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Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. Peakou. :
B. C. Jloseiikin (ronoB. pex.) ta in. Kuis. 2020. Bum. 11. Ne 2. 202 c.
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3aKOPJIOHHUMH HAYKOBIISIMH, MpaIliBHUKaMHA HaBYAJIBHUX 3aKJ1aJliB MiHICTepCTBA OCBITH 1 HAYKH
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KOMILIEKCHA ONITUMIBAIIA PEXKAMY 3MIHA BUJIHOTY CTPIJIOBOI CHCTEMHY KPAHA -
MAHIITYJIATOPA

B. C. Jlogeiikin®, IO. O. Pomacesuu?, O. O. Cnonodal, A. B. Jloseiikin?, C. A. IlIzopos’

"Hamionansnuii yHiBepcuTeT 6iopecypcis i IPUPOIOKOPHCTYBaHHs YKpainu, Y kpaiHa.
2KuiBchkuii HallioHabHUIA yHiBepcuTeT iMeni Tapaca IlleBuenka, Ykpaina.

Cmamms 3 cneyianonocmi: 133 — canyzese mawiuHobyOyeaHHs.

Kopecnonoenyis asmopis: lows@ukr.net.

Iecmopis cmammi: ompumano — civensv 2019, akyenmosano —

bi6n. 16, puc. 7, maba. 0.

AHoTAamis. Y cTaTTi MpeICTaBICHO METO ] BUPITIICHHS
npoOyieMH YCYHEHHS! KOJIMBaHb BaHTAXy Ha IIapHIpHOMY
MiZBICI M Y9ac OJHOYACHOIO MEPEMIICHHS TBOX JIAHOK
CTPIZIOBOT CHUCTEMH, a caMe MigHoOMy pPYKOATI Ta
3MEHIIICHHS BWIBOTY Teleckomiunoi cekiii. CyTh MeTomy
MOJIsiTa€ B ONTHUMI3AIll  PEXUMY  OJHOYACHOTO
MepeMillieHHs] BOX JIAHOK CTPIIOBOi CHCTEMH KpaHa-
MaHIMyIaTOpa TPH TOPU3OHTAIFHOMY  IIEpEeMIIIeHi
BaHTaXy B MEPiOJ MYCKY.

3a kpurepiii onTumizamii 00paHO KOMIUIEKCHIiM

IHTeTpaJdbHUN  KpUTepil, SKWA €  BIIHOCHUM
CepeHBOKBAJPATHYHUM  3HAYCHHSIM  3yCWIb  Ta
HOTY>KHOCTEH B TPUBOTHUX rinponIiHApax.
Po3pobnennii KpHUTEpii BiZloOpaXkae HeOaxaHi

BJIACTHUBOCTI JIAHOK CTPUIOBOI CHCTEMH Ta MEXaHI3MiB
MIPUBO/LY, TOMY HOT0 3HAUEHHS 3BOJIMIIKCS JI0 MIHIMyMY.
OckinbKu KpuTepiil onTuMizalii € iHTerpajJbHUM
(GYHKIIOHAIOM, TO I WOTO ONTHMI3aIlil BHKOPHCTaHI
METOJM BapiallifHOro 4YHCJICHHsS. PilleHHs BapiamidHOi
3amadi  ONTHMI3allii TMPENCTaBICHO Yy BUTIAAI Oarato
mapaMeTpuIHuX (QYHKINH, sKi 3aJOBOJBHSIIOTH KpaioBi
YMOBH PyXy Ta MiHIMi3yIOTh KOMIDICKCHHN 0€3p03MipHUIA
kpurepiit. Jlns miei mMetH OYB BHKOPHCTaHHHA METOJ
ontuMizanii poro gactuHok (ME-PSO). Ile mamo
MOXIIMBICTh ~ OTPHUMAaTH  3aJIE)KHOCTI  ONTHMAaJbHUX
€HEePreTUYHUX Ta CHJIOBHX XapaKTEePUCTUK CTPLIOBOT
CHUCTEMU Ta MEXaHI3MIB NPHUBOJY KpaHa-MaHIMyJIsaTopa.
OTtpumaHuii B pe3yiapTaTi  ONTHMI3amii  pexuM
MepeMiIIeHHs JJAHOK CTPIJIOBOT CHCTEMH MOKPAIIUB CHIIOBI
Ta €HEpreTHYHI XapaKTePHCTHUKH KpaHa-MaHIMyIATOpa,
[0 JaJI0 MOXIJIMBICTH IIABHINMTH MOro HaAiHHICTH Ta

MPOAYKTUBHICTb.

KoarouoBi cioBa: xpaH-MaHIITyJIsITOp, ONTHMI3amis,
JUHAMIYHI ~ HAaBaHTKCHHs,  KPUTEpid, KOJIUBAHHS
BaHTAXY.

ITocTaHoBKa MpodIeMHu

Ilig wac 3MiHH BWJIBOTY CTPIJIOBOi CHCTEMH KpaHa-
MaHIMyniITopa B €JIEMEHTaX METAJIOKOHCTPYKIi Ta
MIPUBOJHUX MEXaHi3MaX BHHUKAIOTh 3HAYHI JIHHAMIYHI
HABAaHTAXCHHS, SKI 3HWXKYIOTh HOro HaIidHICTE Ta

xeimenn 2020.

NPOJAYKTUBHICTh BHUKOHAHHS HABaHTAXYBAaJbHUX Ta
PO3BaHTaXYBaIbHUX oneparliif. OfHi€l0 3 OCHOBHUX
NPUYUH BUHUKHEHHS JMHAMIYHMX HaBaHTaXeHb €
pO3TroiilyBaHHs BaHTaXy 3aKpIIUICHOTO Ha IIAPHIPHOMY
MiJIBiCI MiJ Yac MyCKy MPUBOAHUX TiIPOIMIIHIPIB, SIKE, B
CBOIO 4Yepry, CYTTEBO 3aJICKHUTh BiJ XapakTepy 3MiHU
pYILIIHHUX 3yCWJIb B NPUBOJHUX TiApomwitiHapax [1].
3amaua AOCHIKEHb MOJSTae B TOMY, OO0 3HAWTH Taki
3aKOHM 3MIiHH PYIIIHHUX CHJI, NpPU SKUX KOJHMBAHHSI
BaHTaXy Ha MMAapHIPHOMY MiaBici Oyiu O MiHIMaIbHAMHU.

AHaJi3 0CTAHHIX JOCaIIKEeHb

Amnani3 ngitepaTypHux Jprepen [ 1-6] 3 nuHamiku pyxy
MaHIMyJIATOPIB MOKa3ye, M0 IIOCTaBleHa HayKOBO-
TeXHIYHa MpoliemMa BHpIlIyBaJach i paHille, OJHAK B
NOBHIM Mipi JOCATTH YCyHEHHS KOJHMBaHb BaHTaXy He
Baanocs. B poGorax [7-9] HaBeseHI pe3ynbTaT OCTaHHIX
JOCII/KEHb PO3POOKH Ta BIPOBA/DKEHHS NPHKIJIAJTHUX
METOIiB ONTHMIi3allii, TUTaHb popmalizanii, kmacudikamii
Ta OIIHKA  CKJIAJHOCTI  OOYMCIIOBAIIBHMX  3a1a4
ormrumizarii. [lixTBepIkeHO, MO METONM ONTHUMI3alii
MOXYTh BUKOPHCTOBYBATHCS JIsI BUPILIEHHS IIMPOKOTO
KOJla TPHUKIAIHUX HpoOJieM, 10 BUHHMKAIOTh Yy Hayll,
TeXHIli, OIoJorii, eKOHOMIlli, BHPOOHHUIITBI TOIIO.
Onrumizaniss npupogHUME  (OI0NOTIYHUMH) METOJaMHu
HaOyBa€ MIMPOKOTO TIIOIIMPEHHS B PIi3HUX 0O0IacTIX
JFOJICHKOI istmeHOCTI [8].

OnHUM i3 METOIB, KU MOXKe OyTH 3aCTOCOBaHUI
JUISL BHpILIEHHS NpoOJIeMHM ONTHUMIi3alii pexumy pyxy
CTPJIOBOI CHCTEMH KpaHa-MaHIIyJIsTOpa, € METOJ POI0
gactuaok  (PSO) [9]. B poGori [10] aBropm
MIpoaHallizyBajn reHeTnyHui anroput™ PSO Ta HelpoHn-
TCHETUYHUN METOJ] BHUIIICHHS NPOOIEeMH ONTHMi3allii.
Merton PSO BHKOPHCTOBYETHCS ISl OOYHMCIEHHS Pi3HUX
3aJa4  YOPaBIiHHA, PO3POOKH INTYYHHX HEHPOHHUX
Mepexk, CUTHAJIB mporiecy Toro [9-14].

B po6orax [15, 16] 3anpomoHOBaHO HOBHI METO,
3aCHOBAHMH HA TEXHOJIOTI] ONTHMi3amii POI0 YaCTHHOK.
OcHOBHa iiest OJSTae y BiJHOBJICHHI POIO i3 HU3BKOIO
e(EeKTUBHICTIO 1HTeNeKTy. BukopucTaHHs poHOBHX
TexHoJorii, Metony PSO abo iHOIMX NMOAIOHUX METOIIB
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Ta iX Moau@iKariii Ja€ MOKIUBICTb PO3POOISATH METOIN
onTUMI3aIlil PEeXUMIB pyxXy HENIHIHHAX MEeXaHITHUX
CHCTEM.

[NocraBneHy 3aady YCyHCHHS KOJMBAaHb BAHTAXy Ha
IIapHIPHOMY MIJBICI 32 PaxyHOK BHOOPY 3aKOHIB 3MiHH
PYUIHHAX 3yCHIb B TPUBOJHUX TiAPOMIITIHApPAX KpaHa-
MaHIITyJIsITopa MPOIOHYETHCSI PO3B’SI3yBaTH METOJAMHU
ontuMizanii 3 BukopuctanHsaMm PSO TexHoorii.

Merta gociigkeHn

MerTor0 JaHUX IOCTIDKCHb € YCYHCHHS KOJIMBaHb
BaHTAXXy HAa INApHIPHOMY IMiABiCI MUITXOM ONTHMIi3arlii
peXUMy 3MIHH BHJIBOTY CTPUIOBOI CHCTEMH KpaHa-
MaHIIMyIATOpa 3a OJHOYACHOTO KYTOBOTO II€PEMilICHHS
PYKOSATI Ta JTiHIHHOTO MEPEMIIICHHS TEIECKOMITHOT CeKIIii
NPY TOPH30HTAIHFHOMY ITEPEMIlllCHHI BaHTAXKY.

Pe3yabTaTn 10caigKeHb

s peanmizanii MOCTaBICHOI METH BHKOPHUCTAHO
KpaH-MaHIMyJIATOp, SKUAH CKIAgaeThCsd 31 CTPUIH Ta

PYKOSTI 3 TEIECKOIMIYHOI CEKIEI0, A0 SKOi IMiIBimeHUH
Ha OIapHIPHOMY Mi/IBici BaHTaX. B mporieci 3MiHM BIIILOTY
CTpUTOBOi  CHCTEeMH  KpaHa-MaHiImynsTopa  Oyaemo
BBAXKATH, IO CTPijIa € HEPYXOMOIO, a BAHTaXK 3MIHIO€ BAJIT
TUTBKH 32 PaxyHOK MiNiHMaHHS PYKOSTI Ta 3MCHIICHHS
BHJIBOTY TeJecKomiuHoi cekuii. [Ipy mpoMy po3risiHEMO
BUNAJOK 3MIHM BHJIBOTY CTpLIOBOI CHUCTEMHM KpaHa-
MaHIITyJIsITopa, NpU SIKOMY BaHTaX IEPEMIIIyeThCs MO
ropusoHTaii. Takui pexuM 3MIHM BWIBOTY 3abesreuye
3HAQYHY EKOHOMII0 EHEpPreTHYHHX BHUTPAT NPHBOJHUX
MEXaHI3MIB CTPIIOBOi CHCTEMH KpaHa-MaHIMyJsTopa.
HocsiraeTbess 1eW pexUM 3MIHM BWIBOTY CTPLIOBOT
CHCTEMH KpaHa-MaHIMyJIATOpa IUIAXOM  y3TOHKEHOI
OTHOYACHOI POOOTH MeXaHi3MiB IOBOPOTY PYKOSTI Ta
TepEeMIIIeHHS TEeIeCKOMIYHOI CeKITil.

B LBOMY BUIAJKY KpaH-MaHiIyJIsaTop
MIPEACTABISIEMO SK TOJOHOMHY MEXaHI4HY CHCTEMY.
BBaxaemo, 110 JTAHKK CTPIJIOBOi CHCTEMH € aOCONIOTHO
TBEPAMMH TUIaMH, OKPIM IIAPHIPHOTO MiJBICY, HA SIKOMY
BaHTAX 3IHCHIOE KOJUBAHHS B TUIOIIMHI 3MiHU BHJIBOTY.
JluHamiuHa MOJETh Takol CHUCTEMH Ma€ JBi CTYICHI
BUIBHOCTI 1 IpecTaBieHa Ha puc. 1.

Puc. 1. /lunamiuHa MozeNb 3MiHN BHJIBOTY CTPIJIOBOI CHCTEMHU KpaHa-MaHIIyJIsTopa.
Fig. 1. The dynamic model of change departure of boom system of the loader crane.

B jaumHamiyHiE  Momem — KpaHa-MaHIMyJasTopa
HaBe/eHi Ha puc. | MPUIHATI Taki HO3HAYEHHSA: @ - KYT
Haxwiy CTPUIM JI0 TOPH3OHTY;
KpIIUIEHHSIM TPHBIIHOTO TiAPOIMIIIHApPA KepyBaHHA
PYKOSITTIO Ta BayKeJIeM; ¢ - IOBKHHA PYKOSTi; d — TOBXUHA

ap - JOBXHMHAa MK

h
y
/
TEJECKOMIYHOI cekIil; | — MOBXHHA MIApHIPHOTO MiABICY;
6@ - KyT yTBOpEeHHH TEOMETPUYHHUMH IapaMeTpamu

CTpUJIOBOT CHCTEMH KpaHa-MaHiNmynaropa; [3,v - KyTOBi
KOOPJMHATH TOBOPOTY PYKOSITI Ta BIAXHJICHHS BaHTaxXy
Bil Beprukam; Xq,X2,X,Yq,Y2,h - ropusoHraneHi Ta



KOMIUIEKCHA ONTUMIBALIIS PEXXMMY 3MIHU BUILOTY CTPUIOBOI CUCTEMU KPAHA-... 7

BEpPTUKAIbHI KOOPIWHATH IIEHTPIB Mac Ta KIHIIEBUX TOYOK
JIAHOK CTpPiJIOBOi CHUCTeMH KpaHa-MaHimynsTopa; Z,Y -

TOPU30HTaJbHA TA BEPTUKAJIbHA KOOPAWHATU LEHTPA Mac
BaHTaxy; Uq,U - BIANOBIJHO NOBKMHH TiIPOLUIIHAPIB
PYKOSITI Ta TEIECKOIIYHOI CeKILil.

3a y3arajgpHEHI KOOPAWHATH TPHHHATOI MOJEi
BHUKOPHWCTAHI JiHIHHI KOOPAWHATH [EHTPa Mac BaHTAXy Z
Ta TOPU3OHTAIHFHOI KOOPIUHATH TOYKHA A TEIECKOIIYHOT
cekmii pykosTi x. IIpu mpoMy BepTHKalbHa KOOpAHMHATA
TOYKH A TENECKOIMYHOI CeKIi 3aBKId 3aIHIIACTHCS
y,=h=const. Ils ymosa e
KiHEMaTHYHOIO YMOBOIO, SIKa HAKJaJa€ 0JaTKOBY B’SI3b
Ha KpaH-MaHIIyJISTOp B MPOLIEC 3MiHH BHIBOTY CTPLIOBOT
cucremu. ToMy cucTeMa 3 TpbOMa CTYIEHSIMH BiJIBHOCTI 32
paxyHOK KIHEMaTH4HOI B 5131 IEPETBOPUIIACH B CHCTEMY 3
JIBOMa CTYIEHSIMH BUIBHOCTI.

Jnsa ckmamaHHS pIBHSAHB pyXy 3MIHH BHJIBOTY
CTPLIOBOT CHCTEMH KpaHa-MaHIIMyIATOPa, IPEACTABICHOTO
JMHaMIYHOIO MOJEIIIIO Ha PHC. 1, BAKOPUCTAEMO PiBHSIHHS

MOCTIiHOI0, TOOTO

Jlarpanxa npyroro pony:
d oT oT oIl
e 4. 4 = QX T
dt dx dx dx 1)
daor_or __on
dt dz dz dz '

ne: T, I1 - BiTNOBiTHO KIHETHYHA Ta OTEHITIaJIbHA CHEPTis
cucremn; Q, - HeNOTeHUiaJdbHA CKJIAaI0Ba y3arajlbHEHOI
CHJTH, sIKa BIJIIOBIA€ y3arajbHEHIH KOOpANHATI X.
KineTruHa 1 TMOTEHI[iaJibHA EHEPris CHCTEMH
BHU3HAYAIOTHCS HACTYITHUMH 3aJICKHOCTSIMH:

T=%(J1+J2)B2+%m28'2+%mz'2; )

17 = (myyy +myy, +my)g, @)
ne: Jq, Jp - BIANOBiZHO MOMEHTH iHepuil pykosATi Ta

TENEeCKOMIYHOT
m, My, m-
cekilii Ta BaHTaXy, S - KOOpJMHATa IICHTPa Mac
TEJIECKOMIYHOT CEeKLil PyKOsITI B HANPSIMKY 11 BUCYBaHHS;
g - IPUCKOPEHHS BUTLHOTO MaIiHHS.

HenoreHmianpHy CKIIQIOBY y3aralbHEHOI CHIIH, IIO
BIJINIOBiJJa€ KOOPAMHATI X BU3HAYMMO 3 YMOBH DPiBHOCTI
eIIEMEHTapHUX POOIT:

Quf=F -y +F-, )

ne: Fy,F- BignmoBigHO 3ycWaIs B TiApOMHMTIHIpax

cekmii BimHOCHO oci i moBOpoOTY;
BINIOBITHO MacH PYKOSTI, TEIEeCKOIYHOI

nepeMillieHHs PYKOATI Ta TelecKomivHoi cekuii; dJq,dU
€JIEMEHTapHI TEpeMIMIeHHs IITOKiB  TiIpOIUIiHAPIB
BIAMOBIAHO PYKOATI Ta TEJNECKOMIYHOI CeKii, sKi
BH3HAYAIOTHCS HACTYITHUMH 3aJISKHOCTSIMHU:

U, = —6;1 X;
X
®)
o = a—USX.
OX

[licns migcranoBku BuUpasiB (5) B piBHAHHS (4)
OTPUMAEMO:
oU, oJ
=F—+F—. 6
Qx 1 ox ox ( )
B3sBmm HeoOXimHi moximHi Bix BupasiB (2) i (3) i
migctaBuBmM ix B cucremy (1) 3 ypaxyBaHHAM

2
3ajexHocreir  f = X%; B= )'('%+ %2 M; S = x@;
oX OX ox2 OX
< 05 20%S
S=X—+X"—, OTPHMAEMO cUcTeMy
ox ox2

JudepeHianbHUX pIBHSAHb 3MIHM BWJIBOTY CTPLIOBOI
CHCTEMH KpaHa-MaHIMyJIaTopa 3 MIapHIPHAM IIiJBiCOM
BaHTaXYy:

2
(J1+Jz)' >'('—ﬁ+>'(2M +%+m2-(k§+
OX ox2 OX ox
2
+X2E .§:QX_ m1%+m2%+
ox2 | ox OX OX @
+mXZE g
n ;
. g
Z==(x-12).
L (x=2)

Bupasumo koopaunHatu f3,S,Yq,Ys,Y,Uq,U depes

y3arajabHEHI KOOPAWHATH X 1 Z Ta Bi3bMEeMO TXHi MOXiIHI 1O
X KOOPIUHATAX:

2
S=hyf1+| X —9; S _ X
h 2

ox )2
h 1+(j
h

8
0%s 1 _ ®)
2 - H
oX ) 2T,
h1+()
h
,B:ArcTani; P —;;
h OX X 2
h- 1+(h]
a213_i « _ ©)
x? h® 2 2’
h3 1+(J
h
y:h(l—Cos%J; %lenX;Z,
(10)
ﬂ:—Sinx_z;
oz h
ylzL- o1 _ c-h X
2 2 ox 2 3’
2vhe +x (h2+X2)2
y:
1-2.| %
azyl_ c ( j (1)
2  2.h? o
2
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d
—he
”? \/7
2 1+(j
h
8y2 _ d X

X  9h2 '

2
X
1-2.12
azy_ q (h . (12)
x% 2.h? ) 5’
X 2
Hj ]
h
(18)
2
U=h 1+(5) _a: M X ,
h OX x 2
h 1+(j
h
13
RV 1 13)

e

Koopmunary Ujq3nalinemo, Buxoasum 3 puc.l 3
HACTYITHHUX 3aJIe)KHOCTEH:

U= \/alz + bf — 2a,0,Cos/BDF;
ne: DF =by (Puc. 1).

s BusHayenns kyra ZBDF  posrisHemo wotupu

(14)

nmankoBuii MexaHisM ODFE (puc. 1) 1 Bu3HaumMoO
miaronans DE:
DE =/d? + e? — 2d,¢,Cos/DOE, (15)
ne: DO=d;, EO=¢, (Puc. 1).
Busnauumo kyt ZDOE (puc. 1):
/DOE=7+a—-60-p. (16)

[lincraBuBmm  BHpa3 3ajexuicts  (15),

OTpHUMAEMO:

(16) B

DE =\d2 +e2 — 2d,e,Cos(f+ 0 —a).  (17)
3 TEOpeMH CHHYCIB MaEMO:
Sin/DOE _ SlnLODE. (18)
DE €
3BIIKH 3HAXOIUMO:
. i -
Sin/ODE = e,Sinf+0-a) . (9)
d? +e? - 2d,e,Cos(8+ 6 - a)
Toni:
. Sin(g +0 -
/ODE = ArcSin eSinlf+6-a) . (20)

d2 +e? - 2d,e,Cos(8+ 60 -a)
Kyr ZFDE 3naiigemo 3 Bupasy:
c2 =b? + DE? —2-b; - DE-Cos/FDE, (21)
ne: FE =¢q, (Puc. 1).
3BiIKH OTPHMAEMO:

2 2
DE? +by —
Cos/FDE = DE- +P1=Cif 22)
2b,DE
3 0CTaHHBLOI'O BHUpa3y MaeMo:
2 n .2
/FDE = ArcCos D2E_ P =G (23)

2b, DE

Crxorasiu Bupasw (20) Ta (23), 3HaiineMo BETHIHHY
kyra ZODF :

/0ODF = Z0ODE + ZFDE . (24)
3uaiinemo kyt ZBDF :
/BDF =7 - Z0ODF . (25)

[TincrapuBiy Bupas (25) B 3anexHicts (14) Gynemo
Maru:

U; =ya? +b? —2.a, -b; -Cos/ODF.  (26)
3 oCTaHHBOTO PiBHAHHS cUCTeMH (7) 3HAXOIMMO:
x:z+D'z'; >'<:Z'+£'z"; X=Z+£ZIV. (27)
g g g

BukopucraBmu Bupasu (27), 3aMiHUMO CHCTEMY
piBHsHB (7) onHuMM nudepeHlialbHUM DPIBHSHHAM, SKe
NPEJCTABUMO B HACTYITHOMY BUIJISIIII:

['z'+§z'v ]{[(Jl * Jz<U))(2—fj2 +
+ mz(%jz}{z +3'Z'J2{[(J1 +3,(U)))x

2 2 2
X%Mmla_U@_UﬁJ_z@_U(%j N
X ox2 X ox2 oU ox \ ox

(28)

+(m1%+m2%J+m'z'=Qx.
OX OX

3a kpurepiii onTumizauii pexuMy 3MiHH BHJIBOTY
CTPIIOBOI  CHCTEMH  KpaHa-MaHIyJasaTopa  o0epemMo
0e3p0o3MipHiil KOMIUIEKCHUH KpUTEpil, KUl BpaxoBye
IO CHJIOBUX HABAaHTAXXEHb Ta HOTY)KHICTH MPUBOIHHX
MEXaHI3MIB 1 Ma€ BUTIIS,

1

th 2 2 2
1 - X
—j 5] o)X} . o)
th F P

0
ne: t-uac; tn - TPUBAJTICTH IPOLIECY MMYCKY MaHIMYJISTOPA;
F.p-
MiHIMaJTbHO MOJKJIMBI 3Ha4YeHHS y3arajJbHEHOI CHJIM Ta
MOTYXXHOCTI TPUBOJHUX MEXaHI3MIB ISl TIEpEeMillleHHS
BaHTaXy; O - BaroBUi Koe(illieHT SKUH BPaxoBye Jit0
y3arajbHEHO1 CHIIH.

MiHiMaTbHO MOXIIMBI 3HAUEHHS y3arajlbHEHOI CHIIN
Ta TOTY)KHOCTI IPUBOJHUX MEXaHi3MiB BH3HAYAIOTHCS 3

K=

V - MBHIKICTH YCTAJICHOTO pPyXy BaHTaxy;.

YMOBH MIHIMyMY CEpeIHbOKBAJpAaTHYHUX 3HAYECHb
(yHKI[IOHATIB, IO BiOOpaXalOTh TATOBE 3yCHIUIA Ta
MOTYXHICTH ~ NIPU  TOPU3OHTAJILHOMY  IIE€PEMIillleHHI
BaHTaXy B IPOLECi IYCKY 1 BUPAXKAIOThCS 3aJIC)KHOCTIMHU:
2
F-mv, p-mv (30)
th 2t,

OtpuManuii KpuTepiii HeoOXiZHO MiHIMI3yBaTH,
OCKUIBKM BiH BiJIOOpa)ka€ BUTpATH 3BEICHHUX PYIIIHHHUX
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3yCHJIb Ta MOTY)KHOCTEH MPUBOAHUX MEXaHi3MIiB PYKOSTI
Ta TeJIECKOm4YHOI cekmii. Pasom 3 TuM, aHaIITHYHO
MiHiMi3yBaTn KpuTepiit (29) Ta BuOpaTtH 3aKOHU 3MiHH
KOOpAWHATH Z = z(t) Ta il NOXIZHHMX 3a YacoM He
MPEJCTABISIETECS MOMIIMBUM TIpU  KPaWOBHUX yMOBaXx
MPOIIeCy MYyCKY MaHIMyIATOpa:

t=0: x=2=12p, X=1=0;

Vi sy (31)

ac: ZO - II0YaTKOBE 3HAYCHHS KOOPAWHATH Z.

3BemeMo  cucTemy KpaitoBux ymoB (31) mo
KOOpAMHATH Z Ta 11 MOXigHMX 3a 4acoM. J[ns 1poro
BUKOPHCTAEMO 3aJIeXXHOCTI (27), B pe3ynpTaTi 4Oro
OTPUMAEMO:

t=0: z=2p, 2=0, Z=0, 7=0;
Vit (32)
t=t,: z=20+7”, 1=V, 7=0, 7=0.
Jus  3HaXOIKCHHS  HAONMKEHOTO  PO3B’S3KY

onrtuMizamiitHol 3amadi (29), (32) BUKOpHCTAEMO MiAXiA,
CYTHICTb  SIKOTO  3BOAMTBCSA 1O 3aJaHHIA  Kiacy
OararomapaMmeTpudHUX (YHKIIH, sSKi O 3aTOBOJBHSIN
KpaifoBi ymoBu (32) Ta 3abe3meymsnd O MiHIMYM
¢ysKmioHany (29). Knac 6araromapamMeTpudHuX QYHKITIH,
Ha sKuX OylnemMo BiJIIYKyBaTd HaOJIMKEHUH DPO3B’I30K
onTUMIi3aliifHol 3a1a4i, 3aJa€ThCs K PO3B’SI30K KpaioBoi
3ajaui:

L(2) =0;

t=0:2=25,72=0, 7=0, 7=0;

t o (33)
t:?njzztn/z’ 2=1y,/2;

vt
t:tn:z:z0+7”, 1=V, i=0, 7=0,

ne L - omeparop, skuit gie Ha ¢ynkiuioo Z(t). Po3s’s30x
KpaifoBoi 3amadi (33) MICTUTH JBa HEBIIOMHX ITapaMeTpa
Zt;/2 Ta Zy /2. Omeparop L(z) y pamkax jpaHHOrO

JOCII/DKSHHSI TPUAMEMO Yy BHIIISAL JudepeHianbHOro

X
piBHsiHHS mecstoro mopsaky L(z)=z(t). Onmak, y
3arajJbHOMY BHIQJIKy Lield oreparop Moxe OyTH IHIIHM.
Horo oOrpyHTyBaHHSA BUXOAUTH 32 PaMKH JaHOT poOOTH.
Po3p’sukeMo  kpaiioBy 3amauy (33). Ilicis uporo
cthopmyemo Bupas ¢pyHkmioHana (29):
Cr=Cr(zy, 12+ 2ty 12 tn), (34)

SKMH TPEeACTaBISIEThCS HENIHIHHOIO (YHKIEI0 CBOIX
aprymeHTiB. Jns e]eKkTUBHOTO BiNIIYKYBaHHS TaKHX
3HA4YCHb Zy /o Ta Zy /o, HA sKuX Ou Qynkuionan (29)

HaOyBaB  MIiHIMyYMy, BHKOPHCTAaHO  MOAM(IKaIio
METaeBpPUCTHYHOTO METOy poro actouok ME-PSO [15].
Moro 3acTocyBaHHs He BHMArae HENEPEPBHOCTI Ta
nudepernniioBanocTi kpurepiro (34) Ta He HakiIajae Ha
ONTUMI3aIlifiHy 3aady J>XOPCTKHX BHUMOT. SIK TITBKH
BJAJIOCH TOOyAyBaTH (YHKLIIOHAJIBHY 3aJeKHICTH (34)
MOXHa  BHKOpucroByBath  Meron ME-PSO  ta
BIJIIYKyBaTH  ONTHMalbHI ~ 3HAYeHHS  HEBIJOMHX
napameTpiB  Zy s Ta Zyjp. Y po0oTi BHKOpHCTaHI

HACTYIIHI MapaMeTpH METOAYy: NPUHHATHA IIBUIKICTH
smenmenns kputepiro AR =0,005; kimpkicTs yacTouox
(momymsis poro) — 50; kinbkicTs iTeparniit — 50 (puc. 2).

BkasaHni mapaMeTpu JO3BONSIOTH JOCHTH €(DEKTHBHO
BUKOPHUCTOBYBaTH  OOYMCIIOBAaNbHI  pecypcH Ui
3HAXOKEHHS PO3B’S3KY 3aadi.

Bci po3paxyHKH MPOBEACHO UL CTPIJIOBOI CHCTEMH
KpaHa-MaHimyjsTopa 3  mapamerpamm: M =155xe;
my =65xe; m, =500xke; h=19x; 2o =11u;
V =05m/c; a=165xm; b=0,5xm; c=2,2m; d =18m;

to =0c; t, =1c; g =9,81um/c? y pesyibTati

BHKODHCTaHHsT METOAY OyJI0 OTPUMAaHO TaKi 3HAYCHHS:
2,12 =115m ta Zy 5 =0,25m/ c.

600

400

Criterion

200

0 10 20 30 40 50
[teration

Puc. 2. I'padix 301KHOCTI KPUTEPIIO 10 MIHIMYMY.
Fig. 2. Graph of the criterion convergence to a
minimum.

B pe3ymbTati po3B’s3Ky MOCTAaBICHOT ONITUMI3AI[IHHOT
3amadi BUOOPY ONTHMAIBHOTO PEXUMY PyXy CTPiIOBOI
CHCTEMH KpaHa-MaHIIyJIsATOpa NPH TOPU3OHTAIHLHOMY
NepeMillleHHI BaHTaXy B TMpoleci 3MIHA BHJIBOTY
noOynoBaHo rpadiuHi 3anexHocTi (ha3oBOro MOPTPETy
BiaxuieHHs (puc. 3), mBHAKOCTI (puc. 4) Ta MIPUCKOPEHHS
(puc. 5) BaHTaxy, a TakOX MOTYXHOCTI (puc. 6) i
y3arajabHEHOI CHITH (PHC. 7) MPUBOJHUX MEXAHI3MIB.

Amnanizytoun (a3oBHi HOPTPET KOJIHMBAaHb BAHTAXKY
Ha WIapHipHOMY minBici (puc. 3) MOXKHa 3a3HAYUTH
HacTymHe. B mporeci mycky cTpijoBoi cHcTeMH KpaHa-
MaHIMyJIATOpa TPH TOPU3OHTAIILHOMY IIePEMIlICHHI
BaHTAQXy 3a ONTHMAJIbHUM pPEXHMOM, BHHHKAIOTh
HEe3Ha4YHI KYTOBI BIIXWJICHHS BaHTAXY BiJl BEPTHKAJI, SIKi
pU BUXOJI Ha YCTaJeHIH pyX MalOTh 3aTyXalo4ui
xapaktep. MakcuMallbHe 3HAYEHHS BIJAXHUJICHHS BaHTAXY
cranoButh —0,14.m, a MakcuMallbHE 3HAYEHHS IBUIKOCTI
Bigxunenns gopisnroe —0,28m/ c.

Posrsnatoun  rpadiuHy 3aJIeKHICTH  IIBHIKOCTI
MepeMillIeHHs] BaHTaXy 32 ONTHMAIBHUM pPEXHMOM
(puc. 4) MoXHA 3a3HAYNTH, 110 IIBUJIKICTb, SIK HA TOYATKY
TaKk 1 B KiHII IYCKY 3MIHIOETBCS IUIaBHO. [Ipn 1pomy
KOJIMBaHHS IIBHUAKOCTI BiACyTHI. Buxix Ha ycraneHiit pyx
BimOyBaeTbcs 3a  S-TMOJMIOHWM  3aKOHOM  pPyXy. 3a
ONITHMAJILHUM PEXHUMOM IEPEMIIIIEHHS CTPLIOBOT CUCTEMHU
KpaHa-MaHiNyJsiTopa 3 BAHTaXeM, IIBH/KICTh YCTAIEHOTO
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pyxy cramoBute 0,5m/c, a Buxim Ha ycrameHumii pyx
tpusae t=18c.

02
01
L
= 0
N
< .01
-0,2
-0,15 -0,10 -0,05 0
Az, m

Puc. 3. ®a3oBuii NOpPTPET BiAXUICHHS BAHTAXKY.
Fig. 3. Phase portrait of load deflection.

0,5
0.4

0,3

’

z' M/

0,2
0,1

0

<

0,5 1 L5
1, ¢

Puc. 4. I'padiuna 3aJICKHICTD IIBUIKOCTI
MepeMIlIeHHS BaHTaXY.
Fig. 4. Graph dependence the speed of movement the

load.

0,4
“ 0.3
]
w02
<

0,1

0

0 0,5 1 1,5
e
Puc.5. I'padiura  3amexHicTh  HTPHUCKOPEHHS

MepeMiIIeHHs BAHTaXY.
Fig. 5. Graph dependence of acceleration of the load.

IIpoBonsuu aHaii3 rpadiyHOi  3aJISKHOCTI
NIPUCKOPEHHs TepeMillleHHsT BaHTaxy (puc. 5), SIKui

3aKpiTUIEeHUH Ha MapHipHOMY TiABiCi, OyJI0 BCTAHOBJICHO,
o0 TPH ONTHUMAIBHOMY pEXHMi TEpPEeMIIlleHHS ITiKOBE
3HAYEHHS TPUCKOpeHHs cTtaHoBuTh 0,47m/ ¢? B MoMeHT
gacyt =0,8c. Ilpu momaneioMy mHepeMilieHHI BaHTaXy
3HAYCHHS NPUCKOPEHHS 3MEHIIYETHCS i NMPU BUXOAI Ha
ycTajeHuii pyx, B MoMeHT yacy t=18¢, mopiBHroe HyII10.

100

P, Bm

<

0,5 1 1,5
f,c

Puc. 6. TIpadiuna  3anmexHICTH
MTOTY>KHOCTI JIJIsI TIEPEMIIIeHHS BAHTAXY.

Fig. 6. Graph dependence of the power consumed to
move the load.

3aTpaveHol

[MpoananizyBasiiu rpagiuHy 3aleKHICTh 3aTpaueHol
MOTYXKHOCTI JIJIs IepeMilleHHsI BaHTaxy (puc. 6) 3po0iieHO
TaKuii BUCHOBOK. B TIOUaTKOBUIT MOMEHT pyXy CTpilOBOT
CHCTEMH KpaHa-MaHIIyJsTopa BiOyBa€ThCsl 3MEHIICHHS
noryxuocti 10 —15Bm, nmpu t=01c, mo 3ymosieHo
rpasitaniiinoro ckinanoBow. B moment wacy t=0,4c
HOTYXHICTh 3pOCTa€c A0 3Ha4eHHs OS5Bm, wWicmst 40ro

BUHMKaE ii cnan a0 3Hauenns —180Bm. lle cupuuurneHo
IHepIIITHOIO CKIIQJIOBOK0 EIIEMEHTIB METaTOKOHCTPYKIIiT
CTpPiIOBOT  CHCTEMH  Ta  KOJIMBAHHSAMH  BaHTaXy
3aKpIIUICHOTO Ha INApHIPHOMY IIBICI B HANPIMKY
MepeMIlIeHHs TiIpaBIiYHAX IIIiHAPIB. B momanemomy
MMOTYXKHICTh 3pOCTa€ i MpPHU BHUXOAI HAa YCTaJCHHH pPyX
craHoButs 140Bm.

200
100

-100

M H

-200
-300
-400

el

0,5 1 L5
fc

Puc. 7. I'padivna 3a51eXKHICTh y3araJbHEHOI CHIIH.
Fig. 7. Graph dependence of the generalized force.
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AHanizytoun rpadidHy 3aJIeKHICTh y3araJibHEHOT
CHIIH, 1[0 PO3BMBAIOTH NPUBOIHI TiapoIiHapu (puc. 7)
MOKHa 3a3HAYUTH, L0 Ha ITIOYATKY PYXY PyLUiiHe 3yCHIULA
cranosuts 200H. Tlpu momanbmioMy —mnepeMimeHi
CTPIJIOBOI CHCTEMH 3 BaHTaKEM 3YCHILISI Ma€ CIaJal0dnid
xapakTtep. [Ipm mpoMy MiHIManbHE 3HAYCHHS 3YCHILIA
cranoute —400H B wMmomenr wacy t=08¢, 1wo
BIINIOBiIa€ MaKCHMalbHOMY 3HA4YE€HHIO TNPHCKOPEHHS
(puc. 5). BigmoBimHO 1©e SABUIIE  TOSCHIOETHCS
BUHUKHEHHAM iHepIiHO1 CKJIaI0BOT €JIEMEHTIB
METAJIOKOHCTPYKIIii ~ CTPUIOBOI  CHCTEMH KpaHa-
MaHIIyIATOpa Ta KONMBAHHAMH BaHTAXY, 3aKPIIUICHOTO
Ha INapHIPHOMY MiABici, Ta BIAMOBIIHO 30iTBIICHHAIM
npuckopeHHs (puc. 5). B mopaipmoMy 3HaYCHHS 3YCHILIA
3poCTae i mpu BUXOJIi Ha yeTajieHui pyx cranoButh 230H.

BucHoBku

1. B pe3ynpTari MPOBEIACHOTO  JOCIIIKCHHS
PO3B’s3aHO 3a/a4y ONTHUMI3AIll PESKUMY PYXYy 3 METOIO
3MEHILECHHS KOJIMBaHb BAHTAXY Ha MIAPHIPHOMY TIiJBIiCi 32
OIHOYACHOTO TMEpPEeMIlIeHHs [BOX JIAHOK CTPLIOBOI
CHCTEMH KpaHa-MaHiIyJsTopa. OOrpyHTOBaHO
KOMIUTEKCHUH Oe3p0o3MipHUH IHTErpalbHUN ITUHAMITHUHA
KpHUTepiit onTuMizaii, SIKAN SBIISIE coboro
CepeHbOKBAAPATUYHE 3HAYCHHS Y3arajlbHEHOI CHIIM Ta
MOTY>KHOCTI TIPUBOJHIX MEXaHI3MIB 1 MPEACTaBICHUN Yy
BUTIIAAI  HENIHIHHOTO  IHTETpajdbHOTO  (DYHKI[IOHAIY.
OTtpumaHuii KpUTepiit BimoOpakae HeOakaHI BJIACTUBOCTI
CTpUIOBOT  CHCTEMH, TOMY HOro 3HaueHHs OyJo
MiHiIMi30BaHe.

2. Jlns BUpilIEHHS IOCTaBJIEHOI 3ajavi MIyKaHi
HerepepBHi  (yHKIIT Z(t) Oymu 3aMiHeHi Oararto
napameTpuuHuMu QyHKuisMu. Bonn Oynm orpumani sik
Bxiguuii anroputm ME-PSO mis kpurepiie (29) i (34).
Taxi pesynbraTi Oynu 3a0e3neueHi CTPATerier0 MOIIYKY
r00aJbHOTO  eKCTPeMyMY  POEM  YaCTHHOK  Ta
nepeiHiiianizaliero por B pasi HOro 3acToro.

3. OTpuMaHuil ONTHUMANBHUKA PEXUM IEePEMIillICHHS
CTPUIOBOT  CHCTEMH KpaHa-MaHIIyJIsTopa J03BOJIHB
MIHIMI3yBaTH JUHAMIYHI HAaBaHT)KEHHS B MPHUBOIHUX
MeXaHi3Max Ta METAJIOKOHCTPYKIII CTpPUIOBOI cHCTEMH
KpaHa-MaHiIyJsITopa, a TakoXX 3MEHIINTH CHEPreTHYHi
Butparu. [Ipn OTpUMaHUX peXHMax IMepeMilleHHs
CTPUIOBOT CHCTEMH JOCSTA€ThCS YCYHEHHS KOJMBAaHBb
HIAPHIPHO 3aKPIIJICHOTO0 BAaHTAXy HA KIHI[ CTPLIOBOI
cuctemu. Jlaumii edeKT mae MOXIMBICTH  IiABHIIUTH
MPOAYKTUBHICTh Ta 3MEHIIMTH EHEPreTUYHI BUTpATH
KpaHa-MaHiIIyJIATOpa B MIPOIIECi 3MiHU BIJIBOTY BaHTAXKY.

Cnucok jgirepatypu

1. Jloseuixin B.C. Pomacesuu FO.O. Cnoooba O.O.
MareMaTiyHa MOJICITh JUHAMIKH 3MiHU BUJIBOTY CTPLIOBOL
CHCTEeMH KpaHa-MaHIIyJsTopa 3 BAaHTaXXEM IPH CyMilleHi
pyxie Machinery & Energetics. Journal of Production
Research. Kyiv. Ukrain. 2019. vol, 10. No 1. P. 141-149.
DOI: 10.31548/machenergy.2019.01.141-149.

2. Mischuk D. Research dynamics of the boom
manipulator mounted on elastic resistance Underwater

technologies. Industrial and civil engineering. 2018. No 8
P. 54-56. DOI: 10.26884/uwt1808.1301.

3. Gulianitsky L., Mulessa O. Applied methods of
combinatorial optimization: teach. manual Kyiv.
Publishing and printing center "Kyiv University". 2016.
142 p.

4.  Koeanvckuii B.®. Maremarnueckoe
MOACIMPOBAHUEC NUHAMUKHU MaHHHyJ‘IHHHOHHOﬁ CUCTEMBI
MOOWIBHOMI TpaHCHOpTHO-TeXHOJ‘IOFH‘leCKOﬁ MallluHbI C
y4eTOM ynpyrocTi 3BeHbeB. M3Bectus MAMMU. 2016. Ne3.
C.9-15.

5. Munemo A.A. [luHamuyeckuii U MPOYHOCTHOM
aHaJIn3 THAPABINIECKUX KpaHO-MaHHUITYJIATOPHBIX
YCTaHOBOK MOOWMIBHBIX TPAaHCIIOPTHO-TEXHOJIOTHTIECKUX
MalllMH: JOWCC. KaHA. TexH. Hayk: Mockea. MAJI'TY
(MAJIN), 2016. 172 c.

6. baxau FA. Ilonepenne NIPEACTABICHHS
PIBHSHHS TUHAMIKH MaHimyisaTopa meromoM Jlarpamxka-
Eiinepa. HaykoBuii Bichuk HJITY Vkpainu: JIbBiB.
Bunasuunrso HIITY Ykpaiuu, 2011. Bum. 21.18. C. 322—
327.

7. Bozorg-Haddad O., Solgi M., Lodiciga H. Meta-
Heuristic and Evolutionary Algorithms for Engineering
Optimization. Hoboke, USA, John Wiley & Sons Inc,
2017. 304 p.

8. Pylypaka, S.F., Nesvidomin, V.M., Klendii, M.B.,
Rogovskii, I.L., Kresan, T.A., Trokhaniak, V.l. Conveyance
of a particle by a vertical screw, which is limited by a
coaxial fixed cylinder. Bulletin of the Karaganda
University — Mathematics. 2019. Vol. 95. Issue 3. P. 108—
118. WoS. DOI 10.31489/2019M2/108-119.

9. Dubrovka F., Vasilenko D. Constructive synthesis
of planar antennas using natural optimization algorithms.
Izvestiya high schools, Radio electronics. 2009. No. 4.
P. 3-22.

10. Kiranyaz S, Ince T., Yildirim A., Gabbouj M.
Evolutionary Artificial Neural Networks by Multi-
Dimensional Particle Swarm Optimization. Neural
Networks. 2009. Vol. 22. Issue 10. P. 1448-1462. DOI:
10.1016/j.neunet.2009.05.013.

11. Heo J., Lee K., Garduno-Ramirez R.
Multiobjective Control of Power Plants Using Particle
Swarm Optimization Techniques. IEEE Transactions on
Energy Conversion. 2006. Vol. 21. Issue 10. P. 552-561.
DOI: 10.1109/TEC.2005.858078.

12. Zamani M., Karimi-Ghartemani M., Sadati N.,
Parniani M. Design of a Fractional Order PID Controller
for an AVR Using Particle Swarm Optimization. Control
Engineering Practice. 2009. Vol. 17. P. 1380-1387.
DOI: 10.1016/j.conengprac.2009.07.005.

13. Chander A., Chatterjee A., Siarry P. A New
Social and Momentum Component Adaptive PSO
Algorithm for Image Segmentation. Expert Systems with
Applications. 2011. Vol. 38. Issue 5. P. 4998-5004. DOI:
10.1016/j.eswa.2010.09.151.

14. Romasevych Y., Loveikin V. A Novel Multi-Epoch
Particle Swarm Optimization Technique. Cybernetics and
Information Technologies, Bulgarian Academy of
Sciences. 2018. Vol. 18(3). P. 62-74. DOI: 10.2478/cait-
2018-0039. Scopus.

15. Loveikin V., Romasevych Y., Kadykalo 1.,
Liashko A. Optimization of the swinging mode of the boom
crane upon a complex integral criterion. Journal of


https://mathematics-vestnik.ksu.kz/apart/2019-95-3/13.pdf
https://doi.org/10.1016/j.neunet.2009.05.013
https://doi.org/10.1016/j.eswa.2010.09.151

12 B. C. Jloseiikin, 0. O. PomaceBud, O. O. Ciogo6a, A. B. Jlosetikin, C. A. I1IBopoB

Theoretical and Applied Mechanics. 2019. Vol. 49.
Issue 3. P. 285-296. Scopus.

16. Loveikin V., Romasevich Y., Khoroshun A,
Shevchuk A. Time-Optimal Control of a Simple Pendulum
with a Movable Pivot, Part 1, International Applied
Mechanics. 2018. Vol. 54(3). P. 358-365. DOI:
10.1007/s10778-018-0887-x. Scopus.

References

1. Loveikin V., Romasevich Y, Spodoba O. (2019).
Mathematical model of the dynamics varying the radius jib
system loader crane with a load at adjustment movement.
Machinery & Energetics. Journal of Production Research
Vol. 10. No 1. 141-149. DOI:
10.31548/machenergy.2019.01.141-149.

2. Mischuk D. (2018). Research dynamics of the
boom manipulator mounted on elastic resistance
Underwater technologies. Industrial and civil engineering.
No 8. 54-56. DOI: 10.26884/uwt1808.1301.

3. Gulianitsky L., Mulessa O. (2016). Applied
methods of combinatorial optimization: teach. manual
Kiev. Publishing and printing center "Kyiv University".
142.

4. Kovalsky V.F. (2016). Mathematical modeling of
the dynamics of the handling system of a mobile transport-
technological machine, taking into account the elasticity of
the links. MAMI, Ne3, 9-15.

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

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

7. Bozorg-Haddad O., Solgi M., Lodiciga H. (2017).
Meta-Heuristic and Evolutionary  Algorithms  for
Engineering Optimization. Hoboke, USA, John Wiley &
Sons Inc, 304.

8. Pylypaka, S.F., Nesvidomin, V.M., Klendii, M.B.,
Rogovskii, I.L., Kresan, T.A., Trokhaniak, V.I. (2019).
Conveyance of a particle by a vertical screw, which is
limited by a coaxial fixed cylinder. Bulletin of the
Karaganda University — Mathematics. Vol. 95. Issue 3.
108-118. WoS. DOI 10.31489/2019M2/108-119. WoS.

9. Dubrovka F., Vasilenko D. (2009). Constructive
synthesis of planar antennas using natural optimization
algorithms. lzvestiya high schools, Radio electronics.
No. 4. 3-22.

10. Kiranyaz S., Ince T., Yildirim A., Gabbouj M.
(2009). Evolutionary Artificial Neural Networks by Multi-
Dimensional Particle Swarm Optimization. Neural
Networks. Vol. 22. lIssue 10. 1448-1462. DOI:
10.1016/j.neunet.2009.05.013.

11. Heo J., Lee K., Garduno-Ramirez R. (2006).
Multiobjective Control of Power Plants Using Particle
Swarm Optimization Techniques. IEEE Transactions on
Energy Conversion. Vol. 21. Issue 10. 552-561. DOI:
10.1109/TEC.2005.858078.

12. Zamani M., Karimi-Ghartemani M., Sadati N.,
Parniani M. (2009). Design of a Fractional Order PID
Controller for an AVR Using Particle Swarm

Optimization. Control Engineering Practice. Vol. 17.
1380-1387. DOI: 10.1016/j.conengprac.2009.07.005.

13. Chander A., Chatterjee A., Siarry P. (2011). A
New Social and Momentum Component Adaptive PSO
Algorithm for Image Segmentation. Expert Systems with
Applications. Vol. 38. Issue 5. 4998-5004. DOI:
10.1016/j.eswa.2010.09.151.

14. Romasevych Y., Loveikin V. (2018). A Novel
Multi-Epoch Particle Swarm Optimization Technique.
Cybernetics and Information Technologies, Bulgarian

Academy of Science. Vol. 18(3). 62-74. DOI:
10.2478/cait-2018-0039. Scopus.
15. Loveikin V., Romasevych Y., Kadykalo 1.,

Liashko A. (2019). Optimization of the swinging mode of
the boom crane upon a complex integral criterion. Journal
of Theoretical and Applied Mechanics. Vol. 49. Issue 3.
285-296. Scopus.

16. Loveikin V., Romasevich Y., Khoroshun A.,
Shevchuk A. (2018). Time-Optimal Control of a Simple
Pendulum with a Movable Pivot. Part 1. International
Applied Mechanics. Vol. 54(3). 358-365. DOI:
10.1007/s10778-018-0887-x. Scopus.

KOMIUIEKCHAS OIITUMU3ALINA PEXUMA
M3MEHEHUS BBIJIETA CTPEJIOBOM CUCTEMBI
KPAHA-MAHUITYJIAATOPA
B. C. Jloseukun, IO. A. Pomacesuu, A. A. Cnoooba,

A. B. Jloseiikin, C. A. Lllséopos

AHHoTanus. B craTee TpPEACTaBIEHO METOX
pemieHust mpoOIeMbl, yCTpaHEHUs KojeOaHWH Tpys3a Ha
OIAPHUPHOM MOJABECE BO BpeMs  OJHOBPEMEHHOTO
MEPEMEIIEHUs] BYX 3JIEMEHTOB CTPEIOBOH CHCTEMBI, a
UMEHHO TOJbEMa pPYKOATH U YMEHBUICHHS BBIIETA
Tesneckonnyeckoit cekunu. CyTh MeTOZa OCHOBaHa Ha
ONTUMH3AIMN PEeKHUMa OJHOBPEMEHHOI'O IEepEeMEIIeHUs
JBYX  DJIEMEHTOB  CTPEJIOBOM  CHUCTEMBI  KpaHa-
MaHMITYJIATOPA IPU TOPU30HTAIIBHOM MEpEeMEIEHIH IPpy3a
B IIEPHOJ ITyCKa.

B kauectBe KpuTEepHs ONTHMH3alUH BHIOpaHO
KOMIUIEKCHBI ~ MHTErpalbHbIA  KPUTEpUH, KOTOPBIA
SIBIIIETCS. ~ OTHOCHTENBHBIM  CPEAHEKBaJPaTHUYECKUM
3HaYeHWEM YCHIMM U MOIMHOCTEH B MPUBOJIHBIX
THIPaBIMYECKUX IMIMHApPaX. PazpaboTaHHbI KpuTepHi
OoTOOpakaeT HEeXelaTelbHbIE CBOICTBA  HIEMEHTOB
CTPEJIOBOM CHCTEMBI M MEXaHU3MOB IPUBO/IA, TIOATOMY €0
3HA4YEHUS CBOJUTHCA K MUHUMYMY.

[Tockonpky  KpuTepuil ONTUMHU3ALUU  SIBISETCS
HWHTETPATBHBIM (PYHKIIIOHAIOM, TO JUIS €T0 ONTHMHU3AINH
HCIOJNB30BaHBl METOJBl BAPWAIIMOHHOTO HWCYHCIEHUS.
Pemenne BapUaIlMOHHOMN 3aJa4u ONTUMM3ALIUU
MIPE/CTABIICHO B BUJE MHOTO apaMeTPUUECKUX (QYHKITHH,
KOTOPBIE YAOBIETBOPSIOT KPAEBbIE YCIOBHS IABHKEHUS U
MHUHHUMH3HPYIOT KOMIUIEKCHBINA Oe3pa3MepHBIi KpUTEPH.
C 37011 11€71510 OB UCTIONIB30BAH METO/] ONITUMHU3AINH POSI
yactuy (ME-PSO). D10 nano BO3MOXHOCTb MOJYYUTh
3aBHCHMOCTH OITUMAJIBHBIX, SHEPTeTUYECKUX M CHIIOBBIX
XapaKTepUCTHK CTPEIOBOM CHCTEMBI M MEXaHHU3MOB
NpuBOJa  KpaHa-mMaHunynstopa.  IlosyueHHblid B
pe3yiapTaTe  ONTHMH3AIUH  PEXKHM  HEpEeMENICHHS
9JIEMEHTOB CTPENIOBOM CHCTEMBI YIyYIIWJI CHJIOBBIE H
SHEPreTHYECKNe XapaKTEPHUCTHKU KpaHa-MaHHUITYJIATOpa,
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YTO JajJ0 BO3MOXKHOCTH YBEIMYHTH €r0 HAJeKHOCTb U
HPOAYKTUBHOCTb.

KunioueBbie cjaoBa: KpaH-MaHUITyJIATOD,
ONTHMH3ALMS, JAWHAMHYECKHE Harpy3Kd, KpUTCpHI,
KoJIeOaHus Tpy3a.

COMPREHENSIVE OPTIMIZATION OF MODE
OF DEPARTURE OF BOOM SYSTEM OF LOADER
CRANE
V. S. Loveikin, Yu. O. Romasevich, O. O. Spodaba,

A. V. Loveikin, S. A. Shvorov

Abstract. The article presents a method for solving
the problem, eliminating the oscillations of the load on the
knuckle join suspension the simultaneous movement of
two elements of the boom system, namely, lifting the jib
and movement the telescopic section. The essence of the
method is based on the optimization of the regime of
simultaneous movement of two elements of the boom
system of the loader crane during horizontal movement of
the load during the start-up period.

As an optimization criterion, a complex integral
criterion was selected, which is a relative root-mean-square
value of forces and powers in hydraulic drive cylinders.
The developed criterion displays the undesirable properties
of the boom system elements and drives mechanism,
therefore, its values are minimized.

Since the optimization criterion is an integral
functional, variational calculus method are used to
optimize it. The solution of the variational optimization
problem is presented in the form of many parametric
functions that satisfy the boundary conditions of motion
and minimize the complex dimensionless criterion. For this
purpose, the particle swarm optimization method (ME-
PSO) was used. This made it possible to obtain the
dependences of the optimal, energy and forces
characteristics of the boom system and the drive
mechanisms of the crane. The mode of movement of the
boom system elements obtained as a result of optimization
improved the forces and energy characteristics of the
loader crane, which made it possible to increase its
reliability and productivity.

Key words: loader crane, optimization, dynamic
loads, criterion, load fluctuations.
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Abstract. An analytical dependence of the influence
of alloying elements on the equilibrium temperature of
vanadium nitride in austenite is established for the main
alloying elements based on an analysis of state diagrams,
which describe an actual process with an error of 0.9%.

As a result of the process analysis is theoretically
justified and experimentally confirmed that the
precipitation of the secondary phases from the
supersaturated solution kinetics is controlled by the
thermodynamic activity, diffusion mobility and solubility
of the components forming the secondary phase in the solid
solution, the deviation degree of the system from the
equilibrium state, where the equilibrium state is the
formation temperature and dissolution of the secondary
phase.

The established quantitative regularity shows that the
precipitation kinetics of the vanadium nitrides in austenite
with a probability of 99.9% and an error of 7.1% is reliably
described by the thermodynamic activity of nitrogen and
vanadium, the deviation degree of the system from the
equilibrium state, and the process time. In this case, the
correlation  coefficient between experimental and
theoretical data is 0.915.

An analysis of the obtained analytical equations
shows that the influence of the chemical composition on
the content of the carbide and nitride-vanadium phases in
the solid solution is significant. The elements are arranged
according to the degree of increasing influence in the
following sequence: the content of vanadium nitrides in
austenite increases Si and decreases Mn, C, Cr.

As a result of studying the process of converting
austenite to ferrite and perlite, martensite, and bainite, it
was found that the nonequilibrium critical points of phase
transformations are controlled by the equilibrium
temperature of austenite and ferrite, the content of
secondary phases in them, the diffusion mobility of carbon
in austenite, the degree of alloying, and the grain size of
austenite and in the case of diffusion transformations by the
heating and cooling rate. Quantitative influence laws are
determined, which describe the real process with a
probability of 95% and an error from 2.3% to 7.1%.

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

Introduction

The structure formation of structural low- and
medium-alloyed steels can be carried out by diffusion
pearlitic, diffusionless martensitic, mixed bainitic
transformations and decomposition of a supersaturated
solid solution. Quantitative transformation characteristics
are determined by the laws of nucleation of new phase
centers and their growth.

Formulation of problem

It is necessary to study the effect of alloying on the
thermodynamic and kinetic parameters of the dissolution
and precipitation of secondary phases in austenite and the
austenite transformation to perlite, martensite and bainite
for solve this problem.

Analysis of recent research results

Alloying elements and modifiers can affect the
change to the ferrite center nucleation rate of during
pearlite transformation and the perlite growth rate [1, 2].

This occurs as a result of changes of the austenite
stability to super cooling, the specific energy of the
interface, the activation energy of diffusion, and the degree
of imperfection of the matrix crystal structure.

In case of the martensitic transformation, the
influence of alloying elements and modifiers on the rate of
nucleation of martensite centers is associated with changes
of the austenite stability to supercooling, its chemical and
structural homogeneity, mainly [3-5].

Bainitic transformation occurs in the temperature
range of low diffusion coefficients, the rate of nucleation
and growth of perlite. Partial carbon redistribution occurs
in austenite, diffusionless y—a,, transformation and
precipitation of the carbide phase under these temperature
conditions. Alloying elements insignificantly affect to the
activation energy of crystal growth of the o, - phase, but
alloying elements have a significant effect to the bainitic
transformation rate.
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The kinetics of the solid solution decomposition of a
martensitic and bainitic structure, the secondary phase
dispersion and interparticle distances depend with the
temperature and the influence of alloying and modifying
elements to the crystal lattice of a stable phase, the element
chemical affinity and their diffusion mobility.

Alloying elements affect the change of parameters
such as austenite grain size, its resistance to supercooling,
element chemical interaction, their solubility and diffusion
mobility in a solid solution, and the defective crystal
structure of the matrix.

A lot of research is devoted to the study of the
influence of alloying elements, modifiers and impurities on
the structure formation process [1-3]. However, the bulk of
research covers dual and triple alloying systems. This
eliminates the quantitative analytical forecasting of the
influence of alloying elements, modifiers and impurities on
the structure formation process and  structure
characteristics in multicomponent industrial structural
steels.

The complex formation of a favorable ratio of a high
level of strength and plastic steel properties with a
minimum consumption of alloying elements can be
achieved only when the regimes of its modification and
heat treatment will ensure dispersion of all structural
elements at all stages of casting formation.

Purpose of research

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

Results of research

The formation of microstructural features in steels,
containing 0.2 to 0.4 wt.% carbon; 1 to 3% silicon,
manganese and chromium; 0.005-0.035% nitrogen, up to
30% of vanadium are predicted according to the following
scheme. The equilibrium content of nitrogen and
vanadium, in a solid solution during the austenization is
determined by their solubility, the latter depends on the
chemical composition of steel and the heat treatment
temperature. Using general principles of phases
equilibrium in a ternary phase diagrams, the unknown
parameters of interaction of alloying elements in austenite,
the austenization temperatures, tyn iS given by the
following relationship:

(—9473 + 2436[V] + 8950[N] + 932[C] +
b = UgIVT + 1gIN] — 3.97 + 15[V] + 5.44[N] +
+160[Mn] — 67[Si] + 419[Cr] + 1610[Al] —
+0.06[Si] + 0.13[Cr] + 0.06[Mn] + 0.83[Al] +
—535[Ni] + 411[Ce] + 2659[Mo])
10.2[Ca] + 041[C] — 0.03[Ni] + 145 [Mop)’

Steel 20KhGSAFL taking as the base. It was
determined the effectiveness of the influence of elements
on the change in the equilibrium temperature of dissolution
(formation) of vanadium nitrides (Fig. 1).

1190
\ /
1140 / _—
8] N /Si
g i
1090 -
C
/ — Mn
1040 T~
N Mo
990 \

1,0 15 2,0 25 3,0

C-10; Si; Mn; Cr; V-10; Mo-10; Ni-10; N-100 - wt. %
Fig. 1. The influence of element contents on the
equilibrium temperature of dissolution (formation) of
vanadium nitrides.

It can be seen that Si, V, N, Ni increase, and C, Mn,
Cr, Ce, Al, Mo, decrease the equilibrium temperature of
vanadium nitride dissolution (formation).

It is revealed that at the austenization temperature of
the structural steel, the approximation of anomalous phase
equilibrium is valid. Phase analysis shows that at the oo —
y transformation significant change in the solubility limit
of nitrogen and vanadium and in the diffusion mobility
occurs.

The base is - steel containing (wt.%) 0.2C, 1Si, 1Mn,
ICr, 0.015N, 0.1V.

As a result the content of nitrogen and vanadium in
the solid solution to exceeds its equilibrium value up to
1100 °C. As a result during austenization vanadium nitride
precipitates instead of the dissolution of the respective
elements. It is established experimentally, that kinetics of
this process is determined by the influence of alloying
elements on the coefficients of thermodynamic activity of
nitrogen (fn) and vanadium (fv). The other influencing
factors are the difference of the austenization temperature
from the equilibrium temperature of vanadium nitrides in
austenite (At) and the time of the process (t)

Qvna = (3.63 + 0.0556-t — 4.36-(fy)-(fy)

+ +0.176-At)-qq,

/100,
R=0.915;8=7.1%; F,=11.3>Fr=3.7,(2)
where qvna, Jst is the content of vanadium nitrides in weight
fraction in austenite and its stoichiometric value in the
steel, respectively; R- is the multiple correlation
coefficient; & - the average relative error of approximation;
Fo, Fr are the estimated and tabulated values of the
Fischer’s criterion.

The experimental results and calculations show that
the vanadium nitrides quantity in austenite depends from
the alloying element content in steel, temperature and
austenitization time (Fig. 2).

It can be seen that silicon increases, and manganese,
carbon, and chromium decrease the vanadium nitrides
quantity in austenite. It should be noted that the vanadium
nitrides quantity in austenite increases with increasing
austenitization time.

The influence of the alloying elements is essentially
distinguished not only by their values but also by their
"sign". In this case the influence is multivariant-not only
the equilibrium solubility is changed, but the solubility at
the a — vy transformation and the rate at which the system
approaches to the equilibrium state are changed as well. To
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find the required content of nitrogen in a solid solution for
stabilization and nitrogen content in the nitride phase at the
austenization a study was conducted. The study discussed
the influence of chemical composition, nitride phase
content and temperature upon the austenite grain
stabilization. The effect of chemical composition, nitride
and carbide phase content, austenite grain size and cooling
rate on the thermokinetic parameters of ferrito-pearlite,
bainite and martensite transformations are discussed. The
influence of above-mentioned factors on secondary
structure characteristics and properties of steel were also
investigated.

37 Si bm—
L S e—

s g C

29 CI’{ T~ Mn7/ =
O\O ii'o_ - ___\_—\—"'— -
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<2 S~ ~ Mn/- e -
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Fig. 2. The influence of element contents on the
vanadium nitrides quantity in austenite.

The base is - steel containing (wt.%) 0.2C, 1Si, 1Mn,
ICr, 0.015N, 0.1V.

Indexes 0 and 2 - the initial moment of austenitization
and after 2 hours exposure, respectively.

The statistical analysis of dilatometry results of steels,
containing up to 0.4% C, 3% of Si, Mn, Cr each, 0.03% N
and 0.2% V at cooling rates, (Vo) Within
20-40 °C/minutes were studied. The relationship below
established dependencies of the start temperatures, tas,
finishing temperature, ty1, and the duration of diffusion
dissolution, t, of austenite phase:

t,3=1220 - 208.3-C + 66-Si - 174.7-Mn- 36.72-Cr +
+51-Vy - 10610-Ng - 3.39-Veo+ 82:q,,, - 234Dt -

-0.1436-t,., (3)
R =0.933;6=2.3%; Fc=24.2>Fr=2.4;

t,.;=1030 - 117.5-C + 72.06-Si - 192.2-Mn- 47.14-Cr -

- 654-Vy - 3472:N, - 2.94-V o1+ 916-q . - 2.827 Dyt -

-0.0293-t,., (4)
R =0.924; 8 =2.7%; Fc= 21>F1 = 2.4;
7=-7.55+0.75-C-3.71-Si + 4.06-Mn + 0.46-Cr +

+ 794V, — 607.6-N, — 0.041V_,,; — 101.7 qypg +
0.086-Dgyy5r + 0.01-t,, (5)
R =0.883; 8 =14.4%; Fc = 12.42>F,0.05=24
where: C, Si, Mn, Cr, Va, N4, quna are the content of carbon,
manganese, silicon, chromium, vanadium, nitrogen and
vanadium nitride phase in austenite in wt.%, respectively;
Daust - the size of austenite grain, um; t, - the temperature
balance of austenite and ferrite, °C.

As it follows from equations (3)-(5) the complex
optimization of the vanadium, nitrogen contents and the
austenitization temperature regime is one of the necessary
conditions for dispersion of the ferrite - pearlitic structure
of carbon and low-alloy steels containing nitrogen and
vanadium.

The influence of element contents on the start and

finishing temperatures and the duration of diffusion
dissolution of austenite phase is shown in Fig. 3.
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Fig. 3. The influence of element contents on the start
(@) and finishing (b) temperatures and the duration of
diffusion dissolution (c) of austenite phase.

The base is - steel containing (wt.%) 0.2C, 1Si, 1Mn,
ICr, 0.01N, 0.1V.

The data given in fig. 3 show that increasing the
carbon, chromium, nitrogen and manganese content in the
steel leads to a decrease of start temperature decomposition
of austenite into ferrite and pearlite (Fig. 3a) and of silicon
and vanadium - to its growth.

Elements effect on the end temperature of ferrite-
pearlite transformation (Fig. 3b) according to another
regularity. Carbon has almost no effect, chromium,
nitrogen and manganese are lowered, silicon is increased,
and vanadium has an ambiguous effect on the position of
the ta1 point. Such an effect of the elements can be
explained by their change of the ratio of the
thermodynamic and kinetic factors of the process, which
characterize the rate of nucleation and growth of new
phases during the diffusion decomposition of austenite.

A austenite diffusion decomposition time changing of
correlates with a changing of the carbon thermodynamic
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activity by chemical elements. The transformation time is
increased by elements that lower the carbon activity, and
decrease elements that increase the carbon activity. This
indicates that the process kinetics of the austenite
transformation to ferrite and perlite is determined by the
thermodynamic activity of carbon and the development of
the process of carbide formation, mainly. Chrome,
manganese and vanadium increase, and nitrogen, silicon
and carbon decrease the conversion time as a result
(Fig. 3¢c)

The influence of the above considered factors, the
martensite start temperatures, ts and bainite start
temperature, ts, is also equally important. The following
dependencies have been established:

tn=439 - 58-C - 37-Mn - 8:Cr - 2578-N, - 0.21-D, (6)
R=0.904; 8 =8.7%; F. =178 > F; = 4.1.

t3,=940 - 97.4-C - 25.1-Mn - 972-N, + 11.9-InD¢, (7)
R=0.987;6=23%; F. =192 > F;=4.4,
where: D. - the carbon diffusion coefficient in austenite at
the temperature interval of the bainite transformation
which may shift with the chemical composition.

From the equations 6 and 7 it follows that during the
supercooling of austenite in the region of bainitic and
martensitic transformations in structural steels with
permissible nitrogen and vanadium content, the nitrogen
content present in the solid solution renders influence on
the process. The analysis of the equations 6 and 7 shows,
that depending on the content of vanadium, nitrogen and
the temperature of the austenitization, the concentration of
nitrogen in a solid solution and the bainite and martensite
transformations start temperatures can be changed
significantly. In case of the bainite structure the decrease
in the transformation start is accompanied by a regular
reduction in the diffusion mobility of carbon atoms.

The influence of element contents on start
temperatures of the martensite and bainite transformations
is shown in Fig. 4, 5.

Fig. 4. The influence of the carbon (a), silicon (b),
manganese (c), chromium (d), vanadium (e), nitrogen
(f), vanadium and nitrogen (g) on start temperature of
the martensite transformation.

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

Fig. 5. The influence of the carbon (a), silicon (b),
manganese (c), chromium (d), vanadium (e), nitrogen (f)
on start temperature of the bainite transformation.

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

Analysis of the data shown in Fig. 4 shows that
carbon, chromium, manganese and nitrogen are reduced,
silicon has practically no effect, and vanadium raises the
temperature tsm. The element effectiveness depends on
their content in steel and the austenitization temperature
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and can vary not only quantitatively, but also qualitatively.
So if in steel 20KhGSL nitrogen and vanadium content
increases, temperature tsm decreases during austenitization
from

1050 °C, and it increases at austenitization from 900 °C.

The element influence explains by simultaneously
two parameters: thermodynamic (equilibrium temperature
of austenite and martensite and Kinetic (austenite grain
size).

C, Mn, Cr reduce, and Si, V do not affect to the
equilibrium temperature of austenite and martensite. When
in steel silicon, manganese, and nitrogen content increase
it leads to growth and, therefore, should lower, and carbon,
chromium, and vanadium to disperse austenite grains,
which should increase the temperature of the start of
martensitic transformation.

The study results show that when the direction of
influence of these factors coincides, for example, in the
case of steel alloying by manganese, temperature tsm
decreases. If the direction of influence does not coincide,
for example, when steel alloying by chromium, the
efficiency of lowering the temperature tsn decreases. So if
in steel the manganese content increases from 1 to 3% it
leads to a decreasing tsm on 74-75 °C, then a similar
alloying by chromium on 13-15 °C.

Taking 20KhGSL steel as the base, we determined the
effectiveness of the influence of alloying elements on the
start temperature of bainitic transformation ts, at various
austenitizing heating temperatures (Fig. 5).

It can be seen that C, Si, Mn, Cr, N lower the
temperature tg, of structural steels and, in terms of the
specific influence efficiency, they can be arranged in the
following sequence: Si, Cr, Mn, C, N.

Vanadium has practically no effect on the changing
of temperature ty. Joint nitrogen and vanadium steel
alloying leads to an extreme changing of the start
temperature of bainite formation. The effectiveness of the
effect of co-alloying with nitrogen and vanadium depends
of the austenitization temperature of the steel.

For example, alloying steel 20KhGSAFL by nitrogen
and vanadium in quantity up to V-N = (3-4) - 10 % of the
mass fraction leads to a decrease during cooling after
heating to 900 °C, and at more additions to an increase of
tsh temperature, then after heating to 1050 °C, it observes
of ty decreases in the studied range of nitrogen and
vanadium content in steel.

Conclusions

1. An analytical dependence of the influence of
alloying elements on the equilibrium temperature of
vanadium nitride in austenite is established for the main
alloying elements based on an analysis of state diagrams,
which describe an actual process with an error of 0.9%.

2. As a result of the process analysis is theoretically
justified and experimentally confirmed that the
precipitation of the secondary phases from the
supersaturated solution kinetics is controlled by the
thermodynamic activity, diffusion mobility and solubility
of the components forming the secondary phase in the solid
solution, the deviation degree of the system from the
equilibrium state, where the equilibrium state is the

formation temperature and dissolution of the secondary
phase.

3. The established quantitative regularity shows that
the precipitation Kkinetics of the vanadium nitrides in
austenite with a probability of 99.9% and an error of 7.1%
is reliably described by the thermodynamic activity of
nitrogen and vanadium, the deviation degree of the system
from the equilibrium state, and the process time. In this
case, the correlation coefficient between experimental and
theoretical data is 0.915.

4. An analysis of the obtained analytical equations
shows that the influence of the chemical composition on
the content of the carbide and nitride-vanadium phases in
the solid solution is significant. The elements are arranged
according to the degree of increasing influence in the
following sequence: the content of vanadium nitrides in
austenite increases Si and decreases Mn, C, Cr.

5. As a result of studying the process of converting
austenite to ferrite and perlite, martensite, and bainite, it
was found that the nonequilibrium critical points of phase
transformations are controlled by the equilibrium
temperature of austenite and ferrite, the content of
secondary phases in them, the diffusion mobility of carbon
in austenite, the degree of alloying, and the grain size of
austenite and in the case of diffusion transformations by the
heating and cooling rate. Quantitative influence laws are
determined, which describe the real process with a
probability of 95% and an error from 2.3% to 7.1%.
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MOJAEJIIOBAHHS ®A30BUX [TEPETBOPEHb
B KOHCTPYKLIMHUX CTAJIAX
€. I'. Apmanoinany

Anotanis. Ha ocHOBI aHami3y giarpaM CTaHy st
OCHOBHUX JIETYIOUHX €JIEMEHTIB BCTAHOBJICHO aHATITHYHY
3aJIe)KHICTD BIUIMBY JIEI'YIOUUX €IEMEHTIB Ha TEMIIEPaTypy
pIBHOBAaru HITPUAIB BaHAIIO B AYCTEHITI, KA 3 TTOXHOKOIO
0,9% onmcye peansHui mporiec. B pesynpraTi aHamizy
Iporiecy BHUAUICHHS BTOPHHHUX (a3 3 IepecHdeHi
PO3YHMHY TEOPETHYHO OOIPYHTOBAHO 1 €KCHEPHMEHTAIBEHO
MATBEPKEHO, IO KiHETHKA IPOLECY KOHTPOIIOETHCS
TEPMOJMHAMIYHOT aKTUBHICTIO, TU(Y3iHHOT pyXJIUBICTIO i
PO3YHMHHICTIO B TBEPAOMY pPO3YMHI KOMIIOHEHTIB, IO
yTBOPIOIOTh BTOPHUHHY a3y, a TaKoX CTylNeHeM
BIZIXMJICHHSI CHCTEMHM BiJ| CTaHy pIBHOBaru, Je 3a CTaH
piBHOBAard TNpHUMAETbCcs TEMIIEpaTypa YTBOPEHHS 1
PO3YMHCHHST BTOPUHHOI (pa3u. BcraHoBieHa KiJbKiCHA
3aKOHOMIPHICTh TIIOKa3ye, MO0 KIHETHKAa BUAUICHHS
HITPHUIB BaHAJil0 B aycTeHIiTi 3 WMoBipHicTIO 99,9% i
MTOXHOKOI0 7,1% JIOCTOBIpHO OIIMCYETBCS
TEPMOAMHAMIYHOI aKTHBHICTIO a30Ty 1 BaHA/II0, CTyIICHEM
BIIXWJICHHS CHCTEMH BiJl CTaHy pIBHOBard i YacoM
mporecy. Ilpm 1pOMy Koe(ii€HT KOpeNsIii Mix
eKCIIEPUMEHTAJIbHUMH 1 TEOPETUYHMMH  JIAHUMH
cranoBuTh 0,915. AHamizoM OTpUMaHUX aHAJITUYHUX
PIBHSHB TIOKA3aHO, IO BIUIMB XIMIYHOTO CKJIQAy Ha BMICT
kapbigHOi 1 HiTpinmBaHamieBoi (a3 B TBEpAOMY pPO3YHHI
iCTOTHO. 3a CTyNMEeHEM 3pOCTAI0uOTO BIUIMBY €JIEMEHTH
pO3TalIOBYIOTHCSI B HACTYMHIN IMOCHIIOBHOCTI: BMICT
HITPHJIIB BaHA/iI0 B aycTeHHUTE 301bIIy€e Si 1 3MEHIIYIOTh
Mn, C, Cr. B pesynpraTi [IOCHIJDKEHHS HpoLecy
TIEPETBOPEHHS AYCTEHITY B (DEPHUT 1 MEpIIiT, MapTECHCHT,
OEHHNUT BCTaHOBJICHO, 110 HEPIBHOBAXXKHI KPUTHUYHI TOUYKH
(a30BUX IEPETBOPEHb KOHTPOIIOIOTHCS TEMIIEPATYpPOIO
piBHOBari aycTeHiTy i epuTy, BMiCTOM B HUX BTOPHHHHUX
¢a3, mudy3idHOI pPYXIHMBICTIO BYIJIEII0 B AayCTEHITI,
CTyIICHEM JIETYBaHHS 1 PO3MipOM 3€pHa ayCTEHITYy i B pasi
mudy3iHHUX TEepeTBOPEHb IIBUAKICTIO  HArpiBy i
OXONO/DKEHHS. BW3HAa4eHO KUIBKICHI 3aKOHOMIpHOCTI
TaKoro BILIUBY, SIKi 3 UIMOBipHICTIO 95% 1 mOXHOKOI0 Bix
2,3% 1o 7,1% onucyroTs peaqbHUl mpoiec.

KirouoBi ciioBa: KOHCTPYKIIHAa CTaJlb, XiMiYHUN
CKJIIaJa, TepMiuHa oO0poOKa, aycTeHiT, (epuT, MepdiT,
MapTeHCHT, OeiHIT, (pa30Bi MEPETBOPECHHSI.

MOJIEJIMPOBAHUE ®A30BbIX ITPEBPAIEHUI
B KOHCTPYKIMOHHBIX CTAJIAX
E. I Apmanounsny

Annoranusi. Ha ocHoBe aHanmsza auarpamMm
COCTOSIHUSL JUIsl OCHOBHBIX JIETUPYIOIIUX 3JIEMEHTOB
YCTaHOBJICHA aAHAJMTUYECKas 3aBUCHMOCTb  BIIMSIHHS
JIETUPYIOIUX 3JIEMEHTOB Ha TEMIIepaTypy pPaBHOBECHs
HAUTPHIOB  BaHagWsl B  ayCTeHWTE, KOTOpas C
norpemHocThio 0,9% OMMCHIBAIOT peasIbHBII mpoLecce.

B pesympraTe aHamm3a Ipomecca  BBIACTICHUS
BTOPHYHBIX (a3 M3  IEPECHIIIEHHOTO  PacTBOpa
TEOpPETHYECKH  OOOCHOBAaHO W 3KCIEPHMECHTAIBHO
TIOJTBEPKICHO, YTO KMHETHKA MpoIecca KOHTPOIUPYETCS
TEpPMOAMHAMUYECKOH  aKTHBHOCTBIO,  AH(D(HY3HOHHON
MOJBIDKHOCTBIO M PaCTBOPUMOCTBIO B TBEPIOM pacTBOpe
KOMIIOHEHTOB, 00pa3yIoIIUX BTOPUYHYIO (a3y, a TakkKe
CTETICHBIO  OTKJIOHEHHsS  CHCTEeMBI OT  COCTOSIHUS
paBHOBeCHS, TJI€ 32 COCTOSIHUE PaBHOBECHS IIPUHUMACTCS
TeMIieparypa 0oOpa3oBaHWSI W PAacTBOPEHHUS BTOPUYHOU
(ba3sl.

YcTaHOBIEHHAs KOJMYECTBEHHAs 3aKOHOMEPHOCTh
MTOKa3bIBACT, YTO KHHETHKA BBIJICIICHNS HUTPUAOB BaHAANS
B aYCTEHUTE C BEPOSATHOCTBIO 99,9% M MOrpemHoCTHIO
7,1% [1OCTOBEpPHO ONMCHIBAETCS TEPMOAMHAMUYECKOMN
AKTUBHOCTBIO a30Ta M BaHAJUs, CTETEHBIO OTKIOHEHUS
CHCTEMBI OT COCTOSIHHS pPaBHOBECHs M BpEMEHEM
nporiecca. [Ipu 3ToM KO3(GGUIMEHT KOPPEISAIHH MEKILY
IKCIIEPUMEHTAIbHBIMA U TEOPETHYECKUMH JIaHHBIMU
cocTaBjsieT cooTBeTcTBEeHHO 0,915.

AHaIM30M TOJy4YeHHBIX aHATUTHYECKUX ypaBHEHUH
MI0Ka3aHO, YTO BIMSHME XHMHYECKOTO cOCTaBa Ha
cojiep’kaHue KapOWAHOW W HHUTpHUABAHAIMEBOH (a3 B
TBEpAOM  pacTBope  CymecTBeHHO. [Ilo  cremenn
BO3PACTAIOIIETO BIMSHHUA 3JIEMEHTHl pacIoyararTcs B
crieyronien MIOCIIEI0BATEILHOCTH: coJiepkaHHe
HUTPHUIOB BaHAIMsd B ayCTEHHTE YBEJMYMBaeT Si W
ymenbinatotr Mn, C, Cr.

B pesynberarte uccienoBaHus mporecca IpeBpameHus
aycTeHHTa B (EppUT U NEpIUT, MapTEeHCUT, OeiHUT
YCTAQHOBJICHO, YTO HEPAaBHOBECHBIC KPHUTHUECKHE TOUKU
(ha30BbIX MpEBpalleHUH KOHTPOJIUPYIOTCS TEMIIepaTypoil
paBHOBecCHs ayCTeHHTa M (eppuTa, CopepX aHHeM B HUX
BTOpMYHBIX (a3, 1IupPy3HOHHOH  MOIBHIKHOCTEHIO
yrieposia B AayCTEHHWTE, CTENEHbIO JIETHPOBAHHSI U
pa3sMepoM 3epHa aycTeHHTa M B ciydae JUPQy3HOHHBIX
MIPEBpAIllEeHUH CKOPOCTBIO HAarpeBa U  OXJAXKICHHMS.
OmnpeneneHbl KOJUYECTBEHHbIE 3aKOHOMEPHOCTH TaKOIO

BIUSHHSA, KOTOpbIE C  BEPOATHOCTBIO 95% m
MOTPENIHOCTHIO 0T 2,3% 10 7,1% ONMUCHIBAIOT peanbHBIN
porecc.

KaloueBble cjioBa: KOHCTPYKIMOHHAsi — CTallb,
XUMHYECKHH COCTaB, TepMHUYECKast 00paboTKa, ayCTEHUT,
Gdeppur, TepIUT, MapTEHCHT, OeWHUT, (a3oBBIE
TIPEBpaIICHHS.

€.T. Apranginsan ORCID 0000-0003-2681-0645.
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bion. 14, puc. 1, maba. 2.

Anotanisa. [IpoBexeHmii aHami3s  EKOHOMIYHOI
e(peKTHBHOCTI BHUpOOHUITBAa Oiorazy. BcTaHoBIeHO, 10
eKOHOMIYHa €(DEeKTHBHICTh III0YMX HA JaHUI MOMEHT B
Hamiid KpaiHi 0i0ra30BHX YCTaHOBOK, SIKi MPAIIOIOTh Ha
TBapUHHUIIBKHX BiIX0JaX, Ayke HeBucoka. JKomHa 3 HUX
HE Ma€ 33JI0BUTLHOTO TEPMiHY OKYITHOCTI 1HBECTHIH (HE
MEHIIIe JIeCATH POKIB 32 TEPMiHy eKcIulyartauii JBaalsiTh
pokiB). Buxin 6iorazy mpu 30pomkyBaHHI rHoo BPX
He3HayHa 1 3a pe3ylbTaTaMH HalIMX JOCIHiIKEHb
cTtaHoBUTh B cepeanbomy 0,7 a/rom-xr COP, mo He
JI03BOJISIE  HIBHAKO OKYIIATUCh  KalliTaJOBKJIAJACHHIM
HaBiTh BpPaxOBYIOUH "3eneHuit"” Tapud Ha
eJIEKTPOCHEePTit0, BUpoOneHy 3 Oiora3y. [lpu monasanHi
KOCyOCTparTiB B HE3HAYHIH KUTBKOCTI M0 cyOCTpaTy Ha
ocHOBI THOoro BPX Buxig O0iorasy, 3a HammMu
JOCIIKeHHSAMHE, 30UtbinyeTbes a0 1,4 n/rog-kr COP i
BUIIIE. [IpoBenene JOCHIDKEHHS e(EKTUBHOCTI
BHPOOHMIITBA  0Oiorasy B  CUIBCHKOT'OCHOJAPCHKUX
MANPUEMCTBAX Ha MPUKIAJl MOJEIHHOTO TOCIIONapcTBa
i3 cragom 1000 ronie BPX (500 ronis aiiiHux kopis i 500
roJIiB MOJIONHSAKY 1 HeTeniB). BcraHoBieHa 3alieXHICTh
NUTOMHUX  KalliTaJlbHUX  BHUTPaT Ha  OYIIBHHUUITBO
0i0ra30BOro KOMIUIEKCY BiJ] HOro noTy»HOCTI. OCKIJIbKY B
CUIBCBKOTOCTIOIAPCHKUX MiATIPUEMCTBAX oOMerxeHa
MOJIIUBICTE OTPUMYBATH JICIIEBI BUCOKOIPOIYKTHBHI
KocyOcTpary, siKi O JO3BOJMIN CYTTEBO IMIABHIIUTH BUXIT
Oiora3y mpu 30pomkyBaHHI THOIO BPX, B HUX HOMiIBHO
BIIPOBAPKYBaTH NepepoOHI BHPOOHMITBA, HANpPHKIA
nepepoOKy MOJIOKAa Ha MOJIOKONPOJIYKTH 1 BUPOOHHIITBO
KPOXMAJIIO i3 KapTOIUN, SIKa TYT BUpPOLIyeThCs. Bimxomm
OUX TepepoOHMX  MiANPHEMCTB  3[aTHI  TOBHICTH
3a0e3neunTH 6iorazoBy YCTaHOBKY
BHCOKOITPOJYKTUBHUMHU KOCYOCTpaTaMH, IO J03BOJHUTH
OTpUMaTH TEPMiH OKYMHOCTi 0iora3oBoi YCTAaHOBKM Ha
piBHA 6,4 poku.

Karwuosi cioBa: Gioras, 6iorazoBa ycraHOBKa, THil
BPX, cyOctpar, kocybeTpat, Buxia Oiorasy, eKOHOMI4Ha
e()eKTUBHICTb, TEPMiH OKYITHOCTi, COOIBapTICTB.

ITocTaHoBKa NpodieMu

Biokonsepcis BigXo/iB TBapHHHUIITBA —

HaliBaykIMBima mpobiema cydacHocTi. BoHa moB'si3ana, 3
OJHOTO OOKY, 3 MOXKJIUBICTIO BUKOPHCTAHHS BEITMYE3HOTO
CHEPreTHYHOT0 IOTeHIiady ©OioMach Juii OTPHMAaHHI
razononioHoro mnanua (0iorasy), 3 IHImIOrO — JUIA
3amo0iraHHs 3a0pyIHEHHS TOBITPSHOTO 1 BOIHOTO
OaceifHiB, TPyHTY 1 TIOCIBIB 3aBISIKM yTWiizamii Ta
Jie3040panii CTIYHMX BOJA TBAapUHHUIBKHX KOMIUIEKCIB,
nepepoOHOT  MPOMHKCIOBOCTI, a TaKOX OTPUMAaHHS
CTEPWIbHUX, BUCOKOC()EKTUBHUX OPraHiYHUX TOOPUB.

Pasom i3 Tum, B cydacHHil 0iora3oBHUil KOMILICKC
HEOOXITHO BKJAJaTH CYTTEBI KamiTaJOBKIAJACHHSI. A
Oyab-sIKi TPOIIOBI IHBECTHIIi JJIsI IBHIKOTO OTPUMAHHS
NpuOYTKY IMOBMHHI SKOMOTa IIBHALIE OKYIOBYBAaTHCE.
ToMy ekoHOMIUHA e(DeKTHBHICTh BUPOOHHUIITBA Oiora3y B
CITbCBKOTOCIIONAPCHKHUX MIIIPUEMCTBAX Ma€e HeaOuske
3HAYCHHS.

AHAaJi3 oCTaHHIX JOCTiIKEeHb

[Morenuian BupoOHUITBA Oiomerany 3 rHO0 BPX B
CUIBCHKOTOCIIOIAPCHKHUX  ITIIPHEMCTBAX CTAHOBHUTH B
Mmexax 390-1094 muH. M5, 3 THOMO cBUHEH — 116-583 MiuTH.
M3, 3 mocaisy nraxie — B cepeaubomy 1192 mum. m® [1].
Opnnak, 3a cinoBamu IOpis Emmreiina, qupexropa Akopn
JIT/, excnepTa B Taimy3i albTepHATHBHOI CHEPTETHKH,
€KOHOMIYHA ¢(EeKTHBHICTh MIIOYNX HAa JaHUH MOMEHT B
Hamli KpaiHi  CIJIbCBKOTOCHOAAPCBKUX MHporpam 3
OTpUMaHHS 6iorasy ayxe HeBHcoKa. JKoiHa 3 HUX HE Mae
3/I0BIJTILHOTO TEPMiHY OKYIHOCTI iHBECTHINi. 3TigHO 3
[2], Tepmin oKymTHOCTI 0i0Ta30BHX YCTAHOBOK — HE MEHIIIE
JIECSITH POKiB 3a TEPMiHY eKCIUTyaTamii JBaALsATh POKIB.

3rimHo ganux podotu [3], mpu 00Cs3i 3aBaHTaKEHHS
rHoto BPX B GiorazoBy yctaHoBky Big 20 mo 100 1/moby
cobGisapricte BupoOHuuTBa 1000 Mm% Giorasy moxe
KonmuBaTuch B Mexax 839-514 rpu. B pobori [4]
BCTAaHOBJIEHO, 110 cOOiBapTicTh Oiora3y i3 rHoro BPX B

IEpEpaxyHKy Ha Me€TaH CTaHOBMTh 5,3  TpH./M>.
BupoOuuiTBo Giorasy THOIO BPX B
CUIBCHKOTOCIIOIAPCHKUX  MIANPUEMCTBAX — 3a0e3MEeYHUTh

JoKepenia BiJHOBIIOBAHOI €HEpTii, AKi 34aTHI 3MEHIIUTH
3JICKHICTh BUPOOHUKIB BiJ] JOPOTUX E€HEPTOHOCIIB, IO
CIIPUATHME BiAPOJDKEHHIO CKOTapcTBa B YKpaiHi. [Ipu
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IbOMY 3HaYHa YacTHHA 0iorazy OyJe BUKOPHUCTOBYBATHUCS
TepenyciM I BIACHUX MOTPEO CiITbCHKOTOCTIONAPCHKHUX
HiIIPUEMCTB, THPOTEe, 32 YMOBH  BHKOPUCTaHHSA
BIINOBITHOTO OONAIHAHHS, PEITy eHeprii MOXKIIIBO
peanizoByBaTH  1HIINM CTIOKMBAYaM. MosxmBe
BUKOPUCTaHHS YCTaHOBOK UL OJJHOYaCHOTO
BUPOOHMITBA €JNEKTPOEHeprii 1 Temma, a TakoxX
CHeLiaJIbHOro OO0JagHaHHS JuIsl OYMIIeHHS Oiorazy i
BUKOPHCTaHHS HOTO SK 3BUYAHHOIO MalbHOTO IS
ABTOMOOWUTIB Ta 1HIIOT CUTLCHKOTOCHIONAPCHKOT TEXHIKH. Y
paiioHax, Je U[JIBHICTh MOTOJIB’S TBApUH € BHCOKOK 1
30eperiucsi BETUKOTOBapHI MiNPUEMCTBA 13 HOTOJIB’ IM
BeNHMKOi poraroi xymobwu monan 500 ToniB, MOMIIBHO
OpraHi3oByBaTH OioeHepreTudHi KJIacTepH i3
BupoOHMITBa Oiorasy [5]. Lli xmacTtepm TOBHHHI
00’eTHYBaTH MOTYXKHI 010Ta30Bi €HEPreTUYHI KOMITICKCH,
€JIEKTPOCTaHIlii Ha 0a3l KOTeHepalifHMX YCTaHOBOK Ta
CTaHNii 3 OYHMIIEHHA Oiorasy Uil BHUPOOHHUIITBA
ra3ono/iiOHOro0 maivBa 1 3ampaBleHHS TPAaHCIOPTHUX
3aco0iB.

Pazom i3 THMM, B JiTepaTypHHX JDKepelax He
JOCIT/DKEHa EKOHOMiuHa e(eKTHBHICTh BHPOOHUIITBA
Oiora3y /s KOHKPETHOTO TOCIOJApCTBa 13 BU3HAYECHOIO
KUTBKICTIO CLITBCHKOTOCTIOTaPCHKIX TBapHUH 3
BHKOPHCTAHHSAM BIIXOIB MTepepOOHIX ITiIIPUEMCTB.

Mera gocJaigkeHb

Mera nmociipkeHHS — BCT@HOBJEHHS E€KOHOMIYHOT
e(eKTUBHOCTI BHPOOHHITBA 0iorady B MOJCIBHOMY
rocnogapcTBi i3 cramom 1000 romie BPX 3
BHUKOPHCTAHHAM BiAXO/iB MepepOOHHX MiIIPUEMCTB.

Pe3yabTaTn nociaigxeHb

EdexTuBHiCTH BHPOOHHIITBA biorazy B
CLTBCHKOTOCTIOTAPCHKIX MATPHIEMCTBAX Oyne
PO3MIITHYTa Ha HPHUKIJIAAI MOAENBHOTO TOCHOAApCTBa i3
niitanM cragom 1000 romie BPX (500 roxie miifHUX KOpiB
i 500 roxiB mMonomHsKy i HereniB). B rocrnomapctsi s
3aMiHM YacTMHH HAa(TOBOrO  JAM3ENBHOTO  MajMBa
BUPOOJIAEThCs Oioau3erb. sl MiABUINEHHS POJOYOCTI
TPYHTY i JUIsL notped KOPMOBHPOOHHIITBA
BUKOPUCTOBYIOTHCS BiJIXO/IM BUPOOHHUIITBA Oiorazy.

3a iapopmariero, sika HaBomuThess TOB "Temmocoro3
Vxpaira" [6] i migrBepmikyerbcss TOB "Tamc Arpo" i3
MOCWJIaHHSAM HA  €BPOICHCHKHN  JIOCBIJ — peai3amil
AHAJIOTIYHUX TMPOEKTIB, IMUTOMI KalliTaJbHI BHUTPAaTH Ha
OyIIBHHMIITBO 010ra30BOr0 KOMIUIEKCY 3 EHEPreTHYHUM
6nokoM noTyxHicTio 70 500 kBt cTanoBIaTe 3500 €/kBr,
Bix 500 go 1000 kBt — 3000 €/xBt, Big 1000 xBT i1
6inpme — 2000-2500 €/xBT, monax 5000 kBt — 1700
€/kBT1. 3anexHICTh NUTOMHX KalliTAIBHUX BHTpaT Ha

OynmiBHHOTBO  0i0ra3oBOro  KOMIUIEKCY  Bi  HOTO
MOTYXHOCTI ~ MOXHA  ampoKCHMYBAaTH  HACTYITHOIO
¢byHKITiET0:

[IKBygy =—-258258- P +3506659 npu R?=0,9968, (1)
ne [IKBpy — muTomi KamiTajnbHiI BUTpaTd Ha OyAiBHUIITBO
MOBHICTIO  YKOMIUJIEKTOBaHOi  0i0ra3oBOi  yCTaHOBKH,
€/MBT; P — motyxHicts 6iora3oBoi ycraHoBku, MBT.

OCHOBHOIO CHPOBHWHOIO IS BUpOOHHMIITBA Oioraszy B
CiTbChbKOMY rocrofapctsi € THid. ['Hiit BPX Bxke MicTUTh
B co0i HMeTaHOYTBOPIOIOUi OakTepii, MO MOKparmrye
Oponinasa. OgHak BuXig Oiora3y mpu 30poKyBaHHI THOIO
BPX nHe3HauHa i 3a pe3ynpTaTaMd HAIIAX JOCIIIKCHb
CTaHOBUTH B cepequboMy 0,7 J/Tof-Kr cyxol opraHigyHol
pegoBuan (COP), mo He M03BOJSE MIBUAKO OKYIIATHCH
KaIliTAIOBKJIAZICHHSAM HAaBIiTh BpPaxOBYIOUH '3eleHHit"
Tapud Ha eIEKTPOCHEpriro, BUpOOIeHY 3 Oiorasy. Jlis
MOKpalleHHss BHUXOAy 0iorady peKOMEHJOBaHO 1O
cyOcTpaTy gomaBaté KocyocTtpatd (abo 3amiHIOBAaTH
HUMHU BOJY YW JUTECTAaT, SKi JOJAlOThCS O CyOCTpaTy
JUISL IOCATHEHHS IOTO0 ONTUMalIbHOI Bojiorocti). Jlo Takux
KOCYOCTpaTiB BiTHOCATBCS pPO3MeENEHEe 3epHO XITiOHUX
3J1aKiB, CHpOBATKa, BIIXOIH KpOXMaJIeBMiCHHUX
BUPOOHHWITB, CHpHWIl TIilepuH, (y3, COAINCTOK, MeJsica,
Oapma tomo. ITpn nomaBaHHI BKa3aHWX KOCYOCTpaTiB B
HE3HAYHill KUTBKOCTI J0 cyOcTpary Buxinm Oiorasy, 3a
HAIIUMH JTOCIIKCHHIMH, 30UTbIIYEThCs 10 1,4 J1/TOI-KT
COP i Bumie. [lpu mpomy CyTTEBO 30LMBIIYBATH PO3MIp
METaHTEHKY, JOOPOIKyBaya, pe3epByapiB Uil TUrecTaTy
HE TOTpPIOHO, OCKUIBKM 00’€M  CHUPOBHMHH, LIO
3aBaHTa)XXy€TbCS B METAHTEHK, Maibke He 30LIbLIMTHCS,
1[0 HE BUKJIMYE 301IbIIECHHS KalliTaJIOBKIAEHb.

[MopiBHsHHS €KOHOMIYHOT e(eKTUBHOCTI
BUpoOHMITBa Oiorasy i3 rHoto 1000 roniB BPX 6e3 i 3
JIOJJaBaHHAM KOCyOCTpaTiB HaBeieHe B Tabn. 1, mpum
IPOMY MaTepiadbHUN OajgaHc BHUPOOHWITBAa Oiorasy
BCTAQHOBJICHMH 3a METOIHUKOI0, HaBeneHowo B [7]. Ilpu
IIbOMY BBaXaJOoCh, IO OCKUIBKM CHPOBHHOIO JUIS
BUpOOHMIITBA Oioraly € BIiAXOAM TBapUHHUITBA 1
nepepoOHNX  BHUPOOHWNTB, AKi  (YHKIIOHYIOTH B
roCrojapcTBi, 1 michas mepeOpoKyBaHHS — OyayTh
BUKOPHUCTaHI [JIsl BIIHOBJIEHHS POAIOYOCTI TPYHTY B
CUIBCHKOTOCIIOIAPCHKOMY  MIJTNIPUEMCTBI, 3aTpaTv Ha
3aKyMiBJII0 CHPOBUHHM OYIIH BiZICYTHI.

Hdnst  30imblueHHss BuUXomy Oiorasy  moTpiGHO
BUKOPHUCTOBYBaTH KocyOcTparu. Ilepin 3a Bce, B sSIKOCTI
KOCyOCTpaTiB MOXHAa  BHKOPHCTAaTH  BIIXOAM  BiJ
BUpPOOHHWITBA  Olomm3ens: cHUpHHd  TIinepuH, Qys3,
COoarcToK. Buxin BigXoiB Bi BUPOOHUIITBA TH3EIEHOTO
OilomanuBa mpu BHpOIIyBaHHI pimaky Ha twromi 100 ra
HaBeJIeHO B Ta0II. 2.

Cnmig  3a3HauWTH, 1[I0 MakKyXa €  YyJIOBUM
KOHLIEHTPOBaHUM KopMmoM Juis BPX 1 s morpe6
BUPOOHUIITBA 6i0ra3 HE BUKOPUCTOBYETHCSI.

st Buxony Giora3y B posmipi 1,4 w/roxa.-xr COP, 3rigao
i3 POBENICHUMH HaMH JIOCIIKEHHSIMH, JIOCTATHBO JI0JIaTH JIO
cyoctpary 0,75% cuporo riinepusy, abo 1,2% coarcToky,
aco 1,3% ¢y3y. Ilpm 1mpomy 1mmomoOu HEOOXiTHO
3aBaHTaKyBaT B MeraHteHK 588-0,75/100=0,44 Tt
cuporo riinepuny a6o 58,8-1,2/100=0,71 T coancroky
a6o 588-1,3/100=0,76 T ¢y3y, WOPOKY IpH pidHOMY
yaci pobortu 6iorazoBoi ycraHoBKM 340 ni6 (pemrra yacy
BIIBOJUTHCA Ha Pi3HI BUAM PEMOHTY 1 TEXHIYHOTO
oociyroByBanus) — 0,44-340=150 T cuporo riinepuHy
a60 0,71-:340=241 T coarncroky abo 0,76-340=258 T ¢y3y.

I[Ipu BupoOHMNTBI nu3ensHOro OiomamuBa BS5 i3
pinaky, BupomieHoro Ha mwronti 100 ra npu BposkaitHOCTI
30 w/ra orpumyethest 15,58 T cuporo riminepuny, 2,61 T
coarctoky i 3,895 T ¢y3y.
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Tadauua 1. Exonomiuna ehekTuBHICTh BUpOoOHUIITBA Oiora3y i3 rHoro 1000 romis BPX
Table 1. Economic efficiency of biogas production from manure of 1000 cattle heads

[Moxazunk Cybcrpar
rHiit BPX 6e3 rHiit BPX 3
KOoCyOcTpariB KocyOcTpaTaMu
Jlo6oBe 3aBaHTaXeHHS CyOCTpaTy, BChOTO, T/100Y 58,8 58,8
Jo60Be 3aBaHTaXeHHs CyOCTpaTy, BChoro, M/ 106y 56,5 56,5
B T.4. THOIO BPX 40,0 40,0
BOJIH, JUT€CTATY, KIITKOBOTO COKY, ME3TH YU CUPOBATKU
16,5 16,5
Buxin 6iorasy B MeTanTeHky, j/rog-kr COP 0,7 14
M%/106y 8745 17575
Buxiz 6iorasy B godpomxysadi (20%), M3/m00y 1749 3515
Buxin 6iorasy 3aranpHuii, M3/m00y 10494 21090
Tennora sropanns 6iorasy, MJx/m® 18,6 18,6
[otyxHicTh (eHEpTis BUpoOIeHOTO Oiorasy),
M/Ix/no0y 195661 393230
M]x/c (MBT) 2,265 4,551
kBTt-rox./rox. 2 265 4551
KBT1-rom./piKk 18 479 070 37 138 423
KK]JI xoreHeparii#inoi yctaHoBKH, %
- eJIeKTpUYHE 42 42
- TEIUIOBE 48 48
- 3arajgbHe 90 90
Bupobneno eneprii 3a pik, KBt-roa/pik
- eJIeKTPUIHOL 7761 209 15598 138
- TEIJIOBOT 8 869 953 17 826 443
- 3arajbHOi 16 631 163 33 424 581
Bapricts 6iora3oBoi ycTaHOBKH, €BpO 6 616 707 10 610 189
TPH. 191 884 510 307 016 667
3aTpatu Ha CHPOBHHY, I'DH. - -
Co0iBapTicTh BUPOOHHIITBA Oi0TA3Y, TPH. 9 660 004 15416 612
rpa./m3 2,71 2,16
EdexTuBHICTD 3a 3¢JIeHUM TapuOM:
BapricTh enexTpoeHeprii 3a "3enenum” TapudoM, TpH./KBT-To/I. 4,072 4,072
I'porIoBi HaIXO/KEHHS Bijl IPOJAXKy €IEKTPOSHEPTil, TPH./piK 31 603 644 63 234 267
IIpubyToK, rpH./piK 21 943 640 47 817 655
TepMiH OKYITHOCTI, pOKiB 8,7 6,4
EdexruBHicT 03 3e1eHOT0 Tapudy:
Bapricts enekrpoeneprii 6e3 "3enenoro” tapudy, rpa./kBr-ro. 2,54576 2,54576
['pomIoBi HAIXOMKEHHS BiJl IIPOJIAXKY €IEKTPOCHEPTil, IPH./piK 19 758 176 39533219
[pubyTok, TpH./pik 10098 172 24 116 607
TepMiH OKYITHOCTI, POKiB 19,0 12,7

Tab6auus 2. Buxix BigxoIiB BiJ BHPOOHHIITBA TU3EILHOTO OiomaNnBa pH BUPOITyBaHHI pimaky Ha 100 ra
Table 2. Exit of waste from the production of diesel biofuel when rapeseed is grown on 100 ha

Bigxoau Bposkalinicts, 1/ra
10 15 20 25 30
Makyxa, T 64,17 96,29 128,41 160,53 192,65
Cupuii THilepuH, T 5,19 7,79 10,38 12,98 15,58
Texuiuna Boza, T, B T.4. 5,88 8,83 11,77 14,71 17,66
COAICTOK, T 0,87 1,31 1,74 2,18 2,61
Dy3, T 1,297 1,947 2,596 3,245 3,895

OCKIUJIBKM HAaMH BCTaHOBJIEHO, IO /IS 3a0BOJIEHHS

Omxe, OTpUMaHM MPH BHPOOHMIITBI AW3EITHHOTO

TOCIIOapCTBA B piuHid MOoTpedi Ha aAu3enbHe 0i0MaINBO
B5 nmoctatHhO BHpPOCTUTH pinak Ha TUIONII 8 Ta, BHXIif
cuporo rmiuepuHy Oyzxe cranoBuTH 15,58-8/100=
=1,246 1/pik, coancroky — 2,61-8/100=0,21 1/pik, ¢py3y —
3,895:8/100=0,312 1/pixk.

OilomanmBa CHpPHH TIHIEPHH MOXKE 3a0€3MeUUTH TOTpedy
Oiora3oBoi ycTaHOBKM 1 KocyOcTpaTax Jume Ha
1,246-340/150=2,8 nobm, coancrox — Ha 0,21-340/241=
=0,3 mobwm, ¢y3 — na 0,312-340/258=0,4 nobu. ToOto,
BiZIX0M 010AM3EILHOTO BHPOOHUIITBA 37aTHI 3a0€3MeUnTH
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KocyOcTpaTroM 0i0ra3oBy YCTAaHOBKY JIMIIE Ha TPOTS3i
2,8+0,3+0,4=3,5 nio.

UymoBuM KOCyOCTpaToM € BiIXOAW MiAIPHEMCTB
TPOMAJICBKOTO  XapuyBaHHSI. B  rocmomapcTBi  icHye
CTOJIOBA, B fAKil XapuyroThca Omm3pko 100 mpamiBHUKIB.
[Ipu mpuroTyBaHHI CTpaB yTBOPIOIOTHECS TBEPAi MOOYTOBI
Bizxomu (TIIB), npu xapuyBaHHI MpaliBHUKIB — Xap4oBi
Binxomu. Hopmatus yrBopenus B cronmoBux TIIB — 0,03
Kr/mo0y Ha 1 6momo, xapyoBux Biaxomis — 0,01 kr/no0y Ha
1  omomo [13]. Kinmpkicte OO0  BH3HAYAETHCS
TexHoJoraMu. JSIKINO KiNBKICTh ONION HEBimoMma, JyIs
rpy0Oro BH3HAYE€HHsI BiZXO/IB OHOPA30BOTO Xap4yBaHHS
B CTOJIOBI JIFOAWHHI HOPMa YTBOPEHHS BiAXOiB MHOHTBCS
na 3,3 — (0,03+0,01)-3,3=0,04-3,3=0,132 kr/mo0y, na 100
npariBaukis: 0,132-100=13,2 kr/mo0y. Bimxomu 3a pik npu
OIHOPa30BOMY XapyyBaHHI IpH O6-ICHHOMY pPOoOOUOMY
TIDKHI CTaHOBJIATH 13,2- (362-12-4)=4145 «xr/pik, abo
4,145 1/pix. Ilpu Tpupa3oBoMy XapdyBaHHI KiTBKICTPH
BiIXOMiB CcTaHOBUTHh 4,145-3=12,435 1/pik. Binxoau
MATIPUEMCTB TPOMAJCHKOTO XapdyBaHHSA (IIPH YMOBI
moBHOTO 3abe3meueHHs BPX kopmamm) mo cyOctpaty
JOILIIBHO J0/aBaTh y KidbKocTi 5% Bix Macu cyOcrTparty:
15,878-5/100=0,794 1/moby 1 iX BHCTaYae Ha
12,435/0,794=15,7 nio.

B Oiora3oBumx yCTaHOBKaX HE NPUHHATO Pi3KO
3MIHIOBAaTH CKJIaJ cyOcTpary, L€ MOXe HEraTHBHO
CKa3aTHCh Ha O KUTTEIISIIBHOCTI  METaHOYTBOPIOIOYMX
OakTepii, a oTxKe, 1 Ha Buxoai Giorazy. Tomy HeoOXimHO
migiopaTH OAMH YU JIBa KOCYOCTpaTH, SIKMX OW BHCTAYMIIO
Ha PIYHY EKCIUTyaTallifo 0iOora3oBOi YCTAHOBKH, a CHPHIi
rIirfepuH, (¢y3, COANCTOK 3aJHIIATHUCh OH B  SKOCTI
pe3epBy, abo iX MOXKHA B HEBENUKiHM KiJIBKOCTI Ha TPOTS3i
POKy JoJaBaTH JIO OCHOBHOrO cyOctpary. Bimxomm
TIIPHEMCTB T'POMAJICHKOTO XapUyBaHHS B IbOMY BHIIAIKY
JIOIIJIbHO BUKOPUCTOBYBATH JIJIsSI KOPMOBHX Itinieii [14].

B rocrnomapcTBi icHY€e DOCHTH BEIHMKE CTaa0 KOPIB —
500 mt. CepenHiit Hamiii Monoka B YkpaiHi 3a 2016 pik
craHoBuB 4735 xr/pik Bix omHiei koposu [9, c. 326]. Bix
500 piiiHMX KOpiB B rocrnojgapcTBi Oyae OTpUMaHO
4735-500=2367500 xr/pik, abo 2367,5 T/pik MOJOKa, SKE
HeoOXiTHO Jiech peatizoByBaTH. bynemo BBaxkary, 1o 20%
MOJIOKa HJ1e Ha BiJrOJIBIIIO TEJIST 1 HA MPOJIAK HACEICHHIO
(2367,5-0,2=473,5 1/pik, 473,5/362=1,31 1/mo0y), peury
80% (2367,5-0,8=1894 T) mOWINBHO MEPEpOOISITH B
MOJIOKOTIPOJIYKTH, OCKIIBKM MOJIOKO — MPOAYKT, SIKHIA
LIBUJIKO TICY€eThCs. J[yisi bOro Ha TepuTOpii rocrnoaapcTsa
HeJajeko Bij GpepMu MOKHA 30yyBaTH MiHIMOJIOKO3aBO
poxykTuBHICTIO O1m3pko 5000 11/700y  OpiEHTOBHOIO
Baprictio 3,1 muH. TpH. Ilpm mpoMy KpiM MOJOBKEHHS
TEpMiHy 30€peXEHHsS MOJIOKOIPOIYKTY BHPIIIYETHCS
mpo0JieMa 3aifHATOCTI CIIbCHKOTO HACENCHHs. Bimxomu Big
nepepoOKH MOJIOKa MOKHA BUKOPHCTOBYBATH SIK KOPM JUIsI
THX ke KopiB. OfHaK OCKUIBKM ITiJi KOPMOBI KyJIbTYpH B
TOCIIOIAPCTBI  BiJBENCHI [OCTATHI IUIOIII C.-T. YTilb,
OTpHMaHi BIAXOAM MOXXHA BHKOPHUCTATH B  SIKOCTI
KocyOcTpary B 6iora3oBHX yCTaHOBKaX.

Jis  copomieHHS — pO3paxyHKY — MaTepiaJbHOTo
OamaHcy OyneMo BBakaTH, IO Ha MiHIMOJIOKO3aBOJI
BUPOOIISIETECS JIMIIE OJMH BHJA MOJIOKO HPOIYKIIl —
KHUCJIOMOJIOYHHHN CHP, BiIXOZOM BiJ BUPOOHHUIITBA SIKOTO €
cupoBaTtka. TeopeTWUHW BHXiJ] MOJOYHOI CHpPOBATKH
CTaHOBUTHh OJM3bK0 90% BiA KiIBKOCTI CHPOBHHH, IO

nepepobnserbest [10]. I3 1894 T Momoka OTpUMYETHCS
1894-0,1=189 T xucnomonoyHoro cupy i 1894-0,9=1705 t
KHCJIOMOJIOYHOI cHUpoBaTkM. Hamu exkcrnepuMeHTalbHO
BCTaHOBJICHO, IIO TPH 3aMiHiI CHpOBaTKoIO 55% BoaM B
cybcrpati Buxin Oiorazy Oyne Ha piBHI 1,4 11/mo0y-kr
COP. Ilpm mpomy momo0M HEOOXiTHO 3aBaHTaKyBaTH
15,878-55/100=8,733 1, abo 8,733-340=2970 T/pik
CHpOBaTKH. BupoOieHOi CHpOBaTKH B SIKOCTI JHUTECTAaTy
Buctaunth Ha 1705/8,733=195 ni6 poGorm Oiora3zoBoi

YCTaHOBKH.
Takuit MiHIMOIIOKO3aBOJ, MOXKE OKYIHTHCH JOCHTH
mBuAKO. IIpM  BapTOCTI  KHUCJIOMOJIOYHOTO  CHPY

HedacoBaHoro >kupHicTio 10% na 2019 p. 80 rpH./KT.
piunuit npubytok Big mnpomaxy 189 T craHOBUTH
80-1000-189=15 120 000 rpH. SxOu BCe MOJIOKO 3aBaIOCh
Ha 1HIIMH MOJIOK03aBOJ, KWl HE HaJIeHUTh TOCIIOAAPCTRY,
TO NPH 3aKyMOYHIH LiHI HA MOJIOKO JPYroro IaTyHKY BiX
c.-T. mianpuemcts 7500 rpH./T piuHUI NPUOYTOK CTAHOBHB
6u 7500-1894=14 205 000 rpu. PizHuus npuOyTKiB Bin
MPOJaXi KHUCIOMOJIOYHOTO CHpY 1 3[1a4i MOJIOKa Ha
niepepoOKy cranoButh 15 120 000-14 205 000-925 000 rpH.
TepMiH OKYITHOCTI MiHIMOJIOKO3aBOIy B TAaKOMY BHITAIKy
cranoButuMe 3100000/915000=3,4 poxm, 1 1e He
BPAaxOBYIOUH CHPOBATKH, Ky OJHAK BA)XKO pealizyBaTh
HE B BHCyHIeHOMY Burisini. OgHak Iie He BHCTadae
KocyocTpary Ha 340-195=145 ni0.

Jns 3abe3nedeHHs 06iora3oBoro BUPOOHMITBA B
JIOCTATHIN KUJIBKOCTI  JICHIEBUX  KOCYOCTparTiB
PEKOMEHAYETbCSI B TOCHOAApPCTBI  OpraHizyBaTH
nepepoOKy C.-I. MPOAYKLii 3 OTPUMAHHSIM TOTOBOTO
MPOAYKTY 1 BIIXOJIB, SIKI MOXHa BHUKOPHUCTATH B SKOCTI
KoCcyOcTpary.

Hanpuknan, me wmormo © OyTd BHPOOHHIITBO
Kpoxmamo 3 Kapromui. [Ipm mepepoOmi kapTorum Ha
KpOXMaJlb BTpadaeTbcst Onm3bko 20% Cyxoi pedoBHHHU
CHPOBUHHM y BUTIISI KapTOIUITHOTO cOKy 1 20% y BUTIS I
Me3rn. Bimxomm Big mepepoOKM KapTOIUli  MOXHA
BUKOPDHCTOBYBaTH SIK KOPMH JUisi XyAoOW, OJHaK B
CBIXKOMY BHIJISIZII BOHH JIOBTO HE 30€pirarThes, a s 1X
nepepoOKH 3 MOXIIMBICTD  TPHBAIOro  30epiraHHs
moTpiOHI J0JAaTKOBI KaIliTAJIOBKIAJACHHA. ToMy iCHye
npobnema ytwmizamii nux BimxomiB. KapTomuisHuii Cik,
npibHa Me3ra 1 KOJOITHWH KpOXMallb YTBOPIOIOTH
KOHIICHTPOBaHI  CTiYHi  BoAW. [lpm  TpamumiiHINA
TEXHOJIOTIT BUPOOHMITBA KPOXMAIIO 3 KOXXHOI TOHHH
TepToi KapTomii BuainseTbest 0,75 M3 KOHIEHTPOBAHOTO
COKY i3 3a0pymHEHHSAM MO Oi0JOTiYHOMY CHOXXKHBAaHHIO
kucHio (BCK) 60000 mr O%n, sxuii po30aBiseThCs
TEeXHOJOTIYHIMH CTOKaM¥ i mae 10-14 mM® cTiuHMX BOA.
Kpim BTpaT cupoBuHM HeoOXimHI 3HA4HI BHUTpaTH Ha
OYHNCTKY CTOKIB, III0 YTBOPIOOTHCA [11].

3a HAIMMHU  JOCIIKCHHSAMH,
craHoButh 1,4 n/moby-:xr COP mpm BMicTi
KpOXMaJro B CyOCTparTi.

SIKmo B AKOCTI KOCYOCTpaTy BHKOPHCTOBYBAaTH
Kpoxmaib (¥foro morpiduo 1,9% Bix macu cyOcTpaty), TO
notpi6HO 58,8-1,9/100=1,12 T/100y YnCTOrO KpOXMAIIO,
a6o 1,12-145=162 1/pik 4uCTOr0 KPOXMAJIO.

B wiiTkoBOMy coKy MicTHThCS 6% Kpoxmalio, B
me33i — 10% [12], B cepemnpomy — 8% Kpoxmaio
MICTUTBCS Y Binxonax. ToMy Uit BUKOPHCTaHHS B SIKOCTI
kocybcTpary notpidHo 162-100/8=2025 T/pik KIITKOBOTO

BuXif Oiorasy
1,9%
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COKY 1 ME3TH.

Unctuii Kpoxmallb B KiJbKOCTi 162 T/pik, sSKUH €
KocyOcTpaToM it 610ra3oBOi yCTaHOBKH, CTAaHOBHUTH 8%
Bifl Bci€l KUIBKOCTI KPOXMAITIO, IO MIiCTHJIaCh B KapTOILTi,
ska  mepepoOmsutack. Bceporo  Oymo  mepepoOiieHO
162-100/8=2025 T1/pix kKpoxmaito, skuii OyB BUKOPUCTAHUI
SIK B SIKOCTI TOTOBOTO TpoaykTy (2025-162=1863 T1/pix),
Tak 1 K CHpOBHHA I 0iora3oBoi ycTaHOBKH. Bcroro B
KapTom Mictuthes 10 22% kpoxmamo. Otmxe, s
orpumanHs 2025 1/pik KpoxMalo HeoOXiHO MepepoOHTH
2025-100/22=9200 Tt/pix xapromm. Ilpm moTpumaHHi
TEXHOJIOTIT BUPOLIYBaHHS KapTOIUIl MOXE CTaHOBUTH
250 w/ra. Ilpu Takiii BpoxaitHocTi 11t orpuManss 9200 T
Kaprort motpiOHo 3acazutu 9200/250/10=368 ra c.-r.
yIigb.

Bapricte MiHI niHIi BHUpOOHHITBA KpOXMAaIio
npoayktuBuicTio 100 T/roa. ctanoButh Big $10000 o
$55000. BaprticTh KpoXMadi Ha CBITOBOMY PHHKY

cramoButh 550 $/r. Ilpubyrox Big mpomaxy
KpoxMmanw cTaHoBUTh 550-1863=931 500 $/pik, abo
931500-26=24 219 000 rpH./pik. Sxmo m 9200 T
KapTorut, i3 sIKOI BHPOOJSIETBCS KpOXMallb, INPOJATH 3a
OIITOBOIO IIHOIO 2,5 TPH./KT, TOCTIOJAPCTBO MAaTUME TPOIIOB1
noctymieHHs: B posmipi 9200-1000-2,5=23 000 000 rpH.
ToMy mpuOYTOK TOCHOIApCTBA Bill BIPOBA/DKEHHS JiHII 3
BUPOOHMIITBA KPOXMAJIFO 3aMICTh TPOZIAXy BHPOIICHOI
KapToIt craHoBUTH 24219000-23000000=1 219 000 rpH./pik.
TepMiH OKYyIHOCTI iHBECTHIIIH B JiHiI0O BHPOOHHIITBA
KpOXMall0 B I[IbOMY BHIIQJKy CTaHOBHTHME BiX
10000-28/12019000=0,2 pokiz mo 55000-28/12019000=
=1,2 pokiB.

Ha puc. 1. HaBemena cxema BHPOOHHMITBA 1
BUKOPUCTAHHSA Giorazy B yMOBax
CUIBCHKOTOCIIOAPCHKOTO ITiAIPUEMCTBA.
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Puc. 1. Cxema BUpOOHHUIITBA i BUKOPUCTAaHHS 0iorasy B yMOBaX ClILCHKOTOCIIOAPCHKOTO MiAIPHEMCTBA.
Fig. 1. Scheme of production and use of biogas in an agricultural enterprise.

BucnHoBku

1. B yMoBax CiIBCBKOTO  TOCHOJAPCHKOTO
MATPHEMCTBA TBAPUHHUIIBKOTO THITY iCHYE JOCTAaTHBO
TBapUHHUIIBKUX BiIX0AiB (sIK mpaswio, rHolo BPX), sxi
MOXKHa BUKOPHCTaTH B  SKOCTI CHPOBHHHM  JUIsl

BHUpoOHHUITBa Giora3y. OxHak Buxif Oiora3y i3 rHoto BPX
HEIOCTATHIN s parioHaTbHOL OKYITHOCTI
KalmTaJoBKIaeHh B  0iorazoBy  ycTaHoBKy.  Jlms
MiABMIICHHS BHUXOAy Oiorasy no raoio BPX nHeoOximHO
JIoaBaTH  KOCYOCTpaTH, B SIKOCTI SKHX MOJHa
BUKOPHCTOBYBATH BiXOAH IIEPEPOOHUX BUPOOHUIITB.
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2. B cimschkorOConapchbkoMy - IiANPUEMCTBI
JOIJTLHO ~ BIIPOBAIKYBAaTH TIepepoOHI BHPOOHHUIITBA,
HaTpUKJIag TepepoOKy MOJIOKa Ha MOJOKOMPOIYKTH i
BHPOOHHIITBO KPOXMAaII0 i3 KapTomll, SKa TYyT
BHPOIIYETHCA. Binxomum mux mepepoOHUX MiAMPHEMCTB
3MaTHI TOBHICTH 3a0e3meynTH 0i0ra3oBy YCTaHOBKY
BHCOKOITPOJYKTUBHUMH KOCYOCTpaTaMH, IO J03BOJHTH
OTpUMAaTH TEPMiH OKYITHOCTI 010Ta30BOi YCTAaHOBKM Ha
piBHA 6,4 POKH.
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OOOEKTUBHOCTD ITPONU3BOACTBA BUOT'A3ZA
B CEJIbCKOXO3SIMCTBEHHBIX ITPEIIPUATUIAX
B. H. Honuwyx, C. A. Llsopos, /I. A. /lepesanio,

T .C. lasuoenko

AHHoTanus. IIpoBeneH aHanM3 >KOHOMHYECKOMN
3¢ (GEKTHBHOCTH TPOM3BOJCTBA OHWOTa3a. Y CTaHOBJICHO,
9TO IKOHOMHYECKas S(P(PEKTUBHOCTh IEHCTBYIOMIHUX Ha
JaHHBII MOMEHT B Hamled cTpaHe OHOTa30BBIX
YCTaHOBOK,  pPa0OTalOIIMX Ha  YKHUBOTHOBOIYECKHUX
0TXO0J]aX, OYeHb HEBHICOKAa. Hu omHa M3 HUX HE HWMeEeT
YAOBJIETBOPUTEIHHOTO CPOKa OKYINaeMOCTH WHBECTHITHHA
(He MeHee AECATH JIeT IIPU CPOKE IKCILTyaTalluH BaALATh
net). Beixon Omoraza mpm cOpaxkuBanmu HaBo3a KPC
HE3HAUUTeNIeH U MO pe3yibTaTaM HaIlUX HCCIIEAOBaHUN
cocraBisiet B cpeaaeM 0,7 i/9-kr COB, 4to He mo3BoseT
OBICTPO OKYIIAThCA KAITUTAJIOBIOKEHUAM, aXKe YIUTHIBas
"3eneHbIi" Tapud Ha SIEKTPOIHEPTHIO, MPOU3BOIUMYIO
n3 Oworaza. Ilpm mgoGammenmm kocybcTpata B
HE3HAYUTEIFHOM KOJIMYEeCTBE K CyOCTpaTy Ha OCHOBE
HaBo3a KPC BeIxoj OmMoOrasa, mo HalmM HCCICIOBAHUSM,
yBenuuuBaercs 1m0 1,4 n/a-kr COB u Beime. [IpoBeaeHo
uccienoBanue 3QQPEeKTUBHOCTH NPON3BOJICTBA OHorasa B
CEJIbCKOXO3SIUCTBEHHBIX MPEANpPUATUAX Ha MpHUMEpe
MozenpHOoro xo3siiicrBa co crtagom 1000 romos KPC (500
rojIOB JOHMHBIX KOpoB Hu 500 rosioB MOJIOAHAKA U
HeTenel).  YCTaHOBIEHAa  3aBUCHMOCTh  yJENBHBIX
KalUTaJBHBIX 3aTpaT Ha CTPOWTENBCTBO OHMOTa30BOTO
KOMIUIEeKca OT ero MomHocTH. Ilockombky B
CEeNbCKOXO3SHCTBEHHBIX ~ NMPEAUPUATHIX  OrpaHW4YeHA
BO3MOKHOCTb MOJTy4aTh JIeTIIeBbIe
BBICOKOTIPOM3BOANTENBHBIE KOCYOCTPATHI, TIO3BOJISIONIIE
CYIMIECTBEHHO  MOBBICUTH  BBIXOJ ~ OWorasa  Ipu
cOopaxxuBannn HaBo3za KPC, B HuX wnesnecoobpasHo

BHEAPSTH IepepadaThIBaIOINE [IPOU3BOACTBA, HAIIPUMED
nepepaboTKy MOJOKa Ha MOJIOYHBIC MPOLYKTB U
NPOU3BOJACTBO KpaxMaya M3 KapTrogens, KoTopas 34ech
BbIpammBaeTca. OTXOABI ATHX mepepadaThIBArOIINX
NPEONpUSATHA  CIIOCOOHBI ~ MOJHOCTBIO  O00OECIICYHTh
OMOTa30ByI0  YCTaHOBKY BBICOKOIPOH3BOIUTEILHBIMH
KocyOCTparamMH, 4YTO  MO3BOJUT  MOJYYUTh  CPOK
OKyIaeMOoCTH OHOra3oBOM YCTaHOBKM Ha ypoBHe 6,4
roja.

KaioueBble ciioBa: Guoras, 61ora3zosasi yCTaHOBKa,
HaBo3 KPC, cyGcrpar, kocyOctpaT, BbIXOJ Ouorasa,
SKOHOMHYECKass 3(PQPEKTUBHOCTh, CPOK OKYIIaeMOCTH,
ce0ecCTONMOCTb.

EFFICIENCY OF PRODUCING BIOGAS
IN AGRICULTURAL ENTERPRISES
V. M. Polishchuk, S. A. Shvorov, D. A. Derevianko,
T. S. Davydenko

Abstract. The analysis of the economic efficiency of
biogas production is carried out. It has been established that
the economic efficiency of biogas plants operating on
livestock waste currently operating in our country is very
low. None of them have a satisfactory return on investment
(at least ten years with a useful life of twenty years). Biogas
yield during cattle manure fermentation is insignificant and
according to the results of our research averages 0,7 I/h-kg
dry organic matter, which does not allow us to quickly pay
off investment, even taking into account the “green™ tariff
for electricity produced from biogas. By adding a small
amount of cosubstrate to the substrate based on cattle
manure, the biogas vyield, according to our studies,
increases to 1,4 I/h-kg dry organic matter and above. A
study of the efficiency of biogas production in agricultural
enterprises was carried out on the example of a model farm
with a herd of 1000 head of cattle (500 head of dairy cows
and 500 head of young and heifers). The dependence of
specific capital costs for the construction of a biogas
complex on its capacity has been established. Since
agricultural enterprises have limited access to cheap, high-
performance cosubstrates, which can significantly increase
biogas output when cattle manure is fermented, it is
advisable to introduce processing industries, for example,
processing milk into dairy products and producing starch
from potatoes, which are grown here. The waste from these
processing plants is able to fully provide the biogas plant
with high-performance cosubstrates, which will make it
possible to obtain a payback period of the biogas plant at
the level of 6,4 years.

Key words: biogas, biogas plant, cattle manure,
substrate, cosubstrate, biogas yield, economic efficiency,
payback period, cost.
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AHoTauis. PoboTa npucBsyeHa miABUIICHHIO PECYp-
CHHX MOKa3HHKIB KyJbTUBATOPHUX JIall IPY BUKOPUCTaHHI
KOMOIHOBaHOTO METONy 3MII[HEHHs. Y cTaTi HaBelIeHO
CcXeMy KOMOIHOBAHOTO TPHUINAPOBOro (HOPMYBaHHS Jie3a
KyJIbTHBATOPHHUX JIall, sike 3a0e3neuye MiIBUILEHHS pecy-
PCHUX TIOKa3HHKIB 332 PaXyHOK HaHECCHHS IOPOLIKOBUX
aOpa3sMBHOCTIMKUX MaTepialiB TyrOBHM HAILIABICHHSIM.
Takuii MeTOX 3MIIHEHHSI J03BOJIA€ 3a0€3MEUNTH MPOIIEC
€aMo3arocTpeHHs Jie3a IUIIXOM MOCTYIIOBOTO 3MEHILICHHS
3HOCOCTIMKOCTI HIKHIX IIapiB Je3a.

MerooM BHpOOHMYMX BHUIPOOYBaHb 3a pe3yibTa-
TaMH JTIHIHHOTO 3HOLIEHHS KPHJI €KCIIEpUMEHTAIBHUX KY-
JIbTUBATOPHHUX Jiall BHU3HAYEHO MOPOIIKOBHUH Marepial,
KUK 3a0e3neuye HalKpalll MOKa3HHKH NPOTH abpasuB-
HOT'O 3HOILIEHHSI.

[TpuBeneno mMatemaruyHi 1 rpadiuHi 3aJ1eXHOCTI Jii-
HIITHOTO 1 BAroBOTO 3HOILICHHS €KCIIEPUMEHTAIbHUX KYJIb-
TUBATOPHHMX JIall Bi/I HAPOOITKY 1 BAKOPUCTaHHS ITOPOIIKO-
BOTO MaTepiaiy ITiJ] 9yac iX 3MiITHEHHS.

AHaii3 oTpuMaHUX TpaQiqHAX 3ANEKHOCTEH MOPiB-
HSUTBHUX BHITPOOYBaHb 3MIITHEHUX i CEPIHHUX JaIl MoKa-
3aB, 1110 32 HApOOITKY 55 ra cepe/iHe BaroBe 3HOIMICHHS 3Mi-
IIHEeHUX Jar Ha 33% MeHIIe HixK cepitHuX.

BcraHoBNeHI MaTeMaTHYHI MOJIEINI TO3BOJISIFOTH TIPO-
THO3YBATH BEJIMYMHHU BaroBOTO i JIIHIHHOTO 3HOIIEHB B 3a-
JISKHOCTI BiJl peCypCHHUX TIOKa3HUKIB CepitHUX Ta 3MilHe-
HUX KOMOIHOBaHMM METOJIOM KYJIbTHBATOPHHX JIall

3anponoHOBaHUN KOMOIHOBaHHM METOJ 3MIIHEHHS
JI03BOJISIE MiJIBUILIMTH PECYPC KYJIHTUBATOPHUX Jial Ha 35—
45%.

KoaiouoBi ciioBa: mporHo3yBaHHS, 3HOIICHHS, 3Mill-
HEHHS, IIJBUIIEHHS, PECypC, CaMO3arocTpeHHs, 3HOCO-
CTIHKICTb.

ITocTaHoBKa MpodIeMHu

B cinecprorocnosapcbkoMy BHPOOHMIITBI Y KpaiHH
HapAIy 3 BITYM3HAHOIO IPYHTOOOPOOHOIO TEXHIKOIO HAKO-

xeimenw 2020.

MMMYeHa 3HaYHa KUTBKICTh IPYHTOOOPOOHOI TEXHIKHU 3apy-
ODKHOTrO BHUPOOHHMIITBA, 5K IIMPOKO BUKOPHUCTOBYETHCSI.
JlocBin BUKOPUCTaHHS 1i€] TEXHIKHM BKa3ye Ha ii mepeBaru
B HAJ(IITHOCTI Ta TOBrOBIYHOCTI MIOPIBHSHO 3 BITYU3HIHOIO,
30KpeMa I CTOCYEThCS CKCIUTyaTalii poOOYMX OpraHiB.
I[poro npoBinni 3apy0ixHi GipMu JOCITAIOTH 32 PaXyHOK
3aCTOCYBaHHS HOBHX TEXHOJIOTii TpH BHIOTOBJICHHI.
BcTaHOBNEHO, MO IS JOCATHEHHS MiABUIIEHOTO pecypcy
pobouux oprasiB iHO3eMHi ()ipMH-BUTOTOBIIOBAadi BHKO-
PHUCTOBYIOTH CIICIialIbHI JIETYI0Ui MaTepiain, KOHCTPYKTH-
BHI OCOOJIMBOCTiI Ta TEXHOJOTIUHI NMPUAOMH 3MIillHCHHS
(TepmiuHa 00poOKa, HAHECEHHS 3HOCOCTIMKIX MaTepialiB)
[1]. Bapricts Takux meraneit 1OCHTh BHCOKa. ToMy iCHYye
notpeba B 3a0e3MeueHHi CLIIbCHKOTOCIIONaPCHKOTO CIIOXKH-
Baua BiJHOCHO HEJOPOTMMH 3allaCHUMHU YaCTHHAMH JI0
I'PYHTOOOPOOHOT TEXHIKH 3 ITiIBUIIEHOI 3HOCOCTIMKICTIO
[2-9].

BupinieHHs 1bOro MUTaHHS MOXIIMBE LIUISIXOM CTBO-
PECHHS KOHKYPEHTOCIPOMOXKHHX TEXHOJIOTiH 3MillHEHHS
JeTajel BITIN3HIHOL Ta 3apy0iKHOT CIITbCHKOTOCTIOAAPChH-
KOT TEXHIKH TPH iX BifiHOBJeHH] Ta Burotosienui [10] mis
30UTBIICHHS pecypcy IUX JeTalel B IeKUTbKa pa3iB i BIpo-
BaJUKCHHS JTaHUX PO3pPOOOK Ha MiANPHEMCTBAX—BHIOTOB-
JIOBaYax Ta Ha PEMOHTHHX HiIIPHEMCTBaX CUIbCHKOTOC-
TOIAPCHKOT TEXHIKH.

AHaJi3 ocTaHHIX J0CTiIKEeHD

IMokpamieHHs eKCIUTyaTaliifHuX XapaKTepHCTHK Po-
0ouux OprasiB, 30KpeMa Jall KyJbTHBATOPIB, € aKTyaJlb-
HOIO 33J1au€i0 B CLIbCHKOTOCIIONAPCHKOMY BHPOOHHIITBI.
[[poro MokHa OCATTH IUIIXOM CTBOPEHHS HOBHX TEXHO-
JIOTili BUTOTOBJICHHS Ta 3MIIIHEHHSI pOOOYUX OpraHiB, BH-
KOPHUCTaHHS IIPU [IbOMY HOBUX MartepiaiiB. 30Kpema Iep-
CIEKTHBHUM € PO3BUTOK TEXHOJIOTiH i3 3aCTOCYBAaHHSIM
JUTA 3MIITHEHHS Pi3ajbHOI KPOMKH HOPOIIKOBHX MaTepia-
JIiB, II0 JO3BOJISE MiJBUIINTH (Pi3MKO-MeXaH{4HI BIACTH-
BOCTI HaHeceHuX mapis [11].



30 M. O. Bacunenko, /. O. Bycnaes

Jo cmoco6iB, ki HaWOIMBII YacTO BHUKOPHCTOBY-
IOTBCS JUUISl 3MIIHEHHS pOOOYMX MOBEPXOHDb JIETAJICH Bill-
HOCHTBCSl 3BHYAlHE TapTyBaHHS CEepPeIHbOBYITICLEBHUX,
BHCOKOBYTJIELIEBUX Ta JIErOBaHUX ctajell. [Ipu nupbomy TBe-
paicte Mertaimy MoxHa orpuMaTtd B Mexax 45 HRC mus
craii 45 1 mo 65 HRC g cramni 651 Ta meroBannx crajiei.
AJte 3HOCOCTIHKICTh TaKUX POOOYMX OpraHiB HWXKYA MOPi-
BHSHO 3 IHIIMMH, 3MIIHEHUMH CIIeliaJbHUMH MaTepia-
namu [13, 14].

Jlnist ToKanbHOTO 3MILTHEHHSI MOBEPXHI JETajl B Mic-
LSX HMOBIPHOTO 3HOLICHHS NOIIILHO BHKOPHUCTOBYBATH
IHII METOAH, a caMe, eJISKTPOAYTOBE HAIUIABICHHS IITY4-
HUMH eNeKTPOJaMH YH IOPOIIKOBUMH IPOTaMH, HaIlIaB-
JICHHA TOPOIIKOBUMH MaTepianaMu Ha yctanoBkax CBY,
IUIa3MOBE Ta Ta30I0JIyMECHEBE HAIUIABICHHS HMOPOIIKAMH,
npyTtkamu [15, 16].

EnextponayroBe HaIUIaBICHHS i IITyYHUMH €JIEKTPO-
JAMH 1 IpOTaMH MOXe OyTH SIK CYILTBEHUM IT0 BCil IOBEp-
XHi, Tak i ToukoBuM. Jlocmimkenusamu [17-19] BcraHOB-
JICHO, 1110 TOYKOBE HAIUIABJICHHS Kpallle 3apEeKOMEHIYBaJIO
cebe 3 poboU0i CTOPOHH, TPU IIBOMY HE3HAYHO 30LIBIIY-
I0YH OIip, IO B JOCTaTHIM Mipi 3axuiae BiJ 3HOLICHHS
OCHOBHOT'O IIapy METaly.

Merta gocJigkeHb

[linBUIIEHHS peCypCHUX IMOKA3HMKIB KyJIbTHBATOP-
HUX JIaIl IpH BUKOPUCTaHHI KOMOIHOBAaHOTO METOIY 3Mill-
HEHHSI.

Pe3yabTaTH 10CTiTKeHb

OzHUM 13 IUISAXIB BUPIILIEHHS OCTABJICHOI TPo0OIeMu
€ HamnpsIM TJBHIICHHS pecypcy KyJIbTHBATOPHHX Jall 3a-
BISIKM KOMOIHOBaHOMY TPHIIApPOBOMY ()OPMYBAHHIO iX po-
004HX IMOBEPXOHB, a caMe (puc. 1):

1 - ocHoBa — ctanb 65 T

2 — 3araproBaHuii map cram 65 I' Ha ToBImMHY 1,9 —
2,3 MM 3 BUKOPHUCTAHHSM EJIEKTPOKOHTAKTHOTO METOAY
3arocTpeHHs i 3minHeHHst [17], mpu 1bOMY OTPHUMYyEMO
TBEpAMH 1Iap 3HOCOCTIHKICTh SIKOTO CTaHOBUTH 3,48 Bif-
HOCHO He3arapToBaHoi crami 65 [

3 — J0aTKOBE 3MII[HEHHSI, 1110 BUKOHYETHCS MOBEPX
3arapTOBAHOTO APy MOPOINKOBUMH aOpPa3UBHOCTIHKHUMHU
MaTepialiaMy, SKi HaIDIaBJICHI CHEMiaJbHUM EIEKTPOIOM
T-590 ©5x450 MM, 3HOCOCTIMKICTh TAKOTO IIAPY CTaHO-
BUTH 4,49 BiTHOCHO He3arapToBaHoi craii 65 I

1 — ocHoBa — ctank 65 I'; 2 — 30Ha eEKTPOKOHTAKTHOTO 3aroCT-
PEHHS i 3MilHEHHS; 3 — 30HA 3MilHEHHS TIOPONIKOBUMH abpa3u-
BHOCTIHKMMH MaTepianaMu

Puc. 1. Cxema KOMOIHOBaHOTO 3MIiITHEHHS Jie3a KyJIb-
TUBATOPHUX JIAIl.

Fig. 1. Scheme of combined strengthening of the
blade of cultivator paws.

B sik0oCTi MOPOIIKOBUX a0pa3uBHOCTIHKHX MaTepiaiB
BukopucTtoByBanu nopomku [1C-12HBK-01, III'-10K-01,
copmaiit, ®Xb-1, IIT-HA-01, TII'-19M-01.

3a pospodnenoro TexHojoriero B HHI[ «IMECI»
MIPOBEJCHO 3MIlTHEHHS KOMIUIEKTY KYJIbTHBATOPHUX JaIl 3
mupuHoto 3axBary 420 mm (puc. 1).

BurorosneHi Ta 3MilIHEHH] KyJIbTUBATOPHI Jlanu OyIu
BCTaHOBJEHI Ha KynpTHBaTop KBAHT-12 3 mmpunoro 3a-
xBary 12 wm, skuii Burorosienuit B HHL] «IMECI™» i npo#i-
U BUNPOOYBaHHSA y BUpoOHIMIMX ymoBax III1 «Arpoe-
komoriss» [lonmraBcekoi 001., Hlnmmamnekoro paioHy.

(puc. 2).

Puc. 2. 3aransHuii BUTISII 3MIITHEHUX KYJIBTHBATOP-
HUX JIaIl 32 pO3POOIICHOIO TEXHOJIOTIEI0
Fig. 2. General view of strengthened cultivator paws
by the developed technology

Jlns BU3HA4YEHHS 3MiHM T€OMETPHYHUX IapameTpiB
JIe3 KyJIbTHBaTOPHUX JIall MiJl Yac BUPOOHUYUX BHUIIPOOY-
BaHb PEECTPYBAJIHM JIiHIHHE 3HOIICHHS, BaroBe 3HOIICHHS
Ta paniyc 3a0KpyIIeHHs PiXKy40i KPOMKH pOOOYHX OpraHH
3 HapoOiTkoMm 8, 23, 42 ta 55 ra.

3a pesynbTaTaMH JIIHIHHOTO 3HOIIECHHS KPUJI eKcIie-
PUMEHTAJBHHUX KYyJIbTHBATOPHHUX JIAI Iijl 4ac BUPOOHHYHX
BHIIPOOYBaHh BH3HAYCHO MaTepia, sKi 3a0e3nmeuyroTh
HalKpalli MoKa3HUKH MPOTH a0Pa3UBHOTO 3HOIICHHS.

B pesysbrari aHanizy KyJbTHBaTOPHUX Jiall 3 HAPOOi-
TKOM 55 ra BCTaHOBJICHO, 1110 p0O0OYi OpPraHu HE MalOTh BH-
JMMUX MOUIKOKEHb Ta TPAHUYHOTO 3HOLICHHSI 1 IPUIaTHI
JUIsL IOAAJIBIIOro BUKOpUcTaHHs. [Ipu mpomy, Bumipamu

BCTaHOBJICHO, 1[0 BEJIMYMHA 3HOIIEHb 32 IIUPUHOIO Jie3a
craHoBuTh 5.3 — 11,9 mm (puc. 3).

P o SR e E X, SN B o i
Puc. 3. KymsruBatop KBAHT-12, ykommiekroa-
HMI 3MiIIH€HI/IMI/I KYJIbTUBATOPHUMU JIallaMH

Fig. 3. Cultivator KVANT-12, equipped with
strengthened cultivator paws
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BcTanoBneHo, 1m0 Halkpai pe3yabTaTH 3HOCOCTIi-
KOCTi moka3as mopomikoBuii Matepian [1C-12HBK-01 na-
HECCHHWH JyTrOBHM HAIUIaBICHHAM enekTtpogoM T-590
?5x450 MM 1 OTIMCYETHCS HACTYITHOIO 3aJICKHICTIO!

y =0,085-x—0,059, (1)
Jie Y — BeNW4rHa JIHIHHOTO 3HOIICHHS Jie3a KyJIbTHBATOP-
HOI JIafu, MM;

X — HapoOITOK Ha OJIHY JIaly KyJIbTHBATOPA, Ta.

PesynbpraTi mpoBelneHHUX MOPIBHAIBHUX BHIIPOOY-
BaHb BaroBOT'O 3HOIICHHS 3MIIIHEHUX 1 CepiiHMX J1al Mmo-
Ka3ajy, M0 3a HapoOiTKy 55 ra 3MiIHEHHX JIal, CepeaHe
BaroBe 3HOMICHHS CTaHOBUTH 425 1. HapobiTok cepiifHmx
JIaIH 3a TAKOI'O 3HOIIEHHS CTaHOBMTH 43 ra, mo Ha 21,8 %
MEHIIe 3MilHeHUX (pHc. 4).
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Hapo6itok Ha oHy KyJIbTHBAaTOPHY JIaIly, Ta

1-TIC-12HBK-01 + T-590; 2 - IIT-10K-01 + T-590; 3 - ®Xb-1
+ T-590; 4 - TIT-10K-01 + I'pacitoswuii; 5 - Copmaiit + T-590; 6
- [IC-12HBK-01 + I'padirouit; 7 - ®Xb-1 + I'padiToBuii; 8§ -
Copwmaiit + I'padirosmuit; 9 — Enexrpoeposiitna 00po6ka;10 -
Cepiiini kynpruBaropHi gamu KIIE — 410.
Puc. 4. 3anexHicTh JIHIHHOTO 3HOIIEHHS JIE3 BiJ Ha-
poOiTky iam kymsTrBaTopa KBAHT-12.
Fig. 4. Dependence of linear blade wear of operating
time paws cultivator KVANT-12.
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HapoGiTok Ha 0HY KyJIFTHBAaTOpHY Jialy, 1, Ta

Puc. 5. 3anexHicTh BaroBOro 3HOIICHHS JIall KyJIbTH-
Batopa KBAHT-12 Bix HapoOiTKy.

Fig. 5. Dependence of weight wear of the cultivator
KVANT-12 paws of operating time.

[Ticnst 06poOKM OTpUMaHNX Pe3yNbTaTiB BAPOOHUUNX
BunpoOyBaHp jnan KyiasTHBaTOopa KBAHT-12 oTpumann
MaTeMaTH4Hi MOJIeJli TIPOLecy BaroBOTo 3HOILCHHS cepiii-
HUX Yc 1 3MIIHEHHUX Y; JIall B 3aJIE)KHOCTI BiJ] HApOOiTKy T:

y,=17-10°.T*", 2

y, =310 .T'®, 3)

ne Y, Vs — BIITIOBIHO Bara 3HOIIEHOTO MaTepially cepii-
HUX 1 3MIITHEHUX KYJIbTUBATOPHUX JIall, KT

T — HapoOiTOK Ha OIHY JIAITy KyJIbTHBATOPA, Ta.

Marematryni Mozeri (2) i (3) Z03BOJAIOTH MPOTHO-
3yBaTH BEJIMYMHY BAarOBOTO 3HONICHHS B 3aJIC)KHOCTI Bij
peCypCHHUX MOKa3HUKIB CEPIHMX Ta 3MIIIHEHUX KOMOiHO-
BaHMM METOJIOM KYJbTHBATOPHHX JIAll 1 BCTAHOBJICHO, LII0
TIPY JOCSITHEHHI BaroBOro 3HOIIEHHS 635 T 3MilHEHUX JaIl
ix HapoOiTok Oyne Oinbmnii Ha 40% HiX cepiiHUX.

3anponoHOBaHUN METOJI 3MIIHCHHS J03BOJISE i IBU-
LIUTH Pecypc KyJIbTUBATOPHUX Jar Ha 35-45%.

BucHoBkH

1. Haiikpamii moka3sHUKH 3HOCOCTIMKOCTI MTOKa3aB Io-
pomkosuit Matepian [IC-12HBK-01 nanecenwuii enexrpo-
noM T-590 micist eneKTpOKOHTAKTHOTO OOpOOICHHS Iie-
TaIi, micis HApOOITKY 55 ra BenWdYHHA 3HOIICHD 3a THPH-
HOIO JIe3a CTAHOBHUTH 5,3 MM, 110 Ha 43% MeHIIe HiX ele-
KTPOKOHTaKTHE 00pOOICHHS.

2. Pe3ynbpraTi IpOBeIEHUX MOPIBHSUIBHUX BUIPOOY-
BaHb 3MII[HEHUX 1 CEpIMHUX JIal IoKa3ajH, o 3a HapoOi-
TKY 55 Ta cepeiHe BaroBe 3HOMICHHS CepiiHIX JIall CTaHO-
BUTH 635 T, a 3MIITHEHHX 32 pO3POOIICHOIO TEXHOJIOTIEI0 Ha
33% wmeHte i craHoBUTH 425 1. [Ipu moCSTHEHHI BaroBoro
3HOIIEHHS 635 T 3MIITHEHHX JIall iX HapoOiTOK Oyzme Oib-
it Ha 40% HiX cepiiiHuX.
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MATEMATHUYECKUWE MOJEJIM TPOTHO3MPOBA-
HMSI BECOBOI'O U JIMHEMHOI'O U3HOCOB OT
PECYPCHBIX [TIOKA3ATEJIEM CEPUIMHBIX 1
YITPOUYHEHHbBIX KOMBMHMPOBAHHbBIM METO-
JOM KVJIbTUBATOPHBIX JIAIT
M. A. Bacunenxo, /. A. Bycnaes

AnHOTauusa. PaboTa mocCBsIeHa MOBBINIEHUIO DPe-
CYpPCHBIX NOKa3aTesel KyJIbTUBATOPHBIX JIall IPU UCIIOJb-
30BaHIH KOMOWHUPOBAHHOTO METOJIa YKpeIuieHus. B cra-
The MPHUBEJICHAa cXeMa KOMOMHHPOBAHHOTO TPEXCIIOWHOTO
(opMHUpOBaHUS JIE3BHsI KyJIbTHBATOPHBIX JIAll, KOTOPOE
oOecrieynBaeT IMOBHINICHUE PECYPCHBIX TOKa3arelel 3a
CYEeT HAaHECCHHS TOPOIIKOBBIX a0pa3WBHOCTOMKHX MaTe-
puanoB AyroBod HarulaBkod. Takoil MeTon ynpouHEHus
MTO3BOJISIET 00ECTICUUTH NMPOIECC CaMO3aTaunBaHUS JIE3BHS
MyTeM TIOCTENEHHOTO YMEHBIICHUS H3HOCOCTOUKOCTH
HUKHUX CJIOEB JIE3BUSI.

MerogoM NpOU3BOACTBEHHBIX MCHOBITAHUM IO pe-
3yJbTaTaM JIMHEHHOro U3HOCA KPBUILEB SKCIIEPUMEHTAIIb-
HBIX KYJIbTUBAaTOPHBIX JIaIl ONPEAEIEHO MOPOIIKOBBINA Ma-
TepHa, KOTOPBIA 00ECIICUNBALT JIYUIIHE TIOKA3aTEIH MPO-
TUB a0pa3UBHOTO M3HOCA.

[IpuBeneHp MaTeMaTHYECKUE U TpapUIECKUC 3aBU-
CHMOCTH JIMHEHHOT'O U BECOBOT'O U3HOCA SKCIIEPUMEHTAIIb-
HBIX KYJbTHUBATOPHBIX JIall OT HApaOOTKU M HCIOJB30Ba-
HUS IOPOIIKOBOTO MaTepuaia Mpu UX yNpouYHEHUH.

AHann3 TONXyYEeHHBIX TpapHUecKuX 3aBUCHMOCTEH
CpPaBHUTENHHBIX WCIBITAHUN YMPOYHEHHBIX U CEPUUHBIX
JIarl ToKasajl, 4To MpH pecypce 55 ra cpelHui BECOBOU U3-
HOC YIPOYHEHHBIX Jam Ha 33% MeHbIIIe 4eM CepUiHBIX.

VYcTaHOBJIEHHBIE MaTeMaTUYeCKUe MOJENU I03BO-
JISIIOT IPOTHO3UPOBATH BEJIMYMHBI BECOBOI'O U JIMHEHHOTO
HM3HOCOB B 3aBUCHUMOCTU OT PECYPCHBIX MOKa3zaTelel ce-
PUMHBIX M YHOPOYHCHHBIX KOMOWHHPOBAHHBIM METOIOM
KYJbTUBATOPHBIX JIall

[IpennoxxeHHbIE KOMOMHUPOBAHHBIA METOJ yIpOU-
HEHUS MTO3BOJISET MTOBBICUTD PECYPC KyJIBTHBATOPHBIX JIaIl
Ha 35-45%.

KioueBble ciaoBa: TpOTHO3MPOBaHWE, M3HOC,
YIPOYHEHHE, MOBHIIIEHUE, PECypC, CaM0O3a0CTPEHUE, U3-
HOCOCTOMKOCTb.

MATHEMATICAL MODELS FOR PREDICTING
WEIGHT AND LINEAR WEAR FROM RESOURCE
INDICATORS SERIAL AND HARDENED
BY COMBINED METHOD OF CULTIVATOR PAWS
M. O. Vasylenko, D. O. Buslaiev

Abstract. The work is devoted to increasing the re-
source indicators of cultivator paws when using the com-
bined method of strengthening. The article provides a dia-
gram of the combined three-layer formation of the blades
of cultivator paws, which provides an increase in resource
indicators due to the application of powder abrasion-re-
sistant materials by arc surfacing. This method of harden-
ing allows you to ensure the process of self-sharpening the
blade by gradually reducing the wear resistance of the
lower layers of the blade.

By the method of production tests according to the re-
sults of linear wear of the wings of experimental cultivating
paws a powder material has been identified that provides
the best performance against abrasion.

Mathematical and graphical dependences of linear
and weight wear of experimental cultivator paws on the op-
erating time and use of powder material during their hard-
ening are given.

An analysis of the obtained graphical dependencies of
comparative tests of hardened and serial paws showed that
with a resource of 55 ha, the average weight wear of hard-
ened paws is 33% less than the serial ones.

The established mathematical models make it possible
to predict the values of weight and linear wear depending
on the resource indicators of serial and hardened cultivator
paws strengthened by the combined method

The proposed combined method of hardening allows
to increase the resource of cultivating paws by 35-45%.

Key words: forecasting, wear, hardening, increase,
resource, self-sharpening, wear resistance.
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bi6n. 12, puc. 3, maobn. 1.

Anotanis. Ilpm poboti nerameit
CKJIATHOMY TETEpOTEHHOMY CEpeNOBHINI (IPYHTI) Ha
MOBEPXHI TepPTd BigOyBalOThCSA CKJIAOHI  IPOLECH:
MeXaHivHi, XiMiuHi, ¢bizuuHi Ta TEPMIYHi.
CriBBiTHOIICHHS M)XK iIHTCHCHUBHICTIO TIPOTIKAaHHS TaHUX
NpolLeciB BU3HAYA€ MeXaHi3M aOpa3uBHOIO 3HOLIYBaHHS
MOBEpXHI pOOOYHMX OpraHiB I'pyHTOOOpPOOHMX MalnuH. B
MEPeBaKHi  OUTBIMIOCTI  BUMANKIB  IHTEHCHUBHICTh
NPOTIKaHHA MEXaHIYHUX MpOIECiB, TpPH B3AEMOJIl
MOBEPXHI POOOYHMX OpraHiB IPYHTOOOPOOHUX MalIMH 3
TPYHTOM, TIepeBa)Ka€ IHTCHCHBHICTh IPOTIKAHHS BCIiX
iHMX mpoueciB pasoM B3sATHX. OAMH 3 OCHOBHHX
(akTopiB, AKWI BIUIMBa€ Ha IHTCHCHUBHICTH MPOTIKaHHS
MEXaHIYHUX TPOLECIB B 30HI (PPUKIIHHOTO KOHTAKTY MiXK
TPYHTOM 1 TIOBEPXHEIO pOOOYHNX OpPTaHiB IPYHTOOOPOOHUX
MAlIMH € CTYMiHb 3aKPiIUICHHs a0pa3sHBHOT YaCTHHKH.

B po06oTi TeOpeTH4HO BCTAHOBIICHO BIUIUB CTYIEHS
3aKpimieHHs: abpa3uBHOT YaCTHHKH B IPYHTI Ha MEXaHi3M
aOpa3MBHOTO 3HOILIYBaHHS IIOBEPXHI pPOOOYMX OpTraHiB
IPYHTOOOPOOHMX MamuH. 3i 30UIBLICHHSIM CTYIEHS
3aKpiluIeHHs] a0pa3uWBHOI YAaCTMHKM 3pOCTA€ IJIOMIA Ta

MalnmH B

rmMOuHa IUIacTUYHOI  Aedopmanii Ta  MiJIBUILYETHCS
AMOBIpHICTh ~ BHHHKHEHHS  BiJOKpEMIJICHHS  METaly
(Mikpopi3aHHS) 3 ~ TOBepXHI  poOodmx  OpraHiB

IPYHTOOOPOOHUX MAaIINH.

ExcruryaramiifHi  JOCHI[DKEHHS  TPOBOJUIN  Ha
CymmiaHuX TpyHTax B yMmoBax OBpyIBKOTO paiioHy
Kuromupcrroi o0acTi. Jst JIOCITIKEHD
BHKOPHCTOBYBAJIM yHIBEpPCAaJbHHUH AWCKOBUI arperar
YA-4,5, pobodi opraHu sSKOro OyJM BHUTOTOBJICHI 3i
cram 65I. Y mpormeci ekcruryaTallii crocTepiraxocs
CyTTEBE 3MEHIICHHS CIIIIB MIKpOpi3aHHS Ha MOBEPXHIi
TEpTs MPH 3MEHIICHHI CTYIEHsS 3aKpiIluieHHs a0pa3nBHOL
yacTUHKU. EXcruryarariiiHi JOCTIKeHHS B TOBHIH Mipi
MiATBEPIXKYIOTh TEOPETHYHI TBEPIKCHHSI.

Karwuosi ciaoBa: poboumii opraH, IpyHTOOOpoOHa
MamiHa, aOpa3suBHA YACTHUHKA, IPYHT, IIOBEPXHS,
MEXaHi3M 3HOITYBaHHS.

ITocTaHoBKa NpodieMu

B mpomeci abpa3uBHOTO 3HOIIYBaHHA pPOOOUMX
OpraHiB TIPyHTOOOPOOHMX MAIIMH Ha IIOBEPXHI TEPTI

MPOTIKAIOTh MEXaHiuHi, (i3udHi, XIMIYHI Ta TEPMidHi
mporecd. CHiBBIIHOMIEHHS MK IIMMHA TIPOLIECAMH
BH3HAYAIOTh IHTCHCHBHICTh a0pa3MBHOTO 3HOIIyBaHHS. B
pe3ynbTaTi paHille IPOBEISHUX AOCTiKeHb [1, 2, 3, 4, 5]
BCTaHOBJICHO, IO TIPH 3HOITYBaHHI POOOYHMX OpraHiB
IPYHTOOOpPOOHMX  MalllMH MEXaHi4HI [poLecH Ha
HOBEPXHI TEPTS NEPEeBAKAIOTH HAJl IHITMMH 1 BU3HAYAIOTh
MEXaHi3M Ta IHTEHCUBHICTh 3HOIIyBaHHA. Bubip
MaTepiany poOOYHX OpraHiB IPYHTOOOPOOHHMX MAIIUH
NOBUHEH TIPYHTYBAaTHCS Ha BIACTUBOCTSIX IPYHTOBOTO
cepeloBuma, 1m0 OyayThb BH3HAYaTH  MEXaHI3M
abpasuBHOTO 3HOIIyBaHHA [6]. OmWH 3 OCHOBHHUX
YUHHMUKIB, 10 BHU3HAYa€ MeEXaHi3M aOpa3WBHOTO
3HOIIIYBaHHS MOBEPXHI pobounx OpraHiB
IPYHTOOOPDOOHMX MAaIlMH € CTYIiHb  3aKpPilJICHHS
aOpa3uBHOI YaCTHHKHA B IpPyHTI. TOMYy JOCHiIKEHHS
BIUIUBY CTYIEHS 3aKpilUIeHHsS aOpa3uBHOI YaCTHHKU Ha
MEXaHi3M 3HOLIYBaHHsS IIOBEpXHI pOOOYMX OpraHiB
IPYHTOOOPOOHMX MAaIlIMH, € 0e33alepedyHO AaKTYyaJbHOIO
3a1a4ero.

AHaJi3 0CTAHHIX JOCIIIKEeHD

BuBueHHs MexaHi3My aOpa3WBHOTO 3HOIIYBaHHS
IIpH TiepeMileHi aetaneii B abpa3uBHil Maci B pi3HHIA 9ac
3alMaInCs CeBepHBOB M.M., TxaueB B.M.,
Tenenbaym M.M., Kparenbckmii 1.B. Kocrenkuit b.I.,
HBopyk B.I., Aynin B.B. [7] Ta ixmi.

CeBepHboB M.M. mpomoHye po3MIfaTdH IPYHT, SK
TBEpJE TUIO 3 JIOBOJIi IMIOPCTKOIO TOBEPXHEI, IO € HE
KOPEKTHHUM 1 He JO3BOJIUTH 00’ €KTUBHO ONHCATH MPOIECH
Ha TIOBEPXHI POOOYMX OpraHiB IPYHTOOOPOOHMX MAaIIWH
npu abpasuBHOMY 3HomyBaHHI. [loBepxHs poGounx
OpraHiB  IPYHTOOODOOHMX  MamIMH  B3aemoAii 3
aOpa3MBHUMHM 4YaCTHKaMH, $Ki IEPEMIIyIOTbCsS 10
BCHOMY IIIapi IPYHTOBOI MacH, IO MPHU3BOAUTH 10 3MiHU
(baKTHYHOT TUTOIII KOHTAKTY Ta «IIOPCTKOCTI» aOpa3uBHOI
MacH TPOTITOM BChOT'O Yacy aOpa3uBHOTO 3HOLTYBAaHHSI.

[Iporiec 3HOITYBaHHS METalleBOI MOBEPXHi JeTaneit
MaIlvH, SKi MPamiooTh B abpa3uBHIN Maci, B OiIbIIOCTI
BUITAJKIB PO3TISAAAETECA 3 TOYKH 30py B3aeMofii 3
JKOPCTKO  3aKpiIUIeHOI0  aOpa3sWBHOIO  YAaCTHHKOIO.
BigmoBimHO [0  «MOJEKYISIPHO-MEXaHIYHO»  Teopii
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MEXaHi3M a0pa3WBHOTO 3HOIIYBAHHS CKJIANAEThCI 3 3
etamiB [8], ki mpeacraBneHi B Tadm. 1.

Tabmuusa 1. [lpuanmmoBa cxema pyiHHyBaHHS
MaTepiaiB npu abpa3uBHOMY 3HOUTYBaHHI [7].

Table 1. Schematic diagram of the destruction of
materials in abrasive wear [7].

Etanu pyliHyBaHHS IOBEpXHi Omnuc nporecy
< 1. Bzaemonis
= = P abpa3uBHOI YACTUHKH
S é 3 OBEPXHEIO.
£ g 2. JlokasnpHe Mpy>XHO-
= =:S* ITaCTHYHE
2. = BIJITUCKYBaHHS
=
- MIOBEPXHEBOTO  IIapy
—
Lc.‘:‘ METaly 3 YTBOPEHHIM
HaBaJIOK.
1. 3apomxkeHHs i picT
E P MIKpOTpiIIEHb.
% g E Vv 2. 3apomkeHHS 1 picT
g g = MIKpOTPIIIUH.
S .
% g 3 3. Binpus
= IIOBEPXHEBOTO  ILIapy
N’ B1JI OCHOBHOI YaCTUHU
MeTay.
1. YTBOpeHHS BasuKa 3
= P Je(pOpMOBAHOTO
E ? Marepiainy.
% £ V 2. IlnacTnune
g = BITUCKYBaHHS BaJnKa
1
2K Hactimka abpasMBHOIO
= E 3HOLIYBaHHs
3 S ———— | YaCTHHKOIO.
[+~ 1 . .
- 7 3. 3pi3 Merany i
YTBOPEHHSI YaCTHHKHU
3HOCY.

Bukinkae cyMHIB OKpeMe NpOTiKaHHS IEpLIOro i
JIpyroro  eramiB =~ pyHHyBaHHS ~ MarepialiB  OpHU
aOpa3MBHOMY 3HOIIYBaHHI POOOYMX OpraHiB B IPYHTI.
Binpmr HMOBIpHMM IpM 3HOILIYBaHHI pPOOOYMX OpraHiB
IPYHTOOOpPOOHUX MAIIWH € TIPOTIKAHHSA OJHOYACHO
MIepIIoro i JPYyroro eramiB € NMpoIec NMPOHWKHEHHS i
NepeMilieHHs] BiOYBAEThCS OJHOYACHO IIPO, IO MOXKeE
CBITUUTH 3MiHA IMUPHUHU 1 TTHOWHU OJUHHYHO! KaHABKH
HAa TIOBEPXHi POOOYHX OPTaHiB.

[Tpu aOpa3uBHOMY 3HOLIYBaHHS POOOYMX OpPTraHiB
IPYHTOOOPOOHUX MAIIWH Nepe]l BUHUKHEHHSIM IEpIIoro
eTarry MOJKJIMBE MPOTIKAHHS 1 IHIIMX €TamiB, SKi MOXYTh
AK 3MIIHIOBATH PoO0Yy IMOBEPXHIO (HAKJIEN YaCTUHKAMH,
AKi HE MOXYTh NPOHHKATH B IOBEPXHSA i-3a 0araTpox
(akToOpiB) Tak i 3HWXKYBaTH aOpa3WBHY 3HOCOCTIHKICTBH

(B3aeMoisi 3 TATOKOIO KOPiHHA, K4 MICTUTh TJIIUH i
acCmipHH, SKi CHPHSIOTh OKHUCIIOBAJIHLHOMY PO3YHMHECHHIO
craii [9]).

[Ipormec BimokpeMIICHHS METaTy 3 MTOBEPXHI POOOINX
OpraHiB IPYHTOOOPOOHHWX MAIIMH MpPEICTABICHUN B
Tabmumi | MOXXIMBHI TIpH:

- TBepAOCTi abpa3MBHOI YacTUHKM He MeHie 6,5
oauHMIB 10 Moocy;

- 3aKpIIUIEHOCT] a0pa3MBHOI YaCTHHKH;

- HasBHOCTI TOCTPUX BHCTYHIB B aOpa3uBHOL
YaCTHHKHY;

- TUCKy Ha a0pa3uBHY 4YacTHHY, SKHH J1O3BOJIUTH
JaHii YaCTHHII IPOHUKATH B IIOBEPXHIO METATY.

ToMmy maHy cxemMy pyHHYBaHHS MarepialiB IIpH
abpasuBHOMY 3HOmIyBaHHI (Tabm. 1) poboumx opraHiB
ITPYHTOOOPOOHMX MAIIMH MOXHA BIIHECTH TIIBKH IO
OJIHOTO KOHKPETHOTO BUIIAJIKY.

Kocremnpkuit B.I. abpasuBHuii 3HOC TOIUIAB Ha MBI
(dbopMH: 3 MepeBaKaHHSIM MEXaHOXIMIYHOTO PYHHYBaHHS
Ta 3 IEpPeBaXaHHAM MEXaHIYHOro pylHyBaHHs. BiH
BBaXaB, 10 (opMy aOpa3WBHOTO 3HOIIYBaHHS BU3HAYAE
CIIBBIJTHOILICHHSI MEXaHIYHUX BJIACTUBOCTEH aOpa3MBHHUX
YaCTHMHOK 1 TIOBEpXHEBHX WIapiB MeTany. B nmanomy
TBEp/UKCHHI HEBpaxOBaHA MOXJIMBICTH 3MIHH (QOpMH
aOpa3sMBHOTO 3HOITYBaHHS B 3aJEKHOCTI B CTyIICHS
(ikcarii abpa3uBHOI YaCTUHKHY B a0pa3uBHIN Maci.

OmvH 3 OCHOBHHX IIOKa3HHUKIB, SKUIl BH3Hayae
MEXaHI3M TPOTiKaHHA aOpa3sWBHOTO 3HONIYBAaHHSA €
CTYMiHb 3aKpiruieHHs: abpa3uBHOi yactuHku [10-12], came
TOMY HEOOXIJIHO TMPOBECTH AOCIIKEHHS 110 BU3HAYCHHIO
BIUIUBY CTYIICHsI 3aKPIIUIEHOCTI aOpa3MBHOI YaCTHHKHU Ha
MeXaHi3M aOpa3uBHOTO 3HOLIYBAaHHSI.

Merta nociaigkeHn

Mera naHOi poOOTH MOJATaE y BU3HAYCHI BIUIUBY
CTyIIeHs 3aKpiIUICHHS a0pa3WBHUX YaCTHHOK B IPYHTI Ha
MeXaHi3M aOpa3WBHOTO 3HOIITYBAHHS MOBEPXHI poOoUYMX
OpraHiB IPYHTOOOPOOHHUX MAIIIHH.

Pe3yabTaTH a0caigKkeHb

[Ipu eKCILTyaTaril pobounx OpraHiB
I'PYHTOOOPOOHHMX MAIlMH B PO3IMYLICHIH I'PYHTOBIH Maci
(mepenmnociBHUIT 00p0OITOK, OOPOHYBAaHHS B I1BA CIIIH i
T.J1.) BUHAKAa€ HMOBIPHICTh B3a€MO/IiT TIOBEPXHI poOOINX
OpraHiB TIPYHTOOOPOOHHMX MAIIMH 3 HE3aKPIILICHUMHU
abpa3uBHUMH YyacTUHKaMU (puc. 1).

Jora nnacmyskol degapmayii

Ocrobrvi veman

Jora nnacmusro! degoprayi | -
Ocrobrud weman

Hopseox pury nodeps podo-oz0 opeon) Horpos

Puc. 1. Bzaemoniss moBepxHi poOOYMX OpraHiB I'PyHTOOOPOOHMX MalIMH 3 He

YaCTHUHKOIO.

Hopmwen ey nodepin podos Y

3aKpimyieHo0 abpa3uBHOIO

Fig. 1. Interaction of the surface of the working bodies of the tillage machines with the non-fixed abrasive part.
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Jowa nnacmuwol Gegoprau
0op 3040 nracmusmo! Ge@aprayl

Ocwoliu meman
Ockobuui Heman

F0inbuwenHs 30K
Tinbwesns 304 nAaCu4HO! GeQopHayi.
Blidoxpemnerns memany umobipHe,
Soua nnocmuswoi Gegopma nnacmusHo! degopmayii 2
MK ] e ane cymebo nepebaxac naacmuy-
v Mema
Ocrobrud meman He ﬁE@HﬂMgﬁHHHR

FBimbenHs 304y

FOUbUeHHS F0H AAGCMUSHOI GePopMal.
Jona naacmysmoi Gegapmaui nAGCIUHOI Gegaprayii BidokpemnexHs vemany
Ocrobvud weman ManouMobipre.

Lymebe 0imbwenns 30mu naac-

Joinbwenns 30Hy musHoi Gegapmayi. MmobipHicmes
oxa nracmusiol Gegopha nAacMusHo! Gepaptauii bidokpemnerrs memany €
bucokaw.
Ocrolbruy meman

Lymebe 30imbwenHs 301U nAaC-

F00ewenHs 304y musHoI Gegoptauil. Mmobipricms
o naacmuoi depoprai nAacmusHo! Gegopmauli bidoxpemnerns memany €
Ocriobwuni weman bucokon.
Trwr A e inee0 e
Lymebe 30imbwenHs 30mu naac-
Foineuwenns 301y musHoI Gegapmayll. MmabipHicme
Jova nnacmusmo) Gegapmauii nAacmusKHo! degopmaii bBidokpemnenrs Memany €
Ocrobusi Meman bucakon.

X ‘w"/
3

THE
Nig e

X/

Jowa naacmuswoi Gegapmau J0Ha NAGCMUIHOT FePopmau!

Ocriobrud meman Jcriobiud meman

Puc. 2. B3aemosist abpa3uBHOI YaCTUHKH 3 TIOBEPXHEIO0 pOOOYNX OpPTaHiB B 3AJIKHOCTI Bijl BapiaHTy 3aKpiruieHHS
abpa3uBHOI YaCTHHKHM B IPYHTi: a — a0Opa3wBHa dYacTMHKA 3aKpilyieHa 3 ofHi€i cropoHHM (3ropu); 6 — abpas3mBHa
YacTHHKA 3aKpilUIeHa 3 O/HI€] CTOPOHH (32 HANPSIMKOM PYyXYy); 8 — abpa3nBHA YacTHHKA 3aKpillIeHAa 3 OAHIE] CTOPOHU
(IpoTH HamNpsIMKy pyXy); ¢ — aOpa3WBHA YacTHMHKA 3aKpilUIeHa 3 JBOX CTOPIH 3BEpXy Ta 3a HANpPSIMKOM PyXy; O —
abpa3WBHa 4YaCTHWHKa 3aKkpiluleHa 3 JBOX CTOpPIiH 3BEpXy Ta MNPOTH HANpsSIMKOM pyXy; € — aOpa3WBHa YacTHHKA
3aKpiluieHa 3 JIBOX CTOPIH 3a HANpPsIMKOM Ta NPOTH HANpsIMKOM PYXYy; Jic — abpa3vBHA YacCTHMHKA 3aKpiIlIeHa 3 TPbOX
CTOPIH (’KOPCTKO).

Fig. 2. The interaction of the abrasive particle with the surface of the working bodies, depending on the variant of
fixing the abrasive particle in the soil: a — abrasive particle is fixed on one side (from above); 6 — abrasive particle fixed
on one side (in the direction of motion); ¢ — abrasive particle fixed on one side (against the direction of motion); 2 — is
an abrasive particle fixed on both sides from above and in the direction of movement; o — abrasive particle fixed on both
sides from above and against the direction of movement; ¢ — an abrasive particle fixed on both sides in the direction and
in the direction of movement; o«c — an abrasive particle fixed on three sides (rigidly).
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Ilpu  B3aemomii  He3akpimieHUX  abpa3WBHUX
YaCTHHOK 3 TIOBEpXHEI pobodoro oprany (puc. 1)
MOJUJIMBO TIPOTiKaHHS IBOX BHIIB TEPTA: KOUSHHS 3
MIPOKOB3YBAaHHIM Ta TepTs KoB3aHHA. Ha moBepxHi TepTs
BiIOyBa€ThCS IIACTHYHA IedopMaris MOBEPXHI MeTary,
3HOLIYBaHHS  TOBEPXHI ~ HOCUTH  BTOMIIIOBAJIBHHUX
xapaktep. Benmunna mnactiuHol nedopmarnii 3aiexuTh
BiJl TUIOIII KOHTaKTy MDK a0Opa3MBHOIO YaCTHHKOIO Ta
MOBEPXHEI0 pOOOYMX OpraHiB, IO B CBOI YeEpry
3a7eXKUTh Bil opMU abpa3sMBHOI YaCTHHKH. MIMOBIpHICTH
B3a€EMOJIii MOBEPXHI POOOYMX OpraHiB IPyHTOOOPOOHUX
MalIllFH 3 «BUIbHIMHU» a0pa3sMBHUMH YaCTHHKA HEBHCOKA,
OUTBII IMOBIPHUM € pi3HI BapiaHTH Qikcamii abpasuBHHX
JaCTHHOK MPEICTABICHUX Ha puC. 2.

BunnkHeHHs acTrdHOI Aedopmariii Ha TOBEpXHi
pobounx OpraHiB IPYHTOOOPOOHHX MAaIuH
CIIOCTEpITaeThCSl TPH BCIX BapiaHTax 3aKpiIUICHHS
aOpa3uBHOI YaCTUHKH, BEJUYMHA TUIACTHYHOI Aedopmarrii
3aJ@KHUTh BIJl CTyNeHs 3aKpilyieHocTi abpa3uBHOI
YaCTHHKHU, TUCKY Ha aOpa3uBHY YaCTHHKHU Ta (pakTHYHOT
ronli GpUKIIKHHOTO KOHTAKTy (puc. 2). BimokpemieHHs
MeTany (MIKpopi3aHHs) Ha NPsMY 3aJIS)KUTh BijJ CTYIEHS
3aKpirtureHHs aOpa3uBHOT YACTUHKHU B IPYHTI, YUM OiTbIIa
CTYIiHb 3aKpINJICHHS a0pa3WBHOI YaCTWHKH TH BHINE
HMOBIpHICTh BifOKpemiieHHS MeTanmy. Cumif BiAMITHTH,
IO JlaHe TBEP/DKEHHSA CIIpaBeUIMBE MpPU YMOBI, IO
TBEpHICTh aOpa3UBHOI YaCTHHKU Oyne NOpiBHIOBATH abo
Oyne OinbIa 3a TBEPAICTh MIOBEPXHI METAITY.

VIMOBipHICT BHHHKHEHHs IIPOIECY MiKpOpi3aHHs
MeTaly TaKOX Ha NpsAMY 3aleXHUTh BiJ KoedimieHTa
¢dopMu Ta THCKY Ha abpa3uBHYy yacTHKy. Tak sk, BCi 1ii
(dakTopu He3anekHI TOMY WMOBIpHICTH BHHUKHEHHS
MpoIecy MIKpOpi3aHHS Ha MOBEPXHI POOOYMX OpraHiB
I'PYHTOOOPOOHHMX MAIIMH MOKHA OITMCATH 3aJI€XKHICTIO:

P(Mixp.)=P(T)+P(C.3.)+P(K.®.)+P(P) 1)

ne P(Mikp.) — HMOBIpHICTH B3HATTS MeETaly
(Mikpopi3aHHS) 3 ~ TOBepXHI  poOodmx  OpraHiB
IPYHTOOOPOOHUX MAaIIMH B pe3ylbTaTi B3aeEMOMii 3

rpyHTOBUM cepenosutieM; P(T) — iMOBipHICTE B3aeMOil
3 a0pa3WBHOK YAaCTHHKOK TBEPHICTIO pIBHOIO abo
OUIBLIOI0 32 TBEpPAICTh IIOBEPXHI POOOYMX OpraHiB
PK.D) -

IPYHTOOOPOOHUX  MAIIIMH; HMOBIpHICTB

a)

B3a€EMOJIIT 3 aOpa3MBHOI0 YACTHHKOIO (GopMa SKOI MOKE
mpu3BeCTH OO0 Tporecy  Mikpopizamms; P(P)  —
WMOBIpHICTh BHUHHKHEHHS THCKY, IO TIpU3BeAc IO
MIPOHUKHEHHS a0pa3WBHO{ YaCTHKH B MMOBEPXHIO pOOOINX
OprafiB TIpyHTOOOpoOHMX MamuH. Sk Oaunmmo 3
3ajexHOoCcTi | BHHHMKHEHHS IIPOLIECY MIKpOpi3aHHS
3aJeXUTh B  30iry  HeCHpUATIMBUX  (aKTOpiB
aOpa3MBHOTO 3HOLIYBaHHS B IIPOLECi eKCIUTyaTarii
poOouux OpraHiB I(pyHTOOOPOOHUX MAIIIKH.

B yMoBax JKOpCTKO 3aKpiluIeHUX aOpa3suBHHX
YaCTHHOK (pHC 2, ) Ta 3aKpiruieHi abpa3uBHOI YaCTHHKU
3 JABOX CTOpiH (puC 2, €) Ha MOBEPXHI POOOYHX OpraHiB
TPYHTOOOPOOHMX MAIIMH CIIOCTEPIra€ThCS TITBKH TEPTS
KoB3aHHA. B ycix iHmmx Bumamkax (puc. 2, a-mI) Ha
MMOBEpXHI pOOOYMX Opra”iB IPYHTOOOPOOHMX MAIIHH
MOJKEMO CIIOCTEpIraTH [1Ba BUAW TEPTS: TEPTSA KOB3aHHS
Ta TEPTsI KOUCHHS 3 IPOKOB3YBaHHSM.

IMpn peanbHiii excruryaramii poOOYMX OpTraHiB
IPYHTOOOpPOOHMX MamMH a0pa3MBHA YaCTUHKA, sKa
B3a€EMOJII€ 3 TOBEpPXHEI pOOOYMX OpraHiB, MOXe
3MIHIOBATH BapiaHTH 3aKPIIUICHHS 1 IO PI3HOMY BIUTUBATH
Ha MOBEPXHIO p0OOYOro opraHy B pi3HHH MOMEHT 4acy .

Jis minTBepIKeHHS TSOPETHYHHX JOCIIIKEHb OyIn
TIpOBEACHI eKCIIepUMEHTaJIbHI IOCHIIKEHHS Ha
cymimaHux  IpyHTax B OBpyIBbKOMY  paiioHi,
Kutomupcrkoi obmacti. JlochmimKeHHS NPOBOAWIH Ha
VHiBepcalbHOMY IUCKOBOMY arperati Y 1A 4,5 B ociHHIH
mepiox 2017 poky. PoGoui opranu Oynm BHTOTOBICHI 3i
crami  65I. Ekcmiyaramiro  JUCKOBOrO — arperary
MPOBOAMJIM TPU TPhOX PI3HUX CTYNEHsAX (Qikcamil
a0pa3uBHOI YaCTUHKH:

1. JTinstHKa miCIIs 03UMOT MIIEHHMIII;

2. JlinsHKa TCis O3MMOI  MUICHHI[, IOBTOPHE
OGopoHyBaHHS Ha 2 JeHb IICIIs IEPLIOro 00poOITKY;

3. JlingHKa Ticisi O3WMOI IMIICHUIN, IOBTOPHE
O0opoHyBaHHS Ha 21 IeHb MICI HepIIoro 0OpooiITKy.

B pesymprari gocnmijpkeHb 3’5ICOBaHO, IO TIPH
eKCILTyaTallii podo4nx OpraHiB IPYHTOOOPOOHUX MAIIUH
Ha JAUISHKaX Mojst 1e abpa3uBHI YaCTWHKH MAaOTh BHIILY
CTymiHb (ikcamii HMOBIPHICTP BHHHKHEHHS IIPOLECY
MIKpOpi3aHHs 3HA4YHO BHUIIIA (puC. 3).

0)

Puc. 3. IToBepxHst pobounx opraHiB I'pyHTOOOPOOHMX MAaIIMH ICJs €KCIuTyaTamii: ¢ — Ha JUISHIN TOJIS TiCIIs
03MMO]{ MIIEHUIl; 6 — Ha JIUISHII TOJIS MICNs 03UMOI MIIEHHMII, HOBTOpPHE OOPOHYBAaHHS Ha 2 JIEHb IICHS TEPLIOTOo

00pOOITKY.

Fig. 3. Surface of working bodies of soil tillage machines after operation: a — on the field of field after winter
wheat; 6 — in the field after winter wheat, re-harrowing for 2 days after the first cultivation.
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Ak OaunmMo 3 puc. 3 TpU  3HOIIYBaHHI B
He3akpimieHi aOpa3wBHIA Maci BiACyTHI  cuian
MIKpOpi3aHHA, Ha BiIMiHYy BiJ 3HOLTYBaHHS B IPYHTOBIH
Maci e a0pa3WBHI YaCTHHKH  3HAaXOAWJIHNCA B
3akpituieHoMy cTaHi. [loBepXHS TepTs NMpH 3HOIIYBAaHHI
He3aKpilieHnM abpa3uBOM Ma€ BUIIIAJ BiAINIOJIIpOBaHOT
MOBEPXHi, M0 CBIIYUTH IMPO IMEPEeBaKaHHS IIACTHYHOT
nedopmarii B 30H1 GpUKIIIHOrO KOHTAKTY (pHcC. 3, 0).

BucnoBku

1. B po6oTi TEOpPeTWYHO BCTAHOBJICHO MEXaHi3M
3HOIITYBAaHHS MTOBEPXHi pobounx OpraHiB
IPYHTOOOpOOHMX MAaIIMH B 3aJIe)KHOCTI BiJl BapiaHTiB
3aKpiTuIeHHs a0pa3uBHOI YACTUHKH B IPYHTI.

2. BcranoBneHo, mo 3i 30iNBIICHHAM CTYIICHIO
3aKkpilvieHHss a0pa3uBHOI YaCTMHKH 3pocTae 00’eMu
MeTany, SKi MiIIaloThCsA IUTACTHUHIN aedopmariii Ta

30UIBINY€EThCS.  WMOBIPHICTh  IPOTIKaHHS HETaTHMBHUX
SIBUIL (MIKpOpi3aHHs) HA IIOBEPXHI TEPTSL.
3. PesynbpraTu  ekciulyaTaliiHUX — JOCIHIPKEHb

HIITBEPAMIN TEOPETUYHI JOCITIIKEHHS BIUIUBY CTYICHS
3aKpilUICHHs a0pa3WBHOT YaCTUHKU IPYHTY Ha MEXaHi3M
3HOIITYBaHHS MTOBEPXHIi poboumx OpraHiB
TPYHTOOOPOOHUX MAIINH.
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BJIMAHUE CTEIIEHU 3AKPEITJIEHUE
ABPA3MBHOI YACTULIbI HA MEXAHM3M
N3HOCA PABOYNMX OPTAHOB
[TOUYBOOBPABATBIBAIOIINX MAIINH
K. B. bopak

AnHoranusi. [lpu pabore geraneid MammH B
CIIO’KHOH TeTeporeHHOl cpeze (MoYBe) Ha IOBEPXHOCTH
TPEHHSI IIPOUCXOMAT CIIOKHBIE TPOIECCH: MEXaHNYECKHE,
XUMHYecKHe, pusnueckue u TepMmudeckne. COOTHOIICHHE
MEX]Iy HHTCHCHBHOCTBIO IPOTEKAHUS JAHHBIX IPOLIECCOB

onpenenser MeXaHU3M abpa3uBHOTO U3HOCa
MIOBEPXHOCTH PabOYMX OPraHoB MOYBOOOPAOATHIBAOIINX
MamuH. B mopaBnsromeM  OONBIIMHCTBE — Cy4aeB

WHTCHCUBHOCTL IPOTCKAHUA MEXaHUYCCKHUX IIPOLECCOB
pu B3&I/IMOI[CI>'ICTBPII/I TMOBEPXHOCTHU pa60q1/1x OpraHoB
HO‘IBOO6pa6aTI>IBaIOHII/IX MaliuH C HO"IBOIZ, npeo6na)1aeT

HaJl HWHTEHCHBHOCTBIO TMPOTEKAaHUs BCeX  APYIrux
MpoleccoB BMecTe B3AThIX. OIUH U3 OCHOBHBIX
(akTOpOB, KOTOPBIA BIMSACT HAa  WHTCHCUBHOCTH
MPOTEKAHUS  MEXaHWYECKMX  TMPOIECCOB B  30HE
(PUKITMOHHOTO KOHTaKTa MEXIY MOYBOM 51
TTOBEPXHOCTHIO pabouux OpraHoOB
MoYBOOOPAOATHIBAIONIMX MAIIMH  SIBJISIETCS  CTENEeHb

3aKperieHus: abpa3uBHOMN YaCTHIII.

B pabore TeOpeTHUECKH YCTAHOBJICHO BIIHSHHE
CTCIICHU 3aKpeIUieHHsT aOpa3uBHOIN YacTHUIIBI B ITOYBE Ha
MEXaHU3M a0pa3WBHOTO H3HOCA IOBEPXHOCTH pPabOduX
OpraHoB MOYBOOOPAOATHIBAIOIINX MAIIIFH. C
VBEIIMYCHUEM  CTCIIEHW  3aKpeIUICHUS  a0pa3suBHOMU
YacTUIBl PACTET IUIOMAAh W TIyOMHA IUIACTHYCCKOU
neopmanuu u MTOBBIIACTCS BEPOSATHOCTH

BO3HMKHOBEHHUS OTACICHUS MeTauia (MUKPOPE3aHUs) C
MOBEPXHOCTH PabOYMX OPraHOB MOYBOOOPAOATHIBAIOIINX
MaIlINH.

OKCIUTyaTallMOHHbBIE HCCIICAOBAHUS HPOBOMWIN Ha
CyNECYaHBIX I0YBaX B ycioBUsIX OBpydYCKOTO paiioHa
Kuromupckoi oOJacTH. Jltst HUCCIEI0OBaHUMI
HCIIOJIb30Bajl YHUBEPCANbHBIM AUCKOBBIN arperat Y /JIA-
4,5, paboune opraHsl KOTOpOro OBUIM W3TOTOBJICHBI U3
cranmu 65I. B mpornecce skcruryaranuu HaOMI0aI0Ch
CYILIECTBEHHOE yMEHBIIEHUE CIIEI0B MHUKPOpE3aHUs Ha

NOBEPXHOCTU TPEHHs IpPU YMEHBIIEHUU CTEIEeHU
3aKperuieHns: adpa3uBHOM YacTUIBL. DKCILTyaTallHOHHBIE
HCCIEIOBAaHWA B  IOJHOM  Mepe  IOATBEP)KAAIOT
TEOPETHIECKUE YTBEPKICHHUS.

KiroueBbie cJioBa: pabounit opras,

moYBOo0OpabaThIBaIOIas MallnHa, abpa3suBHAs YacCTHUIIA,
M0YBa, IIOBEPXHOCTh, MEXaHM3M U3HOCA.

INFLUENCE OF DEGREE OF ABRASIVE PARTICLE
CLINGING TO WEAR MECHANISM
OF SOIL-CULTIVATING MACHINES
OPERATIONAL MECHANISMS

K. V. Borak
Abstract. While the machine parts operate in the
composite  heterogeneous environment  (soil), the

following complex processes occur on the friction
surface: mechanical, chemical, physical, and thermal. The
ratio between the intensity of these processes defines the
mechanism of abrasive wear of the surface of the soil-
cultivating machines operational mechanisms. In the
overwhelming majority of cases, while the soil-cultivating
machines operational mechanisms interact with the soil,
the intensity of mechanical processes prevails over the
intensity of all other processes combined. One of the main
factors influencing the intensity of mechanical processes
in the area of friction contact between the ground and the
surface of  soil-cultivating  machines  operational
mechanisms is the degree of an abrasive particle clinging.

The influence of the degree of an abrasive particle
clinging in the soil to the mechanism of abrasive wear of
the surface of the soil-cultivating machines operational
mechanisms is theoretically determined. As the degree of
an abrasive particle clinging increases, the area and depth
of plastic deformation enlarge, and the probability of
metal separation (micro-cutting) from the surface of the
soil-cultivating  machines  operational — mechanisms
increases.

Field explorations were carried out on sandy soils
within the Ovruch district of the Zhytomyr region. UDA-
4.5 universal disc unit, the operational mechanisms of
which were made of 65H steel, was used for the
explorations. During the explorations, a considerable
limitation of micro-cutting signs on the friction surface, as
well as reduction of the degree of an abrasive particle
clinging were noticed. Field explorations completely
confirm theoretical statements.

Key words: operational mechanism, soil-cultivating
machine, abrasive particle, soil, surface, wear mechanism.
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Abstract. The authors research the vibroacoustic
method of technical condition monitoring the diesel engine
of combine harvesters as result of analysis of propagating
elastic vibrations through the block and details interaction.
Therefore, the authors solved the problem of this method —
the detection of vibrating acoustic signal caused by
interaction of details of studied kinematic pair. The
decision took into account that increase in number of
cylinders of engine leads to increase in density of vibration
pulses per phase space unit, so cycle of operation of
combine harvesters’ diesel engine was estimated by angle
of rotation of crankshaft. Therefore, it is established that
only phase space of gas distribution mechanism is filled
with vibration pulses, that it is impossible to determine the
technical state of the i-th connection of this mechanism by
one parameter. To improve the accuracy of diagnosis, the
authors considered the nature of oscillations in combine
harvester engine. Engine work is characterized by the fact
that workflows in different sections pass at different
periods of time, so they use temporary selection to
distinguish the vibrational process associated with work of
single section or single element of one section. The impact
of fluctuation of engine is impulsive, caused by high rate
of increased pressure in combustion chamber, by transfer
of pistons and processes of fuel injection. Therefore,
changes in moment of fuel injection, malfunction of gas
distribution mechanism, wearing of piston rings and
increasing in gap between piston and sleeve are related to
operation of these mechanisms, so the pulses shift in phase,
their amplitude and duration change and new pulses
appear. At the same time there are several factors that cause
some kind of complication of vibroacoustic signal. For
engines with more than 5 cylinders, signal timing
(overlapping) and imbalance of parts during rotation
causes appearance of 606.5 Hz frequency spectrum.

Key words: vibration signal; defect; amplitude;
fluctuation; engine.

Introduction

The vibroacoustic method of control of the
technical state of the mechanisms of tractors and cars

and their power plants is based on the analysis of
elastic oscillations propagating on the frame and
parts, as a result of the interaction of the latter [1]. In
this regard, one of the main tasks of this method is the
distribution of signals [2], that is, the detection of
vibroacoustic signal caused by the impact of the
details of the studied kinematic pair [3].

Formulation of problem

Currently, a fairly wide range of methods and
means of diagnosing the technical condition of the
main units and mechanisms of tractors, including the
internal-combustion engine (ICE) is used [4]. The
new systems of maintenance, repair and means of
technical diagnostics of machine units have been
created [5]. One of the directions in the field of
machine operation for today remains the task of
increasing the reliability of the engine [6], through a
comprehensive assessment of the condition of the
units based on the temporary collection of diagnostic
parameters [7].

Analysis of recent research results

The possibility of detecting faults at the initial stages
of their emergence at relatively small labor and material
costs determine the perspective of diagnosing of ICE by
vibration signals [8]. Ensuring the predicted reliability of
the conclusions regarding the state of mechanisms and
systems, it can be achieved by using a statistical evaluation
of the conformity of temporal frequency fragments of
vibroacoustic signals and their conformity to the frequency
of rotation of the crankshaft [9]. The use of modern
compact measuring modules with low energy costs
provides a possibility of designing and production of
diagnostic devices in mobile execution, for installation
directly on the tool during testing [10]. Thus, research
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aimed at developing a methodology for diagnosing
mechanisms and systems based on the evaluation of
vibroacoustic signals generated in the case of ICE during
operation, as a method of control is quite relevant for
agriculture [11]. Moving machine parts in contact with
each other generate vibrations and sounds. However, the
surface of any parts cannot be completely smooth. The
surface roughness is one of the causes of vibrations at the
narrow local contact of two friction surfaces, which are
mutually moving [12]. There may be dry sliding or rolling
friction as well as hydrodynamic friction when the friction
surfaces are separated by a layer of oil or other lubricant
[13].

The vibrations of the ICE case are complex (Fig. 1: 1
— the source of emergence of shock vibrations; 2 — the first
stage of propagation of vibrations (conjugation of the
stripper fingers — the upper head of the rocker); 3 — the
second stage of propagation of oscillations (the connection
of the lower head of the rocker — rod neck of the
crankshaft); 4 — the third stage of propagation of
oscillations (connecting the root neck of the crankshaft —
block); 5 — the first stage of propagation of oscillations in
the other direction (conjugation of the piston — cylinder); 6
— resistance to propagation of vibrations (gasket); a, b, ¢
and d are areas of rational withdrawal of information.), due
to the many impulse excitation and multichannel
propagation of oscillations, as well as the presence of
uncontrolled "noise". Therefore, a difficult task is to
separate the signals and isolate the signal from the
connection being diagnosed [14].

Fig. 1. Dissemination of information about contact of
parts in the combination of the finger-piston at the end of
the release cycle.

Purpose of research
The authors research the vibroacoustic method of

technical condition monitoring the diesel engine of
combine harvesters as result of analysis of propagating

elastic vibrations through the block and details interaction.

Results of research

One of the main tasks of the vibroacoustic method is
the distribution of signals, that is, the detection of
vibroacoustic signal caused by the impact of the details of
the studied kinematic pair [15]. The difficulty of this task
is that the increase in the number of cylinders leads to an
increase in the density of vibration pulses per unit phase
space (the cycle of operation of the internal combustion
engine on the angle of rotation of the crankshaft) [16].
Thus, in the SMD-31A engine, the phase space only from
the gas-distributing mechanism is filled with vibrating
pulses so (Fig. 2) that it is impossible to determine the
technical state of the i-th connection of this mechanism by
one parameter. In order to improve the accuracy of
diagnosis, the evaluation of several diagnostic parameters
is needed.

The nature of the vibroacoustic signal of the ICE
mechanisms has a complex structure, which depends on the
dynamics of the mechanism and the set of components.
Analysis of the literature [16] allowed us to determine the
parameters of the installation of the vibration sensor
(location and method of fixing). The following mounting
methods were chosen — on the stud, and with the help of a
special mount. Attempts were made to secure the sensor
with an epoxy resin, but given the long installation time,
this method was considered as not perspective. The
vibrating signal emitted by the connection was perceived
by the vibration sensor (B&K Type 4333 N0272437, D-14,
IS-317). Before installation, the sensors were calibrated.
To evaluate the condition of the units and mechanisms of
the internal combustion engine with the help of a vibration
transducer the sensor was pressed to different zones of the
motor installation (Fig. 3), selected the necessary mode of
operation of the engine and recorded signals to the
computer for the next analysis and processing.
Simultaneously with the removal of vibration parameters
in the frequency spectrum, the position of the piston of the
first cylinder relative to TDC (Fig. 3) was determined using
an inductive speed sensor.

Consider, for example, the nature of the emergence of
oscillations in the ICE. Engine work is characterized by the
fact that workflows in different sections pass at their own
times, so they use temporary selection to highlight the
oscillation process associated with the work of a single
section or a single element of a single section. The nature
of the excitation of oscillatory processes of the ICE is
peculiar. A characteristic feature of it is the impulse nature
of the excitation caused by the high rate of pressure
increase in the combustion chamber, the transfer of pistons,
the processes of fuel injection and exhaust.

When changing the parameters of the engine, such as
the moment of fuel injection, disturbance in the gas
distribution mechanism, the wear of the piston rings, the
increase in the gap between the piston and the sleeve
associated with the operation of these mechanisms, the
pulses are shifted in phase, their amplitude and duration
change, new pulses appear. At the same time there are
several factors that cause complications of the
vibroacoustic signal. For engines with a number of
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cylinders more than 4 coincidences in time (overlay) of
signals, and imbalance of parts during rotation leads to the
appearance in the signal spectrum of frequencies multiple
to rotation speed (Table 1).

The examples show the complexity of the oscillation
processes that occur in the engine. Therefore, the selection
of a useful signal in the diagnosis of a particular node is
associated with certain difficulties, which are greater when
reducing the number of channels of measurement. On the
one hand, the solution is to provide each of the connections

with its own vibration sensor, which would allow the
signals to be separated in time by significantly attenuating
the signal as the distance from the oscillation source
increases. However, this approach leads to considerable
material costs. The best approach is to use one or two
sensors (maximum 4) and provide a reliable signal
processing algorithm to identify the source of oscillation.
In this regard, a perspective and effective way of technical
diagnostics of the engine is considered to be time
implementation (Fig. 4) and frequency analysis.
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Fig. 2. Theoretical diagram of blows from the gas-distributing mechanism, the fuel equipment, cylinder-piston group
on separate cylinders of the engine SMD-31A and their phase realization.

Table 1. Determination of frequencies of main driving forces in ICE.

Cause of vibration Formula Denotation
1. Imbalance of rotating parts, inertia kn, k = 1,2 — harmonic number;
forces (iffthe first moment and their b1 = 60 N, — crankshaft speed min'L.
moment, Tp1
2. The process of combustion of fuel, I ¢ —speed of sound at combustion;
fo2 D2 — ﬁ D — diameter of the cylinder.
3. Imbalance: 2kn, kn, k = 1,2 — harmonic number;
- second-order rotating parts, fos fos = W D4 = 2—60 N, - crankshaft speed min‘t.
- camshaft parts, fps )
4. Transfer of piston to cylinder- bzkn, b — number of transfers
piston group, fps fDS = according to the diagram of
60 normal forces; z — the number of
engine cylinders
5. Friction in root bearings of shaft, fps e z,kng Z,. - the number of friction pairs
D6 60
6. Valve strikes, fo7 Pk kng Z, — number of valves of one
7 60m cylinder; m — the tact.
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Fig. 3. Signal listening locations in engine connections: 1 — crankshaft — root bearing; 2 — connecting rod — bushing;
3 — valve — piston bottom; 4 — rocker arms — valve stem; 5 — camshaft — bearing; 6 — distribution gears; 7 — camshaft cam
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Fig. 5. Listing of receiving spectrum of vibroacoustic signal.
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Fig. 6. Normalized vibration signal spectrum and its maximum are calculated.
Indeed, the signal spectrum obtained from any point N-1 _j2kn
of the engine contains information about all sources of g(k) =ZG(k) e N )
vibration. However, the presence of previously considered =0

characteristics of engine signals significantly complicates
the analysis and interpretation of signals. Finding a
solution in this direction is associated with improving the
signal-to-noise ratio and improving the algorithm for
interpreting the received signals based on their processing.

Usually, a fast Fourier transform is used to obtain the
spectrum of the vibroacoustic signal. The Fourier
transform is a change of function that converts it into a set
of frequency components.

The Fourier transform is based on simple but
extremely useful idea — almost any periodic function can
be represented by the sum of individual harmonic
components (sinusoids and cosines, with different
amplitudes A, periods T and frequencies w, respectively).
The mathematical content of the Fourier transform is to
represent the signal y(x) as an infinite sum of sinusoids of
form F(w) sin(wx). The function F(w) is called a direct
Fourier transform (integral). The inverse operation
transforms the spectrum F(w) into the output signal y(x).
The MathCad listing (Fig. 5) shows the obtaining the
spectrum of the vibrating signal (Fig. 4) by the Fourier
transform.

The main expressions for the Fourier transform of the
input sequence {gn} N =0, ..., N-1 are:

- direct
1 N2 _jrkn
G(k)zﬁ-Zg(n)-e N (1)
n=0
- inverted

The calculation procedure for a discrete Fourier
transform is a fast Fourier transform algorithm.
The spectral analysis frames are an estimate of the
following characteristics:
— amplitude spectrum, power spectrum, power
spectral density, complex spectrum;
— functions of coherence, coherent output power,
“signal-interference® ratio.
Discrete Fourier Transform for process sampling {X,
k=0, ..., N-1} is determined by the formula:
1 N .27k
F(nN)==—-> X,-e N, @)
N =
The power density spectrum is defined as the average
of M realizations and has a dimension (unit/Hz).

1
G. (nT)=—-G_, 4)
CILM( ) Af Cm

where: Af — poll frequency (sampling).
The amplitude spectrum is determined by the power
spectrum and has the dimension (unit). This uses the

dependency:
GA(n’T): Gcw(n'T)' (5)
The MathCad 15 and MathLab R2007b mathematical
packages were used to develop a further adaptive model of
vibration signal processing and analysis. This program
contains a signal processing package. For fast Fourier
transforms, MathCad has several standardized built-in
functions, such as fft(y) and FFT(y).
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The calculation results are reflected in the Fourier
spectrum module because the spectrum itself is complex.
An important parameter is the cut off frequency

Q, = 1 (defines the lower bound of the spectrum)
XMAX

and the Nyquist frequency Q = N
2

(defines the

upper bound of the spectrum).
The sampling interval of the Fourier spectrum is also

equal QO, and the total number of calculation points is

N/2. We use the functions ifft(y) and IFFT(y) to calculate
the inverse Fourier transform (signal recovery over the true
spectrum).

In the listing (Fig. 6), the normalized vibration
spectrum was calculated using the MathLab package and
the frequency of the maximum signal was found.

From the point of view of the analysis of
vibroacoustic signals in the frequency domain and
subsequent accurate  recovery after a certain
transformation, we can note a number of disadvantages of
the Fourier series, which in general led to the Short-time
Fourier transform and stimulated the development of
wavelet transformations, which are beyond the scope of
this article and will be discussed in the future. The
disadvantages are:

— Limited informative analysis of non-stationary
signals and almost no possibility of analysing their features
(singularities), since in the frequency domain there is a
"smearing" of features of the signals over the entire
frequency range.

— The harmonic basis functions cannot reflect the
variations of signals with infinite steepness of rectangular
pulses, because they require an infinitely large number of
members of a series.

The Fourier transform reflects global information on
the frequency of the vibration signal and does not give a
complete idea of the local properties of the signal in the
conditions of rapid change of their spectral composition.
The Fourier transform does not have the ability to analyse
the frequency characteristics of the signal at any given
time.

Conclusions

1. The simulation of the processing of the vibration
signals of a diesel engine by means of spectral analysis
showed that the use of fast Fourier transform and obtaining
the spectrum of the entire signal is possible to use with the
maximum approximation of the sensor to the oscillation
source.

2. The use of the direct and inverse Fourier transform
method should be used to increase the signal-to-noise ratio
for the development of a further adaptive vibration signal
processing model for the purpose of a clear diagnosis.
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JOCIHIIXKEHHA BIBPOAKYCTUYHOI'O METOY
KOHTPOJIIO TEXHIYHOI'O CTAHY AMN3EJIBHOT'O
JIBUT'YHA 3EPHO3BHPAJIBHUX KOMBAIHIB
JUIA BUSBJIEHHA ITOSABU AEDEKTIB
. 1. Mapmuniok

AHoTauisg. ABTOp AOCITiANB BiOPOAKYCTHIHHHA METO
KOHTPOJIIO TEXHIYHOTO CTaHy JM3€JbHOIO JIBUTYHA
3epHO30MpaAILHUX KOMOaWHIB 3a pe3yjibTaTaMi aHalizy
NIPY>KHUX KOJIMBaHBb, 10 PO3IOBCIO/KYIOTECS 1O KOPITYCY
1 IeTajsix, B pe3ysbTaTi B3aeMOJIil OCTaHHIX. Y 3B’S3KYy 3
MM aBTOPH BHIIIYBajlM 3a/ady IIbOTO METOJIY, a came
BUSIBIICHHS BiOpOAKyCTHYHOTO CHUTHAIY, SKHN
BUKIIMKAaHWHA  CHIByZapaMl JeTalieil  TOCiiIKyBaHOL
KiHemaTnyHOi1 mapu. Ilpu pimenHi Oyn0 BpaxoBaHO, IO
30UTPIICHHS 4YHWCNIa [WIIHAPIB [IBUTYHa Bele [0
MiABUIEHHS TYCTOTH BiOpPOIMIYNBCIB HAa OJMHHMITIO
($a30BOTO TPOCTOPY, TOMY LHUKI POOOTH AM3EITHHOTO
JIBUTYHA 3epHO30MpaTbHAX KOMOaifHiB OyII0 OLIHEHO IO
KyTYy TIOBOPOTY KOJIIHYacTOro Baity. Tak, BCTAaHOBIICHO, L0
Ga3oBHil  MPOCTIp TIABKK  BiJ  Ta30pO3MOILTEYOrO
MeXaHi3My 3aMIOBHEHMIA BiOpOIMITyJIbCAMH, 111(0)
OJTHO3HAYHO BH3HAYUTH TEXHIYHHH CTaH i-ro 3’€HAHHS
LILOTO MEXaHI3MY 32 OJJHAM NapaMeTpOM HEMOXJINBO. J1jist
MiABUINCHHS TOCTOBIPHOCTI JIarHOCTYBaHHS aBTOPH
PO3MIISHYJIN TIPUPOAY BUHUKHEHHS KOJIMBaHb B JIBUTYHI
3epHO30MpanbHUX ~ KomOaitHiB.  Pobota  mBuryHa
XapakTepHa THM, IO poOodi MPOLECH y PI3HUX CEKIIisIX
MIPOXOZSTh B PilHI MOMEHTH 4acy, TOMY JUIS BHIIICHHS
KOJIMBAJIBHOTO IPOLIECY, OB’ SI3aHOTO 3 POOOTOI0 OKpEeMOl
CeKIii, YW OKpPEeMOro eJeMeHTy OJHi€i  cekuii,
BHUKOPUCTOBYIOTh YACOBY CEIICKI[i0. XapaKTep 30y IKCHHS
KOJIMBAaJbHUX  TIPOLECIB  JIBUTYHA €  IMIYJIBbCHHM,
BUKJIMKAHUH BEJMKOIO IIBUJKICTIO HAPOCTaHHS THUCKY B
KaMepi 3ropaHHs, MEPeKIaJKOI MOPIIHIB, MpOIecaMu
BIIOPCKYBAHHSI MajlyBa 1 BUIYCKY BiJIIpalbOBaHUX Ta3iB.
Tax 3MiHM MOMEHTY BIIOPCKYBAHHS I1aJIMBa, HOPYIICHHS Y
po0OTi Ta30pO3MOITEYOT0 MEXaHiI3MY, 3HOCY ITOPITHEBUX
KiJienp, 30UIBIIEHHS 3a30py MIDX IOPIIHEM 1 TLIB3010
MOB’s3aHI 3 POOOTO IIMX MEXaHI3MIB IMIYJIbCH
3MIIIYIOTBCS TO  (a3i, 3MIHIOETBCS I1X aMIDnTyna i
TPHUBAJICTh, 3 SBISAIOTECA HOBI iMIynmbcu. [lpm 1mpoMy
OJIHOYACHO Ji€ JeKilbka (akTopiB, MIO BHUKIMKAIOTH
YCKJIQAHEHHS BIOPOAKyCTUYHOrO curHany. Jlisi ABUTYHIB
i3 KUIBKICTIO LMJIHAPIB Oinbine 4 chiBmagaHHs B yaci
(HakmazaHHs) CUI'HANIB, Ta HEBPIBHOBAXKEHICTh JeTayeil
mig 4yac OOepTaHHs MPU3BOIWTH JO MOSBH B CICKTPI
curnainy yactot 606,5 I'w.

Karwuosi cioBa: BiOpocuraan, nedexT, aMILTITy/Ia,
KOJIMBAaHHS, JIBUTYH.

HUCCIEJOBAHUE BUBPOAKYCTUYECKOI'O
METOIA KOHTPOJIA TEXHUYECKOI'O
COCTOSAHUA JU3EJIBHOI'O IBUT'ATEJIA
3EPHOYBOPOYHBIX KOMBAMHOB JJIS
OBHAPYXXEHUA ITOABJIEHUSA JEDGEKTOB
. Y. Mapmuiniok

AHHOTaUMS. ABTOp HCCIIeIoBAl
BHOPOAKYCTHUYCCKUIA METOJ KOHTPOJISA TEXHHYECKOTO
COCTOSIHUSL JHM3EIBHOTO JIBUTATENd 3ePHOYOOPOYHBIX
KOMOAIHOB 110 pe3yJIbTaTaM aHaIH3a YIPYTUX KOJIeOaHUH,
pacupoCTpaHSAIOIUXCS. MO KOPOyCy U JeTalisixX, B
pe3ysbTare B3auMOJIEHCTBUS MOCIeIHUX. B cBs3u ¢ aTUM

aBTOpPBI peIIaNy 3aJady »3TOr0 METOAa, a MMEHHO
OoOHapyXeHHUsI BUOPOAKYCTHYECKOTO CHTHaia, KOTOPBIA
BBI3BaH CIiByIapaMu neranen HCCIEAYEMOM
KHHEeMaTH4deckoi napsl. [Ipu pemennn OpUI0 yITEHO, 9TO
YBEIWYCHHE 4YHCIA IWUIMHAPOB J[BUTaTels BEIET K
MOBBIIICHUIO TYCTOTHI BIOpOIMITYIBCIB Ha EOMHHUILY
($a3oBOro  MPOCTpPaHCTBA, MO3TOMY LHMKI  PabOTHI
JIM3EJBHOTO  JIBUTATes 3€pHOYOOPOUYHBIX KOMOAHOB
OBLIO OIIEHEHO I10 YIIIy MOBOPOTa KOJIeHYaToro Bajia. Tak,
YCTaHOBIICHO, YTO ()a30BOE€ NPOCTPAHCTBO TOJIBKO OT

ra3opacrpeeIuTeIbHOTO MeXaHu3Ma 3aroJIHeH
BiOpOIMIyJNbCaMH,  4YTO  OJHO3HAYHO  OINpEICIHTH
TEXHUYECKOE COCTOSIHHE 1-TO COGAMHEHHS  DTOTO

MeXaHW3Ma II0 OJHOMY IIapaMeTpy HeBO3MOXHO. s
MTOBBIIICHUS TOCTOBEPHOCTH JHATHOCTUPOBAHUS aBTOPHI
paccMOTpend TpUPOAY BO3HHUKHOBEHHS KOJIeOaHWH B
IBUTATENle  3epHOYOOpOUHBIX  KoMOalHOB.  PabGota
JIBUTATENSl XapaKTepHa TeM, YTO pabodre MpOIecCH B
Pa3JIMYHBIX CCKIUAX MOPOXOAAT B POJHBIC MOMECHTHI
BPEMEHH, T[O3TOMY JJIs BBIICJICHUS KOJCOATEIHLHOTO
npoIiecca, CBSI3aHHOTO ¢ PabOTON OTIACILHON CEKIIUU HITH
OTIIETbHOTO DJIEMEHTAa OJHOW CEKIUH, HCIONb3YIOT
BPEMEHHYIO  CelieKIuio.  XapakTep  BO30YKICHHUS
Kole0aTenbHBIX ~ MPOIECCOB  JBUTATENS  SBISCTCA
AMIOYJIbCHBIM,  BBI3BAaHHBIA  OOJBIIOW  CKOPOCTBHIO
HapacTaHWs ITaBIICHHUS B KaMepe CTOpaHHs, MEepeKIaIKOM
MOpIIHEH, TpoIleccaMy BIPHICKA TOIUIMBA ¥ BBITYCKa
0TpabOTaHHBIX Ta30B. Tak M3MEHEHUS MOMEHTA BIIPHICKA
TOILIMBA, HAPYIICHUS B PabOTEe ra3opacrpeneuTeTbHOrO
MEXaHMU3Ma, HU3HOCA TIOPIIHEBBIX KOJICL, YBCIUYCHUC
3a30pa MEX/1y TIOPIIHEM U THJIb30H CBsI3aHHBIE ¢ paboTon
OTUX MCXAaHU3MOB HMMITYJbCbl CMEIIAIOTCA 110 (1)333,
N3MCEHACTCA UX aMIUIMTYJa U JJIUTCJIbHOCTD, MOSABJISAIOTCSA
HOBBIC MMITYJIbCBHI. HpH O9TOM OAHOBPEMEHHO HeﬁCTByeT
HECKOJIBKO  (JaKTOPOB,  BBI3BIBAIONIMX  OCJIOXHEHHS
BHOpPOAKYCTHUYECKOTO cHrHama. J[lms gBuratenmeit ¢
KOJIMYECTBOM IIMJIMHAPOB Ooxbmie 4 COBHAACHHUS BO
BpPEMCEHH (HAJIOKEHIE) CUTHAJIOB, M HEYPaBHOBEIICHHOCTh
JeTajeil BO BpeMs BPAIICHUS MPHUBOAUT K IOSBICHUIO B
crekTpe currana yactor 606,5 I'u.
KiawueBble  caoBa:  BHOpOCHTHAIN,
aMIUIMTYyJa, KOHe6aHI/I$[, JABUI'AaTCJIb.
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AHoTauisg. B cTarTi po3riasgHYTO TEOpeTHYHI MUTAaH-
HS TIPOCKTYBaHHS TpaBiTaliifHUX ciryckiB. IlepemimeHHs
BaHTaXiB a00 MaTepianxy 1Mo HHUX 3MIHCHIOETBCS M Ji€r0
CHIIHM BIacHOI Bark. Takuil TpaHCIOPT IIHPOKO BHKOPHC-
TOBYETBhCSI HAa BYTUIBHHUX IIAaXTaX, pyAHHKax, 30aradyBa-
nbHUX (abpukax. TpaHcropTyBaHHS MaTepially Moxke
3MIACHIOBATUCS IO CICI[iaIbHUX MOBEPXHIX: HACTHUIIAX,
KacKaJHUX Ta TBHHTOBHX CIIyCKaX, Tpy0ax, jxoiobax
TOWIO. XapakTep pyXy YacTUHKH 3aJISKUTh BiJ OCOOIH-
BOCTEH KOHCTPYKLIT TAKUX CITYCKIiB.

Haiimpocrime po3paxyBaTu CITyCK Y BHTIIIII MTOXH-
7101 TonMHU. YacTHHKA PYXa€eThCS IO HBOMY IO MPSIMO-
TMHIAHIA TPAEKTOPii, SKa € JiHI€I0 HAKHOUTBIIOT0 HaXWUITY.
Sxmo poOoUYor0 MOBEPXHEI CIYCKY € KPHUBOJiHIMHA
MOBEPXHsS, TO TPAEKTOPi€I0 pyxy Oyme KpwBa JiHiA. B
IIbOMY BUIIaJKy BUHHKAa€E J0JIaTKOBa CHia iHepuii — Bia-
LEHTPOBA, BEJIMUUHA SIKOT 3aJI€KUTh BiJl KDUBUHU TPA€EK-
topil. Llg cuna Moke BIAXWISITH TPAEKTOpilO PyXy BiX
JiHIT HaWOUIBIIOro HaXMIy, a TaKOX 30UIbIIYBAaTH THCK
YaCTHHKU Ha MOBEPXHIO, 10 MPU3BOJIUTH JI0 301IbIICHHS
cumi tepts. [lpu cknamanHi andepeHLialbHUX PIBHSIHB
PYXy MOTPiOHO BpaxOBYBaTH BCI MPUKJIIAICHI CHIIH.

B po06oTi po3mIsSiHYTO KOHCTPYIOBaHHS T'BHHTOBOTO
CIYCKY, Y SIKOTO POOOYOI0 MOBEPXHEIO € HEepPO3rOpTHHI
(xocmit) remikoin. {00 He ckimamaTe AugepeHIiaTbHIX
PIBHAHB PyXy YacTWHKH, B POOOTI 3aIIpOIIOHOBAHO OIH-
caTd ii pyx micis crabimnizarii, ToOTo micist TOro, sIK BOHA
MTOYHHAE PyXaTHUCS IT0 TBUHTOBIH JIiHIT i3 CTAJIO0 IIBUJKI-
ctio. JlndepenniansHe piBHIHHS PyXy YaCTHHKH B IIbOMY
BHIIA/IKY 3aMiHSAE€THCSA PIBHSHHSAMH PiBHOBAarW IpHKIaze-
HUX JI0 Hei CHJI B IPOEKIIisIX Ha 0Ci KOOpAWHAT. PiBHSIHHSA
pIBHOBaru CHJI CKJIaJeHO B MPOEKIIAX K HA OCi HEPYXO-
MOi CHCTEMH KOODJHMHAT, TaK 1 Ha OPTH PYXOMOTO TPH-
rpanHuka /lapOy. B 000X Bumagkax OTpMMaHO OJIHAKOBi
aHANITUYHI 3aJeXHOCTi. BOHM 103BONSAIOTH KOHCTpPYIOBa-
TH CITyCK 3a 33/IaHOI0 PO3PaxXyHKOBOIO IIBHJKICTIO PyXY
YaCTHHKHU NIPH BiloMoMy KoedinieHTi TepTs. OmHy 1 Ty X
PO3paxyHKOBY MIBUAKICTh PYXY YaCTHHKHU TIPH 331aHOMY
Koe(illieHTI TepTs MOXKHA 3a0€3IIEUHUTH MTOBEPXHEIO KOCO-
ro Tefikoina i3 pi3sHMMH KOHCTPYKTHBHHMH IIapaMeTpa-
MH.

KurouoBi cjioBa: rpaBiTaliiiHuii Cyck, cuia Bard,
PIBHSHHSI piBHOBAru CHJ, KOCHH T'eNiKOil, CTallioHapHUI
PEXHM.

HocranoBka npodaeMu

Jns mepeMilieHHs] BAHTaXXiB BHU3 MOXKHa CKOpHCTa-
THCS CHJIAMU TPAaBITallii TAKIM YHHOM, II00 MepeMilIeHHs
BaHTaXiB a00 Marepiay BHHU3 3MiHCHIOBANOCS MiT Ai€l0
CHJIM BJIACHOI Baru i3 JOIYCTUMOIO 33[aHOI0 LIBHAKICTIO.
TpaHcnopTyBaHHsS Matepiany 3AIHCHIOETBCS IO Crelia-
JbHUX INOPCTKUX IIOBEPXHSX, SKi 3aralbMOBYIOTH IX
HMIBUAKICTh OMycKaHHS. Jleski CIyCKM MOXYTh MaTH JBi
ninsakd. Ha ofuiit AinsHIi 3 OUTBIIMM KYyTOM HaXHITY
BaHTAX PYXA€ThCs IIBUIIIE, a Ha IPYTiil i3 MeHIIHM
KYTOM — PYXa€ThCs MOBUIBHIIIE i 3TOIOM 3YHHHSETHCS.
BukoprCcTOBYIOThCS TaKOX iHEpLilHI KOHBEEpH — BiOpa-
miftHuid 1 xuTHUH. Y BiOpalifHOrO KOHBEEpa YacToTa
XHUTaHHS BENIMKa, a aMIUTITyJa Mana. Y XUTHOTO KOHBeepa
HaBIIAKHM — YacTOTa XUTaHb MEHINA, a aMILTITyla BEJIUKA.
B nepumomy Bunajaky nepeMinieHHs BiJIOyBaeThCS MIKpO-
KUJIKaMU 3 BIIPMBOM YaCTHHU BAaHTAXy BiJl OBEPXHI, a B
JIPYyroMy — 3J1HCHIOEThCS CHIIaMHU iHepLii 0e3 BiApHUBY Bill
MTOBEPXHI.

VY rpaBiTalliifHOrO TPAHCIOPTY € IepeBard Iepe
IHIIUMKA BUJIAMH TPaHCIOPTY: TNPOCTOTA, BIJCYTHICTh
CKJIATHUX TIPHUCTPOIB, BUCOKA NPOAYKTHUBHICTB, JACIICBU3-
Ha. € 1 CYTT€BI HEHONIKH: IHTCHCHBHHH 3HOC IMOBEPXHI
TPAHCIIOPTYBAaHHS, MOIIKOMKECHHS BaHTaXy, 3aJICXKHICTh
poOOTH BiA BIACTHBOCTEW pPOOOYOi IMOBEPXHI CIYCKY,
BOJIOTOCTI, 1HIITMX KIIMAaTHIHUX YMOB.

AHAaJi3 oCTaHHIX J0CTiTKEeHb

B po6ori [1] po6ouoro moBEpXHEIO TBUHTOBOTO CITY-
CKy € I'BHHTOBHiIl KOHOIN, MO SKOMY YacTHHKa MOYMHAE
CcBiif pyx mo ninii HaiiOinbmoro Haxmmy. 1o Mipi posrony
BOHA BLAAJIIETHCS BiJ OCI KOHOINA 1 3rOI0M MOXE 3YITH-
HHUTHUCS, OCKIJIBKH KyT HaxwiIy TPaeKkTopii 10 TOpU30HTa-
JIBHOT TUTONIMHN 3MEHIIYEThCS 1 3T0JIOM CTa€ MEHIINM BiJl
kyTa TepTs [2-5]. 1106 uporo He BimOyBanocs, MOBEPXHIO
I'BUHTOBOTO KOHOi/a OOMEXYIOTb BEPTHUKAIBHOIO CTiH-
KO0, sIKa € BiJICIKOM CHIBBICHOTO i3 KOHOiIIOM IHJIiHApA.
3araypHi MIXOAN 0 PO3PaXyHKY i MPOEKTyBaHHS IpaBi-
TaliiHOrO CaMOILIMBHOTO TPAHCIIOPTY PO3KPHUTO B JDKe-
penax [6-9].
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Mera aocjaigKeHb

Po3pobutn aHamiTHIHMK OMUC pyXy BaHTaXy Ha
MIPUKIIAAI MaTepialbHOI YaCTHMHKH MO MOBEPXHI KOCOTO
(HEepO3rOopTHOTO) TENiKOia mmicis cradimizamii pyxy, To0-
TO HICJS TOTO0, SIK IIBUIKICTh YACTUHKH CTaHE ITOCTIHHOIO,
a TpaeKTopi€ro Oysie TBUHTOBA JIiHIsL.

Pe3yabTaTn n0ociigkeHb

Pyx yacTMHKM IO T'BHHTOBIIl IMOBEPXHI MOXKHA MEB-
HUM YHHOM MOPIBHIOBATH i3 ii pyXOM HO MOXWJIH TUTO-
mmHi (puc. 1). s toro, mob pyx BaHTaXy OYB MOXKIIH-
BAM I10 TOXWIiH IUIOIIMHI, KyT HaXWIy [ HE MOBHHEH
OyTH MEHIIUM Bix KyTa TepTs (puc. 1,a).

Puc. 1. /o nopiBHSHHS pyXy YaCTHHKH I10 TUTOLIHHI:
a) 1 IOBEpXHi TBUHTOBOTO KOHOINA; 0), y SIKOTO Ha IOYaT-
KOBOMY €Talli HaIrpsM pyxy 30Ira€Thest i3 HaIpsIMOM JIiHiT
HaWOUIBIIOrO HAXMITY TTOBEPXHI.

Fig. 1. For comparing the motion of a particle on the
plane: a) and the surface of the helical conoid; b) in which
at the initial stage the direction of motion coincides with
the direction of the line of greatest slope of the surface

Sxmo KyT S HOpiBHIOE KyTOBI TEepTs, TO YaCTHHKA
Oyzne pyxaTHcs MO NPsAMIiH JiHIi, siKka € JiHI€0 HaWOLTb-

IIOT0 HAaXWIIy TUIOIIMHH, i3 CTAJOK0 MIBUAKICTIO, SIKY 1
OyJ10 HaJaHO Ha MOYATKY PYyXY.

Ji TBUHTOBOTO KOHOINA, PyX MO SIKOMY HamM# OyIo
PO3TISIHYTO B ToOmepemHid poOoTi [1], wacTHHKA Tex
MOYMHAE CBI pyX WO JiHII HAWOUIBIIOTO HAXHIY
(puc. 1,0), sIKOIO € TBHHTOBA JIiHis, ajie i €0 BiALEHT-
pOBoOi UM TOYMHAE BiagansaTucs Bij oci. Tomy rBuHTOBa
MOBEpXHs Oylla HaMu OOMeXeHa OIYHOI CTIHKOIO

(puc. 2).

»

Puc. 2. Cxema mpukiafieHuX A0 YaCTMHKH cmil: F —
pyluiiiHa cuia (CKiagoBa cuiu Bard); R — peakiist mosep-
XHI KOHOifa; R, — peakmis moBepxHi muiiHapa; Fr — cuma
TCPTH; Fg_ BiZ[I_leHTpOBa CHJIa, mg — Bara 4aCTUHKH.

Fig. 2. Scheme of applied force to the particle: F —
driving force (component of the force of gravity); R is the
reaction surface of the conoid; R, is the reaction of the
cylinder surface; F¢ — friction force; F,— centrifugal force;
myg is the weight of the particle.

ITo Takiii ckiameHii MOBEPXHI YAaCTUHKA PYXAEThCS
10 TBUHTOBIHM JIHII 1 OJJHOYACHO KOB3a€ MO JIBOX OBEPX-
HiX. B npoMy BumajKy BiACTaHb p BiJ OcCi KOHOima 1O
T'BUHTOBOI JiHIi — TPA€KTOPIii pyXy YaCTUHKH — € Harepesn
3agaHoto. [licms poO3roHy MIBHAKICTE pyXy 4YacTHHKH
cTabimi3yeThes i crae cramoro. [licis crabimizamii pyx
YaCTHHKM TI0 TBUHTOBIH TOBEpXHi CTa€ MOIIOHUM IO
PyXy IO TMOXWIIHA IUIONIMHI, BCTAHOBICHIA il KyTOM
TEPTS. 10 TOPU3OHTAIBHOI IJIOIMHM: B 000X BHIAIKax
MIBUIKICTH V CcTaja i KyT [ HaXWIy TPAEKTOPIi pyXy TEx
cTanuil. BinMmiHHICTE TOJSTae B TOMY, IO B JIPYrOMYy
BUIIAJIKY TPAEKTOPIEI0 PyXY YaCTUHKH € TBUHTOBA JIiHIA 13
CTaJI0I0 KPUBHMHOK. B 1[bOMY BHIIQJIKy BUHHUKAE BiLICHT-
posa cuna F,=mV2Kk, ne m — maca yactunku, V — ii msu-
KiCTh, K — KpuBHHA TpaekTopii. OTKe, BHHUKAE T0IATKOBA
CHIIa CTayoi BeMU4uHU F,, HampsiM Iii K0T BU3HAYCHUH —
napaneiabHO /10 TOPU30HTAIBHOI TUIOMIMHN BiJ OCi TBUH-
ToBOI JiHiT (puc. 2). Jns cknanenoi nosepxHi (4) y mparti
[1] Oymo 3HaiimeHO aHANITHYHI 3AJIC)KHOCTI IS 3HAXO-
JUKEHHSI HIBHAKOCTI PYXy YacTHHKH B 3aJISKHOCTI BilX
KOHCTPYKTUBHHMX HapaMeTpiB I'BHHTOBOIO CHYCKY 1 KoOe-
(IIieHTIB TEPTS YACTUHKH 10 CKJIQJOBUX TOBEPXHSIX.

Harmre nocimifpkeHHs! IPUCBSYEHO TBUHTOBOMY CITyC-
KY, SIKHIl YTBOPEHUH HEPO3TOPTHUM 3aKPUTUM ab0 KOCHM
renikoinoM. IloBepxHs yTBOpeHa TBUHTOBUM PYXOM IIpsi-
MOJIiHIIHOT TBipHOI, fIKa HaXWJICHa MiJ CTaIUM KyTOM [
JIO TOPU30HTAJILHOT TUIOLMHY 1 NEPEeTHHAE BEPTHUKAIBHY



PO3PAXYHOK I'PABITAIIMHOI'O CITYCKY, YTBOPEHOI'O TIOBEPXHEIO KOCOTO ... 51

Bichk (puc. 3,a). lIBuakicTe migioMy HpsAMOIiHIIHOI TBi-
PHOI B3JIOBXX BEPTUKAIBLHOT 0Ci OZ 3aJeXUTh BiJl 3HAYCH-
HS TBMHTOBOTO mapamerpa b, sikuii Bu3Hauae kpok H
Oynp-fk01 TBHHTOBOI JIiHIi TOBepXHI 3a (HOPMYIOI0
H=2nb.

15 ‘ %
N f’/%i‘g
| =7

0
Puc. 3. TenikoinaspHi JiHIHYATI MOBEPXHI: a) aKCO-
HOMETDis KOCOTO T'eliKoina; 0) TBepAOTiIIEHA MOAECTIb.
Fig. 3. Helix ruled surfaces: a) axonometry of skew
helicoid; b) solid model.

Ha akconomerpii moBepxHi (puc. 3,a) TBHHTOBOIO
JIHIEIO0 HA BiJICTaHi p B OCI MO3HAYCHA WMOBIpHA TPAEK-
TOpisl pyXy YacTHMHKM NpHU CTalioHapHOMY pexumi. Ha
BiIMiHY BiJl KOHCTPYKIIii CITyCKY, 300pa)X€HOTO Ha pHC. 2,
s BiJICTaHb HE € 3aJaHOI0, TOOTO ii MoTpiOHO 3HalTH. B
BOMY TIOJIATa€ CKJIAJHICTh 1 MPUHIMIIOBA BiIMiHHICTBH
MIDK 3HAXOJKEHHSIM 3aKOHY PyXY YaCTHHKH I10 CKJIaJIeHIN
noBepxHi (puc. 2) 1 HO TOBEPXHI KOCOTO TeliKoina
(puc. 3).

J1s aHATITUYHOTO ONMHUCY PYXy YAaCTHHKH IO MOBEp-
XHI CKJIaJaroThes AudepeHniansHi piBHAHHA. BoHn rpyH-
TYIOTBCSI Ha JpYroMy 3akoHi HbloTOHa, skuii y BeKTOp-
HOMY BUIJISIZl 3aIIUCY€THCS. HACTYITHUM YHHOM:

ma=F (1)

Jie M — Maca YaCTUHKH, a— BEKTOp NPHCKOpeHHs, F —
PE3YJBTYIOUHMH BEKTOpP MNPHUKIAJAECHUX JI0 YaCTHHKU CHJI.
Takumu cunamu € cuna Baru Mg (g=9,81 m/c?), peakuis R

MOBEPXHi, CHpPSAMOBaHA B3JIOBX HOpPMaii JO MOBEPXHi
(puc. 2) Ta cuma tepts Fy, cpsmMoBaHa B TPOTHIICKHY
CTOPOHY BiI HampsAMKy pyxy. Ilix gac mepeximHoro mpo-
mecy, To0TO Ha eTami pPO3TOHY YaCTHHKH, IMIBHAKICTH V
3pocrae, TOOTO BHHUKAE MPHUCKOpeHHS. OCKITBKH TPHUC-
KOPEHHSI BH3HAYAETHCS IOABIMHUM IU(EPEHIIIIOBAHHIM
HIIIXY 10 4acy t, To B 3aranbHOMY BUNaaKy piBHAHHS (1)
€ nmudepeHIianbHUM PIBHSHHSIM JPYroro MopsiaKy.

[icns crabimizanii pyxy mBuAKicTs V cTae mocriii-
HOI0, TOOTO MPUCKOPEHHSI JOPIBHIOE HYIO 1 piBHAHHSA (1)
MEPETBOPIOETECSL Y PIBHSAHHS PIBHOBAarv MNPUKIAAECHUX
cui. Jlo mepepaxoBaHUX CHJI JOAAETHCS IIE BiJIIEHTPOBA
cuna imepuii F,, sfka mpu mepexigHOMy mporeci Oyna
BpaxoBaHA Y BUPa3ax MPUCKOPEHHS:

F,=mVZk, )
ne k — kpuBuHa TpaexTopii.

OCKINBKH TPAEKTOPI€I0 PyXy YAaCTHHKH B HAIMIOMY
BUTIAKy OyJe TBHHTOBA IIiHifA, TO I KpuBHHA Oyme cTa-
JIOI0, OT)Ke, 1 BiIICHTpoBa cmia Tex Oyme cramoro. Ha-
mpsM 11 Jil TeX BiIOMHN — B3J0BXK TOJIOBHOI HOpMai
TBHHTOBOI JIiHIT BiJf OCi 00epTaHHs, TOOTO MO TMEPICHIU-
KyJsipy Big oci obGepranHs. Bei cuinm motpiOHO cnpoek-
LIIOBaTH HA OCI HPOCTOPOBOI CHUCTEMH KOOpAMHAT. B
pe3ysbTaTi MM OTPUMA€EMO TPH PIBHSHHS PIBHOBAru Cuil,
TOOTO CyMma IIPUKIAACHUX JI0 YACTUHKH CHJI Ha KOXHY i3
oceii Oyne piBHOIO Hymro. TakuM UYHHOM, UISI 3HAXO-
JOKCHHSI TPAEKTOpii 1 IIBHAKOCTI pyXy YACTHHKH IIPH
CTalioOHapHOMY  Tpomeci  MokHa  oOifitmcs — Oe3
po3B’s3yBaHHA JU(EepeHIianbHUX pPIBHAHb, L0 3HAYHO
CIIpOIIYE 3a/1ady.

[IpocropoBa cucrema KOOpAMHAT, HA OCI AKOI Oyze-
MO MPOEKIIIOBATH MPHUKIAACHI 10 YaCTHHKH CHIIH, MOXKE
OyTH sIK HEpYXOMOIO, TaK i pyxomor. [Ipu po3B’s3yBaHHi
3aa4 37e0UIBIIOr0 KOPHUCTYIOTBCSI HEPYXOMOIO CHCTe-
Mmoo OXYZ. B Hiil noTpiOHO 3HAWTH HAmpsM KOXHOI i3
NpUKIaAeHUX cuil. HampsiM okpemoi cuiu MoxKe 3MiHIo-
BaTHCSI B KOXXEH MOMEHT PyXy IO BiJIHOLIEHHIO JI0 HEpYy-
XOMOi CHCTEMH KOOpJIUHAT. PyxoMy cuctemy BHOMparoTh
Tak, 00 HaNpsIM OKPeMOI CHJIM TiJ{ Yac pyXy YaCTHHKH
He 3MiHIOBaBcs B Hill. IllompaBaa, s BCix CHI I[bOTO
3poOUTH HE BAACTHCS.

Pyxomy cuctemMy NpsIMOKYTHHX KOOPJMHAT pO3Ta-
IIOBYIOTH TakK, 00 OIMH OPT 3aBXIM OyB JTOTHYHHUN JO
TpaekTopii pyxy yactuHku. Topi cuna tepts Fy, sika 3aB-
KU CHPSMOBaHAa B NPOTHIIEKHY CTOPOHY BiJl HampsiMy
pPYXy, MaTHMe CTaJluii HampsiM B pyxomii cucremi. [To3-
HAYUMO OPT JOTHUYHOI jiTeporo 7. [pyruit opt pyxomoi
CHCTEMH CIPSMOBAHMH 110 HOpMati JIo moBepxHi. [To3Ha-
yumo Horo miteporo N. Toxi peakuist R moBepxHi 36ira-
TUMEThCA M 9ac PyXy YaCTHHKHU 13 HarmpsMOM HOpMai
N, ToOTO Tex MaTHMe CTAINil HAlPsIM B CUCTEMi PyXOMOi
cucremu. Ha puc. 4 taka pyxoma cucrema no0ynoBaHa B
Toulli A pO3MIIIEHHS YaCTUHKU Ha IMIIHAPUYHIN MOBep-
xHi. Tpertiit opT P € nepneHaIuKyIapHuM a0 opTiB 7 i N,
TOOTO HOTO MOXKHA 3HAWTH, SIK PE3YJBTAaT BEKTOPHOTO
nooyTtky BektopiB 7 i N. JIBa optu 7 i P po3ramoBaHi B
JIOTUYHIN 0 MOBepxHi uiomuHi u (puc. 4). Sxmo mare-
pianbHIM YaCTHHIN HaJaTH MOYATKOBOI MBHUAKOCTI Vo, TO
BOHA OyJie pyxaTHcs TI0 TIOBEPXHI MO MEeBHIM KPUBOJiHii-
Hill Tpaekropii. Pasom i3 Hero Oyzme pyxatucst pyxoma
cucreMa KoopauHaT tNP, sika Ha3WUBAa€TbCs TPUTPAHHU-
koM [lapOy, npuuomy Horo BepimmHa Oyzae 30iraTtucs 3
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TOYKOIO A pO3TallyBaHHS YaCTHHKU Ha ToBepxHi. JIBi
cuM — cuia TepTs Fr 1 cmia peaknii R moBepxHi Matu-
MyTbh CTanuii HampsM Ail B TpurpanHuky JlapOy, a cuma
Barum My — 3MiHHUH, TOZl K B HEPYXOMIill CHCTEMi KOOp-
nuHaT — cranuil. 1lle ogHa cua — BigmeHTpoBa cuia iHe-
puii F, — Texx MaTuMe cTanuii HampsIM, aje yxe y ApyTii
PYXOMill CHCTEMi — CYNpOBITHOMY TpUTpaHHHKY Ppene
TPAEKTOPIi.

Puc. 4. B3aemHe po3TalryBaHHS pyXOMHUX TPHUIPaH-
nukiB J{apOy 1 ®pene B Touwi 4 TpaekTopii pyxy yacTHH-
KU 110 TTOBEPXHI.

Fig. 4. The relative position of the Darboux triad and
Frenet trihedral at point A of the trajectory of motion of
the particle on the surface.

[Nonoxenus tpurpannuka Opene 3ymoBieHe He (o-
pMOIO TIOBEpXHi, a (OPMOIO KPHBOi, B TOMY YHCII Ha
moBepxHi. ko TpurpaHHuK dapOy Moxe OyTu modymo-
BaHUI TUTGKH 32 HASBHOCTI MMOBEpPXHi 1 KPUBiil Ha HiH, TO
Tpurpanrnk dpeHe — TUTBKK 32 HABHOCTI KpuBOi. Moro
OpT JOTHYHOI 10 KPHUBOI 7 30Ira€Tbes i3 OJAHOMMEHHHM
optoM TpurpaHuuka JlapOy, opT TroJoBHOI HopMmami N
3aBXK/JU CIPSIMOBAaHUM JIO0 LEHTPA KOJla KPUBUHU KPUBOI, a
opT GiHopMaUti b mepneHAMKyIApHUIA 10 HUX 000X, TOOTO
Moxe OyTH OTPUMAaHUii, SIK pe3yJIbTaT BEKTOPHOTO MHO-
eHHst opTiB 7 1 N. Mixk opramu N i nTta Pib (puc. 4)
MIOTIAPHO ICHYE KYT &, IKOTO MOYKHA 3HAWTH, SKIIO BiOMi
PIBHSHHSI IOBEpXHi i JiHIT Ha Hii. [{ng reome3nqHoOl TiHil
Ha MOBEPXHI KYT & Y BCIX TOUKaX KPHBOI JTOPIBHIOE HYJIIO.
J1is TBHHTOBOT JTiHIT HA TIOBEPXHI TeNIKOifa BiH € CTaJIHM.
TakuM dYMHOM, JUIA CKJIAJaHHS PIiBHOBard [IIOYMX HA
YaCTHHKY CHJI OepeMo JI0 yBaru HacTyIHE.

SIKIIO CHITM TIPOEKI[IOEMO Ha HEPYXOMY CHUCTEMY
KOOpJMHAT, TO B 3arajlibHOMy BHIaJKy OTPUMAEMO TPHU
MIPOEKIIT OKPIM CHITM Bary, sika i€ B3gorx oci OZ, To61o
Ma€ OJIHY MPOEKIIIFO.

SIKIIO CHIIM TIPOEKIIIFEMO HA PYXOMY CHCTEMY KO-
opauHatr TpurpanHuka lapOy, To TUIBKM cwiia Barm Mg
Mae TpH Ipoekii, cuina teptst Fr i cuna peakuii R — onHy
NIPOEKIIiI0, BiJlEHTpOBa cuia iHepuii F, — aBi mpoekuii
(na optu N 1 P). Cxiraemo piBHSHHS piBHOBaru HmpuKIia-
JICHUX JI0 YaCTUHKH CHJI Ha HEPYXOMY CHUCTEMY KOODIH-
Har, B sIKili ONMCaHa IIOBEPXHS HEPO3TOPTHOTO TelliKoifa.

[TapameTpuuHi piBHSAHHA HEPO3TOPTHOIO TelliKoina
MaroTh HACTYITHHUI BUTJISL;

X =pcosa;
Y =psina; (3)
Z =ha+ ptgp,

ne b, f — rBUHTOBMH mapameTp 1 KyT Haxwiy TBIpHHX
rejiKoifa 10 TOPU30HTAIBHOT IJIOMIMHK — CTalli BEJIMYH-
HU; p — BiACTaHb BiJ OCi MOBEPXHI /10 TOYKH Ha Hill i a —
KyT TOBOPOTY TOYKH HABKOJIO OCi — He3aJIe)kHI 3MiHHI
TTOBEPXHI.

[Ipu p=const Ha TOBepxHiI KOCOTO remikoiga Oynme
3aJaHa TBHHTOBA JiHisA. Ham moTpiOHO 3HaiTH Take 3Ha-
YeHHS BiJICTaHI p, IPH SKOMY TBHHTOBA JIiHISA Oyne Tpaek-
TOpi€I0 KOB3aHHS YaCTHHKHU.

3HaiinemMo NpoeKIii MPUKIaIeHUX A0 YaCTUHKU CHII
Ha Ocl HepyxoMoi cucteMu koopauHar. [lounemo i3 cum
Baru Mg, sika Ma€ CTaJMi HaNpsiM B HEPYXOMill cucremi
KoOpAauHaT (BoHa chpsiMoBaHa mapanensHo oci OZ B
IPOTHIIEKHY CTOPOHY ii Hanpamy). Ii onuHIdHMIT HANIps-
MHHH BEeKTOp Ma€ HacTymHi npoekuii Ha oci OX, OY i1 OZ
(abo mampsmHi kocunycn): {0, 0, —1}. IIpoekuis cumm
Ha BiCh BU3HAYA€ThCS MHOXKEHHSIM ii BEIMYMHM HA BiAIO-
BiTHWI HampsaMHUN KocuHyc. OTXe MPOeKIii CHIN Baru
3aIHIIYThCS:

— Ha Bics OX: 0: (4)
—Ha Bichk OY: 0: (5)
— Ha Bics OZ: -mg. (6)

Jui1 3HaXOIDKCHHS BIALIGHTPOBOI CHJIM iHEpIii 3a
¢dopmyoro (2) moTpiOHO MaTH BUpa3 KPUBUHU TBHHTOBOT
JiHIT — TpaekTopii pyxy 4acTWHKHU. J[1d 1OTO MOTPiOHO
MaTu mepmi i apyri moxigHi piBHsAHB (3) mpu p=Const,
TOOTO YaCTHHHI MOXI/IHI 110 3MiHHIN a:

X'=—psing; X"=—pcosa;
y' = pcosa; y'=—psina; s (7
7' =b, 72"=0.

Ockinbky TpH p=CONSt piBHsIHHSA (3) ONHCYIOTH yiKe
He TIOBEPXHIO, a JIHII0, TO y BHpa3ax MOXIiJIHI MO3HAYEHO
yepe3 CTPOUHI JTepH, SK 3a3BHYail 1€ NPHUHHATO JUIs
niniid. 3a Bigomoro hopmyior [6] 3Haxomaumo KpuBHuHY K
I'BUHTOBOI JIIHIT:
' 12 ’ 12 ' 112

y " 12 X[ |x
" " + " " + " "
‘o y X Y
(X/z + y'z +72)2
- P (8)
b? + p?

[Mincranoskoto (8) y Bupas (2) 3HaX0AUMO:
U ©
b2+ p*’

Hanpswm nii cnm (9) 3agaeTsest ABOMA MEPIINMH pi-
BHAHHAMH (3), TOOTO HANIPSIMHI KOCUHYCH OyIyTh: {cOSa,
sine, 0}. BiamosimHo mpoekiii cwin (9) Ha oci 3amm-
HIYTHCS:

F =mV’k=

. 2
—Ha Bics OX: bngvipzcosa ; (10)
+p
. 2
— na Bice OY: ggvipzsin a (11)
+p
— Ha Bick OZ: 0. (12)



PO3PAXYHOK I'PABITAIIMHOI'O CITYCKY, YTBOPEHOI'O TIOBEPXHEIO KOCOTO ... 53

Peakist moBepxHi R € HeBioMOIO CHIIOIO, SIKY TOT-
pioHO 3HakiTH. BoHa cripsiMoBaHa B3moBk HopMaii N 10
moBepxHi. HopManp 10 moBepxHi 3HAXOIATH SK BEKTOP-
HUI 100YyTOK TBOX BEKTOPIB, IO PO3TAIIOBAaHI B JTOTHY-
Hill 0 TOBEpXHI IUIOMIMHI i MPOXOAATH HYepe3 3aJaHy
TOYKY — B HAIIOMY BHIIQAKy 4Yepe3 TOYKY pO3TallyBaHHS
YaCTHHKU. 3a TaKi BEKTOPH NPUIMAIOTh YaCTHHHI MMOXiIH1
PIBHSHB TOBEPXHi, SKi € JOTUYHHMHU JI0 KOOPJMHATHUX
JiHi#. BekTop JOTHYHOI 10 TBUHTOBOI JIiHIT y HAC YXKE € —
Lie MepIn NOXigHi Mo mapaMeTpy a y Bupasax (7). 3amu-
LIEMO YaCTUHHI MOXinHI piBHSAHE (3) 1Mo 3MiHHIN p, Mpu
FOMY MOXiJHI MO3HAYMMO i3 IHJEKCOM, MI00 MOXHA 1X
OyIo BiIpi3HUTH MiXK COOO0IO:

X, =cosa;
y, =sina; (13)
z, =tgp.

3HaXOMMO BEKTOPHHH JOOYTOK BEKTOPIB TOTHYHHUX

(7)i (13):

X Y Zz bsina — pcosa tgp;
N ’ 2 ' H L. 14
N=|x, vy, z,|=q-bcosa-psinatyp; (14)
X! yl Z! p

Bexkrop (14) vHe € omuamunNM. [IpuBenemo ioro mo
OIMHUYHOTO i mpoekmuii momMHOXkuMO Ha R. Ilicimsa mporo
MIPOEKIIiT CHJIM peaKIlii Ha OCi 3aluIIyThCs:

—Ha Bich OX:

R bsina — pcosa tgpf
\b?cos’ B+ p?
"R bcosa + psina tgf 08
\b?cos? g+ p°
pcos

Jbicos? g+ p?

OcTtanHs mpuKiIajgeHa cwia — cwia TepTs Fr. Bona
BHU3HAYA€ThCSI TOOYTKOM peakiii R Ha koedimieHT TepTs
f: F=fR. CnpsimoBaHa BOHa B MPOTUIICKHY CTOPOHY BEK-
TOpa IIBUIKOCTI V, HampsiM sIKOTO 3a/a€ JIOTHYHA [0
Tpaektopii. JloTnuHa 3amaHa mepmmMHu moxigHuMu (7),
NIPUYOMY 11 HampsiM € MPOTWICKHUM JI0 BEKTOpa IIBU]-
KOCTi, OT)K€ 30ira€eTbcs i3 HANPSMOM [Iii CHJIH TEpTS.
[TpuBoaMMO 1e# BEKTOp 10 OAMHUYHOTO i MiCis LBOTO
3aIIMCYEMO TPOEKIIT CUIIH TePTs Ha OcCi:

_ g PSina,

\b? + p? ,

mffmi; (19)
b +p

cosf; (15)

—Ha Bich OY:

B, (16)

—Ha Bics OZ: R (17)

— Ha Bick OX:

(18)
—Ha Bich OY:

— Ha Bics OZ: fR b (20)

CyMyeMO BHUpa3H MPOEKINH MO BIAMOBIIHUX OCAX i
npupiBHIOEMO 10 HyJsl. Hampukian, anst oci OX notpio-
HO poxatu Bupazu (4), (10), (15) i (18). Ilicms mwporo
OTPUMYEMO CUCTEMY i3 TPHOX PIBHSHB, 0 SKOI BXOASATH
TPH HEBIJIOMHX BEIUYMHH: MBHIKICTH V, BiACTaHb p 1
peaxiis R:

VZp
b? + p?
psina
\b? + p?
mvZp Sina_RbCOSa+pSina tg
b® + p? Jb2cos? B+ p?

+ fRPESE =0;
b? + p?

R bsina — pcosa tgf cos
\b?cos® g+ p?

=0;

CoOSa +

ﬁ_

- fR
(21)

cos g+

pcosp + R b =0.
\Jb?cos? g+ p? \b? + p?

Cucremy (21) MOXHa CHPOCTHTH 3Ba)KalO4M Ha Te,
10 B KOXKHIM TOYIl TpaekTopil NpHUKIaLEHI CHIH € CTa-
JMMHU HE3aJeXHO BiJ ii moBopoTy, TOOTO BiA 3HAUCHHS
KyTa a. [Ipuiimemo Horo piBauM Hymo: a=0. [Ticns uporo
cuctema (21) 3HaYHO CHPOITYETHCS:

-mg+R

mv?p p sing i
b2 2 -R 2 2 2 =0;
+p Jb?cos® B+ p
(22)
_R___Deosp fR—2__ —o;
Jb?cos? g+ p? Jb? + p?
_mg+R——PSB D g
Jb?cos? g+ p? Jb? + p?
MMicns  uporo  «Mathematica»  mae  HactymHi
PO3B’SI3KH:
b cos 3 ) 4f° .\
= 1-f°+ +{1-f°). 23
P Voos 5t 1) (23)
bgsin ) 417 ,\2
V= |—"F+"—]1-f"+ +1-f°) . 24
J2f \/ cos® 3 - 17) @)
R= mg . (25)
2 2
§2, 008 Bl g2, 4f2 +(1—f2)2
2 cos” S

OTpumaHi pe3yabTaTH JalOTh MOXIIUBICTh PO3Paxy-
BaTH KiHEMAaTHYHI MapaMeTPH PyXy YaCTUHKHU MO0 KOCOMY
reJiKOIAy: BIICTaHb p, MBUIKICTh YACTHHKH V, peakiito
noBepxHi R.

3HaleMO BEKTOPU OJMHUYHHUX OPTIB TPUTPAHHUKA
Jap0Oy. HampsiMHI KOCHHYCH JBOX OPTIB MH BXXE MAa€EMO.
[Tepmuit — opT HOTHYHOI 7, 3alaHUH TIEPUTUMH TTOX1THH-
mu (7). [licns nmpuBeneHHs HOTO 0 OOWHUYHOTO 1 3MiHA
HaNpsIMy BHU3 OTPUMAEMO:

— OPT IOTHYHOI 7.

psina . pcosa b
b7 p? P+ p? bPp?
Hpyruit opt — HOpMani N o moBepxHi. Bin Bu3Ha-
9a€eThCSI BEKTOPHUM H00yTKOM (14) 1 micist mpuBeAeHHS

JI0 ONMHIYHOTO Ma€ BUTIIL:
—opt N HOpMaJTi 10 TOBEepXHi:

(26)



54 T. A. Kpecan

bsina — pcosa tgps

Jb?cos? g+ p?

_bcosa + psina tgp
\b?cos? g+ p?
pcosf

\b?cos? g+ p?

Tperiii opT P BU3HAYAa€THCS BEKTOPHUM JOOYTKOM
BeKTOpiB (26) 1 (27) 3a mpaBUJIOM BEKTOPHOTO MHOXCHHS
(14), ne y npyriit psaaKy Bu3HauHHKA € rpoekuii (26), a 'y
TpeTboMy psiiKy — npoekuii (27). [licns BUKoHaHHS Ore-
pauii MHOXXEHHSI OTPUMAaEMO HalpsIMHI KOCHHYCH opTta P
Tpurpannuka JlapOy:

— opT P tpurpannmka /lapOy:

cos 3;

@7)

Cos 43,

_ pbsinasin /3+(b2 +p2)c05acosﬂ_
Jb? cos? g+ p? 0% +p7)
prOSaSinﬂ—(bz+p2)sinaCOSﬂ_
\/(bZCOSZ,B+p2Xb2+p2) ’
p’sinp
Jb? cos? g+ p? b2 + p?)

(28)

3HaiiieMo mpoekuii NPUKIaAeHNX 10 YaCTHHKU CHJI
Ha OpPTU PyXOMOI cHCTeMH TpurpanHuka [lapOy siki 3aia-
Hi OTMHUYHUMU BeKTOpamiu (26), (27), (28). Sk i y nomne-
pEeIHBROMY BUMAIKY, IOYHEMO i3 cuim Bark Mg. Ha Biami-
HY BiJl HEpYXOMOI CHCTEMH KOOPJAWHAT, B SIKil CHJIa Baru
MIPOEKIUIOETECS TUTBKA HAa ONHY BiCh, B PyXOMiil BOHa
Oylle MpOEeKIioBaTHCS Ha BCi TPU OPTH TPUTpPAaHHUKA. 3a
TIPAaBUJIOM 3HAXOKECHHS KyTiB MK BEKTOpaMH 3HaXOIH-
MO HanpsIMHI KOCHHYCH MIDXK BEKTOPOM Baru i KOXXHHM
oproM TpurpanHuka JlapOy:

b .
Jb? + p? 7
_ peosp
JbZcos? B+ p*
p’sin g
\/(bz cos? ,B+p2Xb2 + pz) .
BiamnoBigHo cuiia Baru My B MPOEKIiSX HA OPTH TPH-
IpaHHHKA 3aIHIIEThCSL:

— 3 opToM 7 (26): (29)

— 3 oprom N (27): (30)

— 3 optom P (28): (31)

mgh
Jpi+pt
___mgpcosf
Jb*cos’ B+ p?
mgp?sin 3
Jb?cos? g+ p? b2 + p?)’
HacrynHa cmiia — BianeHTpoBa cuiia iHepuii crpsi-
MOBaHa B3[J0BX Bekropa {c0Sa, Sina, 0}. Bona mpo-
ekuiroeTbess Ha opt P 1 N. Hanpsimui xocuHycH Mix

BEKTOPOM BiALIEHTPOBOI cuin F, i BKa3aHUMHU BEKTOpaMH
TpurpanHuka /lapOy HacTymHi:

— Ha OpT 7. (32)

— Ha opT N:

(33)

— HaopT P!

(34)

— 3 oprom N (27): _pSi—nﬂ; (35)
\b? cos? B + p?
— 3 opTom P (28): _ Wcosﬂ ) (36)

\Jb%cos? B+ p°
BinmosigHo BianeHTpoBa cuna inepuii F, (9) B mpo-
SKIIiAX HA OPTU TPUTPAHHUKA 3ATHIICTHCS:

— HaOpT 7. 0; (37)
— Ha opt N: _mVip  psing . (39)
b?+p* o2 cos? B+ p?

Y 2" :
b?+p° \Jo?cos? B+ p?
Cuna peakiiii R cripsimoBana B3goBx opta N, oTxke 1i
MPOCKIIT Ha OPTH TpUTpaHHUKa J[apOy 3amuIIyThCs:

— Ha OpT 7. 0; (40)
— Ha opT N: R; (41)
— Ha opT P: 0. (42)

Cuna teptst fR cpsiMmoBaHa B IPOTHIIEKHY CTOPOHY
opTa 7, oTKe 11 mpoekuii Ha opTu TpurpaHuuka JlapOy

3aIHUIIY ThCS:
— Ha OpT T —fR; (43)
— Ha opT N: 0: (44)
— Ha opT P: 0. (45)

CyMyeMO TIpHKJIAJIEH] CHUIIM B3JOBXK OPTIB TPUTPAH-
HHUKa 1 OTPUMYEMO pIBHOBAary CHji B HPOEKLIl Ha KOXEH
OpT.

PiBHOBara cui1 B mpoeKIii Ha OpT 7 3aIHIIEThCS:

mgb

\Jb? + p?
PiBHOBara cui B npoexii Ha opT N 3anuiiersbes:
mgp cos S
\b?cos® g+ p°
mvZ2p psin B
2 2
b™+p" \b?cos® g+ p?
+R=0

PiBHOBara cuit B poexiiii Ha opT P 3amuieTsest:

mgp? sin B
Jb?cos? p+ p? Jo? + p)
_mVip  4b®+p®cosp o
b*+p° JoZcos? f+p?
I3 piBusaHHS (46) Bigpa3y 3HaAXOIUMO BHpa3 I pea-
kiii R moBepxHi:

~ fR=0. (46)

(47)

(48)

mgb
oMb
fb? + p?
I3 piBHsHHS (48) 3HAXOAMMO BHpa3 sl IIBUAKOCTI V
PYXy YaCTHHKH:
V=\gptgp (50)
[TincraBumo Bupas peakuii R i3 (49) i mBHAKICT py-
xy V i3 (50) y piBHsHHS (47) 1 OTpMaeMO piBHSHHS, B
sIKe BXOJIUTh OJIHA HEBIIOMa BEJIMYMHA — BI/ICTAHb p:

(49)
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mgp cos S
\b?cos? B+ p?
_mgp*tgf  psing |
b?+p*  Jb?cos? f+ p>
mgb _0
f\b?+p°

PiBusinHs (51) MoxkHa cnpocTHTH. 30Kpema, HOoro
MOJKHa CKOPOTUTH Ha Macy YaCTHHKH M.

B pesynbrarti po3s’s3anns piBHsAHHA (51) micns ioro
CHPOILIEHHS BiIHOCHO BiJICTaHi p OTPHMAEMO pe3yJbTaT,
SIKMI TOYHO 30iraeThes i3 BUpazom (23).

[IBuAKICTE pyXy YaCTHHKH, SIKY YMOBHO IPHHMEMO
3a NesKUd BaHTaX, 3MIHIOBAaTHMETHCS MO Mipi ii omryc-
KaHHS 1I0 TIOBEPXHI KOCOTO TeNiKOiZa: BOHA 3pOCTaTHMe
BiJ HYJIS IO CTAJIOro 3HAYCHHA. B KiHII CITyCKy BOHa Mae
Oyt 00MEXEHOI0 3 MipKyBaHb HOPMAIBEHOI POOOTH CITy-
CKy, TpU sKiif He MOMIKO/KYETECA BaHTAX. 3a3BHYAM
TaKUM OOMEKEHHSM € BeJIMYHA MIBUAKOCTI 10 2,5 m/c [7].
3rigHo Gopmyiu (50) 3amaHy HMIBHAKICTE MOYKHA JIOCST-
HYTH Bapialli€l0 JBOX MapaMeTpiB: BiAcTaHi p 1 KyTa f.
Sk KyT £ 3amaBaTMMEMO, TO BIJICTaHb ) BU3HAUYMMO 32
¢dopmyinoro 3riguo (50):

(51)

+

V 2
= (52)
gtgp
Jani i3 ¢dopmynu (23) 3HaX0AMMO TBUHTOBHH Iapa-
metp b:
b J2fp | (53)
412 2
cosfB.[1-f%+ +(1-f2
ﬂ\/ st 1

Hanpuknan, npu 3aaasiii mBuakocti V=2 u/c, KyTi
S=30° i koediuienti tepts f=0,3 orpumaemo: p=0,7 m,
b=0,24. TloBepxHs KOCOro Treikoina 3a 3aJaHUMH KOHC-
TpykTUBHUMH Tlapamerpamu b=0,24 i f=30° noGynoBana
3rigHO piBHSHG (3) Ha pHC. 5,a.

Taky x caMy IIBHUAKICTE pyXy BaHTaxy V=2 m/c mi-
cist cTabimizamii MOXKHA 3a0€3MEYUTH 1HIIOK ITOBEPXHEIO
npu b=0,394 i f=18° (puc. 5,6). Biacraub p npu oMy
3pocte i craHOBUTHME p=1,25 M. SKmo x To OOyHOBa-
HUX TOBEPXHAX CIYCKAaTH BAaHTAX 13 MCHIINM KoedirieH-
tom Tepts f=0,25, To 3pocTe sAK BiACTAHB p, TAK i MIBHI-
kicte onyckauus V (p=0,87 m i V=2,18 m/c B mepiomy
BUNAAKY 1 p=1,5 m 1 V=2,18 m/c — B IpyroMmy BUNJIKY).

Dopmyia (50) Bkasye Ha Te, 1110 Ha MOBEPXHI KOCOTO
TENIIKOi/la 3aBXIM MOXKHA 3HAHTH TBHUHTOBY JIiHiIO, sKa
3a0e3neunTh 3aJany NIBUAKICTh PyXy YacTHHKH 1pu >0.
Hanpuxnan, npu f=1° V=1 wm/c i f=0,3 orpumaemo:
b=1,751 p=5,84 m. 3HaiinemMo KyT y migiOMy TBUHTOBOI
ninii: y=Arctg(b/p)= Arctg(7/23,36)=16,7°. Kyt Ttepts
st f=0,3 tex cranoButh 16,7°. Kyt y migiiomy rBUHTO-
Boi miHii mpm f=30° (puc. 5S,a) CTaHOBUTH
y=Arctg(0,24/0,7)=18,9°.

TakuM yuHOM, O Mipi 3MEHIIICHHS KyTa ff IpH 3a/1a-
Hilt mBHUAKOCTI V pyXy YaCTHHKH KyT MiJHOMY TBUHTOBOI
JiHIT — TpaexTOpii pyXy YaCTHHKH — HAOIMKAETHCS 10
IpaHMYHOI0 3HaueHHs — kyrta Tepts. [Ipu <0 crany
LIBUIKICTh YaCTHHKHU 3a0€3Me4YNTH HEMOXKJIIMBO. B 1ibomy
BUIIAJKy TBIpHI IIOBEPXHI CIIpSIMOBaHI HE Bropy, a BHU3,
OTX€ YaCTHHKA MOXE TUIbKH PO3TaHsITUCS.

Puc. 5. Koci renikoiay 3 HAaHECEHUMHU TPAEKTOPISIMU
PYXy YaCTHHKH, SKi 3a0e3meduyioTh 3aJaHy IIBUAKICTH
pyxy V=2 m/c npu xoedimienTi reptst f=0,3:

a) f=30°1b=0,24, 6) f=18°1b=0,394

Fig. 5. Skew helicoids with particle trajectories plot-
ted that provide a given velocity V=2 m/s at a friction
coefficient f=0,3:

a) f=30°1b=0,24; 6) f=18°1b=0,394

BucHoBku

1. Jlns TpaHCTIOpTYBaHHS BaHTaXiB abo martepiaiy
3BepXy BHH3 3aCTOCOBYETHCS TPaBITAIIHHUN TPaHCIOPT,
TOOTO CITyCKH DPi3HOI KOHCTpyKmii. J[ma HUX XapakTepHa
MPOCTOTa BUTOTOBIICHHS, BIJICYTHICTh MEXaHi3MiB st
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MIPUBOTY Tija yac podotu. [y mpaBUIHLHOTO TPAHCTIOPTY-
BaHHS MaTtepiary HeoOXiHO 3pOOUTH pO3paxyHKH KOHC-
TPYKTUBHHUX HapaMeTpiB CIIyCKy Ui TOro, o0 He Oyio
3aTopiB a00 K HaAMipHOI IIBUIKOCTI TPAHCIIOPTYBAaHHSI.

2. B po0oTi BUKOHaHO PO3PaXyHKH AJISI KOHCTPYKIIii
TpaBITAifHUX CITYCKiB, B SKHX POOOYOI0 IMOBEPXHEIO €
KOCHH TeNiKOIA. AHANITHYHI 3AJIE)KHOCTI JUIsl PO3PAXYHKY
KOHCTPYKTUBHHMX IapaMeTpiB TBHHTOBOTO CIYCKy 3a
3aJIaHOI0 IIBHUJIKICTIO PYXy BaHTaKy OTpHUMaHi IIpU CKJa-
JlaHHI PIBHSHb DPIBHOBaru IMpPUKJIAJIEHUX CWII K Ha OCi
HEPYXOMOI CHCTEMH KOOPJIMHAT, TaK 1 Ha OPTH TPHUIPaH-
Huka [lapOy. B 000x BUmagkax OTpUMaHO OIHAKOBI pe-
3yJbTaTH.
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PACYHET TPABUTALIMOHHOTO CITYCKA,
OBPA3OBAHHOI'O ITOBEPXHOCTBIO KOCOI'O
3AKPBLITOI'O I'EJIMKOUJA
T. A. Kpecan

AHHoOTauus. B cratbe paccMOTpEHbI TEOPETHYECKUE
BOIIPOCHl TPOEKTHUPOBAHMUS TI'PaBUTALMOHHBIX CIIyCKOB.
Ilepemelienue rpy3oB MM MaTepuaja IO HHUM OCY-
IIECTBIIETCS MOJ ACHCTBHEM CHJIBI COOCTBEHHOIO Beca.
Taxkoil TpaHCHOPT UIMPOKO HCIOJB3YETCS Ha YrOJIbHBIX
[IaxTax, PyJAHHUKax, oboraTureNbHbIX (pabpukax. Tpamc-
MOPTUPOBKA MaTepuana MOXET OCYLIECTBISTHCS MO CIie-
LUaIbHBIM IOBEPXHOCTSIM: HACTHIJIaM, KaCKaJHbIM U BHH-
TOBBIM CITycKaM, TpyOam, jkeno0aM u ap. Xapakrep JBU-
JKCHHS YaCTHIIBI 3aBHCUT OT 0COOEHHOCTEH KOHCTPYKIIUU
TaKHX CIIyCKOB.

IIpoie paccuuTarh CIycK B BUJE HAKIOHHOM IJIOC-
KocTH. YacTuia ABUXKETCS 10 HEMY MO MPSMOJIUHEHHOMH
TPaeKTOPUH, KOTOpas SIBISETCS JUHUEH HauOOJbIIEro
HakJioHa. Ecnu pabodeil MOBEpXHOCTBIO CITyCKa SIBISIETCS
KpUBOJIMHEHHAs! MOBEPXHOCTh, TO TPAEKTOPUEH ABHKE-
HUs OymeT KpuBas JHHHUA. B 9TOM ciydae BO3HUKAeT
JIOTIONTHUTEIbHAS CHJIa MHEPINH - [IEHTPOOEKHasI, BEIU-
YUHA KOTOPOM 3aBUCHUT OT KPUBHU3HBI TPACKTOPUHU. IJTa
CUJIa MOXET OTKJIOHSTh TPAEKTOPHUIO IBUXKEHUS OT JIMHUU
HanOOJBIIIEr0 HAKJIOHA, a TAK)KE YBEIMYHBAThH JABIICHUC
YacTHULIbI HAa NMOBEPXHOCTb, YTO MPHUBOJUT K YBEINUECHHUIO
cwiel TpeHus. llpu cocrtaBieHUn IU(dEpEeHINATBHBIX
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YPaBHEHHH JBIDKCHHS HYXHO yUHTHIBATh BCE NPHUI0KEH-
HBIE CHUIBL.

B pabote paccMOTpeHO KOHCTPYHPOBAaHHE BHHTOBO-
TO CIyCKa, Y KOTOPOTo pabodeil MOBEPXHOCTHIO SIBISCTCS
Hepa3BepTHIBarOIIUiicH (Kocoif) remmkownn. YToOB He
COCTaBIATh AN GEPCHINATBHBIX YPAaBHCHUH IBIDKCHUS
YaCTHILBI, B CTaThe IMPEJIOKECHO ONHKCATh €€ JBMKECHHE
ocJIe CTaOMIM3aLH, TO €CTh IOCJIe TOr0, KaK OHA Ha4YH-
HAeT JIBUTAThCsl 110 BUHTOBOW JIMHUU C IOCTOSHHOM CKO-
poctblo. JluddepennmansHoe ypaBHEHHE —JIBHXKCHHUS
YaCTHLBI B 3TOM CIIydae 3aMEHSETCS YPAaBHEHUSIMU paB-
HOBECHS MPUIOKEHHBIX K HEH CHJI B MPOEKIMAX Ha OCH
KOOPJMHAT. YPaBHEHHUsS PaBHOBECHS CHJI COCTaBJICHBI B
MIPOEKIMX, KaK Ha OCH HETIOJBI)KHON CHCTEMBI KOOPIH-
HAT, TaK U Ha OPTHI TIOJIBIKHOTO TpexrpaHauka /lapOy. B
o0onx ciydastX MONydYCHbl OAMHAKOBBIC aHATHTHYECKHE
3aBucUMOCTH. OHH TO3BOJITIOT KOHCTPYHPOBAaTh CIYCK
10 3aJaHHOW PacdeTHON CKOPOCTH IBWKCHUS YaCTHIIBI
npu u3BecTHOM Koddduimenre tpenus. OQHy U Ty XKe
pacyeTHyI0 CKOPOCTb JBMIXKCHUS YacTHUIBI IIPU 3aJaHHOM
KO3 QUIMEHTe TPEHUS MOXKHO OOCCICYUTh TMOBEPX-
HOCTBIO KOCOTO TEIMKOMJA C Pa3HbIMH KOHCTPYKTHB-
HBIMU ITapaMETpaMu.

KaroueBble cjioBa: TpaBUTALMOHHBIM CITyCK, CHIa
TSDKECTH, YPaBHEHHS PaBHOBECHS CHJI, KOCOM T€IHMKOWI,
CTALMOHAPHBIA PEXXUM.

CALCULATION OF GRAVITATION DESCENT
FORMED BY SURFACE
OF SKEW CLOSED HELICOID
T. A. Kresan

Abstract. The article deals with theoretical issues of
designing gravitational descents. Movement of goods or
material on them is carried out under the influence of self-
weight. Such transport is widely used in coal mines,
mines, concentrating factories. Transport of the material
can be carried out on special surfaces: decks, cascade and
screw descents, pipes, gutters, etc. The nature of the parti-
cle motion depends on the design features of such de-
scents.

It is easier to calculate the descent in the form of an
inclined plane. The particle moves along it in a straight
line, which is the line of greatest slope. If the working
surface of the descent is a curvilinear surface, then the
trajectory will be a curve. In this case, there is an addi-
tional force of inertia - centrifugal, the value of which
depends on the curvature of the trajectory. This force can
divert the trajectory of the line of greatest inclination and
also increase the particle pressure on the surface, which
leads to an increase in the friction force. When drawing
up the differential equations of motion, all the forces
applied must be taken into account

The design of a screw descent in which the working
surface is a nondevelopable (skew) helicoid is considered
in the work. In order not to set up differential equations of
motion of a particle, we propose to describe its motion
after stabilization, that is, after it begins to move along a
screw line with a constant speed. In this case, the differen-
tial equation of motion of a particle is replaced by the
equations of equilibrium of the forces applied to it in the
projections on the coordinate axis. The equations of equi-
librium of forces is set up in the projections of both the

fixed coordinate system and unitary vectors of the moving
Darboux triad. In both cases, the same analytical depend-
encies were obtained. They allow you to design the de-
scent at a predetermined calculated velocity of motion of
the particle with a known coefficient of friction. The
same calculated velocity of motion of a particle at a given
coefficient of friction can be provided by a surface of the
skew helicoid with different structural parameters.

Key words: gravity descent, force of gravity, equi-
librium of forces, skew helicoid, steady-state regime.
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Abstract. The level of risk tolerability for
agricultural supply chains due to its characteristics,
primarily related to limited shelf life, is a complex
indicator that reflects the likelihood of an occurrence
and the severity of an adverse event (risk event).

At that, a significant number of external and
internal environmental factors expressed in the
aggregate of certain indicators have the impact on the
fact of the occurrence of a risk event. The significance
of these indicators, as well as the vector of their power
of influence, is unique to each individual factor.
However, transport factors indicators influencing the
riskiness of supply chains have the greatest influence
and some uniqueness in logistics.

The article proposes the system of factors typified
by indicators reflecting the influence of the internal and
external environment on the risk level of the
transportation process of perishable agricultural products
with fuzzy multiple approach being one of the most
suitable for the development of the assessment model of
logistical risks level in the process of perishable
agricultural products transportation.

On the basis of the defined system of indicators, a
fuzzy-multiple assessment model of the proposed
logistics risk groups tolerability has been developed. In
accordance with the defined approach, it is proposed,
first of all, to assess the level of tolerability of all
possible  transportation  scenarios  implementation
accepted apart from economic indicators.

A scenario that does not meet the regulatory norms
of the logistical risk tolerability level should be
automatically excluded from the list of potential for
implementation regardless of its level of economic
attractiveness.

Key words: agricultural products, supply chains,
risk, metrics, transportation.

Introduction
The level of risk tolerability for agricultural supply

chains due to its characteristics, primarily related to
limited shelf life, is a complex indicator that reflects the

likelihood of an occurrence and the severity of an
adverse event (risk event).

At that, a significant number of external and
internal environmental factors expressed in the
aggregate of certain indicators have the impact on the
fact of the occurrence of a risk event.

Formulation of problem

The significance of these indicators, as well as the
vector of their power of influence, is unique to each
individual factor.

However, transport factors indicators influencing
the riskiness of supply chains have the greatest influence
and some uniqueness in logistics.

The importance of logistical risks is difficult to
overestimate. Thus, according to a survey conducted at
the initiative of Oracle [5], more (77%) of the
responding companies suffer from unforeseen failures in
the "value chains".

Therefore, to determine the systems of factors that
influence the level of logistical transportation risk
tolerability, it is necessary to conduct theoretical and
empirical analysis in terms of the types of these risks.

Analysis of recent research results

It should be noted that Supply Chain Risk
Management (SCRM) is a new area of research in the
context of the overall Supply Chain Management (SCM)
strategy (Nooraie, Parast 2015 [3]). SCRM views risk as
a situation that entails the impact of two main elements:
incident and uncertainty about possible consequences
(Bandaly, Satir, Shanker 2014 [1]; Nyaga, Lynch,
Marshall., Ambrose 2013 [4], Vilko, Ritala, Edelmann
2014 [7]).

Given that in today's disordered and highly
dynamic market environment, each supply chain is
susceptible to devastating effects turbulence creates a
situation in which SCRM becomes paramount for
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organisational survival and wealth (Wildgoose, Brennan,
and Thompson 2012 [8]).

In experts’ opinion, it is necessary to develop a
comprehensive strategy that meets the following needs.
Firstly, they are the strategies that help companies
minimize costs and increase customer satisfaction
(ChenJ, Sohal A. S., Prajogo D. 1. (2016) [2]).
Secondly, they are the strategies that should enable
companies to carry out their operations during and after
the incident (Tang, Musa 2011 [6]).

Purpose of research

The purpose of the work is to develop a system of
factors expressed in indicators reflecting the influence of
the internal and external environment on the risk level of
the transportation process of perishable agricultural
products.

Results of research

Typically, a risk management system is built in the
form of a Deming cycle (or Deming - Schuhart) - PDCA
cycle (from words: plan, execute (do), check (check
study), act (act)). Therefore, the supply chain risk
management cycle can be represented as follows

(Fig. 1).

1. To identify risk

occurance factors
( N\ 4 N\
6. To implement the 2. To define the risk
formed strategy into and its principal
supply chain location in the chain
\. J \. J
( N ( N
5. To form the overall .
risk management 3. To essess the risk
strategy
\ Y, \, J
4. To build risk

management scenario

Fig. 1. Supply chain risk management cycle.
Source: Compiled by the author.

The analysis of the risk situation identifies three
interrelated conditions: the presence of uncertainty, the
analysis of possible development alternatives, and the
choice of the ability to assess the likelihood of
implementing the chosen risk management options.

It should be noted that in this case only the process
of transport logistics of perishable agricultural products
is investigated, hence the choice of a particular mode of
its transportation. To this end, the most important groups

of risk factors associated with this stage of the supply
chain will be considered, namely material, operational
and social risks.

Consider consecutively the groups given:

Material risks. These risks characterize the
cumulative adverse effect on the quantitative and/or
qualitative integrity of the goods being carried. The
following are the factors that influence the level of these
risks:

1. The presence of supervisory staff. The presence
of specially trained personnel able to respond in a timely
manner to the violation of the conditions of
transportation of perishable goods contributes to a
significant reduction of the potential loss and the
likelihood of realization of a risky situation.

2. The impact of this factor is inverse to the level
of risk. The level of influence of this factor can be
assessed by the following indicators:

a. The number of supervisory staff. Legend -
Fr/m-1. Units are people. Measured statistically. An
increase in this indicator leads to an increase in the
influence of the factor.

b. The qualification of supervisory staff. Legend -
Fr/m-2. Units are points. Measured expertly. An increase
in this indicator leads to an increase in the influence of
the factor.

3. Length and specificity of the route. As the
length of the journey increases, the likelihood of
quantitative and/or qualitative damage to the cargo
increases. The impact of this factor is directly related to
the level of risk. The level of influence of this factor can
be assessed by the following indicators:

a. Cumulative route length. Legend - Fr/m-3.
Units of measurement - km. Measured statistically. An
increase in this indicator leads to an increase in the
influence of the factor.

b. The number of accidents committed on the road
over the last 2 years according to the statistics of the
Ministry of Internal Affairs. Legend - Fr/m-4. Units —
pieces (pcs). Measured statistically. An increase in this
indicator leads to an increase in the influence of the
factor.

4. Weather conditions. Worsening of weather
conditions can lead to violations of the integrity of the
transport packaging, and to the deterioration of the
ability to control the transportation process. The impact
of this factor is inverse to the level of risk. The level of
influence of this factor can be assessed using the
indicator:

a. qualitative assessment of the results of the
weather forecast. Legend - Fr/ m-5. Units - score.
Measured expertly. An increase in this indicator reduces
the impact of the factor.

Operational risks. These risks characterize the
cumulative adverse effect of external and internal
environmental factors on the operation of the freight
rolling stock.

The realization of these risks can lead to the
realization of environmental risks. However, these risks
are largely technical in nature. The following factors can
be identified as factors affecting the level of operational
risks:
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1. Wear of the rolling stock. This factor is crucial
in ensuring the continuity of the transportation process.
The impact of this factor is directly related to the level
of risk. The level of influence of this factor can be
assessed by the following indicators:

a. The wear factor of the rolling stock. This
indicator is calculated as the accumulated depreciation
to the original value of the rolling stock. Legend - Fr/e-
1. Units of measurement - %. Measured statistically. An
increase in this indicator leads to an increase in the
influence of the factor.

b. the proportion of regulatory time elapsed since
the last scheduled rolling stock maintenance. This figure
is calculated as the ratio of the time remaining to the
next scheduled maintenance and the regulatory time
between scheduled maintenance. Legend - Fr/e-2. Units
of measurement - %. Measured statistically. A decrease
in this indicator leads to an increase in the influence of
the factor.

2. Load on the roadbed. This factor is purely
technical. Its impact has a well-defined vector and a
direct relationship to the level of risk. The level of
influence of this factor can be assessed by the following
indicators:

a. exceeding the permissible level of axle load.
The calculation of this indicator is carried out by
dividing the current level of load by the axis to its
normative value. Legend - Fr/e-3. Units of measurement
- %. Measured statistically. An increase in this indicator
leads to an increase in the influence of the factor.

b. exceeding the permissible load level by 1 meter
of the roadway. The calculation of this indicator is
carried out in accordance with the calculation of the
indicator Fr/e-3. Legend - Fr/e-4. Units of measurement
- %. Measured statistically. An increase in this indicator
leads to an increase in the influence of the factor.

2. Wear of pavement. This factor is exclusively
external to the transport enterprise. The impact of this
factor is directly related to the level of risk. The level of
influence of this factor can be assessed by the following
indicator:

a. the proportion of regulatory time elapsed since
the repair of the road. This figure is calculated as the
ratio of the time remaining to the next scheduled
maintenance and the regulatory time between scheduled
maintenance. Legend - Fr/e-5. Units of measurement -
%. Measured statistically. A decrease in this indicator
leads to an increase in the influence of the factor.

Social risks. These risks combine a set of adverse
events, the source of which is the "human factor". The
realization of social risks can lead to operational risks,
which in turn can lead to environmental risks. The
following are the factors that influence the level of these
risks:

1. Sufficiency of the staff. This factor is decisive
in terms of the ability to realize social risks. The impact
of this factor is directly related to the level of risk. The
level of influence of this factor can be assessed by the
following indicator:

a. staffing of the enterprise. This indicator is
calculated by the ratio of personnel available at the
enterprise to the number required for the tasks. Legend -
Fr/s-1. Units of measurement - %. Measured

statistically. A decrease in this indicator leads to an
increase in the influence of the factor.

2. Staff qualification. The impact of this factor is
inverse to the level of risk. The level of influence of this
factor can be assessed by the following indicator:

a. Auverage skill level of the staff. This indicator is
calculated as the ratio of the sum of qualifications
(expressed in points) and the total number of the staff
evaluated. Legend - Fr/s-2. Units of measurement -
point/person. Measured expertly. An increase in this
indicator leads to an increase in the influence of the
factor.

3. Staff experience. Combined work experience
allows the employee to develop practical skills based on
algorithms for eliminating the consequences in terms of
risk. The nature of the influence of this factor on the
integral result is comparable to the nature of the
influence of the previous factor. The level of influence
of this factor can be assessed by the following indicator:

a. average experience of the staff involved. The
calculation of this indicator agrees with the indicator
Fr/s-2. Legend - Fr/s-3. Units of measurement -
point/person. Measured statistically. An increase in this
indicator leads to an increase in the influence of the
factor.

The formed system of indicators is rather
heterogeneous. The degree of impact of each factor on
the integrated indicator as well as each individual
indicator on the influence of the factor is different. So, it
makes sense to build a balanced scorecard.

The assignment of weight to each of the selected
indicators can be carried out using a combined approach,
which involves both expert weight distribution and
weight distribution in accordance with Fishburn's law.

For these purposes, the factors were ranked by
experts by the degree of impact on the end result. In this
case, the distribution of weight within the groups
themselves is made uniformly to prevent weight gain of
those factors, which are assessed by several indicators.
The results of the distribution are represented in Fig. 2.

The assessment of all selected groups risk
tolerability cannot be provided on the basis of classical
methods of risk assessment.

First of all, this is due to the need to use both
statistical (formalized) and expert (unformalized)
indicators that characterize the level of risk. Moreover,
the complexity of the object of study determines the
need to identify fuzzy assessment intervals, as well as
characterized by the level of confidence of the expert in
the conclusions drawn.

Therefore, a fuzzy-multiple approach is one of the
most suitable for building an assessment model for the
level of logistical risks of perishable agricultural
products transportation process.

Building an assessment model using fuzzy logic
involves the following steps:

1. Independent variables are selected, the
consequence factors that influence the value of the
dependent variable.

2. Fuzzy sets of values for independent and
dependent variables are described. In this case, instead
of numerical values, linguistic terms are used.
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3. Output rules are described. Each rule is written
as "if" (independent variable is equal to value), "then"
(dependent variable is equal to value). In this case, as
the "values" are used the linguistic terms described in

4. Fuzzy sets of the dependent variable are
generated based on independent variables and output
rules. Software is usually used to implement this step.

5. The result is then used for informed decision

paragraph 2.

making.
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Fig. 2. Balancing weights of the integrated impact model on the risk tolerability level of the transportation

process.
Source: Compiled by the author

According to the above algorithm, the stages of
modeling occur.

Stage 1 (sets). Introduce the following basic sets
and subsets of states described in natural language:

a) The complete set of state G of an enterprise is
broken down into five types of subsets:

- G1 - a subset of "extremely low risk probability";

- G2 is a subset of "the degree of risk is negligible";

- G3 is a subset of "medium risk";

- G4 is a subset of "high risk™;

- G5 is a subset of "extremely high risk probability".

Hereinafter, we assume that the index G takes a
value from zero to one by definition.
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We construct a set of individual indicators X = {Xi}
by the total number N, which, according to the expert
analyst, on the one hand, analyze the likelihood of a risk
situation, and, on the other hand, assess the different
nature of the transportation process in the supply chain.

Step 3 (Significance). Let us compare each indicator
of Xi with the level of its significance for the analysis of
ri. To assess this level, you must place all the metrics in

descending order I, =T, =..rso that the rule is

followed. Ranking is by Fishburn rule:
(- 2N=ixD) )
(N-1)N
Step 3 (Classification of metric values). The
function of the value of the deviation of the factor-
consequence is given by a fuzzy set:

/u[O;l](Xsr) :{Xsr1 /Vllerz Ny Xsl,rn IV} @)

where - X{ ..., X{ the value of the factor after

increase,

V1, ..., Vn - subjective estimates of the possibility of
corresponding increases in the factor-consequence at a
given increase in the factor-cause.

The following is a classification of the current
values of X as the criteria for splitting the complete set of
its values into subsets of the form B.

Step 4 (Risk classification of the transportation
process). We construct a classification of the current
value of g, the indicator of riskiness G, as a criterion for
the division of this set into subsets.

Step 5 (Classification of metric values). Let us
construct a classification of the current values of X as a
criterion for splitting the complete set of its values into
subsets of the form B.

Table 1. Classification of the current values of indicators X.

) The criterion of division into subsets
Indicator
Bi1 Biz Bis Bis Bis
X1 x1<bii b11< x1<biz b12< x1<biz b13< x1<b14 b1a< X1
XN Xn<bni1 bni< Xn<bng brn2< Xn<bnsz bna< Xn<bna bna< Xn

Source: Nedosekin, A.O. Fuzzy-multiple approach to actuarial modeling [Electronic resource] / AO Nedosekin. -

Access mode: http: // pensionreform.ru/, free.

Step 6 (Measurement Level Assessment). Let's evaluate the current level of indicators and summarize the

results in the table.

Table 2. Assessment of the current level of indicators.

Indicator

The current value

X1

X1

XN

XN

Source: Nedosekin, A.O. Fuzzy-multiple approach to actuarial modeling [Electronic resource] / AO Nedosekin. -

Access mode: http: // pensionreform.ru, free.

Step 7 (Classification of indicators). We classify the current values of x, where A;j = 1if bjj.y) < Xi < bjj, and
Aij = 0, otherwise (when the value does not fall within the selected classification range).

Table 3. Indicator level classifications.

) The result of classification into subsets
Indicator
Bi1 Biz Bis Bis Bis
X1 A1 A12 A3 A14 A1s
XN ANL AN2 ANz N4 AN
Weight (g) 0,1 0,3 0,5 0,7 0,9

Source: Nedosekin, A.O. Fuzzy-multiple approach to actuarial modeling [Electronic resource] / AO Nedosekin. -

Access mode: http: // pensionreform.ru, free.
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Step 8 (Risk assessment of the transportation
process). Now let's perform formal arithmetic actions to
assess the level of investment attractiveness g:

5 N
g:Zngrikij ®)
=R

Table 4. Selected metrics classification.

Step 9 (Linguistic recognition). Classify the
obtained value of the degree of risk on the database of
Table 4. Thus, our conclusion about the level of riskiness
of the transportation process takes on a linguistic form
and logistics concept has the following form.

Indicator The criterion of division into subsets
extremely low low risk average risk high risk extremely high risk
risk
The system of fuzzy-multiple classifiers of indicators characterizing
the level of material risks tolerability
Frim-1 (1;1; 3;5) (3;5;6;8) (6; 8; 10; 12) (10; 12; 13; 15) (13; 15; +oo; +00)
Frim-2 (1;1;2;3) (2;3;4;5) (4;5;6;7) (6;7; 8;10) (8; 10; 10; 10)
Fr/im-3 (0; 0; 300; (300; 1400; (2500; 3600; (4700; 5800;  {(9100; 10200; +o00; +0)
1400) 2500; 3600) 4700; 5800) 6900; 8000)

Fr/m-4 (0; 0; 2;4) (2; 4; 6;9) (6;9; 11; 13) (11; 13; 15; 17) (15; 17; +o0; +00)
Fr/m-5 (1;1;2;3) (2; 3;4;5) (4,5;6;7) (6; 7; 8; 10) (8; 10; 10; 10)

The system of fuzzy-multiple classifiers of indicators characterizing

the level of operational risks tolerability

Frie-1 (0; 0; 8; 16) (8; 16; 24; 32) (24; 32; 40; 48) (40; 48; 56; 64) (56; 64; 100; 100)
Frie-2 (0; 0; 11; 23) (11; 23; 34;45) (34; 45; 56; 68) (56; 68; 79; 90) (79; 90; 100; 100)
Fr/e-3 (0; 0; 5; 10) (5; 10; 15; 20) (15; 20; 25; 30) (25; 30; 35; 40) (35; 40; +o0; +00)
Frie-4 (0; 0; 4; 8) (4; 8; 11, 15) (11; 15; 19; 23) (19; 23; 26; 30) (26; 30; +o0; +0)
Fr/e-5 (0; 0; 12; 25) (12; 25; 37; 49) (37; 49; 61; 74) (61; 74, 86; 98) (86; 98; 100; 100)

The system of fuzzy-multiple classifiers of indicators characterizing

the level of social risks tolerability

Frie-1 (70; 80; 100; 100) | (50; 60; 70; 80) (30; 40; 50; 60) (10; 20; 30; 40) (0; 0; 10; 20)
Frie-2 (1;1;2;3) (2;3;4;5) (4,5;6;7) (6;7; 8; 10) (8; 10; 10; 10)
Ft/e-3 (1;1;2;3) (2; 3; 4;5) (4,5;6;7) (6;7; 8; 10) (8; 10; 10; 10)

Source: Written by authors based on a fuzzy multiple approach.

The results obtained are characterized by two
components: a linguistic interpretation of the level of a
particular risk and the degree of reliability of the
obtained result (Table 4).

First of all, considering the linguistic interpretation
of the result obtained by the experts it was found that the
border state is the state # 3 - conditionally acceptable
level of risk "medium risk". If the transport scenario
exceeds the current state and goes into state # 4 - an
unacceptable high-risk level of risk - it is automatically
discarded. However, since these variables are unclear,
the level of classification reliability should be taken into
account. Therefore, the rules for acceptable reliability
should be established.

The threshold of reliability, in the case of material
risks is set at 50%, since they have only 1 level of
consequences of implementation. At the same time,
operational and social risks have levels 2 and 3,
respectively. As a result, the experts have established a
40% confidence level for them. This is primarily due to
the fact that they can lead to the realization of
environmental risks.

Conclusions

1. The paper proposes a system of factors expressed
in indicators reflecting the influence of the internal and

external environment on the level of a risk group of
perishable agricultural products transportation process.
On the basis of the defined system of indicators, a fuzzy-
multiple model of assessment of the level of tolerability
of the proposed logistics risk groups was formed.

2. In accordance with the defined approach, it is
proposed, first of all, to assess the level of tolerability of
all possible transportation scenarios implementation
accepted apart from economic indicators. A scenario that
does not meet the regulatory norms of the logistical risk
tolerability level should be automatically excluded from
the list of potential for implementation regardless of its
level of economic attractiveness.
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MOJEJIb OIIHKHM PIBHA JOITY CTUMOCTI

PU3UKIB ITPOLIECY TPAHCIIOPTYBAHHA

IIBUJIKOIICYBHOI AT APHOI ITPOIYKIIIT

O. M. 3aeypcoxuil

AHoTanisg. PiBeHP [OIMyCTUMOCTI pU3HKY IS
JAHIIOTIB MOCTavyaHb arpapHoOi MPOAYKIlii BHACIINOK ii
OCOOJIMBOCTEIH, MEPIII 32 BCE MOB'SI3aHUX 13 0OMEIKCHIUMU
TEepMiHaMH 30€piraHHs, € KOMIUIEKCHUM IIOKa3HUKOM,
SAKAH BimoOpakae HMOBIPHICT HACTaHHS 1 BaXKKIiCTb
HecnpusATauBol noaii (pusukoBoi mnogii). IIpu upomy,
BIUIMB Ha (haKT HACTaHHS PU3UKOBOI MOJAIi cIpaBisie
3HaYHa  KUIBKICTH  (DakTOpiB  30BHIMIHBOTO 1
BHYTPIIIHBOTO CEPENOBHINA, BUPAKECHUX B CYKYITHOCTI
TIEBHUX ITOKa3HUKIB.

3HAYNMICTh JaHUX MMOKAa3HUKIB, PIBHO, AK 1 BEKTOP
CHiIM iX BINIMBY, YHIKaNbHI JUIA KOXXHOTO OKPEMOTO
¢aktopa. Ilpore HaiOimpmWiA BIUIMB 1 TEBHY
YHIKQIBHICTh MalOTh MOKAa3HWKU BIUIMBY TPAaHCIIOPTHHX

¢dakTOpi HA PU3HMKOBICTH B JIOTICTUKH JIAHIIIOTIB
MOCTa4YaHb.
B crarti 3ampomonoBaHa cucteMHu  (akTopis,

BUPQXEHUX B  IHAMKAaTHBHUX  NOKa3HUKax,  II0
BiZIOOpa)XaloTh BIUIMB BHYTPINIHBOTO 1 30BHILIHBOTO

CepelloBHINA Ha  PIiBeHb  PU3MKOBOCTI  HPOLECY
TPaHCIOPTYBaHHS IIBUJIKOTICYBHUX arpapHux
MIPOAYKTIB.

OmHPM 3 HAWOIMBIN TNPHIATHUX IS MOOYIOBH
MOJeNi OIIHKH pIiBHA JOIyCTUMOCTI JIOTiCTUYHHUX
PU3UKIB TIPOIECY TPaHCHOPTYBAHHA IIBHUAKOIICYBHOL
arapHoi MPOYKIIii € HEYITKO-MHOKUHHHUH MTiAX1.

Ha ocHOBi BH3HA4yeHOI CHCTEMH IHIMKATHBHHUX
MOKa3HWKIB Oyna chopMOBaHA HEUITKO-MHOXXHHHA
MOJICTIb OILIHKU PIiBHS JOMYCTUMOCTI 3alpOIOHOBaHHX
IpyI JIOTICTUYHKUX PU3UKIB. BiIOBIIHO /10 BU3HAYEHOTO
MIIX0/1y MPOIOHYETHCS B MEPIIY Yepry, He3aJexHO Bil
€KOHOMIYHHMX IMOKAa3HUKIB, OLIIHIOBATH piBeHB
JIOITyCTAMOCTI BCiX MPUHHATHX IO MOXKJIMBOI peaizamii
creHapiie TpaHcmopryBaHHA. CreHapid, sSKuil He
BiAmoBizae YMOBHO HOPMATHBHAM 3HAYEHHSIM
JOITyCTAMOCTI PIiBHS JIOTiCTUYHOTO PHU3UKY, TOBHHCH
OyTH aBTOMAaTHYHO BHKIIOYCHI 31 CITUCKY MOXIIUBUX IO
peanizalii He3aJeXKHO BiA PIBHA HOro EKOHOMIYHOI
NpUBaOINBOCTI.

KaouoBi ciaoBa: arpapHa NpoIyKiisi, JIQHIIOTH
MOCTaYaHb, PU3UK, CUCTEMA MMOKA3HUKIB, TPAHCIIOPTYBAHHSI.

MOJEJIb OHEHKHN YPOBHA JOITYCTUMOCTHU
PUCKOB IMTPOLIECCA TPAHCIIOPTHUPOBKH
CKOPOIIOPTSIENCS ATPAPHOU ITIPOYKLIMUA
O. H. 3azypckuii

AHHOTAMA. YPOBEHb JOMyCTUMOCTH pHUCKA NS
Lenei MOCTaBOK arpapHOd NPOAYKLHU BCIEICTBUE €€

O0COOEHHOCTEH,  MpeXJe  BCero  CBS3aHHBIX  C
OTpaHMYEHHBIMH  CPOKAMH  XPAaHEHHUs,  SBISETCS
KOMIUIEKCHBIM ~ TIOKa3aTelleM, KOTOPBhI  OTpakaeT
BEPOSITHOCTH HACTYTIIICHHS u TSOKECTh

HeOJIaronpusaTHOTO (PUCKOBOTO) coObITHS. [Ipu 3TOM,
BIMsSHAC Ha (aKT HACTYIUICHUS PHCKOBOTO COOBITHSA
MPOU3BOJIUT  3HAYUTEIBHOE KOJIMYECTBO  (HaKTOPOB
BHEIIHEH ¥ BHYTpEHHEW Cpensl, BBIPAKCHHBIX B
COBOKYITHOCTH ONPEJIEICHHBIX MOKa3aTeNeH.
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3HAaUYMMOCTh JAHHBIX IIOKa3aTesieid, POBHO, KaK U
BEKTOP CHJbl WX BIMSHHS, YHUKQJIbHBIE IJISI KaXJIOTO
otnensHOrO (hakropa. OgHAKO HAWOOINBIIEE BIUSHUE H
ONIPENCICHHYI0 YHHUKAIBHOCTh HMEIOT II0Ka3aTeNln
BO3/IEIICTBUS TPAaHCIIOPTHBIX (PaKTOpE HA PUCKOBAHHOCTH
B JIOTHICTHKE IETICH TOCTaBOK.

B craree npemnoxeHa cucrema  (aKToOpoOB,
BBID@KEHHBIX B WHIUKAaTUBHBIX  IIOKa3aTessix,
OTpaXAIOIIMX BJIMSHUE BHYTPEHHEH W BHEIIHEW CpeJbl
Ha YpOBEHb PHCKOBAHHOCTH IPOLIECCa TPAHCIIOPTHPOBKU
CKOPOMOPTSIIUXCS arpapHbIX NpOAyKToB. OmHUM U3
HanOosee MoIXOISIIUX /I HOCTPOSHUS MOJICNHN OLIEHKH
YPOBHS JIOIYCTIMOCTH JIOTHCTHUYECKHX PHUCKOB Iporiecca
TPAHCIOPTHUPOBKU CKOpOIOPTALIEHCS arpapHoi
MIPOIYKIUH SIBISETCS HEIETKO-MHO)KECTBEHHBIH TOAXO.

Ha ero ocHOBe  mpeanoXKeHOM  CHUCTEMBI
WHAWKATUBHBIX ~TIOKazarerneil Oputa  chopmupoBaHa
HEYCTKO-MHOKECTBEHHAsT ~MOJICNIb  OLCHKH  YPOBHSA
JOIMYCTUMOCTH TPEIJIOKCHHBIX TPYIIT JIOTUCTUYCCKUX
puckoB. CoryacHo € mpejuaraeTcs B EPBYI0 04epelb,
HE3aBHCUMO  OT  JKOHOMHMYECKMX  IOKa3arelei,
OIICHMBATh YPOBCHbL AOIMYCTUMOCTH BCEX MNPUHATBIX K
BO3MOXKHOW peallu3allii CLIEHApHEB TPaHCIIOPTUPOBKH.
CueHapuif, KOTOpPBIA HE COOTBETCTBYET YCJIOBHO
HOPMAaTHBHBIM ~ 3HA4YCHUSIM  JIONYyCTHMOCTH  YpPOBHS
JIOTHCTHYECKOTO PHUCKA, JOJDKEH OBITh aBTOMATHYECKH
UCKJIIOYEHBl M3 CIHCKAa BO3MOXHBIX K pealn3anuu
HE3aBHCUMO  OT  yPOBHS  €r0  3KOHOMHYECKOH

MPUBJICKATEIBHOCTH.

KinioueBble ciaoBa: arpapHas NPOAYKIHS, IEIH
MOCTABOK, pHCK, cucTeMa noKasaTeJen,
TPAaHCIIOPTHPOBKH.

0. M. 3arypcebkuii ORCID 0000-0002-5407-8466.
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PEKOMEHJAIII 3 MIIBUILEHHA BE3IIEKU JOPOXKHBOI'O PYXY V CLIbCHKHUX HACEJEHUX
IIYHKTAX
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HamionaneHuii yHiBepcHTET OiopecypciB i IpUPOAOKOPUCTYBAaHHA YKpaiHu, YKpaina.
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bi6n. 8, puc. 2, maén. 1.

AnoTtaunis. 3a nepiox 3 2011 mo 2016 pik y mopox-
HBO-TPAHCIIOPTHUX TpHToAax B YKpaiHI 3armHyJIo
26,7 Tuc. oci0, 3 Hux 43,7 BiACOTKA — MIIIIOXOIX 1 BEIOCH-
neaucTy. 3a oriHkoo CBITOBOTO OaHKY, MIOPiYHI BTPATH B
pe3ynbTaTi AOPOKHBO-TPAHCIIOPTHUX NPHUroJ] B YKpaiHi
CTaHOBJATH Onu3bko 4-5 mupn. monapiB CIHA. Tak, B
2016 poui Ha YKpaiHCBKHMX JOpOTrax 3aruHyJI0 Maibke
3,4 Tuc. ocib, 33,6 Tuc. Oyau TpaBMOBaHi. SIk 3a3HAYAETHCS
y HanioHanpHi# TpaHcnoprHii crparerii Ykpainu Ha 1e-
pion 10 2030 poky moTpeOyIOTh pO3B’sI3aHHS 30KpeMa TaKi
Ipo0JIeMH: BUCOKHH PiBEHb CMEPTHOCTI Ta TPaBMaTH3MYy B
Pe3yNbTaTi JOPOKHBO-TPAHCTIOPTHUX MPUTOJ1; HEJOCKOHA-
JICTh CHCTEMH YIIPaBIIiHHA O€3MEeKOI0 Ha TPAHCTIOPTI Ta Bi-
JICYTHICTb €JMTHOTO KOOPAWHALIHOTO OPTaHy yIpaBIIiHHS
0€3IeKOI0 TIOPOXKHBOTO PYXY, IO € IPUIMHOIO BiJICYTHO-
CTi HUTICHOT CHCTEMH JepKaBHOTO YIIPABIIiHHS 0E3IEKOI0
JIOPOXKHBOTO PYXY; HETOCKOHAIICTh CHCTEM MOHITOPHHTY
JIOPO’KHBO-TPAHCIIOPTHUX MPUTOJl, IX CTATUCTUKHU Ta YII-
paBiiHHA ~ pu3uMKamu;  HeepeKTHMBHME  migxix 10
PO3B’si3aHHs IPOOJIEMH BUCOKOTO PiBHS aBapiitHOCTI Ta Tsi-
XKKOCTI ii HACHiJKIB 1 CTBOPEHHS HAYKOBOT'O MiATPYHTS Mi-
SIIBHOCTI y cepi Oe3Mekn TOpOKHBOTO PYXY; BIICYTHICTh
KOHKPETHUX BUMIpHUX MLiJeH 3 IMiJBUINCHHS PiBHA 0€3-
TIEKH JIOPOXKHBOTO PYXY, BIAIIOBIJHOTO CKOOPJIHMHOBAHOTO
IUTaHy il y 3a3HauYeHii cdepi; HI3bKUi piBeHb BUXOBaHHS
CyCIIbCTBA Y cepi Oe3MeKn TOPOKHBOTO PYXY, BIACHOT
BIIMOBINAJILHOCTI Ta JOTPUMAHHS IPAaBWJI JOPOKHBOTO
pyXy ToIIO.

Jlis migBUIIEHHS piBHA O€3MeKH TOPOKHBOTO PYXY
MIPOTIOHYEThCS TEPeNiK TAaKUX 3aBJaHb, 30KpeMa: BUKO-
HaHHS IPOTPaMHU ITiABUIICHHS PiBHA 0€3IEKH JOPOKHBOTO
PYXY; YTBOPEHHS MIXBiIOMYOTO OpraHy yIpaBiIiHHS 0e3-
MIEKOI0 JIOPOXKHBOTO PYXY; IHTETpalliss MOIYJIiB 3 O€3MeKn
JIOPO’KHBOTO PYXY /I0 CUCTEMH OCBITH; IPOBEAEHHS OIli-
HKHM Oe3NeKu HasiBHOI JOPOKHBOI iHPPACTPYKTYypH Ta 3a-
MIPOBA/PKEHHS 1HKEHEPHUX A1l 11010 MOJIMIIEHHS [T0Ka3-
HUKIB O€311eKH, IPOEKTYBAHHS JIOPIT 3 ypaxyBaHHSAM IIBH-
JKICHUX PEXHMMIB; TOCHJICHHS! KOHTPOJIIO 32 JOTPHUMAHHIM
MIPaBWJI JIOPOKHBOTO PYXY; IIMPOKE BUKOPUCTaHHS 1HHO-
BaIliIfHUX TEXHOJIOTiH 1010 3a0e3meueHHs 6e3MeKu 0PO-
KHBOTO PYXY; IOKPAIICHHS MIIIOXiTHOI iHQPACTPYKTYPH,
MapKyBaJIbHUX 30H, OOMEXEHHS IIBUIKOCTI PyXy TpaHC-
MTOPTHHX 3aCc00iB TOMIO.

KorouoBi cjioBa: 10poXHBO-TPAHCIIOPTHA IIPHUTOJA,
JIOPOXKHIH OJAT, TOPOXKHI 3HAKH, IHTCHCUBHICTH, MPOITYC-
KHa 3[aTHICTB, PiBeHb 3aBaHTAKCHHS, PIBEHb 3PYYHOCTI,
TPAHCIIOPTHUH IOTIK.

ITocTanoBKka npo0aemMu

[IpoTsrom ocTraHHIX NECATHIITH Yy CBITI crioctepira-
€ThCS CTPIMKE 301IbIIICHHS KiTBKOCTI TPAHCIIOPTHUX 33C0-
0iB Ta miABHUIEHHS IHTCHCUBHOCTI pyxy [1], mo mpu3sBo-
JTUTH 10 301IBIICHHS KUTBKOCTI TPAHCIIOPTHHX MOMIN Ta iX
HETaTHBHMX HACIIIKIB [2].

AHaIi3 icHyroUnX mpooiieM y chepi 0e3meKu Jopoxk-
HBOT'O PyXy B YKpaiHi nokasas [3], mio He BupilieHi npuH-
IIUIIOBI MMTaHHS 3a0e31eYeHHs Oe3MeKN JOPOKHBOTO PYXY
[4] i, sx HacmizoK, cUTyallis, 0 CKJIagacs B yMoBax Oyp-
XJIMBOTO POCTY aBTOMOOLII3auii KpaiHu MOCTIHHO IMOTip-
uryetsest [5].

EdexTuBHicTh aBTOMOOUILHHX TIEPEBE3EHB 1 Oe3nexa
JIOPOXKHBOT'O PyXy B3araji y 3HauHIN Mipi BU3HAYAIOTHCS
XapaKTepPOM B3a€MO3B’SI3KIB Y MOTOIl TPAHCTIOPTHHX 3aCO-
0iB, IO PYXalOThCsS Ta OCHOBHUMH XapaKTepHUCTHUKAMHU
bOro MoToKy [6]. He3HaHHS IpUpOIH TAaKUX B3a€MO3B’ 13-
KiB 00MeXKy€e MOXKIIMBOCT] YIPABITiHHS TPAHCTIOPTHHM I10-
ToKOM Ta 3amobiranus JTII [7].

[Tig gac popmyBaHHS iH(MOpPMAIIIT ITPO CTaH i Oe3MeKy
JIOPOXKHBOTO PyXy B MEPIIy Yepry HeOOXiaHi JaHi, Mo Xa-
pPaKTepU3yIOTh TPAHCIIOPTHUH TOTIK, 30KpeMa iHTEHCHB-
HicTh, ckia Ta mBUAKICT [8]. Tlokasuuku 06Ky pyxy
TPaHCTIIOPTHHUX 3aC001B BUKOPUCTOBYIOTHCS i 9ac po3po-
OKWM 1 MPOBEIICHHS 3aX0/1iB 13 3a0e3neueHHst 6e3MeKH 0po-
KHBOTO PYXY.

AHAaJI3 0CTaHHIX J0CTIIKEHb

[IpoGnemi Ge3nekn MOPONKHBOTO PyXY IPHUCBSYEHI
npaini 0araTboX BITYM3HSHHMX Ta 1HO3EMHHMX HAyKOBIIB:
babkosa B.®., bamansna A.M., TaBpumoBa O.A.,
Jzroou O.I1., Jueoukuna O.A., [Hpro M., Jepexa 3./1.,
€pecona B.1., Kininkosmreiina I'.1., JlanoBoro O.T., JIo6a-
HoBa €.M., Jlyk’sHoBa B.B., Ilomimyka B.II.,
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Cin’ssHoBa B.B., ®@imenscona M.C., Xan6epra C., XoMska
S1.B., UerBepyxina b.M., [llemrokaca B.B., IOnena K.

Merta gociigkeHn

MeToro Haoro JOCHIiAKEHHS € aHajli3 OCHOBHHUX Xa-
PAKTEPUCTHK TPAHCIIOPTHHUX TIOTOKIB Ta po3po0OKa peKoMe-
HIAaMiH, SKi CYTTEBO BILUTUBAIOTHh HA CTAH OE3MEKU JTOPOXK-
HBOTO PYXY Y CUIBCHKHX HACEICHUX MYHKTaX.

Pe3yabTaTn gocaigxeHb

AHaii3 OCHOBHHX XapaKTEPUCTHUK TPAHCIIOPTHOTO
MOTOKY 3MIMCHIOBABCS Ha IiACTaBi pe3yibTaTiB IOCIHi-
JDKEHB CTYNIEHTiB-TPaHCIOPTHUKIB, SIKi TOTYBAJIHU JI0 3aXH-
cTy OakaJaBpChKi 1 MaricTepchki podOTH HAa MeXaHIKO-Te-
xHosoriyHomy dakynsreri HYBIll Ykpainu.

B mporieci aHanizy HaM# OyiH OnparbOBaHi pe3yJib-
TaTH JOCII/DKEHb CTY/ACHTIB 3 BU3HAYCHHS IHTEHCUBHOCTI,
CKJIJly Ta IIBUJIKOCTI TPAHCIIOPTHOTO MOTOKY Ha JUISTHKaX
nopir y cenax KuiBebkoi (Bumroponcbkuii, 3rypiBCbKH,
®acriBcrkuit, bopucninbebknii, SrotuHchbkuii, CTaBuIe-
HCBKHIT  paifonm), XwmenpHuIbkoi (HoBoymmmpkuit
paiion), Binauipkoi (ILlaproponcekuii pation), XXuromup-
cekoi (JIyruacekuit, ManmuHcbkwii paifoHn), YepHiriBChbKoi
(ITpumynupkuii paiioH) Ta IHITUX 00IACTEH.

Jlesiki pe3ynbTaTH TOCTiIKCHHS iIHTCHCHBHOCTI PYXY
Ha JISTHKax JOPIr FOJOBHUX BYJIHILb 3BelleH] y Taou. 1.

OTpuMaHi pe3yJbTaTi CBiI4aTh B OCHOBHOMY IIPO He-
BHCOKI 3HAUCHHS IHTEHCHBHOCTI TPAHCIOPTHOTO MOTOKY.
VY ckiazii TPaHCIIOPTHOTO MOTOKY IE€PEBAXKAIOTh BEJIOCH-
TieId, MOTOLIMKIIN Oe3 KOJISICKM Ta MOIIE/H, JIETKOBI aBTO-
MOO01JTi, BaHTa)KHI BaHTaXKHICTIO B MeKax Big 1 1o 8 T, aB-
TOTIOI3IM BAaHTAXHICTIO 10 12 T, KONiCHI TPaKTOpPH 3 TPH-
gyermmaMu BaHTaxHicTIO 10 10 T, aBToOycu. B 3amexxHOCTI
BiJl TOCIIOJIAPCHKOT AiSIIBHOCTI y MEXKaxX HaceJIeHOTro IyH-
KTy Ha JIOpOTax 1 BYJNHMIPIX y CKJIaJl TPAHCIIOPTHOTO IIO-
TOKY MOXYTb 3’ SIBIIATUCS CAaMOXiTHI MaIllMHU 1 MEXaHI3MHU,
SKi 3I1MCHIOIOTH TIepei3]] 3 Mo Ha rmoiie. BpaxoByroun
0COOJIMBOCTI CIJIbCHKOTOCIOAAPCHKOTO BUPOOHMITBA Ta
HaBEJCHUIl CKJIaJ MOTOKY, BiIOYBaIOTHCSI CE30HHI KOJH-
BaHHs IHTEHCHBHOCTI Ta WIBHAKOCTI pyxy. llIBuakicTe
pyXy y OlnbinocTi BUNaaKiB He nepesuilye Bumoru [1/1P,
a Ha JESKUX JUISHKAaX 3HaYHO MEHIA, IO MOSICHIOETHCS
HE3aJI0BIJIBHUM CTaHOM JIOPOXKHBOTO ofsry. IIpoTe mopy-
IIEHHS IIBU/IKICHOTO PEXMMY Ha OKPEMUX JIUITHKaX JIOpir
MaroTh MicIle.

I3 3MiHOIO IHTEHCHBHOCTI PyXy SIKICHO 1 KUJIBKICHO
3MIHIOIOTBCSI B3a€EMOJIi MK aBTOMOOUIAMH, IO pyXa-
I0ThCS Y TIOTOIII. [3 301/IbIIEHHSAM IHTEHCHBHOCTI PYXY 3HH-
KYETBCA MIBHIKICTH PYXY, 3MIHIOETBCS CITIBBiIHOIICHHS
MK YHCJIOM aBTOMOOIIIB, 110 3AiHCHIOE OOrIH 1 TUMH, IO
PYXaroThCs y BIIBHOMY PEXHUMi, 3MIHIOIOTECS YMOBH PO-
00TH BOJIis 1 HOTO eMOIIHHUY cTaH. Y Ci 11l 3MiHH B PEXKHUMI
pPyxXy i yMoBax poOOTH BOJisl IPU3BOIATE O 3MIHH YHCTIa
ATII, mpomyckHOi 3HaTHOCTI JOpIr, 3pYYHOCTI pyxy Ta
€KOHOMIYHOCTI IIepeBE3€Hb.

[lix vac po3poOkM pexkoMeHJauild 3 IOKpaIeHHS
YMOB pyXy Ha JOpOTax B CIIbCBKMX HACEJICHHX ITyHKTax
HEOoOXi/THO BPaxOBYBaTH PEXKHUMH PyXy IOTOKY aBTOMOOi-
JiB 3a pi3HOI iHTEeHCHBHOCTI pyxy. lle mae MoxnuBiCTH

MpU3HAYATH 3aXO0/H, AKi € HalHOUIbII €()eKTUBHUMU 32 iH-
TEHCUBHOCTI PYXY, IO po3risaacTbes. CTaH MOTOKY aBTO-
MOOLTIB 1 YMOBH pyXy Ha JOpO3i XapaKTepU3YIOThCA PiB-
HEM 3pYYHOCTI PyXOM, a OJTHI€I0 3 OCHOBHUX XapaKTepHC-
THK PiBHIB 3pyYHOCTI € piBEHb 3aBaHTAXCHH Z.

Tadamus 1. [HTEHCHBHICTH pPyXy TPaHCHOPTHOTO
IOTOKY.
Table 1. The intensity of traffic flow.

N IHTEeHCHUBHICTB
No Bymuus, ceno, paiios,
- obxacTh Nmax, N,
aBT./TOII. OJI./TOII.
KwuiBcpka 001acTh
1 Bymunt  JlicoBa cemno
XotgHiBka Bumropoa- 273 309
CBKOT'O paliOHy
2 Bymunl JleniHa cemo
VYciBka  3rypiBCBKOTO 44 55
paliony
3 | Bynuui Jlenina ceso Be-
nuka Cuitnaka dacTis- 27 36
CbKOI'O PaliOHY
4 | Bynums MomnonixHa
cerno Benuka QHCKC&H}I- 40 48
piBKa bopuCHIIbCHKOTO
paiiony
5 | Bymuus Aunpis bobupa
ceno Huuunopiska fAro- 31 33
THHCHKOTO palioHy
6 | Bymums Jlenina ceno Kpa-
cwiBka CTaBHILIEHCEKOTO 38 43
paiiony
JKutomupcrka 00acTp
7 BYJIHLIS 3ai3HnyHa
Cello [pucranmiiine 32 39

ManuHCBKOTro pailoHy

8 | Bymuus llkineHa ceno
JIlumauky JIyrHHCBKOTO 22 26
paliony

Inmni obnacti
9 | Bymui Jlenina cemno Pa-
xuu Jlicosi apropo-
CbKOTO paiiony BinHH-
1IbKOT 00J1acTI

10 | Bynuus YKoBTHeBa cejo
3abopo3niBui  Hooy-
LIUIBKOTO pailony XMme-
JILHUIBKOT 00J1acTI

11 | Bynuus IBana @panka
ceno MankiBka Ilpuiy-
pKoro paiony YepHi-
riBcbKoi o0acTi

57 65

11 14

28 68

3 ypaxyBaHHSM OTPUMaHUX PE3YJIbTATIB MO0 OCHO-
BHHX XapaKTEPUCTUK TPAHCTIOPTHUX MOTOKIB Ta Pe3yJIbTa-
TiB TOCIIPKEHHS TOPOKHIX YMOB HaMu OyJjM BU3HAYEHO
MIPOITYCKHY 3JIaTHICTh AUISHOK Jopir 3a ¢opmyroro (1) ta
piBEHb 3aBaHTAKEHHS:

P_ 360I(_) -V )
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ne P — mpoIrycKHa 30aTHICTh OJHIE] CMYTH PyXy B OTHOMY
HaTpSAMKY, OJ/TOM; V — pO3paxyHKOBa HIBHIAKICTH PYXY,
M/c; L — nuHaMigHMIA TabapuT, M.

JocnimKkeHHs oKa3aliy, 110 3HAYCHHS Z Y MepeBaxK-
Hilt 61TBIIOCTI BUMAAKIB He epeBuirye 0,2, o BignoBigae
piBHIO 3pyuHOCTi 4 (puc. 1). I TIBKHE B OKpeMuX BUTIAIKaX
Ha JUISHKaX JOPIr piBeHb 3aBaHTAKCHHS HAOJIKABCS 10
3HaueHHs 0,5, mo Bianoeinae piBHIO 3pyuHocTi b. Lle mo-
SICHIOETBCSI OCOOJIMBOCTSAIMH PO3TAIlyBaHHS HACCICHUX Y-
HKTIB BIJHOCHO O0JIACHHX 200 palilOHHUX IICHTPIB.

Puc. 1. 3aransHuii BUJ OTOKY aBTOMOOLIIB 32 piBHS
3py4YHOCTI A Ha AiNSHIN Jopord mo Byiwmi JlicoBa cema
XoTsHiBKa Bumropoacekoro paiioHy (II0YaTOK JITHBOTO
nepiony).

Fig. 1. General view of the flow of cars at the comfort
level A on the section of the road along the Forest Village
Khotyanovka Street of the Vyshgorod District (beginning
of the summer period).

Heo0xiaHO 3a3HaYUTH, 110 32 PiBHA 3pyYHOCTI 4 OC-
nopuuMu npuunHamu JTTI € mepeBUIEeHHS MIBHIKOCTI
PYXY, BTpara ynpasJliHHs, HEYBaXXHICTb BOJIIB. Pyx 3ilic-
HIOETBCSI y BUIbHUX YMOBAX 3 JIOCTaTHBO BUCOKMMH IIBH]I-
KocTsiMH. Bee 11e BKkasye Ha HEOOXiAHICTH 3aCTOCYBaHHS
3ac00iB pErymIOBaHHS, MO IONEPEIKAIOTh BOMIS IIPO
YMOBH PyXY Ha JTopo3i. 3a piBHS 3pyIHOCTI A (axiBIii mpo-
TIOHYIOTh TakKi 3aCO0M pPEryJioBaHHS, SKi BIUIMBAIOTh Ha
0e3reKy IOpOKHBOTO pyXy [2]: po3MmiTKka Mmpoi3HOi Yac-
THUHHM, 3aCTOCYBAHHS IIONEPEKyBalbHUX 3HAKIB, HAIps-
MHI IPUCTPOT, B OKPEMHX BHIIQ/IKaX 3HaKI, 110 0OMEXYIOTh
LIBUIKICTB PYXY.

3a piBHst 3pyuHOCcTi b ocHOBHOIO npuunHoo TII €
HeNpaBWIbHUIA OOTiH. Y IUX yMOBax HailOLIbII eeKTHB-
HUMU 32X0/1aMH € 0OMeXEeHHsI 0OTOHIB, Ta OpTaHi3allis ix
IIPOBEJICHHS PO3MITKOIO, PETyJIIOBaHHSI MaHEBPIB aBTOMO-
0111iB, IIBUJIKOCTEH PyXY BCHOTO ITOTOKY Ta OKPEMHUX aBTO-
MOO1IIB. 3a piBHS 3pYYHOCTI b NMPOIOHYETHCS 3aCTOCOBY-
BaTH: 3HAKH 1 PO3MITKY, 10 0OMEXYIOTh MaHEBp Ta IIOTIe-
PeIDKaIOTh PO 3MiHYy JIOPOXKHIX yMOB, CBITJIOBI iH(opMa-
LiifHI TabJI0 peKOMEHAOBAHMX IIBUAKOCTEH pyxy, Oararo-
MO3UIIMHI 3HAKH.

Crin 3a3HaYUTH, 10 HA TiJACTaBI MPOBEACHUX HAMHU
JOCTTiPKeHb BCTAHOBJICHO, IO HA CYYaCHUH CTaH O€3MeKn
JIOPOXKHBOTO PYXY Y ClIBCHKHX HACEICHHUX MyHKTaX BILIH-
Bae HHU3Ka (PaKTOPiB, Cepes IKUX MOXHA BHIUINTH HACTY-
ITHI: HEBIMOBITHICTh XapaKTEPUCTHK MTApaMETPiB eJIeMeH-
TiB TONEPEYHOr0 NPODiII0 AOPIr HOPMATHBHIM BUMOTaM,
HE3aJIOBIJIBHUIM CTaH JOPOXHBOTO OJATY, YacTKoBa abo

MTOBHA BiJICYTHICTD TEXHIYHHX 3aCO0iB PETyIIOBaHHS [10-
POXXHBOTO PYXY, BIACYTHICTH IITYYHOTO OCBITICHHS MPOi-
3HOI 9acTHHU 200 HOro 3acTapilmicTh Ta Hee(PEeKTUBHICTD,
0COOJIMBOCTI CKJIaly TPAHCIIOPTHOTO IIOTOKY, CIIAOKHIA KO-
HTPOJb 3 OOKY BiATIOBIAHUX OPTaHiB 3a JOTPHUMAaHHSIM BO-
nismu BuMmor IT/IP, BHaciimok 9oro Ha moporax 3’sBis-
IOThCSl HECIIPaBHI TPAHCHOPTHI 3aco0u, abo TpaHCHOPT-
HUMH 3aco0aMu KepyITh 0COOHM, SKi HE MalOTh MOCBiJ-
YEeHHs BOAIsA, a00 )X 3HAXOIATHCS y CTaHI aJKOrOJIEHOTO
CI’ STHIHHSI.

TakuM 4MHOM, U TiABUILEHHS OE3MEKH JOPOXK-
HBOT'O PYX Y CUIBCHKHMX HAacEIEeHUX MyHKTax HEOOX1THO 3a-
CTOCOBYBaTH — PO3MITKY IIPOi3HOI YaCTHHH, B MEpPIIY
4epry momnepemKyBaibHi JOPOXKHI 3HAKH, B KOHKPETHUX
BUIIA/IKaX 3HAKI, 10 0OMEXYIOTh IIBUIKICTh PyXY, HAIIPS-
MHI TIPUCTPOi, PO3MITKY Ta 3HAKH, SKAMHU MO3HAYAIOTHCS
MIITOXiHI TEPEeX0IH Ta 3YIHHKH MapIIpyTHAX TPAHCTIOP-
THHUX 32Cc00iB. B 3a51e)XKHOCTI BiI peKUMY PYXY IMOTOKY aB-
TOMOOUTIB — 3HAKH Ta PO3MITKY, III0 OOMEKYIOTh MaHEBD
Ta MOTEPePKAIOTh PO 3MiHY JIOPOKHIX YMOB, B OKPEMHX
BHUIIAJIKAX CBITJIOBI iHpOpMAIIiiiHi TabJ0 pEeKOMEHIOBAHUX
HMIBUAKOCTEH pyXy, 0araTono3uiiiHi 3HaKu.

Cunijf 3a3Ha4YUTH, IO JOPOXKHI 3HAKHM Y TTOE€JHAHHI 3
PO3MITKOIO IIPOi3HOI YaCTHHH 30CEPEIUKYIOTh yBary BOJLSA
Ha JOPOXKHIM OOCTAaHOBII Ta MPUMYIIYIOTh BHKOHYBAaTH
MPaBIJIBHI [T 1010 BUOOPY PEKUMY PyXY TPAHCIIOPTHOTO
3aco0y. ByTn yBa)XHUM — 3HaUHUTH OYTH TiSUTBHUM TI0 Bif-
HOIIICHHIO JI0 TIEBHOTO KOJa 00’ €KTiB. BincyTHICTE yBaru 3
00Ky BoAisl € MpUUKHOIO 3HaYHOI KimbkocTi A TII.

Ha puc. 2 HaBeneHMiA PUKITA]] 3aCTOCYBAHHS TEXHIU-
HHX 3aCc00iB opraHizauii J0poKHbOTO PYXY 3 ypaxyBaHHIM
PIBHSI 3pyYHOCTI PyXOM.

Y matepianax Opranizaifii eKOHOMIYHOTO CITIBPOOIT-
HHIITBA 1 PO3BUTKY OCTAHHIX POKIB BHIUISIOTHCS YOTUPU
HaWOUIbIIl 3HAYMMHX MEPIOAM PO3BHUTKY MOTJISIIB, ITiJX0-
IiB 1 mpakTuk 3abe3neueHHs BJIP B mpoBimHUX KpaiHax
CBITY 1 BIJITIOBITHO YOTHPH MOCTiTOBHI mapagurmu. [lapa-
JUrMa — IIe CUCTeMa TIOTILIIB, MiIXOIiB, IPAKTUK y cdepi
3abe3neueHHs b/IP, sika Mae miclie B IeBHI TIEpioIn PUC-
TOCYBaHHS CYCIIUTBCTBA IO MUPHOTO CITiBICHYBaHH i3 3p0O-
CTAr0YOI0 KUIBKICTIO aBTOMOO1IiB. KoHIlenis mociiigos-
HOT 3MiHM TapagurM oo 3abesneueHust bJIP Oyna cho-
pMOBaHa HHM3KOI OpPUTAaHCHKHX I aMEPHKAHCHKHX (axiB-
1iB Ha Mexi 1960-1970-x poxis [1].

Iepma mapamurma 3a6esnedenns BJIP dhopmysanacs
B IIepio]] HOYaTKOBOTO 3pOCTaHHsI aBTOMOO1III3ali{, TOOTO
npubim3Ho A0 cepenuan 1920-x poki B CIIIA i 1o moya-
TKy [pyroi cBitoBoi BiitHm B 3aximniit €Bpori, Kananmi,
Agctpanii. KirrouoBuii TepMiH Hepoi napagurMm — opra-
Hizauisg pyxy (traffic engineering). ¥ nepioa Mix BHHaXo-
JIOM KoOJjIeca 1 IT0sSIBOX0 aBTOMOOLISI OCHOBHOIO METOIO CIIO-
PYAKEHHS 10piT OyI10 “BU3BOJINTH MaHJIpiBHUKA 3 Opyny”.
Jpyra mapagurma nanysaia B CIIA 1o modatky, a B iH-
IIMX PO3BMHEHHX KpaiHax MpHOIM3HO 10 cepenuHu, 1960-
X POKiB. Y 3B'SI3Ky 3 BU3HAHHSM KJIHOUYOBUMH NMPUIMHAMHU
aBapifHOCTI iHAMBIAyaTbHUX 0COOJIMBOCTEH BOJIIIB, 1X HE-
aJIeKBaTHUX MOPAJIBHUX SIKOCTEH 1 yMiHb Oyna mpuitHiTa
Ha 030poeHHs koumenmis “Tprox E” (Enforcement,
Education, Engineering — mpumyc, HaBYaHHS, IPOEKTY-
BaHHs), 3aIIPOIIOHOBaHa 11ie B 1920-1 pok1 aMepHKaHCHKUM
eKCIepToM 3 aBTocTpaxoBaHHs Jxynianom XapseeM. Bin-
MIOBIZIHO aKkIeHT OyB 3po0JeHuit Ha cepy HaBUUIOK, YMiHb
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1 cuxomnorii BoxiiB. Tom X BMHHMKae KoHuenmis “3D”
(Dangerous, Drunk and

1.2 @

By KpaiioBa

ByJ. llIkinbHa

ByJI. XOMEHKa

1.33

A npoi3a
>

BYIL
Manamenka

Puc. 2. 3axosu 3 migBUIIEeHHS Oe3MeKN pyXy Ha JIiIs-
HIIl noporu o Bynuui [lleBuenka c. 3anpynka, [BaHKiBCh-
Koro paiiony, KuiBcbkoi obnacri.

Fig. 2. Measures to improve traffic safety on the
section of road along Shevchenko Street. Zaprudka,
Ivankiv district, Kyiv region.

Drugged Driving), cyTh siKOi 3BOAMTBCS A0 BHSB-
JICHHS 1 NpUNMHEHHS (aKTiB HeOe3MeYHOTro BO/IIHHS, a Ta-
KOX BOJIHHS B CTaHi aJIKOTOJBHOTO i/a00 HApKOTUYHOTO

cr'sHiHHA. Enoxa tperboi napagurmu npumnana B CIIIA Ha
1970-i poxwu.

VY iHDMX BHCOKO aBTOMOOLTI30BaHMX KpaiHaxX BOHA
TpuBaia Bix cepenuau 1960-x mo cepenuan 1980-x pokis.

VY To¥t mepiox OynaM OTpHMaHi HaWIiKaBilll HayKOBi
pe3yIbTaTH, SKi TO3BOJIIIHN 3'ACyBaTH (Pi3MUHY IPUPOIY
TPaHCIIOPTHOTO MOTOKY, 1 BIAMOBIIHI 1H)KEHEPHI HACIIIAKH.
Jleski 3 1uX pe3ynbTaTiB BIUIMHYJIM HA iJICOJIOTII0 PO3BH-
TKY Cy4aCHHX CHUCTEM YIPABIiHHS PYXOM.

Yernepra napagurma 3abesneueHuas bJIP — nepion mii
i€l mapagurmu B O1IBIIOCTI KpaiH CBITY i€ TPHBAE, X04a
B IIIJIOMY CHOTOZIHI B)K€ MOXKHA BH3HAUUTH JiesiKi hopma-
JBHI KpUTEpil i1 3aBepIIeHHs.

OCHOBHOIO TIPHYHHOIO 30EpeKEHHSI CMEpPTHOCTI B
JTII oronomreHa cyTo TyMaHiTapHa KaTeropis — “pU3HKH
HEe3aXWIIeHOCTi”. Y BCiX BHIAIKax MOBa e Mmpo JesKi
MIpaBUJIA i MPAKTHKH, 5Ki GOPMYIOTE a00 CIPUSAIOTH TOAA-
npIoMy minBumeHH0 B/IP i 3HIKEHHIO “pU3HKIB HE3aXH-
IeHOCTi”.

Kiro4uoBy pojiib y BEIMKOMY CIEKTPi 3aXO[iB, IO
OyJu IPUIHHATI HA MICLEBOMY 1 MYHIIMITAILHOMY PiBHSIX,
rpajii IUIaHyBaJIbHI pillIeHHs, SIKI CIPSIMOBaHI HA CTPUMY-
BaHHs IIBUAKOCTI PyXy 1 MiHIMI3allil0 PU3HKIB HE3axXHIIe-
HOCTI ITIITOXOIIB.

Moga ¥ine po ByJHIi abo iHIII MPOCTOPU B Hacee-
HUX IYHKTaX, IKi € MAKCHMaJIbHO 3pYYHUMHU 1 Oe3eUHUMHA
JUTS TIIIOX0/1a i BOJHOYAC HE IPOBOKYIOTH HA IHTEHCHBHHUN
1 BUAKICHUN pyX aBTOMOOLITIB.

lonoBHUMY TpeHAAMU M'ATOI MapagurmMu (B THX Kpa-
{HaX, 10 IKUX BOHA OE3IMOCEPEAHBO BITHOCUTHCS) CTAHYTh:
aJIanTailist 10 HOBOT TPAHCTIOPTHOT peaibHOCTI, sika 00yMO-
BJIEHA MOCIIIIOBHUM CTHCHEHHSIM aBTOJIOPOKHBOTO IMPOC-
TOPY, CKOPOUYEHHSIM OOCSITIB JIOPOIKHBOTO PYXY 1 aBTOTpa-
HCIOPTHOI poboTH; aganTaiis 10 HOBoi ICT-peanbHOCTI,
sika 00YMOBJIEHa TOTaJbHUM NPOHHMKHEHHsM [T-cucrem i
IT-ramxeriB y Oy0By aBTOMOOIIISA, a TAaKOK B OOJAINTY-
BaHHS aBTOMOOIIBHHX JOPIT 1 MICBKOTO TPOCTOPY; TOAa-
JBIIIE MiABUINEHHS POJIi i 3SHAYCHHS IHCTUTYIIIHUX 1 TyMa-
HiTapHUX (pakTopiB y 3abe3nedeHHi B/IP.

BpaxoByroun xapakTepHi 0COOIMBOCTI YETBEpPTOi Ta
MEPCIEeKTHBHOI 11°sT0i mapaaurM 3abesmnedeHHs B/IP He-
00XiZIHO 3a3HAYMTH, IO HA JIOPOrax HACENICHWX MyHKTIB
HalIoi KpaiHH, 0COOJIMBO y CLIBCBKIH MICLIEBOCTI 3aX0/1H 3
TIIBUILIEHHS O€3IIEKU JOPOKHBOTO PYXY MMOBHHHI 32 CBOIM
3MICTOM BI/INOBIZIATH CBITOBUM IPAKTUKAM Y MEXaX 4eT-
BEpPTOi MapaJurMy — CTPUMYBaHHS HIBUAKOCTI PyXy TpaH-
CIIOPTHHX 3ac00iB 1 MiHIMI3alisg PU3UKIB HE3aXHIICHOCTI
IMITOXO/IB.

BucHoBku

1. IIpouiec popmyBaHHS Ge3MEKH JOPOKHBOTO PYXY €
pizHOOIUHKM 1 GaraTodakropuuM. IIpoTte € 3arampHi mig-
XOJTH 1 MPAKTUKH, SKi JJO3BOJISIOTH I IBUIITUTH O€3MEKY J0-
POXKHBOTO PYXY 3 ypaxyBaHHS aHANI3y cuCTeMH “‘JlopoxHi
YMOBHU-TPAHCIIOPTHI ITOTOKH .

2. 3anpornoHoBaHi HAMH peKOMeHallii po3pobeHi 3
ypaxyBaHHSIM HAyKOBHX PO3pOOOK NPOBIAHMX (axiBIiB-
TPaHCIIOPTHUKIB. Marepiaiy Ta BHCHOBKH JIOCIIDKECHHS
OyzyTh BUKOPUCTaHI y HaBYaJIbHOMY IIPOLIECi.



PEKOMEHJIALII 3 IJIBUILIEHHS BE3IEKH JIOPOXXHBOT'O PYXY V CIJIbCbKUX HACEJIEHUX ... 71

Chnucok JiTepaTypu

1. Baunxun M A., Pewwemosa E.M. be3onnacHOCTE HO-
PO’KHOTO BUXKEHMSI: HCTOPUS BOIIPOCA, MEKIYHAPOIHBIN
OTEIT, 6a30BbIe MHCTUTYIIUHN. MockBa. M3naTensckuii 1om
Bricmieii mkousr sxkoHomuku, 2013, 240 c.

2. Cunvsanos B.B., /lomxe 3.P. TpaHCIOPTHO-IKCILTY-
aTallMOHHBIC KayeCTBa aBTOMOOUILHBIX JA0poT U ropona-
CKUX YJHI[ Y4eOHUK JJISl CTY[. BBICHI. y4e0. 3aBeleHHH.
Mocksa. M3narensckuii neHTp «Akagemus», 2009. 352 c.

3. URL: https://zakon.rada.gov.ua/laws/show/430-
2018-%D1%80 (mata 3Bepuenns: 20.02.2020).

4. Aulin V., Hrynkiv A., Lysenko S., Rohovskii I.,
Chernovol M., Lyashuk O., Zamota T. Studying truck
transmission oils using the method of thermal-oxidative
stability during vehicle operation. Eastern-European
Journal of Enterprise Technologies. 2019. Vol. 1. Ne 1/6
(97). P. 6-12. https://doi.org/10.15587/1729-
4061.2019.156150. Scopus.

5. Bucoscoxuit C. M., Pozoscoxuu I. JI. ImiTauiiine
MOJIC/TIOBaHHS (HiI3MIHUX HEOE3IeK Ha BUPOOHMYHUX MPOIIC-
cax mpu excrutyartanii ME3 Ha 3eprocknamax. Machinery
& Energetics. Journal of Rural Production Research. Kyiv.
Ukraine. 2019. Vol. 10. No 1. P. 189-194.

6. Voinalovych Oleksandr, Hnatiuk Oleg, Rogovskii
Ivan, Pokutnii Oleksandr. Probability of traumatic
situations in mechanized processes in agriculture using
mathematical apparatus of Markov chain method.
Proceedings of 18th International Scientific Conference
“Engineering for rural development”. Jelgava, Latvia, May
22-25, 2019, Latvia University of Agriculture. Faculty of
Engineering. Vol. 18. P. 563-269. DOI: 10.22616/ERDev
2019.18.N245. Scopus. WoS.

7. Zagurskiy O., Rogach S., Pokusa T., Titova L.,
Rogovskii 1. «Greenx supply chain as a path to sustainable
development. Mechanisms of stimulation of socio-
economic development of regions in conditions of
transformation. Monograph. Opole: The Academy of
Management and Administration in Opole, 2019; ISBN
978-83-946765-7-5; pp. 199-213. pp. 330.

8. Zagurskiy O., 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. P. 64-74.

References

1. Blinkin M.Ya., Reshetova E.M. Road safety: back-
ground, international experience, basic institutions. Mos-
cow. Publishing House of the Higher School of Econom-
ics, 2013.240 p.

2. Silyanov V.V, Domke E.R. Transport and opera-
tional qualities of roads and city streets: a textbook for stu-
dents higher textbook institutions. Moscow. Academy
Publishing Center, 2009. 352 p.

3. URL: https://zakon.rada.gov.ua/laws/show/430-
2018-%D1%80 (date of the application: 04.20.2020).

4. Aulin V., Hrynkiv A., Lysenko S., Rohovskii I.,
Chernovol M., Lyashuk O., Zamota T. (2019). Studying
truck transmission oils using the method of thermal-
oxidative stability during vehicle operation. Eastern-

European Journal of Enterprise Technologies. Vol. 1.
Ne 1/6 (97). 6-12. https://doi.org/10.15587/1729-
4061.2019.156150. Scopus.

5. Vyhovsky S. M., Rogovskii I. L. (2019). Simulation
modeling of physical hazards on production processes
during operation of MEZ on granaries. Machinery &
Energetics. Journal of Rural Production Research. Kyiv.
Ukraine. VVol. 10. No 1. 189-194.

6. Voinalovych Oleksandr, Hnatiuk Oleg, Rogovskii
Ivan, Pokutnii Oleksandr. (2019). Probability of traumatic
situations in mechanized processes in agriculture using
mathematical apparatus of Markov chain method.
Proceedings of 18th International Scientific Conference
“Engineering for rural development”. Jelgava, Latvia, May
22-25, Latvia University of Agriculture. Faculty of
Engineering. Vol. 18, 563-269. DOI: 10.22616/ERDev
2019.18.N245. Scopus. WoS.

7. Zagurskiy O., Rogach S., Pokusa T., Titova L.,
Rogovskii I. (2019). «Green» supply chain as a path to
sustainable development. Mechanisms of stimulation of
socio-economic development of regions in conditions of
transformation. Monograph. Opole: The Academy of
Management and Administration in Opole; ISBN 978-83-
946765-7-5; pp. 199-213. pp. 330.

8. Zagurskiy O., Rogach S., Pokusa T., Titova L.,
Rogovskii I. (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.

PEKOMEH/JIALIMHA T10 ITOBBILHEHNIO BE3OITAC-
HOCTH JOPOXHOI'O ABNXEHN A B CEJIbCKUX
HACEJIEHHBIX ITYHKTAX
U. A. Konocok, H. M. 3enencoxuii

AnHoTauus. 3a nepuoa ¢ 2011 no 2016 rox B gopo-
JKHO-TPAHCIIOPTHBIX MTPOUCIIECTBHUAX B YKpaWHE TTOTHOIIO
26,7 ThIC. YesoBeK, U3 HUX 43,7 NpoleHTa — NemeXobl U
Besocurenuctsl. [1o onenke BeemupHoro 6aHka, exeroa-
HBIE TIOTEPU B PE3YNbTaTe JOPOKHO-TPAHCIIOPTHBIX TPO-
HCHIECTBUM B YKpauHE COCTaBISAIOT OKOJO 4-5 MIpI. J0-
jutapoB CIIIA. Tak, B 2016 rogy Ha yKpauHCKHX AOPOTax
moru6J10 mouTH 3,4 THIC. 4eJI0BeK, 33,6 ThIC. ObUIN TPAaBMU-
posansl. Kax orMedaercst B HarmoHansHON TpaHCIIOPTHOM
cTpareruu Ykpaussl Ha iepuoj 10 2030 roga tpebyroT pe-
IISHHsI TAKUE MTPOOJIEMBI: BRICOKUI YPOBEHH CMEPTHOCTH U
TpaBMaTU3Ma B Pe3yJIbTaTe JOPOKHO-TPAHCIIOPTHBIX IIPO-
HCIIIECTBHIA; HECOBEPIIICHCTBO CUCTEMBI YITPaBICHUS 0€30-
MAaCHOCTHIO Ha TPAHCIOPTE U OTCYTCTBUE €AMHOIO KOOp-
JMUHAIMOHHOTO OpraHa yIpaBleHHs 0€30MacHOCTBIO JOPO-
JKHOTO ABM)KEHHUS, YTO SIBJISIETCSI NPUYMHOU OTCYTCTBUS
LEIOCTHOW CUCTEMBI TOCYIapCTBEHHOIO YIIPaBJICHUS 0e3-
OTIACHOCTBIO JIOPOXKHOTO JIBUKCHHS; HECOBEPILIEHCTBO CH-
CTEM MOHHUTOPHHTa  JIOPOKHO-TPAHCIOPTHBIX  MPO-
WCHIECTBHI, WX CTATHCTUKH W YIPABJICHHUS PHUCKAMHU;
Hed(pPEeKTUBHBIA MOIXOA K PEHICHHIO MPOOJIEMBI BBICO-
KOT'0 YPOBHSI aBapUUHOCTU U TSAKECTU €€ MOCIENCTBUI U
CO3/IaHMsI HAYIHON OCHOBBI JEATEILHOCTH B chepe 6e30-
MAaCHOCTU JOPOXHOIO JBMXKEHUS; OTCYTCTBHUE KOHKPET-
HBIX H3MEPHUMBIX IIeJICH 10 MOBBIICHUIO YPOBHS Oe3omac-
HOCTH JTIOPO>KHOTO IBUKEHHSI, COOTBETCTBYIOLIETO CKOOP-
JTUHUPOBAHHOTO TJIaHA JEHCTBUH B yKa3aHHOH cepe; HU-
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3KWH YPOBEHb BOCITUTAHU 00IIecTBa B chepe 6e30macHo-
CTH JOPOKHOTO NTBM)KEHHUS, COOCTBEHHON OTBETCTBEHHO-
CTH U COOJIIOZICHUS TIPABUIT JOPOKHOTO JBIKEHIIS.

Jis TOBBIMIEHUST YPOBHS O€30IAaCHOCTH TOPOKHOTO
JBIDKEHUS IIpEeIjIaraeTcs MepedeHb TaKuX 3a/1a4, B 9aCTHO-
CTH: BBHITIOJIHCHHUE TPOTPaMMBI TIOBBIIIICHHST YPOBHS 0€30-
MIACHOCTH JIOPOKHOTO JIBIKEHHUS; CO3/IaHHE MEXKBEIOMCT-
BEHHOT'0 OpraHa ynpaBJIeHHs 0e30MacHOCTHIO TOPOXKHOTO
JIBIDKCHUSI; MHTETpalysi MOAYJISH 10 0€301acHOCTH JJOPO-
JKHOTO JIBWKEHHs B CHCTEME OOpa30oBaHUs; MPOBEICHUS
OLIEHKH 0€30I1aCHOCTH CYIIECTBYIOLIEH JOPOKHOH HHppa-
CTPYKTYPBl M BHEIpPCHHE WH)XCHEPHBIX JCHCTBHU IO
YIIY4YIICHUIO TIOKa3zaTeseii 0e30MmacHOCTH, IPOEKTHPOBa-
HHUE JJOPOT C YIETOM CKOPOCTHBIX PEXIMOB; YCHIICHHE KO-
HTPOJIS 32 COOIIOACHNEM TIPABHI TOPOXKHOTO IBHKCHUS;
IIMPOKOE FHCIIONB30BAHAE WHHOBAIIMOHHBIX TEXHOJOTHHA
mo obecriedeHno 0Ee30MacHOCTH JOPOXKHOTO JBHKCHUS;
VIIy4IIeHne MeIeX0AHOo HH(PacTpyKTypHl, MapKOBOY-
HBIX 30H, OTPAaHWYECHHUS CKOPOCTH JABHMKEHHUS TPaHCIOPT-
HBIX CPEJICTB U TOMY IOJJOOHOE.

KaroueBble cjioBa: JOpOKHO-TPAHCIIOPTHOE MTPOHC-
LIECTBHE, JOPOXKHAsE ONEKZA, JOPOXKHBIE 3HAKH, MHTECH-
CHUBHOCTB, MPOITYCKHAsI CIOCOOHOCTh, TPAHCIIOPTHBIH I0-
TOK, YPOBEHB 3arpy3KH, YPOBCHb yI0OCTBA.

GUIDELINES FOR IMPROVING ROAD SAFETY
IN RURAL SETTLEMENTS
I. O. Kolosok, M. M. Zelenski

Abstract. For the period from 2011 to 2016 in road
accidents in Ukraine have killed 26.7 thousand people, of
whom 43.7 per cent were pedestrians and cyclists. The
world Bank estimates that annual losses from road acci-
dents in Ukraine is around 4-5 billion USD. So, in 2016, on
the Ukrainian roads Killed nearly 3.4 thousand people, 33,6
thousand were injured. As noted in the National transport
strategy of Ukraine for the period until 2030 require the
solution of such problems: the high level of deaths and in-
juries resulting from road traffic accidents; the imperfec-
tion of the safety management system of transport and the
lack of a unified coordinating body of management of road
safety, which is the reason for the lack of integral system
of state management of traffic safety; imperfection of the
monitoring systems of road traffic accidents, statistics and
risk management; inefficient approach to solving the prob-
lem of the high rate of accidents and the severity of its con-
sequences and of establishing the scientific basis of activi-
ties in the field of road safety; the lack of specific measur-
able goals to improve the level of road safety, appropriate
coordinated plan of action in this area; low level of educa-
tion of society in the field of road safety, self-responsibility
and respect for the rules of the road.

To increase the level of road safety offered a list of
such tasks, in particular: implementation of programmes to
improve road safety; the establishment of multisectoral
management body of road safety; integration of modules
on road safety in the education system; assessing the safety
of existing road infrastructure and implementation of engi-
neering actions to improve safety performance, the design
of roads subject to speed limits; the strengthening of con-
trol over observance of traffic rules; extensive use of inno-

vative technologies to ensure road safety; improving pe-
destrian infrastructure, Parking areas, speed limits move-
ment of vehicles, and the like.

Key words: bandwidth, level loading, level of con-
venience, road pavement, road signs, the intensity, traffic
accident, traffic flow.
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Abstract. The use of auto trains of material support
shows that the loading and unloading process, the
attachment of loaded trailers to the tractor requires some
time, effort and resources. In addition, experience in the
use of subdivisions agricultural cargo indicates the need
for additional time, effort and resources when attaching
loaded trailers to tractor units when the weight of the load
does not allow one driver to rotate and direct freely the
triangle of the front axle of the trailer with the
engagement ring to the traction-coupling device of the
tractor

The article describes the possibility of reducing the
complexity rigging and coupling of loaded trailers to
tractors at places of loading and unloading of agricultural
products through the wuse of advanced coupling
equipment. The process of empirical research proved the
possibility of increasing efficiency transportation of
agricultural goods through the use of a patented technical
tool.

Use of the offered vehicles of the domestic
manufacturer with traction coupling devices of the
proposed sample and rigging equipment will allow you to
perform lifting work with a smaller number of cargo
teams, that will not only reduce the complexity of the
rigging work, but also to save and spend the time, it takes
overcoming obstacles by these trains and repairing
damaged vehicles.

The proposed traction-coupling device will allow the
trailer to be towed to the tractor by one driver. In this case,
the advanced traction-coupling device has low material
consumption and cost. It can be improved directly at any
repair shop of automotive equipment or vehicle base.

Key words: road train, efficiency, cargo equipment,
traction device, traction coupling device.

Introduction

Experience in the use of auto trains of material support
shows that the loading and unloading process, the
attachment of loaded trailers to the tractor requires some
time, effort and resources.

At the same time in the places of loading and unloading
of transport freight commands are applied at the rate of about
2-6 persons for each unit of the auto train.

Formulation of problem

To transport agricultural products from one machine
with a trailer to another, freight teams of 6-8 people are
required for each auto train.

The process of attaching loaded auto trailers requires
the use of personnel of about 2-4 people for each trailer.

In these cases, a considerable amount of time is spent
and the forces of the cargo teams to carry out the work in
question.

In addition, the formation of freight teams will cause
additional time needed for other activities that are needed for
other production processes, which may adversely affect their
agricultural production as a whole.

Analysis of recent research results

The order of carrying out of lifting works during
transportation of agricultural products is quite widely
publicized in the works of scientists [1-7].

However, aspects of reducing time and reducing
numbers loaders - riggers required for implementation
rigging and coupling works remain insufficiently
disclosed.

In addition, problematic issues do not lose their
relevance related to the development of recommendations to
reduce complexity loading and unloading, rigging works,
reducing their time using advanced rigging and coupling
equipment.

Purpose of research

The purpose of the study is to investigate the
feasibility and feasibility of using advanced tested rigging
and traction equipment to reduce the complexity of
rigging and trailing work, reducing their time spent.
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Results of research

Experience in carrying out lifting works testifies that
these works are carried out by means of hoisting
machines. But in the case of subdivisions of the trucking
unit in different directions their number may not be sufficient
to carry out cargo work, which will result in the use of cargo
teams separated from the consignee. In the absence of such
teams, the time, effort and resources of the trucking units will
be spent. In addition, experience in the use of subdivisions
agricultural cargo indicates the need for additional time,
effort and resources when attaching loaded trailers to tractor

A,

i

units when the weight of the load does not allow one driver
to rotate and direct freely the triangle of the front axle of the
trailer with the engagement ring to the traction-coupling
device of the tractor.

With limited time to meet the needs of consumers in
the timely delivery of agricultural products to consumers,
there is a need reduction of term of rigging and coupling
works. One way to resolve issues that may arise is there
are improvements in the delivery of agricultural produce
rigging and traction equipment of machines. For use as a
tractor for the operation of agricultural enterprises it is
advisable to involve cars of domestic manufacturer.

Fig. 1. Traction and coupling device (view from working position).

Source: Compiled by the authors
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Fig. 2. Traction and coupling device (top view of working position).
Source: Compiled by the authors
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Domestic manufacturer can produce tractors with
hydraulic crane boom which are appropriate to complete
with slings, metal ropes and pallets and apply in
agricultural transportation departments to provide lifting
work that will ensure a quick overload of containers
(packages) with agricultural products for temporary
storage areas or to adjacent vehicles, and from them to
motor vehicles.

Technological operations during the execution of
rigging works. will drive one driver using the crane boom
control levers. Use of the considered rigging equipment
will save time and will not require the expense of the
physical forces of the cargo teams to create additional
technical conditions for rigging works related to cargo
that has large dimensions.

Unlike existing traction - hooking devices, to reduce
the complexity and reduce the hitch time of a loaded
trailer. it is proposed to use an improved traction -
hooking device.

The traction and coupling device is structurally
contained (Fig. 1; 2) forged hook with rod 1, forging hook
for hook 2, retaining dog 3, rubber elastic buffer 4 , two
thrust washers 5, nut 6, guide sleeve 7, elastic bar 8 of the
locking of the locking dog 3, a mechanism for controlling
the engagement 9, containing the lever tracking

engagement 10 , clutch control rod 11, clutch control
beacon 12, elastic bar 13 forged latch forged hook 2.

Novelty of technical solution of design, is that it is
additionally implemented in the construction of the
guide casing 7, elastic bar 8 fixation of the locking dog
3, gear control mechanism 10, containing the lever
tracking gear 1, clutch control thrust 11, engagement
control beacon 12, elastic bar for fixing the forging of
the forged hook.

The use of added components reduces the
complexity of the work and reducing the time of
engagement of the loaded trailer to the tractor.

Before using the traction device (Fig. 3; 4)
mounted on a forged hook latch 2 elastic bar 8 fixation
of the locking dog 3 is bent locking dog 3 is removed
from the position of the stopper , mounted on levers
tracking engagement 9 elastic bar 13 of the locking
latch of the forged hook 2 is folded the forged hook 2
latch is pulled open, depending on the open position of
the latch forged hook 6 traction control traction 11
moves the beacon to control the engagement 12
through the engagement lever 10 gear control
mechanism 9 and informs the driver through the
rearview mirror about the open position of the traction
device.

Fig. 3. Traction coupling device (side view of the coupling position).

Source: Compiled by the authors

The tractor moves backwards to the trailer as
follows to the direction of movement of the left rear
wheel approximately coincided with the direction of

the position left wheel trailer In this case, the guide
casing 7, fastened to the forged hook hook 2, directs
the trailer engagement ring to the forged hook with
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rod 1, when the trailer coupling ring enters the forged
hook with rod 1 lever tracking engagement 10 pulls the
spring bar 13 forged hook hooks 2 and under the action
of the force of the elastic strap 13 the forged hook 2
latch will close.

After the hook latch is completely closed 2 elastic
straps 8 fixation of the locking dog 3 securely locks the
lock dog 3 forged hook latches 2.

The considered traction and coupling device allows
to attach the trailer to the tractor by the force of one
driver and reduce the complexity of technological work
when hitching.

o
SRR,
ettt

Fig. 4. Traction and coupling device (top view of the coupling position).

Source: Compiled by the authors

The advanced traction and coupling device has a
low material capacity and the cost of manufacture. It
can be improved directly in any organ repair
automotive engineering or automotive base.

It is known that the total duration of unloading
and unloading and rigging works Ty consists of
individual time events

ncom

=2t 6y

i
where i — the unloading and loading number and a
rigging event;

Ncom — the number of loading and unloading and
lifting operations and events during transport;

ti— time required for each event, min. or hour;
or based on (1);

Te=t1+tr+t3+ 14 (2)

T,

tr

In Fig. 5 shows a typical schedule for the
implementation of transport activities during the
transport of goods for agricultural purposes.

The tractor moves backwards to the trailer as
follows to the direction of movement of the left rear
wheel approximately coincided with the direction of the
position left wheel trailer In this case, the guide casing
7, fastened to the forged hook hook 2, directs the trailer
engagement ring to the forged hook with rod 1, when
the trailer coupling ring enters the forged hook with rod
1 lever tracking engagement 10 pulls the spring bar 13
forged hook hooks 2 and under the action of the force of
the elastic strap 13 the forged hook 2 latch will close.

After the hook latch is completely closed 2 elastic
straps 8 fixation of the locking dog 3 securely locks the
lock dog 3 forged hook latches 2. The considered
traction and coupling device allows to attach the trailer to
the tractor by the force of one driver and reduce the
complexity of technological work when hitching.
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51
@
where:

n - is the transport event;
t - time of transport event;

t2 t3 ts
—_—

n:1 (t1) — the event and the time of its implementation for loading cargo into a truck and trailer (trailers);
n2 (t2) — event and time of implementation required for adhesion trailers (trailers) to the tractor vehicle;
nz (t3) — event and time of implementation for unloading cargo and trailer (trailer);

ns (t4) — event and time of execution needed. for uncoupling the trailer (trailers) of the tractor vehicle;
ns — maintenance and parking of the tractor, trailer (trailers);

Fig. 5. Figure spending time to implement transport measures during the transport of goods for agricultural

purposes.
Source: Compiled by the authors

As can be seen from Fig. 6, as compared to
transport variant A using a patented traction device
transport option B involves much less time and staff,

The time required for transport with the use of a
traction coupling device: considering (2) can be
described as follows:

Ttr=ti+th+ts+ tass Trar=t1+ /2 + 13/2+ 14 (3)
or

1,5 hour
Time
transporting cargo

&

601~ —

spent ond=— —

Ttr >> TtrAT (4)

In this case (3) time t3 (time of unloading of

cargo and trailer (trailers)) as well as the time t5 (the

time of maintenance and parking of the tractor, trailer

(s)) due to the structural features of the traction
coupling device is halved.

The moment of arrival of the vehicle in
the designated
performing other transport tasks.

area. unloading or

Moment (n4) time (t4) vehicle delays I

71 for formation of 2-3 towed trains I
20 @ ————————————————— -
egend: 0 A B

D —a vehicle with a crew;

A |- duration (Ti) of carriage of goods during transportation without the use of traction coupling device;

B |- duration (Ti) of carriage of goods during transportation using a coupling device:

— moment (n4) of time (t4) of vehicle delay for formation of 2-3 towed trains;

@— moment of time (t;) of beginning of continuation of movement of the vehicle;

— the moment the vehicle arrives at the designated unloading area or performing other transport tasks.

Fig. 6. Duration of transportation during transportation of agricultural goods to consumers.

Source: Compiled by the authors

In addition, the practice of using a traction device avoids
downtime and lost time stop t4 (time required to uncouple
trailer (s) from tractor). Thus in the process of empirical
research proved the possibility of increasing efficiency
transportation of agricultural goods through the use of a
patented technical tool. Total length of cargo

transportation Tpst thus considerably reduced and

recorded as follows:
Ner(com)H

tr (COm):Z?tr(COm) t >> Ty, (com)H = ZH tin
i
(%)
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Therefore, the trucking unit will
transport task more effectively.

perform the

Conclusions

1. Use of the offered vehicles of the domestic
manufacturer with traction coupling devices of the
proposed sample and rigging equipment will allow you to
perform lifting work with a smaller number of cargo
teams, that will not only reduce the complexity of the
rigging work, but also to save and spend the time, it takes
overcoming obstacles by these trains and repairing
damaged vehicles.

2. The proposed traction-coupling device will allow the
trailer to be towed to the tractor by one driver. In this case,
the advanced traction-coupling device has low material
consumption and cost. It can be improved directly at any
repair shop of automotive equipment or vehicle base.

3. The direction of further research may be
developing recommendations for improving the structure
and methods of application of wvehicles through the
introduction of other equipment.
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CITOCIb ®OPMYBAHHJS 2-3 TIPUYEITHUX
ABTOIIOI3/IB JJ1S1 ITEPEBE3EHHS
CIJIbCHKOI'OCIIOJAPCHKOI ITPOIYKIIIT
BIMCbKOBUMM ITIJIPO3AUIAMU
O. M. 3aeypcoruii, A. I1. Andpiescokuil,

b. C. Mapuenxo

AHotamisg. JlocBii  3aCTOCYBaHHsS  aBTOIIOI3[IIB
MarepiajibHOro 3a0e3MeYeHHS TIOKas3ye, 10
3aBAHTAXKYBAJIbHO-PO3BAHTAKYBAJIbHHIA TIPOIIEC,
3auCIUICHHS  3aBaHTAKCHMX  MPUYCHIB 0  TAradiB
MOTPeOYIOTh BUTpPAYaHHS IEBHOrO YacCy, CHJI Ta 3acoOiB.
Kpim Toro, migBe3eHHs CiIbChKOTOCIOIAPChKUX BaHTAXIB
notpedye IOAATKOBOTO dacy, CHII Ta 3acoOiB i dac
3aYeIUICHHS 3aBaHTAKCHUX MPUYEIiB JO aBTOMOOLTIB-
TATA4iB, KOJHM Bara BaHTaXXy HE JTO3BOJISIE OJTHOMY BOJIIO
BUJIbHO MOBEPHYTH Ta CIPSAMYBATH TPUKYTHHK MEPEIHBOT
BiCl Ipuyeny 3 3a4illHUM KUTBLEM JO TSATOBO-3a4ilTHOTO
MPUCTPOIO TATAYA.

VY crarTi  BHKIAAEHO MOXKIUBICTE  3HIDIKECHHS
TPYAOMICTKOCTI TIPOBEICHHS TaKeNaXHUX poOIT Ta
3aUeIICHHS 3aBaHTAKEHUX MPUYEIIiB J0 TATadiB Y MiCIIAX
3aBaHTAKEHHS Ta PO3BaHTAKECHHS
CIITLCHKOTOCTIONAPCHKOL MIPOTYKIIiT 3a paxyHOK
3aCTOCYBaHHS YIOCKOHAJIEHOTO 3a4ilTHOTO OOJagHAHHS.

Y mpomeci  eMIOipUYHHX  JOCTIDKEHb  JIOKa3aHO
MOJKJIUBICTH MiABHIIEHHS e(eKTUBHOCTI
TPaHCIOPTYBaHHS BaHTAXIB  CLIBCHKOTOCIONAPCHEKOTO

MPU3HAYCHHS 32 PaXYHOK 3aCTOCYBaHHS 3aIIaTCHTOBAHOTO
TEXHIYHOTO 3ac00y.
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BukopucraHHs ~ NIPONOHOBAaHMX  TPAHCHOPTHHX
ABTOMOOLTIB  BITYM3HSHOTO BUPOOHHKA 3  TATOBO-
3aYiMHAMH TPUCTPOSIMH  3alPONOHOBAHOTO 3pa3zka i
TaKeNaXHAM  OOJQJHAHHAM  JIO3BOJIMTH  BHKOHYBaTH
TaKkelTaXHI POOOTH MEHIIOK YHCEIbHICTIO BaHTAKHUX
KOMaHIaX, [0 JO3BOJUT HE TUIBKH  3HU3HTH
TPYJIOMICTKICTh TakelaXXHUX poOiT, a 1 30epertu Ta
pawioHaJbHO BUTPATUTH Yac, HEOOXITHUH IS MOJOIaHHS

MEeperikoyl [WMMH  aBTONOI3JaMHM Ta  BiJHOBJICHHS
TOIIKO/PKEHUX TPAHCHOPTHUX 3aCO0IB.
3anponoHOBaHUH TATOBO-3aUiITHUI MPHUCTPIit

JI03BOJIUTH MPUYEITUTH MPHYII 10 TSraya CHJIOK OJHOTO
Bomia. Ilpm mpOMYy YIOOCKOHAJCHHH TATOBO-3adilTHUHA
MPUCTPIH Mae HEBHCOKI MaTepiaIoEMHICTH 1 BapTicTh

BHTOTOBJICHHA. BiH Moxe OyTH  yIOCKOHAJICHHA

OesmocepenHb0  OyOp-SIKOMY ~ PEMOHTHOMY  OpTraHi

aBTOMOOLIBHOI TEXHIKH YM aBTOMOOLIBHOT 0a3u.
KawuoBi caoBa:  aBromoi3n,  e(EeKTHBHICTS,

BaHTa)XHE 00JIaJHAHHS, TATOBO-3aYilTHUIA TPUCTPIH.

CIIOCOb ®OPMHNPOBAHNMA 2-3 ITPULIEITHBIX
ABTOIIOE3/10B VLA ITEPEBO3KH
CEJIbCKOXO3SMCTBEHHO! IMTPOYKIIUU
BOEHHBIMU ITOAPA3IEJIEHUAMN
O. H. 3acypckuii, A. I1. Anopuesckuii,

b. C. Mapuenxo

AnHoTanusi. OmNBIT TPUMEHEHUs aBTOIOE37I0B
MaTepHalbHOTO  OOECHeYeHnsI  IOKa3bIBaeT,  YTO
MIOTPY30YHO-Pa3rPy30UHbII poIiecc, 3aleIuIeHUs
3arpy)KeHHbIX — TpuienoB kK  Tsraufv  morpeGyer
pPacxoJI0BaHUS OINPEEIEHHOIO BPEMEHH, CHUJI U CPEJICTB.
Kpome TOro, moaBo3 CENbCKOXO3SIIICTBEHHBIX TIPY30B
TpeOyeT JOMONHUTENFHOTO BPEMEHH, CHII U CPENICTB MPHU
3alleIUIeHUs] 3arpy’KEHHBIX MPHUIETIOB K aBTOMOOWIISIM-
TATa4yed, KOTAa BeC TIpy3a HE II03BOJISIET OJHOMY
BOJIUTEINIO CBOOOIHO BEPHYTh M HANPaBHTh TPEYTOIBHHUK
TiepeTHel ocH MpUIiena ¢ 3aleMHBIMI KOJIBIIOM K TSTOBO-
3aleTTHBIM YCTPOMCTBAM TATava.

B crathe wu3NMOXKEHAa BO3MOXKHOCTH CHIDKEHHMS
TPYILOEMKOCTH TPOBEICHUS TaKeNaXHBIX paboT u
3alleIUIeHHs 3aTPYKEHHBIX IPUIIETIOB K TATadaM B MecTax
3arpy3Ku 51 pasrpysku CeNIbCKOXO034MCTBEHHOM
MIPOAYKITUH 32 CYET IPUMEHEHHS YCOBEPIIIEHCTBOBAHHOTO
3alenHoro obopynoBaHus. B mpolecce aMmUpHUYECKUX

HCCIICIOBAaHUHA J0Ka3aHO BO3MOXHOCTb  IOBBIIICHUS
3¢ PeKTHUBHOCTH TPaHCTIOPTHPOBKH Tpy30B
CEIIbCKOXO03SIICTBEHHOTO Ha3HAYEeHUs 3a cuer

MIPUMEHEHHUS 3a1aTeHTOBAHHOI'O TEXHUYECKOTO CPEICTBRA.

Hcnonp3oBaHue  MpeiaraéMblX — TPAHCHOPTHBIX
aBTOMOOMIICH OTEYECTBEHHOTO MPOU3BOIUTENS C TATOBO-
3alleMHBIMH YCTPOMCTBAMHU MPENIOKEHHOTO 00pasna u
TaKelaXXHbIM  O0OpYIOBAaHUEM ITO3BOJIUT  BBIMIOJIHATH
Takela)xXHble PabOThl MEHbBINIEH YHCIEHHOCTHIO TPY30BbIX
KOMaHJ[aX, 4TO B CBOIO OYepeqb HE TOJBKO CHU3HT
TPYJIOEMKOCTh TaKeNaXHBIX pPadOT, a W COXpPaHWUT H
paIlMOHANIBHO HCTIONB3YeT BpeMs, HEOOXOOMMOe it
MPEOJIONICHUST TPETSITCTBUA ATHMH  aBTOTOE3JaMH  a

TaKXE Ha BOCCTAHOBJICHUEC MOBPEIKACHHBIX
TPAHCIIOPTHBIX CPEACTB.
HpeﬂHO)KGHHOC TATOBO-3allCITHOC yc’I‘pOfICTBO

MO3BOJIMT NPULICHHUTL MNPULCIT K TATaA4Yy CHIION OJJHOTO
BOJUTCIIA. HpI/I 9TOM YCOBCPIICHCTBOBAHHOE TATOBO-

3a1enHoe YCTPOKCTBO HAMEET HEBBICOKYIO
MaTEPHAIOEMKOCTh MW CTOMMOCTh H3TOTOBIICHHS. Ilpu
3TOM €ro eme MOKHO YCOBEPILEHCTBOBATh
HEMOCPEJCTBEHHO B  JIOOOM  pPEMOHTHOM  OpraHe
aBTOMOOMILHON TEXHMKH MJIM aBTOMOOMIEHOM Oa3kbl.
KiaioueBble ciaoBa: aBromoesn, 3(PQPEKTHBHOCTB,
Ipy30BOE 000PYIOBAHUE, TATOBO-3aLIEITHOE YCTPOWCTRO.
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Abstract. Proper paperwork, observance of the right
to preferential working conditions, defined by the current
legislation, is the key to successful acquisition of a
properly educated employee. While studying distantly and
working, students need to know not only their
responsibilities but also their rights.

Let us pay attention to the normative regulation of
employment of distantly educating students studying at
the National University of Life and Environmental
Sciences of Ukraine.

In practice, the most common questions are how
chiefs treat students of different forms of education - in
their opinion, this causes additional costs for different
vacations, distracts the employee from work, and when
the employee finishes studying, he or she will require to
give him a new job in accordance with the education
obtained; benefits, because studying (at a distance or
evening department of a university) gives the employee a
number of benefits, which the company has no right to
refuse. Such benefits include, in particular, extra paid
holidays in connection with studies in secondary,
vocational, higher institutions, educational institutions of
postgraduate education and vacation without payment. Is
industrial training possible for staff? In the labor
legislation of Ukraine, in this sense, provided a number of
benefits for workers who improve their qualification level
without interruption from production. Thus, Articles 201
and 204 of the Labor Code stipulate that personnel
training in this case occure using the expense of the
enterprise and during working hours. Is there a fare for
the place of study? All employees who reside and work
outside the location of the educational institution are
entitled to the fare. The employer pays for employees who
study at higher education institutions with evening and
distance education, to get to the location of the
educational institution and back once a year.

Key words: Code of Labor Laws of Ukraine, State
Department for Supervision of Labor Legislation
Compliance, Instructions on the procedure of keeping
employment records, labor legislation, work under
employment contract, employment record, part-time,
monetary expression, correspondence department.

Introduction

The purpose of our work is to overview some of the
most common because of which  distantly learning
students have so many questions. In the previous articles
we raised questions about the normative aspects of
employment of day studies students, namely: legality of
employment; keeping work books; labor law; work under
an employment contract; work of minors, etc.

Formulation of problem

While studying distantly and working along the way,
students need to know not only their responsibilities but
also their rights. Let us pay attention to the normative
regulation of employment of part-time students studying
at the National University of Life and Environmental
Sciences of Ukraine (here in after NULES).

Analysis of recent research results

Most young people today work unofficially,
considering this to be superfluous formalities.

But if your job is related to a specialty, the first entry
in the employment record will confirm the experience that
was gained. In addition, in this way you begin to count
down your seniority, which will continue to accrue a
pension.

It sounds good, but in practice, employers do not
rush to formalize relationships with students both
inpatient and correspondence.

Proper registration of documents, observance of the
right to preferential working conditions, defined by the
current legislation, is the key to successful acquisition of a
properly educated employee.

It should be noted here that it is not always a cursory
reading of the provisions of the regulations that makes it
possible to understand how the employer should act in
securing the employee's right to education.
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Purpose of research

The purpose of this work is to consider some of the
most common situations that, in practice, most often raise
questions by students of distance learning.

Results of research

So, let's look at some of the most common situations
that often raise questions in practice.

It’s not a secret that heading don’t approve so much
hiring day and distantly learning students, because, in
their opinion, this entails additional costs for various
vacations, distracts the employee from work, and when
the employee completes his or her training, he or she will
require a new job to be given to him / her in accordance
with the received education. Such managers do not quite
understand that in the future they will have a competent,
familiar with the features of production, a young but
already experienced worker.

Table 1. Duration of vacation by type and form of study.

There is no doubt that the place of the student's main
work is the enterprise where he works. And studying
(distantly or evening classes) gives the employee a
number of benefits, which the company has no right to
refuse. Such benefits include, inter alia, additional paid
vacation in connection with studies in secondary,
vocational, higher education and postgraduate education
and vacation without preservation of payment.

Firstly, let's look at the terms of the extra paid
holidays. The right to have such vacations is only granted
to employees who successfully study without leaving the
production in higher educational establishments with
evening and distance forms of studying for the period of
preparatory classes, performance of laboratory work,
taking tests and examinations, preparation and defense of
the diploma project (work) (Art. 216 of the Labor Code
and Avrticle 15 of the Law of Ukraine " About vacations "
of November 15, 1996 No. 504/96-BP). In accordance
with Article 217 of the Labor Code, the average wage is
maintained for the employees at their principal place of
work during such leave.

The level of
Type of studying load Course Form of studying ?ﬁgr:c?l:?;?onnzr The duration of vacation
institution
For the period of instructional | I, II Evening LI 10 calendar days
classes, laboratory  work, 11, IV 20 calendar days
passing tests and exams 111 and | External form of | Regardless of the | 30 calendar days
next education course
Evening LI 20 calendar days
111, 1V 30 calendar days
External form of | Regardless of the | 40 calendar days
education course
For the period of state exams External and | Regardless of the | 30 calendar days
evening course
For the period of preparation External and | I 1II 2 months
and protection of the state evening
project I, IV 4 months

The criterion of “success” is not set by law, so
studying will be considered successful if the employee
does not have poor grades. But in any case, paid leave to
eliminate academic debt is not granted, and employees
who fail in time or in completion the curriculum,
additional leave is granted at the discretion of the
enterprise and at the expense of the employee.

The reason for giving an employee additional paid
leave in connection with studying is:

* a document (certificate-call for a session), issued
by the educational institution in which the employee
receives education. Methodists of distance education of
NULES of Ukraine prepare documents, which state the
period during which the student must participate in the
laboratory examination (examination) session, and
provide information about his success;

* employee's application for additional leave in
connection with studying.

The duration of additional paid leave is established
by the Article 216 of the Labor Code and the Article 15 of
the Law of Ukraine "About vacations". It depends on the
form of education, the type of workload, the course at
which the person studies, and the level of accreditation of
the educational institution.

For ease of use, information on the duration of
vacation by type of studying, we present in Table 1.

For employees studying in higher education
institutions with evening and  External forms of
education, where the educational process has its own
peculiarities, the law may set a different duration of study
vacation.

Thus, on the basis of the resolution of the Cabinet of
Ministers of Ukraine of June 28, 1997 Ne634 "On
approval of the Procedure, duration and conditions of
granting annual vacations to employees, who are studying
in higher education institutions with evening and distance
learning form of studying, where the educational process
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has its own characteristics”, exception has only that
vacation, which is provided by the Article 15 of the Law
of Ukraine "On Vacation", employees, who successfully
study in higher educational institutions of all levels of

Table 2. Duration of additional vacation.

accreditation with evening and extramural forms of
education in the areas of training, are also granted annual
vacation by industry (Table 2).

Duration of vacation

Training direction

Paid Unpaid

Culture (folk art) musical art (piano, organ,
orchestral strings, wind, percussion, singing,
conducting, pop music)

10 calendar days

10 calendar days

Theatrical art (acting, directing, choreography)
film and television (film and television
directing)

20 calendar days

10 calendar days

Philology (language and literature) -

10 calendar days

These vacations are granted, respectively, for the
period of instructional classes, laboratory work, tests and
exams, state exams, preparation and defense of the
diploma project (work). Higher education institutions
have the right, if necessary, to redistribute additional
vacation between courses within the total duration of the
educational process.

In practice, the duration of additional leave granted
to an employee in connection with training, usually
corresponds to the duration of the laboratory-examination
(examination) session established by the curriculum of the
higher education institution, which is confirmed by the
certificate-call for the session, so the duration of such
leave may be less than it is provided by the Article 216 of
the Labor Code and Article 15 of the Law of Ukraine "On
Vacation™. In this case, drawing up an order about giving
an additional study vacation, it is necessary to determine
its duration based on the number of days specified in the
notification for a session.

Additional paid study vacation is granted to the
employee for the entire period of the session and does not
depend on the term of his continuous work in the first
year of work at the enterprise. In addition, according to
paragraph 4 of Article 11 of the Law of Ukraine "On
Vacation", if the annual leave coincides with the leave in
connection with studies, such annual leave may be
postponed to another period or, at the request of the
employee, extended.

Employees who successfully study in the evening
departments of vocational schools are provided with
additional paid vacation to prepare for exams and taking
them for a total of 35 calendar days during the school
year. The application of this article in practice is in fact
limited to granting such vacation to employees who
acquire new professions in the areas of work of
enterprises and, with some exceptions, at the initiative of
the employer.

Additional paid leave is also granted to employees,
who are admitted to the entrance examinations to graduate
school with or without separation from work, to prepare
and take exams once a year at the rate of 10 calendar days
for each exam.

Workers who study full-time in postgraduate studies
and successfully complete an individual training plan are
provided with additional paid leave for 30 calendar days

and, if they wish, for four years of study - one day off per
week with a payment of 50 percent. from the average
salary of the employee.

Article 25 of the Law of Ukraine "On Vacation"
defines the duration of vacation without payment, which
is provided to the employee in a mandatory manner:

» employees admitted to entrance exams to higher
education institutions - for a period of 15 calendar days
without taking into account the time required to travel to
the location of the educational institution and back. This
vacation is granted regardless of the level of accreditation
of the educational institution. The basis for its giving is
the application of the employee and the notification of the
educational institution about the admission to the entrance
exams;

» employees admitted to the entrance examinations
for postgraduate studies with or without on-the-job work,
as well as employees who study full-time in postgraduate
studies and successfully complete an individual training
plan - the duration required to travel to the location of the
higher education institution or institution of science and
ba ck.

In addition, postgraduate students, who are studying
on-the-job, are provided with one day off per week
without pay during the fourth year of study, if they wish
S0.

Separately, we would like to dwell on the industrial
training of staff. The labor legislation of Ukraine in this
regard provides a number of benefits for employees who
increase their skills on-the-job. Thus, Articles 201 and
204 of the Labor Code stipulate that staff training in this
case takes place at the expense of the enterprise and
during working hours.

However, due to the large migration of labor
resources in Ukraine at the moment, it is unprofitable for
the owner to invest in staff training at the expense of the
company, because the specialist after training can go to
work for a competitor. To get out of this situation, the
employer often tries to select already trained staff by
someone and somehow. So, no one wants to be a "smithy
of workers" for other companies. Thus, the head of the
enterprise continues to spend money in vain (and possibly
lose its regular customers), because a new employee, even
a trained one, needs some time for internal adaptation to
the enterprise and to the production process itself.
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In order to avoid any unpleasant situations, the
employer must still "grow" educated and professionally
competent staff at the company, taking into account, of
course, the requirements of current labor legislation of
Ukraine.

However, we should not forget about another point.
The legislation of Ukraine does not prohibit the employer
before the start of staff training to enter into a civil
contract with each employee that the training of new
professions (development of new technologies, training,
etc.) will be carried out at the expense of the company
with the provision of all benefits and guarantees Ukraine,
however, after completing the training course, the
employee will be required to work at the company for a
certain period of time (six months, a year, two or other
terms - depending on the amount of money, invested in
his studies). In the case of early dismissal of an employee
(regardless of the reasons for dismissal, except for
conscription for military or alternative service, election to
an elected position or death of the employee), the latter
will be obliged to reimburse the cost of training based on
time already worked. It will be easy for the economist or
accountant to calculate the period for which the tuition fee
must be reimbursed.

Thus, a well-written contract, which provides for the
rights and obligations of the parties (employer and
employee), will allow:

a) the employee:

« increase their professional and qualification level;

* have certain prospects, stable work and earnings;

* be properly motivated for the purpose and
objectives of the enterprise;

* derive certain personal benefits from it;

b) the owner:

* have competent, trained staff at the enterprise;

* be able to avoid aimless and constant investment in
the training of employees who change frequently;

« sharply reduce staff turnover;

« increase productivity and quality of work;

« improve the quality of products or services;

* to raise the image of the company in the region,
demonstrating its stability and compliance with the law,
as well as the prospects and professionalism of its
employees, which is also probably an important factor in
successful work.

The labor legislation of Ukraine provides also other
benefits for employees who combine work with training.
Thus, employees who study in the last years of higher
education institutions, during the ten academic months
before the start of the diploma project (work) or state
exams are given a weekly, with a six-day working week,
one day off to prepare for classes with payment in in the
amount of 50 percent of the received salary, but not lower
than the minimum salary. During a five-day work week,
the number of days off varies depending on the duration
of the work shift, provided that the total number of hours
off is maintained.

During the ten academic months before the start of
the diploma project (work) or passing the state exams,
employees may, at their request, be provided with one or
two additional days off per week without pay.

All employees who do not live and work outside the
location of the educational institution have the right to

have the paid travel. The employer pays employees who
study in higher education institutions with evening and
correspondence forms of education, travel to the location
of the educational institution and back once a year for
tutoring, for laboratory work and tests and exams - in the
amount of 50 percent of the fare ( ie one-way fare). It
should be noted that the Labor Code does not set
restrictions on the type (class) of transport for which
benefits are provided. In NULES, sessions with planned
disciplines are composed in such a way that in one session
students take disciplines, show their level of knowledge
and listen to instructive lectures, receive independent
assignments in subjects for the next session.

The same amount is used to pay for the preparation
and defense of a diploma project (work) or to pass state
exams.

Conclusions

1. As you can see, the number of benefits for
employees who combine work with training is quite
significant. But in practice not all of them are used.
Modern forms of organization of the educational process
in educational institutions allow the employee to receive
education in his spare time (evening or weekends), so the
employer in some cases may not even know about the
employee's training.

2. In any case, an employee who intends to get an
education or training and does not find understanding and
support from the employer, should be aware that in
today's labor market chance to win the competition has
only a highly qualified specialist with experience and
quality education. So learn by working.

3. And the employer, despite the number of benefits
he has to provide to the employee, must remember that an
employee who has become a specialist thanks to the
company will work hard, willing to contribute to the
prosperity of the company.
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HOPMATHBHE PEI'YJIIOBAHH
MMPALIEBJIAIITYBAHHA CTYJEHTIB, LI1O
HABYAIOTHCS HA 3AOYHOMY BIAJAIJIEHHI
JI. E. Iickynosa, T. O. 3ybok, M. O. lxana

Anoranisg. Hanexsne odQopMieHHS JOKyMEHTIB,
JOTPUMaHHS NpaBa Ha MJIBIOBI YMOBH Mpalli, BU3HAYEHI
YUHHUM 3aKOHO/ABCTBOM, € 3allOPyKOI0 YCIIIIIHOTO
HaOyTTs HaJEXKHO OCBIYEHOTO NpalliBHUKa. HaBuaroduchk
Bi[TaJICHO 1 MpAIOI0YM, CTYICHTaM IMOTPIOHO 3HATH HE
TIJIBKH CBOT 000B'SI3KM, aJie 1 CBOI mpasa.

3BepHEMO yBary Ha HOPMAaTHUBHE pETYIFOBAHHSI
3aHATOCTI CTYICHTIB, K1 HaBYAIOTHCS Ha
IUCTaHIIHHOMY piBHI B HarioHamsHOMY yHIBEpCHTETI
OiopecypciB Ta IPUPOTOKOPUCTYBAHHA YKpaiHU.

Ha mpakTuni HalnmomumpeH i MUTaHHs MOJISTal0Th Y
TOMYy, SIK Ha4YaJlbHUKU CTaBJISATHCSA 10 CTYJCHTIB PI3HUX
¢bopM HaBYaHHA - Ha IXHIO JYMKy, L€ CIPHYHHSE
JIONAaTKOBI BHUTpPAaTH Ha pi3HI KaHIKYJIM, BiJIBOJIKae
MpaliBHUKA Biff poOOTH, a KOJM MPAIIBHUK 3aKiHIUTh
HaBYaHHs, HOMY MOTpiOHO Oyne naTH HOMY HOBY pOOOTY
BINIOBITHO OO 3H00yTOi OCBiTH; BHUTOIH, OCKUIBKH
HaBYaHHA (HA JWACTAaHIOIHHOMY ab0  BeYipHbOMY
Bi[UIUJICHHI YHIBEpCUTETY) Ha€ TMpPALiBHUKOBI PsI ITIIBT,
BiJl IKUX KOMIIaHisl HE Ma€ Mpasa BIAMOBIATH. Jlo Takmx
MUTBT  Halle)kaTh, 30KpeMa, JOMATKOBI OIDIadyBaHi
BIANMYCTKM y 3B’A3Ky 3 HABUaHHAM Yy CEpeiHiX,
npo¢eCifHO-TeXHIYHUX, BHIIMX 3aKiIagaX, HaBYAIbHUX
3aKiagax MCIAAWIUIOMHOI OCBITH Ta BIAMYyCTKH 0€3
omiatd. Yu MOXIJIMBE BUPOOHUYE HABYAHHS MEPCOHATY?
VY 3aKOHOAABCTBI NpO Mpauip YKpaiHM B LILOMY CEHCI
nepezdaYeHo  psjag  OUIBr  JUIS  [PAILiBHUKIB,  SIKI
MiABHUINYIOTH CBill KBaniQikaniiiHuii piBeHs 0e3 BiIpUBY
Bin BupoOHWITBa. Tak, ctartsamm 201 Ta 204 K3ull
BU3HAYEHO, 1[0 HABYAHHS IEPCOHANY B L[OMY BHIAAKY
BiOyBa€ThCSA 32 PaxXyHOK KOINTIB MiAMPHEMCTBA Ta B
pobounit wac. Un € Tapud Ha wmicue HaByaHHSA? Yci
NIPAI[iBHUKY, SKi ITPOKUBAIOTH Ta MPALIOIOTH 32 MEKaMu
MICIIE3HAXO0/PKEHHSI HABYAJILHOTO 3aKJialy, MaloTh IPaBO
Ha mpoi3a. PoboTomaBerns omadye mpamiBHUKAM, SKi
HABYAIOTHCS Y BUIMX HABYAJIbHUX 3aKJIaJax 3 BEUIPHBOIO
Ta JUCTaHIIHHOIO OCBITOIO, MOTPAIUIATH OO MICHA
HaBYaHHS Ta Ha3aJ pa3 Ha pik.

KaouoBi caoBa: Kogexc 3akoHiB Tpo  Iparo
Vkpainu, JlepkaBHUIl  jAemapTaMeHT  Hariasay  3a
JIOACPKaHHIM 3aKOHOJABCTBA IIPO Tpamio, IHCTpyKmil
PO TOPSIIOK BEJEHHS TPYIOBHX KHIKOK, TpYJIOBE
3aKOHOJIaBCTBO, po0oTa 3a TPYIOBHUM JOTOBOPOM,
TPYOBa KHM)KKA, CyMICHHILITBO, TPOIIOBHI BUpPa3, 3a04HE
BIUTIJIEHHS.

HOPMATHBHOE PEI'YJINPOBAHUE
PABOTOYCTPOUCTBA CTYJIEHTOB, KOTOPBIE
YUATHCS HA 3AOYHOM OTAEJIEHUU
JI. O. Huckynosa, T. A. 3yoox, M. O. [lkana

AHHOTaDMS. [TpaBuabHOE odopmireHne
JIOKyMEHTOB, COOJIIO/IEHHE TpaBa Ha JIBIOTHBIE YCIIOBHS
Tpyaa, OTIpe/ieTICHHBIE JIEHCTBYIOIINUM
3aKOHOJIATEILCTBOM, SIBJISIETCS  3aJIOTOM  YCIICIIHOT'O
npuoOpeTeHnuss  JODKHBIM — 00pa3oM  0Opa3oBaHHOIO
paborHuka. IIpm oOydueHMHM Ha pPacCTOSHHH U padoTe
YYEHUKH JOJDKHBI 3HATh HE TOJIBKO CBOM 00S3aHHOCTH, HO
U CBOM IIpaBa.

Obpatum BHUMaHHE Ha HOpPMaTHBHOE
peryinupoBaHue TpyHOycTpoiicTBa JIIACTAHIIMOHHO
oOygaromuxcs CTYICHTOB, oOygarommxcs B
Haumonansaom YHHUBEPCHUTETE €CTEeCTBEHHBIX U

00IIECTBEHHBIX HAYK Y KPaHHBI.

Ha npaktuke Hambonee pacnpoCTpaHEHHBIMHU
BOINPOCAMH SIBJISIOTCSI TO, KaK HAa4aJbHUKU OTHOCSTCS K
yyaiMest pa3HbeIX GopM 00Y4EHHS - 10 UX MHEHHUIO, 3TO
BBI3BIBAECT [JOMOJHHUTEIbHBIE pAacxXoAbl Ha pas3HbIC
KaHHKYJIBI, OTBJIEKAaeT PaOOTHHMKA OT paboThl, a Korza
pabOTHHK 3aKaHYMBAeT y4eOy, eMy MM el moTpedyercs
JaTh eMy HoBasl padoTa B COOTBETCTBHH C MOITYYCHHBIM
oOpa3oBaHWEeM; JBIOTH, TIOTOMY 4YTO oOydeHHe (Ha
3a0YHOM WJIM BEYEPHEM OTICICHUHM YHHBEPCUTETA) JIacT
pabOTHUKY psA JIBTOT, OT KOTOPBIX KOMIIAHUS HE MMEET
npaBa OTKa3bplBaThCs. K TakuMm JIbroraM OTHOCSTCS, B
YaCTHOCTH, IOTOJIHUTENIbHBIE OIIaYMBaeMble OTITyCKa B
CBSI3U C OOyueHHEeM B CpeAHUX, NpodeccCHOHANBHBIX,
BBICIINX Y4YEOHBIX 3aBEJCHUSX, YYEOHBIX 3aBEICHUSX
MOCJIEINIUNIOMHOTO ~ 00pa3oBaHusi W OIUIaYMBAEMBIX
oTIycKax. Bo0O3MOXHO M NMpOU3BOACTBEHHOE OOydeHHE
nepcoHana? B TpynoBoM 3aKOHOJATENLCTBE Y KpaWHBI B
3TOM CMBICIIE MTPEAYCMOTPEH PSIJ JIBIOT sl paOOTHHUKOB,
KOTOpBIC TOBBIIAIOT CBOW YPOBEHb KBaJIM(UKAMH Oe3
OTpbIBa OT ImpousBojcTBa. Tak, crarbu 201 u 204
TpynoBoro Kozekca MNpeaycMaTpUBaroT, 4To OOydeHne
MepcoHaj]a B 3TOM Ciydae HPOUCXOJHUT 33 CYET CPEICTB
npeanpusTud U B pabodee Bpemsa. EcTe nm mimaTa 3a
MecTo yuebbp1? Bce coTpyqHMKH, KOTOPBIE TPOXKUBAIOT U
paboTaroT 3a TpeaenaMu Y4eOHOTO 3aBEelECHHUS, WMEIOT
NpaBo Ha oOIUIaTy npoe3fa. Paboroxartens orulauuBaer
COTpYJIHHMKaM, KOTOPbIE y4aTcsi B BBICIIMX Y4YEOHBIX
3aBEICHUAX C  BEYEPHUM M JWCTAHIMOHHBIM
oOpazoBaHieM, YTOOBI OOPAThCS 0 MECTa HaXOXKICHUS
y4eOHOTO0 3aBeIeHUs] 1 00paTHO OMH pa3 B TOJI.

KioueBble ciaoBa: Kojaekc 3akoHOB 0O Tpyne
VYxpaussl, ['ocyJapcTBeHHBIH AenapTaMeHT Haa30pa 3a
cOo0JTI0/IeHHEM 3aKOHO/IaTesIbCTBA O Tpyie, MHCTpyKIMu 0

MOpSiAKE  BEJNCHHWS  TPYAOBBIX  KHIDKEK, TpPYAOBOE
3aKOHOJIATEeNILCTBO, paboTa IO TPYAOBOMY JIOTOBODY,
TpydOBasi  KHM)KKA, COBMECTUTEIBCTBO,  JICHEKHOE

BBIPpAXXCHUE, 3a0YHOEC OTACIICHHUEC.
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Anotanis. PoOora mpucBsYeHA MOCITIKCHHAM
TEXHOJIOTiH 1  eKCHEePUMEHTAIFHOTO  YCTaTKyBaHHS
TEXHOJIOTIYHOI JiHII Mo TIMOOKiH mepepoOui HaciHHS
PHMLMHH B KACTOPOBY OJIO JUI BUPOOHHUILITBA MAaCTHII JIsi
CLIBCHKOTOCTIOIAPCHKOT TEXHIKU 1 KOPMOBOT MaKyXH.

KactopoBa outisi € cTpaTeriyHor0 CUPOBHUHOIO, TOMY
10 BUKOPUCTOBYEThCS B 0araTthbOX ranys3six HapoJHOTO
rOCIoapCTBa, 30KpeMa y CLIbChKOMY TOCIIONapCTBi. Yci
iCHyI04i crocoOM mepepoOKH HaciHHSA PHUIIMHA MOXKHA
pO3NIMMTH Ha JBa METONM BHTATY OJil i3 HACIHHS:
MexXaHiyHe BIDKMMaHHS  oii, Ha3BaHE METOIOM
MpecyBaHHSA, 1 PO3YMHEHHS ONii B  JIETKOJETKUX
OpTraHIYHUX PO3YMHHHKAX, a00 MeTon ekctpakmii. Li nBa
METOJM BUKOPUCTOBYIOTHECS B TEXHOJIOTIi BHPOOHHUIITBA
POCIMHHUX OJiii abo caMOCTiHHO, ab0 B CIIOJyYeHHI
OJTHOTO 3 IHILIHM.

st yMOB MaJIOTOHHa)KHOTO BHPOOHUIITBA B CTATTI
3anpONOHOBaHA oTepallifHO-TeXHOJIOTYHA cxema
nepepoOKH HACIHHS PUIIMHU JIBOPA30BUM IIPECYBaHHIM 3
MIPUHIIUTIOBUMU BIAMIHHOCTAMU BizX ICHYIOUHX
TEXHOJIOTiH TepepoOKH HACIHHS PUIMHU. 3allpOTIOHOBaHA
OE3eKCTpaKIliifHa  TEXHOJIOTiI  TepepoOKH  PHUIMHU
METOJIOM  IBOXKPAaTHOTO  TpeCyBaHHS ISl  YMOB
MAaJOTOHHAKHOTO  BHUPOOHHWITBA  BIAPI3HAETBCA  Bif
BIJOMHUX TEXHOJOTii THM, IO BOHA Tependayae
BUKOPUCTaHHA  PSIAYy  JOJATKOBHUX  TEXHOJOTIYHHUX
omepamii TakMX SK: KagiOpoBKa HAciHHA, OOpyIICHHS
JIYUIUHHS, THEBMOCeNapanisi JyIINUHHS Ta OYHIICHHS
B1KATOT OJIiT IUIIXOM eJIeKTpoIoTallii.

3rigHo 3 omepanifHO-TEeXHOJIOTIYHOI0 CXEMOIO IS
MepepoOKN HACiHHA PHULIMHH BH3HAYCHO HAaHMEHYBaHHS
00JaHaHHS Ta HOTO KUIBKICTh, 0 HEOOXiTHO mpuadaTH
Ta siKe 3a0€3MeYHTh BIAMOBIMHUIA pPiBEHb BHPOOHHIITBA.
VY3araipHeH! BCi TEXHOJIOTIUHI PEXHMMH IpH Iepepoori
HACIHHS PHIMHH HA PUIMHOBY OJII0 Ha BIIIOBIIHOMY
oOmanHanHi. B pe3ynpTari NOTpUMaHHSA BiJIOBIAHUX
TEXHOJIOTIYHUX  PEKUMIB  NEpPepoOKH,  OJepKarb
PHUIIMHOBY OJIi10, SIKICHI ITOKA3HUKH SKOI BiAMIOBIIaTUMYTh
pumoram JICTVY 6757.

3amporoHoBaHa  Oe3eKCTpaxiiitHa
JI03BOJIHIIA po3pobuTH y3arajJbHEeHY
XapaKTepUCTHKA MiHi-3aBOJy TIO TepepoOI

TEXHOJIOT'1s
TEXHIYHY
HaCIHHS

PULIMHU Ha TEXHIYHY PUIIUHOBY OJII0 1 KOPMOBHH KMUX,
AKa € BHXIJHAMH BHMOTaMH IIPH PO3POOJIEHHI NMPOCKTY
TaKOTO 3aBOAY Ta BH3HAUYCHHI (DiHAHCOBOI 1 KOMEPIHHOT
NpUBaOINBOCTI MAJIOTOHHAYKHOTO ITIANPUEMCTBA.

KaiouoBi ciioBa: HaciHHS PUIMHU, KaCTOPOBa OJIisl,
MaJIOTOHHa)KHE BHUPOOHHLITBO, JBOPA30BE IPECYBaHHS,
(dopnpec, ekcrienepHuii mpec.

HocranoBka npodaeMu

OumitiHi KYJIBTypH MaloTh BaXXITHBE
HapOJHOTOCIOAAPChKE 3HAYEHHS, OCKUIBKH € JKEpPesioM
OTPUMaHHS  I[IHHUX  MPOJOBOJIBYMX 1  TEXHIUYHHX
nponykriB. Cepen ONWHUX KyJNbTYp BaXKJIHMBE Micle
3aliMae pPUIIMHA, OCHOBHUH TNPOIYKT MEPEpOOKH [KOi €
pPHLIMHOBA OIS, SIKa BHKOPUCTOBYETHCS B XIMIuHIH,

CIIeKTPOTEXHIUHIA, MEAWYHINA, aBialliifiHid Ta IHIIKUX
ramyssx npomuciosocTi [1-3].
Cnig  3a3HaYWTH, WLIO pUIMHOBA OJisl  MOXe

BUKOPUCTOBYBATHUCS JUII BUTOTOBJICHHS Oionanusa [4-7].

Hacinas punuan mictate 52-57% punuHoBOi oii
[8-9]. BiamoBinHO, HACIHHS PHUIMHU, € OOYOHKOM, KU
HAIlOBHEHWH  OJi€l0, $SKa 3a XIMIYHHM  CKJIAJIOM
BiJJPI3HAETHCS BiJl IHIIMX POCIUHHHUX OJNIH 3a paxyHOK
BHUCOKOIO BMicTy puimHONeBol kucinotu 85-90% [10],
3aB/SIKM YOMY BOJIOJIE YHIKQJIBHUMHU BJIACTHBOCTSIMU:
B'A3Ka, CNab0 pPO3YMHAETHCS B OEH3MHI Ta IHIINX
OpTraHIYHUX PO3YMHHUKAX, HE 3aCTUTAE IMPH MiIHYCOBUX
TeMIIepaTypax, o poOUTS ii HeTlepeBEPIICHNM 3a SIKICTIO
MAaCTWJIBHHM MaTepiajioM, OCOOJIMBO ISl JBUTYHIB, SKi
NPALOIOTh B CKJIAHUX YMOBaX.

[Ipn rmmbokii mepepoOIi OAEPKYIOTH TEXHIUHY
PHULIMHOBY OJIII0 ¥ BUCOKOOUITKOBHH KOpM JUIsi BEJHMKOI
poraroi xymoOu, cBuHed i mraxiB. Takum 4mHOM, Odis
PULIMHKM Ma€ YHiKajJbHI (i3MKO-XIMiYHI BJIACTHUBOCTI, 1 €
He3aMiHHOIO B 0araThOX rajy3sX HPOMHCIOBOCTI.

He muBnsumce Ha Oe3mepedHi mepeBaru, B YKpaiHi
BIICYTHI MiIOpUEMCTBA 3 MEPEepOOKH pUIMHH. Taxkmm
YMHOM, BaXJHMBUM 1 aKTyaJbHMM 3aBJaHHSIM Ha
CBOTOIHIMHIN JIeHpb € OOIPYHTYBaHHSA MJOIUIBHOCTI
CTBOPEHHS TAKUX MiAMPUEMCTB.
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AHaJti3 oCTaHHIX J0CTiIKeHb

VYeci icHyr09i TeXHOIOTIi mepepoOKn HACIHHS PUIIMHU
MOJKHA PO3IUTHUTH Ha JIBA METOIHM BUTATY OJii i3 HaCiHHA:
MexXaHlyHe BIDKMMaHHS  Ojli, Ha3BaHE METOIOM
MPEeCyBaHHSA, 1 PO3YMHEHHS ONii B  JIETKOJETKUX
OpraHiyHMX PO3YMHHHUKAX, a00 MeTox ekcrpakuii. Lli n1Ba
METOIM BUKOPHCTOBYIOTHCSI B TEXHOJIOTii BHPOOHHUIITBA
pOCIMHHUX OJii abo camocTiiiHO, abo B CHOJY4YEHHI
OJTHOTO 3 1HIIIHM.

CyuacHi BHCOKOMPOJYKTHBHI 3aBOJU IO MepepoOIr
HaCiHHS pPHLMHU TPALIOIOTh 33 CXEMOK IOIEpeIHE
IpecyBaHHA  —  CKCTPaKLis W  BOJIOTO-TEIIOBA
JeTOKCHKALIisl pUIHHOBOT MaKyXH.

BuBueHo moCBixm mepepoOKH HACIHHS PUIMHH Ha
KacTOPOBY OJIIO 32 CXEMOIO IOINIEPEIHE NpPECyBaHHSI —
eKCTpakiis Ha 3aBojax  pecmyOmiku  MongoBu
(BenblbKuii  OMEXKHUPOBUIA  KOMOIHAT,  ATaKChKHiA
osieekcTpakiiiHuii koMOiHaT), Pocii (BinopiueHchkuii
oJlieeKCTpakiiitnuii 3aBoja, KpacHomapchbkuii oJie 3aBOj
Ne 2), a TakoX KOHCTPYKIIIO YCTaTKyBaHHs, sKe
BUKOPHCTOBYETHCS Y CBITI.

Tak 3 1968 poky B MongoBi Oyia ocCBoeHa
TEXHOJIOTiS ~ MepepoOKM  PHIMHH 38  CXEMOIO
¢dopnpecyBaHHI-eKCcTpakmia. Skmo mpu  mepepoOr

MIPECOBUM CIOCOOOM 3arajibHi BTpatu omii ckiamu 2,8%,
TO BXE B MEPUINHA PiK MIiCI MEepPeXoAy Ha eKCTPaKIiHHUHA
cnoci6 Boum 3Hm3miamcs g0 1,24 %.  OpgHak
MIPOAYKTUBHICTH MOJIEpHi30BaHUX ekcTpakTopiB HJ[-1250
ckiaamae 500 T Ha mo0y 3a mepepoOKO (POPIPECcOBOro
MEJIIOCTKA B TIepepaxyBaHHI Ha HACIHHS COHSIIHUKA 1 IS
MaJOTOHAXHOI'O  BHPOOHHLTBA HE  MOXe OyTH
BUKOpUCTaHO OCKUIBKH KacTOPOBA OJIisl HE PO3UUHAETHCS
B Oensuni npu Ttemneparypi 20-25°C, To B nepmmx
eKCTPAaKLIHHKUX JIHISIX 3aCTOCOBYBAIM SIK PO3YMHHHUK
TeXHIYHMH nuxnoperaH. Hanami, 3a THIIOBOIO CXEMOIO Ha
miHii HA-1250 sSx pO3YMHHHK 3aCTOCOBYBaIHM OCH3WH,
HomnepenHbO MmiAirpituit 1o Temneparypu 60-65°C. Ilpu
eKCTpakIii OJii 3 TeICTKa OJNIHHOI  CHPOBHHHU
eKCTParyloThCcs  PEYOBHHH,  AKi  HeOakaHi  uis
BUKOPHUCTaHHS B TMPOJXYKTI, IO OIEPKYeETbCs. Tomy,
3’SIBJISIETBCSL  HEOOXIJHICTh Yy JIOJATKOBOMY OYHIIEHHI
eKCTpakKIiiiHoi ouii. I{e ICTOTHO YCKIIAJHIOE TEXHOJIOTIO
BHUPOOHUIITBA.

BuBueHHSsI TEXHOJIOTT 1 KOHCTPYKIIiT TEXHOJIOTTYHOTO
yCTaTKyBaHHS,  SK€  BUKOPHCTOBYEThCS  (ipMamu
«Alimentay (Itamis) i xorneprom «Krupp» (Himedunna)
JUI1 TOTYXXHUX BHPOOHUNTB (32 THC. TOHH Ha DIiK)
MI0Ka3ano, M0 HAa CHOTOJHINIHIA JI€Hb BHUKOPHUCTATH IX
NPaKTHYHO HE MOXJIIMBO, TOMY IIO I(iHa 3aKyIK{
yCTaTKyBaHHS /IS TAaKOTO 3aBOJy cKianae Oinst 10 miH.
nonapis CHIA.

BuBYeHHsI CBITOBOrO JIOCBiy IIOKa3alo, IO ISt
YkpaiHn HaWOIIBII MOWITPHUM € IUISIX I[TOCTYIIOBOTO
CTBOPEHHS CITKH MAaJOTOHH@OXKHUX BHPOOHHMUTB (MiHi-
3aBO/IiB) 3 10OOBOIO MPOAYKTUBHICTIO IpUOIM3HO 12-15 T
10 BUXIiJIHI! CHPOBHUHI.

Hami  3aBogm (y wmicrax  Ymaws, Cwina,
BepXHbOHINIPOBCHK Ta 1H.) BUIYCKAalOTh YCTaTKyBaHHS

JUI1  TepepoOKM HACiHHSA COHSIIHUKA 3 JOOOBOIO
npoayktuBHicTio  8-10 1. OpnHaK, TEXHOJOTIYHI
BJIACTUBOCTI  HACIHHS  COHSIIHMKA W BIANOBIZHO

TEXHOJIOTiSl HOro MepepoOKH NMPHHIMIIOBO BiAPI3HIETHCS

BiJl BJACTHBOCTEH HACIHHA PUIIMHW W TEXHOJOTIl TXHBOT
nepepoOku. ToMmy, TpW CTBOPEHHI MiHi-3aBOIB TI0
mepepoOli HACIiHHS PUIMHA 3 YCTaTKyBaHHA, IO
BUITYCKA€ThCA BITUM3HAHMMH 3aBOJAMH, MPAKTHIHO
HEMa, 1110 NEepEHHSATH.

Bimomi icHyrooui TexHONOTIi MEepepoOKH PHINHU
METOJlaMH TIPEeCyBaHHS BiIOYBalOTBCS 32 CXEMaMHU:
(dopuan-doprpec; OJHOKpaTHE MpPECYBAHHS; BOPA30BE
npecyBanHs: poprpec-excrenepuuii mpec [11-13].

[Ipote, hopuanHi 0T MEHIII CTIMKI 10 OKUCITIOBAHHS
MOPIBHIHHO 3  (DOPIPECOBOIOI  EKCIEIEPHOI0, IO
MOSICHIOETBCS. MaJlMM YMICTOM y HHX HaTypaJbHHUX
aHTHOKCHAAHTIB. TakoX OXHHUM 3 HAWOUIBII BaromMux
HeloINikiB Merony  QopuaH-(oprpec € mepiogudHicTh
OCHOBHOTO amapata — QopdaHa. Y pO3BHTKY LBOTO
MeTony Oymm  CTBOpeHi  KOHCTPYKII  amapariB
OesmepepBHOi [ii, SKi MPAKTUIHO SIBISIOTH COOOIO
IIHEKOBI CHCTEMH CITa0KOTO BIDKMMAHHS, IO BHUMAarae
3aCTOCYBaHHS BUCOKUX TeMIIeparyp.

OnHOKpaTHe MpecyBaHHS IIPH IEpepoOll HaciHHS
PHUIIMHU HE J03BOJISE OJCPKATH BEIMKOTO BUXOJY OJIil i
HaniiiHOi poOoTH ycTarkyBaHHs. Lle miATBEpIKYETHCS
JIOCBiIOM ~ Kopropauii  «XopTuisiy, ska crnpoOysana
BUKOPDHCTaTH  TEXHOJIOTIIO 1  yCTaTKyBaHHS VIS
MIHI3aBOly 10 TepepoOIll PHUIMHMA HIMEUubKoi ¢ipMu
«Arpo-debep» [10]. TexHoorist i OCHOBHE YCTATKYBaHHS
OyJ10 HE PUCTOCOBAHE IS IEPEPOOKN HACIHHS PHULINHH.

Tomy  mnwTaHHS  pamioHATbHOI  TEXHOJIOTII
NepepoOKH  PHUOMHM B YMOBax  MaJaTOHA)KHUX
HIANPUEMCTB € aKTYaJIbHUM Ta MOTPeOye IOJaNIBIIOTO
BUBYCHHA.

Meta gocjaiaKeHn

Mera gaHol poOOTM MOJATaE€ Yy  TEXHIKO-
TEXHOJIOTIYHOMY OOTPYHTYBaHHIO CTBOPEHHS MiHi-3aBOIY
o mepepoOIli HACiHHSA PHUIMHU Ha TEXHIYHY PHUIMHOBY
OITiF0 1 KOPMOBHH XMUX 3 MPOAYKTHBHICTIO 15 T/m00y 1O
BUXITHI CHPOBUHI.

Pe3yabTaTh n0caigKeHb

BuBueHHS BITYM3HSIHOTO # 3aKOPJOHHOTO JIOCBIIY
MepepoOKH HACIHHS PUIIMHHM, BiAMPAILOBYBAHHS TEXHOJIOTIT
XIMIYHOT JETOKCHKAIIi MaKyXy PUIMHH 1 ii BUIPOOYBaHHS
Ha BenmwKild porartiii xymo6i (BPX), cBumsax i kypuarax
JIO3BOJIHUIN PO3POOHTH palioHILHY TEXHOJIOTIIO TIepepoOKH
PHIIMHHU Ha MiHi 3aBOJIaX.

OrnepariiiiHO-TEXHOJIOTIYHA CXeMa MepepoOKN HaCiHHS
PMIIMHHM JIBOPA30OBUM ITPECyBaHHM NpeJicTaBlieHa Ha puc. 1.

3ampornoHOBaHa TEXHOJIOTiS Ma€ HACTYITHI MPHUHITUIIOB]
BIZIMIHHOCTI BiJl ICHYIOUHMX TEXHOJIOTil IepepoOKy HACiHHS
PHILMHH:

- TpuiMaHHA, OYMINEHHS W KamiOpyBaHHA HaCiHHS,
KOHAMIIIIOBAaHHS HACIHHSA 11O BOJIOTOCTI Ilepe]] 00pYIICHHM

- TMOJIIMIEHHS BiIOUIEHHS HACIHHOI #W IUIOIOBOIL
000JIOHKH (JTy3r7) Ha MIeTbMAIITHHI;

- iHakTHBamisi QepMEeHTHOI CHCTEMH Mepex BOJIOro-
TEIIOBOO 0OPOOKOI0;

- JIBOCTYHmiHYAacTMi BiDKMM Ha ¢oprpecci #
eKCIeUIePHOMY TIpeci 3 BOJIOTOTEIUIOBOIO OOpOOKOI0 B



TEXHIKO-TEXHOJIOI'TYHE OBI'PYHTYBAHH ITEPEPOBKY PULIMHU HA MAJIOTOHHAXKHOMY ... 89

OaraToYaHHUX JKapoBHAX 0e3  momanbIiol
EKCTPaKIIii;

- 3HIDKCHHS BIZICTOI0 10 Maci TpH 3HIMaHHI OJii
MPECYBaHHAM IUIIXOM J00OpY BIATIOBIAHUX PEKUMIB
YKapiHHA i TIPEeCyBaHHS,;

- TIEPBUHHE OYMIICHHS OJIii 3 Taps40i0 (iTBTpaIli€ero Ta
SIMKTPOGIIOTALIIEIO;

- TIOCIIIOBHO BOJIOTO-TEIJIOBA JIETOKCHUKALIiSl PULIMHY,
pPHMIIMHHMHA B TOCTEpi, XiMiYHa JEeTOKCHUKallis ajnepreny CB-
1A B OyHKepax-IHaKTUBAaTOPaX;

- CNAIIOBaHHS Jy3TH B IaporeHepaTopi-yTuiizaTopi,
110 TIPALOe Ha JIYIIHHHI, 0 3a0e3Ieuye Napoo BUCOKOTO
THCKy pOOOTy IIHEKa-iHakTHBaTopa I OaraTodaHHOI
YKapOBHI;

- 3HIDKCHHS IIK|UIMBUX BHUKUIAHb B atMmocepy 3a
PaxyHOK BHKOPHCTAHHS HAIlIB3aAMKHEHOTO ITOBITPSTHOTO
IUKJTy B IIEIbMAIINHI, JBOX-TPHOX CXiOYacTOr0 OYHILCHHS
TIOBITPS;

- 3a0e3neucHHs
BUPOOHHUYMX MPOIIECIB.

3riHO 3 ONepamiifHO-TEXHOJIOTTYHOI CXEMOI0 IS
nepepoOKM  HaciHHA  PULMHM  HEOOXiHO  NpHUAOaTH
oOnajiHaHHs, sKe 3a0e3MeuuTh BINOBIIHUI  piBEHb
BUpOOHUIITBA (TabII. 1)

BingkamiOpoBane ¥ migcymieHe HACiHHS pHIMHA 3
BOJIOTICTIO 6-8 % [OCTaBIAETHCA CAMOPO3BAHTAKYIOUNM
TPaHCIIOPTOM JI0 TpHHMaIBHOTO OYyHKEpy, 3 SKOTO B
TIO/IAJIBIIIOMY KOBIIIOBUM €JIEBATOPOM TPAHCTIOPTYETHCS JIO
OyHKepa IIeIbMaIIHHH.

OOpylIeHHs HACiHHA PHIMHH  BHKOHYEThCS 32
JIOTIOMOTOF0 TIAPHUX BAJIKIB 3 PIBHUMH LIBUJIKOCTSIMHU 00Iry,
3a30p MDK SIKHMH BCTaHOBJIFOETHCS 3aJIE)KHO BijI PO3MIpIB
HaciHHS. BiyiiieHHs JIy3rd HPOBOIMTHCS HA CUTax TIel kK
MallMHU 3aBISKH PI3HULI B po3Mipax 31piOHEHoro sipa i
JIYIITAHHS, @ TAKOXK B acIHUpaIiifHOMy KaHaji 32 paxyHOK
PI3HUX aepoIMHAMIYHMX BIIACTHBOCTEH siipa W JTyIIITMHHS.
Bunoc simpa cranouts 0,3-0,5 %, omnmiifHicTh JIymmumHHS -
1,5-2,0 %. PerymroBaHHS 3HATTS JIyIIITMHHS H BUHOCY si/ipa
MPOBOJUTRCS 332  JIOTIOMOTOK0  CIICHIaIbHUX — [IHOEpIB.
JlymmuHHS ~ TPaHCIOPTYEThCS  TMOBITPSIHUM — TTOTOKOM
poO0YOTro BEHTHIISITOPA LIENBMAIIMHY Yepe3 PO3IOIIbHHIK i
LMKJIOHH B HAKONIMYYBaJIbHUI OYHKep.

I'pybe 31piOHIOBaHHS siapa BeNEThCS HA JIBOTAPHUX
BaJIKax i3 3a30poM Mix HuMH Ha 1,0-2,0 MM MEHIIINM, YUM
TOBILMHA CEPEIHBOI 3a po3Mipamu (pakiii HapTii HaCiHH,
sIKE TIEPePOOITIAETHCSL.

Hacinas puriHr Mae HalOUTBII aKTHBHY (TTOPiBHSIHO 3
IHIIMMHU ~ ONMIHHAMH ~ KYJIBTYpaMH) JIma3y, TOMY IIiCHs
3IpIOHIOBAaHHS sipa HEOOXIAHO TPOBOJUTH 1HAKTHBAILIIO
(PEpMEHTHOTO KOMIUIEKCY, UIsl 4Or0 BHUKOPHCTOBYETHCS
mHek-iHaktuBatop. Ilpu Bomorocti M’satkm 8-10 % i
KOPOTKOYAaCHMM HarpiBaHHi B iHakTHBatopi j0 80-90°C
KUCJIOTHE YKCJIO TIPECOBUX Macesl 3HIKYEThCS B
cepenabomy Ha 0,6-0,8 Mmr KOH mopiBHSIHO 3 OMisiMH, sIKi
ONIEPXKYIOThCS 13 3aCTOCYBaHHSIM 3BHYAHHOTO Croco0y
CMa)KeHHSI.

Bosoro-teroBy  00poOKy HEOOXiHO TPOBOAWTH B
OaraToyaHHIM TMApOBIM >KapoBHI: y MepHIOMy YaHi e
3BOJIOXKEHHSI M’SITKH TOCTPOIO Maporo i Bojoro 1o 8-10% i
HarpiBaHHi; Jaii - MPONaproBaHHs B IIapi TOBIIMHOMIO 260
MM 1 BUCYIIyBaHHS JI0 BOJIOToCTi 5,5-6,5 % 1 HarpiBaHHi /10
110-115°C.

TTAPOBUX

TEXHOXIMIYHOTO KOHTPOJTIO

[Ticnst Bostoro-TeruioBoi 0OpoOKHM B JKapoOBHI, Maca 3
BoJiorictio 3,7-4,2 % i temmeparyporo 120-125°C ige Ha
OCTATOYHHH BIDKAM B EKCIICNICPHHUI TIpec, 3a30ph MiXK
IUIAHKaMH B sikoMy popiBesiots: 0,7-0,8 mm; 0,5-0,6 mwm;
0,25-0,35 mm; 0,15-0,25 mm (1-1V cTyneHi BiAIOBiTHO).

B pesynbTari JOTpHIMaHHS BiIIOBIIHIX TEXHOIOTTYHHX
PeXKHUMIB TIEPEPOOKH OJICPIKYFOTh PHIIMHOBY OJIlO, SIKICHI
MOKa3HUKHU SIKOi Bimmosifgatots BuMoram JICTY 6757 a6o
®dapmacrarti DC-426-413-99 (Tabmn. 2).

ExcrienepHiii kMux Tpy0O NOIpPIOHIOETBCS Pi3aKoM,
SKUH ~ pO3MIIIAETRCS  HA  Bally  Ipeca,  HOPIEO
TPaHCIIOPTYETHCSI B OXOJIOAHY KOJIOHKY, a Jajii maca 3
TEeMIIePaTyporo 55-60°C TIOAPiIOHIOETHCA Ha
I’ AITHBAJILIIGOBOMY BEPCTATi.

3HETIKOKSHHS PUIIMTHOBOTO JKMIXa MA€ JIBi CTai:

1) Bosoro-temioBa 00poOka B 6araTo4aHHOMY TOCTEP;

2) xiMigHa 00pOoOKa JTy’)KHIM PO3UHHOM.

Bomnoro-temoBa 06po0ka IPOBOAUTECS MpOTAToM 1,5-
2,0 rogun. CroyaTKy *MUX 3BOJIOXKY€EThCs 10 24-26 %, a
mam Bucyinyetbes mpu 135°C mo Bosorocti 7,5-8,5 %.
OO0po0OKa BBa)KAEThCS 3aKIHYCHOI NIPH HEraTHBHIN 1po0i Ha
PpULVHA.

Taomuns 1. Ilepernik 001agHaHHS MiHI-3aBOAY.
Table 1. List of mini-plant equipment.

Kims-
Ne N .
- HaiimMenyBanHs 0013 HAHHS KiCTb,
oxl.

1 |byHkep mpuitoMHUHN 1

2 [Hopia 3

3 'Y cTaHOBKA IS OYHILEHHS HACIHHSA 1

4  |[HlemsmamuHa 1

5 PerynpoBaHHA IIMKIOH 2

6  |Bentmuiarop 2

7  |PykaBHU# QimbTp 2

8 OpHOapHUH BaNTBILOBHIA BEpPCTAT 3

9  |IInex-iHaKTHBATOP 1
10 |CemiuaHHa mapoBa KapOBHS 1
11 |[I’sTmyaHHA ApOBa KAPOBHSA 1
12  |®opnpec 1
13 |ExcnenepHuii mpec 1
14 |[I’sTuBanbIOBUIl BepcTaT 2
15 |MonoTkoBHA MOIpiOHIOBAY 2
16 [Tocrep 1
18 [Bwmimysau 1
19 |byHKep-Ae3aKTHBATOP 8
20 [Tpancnoprep IIHEKOBHH 2
21 |Po3nmaBaibHUIA TPaHCIOPTED 1
22  |CknajgainbHUHN TpaHCIIOPTED 1
23 |[@inpTp-npec, enekTpoduioTaTop 2
24  |bak mis ol 7
25 [Hacoc 2
26  |YcTaHoBKa IS MAJIO-Ta3004YHILEHHS 1
Jns  iHakTMBamii aJepreHy OKMHUX [OJal0Th Y

3MilIyBad, y SKOMY iie 00poOKa HOro Jy>KHHUM PO3YHHOM
3 BUTPUMKOIO TIpoTsroM 6-7 mi6 mpu Temmepatypi 30-
60°C y  Oynkepi-gerokcukaropi.  IIpuHIMTIOBOIO
BIIMIHHICTIO TaKOTO CIIOCO0y XiMidyHOi OOpOOKH €
3HEILKO/PKEHHS 61JIKOBO-TIOTICaXapUIHOL (hpaxmii
ajlepredy Tigpoii3oM, a He JeHaTyparliero Oinka.
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TToka3HUKK SAKOCTI OJEPKAHOTO >KMHXa PHIIMHOBOTO
KOPMOBOTO HaBeeHi B Tab1. 3

v

A 4
OunnieHHs i Binokpemienns I"apsiue
KaiOpyBaHHs dopripecyBaHHS thy3a GbimbTpyBaHHS
HACIHHS dboprpecoBoi oii dhopnpecoBoi
dopnpecc d onii
Kaniopysanbna I'ymeyJioBiiroBau ®inbTp-npec
MalIuHA Eaekrpo-
¢daorarop
V I'py6e Bimokpemnenns I'py6e
[leperyBanHs 1 10/Ip1OHEHHS MUIKUX 10JIpIOHEHH
B1JIOKPEMJICHHS ¢doprpecoBoi MEXaHIYHUX i
JTYIITTUHHS MaKyXH JIOMIIIIOK eKCIIeJIepHOT
5 Makyxu
Hleabsmammua MonorkoBa MexaHiuyHuit
apodapka BilokpeMiTIOBaY MoJjoTkoBa
apodapka
H H BinokpemiieHHs Tonke
[Tonpibuenns sapa Tonke ¢dy3a noIpiOHEHHS
oApiOHEHHS EKCIIeIUICPHOI 0JTi1 €KCIEIEPHOT
Onnonapua dboprpecoBoi > MaKyxu
BaJIbI[iBKA MaKyXH I'yeysioBiroBau
I’aTuBanbuLOBUM I’saTu-
CTAaHOK BAJIbLbLOBHH
CTAHOK
! I |
[HaKTHBALLis BIZLOerMJ'IeHH}I
Bouoro-teriosa Me;‘:gi(géﬂx U
p . .
Bararouanna Mexaniunnii . Terosa
JKAPOBHSI BilOKpeMJ/II0Ba4 IHaKTHBALlA
MaKyXH
ﬂ Tocrep
Bonora-rennosa
O6pobka Bropunuuit U
BiJKIM ﬂ
bararouanna . T'apstue
JKapoBHS Ilpec- (I)IJ'H)prBaHHg XimiuHa
excneep CKCIMCILTCPHOT IHAKTUBALTIS
onii
@inbTp-npec alieprety
Enekrpo-
¢aoTarop . bynxepu-
iHakTHBaTOPH

»
»

Puc. 1. OneparniiiHO-TeXHOJIOTI9HA cXeMa MepepoOKH HACIHHSA PULMHY JBOPA30BUM IIPECYBAHHSIM.
Fig. 1. Operational-technological scheme of castor seeds processing by double pressing.
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Taomuus 2. XapaKTepHCTHKA SKOCTI PHIIMHOBOT

[Iponowxenus Tadim. 3

TexHigHOI Hepadinosaroi omii (ICTY 6757-73). — -
Table 2. Quality characteristic of castor technical 5 |Bosora i neTyui petoBuHu, 75-90 [75-9,0
crude oil (DSTU 6757-73). %
Ne HaiiMeHyBaHHS MOKa3HUKIB XapaKTepueThia Cupui xitp 4
nepepaxyBaHHi Ha
mm. o a. pepaxy 6,0-70160-70
abCOJIFOTHO CyXy PEYOBHHY,
OpraHoJenTHYHI NOKa3HUKH %, He OlnbIe
) HomyckaeTbes Cupwit IpoTein y
1 Ipo3opicTs MOMYTHIHHS HaJ| 5 NepepaxyBaHHi Ha 45 20
ocazoM " |aGCOMOTHO CyXy PEUOBHHY,
Po34nHHICTE y piBHOMY %, HE MEHIIe
2 |o6c¢s3i 96%-Boro eTHIO0BOTO MOBHA :
crmpty Cupa KITKOBHHA B
. o nepepaxyBaHHi Ha
Di3uKo-XIMIUHI TOKA3HUKH 6. pepaxy 30,0 37,0
- abCOJIFOTHO CyXy PEYOBHHY,
3 Honane uncno mr oy, He 70 %, He Oinble
ORI
. . 0, -
4 | WimpaicTs pu 20°C, r/cm 0,970 30H2‘1’ HepOSH'HHHa B IQA)
< KOL/ B1M COJIIHIA KHUCIIOTI
5 I/ICHOTHeH:I%?;zHI\I’IF T, 5.0 7. y IlepepaxyBaHHi Ha 15 2,0
aOCOJIIOTHO CyXY PEUOBHHY,
. 0 ;
6 Bosiora i1 ieTy4i peqoBHHH, 0.30 %o, e Gl
0 i ' . .
%, He Oinblre 8. CTOpOHHI TOMIILIKH He mnomyckarothes
p HOITY!
. . . ‘o ] o
2 HesxupoBi goMituku (BigcTiit 0.2 Metanonomiurky, %, 4acTku
10 Maci, %, He Ginble : PO3MIPOM 110 2 MM y 0.01 0.01
v — HaOLTBIIIOMY JiHIHHOMY ! !
MOBHa B'S3KICTb IIPH : ;
8 20°C.cex p He Bu3zHauaeTbCst BuMipy, %, He GinbLie
— YacTtku po3mipom 2 MM, %,
9 Ipu 50°C, ymoBHi rpaaycwu, He BisHauaeThos P .p “1 0,001 | 0,001
HE MEHIIIe HE 6”?““ -
Temneparypa 3acTUraHHs Yactku posmipom Gibiie
10 E P He Bu3zHauaeTsCst He nomyckarotbest
C, He BUIIE 2 MM
TeMnepaTypa crianaxy YacTKH 3 TOCTPUMH He fomyckaioThes
11 | opecoBoOl OJIII B 3aKpUTOMY 240 PLKYUMME KpasMu Y
1 O
Turi, °C, He MeHII BapaXkeHiCTh KOMIPHUMH He nonyckaerbes
12 Muio He BusHauaeThest 9. Peaxkitist Ha pULIAH HerartuBHa
3MICT XJIOpOpraHiuHUX
Taomuuss 3. XapakTepuCTHKa SKOCTI  JKMEXa 10 oTpyTOXiMiKariB Ha 1 Kr Cri 10
PHULIMHOBOIO KOPMOBOTO. " | KMHXa, Ml T€KCaXJIOpany, A '
Table 3. Quality characteristic of castor forage meal. %, He OinmbIe

NoNo/ . .
. HaiimenyBanns nokasnukis| | copt | Il copt
1 2 3 4
Cipe
1. Komip Kopuu- | Bypwuit
HEBUI
Brnactusuit
PHUIIMHOBOMY
KMHXY, 0e3
CTOPOHHBOT'O
2 3anax 3amaxy (3aTXJIOCTi,
IBLJI1, TOPUIOCTI i
iH.)

OJIif0 1 KOPMOBHH

V3arajpHeHa TeXHIYHA XapaKTEePUCTHKA MiHi-3aBOIY
o mepepoOIli HACiHHSA PHUIWHU Ha TEXHIYHY PHUIMHOBY

a6 mpencrapieHa B Ta0I. 4.

Ta6anus 4. TexniuHa XapaKTEpUCTHUKA MiHI-3aBOJY.
Table 4. Technical characteristics of the mini-factory.

o . UwncenbHi
HaiimMeHyBaHHS MOKa3HUKIB
3HAYEHHS
1 2
1. CknazioBi MiHi-3aBOY
[lex 10 BUPOOHUITBY PUITTHOBOT OJIi1 1 1
KOPMOBOTO XMHXY
KoTensHs 1
Cxutag I'CM 1
Cxutag HaCiHHS PULIMHU 2
Ckmaz puiiHOBOT OJTii 1

[Iponorxenus Tabmauti 4
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CkJ1a]] KOpPMOBOTO )KMHUXa 1 7. TexHiuHa XapaKTEPUCTHKA CKIIay
TpanchopmaTopHa nmigcTaHIis 1 HACIHHSI PULITHA
[Toxxexxope3epByapu 2 MicTKiCTB, T 2000
2. [Jo6oBa mpoAyKTHBHICTb, T/100a 'Y cTaHOBIIEHA MOTYXKHICTD 115
Mo BuxinHii cMpoBUHI (HACIHHS 15 yCTaTKyBaHHs, KBT '
WITIHH ) Tvm 30epiraHHs HACIHHS - HATIOJIBHUH 3
Outist TeXHIYHA PULIUHOBA, Y TOMY YHCTI 7,8 KaHAJIaMH i MEXaHi3MaMM aKTHBHOTO
Oumist popnpecoBa 71 BEHTIITIOBAHHS
Outist excrienepaa 0,7 Kareropis BuUpoOHUIITBA IO BUOYXO- 1 B
PKMux KOopMOBHI aKTHBOBaHHH 3,7 NOKEKHOT Hebe3nekn
JlymnuHHS 2,5 8. TexHiuHa XapaKTepUCTHKA CKIany
3. PigyHa nIpoXyKTHBHICTB, T/PiK outii
[To BuxinHiit cupoBuHi (HaciHHS 4500 KiFBKi_CTB pesepByapis, msT S
WIVHN) MIicCTKICTb pe3epByapa, M 16
Otisg TeXHIYHA PUIITHOBA, Y TOMY YHCII 2348 MicTkicTs ckmaty, M° 80
Ouist popripecosa 2142 'Y cTaHOBIIEHA MOTYXKHICTD 29
Ouist ekcnenepHa 206 ycTaTKyBaHHs, KBT '
DKMuX KOpMOBHI aKTHBOBAHHHA 1123 Kareropist BUpoOHULTBA 110 BUOYyX0- i B
JlymnuHAs 742 MOKEXHOI HeOe3MeKn
4. 3aranpHa XapaKTEPHUCTHKA MiHi- 9. TexHiuHa XapaKTePUCTHKA CKIIaZy
3aBoxLy PKMHUXa
Yucno pobounx qHIB y pori 300 Mictricts, m° 350
Urco 3MiH y 106y 3 'YcTaHOBIICHA MOTYXKHICTh, KBT 8,8
Hrrco mparrorvnx Ha MiHi-3aBOJI 40 Crioci6 36epirans HaMONbHUI
5. TexHiuHI TOKa3HUKH OCHOBHOTO KaTer opig BUPOOHULITBA 110 BUOYXOBO-
exy 1 nomemﬁ}ﬁ b
'V cTaHOBIIEHA TOTYKHICTD 2138 HeGe3neu.1
yCTaTKyBaHHs, KBT ' IQ. TCXHIEHa XapaKTepUCTUKa
Butpara TeXHOIOrYHOI 1apH, KI/T01 356 MIACTaHII :
Po6ouHil THCK TEXHOIOTIYHOI HapH, 05 yCTaHOBVHeHa MOTYKHICTh, KBT 400
MIla ' Tunosuii mpoekt 407-3-793.88
ButpaTa TeXHOJIOTIYHOT BOAU QHiP KOHTYPHOTI'0O 3a3€MJICHH, HE 4
no6oBa, M3/cyT 3,6 Ginbi, Om
romMHHA M3/TON 0,15 11. Texniuna XapaKTepucTHKa
Criuni Bou MoXpe3epByapis
[1060Bi, M%/CyT €1.V[H10.TB N0KpE3EpByapa, M3 150
FOXMHHI M/TON KinpkicTh MOKPE3EPBYAPiB, WIT. 2
Butpara Au3ensHOTO MalnuBa HA 9912 KO}.ICTgYKHM - 361PH0'1\é0H0H1THa
BUPOOHMIITBO MapH, KI/CyT ' 3a1i300eTOHHA He3arauoJieHa
Kateropist BUpOOHHUIITBA 110 ByOOXO- B
noXxexHOT HeOesneni
6. TexHiuHa XapaKTepMCTHKA KOTEbHI Bucnosku
TpancnoprabenbHa KOTeNIbHA . .
yeramoska TYY-0,7 1. 3ampomoHoBaHO O€3eKCTPAKIIiHY TEXHOJOTII0
IIpoAyKTHEHICTE 110 Iapi, KI/TOA 1000 nepepoOKH PULIMHKA METOJIOM JIBOXKPATHOTO IMPECYBaHHs
PoGounii Tck napu, MITa 0.8 JUISL YMOB  MaNOTOHHAKHOIO BHRO6HHHTBa, sKa
= BIZIPI3HSIEThCS BiJl BIJOMHX TEXHOJOIH THM, IO BOHA
::i';ﬁﬁ.}y.}’fg QU JUT OTATICHETT H 70-95 nepeadavyae BUKOPHCTAHHS y,H(.)CKOHaJ'IeHOFO.?6J'Ia)1HaHHSI
Ta PsJl OJATKOBHX TEXHOJIOTIYHHMX OIEpaliil TakuxX SK:
Temnepatypa Boﬂf JUIA TapAIOTo 60 KaniOpoBKa HaCiHHS, 00pyLIeHHS JYUINKHHS,
BojlonocTadanns, °C - ITHEBMOCETIapallist JIyIIIMHHS Ta OYMIIEHHS Bi/KaTOi 0JIil
Y craHOBIICHA TTIOTYKHICTh 40 HITTXOM eIeKTPOMIOTAI,
yCTATKyBaHHA, KBT 2. lle no3BonmmIo po3poOHTH y3arajdbHEHY TEXHIYHY
BuTpara nanuea: XapakTepUCTUKY MiHI-3aBOAY TIO Tepepodii HaciHHA
UIKOTO, KI/rojt 74 PHUIIMHU Ha TEXHIYHY PUIIMHOBY OJIIIO 1 KOPMOBHH XKMUX,
ao rasy, m%roa 90,1 SKa € BUXIZHUMHM BUMOTaMH IpPU PO3POOJICHHI NMPOEKTY
["aGapuTy Oy/IMHKY KOTEIIbHI, M: TaKOTO 3aBO/ly Ta BU3HAuU€HHI (hiHAHCOBOI i KOMEPIIHHOI
[OBXKMHA 8 MIPHUBa0JIIMBOCTI MAJIOTOHHAYKHOTO ITiJIPHEMCTBA.
[MpUHa 3,25
BUCOTA 3,6
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TEXHUKO-TEXHOJIOTMYECKOE OBOCHOBAHUME
ITEPEPABOTKH KJIEHIEBUHBI HA
MAJIOTOHHAXXHOM ITPEAITPUATHIN
B. B. Juoyp, A. b. Yebanos, C. M. I pyweyxuii,
€. A. [lempuuenxo

AnHoranusi. Paborta 1mocBsAmEHa HCCIIEIOBAHUIO
TEXHOJIOTHH W  3KCIEPUMEHTAIBHOTO 000pYHZOBaHUA
TEXHOJIOTHYECKOW JIMHUM TO0 TIIyOOKOH TmiepepaboTke
CeMsH KIJEIIEBUHbI B  KacTOPOBOE  Macio  JyIs
MPOU3BOJICTBA  Macel I  CeIbCKOXO3IMCTBEHHOM
TEXHUKU U KOPMOBOTO JKMBIXa.

KacropoBoe Maciao sBisieTcss  CTpaTErMYECKUM
CBIPbEM, TaK KaK HCIIOJb3YETCSd BO MHOTUX OTpacisax
HapOJHOIO XO35MCTBAa, B YaCTHOCTU B  CEJIHCKOM
X03sHcTBe. Bcee cymecTByromme Crioco0bl mnepepadoTKu
CeMsIH KJICLIEBUHBI MOXXHO pa3lieMTh Ha JiBa MeEToJa
W3BJICUCHUS Macja M3 CEMSH: MEXaHHYCCKHH OTKUM
Macia, Ha3BaHHBIN METOJIOM MIPECCOBaHUS, H
pacTBOpeHHe Macjia B JIETKOJIETYYHX OpPTraHUYECKHUX
paCTBOpI/ITeJ'lS{X, HUIJIIN METO BKCTpaKHI/II/I. 9TI/I JaBa ME€Toaa
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HCTIONB3YIOTCS B TEXHOJIOTUHI MIPOM3BOJICTBA
PACTUTENBHBIX Macel JHOO CaMOCTOATENBHO, OO B
COYETAHWUH OJHOTO C APYTHM.

st yciaoBuil MamOTOHHa)KHOTO IIPOU3BOJCTBA B
CTaTbe TMpPEUIOKEHa  OMNeparOHHO-TEXHOIOTHIeCcKas
cxeMa TMepepabOTKA CeMSH KICHICBHHBI IBYKPATHBIM
NIPECCOBAHUEM C NPUHIUIHAIBHBIMH OTIMYUSIMHU OT
CYHIECTBYIOIMX  TEXHOJOTWMH  mepepabOTKH  ceMsH
KJICLIIEBUHBI. [pennoxennas 0e39KCTpaKIIMOHHAS
TEXHOJOTUSl  TMEepepadOTKH  KIICHIEBUHBI  METOJOM
JIBYKPaTHOTO MpeccoBaHUs JULst YCIIOBHH
MaJIOTOHH)XHOTO ~ NPOM3BOACTBA  OTJIMYAETCS  OT
M3BECTHBIX TEXHOJOTMH TE€M, YTO OHA IpeaycCMaTpHUBacT
HCTIOJIB30BaHUE Psi/ia TOTIOHUTEIBFHBIX TEXHOJIOTHYECKUX
omepanrii TaKuX Kak: KaIHOpOBKa CeMsH, OOpyIINBaHHE
HIETyXH, THEBMOCETIapanys MIeTyXH U OYUCTKA OTKAaTOTO
Maclia ImyTeM 3IIeKTPOIOTalH.

CoriacHO OIEpannOHHO-TEXHOIOTHUECKOH CXeMe
JUIsL  TiepepaboTKU  CeMSIH  KJICIEBHHBI  OIPEIENICHO
HAaNMMCHOBAHUEC 060pyL[OBaHI/IH n €ro KOJHUYCCTBO, 4YTO
HEOOXOMMMO TPUOOPECTH H  KOTOPOE  00eCreuuT
COOTBETCTBYIOIIMIA YPOBEHb Mpou3BoACTBA. OOOOIIEHBI
BCE TEXHOJIOTMYECKUE PEXUMBI NPU NepepaboTke ceMsH
KJICTIIEBUHBI Ha KaCTOPOBOE MAcj0 Ha COOTBETCTBYIOIIEM
000pyIOBaHUM. B pe3ynbTare COOJFOICHIS
COOTBETCTBYIOIIIX TEXHOJIOTHICCKHAX PEKUMOB
nepepaboTKH, MOIydaT KaCTOPOBOE MacIlo, KAUeCTBCHHEIC
MOKa3aTelIn KOTOpOoro OyayT oOTBe4YaTh TpeOOBaHHUAM
ACTY 6757.

[MpennoxeHHass Ge3dKCTPAaKLIMOHHAS — TEXHOJIOTHUS
MO3BOJIMJIA Pa3paboTaTe O0OOOIIECHHYI0 TEXHHYECKYIO
XapaKTepUCTUKY MHHH-3aBOJIa IO IEpepadOTKe CeMsH
KJICUIEBUHBl HAa TEXHHYECKOE KacTOpOBOE Macjo H
KOpMOBOfI KMBIX, KoTOpast SIBJIIACTCA HUCXOJHBIMHU
TpeOOBaHUSIMH ITPU Pa3pabOTKe MPOEKTa TAaKOro 3aBOJa U
OTIpe/ICIICHUT (uHAHCOBO u KOMMEPYECKOH
MIPUBIICKATETHLHOCTH MAIOTOHHAYKHOTO TIPEIIPUSATHSL.

KawuesBbie ciaoBa: ceMeHa KJICIIICBUHEI,
KacTOpOBOE MAaclio, MaJOTOHHa)KHOE IIPOU3BOACTBO,
IBYKpaTHOE IpeccoBaHue, (oprpecc, IKCIICIEePHBIH
pecc.

TECHNICAL AND TECHNOLOGICAL VIABILITY
OF PROCESSING CASTOR BEANS FOR SMALL-
SCALE ENTERPRISE
V. V. Didur, A. B. Chebanov, S. M. Hrushetskyi,

Y. A. Petrychenko

Abstract. The work is devoted to the study of
technology and experimental equipment of the
technological line for deep processing of seeds of castor
beans to castor oil for the production of oils for
agricultural machinery and fodder oil cake.

Castor oil is a strategic raw material as used in many
sectors of the economy, particularly in agriculture. All
existing methods of processing the seeds of the castor oil
plant can be divided into two methods of extracting the oil
from seeds: mechanical extraction of oil, called by
extrusion and dissolution of the oil in volatile organic
solvents, or extraction method. These two methods are
used in the technology of production of vegetable oils,
either alone or in combination with one another.

For conditions of small-scale production in the
article the operationally-technological scheme of
processing of castor seed two-time pressing with
fundamental differences from the existing technologies of
processing of castor seed. Resexcellence proposed
technology of processing of castor beans by the method of
double pressing for conditions of small-scale production
is different from the known technologies that it involves
the use of a number of additional technological operations
such as: calibration of seeds, husk, the husk
pneumoseparation and purification of pressed oil by
electro-flotation.

According to the operationally-technological scheme
for processing castor seed is defined the name of
equipment and quantity that you need to acquire and
which will provide the appropriate level of production.
Summarizes all processing modes in the processing of
castor seed for castor oil with the proper equipment. By
adhering to relevant technological modes of processing,
will receive castor oil, quality indexes which will meet the
requirements of DSTU 6757.

Proposed basictrain technology made it possible to
develop a generic technical description of the mini-plant
on processing of seeds of castor oil plant technical castor
oil and feed meal, which is the initial requirements during
project development, such a plant and determining the
financial and commercial viability of small-scale
enterprises.

Key words: castor seed, castor oil, small scale
production, two time pressing, forpress, axillary press.
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AHoTamigs. VY crarTi  pO3MNIHYTO  OUHAMIKY
(YHKIIOHYBaHHS y TO3I0BKHBO-BEPTUKANBHIN IIOMAHI
omHiel TpHUUimHOI OOPOHYBaNbHOI JAHKKA  (CEKIil),
MpU3Ha4YeHol Uil oOpoOiITKy mapiB. 3a OIIHIOBAIBEHUI
MOKAa3HUK TPUHHATO BIIXWICHHA Mi€l JUHAMIYHOL
CHCTEMH BiZ TOPU30HTAIBHOTO MOJI0XKEHHS.
TeopeTHYHUMH IOCHTIDKEHHSIMHU YCTaHOBJICHO, L0 YHUM
MEHIIa 3HauMHa BIACTaHI MDK  psgamu  3yO0iB
OOpOHYBAJIBHOI JIAHKHM, THM MEHIIUM SIK 32 aMILTITYA0I0,
Tak 1 4acoM (To0To  (da3ow) €  BIIXWICHHSA
I'PYHTOOOPOOHOTO 3HApSJMs BiJ PIBHOBaYKHOTO CTaHY.
[pu 30inbIOICHHI KOOPIWHATA BUHOCY TOYKH KPIIICHHS
moBinkiB 6oporn 3 0 mo 0,2 M KyT 1l BiIXWJIICHHS BiX
TOPU30HTAJIBHOTO TOJIOXKEHHS 1 9ac BHXOAY AO HOBOTO
PIBHOB&)KHOTO CTaHy 3MEHIIYIOTHCS NPAKTUYHO BIBIidi,
mo € OaXaHWM pe3yJbTaTOM. AHATITHUYHUM [UIIXOM
YCTAQHOBJICHO, IO 33 paliOHAJbHUX KOHCTPYKTHBHHX
napameTpiB OOpOHYBalbHOI Cekuii 3HauMHa KyTa i
MMOBOPOTY Yy IMO30BKHBO-BEPTHKAJIbHIA IUIOMIKUHI HE
nepeBumryBaTHMe — 3°, a T BUXi]T JO HOBOTO PiBHOBa)KHOTO
CTaHy CTaHOBMTh IpU ILbOMY He Oimbme 16c. Ha
arpoQoHax JIErKOro TIpaHyJIOMETPHUYHOTO CKIaay, SKUii
XapaKTePU3Y€EThCS MAJIOI0 3HAYMHOK KOCQII[IEHTY OMmopy
BEPTUKAJIBHOTO  TEpeMillleHHs  po0OYMX  OpraHiB
OOpOHYBaJBbHOI  JIAHKM y  IPyHTI, dYac  BHUXOAY
OOpOHYBaJIBHOI JIAHKH JIO PiBHOBR)XHOTO CTaHy CYTTEBO
3MeHIyerbes 3 16 1o 0,7 c.

KarouoBi cioBa: map, 6opoHyBaHHS, O0pOHYBabHA
CeKIIisl, KYT IIOBOPOTY, CTIHKICTh PYXYy.

ITocTaHoBKa MpodIeMHu

[IporpecuBHMM HampsMKOM O0O0poOiTKy mapiB B
YMOBax HEIOCTaTHbOIO 3BOJIOXKEHHs CIJl TMPHU3HATH
cucteMaTHyHe Miske (5...6 cM) po3mynryBaHHS IPYHTY 0e3
Horo BUHOCY Ha JICHHY ITOBEPXHIO 1oJis. J{is mpakTHaHol
peanizamii IBOTO HAmpsIMKy MOKe OyTH BHKOpHCTaHE
IPYHTOOOpOOHE 3HapsIAs HAa OCHOBI OOpPOHYBaJIbHUX
cekmid. Koxna i3 Hux wmae 20 poboumx oOprasis,
PO3TaIIOBaHMX 3a 3araJbHOBIJIOMOIO CXEMOIO «GUT3ary y
I'ATh PSJiB 1 TPUEAHYETbCS JIO pPaMH 3Hapsuas 3
JIOTIOMOTOI0 JTBOX MOBIJKIB, HAaXWJICHHUX MiA MOTPiOHIM
KYyTOM JI0 TOPH30HTY [1].

MosknuBi IBa BapiaHTH HaJIAIITyBaHHS
OoporyBanpHOi cekmii. OmuH Tmependavae oOIaTHAHHS
Mepmioro  psay 3y0iB  OOpOHHM  SK  HAXIICHAMH
TOPH30HTAJBHIMH, TaK 1 BEPTHKAIBHO PO3TAIIOBAHHMH
IUTOCKOPI3aIbHIMHU €JIEMCHTaMH (CeTMEHTaMH). 3TiTHO 3
JIPYTHM BapiaHTOM HAaJAINTyBaHHS OOPOHYBAIBHOI CEKIIil
TUIOCKI 3yOu 11 mepioro psixy Juist 3a0e3NeUeHHst Kpaloro
po3pizanHs (oApiOHEHHS) POCIMHHUX PELITOK Y TPYHTI He
MalOTh TOPH30HTAJIBHUX CETMEHTIB.

OnHiero i3 TOJNOBHHX YMOB, BHKOHAaHHS SIKOT
3a0e3neunTh CTaOUIBHICTh BimHOCHO Maioi (5...6 cm)
TTHOMHA  OOpOOITKY IPYHTY TakoKw OOpOHYBaJIbHOIO
CEKIIi€I0, € CTIMKICTP 11 pyXy y HO3I0BXKHBO-BEePTHKAIBHII
mwiomuHi. [Ipobiema moisrae y ToMy, IO PO3B’SI3aHHA
JaHoi 3a/1aui MOXKIIMBE JIMIIE Ha OCHOBI aHaIi3y XapakTepy
(GYHKIIOHYBaHHS OOpPOHYBaJbHOI CEKINi SK JUHAMIYHOL
CHCTEMH Y BKa3aHiH IDIOIIUHI.

AHAaJi3 0CTaHHIX J0CTIIKEHb

Haii6inpi npuaaTHUIMH pOOOYMMH OpraHaMu JJIst
00po0ITKY MapiB B yMOBaX HEJOCTATHHOTO 3BOJIOKCHHS €
TakKi IJIOCKOPI3alibHi, Y SIKUX KYT PO3IYIIECHHS IPAKTUYHO
BiZICYTHIH. 3aBJsIKM IbOMY BOHH NPAKTUYHO HE BUHOCSTD
BOJIOTHH TIPYHT Ha JEHHY IOBEpXHIO mouisi. Boanouac,
KOHCTPYKTHBHA IIMPHHA 33aXBaTy LUX pOOOYMX OpraHiB
HACTUIBKM 3HAa4YHA, [0 TNPAKTUYHO YHEMOXJIMBIIOE IX
cTabinpHUHN Xim Ha Mamii (4...6 cM) rmbuHi 00pPOOITKY
rpyary. Came i3-3a 1ii€i IpUYMHU BOHH 1 HE 3HAMIUIN
OIMBII-MEHII IIUPOKOTO 3aCTOCYBAaHHS B TEXHOJOTISNX
JIOTJIAY 32 TTapaMu.

Y HayKOBOMY CEHCI JUHaMiKa BEPTHKAIBHOTO PYXY
OGOpOHYBaJIBHUX CEKIIH 13 IUIOCKOPI3aIbHUME POOOYUMH
OpraHaMy y NMOBHOMY 0OCs31 He po3risjianach B3araii.
binpmi-mMeHImn ~ mMpoka  NpaKkTHKa — 3aCTOCYBaHHS
BY3bKO3aXBaTHUX 1 MaiKe IUIOCKOpPI3aIbHUX POOOYHMX
OpraHiB Uil IIOBEPXHEBOTO OOPOOITKY (pO3IyLIEHHS)
IpyHTy Oyna ynpoBapkeHa Bcecoro3HuM HayKoBO-
JIOCJIITHAM 1HCTHTYTOM IyKpoBuX OypskiB. I[Iposeneni
AOT0 HAyKOBISIMH J1a00paTOPHO-TIONIBOBI  JOCTIIKEHHS
3aCBIMUMIN, IO HAHOIMBII CHOPHATINBI YMOBH JUIA
JIPY’)KHOTO TIPOPOCTaHHS HACiHHA 1 PO3BUTKY CXOMIB ITi€l
KyJIbTYpPH MOJMIIMBI 3a MIUIKOTPYJIKYBaTOl CTPYKTYpH
BepxHboro (1...10 Mm) mapy rpysry [2].
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Takwuii cTaH OCTaHHBOT0, 32 X IEPEKOHAHHAM, 3/]aTHA
3abe3reuyBaTu 0OpOHA-KYJIbTHBATOP BHUC-P,
po3pobieHa KaHIHIATOM CLThCHKOTOCIIOAAPCHKIX HAyK
A.T. Paguenxom [3]. Ti po6oui opranu — namku pisHoi
JOBXXHUHHM — 3IIHCHIOIOTH MOIIApOBO-IpYCHUIT 00po0iTOK
rpyHTy. I'TMOMHA HOTO PO3MYITyBaHHS 3MIHIOETHCS IPH
npoMy Bix 2 1o 12 cm. KoHCTpyKTHBHA MIMpHHA 3aXBaTy
KOXHOI 13 Jam (kpiM Tepmoro psgy OoOpoHH-
KynbTHBaTOpa) craHoBuTh 46 MM. B okpemux
KOHCTPYKILISX 3HAYMHA IIbOT0 napamerpy csarae 50 i HaBiTh
70 mm [2]. TIpu mpomy poGOUi OpPraHd MEPUIOTO PSIY
6oponu-kynsTuBaTopa BHUWC-P BHKOHaHI y Burisimi
3BHYaiiHUX 3y0iB 0€3 JIaloK.

[opsin 3 O4YEBUIHMMHU HepeBaraMu, IOCHTITHUKAMH
OyJI0O BCTaHOBJECHO, L0 PyX IPYHTOOOPOOHHMX 3HAPSIbH
tury BHUC-P xapakrepusyeTbcs HasBHICTIO BiOparii
OOpiH y TIO3MOBXHBO-BEPTHKANBHIM IuromuHi. B
KIHIICBOMY BHIIQOKy L€ II€BHAM YHHOM HETaTHBHO
BimoOpaxkanocsi Ha sSKocTi 00poOiTKy IpyHTY. OCcoOIHBO
BIAYYTHO LI MPOSBILUIOCS Ha MiJBHIICHUX MIBHAKOCTSIX
pobotu OOpOHYBAJIBEHOTO MalInHHO-TPAKTOPHOT'O
arperary [4].

€ neBHi HaNpAaIFOBaHHS, SIKI CTOCYIOTHCS JOCIIIKEHb
arperatyBaHHs 0OpiH i3 3Bnuaiinnmu 3yoamu (tumy b3CC-
1,0 i B3TC-1,0). Tak, y po6oTi [5] miaKkpecIoeThes, o y
cepiitHux OOpiH MOBIAKY Mix yac minsumeHoro pyxy MTA
OOMEXYIOTh CTYIMiHb TPUCTOCOBYBAHOCTI JIAHOK Yy
MTO3/I0B)KHBO-BEPTUKAJIBHIN IUomuHI. g BUpiMIeHAS
miei mpobmemu HaykoBli BIM (Pocis) y koxHOI i3
cepiitaux Oopia tumy B3CC-1,0 i B3TC-1,0 3meHmmmmn
KUTBKICTh 3y0iB i3 20 10 15. Takuii KOHCTPYKTHBHUH 3aXij
JI03BOJIMB 301IBIIUTH TUTOME BEPTUKAIbHE HABAHTAXKCHHS
Ha KOXKEH 3y0 3HapsIIs.

Binbie TOro, 3aMicTh 3BHYAHHUX MOBIIKIB KOXKHY 13
OOpOHYBaJIbHUX JIAHOK NPUETHYBAIM 1O pamMud 3

JIOTIOMOTOI0  JIWIIIE OJHOTO IIAPHIPHOTO 3 €JTHAHHS.
[Tpudomy, i 3ano0iraHHs CTUKAHHSA Y TOPU3OHTAIbHIH
IUTOIIKHI OOpOHM 3’€IHYBaTH MK CO0OI0 >KOPCTKHMU
JaHKaMH.

Jlo HemomikiB TaKOro KOHCTPYKTUBHOTO pilIEHHS
cmig BimHecTH HacTymHe. 3a  ommiel 1 Tiel K
KOHCTPYKTUBHOI IIMPUHM 3aXBaTy KOXEH psJ HOBOI
OopoHHN Mae TpH 3yOH, y TOH Hac, sIK CepiifHOi — YOTHPH.
VY migcyMKy BifcTaHb MK 3y0amu 1o ()poOHTY y HOBOTO
KOHCTPYKTHUBHOTO PillICHHS € OuIbIIo0. SIKIIo Ternep Taky
0opoHy 00JagHATH IJIOCKOPi3aJbHUMH EJIEMEHTaMH, TO
IMIMPUHY 3aXBaTy KOXKHOTO i3 HUX Ciij Opatu OiIbLIOlo.
A me, SK yXe MiAKPECTIOBAaJOCS BHILIE, Yy acCHEKTi
PO3TISITyBaHOI HAMH MIPOOJIeMH € HeOaKaHUM.

[le omaMM HamPSIMKOM MOJepHi3alii 3y0oBux O0piH
tuny B3TC-1,0 € oOmagHaHHS iX aKTUBHUMH POOOYNMHU
opranamu [6]. KoskeH i3 HAX CKIIaIa€THCS i3 TUIAHKH, SIKA 3
JOTIOMOTOI0 BEPTHKAJIBHOTO LIAPHIPY 3aKPiILTIOEThCA HA
OopoHyBanpHIA naHIi. Ha KIHIAX TUIAaHKW Ha BiACTaHI
L = 10...17 cM oauWH BiI OIHOTO pPO3TAIlOBaHI 3yOHU
ooponu. Ilix yac pyxy IpyHTOOOPOOHOTO 3HAPSIIS IIi
3yOM  CTBOpIOIOTH  pi3HMH  omip  00poOmoBaHOMY
cepenoBuIny (TOOTO IpyHTY). Y HACTIIOK I[LOTO BUHHUKAE
o0epTOBMII MOMEHT, i3-3a SIKOTO IUIaHKa i3 3ybamu
3[IMCHIOE BUMYIICHI KYTOBI KOJHMBaHHS Pi3HOI 4acTOTH.
3yOu mpu OBOMY 3MIMCHIOIOTH IHTCHCHUBHH BIUIMB Ha
IPYHT SK Y IIO3IOBXHBOMY, TaK 1 HOMNEPEeYHOMY
HampsMKax. Y TACYMKY TIPYHT OUTBII iHTEHCHBHO
posnymyetbcs. BonmHowac, mpu umpoMy BiH, Ha Hamry
IIYMKY, 1 OUTBIII iHTEHCUBHO BUCYIIYETHCS. 3 OTIISAY Ha IIe

JlaHe KOHCTPYKTHUBHE pileHHs NIEPCIEKTUBU
3aCTOCYBAHHS Ha IIAPOBUX IIOJIIX HE MaE.
Baxnusum KOHCTPYKTUBHUM apaMmeTpoM

OOpOHYBaJbHOT CEKI[ii € KyT Haxwiy ii MOBIAKIB 10
rOPU30HTANIBHOI OBEpPXHi (o, puc. 1).

a | h

¢m \] S~

Puc. 1. KoHCcTpyKTHBHA cXeMa NpHEIHAHHS OOPOHYBAIBHOT TAHKH 10 34inKu [5].
Fig. 1. Structural scheme of attachment the harrow section to the hitch [5].

Moro BenuuMHa 3a1a€ HATPSM CHIIM TATH, (POPMYHOUH

NpU  [IbOMY XapakTep pyxy JaHKH Yy MO3J0BXKHbO-

BepTHKaJbHIN MomuHi. Kpim 1iporo napamerp o BIUIMBae

Ha BHOIp JIOBXHHH MOBIJIKa .

Y pobGori [5] mpomoHYHOTH HACTYIHHH aHAJITHYHHN
3B'I30K MiX BeJIHYMHAMH o 1 |:

l=[H+a—- (m+ h)]/sina, (1)

ne H — BucoTa TOYKM MPUYCIDICHHS IOBigKa Ha pami

34iNKH; a — TTIH0NHa 00poOIeHHS rpyHTY (OOpOHYBaHH);

M — BEIMYMHA MPOTPY3aHHS KOJIC 34INKA y TPYHT

(3...4 cm); h — BucoTa po3ranryBaHHs TOYKH HPHYCTUICHHS
MOBiKa 10 OOpoHHU.

BnacHe BenuuMHYy KyTa Haxwily [OBiiKa 70
TOpU30HTY (0) HAyKOBII PEKOMEHIYIOTh BH3HAYATH i3
Bupasy [5]:

tga = h/L,
ne L — Bigcrans Bix cuimy meHTpy Barm O6oponu (T. C,
puc. 1) no npoekuii Touky i MpUYEIIICHHS JI0 34iNKH.

BogHodac, pe3ynmpTaTiB  JIOCHIIKEHb JIHHAMIKA
MO3/IOBXKHBO-BEPTHKAILHOIO  PyXy  OOpOHYBaJIbHOTO
arperaty aBrop pobotu [5] He npuBomuTh. BiH mwmime
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ampiopi CTBepIKye, MO 3i 30UIBIICHHSAM TJIMOWHHU
OOpOHYBaHHS CTIHKICTh pyXy OOpOHM y BKa3aHii IUIOIHMHI
3a MOCTIHHOT MOBXWMHY TIoBiAKa | Gyie 3a0e3medena, Ko
Horo mpuenHaTH 0O OpyCy 34ilKH HIDKYE Ha BEJIUYHHY,
a/IeKBaTHY 3MCHIICHHIO THOMHA 00po0iTKy IpyHTY. [Ipn
BOMY CJiJl IIGHTPY Baru OOpPOHYBaJBbHOI JIAHKH, Ha HOTO
IyMKy, Oyze 3ocepemkennii y Touti C (muB. puc. 1).

B nificHOCTI X 1le MOXe OYTH 30BCIM HE Tak, IIO
3MEHIIY€ HAyKOBO-MIPaKTHYHY 3HAYYILICTh 3anexHocTi (1)
i moTpeOye IONATKOBOTO MPOBEACHHS HHU3KH 5K
TEOPETHYHHX, TaK 1 EKCHEPHUMEHTAIBHHUX JIOCHIKEHb.
[MpakTHyHO TakWi k€ METOAMYHUH MiJXix o010
BU3HAUYCHHS KyTa HaXWIy IOBiIKiB 3yO0oBOi OopoHH
3acTOCOBaHO y poboTi [7].

3acTOCOBYIOUH IUTOCKOPI3abHUM TIPYHTOOOPOOHUMH
poOoumii opraH, cuigx n[aMm’ATaTH, MO U HOTO
3arMONIeHAs y TPYHT BiH Mae€ OyTH YCTaHOBJICHWH [0
MOBEPXHI TOJS TMiJ TEeBHUM KyToM. JloCTiIKeHHIMHA
BCTaHOBJICHO, 1[0 3pOCTaHHS [ILOTO KyTa MPUOIU3HO A0 5°
00yMOBIIIO€ OUIBII CTAOUIBHUI XiZ poOOYOro opraHy mo
rOuHI 00poOiTKYy IpyHTy. B3arami x 3HauMHa KyTa
HAXWIy IUIOCKOPI3aJbHOTO pPo0OOYOro OpraHy Jyis
00pOOITKY MapiB y MO3M0BKHBO-BEPTUKAIBHIN TUIOIHMHI
B3arajli BUMara€ yTOYHCHHS. Y MepIIOMY HaOIIDKCHHI
MOKHa BB@XaTH, 0O BEJIMYMHA LHOTO BaXKIUBOTO
KOHCTPYKTHUBHOT'O ITApaMeTPy HE MOBUHHA NEPEBUIYBATH
5°.

Sk Oaummo, oOTpyHTOBaHW BHOIp IBOTO i TaKUX
mapaMeTpiB  OOpOHYBaNbHOI CeKIlii, sIK: BHCOTa 3y0a;
MO3J0BXKHSI BIJCTaHb MK psiIamMu 3yOiB OOpOHH; KYT

0 2b

HaxXwWTy TOBiAKiB O0pOHYBaLHOT CEKINii y TOPH30HTAIbHIH
TUIONTUHI; KOOPAWHATH MPHUETHAHHS TOBIAKIB OOPOHH 10
pamMu 3Haps/Azs, BUMArae po3risiy JUHAMI4HOT piBHOBAru
OOpOoHYBaJbHOI CEKIil y I03I0BXHBO-BEPTHKAIBHIN
IUTOIIMHI TPOeKUild. AHami3 BiIOMHX Ha JaHWH MOMEHT
HayKOBO-iH(pOpPMAiHHUX JKEped BKa3ye, IO METOIUKH
BUPIIIICHHS BUIIIEO3HAYCHOI 3a]1a4i IIOKH IO HE iICHYE.

Merta gociiaKkeHn

Mero0o  JaHUX  JIOCHIDKEHb €  pO3pOOJICHHS
MaTeMaTHYHOT'O alapaTy, BHKOPUCTAHHS SKOTO J03BOJIHTh
3MIACHATH OOTPYHTOBaHHUN BHOIp TaKMX KOHCTPYKTHBHHUX
mapamMeTpiB OOPOHYBAJIBHOTO 3HAPSIAS, SIKi OOYMOBIATH
CTIMKICTH #WOTO pyXy Yy II03I0BXHBO-BEPTHKAIBHIN
IUIOIIKHI 1 3a0e3meunTh y NOAANbIIOMY 30epe:KeHHS
TPYHTOBOI BOJIOTH TP 0OPOOIICHHI TapiB.

Pe3yabTaTh n0caiTKeHb

Y  mpomeci  3nilficHeHHs ~— po0oOYOro  pyXxy,
oOyMmoBieHOrOo niefo cunu P (puc. 2), BiAXWICHHA
OOpOHYBaJIBHOI JIAHKH BiJ] CTAOLIEHOTO MTOIOKEHHS MOXKE
NPOSIBISITUCS Y BUJISNI 11 TOBOPOTY HA KYT [3 BiAHOCHO
oci, fKa € TEePICHONKYIAPHOI [0 MO3J0BXKHBO-
BeptukanpHOI mommHan XOY i mpoxoauts yepe3 T. O.

Puc. 2. ExBiBaneHTHa cxema Cull, sKi JiF0Th Ha OOpOHYBaJbHY JIAHKY MiJ Yac i pyXy y HO3J0BXKHBO-BEpTHKAJIbHII

TUTOLLMHI.

Fig. 2. Equivalent schematic of forces acting on the harrowing section during its movement in the longitudinal-

vertical plane.

Busenenns mudepeHLianbHOTO PIBHSIHHA — TaKOTO
KyTOBOTO nepeMilieHHs PO3TIISAYBaHOTO
I'pyHTO0OpOOHOTO 3HaApAAIA (cexuit 6opoHn)
311 CHIOBATUMEMO 3 ypaxyBaHHIM HaCTYITHUX
MPUIYILIEHb.

1. Cuna Baru 6opoHyBanbHOT aHku G 30cepemKeHa
y Toutti C (muB. puc. 2), sKa po3TalloBaHa y TUIOIIHHI
CepenHbOTo pAdy ii 3yOiB.

[IpaBoMipHICTP HBOTO TPHITYIICHHS BHIUIMBAE i3
HACTYIHOTO aHasizy. Y 1uiaHi (ToOTO IpH MOTIISAL 3BEPXY)
pama OOpOHYBaJIbHOI JIAHKM BUIVIAJAE SK HPSIMOKYTHHK,
TpaHcopMoBaHHH y «3ur3arononiony» dopmy. bopona
Mae 20 1mIocKuX 3y0iB i3 CErMEeHTaMH, 3arajibHa Maca sIKHX
moHaiimMeHme y 20 pasiB MeHIIa 3a Macy paMmu

OoponyBanbHOI cekmii. 3 ypaxyBaHHSM IIbOTO MOXHA
BBaKaTH, W10 LEHTp 1l Baru 3HEBAXIMBO MaJl0
BIAXWISETBCS Bl TOYKM, SIKa poO3TalloBaHa Y
BEPTHKAJIbHIN IUIONINHI, IO IPOXOJUTH Yepe3 cepenHii
psix 3y6iB GOpoHM.

2.  TaroBuii  omip  OOpoHYBalIbHOI  JIAHKH
peTpe3eHTyIOTh Horo ropu3oHTambHa (R ) 1 BEpTHKAIbHA
(Ryc) cKIanoBi, TNpHKIAJEHi y «UEHTPi OMOpy»
IpyHTO0OpOOHOTO 3HApsinas (1. D, puc. 2). OkpiM mporo
Ha 3HApsUId JIi€ HEBPIBHOBR)XEHHMH MOMEHT Mp.
3 ypaxyBaHHsM yMOB (y JdaHili CTarTi BOHH HE
PO3IIISIAIOTECS]) CTAaTHYHOI piBHOBaru OOpPOHYBAIBHOI
ceKIii y po3risiayBaHi( MJIONIMHI BKa3aHi CHJIM 1 MOMEHT
3HAXOIATHCSA 13 HACTYIHUX BHUPa3iB:



98 B. T. Hagukro, M. A. TuxoBox

P, =08"B; 2)
Pye = 08Py~ ctg(e + ¢.); ®3)
Mg =04 -P.-b-ctg(p + ¢.). 4)

3. Kyt moBopoTy OOpOHYBaNbHOI JaHKH 3 € TaKuM,
JUISL  SIKOTO  CHPaBeJUIMBI  HACTYMHI  CITIBBIHOILICHHS:
sinp = B, acos B ~l.

[IpaBOMipHICTh IIHOTO HPHUITYLICHHS O00yMOBIICHA
MajM3HOI KyTa [3, MakCHMaJbHa 3HAa4WHA SKOTO, SK
MIOKa3aJIu MOTIEPEHI TOCIIPKEHHS, He TepeBuye 8°.

[Ipwu 3aificHEeHHI TOBOPOTHOTO PyXy OOpOHYBaJIBHOT
cexuii BigHOCHO T. O (OuB. pHC. 2) BOHA Ma€ JIMIIE OJ1H
CTYTIIHB BITBHOCTI (TOOTO y3araibHEHY KOOPAUHATY) — KYT
B. Kinernmuna emnepris 7 miei AWHAMIYHOI CHCTEMH
po3paxoByeThes i3 Bupasy [8]:

Jo B 2 (5)
>

ne J, — MOMeHT iHepIii OOpOHH BiTHOCHO OCi, SKa €

MEPICHANKYIIAPHOI 10  wiommHd XOY 1 mpoXomuTh

uepes T. O (auB. puc. 2), H-m-c.

XapakTep 1 BETMUUHY PO3CIIOBaHHS €HEpTii KyTOBHX
KOJINBaHb OOpOHYBaJBHOI  JIAaHKH perpe3eHTye
JMCUNIaTHBHA (YHKIsSI @, sika MPONOpLiiiHa MIBUAKOCTIM
OTOPY BEPTUKAIBLHOTO MEPEMIIICHHS Yy IPYHTI IPyroro,
TPEThOTO, YETBEPTOTO Ta II'SATOTO  psAmiB  3yOiB
TPYHTOOOPOOHOTO 3HAPSISL.

BenmunHa BepTHKAIBFHOTO TIEpEMIIIeHHS PsIiB 3y0iB
OOpOHH CTAHOBUTH:

- s apyroro psaay — B-b;

- I TpeThoro psany — B-2b;

- JuIg yeTBepTOoro psaay — B-3b;

- Uit sAToro psmy — -4b.

3 ypaxyBaHHSIM LIbOI'O MAEMO:

=KF-(b-B)2+KF-(2b-B)2+

T =

@ 2 . 2 .
Ko (3b-B)? K, (4b- f)?
+ > + > g

Y migcyMKky Bupa3 Juisi JUCMNAaTUBHOT (yHKIIT
po3citoBaHHS OOPOHYBAJbHOIO JIAHKOK CHEPTrii KYTOBHX
KOJIUBAHb € TAKHUM:

® =15-K, b%- 2, (6)
ne K — xoedimieHT omopy BepTHKAIBHOTO IEePEMillICHHS
pobounx opraHiB OOpOHYBaNFHOI JIAaHKA y IpYHTI, H-c/M.

MaremaTiyHy ~ MOZEJIb  IIOBOPOTHOTO  PYXY

PO3TIIsIYBaHOT AMHAMIYHOT CHCTEMH 3aIUIIEMO Y BUTIIS

piBHsiHHs Jlarpanxa I1-ro pony [8]:
d 0T 0T 00

ot ap ap * ap Mo, Q)
ne M, — y3araJbHeHHH MOMEHT, SKHi 00YMOBITIOE MPOSB
MIPUHHATOI A0 aHAJNi3y y3arajlbHEHOI KOOPAWHATH — KyTa
B, Hwm.

I3 piBagEHA (7) BHOHO, IO KIHETHYHA EHEPTisd
PO3MIIsIyBaHOI AMHAMIYHOI CUCTEMH 3aJISKUTD JIMILE BiJl
NIBUIKOCTI 3MiHM y3arambHeHO! KoopauwHaTH (KyTa ).
V 3B’s13Ky 3 UM 3 ypaxyBaHHAM Bupasy (5):

aT .

@ = O, a ﬁ = ]0 ,B .
YacTHHI NOXI/HI 32 4aCOM P ILOMY € TaKHMHU:
- JUIA KIHeTHYIHOI CHEepril:

d ot
Ea_ﬁ_]" B. (8)

- Ul JUCHITATUBHOI (PYHKIIi, BPaXOBYIOUH BUpPa3

(6):
@_30'K'b2',8 9)
B ' '

V3aranbHeHa BeanunHa M,, sKa BXOAUTH 10 CKIady
piBHsAHHA (7), € areOpaidHOI0 CYMOIO yCiX MOMEHTIB, SKi
IifOTh Ha OOpOHYBalbHY JaHKY BimHOCHO T. O (pHC. 2),
H-m. Bpaxosyroun Bupasu (2), (3) i (4), y macymMKy ns
cyMa Mojke OyTH Ipe/ICTaBlIeHa TaK:

—P.-tga-h—PF.-d+
M, _< +G-h—16-P-b )'3_0'4'1"3’(
xctg(p + ¢.). (10)
3aBepUIaJbHUM €TaloM OTPUMAaHHS MaTeMaTHYHOI
MOJIeTIl TIOBOPOTHOTO PYXY PO3IJISIYBaHOI JHHAMIYHOT
CHCTEMH € TiACTaBIsSHHA Yy BuXigHWHA Bupasz (7)
sanexuocreit (8), (9) 1 (10). Y miacyMKy oTpuMyeMO:
B+K,-B+K-B=K,, (11)
ne K, =30-K.-b%/],;

Ky=[P-(d+16-b+tga-h)—G-hl/],;

K, =—-04-b-P.-ctg(ep + ¢.).

Amnaiz Bupasy (11) mokasye, o0 MOBOPOTHHH pyx
OOpOHYBaJIbHOI JIAHKM Y IIO3JOBXHBO-BEPTHKAIBHIN
IUTOIIMHI OMHCYETHCSI HEOAHOPITHUM IU(EpEHIaTbHIM
pIBHSHHSAM  JAPYroro  MHOPSAKY 3  HOCTii{HUMH
koedinientamu. Ilpuyomy, nocrtiiiHOIO € i iforo mpasa
YacTHHA.

MaremaTiyHe MOJICTIOBaHHS IOBOPOTHOTO PYXY
0OpOHYBaJIBHOT JIAHKM y BKa3aHii IJIOIIKMHI 33 PIBHIHHIM
(11) nepembavaeThcs  3mificHIOBaTH 32 3MiHH i
KOHCTPYKTUBHHX TapaMeTpiB y HACTYNHHX Jiala3oHax:
b =0,15...0,45 m; h = 0,08...0,14 m; d = 0...0,20 ™;
G =250...450 H; a=0...20°.

MowmenT iHepmii OopoHyBambHOI JaHKH J, 3
JOCTaTHbOIO  JUIA  NPaKTHKA  TOYHICTIO ~ MOJYKHA
PO3paxoByBaTH i3 BHpa3y, KU BPaxoBye 3MiHYy TakHX il
KOHCTPYKTHUBHHX MapameTpis, skumu € G, b i h:

Jo=—(52-b2 +12-h2)
° g-12 ’

Jie § — MPUCKOPEHHS BUTHHOTO MaaiHHs, 9.81 M/c2.

3 ornsay Ha Te, 10 poOoTa 1aHOTO IPYHTOOOPOOHOTO
3HaApSAAIS 3a3BUYall PO3MOYMHAETHCS 32 BOJIOTOCTI IPYHTY
20...24 %, kyT TepTs A1 HHOTO (@) 1 KoedillieHT onopy

BEPTHKAJbHOTO  TEpeMillleHHs  po0oYMX  OpraHiB
O6opoHyBanbHOI JaHkH y HboMy (K mnpuiimaemo
nocriiaumMu 1 piBammu [9]: ¢ = 609

K:=5000 H-c/m.

Kyt ycTaHOBKH IJIOCKOPi3ajJbHUX CETMEHTIB OOPOHU
JI0 TOpPW30HTY (@) Ha TiACTaBi BWINE NPUBEICHUX
MipKyBaHb, T&X MPUHMAEMO ITOCTIHHUM i piBHAM 5°.

CepenHst 3HauMHA TOPHU30HTAJABHOI  CKJIQJOBOL
TSTOBOTO OIOPY OOpOHYBaNbHOI JTaHKU (Pr), BU3HAUYEHA Y
BiAIIOBIHOCTI 3 MoTepeTHIMH MOJILOBUMH
BUIIPOOYBaHHSAMH, NpuiiHsTa piBHOIO 1500 H.

OCKIJIbKM MaTeMaTHYHa MOJEINb PyXy OOpOHYBAIBHOI
Cekiii y TIO3J0BKHBO-BepTHKaIbHIM  twrommui  (11)
OIMUCYETHCS JIHIMHAM HEOTHOPIAHIM Au(epeHIIATEHIM
PIBHSHHSAM 3 TIOCTIHHMMH KOe(]iIlieHTaMH, TO 3arajlbHUM
HOTO pIIICHHSM €:

B=B+5, (12)
e B— pimenns pipasHES (11) SK OTHOPITHOTO, TO6TO KOTH
K, =0;
B — wactumue pinrerss pismsams (11).
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JI7151 3HAXOKEHHs B OHOPIAHY YacTuny piBHsHHS (11)
MPEACTABMMO Yy XapakTepucTuuHiii popmi [10]:

AP +K,-A1+K; =0. (13)

Juckpuminant uporo piBHsHHs (D) y posropayromy
BUIJISII] € TAKUM:

D= 900-1(;2-1;4 _ 4[P(d+16b+tgah) —G-h]' (14)
]O. . ]0 . .

B 3anexHOCTI Bii 3HAUMH THX MapaMETpiB, SKi BXOAATH
1o Bupasy (14), Bemmunna quckpuminanty D moxe Oytu:

a) MO3UTHBHOIO;

0) piBHOIO HYIIIO;

B) BiJI’€MHOIO.

Pospaxyrakn Bupasy (14) 3 ypaxyBaHHSIM BHKJIAJICHUX
BHIIIE Jliara30HiB 3MiHu mapameTpis b, h, d, G, «, ¢, K, Pri
Jo TOKa3yroTh, MO BENWYMHA AWCKPUMiHAHTY D Moxe
Oyt nmme mo3uTHBHOIO. KopeHi (ToOTO pO3B’S30K)
piBrsHES (13) pH IIBOMY TaKi:

-K, +JKi—4-K,

241_ )
2

. K, - JKE—4 K,

2_ .
2

3 ypaxyBaHHSAM [BOTO pilmleHHAM piBHAHHA (11) sx
oxHopiaxoro € [11]:

B _ e%-(—K2+ /K§—4-K1)-t C.+ e%-(—}cz— /K§—4-K1>-t C
1

ne Cy, Co — mocTiiiHi AudepeHIitoBaHHS.

3rifHO 3 OCHOBaMH Teopii JudepeHIiaTbHOro
uncienns [11] pimenns B piBusaus (11) urykatumemo y
BUTJIISAIL:

27

g =C.

Tak sk mepma 1 Jpyra mMoOXimHl BiJ MOCTiHHOT
BennunHu C JIOpIBHIOIOTH HYJIO, TO 3 ypaxyBaHHSIM
BHUILIEO3HAYEHOTO i3 piBHsAHHSA (11) oTpuMyemo:

K,-C=K,,
3BiIKM 3HAXOAUMO
C=B=K,/K,.

Ha migcraBi BUILIEBUKIIAIEHOTO MOYXHA 3aIIUCATH, 1110

3araspHe pimeHns (12) piBusHas (11) Mae HacTymHUN BUIL:

B= E_:+ e%(_KZJr‘]@)t Gy +
N e%‘(‘“fﬁ)'t Yo (15)

s 3uaxomxenss noctifiaux Ci 1 Co motpiOHa 1me
O/IHA 3alEKHICTh, fIKa O 3B’A3yBaja Ili BENMYMHH. Ii
MOJXKHA OTPUMATH ILISIXOM JU(PEPEHINIOBAHHS 332 4acOM
Bupasy (15). Y nanomy BUNIAIKy OTPUMYEMO:

.1 )
B=E- -K,+ [K5—-4-K;
1
> Ko+ /K2—4-K )-t
.ez( 2 2 1 'C1+

<_K2 - K% _4'K1)
' e%-(—KZ— K§—4-}<1)-t .
2-

3a ymoBu t = 0 Maemo =0 i 8 = 0. 3 ypaxyBanusm
1bOT0 13 Bupasy (16) 3Haxoxumo, mo

-K, — K3 —4-K;
-K, + K5 —-4-K,;
MincraBuBum (17) y (16), micns nepeTBOpeHb
OTPUMYEMO:

. (16)
+5

C, = C,. 17)

Koo (=K, +VKE— 4K,
C,=- .
2-K; K3 -4 K,
CBoero geproto, migcraBuBmy 3HaunHy Cr i3 (18) y
(17), oTpuMaeMo 3aNeKHICTh, SIKA NO3BOJSE BU3HAYHUTH
HeBioMy KoHCTaHTy Ci!

Ko~ (—K, - VKE = 4-K;)
2K VK —4-K,

Ha 3aBepmenns, niacrasusmu Bupaszu (19) 1 (18) y
(16), micms 3miliCHEHHS BiINOBIIHUX MaTeMaTHYHHX
MIEPETBOPEHD OTPUMAEMO PO3B’S30K AH(DEPEHIiaTbHOTO
piBasHHEA (11), SIKW ommCye Tporiec 3MiHM y daci KyTa
MOBOPOTY OOpOHYBaJbHOI ceKUii [3 y MO310BXKHBO-
BEPTUKAIbHIN TUTOIIHHI:

1
B = % 4 e§-<—K2+ /K§—4~}<1>-t 9

1
3 K, - (—K2 - JKE—4- Kl)
2'K1'\IK§_4'K1
3 e%-(—}(z— /K§—4-K1>-t y

Ko~ (K, + VKE—4°K,)

2-K;-JKi—4-K,

PipastaEs (20) y miACYMKY JO3BOJISIE BHBUYUTH BILTHB
BIATIOBITHOTO KOHCTPYKTHUBHOTO napamerpa
OOpoHYBaJbHOI TAHKW HA AWHAMIKY 3MiHH y Yaci KyTa ii
MOBOPOTY [y TII03/10BKXHbO-BEPTUKAIBHIA IUIOLIMHI.
Bekropom  (TOOTO  HampsMKOM)  MaTeMaTHYHOTO
MO/IETIFOBAHHSI ITPU IIbOMY € BCTAHOBJICHHS TaKOi 3HAYMHU
TOTO YW IHIOIOTO KOHCTPYKTHBHOTO Mapamerpy, ska
3a0e3nevyBaTHMe  SIKOMOra MEHIIMH 4Yac  BHXOIY
JuHaMiuHOl  cucteMu  (OopoHyBasibHOI — cekuii) y
MOJIOKEHHsI CTabiIbHOI pIBHOBard 3a yMOBH SKOMOTa
MEHIIIO1 3HAYMHU KyTa 11 TOBOPOTY 3.

Pesynbrat po3paxyHnky Bupaszy (20) cBiguatk, 1o
KOJIMBaHHS KyTa MOBOPOTY OOpOHYBAJIbHOI JIAaHKH Y
M03/J0BXKHBO-BEPTHKAIbHIH MJIOIMKHI BigHOCHO T. O (IMB.
pHC. 2) MarOTh anepioguyHuil xapakrep (puc. 3).

VY mporieci pyxy 00poHa 3iCHIOE KyTOBI BiIXHICHHS
332 4acOBOIO CTPIJIKOIO, Ha IO BKa3ye Bij’€éMHa 3Ha4YMHA
napameTrpa (. Ilpudomy, uuMm Oinblia BiICTaHb MiX
psimamu 3y0iB OOpOHYBAJILHOI JaHKK (mapamerp D), Tum
JIOBIINM € 4Yac ii BUXOIy 0 YCTaJIEHOTO MoJjioxKeHHs. Tak,
SKIIO pu 3HAYMHI b =
= 0,15 ™M ycraneHu#l pyx OOpPOHH HAcTymae MpHOIHU3HO
micist 16 ¢ (kpuBa 1, puc. 3), To pu b = 0,45 M Takuii cTan
JMMHAMIYHOT CUCTEMH HACTYTIa€ He paHile, Hik depe3 65 ¢
(xpuBa 3). binpe Toro, KoK y MepuoMy BUMaKy O0poHa
BIAXWIISEThCS HA KyT — 4,8° TO y Apyromy nei nokazHHK
3pocTae 1o — 5,8°. Haronocumo, 1o 6is1b1 BaXKIIMBUM IIPU
IIbOMY € HE PI3HHUI MIX KyTaMH [3, siIka CTAHOBHTB JIMIIIE
1°, a TeHAEHINSI MOBEAIHKKA PO3TIAYBAHOI TUHAMIYHOI
CHCTEMH 32 YMOBH 3MiHH TaKOTO IapaMeTpa, SIK BiJICTaHb
MDX psiiamMu 3y0iB 60poHH. Y JaHOMY BHITAJKy BOHA TaKa:
YUM MEHIIAa 3HauyMHA Iapamerpa b, THM MEHIIMM SK 32
aMILTITY/I010, Tak i yacoM (To0TO (ha3010) € BigXHICHHS
I'PYHTOOOPOOHOTO 3HAPSAS BiJl pIBHOBa)KHOTO CTaHY.

[porunexuuii (y sKiCHOMy IUIaHi) BIUIMB Ha KYT
MIOBOPOTY OOPOHYBaJIbHOI CeKIii 3MiHCHIOE KOOpAMHATa
BUHOCY TOUKH KpiruteHHs 1i (6oponn) nosiakis. Tak, npu

(18)

C, = (19)

(20)

X
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YCTaHOBJIEHHI iX 3 BUHOCOM d = 0 ycrajneHuil pyx 60poHH
HacTymae TUIbKH depe3 70 ¢ 1 XapakTepu3yeThCs BiH
BiI’€MHIUM HaxmwioM (TIOBOPOTOM) TIPYHTOOOpOOHOTO
3HapsAAas Ha KyT B = — 6,5° (kpuBa 1, puc. 4).

Ipu 36imbmienni 3Hagnan mapamerpa d mo 0,10 m
ycraneHuid pyX OOpOHYBaJbHOI JIAHKHM  HACTYMae
mpuOImM3HO uepe3 Toil ke wac (Tobro 70 c), ame KyT
BIZIXMJICHHS 3HAPSILAS 3MEHIIYETHCS TIPH LIBOMY JI0 — 5,7°
(kpuBa 2, puc. 4).

BomHouac, mpu 30i1bIIeHHI BAHOCY TOYKH KPITUICHHS
noBifKiB GoponyBansHOi manku g0 d = 0,20 M wyac
epexony A0 YCTaJeHOoro ii pyXy HacTymae depe3 38 c,
TOOTO 3MeHITyeThCs (Y MOPIBHSAHHI 3 ABOMA ITOTIEPETHIMH
BapiaHTaMu) MpakTHYHO yaBidi. KyT Bimxunenns 6opoHn
Bi il TOPH30HTAJIHHOTO TMOJOXCHHSA IPH NBOMY TEX
3MEHIIYETHCS 1 CTaHOBUTH — 4,6° (kpuBa 3, puc. 4). Linkom
3p0O3yMilIo, IO 1€ €, 0€3yMOBHO, TIO3UTHBHIAM (PAKTOPOM.

! \\2
1 Mo
-5 — Iy
T~ ~
-6

0 10 20 30

40 50 60 70 80

t,c

Puc. 3. Jlunamiku 3MiHH KyTa NOBOPOTY GOPOHYBAJIBHOI JIAHKHM 3a pi3HOI BimcTaHi Mix psaamu ii 3y6iB: 1 — b =

=0,15m;2-b=0,30M;3 -b=0,45 m.

Fig. 3. Dynamics change of the harrowing section’s turn angle at various distances between the rows its tines.
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Puc. 4. /luHamiky 3MiHE KyTa HOBOPOTY OOPOHYBAJIBHOI JIAHKM 32 PI3HOTO BHHOCY TOYKH KPIIUICHHS ii MOBIIKIB:

1-d=0;2-d=0,10m;3-d=0,20 m.

Fig. 4. Dynamics change of the harrowing section's turn angle at various layout its dragbars attachment points.

Ha  BimMiny  Bi& BHILIE MpOaHaIi30BaHUX
KOHCTPYKTUBHUX HapaMeTpiB, KyT HaxXWiIy IOBIJKiB
OOpOHYBAJIBHOI JJAHKH O MaJI0 BIUIMBAE€ Ha AUHAMIKY i1
MTOBOPOTY Y MO3/I0BKHBO-BEPTHKAIBHIA TUIOMUHI. 3MiHa

poro mapamerpy 3 0 1o 20° cnpusie 3MEHIIEHHIO KyTa 3
nue Ha 0,5° (puc. 5).

[Ile ™MeHmmMHA BIUIMB Ha  KYT  BiAXWICHHS
OOpOHYBaJBHOT JIAHKH BiJl TOPH30HTAIHHOTO MOJOXKCHHS
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3aiticHIoroTh 1i cuia Baru (G) i Bucora 3y6iB (h). 3a 3minu
LIUX KOHCTPYKTHBHHUX MapaMeTpiB y BKa3aHHUX BHIIE
Jiara3oHax KyT MOBOPOTY OOpOHH 3 3MIHIOETHCS B MEKax
0,15...0,20°. ToOTo mMHAMiKa CTIHKOCTI PO3TISAYBAaHOTO
IPYHTOOOPOOHOTO 3HAPSIAS IHBapiaHTHA IO BiTHOIICHHIO
JI0 3Ha4YMH o i h.

AHai3 BUIIEBHKIAICHOTO MaTepiaxy HO3BOJISIE
BHOpaTH Taki 3HAYWHU KOHCTPYKTHBHHX ITTapaMeTpPiB, SKi

0

00YMOBITIOIOTh 3MEHIIICHHS KyTa BiIXWJICHHS OOPOHU Bif
TOPU30HTAILHOTO TTOJIOXKEHHSI 1 9acy BUXOAY ii 0 HOBOTO
piBHOBaXXHOTO CcTaHy. Tak, po3paXxyHKH CBiI4aTh, IO IIPH
P, =1500 H, G =300 H, ¢ = 5° ¢ = 60°, o = 25°,
h=0,14m,b=0,15mid=0,25 M 3HauMHA KyTa TOBOPOTY
OOpOHYBaJIBHOTO 3HAPAIAA Y IO3I0BKHBO-BEPTHKAIBHIN
wiowuHi 3 He nepesuiryBatiumMe — 3° (puc. 6).
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Fig. 5. Dynamics change of the harrowing section’s turn angle at various slope angle its dragbars.
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Puc. 6. /IluHaMika 3MiHM KyTa HOBOPOTY OOpPOHYBAJbHOI JIAHKM 32 paliOHANbHUX 3HAYMH ii KOHCTPYKTHBHUX

rapaMeTpis.

Fig. 6. Dynamics change of the harrowing section's turn angle with rational values of its design parameters.

[Ipryomy, Buxing OOpOHYBAJIBHOI JIAHKH 10 HOBOTO
PIBHOBa)KHOTO CTaHy CTaHOBHUTD IIPH LIbOMY 16 c.

Ciiy miKpecIuTy, M0 HaBEJCHI BUIIE PE3YJIbTaTH
OTPUMAaHO 332 YMOBH HO3UTHBHOI 3HAUYMHHU JUCKPUMiHAHTA

D xapakrepuctuuHoro piBHsHHS (14). Boanouwac, 3a
YMOBH pOOOTH OOpPOHYBAIBHOTO 3HAPSAS Ha JIETKUX
IpyHTax (Cymickax, HampUKIam), I SKAX 3HaYMHA
Koe(illieHTy ~ Omopy  BEpTHUKAaJbHOTO  IEPEeMILICHHS
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pobounx opraHiB OOpPOHYBaJIbHOI JaHKH Yy IpyHTI K €
MEHIIIOI0 Ha TOPAAOK, TUCKpUMiHAHT D, sSK BUTUIHBAE i3
aHamni3y piBHSIHHA (14), MOXe OyTH BiJ’ €MHHM.

3aransue pintenss (12) mudepeHrianbHOro piBHIHHS
(11) y poskpuToMy BHUTIISIAI Oye MPH BOMY TaKHM:

Kz

/K§—4-K1

K
+C, - cos 2

/K§—4-K1

Jlis 3HaXOKEeHHS MOCTiHUX audepeHiitoBands Cq
i C2 BpaxyeMo HaCTYIHI IOYaTKOBI YMOBH:
=0;
p=0;
3 ypaxyBaHHAM IbOTO i3 Bupady (21) ompasy x
3HAXOAMMO, IIO:

C, - sin t]+

1
f =04 ezket. (1)
K1

t

Ko

C, = —=2.
2 K1

(22)

[Micnst mudepenniroBanus piBHAHHS (21) 3a yacom,
OTPUMYEMO BUPA3 JUIsl BU3HAUECHHS IIBUJIKOCTI 3MiHH KyTa
[ (To6TO Mepmoi moXigHOT):

. —l'K -t KZ .

g =ez2f [K-cos(K-t)—7'Sln(K't)]'C1_
_E.K -t . Ky

—e 2k [K ssin(K-t) + 7'COS(K . t)] -Cy, (23)

,/K§—4-K1/
2.

[IpoanamizyBaBmu Bupaz (23) 3
BHUIIICBUKIIAICHUX TOYaTKOBUX YMOB CTOCOBHO t, B i f3,

me K=
ypaxyBaHHIM

3HaXOAMMO  (DYHKIIIOHANEHUA  B3a€MO3B’S30K MK
noctiftanMu audepenmitoBaddst Cr i Co:
K
2
C = C,.

JR—4K,

[MpuitmMatoun no yBaru Bupas (22), i3 OTpUMAaHOTO

PIBHSHHS 3HAXOMUMO 3aJICKHICTh JUISI BU3HAYCHHS
3HAaYMHM TOCTIHHOI C1, SIKA € TaKOIO:
K, K
0
Ci=——F—————— (24)

,/K§—4-K1-K1

Hacamkineup, migcraBuBmm Gopmynu (22) i (24) y

3aJeXHICTh (23), micis  BIANOBIIHUX IEPETBOPEHBb
3HAaXOAMMO  3arajbHe pilieHHS AudepeHIiaTbHOro
piBasaHs  (11), sKe omucye Tmpoiec  TOBOPOTY
OOpPOHYBAJIbHOI JIAaHKH Yy TO03J0BXHBO-BEPTUKAIHHIH

IUTOIIMHI 32 YMOBH BiJi’€MHOI 3HAYWHU AUCKpUMiHAHTY D
XapaKTepUCTHIHOTO piBHAHHS (13):

=—X
Ky
( 1— e—%-Kzt %
K . K
z sin Z—t |+
x 4 \/K§—4-K1 \/K%—4—-K1 \. (25)
X
K
+ cos [ —2—t
KZ-4-K;

Po3paxyHkamMu BCT@HOBJICHO, IIO y MiATBEPAKCHHS
BHKJIQJICHUX BUIIEC MipKyBaHb HAWBiqUyTHIIINN BIUIMB Ha
3Hak muckpuminanty D (12) xapakTepHCTHIHOTO
piBasHES (11) 3milicHIoe 3HauWHA KOeQiIlieHTy OIopy
BEPTUKAJIBHOTO  TIEPEMINOICHHA  poOOYMX  OpraHiB
OopoHnyBanbHOI aHKK y IpyHTI K;. Ha rpyHTax ierkoro
IPaHyJOMETPUYHOTO CKJIaay HOro 3Ha4MHa MOXeE
cranoButr 200 H-c/m.

JluHaMika MOBOPOTHOTO pyXy OOpPOHYBaJILHOT JJAHKH
y THO3/I0BXXHBO-BEPTHKAIBHII TUIOMIMHI 31HCHIOETBCS 32
3aKOHOM, OIKMCYBaHUM piBHAHHA (25). XapaxkrepHuUMH
HOro oO3HaKaMHM € HasBHICTh EKCIHOHEHLIaNbHOT 1
TapMOHIYHOI CKJIaIOBUX KOJIMBAHb KyTa 3.

AmHani3 pe3ynbTaTiB 3IIMCHEHUX 3a UM BHPa30M
po3paxyHKiB mokazye HactynHe. I[lix dyac pobGotn
OGOpOHYBAJIBHOTO 3HAPAIAA 32 TAKHX IPYHTOBHX YMOB
(penpezeHTOBaHUX 3HAYMHOIO KoedimieHTy K;) moBopoT
Horo Ha KyT, Omm3pkumid 70 3° 3a0e3mMeYuTH MOXKHA
MPaKTHYHO 33 THX XKE CAMUX:

- 3HAQYUH BUCOTH 3y0iB h;

- BixctaHi MK 3y0amu OOpOHYBAaNBHOI JAaHKH Y
MO3JI0BXKHBOMY HAMpPSIMKY b;

- KyTa YCTaHOBKH IIJIOCKOPi3aJbHUX €JIEMEHTIB 3y0iB
JI0 TOPU30HTY @,

- KOOPIUHATH BUHOCY TOYKH KPIIICHHS MOBiKiB d;

- KyTa Haxwily HOBiZKIB OOpOHYBAJIBHOI JaHKH JO
TOPU30HTAIBHOT IUIOLIMHU & (pHC. 7).

Bunsitkom (kpim, 3Bu4aiino, koedimienta K;) € Bara
6oponyBasibHOi JaHku G. Y 1bOMy BHIIQJIKy BOHA Mae
Oytu 30inpmenHoro 10 550 H.

[Hmumu cmoBamu, maca 6oporu 3amicte 30...35 kr
Ma€ CTaHOBUTH UIoHaWMmeHme 56 kr. IlpakTuuna
peaizallisi Takoro pilieHHs nepexdadae OamacTyBaHHS 11
BIIITOBITHOIO MAacCOIO.

JpyruM BapiaHTOM BUpILICHHSA i€l TpoOIeMu MOXKe
OyTH BHUTOTOBJICHHS OOPOHYBAJIBHUX JIAHOK CaMe Takoi
eKcIuTyaTaiiiiHoi Macu (To0T0 56 Kr), 110 3 TOYKH 30Dy
METAJIOEMHOCTI 3HAPSIIIS € HeOaKaHIM.

PesynbraTi MaTeMaTHYHOTO MOJICJIIOBaHHS CBIAYATH,
oo Ipu 00po0iITKY OOpOHYBAJIBHUM  3HAPSUIIM
MEXaHIYHO JIETKUX (3a CKJIaJ0M) IPYHTIB 4ac BUXOAY HUM
JI0 PIBHOBaXHOTO CcTaHy (t) 3HA4HO MeHMHH. Tak, Ko
npu poOoTi Ha CYIIMHKaxX LeH IOKa3sHWK CTaHOBHTH
npubim3HO 16 ¢ (quB. puc. 6), To pu 0OPOOITKY CYITICKIB
BiH 3MeHITyeThes 10 0,7 ¢, ToOTO moHaiMeHmIe y 22 pa3u
(puc. 7). BoueBunps Takuil pe3yNbTaT € MITKOM JIOTIYHHM
i3-3a Mayioi 3HAYWHU Koe(illieHTy OMopy BEPTHKAIBLHOTO
nepemimmeHHs pobounx opraHiB OOPOHYBAJIBFHOI JIAHKH Y
JIETKOMY TPYHTI, SIKUM XapaKTepu3yeThbcs Koe(illieHTOM
K:.

Buxonsun i3 aHamizy 3amexsocTi (25), Ha mepuwi
MOTJISIJT HAMPOIIYEThCS HACTYITHHNA BUCHOBOK: JMHaMiKa
MIOBOPOTHOTO PyXy OOpOHYBaJIbHOI JJAHKH y MO3/JOBXKHBO-
BEPTHKAJbHIA IUIOMMHI Maja O XapakTeph3yBaTHCS
MEepiOANYHUMH KOJIHMBaHHAMH KyTa [3, 0OyMOBIEHUMH

HasBHICTIO  MHOXHHKa  (mo3Hauumo  #oro  D1),
30CEPEIKCHOTO Y KBAJIPATHUX JTyHKKaX:
K K
D1 = z - sin 2 t
Ki—-4-K, VK; — 4K,
K
+ cos 2

r— A
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3 iHmoro 60Ky, TWHaMIIll KOJIHBaHb OOPOHYBAIHLHOT
JIAHKU NIpUTAMaHHUH MOHOTOHHO CIIaJArouui
eKCTIOHCHIIATbHAN ~ XapakTep, ONHCYBaHWH  IHIIUM
MHOKHHKOM (T103HaunMo Horo D2) Bupasy (25):

1
D2 = e"z%2t,

ITopiBHSHHS TUHAMIKA 3MiHU [IMX MHOXHHKIB (TOOTO
D1 i D2) y uaci nokasye Hactymse (puc. 8). SKio 3HaunHa
MHOXHHMKa D1, sxuit y mnpuHmunmi (i3-3a HasgBHOCTI
nepionnaHuX (PYHKINH sin i cos) penpe3enTye nepioaudHi
KOJIMBaHHS IMHAMIYHOI CHCTEMH, 3pOCTa€, TO 3HAYMHA
nmokasauka D2 npu 1ipoMy, HaBIIaKH, BiAIOBITHUM YHHOM
3MEHIIYETBCS.
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Puc. 7. /lunamika 3MiHH KyTa MOBOPOTY OOPOHYBaIBHOI JIAHKH 32 YMOBH 11 poOOTH Ha JIETKUX TPYHTaX.
Fig. 7. Dynamics change of the harrowing section's turn angle when working on light soils.
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Fig. 8. Dynamics change in time D1 and D2 multipliers.
[Tpn4omy, IHTEHCUBHICTh 3MEHIIEHHS MHOKHUKAa D2 mosicCHIOE — anepiogM4HWil XapakTep KOJMBaHb KyTa

(TOOTO EKCTIOHEHTH) HACTIIBKY NEPEBHUIIY€E IHTEHCHBHICT
3poctaHHd MHOKHHKA D1, mo ix moOyTok 3MeHITyeThCs
MPaKTUYHO 3a EKCIOHEHIliaThbHUM 3akoHoM. Came 1e i

noBopoty OGopoHyBanbHOI cekuii (B) y MO3Z0BKHBO-
BEPTUKATBHIN IJIONTUHI MPOEKITiH.
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BucHoBkn

1. Yum MeHIma 3HaYMHA BiACTaHI MK pspaMu 3yOiB
060pOHYBaIBHO JTAHKH b, THM MEHIIINM SIK 328 aMIUTITYOI0,
Tak 1 dYacoM (ToOTO  (hazor) €  BiOXWICHHS
TPYHTOOOPOOHOTO 3HApSAIS BiA PIBHOBaXXHOTO CTaHYy.
Tak, npu 3meHmeHHi napamerpa b Brpuui (3 0,45 no
0,15M) Kkyr mOBOpOTY IpPyHTOOOPOOHOTO 3HApPSAIL
3MeHIIyeThCs Ha 1°, a haza — 3 65 1o 16 ¢ (ToOTO ¥ 4 pasn).

2. Tlpu 30inblIEHHI KOOPAMHATH BUHOCY TOYKH
KpiruteHHs OBiaKiB 60oponu 3 0 10 0,2 M KyT ii BiIXMICHHS
BiJl TOPU30HTAJIBHOTO TIOJIOKEHHS 1 4aC BUXO/Y J10 HOBOTO
PIBHOB&KHOTO CTaHy 3MEHIIYIOTHCS NMPAKTUYHO BJBIYI,
10 € Oa’kaHUM PE3yITbTATOM.

3. PospaxyHkm cBiguaTh, IO TIPH 3HAYMHAX
napameTtpiB P, = 1500 H, G =300 H, ¢ =5° .= 60°,
a=25,h=0,14m,b=0,15mid=0,25 M 3HaunHa KyTa
MOBOPOTY  OOpPOHYBaNbHOI ~CEKWil y  MO3I0BXKHBO-
BEPTUKAJbHIA IUIOLIMHI HE mepeBumlyBatuMe — 3°, a ii
BUXil O HOBOTO PIBHOB&XHOIO CTaHY CTaHOBHTbH HPH
oMy He Oibie 16 c.

4. Ha arpopoHax JErKoro TIpaHyJIOMETPHYHOIO
CKJIamy, SIKHH XapaKTepH3yeThCs MaJOl 3HAYHHOIO
KOCQIIiEHTy OMoOpy  BEPTHUKAIGHOTO  IIEPEMIill[CHHS
pobounx opraHiB OOpOHYBaJILHOT JIAHKH Y IPYHTI, 4ac ii
BUXOJly /10 PIBHOB@)XHOTO CTaHY CYTTEBO 3MEHILIYETHCS.
Tak, sKmo npu poOOTI HAa CYIJMHKAX Iel MOKa3HUK
CTaHOBUTH MPHONIU3HO 16 ¢, To mpu 0OpOOITKY CYITICKIB
BiH 3MeHmyeTbcss 1o 0,7 c, TOOTO mIOHAaWMeEHIIE
y 22 pasmu.
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AHAJIA3 YCTOMYMBOCTU JIBUXKEHUS
BOPOHOBAJIBHOM CEKIH
B. T. Haowvikmo, H. A. Tuxo6o0
AHHOTanusi. B crathe paccMOTpeHa JUHAMMKA
(GyHKINOHUPOBAHHSA B MIPOIOJIEHO-BEPTUKAIBHON
IUTOCKOCTH OJHOW MPHUICTTHOW OOPOHOBAJIBHOM CEKITHH,
MpeIHa3HaYeHHOW i1 o0paboTku mapoB. B kauectse
OLICHOYHOI'O II0Ka3aTelssi MPUHIATO OTKIOHEHHE 3TOHU
JTUHAMUYECKOI CHUCTEMBI oT TOPU30HTAJILHOTO
HOJIOKEHUS. Teoperuueckumu HCCIIEAOBAaHUSIMU
YCTaHOBJIEHO, YTO 4YE€M MEHBIIE pPACCTOSHUE MEXKAY
psinamu 3yObeB GOPOHOBAJILHOTO 3BEHA, TEM MEHBINE Kak
N0 aMIUIUTyne, TaKk W BpeMeHH (To ecTb 1o (ase)
OTKJIOHEHHE  I10YBOOOpadaTHIBAIONIETO  OpPYAUs  OT
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PABHOBECHOTO COCTOSHUS. IIpn yBemTUdIeHNH KOOPIUHATHI
BBIHOCA TOYKH KpPEeTJIeHUs TTOBOJAKOB 60poHsI ¢ 0 10 0,2 M
YTOJI €¢ OTKJIIOHCHUSI OT TOPU3OHTAIFHOTO ITOJIOKEHHS H
BpeMsl BEIXOJla K HOBOMY paBHOBECHOMY COCTOSIHHIO
YMCHBIIAIOTCS TMPAKTHICCKH BIBOE, UTO  SBIACTCS
JKETAeMBIM  pe3yNbTaTOM.  AHAIUTHYECKUM  IIyTEM
YCTaHOBJICHO, YTO MPH PAI[HOHAIBHBIX KOHCTPYKTUBHBIX
napameTpax OOpPOHOBAJIBHOM CEKLIUM 3HAYEHHE YIjia ee
MOBOPOTa B IPOJOJIbHO-BEPTHKAIBHOW IUIOCKOCTH HE
npesbimaer -3° a ee BBIXOJ K HOBOMY PaBHOBECHOMY
COCTOSIHUIO COCTaBJIsIeT mpu 3ToM He Oonee 16 c. Ha
arpooHax JIETKOTO TpaHyJIOMETPHYECKOTO COCTaBa,
XapaKTepU3YIOMIETOCs MaTbIM 3HaUYCHHEM KO3 hHUIIHEeHTa
COTIPOTHUBIICHUSI BEPTHKAJIHHOTO IEPEMEMICHUS paboumx
OpraHoOB OOPOHOBAJHHOM CEKIWH B TIOYBE, BpeMs ee
BEIXOJIa K PABHOBECHOMY COCTOSIHAIO YMEHBIIaeTcs ¢ 16
1o 0,7 c.

Kawuesbie cjoBa: nap, 0opoHOBaHWE,
OOpOHOBaJbHAS CEKLMS, yroj MOBOPOTA, YCTOWYHMBOCTH
JBUKCHUS.

HARROW SECTION MOVEMENT
SUSTAINABILITY ANALYSIS
V. T. Nadykto, M. A. Tikhovod

Abstract. The article discusses the sustainability
dynamics in the longitude-vertical plane one trailed harrow
section designed for fallow treatment. Deviation this
dynamical system from the horizontal plane have accepted
as the main estimated parameter. Theoretical studies have
allowed received such as results. The fewer the distance
between row tines of zigzag harrow section, the fewer its
deviation amplitude and phase from the equilibrium state.
When the attachment point coordinate of the harrow
dragbars is increased from 0 to 0.2 m, its angle and time
deviation from the equilibrium state is half as many that it
is the desired result. When the harrow section has rational
design parameters, its turn angle in the longitude-vertical
plane does not exceed -3° and time its output to the
equilibrium state does not exceed 16 s. On soils with light
grading, which have a low value of the vertical movement
resistance coefficient of the harrow tines, time its output to
the equilibrium state is reduced from 16 t0 0.7 s.

Key words: harrow, harrowing, harrowing section,
turn angle, movement sustainability.
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OBI'PYHTYBAHHS POSMIINEHHS KYJIBTYP Y CTPYKTYPI IIOJIIB TA OBCSI'IB BUPOBHUILITBA
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Anoranisg. Po3rnsgHyTo miaxoau 1o oOIrpyHTYBaHHS
PO3MIIIEHHSI KYJNBTYp Yy CTPYKTypi MNOJIB Ta 0OCSATiB
BUPOOHHMLTBA JJIS  MEXaHI30BaHMX  TEXHOJIOTIYHUX
orepariif, K CKJIaJOBOi CTPYKTYpHO-JIOTIYHOI CXeMHU
PO3pOOKH MEXaHi30BAaHOTO TEXHOJIOTIYHOTO MPOIIECY.
OOrpyHTOBaHO aJIrOPUTM PO3MIIIEHHS arpoKyJIbTyp Ha
TOJISIX, IO Ma€ TPH BapiaHTH BHUPIMICHHS B 3aJIS)KHOCTI BijT
MOCTABJICHOI 3aa4i y TOCHOAAPCTBI: arpoOKyJIbTYpH i IX
IUIOII BUPOIIYBAaHHS HE 3MIHIOIOTECS 1 ITOJIA 3 IX IIOIaMHU
TaKOXX HE 3MIHIOIOTBCS; arpOKyJIbTYPH HE 3MIiHIOIOTBCH, a
iX TUIOII BUPOIYBaHHS 3MIHIOIOTECS, OIS 3 X IIIOIAMHU
HE 3MIHIOIOTBCS; arpoOKYJIbTYPH 1 iX IUIOLI 3MiHIOIOTHCS,
0JIA 3 1X ITIOIIaMH HE 3MiHIOIOTHCSI.

Bu3HaueHi MOKa3HMKM 1 JOCIHI/KEHO IX BIUIMB Ha
KOXXHY CKJIQJIOBy mpouecy BHOOpy IUiomp  Juist
BUPOIIYBaHHS 3aIUIaHOBAaHUX arpoKyJbTyp 3 MaTpHIl
TMOJIIB 3 BUKOPHCTAHHSIM ICHYIOYMX NOJIB a0o0 iX 4acTHH,
BiJINIOBiJTHO IO JaHWX MATPUIl BIMHOUICHHS KyIBTYp IJIS
3a0e3leYeHHs] 3aIUIAHOBAaHOTO 00CATY BHPOOHHIITBA
TIPOAYKIIIT.

Kuio4oBi ci10Ba: arpokyneTypa, moje, TeXHOJIOTiuyHa
orneparisi, yMOBH BUPOILYBaHH:I, TOKa3HUKH SIKOCTI.

ITocTaHoBKa MpodIeMu
CTpyKTypHO-JIOTi4HA cxema PO3pO0OKHU
MEXaHi30BaHOTO TEXHOJIOTIYHOTO npouecy Ta
OOTpYHTYBaHHS BU3HAYCHHsI SIKOCTI CHCTEM MaIllHH,
MallMHHUX  arperatiB  BHPOLIYBaHHS  arpokyjbTyp
pO3po0IsEThCS 3 METOI0 OOIPYHTYBaHHS IIOKa3HHKIB
SKOCTI ~BHUKOHAaHHS TEXHOJIOIIYHHMX TNPOLECIB  IpHU
BUPOIIYBaHHI arpapHUX KyJIbTYp, 3 YpaxyBaHHIM IOTPeO
pOCIMH Ta Cy4YacHMX 1 HEpCIEeKTHBHUX CHCTEM
MOHITOPHHTY €(peKTHBHOCTI pOOOTH MAITMHHUX arperaris.

CTpyKTypHO-JIOTi4Ha cxeMa Tiependadae BUKOHAHHS
HACTYITHHX €TaIliB MPOEKTYBaHHS:

— BHOIp arpoKyIbTYpH, BUBYEHHS 11 TOTped 1 aHami3
YMOB BHPOIIYBaHHS;

— BHOIp TEXHOJOTIYHUX OMNeparliii 3a BU3HAYCHOIO
TEXHOJIOTIEIO;

— BUOIp poOounx opraHiB JuIst
TEXHOJIOTIYHOI ~ omepanii 3a  YMOBH

BU3HAYEHOIT
JIOTPUMaHH:A

xeimenwv 2020.

arpoTeXHIYHUX BHMOT;

— BHOIp arpoMammH 3
OpraHoM;

— BHOIp eHepreTHYHOro 3aco0y JUIsl arperaTyBaHHs
3 00paHMMU arpoMallivH;

— 0OrpyHTYyBaHHS napameTpiB MaIIMHHUX
arperartiB Juisl 3a0e3leUeHHs SKOCTI BHKOHAHHS KOXKHOI
TEXHOJIOTIYHO1 orepatii 00paHOT TEeXHOIOTIT;

— CHCTEeMHHUI aHalli3 TEXHIKO-€KOHOMIYHHX Ta
SIKICHUX TTOKa3HUKIB i3 poOOTH MAIIMHHUX arperaTiB 3
METOI0 BH3HAYCHHSM ONTHMAJIBHOTO KOMIUIEKCY MAIlIUH.

IMopsimok peamizamii eramy BHOOPY arpoKyJbTYpH,
BUBUECHHs 11 moTpe0 i aHamizy yMOB BHPOIIYBAaHHS Ha
OCHOBI 3aBJIaHHs JJIsl BUPOOHHIITBA Ha BHPOIIYBaHHS
arpoKyJbTyp, Ma€ pi3HI BapiaHTH BHUpILIEHHS B
3aJIeXKHOCTI BiJl TOCTABIICHNX 3a/1a4 y TOCIIOAPCTBI.

oOpaHuM  pobounMHU

AHaJi3 0CTAHHIX JOCIIIKEeHD

JlociipKeHHIO mpobiem, OB’ A3aHUX i3
BUKOPHCTAHHSAM TEXHIKH B CUTBCHBKOMY TOCIIOJapCTBi
mpucBa4eHo  0aroto  JocCHikeHb. IcHyroumit B
arporpoMHCIOBOMY KOMIUIEKCI BHPOOHHYO-TEXHIYHHMA
[IOTEHI[ia]l BUMAara€ 3HAYHOI'O IIiJBUIIEHHS Bignayi Bij
KamTaJpbHUX BKJIAJACHh 1 MaTepialibHUX PECYpCiB.
HaykoBI1i Ipux0asTh 10 BUCHOBKY, IO TIJIbKH CHCTEMHUIA
aHali3 B CHOJIyYEHHI 3 MaTeMaTHYHUM MOJIEIIOBAHHIM
BJIACTUBUX HOMY TPOIIECIiB i B3a€MO3B'A3KIB € HAHOIIbII
e(PCKTHBHUM HAIPSIMKOM HAYKOBHX JOCIIJKCHb B rarys3i
cinmbecpKOrocnoapchkoro BUpoOHUNTBA [ 1-6].

VY HaykoBux mpamsix akanemika [loropimoro JI. B.

BIIepmie  OOIPYHTOBAaHO HEOOXIIHICTH  3aCTOCYBaHHS
CHUCTEMHOTO  aHANi3y JUIi JOCIHDKCHHS TpoOIieM
MaITUHOBUKOPUCTAHHSI. ®inom E. A. po3pobiieHa
CHUCTEMa pO3PaxyHKiB MEXaHI30BaHWX TEXHOJOTIH,
KOMILIEKCIB MaIluH VTS BUPOIIYBaHHS
CLIBCHKOTOCTIONAPCHKUX  KYJIBTYp 1 KOMIUIEKTYBaHHS

mapKky MamuH a8 pisHoro Ttumy EOM. TonoBHmit
BHUCHOBOK #Or0 JIOCII/DKEHb MOJAra€ B HACTYIHOMY:
YIPaBIiHHS  BHKOPHUCTAHHSAM  MAalIMHHO-TPAKTOPHOTO
rmapKy Moske OyTu 3JilficHEeHE Ha OCHOBI aHamizy
00MEXEHOT0 Ynciia OKPECIEHUX CUCTEM, JUIsl ONITHMIi3allii
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KOXHOI 3 SKHX MOXYTh OYyTH 3ampOorOHOBaHI Mozemi i
METOAW, 3aCHOBAaHI HAa  3arajlbHUX  MNPHHIMIAX
MaTeMaTHYHOTO  TPOTpaMyBaHHA Ta  iIMiTamifHOTO
MOJICTIFOBAHHS.

Cucrema, 3arponoHOBaHA Caaxksnowm []. H.,
nepenbayae IM'ATh B3AEMO3AIECKHUX TIPYH OKPEMHX
MIOKa3HUKIB — arpOTEXHIYHI, eKCIUTyaTalliiHi, IPOMHUCIIOBI,
€KOHOMIYHi, 3araJbHOTEXHIYHI, 1 €CTETHMKO-EpPrOHOMIYHI
nmoka3HuKkH. [{e HalOIbII TTOBHA CHCTEMA OLIIHKH MaIlliH,
110 CKJIAJA€ThCs B CyMi 3 70 OKpeMHUX TOKa3HHKIB.

B  poborax Himenka M. K.,  I'peuxocis B. [1.,
Menshuka 1. 1. [7] po3pobieHa maTeMaTHuHa MOJENb, 110
Jla€ 3MOTY ONTHMI3yBaTH KOMIUIEKC MAIINH Ta MaIlIMHHO-
TPaKTOPHUX arperariB IpH BUKOHAHHI JESIKOI KOHKPETHOT
omepamnii a00 TEXHOJOTIYHOTO TpOIecy B IIIOMY B
3aJeKHOCTI Bim 00csariB  BuUpoOHMITBA ab0  IUIOMII
BUPOIIYBaHHS KYJIbTYpPH.

JoBeneHo, mio i3 30UTBIICHHSM IUTOIIi BUPOITyBaHHS
KyJIbTYp pI3KO 3MEHIIYIOThCS IPHUBEACHI BUTpaTH Ta
BUTpaTH Tpali Ha BUKOHAHHS Omepaniid, a HOTIM Hpu
JIOCSITHEHH] BU3HAYEHUX 3HAYEHb IUIOLI TEMIl 3HIKCHHS
[UX TOKA3HUKIB 3HAYHO 3MCHIIYETHCS i HAOyBae CTaIUX
3HaueHb, L0 € OCHOBOKO MJIsI OOIPYHTYBaHHS OOCSTiB

poOirT.

Ilin xepiBHUITBOM Tpodecopa MempHuKa I. 1.
po3pobieHa ¥ BOpOBaIKCHa Y BHPOOHUITBO Ta
HaBYAJIbHUN npotuec cucreMa "KoMiiekcue

MAalIMHOBUKOPHUCTaHHA", IO mepenbadae KOMOIHOBaHeE
BHpIIICHHA 3aAadi OOIPYHTYBaHHS CKIIAAy KOMILICKCIB
MallMH 1 CTPYKTYpHM MAIIMHHOTO IIapKy B €IUHOMY
CHUCTEMHOMY B3a€MO3B'3KY [8].

MeTta gociigKeHn

Merta pocnijpkeHb Tojisirae B OOIPYHTYBaHHI
aNrOPUTMIB  BH3HAYCHHS PO3MILICHHS  KYIbTYp Yy
CTPYKTYpi TONIB Ta OOCSTiB BHPOOHHITBA  JUIS

MEXaHi30BaHUX TEXHOJIOTIYHHUX Ollepamii, K CKJIaJ0BOT
CTPYKTYPHO-JIOTI4HOI CXEMH PO3pOOKH MEXaHi30BaHOTO
TEXHOJIOTIYHOTO TIPOIIECy.
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Pe3yabraTn gocaigkeHb

Buxomsam i3 3aBmaHHSA TOCIIONApCTBA, HA OCHOBI
CTPYKTYPHO-JIOTIYHOI CXEMH, BH3HAYAIOTh arpoOKYJIbTYpH
Kyn;, BigmoBimHOTO  CcOpTY u4M  TiOpumy, ki
BUPOIIYBATUMYTECSL y TOCIOAAPCTBI (BUKOPHUCTOBYETHCS
CTBOpeHa 0a3u arpokyiabTyp). BuOpaHi KynbTypw, ais
BUpOIIYBaHHA  HEOOXimHOro  o0cAry  mpoxykuii,
pO3MIIIalOThCsl  HA NoJNAX  TOCMOJapcTBa Sy
(BUKOpUCTOBYETbCSI CTBOpEHa MaTpuls 0a3d  IOJIB
rocriofapcTa). Ha BUOpaHMX monsx Juis 3abe3neueHHs
PO3MIllleHHs BUOpaHUX arpoKyJbTyp MOXIIMBE YacTKOBE

iX posrtamryBaHHs Ha Okpemux moisix. CTBOPHOEMO
QITOPUTM  BHUPOILIYBaHHS  BKIIOYAIOYH  CTBOPCHHS
CIBO3MIiH.

AJITOPUTM PO3MILIEHHS arpoKyJIbTyp Ha MOJSAX Mae
TPH BapiaHTH BUPILNICHHS B 3aJIS)KHOCTI BiJ MOCTaBICHOL
3amadi y TOCIIOAapCTBi:

Bapiant 1. ArpokysibTypH 1 iX IUIOIII BUPOIILyBaHHS
HE 3MIHIOIOTBCS 1 TMOJs 3 IX IUIOIAMU TaKOX He
3MIHIOOTHCS (puc. 1).

Bapiant 2. ArpokyiabTypu He 3MIHIOIOTBCS, a iX
TUTOII[I BUPOIIYBaHHS 3MIiHIOIOThCS. 10115 3 X MmIonaMu He
3MIHIOIOThCS (pHUC. 2).

Bapiaar 3. ArpoxynbTypH i iX IUTOIIi 3MiHIOIOTBCS.
[Mons 3 iX TTomaMu He 3MIHIOIOTHCS (pHC. 3).

Buxioni oani onsa piwenna 3adaui 3a eapianmom 1.
ATpOKyIbTYpH 1 IX IUIOIII BUPOLIYBaHHS HE 3MIHIOIOPTHCS
1 TIOJIA 3 iX IUTOIIaMH TaKOXK HE 3MIiHIOIOTECS (pHcC. 4).

ArpokynbTypu: Ha3Bu Kyr;, IX KibKicTh / 1 TUiomi
BHUpoIyBaHHs SK;.

IMons: Homepu moutiB F; 1 1x mtoma Spy.

Buxioni oani ona piwenns 3adavi 3a eapianmom 2.
ATPOKYJIBTYpH HE 3MIHIOFOTBCS, @ X IUIOLI BUPOLIYBaHHS
3MiHIOIOTBCS. [lonst 3 X mUomamMu He 3MIHIOKOTHCS
(puc. 5).

ArpokynbpTypu: Ha3BU Kyn;, IX KITBKICTB 1 TUTOIII
BUpOIIYBaHHS SK;.

[ons: Homepu moiB F; 1 ix mmoma Spy.

[MonepesHUKY 3 iX IIIOIIAMH.

Buxioni oani ona piwenns 3adaui 3a eapianmom 3.
ArpokynabpTypu 1 X riomy 3MiHIOIOTBCs. [lons 3 ix
IUTOII[AMH HE 3MIiHIOIOThCS (pHC. 6).

Fs
F1
Kyn;
Kyny Sks2a
Sk, 2a

Crano

Kyn,
Kyns
Sksea

Puc. 1. Cxema po3MillieHHs arpoKyJIbTyp Ha IOJISIX MPY NEePIIOMY BapiaHTi: arpoKyJIbTYpPH i IX IUIOII BUPOIyBaHHS

HE 3MIHIOIOThLCS 1 IMOJIA 3 X IIomaMu TakoXX HE 3MIHIOIOThLCS.

Fig. 1. The scheme of placement of crops in the fields in the first option: crops and their growing areas do not change

and the fields with their areas also do not change.
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Puc. 2. Cxema po3MilIeHHS arpOKYJIbTYp Ha IOJIAX MPH JPYTrOMY BapiaHTi: arpoKyIbTYpH HE 3MIHIOIOTBCA, a iX
HJ'IOHli BUPOLIYBaHHA 3MIHIOIOTECS. [Toiis 3 1X mjioniaMu HE 3MIHIOIOTHCS.

Fig. 2. The scheme of placement of crops in the fields in the second option: crops do not change, and their growing
areas change. Fields with their areas do not change.
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Puc. 3. Cxema po3Mill[eHHs arpoKyJIbTyp Ha HOJISX IPU TPETHOMY BapiaHTi: arpoKyJIbTYpPH 1 IX IJIOIII 3MiHIOIOTHCS.
IToms 3 ix II01IaMiu HE 3MiHIOIOTBC$I

Fig. 3. The scheme of placement of crops in the fields in the third option: crops and their areas change. Fields with
their areas do not change.

Llomepesymns Kyn; Kyn; Kyns Kynr 1ltoma
KynsTypa KyIBTYyp
Kyn; X11 X12 x5 ) ) x1s Ski
Kyn; X21 x22 x23 ) ) X2 Sk>
13 x| X3 | xa ) ) xsr | Sks |

Kynr X1 Xij 12 Xy I3 17 ‘ Sky

Puc. 4. Matpuns BigHOIIEHHS KYJIBTYp A0 1X MOIEPETHUKIB.
Fig. 4. Matrix of relations of cultures to their predecessors.

Tonepennux Komn’ Ky’ Kyas’ 5 Ky IInoma
Kynstypa KyIBIyp

Kya; X1l X2 Xi3 < X1y Sk

Ky X2 X22 X23 > Sk;
L Kyrz | xm | xm | D oxa | Sks

R
— T — T

K}’.TI X711 Xij12 W ( Xz Sk
ITnoma KyaeTyp
nomepeTHIKA Spi Sp: Sps Spr

Puc. 5. Marpuiig BiJHOIEHHS KYJIBTYp J0 1X MONEpeHUKIB.
Fig. 5. Matrix of the relation of cultures to their predecessors.
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Tlonmepenmnk Ilnoma
Kyn;’ Kyny’ Kyns’ Kynr’ i
Kynstypa KyJBTYp
Kyn,; X1 X12 X3 Q Xis Sk
Ky, X271 X22 X23 S X27 Sk
| Kyay — | xm | e | X3 ) ) xar | Sk
Ky xn Xy | %B | r—xy\ Ski
IInoma xyaeTyp
HoIepeTHIKA Spi Sp: 5ps Sp1

Puc. 6. MaTpuns BigHOIIEHHS KYJIBTYp A0 IX IIONEPETHUKIB.
Fig. 6. Matrix of relations of cultures to their predecessors.

ArpoxynpTypu: Ha3BU Kyny, IX KUTBKICTB 1 TUTOIII
suporyBarus Sk;. [Toist: Homepu momis F; i 1x rurorma Spy.

Ilonepennuku 3 ix miIomamu.

HeoOxigqHO CTBOpPUTH MaTeMaTHYHY MOJENb, SKa
omucye mpouec BUOOpPY IUIONI JUIS BUPOLILYBaHHS
3alUlaHOBAaHUX arpokyiabTyp 3 Marpumi moiiB 3
BUKOPDHCTaHHSM ICHYIOYMX IOJiB a00 iX 4YacTHH,
BIJIMIOBITHO 710 JaHUX Matpuili BiIHOIICHHS KYJIbTYp IS
3a0e3nedeHHs 3allJaHOBAaHOTO 00CsATy  BHPOOHHWITBA
TIPOAYKIIT.

Ha BuOpani mmomyi HEoOXiZHO BHECTH >KHUBJICHHS.
3abe3neunTH oISt BiIIOBIAHO 10 3aIUITAHOBAHOTO BPOXKAIO0

arpoKyJabTYpH  MOXIHMBO 32  PaxyHOK  BHECCHHS
MiHepaJbHUX J0OpuMB ab0 3a paxyHOK BHECECHHS
OpraHiYHUX JOOPUB.

Amnanizyoun bazy TOJIIB roCIoIapcTBa

BU3HAYAIOTHCSI JIaHi 010 BMICTY a30Ty Nej;, pocdopy Psy;,
Kamito Kej;, Ha momi(ax), BUOpaHuUX mMiJ KyibTypy (i3
Matpuili ba3u mosiB rocmogapcTea) Ta HOPMaMu BHHOCY
noOpuB  BHOpaHMMH  KyibTypamu (MaTpuisd basm
arpokyneTyp) asotry Noj, ¢ocdopy Poy, kamiro Koj.
Peanpre BHecenHs NPK Oyme po3paxoByeTscs 3a
bopmymaMu:

NPKijsz *Nd,-j+kp* Pl);‘j"'kK* K()U' , (1)
ne Ny, Py, Ky — mificHa HOpMa BHHECEeHHS a30Ty, ¢ocdopy,
Kalilo arpokyibtyporo, ke/y; NPKj — 3arampHa HOpMa
BHECEHHsS MiHepajdbHuX m00puB, m/2a; Kn, ke, Kk —
BIJINIOBIHO, KoedimienTH nepesoay HopM BHeceHHs NPK
y TYKH.

Toni, koediient MDjj, sikuii BpaxoBye nepepaxyHOK
HopM BuHeceHHS NPK y Tyku BHECEHHSI CTAaHOBUTHME:
MDij= NPKjj/(No+Po;+Koy). (2)
[Tix yac po3B’si3aHHS 337a4 ICHYIOTb BHIIAJKH, KOJIU
3a[Jal0ThCS PEKOMEHAAIl MO0 KOMOIHOBAaHOI CXeMH
BHECEHHS JKMBJICHHS Y I'pyHT. Hanpukian, y rocriogapcTsi
€ MOXJIMBICTb BHECEHHS OpraHiuHuX J00puB, abo
BHeceHHsT Ny, Py, Ky He B TIOBHIif Mipi IOKpHBa€e moTpedu
pociuH. Y 1hOMY BHUNAAKY 3aCTOCOBYETHCA MiAXim 3
BHECEHHSIM OpraHivHux Ho0puB O, HA OCHOBI OOHITETY
IpyHTy bow; 3a ioro tunom Tun; (Marpuis basu moinis
rocrofapcTsa). boniter rpyaTy bow; Oyae cTaHOBUTH:

Bon, =20.1-Tun>®", ®3)

ne bon; — OOHITeT i-e0 ToNs; Tun; — HOMep TUIY IPYHTY 3a
GoHITETOM i-20 TOJIs (Tabm. 1).

Takum uymHOM, I 3a0e€3IEYEeHHS BIAIOBIIHOIO
Bpoxaro U;, HOpMy OpraHiyHHX JOOPHB BH3HAYAIOTH 3a
3aJIeKHICTIO!

10*(U, - Bon, *1§6,)* (N0 +P0', +Ko', ) * MDij
00 = i i i

i

)

ne Oy'i — HOpMa BHECEHHsI OpTaHIYHUX JOOpPHB Ha i-My
o, m/2a; U — BpoKalHICTE arpoKyIbTypH, y/ea; 1o, —
miHa OOHITETY i-20 TOJIA.

3a 3aMIaHOBAHOK TEXHOJIOTIEI0 TOCIOAApCTBA Ta
KOHKPETHHUX YMOB, BHKOPHCTOBYIOUHM Marpuito basu
TEXHOJIOTIYHUX OIepamill, BH3HAYAIOTHCA BIATIOBIIHI
texuonoriuni omepamii TOy. (K — Tum omeparii) mis
3a0e3MeueHHs] TEeXHOJIOTIYHOIO MpOLECY BUPOLIYBaHHS
KOKHOT KynbTypu Kyzij. Y CBOIO 4epry, TEXHOJOTiYHUI
nporiec 0a3yeTbcs Ha MPIOPUTETHOCTI TEXHOJIOTTYHHX
oreparliii, a came — OCHOBHIH, JOIIOMDKHIH Ta CyMIKHIH.

bon;

Tabéuuus 1. BoHiTeT IpyHTIB 32 iX THIIOM.
Table 1. Soil quality by their type.

Ne Tumy Tun rpynry Bonirer
1  |mepHOBO-IIA30INCTI CYIIiMIaHi 15...25
2  |IepHOBO-TII30JUCTI JeCKOCYrMMHKOBI| 26...35
3  |1epHOBO-CEepeIHBOIII J30IHCTI 36...43
4  |9OpHO3EMHU THIIOBI MAJIOTIOTYXKHI 44..54
5 [gopHO3EMU omigsoieni| 55...62
JIETKOCYTJIMHKOBI
6 |[JOpHO3EMU THUTOBI 63...70
7  |[4OpHO3EMU 3BHYAITHI MOTYKHI 71..72
8  |gopHO3EMHU THIIOBI MOTYKHI 73...80
9  [TyKOo-4OpHO3EMU JIETKOCYTIINHUCTI 81...82
10 [gopHO3EMH THTIOBI motyxHi| 83...85
cepeHbOCYTIMHKOBI
11 [4opHO3eMH THTIOBI motyxHi| 86...90
Ba)KKOCYTJIMHKOBI
OCHOBHHUMH  XapaKTEepPHCTHKaMH  (TTapaMeTpamMn)
TEXHOJIOTIYHUX OIepamid €: TO0YaTOK 1 TPHUBAIICTh

BHKOHAHHSA pOOIT, 00cAr poOiT, arpoTeXHIYHI BUMOTH,
BiIOBiTHI poOOYi OPTaHM Ta MIBHIKICHI XapaKTEPUCTHKH.

Jatm  mowarky 1  TpUBaNiCTh  BUKOHAHHS
MEXaHI30BaHMX  TEXHOJOTIYHMX  omepauiid  (puc. 7)
TIOBUHHI BiANIOBiAaTH (pazaM pocTy i pO3BUTKY POCIIHHHU.

CTOCOBHO ormIepaliiif JymeHHs CTEpHI Ta OCHOBHOTO
00pobiTKy TpyHTY (0OpOOITKY Ticis TOIEpeTHHUKA)
BHUKOHYIOTBCS 3pa3y MICIIsl OTEepeaHNKa

Jlatra movaTKy TIpOBEIEHHS IIOCIBY BiAIOBiJae
JOCATHEHHSIM BHUMOT CTOCOBHO: cyMi Temmeparyp, PAP,
BOJIOTOCTI Ta THIy IpyHTY. Hanpuknaz, nocis Kykypyazu
MIPOBOJIATH IpHU HporpiBanHi IpyHTY A0 10°C, HasBHOCTI
BoJiorH y IpyHTi — 40%.
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ETanu miaroToBKu 10 pocTy Ta PiCT KYKVDVI3H

CTpoKH MpoBeIeHHA TEXHOJIOTIYHIX onepanii
Puc. 7. Ctpoku BUKOHaHHS OCHOBHUX MEXaHI30BaHUX TEXHOJIOTIYHUX OIEparliil.
Fig. 7. Terms of execution of the main mechanized technological operations.

CTpoK TMOYaTKy BHKOHAHHS KOXKHOI TEXHOJOTIYHOI
ormepailii Moxe OyTH 3MIHEHUH y BiAMOBIIHOCTI O 3MiHU
MPUPOTHO-KIIIMAaTUYHUX yMOB. DakTOpOM BIUIMBY MOXE
OyTH 3HW)KEHHS IHTCHCHBHOCTI HAKONMYEHHS EHEepril:
3MiHa MOTOJHUX YMOB (pi3Ke MOXOJIOJaHHS, aHOMaJbHa
xKapa, rpag, onagu). TpuBajicTh  NPOBEICHHS
TEXHOJIOTIYHUX OTepaIliii He TOBUHHO MepeOinbIryBaTn 24
TOAMH B MEXax OJIHOTO IOJISL.

OO6csar poOiT Ha KOXKHIA TEXHOJOTiIUHIM omeparii
3aJICKUTH BiJl 11 BUIY Ta MICIIsl BUKOHAHHSA [8].

Jis MexaHi30BaHUX OIepamii, ki 0e3nocepeaHbo
BUKOHYIOTH pPOOOTYy 3 TIpyHTOM, ab0 3 pOCIHHOIO,
PYXar4uCh BIAIOBIIHAM CIIOCOOOM Y 3ariHiii, o0csr pooit
Oy/ie CTAHOBUTH:

stkyy‘}/ij ) (6)

ne Sin — TUIOLIA BHPOILLYBAaHHS arpokyJiabTypu Kyu;, ea;

7ij — KOeOilieHT, SKUi BPaXOBYE KPATHICTh BUKOHAHHS i-0i

TEXHOJIOTIYHOI omepariii j-eo pisHoBumy TOj.
Hust HaBaHTAXYBaJIbHO-PO3BAHTAXKYBAILHUX
orepariiif oocar pooiT TOpiBHIOE:
Q = Sk\{y ' Hop,w ’ ylj ! (7)
ne Hopy — HOpMa BHeceHHsI 100puB, 3aco0iB 3aXHCTY

POCTHH Ta iHIIUX poOOoYMiA MaTepiaiis, m/ea.

Jnst TpaHCTIOPTHUX onepaniit 00csar poOiT JOPIBHIOE:

Q:Skw'Vij‘Hij‘l—ij’ 8)

ne Hij — ypoxaiiHicTh, HOpMa BHECEHHS, iHII HOPMH
NpOXyKIii, sika 30upaeTbcs ab0 TPAHCHOPTYETHCS Y
3aJIeXKHOCTI BiJl BUKOHYBaHOI oneparlii, 1/ra; Lij — Bizcrans
TIepeBe3eHHs BAHTAXKY, KM.

3abe3nedeHHs YMOB BUKOHAHHS KO>KHOT
MeXaHi30BaHOI TEXHOJIOT1YHOT oreparii Npy BUPOLIYBaHHI
Ta 30MpaHHi arpoKyJIbTYp 00yMOBIIOETHCS BiIIIOBITHUMHA
MpaBUJIaMHA Ta HOPMAaTHUBaMH, SKi 00 €IHYIOTbCA B
arpoTEeXHIYHI BUMOTH.

JloTpuMaHHA Ta BHKOHAHHS arpoOTEXHIYHUX BHMOT
OLIIHIOETHCS TIOKA3HUKAMU SIKOCTI IX BUKOHAHHS.

[MToka3HUKH SIKOCTI BUKOHAHHSI MEXaHI30BaHUX POOIT
NUIATHCS HA Bl YaCTUHU:

— TOKa3HUKH (3 iX JONMyCKaMH), TOKa3HUKU
HEOOXIZHOTO CTaHy CEPEJOBHUINA 1 arpoOKyJIbTypH Ta iX
HOPMATHBH ITiCJI BAKOHAHHS MEXaHI30BaHHUX OIEpallii;

— TIOKa3HWKH, IO JOIYCKAIOTh PEryJIOBAaHHA
pobouux oOpraHiB arpoMamMH U1 3a0e3meueHHs
BCTaHOBJICHUX HOPMAaTHUBIB.

3 MeTOI0 SKICHOTO BHKOHAHHS TEXHOJOTTUHHUX
orepariif, aHai3yI0Yl METy Ta YMOBH POOOTH MalOyTHIX
MAalIMHHUX arperariB, BUOUPAIOTh BIINOBIAHUA THI
po0OYUX OpraHiB i BU3HAYCHOT TEXHOJIOTIYHOT oTiepartii
32 YMOBH SIKICHOTO BUKOHaHHSI arpOTEXHIYHUX BHUMOT.

Meroauka Bubopy pobouux opraHiB 0a3yeTbcs Ha
TexHonoriuHiit onepauii TO TexHosoOrl BUpPOLIYBaHHS
arpokynstyp Kyn PoOouuit opraH IMOBHHEH MOBHICTIO
3abe3neuyBatu arpoBuMord AR Ha BU3HaueHOMY eTari Ta
Ha KOHKPETHO BH3HaueHoMy moii F. SIkicTh BUKOHaHHS
MEXaHi30BaHOI TEXHOJIOTIYHOT Omeparii po6o4rM OpraHoM
Kic ; TOBHHHA MiATPUMYBAaTH SKICTh MOINEPEAHIX Ta
3a0e3rnedyBaTd  SKICTb ~ HACTYITHMX  TEXHOJIOTIYHUX
omepartiu.

Habip oOrpyHTOBaHHMX TEXHOJOTIUYHHX OIepamii 3
BHOpaHNMH POOOYMMH OpraHaMH p, SKi 3a0e3MedyroTh
BUKOHAHHS  TEXHOJOTIYHMX  TapamerpiB TP 3
JoTpuMaHHsIM arpoBuMor AR (6a3um TeXHOJOTIYHHX
omepaniif (puc. 4)) BU3HAYAIOTh TEXHOJOTIYHUI TPOIIEC
BUPOIIYBaHHS Ta 30MpaHHs BiANOBITHOI arpoKyJibTYpH.
AHaJIOTIYHO IPOBOIUTHCS OOIPYHTYBaHHS TEXHOJIOTIYHUX
MpoleciB Uil BCIX 3aIUITaHOBaHMX JO0 BHPOOHHUIITBA
arpoKyJbTyp.
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BucHoBkn

1. PosrmgHyTo migxomu A0  OOTpYHTYBaHHS
pO3MIIIEHHS KYyJIBTYP y CTPYKTypi TONIB Ta 0OCSATiB
BUPOOHMITBA I  MEXaHI30BAaHMX  TEXHOJIOTIYHUX
omepamiid, SK CKJIAIOBOI CTPYKTYPHO-JIOTIYHOI CXEeMH
pPO3pOOKHM MEXaHI30BaHOTO TEXHOJIOTIYHOTO IPOIECY.
OOrpyHTOBaHO AJITOPUTM PO3MIILIEHHS arpoKyjibTyp Ha
TOJISAX, 1110 MA€ TPU BapiaHTH BUPILICHHS B 3aJIEKHOCTI BiJl
MOCTABJICHOI 3a/1a4i y TOCIIOJIAPCTBI: arpoKyJlbTypH 1 iX
TUTOLII BUPOIIYBAaHHS HE 3MIHIOIOTHCS 1 OJIA 3 IX IUIOMaMu
TaKOX HE 3MIHIOIOTHCS; arpOKyJIbTYPH HE 3MIHIOIOTHCS, a
X MJIOIIi BUPOIIYBAaHHS 3MIHIOIOTHCS, OIS 3 X MIIOIAMHU
HE 3MIHIOIOTBCS, arpOKYIBTYPH 1 iX IUTOMII 3MIHIOIOTHCA,
0JIA 3 1X TJIOMAMH HE 3MiHIOIOTBCSL.

2. BusHadeHi MOKA3HUKY 1 JOCIIKEHO IX BIUIMB Ha
KOXXHY CKJIQJOBy Tmpouecy BHOOpY IUIOm — Juist
BUPOIIYBaHHS 3alUIaHOBAaHWX arpoKyJIbTyp 3 MaTpHIl
TMOJIB 3 BUKOPHCTAHHSIM ICHYIOYMX NOJIB a00 iX 4acTHH,
BIJIMIOBITHO IO JAHWX MATPHIl BiIHOUICHHS KYJIbTYp IS
3a0e3neueH s 3alIlaHOBaHOrO 00CsIry  BHPOOHUIITBA
npoxnykuii. Bce mnepeniueHe Oyne BUKOpPHCTaHE NpHU
CTBOPEHHI MaTeMaTH4YHOI MOJENi, sKa ONHCY€E IPOLEeC
BUOOpY IO JUIA BHPOIIYBAaHHS  3aIIAHOBAHUX
arpoKyJIbTyp 3 MaTPHUIIi TTOJIiB 3 BUKOPHCTAHHIM i1CHYIOUHX
moxiB abo X yacTuH.

3. Po3pobnena mMeToanka BHOOPY pOOOYHX OpraHiB,
mo 0a3yeTbCsl Ha BU3HAYEHUX TEXHOJOTIYHHX OINEpariisx
TEXHOJIOTI1 BUPOIYBaHHS arpoKyIbTyp.
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OBOCHOBAHUWE PASMEILIEHUS KYJIBTYP
B CTPYKTYPE ITOJIE U OFbEMOB
TTPOU3BOACTBA JJISI MEXAHU3NPOBAHHBIX
TEXHOJIOTMYECKUX OHEPAL[I/Iﬁ
B. H. 3y6xo
AHHOTALIMA. PaccmoTpenst MOJXO0JIbI K
000CHOBAHUIO pa3MEIICHH KYJIBTYP B CTPYKTYpE MOJeH 1
00BEMOB  TPOM3BOJCTBA  JUII  MEXaHU3UPOBAHHBIX
TEXHOJOTHUECKHX  OMNEepamnuid, KakK COCTaBISIOMEH
CTPYKTYPHO-JIOTUIECKOM CXEMBI pa3zpaboTku
MEXaHU3UPOBAHHOTO  TEXHOJIOTHYECKOTO mporecca.
OOOCHOBaHHO AITOPUTM pa3MEIICHUS arpoKyJIbTyp Ha
MOJIAX, KOTOPBHIA HWMEEeT TpU BapHaHTa pEIICHUsS B
3aBHCUMOCTH OT IIOCTABJICHHOM 3aJadd B XO3SMCTBE:
arpoKyJIbTYphl M UX IJIOLIA/IM BbIpAIMBaHUS HE MEHSIOTCS
H TOJI C WX IUIOMAISIMU TakKe He H3MCEHSIIOTCS;
arpoKyJbTypbl ~HE  MEHSIOTCS, a HuX IUIOAJN
BBIPALLMBAHUSL MEHSIOTCS, MOJII C HX IUIOIAJSIMHU He
HU3MEHSIIOTCS; arpOKyJIbTYphl M UX IUIOIAAN MEHSIOTCS,
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OJIS C MX ILIOIIASIMH HE H3MCHSFOTCS.

OnpeneneHsl MOKa3aTeIu U UCCIIeI0OBAaHO MX BIUSHUE
Ha KaXXIyI0 COCTaBIIAIONIYIO IpoIiecca BIOOPa IUIOIaIe
JUI BBIPAIMBAHUS 3aIIAHUPOBAHHBIX arpOKYIBTYp W3
MaTpUIBl TIONEH C WCIONBb30BaHUEM CYIIECTBYIOIINX
noJied WM MX 4YacTed, COIJacHO IaHHBIM MaTpPHILbI

OTHOLICHHC KYJIbTYp JJIA obecreueHus
3alUIAaHUPOBAHHOT' O o0BeMa IMMPOU3BOACTBA IMTPOAYKIIUH.
KiaoueBnie cjJaoBa: arpokKyJbTypa, 110J1¢C,

TEXHOJIOTMYECKasA oOIcpanusd, YCJIOBUA BbIpalllMBaHUA,
I10Ka3aTCii Ka4uycCTBa.

JUSTIFICATION OF PLACING CULTURES
IN STRUCTURE OF FIELDS AND VOLUMES
OF PRODUCTION FOR MECHANIZED
TECHNOLOGICAL OPERATIONS
V. N. Zubko

Abstract. The approaches to the justification of the
distribution of crops in the structure of fields and
production volumes for mechanized technological
operations, as part of the structural-logical scheme of the
development of a mechanized technological process, are
considered. The algorithm for placing agricultural crops on
fields is justified; it has three options for solving depending
on the task in the farm: agricultural crops and their
cultivation areas do not change and fields with their areas
also do not change; agricultural crops do not change, and
their cultivation areas change, fields with their areas do not
change; agricultural crops and their areas are changing,
fields with their areas are not changing.

Indicators are determined and their influence on each
component of the process of selecting areas for growing
planned agricultural crops from the field matrix using
existing fields or their parts is studied, according to the
matrix, the ratio of crops to ensure the planned volume of
production.

Key words: agriculture, field, technological
operation, growing conditions, quality indicators.
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HAJIMHICTH CLJIbCBKOI'OCHOJAPCBKOI TEXHIKH B CUCTEMI IHHOBALIMHUX ITPOIIECIB
3 JOCBIAY 3APYBI)KHUX KOMITAHIN

A. B. HoBunbknuii, O. O. banuuii

HamionansHuii yHiBepcHTET 0i0pecypciB i MpUPOIOKOPUCTYBaHH YKpaiHu, YKpaiHa.

Cmamms 3 cneyianvnocmi: 133 — canyzese mawiuHoOyOyeaHHs.

Kopecnonoenyis asmopis: Novytskyy@nubip.edu.ua.

Icmopis cmammi: ompumano — civensv 2019, akyenmosano —

bi6n. 31, puc. 3, mabn. 0.

AmnoTauis. [Iporecu rimo6anizamii 3aifiCHIOIOTE 3HAY-
HU BIUTMB Ha PUHOK CUITLCHKOTOCHONapchKoi TexHiku. To-
BapOBHUPOOHUKHU arpapHOl MPOIYKIii, CAPOBUHH i TIPOJIO-
BOJIECTBA (POPMYIOTH CUCTEMY CHEIU(ITHOTO CIIOKUBYOTO
MIOTIUTY, 3aI0OBOJIBHUTH SKAH BHUPOOHUKH MAITWHOOYIiB-
HOI Tairy3l MOXYThb JIMIIE HAa OCHOBI HAYKOBO-TIPAKTUYHUX
MIAXO/IB 1 TOCTIKeHb. PUHOK CLTbCHKOTOCIIONAPCHKOT Te-
XHIKM B YKpaiHi BBRXKAETHCS OAHUM 3 MEPCHEKTUBHUX Y
cBiTi. IloTeHnian 3pocTaHHs MONMUTY Ha CLIBCHKOTOCIIO-
JIapChbKi MallMHU Ta 00J1aAHAHHS JJIsl TBAPUHHUIITBA JIyKe
Brucokmid. lle mpuBeprae no YKpaiHH BENUKY KiJBbKIiCTBH
iHO3eMHUX BHPOOHHKIB. B ocTaHHI HECATHIITTS KOMITaHii
Claas, John Deere ta CNH € nigepaMu Ha yKpaiHCbKOMY
PHUHKY CLIBCBKOTOCIIONAPCHKOT TEXHIKH.

MeToro cTarTi € MABUIEHH] HATIMHOCTI CIBCHKOTO-
CIOJApChKOi TEXHIKH B CHCTEMi IHHOBAIIMHUX IMPOIIECIB.
[NepcniektuBHUM /15t 3a0e3nIe4eHH] €)EeKTUBHOCTI TBAPUH-
HUIITBA € BUKOPUCTAHHS TEXHIKH YSTBEPTOTO MOKOJIIHHS —
Oararoornepalliiiioi, eHepro- ta pecypcoomanauoi. ITpu
CKOpPOYCHHI BUPOOHUIITBA 1 MPOJAXKIB BITYUN3HAHOI CLIILCh-
KOT'OCIIOAaPChKOI TEXHIKH IHTEHCHBHO 3POCTA€E IMITOPT 3a-
PYODKHMX aHAJIOTIB MallMH Ta 00JaHaHHS JUIs IPUTOTY-
BaHHS 1 po3/aBaHHS KOpMiB. OCHOBOIO JOCIII)KCHb € BH-
KOPHUCTaHHS CyYacHHX TEHJCHI PO3BUTKY MPOBIIHUX
CBITOBHX BHPOOHHKIB MAIllMH 1 TEXHOJOTIYHUX KOMIDICK-
ciB. B ocTaHHI ECATHIITTS B TBAPHHHUIITBI BCe OLTBIIOTO
MOIIMPEHH HaOyBarOTh 3aCO0M JIJIsl IPUTOTYBAHHS 1 PO3-
naBanHs kopMmiB (3[1PK). Bkazani 3aco0u moe1HYIOTH OrIe-
pamii moapiOHEeHHs, 3MINTyBaHHs, TPAHCIIOPTYBAHHS 1 J10-
30BaHOTO po3/aBaHHsl KOpMiB. [li MammHM XapakTepusy-
FOTBCS TIPOCTOTOI0 KOHCTPYKIIi1, MOOITHHICTIO, €EKOHOMIY-
Hictio. Iy 3a6e3neuerHs eheKTUBHOCTI 1 HAAIHHOCTI BH-
kopuctanHsa cydacHux 3IIPK motpelyroTe momaismioro
PO3BUTKY TEOPETHYHI JOCIIHPKEHHS OLIHKK Ta 3abe3rre-
YeHHs HAJIMHOCTI MAIllWH, BUBYCHHS BIUIUBY JFOJUHU-
oreparopa sk CKJIaIOBOi CKIIaIHOT TEXHIYHOT cucTeMu. Ba-
JKIIMBUMH € JTOCTIDKCHHs Kiacudikamii Ta MigBUICHHS
JIOBrOBIYHOCTI POOOYMX OpraHiB, (POpPMyBaHHS CHCTEMH
SIKICHOTO CEPBICHOTO 00CITyTrOByBaHHS.

KurouoBi cjioBa: HajiliHICTh, CUCTEMAa, MaIlIMHA, TE-
XHiKa, IHHOBAIiifHI TpomecH, 3acid JUId MPUTOTYBaHHS i
pO3/1aBaHH KOPMIB.

xeimenwv 2020.

HocranoBka npodaeMu

PuHOK cimbcpKorOCmonapchkoi TeXHIKH B YKpaiHi
BBA)KAETHCSI OTHUM 3 IIEPCHEKTUBHUX Yy cBiTi. [loTeHmian
3pOCTaHHSA TOTHNTY, K Ha TPAKTOPH Ta KOMOaiHH, TaK 1 Ha
CLIbCHKOTOCIIOIAPChKI MAIIMHA Ta OOJIAHAHHS JJIs TBa-
PUHHHUIITBA 1yK€ BUCOKUM, III0 IPUBEPTAE 10 YKpaiHU Be-
JMKY KUIBKICTh 1HO3eMHHMX BHpOOHUKIB. OcoOnuBe 3Ha-
YEHHs TIPH [IbOMY BIAIrparoTh MPOLECH CBITOBOI Ti100ati-
3allii, sIKi B)Ke 3HaYHO Pealli3yBaJIMCs B CIIIbCHKOTOCIOAAp-
CHKOMY MAIIMHOOYIYyBaHHI IUIIXOM KOHCOJNIJAIi ramysi
Ta TOSBH KITBKOX JIECATKIB BEMUKUX Ta 0ararboX MiXHa-
POIHMX KOMITaHIH Ha PHUHKY CUIBCHKOTOCHOAAPCHKOI TEX-
HIKH.

AHai3 cTaTUCTHYIHOT iH(popMaIlii IoKa3ye, 1o Cillb-
CBhKe T'OCII0/IapCTBO HAIIOi AePXkKaBH, 0COOIMBO ii MaTepia-
JILHO-TEXHIUHE 3a0e3MeUYeHHs, 3HaXOIUThCSI B TIHOOKIMH
TeXHIUHIH 1 TexHousoriuHiit kpusi. CriocTepiractbcsi 3Ha-
YHE CKOPOYEHHS MapKy TPakTopiB, KOMOalHIB, 0a30BHX
BUJIIB CiIbCHKOTOCIIONAPCHKOT TEXHIKM, MAIlIUH Ta 00J1a -
HaHHS TBAPUHHUITBA. B OCTaHHI IECSTUIIITTI B MAIIMHHO-
TPaKTOPHOMY MapKy 3HAYHY YacTKy CKJIaJaloTh (hi3UUHO
3HOIIIEHI 1 MOpalbHO 3acTapiii MammHU. Ha ¢oHi ckopo-
YeHHSI BUPOOHUIITBA 1 MPOJaKiB BITYM3HIHOI CLTBCHKOTO-
CIOJApCHKOI TEXHIKH iHTEHCHBHO 3POCTa€ IMIIOPT 3apyo0i-
JKHUX aHaJOTiB.

VY 1MX yMOBax CTa€ akTyaIbHOIO 3a/1a4a JIOCHIIPKeHHS
CIOXKMBYOTO TIOTIMTY arpapHUX MiANPHEMCTB Ha CIIIbCHKO-
TOCHOIAPCHKY TEXHIKY 1 PO3pOOKY METOIWYHHUX OCHOB i
HayKOBO-OOIPYHTOBAHOTO KOMIUIEKCY IPOMO3HIIN MO0
PO3BUTKY PUHKY CUIbCHKOTOCHOAAPCHKOI TEXHIKH B yMO-
Bax ryio0aizaiiii, 3a0e3neueHHs HalIHHOCTI CIITbCHKOTOC-
MOJJAPCHKOI TEXHIKM 3 JOCBiAY 3apyOiKHUX KOMITaHiH.

AHAaJI3 0CTaHHIX JOCTiI:KEHb

3Ha4YHUI BHECOK y PO3B’SI3aHHs BKa3aHOI MpoOIeMu
BHECJIM BUCHI 0araTboX BITYM3HSHUX HAYKOBO-IOCIITHUX
i HaB4anpHUX ycTaHoB. Cepen Hux HHII «IHCcTHTYT arpa-
puoi exonomikm», HVYBIll VYkpainu, HHII «IMECI»,
XHTVYCT imeni Ilerpa Bacunenka, IIJIATY, MIAATY,
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XHAY imeni B. B. Jloky4aeBa Ta 6araro iHmmx. ¥ HayKo-
BHUX MpalsX BYCHUX PO3INISIHYTO LITHIA PSIJ] MUTaHb, Cepel
SIKHX:

— TEOpEeTHYHI OCHOBU (DYHKLIOHYBaHHS il PO3BUTOK
PUHKY TEXHIYHHX 3ac00iB I CIIBCHKOTO TOCHOJapCTBa
[9, 15];

—  BIUIMB PHUHKY CUTBCHKOTOCIIOAapCHKOT TEXHIKH Ha
MiABUINEHHS pPIiBHSA TEXHIKO-TEXHOJOTIYHOTO 3abe3rme-
YeHHsI arpapHOro CeKTopy B YKpaiHi [6, 8];

— PETPOCIEKTHBA OCHAIICHHS CLIbCHKOrOCIoaap-
CBKHUX IIJIPHEMCTB OKPEMHUX 00JlacTel OCHOBHHMHU BH-
JlaMH TEXHIKH Ta IIIAXHM 3MIIIHEHHS X TeXHIYHOT 0a3u [18,
31];

—  YAOCKOHAJICHHS CTPYKTYPHU MAIIHHHO-TPAKTOP-
HOTO MapKy 3 ypaxyBaHHSIM 3arajlbHOCBITOBHX TEHJICHIIIH
PO3BUTKY iHHOBAIIHHUX TEXHOJIOTiH BUPOOHHUIITBA CLIIbCh-
KOTOCIIOapCHKOI mpoayKiii [23. 24];

— (opMyBaHHS OCHOBHHX HAIPSMKIiB OHOBJICHHS Ta
PO3BUTKY MaTepialbHO-TEXHIYHUX 3aCO0IB PO3BUTKY arpa-
pHoro BupoGHuirTsa [7, 15, 30].

Pa3om 3 THM, B yMOBaX iIHTEHCHBHOT'O PO3BHUTKY IPO-
meciB riro6aizamii Ta y 3B 3Ky 3 HOCTIHAM PO3BUTKOM
HAYKOBO-TEXHOJIOTIYHOTO TPOTPECy, BUBUCHHS IMUTAHb
PHMHKY CiJIbCbKOTOCHIOAaPCHKOT TEXHIKH MTOTPEOYy€E He JnIIe
HOBUX JOCII/DKEHb Ta CYYaCHHX HAayKOBHX MiixoniB. B
OCTaHHI POKH 3aJIMIIAETHCS AKTyaJbHUM (OpMyBaHHS Ha-
MpsIMiB 3a0€3MEUYCHHS HATIIHOCTI MAIuH Ta 00JIaJHAHHS
B CHCTEMi IHHOBAI[IHHUX MPOIECIB i3 BpaxyBaHHIM JOC-
Billy 3apyOi’KHHX KOMIIaHIM.

Juis peanizanmii mocTaBIeHHX 3afad HEOOXiTHO TPO-
BECTH MOHITOPHHT 3a0€3IIeYeHOCTI TEXHITHUM 1 TEXHOJIO-
TIYHUM OOJIaIHAHHAM TBapUHHHIIBKOI Taxy3i, OCOOIHBO
MiIKOMIUIEKCY IPUTOTYBAHHS 1 pO3/1aBaHHs KOpMiB. Tomy,
3’SBISIETBCS. MOKIIMBICTh CKOPHCTATHCH iH(OpMAIIE TIPO
3MICT Ta (pyHKLIT MOHITOPHHTY B PI3HHX Tajly3sX €KOHO-
MiKH, siKa BijioOpaxkeHa B 0araTb0X HAyKOBHX JIOCIIi/KEH-
Hsx [4, 18, 14] ta maTepianax JlepxaBHoi ciy0u cTaTuc-
TuKK Ykpainu [12, 25].

BaxiBo 1pH IbOMY, SIK 3a3HAYAETHCS B 0araTbox Ha-
YKOBUX CTaTTsX [5, 21] NpOBOIUTH MOHITOPUHI 1HHOBa-
uittHoi misumeHOCTI AIIK Ykpainu sk Buny iHpopMamiiHOL
JIsTBHOCTI, B ME)KaX MpPaBOr0 pEryiioBaHHSI. ABTOpHU
MPE/ICTABICHUX CTAaTel BKa3yIOTh HA HEOOXiIHICTh ITPOBE-
JICHHS TOCJIKeHb BUXOJSYHU 3 aHAJi3y Ta CHHTE3y iH(o-
pMarii mono epeKTHBHOCTI, KOHKYPEHTOCIPOMOXHOCTI
Ta HAJIHOCTI CUTBCHKOTOCIIOAPCHKOT TEXHIKU MPOBITHUX
CBITOBHX KOMIaHiii [6, 8, 9, 15, 18, 23].

Merta gociigKeHn

Merta 1oCIiIKEeHb MOJIATAE Y MiABUIICHH] HAIIHHOCTI
CLTBCHKOTOCIIOIAPCHKOI TEXHIKH B CUCTEMI 1HHOBAIIMHUX
MPOIIECIB HA OCHOBI BHKOPHCTAHHS CYYaCHHX TCHICHIIN
PO3BUTKY MPOBITHUX CBITOBUX BUPOOHUKIB MAIIWH 1 TeX-
HOJIOTTYHUX KOMIUIEKCIB.

Pe3yabTaTn n10caigKeHb

[Ipomo3umito Ha yKpaiHCBKOMY PHHKY CLIBCBKOTOC-
MOJIApChKOI TeXHIKM (HOPMYIOTH BITYM3HSHI Ta 1HO3EMHI

BUpoOHWKH. OCHOBHMMH T€peBaraMM BIiTYU3HSHOI TeX-
HIKH € BiTHOCHO HEBHCOKA I1iHa, B TIOPIBHSHHI i3 3apyOix-
HOIO TEXHIKOI0, TOCTYITHICTb CEPBICHOTO OOCITYyTOBYBaHHS,
MOJKJIMBICTh CAMOCTIHHOTO TEXHITHOTO 0OCIYTOBYBaHHS 1
PEMOHTY, IPOTEKIIOHICTChKA MOJITHKA epkaBd. OCHOBHI
KOHKYPEHTHI TepeBaru CiIbChKOTOCIMONApChKOI TEXHIKH,
sKa BUpOOJIeHa B KpaiHax NaJIEeKOro 3apyOioks — Halii-
HICTB 1 BUCOKA NMPOAYKTUBHICTB.

Cuij 3a3HaYMTH, 1110 HE3BAXKAIOUN HA HETPUBAIIUH T1e-
piox mepeOyBaHHs CBITOBUX TPaHCHAIIOHAJIbHUX KOMIIa-
Hilf 3 BUpPOOHHIITBA ClIILCHKOTOCIIONaPCHKOT TEXHIKH Ha Bi-
TYHU3HSHOMY PHHKY, 1Ii KOMIIaHii BXX€ BXOIATH B JECATKY
JmigepiB 3 BHPOOHHUITBA TPAKTOPIB i 3epHO30MpATBHUX
koMbaiiniB. Tak, komnanii Claas, John Deere Ta CNH e -
JilepaMHu Ha YKpaiHChKOMY PHUHKY CUTBCHKOTOCIOIapCHKOL
TEXHIKH.

VYcnimHe i epeKTHBHE BEACHHS MOJIOYHOTO CKOTapC-
TBa 3aJIC)KHUTH HE JINIIE BiJl HASBHOTO B arpodipMax Ta ¢e-
PMEpPCHKUX TOCIOAAPCTBaX IMOTOMIB’S XyA00W, BEICHHS
CeJICKIIHHO-TUIEMIHHOT pOOOTH, 330€31IEUCHOCTI KOPMaMH,
ajye ¥ TeXHIYHOro Ta TEXHOJIOT1YHOTO 3a0e3NeyYeHHs Ma-
IIMHAMH Ta 00JIaIHAHHAM. AJKe, MPAKTUKa BKa3ye Ha Te,
1[0 Yepe3 MOPYIICHHS PEXKUMY TOIBIII Ta MOTHHS MPOIYK-
TUBHICTH HIHHUX KOPIB 3HIDKY€ETHCS OPIEHTOBHO Ha 15%, a
HESIKICHO TIPUTOTOBaHI KOPMH CIPUYMHIOIOTH 3aXBOPIO-
BaHHS TBApHH 1 3HIKCHHS rpupocTiB Ha 10-15%. Curya-
IIis1, sIKa CKJayacs B YKpaiHi y 3B’S3Ky 3 HEJJOCTaTHIM PiB-
HEM 3a0e3MeueHOCTi CUThCHhKOTOCHIONAPCHKUX  ITiITPH-
€MCTB, 2 TAKOXXK BUCOKUM PiBHEM 3HOIIEHOCTI 3HAYHOI Ya-
CTHHY MallliH Ta 00NaAHaHHS JUIsl TBADUHHHULITBA, BUMArae
Cepio3HOTo Nep>KaBHOTO MiIX0/Y A0 3IHCHEHHS IHBECTY-
BaHHS B MOJICPHI3aLli0 APKY CUILCHKOTIOCIIONAPCHKOT Te-
XHIKHM Ta BIAIIOBIAHOT TEXHIYHOI IMOJIITUKH.

B cuny nii 3a3HadeHNX HeraTMBHUX (aKTOPiB 3HAU-
HUI CKOHOMIYHHIA MOTEHI[iaJl ray3i He BHKOPHUCTOBYETHCS
1Ha 50%, Ha/13BUYAiHO HU3bKOIO 3aIMIIAETLCS SIKICTH TBa-
PUHHHUIIBKOI cpoBHHU. Ha maHuit 9ac moTeHIiitHI MOXKITH-
BOCTI 301JBIIIEHHS BUPOOHUIITBA MOJIOKA Ta SUIOBHYMHH B
TOCIIOJIapCTBaX HACEJICHHS Malke MOBHICTIO BHYEpIIaHi,
(hepMepChKi roCIoIapcTBa MPAKTUYHO HE 3aiMar0ThCs MO-
JIOYHUM CKOTApCTBOM. 33 TAKMX YMOB JINIIIE KOMIUIEKCHHUH
CHUCTEMHHI MiAXIA 70 BHUPIIICHHS iCHYIOUUX HpOOIeM y
CKOTapCTBi AAaCTh 3MOTY JOKOPIHHO 3MIHHUTH CUTYallil0 B
I[bOMY CETMEHTI BITYM3HSHOTO TBapUHHHUIITBA B HAIPSMIi
MIOBHOT'O 33/I0BOJICHHSI JIEp)KaBHHUX MOTPEO.

Cuijy 3a3Ha4YMTH, 1110 B arpapHUX MiJIpHEMCTBaX YK-
painu Bcix ¢opM BiracHOCTI, oroni’s BPX 3menmmmiacs
3 3884 Tuc. ToniB y 2014 pori xo 3333 THc. TomiB y 2018
pori. AHaii3 cTaHy TBapUHHMIBKOI r'ajly3i arpapHUX ITij-
NPUEMCTB YKpaiHM BKa3ye Ha Te, 10 3a OCTaHHI I’ STh po-
KiB BQJIOBHI HaJiil MOJOKa BiJl KOPiB TaKOX 3HU3UBCS 3
11133 Trc. Ton y 2014 poui no 10064 tuc. Ton y 2018
portii, TO0TO 3MeHIeHHs ckianae 9,6% [9]. B saxocti ogaiei
3 BarOMHUX MPUYHMH 3HIKSHHS BKa3aHUX MMOKa3HUKIB BUPO-
OHMIITBA MOJIOKA, MOXKHA Ha3BaTH MaTepiajbHO-TEXHIUHY
3abesmnevenHicTs ramysi [12, 25].

[IpoBenemo aHaii3z 3a0e3neUeHHs arpapHUX MiInpu-
€MCTB YKpaiHH MallMHAMHK 1 MeXaHi3MaMH JUIs TIPUTOTY-
BaHHS KOpPMiB. 3a naHnMu Jlep>kaBHOrO yIpaBiIiHHS CTa-
TUCTHUKH, B YKpaini y 2014-2018 pokax Ha 030pO€HHs TBa-
PUHHHUIBKUX MIANPUEMCTB, HATIAIIIA HE3HAYHA KiJIBKICTh
MalIFH | MEeXaHi3MiB AJIsl OPUrOTyBaHHS KopMiB [12, 25].
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Puc. 1. KutbkicTh MalvH i MeXaHI3MiB JUIs NPUTrOTyBaHHS KOPMIB, sIKi HaJIMIIUTM HA TBAPHMHHHULIBKI (PepMH POTS-
rom 2014-2018 pp. (Bu3HaueHa rpyna HalOLIbII NOMNUPEHUX BUPOOHHKIB).
Fig. 1. The number of machines and mechanisms for the preparation of feed, which came to livestock farms during

2014-2018 (a group of the most common producers).

JlocmimKyoun CTaH MaTepiadbHO-TEXHIYHOTO 320e3-
MeYeHHS TBapWHHHUIBKOI ramys3i 3a mepiox 3 2014 mo
2018 poky, MOXHa CKa3aTH, [0 HaHOIIbIIA KiTBKICTh Ma-
LIMH | MEXaHi3MiB JUIsl IPUTOTYBaHHs KOPMIB HaAilIIIa HA

tepmu y 2017 pomi i cxmana 221 mamuHy. Pasom 3 TaM, y
2018 pomi KUNTBKICTh BKa3aHMX MAIIUH 3HH3WIACH [0
183 mammH.
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Puc. 2. AHani3 rpynu HaHOUTBII TOMIMPEHUX BUPOOHHKIB MAITUH i MEXaHI3MIB U IPUTOTYBAaHHS KOPMIB, sKi Ha-

I Ha TBapUHHULEKI Gepmu mpotsrom 2014-2018 pp.

Fig. 2. Analysis of the group of the most common manufacturers of machines and mechanisms for the preparation

of feed, which came to livestock farms during 2014-2018.

Jlo Tpynu HaO LTI MONTHPEHIX BUPOOHHUKIB MAIINH
1 MeXaHi3MiB JUUIsI HPUTOTYBAaHHS KOPMiB BXOJSITh SIK BITUH-
3HAHI, TaK 1 3apyOi’KHi 3aBOJH Ta KOMITaHi{ C1ITbCHKOTOCTIO-
JIapcbkoro MamuHOOyayBaHHs. Cepen HUX OJOK-MOIYIb
kombixopmoBuit BMKA-1,5 (Bupo6uuitea ITAT «Hosor-
pan-BonuHCBKCITBMANT») MPU3HAYEHHWH A1 BUTOTOB-
JICHHS Ha 3€PHOCKJIaax MaJux (epMepChKUX rocroapc-
TBaX PO3CHITHUX KOMOIKOPMOBHX CyMiIlleH, siKi ckiala-
I0ThCA 3 TO/IpiOHEHOTO (ypaXKHOTO 3epHa, 100aBOK, a Ta-
KOXX IIPEMIKCIB MpoMHCIoBOro BupoOHunTBa. Cepen iH-
moro obnagHanHs [IAT «HoBorpaa-BonuHcbKkcinpMany,
sIKE KOXXHOTO POKY HAIXOIHWTh B arpapHi MiJIpHEMCTBA
JUISL IPUTOTYBAaHHS KOMOIKOPMIB € Oe3perIiTHa KOpMOIpo-
6apka K/1-4-03 (IM-®-4). Bona BUKOPUCTOBYETHCSI SIK Ca-
MOCTIHMIA arperar ajs moApiOHeHHS (QypakHOTO 3epHa

JUTSA BCIiX BUJIB 1 BIKOBHX TPYII TBApHH, OOJIAJHAHA 3aBaH-
Ta)XyBaJIbHUM 1 BUBAHTQ)XHUM KOHBEEpaMH, magoro Kepy-
BaHHs. Y cTaHOBKa MiHi KomGikopmoBa MK-0,5 (BupoOHu-
nrBa BAT «XoponbChkuii MeXaHIYHUI 3aBOJ») MPU3HA-
YeHa JJI OTPUMaHHSI KOMOIKOPMOBHX CyMIiIIe, ki CKia-
JTAIOTHCS 3 MEJIEHOTO (Dypa’KHOTO 3epHa Ta J00ABOK, a Ta-
KO>K ITPEMiKCiB IIPOMHUCIIOBOTO BUPOOHHMIITBA HA MAITHX (e-
pmax. Ycranoska MK-0,5 1o cBoro ckiiajy BKIro4ae Kpim
Jpobapky, IIMKIIOHA-103aTOp, 3MIlllyBay, arnapaTypy Kepy-
BaHHS Ta 3aXUCTy, TEH30METPUYHHUI BaroBUH HPHUCTPIH,
SIKAH JJa€ MOXKJIMBICTD 3Ba)KyBaTH KOXKHY TOPLIIO KOPMY.
Kpim mammH Ta 06s1aiHaHHS, K€ BUKOPUCTOBYETHCS
JUISl IPUTOTYBaHHS KOMOIKOPMIB Ta MOApiOHEHHS Bypax-
HOTO 3€pHA, OCOOJIMBY TPYITy CKJIaJal0Th 3aCO0H JIJIsl TIPH-
rotyBaHHs 1 po3gaBanHg kopMiB (3I1PK). B ocranni necs-
TITITTS B TBAPUHHUITBI YKpaiHH, K 1 3arajoM y CBIiTOBIii
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MIPAKTHUIN, Aeali OUIBIIOTO MOMMPEHHS HA0YBAIOTh KOM-
O1HOBaHI TPAHCTIOPTHO-TEXHOJIOT1UHI arperaTH JJIs PUTO-
TyBaHHS KOpMiB [3, 7, 11], AKi TO€THYIOTH omepartii moapi-
OHEHHS 1 3MIITyBaHHSA, JONPABICHHS 1 JO30BAaHOTO pO3/a-
BaHHS KOpMiB. BkazaHi arperatm XapakTepu3yIOThCS HE
JIUIIE TPOCTOTOIO KOHCTPYKIIii Ta MOOITBHICTIO, ajIe i eKo-
HOMIYHICTIO, TOMY BHUKJIMKAIOTh 3HAYHY 3alIKaBICHICTH Y
CHELiaIICTIB arpapHUX IiIPHUEMCTB 13 PO3BUHEHUM TBa-
PUHHHIITBOM Pi3HHUX ()OPM BIJIACHOCTI. [HIIIOIO BayKJIMBOIO
MIPUYHHOIO € T, IO OIHUM 3 HaHOUIBIII MEPCIICKTUBHUX 1
MIPOTPECUBHUX IUISAXIB MiABHUIIEHHS MTPOJYKTUBHOCTI TBa-
PMH, € 3aCTOCYBaHHsI 0araTOKOMIIOHEHTHUX KOPMOBHX pa-
iOHIB, a HAHOITBIIO! e(PEeKTHBHOCTI KOPMOBUX PECYpCiB
MoskHa gomortucs. KopMoBi cymimri 3 pi3HIX KOMIOHECH-
TiB TOTyloTh 3a momomoroio 3IIPK, Bkimowaroun
«Silokingy», «Trioliet», «bpammasy», ICPK «Xo3siH», sKki
CKJIAJAFOTh 3HAYHY YAaCTHHY MAIUWH Ta OONAJHAHHSA IUIS

MpUTOTYBaHHS KOpMiB. OCcOOIMBHI TO3UTHB CTBOPIOE iH-
(hopmariist mpo Te, MO cepes BENHUKOI KITBKOCTI Mojeen
MAIlIiH, SKi OTPUMAIM arpapHi MiATPHEMCTBa YKpaiHH B
OCTaHHI POKH, HAHOUIBIITY TPYITy CKIaJA0Th BITYM3HAHI
3aco0M 1A MPUTOTYBaHHA 1 po3maBaHHA KopMiB «bparr-
J1aB», BHPOOHUIITBO AKNX Haiaro;xeHe B M. bpamias, Bin-
HHIBKOT 00MacTi.

Aute, SIK 3a3HaUCHO B CTATUCTUYHUX OroneTensix Jlep-
JKaBHOI CITy»KOW CTaTHCTUKU Y Kpaiuu, 3a nepion 3 2014 o
2018 poky cyMapHa KUTbKICTh MAIIMH 1 MEXaHI3MIB IS
NPUTOTYBaHHsS KOPMIB AJIsl TBapWH 30iibminiack 3 3574
TUc. WTyK y 2014 pori 1o 4117 mwryk y 2016 poui, a motim
3MeHmeHHs 10 4048 mryk y 2018 pomi [12, 25]. Anami3
HasBHOTO B arpapHUX MiJIPHUEMCTBAX pi3HUX (popm Biac-
HOCcTi YKpaiHM MmapK MamuH i MeXaHi3MiB I IIPUTOTY-
BaHHS KOPMiB IIPUBEJCHO Ha pHUC. 3.

MarmH i MexXaHizMiB JUIsI IPHTOTYE aHHs KOP MiB

4500

4000

3745

3500

014 205

4117 4048

1016 iy 20mE

Porxn

Puc. 3. HasBuuii mpotsrom 2014-2018 pp. napk MaIinH i MeXaHi3MIB JUIsl IPUTOTYBaHHS KOPMiB.
Fig. 3. The fleet of machines and mechanisms for feed preparation available during 2014-2018.

SIK IOKa3yI0Th AOCIIKEHHS, yIOCKOHAJICHHS CLITBCh-
KOTOCHOAAPCHKOI TEXHIKH, BKIIOYAIOYH 3aCO0M ISl TIpH-
TOTYBaHHS 1 pO37aBaHHA KOPMIB, CBITOBUMH BHPOOHH-
KaMH B Cy4acHHX YMOBaXx 3JIIIICHIOETHCS 32 HaCTYyITHHUMH
HanpsiIMKaMu: BUITycK Oararodynkuionansaux 3[1PK; mo-
KpalleHHs] KOHCTPYKTUBHO-TEXHOJIOTIYHNX BJIACTUBOCTEH
1St 3a0€3MeYeH s 300TEXHIYHUX BUMOT; ITi{BMILIEHHS J10-
BrOBIYHOCTI POOOYMX OpraHiB; PO3MIMPEHHS MOMIIHBOC-
Teil eJIeKTPOHIKM B KOHTPOJII TEXHIYHOTO CTaHy Ta yIpaB-
JIIHHI TEXHOJIOTTYHUMH MPOLIECAMU MaIINHH.

[TpoBenemo anaiz JOCBiAy 3apyOiKHUX KOMIIaHii
070 MiABUIICHHS edekTuBHOCTI BukopuctanHs 3I1PK:
MOJICITBHUX PSIiB, 0COOMHMBOCTEH X KOHCTPYKIIii, XapaK-
TEePHUX MapaMeTpiB, 3aX0iB I 3a0e3IeUCHHS Ha[IIHO-
cTi. AHaii3 po3rnoyHemo 3 Tux BupoOHuKiB Ta 3I1PK, siki
HalOlIbIe KYIyIOTh YKpaiHChKi arpapii [7, 11, 14, 26].

Cepen Bimomux BupoOHukiB 3I1PK cuix Ha3BaTH Hi-
MeIpKy KoMmaHiro «Silokingy, sika nexinapye mupoKuit TH-
MTOPO3MIPHHUH PSIT 3MINTyBadiB-KOPMOPO3/1aBaviB 3 Pi3HIM
00’emom OyHKepiB. 71 Manux arpapHuxX MiAPHEMCTB i3
noroiB’sMm Big 10 mo 35 tBapun xommawnis «Silokingy»
MIPOTIOHYeE arperatu Mmozem Smart, moeni Kompakt pexo-
MenoBaHi A 30-90 TBapuH, MammHU TUIY Premium —
st hepM, 1mo yrpumyrots Big 40 no 120 romxis. Crix 3Be-
PHYTH yBary, 110 B OCTaHHI poku komraHis «Siloking» po-
3rovasa BUpOOHNITBO 11 MOJIEIBHUX Psi/IiB CTalliOHAPHUX
Ta NPUYINHUX MAIIKH 3 06’ eMoM OyHKepiB Bia 3 10 80 m°
Ta BHecna moHan 200 10IaTKOBHX OMINH i KOHCTPYKTHB-
HUX 3MiH JI0 X KOHCTpyKii [7]. Bka3ani iHHOBAIIIT 1al0Th

MOJKJIMBICTh MiAiOpaTH ONTUMAIBHY MAIIUNHY IUIS OYIb-
SKOT TBAapUHHMIBKOI ()epMH, BPAXOBYIOUM MOTOJIB’S Ta
HaTpsIM BUPOOHNYOT HisTbHOCTI. MilHA 1 cTifika poTH Jie-
(hopmMariiif Hecyda pamMa X MaIlIMH Ma€ iHTETPOBaHYy, CIie-
IiaJIbHO PO3pOOJICHY CHCTEMY 3BaXKyBaHHS, a JaTUUKU
3BaXKyBaHHS, sIKi PO3TAIIOBaHI HA CIELiAIbHUX TpaBepcax,
rapaHTyIOTh TOYHE BU3HA4YEHHs Baru kopmy. Lle € oqniero
3 YMOB JUIsl 1IealIbHOI TOJIIBJII TBApPUH MPU BUKOPHCTaHHI
3MilllyBaya-po3/iaBada B TEXHOJIOTISIX TOYHOTO TBAPHHHU-
irBa. [{o/10 IHIIMX MO3UTUBHUX CTOPIH, CJIiJ CKa3aTH, 110
OyHKep 3ac00y Mae, 3HOCOCTIHKY IUIACTUHY Ha JHUIII 1 pe-
OpuCTi CTIHKHW, a CIHelialbHe KUTbIle, MPHBApeHE IO
BCHOMY IIEpUMETPY OyHKepa, Ha/la€ KOHCTPYKIIiT >KOPCTKO-
cTi Ta 3abe3meuye il moBroBiuHicTh. [lepepaxoBaHi 0co0-
JMBOCTI KOHCTPYKLIT MiATPUMYIOTH Y3TO/DKEHY pOOOTY
TypOomrHeka i OyHkepa, miaBuIyoTh HaailHicTs 3[1IPK B
iJIOMY.

[HII0F0 MI>KHAPOJHOKO KOMIIaHisl 3 BHPOOHUIITBA
3IIPK € «Trioliet» (Hinepnanmam), sxa BUTOTOBIIAE IIHPO-
KA  MOJENBHWHA pAA  3MIIIyBadiB-KOPMOPO3/1aBadiB
Solomix i3 oHKUM, 1BOMA 1 TPhOMA BEPTUKAIHHUMH IIHE-
Kamu 3 06’ eMoM OyHKepa, BiamosinHo, 5—14 Mm%, 10-32 m®
i 3046 M3 OcobnMBiCTIO KOHCTPYKIIi 3MilyBauiB-Kop-
Mopo3naBauiB komraHii «Trioliety e Te, o MHEKN omHpa-
I0TbCS Ha PaiabHO-YHNOPHI POJIMKOBI  IMiAIIMITHUKH,
SKAMH YTPUMYIOTBCSI BiJl PaiajbHOIO Ta OCHOBOTO 3Mi-
IIEHHS, a 1Ie JJO3BOJISIE 3HAYHO MiJIBUIUTH JIOBrOBIUHICTh
MexaHi3My nojpionenns-3minryBanns 3I1PK. 3anporono-



HAJIIMHICTH CIJTbCbKOI'OCIIOJIAPCHKOI TEXHIKM B CUCTEMI IHHOBAIIMHUX ITPOLIECIB ... 119

BaHa 3aBOJIOM-BUPOOHHMKOM OpHTriHAJIbHA CHCTEMa Ma-
IISHHSI ITiIIAITHAKIB MEeXaHi3My IIHEKY 3a0e3redye HU-
3bKi eKCIUTyaTalliifHi BUTPATH 1 MiHIMaJbHE 3HOIIYBaHHS
neraneid. CkiiaoBi KOPMiB TOPiOHIOETHCS HOYKAMH 1 TIPO-
TUPi3aTbHIMH ITACTHHAMHY, IO 3a0€31evye BUCOKY SKICTh
1 BITOBiTHY KOHCHCTEHIIIF0 KOPMOBOI CyMIIITi, 3Ti7THO 300-
TEXHIYHUX BUMOT. PerysroBaT miacTHHU MOXKHA BPY4YHY
a0 > 3a JONOMOTOIO T'iJIPaBIiYHO] CUCTEMH 3MilllyBaya-
KopMopo3zaaBaua. [Hia Hinepnanjaceka dipma «Peecony,
KpiM 3BHYAilHUX BEPTHKAJIBHUX KOPMO3MIILIyBauiB (MIiCT-
KicTio 10 15 M%), BUIyckae MalMHu MicTKicTIO Bij 15 1o
45 M3 3 1BOMa BEpPTHMKAILHAMH POOOYMMHU OpraHaMH, a
HpHU MIiCTKOCTI Ky30Ba 10 60 M® i MalIMHA MOKYTH OyTH
OCHAIIEHI 1 4 BEpPTUKAIFHUMH ITHEKaMH IS 3MilTyBajb-
HHSL.

Binmoma eBpormeiicpka ¢ipma «Strautmanny («Himed-
YHIHAY) IOCTAYa€ [Ba BUAH KOPMOPO3aBadiB-3MiIIyBayiB:
Verti-Mix 3 ofHUM BEpPTUKAJIbHHM 3MIlIyBAJIbLHUM IIHE-
koM 1 Verti-Mix Double — i3 nsoma. Bynkep nux mamiia
BUTOTOBJICHHH 13 HEeprkaBito4oi cTaii, a ioro kpyria ¢o-
pMa 3abe3reuye He JIMIIE MIBUAKE IepeMilllyBaHHIO, ae i
MIBHIIY€E HOTO 3HOCO- Ta KOPO3iiiHY CTIHKiCTh. Buxomsun
3 TEeXHOJIOT1# roaisyi, 3aBoa-BupooHuK 3I1PK mosxe Bera-
HOBITIOBATH Ha OYHKepi MPHUCTPiH A 103yBaHHSI KOPMO-
BUX 100aBOK. [HIIIOIO BaXKIIMBOIO CKIIAJJOBOIO KOJKHOTO 3a-
co0y € MexaHi3M MopiOHCHHS-3MIITYBaHHS Ta 3MIlIyBa-
nmeHUN nTHeK. HoBi Mmomemni Verti-Mix MoXyTh OyTH OCHa-
IICHI HOBUM, TIJICHJICHIM Vario IIHEKOM, Pecypc SKOTo
3HAYHO BUIIWH y TOPIBHAHHI i3 cepiifHAM, IO JyKe Bax-
JIUBO JIJIsl IHTCHCUBHOI €KCILTyaTallii KopMO3MilyBada-po-
3naBaya. Onopa [IHEKIB KOPMO3MillyBada-po3iaBaya
CKJIAJTAETHCS 3 KOPITyca 3 KOBAaHUM BaJIOM MPHUBOJA 1 KOHi-
YHUMH POJIMKOBUMH IIAIIMITHUKAMH, SIKI aBTOMaTHYHO
nepebuparoTh Ha cebe 0choBi 3ycmiis mHeka. Ocobmu-
BICTh OYZIOBM MeXaHi3My MO/PIOHEHHs-3MIIIIyBaHHS BKa-
3aHMUX arperatiB TMoJsirae y po3poOieHiit  dipmoro
«Strautmanny» KOHCTPYKIIi 3MIIIyBaJbHOTO IIHEKa Vario
13 CepIIOBUIHIMH HOXAMHU, TIOJIOXKEHHS SIKHX MOYKHA pery-
JIFOBATH.

®ipma  «Kuhn» (Dpaniis) NOpOMOHYE MIUPOKUIA
CHEKTpP TEXHIKU [UIs TBAPUHHHUIITBA, BKIIOYAIOUYH I 3MilTy-
Bavi-KOPMOPO37aBadi 3 OAHUM a0 X JTBOMAa BEPTHUKAJb-
HuMHu mHekamu Euromix [ cepiit 70 i 80 [7]. B Ykpaini
BUKOPHCTOBYIOThCS MamHu Euromix I cepii 70 3 oxHuM
IIHEKOM, 110 MaloTh 06’eM OyHkepa Biz 8 1o 12 M5, Ta Ma-
[IMHKU 3 JBOMA IIHeKamu — Bin 16 mo 27 m°. Kommawis
«Kuhn» B KOHCTPYKIISX 3MilTyBadiB-KOPMOPO3IaBadiB
3aIpOIIOHYBAJIa CUCTEMY 3Ba)KyBaHHS, Ka 3a0e31euye BH-
COKY TOYHICTH i 4ac poOOTH 3 TpyOMMH KOpMaMu Ta
BciMa iHrpenieHTamMu. JJ1st TOYHOTO 3BayKyBaHHS BUKOPHC-
TaHi BEPTUKAJIbHI ITHEKH, OCHAIICHI TphOMa JIaTYMKAMH,
10 po3MilIeHi y (pOopMi TPUKYTHHKA Ul ONTHMAIBHOTO
pO3Mo/Iily HaBaHTaXKeHHsI. TOBIIMHA BUTKA LITHEKA 3MIlIy-
Baya-KopMopo3aaBaya Euromix cTaHOBUTH 15 MM, 110 3a-
6e3medye HOro MakCUMaNIbHy 3HOCOCTIHKiCcTh. [1IHeKkn 00-
JaiHaHI HOXKAaMHU 3 aCHMETPUYHUMHE 3y0amu i1t 3abe3re-
YeHHs caMooumIieHHs [7]. Po3mip moapiOHeHHS KOpMiB
MOJKHA 3MIHIOBaTH PETYIIOBAHHIM ITOJIOKEHHS IPOTHPi3a-
JBHUX TUIACTHH BpY4YHY a00 3a JIONMOMOTOIO TiIpaBIivyHOT
cucremu 3I1PK.

[Mounnaroun 3 2000 p B PecrryGuini binopycs posmo-
4aTo BHIYCK NOApiOHIOBaya-3MillyBaya-po3jiaBada Kop-

MmiB MCPK-12 [24], skuii 3a0e3niedye MpUTrOTYBaHHS KOp-
MOBHUX cyMiriei 3 10 KOMITIOHEHTIB: PYJIOHIB JOBTOBOJIOK-
HHUCTOTO CiHa, COJOMH, CHJIOCY, KOPEHEIIIOAIB, KOMOiKO-
pmu i T.1. OCHOBHUMH POOOYHMH OpraHaMH MOpiOHFO-
Baya-3MillyBava-po3gaBada KOPMiB € J1Ba ITHEKH 3 HO-
JKaMH, 10 00epTarOTHCS MPOTUIIEHKHO.

JloninbpHO 3rajjaT HaniBIPHUYINHI KOPMO3MilTyBaui 3
BEPTHKAJbHUMH POOOYMMH OpraHaMH, IIO0 BHUITYCKalOTh
¢dipmu  «Nutrifeed» ta «BvLy (Himeuunna). ®ipma
«Strautmanny» (HimeuunHa) crienianbHO po3poOnia HOBHI
HaMiBIPUYITHUNA BEpPTUKAJIBHUN KOpMo3MminryBay «Verti-
Mix 750», rabaputhi po3Mipu sikoro (mupuHa - 2,14 wm,
BHCOTA - 2,35 M) J03BOIIAIOTH HOTO BHUKOPHCTOBYBAaTH B
CTapHX TBAPMHHHULIPKUX NMPUMIIIEHHAX 3 BY3bKUMH 1 HU3b-
KAMH KOPMOBUMH TIPOI3aMH.

AHai3 TpOCIIeKTIB Ta JITepaTypHUX JKEpesT MoKa-
3ye€, 10 Ha BEJIMKUX TBAPMHHUIBKNX Pepmax Himewqunnn,
MIEPCTIEKTUBHUAM € BUKOPUCTAHHS CAMOXIIHHX KOPMO3Mi-
uryBaviB. L{e Takoxk miaATBepKYE 1 aHAI3 PUHKY TEXHIKH
JUlsl IPUTOTYBaHHs 1 po3aaBaHHs KopMiB. Tak, ocTaHHIM
yacoM, o0cAr peasizaiii caMOXiTHUX KOPMO3MIIIyBayiB B
Himeuunni gocsr 10%, i Bxke HaMITHIACS CTiHKa TEHIEH-
1ist 1o 30UIbIeHHs i€l yacTku. CaMoXiHi 3MilryBavi-Ko-
pMO3MilnTyBavi BUKOHYIOTH BCi OIepallii, ki mepeadadcHi
TEXHOJIOTI€I0 MIPUTOTYBAHHS 1 pO3/IaBaHHs MOBHICTIO 30a-
JIAHCOBAaHMX KOpMiB. BOHM BUITyCKalOThCs SIK 3 BEpTHKa-
JHO BCTAHOBJIEHMM POOOYHMM OpPIraHOM, TaK 1 3 TOPH30H-
TaJIbHIMH 3MIITyBaJIbHUMH HPUCTPOSIMH.

3HAUIIITN CBOE 3aCTOCYBAaHHS CaMOXIiTHI BEpTHKAIBHI
KOPMO3MilllyBayi, CAMO3aBaHTAXKEHHS SIKMX 3/1IHCHIOETHCS
1UIAXoM (pesepyBaHHs KOpMy 3 OypTy. IX BHITycKaroTh
¢ipmu «Tatomay» (Itanis) — mogens MVS-18, «Fricke»
(Himeuunna), «Seko» (Itanist) monens «Taureg VMS».
DpesepHi poOOUi OpraHu Jyisi CaM03aBaHTAXKEHHS 32CTOCO-
BYIOTBCSI | B KOHCTPYKIIISIX CAMOXIJIHUX KOPMO3MIIITyBayiB
dhipm «Marmix» i «Sgariboldi», ame ix mompiOHIOBaIEHO-
3MIITyBaJbHI MIPUCTPOI BUKOHAHI Y BUIIIA/I TOPH30HTAIb-
HUX 3-ITHEKOBUX pOOOYMX OPTaHiB i, BiJIOBITHO, OJTHOTO
TOPU30HTAJILHOTO IIHEKOBOTO Baia [24].

BaxnmBoro ckianoBoo e()eKTHBHOTO BUKOPHCTAHHS
3I1PK € mocmimkeHHS pOOOYHX OpPTaHiB MEXaHi3MIB IOJIpi-
OHeHHs-3MinnyBaHHs. st po3mmpeHHs: GpyHKIIOHATbHUX
MOXIIMBOCTEH 3MilllyBauiB-KOPMOPO3/1aBaviB B JiHcepTa-
iiHI# po6oTi [3] 0OTrPYHTOBaHO PO3MIILIEHHS 110 30BHIIII-
HBOMY KPar0 TBHHTOBOT JIiHIi ITHEKIB BCTAHOBJICHHS HOXI
pi3Hoi opmu, a asist miABUILEHHST e()EeKTUBHOCTI MOPi0-
HEHHS TpyOuX KOpMiB Ha THHII a00 CTiHKax OyHKepa —
npoTupi3iB. Hoxki MOXKyTh OyTH BUTOTOBIJICHI Y BUIJISII
IUTACTHH 3 3aTOYCHOI0 poO0UOro TpaHHI0. Poboui rpaHi HO-
JKIB BUKOHYIOTb TIPSIMOJIIHIHHOT 200 KpHUBOJIiHIHHOT (hopMu
i3 3y0OuaToro Haciukoro abo 6e3 Hei. Hoxi 3 mpsiMostiHii-
HHM JIE30M TIPOCTi y BUTOTOBJICHHI, ajie HOXi 3 KPUBOJIi-
HIHIM JIe30M 1 3y04aToro HacigyKoro OifbII MIIHI 1 3MEH-
IIYIOTh BIPOTiTHICTH MOTAJaHHS CTOPOHHIX NMPEeIMETIiB B
30HYy MOAPiIOHEHHs. ABTOP OCIHIKEeHDb [3] 3a3Hadae, 1o
BKa3aHi HOXI e(eKTUBHINIE MOAPiOHIOI0Th KOPMH, a Ha iX
MPUBIJL TIPH [[OMY BHUTPAYaETHCSI MEHIIIA MOTYKHICTb.

Ocob6muBHil iHTEpeC MPEACTaBIAIOTh HOXI, SIKi BCTa-
HOBJIEHI Ha IIHEKax 3MillyBadya-po3jaBada (ipmu
«SEKO». Hoxi 3ipkornoioHoi ¢popMu mapHipHO 3aKpir-
JICHI HA TBUHTOBIH JIiHIT ITHEKA 1 00EPTAIOTHCS MO0 OCi
KpPIMJIEHHS IMiJ 9ac poOOTH, TUM CaMUM JOCATA€ThCS I'BH-
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coKa sKicTh oapiOHeHHs. [IpoTHpi3n MOXKYTh OyTH BUKO-
HaHi y BATJISAJII BCTAHOBJICHUX Ha CTIHII 1 THUII OyHKepa
MoroTkiB ( «Tatomay, Labrador dipmu «Storti») abo me3
(Optimix dipmu «Alfa Laval Agri»). Jns 3[IPK 3 aoma
ITHEKaMH, B SIKOCTI MIPOTUPI3y BUKOPHUCTOBYIOTH BCTAHOB-
JICHy MDK poOOYMMH OpraHaMH IUIACTHHY 3 TIpOpizaMu
(Euromix II ¢ipmu «KUHN» 1 KD 612-2 ¢ipmu
«Kverneland») abo 3youacty rpeGinky (Samuray 3 ¢ipmu
«Sekoy).

3MiHa KyTa BCTaHOBJICHHs HOKa 3MilllyBaya-KOpMo-
po3aBada MOXe 31HCHIOBATHCh raiikaMu, siKi (IKCYIOTh
HOro moJioskeHHs Ha mHeKy [3]. s oTpuMaHHsS onTuMa-
JBFHOTO pe3yNbTaTy MpH MOAPIOHEHH] Ta IMepeMilTyBaHHi,
B Oynkepax 3[1PK [3], sk i B iHIIKX 3MiNryBagax-KopMo-
po3maBayax MOXKYTh OyTH BCTaHOBJICHI IPOTUPIXKYHI TITa-
CTHHH 3 PYYHUM ab0 TiIpaBIidHUM TPUBOIOM. 3MiHA IT0-
JIOKEHHS TPOTHPIKYYMX TUIACTHH B OyHKEpi 3HIHCHIO-
€ThCA B 3JIEKHOCTI Bijl KOMIIOHEHTIB KOPMiB. IX HasBHiCTH
1 MOJKJIMBICTh PETYJIIOBaHHS MOKpAIIy€e MPOIEC MOaApio-
HEHHS CKJIaJIOBUX KOPMIB 1 3a100irae «IpoKpy4yBaHHIO»
MarepiaiiB, M0 NOAPIOHIOITHCS Ta 3MilyoThes. Came B
IHCTPYKIISIX Ha EKCIUTyaTallillo BKa3yeThCs, L0 HaJiiHa
pobora 3IIPK 3abe3neuyeTbcsi BAKOPHUCTAHHIM B MEXaHi-
3Max IMOAPIOHEHHS - 3MIlTyBaHHS HOXIB, SKi BHTOTOBIIC-
HuX 31 cram St 70 i GaraTomrapoBUX HOXIB, SKi MOXYTh
BCTAHOBIIOBATHUCS B TPU MOXKJIMBUX TTOJIOKECHHS.

Baxxmmeum nipu Bubopi 3[TPK € mosxmBicTs 3a0e31me-
YeHHS 1X HaIIIHOCTI IpU BTpaTi Ipare3aaTHOCTI. AHami3
0araTboX IHCTPYKIIN 3 eKCIUTyaTallii Ta 00CIyroByBaHHS
3I1PK mnokasye, o HOXI [IHEKa MOXKYTh OyTH 3aTOUCHI 3
BUKOPHCTaHHIM ILTiQyBaJbHOT MallIMHK, aJie SKICHE Bij-
HOBJICHHSI HOXIB PEKOMEHIYETHCSI MIPOBOJMTH B YMOBax
PEMOHTHHMX MalCTepeHb OOJIaJIHAHHAM JUIsS 3aTOYyBaHHS
abo uurigysanns [3, 17, 19]. Skuio pixy4a kpaii Hoxa He
HaJepOJieHa, TO BiJIHOBJICHHSI IOJISITAE B 3aTOYYBaHHI 110~
BEPXHI HOXa 3 JOTIOMOT 00 IIUTi(hyBAITEHOTO KAMEHIO HEBe-
JMKo1 3epHUcTOCTI. [Iporiec BiTHOBICHHS HallKpalle Mmpo-
BOJIUTH 32 JIOTIOMOT 010 IIUTi(hyBAILHOTO KAMEHIO CTIeIiab-
HO1 popMHU 3a0e3TeUyrOYH BiAIOBITHUHN KyT 3aT0UKH. [1ix
4ac 3aTOYyBaHHSA OKpeMi (hipMH BKa3yrOTh Ha HEOOXin-
HICTh IHTEHCHBHOTO OXOJO/KEeHHS Hoa. Ciiji 3BepHYTH
yBary Ha Te, 10 TUIbKK B IHCTpYKii [14] pekoMeHtyeThCs
3a0e3mevyBaTu TOBIIMHY PIXKYYOi KpalKd 1 KyT 3aTouy-
BaHHS HOXIB 9° MexaHi3My NOApIOHEHHS-3MILIYBaHHS
3T1PK.

AHani3 TeXHIYHUX JaHMX 3apyODKHUX 3MilllyBadiB-
KOPMOPO3/1aBaviB MOKa3aB, IO IO MICTKOCTI i rabapUTHUX
PO3Mipax OCHOBHA ramMMa OOJaJHAaHHS IUIKOM MOXE BH-
KOPHUCTOBYBATHCS Ha TUIOBUX (epMmax Hamoi kpainu. Pa-
30M 3 THM, KOHCTPYKTHBHE BUKOHAHHS IIPUCTPOIB ISl BH-
BaHTA)XXEHHS KOPMIB HE JO3BOJISIE 3aCTOCOBYBATH Oijb-
micts 3[IPK Ha Hammx depmax, OCKITbKH BOHH NPU3HA-
YeHi JUI1 BUBAHTA)KEHHS KOPMOBOI CyMiIlli HA «KOPMOBHH
CTiNI», AKUH BUKOPHUCTOBYETHCS 3aMiCTh TOMIBHUIN Ha Oi-
JBIIOCTI 3apyOikHUX (hepM. He3Bakarouu Ha TO, 110 Tpak-
tnaHo Bci 3IIPK o6nmamHaHi peryas0BaHUME 32 BUCOTOIO
BHBAHTAXXYBAJIbHUMU TPAHCIOPTEPaMH, 1€ BCE OJIHO HE
JI03BOJIUTH 3a0€3MEUYNTH BUBAHTAXKEHHS KOPMOBHX CyMi-
el B rOJIBHUIN Ha HamwuxX (epmax (BUCOTA TOIIBHHII -
700 mm). Sk okasye aHai3, 32 KOPZAOHOM, B OCHOBHOMY,
BHUKOPHCTOBYIOTHCSI KOPMOBI CTOJIM, TOMY BUCOTH BHJaui
y pO3laBalibHUKIB-3MilIyBadiB B Mexkax 400 MM IikoM
JIOCTaTHBO.

OmHUM 13 NUIAXIB MIBUAKOTO BHPIMICHHS TPOOJIeMU
MOCTaYyaHHS BITYM3HSHUX TOBAapOBHPOOHWKIB TBApHUHHH-
IIFKOT TIPOTYKIIi{ BKA3aHOIO TEXHIKOIO € CTBOPEHHS CITiJTb-
HUX BUPOOHUIITB a00 BHITYCK 3MIITyBa4diB-KOPMOPO3/1aBa-
4iB 3a JIEH3i€I0 MPOBIAHNX 3aXiTHUX QipM, sKi BXKe aga-
nToBaHi 10 Hammx ymoB [24]. Takwuii nocBix € B Pecmy0-
niui Binopycs, ne mianpueMcTBo «3areHeproMann) 3a Ji-
LeH3iero iTaniicekoi Gipmu «Marmix» 0cBoisIo BUpOOHH-
LTBO HAMIBIPHUYITHOTO KOPMO3MilllyBaya MICTKICTIO 12
M3, Moro 3MilmyBanbHuii PUCTpili CKIaZA€ThCA 3 JIBOX
IIHEKIB 3 HOXaMH, 1110 00EePTAIOThCsl HA3yCTPid OJUH Of1-
HOMY, a €JIEKTPOHHA CHCTEMa 3Ba)KyBaHHS 3a0e3rneuye
npurotyBanHs 10 pi3HHX perentiB kopMy 3 10 KOMIOHEH-
TiB. B TO# Xe yac, MakCHMaJbHa BHCOTA BHBAHTAKECHHS
KOPMOBOi cyMimm He mepeBumye 10 0,6 M, mo oOMexye
cdepy BHKOPHCTAaHHA BKa3aHOI CIUTFHOI PO3POOKH KOp-
MO3MiIllyBa4a JIAIIE TiTbKA TBAPHHHUIIBKUMH (epMaMH,
JIe 3aCTOCOBYETHCS «KOPMOBHH CTil» a00 K Ha BiATOiBe-
JBHUX MallaHuuKax 0e3 ro[iBHHIb.

Criz 3a3Ha4YuTH, 10 B TEXHOJIOTIYHOMY IUIaHI, Iepe-
paxoBaHi KOHCTpYKTHBHI 3Minn MexaHi3MmiB 3I1PK pizHux
3aBO/IIB-BUPOOHHKIB 3a0€311eUyI0Th HE JIUIIE CKOPOUCHHS
4acy NPUTOTYBaHHsI KOPMOBOT CyMillli, aJjie i onTUMasbHe
3MiITyBaHHS KOMIIOHEHTIB KOPMY Ta 30epiranus iX cTpyk-
TYpH.

3 METOI0 MOKPALIEHHS Ta CTUMYJIOBAHHS PO3BHUTKY
TBapUHHUITBA OyJI0 IPUHHATO TTOHAM AECATH PI3HUX HOP-
MaTUBHO-TIPABOBHX AKTIB, CEPEJl SIKUX CIiJ 3ralaTh 3aKOH
VYxpainu «[Ipo miemiHHy cripaBy y TBapHHHHUITBI», TTOC-
taHoBy Kabinety MinictpiB Ykpainu «IIpo 3aTBepkeHHs
[MopsiaKy BUKOPHCTAaHHS KOIUTIB, NepeI0aueHHX Y epiKa-
BHOMY OIOJKETI JUIsl PO3BUTKY TBapUHHHUIITBA», HaIllOHA-
NbHUI IpoekT «Biapopkene ckotapcTBo» Tomo. Pasom 3
TUM, CKJIQJIHICTh 1 TOCTPOTa CUTYallil B MOJIOYHIN rany3i
BUMarae ro/IajibIIOro MOUIYKY IUISXiB aKTHBI3allil IHHOBA-
niitHux mporeciB. Cepell OCHOBHUX HAIPSAMKIB aKTHBi3aIlii
IHHOBAI[IHUX TMPOIECIiB € HACTYIIHI: HAPOITYyBaHHS ITOTO-
niB’st BPX, #ioro mpoayKTHBHOCTI Ta BaIOBHX OOCSTIB BHU-
pOOHHMIITBA; TEXHIYHE Ta TEXHOJOTIYHE MEPEOCHAIICHHS
raiy3i; popMyBaHHS OpraHi3aliifHO-eKOHOMIYHHX, TEXHO-
JIOTIYHMX Ta HOPMAaTHBHO-TIPABOBHX 3acaj] HOro BIpOBa-
JOKEHHS; 3a0€3IeUeHHsT KOPMOBOT 0a31; HAyKOBUH CYIIPO-
BiJl peaizalii MpoeKTiB.

B ocranni pecsatunitrs B YkpaiHi i kpaiHax Onuxk-
HBOTO 3apYODKIKS B HAYKOBO-TIPAKTUYHUX JTOCIIIKCHHS
BU3HAYMJIKCS HACTYIIHI HANPsIMU POOIT Jyist 3a0e3neyeHHs
e(eKTHBHOCTI BUKOpHCcTaHHs cydacHuX 3[1PK:

- TEOPETHYHI JOCIIJDKCHHS IPOIECIB MOAPIOHEHHS,
3MIlIyBaHHs, AO3yBaHHS 1 TPAHCHOPTYBaHHS KOpMiB [4,
10, 11, 31];

- TEXHOJIOTIYHI Ta TEXHIYHI NEpeayMOBH IPHUIOTY-
BaHHs KopMmiB Ta Bukopuctanss 3[1PK [27, 29, 31];

- TEOPETUYHI JOCIiHPKSHHS OI[IHKU Ta 3a0e3MedeHHs
magiraocTi 3[1PK gk cximagHmnx TeXHIYHUX cucTeM «JIro-
nuHa-Mamuny, «Jloguaa-Mamuna-Cepenosume» [1, 2,
22];

- HayKOBO-TIPAKTHYHI JTOCTIKEHHS Kiacudikarii Ta
MiBUIICHHS JTOBroBivHOCTI poboumx opraniB 3I1PK [3,
20];

- JOCIHI/UKEHHsS CIIO)KMBYMX SIKOCTEH Ta OILIHKa
BIUIMBY icHylounx enemeHtiB auzaiiHy 3I1PK Ha 3abe3ne-
YeHHs SKOCTI KOpMOBHX cyMirueii [21, 28].
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BucHoBkn

1. Ilopsx 3 NpeACTaBICHUMH BajKIMBUMH Harps-
MaMH, IIIe HeJJOCTaTHBO JOCIIKeHb, sKi Oynn O Hampas-
JICHI Ha BHPIIIEHH KOMITICKCHOT pobeMu 3a0e3neueHHs
HAJIHHOCTI MAalIMH Ha TPOTS3i BCIX JKUTTEBUX ITHKIIB,
BKJIIOYAIOYM TIPOEKTYBAHHS, BUTOTOBJEHHS, €KCILTyaTa-
11, TEXHIYHE 00CIYrOBYBaHHS, pEMOHT, 30epiraHHs, yTH-
mizamisi, sSKi OOYMOBJICHI HEIOCKOHAIICTIO CKJIAaJOBHX
TIOJTUHA-OTIEPATOP» Ta «MAIIMHAY.

2. TakuM YMHOM, HAMH YTOYHEHO CTaH Ha/IXOKCHHS
MaIlIMH 1 MEXaHI3MiB JIJIs IPUT'OTYBaHHS KOPMIB JJIsl MOJIO-
YHOTO CKOTapCcTBa YKpaiHM 3a OCTaHHi 11’ ATh pokiB. Llika-
BHMH 1 BXJIMBIMH B IbOMY HANpsIMKy MOTJH O OyTH I10-
CIIJDKEHHS, AKi HampaBJeHi Ha 3a0e3nedeHHs HaIiiHHOCTI
MAIlIMH 1 MeXaHi3MiB JJIs IPUTOTYBAHHS KOPMIB Ta TIOKpa-
IICHHS MiSTIGHOCTI MiIIPHEMCTB TEXHIYHOTO CEpBICY LIS
ix 00CITyroByBaHHS.

3. TlpiopuTeTHUM HaNpsSMOM 3aJMIIAETHCS CTBO-
PEHHsI 1 BIPOBaKCHHS Y BUPOOHHIITBO Oarato)yHKIIOHA-
JIbHUX BUCOKOMPOYKTUBHUX KOMILIEKCIB MallIKH 1 0071311~
HaHHSI.

4. TlepeopieHTalist rany3i CiJbChKOIOCIIONAPCHKOTO
ManInHOOyIyBaHHS Ha BUKOPHUCTAHHS TEXHIKH Y€TBEPTOTO
TIOKOJIHHA — MYJBTHOIICPALifHOI, SHEPro- Ta pecypcoo-
I3 THO1, IO JO3BOJILIO O 3a0e3neunTr 30epeXeHHs Ta Bif-
pOIKeHHs 010JIOTIYHOT Ta €KOJIOTIYHOI piBHOBAry B TIpH-
poui.

5. Buxopucranas OOpTOBHX KOMIT IOTEPIB 3 BiATIOBI-
JHUMH TIPOTPaMHHUM 3a0€3IeYeHHSIM JUIsl KOHTPOJIIO 33 PO-
0O0TOI0 YCiX CHCTEM MalllMH, 110 JO03BOJISUIO O MiATpUMY-
BaTH BUCOKI TEXHIKO-TEXHOJIOTIUHI MOKA3HUKH MPH 1X CKC-
Iutyatanii 3riJHO i3 300TEXHIYHUMH Ta arpOTEeXHIYHHUMH
BUMOTaMH.

6. BukopucTanHs 6araTopiuHOro JI0CBiy MPOBITHUX
1HO3eMHUX BUPOOHUKIB CUTHCHKOTOCIIONAPCHKOT TEXHIKU Y
3a0e3neueHHi HagifHOCTI MaIlluH Ta o0NagHaHHs, popMy-
BaHHS CHCTEMH SIKICHOTO CEpBiCHOTO 00CITyrOBYBaHHSL.
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HAJIEXKHOCTD CEJIbCKOXO3SIICTBEHHOM TEX-
HUKHU B CUCTEME MHHOBAIIMOHHBIX ITPOLIEC-
COB U3 OIIBITA 3APYBEXHBIX KOMIIAHUI
A. B. Hosuyxuii, A. A. bannwiii

Annoranusa. [Iporecce rmodanu3amuy OCYIIECTB-
JIAIOT 3HAUYMTENIbHOE BJIMSHUE Ha PBIHOK CEJIbCKOXO35M-
CTBEHHOM TEXHUKU. TOBapONpPOU3BOAUTENN arpapHoil
MPOAYKIIUH, CBIPbSI M MPOJOBOJLCTBHS (POPMUPYIOT CH-
CTeMY CIICIU(PUUSCKOT0 MOTPEOUTEIBCKOTO CIIpoca, yIIo-
BJIETBOPUTH KOTOPBI MPOU3BOJUTEIN MAITUHOCTPOUTEIb-
HOM OTpaciii MOTYT JIMILIb Ha OCHOBE Hay4YHO-IIPaKTU4YE-
CKHX IOAXOJIOB M HCCIeAOBaHUN. PBIHOK cenbcKoX035M-
CTBEHHOM TEXHUKH B YKpaumHe CUMTAETCA OJHUM M3 Iep-
CIIEKTUBHBIX B Mupe. IloTeHnman pocra cnpoca Ha Cellb-
CKOXO35IICTBEHHBIC MAIIMHBI 1 000PYAOBAHHE ISl KHBOT-
HOBOJICTBA OYEHb BBICOK. DTO MPHUBIEKAET B YKpauHy
60J1bI10€ KOJIMYECTBO MHOCTPAHHBIX Mpou3BoauTenei. B
nocneanne aecsatunerns kommanuu CLAAS, John Deere
u CNH sBnstoTcs TunepaMu Ha YKPanHCKOM PBIHKE Cellb-
CKOXO34MCTBEHHON TEXHUKHU.

Llenpto cTaThu ABISIETCS MOBBIINICHUE HAAECKHOCTU
CENbCKOX031MCTBEHHOI TEXHUKU B CUCTEME MHHOBALMOH-
HBIX TporieccoB. [lepcriekTHBHBIM I oOecrieueHust 3¢-
(EKTUBHOCTH >KHBOTHOBOJICTBA SIBJISICTCS MCIOJH30BAHUE
TEXHUKH YETBEPTOI'O MOKOJEHHUSI — MHOTOONEPALIMOHHOM,
9HEpro- u pecypcocoeperatonieit. [Ipu cokpameHnn Ipo-
M3BOJCTBA M NPOAAKU OTEUECTBEHHOH CEIbCKOXO035M-
CTBCHHOW TEXHWKH WHTCHCUBHO PAacTET UMITOPT 3apyOexk-
HBIX aHAJIOTOB MalllWH U 000PYIOBaHUS JJIsl IPUTOTOBIIE-
HUS U pa3fgayd KopMoB. OCHOBOM HcCIIeIOBaHU ABIAETCS
HCII0JIb30BaHNE COBPEMEHHBIX TEHJEHIIMU pPa3BUTHS BELy-
LIMX MUPOBBIX NMPOU3BOJUTENIEH MAIMH U TEXHOJOTHYE-
CKHMX KOMILIEKCOB. B nmocneqHue necsaTuieTus B J)KUBOTHO-
BOJICTBE BCE OOJIBIIEE PacIPOCTPaHEHHE MMOITYyJatoT CPe-
CTBa JUJISl IPUTOTOBIIEHUS U pa3fayu KOPMOB. YKa3aHHbIE
CpelCcTBa COYETAIOT OINepaluy W3MEeIbUYeHHs, CMEIIUBa-
HUS1, TPAHCTIOPTUPOBKU U JO3UPOBAHHOM pazaud KOPMOB.
DTU MalIUMHBI XapaKTEPU3YIOTCS IPOCTOTON KOHCTPYKIIUH,
MOOWIILHOCTBIO, SKOHOMUYHOCTBIO. [liist oOecrieueHus 3¢-
()EKTUBHOCTH U HAJICKHOCTH HCTIOJIH30BAaHUS COBPEMEH-
HBIX MaIlIMH TPeOYIOT JalbHEHIIero pa3BUTHS TEOPETHUE-
CKHE UCCJICIOBAHMSI OIIEHKH M 00eCTIedeHMsI HaJIe)KHOCTH
MalllMH, U3y4YeHHUE BIIMSAHMS YeJIOBEKa-olepaTopa Kak co-
CTaBIIAIONICH CJIOKHOM TEXHUYECKOW CHUCTEMbl. BaKHbI
WCCIIeTOBaHUS KIacCU(DHUKAIIMKM U TOBBIIICHUS JTOJITOBEY-
HOCTH pabodYuX OpraHoB, POPMUPOBAHHE CHCTEMBI Kade-
CTBEHHOTO CEPBHCHOT'O OOCITY)KUBaHUSL.

KiiioueBble €JI0Ba: Ha/IeKHOCTh, CUCTEMA, MAIIMHA,
TEXHHUKA, MHHOBAIIMOHHBIE TIPOLIECCHI, CPEACTBO I IPHU-
TOTOBJICHHUS U pa3/iayd KOPMOB.
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RELIABILITY OF AGRICULTURAL MACHINERY
IN SYSTEM OF INNOVATION PROCESSES FROM
EXPERIENCE OF FOREIGN COMPANIES
A. V. Novytskyi, O. O. Bannyi

Abstract. The processes of globalization have a sig-
nificant impact on the market of agricultural machinery.
Producers of agrarian products, raw materials and food-
stuffs form a system of specific consumer demand, which
can be met by producers of machine-building industry only
on the basis of scientific and practical approaches and re-
search. The market of agricultural machinery in Ukraine is
considered one of the most promising in the world. The po-
tential for increased demand for agricultural machinery and
equipment for animal husbandry is very high. This attracts
a large number of foreign producers to Ukraine. In recent
decades, CLAAS, John Deere and CNH have been leaders
in the Ukrainian agricultural machinery market.

The aim of the article is to increase the reliability of
agricultural machinery in the system of innovative pro-
cesses. Perspective for maintenance of efficiency of animal
industries is use of technics of the fourth generation - mul-
tioperable, power- and resource-saving. At reduction of
manufacture and sale of domestic agricultural machinery
import of foreign analogues of machines and the equipment
for preparation and distribution of forages grows inten-
sively. The basis of research is the use of modern trends in
the development of the world's leading manufacturers of
machinery and technological complexes. In the last dec-
ades in animal husbandry means for preparation and distri-
bution of forages have become more and more widespread.
These means combine the operations of crushing, mixing,
transporting and dosed distribution of forages. These ma-
chines are characterized by simplicity of construction, mo-
bility and economy. For maintenance of efficiency and re-
liability of use of modern machines the theoretical re-
searches of an estimation and maintenance of reliability of
machines, studying of influence of the person-operator as
a component of difficult technical system demand the fur-
ther development. The important researches of classifica-
tion and increase of durability of working bodies, for-
mation of system of qualitative service are.

Key words: reliability, system, machine, technique,
innovative processes, means for preparation and distribu-
tion of feeds.
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AnoTtanis. [Tomyk TexHIYHHX 3ac00iB Ta METOIIB
3aCTOCYBaHHS piaKoi 1 TBepnoi (pakiiii KOMIIOCTOBaHUX
OpraHiuyHHUX JOOPUB JJIsI MOKPAIEHHS POAIOYOCTI IPYHTIB
1 TEXHOJOTIYHOro oOJIaJHAHHA € I[IHHUM 1 HEOOXIIHUM
HayKOBUM MarepianoM. [IpobieMa BUKOPUCTaHHS PiZIKOTO
3aJIMIIKY OpraHiqyHOl pE4YOBMHHM micis QepMeHTalii B
0iora3oBiii yCTaHOBII, IIOJISITa€ B OOMEXEHHI NepiofiB
JI03BOJICHOTO BHECEHHS Ha TI0JIE, 1 SIK CIIICTBO, OTpeOye
HEOOXITHOCTI CHOpyX 11 HaKONMMYCHHS CHPOBHHH, Ta
BHCOKOI NMPOAYKTUBHOCTI 3ac00iB Ui ii MATOTOBKH Ta
PO3IOITY TIO TI0JTI0, 200 BHECEHHS y IPYHT.

[opsin i3 MO3UTUBHUMH NMOKa3HMKAMHU MOTEHIIHHOT
POIIOYOCT] TPYHTIB iCHY€ BEJHKa KiIBKICTh TOKa3HHUKIB
IO  HECHpPHUSTIMBO  BIUIMBAIOTh Ha  HABKOJMIIHE
cepenouiie. lle: 3a0pyaHEeHHS NPUPOAHHX BOJOWM;
3a0pyIHEHHS aTMoc(hepHOro MOBITPSL. 3MiHa
MIKpOOIOJIOriYHOT aKTHBHOCTI I'PYHTY; MOTipUIeHHs (iTo
CaHITAapHOTO  CTaHy IPYHTY; MikpoOionoriune Ta
OakTepialibHe 3apakK€HHs IPYHTY; 3a0pyAHEHHS IPYHTY
Ba)XKHMH METaJIaMH.

[Iporpama nocmimkeHb mnependadana BHU3HAYCHHS
TiIPONOTIYHIX BIACTUBOCTEH IPYHTY 10O Pi3HOT paKmii
Ta BH3HAYEHHS COPOLIHHOT 3MaTHOCTI TPYHTIB IHOIO
HITPaTHOTO 1 aMOHIHHOTO a30Ty.

BusHauenHss 1 po3paxyHOK  (inbTpamiiHux
BJIACTUBOCTEH 3a0e3nedyBanach MiHIMyMOM
BOJIOTIOTJIMHEHHS. Y MOJEJIBHUX CXeMax IUIOICI [0
700 cm® Ta TOCTIHHMM THCKOM BOJSHOIO CTOBMA Ha
moBepxHi ¢inprpanii (7 cm). BusHawamu xoedimieHTn
po3mnoainy aacopomii i qudysii.

Merton  BH3HaueHHsA  KoediuieHTIB  QiabTpamii
pO3IOJTy OpraHidYHOI CHONYKH — METOAOM eJIF0aTHOi

xBwii  abo ¢poHTambHOl  QimpTpamii B KOJOHII.
Po3pobiiena  opuriHanbHa =~ METOAMKAa  PO3PaxyHKY
MIOKa3HUKIB. Otpumani pe3ysbTaTH MOKa3aJn

e(pEKTHBHICTh METOAY IO BH3HAYCHHIO KUTbKICHOI OI[IHKU
copOuii HITPATHOTO 1 aMOHIHHOTO a30Ty PiIKOi i TBEpAOi
¢pakuii, 103BOJISE OLIHUTH PYXJIUBICTh MO KoedilieHTamMm
mudys3ii 1 po3noainy.

BucHOBOK, 110 MOWmIMPEHHS 1 PO3MOMALT CIONYK B
BEpXHBOMY Imapi IpyHTYy Mae Oytm 25...50 cm, mio
3anobirae QinbTpanii 10 piBHSA IPYHTOBHUX BOJ, IPH HOPMi
BHeceHHa 55...75 t/ra. lle mo3BoaMTh opepKaTu

POIIOYICTE MANONPOTYKTHBHUX IPYHTIB — 10 70-80 1/ra
TIIICHHUIII.

Kiaw4oBi ciaoBa: 1mocmi, KOMIIOCT, OpraHidHi
noOpuBa, pinka ¢pakuis, TBepra ¢pakuis, ycTaHOBKa
6ioraszoBa, IpyHT.

IocranoBka npodaemu

BukopucTanHs pinkoi i TBepaoi Gppakiiii opraHiaHIX
JOOpWB TICNsA KOMIIOCTYBAaHHSA KypsS9OrO TIOCHIAY B
0iora3oBMX yCTaHOBKAax BaXJIMBa OpradizamiiHa i
arpoTexHojoriyHa 3ama4da. Sk mpaBmio, moOpuBa
3aCTOCOBYIOTh JUISl TOKPALICHHS POJIOYOCTI IPYHTIB.
Haii0inbiry 3aI(ikaBiCHICTh MPEACTABISE IiABHICHHS
POIFOUOCT]I MaJONpPOAYKTUBHHUX IPYHTIB Ta TEXHOJIOTI4HI
NpUOMH BHECEHHs HeoOXiaHuMX HopM. [lo Takoi rpymu
IPYHTIB BIHOCSITBCS COJIOHYAKOBI Ta C1a00 COJIOHIIIOBATI
CyHill[aHi CYIJIMHUCTI TIPYHTH, IIO PO3MOBCIOJIKEHI B
YMOBAaX TIBJICHHOTO i HEHTpaJbHOro cTermy Ykpainu. Ix
OCHOBHI 0COOJHMBOCTI: BECOKHIA BMIcCT micky (80-90% Bin
BCiX ()paKiliif), IO CTBOPIOE 3HAYHY BOJOIPOHUKHICTH Ta
HU3bKE MiTHATTS MiATPYHTOBUX BOA 1O Kamuipam. Tomy
BHECCHHS KOMIIOCTOBAHOTO PIAKOTO 1 HaMiBPiIKOTO
cyOcTpaTy MOXe INPHBOAUTH JIO HEKOHTPOJILOBAHOTO
NpOLECY  PO3MOBCIO/KEHHSI  a30THUX  CIIONYK, IO
BIUIMBAIOTh HA €KOJIOTIYHUI CTaH IPYHTIB 1 BOJU.

3acrocyBaHHA pigkoi 1 TBepaoi Qpakmii micist
KOMIIOCTYBaHHS B 0iOra3oBHX YyCTaHOBKax 3acodamu
MEXaHi30BaHOTO BHECEHHSI XapaKTEePU3YEThCsS 3HAUHHUMU
o0csiraMu BHECEHHSI, 0COOIMBOCTMHU (i3MKO-MEXaHIIHUX
BJIACTUBOCTEH PIIKOTO 1 HAIIBPIIKOTO CEpEeIOBHINA Ta

crocobamu  posnozimy — cyoerpatiB.  OpepikaHHS
pe3ynbTaTiB  WOJ0  TNPAaKTUYHOTO  3aCTOCYBaHHS
repe0avyaloTh HAIAIITYBAHHS MAlIMH 1 0OJIaIHAHHS JUIs
BHECEHHS J0OpMB Ta OOIPYHTYBaHHS IapameTpiB
TEXHIYHHX 3aC00iB .

Jlist IOCHIIKEHHS BHOpaHi ITHKA

MAaJIONIPOIYKTUBHHUX 3€Mellb, 1110 NepeOyBaoTh B OpEH/II
IIpAT  «Opime-Jlinep»  IleTpukiBchkoro  paiioHy
JuinponeTpoBcbkoi  obmacTi.  3BOJMIOKEHHA  IPYHTIB
BiZIOyBa€TbCS 3a paxyHOK arMoc(epHHX OmajaiB Ta
MAIPYHTOBUX  BOJ,  INMOMHA  3aliraHHsA  SIKUX
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posramoBaga Ha  0,6-3,0M  mArpyHTOBI  BOAM
cnabomiHepamizoBaHi, O AeGOpMyBaIIO  COJOHYAKOBI
IPYHTH MIIAHOTO, CYMIIIAHOTO i CYTJIMHKOBOTO THIIB, 3
BMICTOM KBapiry 10 98%.

Amnamiz  ¢ismyHOro craHy pimuHHOI  (pakmii
KOMIIOCTOBAaHOTO (pepmenTOBAHOTO) cyoctpary
BU3HayaBcs 3rifHo cranaaptHux Meroauk ['OCT 26715-
85, 26714, 27979-88. OcHOBHI NMOKa3HUKHU: BOJIOTICTh —
94,2%, minepanpHa (pakxmis — cymicok B piauHi 0,9%,
MacoBa yacTka OpraHiyHoi pe4oBuHU — 4,9% B pinuHi,
B’A3KicTh opraniunoi ¢paxuii 6,7 (M%c 10). Buecenns
cyOcTpaTiB  BHKOHYBQJIOCH TPAaKTOPHUMH arperaramu.
JocmimpkeHHs OO0 BIUIMBY 3aCTOCYBaHHS piakoi Ta
TBeproi (paxmiii OpraHiYHMX OOOPWUB NPOBOAWIN Y
HaIpsAMKax.

BusHaueHHS TiIPONOTIYHUX BIACTHBOCTEH IPYHTY Ta

iX ¢impTpamiifHOi 30aTHOCTI MIOAO  MOXIIUBOCTEH
BHECCHHS PiaKoi (pakiiii,

BusHaueHHs COpOIiHOT 3MaTHOCTI TIPYHTIB [0
OpraHiuyHMX CHOJIyK pigkoi Ta TBepHoi (Qpaxiii,

HITPaTHOTO Ta aMOHIMHOTO a30Ty 3 METOI0 3amo0iraHHs
3a0pyaHEHHS IPYHTOBUX BOJI.

AHaJIi3 0CTAHHIX JOCHI:KeHb

Bemmka xinpkicte myOmikamiit [1, 2, 3, 4, 5] Ta ix
aBTOPIB 3BEPTAIOTh YBAry Ha Te, [0 KOMIIOCTH — OpraHivHi
JIOOpWBa MPAIFOIOTh Ha MPOTS3i I’ ATH. .. MECTH POKIB 1 Ha
BCBOMY BeretaniiiHomy mnepiogi. B Toll ke wac npu
OTPUMAHHI PE3yJbTATIB JOCTIIKCHh MOXJIMBHUA TOYHHN
pO3paxyHOK moTpedu no6puB. Ta ronoBHe, MO PO3yMiE:
npuadaHi 100puBa 6e3meyHi It Horo KyabTyp 1 mpodieM
Ha MOJIi HE CTBOPSITh. B OCHOBHOMY MpOBEACHUI aHAai3
Jla€ BIIYyTHY €KOHOMIYHY BUI'OAY IPH 3aKyIIiBJi T0OpHB;
MOOIYHOI0 X BHUTOJIOI0 € MIJBHIICHHS BPOXKAHHOCTI mpH
ONTHUMI3AIIi] 3aTparT, a iIHKOJIH — 1 iX 3MeHIIeHH [5, 6].

Mera gocJigkeHnb
MeTa pob0TH — JOCTIIHKEHHS 3aCTOCYBAHHS PIAKOI Ta

HamiBpinkoi gppakuiii pepMeHTOBaHOTO (KOMIIACTOBAHOTO)
cyOCTpaTy Kypsgoro mociiny, mciis 6iora3oBoi yCTaHOBKU

JUIS 1 IBUILICHHS HNOTeHIIHOT POIOYOCTI
MaJIOTIPOIyKTUBHUX IPYHTIB Ta 30epeKeHHS
€KOJIOTIYHOCTI CepeIOBUIIA.
Pe3yabTaTn nociaigxeHb
BusnaueHHss Ta  po3paxyHOK  (IbTpaIiHUX

BJIACTUBOCTEH [OCTI/DKEHUX TIPYHTIB CQOpPMOBaHI Ha
MPUHIXIIAX MOHITOPUHTY BOJIOTIOTJIMHAHHS Y MOJEIbHUX
cucTeMax 3 pikcosaHoo wioero dinspawii (700 cM?) Ta
MOCTIHHAM THCKOM BOJSHOTO CTOBIIA Ha ITOBEPXHIi
oinprpamii (7 cm) [7].

OnuHUIIeI0 BUMIPY BOJOMOTIWHAHHS Ta (inbTparii,
3TIIHO TPAAMIIHHUM YSBICHHSM, OYJIO 3aCTOCOBaHO —
mm/roa. [Ipu nocmimpkeHH] GLIBTpalifHIX TOKa3HHUKIB Ha
JIECSITH TIPOCTOPOBO PO30CEPEIKEHNX JUISTHKAX (AKi Oymnn
BiZibpaHi 3 ypaxyBaHHSIM arpOBHpPOOHHYHMX Tpyn) Oynu
BCTaHOBJICHI KOpEIALidHI KOoe]ilieHTH 3 MEXaHIYHHM

CKJIAJJOM IPYHTY Ta arpoOBUPOOHUYOIO TPYIIO0, MIO
JIO3BOJIMJIO PO3paxyBaTH Ili IMOKAa3HWKH BiIIOBITHO IO
KOXHOI TO4IIi BiOOPY IPYHTOBHX 3pa3KiB Ha BiqIOBITHIN
eJIEMEHTaPHINA AUISHIII.

XapaKTepuCTHKOIO acOPOIIHOT 34aTHOCTI ITPYHTIB
CIyXUTh KoedimieHT posmomiry. BiH sBasge coboro
BITHOIICHHS KIJBKOCTI CIONYKH, slKa aJIcopOoBaHa
OJMHUIICI0 MacH IPYHTY JO KOHIEHTpauii CIOJNyKH Yy
PIBHOBa)KHOMY I'pyHTOBOMY po3unHi. KoediuieHT nudysii
XapaKkTepu3ye IIBUJAKICTh IOIIMPEHHS CIOIYKH 32
rpaJieHTOM HOTO KOHICHTpamii. ICHye Kijdbka METOIiB
BHU3HAYCHHS Koe(ilieHTiB po3moniny [8].

Haii6inpm npuitasTHEM 1 100pe iMiTye caM Iporiec
¢inpTpamnii Ta po3MOAUTY OpPraHigHOI CIIONYKH B IPYHTI €
METOJ] eTI0aTHOW XBWIi, abo (poHTanbHOi (inmpTpamii B
KOJIOHIIi, IO MICTUTH IPYHT IIPH MOBHiH i BOJIOTOEMHOCTI
[9].

BinnoBigHO 10 3aranbHOT Teopil qUHAMIKH cOpOIii Ta
xpomarorpadii po3noiisl MEeCTUIHIIB B MPOLEC] PyXy y
(bUIBTPOBANBHII KOJIOHII ONMUCYETHCSI CUCTEMOIO PIBHSHB
OanaHcy:

() Uk N, 1) 5 U (xY)

ot ox at ox?
1
Ty X
at .
nme U — miHifHA KOHICHTpAWis OpPTaHidYHOiI CIOJIYKH

(asoructi) B TpaBiTalifiHIi BOMI, 3aJEXHUTH BiJ dYacy;
N — miHiifHa KOHIIEHTpaLis cOpOOBAHOI CIIOYKH 3aJICKUTh
Bim wacy, V — IiHifiHa IIBHAKICTH (UIBTpaIii, CM/XB;
D — xoedimient audysii, cM?/xB.

Y mpocriit hopmi JiHiMHA 130TEpMH Ma€ BUTJISIL

U (X,t) =hN(X,t) )

ne h — koedirieHT po3moaiy.
3 ormsany Ha JiHIAHY i3oTepmy (2), cucremy (1)
MOYKHA MTPEACTABUTH y BUTJISIIII OJHOTO PIBHSHHS:

au(x,t) au(xt) _ b u(x,t)

1
at @+ ﬁ) v ox ox? )

Posrmsnatoun Bemmuuny 1 +1/h=(h+ 1)/ h sx
MHOXXHHUK PIBHSHHS, pIiBHSHHS (3) INEpeTBOPUTHCS JI0
BUALY:

ou(xt) . ou(xt) 2%u(x,t)
v -H
ot - ox ox? (4)
v vV
1+h :
4 D
1+h
Metox emroaTHOT XBHWJI Tepenbadae CTBOPEHHS Y
BEpXHil YacTHHI (UIBTPaliiHOT KOJOHKH TOHKOT'O 1Iapy 3
BHCOKHM BMICTOM BiJIITOBITHUX CITONYK ITECTHIUIIB TOOTO
BHKOHAHHS HACTYITHUX T'PAaHUYHUX 1 [TOYATKOBHX YMOB:
t=0;0< X < X5 U(x;0) = Uo ; N(x;0) = No, (5)
X > Xo: U(x;0) = 0; N(x:0) =0,
t>0; x=0; U(0;t) =0; N(0;t) = 0,
x =00 ; U(x,t) = 0; N(x,t) = 0.
Posmoxin  aszorucTux CIIOJTYK B Takiii XBWIi
32JI0BIJIbHO OITUCYETHCS CIIBBITHOMIEHHSIM IrayCCOBCHKOTO
tumy [10]:

e

uixt X,
Uy,  ~[4rHt

Jns oTpuMaHHS BHpa3ly, IO BH3HAYAE IINPUHY
BUXimHOI XBWmi (711 MOJaIbmIoro po3paxyHky H)

P(xt) = EXPl-(x-V't)2/4Ht] (6
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HEOOXiHO TIeperTH Bij JiHIIHOT IBUAKOCTI QinbTparii V
110 00’ €eMHOI IBUKOCTI.
BHKOHABIIHN TEPETBOPEHHS MOXHA OTPUMATH BHpa3:

o=V, —Vlz\l;—.\i«/HerHLV' @)

Je: 6 — pi3HUOA OOCSTiB, BIiINOBITHUX 3aTHBOTO i
NepeTHbOTO (PPOHTY EIIF0ATHOT XBHIII.

V ’ :L/ tmax (8)1
JI¢ tmax — 4Yac TMOSIBM MaKCHMAJbHOTO 3HAYCHHS Y

BIZMOBIHIH NopLii GiabTpaTy Ha BUXO/1 KOJIOHKH.
Yac mosiBM MakCHMyMiB B OTPHMaHHX PO3IOJilax
ckiano 142 1380 xB. BigmosinHo:
V’1=5,77-102cm /xB1V’2=2,52 - 102 cm /xB.
O6csarn BiadinmpTpoBaHOT BOAW, IIO BigIOBITAIOTH
OIMPHHI eTI0aTHOW XBWII (B 00’€MHHX KOOpIMHATaX
(V2 - V1) cknanu:

01 =(165—-125)xs - 11 cm® /xB= 550 cm®
02 = (450 — 340) xB - 12 cM® /xB = 1060 cm®
BimnosigHo 10 Bupasy (7) MOXKHA CKIACTH KBaapaTHE
piBHsHHA, 127pimenHs sikoro moao H mae Bursn:

— LV oy OV
H,=——+ [LAV?+ 9
2 2 4?2 ®)

Jns wmitpatHoro asory H = 0,28 cm?xB; ams

aMoHiitHoro asory H 0,078 cm?*/xB; oOpraHiyHHX
TYMYCOBUX CIOJNYK Dpiakoi Ta TBephoi ¢pakuil
H=0,0047 cm? /xB.

3Ha4yeHHs  pO3paxyHKiB moao  (impTpamiiHol

3IATHOCTi BIATIOBIIHWUX TIPYHTOBHX BiAMiH HAaBEICHO Yy
Tabmmmi 1.

Tadanus 1. 3HaueHHs: po3paxyHKiB 1010 GiIbTpaLiiiHOT 31aTHOCTI.

Table 1. The value of calculations for filtration capacity.

TI'igpodiznyni nokasHukn
= =
= X 5 g
= > s < A =) =
g 2 g : 25 5= =R
2 5 = 5 n zE £ g &g
o o = =] <% Q2 a S a g
2 s ' o >§ ] 5 é 5 é
= 5 S = £ g B B
o °) = =
[=2] m =]
= =
1 1756 2.72 4.1 2.3 20 125 48
2 1756 3.66 5.4 3.9 37 220 61
3 1756 4.43 6.6 3.1 30 175 49
4 1756 5.33 8.0 2.4 20 127 49
5 1756 8.13 12.2 3.6 31 191 74
6 1756 5.40 8.1 3.1 30 170 48
7 1756 3.28 4.9 2.4 21 130 50
8 1756 3.53 5.3 3.6 31 192 74
9 1756 3.57 5.3 2.7 23 143 55
10 1756 4.98 75 2.7 26 154 43
11 1756 8.20 12.3 3.6 31 193 74
12 1756 5.73 8.6 2.6 23 138 54
13 1361 4.05 6.1 2.8 27 158 44
19 1361 3.71 5.5 4.0 38 224 62
20 136r 2.93 44 25 21 135 53
21 136r 452 6.8 2.8 27 162 45
22 1361 7.86 11.7 3.4 29 180 70
23 1361 5.86 8.8 2.6 23 140 54
24 136r 4.95 7.4 3.0 29 167 47
25 136r 4.19 6.3 3.3 29 180 69
36 136r 2.56 3.9 2.4 21 129 50
Cepenne 3.0 27 164 56
10 IJIOIAM

BucHoBKH

1. BukopucTaHHSI METOJy €JIF0aTHOI XBHJIL JJO3BOJISIE
BUPIMINTH 33724y KUIbKICHOT OIIIHKM copOwii HiTpaTHOTO
Ta aMOHIWHOTO0 a30Ty pinkoi i TBepaoi Ppaxiii, ryMycoBUX
CHOJNYK y OCTI/DKCHUX IPYHTOBUX BiIMiHAX, OI[IHUTH iX

pyximBicTh KoedimieHTamu audy3ii 3  BIIIOBIAHOIO
po3MipHicTio. Lle 1ae MOXIMBICTH 3pOOUTH BUCHOBOK IO
MOUIMPEHHS Ta PO3MOJII IIUX CIIOJIyK Y BEPXHBOMY ILapi
IpyHTy Mae Oyrtu: 25-50 cMm, mo MHOBHICTIO 3amobirae
¢utpTpanii 10 piBHA KaiiMHM IPYHTOBHX BOJ IPH HOPMI
BHECEeHHS 55-75 T/ra.
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2. Y moemHaHHI i3 3HAYHOK KUIBKICTIO BHECEHMX
A30THUX CIOJYK II€ 3HAYHO IiJBWINYE MOTCHIIHHY
POIIOYiCTh MAJIOMPOAYKTHBHUX IPYHTIB 1 ]a€ MOXKITUBICTD
oJIepKyBaTH BHCOKi Bpoxkai — 70-80 11/ra mmmeHwi.
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NCCIEALOBAHUE ITPUMEHEHUW A )KHHKOﬁ n
TBEPI[OI71 <DPAKI_[I/II71 OEPMEHTUPOBAHHBIX
(KOMITOCTUPOBAHHBIX) OPTAHTYECKUX
YI[OBPEHHPI JUIA VJIVUIOIEHUE TTJIOAOPOAMA
I[MOYB U TEXHOJIOTMYECKOI'O OBOPYJJOBAHUMA
A. H. Jleswcenkun, b. B. Bormanckuil

AnHoranusi. [IOMCK TEXHHYECKHX CpEICTB U
METOJIOB HCIIOJIb30BAHUS JKUAKUX M TBEPABIX (pakiuit
KOMITU3UPOBAHHBIX ~ OPTraHUYECKHX  yHOOpeHWid IS
VIIYYIIEHUS] TUIOMOPOAMST TOYBBI M TEXHOJOTHYECKOTO
obopy/moBaHusl SBISIETCSl IIEHHBIM K HEOOXOJIUMBIM
HaydyHBIM MaTepuajoM. [Ipobiema  HCIOJB30BAHUS
KUJIKAX OCTATKOB OPTaHMYECKOTO BEIIECTBAa IIOCIHE
OpokeHHsT Ha OWOTa30BOH yCTAHOBKE 3aKIIOYACTCA B
OTpaHUYEHUH CPOKOB Pa3pelIEHHOr0 BHECEHUS U CPEACTB
JUIsL €ro MOJArOTOBKM M pAaclpeiesieHHsl 0 MO0 WU
BHECEHUS B [IOYBY.

Hapsgy ¢ monoxuTenbHbIMH
MOTEHIIMATLHOTO  TUIOJIOPOJIUSL  TOYBBI  CYIIECTBYET
00JIBIIIOE KOJIMYECTBO MoKa3aTeseH, KOTOpbIe
OTPHUIATENILHO BIIMSIOT HA OKPYKAIOIIYIO Cpeay. ITo:
3arpsi3HEHHWE  TPHPOJIHBIX  BOJOEMOB;  3arpsi3HEHUE
BO3JlyXa; M3MEHEHHE MHKPOOMOJOTHYECKOW aKTHBHOCTH
MOYBBI; YXyAIIeHHE (PUTOCAHUTAPHOTO COCTOSIHUS TIOYBHI;
MHUKPOOHOJIOTHYECKOe W OaKTepHajIbHOE 3arpsA3HCHHE
MOYBBI; 3arpsS3HEHHUE MMOYBbI TSHKEIBIMU METaJJIaMU.

Hccnenosarensckas porpamMma BKJIFOYAJia
ONnpejiesieHue THJIPOJOTHUYECKUX CBOMCTB IMOYBHI IO
OTHOIICHHUIO K Pa3IM4YHBIM (pakiusiM ¥ OIpeeIeHUE

I10Ka3aTCIsIMH
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a7CcOpOCHTHOW CIOCOOHOCTH TIOYBBI HAa HHUTPATHOM U
aMMHavHOM a30Te.

MuHHMYM  BCachIBaHHS BOABI B  MOJCIBHBIX
nuarpammax ao 700 cM® ¥ IOCTOSIHHOE [TABJICHHUE BOIHOTO
cronba Ha moBepxHOcTH  ¢misTparuu (7 cM).
OmnpeneneHHbIC KO3 PHUITHEHTHI pacripeneneHus
agcopoumu u quddysuu.

Merton n3MepeHust pacrpeaenuTeabHbIX
K03(h(PUIIMEHTOB OPraHNYECKOTO COESTMHEHHS IPOBOINIICS
METOJOM  OJIOATHOM  BOJNHBI  WIM  (PpOHTANBHON
¢unbTpanmu B cronbue. Pa3paboraH OpHrHHAIBHBIN
METOJ pacueTa IoKa3aTelei.

[TomryueHnbIe pe3ynbTaThl Moka3an d)(HEKTHBHOCTh
METOa IO OIpPEACICHHIO KOIWYECTBEHHOH OICHKH
COPTUPOBKH HHUTPAaTOB M aMMOHHS a30Ta J>KUAKOH U
TBepAOi (Ppakuuy, MO3BOIIET OLCHUTDH ITOABIKHOCTD O
kodpdunrenty mudpdy3un u pacrpenencHus. Bepxauit
CJI0}1 TOYBHI TOJKEH OBITH 25...50 cM, 9TO mpemoTBpamaet
GUIbTPaLMIO [0 YpPOBHS TPYHTOBBIX BOJA, C HOPMOM
npuMeHeHus 55..75 T/ra. DTO MO3BONUT 0OCCICYHUTH
IUIOJIOPO/INE HU3KONPOAYKTUBHBIX TouB a0 70-80 1/ra
NIICHUIbI.

KaroueBble ciioBa: MOMET, KOMIIOCT, OPraHUYECKUE
ymoOpenus, xumkas Qpakmus, TBEpHas (pakuus,
ycTaHOBKa OMOTa30Bas, OYBA.

RESEARCH OF APPLICATION OF LIQUID AND
SOLID FRACTIONS OF FERMENTED
(COMPOSTED) ORGANIC FERTILIZERS FOR
IMPROVEMENT OF FERTILITY OF SOIL AND
TECHNOLOGICAL EQUIPMENT
A. N. Lezhenkin, B. V. Boltianskyi

Abstract. The search for technical means and
methods for the use of liquid and solid fractions of
compozed organic fertilizers to improve soil fertility and
technological equipment is valuable and necessary
scientific material. The problem of using the liquid residue
of the organic matter after fermentation in the biogas plant
is to limit the periods of permitted entry into the field, and
as a consequence, requires the need for buildings for the
accumulation of raw materials, and high productivity

Of the means for its preparation and distribution by
field, or application to the soil. Along with the positive
indicators of a potential fertility of the soil, there are a large
number of indicators that adversely affect the environment.
This: pollution of natural reservoirs; Air pollution.
Alteration of microbiological activity of soil; Deterioration
of the phytosanitary condition of soil; Microbiological and
bacterial contamination of the soil; Soil contamination with
heavy metals.

The research program included determining the
hydrological properties of the soil in relation to different
fractions and determination of sorptive soil capacity on
nitrate and ammonium nitrogen. The definition and
calculation of filtration properties was ensured by the A
minimum of water absorption in model diagrams of up to
700 cm® and a constant pressure of the water column on the
surface of filtration (7 cm). Determined coefficients of the
distribution of adsorption and diffusion. The method of
measuring the distribution coefficients of organic
compound is by a method of eluate wave or frontal
filtration in a column.

The original method of calculating indicators was
developed. The obtained results showed the efficiency of
method by definition of quantitative estimation of sortation
of nitrate and ammonium nitrogen of liquid and solid
fraction, allows to estimate mobility by coefficient of
diffusion and distribution. Conclusion that distribution and
distribution of compounds in The top layer of soil should
be 25...50 cm, which prevents filtration to the groundwater
level, with a norm application of 55...75 t/ha. This will get
the fertility of low-productive soils-up to 70-80 c/ha of
wheat.

Key words: litter, compost, organic fertilizers, liquid
fraction, hard throck, gas, soil.
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BUCOKOINPOAYKTUBHI ATPETCATH U151 OBPOBITKY IPYHTY NEPE] CIBEOIO IYKPOBUX
BYPSKIB TA IHIIUX TEXHIYHUX KYJbTYP

I. A. JlepeB’siHKO

[Monickkuit HanioOHANBEHUH yHIBEepCHUTET, Y KpaiHa.
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AHoOTamig. Y CTaTTi NMpeACTaBICHO OINIAL TEXHIKA
3apyOiKHOTO 1  BITYM3HSHOTO BHPOOHHWITBA,  sKa
3aCTOCOBYETHCSI B YKpaiHi NPU MiATOTOBLI IPYHTY IHepen
ciBOOO OypsIKIB I[yKPOBHX Ta IHIIMX TEXHIYHUX KYJIBTYP.
[IpoBeneHo aHaji3 TPYHTOOOPOOHHMX arperaTiB BiJOMHUX
KOMIaHIA-BUPOOHHUKIB TOJOBHMM YHHOM B pO3pi3i
HEJIOJIKIB 1 mepeBar poOOYMX OPTaHiB ISl PO3ITYLIYBaHHS
i NOApIOHEHHS IPYHTY: CTPUIBYACTHX Jiall, JUCKOBHX,
KOMOIHOBaHUX.

[epennociBamit 00poOITOK, MTOKa3HUKHI
arpoTeXHIYHMX BHMOT [0 SKOTO € IIiJBHIICHNMH,
PEKOMEHIIOBAaHO  TPOBOJUTH  OaraToorepariiHIMu
MallMHAMH —  KOMIIaKTOpaMH, IO  OOpOOJSIOTH,
BUPIBHIOIOTh, CTPYKTYpPYIOTh TPYHT JJISI «BHMOTJIMBHX)
KYJIBTYP 32 OJIMH TPOXiJ], CTBOPIOIOYH TOUHE 1 OJJHOPIAHE
MOCIBHE JIOKE JUISi HACIHHS 3a YITKOrO JIOTPUMAaHHS
rIIMOMHM 00pOOITKY MO BCii IIMPUHI arperary.

KuarouoBi ciioBa: arperat komMOiHOBaHUH, IIyKPOBHI
OypsiK, epeArnociB, 00poOITOK IPYHTY, KOMIIAKTOP.

IHocranoBka npodaemu

PanHbOBeCHSIHMIT OOpOOITOK TPYHTY Tepen CiBOOIO
TEXHIYHUX KyJIbTyp NPHU3HAYCHUH JUIi 3HUIICHHS
MapocTKiB 1 cXofiB  Oyp’sHIB Ta  PO3MYyIICHHS
MOBEPXHEBOI'0O MIApy /0 3a/laHOl, 3aJIeKHO BiJ KYJIbTYpH
ska  Oyae  BuUciBaTHCs, TIJMOMHM 10  JpiOHO-
IPYJ0OYKYBaTOrO CTaHy 3 METOIO 30epekeHHs BOJIOTH.

[TepeanociBHui 00poOITOK I'PYHTY BHUKOHYETHCS Ha
mMOUHY  3apoOJIsTHHS ~ HACiHHA  JJIT  CTBOPEHHS
CHPUSTIMBUX YMOB HOTO NMPOpPOCTaHHS, TOJIOBHOIO Cepell
SIKUX € IIIJIbHICTh HACIHHEBOTO JIOKA 1 BHUPIBHSIHHICTH
rmnbuan.  IlepennociBHuii  00pOOITOK €  CKIIaZOBOIO
YaCTHHOIO €IMHOTO TEXHOJIOTIYHOro IIpolecy CiBOM i
3IIMCHIOBATH HOTO HAICKUTH 3 MiHIMaJIbHUM PO3PHBOM Y
yaci, 0coOJIMBO 3a CiBOM I[yKpOBHX OYpsKiB, KOJIU IepIua
oreparisi BUIEpEKae HACTYNHY Ha [BA-TPU MPOXOIH
MTOCIBHOTO arperary.

OCHOBHUM PHUXJISTYUM POOOYNM OPTraHOM arperaTiB
K 3apyODKHOTO, TaK 1 BITYM3HSHOTO BHUPOOHUIITBA
TpaJMIIAHO € 37aBHA BijoMa cTpiipyacTta jana. BoHwm
MaIoTh Pi3Hy KOHCTPYKIIIO 1 €, SIK IPAaBUJIO, TACUBHUMH Ta

KOMITOHYIOTBCSI Ha TPSIIMIISIX PaMH 3aJIE’KHO BiJ] BOJIOTOCTI
1 TBEpAOCTI OOPOOITIOBAHOTO IPYHTY.

I'pyHTOOOPOOHI arperaTv 3 JAUCKOBUMH pPOOOYMMHU
OopraHam BIIOMHX Ha YKpaiHi BHPOOHHUKIB MalOTh
nepeBar nepe;i CTPLIbYacTUMH JIATIAMH 1010 IOKA3HHUKIB
PAaHHBOBECHSIHOTO OOpOOITKY TIpyHTY, Hacammepea 3a
paxyHOK 3HW)KEHHS TSATOBOTO OMOpPY, OCOOJIMBO IpH
poOOTI Ha TBEPANX YH NEPE3BOJIOKEHHUX IPYHTAX, MPOTE
TUIBKM Je-fKi 3 HHX MOXYTh SKICHO BHKOHYBaTH
MepeIociBHIA  00po0iTOK, Hacammepex MiX IIyKpOBi
OypAKH.

3acTocyBaHHS arperariB 3i CTPUTBYACTUMH JIallaMH
MOXe OyTH yCKIIaJHEHHM 4Yepe3 HasBHICTh Ha MOBEPXHI
TPYHTY 3HA4HOI KITBKOCTI POCIMHHHUX 3alUIIKIB, SKi
MOXYTh MPHUBECTH [0 3a0MBaHHA pPOOOYMX OpraHiB
MallpHU. 3a Takoi yMOBH Kpamie OyAyTh NpamoBaTH
JIUCKOBI IPYHTOOOPOOHI arperatu. OQHAK € 1€ OJUH BUJ
MaliMH Ui OOpoOITKY TIPyHTY —  KOMIIQKTOPH
(xoMOiHOBaHI arperaTtu), sIKICTb POOOTH SIKUX € 1€ MEHII
CYMHIBHOIO SIK IPW MIATOTOBII IPYHTY MiJ LYKPOBHH
OypsK Ta, HAOpWKIAA, OBOYI, TaK 1 WX COM,
TIPOyKTUBHICTh BUPOOHMITBA SIKOT HE POCTO MOTPEOYeE,
a CTaBHTh IIepej arpapisMud OE3KOMIPOMICHY BHMOTY
II0/I0 1/1eaJIbHOTO BHPIBHIOBAHHS IOBEPXHI IO Tepen
MOCIBOM, a/UKE€ B IOJANbIIOMY II€ TaKOX JO3BOJIUTH
3i0paTH yposkail mpakTHyHo 6e3 BTpar.

AHaJi3 ocTaHHIX J0CTiIKEeHD

Jlo xommiekcy (akTopis, AKi CyTTEBO BIUIMBAIOTH HA
MIOJIbOBY CXOJKICTh HACiHHS, HaJEXHUTh TeMIeparypa Ta
BOJIOTICTh IiATOTOBJIEHOTO IPYHTY, JOCTaTHS
MOBITPSABMICTKICTB, CITiBBITHONMICHHS M)XK BMICTOM BOJH i
TIOBITPs, BUPIBHSHICTb CTPYKTYpHO-arperaTHOrO CKJIamy
IPYHTY JI0 OTPiOHMX 3Ha4YeHb noka3Hukis [1-10].

BiamosigHo bi (o) Haucrannapty riaubuHa
PO3IYIIEHOTO MTOBEPXHEBOTO MIapy, 30KpeMa It OypskiB
IYKPOBHX, 3QJIE)KHO Bi BOJIOTOCTI IPYHTY, Ma€ OyTH Bix
2,5 mo 4 cM Ha BCiii mMpHWHI 3aXBaTy 3HApAAAS H He
MTOBMHHA BIIXWIIATHCS BiJ 3a/aHOi; IPYHTOBUX arperariB
(rpymodox) po3mipom Bix 1 1o 10 MM Mae OyTu He MeHIIIE
90 % Bix 3arayibHOT KiJIbKOCTI, po3MipoM 20 MM — 110 10 %;
LIIJIBHICTD CKJIaJAaHHs Ha CyXy Macy B 00poOiieHOMY mapi
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— 10 1,2 r/em®; BucoTa TpebeHiB UM TTMOMHA BIAIUH
IpyHTYy He TOBHMHHa mnepeBuimmyBatu 2+0,5 coMm;
HemigpizaHux Oyp’siHiB Mae OyTH He Oinbiie 2 %; mupuHa
HEePEeKPUTTS HONEPEAHbOr0 MPOXOAY KyJIbTHBATOPA Mae
6ytu Bix 15 mo 20 cm [5].

Merta gociigkeHn

Mertor naHUX AOCTIIKEHb € aHajli3 MOKJIMBOCTEH
IPYHTOOOpOOHMX arperariB  BiIOMHX BHPOOHHUKIB 1
peKOMeHalil 00 TNPOBEIEHHS SKICHOTO O0OpOOITKY
IPYHTY Tepen ciBOOI0 HYyKpOBHX OYpsKiB Ta iHIIUX
TEeXHIYHHUX KYJIBTYP B 3aJIS)KHOCTI BijI CTaHY IPYHTY i THITY
poOounx oprasis.

Pe3yabTaTn nociaigxeHb

3aBIAKMA PIZHOMAHITHAM 1 TEXHIYHO OCKOHAIUM

pobounM  opraHaM Ta  IIMPOKUM  MOKJIMBOCTAM
HaJIarO/I>KeHHS KOMOIHOBaHUX TPYHTOOOpPOOHKX
arperariB, Micis OJHOTO TPOXOAY MH OTPUMYEMO

00po0OiieHe HAa OJHAKOBY TNIHOMHY 1 ijeallbHO BHpPIBHSIHE
mosie. OMHO3HAYHOI BIAIOBINI, SIKOIO Mae OyTH TIHOMHA
MIEPEIIOCIBHOTO 00POOITKY IPYHTY, OCOOIHMBO B 3B’SI3KY 3
KYJBTYpOIO, HEMae. Opni BHPOOHHUKH
CLITBCEKOTOCTIOAAPCHKOT TEXHIKH CTBEPXKYIOTh, 110 BOHA
MTOBHHHA OyTH HE OiNbIe ITHONHY BUCIBY HaciHHS. To0TO,
HaCIHHSI Ma€ JISIraTH Ha TBEPJIE MOCIBHE JIOKE, 110 FapaHTye
HOMYy BIIMIHHMI KOHTAKT 3 TPYHTOM. A Jiesiki BADOOHUKHU
MPOTIOHYIOTh PUXJIUTH IPYHT Ha Tubuny 10-12 cM i moTiM
3HOBY YIIUIBHIOBATH HOT0, MICJIs YOr0 BHCIBATH HACIHHSL.
bBinpuricte  KOMOIHOBaHMX  MOCIBHMX  KOMIUIEKCIB
NPAIOOTh 32 TaKOK CXEMOI PO3MILIEHHS pPoOoYMX
OpraHiB: B IMIepPeIHII YaCTHHI MAIIMHU — TUCKOBa OOpOHa,
SKa PO3IYIIYE TPYHT, MOTIM BiIOYBA€ThCS MPUKOYYBAHHS
MIMPOKAMH OIIOPHUMH KOJECaMH i TiIbKH MiCNIs LBOTO —
mociB. Ha pasi € 0araTo NMpUXMIGHUKIB SIK OIHI€l, TaK i
JIpyroi TEXHOIOTII.

[epeBaru KOMIAKTOPiB IHO3EMHOTO T BITYHU3HSHOTO
BUPOOHMIITBA, sIK OararoonepauifHUX MalluH, L0
00pOOIISAIOTh, BHUPIBHIOIOTH, CTPYKTYPYIOTh TPYHT JUIs
«BUMOTJIMBUX» KYJIBTYD € HACTYITHHUMHU:

v 00'elHaHHA KiIBKOX poOOUYMX omepariii B OJHy,
110 JIO3BOJISIE 3HU3UTH BUTPATH Ha IIITOTOBKY TPYHTY;

v/ abCoNIOTHO piBHA TMOBEPXHA MOJA  ICis
NPOXOJDKEHHS arperary;

v/ CTBOpEHHSI TOYHOTO i OIHOPIAHOTO TMOCIBHOTO
JOXa AN BCIX pociuH (YiTKe IDOTPUMaHHA TJTUOWHM
00poOITKY 10 BCili IIMPHHI arperary);

v ifeanbHe  TOAPIOHEHHS  TPYIOK
BHKOPHCTAHHIO Pi3HUX POOOYNX OpPTaHiB;

v\ 3aBIAKM BJAJIOMY TEXHIYHOMY pillleHHIO, 32
JIOIIOMOT0I0 [[LOTO arperatry BJA€ThCsl JTOTPUMYBATHCS

3aBJISAKH

BiIOBIiIHI arpoTexHivHI CTPOKH BUKOHAHHS
IPYHTOOOPOOHHX Omepartii.
Lemken System-Korund. [lns  mepeamociBHOT

00pobku rpyHTy Kommauis Lemken mnpononye nBi
cremiayizoBaHi MallMHM, a caMe. YHiBepCaJIbHHUN
koMOiHOBaHuii arperar System-Kompaktor i e meHIn
yHiBepcanpHuil arperat System-Korund. Xoua o6uasi
MaIMHHU [IPU3HAYeHi JUIs IePeociBHOI 0OPOOKH IPpyHTY,

MPOTE MAIOTh PSJT TEXHIYHUX BiAMIHHOCTEH, IO POOUTH iX
HE3aMiHHUMU TIPH pOOOTi B Pi3HUX yMOBaX.

System-Kompaktor BHKOHYE TIEPENOCiBHY
MATOTOBKY TPYHTY 3a OOMH POOOYMH TMPOXix - HOTo
BHTOTOBJISIIOTh 3 IMUPHWHOIO 3axBaTy Big 3 mo 12 M.
IMounnarouu Bix 8 M mupwHH, arperat System-Kompaktor
HaBilllyl0OTh Ha cucTeMoHociii Gigant. Ilpu Takiit
KOMITOHOBIII BH OTPHUMY€ETE OJMH IIMPOKO3aXBAaTHHUH
arperar, sKuUil J0O3BOJsIE €(QEKTUBHO 3aBaHTAXKHUTH
MOTY>XKHI TPAaKTOpH, HAasBHI B rocmojapcTei. | HaBmaku -
SKIIO TOTY)XHUH TPakTOp 3acTOCOBYIOTh Ha IHIIUX
po0OTax, MOKIMBO CaMOCTIHHE BUKOPHUCTAHHS arperaTis,
aJDKe MalliHa 3 IIHPHHOI 33aXBaTy 8 M CKIANAEThCs 3
ZIBOX 4-METpOBHUX arperatis, a 10- i 12-MeTpoBi ManIuHy -
3 IBOX 5- 1 6-METPOBHX arperaris BiJIIOBiIHO.

3aBngkd BHANiif KOMIIOHOBIII pPOOOYHX OpraiB,
System-Kompaktor € igeamsHHM  3HApSIUIAM IS
MEPeIOoCiBHOI  OOpOOKHM TPYHTY 3  JOTPUMaHHAM
oHakoBOI rMOMHKU. OCOONMMBO - Uit KYJNBTYp, HACIHHS
SIKMX CJTiJT BUCIBATH HAa HEBEJIMKY INTHOUHY. AJDKE arperatu
System-Kompaktor roryooTeh TpyHT Ha TIHOWHY
3aropTaHHs HACiHHsI, TOOTO B Mexkax Big 2 10 15 cm.
XapakTepHOI  BIAMIHHICTIO  [UX  arperatiB  Bij

AQHAIOTIYHUX MAIIWH IHIINX BHPOOHHKIB € Te, 10 BOHU
SIKICHO TOTYIOTB TPYHT ITiJ] OCiB IPiOHOHACIHHUX KYJIBTYP
(JTeOH, MOpKBa, TpaBH, parc, OYpsSK IyKPOBHHU 1 T.N.) Ha
rmbuny 2 cM (puc. 1).

Puc. 1. Lemken System-Kompaktor
NepeAnoCciBHOT0 00pOOITKY IPYHTY.

Fig. 1. Lemken System-Kompaktor for pre-sowing
tillage.

IS

PoGounmu opranamu arperaris System-Kompaktor e
TPU psSIM  CTPUIYACTHX Jial, JBa IUIAHYacTi KOTKH-
TPYIKONOAPIOHIOBaYi, JBa BHpPIBHIOIOYHX OpycH i
KiJIbYacTO-IIMOPOBUH KOTOK. 3aBJSIKHM MapasieIorpaMHiN
migBici poOOYMX CEKId 31 CTPLTYACTUMH JIallaMH
JIOCSITAa€ThCS  PO3MYIIYyBaHHS  TPYHTY Ha  TOYHO
BCTaHOBJICHY INIMOWHY. Jlarmy po3MilleHi TaKUM YHUHOM,
IO MpAIIOIOTh YITKO TOPU3OHTAJIBHO 1 HE 3ad4ilaroTh
HIDKHIN BOJIOTOYTPUMYIOUHH IIap, IO JO3BOJISE 30eperTi
JIOPOTOIIIHHY BOJIOTY ITi/l HACIHHEBUM JIOJKEM.

[TmangacTi KaTKH, pO3TAIIOBaHI B MEPEAHIH YaCTHHI
arperarty, HOIIEpPeHbO KPHUIIATh i MTOAPIOHIOIOTH TPYHT, a
CIEIiIbHI TJIAHKU SKICHO BUPIBHIOIOTH TIOCIBHY TUIOIIY.
dinanpHUN poOOUMIi OpraH - KiIbYacTO-IMOPOBHIA KOTOK,
SKMH Maibke NOBHICTIO TOJPIOHIOE BEJIMKI TPYIKH 1
PIBHOMIPHO YIIUIBHIOE PO3MYIICHY IIOBEPXHIO IO,
CTBODIOIOYM TAaKMM YHHOM if€aJbHI yMOBH  JUISt
npopocTaHHs HaciHHSA. KpiM TOro, KOTOK «cOpTye»
TpYIOKH: JpiOHI 3alMIIAalOTBCST BHHU3Y, a BEJIHKI -
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BHUHOCATBCSI Ha IOBEPXHIO, 3aXMINAIOYM TAaKUM YHHOM
HaciHHEBE JIOXKE BiJ PO3MUBaHHS B pe3yJbTaTi HOIIIB,
BITpIB i €pO3iHHIX MPOLIECiB.

Ha Baxkux a00 CXWIBHHUX [0 II€PE3BOJIOKCHHA
IPYHTaX PEKOMEHIYIOTh BUKOPHCTOBYBATH 3aMiCTh CEKIIii
31 CTPUTIACTHMH JIaTlaMH Po00di cekii 3 raMMa-3yOIsImMu.
3aBSIKM  BEPTUKAIBHOMY pO3TallyBaHHI 3yOliB, Ha
BIIMIHY BiJ JIITHIX IXHBROTO EKOHOMIYHOI'O CTAaHOBHIIIA,
BOJIOTMH IIap TPYHTY IPOCTO PO3KPUBAETHCS, a HE
BUHOCHTBCSI Ha IOBEPXHIO.

Veles-Agro. OpuH 3 HaGiNBIINX HAIIOHATBHUX
BUPOOHHKIB CIJIbCHKOTOCHOAAPCHKOI TEXHIKM - KOMIIaHis
Veles Agro - Texx Mae B CBOEMY apCCHalli BiIIOBiXHHIMA
KOMOiHOBaHuit arperar. Forward-6 Bim ykpaiHcekoro
BHpOOHMKAa - I¢ JiiiCHO IHHOBamiliHA MaIIWHAa,

KOHCTPYKILIs KO BIAJO IMOENHYE OCTaHHI IOCATHEHHS
MIPOBIIHAX MAITMHOOYAIBHUX KOMIIaHii CBiTY, mpoTe - 3
yKpaiHChKOI WiHOTO (pHC. 2).

ST S T e - e
Puc. 2. Kom6inosanwuii arperar Veles-Agro Forward-
6 1yt mepennociBHOro 00poOITKY TPYHTY.

Fig. 2. Combined unit Veles-Agro Forward-6 for pre-
sowing tillage.

Hanpuknan, ©Ha OaratoomepamifHOMY —arperari
BHKOPUCTOBYIOTh KaTKH 1 MiAIIUITHAKOBI BY3JH, SKi HE
moTpeOyOTh  OOCIYroBYyBaHHS 1  MHpAIlOIOTh  HA
kyneruatopax tumy KIII, po6oui opramu Forward, a
came cTpijibuacra jara Mae MiANpYKHUHEHUH 3aXHCT, sKa
TaKOX «B3sTa» 3 TOro camoro KymsTuBaTopa KIIT'. [lms
SIKICHOTO OTIPALIOBAHHS arperar OCHaIleHU T
pO3MyllyBaYaMH CJIiIy TpakTopa, MO0 MiHIMI3yBaTH
e(eKT mepeyIiIbHeHOI TPYHTY Y3[O0BXK KOJIl TpakTopa.
BupiBHIOBaHHS 1O BiIOYBAa€THCS 3a JOIMOMOTOIO TPHOX
CICIiabHAX IUIAHOK, $Ki pPO3TAaIllOBaHi IOTEpery
MEPEHBOTO KOTKA, TMiCTs CeKIiN 31 CTPITYACTHMH JIATIAMH
1 3331y IPUKOYYIOUNMH KiTbYaCTO-IIIIOPOBUMH KOTKAMH.

Jus  OocsTHeHHsT  PIBHOMIPHOCTI 1 TOYHOCTI
00po0OiTKYy po0OYi CeKkiii 31 CTPUIYACTHMHU JIallaMu
BCTAaHOBJICHI Ha mapanenorpamuiid miasicui. o Toro x
perymioBaHHS ~ MHOMHM  OOpoOiTKY  BimOyBaeThCs
0e3cTymiHgaTo B Mexax BiJl 2 10 12 cM. OcHOBHHIA miap
TPYHTY MOJPIOHIOETHCSA IUIAHYACTHM KOTKOM, IO MAae
miamerp 400 MM 1 OCHAaleHMM  HaJiHHUMH
MAIMIATHAKOBUMH  BY3J1aMH  IMIIOPTHOTO BHPOOHHIITBA.
dinanpHe TONPIOHEHHS 1 MaKCHMAallbHE YINIJIbHEHHS
TPYHTY BHKOHYE KUIBYAaCTO-IIIIOPOBUH KOTOK, SIKMH
NpUIATHUN AN BCiX TUmiB TpyHTiB. s Toro, mio0
YHUKHYTH 3a0MBaHHS 1 3aJIMIaHHS KOTKa T'PYHTOM, BiH
o0JaiHaHKH crienialbHIMU YUCTUKAMHU.

Jlis 3amobiranHs yTBOPEHHIO TPYHTOBHMX HAIUIMBIB
MK CYCiZHIMH TpOXoJaMH arperar oOJagHaHUN
METaJIeBUMH 3aXHCHUMH [IUTKaMH. 3aBISKH BEJHKIiH
po6ouoi mBuaKoCTi (10 14 kM/roa) i mupuHi 3axBaty (6
M), arperaT Ma€ BUCOKY NPOAYKTHUBHICTb - 70 7,2 Ta/TOA.
EnemenTn ynpaBniHHS TepeANOCiBHUM KOMOIHOBaHMM

arperatoM Forward cTBopeHi 3 ypaxyBaHHSAM HOOa)kaHb
arpapiiB, TOMy IPOCTi i IOCTYIIHI JUTS PETYJIIOBaHHS.

Farmet Kompaktor. T'imHe wmicme HE TINBKH Ha
YKpaiHCBPKOMY, ajieé 1 Ha CBITOBOMY pPHHKY 3alfMaroTh
9echKki rpyHTO0OpOOHI arperatn Kompaktomat. Croromsi
komnakropu Farmet - 1me mepeBipeHi 4acoMm i pi3HUMH
yMOBaMH  pOOOTH  CIABrOCHMAIIMHM, SKI  cepeln
YKpalHCBKUX  arpapiiB ~ KOPHUCTYIOTbCS  BEIHKOIO
TOMYJIAPHICTIO. MOJIJIMBO, TOMY, IO BOHH OJHUMH 3
MepIIuX 3 arperaTiB Takoro CerMeHra 3'IBWIIMCS Ha
BITYM3HSIHOMY PHHKY.

Cepenl TpeEACTAaBICHWX MAaIIUH 1€  BHPOOHHK
MPONIOHY€ UM HE HAHOIMBIIUN MOJENBHHHA pSA arperariB
UL TIepeanociBHOrO  o0poOiTKy r1pyHTy. CphOTOAHI
KOMIIaHig TIPOMOHYE TaKy TEXHIKYy B TPHOX BapiaHTax
BHKOHAHHS: HaBiCHI, OpUYimHI ~ Ta  MPHYINHI
IIMPOKO3axBaTHI MammHA. MiHiManpHa poboda mupuHa
3axBary - 2,5, a makcumanbHa - 15,7 m. [lpuuomy
TPaHCIIOPTHA LIMPHHA BCIX MAIMH CTAaHOBUTH 3 M, IO €
BUTiTHUM rabapuTOM TIpH mepeizaax.

Kompaktomat BukOHye 3a OJMH MpOXim KiibKa
pobounx omnepauiii, B pe3yJibTaTi SKUX MOBEPXHs OIS
SKICHO BHUpIBHSHa 1 ONTHUMaJbHO YyIIiIbHEHa. Y
PO3IYIICHOMY TPYHTI BiHOBIIOETHCS KAIUIIPHICTH 1 Ha
mOTpiOHIM TTHOWHI CTBOPIOETHCS IMOCIBHE JIOXKe. [ pynku
3eMJIi M'AK0 noApiOHeHi. [ cTBOpeHHS i1eanbHOT piBHOL
noBepxui Kompaktomat 3abe3neuenuit TppomMa BoJIoKaMu:
TepelHst - pO3MilleHa Tepe] TMepenHiM KaTKOM i
PO3MOAINE 1 3rIaKye YAMalli HEPIBHOCTI. 3aIekKHO Bif
MoTped TrocnoAapcTB, SKi IUIAHYIOTh BHKOPHUCTOBYBATH
MepeinociBHI  KOMIAKTOPH, IX MOXYTh OCHAllyBaTu
TpbOMa BHJaMH POOOYMX OPTraHiB.

Cexuist AL ocHamiena cTiikamu 31 CTpLI4acTHMHU
JlanamH IUPUHOI0 25 CM, PO3TAalllOBaHUMH B J(BA PSIIH.
KoxHa crifika Mae 3axXHCT JIMCTOBOK MpPYXHUHOW. Llst
CeKIis NpH3HAYeHa I JIETKUX IPYHTOBHX YMOB 0e3
BEJIMKOi KIUTBKOCTI POCIMHHUX 3alUIIKIB. 3a CEKIIi€l0
CTaH/JapTHO BCTaHOBIIOIOTH IUIAHYACTy  BOJIOKYIIY.
Cekuiss CF ocHamieHa CTiiKaMH 3 BY3BKUMH JOJOTAMU
IIUPUHOIO 3,5 CM, PO3TAIIOBAHMMH B YOTHUPH psiau. Llro
JIOJIOTOBY CEKIIIF0 BUKOPHCTOBYIOTh IIEPII 32 BCE HABECHI
JUIsL OOpOOKHM JIy)KE€ BOJIOTHX 1 BaXKKUX TPYHTIB, KOJIU
HeOaXkaHo MMIIHIMATH Ha TOBEPXHIO BOJIOTHH LIap TPYHTY.

Cexuist AP — yniBepcanbHa. Bona ocHamieHa
CTIHKaMH 31 CTPUIYACTHMHU JiaaMH INUPUHOIO 25 cM,
pO3TalllOBaHUMHU B JBa Ps/iM, SIKI MalTh NPYKHHHHUMA
3axucT. CTpUTJacTi JIamd BCTAHOBIICHI Ha CTIWKH, SKi,
3aBIKU CBOIN (hopMi, 320€3MeUYIOTh BHCOKY MTPOXiTHICTH
IIPY HASIBHOCTI POCIMHHUX 3AJMIIKIB. ToMy mIO cekuito
BUKOPHCTOBYIOTh IIEpII 3a BCE HA JUISHKAX 3 BEJIHKOIO
KIJIBKICTIO TTO/IpIOHEHUX POCIMHHUX 3aJIMIIKIB 1 B BAYKKHX
YMOBaX.

3a OaxaHHAM KIi€HTa BHPOOHHMK MOXE OCHACTUTH
Kompaktomat rigpaBmiyHUM peTyIOBAHHIM TJIHOWHH
poOOYHNX OpraHiB i TAaKUM K€ PEryNIOBAHHSAM MEPEIHIO
BOJIOKYITY. B yMOBax JTHBOTO mepioy, KOJu HEOOXiaHO
IHTCHCUBHO TOJPIOHIOBATH TBEPAi BHCOXJII TPYAKH,
HaIliBHABICHI arperaté MOXyThb OYyTH TaKO)XX OCHAIIeHi
3aJJHFOI0 TPHOXTOYKOBOIO HABICKOIO JUISl arperaTyBaHHS
JIOMAaTKOBUX  KutbyacTo-mmopoBux koTkiB  Crosskill
(puc. 3). 3aBasgku JIOJJaTKOBOMY o0aiHaHHIO
TiIpaBIiYHAMH MaricTpaiasiMi € MOXIIMBICTh HaBIlyBaTH
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CiBaKy Ui TPOAYKTHBHOTO TOEAHAHHI OOpOOITKY
TPYHTY i CiBOM.

Puc. 3. KombinoBauuii arperat Farmet Kompaktomat
JUIsl PAHHBOBECHSIHOTO OOpPOOITKY IPYyHTY.

Fig. 3. Combined unit Farmet Kompaktomat for early
spring tillage.

Bednar. Yecbkuit BUPOOHHK CITBCBKOTOCIIONAPCHKOT
TEXHIKH 17151 00poOKH rpyHTY - Bednar mporonye mocutsb
IIMPOKUNA MOJCTBHUHN PSII arperatiB Ui IepearnoCiBHOTO
00po0ITKY TpYHTY. 3aBASKH LIMPOKHM MOKIHBOCTSIM
KOMIUIEKTalii 1 YCTaHOBKM JIOIOMDKHHUX  CHCTEM,
nepeanociBai kommakropu Swifter mpaktudso npu 6yab-
SIKMX YMOBaxX 3JaTHi SIKICHO MiArOTYBaTH IPYHT 3a OJHH
TIPOXiI.

VYmoBHO kommaktopu ¢ipmu  Bednar  moxHa
PO3IUIUTH HA YOTUPU IPYIIU: HABICHI MAllIMHU 3 ITUPHHOIO
3axBary Bim 3 1m0 5 M (cepis SN); HamiBIpHYimHi
KOMITaKTOpH 3 OIOPHOI BiCCIO, PO3TAIIOBAHOIO MO3amy
KOMIIAKTOpa, 1 podovoto mupuHOo Bix 4 1o 8 M (cepii SO
F 1 SO); mmpoko3axBaTHI KOMHAKTOpH 3 pPOOOYOIO
HIMPUHOK 3axBaty Bix 8,2 1o 12,2 m (cepist SE) i rirantn
MEPENOCiBHOI 0OPOOKH TPYHTY 3 pOOOUYOI0 HIMPHHOO BiJl
14,2 no 18,2 M (cepis SM). Pa3om 3 TuMm ciij 3a3HaunTH,
[0, HE3aJeXKHO BiI [IMPUHH 3axBaTy, BCI Mojemi
kommnakTopiB (kpim HaBicHoro SN 4000 R) wmarots
TPAHCHOPTHY UIHPHUHY 3 M.

Bci mi arperatu 6€3yMOBHO 3aC/TyrOBYIOTh Ha yBary.
OpHak, SIK TIOKa3ye MPaKTHKa eKCIUTyaTallil IuX MalliH B
VYkpaini, focuth nomysipHi Mammuu cepii SE 3 pododoro
mupuHOto 3axBary 10 M. [ npuBeneHHS B 10 TAaKOTO
KyJIbTHBATOpa AOCTaTHS MOTYXHIcTh 280-330 1. c. amke
MaKCHMaJlbHa TIIMOMHA 00pOOITKY TPYHTY HE TEpEBHUILYE
6 CM HaBiTh HA IMOJISIX 3 BEJIMKOIO KPYTHU3HOIO CXUIIB.

Bednar Swifter SO_F. TTpo 0coGIHMBOCTI KOHCTPYKIIii:
XOTLIOCS O BII3HAYMTH, 1[0 TIPY NIUPHHI 3aXBaTy arperary
10 M BiH He Mae MOABIHHOTO (a TO 1 TOTPIHHOTO)
CKIIQJIaHHs paMu, K Yy iHIIMX arperatax. Y I Mojaeni
paMa CKJIQJIa€ThCsl BIIEpEN - LI AyXKe BJajle pillleHHS,
OCKITbKM B HIH HEMaE€ JOJAaTKOBUX BY3JIB IS
«epenomieHHs»  pamu. UBunkicte cxmagaHHs  /
PO3KIIaJJaHHsI CTAaHOBHTH MeHIIe 4 XB. TakoX BRanmuMm €
PO3MIIIIEHHSI TPAHCIIOPTHUX KOJiC, SKI IiJ 9ac poOOTH
pyXaloTbcs IONIEpeqy caMoro KyjibTHUBaTtopa. Take
pillICHHs1 HaJae arperary Kpaumly cTaOiIbHICTE B poOOTi
3aBISKU 3HIDKEHHIO BiOparii i1 jgomomarae TO4YHiIIe
JIOTPUMYBATHCS TITHOUHHE 00POOITKY TPYHTY.

ITo3uTHBHUM MOMEHTOM € 1 Te, IO Ha arperari
BCTAHOBJICHO IMIANIMITHUKNA KOYEHHS, 10 HE MOTPeOyroTh
00CITyroByBaHHS, IPUYIOMY BCi BOHH OIHOTO PO3MIpY i
B3aeMo3aMiHHi. 3a OaxaHHsM abo B pasi morTpedu
KyJIbTHBATOPU MOXYTh OyTH OCHameHi poOoYnMMu

CEKI[ISIMH 31 CTPUTIACTUMH JIallaMH, TaMMa-COITHUKAMH 1
«BECHSIHUMMI» Jtankamu (SB-cekiris).

Crpimgacti manu mupuHoo 270 MM, Beranosmesi 3
MIEPEKPHUTTS, PO3TAIIOBAHI B IBA PSIIIH, III0 TAPAHTYE SIKiCHE
Tipi3aHHsA TPYHTOBOTO MPOIIFo Mo BCiil IMPHHI 3aXBaTy
MalvHU. 3aBASKH ONTHMAIbHOMY po0OodoMy KyTy
YCTaHOBKH Jian BiOyBa€ThCsl iHTEHCHBHHH 0OpPOOITOK i
posmymryBaHHS IpyHTY. KokHa nama 3akpimieHa Ha
THYy4YKid  crifini, uyuMm  gocsraetbes  3D-edekr
(ropu3oHTaIbHE W BEPTUKAIbHE NEPEMIlIECHHS), SKUI
3axXMIIAE JaIy BijJ NOMIKOUKEHHs (puc. 4).

Puc. 4. Kommaktop Bednar Swifter SO_F mus
TIEPEIIOCiBHOTO 00pOOITKY TPYHTY.

Fig. 4. Compactor Bednar Swifter SO_F for pre-
sowing tillage.

Bednar  Swifter SO Profi  I'amma-comHuku
po3TaloBaHi B YOTHPH PSAM I HEraTHBHUM KYTOM i
3a0e3neuyroTh SKICHE PO3IyIIyBaHHs Ta aepalito IPyHTY,
[0 CHOpHsE€ KpamoMmy ii MPOrpiBaHHIO 0e3 BHHECCHHS
BOJIOTUX IPYHTOBUX YaCTHMHOK Ha MOBEPXHIO MoJst. Takum
YHHOM BiZI0yBa€THCsI 30€peKEeHHsI BOJIOTH, HAKOTIMUEHOT 32
3UMy, sKa HaJ3BUYAHHO BAXJIMBA ISl IIBHJIKOTO
BEreTanifHoro cTapry sSpux KyibTyp. KpiMm Toro, cTiikn
KpIIJICHHs] TaMMa-COLIHMKIB ITJIPECOpPeHi, M0 I03BOJISIE
30UTBIIUTH POOOTY IIBUIKICTE 10 15 KM / ToxI.

«BecHsHI» namky, po3TalloBaHI B YOTHPH Psau i
3aKpimieHi Ha S-00pa3Hoi crTiiili, rapaHTylOTbh SKICHY
00poOky moJiB HaBecHi. OCKUIBKM BOHH HE MAalOTh
BEPTHKAJIBHOTO KyTa aTakH, 1i¢ 3MEHIIYE HaBaHTAKECHH:
Ha TPaKTOp 1 /AO3BOJIsIE HE BHHOCHTH Ha IOBEPXHIO
BOJIOTMH  HIDKHIA [ap TPYHTY, IO IO3UTHBHO
MM03HAYACThLCS HA MIBUAKOCTI HOSBU CXOIB 1 TX SIKOCTI.

BucHoBkH

1. TlepennociBHuii 00pOOITOK TIPYHTY, HMOKa3HUKH
arpOTEXHIYHAX BHMOT JI0 SKOTO € IIiJIBUIICHUMH,
0COOJIMBO 32 BUPOIYBAaHHs OypsIKiB I[yKpOBHUX, JOIJIBHO
TIPOBOJUTH OaraToonepaniiHuMu MaIlluHAMHA -
kommakTopamu Lemken: System-Kompaktor, System-
Korund, Veles-Agro Forward-6, Bednar Swifter SO_F, o
00pOOIISAIOTH, BUPIBHIOIOTH, CTPYKTYPYIOTh TPYHT 32 OJMH
TIPOXij, CTBOPIOIOYN TOYHE 1 OTHOPITHE MOCIBHE JIOXKE IS
HACIHHA 3a YITKOTO JOTPUMAHHS TTUOWHU 00pOOITKY MO
BCilf mMpuHI arperary.



BUCOKOITPOAYKTUBHI ATPETATH JJI51 OBPOBITKY IPVHTY ITEPE/ CIBBOIO [IVKPOBUX ... 135

2. ParHbOBECHSHUI 00pOOITOK IPYHTY Tepen ciBOOIo
TEXHIYHUX  KYJIbTYp  PEKOMEHJOBAHO  MPOBOIUTH
kommakropamu Farmet Kompaktomat, Bednar (cepii SE).
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BBICOKOITPOU3BOJAUTEJIbHAS ATPEI'ATHI JJIA
OBPABOTKM ITOYBY ITPEJIITIOCEB CAXAPHOM
CBEKJIbI U IPYTUX TEXHUYECKUX KYJIbTYP

. A. Jlepessnko

AnHoTanus. B craThe npeacTaBieH 0030p TEXHUKU
3apyOeKHOTO U OTEYECTBEHHOTO MPOM3BOJICTBA, KOTOpPAs
MpUMEHsIeTcs B YKpauHe MpHU MOJATOTOBKE MOYBBI Hepe]
TIOCEBOM CaxapHOM CBEKJIbl M JPYTrUX TEXHUYECKHUX
KynapTyp. IIpoBemeH aHaimmM3 MOYBOOOPAOATHIBAIOIIMX
arperaToB H3BECTHBIX KOMITAaHUI-TIPOU3BOAUTEIIECH
TJIaBHBIM 00pa3oM B pa3pese HeJJOCTATKOB U MPEUMYIIECTB
paboYrX OpPraHOB IS PHIXJICHUS U U3MENbUCHUS TPYHTA!
CTPENbYATHIX JIall, JUCKOBBIX, KOMOMHUPOBAHHBIX.

[IpennocerHyto 00paboTKy, TTOKa3aTen
arpoTeXHUYECKHX TPEeOOBAaHMH K KOTOPOMY SIBIISIETCS
TIOBBIIIEHHBIMH, peKoMeHyeTcs MPOBOANTD
MHOTOONEPAlMOHHBIX ~ MallMHAMH  —  KOMIIaKTOp,

00pabaThIBaIONINX, BEHIPAaBHUBAIOT, CTPYKTYPHPYIOT IIOUBY
JUIL  «TpeOOBATENbHBIX» KYJIBTYP 3a OAMH HPOXOJ,
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co3laBasg TOYHOE M OIHOPOJHOE IIOCEBHOE JIOKE ISt
CEeMSIH TPU YETKOM COOJIIOJIEHNH TITyOuHBI 00pabOTKH 1O
BCEH IIMPUHE arperara.

KaoueBble cjoBa: arperar KOMOWHHPOBaHHBIH,
CaXxapHyI0 CBEKIy, TIpeAroceB, 0OOpadOTKa IIOYBEI,
KOMIIaKTOP.

HIGHLY PRODUCTIVE UNITS FOR TREATMENT
OF SOIL BEFORE SOWING OF SUGAR BEETS AND
OTHER TECHNICAL CROPS
D. A. Derevianko

Abstract. The article presents an overview of
equipment of foreign and domestic production, which is
used in Ukraine in soil preparation before sowing of sugar
beets and other industrial crops. The analysis of tillage
units of well-known manufacturers is carried out mainly in
terms of disadvantages and advantages of working bodies
for loosening and grinding the soil: arrow paws, disk,
combined.

Pre-sowing tillage, indicators of agrotechnical
requirements to which are increased, it is recommended to
carry out multi-operational machines - compactors that
cultivate, level, structure the soil for "demanding" crops in
one pass, creating an accurate and uniform seedbed for
strict adherence to the depth of cultivation unit.

Key words: combined unit, sugar beet, pre-sowing,
tillage, compactor.
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AHoTanisg. [HTCHCHBHUII pPO3BHUTOK CIIBCHKOTO
TOCIOJapCTBa CIPHSAB €BOJIOLII TEXHIYHUX 3ac00iB UIs
3a0e3nedeHHs TOMIBIII MOJOYHOI Xynoou. J{is toro, mod
MaTH BHCOKY PpEHTa0eNbHICTh, HEJOCTATHHO JIMINE
3rOZIOBYBaTH TBAapHHaM BHCOKOsIKicHI kopMmu. CyudacHi
TBapUHHUIIPKI ~KOMIUIEKCH TIOTPEOYIOTh  TEXHIYHHX
3aco0iB, ski 0 3a0e3neuyyBanu iX TOYHE JI03yBaHHs Ta
cydacHi criocoOu po3iaBaHHs. 3aCTOCYyBaHHS PI3HUX BHIIIB
ABTOMATH30BaHUX CHCTEM JO3BOJISE 3a0IIaJUTH JOPOri
KOHLIEHTPATH, MiABUIINTH €(PEKTUBHICTH IX BUKOPHCTAHHS

Ta 3HM3UTH PH3MK  3aXBOPIOBaHb,  BHKIUKaHUX
MOpYHICHHAM OO0MiHy pedoBuH. Kpim Toro, 3 ix
JOTIOMOTOI0  3BUIBHAIOTBCA ~ TPYNOBI  pecypcH i

€KOHOMHUTKCS MicIle B KOPiBHUKY.

[IpakTHuHMi 1OCBiA TOKa3ye, IO MPU JOTPUMAaHHI
BCIX TEXHOJOTIYHMX NPUHOMIB 3aCTOCYBaHHS pPI3HUX
BU/IB aBTOMAaTHU30BAaHMX CHCTEM TOMIBII J/I03BOJISIE
30utbiMT  Hamoi 1o 10% 3aBOSKK  TiJBHUIICHHIO
e(eKTUBHOCTI BHUKOPHCTAHHS KOPMIB 1 30epeXeHHIO
3/I0pOB'st TBAPHH.

[Tpu npuB’si3HOMY cIOCO01 yTpUMaHHs 3a0e3eYeHHsI
KOXXHOT KOPOBH HEOOXIZHOIO KUIBKICTIO KOHIEHTPOBAHUX
KOpMIB y BiIIOBiIHOCTI 3 ii MpoAyKTHUBHICTIO Ta (a30r0
OlOJIOTIYHOTO  [UKIY MOXJIMBE  JUIIE MpH  IX
IHAUBITyaTbHOMY TU(EPEHIIIIOBAHOMY PO3ITOILTI.

KawuoBi cioBa: romiBnms, KOpM, TeXHiKa,
TEXHOJIOTi1, BeJIKa porara Xyaooa.

ITocTaHoBKa MpodIeMHu

3pocraHHs TmoroNiB's miiHEMX KopiB i BPX Ha
BIATOMiBII B CUIBCHKOTOCIIOAAPCHKUAX — ITiAMIPHUEMCTBAX
MIPU3BOJNTH J10 301IbIIEHHs] BUTpAT pobodoro dacy. 11[o6
OyTH KOHKYPEHTOCIIPOMOXXHUMH, & TaKOXX Maro4H Ha MeTi
CKOpPOYEHHs poO0YOro yacy i OUIbII HOro rHyYKOro Horo
BUKOPHCTAHHSI, MOJETIEeHHsI YMOB Hpali i 3a0e3neueHHs
3pOCTAlOYMX  IMOTPed KOXKHOI TBapMHU B  CTaji,
MiApUEMCTBA  OOMpArOTh  aBTOMATH3alil0  PoOOUYMX
npoueciB. [Ipuknagom € aBroMaTH4HE IOTHHSA, SIKE 32
octanHi 20 pokiB HabyJI0 BEIMKOT0 3HAYCHHS, 0COOINBO B
perioHax i3 cepemHiM TOrOJNiB'AM KOpiB. Ane i
aBTOMATH3allisg TOIBII 3 BUKOPUCTAHHAM aBTOMAaTHYHHUX
KOPMOBHUX CHCTEM OTPUMYE BCE 61TBIIIOTO
PO3MOBCIOIKEHHS.

[HTeHCHBHHMH PO3BHTOK CIIBCHKOTO TOCIIONApPCTBA
CIpUSAB EBOJIONII TeXHIYHUX 3ac00iB I 3a0e3IeUcHHS
roaiBii Monounoi xymobu [7, 8]. Jns Toro, mob maru
BHCOKY PEHTa0CIbHICTh, HEAOCTATHBO JIMIIIC 3rOJOBYBATH
TBapHHAM BHCOKOsKicHI kopmu. CydacHi TBapWHHHIBKI
KOMIUIEKCH TMOTPeOyIOTh TEXHIYHHX 3aco0iB, ski ©
3a0e3neuyBajiy X TOYHE JO3YBaHHsS Ta Cy4acHi CriocoOu
pO3aBaHHsL.

AHAaJi3 0CTaHHIX J0CTIIKEHb

VY BIiAMOBITHOCTI 10 IPUHHATHX 300TEXHITHUX BUMOT
TPUBAJIICTh IPOLECY pPO3AaBaHHA KOPMIB TBapMHAM B
OTHOMY TIPUIMIIIICHHI He MOBWHHA nepeBuiryBatu 20-30
XBWIMH. TOYHICT 103yBaHHS Ma€ 3HAXOIUTHCS: JUIS
crebenmpyacTUX KOpPMiB - B miama3oHi + 15%, a misa
KOHLIEHTPOBaHUX - B Jiamna3oHi £ 5%. 3BOpPOTHI BTpaTu
KOpMY He NOBUHHI NepeBuiyBaTh 1%, He3BOPOTHI BTpaTH
HE JIOIyCKalOThCS.

3acTocyBaHHs PI3HUX BHIIB aBTOMAaTH30BaHUX
CHCTEM [I03BOJISIE 3aOINAIUTH JOPOTi KOHIEHTPATH,
MiABUIIUTHA ePEeKTUBHICTh TX BHKOPUCTaHHS Ta 3HU3UTH
PHM3HK 3aXBOPIOBaHb, BHUKJIMKAHUX IMOPYIICHHAM OOMiHY
PEUYOBHUH, 3aBISKH YOMY Y TOCHOAAPCTB € MOKJIMBICTH
30umpmuTH Hamoi g0 10%. Kpim Toro, 3 iX momomororo
3BUTBHSIOTBCS TPYAOBI PECypCH i €KOHOMHTHCS Micle B
KOpiBHUKY.

MoykHa BHIUIATH YOTHPH BapiaHTH oOpraHi3amil
nporecy rozisii [10]:

1. MoOimpHUMH 3acobamu  (camoxigHUMH — abo
MPUYETTHUMH);
2. CTamioHapHMMH  YCTaHOBKaMH, TOOTO  3a

JIOTIOMOTOI0 CHCTEMH KOHBE€EPIB Pi3HUX THITIB;

3. KOMOIHOBaHMM CHOCOOOM, KOJIH JIOCTaBKa KOPMiB
JIO  TBapUHHMIBKOTO  TPHUMIIIEHHS IS TBapHH
3IIACHIOETHCS MOOITPHUMHE 3ac00aMHU, a PO3MOJIUT 0
(PpOHTY rofiBII - CTAIliOHAPHUMH yCTAaHOBKAaMHU;

4. 3acobamu 3 OOMEXKEHHUM CTyIleHEM CBOOOIU
nepeMinieHHs (KOOpANHATHUMH).

lomiBns  TBapMH  KOpPMOCYMIIIaMH  JI03BOJISIE
MOBHICTIO aBTOMATH3YBATH MPOIIEC TOIBIII Ta MiABUIIATH
MPOAYKTHUBHICTE KOPIiB 3a PaxyHOK Kpam[oro 3aCBOEHHS
kopMiB. [IepeBara Takoi cucremu, siky HazuBaioTh Unifeed
(emuuuii kopm) [11], mossirae B TOMy, 10 TPaBHHI IIPOIIEC
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y TBapHH NpOTiKae 0e3 KoimBaHp BennunHU pH B pyoOIi,
KOpM Kpare MOTTa€THCS i e(dhexTuBHiIIEe
BUKOPHCTOBYEThCSA.  [Ipy  1IbOMY  BHKIIIOYAETHCS
MOJKJIMBICTh BUOIPKOBOTO ITOITaHH OKPEMIX BUIIB KOPMY
i TPaKTUYHO TOBHICTIO YCYBAaIOThCA WOTO BTPaTH B
saymmkax [9]. CroxkuBaHHS OLTBIIOT KiTBKOCTI CyXOl
PEYOBUHHU CHpUs€ 30UIBIICHHIO BMICTY B MOJIOLI OiIKa i
3HW)KEHHS 3aXBOPIOBAHOCTI.

Merta gociigkeHn
AHaii3 icHyl4HX 3ac00iB aBTOMTH30BAaHOI TOMIBII

BPX Ta BU3HaYCHHS HANPSIMKIB ITOAAIBIINX JOCIIIKEHb i
MOXUIMBHX TEXHIYHMX IDIAXiB BHpPIMIEHHS MpobdiaeMu

3a0€e31eueHHs KOpiB HEOOXIIHOTO KUIBKICTIO
KOHIICHTPOBAaHWX KOPMIB Yy BIiZHOBIZHOCTI 3 IX
MIPOAYKTUBHICTIO IPU IPUB’I3HOMY cIOCc001 yTpUMaHHS.

PesyabTaTH gocaigxeHb

Amnauni3 iHpopManidHux xepen [1-7] cBiuuTh, Mo B
JaHWil 4Yac Ha pPHHKY ICHYE BEJIMKE pPI3HOMAHITTS
aBTOMATHYHUX CHUCTEM JUIS TOJIBII BEJIUKOI pPOraToi
XyZA00H, IO BIAPI3HAIOTHCS TNPUIHAUCHHIM, pPIBHEM
aBTOMATH3AlIlll, TEXHIYHOI CKJIAIHICTIO. Y 3arajbHOMY
BUTUIAAI  aBTOMAaTH4YHI  CHCTEMHM  TOMHIBJII  MOXHA
Kiacu(ikyBaTH HaCTYITHHM 9WHOM (puc. 1).

ABTOMAaTHYHA
cHucTeMa rofiBii

I'pymoBa romisist

InauBinyanbHa
TOJiBIIA

Cramionapsa MobinsHa CrauioHapHa MobGinbHa
. . 4
CrpiukoBuit I_<0p_MOB£3FOH Kopmosa Kopmosaron Kopmosaron
KOpMOpO3/1aBay MABICHUN _360 cranis a6o U1 Bgaui TS BUIAdl
L Ha mact - JOUTBHUN pOOOT KOMOIKOpMiB OCHOBHHIX
; \ ) KOpMIiB Ta
KOMGIKODMIR
PO3TaIHyBaHH$l B PO?'TamyBaHHﬂ f ; . 1 ( )
. CrarioHapHuMii 3ona
TOMIBHHIIAX J I‘OZ[]BHI/ILU[MI/I 3MiH.IyBa‘{ 3aBaHTAXCHHSA
\ J J
4 N[ Y
Kopmosaron 6e3 KopmoBaroH 3
GbyHKLiT ¢yHKIiE0
3MIIIIyBaHHS L 3MilIyBaHHS

Puc. 1. Knacudikamis aBToMaTHIHUX cACTeM st ToniBii BPX.
Fig. 1. Classification of automatic systems for feeding cattle.

TexHiHO CKJIaTHY npobiemy CTaHOBHTH
nudepeHIioBaHui po3moaia HaWJ0POKINX
KOHLIEHTPOBaHUX KOpMiB. TEeXHOJOrH pEeKOMEHAYIOTh
3rOJIOBYBaTH KOHLIEHTPOBaHI KOPMH MaJjMMH JI03aMH
mricTe-BiciM pa3iB Ha 100y y CyBOpiH BiAMOBIAHOCTI 3
MIPOIYKTUBHICTIO 1 (ha30t0 0i0JIOTIYHOTO IHMKITY KOPOBH,
TOOTO 1HIWBIIyaJlbHO KOXHIN TBapuHi. Y BUpIilIeHH] i€l
poOJIeMH ICHYE JIBI B3a€MOBUKJIFOUHI TCHICHIIIT.

[lepmia mossirae B TOYHOMY JOTPUMAaHHI MPUHIUILY
6araTopasoBOro 3ro/IOBYBaHHS KOHIICHTPATIB MaJHMHU
nozamu. [Ipn Oe3npuB's3HOMY criocoOi yTpUMaHHS Lie
3aBIaHHS BUPIUIYETHCS 3aCTOCYBAaHHSAM aBTOMAaTHYHOI
CHUCTEMH  YNpaBIiHHSA  TOJIBICIO 32  JIONIOMOTOIO
ABTOMAaTHYHUX KOPMOBHX CTaHIIN, IO PO3MIIIYIOTECS B
CEKIIisIX 3 PO3PaxyHKY oJlHa cTaHIlis Ha 25-30 KopiB.

Kopmogi cTaHIii po3TamoByOTECS B CEKIIiSAX TOPYY 3
OoKcaMH IS BIITIOYMHKY, B MICISIX BUIBHOTO BUTYJTY 200
B mpoxomax abo Ha  CHOemiadbHO  OOJaJHAHUX

Malinanunkax. CriemianbHe mporpamMHe 3a0e3ledeHHs,
BCTaHOBJICHE Ha KOMI'IOTEPI, 3B'A3y€ThCs 3 00JIaAHAHHAM
JUTS pO3/adi 3a3BUYail 3a JOMMOMOI'0I0 APOTOBOTO, PiJIIIe -
0e3pOTOBOTO 3B'A3KYy, B TOMY YHCII 3a JOIIOMOTOO
KHIICHPKOBUX KOMYHIKAaTOPiB 3 TMOJETIIEHOI0 BEPCi€lo
MPOTPaMH.

BusHauutn, 3 KO caMe TBapuHHOI MpaIioe
KOPMOBA CTaHIIisA, TO3BOJISAIOTH BYIIHI, HOXKHI a00 IIHAHI
TPaHCIIOHIEPH, a TaKOX aHTEHW, IO BCTYNAOTh Y
B33a€EMOJIIIO 3 11IEHTU(IKATOPOM, KOJIM TBAPUHA MiAXOIUTh
Ha NIeBHY BiJICTaHb J0 CTaHIII.

3acTocyBaHHSI aBTOMaTH30BaHUX KOPMOBHX CTaHIiH
MOXIIMBE TUIBKH IJIS1 KOHIEHTPOBAHUX KOPMIB, OCKIIBKH
iX HeoOXigHO BHJABaTH HEBEIUKUMH TOPIIAMHU 1
nmo3oBaHo. [lepeBaroro € TOYHHMH IHIUBIAYyaIbHUHA
PO3paxyHOK KOHIICHTPATiB Ha TBapHHY, BIIAMOBIAHO, IIE
noromarae 3aomaanTe 10 300 T Ha KOXHIA KOPOBi IIOTHA
1 I03BOJISIE CKOPOTUTH BUTPATH Ha AaHi kopmu Ha 20-30%.
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KpiM 1pOTO, BCTAaHOBJIEHHS CTaHLIN CHOpUsAE OUIBII
palioHaTFHOMY BHUKOPHCTAHHIO MICII B KOPIBHHUKY: HE
Tpeba po30UBaTH TBAPHH 1O TPYIax JJIS TOTIBII.

I[Ipn  imgwWBigyadpHIH  TOMIBII  [UIL  BUAAdYi
KOHIICHTPATIB 3aCTOCOBYIOTBCs KopMoBi craHmii (GEA
DairyFeed C 8000 [2], DeLaval Feed Stations FSC40 i
FSC400 [1], Lely Cosmix) (puc. 2) Ta cnemianbHi
KOPMOBaroHd 3 MOJXJIMBICTIO JI030BaHOi BUIadi KOPMY
(DeLaval FM i FW200, Pellon Concentrate Feeder) [].
Taxox 110 orepariiro MOXXyTh BUKOHYBATH JIO1JIbHI po00TH
(Lely Astronaut A4, DeLaval VMS), B 0Gokcax sKuX
TBAapUHH OTPUMYIOTbH 331aHy HOPLII0 KOPMY.

4 Lt B

Puc. 2. ABTomaTH3oBaHa KopMmoBa craHIis DeLaval
Feed Stations FSC40.

Fig. 2. DeLaval Feed Stations FSC40 automated feed
station.

Hdpyra TeHOeHWis TmolATaE |y  BiAMOBI  Bif
IHAMBITyadbHOTO TIPHHIUIY PO3MOAUTY KOHIEHTPATIB i
nepexiz Ha TPYIOBHI PUHIMII IX 3TrOAOBYBAaHHS y CKIIai
KopMocyMmimi. OCKIIBKM KOHIIGHTpAaTH B  CyMilIi
HEBiAMUTBHI Big IHMHX 1i KOMIIOHEHTIB, TBAapHHH
CHOXHBAIOTH X ITOCTYIOBO, YOTO 1 TMOTpedye iziomoris
KyHHHX. L[ TexHOMOrisl MOXKEe 3aCTOCOBYBATHCS SIK IPU
NpUB'SI3HOMY, Tak 1 mpu Oe3mpuB'I3HOMY crocoOi
YTpUMaHHs KOpiB, ajie HEOOXiHO 3a0e3MeuyBaTh YiTKHH
PO3IIOIIN CTaa Ha KOPMOBI IPyIH, CHOPMOBaHI BUXOIUN
3 (a3 MEXOTUIBHOTO IMKIY KOpIB IpU JOITyCTHMIH
pi3HMLI B IX HPOJYKTHBHOCTI BCEPEOMHI TEXHOJIOT'TYHOI
rpymu. [Ipu moTpuMaHHI Ii€l yMOBH Taka TEXHOJOTisA

3TOIOBYBAaHHS  KOHIIGHTPATiB 3HAYHO MpOCTime i
JIEIIeBIIe, HDK iX poO3MOAT 3a  IHOWBIAyaJbHIM
MPUHIIUTIOM.

OnHicro 3 HaHOUIBIII TIePCIIEKTUBHIX [3
aBTOMAaTH30BaHa CHCTeMa TomiBai Triomatic ¢ipmu
Trioliet [5]. F'onoBHOO MEepeBaroo Ii€i CUCTEMH € Te, IO
s ii Oe3mepeOiiHOI  POOOTH  HEOOXIMHO — JIMIIE
MiATPUMYBaTH HEOOXiMHMH 3amac KOpMiB, BCl iHII
omepailii BHUKOHYIOTHCS ABTOMATHYHO, BIJIOBITHO IO
3a1aHoi TPOrpaMu rofiBii TBapuH. Jlo CKJIaAy CHCTEMH
BXOIWTH KOPMO3aroTiBeNbHE BIAOUIEHHI 1 poOoOT-
KOpMOpO3/1aBay.

VY BigmimeHHI UIA 3aroTiBII  KOPMIB  pO3MiIIeHi
BiJCiKH (puc. 3) A HAKOMMYEHHS i 30epiraHHs BUXiTHUX
KOMIIOHEHTIB KOpMocyMimi (Ha Kimeka mHiB). JHuIIE
KOXKHOTO BiZICIKY SIBIIsIE COOOIO KOHBEEp, IO TepeMilae
KOpM JI0 TEPeJHbOT YaCTUHHU BIIAUICHHS, Hal SIKOO
BCTaHOBJICHO PYXOMHH PIXYYHU NMPUCTPIH 3 TUCKOBUMHU
HOXKaMH, IO BIJOKPEMIIIOE 3a/JaHy KIJIBbKICTh KOpMY i3
BUOPAHOTO BIJCIKY.

Puc. 3. 3aBaHTa)XeHHs] KOPMOBHX KOMIIOHEHTIB B 3MilllyBa4-KOpMOpO3aBay cuctemMu Triomatic.
Fig. 3. Loading of feed components in the mixer-feeder of the Triomatic system.

BigiOpani  BHXiIHI KOMIIOHEHTH KOPMOCYMIiLIi
KOHBCEPOM  MOJAIOTHCS 10  MIABICHOrO  poboTa-
KOpMOpoO3aaBaya. Pyxy KopMmoposmaBada 3IiHCHIOETHCS
no oOJaHAHOMY Yy BEpXHI 4YacTHHI KOpiBHHKa
MOHOpelikoBoMy 1wiaxy (puc. 4) 1 KepyeTbcs
JMUCTAHIIIITHO. ABTOMAaT JO3Yy€ 1 pO3/Ja€ MPHUTOTOBAHY

KOPMOCYMIII BIMOBIIHO 10 3aKJIaJeHUX B MNpOrpamy
napameTpiB, 10 J03BOJISIE TOTYBAaTH CyMIIll JJIsi KOPIB 3a
IHIMBI1yaJbHUMH PallioOHaAMHU.

Kommnanis Trioliet BupoOJIsie 1Ba TUITH KOPMOBAroHiB
micTkicTio 3 M® - miBicHuii peiikoBuii Triomatic HP 2 300
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i Triomatic WP 2 300 ma maci. [lani KopMoBaroHu
OCHAIIYIOThCS BOMA BEPTUKAJIBHIMH [IHEKAMH.
Crpumyrounm ¢akTopoMm ITOBHOMACIITa0HOT
poOoTu3arii B TBAPHHHUIITBI € BUCOKA BAPTICTh TEXHIYHIX
3aco0iB. IIlo6 depMepn MOTIH 3aCTOCOBYBaTH TaKy
TEXHiKy, BOHa IIOBUHHA KOLITYBaTH MEHILE, HIXK JIFOJIChKA
mparst, 3abe3rnedyBaTH EKOHOMIIO po0OYoro wacy Ta

J

A4TRIOLIET

BUTPAT, BaPTICTh SKMX JO3BOJsUIA O OKYITUTH iHBECTHIIIT B
NpUAHATHI ~ TepMiHH.  3acTOCYBaHHS  aBTOMAaTHYHOL
cuctemu roxieii Vector ¢ipmu Lely no3sossie 30impmmTu
npoaykTuBHICTH mparii Ha 10-15%. L cucrema (puc. 5)
noTpedye KOHTPOJIO HaJX MPOLECOM HPUIOTYBaHHSA Ta
po3IaBaHHS KOPMIB pa3 Ha TPH JOOM.

ey

Puc. 4. TpaHCl‘[OpTyBaHHH 3Min1yBaqa-po3)1aBaqa 0 TBAPUHHUIIBKOT'O l'IpI/IMiIlIeHHH.
Fig. 4. Transportation of the mixer-dispenser to the livestock room.

Puc. 5. Cxema po3MillleHHS! TEXHOJIOTIYHHUX HMPUMIIIEHb IIPH BUKOPUCTaHHI aBTOMAaTH30BaHOI CUCTEMH TOAyBaHHS
Lely Vector: 1 — kopmocxoBuilie, 2 — 1ieX MPUTOTYBaHHS KOPMIB, 3 — KOPIBHHK JUIsl TIHHUX KOPiB, 4 — KOPIBHUK IS
CYXOCTIHHMX KOPIB 1 TeJIAT, 5 — OyHKepH 17151 KOMOIKOPMIB, 6 — poOOTH /711 3aBaHTAXIBaHHSI, IPUTOTYBAHHS 1 pPO3/1aBaHHS

KOpMIiB.

Fig. 5. Layout of technological premises when using the automated feeding system Lely Vector.
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Cucrema rtomiBmi Lely Vector [3] ckmamaerbest 3
EKITbKOX ~arperaTtiB, KEpOBaHMX KOMITIOTEPOM 3a
CIeLiaTbHOI0 HPOrpaMolo, IO JO3BOJISE aBTOMATHYHO
roTyBaTH OaraTOKOMIOHEHTHI KOPMOBI cymimii Ta
3MIACHIOBATH po3Aady IMX KOpPMOBHX cymimed. o
CKJIaly KOMIUIEKTY BXOJATH: HaBaHTaXyBad IPYyOHX
KOpMIB, /103aTOp KOPMOBHUX JO0ABOK i poOOT-3MillyBay-
KOpMOpO3/1aBady, SIKUi BUKOHYE 1 (QYHKIIIO HipiBHIOBaYa
KOpMIiB.

Puc. 6. 3aBaHTa)KyBaHHS KODMOBHX KOMIIOHEHTIB Y PO
Fig. 6. Loading feed components into the robot mixer at the Lely Vector feed kitchen.

3 ocCTaHHIM 3aXOIUICHHSIM KOXHOTO BHIY KOPMY
cUCTeMa pO3paxoBye Bary i aBTOMaTHYHO KOPUT'Y€E pOOOTY
MPUCTPOIO 3aXOIUIeHHsT KOpMy. TakuM YHUHOM, KOPOBHU
KOXXHOI OKpEMO1 IPYIH OTPUMYIOTh CaMe TOH KOPM, SKOTO
MOTpeOyIOTh.

Jnst nporpamuoro 3abesmnedenns Lely Vector [3, 6]
notpibHa TinbkK Ga3oBa iH(popmamis mpo parmion. lLle
MOJICTIIY€E BHECEHHS 3MiH J0 MPOLEIYPH MOAadi KOpMY
JUIsl HOBUX TPyI KOpiB. MOXHA JIETKO MEPEeMICTUTH KOPIiB
3 OjHI€I Tpynu B iHINY, JOJATH B TPYIy Tenuip abo
CTBOPUTH a0COJIFOTHO HOBY TPYITy.

PosnaBanus KOPMiB 3MilllyBaueM-po3/iaBauem
BiZIOyBaeThes 710 12 pasziB Ha 700y, 1O CIIPUSE KPALIOMY
MOIJ]AHHIO KOPMIB Ta 3MEHIICHHIO iX BTPaT, TaKOX 3a
JTaHUMHU (ipMH 3MEHIIY€e KUIBKICTh KOPIiB 01111 KOpPMOBOTO
crony. Po3naBau oGnajHaHUIT TaTYNKOM BHCOTH KOPMY -
MPUCTPOEM, M0 BH3HAYAE TOYHY KUIBKICTH KOPMY Ha
KOpMOBOMY cToJi. [laTuuk 0Oe3 BTpydYaHHs omeparopa
BH3HAYAE, JIe 1 KOJMU MOTpiOeH cBixwuii kopMm. Kpim Toro,
poOOT MOXKEe MIAIITOBXYBaTH KOPM JO TOMIBHHII MiX
TOJlyBaHHSIMHU 1 OJJHOUYACHO BU3HAYATH KiJIBKICTH KOPMY,
110 3aJIMIIHUBCS.

Ha xopmoBiit kyxHi 30epiratoTbcs Kibka BUIIB KOPMY, SIKi
IOTIM IIEePelaloThCS IPUCTPOEM 3aXBaTy KopMy B
poboTtm3oBaHmil 3MimryBad-po3gaBad (puc.6). Pobor mms
3MilTyBaHHS 1 po3naBaHHI KopMy B cucteMi Lely Vector €
AQBTOHOMHHM  IIPUCTPOEM,  SIKUH  Mpamioe  Bif
aKyMyJIATOpHOi ©Oarapei, 1 3HOIHCHIOE aBTOMaTHYHE
PO31aBaHHI KOPMY.

60T 3Miu1yi3aq Ha KopMOBiii kyxHi Lely Vector.

®ipma Pellon mpomoHye HH3KY aBTOMAaTH30BaHHX
cucteM [4] 3  BHKOPHCTaHHAM  MOHOPEHWKOBHX
KOODJIMHATHUX po3/1aBadiB KOPMOCYMIIIIOK Ta
KOHLICHTPOBAHUX KOPMIB (pHC. 7), a TAKOX CTaIllOHApHY
CHCTEMY pO3JaBaHHS KOPMIB 3 CTPIYKOBUM KOHBEEPOM.
BukopucTaHHsS CTPIYKOBOrO KOHBEEPA MOTPeOy€e MIMPUHU
KOPMOBOTO Mpoxoay 1,5-2 M, 1110 €eKOHOMUTb KOLITH MPH
OymiBHHITBI, a00 JO3BOJNsAE 3OUIBIIATH IUTONLY JUIS
YTPUMaHHs TBapUH MPU PEKOHCTPYKIIII.

YV  HwxkHiIA yactuHi "yoBHuka Pellon s
KOMOIKOpPMIB" MOHTYETBCSI TOMEPEYHUI IIHEK abo
crpiyka. "YHoBHuk IleutoH" TIOMINIAETBCS 1 MOXKE
nepecyBaTUCs HaBiThb B TICHHUX MPUMIIIEHHAX 1
0OME)XEHUX KOPMOBHX MPOXO/aX.

HeBukopucraHa  dYacTMHa  KOpPMY,  pO3KHIaHA
Xyno0or0, NPU3BOAMTH A0 BTpaT mnpu roxismi. I[lpum
OJTHOYACHOMY PO3/IaBaHHI BEJIMKHX MOPIIiH BTpaTh OpU
TOAyBaHHI CKJIanaloTh npubiausHo 5-15%, B Tomy umci
4yepe3 IMOraHe TPaBJCHHA 1 TMPOCHIAHHS KOPMY.
BHKOpHCTaHHS HEBEIMKHX, TOYHO BIAMIPSHHX, MOPIIil
JTO3BOJISIE 3HAYHO 3HU3WTH BTPATH IPU TOIBIIL.
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Fig. 7. Distributor of concentrated feed "Pellon shuttle™.

BucHoBku

1. IlpakTHuYHHIA OCBI IOKA3YE, IO MPH AOTPUMAHHI
BCIX TEXHOJIOTIYHMX NPUHOMIB 3aCTOCYBaHHS pPI3HUX
BHIIB aBTOMAaTH30BAHMX CHCTEM TOMIBII JO3BOJAE
30ipmuT Hamol 10 10% 3aBOsSKM  IIABHILEHHIO
e(eKTUBHOCTI BHWKOPUCTaHHS KOPMIB 1 30epeKeHHIO
3JI0pOB'sl TBAPHH.

2. Sk 1 BCi BHCOKOTEXHOJIOTIYHI  pillICHHS,
aBTOMaTHYHI CHCTEMH MaloTh CBOT MiHycH. B mepury uepry
e BHCOKa BapTicTh (KUIbKA JECATKIB THCSY €BPO),
CKJIAJHICTh B OCBO€HHI 1 Ta HEOOXiJHICTH MaTu
kBamiikoBanuii mepcoHan. bBynup-sika aBTOMaTH4HA
cucreMa mOTpeOye KOHTPONH 3 0OKy (axiBIliB, sKi
TIOBUHHI CTEXHUTH 32 HEI0, KOPUT'YBATH PAlliOHH, BYACHO

MIPOBOJIUTH TEXOOCIYrOBYBaHHA. TOMYy BUKOPHCTaHHSI
IHTEJNIeKTyaJIbHUX CHCTeMH Ha ¢epMmi 31 ciabkum
MEHEDKMEHTOM 33 BIJICYTHOCTI (axiBIiB, 3HaTHUX

IPaMOTHO YMPABISITH TEXHOJIOTIYHMMH TIPOIECaMH  Ha
(depMi € aOCONFOTHO HEMTOIITEHIIM.

3. TakuM 4YMHOM, NpH TPHB’S3HOMY CHOCOOI
yTpUMaHHS 3a0e3meueHHs] KOKHOI KOpOBU HEOOXiTHOIO
KUJIBKICTIO KOHIICHTPOBAHUX KOPMIB Y BIIMOBIAHOCTI 3 11
MPOIYKTUBHICTIO Ta (ha3010 GI0IOTIHHOTO LIUKITY MOXKJIMBE
JIumie mpu iX IHAUBiAyanbHOMY JudepeHHiioBaHOMY
po3moaimi. MOKIMBI TEXHIUHI NUIAXH BHPIIICHHS i€l
MpoOJIEMH € HATIPSIMKOM JIJISI TTOJATBIITUX JTOCITiKEHb.
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COBPEMEHHBIE TEXHOJIOT MM U TEXHUYECKHUE
CPEJICTBA KOPMIJIEHUM S KPYIIHOI'O POI'ATOI'O
CKOTA
B. B. Paouyxk, C. E. [lomanosa

AHHOTauusi. VHTEHCHBHOE pa3BUTHUE CEJILCKOIO
XO03SICTBA CIOCOOCTBOBAJIO JBOMJIOLMH TEXHHYECKHX
CpelICTB Uil KOPMJIGHHS MOJIOYHOTO cKoTa. [nst toro,
9TOOBI MMETh BBICOKYIO PEHTA0CNBLHOCTh, HEAOCTATOYHO

TOJIBKO JIMIIb CKapMJIMBaTh JKUBOTHBIM
BBICOKOKAQYCCTBCHHBIC KopMa. COBpeMeHHLIe
JKHUBOTHOBOJUYCCKHC KOMIIJICKChI HYXOarTCsa B

TEXHHUYECKUX CPEACTBaX, OOECIEUYMBAIOIIUX HX TOYHOE
JO3MPOBAaHHE ¥ COBPEMEHHBIE CHOCOOBI  pa3gadm.
[TpuMmeHeHNE aBTOMATU3UPOBAHHBIX CHCTEM KOPMIICHHS
MO3BOJISIET COKOHOMHTH KOHIICHTPHPOBAaHHBIE KOpMa,
MOBBICUTB 3()()EKTHUBHOCTh MX HCHOIB30BAHUS U CHU3HUTH
pHCK 3a00NeBaHMH y KOPOB, BBI3BAHHBIX HApPYyLIICHHEM
oOMeHa BEIECTB.

IIpakTuyeckuil ONBIT  IOKAa3blBacT, 4YTO IpHU
co0moaeHnn BCEX  TEXHOJOTMYECKHX MIPUEMOB
MIPUMEHEHUS PA3MUYHBIX BHJIOB AaBTOMATHU3MPOBAHHBIX
CHCTEM KOPMJICHHS I03BOJIAET YBEIUUUTh Hagou 10 10%
Onaroaapst MOBBIIICHUIO Y(PEKTUBHOCTH HCIOJIb30BAHUS
KOPMOB M COXPaHEHHIO 3710POBbSI )KUBOTHBIX.

[Ipu mpuBs3HOM cnocobe cozxep aHust oOecreyeHne
Ka)XJoH KOpPOBBI HEOOXOINMBIM KOJINYECTBOM
KOHILICHTPUPOBAHHBIX KOPMOB B COOTBETCTBHH C €€
MPOMU3BOIUTENBEHOCTBIO M (pa30ii OMOJIOTMYECKOTo IUKIIA
BO3MOXXHO  JIMIIb Opd WX  HWHAWBUAYaJIbHOM
TUu(PepeHIIMPOBAHHOM PACTIPEICICHUU.

KiroueBble cjioBa: KopMmileHHE, KOpPM, TEXHHKA,
TEXHOJIOTUH, KPYIIHBIN POTraThiil CKOT.

MODERN TECHNOLOGIES AND TECHNICAL
MEANS FOR FEEDING CATTLE
V. V. Radchuk, S. Ye. Potapova

Abstract. The intensive development of agriculture
contributed to the evolution of technical means for feeding
dairy cattle. In order to have high profitability, it is not
enough just to feed high-quality feed to animals. Modern
livestock complexes need technical means to ensure their
accurate dosing and modern distribution methods. The use
of automated feeding systems allows to save concentrated
feed, increase the efficiency of their use and reduce the risk
of diseases in cows caused by metabolic disorders.

Practical experience shows that if all technological
methods of using various types of automated feeding
systems are observed, milk yield can be increased up to
10% due to increased feed use efficiency and preservation
of animal health.

With a tethered method of keeping, providing each
cow with the necessary amount of concentrated feed in
accordance with its productivity and phase of the biological
cycle is possible only with their individual differentiated
distribution.

Key words: feeding, feed, machinery, technology,
cattle.
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AHoOTAaNig. PosrmsHyTi HUATAHHS OUYHILEHHSA
HACIHHEBOTO MaTepiary pinmaxy BiJ
Ba)KKOB1IOKPEMJIIFOBAHOTO HACIHHA Oyp’ SIHUCTHUX POCIHH.
BcraHoBneHO, 1m0 Ha ITHEBMO-DPELIITHHX Celaparopax
3arajbHOTrO NPU3HAYCHHS, SIKI K MPaBUIIO
BUKOPHCTOBYIOTh 1 JUIi OYMILNECHHS HAciHHA pilaky
BUIAISIETECSA 3HAYHA KUIBKICTh HACIHHA  Oyp’sHIB,
MiHEepaJbHUX Ta OPraHiYHUX IOMILIOK, aje MOBHICTIO
BUIAIUTH  BAXKOBIIOKPEMJIIOBAaHE  HACIHHSI  TaKuX,
Hampukiaan Oyp’sHIB SK MHIOIA, KypsSde Mpoco,
MiAMapeHUK YWOKHH Ta  IHIIHX HE  BJAETHCA.
3anpormoHOBAaHO  OYMIICHHS  HACiHHSA  pimaKy  Bixg
Ba)KKOBIIOKPEMIIFOBAHUX JIOMIIIOK ITPOBOANUTH KHUAKOM Y
TIOBITPSIHE CEPENOBHINE 3 IOAAHHAM YaCTHHKAM CyMiIIi
00epTiB, BUKOPUCTOBYIOUI TAaKHUM YHHOM  OKpIM
aepoJMHAMIYHUX BIIACTUBOCTEH Mij uac cemapauii i
ripauiitnuii edext Ta epext Marnyca.

Po3paxoBaHi  moyaTrkoBa  IIBUJAKICTH  MOJBOTY
YaCTHHOK CYMIillll, KyTOBa Ta OKpYXHa X MIBUAKICTh NPU
SIKUX MOJKJIMBIA TpoIlec cemapaiii Ha ripamiiHoMy

cemnaparopi.
Metor0  CTaTTi €  BU3HAYCHHS  OCHOBHHX
KOHCTPYKTUBHO-KHHEMATHYHHUX  [ApaMeTpiB  MpOILecy

cemaparlii HaciHHs pimaxKy Ha TipamiifHOMY cemaparopi 3
BaJIKaMH DO3TAIIOBAHUMH OJAWH HaJ OJHHM, B SKOMY
HIDKHIH BaJoOK 00epTaeThcsl 31 MIBHIOKICTIO OLIBIION 3a
BEpXHil, a caMe KyTOBi 1 OKPYXHI IIBHJKOCTI BaJblIiB,
MOYaTKOBY IIBUJIKICTb BUJIBOTY HACIHHS, BUXIJ] OUHILEHOT
(pakiii Ta eHEProeMHICTh MPOIIECY Cemapartii.

IIpoBeneHi MOCHiHKEHHS JO3BOJMIM BH3HAYUTH
KOHCTPYKTUBHO-KiHEMaTHJHI napameTpu pouecy
cenapariii HaciHHS pinaky Ha ripanifHomy cemapaTopi. Li
rapaMeTpy Taki: 1MoYaTKoBa MIBUAKICTh YAaCTHHOK MICIIs
MpoXoay Kpi3e Baibli 3,3 M/C, KyTOBa IIBUAKICTBH
1650 1/c, Ta  OKpPY)XHa  IIBHJKICTBb 1,65 m/c.
ExcriepuMeHTanbHIME JOCIIKEHHSIMHA BCTAHOBIICHO, 110
3a OJMH NPOXiJ MOXXHA BUAUIMTH i3 cymimi go 91,1 %
HaciHH pinaky 3acMideHicTio 10 2 %, npu BUXizaHil 6,6,
T0OTO OTpUMAaTH KOH/INIIiITHE HaCiHHA pu
npoaykTuBHOCTI g0 100 kr/roguny Ha 0,2 M TOBXHHHU
BaJIKa.

KaouoBi ciaoBa: HaciHHA pimaky, cemapariis,
ripamiffauii  cemapaTop, KOHCTPYKTHUBHO-KiHEMaTH4HI
rapameTpH.

IocranoBka npodaemu

BupoOHHAIITBO HACIHHS pIMaKy y CBITI 3 KOXXHUM
pokom 30inmbinyeThesi. [limBuieHuid iHTEpec o pimaky
00YMOBJICHHI T'apHOIO MPHCTOCOBAHICTIO L€l KYJIbTYpH
JO TOMIpPHOTO KIIIMaTy, BHCOKOI IPOJYKTUBHICTIO
Cy4aCHHX  COPTIB  MPOTPECHBHOI0  TEXHOJIOTIEIO
00poOuieHHs, 30iJbLICHHSIM MOTped y BHPOOHUIITBA
POCIMHHOT 0111 Ta BUCOKOOLIKOBHX KOPMIB.

Tak, HaciHHA pimaky € BaXIUBUM JDKESPEIOM
OJIepXKaHHs JeIeBol POCIMHHOI OJlii Ta BUCOKOOILIKOBHX
kopMiB. BoHo mictuts 10 40...49 % omii, 21...23 % 6inky,
6...7 % xmiTkoBHHH. PimakoBa oJis HaJCXUTH IO IPYIH
XapyOBHX BHKOPHCTOBYETHCS B HaTypaJbHOMY BHUIJIAAIL,
Ipu BUPOOHUIITBI KHPIB Ta MaprapuHy, a TaKOX Y
MeTalypriiiHii, 1akopapOoBii, MHIOBapHIH, TEKCTUIIbHIH

HPOMHCIIOBOCTI.
Pimak  MOXHa  YCHIIIHO  BUPOILYBaTH IS
BUPOOHMITBA KOpMIB (3eJieHa Maca, CiHaX, CHJIIOC,

TpaB’siHe OOPOILHO) B Pi3HUX TOCIBAX, Y YUCTOMY BUTJIISIII
Ta y CyMill 3 IHIIMMH KYJIbTypamH. 3a 010XiMIYHHUMH
SIKOCTSIMH Pillak IepeBepIrye iHmi KOpMOBi KynbTypH. B
1 kr 3emeHOi MacW pimaKy MiCTHUTBCS 3HAYHO OiIbIle
MpoTeiHy, HDXK Yy 3€NeHiid Maci KyKypya3d, COHSIIHUKY,
sTIMEHF0, Topoxy. [IpoTeiny B pimakoBoMy crioci Oibe,
HDK Y KyKypya3sHOMY, B 3 pasu.

Pinak Takox € rapHO CHIEPAIBHOIO KYJbTYPOIO.
KoxHuii rexkrap ioro 3opaHoi GiomMacu mHpu ceperHix
BpPOXKasiX CKBIBAJCHTHUN BHECEHHIO BOCCHHM Ta HaBECHI
45...55 toH opraniuaux 106puB. BHacigok Toro, mo npu
cuiepaHHi HEOOXIIHICTH y HaBaHTa)KEHHI,
TPaHCHOPTYBaHHI Ta PO3KHUIaHHI T0OOPHB Bi/AIagae TO BOHA
Ha0araTo BWTiJIHINIE BHECEHHs THOI Ta  OUIBII
€KOHOMIYHa.

3acTocyBaHHS pillaKy sIK CHAEPATy MOXKE IiBHILIUTH
BpOXKai 03UMOi MIeHHUIII Ha 2,8 1/Ta, 03UMOT0 KHUTa — Ha
3,5 /ra, sipoBoro s;tumeHto — Ha 3,3 1/ra, KyKypya3u — Ha
7,5 /ra, cunocHoi Macu Kykypyazu Ha 49 %, xapToruii Ha
50 % i Glnblie.

O3uMuil pimaxk MpeacTaBise€ BEIHKHHA IHTEpeC sK
paHHIN MeoHOC. Benmka KiTbKiCTh HEKTapy y KBITKax Ta
TpuBaje mBiTiHHA (25...30 mHIB) mo3Bomse 30MpaTH 3
KOXKHOTO TeKTapa pinaky HaBecHi 10 90 Kr meny.

Pimak € ofHUM 3 Kpalux MOTEPEIHUKIB MIICHUI Y
ciBo3MiHax. JlOCHiPKEeHHSIMH, NPOBEICHUMH Y KpaiHax
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3axigHol €Bpony, BII3HAYACTHCSA T ABUIICHHS
BpPOKaHOCTI MIICHUIN, 10 00poOsIIach IMiCisS pirnaky
6inpm, Hix HA 20% [1, 2].

OcTaHHIM 9acoM y JIesKuX KpaiHax, y TOMY 9HCIHi i B
VYkpaiHi, BemyTbCSd HAyKOBI JOCHIIPKEHHS IUTAaHb
OlepKaHHA 3 HACIHHA pIiMaKy JAemIeBoro 3aMiHHHKA
ausenpHOro manusa [3]. HemocTaTHs BUBYEHICTH MHUTAHb
OUMIIEHHS HACiHHA pimaky Bix HaciHHS Oyp’sSHHCTHX
POCIIMH MHUIIIO, KypsS4oro mpoca Ta IHIIMX CTPUMYIOTh
HOro pO3MOBCIOJUKEHICT, B YKpaiHi. Sk mnokasana
NPaKTHKa HACIHHULBKUX TOCIOJApCTB, OJIHIEID 3
OCHOBHHMX TNpOOJieM OYHIICHHS HACiHHEBOTO MaTepiaiy
pimaKy € OYMIIeHHS HOTO BiJl Ba)KKOBIIOKPEMIIFOBAHOTO
HaciHHA Oyp’STHUCTUX pOCTHH. THIIOBOIO € CHTYaIlisl KOJIH,
MCIA TPOXOKCHHS BCHOTO IMHKIY MiCIA30MpaIbHOI
00poOKM, BHXim HaciHHA pimaky | Kiacy CTaHOBHUTH
35...40 %, a me 35...40 % NOBHOI[IHHOTO HACIHHS, IIO
BCIX IHIIMX TIOKa3HWKAaX 33J0BOJIGHSIOYMX BHMOTaM
CTaHAapTy, HE BJAEThCS JOBECTH M0 piBHA | Kiacy mo
3MICTY HaciHHsA Oyp’SHHUCTHX pociuH. Po3B’s30K i€l
po0JIeMH TO3BOJUTH CYTTEBO IIiIBUIIIMTH 3a0€3MICUCHICTD
BUPOOHMYMX TOCHOAAPCTB BHCOKOSKICHUM HACIHHEBHM
MaTepiaioM pinaKky, OJepKaTH 3HAYHUN CKOHOMIYHHI

edexr [4].
Juis cemapanii HACIHHS piaKy BUKOPHUCTOBYIOTH, SIK
TPaBMIIO, MTHEBMO-PEILITHI cenaparopH, 1110

BUITYCKAIOTHCS MPOMHUCIIOBICTIO JUTS OYHMIICHHS 3¢PHOBHX
KyJbTyp. Tpiepu HE BUKOPHCTOBYIOTHCS 3-3a 3a0MBaHHS
YapyHOK OJIMHHMH JOMIIIKaMd. 3HadyHa KUIBKICTh
HaciHHs Oyp’SHUCTUX POCIIMH BUAAJISAETHCS HA 3a3HAYCHUX
MalllMH, aJie IOBHICTIO BUJAJIUTH HACIHHS TaKuX Oyp’sHIB
SK MHIIIIO, KypsSuoro mpoca, IiJMapeHHHKa YilKOro,
Kpyrjeus MeTejb4aToro He BJaeThcs. ToMy MOUIyK

METOMIB Ta 3aco0iB OYMINEHHS HACiHHS pillaKy BiJ
IOMILIOK €

Ba)KKOBI/IOKpEMITFOBAHUX
3a/1a49e0.

aKTyaJbHOTO

AHaJTi3 0CTaHHIX J0CTiTKEHb

Iomin 3epHOBMX 1 IHIMIUX CyMIImIeH KHAIKOM ¥
MOBITPSIHE CEpeNOBHUINE, SIK METOJ Cemaparii BigoMmuii
JaBHO.

Jns  1mphOoro  3aCTOCOBYIOTBCSI  KHMJadi  CHIKHX
MarepiaiiB pi3HUX KOHCTpyKuid. HaimommpeHnimum e
KHJad, 10 CKJIAJAa€eThesl 3 ABOX BAJIKIB, sIKi 00€pTAIOTHCS 3
OJTHAKOBHMH KYTOBHUMH IIBUJIKOCTSIMH B TPOTHIICKHHX
HampsIMKax, 3aBaHTa)XyBaJbHOTO MPHUCTPOIO MPHBOJA Ta
npuitMadiB IpoAyKTiB mofiny [5].

3aMicTh JBOX BaJIKIB MOXHA BHKOPHUCTOBYBATHCS
onuH pudIeHWA, Ha CYTHICTH MPOIECY I€ CYTTEBO HE
BIUIMBAE.

OCHOBHHM HEIOJIKOM TaKMX KHIa4diB € HU3bKa SIKICTh
cemaparii 3epHa SKIIO BOHH BHKOPHUCTOBYIOTHCS SIK
Cemaparopu, a He MPUCTPOT I HOTo mepeMileHHs.

Jns migBUINEHHS SKOCTI cemaparii 3epHa MeTOIOM
KWJIKa B TOBITPSIHE CEPEOBHINE B 3alPOIOHOBAHO
BUKOPHUCTOBYBATH i 00€PTOBHH PyX YaCTOK CyMillli, TOOTO
BUKOPHUCTOBYBaTH JUIs cemnapauii ripaumidHuii edexT i
edext Marnyca. ['ipauiiinuii cenaparop 3anponoHOBaHUI
B [6] Ma€ 3HaUHI KOHCTPYKTUBHI NIEpEBAr, sKi NOJIATalOTh
y 3HIDKCHHI TabapuTHHX pO3MIpiB cemaparopa Ta
MIBUINCHHI SKOCTI cemapamii HACiHHEBUX CyMiIIei.
Cxema IIbOTO cemapaTopa IpeAcTaBiIeHa Ha puc. 1.

Cenaparop cKlagaeTbcs 3 poOOYOro Oprasa,
BHKOHAHOTO 3 BEPXHBOTO 1 i HIXKHBOTO 2 BaJKiB, OyHKEpa
3 1 mpmitMadiB mpoxykTiB moximy 4. IlpuBoj BamnkiB 3
METOI0 3a0e3MeUYeHHs MOMKIIMBOCTI PETYJIIOBaHHS YaCTOTH
o0epTaHHs ~ 3IIHCHIOETBCS  BI  EJEKTPOIBHUIYHIB
MOCTIHOTO CTPyMy. MOKJIMBO TaKOX KOHCTPYKTHUBHE
BUKOHAHHS IIPUBOJA BiJl EJNEKTPOABHUIYHIB 3MiHHOTO
CTpyMy 4epe3 BapiaTop Ta KIHMHOINAcOBY Iepeaauy. Ha
pucC. 2 TpeACTaBICHMN 3araJlbHUKA BUJ TipaliifHOro
ceraparopa.

Puc. 1. IlpuanumnoBa cxema ripariifHoro cemaparopa: 1 — BepxHill Banok, 2 — HIKHIH BajJok, 3 — OyHKep,

4 — puiiMadi IPOYKTIB MOJLITY.

Fig. 1. Schematic diagram of the gyration separator: 1 — upper roll, 2 — lower roll, 3 — hopper, 4 — receivers of

separation products.
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Puc. 2. 3aransHuit B ripalliiHOro cemnaparopa.
Fig. 2. General view of the gyration separator.

Merta gociigxeHn

MeTo10 IaHHX AOCITIIKEHb € BU3HAUYCHHS OCHOBHHUX
KOHCTPYKTUBHO-KIHEMaTHIHHX  IApaMeTpiB  IPOLECy
cemaparlii HaciHHA pilTaKky Ha TipaliifHOMY cemapaTopi.

Pe3yabTaTn 10CaiTKeHb

IIpu cenapauii 3epHOBOi cymimi B TipauiiiHoMy
cernapaTopi BUKOPHUCTOBYEThCS B CYKYMHOCTI CiM O3HaK
MOIIIBHOCTI: MUTOMA Bara, JOBXKHHA, [IIMPUHA, TOBIUHA,
(hopma, IIOPCTKICTH 1 aepOTUHAMIYHI BIACTUBOCTI YACTOK.
3HAYNMICTh KOXHOTO 3 O3HAK IPOSIBISIETHCS B PI3HOMY
CTYIEHI 3aJeXHO BiJ BUIY M XapaKTepHCTHK 3E€pPHOBOT
CyMillli, a TaKOX PEXHMIB PyXy YacTKH — YacTOTH Iii
oOepTaHHs i MOCTYMaNbHOT IIBUIKOCTI.

Ha 3epHo 1m0 pyxaeTbes i 0fHOUacCHO 00EpPTAETHCS B
MOBITPSIHOMY IOTOL, KPiM CHIJIM Bard i cujiu JI0O0BOTO
omopy, mie me ¥ cuiaa Marnyca (f,), ska Bigxwise
TPAEKTOPIIO 3ePHA, 1110 00EPTAETHCS Bijl TPAEKTOPIT 3epHa,
sike He o0epTaeThes (y BUMAAKY NMaAiHH BiJl IPSMOT JIiHiT)
yOik, Je BEeKTOp JIHIWHOI MIBHIKOCTI 3€pHa, IO
oOepraeTbcss  30iraeTeCsi 3  BEKTOPOM  HIBHIKOCTI
TIOBITPSIHOTO MOTOKY, IO Habirae. Ilpm mpomy, 4mm
6inbire Oyzae yacToTa oOepTaHHs YaCTKH, TUM OijIblie chiia
Marnyca. Tomy 3epHa 3 OUIBIIOIO YAacTOTOIO OOEpTaHHS
OyAyTh BIIXHIATBCA OiNbINe, HIK 3epHA 3 MEHIIOK
4acTOTOI0 abo Ti M0 30BCiM He oOepTaeThcsa. HeoOxiqHO
TaKOXX BIA3HAYUTH, IO 3EPHA, [TONMECPEUHHNA Tepepi3 AKUX
BIJIPI3HSIETHCS BiJi KPYroBoro (IJIOCKI, BUTSTHYTI # T.IL.),
NpU BUXOII 3 MIDKBAJIKOBOIO 3a30py abo 30BCIM He
OZIEPXKyIOTh 00epTaHHs, a00 3aKPYyYyIOThCS MEHINE, YHM
3epHa, popma gkux OIM3BKa 1O KpyroBoi. ToMy BOHH B
MOBITPSIHOMY TOTOLI OyAyTh MepeMilliaTUCS 3 MEHIINM
BIZIXMJICHHSIM 1 BIIayTh B IpHiiMadi po3TamoBaHi, Oykue
JIO OC1 JKUBHIILHUKA, TOOTO B Ti SIKi PO3MIIICHI OJIMKYE 10
oci poboyoro opraa.

[Ipn mpomy fKImIO 4YacToTa OOEpTaHHS BEPXHBOTO

BaJIka MEHIIE HIX HW)KHBOTO, TO YacCTKH, L0 MAarOTh
OlTBIIy YacTOTy OOepTaHHSA, 3aBISAKH cwii MarHyca #
MOCTYTAJIbHOT IIBUAKOCTI, MEPEMICTAThCA B JalieKi Bif
JKUBWJIBHUKA TPHAMadi, a YaCTKH 3 MCHILOK YacTOTOHO
o0epTaHHS HAAXOIATH y MpUMAaYi, pO3TalIOBaHi OJIIKYE.

3a30p MDX BaJbLAMH CeEmapaTopa BHOUPAETHCS
MEHIIUM CEPEAHBOIr0 JliaMeTpa CeNapyeEMHUX YacTOK JUIs
3a0e3neueHHs IXHbOIO 3aXBaTy B podouy 30HY. [Ipu ipomy
YacTKa BUKOHYE JIBa PyXH: 00€PTAETHCSI HABKOJIO CBOET OCi
3 KYTOBOIO IIBHJKICTIO Mg 1 PyXaeTbCs MOCTYNAIbHO 3i
mBuakictio Vo. Bambui 3 panmiycamu Rg=Rg2=R 3
KyTOBUMH IIBUAKOCTSIMH (07p 1 (024 BIATIOBIAHO.

Pagiyc wactku — r. [To3HauMMO OKpPY>KHi IIBHUAKOCTI
BaibwiB V11 Va. Toxi

V, = @y, Rgpl;
V. o R ()
2~ wZ@p p2°
3 KiHeMaTHYHHUX MipKyBaHb OyJeMO MaTu:
1 Ryt
VO =_(\/1 +V2) =2 (a)lep +w23p);
2 2
)
o _i(\/ —V )_E(w ~w, )
O0sp — o 1 2/ o lep 26p /"
CriBBiIHOLLIEHHSA 2) IAl0Th MOKIJIMBICTH

OOYHMCIIOBATH 3 YpaxyBaHHIM T€OMETPHYHUX PO3MIpIB 1
4acTOT 0OepTaHHS BaNbLiB MOCTYNAJIbHY H OOepTalbHY
LIBHUJIKOCTI YaCTKH Ha MOYaTKY 11 MOJIbOTY.

3 aepoauHamiku Biziomo [5, 7], o edgekr Marnyca B
MaKCHUMaJIbHOMY CTYIICHI NPOSIBISIETHCS 32 YMOBH

u=4.v,, (3)
ne U — oxpyxua msmakicts oGepranns gactu, m/c.
n
V namomy Bunaaky U = @ = o
Osp 30
3BiJKH 3 ypaxyBaHHsM (3)
Ny ==——2. (4)
w-r
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OcTaToYHO 0JIEPKUMO
——2=06. (5)

Hdns mpukmany Oynmd  TpOBEICHI  PO3paxyHKH
MTOYaTKOBOI, KyTOBOi i OKPYXXHOI IIBHIKOCTEH BHIIBOTY
HAaCiHHA piMaKy Iicis MPOXOKCHHS depe3 BalbIll MpH
gacToTi 00epTaHHA BepxHBOro BambId  N1=90 ct
HUKHBOTO — Np=150 c¢i 3a30py Mix BanbuaMu 1-1072 M.

[Ipn 1poMy KyTOBi IIBHUAKOCTI BalbliB (e, 1/c)
OyayTh BiIIOBiTHO PiBHI

_™M T onn ~ :
o _5_30900~90%1

My T &
- _301500 ~150%.

“ar =g

OxpyxHa MmBHAKICTE (V, M/C) BEpXHBOTO BalbII
CTaHOBUTH:

Vi =@, -R=90-0,0275=2475 m/

a HUXKHBOT'O

V, =, -R=150-00275=4125 n/,

ne R — pagiyc Bams1is, M; R=0,0275 wm;
V1, V2 — OKpy’kHI IIBAIKOCTI BaJIBIIIB, M/C.

BpaxoBytoun OKpy>KHI IIBHIKOCTI BaJbIliB, MOXXHA
pospaxyBatu modatkoBy (Vo, m/c), KyTOBY (we, 1/c) 1
OKpyXxHY (U, M/C) TIBUAKOCTI TIOILOTY HACIHHSA piMaKy.

[TouatkoBa mBHAKiCTH (Vo, M/c) BUIBOTY HACiHHS
pinaKy CTaHOBHTE:

v, = %(\/1 +V,) = %(2,475+ 4,125) =33 1%

KyroBa mBuaKicTs (g [I/c) HACIHHA pimaky

CTaHOBUTB.
1 1
=—(V,+V,)=——(4125-2,475) =1650,0 7/ .
oy, = 5 Ve +V0) = 5o ) b

Je I — paaiyc HaciHHA pinaky, M; r=0,001 m.
Toxi okpykHa MBUAKICTE (U, M/c) HACIHHS piNaKy

U =@, T =1650-0,001=165"/

Hacimas pimaky mnpH Tpoxomi Kpi3h  BabIli
OTPUMYIOTh ITOYAaTKOBY MIBHJAKICT MOJNBOTY, PIBHY
3,3M/c, kyroBy mBHAKicTE — 1650 1/c i okpyxHYy
mBUAKIiCTE — 1,65 m/c.

B Tabmmmi 1 MpPEICTaBICHI  pPE3yNbTaTH
eKCIIEPUMEHTAIBHUX ~ JIOCII/DKEHb IIPOIeCy —cemnaparii
HaciHHA pinmaky 3acMiveHicTio 6,6 % 3 ypaxyBaHHSIM
31piOHEHOT0 HACIHHA pilaKy.

Tadawnus 1. Pesynpraru cenapauii HaciHHA pinaky Ha TipaliiiHOMy cemapaTopi.
Table 1. The results of separation of rapeseed on a gyration separator.

N . Homepa ¢pakuiii (npuiimauis)
HaiimeHyBaHHs MOKa3HUKIB 1 5 3 2 5 6 7 8
Posnoain e o (pauix, 1,2 03 0,6 2,1 27 | 154 | 702 | 75
Haciuns pinaky, % 2,3 14,7 69,1 7,3
Jlerxi pominiku, % 1,2 0,3 0,6
3npiOHeHe HACIHHS pinaky, %o 0,9 0,7 0,5
Byp'surcTa nowminika, % 0,4 0,7 1,1 0,2

3 Tabmn.l. BUIHO, 11O JIETKi JOMIMIKH (TIHJI, TIOJIOBA,
IMAaTOYKH CTEOEN 1 T.I.) MOTPAIWIN B IEpIIl YOTHUPHU
npuiiMadi. B 5-8 npuiimaui motpanuim HaCiHHS pimaky i
Oyp'sHUCTa AoMilIKa. AHai3 TaOiWIi MOKa3ye, M0 MpH
o0'emHAHHI BMicTy 6-8 mpuiiMadiB MOXKHa OJEpKaTH
91,1 % wmacimHa pimaky i3 3acmiveHictio g0 2 %.
IMponykTuBHicTh cemaparopa crtaHoBwia 90 Kr/roguny,
pu A0BXuHI BayikiB 0,2 M.

EHeproeMHicTh poIiecy cemnapariii 3 BUKOPHUCTAHHIM
ripamiitnoro edexry Ta edexkty MarHyca Bu3HauUanIH
eKCIePUMEHTANBHO Ha po3pobJeHOMY TipariitHoMy
cemaparopi TpU YacToTi OOepTaHHS BEPXHHOTO Bala
90 ¢!, mmkuboro — 150 ¢ ¥ pesymbrari BUnNpoOyBaHb
BCTaHOBJICHO, II0 NUTOMa BHTpaTa €Heprii Ha Ipolec
cemapaii craHoButh ycroro 0,11 kBT 1/T, 10 B 2,5 pasu
MEHIIIA, HK y ITHEBMATHYHUX CENapaTopiB 1 OLIBII HIXK Y
30 pasiB HIDKYA, 32 THEBMOCOPTYBAJIbHI CTOJIH.

BucHoBku

1. TakuM YMHOM NIPOBECHI TOCIIHKEHHS JO3BOJINIH
BU3HAYUTH  KOHCTPYKTHBHO-KIHEMaTH4HI  Mapamerpu
IpoIiecy cemaparii HaciHHA pimaky Ha TripariifHoMmy
cemaparopi. L{i mapamerpu Taki: HOYaTKOBA IMIBHAKICTH

YaCTHHOK TiCJsl MPOXOMy Kpi3hb Bajbli 3,3 M/c, KyToBa
mBHAKicTs 1650 1/c, Ta okpyxHa MBUAKICTE 1,65 Mm/c.

2. ExcriepuMeHTaTsHUMHA JIOCIIIDKEHHSIMU
BCTaHOBJICHO, IO 3a OJWH MPOXiJ MOXXHA BUIUTUTH i3
cymimn g0 91,1 % HaciHHA pinmaky 3acMideHicTio 10 2 %,
TOOTO OTpUMAaTH KOHIIMIITHE HaCIHHSA npu
npoxayktuBHOCTI 0 100 kr/roguay Ha 0,2 M JTOBXHHH
BaJIKa.
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CEITAPAIIA CEMSAH PAIICA
0. O. Bozomonos
AHHOTanus. PaccMOTpeHBl BOIPOCHl  OUUCTKHU
CEMEHHOI'0 MaTepuasa parca OT TPYAHOOTAEIUMbIX CEMSIH
COpHBIX pAacTEeHWH. YCTaHOBIEHO, 4YTO Ha IHEBMO-
pELIETHBIX cenapaTopax OOLIero Ha3HAuYeHMs, KOTOpBIE
KaK MpaBUJIO UCHONB3YIOT M JUIl OYUCTKH CEMSIH parca
ylansercsl 3HaYUTENbHOE KOJIHUYECTBO CEMSH COPHSKOB,

MUHEPaJIbHBIX 1 OPIraHMYECKUX NPUMECEei, HO OJIHOCTBIO
YIOAIUTh TPYIOHOOTAENSEMBbIE CEMEHa TAaKUX, HalpHMep
CODHSKOB KaK INETHHHUK CHU3BIH, KypHHOE MpOCo,
MOAMAPEHHUK LIETIKUI U Ipyrux He yaaercs. [Ipeaioxeno
OYHCTKY CeMsH parca OT TPYZHOOTIEISEMBbIX HMpHMeceil
NPOBOJHUTH OPOCKOM B BO3IYIIHO CpeRy C HpHIaHHUEM
YacTHYKaM CMECHU BpallleHHs, UCIIOJIB3YIOs TAKUM 00pa3oM
KpOMeE a3pOIMHAMUYECKHX CBOMCTB ITPHU CETapalliy TAaKXKe
rupauuoHHbIi 3¢ dext n apdext Marnyca.

Paccunranel HayaibHas CKOPOCTh IIOJIETa YaCTHUI]
CMECH, YIJIOBasi U OKpYXHasi X CKOPOCTb, IIPU KOTOPBIX
BO3MOXKEH IMpOLIECC Cemapalud Ha TUPALMOHHOM
cermaparope.

Llenplo craThu SBISCTCA OIpENCSNICHHE OCHOBHBIX
KOHCTPYKTUBHO-KHUHEMAaTHYECKHX MapaMeTPoOB IIpolecca
cerapalyy CeMsH Ha THPALMOHHOM CerapaTope ¢ BaJKaMH
PACIIONIOKEHHBIMU APYT HaJ APYroM, B KOTOPOM HIDKHUIA
BAJIOK BpAIACTCs CO CKOPOCTBIO OonbLIeit dYeMm Yy
BEPXHEr0, @ UMEHHO YIJIOBBIE M OKpPY>KHBIE CKOPOCTH
BAJIBIIOB, HAYaJbHYIO CKOPOCTh BBUIETA CEMSH, BBIXOJ

OYMIICHHOH (pakuuM U OSHEPrOeMKOCTh Ipolecca
cenaparuu.

Takum 00pa3oM TPOBEACHHbIE  HCCIIEIOBAHUS
MO3BOJTUITN OTIPEIeUTh KOHCTPYKTHUBHO -

KHHEMAaTHIECKHE TTapaMeTphI MpoIecca Cemapanni CEMIH
HA THPAaMOHHOM cemapaTtope. JTH MapaMeTphl TaKOBBI:
HadvaJbHAs CKOPOCTh YaCTHI] IIOCIIE MTPOXO0/IA YePe3 BANIBIIBI
3,3 m/c, yrioBas ckopocth 1650 1/c, 1 oKpykHast CKOPOCTH
1,65 w™/c. DOKCHepUMEHTANbHBIMA — HCCIEAOBAaHUAMU
YCTaHOBJICHO, YTO 33 OJMH IIPOXOJ MOXKHO BBIICIUThH U3
cmecu 10 91,1% cemsH 3acopeHHOCTBIO a0 2%, Ipu
ucxoaHou 6,6 %, TO €CThb MOJNYUYUTh KOHIUIIMOHHBIE
CeMeHa Tpu npousBoauTenbHoCcTH 10 90 kr / ac Ha 0,2 M
JUTHHBI BAJIKA.

KiroueBble cioBa: ceMmMeHa parca,
THPAITHOHHBII cemapatop,
KHHEMAaTHIEeCKHE TTapaMeTphI.

cemapars,
KOHCTPYKTHUBHO-

RAPESEED SEPARATION
0. 0. Bogomolov

Abstract. The issues of purification of rapeseed from
heavy weeded seeds have been considered. It has been
established that general purpose pneumatic separator
separators, which are generally used to cleanse rapeseed
seeds, remove significant amounts of weed, mineral and
organic impurities, but completely remove heavyseparate
seeds such as weeds such as mice, chicken millet, the
submarine is fragile and the others fail. It is suggested to
cleanse rapeseed from heavy impregnated impurities by
throwing it into the air with a mixture of rotating particles,
thus using, in addition to the aerodynamic properties
during the separation, the gyrating effect and the Magnus
effect.

The initial flight velocity of the particles of the
mixture, the angular and circumferential velocities at
which the separation process at the gyratory separator is
possible are calculated.

The purpose of the article is to determine the basic
structural-kinematic parameters of the process of
separation of rapeseed on a gyratory separator with rolls
located one above the other, in which the lower roll rotates
at a speed greater than the upper, namely angular and
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circumferential speeds of the rolls, the initial speed of
departure of seeds, exit and the energy intensity of the
separation process.

Thus, the studies made it possible to determine the
structural-kinematic parameters of the process of
separation of rapeseed on a gyratory separator. These
parameters are: the initial velocity of the particles after
passing through the rollers 3.3 m/s, the angular velocity
1650 1/s, and the circumferential velocity of 1.65 m/s.
Experimental studies have established that up to 91.1 % of
rapeseed can be separated from the mixture by up to 2 % at
the initial 6.6 %, in one pass, ie to obtain conditioned seeds
at a productivity of up to 100 kg/h for 0.2 m of roll length.

Key words: rapeseed, separation, gyratory separator,
structural-kinematic parameters.
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Abstract. Comprehensive assessment of the use of
grain harvesters is the result of simultaneous and
coordinated research of a set of private qualitative and
quantitative indicators that reflect the main aspects of
operation of grain harvesters in given economic conditions,
and generalized conclusions on the results of comparing
actual values of private indicators with basic in previous
periods in different conditions, desirable, etc.). The need
for a comprehensive assessment of the use of grain
harvesters arose based on the requirements of comparing
the results of a single grain harvester or several machines
combined into a harvesting unit or harvesting complex, not
only on individual indicators, but also on a generalized
criterion.

The main task of research into the efficiency of
technical systems, including grain harvesters, is to choose
a strategy for using machines that provides the best results
in these conditions. To date, when choosing a strategy for
a given operation, the criteria of minimum cost, minimum
labor costs or maximum useful effect, such as productivity,
are most often used.

Analysis of scientific research of many domestic and
foreign scientists has shown that the easiest to determine,
but reliable are the indicators that take into account the
functioning of the machine over time. Such indicators
include, first of all, the most common and fairly universal
technical and economic indicator of machine performance,
as well as the utilization rate of change time, indicators of
machine reliability, etc. These indicators are applicable to
assess the use of the entire fleet of grain harvesters. Widely
used indicators have not only advantages in their use, but
also disadvantages.

Key words: criterion, grain harvesting machine,
harvesting and transport complex, grain culture, efficiency.

Introduction

To date, widely used in feasibility studies of various
technological processes, including harvesting cereals,
techniques developed in the early 20th century [1], taking
into account the minimum full cost of a given operation or
use of the machine [2].

Formulation of problem

Thus [3], when using the criterion — the minimum cost
[4], first calculate the direct operating costs for harvesting
cereals according to formula (1), and then they are
attributed to the harvested area or to the gross grain harvest

[5]:
C=Cs+Cyq+Cyg + Cupy + Cos 1)
where Cg — salaries of combine harvesters, UAH;

C,4 — depreciation deductions for the renovation of a
combine harvester, UAH;

Cyr — costs for repair, maintenance and storage of
combines, UAH;

Cuu — cost of consumables (fuel, lubricants and
auxiliary materials), UAH;

Caw — cost of ancillary works (transportation and
refueling, lubricants, etc.), UAH.

The choice of combine harvesters when updating the
fleet of combine harvesters [6] is recommended to be
carried out according to the following main criteria: the
degree of reduction of the cost of work [7], reducing the
need for fuel and mechanization [8].

Then methods were used based on determining the
efficiency of capital investments [9], or its inverse value —
the payback period [10].

Analysis of recent research results

A number of works have been published, in which a
comparison of technological processes in crop production
taking into account energy consumption is given [11].

Thus, in the research [12] the minimum energy
consumption is estimated taking into account the number
of technical means involved in the technological process
(TP) and their energy saturation (Nt power of the internal
combustion engine) [13]:

XMy - Nip) - min. 2

Scientists have formed a whole group of individual
performance indicators, which were defined as the ratio of
economic result (or effect) to one of the indicators of
economic resource or their corresponding growth [14].

The indicators of economic resources include, in
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particular;

» labor costs (estimated productivity) [15];

» production assets (estimated rate of return) [16];

» capital investments (the efficiency of capital
investments is estimated taking into account the growth of
production) [17].

The unit of profitability of production was also used
as a unit indicator of efficiency [18].

All of the above indicators suggest a cost principle in
assessing efficiency. These criteria are somewhat one-
sided, but in some cases they are quite acceptable [19].

Purpose of research

The purpose of these studies is to determine the
criteria for assessing the effectiveness of the use of
machines in the agro-industrial complex.

Results of research

Proposed and applied to the comparison of combine
harvesters Don-1500B, Don-2600 and Western 8570 a
comprehensive indicator in the form of a function of the
quality of the combine, which represents the volume of the
triangular pyramid in space

V= %XYZ, A3)
where X, Y, Z — respectively, the loss, crushing and
clogging of the grain, deposited in space in Cartesian
rectangular coordinates.

In the study it is proposed to evaluate the
agrotechnological efficiency of combine harvesters
according to the generalized criterion, which is defined as
the average value of combine throughput of all maximum
values of this indicator obtained for possible combinations
of grain harvesting conditions in this soil-climatic zone.
However, this generalized criterion of efficiency can be
used only with a significant amount of statistical
information.

From the known researches at calculation of standard
sizes of grain harvesters for different regions of Ukraine
apply the generalized zonal coefficient Kz that considers
humidity of straw, clutter and fallowness by a stalk and
unevenness of a crop on length of a run. This article
presents the values of short circuits for the regions of
Ukraine, table 1.

Table1l. The value of the generalized zonal
coefficient.

Regions of Ukraine Kz
Kyiv 0.82
Cherkasy 0.71
Vinnitsa 0.92
Poltava 0.82
Zhitomir 0.78
Mikolayiv 0.67

However, the coefficient Kz takes into account the
indicators of the state of the crop being harvested and does
not take into account one of the most important indicators
of the work of combine harvesters in the economy, the

intensity of their use. The article proposes a universal (in
the opinion of the authors of the article) indicator of
combine operation, which is defined as the ratio of the
share of gross grain threshing by a combine or a group of
combines in total threshing by all combines to the share of
one combine or group of combines in the combine fleet.
This indicator is called the lead factor by the authors of the
work. The advance coefficient was determined for 13
groups of combines that differ in seasonal grain threshing.
This factor is used to characterize combine harvesters.
However, it is difficult to use it as an indicator of assessing
the conditions of use of combine harvesters.

Very often, to compare the use of combine harvesters,
a target function is used that takes into account the
minimum loss or crushing of grain.

Scientists have developed various methodological
approaches to modeling the efficiency of combine
harvesters. Thus, in the criterion of losses of efficiency Kl
take into account the consumer properties of combine
harvesters (P,, P,, ..., PB,); conditions of the agricultural
producer (Y, Y, ..., ¥) and external conditions (B, B, ...,
B,):

Kg = f(Py, Py, ., P, Yy, Yay o, Vi, Bi, By, s By) (4)

However, quite often there are situations of
uncertainty when choosing a criterion of effectiveness. In
this case, it is necessary to apply additional principles or
rules for selecting the criterion of effectiveness. The
criterion of efficiency is made on the basis of one of the
following concepts of rational selection of decisions:
suitability, optimization, adaptation [].According to the
concept of suitability, any solution will be rational if the
value of the selected performance indicator is not below the
required level W™, that is

W) =W ueU, (5)
where U — many possible solutions.

According to the concept of optimization, a rational
solution will be one that provides maximum effect

W(u*) = maxW(u),u € U. (6)

According to the concept of adaptation, it is possible
to quickly respond to current or projected information to
achieve a given result under changing conditions of this
operation.

According to the concept of adaptation, the result is
considered the best u (t) of the many U (t, t). The condition
is fulfilled:

W, (u*(t),7) = WHWu(t),1),u(t) e Ut,1) (7)
where t —time, T — ahead of the forecast.

Of the above concepts of rational choice of solutions
to date, the most developed concept of suitability.

When choosing a method of harvesting cereals
depending on the load on one unit during the season took
into account 5 private indicators: the rate of harvesting
cereals on the farm (Rh), the probability of harvesting
machine technological operation during the shift (P0),
biological yield of cereals (By), losses (Lg) and injury of
grain (lg) by harvesting units.

For each selected private performance indicator, the
ratio of its actual value was calculated W, to the necessary
%nll

Ky = W, /W (8)

For the ideal technology of harvesting grain crops all

value W, = W that is K,,=1.
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In this case, the ideal assembly technology is
conventionally represented by a polygon with the number
of angles equal to the number of private efficiency
indicators. In this case, the angles of the polygon are
placed on the axes of private indicators with coordinates
equal to 1 (Fig. 1). The starting point K, of the minimizing
indicators in the center of the intersection of the axes, and
maximizing on the outer circle. After calculating the value
of K, for real assembly technologies, polygons are
constructed for the considered assembly technologies.

The technology of harvesting cereals was compared
by a generalized factor:

Mo = Sc/Sus o 2 1, )
where S¢, S, - areas relating to comparable and ideal
harvesting technologies.

The closer p0 to 1, the more efficient the harvesting
technology.

KTy

Fig. 1. Multicriteria evaluation model.

When comparing the efficiency of serial combine
harvester and experimental, equipped with a device for pre-
threshing grain, the complex criterion took into account the
biological yield of grain, which was collected and the
proportion of crushed grain [].

When choosing the most efficient technology for
harvesting sorghum sorghum, the maximum effect and
minimum costs are formalized as follows:

u*: maX(p(K(u));
uelu
Ki(w) = 1;
K(w) <1,

(10)

where
mq

Wi
K, = l_[_pr
m
Wi
KZ = 1_[ WHp

i=mq+1

Dependence (10) is presented in the form of a graph
(Fig. 2).

In fig. 2 characters U;, U,, ..., Ug the cost-effect ratio
for possible sorghum harvesting technologies is shown.
The zone of effective sorghum harvesting technologies is
zone A (see Fig. 2), and the best of the two technologies U,
and U, is the technology Us, as it meets the condition K;>1,
K,<1, and the value of K; for U; is greater than for U,, the
value of K, for U, is less than for U,.

The cost of transportation of hay rolls in a
comprehensive criterion is appropriate if the difference
between the components (one or more) operating costs that
determine the cost of comparable technologies, more than

10%.
U3 Us
@ U4 oUG
1
U2 U7
.Ul Us
0 1 K2

Fig. 2. Scheme of the method “cost — effect”.

At a complex estimation of quality of work of grain
harvesters used two unit indicators of loss of grain on the
combine direct Lg and crushing Lcr.

We present a comprehensive criterion of efficiency in

the form of:
kE =m {—PgalPC$l }
Vl]/ZPchr
where P, P4 — respectively, the allowable levels of direct
losses and grain crushing, y;,y, — respectively, the
coefficients of relative importance of direct losses and
grain crushing.

Conclusions

1. Thus, when assessing the efficiency of agricultural
machinery is currently the most commonly used concept of
suitability, on the basis of which the criterion of efficiency
is developed, taking into account the actual and desired
level of private indicators that are part of it.

2.1t is proposed to carry out a comprehensive
assessment of the efficiency of grain harvesting machines
according to the generalized criterion, taking into account
the values of its private indicators and their relative
importance.
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KPUTEPUN OLIEHKU 5ODPEKTMBHOCTU
NCIIOJIb30BAHNA MAIIIVH B
AT'POITPOMBIIIJIEHHOM KOMIIJIEKCE

JI. JI. Tumosa
Annoranusa. KoMmiiekcHas OI€HKa HCITOJIb30BaHMS
3epHOYOOpPOUHBIX ~ MAIUH  SIBISETCA  PE3yJIbTaTOM
OJIHOBPEMEHHOTO M  COIVIACOBAHHOTO  HCCJIEIOBAHUS
COBOKYITHOCTH YAaCTHBIX Ka4eCTBEHHBIX Hu

KOJIMYECTBEHHBIX IOKA3aTeNeH, OTPa’KaroLINX OCHOBHBIE
aCTeKThl IKCIUTyaTallMd 3€pPHOYOOPOYHBIX MAIIMH B
3aJJaHHBIX XO3AWCTBEHHBIX YCIOBHSX, W OOOOICHHBIE
BBIBOABI O pe3ylbTaTaX CpPaBHEHUS (HaKTHIECKUX
3HAQUeHWH  YacTHBIX  IIOKazaTened ¢ 0a30BBIMH
(TI1aHOBBIMHU, HOPMATUBHBIMH, JIyYIIUMHI U3 MOTYYSHHBIX
B IIPE/IBIIYIINE TIEPUOJIBI B PA3HBIX YCIOBUSIX, )KEJIAHHBIMU
u T.a1.). HeobxomguMocTh  KOMIIEKCHOM  OLIEHKH
UCIIOJIb30BaHMsl  3€PHOYOOPOYHBIX MAIIMH  BO3HHKIIA
UCXOAs W3 TPEeOOBaHMI COIMOCTABIICHUS Pe3yJIbTATOB
paboThl  OTHEIBHOW 3epHOYOOPOYHOH MAIIUHBI HJIH
HECKOJIbKMX MAIllfH, 00bEANHEHHBIX B YOOPOUHYIO 3BCHO
win yOopOYHO-TPAHCIIOPTHBIM KOMIIIEKC, HE TOJBKO 32
OTACNBHBIMH YacTHBIMHM IIOKa3aTeJIMH, HO H IO
0000IIEeHHOMY KPUTEPHIO.

OcHoBHO# 3amadeill uccrnemnoBaHmii d()HEKTHBHOCTH
TEXHHYECKUX CHCTEM, B TOM HYHCIIE M 3€pHOYOOPOUHBIX
MallhH,  3aKIoYaeTcs B BbIOOpEe  CTpareruu
UCIIOJIb30BaHMsl MAIMH, KOTOpas o0ecrednBaeT JIydllunii
pe3ysbTaT B NaHHBIX ycioBHsx. K HacTosmeMy BpeMeHH
IpH BBIOOpE CTPATETHK BBINIOJIHEHHS 33aJ]aHHOM onepanuu
yamie BCEro IPUMEHSIOT KPUTEPHH MHHHMAJIbHON
ce0ecCTOMMOCTH, MHHUMAIBHBIX 3aTpar Tpyda HIH
MaKCHUMaJIbHOTO  Toie3Horo  3¢exra,  Hampumep,
TIPOU3BOINTEIBHOCTH TPY/Ia.

KnaloueBble cioBa: Kputepuid, 3epHOYyOOpOUHas
MallnHa, yOOPOYHO-TPAHCHOPTHBII KOMIUIEKC, 3€pHOBAs
KyJNbTypa, 3 PEKTHBHOCTE.

KPUTEPIT OIIIHKU E®@EKTUBHOCTI
BUKOPUCTAHHS MAIIIMH B
ATPOITPOMUCJIOBOMY KOMIIJIEKCI
JI.JI. Timosa

Anortanis. KowmrekcHa oOIiHKa BHKOPUCTAHHS
3epHO30MPANEHIX MAIIWH € Pe3yJITATOM OJHOYACHOTO i
Y3rO/DKCHOTO  JTOCTIKCHHST ~CYKYIIHOCTI IPUBATHUX
SKICHUX 1 KUIBKICHUX ITOKa3HUKIB, IO BiIOOpaXKaroTh
OCHOBHI aCIIeKTH EeKCILTyaTamii 3¢epHO30UPaIbHIX MaIIUH
B 33JaHUX TOCIONAPCHKUX yMOBaX, 1 Yy3arajlbHEHi
BHCHOBKHM IIPO PE3yJbTaTH TMOPIBHAHHS (HaKTHYHUX
3HaueHb MPUBATHUX MMOKA3HHUKIB 3 0a30BUMH (TIJITAHOBUMH,
HOPMATHBHUMH, HAWKPAIIUMHU 3 OTPUMAHUX B TONEPEIHI
mepiogd B PI3HUX yMOBax, OaXaHMMH 1 T.IL).
HeoOxigHiCTh  KOMIUIEKCHOI ~ OIIIHKM  BUKOPHCTAHHS
3epHO30MPANbHAX MAIIMH BHUHHMKJIA BUXOISYH 3 BHMOT
3icTaBICHHS pe3yJsbTaTiB pobotu OKpeMoi
3epHO30MpANBEHOT  MamMHA a00 JEKIIbKOX MAIUH,
0o0’enHaHnX B 30WMpanbHy JaHKy abo 30upainbHO-
TPAaHCHIOPTHUH KOMIUICKC, HE TIIBKH 33 OKPEMHUMH
MPUBAaTHUMH TIOKa3HWKAaMH, a W 3a Yy3araJlbHCHUM
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KpUTEPIiEM.

OCHOBHMM 3aBIAaHHSIM JOCIiPKEHb €(EKTUBHOCTI
TEXHIYHUX CHUCTEM, B TOMY YHCII i 3epHO30MpaIbHUX
MaIlliH, TIOJiTae y BHOOpI cTparerii BUKOPHUCTAHHS
MaIllvH, sSKa 3a0e3nedye HaHKpamlimid pe3yabTaT B JaHUX
ymoBax. Jlo TemepimrHpOTO HYacy HpH BHOOpi cTparterii
BUKOHAHHS 3aJaHoi omepauii HaiyacTilie 3aCTOCOBYIOTh
KpuTepii MiHIMaNbHOI co0iBapTOCTI, MIHIMAJILHUX BUTPAT
mpari  abo  MaKCHMMaJbHOTO  KOPUCHOTO  edekry,
HAalpHKJIaJ, NPOJYKTUBHOCTI Mpalli.

KoarouoBi cioBa:  kpurepili, 3epHO30MpanbHa
MallliHa, 30MPabHO-TPAHCIIOPTHUH KOMIUIEKC, 3€pHOBA
KyJnbTypa, e(eKTUBHICTb.
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AHoTanisgs. Po3risgHyTI TUTaHHA BUKOPUCTAHHS
HACiHHA pimaKy Ha KOpPM B TBapHHHHLTBI Ta HOro
MATOTOBKA B TEXHOJIOTIYHINM JiHII, HUIIXOM OYHIIEHHS
HACiHHA piNaKy BiJ BaXKKOBIJOKPEMIIIOBAHHOTO HACIHHS
Oyp’SIHUCTUX pOCIUH. BcTaHOBIEHO, WO Ha IHEBMO-
PELIITHUX cemnapaTopax 3arajbHOro MPHU3HAYEHHS, SIKi, 5K
NPaBWJIO, BHUKOPUCTOBYIOTH ISl OYMILEHHS HACiHHS
pinaky, BUJAJs€ThCs 3HaYHA KUIBbKICTh HACIHHS Oyp’sIHIB,
MiHEepaJbHUX Ta OPTaHIYHMX JOMIIIOK ajie MOBHICTIO
BUAINTH  BAXKOBIOKPEMJIIOBAaHE  HACIHHA,  TaKHX
Oyp’sHIB sK, HaNpHUKIaA. MHUIIH, Kypsde Ipoco,
MiAMAapCHHNK iKUK Ta 1HIIUX HE BAAETHCS.

HaBeneni pmani mTpo BUKOPUCTAHHS MPOIYKTIB
MepepoOKH HACIHHS pillaKy Ha KOPM CBHHSM Ta BEIUKIN
poratiii xymo0i, HampUKIa], pimakoBa MakKyxa, IO
BUKOPHCTOBYEThCS y CKJIaAl KOMOIKOpPMIB, J103BOJISIE
MIIBUIIUTH MOJIOYHY NMPOAYKTHBHICTH KODIB Ta 3HU3UTH
BTPATH TIpalli Ha OJHY OJAMHHUIIO MPOAYKIIi 10 5...14 %.

3anpornoHOBAHO MPOBOJUTH OYHINCHHS HACIHHS
pinmaky BiJ BaXKOBIIOKPEMJIIOBAHUX JIOMIIIOK 32
JIOTTIOMOTO10 0araTosipyCHOIo cemnaparopa yaapHoil ii.

B crarti mpoBeNeHO MOJENIOBAaHHSA  IIPOLIECY
cemapariii HaCiHHS pillaky cemapaTopoM YIOapHOi ii.
Po3rnsHyTO pyX YACTHHKH ifealli3oBaHOl, Yy BHTIIMI
MaTepialbHOi TOYKU TPH CITIBYAApsHHI ii 3 MOXIIAMH, B
MIO3/IOBXXHFOMY Ta TIONIEPEYHOMY HAalpsIMKax, JeKaMH
cemapaTopa yaapHoi fii.

PospaxoBana TeopeTUyHa MIPOAYKTUBHICTH
cemaparopa yaapHoi mii, sika ckimamae 8...30 kr/rom. mis
OJTHOTO MOJIYJISI.

IIpoBeneHi OCHiHKEHHS JO3BOJMIN BH3HAYUTH
KOHCTPYKTHBHI MapaMeTpd 0araTosipyCHOTO yIapHOTO
cerapaTopa Ta po3paxyBaTH HOTo MpOILyKTUBHICTb.

KarouoBi ciioBa: HaciHHs, pinak, cenaparis, MaKyxa,
LIPOT, MOJIETIOBAHHS, YAAp.

ITocTanoBka mpodaemu

IIpu BUKOpHCTaHHI HACIHHSA piaKy y TBAPMHHHMIITBI,
foro moTpiOHO owHMITyBaTH Bix AoMimoK. [[mg 1moro
BHKOPHUCTOBYIOTHCS JIBi OIeparlii: monepeaHe OYHIeHHS
30DKXS Ha 3epHOOUYMCHHMX MamuHaxXx tumy OBII-20A Ta

OYHINECHHS PIMaKy BiJ BAYKKOBITOKPEMITFOBAHUX JOMIIIOK.
BukoHaHHA IMX CYMICHHX JBOX  omepauiii €
TEXHOJIOTIYHMH IPOILIEC OYHLICHHA. B TexHoIOridHOMY
mporeci cemaparii HaciHHA pilaKy Iepia oreparis —
HonepeHe OYMIICHHs! Ky HACIHHS PiNaKy BUKOHYETHCS
MAIIMHOI0 3 ITHEBMO-PEUIITHUM pOOOYMM OpraHoM, a
Jpyra — €KCIEepHUMEHTAIbHOI0 YCTaHOBKOI 3 POOOYHM
OpPraHoM y BHWIVISI yJapHHUX IOBEPXOHb, POOOTYy SIKOI
HEOOXiTHO MPEACTaBUTH MaTeMaTHYHUMU 3aJICKHOCTIMH
3 BHKODHCTAHHSAM TeOpii Ta KiHEMaTHKH pyxy. Tomy,
HEOOXITHICTh MOJICIIOBAHHS TEXHOJOTIYHOTO MPOIECY
cemaparii HaciHHS pimakKy cemapaTopoM ymapHoi nii €
0E3CYMHIBHO aKTyaJIbHOIO 331a9€i0

AHaJii3 ocTaHHIX J0CTiIKeHb

Pinak € 1iHHOO OJIIHHOIO Ta KOPMOBOIO KYJIBTYPOIO.
Piyne BUpOOHHUIITBO pinaky B CBiTI CTAaHOBUTH 50 MITH. TOH
13 KO)KHUM pOKOM 30unblryerhes. [TinBuiennii inrepec 10
pinaky oOyMOBIIEHHUIT MPUCTOCOBAHICTIO Ii€T KyJIbTYPH 10
TIOMiPHOTO KJIIMATy, BUCOKOIO ITPOXYKTUBHICTIO Cy4acHUX
COPTiB, TMPOTPECHBHOIO  TEXHOJOTi€0  OOpOOICHHS,
30UTBIICHHAM MOTPeO Y BHPOOHHIITBI POCIMHHOL ONii Ta
BHCOKOOITKOBUX KOpMiB. PimakoBuii mIpoT i Makyxa €
XOPOWIMM II0CTaYaJIbHUKOM MiHEpaJbHUX PEYOBHH. 3a
BMICTOM KaJbllifo, (ocdopy, Mimi, MarHiro i Maprasiro
BOHU TEPEBEPINTYIOTh COEBUM MIPOT. JIOCTYMHICTh Y HHUX
KaJplito ctaHoBUTh — 68 %, docdhopy — 75 %, marHito —
62 %, wmapranmo — 54%, umHky — 44%. VY
[liBHiuHOKaBKa3pkoMy HJIY TBapHMHHHIITBA BCTAHOBJICHO,
IO TOJYBaHHS CBUHEW KOPMaMH 3 PINaKOBUM ILIPOTOM,
3aMICTh COHSIIHMKOBOTO, JIO3BOJIMJIO 3HHM3UTH BHUTpATy
KopMiB Ha | Kr mpupocTy >XuBOi Macu np0 4,25 kr,
BUKOPHCTAaHHS PINaKoBOTO HIPOTY MAJISl TOMIBIJI IIHHHX
KOpiB BUTiJHE i€ W TOMYy, IIO BiH B 2 pa3u JeuIeBlIe
coeBoro. /[l TonyBaHHS KOpiB BHKOPHUCTOBYETHCS 1
pinakoBa Makyxa B CKJIaJi KOMOIKOpPMIB, sKa I03BOJISIE
MiABUIUTH MOJIOYHY IPOJYKTHBHICTH KOPIB Ta 3HU3UTH
BHUTpATH MpaIli Ha OJHY OAMHUINO MPOAYKIi 10 5...14 %
[1, 2]. HegocTaTHs BUBYEHICTh MMTaHL OYMIIIEHHS HACIHHS
pimaky Big HaciHHA Oyp SHHCTUX POCIMH MHUIIIIO,
KypsS4oro mpoca Ta IHIINX, CTPUMYIOTB  HOTO
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PO3MOBCIOJDKEHICTh B YKpaiHi. Sk mMmokasanma mpakTHKa
HaCiHHUILKUX TOCITOAPCTB, OJHIEI0 3 OCHOBHUX MPOOIIEM
OYMIICHHS HACiHHA pillaKy € OYHWIIEHHS HOro Bix
Ba)XKOB1TOKPEMITIOBAHHOTO HaCiHHSA Oyp’ THUCTHX
pociuH. THTIOBOIO € CHTYyaIlisl, KOJH MICIS MPOXOIKEHHS
BCHOTO MUKIY MiCIA30upaIbHOi 00poOKH, BUXiN HACIHHA
pimaky 1 kmacy craHoButh 35...40 %, a me 35...40 %
MOBHOILIIHHOTO  HACiHHS, $Ke€ 3a BCiMa  IHIIUMH
MOKa3HUKAaMH, 10 33J0BOJIGHSIOTH BUMOTY CTaHIApTY, HE
BIIA€THCS JIOBECTHU JI0 piBHs | Kiacy i3 3a BMicTy HaciHHs
Oyp’sHECTHX  pociuH. Po3B’s30k  miei  mpobiemu
JO3BOJIUTH ~ CYTTEBO  MIABHIIUTH  3a0C3ICUCHICTH
BHPOOHWYHMX TOCIIOapCTB BHCOKOSKICHAM HACIHHEBHM
MaTepialioM pimaKy, OTPHUMAaTH 3HAYHUH EKOHOMIYHHH

edexr [4].
Juis cemaparii HACIHHS piaKy BUKOPHUCTOBYIOTH, SIK
TIPaBUIIO, ITHEBMO-PeIIiTHI cemaparopu, 1o

BUITYCKAIOTHCSI IPOMHCIIOBICTIO /IS OYMINEHHS 36PHOBUX
KynbTyp. TpHepu He BHKOPHCTOBYIOTHCS, OCKIIBKH
BiZOyBaeThCs 3a0MBaHHs YapyHOK OJIHHUMH JOMILIIKaMU.
3HayHa KIJIBKICTh  HAaciHHSA  Oyp’SIHUCTUX  POCIHH
BUJIQJIIETECS [THEBMO-PEIIITHUMHU ~CemapaTopamu, aie
MOBHICTIO BUJIAJIUTH HACIHHS TaKuX Oyp’sHIB sSIK: MHIIIH,
Kypside 1poco, TiJMapeHHWK YiNKHH, KpyIjenb
MeTeNbYaTHi He BHaeThcs. [IOmyk MeToniB Ta 3aco0iB
OYHWIICHHS HACIHHS pilaKy BiJ Ba)KKOBiJOKPEMITFOBaHUX
JOMIIIKIB TpHWBa€ OO0 TENEpIIHEOTO 4dacy. baratpma
JOCITiTHUKaMH [3-7] BCTAaHOBIICHO, MO (i3NKO-MEXaHIYHi
BJIACTUBOCTI HACIHHSA PillaKy Ta Ba)KKOBiJOKPEMITFOBAHUX
JIOMIIIKIB MarOTh HAHOLIbIII BIAMIHHOCTI 3a HPYKHICTIO.
Tomy, mouryk HOBUX CIOCOOIB OYHMIICHHS HACIHHS pilaKy
Big Ba)KKOBI1TOKPEMITFOBAHUX JIOMIIIKIB, CIiz
3MIMCHIOBATH 332  1i€I0  O3HAKOID Ta  BUKOHATH
MOJICTIFOBAHHS  TEXHOJIOIIYHOTO  MpoIecy  cemaparii
HACiHHSI piaKy CenapaTopoM yIapHOI Aii, sSIKKi 3A1HCHIoE
JaHWH  Tpouec  3a  NPYXHAMH  BJIACTUBOCTSIMH
KOMIIOHEHTIB. 3HAYHO IOJIIIIIATH SKICTh POOOTH yIapHUX
cernapaTopis, MOXHa HITSIXOM BUKOPHUCTAHHS
0araTopazoBOro yaapy HaciHHsS 00 BiIOMBHI TOBEPXHi, IO
cenmapyrooTb. barartopa3oBi  3iTKHEHHS HAciHHA 3
BiIOMBHUMH  TIOBEPXHSIMH, JO3BOJIAIOTH, 5K  OW,
YCEePEAHUTH iXHI TNpPYKHI BJIACTMBOCTI M THM camuM
TOYHILIE PO3UIUTH CYMIIll 33 MPY>KHUMH BIIACTUBOCTSIMHU
[7]. Ans cemaparii 3epHOBHX CyMilleld, B SIKUX IPOLEC
3MIACHIOETHCS 33 JONOMOTOK yaapy MNPYXKHHUX TiT 3
MOBEPXHEI0, M0 Celapye, BHUKOPHCTOBYIOTHCS YAapHi
cemapatopu  abo  cemapatopu 3  BiOpamidHUMH
nerieppopoBanumu  noBepxusimu  [7-10].  Cenaparis
3epHOBHX CyMilled Ha yAapHUX Ta BiOpoyAapHUX
TIOBEPXHSAX 3IIHCHIOETHCS Y TOMY pasi, KOJIM TPAEKTOPIT Ta
LIBHKOCTI NepeMillleHHst 3epHa pi3Hi. Halikpamuii edexr
cemapariii JOCATaeThCs, SKIIO TPAEKTOPii BIIMIHHI HE
TUTEKH 32 BEIMYUHOIO, a 1 3a HarpsiMoM. ToOTO, OCHOBHOO
3aJ[a4er0 TEOPETUYHOTO JIOCHIDKEHHS TPoLiecy cernaparii
36pHOBUX CYMIlllell € BU3HAYCHHs IIBUIKOCTEH Ta
HampsAMKIB  TEPEMIIIeHHS KOMIIOHEHTiB, a TaKOX
TPAEKTOPiH IX pyXy MO pOOOYNM MOBEPXHIM CEIapaTopiB.
B ocHoBy Teopii mpomecy ymapHoi Ta BiOpoymapHOi
cemaparlii HOK/IaaeHi 3aKOHOMIPHOCTI PyXy MepeMileHHS
YaCTUHKH, 17IeaTi30BaHO] y BUTIIAI TiTa 200 MaTepiallbHOT
toukn [11-16]. [ocmimkeHHS Mojaelmi Yy BHIIAOL
MarepialbHOi TOYKH, JO3BOJIMIO, Y OaraTbox BHITAJKax,
PO3MIISTHYTH CYTHICTH SIBHILA YAapHOi Ta BiOpoymapHOI

cemnapailii Ta BU3HAYUTH CTYIiHb BILTUBY HAa HHOTO PI3HUX
(hakTopis. Onnax, MOJICITIOBAHHS Tporecy
0araTopazoBOro 3ITKHEGHHS YaCTHHKH, iJealli30BaHOl y
BUTJISIII MaTepiaabHOT TOYKH, 3 TIOXUIIUMH B [T03I0BKHBO-
MOMIEPEYHOMY  HANPSIMKY pOOOYMMH TOBEPXHSIMH 3
OaraTopa3oBUMH  3iTKHCHHSMH, IOCHiTHUKAMH  HE
posrisinanuck. ToMy, MOJCIIOBaHHS TPOIECY cemapariii
HaciHHS  pimaky cemaparopoM yaapHoi  nii, 3
0araTopa3oBUMH 3iTKHCHHSIMH KOMIIOHEHTIB CyMilli, €
0e3repevHo aKTyaJbHUM.

Merta nociaigkeHb
MerToro NOCHiKEeHB € MiIBUIIECHHS SKOCTI cenapariii

HACiHHA piNaKy, IIIIXOM MOJCTIOBAHHS MPOIECY, IPH
0araTopazoBUX 3ITKHEHHSIX YACTHHOK 3 IOXWIAMH B

T03I0BXXKHBO-TIOTIEPEIUHOMY HaTPSIMKY JeKaMH
cernapaTopa, 3a paxyHOK yIapHOTO MepeMillleHHS.
Pe3yabTaTH 10caiiKeHb
Posrnmsaemo  cxemy  pobOoTH  OmHOTO  sIpyCy

cemnapaTopa yaapHoi aii (puc. 1).

(24 X B

X
a) 0)

Puc. 1. Cxema pyxy HaciHHS 3 OyHKepa Ha JieKy (a —
BHJ crepeny, 0 — BUI 3 OOKY): a1 — KYT HAaXWIy IEKH Y
TOPH3OHTANBHIN IUOMMHI, f1 — KyT HaXWiy JeKd Yy
MTOB3I0BXHIN BiCl X IO TOPH30HTY.

Fig. 1. Scheme of seed movement from the hopper to
the deck (a - front view, b - side view).

Maewmo Bici x 1 Z, BiCb ¥ B TOPH30HTAJIBHIH IUIOMIKHI
NEePICHIUKYIISIPHA 10 Bici x. BusHauaemo yac ti, 3a sikuii
npo¥ie HACIHHS Macor My 0 JCKH:

2hy

ty= |/, ¢ 1

L= = o

IIBuakicTh B TOYII A sl HACIHHS Macoto My Oyxe:
v()=vy+g-t, (2)

Jie Vo — [M0YaTKOBA IIBUAKICTE, Vo = 0.
BpaxoBytoun piBHsHHS (1), oTprMyeMO:
v, =./2gh,. (2.1)
3anexHicTb (2.1) — IBUIKICTD OIYCKaHHS HACIHHS Ha
1-y neky, B TouLi B3aemogii (4) — IBUAKICTH yAapy.
[TepeTBoproeMo KoOpAMHATHY cucTeMy (puc. 2) 3 Axy
B AxY.

T= —cosa-i+sina-j; @)
n= sina-t+cosa:-j.
DopMyeMO MaTPHITIO NTEPEXOY:
—cosa sina .
A=| . | — MaTpulll Tepexony Bif
sina cosal

CUCTEMH AXy 10 CUCTEMHU AX y';
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cosa sina

Al = | ) — Marpuus  0GEpPHEHOTO
sina  —cosa o
NIepeXoAy Bl CUCTEMU AXY 10 CUCTEMU AX Y ;
TI|T . .
|ﬁ| ]_| — BEKTOPH-CTOBITYMKH OPTiB KOOpPAMHALIHHHUX
CHCTEM.
y
’
y
] —
X J
n
v
- =
4 »
a i
190° -
X

Puc. 2. KoopauHaTHi CHCTEMHU IUIONIMHU y TOYII
yliapy HaciHHS B I€Ky: 11 1 T — OpPTH KOOPAWHATHOI CHCTEMHU
Axy'.

Fig. 2. Coordinate systems of the plane at the point
of impact of the seed in the deck.

Y  wmarpuuHiit  popwmi
3aIMIIEeTHCS:

cucrema piBHsHHS  (3)
Tl
Bk
Tonxi BEKTOp MBHIAKOCTI U' YyacTHHY (3EPHUHH) TICIIS
yaapy B IBOX KOOpIUHALINWHIN cucTeMi Oyze
= ! = ! = ! = ! =
V=0 1tV J=0,T+v, 1,
a0 y BUIJAI CHUCTEMHU DpiBHSHB, NPUAHSABIIN, [0
1o .11, I
Ve =V Uy = Up.
{v,’f = cosa v, +sina - vy;
I — vl Sl
vy, = sina v, —cosa - vy.

T
1=
n

r_ w2y : RSy S
Up = —Cosa - vy +sina-vy,;
I o} . aq! . aq!
VU = sina - vy + cosa - vy,.
YV marpuaHiit popmi
! 1 1 r
Uy v v
— -1 T|. T| — X
17’ - A X AR | = Ax AN
y n n y

Toni 3MiHa eHeprii mpu ymapi Oyme B BEKTOPHii
dopmi
m(; —v,) =S;.
B mpoekuisgx Ha oci koopjuHatH cuctemu Ax)y (Ha
JOTUYHY 7 1 HOpMab 1)
m(—v; sing — v; sina) = 0;
{m(ﬁ{ cos@ —v;cosa) = §;.
3 nepIoro piBHSIHHS cucTeMH (4) 3HAXOJUMO:
—7; sin¢@ = v; sina. (5)
Koedimient BinHOBiIeHHS Ky a1  pO3paxyHKY
LIBUAKOCTI HicIs yapy:

4)

!

!
1% V41 COS
K, =-r=_ 21559
vn -vycosa
Tomi
v, cos ¢ = K,v, cosa. (6)

3 piBHAHB (5) Ta (6) BU3HAYa€EMO MOJIYJIb HIBHAKOCTI
MaTepialbHOI TOUKH IICHs yaapy

v; = v, +/sina + K2 cos? a.
KyT HaxuiTy BeKTOpa MIBUIKOCTI 7 10 HOPMAai 7
@ = arcctg(—K, - ctga).

3 Ipyroro piBHSHHS CUCTEMH (4) BU3HAYAEMO MOAYJIb

yIIapHOTO IMITYJIBCY
S=m-v,-cosa (K, —1).

Po3paxoByeMo pyx HaciHHS, sSKe BimOWiocs Bif
MIepIoi JeKH i Taia€ Ha ApyTyY Ieky (puc. 3).

Cxema BEKTOPIB CHII 1 IBHAKOCTEH Oyze HACTYITHOIO:

Puc. 3. Cxema HampsaMmMKy mii cmiI 1 BEKTOpPiB
IIBUAKOCTEH BIIOUTOTO HACIHHS Y MOMEHT BiIOUTTS.

Fig. 3. Scheme of the direction of action of forces and
vectors of velocities of the reflected seed at the moment of
reflection.

BpaxoBytounu 3 puc. 2:
{UT' = —v; - sin ¢; @)
U, = V1 COSQ.
Toxi 3a ¢dopmynoro (7) HmepeTBOPEHHS KOOPIUHAT
LIBUIKOCTEH OTPUMAEMO
vy, = —V; sing cosa + vy cos @ sina; ®)
vy, = —visingsina —vjcos@cosa.
KyT Haxwiay BekTOpa IIBHIKOCTEH U; BiIHOCHO
JIOJJATKOBOTO HATIPSIMKY OcCi Oyze
!
Vx1
cos(¢,) = cos(vy,x) = ﬁ; 9)
@, = arccos(p,).
CkJajaeMo CHCTEMY DIBHSIHb PyXy HACIHHS MicCs
ynapy 00 JIeKy, y IpOeKIIisIX Ha Bicl X i y
m-vy, =S-sina; (10)
m:- vy, =S cosa— mgt.
3 cuctemu (10) BU3HAYAEMO MPOEKINT IMIBHIKOCTEH
HACIHHSA MICIs yaapy
, 5.
vy =—-sina;
) " (11)
Vy1 = —cosa — gt.
[To4aTKOBI YMOBH HiCJIsl YAAPHOTO PYXY
—N- —N- J S Y S S
t=0; X0=0; y0=0; Xy = vyq; Yo = Vy1-
PiBHSIHHS pyXy HaciHHS IiCJIs yaapy
s .
vy, = —-sina;
s (12)

, _S
vy, = —cosa — gt.

[MigcraBnsemo B cucremy (12) Bupasu cucremu (11)

s .
x ==sina-t;
m

2 (13)
y=%cosa-t—gt2—%.

3HaOUYM KOHCTPYKIIIO cemaparopa, BiICTaHb IO
TOPHU30HTAJI MIXK IEKaMH 3aJIaHO — X, TI0 BEpTHKAJI — ).
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Tomi Bu3Hayaemo dac, mo oci x— t=t,, mo oci
y—t=t,.

3 cucremu piBHAHB (13) oTpuMaemo:
3 IIEPIIOTO PiBHSHHS:

xm

t, = ; 14
X  ssina’ (14)

3 Ipyroro pi1BHIHHA:

s s 2

m €O ot (E cos (x) —-6g9y )

- ; (15)

ty12 =
YmoBa:
— HACIHHS JTOJICTINIO JI0 APYTOi JCKH:
t,=t, =t
— HACIHHS HE JOJIETLIIO 10 IEKHU
ty > byt =ty
— HE TIOBHHHA BHKOHYBAaTHCh yMOBA, KOJH HACIHHA
TIEPEJIETIIO0 0 IPYTY IeKy
ty < by
[MpuitHsaBIIN 3HAueHHs 4acy t, 3 cHcTeMH DIBHSIHBb
(13) Bu3HaYaeMo MBHUKICTH B TOULI yIapy Ha Ipyriit gewi
— TOUKa A»:

dy S . ,
d_ = ;sma =Vx1-2,
d; S , (16)
@ —cosa —mg — gt =vy1_5.
Moysb IIBHIKOCTI y TOYII MaiHHS Oye
Vi = (a2 + (0)” an

Po3paxyeMo KyT Haxmiy BEKTOpa IIBHAKOCTI Vyq_,
BIZITHOCHO OCi X B MOMEHT yaapy B Toulli A2 (puc. 4):

cos(B,) = COS(V{—z,x) =

B, = arccos(vi_x)-

!
Ux1-2,

; (18)

!
V1

Puc. 4. KoopauHaTHi CUCTEMHU TIIONUHHU Y TOYI A2
yAapy HaciHHSA 00 IpyTy JEKy.

Fig. 4. Coordinate systems of the plane at the point
A2 of the impact of the seed on the second deck.

[IepeTBopMO KOOpIMHALIWHY CHUCTEMY IS IPYTOi
JIEKH:
T, = —lcosa +jsina (19)
N, =1sina +jcosa’
3MiHa KiJIbKOCTI eHeprii (IMIyJIbC yAapy) B BEKTOPHiit
dbopmi Oysie MaTH BUTIIS:
mVy_, —V12) =5,

(20)

B npoekuisix Ha oci koopauHaT cucTeMu Axxy (Ha
JOTHYHY T,1 HOPMAJb N,):
{m(v{_z sing, + v{_, cos(180 — (B, + @))) =0
m(v{_z cos @, — V_, cos(B, + a — 90)) =S,.
3 mepuroro piBHAHHS cuctemu (21):
vi_,sing, = —v;_, cos(180 — (B, + @)). (22)
Koedimient BimHoBIeHHS K, I pPO3paxyHKY
IIBUAKOCTI MICIIA yaapy:
K _ Vna V1 COS @, _
V2T vy, =y, cos(B, + a—90)’
Vi_, COS P, = Ky, v1_, cos(B, + @ —90). (23)
3 piBusgep (21) 1 (22) migHABIIM 71O KBajgpaty i
MPOCYMYBABIIIH, BU3HAYAEMO MOJYJIb IIBUIKOCTI HACIHHS
Ticis ynapy

(1)

Vi =
v1-2y/ (= cos(Bz + @))? + K3, (= sin(B, + @))2.(24)
KyT Haxui1y ¢, BeKTOpa MIBUAKOCTI V;_, A0 HOpMai
n,, po3auIMBLIM 3anexHicTh (22) Ha (23) i mpoBiBIK
CIIPOIIEHHS, OTPUMAEMO:
@, = arctg (— %:;a)) (25)
3 npyroro piBHsHHs cuctemu (21) Bu3Havaemo
MOJIYJIb YIAPHOTO IMITYJIbCY:
S, = mv;_,sin(B, + a)(1 — K,,). (26)
PosrmsmaemMo pyx HaciHHS, sIKE BiIOWIOCH BiJ Ipyroi
JICKH 1 MaJIa€ Ha TPETIO JIEKY. 3 PUCYHKY 4 BU3HAYAEMO:
{U;Z'Z =V, sing;; @7)
Unz = V12 COS @, .
Toni 3a ananoriero 3 dopmyaamu (8) Ta 3rifHO
PHUCYHKY 4 3anucyemo:

Vyq_g = Vy5 COSA + Uy, Sina; (28)
Vyi_p = —Vpp Sina + vy, cosa.
a00 BpaxoByrUH (27) OTPUMYEMO:
Vy1_2 = Vi_, Sing, cosa + vi_, cos @, sina; (29)
Vy1_p = —Vj_p Sin@, sina + vj_, cos g, cosa.

KyT MiX BEKTOpOM MIBHIKOCTI Vj_, i J0OJaTKOBOIO
BicCIO X Oy/ie CTAaHOBUTH:

_ Vy1-2
cos(Px2) = c0S(T1_px) =—7—;
Vi-2

!
@y = arccos (Vx,l—‘z) (30)
Vi-2 ) .
CkilalaeMo CHCTEMY DIBHSHb PyXy HACIHHS MiCIIs
yaapy 00 apyry AeKy B IPOEKIIisIX Ha BicCl X 1 y:
{mv,,’cl_2 =S,sina
mvy,_, = S, cosa —mgty’
B cucremi (31) Bu3HauaeMoO MPOEKIi MIBUIKOCTI
HaCiHHS ITiCIIs yAapy o0 Ipyry AeKy:

(31)

v, =2sina
x1-2 — -
. s (32)
vyl_z = ;COS a — gtz
[TouaTkOBI yMOBHM pyXy, MicCIs Ipyroro yaapy o0
ApYTy AeKy:

— 19/ .
X =Vxi-p by

, t2 (33)
Y = Vy_pty — 972.
[MincraBnsiemo B cucremy (33) Bupasu 3 (32)
X = 52 sina ty;
m
(34)

9t3
-
Amnaoriugo Bu3HavaeMo 4ac tz mo oci x—ty=ty,, mo

_ 3% a2 _
y=_cosat, —gt;
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oci y—try=tyy.

_
; = arccos (—=+) — no ynapy 00 i-y aexy;
3 cuctemn (34) onepxyemo: Pxi (vi_l) yaapy Yy ICKy

xm Bi = arccos (ﬁ) — 110 ynapy o0 i-y IeKy;
toax = Sysina ’ (35) o 7 -
3 apyroro piBHsHHs cuctemy (34): Vi = vy (= CQS(Bi +a))? + K(=sin(Bi + @) -
Tmicns ynapy o0 i-y IeKy;
S—Zcosai s—zcosa 2—6gy .= arct ——Ctg(ﬁi+a) — micisa aapy,
t2y,1—2 == (r:g ) ’ (36) P 9 ( Kypi ) yaapy,

S; = my;sin(B; + a)(Ky; — 1) — iMmynbse cuinm micns
ynapy o6 i-y JeKy.
Yac mpoxopKkeHHs HACIHUHY MICHs yaapy o0 i-1 nexy

VYMoBa Taka x cama.
[puitHaBuM 3HaYeHHS t TiCHs Ipyroi JEeKH 3 CUCTEMHU
piBHsHB (33) BH3HAYAaEMO MIBHIKICTh y TOYII yAapy Ha

- . . 0 I IEKHU.
TpeTiit aeni — Touka 43 (aHanoriyxo 3 puc. 4). Ao LA XM
d Sy . =t
—==sina = vy,3; boarid = ggng
eom 37) :
dy _ Sz —2qgt — gt = ( Sig - (S 2
d—t—;cosa g gt =Vy_3. —=cosa + Socosa — 69y
. . _mi i
Jie m — €KBIBAJICHT CHJIM HaCiHHS, by i+1i) = 3 )
m H™m . g
m-= 7 -z Jie | — HoMep JEeKH;
. : = ac 02/
BmsHaunBmm vac tp, skuil BU3HaYa€ MOMEHT yAapy m; — maca 1-i nacinmmm, H-c%/m; ,
HacCiHHA B JpYry [IeKy, pO3paxyeMo IIBUIKOCTI 3a g — TIPUCKOPEHHS BUILHOTO MaiHHs, M/C;
piBHsHHsIME cucTemu (36). Momynh DIBHAKOCTI y TOYIN Y — BiZICTaHb 110 BEPTHKANII MiXk feKaMu i+] Ta i, M;
HaHiHHH (yﬂapy) HAClHHSA 6yﬂe: X— 1IMITYJIbC CUIIN BIH6I/ITO.1' HaClHUHU B11d J€KHU i, H-c.
— 2 2 3aranpHUM Yac MPOXOKCHHS 3ePHUHM ISl TPHOX JEK
Vy_3 = [ (Vx2-3)% + (Vy2-3)%. (38) Gyie: P P P
Kyt Haxmiry BeKTOpa MBUAKOCTI U,_3; BIXHOCHO BiCi yae.
X B MOMEHT yAapy B Toulli A3 Oyne 3rigHo piBHAHHS (17): tyw =t +t +t, +ts+ ¢, ¢ 47)
Voo . . . ’
B3 = arccos (ﬂ) (39}1 — TPUBAJIICTh MPOXOJHKEHHS HACIHHS BiJ] OyHKepa JI0 NepIoi
i . . o723 JIEKH, C;
MiHa KUIBKOCTI eHeprii (iMmylb . . . . .
Ha ~KUIBKOCTL  CHEp (imnynee  yaapy) Y, — TpuBaicTh IPOXOMKEHHS HACIHHS Bif mepIIOi 10 APYTOi
BEKTOpHIH (opmi Oyzae MaTH BUTIISL JIeKI, ¢
c =/ _ ’ 7 . . . .
_, S3 = m(vz._3 1_72—3)' . (40% — TPUBAJICTh NIPOXOJKEHHS HACIHHA B1J APYTroi A0 TPETHOI
Je V,_3 — BEKTOp WIBHIKOCTI HACIHHA ICIs yaapy o JCKH, C:
& 2
TPETIO NIEKY. {3 — TpUBAIIICTH MPOXOIKEHHS HACIHHS BiJ TPETHOI 10 i-01 IeKH,

BinmoBimHO, MOy I ITBUAKOCTI HACIHHS ITICIIA yAApY

. . . c,
3a QHAJIOTIEI0 3aNeKHOCTI (23) Byze: ti — TPMBAIICTL IPOXOKEHHS HACIHHSA Bij i-0i 10 i+1 nexu.
Vy_3 = Vp_3y/ (— cos(Bs + @))? + K (- sin(B, + a))?.(41) [IpoJyKTUBHICTh CeNapyBaHHS BM3HAYAEMO 3a
Kyt Haxuily 3 BeKTOpa IBUIKOCTI V3_3 0 HOPMalli  HACTYIHOIO 3a/IEKHICTIO [JI1 HACIHHSA m; MACH:
N4, 38 AaHAJIOTIEO 3aexHOoCTI (25), Oye: 0 _ Migg000my s (48)
@3 = arctg (_ Ctg([’)3+“)) (42) cmy tcym.mi'103’
3= ——=), . . .
. . Kys . ne my, - — maca 1000 HAaCiHHH i-TO PO3MIPHOTO sy, TPam
BinmoBimHO MOZyNb yZapHOTO IMITyIbCy Oynme (Hanpuiaz, mi=2,5: my=5,0; ms=7,5:):
CTaHOBUTH: . ’ Lo s .
. Om,— BiICOTOK (hpakiii 3amanoi macu B 1000 HaciHuH;
S; = mv,_szsin(B; + a)(1 — Ky3). (43 i

OT)KC, mics ynapy Haciuus 00 TpeTio  JeKy.cymm; — CyMapHHH 4YacC NPOXOKCHHS HACIHHA MACOIO 7m1; B1

PO3paxoByeEMO 4acoBi 1 KiHEMAaTH4HI HapaMeTpu pyxy OyHkepa J0 OCTaHHBOT JIEKH, C.

HACIHHS 10 ONYCKaHHS Ha OCHOBY, a00 Ha HACTYIIHY IEKY, Hani, 3a nomomorowo nporpamu Mgtthd, Oy

AKIIO BOHA €. PO3paxoBaHi 3aJIEXKHOCTI MOAYJIS IIBUKOCTI HACIHUH NIPU
ANropuTt™ po3paxyHKy aHANOTiYHUIl momepequboMy. ~ YAapl BIL 1X Macu Ta KyTa YCTaHOBKM JICKH, SKI

KyT M’ BEKTOPOM LIBHAKOCTI V}_5 i HOXATKOBOK Biccro ~ IPE/ICTABJIEHI Ha pHuC. 5. SIx BUAHO 3 puC. 5, BEIMUYUHA

X MOJIyJIsl MIBUJIKOCTI YACTHHKH IICIs yaapy HE 3aJIeXKHTh
vl s BiJl MacH HaCiHUHM 1 3pOCTa€E MpH 30UTBIICHI HAXWITY IEKU
Qx3 = ATYCCOS (K) (44) 5 mesxax Bix 100 no 500. ToOTo, HAMOTBII COPUSTINBUMH

Ipoekuii BeKTOpa MOTYJIsl MIBUAKOCTI HA Bici x 1 y: IJ1s cenapaii OyyTh KyTH Haxuly B Mexax 40°-50°.
Vyp_3 = Vjy_3 SiN @3 COS @ + V5_5 COS @5 Sina; Ha puc. 6 npejicraBiieHi 3aJie)KHOCTI IPOAYKTHBHOCTI
{y}’}z_s = —v)_ssingssina + vy_; cosp; cosa. (45) cemnaparlii BiJi MacH HaCiHMH 1 KyTa YCTaHOBKH JEKH. Sk
BusHagaeMo yac ts, 1o Bici x: BUAHO 3 pHUC.6 TMPOLYKTUBHICTH cemapamii Jemo
m 30UIBIIY€EThCS 3 MiJBUINEHHSAM KyTa YCTaHOBKH JEKH B
tay = — Mmexax 10°-50° Ta 3Ha4HO 3pocTae B 3aJI€KHOCTI BiJ Macu
S3sinag HaciHMH 1 KoauBaeThesd Big 8 mo 30 Kr/rox. i OJHOTO

_ &Tgcos a+ /(S_r?l—ycos a)z—égy_ (46) pyey.

t3y - 3g )
.c?
A€ m — Maca 3¢pHUHU, ——.
M

JI71st HACTYIHHX JIEK 3aIHCYEMO 3aJIeKHOCTI:
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IIBuaxicTs, M/C

2735~ ]

YCTaHOBKH
/' Jlekw, Tpa.

Maca tucsdi HaciHH}f;er. 757
Puc. 5. 3anexxHiCTh MOIYIIS IIBUAKOCTI HACIHUHHY Bif
i MacH i KyTa yCTaHOBKH JCKH.
Fig. 5. Dependence of the seed velocity modulus on
its mass and the angle of installation of the deck.

..'10

IIponykTuBHICTH
cerapyBaHHs
"~ HaciHHS, Kr/C

e 0,008
Sl ns

~ - 0.004

4 00002

40

Maca tucsyi
HACiHUH, TP.

Kyt ycTanoBku 50
JIEKH, TpaJ.
Puc. 6. IIpomyKTHBHICTH cemapyBaHHS BiJ MacH
HACIHHMHH 1 KyTa YCTaHOBKH JICKH.
Fig. 6. Productivity of separation from weight of
seeds and a corner of installation of a deck.

BucnoBku
1.B  pe3yapTarTi  MOPOBEICHOTO  JOCIIIKCHHS
pO3B’si3aHO  3a/auyy  BHM3HAUEHHS  MPOJYKTUBHOCTI

cermapatopa yaapHoi aii Big MacH HaciHMHM 1 KyTa
YCTaHOBKH JICKH, SIKa KOIUBAETHCA Bia 8 10 30 Kr/rom. s
OJIHOTO SIPYCY cermaparopa.

2. Monynp IIBUAKOCTI YAaCTHHKH 1/1€alli30BaHOi y
BHTIIAI MaTepiadbHOI TOYKH, HE 3aJCKUTh Bil MacH
YAaCTHHKH, 1 3HAYHO 3pOCTAE 31 30UIbIICHHSAM KyTa HaXHIy
Iexu B Mexxax Big 10° go 50°.
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MOJEJINMPOBAHUE TTPOIIECCA CEITAPALINN
CEMJSIH PAIICA CEITAPATOPOM YJIAPHOI'O
JIEMCTBUSI
H. B. bpaeuney, B. T. /[meimpus, B. C. Xuenesckuii,

A. B. bocomonos, A. A. bocomonos

AHHOTAIHA. PaccmoTpenst BOTIPOCHI
HCIIOJIb30BaHUS CEMSIH Ha KOPM B JKHBOTHOBOJCTBE M €TI0
[MOJITOTOBKA B TEXHOJOIMYCCKOW JTHMHHHU, ITyTEM OYHUCTKH
CeMsIH OT TPYAHOOTACISIEMBIX CEMSH COPHBIX PACTECHHU.
YCTaHOBIIEHO, YTO Ha ITHEBMO-PCIICTHBIX Cemaparopax
0011Ier0 Ha3HAYCHMUS, KOTOPBIC, KaK IIPABUJIO, HCIOIb3YIOT
JUTSL OYMCTKH CEMSIH, YIAISETCS 3HAYMTENbHOE KOTHMIECTBO
CCMsIH COPHSKOB MHHCPAJIBHBIX M  OPraHHYCCKUX
NPUMECEH, HO TOJIHOCTHIO YAAIUTh TPYIHOOTACISICMBIX

CEeMEHAa, TaKUX COPHIKOB KakK, HalpuMep: MBI,
KypHHOE TIPOCO, MOAMAPEHHUK LENKHH W APYrux, He
ylaeTcs.

[lpuBenennsle  nmaHHBIE 00  HCIIOJIIL30BAaHHUH

MIPOAYKTOB TIEPEPaOOTKHU CEMSH parica Ha KOPM CBHHBSM H
KpPYITHOMY pOTaTOMY CKOTY, HaIlpUMEp, PAIICOBEIHA KMBIX,
HCTIONB3YeTCsI B COCTaBE KOMOHMKOPMOB, ITO3BOJISICT
MTOBBICUTh TPOAYKTUBHOCTh KOPOB W CHH3HUTH MOTEPH
TpyZa Ha OJHY €AMHUILY IPOIyKIMHU 10 5 ... 14%.

IIpennoxkeHO MPOBOIUTH OYUCTKY CEMSH OT
TPYIHOOTAEIISAEMBIX npuMecei c MTOMOIIIBIO
MHOTOSIPYCHOTO Ccenaparopa yaapHoro JeHCTBHsL.

B cratee mpoBeneHO MOJENUpOBAaHUE TMpoIecca
cemapanuy CeMsiH CenaparopoM YJapHOTO JEHCTBUSI.
PaccMOTpeHO ABMKEHHE YaCTUIBI MICaTU3UPOBAHHON B
BHJC MAaTEepPHaIbHOH TOYKM TIPH COYHApEeHUs ee ¢
HAKJIOHHBIMH, B  MPOJOJIBHOM W  IONEPEYHOM
HATIpaBJICHUSX, IEKAMH cellapaTopa yAapHOTO JeHCTBUS.

Paccunrana TeopeTmyecKkas TPOHM3BOIAHTEILHOCTH
cemaparopa yJapHOro ACUCTBUS, KOTOpast COCTABIIACT § ...
30 xr/u. gna  omHOoro  Monyms.  [IpoBemeHHBIE
WCCJICTOBAHMSI MTO3BOJIMIIN OMPENCIUTh KOHCTPYKTHBHBIC

HapaMeTpsl MHOTOSIPYCHOTO YJApHOTrO ceraparopa |
paccuuTaTh €ro MPOU3BOUTEIBHOCTb.
KarwueBble cioBa: cemeHa, parc, cemapanus,

JKMBIX, IIPOT, MOJICIMPOBAHHE, yaap.

MODELING OF PROCESS OF SEPARATION
OF RAPPINE SEEDS BY SHOCK SEPARATOR
M. V. Braginets, V. T. Dmutriv, V. S. Khmelovskyi,
0. V. Bogomolov, O. O. Bogomolov
Abstract. The questions of the use of seeds for fodder
in animal husbandry and its preparation in the
technological line by cleaning seeds from hard-to-separate
seeds of weeds are considered. It has been established that
general-purpose pneumatic sieve separators, which are
usually used for cleaning seeds, remove a significant
amount of weed seeds, mineral and organic impurities, but
completely remove hard-to-separate seeds, such weeds as,
for example: mice, chicken millet, tenacious bedstraw and
others fail.
The given data on the use of rapeseed processing
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products for feed for pigs and cattle, for example, rapeseed
cake, is used as part of compound feed, it can increase the
productivity of cows and reduce labor losses per unit of
production up to 5 ... 14%. It is proposed to purify seeds
from difficult-to-separate impurities using a multi-tiered
impact separator.

The article presents the modeling of the process of
separation of seeds by a percussion separator. The motion
of a particle idealized in the form of a material point when
it collides with inclined, in the longitudinal and transverse
directions, decks of the impact separator is considered.

The theoretical productivity of the impact separator is
calculated, which is 8 ... 30 kg / h. for one module. The
studies carried out made it possible to determine the design
parameters of the multi-tiered impact separator and
calculate its performance.

Key words: seeds, rapeseed, separation, cake, meal,
modeling, blow.
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AHoTanig. 3a IOMOMOIOI0 METOHIB YHCEIHHOTO
MOJICTIIOBAHHS Ta EKCHEPUMEHTAIBHUX  IOCIiIKECHb
BH3HAYCHO BIUIMB rabapHUTHUX pPO3MIpiB (epoMarHiTHUX
€JIEMEHTIB KUIBIIEBOTO POTOPa BEHTWIILHOTO PEAaKTHBHOTO
reHepaTopa Ha KpaTHICTh 3MIHM MAarHiTHOI HPOBiJHOCTI
HOro eNeKTpOMAarHiTHOI CHCTEeMH B TIPOLEC pPyXy.
Bu3HaueHi 4YHCIIOBI  CHIBBIJIHOIIGHHS T'€OMETPHUYHHX
pO3MIpiB  IUX  EJIEMEHTIB, 3a SKHX JOCATAETHCS
MakcuMallbHa 3MiHa mpoBimHocTi. OTpUMaHI YHCIOBI
3aJICKHOCTI m0J0 OOMEXKEHHS padiaJbHOI BHCOTH
(epoMarHiTHOTO eleMeHTa 3a Pi3HHX PO3MIpiB CTOPOHHU
HOTO KBaJpaTHOTO MEPETHHY.

Karw4oBi ciaoBa: BITpOCTEKTPHYHHMIA BEHTHIIBHUI
PEaKTUBHMI T'€HEPaTOp, KUIbIIEBO-IIMIIHAPUYHUNA POTOP,

MarHiTHa  IPOBIAHICTh,  ONTHMAaJbHI  I'€OMETPHYHI
po3MipH, eJIeKTPOMarHiTHa CUCTEMA.
IHocranoBka npodJaemMu
Haiinockonanimum crocobom TIPUETHAHHS
SNIEKTPUYHOT ~ MallMHK 10  poO0Yoro  MpPUCTPOIO

BBQKAETHCSl B3a€EMHE IHTEIPYBaHHSA iX KOHCTPYKUIH Oe3
Oynb-SKAX TPAHCMICIHHHX BY3JB 1 MeXaHI3MIB Ta
omHOYacHO 0e3  TmoripmieHHS  (QYHKIIOHATHHHUX 1
TEXHIYHHUX ITOKA3HUKIB.

AHaJi3 oCTaHHIX J0CTiTKEeHb

3okpema, i Oe3TpaHCMICIHHUX BITPOEIEKTPUIHUX
YCTAaHOBOK KUIBLIEBMH pPOTOp HE IIOBUHEH CYTTEBO
BIUIMBATH  HAa  aepOAMHAMIYHI  TMOKAa3HHKH. Bei
KOHCTPYKTUBHI THITM EJICKTPUYHUX MamiuH (pakTHIHO
BU3HAYAIOTHCSI KOH(DIrypali€eo ITUITHKH MarHiTHOrO KoJia
poTopa, sika HalKOpoTHIa i3 MPSIMOJIHIHHUM HaIrpSIMOM
MarHiTHOIO TOTOKY B pPOTOpax JMCKOBOi Ta KiJIbLIEBO-
muiHApuaHOi dopmu [5, 6]. Taki Gopmu mepcrexTHBHI
JUISL BEHTHJIbHUX PEAKTUBHHUX EJEKTPUYHUX MAllHH
(BPEM), y skux Ha poTOpi BiACYTHI Oyab-iki 0OMOTKH
abo mocriiiai Marmiti [1]. Exextpudni MammHH 3
KUTBLIEBO-TIMIIIHAPUIHAM POTOPOM KpIiM TOTO MalOTh

Maibke yaBi4i OUNBINY IUTONy aKTUBHOI IOBEPXHI B
poOOYOMy HEMAarHiTHOMY MPOMDXKKY Ta IIOJBIHE YHUCIIO
MOJIFOCIB  MOPIBHSHO 3 TPATUIIHHUME CICKTPHIHUMUA
MallMHAMHM 13 CYLUIBHUM IWJIIHAPUYHUM POTOPOM.
MoskHa Ha3zBaTH LI€ psiJi NPUHIUIIOBHX IepeBar, sKi
HIATBEPIKYIOTh MePCIEKTUBHICTh KiJIbLIEBO-
[UJTiHAPUYHOTO THUITY EISKTPHYHUX MamuH [7], omHak 3
OISy Ha HeTpaguuiiHicTh KoHQirypamii iXx maraitHol
CHUCTEMH  METOOH  OOIPYHTYBaHHS  ONTHMAaJbHHX
TCOMETPUYHUX PO3MIpIB  MAarHiTONPOBIOHOI  IUISHKH
poropa TOTPeOYIOTh HOBHX pIllleHb, MOPIBHAHO i3
METOJaMH  ONTHUMI3aIil 3yOILIeBO-TIA30BUX  JIIITHOK
POTOPIB TPAJUIIMHUX EIEKTPUYHUX MAIINH, 30Kkpema [2]
KOHCTpYKTHBHO TmoniOHnx g0 BPEM  iHmykTopHHX
reneparopis (IT).

ToMmy MOXXHa CTBEp/XKYBaTH, 110 PO3BUTOK METOJIB
BU3HAYCHHS ONTHMAlbHUX TEOMETPUYHUX IapaMmeTpiB
MarHiTHUX CHCTEM BEHTHJIBHUX PEaKTHBHHX I'€HEpaTopiB
(BPT) 3 KiJIbIIEBO-LMIIIHIPUYHUM POTOPOM € aKTYaJIbHUM
3aBJIaHHSM.

Merta gocJaiakeHb

Meroro gaHoi pobotm € OOIpyHTYBaHHS 3a
pe3ynbTaTamMu MaTeMaTHIHOTO Ta ¢izuaHOTO
MOJIC/TIOBAHHS ONTHMAJbHUX 3HAYCHb T'COMETPUYHUX
napameTpiB MarHiTHOi cuctemu BPIT 3  kimbieBum
poTopoM, SIKi TIEPCTIEKTUBHI y pi3HUX cdepax, 30Kkpema y
0e3TpaHCMICIHHIX BITPOYCTAaHOBKaX Ta HHU3bKOHAMIPHHUX
T1IPOEIeKTPOCTAHIIISX.

Pe3yabTaTh nocaigxkeHb

JocmimkeHHs TIPOBOIMIIA TEOPCTUIHUM i
EKCIICPUMCHTAIBHAM METOAaMU. MeToInKa TEOPETUIHUX
JIOCII/DKeHb Tojisrana y moOymoBi  €cKi3HOT Mojaeni
eJeMEeHTapHOi (YHKIIIOHATBHOI JJAaHKW €IeKTPOMAarHiTHOT

CHCTEMH 1  TEOPETHYHOTO0  aHaJNi3y  MAarHiTHUX
MPOBIAHOCTEH 3a CTATHYHMUX MOJOXKEHb MAaKCHUMYyMIB 1
MiHIMyMiB  1X 3HadeHb. KOHCTPpYKTHBHa  CXeMa,
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3aMpOTIOHOBAHOT [3] eJIeMeHTapHO1 JIAHKA
€JIEKTPOMEXaHIYHOI CHCTEMH 13 KiJBIIEBUM POTOPOM
nyroctatopHoro BPT', 306pakena Ha puc. 1.

r
V. 2
— 7
— < \\ O
//// — / : R ) 2
R - - \\\ ;\Q
¥ @ - W |
4
Puc. 1.
Fig. 1.

KinbueBuid porop pagiycom I i3 OJHaKOBUMH 3a
PO3MIpOM HEMAarHiTONPOBITHUMH 2 1 ¢epoMarHiTHUMH 3
HOro JiNTHKAMH Ta TOJIOCHUM TOIUIOM T 00epTaeThes 3
KYTOBOIO MIBHIKICTIO () 1 MPOXOJUTH Yepe3 IMpopi3
MOHOMNAKETHOTO  MarHitomposomy 1 cratopa i3
MOBITPSHUM TPOMDKKOM O 3 KOXHOro Ooky. ['abaputHi
po3Mipu minsHOK potopa: | — akcianbHa moBxkuHa, h —
panianbHa BUCOTa, b — myroBuit cerment. CepeaHs iHis
MAarHITHOTO TOTOKY @ Ta OpI€HTOBHHM HAIpPsM BITPY 3i
mBuakictio V,. Ha marmiTOompoBoai craTtopa BHKOHaHA
obmMorka 4. Ha  myroBomy  cratopi = MOXxe
BCTAHOBJIIOBATUCS PpI3HE YHCIO TAaKUX OJHONAKETHHUX,
MarHiTHO He 3B’S3aHUX MDX COOOI0 CTaTOPHUX MOJYIIIB,
SKi € OKPEeMHUMH €JEKTPOMEXaHIUHUMHU CHUCTEMaMH, IO
IPaHUYHO copollye iX (QyHKIIOHYBaHHS 3a IPUHIMIIOM
BEHTWIBHUX €JIEKTPUYHUX MamuH. Hampsam  BiTpy
00OYMOBIIIOE  OJHO3HAYHI  TabapuTHI  BUMOTH [0
KOHCTPYKTUBHHMX pPO3MIpiB KUIBIIEBOTO pPOTOpa, cepen
SIKMX HAWOUTBIIMN aepOIUHAMIYHHN BIUTUB Ma€ pajiaibHa
Bucota h, sika 3a yMOB 3a0e3nedyeHHS HEOOXigHOT
MEXaHIYHOT JKOPCTKOCTI Ta (PYHKI[IOHANEHUX MapaMeTpiB
€JIEKTPOMEXaHIYHOI CHCTEMH TOBHHHA MaTH MiHIMaJIbHI
3HAYCHHS. OCKiTBKHI y Oe3TpaHCcMiCIHHIX
HHU3bKOOOEPTOBUX €JIEKTPOMEXaHIUHUX CHUCTEMax paJiyc
KIJIBLIEBOTO POTOpa MOXKE CTAHOBUTH KiJbKa METpIB, TO
MOYKHa IPOaHAi3yBaTH JiHIIHY PO3TOPTKY MarHiTHOTO
KoJIa, 1[0 Mae€ Jy)Ke He3HauHl BiJIMIHHOCTI BiJl peaibHOT
¢dbopmu ainstHkM. B ocHOBI mpuHIMIY (QYHKIIOHYBaHHS
JIaHO1 EeNIEKTPOMEXaHIYHOI CUCTEMH € MNepioJuyHa 3MiHa
Mar”iTHOi ~ TPOBIJHOCTI ~ KOOPJMHATHOIO  3MIiHOIO
TIOJIOKEHHSI JIUITHOK KIUJIBIIEBOTO pPOTOpa BIIHOCHO oOCi
MarHiTonpoBOJy CTaropa, TOMY HaHOUIBII BaXIIMBO
PO3TIISTHYTH /1Ba KpaiHiX MMOJIOXKEHHS, 32 SIKMX BiJIOBIIHO
MaTHMEMO MaKCHMaJbHe i MiHiManbpHe 11 3HadeHHs. s
JIBOX TPaHUYHUX IOJIOKEHb AUITHOK MOJIOCHOTO HOALTY
PO3TOPTKH KIJIBIIEBOTO pOTOpa MoOYAO0BaHA CIIPOIEHA
rpadoanamiTHIHa KapTUHA CHUJIOBUX TiHIN
IJIOCKOMApaJIeIbHOTO MAarHiTHOTO TIOJIT 33  BiJIOMUM
MeToI0M PixTepa, sika mokasana puc. 2(a, 0).

I'padiunnit amami3 nae migcTaBM BBaXKaTw, IO 3a
YMOBHM BIJICYTHOCTI HAacH4eHHs MAarHiTONIPOBOAY B
MIOJIO)KEHHI ~ TTOBHOTO  BXO/DKCHHS  (DepOMAarHiTHOTO
eJIeMEHTa pOTOpa Y IIpOpi3 MAarHiTONpOBOXYy CTaTopa
(puc. 2, a) 1 mpM 1IILOMY 3HAYHO MEHIIUM pPO3MIpOM

MOBITPSIHOTO TPOMIKKY BiJl MOJIIOCHOTO moAuTy(d << T),
SBUIIEC BHIMHAHHSA MAarHITHOrO NoOJI Oyne BIUIMBAaTH
JUIe Ha He3HayHe 3OUTBIICHHA IUIOMII TEPETHHY
HEMAarHiTHOI IITSHKH, a TOTOKH pPO3CilOBaHHSA OyIyTh
MiHIMaJBHI.

N\ N\
b N N
! !
AR r - l
g SN x
N a) N\ 6)
AIHHX A/n/n
Puc. 2.
Fig. 2.
Ockinmpknr  po<<plg, TO A 3AICKUTUME

Makc

NPaKTHYHO BiJl PO3MIpIB MOBITPSHOTO MPOMIKKY O, a
posamip h depomarHiTHOro eneMeHTy poTropa Ha Iei
MOKa3HUK Majo BIUIMBaE. lle MokHa mokaszaTd BiiOMHUM
AQHAJITUYHUM PO3PaxXyHKOBHM BHPA30M MaKCHMaJbHOTO
3HAUEHHs1 MAarHiTHOT MPOBITHOCTI:

A =Ry, +R,) ™ =(28/w;bl +h/p b))

ne: Rs — MarHiTHUH oOIip MOBITPSIHOIO MPOMIXKKY, Rg—
Mar”iTHUH OMip MarHiTONPOBINHOI JUISTHKM KoJa, [p —
MardiTHa TPOHUKHICTH (EpPOMarHiTHOro MaTepiaiy
MarHiTonpoBoAy. AHII3yIOUM IOPSIKOBI  3HAYEHHS
9ucel ~ MAarHiTHOI  NPOHUKHOCTI  TOBITPI o 1
CJIEKTPOTEXHIUYHOI CTalml Ly MOXHA IOKa3aTH, MIO0
CKJIaJ0Ba MAarHITHOTO OIOPY MAarHiTONpOBOJY HE
MIEPEBUILYBaTHME 0,01%. Cxiraggimne 3aBJIaHHS
BU3HAYCHHS MIiHIMANBHOI BEIHYMHH MPOBITHOCTI Yy
MOJIOKEHHI (puc. 2, 0), OCKUIbKM aHaJITUYHO CKIIAJHO
pO3paxyBaTu MarHiTHHI OMIp y peXUMi HACHUYEHHS Yepe3

OiuHi TOBEepXHI CyCimHIX (EPOMArHiTHUX EJIEMEHTIB
poropa. Tomy Oyiga HEOOXIIHICTH  JOCIIIKCHHS
TPUBUMIPHOT MOJIET pO3MOJALTY MarHiTHOrO IOJsI B
aKTHBHI 30HI 4YHMCENIBHUM METOJOM  CKIHUYEHHHX

€JIEMEHTIB 3a JOMOMOTror0 TakeTy nporpam COMSOL.
Jnst po3paxyHKy MAarHiTHOTO IOJsS Ta MAarHiTHOT
MPOBIAHOCTI MArHITHOI CHCTEMH B 3aJIe)KHOCTI BiJ
MIOJIOKEHHSI POTOpa BHKOPHCTOBYBABCS (DparMeHT wi€l
CHCTEMH, IOKa3aHMi Ha puc. 3 (a) i3 300pakeHHAM
CKIHUEHHX  eJeMeHTiB. Bim  wmictute  momrocn
eneKkTpoMarHiTy 1 Ta pyXoMuil KiIbIEBHH POTOp, SIKHH
Mae Tpu (epomarHiTHi enementn 2. HanpyxeHicTb
marnitHoro nons H y akTusHiit 30mi MarsiTHOT cucTeMu
Mae Jume OAHy (QYHKI[IOHAIBHY CKIaIOBY, ULl SIKOT

MOXHA BBECTH CKAJSIPHMH MAarHiTHUHA MOTEHIUAl @@, ,
tak mo H=-V @r, - Posnoainenns nporo moreHiany,
puxomsun 3 Bupasy V -B =0, ommcyerscsa piBHsHHEAM
Jamnaca V - (=g, V@y,)=0.

Jana 3anexHicTh Ma€ TpaHWYHI YMOBH: Ha HIDKHIN
TOBEPXHi TEPIIOTO TOMOCY 3a1aBaoch P =Py =0,
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Ha BEPXHIH MOBEPXHi APYroro momocy — @y =@m2

(muB. puc. 3, a), a Ha BCIX IHIINX MOBEPXHIX — YMOBHU

MarHiTHoi i3ossuii - O/ on=0.

Puc. 3.
Fig. 3.

HaBenena monpoBa 3amada po3paxoByBamacs 3a
COMSOL. TITicas
BU3HAYCHHS PO3MOMAIICHHS CKAaJSIPHOTO MAarHiTHOTO
MOTEHI[ialy, 3HAYEHHS MAarHiTHOI MPOBITHOCTI JaHOI
MAarHITHOI CHCTEMH PO3PaXx0BYBaJOCh 32 BUPa3aMH
AX) =D /Py~ Pm2) ©=[B,dS, ¥
51

JIOTIOMOTOI0  TIAaKeTy  Iporpam

ne: S; — MOBepXHs BEPXHBOTO IOJIOCa (KB, pUC. 3, a), a

KOOpJHMHATa X [oka3aHa Ha puc. 2 (0).

JUis  miATBEp/UKEHHS  JTOCTOBIPHOCTI  OJEpIKaHUX
3aIeKHOCTEH TAaKOXX MPOBOJMIN  eKCIIEPUMEHTAIbHI
JIOCHI/DKEHHST 33 JIOTIOMOrol0 (hi3UUHHMX JTabOpaTOPHHUX
Mozeneil. MeTomuKa eKCIepPUMEHTANbHUX JAOCITiIKEeHb
OazyBajacsi Ha BHM3HAQU€HHI IHJAYKTHBHOTO  OMOpPY
€JIEKTPOMArHiTHOI CHCTEMH IPH 3MiHI KOOPIHMHATHOTO
MTOJIOXKCHHST ()EPOMArHiTHOTO €JIeMEHTa POTOpa BiIHOCHO
MarHiToONnpoBoJly cratopa 3a cTabini30BaHOi HANpPYrd Ta
MPAKTUYHO CTAJOi YacTOTH eJeKTpoMepexi. Jlocmiau
BUKOHYBIM  [UIIXOM  IIepeMimeHHs 1  Qikcamil
(epoMarHiTHUX €JIEMEHTIB potopa BIZTHOCHO
MAarHiTONpoBOAYy CTaTopa 3 IHTEPBAJIOM S5 MM, LIO
3a0e31e4yBaI0 TOYHICTH KOOPAMHATHOTO IMOJNOXKEHHS 3a
MUIIMETPOBOIO IIKAJIO0 B MeXax +5%.

3a  pe3ynpTaTaMM  YHCENBHOTO  MOJIEJIIOBaHHS
MPOCTOPOBOI MO Oyl OTPUMAaHI KapTUHU PO3MOJILTY
BEKTOpa MAarHiTHOI iHIYKLii NpW PI3HUX KOOPAMHATHHX
nostoxeHHsX (auB. puc. 3, 6). Takok 13 BUKOPHCTAHHAM
Bupasy (2) Oyma oOTpHMaHa 3aleXHICTh MPOBITHOCTI
MarHiTHOi cuctemMu A 32 pI3HMX KOOPIMHATHUX
TMIOJIO’KEHb (DEPOMATHITHOTO €JIeMEHTa KUJIbIIEBOTO POTOpa
X Ta IOPIBHSHA i3 €KCIIEPUMEHTAIBHOIO 3AJIeXKHICTIO, SIKa
Oyna moOymoBaHa 3a ONMCAHOIO BHIIE METOTUKOIO Ha
naboparopHoMy crenai. Lli 3anexHOCTI — po3paxyHKOBa
1 i excriepuMeHTaIbHA 2 — IT0Ka3aHi Ha puc. 4.

Po3paxyHKkoBa KpHBa YHCEILHOTO MOJICITIOBAHHS Ma€e
MOMITHI JJITHKY JIAMAHOI JIiHi1, [0 BUKJIUKAHO PO3MipOM

CITKM  pO30MBKM  Mopemi, OJHaK 30DKHICTH i3
pe3ynbTaTamMu EKCIIEPUMEHTY JIOCUTH BHCOKA
(po30ixkuicTe He mepeBuinye 3%), 1O JO3BOJISE

3aCTOCOBYBaTH PE3yJIbTaTH YUCEIBHOTO MOJICIIOBAHHS Ha
OCHOBI MOOYZOBaHOI CHPOIICHOT MOMAETl MAarHiTHOL
cucteMd BPI' 11 gociigkeHHS 3alIeKHOCTI MardiTHol
MPOBIAHOCTI Bil KOOPAMHATHOTO ITOJIOKCHHS 3a PI3HOT
pamianeHOI  BHCOTH h  (epOMarHiTHUX  €JeMEHTIB
KiJIBIIEBOTO POTOpPA; PE3yJIbTATH TAKOTO MOJICIIOBAHHS
MOKa3aHi Ha puC. 5.
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I'pagiuni pe3ynpTaTH UIS OJHAKOBHX 32 ILIOIICIO
NEepPEeTHHY MNAaKeTiB KiJbLEBOrO POTOpa IMOKAa3yTh, IO
30iNBpLICHHS 1X pajiabHOI BUCOTH BUKIIMKAE 3MEHILICHHS
yCiX TOTOYHHX 3HaYeHb MAarHIiTHOI MPOBITHOCTI, OJHAK Y
pi3HIH Mipi IJIT MaKCHMyMiB i MiHIMyMiB. 3MCHIICHHS
MaKCUMAJIbHAX 3HAYeHb MArHiTHOT MPOBIJHOCTI MOXHa

MOSICHUTH 301JILIIEHHSIM JIOBXUHU POTOPHOT
MarHiTONpPOBIAHOT JUISTHKK MarHiTHOro koia. OHOYacHO
3MEHIIEHHS MiHIMaJIbHUX 3HA4YEHD MIPOBIHOCTI

TIOSICHIOEThCSL 30UIBIIEHHSM BiZCTaHI MK TOBEPXHIMH
MAarHiTONPOBOIY CTATOPA.

[lpore OCTaHHIO 3aJEKHICTH BAXKKO OIHUCATH
AHAJITHYHO, OCKUIBKA OJHOYACHO 13 30LIbIIEHHSIM
Bi[ICTaHI 30UTBIIYIOTHCS 1 BEpTUKAIBbHI Oi4HI MOBEpPXHI
CYCIIHIX MarHiTONpOBIIHUX NAaKETIB KUIBIEBOTO POTOPA,
o0 KOMIICHCYe 3MEHIICHHS MIHIMalbHOi MAarHiTHOI
npoBigHOCTi. ToMy Oyllo MPOrHO30BaHO, IIO iCHYE TakKe
3HAQUEHHS BUCOTH MAarHiTONPOBIIHOTO IAaKEeTy pOTOpa,
ITCJIA AKOTO 301TBIICHHS IFOTO PO3MIipy HE BUKIUKATHME
[10/1aJIbILIOTO 3pOCTaHHS pizHuMi MAarHiTHHX
npoBimHocTe. B Moameni Oyna 3amaHa MpsSIMOKYTHa
reoMeTpuyHa popma MepeTHHy MarHiTOIIPOBOLY CTATOPA,
Oo/HaKoBa 3 (pepOMarHITHUMH €JIEeMEHTaMH pPOTOpa, SKa
€/IMHA cepesl YCiX MOXIIMBHX (OpM 3a 00paHOTO PO3MIpy
| 3abe3meuye  MakcHUManbHy IUIONLYy  CYMiLLCHHS
HOPMaJIBHUX IPOEKIiN MOBEPXOHb Ta JIIHIMHUIT XapakTep
3MiHHM L€ IO B IPOIIECi pyXy poTopa.

Bynmu BuKOHaHI pO3paxyHKH 3HAYeHb MAarHiTHOT
NPOBITHOCTI  JUIT  PI3HUX 3a PO3MIPOM  TEPETHHIB

Mar”iTONnpoBOAIB KBaJpaTHOI (QOpMHU BIAMOBIAHO 3i
cropoHamu kBampatiB 15, 25 i 35 mm. KparHicts 3MiHH
MAarHITHOI TIPOBITHOCTI 3aJIe)KHO BiJ BHUCOTH IaKeTa
poTopa 3a BKa3aHHX IEPETHHIB IOKa3aHa Ha pHc. 6.
30UTPIICHAS KPATHOCTI TMPOIOPIIHHO 10 30iMbIICHHS
IUIOIIi TIEPEeTHHY MAaTHITONPOBOMIB Y3TOIKYETBCS 3
MaTeMaTUYHUM BHPA30M MATHITHOT MPOBiTHOCTI.

A
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Fig. 6.
OnHovacHO MPOCITiTKOBYETHCS NIeBHA
3aKOHOMIPHICTh JOCSATHCHHS HAWOUIBIIOrO 3HAYCHHS

KpPaTHOCTI 3MiH MarHiTHO{ TPOBIXHOCTI IS Pi3HUX 3a
MEPEeTHHOM MAarHiTonpoBoAiB. Tak AJs MarHiTonpoBOIY
KBaJIpaTHOTO IEPETHHY 31 CTOPOHOIO 15 MM KpaTHICTBh
3pocTae TpH 30UTBIICHHI BUCOTH MAKETy pPOTOpa IO
OMM3pKO 25 MM, BIATIOBIIHO IJISI IEPETUHY 31 CTOPOHOIO
25 MM MakCHMajbHa KpPaTHICTh HpOBiAHOCTEH Oysa 3a
Bucotd N Gmusbko 30 MM, a Uit CTOpOHH 35 MM
BiAnoBinHO 01M3bK0 37 MM. TOGTO MOHA OIIUCATH JIHIIO
TPEH/ly ONTHMAIbHUX CIiBBIHOLIEHb BUCOTH 1 IIUPUHU
KBaJIpaTHOTO TEPETUHY MAarHITOIPOBIIHOTO  ITaKeTy
KinbrieBoro poropa Bupaszom: h =10,409In(b,) — 3,907 i3
JIOCTOBipHICTIO  ampokcuMariii  6mu3eko  0,9.  Cuig
3ayBaXUTH, 110 HABEAEHE YHCIIOBE CIIiBBIJHOLICHHS
MaTUMe Miclie 32 YMOBH BHUKOHAHHS MarHiTONPOBOIY i3
JUCTOBOi  €JEKTPOTEXHIYHOT  CTaimi  ONM3BKUX  3a
MOKa3HHUKAMH MapoK, OJHAK 3a IHIIMX MarepialiB
3araJpHUA ~ aNTOPUTM  ONTHMI3aIlii BiporigHO Oyme
MOMIOHMM Il €NEKTPUYHUX MAIIMH 3  pajiajbHO-
KiJbLIEBUM poTopoM. I[IpM 1pOMy HEOOXIIHO TaKokK
BpaxoBYBaTH (bakTHaHy pi3HUIO ¢bopmu
(epoMarHiTHOro eleMeHTa KiTbIIEBOTO poTOpa i ioro
JHIHHOT PO3TOPTKH, SKa OUYEBUAHO Oy/Ie MEHII CyTTEBOIO
3a OiIbIIIOTO #ioTO JiameTpa.

BucHoBkn
1. Jlns  Hu3bKOOOEpTOBOi  Oe3rpaHCcMiciiHOT
BITPOGJIEKTPUYHOI ~ YCTAHOBKM  HEPCIEKTHBHUM €

JlyrOCTaTOPHUN BEHTWUJIbHUI DPEAKTUBHUM TIEHEpaTrop 3
panianbHO-KUTBIIEBIM POTOPOM.

2. 3a gonomoror mporpamuoro makery “COMSOL”
Ta i3 BUKOPUCTAHHSAM METOAYy (Hi3MIHOTO MOIETIOBAHHS
BH3HAYEHO BIUIMB Ta0apuUTHHUX PO3MipiB (epOMarHiTHOro
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€IeMEHTa KiTBIIEBOIO pOTOpa Ha KpaTHICTh 3MiHH

Mar”iTHOi  MPOBIMHOCTI  €JIEKTPOMArHiTHOI ~ CHCTEMHU
TaKOrO0 THUIy TeHepaTopa MpU PI3HUX IIOJOXKEHHIX
poTopa, IO J[JO3BOJIIE BCTAHOBIIOBAaTH TabapWTHI
00OMe)KeHHSI Li€] CHCTEMH.

3. Bcranosneni YHCIIOBI CITiBBIJHOIIIEHHS
TeOMETPUYHUX pPO3MIpiB  (hepOMarHiTHOro eJeMeHTa

KIJIBLIEBOTO pPOTOpa KBaJpPaTHOIO MEPETHUHY, 3a SKUX
JIOCSITAa€ThC MAaKCUMaJbHE 3HAUYEHHS KPaTHOCTI 3MIHU
MarHiTHOi TPOBIXHOCTI €JIEKTPOMArHiTHOI CHCTEMU B
nporeci Horo pyxy.
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OBOCHOBAHUE 'TEOMETPUYECKUX
[TAPAMETPOB MATHUTHOI CUCTEMBI
BETPOJJIEKTPUUECKOI'O BEHTHUJILHOI'O
PEAKTHBHOI'O TEHEPATOPA
C KOJIbBIEOBPA3HBIM POTOPOM
B. B. Kosvipckuii, A. /. [lodonvyes, H. U. Tpeeyo

AnHoTanus. C NOMOLIBIO METOAOB YHUCIEHHOTIO
MOJENIUPOBaHNs U 3KCIEPHMEHTAIIbHBIX HCCIEIOBAaHUH
ONpENENEHO  BIMAHHME  TEOMETPUYECKUX  PAa3MEPOB
(beppOMarHUTHBIX JICMEHTOB KOJIBLIEOOPAa3HOIO POTOpa
BEHTUJIBHOI'O PEAaKTUBHOIO TIE€HEpaTopa Ha KpaTHOCTb
HN3MEHEHHUs MarHUTHOH MIPOBOTUMOCTH
JNIEKTPOMAarHUTHOM CHCTEMBI IpH JABIKEHHH pPOTOpA.
OmnpeneneHbl YHCIOBbIE COOTHOIIEHHS T'€OMETPHYECKUX
pa3sMEpoB 3TUX IEMEHTOB, NPH KOTOPBIX JOCTUTAETCS
MakCUMalbHOE  M3MEHEHHE  J3TOH  IPOBOJUMOCTH.
IomydeHbl KONMYECTBEHHBIE 3aBHCUMOCTH OTpaHUYEHUS
paauaibHOW BBICOTHI (DEPPOMATHUTHOTO BIIEMEHTA IpH
pasNMYHBIX pa3Mepax CTOPOHBI €ro  KBaApaTHOTO
CEedeHUs.

Kawuesbie cjaoBa: BETPONIEKTPUUECKUI
BEHTHJIBHBIN DPEAKTUBHBIA T'€HEPaTop, KOJIBIIEOOpa3HBIH
poTOp, MarHWTHasg  HPOBOJUMOCTb,  ONTHMAJIbHBIC
FEOMETPUUECKUE PA3MEPBI, JIEKTPOMArHUTHAsl CUCTEMA.

SUBSTANTIATION OF MAGNETIC SYSTEM
OF SWITCHED RELUCTANCE GENERATOR
WITH ANNULAR ROTOR FOR WIND TURBINE
V. V. Kozirsky, O. D. Podoltsev, M. I. Tregub

Abstract. Using the methods of numerical
simulation and experimental studies of the influence of
the geometric dimensions of the ferromagnetic annular
rotor elements of valve jet generator on the frequency of
change of the magnetic permeability of the
electromagnetic system when the rotor movement.
Determined the numerical ratios of the geometric
dimensions of these elements, in which achieved the
maximum change in this conductivity. The obtained
quantitative dependences limit the radial height of the
ferromagnetic element at a side of the ego of square
section.
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AHoTauisg. 3arponoHOBaHUHN MiAXiJ OO0 MaTeMa-
TUYHUX MOJENEH BHU3HAYECHHS EKOHOMIYHO MJOUIIBHUX
MICIIb PO3TaIlyBaHHSA Ta OOIPYHTOBaHHMX BEIMUYUH IIOTY-
KHOCTEeH [mkepen posmoniteHoi renepamii (JAPI) mpu
BIIPOBAPKCHHI 1X B pallialIbHUX PO3MOAIIBHUX €IEKTPHUY-
HUX Mepexax Hampyrowo 10 kB [4-6], pekoMeHayeThCS
BUKOPHCTATH 1 Uil palialibHUX PO3MOIUIBHUX MEpEK
Harpyrow 35 kB, 110 JKUBISTHCS BiJi CHCTEMHOTO CJICKT-
poroctayanHs. [Ipu 1mbOMY B EKOHOMIYHO JONIIBHHUX
Micusx posramyBanHs J[PI' BpaxoByeThCsi IPUHLIUIT PiB-
HOCTI MOZYIIB HANpYTH 1 IX KyTiB K KPUTEPild MiHiMi3a-
Iii BTpaT aKTHBHOI IMOTY)KHOCTI Ta crabimi3aiii piBHIB
HaNpyry TpH 3MiHI eKCIUTYaTaliifHOTO PeXXUMYy EIEeKTpH-
YHOT Mepexi Harpyroro 35 kB.

ExoHoMmiuHO momineHi Micms po3rtamryBaHHS JIPT
BU3HAYAIOTHCSl MO HAHOLIBIIOMY 3HAUEHHIO BY3JIOBHX
mutomMux TpaHcmoptHux BUTpat ([ITB) B KOKHOMY OK-
peMO B3STOMY BiJraJly)KC€HHI Mepexi, a BETMYUHN aKTHB-
HUX 1 PEaKTHBHHX MOTYXHOCTEH Yy BIAMOBIAHUX MICI[SIX
BHU3HAYAIOTHCS 3TIJIHO MaTEeMAaTUYHOT MOJIEIi yCTaJICHOrO
PEXUMY 3 MOKIJIMBICTIO peajizallil BUOOpy CKiIaxy Bimo-
MHUX Ta IOIIYKOBHX BY3JIOBUX XapaKTEPHCTHUK.

IIpoBeneHi Ta MpeacTaBIeHi B IKOCTI JOKa30BO1 0a3n
eKCIIEPUMEHTAIBbHI MOJIENBHI JTOCHTIDKEHHS I0I0 edek-
TUBHOCTI BUKOPHUCTAHHS 3aIPONOHOBaHOTO B [4—6] min-
xoxy mipu BupoBamkeHHI P B pamiambHUX pO3ITOIiNb-
HUX Mepexax Hanpyroro 35 kB.

KoarouoBi ci1oBa: po3noainbHa eNEeKTPHYHA MEPEexa,
CHUCTEMHE eJIEKTPOIIOCTaYaHHsI, DKEPENo PO3IMOJIiIeHOT
reHepanii, TpPami€eHTHUH METOX, NIHTOMI TPAaHCIOPTHI
BUTpATH.

ITocTanoBka mpodaemu

HIupoke Bnposamkenns JIPI' (Takux sk, mepeTso-
proBaui consa4Hoi i BitpoBoi eneprii, [EC Ha manux pikax
1 T. ) B pafiaJlbHUX PO3MOALIBHUX ENEKTPUYHHUX Mepe-
Xax Harpyroto 6—35 kB 3abe3neuye YMCTOTY HaBKOJIMIII-
HBOTO CEPEJOBHINA, 3MEHIIyE SK BHUTPATH MAJIWBHUX i
BOJIHUX PECYpCiB, Tak i BTpaTH eNEKTPOCHEpPrii B Mepe-
Kax 3a PaxyHOK HaOJIMXEHHS BUPOOHHUKIB €IEKTPHYHOI
eHeprii 7o croxuBayis [1].

OpHak, BUHUKAIOTh MPOOJEMHI NHUTaHHA IIOB’sI3aHi
K 3 pexxuMamu Hanpyru B mepexi 3 JIPT [8], Tak i 3
BiumBoM JIPI' Ha BacTHBOCTI IIEHTPai30BaHOTO CHCTE-
MHOT0 eJIeKTponocradanHs [7].

ITpn 11pbOMy OIHHMH i3 BaXKJIMBUX IMUTAHb € BU3HA-
YEeHHsI eKOHOMIYHO JIOIIBHUX Miclb po3tairyBanHs JIPT
Ta OOIPYHTOBAaHUX BEJIMYUH IX INOTYKHOCTEH B pO3IO-
JUTBHUX Mepekax Pi3HOTO PiBHsI HAIPYTH 3 BpaXyBaHHIM
PO3MOALTY MiXK JXKHUBISTYUME Mepexy 00’ektamu [2, 3, 9—
11].

[l BUpILIEHHS BHUINE BKAa3aHUX NMUTaHb LION0 Me-
pex Hampyroio 35 kB B maHifl CTaTTi MPOMOHYETHCS 3a-
MPOTIOHOBAHUH 1 yCHiIHO BupimieHuit B [4—6] minxix B
JIBa €TaITH.

1) BU3HAYEHHS E€KOHOMIYHO JOLIIBHUX MiCIb PO3-
tauryBanss JIPI 3rigao BemuuuH By3noBux [1TB;

2) BU3HAYCHHS OOTPYHTOBAHUX BEIMYMH aKTHBHHX 1
peakTHUBHHUX a00 TUIBKM aKTHBHUX moTyxHocteil [IPT B
MICLIIX €KOHOMIYHOI'O IX PO3TallyBaHHs 3a JOHNOMOTOIO
MaTreMaTHYHOT MOJENI YCTaJIEHOTO PEXUMY 3 MOXKJIHBIC-
TIO peanizalii BUOOpPY CKJIJy BiZOMHX Ta HOIIYKOBUX
BY3JIOBUX XapaKTEPHUCTHK.

AHaJi3 0CTAHHIX JOCIIIKEeHD

[MuTaHHAM MO0 BM3HAYEHHS E€KOHOMIYHO JOMiTb-
HUX MiCIlb PO3TallyBaHHA Ta OOIPYHTOBAaHHMX BEIHUYHH
notyxHocTi JIPI' B pamiadbHHUX PO3MOMITBHUX €JIEKTPHY-
HUX Mepekax 3aiiManucs y pi3HI YacW Taki BUEHI K
Jegadeesan M. [9], Nitin Singh [10], Haesen E. [11],
Bopomaii M.1., Kupunenxo O.B., Jlexntok [1./1., Ko3up-
cekuit B.B. [3], Kupuk B.B. [2], Tyraii }O.1., Kynuk B.B.
Ta 1HIII.

MeTta mociigkenn

Mera nocinijpkeHb mojsirae B oOIpyHTyBaHHI e(ex-
TUBHOCTI BUKOPUCTAHHS MaTeMaTHYHHX MOJIeNeil BU3Ha-
YeHHS €KOHOMIYHO IOMUILHUX MICIlh PO3TallyBaHHS Ta
BenuuuH notyxHocti JPT 3anpornonoBanux B [4-6] mpu
BIIPOBAKEHHI MaJoi TeHepartii B pagiaJbHIX PO3MOAIIIb-
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HUX EJICKTPUYHUX Mepexkax Hampyroto 35 kB, mo xuB-
JIATHCS BiJf CHCTEMHOTO €JIEKTPOIIOCTaYaHHS .

Pe3yabsTaTn gociaigxeHb

Sk 1 B [4-6] ana BU3HAYEHHS €KOHOMIYHO JOIiTb-
HUX Miclp po3tamryBanHs JIPI" B pagianbHUX po3nOAiIb-
HHUX EJIEKTPUYHUX Mepexkax Hampyrot 35 kB, ski KuB-
JISITBCSL BiJl CHCTEMHOTO E€JIEKTPOIIOCTayaHHs, BUKOPHCTa-
HO TpajieHTHUH MeToA, KWl peanizye By3noBi IITB na
neperadyy aKkTHUBHOI 1 pEaKTUBHOI IMOTY>KHOCTEH MO elle-
MEHTax eJEeKTPUYHOI Mepexi. MaTeMaTHdHa MOJENb
BKa3aHOTO METOJy Ha OCHOBi JIiHEQpHW30BaHOI CHCTEMH
PiBHSHB Ma€ BHI

ocf osf ol ol [on] [om
P 0Q 06 au, | | R |_| o6 .
0e0 0c® oe? oef| Y| on|T|on | (D
op Q06 au,| |oQ ] |y,

ne: [ ] — TpaHcOHOBaHA MaTpHI YACTMHHHX MOXiJTHUX
(Matpuns SIko6i) eneMeHTaMu SIKOi € YaCTHHHI MOXimHI
Bi HeOaJaHCIB aKTHBHUX 1 PEaKTUBHHUX IMOTYKHOCTECH y
BY3JIaX CXEMH E€IEKTPUIHOI Mepexi

g =P +UJG, —2ZUU;[G; cos(6; —6;) + By sin(d) -

&2 =Q, ~U?B; —XU U, [G; sin(6, - 6,) - B; cos(6, -] (2)
10 BIATIOBIJHHX IMOUIYKOBHX BY3JIOBHX XapaKTEPHUCTHKAaX
Pi, Qi 6:1 U, & — cuMBOI HEB’S3KH, | — IHIEKC BYy3IIa,
SIKUH PO3TIISAAETHCS, | — MOTOYHHUN 1HICKC BY3Ja, SIKHA
Mae Oe3rocepesiHiil eNeKTPUYHUN 3B’S30K 3 BY3JIOM IIO
posrmsanaetecs, Gii, Bii, Gij, Bij — BimmoBimHO BiacHi Ta
B3a€MHI aKTHBHI 1 PEaKTHBHI MPOBITHOCTI MUISHOK Mepe-
ki (mificHI Ta ysIBHI CKJIQJIOBi €JIeMEHTIB MaTpUIli BY3JI0-
Boi mpoginHocrti), 6, 6, Ui, Uj — kytu (¢pasu) ta moaymi
HAMpyTH { —TO i j —ro By3’iB, Pi, Qi — 3amani 3Ha4eHHS
BY3JIOBUX IOTYXXHOCTEH, 7 — CyMapHi BTpaTH aKTUBHOI
MOTYXHOCTI B €JIEMEHTaX CXEMH EJIEKTPUYHOI Mepexi

m
=Y U +U;-20,U;cos(d, - 0))IG;, 3)

K=1
M — KUIBKICTh IUISHOK MepeXi B SKId TIPOMOHYETHCS
BcranoBieHHs: [IPT', 0n/OP; — BuTpaT akTHBHOI TOTYX-
HOCTI Ha TPAHCTIOPT OJMHMII aKTUBHOI ITOTY>KHOCTI 710 i —
ro By3lla cxeMH, 0n/0Qi — BUTpaTH aKTUBHOI ITOTYXHOCTI
Ha TPAHCHOPT OJUHUII PEAKTHBHOI MOTY>KHOCTI 710 { — IO
By3Jla CXeMH, O/06; — moxinHa BiJj CyMapHUX BTpaT aKkTH-
BHOI MOTYKHOCTI B €JIEMEHTaX MEPEXKi M0 KyTy HANPYTH I
— ro By3JIa CXeMH

% _S 20U, sin(6, - 6,)]G

8749,_12:;‘[ i jSIn(i_ ])] ij 1 (4)
On/0U; — moXigHa Bi CyMapHHX BTpPaT aKTHBHOI IOTYX-
HOCTI B €JI€MEHTaxX MEepexki 10 MO0 HAlpyTH i — To

By3JIa CXeMH

or _ i[zu 2U cos(d, - .)]G

qu, - im0t =016, 5)
N — KUIBKICTh AUITHOK MEPEXi, 10 MPUMHKAIOTH JI0 { — TO
BY3JIa CXEMH.

Bemnuunn By3nosux [ITB 07z/0P; i 07/0Q; Bu3Hava-
I0ThCS Ul BCIX BY3JIIB CXE€MH €JIEKTPHYHOI Mepexi Ha
OCHOBi pe3yNbTaTiB PO3PAXYHKIB PEXKUMIB ii MaKCHMaib-
HOTO 200 MEePCHEeKTHBHOTO BY3JI0BOI'0 HAaBaHTAXKSHHSI.

MakcuManbHi 3HadeHHs By3ioBux IITB On/0P; i
On/0Q; BKa3ylOTh Ha HaWOUIBII E€KOHOMIYHO JOIIbHI
MICII BCTaHOBJICHHS JDKEpeNl BIiANOBIAHO aKTHUBHOI i
PEaKTUBHOI IOTYKHOCTEH.

B posimkHyTHX Mepexax Hampyroio 35 kB, sxi ma-
IOTh JIeKUTbKa BiATaNyKeHb Bill By3Ja CHCTEMHOTO KHB-
JICHHS, MaKCHMaJlbHI 3HaYeHHs By3ioBux [ITB, a Bigmo-
BIJHO 1 HAMOUIBII €KOHOMIYHO JOLIIBHI MiCI BCTAHOB-
JICHHS JDKEpEed TMOTYXKHOCTi, BH3HAYAIOTHCA OKPEMO IIO
KOXHOMY BIJITQJTyKCHHIO.

Jlns BU3HAuUCHHS OOIPYHTOBAHHMX BCIUYUH IMOTYXK-
HOCTEH JKepeN aKTUBHOT 1 peaKTHBHOT a00 TUTBKU aKTHB-
HOI reHepariii BUKopuctano MmoandikoBanmii meroq Hero-
ToHa [5] MaTpHII YACTHHHMX TIOXiTHUX SAKOTO Ha BiIMiHY
Bil KJIACHYHOTO MeTony HPBIOTOHa BKIIOYa€ YaCTHHHI
noximai  Oeif / OPi, 0P /0Qi, 0eR/oPi i 0e/oQu.
ITepamniitauit mporiec MoaN(iKOBAaHOTO METONY BUIJIIIAE
3rigHO (2) AK

P (K+1) P (K) 8£ip 8£ip 8£ip 55ip -t gip (K)

Q| = Qi — TR TQ 670' TLJ' X (6)
o, o, oed e} 0} Ol '

Y, Ul e @ a0 au ] [

ITpu 1bomy mompaBku OP;, 0Q;, 66; 1 0U; no HeBino-
MHUX BeJWYHH B (6) BH3HAUAIOThCI HA KOXKHOMY KpOIIi
iTepaIiifHoro mporecy po3B’S3aHHSAM CHCTEMH JIiHIHHUX
PiBHSHB

oel oe” oel  ogf oP, &’

aPiQ 6Q(i) aeé aué & @)
og° Og’ Og® O¢ 00,

P Q06 v, | V] [&f

Cucrtema JiHIHHUX piBHSAHB (7) pO3B’A3y€ThCS METO-
JIOM HalMEHIIMX KB3JPATiB 1 PO3IIISIAEThCS SIK BU3HAUE-
Ha (KUTBKICTH BIIOMHX JOPIBHIOE KiTBKOCTI HEBIIOMIX) 3
pi3HUME KOMOIHALISIMH BIZOMHX 1 MONTYKOBUX BEIMYHUH.
Buxonsun 3 TOro, mo B €NEKTPUYHHUX CHCTEMax iCHYE
TICHUIT 3B’S130K MIX aKTHBHUMH MOTYXKHOCTSIMU 1 KyTaMu
Halpyru Ta PEeaKTMBHUMH TOTYXXHOCTSIMH 1 MOAYJSIMU
HaTpyTH, aHai3 QyHKIiil (3) mokasye, MO I BCiX TeHe-
pyrouux 00’€KTiB (BKIIOYAIOYU JKEPEIIO CHUCTEMHOTO
JKMBJICHHS) PO30CEPEIDKEHUX B EIEKTPUUHIN Mepexi
piBHICTb 1X KyTiB Hampyru i (abo) piBHICTH MOJYJIB Ha-
NpYyry MPU3BOAUTD JI0 301UIbIIEHHS KYTIB 1 (a00) MoayiB
HaIlpyTH SIK Y CYMDKHHMX BY3J1aX, Tak i y By3JaxX CIOXH-
BaHHs MiX TeHEepy4YnMHu 00’ extamu. [Ipu npomy BimOy-
BAETHCS TEPEPO3MOAIT MOTYKHOCTIMH MIX yciMa TeHe-
pyrouuM# 00’€KTaM¥ i3 3MEHIICHHSAM 3HAa4eHHS (DYHKIIIT
(3).

[Tpn MopemoBaHHI yCTal€HOTO PEXHUMY EIEKTpHY-
HOi Mepexi BUOIp cKiaxy BiIOMHUX i MOIIYKOBUX BY3JIO-
BHX XapaKTEPHCTUK y MicIix po3tanryBaHHs J[PI" mo3Bo-
JIsie BUKOPUCTOBYBATH HACTYIIHI BY3JIOBI MOJIEI:

1) By3mu 3 mKepenamMu aKTHBHOI i PEaKTHBHOI MOTY-
JKHOCTI

U — const, 8 — const,
P —var, Q —var;
2) By3/14 3 JUKEpeNaMH TUIBKH aKTUBHOI MOTYXHOCTI
Q — const, 6 — const,
P —var, U —var;
3) By31H 3 JDKEpETaMu TUIbKH PEaKTUBHOI MOTY>KHO-
CcTi
U —const, P — const,
Q —var, 0 —var;
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Mopeni By3iiB 2) i 3) MOXyTh BHKOPHCTOBYBATHCH B
OTHOMY 1 TOMY  BiATadyXXCHHI y PI3HHX MICIIX, KOJH
[ITB mo axTHBHIN i peakTUBHiN MOTY>KHOCTI HE CITiBHa-
JAfOTh [0 MaKCHMalbHIN BenmuunHi. BukopucraHHS MoO-
neni Bys3na 2) MOXKIJIMBE TUTBKH ITPH MOJIEIIOBaHHI yCTa-
JICHOTO pekuMy MonudikoBanuM MetonoMm HeroToHa.

Kpim Toro Ha BigMiHy Bix kiacuuHoro merony Hbro-
TOHA 1 Horo Moaudikaniidi BUKOpUCTaHHS MOIU]iKOBaHO-
ro Merony HploTOHa Hazmae MOXKIMBICTH BCl HOIIYKOBI
aKTHMBHI 1 PEaKTUBHI IOTY)XHOCTI y BY3JaX EJNeKTPHYHOT
CXeMH BHM3HAuaTH Oe3rnocepeHbo 0e3 J0AaTKOBOro ix
PO3paxyHKy MiCIis 3aKiHYCHHS iTepaniiHOro mpoIecy.

IV

MopemoBaHH IIOA0 BHUIIE BKAa3aHOTO MiAXOAYy B
JIBa €Tany BHKOHAHO HA MPHUKIAIl peaJbHOI CXeMH pO3-
MOTBHOT ENEKTPUYHOI Mepexi Hanpyroto 35 kB (puc.l)
3 mapaMeTpaM# IUISTHOK Ta BeIMYWHAMH BY3JOBOTO Ha-
BaHTaxXeHHs (3rigHo Bimramyxens I, I1, III, IV i V), npu-
BEIEHMMH BIIIOBIIHO B Ta0m. 11 2.

Cxema Bkirouyae 20 By3niB i 19 ninssHok. By3son xu-
BieHHs Mae Homep 20.

Hpumitka. Bigranyxenns I, V, IV, 11 i Il ans Bu-
3HAUEHHS aKTHBHUX 1 peakTUBHMX motyxkHocteil JIPI, a
Bigranyxenns [, V, 111, IV i Il Tinbku 1)1 akTHBHUX.

;

l IV (1 IT(IV) (I
20

hoo o

Puc. 1. Cxema po3noaineHOT eneKTpuyHOT Mepesxi Hanpyror 35 kB.
Fig. 1. The scheme of power distribution networks with voltage of 35 kV.

Tabémuus 1. [Tapamerpu AiTHOK Mepexi.
Table 1. The parameters of the network.

Hinsaka HowminanpHa Mapka JloBxXWHA JisTH- o, Xo, KT,
. R,Om | X, OM
Mepexi Harpyra, KB TIPOBOTY ku (L), km Om/kM Om/kM B.O.
20-21 35 AC-150 11 0,198 0,406 2,178 | 4,466 -
21-26 35 AC-95 4,47 0,306 0,421 1,368 | 1,882 -
26-32 35 AC-95 11,25 0,306 0,421 3,443 | 4,736 -
32-35 35 AC-95 25,5 0,306 0,421 7,803 | 10,74 -
35-34 35 AC-95 2,3 0,306 0,421 0,704 | 0,968 -
35-36 35 AC-95 10 0,306 0,421 3,06 4,21 -
20-22 35 AC-95 18,49 0,306 0,421 5,658 | 7,784 -
22-27 35 AC-70 5,15 0,428 0,432 2,204 | 2,225 -
27-28 35 AC-50 7,36 0,63 0,435 4,637 | 3,202 -
20-23 35 AC-95 6,5 0,306 0,421 1,989 | 2,737 -
23-29 35 AC-95 10,95 0,306 0,421 3,351 4,61 -
29-37 35 AC-95 6,2 0,306 0,421 1,897 2,61 -
37-33 35 AC-95 17,21 0,306 0,421 5,266 | 7,245 -
20-30 35 AC-95 16,41 0,306 0,421 5021 | 6,909 -
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Hinsika HowminasbHa Mapka JloBxuHa AisIsiH- ro, x0, KT,
. R,Om | X, OMm

Mepexi Hanpyra, KB TIPOBOITY xu (L), km Om/kM Om/KkM B.O.
30-38 35 AC-95 2,13 0,306 0,421 0,652 | 0,897 -
38-39 35 AC-70 11,5 0,428 0,432 4,922 | 4,968 -
20-25 35 AC-120 23,4 0,249 0,414 5,827 | 9,688 -
25-24 35 AC-120 4,95 0,249 0,414 1,233 | 2,049 -
24-31 35 AC-70 6,4 0,428 0,432 2,739 | 2,765 -

Tabauus 2. By3nosi HaBaHTa)XKeHHS MEPEKi B MAKCHMAJIBHOMY PEXKHAMI.

Table 2. Nodal network load at max.

Nepysma | 21 |26 |32 35|34 36|22 |27 (28|23 29|37 (33[30|38[39]|25]24]31

o|l ol o o|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo| ol o

PpoiBr | S| 8|32 |8|8|2|2 (88|38 |3 |S|9|8|F|8|8|53

N — N — — — — — < — — N — — — — — —

Rio |l 2 o|lo|lo|lo|lo| 8|8 || o|loc|lo|lo|lol|o

QuiBap | S| | S |2 | K (K|S IR|ISI2B|S|8|5|2|5|5|S
Tabauus 3. Po3paxyHKOBI 3HAUCHHS BY3JIOBUX HANPYT CXCMH.

Table 3. The calculated values of the nodal scheme.
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JaHi moa0 pe3yabTaTiB MOJISIIOBAHHS PEXXUMY Ma-
KCUMAaJIbHOTO HAaBaHTAXXCHHS Yy BUJI BY3JIOBHX Hampyr
MIpUBEJICHI B Ta0I. 3.

Brpatn akTHBHOI MOTY>KHOCTI B PEXHMi MaKCHMa-
JHHOTO HABAaHTA)XXEHHS pPeabHOI PO3MOAIIBHOI eNeKTpH-
yHO1 Mepexi ckmamm AP = 1246,33 xBr.

1. [IpoBexeHi po3paxynku By3noBux [1TB mms aktu-
BHHUX 1 peakTHBHUX TOTYx)HOCTel JIPT Ha OCHOBI pe3yJib-
TaTiB MOZEJIOBaHHS PEXHUMY MaKCUMaJbHOI'O HaBaHTa-
JKEHHsI peaJIbHOI CXeMH, MIPpUBeEJIeH] B Tal0. 4.

3nauenHs By3noBux [ITB y HacTynmHUX BifraiyxeH-
HSIX CXEMHM BH3HAYallCh 3 BPaxyBaHHSM EKOHOMIYHO
OOIPYHTOBaHMX MOTYKHOCTEH PO3PaxOBaHUX y IOIEpe-
HIiX BiJrajyKeHHSX.

[Ipu mpomy mMakcumymy Or/OP; i On/0Qi BimmoBima-
10Th By30 32 BigramyxeHHs I, By3ox 39 BimramyxeHHs
II, By3om 24 Bimramyxenns III, By3om 29 BimramyxeHHS
IV i By3on 27 BigramyxxeHHs V, 1o BiAIIOBiTae yMoBaMm
Juist po3TamryBaHHs B HUX JIPT.

2. 3rigno 3 moaudikoBaHuM MetoaoMm HeioToHa [5],
MPOBECHI CKCICPUMEHTAIbHI JOCITIKESHHS MI0OA0 BH-
3HaueHHS OOTPYHTOBAHMX BEJIWYHMH IeHeparlii akTHBHOI i
peakTHBHOI MOTY)XHOCTI y By3max 32, 39, 24, 29 i 27
peaspHOi CXeMHU eNEeKTPUYHOI Mepexi B MOPSAKY 3MEH-
menHs B Hux [ITB, ame HalOimbIIUX y BigIOBITHOMY
BiJIraTy>KCHHI CXEMH.

ExcriepumeHTanbHI po3paxyHKH MOKa3aly, 110 Hai-
0inplI e)EeKTUBHUM € BH3HAY€HHS OOIPYHTOBAHOI BeH-
YMHU aKTHBHOI 1 pPEakTWBHOI TeHepamlii NpH pPiBHOCTI
BY3JIOBUX HAmNpyr Ta iX KyTiB y MICI[IX pO3TallyBaHHS
JDKEpeT JKUBJICHHS, BKIIOYAIOYN MICI[e CHCTEMHOTO ele-
KTPOIIOCTaYyaHHSI.

Buxonsuu i3 piBHOCTI HampyT Ta iX KyTiB yciX JpKe-
pelt KUBJICHHS BEJIMYMHHU aKTHBHOI 1 PEakTHBHOI reHepa-
mii y By3nax 32, 39, 24, 29 i 27 peaJbHOi CXeMH €JIEKTPH-

YHOT Mepei BU3HAYaJIMCh NMpPHU Harpysi piBHIA 36,5 kB,
BKJIIOYAIOYH BY30J1 CUCTEMHOTO €J1EeKTPOIOCTaYaHHS.

Tadauusa 4. Pe3ynbTaTH po3paxyHKy BY3JOBHUX IH-
TOMHX TPAHCTIOPTHUX BUTPAT.

Table 4. The results of the calculation of nodal
transport costs per unit.

Hampyra By3/1a CHCTEMHOTO €JIEKTPOIOCTa-

HOMep YaHHA

By3I1a 36,5 kB

CXeMH BenmunHM HOXiTHAX

On/OP; or/0Q;i

21 -0,00712 0,05811
26 0,00174 0,03550
32 0,02183 0,10071
35 -0,00938 -0,03912
34 -0,00900 -0,03340
36 -0,00346 0,00736
22 0,04198 0,09223
27 0,05365 -0,03782
28 -0,03843 -0,27340
23 0,00593 0,02046
29 0,04071 0,04554
37 0,00371 0,01618
33 0,02539 0,13593
30 0,01257 0,00654
38 -0,02638 -0,05056
39 0,04960 0,02543
25 -0,04780 -0,33159
24 0,04160 -0,24492
31 0,02400 -0,35168

[Tpn upoMy BennunHa aKTHBHOI reHepauii y By3ii 32
ckinana 7762,5 kBr, peaktuBHoi 3644,8 kBap, a BTpaTtn
aKTUBHOI TOTY)XKHOCTI B MEpeXi 3MEHIIWINCH 3
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1246,33 kBt mo 801,13 kBT. s 10maTKOBHX pO3TAlIy-
Banb JIPT" y By3max 39, 24, 29 i 27 BenMUWHU aKTUBHOI
reaepanii ckimamm  3268,43 kBt, 4360,36 kBT,
6228,56 kBt i 3341 xBr, peaktmBrOoi 1593,91 xBap,
2293,82 xBap, 3549,93 xBap i 1245,33 xBap i3 3men-
IOICHHSAM BTpaT aKTUBHOI MOTYXKHOCTI BIAMOBIAHO IO
697,82 kBT, 556,65 kBT, 326,69 kBT Ta 248,89 kBTt. 3a-
rajbHa BeJIW4YMHa eKoHoMmii craHoBuTh 1246,33 kBT —
248,89 kBt = 997,44 kBT1. BennunHu peakTUBHUX TOTY-
xHocted JIPI” BU3HAYaIKMCh BiMOBIIHO JO PiBHOCTI MO-

IyJIiB BY3JIOBUX HAIPYT, a KOEQIIIEHTH IX MOTYKHOCTEH
cximamu s Bysna 32 — 0,91, mis By3ma 39 — 0,9, ms
By31a 24 — 0,9, mna By3na 29 — 0,9 1 ans By3ma 27 — 0,94,
sKi 3HaXomsThCs B rpanuisx 0,9 — 0,95, mo Biamosimae
TEXHIYHUM XapaKTEPUCTHUKAM MEPETBOPIOBAYAM COHSIYHOT
Ta BITPOBOI €Heprii.

OCHOBHI pe3yJbTaTH MPUBEICHUX BUIIEC MOJCIBHUX
CKCIICPUMCHTAIEHUX JTOCII/KCHb 3TiTHO BHUOpAHOI JUIst
JIOCHIJ[)KCHb PealibHOI CXEMHU EJICKTPUYHOI MEpekKi HaBe-
neHi B Tabi. 5.

Tadanus 5. OCHOBHI pe3yJIbTaTH €KCIIEPUMEHTAIBHUX JOCIIIKEHb.

Table 5. The main results of experimental studies.

I'enepanis I'enepanis 3HIKEHHSA
. Monyns . .
Iopsinok Bopo- | Micug po3ranty- AKTHBHOI PEaKkTUBHOI BTpat APs
HaInpyTH, . . cos ¢ .
BakeHHs [IPT BaHHS (BY3JIH) <B MOTYXHOCTI, MOTYXHOCTI, 10 cXemi,
kBT kBap kBT
1 32 36,5 7762,5 3644,8 0,91 801,13
2 39 36,5 3268,43 1593,91 0,9 697,82
3 24 36,5 4360,36 2293,82 0,9 556,65
4 29 36,5 6228,56 3549,93 0,9 326,69
5 27 36,5 3341 1245,33 0,94 248,89

AHaNi3 MOJENBHUX EKCICPUMEHTAJIBHUX  JOCIIi-
JDKEHB 0Ka3aB, 10 3MiHa Micllk po3rtarnyBanHs JIPI" abo
301IBIICHHS YM 3MCHINCHHS BU3HAYCHOI T'eHepallii y By3-
nax 3 HaiOubiuMu [1TB mpusBoxsaTe n0 30UIbIICHHS
BTPaT aKTHBHOI NOTY)XHOCTI B MEpEXi, 110 CBIAYUTH MPO
€KOHOMIUHY JOIIJBHICTh BHU3HAYEHUX MICIb pO3TAIIy-
BaHHA Ta OOTPYHTOBAHICTh BEIMYHH aKTHBHUX 1 PEaKTHB-
HuX moryxHoctei JIPIT miis 3agaHuX yMOB eKcIUTyaTtarii
PO3TIOAUTHHOT EIEKTPUIHOT MEPEIKI.

3. IlpoBeneHi TakoX eKCIIEpUMEHTAIbHI JOCIIIKEH-
HS IIOJI0 BU3HAYCHHS OOTPYHTOBAHUX BEINYMH aKTHBHHUX
noryxnocrei [IPT" ipu piBHOCTI KyTiB BY3JOBHX HaIpyr.
Bysnosi IITB ans aktuBHux notyxuocteidt JIPT Biamosi-
JIal0Th HACTYIHHUM BY3JiaM 1 iX BenuuumHam: By30Jd 32 —
on/0P; = 0,02183, By3on 31 — 0n/0Pi = 0,05956, By301 33
— On/0P;i =0,02495, By301 39 — 0n/0P; = 0,66549 i By30a
28 — on/0Pi = 0,01416. Ilpu 1poMy BeJHMYMHA AKTHBHOI
reHepamii JoKepen JKUBJIEGHHA y By3nm 32 ckiana
5428,4 xBt, y By3m 31 — 2469,02 xBrt, y By3m 33 —
2367,55 xBr, y By3m 39 — 1930,81 kBt i y By3m 28 —
2046,13 xBt. CymapHi BTpaTH aKTHBHOI IIOTYXHOCTI IO
cxeMi 3MEHIIHINCE 3 1246,33 no 542,17 kBT.

KpiM TOro0 B pe3ysbTaTi 10CHiPKeHb OYJIO BUSBICHO!
BUKOPHCTAHHS NPHUHIMITY PIBHOCTI HANPYT JHKEPEN KHB-
JIEHHSI B TIPOIIECi eKCIUTyaTallii HaJa€ MOXJIHMBICTh OTPH-
MyBaTH OOIPYHTOBaHi 3HAUY€HHS aKTHBHUX HOTYXHOCTEH
BIPOBA/DKEHUX B PaJialibHy PO3MOALIBHY ENEeKTPHUYHY
Mepexy JAPI" mpu 3MmiHI eKcIuTyaTalifHOTO PeXHMY BY3-
JIOBOTO HABaHTa)XCHHS MeEpeXi; HaWOuIbII eQEeKTHBHUM
npu BpoBajpkeHHi JIPI' € BUKOpUCTaHHS B PI3HUX KOM-
OiHalifAX K aKTUBHUX, TaK 1 PEaKTUBHUX JDKEPEII eHeprii.

BucHoBKH

1. Bukopuctanns merony IITB namae moxmBicTh
pO3pOOKH MPOCTUX 1 JOCTATHRO €(MEKTHBHUX MOJeNei
JUTS BU3HAYCHHS €KOHOMIYHO JOMIIFHUX MICIh PO3TAIIy-
BanHs JIPT' B pamiampHUX pO3MOMUTBHUX EIEKTPUIHUX

MeperKax, 10 KUBIISATHCS BiJl CHCTEMHOTO €JIEKTPOIOCTa-
YaHHS.

2. Jlns BU3HAYeHHS OOIPYHTOBAaHHMX IIOTY>KHOCTEH
JPT" 3 po3ranryBaHHsIM iX B €KOHOMIYHO JTOUUIBHHUX MicC-
IIX TPOIOHYETHCSI BHUKOPHCTOBYBATH MOJU(DIKOBaHUIA
Metox HproTOHA 3 BU3HAUEHHSAM IOIPAaBOK JI0 HEBIIOMHUX
Ha KOKHOMY KpOIi ITepaIiifHoro mporecy BUPIMICHHIM
CHCTEMH JIIHEAPU30BaHNX PIBHAHb METOAOM HaWMEHIINX
KBafpaTiB (BKJIIOUYEHHS YAaCTHHHHX IMOXITHHX IO aKTHB-
Hill 1 peakTHBHIH By3JI0BHX HOTYXXKHOCTSIX MPU3BOJHUTH 10
HECHMETPHYHOCTI MATPHUIll YaCTHHHUX TOXiTHUX BiTHOC-
HO JliaroHaut).

3. Moaudikoanuii Mmeron HproTOHA, KU MOJSTAE
B JIONOBHEHHI MAaTpPHUIll YaCTHHHUX MOXIAHUX MOXITHUMHU
0P | OP;, Oeif 1 6Qi, 0&i? | 6P Ta 052 | 0Qi Hamae MOXIH-
BICTh BUKOPHCTOBYBATH BY3JIOBI Xapaktepuctuku P;, Qj,
6; 1 U; B pi3HMX KOMOIHAIiIX BiIOMHX Ta IIOLIYKOBHX
BY3JIOBHX BEJIMUHH.

4. MopenpHI eKCIIepUMEHTAbHI TOCIIKESHHS TTOKa-
3aly, M0 TPU BU3HA4YeHHI noTykHocTe [PT" B pamians-
HUX PO3MOIUTBHUX Mepexax 35 kB, HalOiIbII JOMITEHIM
€ PIBHICTh HaNPyTH BeIUIHHOIO 36,5 KB B MicIIIX MpH€E-
HaHHS BUPOOHHUKIB EJEKTPOCHEPrii, BKJIIOYAIOYH Micle
CHCTEMHOT'O JKHBJICHHSI.

Takox MOJIeNbHI eKCIIEPUMEHTH MTOKa3aid e()eKTHB-
HICTh BUKOPHCTAHHS METOIVK 3alporoHOBaHuX B [4-6] i
mpu BrpoBamkeHHi [IPI" B pamiampHUX pO3NOIUTEHUX
SJIEKTPUYHHUX Mepekax Hampyroio 35 kB, mo KuBIATECS
BiJl CHCTEMHOTO €JIEKTPOIIOCTaYaHHs.

[TpoBoasATbCS OCIHIKEHHS 10 BUKOPHUCTAHHIO Me-
TOJWKH IOJ0 €KOHOMIYHO JOLUIBHUX MICIb pPO3Tally-
BaHHA 1 OOrpyHTOBaHMX BesmumH notyxHocti JAPI" B
CKJIQ/IHO3aMKHEHUX €JIEKTPHYHHUX MepesKax.

Cnucoxk Jgireparypu
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OITPEJEJIEHUE MECT PACITIOJIOXKEHU A
UCTOYHUKOB PACIIPEJIEJIEHHO!M T'EHEPAITN
" BEJIMYUH X MOIIHOCTU B PAJIMAJIBHBIX
SJIEKTPUYECKUX CETAX HAIIPSDKEHMEM 35 kB
. I1. Koorcan

AnHoTaums. [IpeasioxkeHHbI MOAX0A OTHOCUTEINb-
HO MaTeMaTH4YEeCKUX MOJeNell onpeeseH!s] IKOHOMUYe-
CKH LIeJIECO00pa3HbIX MECT PaclojIOKeHHs U 000CHOBaH-
HBIX BEJIMYMH MOIIHOCTEH MCTOYHUKOB pacHpeAelIeHHON
reiepauuu (UPI') mpu BHeapeHMH HX B paguabHBIX
paclpeieNnuTeNbHBIX JIEKTPUYECKUX CeTAX Hampsbke-
nuem 10 kB [4-6], pekoMeHayeTCS UCTIONB30BAaTh U IS
pafMaNbHBIX PACIpPENENUTENBHBIX CETEH HaNpshKEHUEM
35 kB, MUTAIONINXCS OT CHCTEMHOTO 3JIEKTPOCHA0KEHHS.
IIpn 3TOM B SKOHOMHYECKH LEJIECOOOpa3HBIX MeCTax
pacnosoxxenuss UPT" yuuThiBaeTcs NpUHIMI paBEHCTBA
MOJIyJIEl HANpPSHKEHUS M UX YIVIOB KaK KPUTEPHH MUHH-
MH3aIUH [IOTEPh AKTUBHOM MOIIHOCTH M CTaOWIN3alnu
YPOBHEH HANpsKEHUA NMPH HU3MEHEHUH 3KCILTyaTalluOH-
HOTO PEXNMa IEKTPUIECKOM ceTH HanpshkeHueM 35 kB.

DKOHOMHUYECKH IieJecoo0pa3Hble MecTa pacioioke-
nust UPT" ompenensirorcst mo HauOOJbLIEMY 3HAYCHHUIO
Y3JIOBBIX YIENbHBIX TPaHCHOPTHHIX pacxonoB (YTP) B
KaXJI0M OTAENBbHO B3STOM OTBETBICHUH CETH, 4 BEIHYH-
HBl aKTUBHBIX U PEaKTUBHBIX MOIIHOCTEHl B COOTBETCT-
BYIOILIUX MECTaX OMNPEAEISAIOTCA COTTACHO MaTeMaTHye-
CKOIl MOJIENH yCTAaHOBHMBLIETOCSA PEKUMA C BO3MOXKHOC-
THIO PEAM3alMi BHIOOpA COCTABA M3BECTHBIX M IOHCKO-
BBIX Y3JIOBBIX XapPAKTEPHUCTHUK.

IIpoBeneHHbIE U IpeACTaBIEHBI B KauecTBE 10Ka3a-
TENbHOM 0a3bl 3KCIEepUMEHTAIbHBIC MOJEIbHBIE HCCIIe-
JIOBaHUSI OTHOCHUTEJIBHO 3(P()EKTHBHOCTH HCIOIb30BAHUS
MIpeAsoKeHHOTo B [4—6] moaxo/a mpu BHEAPEHUU HCTOU-
HUKOB DAaCIHpeeSIeHHON TeHepaliy B paguaibHBIX pac-
MIpeeTUTENBHBIX CeTIX HanpsokeHueM 35 kB.

KiroueBble coBa: pacnpenenuTeNbHas dIeKTpHye-
CKasi CeTh, CHCTEMHOE OJJICKTPOCHAOKEHMS, HMCTOYHHUK
paclpeneneHHON TeHepaluy, TpaJueHTHbIH METoH, yJe-
JIbHBIE TPAHCIOPTHBIE PACXOBI.

DETERMINATION OF LOCATION SOURCES
OF DISTRIBUTED GENERATION AND
MAGNITUDES OF THEIR POWER IN RADIAL
ELECTRIC NETWORKS WITH VOLTAGE OF 35 kV
D. P. Kozhan

Abstract. The proposed approach to mathematical
models for determining economically feasible locations
and reasonable values of the power of sources of
distributed generation (SDG) when they are introduced
into 10 kV radial distribution electric networks [4-6], is
recommended to be used for 35 kV radial distribution
networks that are powered by a system power supply.
Moreover, in economically feasible locations of SDG, the
principle of equality of voltage modules and their angles
is taken into account as a criterion for minimizing active
power losses and stabilizing voltage levels when changing
the operating mode of an electric network with a voltage
of 35 kV.

Economically feasible locations of SDG are
determined by the highest value of nodal specific
transport costs (STC) in each individual network branch,
and the values of active and reactive capacities in

appropriate places are determined according to the
mathematical model of the steady state with the
possibility of making a choice of the composition of
known and search nodal characteristics.

Experimental model studies conducted and presented
as evidence base on the effectiveness of using the
approach proposed in [4-6] when introducing sources
distributed generation in 35 kV radial distribution
networks.

Key words: distribution electrical network, systemic
electricity supply, the source of distributed generation, the
gradient method, specific transport costs.

. I1. Ko:xan ORCID 0000-0002-9873-6344.
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AHOTaWisg. Y cTaTTi IPEACTaBICHO METO BUPIIICH-
HS TPOOJIeMHU MiABHUICHHAS 0i0JOTIYHOI MIHHOCTI MOJOY-
HUX TPOJYKTIB 32 PaxyHOK 3aJyd9eHHS 10 3aKBalllyBalb-
HOi MiKpoOioTH KyIbTyp 0ihino- Ta MpomioHOBOKUCIUX
0akTepiii Ta PO3pPaxoOBaHO AMIHOKHCIOTHHIA CKOP OTpH-
MaHHUX IPOJYKTIB.

Mera mociipkeHHsI BIUIMBY MIKpOOPTaHi3MiB pi3HHX
TAKCOHOMIYHHMX TPyl Ha (OPMYBaHHS aMiHOKHCIOTHOT'O
CKJIaZy TOTOBUX KHCIIOMOJIOYHHX HAIoiB.

Metonuka peamnizarii. BusHaueHHS aMiHOKHCIOTHO-
IO CKJIaAy MOJOYHHX MPOTYKTIB MPOBOAMIN Ha aMiHOKH-
cnoTHOMY aHauizatopi «Biotronik LC-2000». O0'exramu
JOCITiKeHHsT Oyno (epMEHTOBaHE MOJIOKO OaKTepisiMH
PI3HHX TaKCOHOMIYHHX TPYII 3 KOJEKIIi Bimairy OioTex-
HoJjoTii [HCTHTYTY TpomoBonbYKX pecypciB HAAH.

BuzHaueHo 3pasku, OLIOK SKMX HaiOlmblne 30a1aH-
COBaHMI 32 aMiHOKUCIIOTHUM CKJIQZIOM. 3MiHH B aMiHOKH-
CIIOTHOMY CKJIaJi MOJIOYHHMX HPOJYKTIB OOyMOBIEHI B
OCHOBHOMY KOJIMBaHHSIMHM 3aMIHHUX aMiHOKHCIOT. CriB-
BIJHOIIIEHHS HE3aMiHHUX 1 3aMIHHUX aMiHOKHMCIJIOT MOXE
OyTH TTOKa3HUKOM ITOBHOIIIHHOCTI OiIKiB MOJIOYHHX TIPO-
JOYKTIB 3aJIeKHO Bifl ITaMy MiKpoOpraHi3miB. 30aradcHHs
MOJIOYHOTO TPOAYKTY 0ipimo- Ta MPOMiOHOBOKUCIUMH
OaKTepisiMH TIPU3BENIO IO 30iMBIICHHS HE3aMiHHUX aMi-
HOKHUCIIOT Y cyMapHOMY BUriai Ha 80%.

3po06seH0 BHCHOBOK, IO CKJIAJ 3aKBalIlyBaJbHOTO
npenapary Jisi MOJIOYHHX HPOJYKTIB CYTTEBO BILIMBAE HA
010/OTiYHy MLiHHICTH TOTOBOTO MPOAYKTY. ToMmy cimif
PO3LIMPIOBATH aCOPTUMEHT 3aKBallyBaJbHUX ITpeNapariB
3a paxyHOK 3aJydeHHS MIKPOOPTBHI3MIB Pi3HUX TaKco-
HOMIYHHX TPYI.

KnrouoBi ciaoBa. amiHOKHCIOTa, O10J0riYHA I[iH-
HICTh, MOJIOUHI NPOJYKTH, MIKpPOOPIaHi3MH, XUPHI KHC-
JIOTH.

ITocTanoBka mpodaemu

JlieTn4yHa IiHHICTH KHCJIOMOJOYHHX INPOIYKTIB BH-
3HAYAETHCS X XIMIYHHM CKJIQJIOM, KM XapaKTEePU3y€Th-
cs1 30aJIaHCOBAaHWMM CITiBBIIHOMICHHSIM TOXXUBHUX OCHOB-
HUX PEUOBHUH: OUNKY, >XHUPY, BYIJIEBOIIB, MiHEpPAIbHHUX

pedoBuH. OCOOIHMBICTIO aMiHOKHCIIOTHOTO CKJIany dQep-
MEHTOBaHUX MOJIOYHUX IPOAYKTIB € HAKOMMYCHHS THX
aMIHOKHUCIIOT, sIKi TIOMipHO 200 30BCiM HE BUKOPHUCTOBY-
I0ThCS 'y MeTa0oJIi3Mi MiKpOOpPraHi3MiB 3aKBallyBaJIbHOT
MIKpOOIOTH. AKTYyaJIbHUM 3aBJIaHHSIM € BUBYCHHS BILTHBY
MIKpOOPIaHi3MiB Pi3HHUX TaKCOHOMIYHHUX TPYI Ha aMiHO-
KUCJIOTHUH CKJaJl ()epMEHTOBaHMX NponykTiB. Came ne
MOXe€ JIOTIOMOTTH CIIO)KMBavy OLIHUTH Xap4oBY LIHHICTbH
MOJIOYHOTO TPOIYKTY

AHaJi3 0CTAHHIX JOCIIIKEeHD

JlieTn4HI BIACTUBOCTI KUCIIOMOJIOYHUX MPOIYKTIB
HOJISITal0Th, HACAMIIEPE/I, B TOMY, 110 BOHU MOKPALIYIOTh
OOMIH PEYOBUH, CTHMYJIOIOTh BUJIJIEHHS IUTYHKOBOTO
COKY 1 30y/1Kyt0Th anetut. HasBHiCTB y 1X CKiaai Mikpo-
OpTraHi3MiB, 3JaTHUX NPU3BUYAITUCS Y KUIIEUYHUKY 1 MPHU-
THIYyBaTH MaTOT€HHY MIKpOOIOTY, NPU3BOAMUTH A0 Tajb-
MYBaHHSl THWJIBHHX IIPOLECIB 1 MPUIMHEHHS YTBOPEHHS
OTPYHWHUX IPOIYKTIB po3najay OiKy, [0 MOTPAIUITIOTh B
KPOB JIIOINHH.

BwmicT y MOIO1Ii BUTEHIX aMiHOKHCIIOT Ta PO3YHHHHX
HU3BKOMOJICKYISIPHUX MENTHIIB JOBOJI HU3BKHH 1
3aTHUH 3a0e31eunTH MoTpedr JIakToOaKTepuil nume Ha
8-16% [1]. Ane monoko wmictute 3-3,5% kaseiny, 110
KOMIICHCY€ HeCTady HEOOXiTHHX Aa30TBMICHUX CIOIYK
Mcns WOro TiApoNi3y mpoTeasaMH Ta MEeNTHAa3aMH
MOJIOYHOKHCIIHX OaKTepii.

Momno9HI IPOAYKTH € JDKEPEJIOM OiNKy, SIKHH € Jier-
KO3aCBOIOBAaHMM B NOPIBHSHHI 3 MOJIOKOM. binkn kwucmo-
MOJIOYHUX TPOAYKTIB  3a0e3nedyloTh Bech  HaOdip
He3aMiHHUX aMiHOKHCIIOT, SIKi HE INPOXYKYIOThb OpraHi3-
MOM 1 NMOBWHHI HagxoguTH 3 ixketo. Y 200 mur #Horypry
MICTHATBCS OM3bKO 25% BiJ HEOOXiAHOTO JOOOBOIO Hal-
XO/DKEHH KaJbLito i BiTaminy B12, 20% — docdopy, 15%
— pitaminy B i mueky, 10% — Oinka, kamiro, MarHito,
BiTaminy B [2].

binku wmomoka Oarari HaWOTBm IediMUTHAMU
HE3aMiHHUMH aMiHOKHCJIOTaMH, SIKUX YacTo Opakye B
paItioHi Xap4yBaHHS JIFOJWHH, 10 HAX BiTHOCSTHCS TPHII-
TodaH, METiOHiH, Ji3uH. OCOOIMBOCTAMH aMiHOKHCIIOT-
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HOTO CKJamy (EepMEHTOBAaHMX MOJIOYHUX TPOIYKTIB €
HAKOIMMYEHHS MIABMINEHOI KIJBKOCTI THMX aMiHOKHCIIOT,
KOTpi MMOMipHO a00 30BCiM HE BUKOPHUCTOBYIOTHCS y Me-
TaboMi3MiI MIKPOOPTaHI3MIiB 3aKBAaITyBallbHUX KYIBTYD.
30kpemMa, y KHCIOMOJIOYHHX HAIOSX CIIOCTEPIraeThes
MOCHJICHE HAKONMMYEHHS TIIyTaMiHOBOI KHCIIOTH, TIPOJIiHY,
y MeH# mipi amaniny ta cepiny [3]. Merionin Gepe
y4acTh y (QYHKUIOHaJbHIA IISUIHOCTI I€YiHKH, HE0O-
XigHUH Ui npodinakTHku atepockiieposy [4]. Tpunro-
(aH € OHUM 3 POCTKOBUX (aKTOPIB, a JIi3UH Oepe y4acTb
B KPOBOTBOPEHHI, IMIATPUMIIl a30THCTOrO DPIBHOBAaruM B
oprani3mi [5]. 3aCBOIOBaHICTh OIJIKIB MOJIOYHUX MPOIYK-
TiB craHOBHUTH 95-97% [6].

OmHUM 3 OCHOBHHX YMOB IIiJBHINEHHS OpTaHOJIEH-
TUYHUX BJIACTUBOCTEH MOJIOYHOKUCINX TPOAYKTIB €
mig0ip BUPOOHMYONMIHHUX IITaMiB Pi3HUX TAKCOHOMIUYHUX
TPYI, IO BOJIOAIIOTH HU3BKOIO EHEPTi€l0 KUCIOTOYTBO-
PEHHSA i BUCOKOIO MPOTEOTITHYHOIO aKTHBHICTIO.

PisHuM BHIaM Ta mTamMaM MOJIOYHOKHCIHUX MIKPOO-
praHi3miB NpUTaMaHHUI HEOJHAKOBHH CTYMiHb MPOTEO-
JITUYHOI aKTHBHOCTI, TaK, MalIW4YKOBI (OpMH MOXKYTh
NepeBOANTH y po3unHHy (opmy 16-30 % kazeiny, Ttoxi
sk Kok — qutire 9-17 % [7]. TlpoteoniTiiHa aKTUBHICTh
MOJIOYHOKHCIIHX MIKpOOPTaHi3MiB Ma€ BHIOBY i IITAMOBY
crnenudigHicTs. HaWBHIOIO 30aTHICTIO [0 TIPOTEOTI3y
XapakTepusyloThcss  saktobammnu  Lb.  helveticus,
Lb. bulgaricus, Lb. acidophilus i Lb. casei. Bonu moxyTb
NIepeBecTH y po3unHHY hopmy 1o 25-30% kazeiny. [enio
CITaOKIIIMMU 32 IIi€I0 03HAKOI0 € Me30(]iTbHI JaKTOKOKH
pomy Lactococcus — 15-20% yTuaizoBaHOTO KaseiHy, a
S. salivarius subsp. thermophilus e naiicnaGkimiMu mpo-
TeosiTaMu — Behoro 14-15% yruiizoBaHoro kaseiny [8,
9].

BuBuaroun 3MiHy aMiHOKHCIIOTHOTO CIIEKTPY IIpH
possutky S. thermophilus ta L. bulgaricus scranosmy,
o0 OCOONMBO UITKO BiAMIHHOCTI TPOTEOJITHYHOI
aKTMBHOCTI IIMX KYJBTYp CIIOCTEpIraloThcs B IIepi
roauHu po3sutky [10].

TepModimpHI CTpEenTOKOKH B Tepln 6 TOIUH
KyJIbTUBYBaHHS  CHOXWBAalld  MaibDke BCi  BUIBHI
AMIHOKHCIIOTH BHXIJHOTO MOJOKa. BOHH TOBHICTIO
BUKOPHCTOBYBaIM TJIIMH, CIPUH, aJlaHiH, THPO3MH,
METIOHIH Ta BaJiH. 3a TOW caMuil yac JakToOanwiIn
BCTHI'aJlM HAKOIMYUTH 3HAYHY KiJIbKICTh aMiHOKHCIIOT,
cepen SIKMX — TICTHIUH, apriHiH, TUPO3MH, (eHinanaHiH
Ta JIEWMH. 3MEHIIYBaBCsl , K MPaBHUJIO, BMICT TPEOHIHY.
B 3MimaHux KyJnbTypax BMICT BUIBHUX aMiHOKHCIOT OYB
MEHIIMM, HDK B YHCTHX KyJbTYpaX MOJIOYHOKHCIIHX
MaJMyoK, 1[I0  MOSCHIOBAJOCH  CIIOKUBAHHAM  IX
cTpentokokamu [11].

3arajpHOIO XapaKTEPHOIO OCOOIMBICTIO JUIsl BCIX BH-
JiB MOJIOYHOKHCIHMX OakTepiii € IHTEHCUBHE Harpoma-
JDKEHHS aMiHHOTO a30Ty y MepioJ akKTUBHOTO iX pocTy (10
3 ni6), a TakOXX TIiABHIIEHHS PO3YMHHUX a30THCTHX pe-
YOBHMH Ta 3HWKCHHSA BMICTY 3arajlbHOIO PO3YMHHOTO i
aMIHHOTO a30Ty IPOTATOM BCHOTO JOCHIKYBAaHOTO TIepi-
omy [12].

IIpoTeoniTnyHa cuUcTeMa  MOJIOYHOKHCIHMX — Ta
6idinobakTepiil mpexcTaBieHa MpoTeazaMH Ta IENTHA-
3amu. Ilepmmii eran poskiany kKaseiHy BiOyBaeTbCs ITiJ
nieto nporeas. Lli pepMeHTH XapaKTepHU3yIOThCSI BUCOKOIO
MoJekyisipHoto Baroio (80—145 k/la) 3 ontumymom pH B
Mexax 5,5-6,5 1 akTMBYIOTBCSI 200 cTabLII3YIOThCS 10HA-

MH Kanbliro. IIporeasu JIakToOaKTepii MEpeBaXKHO Till-
poIi3yIoTh OiNKOBi (pparmMeHTH, aje MOXKYTh BHOIPKOBO
aTakyBaTH 1 (paximii HaTHBHOTO Ka3eiHy. BoHm, sk mpa-
BUJIO, 3B‘s13aHl 3 KJIITHHHOIO CTIHKOIO 1 IIMTOIIJIa3MaTHY-
HOIO MeMmOpanoro [13].

BusiBIeHO TPOTEONMTHYH YCHCTEMY Y MPOIiHOBO-
KHCIUX OaKTepidl, 10 BUKOPHCTOBYIOTbCS y MOJIOYHIN
npoMuciioBoBeTi [14]. BoHa MicTUTH /1Ba THUNM Pi3HUX
mpoTeas, a came, OJHI 3 HHX acOLiAOBaHI 3 KIIITHHOIO
CTIHKOIO 1 JIIOTh BHKIIOYHO Ha [3-Ka3eiH y eKCIIOHEeHIIia-
JBHIHN (a3l pocTy, TOMl 5K IHIII PEECTPYIOTHCS HANPHKIH-
LIl aKTUBHOTO POCTY i XapaKTepPH3YIOTHCS MEHIIOIO CIie-
mudiynictio. OctaHHi (epMEHTH JIOKAIi30BaHI Ha Kili-
TUHHIH MeMOpaHi.

'muOrmii po3mazn OLJIKIB 3IIMCHIOETHCS
MENTHAA3aMH — aMIHONENTHIA3010, IMIHOIENITHAA30I0,
I- 1 TPHUIENTHOAa30i0, TPOJIHA30l0, IPOJiIA30I0,

SHJIONENTH/Ia3010 1 KapOOKCUIIEITHAA3010.

i axtuBHOCTI OynuM BH3Ha4YeHI y Me30(UTBHHX
nakrokokiB L. lactis, L. cremoris, L. diacetilactis Ta
tepmodineHux TakTobarmn Lb. helveticus, Lb. bulgaricus
i Lb. acidophilus [15]. Bimbury KinbkicTh BiNBHHX
aMIHOKHCJIOT, Yy TOpIBHSHHI 13  CTPENTOKOKaMH,
Hakormuuyrote  L.bulgaricus Ta L.acidophilus (mo
15 mMr%), Buau L.casei ta L.plantarum — 3nauno MeHrie
(mo 6,8 Mr%). 11i BiIMIHHOCTI TOSCHIOIOTHCS 3HUKCHOIO
MPOTCONITUYHOI AKTHUBHICTIO CTPENTOKOKIB, Ta iX
OlLTPIIMMHU TOTpeOaMH y BITPHUX aMIiHOKHCIIOTaX Y
TTOPIBHSAHHI 3 MTATHIKAMH.

Ocraro4”o MEXaHI3M yTHIi3a1i1
KOPOTKOJIAHIIOTOBUX TMENTHIIB (10 6 aMiHOKHCIOTHHX
3aJMIIKIB) MOJIOYHOKHUCIUMH  OakTepisMu 1ie He
BU3HAYECHUIL.

BBaxkaeTbcs, 110 TEPBHHHHMN TiAPONI3 HENTHIIB
30IACHIOETECS  MENTUAA3aMHM  KJIITUHHOI CTIHKM [103a
KJIITUHOIO, & TIOTIM JIUIENTHIN TIEPEHOCATHCS B CEPEIUHY
KIITHHY crieU(iYHUMH TPAHCTIOPTHUMH CHUCTEMaMH, 1€
1 TiAPOITI3YIOTHCS IIUTOINIA3MATHIHUMH TIETITHIA3aMHU J10
amidokucor [16].

CrymiHp MIPOTEOI THIHOT aKTUBHOCTI
MOJIOYHOKHCIIHX OakTepiil 3alnexuTh Bif (pa3u po3BUTKY
MIKpOOpraHi3MiB, 1 B TIepiox iX IHTCHCHBHOTO pOCTY
AKTHUBHICTH MpoTeoizy Bumma [17].

HeoOXigHO BiAMITHTH, 10 CHENUDIYHICTH MPOTEO-
JMTHYHUX (EepMEHTIB JlakToOakTepiii Oarato B YoMy
BU3HAYA€ CEHCOPHI XapaKTEPUCTUKHU Ta II€THYHI BIACTH-
BOCTI ()epPMEHTOBAHUX MOJIOYHUX MpoayKTiB [18].

OTxe, MPOTEONITHIHY AKTUBHICTb MOXKHa
po3mIsAaTH AK Iie OAMH KpHUTepiil BinOOpy BHPOOHHUO
OiHHUX ~ mTaMiB  JakroOakrepiid.  [lo-mepme, 1
BJIACTHBICTh XapaKTepPH3ye 3AaTHICTb MIKpOOPTaHi3My
PpO3LIETUIOBATH O1JIOK 1 BUKOPHCTOBYBATH MPOJIYKTH HOTO
po3maay Uil BJIACHOTO  KOHCTPYKTHBHOTO  OOMIHY
peUYOBUH

Y 1npoMy BHDAAKY 3a CTyNIEHEeM YTBOPEHHS |
BUKOPHCTAHHS, B MEPIIy 4Yepry, BUIbHUX aMiHOKHCIOT
MOJKHa CYAWTH TPO aKTHUBHICTbh PO3MHOMXEHHS 1 JESKHX
IHIITMX TPOIECIB )KUTTEAISUTBHOCTI MIKPOOPTaHi3My.

[To-npyre, He BUKOpPHUCTaHi MIKpOOpraHi3MaMu B
mpoueci ix mera®oii3My 1 HAaKONHWYEHI B CepeIOBHIII
Tipodi3aTH OUIKIB, MiJBUINYIOTH TIETHYHI BJIACTHBOCTI,
XapuoBy I[IHHICTb 1 OpraHOJENTHYHI  ITOKa3HHUKH
(epMEHTOBAaHUX MOJIOUYHHX ITPOIYKTIB.
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Mera aociigKeHb

Merta mocnmimkeHHs — JOCTIKCHHS BIUTUBY MIiKpOO-
praHi3MiB pi3HHX TaKCOHOMIYHHX TPYyIl Ha mepedir mpo-
LIECiB MEePEeTBOPEHHS a30THUCTUX CIIONYK Ta (pOpMyBaHHS
aMiHOKHCJIOTHOTO CKJIQJy TOTOBHX KHCJIOMOJIOYHUX Ha-
TOIB.

Pe3yabTaTn n0ociigkeHb

OO'extamu nociikeHHs: Oyno (epMeHTOBaHE MO-
JIOKO OaKTepisiMH Pi3HUX TAKCOHOMIYHHX TPYH 3 KOJEKIIii
Bigmiry OioTexHoJOrii [HCTHTYTY MPOIOBONBYHX peCyp-
ciB HAAH. Jlns BUTOTOBICHHS KUCIIOMOJIIOYHUX TPOIYK-
TiB BUKOPHCTOBYB&JIM TACTEPHU30BAHE MOJOKO 2,5%.
CkBamryBaqu A0 [OCATHEHHS B MPOAYKTaX THUTPOBAHOI
kucioTHicTh 70°T 3a Temmeparypu 37C.

MacoBy 4acTKy 3arajpHOro Oilka Ta HEOLIKOBOTO
azoty Bu3Hauanu MertonoMm Kempmans (JCTY ISO
8968:2005 — uvactunu 2,4; ACTY ISO 17997-1/IDF 29-
1:2009 (murecrop 1 muctwiastop «Fisher Bioblock
Scientificy, ITamis).

AMIHOKHCIIOTHHH aHaNli3 TPOBOAWIA Ha aMiHOKHC-
nmotHOMY aHamizatopi «Biotronik LC-2000» (HimeuunHa)
3 ()OTOKOJIOPUMETPUIHNAM IETEKTOpOM. JleTekmiro mpo-
BOJAWJIM Ha MOBKUHI xBIi 570 HM. {7151 BOTO TTPOBOIMIN
rigponiz 6imka 06podkoro 0,1 M MoJoka 6 H pO3UHHOM
HCI, BiATOHKOIO TOBITPS B CTPYMi aproHy, BATPHIMKOIO 32
temmnepatypu 120°C nporsirom 24 roj, BUNaproBaHHI 3a
JIOIIOMOTol0  poTaniiiHoro BumnaproBada «RVO  400»
(«Ingos, s.r.0.», Yecbka Pecry0itika), po3unHeHHS B 0y-
¢epi 3 pH 2,2.

TutrpoBaHa KUCIOTHICTh MPoOH W, B rpamycax Tep-
Hepa, JOPIBHIOE 00CATY BOJHOTO PO3YMHY TiAPOKCHIY
Hatpito 0,1 N, BuTpadenoro Ha HelTpamizamito 10 r Kuc-
JIOMOJIOYHOTO MPOAYKTY, MoMHOkeHoro Ha 10. 3a ocra-
TOYHHH pe3ynbTaT MpUHAMAIM CcepelHbOapUPMETHIHE
3HAUEHHS Pe3yJIbTaTiB ABOX MapajeIbHUX BUMipIOBaHb.

AwminokucioTauit ckop (%), po3paxoBaHo 3a ¢op-
myJoro [19]:

AKy
AK,

AC =222-100, (1)

ne AC — amiHOKHCTIOTHUH ckop; AK, — BMICT aMiHOKWC-
JOTH Y JOCHIDKYBaHOMY TPOIYyKTi, Mr/r Oinky; AK, —
BMICT aMiHOKHCJIOTH Y €TaIOHHOMY OiJIKY, MT/T OiJIKy.

BwmicT neTKkux opraHigYHUX KHCJIOT Y MOJIOYHHX 3TyC-
TKaxX (JUCTHILIAHE YUCII0) BU3HAYAJIH 32 MiKPOMETOIOM
[20].

BifKky KHCIIOMOJIOYHUX MPOJYKTIB TOBHICTIO TEpET-
PaBIIOIOTBCS B KHMIIKIBHUKY JIIOAWHM. Po3smieruieHHs
O17KIB BiZIOYBAIOTHCS IMiJI BIUIMBOM ()EPMEHTIB 3aKBally-
BaJIbHOT MikpoOioTn. CTymiHb po3LIeIUIeHHs OLIKIB 3aje-
JKUTH BiJl ITAaMy MIKpOOPTaHi3MiB.

Bwmicr 3arampHOTO a30Ty i OiNka Ta TUTPOBAHOI KHC-
JIOTHOCTI B JOCIIiTHUX 3pa3KaxX HaBeICHO B TaOmui 1.

Amnani3 JaHux IMOKa3as, [0 BiA3HAYEHO 301IbIICHHS
MacoBoi 4acTku Oinky y Bapianti /|1 Tta /I4 B mopiBHSIHHI
3 BapianTamu [I2 Ta JI3, ame pi3HMI CTAaTHCTUYHO HE
JIOCTOBipHA.

CrocTepiraerbcs 3MEHIICHHS! 3arajibHOro asory, 3a-
rajpHOro OUIKYy B KOMOiHamlii mTaMiB ISl KHCIOMOJIOY-
HOTO MPOAYKTY 3 BMicTOM OihimoOakTepiii Ta mpomioHo-
BOKHCIIUX OakTepiil y HOpPIBHSHHI 3 KOMOIHAIII€I0 ITaMiB
J4. Ie cBiAUUTH TPO TE, IO MPOAYKT MOCHUITIOETHCS TIPO-
TEOJITHYHOIO aKTUBHICTIO OiimoOakTepiii Ta HpPUCKO-
PCHHSM 3aCBOEHHS 1HIINX a30TUCTHX CIIOJIYK MOJIOKA.

TutrpoBaHa KHCIOTHICTB 3pa3kiB Oyia Ha piBHI Bif
105 °T mo 114 °T. Ili mTamMu He € aKTUBHUMH KHCJIOTO-
YTBOPIOBaYaMH.

Jlami mpo BMICT aMiHOKHCIOT B (PEPMEHTOBAHOMY
Moutorii pisaumu mramamu St. thermophilus Ta ix komro-
3HIIIEI0, MPEICTABICHI B TaOMHII 2.

Bcworo Oyno BusiBieHo 16 aMiHOKHCIIOT, B TOMY 4H-
clli 7 He3aMiHHUX, IO CBIIYUTH PO BUCOKY OIOJOTiIYHY
IHHICTh OTPUMAHKX TPOYKTIB.

3a cyMOr0 He3aMiHHHX aMiHOKHCIOT OiJIOK MOJIOKa
(depmenToBanoro mramom St. thermophilus 2176 3nauno
BIZIPi3HSIETBCS Bi OUTKa MOJOKa (PepMEHTOBAHOTO INTA-
mom St. thermophiles 2120. Hanpuknaa, 3a KiIbKiCTIO
Ti3uHy, (eHinananiny, Baxiny — Ha 1503,6 %, 295,5 % Tta
268,2 %. MerioHiH Ta i30neHH OyJiM BiACYTHI y Tpo-
IyKTiB (epmenToBanoro mramom St. thermophiles 2120.
CamoxBache MoJjioko (K) MicTuio auire oaHy He3aMiHHY
aAMIHOKHCIIOTY — JIi3HMH Y KutbkocTi 57 mr/100r.

Tabmunsl. 3aragpHa KijbKICTh OUTKY B JOCTIIHUX IITaMax Ta iX KOMOIHAIISIX.
Table 1. The total amount of protein in the experimental strains and their combinations.

Joeri ltau MacoBa KoHIIeHTpartis, % Kucnornocts uepes 12
A 3arajpHUi a30T 3araabHHUI 010K roj. ckammBanus, °T
1 St. thermophilus 2176 0,497+0,002 3,166+0,03 110+3
12 St. thermophilus 2120 0,433+0,001 2,758+0,01 11442
13 St. thermophilus 2138 0,455+0,001 2,898+0,02 11143
Komb6iHaris nmramis
14 St. thermophilus 0,473+0,002 3,013+0,02 1164
1:1:1
115 B. bifidum 4101 0,476+0,002 3,032+0,02 10545
116 B. longum 4201 0,452+0,001 2,879+0,01 114+£3
17 B. adolescentis 4400 0,465+0,002 2,962+0,01 108+4
P. freudenreichii
118 1-110 0,443+0,001 2,821+0,02 -
Komb6inaris mramis
119 (4154 J16+JT7-418) 0,469+0,003 2,988+0,02 117+4




182

JI. B. banp-Ilpununko, C. I'. lanunenko, O. 1. Iloremcrbka, O. B. Haymenko, T. A. Kpuxcbka

Tabauus 2. SIkicHuii Ta KiIbKICHHN CKJIaJl aMiHOKHCIIOT Y (hepMEHTOBaHOMY MOJIOL pizHUMH InTaMamu St. ther-

mophilus Ta ix KOMIIO3HIIi€TO.

Table 2. Qualitative and quantitative composition of amino acids in fermented milk by different strains of St.

thermophilus and their composition.

. Bwuict, Mr/100r mpoaykTy
AMIHOKHCTOTH K] T | 2 13 | T,
Heszaminni aminoxuciomu, 6 momy yucii
TpeoHin 0 61 523 0 0
Banin 0 1491 556 387 817
MerioHiH 0 538 0 0 96
[30neinH 0 738 0 597 320
Jleinma 0 1886 348 1000 674
DeHinananin 0 1248 83 295 2269
Jlisun 57 1244 421 614 677
Cyma He3aMiHHUX aMIHOKUCIOM 57 7206 1931 3343 4853
3aminni aminokuciomu, 8 momy 4ucui
AcnapariHoBa KHCJIOTa 156 0 1136 193 104
Cepin 0 463 0 813 986
I'myramiHOBa KucioTa 5361 9756 1996 6976 9285
[Ipounin 374 3665 4422 241 2186
Tminma 863 305 0 0 0
Ananin 103 793 231 1113 982
Tuposun 0 0 0 194 0
Tictnnne 0 1039 654 652 59
Aprinin 0 0 0 0 673
Cyma 3aMiHHUX AMIHOKUCTIOM 6857 16021 8439 10182 14275
Cnigsionowenns mioe HAK i 34K 0,008 0,449 0,229 0,328 0,339

[ITo crocyeTbecst 3aMiHHNX aMiHOKHCIIOT, TO 1X BUSB-
JICHO [eB’STh. [ IyTaMiHOBa KHCJIOTa Ta MPONIH OyIo
BHSIBJICHO Y BCiX 3pa3kax. [minwH OyB BiICYyTHIH y 3pas3-
kax JI2-J14. B xoHTpoIIi #ioro Oymo Oinkmre y 2,8 pasu HiX
y 3pasky J[1. Ananin OyJi0 BUSIBIICHO TUIBKH Yy 3pa3ky /14
(depmenToBanomy  kommosuiiero  St. thermophilus.
Haii0inpiry KinbKiCTh MPOJiHY OYJI0 BHUSBJICHO y 3pa3Ky
2., ximekicTh sixkoro y 11,8; 1,2; 18,3; 2,0 pa3sis Buiue
ik y K, 11, /13 Ta /14 BigmoBigHO.

JlaHi oTprMaHi HaMU y3TOPKYIOTHCS 3 JTAaHUMH OITy-
OnikoBannMu B [21, 22] B SIKMX 3a3Ha4Y€HO, IO KiIBKICTH
BUIBHAX aMIHOKICJIOT B MOJOILI He3HayHa - Bif 0,5 mo 2
Mr % Ta BUSBWIA B HBOMY apTiHiH, TICTi[iH, Ji3UH,
JICHIIiH, BaJliH, TJIIUH, acTIapariHOBYIO KHCIIOTY Ta iH.

BionoriyHa miHHICTH MPOIYKTIB XapuyBaHHS Xapakx-
TEPU3YIOThCS aMiHOKUCIOTHUM ckopoM. CKop — 1ie Bif-
COTKOBa MICTKICTh KOXKHOI 3 aMiHOKHCIIOT MPOIYKTY II0
BITHOIICHHIO [0 IX BMICTy B igcainbHOMy Oinky. s
BHPaKEHHS 010J0Ti9HOI IHHOCTI MPOIYKTIB BHKOPHCTO-
BYIOTh METOJI, III0 3aCHOBAHUH Ha IOPIiBHAHHI aMiHOKHC-
JIOTHOTO CKJIaay 3aJaHOTO MPOIYKTY 3 «iJeambHUMY Oi-

KOM TI0 aMiHOKHCIIOTHIM IIKami, IO pPEKOMEHIOBAaHO
komiterom ®AO/BO3. [l po3paxyHKy aMiHOKHCIOTHO-
r0 CKOpY BH3HAYalOTh MACOBY JIOJNIO KOXHOI He3aMiHHOT
AMIHOKHCIIOTH B KOHKPETHOMY MPOAYKTI 1 TOPIBHIOIOTH 11
3 BIJIMIOBITHOKO aMiHOKHCJIOTOIO B «iZI€aIbHOMY» OLIKY.
Haii6inbi wiHHI JUIs JIIOAMHE — CIPKOBMICHI aMiHO-

KUCJIOTH: METIOHIH, IO MPUUMAE ydacTb B KPOBOTBO-

PEeHHi, a TaKoX yTBOpEHHI xouiHy 1 docdomimiais; Tpun-
To(haH B CHHTE31 TKAHUH; JII3UH — B KPOBOTBOPEHHI 1 MPO-
1ecax 0OMiHY PEUOBHH B OpraHi3mi.

XapaktepucTUKy 0i0J0Ti9HOI MIHHOCTI OIJIKIB CKBa-
LIEHOro MoJoKa pi3HuMu mramamu St thermophilus
OTPUMYBAJIH, PO3paxyBaBIIN 3HAYEHHS aMiHOKHCIOTHOTO
CKOpa, [0 MTOKA3y€e BMICT aMiHOKHCIOT B JaHUX IPOAYK-
TaxX B MOPIBHSHHI 3 BMICTOM iX B IOBHOIIIHHOMY OiJKY,
MPUHHATOMY 3a CTaHAApPT BiamoBigHO M0 mkamn ®AO /
BOO3 (tab:. 3). OtpuMani 1aHi ¢Bi14aTh Opo OI0JIOTiuHY
NOBHOIIHHICT OUIKY TaKMX IPOAYKTIB, TaK SK BOHU
MICTSITh IPAaKTUYHO BCi He3aMiHHI aMiHOKHCIOTH (BH3HA-
YeHHsI TPUNTO(aHy HE POBOIUIIOCS).

Ta6muns 3. AMiHOKUCIIOTHHH CKOp GLIKyMOJIOUHHX MPOAYKTiB (MopiBHsHO 3i mkanow ®AO/BOO3), r/100 r 6inky.
Table 3. Amino acid score of dairy protein (compared to the scale FAO/WHO), g / 100 g of protein.

He3zaminai aMiHOKHCIIOTH Eranon Crop,%
DAO/BO3 K 1 pIy /13 pIg:
Tpeonin 40,0 0 152,5 1307,5 0 0

Banin 50,0 0 2982 1112 1674 1634
MerioHiH 35,0 0 1537,1 0 0 274,3

[3omeknun 40,0 0 1845 0 1492,5 800
Jleitmn 70,0 0 2694,3 419,3 1428,57 962,9
®deninananin 60,0 0 2080 138,3 491,7 3781,7
Jlizun 55,0 103,6 2261,8 765,4 1116,4 1230,9
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ETanoHoM O1JIKOBOTO TIPOAYKTY BBa)KAEMO iealtizo-
BaHy MOJeNb OITKOBOTO MPOAYKTY, 3alpOIIOHOBAHY
FAO/WHO. bionorigysa miHHICTh OLTKOBHX KOMITO3HIIii
3aJICKUTHh Bl YMICTy B HHX HE3aMiHHHX aMiHOKHCIIOT
(HAK) i cniBBimHOImIEHHS iX y MOJIOYHOMY NIPOIYKTI W
i7eanizoBaHOMY OLJIKY.

Tak caMOKBacHE MOJIOKO HE MIiCTHTh B COOi CHEKTp
HEe3aMiHHMX aMiHOKHCJIOT. TimbKM J3UH Mae OiuIbLry
KiJIbKICTh B MOpiBHSHHI 31 mikanoo ®AO/BO3. Bcei mita-
MU, SIKUMH Oyno (epMEHTOBaHE MOJIOKO, Malli TapHi
MIOKa3HUKH B OPIBHSHHI 3 CAMOKBaCHUM MOJIOKOM. Haii-
BHIIIMM CKOpPOM BupisHsBCs mtam St. thermophilus 2176 i
craroBuB 135527, mo B 130 pasiB OinbIme, HIXK y CaMOK-
BacHOMy Mouorli. Haitamkanm Gy mram St. thermophi-
lus 2120 i cranoBus 3742,5.

[IpoBeneHnit po3paxyHOK aMiHOKHCIOTHOTO CKOPY
TepMOQUIEHUX CTPENTOKOKIB Ta IX KOMOiHAIlii, MOKa3as,
10 OIIOK B UX BapiaHTaX € MOBHOI[IHHUM Ta 338 BMICTOM
He3aMiHHMX aMiHOKHCIOT 3rigHo 3i mkanor ®AO/BO3
MEPEBUIIYE iIcalIbHUM OLIOK Maibke 3a BCiMa aMiHOKHC-
notamu Ha 52...2882%. A cymapHa KUIbKICTh aMiHOKHC-
70T (eHINaNaHiH+THPO3UH 3HAYHO INEPEBHUINYIOTh IX
BMICT.

Hageneni B Tabmursix 2 ta 3 gaHi, CBimYaTh Ipo
010JIOTIYHY MOBHOIIIHHICTh OUIKIB MOJIOYHHUX TMPOIYKTiB
CKBAaIlICHUX [MOCTiKeHMMH mramamu. OTpuMaHi maHi
JAal0Th MOXJIMBICTH  PEKOMEHIYBaTH iX 3alydaTd Jo
CKJIaJy 3aKBaIlyBaJIbHOTO MPEIapaTy.

[lepcriekTHBHUM  HampaBJICHHSM  IiJBHIICHHS
JIETHYHHUX BIACTHBOCTEH KHCIOMOJIOYHUX NPOIYKTIB €
BHUKOPUCTAHHS CIICHiaJbHO MiTiOpaHuX 1 BHUIUICHUX B
pe3ynbTarti cenekuii KyapTyp Oidinodakrepiil, MpomioHo-
BOKHMCJIMX OakTepiii Ta IHIIMX MIKpOOPTaHi3MiB, IO
HaJlal0Th NPOJYKTaM (YHKIIOHAJIbHUX BJIACTHBOCTEH.

[IpoBeneno mocmimkeHHS i3 3amydeHHsIM OihimoOax-
Tepil Ta MpomioHOBOKKCIHX OakTepiit. s dpepmenTamii
Gymu o6pani gmcti kymsTypu B. bifidum 4101, B. longum
4201, B. adolescentis 4400, P. freudenreichiif-110. IIi
KynbTypu Oynmo oOpaHO 3 My3er0 BiImiry 0i0TeXHOJOTii
IHCTHTYTY TPOJOBOJIBYMX PECYpCiB, SK KyJIbTYypH —
npobioTrku. byyo mpoaHaTi30BaHO SK BIUIMBAIOTH MPOOi-
OTUYHI KYJIBTYPU Ha XapaKTEPUCTUKY TOTOBOT'O MPOAYKTY
32 aMIHOKHMCJIOTHUM Ta JKHMPHOKHCIOTHHUM CKJIaJOM

(tabm. 4).

Tab6auus 4. AMIHOKHCIOTHHIA CKOp OUIKIB Y ZOCIITHHUX 3pa3kax MOJOYHUX IPOIYKTIB.
Table 4. Amino acid rate of proteins in experimental samples of dairy products.

Hezaminni Eranon Ckop,%
aMIHOKHCJIOTH DAO/BO3 J4 JI5 716 a7 718 J19
TpeoHin 40,0 0 301,75 339,25 403,25 0 2495
Banin 50,0 1634 0 0 0 1482,0 466
MerioHiH 35,0 274,3 0 0 0 0 0
[3oneiinuua 40,0 800 0 0 0 170 0
Jleiupn 70,0 962,9 0 0 0 441,43 425,71
Peninaa- 60,0 3781,7 | 481,66 620,0 9838,0 8830,0 6071,66
HIH+THPO3UH
Jlizun 55,0 1230,9 1247,27 187,45 1687,27 703,63 1394,54

Sk BUAHO 3 OTPUMAaHUX JaHWX HaHOUTBIIOIO KiBKic-
TIO BUPI3HSAINCS aMiHOKUCIIOTH - JIi3WH, JICWIWH, (eHina-
JIaHIH Ta TPEOHIH. SIK B OKpEeMHX IITaMaX TaK i B KOMIIO-
3WIii KUTBKICTB 3pocia B pasd. Bimomo, mo ocobimBe
3Ha4YeHHs Mae Ji3uH. L[ amiHOKHCIOTa HEOOXimHA JyIst
HOpPMaJIbHOTO ()OPMYBaHHS KICTOK, CIIPHSIE 3aCBOEHHIO
KaJbI[IO0 1 MITPUMII HOPMAIbHOTO OOMIHY a30Ty y JII0-
pocnux Jroneit. Takox 301IbIIMBCS BMICT TPEOHIHY Ta
¢eninananiny. 1{i aMiHOKHCIOTH MO3UTUBHO BIUIMBAIOTH
Ha HACTPii, 3SMEHIIYIOTH OiJIb, MOKPAITyIOTh TaM sTh. 11le
BIZIOMO, IIIO JII3WH Ta TPEOHIH € CYBOPO HE3aMiHHHMH,
BOHM YYTJHBI J0 KaTaOoNi3My 1 BaXKJMBI JUIS CHHTE3Y
OinKy. A KOHLeHTpauis QeHinanaHiHy Oyia BHUIIOI Yy
CKJIaAl KOMITIO3MIIT Ul KHCIOMOJIOYHOTO MPOIYKTY B
MOpIBHAHHI 3 onxHOmTaMoBuMH 3paskamu (JI5-718) Ta
Kommno3uiier 4.

3a cymMOI0 HE3aMiHHUX aMiHOKHCJIOT OUTIOK MOJIOKa
(epMeHTOBaHOTO /4 TPAaKTUYHO HE BiAPI3HAETHCSA Bif
Oinka Mmosioka (epmenroBaHoro /19 a 3a BmicToM OKpe-
MHUX aMiHOKHCIIOT HaBiTh mepesepirye Horo. Hampukian,
3a KUIBKICTIO JII3UHY 1 TpeoHiHy - Ha 4,7 1 5,3%. KinbkicTh
IHIIMX HEe3aMiHHUX aMIHOKHCIIOT OJIHAKOBE a00 HE3HAYHO
MEHIIIE.

30aradeHHsT KUCIOMOJIOYHOTO MPOIYKTY Oidimo- Ta
MPOMIOHOBOKUCIAMH OaKTEepiIMH TPH3BEIO A0 301iJb-
LIEHHS. He3aMiHHMX aMiHOKHCIIOT y CYMapHOMY BHTJISJI
Ha 80%. Ane, SIKIIO TOBOPUTH MO OKPEMHM aMiHOKHCIIO-
Tam, TO HaWBHUIIMM MOKa3HHKOM € CyMa JIBOX aMiHOKHC-
70T- eHinananin+ruposut. Kinbkicts ii 3pocna Ha 60%.
A Taki aMiHOKHCJIOTH, IK METIOHHH Ta 130JeHIIMH B3araii
OyJiu BiJCYTHI B KucioMoJioyHOMY mpoxaykti /19 Lle He
CYTTEBO BIUIMHYJIO HA OPraHOJIENTHYHI MOKa3HUKH. A OCb
TPEOHiH, 301TBIINBCS 1 MaB BHCOKHI MOKa3HUK. Bimomo,
10 TPEOHIH CIPHSE MiATPUMII HOPMaJIbHOTO OLIKOBOTO
OayaHCcy B OpraHi3Mi JIFOJAWHH, BILUIMBAE Ha MPOLECH pOC-
Ty, IPUHAMAaE y4acTb B TBOPEHHI aHTHUTLI, MiJBHUIILYE IMy-
HITET OpraHizmy.

Hacrynmuum eranom pociipkeHb Oyjo BHU3HAYECHHS
netkux xupHux kuciot (JODKK).

Crix 3a3HaYUTH, IO KUPHO KUCIOTHUH CKIax Mpo-
OYKTy € OJHHM i3 BaXXJIMBUX KOMIIOHEHTIB y XapyoBiH
MiHHOCTi. HasiBHICTh JIETKUX XUPHUX KUCIIOT BiAINOBimae
3a CMaK Ta apoMmar NpOJYKTy. Pe3yibratu HOCIiKeHb
JKIPHOKHCIIOTO CKJIaay INTaMiB HaBeAEHI Ha PUCYHKax la
Ta 10.
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Puc. 1. KoHmeHTparist TeTKUX KUPHUX KUCIIOT Y I0-
ciiganx 3paskax J1-/19 (muBuch tabmwmrol) Ta K — koH-
TPOJIb

Fig. 1. Concentration of volatile fatty acids in test
samples D1-D9 (see table 1) and K — control.

3a pe3ysbTaTaMu €KCHEPUMEHTAIBHUX JaHUX BUIHO,
IO OKpPEMi IITaMH MIKpOOPIaHi3MiB MarlOTh Pi3HY KOHIIE-
urpanito JIKK.

Sk BUIHO 3 PHCYHKY, HalOUIBIIY KOHIICHTPAIi€IO
JOKK  BusBmim  y  3paska  JI3 1 gopiBHIOBana
37,75 mexB/100r mpoxykTy Ta y KoMOiHamii TepMoQiib-
HUX cTpenTokokiB [I4, mo nopiBaroBana 30,33 mexs/100r
MIPOJIYKTY.

Cepen Bifidobacterium nait6inbiuit moxazuuk JOKK
oyB y /15 i xunbkicTh cranoBuia 43,75 mexs/100r npony-
KTy, a HaliHmwk4uii O0yB y J17 — 22,42 mexs/100r npoxayk-
Ty. HahininaimmM ckiaanom KK xapakrepusyBasiach
KoMOiHaIis mramiB. B maHOMY 3pa3Ky KiNbKiCTh KUPHUX
kucnotr Oyna Ha piBHi 41,77 mexs/100r mpoaykty. Llei
MOKa3HUK OyB HAaWKpalMM cepei BCIX JIOCHIPKYBaHHX
mramiB Ta KomOiHawili, He paxyroun 3paszok [15. Tomy,
KOMOIHAIIIO 3 ITaMiB - /[9, 00paHo IS HACTYIHUX JIOC-
JIJUKEHb.

Posmax OUIKIB i aMiHOKHCIIOT TiJl BILTHBOM (pepMeH-
TIB MOJIOYHOKHCIIMX, HPOIIOHOBOKHCINX OakTepii Ta
0ipinobakTepiii Mae MO3UTHBHE 3HAYEHHS — MOJIOYHI
MPOJYKTH 30aravuyroThCsl PO3YMHHUMH B BOJII Q30 THCTUMHU
i 0€3230THCTUMHU CTOJYKaMH, BHACHIJIOK YOTO TOTOBHIA
MPOIYKT Ha0yBa€ TEBHOI KOHCUCTEHIIl, XapaKTepHUI
CMaK 1 3amax, a TaKOX JIETKO MepeTPaBIOEThCS B IILTYH-
KOBO-KHIIIKOBOMY TPaKTi JIFOJIUHH.

BucHoBkH

1. ®opmyBaHHS MIKpOOIOTH 3aKBaITyBaJbHOI KYJb-
TYp A7 MOJOYHHX HPOAYKTIB 32 PaxyHOK 3aJTydeHHS
MIKpOOPTaHi3MiB Pi3HHX TAaKCOHOMIUYHHX Tpym (a came
0idimo- Ta MPOIIOHOBOKHUCINX OakTepiil) € MOUUTHHIM,
OCKIIBKH CIIPHUSIE TOJIMIIECHHIO aMiHOKUCIIOTHOTO CKIIAy
HOBHIX MPOJYKTIB 1, 30KpeMa, MiABUIICHHIO iX 010J0T14HOT
LIHHOCTI.

2. TlokazaHo 10 MaKCUMaJbHUM BMICTOM €CCEH-
HMiaTEHUX aMIHOKHCIOT XapaKTepU3YeThcs 3pazok /J19.
CnocrepiraeTbcss HOCHJICHHS IPOAYKYBaHHS 3aMiHHHX
aMIHOKHCIIOT, 30KpeMa, TIIyTaMiHOBOI KHUCIIOTH Ta TPOJTi-
Hy. OTpuMaHi pe3ynbTaTH JO3BOJISIOTH 3pOOHTH BHCHO-
BOK, IO 3aCTOCYBaHHA IOCITI[UKEHHWX IITaMiB iCTOTHO
3MIiHIO€ OPTaHOJICNTHYHI BIIACTHBOCTI IMPOIYKIIii 3a paxy-
HOK YTBOPEHUX JICTKHX KUPHHUX KUCIIOT.
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AMUWHOKMCJIOTHBI COCTAB MOJIOYHbBIX
MMPOJAYKTOB ®EPMEHTHMPOBAHHBIX
MUKPOOPTAHU3MAMMU PA3JIMYHbBIX

TAKCOHOMUWNYECKUX T'PVYIIII
JI. B. bano-IIpununko, C. I'. [Janunenxo,
O. U. Ilomemcras, O. B. Haymenxo, T. A. Kpviocckas

AnHoTanus. B crarbe npeacraBieH METOJ peIeHUs
po0JIeMBbI MOBBINICHUS! OMOJIOTHYECKOH EHHOCTH MOJIO-
YHBIX HPOJYKTOB 3a CUET MPUBJICUYCHHS K 3aKBaIlyBajb-
HUX MHKPOOHOTHI KYJIBTYp OM(HIO- M MPOMHOHOBOKHC-
JBIX OAaKTepHil W PacCUNTaH aMHHOKHCIOTHBIH CKOp TIO-
JIy4EHHBIX IPOAYKTOB.

Lens rccnenoBanms BIUSIHASL MUKPOOPTaHU3MOB Pa-
3IMYHBIX TAaKCOHOMHYECKMX TIpynnm Ha (opMHupoBaHHe
AMHMHOKHCJIOTHOTO COCTaBa TOTOBBIX KHCIOMOJIOYHBIX
HAIUTKOB.

Meroauka peanuzauun. OnpeneneHrne aMUHOKUCIIO-
THOTO COCTaBa MOJIOYHBIX MPOJYKTOB IPOBOAMIN Ha
AMHMHOKHUCIIOTHOMY aHanmn3arope «Biotronik LC-2000».

OOBekTamMu HCCIeOBaHUS OBUIO (DepMEHTHPOBaH-
HOE MOJIOKO OaKTepHsAMH Pa3NYHBIX TAKCOHOMUYECKHX
TPYII W3 KOJUIEKINH oTAena OnorexHoiornu MHcruryTta
MIPOJIOBOJLCTBEHHBIX pecypcoB HAAH.

Omnpenenenbl 00pa3nbl, OelTOK KOTOPHIX Hambolee
cOaaHCHPOBaHHBIA 110 AMHUHOKHCIOTHOMY COCTaBy.
V3meHeHnss B aMHUHOKHCIOTHOMY COCTaBy MOJIOYHBIX
MPOJXYKTOB OOYCJIOBJICHBI B OCHOBHOM KOJICOaHHSIMHU
3aMEHUMBIX aMHHOKHCIOT. COOTHOLIEHUE HE3aMEHUMBIX
U 3aMEHUMBIX aMHHOKHCIIOT MOXET OBITh MOKa3aTeieM
TIOJTHOLIEHHOCTH OEJIKOB MOJIOYHBIX TPOAYKTOB B 3aBH-
CUMOCTH OT INTaMMa MHKpoopraHmsmoB. OOoramieHue
MOJIOYHOTO TIPOAYKTa OMGHI0- W TPONHOHOBOKHCIBIX
OaKkTepHsIMU MPUBEJIO K YBEJIIMUCHHUIO HE3aMEHUMBIX aMU-
HOKHCIIOT B cyMMapHoM Bue Ha 80%.

Crenan BBIBOJI, UTO COCTaB 3aKBallyBaJILHHUX IIpema-
para Juisi MOJIOYHBIX IPOJYKTOB CYIIECTBEHHO BIIMSIET Ha
OMOJIOrYEeCcKyI0 IIEHHOCTh TOTOBOTO Ipoaykra. [losTtomy
ClIelyeT paclIMpsiTh aCCOPTHMEHT 3aKBACOYHBIX Mpemna-
paroB 3a cueT NPHBJICUSHUS MHUKPOOPTBHU3MHUB pa3HbIX
TaKCOHOMHYECKUX TPYIIL.

KarodeBble cj10Ba: aMHHOKHCIIOTa, OHOJIOrHYECcKast
LEHHOCTb, MOJIOYHBIE IPOXYKThI, MHKPOOPTaHU3MBbI,
XKHUPHBIE KUCIIOTHI.

AMINO ACID COMPOSITION OF DAIRY
PRODUCTS FERMENTED BY MICROORGANISMS
OF DIFFERENT TAXONOMIC GROUPS
L. V. Bal-Prylypko, S. G. Danylenko, O. I. Potemskaia,
O. V. Naumenko, T. A. Kryzhska

Abstract. The article presents a method for solving
the problem of increasing the biological value of dairy
products by involving cultures of bifido- and propionic
acid bacteria in the fermentation microbiota and calcu-
lates the amino acid score of the obtained products.

Goal study of the effect of microorganisms of differ-
ent taxonomic groups on the formation of the amino acid
composition of ready fermented milk drinks.

Methodology of implementation. Determination of
the amino acid composition of dairy products was per-
formed on an amino acid analyzer "Biotronik LC-2000".

The object of the study was milk fermented by bacte-
ria of different taxonomic groups from the collection of
the Department of Biotechnology of the Institute of Food
Resources of National Academy of Agrarian Sciences.

Results. Samples their protein being the most bal-
anced in amino acid composition were identified. Chang-
es in the amino acid composition of dairy products are
mainly due to fluctuations in essential amino acids. The
ratio of essential and nonessential amino acids can be an
indicator of the completeness of dairy proteins depending
on the strain of microorganisms. Enrichment of the dairy
product with bifido- and propionic acid bacteria led to an
increase in essential amino acids in total by 80%.

It is concluded that the composition of the fermenta-
tion preparation for dairy products significantly affects
the biological value of the finished product. Therefore, it
is necessary to expand the range of fermentation drugs by
involving microorganisms of different taxonomic groups.

Key words: amino acid, biological value, dairy
products, microorganisms, fatty acids.
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AHoTanis. B crarTi npoBeAeHO aHANI3 MiATPUMAaHHS
ICHYIOUHMX CLUIBCBKOTOCTIONAPCHKHUX MaIInH B
Mpane3JaTHOMY CTaHi, 3a SKAM CIiJ BiJIpaIfoBaTH
CHCTEMY TEXHIYHOrO OOCIYroBYBaHHA 3 YpaxyBaHHIM
yMOB pedopMyBaHHs arpapHoro cekropa. ITix TexHiuHIM
00CIyrOBYBaHHSIM PO3YMIEThCS KOMIUICKC pOOIT 1O
MiITPUMaHHIO pOOOTO3aTHOCTI 200 CIPaBHOCTI BUPOOIB
NpU  BHUKOPUCTaHHI 32  NPU3HAYCHHSIM  IIISIXOM
pEryJIIOBaIbHUX, 3HAIOYUX, 3alpaBHUX 1 KPIMMIBHUX
poOiT. J[7Ist OIiHKK aNbTEpPHATHBHHUX BapiaHTIB JOIIEHO
MPOBOIUTH MOPQOJOTIYHUIA aHaJi3 BCi€i CYKYITHOCTI
MOXJIMBHX PIIICHb JOCIIAKYBaHOI IPOOIEeMH, TIONAHUX Y
BHTIISAAI MOP(OJIOTIYHOI MaTpHIIi, B Kl TIOAaHI OCHOBHI
¢yHKOii MamwHA 1 BapiaHTH mOpeaMeTHHX (opM ix
BUKOHAHHS.

TeopeTHIHUMH TOCTIKCHHSIMHA HAaAIHd BiJIOBIIh
Ha /IBa TOJIOBHI NIMTaHHS — SIK Ma€ 3MIHIOBATUCS CHCTEMa
TEXHIYHOTO 00CIYrOBYBaHHS 3aJIEKHO BiJl PIBHSI PO3BUTKY
arpapHoro BHPOOHHIITBA, a TAaKOX — SKI Hapamerpu
[MOBMHHA MaTU CHCTEMa OOCIyrOBYIOYOI'O CEpBICY, 1100
BUKOHYBaTH BIJNOBIIHI BTPyY4aHHS 3 MiHIMaIbHUMHU
TEXHOJIOTIYHO IOTPIOHMMH BHUTpaTaMH pecypciB Ta
KamitTanmoBKiIageHHssMu.  OIIHKY  piBHA ~ TEXHIYHOTO
00CITyroByBaHHS CUIBCHKOTOCTIOIAPCHKHUX MalluH
nepe0aveHo BUKOHYBATH 33 CYKYITHICTIO OpraHi3aliifHo-
TeXHIYHHX (pakTopiB, popMamizoBaHMX UYepe3 YacTHHI i
KOMIUIEKCHI TTOKa3HUKH, B ABa eTtanu. [lepmmii — ominka
Yyepe3 YacTHHI MOKa3HUKHU 10 KOKHOMY (haKTOpy OKpeMOo.
Hpyruii — omiHKa KOMIUIEKCHOTO MMOKa3HHWKa (3a BCiMa
(akTOpaMH B IIJIOMY).

KawuoBi  caoBa:  meromosoris,  KoedimieHT
TOTOBHOCTI, e(heKTUBHICTb, CIITbCHKOTOCTIOAPChKA
MalllfHa.

ITocTanoBka mpodaemu

OnHi€r0 3 IepeIyMOB 3a0e3MCUeHHS MPaIe3IaTHOCTI
1 €KOJIOTIYHOCTI CUTBCHKOT'OCITOIAPCHKUX MAIITIH B yMOBaX
icHylounx oOMeXeHb (DIHAHCOBHUX PEeCypciB 1 HH3BKHX
MTOKAa3HUKIB O€3BiIMOBHOCTI NHWX MAIIMH € MOUIYK
pamioHambHUX pimieHb 3  e()EeKTHBHOCTI  TEXHIYHOL
eKCIlTyaTarlii, ki O JO3BOJWIM BHKOHATH HEOOXiHi
00’emMu  poOIT 3 TEXHIYHOTO OOCITYrOBYBaHHA 32

MiHIMaTBPHUX 3aTpaTax (pIHAHCOBHX 1 TPYHOBUX pecypciB
[1-4].

IIpobnema  migBuieHHs  HafgifiHOoCcTI  [B] #
e(peKTUBHOTO BHKOPUCTAHHS CLIBCHKOTOCIIONAPCHKUX
MaImyH mepedyBac B TICHOMY 3BSI3KYy 13 IpoOIeMOro
OpraHizamii ¥ TEXHOJIOTI€I0 3IIHCHEHHS BCiX MPOIECiB
nepe0a4eHNX CHCTEMOI0 TEXHIYHOrO 0OCIyrOBYBaHHS B
arpapHoMy BUPOOHHIITBI [6, 7]. PamioHansHa opranizaiis
eKCIUTyaTalii MaIlMH HEMOXJIMBA TIPH BIACYTHOCTI
HEOOXiTHUX BiZIOMOCTEH MO NEePiOAWYHICTD 1 TEXHONIOTIT
BUKOHAHHS NPO(MUIAKTUYHHX PpoOOIT. Y LBOMY 3B'S3KY
CTBOPEHHSI METOAMKHA OOIPYHTYBaHHS NEPIOAMYHOCTI
TEXHIYHOTO OOCIYrOBYBaHHsS € aKTyaJbHUM HayKOBO-
npakTHYHUM 3aBaanHsM [8-10].

BuBueHHs (akTopiB, 110 BHABISIIOTH BIUIMB Ha
TPUBAIICTh POOOTH JaHOTO BY3Ja JO MOMEHTY, KOJH
JIOLJIBHO MPOBOAUTH NPOLIAKTHYHI pOOOTH ITOKA3YE, 110
B I[OMY TIMTaHHI ICHYE CBOEPITHANA  TPUHIIMII
HEBM3HAUEHOCTI: YMM IOBHIIlIE i TOYHIIIE BPaXOBYIOTHCS
3a3HaueHi (pakTOpH, TUM MEHII € IOCTOBIPHIUM OTPUMaHHI
pe3yJIbTar. Binbm JOCTOBIpHOT BUSIBJISIETHCS
nepioguunicTs TO, ycTaHOBNICHA 3 ypaxXyBaHHSM BHMOT,
chopMmyboBaHa 3 OUTBII 3arajabHUX Mo3uMii. Hampukian,
YCTAHOBJICHHS TEPIOJUYHOCTI 3MIACHEHHS OIeparlii
TEXHIYHOTO OOCIYrOBYBaHHS 3 ypaxyBaHHSM BHUMOT
palioHaJbHOI OpraHizailii BHKOPUCTAHHS MAIIHH B
YMOBax, IO CKJIAQJIUCA arpapHUX MiANPUEMCTBaX. Y
3B'A3Ky 13 LUM Yy JOCIDKeHHI po3mnodarta crpoba
BpaxyBaTH BeCb OCHOBHMH KOMIUIEKC (DaKTOpiB, MIO
BU3HAYAIOTh IIEPIOMYHICTh TEXHIYHOTO 00CIyroBYBaHHS
3a 1aHo0 MamuHow [11].

3rigHo HaI[lOHAJbLHUX CTaHJapTIB 010
CUIBCBKOTOCIIOJAPCHKHUX MallInH nepenoayeHo
MPOBEJICHHS MEBHUX BH[IB TEXHIYHOTO OOCIYrOBYBaHHS,
AKi KJIACH(IKYIOTBCS 32 €TalloM ICHYBaHHS MAallWHHU 1
XapaKkTepU3yI0ThCs YiTKO periiaMeHTOBaHOO
nepioguunicTio mpoBeaeHHs [12]. OpHak 1i BeTUYUHH
MepiOANIHOCTI chopmoBaHi 3TiTHO IJIAHOBO-
HOIEPeXKYBATBHOT CUCTEMH JIsi BUPOOHHYUX YMOB [6].
CrporozieHHs TOTpedye HOBUX pillleHb MO0 HAYKOBOTO
OOTpYHTYBaHHS BEJMYUH TEPIOAUIHOCTI TPOBEIACHHSI
TEXHIYHOTO OOCIYroBYBaHHS CiJIbCHKOTOCTIOJAPCHKUX
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MalllMH 1 Ha JYMKY aBTOpa BHUXIJIHUM €TarnoM MOBHHHA
crati opmaizallis BIUIMBY TOKa3HUKIB HAIHHOCTI.

AHAaJIi3 0CTAHHIX JOCTITKEeHb

CinbcpKorocnoapcbka MarHa BOJIOZIi€
HECKIHYEHHMM Ha0OpOM BIIACTUBOCTEH pi3HOI MpHUpOan
[13]. Ane B mporeci AOCTiKEHHsT B3a€MOJIi JIFOIHMHU 3
CUIBCHKOTOCTIONIAPCHKOI0  MALIMHOK  3iHCHIOETHCS
0OME)KeHHSI MHOKHHHU BJIACTHBOCTEH, SIKi 3HAXOIATHCS B
MEXKaxX MOXKIHUBOCTI X CIPUHHATTS 1 HEOOXIMHOCTI Jyist
MerH pociimkenb [14]. Orke, B paMKkax 3a1ad yIipaBIiHHA
TEXHIYHAM CTaHOM CITBCBKOTOCIOAPCHKOI MAIIWHHU
HEOOXiTHO PO3TIISIIAaTH CKiHYEHHY MHOXXHHY BimiOpaHmX
JUTSL CTIOCTEPEKECHb BIACTUBOCTEH ITi€l MammHu. 3a 9uM y
KOXKHOI CIJIbCHKOTOCHOAAPChKOT MAlIMHKM [ MHOXXHHA
BJIAaCTHBOCTE# Oyne inauBiayanbHoo [15]. Takum yrHOM
B paMKax 3a/1a4 BiJIHOBJICHHSI MPaLe3JaTHOCT]I TEXHIYHOTO
CTaHy CUIbCHKOT'OCIIOIAPCHKOT MAIIMHU XapaKTePU3y€EThCS

3a  JOMOMOIOI0 JESKOI0 BHU3HAYEHOI'O CKIHYEHHOI
MHOKHHH 3HAYEHb [TapaMeTpiB:
S =1{s1; 525 S35 3 Sn}, 1)

Je S — IHAEKC TEeXHIYHOTO CTaHy ClIbChKOTOCIIOAapChKOT
MAlllMHU; S, — 3HAYCHHS MapaMeTpy TEXHIYHOTO CTaHy
CUTBCBKOTOCIIONaPChKOi  MAalIMHU,; N —  KIJIBKICTh
rapaMeTpiB TEXHIYHOI'O CTaHy CLIBCHKOTOCIOIAPCHKOT
MaIIHHH.

Meta gociigKeHL

Mera pmocimimkeHb —  OIKACATH  OCOOJIMBOCTI
AHANMITHYHHUX IIIXOMIB A0 y3aralbHCHHS MaTeMaTHYHOI
MOJIeINi IHJEKCY TEXHIYHOTO CTaHy CITbCHKOTOCIOapChKOL
MAIIMHY [IPH BTPATI 11 Ipame31aTHOCTI.

Pe3yabTaTH 10CTiTKeHb

Tak sk U1 KOXKHOI CUIBCHKOTOCIIOIAPCHKOT MallIMHK
MHOXKHHA NIapaMeTpiB iHIMBIoyallbHa, 1 KOKEH HapaMeTp
Ma€e CBOIO 00JIaCTh 3HAUEHb 1 OJMHHIIIO BUMIPIOBaHHS, TO
BHUHUKAE aKTyallbHA 33/1a4a 13 CHCTeMaTH3a1lii pi3HOPITHUX
JAaHWX B 3aJadi BiJHOBICHHA Mpane3gaTHOCTI i3
3aCTOCYBaHHSIM Teopil HEYITKMX MHOXHH. [Ipu mpomy
KpUTepil BUKOHAHHS HEOOXimHUX (PYHKIIH MOXyTh OyTH
BCTAHOBJICHI 3a/JaHHAM JUI1 KOXXKHOI (yHKUii Habopy
napaMeTpiB, SKi XapakTepU3yIOTbCS  3JaTHICTIO  1i
BUKOHAHHS, 1 JOMYyCTUMHUX MEX 3MIHM 3HAa4YeHb LHUX
napametpiB (puc. 1). ToOTO BiTHOBIEHHS Mpare3aaTHOCTI
CLIBCHKOTOCTIOIAPCHKUX MAIIMH MOXHA BH3HAYUTH SIK
BJIACTHBICTh MAIIMHHU 30epiraTé B 4aci y BH3HAYEHUX
Me)Kax 3HaYCHHS BCIX IMapaMeTpiB, SKi XapaKTepU3yIOTh ii
CIIPOMOXHICTh BUKOHYBATH 3a4aHi QYHKIII.

[1ix yac BBeIeHHS CIIBCHKOTOCIIOAAPCHKOI MAIIMHY B
eKCIITyaTallilo 3HayeHHs HOro mapamerpa S; piBHE
HOMiHaMbHOMY 3HaudeHHo s;°™ "™ (puc. 1). Ilix gac
eKCIUTyaTallil CiTbChKOTOCIIOIapChKOI MAIIMHU 3HAYEHHS
napamerpa S; JIWHAMI4YHO 3MIHWJIOCH B daci t i
3HAXOJMTHCS B BU3HAYCHUX MEKax 3HaueHp s; 4% P —
—smin. BM- (hye. 1). B MomeHT bacy t; (puc. 1) 3HaueHHs
napaMeTrpa S; BUHINIO 3a JOIYCTUMI MEXi — MOMEHT

MEPEXOY CLIbCHKOTOCTIONAPCHKOi MAMIMHK 3 CIIPABHOTO
CTaHy B HeCHpaBHUN cTaH. JSIKmI0 mapaMmerp S;
XapaKTepu3ye 3MaTHICTh CLTbCHKOTOCTIONAPCHKOT MAITHA
BUKOHYBAaTH 3afdaHi (QYHKIII, TO t; — MOMEHT IEepexory
Mpamne3qaTHOCTI B HEMpAale3JaTHICTh. TakuM YHHOM,
CUIBCHKOTOCIIOJapChKa MalllnHa MiCTHTh IEBHY CKIHYEHHY
MHOXXKUHY mapamerpiB abo 1HAEKC TEXHIYHOIO CTaHy
CUIBCBKOTOCIIOIAPCHKOT  MalIMHK S, 3HAUCHHS SIKOTO
XapaKTepU3ye CTaH MALINHU:

S={sy, i=TLn} )

max BHM.
i

HOM. BHM.
5

min BHM.
S;

0 ! (51 t; t3 ts

Puc. 1. I'padiune  MOsCHEHHS BJIACTHUBOCTI
CUIBCHKOTOCIIONAPChKOT MaluHU 30epiraTd B 4aci y
BU3HAYCHUX MCKAX 3HAYUCHHS IapaMeTpy TEXHIYHOTO
CTaHy.

Fig. 1. Graphic explanation of the properties of the
agricultural machine to keep in time within certain limits
the value of the parameter of technical condition.

[HIEKC TEXHIYHOTO CTaHy CUIBCHKOTOCHIOAAPCHKOT
mammad S (2) MICTHTh TIEBHY MiJIMHOKHHY MapamMerpis,
SKi XapaKTepHU3yIOTh 3[aTHICTh MAIIMHU BUKOHYBATH
3agani pyskuii. [Tapamerp s; Moxe npuiiMaTi 3HaYEHHS B
MHOXWHI BCIX MOMJIMBAX 3Ha4eHb Se;, SKE MiCTHUTh
MiIMHOXKMHY 3aJlJaHuX 3HAYeHb Sa;:

sa; C se;. (3)

Sxuo HO3HAYUTH TEXHIYHUX CTaH
CUIBCHKOTOCIIONAPChKOT MamuHu K SI, TO MOXeMo
3aMucaTH:

__( cupaBHWH CTaH, AKWO Vs;: s; € sa; , @)
"~ |HecnpaBHU# cTaH, AKWE 3s;: S; € sa;.
3BaXkaloyM, 110 BHAAMH  TEXHIYHOTO  CTaHy

CUIBCHKOTOCIIOAPCHKOT ~ MallMHU €  CHpaBHUH 1
HECIIPaBHUH CTaHM, NMPAIe3/laTHICTh 1 HeNpane3aaTHICTh
Ta TPaHUYHUA cTaH (pUC. 2), TO MEXi CaMOT0 TEXHITHOTO
CTaHy CTalOTh JEHI0 PO3MHUTHUMH, OCOOJIHMBO L€
BITHOCHUTBCS MEX MK Mpare3JaTHICTIO,
HEeTpale3/1aTHICTIO Ta TPaHUYHUM CTaHOM.

Texuiunuii ctan

CripaBHHIH CTIIH\:_l

™ mpaue3aTHICTh

HECMPABHHUH CTAH —

— Henpaue3iaTHICTh

rPAaHUYHHH CTaH

al

0
Puc. 2. Intepnperauisi rpadigHOrO MpeNCTaBICHHS
TEXHIYHOTO CTaHY ClIBCHKOTOCIIOIaPChKOT MAIIIHU.
Fig. 2. Interpretation of the graphical representation
of the technical condition of the agricultural machine.
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SKmo  KiTbKiCHA — OIIIHKA  TEXHIYHOTO  CTaHy
CITBCHKOTOCTIONAPCHKOI  MamMHK €  0e3pO3MipHOI0
YHCIOBa BEJIMYMHA 1HAGKCY TEXHIYHOTO CTaHy, $Ka
XapaKTepu3ye CTaH MAIIMHU 3 TOYKU 30py BiATIOBiTHOCTI
Horo mapamMeTpiB HOPMAaTHBHHM 3HAYCHHSM. 3TiIHO
3araJbHOMY aITOPUTMY TIPOLECY OLIHKH, HEOOXiITHO
BUMIpSTH TIOTOYHE 3HA4YEHHS 1 IOPIBHATH Horo 3
HOpPMaTHBOM. B pakypci OLIHKM TEXHIYHOTO CTaHy
CUIBCHKOTOCTIONIAPCHKOT  MAalllMHU ~ JaHUHA  alrOpUTM
NIPOCKTYETHCS Ha MapaMeTpu MamuHU. [ TeXHIYHO
3aBEpUICHNX TEXHIYHMX CHUCTEM, TAKUMH BCTAHOBJICHHUMH
3HAUEHHSMH Ha TPaKTHUL € 3HAUCHHS, SIKI BIAPI3HIIOTHCS
Bil HOPM 3aBOMIB-BHPOOHHKIB CUTBCHKOTOCHONAPCHKUX
MallxH, IO MOSACHIOEThCS KOHKPETHHM BHKOPHCTAHHSAM
JaHOl MAIIMHH B 3arajibHI arpoIpOMHCIIOBIH CHCTEMI

BHPOOHHMIITBA  CITBCBKOTOCTIOAAPCHKUX — KyIBTYp. B
pakypci  OmHMCaHOTO  MiAXOMYy  OTPHUMYEMO  JIESKY
TeHepalbHY CYKYIHICTh — MHOXHHY 3Ha4eHb, SKi

OTHCYIOTh EKCIICPUMEHT 3a MPOIECOM OIIHKH TeXHIYHOTO
CTaHy CIJIbCHKOTOCIIOAAPCHKUX MAIUWH. TakuM YHHOM,
JOBUTbHUHA TEXHIYHMH CTaH CUIbCHKOTOCHOAAPCHKOT
MaIlIHU MOe OyTH BUPA)KEHHUH 32 TOTTOMOT'00 CKIHYEHOT
MHO)XUHH 3HaYeHb 1HJEKCY TEXHIYHOTO CTaHy MAIIHHH.

IIpunycrumo, 1o TeXHIYHAN cTaH
CUIBCHKOTOCTIONAPCHKOI ~ MAIIMHU ~ XapaKTePU3YETHCS
OHUM TapaMeTpoOM S, TOHI B paKypci Teopii MHOXHH
MOXEMO 3alHCaTH:

S EM, (5)

Je M — MHOXMHa 3HaueHb JAHOTO MapaMeTpa TeXHIYHOTO
CTaHy ClTLCBKOTOCIIOaPCHKOT MAIIMHH.

SIkmo, Hampukian, napaMmerp S MOXKe IpUiiMaTH
JIOBIJILHE HEB1M €MHE 3HAYEHHS, TOJII:

M € R™, (6)

ne Rt — MHOXWHA HEBiT€MHHX [iliCHUX 4wcen i
BIJIIIOBITHO:

s ER". )

SIkmo M — MHOXKHHA BCIX MOXIHMBHX 3HA4Y€Hb

rapameTpa, TOAi BOHAa Ma€ MICTUTH JIESKY MiIMHOXUHY
JIOMTyCTUMHUX 3HAYCHb MiAMHOXUHHU SL, TOi:
SLc M. (8)
Skoio mapamerp S MHOXHMHM M 1 € eneMeHT
migvMHOXKMHM ~ SL, TOOTO 3HAa4YeHHA Hapamerp S
3HAXOJUTHCS B IONMYCTUMOMY Jiara3oHi 3Ha4eHb, TOOTO:
s € SL, 9
Jliis BUpasy 1ii€i MPUHAIEKHOCTI B TEOPil MHOXUH
3aCTOCOBYIOTh XapakTepucTuuHy ¢yHkmiro 9;5(s) B
GinapHoMy xapakrtepi 1i Bumi (puc. 3), 3HaYEHHS SKOT
BKa3yIOTh, i € (Tak a00 Hi) S eIeMEHTOM IiIMHOKUHH SL:

_ (1,axkmo s € SL,
Fus(s) = {O,HKI_ILO s & SL. (10)
Ha nmpakrtumi Mexa MDK — JIOMyCTUMHUMH i

HEIOIMYCTHMUMH 3HAUYEHHSIMH ITapaMeTpa MO)Ke He MaTH
YITKOTO XapakTepy, TOMYy pIIIEHHA 3aJadi OIliHKa
TEXHIYHOTO CTaHy CUIBCBKOTOCIIONAPCHKOT  MAaIInHU
pamioHaTbHO PO3MVITHYTH B pakypci Teopii HEediTKHX
MHOXHH. T0oOTO mapameTp s; MHOKHHHA M MOKe HaJle)KaTH
SL y BusHaueHi wmipi U;g. Tomi, y BiamoBigHOCTI 3
BHU3HAYCHHSIM HEYITKOI MHOXWHH, HEUiTKa ITiJMHOKHHA
JOTMYCTUMHX 3HaueHb SL MHOXHHH BCiX MOMIIMBHX
3Ha4eHb IIapaMeTpa MHOXHHHU M BH3HAYa€THCS SK
MHOKHHA yTIOPSAIKOBAHUX Tap:

{(s,93(5))}, Vs e M, (11)

ne 9rs(s) — xapakrepuctrdHa (QYHKISI IPHHATIEKHOCTI,
sKa npuiiMae cBoi 3HaueHHs B MHoxuHi H = {0; 1} B
HEYITKIM migMHOXKHI H.

915(s)
1

SL

R —
T

0

Puc. 3. IaTepnperanis rpadidHOTO TpEACTaBICHHS
xapaktepucTnuHoi QyHkiii 9;(S) TexHIiYHOTO CTaHy
CLTBCHKOTOCTIONaPCHKOI MAIITHHH.

Fig. 3. Interpretation of the graphical representation
of the characteristic function 9,(s) of the technical
condition of the agricultural machine.

3 BpaxyBaHHSAM TOTO, IO CIUJIbCHKOTOCIOAAPChKa
MallllHa Ma€ He OJMH S, a KiJIbKa MapaMeTpiB S;, 3a KM
BOHA 1 OLIHIOETHCA, TOMI HEOOXiTHO BiAMITHUTH HACTYITHE.
Koxxen mapameTp S; yHiKambHHHA, TOOTO BiH Ma€ CBOIO
MHOXKMHY BCIX MOJXJIIMBHX 3HAY€Hb, MiIMHOXUHY
HOPMATHBHUX 3HAa4eHb, a TaKOX pO3MipHicTe. Tomi
MO/IETIb OIKCY TEXHIYHOTO CTaHy CLIBCHKOTIOCIONapChKOT
MAIIIMHH MIIMHOXUHHU SL Oyne MaTH HACTYIHUHN BHT;

S1 S .. S Sp
‘937,1 (s1) 1937,2 (s2) ﬁﬁn (sn)

SL= (12)
19’57,i(5i)

Onnak (12) motpebye Ha MPaKTHII 3aCTOCYBAHHS HE
onHiel (yHKIII TPUHANEKHOCTI MPH OMUCY TEXHIYHOTO
CTaHy CIJIbCHKOTOCHOAAPCHKOI MalIWHHU, a AESKuX (I
KO>KHOTO TIapaMeTpa CBiif), TOOTO KOXKEH MapaMeTp MOXKe
MaTH piBHI OJWHHWIII BUMIpIOBaHHSA a0o B3arami Oytu
0e3p0o3MipHOI0 BEIHYHHOIO, Pi3HI JOMYCTHUMI I YMOB
eKCIUTyaTallil 3HaueHHs], 1ialla30H MOJIMBUX 3HAUCHb, aJle
KOKeH 3 [HX T[apaMeTpiB  XapaKTepu3ye CTaH
CLIBCHKOTOCIIOAPCHKOT MAllIMHY 1 Ma€ OyTH BpaXOBaHHM.
TakuMm unuHOM, SIKIIO B Mozeni (12) OyayTh npocTaBieHi y
BIIIOBIAHOCTI BCi IMOTOYHI 3HAYeHHs mapametpiB s;°,
Tofi MHOkmHa SL 6yne XapakTepusyBaTH TOTOUHMIA

TEXHIYHHUI CTaH CLILCHKOrOCOMapChKoi MarmHu SL™7:

S1 Sy .. S Sn

Spror 19511(5{"” 19552(55"” ﬁsjn(sﬁ‘” (13)
- ﬁﬁi(sinm

SIKImo TeXHIYHWH CTaH CUIbCHKOTOCIONAPCHKOT

MaIllMHA CIIPaBHUI 3a BCiMa mapaMeTpamu, TO ii cTaH
SLH°™ Mo3KHA OIMCATH HACTYITHUM BHJIOM:
Sy S, ...Si Sy
SI=| 1 [ 1 [..1] 1 |=spe~
Jlyis BU3HAYEHHS y3arajibHCHOTO TEXHIYHOTO CTaHy
CLIIbCHKOTOCIIONAPCHKOI  MAIIMHA BHKOPHUCTOBYEMO  [IBI
OIIiHKHY — BiTHOCHY JIiHIHY BiJIcTaHh XE€MMIHTa i BiTHOCHY
kBajpaTHuHy EBK/IiOBY BincTaHh Mixk MHOKHHAME SL™°T
i SLH°M 33 SKUMHM BCTAHOBIIIOEMO Bi OLIHKHM BifCTaHi MK
HEYITKMMU MHOKHHAMH.
BinnocHa JIHIHHA BifcTaHb
S(ﬂ"m,ﬁ“w) MiX MHOXHHaMH SL™T i

BU3HAYACTHCA 34 BUPA3ZOM:

(14)

XeMMiHra
ﬁHOM
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SFror T 1
§(STror, ST*ov) = L BT [5puon(s;) — Ospuon(s)] =
1
X1y (1 = Oggmon(sy)- (15)
a0o micist nepeTBOpeHb
SFror ©F 1 1
§(SL", ST = - By (1 = Ospnon(5)) = - (n =
Yiz1 9sprer(sy)).  (16)
OUeBHIHO, IO % ™ (1 — 9gpnor(s;)) — cepemne
apudmernane Jgiior (S;) Beix 3HaueHb Jgpnor(s;) TOAI:
§(STror, ST*") = 1 — ~ 31, Oggrorn(s;) = 1 — Ighor(s,).
17
BinnocHa kBampartuuHa EBKiioBa BiICTaHb Mik
MHOKHHAMH SL™T i SIHM Bp3HAuaeThCS 32 BUPA3OM:

—_ 1
(ST ST = Y (Ospion(s) = Ogpn () =
i=

_ J% m (1= 95 (s))’. (18)

Oo6unea Bupasu (17) i (18) 3a10BOBHIIOTH YMOBaM:

0< 6(ﬂ“°T, S_L“"M) <1, (19)

0 < g(SLmr, STHo) < 1. (2.20)

Takum unHoM, 3a jomomoroto §(SL™T,SLHM) i

S(S‘I"OT, QHOM) MOEMO HE TUIBKM OIIHHUTH 3arajibHUi

CTaH CLIbCHKOTOCIIONAPCHKOI MAIIMHU, ajle W IOPIBHITH

CIJIbCHKOTOCIIOAAPChKI MalllMHU MiX c000r0. OueBHIHO,

0 YMM MEHIII i BijacTaHi 8(§Z“°T,§”°M) i

E(S’Z"OT, S_LHOM) TEXHIYHUNI CcTa"

CLIBCHKOTOCTIOAPCHKOT MAIIMHU OJNMKYE JI0 CIPABHOTO
cTany S;g:

Sps = 1 — 8(SLT, SL'") = 900 (s;),  (19)

PosrisiHemo ¢axkTuyHI AaHi 3a30py MDK HOXeM 1

MPOTUPI3AIEHIUM OpPYCOM JKHUBAPKH 3€PHO30UPATBEHOTO
KoMOaliHa.

TUM

S1 S2 S3 Sa
Sieer=| 05 | 05 | 05 [ 05 ]
i
S S, S3 Sy
Sipr=| 01 | 05 | 05 [ 09 |

Toni S(ﬁ‘}OT,S_L*{OM) =0,5a S(ﬁrz'OT,S_L*Z“’M) = 0,5.

ToOTo omiHKa MO JIHIHHUM BiCTAaHAM HE BiITBOPIOE
PI3HHUII B TEXHIYHOMY CTaHI OKpPEeMHX HOXIB. Ale, 3a
MOJIOXKCHHAMHU Teopil HaAIHHOCTI, TEXHIYHUH CTaH
JPYroro HOXa TIpIIWiA, TaK iK icHye mapamerp s; = 0,1,
TOOTO WMMOBIPHICTP BHHHUKHCHHS BIIMOBH B JaHOMY
BumnaaKy HaiiBumia. Ilpu oMy Tomi S(SFT?OT,S_L*{"M) =
0,5, a e(SLiT, STE™) ~ 0,6.

Januii mpukIax JeMOHCTPYE IOIUIBHY BIACTHBICTh
BIIHOCHOT KBaJpaTUIHOI EBKIIIIOBOT BiJICTaHi, IKY 3pYIHO
BUKOPHUCTOBYBaTH B  SIKOCTI  JOJATKOBOi  OIIHKH
TEXHIYHOTO CTaHy CiJIbCHKOT'OCIOAAPChKOI MalIMHU. AJle
Ha MPAaKTHUI BiTHOCHA JIiHIHA BiJicTaHh XEMMIHTa BCE K
Takd € OiIbII 3pYyYHOIO B 3aCTOCYBaHHI 4Yepe3 CBOIO
MIPOCTOTY 1 IMiJBHIIEHOIO NMPOAYKTHUBHICTIO IIPU 3HAYHUX
00’eMax JaHHX.

PosrasHeMo akTHyHI AaHi TEXHIYHOTO CTaHy OJIOKY
JKHMBJICHHS €JIEKTPOMArHiTHOTO IIepPernyCKHOro KJiamaHa
MAJMBHOTO HAcOCa BHCOKOT'O THCKY KOPMO30MpPAalbHOTrO
KoMOaifHa: TepMiH eKcIulyartalii, 8 pOKiB; BHUXIiJHA
Hanpyra, 11,5B, mynbcarmis BuxigHoi Hanpyrua 400 mB.
Takum unHOM, 32 BupazoMm (1) maemo:

S = {8 pokis; 11,5 B; 400 mB}, (21)

IToxiOuuii ommc (21) TexHiYHOTO CTaHy OJIOKY HE

JTO3BOJISIE TATH IHTETpalbHY OIIIHKY, & TaKOXK MOPIBHATH

Oomokn Mix coboro. Tomy ¢dopmyemo TabnwuHi DaHHI

(Tabm. 1) nomycTUMHMH 3HAa4YCHHSAMH IIapameTpiB 3
JIOKYMEHTAIIiT Ha OJIOK.

Tadanus 1. lonycTiMi BUXiHI TapaMeTpH.
Table 1. Valid initial parameters.

Hasga JlonmycTume 3HaYeHHs
IloToune
napameTpy, ..
. 3HAYCHHS | MiHIMaJIbHE | MaKCHUMajIbHE

PO3MIpHICTB
Tepmin
eKCIUTyaTarii, 8 0 1S0
POKiB
Buxigna

A 11,5 11,0 12,0
Hanpyra, B
[ynscamis
BUX1JTHOL 400 0 1000
Hanpyru, MB

Hnst o0y I0BH HEYITKOT Mozeml BTpaTH

Mpame3qaTHOCTI OJIOKY HEOOXiTHO KOXKHOMY MapaMeTpy
(Tabn. 1) mocTaBUTH y BIANOBIIHOCTI BU3HaUeHY (QyHKIi0
npuHANSKHOCTI (pHC. 4, pHc. 5, puc. 6).

51
1 u\
\ S1. POKIB
i . max Joi.
0 51171111 J01. 51

Puc. 4. OyHkuis npuHANEKHOCTI s HapaMeTpa
«TepMiH excIuTyaramii» sy .

Fig. 4. Accessory function for the "Service life"
parameter s;.

S,

1

/i HOM. ¢ 1011,
0 S-.”“”’l””' Sy Ol S"nm,\,lon

Puc. 5. OyHKIiS TpUHAIEKHOCTI A MapaMmeTpa
«BuxigHa HamIpyra» s,.

Fig. 5. Accessory function for the "Output voltage"
parameter s,.

3naroun GyHKUi0 npuHANeKHOCTI S;(s;) 1 moToune
3Ha4YeHHS T[apaMeTpa S; = 6 POKIB, BH3HA4UMO S;
(puc. 4) 3a Bupazom:
max JioI.
Ompus; >s;

S 7 = it + Lrpu 0 < 5, < syon = 040 (22)
1
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3Haroud (hYHKIIO MpHHAIEKHOCTI S, (S,) 1 moTOUHE
3HAYeHHs napamerpa S, = 11,5 B, Busnauumo S, (puc. 5)

3a BUPa3oM:
( 0 HpI/I smm/:(orl > SZ a60 SZ 2 SmaXﬂOH.

_ mmuon) gmaxsor. +Sminaon.
2 2
= 4 max Jiom. _ mmnon Ipu s, < 2 = 1,00
| 2( s +Smaxnon) ;nax,uon.+5;ninuon.
tsmaxgon mlngon an 52 > 2
(23)
S3
1 \
sz, MB
=
min J101. max J1o11,
0 53 53

Puc. 6. OyHKIis TpUHANEKHOCTI I Tapamerpa
«[Tynbcaris BUXiHOT HATIPYTUY Ss.

Fig. 6. Accessory function for the "Output voltage
ripple" parameter ss.

BincyTHICTP OWKTAaTy 3acTOCYBaHHS SKOTO-HEOYIb
BU3HAYCHOrO BHIY (QYHKLIl NMPUHAIC)KHOCTI Mae CBOIO

AIBTEePHATHBHICTh (pHC. 7), KOJMM BeCh Jiama3oH Bif

min gor. max A0II1.
sy O o g A

HpI/IHaJ'Ie)KHOCTl

piBHE OJIUHMIN, OAHAK IS (DYHKILsS

JOIIOBHIOETHCA JBOMa TOYKaMH

min KpuT.
3Ha4YEHHSM S,
. Hamni

MaKCHMaTbHAM KPUTHYHUM 3HAYEHHSIM S, o

3HAUeHHs B OULIBIIOCTI BUMNAAKIB OyAyTh HOCUTH
eKCIIEPTHUN XapakTep, TaK sIK Ll 3HaYeHHS MOXYTb OyTH
BIZICYTHI B HOpMaTHBaX Ha OJIOK.

MiHIMaIbHUM  KPUTHYHUM

Sz
1

---9

]

\ 5., B

max jor.
Sz

0 min KpHT. min jotr. max KpHT.
S, Sy

Puc. 7. AnbrepHaTiBHA (QYHKIIS IPUHAIEKHOCTI JJIS
napamerpa «BuxinHa Harpyra» s;.

Fig. 7. Alternative accessory function for the
parameter "Output voltage" s,.

3Haroun QYHKIO TPUHATIEKHOCTI S3(S3) 1 moTouHe

3Ha4eHHsA mapameTrpa S; == 400 MB, BusHaunmo Sj
(puc. 6) 3a Bupazom:
0 pu s3> s5 A
S$3 = max gon. = 0,60 (24)

m +1 npru 0< S3 < S3
3
Taxum YHUHOM, TEXHIYHUI CTaH 6HOKy JKHUBJICHHA

GHGKTpOMaFHiTHOFO NEPCIIYCKHOTO KJlallaHa MaJIMBHOTO
HacoCa BUCOKOI'0 THCKY KOpMO36I/IpaHLHOI‘O KoMOaiiHa
MOXEMO OIIMCAaTH 3a JOIIOMOI'0O0 MHOXKHWHHA iHI[CKCiBZ

S ={0,40; 1,00;0,60} = 0,66. (25)
Takok B SIKOCTi IMapamMeTpa TEXHIYHOTO CTaHy MOXeE
BHUCTYNAaTH CTAaTUCTUYHI JaHI TapaMeTpiB, sKi He €
BHHATKOM, TOOTO MOKa3HHUKK HamiiiHOCTI. Tak TEXHIYHHI
CTaH OJIOKY ’KHUBJICHHS €JIEKTPOMAarHiTHOTO TIEPEyCKHOTO
KJallaHa  MaJIMBHOTO  HAacoca  BUCOKOIO  THCKY
KOpMO30HpajbHOro KomOaifHa OKpiM TphOX HapaMeTpiB
(rabn. 1) omiHloeTbes e uyerBepTHM  «CepenHii
HapoOiTOK 10 BimgMoBW» (puc. 8). 3riIHO HOpPMAaTUBY Ha
e OJIOK i#oro cepeaHiii HapoOITOK 10 BiAMOBH He
noBuHeH Oyru wmenme 1000 romuH, ane 3rigHO
XPOHOMETPaKHUX JIOCHIPKEHb, TOTOYHE 3HAYCHHS JAHOTO
napametpa 950 ronuH.

S4
1

S4. TOJIHH

R

0 s min KpHT. min o1

4
Puc. 8. OyHKIiS TpHUHAIEKHOCTI I MapaMmeTpa
«CepenHili HAPOOITOK 70 BIAMOBHY Sy.
Fig. 8. The membership function for the parameter
"Average operating time before failure" s,

Sy

B skocti 3anexHocti S,(S,) 00paHO HOpPMATBHHI
posmoxin ["aycca. Sk i B momepeaHix npukiIagax GyHKIIH
TIPHHAIICKHOCTI, 3aJeXHICTh S,(S,) MoXxe OyTH iHIIOFO,
OJJHAK B JAaHOMY BHIAJKY IPOBEICHI eKCIepHUMEHTAJbHI
nocnipkenns (o = 0,4) 103BOJIAIOTH 3aCTOCYBAaTH KPHUBY
Taycca. Oxe, GyHKIis npuHanexHocTi S, (s,) Oyme MaTu
TaKUi BUJ:

1mpu s, > smAem
54 = (54 Smax,uor( )2 =~
_r - 2 — min jorm.
=t 20 npu0 <s, <s,
0,46. (26)

TakuMm dYHMHOM, TEXHIYHHH cTaH OJOKY >XMBJICHHS
€JIEKTPOMArHITHOTO MEPEeNyCKHOro KialaHa I1aliBHOTO
Hacoca BHCOKOTO THCKY KOPMO30HMpalbHOTO KomOaitHa
MOXEMO OITUCATH 32 JIOTIOMOT'0I0 MHOYKHHH 1HAEKCIB!

S =1{0,40; 1,00;0,60;0.46} = 0,62. (27)

Mapamerp «Cepenniii HapoOITOK 1O BiAMOBI
JIOTIOMIT YTOYHUTH TEXHIYHUI cTaH OJIOKY.

CTaHOBHTHCS OYEBUIHUM 3PYUHICTH 3aCTOCOBYBaHHS
3aIPONIOHOBAHUX MOJENEH, 3a SIKUMHU OIliHKa TEXHIYHOTO
CTaHy CUIBCBKOTOCIIOJAPCHKOT MAaIIMHA BENEThCS 110
MIEBHIM CKiHYEHil MHOXKHHI ITapaMeTpiB, 10 BCTAHOBJIEHI
B HOPMAaTHBHIM JOKyMEHTAIii Ha Iff0 MaIlMHy 3aBOJIOM-
BUpoOHHMKOM. JlaHa CITBCBKOTOCIOMApChKA  MAIIMHA
3aBXKIM BUKOHYE sKy-HeOynp (QyHkmio. CrymiHb
BUKOHaHHS wi€l (yHKOii OIHIOIOTh 33 BUXIJIHUMHU
JITAaHUMH, SIKi MarOTh Pi3HOTUIHMH XapakTep. Lle MoxyTb
OyTM pmaHi IHCTpyMEHT&JIbHI, TOOTO Ti, IO MOXHAa
BUMIpSATH 32 JIOIOMOTOI0  3ac00iB  BHMIpIOBaHHS,
CTaTHCTHYHI, TOOTO Ti, PO3pPaxyHOK SKHX IPOBOAATH
MPOTSATOM IEBHOTO Yacy, i 9acTille, MaroTh MaTeMaTHIHUH
XapakTep, Ta eKCHEepPTHi, TOOTO Ti, AKi BITHOCATHCS N0
cy0’ektuBHOI nyMKkd. [l oOpoOKM 1 aHamizy IHX
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PI3HOPIAHUX MaHUX 3aCTOCYEMO HEYITKY MOJENb
HAJIHHOCTI depe3 CTPYKTypHO-TIapaMETPUIHUI METOx
aHamizy  iepapxifi, TOOTO pO3IISIHYTH NapaMeTpH
TEXHIYHOTO CTaHy CIJIbCHKOTOCIOAAPCHKOI MAIIWHH, SK
Habip eJIeMEeHTIB.

TakuMm 4mHOM, TI00 OTPHMATH OLIHKY TEXHIYHOTO
CTaHy CUIbCHKOTOCHOAAPCHKOI MAILIMHY, SIKa CKJIaIa€ThCs
13 MHOKHHHU €JI€MEHTIB, HEOOXITHO OIIHUTH TEXHIUYHUI
CTaH KOXXHOTO €JeMEeHTa, a CHUCTEMH OKpeMo 3a
rapamMeTpamH, sSKi BCTAHOBJICHI JJISI KOKHOTO €JIEMEHTa,
MOTIM BU3HAYUTH 1HJIEKC TEXHIYHOTO CTaHy BHIIECTOSYUX
B iepapxii cTpykTyp cucremu (puc. 9) 3acrocyBaBLIN
TMiHIMHY BifgcTaHp XeMMiHTa Ta NPUHIWI BiTHOCHOCTI:
CHCT€Ma HIDKHBOTO PIBHS € €IEMEHTOM CHCTEMH OLTBII
BHCOKOTO PiBHS, TaHUH METOM TPAHCIIOEMO Ha TOBITEHIH
piBeHB B paMKax CTPYKTYpPH CHCTEMHU:

_ Zigl Sijk

NS
SZTl, Si:C—i' Si'—TU, (28)

ne N — xinpkicTe migcucteM B cucteMi; C; — KUTBKICTB
€JIEMEHTIB i-i IMJICUCTEMH B CHCTEMI; Bij — KUIBKICTH
NapaMeTpiB J-MX €IEMEHTIB i-i MiJICHCTEMH B CHCTEMI; S;;
— 1HAEKC TEXHIYHOrO0 CTaHy CUIBCHKOTOCIOAAPCHKOT
MAaIlIMHY J-UX €JEMEHTIB i-i MICHCTEMHU B CUCTEMI; S;jj —
IHAEKC TEXHIYHOTO CTaHy CLIBCHKOTOCIIONAaPCHKOI
MalMHd 32 K-uM mapaMeTpoM j-uxX eJeMeHTiB  i-i
MICUCTEMH B CUCTEMI.

..
2:j=1sl]

Puc. 9. CrpykTypHO-IapaMeTpu4Ha cXxema CHCTeMHU
OIIIHKH 1HJIeKCa TEXHITHOTO CTaHy CITbCHKOTOCTIONapChKOL
MaIIIHHH.

Fig. 9. Structural and parametric scheme of the

evaluation system of the index of technical condition of the
agricultural machine.

Tobro (28), ctaH eneMeHTa CHUCTEMH € OJHUM 3
napaMmeTpiB  OIIHKK 1€l CcUCTeMH. AJIEKBaTHICTh
3allpONIOHOBAHOTO  MiAXOAy OOIPYHTOBaHA THM, IO
BaroMiCTh KOXKHOTO Iapamerpa OJHAKOBHU, a TaKOX TH
(haxTOM, 110 KUTBKICTH ITaHUX MAapaMeTpiB i Oe3nocepeHb0
cami mapaMmeTpH, 3a SKHMH HEOOXIJHO OIlIHIOBAaTH
TEXHIYHMX CTaH, BU3HAYAIOTHCSI CyO’€KTOM OIIHKH:
3aB0JIOM-BHPOOHHUKOM, IH)KEeHEpOM BUPOOHHYOTO
arpomiIpHeEMCTBA, BUIIPOOYBAILHOIO ycTaHOBOIO. To0TO,
SKIO JAAHWW TapaMmeTp He BaXUIMBHH B paMKaX OI[IHKH
TEXHIYHOTO CTaHy CIIbCHKOTOCHOIAPCHKOI MAIIWHH, TO
HeMa HEeOOXiTHOCTI HOro BpaxoByBaTH. Tak SK iHAEKCH
TEXHIYHOTO CTaHy I, Nepml 3a BCe, IHIUKATOPU JUIA
MTOPIBHSAHHS MAaIIMH MiX CO00I0, TOJII amapaT BU3HAYCHHS

B TakOMy BHIAJKy HE Ma€ MPUHIMIOBOrO BILIUBY,
OCHOBHAa yMOBa 1€ 3aCTOCYBaHHS €IMHOTO amapary Juis
BCHOTO KOMIUIeKCy. Ha miifi ocHOBI OymyeMo HEUITKY
MOJENb CUCTEMH BITHOBJIEHHS MIpane3qaTHOCTI
CilbchKOrocnoaapchkoi Mamuuu (puc. 10: s;j, —3Ha4eHHs
TeXHIYHOro K-ro mapamerpa j-ro ejieMeHTa i-i MiJCUCTEMU
B CHCTEMI).

[lpn npoMy KOXKEH 3 BHIIB TEXHIYHOTO CTaHy
XapaKTePU3y€EThCS CYKYITHICTIO 3HAUCHb MapaMeTpiB, sKi
ONUCYIOTh CTaH CLIBCHKOI'OCIOAAPCHKOI MAIIUHHM, 1
SAKICHHX 03HaK. HoMeHKkmaTypa mux mapameTpiB i O3HaK, a
TAKOX MEX X JOMYCTHMHUX 3HAYeHb BCTAHOBIIOETHCS B
HOpPMATHBHIH JIOKyMEHTAIIi1 Ha A"y
CLIBCHKOTOCTIOAPCHKY MAIIUHY.
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Puc. 10. Heuirka Mojenb CHCTEMH BiJHOBJIEHHS
HpaHeZﬂIaTHOCTi CiJII:CBKOI‘OCHOLIapCLKOI MallluHH.

Fig. 10. Fuzzy model of the system of restoration of
working capacity of the agricultural machine.



V3ATAJIbBHEHA MATEMATUYHA MOJEJIb IHAEKCY TEXHIYHOI'O CTAHY CUIbCBbKOI'OCTIOJAPCBKOI ... 193

OueBuano (puc. 10), mo 11i mapaMeTpu MOXyTh OyTH
SIK KITBKICHI 31 CBOIMH OJMHHUIIIMH BHMIpYy, TaK i
akicHUMH. HediTka Momenp HamIMHOCTI  IO3BOJISIE
3HHIIUTH PO3MIPHICTh ITUX O3HAK i YHUKHYTH AUCKPETHUX
BHIB TEXHIYHOTO CTaHY CLIBCHKOTOCIIONAPCHKOT MAIIMHH.
3rigHO HedwiTKOoI MOJeni HamiiHOCTI, MO0 OTpHUMAaTH
OLIHKY TEXHIYHOTO CTaHy CUIBCBKOTOCIIOJapChKOT
MalllMHU, $Ka CKJIAJa€TbCs 3 MHOXHHHM €JIEMEHTIB,
HEOOXI1/THO OLIHUTH TEXHIYHHHA CTaH KOXKHOTO €JIEMEHTAa B
OKpEeMOCTi 3a IapaMeTpamHy, IO BCTaHOBJIEHI IS
KOXKHOTO ~ €JeMeHTa, 1 JIMIe TMOTIM  BH3HA4YaTH
IHTErpaJIbHUHM 1HJEKC TEXHIYHOTO CTaHy BHIIECTOSIINX B
iepapxii CTPYKTYp CHCTEMH BiTHOBIICHHS HpaIe3gaTHOCTI
CITBCHKOTOCIIONapChKOi MaIMHU. B JaHOMy BHIIaOKy
HEOOXiTHO IIPOBECTH aHATI3 CTYIEHS MPOSIBH BIACTUBOCTI
aIUTUBHOCTI 1 LUTICHOCTI B 3alpOIIOHOBaHiil cucTemi
(puc. 10).

Binomo, 110 6e3 3a0e3meuenHs JOCTaTHROI HIIICHOCTI
B CUCTEMI HE MOKYTb IIPOSIBIIATUCH CUCTEMHI BIACTUBOCTI,
HeoOXiHi st 11 30epiranHs i po3BUTKY. O/IHaK y BUMAAKY
O1IBLIOT IUTICHOCTI cHcTeMa OyJie TIO/IaBIISATH €JIeMEHTHI
BJIACTHBOCTI 1 MOXKE BTpaTH YacTUHY 3 HUX. B To if e uac
NpU  PO3IJISIAL JIMIIE EJIEMEHTHUX BIIACTUBOCTEH, MNpHU
AJIUTUBHOCTI IUX BIIACTHBOCTI MOXYTh BHHHKATH Pi3HI
MPOTHPITYS, 1 Il BIACTHBOCTI HE OYAYTH MPOSBISATHCH B
CHCTEMI.

3aKOHOMIPHOCTI E€MEpIKEHTHOCTI TPOSBIIIOTECS B
CUCTeMi Y BHJlI BHHUKHEHHS y HEl HOBHX BIJIACTUBOCTEH
BiJICYTHIX €JIEMCHTIB:

- BIIACTUBICTH CHUCTEMH HE € IPOCTOI0 CYMOIO
BIIACTHUBOCTEH CKJIaJI0BHUX il €JIEMEHTIB,
- BIJIACTUBOCTI CUCTEMHU
BIIACTHUBOCTEM CKJIaI0BUX il €JIEMEHTIB,;

- 00’enHaHHI B CHCTEMY €JIEMEHTH, SIK HpPaBHJIO,
BTPAy4arOTh YaCTUHY CBOIX BJIACTUBOCTEH, IPUTAMAHHUX X
1o3a  CHUCTEMH, TOOTO CHCTeMa TMOIABISIE  PsiX
BJIACTHBOCTEH €JIEMEHTIB, ajie eeMEHTH, MOTPANUBIIN B
CHCTEMY, MOXYTb Ha0yTH HOBUX BJIACTUBOCTEH.

TakuM 4YMHOM, 3MiHH, IO TIOB’S3aHi 3 BTPaTOIO
eJIEMEHTaMH JIeSKUX BIACTHBOCTEH, KOJIM BOHM CTalOTh
eJIEMEHTaMH CHCTEMH, OyBalOTh HACTUIBKH ICTOTHUMH, 1110
MOKJTMBO KOJIM BJIACTHBOCTI CUCTEMH B3arajii He 3aJie)aTh
BiJl BIACTHBOCTE#! €IIEMEHTIB.

CraHOBHTbCS ~ OYEBWJIHUM, 1[I0  BIACTHBICTh
E€MEPPKEHTHOCTI TI0B’SI3aHO 3 IULTIO, JJIs1 BUKOHAHHS SIKOT
po3pobisieTbesi cucteMa. ToMy Tak BaXJIMBO 3 yCiel
Oe3KiHeYHOI MHOXHHHM  BJIACTUBOCTEM  BUIOUIATH 1
PO3TIILIATH TUTBKH Ti, IO BAXKJIMBI I JOCSTHEHHS LTI B
arpoBHpPOOHMYMX CHCTeMax. ToMy MOke iCHyBaTH NEBHA
TEXHIYHa cucreMa 3 TpboX eneMeHTiB (puc. 11). Ilpm
bOMY TEeXHIYHMH cTaH «EnemeHta 1» omiHIOETBCS 32
JIBOMa TapaMeTpaMu Siqq 1 Syqip, TEXHIYHMH CTaH
«EnemenTa 2» OWIHIOETHCS 32 OJHUM IIAPAMETPOM Sqa1,
TexHiuHni ctaH «EneMenTta 3» OIHIOETBCS 3a OBOMa
rapaMeTpaMu Sy3q 1 S13:

3aJI€KUTh BiX

S11 = {5111, 5112 (29)
S12 = {5121}, (30)
S13 = {5131, 5132} (31)
S1 = {511,512, S13}- (32)

Bupasu (29)-(32) sx pa3 TMOKasylOTh BHUIAI0K
abCOIIOTHOT aTUTUBHOCTI CHUCTEMH. Temep MpHITyCTHUMO,
10 Ha TEXHIYHUH CTaH CHCTEMH BIUIMBAIOTH HE TUIBKH
eJIeMEHTapHI mapaMeTpH, ajie i OIMH CUCTeMHHHA. Tak sk

napameTp CUCTEMHHM, TO i HOro 3HAYMMICTh BHUINA, HIXK Y
€JIEMEHTHHUX TapaMeTpiB, a00 1el CUCTEMHUI mapameTp €
TaKUM e eJIEMEHTOM cucTeMH (puc. 12).

[ \ |

| Enement 11 | | Enement 12 ‘ | Enemenr 13 }

[Mapamerp ITapamerp [Mapamerp Mapamerp [Tapamerp
111 12 121 131 132

Puc. 11. TexniyHa cucreMa 3 TPhOX €JICMEHTIB.
Fig. 11. Technical system of three elements.

Cucrema |

P I [ ) | R —
Enemenr 11 Encment 12 Enemenr 13 Mapamerp
i — o L

) [ i
Mapametp Mapamerp Mapamerp [Mapametp Mapamerp
11 112 121 131 132

Puc. 12. TexuiuHa cucTtemMa 3 TPHOX EJICMEHTIB Ta
CHCTEMHHUM [apaMeTPOM.

Fig. 12. Technical system with three elements and
system parameter.
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Puc. 13. MoaudikoBaHa HEYiTKa MOMIEIb CHCTEMH
BiTHOBJIHHS TIPAIIEe3/IaTHOCTI CLTHCHKOIOCTIOIAPCHKOT MAIITHHH.
Fig. 13. Modified fuzzy model of the system of
restoration of working capacity of the agricultural machine.
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Toni cripaBenBUM Oyie:

S11 = {S111, 5112}, (33)
S12 = {5121}, (34)
S13 = {8131, 5132} (35)
Sy = {511:512:513'514}- (36)

Cawmi o co6i «Enement 1», «Enement 2», «kEnemeHT
3» € mapamerpamu ana  «Cuctemu 1» mopsag 3
«[lapameTrpom 14». Pe3ynbTar JIETKO y3aralbHIOETBCS IS
JOBUILHOT ~ i€papxiuyHoOi CTpyKTypoBaHoi Mojeni. B
KOHIIENITyaJbHIH  MOJeNi  HEoOXiZHO  BpaxyBaTH
MOJUJIMBICTh JOOaBIICHHS CHCTEMHHX IIapaMeTpiB Ha
JOBUBHUX piBHAX. CaMe I1e, B KiHIIEBOMY iTO31, O3BOJISIE
3a0e3neunTH OaraHc MK aTUTHBHICTIO 1 eMEPHKEHTHICTIO
(puc. 13).

Ha puc. 13 BunHO, 110 U151 OLIHKA TEXHIYHOTO CTaHy
mgcucreMd | HEOOXiZHO OLHWUTH TEXHIYHUN CTaH
CKJIAJIOBHX ii €JICMEHTIB, a TAKOXK OIIHUTHU MiJCUCTEMY 3a
MHOYKHHOIO CHCTEMHHUX MapaMeTpiB {513, ey 51 j}.

Burieckaszane cripaBeuBO 1 IS MiACUCTEMH 2: ISt
OIIIHKM TEXHIYHOTO CTaHy IiJCUCTeMH 2 HEOOXiTHO
OLIIHATH TEXHIYHMI CTAaH CKIAJOBHX ii €JIEMEHTIB, a TAKOXK
OIIIHATH  TMIJCHCTEMY 3a MHOXXHHOK  CHCTEMHHUX
rapameTpiB {523, s 52]-}.

B iepapxii koJleH CUCTEMHUIT TapaMeTp 3HaXOUThCS
Ha OJTHOMY PiBHI 3 €JIEMEHTaMU JIaHOT ITiICUCTEMH.

V3aranpHMB, MOXXEMO BIAMITHTH, II0 MHOXKHHA
{si 1 Si j+r} — 116 MHOXXMHA CHCTEMHHX MapaMeTpiB,
Ha OCHOBI SKHMX OLIHIOIOTh TEXHIYHHI CTaH MiJICHUCTEMHU,
MHOKHMHA {Si+1' . siﬂ,} — Ile MHOXXHHA CHCTEMHHUX
rmapaMeTpiB, Ha OCHOBI SIKUX OI[IHIOIOTh TEXHIYHUI CTaH
CHCTEMH.

B iepapxii koXeH CHCTEMHMH mapamerp {Si+1' .
sH_p} 3HAXOJUTHLCS HA OJTHOMY PiBHI 3 HiJICHCTEMOIO AaHOT
CHCTEMH.

BucnoBku

1. ®opmanizoBaHo (Gi3UUHE MOHATTS TEXHIYHOTO
CTaHy CLIBCHKOTOCIOJAPCHKOI MAIIMHU B MAaTEMATHYHUX
MOHATTAX TEOpil HEYiTKOI MHOXHHH 32 JIOMOMOIOI0
IHIEKCY TEXHIYHOTO CTaHy i MOXE 3HAXOJUTHCh B
JOBITPHOMY TEXHIYHOMY CTaHi B MHOXHHI Big 0 1o 1
(ctipaBHHIL CTaH).

2. HeuiTka MOJIeTTh HaIIHHOCTI
CIJIbCHKOTOCIIOIAPCHKOI MAIIIMHY, K CKJIATHOT TEXHIUHOT
CHCTEMH, JIO3BOJISIE 3MIHCHUATH CTPYKTYPHO-
napaMeTpuyHuid  aHami3 1 CHCTEM CHCTeMH Ta

imeHTHdiKyBaTH i TEXHIYHUN CTaH.

3. 3anporoHoBaHa MO/IEITb OLIHKKA TEXHIYHOTO CTapy
CUIBCHKOTOCTIONIAPCHKOT  MAlIMHM — HEYiTKa MOJEINb
HAAIHHOCTI  —  JIO3BOJIIE  BHUPIUTH  TpoOieMy
HETOPiBHSIHHOCTI MaIIMH MiX co0010.

4. HaBitb nipu yMOBI pi3HO{ KiJIbKOCTI ITapaMeTpiB, 3a
SKMUMH  BiJOyBAa€TbCS  OI[IHKA  TEXHIYHOTO  CTaHy
CUIBCHKOTOCTIOIAPCHKOT MAIIMHY, 3 JOTIOMOTOI0 CHCTEMHU
iH/IeKCIB HasBHA MOJJIMBICTh TOPIBHAHHSA (paH)KyBaHHS)
CLIBCHKOTOCTIOIAPCHKUX MAIIMH TI0  y3arajbHIOIYOMY
MIPU3HAKY — TEXHIYHOMY CTaHi.
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OBOBIIEHHASI MATEMATHUYECKAS MOAEJIb
NHJAEKCA TEXHUYECKOI'O COCTOAHUA
CEJIbCKOXO3SIMCTBEHHBIX MAILIMH I1PU
INIOTEPH EE PABOCITOCOBHOCTH
H. JI. Pocosckuti

AHHoTanusi. B cratee mpoBemeH — aHanmM3
MOJIEPKAaHUE CYIIECTBYIOIIMX CEIBCKOX03SHCTBEHHBIX
MamuH B pabOTOCTIIOCOOHOM COCTOSIHHH, 32 KOTOPBIM
cienyer otpaboTaTh cucTeMy TEXHHUYECKOTO
0o0CITyXMBaHHA C YYETOM YCJIOBHH pedOopMHUPOBAHUS
arpapHoro cekropa. [loj TexHHMYecKHM 0OCITyKHBaHHEM
MOHMMAeTCsl KOMIIEKC paboT 1Mo  IMOJAEpKaHUI0
pabOTOCIIOCOOHOCTH WJIM HCIPAaBHOCTH H3JCIMHA IpH
UCTIONIb30BaHUY MO HA3HAUEHUIO ITyTEM PEryJIUPOBOYHBIX,
3HAIONINX, 3alpPaBOYHBIX M KpPEMEeXHBIX pabot. s
OIIEHKH aJbTEPHATHUBHBIX BapHAaHTOB IEIeCO0Opa3HO
IIPOBOJUTH MOP(hOTOTHUECKIH aHaIu3 BCeEll
COBOKYITHOCTH BO3MOXXHBIX PpEUIEHMH HCCIIEeLyeMOil
poOJIeMbl, MPEACTABICHHBIX B BUAE MOP(OIOTHIECKON
MAaTpHIIBI, B KOTOPOI MpPEACTaBICHbl OCHOBHBIE (DYHKITHU
MaIIMHBI © BAPUAHTBHI IIPEIMETHBIX (POPM MX BBIIOITHEHHSI.

TeoperuueckuMu HCCIEOBAHUSAMHU TPEAOCTABUIN
OTBET Ha J[Ba INIaBHBIX BOIPOCA — KaK JOJKHA MEHSTbCA
crcTeMa TEXHUYECKOT0 00CITyKNBaHMS B 3aBUCUMOCTH OT
YPOBHSI Pa3BUTHUSl arpapHOro IPOM3BOJCTBA, a TAKKE —
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Kakue rapameTpsl JODKHA  HMMETh cucreMa
00CITy)KHBAIOIIETO cepBuca, 9TOOBI  BBITIOJHSTH
COOTBETCTBYIOIIME BMEIIATENLCTBA C MHUHUMAIbHBIMU
TEXHOJIOTUYECKH HEOOXOIMMBIMHU 3aTpaTaMi PECypCOB U
KamuTanoBIoxkeHUussMU. OLEHKY YPOBHS TEXHHYECKOTO

O6CHy)KI/IBaHI/I$[ CEIIbCKOXO03SICTBEHHBIX MalluH
npeayCcCMOTpPpECHO BBITIOJIHATH o COBOKYITHOCTHU
OpraHU3allUOHHO-TEXHUYCCKUX (l)aKTOpOB,

(opMannu30BaHHBIX Yepe3 4YacTH U  KOMIUIEKCHBIE
MoKasaTend, B /1Ba dTamna. [lepBblil — OlleHKa Yepe3 4acTH
MoKazaTeau Mo KaxaoMy (akTopy oTAenbHO. Bropoi —
OLIEHKa KOMIUIEKCHOTO TI0Ka3arens (1o BceM (hakTopam B
ICIIOM).

KiaoueBble cioBa: MeTONONOTHA, KO3(DOHUIHESHT
TOTOBHOCTH, 3((PEKTUBHOCTh, CEIBCKOXO3SIHCTBECHHAS
MalllfHa.

GENERALIZED MATHEMATICAL MODEL
OF INDEX OF TECHNICAL CONDITION
OF AGRICULTURAL MACHINE IN EVENT OF LOSS
OF ITS WORKINGNESS
I. L. Rogovskii

Abstract. In the article the analysis of existing
agricultural machines in a healthy state, followed by work
on the maintenance system subject to the conditions of
reforming of the agrarian sector. Under maintenance refers
to the complex of works on maintenance of working
capacity or serviceability of the products during use by
adjusting, knowledgeable, filling and retaining work. For
the assessment of the alternatives it is advisable to conduct
morphological analysis of the entire set of possible
solutions to the research problem presented in a
morphological matrix, which presents the basic functions
of the machine and options the subject of the forms of their
implementation.

Theoretical research has provided the answer to two
fundamental questions — how to change maintenance
system depending on the level of development of
agricultural production, and what parameters must have the
system maintenance service to perform the appropriate
intervention with the minimum technologically necessary
costs of resources and investment. Assessment of the level
of maintenance of agricultural machinery is provided to
carry on the totality of organizational and technical factors,
formalized through parts and complex indicators, in two
phases. The first evaluation of using of the indicators for
each factor separately. Second — assessment of a complex
indicator (for all factors).

Key words: methodology, availability, efficiency,
agricultural machine.
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