0.04
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0.02
001l

1 6 8 aeir— "¢
B)
Puc. 4. 3amexxHOCTI 3MIHU: a) KyTOBOI IIBHIKOCTI,
0) KyTOBOTO IIPHUCKOPEHHS; B) KYTOBOi KOOpAWHATH
BIZIXMJICHHS THYYKOTO Mi/IBICY BaHTa)Ky Bijl BEpTHKAJI.
Fig. 4. Variation

Mp, H-m
80000}... " ~.“
60000 s
40000
20000 3
= i c . o .
2 4 6 8 10 12 14 Puc. 6. ®asosi noprperu: a) IWIOCKUH; 0) 1 B)
a) 00’ emHi.

Fig. 6. Phase portraits
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3miiiCHeHO TOPIBHSAHHSI OTPHMAHHUX ONTHMAIBHUX
PEKHMIB PYXy 3a CepeHbOKBaJApaTHIYHUMHU (Taby. 1) Ta
MaKCHMaJIbHUMU (Tabi. 2) 3HaYeHHSAMH KiHEMAaTHIHHX,

CIJIOBHX Ta EHEPreTHYHHX XapaKTePHCTHUK CTPiIOBOI
CHCTEMH.

Tabauus 1. XapakTepuCTHKH MeXaHi3Ma IIOBOPOTY 3a CEPEIHbOKBAAPATHYHIM BiIXUICHHSIM.
Table 1. Characteristics of the mechanism of rotation standard deviation.

CeperHpOKBAIPATUIHE BiIXIIICHHS 3MeHIIeHHS
XapakTepUCTHKH OnruMaibpHe OnruManpHe XapaKTEPUCTUK
KepyBaHHS 1 KepyBaHHS 2
KytoBa poTopa IBUTYHA 0,054 0,043 1,26
HMIBUJKICTB, pad/c | MOBOPOTHOI 0,055 0,044 1,25
YaCTHHU
BaHTaXYy 0,058 0,047 1,23
BiJIXUJICHHS 0,009 0,009 0
BaHTAXKY
KyTtoBe npucko- poTopa IBUTYHA 0,006 0,005 1,2
peHHS, MIOBOPOTHOT 0,006 0,006 0
pao/c? 4acTHHU
BaHTaXy 0,008 0,008 0
BIAXUICHHS 0,006 0,005 1,2
BaHTAXKY
Mowment, H-m JBHUT'YHA 60883,9 60118,1 1,013
B IIPUBOII 60482,9 59751,9 1,012
IotyxHicTh IpuBOAA, Bm 2348,89 2312,24 1,016
BinxuiaeHHs BaHTaXy, pao 0,023 0,023 0
AHani3 cepeJHbOKBaPATHIHUX 3HAYCHD [TOKA3HUKIB  MOKIIUBICTh 3MEHILUTH MOKa3HUKH

3 Tabn. 1 moka3ye, moO KiHEMATHYHI XapaKTePUCTHUKH
CTPIJIOBOI CHCTEMH TIPH BHKOPHCTaHHI  KPUTEPItO
CepeNHbOKBAAPATUYHOTO  3HAYCHHS  NPHUIIBUAMLICHHS
3MIHA 3YyCHWJUII B TPHBOJHOMY MEXaHi3MiI € Jemo
KpalliMH B TOPIBHAHHI 3 BHUKOPUCTAHHSAM KpPUTEPIIO
CePeIHbOKBAPATHYHOTO 3HAYCHHS IIBUIKOCTI 3MiHH
NPY)KHOTO ~ MOMEHTY B  HPUBOJIHOMY  MEXaHi3Mi.
OnruManbHUA pexXuM 2 B MOPIBHSHHI 3 pekUMoM 1 1aB

CepeIHbOKBAIPATHYHNX 3HAYECHb MIBHIKOCTEH poOTOpa
JBUTyHa Ha 26%, MOBOPOTHOI YaCTHHU KpaHa Ha 25% Ta
BaHTaxXy Ha 23%, a KyTOBHX NPHUIIBHIIIEHb POTOPA
JBUTYHa Ta BiaxwuieHHS BaHTaxy Ha 20%. Ilpm mpomy
BIIXWJICHHS CEPEIHbOKBAJPAaTHIHNX 3HAUYCHb MOMEHTIB
Ha BaJy €JIEKTPOABHMIYHAa Ta NPUBOJHOMY MeXaHi3Mi, a
TaKOXk IMOTYXHOCTI MPUBOJY € HE3HAUYHHMH 1 CKJIaJal0Th
Bigmosigno 1,3%, 1,2%, 1,6%.

Tabanus 2. XapakTepucTHKU MeXaHi3Ma MOBOPOTY 32 MaKCUMaJIbHUMU 3HAYEHHSIMHU.
Table 2. Characteristics of the turning mechanism with the highest values.

MakcuMaabHI3HAYEHHS 3MCHIIICHHAXAPAKT
XapaKkTepuCTHKU OnTtuMaibHe OnrumanbHe €-PHUCTHK
KepyBaHHA | KEepyBaHHS 2
KytoBa poTopa IBUTYHA 0,0725 0,071 1,02
HIBUJKICTB, pad/c | MOBOPOTHOI 0,073 0,073 0
YACTUHU
BaHTaXy 0,073 0,072 1,014
BIIXWJIEHHS 0,0165 0,0151 1,093
BaHTaXy
KyTtoBe npucko- poTopa BUTYHA 0,0127 0,0077 1,65
peHHS, [IOBOPOTHOT 0,0135 0,0085 1,59
pao/c? YACTUHU
BaHTaXy 0,016 0,0154 1,039
BIAXHUIEHHS 0,013 0,010 1,3
BaHTaXy
MowmeHnt, kH-u JIBUTYHA 89 88 1,011
B IIPUBOII 89 88 1,011
[otyxHicTh puBOAA, KBm 3,9 3,8 1,026
BinxuneHHs BaHTaXYy, pao 0,049 0,047 1,043

AHaji3 MaKCHMalbHUX 3HA4€Hb XapaKTePUCTHK 3
Tabn. 2 TakoX IMOKa3ye JAesKe MOKPAIIeHHS IMOKa3HUKIB
IIpU BUKOPHUCTAaHHI KPHUTEPiI0 CepeIHbOKBAIPATHIHOTO
3HAUEHHS NPHUIIBHUIIICHHS 3MIHM IPYXHOTO MOMEHTY B

MIPUBOJHOMY MeEXaHi3Mi B TOPIBHSHHI 3 KpHUTEpieM
CEPEeIHbOKBAJPATUIHOTO 3HAYEHHS IIBUIKOCTI 3MiHH
IBOTO MOMEHTy. Tak, HampHuKJIag, IOKPAIIHINCh
3HAUYEHHA KyTOBHMX IIBHIKOCTEH poOTOpa [BUTYHa Ha



OIITUMIBALIA PEXXMMY ITIOBOPOTY CTPIVIOBOI'O KPAHA 3A KPUTEPIEM ... 11

2,0%, BinxmieHHs BaHTaxy Ha 9,3%, a TaKOXK KyTOBHX
MPUIIBHANICHs pOTOpa OBHUTyHA Ha 65%0,110BOpOTHOT
JaCTHHU KpaHa Ha 59% T1a BinxuneHHs BaHTaxyHa 30%.

Paszom 3 TuM, Taki IOKa3sHMKH SK MaKCHMaJIbHI
3HAYEHHsS MOMEHTIB Ha Bally [BHIYHA T4 B MPUBOJHOMY
MeXaHi3Mi, a TaKOX MOTYXXHOCTI JBHT'YHa HPAaKTUYHO €
IICHTUYHUMHU TIpH 000X ONTUMAIBHUX PEKHUMAX PyXy
MeXaHi3Ma TIOBOPOTY. BiiAXuWiieHHS IIMX TMOKa3HHUKIB
3HaxoAuThcd B Mexax 1,1%...2,6%.

3 OTPHMAaHOI0 aHTaji3y MOXHa 3pOOHUTH BHUCHOBOK,
0 TPAKTHYHO 3a BCIMAa MOKAa3HMKAMHU OITHMi3allis
peXUMY MyCKy MeXaHi3Ma MOBOPOTY CTPIJIOBOTO KpaHa 3a

KpHTEpieM CepeIHbOKBAAPATHIHOTO 3HaYCHHS
NPUIOIBHALNICHHS  3MIHHM  [PY)XHOTO ~ MOMEHTY B
MPUBOJHOMY  MEXaHi3Mi  Mae  TepeBaru  mepen

ONTUMI3AIlEI0 32 KPUTEPIEM CepeNHBOKBAIPATUIHOTO
3HAYCHHS IIBUAKOCTI 3MiHA MOMEHTY B NpHBOi. Jleski 3
MTOKA3HUKIB OI[IHKH PEXUMIB pyXy € piBHOZHaYHHMHU. [0
IMX TOKA3HMKIB BIJHOCATHECS SK MAaKCHMalbHi, Tak 1
cepeHbOKBaIPATHYHI 3HAYEHHS CHUJIOBUX Ta
€HEePreTUYHHUX XapaKTEePUCTHK.

Hageneni ¢a3osi nopreptu (puc. 6) MOKa3yrOTh, 110
KOHTYpH (Da30BHX TPAaEKTOPIH SIK MEPILIOTro, TAK i JPYroro
ONTHMAJIBHUX PEKHUMIB PyXy € 3aMKHECHHMH, IO BKa3ye
Ha BIJCYTHICTh KOJIMBaHb B €JEMCHTaX IPUBOLY Ta
BaHTa)Xy Ha THYYKOMY ITi[IBICi TiCJIS IPOIECIB ITYCKY.

BucHoBkH

1. B pesynpraTi OUHAMIYHOTO aHallizy MeXaHi3ma
MOBOPOTY CTPLIOBOTO KpaHa BCTAHOBJECHO, WIO B
eJIEMEHTaxX MPHUBOJy Ta METAJOKOHCTPYKIIN 3 BaHTaXXeM
Ha THYYKOMY IiJIBICi MiJ] 4ac MpOILecy MycKy BUHHKAIOTh
JUHAMIYHI HABAHTAXKCHHS, $KI 3HAYHO IICPCBHIYIOThH
HaBaHTa)XCHHS B MPOLIECI YCTAICHOTO PYXY.

2. Jlns 3MCHINCHHS JMHAMIYHHX HABaHTAXEHb B
eNIeMEeHTax IMPUBOAY Ta METAJOKOHCTPYKLIH MpPOBEICHO
ONTUMI3AIlII0 PEKUMY pyXy B TIpoleci MycKy 3a
IHTETpaTbHUMHI JTUHAMIYHIMHA KpHUTEPisIMH
(cepeHbOKBAIPaTHYHIMH 3HAYCHHSAMHU INBHIKOCTI Ta
NPUIIBUANICHHS  3MHHH  IIPY)KHOI'O  MOMEHTY B
npuBoAHOMY — MexaHi3mi). [IpoBenena — onrumizaris
JI03BOJIMJIA YCYHYTH KOJIMBaHHS B €JIEeMEHTaX MPHUBOJIY Ta
BaHTQ)Xy Ha THYYKOMY TIiJBiCi, a TaKOX 3HAYHO
3MEHIINTH BEJINYHHY HABAHTAXKEHb.

3. TlpoBeneHO MOPIBHSUIBHUE aHAJi3 ONTHMATBHUX
PSXKHUMIB pyXy 3a KPHUTEPIIMH CepelIHbOKBaAPATHYHUX
3HAYEHb IIBUJKOCTI Ta MPUIIBUAIICHHS 3MIiHU MIPYKHOTO
MOMEHTY IIPUBOJIY. 3 IPOBEAECHOTO aHai3y BCTAHOBJICHO,
10 KOXXHUHM 3 ONTHMAJBHHX PEXKHMIB pPyXy 3HA4yHO

3MEHIIy€e JWHAMIYHI HABaHTaKEHHS B  EJEMEHTax
NPUBOAY Ta KOHCTPYKWii KpaHa B TMOPIBHSAHHI 3i
3BHYAHUM  «PYYHHM»  KepyBaHHAM. 3  JIBOX

ONTUMAIBPHUX PEXHMIB PyXy B THpoIeci IyCKy CIixa
BiIaTH TepeBary pexuMy pyxy 3a KpHUTepieMm
CepeIHbOKBAIPATUYHOTO  3HAYCHHS  MPHIIBHUIILICHHS
3MIHH MOMEHTY B IPHBOMI, OCKUIBKH IPAKTHIHO YCi
KiHeMaTH4Hi, CHJOBI Ta CHEPreTHYHI XapaKTEPUCTUKHU €
KpallMMH B IIOPIBHAHHI 3 PEXUMOM 32 KpUTEpieM
CepeHbOKBAIPATUYHOIO 3HAYEHHS MIBHJKOCTI 3MIiHM
MOMEHTY B IIPUBOJI.
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OIITUMUBALIA PEXXUMA ITOBOPOTA
CTPEJIOBOI'O KPAHA T10 KPUTEPUIO
CPEJHEKBAJIPATUYECKOI'O 3HAYEHUM A
YCKOPEHUS UBSMEHEHNU A YCUJINS B
[MPMBOJHOM MEXAHU3ME
B. C. Jloseuikun, 1O. A. Pomacesuu, A. B. Jloseuixun,

U. A. Kaowvikano

AHHOTaLUA. Ha OCHOBE MIpEAbIAYIIETO
JUHAMHUYECKOTO aHalli3a BBIABICHO, 4YTO BO BpeMs
paboTel MexaHHW3Ma IIOBOpOTa OAamIeHHOTo  KpaHa
BO3HUKAIOT  KOJiebaHWs Tpy3a W  3HAYUTENbHBIC
JUHAMHYECKHE HArpy3Kd B JJIeMEHTaX KOHCTPYKLIUHU U
npuBoJa. OTH  SBJICHHUS  BO3HMKAIOT BO  BpeMs
MIEPEXOTHBIX PEXKUMOB JIBHOKCHMS (mycka u
TopMOXkeHus). Jns WX MHUHMMH3AIMH — TPOBEJICHA
ONTUMU3ANMS TpoIecca IycKa IO OIpeAeTICHHOMY
ONTUMU3AIMOHHOMY KpuTepuio. B  1aHHOW cTaThe
pelieHa 3ajaya  ONTHUMH3AIMH PEKUMa ITOBOPOTA
CTPEJIOBOTO KpaHa MO KPUTEPHIO CPETHEKBAAPATHICCKOTO
3HAYCHUSI YCKOPCHHS HM3MEHEHHs YCHIIHASA B TPHUBOTHOM
MeXaHU3ME. Pemenne BapHAaIlMOHHON 3aJ1a4u
MMONyYCHHBIH B BUAE (YHKIIMOHAJIBHBIX 3aBUCHMOCTEH
peXuMa JBIDKEHUS OTAEIbHBIX 3BEHBEB MeEXaHWU3Ma
MoBOpoTa OAalIeHHOTO KpaHa, KOTOPBIM MPEACTaBIIEH B
rpau4ecKoM BHJIE.

[TonydeHHbIE 3aKOHBI JBUWKEHHUS TIO KPUTEPHIO
CpeHEKBAIPATHYECKOTO 3HAYCHUS YCKOPEHHUS
M3MEHECHHS YCHIIHS B NPHBOAHOM MEXaHH3Me (pekuMm 2)
AMEIOT 3HAYWTEIbHBIC MPEUMYIIECTBA MO0 CPaBHEHHUIO C
3aKOHAMU JIBYDKCHUS 110 KPUTEPHUIO
CPEIHEKBAIPATHYECKOTO 3HAUEHUSI CKOPOCTU M3MEHEHHS
YIPYroro MOMEHTa B MPUBOJHOM MeXaHH3Me (pexuMm 1).
B pesynbraTe mpOBENECHHOTO aHANM3a OBLIO BBISBICHO,
49TO npu pexume 2 MaKCHUMaJIbHbBIE u
CpeHEKBaIpaTHIHBIC 3HAYEHUS OOIBIINHCTBA
KMHEMATHIECKUX U CHUJIOBBIX XapaKTePUCTUK MPUHUMAIOT
MEHBIINE 3HAYCHHS TI0 CPaBHEHHWIO C PEXUMOM 1, 1Mo
HEKOTOPBIM TOKA3aTeNSIM ATH MapaMeTphl paBHO3HAYHBI.
OpnHako XapakTep H3MEHEHHUS JTHX IOKazaTeled Mpu
pexume 2 umeer IulaBHBIA  BuA.  [lomyueHHBIH
ONTHUMAJbHBIA PEXUM JBHKEHHUS MEXaHHW3Ma IOBOPOTa
KpaHa MM03BOJISIET YCTPAaHUTh KoJeOaHus rpy3a Ha THOKOM
mojgBece NHpu paboTe MeXaHW3Ma IOBOPOTa, a TaKXKe
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YMCHBIINTh IWHAMHYECKHE HAarpy3kd B TPUBOAEC U
METAJUIOKOHCTPYKITHH KpaHa.

CJICIIYET OTMCTHUTBD, 4qTo HCITIOJIb30BAHHUC
OIITUMAJIBHBIX 3aKOHOB JBYKCHUSA TIO3BOJIACT
SHAYUTECIBHO IIOBBICHUTH HaaC)KHOCTh n

MIPOU3BOAUTENBHOCTh PAabOTBl KpaHa W yMEHBIINTh
aBapuiHbIE CUTYyallMd TPHU BBINOJHEHUH pPa3rpy304HO-
MOTPY30UHBIX ~ omepauuit. Peanuszanus MoNydeHHBIX
ONTUMAJIBHBIX PEKUMOB ABIKEHHS OCYILECTBIISETCS C
MIOMOILBIO MEXaTPOHHBIX YCTPOMCTB CUCTEMBI
yIpaBJIEHUs IPUBOJHBIM MEXaHU3MOM.

KoaroueBble cioBa: OameHHBIH / CTpPEIOBOH KpaH,
MEXaHM3M MOBOPOTa, TPY3, BpAIlCHHE, TUHAMHYECKHE
Harpy3kd, OINTHMHU3alWs, MUHUMH3ALUsS, KPHUTCPHH,
ycunus, KomeOaHWs, YHOpYyrdid MOMEHT, W3MCHEHHE
CKOPOCTH, YCKOPEHHSI, ONITUMAIBHOE YIPaBICHHE.

OPTIMIZING THE MODE OF SWING OPERATION
OF JIB CRANE IS SOLVED BY CRITERION OF RMS
VALUE OF ACCELERATION OF CHANGE IN
FORCE IN DRIVE MECHANISM
V. S. Loveikin, Yu. O. Romasevych, A. V. Loveikin,

I. O. Kadykalo

Abstract. Based on the previous dynamic analysis, it
was discovered that during the operation of the rotation
mechanism of the tower crane, there are fluctuations of
the load and significant dynamic loads in the elements of
the structure and drive. These phenomena arise during the
transitive modes of motion (starting and braking). For
their minimization, the optimization of the start-up
process was performed according to a certain
optimization criterion. In this article, the problem of
optimizing the mode of rotation of the jib crane is solved
by the criterion of the RMS (root mean-square) value of
acceleration of the change in force in the drive
mechanism. The solution of the variational problem is
obtained in the form of functional dependencies of the
motion mode of individual parts of the rotation
mechanism of a tower crane and is presented in graphical
form.

The obtained laws of motion according to the
criterion of the RMS value of acceleration of the change
in force in the drive mechanism (mode 2) have significant
advantages compared to the laws of motion based on the
criterion of the RMS value of the rate of change of the
elastic moment in the drive mechanism (mode 1). As a
result of the analysis, it was found that under mode 2, the
maximum and RMS values of most kinematic and power
characteristics have less values than under mode 1, for
some indicators these parameters are equivalent.
However, the nature of the change of these indicators
under mode 2 is smooth. The obtained optimal mode of
motion of the rotation mechanism of a crane allows to
eliminate the fluctuations of the load on the flexible
suspension during the rotation mechanism operation, as
well as to reduce the dynamic loads in the drive and metal
framework of a crane.

It should be noted that the use of optimal laws of
motion makes it possible to significantly increase the
reliability and performance of the crane operation and
reduce emergencies during loading and unloading
procedures. The realization of the optimal modes of

motion is achieved with the help of the mechatronic
devices of the control system of the drive mechanism.

Key words: tower / jib crane, rotation mechanism,
load, rotation, dynamic load, optimization, minimization,
criterion, force, oscillation, elastic moment, speed change,
acceleration, optimal control.

B. C. JloBeiixin ORCID 0000-0003-4259-3900.
10. O. Pomacesuu ORCID 0000-0001-5069-5929.
A. C. Jloseiikin ORCID 0000-0003-4259-3900.
I. O. Kagukajo ORCID 0000-0001-8217-866X.


https://orcid.org/0000-0001-8217-866X

Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2019, Vol. 10, No 3, 15-20
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

VK 514.18

DOI: 10.31548/machenergy.2019.03.015-020

TPAHCHHOPTYBAHHS YACTUHKHU I'OPU30OHTAJIBHUM ITHEKOM, OBMEKEHUM CIIIBBICHUM
HEPYXOMUM IIWJITHAPOM

T. A. Kpecan®, C. ®. ITununaka®, B. M. Badkal, {I. C. Kpemens!, M. B. Kaenaiii’

'HanionanbHuit yHiBepcuTeT 6iopecypciB i pUpOAOKOPUCTYBaHHs YKpainu, Ykpaina.
2Bigokpemnenuii miaposain «bepesxaHchkuii arpoTexHiuHuil iHcTUTYT» HamioHanbHoro yHiBepcuTeTy Oiopecypcis i

MIPUPOJOKOPUCTYBaHHA Y KpaiHu, YKpaiHa.

Cmamms 3 cneyianvhocmi: 131 — npuxknaona mexanixa.

Kopecnonoenyis asmopis: tanyakresan@i.ua.

Iecmopis cmammi: ompumano — xéimens 2019, akyenmosano — cepnens 2019.

bio6n. 8, puc. 3, maén. 0.

AHoTanisg. B crarTi po3risMHYyTO TpaHCIOPTYBaHHS
TEXHOJIOTIYHOTO MaTepiany TOPU30HTATbHUM IIHEKOM Ha
MPUKIIaal OKpeMoi yacTHHKHU. [I[HekoM € moBepXHs TBUH-
TOBOTO KOHOIa ab0 mpsiMoro 3akputoro remikoina. llnek
o0epTaeThCsi HABKOJIO CBOEI OCi BCEpEMHI HEPYXOMOTO
CHIBBICHOTO IMJIIHAPUYHOTO KOXyXa. YacTuHKa opHOYa-
CHO KOHTAKTy€ 3 PYXOMOIO 1 HEPYXOMOIO ITOBEPXHIMHU.
CHisbHOIO JIHIEI0 [IUX TIOBEPXOHB, B3IOBXK SIKOi 3MYIIEHa
pyxaTHcsl YacTHHKA MiJ 9ac 00epTaHHs IIHEKa, € TBUHTO-
Ba JiHIA — 30BHIITHSA KpalKa ImIHEeKa. B craTTi mpuiHATO
NIPUIYIIEHHS, 10 YacTHHKa Bech Jac nepeOyBae Ha mid
niHii. ['BHHTOBA NiHIA 00EPTAETHCS pa3oM i3 IIHEKOM, a
YaCTHHKA KOB3a€ OJJHOYACHO 10 HiH 1 1O HMWIIHAPUIHOMY
KOXyXy, TOOTO 31iicHIO€ cKiaanuuil pyx. Cyma BiIHOCHO-
ro pyXy YacTHHKH (KOB3aHHS II0 TBUHTOBIII JIiHIT) 1 00ep-
TAJILHOTO PyXY 'BUHTOBOI JIiHIi Jal0Th a0COJIOTHY TPA€EK-
TOPIfO.

HaBeznieHo mapameTpuyHi piBHSHHS a0COJIFOTHOI Tpa-
€exTOpii y QyHKIIT yacy, B IKUX HEBIIOMOIO 3aJIEXKHICTIO €
3aKOH KOB3aHHS YAaCTHHKH 10 TBUHTOBIN miHil. [Tocmigo-
BHUM TH(EpeHIIFOBaHHAM 3HAWICHO MIBUIKICTH 1 TPHC-
KOpPEHHS a0COJIIOTHOTO pyXy. 3HaWAEHO HAIpsSM NpHKIa-
JICHUX CHJI, IO SIKHX BITHOCHTBCS Bara 4YacTHHKH, PEAKIlis
TIOBEPXOHb ITHEKA 1 MMITHIAPUYHOTO KOXKYyXa, CHIIM TEPTS
YaCTHMHKM TPH KOB3aHHI MO IWX mMoBepxHsix. CkiiazeHo
cucreMy Au(EepeHIiaIbHUX PIBHAHB, SKy pO3B’S3aHO
yuceNbHUMHU MeTofamu. I[lokazaHo, 1[0 aOCOJIOTHO
TPAEKTOPIEI0 TIEPpEMIlIEHHSI YACTHUHKHU Micis cTabimizarii
PYXy € IpsAMOJIiHiifHA TBipHA IMUIIHAPA, SKa PO3TAIIOBaHA
BHIIIE BiJ HAWHIKYOI HOro TBipHOI. 3’SICOBaHO BILJIMB
Koe(ilieHTIB TepTs 1 KOHCTPYKTHBHHX IlapamMeTpiB 00-
MEXXYI0UOTO IMJIIH/pa Ta IIHEKa Ha aOCONIOTHY TPAEKTO-
pito mepemimieHHs 4acTHHKH. [loOynoBaHO aOCOIIOTHI
TPAEKTOPIi pyXy YaCTUHKH y QYHKIIT yacy.

[Ticns mepexigHOTO IEpiogy HAcTymae crabitizamis
PYXy YacTHHKH i3 CTaJMMU KiHEMaTHYHMMH IapaMeTpa-
Mu. [ [bOTO BUMAJAKY 3HAWIEHO aHAIITHYHI BUpa3u
JUIsl BU3HA4YeHHs 1uX napametpis. [lokasaHo, 1110 y Buna-
Ky aOCONIOTHO TJIaJeHbKOi IOBEPXHI IMIIHAPHIHOTO
KO)KyXa YaCTHHKA OyZe pyXaTHCs B3JOBXK HOTO HaHMXK-
401 IpsSMOITiHIHHOT TBipHOI. Ha moBepxHi NI HAPUIHOTO

KOXKyXa MMoOyIOoBaHO aOCONIOTHI TPAEKTOpPii YaCTHHKH
UL pi3HAX Koe(imieHTiB ii TepTs MO MOBEpXHI KOXKyXa.
[TokazaHo, mo mo Mipi 30iIbIIeHHST KOoe(dillieHTa TepTs
BUCOTA PO3TAIIyBaHHsI L€l TPAEKTOPIT TEX 301IbIIYETHCS.

KaiouoBi cjioBa: yacTuHKa, BIIHOCHHU pyX, TOpH-
30HTAJIHUHN IIHEK, KyTOBa IIBUIKICTh O0€pPTaHHS, [IMJIiH-
JIPUYHHUNA KOXKYX, TU(pepeHIialIbHI PIBHSAHHS, KIHEMaTHYHI
napamMeTpu.

IocranoBka npodaeMu

I'BuHTOBa MOBEpXHS € YHIBEpCaJbHUM KOHCTPYKTH-
BHUM €JIEMEHTOM 0arathox MarimH. Ha#Oinpmn momnrupe-
HOIO € TOBEPXHS T'BHHTOBOTO KOHOIIa, sIKa B TEXHIIl
HOCHTh Ha3By lIHEKa. BOHa HIMPOKO 3aCTOCOBYEThCS Y
I'BUHTOBUX KOHBEEpax JUIsl TPAHCIIOPTYBAHHS TEXHOJIOT-
YHOTO MaTepiany. BayxMBuM € BUBUEHHS PyXy YaCTHHOK
Marepialy N0 IMOBEPXHi IHeKa, SIKMA o0epTaeThcs Ha-
BKOJIO BJAacHOi oci. B mpami [1] po3rimsHyTO iX pyXx 1O
BEePTUKAJIBHOMY IITHEKY BiJ oCci oOepTaHHs 10 3ycTpidi i3
00MeXyBaJIbHIM IMIIHAPOM. TpaHCIIOPTYBAaHHS YacTH-
HOK BrOpY BiIOYBA€THCS MICIIS 3iTKHEHHS HUX 13 00MEXY-
BaJbHAM LWIIHIPUYHAM KOKYXOM. B namiif craTTti moc-
JJUKY€ETBCS PyX YaCTHHKHU MPHU B3aEMOJII 13 ABOMA TTOBE-
PXHSIMHU: TIOBEPXHEI0 PYXOMOTO TOPH30HTAIBLHOTO HIHEKA
1 HEpyXOMOTO CITiBBICHOTO IIFIIHAPHYHOTO KOXKYyXa.

AHAaJi3 oCTaHHIX J0CTiTKEeHb

B mpatx [2 - 4] po3risiHyTO pyX MaTepiaibHOI yac-
THUHKH 10 HEPYXOMili TBUHTOBIH MOBEPXHI 13 BEpTHKAIb-
HOIO Biccro. JloCIiPKeHHSI IPOBEZIEHO CTOCOBHO cerapa-
il CiIbCHKOTOCHOAAPCHKUX MarepiaiiB, II0 MAaloTh pi3-
HUH KoediieHT TepTs. Pyx wacTuHOK 1o Kocomy i po3ro-
PTHOMY TeJiKOiax po3rIIAHYTO B HpaIix [5, 6], mpuaomy
qudepeHiaabHl PiBHAHHSI PyXy YaCTHHOK CKIAQJEHO B
MIPOEKIisIX Ha OPTH TpurpaHHuka Ppene, sKuil € cympo-
BiTHUM JJIs TpaekTopii. Pyx wacTuHKM 1o mif Ji€fo cumm
BJIaCHOI Baru IO TBHHTOBOMY KOHOINy, OOMEKEHOMY
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BEPTHKAIBLHUM LIOPCTKUM ILIIIHAPOM, DPO3IJISTHYTO B
npaui [7]. IpyHTOBHOMY JOCHiI’KEHHIO TPAHCIIOPTYBAaHHS
YAaCTUHKM TBUHTOBHUM KOHOIZOM, SIKMH 00epTaeThcsi BCe-
penvHi CIiBBICHOTO NWTIHAPUYIHOTO KOXKYXa, IPUCBIICHO
mparo [8].

Meta nociaigkeHn

JocnianTi 3aKOHOMIPHOCTI pyXy MaTepiajbHUX Ya-
CTHHOK IIPH 1X B3a€EMO/IIi 13 MOBEPXHEIO TOPH30HTAIBHOTO
ILIIHEKa, 110 00epTaEeThCsl HABKOJIO CBOET OCi, Ta HEPYXO-
MOTO CIiBBICHOTO IIIJIiHAPAYHOTO KOXKyXa.

Pe3yabsTaTn gociaigxeHb

B mpami [7] po3rissHyTO pyX 9acTHHKH IO MOBEPXHI
HEPYXOMOTO BEPTHKaJbHOTO TBHHTOBOTO KOHOima il
nieto cunu BrnacHoi Baru. OCKUIBKM TPaeKTOpis pyxy
YaCTHHKU € KPUBOJIHIHHOIO, TO BHHHUKA€ BiJIIEHTPOBA
cuia, sKa 3MYIy€e YacTHHKY Binpanstucs Bin oci. B mpa-
i [9] mocimKeHO BiTHOCHHM PYX YAaCTHHKH IO MOBEPXHI
BEPTHKAJIHHOTO T'BHHTOBOTO KOHOIiJa, SIKHH 0OEpPTAETHCS
HaBKOJIO cBO€l oci. KoHOIT 00MeKEHO CITIBBICHUM ITHIIIH-
JPUYHAM KOXKYXOM, 3 SIKUM 3yCTPIUa€eThCsl YACTHHKA MPU
BiTHOCHOMY pyci Bin oci moBepxHi. CHUIFHOIO iHI€O
KOHOiIa 1 KoXyxa (ToOTO JiHI€I0 1X MePEeTHHY) € TBUHTO-
Ba yiHig. YacTHHKA KOB3a€ O i TBUHTOBIH JIiHII, Maro-
YM OJJHOYACHUI1 KOHTAKT i3 HIOBEPXHEIO KOHOI/a (LIHeKa) 1
LMTTHIPUYHOTO KOXKyxa. KOB3aHHSI YaCTHHKH PO3IJISIHY-
TO micis cTabimizalli pyxy, T00To 6e3 po3risay nepexia-
Horo mnpouecy. [lapamerpuuHi piBHSHHS T'BUHTOBOI JiHIT
i3 BEPTUKAIBHOIO BiCCIO MarOTh BUIIIsAA [9]:

X =Rcosa; y =Rsing; z=Ratgs, (1)
ne R — pamgiyc oOMeXyro4doro MIiHApPa — CTajla BEIHMYH-
Ha; f — KyT migioMy TBUHTOBOI JIiHIT — cTajla BEIMYNHA; O
— KyT IMOBOPOTY TOYKH TBHHTOBOI JIiHIii HABKOJIO i oci —
He3ale)XHa 3MiHHa.

Yepes rBUHTOBY JIiHiI0 (1) MPOXOaUTH JBI MOBEPXHI:
IBUHTOBHUI KOHOI/ (mHEeK) i umminap. [Ipu koHTaKTI yac-
THHKU 13 UMM TOBEPXHSIMHU BHHUKAIOTH CHJIM PEaKIiil,
CIpsSIMOBaHI 10 HOpMaJi g0 Hux. [I[o6 3HaTH HANPsAM ITUX
HOpMaJIel, HOTPiIOHO MaTH PIBHSHHS MOBEPXOHb.

[loBepxHs mIHEKa YTBOpEHA MHOXKHHOIO MPSMOII-
HIfHUX TBIPHMX, MapaJeNbHUX 10 TOPU30HTAIBHOI IUIO-
IIMHY, OJWH KiHEelb SKUX MPOXOJHWTh Yepe3 TBUHTOBY
minito (1), a npyruil cnpsiMoBaHMil O oci IIHeKa (puc.
1,a). Buxonsum i3 criocoOy yTBOpEHHS LIHEKa, 3aluIIeMO
HOro mapamMeTpu4Hi piBHSIHHS:

X =(R-u)cose;
Y =(R—u)sine; 2)
Z =Ratgp,
e U —IoBXHMHA NPAMOJIHINHOT TBipHOI IIHEKa - Apyra
He3aJIe)KHa 3MiHHA TTOBEPXHI.

Bianmik n0BXWHU TBIpHOiI MOYMHAETHCS Bl TBUHTO-
Boi miHii. I[Ipu U=R-r, e r — paxiyc Baja mHeka, TOBEpX-
H1 Oyme oOMexeHa JBOMa TBHUHTOBUMH JIHIsIMHU
(puc. 1,a). ITpn u=0 oTpumaemo mapameTpuy4Hi PiBHAHHSI
rBuHTOBOI JiHIT (1). 1106 piBHSHHS NOBEPXHI BiAPI3HAIM-
csl BiJ pIBHAHB JIiHIi, OyJeMo MO3HAYaTH IX CTPOUYHHMH
JiTepaMu A7 JIiHiT 1 TPOIMCHUMHU IS TIOBEPXH.

CxirazeMo MaTeMaTHYHY MOJENb TIepeMillieHHs Jac-
THHKM TOPHM3OHTAaJIBHUM IIHEKOM, SKHH 0OepTaeThes
HaBKOJIO CBO€1 OCi i 0OMeKXeHHUH CIiBBICHUM HITIHAPHUY-
HUM KOXyxoM. [ToBepHEMO MOBepXHIO ITHEKa (2) HABKO-
7o oci OY Ha kyT 90°. ITicns Takoro MOBOPOTY MapaMeT-
pUYHI piBHAHHS ITOBEPXHI ITHEKA 3aIUITyTHCS:

X =Ratgg;
Y =(R-u)sina; ®)
Z =—(R-u)cosa.

Puc. 1. I'padiuni imocTparii i3 300pakeHHSIM TOBe-
PXHI LIHEKa Ta HWIIHAPUYHOTO KOXKYXa!
a) OJIMH BHUTOK MOBEPXHI BEPTHKAJIBHOTO IIHEKa, oOMe-
JKCHUH 30BHILIHBOIO KPAaWKOIO — TI'BHHTOBOIO JIHIEKO i3
KyTOM Hiniiomy f;
0) TOPHU3OHTAIBHUI IIHEK BCEPEIMHI CIIBBICHOTO IIMJIiH-
apa

Fig. 1. Graphic illustrations depicting the surface of
the auger and cylindrical casing:
a) one turn of the surface of the vertical auger, bounded
by the outer edge - a screw line with an angle of rise f;
b) horizontal auger inside the coaxial cylinder

[ToBepxHIO TOPU30HTAIBHOIO IITHEKA, OMMCAHOTO Pi-
BHSHHsAMHU (3), 63 BHYTPIIIHBOTO Baja, BCEPEIMHI LWIi-
HAPUYHOTO KOXXKyXa, 300pakeHo Ha puc. 1,0.

ITpu u=0 piBHsiHHS (3) ONMUIIYTh TBUHTOBY JIHIIO —
30BHILIHIO KpaiiKy MOBepXHi. 3anuiieMo ii piBHIHHS:

x=Ratgp; y =Rsing; z=-Rcosa. (4)

l'opu3oHTanpHMK OIHEK 00EPTAETHCS HABKOJO CBOET
0Ci i3 KYTOBOIO IBHAKICTIO . YacTHHKA 3HAXOAUTHCS HA
IBUHTOBI# JiHii (4), TOOTO 0jHOUacHO nepedyBae B KOH-
TaKTi i3 pPyXOMOIO TIOBEPXHEIO IITHEKa 1 HEPYyXOMOIO TIOBe-
PXHEI IMIIHIAPHUYHOrO KOXyxa. [Ipumyctumo, mo 1o
MOYaTKy oOepTaHHs IIHEKa YacTHHKA OyJe 3HaXOIAUTHCS
Ha caMiil HWKHIA TBIpHIA IWIIHApPA — B TOYII 13 puc.
1,6). ITix yac obepraHHs HIHEKa BOHA MOXE 3MiCT ? cii
MIHATHCS 110 BHYTPIIIHIM MOBEPXHI IIUIHIAPA HA 1HITY
Horo TBipHY (Hanpukian, B To4ky B, puc. 1,06). Ha puc. 2
300pakeHO TOPHU3OHTAIBHUHN ITHEK i3 BaJOM 1 0OMEXyTo-
YUM IWITIHAPUYHUM KOXKYXOM. YaCTUHKA 3HAXOAUTHCS B
touri B. Jlo Hel mpuKiaaeHi HACTYITHI CHJIM: CHJIA Bard
mg (m — maca wactunku, g=9,81 m/c? — npuCKOpEHHS
BIIBHOTO TAafiHHS), peakiis ImmHeka N,, cIpsMoBaHa
B3JIOBJK HOpMaJi 10 oro moBepxHi, peakmist N, mutinapa,
CHpsIMOBaHA B3JJ0BX HOpMaJli 0 Horo moBepxHi (puc. 2).
[Mpukmnanena me cuna TepTs (Ha pUC. 2 HE ITIOKa3aHa).
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BoHa Mae aBi CKIamoBi: cHja TEPTS MO MOBEPXHI ITHEKA
F.. 1 cuma tepts mo moBepxHi nuiieapa F,. Hexait wactu-
HKa B a0COJIIOTHOMY pycCi IEPEeMIIIyeThCs B HAIPsAMi Oci
OJX, Toxi cuina TepTs 1o MOBepxHi mHeka F,, crpsMoBana
B TIPOTHJICKHY CTOPOHY HAIpsIMy KOB3aHHSA, a IO TOBEp-
xHI nwiieapa F, — B IpoTHWIeXHY CTOPOHY IMIBHIKOCTI
abcoxoTHOrO pyxy. Bekropu mux cuin OyayTb JOTHYHU-
MU BiJITIOBITHO 10 TPA€KTOpii BITHOCHOTO pyXy (TBUHTO-
BOI JIiHII, 1O sIKil YacTHHKa KOB3a€) i aOCOJIIOTHOTO PyXy
(uutinApUuHOi JTiHIT Ha KOXyci, sKa He MokaszaHa). Ix
HanpsiM BU3HAYA€ThCSI MaTeMaTHYHO. BOHM 3HaxonmsThCs
B CIUIBHIN MOTHYHIN JO IMIIHIPA TUIOIIMHI 1 HE JIeXkKaTh
Ha OIHIM HpsAMil, OCKIIBKH MiXK IIIMH BEKTOPaMH iCHY€
[IEBHUH KYT.

N
L
A

S
\Vm\"

f,

Puc. 2. YactuHka B TouIli B 3 MPUKIAJCHUMH 10 Hel
CWJIaMU Bard 1 peakifiif ABOX MOBEPXOHb — IIMHEKA 1 I[HJIi-
HAPUYHOT'O KOXKYyXa

Fig. 2. The particle at point B with the applied forces
of gravity and the reactions of two surfaces - auger and
cylindrical casing

CkiaieMo piBHSHHA pyXy y BUTILiai ma=F, ze m
— Maca YaCTUHKH, & — BEKTOP abCOIIOTHOTO IPHCKOPEH-

HsI, F— pe3ynpTyrounii BEKTOp MPHUKIAACHHUX JO YACTHH-
KU cul. BekTopHe piBHSHHS PO3IUIIEMO B MPOEKIISIX Ha
oci koopaunat OXYZ.

YacTrHKa y BITHOCHOMY pYCi Bech yac repedyBae Ha
IBHHTOBI# JIiHIT (4), TOOTO Ha Kpaiili mHeka. Skimo mu y
piBHAHHSX (4) mpuiiMeMo 3MiHHY 0 3aJIeKHOIO BiJ 4acy t,
T00TO 0=0(t), TO I BHYTPIIIHS 3aJICKHICTh 3a7aBaTUME
3aKOH KOB3aHHS YAaCTHHKHM I10 T'BHHTOBIH IiHiI, TOOTO
3aKOH BITHOCHOTO pyXy. OTxe TpH Iiif yMOBI pPiBHSIHHS
(4) € piBHIHHAIMH BiTHOCHOTO PYyXYy.

[ITHex oOepTaeThCsi HABKOJO CBOET OCi i3 KYTOBOIO
mBHAKICTIO ©. Hanpsiv o0GepTaHHs HIHEKa BHOMPA€eThCs
Tak, Mo0 YacTWHKAa NpW KOB3aHHI IO TBHHTOBINA JiHi{
MoTJia B a0COJIIOTHOMY PYCi MepeMIlaTucs B HAIpsiMi ocCi
OX. 3a yac t BiH MOBEPHETHCS Ha KYT o=t i mepemic-
TUTBCSI TIO0 TBHHTOBIM JiHI Ha MEBHY BiJCTaHb 3TiIHO
piBHAHB (4). [lIHek 06epTaeThCsI HABKOJIO CBOET OCi, OTXKE
obepraeThes 1 Horo kpaiika — rBuHTOBa JiHisA (4). Bynemo
obepratu rBUHTOBY JiHi0 (4) HaBKOMO oci OX Ha KyT
o=t 3a BiToMuMH GOpMyIaMH TIOBOPOTY:

X, = Ratgp;
y, = Rsinacos(at)+ Rcosasin(at) = Rsin(a + at); ®)
z, = Rsinasin(wt)— R cos ar cos(at) = —R cos(a + at).

[TapameTpudHi piBHAHHA (5) BpaxoBYIOTh /1B TTOBO-
potH: Ha KyT a=a(t) y BiAHOCHOMY pyci i Ha KyT a,=wt B
MIEPEHOCHOMY PYCi, OTXKE BOHH € PiBHSHHIMH aOCOJIOT-
HOT'O PYXY YaCTHHKH.

Hudepenniroemo piBHSHHSA (5) M0 Yacy t i oTpumae-
MO TIPOEKIIii BEKTOpa aOCOTIOTHOI MIBUAKOCTI:
X! =Ra'tgp;
Yy, =R(a’'+ w)cos(a + at); (6)
2! =R(a'+ o)sin(a + at)
[i BeMUMHY 3HAXOMMMO SK F€OMETPUUHY CYMY MpPO-
ekiii (6):

R
Vo= x2+y2+22 =—"_ Jow+2a')cos? f+a'?.(7)
a a ya a Cosﬂ\/ ( ) IB

3HaiiieMo TpoeKIii OJMHUIHOTO BEKTOpa, SIKUHA 3a-
Jla€ HarpsiM aOCOIOTHOI IIBUAKOCTI YaCTHHKH, TiUTCHHSIM
BHUpasiB (6) Ha BeNMMUUHY MBUAKOCTI (7):

T, = a sin,B;
A
(a' + w)cos(a + wt)cos . ®)
TVay = A ’
(a' + w)sin(a + wt)cos B
TVaz = A )

aec A= \/a)(a)+ 2a')cos® B+ a'?.
HudepenuitoBanHsM piBHsHb (6) oTpuMaemMo mpoe-
KIi1 a0COJIFOTHOTO IPUCKOPEHHST W YaCTUHKH:
X; =Ra"tgp;

y! =Ra"cos(a + ot)— R(a' + @)’ sin(a + at); ©)
2! = Ra"sin(a + ot)+ R(a' + w)’ cos(a + at).

[Ilo6 po3mmcatn BekTOpHE piBHAHHA Ma=F B
MpOoeKIisax Ha oci cucremu koopauHaT OXYZ, motpiOHO
BU3HAYUTH HANpsAM il CWII, MOKa3aHWX Ha puc. 2. s
onHiel cmm — cunu Tepta F, — HanpsMm [ii 3HaWACHO Y
BUTJISI OJIMHUYHOTO HAIPSIMHOTO BekTopa (8), mpuyomy
CIiJ MaTh Ha yBasi, mo mis cuwim F, crpsMoBaHa B mpo-
TUJISKHY CTOPOHY IIbOTO BEKTOpa, TOOTO B MPOTHIIEIKHY
CTOPOHY HampsiMy aOCOJIIOTHOI MIBHUAKOCTI. 3HaiaeMO
HarpsM i cunum Tepts Fy, sika cripsMoBaHa B MIPOTHIIEK-
Hy CTOPOHY BEKTOpa BITHOCHOI MBHAKOCTI. IIpoekmii
IIbOTO BEKTOPa 3HAXOIUMO NH(EPEeHIiIOBAaHHAM PiBHIHB
(4):

X'=Ra'tgp;
y'=Ra’'cosa; (10)
z'=Ra'sina.

3HaX0IUMO BEIMYHHY BiTHOCHOI WIBHIKOCTI PYyXy
YaCTHHKU:

’
V= X?+y?+17?% = Ra’ (11)
cosf
[poexIii OAMHUYHOTO HANIPSIMHOTO BEKTOpa BiJIHO-
CHOI IMIBUJAKOCTI 3HaimeMo quteHHsIM npoekmii (10) miei
MIBUAKOCTI Ha 1T abcomoTHy BennunHy (11):

T,=sinB, T, =cospBcosa; T, =cospsina. (12)

[poekuii Bextopa (12) 3ammcani 6e3 BpaxyBaHHS
00epTabHOTO PYXY I'BUHTOBOI JIiHii. MU BCi CUITM TIPOEK-
III0OEMO Ha Hepyxomy cuctemy koopaunHatr OXYZ. [lns
Toro, mo6 cuna F, Oyma mpukiajgeHa B TOYI 3HAXO-
JOKEHHS YaCTHHKH, Ipoekii (12) moTpiOHO moBepHYTH Ha
KyT o=t HaBkoso oci OX. Ilicns uporo BoHM HaOyBa-
I0Th BUTJISILY:

T, = {sin 8; cos fcos(a+at);,  cospsin(a+at)}. (13)
3HaiiileMo HampsIM Aii CHII peakIii HOBepPXOHb IITHeKa
1 IWTIHAPUYHOTO KOXKYXa.
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Hampsim HOpMauti 1o TOBEpXHI BU3HAYAETHCS BEKTO-
pHUM JOOYTKOM IBOX BEKTOpIB, IO TPOXOAATH Hepe3
TOYKY Ha MOBEPXHI (TOYKa, A€ 3HAXOAWTHCS YaCTHHKA),
SIKI € TOTUIHAMH 10 KOOPIUHATHUX JiHIH, 110 IPOXOIATh
Yepes M0 TOYKY. 3HAWIeMO BEKTOp HOpMaJli IO TIOBEPXHi
mrHeKa. BexTopw, MOTHYHI 10 KOOPAWHATHUX JiHIN TOBe-
PXHi, € YACTHHHUMHU TTOX1THUMH PiBHSHB (3) IIHEKa:

oX oX
— =Rtgp, —=0;
oo 9 ou
Y _ v (14)
~—=(R-u)cosa; —=-sina;
Oa ou
%:(R—u)sina; % _ osa.
oa au
3HaX0AMMO BEKTOPHHUIT T0OYTOK BeKTOPiB (14):
X Y z
Rtgs (R-u)cosa (R-u)sinal=
0 -sina cosa
(15)
={R-u; ~Rtgpcose; ~RtgAsinal.

Bexrop HOpMani (15) He € ogumHMYEUM. Woro moio-
KCHHSI Ha MOBEPXHI BH3HAYA€THCS JBOMAa BHYTPIIIHIMHA
KoopauHaTaMu: U 1 a. Ham moTpiGHO 3HATH HOpMAaNb 1O
MTOBEPXHI ITHEKA HAa TBHHTOBIH JiHII B MICIIi 3HaXOIKEH-
HS 9acTHHKH, ToOTO mpu U=0. [lincraBumo y BHpa3 Bek-
topa (15) u=0 i mpuBeaemMo Horo 10 OAMHUYHOTO:

{cos ; —sin fcosa; —sin fsina}. (16)

AHaNOriYHO MOXKHA 3HAWTH HOPMaJb J10 LMIHAPHY-
HOTro KoXyxa. [IpoTe ii mpoekIii MoKHa 3HANTH 3HAYHO
npocrtime. Bei mpsMoniHiiiHI TBipHI TBUHTOBOT'O KOHOIAA
(urHEeKa) MepIeHANKYISIPHI 0 HOTOo Oci, OTXeE, 1 10 TIOBe-
pxHi criBBicHOrO IwuTiHApa (puc. 1,0). Llei BekTop omu-
CaHO YaCTUHHHMH TOXIIHUMH IO 3MIHHIH U y BUpazax
(14). Otxe, MOXKEMO 3aITUCATH HOTO MPOEKIIii:

{o; —sina; cosa}. (17)
Onunnunuii Bekrop (17) cipsMoBaHuii Bij OBep-
XHI [WIIHApPA 10 HOro oci, IO BiANOBIga€ HAMPsAMY il
CHIIM peakuii MMIIHAPHYHOTO KoxkyXa. OJAMHUYHI BEKTO-
pu (16), (17) Texx MOTpiOHO MOBEPHYTH Ha KYT =t
HaBkoJ10 oci OX, 1106 BOHH OyJH NPUKIIAJIEH] 10 YaCTHH-
ku. Ilicas nporo OMHUYHUNA BEKTOP HOpMaJli 10 TOBEpPX-

Hi THEKa B TOYII PO3TAIIYBAHHS YaCTHHKHU 3aIUIIETHCS:

N, = {cos ; —sin foos(a + at); —sin gsin(a + at)}. (18)
OIUHMYHMI BEKTOp HOPMAI [0 LWIHIPHIHOIO
KOXKyXa IIiCJIA TOBOPOTY MPHIMAE BHTIISL;

N, ={0;

\ —sin(e + at); cos(a +at)}. (19)
Hanpsimu 1ii npuxsiafeHux cuia HaMH BU3HAYeHI:
i cun tepts Fy, 1 Fy, — oguanmaanMEu Bektopamu (8) i
(13), B3aTHMH 13 TPOTHIICKHUM 3HAKOM; pEakIliii moBep-
xoHb N, mHeka 1 N, MWIHIPUIHOTO KOXKYyXa - OJUHUY-
Hum# BexTopamu (18) i (19) BiznmosigHo. OcTaHHS cuna —
culla Bark YacTHHKM MQ - CIpsIMOBAaHA BHM3, OTXKE OJHU-
HUYHHUH BEKTOP 33Ja€ThCs IPOSKIISIMH:
{0; 0; ~1}. (20)
Bennunna cun teptst F,, 1 F, BU3HauaeTscs uepes
BEJIMYMHY peakiii IMOBEpXHi 1 BIANOBITHWH KoedilieHT
teptst: Fu=fuNu, F,=f,N,, me f.if, — koedimienrn teprs
YaCTHHKH TI0 MOBEPXHI MTHEKA 1 MUJIiHAPUIHOTO KOXKYyXa
BiJIIOBITHO.

Posnumiemo BekTopHe piBHSHHA Ma = F B npoexii-
sx Ha oci cuctemMu koopamHaT OXYZ i3 BpaxyBaHHSIM
HanpsaMiB (6), (13), (18), (19) i (20) mirounx BigANOBiTHIX
cun F,=f,N,, Fu=fuNw, Ny, Nyi cumu aru mg:
a'sin g

mx;’:—fuN” - f,N,sing+
" Jolo+2a)cos’ B+ a”
+N,, cos 3, 21)
my; =—f,N (o + o)oosla + atoos f,N, cos fcos(at +a)-

o \/a)(w+ 2a')cos? f+a”
-N,,sin Bcos(et + )+ N, sin(at + a);
T (o' + w)sin(a + wt)cos B
mz, ==1,N, N\ o2 2

o(o+2a')cos® f+a

-N,,sin Bsin(et + &) N, cos(at + ) - mg.

[MincraBumo B (21) BHpa3u aOCONIOTHOTO MPHUCKO-
peHHs i3 (9) 1 OTpEMaeMoO CHCTEMY TPbOX AHdepeHmians-
HUX PIBHSIHB 13 TpbOMa HeBimoMuMmE QyHKIisIMU: a=a(t),

Nu=N.(t) i N,= Ny(t). Po3B’sxkeMo cucremy BiIHOCHO
a", Nuy Ny

a'= %cosﬂsin(a +at)f, sin g -cosB)-

- f.N

w' N

cos Asin(at + ) -

(22)

1, cos? § R(o'+ o) +goos(a +at) (
2R*Jo(w+2a')cos? f+a'
N,, =-mgsin gsin(a + at) -

o+2a'+wc0s2f - £, sin2).

(23)

R(a' + @) + g cos(a + at)
R\/a)(a) +2a')cos? B+ a'? .

H 2
—-mf, wsin g cos® B

N, = m[R(a)+ a'f + g cos(a + a)t)] (24)

o

005 g5

Puc. 3. AGcomtoTHI TpaekTOpii pyXy YaCTUHKH HPO-
TIroM /,5 ¢ Ha TIOBEpPXHI LWIIHAPUYHOTO KOXyXa INpH
R=0,1 m, =20 ¢, p=20° f,=0,3 i pisHHX 3HAYEHHSIX
koediuienTa Tepts f,

Fig. 3. Absolute trajectories of motion of the particle
for 1.5 s on the surface of the cylindrical casing at
R=0,1 m, =207, p=20° f,=0,3 and different values of
the friction coefficient f,

Hdudepennianpae piBHIHHA (22) HE 3aJI€XHTH Bif
(23) 1 (24), Tomy Moxxe OyTH po3B’si3aHe Okpemo. Peakii
moBepxoHb (23) 1 (24) 3HAXOmATH MiCHS TOTO, SIK
po3B’s3aHO piBHSHHA (22). s Horo po3B’s3aHHS MOTPi-
OHO 3aCTOCOBYBATH YMCEIbHI METOIH.
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Judepenmiansae piBHSHHSA (22) Oyno po3s’sizaHe
gucenmbHUMHU MeTonamu. Ha puc. 3 moOynoBano abcoirto-
THI TpaeKTOpii pyXy YaCTWHKU Ha TOBEPXHI IMIIHIPHY-
HOTO KOXKyXa IPHW PIi3HUX 3HAYCHHAX KoedimieHTa TepTs
f,. AHami3 puc. 3 Bkasye Ha Te, W0 micis crabimizamii
PYXy aOCONIOTHOIO TPAEKTOPi€I0 YACTHHKH € TpsMa —
NpsSIMOJTiHIHA TBipHa LMIIHAPUYHOTO Kokyxa. Ilo wmipi
30inbIeHHsT KoedimieHta TepTs f, BUcoTa po3TainyBaHHSI
uiei Tpaekropii Tex 30imbIryeThes. PosrantyBaHHs mps-
MOJIIHIHOT TpaekTopii, 10 sKOi B aOCOJIITHOMY pyci
NpsSIMY€ YaCTHHKA, 3pYYHO OI[HIOBAaTH KyTOM ¢ BiIXH-
JICHHS. BiJl HW)KHBOI TOYKM IIOTO mepepizy, TOOTO Bix
MOYATKOBOT'O MOJIOKEHHS YaCTHHKH 10 MOJIOKEHHS IiCIIA
crabinizamii pyxy. 3Ha4eHHS IIbOTO KyTa ¢ MOXHA 3HAUTH
a"amitTiyHo. [licns crabimizamii pyxy koopanHaTa Z abco-
JIOTHOI TPAEKTOPIi € CTaJOI0 BETHMYMHOIO. 3TiIHO OCTaH-
HBOTO PIBHSAHHA (5) IIe MOXIHNBO, Kouu wit+a=¢ =const.
3Bigcu a=¢-wt, a'=-w, a"=0. [ligcTaBUMO I1i 3HAYCHHS B
(22) 1 oTpuMaeMo pIBHSHHS BIJIHOCHO HEBIZIOMOTO KyTa ¢.
Moro po3s’s3koM Gyjie HACTYIHUI BUPA3:

o= Arccos R(cos g — f,, sin ,B)'

(25)
/A

ae
A= f, sin 2/;’(fu2 cos® B - R2)+ f 7 cos® ﬁ(fuf cos® B +sin® ,B)+
+R2(cos? B + f2sin? B).

3a ¢opmyoro (25) MoKHA 3HAXOIUTH 3HAYCHHS KY-
Ta ¢ BIAXWICHHS YaCTHHKH HABKOJIO OCI LWIIHAPHYHOTO
KOXyXa. BenmmuuHa poro KyTa 3aeXUTh Bill KOHCTPYK-
TUBHHX ITapaMeTpiB IIHEKa 1 KOXyXa 1 He 3aJIe)KUTh BiJl
KyTOBOI LIBHJKOCTI oOepTaHHs InHeka. Hanpuknax, mis
koediuientiB Tepts f,, 3a3HaueHnx Ha puc. 3 i mpu 3aja-
HUX IHIIMX HapaMmeTpax, Hicis MepepaxyHKy paiiaHHOi
Mipu B rpaaycHy, otpumaemo: mist f,=0,3 kyt ¢p=64,5°.
Hust 3navens f, 0,2 1 0,1 kyT ¢ cranoButh 54,5° i 35°
BignoBinHo. Skino x f,=0, T0OTO MOBEpXHS HUITIHAPHY-
HOrO KOXyXa € aOCONIOTHO TJafeHbKa, TO KyT ¢=0.
B Takomy BHIaJKy TPaHCIIOPTYBaHHS YaCTUHKHU BinOyBa-
€ThCS 110 HIDKHIN TMPSAMOIIHIIHIA TBIpHIM IIIHAPAIHOTO
KO)KyXa He3aJIe)KHO BiJl 3HAUCHB BCIX 1HIINX ITapaMeTpiB.

BucnoBku

[NepeminieHHss 4aCTUHKH MiJl JIi€0 TOPHU30HTANIb-
HOTO IIIHEeKa, KUK 00epTaeThCsl BCEPEIHHI CIiBBICHOIO
LIIHIPUYHOTO KOXKyXa, MOXKHa YMOBHO PO3JUINTH Ha
nBa eramy. [1ig 9ac meprmoro eramy BiOyBaeTbes mepexi-
JHUHN Tpoliec NMepeMillleHHs] YaCTHHKU 3 HIKHBOI TOUKH
LIJTITHJIPUYHOTO KOXYXa B3ZOBX HOT0 OCi 3 0JTHOYaCHUM
nigiiomoM Bropy. Ha npyromy erami nporec Tpancnopry-
BaHHS YaCTUHKHU BiZIOYBAETHCS B CTAIIOHAPHOMY PEKHUMI.
YacTuHKa pPyXaeTbCS B3JOBXK MNPSMOTiIHIAHOI TBipHOI
OWITIHAPUYIHOTO KOXKyXa Ha TEBHIM BHCOTI BiJ] HIKHBOI
TBipHOI. KyT BigxuneHHs miei TBipHOI BiJ HMXXHBOI TBip-
HOT NUJIHApa HE 3aJIeKUTh BiJ] KyTOBOI MIBHUAKOCTI 00ep-
TaHHS IIHeKa. Ha HbOro BIUIMBAIOTH KOEQIIIEHTH TepTH i
KOHCTPYKTHBHI IapaMeTpH KOXKyXa i IHeKa. BusHavanb-
HUM € BIUIMB KOe(illieHTa TepTS YACTUHKH IO IMIIIHAPH-
YHOMY KOXYXYy. SIKIIo 1ell KoeillieHT IOpiBHIOE HYJIIO,
TOOTO TOBEpXHS KOXKyXa € aOCOJIOTHO IJIaJIeHbKa, TO
NepeMillleHHsI YacTUHKH BifOyBa€Tbcs B3IOBX camol
HIDKHBOT TBIPHOT IIMITIHAPHUYHOTO KOXYXa.
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TPAHCIIOPTUPOBAHUME YACTUILIbI TOPM30HTA-
JIbHBIM IIIHEKOM, OI'PAHUYEHBIM COOCHBIM
HENOJABW>XHBIM TUJIMHAPOM
T. A. Kpecan, C. @. Ilununaka, B. M. babka,

A. C. Kpemey, M.B. Knenouii

AHHoOTanus. B crathe paccMOTPEHO TPaHCIOPTUPO-
BaHHE TEXHOJOIMYECKOro Marepuaja T'OPU30HTAJIbHBIM
IIHEKOM Ha TNpHUMepe OTaeNbHON 4Yactunbl. [llHexom
SIBIISIETCSI TOBEPXHOCTH BUHTOBOTO KOHOMJIA WIJIM TIPSIMOTO
3akpbITOro renukouja. IIHex Bpamiaercs BOKpPYT CBOEH
OCH BHYTPH HETIOJIBI’KHOTO COOCHOTO LIMJIMHIPUYECKOTO
KOXyxa. YacTuiia OIHOBPEMEHHO KOHTaKTHPYET C IIO-
JBIDKHOW M HEIOJBIDKHOM MmoBepXHOCTAMHU. OOmeit mu-
HHUEH STHX IOBEPXHOCTEH, BIOJIb KOTOPOW BBIHYXKICHA
JIBUTaThCs YaCTHIA TPU BPAIECHUM IIIHEKA, SBISAETCA
BUHTOBAsI JINHHS — BHEIIHSS KPOMKa IITHEKa.

B cTatbe mpuHATO NpeInoI0KEHNE, YTO YaCTHIIA BCE
BpeMsi HaXOJUTCSl HA 9TOM JMHUKM. BUHTOBas IMHUS Bpa-
I1AETCSI BMECTE C IITHEKOM, a YacTHIA CKOJIB3UT OJIHOBpE-
MEHHO TI0 HEH M MO LMJIMHIPUYECKOM KOXYyXe, TO €CTh
OCYIIECTBIISIET CIIOKHOE JBIKeHHE. CyMMa OTHOCHTEINb-
HOTO JBW)KEHHSI YacTHIBl (CKOJBXEHHE I10 BHHTOBOW
JVHUM) W BPAIIATEIbHOTO JABW)KCHHS BHUHTOBOW JIMHHUH
JIAI0T a0COITIOTHYIO TPACKTOPHIO.

[TpuBeneHsl mapameTpUdecKkue ypaBHEHHs abco-
JIIOTHOW TPaeKTOpun B (DYHKIUHM BPEMEHH, B KOTOPBIX
HEM3BECTHOI 3aBHCHMOCTBIO SIBISIETCS 3aKOH CKOJbXKe-
HUS 4aCTHIBl MO BUHTOBOW nuHUH. IlocienoBaTenbHBIM
i depeHInpoBaHUEeM HalIeHO CKOPOCTh M YCKOpEHHE
a0CoMIOTHOTO JBMKEeHMs. HaiiieHo HampaBieHHe MpUiIo-
JKEHHBIX CHJ, K KOTOPBIM OTHOCHUTCSI BEC YAaCTHIIbI, peakK-
IUsI TIOBEPXHOCTEH ITHEKa M HWJIMHIPUYECKOTO KOXKyXa,
CHJIBI TPEHHS YacTUIBI MPU CKOJBKEHHU I10 3TUM TMO-
BepxHocTsX. CocraBlieHO cucTeMy AH(pepeHIHnaIbHBIX
yYpaBHEHHH, KOTOpas pelleHa YHCICHHBIMH METOJIaMH.
[TokazaHo, 4TO aOCOIIOTHON TPaeKTOpPHEH IepeMeNeHUs
YACTHIBI MOCJIC CTAOMIN3AIMN ABMKECHUS SIBISIETCS TPSi-
MOJIMHEHHasT o0pasyromas MWINHApPa, KOTopasi pacIioiio-
JKEHa BBIIIIE CaMOW HU3KOW ero oOpasyromieil. BoisiBieHo
BIMsIHAE KOY(D(UIMEHTOB TPEHUSI U KOHCTPYKTHUBHBIX
napaMeTpoB OTPAaHMYHMBAIONIETO IIJIMHApPA M ITHEKa Ha
abCOIOTHYIO TPAaeKTOPHUIO MepeMenieHns 4yacTuisl. [lo-
CTPOCHO aOCOJIIOTHBIE TPAEKTOPHHN JIBH)KCHHS YACTHIIBI B
(GYHKIMM BpEMEHH.

[Tocie mepexoHOrO TNEpHoja HACTYHAET CTaOMIIH-
3aIus ABMKEHUS YaCTHIBI C MOCTOSIHHBIMH KHHEMaTHYe-
CKMMH napaMeTpamu. [Jjist 3Toro ciaydast HailieHbI aHaJn-
THUYECKHE BBIPAKEHUSI JUIST ONPENENICHNs] 3THUX IapaMeT-
poB. ITokazaHo, uTo B ciydae aOCONIOTHO TJIAJKOW TO-
BEPXHOCTH IIMIIMHIPUYECKOTO KOXyXa dacTHIa Oyzaer
JIBUTATBCS BJIOJb €r0 HU3IIEH MpsSMOJIMHEHHOW 00pasy-
ouei. Ha noBepxHocT LWIMHAPUYECKOTO KOXKyXa II0-
CTPOEHBI a0COTIOTHBIE TPACKTOPHH YACTHIIBI IS PA3IH-
HBIX KO3()(UIIMEHTOB ee TpeHHWs MO IMOBEPXHOCTH KO-
xyxa. [Tokazano, 4To 1o mepe yBesnnueHus: K03 hunneH-
Ta TPEHHUS BBICOTA PACIIONIOKEHHS 9TOH TPAaEKTOPHU TOXKE
YBEJIMYHBACTCSI.

KoioueBble cioBa: yacTuiia, OTHOCHTEJIBHOE IBH-
JKEHUE, TOPU30HTAIBHBIN IIHEK, YIJoBasi CKOPOCTh Bpa-

IICHUS, IWIMHAPWICCKUNA KOXYX, IU(QepeHnnatbHbe
YpaBHEHHSI, KHHEMAaTHIECKHE TTapaMeTpHI.

TRANSPORTATION OF PARTICLE WITH
HORIZONTAL AUGER, LIMITED COAXIAL FIXED
CYLINDER
T. A. Kresan, S. F. Pylypaka, V. M. Babka,

Ya. S. Kremets, M. B. Klendiy

Abstract. The article deals with the transportation of
process material with a horizontal auger on the example
of a single particle. The auger is the surface of a screw
conoid or straight closed helicoid. The auger rotates about
its axis inside a fixed coaxial cylindrical casing. The par-
ticle simultaneously contacts the movable and fixed sur-
faces. The common line of these surfaces, along which
the particle is forced to move during the rotation of the
auger, is a screw line - the outer edge of the auger. The
article assumes that the particle is on this line all the time.
The screw line rotates with the auger, and the particle
slides simultaneously on it and on the cylindrical casing,
i.e. makes a complex movement. The sum of the relative
motion of the particle (sliding along the screw line) and
the rotational motion of the screw line give an absolute
trajectory.

The parametric equations of the absolute trajectory
in the function of time in which the law of slip of a parti-
cle along a screw line is unknown are provides. Sequen-
tial differentiation found the speed and acceleration of
absolute motion. The direction of the applied forces, to
which the weight of the particle, the reaction of the sur-
faces of the auger and the cylindrical casing, the forces of
friction of the particle when sliding on these surfaces, are
found. A system of differential equations is developed,
which is solved by numerous methods. It is shown that
the absolute trajectory of movement of a particle after
stabilization of motion is a rectilinear creature of the cyl-
inder, which is located higher than its lowest one. The
influence of friction coefficients and design parameters of
the limiting cylinder and auger on the absolute trajectory
of particle displacement is investigated. Absolute trajecto-
ries of particle motion in function of time are constructed.

After the transition period, the motion of the particle
with constant kinematic parameters comes to stabilize. In
this case, analytical expressions were found to determine
these parameters. It is shown that in the case of a perfectly
smooth surface of the cylindrical casing, the particle will
move along its lowest rectilinear creature. Absolute tra-
jectories of the particle for different coefficients of fric-
tion along the surface of the cylindrical casing the casing
are constructed. It is shown that as the coefficient of fric-
tion increases, the height of this trajectory also increases.

Key words: particle, relative motion, horizontal
screw, angular velocity of rotation, cylindrical casing,
differential equations, kinematic parameters.
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AHOTaNisg. AHaIi3 SBUII, [0 BUHUKAIOTH B IPOIEC]
00pOOKHM IEepeBUHH pi3aHHSAM BH3HAYMB HEOOXITHICTH
MIPOBEJCHHS JIOCHTIJ)KCHb HAIPaBJICHUX Ha ONTHUMI3amlilo
PEXUMIB BHTOTOBIICHHS IeTayeli MebneBoi ramysi. [lpu
IIOMY OCOOJIMBY 3aIliKaBJICHICTh BHKIMKAIOTh HEAOCTAT-
HBO JOCIIIKEHI MepeXiTHi peKUMH, 3 TOUKH 30py IIBHI-
KOCTI pi3aHHs, 10 MaIOTh Micile Py 00pOOJICHHI CKIIa-
HO NpO(DIIBHUX TOBEPXOHb BIAKPHUTOTO Ta 3aKPUTOI'O
THUIIB, TaKUX SK MPSIMOKYTHI Ta (IrypHi Ia3H, a TaKoX
ckaanHonpodIbHI Ta (HacoHHI 03700JIOBANBHI JETAI.
ITpu oOpoOneHi MmarepiamiB pizaHHAM poOOTa Ta TEPTs
IHCTPYMEHTY IO 3arOTOBIII 3YMOBIIIO€ YTBOPEHHS Ta BH-
ITeHHS 3HAYHOI KUTBKOCTI €Heprii y BHIIIANI TETIIOTH.
Came TOMy B HaIlIMX AOCIIKEHHIX 0cOOIMBa yBara Oyna
TIpU/IiJeHa BU3HAYEHHIO TEMIIEpaTyp B 30HI pi3aHHS NpH
00po0IIi iIHCTPYMEHTOM, IO Ma€ Pi3HY MOPCTKICTh IOBE-
pxoHb. [Ipu 00poOICHHI AepeBHHN TPAKTHYHO BiJICYTHI
JIOCTOBIpHI JIaHi JOCHI/DKEHb PEabHOTO PO3IOALICHHS
TEIUIOBOi eHeprii, o 0OyMOBJIEHO HE3HAYHOIO TETUION-
POBIIHICTIO AEPEBHHM, a TAKOX CKIIAJHICTIO MPOIECIB
BUMIPIOBaHHS TEMIIEPAaTypy B 30HI pi3aHHsS Ipu 0OpoO-
JIeHHsT OaraTopi3lieBUM IHCTpyMeHTOM. [IpoaHanizyBas-
LM ICHYIOYI METOJIUKH BH3HAYEHHS TEMIIEpaTypu B 30HI
pizaHHs Ta TPOBIBIIX PSJ MOMEPEAHIX SKCIICPHMEHTIB, B
HalMX JIOCHIPKCHHSIX MM BHUKOPHCTOBYBAIH METOIHKY
BU3HAYECHHS TEMIIEPATyp METOJOM IITYYHOI TepMOMApH.
3a pesynbraTaMu OCHiAiB MOOYIOBaHI rpadidHi 3aIex-
HocTi. Lle 103BOIMIIO 3pO0ONTH BHCHOBOK, IO TEMIIEpaTy-
pa B 30HI pi3aHHS MPH JOepeBOOOPOOIN, BiJl MOPCTKOCTI
ITOBEPXOHb IHCTPYMEHTY 3aJIKHUTH OiNbIe, HIX Bix 3y-
cwnst pizaHHa. CTymiHb BIDIMBY IBOTO (hakTOpy BH3Ha-
ganock 3 moOymoBaHO! TpadidyHOi 3aIeKHOCTI Temmepa-
TypH, sIK QyHKIIIT IOPCTKOCTI B JOTapu(MidHUX KOOPIH-
HaTtaX. [IpoBeneHi MOCHTIKEHHS JO3BOJWIM BBECTH JIO-
MIOBHEHHS! B IMIEPHYHI DPIBHSHHSA, IO 3aCTOCOBYIOTHCS
JUISl BU3HAUEHHSI TEMIIEpaTypH B 30HI pi3aHHS IpH 00po-
Oui B iHTEpBaNi MEpexiJHUX peXuMiB pizaHHsi. B pobori
BU3HAYeHI JIiCHI 3HAUCHHS TEMIIEpaTyp Jie3a iHCTpyMeH-
Ty 32 PaXyHOK BHKOPHCTaHHS KOJbOPIB MiHJIMBOCTI, IO
YTBOPIOIOTBCSI Ha TOBEPXHI B Jlialna3oHi MaKCHUMAaJIbHO
MOJJIMBHX TEMIIepaTtyp Ipu obpoOri nepeBuHH. BusHa-
YeHi TeMIeparypH, SKi BHKIMKAIOTh OOBYTJICIFOBAaHHS
00po0bIeHNX MOBEPXOHB JAepeBUHU. OTpUMaHi pe3yibTa-
TH HAOYHO IOKA3allk, II0 NPH 3MEHIICHHI TePTS B 30HI
pi3aHHs, 3a paxyHOK 3HW)KCHHS HIOPCTKOCTI IMOBEPXHi

IHCTPYMEHTY, MOXIIMBE 3HIKCHHS TEMIIEPATypPH, IO MaE
TIO3UTUBHUI BIUIHB.

KorouoBi cioBa: Temmeparypa, pi3aHHs JepEeBHHH,
Je30 IHCTpYMeHTY, (pe3epyBaHHs, CTPYXKKa, KOJBOPH
MIHJIMBOCTI, TepMonapa, IIOPCTKiCTh, abpa3uBHA 0OpoO-
Ka.

ITocTanoBKka npo0aemMu

Oco0:uBicTh TIpoOlLIECy pi3aHHs PH AepeBo0OpoOLi B
TOMY, IO TEIUIOCTIMKICTh MaTepiary iHCTpYMEHTY JOCUTb
BHCOKa, a TEMIIEpaTypa, TIPH SKii NOYHHAIOTHCS HE3BOPO-
THI TIPOIlECH YTBOPEHHS Ha OOpOOJICHIN MOBEpXHI OKHC-
JICHUX TIPOIIAPKIB, a MOTIM 1 MPOIECH TOPIHHSA, TIIHHS -
3HAa4YHO HMXKYa 1 He nepesuirye 200°C.

[Ipu 0OpobneHHI AepeBHHN MPAKTHYHO BiACYTHI Ja-
Hi JIOCIIDKeHb PeabHOTO PO3IOIIICHHS TEIIOBOI eHep-
rii, o 0OYMOBIICHO HE3HAYHOK TEIUIOTPOBITHICTIO Jie-
PEBHMHH, a TaKOX CKJIQJHICTIO IPOIECIB BHUMIPIOBAHHS
TEMIIEpaTypH B 30HI pi3aHHs NpHU 00poOsIeHHs OaraTopis-
LEBUM IHCTPYMEHTOM.

AHaJII3 OCTAHHIX J0CJHiIKEeHb

HepeBuna Oyna mepmuM KOHCTPYKIIHHUM Martepia-
noMm. [lpn BUrOTOBNEHHI OXHOTO 3 TEPHIMX JIFOACHKUX
3HapAAb — CIHCY 3aCTOCOBYBAJIACh, SIK MEXaHiyHa 00po0-
Ka JIEPEBUHHU — 3 METOIO HaJlaHHS BINOBIHOT (POPMH, TaK
1 XiMiKO-TepMiYHa, TIPH SAKiIH 3arOCTpeHHH KiHemb oOma-
JIOBaBCs y OaraTTi i TakMM YWHOM 3MillHIOBaBcs. Ha
puc. 1. HaBeeHO GOTO CIHUCY BUTOTOBJICHOTO 32 JIEKUTbKA
TUCSIYOJIITH IO H.€.

3 MOsIBOIO peMeces JepeBrHa CTana OJHHM 3 OCHOB-
HUX KOHCTPYKIIHHUX MaTepialiB il BHUTOTOBICHHS
NPSAWIBHUX, TKALBKUX, MIIMHOBUX, TOHYAPHUX Ta IHIIUX
BepcTaTiB. i MMPOKO 3aCTOCOBYBAJM B BarOHO-CY/HO-
aBTO- 1 aBiaOyyBaHHI.

B nHamiit poOoTi OCHOBHUM 3aBIAaHHSAM OYJIO JOCIi-
JUKEHHSI TIPOIECiB, IO BiOYBArOTHCS NPU YUCTOBIH 00-
pooui AepeBHHH, KiHIEBMM (HACOHHHM iHCTpyMEHTOM [1-
4]. Takuii Bug 0OpOGIIEHHST 3aCTOCOBYETHCS B MeOJIEBil
MPOMHUCIIOBOCTI, 7€ OCOOJMBO BaXJIMBO OTPHUMYBATH
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MTOBEPXHi, 9aCTO CKJIAAHO-TIPO(DiIbHI, 3 BUCOKOIO TOYHIC-
TIO Ta 33JJaHOIO MOPCTKICTIO.

Puc. 1. Cruc sxuii 3HaWITM B CeperHI MaMOHTO-
BHX pelep.

Fig. 1. Spear which is found in the middle of
mammoth ribs.

[IpoBiBmM aHami3 3araJlbHUX OCHOB Ta OCOOJIHBOC-
Tel 00pOOKM JICPEBUHM Pi3aHHSIM, IO BiAOYBa€eThCS MPU
3HAYHUX WBUIKOCTAX (H0 50...100 m/cex), B MOPIBHSAHHI
3 00poOKOIO METaJiB Ta CILIaBiB, A€ HMIBUAKICTh PEXUMY
pizanns He nepesuinye -30...80 m/xe [1, 5, 6].

ITpu 06pobiieHi MarepianiB pi3aHHsIM poOoTa Ta Tep-
TSl IHCTPYMEHTY IO 3aroTOBL{ 3YMOBIIIOE YTBOPEHHS Ta
BHIJICHHS 3HAYHOT KUTBKOCTI €HEePTil Y BUTIISIL TeTDIOTH.

Sxmo mpu oOpodui MeTamiB Ta CIUIABIB CITiBBiIHO-
OICHHS pO3MOJUTY TEIUIOBOiI EHeprii 3araibHOBiAOMI,
TOOTO B CTpYXKy BHAUIeThCs (60...85 %) Temna, B iH-
ctpymenT (15...35%), a pemTa BiANOBITHO B 3arOTOBKY 1
HaBkonuiiHe cepenosuiie - (1..5%), (0,5...39%), To
MpOIIEeCH, SIKI BiIOYBaIOThCS MPH 00pOOIIi JCPSBHUHH J0C-
JpKeHi HempocTaTHbo. OCO0MHMBO 1€ CTOCYETHCS MPOIIe-
ciB (pe3epyBaHHS CKJIAJHO-NIPO(IILHUX MOBEPXOHb Ta
nasi. [Ipyu 1poMy JOCHIJKYyBaHI PEXHUMH pi3aHHS 3aii-
MaroTh IPOMDKHE MOJI0XKEHHS 31 IBHUIKICTIO 10 10 m/cex.

OpmHuM 3 BUIB IHOTO OOPOOIICHHS € (pe3epyBaHHS
3a mpodinem komipy. B mporeci KomitoBaHHS OTPUMYIOTh
(aconHi neTani, mo He € TitamMu ooepTanHsa. OOpoOIeHHS
MIPOBOJIATH KIHIEBUMH (pe3aMu Maioro miamerpa. Dpe-
3epYIOTh PEIbE(HI CIEMEHTH Ta MIPOBOIATE CKYJIBNTYpPHE
pizsomenns. [lpu BuOipmi ¢acoHHHX ma3iB, MIMMOBHX
THI3[], IPU CKYJIBITYPHHUX Pi3b00BHX poOOTAaX i (hacOHHUX
00poOKax OOKOBHX MOBEPXOHB JETalICil 3aCTOCOBYIOTHCS
(daconni iHcTpymeHTtu. IIpoliec pi3aHHs MOIUISETHCS Ha
norauOIeHHs: Gpe3u - CBepAJIiHHS 1 IepeMilieHHs 11, abo
JieTalli B 33/IaHOMY HAMpsIMKY MEPHeHIUKYISPHO IO OCi
¢dpes3u - nponec dpesepyBanHa. OTxe, pKYdi elTeMEHTH
(pe3n MaroTh PO3TAIIOBYBATUCS SK HA OIYHIH NMOBEpPXHI,
Tak i Ha Topui ¢pe3u. [Ipu dppesepyBanHi nasiB Mae Micre
3ycTpiyHa Moja4a Mpu BXOJI Pi3Ls B AEPEBUHY 1 MOIMyTHA
IIPY BUXO/I pi3Lis.

MinHICTh JepeBUHE 3MEHIITYETHCS 31 30UTBIICHHIM
BOJIOTOCTI Biji a0COJIOTHO CYXOT'O CTaHy J0 TOYKH HacCH-
YyBaHHS BOJIOKOH. MIITHICTh OUTBII BOJIOTOI JEpEBUHU
3MIHIOETHCSI HE3HAYHO. 3MEHIIEHHS THMYaCOBOTO OTIOPY
pi3aHHIO 30BCIM HE BW3HAYa€ BiANOBIAHOTO 3HWKCHHS
po0OTH pi3aHHsl, 10 BUTPAYAETHCS HA 3HATTS MOBEpXHE-
BOTO MPOIIAPKY Y BUMIISIAI CTPYKKH. KpiM 3MiHU BeTr4n-
HU HampyxXeHHs nedopmarii, Tpeba BpaxoByBaTH Iue
3MiHa BEJIMYMHU JedopMallii, ska 3Ha4YHO OLbIIa y BOJIO-
o1 JISpEBUHU B NOPIBHSIHHI 3 CYXOIO.

3MiHa TeMIlepaTypu Mpu JAepeBooOpoOITi 3aBXKaH 3a-
JISKHUTh BiJl 0araThbox (akTOpiB, HAMPHUKIAJ Bia MOPOIH
nepeBuHH, 11 (isuKo-MexaHiuHMX BiactuBocteit [7]. 3i
30UTBIICHHSM TEMIEpPaTyPH MIIHICTh EPEBUHHI 3MEHIITY-
€ThCSI, ajie TIeH Mpolec A0CTiKeHUI He JocTaTHbo [8, 9].
B miTepaTypi MokHa 3HAUTH N1aHi, IKi OMMUCYIOTH OCOOIH-
BOCTi 00pPOOKH 3aMOpPOKEHOT IepeBUHH. BIiue Bonorocti
1 Temmeparypyu Ha BJIACTUBOCTI JEPEBHMHHM 1 1i 37aTHICTH
00pOoO0IIOBAaTHCH Pi3aHHSAM MOTPEOYIOTh MOJANBIINX J0C-
JIJKEHb.

[Ipn 0OpoOieHHi AepeBUHM NMPAKTUYHO BIJICYTHI J10-
CTOBIpHI J1aHi JOCIHI/DKEHb PEAIFHOTO PO3IMOJiICHHS
TEIUIOBOi eHeprii, mo 0OyMOBIEHO HE3HAYHOIO TEIUIOIN-
POBIHICTIO JEPEBHHHU, a TaKOX CKIIQJHICTIO IPOIECIB
BHUMIPIOBaHHS TEMIIEpaTypH B 30HI pizaHHS mpu 00poO-
JIeHHI 6araTopi3neBUM IHCTPYMEHTOM.

MeToau BUMIpIOBaHHS TEMIIEpaTypy MOAUISIOTH Ha
KOHTAaKTHI 1 0€3KOHTaKTHI. /[0 KOHTaKTHHX HalleXKaTh TaKi
METOIU: KAIOPUMETPUYHHUH, TepMomnap, TEpPMOOIIOpY,
TEPMOIHIUKATOPIB, BOJIOKOHHO-ONITHYHUH, KBapPIOBUX
TEPMOMETPIB, TEPMOTPAH3UCTOPIB, KaJOPUMETPUUHHUI.
beskoHTakTHI MeToau: iH(GpPaYepPBOHUX IEPETBOPIOBAUIB
(indpadepBoHI MIpOMETPH, TEIUIOBI30PH), YIBTPA3BYKO-
BUX TepmomeTpis [3-11].

Jui1 BUMipIOBaHHS TeMIeEpaTyp y MpoIleci pi3aHHS
[IAPOKO BHKOPUCTOBYIOTH Tepmomapu [1, 6]: mryuHi,
HaiBIITYYHI, IPUPO/IHI.

[Ipu nepmomy BapianTi (puc. 2.) 3aroToBKa 2 i pi-
3ens 1 i30MI0I0TECS Bif BepcTaTa. TepMOCTPYM CHpPSMO-
BYETBCS Bif pi3iyt 1 yepes 3aroToBKy 2, cTpyMO3HIMau Ha
ragpBaHoMeTp 3. B IBOX iHIIMX BapiaHTaX pi3ellb 130JI0-
€TBCS BiJ| BEpCTaTa i 4epe3 MUTIBOJIBTMETD 3’ €HYEThCS 3
KOpITyCOM BepcTaTa (HalpHKIaja, depe3 IiHomb) abo 3
JIETAILTIO (IKOMOTra ONM)K4e JI0 30HU pi3aHHs) 4epe3 KOB-
3HUI KOHTAKT 3 TpaiTOBOrO EJIEKTPOY.

L]

o

Puc. 2. MeTon npupoHOT OJJHOPI3IEBOT TEPMOTIApH.
Fig. 2. Odnoral method of natural thermocouple.

Xo4a HpUpOJHA TEpPMOIapa J1a€ MOXKIMBICTD BHMi-
proBaTH TemIiiepaTypy Oe3nocepesiHbO B 30HI KOHTaKTy
pLKydoi KpPOMKH IHCTPYMEHTY Ta 3aroTOBKH, IO JIa€
HaHOLTBII peanbHi pe3yIbTaTH, ajie el MeTO]] HEMOKIIH-
BO 3aCTOCOBYBATH IS JiCNEKTPHKIB, IKUM € JICpPEBUHA.

Jlis BUMIpIOBaHHS TEMIEpaTypH Pi3ajbHOI KPOMKH
IHCTPYMEHTY, B TOMY BMIIQJIKy KOJIM 3arOTOBKA HE € MpO-
BIZITHUKOM pEaJbHO 3aCTOCOBYBATH METOJ] KOMOIHOBaHOTO
Hoxa. ToOTO ABI TBEpAOCIUIABHI MIIACTHHKH (i3 CIUIABIB,
110 MalOTh Pi3HY ENEKTPONPOBIIHICTh) KOHTAKTYIOTh M
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coboro 1o pixydid kpomii. Ilig miero Temmeparypu pi-
3aHHSA MK €JIEKTPOIaMH BHHHUKAE TEPMOEIICKTPOPYIIiiiHa
CHJIa, BEJIMYMHY SKOI MOXKHAa BHMIPSTH 3a JIOIIOMOTOIO
MiTiBonbT™MeTpa. [lepeBaroro maHOTO METONy € T€, IO
MOJKHA BHMIPSTH TEMIIEpaTypy HpsSIMO B 30HI pi3aHHS,
HaBiTh I MiaeKTPHYHUX MatepianmiB. Jlo HemomikiB
MOJKHa BiJJHECTH HECTaOUIBHICTH IOKa3iB TEMIIEPaTypH,
IIpU HE3HAYHIN 3MiHI IJIONI KOHTAKTY Mix 4ac poOOTH,
a0o TpH peryJroBaHHI HOXa, a TaKOX CKIIAJHICTh CTBO-
PEHHS JOCTAaTHBO KOPCTKOI CUCTEMHU

Hyxe nikasi pesynbraté orpuMani mpod. IlIBepaom
3a JJOIMOMOTOI0 ONTHYHOTO METOY OMHUcaHi B poooTi [10].
Bin mae MOXJIHMBICTH BUMIpPIOBATH TEMIIEpaTypy Ha Oyab
SIKOMY BiZpi3Ky cTpyskKu aGo pisist [16-18].

[Tepearoto mporo metoxy [19, 20] € Te, mo 3a ioro
JOIIOMOTOI0 MOYKHA OTPHMATH YSBY IIPO TEMIIEpaTypy
PI3HUX JINITHOK CTPYKKH Ta AeTtaini (puc. 3).

Puc. 3. Pe3ynpraTé BU3HAYCHHS TEMIIEPATypH B 30HI
piSaHHﬂ OIITHYHHUM METOJOM.

Fig. 3. Results of determination of temperature in the
cutting zone using an optical method.

Ha pucyHky mokaszaHo 3MiHy TemIepaTypu Ha pi3-
HUX TOYKaxX CTPY)KKH Ta AeTalli. 3 PUCYHKY BHIHO ILIO
HaiiOIbpIIa TeMmIepaTypa B CTPYXI po3MilieHa Ouis
BEPIIUHHM Pi3I.

3riIHO [LOr0 CaMOro PUCYHKY TeMIleparypa JAeTali
TakoX 3HayHa. Tak Ha BifcraHi 61u3bko 0,5mm Bix 00po-
0JIr0BaHOT IOBEPXHI TeMrieparypa aetaii gocsarae 235°C.

Le#t MeTox 103BOJISIE I€TATIBHO BUBYATH TEMIEpaTy-
PY CTPYXKH Ta pi3ld, ajie He OTPUMAB HINPOKOTO PO3IIOB-
CIO/DKEHHS Yepe3 Taki HeI0JiKH:

1) nosiBa TOHKHX OKUCIIiB Ha MOBEPXHi CTPYIKKH L0
CIIOTBOPIOE MTOKA3aHHs MPUIIAY;

2) KpiluleHHS NpUiIagy Ha pis3li He 3pydYHe, a Mmpu
KpiIuteHHI HOTO IMo3a MEXeIo pi3ls, KOJWBAHHS OCTaH-
HBOTO B TIPOIIECi pi3aHHS 3aBa)kalOTb BUMIPIOBaHHI TEM-
nepaTypu (ikcoBaHO! TOUKH

3) ckiamHe TapyBaHHS NPHCTPOIO, OCKIIBKH TEIIO-
Ta BHIIPOMIHIOBaHHS 3aJIS)KUTh HE TLTBKH BiJ TeMIepary-
pH HarpiToi IUISHKH, a TAaKOX BiJl KOJBOPY Ta CTaHy ii
noBepxHi. IllopcTka MOBEpXHs CTPYKKH BHJIUISIE Olnblie
TeIIa HiXK TJIajiKa TapoBaHa IIOBEPXHSI.

JIOCHUTh CKIIQIHHUIA TaKOK METOJl BUMIPIOBAHHS TEM-
HepaTypy 3a J0IOMOTro0 BOyI0BaHOTO enekrpoxy. Komn
MDXK IIOJIOBUHKAMH JepeB’STHOI 3arOTOBKH BKJICIOETHCS
¢enonpHOO cMoioro ToHKa (0,004-0,01 MMm) amominieBa
¢onpra mo BHUCTyIAE B poii enexTpoxy. Harpituii mpu
pizaHHI gepeBHHH 3y0 (pe3u, 3aMUKa€ JAHIIOT TepMOe-
JeKTpopyiiHOi cuiu. Tepmonapa 3 BMOHTOBaHHM €JIEK-
TPOJIOM BHMIpsi€ ICTUHHY a00 3 HEBEJIMKOIO MOXHOKOIO
TEeMIIEpaTypy B 30HI pi3aHHI.

Jnst BUMIpIOBaHHS TEMIIEpaTypy HENPSMHUM IIIIXOM
BUKOPHCTOBYIOTh TakoX MeTon (ap6. [Ipu nupomy meroni
BUKOPHCTOBYETHCS SIBHIIE 3MiHH KOJILOPY JEsKUX (apo
i Ji€f0 TeMIIepaTypu.

B Hammx nOCHiIKEHHSAX MU BHKOPHCTOBYBAIH aHa-
JOTIYHHAN METOJ A KOHTPOJIIO OTPUMAaHUX PE3YNbTaTiB
3a JIOTOMOTOI0 KOJBhOPY OKHCHHX IUTIBOK Ha ITOBEpPXHI
IHCTpYMEHTY Ta 3aTOTOBKH.

Pe3yabTaTh n10CaiTKeHb

Ha mpaktuni npu oOpoOLi epeBHHU TEIUIOTa, SKa
3YMOBIIIOE HarpiBaHHs 3arOTOBKM Maiike HE BIUIMBA€E Ha
3MiHy ii po3mipiB. HarpiBanHs pi3adpbHOTO iHCTPYMEHTY
3HHKYE HOTO 3HOCOCTIHKICTh 1 MOXE CIIPHYUHHUTH 3MiHY
PO3MipiB JeTaii Yepes TEeIIoBi aedopMarii iHCTpyMEHTY.
B 30HI pi3aHHA iHCTPYMEHT MOKE HArpiBaTHCS A0 3HAY-
HUX TemIieparyp ix BennunHa csrae 250...380°C i oOme-
JKEHHSI HaKJIaJla€ TeIUIOCTIMKICTh MaTepialy 3arOTOBKH -
JICPCBHHM.

Ha rtemmepaTypy pi3aHHS BIUIMBAIOTH BJIACTHBOCTI
00poOIIOBAaHOTO Ta IHCTPYMEHTAJIBHOIO MarepiaiB,
EIIEMEHTH PEeXKUMY pi3aHHs, TEOMETpis IHCTPYMEHTY.
MexaHi3M BIUIMBY Pi3HMX YHWHHHKIB Ha TEMIIEPaTypy
pi3aHHs 3yMOBJICHUI CHJIaMU Pi3aHHS, TEPTSIM 1 YMOBaMHU
TEIUIOBIABeICHHS. TaK, MiJBUIIEHHS MIIIHOCTI, TBEPIOCTI
I TUTacTHYHOCTI 0OPOOITIOBAaHOTO MaTepiany 30UTbIIye, a
30UTBIICHHST HOTO TEIUIONPOBIMHOCTI 3MEHIIYE TeMIIepa-
Typy B 30Hi pi3aHHI.

Buxos4u 3 mosioxeHs Teopii pizanHs matepiaiis [1,
4] i3 mapameTpiB peKUMY JE€PEBOOOPOOKH Ha TeMIepary-
Py B 30HI KOHTaKTy iHCTpYMEHTY i 3aTOTOBKH, Hail0OibIIe
BIUIMBA€E LIBHJKICTh Pi3aHHS V, MEHILE Tofava S 1 Haiime-
Hine rmOuHa pizanHs t. Kpim 1poro, iHTEHCHBHICTBH
BIUIMBY TaJa€ 31 30UIBIICHHSIM IUX MTapaMeTpiB pi3aHHsL.
3aJeXKHICTh TEMIIEpaTypH pi3aHHS BiJ HOro pexumy,
OTpPHUMaHy JIOCIIIHUM LIISIXOM, BUPAXKAIOTh (POPMYJIOKO:

0=Cyt™ s> v",
ne: Cy — xoedilienT, sxuil 3anexuTh BiJ Marepiary
3arOTOBKH, MaTepiay pisls 1 yMOB pi3aHHS;
V — MIBUAKICTH pi3aHHS, M/X86;
S — mojaya, Mm/00;
t — rmmOuHa pizaHHs, MM,

Xg, Yo» g — TOKa3HMKHM CTENEHIB, 10 BPaXoBY-

I0Th BIUIMB, BIJIOBINHO, i, S, V Ha TeMmIepaTypy B 30HI
pi3aHHSI.

B icHyrouy dopmyiry 0yio m1oJaTKOBO BBEICHHIA IIIe
OJIMH apr'yMEHT, SIKUi BKa3ye Ha BIUIMB HA TEMIIEpaTypy B
30HI pi3aHHS HIOPCTKOCTI MEpeAHbOI MOBEPXHi 1HCTpyMe-
HTY. 3p03yMiJio, III0 caMe IMOPCTKICTh OBEPXOHb BU3HA-
Hae CHJIM TePTSI, AKi B 3HAUHiN Mipi BIUIMBAIOTH HAa TEMIIe-
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paTypHi IMOKa3HHWKH TPOIIECY pi3aHHs MpH 00poOIIi aepe-
BUHH.

CaMme TOMy B HaIlIMX JOCIiIKEHHIX OCOOIIMBA yBara
Oyna mpuIiTeHa BU3HAYCHHIO TEMIIepaTyp B 30HI pi3aHHA
mpu o0podIi iHCTPYMEHTOM, II0 Ma€ Pi3Hy MOPCTKICTh
TIOBEPXOHb.

IIpoananizyBaBIIn iCHYIOYl METOAWKUA BU3HAYCHHS
TEMIIEpaTypy B 30HI pi3aHHS Ta MPOBIBIIYU PsJ ITOIEpE-
HIX €KCIIEpUMEHTIB, B HAIIMX JOCIIIKEHHSIX MU BUKOPH-
CTOBYBQJIM METOJAWKY BH3HAYCHHS TEMIEpPaTyp METOIOM
IITY4YHOI TEPMOIIApH.

Meron mryuHoi Tepmonapu (puc.4) 3abesnedye BH-
MIPIOBaHHS TEMIIEPaTypH pi3isd Oifs pi3anbHOI KPOMKH.
s meoro B oTBip, skuif Ha 0,2...0,5 mm HE TOXOIUTH 1O
TIepeIHb0] MOBEPXHi pi3lsd 1, BCTaBIAIOTH TepMomapy 5.
Jlo KiHIiB TepMomapu S5 MiAKITIOYaI0Th MiTiIBOJIBTMETP 3,
SKAA 1 BU3HAYA€ eJICKTpopymIiiHy cmiry. Tepmomapa
130TF0€ThCS TPYOKOIO 4.

Puc. 4. MeTon mwTy4yHoi TepMonapu.
Fig. 4. Method of artificial thermocouple.

3HAYHOIO TEPEeBarol0 IbOr0 METOAY € MOXIIHMBICTh
BUKOPHCTAaHHS CTaHIAPTHHUX TepMoOIap, sIKi He MOTpely-
I0Th CIIeliajbHOrO TapyBaHHs. Hemoinik Merony mossirae
y BUMIpIOBaHHI TeMIepaTypu Ha MeBHIH TIMOMHI Bil
KOHTaKTHUX TOBEPXOHb IHCTPYMEHTY, Yepe3 IO TeMIle-
patypa Ha 50...80 °C HmKYa Bij OIHCHOI, ane IF0 MOXHUO-
Ky B HalllUX JOCHI/PKEHHSX MH BPaxOBYBAJIU 332 PaxyHOK
YTBOPEHHS KOJILOPIB MIHJIMBOCTI Ha MepenHii MOBEpXHi
iHCTpYyMeHTY B iHTepBam Temmeparyp 200...300°C, mo
JI03BOJISLIIO JIOCUTh TOYHO KOPEKTYBaTH OTPUMaHI pe3yJib-
TaTu.

TapyBanns Tepmonapu (puc. 5) IPOBOAMIOCH IILIA-
XOM 11 BUTPUMKH TIPH Pi3HUX TeMIIepaTypax B MydepHii
edi Ta moOyIOBH 32 OTPUMAHUMH pe3yiabTaTaMu rpadid-
HoT 3anexHocti — 6 = f (U).

Oco0MBiCTh Npoliecy pi3aHHs MPH AepeBo0OpoOLi B
TOMY, IO TEIUIOCTiHKICTh Martepiamy iHCTpyMeHTY (B
HamoMy BUNaaKy ctanb P18 — 650 °C ), nocuTh BUCOKa, a
TeMIepaTypa, py AKii MOYMHAIOTHCS HE3BOPOTHI IpoIie-
CH YTBOpPEHHS Ha 00poOieHil MOBEPXHI OKHCICHUX MPO-
IIapKiB, a MOTIM 1 IPONECH TOPiHHS, TIiHHS, 3HAYHO HU-
xua 1 He nepesuiye 200°C.

IIpu mpoBeneHHI AOCTiAIB HAMH BCTAHOBIEHO, IO
PI3HHUI MK TEMIIEPaTyporO PiKydoi KPOMKH 1HCTPYMEH-
Ty 1 00pOoOIIOBaHOI 3arOTOBKM IPH HE3HAYHUX MOJavax,
SIKI MArOTh MicCIle TIPY YHCTOBiM 0OpoOIli, HE MMEepeBHIIYE
100... 200°C.

Jnis oTprMaHHS IHCTPYMEHTY MOBEPXHI SIKOTO Maiu
0 pi3Hy CTymiHb HIOPCTKOCTI NMPOBOJMIOCH HITi(QyBaHHS

pI3IiB IO TEpenHild 1 3aaHiIi TOBEpXHSIM, aOpa3wBOM 3
PI3HOIO 3€pHUCTICTIO, & TAKOXK MOJIipyBaHHS.

e,°Cc
900
800
700
600
500

400
300

200

100

0 6 8 10 12 14 16 18
U, mv

Puc. 5. TapyBanpHH Tpadik TeMmeparyp 3aeiKHO
BiJl €JICKTPOPYIIIIHOT CHIIH TEPMOTIAPH.

Fig. 5. Travalini temperature graph depending on the
electromotive force of the thermocouple.

Tadanus 1. BixnoBiaHicTh MOPCTKOCTI 00p0o0IeHOT
MIOBEPXHI JI0 36PHUCTOCTI aOpa3UBHOTO IHCTPYMEHTY .

Table 1. The line roughness of the processed surface
to the grit of the abrasive tool.

ITo3naueHHs Po3mip 3epen | LlopcrkicTb
3€pPHUCTOCTI, OCHOBHOI (pa- MOBEPXHI
BIJIIOBITHO 110 KIIii, Ra,
I'OCT 3647-71 MKM MKM
63H 800...630 1,75
12H 160...125 0,32
M20 20...14 0,16
M3...10 3...10 0,032

Hiamazon 3mian mOpcTKOCTI Ra 00pobieHnx mosep-
XOHb 3MiHIOBaBcs Big 1,75 mxm g0 0,16 MxM, Big o0au-
POYHOTO i YOPHOBOTO NUTIQYBaHHS A0 (iHIIIHOTO, a Ta-
kox nonipyBanus (0,032). Jlnst 3abe3nedeHHs BiANOBiz-
HUX MMOKA3HHUKIB MIOPCTKOCTI 3aCTOCOBYBABCS IHCTPYMEHT
13 33JJTaHUM PO3MIPOM 3epPEH.

B Tabun. 1 HaBeneHi Buau nutiyyBaHHs, 3€pPHHUCTICTh
a0pa3uBHOTO IHCTPYMEHTY, a TaKOX, BIIMOBIIHO O IUX
napameTpiB, OTpUMaHa LIOPCTKICTh 0OpOOJIeHNX MOBEp-
XOHBb IHCTPYMEHTY.

3 METOI0 BIATIOBITHOCTI OTPUMAHOT IIOPCTKOCTI MO-
BEPXOHb PO3Mipy aOpa3sMBHMX 3€peH TPHUBAIICTH HUIIDY-
BaHHS He mepesuiryBana 15..20 cex, BIAMOBIIHO peKoMe-
HIALISM.

[IpoBiBmIM aHami3 iICHYIOYHMX PEKHMIB Pi3aHHS INpU
BHUT'OTOBJICHHI JIeTaieid MeOJIeBOi rary3i BCTAHOBJICHO, IO
9UCcTOBE (hpe3epyBaHHs BiIKPUTUX MMOBEPXOHD KiHIIEBUMHU
¢dbpe3amu, 0OpoOJIEHHSI TIOBEPXOHb Ma3iB JIAHIFOTOBUMH
IHCTpYMEHTaMH, a TaKOX 0OpOOJICHHS CKIaHO MPOdisib-
HUX OO0’€MHUX NIOBEPXOHb (DaCOHHHM IHCTPYMEHTOM
MIPOBOJIUTHCS NIPU MepexifHuX pexnmax. ToOTo miana3zon
3MIHM HIBHIKOCTI T'OJIOBHO PYXy 3HaXOAWTHCS B MeXKax
1o...10 m/cex.

3MEHIICHHS Ii€] MBUIAKOCTI HEIOIUIBHO 3 TOUYKH 30-
Py 3HIDKEHHS NMPOAYKTHBHOCTI Ipouecy. B Toif xe wac
OJHi€I0 13 3a7a4 Hamoi podoTH OyIo 3a0e3neyeHHs BHCO-
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KOi SIKOCTi 00po0JIeHO1 MOBEPXHi, MiHIMAJIBHOT IIOPCTKO-
CTi.

Buxonsun 3 Toro, mo 4nucToBe (hpe3epyBaHHS MpU
00poOIIeHHI CKITaTHO-TIPO(UTEHIX TOBEPXOHb B MeOJIEBIii
MIPOMHCIIOBOCTI 4acTo € (piHImHOI 00poOKOI0, TOMY IO
00po0IATH CcKIIaIHO-TIPO(TBHI 00’ €MHI TTOBEPXHI JOCUTH
CKJIaHO a0pa3MBHUM IHCTPYMEHTOM. A JOCHTBH 4acTo i
HEMOJXXJIMBO BHMKOPUCTOBYBAaTM METOAM HUTi(yBaHHS,
oco0nmmBO Tpu 00poOIl BHYTPILIHIX 3aKPUTHX MOBEP-
XOHb, THITY 11a3iB Ta pelbePHNUX 00 €MHUX TOBEPXOHb.

Marepian pi3zanpHoi yactuau pisnst — Crams P18.
Marepian 3aroToBKH JepeBHHa TBepAMX Mopix (1yo).
l'eomeTpryHi mapaMeTpu pi3IiB 3 PI3HOIO MIOPCTKICTIO
MTOBEPXOHb OYJH iICHTUYHUMH, 3 METOI0 MiHIMiHI3yBaTH
BIUIMB MOOIYHWX BUMAJKOBUX (DaKTOPIB Ha pe3yiIbTaTH
nocnigais. KyTu B miaHi ¢, ma @i TOpiBHIOBAIIU BiIOBII-
HO — 45 Ta 30°, mo 3a0e3meuynso BENWYHWHY KyTa IPH
BepmuHi 105 °. Pagiyc mpu Bepmui pisi = 0,02 mm.
BennunHa roJIOBHOTO 3aJHBOTO KyTa « Oyna MiHiMallb-
HOIO BiIHOCHO PEKOMEHJOBAHOTO Iialla30Hy 1 CKJajana
6°, 3 METOI0 3MEHIIICHHS TePTA 3aHbOI MOBEPXHI 1HCTPY-
MeHTa 10 00poOIIeHIH NOBEPXHI 3ar0TOBKH 1 3MEHILCHHS
BIUIMBY LIOTO (haKTOpa Ha CHJIM B3a€EMOJIi IHCTPYMEHTY i
3aroToBKH. llepeqHii KyT J, a TaKOXK KyT HaXWIy T'OJIOB-
HOI pi3ajibHOT KPOMKH A JIOPIBHIOBAIM HYJIIO, LIO 3a0e3-
MEYUIIO HANPSIM BIBOJY CTPY)KKH, SIKMH HE 3aBakaB Ou
MiBEICHHIO TEPMOTIAPH.

Pexxum pizanns OyB HeaMiHHUM. LIIBUAKICTD pi3aHHs
Oylla MakCHMaJbHO HAaONIDKEHA [0 PEaJbHUX DPEXHUMIB
00pOOKH pi3aHHAM ICPEBUHU TBEPAUX IMOPiT MPHU MEepexi-
JTHUAX PeXHUMax, SKi MaloTh MicCIle B MPOLECI YHCTOBOTO
¢pe3epyBaHHS KIHIICBUMH (pe3aMH Ta JAHIIOTOBUM
IHCTpYMEHTOM i ckianana 7...10 m/cex.

Juis ii 3abe3neueHHs, BPaxOBYIOUH TiaMETPH 3aro-
ToBKH 75...150 mm, Ha BepcTaTi Oysia BCTAHOBJICHA Yac-
TOTa 00epTaHHS 3aroToBKH 915 06/xs., mo 3abe3meunio
HEOOXIHY MIWCHY IBUIKICTh PI3aHHS B HAIIUX AOCTiIaX.

I'muOuHa pisaHHs ckiana 8 mm, a mozada Oyma B
mexax 0,3...0,4 mm/06, 0 BiAMOBIAI0 MaKCHUMAaIbHUM
3HAYEHHSM TEMIIEPaTyp B 30HI pi3aHHS.

PesynbraTi BU3HaYEHHS TEMIIEpaTypu B 30HI pi3aH-
HS TIPH PI3HUX HapaMeTpax IIOPCTKOCTI iHCTPYMEHTY 3a
TapyBaJbHUM rpadikoM HaBecHi B Ta0I. 2.

Tab6auus 2. 3HaueHHS TEMIIEpPaTyp B 30HI pi3aHHS.
Table 2. Temperatures in the cutting zone.

3epHHUCTICTD MopcTxicTh TeMnc'epE}Typa
. B 30HI pi3aH-
abpasuBy, IHCTPYMEHTY, 1
H Ra, mxm 0.°C
63H 1,75 120
12 0,32 90
M20 0,16 80
M3 0,032 60

B Tabnmii HaBeneHi ycepemHeHi JaHi pe3yiabTaTiB
JIOCTiAIB MO 5 Jociizax Ha TOYKy, Ui 3a0e3NeueHHs
JIOCTOBIPHOCTI OTPUMAHHX PE3YJIbTATIB.

3a pe3ynbTaTaMy IPOBEAEHHX JOCITIIIB OOy10BaHI
rpadiuHi 3aJIeKHOCTI TeMIepaTypd B 30HI pi3aHHS BiJ
mopctkocti 8 = f (Ra). TToOy0Ba rpadivHuX 3aIeKHOC-
Teil B JOorapu(MiuyHUX KOOpAWHATAX MOa€ MOXKIMBICTH

BU3HAUCHHS CTYIICHIO BIUIMBY IIEBHUX 3MIiHHHUX Hapamer-
piB QYHKIIOHAJIBHUX 3aJI€XKHOCTEH (apryMeHTIB) Ha camy
¢GyHKIII0, IPY HE3MIHHOCTI 1HINNX mapaMmeTpis. B Hammo-
My - KOHKPETHOMY BHIaJKy MU MOXEMO BH3HAYHUTH IIO-
Ka3HHK CTETICHIO NMPH KoeillieHTi, SKUii BI3HAYa€ BIUINB
IIOPCTKOCTI TIOBEPXOHB IHCTPYMEHTY Ha TEMIIEpPaTypy B
30HI pi3aHHs puc. 6.

400+

O 300 4
-]

=

=

=
1

o oooo
1

Temnepamypa O,
s o ane é
1 L "

w
=

| PR R B LK ELB A L

_ . —t—
0,04 00801 02 04 06 -10 1418

Hlopcmxicmy, Ra, mim

Puc. 6. I'padiuna 3ayexHICTh TeMIepaTypu B 30HI
pi3aHHs BiJ IIOPCTKOCTI MOBEPXHI IHCTPYMEHTY.

Fig. 6. Graphical dependence of temperature in cut-
ting zone from the surface roughness of tool.

AHalizyroun xapaktep rpadigHoi 3ajJeKHOCTI MOXK-
Ha 3pOOWTH BHCHOBOK, IO TEMIIEPaTypa B 30HI pi3aHHA
IpH IepeBOOOPOOIIi, BiJl MIOPCTKOCTI MTOBEPXOHb iHCTPY-
MEHTY 3aJICXKHUTh OiNbIIe HiXK Bix 3ycwmid pizaHas. Cry-
IiHb BIUIMBY IbOTO ()aKTOPy BH3HAYAIOCh 3 TTOOYN0BaHOT
rpadiyHol 3aJeKHOCTI TeMueparypH, sk GpyHkuii mopcr-
KOCTI B JIOTapU(MIYHUX KOOPJIMHATAX.

[Toka3HuK cTeneHto, SIKKii BKa3ye Ha CTYIIHb BILUTUBY
IIOPCTKOCTI IIOBEPXHI IHCTPYMEHTY Ha TeMIeparypy
ag = 0,12.

3 ypaxyBaHHSIM JOCIIDKEHOTO HaMU (haKTOpy BILIH-
BY IIOPCTKOCTI TIOBEPXHi iHCTPYMEHTY Ha TEMIIEpaTypy B
30HI pi3aHHSA, MaTeMaTWYHUA BHUpa3 IS PO3PaXyHKY
TEMIepaTypH B 30HI pi3aHHs Oyne MaTH HACTYIHUH BH-
LIS

0 = C,ts"V ¥ R¥,

3 METOI0 MaTeMaTHYHOI'O LIFOCTPYBaHHS OTPUMaHUX
Pe3yJbTAaTIB TOCHIKEHb B 3arajlbHOBiIOME MaTeMaTHYHE
PIBHSIHHSI, 110 3aCTOCOBYBAJIOCH JIJIsi BU3HAYCHHS TeMIIe-
patyp B 30HI pi3aHHS NpHU Pi3HUX NapaMeTpax PeKHUMIB
pi3aHHS HaMH BBEJCHUH KOe(IIi€HT, SKMH BpaxoBye
BIUIMB IOPCTKOCTI TOBEPXHI IHCTPyMEHTYy Ha TeMmIepa-
TYpy B 30Hi pizanns (R?).

Buxonsun 3 oTpuMaHuUX HaMH Pe3yJibTaTiB i Mo0y-
JoBaHol rpagdivyHoi 3anekHocTi (puc. 6) KyT Haxmry QyH-
KIIOHAJBHOI 3aJIE)KHOCTI CKiIamac - 7° IO BiAmoBizac
YHUCIOBOMY 3HaueHHIo Tanrerca — 0,12 (tg7°=0,12).

[Ipn marematnuHii 00poOLi pe3yibTATiB eKCIepH-
MEHTIB JIOCJI/DKyBaHa BEJMYMHA, B HAIIOMY BHUIAJKY L&
TeMIepaTypa B 30HI pi3aHHs, po3risaaiacs, sk (QyHKITiO-
HaJIbHA 3aJIeKHICTh Bl BiAMOBIAHHMX apryMmeHTiB. Cry-
IiHb BIUIMBY KOXHOTO apryMEHTY, TOOTO KOXXHOTO (ak-
TOpY BIUIMBY, BHU3HAYanach y BUIVIAII CTyleHeBol (yHK-
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1ii, OUIIXOM JIorapu(MyBaHHS, BUXOISYM 3 MaTeMaTH4-
HOTO 3MICTy JIoTapu(My i CTETICHSI.

ATpoKkcUMaIis pe3ylbTaTiB B TAKOMY BHIAJKY IIPO-
BOIOMTHCA B mporpami EXcel, a crymiup BiporimHocTi
OTPUMaHHX PE3yJbTaTiB MOKIMBO IiIBUIIYBATH IIUIIXOM
30UTBIIICHHS CTYIICHIO allPOKCUMAIIi.

B mporeci npoBeeHHs TOCTIIIB TapaMeTpy pi3aHHs
MePEeXiIHUX PEXUMIB Oyiau OMU3BKMMHU 0 E€KCTpeMaib-
HHUX 3Ha4eHb, 3 TOYKH 30pY TEIUIOCTIMKOCTI MaTepiaity
3aroToBKH. Byno 3a3HaueHo, 10 Ha MOBEPXHSX , K 3aro-
TOBKH TakK 1 IHCTpPYMEHTY BiJIMIY€HO HOSBY OKUCHHUX ILJIi-
BoK (puc. 7). Ilpu mpoBeneHHI aHaNi3y TCOPSTUYHUX
IaHuX OyJo BiIMIYEHO, IO TPW BHMIpIOBaHHI TeMIlepa-
TypH B 30HI pi3aHHS 32 JOMOMOTOIO IITYYHOI TepMOTapu
MOXHUOKa OTPUMAHUX Pe3yNbTAaTIB MOXE MEPEeBUIIYBaTH
10%, 0 MOSICHIOETHCS THM, IO TEPMOTIapa 3HAXOIUTHCS
Ha TIeBHIH Bi/ICTaHi BiJ 30HU pi3aHHS.

Puc. 7. 3miHa TeMneparypu MOBEpXHi pi3Lis Ta 3aro-
TOBKH IpH 00pOOJIEHHI B €KCTPEMAIIbHUX PEXKUMaX.

Fig. 7. Temperature of the surface of the cutter and
workpiece during processing in extreme conditions.

150°C
Puc. 8. OOByriemoBaHHs NOBEPXOHb 3arOTOBOK B
MPOIIECi HArPiBaHHS 0 3aJaHUX TEMITEPaTyp.
Fig. 8. Amplitudine surfaces of the workpieces in the
process of heating to a predetermined temperature.

170°C 220°C

Jiist yTOUHEeHHSI OTPUMaHMX PE3yJIbTaTIB, SIKi CTOCY-
IOTbCS BU3HAYCHHSI TEMIIEpaTyp B 30HI pi3aHHs, Bpaxo-
BYIOYH IHTEpPBAJI EKCTPEMAIBHUX TEMIIEpaTyp, HAMH OyiH
JIOCTIKCHI KOJBOPH MIHJIHMBOCTI OKHUCHHX IUTIBOK, IO

YTBOPHJINCH Ha TOBEPXHI IHCTPYMEHTY B IIpoIleci aepe-
BOOOPOOKH.

Lle mano MOXKIMBICTH JOCUTH TOYHO BH3HAYATH TEM-
mepaTypu pi3albHUX KPOMOK , a TaKOXX PO3MOMLICHHS
TEeMIIepaTyp MO TiTy pi3ms.

[Toxmbka pe3ynbTaTiB BUMIipIOBaHHS TEMIIEPATypu B
30HI pi3aHHA METOJOM INTYYHOI TEPMOMAPH CKJana
80 °C, 110 IOSCHIOETHLCS 3HAYHOKO BIAJAIII0 30HU BCTa-
HOBJICHHSI TEPMOIIAPH BiJI pi3aibHOI KPOMKH.

[Ipu anamizi OTpUMaHUX pE3yJIbTaTiB BCTaHOBJIEHO,
IO TeMIeparypa IOBEPXHI 3aroTOBKM TaKOX 3HaYyHO
BIZPI3HSETHCS BiJ TEMIIEPAaTypH IHCTPYMEHTY, L€ IOsiC-
HIOETBCS 3HAYHO HIDKYOIO TEIUTONIPOBITHICTIO Matepiary
JIEPEBUHU B TIOPiBHAHHI 3 METAJIOM.

Jui1 BU3HA4eHHS MOXHOKH OTPHMAaHUX DPE3yNbTaTiB
MIpOBE/ICHa BUTPUMKA 3pa3KiB AEPEBHHU NPH Pi3HUX TEM-
neparypax. Ha puc. 8. moka3ani 3pa3ku 1y00BOi JepeBH-
HU TiciIs iX 0OBYTIICIIFOBaHHS.

HasiBHicTh Ha 00pOOJIEHUX TMOBEPXHSIX 3aroTOBOK
NPOIIAPKY, 10 BiPI3HAETHCS 32 KOJIHOPOM Ma€ 3HA4YeHHs
HE TUIBbKU JUIS BU3HAYCHHS TEMIIEpaTyp, a i JJIs IeKopa-
THBHOTO 03/100JICHHS TIOBEPXOHb JeTasicii MeOJIiB.

BucHoBku

B pesympraTi mpoBeAeHMX IOCHIIHKEHb OTPHUMaHO
HEOOXiTHUH MAacHB JaHUX PO BIUIMB SIK OKPEMUX CKJIa-
JIOBUX PSKUMIB pi3aHHS Ha TUHAMIYHI XapaKTEPUCTUKH i
NpoLecH CTPYKTypoyTBopeHHs. Lle nosBonuio copmy-
JIIOBATH YSBJICHHS PO SIKICHI 1 KUIBKICHI 3aJIeXHOCTI 1
BUSIBUTH 3arajibHi 3aKOHOMIPHOCTI BIUIMBY HapaMeTpiB
NpoLeCy pi3aHHs Ha TEMIIEPATYPY B 30HI pi3aHHS.

B pesynbraTi aHanizy pe3ysbTariB MPOBEIEHUX J0C-
JiiB B poOOTi OTpUMaHi1 HACTYIHI BUCHOBKH.

1. BcraHoBneHo, mO Ui NPHU3HAYCHHS PEKUMIB
pizaHHsS 1pu 00poOui ckiIagHONPO(DITBHUX IOBEPXOHB
JIEpEBUHHU TBEPAMX IOPiJ HE BH3HA4YCHI PEKOMEHAalll,
II0 710 BIUIMBY IapaMeTpiB pexxuMy oOpOOJICHHS Ha TeM-
nepaTypHi XapakTepUCTHKH MTPOLIECY

2. TlpoBenmeHi HOCTiIKEHHS TO3BOJMIN BBECTH I0-
MOBHEHHSI B IMIIEPHYHI DPIBHSHHS, L0 3aCTOCOBYIOTHCS
JUIsl BU3HAYCHHS CWJIM DI3aHHS TPH TOYiHHI, a TaKOX
TEMIIepaTypy B 30HI pi3aHHs npu oOpoOIli B iHTepBaui
MEePEeXiTHUX PEKUMIB Pi3aHHS .

3. B poOoti Bu3HAueHi AilCHI 3HAYEHHS TemIiepa-
Typ Jie3a IHCTPYMEHTY 3a PaXxyHOK BHKOPHCTAHHS KOJIbO-
piB MiHJIMBOCTI, 110 YTBOPIOIOTHCS HA MOBEPXHI B Aiama-
30HI MaKCHMaJbHO MOXIIMBUX TEMIEpATyp IPU 0O0poOIi
JIEPEBHHH.

4. BwusHaveHi TeMIepaTypH, sKi BUKJINKAIOTh 00BY-
TJICIIOBaHHS 00POOIICHUX TOBEPXOHb JEPEBHHHU.

5. B mporieci mpoBeAeHHS TOCITIIB 10 BU3HAYCHHIO
BIUIMBY IIBUJIKOCTI Ha TeMIepaTypy B 30HI pi3aHHs
OTPUMaHI MIHACHI 3HAYEHHS MOXHOOK, SKi MarTh Micie
IIPY TPOBEICHHI MOIIOHUX EKCIIEPUMEHTIB.

6. OrpumaHni pe3ysibTaTH HAOYHO IMOKa3ajH, IO
IpY 3MCHIICHHI TePTs. B 30HI pi3aHHS, 32 PaXyHOK 3HU-
JKEHHSI IIOPCTKOCTI TOBEPXHI 1HCTPYMEHTY, MOXKJIMBE
3HW)KEHHS TEMIIEPATYPH, 110 MA€ MO3UTUBHUH BILIMB.
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O BJIMSIHUU [TAPAMEPIB JEPEBOOBPABOTKH
HA TEMIIEPATYPY B 30HE PE3AHUA
A. E. Cemenosckuii, 1. H. Kyopsaeckuil

AHHOTAUMA. AHAJIU3 SBJICHHUM, BO3HUKAIOIIMX B
nponecce 00pabOTKM JIPEBECHHBI PE3aHHEM OMPEIeNINII
HEOOXOANMOCTh NPOBEACHUS HCCIIEJOBAHUH HAIPaBJICH-
HBIX Ha ONTHMM3ALHIO PEKUMOB M3TOTOBJIEHHS JeTajel
MeOenpHO# oTpaciu. [Ipu 3TOM 0coOBIN MHTEpEC BBIZBI-
BAIOT HEOCTAaTOYHO HCCIICOBAHHBIC NEPEXOIHBIE PEXKH-
MBI, C TOUKH 3PEHHUS] CKOPOCTH PE3aHusi, KOTOPbIE UMEIOT
MECTO TpH 00pabOTKe CIOKHO MPOGHMILHBIX MOBEPXHO-
CTel OTKPBITOTO M 3aKPHITOTO THUIOB, TAKUX KaK MpPSMbIE
u ¢GurypHsie nasbl, a TaKke o0bEMHbIE (pacOHHBIE OT/e-
souHsle aetanu. IIpum oGpaboTaHHBIE MaTepUaIOB pe3a-
HHEeM paboTa TPEHHs HMHCTPYMEHTa IO 3aroToBKe 00y-
claBiIMBaeT 00pa3oBaHWE WM BBIJCICHUE 3HAUYUTEIHHOTO
KOJIMYEeCTBA SHEPTUH B BUJE TEIUIOTHL. VIMEHHO mosToMy
B HAIIMX MCCIIEIOBaHMIX 0co00e BHUMaHKE ObLIO yIere-
HO ONpEJICJICHUIO TEMIIEPATyp B 30HE pe3aHus MpH oopa-
00TKEe MHCTPYMEHTOM, KOTOPBIH MMEET pa3Hylo IIepoXo-
BaTtocTh moBepxHocTell. Ilpm o06paboTke apeBecHHBI
MPaKTHYECKH OTCYTCTBYIOT JOCTOBEPHBIE JIaHHbBIE HCCIIe-
JIOBaHUI PEaJbHOTO paclpelieieHus] TEIUIOBOH SHEPTHH,
YTO 0OYCIIOBIICHO HE3HAYWTENIFHON TEIUIOIPOBOAHOCTHIO
MaTepHuaia, a TaKKe CIOXKHOCTBIO MPOIECCOB M3MEPEHUS
TeMIepaTyphl B 30HE pe3aHus Ipu 00paboTke MHOTOpes-
LIOBBIM HMHCTPYMEHTOM. [IpoaHalM3MpoBaB CyIIECTBYIO-
M€ METOAMKH ONpe/eNIeHHs TeMIlepaTypsl B 30HE pe3a-
HUSL W TIPOBEAs PAI TNPEAbLIYLIIMX O3KCHEPHMEHTOB, B
HallMX WCCJIEJOBAaHMUAX MBI HCIHOJb30BAIM METOJUKY
OTIpeJIeTICHUs] TEMIIEPaTyp METOJIOM MCKYCCTBEHHOW Tep-

Momnapsl. [To pe3ynpraTaM ONBITOB MOCTPOEHBI Tpadude-
CKHMe 3aBHCHMOCTH. DTO MO3BOJWIIO CHEJIaTh BBIBOA, YTO
TeMIIepaTypa B 30He pe3aHus npu 00paboTKe IpEeBECHHEI,
OT IIEPOXOBATOCTH ITOBEPXHOCTEH MHCTPYMEHTA 3aBHCHT
Oomnblie, 4eM OT ycwius pesanus. CTeneHp BIUSHUS 3TO-
ro (hakTopa OIpPEeneNsIoch C MOCTPOCHHON TpaduuecKon
3aBUCHMOCTH TEMIIEpaTypbl, KaKk (QYHKIHH IIEPOXOBATO-
CTH B JorapupMu4yeckux KoopauHarax. [IpoBeneHHbIC
WCCJIEJOBAaHMs TIO3BOJIMIIM BBECTH IOTOJIHEHUS B IMITH-
pHYecKoe ypaBHEHHWE, MPUMEHSEMOe NI OIpeNesICHHs
TEMIIEpaTyphl B 30HE pe3aHus pu 00paboTKe B MHTEPBa-
Jie TIepexoIHBIX PeXMMOB pe3anus. B pabore omnpenene-
HBI JIeHCTBUTENBHBIC 3HAYCHHs TEMIIEpaTyp JIe3BHS HH-
CTPYMEHTA 3a CUET UCIIOIb30BaHMS IIBETOB IT00EKAIOCTH,
00pa3yronuxcsi Ha IMOBEPXHOCTH B AMANa3oHe MAaKCHU-
MaJIbHO BO3MOXKHBIX TeMIIepaTyp Iipu obpaboTke apese-
cuHbl. OmpeneneHsl TeMIEPaTyphl, KOTOPBIE BBI3BIBAIOT
o0yrieBaHHe 0O0paOOTaHHBIX MOBEPXHOCTEH IPEBECHHEL
HOJ’Iy‘IeHHLIe pE3YIbTAaThl HArJIAAHO MOKasaliku, 4YTO IIpU
YMEHBUICHUU TPEHUA B 30HC pE3aHus, 3a CHET CHUIKCHUSA
mEepoOXoBaTOCTU MOBCPXHOCTH HHCTPYMCHTA, BO3MOXKHO
CHW)KCHUE TCEMIIEPATYPbl, 4YTO SABJIACTCA I[MO3UTHUBHLIM
(axropom.

KnroueBble ciioBa: Temmeparypa, pe3aHHe IpeBe-
CHHBI, JIe3BHEC HHCTPYMEHTa, (pe3epoBaHUe, CTPYXKKa,
nBeTa 1Mo0ekKaJoCTH, TepMoIapa, IepoXoBaToCTh, adpa-
3UBHAs 00paboTKa.

ON IMPACT PARAMERS WOODWORKING
ON TEMPERATURE IN CUTTING ZONE
O. Ye. Semenovskii, I. M. Kudryavsky

Abstract. Analysis of the phenomena occurring dur-
ing the treatment of wood by cutting identified need for
research aimed at the optimization of manufacturing con-
ditions of parts of the furniture industry. With particular
interest are insufficiently investigated transients, in terms
of cutting speed, which occur in the processing of com-
plex shaped surfaces of open and closed types, such as
straight and curly grooves, as well as three-dimensional
shaped trimmings. When processed friction materials by
cutting work tool on the workpiece causes the formation
and evolution of considerable energy in the form of heat.
That is why in our studies, special attention was paid to
determining the temperature in the cutting zone in the
processing tool, which has a different surface roughness.
When processing timber almost no reliable research data
real distribution of thermal energy due to low thermal
conductivity material, as well as the complexity of the
temperature measurement process in the cutting zone
when processing tool. After analyzing the existing meth-
ods for determining the temperature in the cutting zone
and through a series of previous experiments, in our re-
search we used the method of determining the tempera-
ture of artificial thermocouple method. According to the
results of experiments built graphical dependence. This
led to the conclusion that the temperature in the cutting
zone while processing wood, the roughness of the surface
depends on the tool is greater than the cutting force. The
degree of influence of this factor was determined with the
constructed graphical dependence of the temperature, as
the roughness function in logarithmic coordinates. The
studies allowed to enter the supplement in an empirical
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equation that is used to determine the temperature in the
cutting zone while processing transients in the range of
cutting conditions. The paper defines the actual tool blade
temperature values by using a tint formed on the surface
in the range of the maximum possible temperature in the
processing timber. Temperatures that cause treated wood
surfaces. The results clearly showed that reducing the
friction in the cutting area, by reducing the surface rough-
ness of the tool, possibly lowering the temperature, which
is a positive factor. applied for detecting the temperature
in the cutting zone while processing transients in the
range of cutting conditions. The paper defines the actual
tool blade temperature values by using a tint formed on
the surface in the range of the maximum possible temper-
ature in the processing timber. Temperatures that cause
treated wood surfaces. The results clearly showed that
reducing the friction in the cutting area, by reducing the
surface roughness of the tool, possibly lowering the tem-
perature, which is a positive factor. applied for detecting
the temperature in the cutting zone while processing tran-
sients in the range of cutting conditions. The paper de-
fines the actual tool blade temperature values by using a
tint formed on the surface in the range of the maximum
possible temperature in the processing timber. Tempera-
tures that cause treated wood surfaces. The results clearly
showed that reducing the friction in the cutting area, by
reducing the surface roughness of the tool, possibly low-
ering the temperature, which is a positive factor. formed
on the surface in the range of the maximum possible tem-
perature in the processing timber. Temperatures that cause
treated wood surfaces. The results clearly showed that
reducing the friction in the cutting area, by reducing the
surface roughness of the tool, possibly lowering the tem-
perature, which is a positive factor. formed on the surface
in the range of the maximum possible temperature in the
processing timber. Temperatures that cause treated wood
surfaces. The results clearly showed that reducing the
friction in the cutting area, by reducing the surface rough-
ness of the tool, possibly lowering the temperature, which
is a positive factor.

Key words: temperature, wood cutting, tool blade,
milling, shavings, rush colors, thermocouple, roughness,
abrasive processing.
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AHoTamisgs. Y CTaTTi NpPOBEOCHO aHalli3 METO.IB
JiarHOCTyBaHHS HWIHApo-mopmHeBoi rpymu  (LIIT)
JIBUTYHIB BHYTPILIHBOTO 3TOPSIHHA. 3alpoOIIOHOBaHHI
YTOYHEHUH CHOCiO AiarHOCTYBaHHSA, 00’ €IHYIOUHI B c0o0i
BCl TO3WUTHBHI CTOPOHHU ICHYIOYHMX METOIIB 1 BHpIIIyE
3a7a4y MiJBUIICHHS JOCTOBIPHOCTI OLIHKH TEXHIYHOTO
crany By3nmB 1 wmexawnismiB  /IB3. Po3pobnena
MaTeMaTudyHa  MOJAENb, sKa  BPAaxOBYE  YacCTOTY
MIPOKPYYYBaHHs, 3a30pH, (a3u Mpolecy 3MiHU THUCKY, sKa
J03BOJISIE OTPUMATH 3aJCKHOCTI 3MIHM THUCKY B Kamepi
3ropsiHHS. BusBieHa NeBHA 3aKOHOMIPHICTh 3HMKCHHS
THUCKY Y KIHIi TaKTy CTHUCHEHHS 3 POCTOM BEIHYHUHH
3HOIICHHS IWJIIHAPIB, KijJelb, MOPLIHS, sIKa BIUIMBA€E Ha
TeXHIYHUH CTaH LTI HAPO-TIOPIIHEBOT IPYIH.
[pencraBneni rpadiku 3a1eKHOCTEH MiX PO3TITHYTHMHA
rapameTpamMH MOJEITIOBaHHS.

KawuoBi cjoBa:  IWIiHIPO-TIOPIIHEBA
JIarHOCTYBaHHs,  4acToTa  OOepTaHHS,
OCLUIIOrpaMa THCKY, PEXKUMH, TapaMeTpH.

I'pyna,
KOMIIpecis,

IHocranoBka npodaemu

Amnamiz HagiiHOCTI cmctem [IB3 mokasye, 1o
HalJacTime  BiAMOBM  BHMHHKAIOTH y  CHCTEMax
3analfoBaHHs Ta eJleKTpoobnagHanas — 21-45%, npyroto
3a 3HAYUMICTIO cucTtema >wuBieHHS — 18-30%, Tperte
MICIIe [OCITal0Th — BIAMOBH MeExaHi3MmiB nBuryHa - 10-
38% [1-9].

3Bakarouy Ha TaKy 4acTOTY BiIMOB, A1arHOCTYBaHHS
IUX CHCTEM HE BHUKJIMKAE CYMHIBIB 1 € JOCUTh
AKTyaJIbHUM.

Hanpuknan, Ha 4acTKy HMIIIHAPO-TIOPIIHEBOT TPYNH
(UII") npunamae no 10-15% BigmoB neuryna [10].
Bigomo, 1o pexuM NMpoKpyTKHU ITijJ Yac MyCKy JBUTYHA
LIUTEHO KOperyeThes 3 rpanuyHuM craHom LITIT [7-9].

AHaJjii3 ocTaHHIX J0CTiIKEeHb
Bimomuit meton ms miarHoctyBanHs LI, 1o

6a3yeTbcs Ha razoBoMy BuTpaToMmipi TOCHUTU (puc. 1,
a). Horo BukopucTaHHS B eKCIDIyaTallii € 3aHajTo

TPYAOMICTKHM Ta BUMAra€e 4iTKOTO JOTPHUMAaHHS MPOIIECy,
ToMy OyIOb-Ke€  HENOTPUMAaHHSI  MPHU3BOIAUTH [0
BIOXWJIEHHS IIOKa3HMKIB, Ta IIOMHJIKOBHX JiarHO3iB.
IcHyrounii mapanenpHO Ta30BHI JIYWIBHHK 1 peoMeTp
PIAMHHUI TaKOK HE M030aBJICHI MOMIOHUX HEOMIKIB IO i

razoBuid BuTparomip. Ta 1 BuSBUBCA [UIi  YMOB
eKCIUTyaTallii 3aHaITO CKJIaTHHM.
[MomynsspuuM y  cepBiCi €  BHKOPUCTAHHS

kommpecumMeTpa (puc. 1, 6). OCHOBHUM HEIOJIKOM SIKOTO
€ Te, IO Yepe3 Malid BXiTHWHA OTBIp BCE IOBITPS HE
BCTHTAa€ MPOWUTH B MAHOMETpP 3a OJHMH Xix mopmHs. s
ToMy cTaOimi3amii IOKa3aHh MaHOMETpa HeoOXiTHe
TpUBaJIC IMPOKPYYYBAaHHS KOJIHYACTOTO BaJly IBHIYHA.
CaMi K TIOKa3aHHS KOMIIPECil € MaJloIOCTOBIpHUMH, 13-3a
MPSIMOT 3aJIE)KHOCTI TUCKY B KiHIII CTUCHEHHS BiJI YaCTOTH
obOepTaHHs KOMiHYacToro Baiy. IIpu crapTepHOMY IyCKY
CKJIQJIHO JOMOrTUCsS cTanocTi wmiel yacroru. e icHye
3aJIe)KHICTh YaCTOTH BiJl CTaHy aKyMYJISITOPHOI OaTapei.
3HOLIEHHS PO3MOJIILHOTO Bally YHM HEIpaBHJIbHE
HOoro posrairyBaHHs, Harap y Kamepli 3rOpsiHHS TaKOXK
MPU3BOJSTH 10 HEBIPHHUX MOKa3aHb BEIMYUHH THCKY.

JoCTOBipHICTE  OLIHKH TEXHIYHOTO CTaHy 3a
JIOTIOMOTOI0 ~ CTETOCKOIIa ~ HampsiMy  IIOB’si3aHE i3
KBaJiQikamiero giarHocta. 3acTOCYBaHHS CTETOCKOIIIB,
(DOHEH/IOCKOITIB 1 HIYMOMIpIB PO3IIUPIOE MOXKIHUBOCTI
KOHTPOJIIO TEXHIYHOTO CTaHy, IpOT€ HE JI03BOJISIE
MPOBECTH OO ’€KTHBHY OIIHKY, 00 Ii TPWIAAH IUIIE
MiACWIIOIOTh IIyM 1 CTYyKIT, He BIUIMBAIOYM Ha
cy0’eKTUBHUM (haKTOp.

Bimomuit MeTon mpoxyBaHHS HMNIHAPIB CTHCHEHUM
MOBITpsIM TIpu BUKOpHcTanHi npunaxy K-69M (puc. 1, 6).
CyTTe€BUM HEIONIKOM BUKOPHUCTAHHS MAHOTO NPHIAAY €
HEOOXiJTHICTh BCTaHOBJIIOBATH IIOPLIEHb B IEBHOMY
MOJIOKEHHI (Ha TOYaToK cTUCHeHHs, y BMT, Tomo).
IHomi me nocuTh CKIAAHO 3pOOMTH HAa Cy4acHUX
aBTOMOOLIAX, SKi HE MICTATh Ha JBHTYHI JTOTIOMIKHUX
pHUCOK. [HIOK TepenkoIow € 00JIaJHAHHI aBTOMOOLTIB
AaBTOMATHYHOIO, IO TaK caMo YCKJIaJHIOE poboTy. Cam
npucTpii  He  ¢ikCcye  3HOIIEHHS  JTaOipHHTOBOTO
YUIUTbHEHHS B 3’ €THAHHI TIOPIIEHD KiJIbIIE.

[opmampmmm  po3BuTkoM  mpwiaaxy K-69M e
nHeBMoTectep K-272 (puc. 1, 2), mpu3HaueHHSIM SKOTO €
BH3HAUEHHS IUILHOCTI KOHTYpY TOpiHHA. MeTtox
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TecTyBaHHS 0a3yeThCs Ha BEIWYWHI TQTIHHA THCKY
CTUCHEHOT'O TIOBITps, IIO IIOJAETHCA B MUIIHAP Uepe3
CBiUKOBHH OTBip. ['0JOBHOIO TEepeBaro0 MOPIBHAHO 3
KOMIIPECOMETPOM € [IarHOCTYBaHHS Ha HEPYXOMOMY
IOBUTYHI. THCK Ha BXiI TOJAETHCS KOMIIPECOPOM i
KOHTPOJITIOETHCS BXIIHUM MaHOMeTpoM. [Ipuian mMae psin

nepeBar y nopiBasHHI 3 K-69M: MeHma B 6 pasiB maca i
rabapuTHi pO3MIipH, YHIBEpPCAIBHICTh (JiarHOCTYyBaHHSI
KapOIOpaToOpHUX 1 OU3ENPHUX ABUTYHIB (U1 TPHKIAILY
KamA3 i CM/, SIM3). IIpoTe 3anmmmiiack HEOOXiqHICTH

BCTAQHOBJICHHS IIOPLIHS B IIEBHE MOJOKCHHS, [0 BUMAarae
0araTo miaroToBYHX poOiT.

Puc. 1. 3acobu miarnocryBanns LI [IBC: a — ra3zoswmii Butpatomip TOCHUTU; 6 — K-69M; 6 — komIpecumeTp;

2 — mHeBMoTecTep K-272.

Fig. 1. Diagnostic tools CPG ICE: a — gas flowmeter ISO; 6 — K-69M; B —

kompressor; r — pneumotester K-272.
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Puc. 2. Po6oue BikHO Ta kommuiekT octtorpada I[ToctomoBcrrkoro USB-Autoscope.
Fig. 2. Window and oscilloscope kit Postolovskogo USB-Autoscope.
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IMommpennii TakoX METOJ BITHOCHOI OIlIHKH
sHomenHs LTI, 3acHOBaHMi Ha  TOCTIIOBHOMY
BIIKJTIOUEHHI IIWIIHAPIB 1O OJHOMY 1 KOHTPOIIO
3HIKCHHS 4acToTH obOepTaHHsA. Lleit merom Bu3Hauae
BiTHOCHY, a HE aOCONIOTHY, OIIHKY 1 € JapeMHHUM, MpH
PIBHOMY 3HOIIIEH] BCiX IMUIIIHAPIB.

Mero [iarHOCTyBaHHS 3a CTPYMOM  KUBIICHHS
cTaprepa - Ma€ HU3bKY JOCTOBIPHICTH 4epe3 BIUIMB Ha
el  MOKa3HUK  TEXHIYHOro  CTaHy  cTaprepa i
aKyMyJIATOpHOI Oarapei.

Mero BH3HAuUCHHSI CTaHy OKPEMHX LWIIIHIAPIB 3a
BEJIMYMHOIO PO3PIPKEHHS - HAATO TPYAOMICTKHHA B
3aCTOCYBaHHI. 32 OTPUMaHUMU MTOKa3aHHIMH HEMOXKITUBO
PpO3AinHTH 3HOIICHHS Okpemux enemeHTiB LIIIT .

Bimommit Takox Meron, mo 0Oa3yeThcs  Ha
BHMIiPIOBaHHI KiJIBKOCTI TIOBITPS, SIKE TIPOPUBAETHCS depes
HEIIIJTFHOCTI KaMepH 3TOPSHHS MPU XOJIOCTOMY XOmi i3
BUKOPUCTaHHIM ocuuiorpada [1ocTo1oBcbKOro — Moaens
USB-Autoscope  (puc.2). CranmapTHiii TeXHOJOTIT
JIarHOCTYBaHHS BJIACTHBHM HEMOJIK - HEMPaBHUIbHUMA
PEeKHUM (32 JOCTOBIPHICTIO 1 TOYHICTIO). 32 CTAHAAPTHOIO
MeTouKo ocmorpadom USB-Autoscope 3HIMArOTh
MOKa3nW JIMIIE Ha XOJIIOCTOMY XOAy, Ha SKOMY
MIPOSIBIISIIOTECS. HE BCI HECHPaBHOCTI, a TOCTOBIPHICTH
ObOTO  METOAY,  3aJCKUTh  Bil  IPaBUIBHOCTI
MaTeMaTHIHOL Mozeni (cxpunTy 00po0ITKY).
JlonaTkOBUMH HENOJIKaMH € BUTOKH IIOBITps, MO
NPOXOIATh Yepe3 ra3opo3NOAUIbHMN MeXaHi3M, sKi He
BpaxoBylThcs. Lli HEOoONiKM NPH3BOIATH JO HU3BKOI
JOCTOBIDHOCTI ~ METOQYy  Ta  CTPUMYIOTb  HOrO
BUKOPUCTAHHA.

VY wHamnii poboti mepembadanocs BHKOPUCTAHHS
niarHoctuaHOTO cTeHay «[empdin-1M» (puc. 3), pobdora
skoro cxoxa Ha USB-Autoscope, omHak Mae Oimbpury
(dyakmioHanbHICTE. [Ipn 1IBOMY YyTIHMBICTH i TOYHICTH
METONy MiABUIICHA 33 PAaXyHOK BHKOPHCTAHHA PEXUMY
NPOKPY4YyBaHHs KOJIHYACTOTO BAJly JABUTYHA CTapTEPOM

Merta gociiaKkeHb

Mera nocnmijpkeHb — aHali3 ICHYIOUMX OCHOBHHX
METOIIB Ta pO3poOKa  YTOYHEHOI MoOJem  Jyis
miarHoctyBanHs LT B pexuMi MpOKPyIyBaHHS
KomiHgatoro Baimy JIB3 3 Meror  MiABHICHHA
e(eKTUBHOCTI iarHOCTyBaHHS.

Pe3yabTaTn nocaigxkeHb

T'onoBHOMO METO0 MO/JICTIFOBaHHSI OyIo
OOIpyHTYBaHHS BIUIMBY PI3HUX YMHHUKIB Ha CTUCHEHHS
pobouoi cymimi B HAANOPIIHEBOMY MPOCTOPI IpHU
obepTax, sIKi BIANOBIJAIOTH MPOKPYYYBAaHHIO JIBUTYHA
craprepoM. PosrisimaBest mpoliec BUMIPIOBAHHS THUCKY Y
(yHKIIT KyTa TOBOPOTY KOJIIHYACTOTO Bally MOPIIHEBOTO
OcH3MHOBOrO JABHMryHa. [lpumyckanmcsi, IO MPOIEC
CTHCHEHHS B INUIIHApI aniabaTHmid (Oe3 B3aemomii 3
HABKOJIUIIHIM CepE/IOBHIIIEM). Sk cucTeMa
3HaXOAHTHCS B CTaHI TEPMOJMHAMIYHOI piBHOBArH, TO 0e3
30BHIIIHIX BIUIMBIB BUIUTH 3 I[bOT0 CTaHy He 3Moxke [3-6].
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Puc. 3. Po6oue BikHO crenny Jenbdin-1M.
Fig. 3. Stand work window Delphin-1M.
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YV HepiBHOBaXHOMY IMPOILIECi Pi3HI YACTHHU CHCTEMHU
MalOTh ~ HEOJHAKOBI  TeMIeparypH, THUCKY, TOLIO.
AniabaTHuii mporiec OyJe BiINOBIZATH PiBHSHHIO CTaHY
ineanpHOTO a3y Menneneea-Knanetipona [1].

PV =u-R-T "

ne P — tuck, Ia; V — 06’em, Mm%, u — MonspHa Maca
pedoBmrn; R - rasoBa moctiitra, [x/kr; T -
Temieparypa, K°.

3a 00’eKkT mOCHiDKEHHS Oyno BHOpaHO IBUTYH
SIM3. Bim3naummo, mo 3a iHpopmamiero AUTO-
Consulting, 6arato pokiB JaHWil ABUTYH OYB JiJepoM
NpOJaXiB B KOMepILiiHOMY cerMeHti Ykpainu. Ha
ChOTO/IHI 32 25 pokiB B YKpaiHi HaKONMUYMWIOCH OJIM3BKO
19 THc. IBUTYHIB Li€l MAapKU B Pi3HUX MOAM(DIKAIISX.

Jns mpoBemeHHS PO3paxyHKIB IMWIIHApA IBUTYHA
Ma€eMO HACTYITHI BUXiIHI XapakTepucTuku (Tadm. 1).

Tabémuus 1. Bxigni qafi po3paxyHKy HIJTHIPA.
Table 1. Input data of calculation of cylinder.

Xig mopurHs, MM 86
Hiametp muminapa, MM 92
Paniyc xpuBommmna, MM Rkr 43
CrymiHb CTUCHEHHS £ 9,3
MomsipHa Maca, KI/MOJIb u 28,96
T"a3oBa crana, JIx/kr R 287

[linpHicTh MOBITPs, KI/M° | pp 1293

Buxopucraemo ¢dopmyny MenneneeBa-Knaneiipona
JUISL OWUTIHApA ABUTYHA, B3SIBIIM 3HAUCHHS ITOYaTKOBOTO
TUCKYy B oAuH ©Oap. Y JABHTYHa IIUIIHIAP JHIIAETHCS
3’€IHaHUM 3 aTMoc(eporo NpU MOBOPOTI KOJIHYACTOTO
Basy Biji HWXHBOI MepTBOi Touk (H.M.T) no kyra B 46°
(mast SIM3-236 BigmoBigHo 52°) i 3MiHa 00’eMy He
BILJIMBA€ HA 3MiHY THUCKY.

3ajexHO Bl KyTa IOBOPOTA KOJIHYATOrO By Xif
nopuss Bin HM.T no B.M.T omucyerbcst HaCTYHHHUM
piBHSHHIM (1aHi 3 Tad. 1):

A
s = RKR((].—COS(D)-FZ~(1—COSZ(D))
)
e ¢ — KyT IIOBOPOTY KOJIiHYATOro Baily, pam; A —
BiJIHOLIEHHA pajiyCy KPUBOLIMIA JO IOBXHUHU LIaTyHA

(A=0.2721).
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Puc.4. 3anexHicte Xomy
HAJAMOPIIHEBOTO TpocTopy V2
KOJIIHYATOI'0 Baly.

Fig. 4. The dependence of the piston stroke s and the
volume of the piston space V- on the angle of rotation @
of the crankshaft.

mopmHSA S Ta 00’emy
Bil KyTa IIOBOPOTY @

3MiHa THCKY B IWJIIHIAPI 3aJ€KHO Bif 3MiHU 00’eMy
HAAMOPIIHEBOTO MIPOCTOPY 3HAXOIMMO 3a 3aJICIKHICTIO:
k
Vl

P,=P-
2 (3)

ge P1 — THCK Ha MOYaTKy TakTy cTucHeHHs, [la; Kk —
nokasHuk agiabatu, mis mositps (k = 1,4); Vi i Vo —
00’eM HaAIMOPIIHEBOTO NPOCTOPY B IMOYATKOBHHA MOMEHT
CTHCHEHHS 1 HACTYNHI 32 KyTOM ITIOBOPOTY KOJIHYATOTO
Baly.

V, =(Vg +VKZ)_S'SP,MM3 ()

ne Vr 1 Vkz — pobGoumii Ta 006’€M Kamepw 3TOpaHHS
LIJTHPA; Sp — MUIOIIA TTOPIIHS, MM?.

Jyis BU3HAYCHHS 00CATY MOBITPS, SIKE MPOCOUYETHCS
yepe3 3asopu LI, ciin BU3HAYUTH WIBHIKICTH HOTO
BUTIKaHHs. SIKa ISI MIBHIKICTh: MEHINA 3a KPUTHYHY YU
OinbIa-piBHa KPpUTUYHINK? JIJI 1[bOTO HEOOXIAHO 3HANTH

TTOKa3HUK f3:

()
ne PA — atMocdepHuii THCK, [a; PC — THCK B IIWJIIH/PI,
ITa.

Jliis mBoxaTomHoOro rasy fcr = 0,528. 3a ymoBH, 1110
f > fcr, BUTOKH 3IIHCHIOIOTBECS 3 [0 KPUTHIHOIO
MIBUJIKICTIO 1 00YMCITIOETECA 3a hopMyIoro [1]:

=

k

I:>A

K

w= [2-—— RT¢|1-

(6)

[pu S < fcr, BUTIKaHHA BiIOYBa€ThCS 3 KPUTUIHOIO
IIBHJIKICTIO 1 BU3HAYA€ETHCS 32 (POPMYIIOH0:

()

OO0csT TOBITPSA, MO MPOCOYMIOCS Kpi3b 3a30pH B
LT ni1st cekTopy MOBOPOTY KOJIHYACTOTrO Bally piBHOMY
1° BH3HAYUMO 3a (POPMYJIOF0:

Fw-10°
6-n @®

ne F - mioma 3a3opy B LTI, o yrBopuBCS B pe3ynbTarti
3HOCY, MM2.

[IpuitMemo, 1m0 B pe3ynbTaTi BHTOKY BiZOyBaeThCs
aniabaTHe PO3IMIUPEHHS MOBITPS B HWITIHAPI Ha BEITUUNHY
AV, Toai THCK B pe3yibTaTi pO3LWIMPEHHs NOBIiTPs P

BHU3HAYHUMO 3a piBHHHHHMI

AV =

V2
V, + AV )

ne Ps — Tuck B IWIiHIAPI JABHTYHA i3 BpaxyBaHHIM
nepenavy Teruia CTiHKam ItiHapa, [1a.

VnockoHaneHa MaTeMaTudHa MO/IEIIb, 3
ypaxyBaHHIM YaCTOTH MPOKPYUIYBAHHs, BUTOKIB TOBITpS
B 3a30pax Ta KiJIbKOCTI TETUIOTH, JIO3BOJISIE MOJIEITIOBATH
3MiHY THCKY B Kamepi 3rOpsiHHS, K HACIHIJOK ITiBUIIIUTH

P,=P-
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TOYHICTb BHOODY ONTHUMAITbHUX PEKUMIB
JiarHOCTYBaHHS.
15
P, bar Py
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Puc. 5. 3anexxHocti THCKY B Kamepi 3ropaHHs P> ta
THCKY 3 BpaxyBaHHIM po3IHUpeHHs P4 Big KyTa moBopoTy
KOJIIHYaTOTO Bay.

Fig. 5. The pressure dependence of the combustion
chamber P, and the pressure taking into account the
expansion Pa.

B pesynbTaTi MOMENIOBaHHS OTPUMAHO 3aJIEXKHICTh
TUCKY, B KIHIIi TAaKTy CTUCHEHHS, BiJl YaCTOTH 00EpTaHHs

18
P(0)
16

14

12

THCK B KiHII CTHCHeHHA. bar

10

100

150

YacTtoTra o6epraHHA KOTiHIATOTO BATY, XB

KOJIIHYacTOTO BajJy ABUTYHA IMPH 3HOCI KiJeUb IMTOPIIHS
(puc. 6).

I'padix cBiqunTH, MO 3 POCTOM BEIWYWHH 3HOCY
KUJIeTIh THUCK B KiHIII TAKTY CTHCHEHHS 3HUKYETHCS.

[Mpuuomy, npH BEJIUKHX 3HOLICHHSX
CIOCTEpIraeThCs JUHAMIKa ICTOTHOT 3MiHH THUCKY B KiHII
TaKTy CTUCHEHHSI.

Tak, mpu BUTOKax pIBHO3HAYHUX BUTOKAaM Kpi3b
otBip mepermHoM 1,5 MM - mimis P(1,5) 1 mpum
npokpyuyBaHHi 100 00/XB THCK IOpiBHIOE 6 Oap, a mpu
300 06/xB - 12 Gap, Toxi sik npu neperuni 0,1 MM - JiHis
P(0) Ha Bchomy mporszi 3miHM oGepranHs Bix 100 no
300 06/xB THCK TpUMaeThCs Ha piBHI 16-17 Gap.

B pesympraTi mpoBemeHMX ~ pO3paxyHKIB 3
MOJIC/TIOBAaHHSAM BHTOKY TIOBITpPS depe3 CIpalbOBaHi
KUTBII 3 PI3HUM TEXHIYHAM CTaHOM IIITIHAPIB OTpUMaHa
3aNeKHICTD (puc. 6). XapaKTep 3MiHH THUCKY KiHII TaKTy
CTHCHEHHsS TIpu 30UTBIICHHI OOEpTIB aHaNOTiYyHa Ui
pI3HOTO CTaHy 3HOLIGHHS IWJIIHAPIB, OJHaK IpH
OibIIOMY 3HOIIEHHIO KiJIelb 3MIHIOETBCSI Takox 1 daza
THUCKY, 1 YAM OUIbIIIEC 3HOMICHHS KUIBI[SI, THM CHJIBHIIIC
3MilIeHHs (a3H.

200 250 300

1

Puc. 6. 3anexHicts 3MiHM THCKY (0ap) B KiHII TakTy CTHCHEHHs NpH 3HOIIeHHI mwiinapis; minii P(0), P(0,5),
P(1,0), P(1,5) - 3HaueHHs CyMapHUX €KBIBaJCHTHUX IIEPETHHIB BUTOKIB MOBITPsI, BiAnoBigHO, (MM): 0,1; 0,5; 1,0; 1,5.

Fig. 6. Dependence of change of pressure (bar) at the end of the compression stroke during cylinder wear; lines
P (0), P (0,5), P (1,0), P (1,5) values of the total equivalent crossings of air leaks, respectively, (mm): 0,1; 0.5; 1.0; 1.5.

BucHoBxku
1.  Ouwminka Texuiynoro crany LI 3a
YIOCKOHAJICHOI0 ~ METOJWKOI0  JUIs  PI3HUX  YMOB

JIarHOCTYBaHHS TiATBEPIUIIA, IO 3 POCTOM BEIHYMHH
3HOCY KIJICI[b TAKOX 3HIDKYETHCS 1 THCK B KiHIII TaKTy

crucHeHHs. [IpudoMy, TpH  BEIMKHX  3HOLICHHIX
(6TM3PKUX 10 TPAaHWYHMX) THCK KIHI[I TaKTy CTUCHEHHS
3MIHIOEThCS ICTOTHime. Po3poOneHuit MeTon 03BOIISIE
0o0’eHaTH B cOO1 BCi NMO3UTHBHI CTOPOHM ICHYIOYHX Ta
3aIPONOHOBAHMX  METOMIB 1  BHpPIUTH  33jaady
MIBUILECHHS JOCTOBIPHOCTI OLIHKH TEXHIYHOTO CTaHy
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By31iB i MexaHi3miB JIB3. TIpoBenene MonenroBaHHS s
pPI3HOTO  TEXHIYHOTO CTaHy NWJIIHAPIB 1 pI3HUM
3HOIIIEHHSIM KiJIeTlb MTOKa3aB aHAIOTIYHHN XapaKTep 3MiHA
TUCKY B KiHIII TaKTy CTHCHEHHS, BISIBHBINN 3HAYHI 3MiHU
¢a3 THCKY, a me TmoTpedye KOpHryBaHHS (a3u momadi
3aIlaIOBaHHS JJIs HOKPAIIEHHS [IyCKOBHUX XapaKTePUCTHK
JB3.

2. Burpara moBITpsS 3 HAIIOPIIHEBOTO IMPOCTOPY
MIPOTIOPIIiiHA CTYTIEHIO 3HOIIEHHS (3a30pY) B CIOJIyYECHHI
LWIHIP-TIOpIIEeHb.  BifcyTHicTh  3HOLIEHHS  Bropi
CIIOJYYCHHS, IPU3BOIUTH JI0 BIJICYTHOCTI 3MillleHHS (ha3u
MaKCHMaJIbHOTO THCKY. Lle cBimunTh, mo 3MimmeHHs dasu
€ HACTIIKOM 3HOMICHHS CIIONYYeHHS, JIHINE Yy BEpXHIiH

gactuai L. ToOtro miarHOCTHYHHMIA  TMapamMmeTp
3MIIIEHHSA ¢dazn MaKCHUMAaJIbHOT'O THCKY CITi
BUKOPHCTOBYBATH, TUIbKH Uil OILIHKH  CTYICHIO

saomeHHs LT y BepxHii yactuHi cronydeHHs. OmHaK
el IMOKa3HMK € BAXJIWBUM JUIA IPOLECY 3aIlycKy

JIBUI'YHa, OO0 XapakTepu3ye MOMEHT JIOCSTHEHHS
MaKCHUMAaJIbHOI TEMIIEPATYypHU MAJIUBHO-TIOBITPSHOT
cymii.
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JUIST JMATHOCTUKU HHHHH}IPO-HOPIHHEBOﬁ
I'PVIIIIbI JIBI/IFATEHEﬁ MAIINH
JJIS1 TECOTEXHUYECKUX PABOT
JI. JI. Tumosa, O. B. Haomouuii
AHHOTanuaA. B craTee mpoBeneH aHalu3 METOAOB

JMUArHOCTHUPOBAHUSA  LWIMHAPO-TIOPIIHEBOW  TPYIIIIBI
(L) JABUraTeneit BHYTPEHHETO Cropasus.
IIpennosxeHHbII YTOYHEHHBIH croco6
JIUarHOCTUPOBAHUS, 00beANHSIOIH B cebe

IMOJIOKUTCIIBHBIC CTOPOHBI CYHICCTBYHOIIUX MCETOO0B,
peuracT 3aAady HNOBBIMICHUSA JOCTOBCPHOCTU OLCHKU
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TEXHUYECKOTO COCTOSHUS Y3JI0B M MexanusmoB JIBC.
Pazpaborana maremaTtndeckas MOJENb, YYWUTHIBAIOIIAS
9acTOTy MPOKPYTKH, 3a30pbI, a3y Imporecca N3MEHEHHUS
JABIICHUSI, TO3BOJISIET ITOYIUTh 3aBUCHMOCTH N3MEHECHHUS
JaBIICHUSI B KaMepe cropaHus. BeIsBIeHa ompeneneHHas
3aKOHOMEPHOCTh CHIDKEHHS JaBJICHHS B KOHIIE TaKTa
CXaTHsI C POCTOM BEJIMYMHBI U3HOCA HWJIMHIPOB, KOJEI] U
MOpIIHS, BIUSOMAS HAa TEXHUYECKOE COCTOSHUE
IWIMHAPO-NIOpIIHEeBOH rpymnmbl. [IpencTaBneHsl rpaduku
3aBUCHUMOCTEN MEXIy pacCMaTpuBacMbIMU MapaMeTpaMu
MOJICTUPOBAHUSI.

KitloueBble cJjiOBa: cJOBa: IWJIMHIPO-TIOPIIHEBAS
Tpymma, IOUHarHOCTHPOBaHWS,  YacTOTa  BpAIleHHUS,
KOMIIpECCHS, OCHWUIOTpaMMa  [ABICHUS, PEXHUMEL,
mapaMeTpHl.

FURTHER SCROLLING MODE FOR DIAGNOSING
CYLINDER-PISTON GROUP OF ENGINES
OF MACHINES FOR FORESTRY MACHINERY
L. L. Titova, O. V.Nadtochyi

Abstract. The article analyzes methods of
diagnosing cylinder-piston group (CPG) of internal
combustion engines. The specified method of diagnostics
is offered, combining all the positive sides of the existing
methods and solves the problem of increasing the
reliability of the estimation of the technical condition of
the units and mechanisms of the ICE. A mathematical
model has been developed that takes into account the
scroll frequency, gaps, and the phase of the pressure
change process, which allows to obtain the dependencies
of the pressure change in the combustion chamber.
A certain pattern of pressure reduction at the end of the
compression stroke with the increase of the wear value of
cylinders, rings, and piston, which affects the technical
condition of the cylinder-piston group, is revealed. The
graphs of the dependencies between the considered
modeling parameters are presented.

Key words: cylinder-piston group, diagnosis, speed,
compression, pressure waveform, modes, parameters.
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AHoTanisg. 30amaHCOBaHMK PO3BHTOK BCIX JAHOK
AIIK — wHeobOximHa yMoBa 3a0€3MEUYCHHSA KpaiHH
MIPOJIOBOJILCTBOM, 30KpEMa IIJIOZ00BOYEBOIO CHPOBHHOIO.
B nmammit wac cimaOkuii po3BUTOK HEpepOoOHMX Trairy3ei
AIIK, BupoOHWYOi  IHQPACTPYKTYPH  KOMIUICKCY
NPU3BOIATh JI0 3HAYHHUX BTPAT IMPOAYKLI CLIBCHKOTO
rocrnojapcTBa. Tak, BTpaTH 3i0paHMX IUIOMAIB 1 OBOYIB
ctanoBIATh 40—-45%. IloTpeba B TpaHCIOPTHHX 3aco0ax
JUIsl CaZliBHUITBA 1 OBOYIBHUITBA, 33/I0BOJILHIETHCS JIMIIIC
Ha 55-60%.

OHUM 3 HaWOULIBIN ICTOTHUX 1 CKIAAHUX 3aBIAHb €
3MEHILCHHS YIIKOKEHb 1 BTPAT CLILCHKOTOCIIOAAPCHKOT
MPOAYKIll, 1€ BIAMOBIAadbHA POJb  BiIBOJUTHCS
TpPaHCIIOPTHUM 3acobaM. Sk mokazaB aHali3, B Mpoleci
30upanHs s6nyk Oinmbme  15-20 % mpoaykuii  He
JOXOJIUTH JI0 CTIO)KMBAya.

[ BHYTpIIIHBOTOCIIONAPCHKOTO  TI€PEBE3CHHS
IUTOJIIB BUKOPUCTOBYIOTh SAIIKMKK ab0 KoHTeiHepu. [Tnoan
3€pPHATKOBUX KYJBTYp II€PEBO3STH OE3TapHUM CIIOCOOOM
(B Ky30BaX aBTOMOOLTIB 1 TPaKTOPHUX IpHYEIAX).
BukopucranHs  TpaHCIIOPTHUX  3acO0iB  3arajbHOTO
NPU3HAYECHHS HE BIAMOBIJAIOTh arpOTEXHIYHUM BHMOTaM
JI0 TIEPEeBE3eHHs IUIOAIB, a CIHelialibHi TPaHCHOPTHI
3aco0M Ul TIepeBe3eHHs IUIOJIB Oe3TapHHM CIIOCOOOM
BIJZICYTHI.

BuknageHo  JOLIIBHICT ~ BUKOPUCTaHHS s
ITOTOKOBOI TEXHOJIOTii 30MpaHHS IUIONIB CIeHialbHUX
KOHTEWHepiB-HAKONINYYBadiB, OOTPYHTOBaHI OCHOBHI IX

mapameTpH, B TOMI YUCIT ONTHMalIbHA
BaHTa)KOII JHOMHICTb.

KmouoBi caoBa: Ilnmoauw, MOTOKOBAa TEXHOJOTIA,
30MpaHHS IIOAIB, TPAHCIOPTYBaHHS, 30epeXkXeHIiCTh
IJIOJIIB, MEeXaHiuHI TTOIIKOKEHHS, OINTUMajbHA
BaHTaKOI JHOMHICTb.

ITocTaHoBKA MPOOIEMH
s BHYTPIIIHBOTOCHOJAPCHKOTO  IEPEBE3CHHS

IUTOJIIB BUKOPHUCTOBYIOTH SIIUKH 200 KOHTelHepu. Yacom
IUTOJIM  3EPHATKOBUX KyJbTYp IIEpeBO3ATh Oe3TapHUM
crnocoboM (B Ky30Bax aBTOMOOUIB 1 TpPakTOPHHUX
npuyenax) [1]. BukopucTaHHs TpaHCIOPTHHX 3aco0iB

3arajgbpHOTO MPU3HAYCHHS He BIJIITOBIAAIOTH
arpoTeXHIYHUM BHMOIaM [0 TEpeBe3eHHs IIoAiB [2].
CrieniasibHi TPaHCIIOPTHI 3ac00M I TIEPEBE3CHHS TUIOIB
6e3rapHuM criocoboM BiacyTHi [3].

TexHOTOTIIHMIA poriec 30upaHHS i
TPaHCIOPTYBaHHS IUIOMIB BKJIIOYAE B ceOe psijl omeparrii,
SKi BHMKOHYIOTh $IK BpYYHY, TaK 1 3a JIOIOMOTOIO
MEXaHI3MIB Ta MalldH B IIE€BHIM IIOCHIJOBHOCTI 3
JMIOTPUMAaHHIM arpOTEXHIYHUX BUMOT 3 METOI OTPUMAaHHS
MPOAYKIIT HEOOXIAHOT SKOCTI 3 MiHIMATbHO MOXKIUBUMHU
3aTpaTami.

AHaJIi3 0CTAHHIX J0CJHiIKEeHb

CrabinpHOi iHTeHcH(ikamii BHPOOHHUITBA IUIOMIB
MOXKHa JIOCATTH Ha 0a3i 3acTOCYBaHHS IOTOKOBUX
crocobiB 30upanust i TpaHcmoptyBauus [4]. Tlpu mpomy
BCl ormepamnii — 3HIMAaHHA IUTONIB, 3aTapIOBaHHA B
KOHTEHHEepH, TPAHCIIOPTYBaHHS, PO3BAHTAXKEHHS 1
TOBapHa 00po0OKa IUI0/IIB B3aEMOIIOB’s13aH1 BIIMOBIAHO 10
TEXHOJIOTIYHOTO IUKIY 1 BUKOHYIOThCS 3 JOTPUMAHHIM
4iTKOT TMOCHIZIOBHOCTI — B €auHOMY mortoui [5—7].
O060B’3KOBOI0 YMOBOIO TPHU ITLOMY €:

— BIJICYTHICTb pO3pHBY B 4aci
oTIepamisMu;

— O/IHaKOBa MPOJYKTUBHICTH OKPEMHX JIAHOK.

Takum ymMoBaM BiJIOBiNa€e 3alpOIIOHOBaHA HAMHU
TEXHOJIOT1s BHYTPIIIHBOTOCIIOIAPCHKOTO
TpaHCIIOPTYBaHHS IuIONiB (puc. 1), ska mnependavae
30MpaHHs, TPAHCIIOPTYBAHHS | BUBAaHTAKCHHS IJIOIIB Ha
JiHII0 TOBapHOi 0OPOOKH IJIOAIB B €AMHOMY MOTOII. Jlist
I  BUKOHaHHS  3alpONOHOBAHO  BUKOPUCTOBYBATH
KOHTEHHepH-HaKONNYyBadi (TpaHCIIOPTHHHA 3acid i3
CremniaJbHUM Ky30BOM) 1 IPUCTPiil I pO3BaHTaKEHHS.

MDK OKpEMHMH

Merta gociiakeHn

TeoperndyHo JOBECTH JOLINBHICTE BUKOPHUCTAHHS
CreLiaIbHUX KOHTEIHepiB-HAKONNYyBaYiB JUIsl HOTOKOBOT
TEXHONOrii 30MpaHHSA 1 TpPAaHCHOPTYBAaHHS IUIOAIB Ta
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OOTpyHTYBaTH  OCHOBHI  TapaMeTpud  KOHTeHHepa-
HaKOMU4yBaya, B TOMi YHCIi HOTO BaHTAKOIAHOMHICTb.

Pe3yabsTaTn gociaigxeHb

CyTb TexXHOJOTII Taka: KOHTEHHep-HaKONMu4yBay
SIBIIIE  COOOI0 ONHOBICHMH TMPHUYIN 13 CHEIiaIbHUM
Ky30BOM. B arperari 3 TpakTopoM 3ai3kae B caj 10 Micls
30upaHHs  mioaiB. [IoBUNBHO — mepeMillyroyuch B
MDKPSIIIX cany, KOHTEIHEep-HaKOIINYyBay
3aBaHTaXyeTbcs  sIOMyKamMu OpWrajor0  NpaliBHUKIB
(15-20 wuon.). Ilicnst HamOBHEHHs Ky30Ba arperar
pyXaeTsCsl OO MicHs pPO3BAaHTAXCHHS, a Ha HOTO MiCIe
MTOJTAETHCS Jz101050¢ arperat 3 TIOPOXKHIM
KOHTEHHEPOBO30M-HAKOIIUIYBAYEM. PozBanTaxeHHs
MIPOBOIUTHCA HA TMPUHMAaIBHHUN TIPUCTPIH JIiHIT TOBapHOI
00pOOKH IIIOMIB.
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Puc. 1. TexHonoris
TPAHCMIOPTYBAHHSI TUIO/IB.

Fig. 1. Technology of assembly and bulk transport of
fruit.

30upaHHs 1 Oe3TapHOTO

Taka TeXHOJIOTIA BiamoOBigaE
BHMOT'aM ITOTOKOBOT TEXHOJIOTI.
TeopeTyHUMH  JOCHIDKEHHSIMU —TIepen0adyacThest

yCiM  OCHOBHUM

BU3HAYCHHA OCHOBHUX HapaMeTpiB TPAaHCIIOPTHOI'O
3ac00y Ta HOTO BaHTAXKOMIHOMHOCTI.
OpHi€elo i3 OCHOBHMX 3aJad IIpU  CTBOPEHHI

TPAaHCIIOPTHUX 3aCO0IB € OOIPYHTYBaHHS OCHOBHHX
mmapaMeTpiB Ky30Ba.

Buytpimai po3mipu: gomxuHa (L); mupuna (B) i
Brucora (N) BM3HAYAIOTHCA ONTMMAJIBHOI BaHTAKHICTIO,
HACHIIHOK Barol IUIOAIB Ta OOMEXKEHHSIMH 3a
rabaputamu. ONTHMaNbHA BaHTAXOIIIHOMHICTE HAMH
JoBezieHa B po6ori [2].

3a yMOBH ONTHMAJbHOI BaHTAXOIIAHOMHOCTI Qo
00’em Ky30Ba V cKiIanae:

V. =Q,kly, 1)
Jie ¥ — HACUIIHA LIiJbHICTb IUIOJIB;

K — xoedinient 3anoBHenHs Ky30Ba.

Jlnst  BU3HAuUEHHS pO3MIpiB  Ky30Ba BpPaxOBaHO
HAaCTYITHE:

a) IIUpUHA Ky30Ba HE MEPEBUIIYE [IUPUHHU
TPaKTopa;

0) mmbuHa Ky30Ba OOMEXEHAa JOIYyCTUMHUMH
CTATHYHMMM 1 JUHAMIYHAMY HaBaHTAXKEHHSIMH, 110 JIIOTh
Ha HIDKHI [IapH TUIO/IB.

BpaxoByroun HaBeJICHE, JIOB)XHHA Ky30Ba
BU3HAYAETHCS 3 YMOBHU
VK = BLh,
3BIIKH
VK
L= ,
Bh
abo
k
|_K — QL . @)
Bhy

3 mpuBeIeHUX MapameTpiB, ski BxouaTh B (1) 1 (2)
HAWOIIBII BAXKITMBE 3HAUCHHS Ma€ rTHOnHA Ky30Ba h.

Jnst i BU3HAYEHHS PO3IJISTHEMO DO3IOJALT 3yCHIIb,
AKi [JIIOTh Ha IUIOAM B Ky30Bi. Ilmogaum ykmamaroTbes
HaBaJIOM (HacHIIOM), TOMY iX MOXHA pO3IJIIIATH SK
3epHHCTI TiNa  pO3MIPHOI  CTPYKTYpPH, [0  SKUX
3aCTOCOBYIOTBCS ~ OKpEMi  TMOJIOKCHHS  MEXaHIKU
3€pPHUCTHUX CEPEIOBHIII.

[Tmoam, oOMexkeHi cTiHKaMH Ky30Ba, PO3TILIIAEMO SIK
3€pHHUCTE TLIO 3 TAKMMH NPUITYIICHHIMH:

1) mnoaM MaiTh IEBHY TBEPIICTh 1
nepeiaBaTi 3yCHJUIS BiJl OJHOTO JI0 APYIOro;

2) BapilOBaHHsI PO3MIpPIB OKPEMHX ILIOAIB BiHOCHO
CepeHbOr0 pO3Mipy HOCHTH BMIIAJIKOBHH XapakTep, L0
JI03BOJIsIE O€3MepepBHO 3MIHIOBATH BUCOTY LIAPY ILIO/IB;

3) mwioad B Ky30BI PO3MIIIYIOTHCS HE3aJICKHHM 1
BUTIAJIKOBUM YHHOM 1 PO3MOAUIAIOTECA B 00’eMi Tapu
CTaTUYHO PiBHOMIPHO 3 CEPEIHBOI0 MILIBHICTIO ¥ |

37aTHI

4) po3Mipu OKpeMOro IUioJa 3HAYHO MEHIII 00’ €My
Ky30Ba.

Jnst BU3HAYEHHsI 3yCWJIb, 1[0 IIOTh HAa IUIOJH B
Ky30Bi, HCOOXIZHO PO3MIISHYTH 3aJICHKHICTh 1X CKIIAJOBUX
BiJl pO3MIpIB MONEPEYHOrO IMepepidy Tapu i KoedimieHTa
BHYTPIIIHBOTO TEPTSI IIOJIB.

B MexaHili 3epHUCTHX MarepiasiB Jyisi BU3HAYCHHS
BEPTUKAIBHOTO THCKY G Ha HIDKHI MIapH BiJ Iii BEPXHIX,
MOXHA BHKOPHCTaTH aHANITHYHY 3aJICKHICTh, sKa
Ha3uBaeThCs popmynoro SHceHa [2].

[Micns nmesikmx TepeTBOpeHb Ha3BaHa (hopmyna Mae

BUTJIAO:
fnh

c=Ru_e®), 3)
fn

ne G — BepTHKaJIbHU THCK Ha TuOuHI h;

y — WIIBHICTH IUIOIB;

R — rigpaBnigyani pajiyc, Mo JAOPiBHIOE BiTHOIICHHIO
IUIOLIl TOPU3OHTAJIBHOTO Tepepisy S [0 mnepumerpy
crinok I1p;

f — koediieHT BHYTPINIHBEOTO TEPTS MIIOIB;

n — Koe(imieHT O0KOBOTO THUCKY, KM BHU3HAYAETHCS
BIIHOIIIEHHSIM TOPU30HTAJIBHOL CKJIaJIOBO1 o
BEPTUKAJIBbHOI.

SIKmo BiJOMO BEpPTHKAIBHHUIA THCK, MOKHA 3HANTH
cuny P, sxka gie Ha map 1wiomiB 3 OoKy ImapiB
PO3TAIOBaHKX BUIIE, TOOTO

P =GS. 4)

Busnauaemo cratuyni cuiu (Pey), 10 JiIOTh Ha

OKpEeMUIA TTi;
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Poy = P/m, (5)
e M — KUTBKICTh TUIOAIB, SKi 3HAXOAATHCS B OJHOMY
mrapi.
BmsHauaeMo KiTBKICTh IDIOAIB, SKi MPUIAgalOTh Ha
OJIMHHUITIO TUIONII TIOTIEPEYHOTO TIepepisy Tapu (K?):
K°=mls. (6)
CepenHe 3HaueHHs IOKa3HMKa K° mig s0dIyK y
i Gopmu kyii (Dg, = 60 Mm) opisHioe 276 mt/m2,
[MixcraBuBim 3HaueHHs Bupasy (4) i (5) 3a ymoBwH,
0
S/m = I/K*,
3aIHIIeMo
Py =G/ K.
Toni, Bupa3 mas BU3HAYCHHSA CTAaTHYHHAX CHII, SIKi
IiIOTh Ha OKpeMuil miix 3 00Ky mapiB, sSKi pO3TaIIOBaHi

BHIIIE, HA0yBa€ BUTIIALY:
fnh

R _fnh
m:ﬁ(l—e R, @)
I3 Bupasy (7) BUILIMBaE, 110 CTaTHYHA CUJIA, 5KA JIiE
HA KOXXHUM OKpeMHHU IUTIJ, 3aJIC)KUTh HAacaMIieped Bia
BUCOTH mIapy IuioniB. Taka 3aJie)KHICTh IOKa3aHa Ha
puc. 2.
ligpaBniuHuii pajaiyc CyTTEBO BIUIMBA€E HA BEJIHYUHY
CTaTUYHUX CWI TPH MajuX IUIOMAX IONEPEeYHOro
mepepizy Tapu. I3 pumc. 2 BHOHO, SAKOIO 30LTBIIUTH
rigpaBmiuanii paniyc a0 0,2 M — CTaTWYHI CHIHM Pi3KO
3pocraioTh. 3a ymoBH R<0,2>0,35M 30imbIeHHS
CTaTHYHHUX CHJ He3HauHe, a komu R>0,35, mpaktudaxo
3aNUIIAIOThCA HE3MIHHUMU. [[11s1 iCHYI0401 BEITMKO00 €HOT
Tapu (KOHTEHHEpH) BEJIMYMHA TiJpPaBIIYHOTO pajiyca
3HaXOaUThCA B Mexkax 0,22—0,3M.

P, H -

s -
/

20 P
15 -

10 // —r
5 / _a4—-

0 <=

[/] 200 400 600

Puc. 2. 3anexHicTs cuin P, 10 i€ Ha IUIOAM, Bij

BHCOTH Iapy mioaiB h: _ - craTu4Ha cuia; -
CyMa CTaTUYHUX i JMHAMIYHUX CHIL.

Fig. 2. Dependence of the force P, acting on the
fruits of the height layer of the fruit.
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Puc. 3. BmiuB rimpaBmiuyHOTO pajgiyca Tapu Ha
CTaTUYHI HaBaHTAKEHHS.

Fig. 3. Effect of the hydraulic radius of the container
on the static load.

OTxe, SKIIO JaJTi 301TITYBATH IO TOMIEPEYHOTO
mepepizy TapH, BEJIMYMHA CTaTHYHOTO 3YCHIIS Ha
OKpeMuil 1T Oy/Ie 3aIHUIIaTHCS IPAKTHYHO HE3MIHHOIO.

Bimpmricte TUIONIB  BUTPUMYIOTH 0€3 CYTTEBHX
MOIIKO/KEHb M SIKOTI CTATHYHE HABAaHTA)KEHHS, CTBOPEHE
IIIapoM IUTOJIIB BUCOTOO | M i Oisbime.

HeGe3neunnm 3ycuiist CTUCKAaHHS IUIOAIB CTa€ MpU
JUHAMIYHOMY #oro npukiagaHfi. i KopekTyBaHHs
ITUOWHU Tapyu Ha JUHAMIYHI HABAHTa)XCHHS, HEOOXiTHO
BUOMpaTH HANO1IBII HeOe3mevHi KOJIMBaHHS
TPaHCIIOPTHUX 3acO0IB B IPOIIEC] EPEBE3CHb IIOIIB.

Jomyctumi HaBaHTaKeHHS Taki, MpPU SIKUX IUTIJ
TIOIIKO/KYETHCSA 1 TEPEXOMUTh i3 BHIIOTO TOBAPHOTO
copty B HIK4IHHA. OCHOBHUM KPHUTEpiEM AJISI BU3HAYCHHS
JOMYCTUMUX HABAaHTAXEHb MPUHHATA IUIONIA CTUCKAHHS,
o JopiBHIOE 1 cM2. Buxosuu 3 i€l YMOBH, JOITyCTHME
HAaBAHTAKECHHS TP B3aeMOAIi A0TyK ONHE 3 OTHUM, IS
OLIBIIOCTI COPTIB 3 OCTATHBOIO TOYHICTIO, MOXe OyTH
npuitHaTa 50 H, a npu cTUCKaHHI MJIOCKOI KOPCTKOIO
noBepxHero — 55 H [4]. BpaxoBytoun vac mpukiiagaHHs
HABaHTAXCHHSA 1 KUIBKOCTI IX IIOBTOPCHb, BBEIEMO
koediumienT 3amacy piBauMm 1,8, Toni momycthme
HaBaHTa)keHHs aopiBHioe 30 H.

Bigomo, 1m0 IOBHE HaBaHTaXEHHS, SKE J€ Ha
wioan, Oyzie JOPIBHIOBATH CyMi CTATHIHHX 1 JHHAMIYHUX
HaBaHTAKCHb

P=Pwm+Ps. (8)

JuHaMiuHI HaBaHTa)XCHHSI CTalOTh Ha CKUIBKH
OUMBPIIMMU CTATUYHUX, Y CKUIBKH Mif04i TPUCKOPECHHS
MEPEBUIYIOTh TMPUCKOPEHHS BUIBHOTO MAJiHHSA, SKI
nocsiratote 1,5 29 [4]. Orxe, Bupaz (8) MoxHa
3arucaTu y BUTJISI

P =P (1+7),
Jie 77 — KoeilieHT TUHAMIYHOCTI, SKUH MOKa3y€e y CKUIbKU
pasiB [Iitoui NPUCKOPEHHS NEPEBHIIYIOTh NPUCKOPEHHS
BUTPHOTO TAIiHHA. 3a HAWOLIBII HECHPUATINBAX YMOB
TpaHCIOPTYBaHHs # focsrae 2 [4].

Sxmo # = 2, Toli MOBHE HaBaHTAXXEHHS B TPH pa3u
OiybIlle CTATHYHOTO, IO BUAHO 3 pHC. 2, a CyMapHa Cuiia
nocsirae Benmmunan 30 H Ha rmbuni ky3oBa 0,6 — 0,7 .
OnTHMaNbHOIO MOYKHA BBaKATH ITMOWHY Ky30Ba 0,6 M.

OntuManbHy BaHTaXOIIJHOMHOCTh KOHTeiHepa-
HaKoNM4YyBauya 3 YMOBH IPOAYKTUBHOCTI  POOOTH
NpaliBHUKIB B cajy 1 MPOJYKTHBHOCTI JIiHII TOBapHOI
00poOKH. IIpoAyKTUBHICT  OCTAaHHBROI  IMOBHHHA
BIAMOBIIATH TMPOJYKTUBHOCTI TPy MPaLiBHHUKIB, IO
3a0e3nedye MOXIIMBICTh Oprasizamii 30WpaHHS IUTOIIB
MIOTOKOBHM METOIOM.

IIpu OOTPYHTYBaHHS BaHTaXKOIIIJHOMHOCTI
TPaHCIIOPTHOro 3aco0y (KOHTEHHEepoBO3a) HEOOXiIHO
BPaxoBYBaTH NPOJYKTHBHICTb TpaHCIIOPTHOTO 3aco0y W i
npsimi BuTpath C.

[IpogykTuBHICTE arperata 3ajJeXUTh BiJ pAAy
(dakTopiB: BiACTaHi mepeBe3eHb L, BaHTaXOIiJHOMHOCTI,
Yacy HaBAHTAKEHHS 1 PO3BAHTAXKEHHS, MIBHIKOCTI PyXy.

Hasani  ¢dakTopu  B3aeMONOB’s3aHi,  HANPHKIIA],
ONTHUMAaJIbHA BAaHTAXOMIIHOMHICTG B 3HAYHIH Mipi
3aJICKUTh  BiJl  CHIBBIAHOIIEHHS  HPOAYKTHBHOCTI
3HIMaHHS  IUIOJIB, 3aBaHTAXEHHI 1IX B  Tapy,

TPAaHCIIOPTYBAHHS 1 PO3BAHTAXEHHSI TX Ha JIHIIO TOBAPHOT
00pOOKH.
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Omxe, IpOAYKTHBHICTD arperaty W 3a oiHy roauHy

pobotu pu TIOBHOMY BUKOPHUCTAHHI
BaHTAXXOIT JHOMHOCTI MOKHA 3aITUCATH TaK
W = QOH (9)

tr+ty
ne Qon — BAHTAXKOTITHOMHICTh KOHTCHHEPOBO3a;
ty — yac pyxy;
t> — yac 3aBaHTa)XKEHHS 1 pO3BaHTaKEHHS TUIOIIB.
Yac pyxy 3ameXuTh Bif BiacTadi mepeBe3eHb L i
CepeIHPOTEXHIYHOI MBHIKOCTI pyxy V, sfKa BpaxoBye

IIBUIKICTB TIEPEMIIIICHHS 3 BAaHTaXKeM 1 6€3 BaHTaxy
2L

ti==—. 10
1= (10)
UYac 3aBaHTa)KE€HHSI KOHTEHHEPOBO3a
ty= o, (11)
W3s
ne Wss — npoyKTHBHICTH poO0TH 30MpadiB IUIOMIB.
Hac po3BaHTa)XEHHSI KOHTENHEPOBO3a 3 IUIOAAMHU
Q
ty= =1, (12)
WJ'[TO
e Wiro MPOAYKTUBCHICTH JiHII TOBapHOi 00pOOKH
IUIOAIB.
Tonmi, dYac 3amOBHEHHS KOHTEHHEpPOBO3a 1 uHac

pO3BaHTa)XKeHHsI Oy/ie TOPIBHIOBATH
ts= tz3+ t4. (13)
[licns HeckIagHMUX IepeTBOpeHb BUpa3 (5) marmme
BUIJISA

tson_nk' (14)
Wie
ae K — xoedimienT, sKuil BIANOBIZAa€ BiHOIICHHIO
WJITO+ WJITO
WJ'[TO

[MincraBuBmm y piBHSAHHA (§) 3HAUCHHS YaCy PyXY,
Yyacy HAIlOBHEHHS 1 po3BaHTaKeHHSA i3 BupasiB (10) i (14)
i, 3pOOMBIIM MaTeMaTH4HI MEPETBOPEHHS, OTPUMAEMO
(GbopMyny NpPOIYKTUBHOCTI TPaHCIIOPTHOIO arperary 3
BpaxyBaHHSIM YCiX (akTopiB, SKi XapaKTepU3yIOTh
poIiec 30MpaHHs, TPAaHCIIOPTYBAHHS 1 TOBAPHOT 00POOKH
IUIOAIB

W = _ Waro VQon _ . (15)

2LW45+kV Qon
Ha puc. 4 HaBeneHuit rpadik 3aJIeXXHOCTI
MIPOJYKTUBHOCTI TPAHCHOPTHOTO arperara Bix Horo

BaHTa)XOIMMOMHOCTI, 3 SKOIO BHIUIMBa€, IO 3MiHa
MPOAYKTUBHOCTI Mae rinepOomiyHmiA xapakrtep. [lpu
301IBIIEHH] BaHTAXOIT JHOMHOCTI 3pOCTaHHSA

MIPOJYyKTUBHOCTI 3MEHIIYETHCS, 1Ie 00YMOBJIEHO THM, IO
30UIBIIYy€EThCA Yac 3aBaHTAXEHHS 1 PO3BaHTaKCHHS
KOHTEWHEpOBO3a. [3 30UMbIICHHSM pajiyca MepeBe3CHb
MPOJIYKTUBHICTh TAKOXK 3MEHIIYETHCS.

3anexHiCTh MpoxyKTUBHOCTI arperatry W  Big
IIBUAKOCTI pyXy V i MpoayKTHUBHOCTI 30MpadiB MOKa3aHi
Ha puc. 4. I3 36impmenasiM V i W,; IpOgyKTHUBHICTH
TPAHCIOPTHOTO  arperaty 3pocTa€, OCOOIMBO IIPH
36umpmenHi W, Take siBuine Oyzme XapakTepHO IIpu
30UIBIICHHI ~ BAHTAXOMIJHOMHOCTI, aje 1Mo  Mipi
30UIBIICHHS OCTaHHBOI 3aTpaTd Ha BHIOTOBJICHHS 1
eKCIITyaTallifo KOHTEHHEPOBO3iB 3pOCTAIOTh.

[t BU3HaYEeHHST ONTUMAIBHOT BAaHTAXOMIJHOMHOCTI
KOHTEHHEepoBO3a, KOJIM B IIPOIEeci eKcIuTyaralii 3aTpaTtu
OyayTh MiHIMAJIILHUMH, HEOOX1HO BUSIBUTH i1 3B'I30K Bif
NPSMUX 1 TUTOMUX BUTPAT.

BinmosigHO bil) METOJIUKH BU3HAYEHHS
eKOHOMIYHOI  e(eKTHBHOCTI MpsAMi  eKCIUIyaTamiiHi
BHUTPaTH BKIIOYAIOTH: 3apoOiTHY IUIaTy IIpamiBHHUKIB,

BilpaxyBaHHS Ha pPEHOBAII0 1 KaIliTaJbHUHA PEMOHT,
BimpaxyBaHHS Ha moTouyHud pemoHT i TO, BapTicTh
MAJINBO-MACTHILHUX MaTepialiB Ta iHII BUTPATH.

‘_\-‘_\_"L-\‘_‘_\_S__

W, 1/rog i\
S\
1,5 ]
/:}_’-—"_—.——'
1,0 /?

s\
vV

0 1 2 3 4 O

Puc. 4. 3amexnocti  mpomyktuBHOCTI W
TPAHCIOPTHOTO arperara BiJf HOTO BaHTaXOIAHOMHOCTI
Q i Bixcrani mepeBeseHs L, 3a ymosm: V = 15 xm/rogm,
MPOAYKTUBHICTE poOOTH 30upadiB mioaiB Wss = 2 T/rox i
MPOAYKTUBHICTH JiHil ToBapHOT 00p00KH Wiro = 10 T/TOT
(1-L=2xm; 2-L=3km; 3-L=4xm).

Fig. 4. Based on the performance W of the transport
assembly from its carrying capacity Q and the distance of
transportation L.

3 ypaxyBaHHSM BHKIIaJIEHOTO MPsMi eKCILTyaTalliiHi
Butpatd C 3pOCTalOTh MPOMOPIIHHO B 3aJ€XKHOCTI BiJ
BaHTAXKOII JHOMHOCTI, 110 MOYKHA TIOKA3aTH Y BUIJISII:

C=a+6Qq, (16)
Ie a 1 6 — koeillieHTH.

[utomi mpsimi  Butpatm U
BigHOMIeHHs mpsmMux Butpar C 1
arperaty W, Tomi

BH3HAUAIOTh, SIK
MIPOYKTUBHOCTI

U= (a+ BQon )(2LW36+kV Qon) (17)

W36V Qon
. .y C
3aneXXHICTh ITUTOMUX CKCILTyaTalllUHUX BUTpAT W

BiJl BaHTa)XOMiTHOMHOCTI KOHTeHHepa-HakommgyBada Q
MOKa3aHo Ha pHC. 5.

F%: , TPH/T

1000 \

N\

AN _

800

600

0 1 2 3 o,T
Puc. 5. 3anexHOCTI NHTOMHX EKCIDTyaTallidHIX
BUTpAT Bif BaHTa)KOII JHOMHOCTI KOHTeHHepa-
HakormuyBava: L =3 xm; V =15 km/rog; Wss = 2 T/roa.
Fig. 5. Based on specific operational costs from
capacity of container storage.

Jns Toro, 1mo0 BH3HAYUTH BAHTAXKOIIIIHOMHICTD

KOHTEIHEpOBO3a-HAKONUYYyBaya, AKa BiJIIOBiZa€
MiHIMyMy TNUTOMHX TpsSMUX  3aTpar  HEoOXiIHO
npomudepenmioBatn  Bupaz 1o Q,, B pe3ynbTari
OTPUMAEMO:
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Ub= -0 + o (18)
Slkmo mpHUpiBHATH TpaBy dYacTHHY piBHSHHA (18),
OTPUMAEMO
_ [L6LW5
Qun = V=00
3a ymoBu, skmo L = 3xm, Wy = 2 71/rog,
V = 15 xvron 1 K = 1,2 OINTHUMAJIbHA

BaHTAXKOIII THOMHICTh KOHTEHHepa-HaKonngyBaJa 2,5 T.

BucnoBku

1. dna Oe3rapHOro TPAHCIOPTYBAaHHS IUIOZIB
PO3MipH KOHTeHHepa-HaKONMYyBaya MPUHMaloTh 3 yMOBU
ONTHMAJIBHOI BAaHTAXKOMIAHOMHOCTI, sIKa 0OyMOBIIEHA
MPOAYKTUBHICTIO pOOOTH TpAIliBHUKIB Ha 30HWpaHHSA
IUIOAIB 1 TPOXYKTUBHICTIO IiHIi TOBapHOi 0OpPOOKH
IUIOIB.

2. TabaputHi po3Mipm  Ky3oBa  OOMEXKeHi
JOITyCTUMIMH HAaBaHTAKCHHAMH Bill Iii BEpPXHIX IMIapiB
Ha HWKHI Big Aii BiOpamil, a TakoX 3arajlbHUMU
TPaHCIIOPTHUMH BUMOTAMH.
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OBOCHOBAHMUE ITAPAMETPOB
TPAHCITIOPTHOI'O CPEJCTBA JIJI IIOTOYHOM
TEXHOJIOI'MU YBOPKU ITJIOAOB
B. H. Mapmuvuuxo, M. C. Boaauckuii

AnHoTanus. COanaHCHPOBaHHOE pa3BUTHE BCEX
3BeHbeB AIIK — HeoOxoaumoe ycioBue oOecredeHus
CTpaHbl MPOJOBOJIBCTBUEM, B YACTHOCTH IJI0I00BOLIHBIM
celppeM. B  HacTosmee Bpems cmaboe pa3BUTHE
nepepabarbiBatonux orpaciein AIIK, mpou3BoacTBEeHHOM
MH(PaCTPyKTypBl KOMIUIEKCA, IPUBOJAT K 3HAUUTEIEHBIM
MOTEepsIM MPOAYKIIMU CEIbCKOro xo3siictBa. Tak, moTepu
coOpaHHBIX IUIONOB H oBomied coctaBisioT 40-45%.
ITotpeOHOCTF B TPaHCHOPTHBIX  CpEACTBaxX VIS
CaJIOBOJICTBA M OBOIIEBOJICTBA YJIOBJIETBOPSIETCS JIMIIb HA
55-60%.

OpnHolt W3 Hamboliee CYIIECTBEHHBIX W CIOXHBIX
3aJa4 SIBJIAETCS YMEHBIIEHHE IOBPESKACHUH U TMOTEpPh
CEJbCKOXO35MCTBEHHOW NPOAYKLMH, TJAE OTBETCTBEHHAs
POJIb OTBOJUTCSI TPAHCIIOPTHBIM cpencTBam. Kak moka3zain
aHamu3, B Tporecce cbopa sOmok Oomee 15-20 %
MPOJIYKIUH HE JOXOUT JI0 MOTPEOUTEIISL.

Jnst  BHYTPHUXO3SHCTBEHHBIX IE€PEBO30K IUIOAOB
UCTIONB3YIOT ~ SIIIMKM WM KOHTeWHepwl.  [lmojsl
CEMEYKOBBIX KYJIBTYp HEpPEBO3AT OECTAPHBIM CIIOCOOOM
(B Ky3oBax aBTOMOOWIEH M TPaKTOPHBIX NPHIENAX).
Hcnonp3oBaHMe  TPaHCHOPTHBIX  CPEACTB  oOliero
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Ha3HAYCHUs HE OTBEYAET arpOTEXHHYECKUM TPEOOBAHMAM
K IepeBO3KE IUIOJNOB, a CHELHalbHbIE TPaHCIOPTHBIE
CpenCTBa U NMEPEeBO3KH ILIONOB OECTapHBIM CIOCOOOM
OTCYTCTBYIOT.

W3noxeHa wnesecooOpa3HOCTh HCHOJIB30BAHUS IS
MOTOYHOH TEXHOJOTHH cOOpa IUIONOB CIELHAIBHBIX
KOHTEHHEPOB-HAKONHUTENIEH, OOOCHOBAaHBI OCHOBHBIE HX
rapameTphl, B TOME qucne ONTHUMaJIbHAsS
IPY30HOABEMHOCTb.

KoaroueBble ci1oBa: 1UIopl, MOTOYHAS TEXHOJIOTHS,
yOopka IUIONOB, TPaHCHOPTUPOBAaHHE, COXPAaHHOCTh
IUTOJIOB, MEXaHWYECKHE MOBPEKICHHS, ONTHMalbHas
IPY30HOABEMHOCTb.

SUBSTANTIATION OF VEHICLE PARAMETERS
FOR IN-LINE FRUIT HARVESTING TECHNOLOGY
V. M. Martyshko, M. S. Volyanskij

Abstract. The balanced development of all parts of
the agro-industrial complex is a necessary condition for
providing the country with food, in particular fruit and
vegetable raw materials. Currently, the weak development
of the processing sectors of the agro-industrial complex,
the production infrastructure of the complex, leads to
significant losses in agricultural products. So, the loss of
collected fruits and vegetables is 40-45%. The need for
vehicles for horticulture and vegetable growing is
satisfied only for 55-60%.

One of the most significant and complex tasks is to
reduce damage and loss of agricultural products, where
vehicles have a crucial role. Due to the analysis, more
than 15-20% of the product does not reach the consumer
during the process of collecting apples.

Boxes or containers are used for on-farm
transportation of fruits. The fruits of pome crops are
transported in bulk (in car bodies and tractor trailers). The
use of general purpose vehicles does not meet the agro-
technical requirements for the transportation of fruits, and
there are no special vehicles for transporting fruit in bulk.

The expediency of wusing of special storage
containers for fruit harvesting technology is stated, their
main parameters are substantiated, including optimal load
capacity.

Key words: fruits, streaming technology, harvesting,
transportation, fruit preservation, mechanical damage,
optimal load capacity.

M. Maprumko ORCID 0000-0002-9846-7455.
C.

B.
M. C. Boasucsknii ORCID 0000-0002-3597-9365.



Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2019, Vol. 10, No 3, 45-50
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

UDC 331.1: 378.091.39

DOI: 10.31548/machenergy.2019.03.045-050

BUSINESS GAMES FOR LABOR SAFETY AS EFFECTIVE INSTRUMENT
FOR IMPROVING WORKPLACE KNOWLEDGE OF FUTURE AGRICULTURAL ENGINEERS

0. V. Voinalovych, S. M. Holopura

National University of Life and Environmental Sciences of Ukraine, Ukraine.

Article from specialty 133 — industry engineering.

Corresponding authors: voynalov@bigmir.net.

Article history: Received: March 2019. Received in the revised form: April 2019. Accepted: August 2019.

Bibl. 13, fig. 2, tabl. 1.

Abstract. The article is devoted to the theoretical
and practical analysis of the use of the business game
method for professional training of agricultural engineers.
It is noted that the problem of using the game in the sys-
tem of socio-pedagogical work is widely represented in
terms of pedagogy in general research. At the same time,
we see a shortage of domestic research devoted to the
development of theoretical foundations and to improve
the practice of using business games as an active method
of training future agricultural engineers. The specificity of
game activity is defined, which is in the direction of pre-
ventive, preventive orientation of the game as a method of
organizing meaningful training of future specialists.

The purpose of the research is to develop, scientifi-
cally substantiate and experimentally test the methodolo-
gy of business game “Organization of performance ap-
praisal on working conditions at the enterprise”, aimed at
familiarizing students with the procedure of assessing the
degree of harm in the workplace of agricultural produc-
tion. The result of such games can be both the direct de-
velopment of personality traits and the demonstration of
practical training of agricultural research engineers. Play-
ing certain situations, involving the participants of the
game in a situation of choice is a real way of developing a
creative personality, namely its qualities such as creative
interest, inquisitiveness, desire to know yourself, self-
confidence, creative optimism.

In this paper, the degree of mastering of educational
material by students after conducting practical lessons in
the form of the business game is analyzed in comparison
with students of control groups, in which this topic was
presented in a lecture form. The form of student evalua-
tion was to answer the test tasks and descriptive questions
of the module. The average scores of the 100-point sys-
tem responses were compared with the results of the con-
trols in the control groups, taking into account the overall
score of the groups in the academic year.

Key words: business game, occupational safety and
health, job attestation on working conditions, production
situation, degree of mastering of educational material.

Introduction

Studying the disciplines of the complex “Occupa-
tional Safety and Health (Professional Safety)” is aimed
not only at introducing students to the scientific and prac-
tical foundations of these disciplines, but also at master-
ing future specialists of a high level of knowledge and
skills in the field of occupational safety, ie assimilation of
occupational safety culture. This can be achieved through
the formation of the student's personality, who will ensure
compliance with occupational safety and health standards
at work, guided by the current occupational safety norma-
tive documents, able to develop and implement them.
A rationally organized system of training in the study of
vocational disciplines should be the basis and one of the
determining factors for the formation of the personality of
the modern manager of agro-industrial production.

Formulation of problem

The urgency of writing the article is due to the ever-
growing need to find new, scientifically substantiated,
practically meaningful and methodologically expedient
ways of successful training of agricultural engineers [1]
during the study of the discipline “Occupational Safety
and Health”. Together with modern teaching methods
(explanatory-illustrative, sign-contextual, case method,
etc.), game methods [2] are very effective approaches to
the study of innovative technologies in the training of
specialists [3], allowing for a flexible, conscious, success-
ful person-parties, able to think outside the box, to solve
urgent questions and to predict the future activity of the
enterprise.

Educational business games are such methods
(forms) of learning in which they model certain aspects of
production activity, which are accompanied by problem-
atic situations [4, 5], which should help students to ac-
quire organizational skills in the field of occupational
safety. Solution of possible problems (problems) at the
stages of development develops in students creative and
practical thinking, forms the ability to analyze the conse-
quences and circumstances of production activities, and
on their basis to make informed recommendations. Educa-
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tional business game encourages students to independent-
ly search for solutions to production problems, simulates
situations of practical use of the obtained theoretical
knowledge, and forms the skills of working in the work-
force.

Analysis of recent research results

Well-known scientists were engaged in the develop-
ment of game forms and methods of using the game in the
professional training of future specialists: L. Vygotsky, B.
Likh-chov, A. Verbitsky, A. Livshits, T. Khlebnikova, G.
Se-levko, E. Khrutsky et al. [6 - 8]. In the works of L.
Vygotsky, V. Platov, D. Elkonin it is argued that the busi-
ness game is a pedagogical tool and an active form of
learning, which shapes educational activity and develops
professional skills [9]. G. Ab-Ramova, V. Stepanovich, I.
Kuleshov emphasize that business play is an important
condition for stimulating interest in knowledge [9], a
method of active learning that contributes to the achieve-
ment of specific tasks, structuring the system of business
relationships of participants.

Its structural elements are the designing of reality,
the conflict of the situation, the activity of the partici-
pants, the appropriate psychological climate, interpersonal
and intergroup communication, the solution of problems
formulated at the beginning of the game, which as a result
creates conditions for improving the effectiveness of the
educational process.

Based on the analysis of numerous publications [4 -
9] we can conclude that the production activity of the
modern manager is characterized by the ability to inde-
pendently obtain the necessary information, quickly navi-
gate in non-standard situations, constantly improve the
level of their professional knowledge. A prerequisite for
the selective character of cognitive activity is the focus of
future research engineers on agricultural mechanization
on objects of cognition. [1].

Therefore, higher education can not meet modern re-
quirements, if the educational process does not pay atten-
tion to students' acquisition of the system of skills and
skills, through their own experience, search and under-
standing [1].

The amount of information in the field of occupa-
tional safety and health is changing so fast that it is im-
possible to summarize it at lectures and completely absorb
it [12].

The most effective form of practical training of stu-
dents in occupational safety disciplines is a business game
- which helps to supplement and consolidate the
knowledge acquired during the study of the theoretical
course of occupational safety, to enhance the creativity of
students, to develop skills in working with regulatory
legal acts. work and with reference literature, learn how to
independently solve labor protection issues in project
documentation, gain experience in performing engineer-
ing calculations based on labor protection documents (to
be used on Ali diploma in design and in the future in the-
Nairn in the field), to prepare for self-ment develop
measures to create a safe and friendly working environ-
ment in all sectors of the production [10 - 13].

Purpose of research

Develop and implement a business game “Organiza-
tion of performance appraisal of workplaces at the enter-
prise”, aimed at familiarizing students with the procedure
of assessing the degree of harm in the workplace of agri-
cultural production.

Results of research

The studies were conducted among students of the
Faculty of Mechanical and Technological Faculty of
NULES of Ukraine in Kyiv. where classes were conduct-
ed in the form of a business game. The degree of master-
ing the learning material by the students on the 100-point
system in the study and control groups was analyzed
(tab. 1).

Table 1. Results of the conducted assessment of stu-
dents' knowledge on the topic “Organization of workplace
certification under working conditions at the enterprise”
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
74 60 74 91 86 80
88 74 90 88 95 82
68 77 82 74 79 74
64 68 74 68 89 68
74 78 60 75 78 85
86 82 70 89 92 90
90 74 74 92 74 82
60 76 80 74 83 74
68 70 79 74 84 77
76 75 90 93 75 80
61 74 75 90 87 75
91 60 62 92 76 68
80 75 74 84 90 90
76 90 76 74 60
80 60 65 90 74
76 74 65 80 82
74 74 74 70 93
75 60 70 92 74
74 60 60 73
60 82 64
74 71
82 60
67
74
The average values of the control module

719 | 72,68 | 73,36 | 77,95 | 78,33 | 78,84
Average performance values

81 [ 7365 ] 7525 | 78 [ 7315 | 75

As noted above, the distinctive feature of a business
game is the presence of a simulation model. The structure
of a business game involves the following main stages:
preparation, conducting the game, analyzing and general-
izing its results. Development begins with defining the
purpose and objectives of the game, formulating require-
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ments for participants in the business game. The purpose
of the game has two aspects: motivational and didactic.

Here is a procedure for conducting a business game
that was conducted with students - future agro-engineers.
After acquaintance with the methodical recommenda-
tions-we on performance appraisal of workplaces (accord-
ing to the decree of the Cabinet of Ministers of Ukraine of
August 1, 1992 N 442) and the description of production
conditions (according to the appendix™ Input data of busi-
ness game”) From the students are formed attestation
commissions, the participants determine the duties, func-
tions and rights of each member of the commission. Each
group is provided by LAOS 0.00-6.23-92 “On the proce-
dure of attestation of workplaces under working condi-
tions”, methodical instructions for measuring the parame-
ters of production environment and forms. In particular,
this is a form of the task for the execution of the game, the
form of Maps of working conditions, the classification
parameter of the parameters of the production environ-
ment, as well as instruments: a multifunctional meter of
the parameters of the production environment and univer-
sal gas analyzer.

Participants of the game should outline a plan for
performance appraisal of workplaces based on working
conditions, taking into account the plans of equipment
placement, define boundaries of workplaces (work zones),
make a list of workplaces subject to appraisal. The Com-
mission shall determine the volume of studies of harmful
and hazardous environmental factors and shall organize
those studies. Participants of the game write from the
Occupational safety and health documents (directories)
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normative (permissible, optimal) values of the parameters
of the industrial environment, which correspond to the
place and time of performance appraisal of workplaces.

Subgroups of students make up for each accounting-
not workplace or group of similar places of the Working
Conditions Map in accordance with the protocols of re-
search of production factors, by means of the classifier
establish the degree of exceedance of the measured pa-
rameters relative to the normative ones. The number of
environmental factors exceeding regulatory values is
calculated. Determine to what class and level the condi-
tions and nature of work in the given workplace (of the
specified profession) belong. They formulate recommen-
dations for improving working conditions, their economic
justification, as well as proposals for establishing benefits
and compensations for working in hazardous and danger-
ous conditions.

The results of the performance appraisal depend on
whether employees will receive benefits and compensa-
tion for long-term working conditions in accordance with
labour-law legislation. Often, the problem is that man-
agement does not want to be certified due to its high cost
and the need to improve working conditions, eliminating
(reducing the impact) of harmful production factors.

Checking the effectiveness of the implementation of
the new teaching methodology for the assimilation of the
material was due to the preparation of reports on the work
performed and demonstration of presentations of the ob-
tained results.

77,95

72,68

71,9

Business game

Traditional

Teaching methodology

Term of study of students

Fig. 1. Results of students' certification for the module for different methods of teaching the discipline.

After conducting practical exercises in the form of a
business game, the degree of mastering of educational
material by students was analyzed in comparison with
students of control groups, in which this topic was pre-
sented in a lecture form. Form of evaluation of field-gala
students in the answers to the test tasks and descriptive

questions of the training module. The average response
scores for the 100-point system were compared with the
results of the assessments in the control groups, taking
into account the overall score of the groups in the aca-
demic year.
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Statistical analysis of the results of the research was
performed using the Microsoft Excel 2003 computer
program. The obtained data showed that the level of
knowledge of students in the groups, where the practical
classes were conducted in the form of business games,
was significantly higher than the students of the control
groups (Fig. 1). The average score of the responses in the
control groups was 72.65 points, and in the experimental
groups - 78.37. The standard deviation from the mean is +
0.434 and + 0.271, respectively.

To find out how significantly different indicators of
one sample of the studied results from the other, as stu-
dents of the study groups received higher scores than the
test ones, the Student's criterion was determined to be
11,198. Measurement accuracy had the highest signifi-
cance level (p <0.001).

Experimental group 6

Experimental group 5

Experimental group 4

Control group 3

Control group 2

Controlgroup 1

66 68 70

Average scores on the 100 point system

Comparing the data of averages of responses from
the control module of students on a 100-point system with
the total score of groups' success in the academic year, the
inverse correlation between the two sets of data was
found. The strength of the correlation was -0.34389, that
is, in the range of = 0.1 to £ 0.29, according to the scale is
a weak dependence, as evidenced by the level of signifi-
cance. The total academic achievement of students from
all disciplines in the year in the control groups was higher
than the results of the control module on the topic “Or-
ganization of workplace certification for working condi-
tions at the enterprise”, and, conversely, in one of the
study groups, these values were almost equal and still in
two, the results of the test module were much higher than
the average score (Fig. 2).

74 76 78 80 82

M Qverall performance score

Fig. 2. Comparison of averaged response scores on a 100-point system with the total score of groups for the aca-

demic year.

It is established that the use of the developed busi-
ness game in the educational process has allowed increas-
ing the level of assimilation of material on organizational
issues of occupational safety by 8%.

The described method of preparation and conduct of
a business game “Organization of performance appraisal
of workplaces at the enterprise” can be used as one of the
active teaching methods that allow the students to act
independently in the simulated situation. The analysis of
different ways of solving the situation, actions, methods
and ways of coping with critical situations contributes to a
significant improvement of the quality of the educational
process and the accumulation of experience. Business
games in the educational process allow future profession-
als to form not only certain professional skills but also
certain professional and moral personality traits under the
conditions of fulfilling their professional duties: efficien-
cy, diligence, honesty, initiative and principle [12].

Conclusions

1. It is shown that the use of the developed business
game “Organization of performance appraisal on working
conditions at the enterprise” in the educational process
allowed to increase the level of assimilation of material
on organizational issues of occupational safety and health
by 8%.

2. The described method of preparation and conduct
of a business game can be used as one of the active teach-
ing methods, which allow students a certain time to act
independently under the conditions of a simulated situa-
tion. Analysis of the development of the situation, differ-
ent ways of solving it, actions, methods and ways of get-
ting out of critical situations contributes to a significant
improvement in the quality of the educational process and
the accumulation of experience.
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JUIOBI II'PU 3 OXOPOHMU ITPAILII SIK
E®EKTUBHUI IHCTPYMEHT J1J14 TTOJIIIIIEHHS
3HAHb HA POBOYOMY MICLII MAMBYTHIX
IH)XEHEPIB CIUJIbCBbKOT'OCIIOJJAPCBHKOI'O
BUPOBHULITBA
O. B. Botinanosuy, C. M. I'ononypa

Anoranig. CraTTs TpHUCBAYCHA TEOPETUYHOMY 1
MPaKTUYHOMY aHaJli3y BUKOPHCTaHHS METOJY ALIOBOI Ipr
y mpodeciifHii MArOTOBI iHXCHEPIB CLIBCHKOTOCIIO-
JapcbKOro BUpOOHHWITBA. Bim3HavaeTscs, mo mpobiema
BUKOPHCTaHHS I'pu B cucremi cormiaigpHO-TIENarorigHol
poOOTH IMMUPOKO TMPEACTAaBICHI B IDIaHI MENAroTiKH B
LUIOMY TOCTIKCHHS. Y TOW K& 9ac MU 0aunMo aedimuT
BITYM3HSAHUX JOCIIIKEHb, IPUCBIICHUX pO3poOIli Teope-
TUYHHUX OCHOB 1 BIOCKOHAJICHHsI MPAKTUKH BUKOPUCTAHHS
JIIOBUX irOp SIK aKTHBHOTO METOJly HaBUaHHS MaiOyTHIX
IHXKEHEPIB CIIbCHKOrOCIOAapchkoro BupoOHuirea. Crie-
nudika irpoBoi AiSIIBHOCTI BH3HAUEHO, HIO B HAMPSIMKY
MPEBEHTUBHOT, NMPO(]IIAKTUYHOI CHPSIMOBAHOCTI TPU SIK
3aco0y oprasizaiii 3MICTOBHOTO MMiATOTOBKH MalOyTHIiX
(axiBiB.

Meta mocmimKeHHI-pO3pOOUTH, HAYKOBO OOTPYHTY-
BaTH Ta EKCIIEPUMEHTAIBHO alpoOyBaTH METOAMKY JiJIO-
Bol Tpu "opraHizamis aTecTamii 3a yMOBaMH IIpalli Ha
MiATPUEMCTBI", CIpsIMOBaHA Ha O3HAWOMIICHHSA YYHIB 3
MOPSAKOM  OINIHKH CTYIIEHS IIKOJM HAa BHPOOHHIITBI
CLIBCHKOTOCTIONAPCHKOT MpoyKuii. Pe3ynbraToM Takux
irop MOXyTb OyTH SIK TNpsSMi, PO3BHTKY OCOOMCTICHHX
sIKOCcTeil 1 JieMOHCTpalii NPakTUYHOI MiJIrOTOBKH 1HXKe-
HEPIB CIIbCHKOTOCIOMAAPCHKUX JOCHIKeHb, ['patu B
MEBHUX CHUTYAIlisIX, 3 3aJy4€HHSM YYaCHHUKIB I'PU B CHUTY-
amito BUOOpY-1Ie peallbHUi NUISIX PO3BUTKY TBOPYOI OCO-
OuCTOCTI, a caMe Taki HOTO SKOCTI, SIK TBOPUYHU iHTEpec,
JONHTINBICTE, Oa’kaHHS Ii3HaTH cebe, BIICBHEHICTH Y
c00i, TBOPYMI ONTUMI3M.

B naHiii po0OTi, CTymiHb 3aCBOEHHS HABYAIBEHOTO
Marepialxy CTYAEHTaMH ITiCJIsl NPOBEICHHS INPaKTUYHUX
3aHATH Y GOPMI JiITOBOI TPH aHANI3YETHCS B TIOPIBHAHHI 31
CTy/ICHTaMH KOHTPOJIBHUX TPYM, B SIKUX L1 Tema Oyia
npeacrasieHa B Gopmi Jexiid. @opmMu OIIHKK CTYACHT
MTOBUHEH OYB BiMOBICTH Ha TECTOBI 3aBJaHHS Ta OIUCOBI
nuTaHHA Monyis. CepenHiit 6an 3a 100-6anpHOIO cucTe-
MOIO BiJINOBiIi OYyJIHM 3iCTaBJIeHI 3 pe3yabTaTaMH KOHTPO-
JI0 Y KOHTPOJIPHMX TIpyIaX, BPaxOBYIOUHM 3araJbHUN
pe3yNbTaT Tpyny y HaB4aJIbHOMY POLIi.

Kawuosi cioBa: ninoBa rpa, Oe3meka Ta TririeHa
mpami, KeamiQikamiifHi arectamii 3a yMOBaMH IIparli,

BUPOOHWYOI CHUTYyaIlii, CTYIiHb 3aCBO€HHS HABYAILHOTO
Marepiany.

JEJIOBBIE UI'PBI ITO OXPAHE TPYJIA KAK D®-
®EKTUBHBIM MHCTPYMEHT J1J14 YJIVUIIEHUSA
3HAHMI HA PABOYEM MECTE BYIYIIIUX WH-
YKEHEPOB CEJIbCKOXO3SMCTBEHHOI'O ITPOM3-
BOJCTBA
A. B. Bounanosuuy, C. H. I'ononypa

AnHoTanus. CTaThs MOCBAIICHA TEOPETUUECKOMY U
MIPAKTUYECKOMY AaHAJIM3y MCIOJIB30BAHUSA METOJa Jelo-
BOH HUTPHI B MPO(ECCHOHATIHHOHN ITOATOTOBKE HHKXCHEPOB
CEIbCKOXO3SIMCTBEHHOTO MPOU3BoACcTBA. OTMETaeTcsl, 4TO
npobyiema ucnoab30BaHus Vrpsl B CHCTEME COIHANBHO-
MeIarorudeckoi paboThl MNPOKO MPEACTABICHBI B IIAHE
MENAaroruky B LEJNOM HCCIENOBaHusA. B To ke BpeMs Mbl
BUUM JE(QUIUT OTCUECTBEHHBIX HCCIICIOBAHUH, ITOCBS-
IIEHHBIX pa3pabOTKe TEOPETHYECKUX OCHOB M COBEPIICH-
CTBOBAHUC IPAKTUKU HCIIOJIB30BaHUA OCJIOBBIX WUI'D Kak
aKTUBHOTO MeTojla OOydYeHHs OYAYIIMX HHXCHEPOB
CeNbCKOXO3SICTBEHHOTO ~ Tpou3BoacTBa.  Crenuduka
UIPOBOM JEATEIIBHOCTH OIPEJEIICHO, YTO B HAIPaBICHUU
NPEBEHTUBHOMW, MPO(MIAKTHYECKON  HANpaBIEHHOCTH
UTPBI KaK cI1oco0a OpraHu3aluy CoAep KaTeIbHON MOAT0-
TOBKH OyIyIINX CIELHAINCTOB.

Hens uccienoBanus-pa3paboTaTh, HAY9HO OOOCHO-
BaTh W OKCIEPHUMEHTAIBHO amnmpoOHpoBaTh METOIHUKY
JIEIIOBOM UIpBl “OpraHu3alys aTTeCTallH IO YCIOBHIM
TpyAa Ha NpEeaNpUATHHN’, HalpaBlIeHHas Ha O3HaKOMIIe-
HUEC ydalluXcCsa C MOPAAKOM OICHKHU CTCIICHW BpE€aa Ha
MIPOU3BOJICTBE CEJIbCKOXO3SIMCTBEHHON Mpoaykuuu. Pe-
3yJIBTATOM TaKUX UTP MOTYT OBITh KaK MpsSMBIE, Pa3BUTUSA
JIMYHOCTHBIX Ka4Y€CTB U ACEMOHCTpalNU HpaKTH‘IeCKOﬁ
TMOJATOTOBKM HWHXKXCHEPOB CEIBbCKOXO3SIMCTBEHHBIX HCCIIC-
JqoBaHuil. rpaTe B ONpeJENeHHBIX CUTyallUsaX, ¢ MPUB-
JICYeHNeM YYacTHHUKOB WIPBHl B CHUTyallMI0 BBIOOPa-3TO
peanpHbIl MyTb pa3BUTHS TBOPYECKOM JIMYHOCTH, a
HMEHHO TaKHE €ro KauecTBa, KaK TBOPYECKHH HHTEpEC,
0003HATEIBHOCTD, )KEIaHHEe MO3HATh ce0sl, yBEPEHHOCTh
B ce0e, TBOPUECKHH ONTHMHU3M.

B nanHoit paboTe, cTeneHb yCBOGHUST yueOHOrO Ma-
TepUana CTyAeHTaMHU IOCJe MPOBEACHUS MPAKTUYECKHUX
3aHATHI B (hOpMeE JIeIOBOI UTPHI aHAM3UPYETCS B CPaB-
HCHUU CO CTYACHTaMU KOHTPOJIBHBLIX T'PYIII, B KOTOPBIX
3Ta TeMa ObLTa mpejcTaBieHa B ¢opme nekiuii. DopMmel
OLIEHKH CTYJICHT JOJDKEH OB OTBETHTh Ha TECTOBBIE
3aJaHus M ONHCaTeNbHbIe BOHpOchl Moxyns. CpenHuii
6amt o 100-0abHOM cUcTeMe OTBETHI OBUIH COTIOCTAB-
JEHbl C pe3ylbTaTaMd KOHTPOIS B KOHTPOJBHBIX
IpyNIax, y4yuThIBash OOLIMH pe3ysbTaT TPYNIbI B y4eo-
HOM rofy.

KiroueBble ciaoBa: aenoBas urpa, 06e30MacHOCTh U
Turuc€Ha Tpynaa, KBaIlI/I(i)I/IKaHI/IOHHLIe arTecrtauuu 110
YCJIOBUSIM TPYJla, TPOU3BOACTBEHHON CUTYyalluH, CTEIEHb
YCBOGHHSI YI€OHOTO MaTepraa.

Voinalovych ORCID 0000-0002-9321-2672.
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S. M. Holopura ORCID 0000-0001-9531-5344.
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AHoTanis. BukoHaHo  aHami3  3aCTOCYBaHHS
CyJacHHX IIHEKOBHX CENapaTopiB Ui 3HEBOAHCHHS
PIAKMX OpTraHIYHHX CyOCTparTiB, SIK arpoIpOMECIOBOTO
KOMIUIEKCY, TaK 1 B IHIIMX Tajdy3sX HapOJIHOrO
rOCIO/IapCTBa. 3alpONOHOBAHO TEXHOJOTIYHY CXeMy i
PO3pOOJIEHO KOHCTPYKIiIO LIHEKOBOTO cemaparopa Juis
3HEBOJHEHHS CHHUPTOBOI 3epHOBOi Oapau. OCHOBHOIO
0COOJIMBICTIO  3allPONOHOBAHOIO  LIHEKOBO-IIPECOBOTO
cermaparopa € JBOXCTaJIilHMH Ipolec 3HEBOAHEHHS
BXimHOTO CyOCTpary.

Pigxuii po3umH cyOcTpaTy MOTpaIuisie y IEepILy 30HY
IITHEKOBOTO cemaparopa, J€ Kpi3b OTBOpPH IMIiHIpa
MOTIEPETHHOTO BIKUMY BUIANSAETHCS pioka (Qpakiis —
¢yrar, a TBepaa (paKiis - KeK MOTPAIUIsLE B IPYTy 30HY.
Y apyriii 30HI TONEPEeIHHO BIIPKATHA KEK CITY)KUThH
(GUIBTPOM TOHKOI OYHMCTKM Kpi3b SIKYy IIiJ] THCKOM
NPOXOJMTH (yraT, IKUi BUAIIUBCS 3 TIEPIIOT 30HU 1 Ma€ B
co0i e O6araTo TBEpPAUX PEUOBHH y pinki ¢a3i Takux sk
HATNPUKJIA] OPLKIDKOBHIA ocan y Oapai. Takum 4YHHOM,
(dyrar o4MIIyeThCS | BUXOJHUTH KPi3b OTBOPH IMIIHIPY
OCTaTOYHOTO Bi/PKUMaHHS.

Bracnimok TpoBeAGHMX  HAYKOBO-AOCTHIAHHAX 1
JIOCITiTHO-KOHCTPYKTOPCBKUX ~ pOOIT, CTBOPEHO HOBHH
IIHEKOBUI ~ cemaparop. BuxopucranHs  JBOeTamHOl
CHCTEMHU 3HEBOJHEHHS PIIKUX CyOCTpaTiB y IIHEKOBOMY
cermapaTopi JO3BOJHTH 3HAUYHO 3HHM3HTH BMICT CyXHX
peuoBHUH y piakii dasi.

KuawouoBi cioBa. Oapna 3epHOBa, yrart,
ITHEKOBUH cemapaTop, 3HEBOJHEHHSI, (PUIBTp, ITHEK.

KeK,

ITocTaHoBKa MpoGIeMHU

CyvacHi IIHEKOBI cemapaTtopu [Uisi 3HEBOJHEHHS
cnuproBoi  OapiaM,  SKi  BHKOPHCTOBYIOTBCS B
TEXHOJIOTIYHUX IIpoIlecax CHHPTOBOI MPOMHUCIOBOCTI B
CBOIH  OUIBIIOCTI  BHUKOPHUCTOBYIOTH ~ 3yCHILIS,  SIKE
NepelacThCs HA JIONATI IIHEKa ISl 301JIbLISHHS TUCKY Y
MDKBUTKOBOMY TIPOCTOpPi BUTHCKAIOTh PiIKy ¢a3y 3
cybcrpary uepes inmbTpyBanbHi oTBOpH. OnmHaK uepe3
BEJIMKHHA JliaMeTp IIMX OTBOPIB 3HAYHA YaCTHUHA IPiOHUX
YaCTHMHOK, TaKUX SK JPDKIKOBHH  0Caj, MNpOCTO

BUMHUBaeThCs. 1110 He NO3BONSE MOBHICTIO 3abe3meduTH
BHIAJICHHSA CYXUX PEYOBHUH i3 PiAKOi (a3u.

B Toit xe wac Taki MeTomu K, JICKaHTALif,
GUIbTpYBaHHS € MAaJONPOAYKTHBHI 1 TOTpPeOYIOTH
3HAYHMX 3aTpaT 4acy i komrTis. [1, 2, 3].

AHAaJi3 0CTaHHIX TOCTiTKEeHb

BupoOuuTBO OioeTaHONMy B CBiTI y MaHWH dYac
HaOyBa€e MIMPOKOTO pO3MOBCIOMKEHHS. lle moB’s3aHO 3
TUM IO, BiH BUKOPHUCTOBYETHCSH y SKOCTI MOOABOK [0
OeH3MHY JUIi 3MCHIIEHHS BHUKOPHUCTAaHHS HadTOBOI
CHPOBHHHM 1 MiJIBUIICHHS OKTaHOBOro uucia. Ha nmanmit
gac y Oarateox kpaiHax cBity (CHIA xpainm €C) nHa
3aKOHOJIABUOMY DiBHI 3aTBEp/PKEHO BMICT Yy OeH3HHI
TakuX 010KOMIIOHEHTIB, SIK 0i0€TaHOII.

Haii6inpmiumu  BupoOHukamu  etanony € CIIA,
Bpaswmis, €spoma, Kwuraéi i Kanama. 3 po3BuUTKOM
CIIUPTOBOI MPOMMCIIOBOCTI, IO CIPHUYMHEHUH HIMPOKUM
3aCTOCYBaHHSIM  CIIUPTY 5K  OiomanuBa, BHHHKIIA
npobiema ytumizanii Biaxomis [4, 5].

Haiibinpmoro poOIEMOIO € YTHITI3aIlis
miciscriuproBoi  Oapam (I[ICB), sxa B HaTypambHOMY
BHTIIAAI Mae OOMEXEHHUH TOIMUT Ha PHHKY, OCKLIEKH HE
MiJIArae  JOBrOTpHBajoOMy  30epiraHHio  (pO3BHUTOK
THHJIICHUX TIPOIIECIB), @ TAKOXK MOTPEOy€e 3HAUHUX BHUTPAT
Ha JOCTaBKy croxuBauy [6-9]. Tox BIOCKOHAIEHHS
LIHEKOBOTO cemnaparopa HIISIXOM MOBTOPHOTO
BHKOPHCTAHHS IIONEPEIHBO BiPKATOTO KEKy Y SKOCTI
(GiTBTPY TOHKOT OYHCTKH (PyraTy JTO3BOJHUTH MOKPAIIUTH
SKICHI TOKa3HUKHW 3HEBOJHEHHS PiKOi 3epHOBOI Oapau.

MeTta mocirigkeHn

VY nmaHifl CTaTTI TOCTAaBIICHO 3aJady ITiIBUIICHHSI
e(eKTUBHOCTI OYHMIIEHHS (PiIbTPaTy 3MEHIIEHHSIM BMICTY
Cyxol pPEYOBHHM B HBOMY, IIUIIXOM BUKOPHCTAHHSI
BI/[DKATOTO KEKy y BHUTIJISAI (UIBTPYBAIBHOTO €IEMEHTY
JUTS HEOUHIIIEHOTO (yTaTy.
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Pe3yJ’l]>TaTl/l JOCJIIiIZKeHHST

Buxonsun 3 mocTaBieHOI 3aJadi IIPOIIOHYETHCS
KOHCTPYKIii ~ IIHEKOBOTO  cemaparopa  [7],  sikwit
BUKOHAHWH BHUTJIAI MTOJBIHHOTO ITHEKOBOTO TIpeca, SKHH
SIBIISIE  COOOI0 KOPIYC, IO CKIANAEThCS 3 MIIIHIPIB
NepeHbOT0 Ta OCTATOYHOTO BIPKMMaHHS 3 OTBOPaMH
sl (QIABTpaTy JKOPCTKO 3’€JHaHUMHU MK CO0O0I0
3’€THYBJIbHUMH LIIHIpaMH 3 (IirypHOIO BCTaBKOIO 3
OTBOPOM  Juisi  mojavi  Qinbrpary Oapam  micis
MOTIepeIHbOT0  Bi/DKMMaHHA. B cepeauni poswmilieHi
IIHEKH TMOMNEepPEeIHbOT0 Ta OCTATOYHOTO BLIKHMY, IIO
3’emHaHi Mydroro. Lli mHeKkH MO Kpasx 3aKpiluieHi Ha
BaJlaX, IO SKUX HPHUBOJUTHCA KPYTHHH MOMEHT Ha
BHKOHAaHHS KOpHUCHOI poboTtu. CyOcTpar momaeTbes dyepes
miiky, sgKa  3aKpilyleHa y  BepXHIH  YacTHHI.
BuBaHTa)XeHHS KEKy IPOXOJHTH depe3 MaTrpyooK Yy
3amHIM "acTHHI Kopmycy. Pimka d¢paris 30upaeTbes y
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MICTKOCTI JiIsl (DUTBTPATIB MOTIEPEAHBOTO Ta OCTATOYHOTO
BIDKUMY ITiJ] ITHEKOBUM CETIapaTOPOM.

[punammn pobotn mokasamid Ha puc. 1
TIOJISITa€ B HACTYITHOMY.

KpyTHuit MOMEHT TIepeiacThbes Bif €NEKTPOIBATYHA
yepe3 MacoBy IMepeAady Ha IIKiB 2, SKHH >KOPCTKO
3aKpilieHuit Ha Bay 1.

Jani XpyTHMHl MOMEHT TOJA€ThCs Ha IIHEK
TIOTIEpEeTHBOTO BiPKMMaHHS 3, 3’€IHyBalibHY Mydry 5,
ITHEK OCTaTOYHOTO BiMKUMAaHHS 4 1 Bal 6, sKi )KOPCTKO
3’enqHaHi MDK co0oro 1 BiIbHO 00epTaloThcs Ha
MiIUITHAKOBUX By3iax 12, 13. 3epHoBa Oapaa m1030BaHO
MMOTAETHCA Yy JIHKY 15, 3BIAKM IOMajae Ha JOmaTi IIHeKa
3 i mpocyBaeThca HUMH Jaii 10 30HI A. BHacmimok Toro,
o0 IDIOMIa TIONEpedHOro CideHHsS Ha BHXOAI i3
3’€IHYBaNbHOI MY(QTH 5 3HAYHO MEHIIA BiJ IDIOIII
MIOTIEPEYHOTO CiYeHHS Y MIKBUTKOBOMY IIPOCTOPI, THCK y
il kamepi 3pocTae, e CTBOPIOE CIPUSATINBI YMOBH IS
BUJIJICHHS QiTbTpaTy O6apu 4yepe3 OTBOpH 8.

12 Ta

o b 6

—_

7
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B |

C_1®
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- \
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Puc. 1. [lIaexoBuii cemaparop At BuaaneHHs (GigbTpary i3 3epHOBOI Oapau:

Fig. 1. Screw separator for removal of filtrate from grain bard:
1 — npuBigHuii Bam;, 2 — mIKiB, 3 — IIHEK MOIEPEAHLOTO BIPKUMAHHS; 4 — IIHEK OCTATOYHOIO BiHKHUMAaHHSI,
5 — 3’eqayBanbHa My(Ta; 6 — Bal; 7 — NWIIHP MOMEPETHHOTO BiKUMaHHS; 8, 10 — oTBOpH [T BUAaNCHHS (iabTpary;
9 — mwTiHAP 0CTATOYHOTO BiKUMaHHS; 11 — maTpyOoK A BumaneHHs TBepaoi paxmii Oapau; 12, 13 — miAMIMITHAKOBI

By31u; 14

3’€IHYBaJIbHUH LWIIHAP 3 (IrypHOIO BCTaBKOIO 3 OTBOPOM Ul mojadi (inbTpary Oapau micis

TIOTIepeTHHOTO BIDKMMaHHS; 15 — nifika jurs nmogadi 6apau; 16 — MicTKicTh Ut QinbTpaTy MONEepeHbOTO Bi/KMMaHHS;
17 — matpy0Goxk i QinbTpaTy momnepeaHsoro BikuMaHHs; 18 — MICTKiCTh U1 (DLIBTPATy OCTATOYHOTO BiPKMMaHHS;

19 — marpy0oxk 1151 QinbTpaTy OCTaTOYHOTO BiKMMaHHSI.

Jami BoHa cTikae y MICTKICTh g (imbTpaTy
morepegHporo BimkuManHsa 16. Ilpoxonsan kpiss OTBip
MiDX 3’€IHYyBaJbHOIO My(PTOI0 5 1 3 €IHYBaIHHUM
mutiapoM 14 copecoBaHa TBepaa (pakmis y BUIILII
KUIbLI MOAA€Thesl Ha mHeK 4 y 30HY b, sk 1e mokazano
Ha puc. 2. Y NOpOXXHUHY ITiJ] THCKOM BiJ MicTkocTi 16 3a
JIOIIOMOT0I0  BIALIEHTPOBOTO HAacocy (Ha pPHUCYHKY HeE
MI0Ka3aHo) Yepe3 OTBOpU (IrypHHX BCTAaBOK 3 OTBOpaMHU
3’enHyBanbHOl MydTH 14 momaerbes Qinmbrpar Gapau.
TakuMm unHOM, pigka ¢pakuis 6apau micis MornepeaHsOro

BI/DKUMaHHS TIOBTOPHO MPOXOJUTH Kpi3h CIPECOBAHY
TBepAy ¢pakiito 6apau 1o otBopis 10.

TBepaa ¢pakuis y 30HI b cy)uth QineTpyBassHIM
€JIIEMEHTOM, SKUH 3aTpuMye y co0i TBepAi pemTKd 3
¢inpTpary Oapau micis monepeaHboro BiKUMaHHs. Jaii
TBepAa (Qpakuis BHIAISAETbCS UeEpe3 MaTpyOooK Juist
¢uIpTpaTy ocraTo4yHOro BijkMMaHHA 19, a ¢ineTpar i3
30HM b BUnanseTsca Ha30BHI yepe3 orBopH 10.
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BxidH namplyoky

Albyebun ombyp

Puc. 2. 3’ennyBanbHuil HWTHAP 3 (ITYPHOK BCTaBKOIO 3 OTBOPOM Ui mojmavi (iibTpaTy Oapau Tmmicis

nonepeaAHbOro BUXKUMaHHA.

Fig. 2. Coupling cylinder with curly insert with opening for filtration of bard filtrate after pre-squeezing.

AHai3yl0un KOHCTPYKTHBHI OCOOJIMBOCTI TaHOTO
IITHEKOBOTO ceTapaTopa 0aunMo, IO BiH CKIAIA€ThCS 3
IBOX 3’€IHAHUX MiX CO0OI0 IMIHEKOBUX QuIbTpiB. Tomy
NpU  pO3paxyHKy CHJIOBHX  XapakTEepUCTHUK  CIiX
PO3paxoBYBaTH MOTY>KHOCTI KOXHOT 31 CTOPIH IICJIS YOro
CyMYIOUHU IX.

Jns aHanizy CHIIOBHX XapaKTEPHCTHK IIHEKOBOI'O
cemapaTopa HEOOXiHO pO3paxyBaTH MOMEHTH, SKi
HEOOXiTHO TPHUKIACTH JI0 ULIHEKOBOrO Baily, 100
TIOJIOJIATH CHJIM TePTSI 1 CTBOPUTH THCK, HEOOXITHUH 11t
BiITHCKAaHHSA Qyrary:

— MOMEHT BiJI CHUI TepTs poOOYOT0 Tijia 00 HMWITIHIPH
BipkUMaHHA (yraTy, My,

ﬂDZ fm)c’]m
ys :T

Ie: me — K0e(ii€HT TepTs KOB3aHHS;

M jOL P(x)dx 1)

N, — XoedimieHT, SKUHA BPaxOBYE pPIBHOMIPHICTH
riepesiadi TUCKY;

D — BHyTpilHI# AiaMeTp UUIITHAPIB BIIXKMMaHHS, M;

L — noxuHa po0OOY0T 30HU IIWIIHAPY BIIXKUMAHHS, M;

P — pobounii THCK Tporiecy npecyBaHHS, [/a.

— MOMEHT Bix piBHOMIpHOiI nii  Ha pobouy
KPHUBOJIHIHHY MOBEPXHIO IITHEKY
_ mL(D*-d°)
¢ 12h
ne: d — 30BHINIHIH JiaMeTp Bajly [IHEKA, M;
0. — KyT HaXWJIy TBUHTOBOI JIiHii JIO TIONEPEYHOTO
niepepizy 'BUHTA, 2pao.;
h —kpok rBUHTa NIHEKOBOTO BaIy, M.
— MOMEHT BiJl CHJI TEpPTS Ha IOBEPXHI TIIHHOI
CTOPOHU BHTKA IITHEKA

M (cosa + f,sina);  (2)

7 ( D3 —d 3) L
= 3
M, o frtt [ POOYAX ()
IoTyxHicTh, sKa HEOOXiMHA IS BIOTHCKAHHS

¢yrary depe3 OTBOPH WWIHAPIB BIKMMaHHSI MOXKHA
BH3HAYNUTH HACTYITHIM YHHOM

Ny = Prax Vo @i (4)

ne: Pmax — MakcumanbHE 3HA4YEGHHS THCKY B Kamepi
npecyBaHHs, [la;

Vgye — 00’eM ¢yrary BiIKAaTOro Kpisk OTBOPH

OWTiHAPIB BiIPKUMAaHH, M3
® — KYTOBa IIBUJIKICTh OOEPTaHHS IIHEKOBOTO Baly,

pao/c.
[loTyXHICTh, sIKa HEOOXiAHA JUIsI BUTHCKAHHS
MaKyXH 4epe3 0TBOpHU
2
v
N}\‘EK = pﬁvxexa)? kﬁ ! (5)

i€ ps — TYCTUHA Gapy Micls BiKUMY, KI/MS,
Vex — 00’ €M KeKy TiCIIs BIDKUMY, M3
K — Koe(illieHT, SIKAI BpaXxOBY€E 30BHIIIIHE 1
BHYTPILIHE TEPTS MaKyXH.
Tonai cymapHa CHOXHBaHA MOTYXHICTh CTAHOBUTHUME
N=(M,,+M,+M,)w+N, +N_, (6)

e

Ha migcraBi aHamizy 3anexHocTeit (6) MOXKHA
CTBEPIUKYBATH, IO HA EHEPreTHYHI MOKAa3HUKU POOOTH
npeca, OCHAIEHOTO IITHEKOBHUM BaJiOM 13 TBHHTOBOIO
KaHaBKOIO Y BHIUISI CErMEHTa Kpyra, BIUIMBAIOTh HOTO
KOHCTPYKTHBHI TIapaMeTpy — JOBXWHA, BHYTpILIHIA Ta
30BHIMIHINA JiaMeTpH, KPOK BUTKIB 1 IIONIa OTBOPIB IS
BiZIBEJICHHS MaKyXH, a TAKOXX 4acTOTa 0OepTaHHS Baiy.

[loOynoBani rpadiku  3ajexXHOCTEH  3aranbHOI
cnioxxuBaHoi noryxHocti N, kBT mHeKoBoro cemnaparopa
JUIl  BUAAIEHHS (QUIbTpaTy 13 3epHOBOI Oapau  BiX
rMMOMHN KaHaTy ITHEKOBoro Bana — H, M, 1 KpoKy TBUHTA
rrHeKkoBoro Baiy — h, m. (puc. 3).

3a JI0MOMOroI0 SKHUX, MOXKHA 00paTé ONTHMalIbHUN
Jiarma3oH TEOMETPUYHHX MapameTpiB mmHeka — H Bix
0,037 m 10 0,038 M Ta KpOKy I'BHHTa IIHECKOBOI'O Bally —
h Bixg 0,084 M 1o 0,086 M, npu 3a1aHiil TPOXYKTHBHOCTI
Q=500 ke/200 3epHOBOI Oapm.
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Puc. 3. 3anexxHocTi 3arajgpHOT coKUBaHOT MOTY)KHOCTI N,kBm IIHEKOBOTO cenaparopa Juis BULaJIeHHs BilbTpary
i3 3epHOBOT Oap/ M Bi MTHOMHH KaHAITY IITHEKOBOTO Bana — H, M, 1 KpOKY 'BHHTA IIHEKOBOTO Baiy — h, .

Fig. 3. Dependences of the total power consumption N, kW of the screw separator to remove the filtrate from the
grain bard from the depth of the channel of the screw shaft — H, m, and the pitch of the screw of the screw shaft — h, m.

MKBI’)’I‘

16 16,0

14 g
12 112
- 96

<
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I
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Puc. 4. 3anexHOCTi 3arajgbHOI CIIOKUBaHOI MOTYXHOCTI N,xBm Bif KyTOBOi IIBHIKICTh 0OEpTaHHS IIHEKOBOTO
Bay, pau/c.
Fig. 4. Dependences of the total power consumption N, KW on angular speed of rotation of screw shaft, rad/s.

Tabmuns 1. BusHaueHHs OCHOBHHX MapaMeTpiB 3HEBOIAHEHHS 3epHOBOI Oapau 3 Ko3miBCHKOro CHHPT3aBOIY
V=500 mu, pH = 4,24.

Table 1. Definition of basic parameters dehydration of grain bards from Kozliv distillery V = 500 ml, pH = 4.24.
CepeaHe 3HaYSHHS

3/m BapianTtu Bwmict CPy | Bomoricts
¢yrari, % ocaxy, %
1 | Bapna npodinbTpoBaHa Kpi3b cHTO BKpHTE 4-Ma miapamu Mapai. I = 0,689 4,2 80

2 | IloBTopHa ¢unbTpauis ¢pyrary Kpi3b HAMUBHHH IIap KeKy 6apan Ha cuTi 3 4-Ma

mrapamu Mapdi. r = 0,721 34 76
3 | MogentoBaHHS MMpoIleCy 3HEBOAHEHHS Oapau Ha 1a00paTOpHOMY IITHEKOBOMY 39 73
¢uteTp-mipeci. r = 0,840 '
4 | TIloBTopHa (inbTparis il THCKOM Bi/KaToro Qyrary, Kpi3b Bi[DKaTHH KEeK y 3.0 79

sabopaTopHOMY HIHEKOBOMY (inprp-npeci. r = 0,811
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Ha mingcraBi aHamisy 3anexHocteidl (6) MoxHa
CTBEP/DKYBATH, 110 HA SHEPreTHYHI MOKa3HUKH pPOOOTH
HAIIIOTO ITHEKOBOTO cemaparopa, OCHAIIIEHOTO
ITHEKOBUMH BaJlaMH i3 TBHHTOBOIO KaHaBKOIO y BUTJIAII
CerMeHTa Kpyra, BIUIMBAIOTh WOTO KOHCTPYKTHBHI
mapameTpu — JOBXKMHA, BHYTPIMIHIN Ta 30BHIMIHIN
JiaMeTpH, KpOK BUTKIB 1 IJIOIIA OTBOPIB JJIs BiJBEJCHHS
KeKy, a TakoX 4actota oOepTaHHs Baya. JlocmiuBIIN
piBHSHHES (6) Ta MiACTaBUBIIN B HHOTO Pi3HI 3HAYCHHS O
OTpUMaJIH 3aJIeKHICTh BIUIUBY Ha IMOTYXXHOCTI HpOLECY
cemapallii KyToBoi MIBHIKOCTI IMHEKOBOro Baia (puc. 4).
{i amanis cBimuuTh, MO MOTYXKHICTH, KA 3aTpadyacThcs HA
IpoLIeC 3HEBOJIHEHHS 3epHOBOI Oapau, 30UIbLIYETHCS 3i
30UTBIICHHSM KyTOBOI IIBUIKOCTI IITHEKOBOTO BaJia.

EdexTuBHICTS MaHOTO TEXHIYHOTO pimieHHS OyIo
BumpobyBano 2018 pomi B HAyKOBO-HOCIHITHIN
mabopatopii «biotexronorii a arpoctepi» BII HYBill
Vxpaian «bepekaHChKUI arpoTeXHIYHAN iHCTUTYTY. Jls
JOCITi Ty BUKOPHUCTOBYBAJIach 3epHOBa Oapna
KosmiBcbkoro crnupt3aBoay. JoChimKeHHs MPOBOAUIKNCH
o YOTUPHOM BapiaHTam y I’ ITUKPATHOMY
MOBTOPIOBaHHI. ~ MojentoBaHHd ~ IPOBOJWIOCH — HA
1a00paTOpHOMY IITHEKOBOMY (ijbTp-mpeci BJIACHOTO
BUPOOHMIITBA 3 IYyCTOTUIMM IIHEKOM Ta OTBOPaMH Yy
KIiHIII.

BucHoBku
1. B pe3ynbpTaTi  MPOBEACHOTO aHaizy
3aIIpOIIOHOBAHO ~ HOBY  KOHCTPYKI[I0  LIHCKOBOTO

cemapatopy JUis BuAaleHHs (iapTpaTy i3 3epHOBOI
Oapau. ['0JIOBHOIO OCOOJIMBICTIO SIKOT €, IO MONEPEIHHO
BI/DKaTUl KEK BHUKOPUCTOBYETHCS y sIKOCTI (inbTpy
TOHKOT ouMcTkM Qyraty. Take TexHiuHe pilIeHHS
JI03BOJIUTh 3HAYHO 3HU3MTH KUIBKICTh CYXOl PEUOBHHH Y
piAKEX Bimxomax, Oe3 BTpaT NPOAYKTHBHOCTI CaMoOTo

poriecy.
2. JHocmimkeHo 1m0 mpo¢ink BHTKAa IITHEKA
COpPUYHUHSE 3MiHYy CHEProBUTpAT HAa 3HEBOJAHEHHS

3epHOBOI Oapau. Tak, Ha eHepreTUYHI MOKa3HUKK poOOTH
ITHEKOBOTO cemapaTopa Jis BUIANCHHSA (UIBTpaTy i3
3epHOBOi  Oapau,  OOMagHAHOTO  3alpPOTOHOBAHUM
LIHEKOBUM BajJiOM, BIUIMBAIOTh IOro, BHYTpIIIHINA Ta
30BHILIHIN JiaMeTpH, KPOK BHTKIB, yacToTa OOEpTaHHSI.
[oTyXHICTb, SIKa BUTPAYAETHCS HA MPOILEC 3HEBOJAHEHHS
3epHOBOI Oapam, 3pocTae 31 30UIBIICHHSAM YacTOTH
obepTaHHS Baiy.

3. Tlomepenni MopentoBaHHA B JIaDOPaTOPHHUX
YMOBax MOKa3aJn, IO 3aBASKH TAaKUM KOHCTPYKTUBHHAM
0COONMBOCTSIM ~ IIHEKOBOTO  Cemaparopa  MOXHa
JIOaTKOBO BIIIyYHTH 3 pinkoi ¢a3u Ha 6 % Oinbie, HIX Y
3BUYaHUX YMOBAX.
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IIIHEKOBBIN CEITAPATOP JIJIS1 VIAJIEHH S
®UJIbTPATA C 3EPHOBOM BAP/IbI

U. B. ©rnvony, U. U. Yeapmaywvruii, P. B. [llampos
AHHOTauMsl. BrIoMHEH aHanM3 IpPUMEHEHUs
COBPEMEHHBIX IIHEKOBBIX cernapaTopoB Ui
00€3B0OKMBAHUS JKUAKIX OPTaHHUECKUX CyOCTpaToB, Kak
arpoIpOMBIIIJICHHOTO KOMIUIEKCa, TaK M B JAPYIHX
oTpaciiax HapOJHOTO X0341CTBa. IIpennoxena
TEXHOJIOTHYECKAsi CXeMa W pa3padoTaHa KOHCTPYKIIHS
ITHEKOBOTO Ceraparopa Uil 00e3BOKUBAHHS CITMPTOBOU

3€pHOBOM Oapapbl. OcHoBHOH 0COOCHHOCTBIO
NIPEATIOKEHHOT0  IITHEKOBO-TIPECCOBOTO  cerapaTopa
SBISIETCSL  IBYyXCTAQAMHHBIA TIporiecc  00e3BOXKMBAHMUS

BXOJIAIIIEro cyocTpara.

Kunxuii pactBop cyOcTpara momagaeT B IEpBYIO
30HY IIHEKOBOTO Ccemaparopa, IJe CKBO3b OTBEPCTHS
LMJTHHIPA MTPEABAPUTENLHOTO OTXKUMA YAANISETCS KUAKAs
¢bpakuus - Gyrat, a TBepias Gppakiys - KeK Monajgaet Bo
BTOpYIO 30HY. Bo BTOpO#i 30HE NpeaBapUTEIBLHO OTKATHII
KEK CIIy>KUT (DMIIBTPOM TOHKOH OYHMCTKH 4depe3 KOTOPYIO
TI0J] JaBJICHUEM NPOXOAUT (hyTraT, KOTOPBIA BBIJEIHICS U3
NepBoil 30HBI W HMMeeT B ce0e elle MHOTO TBEpPABIX
BEIIECTB B JKUAKOH (haze Kak Hampumep IpOOKEBON
ocanok B Oapne. Takum obOpazom ¢yrar oumimaercss u
BBIXOAMUT 4Yepe3 OTBEpPCTUS IMIMHAPA OKOHYATEIHHOTO
OTXKHMA.

Bcenencrue IIPOBEJIEHHBIX Hay4HO-
HCCJIEIOBATEIbCKUX M OIBITHO-KOHCTPYKTOPCKUX paboT
CcO3J]aH HOBBIM IIHEKOBBIM cenaparop. Mcnonb3oBaHue
JBYXITAITHOM  CHCTEMbl ~ OOE3BOXKMBAHUS  KHIKHX
cyOCTpaTOB B  IIHEKOBOM  CEmaparope  IMO3BOJHT
3HAUUTEIBHO CHHU3HUTH COJEP)KaHHE CYXHX BEIIECTB B
KHUIKOH (aze.

KaloueBble cioBa. Oapna 3epHoBasi, ¢yrar, Kek,
LIIHEKOBBIH cenaparop, 00e3BoXHBaHHE, (GUIIBTP, LIHEK.

SCREW SEPARATOR FOR REMOVAL
OF FILTRATE FROM GRAIN BARD
I. V. Flonts, I. I. Chvartatskiy, R. V. Shatrov

Abstract. The analysis of the use of modern screw
separators for the dehydration of liquid organic substrates,
both agroindustrial complex and other sectors of the
economy is done. The technological scheme is proposed
and the design of a screw separator for dehydration of an
grain distillery spent wash is developed. The main feature
of the proposed screw-press separator is a two-stage
process of dehydration of the input substrate.

The liquid substrate solution enters the first area of
the screw separator, where the liquid fraction - fugate is
removed through the openings of the pre-spin cylinder,
and the solid fraction - the cake enters the second zone. In
the second zone, the pre-pressed cake serves as a filter of
fine purification through which a fugate is released
through the pressure, which was released from the first
zone and contains many solids in the liquid phase, such as
yeast sediment in the bard . In this way, the fugate is
being purified and exits through the openings of the final
spin cylinder.

As a result of the research and development work, a
new screw separator was created. The use of a two-stage
system of dehydration of liquid substrates in a screw
separator will significantly reduce the solids content in the
liquid phase.

Key words: grain bard,
separator, dehydration, filter, screw.

fugate, cake, screw
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AHoTanig. Po3riasMHyTO NHUTaHHA BIOCKOHAIEHHS
OyHKepa-jo3aropa HaciHHA. B pesynbrari mpoBelneHHX
JIOCITI/KEHb 3alpONIOHOBAHO BJIOCKOHAJIEHHs OyHKepa Ta
BU3HAYEH] HeoOXiaH1 mapaMeTpu 3MIiHHU bi6) '8
PIBHOMIPHOTO  HEMEPEepBHOTO  O3YBaHHSA  HACIHHA
CUIBCHKOTOCTIONAPCHKUX ~ KyNIbTYp, IO BAXKIUBE B
6aratbox raimy3sax CLIBCHKOTOCIIOIAPCHKOTO
MamnHOOYQyBaHHS, ¢ MOTpiOHE SKICHEe MO3yBaHHS
CHUTIIKUX  3EpPHHCTHX  MarepiajiB,  OCOOIMBO B
NPOTpYIOBayax HaCiHHs. 3alPOIOHOBAaHE BJOCKOHAJICHHS
JI03BOJISIE MIABMIINTH PIBHOMIPHICTH J03yBaHHS HACiHHS
CLIBCHKOTOCTIOIAPCHKHUX KYJIBTYP HE3aJIeXKHO BiJ] BUCOTH
3allOBHEHHS HMM OyHKepa Ta 3€pHHUCTHUX MarepialliB B
IHIIUX Taly3sX Ta 3MEHIICHHS METaJOEMKOCTI 1
ra0apuTiB BIANOBITHUX MAlllWH, Y SIKMX 3aCTOCOBYIOTHCS
TaKi OyHKEpH.

KawuoBi  caoBa:  OyHKep,
PIBHOMIpPHICTB, 103aTOP, BiOparIis.

TCPTH, THCK,

ITocTaHoBKa MpodIeMu

Y pi3HEX BUPOOHHMLITBAX MOLIMPEHI omeparii
BaHTa)KEHHS-PO3BAHTAXKCHHS CHIIKUX 3ePHUCTHUX
MarepiaiiB B TEXHOJIOTIYHI 1 TPAaHCIOPTYIOUi MPUCTPOI.
HeBig'eMHOI0O UYacCTHHOIO YCTAaTKyBaHHA JUISI TaKHX
orepariiif € pi3HOro poay OyHKEpH, IO BCTAHOBIIOIOTHCS
B MiCIIX CIIOJNydEHHS OCHOBHOTO, TPAaHCIIOPTYIOUOTO i
JOTIOMDKHOTO ycTarkyBaHHSA. OKpiM IOTO OyHKEpH
3aCTOCOBYIOTbCS [UIsi 30epiraHHsi pi3HMX Marepiaii, a
TaKOX IS IX 00'€MHOTO 1 BaroBOro J103yBaHHSI.

Cunki Marepiajam ayxe pi3HOMaHITHI HO CBOEMY
TPaHyJIOMETPUYHOMY CKJIaay, MLIUIBHOCTI, BOJIOTOCTI i
iHIMM (i3iKO-MEeXaHIYHIM BJIACTHBOCTSIM 1 1O 3AaTHOCTI
BUTiKaHHSA 3 OyHkepiB. IIpm poboTi 3 BosOrMMH,
JIMIIKAMH, TaKUMH, M0 3JIEKYIOThCS MarepialaMu JTyxKe
4acTi BHIAAKH TOPYIIEHHS Ta HECTaOUIBHICTH PoOOTH
OyHKepiB, IO MOJATAIOTH B YTBOPEHHI 3BEACHb HaJ

BUIIYCKHUM  OTBOpPOM  OyHKepa, BHACIIZOK  YOTO
BUTIKaHHS  Marepialy 4acTKOBO ab0  MOBHICTIO
NPUIMHAETECS.  |HIIOIO  TNPUYMHOIO  TOPYLICHHS

HOpPMaJIbHOI pOOOTH OYHKEpiB € yTBOPEHHS MAacHBHHUX
30H, KOJIM BHUTIKaHHS MaTepialy BiJOyBaeTbCs TUIBKHU i3
30HM, pO3TAlIOBaHOI  HAJ  BHUIYCKHHM  OTBOPOM
(TpyOOyTBOpIOBAHHS), 1 () iICTOTHO 3MEHIITYE

NPOJNYKTHBHICTh, CTaOUIBHICTH 1 €MHICTb
OyHKepa.

JlozaTopu, 1O TOEOHYIOTH A03yBaHHS HACIHHS 3
PO3MOAIICHAAM Ta POPMYBaHHIM HOTO MOTOKY MOTPiOHOT
OIITBHOCTI  BHACHIAOK TalbMIBHOI Iii pO3MOIITEHUX
TPUCTPOIB 3HaYHO 3MEHIIYIOTh HNOTCHUIHHY
MPOAYKTUBHICTh  TpPOTpyroBada. ToMy  mOTpiOHO
BIOCKOHQJINTH IIPOTOYHUI Jo3aTop, mio 3abesmeuye
piBHOMIpHE HeTiepepBHE ITO3yBaHH:I HaCiHHA
CLIBCHKOTOCIOZIAPCHKUX KYJBTYP HE3aJIe)KHO BiJl BUCOTH
3allOBHEHHS! HUM OyHKepa a)X 10 IOBHOTO CHOPOXKHEHHS

Horo.

KOPHUCHY

AHAaJi3 oCTaHHIX JOCTiIKEeHb

Pe3ynpratn  fOCHI[DKEHb  MPOLECY  BHCHITAHHS
CHUNIKMX MarepiajiiB i3 MICTKOCTEeH CBim4aTh, IO
TeOMETPUYHI XapaKTEePHUCTUKH MICTKOCTEH 1 J03yBalbHUX
OTBOPIB Ta 1X CIIBBIIHOIIECHHS, a TaKOX piBEHb
3allOBHEHHS MICTKOCTEH  CyTT€BO  BIUIMBAIOTH  HA
PIBHOMIPHICTb JI03yBaHH: CHIIKHX MarepiaiiB
OPOTOYHUMH J03aTOpaMH 00 €MHOro THIy. AHami3
JO3yBaJbHUX  TPHUCTPOIB  CEpiHHMX  NPOTPYIOBaYiB
CBIIYMTH, IO B IX KOHCTPYKIISIX LI 3aKOHOMIPHOCTI He
BPaxoBYIOTbCs. Tak, NPOJYKTHBHICTh J03aTOpiB 3
MIACHBHUMHU PO3MOAIIBHUKAMH HACIHHS BH3HAYAETHCS
IUIOIIEI0  JKMBOTO  NEPETHHY  KUIBLEBOTO  OTBOPY
BUIIYCKHOI TOPJIOBHHH OyHKepa Ta KOHCTPYKTHBHHMH
rapamMeTpamMy po3noAiabHuKa HaciHHA. [IpoxyKTuBHICTH
JI03aTOPIB 3 aKTUBHUMHM PO3NOAIIBHUKAMHU 3AJICKUTH BiJ
4acTOTH 00EpTaHHs PO3NOAIIBHUKA Ta HOTO KOHCTPYKIIT
(muck abo KOHYC), a 103aTOPiB MPOTPYIOBaUiB iHEPLiIHHO-
¢pukniinoro Ttumy [1], y sxumx poboumii opraH
OJIHOYACHO € aKTUBHUM PO3MOJIIIBHUKOM HACiHHS — Iie i
BiJ mapaMeTpiB OOKOBOT MOBEPXHI pOOOUOTO OpraHa

Haii6Ginem moBHO (i3MUHA CYTHICTH TpOIECY
BHCHIIAHHS 3€pHA Yepe3 OTBOPH B MICTKOCTSIX BHBYAJIHCS
B. M. AtomsHoMm [2] ta I'. M. By3enkoBum i C. A. Ma
[3], sxkuM Bha’gocs KapTHHY BHCHIIAaHHSA HACIHHS
OOTPYHTYBaTH HaNpsIMKaMHd 1 HIBHAKOCTAMH DPYXy
HACIHHA B KOXXHIH 30HI [2] 1 B3a€MHHUM pO3MIIICHHIM
YaCTHHOK CHIIKOI'O Marepialy B MICTKOCTI Ta CHJIaMH
THCKY CHIIKMX MaTepialiB Ha JHO i CTiHKH MicTkocTi [3].
IIprunHOIO yYTBOpPEHHA CKJCMIHHA 3 YacTOUOK €
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3aKJIMHIOBAHHS X CHJIAMH BHYTPIIIHBOTO TEPTS IO JIiHIT
iX ykmanku. UM MeHMUH KoedillieHT BHYTPIIIHBOTO
TEepTA i YUM OUTBIINN AiaMeTp OTBOPY, THM CKIICTIIHHSA
MEHIII CTifiKe i TOMY YTBOPEHHS HOTO MOXIMBE JIHIIC y
BUIAJKy BHCHUIIAHHS CHIIKOTO MaTepialy 4epe3 OTBOpH
Majoro niamerpa. Bmcora OTBOpy mpH TOCTiHHOMY
JiaMeTpi He BIIMBAE HAa BUTPATy CUIIKOTO Marepiany [3].
AHasoriyHuii pe3ysibTar ofepKaHuil i B Hac.

PoOoui mpouecr cydacHUX IPOTPYIOBAadyiB HACIHHS
HenepepBHOi il BKIIIOYAIOTh HENepepBHE 1 piBHOMipHE
J03yBaHHs HaciHHA 1 poOOoYoi pIITMHM - TECTHIHLY,
OCKIJIbKM BOHU € HEOOXITHOIO MIepelyMOBOIO PIBHOMIPHOT
0OpOOKHM HAcCiHHA IpermapaToM, a OTKE 1 TOCATHEHHS
BHCOKOI €()eKTHBHOCTI IPOTPYIOBAHHS.

3rigHO 3 pe3yNbTaTaMd JAOCIHiIKeHb [2-4] BIUIHB
YMOB BHTIKaHHS HaciHHS 3 OyHKepa Ha pPiBHOMIpHICTBH
MOTOKY BHU3HAYAETHCS MTapaMeTPaMH BHITYCKHOTO OTBOPY,
MICTKOCTI 1 BHCOTOIO 3aIlOBHEHHS I1i HACIHHSAM, a TaKOX
foro (i3uKo-MexaHIYHUMH BIACTHBOCTSIMH [5-11].

Meta gocaixKeHb

3m00yTTs AKICHOI OIIHKY BIUTUBY BiOpalliii OyHKepiB
Ha IUHAMIKy 3€pHHCTOr0 MaTepiasy, TOOTO BHBYCHHSI
BIUIMBY BiOpariif Ha 3aKOHU BUIUICHHS 1 PO3IMOALTY THCKY
B OyHKepax.

Pe3yabTaTu 10caixkeHb

CyTT€EBUM pE3epBOM 3 MiABHUIICHHS ¢(h)EKTUBHOCTI Ta
3abe3neueHHss Oe3nepeObiitHoi  pobotu  OyHKepiB €
BIIPOBADKEHHsI BIOpALiifHUX TEXHOJIOTIH, YHIKaJIbHICTh
SIKMX TIPOCIIIKOBYEThCSL y 3a0e3MeueHHi aJanTHBHOTO
JUHAMIYHOTO BIUTMBY Ha pPIi3HOMaHITHI JHCIIEPCHI
CHCTEMH 32 YMOBH 3HAYHOTO €HEPreTUYHOTO IOTEHIaTy
iX TeXHOJOTIYHOI 00pOoOKH. [0 MIMPOKOTO PiIZHOMAHITTS
SIBHIIL, 1110 BUHHUKAIOTH BHACIIJOK peadizarmii
BiOpaIiifHOTO BILUTUBY BapTO BiTHECTH 3HAYHE 3MCHIIICHHS
KoedillieHTa BHYTPIIIHROTO TEPTs, aKTUBHE 301TBIICHHS
NUTOMOT ~ TMOBEPXHI  MaTepialy 1pH  B3aeMomii 3
TEXHOJIOTIYHUM HAaIlOBHIOBaueM, €(eKTHBHE CTBOPEHHs
3HAYHUX IPAJIEHTIB LIBUIKOCTEH 3CYBHUX AeopMariii y
MIKpO- Ta Makpoo0’eMax MPOAYKIIi 32 YMOBH 3MiHH 1l
CTPYKTYPHO-MEXaHIYHUX  XapaKTepUCTUK.  [IpuHIMI
BiOpariiiHoi iHTeHCU}iKalii 3acCHOBaHMI Ha ocialieHHI
CTPYKTYpHHX 3B'I3KIB  MDK YaCTHHKAMH CHITy4OTO
Marepianxy Ta Ha 30UIbIIEHHI X BITHOCHOI PYXJIMBOCTI, HA
CHJIOBOMY pYHHYBaHHI 3BOJY, IO YTBOPIOETbCS HaJ
BUIIYCKHHM OTBOpPOM. Y  BHINAJIKy BHKOPHCTaHHS
aKTMBHHUX PO3MOIUIBHUKIB (K TpaBmiIo, 00EpTOBUX
IUCKiB ab0 KOHYCiB) TalbMIBHHH OMip BUCHIIAHHIO
HaciHHA 3 BUIYCKHOI TOpJIOBMHH OyHKepa  IIi
PO3MOMITFHUKNA CTBOPIOIOTh BHACHIJIOK HAKOTIMYCHHS B
30Hi iJi BUITYCKHOIO TOPJIOBHHOIO IIapy HACiHHSA, IO HE
€BaKyIOETHCS 3 Ii€i 30HM aKTUBHUMHU PO3IMOAITbHUKAMH.
B mpomy BHMajKy NPUYMHOIO 3MEHIICHHS IMOTEHIIIHHOI
MIPOJyKTUBHOCTI J03aTopa € HEY3T0JUKEHICTh
KOHCTPYKTUBHHMX IlapaMeTpiB Jo03aropa Ta peXHMIB
po0OTH  aKTHBHOTO  PO3MOJUIBHMKA 1  BHIIYCKHOI
TOPJIOBHHU [5]. 3 METOI0 IPUCKOPEHHS eBaKyallii HaciHHs
i3 30HM cXOmy HOro 3 pO3NOJUIBHHKA B JEIKHX

nporpytoBadax (Hanpukian [IHY-4) 3acTtocoByroTh
JIOJTATKOBI KOHCTPYKTUBHI €JICMEHTH — aKTHBATOPH.

JIBi OCHOBHI 3a/1a4i TMHAMIKH 3€pPHUCTAX MaTepialiB
(3aKOHM BWTIKaHHS 1 3aKOHH PO3MOJUTY THCKIB Ha JHO i
CTIHKH cmiIociB 1 OyHKepiB) posrmsimamucsi B [6] B
MIPUITYIIICHHI iICHYBaHHS JOCHTH BEIHKHX KoeddimieHToB
BHYTPIIIHBOTO 1 30BHIIIHBOTO TEPTS 3epeH. THM yacom,
KyTH TepTst @ (KyT 30BHIIIHBOTO TEPTSA 3epeH 00 CTiHKY
OyHkepa) i ¢ (KyT BHYTPILIHBOTO TEPTS 3€PEH) Y PI3HUX
CHUITyYMX MaTepialiB 3MIHIOIOTBCS B IIMPOKHUX MeEXax, a
MOXYTh OyTH W MamuMu. MoXHa ysSBUTH OOl i Takuit
3epHUCTUI Marepiay, MK 3epHaMH SKOTO € pinuHa,
HATIpUKJIaJl, MacisgHa IUTiBKA. Y CTAaTHI TaKuid MaTepian
Oyme BecTnm cebe Tak, sSK HIOM CHIM 30BHIOIHBOTO i
BHYTPIIIHBOTO TEPTS MPAKTUIHO BiJCYTHI.

Jlo amcna (akTopis, MO CIPUSIOTH 3HMKCHHIO CHII
CYXOTO TepTs, BITHOCUTBCS ¥ KOJMMBAIBHUI pyX OyHKepa
1 3epHUCTOTO MaTepiaiy, IO 3HaXOAUThCS B HboMY. [l
MOOIIBHUX MalIMH - 1I¢ BHIIAJKOBI KOJUBAHHS OYHKEpIB,
00yMOBJIEHI HEPIBHOCTSAMH JOPOTH, XUTABUICIO CY/AHA i
T.0. [HONI KOJNMBANBLHMH pyX CIHEliadbHO HAIAETHCS
OyHKEpy 1 CHIlydOMy MaTepialy 3 METOK YCYHCHHS
MOXJIMBOCTI YTBOPEHHSI CKJICTIIHb 1 OTPUMAaHHS OiibLI
cTiiikoro BuTikaHHA. Edexrt mii BiOpamii Ha 3epHHUCTY
cepeny 3BOIWTHCA SK OWM 110 3HIKEHHS KoedilieHTa
TEpTsI, TOMY IO B Tpoleci KOJIMBAaHb CHIIM HOPMAJIbHOTO
THCKY 3€peH OJHE [0 OJHOTO Ta Ha CTIHKY OyHKepa
MEPiOINYHO 3MIHIOIOTECSA. B pesympraTi IhOTO CHIIH,
HEJIOCTaTHI AJIsI B3a€EMHOTO BIHOCHOTO 3MIICHHS 3€peH
npu X CHIOKOI, MOXYThb OyTH JOCTaTHIMH sl iX
nepeMilieHb B OKpeMi MOMEHTH 4Yacy IpH BiOparisx.
TobOro pymiiiiHa cuna Oyzae Oinblia CHIM TEPTs 1 3€pPHO
npuiije B pyX. 3araibHuil e(heKT 3BOJANTHCS TAKUM YHHOM
sIK OW 10 3MEHIIIeHHsI Koe(DilieHTy TepTs.

Y ocHOBY wi€l OIIHKK NMOKJIaeHUIT eDeKT 3HIKESHHS
KyTiB TepTs mpHu BiOpamisx OyHKepiB. Bkazana skicHa
OLliHKA, OYEBHU/HO, HE MOXKE TIOBHICTIO 3aMIHUTH TOYHOTO
KUTBKICHOTO JIOCIIDKEHHS BIUIMBY BiOpalliii Ha THHAMIKY
3epHHCTOrO Matepiany. KinbKicHe HOCHiIKeHHSI TOBUHHE
BPAaxOBYBaTH BCi XapaKTEPUCTUKH KOJIUBAJIBHOTO DYXY,
10 3IIHCHIOETECS OYHKepOM (ITOCTYTANbHI KOJIHBaHHS B
TrOPU30HTAJIbHOMY, BEpPTHUKAJIBHOMY a00 MOXHIOMY
HarpsiMax; TMOCTYNaJbHI KOJHMBaHHA 0 KPYroBux abo
CNINTHYHUX TPAEKTOPISX 1 T.O., TMOBOPOTH OyHKepa
BIJIHOCHO HEPYXOMOi a00 MHUTTEBOT OCi 00epTaHHs i TOMY
noxioHe.  JIOCHi/DKEHHIO  BIUIMBY  IIOCTYMAJIbHHX
BEPTUKAJbHAX  KOJNMBAaHb HAa 3aKOHM  BHIUJICHHS
npucBsiuena pobora [7] ta iHmii.

BianosinHo 10 BHKIaneHOro, OyaeMo BBaXkaTH, IO
i3 3pOCTaHHSIM IHTEHCUBHOCTI (YaCTOTH 1 MAaKCUMAaJIbHOTO
MIPUCKOPEHHsT) BiOpamuii eexTHBHI KyTH TepTs ¢ Ta ¢
3HWKYIOTBCSI, 1 B TPAaHMYHOMY BHIIAJIKy MOXKHA YSIBUTH
cobi ix moBHe 3HWKHeHHs. Lle mpuBene mo BiAMOBITHOL
3Minn koedimientis omopy k i HopmanbHOTO THCKY Kn Ta
koedimienta Sucena Ks (kKoedirieHT GOKOBOTO THCKY),
o0 BIUIMBa€ Ha pPIBHOMIPHICTH TMOJadi HACIHHS.
[pumyctuB ¢ = ¢ = 0 y dpopmymnax koedimieHTIB omopy
[8] k Ta HOpMasBHOTO THCKY Kn, OTpHMAEMO iX 3HAYECHHS

B TPAaHUYHOMY BWIIQJIKy BIJICYyTHOCTI TepTss — MpHU
IHTCHCUBHUX BiOpaIisx:
1
k=+—tga-tg’p; (1)
Rr
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tg’s

T L o )
2+ttgo -tgp
1
k. ==tg°p, 3
o 29,3 ®)

Jie: BepXHill 3HaK BiAINOBiNa€e 3BY)KYBaHOMY, a HIKHIA —
po3ImupoBaIbHOMY OYVHKEpY, B — KyT yKJIQZaHHS 3epeH
CHITYJOTO Tija.

3 dopmyn BUIHO, IO Y OYHKEpi, IO POSIIUPIOETHCS
JIOHU3Y KoedilieHT omopy pyxy k mpu BiOpamisx Moxke
CTaTH HETaTUBHUM.

V Bumaaky OyHkepa (cuiocy) 3 BepTHKATIbHUMHU
crinkamu (a=0):

k=0; ko = %tgzﬂ, (4

Je: B — KyT yKJIaJaHHs 3epeH CHUIy4Ooro Tija.

o no BUTiKaHHS IPiOHO3EPHUCTHX MaTepialiB, TO
srigHo [6, 7] Oymo BU3HAUEHO [Ba MOMKJIMBHX THIIA
BUTIKaHHS — HOpMayibHEe abo TifpaBiiuHe. [cHyBaHHS
TOrO YM IHIIOTO THUIY OOYMOBJIICHO CIIiBBIIHOLICHHSIMU
MK QpuKLiiHEME (@; ¢) Ta PO3MIPHUMH BIACTUBOCTIMHU
Matepiamy (), a Takox TOB’s3aHO 3 (GOPMOIO OyHKepa
(a).

3MEHIIIEHHST KYTiB TepTA ¢ Ta ¢ 3MIHIOE 3HAYCHHS
BenmynH k, Ta ©.

IIpu ¢ = ¢ = 0 BOHN IPUHMAIOTH TaKUI BUTIISL;

k, =tga -tg’p; (5)
0= _tg2p. )
tga

YMmoBu icHyBaHHA mnepmoro (® > 3) Ta mpyroro
(® < 3) TumiB BUTIKAHHS MPUAMAIOTh BiIOBIIHO BUIJIS;
B> 60" - mepImmii TUN BATIKAHHS;
B <60° - npyruii THI BUTIKAHHI.
IcHyBaHHS HEPIIOTo THITY BUTIKaHHS
NPENCTaBISIETHCS B JAaHOMY BHIIAIKY MaJOMOBIPHHM.
OHak, NOBHICTIO BUKITIOYATH 1Ieil BUIIAZOK 3 PO3IIISIAHHS
HEMOXHa JI0 THX Tip, IOKK He BUBUCHUI BIUIUB BiOpamiit
OyHKepa Ha YKJIaJIKy 3epeH — BeJIHYHHY KyTa Pep.
lo 10 BepTHUKAJIBHOTO Ta HOPMAJIBLHOIO THCKY
3epHUCTUX MarepialliB IpH BiOpauisx OyHKepa Ta Ipu
¢ — 0, § — 0 xoedimient omopy k — 0.
PiBHSIHHS 711 BEpTHKaJbHUX THUCKIB B CHIIOCI Oyne
MaTu BUIJISIL

do
=" U]
dx
3BIIKM  CIiye TiApOCTATHYHHMA 3aKOH  PO3MOILTY
BEPTHUKAJIBHUX THUCKIB!
6 = 6, = ygx. 8)
Takum umHOM BIUIMB  BiOpamiii cwiocy Ha

BEePTUKAJIbHI THUCKH 3BOAMTHCA [0 IiX 3POCTaHHA Ta
HAOJIDKEHHIO JI0 T1IPOCTATUYHUX.

BokoBuii THCK Ha CTIHKY CHIIOCHA HAOJMKAETHCS 10
3HAYEHH:

1 2
6n = > 7gx 19° B, 9)

wo ciixye 3 Gopmyin ta s kn= Ke.
Y koHiuHOrO OyHKepa audepeHLiiHe piBHAHHA MpU
¢ = ¢ =0 Oyze y TaKOMY BUIJISI:

2
d_0'+—b('[g P 2)0'279. (10)
dx R —bx
KoedinienT mnepen 6 y npyriii ckmamoBii niBoi
YACTHHM pIBHSHHS NO3MTHBHMI mpu tgB > V2 aGo
B> 54°45" ta HeraTuBHUIA pu P < 54°45"

wa

) e e T e
/ ] i S TN
/ I | N T~
f "
|"r ' ' LY
“f 3 ; \
s ’ ~
& - - 5
s - - - %
R e P ——— ) -
W
Puc. 1. BusHaueHHS BEpPTHKAIBHOIO THCKY B

OyHKepi: a — cxema Ta po3Mipu OyHKepa; 0 — 3aJeKHOCTI
BEPTHUKAJBHUX THUCKIiB Bil MMMOWMHM X pO3pi3y mnpu
PI3HUX 3HAYCHHAX CIiBBigHOIMIEHHS ko/b=0: 1 — 5; 2 — 4;
3-3;4-2;5-15.

Fig. 1. Calculation of vertical pressure in the silo.

OTxe, y Bunajky B > 54°45 rpadiku BepTUKILHUX
THCKIB 6 = 6 (X) aHayoriyHi kpusum 1, 2, 3 Ha puc. 1.
[pu B < 54°45 rpadiku BepTUKAIBHUX TUCKIB aHAJIOTI4HI
KpHUBiH 5 Ha MalioHKy, a mpu = 54°45 Mu noBuHHA
OTpUMATH  TIAPOCTATUYHHWHA  3aKOH  PO3MOJIIJICHHS
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BEpPTUKAIBHHUX THCKIB — KpHBa 4.

BucHoBkH

1. PospaxyHok 1 mpoekryBaHHA BiOpamiifHOTO
oOnajHaHHA, O 3a0e3rnedye BUCOKY IPOAYKTHUBHICTB,
BUMaralmoTh  ITODIMOJEHOr0  BUBUEHHS  (I3UYHHX
3aKOHOMIPHOCTEH BIUIMBY BiOpamid Ta HeoOXimHOro ix
HanpsiMy Jii Ha XiJl TEXHOJOTIYHOTO TIPOIIECy.

2. Tak, pe3ynpTaTH pO3paxyHKIB, MOKa3yIOTbh, IO
npu vactorax kosuBaHb 250-350 ['m mBHAKicTh
BUTIKaHHSA Martepiaxy mpu BiOpamii Oimpime, HiX 3
HepyxoMmoro OyHkepa. OmHaK 3i 3MEHIICHHSIM YacTOTH i
3pOCTaHHAM  aMIUNTYOW KONWBaHb rpadik  3MiHH
KoedilieHTa 3alOBHEHHS B Yaci Ha0yBae CTyHiHYacTHH
xapakTep. [10sCHIOETECS e TepexXoI0M MaTepiary B CTaH
BiOpOKHIUITYOTO IIapy, TPH SKOMY BiH TOYHHAE
NepioJIMYHO BiIPUBATUCS BiJ IHAa CyauHU. B 1eil uvac
BUTIKaHHS MaTepialy He BiIOyBaeTbCs, OTXKE 1
KOoeQillieHT He 3MIHIOEThCSA, a #Woro Trpadik Mae
CTymiH4acTHid BUIsAA. HasBHICTE Takux pexuMIB
JI03BOJISIE  3IIMCHIOBATM 1€ ¥ JUCKPETHY NOAady
MaTepiairy 3 OyHKepa.

3. B mpotpyroBauax iHepuiiHO-(QPUKIIHHOTO THITY,
SIKI TIOEOHYIOTh IO3YBaHHSA, PO3MOIINCHHI 1 0OpOOKy
HACiHHA pIOKAMH TECTHOHIAMHA OTHUM POOOYHM
OpraHoM, MpPONYKTHBHICTH 10O3aTOpa BH3HAYAIOTh Ti XK
¢dakTopn, MmO ¥ B IHMHUX NPOTOYHHX JJO3ATOPIB 3
AaKTMBHHUMH pO3MOJUIHUKAMH, Ta 1€ W TNapaMeTpu
O00KOBOI  KOHIYHOI  TOBEpXHI  POOOYOro  Opray.
V3romxenHs il ycix mux (akTopiB 3 00OB’SI3KOBHM
BpPaxyBaHHSIM XapaKTepUCTUK HACIHHS, IO JO3YEThCS 1
00poOIIsETHCS, 3abe3neuye HaJiitHy poboty
NpoTpyloBaya B LIJIOMY, sKa, OYEBHIHO, MOXIIUBA Y
BUIIAJIKy, KOJM HACIHHA 3 JOCTATHBOIO MIBUJKICTIO Oyne
pyxatucsi BBepX I10 TBIpHii KOHITHOTO poO0YOro oprasa.

4, B nmopmampmioMy g OUThII  SIKICHOTO
NPOCKTYBAaHHA Ta PO3PaXyHKY NPOXYKTHBHOCTI CTOITh
3aj1a4a CTBOPHTH MOJEINH CHUITy4OTro MaTepianly B yMOBax
BiOpariifHOro BIUINBY, MOOyIOBaHA 3 BHKOPHUCTAHHSIM
rinore3u CyLUIBHOCTI 1 PIBHSHb MEXaHIKHM CYLIIBHOTO
Cepe/ioBHINA, SKa JIO3BOJIUTH JIOCII/DKYBAaTH IIPOLECH
Teuil MpHu Pi3HUX 3aKOHAX BiOpalii BU3HAYATH 3HAUYCHHS
LIJIBHOCTI, LIBMJKOCTI 1 HAampyrn B KOXHIH ToUWi
po3paxyHKoBOi 00mnacTi, po3paxyBaTH MaKCHMAJIbHY
MIBUJKICTh BHCHIAHHSA, a OTXKE W NPOLYKTHBHICTH
KOHIYHOrO OyHKepa 3 KOHIYHHUM pO3MOIUTEHUKOM
(mo3atopom) B cepeauHi OyHKepa, SIKHHA
BUKOPHCTOBYETbCS B  MOAN(IKOBAHMX KOHCTPYKIISIX
nporpytoBauiB tuny [IHY-4, TIHY-10 ta pospaxysaru
ONTHMAJIBHI NapamMeTpu KOJIMBaHb OyHKepa BiAINOBITHO

MPOAYKTUBHOCTI ~ pobodoro  opraHy —  KaMmepH
MPOTPYIOBaHHA  UII  OTPUMAHHA  MaKCHMAaJIbHOL
MPOAYKTUBHOCTI Ta  MiHIMaJbHOI  HEPIBHOMIPHOCTI

MIPOTPYIOBaHHSA HAaCiHHA 3 BpaxyBaHHAM BiOpamiiHIX
KOJMBaHb OyHKepa i caMoro IpoTpyroBaya.
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VIIYUIIEHME KAYECTBA PABOTHI BYHKEPA-
JO3ATOPA ITPOTPABJIMBATEJIA CEMAH
O. H. Beyepa

AHHOTANMA. PaccmoTtpenst BOIIPOCHL
COBEpILICHCTBOBaHUS ~ OyHKepa-jmo3aropa ceMsH. B
pe3yibTaTte IMPOBEICHHBIX HCCIEIOBaHUN MPEAIOKEHO
COBEPIICHCTBOBAHHE OyHKepa u OTIpezIeIeHbI
HEoOX0ANMBIE MTapaMeTpbl H3MEHEHHS 15l PABHOMEPHOTO

HETIPEPBIBHOTO J03UPOBAHUS CeMsH
CEIIbCKOXO3SIMCTBEHHBIX KYIbTYP, YTO Ba)KHO BO MHOTHX
OTpPaCIIsX CEIbCKOXO3IHCTBEHHOTO MAIIMTHOCTPOCHUSL, TE
TpeOyeTcsi  KadeCTBEHHOE  JIO3MPOBAHMS  CHINYyYHX
3ePHUCTBIX MAaTepHaloB, OCOOCHHO B IIPOTPABHUTEIN
cemsH. IIpeanokeHHOE COBEPIICHCTBOBAHUE ITO3BOJISAET
MOBBICUTh ~ PAaBHOMEPHOCTb  JIO3UPOBAaHHS  CEMSH
CEIIbCKOXO3SIMCTBEHHBIX KYJIBTYP HE3aBUCUMO OT BBICOTHI
3aloJHEHUsT UM OyHKepa M 3€pHHCTBIX MaTepUaJIOB B
JIPYrUuX OTpacisiX W YMEHBIICHHS METANIOEMKOCTH |
rabapuToB COOTBETCTBYIOIIMX MAIIMH, B KOTOPBIX
MIPUMEHSIOTCS TAKHE OYHKEPBHI.

KnaioueBble cioBa: OyHKep, TpEHHE, MNaBICHHE,
PaBHOMEPHOCTD, 103aTOP, BUOPALIHSL.

IMPROVEMENT OF QUALITY OF WORK OF SEED
TREATER BUNKER-DISPENSER
O. M. Vechera

Abstract. The question of improvement of seed
hopper is considered. As a result of researches the
improvement of the bunker is proposed and the necessary
parameters of change for uniform continuous dosing of
crop seeds are determined, which is important in many
branches of agricultural engineering, where the high-
quality dosing of granular granular materials is required,
especially in seed dressers. The proposed improvement
makes it possible to increase the dosage uniformity of
crops, regardless of the height of the hopper and granular
materials in other industries and to reduce the metal
consumption and dimensions of the respective machines
in which such hoppers are used.

Key words: hopper, friction, pressure, uniformity,
dispenser, vibration.
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AHortaniss. IIponoHyeTbCs METOIMKAa BHU3HAYEHHS
panioHaIbHAX napaMeTpiB TIepEBaHTAXKYBAIBHOT
TEXHOJIOTiT Tmix dac 30uUpaHHSA IYKPOBHUX OYpSIKIB.
OCOOIHUBICTh TOTOKOBO-TMICPEBAHTAXKYBAJIBHOTO CIIOCO0Y
TPaHCIIOPTYBaHHSI  BpOXKal0 OYpsSKIB € THYYKICTb,
aJlaliTUBHICTh bl MOTOHO-KITIMaTHYHUX Ta
rOCIOJAapChbKUX YMOB Mia 4ac 30uMpaHHs. Y BHUNAAKY
3MIHM YMOB (B JIOLIOBY IOTOAY NPH HEPE3BOJI0KEHOMY
IpyHTI ab0 HenoCTaTHhOI KUIBKOCTI aBTOMOOLUIIB) B
KOMIUIEKC MAIlIMH JOAAETHCS HAaBAaHTA)KyBad-OdillyBad i
pobora 3TK MEPEXOIUTh Ha nepeBao-
NePEBaHTAXYBAIPHUNA  CIOCIO TepeBe3eHHSA. ATIaHT
PO3BaHTaXXye MPOJIYKIIO B KaraTH, 3BIJIKM BOHA IIICIIs
MPOCUXaHHA OYpSAKIB 3aBaHTAXYETBCS B aBTOMOOLTb 3
OJTHOYACHUM OYHILEHHSM BiJl TPYHTY.

KoarouoBi cioBa: 1mykpoBi Oypsiku, 30upaHHs,
TPaHCIIOPTYBaHHS, €(EKTUBHICTb, IPOyKTUBHICTb.

ITocTraHoBKa MpodeMu

LyxpoBi Oypsiku 30upatoTh MOTOKOBUM, HOTOKOBO-

NEepPEeBAaHTAXKYBaJbHUM, MEPEBAIOYHUM Ta IEpPEBANO-
MepeBaHTAXYBAIbHAM  crocobamu.  Bubip  cmocoly
30upaHHS 3aleKHTh Bi OCOOJNMBOCTEH TPYHTOBO-
KIIMaTHIHUX 30H OypskocisHHa. Tak, B palioHax

JIOCTaTHBOTO 3BOJIOKEHHS OypsSKH MEepeBaKHO 30MparoTh
MepeBaJOYHUM  Ta  IePEeBaO-TIePEBAHTAIKYBAILHIM
crocobamu. Y paiioHax HECTIHKOTO 3BOJIOXKEHHS, €
CIIOCTEPIraeThCsl YEepryBaHHS ITOCYIUIMBHX 1 IOMIpHO
3BOJIOKEHUX POKIB, MOTPIOHO 3aCTOCYBATH MOTOKOBUH Ta
ITOTOKOBO-TIEPEBAHTAXXKYBAIBHUI CITOCi0.

BaxxmBuM HamnpsMKOM TiJBHIICHHS €()eKTUBHOCTI
30MpabHO-TPAHCIIOPTHUX ~ TIPONECIB IS I[YKPOBHUX
OypsIKIB € 3aCTOCYBaHHS MOTYXXHUX 30MpaJIbHUX
komOaiiHiB (BK) 3 Benmmkoro MicTKicTIO OyHKepiB B
MOEJHAHHI 3  BEJIMKOBAHTXHUMH  TPAHCHOPTHUMH
3ac00aMHi Ta MOTY)XHOIO BaHTaKHO—OUYHCHOIO TEXHIKOIO.
Llefi HampsAMOK HEOOXiTHO pO3IIAJAaTH B TICHOMY
B3a€EMO3B’SI3Ky 3 TPOOJEMOIO 3MEHIICHHS VINITbHEHHS
IPYHTY IiJ] Yac TPAHCHOPTYBaHHS KOPEHEIIOIB 3 MOJIS.

Came mpo TakWil HampsIMOK CBiAYUTH 3apyOiKHUHA
JIOCBII TOCMONAPCTB 3 BEIMKUM OOCSTOM BHPOOHHUIITBA

[1, 2], nme wHaOyBae WIMPOKOTO PO3MOBCIOHKEHHS
MOTOKOBO-TIEPEBaHTaKyBaJbHA  TEXHOJIOTIS,  IUIIXOM
3aCTOCYBaHHS  CICLIalli30BaHMX  BEJIMKOBAHTAXKHUX
TPAKTOPHUX MPUYEIiB Ta HamniBIIPUYEIiB
nepeBanTaxyBauiB (CTHII) Ta BHCOKONPOAYKTHBHHUX
HABaHTa)KyBadiB-OUMCHHKIB. TOMy akTyanbHa pO3poOKa
METOIUKH OOIPYHTYBaHHsS palliOHAIBHUX MapaMeTpiB
IIOTOKOBO-IIEPEBAHTAXKYBaIbHOL TEXHOJIOTIT TSt
IYKPOBUX OYypSIKiB.

AHaJi3 0CTAHHIX JOCIIIKEeHD

Brepme B YkpaiHi TOTOKOBO-TIepEeBaHTAXXyBaTbHHI
BapiaHT TEXHOJOTIl I 30MpaHHA MYKPOBUX OYpPSKIB B
70-x pokax MHUHYJIOI'O CTOJITTS OyB 3alpONOHOBaHHH Y
Bcecoroznomy HJI uykpoBux OypsikiB (M. Kuis). Ase
HOro BIIPOBa/PKEHHS Y BHMPOOHHIITBO HE BiiOynocs y
3B’SI3Ky 3 HEJOCTATHHO BHCOKMM TEXHIYHUM piBHEM
PO3pOOKH SIK MPHUYEIIB Tak i 30upanbHUX KOMOalHiB [2-
4]. B ocranHiii yac y kpainax €C, Koiu 3'SIBHIHCS OLIbIIT
nockoHani BK 3 Gynkepamu Benukoi mictkocTi — 40 M3
(xombaitan ¢ipmu ROPA, , Vervaet Beet Eater 625 Tta
iHmi) Tta upuuenu nepeBanTaxysadi RUW HAWE
mictkictio 40 M® 3 TpakTopom [Ixon Mip 8400, a B
VYkpaini HamiBupuuenu T3[1-27 «ATmant» Ta iH.),
BiIOyBa€eThCsl  BUPOOHMYE 3aCTOCYBaHHS  IOTOKOBO-
MepeBaHTaXyBaJIbHOI TexHoorii [5-9].

Meta gociaigKeHn

MerTor0 IOCTi/KEHHS € MiIBUIIEHHS €()EeKTUBHOCTI

30MpaIbHO-TPAHCIIOPTHUX Ipo1LeciB HIIAXOM
YIOCKOHAJIEHHS TEXHOJIOT1YHUX OTIEparii.
Pe3yabTaTn nociigxeHb

3a OIIIHKOIO CIIeTIaiCTiB IactuTyTy

OioeHepreTHuHUX KyIbTyp 1 mykpoBux OypskiB HAAH
Ykpaiau HaWOimTbII epEeKTHBHUM CIOCOOOM BUBE3CHHS
IyKPOBUX OypsKIB 3 MHONA HAa NPUIMAIBHUHA ITyHKT €
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ITOTOKOBHH 13 3aCTOCYBaHHSAM AaBTOMOI3IB, SKi MICTAThH
BEITMKOBAaHTaXHI aBTOMOOUTI (AM) Ta mpuuenu. Are
Takui crocid Mae HACTYIIHI CYTTEB] HETOMIKH:

e i edexktuBHOI pobOTH OYypAKO3OMpATBEHUX
kombOaitHiB (BK) 6e3 3ymuHOK i3 ypaxXyBaHHSIM BEITHUKOL
BI[ICTaHI TIEPEBE3CHHS [0 I[YKPOBHX 3aBOJNIB TOTpPiOHA
3HaYHa KUIBKICTh aBTOMOOIIBHUX TPAHCHOPTHHX 3aco0iB
(AT3), B TOi1 %K€ yac y 3B'SI3Ky 13 3HAUHUMH KOJIMBaHHIMHU
yacy obopoty AT3 mpocroi BK B ouikyBaHHI TpaHCTIOPTY
csaratote 20% [2]; mepediluieHHS NpPUYEIIB MOTPEOye
JIOAAaTKOBUX TPYI03aTpar;

e Ha IIEpCYBOJOXKHEHHX IPYHTaX HEMOXKIIMBA
poborta AT3 B modi, 1o mpu3BoauTH 10 Tpoctoi BK;

e pemukoBaHTaXHI AT3 3HaYHO YIIIIBHIOIOTH
IpyHT, IO Beme no Horo perpamamii Ta moTpedye
JOAAaTKOBUX BUTPAT JUIS PO3ITYIICHHS;

® 3 TIOJIB BHBO3UTHCH 3 KopeHemrogamu mo 10%
IPYHTY (BiJ Macu OypsIKiB).

[Mepmri 1nBa HENOMIKM NPHU3BOISTH IO 3HIKCHHS
npoayktuBHocTi sk BK Tak 1 AT3, 3araryBaHHs
arpoTepMiHiB 30MpaHHs Ta BTpaTtaM ypoKaro.

EBomtoriisi posputky BK BimOyBamacs ocTaHHIM
4acoM B HaNpsIMKY OOJIaJIHAHHS iX CIOYaTKy OyHKepamH-
KOMIIeHCaTopaMu Mictkictio 1,5-3,5 T, a moTtiM, i3
30UTBIICHHSAM TIOTY)KHOCTI nBUTYHIB 10 250-300 kBT
MICTKICTh OyHKepa 30iipmryBanu moeramHo — mo 10-12,
15-18, 20-25 T. BiamoBimHO 3HAYHO 3pOCTaB 3a
BaHTAKOMITHOMHICTIO ~ TPAHCIIOPTHUA  TapK,  SIKHA
30araTuBsCcs CIEiali30BaHOK TEXHIKOIO.

Sk nokaszye nocBin kpain €C 3actocyBaHHS Ha
nepeBe3eHHi Bin BK mnepeBaHTa)KyBalbHOTO BapiaHTy
TPaHCIIOPTYBAaHHS y 3HAUHOMY CTYIEHI JIKBiJye BKa3aHi
panime Hemomiku. OCHOBOIO TaKHX TEXHOJIOTIYHUX
NpoLEeciB €  BIPOB3KEHHS  BHCOKOIPOAYKTHBHHUX
30upanpHO-TpaHcHOpTHUX ~ kommuiekciB  (3TK),  sxi
MicTsaTh, Hampukiag komOaiiH SF-10 Franz Kleine,
criemianizoBanuii  TpaktopHuit HamiBnpuuin (CTHIT)
T3I1-27 3 TpaktopoM moTy*xHicTI0O 150-200 «k.c.,
HaBaHTa)XyBad-odillyBad Ta BeimkoBaHTaxHI AT3. ILle
Jla€ TaKOX 3MOTY 3HAYHO 3MEHIINTH YLIIJIbHEHHS IPYHTY
4yepe3 BHUKIIOYEHHS BiIBO3Yy OypsKkiB Bix KomOaiiHiB
BenukoBanTaxxuumu AT3. BK mnpamtoe 6e3 3ynuHOK 3
OJIHOYAaCHUM HABaHTKEHHSAM OypsKiB y TMpudUin-
NepeBaHTaXyBad, SKUH iie 1[opyd, 3 MOMKIHUBICTIO
HaKOMHMYEHHs Oypsika B MPOMDKHOMY OyHKepi IpH 3aMiHi
CTHII 3 NOJAJIbIITUM MIEPEBAHTAKEHHAM y
BEJMKOBAHTAXKHUA  aBTOMOOUTE abo y  KaraTw.
BukopucranHst MiCTKOCTI IIPOMIKHOTO OyHKEpa J03BOJISIE
KoMmOaiiHy poOuTH mOBri pobodi MpoXoaw, 3JaTHi
NepeKpuBaTd THM CaMHM  MOXJIMBI  TPAHCIIOPTHIi
3aTPUMKH, KOJIM KOMOaiH He CYNpPOBOIKYETHCSI PYXOMUM
TIOPYY HaITliBOPHUYETIOM.

He w™menm BaximBoio mnepeBaroro CTHII mepen
BaHTa)XXIBKOIO SIBIISIETHCSI CTYIIHb BIUIMBY Ha rpyHT. [lpn
B'I37l BaHTaXIiBKM Ha TIOJie BiJOYBa€ThCS BUCOKUH THUCK
Ha TPYHT, L0 HEraTHBHO MO3HAYAETHCS HA MOJAANbIIIN
BPOXXAMHOCTI BUPOIIYBAHUX KYJIbTYp. SIKIIO HUTOMHIMA
TUCK TpaKTOpa, TpHyena 4dYd KomOaiiHa 3aBAsSKH
HIPOKONPO]IIGHUM ~ IIMHaM  HAOIMXKAETBCA [0
HOPMAaTHBHUX BHMOT, TO Y BaHT@XIBKH L€l IIOKa3HHUK B
pas3u MepeBHUIlye JNOIMYCTUMY HOpPMY. Y JIOLIOBY ITOTOIY
BaHTaXXIBKH B TIOJIi B 3arajii HeIIpane3JaTHi.

B Vkpaini #a 3aBoge Ko63apenka (Cymcpka 00i.)
po3movaTo BUPOOHWITBO YHIBEPCATbHUX  3IBIKHHUX
HaMIBIPHUYCHIB cepil «ATIaHT» 3 TMEpeMiHHUM 3aIHIM
OOpTOM - IIe YOTHPH HAIIBIIPHYENa B OHOMY: 3BUUANHHINA
HAaITiBIPHUYIIL, MepeBaHTaXyBaJIbHAN OyHKep-
HaKONMYyBa4, KaraTipoBIIIK ITyKpPOBUX OypsKiB i
PO3KKAaY OPTaHIvYHHUX JOOPHB.

TexHiyHa XapakTepUCTHKA HAIIBIPHYEINiB JaHa B
Tabmmui 1.

Taoauns 1. Texniyna XapaKTEepUCTHUKA
HariBIPUYCIIB.
Table 1. Technical characteristics of semi-trailers.
IToka3Huku T3I1-39 T3I1-27
BanraxxomigiioMHICTE, KT 30 000 20 000
06’em, M° 40,0 30
06'eM 3 HAIMBKaMH, M° 48,4
HeoOxinnHa MTOTYKHICTh 250-300 220-
TPaKTOpa, K.C. 250
Bici, mr 3 2
Oco0HBICTE ITOTOKOBO-TIEPEBAHTAXKYBAIIEHOTO

croco0y TpaHCHOPTYBaHHS BPOKalo OYPSAKIB € THYUKICTb,
a/IalITUBHICTh JI0 MOTOAHO-KITIMAaTHYHUX Ta
roCroJapCchbkux yMOB Mg vac 30upannsa. [lpum
CHPHUATIMBUX TOTOJHUX YMOBAxX i JOCTaTHBOI KINBKOCTI
AT3 rakuii 3TK: nHanpukmag komOaiiH «XoaMepy,
TpakTOpHUil HamiBnpuuin-nepeBantaxysau (THIT) T3II-
27 «ATnaHT» 3 TPAaKTOPOM NOTYXHicTIo 220-250 k.c.
3IIHACHIOE MTOTOKOBO-TICPEBAHTAKYBAIbHUI croci6
nepeBe3eHHs. bypsku, sKi BUBE3EHI 3 MO «ATIAHTOMY,
Ha JIOpO3i NMEepeBaHTAXYIOTHCA y BelIMKOBaHTaxHI AT3
JUTs IepeBE3eHHs Ha LIYKpOBUii 3aBox (puc 1).

Puc. 1. Bypsiku, siki BuBe3eHi 3 MoJjsi, Ha J0pO3i
MEPEBAHTAXKYIOTHCS «ATIAHTOM» Y BellnkoBaHTaxHi AT3
JUISl IEPEBE3EHHS Ha LIyKpOBUH 3aBOJ.

Fig. 1. Beet, which are removed from the field, on
the road, overloaded with "Atlanta" in the ATZ heavy-
duty for transport to sugar factory.

VY Bumajnky 3MiHM YMOB (B JIOLIOBY HOTOxy IpH
NepeyBIAXHEHOMY TpyHTI a00 TpH  HEIOCTaTHHOI
kimbkocTi AT3) B KOMIUIEKC MAallMH — JTOJAETHCS
HaBaHTAXyBad-odillyBad i Horo poboTa NepexoquTh Ha
MepeBaIo-MepeBaHTAXYBAJIbHUI  CIOCIO  TepeBE3CHHSI.
«ATHaHT» PO3BAHTAXyE MPOAYKIIO B Karatu (puc 2),
OTKyla BOHAa TiCIs TPOCHUXAHHS 3aBaHTAXKYEThCS 3
onHoyacHMM ouunmeHHsIM B AT3. CrBopeHmii Ha
NepeBajoYHUX  MalJiaH4YMKax 3amac  KOPEHEeIUIOJIB
JI03BOJIsIE  OiMBII  paIlioHaNbHO 1 TPOAYKTHBHO
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BUKOPHUCTOBYBaTH  aBTOMOOIIBPHMNA  TPAaHCHOPT  Ha

BHBE3CHHI OypsKiB IPOTATOM J00H.

PO3BaHTaXYyE MPOAYKIIO B

Puc. 2. «Atmaur»
KaraTu.

Fig. 2. Atlant unloads products in piles.

JlocTaBIATH KOpPEHEIUIOOM Ha IyKPOBHH 3aBOJ
MOXHa CYYaCHUMHM OKPEMHUMH BEIMKOBAaHTR)XKHUMHU
aBToMOOUTAME 1 aBTOmoi3namu KpA3-6230C4-330+KpA3
A261C3, KamA3-45143+C3AIl  8357a60 MAS3-
650108+MA3-856103.

3 MeTol0 KUIbKICHOI OLIHKM BKa3aHHX CIIOCOOIB i
BU3HAYCHHS JONUIBHOCTI 3aCTOCYBaHHS PAI[iOHAILHOTO
HaMy po3po0JieHa METOAWKA MOPIBHSIBHOI owiHKM. s
MOPIBHAHHA TPUHHATO 2 HAHOUIBII TPOAYKTHBHUX
30HpalIbHO-TPAHCIIOPTHUX TpoIieca:

1) MOTOKOBO-TIEPEBAHTAXYBAJIBHUI TPOIEC, MPH
sskoMy TpaktopHuid HamiBnpudin T3I1-27 TpaHcmoptye
OypsKH BiJ KOMOaifHa Ta BUBaHTaXye iX B Ky30B AT3 mis
TIepeBE3EeHHs Ha IyKPOBHIi 3aBOL.;

2) mpsimi niepeBesenust OypsikiB B BK Ha mykpoBuit
3aBOJ aBTOTATAYaMH 3 IpUYeriaMu (IOTOKOBHH CITOCi0).

s BuOOpYy pallioHAJLHOIO BapiaHTy B3aeMOIIi
KoMOaiiHiB Ta  TPaHCIOPTHUX  3aco0iB (T3)
NpoaHalizyeMo iX palioOHaJbHI MapamMeTpu Iij  dYac
30MpaHHs 1 TPAaHCIIOPTYBAHHS IyKPOBUX OYpSIKIB.

3 ypaxyBaHHSIM LIMPOKOIO PO3MOBCIOJUKEHHS B
VYkpaiHi 3akopA0HOT 30MpaJIbHOT TEXHIKK HAMH PO3IIISIHYT
KoM6aitH «Xonmepy. MOro NMpopyKTHBHICTH 3a TOIMHY
OCHOBHOTO dacy gopisaroe 1,7-3,3 ra/rom. [Jus
ypoxaiHocTi 50 T/ra cepenHe 3HaYEHHS MPOJYKTUBHOCTI
BK 3a roguny ocHoBHOTrO yacy Wgp =125 1/ron.

[ToTokoBO-TIepeBaHTaXXyBaJbHUI MPOLEC BHUKOHYE
3TK 3 tprox BK mapku «Xoamep», BIIIOBIIHO TPHOX
HamiBrnpuuemniB T3K-27 «Atmant» 3 Tpaktopamu XT3
17221 Ta HeoOXigHa KIiIbKICTH BeIMKOBaHTa)XHHX AT3.
Bigmane Bim monst 10 1ykpoBoro 3aBoja 15 kM, Tay —
TPHUBAJIICTD 3MiHK 7 Toj, Ta KinbKicTh 3MiH Ksv =2; D -
TPHUBAJIICTH 30MpanbHUX pobiT, mpuitmaemo 20 aHIB.

I'pyna 3 3-x BK npamroe B oqHOMY 110711, aj1€ KOXKHUH
y cBoii 3arinui [1], mpu oMy ruYka NoApiOHIOEThCS Ta
PO3KHMIA€EThCsl sIK opraHiuHe no06puBo. Tpakrtop XT3
17221 (220-250 k.c.) 3 HamiBOpUYENoOM MiJ dYac
3aBepLICHHs 3all0BHEHHsI OyHKepa KomOaiiHa I DKakae
no BK i Ha Xomy 3aBaHTaXyeTbCsl KOpEHEIIOAaMH, a
MOTIM THepeKIKae 0 JOpOTH, A€ PO3BAHTAKYETHCS Y

Ky30BH  BEIMKOBAHTO)XHHX caMOCKumiB AM  misa
HepeBe3eHHs Y IPUAMANILHUI MYHKT IIyKPOBOTO 3aBOJY.

[ponykrusHicte BK 3a rommny 3MiHHOTO dacy
po3paxoBytoTs [1,6] 3a popmymoro:

Wr=Wkp 1, T/roxm, 1)

Iie T - KoeimieHT BUKOPHUCTAHHS 9acy 3MiHU:
7= %8 2)
Onr . KOeillieHT [UKIOBOTO dYacy 3MiHH,

npuiimaetsces 0,9;

T .
U - koedilieHT BHKOPHCTaHHS LHMKJIOBOTO dacy
3MiHHU JOpiBHIOE [6]:
t, +t
7, = 57 P03 09
t,+1, +1,; @)

ne © - rpusanicts 3anoBHeHHst Oynkepa BK Oypsikamu,

t .
PO3 - Tpusamicth posBaHTaxkeHHs OyHkepa BK

(40 c. ma «Xonmepar);
X -rpuBaiicTs xoj0cToro xoaa bK Ha pa3Boporax,

t : .
PYX _rpupanicts pyxy BK 10 karatis i Hazas.

[ponykrunicte BK 3a roauHy 3MiHHOTO 4Hacy
TIOPIBHIOE

W, =W,,7 =125.0,81=101 m/ 200

[Tmomy, 3 skoi Tpu KomOaiiHa 30mparoTh 3a 20
pobounx AHIB ypoxail Biu3Ha4aeEMO sk [1]

my 'Wr 't3M 'K3M D
U

S = =1697 ca

(4)
e S — mioma, ra;
s — TPUBAIIICTH 3MiHH, 7 TOI;
D — TpuBanicts 30upansHux podit, 20 aHIB.

YmoBoro 6e3nepepsHoi podotu 3TK € Gananc yacy,
KOJIM KOXKHHMI HamiBnpuyin obcnyroBye onun BK, xomun
tpuBanictb obopory THII (tos) Bim MomeHTy uacy
3aBEpIICHHS  HOro  3aBaHTAXEHHA 10  MOMEHTY
MOBEpHEeHHs! mmicisi po3BanTaxkenns (B AT3 abo B Oyptu
Ha mone) 1o BK s yeproBoro 3aBaHTaxeHHS Oyne
MeHIe a0 JOpiBHIOBaTH 4Yacy 3aBaHTaXXCHHS OyHKepa
koMmOaitHa (tx). LI yMoBa BU3HAYa€ThCS BUPA30OM:

tos <t, | )
abo
W. ..
Ko (@5 + 0 00)
t 4 KB < qE
PYX W W
H KP

Iie 05 - Maca Oypsika, sika MicTuThCs y OyHKepe BK, 1;

W, ma W,
H KB - MPOYyKTUBHICTh

BHUBAHTAXYBAJILHOI'O TpaHCHOpTepa BiIITOBITHO
HamiBnpudena ta bK (mpuitmaemo 600 Ta 1600 1/Tox);

M . koedimient, skmii ypaxoBye MaHeBpYyBaHHS

iz gac 3apanTaxkenHs AT3, (M =1,5);
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t
PYX TpuBaiicth pyxy THII 3a omun #Horo

obopor, O’ 07 TOII. 3a
eKCIICPUMEHTATIbHHUX TOCTiKeHb [4, 5].

3 ocTaHPOTO BHpa3y BH3HAYAETHCS MiHIMallbHA Maca
Oypska, mo 3amoBHIoe OyHkep BK (MmicTkicTe OyHKepa),
mig gac pyxy i po3BantaxkenHs CTHIIL:

PYX JaHNMHA

— tPYX —
BT K@K, e
WKP WH , (6)

e KE :WKP /WKE'

Maca OypskiB, mo 3aBaHTaxxyeTscst B THII mig wac
poboTtu 3 «Xonmepom»

W ..
M, = + =t % _19,4
Kb T. (7
Buxopsuu 3 po3paxyHkiB (6), MiHIMallbHa MiCTKICTh

OyHKepa s =13,2 1. [Ins ubOro 3Ha4YEHHs YTOUHSIEMO
mapky BK. Takum moxe 6ytu BK «Xonmep» 3 Vi =24 m®
, JUI IKOTO

0; =28-0,64=18 m>~13,2 m

Kinpkicte  nHamiBnpuyeniB ~ T3[1-27  nopiBHIOE
kinbpkocti BK. To6To
Ny =3 00.
Kinekicte AT3 pmns  oOciiyroByBaHHS — IpyIu
KOMOalHIB 3HAHIEMO K
a JI0B
n,=
WHOE =6 oJ1.,

e HAO5 =14625 TkM -m060Ba npoayktuBHicTE AT3, T
KM;
W05 - 1060BOT 00CsT ITepeBe3eHb, T KM.

TU
W/IOE =—Q- Iij
a =2846 TKM.

PO3 __ tpupanicTh nepeOyBaHHs aBTOMOOLIS B MyHKTI
PO3BaHTAKEHHS, SKA 3aJCKUTh BiJl PiBHA MexaHizamii i
oprauizanii po0iT, Ui PO3paxyHKIB IMPUHMAETHCS
0,2 rox.;
TpuBasicTs IMKIOBOT poOOTH 32 100y TOPIBHIOE
u Aok 1 B oc =12,5 rox. (8)
T o5 Vs Vo T N :
AOBY I3Y BUAITY TOC . pinmoBigHO  TpHBAiCTH
poboTH 3a 100y, MiAroTOBYO-3aKIIIOYHUHA Yac, HOPMaTHB
Yacy Ha BIATIOYMHOK i 0COOHCTI MOTpedu.
X -rpuBanicts xosocToro xoaa bK Ha passoporax,
by . .
TpuBanicTh pyxy bK mo kararis i Ha3an.
30upalbHO-TPaHCTIOPTHHHA MTOTOKOBUI
TEXHOJIOTIYHAN  crmoci®d  monsrae B~ HACTYITHOMY.
Po3srnsHEMO TakoX SIK 1 B IONEPEAHBOMY BapiaHTi TPYITy
3 3-x BK «Xommep». EdekTuBHOIO oOprasizalieio
BUBE3CHHS IIYKPOBHX OYpSKIB 3 IMOJISI HA NPUHMaIIbHUNA

IYHKT € 3aCTOCYBaHHS aBTOMO{3/iB 3 BHKOPHUCTaHHSAM
BEITMKOBAaHTAXKHUX aBTOMOOINB (AM), mpu mpomy AM
MEPEeBO3UTH JBa MpHYEeNH. 3a KOXKHUM 3 AM 3akpiruieHo
[0 YOTHUPH [BOBICHHX mpudena. IIpm mOTOKOBOMY
30MpaHHI ypOXKal0 CIIOYaTKy 3aBaHTaXyeTbcsi AM, a
MOTIM OKpPEeMO JBa MpPHUYENH, SKi Oy JOCTaBIICHO
panime. B Tol wac, xonm aBromoi3n Beze Oypsku Ha
NpUIMaNbHUHA MYHKT, IPU JIONIOMO31 TPaKkTopa JABa IyCTi
npuuenu nepeBo3ATbest 1o bK, ne 3aBaHTaxyroTecs, a
MOTIM BiANIpaBiIsAIOThCS Ha popory. [Tpu mosepuenni AM
3 NyCTHMH  TpUYelaMH  BOMIH  Biauimuge  iX,
3aBaHTaXxyeThcs Bin BK, mpudimse panimie 3aBaHTaXeHi
JIBA TIPAYENH 1 BiTBO3UTH Ha MPUHMAIIbHUI ITyHKT.

VY 3B’S3Ky 3 CTOXaCTHYHICTIO IpOIeciB 30upaHHS i
TPaHCIOPTYBaHHS (aepes MOJKJIHBI 3aTPUMKH
TPaHCIOPTHOTO 3aco0y Ha NUIAXYy dYepe3 CTaH JAOopir,
Yeprd Ha ITyKPOBOMY 3aBOJI Ta iH.) Ta BiAMOBITHUMH
npocrossmu Kk BK Ta AT3 koedimieHT BHKOPHUCTaHHS
yacy 3MIHM JJsI TOTOKOBOTO TMpOIECY MEHIIe B
MOPIBHSHHE 3 IOTOKOBO-IIEPEBaHTaXXyBalbHUM. BiH
TaKOX 3aJeXKHUTh BiJl OBXHHU T'OHY TOJII 1 MICTKOCTI
Oynkepa komOaiiHa. Opi€HTOBHO B poO3paxyHKax 3a
JIAHUMH JIITEpaTypHUX JDKEpeNl MOXKHA IMPUHHATH HOTo

SHAYEHHS K ¢ 0’62 3[1, 2].
[ponykrusHicts BK 3a roguny 3MiHHOTO Hacy:

W,.=W,, - 7=125-0,62=78 m/ 200

Kimpkicts BK HeoOximHux mjs 30upaHHs OypsKiB 3
6azoBoi TUTOLI noJtst 1697 ra:

o S.U _ 1697-50
“ WtKD 78.7-2-20
01.(9)
Buxosuu 3 OJHAKOBHX 3HAYCHb MApaMeTpiB , IO

BU3HA4YarTh KUIbKicTh AT3 i MOpiBHIOEMUX BapiaHTIB
O0TPUMAEMO

n — n JI0B
A w
AOB =6 on.
3 MeTOH TOpIBHSHHS  PI3HUX  TPAHCIIOPTHUX

NPOLIECIB HAaMHM IIUIAXOM pO3pPaxyHKIB BHKOHaHa iX
eKkoHOMIvHa omiHka [6]. TexHiko-eKOHOMIUHI mapamerpu
MammmH 3TK i pisHEX TpaHCHOPTHHUX MPOIIECIB
TpeCcTaBJICHI B TaOHIIi 2.

3 MPE/ICTaBICHUX JTaHUX 6aunmo, 110
npoayktuBHicTe BK ming wac 3acTocyBaHHS HOTOKOBO-
MepeBaHTAXKYBaJIbHUX IepeBe3eHs B 1,3 mepeBuInye
MPOAYKTHUBHICTE  KOMOAWHIB Mg Yac MOTOKOBHX
nepeBe3eHb, [0  MOBA3aHO i3  3aCTOCYBaHHSIM
HamiBrpuuemniB T3I[1-27 «ATmanT», sIKi TPaIIOOTh SIK
MiXKomeparinHi KOMIIEHCaTOpHU i 320€3MeuyoTh
oe3nepepBHicTh podotu BK. Take miiBHIIEHHS O3HaYae
MOXIIMBICTh 30MpaHHS OypsKiB 31 Bciel 0a30BOi IO
(1697 ra) Tproma KomOaliHaMu, B TOI dYac KOJIH
TpaAMLiiHI MOTOKOBI NpsIMi MepeBe3eHHs] NOTpeOyoTh 4
BK, mo mo3Bomse OTpUMATH 3arajdbHANA CKOHOMIYHHIMA
edexr 1471720 rpH.

Oco6muBicTh MOTOKOBO-TIEPEBAHTAXKYBAIEHOTO
Croco0y TpaHCIOPTYBaHHS BPOKato OypsKiB € THYYKiCTb,
aJlalITUBHICTH 10 MOTOHO-KITIMaTHYHUX Ta
TOCHOJAPCHKUX YMOB IiJ dYac 30upaHHSI. Y BHIAIKY
3MiHH yMOB (B JOIIOBY IOTOXy IIPHU MepeyBIaKHEHOMY
rpyHTi a00 HemocTaTtHROi KimbkocTi AT3) B KoMIuTekc
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MaIlliH JIOJA€ThCSA HaBaHTaXyBad-odinlyBad i pobora
3TK mnepexomuTh Ha TepeBajo-TIepeBaHTAXYBATLHUN
croci0 mepeBe3eHHs. «ATIAaHT» PO3BAHTAXKYE MPOIYKIIiO
B KaraTtd, 3BIIKH BOHA IICIS TPOCUXaHHSI OypsKiB
3aBaHTaXyeThCs B AT3 3 OZHOYACHMM OYHWIIECHHSIM Bif

TPYHTY.

Tadamua 2. TexHIKO-eKOHOMIYHI  IapaMmeTpu
MmamH 3TK 11s pi3HUX TPaHCIIOPTHHUX MPOLECIB.
Table 2. Technical and economic parameters of the

machines ZTK for different transport processes.
ITorokoBuii [ToToxoBo-
[Noka3uuk TPAHCHOPTHUH | TEpEeBaHTAXKYBa-
IIpOLEC JIbHUH TpoLeC
Koedimient
BUKOPUCTAHHS 0,62 0,81
gacy 3miau bK
IIponykTuBHICTH
EK 3a TOIUHY 78 101
3MIHHOTO Yacy,
T/TON.
KIHLKISTI? 4 3
KOMOaliHiB, OI.
KinbkicTh KamA3 T3II-
TPAHCHOPTHUX 45143- 6 o; | 27+XT317221-
3ac00iB, 0] npugin C3AII 3 on.; KpA3-
8357 - 24 op. 6230C4- 6 on.
IIpuseneni 50,7 55,7
BUTPATH, TPH/T
JlomaTtkoBuii
E€KOHOMIYHUH
edekr 3a
paxyHOK - 1 500 000
3MEHIICHHS
kimpkocti BK B
3TK, rpa
Exomnoriunuit 3HauHe
BIUIMB ~ MAalIWH | YI[iIbHEHHS
3TK TPYHTY i
konecamu AT3
3arajapHUA
CKOHOMIYHUI - 1471720
e(eKT, rpH
BucnoBku
1. OOrpyHTOoBaHa METOUKA MOPIBHSHHA
palioHaTFHIX mapaMeTpiB MTOTOKOBO-

NepeBaHTAXYBAIFHUX 1 IOTOKOBHMX IIPOIECIB IMija dHac
30mpaHHs MYKPOBUX OYPSKIB.

2. IToTokoBO-TIEpEeBaHTAKYBAIBHUI croci6
TPAHCIOPTYBAaHHS BPOXKal0 IIYKPOBUX OYpSKIB Ma€ MEBHY
MIEPCIEKTUBY 3aCTOCYBAaHHS B YKpaiHi.
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OBOCHOBAHUME PAIITMOHAJIBHBIX ITAPAMETPOB
YBOPOYHO-TPAHCITIOPTHOI'O KOMIIJIEKCA
MAILMH JIIS ITIPOM3BOICTBA CAXAPHOM
CBEKJIbI
C. I'. ©puwes

AnHoTanus. [Ipennaraercs MeTouKa ONpereIeHus]
paIMOHANBHBIX MAapaMeTPOB HEePErpy304HON TEXHOJIOTHUI
BO BpeMs YOOpku caxapHOW cBekibl. OCOOEHHOCTH
MIOTOYHO-TIEPETPY304HOro  crocoba TPaHCHOPTHPOBKH
ypokasi CBEKJIBI fABISETCA T'HOKOCTh, aJalTUBHOCTH K
MOTOAHO-KIMMATUYECKUX U XO3SMCTBEHHBIX YCJIOBHH BO
Bpemst ybOopku. B ciyuae w3MmeHeHuWs ycnoBui (B
JOKIUIMBYIO TOTOAY IpH NEPEyBIa)KHEHHOW MOYBE WU
HEIOCTaTOYHOTO KOJHMYECTBA aBTOMOOWIEH) B KOMILICKC
MaIlIFH MpHJIaraeTcs Mmorpy34uK-ovinryBad u padora 3TK
MEPEeXOAUT HA  IIePEeBANO-TIEPErpy309YHBIA  CIIOCO0
MEPEeBO3KU. ATJIAHT Pa3rpykaeT MPOAYKIHIO B Kararsl,
OTKyZia OHa TIOCJIe MPOCHIXaHUS CBEKIBI 3arpyXaercs B
aBTOMOOMIIb C OTHOBPEMEHHOH OUMCTKOMN OT IPyHTA.

KaueBble cjoBa: caxapHas CBeKkia, yOopka,
TPaHCIIOPTUPOBKA, 3¢ HEeKTUBHOCTD,
MIPOU3BOTUTETHHOCTD.

SUBSTANTIATION OF RATIONAL PARAMETERS
OF HARVESTING-TRANSPORT COMPLEX
OF MACHINES FOR PRODUCTION
OF SUGAR BEET
S. G. Frishev

Abstract. A method of definition of rational
parameters of handling technology during the harvest of
sugar beet. Feature of the thread-handling method of
transporting the beet harvest is flexibility, adaptability to
climatic and economic conditions during harvest. In case
of changing conditions (in rainy weather with wet soil or
insufficient number of vehicles) to a set of machines
attached loader-ocsa and work ZTK goes on perevala-
shifting method of transportation. The Atlanta unloads

products in piles, where it after drying the beets loaded in
the car with simultaneous cleaning from soil.

Key words: sugar beet, harvesting,
efficiency, performance.

transport,
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Abstract. A comparison is made of production and
logistics strategies based on Push and Pull strategies and
the advantages and disadvantages of their application to
the enterprise are analyzed. This makes it possible to
make a choice between flow management systems
according to the market conditions and the characteristics
of internal processes in the enterprise.

Was presented a mathematical model of choosing the
construction’s principle of production-logistics system of
the enterprise and practical recommendations for its
implementation. A system of indicators characterizing the
efficiency of the production and logistics system of the
enterprise has been formed. The following indicators have
been identified as key criteria influencing decision-
making when choosing a production and logistics system:
reliability of the supplier; availability of warehouse space;
fluctuations in demand; productivity; quality of
production.

The evaluation of the indicators of JSC "Milk
Alliance" showed that at this point in time the production
and logistics system of the enterprise most fully meets the
requirements of the pushing concept of flow management.
At the same time, the analysis provided an opportunity to
identify the directions that the company needs to work on
in order to further transition to the principles of the
pulling concept, namely the need to improve interactions
with existing suppliers and search for new suppliers. It is
determined that the selected problems at the enterprise are
important factors of construction of production and
logistics systems on the principles of extraction.
Therefore, they can be used as criteria that influence the
decision on the choice of production and logistics
concept.

Key words: production - logistics system, flexibility,
inventories, concepts of flow management, efficiency
criteria, system of indicators.

Introduction

Given the new economic conditions, an effective
production and logistics system must meet such
requirements as rapid response to changing demand,
reducing the level of all types of inventory, fulfilling

orders with high quality of service and more. In this
regard, in the design of modern production - logistics
systems, work is underway to replace the sale policy of
manufactured goods with the production policy of goods
sold; minimizing the time of production through the
technological process, reducing the batch of resources and
batch processing, reducing all types of downtime and
inefficient intra-industrial transportation.

Formulation of problem

Accordingly, more and more implementation is
underway with "dynamic" production and logistics
systems, which allow to satisfy the needs of the clients
most fully and meet the requirements of the economy of
post-industrial society. In particular, they are built on the
principle of pulling consumers to points of sale, which
provides flexibility and high level of service, thus creating
the conditions for a quick response to changing customer
requests. At the same time, the factors analysis that
influence the overall choice of production-logistics
system strategy shows that the "cost-effective” option of
the strategy, aimed at reducing all types of costs, is fully
justified in conditions when demand is demanded, the
requirements for diversity are limited and the volume of
production is high. In this sense, scientific approaches,
practical methods and models for choosing a method of
managing production and logistics systems based on
different concepts of material flow management and the
indicators that form them are of particular interest for
research.

Analysis of recent research results

In today's economy, one of the basic competitive
advantages of any organization is the ability to quickly
and efficiently meet customer requests according to their
requirements. The most important tool in the process of
achieving this goal is the focus of the organization as a
whole, because it is the formation of an effective system
of promotion of goods along the supply chain, allows you
to deliver the necessary goods to the consumer at the right
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place, time, quantity and quality and at the lowest cost.
Today, especially in foreign practice, there are many
approaches to determining the performance indicators of
production and logistics systems. Thus, A. Gunasekaran,
S. Patel, E. Tirtiroglu propose a system of performance
indicators, classified by processes [1]. Houseman
considers the distribution of metrics by types of flows [2].
Chan and Ki subdivide performance appraisal indicators
into groups: quantitative (cost, lead time, production
capacity and resources) and qualitative (customer
satisfaction, degree of flexibility, integration of
information and material flows, risk management and
supplier performance) [3].

However, taking into account or using certain
scientific approaches does not guarantee the undoubted
efficiency of the production and logistics system of the
enterprise. A combination of adverse external factors
(fluctuations in prices, arbitrary increases in supply
parties, deviations from production schedules, and the
like, etc.) can lead to disruptions or failures in the supply
chain, and consequently reduce the reliability of supply
and increase the costs of the enterprise. Therefore, one of
the most difficult problems that management faces in
modernizing the production and logistics system of the
enterprise is the choice of a way to manage the goods
flows, which is determined based on the overall goals of
the company, market situation, features of the processes
of the enterprise and other factors. Thus, the management
of the enterprise is faced with a multicriteria problem,
which solution can be used in different ways. The
following methods of solving such problems are
distinguished in science: utility theory method [4],
criterion importance theory [5; 6], the weighted sum
method [7; 8] method of hierarchy analysis [9; 10.].
However, despite the abundance of scientific research in
this area, it should be emphasized that a number of
conceptual and methodological tasks are underdeveloped
and require further study, in particular regarding the
choice of how to manage the flow of goods in the
enterprise.

Purpose of research
Development of methodological provisions for the

design of production and logistics systems based on the
pulling concept of flow management, as well as the

Storage

7

development of models to choose the principle of
construction of production and logistics system and
practical recommendations for its implementation. To
achieve this goal the following tasks were solved:

- refinement of methodological approaches to the
design of production and logistics systems based on the
pulling concept of flow management;

- development of a mathematical model of decision-
making on the choice of the principle of construction of
production and logistics system of the enterprise;

- formation of a system of indicators characterizing
the efficiency of the production and logistics system of
the enterprise.

Results of research

In modern science and practice, the issues of
designing logistics systems of enterprises are given much
attention, which is primarily due to the subject of their
research - flows. Their diversity - material, labor, service,
information, energy, financial - requires a clear
organization and synchronization with each other not only
within the enterprise, but throughout the supply chain.
The lack of common principles for flow management
makes it impossible to use the synergistic effect of their
combination and leads to loss of the entire production and
logistics system. The main information taken into account
in the development of production and logistics systems is
information on the market, production, material and
information flows. Therefore, the research is based on
modern scientific approaches in the field of logistics,
marketing and management. Thus, in the logistics and
marketing activities distinguish two basic principles of
material flow management: ejection and extraction.
Accordingly, production and logistics strategies based on
these principles were called Push and Pull strategies.

Manufacturing and logistics system, pushing type
(Figure 1), means an adaptive system that performs
certain production and logistics functions, which is based
on the principle of transferring the resource from the
previous link of the logistics chain to the next according
to a centralized delivery schedule. In it, the main focus is
on material flow planning based on demand forecasts, and
production and trade "push" their goods to points of sale
according to the delivery schedule and do not depend on
the needs of customers.

Storage

)

District 1 District 2

District 3 Storage

N/

Plan

Fig. 1. The scheme of Push Strategy.
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Production — logistics system based on the pulling
concept (Fig. 2) can be described as an adaptive feedback
system that performs certain production and logistics
operations based on the principle of transferring the
resource from the previous link of the production and

logistics chain the following at the request of the end
consumer, the customer. In it the buyer is "attracted" to
the point of sale and the signal for the beginning of the
production process is also given by the consumer.

Order

v v

\ | v

District 1 District 2

District 3

Storage Market

| T

production

Fig. 2. The scheme of Pull Strategy.

The purpose of both concepts is to meet the needs of
the next link at the expense of the previous one's
resources. The main and defining differences of
production and logistics systems based on pushing and
pulling concepts are:

- flow control method,;

- the degree of centralization of supply planning for
inter-link transmissions;

- approaches to establishing the
determines the movement of material flow.

Each method of organization of production and
logistics system has strengths and weaknesses that
influence the strategy of enterprise development. Thanks
to the basic characteristics of the pulling concept
(flexibility, high quality of service, reduction of inventory
standards), the flow management system makes it
possible to respond quickly to changes in customer
requests. As a result of its construction, the company
shortens the production cycle, increases the turnover of
inventories and, in fact, carries out work to order. At the
same time, the principle of extraction requires timeliness
and quality of deliveries, as they ensure the operation of
the entire production process in the absence of stocks or
their minimum size. Similarly, the system does not
provide input quality control, so the reliability of
supplying quality materials is one of the main conditions.

Considering the strengths of the push system, it is
possible to note its stability and the possibility of
organizing the input control, which allows to ensure the
satisfaction of stable high demand. However, it also has
drawbacks, namely the lack of clarity in demand tracking
and the mandatory availability of insurance reserves and
reserves. Therefore, for this system, demand fluctuations
are extremely negative. Reserves that allow for
fluctuations require significant financial costs, additional
storage space and manpower from the system.

Accordingly, the management of the enterprise in the
design of production and logistics system is tasked with
choosing between pushing strategies focused on mass
production planned production and pulling, which focus
on the production of small batches at the request of the
consumer. Assessment of the strengths and weaknesses of
the concept allows the company to choose between flow

rhythm that

management systems according to their market conditions
and the characteristics of internal processes in the
enterprise. At the same time it is necessary to adhere to
generally accepted principles of strategy development,
such as systematic, adaptability, global optimization,
logistical coordination and integration.

The first stage in the design of the production and
logistics system is goal setting. The company can set the
following types of goals: 1) Achieving certain values of
the market share indicator.2) Increasing the efficiency of
activities that are necessary when the needs of consumers
are not met or are not met at the expense of resources high
costs, ie with inefficient use of capital, staff and
production and technical potential of the company.

This step is crucial because it allows us to formulate
a vision for the future of the company [11].

After defining the goal, the management of the
company must make a choice between the type of
production and logistics system, that is, identify the
appropriateness of using an enterprise system based on
pulling or pushing concepts. This can be done through a
detailed examination of the company specificity, market
conditions, geographical location and other factors, using
methods of mathematical and economic modeling.
However, when designing a production and logistics
system, it is important to understand that the object is the
processes that occur in the enterprise in real time and
meet the current economic conditions. To choose an
alternative strategy of production-logistics system of the
enterprise we use the method of hierarchy analysis
(MHA). The purpose of the method is to justify the best
choice of the proposed alternatives, the characteristics of
which are vectors with heterogeneous, including with
indeterminate, separate components [12].

The essence of the method of analysis of hierarchies
lies in the step-by-step solution of such interconnected
individual problems as:

- construction of indicators hierarchical structure;

- evaluation of the hierarchical arrangement of
individual indicators for each hierarchy's level;

- comparison of available alternatives and choosing
the best one.
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This method seems simple, straightforward and easy
to calculate. Accordingly, it is widely used in practical
activities to perform decision-making tasks in different
productions: to choose one best or several best options, to
sort (rank) all the options by preference, etc.

The following are the advantages of using the MHA
over other methods of selecting alternative projects and
prioritizing them.

- uses a hierarchical structure and enables decision-
makers to determine the level of strategic goals and
specific indicators to better assess strategic alignment.

- goes beyond financial analysis as a result of
integrating quantitative and qualitative parameters.

- enables decision makers to measure the relative
importance of projects, including their benefits, costs,
risks and opportunities, leading to more efficient use of
funds.

- can be applied to any organization with any level of
maturity, since the data is normalized using numerical
estimates or expert judgment when the required indicators
are unavailable.

- is subjected to sensitivity analysis, which provides
a greater number of analytical capabilities when
considering a particular scenario [13].

For choosing the constructions principle of
production-logistics system, we will evaluate the state of
the enterprise and the possibility of implementing the
system in the existing conditions. Based on the level of
indicators, we can conclude on which system at a given
moment conditions are most fully meet its requirements.
At the same time, we will evaluate the directions that the
enterprise needs to improve in order to further transition
from one system to another.

Since the study of company performance is carried
out at the current time, the solution of the problem will
occur in the conditions of certainty. Thus, we construct a
model of linear decision-making programming under
certainty. There are many variants of system V

V= (Vi V) 1)
where Vi — is pull system,
V3 — is push system.

Each variant of Vi is characterized by the values of
the Xi criteria. That is, for each variant there is a vector
criterion X

X = Xl, Xn) (2)
where n — is number of criteria,

Xi takes a value from the set Ni (scale)

The objective function in this case will be
represented by an additive function:

h (x) = aing (x) + aznz (x) + ... + amNm (x) > max  (3)
where a; — is degree of criterion's significance(its relative
weight),

nm (X) — is the level of its importance in the
enterprise.

The whole set of n criteria under consideration
should cover key procurement, production, and
consumption processes that are important for both the
towing and the pushing systems.

As criteria that influence the decision-making on the
choice of production and logistics concept we have
selected the following indicators:

- Supplier reliability is a particularly important
criterion for the pull strategy in which suppliers and their
relationships with suppliers are key;

- availability of warehouse space - the criterion is
more inherent in the pushing strategy, since fuzzy demand
tracking implies the availability of insurance stocks;

- fluctuations in demand - a criterion characteristic of
both concepts, but due to the low flexibility of greater
impact it has a pushing strategy where fluctuations in
demand can lead to more negative consequences;

- labor productivity is a factor that has a great impact
on both alternatives, because for the extraction principle it
provides a short production cycle and for the ejection - the
efficiency of the whole system, which is directly
dependent on the volume of production and income;

- the quality of the products produced is also a factor
that matters for both systems. The quality level must be
assessed both at the entrance to the production logistics
system and at the exit. Both factors are extremely
important for the hauling system. Lack of input control
causes increased responsibility of suppliers, and lack of
inventory makes the quality of manufactured products one
of the priority tasks of production, because each unit of
defective goods generates the need to create a buffer.

In view of the peculiarities of the first two criteria
and their impact on the production-logistics systems of
different types, we will divide them into additional
indicators 1 (coefficient of supply’s volume, coefficient of
supplies quality, coefficient of materials supplied quality;
factor of suppliers distance), 2 (coefficient of supply) the
maintenance of work in progress, the coefficient of area
security of finished products retention, the factor of area
security of raw materials retention). Thus, the system of
indicators that influence the decision on the choice of
production and logistics concept has the following form.

The integrated coefficient of each indicator is
calculated as the weighted average of the partial
coefficients.

NN, D,
i (4)

The Ni ratio indicates what level each of the metrics
in the enterprise is. Moreover, each indicator of ni is
compared to its significance level for Ni analysis. In order
to evaluate this level, you must arrange all the indicators
by their degree of importance so that the rule n1> n2>...
ni is satisfied. Ranking is by Fishburn rule [14]:

2(n—i+1)
And if we assume that the development’s level of the
production-logistics system of the enterprise is equal to 1,

then the matrix "A" constructed using the method of
pairwise comparisons will have the form.

N.
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Table 1. System of indicators that influence decision making when choosing a production - logistics concept.
Index Indicator Partial Integrated
coefficient coefficient
Provider reliability Delivery ratio Ny N1
The timeliness of deliveries Ny
Quality factor of the supplied materials N3
Vendor Remoteness Ratio N4
Existence of warehouse | The coefficient of security of the area of Ns N2
areas maintenance of work in progress
The coefficient of security of the area of Ne
retention of finished products
The coefficient of availability warehouse of nz
raw materials retention
Fluctuations in demand Coefficient of actual sales deviation from Ng N3
planned
Productivity The level of productivity Ny [\
The quality of the | Quality factor of the produced products Ni1o Ns
products
Source: prepared by the author
1 NN N Ny ayy Gyp Ayz Ay Ggs
N2 Ng Ny Ny Uy Qgp Ayy Ay Qg
% 1 % % % A=|ay ay ay ay ay
1 ot Ay up Ayz gy Ags
g Mo Moy NN .
N, N, N, Ng sy Asp Qs Ay Ass @)
N, N, N, N, Then to determi_ne the proportion of gach indicator in
N NN 1 N the level of _ente_:rprlse‘s processes we find the average
L 5 value of the line items:
Ng Ny Ng N @
Nl NZ N3 N4 (6) (12
The matrix "A" allows you to evaluate which A=| a,
indicators in the enterprise are more important. For this
purpose, a normalized matrix "A" is calculated by 4
dividing the elements of each matrix "A" column by the as

sum of the elements of these columns.

(8)

The assessment of the processes importance for each

systems is made taking into account the experience of
specific enterprises. To do this, we add a pairwise
comparison matrix (Tables 2, 3.)

Table 2. The matrix of pairwise comparison of indicator’s importance for the pull-system.

- B w E 2 S 2

s> L p= 3
Index é 3 é é g § -‘8" '?2) %% g
eS| ge5 | SE| 3 25 | °

| £s° | 83| 8| sg

(i Z a =S
Provider reliability 1 1 1 1 1 5
Existence of warehouse areas 0 1 0 0 0 1
Fluctuations in demand 0 1 1 0 0 2
Productivity 0 1 1 1 0 3
Provider reliability 0 1 1 1 1 4
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Table 3. The matrix of pairwise comparison of indicator’s importance for the push system.

Index

“= = > B »n
o o = 4]
82| 8%, | 52| = 23 |
S| 588 | EE| B 55 | 8
o.c 225 25 3 & a =
oe < S QT S o
L = o =
o =
Provider reliability 1 0 0 0 1 2
Existence of warehouse areas 1 1 0 1 0 3
Fluctuations in demand 1 1 1 1 1 5
Productivity 1 0 0 1 1 3
The quality of the products 0 1 0 0 1 2
Source: prepared by the author
Table 4. Criteria for evaluating the importance of indicators for pull and push systems.
Index The degree of importance
pull coefficient push coefficient
Provider reliability 5 0,33 2 0,07
Availability warehouse areas 1 0,07 3 0,27
Fluctuations in demand 2 0,13 5 0,33
Productivity 3 0,2 3 0,2
The quality of the products 4 0,27 2 0,13
Thus, the hierarchy of decision-making is as follows:
Choice of flow management concept
| | | |
Provider reliability Availability Fluctuations in Productivity The quality of
warehouse areas demand the products
Pull Push Pull Push Pull Push Pull Push Pull Push
0,33 0,07 0,07 0,27 0,13 0,33 0,20 0,33 0,327 0,13

Fig. 3. The hierarchy of decision making for the choice of logistics concept.

In fact, tables 2 and 3 define the importance criteria
for a given production-logistics system. It should be noted
that in scientific research there is no precise formal
definition of the criteria'i importance, so as a rule this task
is solved by an informal method, involving experts who
come from their own understanding about the importance
of individual indicators. As a result, we get criteria for
evaluating the importance of indicators for both systems.

The purpose of both concepts is to meet the needs of
the The estimation of the two systems is based on the
calculation of the combined weighting factor for each of
them.

Push: 0,33N; + 0,07 N2 + 0,13 N3 + 0,20 N4 + 0,27
N5 = X1.

Pull: 0,07 N1 + 0,27 N2 + 0,33 N3 + 0,33 N4 + 0,13
N5 = X2.

Accordingly, a system that has a combined weight
ratio is greater and is optimal for a given enterprise when
available.

Let’s calculate the value of indicators for JSC "Milk
Alliance" (Table 5).

The values of the indicators that influence the
decision making when choosing a production-logistics
concept for JSC "Milk Alliance™.

Pull: 0,33 * 0,56 + 0,07 * 0,64 + 0,13*0,8 + 0,2 *
1,22 +0,27 * 0,97 = 0,84.

Push: 0,07 * 0,56 + 0,27 * 0,64 + 0,33 * 0,8 + 0,33 *
1,22 + 0,13 * 0,97 = 0,99.

The results show that today it is more profitable to
use a pushing production and logistics system at the
enterprise. And in view of the weight and significance of
the criteria, in order to switch to the Milk Alliance JV
flow management system, it is first necessary to pay
attention to working with suppliers, improving
relationships with them or finding new suppliers.

If it is impossible to implement a pulling strategy (as
in the object of research), the company needs to conduct
an analysis of factors that impede the change of
production and logistics system. When identifying a
problem and finding a solution, an important aspect is to
eliminate the underlying causes of the discrepancy.
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Table 5. The values of the indicators that influence the decision making when choosing a production and logistics

concept for JSC "Milk Alliance™.

Index Indicator Partial coefficient Integrated
coefficient
Provider Delivery ratio 4754520 N1=0,56
reliability "= =150380 0.92
The timeliness of deliveries 10 nocmau ! mic
, = —=0.77
13 nocmaul mic
Quality factor of the supplied 148 m/ mic
materials n,=————=0.98
151 m/ mic
Vendor Remoteness Ratio n,=90% > 100 xn=0.1
Availability KoedimienT 3abe3medeHoCTi muIomii 120220 N>=0,64
warehouse yrpumanus H3B Ng=—"—=
areas 124610
KoedimienT 3abe3medeHOCTi Mo 90000
yrpumanHs I'T1 Ng = m =0.95
The coefficient of availability 148000 1
warehouse area of raw materials n,=———=1
retention 145500
Fluctuations in | Coefficient of actual sales deviation 5360800 opn [ mic N3=0,8
demand from planned Ng = =
6742000 epn/ mic
Productivity The level of productivity 12100 N4=1,22
ng =——-—=122
9900
The quality of | Quality factor of the produced 1450 m/ mic Ns=0,97
the products products Ng=—-———=097
1490 m/ mic

Source: prepared by the author

In this case, all obstacles to the construction of the
pulling concept can be divided into bulk and
insurmountable. The insurmountable causes, as a rule, lie
in the external environment of the company, which cannot
be influenced, first of all, by the nature of consumption or
the specificity of production technology, its dependence

production

on chemical or biological processes. In this case, the
company is forced to find other tools to achieve this goal.
Overcoming obstacles, as a rule, are the characteristics of
the internal environment of the company. For example,
features of interaction between workshops, departments,
suppliers, customers, etc.

Working in a
warehouse

marketing

Distribution to

marketing
order

N
assembling marketing

i purchase >; production >; assembling > marketing

assembly to
order

marketing Work to order

Custom design

where is a push,

Source: prepared by the author

- | >is a Pull strategy
Fig. 4. The main combinations of Push and Roll strategies.
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When working with them should develop a plan for
solving the problem and the stages of its implementation.
After eliminating the root causes, you can return to
assessing the possibility of building a traction system.

However, in practice, basic types of pushing or
pulling production and logistics systems in a "clean” form
are rarely used. Typically, enterprises combine ways to
eliminate bottlenecks based on their own technological
process. And if you can conditionally divide the supply
chain into the following stages: procurement, production,
installation and marketing, there are five major
combinations of Push and Pull strategies: warehousing,
custom distribution, build-to-order, work-to-order and
custom design.

Most desirable for businesses in most sectors of the
economy is the closest possible approach to a full Pull
strategy (custom design). After all, the pulling concept of
logistics is universal and can be applied in the
construction of production and logistics system in any
field of activity. Dennis Hobbs [15] clearly identifies the
six stages of building a production and logistics system
based on a pulling concept.

1. Initialization and launch of the project. This stage
contains the formulation of a strategic vision for the
future company, determining the composition of teams
and training participants, drawing up a plan of action,
defining the powers of teams, their tasks, organizing the
collection of information necessary for the design of
supply chains on a pulling basis.

2. Documenting products, processes and materials.

3. The stage of final review, which is to complete the
information-gathering activities, ie to reach consensus and
approve management decisions on products, volumes and
working minutes per day on the drawing line.

4. Production capacity planning. The purpose of this
phase is to create an extraction strategy model based on
the estimated volume of resources.

5. Commissioning of the line. At this stage, the clock
and switching time of operators are synchronized; the
correctness of the distribution of tasks across workplaces
and ergonomic planning of the workplace are checked; a
plan is made to reduce work in progress; a mechanism for
continuous improvement of the process is introduced.

6. Assimilation, that is, checking the operation of the
line and assessing its compliance with the criteria of the
drawing concept. At this final stage, deviations are
identified and correction strategies are developed.

The measures carried out generally contribute to
improving the efficiency of the production and logistics
system of the enterprise and its profitability, respectively.
In the future, to create value flow for internal and external
consumers, it is necessary to transform them into a
sequence of processes. Turning supply chains into streams
also means the continuity of the flow of resources that are
processed in business processes in a rhythm that is set by
consumers on a pull-out basis, thereby automatically
building a supply system "on time."

Conclusions

1. When constructing and designing a production and
logistics system based on the pulling principle of flow

management, it is necessary to adhere to the basic
principles: systematicity, adaptability, global
optimization, logistical coordination and integration,
development of a corresponding complex of subsystems.
It is important to constantly improve processes, which, in
the context of regular changes, can improve and maintain
the efficiency of the system as a whole.

2. Assessing the feasibility of implementing the
concept at the enterprise is an important step in building a
production and logistics system, as it selects the concept
of flow management. In order to make a decision, the
study used the method of analysis of the AHI hierarchy,
which made it possible to substantiate the choice of the
best alternative strategy for JSC "Milk Alliance". The
analysis showed that the performance of the company at
this point in time most fully meet the requirements of a
pushing production and logistics flow management
system, and at the same time gave the opportunity to
identify the directions that need to work to further the
transition to the principles of pulling concept. Selected
problems at the enterprise are important factors in the
construction of production and logistics systems based on
the principles of extraction. Therefore, they can be used
as criteria that influence the decision on the choice of
production and logistics concept.
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MMPOEKTYBAHHS BUPOBHUYO-JIOTICTUYHUX
CHCTEM HA OCHOBI TATHYYOI KOHIIEITLIIT
YITPABJIIHHA TIOTOKAMU
O. M. 3azypcokuii, T. I. Cninyxa

AHoTauis. JlocnimkeHO 0COOIMBOCTI TPOEKTYBAaHHS
BUPOOHUYO-JIOTICTHYHUX CHCTEM Ha OCHOBI TATHYYOI
KOHIENIii yNpaBOiHHA MOTOKAMH. 1i 3acTOCYyBaHHS
JTO3BOJISIE HAWOIMBII TOBHO 33/JI0BOJBHUTH MOTPEOH
KIII€HTIB, 3a0€3MeYNTH THYYKICTh MTOCTa4YaHb H 3HIKCHHS
co0iBapTOCTI MPOAYKIi IS IMiJMPUEMCTBA, CTBOPHUTU
YMOBHM JUIA LIBHAKOI peakuii Ha 3MIHM 3aluTIiB
CIOXHBAYIB, CKOPOTUTH BUPOOHUYHMNA LUK, IiIBHIUTH
00OpOTHICTh 3amaciB i, MO CyTi, 3AIACHUTH MEpeXiT 10
cTpaTterii BHPOOHHMIITBA TOBapiB Ha  3aMOBJICHHS
CIIOXXHBAYIiB.

[IpoBeneHO TOPIBHAHHSA BHPOOHHYO-JIOTICTHYHUX
cTparerii, mo moOymoBaHi Ha mnpuHImnax Push
(mrroBxaroua), 1 Pull (rarmyua) crpareriii = Ta
MIPOaHATI30BaHO TIEpEBard Ta HEAOINIKH iX 3aCTOCYBaHHS
JUTA TIATPHEMCTBA. AHai3 CHIBHHX 1 CIa0KHX CTOpIH
CTpaTerii  7103BoJis€ 3pOOUTH BHOIp MK CHCTEMaMu
YIpPaBJiHHSA NOTOKAaMH BiJIOBIZIHO 70 YyMOB pOOOTH Ha
PHHKY Ta OCOOJMBOCTEHl BHYTPIIIHIX IIPOLECIB Ha
M ATPHEMCTRI.

3anpornoHOBaHO MaTeMaTHYHY MOJelb BHOODPY
MPUHIUIY M00YI0BH BHUPOOHUYO-JIOTICTUYHOI CHCTEMH
MATPHEMCTBA Ta TMPAKTHYHI peKoMeHpmamii mo i
BIpoBaDKeHHA. C(POpPMOBAaHO CHCTEMY ITOKa3HUKIB, IO

XapaKTepU3YIOTh e(eKTUBHICTh (hyHKIIOHYBaHHS
BUPOOHMYO-JIOTICTHYHOT ~CHCTEMH MiOIpHEMCTBA. B
SAKOCTI KJIIOYOBHX KpHTEpilB, IO BIUIMBAIOTH Ha

MPUAHATTA PIICHHS MPpH BHOOPI BUPOOHHIO-TOTiCTUIHOL
CHUCTEMH BHIIJICHO HACTYIHI TOKA3HUKW: HAaIIHHICTh
[IOCTAaYaJIbHUKA; 3a0€31EUYEHICTh CKIAACHKUMH IIJIOIAMH;
KOJIMBAaHHS TMOMUTY; TNPOAYKTUBHICTh MpaIli; SKIiCTh
BHUPOOJICHOT MPOTYKIIii.

Owuinka mnokasHukiB BAT «MoOJOUYHUI anbgaHC)»
3acBiguMiIa, 10 Ha IaHWH MOMEHT dYacy BHUpPOOHHYO-
JOTICTHYHA CHCTeMa MiIMPHEMCTBA HAWOUIBII TIOBHO
BiJINIOBiJ]a€ BUMOTaM IITOBXAOYO0T KOHIICIIIil YIPaBIiHHS
moTokamu. B TOW ke Yac NpOBENCHHWI aHAlli3 Ha/JaB
MOJKJIMBICTh BUSBUTH HAIPSIMKH HaJ[ SKHMH HEOOXITHO
MPAIIOBATH MiIIPUEMCTBY JIJIS TIOAATIBIIOTO MEPEXOAY A0
MPUHIIMITB TATHYYOl KOHIICMIlii, a came HEeOOXiTHICTh
MOKpAIEHHS B3aEMOJIIH 13 IIFOUNMH TIOCTaYaIbHUKAMHU Ta
MOIIYK HOBHX MOCTadajlbHUKIB. BU3Ha4ueHO, 1110 BUAIICHI
mpobjeMu Ha MiANPHEMCTBI € BKIMBUMH (aKTOpaMu
noOymoBu BUPOOHUYO-TIOTICTHIHUX CHUCTEM Ha
MPUHIMIIAX BUTATYBaHHSA. TOMYy BOHM MOXYTh OyTH
BUKOPHCTaHI B SIKOCTI KpHUTEpiiB, IO BIUIMBAIOTH Ha
NPUHHATTS PIlIEHHS NPO BUOIp BUPOOHWYO-JIOTICTHYHOT
KOHIIEIIIT.
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KuarouoBi cjioBa: BUPOOHWUYO-TIOTICTUYHA CHCTEMA,
THYYKiCTh, 3allacH, KOHIICTIIIi YHpaBIiHHSA TOTOKaMH,
Kputepil eeKTHBHOCTI, CHCTeMa TOKAa3HUKIB.

ITPOEKTUPOBAHUE [TPOM3BO/ICTBEHHO-
JIOTUCTUYECKHUX CUCTEM HA OCHOBE
TSIHYLLEN KOHILIEIILIUY YIIPABJIEHUS

INIOTOKAMU
O. H. 3acypcrui, T. U. Caunyxa
AHHOTaALHA. HccnenoBanbt 0COOCHHOCTH
MIPOSKTHUPOBAHUS MIPOU3BOJICTBCHHO-JIOTUCTUICCKUAX

CHCTEM HAa OCHOBE TSHYIIEH KOHICHINH YIPaBICHUS
motokamu. Ee mpuMeHeHne mo3BoisieT Hamboiee ITOITHO
YAOBJIETBOPATh IOTPEOHOCTH KIMEHTOB, 00ECIEeUHNBATh
THOKOCTh IIOCTaBOK M CHIDKEHHS CeOSCTOMMOCTH
MPOAYKIIMK  [UIA  TpenupusaTHs. TakuMm  oOpasom,
CO3/IA0TCS YCIOBHSA IS OBICTPOH peakIiy MpeIPHsTHS
HAa HW3MEHCHHUS 3alpOCOB IMOTPEOMTENCH, COKpalaeTcs
MIPOU3BOICTBCHHBIN IHKII, MTOBBIIIACTCSI
000pavYrBaEMOCTh 3aMacoB U, MO CYTH, OCYIICCTBISACTCS
MEPeXo/1 K CTPAaTeTuH MPOU3BOICTBA Ha 3aKa3.

IIpoBeneno CpaBHCHHE TPOHU3BOJICTBEHHO-
JIOTUCTUYECKHAX CTPATeTHH MMOCTPOCHHBIX Ha MPUHIHITAX
Push (tonkatomas), wm Pull (taHymas) crparerus,
MIPOAHATM3NUPOBAHEl TMPEUMYIIECTBA W HEIOCTaTKH WX
BHEAPCHUS HA TPEANPUATHN. AHAIN3 CHIIBHBIX U CIa0BIX
CTOPOH TIO3BOJISICT CHENATh BBIOOP MEXIy CHCTEMaMH
YIOpaBJICHHS TOTOKAMH B COOTBETCTBUU C YCIOBUSIMHU
paboTel Ha pBIHKE M OCOOCHHOCTSIMH BHYTPEHHHUX
MIPOIICCCOB Ha MPEATIPHUSITUH.

[IpemoskeHa MaTeMaTHueckas MOJCIb BbIOOpa
MIPUHIUIA MOCTPOCHHS MPOU3BOJICTBCHHO-
JIOTHCTUYECKON CHUCTEMbI MPEINPHUATHS U MPAKTHUCCKUE
pekoMmeHmanuu K ee BHeapeHuio. CdopmupoBaHa
cucreMa ToKa3ateyiei, XapaKTepU3YFOIIUX
3¢ GeKTHBHOCTh ()YHKIIMOHUPOBAHUS IMPOU3BOJICTBCHHO-
JIOTUCTUYECKON CHUCTEMBI TIpeAnpuaThs. B kadecTBe
KPUTEPHEB, BIMAIONINX HAa MPUHATHE PEHICHUS O BBIOOpE
MIPOU3BOICTBEHHO-JIOTHCTUIECKOM KOHIICTIIINH,
BEIICTICHBl  CIEAYIOIIME  IIOKAa3aTeNH:  HaJle)KHOCTh
MTOCTABINKKA; 00ECICUCHHOCTh CKIIQJCKUMU IUIOIIAISIMU;
KojieOaHuss  Cmpoca;  MPOU3BOAMTEILHOCTH  TPY/A;
Ka4eCTBO MPOU3BOAUMON MPOTYKIIHH.

Onenka kputepueB 3A0 «PoccaBay mokazana, 4To
HA JaHHBIH MOMEHT BPEMCHH [POU3BOJCTBCHHO-
JIOTHUCTHUYECKAsi CHCTeMa TPEINpPUATHS HawuOoJee ITOJHO
OoTBeYaeT  TPEOOBAHUSAM  TOJKAMOMICH  KOHIICIIIHH
yIpaBJICHUs MMOTOKaMH. B TO ke BpemMs MPOBEICHHBIN
aHaIU3 Jall BO3MOXXHOCTh BBISBHTH HATPABJICHUS, HaJ
KOTOPBIMH HEOOXOJMMO pPaboTaTh NPEANPUITHIO JUIS
JATbHEHWIIero mepexoja K INPUHIHIAM  TAHYIICH
KOHIICTIIIMK, & HWMEHHO HEOOXOAUMOCTh YIIyUIICHHUS
B3aMMOJICHCTBUSI C JEUCTBYIOUIMMHU IMOCTaBIIUKAMH U
IMOMCK  HOBBIX  MMOCTaBHIMKOB.  OmpemencHo, dTo
BBIICIICHHBIC MPOOJEMBI Ha TNPEANPHIATAU SBISFOTCS
BXXHBIMH (AKTOpPaMH IOCTPOCHHS IPOU3BOICTBCHHO-
JIOTHCTUYECKAX CHUCTEM Ha MPHUHIUIAX BBITSTUBAHUSL.
[MosToMy OHU MOTYT OBITh WCIIOJIB30BAaHBEI B KauyeCTBE
KPUTEPHEB, BIMSIONINX HA IPUHITHE PEIICHUS O BRIOOpE
MIPOU3BOICTBCHHO-JIOTHCTUIECKON KOHIICTIIIUH.
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Annotauist. COTO/IHI CIIOCTEPIraeThCsl CTAPIHAA Ma-
IIMHHO-TPAKTOPHOTO MapKy B TBAPWHHUIITBI Ta OCOOIMBO
TOCTPO CTa€ mpobiieMa e(eKTHBHOTO BUKOPHCTAHHS BIT-
YI3HSHOI 1 3apyOiKHOI TexHiku. OCcOOIMBO BEMKa yBara
MPUIUIIEThCA MPOOIeMi MiABUIEHHAS SKOCTI Ta HaTIHHO-
CTi pO3pOOIIOBAaHNUX BITYM3HAHUX MAIIHH 1 YCTaTKYBaHHS.
Bumoru 10 TexHikH 0e3nepepBHO 3pOCTaIOTh K JI0 SIKOCTI,
Tax i liana3oHy BUKOHAHHS CUILCBKOTOCHOAAPCHKUX POOIT
i omepariif, mJBUIICHHS HAAIWHOCTI 1 MPOJYKTUBHOCTI.
Oco0nuBicTh QyHKIIOHAIEHOTO PU3HAYECHHS Ta EKCILTY-
aTanii 3aco0iB MeXaHi3allii y TBApUHHHUIITBI MOJISIrae y 3a-
Oe3medcHHI Oe3repepBHOCTI O10TEXHIYHOTO 3B’ S3KY: OIIe-
patop — MalliHa — TBapWHAa — HABKOJHIIHE CEPesIo-
Buine. Lle € MOXXIMBUM JIMIIE 32 YMOB ITOCTIHHOTO MiATPH-
MaHHS BKa3aHHX 3ac00iB y Ipane3[aTHOMY CTaHi, 3a SIKOT0
KOE(IIi€EHT TOTOBHOCTI KOKHOI OJTMHHUIII IIOBUHEH OyTH Ha
piBHi 0,95-0,98. ¥V Teopii HagiifHOCTI BiTOMO AEKiIbKA JTe-
CATKIB PO3IOJILIIB, 32 JOTIOMOTOIO SIKUX MOXJIMBO OIHCY-
BaTH €KCIePUMEHTANbHI 1aHi BiqMOB. Posrisiiatroun pizHi
MOJIeJIi BiIMOB BHJUICHO PsI PO3MOALTIB: HOPMaJbHHH,
sorapuMiuHO HOpMasbHUH, BeitOyia, raMMa Ta eKcIo-
HEHILIAJIbHUH, 5IKi € OCHOBOIO MOOYI0BH MOJIeJeil JOBrOBi-
YHOCTI HEBIJHOBJICHUX BUPOOIB TBAPUHHMIBKOI TEXHIKH,
3aMiHEHHX Y pa3i BiiMoBH 3amacHuMU. [lepemideni posmo-
JIUTA OXOILTIOFOTH BiJIMOBITHO IMOCTYITOBI, 3HOCOBi, yTOM-
JICHI Ta PanTOBi BiIMOBH MEXaHIYHUX CHCTEM, CKJIQTHHUX
cUCTeM, IIO NMPOMIUIN TEpioj MPUIPANIOBaHHA, a TAKOXK
CHCTEM, SIKi €KCIUTyaTyIOThCS B TSDKKHX YMOBAX ITiJl BIJIH-
BOM MEXaHIYHHX i KJIIMATHYHAX HaBaHTaXXCHb

KuarouoBi cioBa: HamiiHICTh, IPEC-TPAHYJIATOP. 3a-
MacHi YaCTHHU, MapaMeTpu PO3MOALTY, Yac IPOrHO3Y, ce-
penHiit pecypc.

ITocTanoBka mpodaemu

B yMoBax 4HCICHHHX IHCTUTYIIHHHX IEpETBOPEHB,
3a SIKUX BigOyJIocs 3HaYHE MOTIpPIIEHHS CTaHy MaTepiajb-
HOi 0a3M BITYM3HAHUX BEIHUKOTOBAPHHUX CLIBCHKOTOCIIO-
JapCbKUX TOBAPOBUPOOHMUKIB, 0COOKCTI CEISTHCBKI TOCIIo-
JlapcTBa CTAJIM OCHOBHMMH BUPOOHMKAMU MPOAYKIIi Hail-
O17BII TPYXOMICTKHX 1 30MTKOBHX TajTy3ei CLILCHKOTO ro-
CIHO/AapCTBa, B MEPILY Yepry TBApUHHHULTBA. TpynomicTke
BUPOOHMIITBO TBAPHMHHUIILKOT ITPOLYKIii B 0COOMCTHX Ce-
JISTHCBKUX TOCIIO/IApCTBAaX Ja€ MOXIIMBICTb CTBOPUTH

chepy BTOPWMHHOI 3afHATOCTI IS Tpame3NaTHHX Ocio
CLTBCHKOT MiCIIEBOCTI, a JJIS IEAKUX COLiaTbHUAX TPYII KH-
TEJIiB cela — OCHOBHOI 3aiHATOCTI. BpaxoByroun cTaH po-
3BUTKY iH(pacTPyKTypH cena, 0cOOIMBO PO3BUTOK TOPTO-
BEJILHOI MEpEXKi Ta pPiBEHb 3a0€3MEeUEeHHS MIPOIYyKTaMH Xa-
pUyBaHHS TBApUHHOTO MOXOJ/KEHHS, @ TAKOXK PiBEHb I'PO-
IIOBHX JIOXOJIB CUIBCHKHUX JKUTEJIIB 0COOUCTE CEISTHChKE
rOCIoJIapcTBO HaOyBae (JOPM HaTYPaIbHOTO, a Ha UTUIIKU
TBapUHHUIIBKOT MPOAYKIii YaCTKOBO peajli3yloThCs, CTa-
I0YH OJITHUM 3 OCHOBHUX JIXKEpEeJ HaIXO/IXKEHHsI IPOLIOBUX
KOILITIB. Y HOBHUX YMOBax ()OpMYyBaHHs EKOHOMIYHUX BiJ-
HOCHH Ha CEeJli Ta PO3BUTKY HEBEINKNX (epMEPCHKUX TOC-
MOZAPCTB MEpIIOYEpProBe 3HAYCHHS Mae po3poOka Ta
BIIPOBAKCHHS Y BUPOOHHUIITBO €HEPrOOMIaJHAX MaJora-
OapuTHHX 3ac001B MeXaHi3allii, sIKi MaIOTh BUCOKY SKCILTY-
aTauiitny HaniinicTs [1-4].

AHAaJi3 oCTaHHIX JOCTIIKEHb

HasBHuil B arpapHUX HiANpUEMCTBAX MapK TEXHIKH
KUTBKICHO 3MEHIITUBCS, MOPAJbHO 3acTapiB, (Pi3UIHO 3HO-
nieHuil. EKOHOMIYHMI CTaH MiANMPUEMCTB arpapHOro CeK-
TOPY TaKHWi, IO HAaHOJIMKYMM YacoM JIOKOPIHHE OHOB-
JeHHs TX MaTepiajbHO-TeXHIYHOI 0a3u € JOCUTh Ipoliie-
MaTHYHUM, TOMY TIPIOPUTETHOO 331aU€i0 TEXHIYHOT MO~
THUKH Hapasi € 3ylUHKa IpoLecy KaTtacTpopiyHOTO 3MeH-
IIEHHS KUIBKICHOTO CKJIQJly HasBHOTO NMAapKy TEXHIKH Ta
BiTHOBJICHHSI MaTepiallbHO-TeXHIYHOI 0a3m HOTro cepmic-
HOTO 3a0e3nedeHHs. 30epeKeHHS KiTbKICHOTO CKIIaay Ta-
PKy MOXe OyTH JIOCATHYTO 332 PaXyHOK BiJIHOBIIIOBAIBHUX
PEMOHTIB 3 0THOYACHOIO MOJEPHI3aIli€l0 OCHOBHHUX BHUIIIB
ciibchKoTOCTIONapchbkoi TexHiku. Lle mo3Bonuts Ha 30—
40% 3MeHImUTH BUOYTTS TEXHIKH 3 €KCIUTyaTallii i BUKO-
pUCTOBYBaTH ii B arpapHOMy CEKTOpi IIe BIPOIOBXK
5-6 pokiB. [linTpuMyBaTH CiTbCHKOTOCTIOAAPCHKY TEXHIKY
B po0o4YOMy cTaHi Ta e(h)eKTUBHO ii BHKOPHUCTOBYBATH MO-
JKHA JUIIe 3a0e3MeYnBIIY 3aJaHui piBeHb HAJIIHHOCTI Ta
BIINOBITHO OpraHi3yBaBIIM TEXHIYHUIT cepBic [5-7].

ITutanHsM 3a0€3neUeHHS HAAIMHOCTI TBAPUHHUIIBKOT
TEXHIKH, miaTpuManHs ii B pobouoMy craHi Ta eeKkTHB-
HOro i1 BUKOPHCTAaHHS NPUAULUIN yBary Taki HayKOBIIi:
AL boiiko, A.B. HoBuupkuii, 3.B. Pyxuno, C.B. Kponu-
Bko, B.C. Jloseiikin, K.I. [Touka Ta iH. Ajle Ha JaHMI Yac
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3aJIMIIAETHCS. HEBUPIIICHUMH 1II¢ AyXKe 0arato muTaHb [4,
7, 8].

Meta gociigkeHb

Merta gocmimpkeHb € BU3HAUYUTH PSIT PO3MOILIIB, SIKi €
OCHOBOIO TTOOYIOBH MOJeNeii JOBrOBIYHOCTI HEBiTHOBJIC-
HUX BUPOOIB (EJIEMEHTIB) IIpec-TPaHyIATOPa, 3aMIiHCHHAX Y
pas3i BiIMOBH 3aIIaCHUMH, SIKi OXOILTIOIOTH IIOCTYIIOBI, 3HO-
COBI, YTOMJICHI Ta PanToOBi BIIMOBH MEXaHIYHHX CHUCTEM,
[0 MPOMIUIHA MEpPio/ MPUIPAIIOBAHHS, @ TAKOXK CHCTEM,
SIKI eKCIUTYaTYIOThCSI B TSDKKHX YMOBaXx IiJi BIUIUBOM Me-
XaHIYHUX 1 KIIIMAaTUYHUX HaBAHTAXKEHb.

Pe3yabTaTn gocaigxeHnb

Icayroui 3acobu MexaHi3allii, siKi CyTTE€BO ITiIBHIIY-
I0Th MPOAYKTHUBHICTH MPOIECY CTBOPEHHS IOBHOLIIHHUX
KOPMIB Ta 3HIKYIOTb HOTO TPYAOMICTKICTh, MAIOTh BEJIHKY
Macy, Ta 3Ha4Hy ITUTOMY €HeproeMHicTs. BukopucranHs
LMX arperariB Ha HEBEJIMKUX (epMax MPHU3BOAUTH JI0 He-
0oOIpyHTOBaHOI BUTpATH €HEpril, 110 MiJBHILYE cOOiBap-
TICTh KOPMOBHX MaTepiaiiB. Takox 1ie CTOCYEThCS CUTYya-
uii 3 nepepoOKOI0 MaTepiaiB OPraHiYHOTO MOXOPKEHHS
Ta BIAXO/IB TBAPUHHHUIIBKUX MIANPHEMCTB.

[Ipec-rpanynaTOpy MIMPOKO BHKOPHUCTOBYIOTHCS ar-
papisMu SK IHCTPYMEHT JJIS MiATOTOBKU KOPMIB Ta Tepe-
poOKM BIOXOHiB CiLTBCEKOTO TocmomapcTBa. (OCHOBHa
ctepa 3acTOCyBaHHS — BUPOOHHUIITBO KOMOIHOBaHUX Tpa-
HYJbOBaHUX KOPMiIB. 3 BUKOPHCTaHHSAM T'PaHYJIATOpA ar-
papii OTpUMYIOTh MOXJIHBICTh €()EKTHBHO BHKOPHCTOBY-
BaTH BUPOOHUYI BiJIXOJM IUIIXOM IX NEpepOOKH Ha Ipeco-
Bane 6i0100pHMBO Ta ManuBHi rpanynu (mesutern) [9-11].

Oco0yuBICTh (PYHKI[IOHATBHOTO TNPH3HAYCHHS Ta
eKCIuTyaTarfil 3aco0iB MexaHi3allil y TBAPUHHUITBI MMOJIsA-
rae y 3a0e3nedeHHi Oe3mepepBHOCTI OiOTEXHIYHOTO
3B’SI3Ky: OIlepaTop — MallliHa — TBapHHA — HABKOJIH-
LIHE cepeoBuIne. Lle € MOXXIMBUM JIHIIIE 32 yMOB IOCTIH-
HOTO MIATPUMAaHHS BKa3aHMUX 3ac00iB y Npane3gaTHOMY
CTaHi, 3a SIKOTO KOE(IIliEHT TOTOBHOCTI KOKHOT OJMHHIII
moBuHEeH OyTH Ha piBHI 0,95-0,98. Bucokwuii piBeHb roTo-
BHOCTI € JIOCSHKHUM 338 YMOBH CBO€YACHOTO Ta HAJICKHOTO
BHKOHAHHS KOMIDIEKCY pOOIT i3 TEXHIYHOTO OOCIYTOBY-
BaHHS 1 PEMOHTY IIMX 3aC00iB.

locTa yactiHa aKTHYHUX BUTPAT 3allaCHUX YaCTUH
00yMoOBJIeHa BUPOOHUYMMHE TpHYHHAMK. HeocTaTHBO BU-
COKHI piBeHb eKCIIIyaTamii Ta HU3bKa SIKiCTh PEMOHTY Ma-
UIMH 3aJIMIIA0THCS OCHOBHUMH MPUYMHAMH MiJBUIIEHUX
BUTpAT 3allacHUX YacTHH. BcTaHOBIIEHO, 10 HEAOCTATHE
3a0e3neueHHsT OKPEMHUX CIOXKMBAYiB 3aIaCHUMH YacTH-
HaMy, BUKJIMKaHE HE CTUIbKM (PaKTHUYHHMHU BUTpaTaMH,
CKUIBKM Tpo0jeMaMy B IUIaHYBaHHI 1 IXHbOMY pPO3IOi-
neHHi. Yepes BiZICYTHICTh NPUHHATHUX HAYKOBO OOIPYH-
TOBaHHMX METOJIUYHUX MaTepiaiiB, HAATO OiHOI i po3pis-
HeHoi iHpopManii mpo (pakTHIHI pecypcH Ta AOLUIBHY pi-
BHOMIPHICTB PO3IOJILTY PECYPCIB €I€MEHTIB TBAPHHHHUIIb-
KOI TEeXHIKM B YMOBaX PsOBOI eKCIUTyaTtallii HOMEHKJIa-
Typa il HOpMHU BUTpAT 3allaCHUX YaCTHH Ha MPAKTHIII BCTa-
HOBITIOIOTKCSI, K MPABIJIO, HA OCHOBI iHK€HEpHOT 1HTY{mii
MIPaLliBHUKIB KOHCTPYKTOPCHKHUX OpTaHi3amii Ta IOCBiLy
(axiBIiB peMOHTHUX T IIpHeMCTB [12].

V¥ 3B’s3Ky 3 IMM HaKOTIMYEHHS iHPOpMaIlii mpo pecy-
PCH MaIlVH, ITOTOKU 3aMiH €JIEMEHTIB 3 YpaxyBaHHSIM pe-
MOHTHHX BIUIHBIB i po3po0OKa Ha Iiif OCHOBI IPUHHATHUX
JUIA TIPAaKTHKH METOJMYHHX MaTepialliB Mo oOrpyHTY-
BaHHIO JTOUIJIFHOI PiBHOMIPHOCTI JeTaell i CKiIaJalbHuX
OJIMHMIIB, & TAKOXK OpraHizallii HOMEHKIATypH W HOPM BH-
TpaT 3aMacHUX YaCTHH - OJIHE 3 HAHBaKJIMBIIINX 3aB/aHb,
SKE CTOITh Ilepe]l Y4eHHUMH, MAlIMHOOYAIBHUKAMH H eKcC-
IuTyaTaniiHuKaMHu.

OCHOBHI IPUHIMIIHY MiZABUIIEHHS 3a0€e3IeYeHHSI 3ar1a-
CHMMH YacTHHaMU 0a3ylOThCsl Ha YIOCKOHAJIEHHI HOpMY-
BaHHs TXHIX BUTPAT, PO3IOALTY, MiBUIIECHH] yHi(iKkamii Ta
OpraHizallii BiTHOBIIOBAHOTO PEMOHTY CIIPAIlbOBaHUX Je-
Taynew i By3iB.

OpHi€T0 3 IPUYNH YIOCKOHAJICHOCTI HOPMYBaHHS BH-
TpAT 3aIlaCHUX YaCTHH € HEIOCTATHE OO PYHTYBaHHS I'OJI0-
BHUX MPUHIIAIIB PO3PaXyHKy HOPM Ha OCHOBI pecypcy Je-
Tanel i ix ¢aktuaHuX BUTpaT. Lle 3ymMoBIeHO THM, IO [Ii-
ana3oH KOJIMBAHHS BEJIMYMH IHTEHCUBHOCTI BiZIMOB J€Ta-
JIeW mupIIe Aiana3oHy iIHTEHCHBHOCTI CIIMCAHHS yCTaTKYy-
BaHH# [12].

BukopucranHsi pecypcy SK TOJOBHOTO IOKa3HHKA
NpU PO3paxyHKy HOPM BHUTPAT HPHUHHATO IS LIBHIKO-
CIpanbOBYBAaHUX JIETAJEH, pecypc SIKHX HE MIEPEBHIIYE Pi-
YHOTO HAIpAaNIOBAaHHS YCTaTKyBaHHS, a MATOMA Bara Ta-
KUX JieTaneit ctaHoBUTH 15...25 % Bix yciei HOMeHKIaTypu
3allaCHUX YacTHUH. BH3HAYCHHS BUTpPAT 3allaCHUX YaCTHH
Ha OCHOBI pecypciB neTaneil s BCi€i HOMEHKIATypu
YCKJIATHEHO BIIMBOM EKCIUTyaTamiiHUX (akTopis. Buco-
KU piBeHb BHTpAT 3allaCHUX YacTHUH JI0 YCTaTKyBaHHS
TBApUHHUIITBA 3yMOBJICHUI HE TUIBKU 1X KOHCTPYKTHB-
HUMH Ta BAPOOHUYHMMH HEJ0NIKaMH, ajle i HeJOCKOHAJIO0
eKkcrutyaraniero. YacTka ekcruryataliiHiX BiIMOB, TIPSIMO
YH 10OIYHO 3B’ SI3aHMUX 13 IIOPYLICHHSIM YCTAaHOBJICHHX IIpa-
BWJI 1 yMOB €KcIUTyaTallii ycraTKyBaHHs ()epM, CTAHOBHUTb
MIOJIOBHHY BCiX BHIIB BiJIMOB.

VY Teopii HAOIHHOCTI BiTOMO JEKiNbKa JAECATKIB PO3-
OB, 3@ JIOTIOMOTOIO SIKMX MO>KJIMBO OIHCYBATH EKCIIe-
pUMEHTaNBHI JaHi BimMoB. OmHAK HE MEHII BaXKITUBUM
CTarOTh iHII BUMOTH ((i3U9HICTH, MOKJIIBICTh BHKOHAHHS
PO3paxyHKIB HAAIWHICTH Ta iH.), SIKi 3BY)KYIOTb KOJIO PO3-
MOJIUJTIB, BUKOPUCTOBYBaHUX sIK Mojieni BixmoB. I1pu noc-
JJKEHHI HaJIHHOCTI TEXHIYHUX 3aC00iB PO3IIISTHYTO Pi3Hi
MOJIeJTi BIZIMOB 1 BUILJICHO PsiJl 3aKOHIB PO3MOIiTY: HOpMa-
JbHUI, JorapudMidyHO HOpMalbHUiL, BeiiOyiuia, ramma ta
CKCIIOHCHI[IaIbHHUM, SKI MOXKHA MOKJIACTH B OCHOBY MOOY-
JIOBH MOJIEJIEH JOBTOBIYHOCTI HEBIJHOBIIEHHUX E€JIEMEHTIB
TBapUHHUIIBKOI TEXHIKH, 3aMiHIOBAaHUX Yy pa3i BiIMOBH 3a-
nacaumu. [[OCT27.005-97 posrisgae pa3oM 3 iHIIAMU PO-
3I0JIiIaMHK YHIBepcaslbHi 1ndy3iliHi MoHOTOHHI DM 1 He-
MoHoToHHI DN - po3nofiny, siki 3aCTOCOBYIOTbCS B OCHO-
BHOMY TPH JIOCITIDKEHHI BUPOOIB €NEKTPOHHOI TEXHIKH
[13].

Po3noain pecypcy 3a NIpUHHATIMHI 3aKOHAMH MOXHA
XapaKkTepu3yBaTH NapaMeTpaMHu MOJ0KEHHs, MaciTady Ta
¢opmu. HasBHICTD KiTBKOX MapaMeTpiB T03BOJISE OLTBII
TOYHO MiAIOpaTH BUA PO3MOAITY IS XapaKTEPUCTUKN BHU-
OipxoBux maHnx. HopmansHUi 1 raMMa-po3NOIiIN MAarOTh
JIBa apaMeTpu - MaciuTady i popmu. Posnoain orapud-
Mi4HO HOpMaibHUil 1 Beltbymia, kpiM mapamerpis maciu-
Taly i GopMHU, MOXKYTh MaTH HapaMeTp moyoxeHHs. Exc-
NMOHEHLIAIbHAN PO3MOII Mae napamerp (GopMH 1 Moxe
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MaTu HapaMeTp IOJIOKCHHS BBeneHHs mapameTpa IoJio-
XKEHHSI - IESIKOTO KIHIIEBOTO 3HAUEHHS 9acy, 10 SKOTO Bifl-
MOBH HEMOJKJIVIBI, - O3HaYa€, 10 MPH HAIPAIIOBaHHI, MEH-
IOMY HiJK BEJIMYHHA TTapaMeTpa IOJIOKEHHSI, GYHKIIIS po-
3MOALTY JOPIBHIOE Hym0. Bin’eMHa BenmumHa mapaMmerpa
MTOJIOXKEHHS BiJINOBIIa€ TOMY, IIO BUPIO MOXE BiIMOBHUTH
JI0 TIOYaTKy eKcIulyarauii B mepiox 30epiraHHs (Hampu-
Knajn, Oarapesi, eNEKTPONITUYHHH KOHIEHCATOp, ENEeKT-
poHHa jamna, (OTOILTIBKA, KOHCEPBOBAHI NMPOAYKTH, T'y-
MOBI ¥ IIacCTMacoBi BUPOOHM Ta iH.). 3BMUAKHO, HapaMeTp
TIOJIOXKEHHS MPUHMAIOTh PIBHUM HYIIIO, IIIO CIIPOILYE PiB-
HSIHHS Ta 3MEHIIIY€e 00CsAT 004NCITIOBAILHUX POOIT.

Jis BU3HA4YCHHS 3aKOHY PO3MOILTY i HOoro mapaMer-
piB 3aCTOCOBYIOTBCSI METOAM: MOMEHTIB, HOCIIiJTOBHHX
pUOIIMKEeHb, MAKCHMAIIFHOI IPaBOIIOAIOHOCTI, JTiHIHHOTO
OIIiHIOBAaHHS, Tpa(oaHATITHYHIA METOJ i3 BHKOPHCTaH-
HAM iMOBipHicHOTO mamepy. Ilpm 3acTocyBaHHI oOcTaH-
HBOTO METOJly HAHECEHHSM JaHNX Ha HMOBIPHICHUH Matmip
MOJKHA TIPUOJU3HO OIIHUTH TXHIO BiJIOBIIHICTH MPHITYC-
TUMOMY 3aKOHY Ta OJIEP)KAaTH TaKOXK OLIHKH MapameTpiB
PO3MOJITY HIISIXOM MPOBEICHHs MpsiMoi JIiHii Yyepe3 BUOi-
pkoBi To4ykH. CTOCOBHO JI0 PECYpCHUX BiJJMOB MOXYTh
OyTH BU3HAYCHI TaKi MOKA3HUKU HAIHHOCTI SIK IIIJIbHICTh
po3moxiny, GyHKIiS po3moAiny (HMOBIpHICTE BiIMOBH),
CepenHiil pecypc, raMMa-BiICOTKOBUH pecypc, HMOBIp-
HICTHP 0e3BiIMOBHOI pPOOOTH, IHTEHCHBHICTH BiIMOB
[13,14].

PosrnsiHeMO 0OCHOBHI OCOOIMBOCTI MEpeTiueHIX Po3-
TOI1IIB.

[Ipn HOpManbHOMY PO3MOZLI BUMAAKOBA BEIHMYMHA
TEOPETHYHO MOXKE ITPpUMaTH Oy Ib-sKi 3HAYEHHS BiJl -00 J10
+00 [13]. Ockinbku 001aCTh BiJ’€MHUX 3HAYCHb Yacy He
Ma€ 3MiCTY, MOXKJIMBI 3HAYCHHS BUITAJKOBOTO Yacy Oe3Bia-
MOBHOI po0OOTH t i MOXYTh OyTH TIIBKA TMO3UTUBHUMH.
Tomy KiJIbKICHI XapaKTEepUCTUKHU Ha [IITHOCTI PO3IJISIA0Th
TUIBKY TIPH YCIYEHOMY HOPMAaJIBHOMY PO3MIOALII Yacy 10
BIIMOBU. YCIYCHUH HOPMAJbHUN PO3MOIIT BHUIIAIKOBOI
BEJIMYMHHU BUXOIMTH 13 HOPMAJIBLHOTO IIPH OOMEXXEHHI 1H-
TepBaJly MOXIIMBHUX 3HAUEHD I[i€] BETMYUHH.

IiMpHICTF HOPMATBEHOTO PO3IIONILTY MA€ BUJT

I (f—fcp)zJ

exP| = 5q2

f®) =————7F— @
o(2m)2

ne tep 1 o - BIANOBIIHO MapaMeTpu MaciuTady i popMu HO-
PMaJbHOTO PO3IOALTY;

t - moTOYHE 3HAaYEHHS Yacy.

XapakTepHUM JUI1 HOPMAIBHOTO PO3HOALILY € Te, 10
IHTEHCUBHICTH BiAMOB moyuHaeThes 3 0 1 31 30UIbIIEHHAM
yacy nyxe 3poctae. lle o3Hayae, 110 MOTIK BiIMOB HE €
CTalliOHApHKUM 1 Ma€ Miclie cTapiHHs eJeMeHTiB. B obmacrti
MaJIuX 3HAueHb t CTAPiHHS EJIEMEHTIB HECYTTEBO BILTHBAE
Ha HAAIHHICTh, TOMY HMOBIpHICTH 0€3BiIMOBHOI poOOTH
BHPOOY 3MEHIIy€eThCS He3HauHO. [licms TpuBanoi exciury-
aTarlii CHCTEMH, BiTMOBH €JIEMEHTIB SIKOi MalOTh HOPMaJlb-
HUW po3mOJii, 1i HAAIHHICTh MIBUAKO 3HUXKYETHCS, TOMY
HMOBipHICTH 6€3BIAMOBHOI poOOTH HaaE.

Hopmanbhuii po3monis 3acTOCOBY€ETHCS TIPH TIOCTY-
TIOBi 3MiHI mapaMeTpiB, a0 y TOMY BHIIaJIKy, KOJIH 4ac-
TKa panTOBHX BIZIMOB JIy’Ke Maja, TOOTO JuIs BUpOOiB, Ipa-
LIOI0YNX Y CIPHUATIMBUX YMOBax eKcIlITyartarii. Bin npu-
TaMaHHUH JJIsl OIKCY MOCTYHNOBUX CHPalbOBYBaHUX Bil-
Mmog [13].

ToukoBa oniHKa napameTpiB tep i © BU3HAYAETHCA

t.
tcp = ?:1;1 (2)
no(p ¢ )?
Zl=1(tl tlcp) (3)
(n-1)2

ne ti - craTHCTHYHI JaHI HampalfoBaHb N0 BiJIMOBH;
¢ - 00CAT BUOIPKH, 32 KOO BU3HAYEHI ITapaMeTPH PO3IO-
Iy,
KoediuienT Bapiarmii
v=_— (4)
tep

Jpyrum posrisiHeMo JiorapuMidHO HOpMalIbHUH
(LN) po3nionin, sikuii Ma€ TOCUTB IPOCTI BUPA3H VIS CBOIX
XapaKTepUCTUK YHACIIIIOK 3BE/ICHHS HOTO /10 IIMPOKO Ta-
OynboBaHOI (DyHKIIT HOPMOBAHOTO HOPMAaJIBHOTO PO3IIO-
Iy,

Yac 6e3BiqMOBHOI poOOTH MiATIOPSIKOBYETHCS JIOTa-
pudMidHO HOPMATEHOMY 3aKOHY, SKIIIO PO3IIOALT HaTypa-
JBHOTO Jorapudma gyacy 6e3BiIMOBHOI poOOTH BiIOBia€E
HOpPMaJIbHOMY 3aKOHY. 3a3Ha4yeHi BJIACTHUBOCTI, a TaKOX
BEJIMKA PO3KUAAHICTD 1 ACHMETPHYHICTH PO3IIOALTY CTaIN
TizcTaBoro s 3amydeHHst LN-po3noainy sk TeopeTHIHO1
MO/JIeJTi BiJIMOB MPH YTOMIJICHOCTI. BiH 3aCTOCOBY€ETHCS [is
COpaIbOBYBaHMX BIJIMOB, a TaKOX MPH JOCIHIPKCHHI Ha-
JUHOCTI HAaNIBIPOBIAHUKOBUX HpuianiB. Kpim toro, pe-
3yJbTAaTH NPUCKOPEHUX BUIIPOOYBaHb JIESIKMX BUIIB BUPO-
0iB MOXXyTh OyTH 3310BiJIbHO anpokcumoBaHi LN-po3mo-
nimom [13].

H{inbHiCTF HMOBIPHOCTI JIOTapu(dMIYHO HOPMAIb-
HOTO PO3IOJUTY BU3HAYAETHCS BUPA3OM

exp|-n?
f© = ; )
]

IIe /4, Oln - BIOIOBITHO TTapaMeTpH MacImTady i popmu J0-
rapu(pMigHO HOPMATHHOTO PO3IOALTY.

LN-posnozin Mae oxuy Moy npu t =exp(u-on?) i me-
niaHy npu t=exp(), a TaKOXK MO3UTHBHY acuMeTpiro. [HTe-
HCHBHICTb BiJ]MOB Ma€ HEMOHOTOHHHWH XapakTep i3 cma-
JIAaHHSIM Ha KiHIi posnoziny. LN-po3noain MoxHa iHOA
MMOMUJIKOBO MPHUHHSATH 32 EKCIIOHCHITIaTIbHHHT.

SIKi1o BUMAAKOBI BenuyuHM t1 1ty He3amexHi i po3-
nozineni 3a LN-po3nofinom, To ixHill oOyTok t3= t1#; Ta-
Kok mae LN-po3momi.

MaxkcumanbHO TPaBAONOIIOHI OLIHKK ITapaMeTpiB y
BUIIAJIKy TIOBHOI BUOIPKH PO3PaXOBYIOTE 32 (OPMyJIaMu:

h= Z—?=;’“t" ©)
lZ L, (Int; — p)° )
n—1

Posmozin Beiibymia e — TpeTiii MeXOBHHA PO3IMOILIT
B TeOpii eKCTpeMalbHUX PO3MOILTIB 1 BIOBIAAa€ CUTYyaIii
pyHHYBaHHS camoi cilaOKoi JTaHKH (eJIeMeHTa) i3 JesKol
CYKYITHOCTi (CHCTeMHU, SIKa CKJIAa€ThCs 3 TPYIH eleMeH-
TiB), @ TAKOX € JIOCTATHHO THYYKOIO (YHKIII€IO, 32 JIOTIO-
MOTOI0 5IKOi 700pe BUpIBHIOBAaTH Pi3HOMAHITHY CTaTHC-
THKY BIZIMOB 1 SIKa MOX€ OyTH MOJEJIIIO BiIMOB, B OCHOB-
HOMY, MEXaHIYHHUX 00’ €KTIB.

Posnonin Beiibymna Bu3HauaeThCs JBONIapaMeTpuy-
HOIO IIUIBHICTIO HMOBIPHOCTI

bt’~texp l—(%)] (8)
a

f©) =
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ae aib - BignoBinHo napamerpu maciutaby ta Gopmu po-
3noxiny BeitOymna.

OpmHuM i3 mocTOTHCTB po3noziry Belibymia cinx BBa-
KaTH PI3HOMAHITHICTH (OPM KPUBUX IHTEHCHBHOCTI Bif-
MoB. [Ipu b <1 miineHICTh TOYUHAETHCS 3 +00 1 B 30Hi Be-
JUKUX t IparHe g0 Hys1. Lle o3Hauae, mo BiH TaKOX, 5K i
raMMa-po3MOIis, MOXe OyTH BHKOPHCTaHHH SK XapakTe-
pHUCTHKA HAIHHOCTI BUPOOIB i3 4acOM IXHBOTO PUTIPAITIO-
BaHHSL.

Ipu b =1 posnoain Beitbymna nepexoauth B €KCIO-
Henriansaui. [lpu b> 1 miineHicTs #MOBIPHOCTI MOYHHA-
etbes 3 0 13 yacom 3pocrae. [pu mapamerpi b =3,25 pos-
nofin BeiiOymna mMoxHa BBaXKaTH MPHUOJIM3HO HOPMAJb-
HuM. Po3nonin BeiiOyia mupoko BUKOPUCTOBYETHCS PU
BUBYEHHI HAJIHHOCTI MEXaHIYHUX HPHUCTPOIB, MPH JOCIi-
JUKCHHI XapaKTepPUCTUK HAMIMHOCTI €ICKTPOHHHUX JAMII i
EJIEKTPOMEXaHIYHUX EIEMEHTIB.

Jus posnoniny BetiOyia, Takox K 1 Ui TaMMa-po-
3MOALTY, BIICYTHIN y 3arallbHOMY BHII BHpa3 Ui Cepea-
HbOT YACTOTH BiIMOB, L0 YTPYIHAE aHAII3 CHCTEMH 3a KO-
edimieHTaMH HaIIIHOCTI, TaK SIK IJOBOIUTHCS PO3B’SI3Y-
BaTH piBHAHHA BonbTepa HAOMMIKEHHIMH METOAAMH.

OIiHKY MaKCHMaJbHOI MPaBOIOIIOHOCTI MmapaMeT-
piB @i b oepKyrOTh 3 CHCTEMH PiBHSHB

n

na—Ztibzo

i=1 (9)

n Tn
n 1 b
kg‘l'ztl _(X_Ztl lnti =0
i=1 i3

[epme HaONMMXEHHS JUTA 3HAYCHHS B MOXKHA OJiep-
JKaTH, BUPIIIYIOUH CHCTEMY PiBHIHB

( n
na—Ztib=0

i=1 (20)

— b 1
ktcp =a F(l +E>

Tak MeTomOM MOCHIZOBHUX MPUOIMKEHb 3HAXOISTh
o 1 b. 3BU4aiiHO, OLIIHKY IapaMeTpa ¢ MPOBOJASATH Y IPH-
MyIICHHI, 10 TapaMeTp b BIIOMUA, TOmi

tt + (=1t
r

Lle piBHSIHHS NPaBIMBO JUIs IUIAHY CIIOCTEPEXEHb
[NUTr], xonmm criocTepesxeHHs MPOBOIATh 32 N BHpoOaMmu,
0e3 3amiHK BHPOOIB. 1110 BiIMOBUIIH 1 3aKIHUYIOTHCS TOI,
KOJIM BiAMOBHTH I BHpOOiB. [Ipu mpomy tr - wac mpumnu-
HEHHS CIIOCTEPeXKeHb, a t; — HapoOITOK BUPOOIB, 110 BiAMO-
BUJIH.

PosrasiHeMo ramma-po3mnoain, SKAH BU3HAYAETHCS

JIBOTIAPaMETPUIHOIO MIUTEHICTIO KMOBIPHOCTI
-1 AOt
FE) = Amtmtexp [— (—)J !

m—1

(11)

CTHJIA

AOKyMeHTe

=1 5 (13)

Po3B’s13yr0un piBHAHHS BITHOCHO M; i A,, 3HAXOJMIMO
OLIHKHM U1 M 1 Ao:

m=(2) 0
=2 (15)

Orinka mapamMeTpiB mi A, 3a JOMMOMOT'OK0 METO/TY Ma-
KCHMAaJIFHOI TMPaBIOMOAIOHOCTI TOJIATae B PIllICHHI CHC-
TEeMH PiBHSIHD

mty_ " . Int, = 0

|nin g d(l—m)lnF(m)_z nt; =

! W (16)
|

i=1
PimeHHs UX ABOX PIBHSAHb MOYKHA OJICPKATH METO-
JIOM TIOCIIIOBHUX MPHOIIKEHB. 3a MepIie TpUOIKeHHS
OepyThCs OIIHKY, 3HAHICHI METOJOM MOMCHTIB.
SKmo BBaXkaTH mapameTp M BiTOMUM, TO
m
AO =
tep
ITapameTp M XxapakTepusye acuMeTplio U excuec. B
3aJICKHOCTI BiJl HOTO BEIMIMHU CYTTEBO 3MIHIOETHCS BUJI
OCHOBHHX KIJIbKICHHX XapaKTepUCTUK HamiiHOCTI. [Ipr m
=1 ramMMa-po3MOALT TEePETBOPIOETHCS B CKCIIOHCHITIAb-
Hui. [Ipu m>1 iHTeHCHBHICTD BiAMOB 301IbLIYETHCS, 8 IPU
m<1 - 3meHnyeThes. HemoBHy ramMmma-(yHKI[iF0 BaXXKO po-
3paxyBartu, npote koiu (M -1) - wine yucno, To WMOBIp-
HICTh O€3BIIMOBHOI POOOTH BU3HAYAETHCS 5K
m-1
et g exp(Aot)
P(t) = - = .
; (m—=1Dtm lexpdt 4 i!
1=
Cyma N He3aJe)KHUX BEJIMYMH, SIKI MiIJSrarTh ra-
MMa-po3Mo/Iity 3 HapaMeTpamu A, 1 M;, TAKOXK Mae raMmma-

(17

(18)

PO3MOIiLT i3 TapameTpamu A, i Xm;.

L[poMy po3mojiisty 3a/10BOJIbHSIE YaC BAHUKHEHHSI Bijl-
MOB PE3ePBOBAHUX CHUCTEM 13 BKJIIOUEHHSIM PE3epBY CIIO-
co0OM 3aMiHH Ta MPH YMOBI, LIO IOTIK BiJMOB OCHOBHOT i
BCIX pe3epBHUX CHCTEM € 3BHYaliHMM. B mipomy BHIaaky
rapaMeTp M JOpIBHIOE YHCIy BCIiX cUCTeM (OCHOBHOI Ta
pe3epBHUX), ToOTO M =L +1.

Le# po3moain Takox MoOXe OyTH XapaKTepHCTHKOIO
4yacy BUHUKHEHHS BIIMOB CKJIQJIHUX €JIEKTPOMEXaHIYHUX
CHCTEM, SKII0 MAIOTh MICIIE BIIMOBH €JIEMEHTIB Ha I10YaT-
KOBIil cTajii eKcITyaTallii 41 B MPOIeCi BiAMpaIFOBaHHS

(Omudkaticremu, TOOTO MU M <1 raMMa-po3MO/LI € 3pYYHOIO Xa-
TekCeT yKa3aHWETOPUCTUKOIO Yacy BUHUKHEHHS BIIIMOB amapaTypu Ha

MpoTH3i yacy il mpUIpaIfoBaHHs.
OcTaHHIM PO3TISTHEMO €KCITOHEHIIaIbHIH PO3ITONIT,

OTCYTCTBYET.2)KHi BU3HAYAETHCS IIIIBHICTE HMOBIPHOCTI

e Ao 1 M - BiONOBITHO mapaMeTpu MacmTaldy Ta Gpopmu
raMma-po3mnoJIiiy.

SIKImIo omiHKa mapaMeTpiB BUKOHYETHCS METOIOM MO-
MEHTIB, TO, BHKOPHCTOBYIOYH TaKi BJIACTHBOCTI PO3IIO-
iy, K CEpenHe ty, 1 aucTepcito &, OTPUMYEMO CHCTEMY
PIBHSIHB

f(t) = dexp(—At) (19)

Jie A - mapaMeTp eKCIOHEHIIIaIbHOT'O PO3MOILITY.
ExcrioneHmianbHUA po3IOIi € YaCTKOBUM BHITAIIKOM

raMmma-po3noaity Ta posnoniry BeiiOyiuia i xapakrepusy-

€THCS TTOCTIMHOIO IHTEHCHBHICTIO BIIMOB, KOTpPa € TaKOX

napameTpoM posmnofiny. ITocTiiiHa IHTEHCHBHICTH BiMOB

O3Haydae€, 110 ﬁMOBipHiCTI) Bi,Z[MOB CHUCTEMHU HE 3aJIC)KUTH
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BiJl TOT0, CKUIBKH Yacy BOHA IPOPOOMIIA JI0 PO3TISTHYTOTO
MOMeHTY 4Yacy. Llefi posmoais abCOMIOTHO HE BPaxOBYE
CTapiHHA Ta CHpAIfOBaHHA. 3BOPOTHA BEJIMYMHA IHTEHCHB-
HOCTI BiZIMOB € CEpeIHIM HAIPAIIOBAHHSAM /O BiJIMOBH.
ExcnioHeHmiaapHAN PO3IIOALT Ma€ MicIie Y BUTIAIKaX, KOJIH
BHPOOH CKITaTHI i MOKITBA OLTbIIA KUTBKICTH BiIMOB Pi3-
HUX €JIEMEHTIB BUPOOIB 13 HEOJHAKOBOIO IHTEHCHBHICTIO.
BiH Mae MakcHMalIbHY LIUIBHICTH Y MOMEHT BKIIIOUCHHS,
TOOTO BIJNOBifA€ HU3BKIM TEXHOJOTIi i SKOCTI BUTOTOB-
JICHHS Ta CKJIaJIaHHs1, BUKJIIOYAE TEXHOJIOTYHE MPHITPAIIO-
BaHHS ¥ JOBeIEHHs. SIKIIO BiIMOBH €JEMEHTIB BHPOOIB
PO3IOIiNIeH] 32 eKCIIOHEHIIATbHUM 3aKOHOM, TO i BiZIMOBa
caMoro BHpPOOY Ma€ eKCIIOHCHIIAIbHUI PO3MOiI, a iHTe-
HCHUBHICTB BiTMOB BHPOOY OPIBHIOE CYyMi IHTEHCHBHOCTEH
BiIMOB #ioro eneMeHTiB. B octanHROMY BHIIAAKYy HE0OXi-
JTHO TiepeA0avYnTH He3aJIe)KHICTh BiIMOB €JIEMEHTIB Ta IXHE
MOCHIIOBHE 3’ €THAHHS.

Le#t po3moain 3acTOCOBY€EThCS AT aHANIZY CKJIQJIHUX
cUcTeM, SIKi MPOWILIN MepioJ] NPUIPALIOBAHHS, a TAKOXK
JUISL CUCTEM, SIKI TPALIOIOTh y TSHDKKUX YMOBax IiJl BIUIH-
BOM MEXaHIYHUX 1 KJIIMaTHYHUX HABAHTaXXEHb. Y OUIBIIO-
CTI BUNAJKIB €KCIIOHEHIIaJbHUI PO3IOALT XapaKTepHHUI
JUIsl PariTOBUX BIIMOB 1 3aCTOCOBYETHCS YacTillle I1HIIUX
TIpH AOCIIIKEHHI HaaiHHOCTI. UHCIIeHH] TOCHiIKCHHS BU-
SIBISIFOTH, IO ISl 0araTboX €JIEMEHTIB Pi3HHX CHCTEM BH-
MAIKOBUH Yac IXHBOI OE3BIAMOBHOI POOOTH MiIIIOPSIKO-
BY€ThCS EKCIIOHEHIIIaJbHOMY 3aKOHYy. BiH TWmoBWH st
CKJIATHUX CHCTEM, CKIIaICHHUX 3 PI3HOPiTHUX CIEMEHTIB i3
PI3HUMU A-XapaKTePUCTHKAMHU.

[HTEHCUBHICTD BIIMOB CKJIQIHOI CUCTEMH, CKJIaICHOT
3 6araThOX CJIEMEHTIB i3 Pi3HUMH 3HaueHHSIMH A(t), Moxke
OyTH IMOCTIHHOIO 1 P ICTOTHO HECTaIllOHAPHUX IHTCHCH-
BHOCTSIX BiZ]MOB OKpemux ejemenTiB. Kpim Toro, mpu goc-
JIDKEHHI HAIIAHOCTI OKPEMHUX EJEMEHTIB 1HOI MOXKHA
3HEBAKATH IiJIBUIEHY IHTCHCUBHICTh Yy IOYATKOBUI Iie-
pioj excrutyaraiii 4u YCYHYTH 1ied epiofi 3acToCyBaHHIM
NIPUIIpALOBaHHs. SIKIIO B Mpolieci ekcIuryaTanii ux eje-
MEHTIB HE HACTa€ Mepioj CIPAIOBaHHS, TO IHTEHCUBHICTh
BIZIMOB y IIbOMY BHI/IKy MOKHA IPUHMATH TTOCTIHHOIO.

[Ipu iHTEHCHBHOCTI BiIMOB €JIEMEHTIB OJICPIKYIOTHCS
pocTi popMynTu st pO3paxyHKY HATIHHOCTI €IIEMEHTIB i
cucTeM. SIKIIO 3Ba)kKaTH Ha Te, 10 CKJIAJHI CHCTEMH 1HOI
CKJIaJal0Thes 3 0araThbOX €JIEMEHTIB, TO CTAE OYCBHIHUM
BaXJIMBICTh CIIPOIICHHS pPO3paxyHKy HamiitHOCTI. [Ipm
A =const iMOBipHICTH OE3BIIMOBHOT POOOTH €IEMEHTY YU
CHUCTEMH Ha TPOTs31 33/1aHOT0 Tepioy Yacy He 3aJIeKHUTh
Bix yacy pobotu. Lle 3HauHO crpornye po3paxyHku. Bij-
MiueHa BJIACTHBICTh €KCIOHEHIIIaIhbHOTO PO3MOJIIITY 00y-
MOBJIFOE BEITbMH 1CTOTHI METOAMYHI MOXUOKY MPH OIIIHII
MTOKAa3HHKIB HaIIHHOCT1, 0COOJIMBO NP AAJEKOMY IPOTSA3i
CepeIHbOro YU raMMa-BiJICTOKOBOT'O Pecypcy, IpH po3pa-
XYHKY TTOKa3HHKIB 0€3Bi]MOBHOCTI BEJTMKHX CHCTEM.

MakcumanbHO NpaBaonoNiOHa omiHKa i, y BUNAIKY
TIOBHOI BHOIPKHU JIOPiBHIOE

Nt
i
%=Zz
i=1

VY 0aratpox BHIIaJKaX yMOBHO MPUHMAFOTH, 11O B IIe-
pion eKcInTyaTamii MamlMHH, YUMalio BiIJAICHUH Bif
BCTYITy 11 y [Iif0, 4ac MiX 3aMiHaMU JeTaled MiAImops KO-
BYETHCS EKCIIOHCHINIATbHOMY 3aKOHY, a MOMHUT Ha 3amacHi
YACTHHH 3 METOO CIIPOIICHHS PO3TJIIIAI0TH SIK CTallloHa-
pHHIA mporiec, omucaHuii posnoxisoM Ilyaccona. Omnak

(20)

MIPaKTHKa MOKa3ye, 110 YaCTO 3aKOH PO3MOILUTY HaIlpalo-
BaHHSA JI0 BiIMOBH BiJIPi3HSETHCS BiJl ITyaCCOHIBCHKOTO, a
MOTIK BiIMOB — HECTAIliIOHAPHHUH.

3riHO 3 TEOPIi€I0 BiTHOBICHHS, SIKa TAKOXK PO3TIIIAE
MUTAaHHS PO3PaxXyHKY KiJIKOCTi 3aITaCHUX YaCTHH, 3 9aCOM
TIPOIIEC BiJHOBIICHHS CTa€ CTAIiOHAPHHM, a II¢ 3HAYUTB,
IO MpH OyIb-IKOMY 3aKOHI PO3MOMALTY BiIMOB B TUISHKA
Yacy, YAMaJio BiJJTAJICHOTO BiJl YBEJEHHS MAIlUH Yy JiI0,
CepeHE YMCIIO BiJAMOB, IO NPHUIAAAIOTh Ha OJWHHMIIO
qacy, OJIM3bKe 70 BEIUYHHHU, 0OCPHEHOI CepeIHBOMY pe-
cypcy eneMeHTa. Aje npsiMoJIiHiiHa MOJIeIIb IPOTHO3Y I10-
TpeOM MallMH y 3alacHUX YaCTHHAX, YMOBHO MpUiiMaodn
iXHI BHTpaTH MOCTIHHUMH B Yaci, CIIpaBeUINBa B OyIb-
SKOMY YacOBOMY iHTEpBaJli TUTBKH U €KCIIOHEHITialIh-
HOTO PO3IMOALTY. 3aCTOCYBaHHS ii JUIA iHIIMX PO3MOMIIIB
TIPY HAIIPALIOBaHHIX, HE3HAYHO BiIaJICHUX Bill YBEICHHS
MAIlliH y Iif0, IPU3BOANUTH O 3HAYHUX ITOXHOOK. AHai-
THUYHI )X PO3PaxXyHKH KiJBKOCTI 3aIlaCHUX YaCTHH METO-
JlaMH{ YUCEJIBHOTO IHTETPYBaHH, PO3KIaAy B PsJ MiiHTe-
rpanbHoi (YHKINT 3aMiH, CTATUCTHYHOIO MOJCIHOBAHHS
OB’ sI3aHi 3 TPOMI3JIKUMH PO3PaxXyHKaMH.

BucHoBku

1.Posrnspmatoun pi3HI MOIeNi BiTMOB MOXKHA BHi-
JUTH P PO3IOALTIB: HOPMAJIbHUH, JOTapH(PMIIHO HOP-
ManbHuH, Befibymnna, raMMa Ta eKCIOHEHIIANBHUH, AKi €
OCHOBOIO TTOOYIOBH MOJENeii JOBrOBIYHOCTI HEBiTHOBJIE-
HUX BUPOOIB (€JIIEMEHTIB) Mpec-rpaHyisToOpa, 3aMiHEHUX Y
pasi BimMoBH 3aniacHUMH. [lepenideHi po3moaiid OXOILIIO-
I0Th BIJIMOBIHO MOCTYIOBI, 3HOCOBI (HOpMaJbHHUH, JIOTa-
pudmiuHO HOpManbHUI), yromieHi (Beibymnna) ta pan-
TOBi (E€KCHOHEHIIaJbHUII) BIIIMOBH MEXaHIYHHUX CHCTEM
(raMma-po3noii), CKIaIHUX CHCTEM, L0 MPOMILIH Iie-
PiOJI TPHUIMPAIIOBAHHS, @ TAKOX CHCTEM, SIKi eKCILTyary-
IOTBCS B TSDKKHX YMOBAX ITiJ BIUIMBOM MEXaHIYHUX 1 KITi-
MaTUYHUX HABAHTA)KEHb.
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NCCIEOJOBAHUE HAJEXXHOCTU ITPECC-TPAHY -
JIITOPOB I10 3BAKOHAM PACITIPEIEJIEHU I PE-
CYPCOB
H. U. Bonmauckas, O. B. Bormanckui

Annoranusi. CerogHs HaONIOJaeTCs CTapeHHE Ma-
[IMHHO-TPAaKTOPHOTO MapKa B KUBOTHOBOJCTBE M OCO0E-
HHO OCTPO CTAHOBUTCS MpobieMa 3p(HeKTHBHOTO HCIIONb-
30BaHMs OTCUYCCTBCHHOM U 3apyOekHON TexHuku. Ocode-
HHO OOJIBIIIOC BHUMAHHUE YMACISIETCS MPOOJEME MOBBIIIC-
HUS Ka4eCTBA U HAJCKHOCTH Pa3pabaThIBAEMBIX OTCUECT-
BEHHBIX MalIuH U 000pynoBaHus. TpeOoBaHUs K TEXHUKE
HETPEPEIBHO BO3PACTAIOT KaK K Ka4ecTBY, TaK W JHAIa-
30HA BBHITIOJTHEHUS CEIbCKOXO03SHCTBEHHBIX paboT U omepa-
Ui, TOBBIIICHHE HAICKHOCTH W IMPOU3BOIUTCIHHOCTH.
Oco0eHHOCTh (DYHKIIMOHATBFHOTO HAa3HAUYCHUS U IKCILTya-
TaI[U CPEICTB MEXaHMU3alUN B JKHBOTHOBOJCTBE 3aKIIIO-
4yaeTcs B 00eCIeYeHUH HeMPEePBIBHOCTH OMOTEXHIMUYECKOTO
CBSI3U: OMEPATOp — MalllMHA — >KUBOTHOE — OKPYIKalo-
1ias cpea. DTo ABJISICTCS BO3MOKHBIM JIMIIb [IPU YCIOBHH
ITOCTOSIHHOTO TMOJJICPKAHUS YKa3aHHBIX CPEACTB B pado-
TOCIOCOOHOM COCTOSIHUH, ITPU KOTOPOM KO3 PHIIEHT To-
TOBHOCTH KaXIOW CIAMHHUIBI JO/DKEH OBITh HAa YPOBHE
0,95-0,98. B Teopun HaJge:KHOCTH H3BECTHO HECKOJBKO
JIECATKOB JICICHUH, C IOMOINBI0 KOTOPBIX BO3MOXKHO
ONHCBHIBATH  JKCIICPUMEHTANBHBIE  JaHHBIE  OTKAa30B.
PaccmarpuBas pa3mudHBIe MOAETH OTKAa30B BBIICICH P
pacrpeneneHuii: HOpMalbHBIH, JOTapu(QMUYIECKH HOP-
MaJbHBIHA, BeiiOymia, raMMa U SKCIIOHCHIMANBHBINA, KO-
TOpBIE SIBJISIIOTCS OCHOBOM IMOCTPOEHMSI MOJIENEH JOJro-
BEYHOCTH HEBOCCTAHABIMBAEMBIX M3IEIHI KUBOTHOBOI-
YECKOM TEXHHMKH, 3aMEHEHHBIX B CIyyae OTKasza 3amac-
HbIMU. [IepeunciieHHbIe pacpeIe/iCHIsI OXBAThIBAIOT COO-
TBETCTBEHHO MMOCTEIICHHBIC, H3HOCOBBIC, YCTABIIIUE U BHE-
3aIHbIE OTKA3bl MEXAHHUECKUX CHCTEM, CJIOKHBIX CHCTEM,
MPOMICAINX NEepHO]] MPUPAOOTKH, a TaKKe CHCTEM, KO-
TOpBIC IKCILTYaTUPYIOTCS B TSDKEJIBIX YCIOBHAX IO BO3-
JCHCTBUEM MEXaHUYECKUX U KIMMATHYECKUX HArpy30K.

KarwueBble ci10Ba: HaJIe)KHOCTb, MPECC-TPAHYIISATOP,
3alacHbIC YacTH, MapaMeTphl paclpeneICHus, BpeMs Ipo-
THO3a, CPEeJIHUM pecypc.

RELIABILITY RESEARCH PRESS GRANULATORS
BY LAW RESOURCE ALLOCATIONS
N. I. Boltianska, O. V. Boltyanski
Abstract. Today, the aging of the machine and tractor
fleet in livestock breeding is observed, and the problem of
the effective use of domestic and foreign equipment is
becoming especially acute. Particular attention is paid to
the problem of improving the quality and reliability of the

developed domestic machinery and equipment.
Requirements for equipment are constantly increasing both
in quality and in the range of agricultural work and
operations, increasing reliability and productivity.
A feature of the functional purpose and operation of
mechanization in livestock breeding is to ensure the
continuity of biotechnological communication: operator -
machine - animal - environment. This is possible only
under the condition of constant maintenance of these funds
in a healthy state, in which the readiness coefficient of each
unit should be at the level of 0.95-0.98. In the theory of
reliability, several dozen divisions are known by which it
is possible to describe the experimental data of failures.
Considering various models of failures, a number of
distributions are identified: normal, logarithmically
normal, Weibull, gamma, and exponential, which are the
basis for constructing models of the durability of non-
restored products of livestock equipment, replaced in case
of failure by spare ones. The listed distributions cover,
respectively, gradual, wear, tired and sudden failures of
mechanical systems, complex systems that have passed the
running-in period, as well as systems that are operated in
difficult conditions under the influence of mechanical and
climatic loads.

Key words: reliability, granulator press. spare parts,
distribution parameters, forecast time, average resource.
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AHoTanis. B crarTi mpezncraBieHi HOCTiIKEHHS 3
MOHITOPHHTY MaTepialbHO-TEXHIYHOTO 3a0e3IeYeHHS Ta
(akTHIHOTO piBHS HAJIHHOCTI TEXHIKH
arporpoMHCIOBOTO KOMIUIEKCY B CHCTEMi pO3BHTKY
iHHOBamiitHuX mporecis. [IpoaHanizoBana 3a0e3neUeHICTH
arpapHUxX M ATIPUEMCTB CUIBCHKOTOCIIONAPCHKOI0
TEXHIKOI B po3pi3i 3aco0iB sl NpPUTOTYBaHHS i
po3maBaHHs KOpMiB. BCTaHOBIICHO HEMOCTaTHIW piBEHb
MarepialbHO-TEXHIYHOTO 3a0e3nedeHHs arpapHux
MANPUEMCTB  Pi3HUX (OPM BJIACHOCTI MalIMHAMHU Ta
00JaTHAHHSAM, BiIMiY€HO BUCOKHH PiBEHB IX MOPAIBHOTO
Ta (PI3UIHOTO CTAPIHHS.

AKTyaJlbHUM HanpsiMOM TEOPETHUIHNX Ta
eKCIIEpUMEHTAIbHAX  JIOCHI/VKEHb €  BHMBYCHHIO
CUIBCHKOTOCTIOIAPCHKHUX MallH K CKJIQJIHUX
COLIOTEXHIYHMX CHUCTEM, 13 BpaxyBaHHAM BILUIUBY
JIIOAICBKOrO (hakTopy Ha aHami3 Ta CHUHTE3, OLIHKY Ta
3abe3nedeHHs 1X HajiiHOCTi. B cTarTi 3amporoHoBaHO
BpaxoBYBaTH JIOCBiJI BHKOPHUCTaHHS 3aco0iB  uist
NPUTOTYBaHHS 1 pO3JaBaHHS KOPMIiB, YyMOBH IX
eKCILTyarallii, BABYEHHSI HAyKOBO-TEXHIUHOI JIiTepaTypH,
NPOBEJCHHS  ONUTYBaHHS  OIEpPaTOpiB  MallMH  Ta
MPaliBHUKIB CEpBICHOI CIy’)k0m. B sKocTi 00’€kTy Ta
MpeaMeTy OOCHIKEHb BHOpPaHO OINIHKY JOBTOBIYHOCTI
HOXIB MeXaHi3My OIpiOHEHHS-3MITITyBaHHS,
BUKOPHCTaHO METOJ €KCIIEPTHUX OLIHOK, KNIl 0a3yeThes
Ha pe3yNbTaTax ONUTYBaHHS KBaTi(iKOBAHUX EKCIIEPTIB.
[ligrotoBieHi OMHUTYBaNbHI JHCTH, SKi IependavYaroTh
NPOBEJICHHSI  ONMTYBaHHS  eKCIEepPTIB 3a  JecsiTbMa
00rpyHTOBaHIMH (haKTOPAMH.

BcraHoBneHo, 110 MaKCHMalbHUM  BIUIMB  Ha
JIOBIOBIYHICTP HOXIB 3ac0o0iB UIi TPUTOTYBaHHA 1
po3/maBaHHS KOPMIB MalOTh HACTYIHI ()aKTOPH: MaTepiai
HOXIB; BJIACTHBOCTI poCIMHHOT MacH, 110
MOJPIOHIOETECS;  CTaXK  poOOTH  0OCIyroBYHOUOTO
HepCoHamy; 3a0py/JHEHICTh CKJIaJJOBUX KOpMiB
CTOPOHHIMM  BKJIIOUYEHHSAMH. 3a BciMa (Qakropamu
OoTpHMaHa 3aJI0BUIbHA, a 3a OCHOBHUMH (paKTopamu
BigMiueHa nmobpa Y3TO/KCHICTh EKCIICPTIB.
[TepciekTHBHUM 17151 320€3TIeUeHHST HAJiHHOCTI € Tepexi
BiJl IPOJIaXXy OKPEMHUX MPOAYKTIB, TOOTO TeXHIKH abo0 X
OKpeMux BHpOOIB, O peaiizallii TeXHIYHUX PilleHb, SKi
BKJIIOYAIOTh  JOJIATKOBO  CepBICHE OOCIYroBYBaHHS,
MOCTA4YaHHs 3allaCHUX YaCTHH, HABYAHHS OIEPaTOPIB.

Karo4yoBi cioBa. TexHika, MalldHa, HaIIWHICTB,
cUCTeMa, TOBTOBIYHICTD, HiJK, ONMUTYBAIGHUH JIHCT.

HocranoBka npodaeMu

OnHUM 3 HaWOUIBII 3HAYYIIUX CETMEHTIB €KOHOMIKH
VYkpainu € arpompomucioBuii  komiuiekc  (AIIK),
OCHOBHHMM 3aBJaHHSIMH SKOTO € IOCTiiHE 301IbIICHHS
BUPOOHMIITBA NPOIYKLIT POCIMHHUIITBA 1 TBAPUHHUIITBA,
HApOIyBaHHSA  OOCATIB  TPOJOBOJBUMUX  PECYpCiB.
ArpapHnii  cexTop (GOpMye IIPOXOBOJNBYY Ta Y
BU3HAYCHNX MEXaX CEKOHOMIYHy, €KOJIOTIYHy Ta
eHepreTnyHy Oe3neky KpaiHu, 3a0e3redye pO3BHUTOK
TEXHOJIOTIYHO  TOB’S3aHMX  Tally3ed  HalliOHAJIBHOT
E€KOHOMIKH Ta CTBOPIOE COIIaIbHO-CKOHOMIYHI YMOBH C
PO3BHUTKY CiJIbChKOT MictieBocTi [14].

AHAaJIi3 oCcTaHHIX JOCTiIKEeHb

B AIIK VYkpainu mpaifioe 1m’sita 4aCTHHA 3aiHATOTO
HACeJICHHS 3a BHJAMH €KOHOMIYHOI [iSUIBHOCTI, IO
cknano Ha 1 ciuns 2018 poui 17,7% [14, 28]. Sk
Bij3HauaeThcsi B [14], B CiIBCBKOMY, JCOBOMY Ta
pHOHOMY TOCIOJNApCTBI HAIIOl JEpXKaBU 30CEpeiKeHa
Maiike JeTBepTa YaCTUHA BUPOOHHYHMX (OH/IB, CTBOPCHO
omm3pko 12,1% BanoBoi momaHoi BapTocTi. 3a OCTaHHI 5
POKIB  CHOCTEpIraeTbcs  3POCTaHHSI  BHUPOOHHUIITBA
MPOAYKIL] TBAPUHHUIITBA (OCOOIMBO, MOJOKA Ta M’sica)
Ta POCIMHHUIITBA (ocob6nuBo, 3epHOBUX Ta
3epHOO000BUX, KAPTOILTi, OBOYiB BIIKPUTOTO TPYHTY).

3  Meroro  3a0e3NMedYeHHs ~ CKOHOMIYHOI  Ta
MIPOJIOBOJILYUOT O€3MEeKH JiepKaBh B YaCTHHI BUPOOHUIITBA
npoxykuii AITK, 30iibIIeHHs eKCIIOPTHOTO MOTEHIay y
BKazaHiii ramysi, B YkpaiHi cdopmoBaHo Konuenmito
JepxaBHOT MiMBOBOI MPOrpaMH PO3BHUTKY arpapHOro
CEeKTOpy eKoHOMiKH Ha miepioj g0 2020 poky [14]. Amxe
3p0O3yMiIO, IO HEOOXINHICTh BHU3HAYCHHS AaKICHTIB Ta
BCTaHOBJICHHsI 3aBnaHb Kownmemrii JlepkaBHOI 1iTbOBOT
NporpamMHu  PO3BUTKY arpapHOro CEKTOpY E€KOHOMIKH
MOYKHA TIOSICHUTH TEBHHM CIaJOM DPO3BUTKY raiysi 3a
2017 pik. Ile, mepm 3a Bce 3HHKEHHS BaJOBOI 10JaHOI
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BapTocTi 1o ramysi 3 14,2% y 2015 pomi ta 13,5% y 2016
porti 1o 12,1% —y 2017 pori.

3a pokm mpoBeaeHHS pedopM B VYkpaiHi pi3ko
3MEHIIMBCA MapK MamMH Ta  OONamgHaHHA B
CLTBCBKOTOCIIONaPCHKIUX IMIAPHEMCTBAX pI3HUX (QOpM
BJIACHOCTI B pE3yJibTaTi HEZOCTATHBOTO OHOBJICHHS
TexHiKM. Tak, Hampukiax, NapK 3epHO30MPaIBHUX
KoMOaiiHiB KpaiHu ckopoTuBcs 3 65,2 Tuc. y 2000 pori 1o
26,8 Tuc. Ha nouarok 2018 poky [28]. Le, y po3paxyHKy
Ha 1000 ra mOCiBHOI IUIOIII KyJNbTyp 3epHOBHX (0e3
KyKypyZA3H) 3MeHIHIoch i3 59 Tuc. mryk no 38 THC.
wryk. [Ipy 1bOMy HaBaHTa)XEHHS Ha OJUHUIIO TEXHIKH
CLITBCBKOTOCTIOTaPCHKIX TOBapOBHPOOHHUKIB,
30umpmmmacs B 1,5-2,8 pasu. He xpami cratuctudsi
MTOKAa3HUKH 3a(ikCOBaHI [UISI MAIINH Ta OOJaTHAHHS IS
TBapUHHUIITBA, KUIBKICTP YCTaHOBOK Ta arperartiB s
JOiHHS KOpiB 3MeHmmIack 3 33,5 Tuc. mryk y 2000 pori
10 9,5 tuc. wtyk Ha 1 ciunst 2018 poky [28].

Curyauisi, sika ckimamacs B AIIK  Ykpainu
MOSICHIOETHCS. BUCOKUM PIBHEM MOPAJbHOTO i (Di3WYHOTO
CTapiHHS 3HAYHOI YAaCTHHH  CUIbCHKOTOCHOIAPCHKOT
texuiku [19, 23, 26, 28], mo BiAMOBiAHO (iKCYETHCS B
iHpopMaTHBHUX  JKepenax  JlepxkaBHOi  ciryOm
CTaTUCTUKH YKpainu. He auBisunchy Ha gocTaTHIN piBeHb
cratucTHYHOi iH(opMarii, 3a ocraHHs 10 pokiB 1O
VYkpaiHi npo HasBHUH MapK MamivH Ta OOJagHAHHA UIS
pocnunnHunTBa [28], Oyno O JOLIIBHO PO3LIMPUTH
iHpopManiiiHy 0a3y mono 3a0e3nedeHHs TEXHIKOK IS
TBapUHHUITBA (BUHATOK CTaHOBJIATH JaHI  IOJO
KIUJIBKOCTI YCTAHOBOK Ta arperariB AJsl IOTHHS KOPiB).

Pazom 3 TmM, cmig BIAMITATH  HEIOCTATHIN
MOHITOPUHT  MaTepiabHO-TEXHIYHOTO  3a0e3MCUCHHS
texuikd AIIK Ta ¢akTuunoro piBHs HamiiHoCTI [2, 3, 6,
15, 17, 18, 19, 23, 26, 27, 29], ocobauBO B cUCTeMI
pO3BUTKY iHHOBaIliliHux mporecis [4, 5, 20 - 22]. B
ICHYIOUMX JITepaTypHUX JDKEpeaax, TEOPETHYHHX Ta
eKCTIEPUMEHTAJILHAX JIOCHI/PKCHHSAX HEIOCTATHBO YBaru
TIPU/IIJIEHO BUBYEHHIO CUIBCHKOTOCIIOIAPCHKUX MAIIHH SIK
CKJIamHuX comiorexHiuamx cucrem [10 - 13, 17, 18, 29], i3
BpaxyBaHHSIM BIUIMBY JIIOJICEKOTO (akTOpy Ha aHami3 Ta
CHHTE3, OIlHKY Ta 3a0e3led4eHHs iX TIOKa3HUKIB
HaIHHOCTI.

MeTta gociigKeHn

[TependavaeTbesi, 1110 BUKOPUCTAHHS IHHOBALIHHUX
dbopm, ™MeTomiB Ta 3aco0iB JIOCHIKEHb JO3BOJSITH
rapMOHI3yBaTH  CTaH  IIOKpalleHHS  MaTepiajbHO-
TEXHIYHOTO 3a0€3MCYCHHs Ta IiJABHUIICHHS MOKAa3HHUKIB
HaJIIHHOCTI TEXHIKM arpapHoro BHUPOOHMITBA  SIK
COLIIOTEXHIYHUX CHUCTEM.

Pe3yabTaTn n10caigKeHb

Metoau ociiKeHb IPYHTYIOTHCS HA BUKOPUCTAHHI
METOJIOJIOTIH  CHCTEMHOTO aHami3y, MPOTHO3YBaHHS,
METO/IiB €KCTIEPTHO OIliHKH.

CdopmoBana 3a OCTaHHI ACCATHIITTS B YKpaiHi
CUTyalliss 3 IHKCHEPHO-TEXHIYHHM  3a0e3neueHHIM
CLTBCBKOTOCIIOIAPCHKIX  TOBAapOBUPOOHUKIB cTana
CTPUMYIOUYUM (HaKTOPOM y BUPINICHHI OCHOBHUX 3aBJaHb

koHnenii JlepkaBHOI MiTbOBOI TMPOrpaMH  PO3BUTKY
arpapHoro CeKTopy ekoHoMmiku Ha mepion a0 2020 poky
[1]. TosicuuTtn curyalito, siKa CKJanacs B arpapHOMY
CEeKTOpi eKOHOMIKM YKpaiHH MOXXHa BHBYAIOUH Ta
AHANI3YIOUN LUIMHA pSAX NMpUYUH. Tak, CHOCTepiraeThbes
3pOCTaHHA BapTOCTi OCHOBHHUX 3aco0iB B AIIK 3a Bumamu
E€KOHOMIYHOT JisUTbHOCTI, aje jumie Ha 0,5% B OpiBHIHHI
3 2016 poxoMm, B TOH wac, sik y 2016 poui BkasaHuit
MOKa3HUK 3pic Ha 1,6% B TOpIBHSHHI 3 TONEPEIHIM
pokom [2]. TIpsimi iHBecTHIIIT B PO3BUTOK arpapHoi ramysi
ckianaroTh 3a 2016 Tta 2017 poku Juiie, BiANOBIIHO MO
pokax, o 1,6%, He3Bakaouu Ha Te, MO BiAMIYAETHCS
TIEBHE 3POCTAHHS B MOPIBHSIHHI 3 MOTEPETHIMH POKaMH.
AHamni3 QakTopiB Ta NMPUYIHWH, IO BiTOOpakalOTh CTaH
rajy3i BKasye Ha HEOOXITHICTh il OOTpyHTYBaHHS Ta
pO3B’SI3aHHS  TPOTPAMHUMH  METOJAMHU. Tobro,
3p0O3yMLIO0, IO MOJANBIINHA PO3BUTOK arpapHOTO CEKTOPY
notpedye  SAKICHUX  II€PETBOPCHB, CIIPOMOXHHUX
3a0e3MeUnTH MIJBUIICHHS KOHKYPEHTOCIIPOMOXHOCTI
arpapHoro  BHpPOOHHMITBA Ha  BHYTDIIIHBOMY  Ta
30BHILIIHBOMY PHUHKaX.

OmHy 3 Takux TPUYMH MOXHA  IOSCHUTH
HEJIOCTATHIM pIBHEM TEXHIYHOTO 3a0e3MEeYCHHsI arpapHuX
MIAPUEMCTB, @ TAKOXX BHCOKHM pPIBHEM MOpPAJbHOTO i
¢i3n4HOTO CTapiHHA 3HAYHOI YACTHMHH MAIIWH Ta
oOJraTHaAHHA.

Hamm mpoBemeMo MOHITOpHMHT  3a0e€3MeUeHOCTI
MiAPUEMCTB VYkpainu CLIBCHKOTOCIIOIAPCHKOI0
TEXHIKOIO, aJleé B pO3pi3l MAamIMH IS TPUTOTYBaHHA i
po3naBanus KopmiB. Il{omo BKa3aHOi TEXHIKH IS
TBapUHHUIITBA, TO 3a JaHUMHU Jlep)KaBHOI CIIyXOHU
craTucTuku Ykpainu [28], cranom Ha 1 ciuns 2018 poky
Yy KOPHCTYBaHHI CLIBCHKOTOCIOIAPCHKUX IMiAPHEMCTB
JUis  3a0e3MeYeHHsT TBAapUHHUIITBA 3Haxomuioch 4048
MallMH 1 MeXaHi3MiB JJIs NpPUTOTYyBaHHS KopMmiB, 3276
po3IaBaviB KOpMiB JJIsl BETHKOI poratoi Xymoou Ta 2271
po3maBau it cBuHed. [Iporsrom 2017 poky B arpapHi
MATPHEMCTBA YKpalHu pi3HUX (OopM BIACHOCTI Ha
¢depmMu  Bemmkoi poratoi xymobm (BPX) wanmiinnio
BiINOBiTHO 372 MaIIMHY 1 MEXaHI3MU JUIS IPUTOTYBAHHS
kopmiB, 209 po3maBauie kopmie mms BPX Ta 157
po3/1aBaviB KOPMiB JJisi CBHHEH. Pa3oM 3 TUM, BIPOJOBK
poky OyjJo crHMcaHoO TMEBHY 4YacTHMHY MalllMH Ta
00JIaHAHHS, IO MPHU3BEJIO A0 30UIBIICHHS IUIAHOBOTO

HABaHTAXXCHHS HA OJHY MAIIMHY Ta IIiIBHIICHHS
IHTeHCHBHOCTI  iX 3Hocy. [Ilopsn i3 3acrapijioro
MaTepialbHO-TEXHITHOO 0a3o0r0 CITiL BIJIMITUTHA

HEIOCTaTHE BHKOPHCTaHHS HOBITHIX TEXHOIOTIH Yy
CHCTEMI TEXHIYHOTO 0OCITyrOBYBaHHS 1 pEMOHTY MallIlH.

Ile BKka3zye Ha HEOOXiAHICTb OOIPYHTYBaHHS,
PO3pOOKH Ta JOCIHIKEHHS HOBUX pecypco3depiraroumx
HAmpsAMIB 1 METOMOJIOTIYHMAX TIAXOMIIB MiJABHUIICHHS
e(eKTHBHOCTI Ta HAMIHHOCTI TEXHIKH 3a PpaxyHOK
YIOCKOHAJEHHS CHCTEMH eKCIUTyaTamii, TEeXHIYHOTO
oOCIIyrOoByBaHHsI, PEMOHTY, MOCTa4aHHs  3alacHUX
YaCTHH, IMiJIBUIECHHS PiBHSA i HATIMHOCTI Ta MiArOTOBKU
MepcoHay.

Cepen OCHOBHHMX HaIpsMIB 1 MiIXOIIB Ha SKi CIIJ
aKIeHTYBaTH yBary, € Komiiekc 3axofis [1, 4, 8, 9], ski
HampaBiicHi Ha 3a0e3leYeHHs IOKAa3HWKIB HAaJIIIfHOCTI
MallMH Ta OOJagHAaHHSA SK COLIOTEXHIYHMX CHCTEM 1
BKJIIOYAIOTh: MiJBHIIEHHS HANpalfoBaHHSI Ha BiJMOBY;
30UIBIICHHS TEPMiHY CITY>KOM; MiJBHIIEHHS Koe]illieHTiB
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TOTOBHOCTI Ta TEXHIYHOIO BHKOPUCTAHHS, 3HIDKCHHS
MMMTOMOI BapTOCTI HAMIMHOCTI Ta TPYAOMICTKOCTI POOIT 3
TEXHIYHOTO 00CIYTOBYBaHHS i PEMOHTY.

Crnixg 3a3HA4NWTH, IO Cepel OCHOBHUX HAampsMiB
BUpimeHHs mocTtaBieHnx B Kowrerii 3aBmanp [14] Ta
OKpeMHUX  [OCH/DKEHb B  HANpAMKY  IIiIBUIICHHS
MaTepialbHO-TEXHIYHOTO 3a0e3Me4eHHs arpapHoi ramysi,
Ta MiJBUIIEHHs HaAidHOCTI MamvH [1, 4, 7], ciiq Ha3BaTH

HACTYITHI:

- ¢dopmyBaHHS IHTETPOBaHOT B CBITOBY
MIPOMHCIIOBICTb ramysi CUIBCHKOTOCIIOJAPCHKOTO
MalMHOOY/ TyBaHHS,

- TeXHIYHy MOJEpHI3allil0  MamruHOOYAiBHOTO
BHPOOHUIITBA, SHIDKCHHS €HEeprOBUTPATHOCTI

BHPOOHHMIITBA Ta IMIIOPTOEHEPTO3aJICKHOCTI Tary3ei;

- migBumieHHsA KBamidikamii poOITHHYHMX KanpiB
JUTSL CIJIbCBKOTO TOCOIAPCTBA,;

- 3/ilCHEHHS MPUKJIAIHAX HAYKOBUX Ta HAYKOBO-

TEXHIYHUX  PO3POOOK, BUKOHAHHSA  JEPIKABHOTO
3aMOBJICHHS Yy cdepi pO3BUTKY arpompoOMHKCIOBOrO
KOMILICKCY.

TobTto, cepen 3anekiapoBanux B  Kormemnil
HaHpﬂMiB, nopsna 3 MNUTaHHAMU HayKOBOT'O Ta

TEXHOJIOTIYHOTO 3POCTaHHS MAITMHOOYAIBHOI Taimy3i IJis
AIIK, BaxxnmmBe Micue 3aiiMae peamizamii JOCTIIKCHb B
cepi BHUKOPUCTAHHS HOBHX  TEXHOJOTIH  Ta
OpraHi3aniifHoro I0CBily, BpaxXyBaHHS HE JIHIIE HAyKOBO-
TEXHIYHHX, aJe i COIiabHO-eKOHOMITHIX (PaKTOPiB.

Jus peamizamii BKa3zaHUX CKJIAQJZOBUX, HEOOXimHI
TiCHa crmiBOopaus 3 €KOHOMIYHO 1  TEXHOJIOTIYHO
PO3BHHYTHMHU KpalHaM{ [UIAXOM peaii3ailii He JIHIIe
HOBITHIX TEXHOJIOTIH Ta OpraHizauiifHOTO NOCBiNy, ane i
CHUCTEMHUX JOCIIJKEHb TEXHIKH arpapHOro BUPOOHUIITBA
SIK CKJIaJIHUX TEXHIYHMX CHUCTEM. AKTYaJIbHUMH B LLOMY
IUIaHI € LMK psii HAYKOBMX TIpallb, sIKi HalpaBlieHI Ha
JOCIIJDKEHHS, pO3paxyHOK Ta 3a0e3neueHHs] HaIiifHOCTi
MaIlliH SK CKIAJIHHX COLIOTeXHiyHHX cucreM [8, 9, 20,
22]: «noAnMHA-MalIMHA»; IH0ANHA-MalIHHA-POCIHHAY,
«TIOTUHA-MaIIHA-TBAPHHAY.

B cygacHmx ymoBax rio0ami3amii eKOHOMIYHOTO
KUTTS, YKpaiHi CIiJg Opi€HTYBaTHCh Ha CTpaTerii
PO3BUTKY TEpeJOBHX KpaiH CBiTy, B SIKHX HayKOBI
JOCII/DKEHHSI Ta 1HHOBAIUHI IPOIIECH BUKOHYIOTh
GbyHKiT TOJIOBHUX €KOHOMIKO-BIITBOPIOBAJIbHUX
(axTopiB, 3a0e3meuyroud NpH IbOMY CBI PO3BHUTOK
BJJOCKOHAJICHHSIM BXKE ICHYIOUMX TEXHOJIOTIH Ta TEeXHIKH,
MiATOTOBKOK  IH)KCHEPHO-TEXHIYHUX TPAI[iBHUKIB Ta
olepaTopiB  MAallMH, IOCIIOBHAM BHKOPUCTAHHAM
NpUHOUIOBO HOBHX 3Haub [1, 8, 9, 29]. TIporsirom
OCTaHHIX II'STH — JECSATH POKIiB, OUIBIIICTh CBITOBUX
BUPOOHMKIB Ta TNPOJABLIB TEXHIKM JUII arpapHOro
BUPOOHMIITBA ICTOTHO CKOPOUYYIOTh HEpeNiK CBOiX
OpeHIiB Ha KOPHCTh OINBII SKICHUX TMEpenrpomaxHol
MiTOTOBKHU Ta MICJS MPOJAXHOTO 00CIyroByBaHHs. Tak,
OJIHI€I0 13 cTpaTerii BCECBITHBO BiIOMHX KOMITaHIH,
Bmodatoun TOB ~ «AMAKO  Vkpaima», TOB
«Mana+Xymmens @T YkpaiHa» Ta iHIIUX, € TIEpeXia Bif
MPOJIAXXy OKPEMHX MPOAYKTIB, TOOTO TEXHIKHM abo K
OKpeMHX BHpPOOiB, /10 peaiizamii TEXHIYHUX pillIeHb, SKi
BKJIIOYAIOTh  JJOJAaTKOBE CEpBICHE  OOCIIyroBYBaHHS,
MIOCTa4YaHHs 3allaCHUX YaCTHH, HABYaHHS OIEPaToPiB.

BincytHicTb no pany MO3U LI
KOHKYPEHTOCIIPOMOKHOT TEXHIKH BITYN3HSHOTO

BUPOOHUIITBA, JeGIUT KaIpiB iIHKEHEPHO-TEXHIYHUX
MpaIiBHUKIB Ta OMEpPaTopiB 3MyIIye HaHOuUThImN i
€KOHOMIYHO PO3BHHEHI arpapHi MiAIPHEMCTBA KYIyBaTH

Oimpmnr  mopori, ame HamiHI CUTBCHKOTOCIIONAPCHKI
MammHA. ToMy, mpu mnpuabaHHI HOBHX 3aco0iB is
HPUTOTYBaHHS Ta po3maBaHHA KOPMIB,
CUIBCBKOTOCIIOIAPCHK]  MIJNPHEMCTBA  CTOSITH  HEpe]

BUOOPOM HE TUIBKM HAWOUIBII EKOHOMIYHHX, aJe
e(peKTUBHUX 3a IIOKAa3HMKAMH HaAIWHOCTi, 3 METOI0
MOJAJBLIOTO0 KOMILIEKTYBaHHS Ta OHOBJICHHS iX MapKy.

Icaytoui wmeroauku Bubopy 3IIPK He smime
HEJIOCTaTHHO BPAaXOBYIOTh MOKA3HMKHM HAAIWHOCTI, aje W
0CcOo0IMBOCTI MiATpAMaHHI Ta BITHOBJIEHHS
Mpane3qaTHOCTI BKAa3aHWX MamMH. Y 3B’S3KYy 3 IUM,
aKTyaJbHUM CTa€ BHPIMICHHS 3a/1ad4, SKi COPSIMOBaHI Ha
omiaky edekrtuBHocti 3I[IPK 3  ypaxyBamHsIM iX
HaJiHHOCTI Yepe3 Oe3BiIMOBHICTh OKPEMHX MEXaHi3MiB,
JTIOBTOBIYHICTE poOOYMX OpraHiB, CBOEYACHE MOCTadYaHHI
3alacHUX YacTWUH, PEMOHTONPHUIATHICTH JeTaleil, sKi
3a0e3MeuyroTh Mpane3aaTHicTh. To0To, e()eKTUBHICTH
3[IPK, sKi BHKOPUCTOBYIOTBCS [UIsi MPUTOTYBaHHS 1
po3IaBaHHS KOPMIB Ha TBapUHHMIBKHX (epMax MOXKHa
MiBUIIUTH HIJISIXOM BpaxyBaHHs OCHOBHUX IMOKa3HUKIB
HaJiHOCTI 32 paxyHOK aHaNi3y Ta CHHTE3y MOeJeH mpu
ix ¢gopmyBanHi. llikaBUMH B IIbOMY IUIaHI € CTaTTi, AKi
BpPAaXxOBYIOTh HE JIMIIE BHUBUYCHHS HAYKOBO-TEXHIUHOI
JmiTepaTypd Ta paHille BUKOHAHI JOCITIHKCHHS, ane i
nocsin Bukopucranus 3[1PK, ymoBu ix excryararmii [1,
24, 25, 27]. 0coOmMBOCTI CEpPBICHOTO OOCITYyrOBYBaHHS
[17,18].

AXTyaJIbHUM TIPU [IbOMY € OIIUTYBaHHS OIEpaTopiB
MaIl¥H, SKi Jal0Th MOJIUBICTh OLIHUTH HE TUILKU PIBEHBb
iX MiArOTOBKM Ta BIiIHOIICHHS 10 POOOTH, ajie i SKICTh
3IIPK, ocobauBOCTI  CepBICHOIO  OOCIyrOBYBaHHS,
3a0e3neyueHiCTh 3alaCHUMH YaCTUHAMHU, TIOKa3HHUK «IliHa-
SKICTb» JJIS MAallMHH. 3TiTHO TPOTPaMHU JOCIHIiIKCHB,
poboTa ekcrepTiB mpoBoAgWiack 3a JBa erand. Ha
mepmioMy erami  Oyna TpoBeIeHa SKICHAa — OIiHKA
HAJJIHHOCTI MAIlIKH, SKa BKJIIOYAja: BUSBICHHS HAWOIIBII
CITa0KUX TI0 HAIIHOCTI CKIaOBHX YacTWH; (GpopMyBaHHS
(axTopiB, sSKi HaWJacTinie 1 HAWOLTBIIE BIUIMBAIOTH Ha
BUHUKHECHHS BigMOB. ONTHUMajibHa KUIbKICTh €KCIICPTIB
JUTSL OTTUTYBaHHS MOBUHHA CKiagaty Bix 7 1o 10 ocib.

Ha mpyromy erami MpOBOIUTHCS KiNIBbKICHA OIliHKA
nokasHukiB HaniiiHocti 3I[IPK 3 Hu3bkuM piBHeM
npane3gatHocti. [Ipy  1pOMY, KIiJBKICTH —EKCIEpPTIB
nmoBrHHA OyTH 301mbIIeHa 10 50 0Cil.

Hawmwu, it omiHKHM TOBTOBIYHOCTI HOXIB MEXaHi3MY
noapionenns-3mimryBanns  3[IPK  Oyino Bukopucrano
METOJl eKCHEPTHUX OI[HOK, SKHH 0Oa3yeTbcs Ha
pe3ysbTaTax ONMUTYBaHHS KBali()iKOBAaHMX E€KCIEPTIB 1 HE
BUMarae ITPOBE/ICHHS CIIEialIbHUX EKCIIepUMeHTIB. [ls
BpaxyBaHHS JyMOK €KCIEpTiB, MONEpeIHbo Oyiiu
MiATOTOBNICHI OMUTYBanbHI JuCcTH. ONMTYBaJdbHI JUCTH
nependavyaOTh  NpOBeAeHHS — onuTyBaHHs 3a 10
OCHOBHMMH (DakTOpamMH. Xi; — MarepiaJl HOXiB, X2 —
BIIACTUBOCTI POCIMHHOI MacH, IO TMOAPIOHIOETHCS; X3 —

CTaX poOOTH OOCITYyroBYHOUOTO TMEpPCOHANy; X4 —
3a0pyAHEHICTh  CKJIAJOBUX  KOPMIB  CTOPOHHIMH
BKIIIOYCHHSIMH, X5 — CTaH KpIIUIGHHS HOXIB (CTaH

pi3b00BUX 3’€JHAHB, HASBHICTH JIOJATKOBHX EIICMCHTIB
KpIIUICHHS HOXIB), X¢ — TEXHOJOTIS BHTOTOBIICHHS
(BiTHOBJIEHHS HOXIB); X7 — CTaH 3allOBHEHHS OyHKepa
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KOMIIOHCHTaMH;, Xg — PEKHMH POOOTH MAlIMHH, X9 —
CTaH KOHTPOJIO I1H)XKCHEPHO-TEXHIUYHOI CIYKOH;, X190 —
BiOparris.

Jns  OIiHKM  TOKAa3HMKIB  HAMIMHOCTI  HOXIB

MeXaHi3My MoApiOHEeHH-3MiNTyBaHHS Oynu B3ATI 3aco0H
Ui TPUTOTYBAaHHA 1 pO3JaBaHHA  KOPMIB,  fIKi
eKCITyaTyIOThCSl B arpapHHX MmignpreMcTBax KuiBcbkoi

obmacri. PesymsTaTu
npencTaBieHi B Ta0mwmi 1.

10 8
D > a; =550

i=1 j=I

Pesynbratn onurtyBanHs 10 — excnepriB 3a 10-Tn
0aJbHOIO CHCTEMOIO Ta BCi HEOOXiHI pO3paxyHKH
npe/CcTaBiIeH] B Tabmui 2.

OTIMTYBaHHS €KCITePTiB

Tadauusa 1. PamxupyBaHHS (akTOpiB IUIMBY HA JOBTOBIYHICTH HOXXIB MEXaHI3My MOIPiOHEHHS-3MIIIyBaHHS

3I1PK.
Table 1. Ranking of factors influencing the durability of the knives of the mechanism of grinding-mixing SPRK.

B OminroBaneHi paxropu

Keept Xl XZ X3 X4 X5 X6 X7 XB X9 X10
1. 10 8 6 4 5 3 1 2
2. 10 9 8 6 7 3 5 2 1 4
3. 8 7 10 9 5 6 4 1 2 3
4, 8 7 10 5 3 9 6 2 1 4
5. 10 9 6 8 5 7 4 2 3 1
6. 8 10 9 4 5 6 7 1 3 2
7. 9 10 5 7 6 8 4 3 2 1
8. 8 9 7 10 4 5 3 6 2 1
9. 10 8 5 6 4 9 7 3 1 2
10. 10 9 8 5 7 3 6 4 1 2

10

Z a; 90 88 75 68 52 60 51 27 17 22

j=I

Tadanusa 2. Pesynbratu mociimkeHHs (akTopiB IUIMBY Ha JIOBrOBIUHICTBH

HOXIB MeXaHi3My MNOApiOHEeHHS-

sminryBanHs 3[1PK (3a pe3ynbTaTamMu OnUTYBaHHS EKCIIEPTIB).
Table 2. The results of a study of factors influencing the durability of the knives of the mechanism of grinding-

mixing SPRK (results of survey of experts).

10
; [Za)l = IJ 0,164 0,16 0,136 0,124 0,095 0,109 | 0,093 0,049 0,031 0,04
i=1
Mi 9,0 8,8 7,5 6,8 5,2 6,0 51 2,7 1,7 2,2
o 0,94 1,13 1,8 1,92 1,36 2,23 1,42 1,52 0,82 1,01
1
Vi 0,104 0,128 0,24 0,28 0,26 0,37 0,28 0,56 0,48 0,46
Amnanis OTpUMaHUX JaHUX MOKa3ye, i (e} BucnoBku
MAaKCHMaJLHUM BIUIMB Ha JOBroBiuHicTe HOXIB 3ITPK
MalOTh HACTYMHI (aKTOpH: ®1 — MaTepial HOXIB, 1. B  pesympraTi  MPOBEACHUX  JOCHIIKCHb
®1=0,164; X, — BIACTHBOCTI POCIMHHOI MacH, LIO  BIIMIYEHO HEJOCTaTHIi MOHITOPUHI  MarepiajbHO-
momapibHIoeThCs;,  ®2=0,16; X3 — CcTaxx poOOTH  TEXHIYHOro 3abe3medyeHHs Ta  (PaKTHYHOTO  PIBHS
00CITyTOBYIHOUYOTO MIEPCOHATY, ®3=0,136; X4 —  HamgiiHOCTI MamumH Ta oonaxHanHsa AITK.
3a0pyIQHEHICTh  CKJIaJOBUX  KOPMIB  CTOPOHHIMH 2. 3a pe3yabTaTaMu €KCIePTHOI OLIIHKH
BKJIIOUEHHAMH, 04=0,124. BCTaHOBIICHO, 110 MaKCHMaJIbHUH BILJINB Ha

3a pesynbTaTaMM ONHMTYBAaHHS BCTAHOBJICHO, IO
MiHIMaNbHUH BIUIMB Mae (aktop Xio — BiOparmis, sKui
XapaKTepU3yeThCs IMOKasHUKOM ®10=0,04.

BaxmBumu mpuiiMaeMo (akTopu (X1, X2; X3; Xa).
[IpencraBneni pe3yyipTaTy CIiA paxyBaTH IOCTOBIPHUMH
OCKIiJIbKM BOHH TiATBEPKEHI BiAMOBITHUMHU 3HAYCHHSIMU
koedimienTa Bapiamii V;..

3a BcimMa (QakTopamMu OTpuUMaHa  3aJ0BUTbHA
y3TO/DKEHICTh eKCIIEpTIB, a 3a 3HAYMMUMH (DaKTOpamu —
no0pa.

JIOBrOBIYHICTE HOXIB 3aco0iB Uil IPUTOTYBaHHS 1
poO3JaBaHHS KOPMIB MalOTh HAacTyIHI (pakTOpH: mMarepial

HOXIB; BIIACTHUBOCTI POCITUHHOT MacH, o
MOJAPIOHIOETBCS;  CTaX  pobOTH  0OCIYrOBYHOUOTO
MepPCOHAIY; 3a0pyIHEHICTh CKITQJIOBUX KOpMiB

CTOPOHHIMH BKJIFOYCHHSIMHU.

3. TloTpeOyroTh MOAANBIIOrO PO3BUTKY 3aXO0JH, SKI
HampaBJieHI Ha 3a0e3NedyeHHs HaAiMHOCTI MAaIuH Ta
o0JaiHaHHS SIK COLIOTEXHIYHUX cHcTeM. [lepcneKTHBHIM
€ TepexiZ BiJ TpoJaXy OKPEeMHX HpPOIYKTIB, TOOTO
TeXHIKM abo > OKpeMHX BHPOOIB, 10 peamizawii
TEXHIYHHUX DIillleHb, SKi BKJIIOYAIOTH J0JIAaTKOBO CEpPBICHE
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0OCITyrOBYBaHHS,  OCTa4aHHS
HaBYaHHS OTEPATOPIB.

4. PesymbraTm poOOTH B MONANBIIOMY MOXYTh
OyTn KOpHUCHMMH Al YTOYHEHHA Ta YHAOCKOHAJICHHS
ICHYIOUMX METOIMK eKCHepTHOI OI[HKK HaaifHOCTI
CUIBCHKOTOCTIOAPCHKUX MAIINH Ta OCHOBHHX CKIIAJOBUX
SK Ha CTaisiX NPOEKTYBaHHS 1 BUTOTOBJICHHS, TaK 1 B
YMOBAax peajbHOi eKCILTyaTarllii.

3aIaCHUX YaCTHH,
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MOHUTOPUHI" MATEPUAJIBHO-TEXHUYECKOI'O
OBECIIEYEHUA 1 HAAEXHOCTU TEXHUKU ATIK
B CUCTEME PO3BUTHA NHHOBALIMOHHBIX
ITPOLIECCOB
A. B. Hosuyxuii

AHHoTanusl. B cratee npeacTaBieHbl UccIe0BaHUS
c MOHHUTOPHHIa MaTepUuaibHO-TEXHUYECKOTO
obecrieueHnss M (HAKTUYECKOTO YPOBHS HAJEIKHOCTH
TEXHUKH arpoNpOMBIIUIEHHOTO KOMILIEKCA B CHCTEME

pa3BUTHS WHHOBAI[MOHHBIX HPOLECCOB.
ITpoananusupoBaHa o0ecreueHHOCTh arpapHbIX
HOPEANPUSATHA  CEIbCKOXO3SMCTBEHHOM  TEXHUKOW B

paspese CpelcTB JUIsl MPUTOTOBJICHUSI U pa3/ladd KOPMOB.
VYcTaHOBNIEH HEAOCTAaTOYHBIA YpPOBEHb MaTepUalbHO-
TEXHUYECKOTO OOCCIICYeHUsSI arpapHBbIX IPEIIpUSTHHA
pa3nuIHbIX  (GopM  COOCTBEHHOCTH  MAIIMHAMH |
000pyIOBaHHEM, OTMEYEH BBICOKHH YpOBEHb HX
MOPaJIbHOTO ¥ (PU3HYECKOTO CTAPEHHUSL.

AKTyanbHBIM HAaIlPaBJICHHEM TEOPETHUECKUX U
9KCIEPUMEHTAIBHBIX HCCIIEIOBAHUIN SBISIETCS H3y4YCHHE
CEJIbCKOXO03SICTBEHHBIX MaIluH Kak CJIOXKHBIX
COIIMOTEXHUYECKUX  CHCTEM, C  YYETOM  BIIMSHHS
4eoBeYecKoro (pakropa Ha aHAIM3 M CHHTE3, OICHKY U
obecrieueHne WX HAAEKHOCTH. B craTbe mpemioxeHo

YUYUTBIBATH OIIBIT HCIIOJIb30BaHUA CpCACTB JIIsL
NpUroToOBJICHUA W pa3gadyd KOPMOB, YCIOBUA UX
JKCIUTyaTaluu, H3y4YCHUC Hay‘{HO'TGXHHqCCKOﬁ

JUTEPATyphl, IPOBEJICHUE OMPOCa OTNEPAaTOPOB MAITUH U
pabOTHUKOB CEPBUCHOU cIyKObl. B kauecTBe 0OBekTa U

npeaMera HCCIIEI0BaHUI BBIOpaHa OILICHKA
JOJITOBECYHOCTHU HOXKeEN MEXaHHU3Ma U3MCIbYCHUS -
CMCIIMBAaHUA, HUCIOJIB30BAH METOM OKCIICPTHBIX OLECHOK,
OCHOBAHHBIH Ha pe3ynbTarax orpoca
KBaTHU(QUIIIPOBAHHBIX JKCIEPTOB. IToaroroBneHs
OIIPOCHBIE JIUCTHI, KOTOpBIE MpEeAyCMaTPUBAIOT
MIPOBEJCHUE ompoca JKCIEPTOB o JIeCATH

000CHOBaHHBIM (paKkTOpaM.
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YCTaHOBIEHO, YTO MaKCHMalbHOE BIIMSIHAE HA
JOJITOBEYHOCTh HOXEH CPEACTB Al NPHUTOTOBICHHSA WU
pa3zadu KOPMOB HMEIOT CIIEAYIONIe (haKTOPhL: MaTepHal
HOXKEH; CBOMCTBA PpacTUTENBHOM MAacchl, 9To
H3MenpyaeTcs;  Crax  paboTel  00CIy)XHBAaIOIIEro
MEPCOHANA; 3arpA3HCHHOCTh COCTABILIIONINX KOPMOB
MIOCTOPOHHUMHK  BKJIroueHusiMu. [lo Bcem dakropam
MOJyYeHa YJOBJIETBOPUTENbHAs, a IO OCHOBHBIM
(dakTopaM  OTMEYeHa  XOpollas  COIJIACOBAaHHOCTb
skcrieproB.  [lepcnekTuBHBIM s oOecrieueHHs
HaJIe)KHOCTH SIBJISIETCSI TIEPEXO OT HPOJaXKH OTIENBHBIX
MIPOJYKTOB, TO €CTh TEXHUKU WJIN OTAEIBHBIX U3/ENuil, K
peann3aniy TEeXHHYECKUX PEIICHUH, KOTOPhIE BKIIOYAIOT
JOTIOJIHUTENIEHOE CEPBUCHOE OOCTY)KMBAHUE, ITOCTABKY
3aMacHBIX 9acTel, 00ydIeHHE ONepaTopOB.

KaroueBble cj10Ba: TeXHUKA, MAIIMHA, HAJCKHOCTB,
CHCTEMa, JONTOBEYHOCTh, HOX, OIIPOCHBIH JINCT.

MONITORING OF MATERIAL AND TECHNICAL
SUPPORT AND RELIABILITY OF APPLIANCE
TECHNIQUE IN DEVELOPMENT SYSTEM
OF INNOVATION PROCESSES
A. V. Novitskiy

Abstract. In the article researches from monitoring
of material and technical support and actual level of
reliability of technique of agroindustrial complex in
system of development of innovative processes are
presented. Availability of agricultural enterprises with
agricultural machinery in the context of means for
preparation and distribution of fodder is analyzed. The
insufficient level of material and technical provision of
agrarian enterprises of various forms of ownership with
machinery and equipment is established, the high level of
their moral and physical aging is noted.

The current direction of theoretical and experimental
research is the study of agricultural machinery as a
complex social and technical systems, taking into account
the influence of the human factor on the analysis and
synthesis, evaluation and ensuring their reliability. In the
article it is offered to take into account the experience of
using the means for preparation and distribution of
fodder, conditions of their operation, study of scientific
and technical literature, carrying out the survey of
machine operators and service personnel. As an object
and subject of researches the estimation of durability of
knives of the mechanism of crushing-mixing is chosen,
the method of expert estimations based on results of
interrogation of the qualified experts is used.
Questionnaires have been prepared, which provide for a
survey of experts on ten reasonable factors.

It is established that the following factors have the
maximum impact on the durability of knives for the
preparation and distribution of feed: the material of
knives, the properties of the plant mass, which is
shredded, the length of service of the service personnel,
and the contamination of the components of feed by
foreign inclusions. Satisfactory results were obtained for
all factors, and good coordination of experts was noted for
the main factors. The transition from the sale of individual
products, i.e. machinery or individual products, to the
implementation of technical solutions that include

additional maintenance, spare parts supply and operator
training is promising to ensure reliability.

Key words: technique, machine, reliability, system,
durability, knife, questionnaire.
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AHoranis. [TokazaHo, o JuIsi OOTPYHTYBaHHS MPO-
JIOBXKCHHS TEPMIHIB eKCIUTyaTallii MalliHA 11032 BCTAHO-
BJICHUH PO3POOHHUKAMH PeCcypc HEOOXiTHO OPIEHTYBATHUCS
Ha JIOIYCTUMI PH3MKH LIOA0 HACTaHHs aBapiiHUX CUTYya-
Liif, sSKi MOXYTh NPHU3BECTH [0 HEUIACHUX BHIIAJKIB.
AJDKe HHHI JJI1 MOOUIBHOI CLIBCHKOTOCIIONAPCHKOT TeX-
HIKH, eKCIUTyaTallis SKOi HAJIC)KUTh O POOIT IiIBUIICHOT
HeOe3MeKH, MOHITTS JAOMYCTUMOTO (MPUHHSATHOTO) PU3H-
Ky HE 3aCTOCOBYIOTbH, II0 HE JO3BOJISIE OIIHUTH HeOe3me-
Ky rmepeOyBaHHS Ha TOJIAX, epMax i Joporax MamuH 0e3
TEeXHIYHUX 3aC00iB OE3MEKH, 3 BUUCPIIAHHSIM BCTaHOBIIC-
HOTO pecypcy.

Merta mocnimkeHb — OOTPYHTYBATH IOIMYCTHUMHUH PH-
3WK eKCIUTyaramii MOOUIBHOI CUTBCHKOTOCHIONapChKOL
TEXHIKH, Y MacuBi JeTajeil Ta eJeMEeHTIB KOHCTPYKIIiH
SIKOT HAKOTTUUMITUCS Ae(eKTH (TTOLIKOIKESHHS).

VY nmaniit poOOTi MPOAaHATI30BAHO KIHETUKY HAKOIIH-
YeHHsI eKcIUlyaraliiHuX aedekTiB y MacuBi neTajei
OKpeMHX BY3IiB (CHCTeM) TpakTopiB. Sk 00’€xT mocii-
JoKkeHo Oyno BuOpaHo tpakropu MT3-80(82), sk onni 3
HAWOUIPII TOMMpEeHNX B YKpaiHi. J{ns BHABICHHSA Tpi-
IOIMH BUKOPHUCTAHO PO3POOJICHUN BUXOPOCTPYMOBHIA Jie-
(eKTOCKON, YYTIHMBICTH SIKOTO JO3BOJIA 3HAXOIUTH
TPIIIMHE JOBXUHOIO KiTbKa MUTIMETpiB Ta OumbIIi 0e3
MiATOTOBKY IMTOBEPXHI KOHTPOJIHOBAHUX JeTaleH.

IToka3aHo, M0 KIHETHYHI 3aJEKHOCTI HAKOITHICHHS
eKCIUTyaTaIlifHuX e(eKTIB y AETAIAX BY3JIiB TPAKTOPIB y
MIPOAHAII30BAHOMY Aialla30Hi TPUBAJIOCTI EKCIUTyaTallii €
MOHOTOHHO 301JIBIIYBaHUMH, SIKi MOJKHAa OIHCATH E€KCIIO-
HEHI[IHHUMHU (QYHKIISIMA 3 JOCTAaTHHO BHCOKOIO JTOCTOBi-
pHicTio. BimmideHo, mo oTpuMaHi 3a1eKHOCTI OAi0HI 10
KIHeTHYHUX 3aJeKHOCTEH HAKONMMYCHHS CTATHYHOIO i
JMHAaMIYHOTO (BTOMHOTO) TOIIKOJUKEHHS, OTPHMaHHUX B
pe3ynbTati JabopaTOpHUX BHIPOOYBaHb 3pa3KiB KOHC-
TPYKUIHHUX MaTepialiB, M0 J03BOJISIE BUKOPUCTATH TIiJI-
XO/IM IIO/IO0 KPUTEPIiB TPaHUYHOTO CTaHy JabOpaTOPHUX
3pa3KiB BHACJIJIOK CHJIOBOTO HABAHTA)KYBaHHS JUIS BCTa-
HOBJICHHSI TPaHUYHUX TEPMiHIB eKCIuTyartarlii MoOimbHOT
CLTBCHKOTOCIIOTAPCHKOI TEXHIKH.

Pa3oMm 3 TuM KiHETHKAa 1HTEHCHBHOCTI 3apOJKEHHS
eKCIUTyaTaI[ifHNX TPIIMH y MacHBi AeTasieil TpaKTOpPiB HE
€ MOHOTOHHOIO 1 Ma€ MaKCUMyM Y Jiama3oHi 01u3sko 11-

13 pokiB ekcruryaramii. JlaHuil TepMiH eKcIuTyaTamnii Mo-
e OyTH BHUKOPUCTaHUH SK KpUTepiil Uil NpUIAHCHHS
eKCILTyaTallil TpakTopa, MPOBEACHHS AC(PEKTOCKOIl ae-
TaJieil Ta 3aMiHU Ie()eKTHUX AeTalieid. 3a Takoi TpHUBAJIOC-
Ti eKCITyartalii Tpakropa icHye HaiiOinbIia HMOBIpHICTH
panToBOro 3pylHYBaHHS BY3JiB TPakTopa Ta CTBOPEHHS
aBapiHUX CHUTYaIlii.

KaiouoBi cioBa: giarHOCTyBaHHsS TEXHIYHOTO CTa-
HY, CKCIUTyaTamiiHi AeeKTH, PI3UK eKCIDTyaTaii, Mooi-
JIbHA CITbCHKOTOCIIOAAPChKa TEXHIKa, HEIaCHI BUMAIKH.

IocranoBka npodaeMu

3rigHO 3 YMHHUMH HOPMATHBHO-TIPABOBUMH aKTaMU
3 OXOpOHH Ta Tirienn mpami [1] poGoTogaBens MOBUHEH
BiJICTeXKYBaTH Ta OIIIHIOBATH TEXHIYHUI CcTaH BHUPOOHU-
goro oOmagHaHHS (MAIlMH, MEXaHi3MIB, YCTaTKyBaHHS
MiIBUIICHOT HeOe3nekn), 3a0e3meuyrodn iX Oe3neuHy
eKcIuTyaTanito. 30kpeMa, HEOOXiAHO JIOTPUMYBATHCS
NPU3HAYCHOTO TEpMiHy eKcIuTyaTalii (pecypcy) MauH
(mexaHi3MiB) minBUIEHOT HeOe3NekH, Y pa3l JOCSITHEHHS
SIKOTO X BUBOJSITH 3 €KCIUTyaTallii, MpOBOAATh €KCIIEPTHE
00CTeXeHHS JUIsS YXBaJICHHs PILIEHHs 11[0JJ0 BCTAHOBJICH-
HSl HOBOTO CTPOKY eKcIulyarallii 3 mpoBeJeHHsIM abo 6e3
MIPOBEICHHS PEMOHTY.

BaxnBuM € He JiMIIe BCTAHOBJICHHS CTYIEHIO IIpa-
[Ee3AaTHOCTI MalMHU (MeXaHi3My), ajlie d BH3HAYCHHS
BEJIMUMHM PU3UKY 11 eKCIUIyaTawlii Ui olepaTopa 4u
IHIIMX MPALiBHUKIB, KA Ma€ HE MEPEBUIYBATH NPUHHS-
THOTO piBHA. HUHI NpUIHATHI piBHI pU3NUKY BCTAHOBJIEHO
3arajyoM Ui Taly3ed Ta Mmifraxy3eil eKOHOMIKH Ha OCHOBI
CTaTUCTUYHHUX JIAaHUX MPO BHUPOOHUYHMI TpaBMAaTU3M, a
TaKOX JUISI BEIHUKHUX OO0’€KTIB INJABHILNEHOI HEOE3NMEKH
ATOMHOI €HepreTHKH, XIMI4HO1 1 MeTarypriiHOi IIpoMHucC-
moBocti [2, 3]. [nst MOOULIBHOI CiTbCHKOTOCTIONAPCHKOL
TEXHIKH, EKCIUTyaTallis SKOI TaKOXX HAJICKHTH O POOIT
iABUIEHOT HEeOE3MEeKH, MOHATTS OITYyCTUMOTO (TIpUIHS-
THOT'0) PU3HKY HE 3aCTOCOBYIOTb, 1110 HE J03BOJISIE OLlIHU-
TH HeOe3neKy nepeOyBaHHS Ha MOJIIX, epMax i Joporax
MammH 0e3 TeXHIYHHX 3aC00iB Oe3MeKH, 3 BHYCPIAHHIM
BCTaHOBJIEHOTO PECypCy.
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AHaJti3 oCTaHHIX J0CTiIKeHb

JliarHocTyBaHHSI TEXHIYHOTO CTaHy MallIMH (MeXaHi-
3MiB) Ta NMPOTHO3YBaHH: Oe3aBapiMHOCTI iX ekcruryaTarii
TICHO MOB’sI3aHi MixK co000 [4]. BeTaHOBIOIOUM TpaHIY-
Hi TEpMiHHU eKCIUTyaTallii MalluH MOTPiOHO OIMHMPATHUCS HE
JIMIIe Ha MIMHICHI Ta SKOHOMIYHI TOKa3HWKHU [5], a #
BpaxoByBaTH 0a30Bi IMOJOXKECHHs KOHIICIIIIi PU3UKY, IO
JIO3BOJIUTH OOTPYHTYBATH peCypc OE3MEUHOT eKCIuTyaTallii
[6]. Topsim 3 TepMiHAMH «MIITHICTBY, «PECYpCy, «HaTiH-
HICTb» PO3POOHHUKHU TEXHIKH 1 €KCIUTyaTaI[ifHIKH TIOBHH-
Hi OI[IHIOBATH «0E3MEKY», «PHU3HMK» Ta «3aXHIICHICTH)
NIpaIiBHUKIB. | 116 Mae crocyBaTUCs HE JHIIE BAXIUBUX 1
KPUTHYHO BXKJIMBUX BUPOOHUYMX O0’€KTiB, a W MaIlMH
TpUBAJIOl eKCILTyaTarii.

Jnst po3paxyHKy MOKa3HUKIB pU3UKY 1 Oe3IeKku Bap-
TO 3aCTOCOBYBATH pe3yJbTaTH AOCIIKEeHb Ne(eKkTHOCTI
MarepialliB Ta eJIEMEHTIB KOHCTPYKIiH [7], amke 31 30i-
JBIICHHSIM TPHUBAJIOCTI EKCIUTyaTallii MallMHA PH3HUKA
aBapifiHUX CUTYyalliil Yepe3 HAKOMWUYEHHS CeKCIUTyaTalliii-
HUX Je(eKTiB HEMEPEPBHO 3POCTAIOTH.

AHaJi3 HayKOBO-TeXHIYHOI JiTeparypu [8-10] moka-
3y€e, WO SKIO JUIi BHCOKOPU3UKOBHUX I1H)KEHEPHHUX
00’exTiB (aToMHI cTaHLii, TypOoarperaTy, JiTanbHI ana-
partu, TpyOONpOBOIU TOIIO) peajibHa WMOBIPHICTh aBapii
MEPEBHIILYE 3APOSKTOBAHY, TO MOOLJIBHA CLIBCHKOTOCIIO-
JlapchbKa TeXHiKa 4acTo nepedyBae B eKcILTyarallii, HaBiTh
SKIIO peajibHe HaNpaloBaHHS MOTO-TOJUH MEPEBHIIYE
pecypc MamH y Kineka pasis [11, 12].

Jis miarHOCTYBaHHS TEXHIYHOTO CTaHY MAIlWH ITif
Yac perjaMeHTHHX POOIT HUHI BUKOPHCTOBYIOTh TPaJH-
LiifHI Ta HOBI MeTOMH 1 3ac00M — onTHYHi, Qi3U4dHi, MeXa-
Hiuni Tomo [13, 14]. Ipaktu4yHo BiACYTHI YHiBepcasibHi
METOJIH, IO J03BOJSIFOTh BHSBISTH KillbKa MapameTpiB
nedexTiB, a HaHOLIBLI TMOIIMpPEHI METOJM — 30BHILIHIN
OIS T4 MarHiTOMOPOIIKOBA Je()EKTOCKOIIS — JT03BOJISI-
FOTh BUSIBJISITH JIMIIE BEJIHKI Ae()EKTH, KOJIM PU3UK IOII-
KOJDKCHHSI Byke BUCOKHIA [15].

Mera gocJigkeHnb

OOrpyHTYBaTH JONYCTUMHUI PH3UK eKCILTyaTtamii
MOOLTBHOI CITBCBKOTOCTIOAAPCHKOI TEXHIKH, Y MacHuBi
JieTajell Ta eJeMEHTIB KOHCTPYKLIH sIKOT HaKOMUYHIIHCS
nedekTr (TIONIKOIKEHHS).

Pe3yabTaTn n10caigKeHb

3rigao 3 TexHiYHUM periaMeHTOM Oe3IEeKH MallWH,
3aTBep/KeHUM IoctaHoBoto Kabinery MinicTpiB Ykpai-
uu Bix 30 ciynas 2013 p. Ne 62, y neransx MamuH HoTpio-
HO BIJICTE)KYBAaTH BiJICYTHICTh MEXaHIYHUX IOIIKOKCHb
Ta J1e(eKTiB, M0 BIUIMBAIOTh HAa OE3NeKy BUKOHAHHS PO-
0it, 30kpeMa Oe3IeKy JOPOXKHBOTo pyxXy. TexHiuHO crpa-
BHUI CTaH TpakTopa (MallMHH) periJaMeHTyoTs «Bumorn
JI0 TEXHIYHOTO CTaHy TPAKTOPiB, CAMOXIJIHUX IIaci, ca-
MOXI1JTHUX CITbCHKOTOCTIOIAPCHKUX, JIOPOKHbO-
OynmiBeTbHUX 1 MENIOpaTHBHHUX MAIIWH, CUIBCHKOT'OCIIO-
JApChKOi TEXHIKW, IHIIUX MEXaHi3MiB», 3aTBep/KeHi
Haka3oM MiHicTepcTBa arpapHOi HMOMITHKH YKpaiHU Bix
06.05.2009 p. Ne 316. barato y yomy cripaBHICTh MalIH-

HU BU3HAYAIOTh €KCIUTyaTalliiiHi TpinwHa (aedexTn), ki
3apOKYIOTHCS 1 TIOMUPIOIOTHCS Y JETaIsIX 1 eleMeHTax
KOHCTPYKIIH BHACIIZOK KOpPO3ifHO-CHJIOBOTO HaBaHTa-
JKyBaHHS.

VY nmaniit po6oti Oyi0 mMpoaHaniz0BaHO KiHETHKY Ha-
KOIIMYECHHS eKCIUTyaTaliifHuX AeeKTiB y MacuBi geTanei
OKpeMHX BY3IiB (cucteM) Tpaktopa. Sk 0o0’ekT mocmi-
JokeHo Oyno BuOpano Tpakropu MT3-80(82), six omHi 3
HaWOUIBII MOMKMPEHNX B YKpaiHi.

JUis BUSIBJICHHSI TPIUH OYJI0 BUKOPHCTAHO PO3pO0-
JICHUH BHUXOPOCTPYMOBHUI JepEKTOCKOI, YYTIUBICTH
SIKOTO JI03BOJISIIIA 3HAXOAUTH TPIIUHU JIOBXKHHOIO KUIbKA
MiTiMeTpiB Ta OinpmIi 0e3 OYMIIAHHS i MiATOTOBKH TTOBE-
PXHI KOHTpOJIbOBaHUX Aetaneid. Lle mamo 3mory mociinu-
TH HasiBHICTH AedekTiB y moHan 1200 gerameit 50 TpakTo-
piB pi3HUX POKiB BUIYCKY. Jle(eKTOCKOmYHIA KOHTPOIb
MIPOBOIMIIN IIiJ] Yac KaliTaTbHUX PEMOHTIB TPAaKTOPiB i3
pO30MpaHHAM OKPEMHUX BY3IIB.

Ha Buxopucranomy B paHiii poGoti aedexTockomi
OyJI0 yJAlITOBAHO CTYICHEBHMA MEPEeMHKAY YYTIHBOCTI,
00 1M1 Yac KOHTPOJIIO 3MIHIOBATH MiHIMaJIbHUI PO3Mip
3HaMeHNX TPILIMH Y Jiana3oHax BiAMOBiAHO Bix 3, 517
MM JIOBXKHUHOIO (YMOBHO Ha3BaHUX MajoOro, CEpeIHbOro i
BEJIMKOTO PO3MIpy 3aJIeXKHO BiJ Tepepizy AeTalli y Micii
KOHTPOJI0). BHACHigOK Takoro METOOWYHOTO IMiAXOIY
Oyio moOynoBaHO SIK KiHETHYHI 3aJIeKHOCTI HaKOIHYCH-
HS HAKOMUYEHHs eKCIUTyaTaliiHUX Ae(eKTiB y IeTalsax
BY3JIiB 13 3pOCTaHHSIM TPUBAIOCTI €KCILTyaTallil TpaKTOpiB
[16, 17], Tak i KiHETHYHI 3aJIE)KHOCTI IHTEHCUBHOCTI 3a-
PODKEHHSI MajHMX TpPINIMH y MacHBi KOHTPOJIbOBaHUX
JleTaen.

Ha puc. 1 mpeacraBieHoO KiHETHYHI 3aJICKHOCTI Ha-
KOIMYEHHS eKCIUTyaTallifiHUX JeeKTiB y NeTalsiX pyibo-
BOT0 KEpyBaHHs Ta HABICHOTO IPHCTPOIO TpakTopiB MT3-
80(82). SIx opauuaty rpadikiB BUOpAHO BiIHOCHY Kidb-
KiCTh BUABJICHHUX Je(EKTIiB N y 3arajbHii KiIbKOCTI JeTa-
neit Tpaktopa N, siki mpoHIM neeKTOCKOMIYHAN KOHT-
pois: P=n/ N. B3gosx oci abcuuc BiIKIaeHO BiJIHOCHY
TPUBANICTh eKcIuTyatamii TpaktopiB D, po3paxoBany
mono 6a30B0i Nsas, Ky B poboTi Oyno mpusHadeno 17
POKIB, IO OUTBINE HiXK Y 2,5 pa3w MepeBUIIY€E BCTAHOBIIC-
HUH BUPOOHHMKOM pecypc llaHoi Mapku TpakTtopiB: D =
Nekc/ Noas.

[IpexacraBneHi giarpamu y mpoaHaii3oBaHOMY Jiara-
30HI TPHUBAJIOCTI EKCIUTyaTalii € MOHOTOHHO 30UIbIIyBa-
HUMH, SKi JTOIUJIBHO OMKMCYBATU EKCIIOHCHI[ITHUMU (YHK-
IisSIMH 3 JOCTaTHHO BHUCOKOIO JIOCTOBIPHICTIO allpoOKCHMa-
it R2.

MoskHa BIAMITHUTH, IO OTPHMaHI KIHETHUYHI 3aJIeXK-
HOCTI eKCIuTyaTalliiHuX JedekTiB y MacuBi nerainei
TPaKTOPiB MOJIOHI O KIHETUYHUX 3aICKHOCTEH HAKOITHU-
YEeHHS CTATUYHOTO 1 JUHAMIYHOTO (BTOMHOTO) ITOIIKO-
JUKEHHS, OTPUMAHUX B PE3yNbTaTi J1a00paTOpPHUX BHIIPO-
OyBaHBb 3pa3KiB KOHCTPYKIiifHMX MatepiamiB [18, 19].
OCHOBHOIO BIJMIHHICTIO € Te, IO 3aJE€KXHOCTI HAKOIIU-
YEeHHS IMTOIIKO/DKCHHS y JabopaTOpHUX 3pa3Kax BiAIOBi-
JAfOTh (PI3MYHUM 3aKOHOMIPHOCTSIM PO3BHTKY MPOIECY
HAKOTIMYEHHS y MaTepiami pyHHIBHOI eHeprii y BHIIIAII
MIKPOITACTHYHMX Je(OpMalliif, 0 po3TaIIoBaHi po3cis-
HO Yy CTPYKTypl KOHCTpYyKUIHHOTO Marepiany. Aje ¢op-
MaJlbHa aHaJIOTisl, HAPUKIIA 100 PO3CISTHOTO pO3Tally-
BaHHS JeTaJiell 3 TPIIIMHAMH Yy MacHBi JeTalicii By3IiB
TPaKTOpa, AO3BOJISIE BUKOPUCTATH ITIXOIH LIOAO0 KpHUTe-
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piiB TpaHUYHOTO CTaHy J1a00paTOPHUX 3pa3KiB BHACIIIOK
CHIIOBOTO HAaBaHTA)XYBaHHS JJISI BCTAHOBJICHHS TPaHWY-
HUX TEPMIHIB eKcIDTyaTamii MOOUTEHOI ClTBCHKOTOCIIO-
JapChKOi TEXHIKH.

OmHUM 3 TaKHX ITIXOJIB JJIs OIIHCHHS TPaHUYHOTO
CTaHy KOHCTPYKIIIHHOTO MaTepially y MeXaHilli pyHHy-
BaHHS € 3aCTOCYBAaHHS KIHETUYHOI XapaKTCPUCTUKHU MOIII-
KOJDKCHHS Y KOOpPJMHATAaX: mapaMeTp XepcTa — JOBIOBi-
4HICTh 3pa3ka. [lokasHuk Xepcra H poO3rIsnaroTh K
XapaKTepHUH MapaMeTp HAKOMUYCHHS 37e(OpMOBAHOCTI
MOBEPXHI, IO € KIIBKICHOI OIIIHKOIO 3B’S3KYy PEIbedyY
3me(OpMOBaHOI TMOBEPXHI 3 IHTCHCHUBHICTIO CHJIOBOTO
HaBaHTaXyBaHHA. JlOCHiIKEHHSAMH BCTaHOBIICHO, IO
TrpaHWYIHE 3HAYCHHsI MapaMerpa Xepcta H.pq, I KiHeTH-
YHHUX 3aJISKHOCTEH HAKOMMYCHHS CTaTHYHOTO 1 TUHAMIid-
HOTO (BTOMHOT0) TTOIIKO/PKSHHS CTAHOBHTH OJIM3bKO 0,8.

VY nmaniit poboTi 1Sl OOTPYHTYBAHHS TPAaHUYHUX 3HA-
YeHb PU3MKY BUKOPHCTaHHS (TPAaHMYHUX TEPMiHIB €KC-
IUTyaTarlii) MOOUTBHOI CiIbCHKOTOCTIONAPCHKOI TEXHIKH
Oys0 OTpUMAHO KIiHETHYHI 3aJIe)KHOCTI 1HTEHCHBHOCTI
HaKONMYCHHS CKCIUTyaTalliifHuX n1e(eKTiB y MacuBi JeTa-
neit TpakTopiB MT3-80(82). /I 1Ib0r0 METOIOM CTYITiH-
94acTOro MEePEeMUKAHHS YyTIUBOCTI Ae(heKTOCKOMA IIi]] 4ac
KOHTPOJIIO OKPEMHUX JeTajei MEBHOIO MOIEPEYHOro Ie-
pepi3y Oyno BHSBICHO KiNBbKICTh MallUX TPILIMH, SKi 3a
MPUIYIICHHAM C()OpPMYBAIUCS MPOTSITOM OJHOTO POKY
eKkcrutyartaiii Tpakropa. KiHeTHd4HI 3aJIie)KHOCTI 1HTEHCH-
BHOCTI HAaKOMHYEHHS €KCIUTyaTalliiHUX Ae(eKTIB y MacH-
Bi gerameit tpakTtopie MT3-80(82) mpencraBmeHO Ha
puc. 2. JIiHifo TpeHAy OMHCaHO IOJiIHOMOMOM 4 CTYICHIO
3 I0CTOBipHicTIO anpokcumanii R? = 0,7.
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Puc. 1. KiHeTHuHi 3aleXHOCTI HAKONHMYCHHS CKCIUTyaTAIllHHUX Ne(EeKTiB y AETANSIX PYJIbOBOIO KEpyBaHHS
(xpuBa 1) Ta HaBicHoro npuctpoio (kpusa 2) tpakropis MT3-80(82).
Fig. 1. The kinetic dependence of the accumulation of operating defects in power steering components (curve 1)

and attachment device (curve 2) tractors MTZ-80(82).
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Puc. 2. KinernuHi 3a7eHOCTI IHTEHCUBHOCTI HAaKONMYEHHS eKCIUTyaTalliiHUX JedekTiB y MacuBi jneranel

tpakTopis MT3-80(82).

Fig. 2. The kinetic dependence of intensity of accumulation of operational defects in the array of parts of

tractors MTZ-80(82).
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I'padix Ha puc. 2 mokasye, MO KiHETHKA iIHTEHCHB-
HOCTi 3apOJDKEHHS eKCIUTyaTalliiHuX TPIlIMH Yy MacHBi
JieTanieil TPaKTOpIB XapakTepH3YEThCS MAKCHMYyMOM Y
niamazoni 0,6-0,7 BiZTHOCHOI TPHBAJOCTI EKCIDIyaTallii,
mo craHoBuTh 11-13 pokiB. Takwii MOKa3HWK MOXKHA
BHOpaTH KpUTEpiEM IMOMO TIPUIMHEHHS eKCIDTyaTamii
TpaKTOpa AJsl MPOBEACHHS Me(eKTOCKOMIl AeTanei 1 3a-

0,6

P, pakm

MiHM JeTayied 3 BHUSABJICHHMH JedekramMu. Makcumym
rpadika BiAmoBizae HaHOUTBIIIN WMOBIPHOCTI PO3CITHOTO
MOIIKO/DKCHHSI Y MAacuBI JIeTajell TpakTopa, a OTXKE MaK-
CHMaJIbHOMY PH3UKy pAanTOBOIO 3pYHHYBaHHS BY3IiB
TpaKTopa, IO MOXKE MPHU3BECTH /O aBapifHUX CHTYyaIliit
(HemracHUX BUMA/IKIB) HA MEXaHI30BaHUX (TPAHCIOPTHUX)
poboTax.

D paxm Dpan

0,2

v

Puc. 3. Cxema METO/y OLIIHEHHS 3AJTUIIKOBOTO PECYPCY TPAKTOPIB MICIs IX TPUBAIOT EKCILTyaTallii.
Fig. 3. Scheme of the method of estimating the residual life of tractors after their continuous operation.
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Fig. 4. Algorithm health evaluation for mobile agricultural machinery.
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Ha puc. 3 npezacraBneHo cxemy Ui iMIOCTparii Me-
ToAy oIliHeHHs 3amumKoBOr0 pecypey (Dopan - Dgpam)
TpakTopa micist neBHoi TpuBanocTi Dguwm eKcITyaTamii Ha
OCHOBiI KiHETHMYHOI JiarpaMH HaKOIMYEHHS EKCIUTyara-
nitHnx nmedekTiB 'y MacuBi netanei TpakropiB MT3-
80(82). lnst onineHHs1 (paKTUYHOI TPUBAJIOCTI EKCILTyara-
uii Tpakropa Dguwn TPOBOAATE 1e(EKTOCKOMIYHUN KOHT-
POJIb MEBHOI KiJIBKOCTI (MacuBy) JeTalieil Tpakropa, BU-
3HAYAIOTh IX BITHOCHY KINBKICTb Ppaxm Y 3aTaJbHIN CYKY-
ITHOCTI JIOCIIIDKEHUX JeTajlel, IPOBIBIIN TOPH30HTANIb 10
rpadika HaAKONMMYEHHS eKCIUTyaTalliiHUX TPILIUH, SK IIe
[I0Ka3aHo Ha puc. 3.

Juis ompamfoBaHHs (3HIDKEHHS) BUPOOHHIHNX DPH3H-
KiB BHKOPHCTOBYIOTH KoHIemiito pusnky ALARM [20,
21], mo mepenbavyae He JWIIE BH3HAYCHHS PU3MKIB, a if
KOMIUIEKC 3aXOMiB A iX 3HIKEHHSA JO0 IOITyCTHMOTO
piBHA. OOHAM 3 HHX € 3aIPOBADKCHHS Ne(PEKTOCKOMid-
HOTO KOHTPOJIO MiJ Yac 4ac OMIAIB Ta EKCHEPTHOTO
00CTe)XEeHHS MalllMH Ta MEXaHI3MiB. AJTOPUTM BUSIBIICH-
HSl HasBHOCTI EKCIUTyaTallifHUX Ie(eKTiB y MOOUIbHIN
CIIIBCHKOTOCIIONAPCHKIiM TEXHIIll MPEACTABICHO Ha pHcC. 4.

BucHoBkH

1.TToka3aHo, 10 KIHETHYHI 3aJIEKHOCTI HAKOIIMYEH-
HS eKCIUTyaTaliiHuX Ae()eKTiB y AeTallIX BY3JIiB TPAKTO-
piB y mpoaHai30BaHOMY Jialla30Hi TPUBAJIOCTI €KCILTya-
TaIii € MOHOTOHHO 301JIbIIYBAHUMH, SKi MOXXHA OIMHCATH
EKCIIOHEHIIHHUMHU (QYHKLISIMU 3 JIOCTaTHHO BHCOKOIO
JIOCTOBIPHICTIO.

2.KiHeTtuka iHTEHCHBHOCTI 3apOJDKCHHS EKCIUTyaTa-
LIfHUX TPIIMH y MacHBi AeTajiell TPaKTOPiB XapakTepH-
3YETBCA MakcuMymoM Yy miamasoni 0,6-0,7 BimHOCHOT
TPHUBAJIOCTI eKCIUTyartalii, mo cTaHoBUTH 11-13 poxis.
Le#t makcmMyMm BiAmoBimae HaHOLIBIIIN HMOBIPHOCTI
PO3CIsTHOTO TIOIIKO/PKEHHS Y MacHBi JIeTaneli Tpakropa, a
OT)KE MaKCHMaJbHOMY PHU3UKY PANTOBOTO 3pYHHYBaHHS
BY3JIB TPaKTOpa, MO0 MOXE MPHU3BECTH [0 aBapilHUX
CUTYyaIliil (HeIaCHUX BUITAJKiB) HA MEXaHi30BaHUX (Tpa-
HCTIOPTHHX) poGoTax. Moro MoxHa BHOpaTH KpuTEpieMm
I0JI0 MPHUIMHUHEHHS SKCIUTyaTallil Tpakropa st aedekro-
CKOTMIT jeTayieii 1 3aMiHM [eTajei 3 BUABICHUMHU Jehek-
TaMH.
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OBOCHOBAHME ITPUEMJIEMOI'O PUCKA
HCTIOJIb30BAHM S MOBUJIBHOM
CEJIbCKOXO3SIICTBEHHON TEXHUKU
C OKCIUTYATAIITMOHHBIMU ITOBPEXXIEHN MU
JETAJIEN 1 DJIEMEHTOB KOHCTPVYKILIWN
A. B. Botinanosuu, M. M. Mompuu, B. O. Tumouko

AnHoranus. IlokazaHo, 4To 1151 000CHOBAHHUS MPO-
JUIEHUsI CPOKOB IKCIUTyaTal[il MAIlUHBI 3a YCTAHOBJICH-
HBIM HM3TOTOBUTEISIMH PECYPCOM HEOOXOJIMMO OpPUEHTH-
pOBaThCS Ha JOMYCTHMBIE PUCKU aBapHMHBIX CUTyaluil,
KOTOpbIE MOTYT MPHUBECTH K HECYACTHBIM ciydasM. B
JaHHOE BpeMs Il MOOWIBHOHM CelbCKOXO3SHCTBEHHON
TEXHHKH, KCIUTyaTallusi KOTOPOH OTHOCHTCS K paboTam
MOBBIIIEHHON OMAacCHOCTH, MOHITHE IOIMYCTUMOTO (TIpH-
€MJIEMOT0) pHCKAa HE IPUMEHSIOT, YTO HE I03BOJIIET
OIICHUTHh ONACHOCTh NpeOBIBaHWSA HAa TOJAX, pepMmMax H
JOpOrax MaIinH 0e3 TEeXHWYECKHX CPEICTB 0e30macHo-
CTH, C MICUEPIIaHIEM YCTAaHOBJIEHHOTO pecypca.

Ilens uccrnenoBaHuii - OOOCHOBATH JOMYCTUMBII
PHUCK 3KCIUTyaTallud MOOHIBHON CeIbCKOXO3IHCTBCHHOM
TEXHHUKHU, B MACCUBE JETAJICH U 3JIEMEHTOB KOHCTPYKLIUN
KOTOPOI HAKOMIIUCH Ie(EKThI (TOBPEIKICHU).

B nmanHOif paboTe mnpoaHanM3UpOBaHAa KHHETHKA
HaKOIUICHHSI JKCIUTyaTallMOHHBIX JEe(EKTOB B MacCHBE
JieTaneil OTAEIbHBIX Y3JI0B (CHCTEM) TPakTOpoB. B kawe-
CTBe OOBEKTa HCCIeNOBaHUI BBIOpaH TpakTop MT3-
80(82), kak omumH W3 HamboJiee paCIPOCTPAHCHHBIX B
VYkpaune. [ns BBIABICHUS TPEIIMH ObUT HCIOJIB30BAaH
pa3paboTaHHBIH BHXPETOKOBBIN AE(EKTOCKON, YyBCTBH-
TENbHOCTh KOTOPOTO TI03BOJISIa HAXOMUTh TPELIMHEI
JUITMHOW HECKOJbKO MHJUTUMETPOB U 0OJblie 0e3 MoAro-
TOBKH ITOBEPXHOCTH KOHTPOIUPYEMBIX JeTaeH.

IToxa3aHo, 9YTO KMHETHYECKHE 3aBUCHMOCTH HAKOII-
JICHUSI 9KCIUTyaTallMOHHBIX JIe(DEeKTOB B JETalsiX Y3JIOB
TPAKTOPOB B IPOAHATU3UPOBAHHOM JHAIa30HE MPOIO0JI-
XKHUTEIBHOCTH SKCIUTyaTallM SIBISIOTCS MOHOTOHHO YBe-
JIMYUBAIOIINMHUCS, KOTOPBIE MOXHO OIHCATh 3KCIIOHEH-
IUAJbHBIMU (DYHKIMSIMH C JIOCTaTOYHO BBICOKOM J0CTO-
BEPHOCTBHIO.

OTMedeHo, YTO MOTyYEHHBIE 3aBUCHMOCTH 110100HbBI
KHHETUYECKHM 3aBUCHMOCTSIM HAKOIUIEHHS CTaTHYEeCKOTO
U JUHAMHYECKOTO (yCTaJOCTHOTO) MOBPEXICHUS, MOTY-
YeHHBIM B pe3yJbTaTe J1abopaTOPHBIX HCIBITaHUI 00pas3-
I[0OB KOHCTPYKIIMOHHBIX MaTEepHalOB, YTO MO3BOJSIET
HCTIONB30BaTh IOJIXOABI [UIS OIpEeNCHHsS KpPUTEpHEB
MPEeeIHLHOTO COCTOSHUSL JTA0OPaTOPHBIX 00pa3loB s
YCTAQHOBJICHHSI MPEAETbHBIX CPOKOB SKCIUTYyaTalMH MO-
OWIILHOI CeTbCKOXO03HCTBEHHOM TEXHUKH.

Bmecre ¢ TeM KMHETHKAa MHTEHCHUBHOCTH 3apoOKie-
HUSl OKCIUIyaTallUOHHBIX TPEIIMH B MacCHUBe JeTaleil
TPAKTOPOB HE SIBIISIETCA MOHOTOHHOM U MMEET MaKCUMyM
B auamnaszoHe okosno 11-13 ner skcmnyarauuu. JlaHHBIN
CPOK 3KCIUTyaTallill MOXET OBITh HCIIONB30BaH B Kade-
CTBE KPUTEPHS IS IPEKPAIICHUS SKCIUTyaTallil TPAKTO-
pa, mpoBeneHus Ae(pEeKTOCKONUH NeTajie M 3aMeHbl Jie-
¢exTHBIX Aetaneil. [Ipu Takoi MPOJOKUTENEHOCTH JKC-
IUTyaTalliyl TPaKTopa CYNIECTBYET HAaWOOJbBIIAs BEPOST-
HOCTBH BHE3AITHOTO Pa3pyIICHHUs y3JIOB TPAKTOpa U CO37a-
HUS aBapUHMHBIX CUTyalUil.

KoaioueBble c10Ba: 1MarHoCTUKa TEXHHYECKOTO CO-
CTOSIHMS, 9KCIUTyaTallMOHHBIE Ae(EeKThl, PUCK JKCIUTyaTa-
UM, MOOWIbHAs  CENbCKOXO3SMCTBEHHas  TEXHHKA,
HecyacTHbIE CITyJau.

SUBSTANTIATION OF THE ACCEPTABLE RISK
OF USE OF MOBILE AGRICULTURAL MACHINERY
WITH OPERATIONAL DAMAGE TO DETAILS AND

STRUCTURAL ELEMENTS
0. V. Voinalovych, M. M. Motruch, V. O. Timochko

Abstract. It is shown that in order to justify the ex-
tension of the life of the machine beyond the resource set
by the manufacturers, it is necessary to focus on the ac-
ceptable (permissible) risks of emergency situations that
can lead to accidents. At present, for mobile agricultural
equipment, the operation of which relates to work of
increased danger, the concept of acceptable risk is not
used, it does not allow assessing the danger of staying on
fields, farms and roads of machinery without technical
safety equipment, with the exhaustion of the established
resource.

The purpose of the research is to justify the permis-
sible risk of the operation of mobile agricultural machin-
ery, in the array of parts and structural elements of which
defects (damage) have accumulated.

In this work, the kinetics of accumulation of opera-
tional defects in the array of parts of individual nodes
(systems) of tractors is analyzed. The tractor MTZ-80(82)
was chosen as the object of research, as one of the most
common in Ukraine. To identify cracks, the developed
eddy current flaw detector was used, the sensitivity of
which made it possible to find cracks several millimeters
in length and more without preparing the surface of the
parts to be inspected.

It is shown that the kinetic dependences of the accu-
mulation of operational defects in the details of tractor
units in the analyzed range of operating durations are
monotonically increasing, which can be described by
exponential functions with a fairly high reliability.

It was noted that the obtained dependences are simi-
lar to the kinetic dependences of the accumulation of
static and dynamic (fatigue) damage obtained as a result
of laboratory tests of samples of structural materials,
which allows us to use approaches to determine the crite-
ria for the limiting state of laboratory samples to establish
the maximum life of mobile agricultural equipment.

At the same time, the kinetics of the intensity of the
initiation of operational cracks in the array of tractor parts
is not monotonic and has a maximum in the range of
about 11-13 years of operation. This period of operation
can be used as a criterion for stopping the operation of the
tractor, performing flaw detection of parts and replacing
defective parts. With such a duration of operation of the
tractor, there is the greatest likelihood of sudden destruc-
tion of tractor units and the creation of emergency situa-
tions.

Key words: diagnostics of technical condition, oper-
ational defects, operational risk, mobile agricultural ma-
chinery, accidents
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Abstract. The article analyzes the existing systems
of measuring the efficiency of supply chains and proposes
a new approach based on a combination of methods for
measuring the company's total cost and a balanced system
of indicators. The integrated approach proposed in this
paper summarizes the indicators of assessing the
efficiency of supply chain operation in a complex system
that meets the long-term business development strategies
of the needs of customers and the needs of society. In it
performance indicators first, take into account the impact
of all business processes on operating costs, working
capital and long-term assets of the supply chain, and
secondly, the development of relations with customers,
the effectiveness of personnel management and the level
of information systems development.

To implement an integrated approach to developing
key performance indicators, the system combines
financial and non-financial, qualitative and quantitative
indicators that reflect the state and prospects of the
company in a comprehensive and balanced way.

Key words: cost, efficiency, supply chain, customer,
system of indicators, value of the company.

Introduction

The modern type of economy has a high degree of
dynamism. It is associated with diverse manifestations,
and crises. In this situation, one of the tools that can
achieve competitive advantages is the integration
interaction of business structures connected by material,
information and financial flows in a single integrated
management system - supply chain (Supply Chain
Management).

Formulation of problem

It requires new innovative approaches to the
formation of a system for assessing the effectiveness of its
functioning, which is based not on empirical data, but on
quantitative calculations. This approach permits are still at
the planning stage in the supply chain to evaluate B key
indicators of interest to its design and identify the best
ways to improve and enhance the competitive advantage
of the company. According to experts a question about the
formation of the analytical basis for new approaches and

methods to assess the economic efficiency of supply
chain.

Analysis of recent research results

Today there are many approaches to defining
indicators to measure the efficiency of supply chain, so
B. Bimon leads categorization of indicators for: resources,
results and flexibility [8, p. 275-292] A. Gunaksaren,
C. Patel, R. McGofee offer system performance,
classified by types of processes in supply chains [1,
p. 336-339]. J. Key Berle identifies three categories of
supply chain evaluation: time, quality, costs [1, p. 225-
230]. V. Houseman offers the distribution of indicators by
types of streams [12, p. 9- 10]. Chan and Qi subdivide
performance indicators into groups: quantitative (costs,
time of execution of orders, use of production capacities
and resources) and qualitative (consumer satisfaction,
degree of flexibility, integration of information and
material flows, efficiency of risk management and work
of suppliers) [10, p. 209-213]. N. I. Chukraj and
I. B. Mlinko, structuring the most traditional factors, form
a rational system for assessing the functioning of the
supply chain, which covers both general and partial
indicators [7, p. 29-30].

At the same time, the study of literary sources to
assess the efficiency of supply chains showed that most of
the proposed for measuring system of indicators is not
consistent with the owverall financial success of the
enterprise. What induces to improvement of existing
methods of estimation and construction of new innovative
approaches to measuring the efficiency of the supply
chain operation.

Purpose of research

The aim of the work is to is an analysis of the
existing systems of measuring the efficiency of the supply
chain and developing them on the basis of a new approach
that generalize performance evaluation of the
effectiveness of the functioning of the supply chain in the
complex system that the long-term business development
strategy, customer needs and demands of society.
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Results of research

Theoretical basis of the analysis of the system of
performance indicators of the supply chain operation is
based on the synthesis of system and functional
approaches. In the process of research, general scientific
methods were used, in particular: scientific abstraction,
deduction, analogy, generalization and comparison.

And cutting down the measurement system to assess
the efficiency of the supply chain provide for the use of
many qualitative and quantitative indicators, which in turn
require the use of difficult of available information, which
in most cases leads to a distorted general analysis of the
effectiveness and low reliability of the results. Therefore,
from our point of view, the essence of assessing the
effectiveness of the supply chain operation, above all,
should be to compare the results of activities and spent on
their achievement of resources.

In this section, in terms of scientific and
methodological framework, promising direction in
assessing the effectiveness of supply chain model is a
measure of the total value of which allow including track
the impact of transport operations on the financial
performance of the company. The most popular of these
are:

1. Strategic profit model (Dupont model)

2. Shared value (EVA cost management)

3. The monetary value of CVA (Cash Value Added)

The model Dupont rate of return on assets ROA
(return on assets - a key component models) decomposed
into components: Quality and Transformation assets K ¢
profitability of sales and R o, and they in turn spread to
other financial indicators.

R (NOPAT (EBIT — Interests —Taxes))
ROE = K, x ROA( : \\; )

KT(A(NA+OA))

where: NOPAT - net profit;
EBIT - profit before taxes and loans;
Interests - interest on borrowing costs;
Taxes - tax liabilities;

V - net revenues from sales;

NA - non - negotiable assets of the enterprise;

OA - current assets of the enterprise.

The ROA indicator shows how effectively an asset is
used to achieve a certain level of sales. Thus, ROA relates
the profitability and value of assets, thus providing the
best consolidated performance of the company.

Shareholder value chain EVA, can be defined as a set
of values of entities that are part of it. According to EVA
[4], the value of a company is its book value, increased by
the present value of future EVA. Obviously, the largest
increase in the value of any company is primarily due to
its investment activity, which can be realized both at its
own expense and at the expense of borrowed sources. The
main idea that justifies the feasibility of using economic
value added is that investors (in the name of which
owners can act) companies should receive a return rate for
their risk. In other words, the company's capital must
earn, at least, the same return rate as similar investment
risks in the capital markets. There are two basic options
for calculating the EVA:

1) EVA=NOPAT —WACC x Capital emploed

where: WACC - weighted average cost of capital;
Capital employed - investment capital.
or:

2) EVA = (ROl —WACC) x Capital emploed

where: ROI - rate of return on invested capital

The EVA score can be increased: at the expense of
increase of the income from the sale and reduction of the
cost (saving and optimization of current expenses
(reduction of unprofitable productions, etc. etc.)); at the
expense of optimization of expenses on a capital.

Indicator cash value added (p VA). The idea of
money to this value is as follows: from the net cash flow
should be deducted costs associated with the value of
attracted capital. Cash Value Added VA - This is a
modified EVA, in which the net operating cash flow is
used instead of profit. It follows from this that the value
added avoids the problem of accounting for accounting
costs associated with depreciation, which rarely
corresponds to the actual scheme for obtaining benefits
from long-term assets.

CVA = Gross Cash Flow - Economic Depreciation -
Capital Charge [10]
where: Gross Cash Flow - gross cash flow;

Economic  Depreciation is the economic
depreciation calculated according to the formula [WACC
/(L+WACC)n-1];

Capital Charge - accruals for fixed assets (dividends)

The indicator of monetary value added according to
its name and as a consequence of continuity of the EVA
indicator is based not on accounting but on economic
indicators. In particular, the CVA used economic equity,
which will ignore the accounting principle of "successful
efforts" and include investments in intangible assets,
including "NDDKR?”, advertising, and more.

The analyzed models are clearly consistent with the
overall financial success of the enterprise and show the
effectiveness of the use of resources and financial results
from activities. Their use is in line with the goal of
maximizing profits in the short run, which is fully
consistent with the current goals of domestic business.

However, this approach is in the long run is not
effective, because the main driver of enterprise
development, according to the experience of advanced
foreign and companies, are clients. And in most cases,
they do not get any direct benefit from reducing you
spending within the supply chain, as the price of the
product at the same time rarely decreases. Therefore, the
evaluation of efficiency of the supply chain on the basis
of the total cost is wrong. Despite of the fact that the level
of direct costs affects overall profitability, this is just one
of many other factors that need to be taken into account.
There are indicators that characterize the development of
customer relations, personnel management, product
quality, the efficiency of internal business processes, the
implementation and development of information systems,
that is, those aspects of activity that it is not always
possible to give a value assessment, however, they, like
no other, meet the strategic goals of the company with
business development.

The attempt to link the strategic goals of the
organization with the operational level of management in
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financial and non-financial indicators was the
development by R. Kaplan and D. Norton of balanced
scorecard (balanced scorecard) [2], which is by far the
most popular and recognized worldwide management
concept economic efficiency. Balanced Scorecard (SSM)
is a system of strategic management of a company based
on measurement and evaluation of its effectiveness by
recruiting optimally (or rationally) selected indicators that
reflect these aspects of the organization's activities
(financial and non-financial).

What exactly "balances” in the SSM? First, targeting
short-term goals and indicators that reflect them are
balanced with the long-term goals of the company.
Secondly, external evaluations of the company (in the
financial and client constituents) are balanced with
internal (in the components of internal business processes
and innovations and training). Third, the leading
indicators that reflect the desired results and the factors
affecting their achievement eye u t b be delayed along
with indicators that already occurred. Finally, there are
both objective (eg financial) and subjective (eg, image)
assessments in the system.

The SSM provides interaction between the
employees of the company at all levels of enterprise
management and gives an idea of how the decision-
making process can be improved and come closer to the
goals set. By participating in identifying key indicators
and implementing a strategy, employees have the
opportunity to increase their own qualifications and
improve the efficiency of the enterprise as a whole. Due
to the involvement of staff in the process of implementing
strategic decisions, the company becomes a flexible

structure, where each employee equally understands the
goals set. Such an enterprise is able to quickly respond to
dangerous trends and make appropriate management
decisions. H. Boulinger and M. Kuhner were using
models SSM, to assess the effectiveness of the supply
chain, offer to group indicators by four projections: 1)
The financial aspect (the level of costs and stocks, return
on investment, the financial cycle), 2) aspect of the client
(the level of customer satisfaction, timely supply, time of
execution of the order, level of service), 3) the internal
economic aspect (accuracy of the execution of the order),
4) aspect of innovation (the proportion of sales of a new
product) [9, p. 3535-3540] . The biggest development of
the concept of applying MSP received in the D. Part of
the era [5], in which the key indicators of activity (Key
Performance Indicators - KPI).

KPI - quantitative or qualitative indicators, that allow
to measure the degree of goal achievement that company
is facing, a structural unit, a group of positions or post.
With the introduction of KPI it is possible to create an
individual benchmark for employees. KPI include - key
performance indicators (KPI), production figures (PF) and
key performance indicators (KPIs). Number of KPI and
their ratio in the total structure of SSM determined
directly by management companies. However, good
recommendation is a rule of *10/80/10", which means that
SSM with her assessment of the organization should be
included around 10 key performance indicators to 80
production indicators and 10 key performance indicators.
In very rarely cases, more than the estimated parameters
are required - usually they are even less.

Performance metrics included in Balanced Scorecard

(SSM)

KRI, Recommended
specific gravity in SSM
enterprises 10%

KPI, Recommended
specific gravity in SSM
enterprises 10%

Pl, Recommended
specific gravity in SSM
enterprises 80%

|

I

I

Describe the general state
of affairs in the company

Show how to dramatically

Indicate what measures to

|

Performance

increasepro ductivity take
Efficiency Production

Fig. 1. Indexes efficiency Lanka hectare supply.

Source: Parmenter D. Key Performance Indicators. Development, implementation and application of decisive
indicators: monograph [Per. from english A. Platonov]. Moscow. ZAO "Olympus - Business”, 2008. 288.

A similar approach to measuring the performance of
supply chains is presented in the Gower publication [6]
(with the exception of performance indicators), where
performance and productivity indicators are entered into

qguadrants in the context of existing and future key
indicators. The general characteristic of these parameters
is that they reflect the results of many activities and give a
clear view of the correctness of the direction of movement
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of companies supply chain participants. However, they do
not say anything about how to improve these results. So,
this kind of indicators is very convenient for board
members (i.e. etc. For people who are not involved in the
daily management of the companies that make up the
supply chain).

Logical continuation of the widespread use of the
concept of key performance indicators (KPIs) are outside
the SSM. They allow you to link the implementation of
the plan with the main results of the management of the
chains and post the result and determine the necessary
corrective action. KPIs should be measured once a week,
every day, and in some cases, every hour. In this way,
they are current indicators either indicators of future
periods, which show that it is necessary to do this directly
today to increase the efficiency of the supply chain.

Within the KPI administration, it is proposed to
refuse to use only financial indicators to assess the
company's performance and focus on non-financial
indicators that assess the level of customer satisfaction,
the efficiency of internal administrative and technological
processes, and the potential of service personnel - these
indicators, in turn, provide financial success of the

company. It takes into account those indicators, the
connection between which is difficult to describe by
formalized methods. Non-financial indicators are by and
large outperforming, since they allow timely decisions to
be taken to prevent certain situations and adequately
assess the processes taking place in the company, as well
as provide long-term managerial impacts. At the same
time, financial indicators are recognized as effective
criteria for success. Financial efficiency is measured by
short-term indicators, which, as a rule, leads to short-term
managerial influences.

One of the options of the system of indicators, which
allows in general to assess the efficiency and
effectiveness of the supply chain operation are: general
logistics costs (KPE-1); quality of logistic service (KPE-
2); duration of logistic cycles (KPE-3); performance
(KPE-4); Return on Investment in Logistics Infrastructure
(KPE-5) [3]. These indicators are key and complex. In
addition to the key, additional indicators are allocated:
performance (effectiveness) and efficiency, Pli and Pie,
respectively. The general classification of indicators can
be presented in the form of a scheme (Figure 2).

Performance metrics

Key Performance

v

More performance metrics

Indicators

—>! Pli (performance)

- number of orders processed

per unit of time

- the ratio of costs per unit of
output

KIIE -1 | Pie (efficiency)

KIIE -2

KIIE -3 olume of transportations
-volu i

Egg -‘51' - capacity utilization factor

Fig. 2. Performance indicators in the supply chain.

Source: prepared by the author

In world practice, key performance indicators of the
KPI are an integral part of not only assessing certain
technological and business processes, but also
management systems.

However, due to the current development of global
economic processes, special attention should be paid to
the introduction of new indicators, involving experts in
the process of analysis. They can be executives, as well as
the most trained specialists of financial and commercial
structures of enterprises, analysts of specialized
consulting companies, etc.

Taking into account the experience in the field of
forward studies, we consider the methods of assessing the
efficiency of supply chains based on the use of RPM most
rational and reflecting all aspects of the organization's
activities. However, new approaches to building a system
of performance indicators for supply chains should be
designed in such a way that they firstly take into account

the impact of all business processes on operating costs,
working capital and long-term assets of the supply chain,
and secondly , the development of relations with
customers, the effectiveness of personnel management,
the quality of internal business processes and the level of
implementation and development of information systems
of the organization. Under this logic, we propose the use
of five key areas (finance, customer relations, internal
business processes, relationships with the environment,
training and development).

The first direction (Finance) provides an
understanding of the financial position and financial
stability of the Company and shareholders and investors
(both actual and potential); the second (customer
relationship) - reflects the point of view of customers, that
is, gives an idea of the ratio of consumers to the
company's products; third (internal business processes) -
displays information about the quality of internal business
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processes and the level of implementation and
development of information systems in the company;
fourth (relations with the external environment) -
characterizes the level of external socially responsible
relations of the company, within which the process of

training and
development

creating values for the enterprise itself and consumers, the
state, business partners; fifth (training and development) -
helps to disassemble be the work of staff in the middle of
and understand what opportunities exist for growth and
development.

customer
relations

goals and
strategies

relations with
the external
environment

Fig. 3. Directions with Balanced Scorecard.
Source: prepared by the author

The identified directions are linked by a strategic
cause-and- effect chain. Causal links that bind all of these
blocks, show the logic inherent in the company's business,
which should lead to success.

The set of key indicators of efficiency within defined
directions depends on the level of development of

internal
business
processes

management of a particular company. To implement a
systemic approach to developing key performance
indicators, it is proposed to combine both financial and
non-financial, qualitative and quantitative indicators
(Table 1).

Table 1. Indicators for assessing the efficiency of the supply chain.

Direction

Indicator

Finances -

return on assets (ROA)

- return on equity (RO E)

- monetary value added (VA)

- asset turnover

- marginal income from the use of assets

relations with clients -

share of lost customers

- customer satisfaction level

- the level of product value for the customer

- availability of company product information for the customer

internal business processes

- time of order execution

- flexibility of product configuration change

- delivery flexibility

- flexibility in providing the required volumes of the order
- the processing speed of receipt of the order

social responsibility

- the effectiveness of environmental protection

- rational consumption and use of natural resources in
- level of energy consumption of products

- level of safety of production and production

- level socio th investment

training and development

- staff costs

- level of staff turnover

- the cost of information

- the level of ineffective use of information

Source: prepared by the author
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Such a system of key indicators of the efficiency of
the supply chain will provide support for decision-making
by specialists at the stage of their design and operation.
What will allow managers to create a coherent picture of
how their company should develop, help them prioritize
and anticipate the consequences of their decisions in
terms of achieving strategic goals. Thus, the company's
management becomes strategically and socially oriented,
which is extremely relevant and popular today.

It should be noted that a certain number of indicators
is quite sufficient for a comprehensive assessment of the
efficiency of the supply chain operation, but if necessary,
the clarification of certain criteria may be extended.

Conclusions

1. Developed through a combination of methods the
total value of the company and the system of balanced
indicators approach generalizes system of indicators to
measure the efficiency of the supply chain and serves as a
tool to determine its level. Proposed system is developed
as a way to show nicks efficiency of the supply chain
firstly take into account the impact of all executables it
business processes operating expenses, working capital
and the asset supply chain and secondly, the development
of relations with customers, the effectiveness of personnel
management, the quality of internal business processes
and the implementation and development of information
systems. To implement a systematic approach to the
development of key performance indicators in the system
combined financial and non-financial, qualitative and
quantitative indicators.

2. Further researches in the context of this problem
should be aimed at data accumulation and analysis of the
efficiency of the functioning of supply chains of
Ukrainian enterprises.

References

1.Gunasekaran A., Patel' S., MakGofi R. E. (2004).
Supply Chain Performance Scope. Mezhdunarodnyj
zhurnal jekonomiki proizvodstva. Vol. 3, 333-347. [in
Russian].

2.Kaplan R., Norton D. (2003). Balanced scorecard.
From strategy to action. ZAO «Olimp-Biznes», Moskva
[in Russian].

3.Kouplend T., Koller T. (2005). Value of companies
— evaluation and management. ZAO «Olimp-Biznesy,
Moskva [in Russian].

4.Parmenter D. (2015). Key performance indicators.
Development, implementation and application of decisive
indicators. ZAO «Olimp-Biznes», Moskva [in Russian]

5.Gatorny Dzh. (2008). Supply Chain Management:
A Directory of Publishers Gower; 5rd ed. INFRA-M,
Moskva [in Russian].

6.Chukhraj N. I., Mlynko 1. B. (2013). Evaluating the
effectiveness and efficiency of marketing an industrial
enterprise in the supply chain. Marketynh i menedzhment
innovatsij. Vol. 3, 24-34. [in Ukrainian].

7.Beamon B. M. (1999). Measuring supply chain
performance. International Journal of Production
Management. 275-292.

8.Bullinger, H. J., Kuhner M. (2002). Analysing
supply chain performance using a balanced measurement
method. International Journal of Production Research.
Vol. 40. 3533-3543.

9.Chan, F. T. S, Qi, H. J. (2003). An innovative
performance measurement method for supply chain
management.  Supply  Chain  Management:  An
International Journal. Vol. 3. 209-223.

10. Fernandez P. (2002). Three Residual Income

Valuation Methods And Discounted Cash Flow
Valuation. Madrid IESE Business School, [Onling],
available at: http://pruss.narod.ru/Threelncome_
OneDCF.pdf

11. Hausman W. (2019). Financial Flows & Supply
Chain Efficiency/Visa Commercial Solutions [Online],
available at: http://www.visa-asia.com/ap/sea/
commercial/corporates/includes/uploads/Supply_Chain_
Management_Visa.pdf.

12. Keebler, J. S., Manrodt K. B., Durtsche D. A.,
Ledyard D. M. (1999). Keeping Score: Measuring the
Business Value of Logistics in the Supply Chain. Oak
Brook, IL: Council of Logistics Management.

Cnmcok jgireparypu

1.Gunasekaran A., Patel' S., MakGofi R. E. Supply
Chain Performance Scope. Mezhdunarodnyj zhurnal
jekonomiki proizvodstva. 2004. Vol. 3. P. 333-347. [in
Russian].

2.Kaplan R., Norton D. Balanced scorecard. From
strategy to action. ZAO «Olimp-Biznes», Moskva. 2003.
[in Russian].

3.Kouplend T., Koller T. Value of companies —
evaluation and management. 2005. ZAO «Olimp-Biznes»,
Moskva [in Russian].

4.Parmenter D. Key performance indicators.
Development, implementation and application of decisive
indicators. 2015. ZAO «Olimp-Biznes», Moskva [in
Russian]

5.Gatorny Dzh. Supply Chain Management:
A Directory of Publishers Gower; 2008. 5rd ed. INFRA—-
M, Moskva [in Russian].

6.Chukhraj N. 1., Mlynko I. B. Evaluating the
effectiveness and efficiency of marketing an industrial
enterprise in the supply chain. Marketynh i menedzhment
innovatsij. 2013. Vol. 3, P. 24-34. [in Ukrainian].

7.Beamon B. M. Measuring supply chain
performance. International Journal of Production
Management. 1999. P. 275-292.

8.Bullinger, H. J., Kuhner M. Analysing supply
chain performance using a balanced measurement
method. International Journal of Production Research.
2002. Vol. 40. P. 3533-3543.

9.Chan, F. T. S, Qi, H. J. An innovative
performance measurement method for supply chain
management.  Supply  Chain  Management:  An
International Journal. 2003. Vol. 3. P. 209-223.

10. Fernandez P. Three Residual Income Valuation
Methods And Discounted Cash Flow Valuation. 2002.


http://pruss.narod.ru/ThreeIncome_
http://www.visa-asia.com/ap/sea/%20commercial/corporates/includes/uploads/
http://www.visa-asia.com/ap/sea/%20commercial/corporates/includes/uploads/

SYSTEM OF EVALUATION OF PERFORMANCE INDICATORS OF SUPPLY CHAINS

109

Madrid IESE Business School, [Online], available at:
http://pruss.narod.ru/Threelncome_ OneDCF.pdf

11. Hausman W. Financial Flows & Supply Chain
Efficiency/Visa Commercial Solutions [Online], available
at: http://www.visa-asia.com/ap/sea/ commercial/
corporates/includes/uploads/Supply_Chain_Management_
Visa.pdf. 2019.

12. Keebler, J. S., Manrodt K. B., Durtsche D. A.,
Ledyard D. M. Keeping Score: Measuring the Business
Value of Logistics in the Supply Chain. 1999. Oak Brook,
IL: Council of Logistics Management.

CUCTEMA OLIHKH ITOKA3HUKIB
E®EKTHUBHOCTI JIAHLIIOT'IB IIOCTAYAHHA
O. M. 3aeypcoxuii

AHoTauis. TpaHCcOPTHI OpraHi3allii BUCTYHalOTh Ha
TOBapHHX B CTaTTi MpOBENeHO aHANI3 iICHYFOUHMX CHUCTEM
BUMIpIOBaHHS €()eKTHBHOCTI JIAHIIOTIB IIOCTayaHHS Ta
3alpPOMOHOBAHO HOBHMU MigXiJ, IO OCHOBaHWU Ha
MOEIHAHHI METOJIB BUMIPIOBaHHS 3arajbHOi BapTOCTI
KOoMIIaHii Ta 30aJJaHCOBAaHOT CUCTEMH MTOKa3HUKIB.

3anpornoHOBaHMI 1HTETPOBAHUM IMiJXiJ y3araiabHIOE
MMOKAa3HUKM OLIHKA e(eKTUBHOCTI (PYHKIIIOHYyBaHHS
JAHIIOTIB IOCTa4YaHHS y KOMIUIEKCHY CHCTEMY, sKa
BIAIIOBIZa€  JOBFOCTPOKOBHM  CTPATETisiM  PO3BUTKY
0i3Hecy, moTpedaM KIIE€HTIB 1 3amuTaM CYCHiNbCTBa. B
HbOMY IOKa3HUKH €()eKTUBHOCTI MO-IepIle, BPAXOBYIOTh
BIUIMB YCiX Oi3HEC-TIpOILleCiB Ha OIepamiifHi BUTpaTH,
00OpOTHHUII KamiTaa i TOBrOCTPOKOBI AKTHBH JIAHITIOTa
MOCTa4YaHHS 1 MO-Apyre XapaKkTepU3ylThb PO3BUTOK
BIJTHOCUH 3 KIJI€HTaMH, e(QEKTUBHICTb YyIpPaBIiHHS
MIEPCOHAJIOM Ta PIBEHb PO3BUTKY 1HPOPMAIIHHUX CUCTEM.

Jliist peanizariii iHTErpOBAHOTO MiAXOAY 10 PO3POOKH
KJIFOYOBHUX  ITIOKa3HUKIB  €(EeKTUBHOCTI B  CHUCTEMI
CKOMOIHOBaHO (hiHAHCOBI Ta He(IHAHCOBi, SKICHI Ta
KUIBKICHI TOKA3HUKH, SKI KOMIUIEKCHO 1 30aJaHCOBaHO
BiZTOOpaKarOTh CTAH Ta MEPCIESKTHBU PO3BUTKY KOMIIaHi.

Karwu4osi cioBa: BapricTs, €peKTUBHICTD, JAHIIOT
[IOCTAYaHHS, KIIE€HT, CHCTEMa I[IOKA3HUKIB, LIHHICTh
KOMITaHii.

CUCTEMA OIIEHKU ITOKA3ATEJIEN

DODOEKTUBHOCTH LEIEN [TOCTABOK

O. H. 3azypcruii

AnHoTaums. B cratee mpoBeneH — aHanu3
CYIIECTBYIOIIUX CHCTEM HU3MEpeHUs 3(PPEKTHUBHOCTH
LHened MOCTaBOK U MPEAJIOKEH HOBBIK  MOJAXO[,
OCHOBAHHBI Ha COYCTAHWU METOJIOB M3MEPEHUs OOmIei
CTOMMOCTH KOMITAHUM W COaJaHCHPOBAHHOH CHCTEMBI
MoKazarese.

IIpennoxxeHHbI N HWHTETPUPOBAHHBIN MOJIXO0JT
06o0mraer  moOKazaTend — OHEHKH  3(PPEKTHBHOCTH
(YHKITMOHUPOBAHMS IIETIEH TMOCTABOK B KOMIUIEKCHYIO
CHCTEMY, KOTOpasi OTBEYAET JIOJITOCPOUYHBIM CTPATETHSIM
pasButHs OW3Heca, TOTPEOHOCTSIM KIMEHTOB W 3alpocaM
obmecrtBa. B Hem moxazatenu 3¢h(heKTHBHOCTH, BO-
MIEPBEIX, YYUTHIBAIOT BIUSHUE BCEX OM3HEC-TIPOIECCOB Ha
ONEpAIOHHBIE  PacXojbl, OOOPOTHBIA KamWTal W
JIOJITOCPOYHbIE AKTUBBI 1LIEMH IOCTaBOK U BO-BTOPBIX
XapaKTepU3ylOT pa3BUTHE OTHOLIEHUH C KIMEHTaMH,

3¢ (HEKTUBHOCTL yIpaBIEHUSI IEPCOHATIOM M YpPOBEHBb
pa3BUTHA HHOOPMALIMOHHBIX CHCTEM.

Jns peanusaliM MHTETPUPOBAHHOTO IOAXOAA K
pa3paboTke KIIFOUEBBIX MoKa3arened 3((EeKTHBHOCTH B
cucreMe CKOMOWHHMPOBAHEI (uHAHCOBBIE u
He()MHAHCOBBIE, KAYECTBEHHBIE W  KOJMYCCTBEHHBIC
MOKa3aTeId, KOTOphle KOMIUIEKCHO W cOaJaHCHPOBaHO
OTPaXAIOMIUX COCTOSIHME M MEpCIEKTUBBI Pa3BUTHUS
KOMITaHHH.

KaoueBble cioBa: crouMocTb, 3((HEKTHBHOCTS,
e MTOCTaBOK, KJIIMEHT, CUCTEMa ToKa3arenei, IEHHOCTh
KOMITaHHH.
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Abstract. The organization of the educational pro-
cess of students of higher educational institutions in the
discipline "Occupational safety" has certain features, due
to the need for students to form a work-safety outlook. In
addition to the traditional forms, training in the field of
vocational disciplines should include active learning
tools, in particular, business games that allow students to
simulate the process of future professional activity of
students in order to acquire their professional skills in the
classroom training.

The purpose of the research is to develop and sub-
stantiate the methodology of conducting a business game
"The procedure of investigation and accounting of acci-
dents, occupational diseases and accidents at work",
which will allow students to act independently in the
simulated situation, to solve specifically formulated tasks
and problems, to develop ways solution.

In this work, a step-by-step algorithm for accident
investigation at work is developed, which will allow stu-
dents to supplement and consolidate the knowledge ac-
quired during the study of the theoretical course, to devel-
op skills in working with normative-legal acts on occupa-
tional safety and with reference literature. At the same
time, students adapt to the necessity of making some
efforts in understanding the provisions of labor protection
documents written in dry business language without ex-
planation.

It is noted that the acquired knowledge should ensure
the acquisition of skills for making informed decisions on
the development of an accident plan, completing the N-1
investigation act and the ability to independently solve
occupational safety issues, activate students' creativity
and enhance job security.

Key words: bussiness game, occupational safety, in-
dustrial situation, accident, investigation algorithm, opti-
mal solutions.

Introduction

In the modern society, the main task of higher educa-
tion is to train highly qualified specialists, individuals
capable of self-development and self-realization in life. In
higher education, business game is widely used as an
important didactic method, which intensifies the learning

process and closely links it with practical activity. The
business game is based on the simulation model [1-5],
which is realized due to the actions of the game partici-
pants. At seminars with the practical use of game technol-
ogy is deepening and consolidation of students'
knowledge, the ability to apply them in practice, to make
collective decisions, to align their interests with the inter-
ests of the team in achieving common goals. Business
play enables students not to be afraid of mistakes and to
activate their own creative potential [6].

Formulation of problem

The inconsistency of the communication skills of fu-
ture professionals, their ability to effectively solve prob-
lems in various fields of professional activity, with due
regard to the requirements of occupational safety and
health, and health, and the role in this process of business
games have determined the direction of our research.
Note that the business game is aimed at developing the
ability to analyze specific practical situations and solve
professional problems, during the game develops creative
thinking, as well as honing the ability to communicate
with colleagues and increase students' motivation to learn
safety standards.

Analysis of recent research results

The basis of the use of any methodology in the study
of occupational safety disciplines is a comprehensive
methodological support of the educational process. Each
teacher works on creation of it: planning, development
and creation of the optimal system (complex) of educa-
tional-methodical documentation, teaching aids necessary
for ensuring a complete and qualitative process of teach-
ing of students of professions within the content and time
determined in accordance with the curricula and programs
[7]-

One of the promising methods of training experi-
enced professionals capable of making decisions to solve
complex production issues is the development and con-
duct of business games [8]. The development of game
forms and methods of using the game in the professional
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training of the future specialist were held by: L. Vygot-
sky, A. Verbitsky, B. Likhachev, T. Khlebnikova,
G. Selevko, E. Khrutsky and others. In the works of
L. Vygotsky, V. Platov argues that the business game is a
pedagogical tool and an active form of learning, which
shapes educational activities and develops professional
skills [9]. G. Abramova, V. Stepanovich, emphasize that
business play is an important condition for stimulating
interest in knowledge [10, 5], a method of active learning
that contributes to the achievement of specific tasks,
structuring the system of business relationships of partici-
pants. Its structural elements are the design of reality, the
conflict of the situation, the activity of the participants,
the appropriate psychological climate, interpersonal and
inter-group communication, the solution of problems
formulated at the beginning of the game, which as a result
creates conditions for improving the effectiveness of the
learning process [11]. In particular, L.M. Sekacheva [12]
believes that, when preparing future specialists, teachers
should strive not only to equip students with scientific
knowledge, but also to promote the development of prac-
tical efficiency and entrepreneurialism in them, to develop
the skills of active thinking. Therefore, in his opinion, it is
important to conduct educational business games with
students that to some extent imitate professional situa-
tions.

The study of the essential characteristics of a busi-
ness game based on the analysis of numerous publications
[1-12] can be argued about the advantages of this form
(method) of training. Business game activates partici-
pants, their mental and cognitive activity, develops skills
of independent research and evaluation of information, as
well as the ability to find new sources of obtaining the
necessary information to achieve the goal. It motivates
participants to make optimal decisions in their profession-
al activities, including in the conditions of uncertainty,
develops the ability to simulate a problematic situation,
identify the cause and effect relationship between events
and phenomena, forms analytical thinking, the ability to
clearly and convincingly present their point of view, in-
creases qualification of specialist. A business game re-
duces the number of mistakes made in practice, in profes-
sional activity as a result of the acquired knowledge and
acquired skills [13].

Equally important is the task of communicative na-
ture, because the learning process takes place in the con-
text of communication between the teacher and the stu-
dent. In particular, Y.V. Lebedev describes the use of an
innovative approach in higher education as a process of
improving pedagogical technologies, a set of methods,
techniques and teaching aids [14]. The widespread “clas-
sic" chalk-and-talk training method is not effective
enough nowadays because it is usually passive. Therefore,
the scientist proposes to apply interactive methods of
teaching students in higher education institutions, which
help to create more comfortable learning conditions, un-
der which the student feels his / her intellectual develop-
ment and success, which makes the learning process ef-
fective.

The education system requires reforming and adapt-
ing to current requirements and international standards
[15]. Among the available teaching methods that contrib-
ute to the ability to ensure the acquisition of these quali-

ties by professionals is a business game, provided the use
of traditional and innovative technologies that motivate
the student to be an active subject of education and raise
personal interest in the results of the acquired knowledge
and acquired skills.

Purpose of research

To develop and substantiate the method of conduct-
ing a business game "Procedure for investigation and
accounting of accidents, occupational diseases and acci-
dents at work", which will allow students to act inde-
pendently for a time under the simulated situation, to
solve specifically formulated tasks and problems, to de-
velop ways of solving them.

Results of research

Higher education institutions are a leading element
in the formation of a complex of knowledge and skills in
the field of occupational safety, since it is the level of
education and awareness that largely determines the level
of personal safety culture. It should be noted that the
teaching of the discipline of "Occupational safety” has
certain features, the main component is a large number of
regulations governing labor law, sanitary and technical
standards, industrial sanitation and safety, which prevent
effects of harmful and dangerous factors on employee
during work activity.

At the same time, in the educational and professional
plans for training specialists, the discipline of "Occupa-
tional safety" is transferred to the category of non-
normative, combined with the discipline of "life safety",
and significantly reduced the number of learning hours,
which has a negative impact on the formation of a culture
of safety for future professionals. In such conditions, the
important task of teachers, during the preparation of spe-
cialists, is to find effective ways, methods and means of
activating educational process in order to form the basis
of a work-based outlook for students, oriented to the im-
plementation of effective professional activity through the
formation of responsibility for personal and collective
safety, and awareness of the need for full implementation
of all measures that guarantee the safety and hygiene of
the workplace.

For the national higher education, the traditional ap-
proach to teaching is an object-oriented approach, where
objects and phenomena rather than problems are offered
for the sake of learning. But it should be emphasized that
this approach shows poor efficiency, as it does not con-
tribute to the systematic solution of problems arising in
the field of human health activities. The formation of
students not only the ability to solve professionally-
oriented tasks, but also the willingness to make responsi-
ble decisions, the ability to creative level of their own
professional activity is ensured by applying a subject-
activity approach [12]. This approach allows you to trans-
form a student from an object into a subject of study, to
create the most favorable conditions for the development
and reveal of his abilities, orientates not only the assimila-
tion of knowledge, but also the ways of this assimilation,
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thinking and activity, the development of cognitive forces
and creative student's potential. However, given the pecu-
liarities of the discipline, and the general tendencies to
reduce the volume of classroom work and increase the
amount of time spent on independent work of the student,
this approach in practice is quite difficult to implement.

Taking into account global trends, Ukrainian higher
education is consistently switching to the use of "third
generation" higher education standards, based on the
development of a competent approach, as one of the new
conceptual guidelines, directions of development of edu-
cational content in Ukraine and developed countries [13].

As noted above, the hallmark of a business game is
the presence of a simulation model. The structure of a
business game includes the following main stages: pre-
paratory, conducting the game, analyzing and summariz-
ing its results. [14] Development begins with defining the
purpose and objectives of the game, formulating require-
ments for players. The purpose of the game has two as-
pects: motivational and didactic.

Let’s consider a step-by-step algorithm for investi-
gating workplace accidents that was conducted with col-
lege students. After studying the topic: "Investigation
procedure and accounting for accidents, occupational
diseases and industrial accidents” and familiarization with
the provisions of LAOS 0.00-6.02-19 (Legal act on Oc-
cupational safety), offer a production situation with a
description of the circumstances of the accident in ac-
cordance with the application "Input data of business
games". Students are formed to investigate the production
situation, determine the duties, functions and rights of
each member of the commission. Each group is provided
by LAOS 0.00-6.02-19, forms of primary documentation
on safety, photos, posters, schemes of the scene of the
accident, task forms.

A plan of an investigation into the proposed example
of an industrial accident is outlined. Formed groups of
students are invited to investigate the production situation
that led to the accident, record the information received
on the form of the act of investigation, encode it, sign the
act by members of the commission. Groups of partici-
pants should analyze the degree of completeness and
objectivity of the investigation process for the proposed
game situation and make conclusions about the comple-
tion of the investigation, register the accident in a special
journal, prepare a draft order of the head of the company
on measures to prevent accidents in the structural subdivi-
sion, where the accident took place.

Stages and sequence of conducting a business game
(fig. 1). The teacher gives general tasks for conducting
business game and proposes to organize subgroups. Each
member of the subgroup must carry out the activities of
the employee of the company according to the list of
duties outlined in the LAOS 0.00-6.02-19. The members
of the commission shall choose the functions of the mem-
bers of the business game independently.

During the investigation of an accident, each sub-
group (commission) makes its own decision: to supple-
ment the missing information; identification of the cir-
cumstances of the accident, the type of event and its
cause; measures to eliminate the causes of the accident;
and the executors of the proposed activities and timing;

persons guilty of violating labor law and labor safety
standards.

Stages and sequence of conducting a business game.

Stage I. Introduction to the game situation.

Each subgroup of students receives initial infor-
mation about the game situation (circumstances in which
the accident occurred).

Stage 1. Establishing the causes of an accident. Stu-
dents, using regulatory documentation (LAOS 0.00-6.02-
19) and general accident information, model the accident
investigation.

In conducting the investigation, attention should be
paid to the following points:

1) to ascertain the objective conditions under which
the accident occurred, its suddenness and the duration of
the event (instantaneously or for some time), whether it
was possible to prevent a work injury; establish the cir-
cumstances and nature of the accident;

2) to nominate and check the versions of the causes
of the accident on the basis of discussion of general in-
formation about the event;

3) to evaluate the level of organizational work on oc-
cupational safety at the enterprise and in the unit where
the accident occurred: the presence (or absence) of com-
pany head’s order on the responsibility of officials for the
state of occupational safety at the enterprise; training of
workers on labor protection issues; compliance of the
existing state of workplace safety with the requirements
of normative documentation on labor protection; provi-
sion of workplaces with instructions on safety, visual
means of promoting safe methods of work execution; the
use of collective and individual protection of workers
from the effects of dangerous and harmful factors of pro-
duction, etc.;

4) record information about the victim: gender, age,
qualification and experience of work, availability of a
document for the right to work at the object of trauma,
health status - conclusion of medical examinations, con-
tract for performance of work, etc.;

5) describe the technical condition of the technologi-
cal equipment (machines, equipment, devices, etc.),
whether they meet the safety requirements, whether there
is technical documentation, what is the periodicity of
maintenance, the degree of wear;

6) to assess compliance of sanitary and hygienic
working conditions in the structural subdivision with
normative documents on labor protection;

7) to classify the relationship of the event type with
the working conditions (according to the LAOS 0.00-
6.02-19).

Stage Ill. Preparation of accident documentation.
Once the game situation data is received, the members of
the commission of inquiry established discuss the availa-
ble accident information. A sub-group (commission) of
students should develop a plan of action to address the
causes of the accident. To this end, each student submits
proposals to an action plan based on their functional re-
sponsibilities as a member of the inquiry committee.
Then, in the subgroup discuss the developed measures, fill
in the items of the act of inquiry in the form of N-1, de-
termine whether or not an accident related to the produc-
tion. If an accident is considered production related, it is
denoted by a capital letter P (N-1/P), if not production
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related, by capital letters NP (N-1/NP). Identify workers-
violators of labor safety standards.

Stage 1V. General discussion of the results of the
third stage of the investigation. The decisions taken are
discussed between the commissions (sub-groups) or be-

tween the representatives of the sub-groups (members of
the commission). Each subgroup offers its own version of
the investigation materials, substantiates its decisions
included in the act of investigation.

Violators I. Introduction to accident cir- Information
cumstances about injured
person
I1. Identification of
Circumstances Conditions
Conformity
Hygi;nic/ A Technical condi-
tion
conditions Leyel 9f
organizational
work
i L Act by form
[ N-1 (N-1/P or
I11.Preparation of N-1/NP)
Analyse documentation
A plan of measures
to eliminate the
- - - caused of accident
1VV.Discussion of solution

Ask quaestion

@ VIII. Summing

Offer proposi-
tions

V.Order project development

up the business
game.

i

IV.Discussion of solution HE>|

VII. Registration
of data on
consequences of

Fig. 1. Stages and sequence of conducting a business game "Investigation procedure and accounting for accidents,

occupational diseases and industrial accidents".

Business game participants analyze the content of
speeches, ask questions, make suggestions for changes to
the text in conflicting points of the act of investigation.

Stage V. Developing a draft accident order. Students
develop a draft order based on the results of the investiga-
tion, discuss it in subgroups and submit it to the manager
of the business game.

Stage VI. Registration of item 9 of the act of investi-
gation in the form N-1. Students are provided with addi-
tional information that describes the consequences of the
accident. The subgroups complete paragraph 9 of the N-1
investigation act and discuss the consequences of com-
pleting the steps.

VII stage. Registration of materials on consequences
of an accident. In each subgroup, the certificate of the

consequences of an accident with the victim is drawn up
in the form of a form corresponding to the logbook for the
account of accidents, and also fill in paragraphs 4 - 7 of
the act of inquiry in the form N-1.

VIII stage. Summing up the business game. The re-
sults of the business game are conducted by the teacher.
Based on the established criteria, he evaluates the work of
subgroups and each student. Draws general conclusions
about conducting a business game based on the points
received by each participant and gives each student an
assessment. The report of the participant of the game for
the completed work (business game) is a properly execut-
ed act in the form of N-1 on a specific accident with the
signature of all members of the commission. Having
checked the correctness of the registration of the act of
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investigation, the teacher signs it on the first page of the
document in the stamp "Approved".

Developed business game "Procedure for investiga-
tion and accounting of accidents, occupational diseases
and accidents at work" will facilitate the acquisition of
skills in working with normative legal acts on occupation-
al safety and reference literature, the ability to inde-
pendently solve the issues of occupational safety, gain
experience and study experience, developing a plan of
action to address the causes of an accident in making
decisions to prevent injury to employees. Manufacturing
practice shows that only the knowledge that a student has
gained through his or her own experience, search and
understanding becomes his or her property [7]. The task
of the business game in the field of labor protection disci-
plines is to supplement and consolidate the knowledge
acquired during the study of the theoretical course of
labor protection, to activate the creativity of students.

Conclusions

1. Developed and grounded methodology of business
games "Procedure for investigation and accounting of
accidents, occupational diseases and accidents at work™ in
the process of teaching students will provide an oppor-
tunity to combine theoretical knowledge in practice, the
speed of learning new skills, the ability to make inde-
pendent decisions.

2. The described method of preparation and conduct
of a business game can be used as one of the active meth-
ods of teaching, which allow students to act independent-
ly in the simulated situation. Analysis of the development
of the situation, different ways of solving it, actions,
methods and ways of solving critical situations contrib-
utes to a significant improvement of the quality of the
educational process and the accumulation of experience.

3. The use of business games in the classroom will
help to identify weaknesses and gaps in knowledge, build-
ing confidence in their skills, reducing the psychological
barrier and accelerating adaptation in production condi-
tions, the formation of internal need and importance in
training.
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JAUIOBI IT'PU 3 OXOPOHU ITPALI B AKOCTI
IHCTPYMEHTY MOJAEJIFOBAHHS [TPOLIECY
MIJITOTOBKU MAMBYTHIX CTYJIEHTIB
IPO®ECIVHOI AISJIbHOCTI
C. M. I'ononypa

AHoTanis. Oprasizaiiss HaBYaJIBHOTO IPOIECY
CTY/ICHTIB BHUIIMX HaBYAJbHUX 3aKJIaAiB 3 JUCLHILTIHU
OXOpOHAa Ipalli Mae MeBHI OCOOIMBOCTI, y 3B'I3KYy 3
HEOOXIJHICTIO IS CTYACHTIB y BHTIIALI poOOTH Oe3reku
B Outlook. Kpim Tpammmiitanx ¢gopm HaBuaHHA y cdepi
npodeciifHol AWCIUILTIHA MOBHHEH BKIFOYATH AaKTHUBHI
3aco0W HaBUaHHS, 30KpeMa JIOBI irpH, MO JO3BOJIAIOTH
CTYACHTaM MOJICITFIOBATH poriec MaiOyTHBOT
npodeciiftHol MiSTBPHOCTI CTYNEHTIB 3 METOI HaOyTTs
npodeciiftHUX HABUYOK Y KJTaci HaBUaHHS.

Mera JOCHiJKeHHS TOJsirac B po3poOui  Ta
OOIpYHTYBaHHI METOIUKH MPOBEACHHS [IIOBOI Ipu
MOPSIZIOK PO3CTiIyBaHHS Ta OOJIKY HEU[ACHUX BHUIIA[IKIB,
npodeciiiHUX 3aXBOPIOBaHb 1 aBapiii Ha BUPOOHUIITBI,
SKHA JTO3BOJUTH CTYACGHTaM CaMOCTIHHO IiATH Yy
3MOJCThOBAHIM CHTyalii, U1 BHPIIICHHS KOHKPETHO
chopMyIbOBaHMX 3a/a4 1 MpoOJeM, PO3pOOUTH LUIIXH
BUPIIICHHS.

B npaHiii  po0OTI IPONOHYETbCS  MOKPOKOBHI
ITOPUTM  PO3CITIJYBaHHS HEIIACHOTO BHINAAKY Ha
BUPOOHUIITBI, SIKa O3BOJIUTH CTYACHTaM JOMOBHHUTH i
3aKpINUTH  3HAHHA, OTpUMaHi Opu  BUBYEHHI
TEOPETHYHOTO KYPCY, PO3BUTOK HAaBHYOK pPOOOTH 3
HOPMaTHBHO-TIPAaBOBUMH aKTaMH 3 OXOpPOHH Ipami Ta
JIOBiAKOBOI JiTepaTypu. Y TOH ke 4Yac, CTYINSHTH ajar-
TYIOTBCA 10 HEOOXiAHOCTI POOHTH SKICh 3yCHIUIL B PO-
3yMiHHI IOJIO)KE€Hb 3 OXOPOHW Ipali JOKyMEHTH, Hallu-
caHi B CyXOMY JiJIOBii MOBi, 0€3 ITOSICHEHHS IPUYHH.

Bim3HavaeThcs, 10 OTPHMAaHI 3HAHHS IIOBHUHHI 3a-
Oe3rmeuyBaTuCs TPUAOAHHS HABUYOK Ui TPUHHATTA
0oOIpyHTOBaHMX pillIeHb PO PO3BHTOK aBapii IuIaH, 3a-
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Bepmrytoun H-1 akT poschigyBaHHS 1 3MaTHICTH camo-
CTIHHO BHWpIITYBaTH TUTAHHSI OXOPOHM TIpalli, ak-
TUBI3YBaTH TBOPUi 3M10HOCTI YUHIB i IMIBUIIUTH O€3TEKy
pobotu.

KrouoBi cioBa: 6i3Hec-irpu, TexHiku Oe3neku, BU-
poOHHMUOi cuTyalii, aBapii, airOpUTM pO3CIiTyBaHHS,
ONTHUMAJIbHUX PIllICHb.

JEJIOBBIE UI'PBI 11O OXPAHE TPYJIA B KAYE-
CTBE UHCTPYMEHTA MOJEJIMPOBAHN S ITPO-
LHECCA IIOATOTOBKU bBYAVIIIUX CTYJEHTOB

[IPOPECCUOHAJILHOM JEATEJIBHOCTHU

C. H. I'ononypa

AnHorauusi. Opraamsanus ydeOHOTO TMporiecca
CTYZICHTOB BBICIINX Y4EOHBIX 3aBEICHHUHN 10 AUCIUILTHHE
OXpaHa TpyZAa HMEET OIPEAEICHHbIE OCOOEHHOCTH, B
CBSI3U C HEOOXOAMMOCTBIO [UISl CTYICHTOB B BU/IE PAOOTHI
6esomacHoct B Outlook. [TomMumMo TpaaUIHOHHBIX GopM
00yueHHss B 00JaCTH HPO(PECCHOHATBHOW THUCIIUATUIAHBI
JOJDKCH BKJIIOYAaThb AKTHUBHBIEC CPEACTBa 06yquI/1;1, B
YaCTHOCTHU JCJIOBBIC UIPBI, MNO3BOJIAIOIINC CTYACHTaAM
MOJICIMPOBaTh Tporecc Oyaymeil mpodeccuoHanbHON
JEATEIbHOCTH CTYAEHTOB C IIETBI0 NPHOOpETeHUs Hpo-
(heccHOHATBHBIX HAaBBIKOB B KJIacce OOyUCHHS.

Lens mccnenoBaHMsl 3aKIOYacTCss B pa3paboTke u
00OCHOBaHMM METOAMKH TIPOBEACHHSA JAEIOBOH WIPHI
MIOPSIIOK PAcCIIeIOBaHKUS W ydeTa HECUacTHBIX CIIydaes,
npodecCHOHANBHBIX 3a00J€BaHUI M aBapuil Ha HPOM3-
BOJICTBE, KOTOPBII MO3BOJIUT CTYACHTAM CaMOCTOSTEIILHO
JICICTBOBATh B CMOJEIIMPOBAHHOMN CUTYyallUH, IUIsl pellie-
HUsI KOHKPETHO c(OPMYJIHPOBaHHBIX 3a/ad U MPoOJieM,
pa3paboTaTh ITyTH pEeIICHUs.

B nmanHO pabote mpeanaraeTcsl MOIIArOBBINA ayro-
PHUTM paccieZoBaHWEe HECUACTHOTO Ciydasl Ha MPOU3BOJI-
CTBE, KOTOpasi TIO3BOJIMT CTYJEHTaM IOMOJHHUTH U 3aKpe-
IIUTh 3HAHWS, MOJTYYCHHBIE TP U3YYEHUH TEOPETHIECKO-
ro Kypca, pa3BUTHE HAaBHIKOB B paboTe ¢ HOPMATHBHO-
NIPAaBOBBIMU aKTaMHM II0 OXpaHe TpyAa M CIPaBOYHOU
JIUTepaTyphl. B TO ke BpeMs, CTYAEHTHI alaliTUPYIOTCS K
HEOOXOANMOCTH JIeNIaTh KaKHe-TO YCHIHS B NMOHUMaHHN
IIOJIOKEHUH 110 OXpaHe TPyla JOKYMEHThI, HAIUCAHHBIEC B
CYXOM JIETIOBOM f3bIKe, 0€3 00bACHEHNS IPUIHH.

OTMe‘IaeTCﬂ, YTO TMOJYYCHHBIC 3HaHUA JOJHKHBI
obecrieunBaThCsl MPUOOPETEHUE HABBIKOB ISl ITPUHSTHS
00OCHOBaHHBIX PELICHUI O Pa3BUTHUHM aBapuM IUIaH, 3a-
Bepmrass H-1 paccrenoBaHus akT M CHOCOOHOCTH CaMo-
CTOSITEJIBHO pemaTh BOIPOCH OXPaHbI TPyJa, aKTUBH3H-
pOBaTh TBOPYECKHE CIIOCOOHOCTH y4alluxcs ¥ MOBBICUTH
6e301acHOCTh paboTHI.

KnroueBsle ciioBa: OM3HEC-WUTPBI, TEXHHKE Oe3orac-
HOCTH, IIPON3BOJICTBEHHOW CUTYallMH, aBapHH, ajJrOPUTM
paccieioBaHusl, ONTUMAIbHBIX PEIICHUM.
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AHoTanis. Jluritamizaiiss 1€ HOBE MOHATTS, SKE
JIOTIOMAaraeB  TPAHCIIOPTHIA Tramxy3i MpH  IUIAHYBaHHI
MapIIpyTHOT MepeXi MiABUINUTH IXHIO €(PEKTUBHICTH Ta

MiHIMI3yBaTH HETaTUBHUN BIUIMB Ha  HABKOJHIIHE
CepeIoBHIIE.
Kpim TOoro, 1mmdpoBi miaThopMu  CTaHYTh

HaJ3BHYAiiHO Ba)XKIIMBUMH B JIOTICTHYHIN Tamysi, aJke
JI03BOJISITh MaJlIMM KOMIIaHiSIM OTPUMAaTH TIo0abHUN
JOCTYII | KOHKYPYBATH 3 BEJIMKUMH I'PaBLSIMHU.

B Mexax iHaycTpii JIOTICTHKY Ta JIAHIIOTiB OCTaBOK
crocrepiraeTbcss  Oe3nliu  BTpaT — 4epe3  BeIEHHs
HENPOAYKTHBHOI isTBHOCTI.

BaxmBicTh HU3KHX BHTpAaT Ha TPAHCIIOPTYBaHHA i
iX momamplIMii BIUIMB Ha BapTiCTh JOCTaBKU TOBapiB
OaratopazoBo 30LIBIITYIOTH MPOAYKTHBHICTh i
3a0IIaDKEHHS KOMITaHil mpu iHTerpamii pimeHHsS VRP,
THM CaMHM BUKOPIHIOIOYH BCi CYMHIBH B aKTyalbHOCTI
nocimimkenas VRP.

KauoBi  cioBa:
TPAaHCIOPTHUM  IIpOLEC,
MypallliHa JOTiCTHKA.

JUriTanizanis,
TEXHOJIOTII,

JIOTICTHKA,
iHpopMariiHi

ITocTraHoBKa MpodIeMu

3 TOYKM 30py EKOHOMIYHOI Teopii, MOHSATTS
TPAHCIOPTHOI JIOTICTHKU PO3IIISAIAETHCS SIK [UTAHYBAHHS
ONTHMAIBGHUX  MAapUIPYTiB  BaHTAXONEPEBE3EHb 3
MIHIMI3aIli€0 BUTPAT, IIO € OCOOJNMBO AKTyaJbHHUM IS
TOPrOBHX KOMIAHIH, IMOJHS JOCTABJISAIOTH MPOIYKIIiO
MTOKYIIISIM.

Y 3B'S3Ky 31 3pOCTalouoi0  3aBaHTAXKEHICTIO
aBTOMOOUTBHMX  JOpIr, BOXii MiJUPHEMCTB  YacTO
3aIi3HIOIOTECS B BCTAHOBIIGHI THMYAcOBi IHTEpBaIH

JIOCTaBKH, IO MPU3BOJIUTH [0 MOBEPHEHb MPOIYKII,
3pOCTaHHA HE3aJ0BOJICHOCTI KIIEHTIB, 1, B KIHIICBOMY
PaxyHKY, /10 BTpaT BUPYUKH i 30UTKIB.

BaxnuBicTh HU3BKMX BUTpPAT Ha TPAHCHOPTYBAaHHS 1
iX mojaNpIIMi BIUIMB Ha BapTICTh JOCTaBKUA TOBapiB
6araTtopazoBo 30UIBIIYIOTH MIPOJyKTUBHICTb i
3a0IIa/PKEHHS KOMITaHii mpu iHTerpanii pimeHHs VRP,
THM CaMHM BUKOPIHIOIOWHM BCi CYMHIBH B aKTyaJbHOCTI
nocmipkeHHs  VRP, He3Bakaroun Ha  TPHBAJICTh
iCHYBaHHS Li€l MpoOyIeMH.

Meta gociiaKeHb

BrpoBamkeHHs pi3HUX aJTOPUTMIB IJIST BHPIIICHHS
VRP, nepeBiBIIM alTOPUTMH 3 TEOPETHYHOI MOZENi B
reorpadiuHy KapTy MicTa i OIHUTH e(pEeKTHBHICTH iX
pobot 3 pi3HUMH Ha0OpaMH peaTbHUX MJaHUX 1
TPYOHOLIAMH, IIO BHHHUKAIOTH Yy cepi HMOBCAKICHHUX
HOCIYI JOCTaBKHM, OO0 CTBOPUTH JOJATOK, IO
3aCTOCOBYE peajli30BaHi aJIrOPUTMH JJIsi CTBOPEHHS
JIETKUX JJIsL YUTAHHS 1 3aCTOCYBAaHHS MapIIPyTHHX JIUCTIB
1 KapT JOCTaBKH TOBAPIB.

Pe3yabTaTh nocaigxkeHb

Knacwuny Moens BiApI3HAIOTH Taki 0COOIMBOCTI:

* HasBHICTb BCBOTO OIHOIO CKJIamy, 3 SIKOTO
MMOYMHAIOTH PYX TPAHCIIOPTHI 3aCO0M;

* BCI TPaHCIOPTHI 3acO0M € TOMOI'€HHHMH, TOOTO
MAaIOTh OJIHAKOBI XapaKTCPUCTHKAMU;

* TPAHCIIOPTHI 3aCO0M MOBEPTAIOTHCS B IOYATKOBY
TOYKY MapIipyry;

* MapIIPYTH CKJIAAIOThCS HA OJWH JICHb.

Puc. 1. CMDOVRPTW-Moze€mns.
Fig. 1. CMDOVRPTW Model.

Hatomicts, CMDOVRPTW-Mozens OMUCYIOTH TaKi
0COOJIMBOCTI, 5IKi JOMTOBHIOKOTH KiIacuyHy VRP-Momenb:

* TpaHCIOPTHI 3aco0W MalTh OOMEXEHHS Ha
BAHTAKOIII IHOMHICTB;

* KOXXHOMY TPaHCIIOPTHOMY 3ac00y IPUCBOIOIOTHCS
TUMYAcOBi PaMKH, B SIKi BOHO MOXE 3IIMCHIOBATH CBOIO
poboTy;

* KOXHOIO 3aMOBJICHHS TaKOX IPHUCBOIOIOTHCS
TUMYAcOBi PaMKH, B sIKi BOHO MOKe OyTH JOCTaBJICHO.
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OmucyBana B Iii poOOTI 3amada € pilleHHIM
Hacuuenoi Moneni CMDOVRPTW (Capacitated Multiple
Depot Open Vehicle Routing Problem with Time

Windows) mms  mignpumemctBa  «TepHOMIIBCHKHIA
M’sicokomOinaty y Tepuomomi Ta TepHOMIIBCHKIM
o0acri.

HeoOxigHo BupimnTH 3a7ady pO3IOJLTYy HAsSBHOTO
Habopy 3aMOBJICHb Ha OJIMH JEHb 110 HA0OPY aBTOMOOLIIB
1 CKJIaCTM MapUIPYTHI JIMCTU Ul KOXHOTO 3 Kyp'epiB.
IMo3Hauumo yepes 1,n={1,2,..,n}

Hexaii A — MHO>XKHHa aBTOMOO1JIIB.

3amaMo Ha MHOXMHI A iHmekcamio [: A — 1,_n, rIe
n= |A].

BynemMo BHKOpPHCTOBYBAaTH MO3HA4eHHA @; JUIA
eleMeHTa a 3 MHOXMHHM A, g sxoro [(a) = i.
[TocTaBUMO y BIANOBITHICTH KOXKHOMY aBTOMOOUTIIO @;
BEKTOp aTpHOYTIB, 10 ONMUCYIOTH HOTO:

(VA, VAMP;, LA;, LAMP,, V,, t},t)),
ne VA; - BAaHTaXOI THOMHICTh @;-TO aBTOMOO1JIA, KT

VAMP; - makcuMmanbHa Bara Ajsi OAHOTO TOBapy B
3aMOBJICHHI, 10 MICTUTBCS B @; -Hif aBTOMOO1JIb, KT

LA; - MICTKiCTb @; -T 0 aBTOMOOLUISI B JOBXKHHY, M;

LAMP; - wmakcuMajJbHa JOBXHHA Ui OJHOTO
TOBapy B 3aMOBJICHHI, III0 MICTUTBCS B @; -UH aBTOMOOIIIB,
M;

V; - IIBUAKICT IIepecyBaHHA @; -TO aBTOMOOLIA, KM /
rox;

t{ - 4ac mosBa Kyp'epa Ha @;-My aBTOMOOLTI Ha
ckiani (yac moyaTky poboTH Kyp'epa), I/ x/c;
tif - Yac IIOCTaBKH Kyp'epoM Ha @; -My aBTOMOOIiIi
OCTaHHBOTO 3a 4YacOM 3aMOBJICHHS (4ac 3aBEpILCHHS
poboTu Kyp'epa), r/x/c.

Hexaii Z - MHOXWHA 3aMOBJICHb.

3amaMo Ha MHOHWHI Z 1HIEKCAII0

I:Z > 1,m,
aem=|Z|.
BynemMo BUKOPHCTOBYBATH HO3HAu€HHA z; A
eNeMeHTa Z 3 MHOKHHH Z, 171st sikoro | (Z) = j.
IlocTaBumo y BIZIMOBITHICTh KOXXHOMY

3aMOBJIEHHIO Z; BEKTOP aTpHOYTiB, 10 OMUCYIOTH HOTO:
(VZ;,VZMP;, LZ;, LZMP;, S}, K;, T7, Y}f),
ne VZ; - 3aranbHa Bara BCiX TOBapiB B Zj-My 3aMOBJICHHI,
KT;
VZMP; - MakcuMaiibHa Bara OJIHOTO TOBapy B Z;-My
3aMOBJICHHI, KT;

LZ; - saranpHa JOBXHMHA BCiX TOBapiB B Zj-My

J
3aMOBJICHHI, M;

LZMP; - makcuMallbHa JIOBXXHHA OJHOTO TOBapy B
Zj-My 3aMOBJIEHHI, M;

S; - ajpeca CKJIaay PO3MIIUEHHS Z;-TO 3aMOBJIEHH,

KOOpAUHATH;

K;- anpeca  N0CTaBKM  Z;-r0  3aMOBIICHHS,
KOOD/IHHATH;

T - BepxHs uacoBa Mexa JIOCTAaBKH  Z;-TO
3aMOBJICHHS, T/X/C;

T}f - HWKHS 4acoBa MeXa JIOCTaBKH  Zj-TO

3aMOBJIEHHS, I/X/C.
Hexaii p - MHOXWHA IIJIaHIB JOCTABKH 3aMOBJICHb Ha
00panuit neHp. [Inan qocTaBKU 3aMOBIICHb CKJIAJAETHCS 3

MHOXWHH PI3HMX JIHCTiB JOCTaBKH 3aMOBJICHb, IO
OTIMCYIOTh MapIIpyT KOKHOTO 3 aBTOMOOITIB.
SO = {Pll PZJ "'!Pn}a
Hexait P - MHOXWHA pI3HUX JHCTIB JOCTaBKH
3aMOBIICHb.
EnemeHnT wiei MHOXHMHHU P sBisie c000I0 MHOXHUHY
MapIIPyTHUX JIUCTIB.
P={M;, M,,.. M,}
JIe MapUmpyTHUH JuCT M; € ymopsaKoBaHMM HabOpOM

Z i, Z i,.,Z i )38.MOBJ'I€HI>, IO  3aJ0BOJLHSIOTH
P1’ P2 Pm

i
CHIBBIIHOIIIEHHIO
P #F pj => Zplic * Zp];

Tyr m; — MHOXHHa
mmcti M;.

3aMOBJIEHb B MapUIPyTHOMY

[Ho3nagumo wepe3z M; = {Zp; |j € 1,mi} MHOXHUHY
J

3aMOBJICHb MapIIPYyTHOTO JICTa M;.

JlaHi MHOXXHMHU MalOTh HACTYIIHI BIaCTHBOCTI:

1. Bci 3aMOBIIcHHS TMOBHMHHI OyTH pPO3MOJiICHI 3a
MapUIpyTHUMH JIUCTAMH TaK, 110 1HJEGKC OJHOTO
3aMOBJICHHS TIOBMHEH 3yCTpidaTHCs HE OUTbII HDXK OIMH
pas3 cepes yCiX MapIpyTHHX JIHCTIB.

2. JI1s KOXHOTO 3 aBTOMOOUIIB cyMapHa Bara BCiX
3aMOBJICHb [[LOT'O aBTOMOOLIS HE IIOBUHEH MEPEBUILYBATH
BaHTAKOII JHOMHICTE aBTOMOOLIS. [m0/m.1]

3. [y KOKHOTO 3 aBTOMOOLUIIB cCyMapHa JOBXKHHA

BCIX 3aMOBJIEHb I[bOIO aBTOMOOUIS HE IIOBHHHA
MEePEeBUIIYBATH  BCTAHOBJCHY  3aralibHy  JIOBKUHY
3aMOBJIEHL aBTOMOO1JIS.

4. Jlns KOXHOTO 3aMOBJCHHS  KOXHOIO 3

aBTOMOOLIIB MakcHMallbHa Bara OyIb-SKOTO TOBapy He
TOBUHEH IMEPEeBHIIYBaTH JIOMYCTUMHUI IOKa3HMK Baru
OJIHOTO TOBapy IILOTO aBTOMOOIIS.

5. Jlmg  KOXHOTO  3aMOBJIEHHS  KOXHOTO 3
aBTOMOOLTIB MaKCUMalbHa JOBXHHA OYIb-SIKOTO TOBAapy
HE TIOBMHHA IIEPEBHINYBATH JONMYCTHMHH MOKa3HUK
JIOBXXHHH OJTHOTO TOBApy L[LOT'0 aBTOMOO1IIS.

6. JIns KOXKHOTO aBTOMOOLNS pO3paxoBaHW dYac
JIOCTaBKH  OCTaHHBOTO  3aMOBJICHHS HE  IIOBHHHO
MIEpEeBHIIYBaTH BCTAHOBJIEHMH dYac poOOTH JaHOTO
Kyp'epa.

7. Jng  KOXHOTO  3aMOBJICHHS  KOXHOTO 3
aBTOMOOLTIB PO3paxOBaHUN Yac JAOCTABKH 3aMOBJICHHS
MOBUHEH 3HAXOIUTHCS B MeXax IHTepBaly uacy
JIOCTaBKH, BCTAHOBIICHOTO JIJIsI 1{bOT'O 3aMOBJICHHSI.

[locTaHoBKM 3aBAaHHA MOXYTh OyTH oIHUcaHi
TaKUMH CIIOCO0aMH B 3aJIEKHOCTI BiJ 3aCTOCOBYBAHOTO
KPHUTEPilo onTuMi3amii:

1. HaiiMmeHmmii 9ac JOCTaBKH YCiX 3aMOBIICHb
diSi(mi)))

Vi

2. HaliMeHI1a KiBKICTh Kyp'epiB, BUKOPHUCTaHUX JIS
JIOCTaBK{ 3aMOBJICHb

isListEmpty(M;) = {

K(Pp) = g%(Tis +

1! |M1| = ¢
0,y pewTi BUnnaZKiB

AnroputmMu nokansHOoro momyky (Local Search
Algorithms) momnsraioTe y BHIAAKOBIM iHimiamizamii
MIOYaTKOBOTO PIMIEHHA 1 IIOCTYHOBOTO MEPETBOPEHHS
JTaHOTO pimeHHs y Bce Oinpmn i Oinpmr ontumansHe. Ha
KO)KHOMY LMKl BUKOHAHHS anropuTMy Oeperbcs
MOTOYHE PpIMEHHS 1 pO3MIAAAETbesl Halip CcycimHix
piwens (pimenHs B okonuui, neighborhood solutions), B
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SIKI TIOTOYHE pIlIeHHS MoXke OyTH TIepeBeleHO 3a
JIOTIOMOTOI0 OJTHOTO €JIEMEHTAapHOTO 3MiHM (pyX, move). 3
pyxiB BHOHMpaeThCS HAWOLMBII ONTHMAIbHHUN (IO MJae
MakCHMallbHe 3HA4eHHSA OLIHOYHOI  (QYHKIii, M0
BiANOBimae  oOOpaHOMY  KpHUTEpilo  onTuMiszamii -
MIiHIMQJIbHUA dYac [JOCTaBKH 3aMOBJIEHb, MiHIMaJIbHE
YHUCIIO 3aJisIHNX TPaHCHOPTHUX 3aco0iB, MiHIMaJbHE
MIOKPHUTE BIICTaHb). SIKIIO BOHO 33JI0BOJIBHSIE KPUTEPIAM
(e mpuitHATHMM, acceptable), BIaCTUBUM KOHKPETHOMY
ITOPUTMY JIOKaJIbHOI ONTHMI3aLlil, TO IIOTOYHE PillIEHHS
3aMIHIOETHCS Ha BOpaHHS ONTHMAJIbHE 3 OKOJNHUII (KPOK,
step) 1 UK BUKOHAHHS alTOPUTMY 3aIyCKAa€ThCsl 3aHOBO
JUTSL HOBOTO PillIeHHS.

JlokanpHI aNTOPUTMH MAIOTh 3aralbHUN BUIILIL,
onuMcaHuH B cxeMi 1.

Input: Cost() - function, determining cost of the solution, which algorithm is trying to maximize
Output: solution X,

1. function LocalSearch(Cost())

2. Xpes « randomly create initial solution;

3. while not terminated do

4 neighbors « choose Neighborhood solutions;
5: X ¢ choose solution with the best Cost() from neighbors;
6: if (Cost(X,,) is acceptable comparing to Cost(Xyes ))
7 Xhest < Xcur;
8: else

9: TRt Xpese s
10: end if
11:  end while
12: end function

Cxema 1. Local Search Algorithm

Scheme 1. Local Search Algorithm

s iHimamizanii MIEPBUHHOTO pilueHHs
BUKOPHCTOBYEThCSl €BpUCTHYHUI anroput™ First Fit
(momryk  mepmioro  MmigXOAAMIOr0), MO TMOJNATaE B
MIOCTYIIOBOMY pO3MOJUII BCIX HAasBHUX 3aMOBJIEHb 32
MapIIpyTHUMH JINCTAMU TaK, 100 MiHIMI3yBaTH 0OpaHH
JUISL OCHOBHOTO AJTOPUTMY MOUIYKY pIilICHHS KpUTEpid
onTuMizarii

Hill Climbing Algorithm (Simple Local Search
Algorithm) € JloOKaJbHUM ONTHMI3AI[IfHUX aNTOPUTMOM
MakcuMmi3aliii oriHao1 QyHkiii. Jlanuii anropurm oepe Bei
KPOKH 3 NOTOYHOT OKOJIHIII, BUOUPAE 3 HUX ONTHMAIIbHUN
BapiaHT.

IceBmOKO ANTOPUTMY HABEICHO B CXeMi 2.

Input: Cost() - function, determining cost of the solution, which algorithm is trying to maximize
Output: solution Xy,
1: function HillClimbing(Cost)
2. Xpest < randomly create initial solution;
3 whiletrue do
4 neighbors « GetAllNeighborSolutions( Xpest);
5 X select solution with highest cost from neighbors ;
6: if (Cost(X ) = Cost(Xyet))
7 Kbest < Keur
8 else
9: return Xpeq;
10: end if
11 end while
12: end function
Cxema 2. Hill Climbing Algorithm

Scheme 2. Hill Climbing Algorithm

Tabu Search (metom Taby-momyky) Tak camo, SK i
Hill Climbing Algorithm, mrykae ontumanbHe 3HaYSHHS
OI[IHOYHOI (YHKIIT Ha BCiX PIMIEHHAX 3 OKOJUII
IIOTOYHOTO, ale BHKIIOYAE 3 HHUX Ti, PyXy IO SKHX

3a4iMaloTh 00'€EKTH, MO0 MICTATHCS B TaOy-crucky. Taly-
CITUCOK SIBIISIE COOO0F0 Habip 00'€KTIB, IO HE MAIOTh MPABO
MPOTATOM MEBHOTO Yacy Micysl MONafaHHs B Ta0y-CITUCOK
Opatu y4acTe B pyci. Y CHHCOK O0'€KTH MOTPAaIUIIIOTH
miciss BUOOPY BiANOBITHOTO KPOKY, IO 3adimae iX, Ha
MOTOYHOMY IHKJIi BUKOHAHHS aJITOPUTMY.

[IceBnokon anroputMy HaBeAEHO B cxeMi 3.

Input: Cost() - function, determining cost of the solution, which algorithm is trying to maximize;
tabuSize — number of elements in tabu list.
Output: solution Xjes
1: function HillClimbing(Cost, tabuSize)
2. Xje < randomly create initial solution;

3 tabulist < {};

3. whiletrue do

4: neighbors « GetAllNeighborSolutions( Xyes );

5: notTabuedNeighbors « neighbors \ tabuList ;

6: X ¢ select solution with highest cost fromnotTabuedNeighbors ;

7 if (Cost(Xeyr) = Cost(Xpest )

8 Xbext A Xcur;

9: tabulist « tabulList \ tabuList[size(tabuList) — tabuSize];
10: tabuList « tabulist U X,

11 else

12: return Xy,
13: end if

14: end while

15: end function

Cxema 3. Tabu Search.
Scheme 3. Tabu Search.

Ha BigMiHy Bim [ABOX TMOTMEPEIHIX AalTOPUTMIB,
Simulated Annealing posrisigae He BCi pyxd B OKOJIHIII,
II0 3HAYHO Ii/BUIY€ MIBUAKICTh BHUKOHAHHA IBOTO
anroput™y. llepernmsx pyxiB  NepepuUBAETbCS  NpHU
3HaXO/DKCHHI TMEPHIOro MiIXOISIIOr0 pyXy, sSKe i CTae
ONTHMAIBFHUM KPOKOM Ha IIbOMY IHKJI. PyX BBa)kaeThbcs
NPUIATHAM, SIKIIO BiH NPU3BOJUTH 10 BUPIIICHHS, 10 HE
3MEHIIIYE 3HAYCHHS OI[IHOYHOT (PYHKIMT 1010 MOTOYHOIO
pilieHHsi, a00 X 3MEHIIYE, alle MPOXOJUTh BHIIAJIKOBY
HepeBIpKYy.

Late Acceptance Hill Climbing Algorithm Tak camo,
sk 1 Simulated Annealing, po3rismae TiNBKH YacTHHY
pyxiB B okoymii. Pyx moxe OyTu BHOpaHO SK KPOK Y
BUIIAJIKY, SIKIIO BOHO MPU3BOJUTH /10 BUPILIEHHS, IO HE
3MEHIIIye 3HAYCHHS OLIHOYHOI (YHKIIi IJIsI MOTOYHOTO
ONTUMAIIFHOTO pillleHHs, a00 > JO0 BUPIOICHHA 3 HE
MEHIIMM 3HA4EeHHSM PpaxyHKH, HIX y ONTHMAJIBHOTO
PpIlLIEHHS IEBHOTO YKCIIA IIMKJIIB Ha3a/l.

Step  Counting  Hill  Climbing  Algorithm
Bigpi3userbcss Bing Late Acceptance Hill Climbing
Algorithm THM, 10 3aMiCTh MOPIBHIOBaHHS MOKJIMBHX
PYXIB 3 paxyHKOM ONTHMAJIbHOTO PIILICHHS IIEBHE YUCIIO
[UKITIB Ha3aJ JaHWHA aJropuTM 30epirae OIHYy IOPOTOBY
OIIHKY TMPOTATOM JCKITPKOX IMKIIB, BHOUPAIOYH
HACTYITHI pyXy TUIBKM B TOMY BHIIAJKYy, SIKIIO BOHH HE
3HWKYIOTh JJaHWH TOPIr.

OnwucaHuil gani TeHeTUYHUH alrOpUTM OINTHMI3amii
BIZIPI3HSETbCS BiJ TONEPEIHIX alrOPUTMIB THM, IO €
rJ100aTbHUM, a HE JIOKaJTHbHUM aJlTOPUTMOM OIITHUMI3allii.

ITopiBHSIHHS pe3ynbTaTiB 3aCTOCYBAHHS
peanizoBaHMX anTOpUTMiB Ui BupimeHHs VRP-3amau,
MOe OyTH OIMCaHO HACTYITHUM YHHOM:

1) Hill Climbing Algorithm

AJNTOPUTM TIOKa3aB HaMOITBII MIBHAKE OTPHMAaHHSI
pe3ysbTaTy cepeji IHIIMX AITOPUTMIB, ajle pe3yibTaTH
BUIIUIM TIpIIMMH 32 SIKICTIO Yepe3 He3JaTHICTh
ITOPUTMY O0XOJIUTH JIOKAJIbHI MAKCUMYMH.
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2) Tabu Search - Simulated Annealing - Late
Acceptance Hill Climbing Algorithm - Step Counting Hill
Climbing Algorithm

PesynpraT  TecTyBaHHA ~ JaHUX  AJITOPHTMIB
o0'emHaHI dYepe3 CXOXICTh iX poOOTH, TaKk SK BCE €
JIOKaJIbHIMH aJTOPUTMaMH ONITHMi3alii, 30cepelKeHNMHI
Ha BWpINIEHHI TPOOJEMH YHUKHEHHS JIOKaJbHUX
MakCUMyMIB 1 TOIIYKy [IOOAJbHOTO MaKCUMyMY
3HAUEHHs OLIHOYHOI (yHKIii. Yepe3 N0AaTKOBUX YMOB
BHOOpY 4YEproBOrO pIllIEHHS B SKOCTI ONTHUMAaIBHOTO HA
KOX)KHOMY LUK aJrOPUTMHU MpAaIfoBajiK JOBILNE, HIX
MIPOCTHH AJITOPUTM JIOKAJBHOTO IOUIYKY, a W OTpUMaHi
pe3ynbTaTH  BHSIBIUTMCS —Habarato e(eKTHUBHIIE 3a
3HaYCHHAMH omiHOuHOi ¢yHKmii. Kpami pesynpraté 3a
3HaYCHHSAM  OIiHOYHOI  QyHKHii Oynmm  ToKasaHi
anroputMoM Simulated Annealing (ane UM anropuTMOM
moTpiOHO OlipIIe iTepamii Iy 3HAXOIDKCHHS pPIlICHHS,
o0 BHpaXAJOCS B OUIBIIA TpUBAIOCTI POOOTH),
pe3yNbTaTh K IHIIMX TPbOX aJrOPUTMIB HE CHIIBHO
BIIPI3HSUTUCS OJMUH Bil OJHOTO IO EQEKTHUBHOCTI 1
LIBUKOCTI IPH MOBTOPHUX 3aIlyCKaxX Ha OJHMX 1 THX K€
JaHUX.

3) Genetic Algorithm.

PesynpTaTH 3aCTOCYBaHHS T'€HETHYHOTO aJITOPUTMY
ONTUMI3aIil BUSBIIUCS TIPIINMH PE3yIbTaTIB BCIX 1HIITNX
amroputMmiB, 3a BuHATKOM Hill Climbing Algorithm.
BimOunocs me Ha OLTBmIi Wacy MOMIYKY pIIICHHA, IO
MTOSICHIOEThCS HEOOXITHICTIO OIIHIOBATH 1 IEPEBIPATH Ha
KO>KHOMY IHKJIi 3MiHH TOITYJIAII] BETUKE YUCIIO PillleHb.

st HanucaHHS mporpamu OyjiM BUKOPHCTaHI MOBH
PHP, JavaScript i moBy po3mitku HTML. Bubip
oOrpyHTOBaHMI crenudiko IaHUX MOB, CHPSIMOBAHOI
Ha CTBOpEeHHs Web-monatkiB, mo Oya0 OCHOBHOIO
BUMOTOI0 0 CTBOPEHHIO iHTepdeiicy momarky. Takox
BaXIJIUBY POJIb 3irpanu peaiizailii API 30BHIIIHIX CUCTEM,
3 SKAMH JOJAaTKOM IIOTPiOHO TMpalloBaTH, a came
GoogleMaps i1 reoxomep Google, MarTh peami3aliro
SKpa3 JUTS BHLICONHCAHUX MOB.

Jnst HaMcaHHS IPOrpaMy BUKOpUCTOBYBanucs php-
6i6moTekn "curl" i "SimpleXML", mo 3a6e3mnedyroTh
pobdory 3 HTTP-3ammramm i1 xml-popmaTtom maHmX
BignoBigHo. HTTP-3amuTi BHUKOPHCTOBYBAIHMCS IS
pobotn 3 Meromamu Bigomoro API, a xml-dopmar
BHKOPHCTOBYBaBCs Juist pobotu 3 Excel-nokymenTamu.

Mopens cipoeKTOBaHOI 0a3u TaHUX

Contragent Ordes

Couner

d_contragent id_order

id_courier

id_consagent(FK) B 1 name
d, FK) time_s
tme_f

number_orders

| Ao

[ |id_auo Capaciy stais

" .
00K Ocer max_weight d_capacty

1d_good (FK | sum_weight |
prp b b rrlsgatiy '411&_
I sum_leagth

speed

id_capacty (FK)

use

_| id_warehouse

name
wight
lengt
d_warehouse (FK)

CepeoBHIIIEM PO3TOpPTaHHS JaHOI Mojeli cTtaB MS
SQL Server 2014 poky, S[KHH BHKOPHUCTOBYETHCS
KOMIIaHI€I0-3aMOBHUKOM B CHJIy CBO€l IIPOCTOTH B

0o0CnTyroByBaHHi 1 WIATPUMIIN, & TaKOX JIETKOCTi
PO3rOpPTaHHS 1 MAaCIITA0OBAHOCTI.

SIK mpuKIax, PO3IIITHEMO OIMH 3 «IPOOJIEMHHX»
mHIB 3 35 KoHTpareHTamu (BKIIOYAaOuM  (QipMmy-
MocTadaibHUKa). AHaTi30BaHUH JeHB OyB MPOOJIEMHAM
I KOMIIaHil, OCKIJIbKM KOMIIaHis 3a3HaBajia 30HUTKIB 3
BUHU OJTHOTO 3 BOJIiB B po3Mipi 5430 rpHBCHB.

Konrparentn, y naHoMy BHUIaaKy 1e QipMoBi
Mara3uHHU, TOProBi MEPEXi Ta peCTOPaHH.

Bomiit, He BCTUTHYBIIM JO TOKyNIs, OyB
omrtpadoBaHUi TOBEPHEHHSIM NPOAYKIII B TIOBHOMY
po3mipi. Kommanis  Hamaramacs  3poOuTH  JaHe
3aMOBJICHHSI MIPIOPUTETHUM, IO TPU3BEJIO IO 3aIli3HEHBb
[0 HACTYITHUM IOKYIIISIM B EHTPi MicTa. TakuM 4HHOM,
¢ipma Mae Taki mpobiemu, siki OymyTh BHpimIEHI B XOIi
MIPOBEICHOTO TOCIiIPKEHHS:

a) @opmMyBaHHS MOCTIIOBHOCTI OOCITyrOBYBaHHS
TTOKYTIIIIB;

06) CxopoueHHs BTpaT  TNPOAYKIil, 5K B
JTOCTIIKYBaHi# 3asBIli, TaK i B P/ 1HIITHX;

B) OnTuMasbHUI pO3MOIiIT 3aBaHTaXEHOCT] BOJIITB.

MpPOHATUH; EN J LUnAXTMHLL

MiIBHIYHWA
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Puc. 2. TTogyaTkoBHii MapmIpyT.
Fig. 2. Hiking route.
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Puc. 2. OntuMizoBaHui MapIpyT.
Fig. 2. Optimization Route.
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Tadauusa 1. MapripyT qoCcTaBKH TOBapy KOHTPAreHTaM Io MiCTy .
Table 1. Route of delivery of goods to counterparties by city.

Ne | KonTparesnt Iouatok | Kimeup | IIpuOyrrst | BimOyrrst | PosBantakenus | [Ipoctiit | 3ami3HeHHS
TOB

1 «TepHOMINBCHKIIA | - - 11:00 11:00 - - -
M’SICOKOMOIHAT»

o | Miuepix 11:00 11:30 | 11:12 11:19 00:07 - -
«D1aMIHTO»

3 | Pipmosni 11:00 12:00 | 11:25 11:28 00:03 - -
marasuH Nel

4 Crynis m’sica Nel | 11:00 12:00 11:37 11:45 00:08 - -

5 | Pecropan 12:30 13:00 | 12:20 12:33 00:03 - 00:17
«XyTOpPOK»

g | Dipmosni 11:00 19:00 | 13:03 13:09 00:06 - -
marasuH Ne2

7 | Dpmosui 12:30 1330 |1311  [13:14 | 00:03 . .
marasu Ne3

g | Pipvosnil 12:00 [13:30 | 13:19 13:28 | 00:09 - -
marasu Ned

9 Crynig M’sica Nel | 13:00 14:00 13:34 13:39 00:05 - -

10 | TH «Opion» 11:00 14:00 13:48 13:51 00:03 - -

11 | NOVUS 14:00 15:00 13:55 14:05 00:05 - 00:08

1 | Pectopan | 13:30 [ 15:30 | 14:08 14:15 | 00:07 i i

3axiaHui

13 | Crymis m’sica Ne2 | 13:30 17:30 14:20 14:28 00:08 - -

14 | Crymis m’sica Ne3 | 14:00 20:00 14:35 14:43 00:08 - -

15 | Crymis m’sica Ne4 | 13:30 18:30 14:47 14:50 00:03 - -

16 | T «ITomonstHm» 15:00 16:00 14:57 15:07 00:07 00:03 -

17 | TOB «EBepect» 14:00 17:00 15:11 15:18 00:07 - -

18 | T IliBHiynui 13:00 18:00 15:30 15:35 00:05 - -

19 |TOB  «Kuyd gy 1900 | 1650 | 1654 | 00:04 . .
M’sicay

20 | Crynis M’sica Ne5 | 12:00 18:00 17:06 17:11 00:05 - -

21 | Kade «Cxissaka» | 15:00 19:00 17:15 17:24 00:07 - -

BucHoBknu ¢byHKLiT; BunagkoBuii BUOip Habopy map iHIMBIIYYMIB 3

1. TeHeTwuHMH anNrOPUTM pPO3BUBAE IOKOJIHHA
(Habip) IHAWBIOYMIB, TMPENCTABICHUX y  BHUIVIAII
XPOMOCOM, CTBOPIOIOYH HOBI TIOKOJIIHHS HAIIaIKiB 3a
JIOTTIOMOTOI0 BHECEHHS 3MiH B JaHi, 10 TUX Iip, MOKH HE
OynyTh  JIOCATHYTI ~ TNEBHI  Kpurepil  mapaMmeTpiB
3aBepuleHHs airoput™my. Jlo Takux KpurepiiB B
OINHMCYBaHIl pealtizalii aJropuTMy BiJIHOCUTBCS 3HAYESHHS
MaKCHMaJIbHOTO 4unciia TOoKoJiHb. [lo 3aBepmieHHIO
BUKOHAHHS ANTOPUTMY, HalKpamia BupoOIeHa
XpoMocOMa B IIOKOJIIHHI  pO3MWHUQPOBYETbCA 1
BUOUPAETHCS B IKOCTI IIYKAaHOTO PillICHHS.

2. Jlna BupimenHs 3aBpaHHs VRP 3a nomomororo
TEHETHYHOTO aJrOpuTMy onrTuMmizanii Oyma oOpana
MOJeNb TPEACTAaBICHHA KOXHOTO IHAWBiAyymMa B
MOKOJiHHI (II0 O3HAa4ae OJHE pIIIeHHS) TIABKU OIHi€l
XpOMOCOMOIO, JIe KOXXHa XpOMOCOMa BUIIISZAE SIK
JIAHITIOKOK ~ 3aMOBJICHb 1  TPaHCMOPTHUX  3aco0iB.
TpancnopTHi 3acobu €  pO3AUTbHUKaMH  MIX
MapUIPYTHUMH JIUCTAMH, a 3aMOBIICHHS, DPO3TAIIOBaHI
mcias  TakMX ~ PO3JUIBHMKIB,  TOKa3ylOTh  CBOIO
TIPUHAJIEKHICTH JI0 IEBHOTO MapIIPYTY.

3. CTBOpEeHHSI HOBOTO MOKOJIIHHS BKJIIOYaE B ceOe
TPH CTAJIl: CENEKIis YaCTHHU 1HIUBIAYYMIB 3 IIOTOYHOTO
MIOKOJIIHHA 3 HaWKpamM{ ITOKa3HUKaMH OIIIHOYHOI

MOTOYHOTO TIOKONIHHS 1 peKoMOiHaIlisl TeHiB B
XpoMocoMax (oreparliss KpOCHHTOBepy) 0OpaHUX OaThKiB
BCEpE/IMHI Mapy JUI OTPUMAHHS ABOX HAaIlaJKiB; MyTaIlis
reHIB Ham@aakiB aus  30UIbLIeHHS jauBepcudikarii
IHAMBIYYyMiB (pillIeHb).

4. Onmcani craii CTBOPIOIOTH 31 CTAPOTO MOKOJIIHHS
HOBE, 3 OJHOrO OOKy 30epirarou SKiCTh Y BHIJISIII
HabOpy KpauMx XpoMOCOM, a 3 IHIIOrO - J0Aal4u
OTIepaIi€l0 KPOCHHTOBEPY 1 MyTalli€ro quBepcrudikaiiro B
HaOip pilleHs HOBOTO MOKOJTiHHS.

5. TIlepmie TOKOJNIHHS BUXOAUTH AaHAJOTIYHO
CTapTOBOMY pIIIEHHSM JUIs ITOPUTMIB JIOKQJIBHOTO
TMIOIIYKY, ONMCAHUX paHille, 32 JONOMOTOK EBPUCTHUKHU
First Fit, sixy 3ammyckae neBHy KiJIbKICTB pa3iB JUIsl CIIUCKIB
3aMOBJIEHb B PI3HUX. TOCHIIOBHOCTAX. [lceBmokon
aJTOPUTMY HaBEIIEHO B TOJATKY 3.

6. B pesynabraTi IIPOBENEHOTO
KOMIIaHisl BUPIIIHJIA TaKi MUTaHHS:

a) ¢opMyBaHHsS TOCIITOBHOCTI
MOKYTIIIiB,;

0) CKOpOYeHHs BTpaT  TNPOAYKIii, K B
JIOCTIKYBaHI# 3asBIli, TaK i B S/ 1HIITHX;

B) ONTHMAJIBHHUN PO3MOILT 3aBAHTAXXCHOCTI BOJIB.

IOCIHIIHKEHHS

00CITyrOBYBaHHS
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JUTNTAJIM3ALNA B JIOTUCTHUKE 3A CUET
BBEJIEHUE AJITOPUTMA MYPABBUHOI
JIOTUCTUKU
JI. A. Casuenxo

AHHOTaUus. JlMrWTanu3anus 3TO HOBOE IIOHSTHE,
KOTOpOE  [OMaraer TPAHCIOPTHOW  OTpaciu  Ipu
[UIAHUPOBAHUU  MApIIPYTHOW CETH MOBBICUTH X
3 PEeKTUBHOCTH 1 MUHUMH3UPOBATH HETrATHBHOE BIIUSIHUE
Ha OKpyxawomylo cpeay. Kpome Ttoro, udpossie
wiaTGopMbl  CTAHYT  YPE3BBIYAWHO  BaXKHBIMH B
JIOTUCTHYECKOM  OTpaciu, BeIb IO3BOJISAT  MAJbIM
KOMIIAHUSAM  TOJIy4UTh  [NIOOQIBHBIA  JOCTYH U
KOHKYPHPOBaTh C KPYNHBIMA HIrpokamMu. B pamkax
HHAYCTPUH JIOTUCTHKH U IEIMsIX MOCTaBOK HaOJI0maeTCs
MHOXECTBO TIOTEPh U3-3a BEACHUS HEMPOIYKTUBHOU
JIEATEIILHOCTH. BaxxHocTb HU3KUX  3aTpaT  Ha
TPAaHCIIOPTUPOBKY W HX IOCIEAYIOIIee BIHMSIHUE Ha
CTOUMOCTbH JIOCTaBKH TOBapOB MHOTOKPATHO
YBEJIIMYMBAIOT  MPOU3BOIUTECIBHOCT W COCPEIKEHUS
KOMITIAHWUY TIpH WHTerpanuu perreHus VRP, tem cambiM
HCKOPEHSISI BCE COMHCHHSI B aKTYaJIbHOCTH UCCIICIOBAHHUS
VRP.

KiarueBble ¢J10Ba: JIOTHCTHKA, JMTHATAIU3aLIMH,
TPAHCIOPTHBIN MPOIECC, HHPOPMALMOHHBIC TEXHOJIOTHH,
MypaBbHHAs JIOTUCTHKA.

DIGITALIZATIONS IN LOGISTICS BY
INTRODUCTION OF MURALOG LOGISTICS
ALGORITHM
L. A. Savchenko

Abstract. Digitization is a new concept that has
helped the transport industry in planning its route network
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to increase their efficiency and minimize the
environmental impact. In addition, digital platforms will
become extremely important in the logistics industry,
allowing small businesses to gain global access and
compete with big players. Within the logistics industry
and the supply chain, there are many losses due to
unproductive  activities. The importance of low
transportation costs and their subsequent impact on the
cost of delivering goods repeatedly increases the
productivity and cost savings of a company when
integrating a VRP solution, thus eliminating any doubts
about the relevance of the VRP study.

Key words: logistics, digitalization, transport
process, information technologies, ant logistics.
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AHoTanis. Po3po0iieHo ekcriepruMeHTanbHe 00ai-
HaHHS JUIS TPOBEACHHS AOCIIHKEHb TEJIICCKOMIYHUX T'BH-
HTOBHUX TPaHCIIOPTEPIB, 3 JOMOMOTOI0 SKOTO IPOBEICHO
JOCII/DKCHHSI JJAHOTO KOHBEEpa 3TiTHO PO3pPOOICHUX
MeTonuK. [l BH3HAueHHs BIUIMBY KOHCTPYKTHBHHX 1
KiHEeMaTHYHHUX HapaMeTpiB TENECKOMIYHOI0 I'BHHTOBOTO
TpaHCIOpTepa Ha BUTPATH MOTY)KHOCTI Ha MPHUBOJI IIIHE-
Ka MiJ 4Yac TPaHCIOPTYBaHHS KyKypy/I3H, MIIEHUII Ta
KOMOIKOpMY MpPOBEJICHO MOBHO(MAKTOPHI €KCHEPUMEHTH.
Byno BH3HaueHO BeNMYMHY BUTpAT MOTY>KHOCTI Ha IpH-
BOJII IIHEKa TEJIECKOIIYHOTO I'BHHTOBOTO TpaHCHOpTEpa
BiJl 3MiHHU TPHOX OCHOBHHUX (DaKTOPiB: YaCTOTH OOCpTaHHS
IIIHEKa, JIOBKMHM BHIOBXKEHHS ITHEKAa Ta KyTa HAXMILy
TpaHcriopTepa. BuBeneHo piBHSHHA perpecii BUTpaT Io-
TY>KHOCTI 3aJIS)KHO BiJl 3MiHH 9acTOTH OOCpTaHHS IITHEKa,
JIOB)KMHH BHJOBXKEHHS IITHEKa, KyTa HAXWIy TPaHCIIOpTe-
pa. PesynpTatu excrnepuMeHTaNbHHUX JOCHIHKEHb BEJH-
YMHU BUTPAT NOTY)KHOCTI IPU MEPEBAHTAXKEHHI TEJIECKO-
MYHUM TBUHTOBHM TPAHCHOPTEPOM IOKa3alH, 10 OCHO-
BHUMH (haKTOpamH, sIKi BIUIMBAIOTh Ha 301JIBLICHHS KPYT-
HOTO MOMCHTY Ha MPUBO/II, € YaCTOTa OOCPTAHHS IIIHEKA 1
JIOB’)KMHA HOro BHJIOBXKEHHS, a TaKOXK KOMOIHAIis IUX
(daxTopis.

Karu4oBi cioBa: TenecKonivHNi TBUHTOBHI KOHBE-
€p, TPAaHCIOPTEpP, LIHEK, MOTYXKHICTh, 00EpTaHHS, KPYT-
HHUH MOMEHT, TPAaHCIIOPTYBaHHS.

ITocTaHoBKa MpodIeMHu

I'BHHTOBI TpPaHCIIOPTHO-TEXHOJIOTIYHI CHCTEMH BH-
KOPHUCTOBYIOTHCS Y PI3HUX raly3sX HApOJHOTO rocHoaap-
CTBa JUIS TPAHCIOPTYBAHHS, 3MIIIyBaHHS 1 HEOOXiJAHOTO
MIEPETBOPEHHSI  CLILCHKOTOCIIONAPCHKUX,  OYAiBEIbHUX
MarepiaiiB, Xap4oBUX Ta ()apMaleBTHYHUX IPOJYKTIB,
MeTaneBoi CTPYKkH Tomo. OcoOIMBO MIMPOKO iX BUKO-
PHCTOBYIOTh y SIKOCTI €JIEMEHTIB CIJIbCHKOTOCIIOAPCHKUX
MalllMH 1 MEXaHi3MiB NpHU INepeBaHTaKeHHI CLILCHKOTOC-
MOJJApPCHKUX BaHTaXIB B IONBOBUX yMoBax. IIpore i
TPaHCTIOPTEPH Yy CKJalli yHIBEpCaJbHUX arperartiB s
3aBaHTAKEHHS CiBaJNOK, OyHKepax-TepeBaHTaXyBadax Ta
3epHO30MpaAIbLHUX KOMOaliHaX BUKOHYIOTBCS, SIK TIPaBHIIO
CKIIQTHUMH 1 TependavyaroTh PO3KIAJCHHI-CKIAICHHS 3

JOIIOMOTOIO TiZIpO- Y MHEMO- YCTATKyBaHHS, IO POOUTH
X KOHCTPYKIIT HAITO CKJIAQJHUMHU i JOPOTHMH.

ToMy 3 METO0 3/ICIIECBICHHS Ta CIPOIICHHS KOHC-
TPYKLiH, a Takok 3a0e3redeHHsT HeoOXiTHOI TpaeKTopii
MepeBaHTAXKCHHS MaTrepially TBUHTOBUMH TpaHCIIOpTepa-
MU aKTyaJbHUM € IUTaHHS MOLIYKY ITPOTPECUBHUX KOHC-
TPYKLiH TBUHTOBUX KOHBEEPIB i3 crienu(piuHUMHU Xapak-
TepucTukamu. Jlo Takux MexaHi3MiB HaJexaTh TEJIEeCKO-
MiYHI TBUHTOBI TPAHCIIOPTEPH, SKi 3a0e3NeduyroTh Iepe-
BaHTA)KCHHA MaTepialy Ha HEOOXiIHY BiICTaHb TpHU 37e-
IIEBJICHHI Ta CIIPOIICHHI KOHCTPYKIIi, Y HOpPIBHSHHI 3
ICHYIOUHMH aHAJIOTaMH.

AHaJII3 0CTAHHIX J0CJTiIKEeHb

Po3po0sicHHI0O KOHCTPYKIIA CTEHIOBOrO OO0JaHAH-
HS JUI JIOCIIIJDKEHHSI PI3HOMaHITHUX TBHHTOBUX TpPaHC-
noprepiB 11X  JOCHI/PDKEHHIO TIPUCBSYEHI  rmpaiii
Typmaesa A.lL [1], Cucomina B.II. [2], ['puropsesa A.M.
[3], TeBka B.M. [4], Poratuncekoro P.M. [5], I'eBka LB.,
Jlsamryka O.J1. [6, 7], Ta inmux. [IpoTe winmii psg muTaHb,
SKi CTOCYIOTBCSl JIOCHI/DKEHHS IX XapaKTepHUCTHK, TaKHX
SIK TIPOJYKTUBHOCTI Ta MMUTOMHUX CHEPrOBUTPAT B 3aJIEXK-
HOCTI BiJI Pi3HHX MapaMeTpiB, MOTPEOYIOTh CBOTO IOJa-
JBIIOTO BUBYEHHS OCOONMBO AJIsI HOBOCTBOPEHUX KOHC-
TPYKTHBHUX PIllICHb.

Meta gociaigKeHn

MeToro poOOTH € eKCTIepUMEHTAIbHE JOCHiHKEHHS
BEJIMYMHA BHTPAT IMOTYKHOCTI TPU TEpEBaHTAXKCHHI
TEJIECKOMIYHIM TBUHTOBUM TPAHCIIOPTEPOM CLIBCHKOTO-
CHOJAPCHKUX BAaHTAXKIB.

Pe3yabTaTn nociigxeHb

YacTto Ui OTpUMaHHS 3HAYHOI Tpacu IEepeBaHTa-
KCHHS MaTepialliB TBUHTOBHMH TPAaHCIOPTEPAMHU B Cillb-
CHKOTOCITOJIAPCHKIA TEXHIIll NTHEKH BUKOHYIOTH CKJIaJ-
HUMHU (puc. 1) 1 mns JMOCATHEHHS HEOOXiaHOI BincTaHi
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NIePEBAaHTAXKCHHS BOHM PO3KIANAIOTHCA-CKIAIAIOTBEC 3
JOTIOMOTOIO TiIPO YW IHEMO YCTaTKyBaHHSI, IO POOHTH
KOHCTPYKIIi YHiBEpCATBHIX arperaris-
NEepPEeBaHTAXKYBaYiB TPOMICTKUMH Ta yCKJIAJHEHHMH. To-
My BUKOPUCTaHHS INPHHLUITY TEJIECKOIy B TBHHTOBHX
TpaHCIOpTEepax MaTUME IMHUPOKE 3aCTOCYBAHHS B KOHCT-
PYKLISIX PI3HOMaHITHUX CUILCHKOTOCHOAAPCHKO TEXHIKH
OCHAIeHOT TBUHTOBIUMH TPAHCIIOPTEPAMHU.

a) yHiIBepCaJbHUI arperat npy 3aBaHTaXCHHI CiBaj-
KU
a) universal unit when loading the seeder

0) yHiBepcaapbHHI OYHKep-TIepeBaHTaXyBad QipMu
«EGRITECH»
b) universal hopper-reloader of the company
«EGRITECH»

B) YHIBepcaJIbHUH nepeBaHTaxyBad Qipmu «JInma-
Hu MBA»
c) universal reloader of the company «Liliani MBA»

r) 3epHo36upanbHi komOaiinn CASE 8120 AXIAL
FLOW Ta New Holland CR10.90
d) combine harvesters CASE 8120 AXIAL FLOW and
New Holland CR10.90
Puc. 1. KoncTpykuii ciTbcbKOTOCIOAAPCHKOI TEXHi-
KM 3 NIHCKaMH.
Fig. 1. Agricultural machinery designs with screws.

ALTIVAR

0)

Puc. 2. CteHn Ui TOCTIIKEHHST XapaKTePUCTHK Te-
JIECKOIIIYHAX TBUHTOBHX TPAHCIOPTEPIB: a) 3araibHUi
BUTTIAA; 0) KOHCTPYKTHUBHA cxeMa; | - Hepyxoma B OChO-
BOMY HAamlpsIMKy CEeKIisl TBHHTa; 2 - LIHEK HEPyXoMoi B
OCbOBOMY HAmNpsIMKy CeKIil I'BHHTa; 3 - Hepyxoma B
OCbOBOMY HANpsIMKy YacTHHAa KOXyxa; 4 - pyxoma B
OCHOBOMY HaIpsIMKY CEKIlisi TBUHTA; 5 - IIHEK PyXOoMoi B
OCHOBOMY HAIpSIMKY CEKIil 'BUHTA; 6 - pyXoMa B OChO-
BOMY HANpsSMKy YacTHHA KOXyXa; 7 - HampaBsiwoodui; 8§ -
(hikcaTopH HampaBIAIOYNX; 9 - BUBaHTaXXYBaJIbHUHN IaT-
py6ok; 10 - omopa peryitoBaHHS BUCOTH I0Jadi MaTepia-
my; 11 - pama; 12 - pyxommii ctim;, 13 - mkana mepekpu-
BaHHS INHEKIiB; 14 - OyHKep; 15 - emexTpompuBix TpaHC-
noptepa; 16 - macosa nepenaya; 17 - mepeTBOPIOBaY 4acTo-
TH 00EpTaHHS NPUBOLY; 18 - epcoHAIBHMIT KOMII T0Tep.

Fig. 2. Stand to study the characteristics of telescopic
screw conveyors: a) general view; b) structural scheme; 1
- axial motion of the screw section; 2 - a screw axial mo-
tion in the axial direction of the screw section; 3 - part of
the casing is fixed in the axial direction; 4 - axial move-
ment of the screw section; 5 - a screw moving in the axial
direction of the screw section; 6 - a part of the casing
moving in the axial direction; 7 - guides; 8 - catches of
guides; 9 - discharge nozzle; 10 - support for adjusting the
height of the material; 11 - frame; 12 - mobile table; 13 -
Scale of overlapping screws; 14 - bunker; 15 - electric
drive of the conveyor; 16 - belt drive; 17 - converter of
frequency of rotation of the drive; 18 - personal computer
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s mpoBeeHHST eKCIEPUMEHTAIBHUX IOCIIIXKECHb
TEJIECKOTIYHNX TBUHTOBHX TPAHCIOPTEPIB HA OCHOBI
MIPOBEJECHOTO MAaTEHTHOTO TONIYKY Ta aHalli3y HayKOBHX
JTepaTypHUAX IDKEpel i mpoBexeHoro cuHre3y [8] Oyimo
PpO3po0JIeHO 1 3aaTeHTOBAHO PsiA KOHCTPYKIH TBHHTO-
BHX TEJECKOIYHNX KOHBEEPIB, SKi CTAJIM OCHOBOIO JUIS
NIPOCKTYBaHHS Ta BHUIOTOBJIEHHS JOCIIZHOTO CTEHJA
(puc. 2).

IIpu BHKOHaHHI JOCHIKEHb Ha PO3POOICHOMY CTe-
HAI 3aBAsku mporpami PowerSuite MoxHa 3MiHIOBaTH:
TUIABHO 1 Pi3KO 4acToTy obepTaHHs ImHeka Bix 0 mo 1400
00/XB.; KyT Haxwjly TEJICCKONIYHOTO I'BHHTOBOI'O KOHBE-
epa BigHOCHO Topu30HTY Bix 0 mo 90 rpamycis; 3abe3me-
gyBaTH OOepTaHHSI IIHEKa B peBepCHOMY Hampsmi. B
TIpoIieci MpoBeIeHH BUMPOOYBaHb (ikcallis JaHUX Ipo-
BOJAWTHCS 13 Hamepen 3aJaHoI0 YacTOTOI0, i BOHH Bimo-
Opaxatotscs Ha MoHiTopi 1K y BUrmsami Tabnmuaanx ma-
HUX Ta TpadivHAX 3aJIC)KHOCTEH y IPOLIECHTHOMY CIIBBif-
HOIIICHHI 10 HOMIHAJIBbHOT MIOTYXKHOCTI.

B nmocninHiil ycraHOBII 30BHILIHINA JiaMeTp IIHEKa
CTaHOBUTH 97 MM; BHYTPILIHIA AiaMeTp HEPYXOMOIO
narpyoka - 100 mMm; 30BHimHIKA - 107 MM; BHYTpimIHIN
niametp pyxomoro narpydka - 109 mm. Pyxomuii natpy-
00K BHKOHAHO i3 OLMHKOBAHOTO JINCTA, & TOMY BiH MiC-
TUTH 3’ €THIOBAIBHUH IIOB 1 OBAJIbHOCTI Ta HEPIBHOCTI IO
yCiif JOBXWHI, 10 BIUTUBAJIO HA MIBHIKICTh CKPYIYBaHHS
1 PO3KpyYyBaHHS TEJIECKOIIYHOI YACTHHH TBHUHTOBOTO
TpaHCIIopTEpa.

3 I0TIOMOT0I0 BUTOTOBJIEHOTO CTEH/TY MOJKIIUBE J10C-
JIJKEHHS: TPOIIeCYy BUKOYYBAHHS (BUIBHHYYBaHHS) Y-
XOMOI B OCLOBOMY HAamlpsIMKy YaCTHHHM IIHEKa 3 HEPyXO-
MOi; IpoIlecy 3aKO4yBaHHsS (BIBHHYYBaHHS) pyXOMOI B
0CHOBOMY HAIPSIMKY YaCTHHU IIHEKa Ha HEPYXOMY; IpO-
JYKTHBHOCTI TEJIECKOIIYHOTO0 TBUHTOBOTO KOHBEEpA MPHU
TPAHCIIOPTYBAHHI CHUIIKMX BaHTaXIB NpPU Pi3HIM 4acTOTi
oOepTaHHs IIHEKa; BEIWYMHU KPYTHOTO MOMEHTY IpH
MepeBaHTAKCHHI CHUIIKMX BaHTaXIB NpPU Pi3HIA YacTOTi
oOepTaHHS IIHEKa; BUTPAT MOTY>KHOCTI TIPH TPAHCHOPTY-
BaHHI CHIIKMX BaHTaXIB TpPHU Pi3HIA 4acTOTi 0OepTaHHS
IITHEeKa.

[l BU3Ha4YCHHS BIUIMBY KOHCTPYKTHBHEX 1 KiHEMa-
TUYHUMX NApamMeTpiB (He3anexkHux GakTopis x ) Tenecko-

MIIYHOTO TBMHTOBOTO TPAHCIOPTEpa HA MOTYXXHICTh MpH-
BOJly IITHEKa I1iJ Yyac TPaHCIOPTYBAHHS KYKYpYI3H, IIIIe-
HUII Ta KOMOiKOpMy (mapamerp onrtuMisarii T) mpoBese-
HO MOBHO(AKTOPHI EKCIIEPUMEHTH, TOOTO BH3HAYCHHS
BUTpAT MOTY)XHOCTI Ha NPHUBOJII IIHEKA TEJIECKOIIYHOTO
TBUHTOBOTO TpaHCHOpPTEpa BiA 3MiHH TPhOX OCHOBHHX
(axTopiB: yacToTH oOepTaHHS IIHEKa N, JOBXHHU BH-
JIOBKeHHs [IHeKa | Ta KyTa Haxuiy TpaHcmopTtepa ), T00-
10 N=f(Ny,l,p).

OOpoOieHHss OTpUMaHMX EKCIEePUMEHTAJIbHUX Jia-
HUX TIPOBEJCHO 3 BUKOPHCTAHHSIM 3arajbHOBIIOMHUX
METOJIUK perpeciiHoro anamizy. Jjis oTpuMmaHHS pe-
rpeciiiHX Mopesel mapaMeTpiB OoNTHMi3allii, BHOMpaIn
BiJNIOBITHUI TUIaH MMOBHO()AKTOPHOT'O EKCTIEPHUMEHTY.

OYHKIIIO BiATYKY, TOOTO BEIMYMHH BHTPAT MOTYXK-
nocti Ha mpuBoai mmueka N=f(n,,l,y), BusHaueny ekcre-
PUMEHTAIBHUM MIISIXOM, MPEJCTaBICHO Y BUIIIAI MaTe-
MaTU4HOi MOJEJIi IOBHOTO KBaJPAaTHYHOIO IOJIIHOMA.
PesynbraTn KomyBaHHS (akTOpiB Ta PiBHI iX BapitoBaHHS
HaBeJICHO y Tao. 1.

[ToOymoBy naHOi TaOMMII MPOBEICHO HACTYITHUM

yuHOM. Bximuumu 3MinanMu ¢paxropamu IIOE 3° mpwuii-
HSATO:

- 9acToTa OOepTaHHA IITHEeKa Ny, Ky KOTyBajH iHIe-
KCOM X1;

- JIOBXMHA BHIOBXKCHHS ITHEKa |, Ky KoayBamu iH-
JIEKCOM X2;

- KyT HaxXwully TpaHCIOpTepa y, SKUi KOJyBalH iHJe-
KCOM X3.

[Ticns koxyBaHHS BXiTHUX (HaKTOPIB CKIIAAIH IIJIaH-
MAaTpHIll TOBHOTO (haKTOPHOTO eKcrepuMeHTy tuiy [IDE
3% juIs 3arajgpHOI KNBKOCTI JTOCIIIIB N, = PX, ne P —

KIJIbKICTh PIBHIB BapilOBaHHS, K — KUIBKICTh BXIJHHX
(akTOpiB Y EKCIIEPUMEHTI.

Taoauus 1. PesyneraTn KomyBaHHs (pakTopiB Ta pi-
BHI IX BapilOBaHHS IIPH AOCIiIPKEHHI BUTPAT IOTYXHOCTI
Ha TPUBOJI ITHEKAa TEJECKOIIYHOTO TBHHTOBOTO TpPaHC-
rnoprepa.

Table 1. The results of coding factors and the level
of their variation in the study of power consumption on
the screw drive of a telescopic screw conveyor.

ITo3na- Iu- PiBHi Bapito-
daxropn YEHHS TepB. BaHHs,
Ha- | Kom. | Bapi- Ha-
TYyp. IOB. Typ.(KoJ0BaHi)
0 50
Yacrora 00e- o 700 | O | 300
PTaHHSI [IHEKa 00/ | Xq 200 +1) | 0] (-1
XB
)
JloBxnHa L,
161 |47 | 1,33
BUIOBKCHHS ILm | X5 0,14 +1) | © | 1)
[IHEKa )
25
Kyt nHaxumy 4 45 5
TpaHcropTepa ri a | X3 20 (+1) ()0 (-1)

Butpaty noty>KHOCTI 3aMipsuTi 3a JIOTIOMOTOIO TIPH-
CTpOIB 1 croco0iB, onucaHux Buine. J[Jas KOKHOTO 3 He-
3MIHHHX (DaKTOPIB EKCIIEPUMEHT ITPOBOAMBCS HE MEHIIe 3
pasiB, Micis 4Oro BH3HAYAJOCS CEPEIHE 3HAYCHHS pe-
3yJbTaTy, SKE& BHKOPHUCTOBYBAIOCH [UIsl MOAANIBIIOTO
CTaTUCTUYHOTO OOPOOJICHHS Pe3ybTaTiB €KCIIEPUMEHTY.

BuBeneni piBHAHHS perpecii BUTpAT MOTYKHOCTI 3a-
JISKHO BiJl 3MIHHM 9acTOTH OOEpTaHHS ITHEKa N, JTOBXKH-
HH BUJIOBXKCHHS IIHEKa |, KyTa Haxmiy TpaHcHopTepa 7,
T00TO N ts) = f(n,.l,y) 3a pesynpraTamu mnpose-

nenux [IOE 3® y ko0BaHUX BEJIMYMHAX MAKOTh HACTYII-
HUN BUTTISI:

- /1 9ac TPaHCIIOPTYBAHHS KyKYPY/I3H:
No 1) =—2,22:107%-4,94-10"n,, - 2,76-107%1 +9,25-10"*y +
+9,29.107*n, | +1,58-10°n,y +9,25-107n? +3,37-10721> ~1,83-10°y%;

(1)

Ly

- IMiJ] Yac TPAHCHOPTYBAHHS MIIEHHIII:
N, 1) =—213:10%-5,09-10*n,, —2,85-10°1+9,38-10"*y +
+9,64-107*n,1 +1,65-10°n, 7 +9,75-107"nZ +3,52-10 21 —1,93-10°y%;
)
- IMiJ] Yac TPaHCHIOPTYBaHHSA KOMOIKOPMY:
Neo, 1, =—2,68-107-4,18-10*n,, —2,06-1071 +8,25-10 "y +

n,.ly
+8,21-107*n, 1 +1,4-10°n, » +8,25-107"n? +3,01-10 21> -1,65-10 %

3)
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Puc. 3. TloBepxHst BiAryky (a, B, 1) Ta ABOMIpHHI
nepepi3 moBepxHi BiATyKy (0, T, €) 3aJeKHOCTI BeITHIUHH
BUTpAT MOTY>KHOCTI Ha MPHUBOJI TEIECKOIIIYHOTO TBUHTO-
BOI'0 KOHBE€pa Hi)] qac NEpEBaHTAKCHHA KYKYPYIA3U Bill:
™ a), 6) N, iyopu |l =1,61 m; B), T) Ny il mpu y =45 rpan.

\ Fig. 3. Response surface and two-dimensional cross-
\ section of the response surface of the dependence of the
1‘ amount of power consumption on the drive of a telescopic
‘»‘ screw conveyor for corn overload.

40.

0.

g Otpumani piBHAHHA perpecii (1 — 3) MOXyTh OyTH
7, epad \‘

BUKOPHUCTaHI Ui BH3HAYCHHS BHUTPAT MHOTY)KHOCTI Ha
) ‘ MPHUBOJI ITHEKAa TEJIECKOMIYHOTO TBUHTOBOTO TPAHCIOP-
\ \ | Tepa N 3a1exHo Bix 9acToTH 0OepTaHHS IMHEKA Ny, JOB-
0

o,

[ S——

o eeeee—t—

\ ! JKUHU BHAOBXKCHHS LIHEKa | Ta KyTa HaXWiIy TpaHCIIOpTe-
pa y Uil TPaHCIIOPTYBaHHS KYKYypYy/I3H, SUYMEHIO Ta KOM-
! 0IKOpMY y TaKMX MeKax 3MiHU BXIJIHUX (aKkTOpiB:
\ \ l 300 < n, <700 (06/xB); 1,33<1< 1,61 (m);
- o 0 5 <y <45 (rpan).

Nu. 06/xe 3a  J0mMOMOrOK  HpPOTrpPaMHOr0  3a0e3MeYCHHS
0) Statistica-6.0 ms ITK no6GyayBanu rpadivHe BiATBOPEHHS
NPOMIXKHUX 3arajibHUX PErpeciiHuX Mojeied y BUIIISII
KBaJIpaTUYHHUX MOBEPXOHb BIATYKY Ta iX IBOMIpHHX Iie-
pepi3iB Butpar mnoryxHocTi N sk ¢yHKLilO BiJ ABOX
3MIiHHHX (DaKkTOpiB Xi12) 32 MOCTIHHOTO HE3MIHHOTO

=

300 400 30

PiBHS BI/IOBIAHOTO TPETHOTO (pakTOpa X, ®

AHaii3 HaBeJeHHX perpeciiHUX pIBHSIHb MOKa3ye,
[0 OCHOBHMMH (PaKTOpPaMH, SIKIi BIUIMBAIOTh Ha 301j1b-
IIEHHS KPyTHOTO MOMEHTY Ha MPUBOI €: pakTopu X1, X,
(N, 1) Ta komGiHawil 1MX (akTopis. 30LIbIICHHS BEINYH-
HH (akTopa X3 (y) NPU3BOAUTH OO MiJBUILCHHS MOTYXKHO-
cti Ha 4,2%. [Ipu npoMy 301LIbLIEHHS BETMYMHHU (haKTopa
X2(l) Ipu3BOAMTS A0 301NMBLICHHS MOTYXHOCTI Ha 9,8%.

B 3araspHOMY U151 3MEHIIEHHSI BUTPAT MOTYXXHOCTI
HEOOXi/THO 3MEHIIYBATH YaCTOTY OOEpTaHHs IIHEeKa, Horo
JOBXHHY Ta 3MEHIITYBAaTH KyT HaXWIIy TpaHCIOpTepa.

I'padiuni 3Ha4YeHHs pe3yJbTaTIB 3alIeKHOCTI KpPYT-
HOTO MOMEHTY, OAEPXKaHOTo 3 BHUKOpHcTaHHAM Mathcad
2000 Professional, HaBeneHo Ha puc. 3. 3 pUCYHKIB Ta Ha
OCHOBI aHaJI3y PiBHAHB perpecii BUIHO, IO i3 30UIbIIECH-
HSM YacTOTH OOEpTaHHs IIHEKa, JOBXWHH BUIOBKCHHS
IIHEKa Ta KyTa HaXWy T'BUHTOBOI'O TPaHCIOpTEpa BEJH-
YHMHA MOTY>KHOCTI Ha IPUBOJI IIHEKA 3POCTAE, IPH YOMY
HalOlbIa noTyxHicTh 1,29 kBT nocsiraetbes min vac
TPaHCIIOPTYBaHHS MIIEHHUII. MakcuMalbHa IOTY)XHICTH
Ha TPUBOJI ITHEKAa TEJECKOMIYHOTO T'BHHTOBOTO TpPAaHC-

=const .
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rmopTepa sl TPAaHCTIOPTYBAHHSA KYKYPYI3H Ta KOMOIKOp-
My ckmamgae 1,23 kBt ta 1,10 kBt BignoigHo, a MiHiMa-
mpHa — 0,31 kBt Ta 0,28 kBT BigmosigHo. 301abIIeHHS
gacToTh oOepTaHHs mHEKa Ny, Bixg 300 06/xB. mo 700
00/XB. TIPU3BOIUTH [0 MiABHINEHHS MMOTYKHOCTI Ha IIPH-
BoOJi IHEKa B 3,14 pa3u.

BucnoBku

1. BuBeneHo piBHSHHS perpecii BUTpaT HMOTYKHOCTI
3aJIe)KHO BiJl 3MiHM 4aCTOTH OOEpTaHHS IIHEKa, JTOBXHHHU
BU/IOBJKCHHS IIHEKa Ta KyTa HAXWIy TBHHTOBOTO Telec-
KOIIYHOTO TpaHCIIOpTepa.

2. B pe3ympraTi eKCHEPUMEHTAIBHUX JOCIiIKEHb
BCTaHOBJICHO, IO i3 301IBIICHHAM YacTOTH OOEpTaHHA
IIIHEKa, JOBKMHM BHIOBXKCHHA IITHEKAa Ta KyTa HAaXWIy
TBHHTOBOTO TpAHCIOPTEpa BEIMYMHA IIOTYKHOCTI Ha
NPUBOJI IIHEKa 3pOCTaE, MPU YOMY HaiOIbIIA HOTYX-
Hicte 1,29 kBT nocsraethes mig yac TpaHCIIOPTYBaHHS
MIIeHUI. MakcuManbHa MOTYXKHICTh HA TMPUBOJI ITHEKA
TEJIECKOMIYHOIO TBUHTOBOIO TpPaHCIOpPTEpa IJIsl TPaHC-
MOPTYBaHHs KyKypy/A3u Ta KoMOikopmy ckiaznae 1,23 kBt
ta 1,10 xBT BigmosigHo, a minimMaiasHa — 0,31 kBT Ta
0,28 kBt BimmoBigHO. 30iTbIICHHS YacTOTH OOEpPTAaHHS
mraeka Ny, Big 300 06/xB. 1o 700 06/XB. MPU3BOIUTH IO
i ABUIICHAS MOTY>KHOCTI Ha IPUBOIi ITHEKa B 3,14 pa3m.
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PE3VJIbTATBI OKCIIEPUMEHTAJIbHBIX
UCCJIEJJOBAHU 3ATPATBHI MOILIHOCTH
ITPU ITEPET'PY3KE TEJIECKOITMYECKMMN

BUHTOBBIMU TPAHCITOPTEPAMU CEJIbBCKOXO-

3CTBEHHBIX I'PY30B
B. 3. I'yos
AHHoTanus. Pa3paboTaHo 3KCHIEepHMEHTaIbHOE

o0opynoBaHue Ul MTPOBEJCHUS MCCIIEAOBAHUI TEIecKo-
MUYECKUX BHHTOBBIX TPAHCIOPTEPOB, C MOMOIIBIO KOTO-
pOTro MPOBENEHO UCCIENI0BAHHUE JaHHOIO KOHBeWepa cor-
JIaCHO Pa3padOTaHHBIX METOMMK. /Iyt onpeneneHus BIH-
SIHASL KOHCTPYKTHBHBIX U KHHEMAaTHYECKHX MapaMeTpoB
TEJNEeCKOMMYECKOr0 BUHTOBOTO TPAHCIOPTEPA Ha 3aTPAaThI
MOIIIHOCTH Ha MPHUBOAE INHEKAa IMPH TPAHCIIOPTUPOBKE
KyKypy3bl, IMIIEHUIBI U KOMOHKOpPMa MPOBEACHHS IIOJN-
HO(aKTOPHOI'O IKCHEpUMEHTA. BBIJIO ompeneneHo BemH-
YHHY 3aTpaT MOIIHOCTH Ha NPHUBOE ITHEKA TEIEeCKOIH-
YEeCKOro BHHTOBOTO TpAHCIOpPTEpa OT H3MEHEHHUs Tpex
OCHOBHBIX (DaKTOPOB: YACTOTHI BPAIIEHHS ITHEKA, JUINHBI
YAJIMHEHUE IIHEKA U yria HaKJIOHA TpaHcnoprepa. Buise-
JIEHb! YPaBHEHMs PErPECCHU 3aTpaT MOLIHOCTH B 3aBHCH-
MOCTH OT U3MEHEHHs YacTOTHI BpAIlCHUs IIHEKA, JUINHBI
YAJIMHEHUE IIHEKa, yIrila HaKJIOHa TpaHcnopTepa. Pesyib-
TaTbl JKCIEPUMEHTAIBHBIX HCCIECIOBAHUN BEJIUYMHEI
3aTpaT MOIIHOCTH TIPH IEPErpy3Ke TEeNeCKOTMHYECKIM
BUHTOBBIM TPAaHCIIOPTEPOM TMIOKa3ajid, 4YTO OCHOBHBIMHU
(akTOpaMy, BIMSIOUIMMH Ha YBEIWYCHHE KPYTSIIETO
MOMCEHTAa Ha IPUBOJAEC, 4YaCTOTA BpalllCHUA IMHECKA WU JIJINHA
€ro yAJIMHEHHE, a TaKkKe KOMOMHAINS 3THX (PaKTOPOB.

KiiroueBble cj10Ba: TEJIECKONMYECKU BUHTOBOM
KOHBeliep, TpaHCHOpTEp, IIHEK, MOLIHOCTb, BpalllCHMS,
KpYTAIIUNA MOMEHT, TPAaHCIIOPTHPOBKA.
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RESULTS OF EXPERIMENTAL RESEARCH

OF COST OF POWER WITH OVERLOADING

BY TELESCOPIC SCREW TRANS-PORTERS

OF AGRICULTURAL CARGOES
V. Z. Hud

Abstract. Experimental equipment was developed
for conducting research on telescopic screw conveyors,
with the help of which a study of this conveyor was car-
ried out according to the developed techniques. To deter-
mine the influence of the structural and kinematic pa-
rameters of the telescopic screw conveyor on the power
consumption of the auger drive during the transportation
of corn, wheat and animal feed conducting full-factor
experiments. It was determined the amount of power
consumption on the auger drive of the telescopic screw
conveyor from a change in three main factors: the fre-
quency of rotation of the screw, the length of the elonga-
tion of the screw and the angle of inclination of the con-
veyor. Equations of regression of power consumption are
derived depending on changes in the frequency of rotation
of the screw, the length of the elongation of the screw, the
angle of the conveyor. The results of experimental studies
of the amount of power consumption when overloaded
with a telescopic screw conveyor showed that the main
factors affecting the increase in torque on the drive, the
rotational speed of the screw and its elongation length, as
well as a combination of these factors.

Key words: telescopic screw conveyor, conveyor,
auger, power, rotation, torque, transportation.

B. 3. I'yn ORCID 0000-0001-5312-526X.
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AHoTanis. Po3riasHyTO NWUTaHHS BIUIMBY CKJamy
AIBTEPHATHBHOTO TIaJMBa I JU3EIbHUX IBHTYHIB Ha

MOKa3HUKH  pobotu  TpakropHoro  musemss  J-21.
JocmipkeHO  BIUIMB ~ HA  TIOKasHHKH  TEIJIOBOTO
pO3paxyHKy JBHTYHa Ta Ha MpOLECY 3TOPSHHS
anpTepHaTHUBHOrOo  nanuea.  IIpoBeneHo  TemoBuil

pPO3paxyHOK JABHI'YHa HpH pOOOTI Ha CyMilli pi3HOTO
CKJIaay Uil BH3HAYEHHS MOXJIMBOTO BIUIUBY Ha
MOTYXHICTh JIBUT'YHA.

3HaO4YM XapakTep B3MIHM LUKIOBOI IOJa4i Ta
SNIEMEHTAPHOTO  CKJIAAy IIaMBHOI CyMIIli, MOXXHa
NpoaHaNi3yBaTH IX BIUIMB Ha 3MIHY TEIUIOTBOPHOI
spatHOCTI cyminn (Hu), koedillieHT HaTUIIKY MOBITPS
() Ta iHmi moka3HUKK pobOoth JBuryHa. OTrpumani
PO3paxyHKOBO-CKCIIEPUMEHTAIbHI ~ JJaHi [0  HaJuBY
MOXYTh OyTH TepeBipeHi eKCIIEPUMEHTAIbHO MpHU
CTEH/IOBUX BUNPOOYBaHHSX JABHUI'YHA.

KuawouoBi cjoBa. Jlu3enbHui JBHUTYH, JIW3EIbHE
[aJMBO, POCIMHHA ONif, rac, [EeTaHOBe 4YHCIIO,
TEIJIOTBOPHA 3JIaTHICTb, 3MiHA MOTY)KHOCTI JIBUTYHA.

IHocranoBka npodaemu

Ha crporognimHiii neHs OAHUM 3 AIBTEPHATHBHUX
BHIIB MOTOPHOTO MainBa HAa(TOBOTO (MiHEPAIBHOTO)
MMOXO/DKEHHS € 0lomasmBo, BUPOOJCHE 3 POCIUHHOI
Oiomacu (Giomaca - HEBUKOITHOTO OpPTaHIYHUEN MaTepial,
psMo abo MoOiYHO BUPOOICHHUN IITXOM (DOTOCHHTESY).

Ilepexin Ha BUKOPMCTaHHS MOTOPHOTO OiomannBa
JI03BOJIIE  OJJHOYACHO BHPIMIUTH KIIOYOBY MPoOIIeMy
CY4YaCHOCTI - 3aJJ0BOJILHUTH 3pOCTar0di MOTpeOu B eHeprii
0€3 KO JUIsl HABKOJIMIITHEOTO CEPEIOBHUILA.

OcHOBHUMH  (pakTOpaMu  PO3BUTKY
Giomanusa €:

* 3HAYHE 3POCTaHHS I[iH Ha BUKOITHI €HEProHOCii,;

* CBITOBHX pO3BiJIlaHMX 3araciB HaTH 1 IPUPOTHOTO
ra3y BUCTauuTb, 33 NPOTHO3aMH, NPU CY4acCHOMY piBHi
BrA0OyTKy Ha 40 1 60 poxu BiIIIOBiIHO;

* BUPOOHMIITBO BHKOITHMX BUIB ITajiBa He3abapoM
repecTaHe 3aI0BOJIbHSITH 3POCTAIOYHIA TTOIIHT;

* r100aNIbHI TPOOJIEMHU €KOJIOTT9HOT Oe3MeKH;

iHxyCcTpil

* MOXUIMBICTH 3HIDKEHHS 3aJIe)KHOCTI Bifl IMITOPTY
€Hepropecypcis Uil KpaiH 3 HU3BKHUM PiBHEM BIACHHUX
3amaciB BUKOIIHOI CHPOBUHH;

* CTUMYIIOBAaHHS 1 MIATPUMKA PO3BUTKY arpapHOTo
CeKTopa.

Jnst cTUMYITIOBaHHS 1IMX MPOLIECIB B IGSKUX KpaiHax
pPO3pOOJICHO KOMIUIEKC 3aXO[liB, IIO BKIOYaE B cebe
3aKOHOJIaBUE PETYJIIOBAHHS, IHIUKATUBHE IUIAHYBaHHS
00CATiB  BHPOOHMIITBA, MIIBIOBE  OMOJATKYBaHHS,
OIOKETHY MIATPUMKY 1 iH.

AHaJIi3 0CTAHHIX J0CJHiIKEeHb

3a  mporHozamu ~ MiKHapogHOI  €HEpreTHYHOl
acomiarii  (IEA), cBiToBe BHPOOHHUIITBO OiomanuBa
301IBIIUTECS 3 20 MJIH. TOH €HEPreTHYHOrO eKBiBaJIeHTa
Hadtu B 2017 p mo 92-147 muH. ToHH no 2030 poky.
lopiuni TemMnu NPHPOCTY BUPOOHMITBA OiomanuBa
ckianyth 7-9%.

AxTHBHa po0OTa MO BHMBYEHHIO 1 3aCTOCYBaHHIO
Olomm3enmpHOTO mManuBa TpoBOAMTHCS y  Dpanmii,
Hivewuwnni, Iramii, ®Oiansgaaii, Yexii, [IBemii, ABcTpii i
BenukoOpuTanii. Y Hiit OepyTh y4acTh 6arato mpoBiIHUX
kommaHii cBity: «®opny Mortop», «Diatr  ABTOX,
«[Jaiimnep Kpaiiciep» Ta iH. OmHaK He3HAYHHNA OOCST
eKCIIEpUMEHTAIbHUX ~ JOCHIIKeHb 1 CyNepewnBiCTh
OTPUMAaHUX pe3yJbTATiB Mpale3JaTHOCTI [U3eNiB Ha
pOCIMHHUX omigx abo CyMiOIeBHX [anMBax He
JIO3BOJISIIOTH ~ MOKH  OJIHO3HAYHO  CYAHUTH  IIPO
ONTHUMAJIBHICTh 3aCTOCYBaHHS KOHKPETHOTO BHIY OJii
abo mpoxaykrtiB ii mepepoOkm B SKOCTI Oiomanusa.
BukopucraHHs pe3yibTaTiB IMX JOCHIIPKEHb HaBITH IS
MOPIBHSUIBHOI  OIIHKM €(DEKTHBHOCTI Ta pPO3PaxyHKY
TEXHIKO-€KOHOMITHHUX MOKa3HHKIB pobotu
ABTOTPAKTOPHOI TeXHIKM yTpyaHeHo. lle oOymoBiieHO
HEO/IHAaKOBUMHM YMOBaMH HPOBEJCHUX EKCIEPHUMEHTIB 1
NPaKTHYHOI ~ eKCIUTyaTalii AM3eNiB, BAXKUMHU IS
CIiBCTaBIICHHS.

Tomy nnst mepeTBOPEHHS JOCITIKyBaHUX OiloManuB
B TOBapHI ManwWBa IS AW3EIiB HEOOXiTHO NPOBEICHHS
MOIAJIBINNUX, OUTHII TTOBHUX 1 CHCTEMATHYHUX, HAYKOBUX
OCIIIDKEHD B I obmacti. PasoM 3 TvM, BCi JOCHIAHUKA
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NPUXOAATH JIO €OUHOI AYMKH TIpO  JONUIBHICTH
3aCTOCYBaHHS  BiJIHOBJIOBAHUX JDKEpeNl eHeprii 3
pociuHHO{ 6ioMacH B AKOCTiI IEPCHEKTHBHUAX €KOJIOTIIHO
YUCTUX BUIIB ManuBa s JIB3.

Jis BU3HAUeHHS BIUIMBY OiomannBa Ha TOKAa3HUKU
pobotn mm3enss I — 21 Oymm mpoBemeHi TEIUIOBI
PO3paxyHKH JaHOTO JABHI'YHA IIPH POOOTI Ha JU3EIHLHOMY
MAJIMBI Ta OiOMANHKBI.

3a  JaHUMM ~ TEIJIOBOIO  PO3PaxyHKy Oy
po3paxoBaHi ~ MapamMeTpud  30BHIIIHIX  HIBHAKICHUX
XapaKTepUCTUK [JBUTYHA 1 IPOBEJCHO aHaNi3 BIUIUBY
CKJIaJy MaJMBHOI CyMiln Ha HOrO IOKa3sHUKU POOOTH.

Hmwk4ye HaBemeHi MeTOOWKa Ta PE3ylbTaTH  LUX
00paxyHKiB.
Merta gociigkeHnb
JocnipkeHHsT  BIUIMBY ~ OCHOBHHMX  (Di3WYHHX

rapameTpiB MaJMBHOI CyMillli HAa OCHOBI POCIMHHOI OJIii
Ha IHOWKAaTOpHI Ta e(QEeKTUBHI TOKa3HUKH poOOTH
JIBUT'YHA.

Pe3yabTaTn nociaigxeHb

OCHOBHOIO TPOOJIEMOI0 BHKOPUCTAHHS POCIMHHHUX
omi 1 iX MPOAYKTIB mepepoOKH B SKOCTI MalnWBa Ha
BITYM3HAHIK 1 3apyODXKHIA aBTOTPAaKTOpPHIN TeXHIMi
(TpakTOpH, aBTOMOOLTI, KOMOAHHH Ta iH.) € HEAOCTATHS
aNanToOBaHICTh  JU3EJBHUX JBUTYHIB, SKi CcepiiiHO
BUITYCKAIOTHCS, 10 POOOTH Ha HATypajJbHUX TEXHIYHUX
OiomanuBax 4epe3 BiJMIHHOCTI X TEMJIOTBOPHHUX, (i3HKO-
XIMIYHUX Ta eKCIUTyaTalliiHUX BIACTUBOCTEH  Bix
TOBAapHOTO MIiHEPaJbHOTO JU3EIBHOTO TalnBa, SKi
NpU3BOAATE O  3MIHM  TapaMeTpiB  IPOIIECiB
BIIOPCKYBaHHS NTAJINBA, CYMIIIOYTBOPEHHS 1 3TOPSHHSL.

s mepeBeneHHsT pOOOTH aBTOTPAKTOPHOI TEXHIKH
Ha N3eNbHE CyMilTHe IMaJIUBO HEOOXiIHO
BUKOPHUCTOBYBAaTH HE TUIBKH pIi3HI MeToau (i3uKo-
XiMigHOI 0O0pOOKHM (eTepudikarliss POCIUHHHUX OJHB,
yibTpa3BykoBa 00pobOka, CBY-o6pobOka, o0pobka B
armapartax 3 BUXpPOBHM IIapoM (pepoMarHiTHUX YaCTHUHOK 1
iH.), a W MOJepHI3yBaTH WLITATHI CHUCTEMH >KUBICHHS
IIN3EITIB.

TermnoBuii po3paxyHok nsuryHa I — 21 npu po0Goti
Ha JAM3EIBHOMY MANbHOMY, CTaHAAPTHUM 1  HWXK4Ye
HaBEJCHO pe3ylbTaTH po3paxyHKy. [ns po3paxyHKiB
BUKOPHCTOBYBAJIM HACTYIIHI BUXI/IHI JIaHi.

TemnoBuii po3paxyHok nsuryHa /1 — 21 mpu po6oTi
Ha JM3ENBHOMY MAJbHOMY, CTaHAAPTHHHA 1  HIDKYE
HaBEJICHO PE3yJIbTAaTH PO3PAXYHKY.

[TapameTpu 1BUTYHA IPUHHATI I PO3PAXyHKY:

EdextuBra notyxHicte Ne = 20 k.c. (14,6 kBT).

EdextuBHnit kpyTHH MOMEeHT M. 10 xrm
(98 Hm).

Yacrota o6eptanHs mpu Ne max — Ne = 1600 06/xB;

Yacrtora o0epTaHHS KOJTIHBAIY MPH MAKCHMAIbHOMY
KpyTHOMY MOMeHTY M. — Ny =1200 — 1400 06/xB.

Cryninb ctucky E = 16; pobouuti 06’em osueyna —
Vh=2,08 a.

KimpkicTs nuimiHgapis — i = 2; niametp mwriagpa I, =
=105 mm.

Xin mopmss — Sp = 120 MM; KOe(IIiEHT HAMIUIIKY
noBiTps o = 1,6.

[Ipu po3paxyHKy mapaMeTpiB KiHIIS MPOIECY BIIYCKY
TIPARHATI HACTYIHI 3HAYCHHS mapameTpiB
HaBKOJIMIIIHHOT'O CEPEOBHILA:

Tuck mositps — Po= 0,1 MI]a;

Temneparypa nositps — To = 293°K;

Tuck i Temneparypa 3aaumkoBux rasis — Pr = 0,105
MIla; T, = 700° K;

Temneparypa migirpiBy CBIXOTO 3apsiiy Ui Majo
obeproBoro  gusens npuitaaro  20°,  koedimieHt
3aJIMIITKOBUX ra3iB Y, NpUiHATO v; = 0,32;

[HmKaTOPHI MOKa3HUKH POOOTH IBUTYHA

Cepenmniit immukaTopanii Tuck Pi B x[la mns amsens
3HaiAeMo 3a (HOPMyYIIOIO:

A- 1
A(p-1)+2L 1
Fe e
' E-1 1 1 '
n -1 S
-JJIs IA3€EJILHOrO MaInBa:
P, ==9196«lla
-1 OlomanuBa:
Pi =8555«l1a
HiticHuit cepenHiii iHmuKaTOpHUN THCK Pi.w B k[la 3
BpaxyBaHHIM CKpYTJICHHSI Jiarpamu 1 3atpaT Ha
BUKOHAHHS  HACOCHHUX XOJIB TOPIIHS BU3HAYAEMO i3
PIBHSIHHSA:

Pian:w'P;_API (2)
ae AP =P, —P, xlla;

¢ - KoeiLiEHT CKPYTICHHS.
Koediuient ckpynenns ¢ = 0,92...0,95. [Ipuiitmaemo
¢=0,95.
-JUIsl TU3EIILHOTO TTaJINBa:
Pi,=0,95916,6 -(125-90)=835,7 klla
-11 Olomanusa:
Piu=0,95855,5 -(105-90)=797,7 xlla
Cepemniit iHmukatopanii Tuck (Pi)- Take ymoBHHUIT
MOCTIHUN THUCK, SKHHA IIF0YX MPOTATOM | XOIy MOPIIHS
pOOUTE Taky * POOOTY IO i 3MIHHHH THCK BCEpeIUHI
IMUTIHApA JBUIYHA. 3HAYWTh, BEJIMYMHA CEPEAHBOTO
IHANKaTOPHOTO THCKY XapaKTepu3ye TETJIOBY
HaMpPYXKEeHICTh poOOTH ABUTYHA. [IpOLIEHT HecmiBIaaiHHS
BEJIMYMH CEPEeHBOro IHIUKATOpHOTO THCKY APi B %,
PO3paxoBaHOTO, AHATITUYHO i T'paidHO BU3HAYAETHCA 3a
dhopmyoro:

— Plaa P|22 . 100% (3)
laa

Homyctume BigxunenHs APi=3...5%;

-JUIsl AU3ENIBHOTO MallNBa:

Pi., =900 klla;
Pi.,=0,95-900-(125-90)=820 rlla;
AP, = M -100% = 1,8%;
835,
-1 OlomanuBa:
Pi,, =845 klla;

Pi,,=0,95-845-(105-90)=787,7 xlla;
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1T —T8117 10096 — 1,006,
7977
[amukaTopHnit  KoeQillieHT  KOpWUCHOI  mii )i

BH3HAYAETHCS 32 (POPMYIIOIO:
i :8,314L(1+7r)(E_1)P|TC , ()
Pc 'Qn
=1JI1 JU3C€JIbHOI'O I1aJIUBa:
08111(1+0,03)16 5-1)-85862-8896

n; =8314 =048
39614 - 42500
-1 6lonanuBa:
m:=83140A5GO;+OD6X16—1)7977-10828:=OA2
3589-37300

[licas dYoro 3HAXOOMMO IHAWKATOPHY BHTPATY

nanvBa g B Kr/kBT4 3a popmyoro:
3600
9i = , ®)
ni~Qk
-IUTSL TU3EIBHOTO TIIAIMBA!
3600
g.=—————=0,176re/ kBm - 200;
I 0,48-42500
-Ju1s Oiomanuga:
3600
0, =——————=0,229%2/kBm - 200.
0,42-37300
EdexTrBHI MOKa3HUKH POOOTH JBUTYHA!
EdextuBHi MTOKAa3HUKH pobotu JBUTYHA,

BiJIPI3HSIOTHCS BiJl IHANKATOPHUX HAsABHICTIO HEOOXiITHUX
3aTpar Ha MOJOJAHHS Pi3HUX MEXaHIYHHAX OTIOPiB.

Cepenniit epextupauii Tuck P B k[la 3Haiimemo 3a
¢dbopmynoro:

P,=P-P,, (6)
ne Py- Mexaniuni BTpatu B klla, 1110 pOo3paxoByrOThCS 3a
EMITIPUYHOIO 3aJICKHICTIO:

P, =[09+(011..0,15)-C,]-10%, (7)
ne Cp- cepeiHs IBU/IKICTb MOPIIHS.

Ch UIS TPAKTOPHHUX U3ENIB 3HAXOAMUTHCS B MEXKaX
6...11 m/c. Ilpuitmaemo Cy=7,5 TOMY 1IO i3 301IbILIEHHSIM
cepelHbOl  MOPIIHS  3pOCTAIOTh MEXaHiYHI  BTpaTH,
30UIBINYETHCS  TEIUIOBE  HABAHTAXKEHHS  JIBUTYHA,
3MEHIIYETHCS TEPMiH POOOTH JBUTYHA.

P,=/0,9+(0,11-7,5)/102=172,5 xIla
MincraBumo Py B popmyny (7) u Hatimem Pe:
-IUTSL TU3EJIBHOTO TTAJUBA:

P.=835,7-172,5=663,2 klla

-1t Oiomanusa;

P=797,7—-172,5=625,2 klla.

3HaiineMo epeKTUBHUN KOe(illieHT KOPHCHOI il Me
i3 BUpasy:

Me =i 1 (8)
1€ M- MEXaHIYHUH KoedilieHT KOpUCHOT Mii;
Moro mMoxHa 3HaiiTi 3 hopmysu:

My =—"") 9)

-IU71s1 JU3ENIbHOTO MalluBa:
663,2

8632 79
Tn = 5357

-1U1a OloTaiuBa;

6252
T =7977

Buznauaemo koediieHT KopucHOT Iif 1!
-IUIs1 JU3ENBHOTO ManuBa:
n.=0,48-0,79=0,38;
-11 OloTanusa:
1.=0,420,78=0,33.

——=078.

EdexTnBHYy mmHTOMY BHTpaTy TaiMBa g€ B
Kr/kBT-rox 3HaX0auMO 32 (OpMYIIOIO:
g, =, (10)
Mm
- IUIA IU3€EJILHOTO ITaInBa;
O 176

=0,222x2 [ kBm - 200;

e
’

- U1 OlomanuBsa:

_ 0,229 =0,293ke [ kBm - 200.

=078
i)

TemnoBuil 6anaHC NBUTyHA XapaKTEPHU3YE PO3MOILT
TEIUIOTH, SKa BHUIUIETHCS TPU 3TOPSHHI NalikBa, sKe
BBOJUTHCS B  LWIHAPH JBUI'YHa Ha  KOPHCHO
BHUKOPUCTOBYBAHY i oKpemi BUIH BTpar
XapaKTepU3yETbCsl  30BHIMIHIM  TEIUIOBUM  OallaHCOM.
XapakTep po3MOIiNy TEIUIOTH 3TOPSHHS 3a CKJIAJ0BUMHU
30BHIIIHEOTO  TEIUIOBOrO  OaJaHCy  BH3HAYA€THCH
0COONMMBOCTAMH ~ po0OYOrO  TpoIecy, a  TaKoK
TeOMETPUYHHMH PO3MipaMH LTI HAPO-IIOPIIHEBOT TPYIIH,
KOHCTPYKLIEO JAeTaNeil U CHCTEMH OXOJIOMKeHHs [2].

30BHIMIHIA TeIUIOBMH OalaHC B LIJIOMY 1 OKpemi
HOro CKJIaZI0Bi 30KpeMa J03BOJISIIOTh OLIHUTH MMOKa3HUKU
TEIUIOHANIPYTH JIeTajell JABUI'YHA, PO3PaxyBaTH CHUCTEMY
OXOJIOJDKEHHSI, BHM3HAUYUTH PE3EPBU Yy BUKOPHCTaHHI
TEIUIOTHA BINPAIbOBAHUX Ta3iB 1 NUIAXH ITiBUIICHHSI
€KOHOMIYHOCTI JBUTYHA

3aranpHa KiTBKICTh Temtotn Q B kJ[/roz, BBeAeHUIH
B JIBUT'YH 3 TTAJIMBOM 3HaX0AUMO 3a Gopmydoro [3]:

Q=QnGn
ne G;- roiMHHa BUTpaTa MajuBa.
Qn-HIDKHS TUTOMA TEIUIOTA 3TOPSHHSL.
lonunHa BuTpara nanuBa G; B Kr/ToJ 3HAXOIUTHCS
3a (hopMyIIOIO:

(11)

Gn=NeQe,
-JUIsl TU3EIILHOTO TMaJINBa:
G,,=15:0,222=3,33 ke/200;
Hwxnst UTOMA TEII0Ta
Q.=42500 xloc/xe.
Q=42500-3,233=138656,25 x/{oic/200;
-171 OloTanuBa:
G»=15:0,293=4,39 xe/200.
Huwxus IIATOMA TEIUI0Ta
Q.=37300 xllrc/xe.
Q=373004,39=163747 x/oc/z00.
Termuora, sika exBiBaneHTHa eexTHBHIIt paboti Qe B
k/Jx/roxa 3HaiineMo 3 Bupasy:
Qe=3600Ne, (13)
ne Ne- edexTrBHA NOTYXHICTh, KBT; s nBuryna J[-21
Ne=15 kBrT.
-JUIsl IN3EJILHOTO MaJINBa:
Qe=3600-15=54000 x/{oic/200;

(12)

3ropsaHHA

3TOPSIHHSA
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BincotkoBa KinbkicTs Tema (e B %, ska noTpiOHa Ha
3MiHCHEHHS pOOOTH:

0o = %.100%, (14)

3Hali1eMo BiICOTKOBY KUIBKICTh TETIa (.
g, =290 1009 = 38.9%;
138656,25

1151 OlomaauBa:
_ 54000

q =
° 163747
Temnora, sKka TepenaeTbCss  HABKOJIUIIHHOMY
cepenouity Qg B kJ[k/4 1uist nuseniB 6e3 miaLyBy:

Q,=C-i-D?? .noss L 36,
24

-100% =32,9% .

(15)

ne C- xoedimient, pisanit 0,45...0,53;
| - YMCIIO LIITIH/PIB;
D — miametp mmmiegpa, cM;
N — 9acToTa 00EPTaHHs KOJIIHIACTOrO Baja, XB ™,
0.~ KoeillieHT Ha UIUILIKY MOBITPSI.
IIpuitmemo:
C=0,45; i=2; D=10,5 cm; n= 1600 xg1; o=1,65.
3Hal0YM BCi BENUYMHHU 3HAHAEMO TEIUIOTY, sKa
IepeaeThCsl HABKOJIUITHEOMY cepenoBHITy Qy:

Q, =0,45-2-10,5°1600>% LS -3,6=

=430784, ko | 200

BincoTkaBa kimbkicTh Temia (e B %, fAKa
MepeIaeThCsl HABKOJIMIITHBOMY CEPEOBHUIINY 3HAHIEMO 3a
dhopmyroro:

Q,

q, = 6 -100%, (16)

3Haii1eMO KUIbKICTh TEIUIOTH (e!
g, = Mioo% = 31%;
138656,25
-1t Oioranusa.
[MpuitMemMo KOepHIIEHT HAATUIIKY MOBITPst =1,2:
Q, =72908.3x/rc | 200;
729083

q =
¢ 163747
Termota Qs B KJ/DK/TOA, sKa BHUAUIIETHCA 3
BIINIPAI[bOBAHUMH Ta3aMH 3HAXOMUTHCS 332 (POPMYIIO0
[17]:

-100% =44 5% .

Qr :Cp'(Tr _To)'(Gs_GT)' (7)
ne Cp, — cepenHsl TEIUIOEMHICTH BiANPAaIlbOBAaHUX Ta3iB
IIPY NOCTITHOMY THCKY;,

Cepennst
C, — 1,04 xJIx/xr-Tpasm;

Tr 1 T, — Temmeparypa BiAIpanboOBaHUX TIa3iB i
HaBKOJIMIIHBOTO cepenoBuia, K;

- JUISL TU3EIIbHOTO TaTNBa;

Bepemo i3 momepenHix pospaxyskiB T, = 850 K;
To =293 K;

Gs 1 Gy - KUIBKICTH MOBITPS 1 ManMBa, sSIKE HAIiAIe B
OWJTHAP, KT/TO;

Kinbkicte mOBITps, sike Haxiine B uwiiHap G, B
KT/TOJ1 3HAHAEMO i3 BUpasy:

Gy=14,5-a- G,,

ne G-roxuHHa BUTpata majuBa, kr/rox; G,=3,3635

TEIUIOEMHICTh JOPIBHIOE

(18)

TTincraBuBILIA namBa Gy,
3HaigeMo Gg:
Gs=14,5-1,65-3,3635=78,05 xe/200.
[lincraBuBImM 3HAYEHHS B  PIBHIHHA
otpumaemo Qy:
Qr=1,04-850-293)-(78,05-3,2625 )=40210 x/oc/200
BincoTkoBa KinmbKiTH Temnoth (r B %, sKka
BUAIUISETHCSA 3 BiATIPAIbOBAHUMH Ta3aMU:

Q
q, =6f.100%,

TOOUHHY  BHUTPATy

(17)

(19)

3HaiIeMO KUTBKICTh TETUIOTH ('
q, =—20210 16006 — 20%;
138656,25
-1 OlomanuBa:
Temneparypa Buxionnux rasis 7y = 700 K;
G~=14,51,24,39=76,3 ke/200;
Qr=1,04-(700-293)-(76,3-4,39 )=30438 rl]sc/200;
g, = 30438 100% = 18,5%.
163747
HeBpaxoBani Brpat# Quy. B K/[K/To11 3HAXOAATHCS 32
dbopmyoro:

Q., =Q-(Q. +Q, +Q,), (20)

3HaiinemMo HeBpaxoBaHi BTpaTd Qu.y.:

Q,., =136785xfc | 200 .

BigcotkoBa KimpKicTh Temia Ouy B % Ha
HEeBpaxXOBaHi BTPATH 3HAXOMMO 32 (HOPMYJIOI0:

Quy

Gy =g 100%, (21)

3HaleMO BiZICOTKOBY KUIBKICTD TETLIA Cy.y |

Gy = 2085 10006 = 1.1%
” ~ 13865625

-JyIs1 Oiomanuea:
3HaiinemMo HeBpaxoBaHi BTpaTd Qu.y
Q,., =6400,7x/xnc | 200.

3HaiiieMo BiJICOTKOBY KiJIbKICTh TeTIa Q. :

a, zwloo%zll—,l%
Y 163747

N=1007%

N.=369% N.=29%

Uy=317% §.,=17%

Puc. 1. Cxema TemoBoro OanaHCy ABHTYHAa Ha
JTU3EIBHOMY TIJIHBI.

Fig. 1. The scheme of thermal balance of the engine
on diesel fuel.
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H=1007%

.28 9% 4.=29%
Qf:jj% Q:;‘Zj%

Puc. 2. Cxema TemioBoro OaJiaHCy ABHUTYHA, KUl
TIparLoe Ha 6iomamuBi.

Fig. 2. Diagram of the thermal balance of a biofuel
engine.
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CPABHUTEJIbHBIN AHAJIN3 BJIMSIHUA
BMOTOIIIMBA HA ITOKA3ATEJIA PABOTBI

J3EJI
U. B. Jloezyw, O. M. Kupux, P. B. lllampos
AHHOTanusi. PaccMOTpeHbI  BOMPOCHI  BIUSIHUS

coCTaBa aNbTEPHATHBHOTO TOIUIMBA JUI JIH3EIIBHBIX
JIBUTATEJICH Ha IOKa3aTes paboThl TPAKTOPHOTO IU3EIs
J-21. UccnenoBaHo BIMSHUE HA MOKA3aTENU TEILIOBOIO
pacdera OBWrarens W Ha  Ipolecca  CropaHus
aIbTEPHATHBHOTO TOIUIMBA. [IpoBeneH TermoBoil pacder
JIBUTaTelIsl IPH paboTe Ha CMECH Pa3IMuHOr0 COCTaBa ISt
ONpeJeNeHUs] BO3MOXHOTO BJIMSHHS Ha MOIIHOCTh
JIBUTaTEs.

3Has XapakTep W3MEHEHHS UHKIOBOW MOJa4Yd H
9JIEMEHTAPHOTO COCTaBa TOIUIMBHOM CMECH, MOXKHO
NPOAaHAIU3UPOBAaTh  HMX  BIMSHHE HAa  W3MCHEHHE
TEIUIOTBOPHOU crocoOHOcTH cMecu (Hu), koaddummeHT
n30BITKAa BO3Ayxa (0) W ApyrHe TMOKa3aTedd pPadOTHI
asuraresisi. [loirydeHHbIE pacueTHO-3KCIIEPUMEHTAIbHBIC
JaHHBIE 10 TOMJIMBY MOTYT OBITh  IPOBEPEHBI
SKCIIEPUMEHTAIbHO  NPU  CTCHAOBBIX  HMCHBITAHUIX
JIBUTATEIIs.

KaloueBble  ciioBa:  JM3€NbHBIA  JBUTraTelb,
JIM3€JIbHOE TOIIMBO, PACTUTEIBHOE MAaclo, KEpPOCHH,
LETAaHOBOE  YHWCIO,  TEIUIOTBOPHAsE  CIIOCOOHOCTH,
N3MEHEHHE MOIIIHOCTH JIBUTATEIISL.
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OF BIOGAS ON THE DIESEL PERFORMANCE
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Abstract. The influence of alternative fuel
composition for diesel engines on the performance of D-
21 tractor diesel is considered. The influence on the
thermal calculation of the engine and on the combustion
process of alternative fuel is investigated. The thermal
calculation of the engine is carried out when working on a
mixture of different composition to determine the possible
influence on the engine power.

Knowing the nature of the change in cycle feed and
the elemental composition of the fuel mixture, we can
analyze their effect on the change in the calorific value of
the mixture (Hu), the coefficient of excess air (o) and
other engine performance. The obtained design and

experimental data on fuel can be verified experimentally
during bench tests of the engine.
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change.

I. B. Jlorym: ORCID 0000-0001-5075-1054
O. M. Kupuk ORCID 0000-0003-4551-3187.
P. B. lllarpos ORCID 0000-0002-3596-0146.



Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2019, Vol. 10, No 3, 139-144
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

UDC 339.13:656.025.4/.6(477)

DOI: 10.31548/machenergy.2019.03.139-144

EMPLOYMENT OF STUDENTS IN HIGHER EDUCATIONAL STUDY COMPARED TO NORMAL
REGULATION OF EMPLOYMENT

L. E. Piskunova, T. O. Zubok, B. V. Kislytsky

National University of Life and Environmental Sciences of Ukraine, Ukraine.

Corresponding authors: tanyzubok@gmail.com.

Article history: Received: March 2019. Received in the revised form: April 2019. Accepted: August 2019.

Bibl. 23, fig. 0, tabl. 0.

Abstract. Some of the most widespread situations are
discussed, which in practice often raise the question: to
take a student of full-time part-time or consider the
company as the main place of his work, who and how will
conduct a work book.

During studying between full-time students and
educational institutions, there is no employment
relationship and no employment contract. Therefore, such
training is not the main work of the student.

Minor student workers have the same labor rights and
responsibilities as other employees.

The full and shorter duration of a working week is
established by a collective agreement depending on the
results of the certification of workplaces in accordance
with the Procedure for conducting certification of
workplaces under labor conditions, approved by the
Cabinet of Ministers of Ukraine from 01.08.92, No. 442.

Key words: the Labor Code of Ukraine, the State
Department for Labor Legislation Supervision, the
Instruction of the procedure for conducting labor books,
labor legislation, work under an employment contract, a
work record, a combination of work, a monetary
expression, the employment of minors.

Introduction

The development of science and technology, the latest
technology requires highly skilled workers. Therefore,
today the situation when a student begins to work before
the end of the educational institution on many sides is
justified. Especially if a student works in a specialty. Also,
given the socio-economic situation in the country, when
parents are no longer able to help children-students, young
people are forced to seek employment. And more and more
often there are issues of a legal nature regarding the
regulation of labor relations with students who combine
work with study.

Formulation of problem

Several widespread situations are considered, which
in practice often cause law questions regarding the
regulation of labor relations with students who combine
work with study.

To accept a student of full-time education on a part-
time work or to consider the enterprise the main place of
his work? The question is fundamental, as it is related to
the conduct of a work book.

The clarifications provided by the State Department
for the Supervision of Compliance with Labor Law have
changed year by year. The Department substantiates the
position that full-time students can be hired only on a
conditional basis. This opinion is based on the Law of
Ukraine "On Employment of the Population”, which
stipulates that persons studying in secondary schools and
higher educational establishments are in work persons.

Based on the latest explanations normative regulation
of employment of day-care students, the main points of the
state regulation of the employment of students are
highlighted.

The current labor law does not contain a definition of
the concept of the main place of work or part-time work.
However, the work of a student who attends full-time study
forms can not be considered as part-time. As for full-time
students, during the studying between them and
educational institutions there is no employment
relationship and no employment contract. Therefore, such
studying is not the main work of the student.

Minor student workers have the same labor rights and
responsibilities as other employees. However, when
employing first-year students, employers must monitor
whether there are among them minors who are provided
with special employment and labor requirements.

Article 45 of the Constitution of Ukraine stipulates
that the worker is guaranteed the length of working time
established by law. Law relations, which determine the
length, composition, mode and procedure for recording
working time, are regulated by the Labor Code of Ukraine
(hereinafter - the Labor Code) and other normative-legal
acts.

Purpose of research

The purpose of the paper is to consider some of the
most common situations, which in practice often raise
questions, as well as suggest some recommendations,
taking into account the unresolved law relationship in this
matter.
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Firstly, an explanation regarding the normative
regulation of the employment of full-time undergraduate
students, which existed during the last ten years.

The first question that arises immediately is to take a
student of full-time part-time or consider the company as
the main place of his work. The question is fundamental,
since it is connected with the conduct of the labor book,
and the Code of Labor Laws of Ukraine (hereinafter - the
Labor Code) does not give a concrete answer, moreover, it
does not mention it at all.

Results of research

Article 43 of the Constitution of Ukraine defines the
right of every citizen to work, including the possibility of
earning a living for work, which he freely chooses or freely
agrees to. In accordance with Article 2 of the Labor Code,
the state guarantees the right of citizens to work. For the
work performed by the employee (citizen), the owner or his
authorized body pays his salary - a remuneration,
calculated, as a rule, in monetary terms (Article 94 of the
Labor Code, Article 1 of the Law of Ukraine "About
payment of labor"” dated March 24, 1995, No. 108/95 -BR)

In pp. 7 clause 1 of Art. 1 Law of Ukraine "On
Employment of the Population" dated 05.07.2012 No.
5067-VI (hereinafter - the Law Ne 5067-VI) stipulates that
employment is not prohibited by law the activities of
persons connected with the satisfaction of their personal
and social needs in order to receive income (wages) in
monetary or other form. And according to Part 1 of Art. 4
Publication No. 5067-VI also covers the number of full-
time students enrolled in higher education and combines
work with the work. In addition, the Law of Ukraine "On
Education" dated May 23, 1991 No. 1060-XII (Part 14,
Clause 1, Article 51) and the Law of Ukraine "On Higher
Education” dated July 1, 2014, No. 1556-VII (clause 3, p.
1 item 62) students have the right to work in accordance
with the established procedure at extra-curricular time.

In subparagraph 7 paragraph 1 of art. 1 Law of
Ukraine "On Employment of the Population” dated
05.07.2012 No. 5067-VI (hereinafter - the Law Ne 5067-
V1) stipulates that employment is not prohibited by law the
activities of persons connected with the satisfaction of their
personal and social needs in order to receive income
(wages) in monetary or other form. And according to Part
1 of Art. 4 Publication No. 5067-V1 also covers the number
of full-time students enrolled in higher education and
combines education with work. In addition, the Law of
Ukraine "On Education" dated May 23, 1991 No. 1060-XI1
(Part 14, Clause 1, Article 51) and the Law of Ukraine "On
Higher Education" dated July 1, 2014, No. 1556-VII
(clause 3, p. 1 art. 62) students have the right to work in
accordance with the established procedure at extra-
curricular time.

The current labor law does not contain a definition of
the concept of the main place of work or part-time work.
However, the work of a student who attends full-time study
forms can not be considered as part-time. After all, in
accordance with clause 1 of the Regulations on the
conditions of work of the part-time employees of state
enterprises, institutions and organizations, approved by a
joint order of the Ministry of Labor, Ministry of Justice and

the Ministry of Finance of 28.06.1993 number 43, part-
time is considered to be an employee thet has, except his
main, other regular paid work on the terms of an
employment contract, the time off from the main work at
the same enterprise, institution, organization or citizen
(entrepreneur, private person) for hire.

The right to work for an employee is realized through
the conclusion of an employment contract on work in an
enterprise, an institution, an organization or with an
individual (Article 2 of the Labor Code). As far as full-time
students are concerned, during the studying between them
and the educational institutions (in this case, between the
National University of Life and Environmental Sciences
(hereinafter - NUBIP)) there is no employment relationship
and no employment contract. Therefore, such studying is
not the main work of the student. Consequently, his work
(in the case of employment) can not be regarded as being
performed in addition to his main work, that is, a
combination. In addition, the position that the work of an
employment contract of persons who combine it with a
full-time form of study is not a part-time, is set forth in the
letter of the Ministry of Social Policy from 05/25/2015 Ne
198/06 / 186-15. It actually referred to paragraph 3 of
paragraph 14 of the Verkhovna Rada of Ukraine "On the
Practice of the Use of Labor Legislation by the Courts™ of
December 24, 1999, No. 13, which stipulates that work
under an employment contract of persons who combine it
with a full-time form of study, is not part-time and is paid
on a general basis. The same position is set out in the letter
of the Ministry of Social Policy of Ukraine dated July 25,
2014 Ne 301/13 / 116-14 concerning the recruitment of
students. It states, in particular, that labor laws do not
provide for restrictions on the combination of university
students, including those studying in full-time (full-time)
forms of study, work and education. Therefore, the
employer has the right to employ such employees,
including on a full-time basis. Consequently, the work of
an employment contract of persons who combine it with
full-time education is not a part-time job, and therefore
involves keeping a work record in accordance with the
general procedure and is the main place of work for such
persons.

The question would not be so ambiguous if
universities were obliged to keep work books (if any) or to
open them to students who did not have a seniority before
entering the university. Therefore, each educational
institution decides on the issue of a work book at its
discretion: some require it from the students (if any), while
others are not interested at all whether the student worked
before entering the university and whether he has a work
record. In NUBIP Ukraine, these issues are solved by all
regulatory documents. Upon entering the university, if the
student presents a work book with preliminary records, the
work book remains in the student's personal affair, and in
the case of a student's employment, all entries are made by
the higher education institution, according to paragraph
2.16 of the Instructions: "For students, students of courses,
students, postgraduates and clinical residents who have
work books, the educational institution (scientific
institution) makes recordings about the time of study in
day-time departments (including preparatory) of higher
educational establishments. The reason for such records is
the orders of the educational institution (scientific
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institution) about admission to studies and deductions from
among students, students, postgraduate students, clinical
residents. " We will not dwell on the issue of another
algorithm for calculating the scholarship.

If a student of full-time study at a job tells that he has
submitted a work book to an educational institution, then it
is more likely to be more convenient for him to hire a job
on the terms of conciliation. However, this issue can also
be dealt with differently depending on the circumstances.
So, if you are obliged to apply for a work-book at the
entrance to an educational institution (if it is available),
then get it back, as mentioned above, it will be possible
only after the completion of the training. In this case, the
student is better off to work for a part-time job.

If the educational institution does not require a work-
book, but accepts it on the initiative of the apprentice, then
there is no hurry to record the study record there. This is
especially true for non-state educational institutions whose
students do not receive scholarships and, as a rule, begin to
work at the first courses of study. Based on the interests of
the student, such schools can give a work book (of course,
if there is no record of entry into the studies), realizing that
the record of training they can do at any time, and the
student who works at the enterprise as the main the place
of work, in the future there will be reasons to rely on social
benefits (for example, it will affect the size of the payment
card disability). Here, only from the employer and the
student will depend on what conditions the latter will be
employed.

We want to stay isolated on the employment of
minors. Students, that work, have the same labor rights and
responsibilities as other employees. However, when
employing first-year students, employers must monitor
whether there are among them minors who are subject to
special employment and labor requirements.

Yes, Art. 50 Labor Code provides that the normal
working hours of workers cannot exceed 40 hours per
week. Part two of this article allows the possibility of
establishing collective time agreements at enterprises and
organizations with less duration of working time.

The guarantees provided by the legislator concerning
the maximum length of working time apply to hired
employees of enterprises of all forms of ownership. In
accordance with Article 51 of the Labor Code, the reduced
working hours are set:

* For workers aged 16 to 18 years - 36 hours a week,
for people aged 15 to 16 (students aged 14 to 15 working
during the holidays) - 24 hours a week. For students who
work during the school year in their free time, the duration
of working time cannot exceed half the maximum duration
of working time provided for in par. 1 of this item for
persons of the corresponding age;

« for workers employed in work with harmful working
conditions - no more than 36 hours per week. The list of
manufactures, shops, professions and positions with
harmful working conditions, the work of which gives the
right to a shorter working week, is determined by the
decision of the Cabinet of Ministers of Ukraine of 21.02.
2001 No. 163.

It should be borne in mind that, in accordance with the
order of the Ministry of Labor and Social Policy of Ukraine
0f 23.03.2001 Ne122, the reduced duration of the working
week is established by a collective agreement depending

on the results of certification of workplaces in accordance
with the Procedure for conducting -certification of
workplaces under the terms of work, approved by the
decree Cabinet of Ministers of Ukraine from 01.08.92 Ne
442,

At the same time, it should be noted that a student who
studies in a permanent (special) department of an
educational institution can perform his / her duties only
during his / her free time:

on weekdays - after classes (in the evening or during
"windows" in the schedule of classes), on weekends or
during the holidays.

Students who are studying on an individually defined
schedule must make sure that there is no "overlap™ with the
time of individual training or examinations. Therefore, in
our university, students who translate into an individual
chart receive a paper version of an individual chart and, as
a matter of necessity, bypass teachers, receive tasks, and
determine the time of attestation. With the introduction of
the MOODLE distance learning at the university, it was
much easier to learn from an individual curriculum, and to
teach and supervise the learning process.

In Part 1 of Art. 56 of the Labor Code defined that an
agreement between the employee and the owner or the
body authorized by him may be established both during
hiring and subsequently part-time or part-time working
weeks, and in Part 2 of this article it is established that
wages in these cases is carried out in proportion to the time
worked or depending on the output. That is, the mode of
work of students will depend on the schedule of studying,
and the payment of labor - on the duration of the
performance of labor duties.

Part-time can be set as: part-time working day (ie,
reducing the duration of daily work for a predetermined
number of hours); part-time working week (in which the
normal working day is maintained, but the number of
working days per week decreases); a combination of part-
time working day and part-time working week (for
example, a working day of 5 hours at 4 working days per
week).

Please note that part-time work can be set after an
employer's and student's agreement for a certain period or
without a time limit.

Of course, in the obligatory order part-time work is set
up for: pregnant women; women with a child under the age
of fourteen or a child with a disability; caring for a sick
family member according to a medical opinion. None of
these categories are students. But, for example, according
to art. 1861 Labor Code guarantees, established by Art. 56
Labor Code, also apply to parents raising children without
a mother (in particular, in case of prolonged stay of a
mother in a hospital), as well as guardians (trustees), one
of the foster parents, one of the parent-educators, which is
possible for some students.

Persons who work part-time, enjoy the same rights as
those who work under normal working hours. They are
given a vacation of the same duration, provided weekends
and holidays, the time of work is credited to the length of
service. According to Art. 57 Labor Code the time for the
beginning and end of daily work (change) is provided by
the rules of the internal labor regulations and the schedules
of variability in accordance with the legislation. According
to Art. 142 Labor Code Rules of the internal labor
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regulations are approved by labor collectives on the basis
of the submission of the owner or authorized by him and
the elective body of the primary trade union organization
(trade union representative) on the basis of standard rules.
In addition, Art. 7 of the Law of Ukraine "On Collective
Agreements and Agreements" dated July 1, 1993 No.
3356-XI1 stipulates that the obligations of the parties to
regulate production, labor, socio-economic relations, in
particular, with regard to the regime of work and the length
of working time, are set out in a collective agreement.

Therefore, we emphasize once again that these issues
should be written in an employment contract. When having
a few jobs alternating the shifts must be uniform in
accordance with the order established by the rules of
internal labor regulations. Switching from one shift to
another, as a rule, should take place every working week in
hours defined by the variables. The duration of the
interruption in the work between the changes must be not
less than the duration of the working time twiced in the
previous change (including the time of the break for lunch).
The appointment of an employee to work during two
changes in a row is prohibited (Articles 58, 59 of the Labor
Code). In practice, unfortunately, these requirements are
not fulfilled by the employer. And students do not follow
the requirements regarding the length of the work shift.
Themselves are begging a working day without
interruptions, a few changes in a row. Of course, at their
age, such a load is not yet reflected on health. More than
once, students, having listened to several lectures,
immediately go to work, then stay on the night shift, and in
the morning, on classes, especially on the first, they try to
sleep. Accordingly, about what kind of learning can be
talked.

Conclusions

1. On the basis of the foregoing, we draw conclusions:
the work of a student studying on a full-time form of study
can not be regarded as a combination, that is because
learning is not the main work of the student; student
workers have the same labor rights and responsibilities as
other employees; while employing first-year students,
employers must monitor whether there are among them
minors for whom the legislation provides special
requirements for employment and fulfillment of labor
duties; the student's work regime will depend on the
schedule of training, and the wage will depend on the
duration of the labor duties.

2. Based on Art. 7 of the Law of Ukraine "On
Collective Contracts and Agreements”, which stipulates
that the obligations of the sides to regulate production,
labor, socio-economic relations, in particular with regard
to the regime of work and the length of working time, are
set out in a collective agreement. Therefore, emphasizing
once again that these issues should be voiced and written
in an employment contract.
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CoIaIbHOT

MNPAIIEBJIAIUTYBAHHA CTYJEHTIB BH3 ¥
[NOPIBHAHHI 3 HOPMATUBHUM
PET'YJIIOBAHHSM TTPALIEBJIAIIIYBAHHSA
JI. E. Iickynosa, T. O. 3y6ox, b. B. Kuchuybkuii

AHoTanisg. Po3rnsHyTO KigbKa HAWNOMIMPEHININX
CUTYyallif, SKi Ha TPAKTUI Ha{JacTille BUKIUKAIOTH
IUTAHHS TPAaBOBOTO XapakTepy IIOAO pEryJIOBaHHS
TPYIOBHX NPABOBIHOCHH 31 CTYAEHTAMH, SIKi MIOEIHYIOTh
po0OOTY 3 HaBUaHHSM.

[puitmaTet  cTymeHta  JgeHHOI  QopmMm  3a
CYMICHUIITBOM 4YHM BBQXaTH MiJANPUEMCTBO OCHOBHHUM
MiciieM ioro podotu? [TuTaHHs € IPUHIIMITOBUM, OCKITBKA
OB’ sI3aHe 13 BEZCHHSIM TPYAOBOI KHIKKH.

Ilig yac HaBYAHHS MK CTyICHTaMHU JeHHOI (hopMu
HaBYaHHS 1 HaBYAJIbHUMH 3aKJiaJaMd HE BHHHKAIOTh
TPYAOBI CTOCYHKH 1 HE MIAMUCYETHCS TPYAOBUI OTOBIp.
Tomy Take HaBYaHHS HE € OCHOBHOIO POOOTOIO CTYyJICHTA.

HenoBHOMITHI CTYAEHTH- TMpPAmiBHAUKA MAalOTh TaKi
caMmi TpyZOBi ITpaBa Ta 000B’S3KH, SIK 1 1HIII MTPAI[iBHUKH.

KarouoBi caoBa: Kogekc 3akoHIB Mpo Tparro
Vkpainn, JlepkaBHUM — jAemapTaMeHT — Hariusay — 3a
JIOJIEpKaHHAM 3aKOHOIABCTBA MO Mpallio, [HeTpyKuii mpo
MOPSIOK  BEACHHS  TPYAOBHX  KHIDKOK,  TpYJOBE
3aKOHO/IaBCTBO, pOOOTA 32 TPYAOBHUM JIOTOBOPOM, TPY0Ba
KHUXKKA, CYMICHHUITBO, IPOLIOBHIA BUpa3s,
MpareBiamTyBanHs HenoBHOMITHIX, HYBill Ykpainu.

PABOTOYCTPOMCTBO CTYJEHTOB BY3B
CPABHEHMU C HOPMATHWBHbBIM
PEI'YVJIMPOBAHUEM
JI. E. Huckynosa, T. O. 3ybok, b. B. Kucnuyxuil
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AHHOTaUMSA. PaccmoTtpenst HECKOJIbKO
pacrpoCTpaHEHHBIX CHUTYyallli, KOTOphIE Ha MPaKTHUKE
Yarie BCETO BBI3BIBAIOT BOMPOC MPABOBOTO XapakTepa Mo
MOBOJy PETYIMPOBAHMS TPYIOOBBIX OTHOWICHHH CO
CTYICHTaMH, KOTOpPBIE OOBEAMHSIOT PaboTy C y4eOoif.
[Ipunumars CTylleHTa JTHEBHOM thopMBI 1o
COBMECTHUTEIBCTBY UM CUUTATh NMPEJNPUATHE OCHOBHBIM
MecToM ero pabotel? Bompoc o4eHb BakeH, HOCKOJIBKY
CBSA3aH C BEJICHUEM TPY/JOBOIl KHUTH.

Bo Bpemsi y4€Obl Mexay CTyJISHTaMH JHEBHOW
¢dbopMbl  00yueHHMsT M y4cOHBIMH 3aBEJCHHUSMH HE
BO3HHUKAIOT TPYJOBbIE OTHOIICHUS U HE 3aKII0uaeTcs
TpyHOBoii oroBop. [ToaToMy Takoe 0OydeHNE HE SBIACTCS
OCHOBHO¥ paboToii cTyneHTa.

HecoBepiieHHONETHIE CTYACHTHI-PAOOTHUKH UMEIOT
TaKue ke TPYJAOBbIE NpaBa U 00S3aHHOCTH, KaK U JpyTrHe
paboTHHKH.

KitoueBbie cioBa: Konekc 3akoHOB 0 Tpyne
VYkpaunsl, I'ocynapcTBeHHBIN JenapTaMeHT Haza3opa 3a
coOII0/IeHIEeM 3aKOHOAATENbCTBA O Tpyae, MHCTpyKIuu o
TopsAaKe BCCHUA TPYAOBBIX KHHXKCK, TPYyAOBOEC
3aKOHOJIATENBLCTBO, paboTa MO TPYIOBOMY JIOTOBOPY,
TpyAOBasi  KHHXKKA, COBMECTUTENIBCTBO, JCHEKHOE
BBIpa)KCHUE, TPYAOYCTPOHCTBO HECOBEPILICHHOIETHHX.
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BIIMB IUHAMIYHUX XAPAKTEPUCTUK TPAKTOPHUX I'lIPOLIUJITH/IPIB
HA IX TPALIE3JIATHICTD

O. B. Hagrouiii, JI. JI. TitoBa

HauionaneHuii yHiBepcuTeT 6iopecypciB i NPUPOJOKOPUCTYBaHHs YKpaiHu, YKpaiHa.

Cmamms 3 cneyianvhocmi. 133 — eanyseee mauurnoOy0y8anHs.

Kopecnonoenyis asmopis: titovall@ukr.net.

Icmopis cmammi: ompumano — keimens 2019, akyenmoesano — cepnens 2019.

bion. 10, puc. 5, maban. 1.

AmnoTtaunis. [IpoBegeHo TeOpeTHUHUH aHaNi3 BIUIHBY
CHIIOBOTO pEeXHMY poOOTH TiApOUWITIHApa Ha HOTO
Ipare3aTHICTb. BU3HAYEHO ITSITUKpAaTHE MiIBUINCHHS
BEJIMYMHM PEaKkUiil 3 OOKy KPHIUKHM Ta Tib3H ILIIIHIpA
3aJIe)KHO BiJl MOJIOKEHHS MOPILIHS TAPOIMIIHIpA 33AHBOT
HaBiCKM TpakTopa. Bu3HayeHi OCHOBHI NPUYUHU
3HOLICHHS POOOYMX IMOBEPXOHb TEPTS y BEPTUKAIBHIN
IUIOLIMHI, L0 TPHU3BOAATH 0O YTBOPEHHS IPOTHHY
TIAPOIMITIHAPA 1, SK HACIIJOK, 30UIBIICHHS MIBUIKOCTI
3HOIICHHS Ta CKOPOYEHHS Pecypcey.

Kiarouosi cja0oBa: TiAPOLMITIHP, BIIMOBH,
panmianpHa peaxiis, TIpare3JaTHICTb, KOHTaKTHI
HaTIPy>KEHHS, CIJIa TePTs, TIAPaBIiYHIHA THCK.

IMocTaHoBKA MPOOIEMH

v CUJIOBUX ripaBIivYHAX IPUBOJAX

CIIbCHKOTOCIIOIaPCHKOT TEXHIKU 3aCTOCOBYIOTHCS

TiIpouMIiHApH, poOOTa SKHX IOJSIra€ B NEPETBOPEHHI
eHeprii, oTpuMaHol yepe3 pobody piIWHY Bix Hacoca, B
MEXaHIYHy €HEpTil0 3BOPOTHO-NIOCTYIAJIBHOTO PYXy JUIs
TepeMilIeHHs Pi3HUX HABICHUX Ta MPUYITHUX 3HAPSAIb.

3a  JaHMMHM ~ OCTaHHIX  JOCIIJUKEHb, YacTka
MIOCTYTIOBUX BIZMOB TigpOIMIIHIAPiB TpakTopis FOMS3,
MT3 wna 70% Big 3araJbHOTO PEMOHTHOTO (HOHAY
OB’ s13aHa 31 3HOMICHICTIO Horo faetaneit. [Ipu mpomy 80%
-HU TramMMma-pecypc HOBHUX TiAPOIMIIHAPIB CKIAJae
6mu3pko 5000 roguH poboTH TpakTopa, IO Maibke B 2
pasu HIKYE pecypcy, 3a3HaueHOro B JOKyMEHTaii
pospoouukamu [1-3]. Tlpu 1poMy Ge3BiIMOBHICTB
riponnninapa Ge3nocepeIHbO BU3HAYAEThCA
repMETH3YIOUOI0 3/IaTHICTIO HOTO YIIUILHIOIOUUX BY3JIB 1
HaBaHTAKYBAIBLHOIO 3IaTHICTIO JOBrOMIPHHX EJIEMEHTIB
(IWTOK, HITIHID).

AHaJi3 ocTaHHIX 10CaiIKeHb
YMOBH  eKcIuTyaTamii TiZpOIWIiHApa  HaBICKH

TpakTOpa XapaKTepPU3yIThCS JBOMAa IpymaMu (hakTopis:
30BHIIIHIMH  (THCK,  TeMImeparypa, BOJIOTICTh 1

3alJICHICTh HABKOJHUIIHBOTO TOBITPs) 1 BHYTPIIIHIMA
(ancTota pobOYOi piAMHU B TimpocucTemi, ii THCK,
TeMIepaTypa, B'S3KiCTh, INUIBHICTH (TIHTOMa Bara)).
PoGounii npouiec riiponuiIiHapa 3aIeXuTh Bl KyTa HOro
HaxWiy A0 TOBEPXHI TSOKIHHA (TOPH30HTY) 1 poOOYMM
nepemimenusm tmroka [4, 5]. Bin Bkirodae B cebe
IHTEHCHUBHICTh pOOOTH TigpoulMyIiHApa B Haci Ta
HMIBUAKICTh pyXy IuTOKa. /0 HaBaHTa)XeHb, IO JAIIOTH Ha
TIAPOIMIIIHAP B 3arajlbHOMY BHIIAAKY, CJiJl BiIHECTH
CTaTWYHI 1 JWHAMIYHI HaBaHTa)XCHHSI, a TaKOX
HaBaHTaKCHHS, 3yMOBJICHI SKCILTyaTalifHOIO
nedopMai€ero TIIPONMITiHAPa | KIHEMaTHKOO IPUBOY.
OdeBUAHO, IO 3 MO3UIT HAXIHHOCTI TiAPOIHIIIHIPA
BCi mepepaxoBaHi BUILE BEJIMYMHH MalOTh 3HAYCHHS NPH

OI[iHI[I  TMOKa3HWKIB, TOJIOBHUM  YHHOM,  TaKHX
BIACTHBOCTEH  HAMIMHOCTI, K  OE3BIAMOBHICTH i
JIOBrOBIYHICTb.

Meta gocjaiaKeHn

JloMiHyrOumMii BIUIMB Ha HaAIWHICTH TiIpOIMIIHIPIB
HA/Ial0Th CKCIUTyaTaliiHi (aKTOPH, B TOMY YHCII CHIIOBI
B3aEMOJIi eTaleil TepTs.

Pe3yabTaTh a0CaigKeHb

PosrinsiHemMo ymMoBM  po0OTH  JieTalield  CHUIIOBHX
TigpormiHApiB  Ha TpuKiangi riapommminapa LT-
100.40x200.01-03, BCTaHOBJIEHOTO HA HABICKYy TPakTOpa
IOM3, MT3, skuii Mae Taki TeXHIYHI XapaKTEPUCTHUKH:
MakCHUMaJlbHUH  TiIpaBliYHMH  THCK  OJMBH -
P, =16 MIla; giamerp nopwms - d,=100 mm; Xix
nopmHsg - S = 200 mwm; miamerp mroka — 0,=40 mmM;
niamerp manbis mapHipa d,,=25 MM; TATOBE 3yCHILIS Ha

mroxy — P, = 105,5 xH; nominansHa mBHAKICTH pyxXy

nopuast — V,; = 0,15 wm/e.

[puxnanu MOKJIMBHX MOJIOKEHb JIaHOK
TiIpOIIITIHAPa TPU MiAHOMI BaHTaXy BiJ MOYAaTKOBOTO
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nostoxkenHs (AC1B) mo kinneBoro (ACnB) 300pakeHo Ha
puc. 1. Kinematnuni mapamerpu JaHok ais 11 BapianTiB
(B34TO MOBUTBHO 3 KpPOKOM pyxy mopmHA 20 MM)
ripounninapa

TIOJIOKCHHSA HaBIiCKH

Tabmui 1.

NpUBEICHI B

Puc. 1. MoMeHTH TTOJIOKEHHS JIAHOK T1IPOIFITiHAPA
HaBiCKH.

Fig. 1. Highlights of the position of the parts of a
hydraulic cylinder linkage.

Ha puc. 2 mpencraBieHa cxema CHII, SIKi JiIOTh Ha
IITOK 1 MOPIIEHb CHJIOBOTO TiAPOIMIIHApPA B 3aTHHOMY,
MPOMDKHOMY 1 TEpegHbOMY TIONOKEHHSIX  IITOKA.
3po3yMizo 31 cxemu, 1o npu KyTti 90° Mix Biccro mrToka 5
i BaXelleM 6 JOCATaIThCS HAHOUIBIN CIPHUATINBI YMOBH
HaBAaHTAXKCHHS Map TEPTS «KPHIIKA-IITOK» 1 «IOpIICHb-
rip3a» dYepe3 MiHIMaNbHI pajianbHi HaBaHTAKEHHS,
CTBOPIOBaHI BakeJeM 6 Ha MOpPLIEHb 3 Ta IITOK 5 IMpHU
migiomi HaBicHOTO OoOnaaHaHHs TpakTopa. [Ipu mepexoni
gepes kyT 90° Hacrae ¢a3za 3pocTaHHS paldiabHUX
HaBaHTaXXeHb. HalOimpmuii piBeHb iX [qOCATAETHCS B
MMOYaTKOBOMY 1 KIHIIEBOMY IOJIOKCHHAX TOPIIHI. Y
mapHipHEX 3’emHaHHSIX A 1 C BHHHKalOTH 3YCTPidHI
iM, .
OTBOPIiB NPOYIIMH OIOAO MajbliB. BermnunmHa MOMEHTIB
TEPTsS BHU3HAYAETHCS 3HAUCHHAMH palialbHUX peaxiiit

A .
MOMCHTH TEPTA M mp 06yMOBJ’IeH1 OGepTaHHHM

RA . RC . 5
1l 1 I B IIAPpHIPHUX 3 €IHAHHAX.

Tadanusa 1. [lapamerpu 3MiHM TOJIOXKEHHS JJAHOK CHJIOBOTO TIIPOIMIIHAPA HABICKM NPH MiAHOMI Ta OIyCKaHHI

BAaHTaXy.

Table 1. Settings changing the position of the parts of the power cylinder hinge when lifting and lowering.

[MTapametp [ToToyne 3HaYEeHHs TapaMeTpa

S, MM 0 20 40 60 80 100 120 140 160 180 200
a,’ 131 119,6 | 109,6 | 1005 | 91,87 | 83,54 | 75,3 67 58,45 | 49,42 | 39,26
B,° 9,83 11,38 | 12,3 12,88 | 131 13,03 | 12,7 12,12 | 11,27 | 10,11 | 8,53

Puc. 2. Cxema cui, sIKi JifOTh Ha IITOK 1 MOPIIEHH CHJIOBOIO TiApONMIiHApa: | - MInTa TpakTopa; 2 - Trijib3a;
3 - mopIeHk; 4 - KPUINKA; 5 - MTOK; 6 - BAXKIJIb HABIITYBAHHS.
Fig. 2. Diagram of the forces acting on the rod and the piston of the power cylinder.

L[l MOMCHTHU TEpTA B CBOKO YCpry BU3HAYANOTH

BUHUKHEHHs peakuiii 3 Goky kpumkn R, 1 rinbsu

LWTiHApA Ru' 3a3HavyeHI peakilii BU3HAYAIOTh BEITHYUHY

CHUJI TEPTS Fmp HAa IITOKY 1 MOPIIHI.

Jns  1ouYaTKOBOrO — TIOJIOKEHHS — TOpPIIHS B
rigpoumninapi (kpaiiHe miBe) mpu S = 0, a = 39,26°
KiHEMaTHKa ONUCYETHCSI HACTYITHOIO CUCTEMOIO PiBHSHB!

Z(Fi )X =R —0,25-7z'(d127 —dlzu).PIr[‘aX n

C @
+f-Re+f,-R, =0

>.(F), =R, =R, =0;R, =R =R; (2
>(M;), =50-R, —My =50-R, -
—05-R™.f .d =0

mo f, =

©)

IIpuiimatroun 10 yBaru,
3Baxkatoud Ha (1) i (3) maemo:

- _0.25-7-(d2 —d ) P™ —RI
max 2-f

(4)
— 0’5 R;“gx ’ fmdnm

50
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(42 _ A2 ). pmax R
qrec 0257 (d2 —d2,)-P; - R ,om
“‘ 1+f-f -d_/50 __sin(a)
w O = — ®)
3BakarouM Ha 3HAYCHHS KoedillieHTi TepTs aetanei 0.25- (d o —d H,)
. . f — 1
IITOKOBOIO 1 IIOPIIHEBOI'O BY3J1B, a CaM€ 0, (Tepta Z(Fi )X -R urzlgx _
crans no cram i3 svamysanaam) i f, =015 (reprs ) )
. . ~0,25-7{d% —d?,)- P, +2fR =0
cTajgp mNO craji 0Oe3 3MallyBaHHS) B IIapHIPHOMY 1 vy r
3’€¢HAHHI TiACTaBUBIIKM B (5) OTPUMYEMO, MO MPH Z(F) =R -R,=0'R.,. =R, =R:
. g . i)y TRy TR T Ry TR =
MaKCHMaJIbHOMY THCKY rigpaBmigHol Jabiziict
P™ =16 MIla MakchManbhe 3HAYEHHs —peakuii Z(M i )B =R (50+ Sx)_
Rue =104720 H. -MS =R-(50+8S,)- (11)
Toni ckmamoBi, sKi TIFOTH Y3TOBXK ( Rp) i BIorepek ~05- RmC . fm 'dnm -0
(Rgy) Baxens BusHauaemo: [pupiBussmu (9) i (11) MaeMo piBHICTS:
R = R™ -cos(ar) = 0125-7(d% -d2,)-P,f,d,, = W
104720 c0s(39.26) = 81077 =R(50+S, + ff,d,,)
Ry = R™ -sin(a) =104720-sin(39.26) = SBuH .
o7 n_ 0125 (d2-d2,)-p.f.d,.
H = const. (6) (50 + SX + ffnmdnw)
Jns  [OBITBHOTO  TOJIOXKEHHS BaXKeJsl HaBiCKU [MixcraBnsroun Bupas (8) 3 BpaxyBaHHsM (6) y BUpa3
R (12)
R =—2~~. 2 2
= tg(a) 0,125- 7(d?% —d?, ).
Z(Fi )x =R, -COS(a)+ Rs ~Sin(a)— R%n(a)_'_ 21fR
~0.25-(d2 ~d2,)-P. +2 1R = Pt " 0,25 7(d? —d?,)
R, -cos(a) . . R= : - f,-d,, 13
=8 4R, -sin(a)+ (50+s, + ff,d,,)
tg(e)
+2-f-R-0.25-(d2 ~d2, )-P, =0
Tuck B rigpocucremi P, mporsrom poGodoro pyxy
MTOPIIHS 3MIHIOETHCS BUXOIT9H 3 (7) HACTYITHUM YHHOM:
d_ = 100 =40 d:=23 £:=01 f£f1.=015 1:=0.10
" % 66073
33036-£1-d 66073 ate) 2P
R = a0 S o £ ol S — I e
s +o+itl-d- s (xx ( 1
0.25-1r-l\dn . _,-'
0 0 0 0
0 3.265°103 0 8.689'104 0 326.5 0 13.369
1 2.028-103 1 7.561-10% 1 202.8 1 11.584
2 1.456°103 2 6.983:104 2 145.6 2 10.678
3 1.142°103 3 6.697 104 3 114.2 3 10.22
r=|4] 951457 _|4] 6592104 |4 os146| p__[4]| 10049
S 829.656 RmC S 6.633 104 Ll S 82.966 L S 10.104
6 752.213 6| 6.816'10% 6| 75.221 6 10.377
7 707.312 7 7.164 104 7| 70731 7 10.901
8 691.35 8 7.74'104 8| 69.135 8 11.773
9 708.345 9 | 8.685'10% 9| 70835 9 13.208
10 782.181 10( 1.043'105 10| 78.218 10| 15.849

Puc. 3. JlicTuHr po3paxyHKy peaxiiiif mapHipy i TiJIb3U Ta CHII TePTH.
Fig. 3. Listing of calculation of reactions and the hinge sleeve and the friction forces.
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ITicns Hecknmamuux nepeTBopeHs (13) orpumaemo:
. Ry f,
2sin(a)2ff,-d,, +50+S, — f)
~ 33036f,d
sin(a)2ff,-d_+50+S, - f)

3 piBasHEA (9) BpaxoByrounm (6) i (8) Maemo
HACTYIHUU BUpa3:

(14)

66072
R sin(a)
“e o (2ff,-d,, /50+S, — )

Ha puc. 4 i puc. 5 npeacTaBieHi 3aJIeKHOCTI peakiiit

(15)

wapripy R , kpumikn i rizesu Rll = RK =R ra cum

TepTS MDK IITOKOM 1 KPHIIKOK TiAPOIIIiHApa

( Fmp = fR) i sminy poGouoro tucky P, rimpasniunoi

CHCTEMH 3aJIe)KHO BiJl XOAY IMOPIIHSA S TiTpOIMIIiHIpA,
oTpuMaHi 3 BpaxyBaHH:sM (14), (15) Ta (8).

4x1[|3 |1 1x1|]5
3.2¢10° 110
24x10° Hoe10*

16x10° Hax10*

800 e e 10°

0 oe10*
] 40 30 120 160 200
3
Puc. 4. 3anexHicTh 3Ha4YeHb peakiiii LIAPHIPY Ta
peaxiiii KpUIIKH 1 T11b3H.
Fig. 4. Dependence of the values of the joint
reactions and the reactions of the cap and the sleeve.

JlaHuii pHCYHOK JE€MOHCTpPY€E, IO MIiHIMaIbHOTO
sHayeHHs peakuis R . i THck B rimpocucremi P
JIOCSITAIOTBCSl TPU TOJIoKEeHHI mopiHst S = 80 MM i
cranoButh 691,35 H (tabn. 1). Le 3B'13aH0 3 TuUM, 110
NPU [UX MOJIOKEHHSAX MOPINHS, KYyT MK BICCIO INTOKA i
Ba)KeJIEM HaBICKM TpakTopa CKJajgae KyT OJNM3bKUI 10

o . . o .
90°, peakuis mapuipa R . npu npomy kinbkicHo piBHa
peakuii migitomy HaBickn R . =Ry

[Ipu 3Ha"eHHSAX KyTa MiXK BiCCIO INITOKA i BayKelem
HaBilIyBaHHA  TpakTopa, BigMiHHOMY  Big  90°
TiAPOIIIIIHAPY HEOOXiAHO MOAONATH OUTBIIMK Ommip s
MigHIMaHHS HaBICKH, a I I[bOr0 HEOOXigHe M ABUIIICHHS

THCKY B TiZIpOCUCTEMI Pr , IO B CBOIO Uepry NMpPU3BOAUTH
710 36inpmenHs i peakuii R, .
Makcumanbhi 3HadeHHs peakuii R . i Thcky B

rizpocucremi Pr JOCATAIOTBCA HAa KIHIN MiZHOMY
HABICKM TPakTOpa. B 1bOMYy IMOJIOKCHHI 3HAYEHHS CHIIH
TepTs 1 peaknii Kpumky i rims3uw R miximanbhi. i

3HAQUEHHS BIAINOBINAIOTH XOAy mopmHS S = 160 MM.

MakcuMaiibHi K 3Ha4YeHHs cUiu TepTs

mp 1 PEAKILI

KpHUIIKK 1 Timb3u R mocsraioTbes Ha TOYATKY MigHoOMY
HaBICKM — MpPU MaKCUMalIbHO OJIM3BKIA BiICTaHi Mik
MOPIITHEM 1 KPHIIKOIO.

400 16

320

240

160

an

] i
1] 40 a0 120 160 200

5
Puc. 5. 3anexHICTh 3HAYCHb CHIIM TEPTS Ta THCKY B
rizpocucremi.
Fig. 5. Dependence of the values of the friction force
and hydraulic pressure.

OpHak, OimbIIEe TIONOBHHU XOAy WWIIHApa, TPHU
MOJIOKEHHAX mopuiHs Bix 86,52 no 200 mm (tabm. 1),

BeNMYMHA cHI peakuiii kpumiky i rimsn R, =R, =R

3MIHIOETbCS HE3HAYHO 1 Ma€ CepeJHE 3HAa4YeHHs, PiBHE
npubanzno 700 H. Takum 4unHOM, 3HaYEHHS CHJI peaKiii
R 1 cuna teptst F,, JeTanmel MTOKOBOTO 1 MOPLIHEBOTO
VIIUIBHIOIOYMX BY3JiB 3MIHIOIOTBCS B TPOIECI BCHOTO
poOOYOro IMMKIY TiAPOUMIIHAPA, IO MPU3BOAUTEH [0
HEpiBHOMIPHOTO 3HOCY POOOYMX MOBEPXOHb 30H TEPTSL.

Crnimyroun  metoammi [6]  OIIHMMO  piBEHB
MaKCUMAJIbHAX KOHTAaKTHUX HAIPY)KeHb B 30HI TepTs
«TepeHs KPUIIKa LHUIHIPA - IITOK.

[MacnopTHi 3HaYeHHS 3’€JHAHHS, IO KOHTAKTYE:

. +0.05
J1aMeTp OTBOPY KpPHILKH dKP =40 MM; JOBXHHA

30HH  KOHTaKTy =35  wm; JiaMeTp  IITOoKa
rigpownismpa d, =40707% wm; cepenme 3uauenns
A 40+(40+0.05)
2
sasopy na giaverp — (39—0.032;+(39—o.1) _

=40.025-39.934=0.091

MM, a BiJTHOIIEHHS CEpeNHIX IiaMeTpiB KPHIIKH i ITOKa

40.025
a=—=1.0023.

39.934

Jisi  MakcMManbHOTO 3HAYeHHA peakmii Rmax =
=3265 H (puc. 3, puc. 4) BenMuWHA 3YCWIUISA JUIS

IWIIHAPIB ~ OJHAKOBOTO  pPO3MIpy CTHCHEHHA IIpH
BicyTHOCTI 3a30py (@ =1) cxmaze:
R 3265
Opp =T = 222 _ 9 33 MITa,
l-d, 35-40

w
MakcuManbpHi KOHTAaKTHI HampykeHHs 1o [epiy
BH3HAYAEMO 32 3AJIeXKHICTIO:

Oy =0.6-0p1JO o E

(16)
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besposmipna BenmmuuHa O, BU3HAYA€ThCA i3 rpadika

[6] nmns 3HaueHHs
YBICHYTOMY THi3]I.

HWIHAPa B  IIHAPHYHOMY

100
n
(D) 1= ~1.1453-A + 26.145-A + 2.7475

80

60
(D)

20 ===

02 04
Puc. 6. 3anexHICTP MaKCHMANbHUX KOHTAKTHHX
HaBaHT@XXCHb B 3a30py MDK INTOKOM 1 OTBOPOM
TWTHAPY.
Fig. 6. Dependence of maximum contact loads of
clearance between the rod and cylinder bore.

Ha puc. 6 mnpuBemeHO HaOMMKEHI 3aJ€XKHOCTI
MaKCHMaJIbHUX KOHTaKTHHUX HaNpy>XeHb BiJl 3a30py (Mix
IITOKOM 1 KPHIIIKOIO IUITIHAPA).

Buxonanuii po3paxyHOK Ui BapiaHTy 3’€IHAHHS:
«cramp40X — cipmit waByn CU 21-40». ns 1poro
3’e¢mHanHg E = 1,24 10° MIla.

3 puc. 6 cuigye, mo npu a =1,0023 (nouarkosuit
zazop A =0,092 mm) MakcuManbHi KOHTakTHI Hanpyru
Opex = 2,174 Mlla; a=1,0062
(A=0,30 mm) manpyru 3pocraots g0 10,44 MIla,

piBHi npu

T00TO Ha 276% (Maiike BTpHUi).

BucHoBkH

TakuM 4YHHOM, 3 MPOBEICHOTO TEOPETHYHOTO
aHaJIi3y BUIUIMBAE, 110 HA MPAIC3AaTHICTh TiAPOIMITIHIpPA
3HaYHUN BIJIMB POOUTH CHJIOBHH PEXUM POOOTH, KN
NPU3BOJNTH JO0 BHUHUKHEHHsS 3HAYHUX peakuiii 3 OoKy
KPULIKK Ta Tinb3n nwiiHzapa. [Ipn npomy BenuuuHa
peakuiii B mepeHbOMY IOJIOKEHHI IOPIIHS MPAaKTUIHO
Maibke I’ATh pa3iB OibIIe peakiliii, Mo peani3yrThCs B
3aJHPOMY II0JIOXKEHHI. Bce 11e 3yMOBIIO€ BUHUKHEHHS Y
BEPTUKaJbHIH IUIONIMHI 3HAYHE 3HOIIEHHS pPOOOYNX
MIOBEPXOHb JeTajied, sSKi KOHTAKTYIOTh 1 30UIbIICHHS
3a30piB B PYXOMHX YIIUIGHIOBAJILHUX By3lax. Y CBOIO
4Yepry 3pOCTaHHs 3a30piB MPH3BOAMTH 3 YACOM [0
YTBOPEHHS 3HAYHOTO TMPOTHHY TiAPOIMIIHApA Yy
BEPTUKAJBHIA TUIOMINHI, B Pe3yJbTaTi SKOTO peakiii B
30HI TEpTS MiABHINYIOTHCSI, a 1€ NPHU3BOJAUTH JIO
30UTBIIICHHS IIBHJAKOCTI 3HONMICHHA 1 CKOPOYEHHS
pecypcy. Buxomom 3 1bOro TMOJIOKEHHS MOXe OyTh
MOJNAIBIIMKA aHANli3 MarepialiB s 3aMiHH I[ITaTHOTO
YUOIUIbHEHHS ~ Ha  TOJIMEpHe, JUIL  3HWKCHHS
MaKCHMaJIbHUX KOHTAaKTHHMX HalpyXeHb 1, SK HacJiJOK,
30UIBIICHHS pecypcy pOOOTH TiIpOLMIIIHIpA.
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BJIIMSHUE JUHAMWYECKUX XAPAKTEPUCTHUK
TPAKTOPHBIX T'MJIPOLTUJIMHAPOB HA UX
PABOTOCIIOCOBHOCTbB
A. B. Haomowuuii, JI. JI. Tumosa

AnHoraumsa. [IpoBeneH TeopeTHYecKUH aHaIu3
BIMSHHS CHJIOBOTO PEXMMa PabOThl TMIAPOLMIMHIpPA HA
ero paborocnocobHOCTh. OmpeneseHo MATHKPATHOE
TIOBBIIIIEHUE BEJIWYHMHBI PEAKIMH CO CTOPOHBI KPBIIKHA U
THJIB3bI HWJIMHJIPA B 3aBUCUMOCTH OT MOJIOJKEHHS TIOPIITHS
THAPOLMINHIpA 33aJHeH HaBecKu TpakTopa. OnpeneneHsb
OCHOBHBIE TIPHYMHBI H3HOCA PA0OYNX TOBEPXHOCTEH
TPEHHS B BEPTHKAIBHOW IJIOCKOCTH, NPUBOIAIMINE K
oOpazoBaHui0  mpormda THAPOIMIMHIpPAa M,  Kak
CJIEJICTBHE, YBEJINYEHNE CKOPOCTH M3HOCA U COKPAILICHUS
pecypca.

KaioueBble  cjoBa:  THAPOIUIMHIp,  OTKas3,
panuanbHas peakius, paboTOCIOCOOHOCTh, KOHTaKTHBIC
HaIpspKeHUs], CHITa TPEHMS, THIPABINYECKOE JIaBIICHHE.

INFLUENCE OF DYNAMIC CHARACTERISTICS
OF TRACTOR HYDROCYLINDERS
ON ITS WORKERSHIP
O. V. Nadtochy, L. L. Titova

Abstract. The theoretical analysis of influence of the
power mode of the hydraulic cylinder on its efficiency is
carried out. A fivefold increase in the value of the
reaction from the side of the cap and the cylinder sleeve is
determined, depending on the position of the piston of the
hydraulic cylinder of the tractor's rear end. The main
causes of the wear of the working surfaces of friction in
the vertical plane are determined, which leads to the
formation of the deflection of the hydraulic cylinder and,
as a consequence, an increase in the rate of wear and loss
of the resource.

Key words: hydraulic cylinder, failure, radial
response, efficiency, contact voltage, friction force,
hydraulic pressure.
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3ABE3NEYEHHSI HAJIIIMHOCTI CLIbCbKOTOCNOJAPCHKOI TEXHIKH B CHCTEMI PO3BUTKY
IHHOBALIITHUX MPOLIECIB
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AHoTamis. B cTarTi poO3KpUTO CYTHICTH Ta
BH3HAYCHI XapaKTepHi O3HAKA (OPMYBaHHS Ta peaizamii
HAYKOBHUX JOCII/KCHb B CHCTEMi PO3BHUTKY iHHOBAIIHHUX
npoueciB. BOHM BKIIOYAIOTH: YIOCKOHAJICHHS BXKE
ICHYIOUMX  TEXHOJIOTii Ta  TEXHIKH;, IMIiATOTOBKY
IH)KEHEPHO-TEXHIYHUX TPALiBHUKIB, (aXiBLIB cepBiCHOT
cy:)kOM Ta oOIeparopiB MamMH, OOIPYHTYBaHHS IX

npodeciitHo BaXKJIMBUX SIKOCTEH; MOCJTiTOBHE
BUKOPHCTaHHS  INPHHIMIIOBO  HOBHX  3HaHb  JUIs
3a0e3necucHHs ¢()eKTUBHOCTI Ta HAIHHOCTI MAIIIKH.
[epcriekTUBHUM HaIPAMKOM 3a0e3eYeHHs
e(pCKTUBHOCTI BUKOPUCTAHHS TEXHIKH € TOCTIHHUH

MOHITOPHUHT, OIIHKa Ta 3a0e3MEeUCHHsS IMOKa3HUKIB ii
HAOIHHOCTI HAa  OCHOBI  BHKOPHCTaHHA  JIOTIiKO-
IMITaifHOTO MOJIEIIOBAHHS Ta CYYaCHUX 1HPOPMAIiHHIX
TEXHOJIOTIH.

Po3riisiHyTO  MOJOKEHHS ~ CHCTEMH  <JIFOJIMHA-
MallidHay, KOJM BOHA I[IOCTYIIOBO [MEPEXOJWTh B
Hernpaue31aTHUH CTaH BHACIHIZOK «CTapIHH) EIEMEHTIB 1
BY3JIIB MalllMHH, & TaKOXX BTPATH PIBHS Ipale3laTHOCTI
MEPCOHATY MPH HAKOMUYEHHI BTOMJICHOCTI, 3HHXCHHS

yBarn 1 kBauidikauii npu  ynpaBiiHHI  CKIIAJHOIO
TEXHIKOIO.
[lpencraBieHa  aHaNITHYHA  3alCKHICTH  JUIA

MPOBEICHHS KUIBKICHOI OIIIHKH BTPATH MpPane3daTHOCTI
COIIOTEXHIYHOI CHCTEMH IpH 3HWXKEHHI i1 HamiiHHOCTI
BHACJIJIOK CTapiHHS TEXHIKH i BTOMH OIlepaTopa.
3anponoHOBaHO TEPCIEKTUBHUH CIoci0 TepMidHOT
00poOKM JneTanel, siKi BUTOTOBISIIOTHCS 31 crami 65T
BuxopucTaHHS TEpCIEKTUBHOIO CIOCOOY MiABHIIHUTH

JIOBTOBIYHICTh  po0OOUNX oprasiB 3aco0iB s
MPUTOTYBAaHHS 1 pO3JaBaHHA KOpPMiB. 3a paxyHOK
BKa3aHOTO croco0y 3MEHILYKOThCS BHYTpIIIHI

HATIPYy>KEHHSI, CTAOUTI3yeThCS CTPYKTYpa METalry, 3HAYHO
MOKPAIIYIOThCS TOKAa3HHKH IUIACTHYHOCTI 1 yJOapHOi
B’SI3KOCTI HOXIB, SIKi BATOTOBJIEHI 31 cTam 65T .

KnrouoBi ciioBa: HamifiHICTh, CcHCTEMa, MaIllMHA,
IHHOBAIIiIfHI MTPOIIECH, COI[IOTEXHIYHA CHCTEMA.

ITocTaHoBKa MpodIeMu

YkpaiHCbKi arpapii B OCTaHHI POKH Bce OiibIie
3BEpTalOTh yBary Ha CydYacHi TEXHOJOrii, a ToMy

MAaIUHOOYIIBHI 3aBOJM NPOBOASATH MEPEOCHAICHHS ITiJT
Cy4acHi TOTpeOH, MPOIMOHYIOTh SKICHY Ta TEXHOJOTIUHY
TexHiKy. [lepen arponpoOMHCIOBUM KOMILIEKCOM YKpaiHU
CTOITh Ba)KJIMBa NpoOieMa TMiIBUIICHHS e(eKTUBHOCTI
BUKOPHUCTAHHS CLIBCHKOTOCIIONAPCHKOI TEXHIKH, a TaKOXK
3MEHILIECHHS] BTpaT MNponaykuii npu ii (yHKIIOHYBaHHI
[23]. TligBuineHHss HagifHOCTI CITBCHKOTOCIOAAPCHKOT
TEXHIKM MOXIIMBE 3a pPaXyHOK BHKOPUCTAaHHS HOBHUX
€JIEMEHTIB Ta TIPUHIUIIOBUX CcXeM peanizarii
KOHCTPYKTUBHMX pIllleHb Ha CTaJil NpPOEKTYBaHHS Ta

BUTOTOBJICHHS, a TaKOXX CBOEYACHOIO 3a0e3ICUCHHS
Mpame3JaTHOCTI  arperaTiB  Ta BY3JdiB B  IpoIeci
eKCILTyaTarlii.

AHaJi3 0CTAHHIX JOCIIIKEeHD

B wHamiii nepkasi, ans peamizamii  3aBIaHb 3
e(eKTUBHOTO BHUPOOHUITBA TPOMYKIii TBapUHHHUIITBA

ocobimBe Micue 3aiiMae TOAIBIA  IOBHOLIIHHUMH
KOpPMOBUMHK  cymimamu.  IcHyroui  3acobu st
npurotyBaHHs 1 posmaBamHs  kopmiB  (3IIPK)

XapaKTepU3yIOThCS PIZHOMAHITHICTIO KOHCTPYKIIH 5K
CaMHX MAalllMH, TaK i OKPEMHUX MEXaHi3MiB, IO CYTTEBO
BIUIMBAE Ha iX HaxiiHicTh. Ha ITOTOYHHI MOMEHT B
VYkpaiHi BHPOOHHITBOM  CyJacHHX 3aco0iB  uis
MIPUTOTYBAHHS 1 PO37aBaHHS KOPMIB 3alfMA€ThCsl KiIbKa
MammHOOYMiBHUX mimnpueMctB: BAT «bpammaBcbkuii
3aBOJT CLITBCHKOTOCTIOIAPCHKHIX MaIluH, BAT
«Ymanbpepmman» ta BAT «[amemuna Mamzasony» [1,
29]. Pigenp HamiiiHocTi BiTumsHsuux 3IIPK, B 3HauHii
Mipi, IOCATA€ThCS 3aBASKH BHKOPHCTAHHIO OCHOBHHUX
BY3JIB 1 arperaTiB BiJ MPOBIIHUX CBITOBUX BHPOOHHKIB
[8, 9]. Ane, sx mokadye aHami3, cHIpoOU CTBOPUTH
BiTum3HsHI 3[1PK Ha piBHI kpamux 3apyOiKHUX 3pa3KiB

3aKIHYMIINCh JpiOHOCEpIHHUM BUPOOHHIITBOM.
Bupimennst opraHi3amiiHMX 1 TEXHIYHUX IIMTaHb,
MOKpalIeHHs]  eKCIUTyaTalliiHUX  Ta  300TEXHIYHHUX

MTOKA3HUKIB TPEAICTaBICHUX 00’ €KTIB TOCHIIKECHb, MOXHA
PO3IIISIHYTH Ha MPUKJIAl aHaji3y Ta CHHTE3y OCHOBHHX
mexani3MmiB 3I1PK. V miit cutyamii cinecpkorocmoiapcyki
BHpOOHMKHM BuMymIeHi KymyBaTH iMmmopTai 3IIPK, sxi
JIOCUTB JIOPOTi B 0OCITYyroBYBaHHI 1 HE 3aBKIIM aJalTOBaHi


mailto:Novytskyy@nubip.edu.ua

152

A. B. HoBunpkwuii, 3. B. Pyxwmio, O. O. Korpeuko

JI0 ICHYIOUHX MPUMIIICHb TBAPUHHHUIIBKUX (epM Ta YMOB
eKCILTyaTarlii.

B ocraHHI pOKM B HAYKOBUX CTATTSAX MPOBOIUTHCS
TTOPiBHAIBHUH aHami3 OaraTo(yHKIIOHATBHUX
pO3/1aBaviB-3MiNITyBaviB 3 Pi3HUMH POOOYNUMH OpraHaMH
Ta CTPYKTYPHHMH CXEMaMH OIlepalliid, po3rsAalnThCs
HampsiMA ~ TOJANIBIIOTO  YAOCKOHAJICHHS KOHCTPYKIIN
okpemux Mexani3MmiB [2, 9, 19, 20, 24, 30] ta niaBUIIEHHS
JIOBroBiYHOCTI pobounx opranis [10, 26, 27].

[HIIMM TIepCIIeKTHBHUM HaNpsIMKOM 3a0e3NeyeHHs
e(eKTUBHOCTI BHMKODHCTaHHS TEXHIKM € TIOCTIHHMI
MOHITOPHUHT, OIliHKa Ta 3a0e3MeveHHS IOKAa3HUKIB IX
HaAiHHOCTI HAa  OCHOBI  BHKOPHCTaHHA  JIOTIiKO-
imitariiinoro moxemoBanus [12, 13, 15, 25, 29] ta
CyYacHHUX iH(popMaIiiHuX TexHoorii [8, 11, 14].

Merta gocJaigkeHb

Mera  gochmijpkeHb  IOJSIra€  y  MiJBHIICHHS
HaIiHOCTI 3aco0iB JJIsl TPUTOTYBaHHS 1 pPO3/aBaHHS
KOpPMIB SIK COIIIOTEXHIYHUX CHCTEM B CHUCTEMI PO3BUTKY
IHHOBAIIIHHUX TPOLIECIB.

Pe3yabTaTn nociaigxeHb

B Cy4acHHX YMOBax, TIOCUJICHHS
KOHKYPEHTOCIIPOMOKHOCTI Ta HAAIHHOCTI TEXHIKHM Ha
PUHKY Ta JIOCATHEHHS CTaJlor0 PO3BUTKY 3aBOAY-
BUPOOHHMKA MOXKJIMBE 32 YMOB e(peKTHUBHOI peanizawii ycix
OCHOBHHMX  CKJIaJOBHX IHHOBAaI[iIfHOrO  MOTCHINANY:
HAyKOBOi, BHPOOHHYO-TEXHOJIOTIUYHOI, MapKETHHTOBO,
KaJpOoBOi, MarepialbHO-TEXHIYHOT, (inaHCcoBOi,
iH}opMmaniiHo1 Ta IHIIKX.

HesBakaroum Ha Te, MO B TBAapUHHHUITBI
BHKOPUCTOBYIOTBCS Pi3HI TEXHOJNOTil NPHUTOTYBaHHA |
po3maBaHHS KopwmiB, a BiamoBimHo pizHi 3[IPK mis ix
peamizamii, BeNWKi arpapHi XOJIWHTH Ta KOMIIAHIil
BUKOPHCTOBYIOTh MAIIMHU 1HO3EMHOTO BUPOOHMIITBA,
nepeBaxxno Seko, De Laval, Marmix, SilokingSporti,
Walker, Tatoma ta 6arato inmux [1, 29].

Aje moOpsSa 3 BCIUKOK  KIJBKICTIO  3aBOJIB-
BUpOOHMKIB Ta 1o rammoro cyudacHux 3IIPK,
CIIOXKHMBAYIB CUIBCHKOTOCMOMAPCHKOT TEXHIKH I[IKAaBUTh
MUTaHHSA X OOIPYHTOBAHOrO BHOOpPY, €PEKTHBHOIO i
HaJiHHOTO BMKOPHCTaHHS, CEPBICHOTO OOCIYroBYBaHHS,
MiATpUMaHHs nipare3aatiocTi [27, 28].

ATrpapHHH PHHOK CLIBCHKOTOCIIONAPCHKOI TEXHIKH
OCTaHHBOTO JIECATHIITTS XapaKTEpU3yeThCS THUM, IIO
OUTBIICTh CBITOBHX BUPOOHHWKIB Ta MPOJABIIB TEXHIKH
ICTOTHO CKOPOYYIOTH HEpEJIiK CBOIX OpeHJiB Ha KOPHCTh
OlTpII  AKICHOI ~ TMEpPeANnpOJaXHOI  MiATOTOBKH  Ta
OOTpYHTOBAHOTO IMCIS TPOAAXKHOTO OOCITYrOBYBaHHS.
AHami3 Tokasye, IO OJHIEIO 13 cTpaTerii BiJOMHX
MDKHApOJHUX KOMIIAHIM, € TOCTYHNOBHH Tepexin Bix
MIPOAAXY OKPEMHX MPOIYKTIB, TOOTO TEXHIKH, arperaris,
JeTaield, BUTPaTHUX MaTepiajiB JI0 peami3amii TeXHIIHUX
pimens [26]. CporoaHi, i TeXHiYHi PillIeHHs BKIKOYAIOTh
LUIMH  CHEeKTp  HampsAMiB:  HAaBYaHHA  OIEpPaTopiB,
JIONaTKOBE  CEpBiCHE  OOCIYroByBaHHS, IIOCTayaHHS
3arlacHUX YacTHH Ta BUTPATHUX MaTepiaiiB.

[IpencraBHukm  acomiamii  «YKpalHChKHH — KITyO
arpapHoro Oi3Hecy» Ta KOMIIaHii-lTiiepu Ha arpapHOMY
punky Ykpainu, Bkaroyaroun AGCO Corporation, New
Holland, CASE IH, CLAAS, AgroGeneration
PO3MIIAAIOYM TPEHAM Ta IPOTHO3M PO3BUTKY TEXHIKH
TaKoX BKa3yloTh Ha Te, o y 2019-2020 pokax ¢okyc ix
yBaru OyZe CKOHLEHTPOBAHO HA HACTYITHHX HalpsSMKax:
TEXHOJIOTI1; cepTUdiKallisl TeXHIKH; IHBECTHLIi; cTpaTeris
PO3BUTKY IWJIEPCHKUX MEpPEeX; KaJpH; 3allUTH arpapHUX
xonauHrie [5].

[MpencraBnena indopmaris e pas miaATBEPAKYE, 110
BIJICYTHICTh 1O Py MO3MLIH TEXHIKM BITYM3HSIHOTO
BHPOOHHMIITBA, SIKICHOTO CEpBICHOTO OOCIyroBYBaHHS,
nedinuT KaapiB IHKEHEPHO-TEXHIYHWUX IIPAIiBHHUKIB Ta
OIIepaTOPiB MAILKH 3MYLIy€E He JIMIIE BEIHKI XOJIIMHTU Ta
KOMIIaHii, ajile ¥ MEHI arpapHi miInpueEMCTBA KyIyBaTH
ORI OpOTi, aje KOHKYPEHTHI CUTBCHKOTOCHONApCHKi
MallMHH, $Ki aKTUBHO CYIPOBOKYIOTHCS CHCTEMOIO
JIMJIEPCHKOTO 00CIYroBYBaHHSI y BCIX perioHax YkpaiHu
[5, 26]. Came ToMy, mpH OHOBJCHHI MApKy MAIIUH IS
NPUTOTYBaHHS 1 pO3JaBaHHS KOPMIB y TBapHHHHITBI,
arpapHi mianpueMcTBa poonaTh cBiii Bubip Ha Tux 3[1PK,
sIKi He JuIiIe eheKTHBHI Ta HalliiHI y BAKOPUCTaHHI, ane i
CYIPOBOKYIOTbCS  3aBOJOM-BHPOOHHMKOM Ha MHPOTS3i
BCIX JKHTTEBHUX ILMKIIB MamMUHU. 100TO, XOJIIHHT,
mAmpueMcTBO  abo  x  (depmep, sSKud  mpugOaB
CIIBCBKOTOCHONAPChKY ~ MallMHy, IIOBHHHI  CTaTH
CKJIJOBOI0  3aJIeKJIAPOBAHOTO  3aBOJOM-BUPOOHUKOM
TEXHIYHOTO PillIeHHS.

Ane rapaHTOM peamizalii TEXHIYHHUX pIllEHb,
000B’SI3KOBOIO iX CKJIJIOBOIO, SIKA JJa€ HOMY MOXIITUBICTh
HNOAANBIIOTO PO3BHTKY 1 MEPCIEKTHBH € HAyKOBHH
CYNPOBIJ] B Me&XaX PO3BUTKY IHHOBALiWHHMX IIPOLECIB Ta
1X IOCIIKEHbD K COLIOTEXHIYHUX CUCTEM.

B ymoBax rno0amizanii €KOHOMIYHOI'O PO3BHUTKY,
VYkpaini B cdepi arpapHOro BHUPOOHHUIITBA HEOOXIiITHO
OpIEHTYBAaTUCh Ha CTpaTerii pO3BUTKY MEPEHOBHX KpaiH
CBITY, a HAyKOBI JOCII/DKEHHS Ta iHHOBAIiHI IpoIecu
CIIPSIMOBYBAaTH 3a HACTYITHUMH HaIPAMKaMH:
YIOCKOHAJICHHSI BXKE ICHYFOUHMX TEXHOJIOTIH Ta TeXHiKH;
MATOTOBKA 1HKEHEPHO-TEXHIYHUX MPAIiBHUKIB, (DaXiBIIiB
CEepBICHOT CITy>KOM Ta ONepaTopiB MalllUH, OOIPYHTYBaHH:I

iX mpodeciiHO BaKIMBUX  SIKOCTEH;  IOCIHiJIOBHE
BUKOPUCTAHHS  NPUHIMIIOBO  HOBUX  3HaHb  JUIA
3a0e3neueHHs e(heKTUBHOCTI Ta HajiiiHOCTI MamuH [6, 8,
16, 25, 29].

nsxu peanmizamnii mpoOsieM 1 TEXHIYHUX MMATAHb, SKi
PO3TIIAIOTHCS B MPEACTABICHUX TOCIIIKCHHSIX, MOJKHA
PO3TJSIHYTH Ha TPUKJIAi aHANi3y Ta CHHTE3y MOJelnei
3a0e3neyenns HaniHocti 3[IPK sk cxilagHuX TEXHIYHUX
CHCTEM, BKJIFOYAIOYH CHCTEMH «TroauHa-MammHay (CTC
«JIMy), «noguaa-mamuHa-TBapuHay (CTC «JIMTy),
mronnHa-MarmmHa-pocarHa (CTC «JIMPy) Ta mpomo3utiit
IIO0JI0 TiIBUIIEHHS TOBTOBIYHOCTI poOOYNX OpTaHiB.

Hes3Baxaroun Ha 3Ha4YHI AOCSATHEHHS 3apyOiKHHX 1
BITYM3HSHMX BUEHHX B Tally3i PO3paxyHKy, OI[iHKH Ta
i IBUIIICHHS HAJIIHHOCTI CITbCHKOTOCMOIAPCHKOT TEXHIKH,
MOJKHA 3a3HAYUTH, IO JUII MEXAHIYHHUX CHCTEM TaKHX
JOCIIJKEHb TOKH IO MPOBEICHO HEAOCTaTHBO. Lle, mo-
mepiie, MOXXKHA IOSICHUTH THM, IO €JIEMEHTHa 0a3a B
MEXaHIYHAX CHCTEeMax MCHII THy4YKa B TOpPIBHSHHI 3
CJIICKTPOHHMMHU Ta paaiOeNeKTpOHHUMU. [pyrum He
MEHIII BaXJIMBUM apryMEHTOM € Te, II0 B OCTaHHI
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NECATHIITTS, B TEPiOA KOJU CUTbCHKOTOCIIOAapChKa
TEeXHIKa yCKJIATHIOIOTHCS, CTaE 6araroQyHKIIIOHATHHOIO i
00’emHYEThCI B KOMIUICKCH MAIOIWH Ta OOJaJHAHHS,
pO3paxyHKH Ha HAHIHHICTP CHCTEM MAlOTh TaKOXK
BPaxOBYBaTH BIUIMB JIFOJHHHU-ONIEPATOPA.

CyuacHa imeosoriss 3a0e3medeHHS  HAOiHHOCTI
COLIIOTEXHIYHUX CHCTEM ITOBMHHA BKJIIOYATH PE3yJbTaTH
OOrpyHTYBaHHS ~ CTPYKTypH  MalllMHH, HOPMYBaHHS
HOMCHKJATYpH 1  KUIBKOCTI  3alacHUX  YaCTHH,
peKOMeHalil TMepioJUYHOCTI HPOBEAECHHS PEMOHTHO-
npodiTaKTUYHUX i}, BIUIUB JIIOANHHU-ONIEpaTopa.

ABTOpamu cTarTi OyJIU TPOBEAEHI JOCTiKEHHS [4,
17], B sikmx OyJI0 PO3IISAHYTO PO3MIUCHUIA Tpad CTaHiB i
NEePEeXONiB CHCTEMH <JIIOJMHA-MallWHa», KOJH BOHA
NOCTYIIOBO ~ HEPEeXONUTh B  HENpale3JaTHHHl  cTaH
BHACNIJIOK «CTAapiHHS» EIEMEHTIB 1 BY3IiB MAaIlWHHU, a
TaKOXX BTpPATH pIiBHA MpPale3JaTHOCTI IEpPCOHANy IIpU
HAKOTIMYCHHI  BTOMJICHOCTi, 3HI)KGHHS  yBarm i
kBamiikanii NpH yNpaBIiHHI CKJIAJHOIO TEXHIKOIO.
YMoOBH (YHKIIOHYBaHHS CHUCTEMHU <UTFOJMHA-MAIIIMHA)
MPUBEJCHI 10 MAapKIiBCHKHX TOTOKIB PO3MOALTY 4Yacy
poboTH 1 BINHOBJIEHHsS, a pO3B’SI30K 3ana4i OyB
3a0e3neueHnid BBEACHHIM J10JaTKOBUX (DIKTHBHUX CTaHIB
[4, 17, 32].

[Micns psay mepeTBOpeHs, Oyia oTpuMaHa (QYHKILiS
rotoBHocTi [4, 17], ska BigmoBimae #WMOBIpHOCTI
3HAXO/KCHHS CHCTEMH «TIOZIMHA-MAIIHHAY B
nparne31aTHOMY CTaHi:

K.(t) = Py(t) = Ay + By exp(—S,t) +
+ Cyexp(exp(—Sst) +
+Doexp(exp(—S,t) @

[Mincrapnsiroun B otpumany ¢dopmyny (1) 3HadeHHs
gacy t=0 (mo4aTok eKkcuIyaTamii CHCTEeMH), OTPHMAEMO
3HayeHHs Koedimienty rorosHocti K .(t) =1, 1o
BignoBifnae (i3uuHiil CyTHOCTI 3a7adyi i MOYaTKOBIA YMOBI
poboTH, KONMM cHCTeMa IOYHMHAE (PYHKIIOHYBAHHS
nepe0yBalYH y CpaBHOMY CTaHi.

Hns mpyroi MoximBOI cuTyarii (QyHKIIOHyBaHHS
CUCTEMH, KOJM Yac MpPSMYE J0 HECKIHYEHHOCTI t — oo,
¢byukmis roroBHocti K.(t) mnpuiiMe HacTymHE CBOE
(IHIITHOTO 3HAYECHHS:

_ Arrapdry

K (t > o) =4y =" )

A1, 44 — IHTEHCHMBHOCTi, IO
(hopMyBaHHS BiIMOB;

U — IHTCHCHBHICTD BiJIHOBJICHHS,

Ao, Bo, Co, Do — mesiki KOHCTaHTH, 1[0 MOTPEOYIOTH
BusHaueHus [4, 17];

XapaKTepU3yIOTh

$2,53,S4 — KopeHi momiHOMA, SKi B KIHIICBOMY
TIpeICTaBIIeH] uepe3 iHTeHCUBHOCTI MO A; 1 u.

Bukopucranns anamitnaHOi 3anexkHocTi (1) nmae
MOJUJIMBICTP  TIPOBECTH  KIJBKICHY OIIHKY BTpaTH
MPaNe3JaTHOCTI COIIOTEXHIYHOI CHCTEMH IPH 3HIKCHHI
i HamgiifHOCTI BHACTINOK CTAapiHHA TEXHIKH 1 BTOMH
oreparopa, o HEK Kepye.

3a0e3meueHHsT 300TEXHIYHHUX BHMOT, 3HIDKCHHS
BTpaT Ta MiJBUIICHHS HAMIHHOCTI TEXHOJOTIYHOTO
mpouecy TMpH TPOBENEHHI poOIiT 3 moapiOHEHHH,
3MINIyBaHHS, pO3JaBaHHA 1 JIO3yBaHHA KOPMOBHUX
CyMiliell Ha TBAPUHHHUIBKUX (hepMax 3aje:KUTh HE JIHIIE
BiZ mpodeciiftHoro piBHA (PaxiBIliB, SKi 3a0€3MEUYIOTH IX
eKCILTyaTaIlifo Ta BiTHOBJICHHS MpaIe3qaTHOCTI, ajie i Bix

MaTepiary Ta 0coOJIHMBOCTEH KOHCTPYKILIi pododnmx
opranis 3[1PK.
3 METOI0 MiIBHUINEHHS JOBTOBIYHOCTI POOOUHX

opraHiB monpiOHIOBauiB-3MimryBadiB Ta iHmumx 3IIPK,
NPOTIOHYETHCS BUKOPUCTATH TEPCHEKTUBHUN  CIIOCIO
TepMiuHOT O0OpOOKM Jeralniei, siki BHUTOTOBJSIFOTBCS 3i
crami 65I" [31]. Ilpm mno3uTHBHINA CTIHKOCTI NpPOTH
3HOIIIYBaHHS, HOXI, SIKi BUTOTOBJICHI 3 IPEACTaBJICHOL
MapKH CTaJli MalOTh HU3bKI 3HAUYEHHS yIapHOI B’SI3KOCTI 1
MIIIHOCTI TIpH 3THHI, IO € TPUYHHOK iX aBapiifHOTO
pyiiHyBaHHS TpU TONagaHHI 3 (QypakHUM 3epHOM
TBepIuX MartepialiB. Bizomuii criociO TepMigHOi 00poOKH
cram 65T (TOCT 14959-79) Bkiodae ii rapTyBaHHS B
omuBi mpu temnepatypi HarpiBaHHs t=800 °C i Bigmyck
pu Temrepatypi 820 °C.

3ajeknapoBaHuii  crmocid  TepMiuHOi  0OpOOKH
CTJIBHUX JieTalel nependavae rapTyBaHHs ctaimi 650 B
onuBi npu Temneparypi HarpiBanus t=820 °C Ta Binmyck
npu temreparypi t=400 °C, sxuil Bipi3HSAETHCS THM, IO
micysl rapTyBaHHS MPOBOJSITH OXOJIO/DKEHHST Y PO3ILUIaBi
HacTymHoro ckmamy, mac. %: NaCl - 10, KNO; - 35,
NaNO- - 25, H2O - 30 i3 i30TepMi4HOI0 BUTPUMKOIO IIPU
temmeparypi i3otepmu t=360 °C mpotsrom 1,5 ronuHm.
Tepmiuaa o0poOka HoxiB 3[IPK Biimrouae HacTymHI
orepamii: HarpiBaHHS [0 TeMIIepaTypu aycTeHisamii
t=820 °C; oxonOmKeHHS B pO3IUIABI 3 TOAAJIBIIO0
BUTPUMKOIO TIpu Temmeparypi izotepmu (=360 °C Ha
npoTs3i 7=1,5 rouHU; KiHI[EBE 0XOJIODKECHHS Ha MOBITPI.

3a  pesyinbTaTaMy  3alpOIIOHOBAaHOI  TEPMIiYHOT
00poOKM HOXIB, $Ki BHUTOTOBJISIOTBCA 31 cram 650
BCTaHOBJIGHO, 10 33 PAaxyHOK BKa3aHOTo CHOCO0Y
3MEHIIYIOThCS BHYTPILIHI HAINPYKEHHS, CTaOUII3yeThCs
CTPYKTypa METay i, sIK HACIZIOK, 3HAYHO HOKPAILYIOTHCS
MMOKAa3HUKH IDIACTUYHOCTI 1 ymapHOi B’S3KOCTi (TaOimis
1) [31].

Tadauus 1. [TopiBHsUIbHA XapaKTepUCTHKA pOOOUNX OPTraHiB, SIKi MPOUIITH TEPMiIUYHY 0OpPOOKY 32 IepCIIEKTHBHUM

criocobom [31].

Table 1. Comparative characteristics of working bodies that have been heat treated in a promising way [31].

00,2, os MIla | 8,% v,% KCU, HRC IIporusx mpu MinHicTs
Bun repmooOpobxu MIla Tox/cm? pyiiHyBaHHi, f, TIpH 3THHI,
MM MIla
Binoma tepMiia | 450 | g670 | g | 48 29 46 4 2600
00pobKka
3anpononoBana | a0 | 150 | 12 | 60 40 48 12 3400
TepMigHa 006poOKa
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A. B. HoBunpkwuii, 3. B. Pyxwmio, O. O. Korpeuko

[TonepenHiMu MOCHTIKEHHSIMH BCTAaHOBIIEHO, IO 3a
paxyHOK CTBOPEHHS DPIiBHOBICHOI CTPYKTYpH, CTiHKICTh
HoxkiB 3IIPK mporu 3HOmyBaHHA 3a MEPCHEKTHBHUM
criocobom 3MirHeHHs ctanmi 651 e Bumoro Ha 20-22% B
MTOPIBHAHHI 3 ICHYIOUHM.
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OBECITEYEHUE HAJIEXXHOCTU
CEJIbCKOXO3SIICTBEHHON TEXHUKU B
CUCTEME PA3BUTHA NHHOBAIIMMOHHBIX
[MPOLIECCOB
A. B. Hosuykuii, 3. B. Pyacuno, A. A. Kompeuxo

AHHOTanusi. B cratbe packpbeiTa CYIIHOCT U
OTIpeNIeNIeHBl XapaKTepHbIC MPHU3HAKN (POpPMUPOBAHHUA U
peanm3ay HayIHBIX UCCIICIOBAaHUN B CHCTEME Pa3BUTHS
WHHOBaITHOHHBIX TIPOIIECCOB. Onn BKITIOYAFOT:
COBEPIICHCTBOBAHUE YK€ CYIIECTBYIOIIUX TEXHOJOTUH U
TCXHUKU, IOAr0OTOBKA WHXXCHEPHO-TCXHUYCCKUX
pabOTHHMKOB, CHELUAIUCTOB CEPBUCHOW CIIy)Obl U
OIIepaToOpOB MAIIWH, 0OOCHOBAaHHE MX MPOGECCHOHATIBHO
BaXXHBIX KAaueCTB; TMOCIEIAOBATENbHOE WCIOIh30BAHHUE
NPUHIUIIMATBHO HOBBIX 3HAHMHA Ui 00OecredyeHHs
3¢ (eKTUBHOCTH U HAJIC)KHOCTH MAIIIHH.

[epcriekTHBHBIM HaIpaBJICHUEM obecrieueHHs
3¢ (EeKTUBHOCTH WCIIONB30BAHUS TEXHUKH  SBISCTCA
MTOCTOSIHHBIA MOHUTOPHHL, OIICHKa H oOecreueHne
MoKa3aTesieid UX HaJle)KHOCTH Ha OCHOBE HCIIOJIB30BAHMUS
JIOTHKO-MMHTAIIHOHHOTO MOJICITUPOBAHUS u
COBPEMEHHBIX HH()OPMALIMOHHBIX TEXHOJIOTHH.

PaCCMOTpeHI)I IIOJIOKCHUA CHUCTEMBI «YCJIOBECK-
MalinuHa», Koraa OHa IIOCTCIICHHO NEePeEXoauT B
HepaboTOCTIOCOOHOE COCTOSHHE BCIEICTBHE «CTapeHHs
JJIEMEHTOB U Y3JI0B MAIIMHBI, a TAKXKE IOTEPH YPOBHS
paboTOCIOCOOHOCTH — TepcoHajla TPH  HAKOIUICHUH
YCTaJOCTH, CHIDKCHHE BHUMAHHS W KBaTU(HUKAINA IMPH
YIPaBJICHUH CI0XKHOM TEXHUKOI.

[IpencraBneHa aHANWTHUYECKAs 3aBHCUMOCTH IS
MPOBEACHUS KOJIMYECTBEHHON OIICHKHU OTepH
PpaboTOCTIOCOOHOCTH COIMOTEXHUYECKOH CHCTEMBI IIPU
CHHN)XXCHUHU ce HaACKHOCTHN BCJICACTBUEC cTapcHus
TEXHUKU U YCTAIOCTHU OIepaTopa.

[IpennoskeH NEPCHEKTUBHBIA CHOCOO0 TEepMHUYECKON
00paboTKK JeTanei, M3rOTaBIMBAeMbIX W3 cTamu 65T .
Hcnonb30BaHne TEPCIEKTHBHOTO  CHOC00a TMOBBICHUT
JIOJITOBEYHOCTh ~ pabOYWX  OpraHOB  CPEICTB  JJIs
MIPUTOTOBIICHHUS W pa3fgaydl KOPMOB. 3a CUCT yKa3aHHOTO
crnocoba  YMCHBIIAKOTCS BHYTPCHHUC  HANPSKCHUSA,
CTaOMIIM3UpPYETCS CTPYKTypa MeTajia, 3HAYUTEIBHO
VIyYIIAlOTCS IMOKA3aTeN IUIACTHYHOCTH U yJIApHOM
BSI3KOCTH HOXKEH, N3rOTOBJIEHHBIX U3 cTaiu 65T .
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KiaroueBble cioBa: HaaCKHOCTh, CHCTEMA, MalllMHa,
WHHOBAIIMOHHBIC IIPOIICCCHI, COMUOTCXHUYCCKAasA CUCTEMA.

ENSURING THE RELIABILITY OF AGRICULTURAL
MACHINERY IN SYSTEM OF DEVELOPMENT OF
INNOVATIVE PROCESSES
A. V. Novitskiy, Z. V. Rozhilo, O. O. Kotrechko

Abstract. In the article the essence is revealed and
characteristic features of formation and realization of
scientific researches in system of development of
innovative processes are defined. They include:
improvement of already existing technologies and
techniques; training of engineers and technicians, service
technicians and machine operators, justification of their
professionally important qualities; consistent use of
fundamentally new knowledge to ensure the efficiency
and reliability of machines.

A promising area of ensuring the efficiency of
machinery use is continuous monitoring, evaluation and
provision of reliability indicators based on the use of
logical simulation modeling and modern information
technologies.

The provisions of the "human-machine™ system are
considered when it gradually becomes inoperable due to
the "aging™ of machine elements and units, as well as the
loss of the level of staff performance during the
accumulation of fatigue, reduction of attention and skills
in the management of complex equipment.

The analytical dependence for a quantitative
estimation of the loss of working capacity of the social
and technical system at decrease of its reliability due to
the aging of equipment and operator's fatigue is presented.

A perspective method of heat treatment of parts made
of 65G steel is proposed. The use of the perspective
method will increase the durability of working bodies of
means for preparation and distribution of forages. Due to
this method internal stresses are reduced, metal structure
is stabilized, plasticity and impact toughness of knives
made of 65G steel are significantly improved.

Key words: reliability, system, machine, innovation
processes, social and technical system.
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Abstract. On the basis of complex analytic and
experimental studies of processes of crystallization from
liquid state and recrystallization basic physical-chemical
and phase parameters of structural steels, containing up to
0,4 wt.% C; 3% Si, Mn and Cr; 0,035% N; 0,3% V, were
defined and qualitative regularities of their influence were
established. These regularities give possibility to forecast
analytically chemical compositions and conditions of heat
treatment of castings and forgings of structural steels with
required combination of casting and mechanical
properties, hardenability, fatigue strength, cold resistance,
toughness of destruction, abrasive wear resistance, heat
stability and stability to reverse temper brittleness. The
results of investigations implemented have shown, that
low- and medium-alloy by manganese, silicon, and
chromium structural steels in combination with nitride-
vanadium hardening possess essential potential of
physical-mechanical properties, which is realized at
complex optimization of their chemical composition,
deoxidization, types and conditions of heat treatment. The
influence of these factors is so extreme and ambiguous
that can be effectively optimized only by machine
experiment of determined dependencies, presenting
themselves as theoretical basis of computer metallography
of structural steels. Study of many structural steels shows,
that computer elaboration of their chemical composition,
conditions of deoxidization and heat treatment ensure the
creation new class of cost - efficient alloy steels with
unique combination of strength, plastic and exploitation
properties. Some examples of optimum heat treatment
regimes of castings and forgings for a achieving such
properties are presented.

Key words: structural steel, chemical composition,
heat treatment, mechanical properties, hardenability,
fatigue strength, cold resistance, toughness of destruction,
abrasive wear resistance.

Introduction

The accumulated practical experience shows, that it's
possible to improve quite effectively the properties of cast
steels by complex optimization of alloying, modifying
and heat treatment . However it requires the significant
volume of experimental work. Herewith the most rational

combination of the expenditure of alloying and modifying
elements and the level of property improvement is not
always achieved.

Formulation of problem

In the considerable number of studies separate
aspects of the value of alloying and modification
parameters, and heat treatment in the forming of structure
and properties of parameters, and heat treatment in the
forming of structure and properties of structural steels are
viewed, but the publications on complex mathematical
model of their optimizations are absent.

Analysis of recent research results

The known results of mathematical modeling
present, as a rule, statistical processing of experimental
data and characterize basically the influence of chemical
composition and conditions of production on some
parameters of phase transformations, structure and
properties. These dependencies are not sufficient for the
optimization of cast steel properties, because they give
information just on quantitative influence of one or
another factor on the function of response and do not
explain the substance of such an influence. Such
algorithms reflect the achieved level of foundry
production, but do not provide the effective search of new
optimum solutions for many-sided industry environment.

The next step in managing the process of the forming
of structural steel properties should be the transition from
formal regressive dependencies chemical composition -
steel properties to the equations, which include structure
parameters in initial factors .These parameters depend on
chemical composition, conditions of solidification and
regimes of heat treatment. Therefore the purpose of
present work is to establish quantitative regularities of the
influence of structural parameters on such basic properties
of cast structural steels, as fluidity (castability), shrinkage
(contraction), crack stability, tensile and yield strength,
relative elongation and narrowing, hardenability, cold-
resistance, fatigue strength and abrasive wear-resistance.
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Results of research

As the object of studies the most widely used in
industry carbon, low - and medium-alloy steels,
containing up to 0,4 % of carbon, up to 3 % Si, Mn, Cr,
up to 0,3 % V and 0,03 % N were chosen.

Quantitative laws, at probability more than 95 %, we
approximated by polynomes of the first and higher
degrees.

Coming from the fact, that casting properties of steel
are defined basically by physical properties of a melt,
heat-power conditions of solidification and dispersity of
forming dendrite structure , we have established, that:

- castability with correlation factor 0,637 and error
13,8% is determined by properties of liquid metal, heat
conduction of steel at temperature of solidus,
crystallization heat, dispersity of dendrite structure and
value of superheat of melt over temperature of liquidus; -
density with correlation factor 0,709 and error 1,2% with
an exception of crystallization heat and in addition to
parameters, indicated for castability is defined by interval
of crystallization;

- foundry contraction and its components with
correlation factor from 0,828 to 0,993 and error from
0,18% to 9,6% are defined by value of superheat over
temperature of liquidus, crystallization heat, heat
conduction of steel at temperature of solidus, dispersity of
dendrite structure and alloying degree of austenite;

- characteristics of crack stability, determined on a
specially developed unit (Fig. 1), including temperature
boundaries of interval of heat-brittle and deformation in
it, pressure and relative elongation of crack formation,
with correlation factor from 0,72 to 0,989 and error from
0,7 to 26% are defined by parameters of foundry
contraction, dispersity of dendrite austenitic structures.

1 L\ 3

M ~

' O 2

o

Fig. 1. The device for complex control of parameters
of cracks formation in cast steels.

1,2 - potentiometers; 3 - measuring bridge;
4 - transformer of linear deformation in electric potential,
5 - indicator of linear deformation; 6 - elastic plate ;
7 - damp - sand-clay mould; 8 - casting; 9 - electrodes;
10 — thermo-couple; 11 - tie rod; 12 - bolts for one- side
braking of casting contraction.

The analysis of influence of C, Si, Mn, Cr, N and V
shows, that the most essential influence renders N and V
(Fig. 2, 3).

As a result of investigation of physico-mechanical
properties of steels the following dependencies were
determined:

- hardenability with correlation factor 0,981 to 0,934
and error 12.8% - on the size of austenite's grain and
alloying degree of austenite;

120

R
R Vs
Y/ Y/ 4
s . S
S / /

95

0,0 0,5 1,0 15 2,0 25 3,0
C, Si, Mn, Cr, V, N-100 - wt. %: V-N-1000

a

7,95 -
vV Mn / Si /

P

700 L/ V-N Z —
L L — L N
1S /
<785 -\
AU
2780 N
S\ N
7,75 ~

7,70 \

0,0 0,5 1,0 15 2,0 2,5 3,0
C, Si, Mn, Cr, V, N-100 - wt. %: V-N-1000

b
32 _—
v Mn
3.0 / // Cr
X
% 28 A/
<
£ 96 1 C \: N
& \ \\ —
24 \\ VN
Si
2.2 ~

0,0 0,5 1,0 15 2,0 2,5 3,0
C, Si, Mn, Cr, V, N-100 - wt. %: V-N-1000

c
Fig. 2. The influence of contents of elements on the
castability (a), density (b) and casting shrinkage (c) of
steels.
The pouring at 1550°C. The base is - steel containing
0.2%C, 1Si, 1 Mn, ICr.

-strength, plastic properties and impact toughness
high temperature tempering of steels with correlation
factor from 0,824 to 0,934 and error from 5,32% to
12,3% - on the size of austenite’s grain and content of
nitride-vanadium phase in it, alloying degree of ferrite,
solubility and diffusion mobility of carbon and nitrogen in
it, quantity of precipitated carbide and nitride phases;

-characteristics of cold-resistance at temperatures
to - 60 °C, including ultimate tensile strength and fluidity,
relative elongation and narrowing, micro destruction
resistance and coefficient of pressure intensity in crack’s
orifice, with correlation factor from 0,779 to 0,981 and
error from 5,02 to 18% - on diffusion mobility of carbon
and nitrogen; temperature of brittleness with correlation
factor 0,934 and error 12,5% in addition to above
parameters - on the size of austenite's grain, content of
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nitride-vanadium phase in it and of carbon and
nitrogen - in ferrite, value of energy of binding of
dislocations with interstitial atoms and atoms of formation
of new surfaces in ferrite and on grain’s boundaries, as for
work on crack formation, in addition, - on the size of
austenite's grain and alloying degree of ferrite by
elements of substitution; work on crack spreading - on
content of nitride - vanadium phase in austenite;
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Fig. 3. The influence of contents of nitrogen and
vanadium on crack resistance.

a - t,, t; - temperature boundaries of heat-brittle
interval; A - deformation in heat-brittle interval;

b - o, 6 - stress and relative elongation of crack
formation, accordingly.

The pouring at 1550 °C. The base is - steel
containing 0.2%C, 1Si, 1 Mn, ICr.

-the number of cycles of fatigued crack formation in
normalized steels with correlation factor 0,707 and error
2,31% - on the content of carbides in ferrite at
temperature of ending of diffusion disintegration of
austenite, the number of cycles of spreading, with
correlation factor 0,704, error 7,2% - on the content of
vanadium nitrides in ferrite, alloying degree and energy of
binding of dislocations with interstitial impurities,
formation of new surface in ferrite and on its boundaries.
In case of high temperature tempering the process of
formation of fatigued cracks is determined by such
characteristics of secondary structure, as alloying degree
of ferrite, solubility of carbon and nitrogen in it and their
diffusion mobility. As for spreading, in addition, - by the
size of austenite's grain and content of nitride-vanadium
phase in it with correlation factor from 0,887 to 0,888 and
error from 3,72 to 9,6%;

-abrasive wear-resistance of hardened and low-
tempered steels with structure of martensite with
correlation factor 0,854 and error 10,6% - on alloying
degree of solid solution, length of martensite's needles
and content of nitride- vanadium phase. In case of high
temperature tempering steels with correlation factor 0,754
and error 18,3% - on homogeneity of distribution and
dispersity of carbide and nitride-vanadium phases;

- the characteristics of heat resistance, including
mechanical properties, characteristic of destruction at
increased temperatures, parameters of creep and long-
term strength with factors of correlation from 0,734 to
0,962 and error from 11,6 to 18,6 % - on influence of
alloying elements on solubility and diffusion mobility of
carbon and nitrogen at temperatures of high temper and
exploitation, determining dispersity and uniformity of
precipitation carbide and nitride phases at heat treatment
and their stability to coagulation in conditions of creep;

- the resistance to development of convertible
tempered brittleness with factor of correlation 0,729 and
error of 13,5 % - on the contents of phosphorus on
borders of ferrite grain and intergrain energy of formation
of new surface.

The analysis of influence of elements on physical-
mechanical properties of structural steels shows, that the
most essential action renders the microalloying of steel by
nitrogen and vanadium (Fig. 4-8), which is connected
with their effective influence on thermo - Kinetic
parameters of phase transformations during formation of
secondary structures, stabilization of austenite's of grain
at austeniting heating and development of chemical
heterogeneity.

The nitride - matrix interfaces and zones of a
stressed state near nitride particles are so effective drains
of the interstitial elements and vacancies with
sudstitutional elements, interacting with them, as well as
with places of segregation of a carbide phase that in the
event of rational microalloying by nitrogen and vanadium
we practically attain the considerable dispersity of
microstructure elements, reduction of the chemical and
structural nonhomogeneity, including the grain boundary
one.
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Fig. 4. The influence of contents of elements on the
hardenability of steels The face hardening from 950 °C;

The base is - steel containing (wt.%):

0.3C, 1Si, 1Mn, 1Cr.
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Fig. 5. The influence of nitrogen and vanadium
contents on mechanical properties of steels after
hardening from 950 °C and tempering at 650 °C during 2
hour.

The base is - steel containing 0.2% C, 1 Si, 1 Mn, |
Cr.

Taking into consideration the predominant
precipitation of vanadium nitride in solid solution , in
comparison with other phases, new principles of
optimization of alloying, deoxydation and heat treatment
of cast structural steels have been elaborated. On the basis
of these principles the cast carbon- and low-alloy steels,
containing nitrogen and vanadium, with yield strength
increased by 80-120 MPa in normalized and by 200 - 300
MPa in quenched and tempered states, without decrease

of plastic properties, with fatigue limit increased by 100 -
120 MPa, have been developed (Table 1).
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Fig. 6. The influence of nitrogen and vanadium on
the cold - resistance of steels at minus 60 °C.

The base is - steel containing 0.2% C, 1 Si, 1 Mn,
I Cr.

Table 1. Mechanical Properties of Carbon and Low-
Alloy Structural Steels!

Clsi|mn[Cr| os | o | & | w [KCU
Wt., % MPa % MJ/m?
57321299 | 28 49 | 0.69

632 | 392 | 28 | 59 |0.75

0.260.36|0.62|0.10 5953 350 19 52 | 076
800 | 629 | 18 | 48 |0.50

13004 06 | 05 |0.15

1765 08 | 09 |0.23

1220%| 2.0 | 4.0 | 017

0.40|0.37 0.65|0.30 | 5 = o | 30 |50 025
7603 795 12 43 | 0.70

870 14.0 | 44 |0.90

560% | 390 | 17 34 | 04

724 | 475 | 17 | 36 | 1.4

0.30/0.30|0.60|0.90 636° | 540 12 34 | 046
985 | 865 | 14 | 43 |0.70

5672 | 375 | 22.5 _ 1070

665 | 445 | 23.0 0.80

0.2310.35|1.05|0.22 675° | 496 18.0 % 0.65
840 | 725 | 185 ~10.72

1 - the numerator shows the properties of steels
without additions and the denominator shows the
properties of steels after modifying by nitrogen and
vanadium; 2 - normalizing; 3 - hardening +
high - temperature tempering; 4 - hardening;
5 - hardening + low - temperature tempering.
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Fig. 7. The influence of element contents on the
process of nucleation (a, b) and distribution (c, d) of
fatigue cracks in normalized above-spring beams at
load force 0.2MN (a, c¢) and high temperature
tempering automatic coupling bodies at load force
0.15MN (b, d) of freight cars.

The base is - steel containing (wt.%):

0.2C, 0.4Si, 1Mn, 0.3Cr.

Normalization and hardening at 950 °C;

Tempering at 650 °C.
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Fig. 8. The influence of contents of elements on
the abrasive wear-resistant of steels in unfastened sand

a — Hardening at 950 °C; Tempering at 350 °C.

b — Hardening at 950 °C; Tempering at 650 °C.

The base is - steel containing (wt.%):0.2C, 0.5Si,
0.5Mn, 0.3Cr.

Speed movement of a sample - 0.385
metre/second. Pressure — 0.2 MPa. Time of friction — 1
hour.

/
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For example, low - alloy Cr, Mn, Si steel, containing
N and V, destined for the manufacture of automatic
coupling bodies, above-spring beams and lateral frames of
freight cars, guarantees the following level of properties:
o >840 MPa; oys >700 MPa; 6>10 %; y>25 %; KCU
80>0.25 MJ/m?; Kic®>100 MPa-m° 5. The stability of
reproduction of mechanical properties of steels,
containing V and N is increased in 2-3 times as much.

The optimization of the process of the production of
structural steels with nitrogen and vanadium gives
possibility to reduce the content of alloying elements for
achievement of required operational properties of
castings. For example, low - alloy chromium steels,
containing N and V, are successfully applied for the
production of fittings for oil and gas wells instead of steel,

alloyed by 1-5% Cr and .2-.5% Mo and have, after
heating during 100000 hours at 500 - 550 °C long-term
rupture-strength of 150 and 70 MPa accordingly, and
wear resistance higher than the Hadfield steel.
Manufacturing of caterpillar links and tractor rolls of such
steels instead of the Hadfield steels and carbon steel,
containing 0.12% V, ensure the increase of wear
resistance accordingly 1.9 and 2.4 times as much
(Table 2).
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Table 2. Exploitation test of agricultural tractors

Accrued Average
Type of roll operating | Wear, frate
strengthening time, mm 0 ;N ear,/
motohours 10° mm
motohour
Serial rolls of
carbon steel
containing
0.45-0.50% C 5000 14.0 2.80
and 0.07-0.15%
\Y
Surface borading
of rolls by boron 6500 12.1 1.85
carbide
Bimetallic rolls
with surface
layer of
wear-resistant 3000 4.2 1.40
cast iron,
containing 16%
Crand 2% Mo
The rolls of steel
(30XA®DI)
containing 6500 7.7 1.18
0.30-0.35% C,
1% Cr, V+N
Conclusions
1. On the basis of complex analytic and

experimental studies of the influence of chemical
composition on processes of crystallization and
recrystalization basic physico-chemical and phase
parameters, determining formation of structure and
properties of cast structural steels, containing in general
up to 0,4 wt.% carbon, up to 3% of manganese, silicon
and chromium, up to 0,035% of nitrogen, up to 0,3% of
vanadium were defined, as well as qualitative regularities
of their influence. Obtained qualitative regularities ensure
the possibility of analytic forecasting of chemical
compositions and conditions of heat treatment of cast
structural steels with the required combination of casting
and mechanical properties, hardenability, fatigue strength,
cold-resistance, toughness of destruction, abrasive wear-
resistance, heat-resistance, and stability to reverse temper
brittleness.

2. The results of the implemented investigations
have shown, that low- and medium-alloy cast structural
steels containing manganese, silicon, and chromium in
combination with nitride-vanadium hardening posses
essential potential of physico-mechanical properties,
which is realized by complex optimization of their
chemical composition, deoxidization, types and
conditions of heat treatment. The influence of these
factors is so highly extreme and ambiguous, that can be
effectively optimized only by machine experiment of
determined dependencies, presenting them as theoretical
basis of computer metallography of cast structural steels.

3. An example of study of many structural steels
shows, that computer elaboration of their chemical
composition, conditions of deoxidization and heat

treatment ensures the creation of new class of efficiently
alloyed steels with unique combination of strength, plastic
and exploitation properties.
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PO3POBKA BUCOKOSIKIHMX KOHCTPYKLIMHUX
CTAJIEU
€. I'. Apmanodinany

Anoranisa. Ha mifgcTaBl KOMIUIEKCHUX aHATITHYHHX 1
eKCIePUMEHTANBHUX TOCIIKEHb MPOIECiB KpUCTaTi3arlii
3 PpIIKOTO CTaHy 1 TepeKpucTaii3amii B TBEpAOMY
BU3HA4YeHI OCHOBHI (i3MKo-XiMmiuHi 1 (azoBi mapamerpu
KOHCTPYKIIKHUX cTanedt, mo mictath ao 0,4 mac.% C;
3% Si, Mn i Cr; 0,035% N; 0,3% V 1 BcTaHOBJICHI AKiCHI
3aKOHOMIpPHOCTI iX BIUMBY. Lli 3aKOHOMIpHOCTI JalOTh
MOJKJIMBICTh aHAJIITHYHO MPOTHO3YBATH XIMIYHI CKJIAAHX 1
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YMOBH TEpPMi4HOI OOpOOKM BWJIMBKIB 1 TIIOKOBOK 3
KOHCTPYKIIMHUX CTaJled 3 HEOoOXiITHOK KOMOIHAITIE
JMUBApHUX 1 MEXaHIYHNX BIACTUBOCTEH, IIPOTapTOBAHOCTI,
BTOMHOI MIITHOCTi, XOJIOJOCTIHKOCTi, yIapHOi B'SI3KOCTI,
abpa3mBHOI 3HOCOCTIMKOCTi, TEPMOCTIHKOCTI i CTIHKOCTI
IO  PO3BHUTKY 3BOPOTHOi  BIOIMYCKHOI  KPHUXKOCTI.
PesynbpraTu mpoBeneHHMX JIOCITIDKEHb IOKa3aiH, MIO0
HHU3BKO- 1 CepelHbOJIErOBaHI MapraHieM, KpeMHIeM i
XpOMOM KOHCTPYKIIIfiHI CTadu B TOEIHAHHI 3 HITPU-
BaHA/I€BUM 3MII[HCHHSAM MAalOTh 3HAYHUN MOTEHIlIAT
(hi3UKO-MEXaHIYHUX BIACTUBOCTCH, SKUN peai3yeThes
IpU KOMIUIEKCHIM omnTuMizamii iX XIMI4HOTO CKJany,
PO3KHUCIICHHA, BHAY i YMOB TepMidHOI 00poOku. Brmms
UX ¢axTopi eKCTpeMallbHUH i HACTUIBKH
HEOIHO3HAYHHMH, 110 MOXE OyTH e(pEeKTHBHO
ONTUMI30BAaHAN TINMBKA KOMITIOTEPHUM EKCICPUMEHTOM
3a BCTAQHOBJICHUMH 3QJISKHOCTSMH, SKi € TCOPSTUYHOIO
OCHOBOIO KOMIT'FOTEPHOTO METaJ03HaBCTBA
KOHCTPYKIIAHUX  cTaned. JIOCHiDKEHHS  YHMCICHHUX
KOHCTPYKLIHHUX CTajell moKazye, IO KOMIT'tOTEpHA
po3pobka iX XIMIYHOrO CKJaxy, YMOB PO3KHCJIEHHS 1
TEPMIiYHOI 0OpOOKH 3a0e31euye CTBOPEHHS HOBOTO KiTacy
€KOHOMHOJICTOBAHUX CTaJled 3 YHIKaJbHUM MO€IHAHHIM
MIITHOCTI, TUTACTHYHOCTI Ta eKCILTyaTalli HHIX
BlIacTUBocTe. HaBenmeHi mpukiam — ONTHMajbHHX
peXuMiB TepMidHOI OOpPOOKM BHJIMBKIB I TMOKOBOK JUIS
JOCSTHEHHSI TAKUX BIACTHBOCTEHL.

Kiao4oBi cjoBa: KOHCTpyKIilHA CTallb, XIMIYHHUI
CKIan, TepMidyHa OOpoOKa, MeXaHidHi BIACTHBOCTI,
MPOrapTOBaHiCTh, BTOMHA MILHICTh, XOJOJOCTIHKICTb,
B’SI3KICTh pyHHYBaHHS, 3HOCOCTIHKICTB.

PA3PABOTKA BBICOKOKAYECTBEHHbIX
KOHCTPYKIIMOHHBIX CTAJIEN
E. I Apmanounany

AHHoTammsi. Ha  OCHOBaHMM  KOMIUICKCHBIX
AQHATUTUYECKUX W OKCHEPUMEHTAIBHBIX HCCIIeIOBAaHUH
NPOLECCOB KPHUCTALIM3AUMK U3 JKHIKOTO COCTOSHHS U
NEePEKPUCTAUTU3ALNH B TBEPJOM OIPE/ICIICHBl OCHOBHBIC
(bHU3UKO-XUMHUYECKUE " (bazoBble napaMeTpel
KOHCTPYKIIMOHHBIX cTajell, comepxkamux no 0,4 mac.%
C; 3% Si, Mn u Cr; 0,035% N; 0,3% V u ycTaHOBJICHBI

Ka4Y€CTBCHHBIC 3aKOHOMEPHOCTU WX  BJIMAHUA. Ot
3aKOHOMEPHOCTHU JAalOT BO3MOXHOCTH aAHAJIUTHYCCKU
MPOTHO3UPOBATE XUMHUYECKHUE COCTaBbl W YCJIOBHUA

TEPMHUUYECKOH 0OpabOTKM OTIMBOK M IIOKOBOK U3
KOHCTPYKIIMOHHBIX CTasell ¢ HeoO0X0AnMoi KoMOuHaIen
JIUTEHHBIX ¥ MEXaHWYECKUX CBOMCTB, MPOKAINBAEMOCTH,
YCTAJIOCTHOW IPOYHOCTH, XJIAJOCTOMKOCTH, YAapHOU
BSI3KOCTH, abpa3nBHOMH N3HOCOCTOMKOCTH,
TEPMOCTONKOCTH M CTOWKOCTH K pasBUTHIO 00paTHMOM
OTIYCKHOM  XpPYNKOCTH. Pe3yipTaTbl  MpOBEAEHHBIX
HCCIIeIOBAHUI MOKa3aJy, 4TO HH3KO- u
CPeHENIETUPOBAHHBIE MapraHieM, KPEMHUEM U XPOMOM
KOHCTPYKIIMOHHBIE CTald B COYETAHHH C HHUTPU-
BaHaJMEBbIM YIPOYHEHHEM O00Jaal0T 3HAYUTEIbHBIM
MTOTEHINAJIOM (PH3UKO-MEXaHWYECKUX CBOWCTB, KOTOPBINA
peanmzyercst TpH KOMIUIEKCHOM ONTHUMHM3AIMKA  HMX
XMMHUYECKOTO COCTaBa, PACKHUCICHHS, BUAA W YCIOBHH
TepMHUUYEeCKOil 00paboTku. BimsHue 3THX (axTopoB
9KCTPEMAIBHO M HACTOJIBKO HEOJIHO3HAYHO, YTO MOXKET
OBITH 3¢ peKTuBHO ONTUMH3HPOBAHO TOJIBKO

KOMIIBIOTEPHBIM  OKCIICPUMCHTOM 110 YCTAHOBJICHHBIM

3aBUCHMOCTSIM, KOTOpPBIE  SABJISIIOTCSI  TEOPETHIECKON
OCHOBOM KOMITBIOTEPHOTO METaJIOBEICHUS
KOHCTPYKLIMOHHBIX cTajneu. HccnenoBanue
MHOTOYHCIICHHBIX KOHCTPYKIHMOHHBIX cTanen
MOKa3bIBaeT, YTO KOMIIBIOTEpPHAs pa3paboTKa HX
XUMHYECKOTO  COCTaBa, YCIOBUH  pACKUCIEHUS U

TepMUuecKoi 00paboTku obecreunBaeT co3laHue HOBOIO
Kjlacca OKOHOJETMPOBAHHBIX CTajled C YHHKaJbHBIM
COYETaHUuEeM MIPOYHOCTHBIX, TUIACTUYECKUX U
9KCIUTyaTallHOHHBIX ~ CBOMCTB. IlpuBeJEeHBI MpHUMeEpHI
ONTHUMAJIBHBIX ~ PEXHMOB  TEpPMHUYECKOH  00paboTKH
OTJIMBOK U ITOKOBOK JJIs JOCTIDKECHHS TAKMX CBOMCTB.

KnioueBble ci10Ba:  KOHCTPYKLMOHHAS — CTajb,
XAMHYECKHA  COCTaB,  TepMudeckas  oOpabotka,
MeXaHIYEeCKUe CBOIICTBA, MIPOKAJINBaEMOCTb,
YCTaJOCTHAs NPOYHOCTh, XJIAJZOCTOMKOCTb, YyHapHas
BS3KOCTb, aOpa3uBHAS H3HOCOCTONKOCTb.

Ye. G. Aftandiliants ORCID 0000-0002-0317-7683.
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Anotanis. ®opMyBaHHS NIyMy Ha POOOYOMY MICIIi
MexaHi3aTopa 00yMOBIICHE B3aEMOMIEI0 OKPEMHUX JDKEeped
LIyMY, SIKUMH € arperaTd i By3/Id MaIlliH 1 YCTaTKyBaHH,
IO 3aCTOCOBYIOTBCS B TEXHOJOTIYHUX Iporecax. Y
NOAIOHUX TEXHOJOTIYHMX MpOLEcax CHCTEMY JDKepel
LIYMY MOKHA PO3IJISaTH K 3aMKHYTY (i3HYHY CUCTEMY.
3aMuKaHHs BiIOyBa€ThCsl ab0 HECKIHUYEHHO BiJIAJICHOIO
007acTIO, B SKId IIyM TMOBHICTIO IOIJHHAETHCS, a00
IPaHUYHUMH TOBEPXHSAMH, BiJl IKUX LIYM MOXKE YaCTKOBO
BiZOMBaTUCS i AIPOKCUMYBATHUCS BTOPUHHUMHU
JoKepelaMu 1mryMy. 3 iHmoro OOKy BiOMO, IIO piBEHb
IIyMy, [0 BHHHUKA€ BiJ JCKIIBKOX HEKOTCPEHTHUX
IDKEpeN, TPamIoloYiX OJHOYACHO, PO3PAaxXOBYEThCS Ha
miIcTaBi NPUHOMIY EHEPreTHYHOro IiJCYMOBYBaHHS
BHITPOMIHIOBaHHI OKPEMHUX JIKEPEIL.

B crarti pospobiieHa MaTeMaTHYHA  MOJEIb
(dbopMyBaHHs IIyMy Ha PoOOYOMY MICIH TPH B3aEMOJIIT
JDKEpea IIyMy, OOYMOBJICHHX OKPEMHMH BY3JaMH 1
arperataMy MallviH i CAMUMH MallMHAMH, IO BXOASTH B
TEXHOJIOTIYHUI KOMIUIEKC, JI03BOJISIE BU3HAYUTH HPOLIECH
BCTAHOBJICHHSI CTalllOHAPHUX pIBHIB €Heprii mymy i

po3paxyBaTh piBeHb ILIyMy Ha pobodomy Micui
MeXaHizaTopa.
KawuoBi caoBa: woxpenp, 1mym, HeOesmeka,
BUPOOHHIITBO, ITPOLIEC, 3EPHOCKIAL.
IHocranoBka npodaemu
®opmyBaHHA ~mymMy Ha  pobouomy  Mmicmi

MexaHizaTopa 00yYMOBJICHE B3a€EMOIEI0 OKPEMUX JIKEPET
LIYMY, SKUMH € arperaTtH i By3JId MallviH 1 yCTaTKyBaHHS,
[0 3aCTOCOBYIOTHCS B TEXHOJOTiYHHX mporecax [1].
VY noniOHUX TEXHOJOTIYHUX NpOLEecax CHCTEMY IDKepel
LIYMY MOKHA PO3IIIAJATH K 3aMKHYTY (i3HUHY CHCTEMY.
3aMukaHHS BiIOyBa€eThCs ab0 HECKIHUYEHHO BiJIAJICHOIO
obmacTio, B AKiH IIyM IOBHICTIO MOTJMHAETHCS, abo
I'PaHUYHUMH TOBEPXHSAMH, Bijl SKHX LIYM MOKE YaCTKOBO
BiOMBaTHCS i aIpOKCHUMYBaTHUCS BTOPUHHHUMU
JoKepenamu mymy [2].

AHaJII3 0CTAHHIX J0CJHiIKEeHb

PosrisiHeMO pO3paxyHKOBY CXeMy, NpHUBEAEHY Ha
puc. 1. Hexait maemo N noxansuux obOnacteil. V koxuii
obnacti € Jpkepeno 3 piBHeM eHeprii mrymy (BiOpariii)
E,. PosrisiHeMo sK 3MiHIOETBCS piBeHb eHeprii wymy

(Bibpartiit) y Buzineniii o6macti K mpu B3aemonii mxeper.
Beaxkatumemo, 1o cucrema I oGnacreit 3amknyTa [3].

LT

2

3

Puc. 1. Po3paxyHkoBa cxema 3aMKHYTOI CUCTEMH
mxepen mymy(Bibpanii) 1, 2, 3, ... ,.... N — mkepena
eHeprii mymy.

Puc. 1. PozpaxyHkoBa cxeMa 3aMKHYTOI CUCTEMU
mkepen uymy(iopauii) 1,2, 3, ... ,.... N — mkepena
eHeprii mymy.

bxepeno mymy obnacti (BHAiJieHa) B3aeMomie 3
HABKOJIMIIHIMK JKepenamu mymy obnacreii 1, 2, 3...1N
TOMY 3MiHa XapaKTEPUCTHK OAHOTO 3 mkepen 1, 2, 3...1N
NPU3BOJNUTH 110 3MIHM PIBHS eHeprii mymy (BiOpamiii) B
oomacti K [4]. 0

NEPEeHOCUThCS Yy BHIUICHY oOOJacTh 3 SKUM-HEOy/b

Eneprisn mymy (BiOparmiii) E

Koe]iieHToM ﬂn TOJ1 B 00JaCTI MaTUME MiCLIE BUIIAA0K
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peamizamii  HEKOTEPEHTHHUX  JDKEpEN,  NPAIIOIYHX
OJIHOYACHO, 3 BiIOBIIHUMHY PiBHSAMHM eHeprii [5, 6].

E — CHCPICTUYHA XapaAKTCPHUCTUKA n- JKepeaa.

ALEALE, ALE, ()

Takum YMHOM, 3aBJaHHsA 3BCJIOCA OO0 BH3HAYCHHIA

PpiBHA eHeprii mrymMy i JJoKaabHOI 00acTi K sxmo BiZIOMO,
0 B il 00acTi icHye HepiBHOMIpHE TOJE HKEPe, M0
MaroTh piBHI mymiB (Bibparriit) [7-10].

Merta gociigkeHn

Meta gocmimkeHb  OOTPYHTYBaTH  3MEHIICHHS
B3aEMOJIii DKepena myMy ciibebkorocmnoaapcbkux ME3
3a IapaMeTpaMu OXOPOHH MPalli Ha BUPOOHHYHX MpoIecax
30epiraHHs 3epHa.

Pe3yabTaTn nociaigxeHb

BuninuMo B J0OKalbHIA 00JacTi k JIOBUTBHY

3aMKHYTY MiJo0IacTh kl 00'emMoM Vl 1 3aMKHYTOIO

[IOBEPXHEIO F v migo6IacTi BUAUTIMO JEsSKi MPOIIapKH
3 pIBHOMIPHO pO3IMOMAUICHOI EHEpTriero AE |, sxi
3HAXOOATHLCA Ha BiICcTaHi Ar OIMH Bix onxHOrOo. Y
mio6acTi kl BBEJIEMO JiekapToBi koopauHatu X, Y, Z

3 JJOBUIBHUM NOYaTKOM BiUTiKy. To/i MoTik eHeprii uymy
( mo mpoxomuTh Yepe3 OAMHMIO ILIOMI B OJMHHUILO

4acy, NpONOPLiHNUI rpalieHTy eHeprii.

AE
gq= mE )

ae M - koediuieHT NPOOPIIOHATLHOCTI.
BaranbHa KinbkicTh eHeprii mymy (] sika BuTikae

yepe3 3aMKHYTY MOBEPXHIO F nino6macri kl 3a 4ac

At = t2 — tl )Z[OpiBHIOC

a, _”jm —dth ?)

e nl - 30BHIMIHSA HOPMaJh IO TOBEPXHIi F.

OcTaHHi# BUpa3 MEPENHIIEMO Y BUTIIAII

:]Z'Hm V dF dt )

Hexait f(r, t) ne F=r (X, Y, Z) - paniyc
BEKTOPY, € LIUIbHICTh PO3MOJUTYy piBHIB eHeprii mymis

AE;, ALE,,..

o6'emi V obmacti K 3a wac At Oyne peamizyBaTHCS
KUTBKICTB €Heprii mrymy (BiOpartiif)

t, .
6, = [ [[]£(F. t)av dt ©
y Vv

ﬂ’n En B JIOKaJIBHIHN 00JacTi k TOIl B

BxazaHi nporiecu CynpoBOKYIOTHCS 3MIHOIO PiBHS
€Heprii mWyMy B KOXHil BumineHii oomacti N mpuuomy

3arajbHa 3MiHa piBHA €Heprii mymy B 001acTi 06'eMoM \%

3a yac At
t
q3:I2 H E%dth, (6)
Y

ne E - Koe(iLlieHT MPONOPLIOHATBLHOCTI.
BuxopucTOBYIOUHM CIIiBBiTHOMICHHS OalaHCy eHepril
0, 0, =03 (7
oTpuMaemo, 1o pisHuig  eweprii mymy (], mo
YTBOPIOETBCS B Ki eneprii mymy (J; mo BuxoaUTH 3

oomacti K 4yepes TOBEPXHIO F e sammmox eHeprii mymy

y BUALICHIH 001acTi K o6'emom V .
[igcrasmsroun (4), (5), (6) y (7), orpumaemo

Ijvﬂf(i t)av dt—ttjj J'i.[m§dth=q2=ttJj jJ g%dth.

JIIBOI  YaCTHHU
Octporpajckoro,

[IeperBOproroun
OCTaHHBOI
BHU3HAYNMO

E j\ﬂ[ f (F, t)+ div(m grad E)—gé;tE }dv dt=0()

B cuny noBinsHOCTI BuGOpY inTepBany wacy At i

JOJTAaHOK
bopmymi

ApyTruit
piBHOCTI TIO

o0'emy \% piBHICTH (8) BUKOHYETHCS TOZ1 1 TUIBKH TOZI,
KOJIH

f(F, t)+ div(m grad E)—e% =0 (9

BBaxkarouu, 110 00JaCTh k OJTHOpiZHA BiTHOCHO

oE

koedimienta M i Hopmyroun koediuieHT nepeny ——,

3HAWIEMO

6E_mA2E+fr,t
o, N - P

I[OZ[aBHII/I V V E a0 000X YaCTHH OCTaHHLOTO

BUPa3y, OTPUMAEMO

dE_TrY, (M3 e
dt g g
IlepeTBOpuBLIM
ﬂu):(p, MA+V =y
g g

3HalieMo
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Bupaszumo ocTaHHIO PiBHICTD y 0€3p03MipHHX PiBHAX
€Heprii, JUIsl 9oro MOUIMMO PIiBHICTh HA HOPMYIOUHMA

piBeHb eHeprii EO i momMHOXHMO Ha 10

109 B v[10E |+102
dt E

0 0 E0
3a BU3HA4YEHHSM 0€3p03MIpHOTo piBHS eHepril

E
L=10Lg —
gE

0
[MponudepenuiroBaBy 00UABI YACTHHH, 3HAWEMO

dE_Ed|
dtE, E, dt
10v E-Eg,
EO E0 J
BuxopucToByoun piBHSAHHS OCTaHHBOI CHCTEMH,
BU3HAYUMO

—_—

Ed_E SiL+102

IIpunycrumo, 1o (D = 0,1(01E TOMI

dL —c
m =yV0L+¢,
(10)

Bupaz  (10) Bu3Hauae  Qi3uyHME  mpouec
BUPIBHIOBaHHS 0€3p03MIPHOTO PiBHS €HEPTil IyMY, SKIIO0
B JIOKaJIbHIN 00JIaCTi € JKepena, mymy(Bioparrii).

3 iHmoro OOKy BiIOMO, HIO piBeHb LIyMY, IO
BUHUKA€ Bi JEKUJIBKOX HEKOIePEHTHHX JDKEpel,
NPaLIOIYUX OJHOYACHO, PO3PAaXOBYEThCS Ha MinCTaBi
TPUHLHITY CHEPreTHYHOTO iICYMOBYBaHHS
BUIIPOMIHIOBaHHI OKpeMHUX J0kepen. B 3B'S3Ky 3 1uM
IMOBEpHEMOCST 10 pealizoBytodoro mporecy (1), Tomi
cymapHUi Oe3po3MipHHMI piBeHb €Heprii BiX k
HEKOTePEHTHUX JDKepes

n
Ly =101g> 10%H

i

(11)

Ciip 3ayBaKMTH, LIO BKJal K -ro JDKepena B
CyMapHy XapaKTEePHUCTUKY BiOyBa€ThCs MOBHICTIO, TOOTO

ﬂ'kk =1.

[IpoBeneMo HeckiIagHE MaTeMAaTHYHE HMEPETBOPEHHS
piBrocTi (11). INoainuemm obuasi wactuau (11) Ha 10 i
MOTEHINFOI0YH, OTPUMAEMO

101K _ Zn:loo,qu L

i

L L 01 L

a6o A K :Za’ K h
=L

ne Iga=0,1

(12)

Honimmeumm (12) Ha LZK 3HaiieMo

n
AigkL;i—L
1: 2 :a JK =] >K
j=1

Po3kmaBmm mpaBy 4acTHHY, IO CTOITh il 3HAKOM
CyMH, B DS 3 YypaxyBaHHSAM MEpIIUX [BOX UJICHIB,
BU3HAYMMO

n
(n-1)+Ina Z(/ijij “Ly)=0 @)
j=1
JlomycTumo, 1o mpoIiec CTaliOHapHUN, TO I

dL —S N
_:O’ I/IVL:Z(&JkLJ _LZK) (14)

dt =t
OcranHs  omepamiss  BUINpaBgaHa  THM, IO
Oe3mepepBHUII  Tpami€HT 3aMIHIOETBCS  OUCKPETHHM

3HAYCHHSAM PIi3HUIN PIBHIB €Hepril myMiB 1O BHOpaHUM
Hanpsmam. [licas mporo 3Haiaemo 3 (10) 3 ypaxyBaHHIM
(14) Toro, mo

n
2] +Z(/1jk|—j - LzK):O

(15)
j=1
[opisatoroun (15) i (13), BU3HaUMMO, 110
n-1
P= (16)
Ina
3 ypaxyBaHHIM 3p00JICHUX JIOTYIICHb,

BCTAHOBJICHHSI PIBHOB&)XHOTO IIPOLIECY PIBHI LIyMY
(BiOpamiif) omucyeTbcst 3BHYAMHUM JIU(EpPEHIIATLHUM
PIBHSIHHSIM TEPILIOTO MOPSIIKY

dlye n-1

" _EJFJZ:;(/IJ"LJ_LZK)’ (A7)

ne N - xinekicTs mKepen mymy(BiGparii);

L i~ piBeHB IIyMY B JIOKAIBHINA 00JIACTI;
ﬂ,jk — KoediLi€eHT, 1110 BPaxOBYE MOUIMPEHHS IIYyMY

(BiOpariif) 3 obmacTi J y o0nactb K.

PiBusirHs (17) € MaTeMaTHYHOIO MOJIEIUIIO HPOLIECY
B3a€MO/Iii 3aMKHYTOI CHCTEMH JKepe yMy (BiOpariii).
IMosuicTio o6macts 3 [ - BunmpomiHioBauis
OITUCYETHCS CHCTEMOIO PiBHIHB
dL, n-1 g
K
= + Z (ﬁ’jk L,

dt ha &=
K=123..n

Maremarnuna wMogens (18) ommcye 3aMKHYTY
cucreMy Jokepen mymy (BiOpamiif). Ilpuuomy B
CUIBCHKOTOCIIOJAPCHKOMY ~ BHPOOHHLTBI  MPAKTHYHO
3aBXK/IM CHCTEMa 3aMHUKAEThCS.

SIKmo  ycraTKyBaHHS Yy  BIAKPHTOMY HPOCTODI
3HAXOJMThCS Ha BifAcTaHi Omu3pko 10 xapakTepHHUX
TE€OMETPHUYHUX PO3MIPIB yCTAaTKyBaHHS BiJ] 3aXHCHHUX
MOBEPXOHb, TOAI MOXHA MNPHUHAHATH, MO0 ULIYM, UIO
BUIIPOMIHIOETHCS YCTaTKYBaHHSAM, HJIe B HECKIHUEHHICTB i
HE MOBEPTAETHCS.

SIkIo ycraTKyBaHHSI 3HaXOJUTHCS B IIPUMIILIEHH] Ha
Bizictani MeHmIe 10 XxapakTepHUX TeOMETPUYHMX PO3MIpiB

- LZK ) (18)
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YCTaTKyBaHHS BiJ CTiH 1 3aXHCHUX IOBEPXOHb (HE
(hanepoBaHUX crieriaTbHAM ITyMOTIOTJTHHAIOU UM
MaTepialoM), TO CTiHH i IIOBEPXHI, IO 3aXUIIAI0Th, MOYKHA
MPUIHATH 332 BTOPUHHI [DKEpea IyMmy.

BucnoBku

1. TakuM yuHOM, pO3pOOIEHA MaTeMaTH4Ha MOJIETb
(dopMyBaHHsS IIyMy Ha PoOOYOMY MICI TIPH B3aEMOIT
JDKepenl 1IyMy, OOYMOBJIEHHMX OKPEMHMH BY3JIaMH 1
arperataMy MalliuH i CAMUMH MallMHaMH, 110 BXOASATH B
TEXHOJIOTTYHUI KOMIUIEKC, JO3BOJISIE BUSHAYHTH MIPOLIECH
BCTaHOBJICHHS CTAIliOHAPHUX pIiBHIB eHeprii mymy i
po3paxyBaTH piBeHb IIyMy Ha pobOodoMy MicIi
MexaHizaTopa.
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MO/JIEJIb ITPOLIECCA BBAHMOJIEIZCTBHH
NCTOYHUKA [ITYMA
CEJIbCKOXO3AMCTBEHHBIX MAC T10
ITAPAMETPAM OXPAHBI TPYJIA HA
MMPOM3BOJICTBEHHBIX [TPOIIECCAX XPAHEHU A
3EPHA
C. M. Bvicoscxuii, . JI. Pocosckuil

Annoranusi. DopMmupoBaHWe mIymMa Ha padodeM
MecTe MeXaHHM3aTopa O0YCIOBIEHHOE B3aUMOJIEHCTBUEM
OTIETHHBIX HCTOYHUKOB IIIyMa, KOTOPBIMU SIBISIFOTCS
arperartbl v y3J1bl MallliH U 000pYyI0BaHMsI, TPUMEHSIEMBIX
B TEXHOJOTHYECKMX  TporeccaX. B mogoOHBIX
TEXHOJIOTUYECKHUX MPOIECCaX CUCTEMY HCTOYHUKOB IITyMa
MOJKHO paccMaTpHBaTh KaK 3aMKHYTYIO (PH3HYECKYIO
cucreMy. 3aMBIKAHHE TPOUCXOAUT WM OECKOHEYHO
yIAJIEHHOW OO0JNaCThiO, B KOTOPOW IIyM IIOJIHOCTBHIO
MOTJIOIIAETCS, WM TPAHUYHBIMU MOBEPXHOCTSAMHU, OT

KOTOpPBIX IIyM MOXET YacTUYHO OTpakaTbCsl U
anpOKCUMYBATUCSI BTOPUYHBIMU UCTOYHUKaMU myma. C
JIpyroil CTOPOHBI HW3BECTHO, YTO YPOBEHb LIyMa,
BO3HUKAIOIIUH oT HECKOJIbKUX HEKOTePEHTHHUX
HACTOYHUKOB, paboTaronux OJHOBPEMEHHO,
paccuuThIBaeTCs Ha OCHOBaHUU TIPUHITAIIA

SHEPreTUYECKOT0 CYMMHPOBAHUS M3ITYYEHUH OTAEIHHBIX
HNCTOYHHKOB.

B cratbe pa3paboraHa MaremaTHMuecKas MOJIEINb
¢dopMupoBaHus IIymMa Ha paboyeM MecTe NpHU
B3aUMOJICHCTBUM HMCTOYHUKOB IIIyMa, OOYCIOBJIEHHBIX
OT/JEIBbHBIMU Y3JIaMH W arperaTraMi MalldH U CaMHMHU
MalIMHAMH, BXOJSIINX B TEXHOJOTMYECKHH KOMILIEKC,

MO3BOJSIET ~ OMPENCIUTh  NPOIECCH  YCTAHOBJICHHSA
CTallMOHAPHBIX YPOBHEHW JHEPrHH IIyMa M PacCUUTATh
YpOBEHB IIIyMa Ha pabodeM MecTe MEXaHHU3aTopa.

KiaioueBble cioBa: Monenb, IIyM, OIAacHOCTS,
TIPOM3BOJICTBO, TIPOLIECC, 3EPHOCKIIA.

PROCESS MODEL OF INTERACTION OF NOISE
SOURCE AGRICULTURAL MEZ IN PARAMETERS
OF LABOR PROTECTION ON PRODUCTION
PROCESSES OF GRAIN STORAGE
S. M. Vygovskii, I. L. Rogovskii

Abstract. The formation of noise at the workplace of
the operator due to the interaction of the individual noise
sources, which are the units and components of machinery
and equipment used in technological processes. In such
processes the system noise sources can be considered as a
closed physical system. Circuit occurs or the infinitely
remote region where the noise is absorbed, or boundary
surfaces, of which the noise can be partially reflected and
aproximates secondary sources of noise. On the other hand
it is known that the noise level arising from several
nekogerentnogo sources operating simultaneously is
calculated on the basis of the principle of energy
summation of the individual radiation sources.

In the article the mathematical model of the formation
of noise at the workplace the interaction of sources of the
noise caused by individual nodes and aggregates of
machinery by the machinery included in the technological
complex allows to define the processes establishing the
stationary energy levels of the noise and calculate the noise
level at the workplace of the machine operator.

Key words: model, noise, danger, manufacture,
process, granary.
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bi6n. 17, puc. 6, maobn. 2.

Anotanis. Ilpu po3poOIi TEXHONOTIYHUX KapT
30HpaHHs YPOXKAI0 HE BPaXOBYEThCS TEPMiH eKCILTyaTamil
KoMOaifHa 1 Horo TexHiuHMI cTaH. He BpaxyBaHHA

MOTIEPETHROTO TEPMiHYy eKCIUTyaTamii KoMmOalHIB i
HMOBIpHUX 3HAaYCHb I[MOKA3HHWKIB TEXHIYHOTO CTaHY
OPUBOIUTH O  CYTTEBUX  INPOPAaxyHKiB  IpH

NPOTHO3yBaHHI TEpMiHIB KHUB. [lJI1 MalIMH KOPOTKO
CE30HHOTO  BUKOPHCTAHHS  HAWOUIBIN — 3HAYMMI 13
MOKa3HUKIB HAJIHHOCTI SIK PEMOHTONPHUAATHHX CHUCTEM
CIYTYIOTh ~ CTaTUCTHYHI a00 WMOBIpHI  3HAYCHHS
MOKa3HUKIB HApOOITKy MK YEproBHMH BiIMOBaMH i
TPHUBAJIOCTI TPOCTOIB Ha BiAMoBaX. KoMruiekcHUM
MTOKa3HUKOM pOOOTO3aTHOCTI BiTHOBITIOBAJbHUX CHCTEM
(00’€KTiB) BUKOPHUCTOBYIOTH KOE(DILli€EHTH TEXHIYHOI
rotoBHOCTI Kr sKkuWii po3paxoBYETBCSA SIK BiIHOUICHHS
CepeHhOTO HApOOITKy MK BiIMOBAMH IO CEPEIHBOTO
HapoOITKy MK BiIMOBaMH ILTIOC CEPEIHBOTO IPOCTOIO
10 YCYHEHHIO BiJ]MOB.

ABTOpOM  MPENCTaBICHO,
TEPMIiHIB  JKHHB  HEOOXiJHO  BpPaxOBYBaTH  CTPOK
eKcITyaralii KOMOaiHIB 1 BHOCHTH IIONIPaBKH B
MOKa3HUKH MPOAYKTUBHOCTI 13 BpaxyBaHHSM IMOBIPHOTO
3HW)KEHHST ~ TOKa3HMKa  TEXHIYHOro CTaHy  uepe3
KOE(IIi€EHT TOTOBHOCTI.

B crarti Bu3HauYeHO, [0 TNUTOME 3HMKCHHS
MPOAYKTUBHOCTI HA OIMHHUINIO 3MEHIICHHS KoedimieHTa
TOTOBHOCTI JJIsi KOMOaWHIB CKJIajga€ TPUALSATH TOH
HAMOJIOTY paHHIX 3¢PHOBHX.

Karwu4osi ciioBa: cucrema, TOTOBHICTD, KOSQIIIi€HT,
KoMOaifH.

M0 TpU IUIaHyBaHHI

ITocTaHoBKa MpodIeMHu

I[Ipn po3pobui TEXHOJOTIYHUX KapT 30MpaHHS
ypOXalo HEe BpaxoOBYETbCS TEPMIH  EKCILTyaTaiil
koMbaitHa 1 iforo Texuiunumii ctaH [1]. He BpaxyBaHHs

MIOTIepeIHBOTO  TEPMiHY eKCIuTyaTanii KoMOaiHIB i
HMOBIDHMX 3HA4eHb MOKA3HHKIB TEXHIYHOTO CTaHy
NPUBOJWTH 1O  CYTTEBHX  HPOPaxyHKIB  IpH

NpOrHO3yBaHHI TepMiHiB >kuuB [2, 3]. is mammH
KOPOTKO CE30HHOTO BHKOPHCTaHHSA HAHOIIbII 3HAUMMI 13
MTOKAa3HHUKIB HAaAIHHOCTI SK PEMOHTONPUAATHUX CHCTEM
CIAYTYIOTh  CTAaTUCTWYHI ab00 HWMOBIpHI  3HAYEHHS
MMOKa3HUKIB HApoOiTKy MiK UYeproBUMH BigMOBaMH i

TPUBAIOCTI MPOCTOIB Ha BiamoBax [4-6]. 3riguo [7, 8]
KOMIUIEKCHUM MOKa3HUKOM poGoTo 3[aTHOCTI
BiTHOBJIOBAIHUX CHCTEM (00’€KTiB) BHUKOPHCTOBYIOTH
KoeiIieHTH TEXHIYHOT TOTOBHOCTI Kr SIKUH
PO3paxOBYETHCS K BIIHOIICHHS CEPEIHBOTO HAPOOITKY
MDK BIIMOBaMH O CEpPEIHBOTO HApOOITKy MiX
BiIMOBaMH IUTKOC CEPEAHBOTO MPOCTOI0 IO YCYHECHHIO
Biamos [9].

AHAaJIi3 oCTaHHIX JOCTIIKEeHb

OCKINBKH YHCIIO JOCHTIKYBaHUX KomOaitHiB Oyio
moctiiiauM (10 komOaifHIB), TO IS BiJHOBIIOBAHHUX
00’€KTiB BH3HAYCHO TIOTPIOHWKA 0OOCSAT  JOCIIKEHB
KUTBKICTh 3a()iKCOBaHHX BiAMOB, a00 CyMapHO KUIBKiCTh
BIAMPAIbOBAHUX MOTOTOJIMH JJIsI PO3PAXYHKY MOKa3HUKIB
HamifiHOCTI 13 3amaHoro TounicTio [10-12]. Harmsg 3a
pobotoro kKoMmOaiiHiB BHKOHYBaBcs 3a manom NM(UY,
TY) [13], 3rimHO SKOrO OJHOYACHO JOCIIIKYBAIHCS
N=10 xomb6aiiris [14, 15]. [Ticis kK0kHOT BiAMOBH pOo6OTO
3naTHicTh KomOaiiHa BigHoBioBasiacs UY, =80 BimMOB,
abo Tmpu JIOCATHEHHI CYMapHOro HapoOiTKy MO BCiX
koMbaiiHax nocsirma TY =257 motoroaun [16]. Ymosi
MIPOBEICHHS MTOCTIKEHb poTaHroM ce3oHy YD =80¢109;
TY =257 mororox « 1500 mororox [17].

Merta gociigkeHb

BusHaueHHs HampsAMKIB po3poOIEHHS aHATITHIHHX
MOJIOXKEHb 1 MOZET Koe]imieHTy TOTOBHOCTI Ta TEPMiHy
eKcIuTyaTallii 3epHo30upaTbHIX KOMOAIHIB.

Pe3yabTaTh nocaigxkeHb

Jus mmanie [NMUYY] [NMTY]] pospaxoByemo
BUOIPKOBY OILIIHKY HapoOiTKy Ha BiIMOBY KomOaiiHa Nel
3a TEPMiH JKHHB TIEPIIOTro POKYy EKCILTyaTallii:

~ S 241
T 0o =— =——=1853momozooun (1)
m 13
BubipkoBy OLIIHKY cepeaHbol TPUBAJIOCTI
BiJHOBJIEHD:
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A 1
:—Z —446M0m0200uH 2
ml 1
ToukoBy OLIHKY KOC(biL[iEHTa TOTOBHOCTI  JUIA
koMmOaitHa Nel 3a TepMiH JKHHB TIEpPIIOTO POKY
EKCILTyaTaIlil po3paxoByeMo 3a (hOpMYIIOL0:

1853
K} 1o /fy+1,)- 1853+ 4,46

ToukoBa oOIliHKa KOEQIMi€HTIB TOTOBHOCTI IS
KOMOAaHHIB 3a TEPMiH XHHB ITIEPIIOTO POKY EKCILTyaTamii
BigmoBigHO M1 komoOaiiHiB Ne2 - Ki=0,58; Ne3 Kr=0,73;
Ned4 K:=0,51; Ne5 Ki=0,76; Ne6 Ki=0,59; Ne7 K;=0,76; Ne8
K=0,57; Ne9 K,=0,58; wombaitH NelQ - OyB 3HATHH 3
eKCIITyaTalii yepe3 BiAMOBY JBUryHa depe3 60 M.-To1.

Cepenne 3Ha4YeHHs KoedilieHTa TOTOBHOCTI IS
JeB'sITH KOMOaliHiB BU3HAYaeMO 13 popMyiu:

1 5,85
;:WZ Kn‘:
i=1

——=0,65 4)
9
3aKOHOMIPHICTh 3HWKCHHS CEPEeIHBOTO 3HAYCHHS
KoedillieHTa TOTOBHOCTI i3 3pOCTaHHAM CTPOKIB
eKcIuTyaTallii MoKa3aHo Ha puc. 1 i MoJIHOMOM YeTBepTOl
CTETICHI:
K;=-0,0043x4+0,0784x53-0,5072x2+1 ,3051 x-0,3009

=0,81 (3)

R?=0,9862
|
Kr 0,86 0.82
074 07 7
0.8 0.62 / 0.71 0,69 0 ?/
.l
0.6 04
8 044
0.4 03
0249 0246 0243
—
0.2 0.2
0
| 2 3 1 5 6
n, poxkn
O- Kor(t) 1-Kr
Puc. 1. 3akoHOMIpHOCTI 3MiHH CTaI[iOHAPHOTO

KoedilieHTa TOTOBHOCTI 1 HECTaI[lOHAPHOTO KoedilieHTa
OHepaTI/IBHO'I. TOTOBHOCTI.

Fig. 1. The patterns of change in the stationary
coefficient of readiness and non-stationary coefficient of
operational readiness.

3a m’ath pokiB ekcruryatamii miciast 2015 poky
3HAYCHHS KOe(]illieHTa TOTOBHOCTI 3HHU3WIOCS BiX
3HaueHHs Kk2=0,86 nmo Kry=0,64, Tobro Ha 26%.
CepenHbOCE30HHE 3HAYCHHS 3HIKEHHS KoedillieHTa
roroBHOCTI ckiranano AKr=0,044, a6o 5,2% mopiuHo.

3rifHO OLIHKK mependadaeMo, IO CTATUCTUYHUX
MIOKa3HUKIB Koe(]imi€eHTa TOTOBHOCTI 3aKOHOMIpHOCTI
3MIHM 13 3pPOCTaHHSM CTPOKIB eKcIlTyartarii OJM3bKi 10
posnoxiny BeliOyia.

Jst ipyroro poky ekcrutyaraiii 3K BuzHaummo:

1. CramioHapauii Koe(]iieHT TOTOBHOCTI IS
JPYTOTO POKY eKCIUTyaTaIllii:

M 0.25
K, = =
H+w 0.25+0.040

2. HecranionapHuii koeillieHT TOTOBHOCTI Ha 3MiHY
pobotu:

=0.86 (5)

J MW e _
K = +—¢ =
)= e

(6)
_ 0.25 + 0.040 -(0.25+0.040) _
0.25+0.040 0.25+0.040
=0.87+016e>" =0.86+ 0.16i =
23.8
=0.86+0.16*0.042 =0.86+ 0.006 =
=0.866 ~ 0.87
3. CramioHapHuif KoedimieHT OmepaTUBHOI
TOTOBHOCTI 32 3MiHY:
Ko't (f3 ) — H e—Wt — 0,86e—0,041*14 —
H+w @)
=0,86e>™ = O,86ﬁ =0,86*0,56=0,48
4. HectanioHapHu#t KoeQillieHT OMepaTUBHOT
TOTOBHOCTI 3a 3MiHY po0OoTH:
Ko (r,t)=| —H— 4 B _gms Jgwe
' H+WwW H+W (8)

=0,87*0,56 = 0,49

CramioHapHuii 1 HecTamioHapHUH KoedimieHT
BigpizHsAeThcs Ha 0,01, a cramioHapHHWil Koe(imieHT
roropHocti  (K;) 1 cranmioHapHuii  koediuieHT
omepatuBHoi roToBHOCTI (Kor(t)) BimpisHstoTHCS
AK=K;-K,(t)=0,86-0,48=0,39.

Busnayaemo OCHOBHI XapaKTEePUCTUKU
posnoainy BeiOymina qias koediieHTa rOTOBHOCTI 13
301TBIICHHSM CTPOKIB €KCILTyaTallii.

1
F(l +—
= m . .
T, - cepeiHE 3HAUECHHS HApOBITKY Mik
w
BiAMOBaMU )
f(t ) ma)(a) t)m Lgletim L{iJIBHICTD
po3mojiny (10)
F (t3 ) =1—e ™"~ pynxuis posnoginy iMoBipHOCTI
BIZIMOB 11
— 1 2 1
DT, =—| [1+= |- 1+=||-
w m m
JCTIEPCis. (12)
Po3spaxyHKn XaPaKTEPUCTUK posnominy

Beiibynna ans npyroro poky ekcryararnii 3K (sax
MpUKIaN):

I 1+ i
T ( 27) r(1,34) _ 08892
" - = = MOTO-TO/I.
0,04 0,04 0,04
=22,23
fz(t3)= 2,70*0104(0’04*14)2,7071e,(0,04ﬂ4)z,7o B
= 2,7 *0,04*01373* 0,82 _ 0,033

F,(t,)=1-27170%1" —1_082=018
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DT, = 12 Mie2 -1+ 1|2
0,04 2,7 2,7

—625*0,1289 = 78
3aKOHOMIPHOCTI 3MIHM CTal[iOHApHOTO KoedilieHTa
TOTOBHOCTI 1 HECTAI[IOHAPHOTO Koe(illieHTa OnepaTuBHOT
TOTOBHOCTI B 3aJIeXHOCTI BIJl CTPOKIB E€KCIUTyaTawii
NoKasaHi Ha puc. 1.
3aKOHOMIPHOCTI 3MiHM MIBHOCTI posmoxiny K, Ta
¢yHKOii po3mominy iMOBIPHOCTI BiIMOBH IIOKa3aHI Ha
puc. 2, puc. 3.

0.08

f(t)

0.07
0.06
0.056
0.04
0.03
0.02
0.01
0.00

-l
N
w
H
(8.}

6 7
n, poKH
Puc. 2. IllinpHicTh po3moniny 3HaueHb HApPOOITKY
MDXK BIIMOBaMH i3 301JIbIICHHSIM CTPOKIB EKCILTyaTarii.
Fig. 2. The density distribution of values of
operation time between failures with increasing time of
operation.

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

F(t)

~

=
N
w
H
(9,)

6

n, pOKH

Puc. 3. Oynkuis po3noainy iMOBIpHOCTI BiAMOBH
MIPOTSITOM 3MiHH i3 301JIBIIEHHSIM CTPOKiB €KCIUTyaTaIllii.

Fig. 3. Distribution function of the probability of
failure during the shift with increasing time of operation.

OCHOBHI  XapaKTEepUCTUKH po3noainy BeiiOymna
pobotn koMOaliHiB i3 30UIBIICHHSAM CTOKIB SKCILTyaTallil
3BeeH] B TaOIUIO 1.

I3 pucyHka BHUAHO, WO PO30IKHICTE  MiXK
EKCIIEPUMEHTAJIbHUMH Ta PO3PaxXyHKOBUMH 3HAYECHHSIMHU
Kt (o po3noainy Beiibymnna ve 3Ha4Hi (70 3%)).

IIpu ximpkocti iH(opmarii N=25 i BimcyTHOCTI
CTaTUCTUYHOTO PsIy CEPEJHE KBAJPATHYHE BiJIXUIICHHS
BU3HA4YaeMO 13 popMyIn:

S ~t, )} =/0,020 = 0,141 (13)

N-1

Tao6aunsa 1. Xapakrepuctuku po3nomink BeitGyma
poboTi KOMOaHIB i3 301IBIIIEHHSIM CTOKIB €KCILTyaTallii.

Table 1. Characteristics of Weibull raspadsk work
combines with increasing time of operation.

Poxu
eKCIlTyaTamii T Our f(t) N
3K
1 10,79 0,075 0,80 14
2 22,93 0,032 0,18 78
3 19,65 0,038 0,31 94
4 14,42 0,040 0,54 141
5 11,65 0,041 0,67 89
6 11,21 0,044 0,70 82
7 10,3 0,046 0,86 73

3HaveHHs Koe]ilieHTa TOTOBHOCTI 32 TEPMIiH KHUB
HEpIIOTo POKY eKCILTyaTallil CKIajae:
K: =0,65+0,141
Buznaunmo koedilieHT Bapiawii:
1
o, 0141
= Ze 2272034
KL 061

[lo Bimomomy koediuienty Bapiaumii y,=0,34 i3

(14)

Tabnuui 2 3HAXOOMMO TapaMeTpu 1 KoedilieHTn
posmoxiny BeiiOymra.
B=3,22;  K,=0,896; C,=0,306

3HaX0JMMO MapaMeTp 3MIIICHHS:
C=K,-aK, =0,61-0,418=0,198 (15)

BusHauaemMo BepxXHIO JIOBipYy TpaHHIO IS

Koe]imieHTa TOTOBHOCTI:

K, :(I?r _C)a,z\z/z_l+cz
=(0,61-0,198)%/114 + 0,198 =
=0,412*1,04+0,198 = 0,63

K, =(K,-Cpzz,+C=
=(0,61-0,198)*0,96 + 0,198 = 0,59
AHai3 TeMITiB 3MiHU TOKa3HUKA BUOIPKOBOI OI[IHKU
Koe(ilieHTa TOTOBHOCTI HO3BOJIIE 3POOHUTH BHCHOBOK,
[0 TEPMiH JOBrOBIYHOCTI OCHOBHHX arperariB, CHCTEM,
MEXaHi3MiB ~ KOMOalHIB  BHYEpPIYIOTHCS  CTPOKOM
eKCIUTyaTallii MpoTSAroM I ITH-IIIECTH POKIB Ta CyMapHUM
BupoOiTkoM 1200-1400 MoTOTrOA. TpPU CEPETHHOMY
BUpobiTKy 3a cezoH 200-280 wmotorox. Ilicna
3a3HAYEHOTO CTPOKY EKCIUIyaTallii B pOKax Ta BUPOOITKY
B MOTOTOJl. MOKa3HUK HApoOITKy MK BiJMOBaMu
3HUKYETbCS Bim 25 wmororon. mo 12-13 wmotoron.,
TPUBAJIICTh TPOCTOIB IO BiAMOBAax CTalOITI3yeThCS B
Mexax 6 TONWH, a IOKAa3HUK Koe(illieHTa TOTOBHOCTI
3HMKyeThes 10 0,67...0,64 puc. 4.
IMOBipHY BenMuMHY KoedilieHTa TOTOBHOCTI Ha
TEePMiH JKHHUB TICIS OPYroro MOXKHA pO3paxyBaTH IO
eMIIPUYHIN 3aJIeKHOCTI:

K. =K , _67(0,015+0,005~xw)3
Ii r

ne X; - pik excruryarartii 3K.

(16)

A7)
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K“ 0.9

0.86

0.8

0.64

0620

0.69

63 0.66
3

0.6

N, poku
=0= EKCIEPHMECHTAJIbHE 3HAYCHHA -0- pO3paxXyHKOBE 3HAYCHHS
Puc. 4. 3mina koedilieHTIB TOTOBHOCTI KOMOaiiHa B
3aJIe)KHOCTI BiJl CTPOKIB €KCILTyaTarii.
Fig. 4. Change of the coefficients of availability of
the harvester, depending on the time of operation.

Hanpuknan ams TpeTboro poKy eKCIDTyaTallii:
_ —(0,015+0,0053)3 __
K, =086-¢ =

= 0,86L =0,86-0,91=0,79
1,093

tl
CepemHe  3HA4eHHS  3HIDKEHHA  KoeilieHTa
TOTOBHOCTI 32 CE30H eKcIuTyaralii (B MeXax CeMH CE30HIB
eKcILTyaTallii) MOXHa BU3HAYUTH a (hOPMYJIOLO:
K, max— K, min
71(6 = =
n-2

_ 0,86 —-0,64 — 0,044 1
7-2 ce30H

B Mexax HOpPMAaTHBHHX 3aTpaT Ha BiJHOBJIIOBAIIbHI
PEMOHTH KOMOalHIB i MiATPUMYBaHHS ix
poOOTO3MAaTHOCTI MiJ Yac XHHUB ICIA APYTOTO CE30HY
eKCIUTyaTallii  CrocTepiraeTbcsi IOPIYHE  3HMKCHHS
koedimienTa roropaocti Ha 0,036.

BB koedilieHTa TOTOBHOCTI Ha MPOJYKTUBHICTH

(18)

KoMOaifHa BHU3HA4Yae€ThCAd dYepe3 HOro BIUIMB Ha
Koe(illieHT BUKOPUCTAHHS Yacy 3MiHH.
Yepes  koe(illiEHT TOTOBHOCTI  BH3HAYAETHCS

BBEJICHUY HAMHU BiJHOCHHI MOKAa3HHUK TEXHIYHOTO CTaHY
Z, AKkuii BXOAWTH O€3MOCepeqHbO Yy PIBHAHHS 3a SIKHUM
BHU3HAYAETHCSI KOSQIIIEHT BUKOPUCTAHHS dYacy 3MiHH.
Hamu mpwifHsATO, M0 BenmuumHa Z i3 3pOCTaHHAM POKIB
BHKOPUCTAHHSA KOMOaifHa 301IbIIyeThCS JiHIHHO. 3MiHA
BIZTHOCHOT'O TIOKAa3HWKA TEXHIYHOTO CTaHy IOKa3aHa Ha
puc. 5.

[IponykTtuBHicTh (B TOHax) KOMOaWHIB i3
30UTBIIICHHAM CTpPOKIB eKCIUTyaTallii d4epe3 3HIKCHHS
KoedirieHTa TOTOBHOCTI 3MEHIITYEThCS:

_ Qrmax-Q min
Q n-2
~ 1133-605
7-2
3HmwkeHHs1 Koeodimienta roroBHocti Ha 0,01 crae
NIPUYMHOI0 3MEHIIEHHS NPOJYKTHBHOCTI KomOaiiHa Ha
21.2 t/ce30H.

Bu3HaunMo nHMTOME 3HMKECHHS MPOJYKTHBHOCTI Ha
OJIMHUIIFO 3MEHIIICHHS Koe(illieHTa TOTOBHOCTI:

(19)
=106mon [ ceson

_ Q,max-Q,min
~ K,,max -K,min
AQ 563
AK, *100 0,18*100

Ay
(20)

31,3mon

049

0.23 0.292

0.226

0.16

I 2 3 4 5 6
N.pOKH

Puc. 5. 3MiHa BiZHOCHOTO MOKAa3HHKA TEXHIYHOTO
cTaHy 2 i3 301IbLICHHSIM CTPOKIB €KCILTyaTallii.

Fig. 5. Change in the relative index of the technical
condition of 2 with increasing time of operation.

3a pe3ynpTaTaMH EKCIEPUMEHTAIBHUX IOCIIKCHb
(Tabm. 2) BiIHOCHWI TOKa3HWK TEXHIYHOTO CTaHy 3a
CTPOK eKCIUTyaTalii ciM POKiB 3MIHIOEThCS Bil 3HAYCHB
0,16 (mpyrmit pik excmmyararii) mo 3HaueHHS (.49
(cpomuit pik ekcrutyaTarii) puc. 5.

Taoauusn 2.
Table 2.
Poxn Ekcnepu- Binxu-
Mopgaens | neHHs,
ekcrutyaranii 3K MEHT %
1 0 0 0
2 0,16 0,16 0
3 0,23 0,226 1,7
4 0,35 0,292 19,8
5 0,41 0,358 14,52
6 0,45 0,424 6,1
7 0,49 0,490 0

0,25

0.2

0.15

0.1

0,05

0

1 2 3 B 5 6 7
Puc. 6. 3anexHicth KoedilieHTa BiIHOBIICHHS Bif
CTPOKIB €KCILTyaTallii.
Fig. 6. The dependence of the recovery factor from

life

3a OTPUMAaHUMH EKCHEPUMEHTAIbHUMH ITaHUMHU
YUHHUKY, 110 BXOISATH B PIBHSAHHA MAalOTh 3HAYCHHA
Z2=0.16, K>=0.066, To0TO piBHAHHS Oy/Ie TaKUM:
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Z=0.16+0.066(ni-2)

Je n1 - TMOPSAKOBIH HOMEp POKY eKCILTyaTartii.

SAxmo xoegimierT roroBHocTi 3K i3 30imbIICHHIM
CTPOKIB eKCIUTyaTalii 3MEHIIYeThCSH, TO Koe(imieHT
BiJIHOBJICHHS 3pocTae puc. 6. (tab. 2).

SIKmo TpHUBANICTh MPOCTOIB MO YCYHEHHIO BiIMOB
MCAst  TPEThOTO POKY eKCIUTyaTalil 3MIHIOETBCS B
MakCUMallbHOMY 3HadeHi Ha 22%, TO KoedilieHT
BiZTHOBJIEHHS 3pocTae Ha 135%.

(21)

BucnoBku
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AHAJIMTUYECKUE MOJEJIN KOOODPUITMEHTA
I'OTOBHOCTU 1 CPOKA 3KCIUIYATAIIN
3EPHOYBOPOYHBIX KOMBAMHOB
0. A. Yepnux

AnHotanusi. [lpu pa3paboTke TEXHOJIOTHYECKHX
KapT yOOpKM  yposkass ~HE  YYUTBIBaeTCI  CPOK
SKCIITyaTalui KOMOaifHa M ero TeXHHYECKOE COCTOSHHUE.
He cuuras mpeaplnymiero  cpoka — 9KCIUTyaTallMu
KOMOaiiHOB M  BEPOSATHBIX 3HAUCHUWH NOKa3aresiei
TEXHHUYECKOTO COCTOSIHHS IPUBOJUT K CYHIECTBEHHBIX
MPOCYETOB TP NPOTHO3MPOBAHUU CPOKOB JKaTBbL. Jlist
MallMH KpaTKo CE30HHOTO WCIIOJIb30BaHUsl Haubolee
3HAQUMMbIE W3  [IOKa3arelieil  HaJeKHOCTH  Kak
PEMOHTONPUIATHBIX CHCTEM CIIy>KaT CTATHCTHYECKHE W
BEPOSITHBIE 3HA4YCHUS MOKaszaTeled HapabOTKH MEXIy
OUYepeTHBIMH OTKa3aMHU U MPOAODKUTEIBHOCTH TPOCTOEB
Ha OTKa3zax. KommekcHsiM ToKazaTesieM
paboTrocriocobHOCTH BOCCTaHOBHTEIBHBIX CHCTEM
(0OBEKTOB) WCIIONB3YIOT KOI(PQPHUIUEHTH TEXHUYECKOU
rotoBHoctTh  Kr, KOTOpBIH  paccuuThIBaeTCs  Kak
OTHOIIIEHHE CpelHeil HapabOTKM MEXAy OTKa3aMu K
cpenHeil HapabOOTKM MEXIy OTKa3aMH ILUIFOC CPEJHEro
MPOCTOS 110 YCTPaHEHHUIO OTKA30B.

ABTOpPOM TMPE/ICTAaBICHO, YTO NPH IUIAHUPOBAHUHU
CPOKOB  YOOpKM  HEOOXOJMMO  Y4YHUTHIBaTh  CPOK
SKCIUTyaTallid KOMOAWHOB M BHOCHTH TIIONIPAaBKH B
MOKa3aTeIH TPOU3BOJUTEIILHOCTH C YUETOM BEPOSTHOTO
CHIDKEHUSI TTOKa3aTelsi TEXHWYECKOTO COCTOSIHHUS uepe3
KO3 QHIIUEHT TOTOBHOCTH.

B cratbe ompezneneHo, YTO YIENbHOE CHIDKCHHE
NPOM3BOJUTENBHOCTH  HA  €IMHHUIYy  YMEHBIICHHE
K03 uIneHTa TOTOBHOCTH AJIsI KOMOAWHOB COCTaBIISET
TPUALATH TOHH HAMOJIOTA PAHHHUX 3€PHOBBIX.

KaloueBble  caoBa:  cucrema,
ko3 dunneHT, komOaitH.

TOTOBHOCTb,
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ANALYTICAL MODEL OF AVAILABILITY AND
OPERATING LIFE OF COMBINE HARVESTERS
Yu. O. Chernik

Abstract. In the development of technological maps
of harvest is not considered the life of the processor and
its technical condition. Not counting the previous period
of operation of combines and probable values of
indicators of technical condition leads to significant errors
in the prediction of the timing of the harvest. For
machines brief seasonal the most important indicator of
reliability as remontoprigoden systems are statistical and
the probable values of the developments between regular
failures and downtime on the bounce. A comprehensive
indicator of health recovery systems (objects) using the
coefficients of technical readiness Kg, which is calculated
as the ratio of mean time between failures for mean time
between failures plus the average idle time for elimination
of failures.

The author presents in the planning of harvesting
time necessary to consider the life of the harvesters and to
amend the performance indicators taking into account the
likely decrease in this indicator of technical condition
through the availability.

The article identifies that the specific decrease in
productivity per unit reduction of the coefficient of
readiness for combines is thirty tons of early grain
threshing.

Key words: system availability, efficiency, food
processor.
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CHUCTEMHUWM IMIIXIJT OBTPYHTYBAHHSI HOPMATUBIB BITHOBJIEHHS IIPAIIE3JIATHOCTI
CIJIbCBKOI'OCIIOJAPCBKUX MAIIIUH
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bion. 12, puc. 3, mabn. 0.

Amnoranisi. B crarti po3po0iieHo HayKOBHI MiIXif, 0
BKJIIOYA€ CHUCTEMY B3a€EMOIOB'SI3aHUX METONIB, B
CYKYITHOCTI CIIPSIMOBAaHHMX Ha 00'eKTHBHE OOIPYHTYBaHHS
pamioHaNbHUX BEJMYMH MDKPEMOHTHHX HOPMAaTHBIB
CUIBCHKOTOCTIOIAPCHKUX ~ MAaIlIMH 3 TO3UIII  €IMHUX
METOJOJIOTIYHUX TPHHIMIIIB B yMOBax pPHUHKOBUX
BITHOCHH 1 3pOCTaHHA KOHKYpEHIII B  Tramy3i
CLITBCHKOTOCIIONaPCHKOTO MAITIHOOY Ty BaHHSI.

Po3pobiiero  Meroxm — pO3paxyHKY — IIOKa3HHKa
«HWMOBIpHICTH 0€3BiIMOBHOI PoOOTH» 1 OOTPYHTYBaHHA
MDKPEMOHTHHX HOPMATHBIB MAaIllH Ha HOTO OCHOBI, IIIO
nependagae MOKIMBICTD MiIOOPY parioHAIBHUX 3HAYCHBb
PHM3MKIB CHOXHBaya 1 MOCTa4yaJbHUKA NPH BH3HAYCHHI
JOMYCTHUMHUX 3 TOYKH 30py O€3MeKH MIKPEMOHTHHUX
HOPMATHBIB MAIIIKH.

3ampornoHOBaHO METOJ PO3paxyHKy IIOKa3HHKa
«CepelHE HaIpAIfOBaHHSI Ha BIIMOBY» 1 BH3HAuYCHHS
pauioHaNbHUX BEJIIMYMH MDKPEMOHTHHX HOPMATHBIB, IO
BpaxoBy€ KOMOIHOBaHHMU KpUTepili (HamparroBaHHI /
KaJCHOAPHUIA TEpMiH) MOCTAHOBKM MAIIMH B PEMOHT.
BinmoBimHO 10 mBOTO METOAY TepeAadaveHO He3aJeKHE
BCTAHOBJICHHS palliOHAJIbHUX BEJIMYMH HAIpallOBaHHS Ta
CTPOKY eKCIUTyaTallii MallliH y MiXKpEMOHTHHHN TIEPio]T.

KawuoBi  ciaoBa:  meroposnoris,  KoedilieHT
TOTOBHOCTI, e(eKTUBHICTb, CLIIbCHKOTOCIIOapChKa
MaIl1Ha.

I[ocTanoBKa mpodJjaeMu

CraH elneMeHTIB MEXaHi3MiB CLITbCHKOTOCIIOTaPCHKIX
MallMH (Jajdi — MamKH) 3MIHIOETBCS B IIpolieci HOro
eKCIUTyaTarii B TICHOMY B3a€MO3B'SI3Ky OJUH 3 OIHHM.
ToMy icHye HEOOXiTHICTh pO3POOKH CHCTEMHOTO IMiIXOILy
10 OOTPYHTYBaHHS MIXKPEMOHTHHX HOPMAaTHBIB MaIIHH. 3
LI€F0 METOK B PO3IUT MPOBEACHO aHaji3 ETaliB
BJOCKOHAJICHHS 1X CHCTEMH TEXHIYHOTO 00CITyTOBYBaHHS 1
PEMOHTY, pe3yJbTaTH KO0 CBigYaTh PO BHHUKHEHHS B
YMOBaX PUHKOBHUX BiJHOCHH HPUHIIUIIOBO HOBOTO ITiJIXO/Y

JO TOOynOBM CHUCTEMH PEMOHTY 1 pEryJlOBaHHs
B32€EMOBITHOCHH MiX cyO'exTamu
CLUIBCHKOTOCIIOIAPCHKOTO MaIIMHOOY TyBaHHS i
arponpoOMHCIIOBOTO  KOMIIIEKCY. 3anporoHOBaHUH

aBTOPOM TAXiJ 1O BHPINICHHS BHIIECBKAa3aHOI 3a1adi

BUCTYIIa€ B  SKOCTI  YHIBEpPCAIBHOTO  MeXaHi3My,
CIPSMOBAHOTO Ha 00'ekTHBHE OOTpyHTYBaHHSA
MDKPEMOHTHHX HOPMATHBIB MAIMH 3 TIO3WIII €IMHUX
METOOIOTTYHHUX MPUHIIUIIIB.

AHaJIi3 0CTAHHIX TOCTIIKEeHb

[IpoBeneno anHani3 HayKOBO-TEXHIUHOI JITEpaTypu
[1-12], moB's13aHO1 3 3aBHAHHAMM OLIHKK HaJIIHHOCTI Ta
BU3HAYCHHS pAIliOHAIBHOI MEPIOAWYHOCTI PEMOHTY
BUPOOIB Pi3HUX BHUIIB TEXHIKH, B TOMY YHCJII MAIIHH.

PesympraT;  mpoBemeHOro  aHamily ~— HAayKOBOi
JmiTepaTypu CBig4aTh MpPO BIIACYTHICTH B JNaHWHA Yac
€IMHOTO CHCTEMHOTO TMIIXOAy OO OOIpyHTYBaHHS
MDKPEMOHTHUX HOPMAaTUBIB A1 HOBOCTBOPIOBaHUX
MOIeJIeH MaII|H, 110 BiAPI3HAIOTHCS Bl MaIIMH-aHAJIOTIB
HOBM3HOK  KOHCTPYKIIi, a TakoX  30UIbIICHHS
MiKPEMOHTHOI'O HOPMaTHUBAMH.

Merta nociinkeHn

Mera  pochmiukeHb —  ONUCATH  OCOOJHMBOCTI
AHAITAYHUX  MOXOMIB  J0  CHCTEMHOTO  MIiAXO.IY
OOTpyHTYBaHHS HOPMATHBIB BiTHOBJICHHS MPAI€31aTHOCTI
CLTBCHKOTOCIIOTAPCHKIX MAIITHH.

Pe3yabTaTh n0caigKeHb

[lpoBemeno  aHami3  cUCTeMHM  «MalldHA -
eKCIUTyaTalliifHa CepeIOBUIIE», B TOMY YHCII:

a) AHami3 MamMHHOT KOHCTPYKIii SK 00'ekTa
HaJiMHOCTI, CIpSMOBAaHMH Ha BCTAHOBJICHHS BIIACTHBUX
MallMHI BHIIB BiZIMOB, B TOMY YHCII 3 ypaxyBaHHIM
(i3MYHUX MPOIECIB, IO BIUIMBAIOTh Ha 1X BUHUKHEHHS.
PesysnbraTi 1aHOTO aHAI3y IO3BOJIMIIN aBTOPY 3MIHCHUTH
[UJIECTIPSIMOBaHUH BHOIp HEOOXIAHOTO MaTeMaTHYHOTO
amaparty 11 pO3pOOKM  METOJIB  PO3paxyHKy
BCTaHOBJICHUX B POOOTI MOKa3HMKIB, a TAKOX MiJXOLY 10
0OTpyHTYBaHHS 4rcia 00'€KTiB BUIPOOYBaHb.

6) AHaii3 MamMHHOI KOHCTPYKLii $K o00'ekTa
Oe3MeKy, pe3yNbTaTH SKOTO JJO3BONIMIA PO3MOIITUTH
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€JIEMEHTH MalllMH Ha TPYIH B 3aJIEKHOCTI BiJ] CTYyHEHA
HeOe3Mmekn iX BiAMOB 1 PIiBHS KOHTPOJENPUAATHOCTI B
eKCIUTyaTalii 3 METOI palliOHAJIBHOTO I[UIAHYBaHHS
NEPIOUYHUX OTJISIIIIB MAIIUH.

B) AHaJIi3 eKCIUTyaTaIliifHOT CepeIOBHUIIA, Pe3yIbTaTH
SIKOTO JIO3BOJIWJIM aBTOPY BCTAHOBHUTH 1 Kilacu(iKyBaTH
HOMEHKJIATypy 30BHILIHIX ()aKTOPiB, 10 BIUIMBAIOTH Ha
HAOIMHICTh eKcIDTyaTamii MamuH. HasiBHICTE — HX
(hakTOpiB BpaxOBaHO aBTOPOM IPH PO3POOII TEXHOIOTil
(hopMyBaHHS MTPEICTaBHUIIBKO BUOIPKY MAIIIMH Ha OCHOBI
iHpOpMaIHHUX CHCTEM 3 METOI 300py O0'€KTHBHUX
BiOMOCTEH MpO 3MiHY iX TEXHIYHOTO CTaHy. Takum
YUHOM, U OTPUMaHHS JaHWX BiIOMOCTEH mepenadadeHo
Bi0lp MallMH 4Yepe3 CUCTeMY JUIsi [POBEIEHHs
NEPIOUYHUX ODISIIB B 3aJCKHOCTI BiJl MOKA3HHUKIB X
eKCIUTyaTaliifHoi poboTH (3arajibHe HaNpallOBaHHS,
Koe(]iLliEHT MPOCTOI0, CEPETHE 3aBAHTAKEHHS).

Meron  po3paxyHKy IIOKa3HMKa «HMOBIpHICTB
6e3BiIMOBHOT POOOTH» 1 OOIPYHTYBaHHS MIKPEMOHTHHUX
HOpMAaTHBIB Ha H0ro OCHOBI. J{Is po3paxyHKy MOKa3HUKA
«HMOBIPHICTh 0€3BIAMOBHOI poOOTH» MPUHHATI IO yBaru
HeOesmeyHi panTosi BIJIMOBH MaIluHH, 110
XapaKTepu3yIOThCs HemepeadadyBaHUM 3MIiHOKO OIHOTO
abo JeKiNbKOX TmapaMmeTpiB Horo BY3JTiB (meraneil),
HACIIJIKU SIKMX MOXYTb IIPUBECTH JI0 aBapiitHoi cuTyarlii B
arporpoMHCIOBOMY KOMIUIEKCI a00 BTpaTH CXOPOHHOCTI
301KKSL.

Busnaueno, mo HeOe3rne4Hi panToBi BiAMOBHU
BIUIMBAIOTh Ha BEJIMYMHY MAaKCUMAJIBHO IOIyCTUMOI
HallpanOBaHHs MAIIMHA Y MDKPEMOHTHHH MEpio]] 3 TOUKU
30py 3abe3nedeHHs1 Oe3BIAMOBHOCTI Ha 3a/JlaHOMY piBHI.
Ilpn 1OCATHEHHI MaNIMHH JAHOTO  HAIPALFOBAaHHS
WMOBIpHICTP BHHUKHEHHS  HEOE3EYHOTO  PamToOBOI
BIIMOBH [JOCSTa€ KPUTHUYHOTO DIiBHSA, B 3B'A3KYy 3 LM
MalllMHA TOBHMHHI OyTH CHpSMOBaHI Ha TIMOOKY
J1arHOCTHKY, IIPOBE/ICHY B paMKax IUIAHOBOTO PEMOHTY.

BcraHoBneHo, 110 B 3arajbHOMY BHIIQJIKy 4acToTa
MOSIBM  HAMOLIBII PIAKICHOTO HEOE3MEeYHOro BiIMOBH
MaIuH (200 HOro eJeMeHTa) 3yMOBIIOE 3arajibHe YHCIIO0
BUIPOOOBYBAaHMX MAIMH i TPUBANICTH iX BUIPOOYBaHb Ha

HaJIAHICTD.

TakuM  4YUHOM, HEOOXiZHE  YHCIO  O0'€KTIB
BHITPOOYBaHb (MammH, CKJIAJIOBHX YaCTHH)
3alPOMOHOBAHO BHM3HAYaTH HA OCHOBI HACTYIHOTO
[IOJI0KEHHS:

Honooswcennss 1. OO0'ekTH, MO XapaKTEPU3YIOTHCA
BIIHOCHO pIAKICHUMH BiIMOBaMH, IS IPOBEACHHSI
BUNpOOYBaHb Ha HAIIMHICTh BiAOHPAIOTHCS B KIIBKOCTI,
JIOCTaTHINA JJIs CIOCTEPEKECHHS Xoda O ofHiei moaioHOT
BiAMOBH. IHmmMu  ciioBamu, OpU  MPOBEACHHI
BUNPOOYBaHb Ha HaIiiHICTh BUOIPKOBOI CYKYIHOCTI
00'eKTiB, HMOBIPHICTH TOTO, IO XOJCH 00'€KT 3 JaHOTO
00CsTy CyKyIHOCTI HE BiJIMOBHUTH, BCTAHOBIIIOETHCSI Ha
piBHi 3HagymOCTI q <0,05.

B pamkax JaHOrO  METOAy  3alpONOHOBAaHO
MPOBOIUTH BUNPOOYBAaHHSA Ha HANIHHICTH 3a CXEMOIO
Bepuyuti, npu 1poMy HMOBIpHICT, BUHUKHEHHS piBHO k
BIJMOB NpU BUMPOOYBaHHI OOMEXKEHOI CYKYIMHOCTI
00'€KTIB MIAMOPSIIKOBYEThCS BIIOMOMY OiHOMiaJlbHOMY
3aKOHY PO3MOJILTY:

Py(k)=Cyp 1-p)"™* @

ne Py(k) - iMOBipHICTB TIOSIBY BiIMOBH PiBHO K pa3 B cepii
3 N OmHAaKOBHUX 1 HE3aIeXKHHX BUNPOOyBaHb, IO
MPOBOIAITHCS 33 cXeMoto bepHyi;

p - WMOBIPHICTh BUHHMKHEHHS BIIMOBH PO3IJISIHYTOI
CKJIa70BOi 4yacTMHU Mammuu (manmi - CUM) mpotsrom
MDKPEMOHTHOT'O Mepiofy, L0 BH3HAYAETHCS HAa OCHOBI
CTaTHCTUKHM IIpo BixMoBM gaHoro Bugy CUM mamms-
aHAaJIOT1B;

k_ N/
MORIN-k)! -
€JIEMEHTIB 110 k.

ABTopoM Bu3HaueHo, mo npu k = 01 Py (k) = ¢
tdopmyna (1) BigoOpaxkae CyTh BHIIE 3a3HAYEHOTO
MOJOXKEeHHS 1.

B upomy Bumnanky, 3ampornonoBaHo ¢opmyiay (1)
3aIrucaTH y BUTIIS:

g=Cyp’A-p)" " o

Ilicns CIIPOIICHHA OTPUMAHO:

N = log(l—p) q, 3)

ne N - 3arampHe yncio CUM, HeoOXiqHEe I IPOBEACHHS
BUTIPOOYBaHb;

Py = 1-p - iimoBipHICTE 0e3BiTMOBHOI POOOTH, sSKa
BU3HAYAETHCSI HA OCHOBI iH(OPMAILIii IPO BIAMOBH JTaHOTO
Buay CUM MammuH-aHaJIOTiB.

3 ypaxyBaHHsAM KpaTHOcTi (umcia) CUM pmaHOro
BUJy Ha MamuHi (m) 3anpoloHOBaHO BH3HAYaTH
HEeoOXimHy Ui BHUIpPOOYBaHb YHCIO MalmuH NB 3a
hopmyioro:

YUCJIO0 IIO€JHAaHb 3 N

N,=—. @)

m
[loctaBiena ymoBa, mpH SKOMYy HMOBIPHICTB
0e3BiAMOBHOI poOOTH BUIPOOOBYBAaHMX MAIIWH Yy

MIKPEMOHTHHH TIEpio]] BiAMOBIIa€ 3alaHUM BUMOTaM IPH
MOPIBHSHHI 3 MallTMHUMHU-aHAJIOTAMHU:

k<k.. (5)

e k - wucno BinMoB CUB B oOMmesxeHiit Bubipi o0csary
N, BIiAMOBiIHE HWKHBOI ITOBIPUOI TPaHUIl TMOKA3HUKA
«WMOBIPHICTh 0€3BIIMOBHOT pOOOTH» PIBHS 3HAYYLIOCTI
1-B, sike 3anpPONOHOBAaHO BU3HAYATU 3 YMOBH:

k
1-B=Y CyP" (1-P), (o
k=0

Je B - pU3MK CIOXWBaya, SIKUHA CIIiJi BCTAHOBIIFOBATH HE
ourpmre 0,1;

~

P - TOYKOBA OIliHKAa WMOBIpHOCTI 0€3BiqMOBHOL
podorm CUM, BH3Ha4aeThCsI 32  pe3ylbTaTaMu
BUIIPOOYBaHb HA HAIHHICTS.

Ha puc. 1 HaBeieHO MPUKJIIa] BU3HAYCHHS k.
I'panmuno nomyctumy KinbkicTh BiaMoB CUM (kiim) B
oOmesxeHil Bubipmi oocsry N 3 ypaxyBaHHSIM HMOBIPHOCTI
6e3BimMoBHOI pobotn CUM  wmammH-aHanoriB  (Pa)
3aIpOIIOHOBAHO BU3HAYATH 3 YMOBH:
klim x Nek x
I_U‘ZZCNPA (1-P))", (M

k=0
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JIe O - PU3HK TOCTAYAIbHHUKA, SIKMH CIIiJI BCTAHOBIIIOBATH
He Oinbie 0,1.

0,12

0,08 / \ B
0.04 ’/ \

Py (k)

0 2 4 6 8 10 12 14 16 18 20 22 24

Puc. 1. Busnauenns K 3 ymoBu (6) nipu =0,06, P
=0,99, N=1196.

Fig. 1. Definition k on terms (6) at f=0,06, P =0,99,
N=1196.

6) Metox po3paxyHKy IIOKa3HHKa «raMMa-
BiJICOTKOBA HAIPALIOBAHHS JI0 BIIMOBNY 1 OOIPYHTYBaHHS
MIDKPEMOHTHUX HOPMATHBIB Ha HOTO OCHOBI.

JlaHui1 MOKa3HUK 3alPOIIOHOBAHO 3aCTOCOBYBATH 11
OLIIHKH 3aJIMIIKOBOTO pecypcy BY3JIB i JeTallel MallnHH,
IO XapaKTepU3YIOThCS IOCTYNOBUMHM BigmoBamu. llei
BHJ Bi]MOB BUHHKA€ B PE3YyJbTaTi MMOCTYIIOBOTO 3MiHHU
3HaYeHb OMHOTO a0 MEKUTPKOX MapaMeTpiB BY3MTiB i
JeTale MalluH.

BcranoBneHo, 10 TOCTYIOBI BiIMOBH BIUIMBAIOThH Ha
BEIMYMHY MAKCHMAaJbHO JOIYCTHMOI HAIpaI[OBaHHSI
MAlllMHA Y MDKPEMOHTHUI 11epiof, MicJisl 3aKiHYeHHS SIKOT
HeoOXi/iHa 0To IoCTaHOBKA B IUNIAHOBHIA PEMOHT B 3B'S3KY
3 JOCSTHEHHSIM OJJHMM a00 JIeKiJIbKOMa KOHTPOJILOBAHUMHU
napamMeTpaMu MalluHU I'paHUYHO JONYCTUMHUX 3HAYCHDL B
yMOBax ekciuryaTamii. JlOCSTHEHHS KOHTPOJhOBAHUMU
mapaMeTpamMu CBOIX IpaHIYHIX 3HAYCHb
CYNPOBOJIKYETHCSI BUYEPIIAHHSAM 3aJIHIIKOBOTO PECypCy
BY3JIIB 1 JieTaseil MaluH.

SamumkoBuii pecypc (loct j), mpu 3aKiHYCHHI IKOTO j-
1 KOHTPOJIbOBaHUM MapaMeTp JOCATHE TPAHUYHOTO CTaHy,
3aMpoIIOHOBAHO BH3HAYATH 3 YMOBH:

O .
1 3 L<a .
\/; oCT j

j oct j
ne U, j - 3amac j-ro napamerpa Ha 3MiHy (HalpuKIam,

, ®)

3aIUIIKOBA BEJIMYHHA JOMYCTHMOTO 3HOCY), BU3HAUYCHUI
JUIA TPYIIU MAllIVH;
u, .
,9 _ ¢ j
g

- cepemHs MIBUIKICTE 3MIHH j-TO

napamerpa;
~
U(b j - cepenHe hakTHUHE 3MiHA j-IO NapameTpa Bij

MOYaTKy eKCIUIyaTallii 70 MOMEHTY KOHTPOJIIO TEXHIYHOTO
CTaHy MallllH;

A

[ - CepelIHE HAMpAIFOBaHHS MAIIAH Ha MOMEHT
KOHTPOJTIO.
t a =3 (Koedimient 3 B piBHSIHHI) - KBAaHTHJIb

HOPMAJIBHOTO 3aKOHY po3noiny piBas ol =0,998;

o,
napameTpa;

n - 3arajJbHE YMCIIO BUMIpIB j-ro mapamerpa (oOcsr
BUOIpKM), SKE BHU3HAYAETHCA 32 TAONHMISIMH IOCHUTH
BEJIMKHX YHCEN 3 YpaxyBaHHIM HEOOXiTHOI i JOCTaTHHOI
TOYHOCTI 1 JOCTOBIPHOCTI OTPUMAHUX Pe3yJIbTaTiB.

YmoBa (8) cBiguMTh WPO TE, MIO IMPOTATOM
HAMpPAaLOBaHH locr j 3 YPaXyBaHHSIM CepPeIHbOT IIBUAKOCTI
3MIHH j-TO apaMeTpa i 3aJIMIIMBCS 3amacy Ha HOoro 3MiHy
(akTHYHE 3HAYEHHS JAHOTO Mapamerpa 3 HMOBIPHICTIO
0,998 He mocsrHe cBOro rpaHMYHOTO 3HAYEHHS («IIPaBHIIO
TPBOX CUTMY).

Ha puc. 2 B TpuBuMipHOMYy TrpadidHOMY BHITISII
300pakeHa pO3paxyHKOBa MOJEIb BUYEPIIAHHS PEcypcy
BY3JIiB 1 IeTayeil MaIllMHH, 3aIPOIIOHOBaHA B POOOTi.

CECPCAHLOKBAIPATUIHE BiﬂXI/IHGHHH j-FO

Bice Z — Uacmxa savipie J-20

e py I'panm+so JomycTHMA BeTHIHHA 3HOCY
napavempy 3 obexy 1, %6

Bice Y —3unoc (u) "4

Mazsparmsae
O4IKYEQHHA EeIHIHER
SHACY

Bice X— Hapagimuxa, (x)

»

locr j — POIPAXYHOKOBHIT 3AMMINEORMEL PecCypC
MOMEHT KOHTPOILE (HapabiTKa) MAIITHHH 110 j-MY HapaMeTpy

Puc. 2. T'padiuHe mnpexncTaBiIeHHS BHUYEPIAHHS
pecypcy By3IIiB i geTajieil MallliHu, 0 XapaKTepU3yIOThCS
NIOCTYIIOBUMH BiZIMOBaMH.

Fig. 2. A graphical representation of the exhaustion of
the resource units and of the machine parts, characterized
by a gradual failure.

I - cepeaHe HampamOBAHHA HA

BuznaueHo, 1110 HaliMeH1Ie 3HaYeHHS locr ] BU3HAUUTH
raMMa-TpolEeHTHY HApOOITOK 10 BIAMOBH MAIIWHU B
niomy - lg. Y MaremMaTHYHOMY BHIJISII JaHA YMOBa
3aIUCY€EThCS SIK:

[, =min (/ o ) )

ocr 1 5 lOCT 2 3005
me j = 1,2 ... n - MOpAAKOBUH HOMEpP KOHTPOJIBOBAHOTO
napameTpa (Hampukiag, 1 - TOBIIMHA, 2 - 3a30p B OTBOPI,
3 - 3aBUILEHHS).

BceraHoBiIeHO, IO OJHIEI0 3 YMOB OOTPYHTYBaHHS
MDKPDEMOHTHHX HOPMATHBIB 3a JaHWM IIOKa3HUKOM €
HEOOXiTHICTh 30€peKECHHS JCSIKOT BETMYHNHI 3AJTUIIIKOBOTO
pecypcy [uia 3abe3reducHHs 0e3aBapiiftHOTO MPOXOKCHHS
MAIIMHH JI0 MiCI[sl PEMOHTY.

B) MeTox po3paxyHKy [OKa3HHKA «CEPEIHE
HAIpAIOBaHHS Ha BIIMOBY» 1 BU3HAYCHHSI palliOHAIbHUX
BEJIMYMH MIXKPEMOHTHHX HOPMATHBIB Ha HOTO OCHOBI.

[Toka3HUK «CepelHE HANpalOBaHHS Ha BiJMOBYY,
JIO3BOJISE€ BHU3HAYMTH 3arajioHE YUCJIO BiJHOBIEHB, IO
MMPOBOAATHECA MAIlMHU B pPaMKax IMOTOYHOI0 PEMOHTY
MPOTSICOM MIXPEMOHTHOTO TEpiofay, IO Oe3MmocepeHbO
MOB'SI3aHO 3 BHTpPAaTaMU Ha WOTO TOTOYHE YTPUMAaHHS i
PEMOHT.

[IpakTHyHi po3paxyHKH CEPEAHBOTO HAIPAIFOBAHHS
Ha BiZIMOBY BHIIPOOOBYBaHHX MamuH (X,) 3aIIpOTIOHOBAHO
3IiHCHIOBATH 32 (OPMYIIOIO:
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X

Xy =L npu X5 2 Xspim, (10)
0

ne do - 3arajbHe YKCIIO BiAMOB MallMH HAa MOMEHT

po3paxyHKy. BigMOBOI MAIlMHM B JaHOMY BHIAIKy €

HAsSBHICTh HECIPABHOCTI, IO BHMAarae BiJYeIUICHHS

MalllMHA 31 CKJIaAy TMoi31a 3 METOK MPOBEICHHS

TIOTOYHOI'O PEMOHTY,

N
Xsp = in - ¢baxkTuuHa cyMapHa
i=1

HalpaloBaHHS MallMH Ha MOMeEHT po3paxyHky (N -
3arajibHEe YMCIIO MAIIWH, Xi - HAITPALIOBAHHS i-T0 MAIIUHU
3 yucna N);

I'pannune 3Ha4YeHHS CcymapHOi  OOJIKOBYETHCS
HaTpAIIOBaHHs MAIlIMH X lim, peai3alis 1Kol HeoOXiTHa
JUTS PO3PaxyHKY Xy, BA3HAYAETHCS 32 (POPMYIIOIO:

t
Xspim = 7 X4 (11)
a
ae To - npuiiManbHe 3HAYSHHs CEPeIHbOrO HAPOOITKY Ha
BiZIMOBY;
Xa - 4YHCIIOBE 3HAUCHHS TIOKa3HHKA «CepelHe

HaTIpaIIOBaHHS HA BiZIMOBY» MAIMH-aHAJIOTIiB, TICBHE B
MTOPIBHSAHHUX YMOBAaX €KCIUTyaTallii;

t/To. -  TpaHM4YHA  CyMapHa  BPaxOBYETbCS
HaNpallOBaHHS, BUpPaXeHa B 4YacTKaX MpUIIMaIbHOIO
pias To. Yucmose 3HaueHHs t/To BusHaueno B [OCT
27.402.

Kpurepiii oOrpyHTyBaHHS E€KOHOMIYHO JOLIIBHUX
BEMYHMH MDKPEMOHTHHUX HOPMaTHBIB MaIluH
3aIIPOIIOHOBAHO PO3IIIAJAaTH HAa OCHOBI BapTOCTI OAMHHMIL
ix nanpautoBanss (CEH), sika ¢opmyeTbest B 3aneskHOCTI
BiJl BApTOCTI MaiiOyTHHOT'O IIIAHOBOTO PEMOHTY, BapTOCTI
Ta 3arajibHOi KUTBKOCTI IIPOBECHUX MTOTOYHOTO PEMOHTY,
a TaKOXX TPHUBAJOCTI EKCIUTyaTallil i BAKOHAHOT MaIlIHHOIO
pOOOTH B MI>KPEMOHTHHIA [IEPIO .

@OyHKIIOHANBHA 3aJIEKHICTh BApTOCTI PEMOHTY BiJ
HaNpaunoBaHHs MAIIUHU Spey (X) 1 PALY IHIINX apaMETPIiB
NpE/ICTaBJICHA B 3arajlbHOMY BUIJISII:

S o () = F(V (x); M (x); R(x);x). (12)

ne V(X) - TPYyHOMICTKICTh PEMOHTY B 3aJ€KHOCTI BiJ
HAaIpaLfOBAaHHS MaILIHHH;

M(x) - BuTpatm MarepiaiiB (KOMIUIEKTYIOUNX) Ha
PEMOHT;

R(x) - BUTpaTa BUpOOHNINX pecypciB (eJIEKTPOCHEPris,
BOJIa Ta iH.);

X - HaIpaIlOBaHHS MalIHHH.

B po0oTi 3amponoHOBaHO TEXHIKO-EKOHOMIYHUMN
KpHUTEpiil OOIPyHTYBaHHs paliOHAIBHUX MIKPEMOHTHHUX
HOPMaTHBIB, TP SIKHX 3a0e3le4yyeThcsi  MiHIMYM
CYMapHHX BHUTpPAaT Ha YyTPUMaHHA 1 PEMOHT MAIlHH,
HaBeJCHWX Ha OJWHUIIO 1X  HampamioBaHHI Yy
MDKPEMOHTHHH TIEPiOI.

[Ipu 1pOMy 3ampoONOHOBAaHO BUKOPUCTOBYBATH LiEH
KpUTepiii B HACTYITHOMY BUTJIIA/I:

SHJ'IpCM(x) + ZSTCK]JCM(Xi S x)
i=1

X

2113, = — min, (13)

J€ X - TOTOYHE 3HAYCHHS HAIPAIIOBAHHSI MAaIlIUH Y
MDKpEMOHTHHH mepion ekcruryaramii. [Ipm mpomy X
nepen0ayeHo BHMIPIOBATH B KIJIOMETpax IMpodiry mpu
OoOrpyHTYyBaHHI HOPMATHBY INPOOIry i B OJAMHHLSLX 4Yacy
NpU OOTPYHTYBaHHI HOPMATHBY KaJleHIAapHOI TPUBAJIOCTI
eKCIUTyaTalii MalinH;

XTI3x - cymapHi BHTpaTH Ha YTPUMAaHHS 1 PEMOHT
MaIlliH, HaBe/IeHI Ha OJMHUIII0 HalpallOBaHHS;

STt peM (X) - BapTiCTh TUIAHOBOTO PEMOHTY MAIIUH,
MaiiOyTHBOTO TI0 3aBEPIICHHIO MIXPEMOHTHOTO TEpiony,
MIPH peatizamii MaITHHUMHA HaTIPaIfOBaHHSA X;

YSmex pem (Xi <x) - 3arajgbHa BapTiCTh IPOBEACHUX
MOTOYHOTO PEMOHTY MAIlIMH y MDKPEMOHTHHH Mepion 3a
HAalpauoBaHHs X;

i - TOPSIIKOBHH HOMEp IPOBEJIEHOr0 MOTOYHOTO
pemonty (TP);

n - 3aranpHe uncio TP y mikxpeMoHTHHUi nepion 3a
HAarpawoBaHHs MaIINHH X;

Xi - cepentHe HaNpallOBaHHS MAlIWH 10 IPOBEACHHS
i-ro TP.

Jiis  Opi€eHTOBHHX  pO3paxyHKiB  €KOHOMIYHO
JOLITHHUX BEIMYWH MDKPEMOHTHHX NEpiofiB B KpUTEpil
(13) mepenbaueHo  BHKOPUCTOBYBaTH  YyCEepeIHEHI
ouiKyBaHi BApTOCTI MIAHOBOrO PEMOHTY - St pem i TP -
Stex pem.

Y upomy Bunaaky kputepii (13) 3ampornoHoBaHO
BUKOPHCTOBYBATH y BUTJISI:

S +n(x)-S
ZH3X — LT peM ( )

TEK peM

—> min, (14)
X
e n (X) - cepemHe YHCIO TMpOBeAeHUX MamuHu TP 3a
HAIpPAaIOBaHHS X.
Y 3aragpbHOMY BHIJISII
BU3HAYaTH 3a GOpMYJIOL0:

n (x)

3alpornoHOBaHO

X
n(x)=——,
14
ne Xy - TIOKa3HHMK «CepelHs HallpalloBaHHS Ha BiJAMOBY»
BUIIPOOOBYBaHHUX MAIIUH

Tak B ymoBax (13) i (14) He BpaxoOBYIOTBCS TaKi
BUTPATH SIK: PEHHOBAITIOHHHE BiZIpaxyBaHHS,
BiZIpaxyBaHHsS Ha MOJIEpPHI3allil0 MAaIlUH, BUTPATH Ha
TeXHIYHE OOCIYroByBaHHS, BHTpPAaTH Ha IJrOTOBKY
MaIliH J0 MepPeBe3eHb 1 BUTPATH HA iHIII rOCTIOAapCTBa
rajxy3i (Tsara, musx i T.0). Y HaAyKOBIM titTeparypi
OOrpyHTOBaHUI JIHIMHUKA XapakTep 3aJeKHOCTI JaHUX
BU/IB  BUTpPAT Bl  HampalfoBaHHS MallMHU Y
MbKpeMoHTHHUI nepioa. Lle o3Hauae, 110 ix 00JIiK B yMOBax
(13) i (14) He BIMBae Ha LIyKaHy aOCLCCy TOYKU
MiHIMyMy, = TOOTO Ha  ONTHMAJbHY  BEIUYHHY
HaTpAIfOBaHHA MAIIMHA y MDKPEMOHTHHHA Wepion, a
TaKO)K HA BEIMYMHY BIZHOCHOI eKkoHOMii A, 1m0
YTBOPIOETHCS P BHOOP1 XomT 3amicTh X (puc. 3).

VY TpeTboMy po3aiii aBTOPOM TaKOX 3allPOIOHOBAHI
ONMHCOBa  TEXHOJOTi 1  OJNOK-CXeMa  alrOpHTIMY
(bopMyBaHHS TPEACTABHHUIIBKOI BHUOIPKM BaroHiB Ha
OCHOBI H(QOpMaLIHHUX CHUCTEM JUIA 300py O00'€KTHBHUX
BIZIOMOCTEH ITpO 3MiHY IX TEXHIYHOTO CTaHy.

BinmoBimHO 10  3ampONOHOBAHOTO B POOOTI
ITOpUTMOM  (OPMYBaHHS IIPEJICTaBHULIBKOI BHOIpKH
BaroHiB B iH(QOpPMAaIifHUX cUCTEMax 3HIHCHIOETHCS
TIOCTAHOBKAa O3HAKH «3a00pOHa KypCyBaHHS» IS BaroHIB

(15)
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3 3aJaHWMH 3HAYCHHAMH IIOKa3HUKIB EKCIUTyaTariiHo1
poboTH 3 MeTOol 300py OO'€KTHMBHHX BIJOMOCTEH MpO
3MiHY IX TEXHIYHOTO CTaHy.

CEH

/MW

smagenns CEH

CEH ¢ paxyeassan
(Z113x)

; 2pH _
Sampamu, P /06. Havodimxu

Al= A=A - BITHOCHA BETHTHEN €KOHOMIA TIPH BHOOP1 Xonm 8 3aMiH Xp
{
Xomm - DOLLUIEHA BeIHIHHA HapOOITKH
MaIIHHH B MUEDEMOHRTEEH nepion

HAPOHIMKA MAWURY, X

X¢ — dixcoana emmrTnHa HAPOOITKH MaIIHHH
B MiEDEMOHTEHE nepion
Puc. 3. DBusHaueHHS paliOHATbHUX BEIUYHAH
MDKPEMOHTHHX HOPMATHBIB 3 ypaxyBaHHSM [IOJAaTKOBHX
BuiB BUTpaT i XI13X.
Fig. 3. Determination of rational values of the
overhaul of the regulations based on additional costs and
>T13X.

BucHoBku

1. Po3pobneHo HayKOBHH MimXil, MO BKIIOYAE
CHUCTEMYy B3a€MOIIOB'I3aHAX METOMIB, B CYKYITHOCTI
CHPSMOBAaHUX Ha 00'eKTHBHE 0OTpyHTYBaHHS
paIlioOHaTbHUX BEJIMYWH MDKPEMOHTHUX HOPMAaTHBIB
CUIbCBKOTOCIIOAAPCHKUX ~MAalIMH 3 MO3ULIT  €JUHUX
METOJOJIOTIYHMUX IPHUHIMIIB B yMOBaX PUHKOBUX
BIIHOCMH 1 3pOCTaHHS  KOHKypeHLii B  ramysi
CLIBCHKOTOCIIOIAPCHKOT0 MAIIMHOOY Ty BaHHSI.

2. 3ampomoHOBaHO  MiAXiA 11O  BHU3HAYCHHS
HeoOXizHOoro 4ymcina o0'exTiB BUNpoOyBaHb (MammuH /
CKJIaJIOBUX YACTHH). 3TafaHuil MWiOXix € HalOUIbII
NPUHHATHUM HAa TPaKTHLI U1 HOBOCTBOPHOBAHUX
MoJIeJIel MaIluH;

- 3alesrmeuye MeHIMHN OOCSAT BHIIPOOYBaHb IIPU
3amaHiii TOYHOCTI 1 JOCTOBIPHOCTI B MOPIBHSHHI 3
ICHYIOUMMH TT1IX0IaMH;

- HC BHUMara€ HasBHOCTI ampiopHoi iHdopmariii npo
BUJ 1 MapaMeTpu 3aKOHYy pO3NOALTY HalpaloBaHHs
MaIluH (CKJIaI0BUX YaCTHH) JI0 Bi]MOBH;

- He B3aJIeXHUTh BiJ] 3aBYaCHOIO BCTAHOBJIICHHS
YHCIIOBUX 3Ha4€Hb PU3MKIB CHOXMBAyYa 1 MocTadalbHHAKA
Ha BiJIMiHY BiJl ICHyIOUOTO IiJXO.Y.

3. Po3pobieHo MeTon po3paxyHKy ITOKa3HHKA
«HMOBIpHICTh 0€3BiIMOBHOI PoOOTH» i OOTPYHTYBaHHSA
MDKPEMOHTHIX HOPMATHBIB MAaIllMH Ha HOTO OCHOBI, IIIO
nepebdayae MOMKIMBICTD MiAOOPY palliOHATIBHUX 3HAYECHb
PH3HUKIB CIIOKHBA4Ya 1 MOCTaYajbHUKA IMPH BH3HAYCHHI
JOMMyCTUMHUX 3 TOYKH 30py O€3MeKH MIKPEMOHTHHX
HOPMATHBIB MAIlIKH.

4. 3amponoOHOBAaHO METOJ| PO3pPaxyHKY IOKa3HHKa
«CepellHE HAmMpallfOBaHHSA Ha BIIMOBY» 1 BH3HAYCHHS
pauioHaNbHUX BEJIMYMH MDKPEMOHTHHX HOPMAaTHBIB, IO
BpaxoBye KOMOIHOBaHWI KpuTepii (HampaiioBaHHS /
KaJeHJapHUH TEepMiH) IOCTAaHOBKM MAIIMH B PEMOHT.
BinmoBimHO 0 mBOTO METOAY TepeAadavyeHO He3aJeKHE
BCTAHOBJICHHSI palliOHAJIbHUX BEJIMYMH HAIPalIOBaHHS Ta
CTPOKY eKCIUTyaTaIlil MalliH y MKPEMOHTHHHN TIePioJ.

Cunucok qgireparypu

1. Sergejeva N., Aboltins A., Strupule L., Aboltina B.
Mathematical knowledge in elementary school and for
future engineers. Proceedings of 17th International
Scientific  Conference  “Engineering  for  rural
development”. Jelgava, Latvia, May 23-25, 2018, Latvia
University of Agriculture. Faculty of Engineering. Vol. 17,
pp. 1166-1172.

2. 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, vol. 19, 2017, pp. 158-163.

3. Yata V.K., Tiwari B.C., Ahmad, 1. Nanoscience in
food and agriculture: research, industries and patents.
Environmental Chemistry Letters, vol. 16,2018, pp. 79-84.

4. Masek J., Novak P., Jasinskas A. Evaluation of
combine harvester operation costs in different working
conditions. Proceedings of 16th International Scientific
Conference “Engineering for rural development”. Jelgava,
Latvia, May 24-26, 2017, Latvia University of Agriculture.
Faculty of Engineering. Vol. 16, pp. 1180-1185.

5. Rogovskii I., 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.
vol. 298, 2018, pp. 149-156. doi:
10.31548/me.2018.04.149-156.

6. 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, pp. 95-98.

7. Luo A.CJ., Guo Y. Vibro-impact Dynamics.
Berlin: Springer-Verlag, 2013. 213 p.

8. Astashev V., Krupenin V. Efficiency of vibration
machines. Proceedings of 16th International Scientific
Conference “Engineering for rural development”. Jelgava,
Latvia, May 24-26, 2017, Latvia University of Agriculture.
Faculty of Engineering. Vol. 16, pp. 108-113.

9. Zagurskiy O., Ohiienko M., Rogach S., Pokusa T.,
Titova L., Rogovskii I. 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, pp. 64-74.

10. Drga R., 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-
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.

11. Novotny J. Technical and natural sciences
teaching at engineering faculty of FPTM UIJEP.
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, pp. 16-20.

12. 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, vol. 266 (3),
2016, pp. 407-441.



186

I. JI. PoroBchkuii

References

1. Sergejeva N., Aboltins A., Strupule L., Aboltina B.
(2018). Mathematical knowledge in elementary school and
for future engineers. Proceedings of 17th International
Scientific ~ Conference  “Engineering  for  rural
development”. Jelgava, Latvia, May 23-25, 2018, Latvia
University of Agriculture. Faculty of Engineering. Vol. 17,
1166-1172.

2. 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, vol. 19, 158-
163.

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

4. Masek J., Novak P., Jasinskas A. (2017).
Evaluation of combine harvester operation costs in
different working conditions. Proceedings of 16th
International Scientific Conference “Engineering for rural
development”. Jelgava, Latvia, May 24-26, Latvia
University of Agriculture. Faculty of Engineering. Vol. 16,
1180-1185.

5. Rogovskii I, 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. vol. 298, 149-156. doi:
10.31548/me.2018.04.149-156.

6. 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.

7. Luo A.CJ., Guo Y. (2013). Vibro-impact
Dynamics. Berlin: Springer-Verlag. 213.

8. Astashev V., Krupenin V. (2017). Efficiency of
vibration machines. Proceedings of 16th International
Scientific =~ Conference  “Engineering  for  rural
development”. Jelgava, Latvia, May 24-26, Latvia
University of Agriculture. Faculty of Engineering. Vol. 16,
108-113.

9. 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
bases and trends for development of social-economic
processes. Monograph. Opole. Poland, 64-74.

10. 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,
vol. 76, UNSP 04036.

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

12. 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,
vol. 266 (3), 407-441.

CUCTEMHBII IOIX0J OBOCHOBAHUS
HOPMATHBOB BOCCTAHOBJIEHUA
PABOTOCIIOCOBHOCTHU
CEJIbCKOXO3SIMCTBEHHBIX MAILIH
H. JI. Pozoeckuil

AHHoTauus. B cratse pa3paboTaH HaydHBIH TOIXO,
BKJIFOUAIOIMI CHCTEMY B3aMMOCBSI3aHHBIX METOJOB, B
COBOKYITHOCTM  HAalpaBIEHHBIX  Ha  OOBEKTHBHOE
000CHOBaHME DPAIMOHAJIBHBIX BEUYHUH MEXPEMOHTHBIX
HOPMAaTHBOB CEJIbCKOXO3SHCTBEHHBIX MAIlMH C MO3UIHU
€IMHBIX METOJOJIOTHUECKUX MPUHIMIOB B  YCIOBHUSX
PBIHOYHBIX OTHOIIEHHWH M POCTAa KOHKYPEHIIMH B OTpaciu
CEITbCKOXO035ICTBEHHOTO MAIIMHOCTPOCHUSI.

PazpaboTan Meron pacyera rmokasaresns BEpOSITHOCTb
6e30TKa3HOW pPabdOTHI M OOOCHOBAaHHS MEXPEMOHTHBIX
HOPMAaTHBOB MAIllFH Ha €0 OCHOBE, YTO PEyCMAaTPHBAET
BO3MOXKHOCTB IOJ00pa PalliOHAIBHBIX 3HAYEHHH PHUCKOB
moTpeOuTeNss ¥  IMOCTABIIMKA IPU  ONPENeNICHHH
JOIYCTUMBIX ~ C  TOYKH  3peHHS  OE30IacHOCTH
MEXPEMOHTHBIX HOPMaTHBOB MaIlIUH.

[pemnoxen MeTox pacueTa IOKa3aTels «CpemHssd
HapaOOTKa Ha OTKa3» M OIpEIEIICHUE palMOHAIBHBIX
BEJIMYMH MEXPEMOHTHBIX HOPMATHUBOB, YYWUTHIBAIOLIMN
KOMOMHUPOBaHHBIH KpuTepuid (HapaOOTKH / KaJeHAApHBIN
CPOK) NOCTaHOBKM MallMH B peMOHT. COriacHO 3TOro
METoJla TPEIYCMOTPEHO HE3aBHCHUMOE YCTAHOBJICHHE
palMOHANBHBIX ~ BEIMYMH  HapabOOTKM W CpoKa
9KCILTyaTal[M{ MAIIMH B MEKXPEMOHTHBIH TIEPHO.

KaroueBble ciaoBa: MeTONONOTHA, KO3(D(GHIHEHT
TOTOBHOCTH, J(PQPEKTHBHOCTh, CEIbCKOXO3SHCTBEHHAs
MallrHa.

SYSTEMIC APPROACH TO JUSTIFICATION
OF STANDARDS OF RESTORATION
OF AGRICULTURAL MACHINERY
I L. Rogovskii

Abstract. The article develops a scientific approach
that includes a system of interrelated methods in
conjunction to objective substantiation of rational values of
the turnaround standards of agricultural machinery from
the position of uniform methodological principles in the
conditions of market relations and growth of competition
in the sector of agricultural engineering.

The method of calculation of the indicator
"probability of failure" and justification of the turnaround
standards of cars based on it that includes the possibility of
selecting the rational values of consumer risk and supplier
in the definition of acceptable from the point of view of
security of the turnaround standards of the machines.

The proposed method of calculating the indicator
"average time to failure" and the definition of rational
values of the overhaul of standards, taking into account the
combined criterion (achievements / calendar time) setting
of the machines in repair. According to this method, an
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independent establishment of rational values of operation
time and lifetime of the machines in the run time.

Key words: methodology, availability, efficiency,
agricultural machine.
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